
  

Energy 
and life

Photosynthesis Respiration
CH2O + O2 → CO2 + H2O

hv

Biomass

CO2 + H2O → CH2O + O2

energy

Organisms can obtain their energy from organic compounds, from light or from 
inorganic compounds.



  

“Why do you want to talk about that”

● Living beings have been obtaining and using energy (and 
evolving new ways of obtaining and using energy) for at 
least 3.5 billion years... I figured we may learn something 
from them.

● There is a lot of fine, beautiful details in the solutions 
evolved by living beings to obtain and use energy. I 
thought you might want to know about them.

● Living beings have changed the environment due to 
changes in their modes of using energy

● We, humans, are also living beings, and our basic survival 
depends on the energy produced by other living beings. 

● (Because it's so cool!)



  
www.sinauer.com/cooper/4e/micrographs0102.html

Eukaryote

Archaea

Bacteria

http://geoweb.princeton.edu/research/geomicrobio/spie.html

http://web.mit.edu/12.000/www/m2005/a2/finalwebsite/env
iron/bio/index.shtml

Cells



  

Why do organisms need energy?
.. to keep themselves alive, which means:

- Find, gather and process the sources of energy 
(forage, hunt, chew, transform food into useful energy)

- Build and repair complex molecules
- Send signals (chemical, electrical)
- Respond to environmental stress
- Growth and reproduction

An apple has ~ 80 Kcal (335 KJ) what fraction of the energy in 
the apple is spent by getting the apple if...
1) The grocery store is half a mile away (assume you walk at a 
speed of 2.0 mph, and you spend 3 Kcal/min while walking)



  

http://www.polk.edu/INSTRUCT/Mash/bane/BSC1005/Energy.html

http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=stryer.section.1940

Got the food. Now what?

Unfavorable reactions are coupled with (very) favorable reactions 
through enzymes or pathways.



  

http://www.iubmb-nicholson.org/chart.html

... however, there are MANY 
reactions taking place in a 
organism. 

How can all unfavorable 
reactions be coupled to 
favorable reactions?

... using a common energy 
currency.

METABOLIC PATHWAYS

(BY THE WAY, THIS IS THE SUBSET OF 
METABOLIC PATHWAYS ASSOCIATED 
WITH PHOTOSYNTHESIS)



  

ATP*: the “energy 
currency” of the cell

*Adenosine triphospahte

- transports energy
ATP and water are readily available anywhere in the cell

- acts as a “rechargeable battery”
ATP is regenerated by bonding a P to an ADP (this requires energy)

- acts as a “common currency”
Many different processes can use the energy in ATP. We know how 
energetically “expensive” is a process in the cell, by knowing how many 
ATPs does it use.

- temporal storage of energy
ATP hydrolysis is energetically favorable and can 
be coupled with less favorable reactions



  

I want you to finish 
all your ATPs

Bacteria dinner time

What can you do 
with ATP?

2005 New York City Marathon | Photo by sabrebelle courtesy of Flickr.

Run a marathon
(muscles use ATP to contract)

Grow
(ATP is used in the cell to build 
proteins, lipids, DNA...)

Fix carbon (plants use ATP to 
transform CO2 into sugars)

Think
(ATP powers nerve impulses) 

http://encefalus.com/wp-content/uploads/2008/09/neuron_2.jpg



  

Berg, Tymockzo & Stryer (2002)

PHOTOSYNTHESIS

Light provides the energy for high 
energy electrons.
The source of electrons is water

OXIDATIVE PHOSPHORYLATION

Organic compounds provide the 
energy for high energy electrons.

The source of electrons are the 
organic compounds (through NADH)

ATP production
- Source of energy
- Energy is used to produce high energy e-
- high energy e- pump H+ and generate an H+ 
gradient
- H+ gradient is used to produce ATP



  

ATP Synthase: potential to mechanical to chemical energy

http://nobelprize.org/nobel_prizes/chemistry/laur
eates/1997/press.html

Protons (H+) flowing through the 
channel, mechanically change the 
shape of the β units of the enzyme, 
smashing the ADP & P together.

Awarded Nobel Prizes:
1978 – Peter Mitchell (gradient in H+ 
concentration drives ATP synthesis)
1997 – Paul D. Boyer & John E. Walker 
(elucidating mechanism of ATP synthesis)



  

Photosynthetic organisms

I. Prokaryotes (ex. cianobacteria)

http://porpax.bio.miami.edu/~cmallery/150/proceuc/c27x11cyanobacteria.jpg



  

Pictures by
 Karie Hoffmann

Photosynthetic organisms

II. Unicellular eukaryotes
(ex. diatoms)

III. Pluricellular eukaryotes
(ex. algae, plants)



  

All photosynthesis by plants and algae use chloroplasts. 
Some photosynthesis occurs on land, and some occurs in the ocean
Chloroplasts are thought to have been originated as bacteria taken 
inside ancestral eukaryotic cells 

Voet & Voet 1998

Chloroplasts



  

● Light reactions
– Capture light
– Convert EM energy into ATP 

and NADPH
● Dark reactions

– Use ATP and NADPH to 
convert CO

2
 to carbohydrates.Photosynthesis

Radiative energy 
transformed 
into biomass

Do we know other ways to 
transform radiative energy (EM 
radiation) into chemical energy?

“The maximum theoretical net efficiency of 
photosynthesis (after subtracting all respiration 
losses) is about 4% of insolation” (Smill, 2006)

How is efficiency calculated?
(Compare to other processes)

Take a look at Smill's “Energy” handout



  Chlorophyll a
http://www.cchem.berkeley.edu/grfgrp/research/lightharvesting/sld003.htm

Light Harvesting

v



  

Different organisms have different pigments
that absorb light at different wavelengths.

Why?

Voet & Voet, 1998



  

http://course1.winona.edu/sberg/ILLUST/fig15-11.jpg

To make biomassLight reactions

Harvest light and 
use it to produce 
high energy e-

Use high energy e- to 
pump H+ with the 
electron transport chain

Use H+ gradient 
to produce ATP 
and NADPH

2H2O → 4H+ + O2

hv



  

Dark reactions 
(Carbon fixation)



  

Chlorophyll of the world

Satellite image with false color. Integrated over 30 days
Which are the ocean regions with the higher signal of photosynthesis?



  

Why is “Iron Fertilization” being proposed as a strategy 
against global warming?
Can you think of possible problems?

Iron fertilization

http://www.whoi.edu/oceanus/viewImage.do?id=57450&aid=34167

High Nutrient 
Low Chlorophile 
(HNLC) regions



  

Modern stromatolites in Shark Bay (Australia) 
(fossil stromatolites 2.8 billion years old have been found)

Hey! Why not
 just using

light and water?

Photosynthesis was a “late” invention



  

The interesting case of rising oxygen...

... aka:

“The oxygen catastrophe”
“The oxygen crisis”
“The oxygen revolution”
“The great oxidation”

*We are not the first 
drastically changing the 
atmosphere of the planet.



  

Ozone

http://en.wikipedia.org/wiki/Ozone

Powerful oxidizing
Unstable

O3 + (240nm < radiation < 310 nm) → O2 + O·

O2 + O· + M → O3 + M
O3 + O· → 2 O2

2 O· → O2



  

Wait, O
2
 is a poison! ... 

What happened to the ancestral cells that did not acquire a mitochondria?

What are the advantages of an aerobic metabolism?

Citosol : 2 ATP per molecule of glucose
Mitochondria (Cell respiration): 34 ATP per molecule of glucose

Ancestral eukaryotic 
cells, which did not use 
oxygen, engulfed 
bacteria that were able 
to use the oxygen



  

Rubisco

http://www.steve.gb.com/images/molecules/proteins/rubisco.jpg

Did the increase in oxygen have an effect on photosynthetic 
organisms?  
... or in other words, did the production of oxygen affected 
those that were producing it?



  

C3: Wheat C4: Corn

http://biology.uwsp.edu/courses/botlab/Lab13a.htm

http://daytonroadbrewing.blogspot.com/2007/12/wheat.html http://www.plantcare.com/oldSite/httpdocs/images/namedImages/corn.jpg

http://www.nature.com/nature/journal/v415/n6870/full/415451a.html


