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de CRISPR-Cas revolutie

* DNA — wat is het, en waarom is het belangrijk ?



DNA —wat is het ?

« DNA is verantwoordelijk voor de opslag van genetische informatie
 DNA chromosomen komen voor in alle organismen

 DNA komt voor in elke levende cel (bacterie, plant, mens)



DNA —wat is het ?
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Nucleic Acid
E widh to wuggest o siructure for the et

of deoxyri deic ack This
strusture has vl Foatures whith tra of cmadcmwu

acid has already been
propased by Pauling and Carey’. They kindly made
their manusoript available to ws in advanse of
publieation. Their model consista of thees intor-
twined cheins, with the phosphates near the fibre
axis, and the bases on the outside. In our opinion,
his strucoure s wnsatisfactory for two reasons :
ieve that the materisl which gives the
s is the salt, not the free aeid. Without
the seidic hydrogen atoms it is not closr what forces
would hold the structure together, especially na the
negativoly charged phosphates near the axis will
repel each other. (2) Somo of the van der Waals
distanoes appear to be ton small,

Another three-chain structure has also b
gostod by Frasor {in the pressh. Tn his model the
Ehoaphates aro on the outaids and tho basas on, the
inside, linked togsther by hydrogen bonds. This

o aug

structure as described v ill-defined, and for
renson we shall not eomment

jon it
We wish to put forward a

rudically differers structura for
the sali of deoxyribose mueleie
ocid. This structurs has two
helical chains each coiled round
[1he ssme axis (sce disgram). We
have made the usual chemieal
lassumptions, namely
ehnin consists of phosphate di-

joining 5-o-deoxy

. with 35"
linkages. The two chains (but

their bases) mre related by &
dyad perpendicnlsr to the fibre
axiz. Both chains follow right-
handed helices, but owing Lo
the dynd the mdmmm of the

[atoms in the two chains run
opposite directions.  Each

[chain loosely resembles Fur-

borg'st medel No. 1 that is,

~ ¥ re on the insido of

- the helix and the phosphates on

T the outside,  The coniguration

it of the sugir and the atoms
e v‘w-nrgw'v—«lw;' near it is close to Furberg's
wontal tods the pai o *standard configuration’, the
buves halding thechalss — gugar being roughly perpondi-
together.  The vertiodl gar be ighly porpendi

{ine marks the fiors axi oular to the attached base. There

NATURE 737

it & N.!)d“e on each chain every 84

tion, havo assumed an sngle of 36 between
Muuum[ residlues in the sume chsin, 50 that the
structure ropents after 10 m:rtuw 5 on pach chain, that
is, after 34 A. The distanca of & phoaphorus atom
from the fibre axie i3 10 A. As the phosphates are on
bhs m,.d;aa, eations have casy nocess to them.

The structurs is an open o, and its water content
i !ﬁblmr high. At low ater contents we would
oxport the bases to 1k 40 that the strusture sould

60me more compact
of the structure is the manner
in which the two chains are held togother by the
puring and pyrimidine bases, The planes of the bases
are perpendioular to the fibre axis, They are joined
together in pairs, & singlo base from one chain’ being
hydrogen-bonded to & single base from the other
ohain, #0 that the two lia side by side with identioal
z-oo-ordinates. Ons of the pair must be & purina and
the other a pyrimidine for bonding to ooour. The
hydrogan bonds are mades as follows : purine position
1 to pyrimidina pusil.mr\ 1; pusine position 8 to
pyrimiding pos

IE it is ussmmd Lhm. the basss only ooour in the
structure in the most pleusible teutomeric forms
(that is, with the Loto rather thon the
figurations) it is found that only specifio pairs of
basea nd Logether. Thess pairs are : adenine
(purine) with thymine {pyrimi o
(purins) with oytasine {pyrimidine).

er words, if an adenine forma one member of

& pair, on either ohain, then on these aeswmptions

the other member must be thymine ; similarly for

guanine and cytosine. The soquence of bases on &

single chain does not appear 1o bo restricted in dny

JIHvatJ if only apecifin pairs of basea can be

t follows ihat if the sequence of bases on

sin is given, then the ssquence on the other
chain is automatically detormined.

It hss been found experimentally™ that the ratio
of the amor of nidening to thymine, and the ratio
of guanine to cytosing, are always very closs to unity
for deoxyribosa mucleic acid.

It is probably impossible to build this structure
with & ribose sugar in place of the deoxyriboss, as
the extra oxygen stom would make too close & van
dar Waals contact.

A. in the z-direc

and

Jished X-ray data
riboso nucleic asid wre insufficient for & rigorous te
of our strusture, So far , it i roughly
compotiblo with th experincntal deta, but it must
bo regarded as unproved until it has been checked
againat mors exact pesults. Some of these are givon
in the fol

of the de
davised our structure, which rests mainly though not
ontirely on published exporimental data and stereo-
chemical arguments.

It has mot escaped our notice that
pairing we have postulated immediat s n
possible copying mechanism for the genetie material.

Full details of the structure, including the con-
ditions sssumed in building it, together with 8 set
of co-ordinates for the stoms, will be published
elsewhere,

Wo are ruch indebted to Dr. Jerry Donohus for
constant ism, capecially on inter
atomio distances. Wo have also becn stimulated by
& Imowladgs of the ganeral navurs of the m,.“m.sh.,.{
oxporimental rosults and
Whking, Dr. 1, H. Franklin and thoir co-workers ut

the specifio

Watson & Crick 1953




DNA — wat iis het ? i

specifieke
base paring
G-CenA-T

MOLECULAR
NUCLE|

“de specifieke base paring van het DNA
suggereert een mogelijk kopieer-
mechanisme voor genetisch materiaa

I“

Watson & Crick 1953



DNA - wat is het ? i«

()

DNA

RNA — PROTEIN

de genetische informatie die is opgeslagen in het DNA kan worden gedupliceerd
tijdens cel-deling (DNA > DNA + DNA), maar ook
tot expressie komen als eiwitten met specifieke functies (DNA > RNA > eiwit)

Watson & Crick 1953 Crick 1958, 1970




DNA > RNA > eiwit

iInformatie - opslag biologische functie

DNA Eiwit



DNA —waarom is het belangrijk ? Sl

DNA wordt verdubbeld voor celdeling (als organisme groeit)
DNA kopieer-fouten komen voor (soms in mensen, vaak in virussen)
DNA veranderingen kunnen voordelig zijn (evolutie)

helaas, DNA veranderingen kunnen ook nadelig zijn (genetische ziektes)



de CRISPR-Cas revolutie

* Genetische ziekte — hemochromatose



Genetische ziekte
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Hematochromatose - HFE (High Fe) eiwit A

hfe gen codeert voor HFE protein (regulatie ijzer opname)

"
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o
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hfe gen

HFE eiwit

-

| -
q HFE elwit*
(C282Y)
hfe gen*

(G845A)



Hematochromatose - HFE (High Fe) eiwit A

hfe gen codeert voor HFE protein (regulatie ijzer opname)

q HFE eiwit

hfe gen

Cys-282 vormt een zwavel-brug met Cys-225
(cruciaal voor een stabiele eiwit structuur)



de CRISPR-Cas revolutie

* CRISPR-Cas — van ontdekking tot toepassing



CRISPR-Cas mechanisme
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CRISPR = clustered regularly interspaced short palindromic repeats

Cas = CRISPR-associated proteins




CRISPR-Cas mechanisme A
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CrRNA guides Cas nuclease to DNA target ogum-g

in dit voorbeeld is
een crRNA guide gebruikt
van 9 letters
(GATCTCATCQC),
dit “woord” komt gemiddeld 10.000x
/ crRNA \ g

voor in het humane genome ...
guide

in een echt CRISPR systeem,
zijn guides vaak 20 letters
(GATCTCATCATGATCTCATC),
zo'n lang “woord” komt gemiddeld
slechts 1x
voor in het humane genome ...

DNA
target

dus, we kunnen een guide
ontwerpen die heel specifiek
€én enkele plek (in één enkel gen)
/ kan vinden en knippen
op het humane DNA
(net als Ctrl-F / Ctrl-X)

(¥

Cas nuclease

dit maakt specifieke
genome editing mogelijk



CRISPR-Cas — DNA editing

Class-1

Class-2

Type |
Cascade

Type I
Cas9

Type V
Casl?a




CRISPR-Cas — DNA editing

—

CRISPR-Cas9 CRISPR-Cas12

5 PAM 5 PAM ./

5’ O lllllll.llll OI_I_I_%_IL CrRNA (“guide”)
crRNA (“guide”)

met Cas9 / Casl12 en een design gids-RNA (“guide”)
kan op één enkele plek een breuk gemaakt worden in het DNA van een cel

daarna zullen reparatie-systemen l
van de cel de breuk weer herstellen / \

niet-homologe reparatie homologe reparatie
J
— je—
[
.

gen inactivatie accurate engineering



de CRISPR-Cas revolutie

* Gen therapie — recente voorbeelden



2022 — ex vivo CRISPR therapie (leukemie) A

How does the treatment work?

Base editing: Revolutionary therapy | @wsmormm.

T-cells, a type of white blood

clears girl's incurable cancer

®11D ber 2022 Alyssa's were out of control
ecember

o Doctors used 'base editing' to engineer her therapy

Base editing changes one

‘\; C letter in the genetic code

e Donor T-cells were edited in three ways
DNA altered to resist

chemotherapy
Markings removed to
protect denor T-cells

Receptors removed to prevent

donor T-cells attacking the body

o T-cells further modified to attack cancer

T-cell rearmed with
new receptors

e Battle of the T-cells

Modified T-cells find and
destroy cancerous T-cells

Source: BBC research 8]8]

https://www.bbc.com/news/health-63859184



2023 — ex vivo CRISPR therapie (SCD) A

UK first to approve CRISPR
treatment for diseases: what you
need to know

Thelandmark decision could transform the treatment of sickle-cell disease and -
thalassaemia — but the technology is expensive.

IN DEPTH

BIOMEDICINE

Tweaking genes with CRISPR
or viruses fixes blood disorders
People with sickle cell disease or beta-thalassemia could GOEDGEKEURD VOOR THERAPIE

be freed of debilitating symptoms for a lifetime

» UK - Medicines and Healthcare products Regulatory Agency (MHRA)
* US - Food and Drug Administration (FDA)

* EU - European Medicines Agency (EMA)




2024 —in vivo CRISPR therapy in NL iy

Eerste Nederlandse patient
behandeld met CRISPR-
Cas9-infuus

Innovatie Patiéntenzorg Zeldzame ziekten Genen

afleveren van CRISPR-Cas9 (mMRNA)
in lever met “nano-particles’:
specifieke in vivo gen therapie

“hereditair angio-oedeem” is een zeldzame erfelijke aandoening, veroorzaakt door een tekort
aan het eiwit Cl-esteraseremmer. Als deze remmer ontbreekt, kunnen er op allerlei plekken in
het lichaam plotselinge zwellingen ontstaan. CRISPR-Cas9 onderdrukt de aanmaak van het pre-
kallikreine eiwit, zodat het signaal dat leidt tot zwellingen niet meer kan worden doorgegeven.”




Hematochromatose - HFE (High Fe) eiwit

HFE gen = 1047 bp (letters)
Human genoom = 3.000.000.000 letters

uitdaging van gen therapie:
hoe kan je de mutatie vinding,

en hoe die dan te repareren (A845 > G845)

kan dat met CRISPR-Cas ??

TYPE 1 HEMOCHROMATOSE
HFE* gene (G845A)

ATGGGCCCGCGAGCCAGGCCGGCGCTTCTCCTCCTGATGCTTTTGCAGACCGCGGTCC
TGCAGGGGCGCTTGCTGCGTTCACACTCTCTGCACTACCTCTTCATGGGTGCCTCAGA
GCAGGACCTTGGTCTTTCCTTGTTTGAAGCTTTGGGCTACGTGGATGACCAGCTGTTC
GTGTTCTATGATCATGAGAGTCGCCGTGTGGAGCCCCGAACTCCATGGGTTTCCAGTA
GAATTTCAAGCCAGATGTGGCTGCAGCTGAGTCAGAGTCTGAAAGGGTGGGATCACAT
GTTCACTGTTGACTTCTGGACTATTATGGAAAATCACAACCACAGCAAGGAGTCCCAC
ACCCTGCAGGTCATCCTGGGCTGTGAAATGCAAGAAGACAACAGTACCGAGGGCTACT
GGAAGTACGGGTATGATGGGCAGGACCACCTTGAATTCTGCCCTGACACACTGGATTG
GAGAGCAGCAGAACCCAGGGCCTGGCCCACCAAGCTGGAGTGGGAAAGGCACAAGATT
CGGGCCAGGCAGAACAGGGCCTACCTGGAGAGGGACTGCCCTGCACAGCTGCAGCAGT
TGCTGGAGCTGGGGAGAGGTGTTTTGGACCAACAAGTGCCTCCTTTGGTGAAGGTGAC
ACATCATGTGACCTCTTCAGTGACCACTCTACGGTGTCGGGCCTTGAACTACTACCCC
CAGAACATCACCATGAAGTGGCTGAAGGATAAGCAGCCAATGGATGCCAAGGAGTTCG
AACCTAAAGACGTATTGCCCAATGGGGATGGGACCTACCAGGGCTGGATAACCTTGGC
TGTACCCCCTGGGGAAGAGCAGAGATATACG.CA@T&AGCACCCAGGCCTGGAT
CAGCCCCTCATTGTGATCTGGGAGCCCTCACCGTCTGGCACCCTAGTCATTGGAGTCA
TCAGTGGAATTGCTGTTTTTGTCGTCATCTTGTTCATTGGAATTTTGTTCATAATATT
AAGGAAGAGGCAGGGTTCAAGAGGAGCCATGGGGCACTACGTCTTAGCTGAACGTGAG
TGA

HFE protein

MGPRARPALLLLMLLQTAVLQGRLLRSHSLHYLFMGASEQDLGLSLFEALGYVDDQLF
VEYDHESRRVEPRTPWVSSRISSOMWLQLSQSLKGWDHMEFTVDFWTIMENHNHSKESH
TLOQVILGCEMQEDNSTEGYWKYGYDGODHLEFCPDTLDWRAAEPRAWPTKLEWERHKT
RARONRAYLERDCPAQLQQLLELGRGVLDQQVPPLVKVTHHVTSSVTITLRCRALNYYP
QNITMKWLKDKQPMDAKEFEPKDVLPNGDGTYQGWITLAVPPGEEQRYTIQVEHPGLD
QPLIVIWEPSPSGTLVIGVISGIAVFVVILFIGILFIILRKRQGSRGAMGHYVLAERE

*

ke B



Hematochromatose - HFE (High Fe) eiwit

het zou moeten kunnen met Cas9 om een knip

aan te brengen op de juiste plek in het genoom,

maar de efficientie van editing is (nog) te laag

() DSB + Cas9/sgRNA + repair template + HDR

met Cas@ / Cas12 en een design gids-RNA (“guide”)
kan op één enkele plek een breuk gemaakt worden in het DNA van een cel

daarna zullen reparatie-systemen l
van de cel de breuk weer herstellen _/ _\

niet-homologe reparatie hDTe f{alie :
1 gen* | ! beide genen*

— = —_—

(Type 4) gen inactivatie accurate engineering (Type 1,2’ 3)

(i) SSB + Cas9/RT/pegRNA

v porauUn ur eu
into target DNA by
reverse transcriptase

Complex formation, target Binding of primer to
Scaffold binding, and nicking of non- non-target strand
\, Rr sennplete target strand
including edit
v / HITT)

\
- Primer binding
et site (PBS) \
+ % Cellular endonucleases l

pegRNA

and mismatch repair
resolve the heteroduplex

d

o

TYPE 1 HEMOCHROMATOSE
HFE* gene (G845A)

ATGGGCCCGCGAGCCAGGCCGGCGCTTCTCCTCCTGATGCTTTTGCAGACCGCGGTCC
TGCAGGGGCGCTTGCTGCGTTCACACTCTCTGCACTACCTCTTCATGGGTGCCTCAGA
GCAGGACCTTGGTCTTTCCTTGTTTGAAGCTTTGGGCTACGTGGATGACCAGCTGTTC
GTGTTCTATGATCATGAGAGTCGCCGTGTGGAGCCCCGAACTCCATGGGTTTCCAGTA
GAATTTCAAGCCAGATGTGGCTGCAGCTGAGTCAGAGTCTGAAAGGGTGGGATCACAT
GTTCACTGTTGACTTCTGGACTATTATGGAAAATCACAACCACAGCAAGGAGTCCCAC
ACCCTGCAGGTCATCCTGGGCTGTGAAATGCAAGAAGACAACAGTACCGAGGGCTACT
GGAAGTACGGGTATGATGGGCAGGACCACCTTGAATTCTGCCCTGACACACTGGATTG
GAGAGCAGCAGAACCCAGGGCCTGGCCCACCAAGCTGGAGTGGGAAAGGCACAAGATT
CGGGCCAGGCAGAACAGGGCCTACCTGGAGAGGGACTGCCCTGCACAGCTGCAGCAGT
TGCTGGAGCTGGGGAGAGGTGTTTTGGACCAACAAGTGCCTCCTTTGGTGAAGGTGAC
ACATCATGTGACCTCTTCAGTGACCACTCTACGGTGTCGGGCCTTGAACTACTACCCC
CAGAACATCACCATGAAGTGGCTGAAGGATAAGCAGCCAATGGATGCCAAGGAGTTCG
AACCTAAAGACGTATTGCCCAATGGGGATGGGACCTACCAGGGCTGGATAACCTTGGC
TGTACCCCCTGGGGAAGAGCAGAGATATACG-CA@T&AGCACCCAGGCCTGGAT
CAGCCCCTCATTGTGATCTGGGAGCCCTCACCGTCTGGCACCCTAGTCATTGGAGTCA
TCAGTGGAATTGCTGTTTTTGTCGTCATCTTGTTCATTGGAATTTTGTTCATAATATT
AAGGAAGAGGCAGGGTTCAAGAGGAGCCATGGGGCACTACGTCTTAGCTGAACGTGAG
TGA

HFE protein

MGPRARPALLLLMLLQTAVLQGRLLRSHSLHYLFMGASEQDLGLSLFEALGYVDDQLF
VEYDHESRRVEPRTPWVSSRISSOMWLQLSQSLKGWDHMEFTVDFWTIMENHNHSKESH
TLOQVILGCEMQEDNSTEGYWKYGYDGODHLEFCPDTLDWRAAEPRAWPTKLEWERHKT
RARONRAYLERDCPAQLQQLLELGRGVLDQQVPPLVKVTHHVTSSVTITLRCRALNYYP
QNITMKWLKDKQPMDAKEFEPKDVLPNGDGTYQGWITLAVPPGEEQRYTIQVEHPGLD
QPLIVIWEPSPSGTLVIGVISGIAVFVVILFIGILFIILRKRQGSRGAMGHYVLAERE

*

ke B



de CRISPR-Cas revolutie A

* Conclusies



conclusies . ___ 3

CRISPR-Cas is een uniek afweersysteem van bacterién

Genoom editing met CRISPR-Cas is revolutie in biologie & biotechnologie

Gen-therapie met CRISPR-Cas mogelijk voor enkele genetische ziektes

Pogingen om CRISPR te gebruiken voor hemochromatosis zijn mij niet bekend

Disclaimer: CRISPR is voor de meeste genetische ziektes nog geen oplossing
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