
LAST YEAR’S BEST ANSWER on HOMEWORK





Biology Theater!



Announcements

1. CATME GEA1 feedback is re-opened, due 11th… 
2. Verbal Final coverage of topics can start after exam, any 

attempts that happen before we discuss digestion, get to skip it. 
3. Status Report Talk in week 10 (optional) replaces Proposal 

Talk grade IF you wish. Must RSVP email me by Tonight 11pm. 

4. Exam I: Next Monday. Can bring 3x5 inch card with handwritten 
notes on both sides. If there’s time at end of class today, I can 
show you possible question formats on exam. 









Back to Photosynthesis…





Chapter 11: 
Photosynthesis

by A. Malcolm Campbell, Laurie J. Heyer, & 
Christopher Paradise

11.1 Why is paraquat used in America  
but illegal in Europe?

Integrating Concepts in 
Biology

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





Biology Learning Objectives 
• Describe how plants capture energy from sunlight 

and convert that energy into new forms of 
potential energy. 

• Distinguish three independent parts of 
photosynthesis, and explain the overall chemical 
and physical processes involved in each one. 



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 ->



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

Trifecta



Paraquat Affects Mammals

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

lungs accumulate  
paraquat





Trifecta



Fig. 11.2 A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.



Fig. 11.2 A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

Trifecta



Fig. 11.2

Experiments Determine Oxygen Source

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

light flame 
under glass 
with plant



Fig. 11.2

Experiments Determine Oxygen Source

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

flame 
burns 
out



Fig. 11.2

Experiments Determine Oxygen Source

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

plant  
in sunlight



Fig. 11.2

Experiments Determine Oxygen Source

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

intensify 
sunlight 
on wick



Fig. 11.2

Experiments Determine Oxygen Source

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

flame 
burns  
again



Fig. 11.2 A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

Trifecta



Fig. 11.2

Biological Detection of Oxygen Source

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

green alga viewed through microscope



Fig. 11.2

Biological Detection of Oxygen Source

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

expose alga to full light spectrum



Fig. 11.2

Biological Detection of Oxygen Source

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

add oxygen-loving bacteria



Fig. 11.2

Biological Detection of Oxygen Source

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

cells gathered where oxygen was abundant



Fig. 11.2 A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

Trifecta



Fig. 11.2

Influencing Oxygen Production Rate

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

purified chloroplasts 
exposed to light

measure oxygen 
production



Fig. 11.2

Influencing Oxygen Production Rate

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

intense light, 
O2 accumulates 



Fig. 11.2

Influencing Oxygen Production Rate

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

oxygen  
chemically  
removed



Fig. 11.2

Influencing Oxygen Production Rate

A: from Priestly, 1774; B: from Engelmann, 1882; C: modified from Hill, 1937 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

less light, 
less oxygen



Trifecta



Fig. 11.4 modified from Arnon et al., 1954 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.



Photosynthesis Composed of Steps

Fig. 11.4 modified from Arnon et al., 1954 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

test 3 products separately



Photosynthesis Composed of Steps

Fig. 11.4 modified from Arnon et al., 1954 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

this step  
not inhibited



Photosynthesis Composed of Steps

Fig. 11.4 modified from Arnon et al., 1954 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

ATP production 
partially inhibited



Photosynthesis Composed of Steps

Fig. 11.4 modified from Arnon et al., 1954 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

CO2 fixation 
inhibited faster



Photosynthesis Composed of Steps

Fig. 11.4 modified from Arnon et al., 1954 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

all 3 processes 
biochemically 

separate







Trifecta



Trifecta



pH Differential in Chloroplast

Fig. 11.5 modified from Heldt et al., 1973 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

pH inside single 

chloroplast



pH Differential in Chloroplast

Fig. 11.5 modified from Heldt et al., 1973 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.
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thylakoid 
space

lights on



pH Differential in Chloroplast

Fig. 11.5 modified from Heldt et al., 1973 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

lights off

H+ accumulates 
inside thylakoid



pH Differential in Chloroplast

Fig. 11.5 modified from Heldt et al., 1973 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

102.26 = 182 fold difference 



Trifecta



Can Chloroplast Recharge & Repeat?

Fig. 11.5 modified from Heldt et al., 1973 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

stroma

thylakoid 
space

repeat experiment,  
different display



Fig. 11.5 modified from Heldt et al., 1973 
Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.

Can Chloroplast Recharge & Repeat?









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:

1. What are the official sport team colors of Michigan State University?
a. Maize
b. Blue
c. Green
d. Yellow
e. White
f. Why?: Historically, why were those colors chosen?

For full credit you must respond with:
The answer “c" is True
The answer “e” is True
To answer to “f" you accurately explain why those are the colors

Possible exam question format



Dr Lynn Margulis
• Who is she, what’s the purpose of her research, and relevance?
• Draw a figure from her work and Trifecta it. 
• Explain two learning goals associated with her work. What are 

you supposed to learn as a result?

How should I study ?

Yet remember: Can bring 3x5 inch card with handwritten notes on both sides.


