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Biological Systems

“Systems Biology”

* Many molecular mechanisms for biological organisms
are characterized

* Missing piece: understanding of how network
interconnection creates robust behavior from uncertain
components in an uncertain environment

* Transition from organisms as genes, to organisms as
networks of integrated chemical, electrical, fluid, and
structural elements

Key features of biological systems
* Integrated control, communications, computing
* Reconfigurable, distributed control, at molecular level

Design and analysis of biological systems
* Apply engineering principles to biological systems
» Systems level analysis is required
* Processing and flow of information is key
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Ecological Systems

Populations and ecosystems
* Example: bacterial networks
» Multiple layers of feedback = complexity
» Get robust functionality to individual cell
* And system level robustness for colony
* Q: how does evolution shape this?

Fire management

* Power law distributions = many existing tools
are not appropriate

* Multi-scale behavior: fuel to atmosphere
* Q: prevention, planning, policy?

Role of Dynamics and Feedback
e Multi-scale dynamics
* Robust yet fragile behavior
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Physics: Quantum and Geophysical Systems

Signal

Quantum Systems

» Rational design and empirical optimization of -
open loop control strategies (eg, NMR) é

» Real-time feedback methodology for
controlling quantum systems

* Role of interconnection is critical and very
different from most engineering applications

Geophysical Systems (earthquakes)

* Reduced order models emerging for non-
crystalline solids, soils, and related geo-
physical materials that explain complex
physical behaviors

e Extreme multi-scale behavior of
interconnected components
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Overarching Themes
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Integrated communication, computing and control

* nature uses dramatically different mechanisms to communicate and
process information

Current tools not capable of addressing many interesting problems
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Example: Synthetic Biology

Crawling Neutrophil “Chasing” a Bacterium
* Human polymorphonuclear leukocyte (neutrophil) on blood film
* Red blood cells are dark in color, principally spherical shape.

* Neutrophil is "chasing" Staphylococcus aureus micro-
organisms, added to film.

Tom Stossel, June 22, 1999 (John Stossel, 1957)
http://expmed.bwh.harvard.edu/projects/motility/neutrophil.html

MIT Bio-Bricks program

Time (min)
300 380

600

Synchronization of

@ a repressilator, IAP ‘03 |§ | ; = L'1" . ﬁ

d s 0 I
. -~ e e
ll_,,du—'\_ ERL i Colewsy CERaeninEliond. el e f " A
wﬂ’“'w i 1 BBa_ROD51 BBa_R0040 e ‘L o U M ‘,. =
Fos| | CE:) Eﬁ' X .. J" o V] ..- ,_-' ah , g.
_ a4 + BART TR @@ T =@ il e Elo Wi “ﬁ 1 ; 0
9wt 08 BBa_CO04D BBa_CO012
cl " v - - —
.A E:'I | | | Bty COMO | Telt Pre L r 2
w2t 1 . . .
E‘,:,l_ LL BBa_RO0G3 BBa_R0051 BRa E00X}  [Cyan Flu m ‘::H v l
st [P I ¥ i |
gatd o ; 12 |y Fred D oncluhan Fanl Al
il @ Tl @ @@ T @@l Ll L2 [Vellon |
A BEa_C0062 BBa_CO061 .l! ||tr-m-.l'ln.'-l.;:u.n.l'."'wf\ T [T,
Iul--: L4 Bia 1000 |cl Fused Lo £ x+F
¢ 8
7 Jan {?‘ L BEa R0 Bita 11011 | Anti-sen . . Eoe s P,
al GH[ZD GRa 11012 | Anti-sen E : —s ]
gu' b E@@:@:@; ori backbone plasmid- ~res— o NIRRTV RN VTR - -
T ; 4 b 5 - -
14 an %] BBa_E0022 BBa_B 0001 RI.‘,_'T-'.'ILII'-'-T_\ Paris -\HH"'_._\_ .__,.ﬂ"'-.
) 21 Jan o BB BBa RO01L | Lacl Proj . =
= BBsuffix Bia ROGM0 | Tetk Pro
022 ¢
28 Jan nhsda ¢l

Connections, 15 Jul 04



Synthetic Biology Competition 2004

Boston U, Caltech, MIT, Princeton, U Texas
e Caltech: 7 undergrads + 3 grad students + 3 faculty

% * Project #1: alternative oscillator designs
v * Project #2: serial counter with digital readout

Features:
Ribosome PRM+
Binding A
Terminators . N .  Multiscale dynamics
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Foundations M Structure
Information and Uncertainty
in the Sciences

New CDS research is required
* Integration of computing, communications, control

 “High risk” applications in biology, quantum,
geophysics, ecosystems

* Maintain rigorous mathematical approach

New approach to education

» Make CDS tools accessible to broad audience of
scientists and engineers

* Provide training required to work on interdisciplin-
ary applications in science and engineering
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