




“4-minute Pop Quiz”: Reward for those who prepared. 
(4 questions, 60 seconds each)
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Images of “Xmas future”



You get a chance to narrate (1.0)



You get a chance to narrate (2.0)



You get a chance to narrate (3.0)





Thin Air...
CO2

CO2CO2

Where do plants get their ‘food’...



Thin Air...
CO2

CO2CO2

Where do plants get their ‘food’...





Phosphoglycero(PG)-kinase

Glyceraldehyde-3-phosphate(G3P)-dehydrogenase

Ribulose bisphosphate(RuBP)-carboxylase

Ok, but what do I need to know for the test?





Biology Learning Objectives 
• Explain the relationship between photosynthesis and 

global climate change. 
• Discuss how carbon fixation is regulated by 

homeostasis of metabolic reactions.	  
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11.2 How does Brazil’s rainforest affect 
Greenland’s glaciers?



“Training like an athlete”



Trifecta BATTLE
East side versus West

(keep score)

Good answer = 1 point
Full Trifecta = 3 points 

(purpose, methods and findings)



Trifecta





Trifecta



Legal in US, Illegal in EU – why?

Fig. 11.1 B: modified from LL Smith, 1985 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

+2 charged molecule

Plastoquinone PQ ->



Trifecta









1.How do they visualize the molecules of interest?
2.How do they separate them in an orderly fashion?



Who else separated by TLC?

Fig. 1.19 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 



1. First stable product of Calvin Cycle

(3-PGA)3-Phosphoglycerate

*C-C-C-P



Fig. 11.13 modified from Calvin and Benson, 1949 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

Initial Sugar Production by Plants
5 sec of fixation



Fig. 11.13 modified from Calvin and Benson, 1949 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

Initial Sugar Production by Plants
5 sec of fixation

sugars



Fig. 11.13 modified from Calvin and Benson, 1949 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

Amino Acids from Plants
5 sec of fixation

amino acids



Fig. 11.13 modified from Calvin and Benson, 1949 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

amino acids

sugars

Incorporation of Carbon



Fig. 11.13 modified from Calvin and Benson, 1949 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

amino acids

sugars

Incorporation of Carbon



Incorporation of Carbon

Fig. 11.13 modified from Calvin and Benson, 1949 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

amino acids

sugars

lipids



Fig. 11.13 modified from Calvin and Benson, 1949 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

amino acids

sugars

lipids

Why this order of production?



1. Fixation

Rubisco



Trifecta



Taq needs Mg also









Explain



Trifecta



Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

measure fossil fuel consumption



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

1945



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

exponential  
increase



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

1970s  
oil crisis



Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

Trifecta



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

measure seasonal CO2 in air



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

30 year trend



Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

CO2 gas trapped in ice



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

200 year trend is 
non-linear increase



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

short term  
is linear



Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

CO2 gas trapped in ancient ice 
(hundreds of thousands)



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

oscillating CO2 levels

non-human cause



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

upper & lower bounds



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

300 ppmv



Current Levels Highest in 400K Years

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

See current  
data

http://co2now.org
http://co2now.org


Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

CO2 gas trapped ocean sediment 
(millions)



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

397 ppmv

13 million years since CO2 this high



Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

measure CO2 in Hawaii



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

September

May



Historic Atmospheric CO2 Levels

Fig. 11.11 E: modified from Tripati et al., 2009 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

growing season



Phosphoglycero(PG)-kinase

Glyceraldehyde-3-phosphate(G3P)-dehydrogenase

Ribulose bisphosphate(RuBP)-carboxylase

So, about Exam I 
(the OSB readings)



Learning Questions for the day (focus)
• How does Calvin Cycle work?

• What are the reactants?
• When is energy involved?
• What are the stages called, what happens?

Phosphoglycero(PG)-kinase

Glyceraldehyde-3-phosphate(G3P)-dehydrogenase

Ribulose bisphosphate(RuBP)-carboxylase



Reading 1: Ch1-ICB 1.2 
Dr. Fred Griffith 
Dr. Oswald Avery 
Figure 1.4 Avery 
Table 1.1 Avery 

Reading 2: Ch.4-ICB 4.1 Charles Darwin 
Figure 4.1 Cartoon acorns 
ELSI Figure 4.1 Darwin monkey 

Reading 3: Ch.4-ICB: 4.2 
Dr. Stanley Miller 
Figure 4.5 Miller experiment 
Figure 4.6 NASA experiment with meteors 
Figure 4.8 ribozyme experiment (big gel) 

Reading 4: Ch.4-ICB: 4.3(1st half), 4.4 
Figure 4.11 Microspheres and clay vesicle formation 
Figure 4.12 Microscopy of spontaneous vesicles with cargo (Green & red-stained). 
Figure 4.13 vesicle growth and reproduction 
Figure 4.17 Vesicle pH after adding micelles  

Reading 5: Margulis endosymbiosis 

Reading 8: Ch.11-ICB: 11.1 
Joseph Priestley (Figure 11.2A sprig of mint) 
Theodor Wilhelm Engelmann (Figure 11.2B algae and Zeiss) 
Robin Hill (Figure 11.2C Oxygen evolved by isolated chloroplasts) 
Daniel Arnon (Figure 11.4 Photosynthesis is a summation of three parts & Figure 11.8 ATP production from light energy) 
Hans Heldt (Figure 11.5 Comparison of pH in stroma and thylakoid space) 

Reading 9: Ch.11-ICB: 11.2  
Figure 11.11 Energy consumption and CO2 levels. 
M.B. Allen (Figure 11.12 Carbon fixation capacity) 
Melvin Calvin and Andrew Benson (Figure 11.13 Incorporation of radioactive carbon into organic molecules) 
Figure 11.15 Physiological regulation of rubisco

So, about Exam I 
(the ICB readings)



1. Dr. Oswald Avery 
2. Dr. Fred Griffith 
3. Figure 1.4 Avery 
4. Table 1.1 Avery 
5. Dr. Stanley Miller (Figure 4.5) 
6. Figure 4.6 NASA experiment with meteors 
7. Figure 4.8 Ribozyme experiment  
8. Figure 4.11 Microspheres and clay vesicle formation 
9. Figure 4.17 Vesicle pH after adding micelles  
10. Dr. Lynn Margulis 
11. Theodor Engelmann (Figure 11.2B) 
12. Hans Heldt (Figure 11.5) 
13. Figure 11.11 Energy consumption and CO2 levels. 
14. Melvin Calvin and Andrew Benson (Figure 11.13) 
15. Figure 11.15 Physiological regulation of rubisco

15 people/figures to  
Trifecta on Exam I 

(need textbook & lecture info)



Predict how many photons of red light are minimally required to create one glucose 
molecule in photosynthesis (or two glyceraldehyde-3-phosphate molecules) and 
explain your reasoning. (i) Illustrate the non-cyclic electron transport version of light 
reactions and the Calvin cycle. (ii) Explain in full sentences your prediction and your 
rationale for it. Explain in detail the sequence of events that occur in the process of 
photosynthesis and your step-by-step rationale/logic in your calculations [Assume: the 
Calvin cycle must occur in full cycles, you must only use linear electron transport, 3 
H+ travel through ATP Synthase for it to generate one ATP].  

Possible exam question format



Possible exam question format



Possible exam question format

5) Explain the Purpose, Methods and Findings of Stanley Miller’s 
famous experiment. (50 word limit)



What is a multiple True/False/Why question? 
(Multiple-choice with partial credit)

Example:
A. What are the official sport team colors of Michigan State University?
1. Maize
2. Blue
3. Green
4. Yellow
5. White
6. Why?: Historically, why were those colors chosen?

For full credit you must respond with:
The answer #3 is True
The answer #5 is True
The answer to #6 you accurately explain why those are the colors

Possible exam question format


