




Text

Announcements 

1. You need to have completed Hazardous waste training 
and bring Certificate to enter lab today 



See different



(the “verbal” final)



The verbal final
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The verbal final







Hypothesis

So a drawing of the mechanism is the WHAT?



So these drawings of mechanisms are the WHAT?

HypothesisHypothesis

Hypothesis





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

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

some lipids  
carry H+ ion



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

subset new lipids  
flip to other side



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

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. 
modified from Chen and Jack W. Szostak. 2004a

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://www.researchgate.net/profile/Jack-Szostak-2/

https://www.researchgate.net/profile/Jack-Szostak-2/publication/9040785_Experimental_Models_of_Primitive_Cellular_Compartments_Encapsulation_Growth_and_Division/links/546e02d00cf29806ec2e6a24/Experimental-Models-of-Primitive-Cellular-Compartments-Encapsulation-Growth-and-Division.pdf?origin=publication_detail&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uRG93bmxvYWQiLCJwcmV2aW91c1BhZ2UiOiJwdWJsaWNhdGlvbiJ9fQ




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



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)


