
Nucleic Acids and Molecular Biology Part II
Biochemistry Boot Camp  2023 !



Review of Intro Biology

• Parts of a eukaryotic 
animal cell

• Has a nucleus where 
DNA is stored

• Membrane-bound 
organelles

Alberts, et al.  Molecular Biology of the Cell, 4th Edition.



• Parts of a prokaryotic 
bacterial cell

• No nucleus: DNA is not 
linear but circular (no 
ends)

• No organelles, but 
ribosomes, etc. exist in 
the cytoplasm

Source: Wikipedia, “Bacterial Cell Structure.”

Review of Intro Biology



It’s Crowded in There!

Source: Goodsell, D. http://mgl.sripps.edu/people/goodsell/illustration/public/



Central Dogma

• DNA →mRNA 
“Transcription”
– Synthesized RNA 

Polymerase

– RNA formed from 5’ to 3’

• mRNA → Protein 
“Translation”
– Synthesized by ribosome

– New proteins formed 
from NT to CT

Source: Wikipedia, “Ribosome”

Trick: Reading the DNA in 
the “standard way”, one can 
easily identify the codons 
for peptide synthesis.



Genetic Code

Source: Wikipedia, “Genetic Code”



Why is this Useful?

• Site-Directed 
Mutagenesis

• Good Primers:
– Tm > 78 °C (2 mM

MgCl2, 50 mM NaCl)

– GC content > 40%

– No secondary structure 
(< 50 bp)

– End with G or C

7



Polymerase Chain Reaction (PCR)

• Key consideration: Temperature for primer annealing 
(computational tools)!

8https://www.genome.gov/genetics-glossary/Polymerase-Chain-Reaction

3 main steps

1. denature
2. anneal
3. polymerase activity

https://www.genome.gov/genetics-glossary/Polymerase-Chain-Reaction


Example: Designing Primers

9http://www.genomics.agilent.com/primerDesignProgram.jsp







General Primer Design Principles

• PCR Steps: Denature (95 °C), anneal (60 °C), extend (70 °C)

• Considerations:
– Melting Temperature: Should be 52-58 °C
– GC Content: 40-60%
– Length: ~30 bp (but longer can be okay)
– Secondary Structure: Avoid if possible

• Lots of software exists (some costs $$$). For more 
information (some trial and error here):

https://goo.gl/4EwMG3 (Life Technologies)
http://www.premierbiosoft.com/tech_notes/PCR_Primer_Design.html

https://goo.gl/4EwMG3
http://www.premierbiosoft.com/tech_notes/PCR_Primer_Design.html


Example: General Approach

13IDT OligoAnalyzer Mismatch Mode – estimate Tm cost of non-matching bases



Other Calculators: GeneRunner

• Download (free) from 
http://generunner.net/

• Analysis → Oligo brings up 
window to the right

• Suggested options shown to 
the right
– SantaLucia temperature & 

salt recommended
– Check your specific dNTP, 

DNA, Mg2+ and salt 
concentrations
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http://generunner.net/


Other Calculators: Phusion Calculator

• Some polymerases have their own calculator 
specific to buffers, recommendations

• Phusion Polymerase found at NEB website 
(https://tmcalculator.neb.com/#!/main) 
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https://tmcalculator.neb.com/#!/main


Protein and Expression Plasmid (pET-15b)
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Successful Mutagenesis Primers

• Annealing temperature used: 53 °C
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Primer Name Primer Sequence (5' to 3') 

K19I-Fwd CAACTACTATCGCTGTTGATGCTGAAAC 

K19I-Rev GCATCAACAGCGATAGTAGTTGTTTCGC 

K19C -Fwd CAACTACTGACGCTGTTGATGCTGAAAC 

K19C -Rev GCATCAACAGCGTCAGTAGTTGTTTCG 

K19R -Fwd CAACTACTCGTGCTGTTGATGCTGAAAC 

K19R -Rev GCATCAACAGCACGAGTAGTTGTTTCG 

 

Description Primer Duplex 

K19I -Fwd/ 
Template 

 

              5’-CAACTACTATCGCTGTTGATGCTGAAAC  

                 |||||||||  ||||||||||||||||| 

3’-TAACTTTCCGCTTTGTTGATGATTTCGACAACTACGACTTTGACGT 

 

K19I -Rev/ 
Template 

  CATTGAAAGGCGAAACAACTACTAAAGCTGTTGATGCTGAAACTGCAGAAA 

           |||||||||||||||  ||||||||||| 

           CGCTTTGTTGATGATAGCGACAACTACG 

K19I -Fwd/ 
K19I -Rev 

                 CAACTACTATCGCTGTTGATGCTGAAAC  

           CGCTTTGTTGATGATAGCGACAACTACG 

 

After Transformation:
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Recombinant Protein Production

Choose a System Purify from Source
Available 
Protein?

Yes

No

Determine DNA 
Sequence

Express in Bacteria

YesNo
Purify Protein

Try Another 
Expression System

Good
Expression?

Do experiments



Bacterial DNA: Features

• Chromosome is circular

• Replication starts at the 
origin of replication (Ori, 
TTATCCACA)

• Plasmid: Any circular DNA 
in the bacterial cell can be 
replicated if it has an Ori

Source: Wikipedia, “Circular Bacterial Chromosome”



The Lactose (lac) Operon

• Idea: Bacteria only want to produce proteins if 
they are needed

• Why metabolize lactose (hard) when glucose 
(easy) is available?

• Operon: A set of genes (proteins) under the 
control of other genes in the cell



The Lactose (lac) Operon

Proteins:
• lacI (lac repressor): binds at 

operator when no lac present; 
prevents binding of RNA 
polymerase at promoter

• lacZ (β-galactosidase): converts 
Lac in to Gal and Glc by 
hydrolyzing glycosidic linkage

• lacY (β-galactoside permease): 
Pumps Lac into the cell

Source: Wikipedia, “Lac Operon”



Bacterial Expression Vectors

• pET Plasmid Genes
– Origin of replication
– Lac repressor (lacI)
– RNA Pol promoter (PT7)
– Lac Operator (lacO)
– Polylinker – where your 

DNA sequence goes 
(pLink)

– Ampicillin resistance 
(ampR)

• Is this plasmid persistent?

Source: Mike Blaber, BCH5425 Course Notes



Inducible Expression

• IPTG: Turns on 
protein expression 
without being 
hydrolyzed

• Protein expression 
can be switched on 
when desired



When Should I Induce?
B
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Lag Phase: Cells 
are acclimating to 
new environment

Log Phase: Cells 
are doubling 
exponentially

Steady State: Cells are growing 
and dying at about the same rate

Death Phase: 
Nutrients are 
exhausted



When Should I Induce?

• Protein expression is 
greatest during log phase

• Inducing at lag phase may 
unnecessarily cripple your 
cells

• Typically, induce at an 
OD600 of 0.5-0.6

• Always follow your lab’s 
protocols!
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Harvest Cells

Induce Cells 
(0.5-1.0 mM IPTG)



How to obtain sample?

2
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Choose a 

System

Purify from 

Source
Available 

Protein?

Yes

No

Determine DNA 

Sequence

Express in 

Bacteria

YesNo
Purify Protein

Try Another 

Expression System

Good

Expression?

Do experiments



Overview: Recombinant Protein Production

2

7

Obtain or build plasmid 
molecular biology

Transform into cells 
e. coli cells, or others such as insect cell lines

Express cells 
multiply #’s using incubated shaker

Induce cells 
starts production of protein

Harvest cells 
spin down with centrifuge, collect cell pellet



Overview: Recombinant Protein Production

2
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Resuspend cells
select buffer, salt, and protease inhibitor(s)

Homogonize / dounce / vortex
mixing / 

Lyse cells
sonication, French press

Clarify lysate
centrifuge, syringe filter 

Ready for chromatorgraphy



A mixture of proteins can be separated

• Recombinant protein production or 
purification from endogenous tissue

• Separation relies on differences in 
physical and chemical properties

– Charge

– Size

– Affinity for a ligand

– Solubility

– Hydrophobicity

– Thermal stability

• Chromatography is commonly used for 
preparative separation



Column Chromatography / Van Deemter eq

Height Equivilent of Theroetical Plate = a measure of the resolving power of the column [m]

A = Eddy-diffusion parameter, related to channeling through a non-ideal packing [m]

B = diffusion coefficient of the eluting particles in the longitudinal direction, resulting in dispersion

[m2 s−1]

C = Resistance to mass transfer coefficient of the analyte between mobile and stationary phase 

[s]

u = speed [m s−1]

https://en.wikipedia.org/wiki/HETP
https://en.wikipedia.org/wiki/Eddy-diffusion
https://en.wikipedia.org/wiki/Diffusion_coefficient
https://en.wikipedia.org/wiki/Dispersion_relation
https://en.wikipedia.org/wiki/Mass_transfer_coefficient
https://en.wikipedia.org/wiki/Speed


Separation by Size



Separation by Charge



Separation by Affinity



Separation by Hydrophobicity

Reverse phase chromatography

• stationary phase = Carbon polymer

• mobile phase = often water



Where is the Protein & How Clean is it? 
Electrophoresis

• Electric field pulls proteins 
by charge

• Gel matrix hinders 
mobility 
– proteins sorted by size and 

shape



SDS PAGE: Molecular Weight

• SDS – sodium dodecyl sulfate – a detergent

• SDS micelles bind to and unfold all the proteins

– SDS gives all proteins an uniformly negative charge

– The native shape of proteins does not matter

– Rate of movement will only depend on size: small 
proteins will move faster



Isoelectric Focusing: pI of a protein
Isoelectric focusing + SDS-PAGE

2D electrophoresis: 



Spectroscopic Detection of 
Aromatic Amino Acids

• Aromatic amino acids absorb light in 

the UV region

• Proteins - UV absorbance max 275–

280 nm

• W and Y  = strongest chromophores

• Beers law:    A = ·c·l



Protein Sequencing

• Protein sequence - essential for many biochemical 
investigations

• sequence typically determined by DNA sequence

• Edman Degradation (historical method)

– Successive rounds of N-terminal modification, cleavage, and 
identification

– Can be used to identify protein with known sequence

• Mass Spectrometry (Modern method)

– MALDI MS and ESI MS can precisely identify the mass of a 
peptide, and thus the amino acid sequence

– Can be used to determine post-translational modifications
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