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Fig. 4.16

Model of pH Gradient Production

Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
modified from Chen and Jack W. Szostak. 2004a

new lipids fuse 

with outer layer



Fig. 4.16

Model of pH Gradient Production
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some lipids 

carry H+ ion
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Model of pH Gradient Production

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

flip to other side
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Model of pH Gradient Production

Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
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some bring H+

with them



Fig. 4.16

Model of pH Gradient Production

Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
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subset of new charges diffuse inside vesicle



(Trifecta)



Fig. 4.17 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
modified from Chen and Jack W. Szostak. 2004a



Fig. 4.17 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
modified from Chen and Jack W. Szostak. 2004a

pH and surface area 
changes on same 

time scale



Clay: lipids can gather together and 
form abiotic “cells” with RNA inside
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Growth, Reproduction, Storage of 
energy (H+s)





https://youtu.be/hjTdbWblhxw
3min

https://youtu.be/hjTdbWblhxw


What is our next question of EvoLife?



Biology Learning Objective

• Assemble evidence that demonstrates the 

evolutionary origin of mitochondria and 
chloroplasts. 

How did mitochondria and  
chloroplasts originate?





Ribosomes

Plasmids

Flagellum

Cell wall

Plasma 
membrane

Chromosome

Cytoplasm

So what does a bacteria cell have?



Rough endoplasmic 
reticulum

Golgi apparatus

Bacteria

Plasma membrane

Cell wall

Chloroplast

Nucleus

What eukaryotic cell has that prok. doesn’t?

Mitochondria



Free ribosomes

in the 
mitochondrial 
matrix

Intermembrane space
Outer 
membrane

Inner 
membrane
Cristae

Matrix

0.1 µm



Leaves contain millions of chloroplasts.

Chloroplasts are highly structured, membrane-rich organelles.

Chloroplasts

Cell

Outer membrane

Inner membrane

Thylakoids

Granum
Stroma





So where did my organelles come from?



 What does endosymbiosis suggest is the 
evolutionary origin of the chloroplast?

a. nuclear envelope 


b. invagination of membrane 


c. golgi apparatus 


d. endocytosis of bacterium


e. infection of virus


 



Nucleus

Cytoplasm
DNA

Plasma membrane

Endoplasmic reticulum

Nuclear envelope

Ancestral


prokaryote

Invagination



Aerobic


heterotrophic


prokaryote

Mitochondrion


(with extra mem)

Endocytosis



How to test the endosymbiosis hypothesis…


What evidence could you look for?


(that might support or refute the hypothesis)



Design an experiment 
to test the endosymbiosis hypothesis… 

• Maybe using PCR

• Maybe using Microscopy

• Perhaps using streptomycin, erythromycin, 

or tetracycline


• What’s the Trifecta of your experiment: 
purpose, methods and predicted results?



Evidence for Endosymbiosis

       Mitochondria/Chloroplasts       Bacteria 

Morphology/Behavior: They swim around in your cells, 

divide, look like cyanobacteria etc

Anatomy: Have 2 membranes, inner like bacteria & outer 

like plasma membrane.

Molecular: Their own genes & ribosomes, that function- 

sequences of genes, ribosomes, same as bacteria, 
antibiotic, circular no histones


Pathogens: Undigested prey or parasites via endo



Biology Learning Objective

• Build knowledge of the processes used by 

chloroplasts when functioning (photosynthesis).

• How do photons that depart the sun and strike 

the earth get converted to chemical energy 
(ATP, CHO) that is the source of all life. 

How do chloroplasts function? 

(a deep dive into one organelle)
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When Light Is Absorbed, Electrons 
Enter an Excited State



Time to capture photons (photosystem football)


