Lab 3: Cellulosic biofuel production in Saccharomyces cerevisiae

Today’s lab
In this lab, you will explore the challenges of using cellulosic biomass as a substrate to generate
ethanol for biofuel. You will measure how well Saccharomyces cerevisiae (yeast) can use
cellulosic substrates for fermentation. As CO2 is a by-product of fermentation, measuring how
much CO2 is produced allows you to determine the rate of fermentation. You will use a simple
apparatus (Figure 3.8) to measure CO2 production. The apparatus consists of a small test tube
(called a Durham tube) inverted in a large test tube. The smaller tube is filled completely
(without air bubbles) with a yeast-sugar solution. As the yeast cells metabolize the sugar
anaerobically and produce CO2, the gas collects at the top of the smaller tube. The gas appears
as tiny bubbles at first, before creating a space.

During the fermentation, there will be a lag period where very little (or no) CO2 is produced
(can you think of why?), followed by a log phase where CO2 is being produced exponentially,
followed by a stationary phase, where no CO2 is being produced. (Can you think of why the
yeast may stop producing CO2?)

Part 1: Substrate selection:
Substrate one: For substrate one we will be using wood chips. These have been soaked in water overnight, blended, and then filtered through cheesecloth (to remove the chunky debris). 
Substrate two: Banana peels that have been blended with water first, put to boil, and then put through a cheesecloth to remove chunky debris. (You will be asked to consider the ethical/ practicality of what you bring in when you write your lab report for this lab)






Part 2: Pre-treatment with temperature before you add cellulase
Using cellulosic substrates requires a pre-treatment to break down the cell wall to maximize the
efficiency of the cellulase treatment (without pre-treatment, the enzyme can’t access the
cellulose). Pre-treatments include mechanical methods of cell disruption (grinding with a
mortar and pestle, using a blender, temperature (recall from the membranes lab that high heat
and freezing temperatures cause membrane damage) There will be a hot plate available (for
boiling) available, as well as a microwave.

A. Lab provided wood chips:
These have all been ground up in a blender, which will have mechanically disrupted
cells, but it will still be difficult for the cellulase treatment to be effective. Using
temperature to further disrupt the cell walls prior to cellulase treatment will help break
up the complex matrix of the microfibril. 

We will pre-treat the __wood chips___ _by _____microwave__________ [ choose
between boiling on a hot plate or microwave] for ___3_______*_ minutes/seconds
before we add cellulase. This will help break up the matrix of the microfibrils. If you
are boiling, please be careful with the hot plate, and if using the microwave, consider:
how long should you microwave 30ml? Also be careful as it will be hot when you
remove it from the microwave.

b. Substrate from home:
At home, we will pre-treat 30 ml of banana peels by _blending with water and then boiling. 
Once the pre-treatment is done, try to filter out the chunky debris. 





Part 3: Cellulase treatment
Once you have tried to disrupt the microfibrils as much as possible, it is time to treat the
extracts with cellulase. You know from last lab that enzymes work best at an optimal pH and
temperature. Read the background information to determine the optimal pH and temperature
for this enzyme. For each of the two extracts, you will have extract treated with cellulase, and
extract not treated with cellulase.

1. A. Divide the pre-treated lab-provided extract into two test tubes by putting 15 ml into
two tubes. Label the one tube with the substrate name and Cellulase treatment
Label the other tube with the substate name and No Cellulase treatment
B. Do the same for the extract you brought from home (Divide the 30 ml into two tubes,
and label one as cellulase treated, one as no cellulase)

2. Add 5 ml of cellulase to each of the tubes labelled Cellulase treated.

3. Add 5 ml of water to each of the tubes labelled No Cellulase. 

*It is important that you have 20 ml in each tube so that you have sufficient volume to set up
the Durham tubes for the fermentation.

What temperature should you do the cellulase reaction at? (50-55 degrees Celsius)
How long should you do the cellulase reaction, given that this is a three hour lab? (50 minutes)
What is the pH of each of the substrates you tested? 
(usually 5 or 6)

You can measure pH of your two extracts using the pH paper. This will help you draw
conclusions in your lab report since you will know if the pH will allow for optimal cellulase
activity. (Refer to this when you explain your results in your lab report)

*While you are waiting for the cellulase treatment,
you can get organized for the fermentation
experiment. While you are waiting, fill a large test
tube with 24ml of water and practice filling the
Durham tube. Your lab instructor will demonstrate
this.
You can start the fermentation reactions for the
substrates not treated with cellulase.
One person/team can use the glucose test strips to measure the glucose content for all 4
substrates (lab-supplied no cellulase, lab-supplied cellulase treated, and the one from home
(cellulase treated and not cellulase treated)
What is the glucose content for each substate? ___300 mg/dL____


Part 4: Fermentation
To measure how well the treated substrate works in fermentation, you will measure the
amount of CO2 produced during fermentation, using the set up shown. Controls are very
important in this experiment; you will need to include the following controls. While you are
waiting for the cellulase reaction, discuss with your team the purpose of these controls: no substrate, sugar cane, lab supplied substrate not treated, and banana peels untreated. 

1. You should have 20 ml in each of your 4 test tubes. If you have more or less than 20 ml
it will be difficult to set up the Durham tubes, ask your instructor for advice. Refer to the
table below to set up the no substrate control and the sugarcane control.

2. Add 4 ml of yeast to each tube. Mix the tube thoroughly by inverting


	Tube
	Volume of substrate(mL)
	Volume of Distilled water (mL)
	Volume of Yeast (mL)
	Final Volume 

	No substrate 
	0
	20.0
	4.0
	

	Sugar cane solution 
	10.0
	10.0
	4.0
	

	Not cellulase treated (woodchips)
	20.0
	0
	4.0
	

	Cellulase treated (woodchips)
	20.0
	0
	4.0
	

	Not cellulase treated (banana peels)
	20.0
	0
	4.0
	

	Cellulase treated (banana peels)
	20.0
	0
	4.0
	



Table Above: Volumes of substrate, water, and yeast to be added to each experimental tube.

3. Insert a small test tube upside down into the large test tube.

4. Place a rubber stopper over the opening of the large tube. Be gentle with the rubber
stopper, as it is easy to shatter the test tube if you push down too hard. Slowly invert
the tube until the small tube touches the stopper, you should see the small tube fill up.
When the tube is in the inverted position, very slowly tilt it towards the upright position
so that the smaller tube remains completely filled with the solution when the large test
tube is upright.

5. Using a Pasteur pipette, withdraw the excess solution surrounding the smaller tube until
there is only approximately 1-2 cm of solution in the larger tube but make sure the
smaller tube remains completely filled. Discard the excess solution into the waste
beaker provided. Do not discard any of the excess solution until you are certain that
no air is trapped within the smaller tube. If air is trapped, return the removed solution
and slowly invert again. If every time you flip the tube, you have an air bubble in the
inside tube, it may mean you do not have 24 ml.
6. Record the start time in your results table. Check to see if any gas (initially seen as tiny white
bubbles) has accumulated at the top of the small tube. Record the result in the "0
Minutes" column of your results table. 

7. Repeat for the remaining 5 tubes. Before adding the yeast solution to each tube,
vigorously swirl the beaker containing the yeast to resuspend it. Set up the tubes one
after the other, do not try to start them all at once.

8. Record the amount of CO2 produced after 0, 5, 10, 15, 20, 25, 30, 35, 40 minutes by
carefully holding a ruler next to the small inner test tube and measuring the height of
the gas column to the nearest mm (If there is less than 1 mm of CO2 produced then
record the value as 0). Record your results in Table 3.2. BE CAREFUL NOT TO SHAKE
THE TUBES as this can cause the yeast solution to spill out of the small test. Sometimes
the yeast settles, and you may see something that looks like a clear solution at the top.
If it is not CO2, then do not record it as CO2.

Results:
The tables below show the results of this experiment from 5 students. Each student’s values will be used as a replication. Therefore, there are 5 replicates done in this experiment. (please show this in your graphical results as well by using error bars) (6 tables below-each for a different substrate)

-the values in the table indicate the amount of CO2 produced (mm)

No Substrate
	Student
	Start Time
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



Sugar Cane
	Student
	Start Time
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min

	1
	0
	0
	0
	0
	5 mm
	7mm
	9mm
	13mm
	20mm
	23mm

	2
	0
	0
	0
	0
	0mm
	4 mm
	10mm
	15mm
	20mm
	26mm

	3
	0
	0
	0
	0
	0
	5mm
	10mm
	18mm
	25mm
	30mm

	4
	0
	0
	0
	0
	0
	10mm
	15mm
	17mm
	20mm
	23mm

	5
	0
	0
	0
	0
	0
	0
	10mm
	15mm
	20mm
	30mm



Not Cellulase Treated Woodchips
	Student
	Start Time
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	0
	0
	1mm
	1mm
	2mm
	2mm
	2mm

	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	0
	0
	0
	10
	10

	5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



Cellulase Treated Woodchips
	Student
	Start Time
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	0
	0
	1mm
	2mm
	2mm
	2mm
	2mm

	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	10mm
	10mm
	10mm
	10mm
	10mm
	10mm

	5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



Not Cellulase Treated Banana Peels
	Student
	Start Time
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min

	1
	0
	0
	0
	0
	4mm
	5mm
	7mm
	7mm
	9mm
	9mm

	2
	0
	0
	0
	0
	0
	1mm
	4m
	6mm
	9mm
	13mm

	3
	0
	0
	0
	1mm
	3mm
	5mm
	7mm
	10mm
	11mm
	13mm

	4
	0
	0
	0
	0
	0
	0
	0
	12mm
	15mm
	20mm

	5
	0
	0
	0
	3mm
	3mm
	5mm
	5mm
	10mm
	10mm
	10mm






Cellulase Treated Banana Peels
	Student
	Start Time
	0 min
	5 min
	10 min
	15 min
	20 min
	25 min
	30 min
	35 min
	40 min

	1
	0
	0
	5mm
	12mm
	17mm
	18mm
	22mm
	25mm
	26mm
	26mm

	2
	0
	0
	0
	4mm
	13mm
	21mm
	27mm
	31mm
	35mm
	38mm

	3
	0
	0
	10mm
	18mm
	32mm
	38mm
	42mm
	45mm
	48mm
	50mm

	4
	0
	0
	0
	0
	25mm
	35mm
	42mm
	45mm
	46mm
	50mm

	5
	0
	0
	15mm
	35mm
	45mm
	50mm
	50mm
	50mm
	50mm
	50mm





