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Course outline to be checked!

Introduction to synthetic biology and the course
Standardization, biobricks and chassis
Artificial genomes: Yeast Sc2.0

Synbio as an enabler of applications in sustainable bioeconomy
Homework presentations

Modelling of metabolism and circuits
Common modelling session

Homework presentations based on articles
Homework presentations based on articles
Homework presentations based on articles
Ethics & safety, IGEM

Exam



Group work - BioBricks

Design a sensor based on standard parts for input and parts for
outputs (+ circuit variations) using the IGEM registry for standard
parts.

Describe the idea of what kind of a sensor you want to build and
why. ldentify the selected parts (IGEM code numbers), how they
work, how you assemble them (assembly standard) and how the
system works in the off/on state. Show the design in the way you
have seen in the course lectures. Give the truth table of your
circuit design.

Send the presentations to merja.penttila@vtt.fi by noon the 24.3.
the latest.

Max 15min for presentation, followed by discussion. Present as a
group. Be clear, speak slowly.
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Group work — Yeast 2.0

Prepare together a 15 min presentation that contains:

A synthetic design of a ~30-50kb region ("megachunk”) of a selected
Saccharomyces cerevisiae chromosome, following the same design and
construction rules as used for creation of Sc2.0 (slides 18, 19).

 Why did you choose this region?

« Tell what is in the selected region (genes, introns etc). What would you include or
omit from the design? (No need to go for a single nucleotide level). lllustrate as in
slide 20.

« Which computer programs would you use/need?

« Brief explanation of the wet lab construction procedure

Answers to the questions:

* Explain the Scramble mechanism

 What is the significance and impact of the yeast 2.0?
 What would you use the yeast for or develop further? How?

You may also point out the possible problems you encounted in your group work.

Send the slides to merja.penttila@vtt.fi by noon the 24.3. the latest.
Present as a group. Speak clearly and slowly.
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Analogy to electric engineering
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Designing cellular functionalities

7. Bacterium
2. Binding
lr - specificity

1. Environmental

Sensors
3. Protein
__ delivery
6. Logic and
communication
5. Protein and

chemical synthesis 4 MOtlllty IMAGE: LIANG ZONG AND YAN LIANG
A Aalto University https://www.youtube.com/watch?v=7ZmGX3zeYal
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Standardization of biology
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GOI= gene of interest

A' Aalto University Confidence, tolerance,....Bioessays 37: 95-102, DOI 10.1002/bies.201400091
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BioBricks E

« Biobrick — a DNA part in a standard format with known
(quantifiable) function

« Form part of the IGEM competition concept

« Cloning principles allow easy and standard methods of use
and sharing of BioBricks

« Documentation is an important part of BioBricks

 Inspires DIY biology, DIY bioengineering

Aalto University Building outside of the box: iGEM and the BioBricks Foundation.
A School of Chemical http://dx.doi.org/10.1038/nbt1209-1099

B Technology



Registry of Standard Biological Parts

a@. tools catalog repository assembly protocols help search E

- Adding Parts to the Registry

L

The Regisiry's Repository contains thousands of documented
parts with available DNA samples. Last year, iGEM teams
submitted samples for over 1900 parts.

’ | Be sure to add your parts and send samples to the Registry so

that they can be made available to the community!

Catalog

The iGEM Registry has over 20,000 documented
parts. The Catalog organizes many of these parts
by part type, chassis, function, and more. Browse
for parts through the Registry Catalog or use the
search menu.

2016 DNA Distribution

The iGEM 2016 DNA Distribution has shipped! The
2017 Distribution will ship to registered teams
before the beginning of summer. You may read
through the 2016 Distribution Handbook to get an
idea of what will be included in the 2017 kit.

Collections (updated!

We've updated the Registry part collections. There
are part collections for reporter proteins, plant
chassis, cellulose-related parts, and more. Users
can discover new parts and collections and build
upon what previous iIGEM teams and labs have
achieved.

Aalto University

A School of Chemical
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Well domesticized chassis

 E. coli, Bacillus subtilis, Pseudomonas
 Plants: http://parts.igem.org/Collections/Plants
* Yeasts: Saccharomyces cerevisiae, Pichia pastoris



http://parts.igem.org/Collections/Plants

Parts

« GOI= gene of interest (to be expressed)
 Promoters

e Terminators

« Plasmid backbones

 Chassis

 Measurement devices

 DNA parts (spacers, primer binding sites, etc..)
* Inverters

« Switches




BioBrick assembly standard RFC[10].
A strategy how to build bigger bricks from smaller parts.
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Biological Building Blocks

—g Promoter, controlling expression of a gene

~— I Repressible promoter, active if repressor absent or inactive, binding

sites for different repressors can be present

o — Gene, can encode signal protein or repressor

Protein, output signal

s Repressor, is a protein that a has binding side within promoter region

+ Chemical inducer, inactivating repressor

Aalto University
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Building in/out put -> circuitries

Biological NOT gate

Repressor

GFP

1 Truth table

O
[ 1
The system H-_P_d:l'l__::_ v

Input s No output

Bacterial gene expression is usually
regulated by repressor proteins that bind to
the promoter and prevent transcription

(in eukaryotes gene regulation occurs
mostly through activators).
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Genel
Product
(Protein)

s ivating

Desired Gene
Product

Gene2
Product

(Protein) AGNANE

Promoter

The logical AND gate. If Signal A AND Signal B are present, then the desired gene product will result. All promoters shown are inducible,
activated by the displayed gene product. Each signal activates expression of a separate gene (shown in light blue). The expressed proteins then
can either form a complete complex that is capable of activating expression of the output (shown), or can act separately to induce expression, such
as separately removing an inhibiting protein and inducing activation of the uninhibited promoter.

Genel
Product
(Protein)

ctivating

Promoter
Desired Gene

Product

Gene2
Product
(Protein)

Activating Activating
Promoter Promoter

The logical OR gate. If Signal A OR Signal B are present, then the desired gene product will result. All promoters shown are inducible. Either signal is capable of
activating the expression of the output gene product, and only the action of a single promoter is required for gene expression. Post-transcriptional regulation
mechanisms can prevent the presence of both inputs producing a compounded high output, such as implementing a low binding affinity ribosome binding site.

Genel
Product
(Protein)

Activating
Promoter

Desired Gene
Product

Gene 2
Product
(Protein)

Repressing
Promoter

The logical Negated AND gate (= NAND gate). If Signal A AND Signal B are present, then the desired gene product will NOT result. All promoters shown are
inducible. The activating promoter for the output gene is constitutive, and thus not shown. The constitutive promoter for the output gene keeps it "on" and is only
deactivated when (similar to the AND gate) a complex as a result of two input signal gene products blocks the expression of the output gene.
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Logic Gates

Genetic circuits can implement logic gates, logic gates can be built using genetic circuits. Logic gates
are circuits in which the relationship between the input and the output is based on a certain logic.

is true when the input is false. A NOT gate is also called an inverter.

_} AND: The output of an AND gate is true when all its inputs are true.

_} NAND: The NAND gate operates as an AND gate followed by a NOT gate

>% NOT: The output of a NOT gate is the inverse (opposite) of its input, so the output

(repression). It acts in the manner of the logical operation "and" followed by
negation. The output is "false" if both inputs are "true." Otherwise, the output is
"true.

OR: The output of an OR gate is true when at least one of its inputs is true.

output is "true" only if both inputs are "false." Otherwise, the output is "false."

D NOR: The NOR gate is a combination of and OR gate followed by an inverter. Its

Note that in biology the system may not be fully on or off (unless you design it to be), and the amount
and binding efficiency of the regulator to the promoter affects the output. This is also a way to finetune
expression.

Aalto University
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Biological OR gate

IPTG Lacl IPTG TC GFP
] GFP 0 0 0
TC TetR ' 0 1 1
>— 1 0 1
1 1 1 TetR and Lacl are
bacterial repressor

proteins that bind
to promoters
preventing
transcription. TC
(tetracycline) and
IPTG are chemical
compounds that
inhibit the action of
the repressors,
respectively. TC
and IPTG are
added to the
bacterial culture
medium to turn on

IJ=> Lacl
expression of the
gene of interest at

Constitutive promoter: T ; ‘ tout will.
“On’” if not repressed. WO promoter systems, same outpu

|J={> TetR

Aalto University — ;
A School of Chemical TC = tetracycline

B Technology



Example of a NAND gate in more detall

Inputs

[IPTG

F’Iac rbsH

Inversion

[Arab.}»@raC

=
Pgap rbs33

IPTG induces the lac promoter through inactivation of the repressor Lacl.
Arabinose activates the inducer AraC that activates the BAD promoter.

When both hrpR and hrpS bind to the hrpL promoter, they cause expression of the
cl repressor of the lam promoter. Green fluorescent protein (GFP) is not produced.

Aalto University
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Logic gates and truth tables

Name NOT AND NAND OR NOR XOR ANOR

Alg. Expr. A AR AR A+ B A+ B AD B AD B

o (8-fhet oT 3¢ LT~ | - | = | - | D

Truth A X B A|X B A |X BE A | X B A _ X B A|X B A|X
Table 0 1 0 o0]0 0 0]1 o 0|0 0o 01 o oo 6 o1
1 0 0O 1]0 ¢ 1 1 0 1 1 o 1 | o 1 1 0 1|0

| 0| 0 1 0 1 1 0 1 1 0 1] | L] 1 | 0 0

1 1 1 1 110 1 1 1 1 1 L 1 1 |10 | 1 1

XOR, as an example:

X gene is not

normally expressed.

A OR B are needed

to express X, thus

they act as activators
individually. But

when both are

A Aalto University present the complex

School of Chemical
B Technology forms a repressor.




Toggle switch, kill switch

Example from: http://2014.igem.org/Team:Wageningen_UR

Banana plant infection by the fungus Fusarium oxysporum is a general concern.
A design concept: an E.coli that would produce various antifungal agents when
fusaric acid, produced by Fusarium, is present

Part:BBa_K1493000 - Fusaric acid induced regulatory promoter

http://parts.igem.org/Part:BBa_K1493000

A School of Chamical Toggle switch, vipukytkin

B Technology



Part:BBa K1493000

Registry of Standard Biological Parts

main page design experience information part tools
_?_ Not Released
Part: BBa_K1 493000 Regulatory Sample It's complicated
Designed by: Jeremy van Baalen Group: iGEM14_Wageningen_UR (2014-10-06) Experience: None
Not Used
Fusaric acid induced regulatory promoter Get This Part

Promoter fusaric acid inducible

Usage and Biology

Afusaric acid efflux pump within Pseudomonas putida is encoded by an operon consisting of four genes. We found that this operon is controlled by a LysR-type
gene (pp1262) which is located upstream of the operon. This gene inhibits the binding of RNA polymerase to the promoter in the intergenic region between pp1262
and the operon. Fusaric acid blocks this inhibition, allowing activity of the operon. (See figure 1) Hence, pp1262 and the intergenic region are isolated and put into
BioBrick form, effectively acting as a Fusaric Acid inducible Promoter (FAIP).

®
.'.'.: <~ Fusaric Acid Fusaric acid blocks the
1 Inhibition -> promoter active

L

PP_1262 PP_1263 g PP_1264 g PP_1265 g PP_1266

Detection Resistance

Figure 1. Fusaric acid efflux pump operon present in the genome of KT2440 Pseudomonas putida.

Aalto University
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The kill switch concept

Killing the antifungal agent producing E.coli when no fusaric acid (no

Fusarium) is present any more
GFP; could be replaced by

Tested with rhamnose that the toxin that kills the cell
induces the promoter

Input/output
plasmid

Toggle switch
plasmid

School of Chemical
B Technology

A Aalto University http://2014.igem.org/Team:Wageningen_UR/project/kill-switch



Toggle switch in TetR — state

(keeping alive, propagation)

Set up the system by IPTG induction
No inducer rhamnose and no inhibitor for TetR (tetracycline or anhydrotetracycline)

School of Chemical
B Technology

A' Aalto University http://2014.igem.org/Team:Wageningen_UR/project/kill-switch



Rhamnose (fusaric acid) present

“Fusaric acid”

Rhamnose
oo

“Toxin”

|

PTet

ﬁF*

School of Chemical
B Technology

A Aalto University http://2014.igem.org/Team:Wageningen_UR/project/kill-switch



Kill switch on

l PTet ,

School of Chemical
B Technology

A' Aalto University http://2014.igem.org/Team:Wageningen_UR/project/kill-switch



Building transcriptional devices

TetR, Lacl and Cl are bacterial/viral repressors. TetR repression is inhibited by
tetracycline or its analog, anhydrotetracycline (ATc). E.coli system.

o.aTC Circuit 1 s aT Circuit 2
0.0 k.
L1 tetr |- _I'_ﬁ_ L [ tetr Iacl eyfp "
Placiq PLeo1 ) Pisciq Pretor Piac /
10°
@ aTc Circuit 3 Eiﬁﬁ: ;‘ —
§ 105} ¢ Circuit 3| Circuit 3
% — i Demonstration
5 1) Clrcuit2 Circuit1 | of standardized
g in/output.
= Modelling of
= tetR Iacl 2 ' 9)”9 = §103 cascades.
acihq HM 01 |.).. MR-O! / =
107 -
10 107 10° 104
alTe (aM)
|

o Ultrasensitivity and noise propagation in a synthetic transcriptional cascade;
A faloyniversy .0 www.pnas.org/cgi/doi/10.1073/pnas.0408507102
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Orthogonal control circuit in yeast
using E.coli parts

Ellis et al. Nat Biotechnol. 2009; 27(5): 465—-471. doi:10.1038/nbt.1536.

d . L7 C Time following induction (h)
FLO1 <AL=
i T
J. Pliot |
= =un =5 I
| Plibt T

T
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e HO7
>, |- TX-L14 . _
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1] g .
73 2 flocculation ' .
o 10 ‘ :
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()}
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Time (h)
Control of yeast sedimentation (flocculation) with anhydrotetracycline (ATc) controllable
expression circuit after product formation to aid product recovery and cell removal



Refactoring operons

Caffeine operon from Pseudomonas to E.coli

Pseudomonas putida CBB5 genome

1 4,000 6,000 8,000 10,000 12,878
@ B8 B orte fan{ namb)3p
orf8 (partial)

Refactor operon

D Promoter

Genes of unknown function

P>

D[) DD Ribosome binding sites

@ m} ATG E.coli lacl
@ Start codons gene has a
GTG start
e (o>
pDCAF2

[ 1 1,000 2,000 3,000 4,000 5,000 5,553]
L i i I L i j

nalto University Caffeine degradation to xanthine, precursor for guanine synthesis.
A_ School of Chemical Decaffeination and Measurement of Caffeine Content by....
ACS Synth. Biol. 2013, 2, 301-307




Robustness of parts

Switching time of toggle switch
Sensitivity of cascade, interactions between parts

(A) Structural interactions

5[ SUTR  [TGenecodingSequence T 3' mRNA

Structural interaction L.{—f
RBS TTranscrlptmn
5'UTR [_Gene coding sequence |— DNA
Transcriptional start RBS
(B)
sulator parts Translation initiation element
5.\' |
([ ncewetngssgmeneEn; 3 mrna

l_f_]

Includes RBSs | Transcription

— = - () R S

TRENDS in Bidlechnology

A Aalto University Modularity, context-dependence

School of Chemical

B Technology Trends in Biotechnology, February 2015, Vol. 33, No. 2



Functionality and context

Measurable output Physico-chemical
AN settings
Host species
Growth
conditions
Cell location =
Genomic
Sequence location
dosage/cell
Short-range

sequence context

' Aalto University Confidence, tolerance,....Bioassays 37: 95-102, DOI 10.1002/bies.201400091
A 2 .
B Tech



http://parts.igem.orq - very useful

BioBricks enable controllability and
modelling of predicted function of
even complex cascades

Problems: Cloning inefficiency,
cloning scars and frame shifts

The cost of gene synthesis goes
down dramatically. Long pieces of
DNA can be designed and
synthetized. Reduces the need to
build modules from BioBricks.

Price Per

The future of BioBricks
(or normal cloning) ?

Cost per Raw Megabase of DNA Sequence

T A
B i N JU

0.001
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

%

synbiobeta

Base of DNA

@ DNA Sequencing

@ Oligo Synthesis

US Dollars

Sequencing

0.1M

and Synthesis

o —tel | L] 1V0a|| || ||
\\ 9% o000 g0
®

= o3
.".' ®Q @ Gene Synthesis

0.01M

0.001M

0.0001M

0.00001M

0.000001M

oM

1995 2000

2005 2010

Data from Rob Carison of Bioeconomy Capital and SynBiobeta.


http://parts.igem.org/

Group work - BioBricks

Design a sensor based on standard parts for input and parts for
outputs (+ circuit variations) using the IGEM registry for standard
parts.

Describe the idea of what kind of a sensor you want to build and
why. ldentify the selected parts (IGEM code numbers), how they
work, how you assemble them (assembly standard) and how the
system works in the off/on state. Show the design in the way you
have seen in the course lectures. Give the truth table of your
circuit design.

Send the presentations to merja.penttila@vtt.fi by noon the 25.3.
the latest.

Max 15min for presentation, followed by discussion. Present as a
group. Be clear, speak slowly.

Aalto University
School of Chemical
B Technology
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