
 

Introduction to Synthetic Biology (10 min) 
- Who are we? 

- Students who are working on a project in Synbio. We are here to spread 
the recognition of Synbio. 

- Definition of Synbio 
- Synthetic biology is adapting natural proteins & circuits to transform an 

organism to suit our needs. 
- Question: Do you know any synbio projects? 
- Key examples in movies 

- Blade Runner, Spider Man, BioHackers, Jurassic Park 
- Key examples in real life 

- Agriculture: Golden Rice, resistant strains etc 
- Medicine: CAR-T cell therapy 

- Why is synthetic biology so important for the future? 
- simplicity of using parts to form new systems 

- Workflow of synthetic biology introduction, from protein to GMO 
- Identify natural function 
- Model 
- Transform -> Kind of what we are doing today 
- Measure, characterize, repeat 



Theory: Plasmids & Restriction Enzymes (10-15min) 
- What are plasmids 

- Plasmids are circular DNA/RNA used by bacteria. In Nature these rings are 
used to do something called horizontal transfer of DNA (or RNA), in which 
the bacteria transfer such plasmids amongst each other, allowing genetic 
exchange without reproduction. 

- Why are plasmids important? 
- Plasmids are relatively simple to produce and we can insert DNA fragments 

we want into them. Then we can insert the plasmid into bacteria, usually 
E.Coli, to replicate the plasmid or to transfer it into our new host organism. 

- This makes them a Vektor, a system to transfer DNA, but there are of 
course other possible vector options, such as CRISPR-cas9 you may have 
heard of. 

- Quick preview: Why do we need to do this experiment for synbio? 
- We can transfer our DNA fragments we have synthesized into a plasmid 

and replicate them there & then transfer the plasmid to our host organism. 
- To insert DNA fragments into plasmids, we use restriction enzymes & sites. 

- What are restriction enzymes & sites? 
- Restriction endonucleases type II are enzymes that cut DNA at a very 

predictable and precise location, without modifying the DNA. They cut at or 
next to a recognition sequence, a known sequence of nucleotides, also 
called a restriction site. (Mention repeats?) They leave very specific DNA 
overhangs where they cut, which we can use to fit our insert perfectly into 
the newly cut site. 

- We synthesize inserts that have the mirror of the overhang, which will 
automatically bind to the correct overhang and seal the plasmid ring again. 

- The plasmid can then be transferred into a host.  
- Today we will be working with ________, which recognizes the following 

sites etc. 
- What we are cutting today is not an empty plasmid however, it is one of our 

own plasmids that we have developed in the lab. We are doing this to 
showcase a second important aspect of restriction digestion: testing your 
plasmids. It is very time consuming to produce plasmids and takes many 
steps until all of our parts are properly inserted. As such it is important to 
check whether your plasmids are correct very often. 

- We are going to be doing this by cutting our plasmid apart and then 
checking how long the cut apart sequences using gel 
electrophoresis. With the length and our theoretical model we can 
determine what the plasmid in front of us looks like and if it looks as 
we expect it to. 

 

Experiment 1: Restriction digestion (20-25min (30-40min) (Pipetting 
Introduction/Exercise and actual Protocol might take longer - I would calculate 30-40min) 

- Printed protocol 
https://benchling.com/fkbutzbach/f/lib_KiJv9m88-protocols/prt_lxhyWKdp-diagnosti
c-restriction-digestion-drd/edit 

https://benchling.com/fkbutzbach/f/lib_KiJv9m88-protocols/prt_lxhyWKdp-diagnostic-restriction-digestion-drd/edit
https://benchling.com/fkbutzbach/f/lib_KiJv9m88-protocols/prt_lxhyWKdp-diagnostic-restriction-digestion-drd/edit


- Mix exact amounts of enzyme, buffer and plasmid with 10 ul pipette into 
eppendorfs 
 

- How to pipette properly: 
1) Use the smallest pipette possible, that can take the entire volume at once. Smaller 

pipettes are more precise but multiple pipetting increases error. 
2) Calibrate the pipette by setting the desired volume in the window (remember to 

account for the pipettes size) 
3) Gently place the pipette into the tip 
4) Push down the button, until it gives a slightly stronger resistance 
5) Hold the pipette completely vertically and dip it into the sample as little as possible 
6) Release the button slowly, while holding the pipette at a 45deg angle and placing 

the tip against the wall of the vessel. Push the button all the way down, until it 
clicks 

7) Dispose of the tip, never pipette anything twice with the same tip, unless you are 
pipetting from the same solution into multiple empty vessels. 

- What are we pipetting together 
- Buffer, restriction enzymes & plasmids 
- Explain contents, why we use different enzymes 
- Quick expected results 
- Maybe calculate the amounts yourself? 

- Actually pipetting 
- Incubate for an hour 

Break 1 (After approx 45 min) 
- Leftover time = question time 
- Restart at about 1 hour 



Theory: Workflow of Synthetic Biology (10-15min) 
- Now we have some more time to talk, I would like to get into the workflow of 

synthetic biology 
- First we need to identify what our goal is. then we need to find systems in 

nature that could be used to fulfill that goal. We then need to find their DNA 
and model their function in silico. We need to design our parts, which 
components come onto which plasmid etc. Only then can we go into the lab 
and do what we are doing today: Preparing to insert into our host organism. 
Setting up the plasmids properly takes a lot of time so it's important to 
check whether the plasmid is properly built, which is the purpose of today's 
experiment. 

- Only then can we insert our plasmids into our host organism. Where they 
will have to be rigorously checked and measured to ascertain that they are 
doing their job properly. And probably go back to the workbench and try 
anew. But in the process you will characterize your parts, your components 
more and more and will be able to design more better versions of your 
system. 

- We've talked about DNA inserts, now I want to show you how they are used 
in synbio: as parts for a modular system. 

- Part examples (examples subject to change) 
- GFP & other Fluorescent proteins 

- Omnipresent also outside of synbio for localization & 
interaction 

- Split proteins for interaction 
- Receptors & immune system 
- Circuits, switches 

Theory: Gel Electrophoresis (5min) 
- How does it work? 

- DNA is negatively charged. This means when it is placed in an electric field 
it gets dragged to the positive pole. But if there is resistance to movement 
then larger fragments will travel more slowly. 

- That is the principle of gel electrophoresis. We create a gel with a mesh like 
structure and place our DNA in it. Then we create an electric field that pulls 
our DNA towards the positive pole. But because of the gels mesh like 
structure the differing size fragments travel at very different speeds. If we 
then compare this to a standard table, we can, approximately, estimate by 
how far our DNA has travelled how large our fragment is. Or at least we 
can see into which order of magnitude and into how many fragments it has 



separated. To better visualize the whole process we add a dye that binds to 
the DNA. 

- How to interpret GE results 
- What does a result look like? Image of bands 

- How can we determine their length -> ladder 
- What are we looking for today? 

- This depends on our restriction enzymes & sites on the plasmid. 
- After the break we will take a look at potential plasmids and how 

they should look if cut by our restriction enzymes. 

Experiment 2: Gel Electrophoresis (20-25min) 
- Printed Protocol 

- Load our mixes into the GE 
- Loading the gels 

- How to pipette properly 
- Dangers of the gel 
- Let the gel travel for an hour 

Break 2 (after 1:45h) 

Theory: Evaluating Gel Electrophoresis (15 min) 
- What do plasmid fragments look like on gel? 

- Circular vs non circular DNA travel distance 
- Sequence length 

- What do correct/incorrectly cut plasmids look like 
- How do I know what size my fragments should be? If we know our 

sequence and our restriction enzymes we can determine what size 
fragments should exist. 

(Theory: Snapgene) 
- Quick look at how to insert a fragment 
- How to predict GE bands 

Practice: Predicting Digestion/Electrophoresis Results 
- Exercise: What would bands of these plasmids with these restriction enzymes look 

like? 3 options that could be what we have today and they have to determine with 
the results of GE which one they have 

Break 3 (After 2:45h) 

Practice: Interpreting GE results (15 min) 
- Exercise: Who has which plasmid? 
- Compare our results to predicted/theoretical results 

Questions? 

Presentation of our project 
- Plant immunity based biosensor 



Discussion 
- What do you think Synbio could be used for? 

Completion 
- Post workshop question related generally to UZH/enrollment etc 

 


