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Announcements


1. Advice: Remember Course pack for admission to lab today. On Monday, 
show us your best work for the formal Proposal Talks (LIVE & recorded video).


2. 144 Contract (pink version): signed and submitted by Friday 5pm


3. Office Hours- M/W 2-3pm, if there’s a line, 10-minute limit.


4. TopHat questions gain points if answered correctly (but only need to get half 
of them correct, 50%, to earn 4.0 for attendance and participation)


5. We will use a University-level Grading System this semester and scores 
will be grade levels, 4.0, 3.5, 3.0, 2.5, etc for human-graded assignments. 
Everyone who earns same grade level on an assignment gets the exact 
same percentage score for it, e.g. all “3.5" grades ultimately become a 
87.5% for everyone, all “4.0” grades become a 95% for everyone.



What is a 4.0? 

In the university grading system 

PERCENTAGE of mastery = PERCENTAGE grade
Quantity



What is a 4.0? 

In the university grading system 

Quality
Quality of work = Level of grade



What is a 4.0? 

In the university grading system 

If a student does mostly what was asked of them on an 
assignment and does a pretty good job, what’s the grade 
supposed to be?


a. 4.0

b. 3.5

c. 3.0

d. 2.5

e. other



What is a 4.0? 

In the university grading system 

• The “4.0” is Outstanding is the student blew you away with how much and how well 
they did the work. They taught you something you didn’t know. 


• A “3.5” is Most Excellent every detail of their work was done extremely well and they 
found additional papers and evidence beyond what they were told/expected to do, to 
complete their work.


• A “3.0” is Excellent is impressive work, top of the class, and their work was done 
extremely well but nothing beyond what was expected.


• 2.0-2.5 "Pretty Good" the student mostly did the work required and a pretty good 
job, the average in the class.
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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.

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

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



(Trifecta)



Stanley Miller’s 

abiotic gases -> amino acids and lipids



Miller Separated Products by TLC

Fig. 1.19 Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved. 
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Molecules of the Prebiotic Soup
• Amino acids are the monomers that are the 

building blocks of proteins. 

– Carbon bonded to four functional groups, including 

a variable R-group.  

– Readily form in Stanley Miller experiment and have 

been found on meteorites striking earth.
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Miller’s Primitive Earth Experiment

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



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

aspartic acid

glycine

alanine butyric 

acid



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



Stanley Miller experiment @ MSU



Stanley Miller experiment @ MSU





Stanley Miller experiment @ MSU





http://vimeo.com/32106116

http://vimeo.com/32106116


(Trifecta)



NASA: 

UV light helps form lipids and vesicles



What Constitutes Life?

(Take notes)

• First living entity was likely a self-replicating 
macromolecule that could:


– Act as a template. 

– Catalyze reactions.


• First "living organism" was a type of enclosed 
environment, assisting replication. 



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)



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

RNA World: RNA (ribozyme) can 
polymerize nucleotides



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

** *



Molecules of the Prebiotic Soup

• Sugar monomers together make nucleotides.

– hexoses and pentoses form readily in Miller exp.

– Ribose Question: did ribose dominate, i.e., RNA?


• Nucleotide monomers together make nucleic acids.

– Only purines have been synthesized in experiments simulating 

early earth conditions, not pyrimidines.


