
Molecular Biology/The Coding Problem
Unification of Genetics and Biochemistry



What is the physical basis of heredity?
What are chromosomes made of?

- 1869-1871 Friedrich Miescher studying nuclei of pus cells isolates DNA 
describes “nuclein” 

- 1889 Richard Altmann shows the substance can be split into protein and 
nucleic acid

- 1895 Edmund Beecher Wilson writes: 
- Now chromatin is known to be closely similar to, if not identical with, a 

substance known as nuclein – which analysis shows to be a tolerably 
definite compound composed of nucleic acid (a complex organic 
compound rich in phosphorus) and albumin [protein]. And thus we 
reach the remarkable conclusion that inheritance may, perhaps, be 
effected by the physical transmission of a particular chemical 
compound from parent to offspring. 



Bacterial transformation



DNA is the heredity molecule



"What Is Life?”
The physical Aspect of the Living Cell

- Published in 1944- how can events that take 
place within an organism be accounted for by 
physics and chemistry?

- Organisms evade the 2nd law of thermodynamics 
and exhibit “negative entropy”

- Must have a way to capture and store 
information

- Introduced the idea of an ”aperiodic crystal” that 
could contain genetic information in its 
configuration of covalent bonds

- “Code script”

- Refers to Muller’s X-ray data (via Delbruck) to 
estimate the size of a gene



One Gene One Enzyme



Conjugation Mapping



How are genes regulated? The lac operon



Key findings on the way to coding

- Hershey and Chase 1952
- infected bacteria with labeled phage

- labeled sulfur did not enter the cell
- labeled phosphorus did enter the cell

- Watson/Crick/Franklin/Wilkins 1953
- Double Helix structure of DNA

- Chargaff’s rules (A = T and G = C) 

- Crick develops ”central dogma” ~1956



Cell-free translation synthesis system



What’s in the buffer?

• 100 mM Tris pH 7.8
• 10 mM Magnesium acetate
• 50 mM KCl
• 6 mM BME
• 1mM ATP
• 5 mM PEP
• Pyruvate kinase
• 19 L-amino acids (- valine)
• 0.03 each GTP, CTP, UTP
• C14 L-valine

• Various extract fractions



Effects of ‘soluble’ and ‘ribosomal’ RNA



CODING!!! 
PolyU encodes poly-Phenylalanine



PolyU is really specific for incorporation of 
phenylalanine



Deciphering the Triplet Code

- Benzer (1955) Fine structure of a gene
- rII mutants of T4 phage

- Crick, Brenner et al., 1961 lay out evidence for a non-overlapping triplet

- Khorana works out how to chemically synthesize oligonucleotides

- Nirenberg and Leder
- Used short synthetic triplet RNAs
- By a ribosome binding assay, they could determine which aa-charged 

tRNAs associated with each triplet


