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1. Clicker Attendance
• Launch your Top Hat app on your smart phone, or load the 

TopHat.com website, or text to the course phone number.

3. To Opt-OUT of being called upon
• Name Card with red stripe means 

you Opt-OUT (can Opt-OUT 3 times)

Doug

2. Sit with your group in lecture & lab



Remind me to do Announcements 
when 10 minutes remain
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Biology Learning Objectives 
• Use evidence to support the scientific hypothesis that 

life evolved from abiotic forces and phenomenon. 
• Define the fundamental properties of living systems. 
• Describe how RNA molecules can function as 

enzymes.
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4.2 Could abiotic molecules form biologically 
important molecules before life evolved?



A Reading...
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(Trifecta)



Stanley Miller’s  
abiotic gases -> amino acids and lipids
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Molecules of the Prebio3c Soup
• Amino acids are the monomers that are the 

building blocks of proteins.  
– Carbon bonded to four func3onal groups, including 

a variable R-group.   
– Readily form in Stanley Miller experiment and have 

been found on meteorites striking earth.
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1.How do they visualize the molecules of interest?
2.How do they separate them in an orderly fashion?



Miller’s Primitive Earth Apparatus

Fig. 4.5 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
modified from Stanley L. Miller. 1953



Miller’s Primitive Earth Apparatus

Fig. 4.5 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
modified from Stanley L. Miller. 1953



Products from Miller’s Experiment

Fig. 4.5 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
modified from Stanley L. Miller. 1953



Separated by 2D TLC

Fig. 4.5 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
modified from Stanley L. Miller. 1953

thin layer chromatography results



Separated by 2D TLC

Fig. 4.5 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
modified from Stanley L. Miller. 1953
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Separated by 2D TLC

Fig. 4.5 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
modified from Stanley L. Miller. 1953

aspartic acid

glycine

alanine butyric  
acid

amino acids and fatty acids produced abiotically



http://vimeo.com/32106116

http://vimeo.com/32106116


Stanley Miller experiment @ MSU





Stanley Miller experiment @ MSU



Stanley Miller experiment @ MSU





(Trifecta)



NASA:  
UV light helps form lipids and vesicles
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What Cons3tutes Life? 
(Take notes)

• First living en3ty was likely a self-replica3ng 
macromolecule that could: 

– Act as a template.  
– Catalyze reac3ons. 

• First "living organism" was a type of enclosed 
environment, assis3ng replica3on. 



Unicellular Tetrahymena

Fig. 6.7 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
A: courtesy Esther Zhuang and Kalju Kahn; B public domain



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



(Trifecta)



Fig. 4.8 modified from Been and Cech. 1998

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



Fig. 4.8 modified from Been and Cech. 1998

(Trifecta)



Fig. 4.8 modified from Been and Cech. 1998

RNA World: RNA (ribozyme) can 
polymerize nucleotides



Functional Ribozyme

Fig. 6.8 modified from Been and Cech. 1998



Functional Ribozyme

modified from Been and Cech. 1998

ribozyme + RNA 
+ gel electrophoresis

5 bases of Cs

MW



Functional Ribozyme

modified from Been and Cech. 1998

5 base primer

MW

add different dinucleotides 
as substrate for polymerization



Functional Ribozyme

modified from Been and Cech. 1998

incubate for increasing 
amounts of time 

electrophorese all products  
on one gel



Functional Ribozyme

modified from Been and Cech. 1998

negative control

MW



Functional Ribozyme

modified from Been and Cech. 1998

MW

GpN dinucleotide substrates

MW



Functional Ribozyme

modified from Been and Cech. 1998

which substrate(s) polymerized best?



Functional Ribozyme

modified from Been and Cech. 1998

** *



• Prof Interviews (Luckie busy OHs, but still can make appts)
Reminder: you voted for: 

• Final exam #1(alternate) is Wednesday of week 15 (12:40pm)
VOTED: To cover material after Exam II (VOTE NOW too?)

Final exam #2 (optional) is Tuesday of Final’s Week 16, 12:45pm
• Final paper is due Thursday week 14 (tomorrow) 5pm
• Final lab period was Tuesday week 14 (yesterday)

Announcements



(6.5 race-medicine) 

(Slides e.g. Translation) 

Final Exam topics


