
Bio Energy
photosynthesis and 
respiration

The Big 
Picture

The Big Picture

ultimate source of energy = the sun
in the sun, nuclear fusion reactions occur
in this rxn: hydrogen and helium atoms collide 
& fuse into other elements
this results in light and heat

The Big Picture, cont’d

light enters Earth’s atmosphere from space 
and is absorbed by (photo) autotrophs
photosynthesis converts solar energy in 
photons into chemical energy stored in the 
bonds of organic compounds

The Big Picture, cont’d

specifically, glucose, a monosaccharide is 
produced
it can be converted into other carbohydrates 
such as fructose, sucrose, and starch

The Big Picture, cont’d

photosynthesis also uses water and carbon 
dioxide (which supplies the carbon)
and produces oxygen gas as a byproduct

this all occurs in chloroplasts in eukaryotic 
autotrophs



The Big Picture, cont’d

heterotrophs (and the autotrophs too) break 
down the carbohydrates made by 
photosynthesis to release the energy stored in 
the bonds

The Big Picture, cont’d

in aerobic respiration, oxygen gas is used to 
release lots of energy from organic compounds 
in the form of ATP

this process occurs in mitochondria in 
eukaryotic organisms

The Big Picture, cont’d

the process of aerobic respiration produces 
water and carbon dioxide as byproducts
carbon dioxide gas is released into the 
atmosphere and can be used by autotrophs

The Big Picture, cont’d

without oxygen, anaerobic respiration takes 
place which is less efficient (it produces less 
energy for each organic molecule)

this process produces carbon dioxide and 
either ethyl alcohol or lactic acid as a 
byproduct

The Big Picture, cont’d

the energy is utilized by cells for many 
purposes including growth, reproduction, 
movement, acquiring energy and maintaining 
homeostasis

The Big Picture, cont’d

energy use is part of an organism’s 
metabolism and is a characteristic of all living 
things



Photosynthesis

performed by autotrophs (specifically called 
photoautotrophs)
such as: plants, green algae, cyanobacteria

Photosynthesis

summarized by the following equation::

carbon dioxide + water + solar energy → 
organic compounds + oxygen

6 CO2 + 6 H2O + solar energy → C6H12O6 + 6 O2

Cellular Respiration

performed by all organisms: autotrophs & 
heterotrophs
such as: animals, plants, fungi, protists, 
bacteria
can anaerobic = doesn’t use oxygen
or aerobic = uses oxygen

Aerobic Respiration

summarized by the following equation:

organic compounds + oxygen → carbon dioxide 
+ water + energy (ATP)

C6H12O6 + 6 O2 → 6 CO2 + 6 H2O + ATP (energy)

Photosynthesis

--is a biochemical pathway = series of 
reactions where the product of one reaction is 
used in the next reaction
--takes place in chloroplasts in plants and 
other eukaryotic autotrophs

Photosynthesis

--2 sets of reactions:
The Light Reactions = take place only in light
The Calvin Cycle  = takes place independent of 
light



visible light review

--can be divided into various wavelengths, 
which we experience as colors
--the 'white' light that we see is actually made 
up of a spectrum of wavelengths/colors: ROY 
G BIV

Visible Light Spectrum

visible light review

--the colors we see are what wavelengths of 
light an object reflects the most
--for example, an object that appears blue 
reflects blue light, but absorbs red and green 
light

photosynthetic pigments

--chlorophyll a and chlorophyll b
--both chlorophylls absorb orange, red, blue 

and violet wavelengths of light best
--very little green light is absorbed; most is 

reflected back → this is why leaves appear 
green

photosynthetic pigments

--Carotenoids are yellow-orange pigments 
which absorb light in violet, blue, and green 
regions

--when chlorophyll breaks down in fall, the 
yellow-orange pigments in leaves show 
through

photosynthetic pigments

--accessory pigments = assist in absorbing 
light energy by absorbing additional 
wavelengths of light

--only chlorophyll a is directly involved in 
photosynthesis

--chlorophyll b and carotenoids are 
accessory pigments



The Light Reactions

--harness energy from sunlight
--absorb light energy using pigments 
(chlorophylls a and b, carotenoids)
--take place on thylakoid membranes 
(stacked in grana) in chloroplasts

The Light Reactions

--chlorophylls and accessory pigments are 
clumped together on the thylakoid membrane
--each cluster is a photosystem
--the light reactions consists of two 
photosystems: photosystem I and 
photosystem II

Reactants of the Light Rxns

--solar energy – in photons, energizes 
electrons
--H2O – replaces electrons in photosystem II, 
provides protons, (H+) for chemiosmosis 
/NADPH
--NADP+ – accepts electrons from ETC and 
protons from H2O
--ADP + P – combine to make ATP

protons = hydrogen cations

--H+ is called a proton because hydrogen is 
just one electron and one proton, so when the 
atom loses an electron to become positively 
charged
--all that's left is a proton

Hydrogen Ions

one 
proton



the steps of The Light Rxns

Step 1: solar energy absorbed by pigments 
“excites” or “energizes” electrons in 
Photosystem II

Step 2: energized electrons “jump” off of 
chlorophyll a to a primary electron acceptor – 
which accepts the electrons first

Step 3: energized electrons move down an 
electron transport chain (ETC) – series of 
chemical reactions where electrons are 
transported from one molecule to another

--electrons lose energy as they travel from 
molecule to molecule in the ETC

Step 4: the electron from the ETC is donated 
to the pigments in photosystem I

--the chlorophylls and accessory pigments in 
photosystem I undergo the same steps 1-3 as 
photosystem II at the same time as 
photosystem II

Step 5: at the end of the ETC in photosystem 
I, the energized electrons are also taken up by 
NADP+, converting it to NADPH

--the reaction: NADP+ + H+ + e- → NADPH
--energy is captured and used for ATP 
production

--the energized electrons lost by Photosystem 
I are replaced by electrons from Photosystem 
II
--the energized electrons lost by Photosystem 
II are replaced by electrons from water



--the reaction: 4 H2O → 4H+ + 4e- + O2

--so here is where water is needed and 
oxygen gas is produced
--O2 – a byproduct, can be used by plants for 
aerobic respiration or given off into the 
atmosphere

--4e- - replace e- lost in Photosystem II
--4H+ - diffuse across thylakoid membrane in 
the process of chemiosmosis
Chemiosmosis = the energy from the diffusion 
of protons (H+) is used by ATP Synthase to 
make ATP

--the diffusion of H+ from high to low 
concentration means the protons have kinetic 
energy
--this energy is harnessed by ATP synthase to 
produce ATP

--the reaction: ADP + P → ATP

Final Products of the Light Rxns
--ATP – goes to Calvin Cycle
--NADPH – goes to Calvin Cycle
--O2 – released to atmosphere or can be used 
in aerobic respiration

The Calvin Cycle aka The Light 
Independent Rxns

--doesn’t directly require light, but use ATP 
and NADPH produced by The Light Rxns
--don’t take place in the dark/without light
--named after Melvin Calvin who worked out 
the details involved in the pathway
--take place in the stroma of chloroplasts

--uses carbon from carbon dioxide and the 
energy from ATP/NADPH to produce 
carbohydrates (ex. glucose)
Carbon Fixation = inorganic carbon from CO2, 
which is otherwise unusable by living things, is 
“fixed” when it is incorporated into organic 
compounds



Reactants of The Calvin Cycle – and the 
role of each in the process

--CO2 – provides carbon
--RuBP – combines with CO2

--NADPH – provides protons/H+/energy
--ATP – provides phosphate/energy

PGA

PGAL

PGA = 3-
phosphoglycerate

PGAL = G3P = 
glyceraldehyde-3- 
phosphate

Final products of The Calvin Cycle

--PGAL (G3P) – used to make organic 
compounds, ex. glucose
--RuBP – used to restart The Calvin Cycle
--ADP – can be used in The Light Rxns
--Phosphate – can be used in The Light Rxns
--NADP+ – can be used in The Light Rxns

summary equation for the calvin cycle
→

3 Cs

3 Cs

aka 
PGAL

--3 major steps--
Step 1: An enzyme combines 1 CO2 molecule 
to a 5-carbon carbohydrate called RuBP
--the newly formed 6 carbon molecule splits 
into 2 3-carbon molecules called PGA
--this is where CO2 is utilized

Step 2: PGA is converted into PGAL (G3P) in a 
3 part process
--2-1-- 2 PGA molecules each get a phosphate 
from 2 ATP molecules
--2-2-- 2 NADPH molecules then lose an 
H+/proton, which is added to PGA
--2-3-- each PGA loses a phosphate to become 
PGAL (G3P)

http://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide_phosphate
http://en.wikipedia.org/wiki/Adenosine_triphosphate
http://en.wikipedia.org/wiki/Glyceraldehyde-3-phosphate
http://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide_phosphate
http://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide_phosphate
http://en.wikipedia.org/wiki/Adenosine_diphosphate


--the reaction: 2 PGA + 2 ATP + 2 NADPH → 2 
PGAL + 2ADP + 2 NADP+ + 2 Phosphate
--this is where ATP and NADPH are used

Step 3: some PGAL/G3P is converted back into 
RuBP using 1 ATP

--the reaction: PGAL + ATP → RuBP + ADP
--some PGAL/G3P (a carbohydrate) is 
converted into other organic compounds (ex. 
glucose - C6H12O6)

Cellular Respiration

--definition: process in which cells make ATP 
by breaking down organic compounds
--anaerobic – operate in the absence of 
oxygen
--aerobic – requires oxygen
--always begins with glycolysis

Glycolysis

--uses 2 ATP to split glucose
--produces 4 ATP total
--4 - 2 = 2 NET ATP formed
--not very efficient
--occurs in cytoplasm

Reactants of Glycolysis

--glucose – carbohydrate which is broken down 
for energy
--2 ATP – energy currency, used to split glucose
--2 NAD+ - carrier for protons/H+, takes 
electrons from PGAL
--2 phosphate – used to make ATP
--4 ADP – used to make ATP



--4 major steps--
Step 1: 2 phosphates from 2 ATP are added to 
a molecule of glucose

reactions: 2 ATP → 2 ADP + 2 phosphate
2 phosphate + glucose

Step 2: new 6 carbon molecule is split into 2 
molecules of PGAL

Step 3: 2 PGAL molecules gain additional 
phosphate groups and lose electrons to NAD+, 
which forms NADH and 2 H+

Step 4: all 4 phosphate groups are removed 
and added to 4 ADP molecules to form ATP 
molecules

reaction: 4 Phosphates + 4 ADP → 4 ATP
--produces 2 molecules of pyruvic acid (also 
called pyruvate)

Products of Glycolysis

--2 pyruvic acid – goes through 
aerobic/anaerobic pathways
--4 ATP – energy currency
--2 ADP – produced from ATP
--2 NADH + 2 H+ – can be recycled in anaerobic 
pathways

what happens next?

--if oxygen is present – pyruvic acid goes 
through aerobic respiration
--if oxygen is not present – pyruvic acid goes 
through anaerobic pathways

Fermentation

--glycolysis + anaerobic pathway
--do not produce much ATP, but allow 
glycolysis to restart



--2 types: Lactic Acid Fermentation and 
Alcoholic Fermentation
--both pathways recycle NADH and H+ 
produced by glycolysis so that glycolysis can 
restart and then produce more ATP/energy 
even without oxygen
--NADH + H+ → NAD+

Lactic Acid Fermentation = converts pyruvic 
acid into lactic acid
--used in production of yogurt and cheese
--occurs in muscle cells during intense 
exercise – can cause muscle fatigue, pain and 
cramps

Alcoholic Fermentation = converts pyruvic 
acid into ethyl alcohol
--used in production of alcoholic beverages
--yeast undergo this type to make bread rise 
during baking

aerobic 
respiration 
vs. 
fermentation



lactic acid vs. 
alcoholic 
fermentation

Aerobic Respiration

--occurs in cells following glycolysis when oxygen 
is present
--takes place in mitochondria in eukaryotic cells
--produces ~20x as much ATP as glycolysis alone
--2 major stages: The Krebs Cycle and the 
Electron Transport Chain (ETC)

Before the Krebs Cycle

--glycolysis produces pyruvic acid
--pyruvic acid enters the mitochondrial matrix
--an enzyme called coenzyme A (CoA) reacts 
with pyruvic acid to form Acetyl CoA and CO2

--this is the molecule which enters the 
Krebs Cycle

The Krebs Cycle

--named for Hans Krebs
--occurs in the matrix in mitochondria in 
eukaryotic cells
--this is the point where CO2 is produced in 
aerobic respiration

Reactants in The Krebs Cycle

--Acetyl CoA – produced from pyruvic acid
--NAD+ - accepts energy/hydrogens released 
by the cycle
--FAD - accepts energy/hydrogens released by 
the cycle
--oxaloacetic acid – combines with Acetyl CoA



--5 major steps--
Step 1: Acetyl CoA combines with oxaloacetic 
acid to produce citric acid and CoA
--the reaction: Acetyl CoA + oxaloacetic acid 
→ CoA + citric acid
Step 2: Citric acid releases CO2 and H, H is 
added to NAD+ to make NADH + H+

--the reaction: citric acid + NAD+ → CO2 + 
NADH + H+

Step 3: the molecule loses another CO2 and 
another H, which once again is added to NAD+
--this time the reaction is used to make ATP
--the reaction: 5-C compound + NAD+ + ADP + 
P → 4-C compound + CO2 + NADH + H+ + ATP
Step 4: the molecule releases a hydrogen (H), 
which is added to FAD to make FADH2

--the reaction: 4-C compound + FAD → new 4-
C compound + FADH2

Step 5: the molecule releases another 
hydrogen (H), which is once again added to 
NAD+ to make NADH + H+
--this reaction changes the molecule back into 
oxaloacetic acid, which can then combine 
with another Acetyl CoA to restart the cycle
--the reaction: 4-C compound + NAD+ → NADH 
+ H+ + oxaloacetic acid

Products of The Krebs Cycle

--2 CO2 - byproduct
--3 NADH – takes energy to ETC
--3 H+

--1 ATP – energy currency
--1 FADH2 – takes energy to ETC
--1 oxaloacetic acid – restarts the cycle



Krebs 
Cycle 
Summary

--2x these products for a single glucose 
molecule
--for one glucose molecule, there are 2 Krebs 
cycles, because glucose is split into 2 pyruvic 
acids, which are turned into 2 Acetyl coAs at 
the beginning of the cycle

Electron Transport Chain

--uses energy from FADH2 and NADH produced 
in the Krebs Cycle to make ATP
--takes place on inner mitochondrial 
membrane, which is folded into cristae - 
increases surface area available for the 
reaction to take place
--aerobic respiration is much more efficient 
than anaerobic

The Process

--FADH2 and NADH release hydrogen atoms
--H splits into H+ and e-

--e- travel from molecule to molecule along 
the electron transport chain

--this is similar to the ETC in photosynthesis

--e- release energy as they move from 
molecule to molecule
--H+ is pumped across the membrane into the 
inter-membrane space using the energy lost by 
the electrons in the ETC

--this builds up a concentration gradient 
(makes the concentration of H+ higher in the 
inter-membrane space)

--H+ diffuses across the membrane → the 
energy from the moving H+ is captured by ATP 
synthase to produce ATP from ADP and 
phosphate

--this is called chemiosmosis

--at the end of the ETC, O2 acts as the final 
electron acceptor



--together with the protons/H+ diffusing across 
the membrane these 3 things form water

--the reaction: O2 + 4e- + 4H+ → 2 H2O
--this is the point in aerobic respiration where 
O2 is used and where water is produced

Reactants

--FADH2 and NADH – provide Hydrogen atoms 
(H+ and e-)
--O2 – acts as final e- acceptor
--ADP + P – combine to form ATP

Products

--H2O – by-product, but not unimportant
--ATP – energy currency

The breaking down of one glucose molecule 
can result in the production of up to 38 ATP 
(net total)
--each NADH results in 3 ATP produced in the 
ETC
--each FADH2 results in 2 ATP produced in the 
ETC

ATP/NADH/FADH2 production



→

NET ATP production

anaerobic vs. aerobic respiration


