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BACKGROUND:

The growth of Saccharomyces cerevisiae, commonly referred to as Baker’s Yeast, depends on both the presence of as well as the type of nutrients. In the lag phase of growth, the yeast adjusts to their new environment by synthesizing new enzymes and proteins. Nutrients are consumed during the lag phase. Depending on the type of nutrients present, the length of this phase will vary.  If the yeast is grown long enough, it will experience a few lag phases depending on the number of different nutrients present. In the log phase, the yeast also consumes nutrients, which are present in excess, as they are needed for replication. However, as the cycle continues, nutrient depletion occurs.

S. cervisiae is dependent on glucose as a primary form of energy. In order to provide the yeast with nutrients, the typical yeast diet consists of dextrose, peptone, and yeast extract. These different diet components represent different forms of nutrients. Dextrose is a form of glucose. Peptone is derived from proteins, and yeast extract is produced from autolysed yeast cells.  

In order to measure the yeast’s glucose consumption, a glucose (HK) assay kit will be used. This kit measures glucose consumption through the change in absorbance that occurs due to the phosphorylation of glucose and the reduction of NADH.  Specifically, first glucose is phosphorylated using ATP. The inorganic phosphate binds to the glucose, making it glucose-6-phosphate. This reaction is catalyzed by hexokinase. In the final reaction, glucose-6-phosphate is reacted with NAD to form 6-phosphogluconate and NADH.   This reaction is catalyzed by glucose-6-phosphate dehydrogenase. The reduction of NAD to NADH causes an increase in absorbance at 340 nanometers, which is proportional to the change in glucose concentration. The change in glucose concentration over time would equal the yeast’s consumption of glucose.

HYPOTHESES, OBJECTIVES, AND AIMS:

The objectives of the experiment are as follows:

1. To determine the glucose content of the three diet constituents – dextrose, peptone, and yeast extract

2. To determine if glucose consumption is correlated with yeast growth, assuming that pH does not affect consumption

To accomplish the objectives, several hypotheses have been formulated for further exploration through the course of the project:

1. The three diet components will contain significantly different amounts of glucose

2. Glucose consumption is highly correlated with yeast growth – determine by a correlation between glucose content and yeast cell count

3. Yeast will consume a high amount of glucose during the lag phase without increasing in numbers.  

Aims:

The experiment consists of two main areas of exploration, the diet constituents and the yeast growth. The glucose content of the yeast diet components will be measured, allowing us to calculate the actual composition of the standard diet. Also, glucose consumption during yeast growth will be determined. The spectrophotometer and the glucose (HK) assay kit will be used, with particular attention paid to the extraction technique – sample size, sample rate, and calibration of pipettes spectrophotometer.

PROTOCOL:

General Protocol:

Our primary goal will be to use the glucose (HK) assay kit in conjunction with the spectrophotometer provided to measure the amount of glucose present in the three different diet components for the yeast. The mechanism by which the kit provides a quantification of the glucose content is explained in the background section. First we will perform pipette calibrations and use Evans Blue Dye with the spectrophotometer to determine equipment and technique accuracy and precision. Then we will perform diet component measurements and determine glucose consumption during yeast growth, which will require collaboration with the Media Modification Group (Group 7) and the pH group (Group 6).

Specific Methods:

Standard Protocol for Spectrophotometer

· Prepare the following cuvettes:

· Water blank, 1.02 ml of water

· Reagent blank, 1 ml reagent, 20 ul of water

· Sample blank, 1 ml water, 20 ul sample

· Samples, 1 ml reagent, 20 ul sample

· Mix the tubes and incubate for 15 minutes at room temperature

· Measure the absorbance at 340 nm using UV/SIV spectrophotometer

· Calculate ∆A= A test – A total blank for each cuvette

· Convert absorbance values to glucose concentrations:

Glucose (mg/ml) =  (∆A) (total assay volume)(dilution factor from sample preparation)

(Sample Volume)
Calibration

Perform multiple pipette calibrations, comparing the measured mass to the pipetted volume using the standard density of water.

Evans Blue Dye

· Prepare water blank for calibration of spectrophotometer.

· Prepare dye samples by diluting with deionized water

· Measure the absorbance of the dye samples at 607 nm

Diet Component Measurement

Dextrose: Estimate the amount of dextrose needed to produce a predetermined absorbance, 0.675, and then follow standard protocol for spectrophotometer.

Peptone and Yeast Extract: Prepare solution and measure glucose content following standard protocol for spectrophotometer.

Glucose Consumption during Yeast Growth

Obtain 20 ul samples of the yeast solutions at the beginning of the yeast growth experiments of Group 7. Centrifuge and then measure the absorbance by following standard protocol for the spectrophotometer. Continue to take samples every 15 minutes to determine change in glucose concentration during the different phases of yeast growth curve.

PRINCIPLE RESULTS:

We performed multiple pipetting of water at the three volumes used in the experiment to quantify the precision and accuracy of our pipette and technique (Table 1). Precision was indicated by the standard deviation of mass between 10 measurements of a given volume, and accuracy was determined by comparing to mass (using 1g/ml conversion) of volumes measured. Precision of spectrophotometer was indicated by the standard deviation of the absorbance of 6 samples of the Evans Blue dye at 607 nm. Results showed high accuracy and precision (<5% error).

	Calibration
	Standard Deviation
	% Error from Known

	1000 uL Pipette @ 1mL 
	0.21%
	.95%

	20 uL Pipette @ 2uL
	1.31%
	2.1%

	1000 uL Pipette @ 0.380mL 
	1.58%
	3.3%

	Dye Absorbance @ 607nm
	0.14%
	N/A


Figure 1 Precision and accuracy of the 1000 uL Pipette at 1mL and 0.380mL, the 20uL Pipette at 2uL, and the absorbance of Evans Blue dye at 607nm, as indicated by standard deviation and percent error, respectively.

Glucose concentrations of dextrose, peptone and yeast extract were then determined, and the mass to mass concentration (mg/mg) of glucose to dry dietary constituents were calculated (Table 2). The concentrations of all three dietary components were significantly different from zero (p<.05), furthermore, they are shown to be significantly different from each other (ANOVA p<.001). The glucose content of the standard YPD medium was also determined and recorded in Table 2, with unit of milligrams of glucose per milligrams of dry YPD solid.

	Dietary Component
	Glucose Content (mg/mg)

	Dextrose
	1.015 + 0.0387 

	Peptone
	0.011 + 0.0036 

	Yeast Extract
	0.018 + 0.0049 

	Standard YPD Medium
	0.349 + 0.0200 


Figure 2 Glucose content in pure (solid) dextrose, peptone, yeast extract and standard YPD medium. 
Using the above results, we calculated the actual composition of the YPD broth, which had a given approximate composition (in prepared liquid form) of 10mg/ml yeast extract, 20mg/ml dextrose and 20mg/ml peptone. Because of the relatively minuscule glucose content in peptone and yeast extract, we assumed small deviations from their given composition will not significantly affect glucose content of the overall broth. Therefore, by keeping the given composition of yeast extract and peptone (10mg/ml and 20mg/ml), we were able to derive the actual composition of dextrose in the standard YPD broth, 16.82 + 0.07 mg/ml.

The second part of our results involves measuring the change of glucose content during actual yeast growth (in the standard YPD broth). Using data from a yeast growth group (W6), we determined the lag phase, 0 to 30 minutes, and log phase, 30 to 300 minutes, of the growth curve by identifying the linear and logarithmic portions of the yeast growth curve (R2>.90 for both) The glucose content (15 min. sampling rate) of the lag phase is plotted against time (Figure 3) and exhibited a strong linear relationship (R2=.8104). The graph shows a relatively small change of glucose content during the lag phase; in fact, instead of the expected depletion, there is actually a small increase in glucose content (0.054 mg/ml). This can be most likely attributed to fluctuation in measurements and not actual increase in glucose content, the reasons of which will be discussed in detail in the discussion.   
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Figure 3 Glucose content (mg/ml) versus time (min) graph for the lag phase (0-30min)

For the growth phase, the plot of the logarithm of glucose content against time produced the strongest fit (Figure 4), indicating the presence of a strong logarithmic relationship (R2=.8100). This confirms our hypothesis that the depletion of glucose will be faster as the number of yeast grows.
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Figure 4 Logarithm of glucose content plotted against time (min) for the lag phase (30-300min)

DISCUSSION

The most essential part of the experiment was to use the spectrophotometer and the enzymatic essay in the correct fashion as to obtain accurate and precise results. To do so, we needed to determine the ideal sample size and dilution factors, so that the absorbance values would remain in the reading range of the spectrophotometer. Much time was spent on this section, obtaining a working knowledge of the machinery and quantifying the equipment error. With multiple pipetting and calibrating with the Evans Blue Dye, we quantified the accuracy and precision of our equipment and technique as noted in Table 1. In addition, we assigned one person for the calibrations and all subsequent pipetting procedures. In order to ascertain the successful manipulation of the mathematical equation used to convert absorbance values into glucose content, we used the standard solution (1mg/ml glucose) to verify the amount of glucose calculated with the accepted value (error < 2%). 

The biggest limitation in the experiment was the limited amount of enzymatic assay available (80 shots), much of which was used in quantifying equipment and technique precision and accuracy. In order to conserve the assay, we conducted a preliminary run to determine whether glucose consumption during yeast growth was significant. We did this by measuring the glucose content of the growth medium twice, once before the yeast was added and again after a period of five hours. We noticed that glucose consumption was indeed significant, and in turn we determined a sampling rate of 15 minutes for the primary run, taking into account the number of points needed to construct a descriptive curve and the amount of assay at disposal. We also used one reagent blank for all our spectrophotometer measurements as it was observed that the absorbance of the reagent blank remained approximately constant during our initial experimentation phase. Thus, we were able to successfully overcome this limitation. 

The amounts of glucose in all three components are significantly greater than zero, (p < 0.001) and all three components contain significantly different amounts of glucose (ANOVA, p < 0.05). Thus, the hypothesis that the three diet components will contain significantly different amounts of glucose was accepted. Also, dextrose is found to be the most significant contributor of glucose in the YPD broth (ANOVA, p < 0.05). Accepting the labeled amounts of peptone and yeast extract in YPD broth as accurate, we calculated the amount of dextrose that should be contained in the YPD broth using the amount of glucose measured. The calculated value of 16.82 mg/ml is close to the labeled 20 mg/ml, with the differences likely due to the broth being prepared in bulk. 

We collaborated with Group 6, using their control group (standard YPD broth) to measure the glucose content of the diet medium every 15 minutes as the yeast grew. As the experiment was being carried out, we noticed that initially there was a slight increase in glucose content despite predicted depletion during the lag phase. It was expected that the yeast would consume glucose during the lag phase as it needs to synthesize enzymes in order to replicate and adjust to the environment. However, the observed increase in glucose content may be due to the fact that we only performed one run, with a sampling rate of 15 minutes over a period of only five hours, therefore resulting in few data points with much fluctuation. The calculated lag phase lasted only 30 minutes, which further limits the number of samples. In addition, our extraction volume was very small (20ul), therefore the reason for fluctuation may have been due to the growth tube being not well mixed.

The yeast consumed glucose during the log phase, with a logarithmic decrease of glucose content with time (R2 = 0.81). Thus, the hypothesis that glucose consumption is highly correlated with yeast growth is accepted. The increase in glucose consumption is most likely due to the exponential increase in the number of yeast cells. However, we were not able to calculate the rate of glucose consumption and relate it to yeast growth because high fluctuation in our data points caused the moving slope graph (dGlucose/dCells vs. time) to be indiscernible.  

A suggested improvement for the future is to actually grow yeast specifically for this experiment. We had initially planned to collaborate with Group 7, familiarizing ourselves with their projected timetable and work-plan. However, Group 7 modified its control group for their own investigation, and as a result, we could no longer continue our collaboration. We were then forced to find another group for an alternate source of yeast, which caused group division and disagreement over how to proceed. This could have been avoided if we had our own yeast source. 

As mentioned before, we were severely limited by the amount of assay we had, which in turn limited the amount of data points we could obtain. With more assay, more runs and multiple samples could have been performed, which would allow for repeatability and error calculation.

In addition, this experiment could potentially be designed as a day-lab, if previously prepared and frozen yeast samples were available. The purpose of the day labs could be to focus on learning to correctly use the spectrophotometer and enzymatic essay to accurately measure glucose content, since the sample extractions is redundant and not difficult. The pre-lab could be theoretical calculations such as the conversion of absorbance to glucose, and finding the dilution factors for the given absorbance range, while the experiment itself could be quantifying and maximizing the precision and accuracy of the equipment and technique. 

The project overall offered us an opportunity to design our own experiment, to learn how to deal with limitations and devise plans to overcome them. We succeeded in achieving high degrees of accuracy and precision and in using our limited resources to maximize the reliability of our data and findings.

