Synthetic Biology: applications
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DSM Biotechnology Center Delft

« Established in 2009 by merging of R&D Departments of DSM
Food Specialties and DSM Anti-Infectives

« Applying biotechnology in products and processes
« Approx. 500 scientists & technicians located in Delft

« Serves DSM own products in the food, pharma and white
biotechnology.

« Contract development and manufacturing services
(DSM BioSolutions)

DSM - key activity areas

Health

Advanced, cost-effective health and medical
innovations, and healthier food and beverages, to meet
the needs of a growing and ageing global population

Nutrition

World’s leading producer of vitamins and nutritional
ingredients meeting the growing need for more
nutritious and more sustainable food and animal feed

Materials
Enabling lighter, stronger, more advanced and more
sustainable performance materials

DSM’s 22,000 employees deliver annual net sales of about € 9 billion
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DSM biotechnology center, Delft
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Cell as a factory - examples @DSM
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What is it all about with Biotechnology
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Examples of Products
produced by Biotechnology

Metabolites CHE ;-:"*;f? o )
« vitamins, pharmaceuticals, chemicals RS QP \
(e.g. antibiotics, citric acid,

arachidonic acid) = ==R

n
>

Proteins

« Enzymes
(e.g. PreventASe™, Panamore™,
Maxiren™ , Maxilact™,.....

Biomass
« Yeast Extracts, cultures i
e.g.Maxarome™, Delvo-Yog™ - (TR

S. cerevisiae Metabolic Engineering Strategy
Introduction of red. TCA cycle, glyoxylate shunt and export
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( ?E Net stoichiometry combining 2 palhways:\

l 1.4Glc + 1.2C0O2 = 2.4Succ + 2 4ATP
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And many other
modifications mal suc transporter

w Old Is Biotechnology ?
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6,000 BC ‘ )
Brewing Beer (@&

10,000 BC
Domesticat
ing Crops

Domesticating Animals

8,000-9,000 BC 4,000 BC

Leavening Bread

1940’s

1880’s .. ﬁ
‘| Production of Antibiotics

Production of Vaccines

Fupeift 1980’s Use of genetlgﬁlﬂ!}y modified
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regor Johann Mendel

Discovered the Laws
Governing the Genetic
Inheritance of Traits by

Scientific
Experimentation
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Challeng

And what about Biotech apps ?

Impossible
inventions

Just over a century ago, heavier-than-air fight was
'deemed outlandish. The Wright brothers soon proved
that wrong.In fact, history i ittered with ideas that

defied conventional wisdom. New Scientist celebrates
theimpossible technologies in our everyday lives

Smartphones

If you were to build an
iPhone using components
from the mid 1980s...
Battery 5 times as large
Antenna sticking out

GPS receiver hefty
backpack and batteries

Motion sensor was
mechanical

Two film camera’s

Processor match Cray X-MP

How Old is Modern

Biotechnology?
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Modern Biotechnology

* Molecular Biology
- microbiology
- biochemistry
- cell biology

* Molecular Genetics

* Genetic Engineering: Moving a gene
from one organism to another
- chemical engineering
- biomanufacturing
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Slide Drew End
Most projects are Herculean.

2) Jay Keasling's
team spent $25M
to make artemisinin
via biotechnology.

@
1) Malaria is a global problem,
artemisinin offers a cure.

Must we always
3) But
artemisinin spend many years and
resistanceis | $25M for each pressing

| "~ alread . 5
N- occurzing_ biotech project?

32
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Slide Drew End
We need new tools. '

Production of the
antimalarial drug
precursor artemisinic

acid in engineered yeas:
Cohen et al, PNAS, 1973 Lin et al, PNAS, 1985 Ro et al, Nature, 2006

Construction of Cloning and expression
biologically functional of the human
bacterial plasmids in vitro erthropoietin gene

MATERIALS AND METHODS of Expresion Vector for the Epo Gene. For direct
bl expression of the genomic Epo gene, the 4.8-Kilobase (kb)

poncy - Fgr o " BstEll-BamHl fragment of NHE (sce Resiars), which contains
vy icti verting the BS(EIl ste
[Purification and use of EcoRl restriction endonuclease ... [ E T e
: e inserted into the unique BamHl site of the expression vector

PDSVL {unpublished data), which coniains a diydrofolate

bl After converting the BstEll site into an BamHl site ..
=«| the fragment was inserted into the unique BamHI site

X Fabe “gowth in med
e e e e o e syt thymidine, The culture medium used was Dulbecco's modified
rer in Eagle's medp - - - C3
peniilln, «| ... the amplified product was cleaved with Spel and HindlIl...
; Dokl i i

Much of rDNA basics unchanged past 30+ years

Balloon Cell

Linearized Plasmid

Ligate
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Key concepts in Synthetic Biology

» Abstraction, Standardization: allows non-biologists to work
with cells.

» Great example of initiative: parts registry database, iGEM
projects.
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Purchase the full eport >
GENOME SYNTHESIS AND DESIGN FUTURES:
IMPLICATIONS FOR THE U.S. ECONOMY

James Newcomb, Robert Carlson, Steven Aldrich
Blo Economic Research Associates, 2007

SB Technology drivers

Cost Per Base of DNA Sequencing and Synthesis
Rob Carlson, November 2008, www.synthesis.cc
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0010 -—{+costof shortolgo ey
¥ cost of gene synthes's
www.synthesis.cc
1985 1990 1995 2000 2005 2010
'?UDG Years twre 20
]
.
Completed Cell with New Vector!
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Synthetic biology application examples:
iGEM projects

« The availability of the SB technology drives not only academia,
industry, but also education, small enterprises, backyard labs etc.

« iGEM: international Genetically Engineered Machine competition:
Yearly , student competition
students come up with their own ideas, concepts, and realize them
over summer
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It's rotten and you know it!

iGEM Groningen 2012
Renske van Raaphorst

#* No clear definition!
* Smell, taste, color

Smell of meat
incubated at RT over time

% One guideline (EU)

e Amount of bacteria
present in meat

| -
aEg ¥

Time (hours)

Nastiness*

2
o
C 3

“arbitrary scale, 1 = violets & roses, 10 = please kil me now

RESPONSE

Bacillus

subtilis

n Luric fresh or
Broth rotten®

Transcriptome analysig|

0% beot, 70% pork; rottan =tebt at Sridye, 7 dags
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* and the moment that meat
starts to spoil, using

SPOILED MEAT
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difference between rotten
{higher) and fresh (lower)
meat

difference between fresh
meatand blanco (lowest)

Example spectrum of rotten/fresh meat. (CH,Cl,)

RESULTS
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* Nitrate metabolism
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Backbone

oo A

P,
84 D”Iea
~GFe

B

Lycopene ek
aGFP BBa_K592010
aCP

Colorintensity (Abssgs)

A spoiled mea

#freshmeat

nomeat

Abs(395) per ODI600)

From construct to product:

Time (hours)

Reliable

# Safe
e TPX®, FDA approved
e Nanopores (1-10 nm)
' % User friendly
# #* Reliable

\ ). e Timing of bacterial
growth: modeling
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Long Distance Trucking

Combustion

Féx

First sign of color
formation in the
sticker:

PsboA connected to
blue AmilCP pigment.

a n;g it: work on diesel production
; & s RE— —

Diesel Production

Gluten Destruction
iGEM Toolkits

Community Outreach
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Aldehyde
ADC
\ReCarbonyase) 1 Ld 2% Lo, o

‘Schirmer, A., M. A. Rude, et al. "Microbial

Biosynthesis of Alkanes." Science 329.5991
(2010): 559-62.

"rhl';'gl’y.z.ing alkane production with GCMS

J L

Gas Chromatograph

Mass Spectrometer

ADC expressmn alone is not sufficient
‘ for hydrocarbon production
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4 Alkane production

from the PetroBrick
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Even Chain Length Production

Standard Fatty Acid 2 Carbon Starter Unit

(E. coli FabH)
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v" Synthesized FabH2 Gene
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Inducible Vector (aka the FabBrick)
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Take home messages

» SB applications enabled by technology, is the new era, both
in applications, and conceptual thinking.
« It has a quite wide area of application
« Has its origins in different areas
« Molecular Biology, Microbiology, Metabolic Engineering
- Nanotechnology (esp. bottom-up approaches)
- Information technology
« Engineering
 SB is not only for biologists!!
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Context project: programming life

2
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From Synthetic Genome to a Synthetic Cell

RESEARCH ARTICL uly 2010

erude M. mycoides o M. capr
ety e
system ().

Creation of a Bacterial Cell Controlled st
by a Chemically Synthesized Genome = o o e Sep 2011
Bt o i i
geeeeenl LETTER

H. Segall-Shapiro," Christopt
Namllhmﬂ Smith,? ). Craig Venter'

oo i o o) Synthetic chromosome arms function in yeast and

imos i apiclm eeen el vl gepjerate phenotypic diversity by design
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Building virtual whole cells (concept)

B Updts timo &
Sivarabhs

ST Ghromesons Gondorsson 5

Host

Gther

Mass.
Stmulus-
Time.

% 2 NN
Whole cell modeW > ca |
Mycoplasma genitalium

A Whole-Cell Computational Model
Predicts Phenotype from Genotype

5
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Building a whole-cell from scratch

sext

Objective: grow on Substrate available in the environment
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Context project: programming life

« In biotechnology applications typically,
- We manipulate the DNA (genotype),
- We observe the physiological response (phenotype)

genotype phenotype

I I codes for

« Predicting the phenotype from genotype is a great challenge.
- One way to achieve this: whole cell models
(simple, yet comprehensive)
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Building whole cell models

« Basic elements in a cell:
+ DNA,
- Protein, ribosome,
 Metabolism,
- Transporters,
« Cellular infrastructure (e.g. lipids)

3
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Building a whole-cell from scratch

Transporter protein synthesis rate:
kry - DNA

Alternative transporters, have
different capacity, or affinity, defined

tr,in

by kr,. or Ky
sexl

S ext

. — ,max, e —
Vtransportin = V transporter SEXt+KIf/Ir’in

First thing to do: bring the substrate into the cell
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Building a whole-cell from scratch

The synthesis rate of enzyme
responsible for metabolism:
ke, - DNA

sexl

gin

pmetabolism _ pmet .
in met
St K

Then, produce a valuable product, from the substrate, by metabolizing it
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Building a whole-cell from scratch

Lipid synthesis rate:
k,-DNA- P

Protein synthesis rate:

- Pk, DNA-P™

Cell growth rate:
u = S™. Lipid - Protein - Cell

The cell has also invest in it's /nfrastructure, for cell walls, proteins other than metabolism.

5
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Example simulation of a whole
cell, grown on substrate

DNA Protein Lipid Tmsprt
08, 022 0.03 )
06 0.02|
1.005 05 021
0.4 0.01
K 500 04 500 0.20 500 02 500 oﬂ 500
enz 4 1§obsint SubsExt Prodint ProdExt
1 1 1
1
0.5 0.5 01 05|
0.5
% s0 % 50 % E 500 % 500
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Building a whole-cell from scratch

gext

in

transport,out — .
v = transporter
P pin 4 Kout

Then, the product should be transported outside the cell
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list of mathematical expressions for
the whole cell model

dDNA
T = UpNasynth "H " DNA
dlipid v = kpwa - DNA- Prod

=k, DNA-Sipe —pu-L DNAsynt = KpNna
dTransporter Verotsynt = kp 1 DNA - Prod
T krr - DNA* Sine =+ Tr Vi = keranspore - Transporter - 3 :fKM
de; ex
d_tl =ke, DNA—pi-e;—kq-e; VI = kfHnspore * Transporter - Prod
dProtein

— ko Ly Pp—kP ;

T = kp ' DNA— P~ k4P = STK
dSubs; int + Ky
Tm = Vr — Ve; ~ VLipid i = Sy, - Lipid - Protein
dSubs

P supply — v, - Cell
dProd out
at =Ve; — Vier ~ VDNasynt — VProtsynt
dCell . )
P 1(DNA, Lipid, Protein) - Cell
3
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Example simulation of a whole
cell, grown on substrate

What happens,
- if the transporter is under a stronger promoter?
- - we synthetize DNA, expressing a better
transporter?
DNA Protein Lipid Trnsprt
0. 0.2 ey 0.2
06
021 01
il r,c :
s00 %% 500 %% 500 % 500
x 196bsint SubsExt Prodint ProdExt

'FU Delft Challenge the future 72




What do I want?

» Whole-cell simulator:
A software platform where we can simulate a phenotype
response to changes into genotype.

« The software should be
- Able to simulate the physiology over time, optimize for a
selected output.
= Modular, to test a variety of cellular components.
- Scalable, as our knowledge increases more modules would be
incorporated.
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component

library \

virtual cell

/ palette

Substrateext /

[Transporter 1

Substratein

Transporter 1 Product;,
From: extracellular
To: intracellular
ffinity: High
/ M- 1 mM
properties
editor
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