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Abstract 
In the Antarctic, psychrophilic diatoms such as Nitzschia lecointei maintain cell homeostasis under harsh conditions. These harsh conditions include salinity shifts from 35 to 212 (Krell 2006). In order to maintain homeostasis N. lecointei utilizes compatible solutes such as betaine ((CH3)3N+CH2COO-). Diatoms are able to utilize these compatible solutes from their environment, as well as being able to produce them within their cells. It has previously been observed that bacterium and diatom cell regulation is aided by compatible solutes in order to withstand drastic changes from salinity in their environment. In this experiment I examined whether there would be a significant increase in cell biomass, growth rate, or a change in cell diameter at 34 psu and 44 psu with the addition of 200 µM of betaine. I also examined the amount of fluorescence per cell with the addition of 200 µM of betaine. No impact on the measured variable of biomass, growth rate or cell diameter was found though there was an increase in fluorescence per cell. It is important to understand how cell size and growth will be effected as climate changes and salinity is effected in the natural world. This is especially important in psychrophilic diatoms such as N. lecointei, which have a special affinity to ice in the Antarctic. 
Introduction 
Phytoplankton only account for ~1% of total photosynthetic biomass (Falkowski 2012) in the world even though they account for 50% of the world’s primary production (Falkowski and Raven, 2007). Of that 50% productivity, 5% comes from the Antarctic alone (Krell 2006). It is clear that phytoplankton are important to carbon fixation from the atmosphere because of their high productivity even though they account for a small portion of the photosynthetic biomass in the world (Hernando et al 2015). Additionally, Polar Regions cover an extensive area of the world’s total surface; Antarctica alone covers ~7% of earths land surface (Krell 2006). The role and extent of this area raises concern as temperatures in the West Antarctic Peninsula have increase ~1-2°C in the past five years (Hernando et al. 2015). Polar Regions have important ramifications as salinity is altered due to a change in the environment, thus it is important to understand phytoplankton’s response to this change in the environment.
More specifically, psychrophilic (microorganisms that are only able to grow and reproduce in cold temperatures, below 15°C) diatoms are able to be extremely productive in a short growing season. N. lecointei has a narrow “temperature window” (Torstensson 2015) in addition to having high productivity in such harsh saline environments (35 - 212 salinity). These characteristics makes psychrophilic diatoms such as N. lecointei important to understand (Krell 2006). 
In order to understand how N. lecointei might respond to a changing environment, we must begin by understanding their current environment. During winter, psychrophilic diatoms are found within the sea ice in fluid, high saline pockets (up to 212) (Krell 2006). These are called brine channels (Ewert and Deming 2014). The brine channels form when surface waters begin to freeze, the salt ions are not incorporated into the sea ice and are either pushed out into the surrounding water or are encapsulated within the ice itself (Krell 2006). During spring, ice begins to melt and mixing occurs, this creates an optimal salinity for production (~34) (Torstensson 2015). 
Generally, diatoms are found in brine channels for the majority of the year and are only suspended in the sea water during spring and summer seasons. In the Antarctic, as temperatures continue to warm, seasonal cycles will be altered. The length of time that diatoms are located in brine channels relative to the sea water will change (Ewert and Deming 2014). 

Furthermore, in order to understanding how these processes impact diatoms and how they behave in the natural world, we need to now understand how they will behave with the addition of compatible solutes. This will help us understand how N. lecointei is able to be productive in high saline environments. Osmotic stress can be observed in diatom cells when there is a large increase in salinity. Osmolytes aid in the intercellular arrangement and regulation at these high salinities (Lyon et al. 2014). In order to combat osmotic stress diatoms utilize osmolytes from their environment, or are able to produce osmolytes to aid in cell regulation (Spielmeyer and Pohnert 2012). 
Compatible solutes thus refers to the stabilization of proteins from a specific compound (Lyon et al. 2014). It has been well documented that compatible solutes can be found in marine environment and are considered such because they do not alter proteins in the cell while they aid in cell regulation (Imhoff et. al. 1984). Without the use of compatible solutes, a change in salinity would lead to cell stress and would consequently lead to ion toxicity, damage to the diatoms capability as a photosynthesizer, growth would be hindered, as well as the alteration of cells respiration, enzyme activity and membrane permeability (Lyon et al 2016). In order to combat these stressors, diatoms have adapted in such a way that they produce or intake more compatible solutes from their environment, such as betaine (Krell 2006). In the marine environment, these osmolytes can be found in quantities ranging from 100-200 mM (Lyon et al. 2014) to 1-10 nM (Cosquer et al. 1999). 
The purpose of this study is to understand how N. lecointei would respond to small concentrations of betaine to better understand the role that compatible solutes play in productivity in high saline environments. I hypothesize that there will be higher growth rates exhibited at 34 psu sea water with and without addition of betaine than at 44 psu. This is because 34 is closer to the average salinity of 32 found in the Antarctic, which may indicate that N. lecointei should be better adapted to the lower salinity. In addition, there will also be a larger growth rate difference between the control 44 psu sea water cultures and 44 psu sea water with betaine than at 34 psu because betaine would be of higher importance to cell stress at higher salinities. 
Methods
Cultures of the Antarctic marine pennate diatom, Nitzschia lecointei were isolated from sea ice by Anders Torstenssen from the Antarctic and grown at 0°C at ~75 µE m ̄ ²s ̄ ¹ light intensity. Light levels were kept on 16 hours a day. Antarctic sea water obtained from the Ross Sea was used for media preparation which was 0.22 µm filter sterilized under a clean bench laminar hood. All media was then enriched with f/2 nutrients modified according to Guillard (1975) and Guillard and Ryther (1962) (table 1).
	
Table 1 Nutrient addition to Antarctic sea water modified from Guillard (1975) and Guillard and Ryther (1962). Each stock solution was prepared to yield 200mL and quantity used was added to 500mL media. Vitamin and Metal solution was prepared separately in 950mL dH₂O. 
	Major Nutrients 
	Stock solution (g L ̄ ¹)  dH₂O)
	Concentration in Final Medium (M)
	Volume in 500mL Antarctic sea water media

	NaNO₃
	15
	8.9 x 10^1
	0.5mL

	NaH₂PO₄ • H₂O
	1
	4.2 x 10^-2
	0.5mL

	Na₂SiO₃•9H₂O
	6
	2.5 x 10^-1
	0.5mL

	Vitamin solution
Trace Metals 
	(see recipe below)
(see recipe below)
	---

---
	0.25mL

0.5mL



	Component in Vitamin solution 
	Stock solution (g L ̄ ¹)  dH₂O)
	Quantity used
	Concentration in Final Medium (M)

	Thiamine • HCl (Vitamin B1)
	---
	200 mg
	2.96 x 10^-7

	Biotin (Vitamin H)
	0.1
	10 mL
	2.05 x x10^-9

	Cyanocobalamin (vitamin B12)
	1.0
	1 mL
	3.69 x 10^-10



	Component in Trace Metal solution 
	Stock solution (g L ̄ ¹)  dH₂O)
	Quantity used
	Concentration in Final Medium (M)

	FeCl₃ 6H₂O
	---
	3.15g
	1.17 x 10^5

	Na₂EDTA 2H₂O
	---
	4.36 g
	1.17 x 10^5

	CuSO₄ 5H₂O
NaMoO₄ 2H₂O
ZnSO₄ 7H₂O
CoCl₂ 6H₂O
MnCl₂ 4H₂O
	9.8
6.3
22.0
10.0
180
	1mL
1mL
1mL
1mL
1mL
	3.93 x 10^-8
2.60 x 10^-8
7.65 x 10^-8
4.20 x 10^-8
9.10 x 10^-7



Polycarbonate (PC) culture bottles (125 mL) were acid washed in 10% HCl for one hour and sterilized by microwaving them for two minutes with deionized water. All culture bottles were cooled down to 0°C after serialization by placing them in the cabinet. This was done in order to maintain final media at 0°C. Media was placed into PC bottles at a final volume of 100 mL.  
Betaine preparation 
Betaine addition to cultures was conducted by adding 1.3 M to four PC bottles containing culture at a final concentration of 200 µM betaine (107-43-7, Sigma-Aldrich, MO). This was then added to four PC bottles containing culture: two of these bottles were at a salinity of 34 and two bottles were at a salinity of 44 (figure 1). 
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Figure 1. Final experimental set up of all polycarbonate culture bottles and glass culture tubes used, each with a 3,300 cells mL ̄ ¹ inoculum.

Inoculum 
Already exponentially growing N. lecointei obtained from the Ross Sea in Antarctica was inoculated into each culture flask at a 3,300 cells mL ̄ ¹ density and returned to the cabinet at 0°C temperatures, giving the microalgae time to grow. Additionally, 30 mL of final media, taken directly from already made PC culture bottles, including inoculum, was placed into 8 corresponding, 50 mL glass culture tubes (figure 1).
Polycarbonate culture bottle preparation for culture counter
In order to measure cell production and cell diameter, I used a Beckman Coulter, Z2 series Culture Particle Counter and Size Analyzer for each PC bottle every other day for about three weeks. Prior to analysis, I diluted 1 mL of culture to 10 mL using salinity preparations made from NaCl: ~20 g NaCl was added to 500 mL deionized water to yield 34 psu and ~26 g NaCl was added to 500 mL deionized water to yield 44 psu.  
Fluorometer measurements 
Fluorescence was measures from each culture tube in the evening using a Turner Design, TD 700 Fluorometer every other day for about three weeks. Glass culture tubes were placed in a tube of ice in order to maintain a cold environment for diatoms as to not alter their cell physiology. Cultures were left in the dark for 15 minutes prior to measuring relative fluorescence units (RFU). Standards were checked before each use and calibrated if needed. A blank Antarctic sea water glass culture tube with 34 psu was measured for RFU before measuring all experimental glass culture tubes. Cultures were then measured in the dark. 
Growth rates, maximum cell counts/RFU and statistical tests 
After the number of cells mL ̄ ¹ at 34 psu with and without betaine (figure 2A) and the number of cells mL ̄ ¹ at 44 psu with and without betaine (figure 2B) were plotted, the average growth rate was calculated from the exponential areas of each curve using  The same method was used to calculate average growth rate from RFU measurements. Average maximum cell counts and RFU were calculated by taking the average of each corresponding replicate in 34 psu and 44 psu maximum cell count/RFU throughout the culture period. 
Multiple one-way ANOVA statistical tests were used in order to quantify the significance of the addition of betaine in comparison to their relative no-betaine controls. In the culture counter data, I used a one-way ANOVA statistical test for: the control of 34 psu compared to 34 psu with betaine from growth rates, the control of 44 psu and 44 psu with betaine from growth rates, the control of 34 psu compared to 34 psu for average maximum cell count, and for the control of 44 psu compared to 44 psu with betaine for average maximum cell count. For the fluorometer data, I used a one-way ANOVA for: the control of 34 psu compared to the control of 44 psu for average growth rates, the control of 34 psu compared to the 44 psu with betaine for average growth rate, the control of 44 psu compared to the 44 psu with betaine for average growth rate. Additional one-way ANOVA statistical tests were used for fluorescence per cell from the control 34 psu compared to the 34 psu with betaine and fluorecence per cell from the control 44 psu compared to the 44 psu with betaine.
Results 
Culture count data
A higher growth rate was reached with the addition of betaine in both 34 and 44 salinities compared to their respective no-betaine controls. A one-way ANOVA statistical test indicated that the differences in growth rates were not statistically significant. The no-betaine control 34 psu and betaine 34 psu cultures had a p = 0.71, F=0.19 and the no-betaine control 44 psu and betaine 44 psu had a p= 0.31, F=1.78, both indicating that there was not a statistical significance in their average growth rates (figure 3). 
Figure 2. A) Number of cell mL ̄ ¹ though time (days) for control replicates 1 and 2 for salinity 34 (dark green and light green respectively) and replicates 1 and 2 for salinity 34 with the addition of 200 µM betaine (dark yellow and light yellow respectively). B) Number of cell mL ̄ ¹ though time (days) for control replicates 1 and 2 for salinity 44 (dark green and light green respectively) and replicates 1 and 2 for salinity 44 with the addition of 200 µM betaine (dark yellow and light yellow respectively).
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Additionally, average maximum cell count (replicate averages when stationary phase of cell density was reached) did not have a significant upshift or downshift in the control or in the addition of betaine (figure 4) as indicated by a one-way ANOVA statistical test. The control 34 psu compared to betaine 34 psu cultures had a p = 0.067, F=13.37 and the control 44 psu and betaine 44 psu had a p = 0.76, F=0.11. In addition, cell diameter had small fluctuations from ~6.5- ~7.5 µm throughout the culture period (figure 5).Figure 4. Average growth rate from normal Antarctica sea water (blue) and Antarctic sea water with the addition of 200 µM (tan). 
Figure 2. Average growth rate from normal Antarctica sea water (blue) and Antarctic sea water with the addition of 200 µM (tan) from cell counts. 
Salinity psu (practical salinity units)
Salinity ppt (practical salinity units)


Figure 5. Cell diameter (µm) through time (day) for all culture conditions measured with the culture counter. 
Fluorometer measurements
The same culture conditions growing in 50 mL glass culture tubes were measured for RFU. According to the RFU data that we obtained, betaine lead to an overall increase RFU of N. lecointei by ~36% RFU at its peak in each culture environment (figure 6).










Figure 6. A) A) Relative fluorescence units (RFU) though time (days) for control replicates 1 and 2 for salinity 34 (dark green and light green respectively) and replicates 1 and 2 for salinity 34 with the addition of 200 µM betaine (dark yellow and light yellow respectively). B) RFU though time (days) for control replicates 1 and 2 for salinity 44 (dark green and light green respectively) and replicates 1 and 2 for salinity 44 with the addition of 200 µM betaine (dark yellow and light yellow respectively).
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Salinity psu (practical salinity units)

Growth rates (based on RFU) were averaged for each growth condition (figure 7). According to these data, growth rate for the control no-betaine 34 psu and 44 psu were apparently lower than the growth rate with the addition of betaine. I conducted a one-way ANOVA statistical test on the average growth rate calculated from Fluorometer measurements in order to analyze the level of significance between the difference in average growth rates between control treatments at 34 psu compared to 44 psu (p=0.45, F=0.87), the difference in average growth rates between the control treatment at 34 psu compared to 44 psu with the addition of 200 µM betaine (p=0.63, F=0.33), and the difference in average growth rates between control treatments at 44 psu compared to 44 psu with the addition of betaine (p=0.11, F=7.59). All three ANOVA statistical tests indicated that none were statistically significant. Figure 7. Average growth rate from normal Antarctica sea water (blue) and Antarctic sea water with the addition of 200 µM betaine (tan) from RFU measurements.

Average maximum RFU was observed to hold a more visible shift in both the controls and in the addition of betaine. When cell counts were still high, but at a later stage in growth, there was a large decrease in RFU. Additionally, much higher average maximum RFU values were reached in all betaine treatments than in the control treatments (figure 8). According to a one-way ANOVA statistical test, control 34 psu and 34 psu with betaine (p = 0.005, F=185.59) were significantly different as well as control 44 psu and 44 psu with betaine (p = 0.008, F=122.34). The statistical significance calculated in the average maximum RFU and the lack of significance in the average maximum cell count prompted me to calculate the RFU per cell (figure 9). There is a visible difference in the amount of RFU per cell from all control cultures and in the cultures that have added betaine. A one-way ANOVA statistical test indicated that the fluorescence per cell from the control 34 psu compared to the 34 psu with betaine did indicated that there was a significance relative to each other (p=0.0011, F=897.17). Fluorecence per cell from the control 44 psu compared to the 44 psu with betaine also indicated that there was a significance relative to each other (p=0.030, F=32.26).Salinity practical salinity units (psu)
Figure 8. Average maximum RFU from our control Antarctica sea water (blue) and Antarctic sea water with the addition of 200 µM (tan). 

Salinity (psu)

Figure 9. Fluorescence per cell of the maximum chlorophyll concentration in each glass culture tube was calculated for the no-betaine control (blue) and with the addition of betaine (tan).
Discussion 
Overall I did not observe any statistical significance of betaine addition in the average growth rate, average max cell count, or cell diameter from any cultures in PC bottles. I also did not observe any statistical significance in the average growth rate from any cultures in glass culture tubes when measuring RFU. However, I did observe a statistical significance in the average maximum RFU and in fluorescence per cell in all cultures with betaine. Therefore, both initial hypothesis can be rejected and I can conclude that the addition of the compatible solute betaine, did not hold a significant effect on the average cell growth rate or diameter through time of N. lecointei. However, I did see that there was a clear difference in the fluorescence per cell with the addition of betaine. In order to understand these data, I can take a closer look at salinity effect on cell growth and the use of betaine as a compatible solute, the difference in the results between the culture counter and the fluorometer for measuring growth rates, as well as other effects of betaine besides as a compatible solute. Understanding these possible mechanisms can lead us to begin to understand if betaine could have had a significant role in aiding cells under osmotic pressure relative to the amount of fluorescence per cell. 
Salinity effect on cell growth and the use of betaine as a compatible solute 
As the salinity in the environment of the polar diatom N. lecointei increases, the cell begins to exhibit osmotic stress. If the diatom cell has not been acclimated to these harsh conditions, this would cause the cell to exhibit high levels of stress and could denature cell enzymes (Krell 2006). Under these conditions, it is expected that cell growth would be lower when compared to diatom cells that are found in more stable conditions. However, psychrophilic diatoms are well adapted to their environment and are able to be productive in fluctuating salinities (Firth et al. 2016). 
Compatible solutes, such as Betaine, aid diatoms such as N. lecointei, to maintain its homeostasis under high salinities (Krell 2006). Betaine has been found in different diatom species, as betaine has been measured intracellularly. The majority of those species are psychrophilic (Cosquer et al. 1999). At higher salinities (44 psu compared to 34 psu) I could expect diatoms to uptake betaine more readily and consequently increase their productivity because of the roll of betaine to diatom cells. 
This can be seen in various studies that have previously been conducted. Hernando et al. (2015) measured phytoplankton biomass and physiology at 30 psu and 34 psu. They found that at 34 psu, cell numbers increase throughout the entire experiment. At 30 psu, cell number had a short window in which a large increase in cell numbers were measured. At 30 psu growth rates were much lower than at 34 psu, but after day 4, exponential growth was measured until day 8. Although this experiment downshifted the salinity in the environment of these diatoms by 4 in comparison to my study, they did measure a statistical significance in cell growth throughout the experiment indicating the stress on diatom cell from a change in salinity. Additionally, further studies have been conducted with the addition of compatible solutes. Firth et al. (2016) conducted a study on the use of compatible solutes (14C-choline in this case) by bacteria in brine channels. They found that (50-100 nM) of 14C-choline is taken up by bacteria when salinity increases in the environment. This is done to aid cells in such a harsh, high saline environment, as I have previously mentioned. 
Although it has been found that cell growth is more efficient at 34 psu and that compatible solutes do aid diatom cells (Imhof and Valera 1984) I did not measure a significantly higher cell growth at 34 psu compared to 44 psu and I did not measure a significant change on cell counts with the addition of betaine in this experiment. Although, the amount of betaine that we added into the environment of these cells paralleled previous studies (Cosquer et al. 1999), the amount of betaine that we used is 75% higher than what is found in natural ecosystems (Cosquer et al. 1999), because of this, I expected that betaine concentrations were sufficiently high in order to elicit a response. Additionally, different bacteria and diatoms have been found to utilize different concentrations of compatible solutes more or less effectively relative to their specific cell dynamics (Cosquer et al. 1999). Therefore, the utilization of betaine by N. lecointei in the 200 µM concentration may not have been the optimal concentration to see a significant difference in cell biomass. 
Furthermore, cell size is a result from cell division. If stress is placed on cells and cells divide through generations at higher rates, the cell size of the specific population as a whole decreases in size (Hense and Beckmann 2015). I did not see any large increases or decreases in cell diameter when betaine was added at any point in the experiment. This may indicate that cell size was unaltered with betaine addition in either salinity concentration. This could indicate that there was no significant amount of stress on the cells, this could explain why we did not see a significant increase in cell biomass with the addition of betaine. 
Difference in results between culture counter and fluorometer for measuring growth rates 
Two methods were used in order to measure cell growth. I used the culture counter to measure cell biomass and diameter in addition to using the fluorometer to measure chlorophyll emitted from cells through time. Both methods were used in order to compare the growth rates of N. lecointei in two different environments under the same culture conditions in order to measure if growth rates would be consistent throughout both methods. Cell counts (cells mL ̄ ¹) indicate that N. lecointei did not have a significant change in cell growth rate through time at either salinities. However, I did exhibit a discrepancy in growth rate by measuring fluorescence: the growth rates measured by the fluorometer did not match the growth rates calculated from cell counts. Growth rates from culture counts and fluorescence measurements appeared to differ. The growth rate for our control 34 psu and 44 psu slightly decreased from cells mL ̄ ¹ to RFU. Growth rate in the treatments with betaine seemed slightly higher in cells counts compared to RFU. Overall, our data indicated that fluorescence was much higher in cells with added betaine concentrations by ~36% RFU.
These results could indicate that betaine could aid diatom cells in the production of higher fluorescence intensity. However, in order to measure both cell biomass and cell fluorescence though time, N. lecointei was grown in two different culture bottles/tubes. The appearance of cell growth was drastically different in each method. In the glass culture tubes, the cultures with the addition of betaine did appear to have higher cell adherence: cells tended to aggregate more in glass culture tubes than in PC bottles, this was more apparent in glass culture tubes and with the addition of betaine as well. This cell adherence could be due to the difference in culture environments. Glass culture tubes held a lower volume of media as well as a smoother glass surface for cells to grow in. PC culture bottles held a higher volume of media (~50% more), diatoms tended to stick more to the bottom surface of PC bottles. This could indicate that the surface environment that N. lecointei was placed in, had an effect on the cell adherence of N. lecointei. Consequently, this could have also affected cell fluorescence units (these observations were not measured in PC bottles). 
Other effects of betaine besides as a compatible solute 
Nitrogen is an essential nutrient for cell growth. Growth rates are largely dependent on the nutrient uptake by diatoms, once their environments becomes depleted in nutrients, they cease to continue their growth. The addition of nitrogen to their environments could account for higher average maximum cells mL ̄ ¹ and average maximum RFU in both 34 psu and 44 psu. Initial media recipe contained 89 µM of nitrogen as a nutrient source overall. Betaine contains an additional nitrogen source for N. lecointei. We added 200 µM of betaine into each replicate indicating that we added an additional 200 µM of nitrogen into each replicate. This additional nitrogen source more than doubled the amount of nitrogen that was in the cultures that contain betaine than the controlled cultures with no added betaine. The addition of this Nitrogen could account for the increase in Fluorescence per cell found through time. Although, this explanation would also indicate that I would see higher growth biomass with the addition of betaine, which I do not. 
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Conclusion
In conclusion, although I did not exhibit a significant increase in cell biomass, growth rate or a change in cell diameter at higher salinity concentration with the addition of betaine, we did exhibit a discrepancy in the amount of fluorescence per cell with the addition of betaine under both salinities. It is clear from my results that betaine does have a positive effect on the maximum RFU of N. lecointei but not on the cell biomass through time. 
Understanding how diatom cell growth is effected under different salinity stressors and with the addition of compatible solutes that are found in the natural environment is important in order to understand how cell size and growth will be effected as climate changes and salinity is effected in the natural world. This is especially important in psychrophilic diatoms which have a special affinity to ice in the Antarctic. As ice continues to melt with the increase in temperatures, we can expect there to be a change in the seasonal cycles that these diatoms have been adapted and accustomed to. By beginning to understand how N. lecointei grows under different salinities and with the addition of compatible solutes for cell regulation under high saline stressors, we can infer if this diatom will be able to acclimate to changing climate conditions. 
Additional experiments, with more replicates would be required in order to fully understand if there is a correlation between the addition of betaine and the fluorescence per cell that is exhibited in these results. In order to do that, we could replicate this experiment with a range of betaine concentrations in order to understand this specific diatoms betaine uptake and use under a wide range of salinities. In addition, in order to confirm the results presented in this experiment, it is important to also conduct future research on the growth rate (cell biomass and fluorescence), cell diameter and average maximum cell count of N. lecointei under a wider range of salinity concentrations and a wide range of betaine concentrations. This would help us in understanding this specific diatoms cell growth rate and physiology which we could then apply to the natural environment more precisely. 
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Number of ccells mL ̄ ¹ 



44 (1) control 	1	2	3	4	5	6	7	8	9	10	11	12	2773.3333333333335	4806.666666666667	6046.666666666667	11380	10193.333333333334	23486.666666666668	49133.333333333336	83920	163386.66666666666	185986.66666666666	280146.66666666669	287080	44 (2) control 	1	2	3	4	5	6	7	8	9	10	11	12	3046.6666666666665	3873.3333333333335	4886.666666666667	8300	14926.666666666666	19066.666666666668	50406.666666666664	62606.666666666664	109540	116606.66666666667	216386.66666666666	163986.66666666666	44 (1) with betaine 	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	3680	8246.6666666666661	10980	15866.666666666666	34446.666666666664	81913.333333333328	124220	102533.33333333333	146586.66666666666	178133.33333333334	197486.66666666666	235766.66666666666	232893.33333333334	242246.66666666666	232540	44 (3) with betaine 	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	3086.6666666666665	7240	13840	15260	41746.666666666664	62280	75766.666666666672	154613.33333333334	220053.33333333334	221493.33333333334	273050	290106.66666666669	275246.66666666669	269173.33333333331	248860	time (day)


Number of cells mL ̄ ¹ 



F/2	5.8850000000000263E-2	5.8850000000000263E-2	0.41564999999999996	F/2 + 200µM glycine betaine	1.705000000000001E-2	1.705000000000001E-2	0.38905000000000001	44 F/2	2.6200000000000001E-2	2.6200000000000001E-2	0.46110000000000001	44 F/2 + 200µM glycine betaine	3.3600000000000019E-2	3.3600000000000019E-2	0.4042	34                                                     44

Average growth rate (µ)




F/2	17476.666666666657	17476.666666666657	243330	F/2 + 200 µM betaine	3079.9999999999995	3079.9999999999995	308220	44	35346.666666666853	35346.666666666853	251733.33333333331	44 betaine	23930.000000000015	23930.000000000015	266176.66666666669	34                                            44

Average max cell count (cells/mL)




34 (1) control	1	2	3	4	6	7	8	9	10	11	12	13	14	15	6.8536666666666664	6.8563333333333327	6.8973333333333331	6.9080000000000004	6.9453333333333331	6.6036666666666664	6.7313333333333327	6.887666666666667	6.8663333333333334	7.0806666666666667	6.8570000000000002	34 (2) control	1	2	3	4	6	7	8	9	10	11	12	13	14	15	6.6956666666666669	6.8133333333333335	6.7563333333333331	6.8373333333333335	6.8042499999999997	6.5763333333333334	6.6506666666666661	6.8583333333333334	6.817333333333333	6.8679999999999994	6.5990000000000002	44 (1) control	1	2	3	4	6	7	8	9	10	11	12	13	14	15	6.7656666666666672	6.7876666666666665	6.5066666666666668	6.8378571428571435	6.6756666666666655	6.5926666666666662	6.7214999999999998	6.9383333333333335	6.8476666666666661	6.8353333333333337	6.5910000000000002	44 (2) control	1	2	3	4	6	7	8	9	10	11	12	13	14	15	6.8816666666666668	7.2169999999999996	6.8873333333333333	6.7556666666666665	6.7726666666666668	6.5663333333333327	7.0795714285714286	6.9609999999999994	6.929666666666666	6.8433333333333337	6.6360000000000001	34 (1) + 200 µM betaine	1	2	3	4	6	7	8	9	10	11	12	13	14	15	6.876666666666666	6.7633333333333328	6.5143333333333331	6.4093333333333335	6.6933333333333325	6.8090000000000002	6.7416666666666671	6.7416	6.8360000000000003	6.9430000000000005	7.4083333333333341	7.4483333333333333	7.6304999999999996	7.4403333333333341	34 (2) + 200 µM betaine	1	2	3	4	6	7	8	9	10	11	12	13	14	15	6.9316666666666658	6.6453333333333333	6.5315000000000003	6.3549999999999995	6.6013333333333337	6.6930000000000005	6.6469999999999994	6.6096666666666666	6.7379999999999995	6.8516666666666666	7.2459999999999996	7.3045	7.5182500000000001	7.363666666666667	44 (1) + 200 µM betaine	1	2	3	4	6	7	8	9	10	11	12	13	14	15	6.9756666666666662	6.6523333333333339	6.6983333333333333	6.6455000000000002	6.8493333333333331	6.6576666666666666	6.6466666666666674	6.6844999999999999	6.6196666666666673	6.8005000000000004	7.075333333333333	7.19	7.3106666666666671	7.1550000000000002	44 (2) + 200 µM betaine	1	2	3	4	6	7	8	9	10	11	12	13	14	15	6.8773999999999997	6.6589999999999998	6.6743333333333341	6.625	6.8014999999999999	6.6638333333333328	6.6893333333333329	6.6963333333333326	6.6403333333333334	6.8703333333333338	7.2190000000000003	7.3073333333333332	7.4414999999999996	7.3096666666666676	time (day)


Cell diameter (µM)




34 (1) control 	1	2	3	4	5	6	7	8	9	10	11	12	17.399999999999999	9	10.3	9.6999999999999993	10.8	12.6	26.2	30.3	118.8	92.3	60.7	60.8	34 (2) control 	1	2	3	4	5	6	7	8	9	10	11	12	7.7	8.9	11.5	14.4	15.5	20.3	33	35.5	57.9	47.3	51.1	48.3	34 (1) betaine 	1	2	3	4	5	6	7	8	9	10	11	12	13	3.8	8.1	7.4	11.8	12.3	72.900000000000006	43	189.2	206.6	337.9	352	451.6	502.2	34 (2) betaine 	1	2	3	4	5	6	7	8	9	10	11	12	13	4.5999999999999996	11.1	13.1	18.100000000000001	26.1	56.5	63.7	151.69999999999999	210.3	350.6	364.4	505.1	329.1	
Relative fluorecence units (RFU)



44 (1) control 	1	2	3	4	5	6	7	8	9	10	11	12	9.1	8	12.4	10.9	12.4	18.600000000000001	24.4	30.9	59.6	48	50.8	34.5	44 (2) control 	1	2	3	4	5	6	7	8	9	10	11	12	12.4	10.1	10.4	14.7	17.399999999999999	17.7	27.9	29.6	47.5	36.9	36.700000000000003	23.8	44 (1) betaine 	1	2	3	4	5	6	7	8	9	10	11	12	13	6.4	8.6999999999999993	10.199999999999999	16	21.1	35.1	32.700000000000003	91.7	137.1	275.89999999999998	292.2	387.3	404.9	44 (2) betaine 	1	2	3	4	5	6	7	8	9	10	11	12	13	8	9	12.9	17.100000000000001	23.2	46.1	32.4	97.5	110.7	197.7	290.5	382.1	347.8	time (day)


Relative fluorecence units (RFU)



F/2 	9.1749999999999929E-2	9.1749999999999929E-2	0.37545000000000001	F/2 + 200µM glycine betaine	2.2999999999999989E-2	2.2999999999999989E-2	0.44569999999999999	44 F/2	5.1300000000000054E-2	0.27739999999999998	44 F/2 + 200µM glycine betaine	1.9949999999999992E-2	1.9949999999999992E-2	0.42905000000000004	34                                                    44

Average growth rate (µ)




F/2	30.450000000000006	30.450000000000006	88.35	F/2 + 200 µM betaine	1.4500000000000171	1.4500000000000171	503.65	44	6.0500000000000345	6.0500000000000345	53.55	44 Betaine	28.549999999999979	28.549999999999979	376.35	34                                             44

Average max RFU




34 (1)	34 (2)	44 (1)	44 (2)	34 (1)	34 (2)	44 (1)	44 (2)	34 (1)	34 (2)	44 (1)	44 (2)	34 (1)	34 (2)	44 (1)	44 (2)	2.6920125154967822E-4	1.8519465248843331E-4	1.2017556081928383E-4	1.6960379567441004E-4	1.613234821715387E-3	1.6553057612898998E-3	1.7385641495391308E-3	1.2635938673190108E-3	
Fluorecence per cell 
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