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Synthetic Biology — From Cut & Paste to Programming DNA

¢ File | Edit

2207

View
Undo Paste Ctrl+Z2

Insert  Format

Cut Chrl+%

Lp

Chrl+Y

Paste

Paste Special...

.

m Aptana Start Page

Search Project Run Scripts ‘Window Help
T e S|

| €] *Untitled HTML 1 232 |

html | j= | css |
| o) @ sm BR [ H0 H2 H3 B EM [ S
ATATCCAGTACGATGCATCGATGCATGCAT

AGTGTGTATCGTACGATG
TGTAGTAGCTAGCATTATATGATCGTAGCTAG

Synthesis and Sequences Productivity [bases / person / day]

Number of transistors per chip.

1.0E+11

1.0E+10

1.0E+09

1.0E+08

1.0E+07

1.0E+06

1.0E+05

1.0E+04

1.0E+03

1.0E+02

1.0E+01

Productivity in DNA Synthesis and Sequencing
Using Commercially Available Instruments

Rob Carlson, February 2013, www.synthesis.cc

=== Number of transistors per chip
=== Productivity: Reading DNA
Productivity: Writing DNA

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year



Programming Adaptive Medicines with Synthetic Biology
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Engineering Sense-and-Respond Circuits for Cell Therapies
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Homeostasis in Human Physiology
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Loss of Homeostasis in Human Disease
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Restoring Homeostasis Difficult with Non-Closed-Loop Therapies
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Restoring Homeostasis Difficult with Non-Closed-Loop Therapies
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Restoring Homeostasis Difficult with Non-Closed-Loop Therapies
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Restoring Homeostasis Difficult with Non-Closed-Loop Therapies

Careful therapeutic
balance needed




Closed-Loop Therapies Sense and Balance Therapeutic Effect
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Closed-Loop Therapies Sense and Balance Therapeutic Effect
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Closed-Loop Therapies Sense and Balance Therapeutic Effect

Sense and reduce therapy



Closed-Loop Therapies Sense and Balance Therapeutic Effect
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Need for New Technologies to Modulate the Human Microbiome

= Human body is
shared with trillions
of commensal
microbes

= Involved in:
= Development
=  Immunity
= Digestion
= Mood/Behavior

= Tools to manipulate
microbiota crude and
poorly understood
= Antibiotics
= Probiotics
= Prebiotics

Additive

8 Subtractive

http://www.nature.com/news/microbiome-sequencing-offers-hope-for-diagnostics-1.10299; Cho and Blaser, Nat Rev Genet, 2012 Illil-



Applications of Synthetic Biology to Microbiome Engineering
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Digital and Analog Paradigms for Computing and Memory
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Incorporating History into Sense-and-Respond Circuits
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Engineering Dynamic, Regulated Cell Implants

Construction of sensor module
for diagnosis

Functional QQGU

Protein

Synthetic gene circuit
to connect diagnostic input &
therapeutic output

(_D.__ Pathologic

metabolite

M. Fussenegger — ETH Zurich

Engineering of cells from
the patient
&
Direct implantation

Engineering of other cells
&
Implantation with
‘o5 microencapsulation
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Cell Therapies with Closed-Loop Feedback
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Obesity Treating Cell Circuits
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Obesity Treating Cell Circuits
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Cell Therapy for Graves’ Disease
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Cell Therapy to Maintain Uric Acid Homeostasis
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Cell Therapy for Psoriasis
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Technical Challenges

Designing state-dependent cell therapies
Creating circuits that match the time-scale of desired responses

Building robustness into closed-loop therapies

= Redundancy? Multiple-feedback loops? Isolation strategies to
minimize environmental effects?

Designing cellular sensors for a wide range of analytes

Ensuring specificity of cellular sensing circuits for desired
disease states

Maximizing the durability of closed-loop therapeutics despite
evolving cellular background

Choosing best delivery method or chassis introducing desired
therapeutic effect into humans

= Engineered bacteria or human cells? Gene therapies via non-viral or
viral vectors?



Questions for Clinical Use

What are the best indications for the first clinical applications, balancing
risk / benefit?

How to do preclinical modeling of closed-loop therapies in vitro and
animals?

How to characterize the pharmacodynamics / pharmacokinetics of
closed-loop therapies?

How to quality-control the manufacturing of closed-loop therapies?

How to monitor the in vivo performance of closed-loop therapies when
introduced into patients?

How to measure the long-term durability of closed-loop therapies?

How to incorporate safeguards or external control over closed-loop
therapies?

How does this fit into existing regulatory frameworks? Do these make
sense?

= When in the process does environmental risk assessment come into play?

= How are fecal transplants regulated?
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