ReadMe ( The Manual starts at page 5)

Aim

Knowledge is one of the most valuable assets of each iGEM team and, thus, the best
possible way to help other iGEM teams. Complementary expertise and newly acquired
information can help all teams improve their own project. Despite the competitive
element of iGEM, the underlying goal is to create something useful and good for
society and therefore, we want to propose this collaborative manual to help each
other future teams create awesome projects.

The aim of this collaborative manual is to provide best practices, guidelines, standards and
useful tips for future and current iGEM team and iGEMers working on biosensors that
detect micro/macro molecules, design detection systems and/or create test kits.

Long story short we want to make a manual that stylistically is a halfway between wikipedia
and wikihow.

e https://en.wikipedia.org/wiki/Spinach aptamer
e https://www.wikihow.com/Balance-a-Centrifuge

Exchanging information in the form of this collaborative manual enables all teams involved to
help shape each other's projects and mutually benefit from the expertise the other teams
have acquired throughout their hard work. Besides the obvious practical benefits, this
mutually beneficial collaboration is also a criteria for the iGEM gold medal.

Your contribution

It is completely up to you what you write but make sure that is relevant or useful for other
iGEMers.Your contribution can be specific to your project but should provide value to all
teams collaborating on the manual in the context of ‘biosensors’. To avoid redundancies and
repetitions, please have a brief read of the other team’s contributions (at least the title) in the
section you want to contribute to.

Please note you do not have to add an additional topic. If you feel you can provide additional
information to a topic covered by another team, go ahead. Just make sure to link it logically
to the previous contribution. Otherwise just add a new topic with a new headline.

Also, please just make sure the format is consistent with previous contributions (fond, style,
size etc.)

Suggestions
e We encourage to use step by step examples or case studies
e We encourage you to use a writing style that is easy understandable to a wider public
e We encourage to share first-hand experience about issues you faced during the
project
We encourage you to use simple images and diagrams
We encourage you to use your own words avoiding copy-pasting works of others.


https://en.wikipedia.org/wiki/Spinach_aptamer
https://www.wikihow.com/Balance-a-Centrifuge

e Most of the content should be tailored for projects that apply detection/sensing.

Rules

This is a collaborative endeavour please respect the work of others.
Don’t delete or change the work of others without their consent.
Don't use content that is not yours without citing the author.

Don’t put sensitive data e.g. ( your name, your address etc.)

Additional

Edinburgh's iGEM team does not take responsibility for the content or data published by you
and by others in this document.

Your participation is voluntary and you are aware that the document is accessible to the
public.

The Edinburgh’s team will host a regular Zoom meeting each Saturday (1PM 13:00 UTC+1
hour) to get to know each other, organise the work and answer questions.
https://ed-ac-uk.zoom.us/j/2979483604 Meeting ID: 297 948 3604 Passcode: Collab2020

Copies of the documents will be periodically saved as back-ups.
For any enquiries or request email: edigem2020@gmail.com

How to contribute:

1 = Choose a colour that will represent your university.
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2 = Write the colour alongside the name of the colour of your institution in this table

Check if someone already took the colour you selected*®



University of Edinburgh Cornflower blue
Uppsala University Light green 1
Luiss Dark magenta 2
University of newcastle Hot pink
University of Tuebingen Yellow

From now on, you will highlight what you write with the colour that
reflect your institution

3. Choose/find a theme or thematic area e.g Human practices — Environmental

At the end of this tutorial check the list of themes.
If the list doesn't satisfy you, feel free to improve it.




Lab work:

---How to organise lab work

Modelling

&uman practices>

---- Best practices for data collection

Safe
<Environmental >
---- How to make a life cycle analysis of your biosensor

Inclusiveness
Regulations and laws
---- How to apply for a patent
---- FDA guidance on false-positive or false-negative result

Business

4,

Users

Markets

Economics

Funding

-- How to raise money for your project

Create a title for your contribution and insert in the list

Human practices

Ethical

---- Best practices for data collection
Safety
Enviranmental

--—IHow to make a life cycle analysis of your biosensor I

Inclus
Regulations and laws

---- How to apply for a patent

---- FDA guidance on false-positive or false-negative result

Highlight the text and put the name of the institution

Human practices

Ethical

- Best practices for data collection
Safety
Environmental



6. Go to the last page of this document and start writing your contribution

The title of each section/contribution is 14 points and bold
Please when possible put sources and external hyperlinks

Mehmet Al llgin, Surendra M. Gupta, Environmentally conscious manufacturing and product recovery (ECMPRO): A review of
the state of the art, Journal of Environmental Management, Volume 91, 1ssue 3, 2010,

Collaborative Manual Index

List of topics and themes (feel free to improve the list)

A) Lab work:

A1) Organisation and planning
A2) Social distancing on the bench
-Implementation of safety rules in the lab and adjacent facilities(UoU)



A3) Challenges
A4) Testing

B) Modelling & Design
B1) Input
B2) Processing

--- Determining the structure of peptide-based biosensors (University of
Tuebingen)
B3) Output

--- good alternatives to fluorescent signals (UoE)
--- how to make your detection quantitative or qualitative (UoE)
B4) Programming

--- list of good programming languages for synthetic biology
--- How to make an ODE model of your biosensor
--- generic example code for modelling

C) Human practices
C1) Applications

- Generic Targets for Biosensors (UoE)
--- User-led approach on biosensors (UoE)
C3) Ethical
---- Best practices for data collection

C3) Generic Uncategorised content

~ Macro analysis for your projects using PESTEL (UoE)
- - Micro analysis of your projects using Porter’s competitive forces (UoE)
C4) Safety

C5) Environmental

---- How to make a life cycle analysis of your biosensor

C6) Inclusiveness



--- How to make your biosensor inclusive to visual impaired people
(University of Edinburgh)

C7) Regulations and laws
---- How to apply for a patent

---- FDA guidance on false-positive or false-negative results

D) Business & Economics

D1) Users
D2) Markets
D3) Funding
-~ How to raise money for your project
D4) Equipment
-- Useful websites for purchasing equipment
D5) Entrepreneurship
-- How to make a business plan

E) Extra

-- How to make an impactful presentation
-- How to make a successful 5 minute/elevator pitch (UoU)



A)

A1) Organisation and Planning

Conducting a long-term scientific project like iGEM requires a high level of
organization, flexibility and tolerance for frustration. Due to specific local and
personal circumstances, each project faces different challenges during their work.
Nevertheless, there are a few ground rules and advice that can make the work easier
and the iIGEM experience even more enjoyable.

1)

2)

3)

4)

5)

6)

7)

Stick to your meeting schedule. Even if there are not a lot of things to discuss
sometimes, it is important to make your group meetings a habit. A weekly
meeting for the whole team is a solid start.

Divide meetings into subgroups if necessary. Some intense, detailed
discussions will always be necessary: but not always for the whole team.
Additional weekly/monthly/... meetings for subgroups like Wetlab, Drylab or
Finance can be very useful and time-saving.

Make sure the team members and the team are reachable. Regularly check
your team’s mail or social media accounts so that you are always up to date.
Make meetings fun! Include memes or funny pictures of your current
difficulties into meeting presentations, and try to meet in person in less formal
environments. This serves as teambuilding and will be very beneficial for your
work as a group!

Regularly check the iGEM Homepage for updates, releases and helpful
information.

Plan ahead. This might sound trivial but is EXTREMELY important! This
concerns all areas of your project. Some helpful questions might be:

-  What machines/equipment do we need? Does the laboratory contain
them? Can we lend them from somewhere? Where can we order them?

-  When do we want to have finished step x of the project?

-  Who are possible sponsors and how can we contact them? Until when
will we need to have money acquired?

- How long will delivery take if we order something?

-  How much time do we want to spend on the wiki and uploading results?
When should we stop lab work in order to properly analyze and present
our data?

Think of Plan B and C. In every project, there will be predictable and
unpredictable obstacles, and you should be prepared for these scenarios as
much as you can. Some helpful questions might be:

-  What can we do if step x in our experiments does not work?



9)

-  What if step x takes longer than we thought?
-  Who can take over task x if the primarily responsible person becomes
unavailable?

Make a finance plan and keep updating it. You should always be aware of your
current budget and what you are going to spend it on.
Stay in touch with the world! By being active on social media, you can get the
attention of other teams for possible collaborations, sponsors, new team
members or others who could contribute to your success!

10) Reach out for help and expertise! There are many ways to get assistance or

guidance for your work both within the iGEM community as well as locally.
Don’t be afraid to approach experts, scientific groups or students, most of
them will be happy to help.

A2) Social distancing in the bench

Safety rules for laboratory work have been actively enforced and implemented since the
decade of 1990 (1). Nevertheless this year, as in many other spaces, social distancing took
a more relevant position in order to prevent outbreaks of COVID-19 disease in the working

place.

One of the main aspects of social distancing is “Physical distancing”, which according to the
World Health Organization means ‘being physically apart”. They recommend at least 1
meter between people (2).

Measures to be taken:

A3)

Limit the maximum amount of people that can be in the same room (lab, culture/cold
rooms, lunch room etc) according to the surface available. Remove chairs to enforce
the rule compliance

Follow GLP rules.

Install physical dividers between workplaces, if possible transparent to ease
communication. Typically 1 or 2 per bench depending on laboratory dimensions.
Wear a mask (1). Nevertheless this point might vary depending on the
national/regional regulations of your emplacement.

https://www.fishersci.com/us/en/scientific-products/publications/lab-reporter/2018/iss

ue-3/evolution-of-laboratory-safety-a-cautionary-tale.html. 30/09/2020 19.13

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/question-and-ans

wers-hub/q-a-detail/q-a-coronaviruses. 30/09/2020 19.18

challenges


https://www.fishersci.com/us/en/scientific-products/publications/lab-reporter/2018/issue-3/evolution-of-laboratory-safety-a-cautionary-tale.html
https://www.fishersci.com/us/en/scientific-products/publications/lab-reporter/2018/issue-3/evolution-of-laboratory-safety-a-cautionary-tale.html
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/question-and-answers-hub/q-a-detail/q-a-coronaviruses
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/question-and-answers-hub/q-a-detail/q-a-coronaviruses
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“Regulatory and Validation Issues for Biosensors and Related Bioanalytical
Technologies “ Nikolay V. Sergeev, 1 Keith E. Herold2 and Avraham Rasooly1,3
B)

B2) Processing

Determining the structure of peptide-based biosensors (University
of Tuebingen)

When experimenting with biosensors, their three dimensional structure is not
necessarily known. Especially when we modify the sensors, for example to improve
its binding strength, binding specificity or capacity, the structure can change as well,
either willingly or not. Knowing about the structure can be important to characterize
different parts of the biosensor or to determine whether there is an intact binding site.
We can also base modification on the knowledge about structure, respectively the
knowledge about which parts are in proximity and thus probably interact.

For peptide-based biosensors with known sequence, the structure can be
determined via homology modelling, if there are (enough) known homologous with a
similar sequence. These methods compare the biosensor sequence against a
database of protein sequences with known structure. The structures of close
matches can be used as templates. Threading is often used to find template
structures in a parallelized and fast way.

If there only exists little or no knowledge about homologous proteins, ab-initio
modelling might be necessary. In this case, a free energy minimization is performed
while iterating over different possible structures for smaller parts of the sequence. (1)

Many tools for protein structure prediction use a combination of these methods.
Examples for often used tools are SWISS-MODEL (2), RaptorX (3) and I-TASSER

(4).

In any case, the stability of the structure needs to be tested in a molecular dynamics
simulation. The structure is invalid if it bursts during a simulation of at least 50 ns.
The choice of appropriate parameters and especially the force field is important at
this point and can influence the result strongly. Looking for experience of
researchers with a similar modelling problem is helpful.

If this first test is positive, molecular dynamics simulation can be used for further
analysis of the biosensor, for instance to determine exact binding constants or for
flux analyses.



An often used tool for molecular dynamics simulation is GROMACS (5).

Sources:

1)

2)

3)

4)

5)

https://bioinformaticsreview.com/20171210/ab-initio-prediction-of-protein-struc
ture-an-introduction/

Waterhouse, A., Bertoni, M., Bienert, S., Studer, G., Tauriello, G., Gumienny,
R., Heer, F.T., de Beer, T.A.P., Rempfer, C., Bordoli, L., Lepore, R,
Schwede, T. SWISS-MODEL: homology modelling of protein structures and
complexes. Nucleic Acids Res. 46(W1), W296-W303 (2018). UM
https://swissmodel.expasy.org/

Morten Kallberg, Haipeng Wang, Sheng Wang, Jian Peng, Zhiyong Wang,
Hui Lu & Jinbo Xu. Template-based protein structure modeling using the
RaptorX web server. Nature Protocols 7, 1511-1522, 2012.
http://raptorx.uchicago.edu/

A Roy, A Kucukural, Y Zhang. I-TASSER: a unified platform for automated
protein structure and function prediction. Nature Protocols, 5: 725-738 (2010).
https://zhanglab.ccmb.med.umich.edu/I-TASSER/

Abraham, Mark James, et al. "GROMACS: High performance molecular
simulations through multi-level parallelism from laptops to supercomputers."
SoftwareX 1 (2015): 19-25.

http://www.gromacs.org/

B3) Output



https://bioinformaticsreview.com/20171210/ab-initio-prediction-of-protein-structure-an-introduction/
https://bioinformaticsreview.com/20171210/ab-initio-prediction-of-protein-structure-an-introduction/
https://www.ncbi.nlm.nih.gov/pubmed/29788355
https://www.ncbi.nlm.nih.gov/pubmed/29788355
https://swissmodel.expasy.org/
http://raptorx.uchicago.edu/
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
http://www.gromacs.org/
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C1) Application



TARGET: DISEASES

HUMAN (122200 ANIMAL PLANT

THR = I



https://health.ri.gov/diseases/infectious/

Top 10 global causes of deaths, 2016

Deaths (millions)
o 2 4 6 8 10

Ischaemic heart disease

Stroke

Chronic obstructive pulmonary disease
Lower respiratory infections,

Alzheimer disease and other dementias

Cause Group
Trachea, bronchus, lung cancers

- Communicable, matemal, neonatal

Diabetes mellitus and nutriticnal conditions.

Road injury B Noncommunicable disemses

I injuries

Diarrhoeal diseases
Tuberculosis

Source: Giobal Hesith Extimares 2016: Desths by Cause, Age, Sax, by Cauntry and by Region, 2000-2016. Genevs, Warid Heatth Organiaztion; 2018,

Top 10 global causes of deaths, 2000

Deaths (millions)
o 2 4 3 8

Ischaemic heart disease

Stroke

Lower respiratory infections

Chronic obstructive pulmonary disease
Diarrhoeal diseases

Cause Group

Tuberculosis

HIV/AIDS g Cemmenicatis, ma=mal, neansl

and nutritional conditions.

Preterm birth complications - = —
loncommunicable diseases

B injuries

Trachea, bronchus, lung cancers
Road injury

Source: Global Heaith Estimates 2016: Desths by Cause, Age, Sex, by Country and by Region, 2000-2046. Genevs, Workd Hesith Drgantzation; 2048


https://www.who.int/genomics/public/geneticdiseases/en/index2.html
https://en.wikipedia.org/wiki/EPA_list_of_extremely_hazardous_substances

TARGET: HAZARD CHEMICALS AND POLLUTANTS
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TARGET: INDUSTRIAL/SCIENTIFIC APPLICATIONS

ELECTROMAGNETIC TEMPERATURE

Ne § 7

PRECIOUS/ NOT PRECIOUS METALS




WHAT DATA IS USEFUL, ESSENTIAL FOR THE USER?
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WHY AN “USER” SHOULD USE OUR BIOSENSOR?
FASTER? CHEAPER? EFFICIENT? SAFER?

DO MULTIPLE THINGS AT ONCE?

IS BETTER? HOW MUCH BETTER? (E.G. TWO TIMES FASTER)

TECHNICALLY BETTER # SUCCESSFUL

I
I\/\ac vs PC



https://context.reverso.net/translation/english-italian/A+man+forewarned+is

DO NOT REPEAT MISTAKES:
PUBLIC PERCEPTION AND STAKEHOLDER ENGAGEMENT

C3) Generic Uncategorised content



https://en.wikipedia.org/wiki/PEST_analysis
https://en.wikipedia.org/wiki/Demographic

TO CONTINUE
ECONOMIC FACTORS
INTERNATIONAL POLITICAL & LEGAL
FACTORS FACTORS
Policies & Regulations
NATURAL
FACTORS SOCIO-CULTURAL

FACTORS

TECHNOLOGY &
SCIENTIFIC DISCOVERY _

C4) Safety







C5) Environmental

https://www.apsnet.org/edcenter/disimpactmngmnt/topc/Pages/PlantDisease

Management.aspx

EXCLUSION

ERADICATION

PROTECTION




RESISTANCE

INTEGRATED DISEASE MANAGEMENT




C7) Regulations and Laws

Check Health and Safety at Work etc. Act 1974

Check Control of
Substances Hazardous to Health Regulations 2002
(S12002/2677).

Check SC website http://www.rsc.org/learn-
chemistry/collections/health-and-safety

Check “Safe Practices in Chemical Laboratories” and
“Hazards in the Chemical Laboratory”, 1992,
produced by the Royal Society of Chemistry

Check “Guidelines for Microbiological Safety”, 1986,
Portland Press, Colchester, produced by Member
Societies of the Microbiological Consultative
Committee




Check: “Safety Precautions, Notes for
Guidance” produced by the Public Health Laboratory
Service

Check “Good
Laboratory Practice” produced by the Department of
Health.

Check EN
ISO/IEC 17025 (2005).

Check European Union (EU) Commission Directive
2015/1787

Check ISO 11352 (2012) Water Quality: Estimation of
Measurement

Check Water Framework Directive
(WFD)

Check Drinking Water Directive (DWD)
Check analytical quality control (AQC)
Check ISO 17025

Check NS30
(Cheeseman and Wilson, 1989)

Check proficiency testing (PT) schemes

Check NS30 (Cheeseman and & Wilson,
1989),

Check Eurachem/CITAC Guide (Ellison and Williams,
2012)

Check International Union of Pure and Applied

Chemistry (IUPAC)




D) Business and economics
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