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CAN Controller area network

GPS  Global Positioning System

GSM  Global System for Mobile Communications
LIN Local interconnect network

MOST Media-oriented systems transport

Universal panel

Heterogeneous Communication and Components VLSI and Increased Parallelism

Four factors really drive electronic design automation: complexity,
heterogeneity, time to market pressures, and deep sub-micron effects.

Need: Specification, design, and physical assembly tool flows
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How do we engineer bacteria to do this
using “standard biological parts”?
Design automation can help!
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Engineered steps
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How are we going to design these biological systems in the future?
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Design automation will play a key role
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DNA

What is the significance of DNA?

[t is the permanent set of instructions of
what proteins to make genes

[t also contains instructions on WHEN to
make the proteins = regulatory regions



Nucleic acids

Polymers (strings) of just 4 nucleotides: the bases are all chemically
similar

Base pairing between two DNA strands creates a 3 dimensional structure

Hydrogen bonding is the primary chemical interaction

Base pairing allows for a way to create exact copies
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Figure 1-8a Genomes 3 (© Garland Science 2007)
Figure 1-4 Genomes 3 (© Garland Science 2007)
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Nucleic acids are very stable and can produce exact
replicas of themselves

Double strands separate

Each single strand serves as a template to build a
complementary copy to produce 2 dsDNA
Proteins cannot do this.

template strand A

strand A 4
O¢OO¢¢¢¢¢¢C new strand B

iR L E

e o o o o o o D5 new strand A
strandB 4

parent DNA double helix

template strand B

DNA is GREAT at carrying information through time
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From DNA to protein

DNA serves as a way to store information through time, through
generations

This could include information about when and how to build proteins

Protein serves as a way to build all the components of cells, and to run
them

Including helping DNA replicate itself so that it can be passed down to
a new generation of cells

If DNA stores information about what proteins to make, and the
roteins build the cell, what is the process for translating from DNA
anguage (nucleotides) into protein language (amino acids)?

Now we can think about the role of RNA
RNA allows the instructions to be read and the proteins to be built

[t translates the language of DNA (nucleotides) into the language of
proteins (amino acids)
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RNA

The cell needs a process to
Read the instructions

Translate the encoded DNA instructions into the
building blocks of proteins

Build the proteins

RNA does all of this
Read instructions mRNA - messenger RNA
Translate DNA to AA tRNA - transfer RNA

Build proteins rRNA - ribosomal RNA
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Messenger RNA

A copy of the gene sequence that is mobile and can
be carried to the site of protein synthesis

(A) (B)

35 DNA double

codlng strand .
RNA polymerase I‘/le|IX

i @ H

noncodlng strand

DNA
rewinding

lTRANSCRIPTION
direction of

transcription

ke © e o o o o o o o ¢i
RNA
active site
RNA is a nucleic acid, like DNA.
newly synthesized short region of
However: RNA transcript DNA/RNA helix
DNA=ATCG
RNA=AUCG
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CODONS are the translations

uuc ucc UAC UGC
UUA n UCA UAA m ucA BTN
UUG UCG UAG VIl trp |
Cuu CCu CAU n CGU
cuc ccc CAC CGC
CUA CCA CAA “ CGA
CUG CCG CAG CGG
AUU ACU AAU n AGU n
AUC ACC AAC AGC
AUA ACA AAA n AGA m
AUG I E AcG AAG AGG
GUU GCU GAU m GGU
GUC GCC GAC GGC
GUA GCA GAA “ GGA
GUG GCG GAG GGG

Figure 1-20 Genomes 3 (© Garland Science 2007)

Each codon represents a tRNA that carries

the amino acid shown .



/
Ribosomal RNA

* rRNAs are RNA molecules that join the amino acids
together to form a protein

* The ribosome is a piece of machinery made from rRNA
and protein

Growing
Protein Chain —
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~—Protein synthesis (translation)
MRNA + tRNA + rRNA + amino acids = protein

N
_— .

initiator tRNA

small ribosomal
subunit

S —

aminoacyl-tRNA

polypeptide
"y N

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings 17
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3. Standards
2. Automated Assembly

1. Abstractions

Automatic Sequencing

PCR
Recombinant DNA
*Drew Endy, Stanford
DNA Sequence?
ATCG p Why This Hard?
ion?
Function’ CDS Biological uncertainty, meaningful

System? abstractions, consensus on standards
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Biological Engineering?

Protein Engineering
Promoter Engineering

Synthetic Biology
A
bases o,
‘parts, “devices” ff %
Al | — > a0
% 0.5-10Mbj#
C G _,‘- 1- ZOl(b &‘&’””#'wwﬂ““\w
Terminators RiPosome T R A ~.,....
Binding Site p One instance of an inverter 4

Registry of Standard Biological Parts:

http://parts.mit.edu . W
Light Sensor / Movement 71 » AND

B e S e SN = N J AR
(Levskaya, 2005) - (Cirino, 2006) (Anderson, 2007)
Sensors : Actuators

Circuits
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Biological Parts (SBOL Visual Standard)
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Open Reading Frames
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BioBrick Standard Assembly

Spel and Pstl
EcoRI and Xbal ...TCTAGA.. ..ACTAG ..CTGCAG..
Cgtamsth Cgt;l)i:h
AATTC... ..G CTAGA .

_TGATC
Xbal and Spel have Mix &
the same sticky ends. Higate
E X S P

B0034 C0010
m Courtesy http://parts.mit.edu
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Synthetic Biology Tool Landscape

Computation/Simulation Tools

Viz-a-Brick

&f@}f«ﬁv,zgogze.:w ~ BioMortar. | sdsiers
i 2 . (WateﬂOO) ﬁ Dfadeg
mm_ugs

BioStudio (Johns

Parts Registry (MIT)  Bricklt GenoCAD (VTech)  Hopki
(Grunberg) ’

Data Management Tools Design/Analysis Tools
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#2 Construction

Spectaclé¢s

|

Name: BBa_B0010
Type: Terminator
Properties:

Orientation: Forward

1D: BBa_BOO10

Sequence:
GATCTccaggcatcaaataaaaca:

ggctcagtcgaaaa. ~

SDF Director

OpenClothoConnection)

SDSTreeReceiver

ClothoGetString

TreeProcessing

Display

DialogOption

AutomationScheduler

#3 Assembly
Kepler Workflow

OneStageProcessing

DisplayFileNames
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Eugene Abstract Design

wJ *Spectacles =0 X
File Edit Settings Devices Help
[Import Eugene] [Export Eugene] [Import from Notepad] [Send to Notepad]
|Parts... \ [V] ExampleDevice
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R A . — .
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Delete
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Name: Terminator4 Properties J X
’T::'g:;r;zrgmator MName: ITerminator4| Lookup sequence from database {optional):
Cleps e Type: l Terminator Part object keyword: Ibiobrick Iv]
Orientation: Forward Secondary object keyword: |family Ivl
Database ID: l Type field keyword: I name [ v]
Sequence: Term to match: | Terminator |
Display by keyword: | name I vl
Tool
Implementation: v
API Save Get Sequence
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Realize an abstract design from Spectacles: Device S
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Specify instances of physigl/
-

<part declarations> o I parts

Specify rules on how parts

Sruledeclarafions » can interact with each other
on devices
<device declarations> > Construct devices while

enforcing rules

<function calls on devices> ~ Perform functions on devices
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Assembly Graph
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Workflow design environment

*Visual

*Extensible

SDF Director

Director: controls the execution of actors

CompositeActor
-l Actor: a process step in the workflow

SDF Director

GetAsssemblyGraph GraphProcessing AutomationScheduler

DialogOption OneStageProcessing

ShowFileNames

GetString Display
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Example Design Automation Opportunities
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Conclusions

Synthetic biology is an engineering approach to
building biological systems

Design automation can have a prominent role in the
advancement of the field

The key is to leverage the strengths of design
automation while respecting biology’s unique
properties.

The field is in its infancy so there is a lot of room to
make key contributions.



