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Deduction of the Main Features of the Structure

Fig. 2 shows a twodimesssonal view of the
intensities of refloxions plotted in reciprocal space,
When reflexions overlap, the intensity is divided by
the number of reciprocal lattice points powsibly
involved,

(3) The structure is helical. The pattern corresponds
in mtriking fashion with the Fourier tranaform of a
systean of helices, The large empty teapezoidal spaco
on and near the moridian strongly suggests 8 helix
but could. however, also be given by alternative
structures in which roda o sheots are inclined to the
axi.  Thess peeudo helical structures ean be dis-
tinguished, however, by the fuct that they do not
Rive several zeros of intensity on tho layer lines, and
the form function s not cireularly symimetrical about
the fibre axis. If parcrystalline deoxyribonucleie
acid wero ilable, it would be impossible to
establish the circular symmetry of the form funetion,
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(B) A majowr part of the helix has one sharply defined
dimmeter, The intensity distribution on the second
layer line and on the outer parts of the opeator
alternntes markedly between strong and wesk and
cosrsponds respectively with the functions J,* and
J 0 (sguares of ond- and zoro.order Bessel funes
tions). This diffraction would be produced
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{c) There are tuv comrial 18 A, diameter Aelices
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vor lines o weaker than the second, and the
cetitios correspond roughly with J,* and Jy!
{Fig, 2) respectively, for a helix of dinmetor spprox-
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dismoter helices observed on the 2od layer koe, bat
absent from Jat and 3rd, indicates that the structure
contains two 18 A, dismoter coaxinl holices spa
apart along the fibro axis by about half the pitch-
lorgth of 23 A. (the layer line spacing) {see also ref. 8).
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() The mucleotide shape resembles that of o rod
inclined 4 the helix aris, 16 the holical system is
divided into puclootides by planes st right angles to
the helix nxis, the intensities of the 10th, %h and
Sth layer lines wonld resemble that of the coro, Ist,
2owd and 3ed loyer lines, In £aet, this offect is observed
in %0 far as the 18 AL dinmeter holix does conteibite
to the Oth layer hoe (though woakly) and is partly
absent from the 10th, But it is ancmalous that the
10 A, diamotor helix does not contribute to the 10th
layer line and the 18 A. helix doos contribute, as
. 10 the Tth layer line. These effocts would be
explained if the nusdotides formed roughly a series
of rods inelined at an angle of abaut 837 to the e
axis in the opposite senso to the inclination of the
helix. The Xorays are then reflocted off these rods
in o direotion about 25° to the fibre axis, The 10 A.
diameter helix, being in effect divided by in;lim:d
plancs, diffnuets very little enerpy alosg the moridian,
and the 10th layer line is accordingly absmnt, i

The stracture of the holical system therefore boging
10 bocome clear and its probable form is shown
disgrommatically in Fig. 3.

Circular Symmetry of the Form Function and the
Elimination of Pseudo-Helical Structures

The fact that the form fusetion, for example, on
the ;';ul layor line, altersates fiirly smoothly between
strorg and very weak, indicates that it has cincolar
symmotry shout tho ﬁbye.uiv.‘ Hence all pnd- l;
heli are 2 t
Iattice is nxymmetrical, 8 symenotrical form function
is quite hikely to produse genernl asymmetey d%
intensity distribution.  This effoct, mubm-tlv mm
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gaﬂim‘lblub«um@lh{wrlyddmm
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Clustered Regularly Interspaced Palindromic Repeats (CRI-PR)

Repeat unit Spacer (20-58 bp)

21’4°b'°_\ Rl ™
[N D D ) e e Y s

E. coli (1987)
— > -—
CGGTTTATCCCCGCTGCGCGGGGAACTC
H. mediterranei (1993)

Jounna or BacTERloLOGY. Dec. 1967, p. $429-5433 Vol. 169, No. 12 _> <_
Copyright © 1987, American Society for Microbiology
GTTACAGACGAACCCTAGTTGGGTTGAAGC
Nucleotide Sequence of the iap Gene, Responsible for Alkaline
Phosphatase Isozyme Conversion in Escherichia coli, and Molecular Microbiology (1993) 9(3), 613-621
Identification of the Gene Product
YOSHIZUMI ISHINO, HIDEO SHlNAGAWA KOZO MAKINO MITSUKO AMEMURA, AND ATSUO NAKATA*
D of Experimental Chemoth te for Microbial Diseases, Osaka University, 3-1 fndi H initd
Yamadaoka, Suite, Osaka 363, Jopan Transcription at different salinities of Haloferax
ecelved 1 Moy WUAAccabed 22 e 191 G mediterranei sequences adjacent to partially modified
ol G Pstl sites
CeG AeT ) . _
F. J. M. Mojica, G.:!uez énd F. ’Ffodrlguezi;Valtjra " mv‘o\v‘eq.m the n;:;lh:’a"mnx K uans:;orf wh'(:SE' reg’u\auon
GeC 2 i presrtripenfocireiogmmsiiorispria MRy s gty i
C .G C .G Spain. Mizushima, 1990; Sugiura et al, 1992). A role for the
CeG CeG
CeG CeG
CeG AeT
TeA AeT
GEoTTT™  AfTe GTTACAGACG  GAAGC

Ishino et al,History of CRISPR-Cas from Encounter with a Mysterious Repeated Sequence to Genome Editing Technology,JOB,2018



Prokaryotlarin Adaptif Bagisikligi: CRISPR’in Dogusu

a Locus organization

Genes encoding Cas proteins CRISPR array
| |

P—

Leader Repeat Spacer Repeat Spacer Repeat

b Adaptation

Cas1-Cas2

complex Protospacer Protospacer integration

T_
Invader
% DNA Casl
\_rl > Cas?
Protospacer 1

New spacer-repeat unit

Amitai and Sorek, CRISPR-Cas adaptation: insights into the mechanism of action, Progress, 2016



Prokaryotlarin Adaptif Bagisikligi: CRISPR’in Dogusu

Adaptation i ' . \

N

= B
L MD—'T—I-

cas operon CRISPR array
crRNA Maturation l
5 Qus
pre-crRNA

Processing of  Cas protein
pre-crRNA or cellular
ribonuclease

Interference

Hille et al., The Biology of CRISPR-Cas: Backward and Forward, Cell, 2018



Prokaryotlarin Adaptif Bagisikligi: CRISPR’In Dogusu
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Cas genes

DTS cast - casz - Gz — (N 3
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7 Interference 5 Processing

0
% 6 gRNA S [ S[ ~ ] i —

Araldi et al., Medical applications of CRISPR/Cas tool: A comprehensive overview, GENE, 2020



Pre-crRNA, cr-RNA Aand TracRNA Streptococcus pyogenes

CRISPR-Cas system
N
pre-crRNA & P &P CRISPR
171/89 ntsu \/_ ._Csn1
tracrRNA &) e RSRSR \
RNase Il *L_, :
Leader
18t processing m mi/’ i ¥ pre-crRNA
event ‘ i T
&
IR WP S _© B
- 66 nt 66 nt il - < " RNase Il
2nd hrocessin v
pevent g tracrRNA

P, W .
ey —566 nt »—%ﬁ nt -@ @@‘@

V 3 *
CrRNA

39-42 nt 39-42 nt
Charpentier, CRISPR RNA maturation by trans-encoded small RNA and host factor RNase Ill, Nature,

laYa Y .|



Prokaryotlarin Adaptif Bagisikligi: CRISPR’in Dogusu

Bacteriophage

DNA injection i

Spacer acquisition Invasive viral or plasmid DNA _"'PANlI N Protospacer
Integration
cas operon CRISPR array
r 1 T 1
Locus tracrRNA Cas9 Cas1 Cas2 Csn2

i

1
Spacers Repeats
l Transcription

tracrRNA , ,

3 5 3’ ' &Y ' 3 5
re-crRNA S'Wﬂﬁ ' 3

p T 1 *

l crRNA maturation

(RNase Il processing A and crRNA 5' trimming A)

crRNA biogenesis
sils s sl s Sl s
CRNA 5ot 3’ —— - S N
3 2>
S'ﬂ”””3 Phage
DNA interference e
[T PAM
PN B e complementary foreign DNA ===
Site-specific cleavage
Cas9

Doudna and Jiag, CRISPR—-Cas9 Structures and Mechanisms, Annual Reviews, 2017



Prokaryotlarin Adaptif Bagisikhgi: CRISPR’In Dogusu

GOSTIMSKAYA

2005

> 4

1987-2005 ~Casg
\ ; 2011-2012
CRISPR /
N\ ) | tracrRNA
crRNA
A
2007

Gostimskaya, CRISPR—-Cas9: A History of Its Discovery and Ethical Considerations of Its Use in Genome Editing, 2022



Bakteri Kendi DNA’sini Neden Kesmez?
Prokaryotta Otoimmiunitenin Onlenmesi!

Cas9

LU

/ i N\

Double-strand break (DSB)

Doudna and Jiag, CRISPR—Cas9 Structures and Mechanisms, Annual Reviews, 2017



Clustered Reqularly Interspaced Palindromic Repeats (CRI-PR)

sgRNA scaffold
REC lobe
Target DNA
sgRNA !
. . Preordered seeﬁm. ?_ 3 Target straNnLc'ideat site -
;ISisordere*ii; Prepositioned _-"'. “"-. . I ‘
NUClobe  RAM region PAM-interaE:ting sites 3 Cas9 rapidly 5 m 3
dissociates from Nontarget strand \PAM /
non-PAM DNA
Cas9 in the apo state Pretarget state ready for PAM recognition and
(inactive) target search DNA sampling

Interrogation of flanking DNA
for potential complementarity

P
A PAM-distal = PAM-proximal
mismatches (>4 bp) Stable R-loop formation mismatches abrogate
inactivate cleavage beyond seed DNA binding
Full complementarity and Directional unwinding and Local DNA melting and
HNH allosteric switch to ensure R-loop expansion RNA strand invasion

concerted DNA cleavage

Doudna and Jiag, CRISPR—Cas9 Structures and Mechanisms, Annual Reviews, 2017



Double-Strand Break(DSB)

Cas9

R.P. Araldi, et al.

Nuclease-induced double-strand break

' HNH '
3 FEEETTEREETETT T l||||||.|!||||||'||| s
5,IIIIIIIIIIIIIIIIIII ]_|_|_|_|_|_|_u_|_|_|_|._l|_3,
Genomic DNA \ /
RuvC Nonhomologous end joining repair Homology-direct repair
l (7,1 -—
S T T kA
oL L LU 56 = - — Donor template
\&‘fn (o] - ——
Double-strand break (DSB)
0 |
c e ———
i ——
T
Endogenous DMA repairs at the DSB site o - —
Donor DNA =
{ssODN or plasmid)
LU
Nonhomologous end joining (NHEJ) Homoelogy directed repair (HDR)
IR R inserti T T T T T T T T
L L) Smallinsertion R
| I
FOETETTETTTTETerrrees - ST T e "_
LD s oL Knocked-in DNA
sequence of interest
FEETETTETT e e e T rrerrrT
LU




A Programmable Dual-RNA-Guided DNA Endonuclease
in Adaptive Bacterial Immunity

MARTIN JINEK, KRZYSZTOF CHYLINSKI, INES FONFARA, MICHAEL HAUER, JENNIFER A. DOUDNA, AND EMMANUELLE CHARPENTIER Authors Info & Affiliations

SCIENCE - 28 Jun 2012 - Vol 337, |ssue 6096 - pp.816-821 - DOI:10.1126/science.1225829
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LA-1 Knock-Out

A Effector T cell Effector T cell
DC 7 DC 7
b Activation ¢ Activation
¢ o= ¢ % @
s Knock-out g
B2M gene

HLA-1
Antigen\ \. J Cytotoxicity i No immune response
uptake
'/BZM
iPSC-derived cell @ iPSC-derived cell
No B2M
‘ protein ‘

Death Survival
®
B HLA-II
N
Knock-out
CIITA gene
== " I HE HLA-II =i @ -' l' I HE HLA-II | |
HLA-Il Promoter HLA-Il Promoter
No CIITA
protein

*Sarah Eminli-Meissner PhD, Editing B2M and CIITA to Create Hypoimmune Cell Lines for Cell Therapy, REPROCELL, 2023



gRNA = Scaffold RNA ]

lentiCRISPR v2
14.873 bp

BsmBI BsmBI

\44UZ) ELUNRG

(4119) CELED - Esp3l /SV40 poly(A) signal
(3801) BsaBI EBV-rev (12.022..12.041)
(3632) Swal BstZ17I (12.063)
(3277) BspDI - Clal (M13 rev)
((22974197)) ';‘T?I M13 Reverse (12.101 .. 12.117
C
(2353) Bael
(2320) Bael M13/pUC Reverse (12.114
(2234) -NE:‘;M lac promoter
CAP binding site
2161 .. 2180) LKO.1 5'
((1990 i 2013) hU6-F L4440 (12.332 .. 12.34
Pcil (12.442)
(5655, Akit ‘ Drdl (12.550)
(1980) PacI pBR322o0ri-F (12.
0 0 = _—_7____—_!__ I PRCS
2500l 5000 7500 i12.500
oD 1D Cas9 D- DDDD > mfl C
| U6 promoter  gRNA scaffold | | PuroR flori | BleoR
cPPT/CTS EF-1a core promoter P2A 3" LTR (AU3) SV40 promoter
Kozak sequence Factor Xa site SV40 ori

Feng Zhang, MIT lentiCRISPR v2

14.873 bp



Search for predesigned gRNA

Species

Input format

Designs per gene

Paste/Type input

HLA-I Knock-Out via Lentivirus

Predesigned Alt-R™ CRISPR-Cas9 guide RNA

Select from predesigned Alt-R CRISPR-Cas9 guide RNAs (gRNAs, such as crRNA and sgRNA) targeting human, mouse, rat, zebrafish, or C. elegans gene targets.
For HDR experiment designs, please see the following HDR design tool.

Design custom gRNA CRISPR-Cas? gRNA checker

Homo sapiens B SEARCH
P bol R o CLEAR AND RESET
ene symbo; v
6 ¢
Upload file

Enter up to 100, separated by commas.

B2M

Position  Strand Sequence PAM

44715511 - AAGTCAACTTCAATGTCGGA TGG

Show off-target details + | Show related products

On-targetscore Off-target score

e e
91 70

+ ADD TO DESIGN SET




HLA-I Knock-Out via Lentivirus

Oligo1: Oligo 1

5’ CACCGGCTACTCTCTCTTTCTGGCC

5' Phosphorylated

Oligo 2: Oligo 2

5" AAACGGCCAGAAAGAGAGAGTAGCC

5' Phosphorylated

=18 10 20 |

- ‘Sta"t (0) ‘End (25)
5’ CACCGGCTACTCTCTCTTTCTGGCC

I—o—H—I—H—|—|—|—H—|—|—|—|—|—|—|—|—|—H—|—|—|—|—|-|

CCGATGAGAGAGAAAGACCGGCAAA

BsmBI BsmBI
(2234) (4119)

I |
Vector
12.988 bp

...aaa gttttag...
...tttgtgg atc. ..

Start
(0)

Packaging plasmids

g - l | :
o = High-Titer Packaged
Lentiviral Particles

HEK293 Cells

I I
|
Insert Product
+ —>

CACCGGC...GCC
CCG...CGGCAAA

...aaaCACCGGC...GCCGTTTtag...
...tttGTGGCCG. ..CGGCAAAatc. ..



F——— Target-specific oligp ———

A. 5

T7 Target-specific ~ Overlap
promoter sequence

Add at room temperature:
M « 2X sgRNA Reaction Mix
' (contains scaffold oligo)

] Single-tube reaction « sgRNA Enzyme Mix
./ (37°C, 30 min.) v

B.| & P
3 +— & -
S. pyogenes Cas 9
l DNA extension scaffold oligo
,—’
C. 5 e — 3
Y he——
dsDNA template
l Transcription
' Target-specific sgRNA .
D. 5 — 3

Target-specific
sequence

— HLA-I Knock-Out via RNP

gRNA scaffold
“spacer”

Complex-formatlon

3I

Cas9:gRNA complex

EnGen” sgRNA Sysmesis it [ L%
S progmess

‘E33228

l\d 't nct-u E-,

TTCTAATACGACTCACTATAGCTACTGAAGTATACGTAAAGGTTTT



HLA-I Knock-Out via RNP

e e e

Caso ® = e

°
e °
sgRNA ..v ’_. ™ eece
.. [ L
° °
°

Plate cells into TeSR™

) medium containing Derive clonal hPSC lines using
Form RNP complex using CloneR™ TeSR™ medium containing
ArciTect™ Cas9/Cas9-eGFP

: CloneR™
Nuclease or Cas9 Nickase Plate hPSCs
Derive Clonal hPSC Lines
Form RNP Complex

Design Guide RNA (gRNA
280 s (g ) Establish Clonal hPSC Lines

Deliver RNP Complex GTGCGTGTGCCCCGATACAGGTGCCTGG
Culture hPSCs

sgRNA

or

Establish and characterize clonal
hPSC lines

arnad 3
iu’aaRNA
DNA

. - e ‘ ;
Deliver RNP complex into hPSCs, and ~
Anneal crRNA and tracrRNA if knock-in desired, add donor PAM site

template (e.g. ssODN) here

Culture hPSCs for 48 - 72 hours to
allow editing to occur



Guide RNA?
DNA’" yi kesmeden de duzenleyebiliriz!




Guide RNA?
DNA’" yi kesmeden de duzenleyebiliriz!

Transcription repression

Enhancers Promoters |/ 5”UTR

Exonl

Pickar-Oliver et al., The next generation of CRISPR—Cas technologies and applications, Nature Reviews, 2019



Guide RNA?
DNA’" yi kesmeden de duzenleyebiliriz!

Transcription activation Primary mouse
embryonic

E l fibroblast
'Brn2, Ascll,
: § b Myt1l Neuronal cell

Pickar-Oliver et al., The next generation of CRISPR—Cas technologies and applications, Nature Reviews, 2019




Guide RNA?
DNA’" yi kesmeden de duzenleyebiliriz!

AB R

+ ABA s + gibberellin
ad [

[1iGene AT L1111 Gene B

Pickar-Oliver et al., The next generation of CRISPR—Cas technologies and applications, Nature Reviews, 2019




Guide RNA?
DNA’" yi kesmeden de duzenleyebiliriz!

Pickar-Oliver et al., The next generation of CRISPR—Cas technologies and applications, Nature Reviews, 2019



Guide RNA?
DNA’" yi kesmeden de duzenleyebiliriz!

Epigenome editing

HET1 Demethylation

00000 PX 000 0000 ™ 000

woiin i EMRI > i FMR

$

Pickar-Oliver et al., The next generation of CRISPR—Cas technologies and applications, Nature Reviews, 2019




Guide RNA?
DNA’" yi kesmeden de duzenleyebiliriz!

CLOuD9
3

dSpCas9 — ‘1— dSaCas9

Pickar-Oliver et al., The next generation of CRISPR—Cas technologies and applications, Nature Reviews, 2019
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Electroporation Flowcytometry sorting Clone screening
. o
@
L ]
Sy :
/ \\ ® :
— \ J ———  Final clone confirmation
—» \ ) —>
iPSC \&447 ;
CRISPR/CAS9 The transfected cells Single cell-colony picking .
Reagent(RNP)
HOQHOMUOMY
I. HLA-A HLA-B HLA-DRA
S o —
A ! Ul line
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Article Open access Published: 14 March 2025
Generation of hypoimmunogenic universal iPS cells

through HLA-type gene knockout

Juryun Kim, Yoojun Nam, Doyeong Jeon, Yujin Choi, SeonJu Choi, Chang Pyo Hong, Siyoung Kim,

Hyerin Jung, Narae Park, Yeowon Sohn, Yeri Alice Rim &4 & Ji Hyeon Ju &

Experimental & Molecular Medicine 57, 686-699 (2025) | Cite this article
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A Novel Platform for Creating Off-the-shelf Multiplex-Engineered

Hematopoietic Cell Products
_ © Master Cell Line
Induced Pluripotent Renewable Engineered Unlimited Access to Engineered i
Stem Cells Hematopoietic Progenitor Cells

atis O Pluripotent Cell Line

g © s;ngm-Cenrc;rcma;r> e & @ THERAPEUTICS

Precise Multi-Gene Directed Hematopoietic )
Engineering Selection & Banking Lineage Differentiation Better Cells For Better Therapies ™

Off-the-Shelf | Homogeneous | Cell Products

| !L p—
1 —
A—
Afp—
—

iNK Cells True Off-the-Shelf CAR T cell Drug Product

CAR19 TCR null
State-of-the-art CAR motif and Complete TCR knock-out to prevent
expression control GvVHD in allogeneic settings
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CNTY-101 is an iPSC-derived NK cell therapy with
CD19 CAR and Allo-Evasion™ edits to avoid host

rejection
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CNTY-101 is an allogeneic anti-CD19 iPSC-derived NK cell

therapy

Century's technology for multiple step editing using
CRISPR in iPSC allowed 6 edits (2 KO, 4 Kl) to enable

multiple functions

Avoid host T cell rejection: Knockout of beta-2
microglobulin (b2M) and HLA Class Il Transactivator (CIITA)

to eliminate HLA-I & HLA-II

Avoid host NK cell rejection: Knock-in of HLA-E

e Tumor elimination: CD19 CAR with FMCE3 binder

Safety switch: truncated Epidermal Growth Factor Receptor
(EGFRt) containing Cetuximab binding epitope

Secreted IL-15: to enhance cell persistence and modulate

the tumor microenvironment

Allogenic iPSC-derived

NK cells

CNTY-101, an Allogeneic Anti-CD19 iPSC-Derived NK Product, for the
Treatment of B Cell-Driven Autoimmune Diseases
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Allo-Evasion™

* Available ‘Off-the-Shelf’
* No apheresis and no

» Killing potency (= primary CAR-T) leads

to deep B-cell depletion’

manufacturing wait time

¢ Clonal product enables batch-to-
batch consistency
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Drug product (iNK)

hin D et al, Blood 2004, 144: 3437

» Trafficking to secondary lymphoid tis-
sues and marrow favors pathogenic
B-cell targeting

« Short-lived, more predictable pharma-
cokinetics and pharmacodynamics

» Demonstrated efficacy, a manage-
able safety profile, and deep B cell
depletion in patients with (r/r) NHL
(ELiPSE-1)

¢ Avoiding host immune rejection

* Repeat dosing without continued
lymphodepletion
* Ability to re-treat, if needed
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Tighter control over drug exposure:
B-cell depletion without prolonged B-cell aplasia
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