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Energy and Life 

• In order to stay alive, living organisms 

capture and store free energy so they can 

use it in all those biological processes 

that they do. 



How do organisms capture 

energy?

• Two major strategies

• Autotroph

• Heterotroph

• We’ve already learned about these 2 

strategies but just as a reminder



Autotrophs

• Capture free energy from the environment 

• Photoautotrophs do photosynthesis 

– Free energy is captured from sun light 

• Plants, some prokaryotes, and algae (protists) 



Autotrophs
• Chemoautotrophs do chemosynthesis 

– Free energy is captured from small 

inorganic molecules found in the 

environment 

• H2S, NH3 or iron ions. No O2 needed

– Prokaryotes (bacteria or archaea)



Heterotrophs

• We are heterotrophs and so are all the 

animals 

• Why do we need to eat? 



Heterotrophs

• We eat because that’s how we get free 

energy! 

• Free energy is found in carbon 

compounds, like carbohydrates and it 

was put there by photosynthesizers



Then what? 

• Our bodies will release free energy from 

those molecules by metabolizing 

carbohydrates, lipids and proteins 

– Hydrolysis!

• ATP is generated and that gives us the 

energy to live and do “work”



The big picture 

• Living things transform energy using 

energy pathways 

• Starts with photosynthesis (specifically 

the Calvin Cycle) in plants

• Leads to cellular respiration (Glycolysis 

and the Krebs Cycle) or fermentation in 

heterotrophs



Energy Pathways 

• All energy pathways have an ordered 

sequence but the right molecule can 

enter at any time. 



How do organisms “capture” 

energy?



Energy capture

• Energy is transferred to electrons

• Electrons can be transferred to different 

molecules

• Different electron acceptors for different 

processes

– NADP+ (Photosynthesis)

– NAD + (Cellular Respiration) 

– FADH    (Cellular Respiration) 

– O2 (Cellular Respiration) 



Now its time for some serious 

learning!

• Time for photosynthesis

• Photosynthesis uses a series of reaction 

pathways to capture the free energy in 

light to produce ATP and NADPH, which 

are used to power production of organic 

molecules

– Two stages of reactions

• Light reactions

• Calvin Cycle 



• Please sketch the following picture in 

your notes. 



Photosynthesis overview  



• Don’t forget, its all about capturing free 

energy and transferring it so it can be 

used!

• With your partner, identify the reactants 

and  products found in photosynthesis 

from your picture. 

• Where do you see energy transfer?  



First off, a little plant anatomy



Site of Photosynthesis
• Chloroplast

–Chlorophyll

• Green pigment



Chloroplast anatomy review
• Outer membrane 

• Inner membrane

– Intermembrane

space

• Stroma



•Thylakoid 

membrane 
•Thylakoid space

•Granum (a)

Chloroplast anatomy review



Site of Photosynthesis

Inner & Outer

Membranes

Thylakoids

Granum

Stroma



Site of Photosynthesis

• Where does it occur? 

– In the membranes of the thylakoid discs 



Good Work! 

• Go ahead and call it a day. 



Photosynthesis overview  



Light-dependent reactions  

• Lets just focus on 
the light reactions 
for now

• What are the 
reactants? 

• What are the  
main products? 

• Where are the 
reactions 
occurring?



Ok, here’s how it works



Ok, here’s how it works

• Major components: 2 photosystems, 2 

electron transport chains





Membranes!



The light-dependent reactions
Photosystem II

• Chlorophyll captures light 

• Light is passed along until it 

reaches P680

• An electron moves to a 

higher energy state - excited

• Excited electron is captured 

by the Primary Electron 

Acceptor

• Important side note: 

Electrons are replaced by 

splitting water

– What is the byproduct?



The light-dependent reactions
• The electron is then passed to an electron transport 
chain (ETC) then to Photosystem I

• ATP is made



The light-dependent reactions
• Light energy has also been captured at PS I

• An excited electron is captured by the Primary 

Electron Acceptor

– The de-energized e- from the ETC replaces it 



The light-dependent reactions
• Excited e- then travel through another ETC

• NADP+ reductase makes NADPH 

2 e- + NADP+ + 2 H+ = NADPH



TIME OUT!

• What is an electron transport chain?

• And how does it help make ATP?  



Electron transport chain
• A series of proteins embedded in a membrane

– Electrons are passed from one protein to the 

next 
• Energy used/lost at each transfer

• Oxidation/reduction reactions

• What is the energy used for? 





The ETC

• Free energy is used to move protons (H+) 

from the stroma, across the thylakoid 

membrane and into the thylakoid space  

– Creates a concentration gradient 

– Now what happens? 



ATP production 

• The high concentration of protons 

naturally want to diffuse from high to 

low 

• ATP synthase (an enzyme) provides 

a doorway for their exit 



ATP Synthase

• H+ ions move 

through ATP 

synthase 
– Physical rotation of the 

proteins opens the 

enzyme active sites 

• Allows ADP + P to form 

ATP

Thylakoid Space

Stroma



Chemiosmosis

• Chemiosmosis: energy from an H+

gradient is used to drive cellular work 

• The movement of protons and their ability 

to do work is called proton motive force



The End (of the light reactions)



Light reactions summary
• Time to write!

• On a half sheet of paper write a brief 

summary about what happens in the light 

reactions.  Be sure to answer the following 

questions

–What’s the main purpose of the light 

reactions?

– How did was the main purpose 

accomplished?  

–What is NADPH?



Summary





Now what? 

• ATP and NADPH move on to the light-

independent reactions, aka the Calvin 

Cycle



Light-independent reactions  

• What are the 

reactants? 

• What are the  

main products? 

• Where are the 

reactions 

occurring?



Calvin Cycle

• Three phases

Phase 1: Carbon fixation

Phase 2: Reduction

Phase 3: Regeneration of RuBP

Main Goal: Take individual carbon 

atoms from CO2 and produce a 

compound made of many carbon 

atoms (sugar)   





G3P: the product! (notice it’s not 

glucose)

• For every 3 molecules of CO2,6 

molecules of G3P are made

• One will leave the cycle to be used; the 

other 5 will be used to keep the cycle 

running

• 9 ATP and 6 NADPH are used

• G3P is a precursor molecule for glucose 

and other carbohydrates



What is the purpose of the 

Calvin Cycle? 



So, how does this fit into the 

overall goal? 

• What is our overall goal again? 

• Capture energy

• Transfer energy

• Store energy

• Use energy

• So how does this fit? 



Write an equation for 

photosynthesis



The importance of 

photosynthesis

• How has photosynthesis shaped the 
history of our planet? 

• Prokaryotes (bacteria) were the first 
organisms that did photosynthesis. They 
produced the oxygen that allowed living 
things to survive on Earth

• How do we know this? 

• The photosynthetic pathways found in 
today’s eukaryotes are very similar to the 
ones found in prokaryotes



The importance of 

photosynthesis

• Now that we have a nice oxygen-filled 

world, is photosynthesis still an important 

process? 

• Why or why not? 



Harvesting free energy

• Photosynthesis takes free energy and puts it 
into carbohydrates/sugars

• Carbohydrates can be stored for later use; 
light can not and neither can ATP 

• Organisms have developed a variety of 
enzyme catalyzed reactions that release the 
free energy found in simple carbohydrates
– Glycolysis

– Fermentation 

– Cellular respiration  



Overview of respiration 


