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Introduction 
The International Genetically Engineered Machine (iGEM) competition is a yearly competition in synthetic 

biology for teams of high school, undergraduate and overgraduate students. Participating teams are motivated 

to brainstorm, design and develop a project of their own choice which will be presented at the Giant Jamboree 

in November. This year’s Giant Jamboree will be held begin November.  

 

Founded in 2003, iGEM has grown to a large independent and non-profit organization, monitoring three core 

programs of which the iGEM competition is one. The competition stimulates use of standardized biological parts 

(BioBricks) to construct biological systems in living operating cells. Apart from receiving a set of BioBricks that a 

team can use, teams are also highly stimulated to improve BioBricks or even synthesize BioBricks that can be 

added as registered part to the BioBrick collection. The Registry of Standard Biological Parts is a program 

reinforcing this continuously growing collection of standardized biological parts. This way, the iGEM works as an 

open-source community on expanding the standardized platform of resources in synthetic biology.  

 

The iGEM competition originally evolved from an independent study course at the Massachusetts Institute of 

Technology (MIT), started off with 5 teams in 2004 and has grown to welcome 310 teams from over 40 countries 

in 2017. Over time, the competition has formed a solid framework for the development of a project. Notably, 

projects are not only evaluated on the scientific or biological aspects, but are intensively examined on ethical, 

societal, educational, marketing and safety issues as well. Teams should realize synthetic biology can play a major 

role in solving world problems, but correlates with a lot of other factors that determine whether it will actually 

be feasible.  

 

TU Delft has participated in the iGEM competition since 2008 and has grown to increasing amount of success, 

especially over the past years; in 2015 and 2017, TU Delft managed to win the Grand Prize in the overgraduate 

division. This year’s team is the 11th team that participates in name of the TU Delft. This document aims to provide 

information on our project, in particular how we propose to achieve what we strive for in terms of experimental 

work. 
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Contact Information 

General Information 
Team name TU Delft iGEM Team 2019 

Number of student members 12 

Research Period April – November 2019 

Location Department of Bionanoscience Faculty of Applied Sciences 
Van der Maasweg 9  
2629 HZ Delft, The Netherlands  

Office room number E0.400 

Office phone number +31 (0)15 278 5394  

Laboratory room number E1.310 

Finale MIT, Boston, USA (November 2019)  

 

Students 
For any specific questions or information you can contact the responsible student member, who can be found in 

the table below. For general questions or information regarding safety, please contact Esther Hoogerwerf (Safety 

Officer) via igem@tudelft.nl. 

First Name  Last Name  Mail Manager of  
Hafsa Akaouche hafsa_akaouche@me.com Sponsoring 
Joel Clotet i Peretó jclotetp@gmail.com Communication 
Osman Esen o.esen@student.tudelft.nl Finance 
Sagarika Govindaraju sagarika.govindraj@gmail.com Lab 
Esther Hoogerwerf hoogerwerfesther@gmail.com Collaborations and Safety 
Weronika Hoska van Aken weronikahoskavanaken@gmail.com Data 
Dennis Kenbeek djmkenbeek97@gmail.com Modeling 
Mu-En Lu william60136@gmail.com Human Practices 
Huyen My Nguyen huyen_my_nguyen@hotmail.com  Wiki 
Marco Valentim Becker marcovbecker@gmail.com Science 
Renée van der Winden renee.vd.w@hotmail.com Team 

 

Supervisors 
The contact information of our supervisors can be found in the table below. For questions directed at the 

supervisors please contact them. 

First Name Last Name Mail 
Timon Idema t.idema@tudelft.nl 
Christophe Danelon c.j.a.danelon@tudelft.nl 
David Foschepoth d.j.foschepoth@tudelft.nl 
Zoë Robaey z.h.robaey@tudelft.n 
Elisa Godino e.godino@tudelft.nl 
Charlotte Koster c.c.koster@tudelft.nl 
Britte Bouchaut b.f.h.j.bouchaut@tudelft.nl 
Esengül Yildirim e.yildirim@tudelft.nl 
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Sci-Phi 29: Enabling orthogonal replication and predictable expression 
to expand the repertoire of engineerable bacteria 
 

This year’s iGEM DreamTeam will perform foundational research to create a UNIVERSAL Platform that will help 

us make better use of microorganisms. 

Engineering non-model bacteria is extremely laborious and expensive, which restricts the scope of synthetic 

biology to a small subset of the bacterial cosmos. In our project, we developed a tool that aims to expand the 

repertoire of bacterial species and broaden the range of substrates and environmental conditions which is 

currently used in synthetic biology. 

Sci-Phi 29 is a tool used to express genetic circuits independently of the bacterial host. Orthogonal replication of 

an exogenous DNA molecule is performed by the phi29 bacteriophage DNA replication system based on only 

four proteins. Furthermore, we developed a predictable and transferable expression system across multiple 

bacterial species. Our approach is based on an incoherent feed forward loop that ensures independence to DNA 

copy number and is robust to transcriptional and translational variations Sci-Phi 29 is a versatile platform to 

further explore the bacterial diversity providing new opportunities for the advancement of synthetic biology.  

 

 

Figure 1:  Unlocking the microbial universe with Sci-Phi 29 
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Safety  

General Safety  
The laboratory work of our project is carried out in ML-1 lab workspaces at the Bionanoscience Department of 

the Faculty of Applied Sciences of our university, Delft University of Technology. ML-1 laboratories, comparable 

to BSL-1 workspaces, are considered as the lowest level of microbiology laboratory biosecurity. Only the use of 

non-pathogenic microorganisms is allowed. However, we still have strict rules for ML-1 workspaces. Before we 

were allowed to enter the lab, all team members had to pass the mandatory safety tests to ensure we had 

knowledge of the safety rules and emergency operation procedures. 

 

These safety tests consisted of the following: 

• general building safety (meeting points, emergency numbers, flight plans, etc.) 

• general laboratory safety (chemicals, waste disposal, clothing, safety precautions, etc.) 

• biological safety (ML-1 grade safety, biological waste, safety precautions, etc.) 

• laser safety (general safety precautions) 

 

On top of these tests, we received lab training and instructions on how to work safely in the Bionanoscience 

Department, where to discard different types of waste, and how to minimize contamination risks within and 

outside of the lab. All our research adheres to the biotechnology regulations of biosafety of The Netherlands. 

 

Biological Safety 
The aim of this year’s team is to show orthogonal replication of a linear plasmid in E. coli. Controllable expression 

using the TALE system will be tested in multiple host species. All strains used during this project are non-

infectious and non-pathogenic and are scaled under biosafety level 1, see table below. 

Strains 
Host Species Host Strain  Biosafety Level 

Escherichia coli Top 10 1  
BL21 (DE3) 1 

 BL21 (DE3) pLysS 1 

Vibrio natriegens Vmax 1 

 ATCC14048 1 

Pseudomonas putida MC4-5222 1 

Bacillus subtilis 110NA 1 

 168 1 

 

Plasmids  
Our part collection provides an array of modular cloning (MoClo) compatible parts. That is why we cloned our 

constructs in the MoClo backbones from the MoClo Toolkit  (Weber et al., 2011). These backbones contain 

type-specific overhangs. Furthermore, our constructs for Bacillus subtilis were cloned into the MK969 

backbone. Finally, expression in Vibrio natriegens was achieved by the use of the pET325Cm-YFP plasmid. All 

vectors used are derived from backbones which can be used in ML-1 laboratories in accordance to the 

biotechnology regulations of biosafety for The Netherlands. 

Vector Name Backbone Source 

pICH41233  pUC19-derived  MoClo Toolkit 

pICH41246  pUC19-derived  MoClo Toolkit 

pICH41308  pUC19-derived  MoClo Toolkit 

pICH41276  pUC19-derived  MoClo Toolkit 
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pICH47732  pUC19-derived  MoClo Toolkit 

pICH47742  pUC19-derived  MoClo Toolkit 

pICH47751  pUC19-derived  MoClo Toolkit 

pICH47761  pUC19-derived  MoClo Toolkit 

pICH47802  pUC19-derived  MoClo Toolkit 

pICH47811  pUC19-derived  MoClo Toolkit 

pICH47822  pUC19-derived  MoClo Toolkit 

pAGM8031  pUC19-derived  MoClo Toolkit 

pAGM8055  pUC19-derived  MoClo Toolkit 

pICH50881  pUC19-derived  MoClo Toolkit 

pICH50900  pUC19-derived  MoClo Toolkit 

pICH54022  pUC19-derived  MoClo Toolkit 

MK969   pAK  Addgene 

pET325Cm-YGFP  pET-28 a (+) derived SGI-DNA 

 

Main Experiments 
The main experiments we will be conducting for our project will be the following: 

• Cloning 

• Transformation 

• Restriction with enzymes  

• Ligation 

• PCR 

• PCR Clean-up  

• Plasmid purification 

• DNA purification 

All of the experiments will be conducted in a safe and responsible manner and will be conducted under ML-I 

regulations.  

 

Chemical Safety 
Not only biological safety, but also chemical safety is an important factor to consider. During our project we 

worked with carcinogenic chemicals like SYBR Safe and ethidium bromide. In order to safely work with these 

chemicals, possible risks were evaluated prior to working with them, together with the biosafety officer of the 

Bionanoscience Department. To safely work with these chemicals, appropriate measures were taken. Every 

piece of equipment that comes in touch with these chemicals is located in a contained, marked off area, where 

gloves are used at all times. When excising bands from an agarose gel, under illumination of UV light, 

protective glasses were worn besides the standard safety measures. 

 

Waste Disposal 
To complete the circle of safe laboratory practices, we made sure all biological and chemical components are 

disposed in a responsible and safe manner. These practices apply to make sure that all biological material is 

contained even after experiments are done. Furthermore, chemicals that are used should never be a risk for 

anybody outside of the lab. 

Biological waste 
One of the important aspects of working in an ML-1 lab is the regulation of biological disposal. Genetically 

modified organisms are not allowed to be released outside the lab and have to be handled with responsibility. 

All biological waste has been collected in labelled ML-1 waste bottles which were sterilized by autoclaving. 

Consumables contaminated with biological waste were disposed in ML-1 waste bins which were also sterilized 

by autoclaving. 
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Chemical waste 
The disposal of hazardous chemical waste was carried out according to the protocol of the Bionanoscience 

Department. For example, we separated SYBR Safe (carcinogenic) waste in a special tank, which was collected 

by a team of specialists in disposal of hazardous chemical laboratory waste. Contaminated consumables were 

also disposed in hazardous chemical waste bins.  
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