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I.
Background

Many factors influence the rate of yeast growth including temperature, nutrient supply and pH.  To study the effect of pH buffering on yeast growth, it is necessary to attempt to eliminate potential environmental variables that may arise by holding temperature, nutrient supply and overall laboratory conditions constant throughout the experiment.  In order to create a buffer that holds the pH steady in the optimal pH range for yeast growth, the optimal range must be determined.  Research has shown that there is no agreed upon pH value that is optimal for yeast growth, rather the optimal range runs from pH 4 to pH 8 depending on the source
, making it clear that the optimal pH is unique to each experiment.  A by-product of yeast growth is hydrogen ions, which make the pH of the growth medium more acidic as they are pumped out of the cells.  

II. Aims/Hypothesis 
This experiment attempted to define the optimal range of pH growth for the BE Undergraduate Laboratory by buffering the growth medium at pH 6.6 and 7.6 with phosphate buffer salts.  The growth rate constants (µ) from yeast in buffered media were obtained from a natural log-plot of absorbance versus temperature and compared to growth rate constants obtained from yeast in an unbuffered medium in an attempt to determine a range for which optimal yeast growth occurs.  The buffer salts were prepared according to a buffer table for potassium phosphate buffers at 25°C (http://www.cbw.com.tw/web05/bb.htm).   

Because yeast requires ATP (energy) for growth and must also expend energy to pump the accumulating protons out of the cell, a growth medium held steady at a more alkaline pH should allow the yeast to expend less energy pumping out protons and more on growing.  Thus, we hypothesized that the growth rate constant for yeast grown in the buffered media will have a significantly greater growth rate constant than the yeast grown in the unbuffered medium.  Additionally, the yeast in the more alkaline buffer (pH 7.6) will have a significantly greater growth rate constant than the yeast grown in the more acidic buffer (pH 6.6).

III.
General Protocol

The first step in the process of designing a useful experiment was determining the proper buffer to add in order to regulate the medium and have it sustain a constant pH level throughout the growth period.  An appropriate buffer concentration must be chosen with a sufficient buffering capacity as well.  Phosphate buffers were selected because of their familiarity of use from previously laboratory experience.  Once the growth medium was brought to and held at the determined pH levels of 6.6 and 7.6, the yeast cells were be added and the growth behavior observed.  The pH levels of 6.6 and 7.6 were chosen because it was found that cells will cease their growth when the pH falls below 5.  Also, these pH levels are far enough apart to have an observable difference while staying inside the previously found optimal range of 4 to 8.
The second and third week of the experiment were devoted to observing the growth of yeast and obtaining consistent results.  Since the equipment limits the sample size to approximately eight tubes, repeating the experiment allows for a verification of the results obtained the previous week.  Absorbance and pH measurements were noted for each tube every thirty minutes.  
IV.
Methods for Week 1

· The unbuffered growth medium was titrated with HCl.  The purpose of titrating the unbuffered growth medium is to observe the pH change of original medium when subjected to an accumulation of protons.

· Phosphate buffers were prepared by adding appropriate amounts of K2HPO4 to KH2PO4.  According to Table B.10, the buffer literature found at http://www.cbw.com.tw/web05/bb.htm, it is necessary to add 2.65 g of K2HPO4 and 3.37 g of KH2PO4 to prepare a phosphate buffer at a pH of 6.60 and 6.38 g of K2HPO4 to 0.729 g of KH2PO4 for a pH of 7.60.  It was previously thought that it was necessary for the buffering capacities of the two phosphate buffers to match in order to provide accurate data, but this was found not to be the case.  As long as the two buffers had a capacity large enough to handle the release of protons resulting from yeast growth, the buffer would be adequate enough for our experimental purposes.

· The growth medium with added buffer salts was titrated with HCl to simulate the accumulation of protons resulting from yeast growth.  Beginning pH was noted and the buffer capacity was confirmed to be more than large enough to account for the protons released from yeast growth.

V. 
Methods for Week 2 and 3

· To bypass waiting for the lag phase, the yeast began growing 2 hours before entering the lab.  Appropriate buffer salts, calculated from methods described above were dissolved into 40 mL of growth medium.

· Two control tubes of yeast with unbuffered growth medium were prepared as well as two sets (three tubes each) with phosphate buffer set at a pH of 6.6 and 7.6.  2 mL of yeast cells were inoculated into each tube after first removing 2 mL of medium.
· pH and absorbance were measured using the Mixer and Fisher Accumet Model 625 pH meter and Milton-Roy Spectronic 20D Spectrophotometer.
· Measurements of absorbance and pH were taken over a 4 hour period in an interval of approximately 30 minutes. Time of 30 minute was chosen because through in previous experience with the yeast growth experiment, it was shown that the temperature in the laboratory typically ranged from 25 – 27 C°. This temperature was used to calculate the time interval using the Arrhenius equation, µ = A exp(E/RT). 
· After taking the data points over the course of 4 hours, absorbance vs. time and pH vs. time were plotted
· Growth rate constants (µ) were determined from the slope of the natural log-plot of absorbance and time and determine the average and variance in pH level for each tube. 
· Data was analyzed noting R2 and standard deviations, to determine what can be improved when the experiment is repeated in Week 3.
VI.  Results:

The titration of the unbuffered growth medium with 1M HCl (Figure 1) leads to a linear correlation with a negative slope (R2=0.9053) showing a constant drop in pH with respect to time.  This correlation becomes increasing linear after the initial pH drop.  The titration of both phosphate buffers (Figure 2) showed relatively constant pH values at approximately their respective aims (6.6 and 7.6).  Buffering capacity was tested on the basis of an expected pH drop of approximately 0.5 during yeast growth (estimate from previous experiments).  This pH drop occurred in the growth medium (Figure 1) at around 0.0009 mol of HCl.  This same amount of moles of acid showed a pH drop of 0.9 and 0.7, in each buffered media (Figure 2).  This indicates that the prepared buffers had a sufficient buffer capacity for yeast growth.  
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Figure 1.  Unbuffered growth medium titrated with acid (1M HCl); the pH meter will be used to take data points.  
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Figure 2.  Prepared phosphate buffers (at respective pHs) added to growth medium and titrated with acid (1M HCl).   
Buffers were further tested with data taken during yeast growth (Figure 3).  Measurements of pH were taken at each time interval where absorbance readings were taken.  Buffering occurred in close proximity to the expected pHs.  The 6.6 buffer was on average 0.68% off the aim pH and the 7.6 buffer was on average off by 4.95%.  The 9th tube of the side experiment which was made of half the mass of the salts of the 6.6 buffer was off by 13.20% from the aim pH of 6.6.  All three buffer groups (the 6.6, 7.6, and the side experiment) showed close to constant pH values for the entire length of growth as demonstrated by percent deviations from the mean pH all less then 1% (0.96%, 0.63%, and 0.63%, respectively).  The unbuffered medium showed a greater pH change with a percent deviation of 3.2%.
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Figure 3.  pH values taken for each group for yeast growth during both weeks to confirm buffering and constant pH.   
	 Group
	Mean pH
	  St Dev
	% Dev  from Mean

	  pH=6.6 
	 6.555
	  0.0632
	  0.964

	  pH=7.6
	 7.976
	  0.0505
	  0.633

	  CONTROL
	 5.729
	  0.183
	  3.189

	½ Mass of Salts (pH=6.6)
	 6.538
	  0.0409
	  0.625


Table 1.  Mean pH readings of all tubes in each group from week 2 and week 3.  Change in pH shown as percent deviation from the mean pH value.
Absorbance readings were taken to create ten data points for each tube: one initially and then one about every 30 min for approximately four and a half hours.  These time intervals were somewhat staggered according to the exact time the data point was taken for each tube.  A linear regression was fit to the log phase and the slope represents the exponential growth rate constant, µ (Figure 4).  The log phase is defined as the linear region of the curve.  Slight lag occurred in each group and a certain number of data points, specifically the ones before the curve showed a linear region, were eliminated for the regression analysis.  All groups had the same number of lag data points in both weeks: two for the 6.6 buffer, three for the 7.6 buffer, and two for the control.  The 9th tube (side experiment) had three lag points.  
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Figure 4.  Plot of the natural log of absorbance vs. time for both weeks in each respective growth medium group.
Growth curves, growth rate constants (μ), and doubling times showed greatest growth in the control group (Figure 4/Table 2).  An ANOVA (p=0.03) showed a significant difference between growth rate constants of the three original groups.  However, no statistical difference in μ was found between the two buffered media groups (p=0.973).  The growth rate constant of the control group was statistically greater than both buffered media groups (p<0.05 for both).  The experimental alteration done with the 9th tube in Week 3 showed an improvement with greater growth rate achieved, but still less than the control group.

	 Group
	Mean μ
	St Dev
	Doubling Time (min)

	  pH=6.6
	7.55E-4
	2.48E-4
	917.704

	  pH=7.6
	7.61E-4
	3.54E-4
	910.247

	  CONTROL
	5.49E-3
	3.36E-3
	126.313

	½ mass of pH=6.6
	2.27E-3
	N/A
	305.390


Table 2.  Comparison of yeast growth conducted in each media with respect to exponential growth rate constants and respective standard deviations, and calculated doubling time.  

VII. Discussion:


Previous experience with phosphate buffers led to the choice of its use for this experiment.  It was known that phosphate could buffer in the pH regions (6.6 and 7.6) that were to be examined in the experiment.  Originally, various molar solutions of NaOH and phosphate buffers were prepared.  Specifically, for a pH of 6.6, 16.4 mL of 0.1 M NaOH was added to 50 mL of 0.1 M KH2PO4 (13.60 g/L) and for a pH of 7.6, 42.4 mL of 0.1 NaOH was added to 50 mL of 0.1 M KH2PO​4.  Both solutions were diluted to 100 mL.  When the same buffers were prepared a second and third time, there was a measurable change in pH.  Due to the variability and uncertainty in preparation, the technique of preparing the buffers was modified.  Rather than attempting to mix the growth medium with a buffered solution, buffer salts were added directly to the growth medium, which facilitated the preparation of the buffered media. 

On average, the pH of the buffered media varied between 0.63% and 0.96% from the mean while the unbuffered controls varied approximately 3% from the mean pH.  These results indicate that the buffers accomplished their intended purpose, allowing only minimal fluctuation of pH compared to that of the unbuffered controls during yeast growth over a four and a half hour period in the laboratory.  The buffering capacity proved to be more than adequate to handle the amount of protons generated by the yeast. From previous lab experience, we found that the pH drops 0.5 during the course of the yeast growth period.  Titrating the unbuffered growth medium revealed that 0.0009 mol of HCl was needed to cause an equivalent change in pH and this value was used as a representation of the accumulation of protons during yeast growth.  The same molar amount was added to the buffers at pH of 6.6 and 7.6 and the drop in pH was found to be 0.09 and 0.07 respectively, indicating that the buffers had a capacity high enough to handle the increase of acidity.  Since the yeast generate a measurable, but small amount of acid, buffers with an excessively high buffering capacity, such as those used in this experiment, are unnecessary and result in detrimental effects on yeast growth.  
The average growth rate constant (() for the yeast grown at a buffered pH of 6.6 was 7.55E-4; ( at buffered pH of 7.6 was 7.61E-4.  These growth rate constants did not differ significantly.  The unbuffered control group had a significantly greater ( than both of the buffered groups, 5.49E-3.  Also, the doubling time of the control group was almost eight times faster than that of both buffer groups.  Based on these results, it appears that buffer salts in the concentration used inhibited the growth of yeast.  Because the growth medium contains a wide variety of substances, including many amino acids and sugars necessary for growth, the particular salts used in this experiment may have chemically reacted with the media.  This interaction may have resulted in a change in the media that made it less favorable for yeast growth, possibly prohibiting the yeast from obtaining the necessary nutrients.  Another explanation is that the buffer is actually toxic to yeast and causes some of the cells to die. Though the total number of yeast in the buffers increased, as seen on the growth curve, this does not give an indication of the amount of yeast that may have died.  Rather, it indicates simply that the yeast rate of growth continued to be greater than the rate of death throughout the four and a half hour laboratory period.

Given the opportunity to continue this experiment, the next step would be to determine the concentration of buffer salts necessary to hold the pH constant without inhibiting yeast growth.  The determination of the minimum buffering capacity required to resist a change in pH when approximately .0009 mol of acid is added by the yeast (as done in the appendix) allows for the addition of a minimal amount of buffer salts to the growth medium. Using a smaller mass of buffer salts would provide the yeast an environment more similar to the normal growth medium.  Growing yeast in both a control and in this predetermined amount of buffer would allow for a comparison between growth rate constants in order to determine whether even the minimal amount of buffer still inhibits yeast growth.  
It is also recommended that the pH meter be monitored closely and re-standardized approximately every hour to minimize it as a source of error. Although the drift of the pH meter would not have affected the overall trend of the data, an adjustment was made in the pH measurements during the third week of the experiment to account for this drift.  After testing the meter in the standard solution of pH 7, its drift was found to be approximately 0.2 pH units, and thus the measurements were 2.86% higher than the original calibration.  All subsequent measurements were adjusted accordingly in order to normalize the data.    
VIII. Appendix
We know from general chemistry that:
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dH+ can be represented by the moles of HCl added to the medium and dpH was the change of pH during the titration.  Titrating the unbuffered medium needed 0.0009 mol HCl for a 0.5 change in pH, so the buffer capacity = -(0.0009 mol)/0.5 = -0.0018 mol H+.

dH+ was kept constant at 0.0009 mol, so increasing the buffer capacity necessitated lowering dpH.  In both the 6.6 and 7.6 pH buffers, the change in pH when 0.0009 mol of HCl was added was 0.09 and 0.07 respectively.  Knowing this we can calculate the buffer capacity of the two buffered media:

Buffer Capacity(pH=6.6)  =  -(0.0009 mol)/(0.09)  =  -0.01 mol H+
Buffer Capacity(pH-7.6)  =  -(0.0009 mol)/(0.07)  =  -0.013 mol H+
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