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leergang levenswetenschappen

Celbiologie (introductiecursus, najaar 2025)
=> Hoe werkt leven?

Biotechnologie (voorjaar 2026)
=> Het manipuleren van leven

Afweer (najaar 2026)
=> hoe blijven we in leven

Ontwikkelingen (voorjaar 2027)
Alles wat relevant is voor de levenswetenschappen

=> Wat is leven?



Vervolgcursus

DNA/RNA-technologie
Afweersysteem
Stamcellen
Cybernetica

Synthetic biology

Biotechnologie.

=> Gentherapie/mRNA therapie

=> Immunotherapie

=> Stamceltherapie

=> Verbeteren (integratie technologie en biologie)

=> Wat is leven?




Introductie: Dr. Ruud Licht

* Medisch-Bioloog (Universiteit van Amsterdam)

* Doctor in de Celbiologie (Radboud Universiteit Nijmegen)

« Meer dan 20 jaar onderzoek gedaan, bij verschillende universitaire centra
« Waaronder UMC Utrecht

— Stamcellen en gen-techniek (Biotechnologie)

= Vaccins, auto-immuniteit (Immunologie)

* Nu >10 jaar HOVO-docent (Brabant / Utrecht) NMC -
— Laborant Covid / Long Covid Biobank (NMCB) N -

= mantelzorger



http://en.wikipedia.org/wiki/File:GFP_Mice_01.jpg

https://sciencelight.nl/

Celbiologie  Biotechnologie  Afweer  Ontwikkelingen  Video's  Lichtpuntjes  English

Science Light

Wetenschap, eenvoudig uitgelegd door Dr. R. Licht

HOI’ BERICHTEN

« Hoi,
Ik ben Dr. Ruud Licht, HOVO-docent me

Klik op een menu hier boven voor links naar dia’s van de praatjes voor het
HOVO, en nog wat extra zaken.
’ © REACTIES

U kunt mij ook een berichtje te sturen (hiernaast). + Cees Onderwater, Dordrecht op Hoi,
« Wim Idin oi



https://sciencelight.nl/

Boek Celbio/Biotech

@

Molecular &
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H.7 Informatie
H.11 Energie
H.6 Biochemie

H.9 Communicatie

H.20 Genome editing

(DNA/RNA)
(mitochondrién, quantumbiologie)
(atomen, lading, eiwitten, medicijnen)

(samenwerking, ziekte)



Vervolgcursus

DNA/RNA-technologie
Afweersysteem
Stamcellen
Cybernetica

Synthetic biology

Biotechnologie.

=> gentherapie/mRNA therapie

=> Immunotherapie

=> stamceltherapie

=> verbeteren (integratie technologie en biologie)

=> wat is leven?




De celkern, met daarin DNA

Nuclear envelope
Leven bestaat

uit cellen

Chromatin /I/ ( / . 3 % Pem
i — g‘ \\ ® Nucleus https://youtu.
/ 5= U\ wy A be/SEejivHRIbE

Een (eukaryote) cel met

nuclear pore
chromatin (DNA) nucleus
nucleolus
nuclear envelope

flagellum centriole

intermediate
filaments

rough endoplasmic
reticulum
ribasome i - . mglr:f}rl!‘a‘:\e

lysosome

microtubules /¢
smooth
endoplasmic
reticulum

free ribosome



https://youtu.be/SEejivHRIbE
https://youtu.be/SEejivHRIbE

Gen => RNA => Eiwit

Enhancers
Promoter

Gen

l :Transc ription
Introns

pre-mRNA Exon ~ Exon °  Exon " Exon' Exon RNA
l|5p|icing

Open reading
5' UTR frame 3' UTR

Een gen produceert 2-30 mRNAs/uur l|TransIatinn'

protein w =W

Watson, Crick, Franklin, Wilkins. Central dogma of molecular biology



Gen => RNA => Eiwit
filmpjes, biologische nanotech

https://www.youtube.com/watch?v=nHM4UUVHPQM
https://www.youtube.com/watch?v=gG7uCskUOrA

IKEA vergelijking:
DNA is de gebruiksaanwijzing (informatie),
Eiwitten vormen de kast (deze bouwen iets)



https://www.youtube.com/watch?v=erOP76_qLWA
https://www.youtube.com/watch?v=gG7uCskUOrA

DNA/RNA, de taal (informatie) van het leven

DNA
Erfelijke eigenschappen —
Toepassingen: ‘ - ‘
- Gentherapie — S —
- Synthetische biologie

/ 2 ¥ o®

< = 3
A = A

RNA a®
Belangrijk regelsysteem —— “Q
Epigenetica — —
Toepassingen: ' ; : '
- RNAI - :

- Stamcellen (iPS)
- mMRNA vaccins



DNA is een code = informatie
=> biologie wordt informatie technologie

 A/T/C/G DNA

e 20 aminozuren eiwit

* 26 letters Nederlands
 0/1 binair (computer)

=> uitwisselbaar!




Biologie wordt informatietechnologie !

TEDxCaltech - J. Craig Venter - Future Biology » S "
CONVERTING THE ANALOG ynthia
GENETIC CODE INTO DIGITAL CODE Ett053//V0UtU-

e/Hdgfzdlg
UHw

P> » o) 0:58/16:15 -


https://youtu.be/HdgfzdlgUHw
https://youtu.be/HdgfzdlgUHw
https://youtu.be/HdgfzdlgUHw

Vis Vitalis

* Vitalism is an idea that living organisms are differentiated from the non-
living by the presence of forces, properties or powers including those which
may not be physical or chemical. Varied forms of vitalist theories were held
in former times and they are now
considered pseudoscientific concepts.l1lal Where vitalism explicitly invokes
a vital principle, that element is often referred to as the "vital spark",
"energy", "élan vital" (coined by vitalist Henri Bergson), "vital force", or "vis
vitalis", which some equate with the soul. In the 18th and 19th centuries,
vitalism was discussed among biologists, between those belonging to
the mechanistic school who felt that the known mechanics of physics would
eventually explain the difference between life and non-life and vitalists who
argued that the processes of life could not be reduced to a mechanistic
process. Vitalist biologists such as Johannes
Reinke proposed testable hypotheses meant to show inadequacies with
mechanistic explanations, but their experiments failed to provide support
for vitalism. Biologists now consider vitalism in this sense to have been
refuted by empirical evidence, and hence regard it either as a superseded
scientific theory,!®l or as a pseudoscience since the mid-20th century

Vitalism


https://en.wikipedia.org/wiki/Pseudoscientific
https://en.wikipedia.org/wiki/Vitalism#cite_note-Bechtel-1
https://en.wikipedia.org/wiki/Vitalism#cite_note-4
https://en.wikipedia.org/wiki/%C3%89lan_vital
https://en.wikipedia.org/wiki/Henri_Bergson
https://en.wikipedia.org/wiki/Soul_(spirit)
https://en.wikipedia.org/wiki/Alternatives_to_evolution_by_natural_selection
https://en.wikipedia.org/wiki/Mechanism_(philosophy)
https://en.wikipedia.org/wiki/Johannes_Reinke
https://en.wikipedia.org/wiki/Johannes_Reinke
https://en.wikipedia.org/wiki/Testable
https://en.wikipedia.org/wiki/Hypotheses
https://en.wikipedia.org/wiki/Scientific_evidence
https://en.wikipedia.org/wiki/Superseded_scientific_theories
https://en.wikipedia.org/wiki/Superseded_scientific_theories
https://en.wikipedia.org/wiki/Vitalism#cite_note-Williams2003-5
https://en.wikipedia.org/wiki/Vitalism
https://en.wikipedia.org/wiki/Vitalism
https://en.wikipedia.org/wiki/Vitalism

Leven is..

* Een informatie systeem

=> Manipuleerbaar met informatietechnologie (IT)

NB wordt lang lijstje..



Information

* https://youtu.be/ryOpnel0ci0

e https://youtu.be/1afrzErFy k
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what | realized was to measure information you simple symbols can be used
have to look at it without regard to meaning to describe anything in the —
> Pl @ 02/217 a0 @ & (= L > Pl O 1620/5:8 o B & & O I3

Claude Shannon (information theory, inventor of the bit)


https://youtu.be/ryOpnel0ci0
https://youtu.be/ryOpnel0ci0
https://youtu.be/1afrzErFy_k
https://youtu.be/1afrzErFy_k

Alphafold
Kunstmatige intelligentie

* Nobel 2025

* the number of ways a protein could theoretically fold before settling into its final 3D structure is
astronomical. In 1969 Cyrus Levinthal noted that it would take longer than the age of the known universe to
enumerate all possible configurations of a typical protein by brute force calculation — Levinthal
estimated 107300 possible conformations for a typical protein. Yet in nature, proteins fold spontaneously,
some within milliseconds — a dichotomy sometimes referred to as Levinthal’s paradox

-//deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biolo
https://youtu.be/P fHIJIYENdI



https://web.archive.org/web/20110523080407/http:/www-miller.ch.cam.ac.uk/levinthal/levinthal.html
https://en.wikipedia.org/wiki/Levinthal%27s_paradox
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
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https://youtu.be/P_fHJIYENdI

Gen => RNA => Eiwit
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Watson, Crick, Franklin, Wilkins. Central dogma of molecular biology



Eiwitten in de celkern C%,,',,;"it("/"liiv

: i Nucleosomes —
=> DNA machinerie
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=> VVouwen, kopieren, knippen, plakken



Biotechnologie: Enzymen opzuiveren
=> (Gebruiken voor gentechnologie.

DNA (Taq) polymerase,
maakt kopie van DNA
in reageerbuis!

DA Bl marai Voor veel mol.biol.
1000.0nits E1 B9 & is geen cel nodig!

Cat. No. 201205

Store at -20°C
i D 43724 Mben 1ot 140231013 E

https://youtu.be/fkUD
u042xic

https://youtu.be/iQsu
3Kz9NYo



https://youtu.be/fkUDu042xic
https://youtu.be/fkUDu042xic
https://youtu.be/iQsu3Kz9NYo
https://youtu.be/iQsu3Kz9NYo

Leven is..

* Een informatie systeem
* Manipuleerbaar met informatietechnologie

* Individuele processen kunnen ook buiten een levend systeem plaatsvinden



DNA technieken (engels)
=> |n silico

https://youtu.be/8cYvyYOQjzOc
https://youtu.be/xlrwef2Y 3f0
https://youtu.be/iYaxOwZLIAK
https://youtu.be/y7kny3Xy4k4
https://youtu.be/buzZ\WMKIHbB
https://youtu.be/fzB7tOwv4xk

https://www.youtube.com/watch?v=FvHRio1yyhQl
https://www.youtube.com/watch?v={FCD8Q6qSTM

https://www.youtube.com/watch?v=mMIRBNUu X6l

https://www.youtube.com/watch?v=LmdH9u_WTq|l
https://www.youtube.com/watch?v=1S0x3aRCviM

https://www.youtube.com/watch?v=avM1Yg5oEu0 epje
https://youtu.be/8cYvyY0OjzOc (eppendorf tube, plastic)

= @VYoulube™

> »l o) 11:26/14:10

https://youtu.be/tcPgdR9 t64


https://youtu.be/8cYvyYOjzOc
https://youtu.be/8cYvyYOjzOc
https://youtu.be/xlrwef2Y3f0
https://youtu.be/xlrwef2Y3f0
https://youtu.be/iYaxOwZLIAk
https://youtu.be/iYaxOwZLIAk
https://youtu.be/y7kny3Xy4k4
https://youtu.be/y7kny3Xy4k4
https://youtu.be/buzWMKIHbBI
https://youtu.be/buzWMKIHbBI
https://youtu.be/buzWMKIHbBI
https://youtu.be/buzWMKIHbBI
https://www.youtube.com/watch?v=FvHRio1yyhQI
https://www.youtube.com/watch?v=FvHRio1yyhQI
https://www.youtube.com/watch?v=jFCD8Q6qSTM
https://www.youtube.com/watch?v=jFCD8Q6qSTM
https://www.youtube.com/watch?v=mMIRBNUuX6I
https://www.youtube.com/watch?v=mMIRBNUuX6I
https://www.youtube.com/watch?v=LmdH9u_WTqI
https://www.youtube.com/watch?v=LmdH9u_WTqI
https://www.youtube.com/watch?v=1S0x3aRCviM
https://www.youtube.com/watch?v=1S0x3aRCviM
https://www.youtube.com/watch?v=avM1Yg5oEu0
https://www.youtube.com/watch?v=avM1Yg5oEu0
https://youtu.be/8cYvyYOjzOc
https://youtu.be/8cYvyYOjzOc
https://youtu.be/tcPgdR9_t64
https://youtu.be/tcPgdR9_t64

Werken met de taal van het leven

Lezen = Sequencing

Knippen = Restrictie-enzymen (klonen van GFP gen)

Schrijven = Synthese

Plakken = Insertie => vaak nog virus (vector) voor nodig (=> CRISPR)

—Molecular Biology Toolkit

—>DNA is een taal, en moleculaire biologie = taalkunde

https://youtu.be/fzB7tOwvaxk



https://youtu.be/fzB7tOwv4xk

DNA synthese (schrijven)

https://youtu.be/Dwrte-CBomw

=> synthetische biologie

https://youtu.be/DxoLoOtyllU

iteratie:

De 1° stap is het moeilijkst

Daarna gaat het steeds sneller (exponentieel)

Zeker als na verloop van tijd bedrijven gaan meedoen

=> Kurzweil

DNA in 2 days.
It’s actually
a thing now.

Twist DNA. Easier, faster, higher quality.

TWIST



https://youtu.be/Dwrte-CBomw
https://youtu.be/Dwrte-CBomw
https://youtu.be/Dwrte-CBomw
https://youtu.be/DxoLoOtyllU

DNA/RNA synthese (schrijven)

2000s
Enzymatic
. . . 1963 synthesis using
e Oligonucleotide synthesis cycle Solid-phase ﬁﬂ%ttzgtt?ges -
synthesis ‘
2021

First synthesis
J  of>10 kb DNA

Oligonucleotide Synthesis
1981

Phosphoramidite 2009
chemistry Nature Methods

Gibson
(|

L — B
Base ==
AIC | | Capping

800000 - 10kb = 10.000 nucleotiden

Start Coupling Oxidation Deblocking :1 gen

(synthesis platform)

=

000000 T = - |

080808 | _, ™ I e

000000 4 e ’
=5 =

Repeat x Times
(to desired sequence length)



1¢ stappen mol biol waren nog kruisingen

Conventional breeding

Current wild
cultivar relative

Beneficial gene

X Unwanted
genes

Back

F1

Cross
x Generation

F2
Generation

Many
backcrosses

New
cultivar

Transgenesis

Unrelated
organism

§ § Beneficial gene

Current
Transfer into
plasmid in

cultivar \L
Agrobacterium
X Genes
required for

transfer

New
cultivar

Zelfde, alleen sneller en gerichter.
Met vector (klonen).

NB CRISPR vervangt nog veel
specifieker




Vragen

12 deelnemers/excursie => mail hovo

Quantumbiologie

Urace.

Stamp collecting => Emergentie e

Chaperones S
Symbiose v e — il
Synth.biol. <) & S MAmE-clf,
. S O — Ebnre GLC\\,}\,‘%\\

Dna extractie !

C MR i
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Eiwit vouwing

Biotech doen we al heel lang




Jim al-khalili: Entropy, energy,
information and quantum biology

Jim Al-Khalili, Johnjoe McFadden
2015

ISBN100552778079 ? -
4

Life

on the

Edge

Jim Al-Khalili
Johnjoe McFadden




stamp collecting

* The famous quote attributed to Nobel laureate Ernest Rutherford
is: "All science is either physics or stamp collecting”. Often used to
argue that physics is the only fundamental science, this phrase
highlights a distinction between, on one hand, studying basic

principles, and on the other, classifying data, such as in biology or
chemistry



Klein naar groot quantumfysica

Atoom (1012

Natuurkunde

Molecuul (109) Elk niveau heeft

e emergente
)' el scheikunde verschijnselen
s 7P ARE. U die niet perse
: B° deterministisch
volgen uit
onderliggende
niveau’s

Cel (10%)

biologie

Mens (100)

sociologie



A separation

Emergentie

* Geen leider in een zwerm

* Alleen een paar simpele (sociale) regels

=> complex gedrag
https://pubmed.ncbi.nim.nih.gov/21829627/

B cohesion C alignment



https://pubmed.ncbi.nlm.nih.gov/21829627/

Chaperones

In molecular biology, molecular chaperones are proteins that
assist the conformational folding or unfolding of proteins or
macromolecular protein complexes. There are a number of
classes of molecular chaperones, all of which function to
assist large proteins in proper protein folding during or after
synthesis, and after partial denaturation.

The majority of molecular chaperones do not convey
any steric information for protein folding, and instead assist
in protein folding by binding to and stabilizing folding
intermediates until the polypeptide chain is fully translated.

Initial chaperone
binding

Quality control

183 333

E e



https://en.wikipedia.org/wiki/Molecular_biology
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Protein_folding
https://en.wikipedia.org/wiki/Steric
https://en.wikipedia.org/wiki/Translation_(biology)
https://en.wikipedia.org/wiki/Chaperone_(protein)
https://en.wikipedia.org/wiki/Chaperone_(protein)
https://en.wikipedia.org/wiki/Chaperone_(protein)
https://www.cell.com/molecular-cell/fulltext/S1097-2765%2823%2900922-X
https://www.cell.com/molecular-cell/fulltext/S1097-2765%2823%2900922-X
https://www.cell.com/molecular-cell/fulltext/S1097-2765%2823%2900922-X
https://www.cell.com/molecular-cell/fulltext/S1097-2765%2823%2900922-X
https://www.cell.com/molecular-cell/fulltext/S1097-2765%2823%2900922-X
https://www.cell.com/molecular-cell/fulltext/S1097-2765%2823%2900922-X
https://www.cell.com/molecular-cell/fulltext/S1097-2765%2823%2900922-X
https://www.cell.com/molecular-cell/fulltext/S1097-2765%2823%2900922-X
https://www.cell.com/molecular-cell/fulltext/S1097-2765%2823%2900922-X

Alphafold
Kunstmatige intelligentie

* Nobel 2025

* the number of ways a protein could theoretically fold before settling into its final 3D structure is
astronomical. In 1969 Cyrus Levinthal noted that it would take longer than the age of the known universe to
enumerate all possible configurations of a typical protein by brute force calculation — Levinthal
estimated 107300 possible conformations for a typical protein. Yet in nature, proteins fold spontaneously,
some within milliseconds — a dichotomy sometimes referred to as Levinthal’s paradox

-//deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biolo
https://youtu.be/P fHIJIYENdI
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https://en.wikipedia.org/wiki/Levinthal%27s_paradox
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://youtu.be/P_fHJIYENdI
https://youtu.be/P_fHJIYENdI

Life is symbiotic, up to the genome.

* Bacteria in gut and on skin
e Viral sequences in DNA (maybe even 10%)
GUT-BRAIN

AXIS
—“Half of you is not actually you”. ‘%

And it is impossible, for any lifeform, to live
in isolation for a long time.

You need bacteria, trees and other people to
live in “deep time”

Abnormal protein Mitochondrial : N\ 4
* a-synuclen aggregation - dysfunction ™~ ™
e es Genetics

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC138943/
https://nl.wikipedia.org/wiki/Retrotransposon
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC138943/
https://nl.wikipedia.org/wiki/Retrotransposon
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/
https://www.the-scientist.com/?articles.view/articleNo/45503/title/Viral-Remnants-Help-Regulate-Human-Immunity/

Leven is..

* Een informatie systeem

* Manipuleerbaar met informatietechnologie

* Symbiotisch

=> Meer hierover in college 5



Synthetic biology

Minimal Life
Top-down
What is life? Living
Take away Modification
genes until
cells are no
longer living Biological PI‘.O'.tOCE-"S
components Minimal life
Or, plugging
in various sets Construction
of genes until
a cell is alive
Bottom-up
Mycoplasma Nonliving

“laboratorium”



Design and synthesis of a minimal bacterial genome
=> . Venter

. == =

[ o commen

“ CT TA cccrk@ JCV|-Syn1.0
1 N T, 1,078,809 bp

i,_
|
\

Synthesis
Design ey 473 genes!
A conserved core of about 250
I s : essential genes, +149 genes with
200000 - unknown biological functions.
ransplantation . => BUIldlng Complexity?
N o
(u‘ O
Isolation
Cloning

http://science.sciencemag.org/

content/351/6280/aad6253

Science



http://science.sciencemag.org/content/351/6280/aad6253
http://science.sciencemag.org/content/351/6280/aad6253

Genome transplantation in mycoplasma

* Genome Engineering of the Fast-Growing Mycoplasma ) o e |
feriruminatoris toward a Live Vaccine Chassis WS L e Next Targe
* the M. feriruminatoris genome was cloned in yeast, N | Y orvie m O
modified by iterative cycles of Cas9-mediated deletion of 5 &
loci encoding virulence factors, and transplanted back [ s comusie |
in Mycoplasma capricolum subsp. capricolum recipient . d & L, g N ROUNDS
cells to produce the designed M. feriruminatoris chassis. © o Paeombnekn.

template

* https://pmc.ncbi.nlm.nih.gov/articles/PM(C9128628/

Modified Mferi
;u; chromosomes
%:, \  extracted from yeast

e _ A Mferi
.- "> W = ’ chassis



https://pmc.ncbi.nlm.nih.gov/articles/PMC9128628/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9128628/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9128628/

18 The accelerating pace of change...

Agricultural __ | s000 | Industrial
Revolution | years | Revolution

... and exponential growth
in computing power...

Computer technology, shown
here climbing dramatically
by powers of 10, is now
progressing more each

hour than it did in its

entire first 90 years

COMPUTER RANKINGS

By calcufations per second

The electronic
oor $1 000 oy computer, with
bl 1,500 vacyum
tubes, heiped the
British crack German
codes during WW I

Analytical engine
Never fully built,
Charles Babbage's
invention was
designed to solve
computational and
logical problems ENAC @ °

8\

® UNAC

Motlesith 18M Tadaylader
cthenith
Tabutator e @ Nosona

£ 3000

Moon
landing

UNIVAC |

The first commer-
cially marketed
computer, used to
tabulate the U.S.
Census, occupled
943 cu. ft

rops 130 gl
g 0 s
Whirtwming 3 DeC
POP-10
.Qi\']');‘{‘
[}

Ot
EOVAC Datamatic

1000

' World Human
2Ye0rs et Wide o= 9 00S e genome
: Web sequenced

€ ... will lead
to the
Singularity

— Apple Il
At a price of $1,298, Ndia Jesla
GPUAPC
the compact
machine was one of
the first massively
popular personal

computers Dot
Dimension
8400

Pentiom
nec
Pentizm
PC

Compay
Desipro 386

Power Mac G4
The first personal
computer to deliver
more than 1 billion
floating-point
operations per
second

2045
*— Surpasses
brainpower
equivalent
10 that of
all human
brains
combined

Surpasses

of human

Surpasses
branpower of
mouse in 2015

—
2020




OpenClaw

Code modifying Al bot


https://youtu.be/YFjfBk8HI5o
https://youtu.be/YFjfBk8HI5o

Hybrid embryo.
First monkey embryos containing human cells.

Toepassingen om onderzoek te
verbeteren leiden tot methoden
die ethische grenzen raken.

En ethiek veranderen?

=> College 3


https://www.nature.com/articles/d41586-021-01001-2

Planaria: Kampioen regeneratie.
Waarom kunnen wij dit niet? => college 3

Active

Injury Stem Cells Rc;cncranon Regenerate
/ 4
v

Platwomen (Planaria) zijn relatief eenvoudig.

Een ingewikkelder organisme zoals de mens is moeilijker te

regenereren. En is warmbloedig.

—> Kan maar kort inactief zijn. We moeten door..

= Scarring = littekenweefsel (fibrose) als methode om de rest
van het weefsel weer snel te laten functioneren.

= Gebeurt ook na beschadiging stamcelcompartiment



https://en.wikipedia.org/wiki/Planarian
https://onlinelibrary.wiley.com/doi/full/10.1111/trf.14836

Stamcel Nobel 2012

John B. Gurdon and Shinya Yamanaka
(Nobel al binnen 10 jaar na ontdekking!)

Mature cells can be reprogrammed (iPS)
to become pluripotent

Elke cel heeft nog al het DNA

Patient levert eigen materiaal voor
therapie !

John B. Gurdon

John B. Gurdon eliminated the nucleus of a frog egg cell (1) and
replaced it with the nucleus from a specialised cell taken from a
tadpole (2). The modified egg developed into a normal tadpole (3).
Subsequent nuclear transfer experiments have generated cloned
mammals (4).

Shinya Yamanaka

Shinya Yamanaka studied genes that are important for stem cell function. When he transferred four such
genes (1) into cells taken from the skin (2), they were reprogrammed into pluripotent stem cells (3) that could
develop into all cell types of an adult mouse. He named these cells induced pluripotent stem (iPS) cells.

iPS cells can now be generated
from humans, including patients
with disease. Mature cells including
nerve, heart and liver cells can be
derived from these iPS cells, thereby
allowing scientists to study disease
mechanisms in new ways.

’ i ‘ e .
e B e
© 2012 The Nobel Committee for Physiology or Medicine
The Nobel Prize® and the Nobel Prize® medal design mark are registered trademarks of the Nobel Foundation

llustration and layout: Mattias Karkén




Epigenetische modificatie

https://www.youtube.com/watc
h?v=mHak9EZjySs&list=PL76
1BC3F8B2447983

Molecular &
Cell Biology

dummies

« Aan/uit zetten van genen

MCB H.18, p.309

=> Differentiatie van cellen (huidcel v levercel)
=> Van stamcel tot organisme
=> Kanker, Veroudering

=> X-chromosomale inactivatie (video)


https://www.youtube.com/watch?v=mHak9EZjySs&list=PL761BC3F8B2447983
https://www.youtube.com/watch?v=mHak9EZjySs&list=PL761BC3F8B2447983
https://www.youtube.com/watch?v=mHak9EZjySs&list=PL761BC3F8B2447983

Biotechnologie, traditioneel en modern.

* Gebruik maken van gisten en schimmels, veredeling gewassen, fokken dieren

* Medische therapie

* Gentechnologie

Biotech doen we al heel lang,
en wordt alleen maar
belangrijker

=> Niets nieuws!


http://en.wikipedia.org/wiki/File:GFP_Mice_01.jpg

The cell programming revolution — with Mark Kotter o » 0
History of programming biology

10,000 1700s 1800s 1950s 1970s

years ago

i T -

1980s 1990s 2000s 2010s
Afspele.fk)’ ‘ % ) —

https://you

tu.be/jrvQXx
HmxH7Y

‘,\

3

P Pl 4 6:13/29:22 - Programming biology > O B & 3:


https://youtu.be/jrVQXHmxH7Y
https://youtu.be/jrVQXHmxH7Y
https://youtu.be/jrVQXHmxH7Y

GM semantiek

* Veredeling
* Fokken

* Manipulatie
* Modificatie

* Frankenstein food

—> Gaat allemaal over hetzelfde fenomeen.
Alleen de specifieke uitkomst zou waarde moeten bepalen

Hoort een aubergine er zo uit te zien? En een hond? Producten behaald via veredeling

=> ethiek/waarde



Volgende week

DNA/RNA-technologie
Afweersysteem
Stamcellen
Cybernetica

Synthetic biology

Biotechnologie.

=> Gentherapie/mRNA therapie

=> Immunotherapie

=> Stamceltherapie

=> Verbeteren (integratie technologie en biologie)

=> Wat is leven?




Molecular Cloning

| Klonen van
Foreign DNA Plasmid / The foreign DNA and plasmid are cut with the same

EE?L;G LacZ gene restriction enzyme, which recog nizea_ a particular o
sequence of DMNA called a restriction site. The resiniction

- site occurs only once in the plasmid, and is located within
Ampicillin .
D el €N gen
gene
d
G 2 _nc c e
a,:t'if-‘ — Sty —, & » Restrictie enzymen knippen op specifieke
8 ends | | plekken.
The restriction enzyme creates sticky ends that allow the
G foreign DNA and cloning vector to anneal. An enzyme . . ..
called ligase glues the annealed fragments together. NB Plasmiden en restrictie enzymen komen
uit bacterien

&@@D % — boek mol.biol, H.20 (p.332)

T .
e m o The ligated cloning vector i1s transformed into a bactenal — Re com bl nant D N A tec h
host strain that is ampicillin sensitive and is missing the
Bacteria (may take lacZ gene from its genome.
up plasmid with or
without the insert,

s ¥  Wordt nu aangevuld met CRISPR

4 | | . - * Resistentie gen vergemakkelijkt selectie
Bacteria are grown on media containing ampicillin and

X-gal, a chemical that is metabolized by the same
pathway as lactose. The ampicillin kills bacteria without

plasmid. Plasmids lacking the foreign insert have an . H H

Bacterial genome is inllact lacZ g;neuz:n;jtare aﬁr_:e :c:t_;rjmelatl;:lalizi:{-ga!a " httpS .//bIO. l bretexts.org/

e releasing a dye that turns the colony blue. Plasmids w . i~ i
missing the lacZ gene. I o inseet heve a ceruptac JscZ gen and prothuce wivke https://bio.libretexts.org/Bookshelves/Introduct

have plasmids colonies. ory_and General Biology/Biology (Kimball)/11

Blue colonies with the foreign o . o .
have plasmids insert. %3A Genomics/11.01%3A Recombinant DNA
without insert. .
and Gene Cloning



https://bio.libretexts.org/
https://bio.libretexts.org/Bookshelves/Introductory_and_General_Biology/Biology_(Kimball)/11%3A_Genomics/11.01%3A_Recombinant_DNA_and_Gene_Cloning
https://bio.libretexts.org/Bookshelves/Introductory_and_General_Biology/Biology_(Kimball)/11%3A_Genomics/11.01%3A_Recombinant_DNA_and_Gene_Cloning
https://bio.libretexts.org/Bookshelves/Introductory_and_General_Biology/Biology_(Kimball)/11%3A_Genomics/11.01%3A_Recombinant_DNA_and_Gene_Cloning
https://bio.libretexts.org/Bookshelves/Introductory_and_General_Biology/Biology_(Kimball)/11%3A_Genomics/11.01%3A_Recombinant_DNA_and_Gene_Cloning

Uitwisselen van DNA is
natuurlijk, zelfs bij de mens

Horizontal gene transfer

(10% DNA in humane genoom is

afko m St i g Va n Vi r u S S e n ) Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
(b) Horizontal gene transfer

Plasmid

(o)

Vertical
gene transfer

* https://www.bioplek.org/animaties/celtotaal/bacterie.
html

O!d Denoer ' New Denor


https://www.bioplek.org/animaties/celtotaal/bacterie.html
https://www.bioplek.org/animaties/celtotaal/bacterie.html
https://www.bioplek.org/animaties/celtotaal/bacterie.html

Leven is..

Een informatie systeem
Manipuleerbaar met informatietechnologie
Individuele processen kunnen ook buiten een levend systeem plaatsvinden

Uitwisseling van informatie is natuurlijk



Vector (Plasmide)

HindIII
EcoRI l EcoRV

» Relatief eenvoudig

» Groot potentieel BamHI

4359 0 29 13{ /

375

e




Sugar Synthesis from CO, in Escherichia coli
=> Quick fix for the climate !?

Biomass from CO2 directly by E.coli.

: .. : —
—> Toepassing bij CO2 productie I e gl
= Of zelfs uit atmosfeer halen CO,
fixation
module
Here, we demonstrate how a -
.. ) : https://www.n
combination of rational metabolic - cutoff prevents :
.. binant . ' carbon flow ature.com/arti
rewiring, recombinant expression - between modules blomass
g, P , waen modules omass C|€S/d41586—

. 3 from CO,
and Iéboratory-evolutlon has led to —— )i(-—pyruvate LR
the biosynthesis of sugars and other for carbon fixation ¥

major biomass constituents
in E. coli. But no net. negative CO2

https://pmc.nc
energy organic-acids, etc bi.nIm.nih.gov
module /articles/PMC1
1446362/

—> Biotech kan de wereldproblemen
helpen oplossen



https://www.nature.com/articles/d41586-019-03679-x
https://www.nature.com/articles/d41586-019-03679-x
https://www.nature.com/articles/d41586-019-03679-x
https://www.nature.com/articles/d41586-019-03679-x
https://www.nature.com/articles/d41586-019-03679-x
https://www.nature.com/articles/d41586-019-03679-x
https://www.nature.com/articles/d41586-019-03679-x
https://www.nature.com/articles/d41586-019-03679-x
https://www.nature.com/articles/d41586-019-03679-x
https://pmc.ncbi.nlm.nih.gov/articles/PMC11446362/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11446362/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11446362/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11446362/

Perspectives for Using CO, as a Feedstock for
Biomanufacturing of Fuels and Chemicals

https://pmc.

¢ ncbi.nlm.nih

Lygnocellulog, & .gov/articles

‘eedswc/r ‘o F & /PMC10740
< 661/

renewable

Hydrogen Electricity "9

‘5.5

Natural and Specialty
synthestic chemicals
organisms and fuels




Biotech als groeimotor

Wennink (ASML)

Rapport Wennink

Digitalisering & Al
Veiligheid & Weerbaarheid

Energie- & Klimaattechnologie

Life Sciences & Biotechnologie

5
AL g

i aLpEn ey




Eukaryoot v Prokaryoot

Prokaryoot is eigenlijk
nog kleiner dan op
plaatje

Nucleoid

Nucleus (folded

Nucleolus . chromosome)

Chromati



https://www.youtube.com/watch?v=kGd-5HSDo6g
https://www.youtube.com/watch?v=kGd-5HSDo6g
https://www.youtube.com/watch?v=kGd-5HSDo6g
http://www.bioplek.org/animaties/celtotaal/celstart.html

Tra n Sfe Ctl e pLifeAct @ O Transfection
plasmid reagent

. jl'ransfec.tmn is the process of dellbgrately O‘\ DNA lipid
introducing naked or purified nucleic complex
@> | | ENDOCYTOSIS

acids into eukaryotic cells

* https://en.wikipedia.org/wiki/Transfection

LifeAct
protein

—>Bacterie maakt zo bijv. menselijk eiwit

!

* Transduction is often used to describe virus-
mediated gene transfer into prokaryotic cells.



https://en.wikipedia.org/wiki/Nucleic_acids
https://en.wikipedia.org/wiki/Nucleic_acids
https://en.wikipedia.org/wiki/Eukaryote
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Transfection
https://en.wikipedia.org/wiki/Transfection
https://en.wikipedia.org/wiki/Transduction_(genetics)
https://en.wikipedia.org/wiki/Transduction_(genetics)

Genetische manipulatie

* Synthese of klonen van gen
* Maken vector
* Transfectie => disruptie van celmembraan

(alleen nodig bij non-virale vectoren)

e Selectie en quality control
e Verspreiding

* Eten

 Doel

* Noodzakelijkheid



Vector (Plasmide)

. i HindIII

Meer dan 1 kopie EcoRl | EcoRV
=> overexpressie BamHI
— Genomische instabiliteit 95902 155/

375

e

« Kans op problemen in bacterie of plant is
klein en niet erg.

* Maar mens en dier wel

« NB Worden wel steeds beter/veiliger




Virus als vector
=> delivery

* Vector = vehikel voor aflevering
(delivery)

* Zijn bij uitstek geschikt om
genetisch materiaal in menselijke
cellen te krijgen (doen ze van
nature).

Hepatitis B Ebola Virus y

* 10% van ons genoom is oud virus
materiaal

* Bij vaccins gebruiken we getemde
virussen om virussen te
bestrijden

Influenza Rabies Virus Bacteriophage

* Maar is ingewikkeld om te maken
en te testen (=> recombinatie,
waarbij het virus weer helemaal

PaRillomavirus Rotavirus Herpes Virus ° . :
actief wordt uitsluiten)

* Erisvaak al bestaande afweer
tegen deze virussen



Delivery: 2 traps raket

GENE Host Cell
THERAPY ' pcddoponcom P12 1 0

Vector endosomal breakdown

A (adenovirus) releasing capsid s
Tronscriphion
and Host
o translation DNA

Integration of
new gene into
cellular DNA

Modified DNA
injected into vector

Vactor binding
to cell surface

Vector packaging
into endosome

Binding to
nuclear pore
and DNA

import

= Homing naar de cel
= Integratie van DNA



Introductie:
CAR-T

Opvoeden van de afweer om kanker te herkennen

Levend medicijn

Biologische robot
Viral
vector

transfects
CAR DNA

If there isn’t a cure for their cancer today, there’s a
reasonable chance that around the corner, there’s
going to be one.

Chimeric antigen
receptor (CAR) ~—__


https://www.nature.com/articles/d41586-022-00241-0
https://www.nature.com/articles/d41586-022-00241-0
https://www.nature.com/articles/d41586-022-00241-0
https://www.nature.com/articles/d41586-022-00241-0
https://www.nature.com/articles/d41586-022-00241-0
https://www.nature.com/articles/d41586-022-00241-0
https://www.nature.com/articles/d41586-022-00241-0

The delivery problem

e 1 cel=>0K

* Elke cel in kweekbak => al lastig

* Taaislijmziekte => heel lastig

* Heel mens => onmogelijk?




Tra n Sfe Ctl e pLifeAct @ O Transfection
plasmid reagent

. jl'ransfec.tmn is the process of dellbgrately O‘\ DNA lipid
introducing naked or purified nucleic complex
@> | | ENDOCYTOSIS

acids into eukaryotic cells

* https://en.wikipedia.org/wiki/Transfection

LifeAct
protein

—>Bacterie maakt zo bijv. menselijk eiwit

!

* Transduction is often used to describe virus-
mediated gene transfer into prokaryotic cells.



https://en.wikipedia.org/wiki/Nucleic_acids
https://en.wikipedia.org/wiki/Nucleic_acids
https://en.wikipedia.org/wiki/Eukaryote
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Transfection
https://en.wikipedia.org/wiki/Transfection
https://en.wikipedia.org/wiki/Transduction_(genetics)
https://en.wikipedia.org/wiki/Transduction_(genetics)

Delivery:
Gene therapy treatment for cystic fibrosis

://learn.genetics.utah.edu/c
ontent/genetherapy/casestud

http://perspectivesinmedicine.c
shlp.org/content/3/2/a009472.f
ull

nucleus

nasal cell

normal gene



http://perspectivesinmedicine.cshlp.org/content/3/2/a009472.full
http://perspectivesinmedicine.cshlp.org/content/3/2/a009472.full
http://perspectivesinmedicine.cshlp.org/content/3/2/a009472.full
http://perspectivesinmedicine.cshlp.org/content/3/2/a009472.full
http://perspectivesinmedicine.cshlp.org/content/3/2/a009472.full

Delivery: 2 traps raket

GENE Host Cell
THERAPY ' pcddoponcom P12 1 0

Vector endosomal breakdown

A (adenovirus) releasing capsid s
Tronscriphion
and Host
o translation DNA

Integration of
new gene into
cellular DNA

Modified DNA
injected into vector

Vactor binding
to cell surface

Vector packaging
into endosome

Binding to
nuclear pore
and DNA

import

= Homing naar de cel
= Integratie van DNA



Virus als vector
=> delivery

* Vector = vehikel voor aflevering
(delivery)

* Zijn bij uitstek geschikt om
genetisch materiaal in menselijke
cellen te krijgen (doen ze van
nature).

Hepatitis B Ebola Virus y

* 10% van ons genoom is oud virus
materiaal

Adenovirus Influenza Rabies Virus Bacteriophage * B_IJ vaccins gelqrwken we gEtemde
virussen om virussen te

bestrijden

* Maar is ingewikkeld om te maken
en te testen (=> recombinatie,
waarbij het virus weer helemaal

PaRillomavirus Rotavirus Herpes Virus ° . :
actief wordt uitsluiten)

* Insertie op meerdere locaties, en
in oncogenen



Vector / Vaccin

Moleculaire biologie!
(Knippen/plakken)

Voor het maken van vectoren
worden vaak lentivirussen
gebruikt, vanwege hun
efficientie. Maar dit zijn
gevaarlijke klanten. (The best
known lentivirus is the Human
Immunodeficiency Virus HIV?)

=> Quality Control !

Flu strain 1

A flu virus contains eight gene segments. The goal is to combine
the desired HA and NA genes from flu strain 1 with the six other genes
from flu strain 2, which grows well in eggs and is harmless in humans.

HA After removing the
antigen
NA HA gene, scientists
antigen splice the HA and
NA genes from
flu strain 1 into
circular pieces of
DNA called plasmids.

© Aadditional
plasmids
are created
using the
remaining
six genes
found in
flu strain 2.

HA
antigen

antigen e Scientists insert the HA and NA plasmids
from flu strain 1 and the six plasmids
carrying genes from flu strain 2 into
animal cells growing
in the laboratory.

New flu
strain

~ Growing
animal cells

° The genes in the plasmids
instruct the animal cells
to make the desired
new flu strain.

dangerous part of the —



The delivery problem

e 1 cel=>0K

* Elke cel in kweekbak => al lastig

* Taaislijmziekte => heel lastig

* Heel mens => onmogelijk?




B
) Viral Transduction

Intracytoplasmic sperm : i =
injection of oocyte Preimplantation / & o
genetic diagnosis T (T N - | Microinjection
Lipid
Nanoparticles

Embryo editing

* https://www.cell.com/molecular- EMBRYO GMT

therapy-
family/advances/fulltext/S2329- FETAL GMT -,

0501%2824%29500045-7

Biopsy

Prenatal ¥ ; ;-;_,,- Post-editing
diagnosis =S ¥ genetic diagnosis

y

"
= j',i S I / . .
O\ i ¢ /' Prenatal diagnosis,

surveillance
MNMNLIN

US-guided
delivery



https://www.cell.com/molecular-therapy-family/advances/fulltext/S2329-0501%2824%2900045-7
https://www.cell.com/molecular-therapy-family/advances/fulltext/S2329-0501%2824%2900045-7
https://www.cell.com/molecular-therapy-family/advances/fulltext/S2329-0501%2824%2900045-7
https://www.cell.com/molecular-therapy-family/advances/fulltext/S2329-0501%2824%2900045-7
https://www.cell.com/molecular-therapy-family/advances/fulltext/S2329-0501%2824%2900045-7
https://www.cell.com/molecular-therapy-family/advances/fulltext/S2329-0501%2824%2900045-7
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Correction of a pathogenic gene mutation
in human embryos using CRISPR

Sperm Mutation “2S 40
Paternal /G ide RNA / gglr:-mthaired
DNA —2A1 uide P

1 gene
o & 4

Materra 4 )| Earvee— WL it Insertie in elke cel,
gene editing repaired gene en op 1 Iocatie,

Oocyte Fertilized cell in principe

Mosaicism in
later-stage embryo

, Paternal
7 MYBPC3
A, ‘ Efficient

gene editing

Maferhal
MYBPC3

Metaphase-ll-stage
oocyte

www.nature.com/nature/journal/v

548/n7668/fig tab/nature23533 F1.html

Uniform later-stage embryo



http://www.nature.com/nature/journal/v548/n7668/fig_tab/nature23533_F1.html
http://www.nature.com/nature/journal/v548/n7668/fig_tab/nature23533_F1.html

Vector @ c R I S P R GENOME ENGINEERING TOOLBOX

pX260 (or pX334):
hSpCas9 (or hSpCas9n nickase)
CRISPR array + tracrRNA

Bbsl Bbsl |
57 - .  GTGGAAMGGACGAAACACCGGLTTTTAG GCTG GAA \CGGGTCTTCGAGAAGACGTTTTAGAGCTA
RN RN RNy (ERRE RN RR RN
3 - CACCTTTCCTGCTTTGTGGLC! CTCGA ACTTACCAGGGTTT ||:_;‘ccc_p.5,.u.,.n.i_:c TCTTCTGCAARATCTCG,

guide sequence
insertion site

5"« AAACHMHNHNE
guide sequence SIREREERE

insert 3 - MHNE

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) is a microbial nuclease
system involved in defense against invading phages and plasmids. CRISPR loci in microbial hosts
contain a combination of CRISPR-associated (Cas) genes as well as non-coding RNA elements
capable of programming the specificity of the CRISPR-mediated nucleic acid cleavage. We have
recently harnessed the type Il CRISPR nuclease system to facilitate genome editing in mammalian
cells

The CRISPR/Cas system can be implemented in mammalian cells by co-expressing the bacterial
Cas9 nuclease along with the guide RNA. Two forms of guide RNAs can be used to facilitate Cas9-
mediated genome cleavage, using a CRISPR RNA array and tracrRNA or a synthetic guide RNA
fusing the CRISPR RNA with the tracrRNA. These two systems are described below.

Bacteriofagen


https://youtu.be/MnYppmstxIs
https://youtu.be/4YKFw2KZA5o

RNA/
DNA

gRNA

Biotech:
guideRNA/primer actie

3!

it RR A LR L R R L T

LML ML
$00.0,0,0,0,0,0,0.0.8.0,0.088883838883838

Kans = % voor 1° nucleotide, en % voor 22 nucleotide (er zijn 4 verschillende)
Kans =% x % =1/4? =1 op 16 voor 2 nucleotiden (1/4" voor n nucleotiden)
Kans = 1/429 voor 20 nucleotiden = 1/1000.000.000.000

Aantal nucleotiden in het genoom = 3.000.000.000

Klein stukje GuideRNA/primer zorgt al voor specifieke herkenning
=> in principe geen off-target effects
=> Zelfde techniek is de basis van PCR (guide => primer)




Orgaan v. systemisch (“germ-line”)

GFP-muis

Germ-line GM bij mensen:

Kind van 3 ouders (3° nodig voor mitochondrien)
En in China (HIV)

Handig voor onderzoek, maar niet voor mensen
Volgende generaties hebben de aanpassing ook
=> aanpassing van de soort



http://en.wikipedia.org/wiki/File:GFP_Mice_01.jpg
http://www.bbc.com/news/magazine-28986843
http://www.bbc.com/news/magazine-28986843
http://www.bbc.com/news/magazine-28986843
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Experimental Approach (ex vivo) craspaus Mic

Expression of the transgene in all hematopoietic cells
Ex vivo possible through use of stem cells (quality control)

stamcel => college 2



Gen/stamceltherapie: Erasmus M

sitairMedisch Centrum Rotterdam

Pompe Disease

Autosomal recessive lysosomal storage disorder
Deficiency in a-glucosidase (GAA)

=> Klein beetje enzym is al veel beter dan geen enzym
a-glucosidase

Glycogen Glucose
 Glycogen e
~ Glycogen
__ Lysosome . Glycogen " Glycogen
~ Glycogen
BN | ycogen MNGHEEERN  Lysosome
~ Glycogen
- Glvcogen



The delivery problem

* Planten, bacterien

=> plasmide

* Mens
=\Virus
—Stamcel

—O0rganoid (TE)

HindIII
EcoRI | EcoRV
BamHI

4359029 4g

pBR322

4361 bp

10% to bronchi

80% back of throat

Neutrophil

% &a@ -
oA « ‘




Vervolgcursus

DNA/RNA-technologie
Afweersysteem
Stamcellen
Cybernetica

Synthetic biology

Biotechnologie.

=> gentherapie/mRNA therapie

=> Immunotherapie

=> stamceltherapie

=> verbeteren (integratie technologie en biologie)

=> wat is leven?




De celkern, met daarin DNA

Nuclear envelope

Leven bestaat
uit cellen

Chromatin /I/ i\ / \ D NG g
(condensed) 4 g‘ \\ \ f-‘f https://youtu.
0w Y U { _\:f.. g i be/SEejivHRIbE

7
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nuclear pore
chromatin (DNA) nucleus
nucleolus
nuclear envelope
flagellum — centriole

intermediate
filaments

rough endoplasmic
reticulum
ribosome i - f mgl[:ir:\aa:‘ .

lysosome

Cisternae

microtubules QN
Ruw Endoplasmatisch Reticulum met ribosomen ondoth
(MRNA => eiwit) " icronaon



https://youtu.be/SEejivHRIbE
https://youtu.be/SEejivHRIbE

MRNA Is transient

* Eigenlijk dus geen gentherapie



MRNA in Vaccin

Direct naar ribosoom, en meer

MRNA transcription product
sSRNA dsRNA
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Intracellulaire afweer (tegen virussen)
De interferon respons

Simplified signaling cascades
leading to transcription of type I/III
interferon genes following infection
with an RNA virus (left panel).

Simplified signaling cascades
leading to transcription of
interferon-stimulated genes (ISGs)
following type I/III interferon
stimulation (vight panel).
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Intracellulaire afweer: interferon
=> aspecifiek!

PAMP/DAMP Sensors DNA Sensors Other Sensors

.".—\ TS

Toll-Like RIG-Like | | (.2\ ‘

Receplors Receptors

Buddng Virus

o )
aa || s S |

NOD-Like
Receptors

Carbotrpcraes on
Burst Endoacmas

LEMILA LRRFAPY, HNGB tamily

Intracellular pathogen sensors are
soluble, cytoplasmic proteins. TLR,
NLR, and galectin-8 sensing of burst
endosomes detect danger associated
with infection.

RNA komt in het cytoplasma normaal
niet voor => virus!
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https://www.sciencemag.org/topic/crispr?r3f_986=http://science.sciencemag.org/content/327/5962/167.full
https://www.sciencemag.org/topic/crispr?r3f_986=http://science.sciencemag.org/content/327/5962/167.full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4192899/

MRNA tegen kanker
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https://youtu.be/R83JCXSjvJo?t=2121
https://youtu.be/R83JCXSjvJo?t=2121
https://youtu.be/R83JCXSjvJo?t=2121

Volgende week: Immunotherapy:

Surgery: wegsnijden
Radio: bestraling
Chemo: doden (alle) snel delende cellen

Precision: doden specifieke cellen
(antilichamen)

Immuuntherapie:

Afweercellen opleiden tot tumor bestrijders

TRADITIONAL
PRECISION
THERAPY

CHEMOTHERAPY

2
=
i
=
=
(=]
=

IMMUNOTHERAPY

Verminderen supressie (antilichamen)

MRNA




mRNA/liposomes
Delivery problem solved
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