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Programmable bacteria detect and record an
environmental signal in the mammalian gut
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The mammalian gut is a dy i of mi-
crobes that Irmu« with dn host to impm mnm. discm and
| that survive in

the mammallan gut and sense, remember. and report on their ex-
Based on pi genetic memory systems, we con-
s!nmdntwo-pnrtsysnmwhhn'tﬂggordcmmt"hwhldnm
lambda Cro gene is cli ducible pro-

moter, and a “memory element” dedved from the cl/Cro region of
phage lambda. The memory element has an extremely stable cl
state and a Cro state that is stable for many cell divisions. When
Escherichia coli bearing the momovy sysmm are ndmmishud to
mice treated with anh ia all
have switched to the Cro state, wimns those administered to
untreated mice remain in the cl state. The trigger and memory ele-
ments were transferred from E. coli K12 to a newly isolated murine

in which the lac repressor (lacl-) and tetR-encoded repressors
inhibit the synthesis of the other protein, such that the system
exists in two stable states that can be mlerchanged by enwmn-
mental exp to either isopropyl-f-p-thi or
tetracycline. Ajo-Franklin et al. (21) developed a more general
system in which a formally identified trigger element was separated
from a bistable transcriptional memory element in yeast; in this
way, a wide variety of input signals can be recorded using a single
memory element with diverse trigger promoters. Burrill et al. (4)
used this type of memory system to characterize gene-expression
profiles in cells that responded differentially to a uniform ex-
posure to | DNA damagmg agents. Thus, memory devices can be

used in | ions under d conditions.
M:crobm mn'ymg mcmory clemems have potential for broad

use as uctive | sensing To realize

this p I, such memory systems will need to be able to function

E. coli strain; thes'abilvtyamlmtdling, P of the y

were ical in vitro and during passage
through mice, but the englneered murine E. coli was more stably
established in the mouse gut. This work Iays a foundation for the

in real-world environments beyond the controlled conditions of
a laboratory. Thus, a memory device must be stable in either of
two states for long periods of time, even in the presence of basal

use of synthetic genetic circuits as itoring sy in p from a lngger elemem DNA rearrangement systems
ill-defined environments, and may lead to the develog of may undergo an duced change of state resulting from leaky
living diagnostics and therapeutics. of a trigger el if the ch of

ment increase linearly with levels.
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Programmable probiotics for detection of
cancer in urine
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Plasticity 2013 Imperial College iGEM team http://2013.igem.org/Team:Imperial_College
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A Forward-Design Approach to Increase the
Production of Poly-3-Hydroxybutyrate in
Genetically Engineered Escherichia coli
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Abstract

Biopolymers, such as poly-3-hydroxybutyrate (P(3HB)) are produced as a carbon store in
an arrav nf arnaniams and exhihit characteristinre whirch are similar tn nil-derived nlastics
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Gluconacetobacter xylinus Suzanne Lee

Gluconacetobacter xylinus + yeast

Aqualose 2014 Imperial College iGEM team http://2014.igem.org/Team:Imperial



Imperial College IGEM 2014 Aqualose

Aqualose

Customisable Ultrafiltration
Membranes from Bactenal Cellulose

Genetic engineering of the cellulose-producing bacterium
Komagataeibacter rhaeticus for production of novel biomaterials.
Floreaetal 2015in press
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Infector Detector 2007 Imperial College iGEM team http://2007.igem.org/Imperial/Infector_Detector/Introduction



Paper-Based Synthetic Gene Networks
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and James J. Collins™:2:3.*
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http://dx.doi.org/10.1016/j.cell.2014.10.004

SUMMARY

Synthetic gene networks have wide-ranging uses in
reprogramming and rewiring organisms. To date,
there has not been a way to harness the vast potential
of these networks beyond the constraints of alabora-
tory or in vivo environment. Here, we present an
in vitro paper-based platform that provides an alter-
nate, versatile venue for synthetic biologists to oper-
ate and a much-needed medium for the safe deploy-
ment of engineered gene circuits beyond the lab.
Commercially available cell-free systems are freeze

A2l el e o —_—— BN . Al o e e o -t

Earlier studies in the area of in vitro synthetic biology and cell-
free systems have made important contributions to our under-
standing of fundamental molecular biology and biochemistry
and, more recently, in the study of molecular switch dynamics
and complex gene circuits (Hong et al., 2014; Karzbrun et al.,
2014; Sun et al., 2014; Takahashi et al., 2014). These efforts,
however, have focused on solution-phase reactions using fresh
from frozen cell-free systems and often in liposomes with the
goal of assembling artificial cells (Kuruma et al., 2009; Kobori
et al., 2013). These solution-phase reactions are not stable or
practical for handling outside of the lab and therefore miss the
opportunity to leverage the abiotic and sterile nature of these
systems.
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S. cerevisiae secreting farnesene/biodiesel

~112K bases added
~41K bases removed
~450 single nucleotide changes

~1.25% of the genome!

A AMYRIS

DNA as a programmable material
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DIY-Bio, Biohackers and the Growth of
Community Labs

London BloHackspace

Biohacking / DIYBio in Lon

Home  Photos of the New Lab Space News Molecular Biology Explained Contact
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Engineered bacteria to detect and kill cancer cells

Engineered E. coli

Colorectal cancer

Healthy colon
Engineered bacteria for
treatment of cancer

21 catenin

T mRNA |
Colon cancer ‘
inhibition

(adapted from Science 333: 6047 (2011); http.//www.wisegeek.com/what-are-coldforceps.htm);
http.//www.webmd.com/colorectal-cancer/ss/slideshow-colorectal-cancer-overview)
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Journal of Molecular Biology

Volume 355, Issue 4, 27 January 2006, Pages 619-627

Environmentally Controlled Invasion of Cancer Cells by
Engineered Bacteria

J. Christopher Anderson® ©, Elizabeth J. Clarke®, Adam P. Arkin® P & - & Christopher A. Voigt® °

+ Show more

nature

biotechnology

Journal home > Archive > Research > Letter > Full Text

Journal content Letter

+ Journal home Nature Biotechnology 24, 697 - 702 (2006)
Published online: 14 May 2006 | doi:10.1038/nbt1211

Short hairpin RNA-expressing bacteria elicit RNA
interference in mammals
Shuanglin Xiang*-2, Johannes Fruehauf!- & Chiang J Li*

., Advance online
publication

*+ Current issue
9 Archive

Cell Systems

Programming a Human Commensal Bacterium,
Bacteroides thetaiotaomicron, to Sense and
Respond to Stimuli in the Murine Gut Microbiota

Graphical Abstract Authors

Mark Mimee, Alex C. Tucker,
Christopher A. Voigt, Timothy K. Lu

Signal =
9 // \ Correspondence

timlu@mit.edu

In Brief

The development of genetic parts to
precisely program the human commensal

Bacteroides thetaiotaomicron gut bacterium Bacteroides
Synthetic Genetic Circuit i icron lays the f ion for
T microbiome engineering.
Signal- @ : e 9
vl = :
I % !
-:-[:1 dCas9 RNA -
........................... [B. thetalotaomicron)
chromosome
Control of gene
expression in vivo
Highlights
» We develop sets of genetic parts for a human commensal
bacterium

Promoter and RBS libraries control gene expression over a
10,000-fold dynamic range

Orthogonal, inducible sensors enable synthetic genetic
memory and CRISPRi

Genetic circuits respond to stimuli in a complex mouse gut
microbiota

Mimee et al., 2015, Cell Systems 71, 62-71
(!)( ..... s July 29, 2015 ©2015 Elsevier Inc. ‘ :e“
http://dx.doi.org/10.1016/j.cels.2015.06.001
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Engineered phage and bacteria to target pathogens

Attacking bacterium Bacteria cell lyses and dies

ba cteriophage

Engineered bacteriophage to
treat infectious diseases
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(adapted from Science 333: 6047 (2011); http.//www.sciencephoto.com/)
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Engineering microbes to sense and eradicate
Pseudomonas aeruginosa, a human pathogen

molecular
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Engineered bacteriophage targeting gene networks
as adjuvants for antibiotic therapy
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Antimicrobial drug development is increasingly lagging behind the
evolution of antibiotic resistance, and as a result, there is a pressing
need for new antibacterial therapies that can be readily designed
and implemented. In this work, we engineered bacteriophage to
overexpress proteins and attack gene networks that are not
directly targeted by antibiotics. We show that suppressing the SOS
network in Escherichia coli with d bacteriophage en-
hances killing by quinolones by several orders of magnitude in
vitro and significantly increases survival of infected mice in vivo. In
addition, we d that engil d b iophage can
enhance the killing of antibioti b i cells,
and biofilm cells, reduce the number of anubiotnc-reslstant bacteria
that arise from an antibioti and actas a strong
adjuvant for other bactericidal annblotic (e.g., aminoglycosides
and B-lactams). Furthermore, we show that engineering bacterio-
phage to target non-SOS gene and to p
multiple factors also can produce effective antibiotic adjuvants.
This work establishes a synthetic biology platform for the rapid

ion and integration of identified targets into effective
antibiotic adjuvants.

antibiotic adjuvants | antibiotic resistance | bacterial persistence |
bacteriophage therapy | synthetic biology

ary pressures. Instead of overexpressing lethal genes, our desiJ
targets nonessential genes and the networks they regulate th
are not directly attacked by antibiotics. Combination therag
with different antibiotics, different bacteriophage, or antibiotig
plus phage may reduce the incidence of phage resistance and/
antibiotic resistance (16-20). Therefore, by using a combinatid
of engineered antibioti ing phage and antibiotics, w
hoped to reduce the incidence of antibiotic resistance an
enhance bacterial killing.

Results

Targeting the SOS DNA Repair System. Bactericidal antibiotics (e.g
quinolones such as ofloxacin) induce hydroxyl radical formatid
that leads to DNA, protcm, and lipid damage and ulumately
cell death (8). DNA d the SOS resp (21,2

which results in DNA repalr (Fig. 14). It has been shown’ th
bacterial killing by bactericidal antibiotics can be enhanced H
knocking out recA and disabling the SOS response (8). Here W
took an alternative approach and engineered M13mp18 phage
overexpress lexA3, a repressor of the SOS response (23). Ove|
expression of lexA to suppress the SOS system has been den)
onstrated to inhibit the emergence of antibiotic resistance (24
We used M13mp18, a modified version of M13 phage, as o

pubs.acs.org/NanoLett
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Engineered Phagemids for Nonlytic, Targeted Antibacterial
Therapies
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Engineered T-cells to target cancer

Engineered
T cells

T cell engineering

Porter et al. N. Eng. J. Med., 365 (2011), pp. 725733
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Adoptive T Cell Transfer for Cancer Immunotherapy in the Era of

Synthetic Biology
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Cite this article: June CH, Levine BL. 2015
T cell engineering as therapy for cancer and
HIV: our synthetic future. PhL. Trans. R Soc. B
370: 20140374,
http://dx.doi.0rg/10.1098/rsth.2014.0374

Accepted: 3 July 2015
One contribution of 13 to a discussion meeting
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T cell engineering as therapy for cancer
and HIV: our synthetic future

Carl H. June’2? and Bruce L. Levine??

T Abramson Familly Cancer Research Institute, “Center for Cellular Immunotheragies, and “Department of
Pathology and Laboratory Medicine, Pereiman School of Medicine, University of Pennsylvania, Philadeiphia, PA
19104-5156, USA

It is now well established that the immune system can control and eliminate
cancer cells. Adoptive T cell transfer has the potential to overcome the sig-
nificant limitations associated with vaccine-based strategies in patients
who are often immune compromised. Application of the ing discipli
of synthetic biology to cancer, which combi ) of genetic engin
ing and molecular biology to create new biological with enh. d
functionalities, is the subject of this overview. Various chimeric antigen
receptor designs, facturing p and study populations, among
other variables, have been tested and reported in recent clinical trials.
Many questions remain in the field of engineered T cells, but the encoura-
ging response rates pave a wide road for future investigation into fields as
diverse as cancer and chronic infections.
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Systematic cellular reprogramming

Synthetic modified mRNAs for cellular

—~ KLF4 reprogramming

— c-MYC

—~ OCT4 o
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\ Induced pluripotent stemcells ’
Fibroblasts Fibroblasts  Incubation ‘ \ M
with synthetic ,
mRNAs @

Cell therapy and regenerative medicine

Warren et al. Cell Stem Cell 7, 618 (2010)
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Synthetic biology in mammalian cells: next
generation research tools and therapeutics
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Cas9 gRNA engineering for genome editing,
activation and repression
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We demonstrate that by altering the length of Cas9-associated guide RNA (GRNA) we were able

ws Molecular Cell Biology 15, 95-107 (2014)
line 17 January 2014

doi:10.1038/nrm3738
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Synthetic Biology: Rational Pathway Design for
Regenerative Medicine
Davies JA.

Centre for Integrative Physiology, University of Edinburgh, Edinburgh, UK

to control Cas9 activity and si y perform genome editing and
regulation with a single Cas9 protein. We these to engineer
circuits with g and kill fi governed by a single

multifunctional Cas9 protein.
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So why is synthetic biology causing
such a big fuss?

“Synthetic biology aims to design and engineer biologically based
parts, novel devices and systems as well as redesigning existing,
natural biological systems”

Qe

Sy n t h et i C NEWDIRECTIONS B8 o
The Ethics of Synthetic Biokogy [ty

and Emerging Technologies

biology

roadmap

for the
UK




SCHER, SCENIHR, SCCS
operational definition for Synthetic Biology

“SynBio is the application of science, technology and
engineering to facilitate and accelerate the design,
manufacture and/or modification of genetic materials in
living organisms.”

Scientific Committee on Health and Environmental Risks
SCHER
Scientific Committee on Emerging and Newly Identified Health Risks
SCENIHR
Scientific Committee on Consumer Safety
SCCS




Synthetic Biology is a rapidly growing field
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A growing community of student
researchers — growth of iIGEM

International Genetically Engineered Machine Competition
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2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

i

------

ic

280 teams are registered for 2015
259 teams at the Jamboree
~15,000 iGEM alumni




Synthetic Biology has a
powerful vision for merging
engineering design practice

into the construction of
biology systems and cells at

the genetic level



Basics of an engineering design framework

In engineering systems, robustness and stability are achieved by

(1) System control RS
(2) Redundancy B
(3) Modular design (

iz
; SR T DM
= < .

3\
bt 4&
1

(4) Structural stability i“@*‘g:%gﬁ@m




An engineering design framework for
Synthetic Biology

(feed-back/ feed-forward biological control networks )
(gene duplication/ multiple regulatory pathways)
(evolutionary robust / multi-functional / compartmental)
(homeostasis)

Hypothesis — Are these also intrinsic features of
complex natural living systems?

A systematic engineering framework for biological systems aims to
test the hypothesis



Can we use Biology to Build new Biology?
Can we learn about biology through
design and construction?

* Biological systems are modular
* Biological function is primarily encoded in DNA
» Large knowledge base of genome sequences

 Large diversity of biological parts (genes/regulatory)

* Increased understanding of molecular / cell biology

* New technologies to synthesize and assemble DNA

However......



Standardising biology poses challenges

* Biology is not fully ‘plug and play .‘;0‘_’
— Context dependency PLU .

&F Ay
— Evolution, adaptation and natural selectiol

— Non-predictive stochastic behaviour
— Self assembly and emergent properties

— Non-linear dynamical processes
— Multi-scale interactions

* Living cells have constrained volumes and high
concentrations of biochemical components



One approach to overcome
biological complexity in
engineering biology is the use
of Systematic Design



What is Systematic Design ?

Systematic design is founded on the following
engineering principles

* Modularisation — interchangeable modules

e Standardisation — standard parts and processes
e Abstraction — reducing complexity

Systematic design aims to achieve
Robustness and Reproducibility

Key requirement is interoperability



A systematic design framework using genetic
parts that encode biological function

Modularity

v

Typical gene transcription module

—=
Devices % : e
—a— Ribosome binding site e

-G~ Protein coding sequence Parts ==
—@— Terminator

@ Transcriptionfactor DNA

Abstraction hierarchy
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ATCGGTCAAGTGCCT



A systematic DESIGN CYCLE for Synthetic Biology
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Can we build new biological systems with
standardised DNA Parts?

—&.—‘H—L—‘l

pTetR  B0034 luxR BOO10  B0012  pLuxR  B0032 gfp 161048
R0040 C0062 R0062 E0040




To enable forward engineering the synthetic
biology field needs to develop standards

The first standard thread Sir Joseph
Whitworth 1841



How do we standardise the
construction of living matter?

Tested B0034 BOO
Insulator Promoter RBS  Termiant

smpte [ ] | |"_DDTT
8bp BBa GFPmut:
Pfeﬁx scar (E004 )

123101 Promoter

Reference [ | |_)=D }TT
Negative control O I 0 }TT

E. coli B. subtilis Bacillus megaterium



Standards development in synthetic biology

e Standard interchangeable biological parts
(P amr— @—
 Physical standards (DNA)
- Assembly standards (may not be needed with increasing DNA synthesis
e Functional standards
- Standard culture conditions (media/temp/volume)
- Standard measurements (e.g. Flow cytometry)
- Standard strains of cell hosts or chassis
 Digital Information standards
-SBOL
-SBML
-DICOM-SB




Different applications

Synthetic Biology
Foundational Technology

Chassis/ Bio- DNA Part/ Genome
Host cell CAD Synthesis Device editing /
Charact. Design And Charact screens

tools Assembly -



Current Synthetic Biology research trends

* Engineering of biological systems
— Refactoring and Redesigning
— Genome editing
— Genome construction
— Automation, standards and tools
— Deskilling and open source

* Creating alternative biological systems
— exobiology/XNA
— Artificial cell and Cell free systems



Synthetic Biology application trends

Synthetic Biology
Foundational Technology

Fine
Foundational Speciality Commodity
tools Chemicals chemicals
Therapeutics Biomaterials
& NovelDrug Bio-manufacturing
Delivery processes
systems

Agri-Science
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Available Bio-Design Tools

Pathway and circuit design

MATLAB: Simbiology http://www.mathworks.co.uk/products/simbiology/

OptCom http://maranas.che.psu.edu/software.htm

Genetic Engineering of Cells (GEC) http://research.microsoft.com/en-us/projects/gec/

Cell designer http://www.celldesigner.org/

ProMoT http://www.mpi-magdeburg.mpg.de/projects/promot/

GenoCAD http://www.genocad.org/

Operon calculator https://salis.psu.edu/software/OperonCalculator EvaluateMode

Biopart design

Rosetta. http://maranas.che.psu.edu/software.htm

Cadnano. http://cadnano.org/

NUPAC http://www.nupack.org/

RNA Designer http://www.rnasoft.ca/cgi-bin/RNAsoft/RNAdesigner/rnadesign.pl
mfold/UNAfold http://mfold.rna.albany.edu/

RBS Calculator https://salis.psu.edu/software

RBS Designer http://rbs.kaist.ac.kr

UTR designer http://sbi.postech.ac.kr/utr_designer

Miscellaneous

R20DNA Designer http://r2odna.com/
SBOL http://www.sbolstandard.org/
SBOLv http://www.sbolstandard.org/visual




Part registries worldwide

CSvnBI

Centtre for Synthetic Biolzy and Inncvaz on

Promoter Database

E‘ Upload Data
’J Search

Feedback

The CSynbi Datsbase team can be
resched st csynbidb@gmsil.com.
We would be grateful to you if you
could report what issues you have
encountered. We are also very
interested in any suggestions you
may have on how to improve the
current version databsse and on
how fo expand its scope in the next
versions.

n Search‘ n Upload ’ n Home

Welcome to the Csynbi Database
(Version beta)

The Csynbi dstabase has been created snd designed so the Synthetic Biology community could
easily store and share the results of characterisation experiments of promoters. Version bets of the
database only deals with constitutive promoters; lster versions will support & wider range of biobricks.

To upload new data, simply select the ‘upload ' opfion, enter the details of the characterisation
experiment and finally uplosd the data. To download dats, select the ‘search’ option, enter the search
criteria and download the datssets of interest.

Navigation 3 >~

Both uplosd and search
functions of the database can
be sccessed at any point by
clicking on the quick
navigstion buttons in the top
panel.

Registry of Standard —
n BiOIOgicaI Parts Go Search

Log in / create account

that they make to grow and improve this community resource.

Help Users & groups

Catalog of parts &
devices

Welcome to the Registry of Standard Biological Parts.

The Registry is a continuously growing collection of genetic parts that can be mixed and matched to build synthetic biology devices and systems. Founded
in 2003 at MIT, the Registry is part of the Synthetic Biology community's efforts to make biology easier to engineer. It provides a resource of available
genetic parts to IGEM teams and academic labs. You can register a new lab here.

The Registry is based on the principle of “get some, give some". Registry users benefit from using the parts and information available from the Registry in designing
their engineered biological systems. In exchange, the expectation is that Registry users will, in tum, contribute back information and data on existing parts and new parts

Registry tools
= Search parts (?)
= Add a part

= Request a part

DNA repositories = Send parts to the Registry
= Sequence analysis

biofab

m about projects services people data software

search

Search this site: Search

ibei

Joint BioEnergy Institute

Search
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Costs of DNA synthesis is driving the field

Cost Per Base of DNA Sequencing and Synthesis
Rob Carlson, October 2012, www.synthesis.cc
1.0E+02
1.0E+01 . Writing genes
Writing short
1.0E400 DNA \ l'
1.0E-01
\
g
S 1.0E-02
(=]
(%)
-  1.0E-03 /
Reading DNA P,
1.0E-04 .
-@- Cost: Sequencing
1.0E-05 - Cost: Short Oligo
Cost: Gene Synthesis
1.0E-06
1988 1993 1998 2003 2008 2013
Years

Cost per base
b Carlson htto: i dest — sequencing ~0.000001 S
Rob Carlson http://www.biodesic.com/ 3 Synthesis ~0.10 — 028$



DNA assembly Standards Tom Ellis, Geoff Baldwin

Interoperability

MODAL — Modular Overlap
Directed Assembly with Linkers

(A. Casini et al NAR 2014a and 2014b)
P | P ]
:*: EN—

BASIC - Biopart Assembly Standard for Idempotent Cloning
M. Storch et al ACS Synbio 4 :791 (2015)

part C part A
P art A S
o P parts ligation
P art B S
E F Long-overhang assembly No PCR!
mml P part C | S|™¥  Robust reactions easy to automate




Constructing Synthetic Yeast: Sc2.0

Design, Synthesise & Assemble a modified version of the
S. cerevisiae genome 12 million bp and 16 chromosomes

Synthetic Yeast 2.0

m S§C2.0  BUILD.-A.GENOME DESIGN SOFTWARE TEAM FAQ SPONSORS

www.syntheticyeast.org
www.syntheticyeastresource.com

Jef Boeke (NY Medical School)



A global synthetic biology project

Edinburgh
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China
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Sc2.0: 16 chromosomes, 12 million bp
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2014 — Completed Syn Chromosome Il

EMBARGOED UNTIL 2:00 PM US ET THURSDAY, 27 MARC

Total Synthesis of a Functional
Designer Eukaryotic Chromosome

Narayana Annaluru,"™ Héloise Muller,"*%** Leslie A. Mitchell,?
Sivaprakash Ramalingam,' Giovanni Stracquadanio,>® Sarah M.
Richardson,’ Jessica S. Dymond,>® Zheng Kuang,? Lisa Z.
Scheifele,>” Eric M. Cooper,? Yizhi Cai,>® Karen Zeller,”> Neta
Agmon,? Jeffrey S. Han,® Michalis Hadjithomas,'® Jennifer
Tullman,® Katrina Caravelli,' Kimberly Cirelli,' Zheyuan Guo,’
Viktoriya London," Apurva Yeluru,' Sindurathy Murugan,®
Karthikeyan Kandavelou,""" Nicolas Agier,'>'? Gilles Fischer,'>"®
Kun Yang,?® J. Andrew Martin,” Murat Bilgel,' Pavio Bohutski,'
Kristin M. Boulier," Brian J. Capaldo,’ Joy Chang," Kristie
Charoen," Woo Jin Choi," Peter Deng,' James E. DiCarlo," Judy
Doong," Jessilyn Dunn," Jason |. Feinberg,' Christopher
Fernandez,' Charlotte E. Floria," David Gladowski," Pasha Hadidi,"
Isabel Ishizuka,' Javaneh Jabbari," Calvin Y. L. Lau," Pablo A. Lee,’
Sean Li," Denise Lin," Matthias E. Linder,' Jonathan Ling," Jaime
Liu," Jonathan Liu," Mariya London,' Henry Ma," Jessica Mao,’
Jessica E. McDade," Alexandra McMillan," Aaron M. Moore," Won
Chan Oh," Yu Ouyang,’ Ruchi Patel,' Marina Paul,' Laura C.
Paulsen,’ Judy Qiu," Alex Rhee," Matthew G. Rubashkin,' Ina Y.
Soh," Nathaniel E. Sotuyo,' Venkatesh Srinivas,’ Allison Suarez,’
Andy Wong,' Remus Wong," Wei Rose Xie," Yijie Xu," Allen T. Yu,"
Romain Koszul,** Joel S. Bader,?® Jef D. Boeke,?'*'*t Srinivasan
Chandrasegaran't
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Automation characterisation platform v1.0

Plate
Reader
Storage Tubes
Tips
Piiettini
: Incubator
Waste
and Tip torage Haated ivte
removal
Sz position Lids
| Sample Outgrowth and - ——
preparation arrangement Culture maintenance, samplingand measurement B bl
i . ' . ¥ L [ \!
Time 2 -1 0 1 4 g
(hours):
Induction Flow Flow
Cytometry Cytometry

C. Hirst, R. Kitney, G. Baldwin



Automation characterisation platform v1.0

Sample Outgrowth and Culture maintenance, sampling and
prep arrangement measurement
Dilution } > Dilution>
Time hours: 0 1 2 3 Q [Sj 6 7
Induction Flow Flow
Cytometry Cytometry

o Cells kept at similar phase of
growth

> Ensure high quality data
o Ensures cells are at an appropriate
population for assay
» Growth and measurement
separated

o Reduces noise in data

C. Hirst, R. Kitney, G. Baldwin o @Greatly reduces evaporation



Anderson 22x promoter characterisation

3 - Plate Reader RPU
M Plate reader 0.01 0.1 1 10
L L 10
H Flow Cytometer
2.5 1 o
Pearson's coefficient o
=0.996 1 =
— 3
2 £
a. 2 8
= o1 O
e ' 3
=3 o
Q ('S
= 15 1
= y = 0.9699x L 0.01
O R? =0.99292 '
—
2
(o] 1 -
£ t =180 min
(o]
—
a.
0.5 -
o +HE BN NN BN NN NN NS BN NN BN SN BN B S BN s e o o o
O VD X A A4 O DD QO @ O & O @O 0V O > VvV oSO AN
TR RTINS D

Promoter

Single cell versus population measurements show high degree of correlation
C. Hirst, R. Kitney, G. Baldwin



Data Sheets for Parts and SynBIS

Bio—Part Data Sheet

Bio—Part Data Sheet Imperial College CSvynBlI
Imperial College CSynBlI London J23100 Bk p s e s
London J 2 3 100 s o B Sohogy nd nraon
== Context Summary Synthesis Rate
Conphitive J23100 Sequence =
Promoter g 37°C E ~ ® 123101 @ J310
0, 28
TTGACGGCTAGCTCAGTCC 33 .
Rich MOPS 2%
TAGGTACAGTGCTAGC @ Rich M¢ i1,
3 .
Lag: 0 mins 5 .

E. coli 37°C 10 0
Unregulated %
i DHI0B g 0, time (minutes)

Rich MOPS Pl5a GFP
Glucose KnR mut3b Data Absorbance

Repeat.
Main Results at 3 hours 9-Aopeats
9 Controls gy L
Microplate Data Flow Cytometry Data N
9 References p o
RPU RPU 2
Froqin 0.89+0.19 Pl 0.88 £ 0.49 [ -
Synthesis Rate 202474 Fluorescence 1140+ 820 == Data Average =
(GFP molecules /(cell * hour)) - B (arbitrary units) ) Envelope o
0 0w o M o W e
Doubling Rat 318 + 140 mins/doubli e s
Growth Data s, s — -I: Standard Deviation time (minutes)
Doubling Rate Change +20.5%
Data Fluorescence
Genetic Context
200414
KnR RFP 8 1 omM
22
o g
— e ~e
& Soee13
plsa Output 7 r’ Unegttated ECol g{-c y time (minutes)
Transcript: 113504 (B0034 Reference) § =700 ‘ mcnmors RN Pics Q =

Main Results

RPU 0.97
Synthesis rate 7060+

r’ 40 Promoters 375 Synthesis rate
q/Chassis. &
~

7600
Y Doubling Rate
‘ 4iMeditm Q Freon 5 Doubling Rate Change

Flow Cytomatry . Plate Reader

Flowers Consortium, §
9-10 May 2013
Imy

London




Automation characterisation platform v2.0 @Imperial College

CDsynBICITE
CyBio

An Analytik Jena Company




Summary

Automation and standardised metrology is
accelerating the application of synthetic biology

Data for part / device characterisation is being
shared openly

New chassis are being constructed e.g. Sc2.0
Standards are being developed and shared
Huge growth and interest by younger researchers

Non-biologists are now doing synthetic biology
e.g. Engineers

Significant growth of community labs worldwide-
see (www.biobuilder.org)



