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BACKGROUND
Studying the growth of Saccharomyces cerevisiae (Baker’s yeast) can give insight into cell growth, replication, and death.  Yeast experiments are important for the understanding of reaction equilibrium and rates.  Thus, yeast growth studies have applications to cell culture and biotechnology.  Yeast provides a good model to compare to mammalian cells because several cellular functions are similar to those in yeast, and corresponding genes between yeast and mammals complement each other.  In addition, since yeast is a unicellular organism, it can be grown rapidly.  In yeast growth, the components in the medium play an important role in the rate of growth.  Glucose is one of the necessary components because yeast breaks down sugar to produce energy necessary for metabolic processes.  Sugar is digested by the yeast through glycolysis and the Krebs cycle.  Therefore, measurement of the glucose consumption is directly related to yeast metabolism and growth.  

This experiment will also focus on the effect of buffering the growth media.  The pH of the medium greatly affects the consumption of glucose in two ways.  First, due to the acidophilic nature of yeast, the cells will grow better in an acidic environment with an optimal pH between 4 and 6.  In this optimal range, the enzymatic processes within the yeast will function properly and the growth rate will be at a maximum.  As mentioned above, glucose consumption is necessary in order to satisfy the energy requirements needed for these enzymatic processes to work.  However, glucose consumption is also affected due to the cellular mechanism used to bring the glucose into the yeast.  This mechanism involves the use of a hydrogen pump to take in glucose molecules that are too large to cross the cell membrane by passive diffusion.  A hydrogen pump is formed when a cell uses energy from ATP (adenosine triphosphate) to actively pump hydrogen ions out of the cell and against its concentration gradient.  After the hydrogen ions are pumped out, they travel back down their concentration gradient and into the cell, carrying glucose molecules along with them.  Moreover, an extracellular medium with a higher alkalinity will allow this pump to perform at optimal efficiency due to the pH gradient, i.e. the hydrogen ions will be easier to pump into a basic medium.  Therefore, the optimal pH for the hydrogen pump will be around 7, while the optimal pH for yeast growth is between 4 and 6.

AIMS/OBJECTIVES
· Measure the glucose content of the yeast extract and peptone diet components in the yeast growth media consisting of  yeast extract, peptone, and dextrose (YPD)

· Measure the glucose consumption in two other yeast growth projects; yeast growth in different nutrient media (varying peptone) and yeast growth in the buffered environments
HYPOTHESES
· At a pH of 5, the glucose consumption will be the greatest

· The glucose consumption will be different for varying levels of peptone
GENERAL PROTOCOL
In the first week, testing was done to determine if the kit worked properly according to its derived theoretical equations.   The dilution factor was calculated and tested to ensure that the measurements would not exceed the range for absorbance set by the kit.  To minimize human error and to make sure there were no systematic calibration errors, several dilutions were performed by one person and absorbance values were compared.  Finally, the glucose content of each component of the YPD medium was found. 
During the second and third weeks, the glucose consumption was determined for yeast grown in different buffered environments and different nutrient media.  Glucose consumption was compared across samples through ANOVA statistical testing to scan for any significant difference in glucose consumption for different yeast growth media.  If samples were significantly different across samples, t-testing was performed to determine significant differences within samples. 
SPECIFIC METHODS

I.  Testing of Dilution Factor and Proper Functioning of Kit

· Made different blanks

Sample blank: 20 µL of sample and 1 mL of deionized water (DI) 

Reagent blank: 1 mL of reagent (see appendix II)
· Spectrophotometer blanked with DI

· Took Optical Density Measurements (ODs) of both blanks

· Added 20 µL of sample to the reagent blank to make sample-reagent

· Incubated at room temperature for 30 minutes; mix by inversion every 2-3 minutes

· Took OD of sample-reagent every minute for 30 minutes (OD at 15 min should be between 0.3 and 1.6 according to the kit) 
· Derived glucose concentration using Equation 2 in Appendix I
II.  Determination of Pipetting Precision

· Spectrophotometer blanked with air

· Took ODs of 10 samples of water (1 mL)

· Added 20µL of Evans blue dye to water; mix by inversion

· Took ODs

III. Glucose Content in Yeast Extract and Peptone

· 500 mg yeast extract added to 50 mL DI

· Water bath at 65ºC to dissolve

· Centrifuge for 5 minutes to eliminate any residual precipitate

· Made different blanks

Sample blank: 200 µL of supernatant in 1 mL of deionized water (DI) 

Reagent blank: 1 mL of reagent

· Spectrophotometer blanked with DI

· Took ODs of both blanks

· Added 200 µL of supernatant to the reagent blank to make “supernatant-reagent”
· Incubate at room temperature for 15 minutes; mix by inversion every 2-3 minutes

· Take OD of supernatant-reagent (OD should be between 0.3 and 1.6)

· Derive glucose concentration using Equation 2
· Repeat same procedure for peptone

IV. Glucose consumption of yeast in different buffered and nutrient media

Sampling
· First set of samples: 500 µL of medium (T0)

Second set of samples: 500 µL of medium and yeast post lag phase (T1)

Third set of samples: 500 µL of medium and yeast 2 hours after second set of samples (T2)

· For yeast-containing media, centrifuge sample for 5 minutes

· Freeze supernatant for further testing

Glucose Consumption

· Made different blanks

Sample blank: 20 µL of supernatant in 1 mL of deionized water (DI) 

Reagent blank: 1 mL of reagent

· Spectrophotometer blanked with DI

· Took ODs of both blanks

· Added 20 µL of supernatant to the reagent blank to make supernatant-reagent

· Incubate at room temperature for 15 minutes; mix by inversion every 2-3 minutes

· Take OD of supernatant-reagent (OD should be between 0.3 and 1.6)

· Derive glucose concentration using equation 2
· Repeat procedure with all samples

RESULTS
I. Preliminary Results

The glucose consumption assay was tested for accuracy.  Using an equation derived from Beer’s Law (see Appendix I, Equation 1), the theoretical ΔA for a 1mg/mL solution of glucose was calculated to be 0.684.  The experimental value using the glucose standard solution was found to be 0.714 which deviated from the theoretical calculated value by 4.4%.

The kinetics of the reaction was tested primarily to assess the validity of the incubation time indicated by the kit’s instructions manual.  The suggested 15 minutes of incubation at room temperature was found to be appropriate since at that time the reaction reaches equilibrium as seen the Figure 1 below: OD vs. time, (15 minutes = 900 seconds).

Further study of the kinetics was examined using different concentrations of reagent and glucose.  The graph below plots the optical density vs. time for Reagent : Glucose : Water (R:G:W) ratios of   1000:20:0, 1000:10:10 and 500:20:500 (all values for ratios are in μL).  The mean exponential rate constant is 0.0364s-1 with an error of 2.3%.
        Figure 1
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II. Glucose Content

The glucose content of each YPD component was determined using the assaying reagent.  The percent glucose content was 1.32 and 6.38 in yeast extract and peptone respectively.  Dextrose was assumed to be 100% glucose by definition. 
III. Glucose Consumption

As seen in Figure 2, the average glucose consumption was the largest at a pH of 5.  The next largest consumption was at a pH of 6.  The pH of 7 gave an unusual negative value for consumption.  However, these differences in glucose consumption across the varying buffered environments were not significant within a 95% confidence interval (p = 0.23).  
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Figure 2: Average glucose consumption decreased as pH increased.  See Appendix IV for detailed data tables.
In the experiment comparing varying nutrient media, the average glucose consumption was the largest in the media containing the highest concentration of peptone, followed by the middle concentration of peptone.  The yeast in the nutrient medium with the lowest concentration of peptone consumed the least amount of glucose.  Once again, within a 95% confidence interval, the differences were not significant (p = 0.55).  Figure 3 depicts these results.  

[image: image3.emf]Varying Peptone Concentrations 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

low  med high

Peptone Concentration

Glucose Consumption (%mg/mL)/min


Figure 3: As the concentration of peptone increased, the consumption of glucose increased as well.  See Appendix IV, Table I for detailed data table.
DISCUSSION

For this study, each of the components of YPD medium was tested for glucose content.  For both peptone and yeast extract, the levels of glucose were relatively small compared to the overall level of glucose in YPD (19.455 ± 0.908 g/L).  Thus, the main source of glucose to the yeast comes from the dextrose in the YPD.    

Glucose consumption of yeast was measured in varying pH media of 5, 6, and 7.  The highest consumption was seen in the medium with a pH buffered at 5.  Using ANOVA testing, however, the differences in glucose consumption between the three media were not significantly different.  In the data, there was a negative value for glucose consumption for trial 3 at a pH of 7 at T1 (see Appendix III, table 1), implying that the yeast created glucose, which is biologically impossible.  Looking at the data, it was noticed that the sample blank for that trial was 0.2, which is much larger than the sample blank OD of 0 for the other trials.  This difference may be due to a contamination of that particular cuvette or sample.  Removing this data point gives an overall average glucose consumption that is positive, which is more reasonable than the previous negative average value for pH 7 (See Appendix IV, Figure 4 for new graph).  Even with the removal of the data point, the differences are not significant (p = 0.54).  Perhaps there is no difference because the optimal pH for the metabolic processes of yeast growth is different from the optimal pH for the hydrogen pumps, which are used by the cells to bring in the glucose.  For yeast growth, the optimal pH is 4-6 because yeast has a higher rate of growth in an acidic environment.  For the hydrogen pump, however, a pH of 7 would be best since it would be easier to pump hydrogen out of the cell.  The higher concentration of hydrogen outside of the cell creates a proton gradient, which is necessary for the transport of glucose across the membrane by co-transport.  
Three different media were tested for glucose concentration, with low, medium, and high concentrations of peptone (0.75, 1.5, and 3 (g/.5L media)).  The greatest consumption was seen in the medium with the highest peptone.  When the results were analyzed with ANOVA testing, however, there was no significant difference between the three levels of peptone.  Significant differences may have been achieved if there was enough of a variance in peptone concentration in the media to see a significant difference in growth.  Another contributing factor to not seeing differences might have been that we did not see the end of the log phase.  If we had been able to measure consumption over a longer period of time, there might have been a difference.  

Finally, the kinetics of the reagent solution was tested during the lab to make sure that 15 minutes was a suitable time for incubation.  For all graphs, there is an initial steep increase during the first 5 minutes followed by a leveling off.  Since the 15 minute mark lies in the flat part of the curve, it was a reasonable amount of time to wait.  The kinetics curve levels off at lower values for the 1000:10:10 mixture is because of the reduced amount of substrate i.e. glucose.  The exponential rates were very similar, deviating by only 2.3 % from the mean.  However, a downward trend was observed going from high glucose concentrations to lower concentrations, i.e. from the 1000:20:0 to the 1000:10:10 mixtures.  Hence it can be speculated that the reaction rate depends on glucose concentration and could be first order.  Such results could have been observed better if more samples had been tested.  Indeed, it is important to note that the actual data obtained is of a predominantly qualitative nature in that it only allows us to make speculations about the kinetics of the reaction.  More conclusive facts could be drawn from a more thorough kinetic analysis.   

Sources of error include differences in variance in ambient temperature and differences in handling of the samples.  To reduce this error, only one person did all of the pipetting.  Another consideration is that if the samples were not completely sterilized, they may have been contaminated.  Contamination would affect the growth rate of the yeast, and in turn the glucose consumption.  In addition, because they yeast was in sealed tubes, there was less oxygen available to the yeast.  This decreased the metabolism of the yeast and slowed down growth since oxygen is necessary for respiration.  Furthermore, even though the supernatant was isolated from the yeast after taking the media from the other groups, there could still have been yeast remaining in the samples which would have continued to multiply and consume glucose, affecting the results of the assay.     

In the future, all of the samples could be taken during one week, frozen, and collectively tested the next week.  Taking the samples depended on the start time and rate of growth of the yeast, and there was no control on when the yeast went into the log phase.  To get decent consumption values, we needed to wait at least 2 hours after the log phase had begun.  By the time the log phase had begun, it was already late in the lab period, so there was often not enough time to test the second set of samples taken after 2 hours.  To allow for adequate testing, the samples should be taken at least an hour before the lab period ended because the testing process required a 15-minute wait time after mixing the reagent with the assay and the spectrophotometer could only hold a maximum of 7 cuvettes.  By freezing the samples, the yeast would have an extra hour of growth and consumption, and we would have more time to test the samples.  Another possibility to allow for maximum growth, is that the yeast growth should be started very early in the lab period (or even before the period begins), giving enough time for yeast to go into the log phase, and possibly death phase.  If everything runs smoothly, this portion of the experiment could be condensed into one lab period.

In addition, perhaps the lab could focus on just one other group’s experiment (i.e. pH or nutrient medium), allowing repeated samples of each trial, improving the statistics, specifically the standard deviation.
There are other possibilities for improvements, specifically to condense the experiment.  One such possibility involves giving the groups previously grown samples to test, thus the groups do not need to depend on yeast growth.  Perhaps different media with unknown concentrations of glucose could be assayed for glucose content.  And as previously mentioned, if groups work with yeast, the growth should be initiated early enough to allow for enough time for the growth and testing.
APPENDIX
I. Equations used to calculate glucose concentration 
ΔA = Test OD – (Reagent Blank + Sample Blank)


(1)
Glucose Concentration =  ΔA  1.02 * 20  180.2     1   
   1

(2)
                                                     0.02                  6290    1
·   1.02        1
    – Dilution Factor (all units in mL)
        0.02     0.05          
· 180.2 g/mol – Molar mass of Glucose
· 6290 M-1 cm-1 – Extinction Factor

·     1
  – Path Length

 1cm
II. Accuracy of Pipetting
Table 1
	Trial #
	Evans Blue Dye
	Water
	ΔA

	1
	1.69
	0
	1.69

	2
	1.7
	0.001
	1.699

	3
	1.665
	0.003
	1.662

	4
	1.691
	0
	1.691

	5
	1.702
	0.008
	1.694

	6
	1.759
	-0.005
	1.764

	7
	1.634
	-0.003
	1.637

	
	
	Average
	1.691

	
	
	SD
	0.039

	
	
	Rel. SD
	2.310


The above table shows that our pipetting method yields an error of 2.3%.  
The exact absorbance of the reagent blank would be obtained by adding 20 μL of water to 1 mL of reagent, according the kit.  However, due to a limited amount of reagent, we decided to take the absorbance of 1 mL of reagent so that we could reuse the reagent to run the reaction.  Therefore the reagent blank absorbance was calculated by multiplying the absorbance of 1 mL of reagent by a dilution factor of (1/1.02).  We were able to make this assumption because since our pipetting of 20μL into 1mL was fairly precise (2.3% error, n = 7)
III. Raw Data

Table 2

	Tube Description
	Trial #
	Reagent Blank
	Sample Blank
	Test OD
	Glucose Concentration (mg/mL)

	Preliminary Testing
	 
	 
	 
	 
	 

	Glucose Standard Testing
	 
	0.07451
	-0.00100
	0.78800
	20.87856

	Peptone Content
	 
	0.07451
	0.00300
	0.08200
	0.01364

	Yeast Extract Content
	 
	0.07745
	0.02000
	0.11600
	0.06383

	Buffered Environments
	 
	 
	 
	 
	 

	 
	1
	0.08137
	0.00100
	0.73800
	19.15850

	YPD Standard
	2
	0.08137
	0.00300
	0.78500
	20.47347

	 
	3
	0.10098
	0.00300
	0.74500
	18.73163

	 
	1
	0.00765
	0.00000
	0.66300
	19.15048

	pH 5 at T1
	2
	0.00765
	0.00000
	0.67900
	19.61802

	 
	3
	0.00814
	0.01000
	0.66800
	16.36010

	 
	1
	0.00765
	0.00000
	0.72200
	20.87455

	pH 6 at T1
	2
	0.00765
	0.01000
	0.70700
	17.51406

	 
	3
	0.07353
	0.00000
	0.69600
	18.18960

	 
	1
	0.07549
	0.00000
	0.70300
	18.33685

	pH 7 at T1
	2
	0.07745
	0.00000
	0.69300
	17.98734

	 
	3
	0.00761
	0.20000
	0.76800
	16.37544

	 
	1
	0.05098
	-0.02700
	0.50800
	14.14384

	pH 5 at T2
	2
	0.05490
	-0.01100
	0.67100
	18.32482

	 
	3
	0.05588
	0.00200
	0.55800
	14.61425

	 
	1
	0.06569
	-0.01600
	0.59500
	15.93495

	pH 6 at T2
	2
	0.05588
	-0.01500
	0.61800
	16.86431

	 
	3
	0.05588
	-0.03400
	0.60700
	17.09809

	 
	1
	0.05490
	-0.01600
	0.65300
	17.94494

	pH 7 at T2
	2
	0.03529
	-0.00100
	0.62100
	17.14450

	 
	3
	0.05980
	-0.03500
	0.65500
	18.41535


III. Raw Data (continued)
Table 3
	Tube Description
	Trial #
	Reagent Blank
	Sample Blank
	Test OD
	Glucose Concentration (mg/mL)

	Nutrient Variations
	 
	 
	 
	 
	 

	 
	1
	0.07255
	-0.00100
	0.78100
	20.73131

	Low Peptone at T0
	2
	0.07353
	0.00000
	0.79420
	21.05916

	 
	3
	0.07647
	-0.00100
	0.78540
	20.74529

	 
	1
	0.07451
	0.00000
	0.77660
	20.51621

	Medium Peptone at T0
	2
	0.07941
	0.00100
	0.80300
	21.11520

	 
	3
	0.07647
	0.00100
	0.80520
	21.26543

	 
	1
	0.07451
	0.00100
	0.78540
	20.74414

	High Peptone at T0
	2
	0.07157
	0.00100
	0.78760
	20.89438

	 
	3
	0.07451
	0.00300
	0.80300
	21.20000

	 
	1
	0.05294
	0.00100
	0.72300
	19.55098

	Low Peptone at T1
	2
	0.05392
	0.00400
	0.73800
	19.87299

	 
	3
	0.05294
	0.00200
	0.74700
	20.22308

	 
	1
	0.05392
	0.00200
	0.70300
	18.90868

	Medium Peptone at T1
	2
	0.05490
	0.00200
	0.73300
	19.75668

	 
	3
	0.05392
	0.00200
	0.76000
	20.57431

	 
	1
	0.07451
	-0.02000
	0.72300
	19.53437

	High Peptone at T1
	2
	0.07549
	-0.01900
	0.76800
	20.79147

	 
	3
	0.07647
	-0.01600
	0.79200
	21.37648

	 
	1
	0.07941
	0.00500
	0.71000
	18.28070

	Low Peptone at T2
	2
	0.08137
	0.00300
	0.67900
	17.37598

	 
	3
	0.08627
	0.00100
	0.68400
	17.43729

	 
	1
	0.07941
	-0.00200
	0.67100
	17.34561

	Medium Peptone at T2
	2
	0.05490
	0.00200
	0.62400
	16.57152

	 
	3
	0.06078
	0.00300
	0.65700
	17.33472

	 
	1
	0.05784
	-0.00200
	0.66700
	17.85899

	High Peptone at T2
	2
	0.06373
	0.00300
	0.64900
	17.01501

	 
	3
	0.08333
	-0.00100
	0.69000
	17.75701


IV. Normalized Glucose Consumptions

Table 4

	 
	 
	pH Levels
	 

	Trial #
	5
	6
	7

	1
	0.217773
	0.214857
	0.017047

	2
	0.052637
	0.026447
	0.034306

	3
	0.077669
	0.048559
	-0.09075

	Average
	0.116026
	0.096621
	-0.01313

	St. Dev
	0.088999
	0.10299
	0.067772

	 
	 
	Peptone Concentration
	 

	Trial #
	low
	medium
	high

	1
	0.051061
	0.063489
	0.067303

	2
	0.09881
	0.125706
	0.150617

	3
	0.111905
	0.126951
	0.142275

	Average
	0.087259
	0.105382
	0.120065

	St. Dev
	0.032024
	0.036285
	0.045883


The units for all values are (% mg/mL)/min of glucose consumed.  
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Figure 1: Average consumption of glucose for the varying pH environments with the negative data point taken out(Trial 3, pH 7 at T1).  We obtained a positive value for glucose consumption.  



















































