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How?
Lemme 
show ya

Oh nooo, I can’t find a 
perfect object of study... 
Whatever shall I do :(

Just be like me and create a 
new organism with the 
properties you need!

Excuse you, I’m a 
synthetic 
biologist!

Oh, come on! You’re just 
randomly combining a 
bunch of genes...



What is DNA?

DNA and RNA are polymers

А polymer is a long molecule 
made up of many building blocks 
(monomers)

       



DNA is the original blueprint, the plan of the 
factory and documentation for the lorry

mRNA is the copy of the blueprint

rRNA is the factory that produces the goods

tRNA is the lorry carrying the raw materials 
to the factory

A bunch of other RNA's - more paperwork 
used in the workflow

Proteins are the goods the factory produces

         

What is DNA?
DNA

RNA

Protein

transcription reverse 
transcription

translation

Replication



The main features of the 
genetic code
Complementarity
A+T / U  G+C 

Universality
The code is the same for every 
living organism

Triplet nature                                     
Three letters (i.e., a triplet) code for 
1 amino acid

Degeneracy (redundancy)
The same amino acid is coded by 
more than one triplet



What is synthetic biology?



What is synthetic biology?

Synthetic biology

Genetic engineering



What kind of work do synthetic biologists do?

They:
▪ Create “lego bricks” 

(standard parts)

▪ Improve the lego bricks

▪ Use said lego bricks to 
create new organisms

▪ Synthesise genomes from 
scratch

The creation of an organism 
with an artificial genome

The creation of an organism 
with new properties



How and why are genomes created?

The original cell
Genomic DNA Sequencing

Comparison with 
existing databases

Designing an 
artificial 
genome

DNA 
synthesisAssembly in 

yeast cells

Transplantation 
into the recipient 
cell

A synthetic cell Extraction of the 
synthetic genome



PROSPECTS OF 
SYNTHETIC 

BIOLOGY
Bacteriophages 

that combat 
infections

Synthetic 
vaccines

New plant cultures 
and animal species

Drugs and 
diagnostic 

agents 

Biofuels 

Electric bacteria

Viruses for 
cancer therapy



1 Porcine insulin is highly immunogenic for 
humans

A bunch of piglets had to be killed…

The traditional method of obtaining insulin

2

Insulin



What if…?

From 25 litres of an E.Coli culture, you could 
extract the same amount of insulin as from 4 
tonnes of pancreatic tissue?

Human 
insulin



Аnd we can also use plasmids to 
give them the genes we want!

Bacteria are perfect for the 
role of molecular 
“factories”

Bacteria can exchange genes with each 
other with the help of plasmids

A bacterium

Plasmid DNA Circular 
chromosome

Plasmid 
vector

Pancreatic cell

Insulin gene

Transformation

DNA



What is a plasmid?

A plasmid

The target gene
(eg., the gene for 
insulin)

Treatment with 
a restrictase

DNA-ligase 
connects the 

fragments

Ori

An antibiotic resistance gene

Target gene



Transformation

Cold shock

An electric field

Divalent ions

A resource deficit

Bacteriophages

 DNA



Transformation

Bacteria

Heat shock

DNA fragments Some bacteria take up the 
plasmid

Some bacteria 
don’t



Restriction endonucleases

Target gene

Plasmid

EcoR I restrictase (from E.Coli)



Codon optimisation

Transfer RNA structure

It’s different for every triplet. The amount of 
each type of tRNA is not equal. There may 
be a shortage of some types, in which case 
the production of our substance would go 
extremely poorly...(



The genetic code

Universality !

Redundancy!



Viruses as a means of transport



Viruses against cancer

An oncolytic 
virus

A healthy 
cell

The healthy cell is not affected

A tumour 
cell

Replication of 
the virus

The tumour 
cell is 

destroyed

An immune 
cell



Viruses against 
cancer



Obtaining biosteel from the genome of a goat and a spider web protein 
gene

Strong silk

We h
ave

 

much
 more

 

in com
mon 

than you
 

think!

Bulletproof 
vest

Spider geneGoat milk



Antibacterial lysozyme found in goat milk



 Kosher cheese

kOsher!



Bacteria against tooth 
decay and obesity

There are more exotic 
developments, such as harmless 
genetically modified bacteria that 
can protect teeth from cavities by 
eliminating harmful bacteria, or 
prevent people from becoming 
obese. 



“Enviropig”
I can digest 
phytates!



Why did the plants in 
“Avatar” glow?



DNA-
origami



Aequorea victoria 

Fluorescent proteins

https://ru.wikipedia.org/w/index.php?title=Aequorea_victoria&action=edit&redlink=1


Wow, they fluoresce! *_*

                             GloFishDanio rerio

My career in 
science went 
swimmingly



GFP - a “flashlight” 
for researchers! 



Ion channels can help control your memories?

An ion channel is a special 
protein located in the plasma 
membrane that has the function 
of transporting ions into and out 
of the cell.

Nerve impulse 
transmission by 

neurotransmitters

Memory is the strengthening of 
connections between 
neighbouring neurons (a 
population of neurons) to allow 
intercellular currents to circulate. 
As long as the currents are 
active, so is memory.

Remembrance is the process 
of activating a population of 
neurons.



Thank you, Chlamydomonas reinhardtii !

3D model of C. reinhardtii

In 1975, Walter Stockenius and Dieter Osterhelt isolated an unusual 
light-sensitive membrane protein, rhodopsin.

In 2010, Karl Deisseroth published an article about a new method of 
regulating neuronal activity - optogenetics - a method that combines 
genetic engineering and optics.



Time is money, DREADD is chemogenetics
Optical modules have been replaced by more ethical means of regulating the activity of neurons 
i.e., chemicals.

DREADD – Designer Receptors Exclusively 
Activated by Designer Drugs 

Chemogenetics = designer ion channel + designer chemical.



DREADD + (lipids + nanoparticles) = chemomagnetics

Thermosensitive channel + antibody x (lipids + nanoparticles) + 
permanent magnetic field = thermomagnetic genetics

Heat is used to release DREADD (a chemical) by placing 
magnetic nanoparticles in an alternating magnetic field. 
The nanoparticles, together with DREADD, are placed in 
special heat-sensitive lipid vesicles, which are disintegrated 
by the heat emitted by the nanoparticles.

The method was proposed by Munshi in 2017. To carry out 
this method, two genes: a receptor gene and a 
heat-sensitive protein gene, must already be cloned. 
Receptors are activated using heat from nanoparticles, 
which are fixed on the cell membrane using special 
antibodies.



How can I participate ?



How can I participate ?



ВК: https://vk.com/igem_siberia
Инстаграмм: @igem_siberia


