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1. Introduction 
The  international  Genetically  Engineered  Machine  (iGEM) competition  is  the  largest  synthetic 

biology competition for collegiate students. It aims to combine and create novel biological (genetic) 

parts, which can be incorporated in an organism, thereby equipping it with new functions. This year our  

work  will  be  presented  at  the  Giant  Jamboree  to  the international  scientific  community in Boston  

in  October 2016.  An iGEM project  consists  of  lab  work, modelling,  policy &  practice  and public 

outreach with results being documented on a wiki page. 

This year the team will try to establish lasing in bacteria and will research the possibilities of making 

biological lenses. Imaging of cells is one of the most essential parts of research of biological systems. 

Imaging of cells leads to more insights in cells and cellular systems. Knowing what happens in a cell is of 

essential importance when trying to understand life at the smallest scale or when fighting diseases. 

However, most imaging techniques are fluorescence based and therefore have a too low resolution to 

form a proper image due to limited amount of photons is emitted. Increasing resolution is often 

achieved by using high-tech microscopes, but this is a very expensive solution. We are trying to tackle 

this issue by increasing the resolution of the light emitted by the cell by establishment of lasing in the 

cell. We will achieve lasing by expressing reflective agents such as polysilicate and PHB outside and 

inside the cell, respectively, so the photons emitted by the fluorescent proteins will not escape the cell 

but resonate until they gain a certain energy. This will lead to light with a higher, which will improve the 

resolution of imaging. 

Besides the lasing project, we will also be working on developing a biological microlens that will be able 

to capture more light and act as a biological and environmentally friendly alternative to the currently 

used microlenses. We will make cells express a gene that will make the cells perfectly round and a gene 

expressing a protein that can cover the cell in polysilicate. This will result in a round cell that can act like 

a lens. A possible application of these biolenses is biolens arrays, that can be used in small, lightweight 

cameras, solar panels and 3D screens. 

2. Regulations 
The materials will be handled cautiously wearing appropriate gloves and always working according good 

safety and laboratory practices. ML-1 safety requirements will be followed, and all the team members 

are obliged to follow four mandatory safety tests (Biological safety ML-1, General Safety TNW Zuid, Lab 

safety and basic Laser safety) before entering any lab.  

The project will be done according the iG04-076 permit from the Department of Bionanoscience. 

The work described is according to the Dutch GMO laws, under ‘inschalingsartikel 5.2i inperkingsniveau 

MLI’. For requirements, see appendix 1. 

3. Biological safety 
The aim of the 2016 TU Delft iGEM team is to make cells with an improved light emission, which is 

obtained by an intracellular lasing effect and a cell that can function as a lens, using the microorganism 

Escherichia coli. The E. coli strains used are non-infectious and non-pathogenic and are scaled under 

biosafety level 1, see table below.  
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Host species Strains Biosafety level 

Escherichia coli B BL21 1 

Escherichia coli K12 TOP10 1 

 

All materials will be provided by the department of Bionanoscience. Before working with biological 

material, all students will have taken a Biological safety ML-1 course. Students that have no Life Science 

& Technology background or have no experience in working with microorganisms will be under guidance 

by supervisor Esengül Yildirim for at least four weeks in order to learn good VMT practices.  

The genes would be carried by the standard plasmids according to the iGEM rules (BioBrick Plasmid 

Backbone), and they would be introduced into E. coli via DNA transformation. The table below shows 

all inserts that are going to be used for the project, their native organism and function: 

Insert name Donor organism Biosafety level Function 

GFP mut3B 
 

Derived from Aequorea 
Victoria [1] 

For just 
protein: 1 

Enhanced green fluorescent protein 

mKate 
 

Derived from 
Entacmaea quadricolor 
[2] 

For just 
protein: 1 

Red fluorescent protein 

mVenus 
 

Derived from Aequorea 
Victoria [3] 

For just 
protein: 1 

Yellow fluorescent protein 

mCerulean 
 

Derived from Aequorea 
Victoria [4] 

For just 
protein: 1 

Blue fluorescent protein 

silicaa-g Suberites domuncula [5] For just 
protein: 1 

Silicatein protein, synthesis of 
polysilicate 

Silicatein-alpha Tethya aurantia [6] For just 
protein: 1 

Silicatein protein, synthesis of 
polysilicate 

inaK Pseudomonas syringae 
[7] 

1 Transmembrane domain of ice 
nucleation protein 

OmpA Escherichia coli K12 [8] 1 Transmembrane domain of a 
variety of membrane proteins 

BolA 
 

Escherichia coli K12 [9] 1 Transcriptional regulator in general 
stress response. Changes cell 
morphology to circular. 

SulA Escherichia coli K12 [10] 1 Inhibitor of cell division. Changes 
cell morphology to filamentous 

PHA operon 
(phaC, phaA, 
phaB) 

Ralstonia eutropha [11] 1 Synthesis of intracellular 
polyhydroxyalkanoate (PHA)  

phaP 
 

Ralstonia eutropha [11] 1 Enlargement of PHA granules 

 

The two silicatein genes will be separately fused to the two transmembrane enzymes, in order to express 
membrane-anchored silicatein. The fluorescent proteins will be expressed in combination with either 
the (membrane-anchored) silicatein or the PHB to establish intracellular lasing. The bolA gene will be 
co-expressed with silicatein to make a biological lens. The bolA and sulA genes will be expressed in the 
intracellular lasers to determine the effect of cell shape on lasing. The plasmids used are shown in 
appendix 2. 
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The main experiments that are going to be performed for introducing the new genes, and the assays for 
testing the outcome of the experimentations, are: 

- Transformation 
- Restriction with enzymes 
- Purification of nucleic acids 
- Precipitation of nucleic acids 
- Ligation 
- PCR 
- DNA gels 
- Microscopy (confocal & SEM) 
- Spectroscopy 
- Interferometry 

4. Chemical safety 
Before working with any chemicals, all students will have taken the Lab safety course. This project will 

not make use of dangerous chemical compounds. For genetic engineering we will use standard genetic 

engineering reactants, buffers and media. Furthermore, we will use the following chemicals: 

Chemical  Function Safety and disposal  

Silicic acid hydrate 
 

Substrate for silicatein See appendix 3 

Tetraethyl orthosilicate 
(TEOS) 

Substrate for silicatein See appendix 4 

Rhodamine 123 
 

Visualisation of polysilicate See appendix 5 

Silicate Test (Merck 100857) 
 

Determine enzymatic 
activity silicatein 

See appendix 6 

Ethidium Bromide  Gel staining See appendix 7 

Lithium hexafluorostannate Tin oxide layer around the 
cells 

See appendix 8 

5. Laser safety 
Before working with any setups, all students will have taken the basic laser safety course of the 

Department of Bionanoscience. The lasing experiments will be conducted in a confocal microscope, 

under guidance. If we are going to use more advanced setups, an advanced laser safety test will be 

taken. The experiments involving lasers will be supervised by someone with significant experience with 

lasers.  
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Appendix 1 - inschalingsartikel 5.2i inperkingsniveau MLI 
 

5.2 Activities with a genetically modified micro-organism whose host is listed in List A1 in Appendix 2 

(E.coli die jullie gebruiken staat hierin) and whose vector is either listed in List A2 in Appendix 2 or 

meets certain criteria, as follows: 

i. the size of the vector is known; 

ii. a vector map or description is available, including all the vector’s composite parts and their relative 

positions; 

iii. the functions and origins of the composite parts are known; 

iv. the oris present in the vector are known; 

v. the composite parts are not members of the group of insertions listed in Appendix 2, List A3; 

(vertaling beschrijving; schadelijke genproducten zoals toxines etc.) if they are, then those parts 

should be regarded as donor sequences; 

vi. the vector contains no viral sequences from viruses hosted by higher eukaryotes, which might 

enable the vector to act as a viral vector; if it does, then those sequences should be regarded as donor 

sequences. 

Activities in which characterised donor sequences are used: 

i. The sequence contains no genetic information that codes for a harmful gene product. Classification: 

ML-I. 
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Appendix 2 – Vectors used  
 

GFP insert: 

 

Promoter: BBa_J23100 (combinatorial E. coli B constitutive promoter iGEM) 

Terminator: T1 from E. coli B 

 

 

Promoters: BBa_J23113, BBa_J23117, BBa_J23105, BBa_J23108, BBa_J23100 

(combinatorial E. coli B promoter iGEM of different strengths) 

Terminator: T1 from E. coli B 
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Promoter: BBa_J23100 (combinatorial E. coli B constitutive promoter iGEM) 

Terminator: T1 from E. coli B   

 

Promoter: BBa_J23100 (combinatorial E. coli B constitutive promoter iGEM) 

Terminator: T1 from E. coli B   
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Promoter: BBa_J23100 (combinatorial E. coli B constitutive promoter iGEM) 

Terminator: T1 from E. coli B   

  

 

Promoter: BBa_J23100 (combinatorial E. coli B constitutive promoter iGEM) 

Terminator: T1 from E. coli B   
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Promoter: LacI (E. coli B) 

Terminator: T1 from E. coli B   

 

 

Promoter: LacI (E. coli B) 

Terminator: T1 from E. coli B   
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Promoter: LacI (E. coli B) 

Terminator: T1 from E. coli B   

 

 

Promoter: LacI (E. coli B) 

Terminator: T1 from E. coli B   
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Promoter: LacI (E. coli B) 

Terminator: T1 from E. coli B   
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Appendix 3: Mini MSDS Silicic acid hydrate 
Retrieved from the Chemwatch server 
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Appendix 4: Mini MSDS Tetraethyl orthosilicate 
Retrieved from the Chemwatch server 
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Appendix 5: Mini MSDS Rhodamine 123 
Retrieved from the Chemwatch server 
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Appendix 6: Mini MSDS Silicate test  
Retrieved from the Chemwatch server, test contains Sulphuric acid. 
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Appendix 7: Mini MSDS Ethidium bromide 
Retrieved from Thermo Fisher Scientific 
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Appendix 7: Mini MSDS Lithium hexafluorostannate 
Retrieved from Thermo Fisher Scientific 

 

 

 


