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Western Integrated Science Program (WISc) 
• Limited-enrollment program 

• Broad questions-based approach
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How did 
Earth

evolve?

What is 
energy?

What is 
life?

How do 
smart-
phones 
work?



Integrated Metabolism Lab  

• Measure change in O2 evolution 
in Chlamydomonas reinhardtii
cell cultures

• Determine impact of 
environmental stresses on the 
rate of photosynthesis and 
cellular respiration
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Chlamydomonas reinhardtii
• Green unicellular flagellated eukaryotic alga

8J. -D. Rochaix, Brenner’s Encyclopedia of Genetics, 2013, 1, 521-524

Photosynthesis 
(100 μmol O2 min−1) 

Respiration 
(10 μmol O2 min−1) 



Oxygen Electrode
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Environmental Stresses   

UV light Bright light
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High temp



Measuring O2 Concentration
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Change in light 
intensities 



Rate of Change in O2 Concentration
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Light Response Curve 
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• Plot shows rate of respiration and photosynthesis
at different light intensities

Rate of respiration

Low light

Light-saturated

Rate of O2
production



Experimental Runs 
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Rate of respiration

Rate of O2
production

Light Intensity 

Control
0 min

Stressed
30 min

Rested
60 min



Chlorophyll Extraction 
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mg O2 • L−1 • min−1

Rate from slope

Day 1

Day 2
μmol O2 • mg−1 Chl • hr−1

Adjusted for amount
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Chlorophyll Quantification

S.W. Jeffrey, and G.R. Humphrey, Biochem. Physiol. Pflanzen, 1975, 167, 191-194 16

Chlorophyll a (μg mL−1) = 11.93(A664) – 1.93(A647)

Chlorophyll b (μg mL −1) = 20.36(A647) – 5.50(A664)
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Light Response Curve Analysis 
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Rate of respiration

Rate of O2 production
(μmol O2 mg−1 Chl hr −1)

Light Intensity (μmol m−2 s−1) 

Photosynthetic efficiency



• Teamwork skills

• Scientific communication

• Constructive feedback

Group Oral Presentation  
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• Use pictures to document the 
setup of the experiment 

• Perform a literature search to 
help explain the observations

• Show scientific concepts and 
data using figures

Formal Report
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Formal Report
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Learning Outcomes   
• Learn chemistry using biology

• Set up, use, and troubleshoot an O2
electrode

• Use a variety of lab techniques to extract 
chlorophyll and then quantify it by UV-Vis 
spectrophotometry

• Use software to collect, assess, and 
communicate scientific data, and draw 
conclusions from the data

• Collaboratively create an oral presentation 
and write a formal lab report
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Student Feedback   

“The lab was a super cool and stimulating opportunity! I
got to learn and use various laboratory apparatus for the
first time and experience the meticulous (albeit tedious)
data collection process in microbiology. I just wish we had
more time to explore a larger range of UV intensities and
complete multiple controls to further corroborate our
findings”. Malavika Nair

“I really appreciated the opportunity to utilize lab
equipment otherwise not used in general first year labs,
like the O2 electrode, micropipette and the centrifuge. In
addition to this, using live Chlamy cells and observing
their behaviour under a microscope was one of the
highlights of the semester. For next steps, I would've
appreciated another round of data collection, and a lesson
explaining the importance of the lab, and how it can be
completed successfully”. Kiera A. Sammut
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