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Lecture  1	
•  Hierarchy of biological organization 
•  Biomolecules: 1D polymers 

•  Examples of Polymers in Biology: DNA, RNA, Proteins, 
and Polysaccharides 

•  DNA: genetic material; double helix 

•  Central Dogma 

•  DNA thermodynamics 



Lecture  2	
•  Watson-Crick base pair 

•  Effects of chemical factors on DNA stability 

•  DNA sequence vs. charged polymer 

•  Mechanical models: Freely Jointed Chain model 

•  Persistence length, end-to-end extension, radius of 
gyration, force response 



Lecture  3	
•  Mechanical models: Worm Like Chain model 

•  DNA supercoils: definition (sign, magnitude) 

•  Linking number, twist, writhe 

•  Călugăreanu-White-Fuller theorem 

•  Energy associated with DNA supercoiling 

•  Non-canonical DNA structures (induced by SC) 



DNA  is  a  semi-‐‑flexible  chain:  
Worm-‐‑Like-‐‑Chain  model	

•  Force-vs.-extension 
relation  

   (Smith & Bustamante; 
    Marko & Siggia) 
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DNA  is  torsionally  stiff    	

•  DNA is a right-handed double 
helical polymer.  

•  This helical conformation is a state 
in a minimum torsional stress.  

•  It has a pitch of 10.5 bp/turn. 
•  The pitch depends on T. 

•  If DNA is twisted away from it, its 
energy is elevated. 

•  In order to reduce torsional stress, 
DNA can adopt a secondary 
coiling conformation called DNA 
supercoils. 



DNA  supercoiling	



Linking  number	

•  Linking number: number of times that the strands 
intertwine with each other.  
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Twist,  Tw    
(from  NA  by  Bloomfield,  Crothers,  Tinoco)	

•  Consider a cross-sectional plane P perpendicular to 
A at some point a. The plane will intersect C at 
some point c. Let vac be the unit vector from a to c. 
As P moves along A, vac will turn. Twist (Tw) is 
defined as the number of turns that vac makes 
around A. 



What  is  Writhe  (Wr)?	
•  The Mock Turtle in Alice’s 

Adventures in Wonderland 
studied Writhing. 



Writhe	
•  Writhe is calculated by counting the intersection of 

DNA axis with itself in a plane projection. Each 
clockwise node contributes -1 to Wr. 



Two  types  of  DNA  supercoils:  
plectoneme,  solenoid	



Călugăreanu-‐‑White-‐‑Fuller  theorem	

Lk = Tw +Wr
ΔLk = ΔTw +Wr  
(if Wr  is initially 0)

ΔLk = Lk − Lk0

σ = ΔLk
Lk0



How  to  measure  DNA  
supercoiling	



When  is  DNA  supercoil  formed?    
Why  is  it  important?	

•  For compact genome 

o  nucleosome 

•  During DNA replication 



SC  is  induced  in  the  genome  compaction    	



What  regulates  DNA  
supercoils?	

•  Topoisomerases 



DNA  gel  electrophoresis	

Nick  circular	

DNA  supercoils	



Energy  associated  with  ΔLk	

G(αm,T ) = KωT
2 ;    G(αm,T + i) = K(i +ωT )2

−RT ln αm,T + i⎡⎣ ⎤⎦ / αm,T⎡⎣ ⎤⎦{ }
= G(αm,T + i)−G(αm,T ) = K(i +ωT )2 − KωT
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= K(i + 2ωT )

→ K = 0.11RT
Ligate  nicked  circular  DNA  @  different  temperatures.	
DNA  pitch  depends  on  T:  Δθ/ΔT  ~  -‐‑0.012o/K  	
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Protein	  census	  of	  the	  cell	  
A  protein  mixture  is  loaded  at  one  end  of  the  gel  and  an  
electric  field  is  applied  across  the  gel.  F  =  qE  = ζv	

• Separating  proteins  according  to  their  net  charge.	

A  charged  detergent  that  binds  to  all  proteins  is  added.  The  
total  number  of  detergent  molecules  associated  with  an  
individual  protein  ~  the  protein’s  overall  size  and  an  electric  
field  is  applied  along  the  gel.  The  net  charge  on  the  detergent  
>>  net  charge  of  the  protein.	
• Separating  proteins  according  to  their  size.	

Proteins  are  stained  using  a  non-‐‑specific  dye.  The  amount  of  
proteins  ~  the  intensity  of  the  spot.	

Cut  each  spot,  elute  the  proteins  and  determine  the  size  and  
amino  acid  content  using  mass  spectroscopy.	

Large	  &	  -‐	  
	  

Small  &  +	



2D	  gel	  electrophoresis	  	  
(for	  proteins)	  



2D  gel  electrophoresis  for  DNA  replication  
intermediate  (hdp://fangman-‐‑brewer.genetics.washington.edu/2Dgel.html)	

•  2-D gel electrophoresis is adapted from the procedure in Anal. Biochem. 
130:527, 1983.  

•  The 1st dimension gel is intentionally run at low V in low % agarose to separate 
DNA molecules in proportion to their mass.  

•  The 2nd dimension is run at high V in a gel of higher [agarose] in the presence 
of EtBr so that the mobility of a non-linear molecule is drastically influenced by 
its shape.  



2D  gel  electrophoresis  to  study  
non-‐‑canonical  DNA	

2nd  dimension:  	
chloroquine  –  unwind  DNA	



Energy  associated  with  supercoiled  
DNA:  in  the  presence  of  tension	
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Lecture  4	
•  Single molecule methods (revisit) 

•  Hybrid single molecule technique of smFRET & MT 

•  Case studies: DNA mechanics via single-molecule 
methods 

•  Case studies: Non-canonical DNA and its dynamics 
via single-molecule methods  


