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Announcements 

1. Contract: signed and submitted was due by Friday 5pm 

2. Thanks to those who completed the TopHat homework 
for today and FYI use the Discussion Forum if your have a 
question which might be shared by others. 

3. Office Hours- M/W 2-3pm and appts + both espresso and 
soon a fireplace! 

4. Clickers and attendance points (if we have 100 clicker Qs, 
need ?? for 4.0 grade, use pen/pencil to keep laptop awake 
while closed)



Back to Biology!



How Does a Gel Work?
• Check a PCR sample by gel electrophoresis.



modified from Been and Cech. 1998

1.How do they visualize the molecules of interest?
2.How do they separate them in an orderly fashion?



Functional Ribozyme

Fig. 4.8 modified from Been and Cech. 1998

negative control
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Functional Ribozyme

Fig. 4.8 modified from Been and Cech. 1998

MW MW



Functional Ribozyme

Fig. 4.8 modified from Been and Cech. 1998

which substrate(s) polymerized best?
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Unable to form Vesicles Quickly

Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.

measure of  
vesicle formation

negative controls



Catalytic Charged Surfaces

Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.

measure of  
vesicle formation

two solid catalysts



Catalytic Charged Surfaces

Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.



Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.

Clay Concentration Effects
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Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.

Clay Concentration Effects
measure of  
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negative control



Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.

Clay Concentration Effects
measure of  

vesicle formation

lowest 
concentration



Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.

Clay Concentration Effects
measure of  

vesicle formation 5X lowest concentration



Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.

Clay Concentration Effects
measure of  

vesicle formation 25X lowest concentration



Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.

Clay Concentration Effects
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Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.

Clay Concentration Effects
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Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.

Clay Concentration Effects
most clay yields 
vesicles fastest

initial slopes



Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.

Clay Concentration Effects



Fig. 4.11 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 

C, D, E. modified from Hanczyc et al., 2003.
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Fig. 4.12

Microspheres Inside Vesicles

Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
A – D: modified from Hanczyc et al., 2003; E, F: modified from Hanczyc, et al., 2003 

beads visualized lipids visualized



Fig. 4.12 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
A – D: modified from Hanczyc et al., 2003; E, F: modified from Hanczyc, et al., 2003 

beads inside  
vesicles

vesicles inside  
vesicles

Abiotic Vesicles Capture Cargo



Fig. 4.12 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
A – D: modified from Hanczyc et al., 2003; E, F: modified from Hanczyc, et al., 2003 

RNA inside vesicles

RNA Cargo in Vesicles



Fig. 4.12 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
A – D: modified from Hanczyc et al., 2003; E, F: modified from Hanczyc, et al., 2003 

What chemical property of RNA 
could enhance its capacity to catalyze  
the formation of lipid vesicles?

RNA Cargo in Vesicles



Fig. 4.12 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
A – D: modified from Hanczyc et al., 2003; E, F: modified from Hanczyc, et al., 2003 

What chemical property of RNA 
could enhance its capacity to catalyze  
the formation of lipid vesicles?

RNA Cargo in Vesicles



Fig. 4.12 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
A – D: modified from Hanczyc et al., 2003; E, F: modified from Hanczyc, et al., 2003 

RNA can function as enzymes 
inside lipid bilayer

RNA Cargo in Vesicles



Why did they feed vesicles micelles or fatty acids to 
help induce growth? Think about the structural 

components of a vesicle?



(Trifecta)







How does conducting this experiment 
relate to the RNA world Hypothesis?
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Hypothesis

So a drawing of the mechanism is the WHAT?



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
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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





http://LifeOrigins_SciAm_Ricardo-Szostak2009.pdf

http://labs.icb.ufmg.br/lbem/aulas/grad/evol/LifeOriginsSciAm_ricardo-szostak2009.pdf
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