Module 1: Basics of DNA and
DNA selt-assembly

CSES90: Molecular programming and neural
computation



Double-stranded DNA

Biological DNA stores hereditary information

Width of the double helix: 2nm
Distance between base pairs: 0.34 nm

Carsonella rudii (smallest non-viral genome): 160,000 bp
Human genome: 3.2 Billion bp
Lungfish (largest vertebrate genome): 130 Billion bp
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DNA directionality
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Watson Crick base paring

Adenine (A) Thymine (T)

Guanine (G) Cytosine (C)
Copyright © Pearson Education, Inc., publishing as Benjamin Cummings.
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Double-stranded DNA
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The double helix consists of two DNA strands with complementary
sequences (base pairs: A:T, C:G ) and with opposite orientation



DNA can be commercially

synthesized

DNA sequence 1:

5’ -ATTCAGATCCACCCAAAGAG-3’
—_—

DNA sequence 2:

5’ -CTCTTTGGGTTCCCAAATGT-3’

DNA sequence 3:
5’ -ACATTTGGGAGGATCTGAAT-3’

—

Single-stranded DNA with any sequence can be commercially synthesized
length up to ~200 bases, cost: ~50 cents/base, | nMole (10'®) per order, same-day synthesis



Reverse complementarity

Find the reverse complement of the following sequences:

5" -AAAAA-3'
5" -AACCC-3'

5" -CTGGACTAGAATT-3'



DNA hybridization (binding)

What happens when these strands are mixed in a test tube?

1: 5"-CACACACA-3'
2: S5'-TTTTTTGTGTGTG-3'

3: 5" -GTGTGTGT-3’



DNA hybridization (binding)

What happens when these strands are mixed in a test tube?

1: 5"-TTTTTT-3"

2: 5'"-CACACACANNNNNAGAGAGAG-3'



DNA hybridization (binding)

What happens when these strands are mixed in a test tube?

1l: 5" -ATTCAGATCCACCCAAAGAG-3’
2: 5" -CTCTTTGGGTTCCCAAATGT-3'

3: 5’ -ACATTTGGGAGGATCTGAAT-3'



DNA hybridization (binding)
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test tube with reaction buffer (water + salt)




DNA hybridization (binding)
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test tube with reaction buffer (water + salt)

Single-stranded DNA is flexible




DNA hybridization (binding)

. test tube with reaction buffer (water + salt) )

Complementary single-stranded domains bind (hybridize) to each other.
Formation of base pairs is energetically favorable and drives the reaction
forwards



DNA Is a programmable material

( )

X test tube with water + salt, 107 copies of each molecule )

DNA is programmable: sequence determines interactions



Are we really doing this by hand@e

nucleic acid package

NUPACK is a growing software suite for the analysis and design of
nucleic acid systems.

The NUPACK web application currently enables:

e Analysis: thermodynamic analysis of dilute solutions
of interacting nucleic acid strands (demos).

e Design: single-state and multi-state sequence
design for interacting nucleic acid strands (demos).

e Utilities: evaluation, display, and annotation of
equilibrium properties of a complex of nucleic acid
strands (demos).

NUPACK algorithms are formulated in terms of nucleic acid
secondary structure. In most cases, pseudoknots are excluded from
the structural ensemble.

You are welcome to use NUPACK for your research. Please cite
NUPACK algorithms and the NUPACK web application appropriately.

Copyright ® 2007 - 2013 Caltech. All rights reserved. | Contact | Model | Citation | Funding | Terms of use

WWW.Nnupack.org



NUPACK .ccc.ct o

. Analysis Utilities Downloads

Input Demos Help

Nucleic acid type: ) RNA () DNA @
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NUPACK oo

B Analysis Design Ut
Nucleic acid type: () RNA (&) DNA @
Temperature: [ 25|°C @ Compute melt: (1 @
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. Analysis Utilities
Result Demos Help
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Download data@
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Downloads
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Free energy of secondary structure: -38.48 kcal/mol

Download SVG 0 (o Design | To Utilities T




. Analysis Utilities Downloads

..« Results Demos Help

Click to change input

Back to results

MFE structure © © Depict MFE structure @

Pair probabilities at 25.0 C

strandl strand2 strand3
T T T T al 1.0
/ 5
° 10/ . &8
o 0.8
= m
=
20 L =
x T e E
o " 0.6 c
o o 3
c 43 :
= 10 : , . 4kl -
] Q. o
© N o
o 50.4 ()
201 : 8 i, =
U o] E
0
/ |5 Hoz2
10 ; : RSN ]
3
Q
w
20 ! ! ! } b N 0.0
10 20 10 20 10 20

Base index

Free energy of ordered complex (-kT log Q): -39.90 kcal/mol
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Amounts and concentrations




Amounts and concentrations

What's a Mole (unit)2 6.02x10%3 molecules

11.6 nMoles =11.6 x 107 x 6.02x102 molecules

DNA reactions occur in an agueous solution and it is
convenient to think about concentrations rather than
amounts.

Concentration=Number/Volume (Unit: M, Molar=Mole/liter)

How much water do you need to add to 11.6 nMoles of DNA
to get a 100 uM (micro Molar) concentratione



Outlook: Designing DNA structures

So far, we analyzed sequence that were already given to us.
But how can we design the sequences that correspond to @
target structuree



