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Proteini | tRNA-specific adenosine deaminase

Amino acids

Protein existence!

Status! | % UniProtKB reviewed (Swiss-Prot)
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"
N =~ | N\>
N
N N
\\\OH
0
o O
* | 0
\P/
|
0

Annotation score!

Ato |

—

167

Evidence at protein level

@

<2>



¥, 2

>
=
0
7
&
=
z
5
@)
=
¥
=
[a W

o P~ o [ Y, T = - 4
0 D W o — e = — — 0 IO L] T=T -+ - g T BT - I <] 3=}
[T R T T .r - O e _ e o Y
BB o o - =] L
EBEEEE B o
T O = k4 d
LG LR R L] ] =
[T TTR S  F > ' o
O 0 < o 3 « < - | 3
[ _ _ _ _ _ - >
- O o - o =
[ ™ T o = n
¢ | -
! - H o
[ U] u
- . |
- =
i v ”
[ o w
= [F1] [+ 4
- - n
o | | =
o = B
™M a
I : ._ -
T - ]
02 : = m
oo _ o] >
1 < i o
> ™S o
% : : n
E E (= v
S | - =
c o = GGG w>a =
oy = ' i L4
f H A T o -
‘S - - N - o
O m gowooe O F Do~ o
e e 3 e e RSN
p == XX =x - - - - &
s B 3 = N & ! o OF NN o o T T | -
- s wh o E — [T L R - - " Trrrwnodo [ ]
A T O s O I 00 «f « {3 < — I T OO0« I
[T oo o or oo A w L o Lk ki =
N wo_J [T = [ (i T i ki =
[T ] = L = (= = - i ¥ (1] =
R > = v L] I L & | <
wid w o § W = AT o LD - -
[T P ) = . Wl == T = [} ¥4
*E . L | 3 43 13 40 O el E =1 i [=]
[T ' Ll > oo w
L = of of «<f EM <f < L = i O -
ﬁ = = ' L AL AL AL E L =T ]
[C -] o - |l el el e [TH (7 T S 5 ¥
% e e c PP « cco..
R - | [ A o W 0> 0 [T f Ff f T
[ PR 3 i =l [ | 3 D i W o O o
* = = = @ L] - =] L3 oMM B W
[ o w ¥ d of o < Ly = S R T
o A = L] = 9 2 5 o oS>
== == - w 2 3¢ s o [0
< Eosr T g g
y o] 328 £ Bgl§ % $208 3 Bgf§
EE2 YR & TER S B & EE S 3 @ e EE= S @
(40} §ESSEE & aes8es 4 BESEEE B nesq€Er
0 & LW = O L] P oo O oy B D i O oa ko0 A O L] U o O o @ B
T Wl E T i w v i T O i w A 8T U W wiwfof @ T O

<3>

30

2

PF.

i

PEPRISKSDRYLDEBMNT

Multiple sequence alignment of E.coli TadA, yeast Tad2p and putative TadA

sequences from different bacteria
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S. cerevisiae IRNAA®
with anticodon loop Arg
(S.c. Asp mutant)
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Programmable base editing of TadA in genomic DNA

E. coli TadA amino acid ) )
Linker 1 Linker 2

23 36 48 51 84 106 108 123 142 146 147 152 155 156 157 TadAstate 0 o' " F0
WHPRTLATDH A S R E | K Monomer 16
WHPRTLAMNMH A s R E | K Monomer 16
W H P R LBEEBEWNH A S R E | K Monomer 16 Cas9 Deaminate
WHPRLENME-E A s R | K  Monomer 16 nic:kaser_ _f » Bind and open target A in
WHPRILEMBE:E A s R | K Homodimer 32 16 ihetical ) M SM,?
WHPRLENNH A S R | K Heterodimer 32 16 deoﬁadengsme Nick non-edited
WHPRFRMBNY A s R F K Homodimer 32 32 deaminase . TR strand
W H P R FREEWN Y s R F K Homodimer 32 32 . _‘ ; -'..'-‘. bz o o o
WHE P BB F IRVARE Y R F Homodimer 32 32 -vi\ - P A
A L I L B VvV N R F Heterodimer 32 32 Protospacer PAM lDNA repair or
"2 L s LAV N B R F Heterodimer 32 32 Sms replication
L s LEA Vv N B R F Heterodimer 32 32 ’ . e * TR Il |5
Genomic DNA Graes see

R L A L B V N B R F Heterodimer 32 32 Base-edited DNA

L A L B V N I R F Heterodimer 32 32

L A L B V N I F Heterodimer 32 32

L A L BE# V N I F Heterodimer 32 32

Evolving a transfer RNA adenosine deaminase (TadA) to operate on DNA when

fused to a catalytically impaired CRISPR—-Cas9 mutant.
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Directed evolution of adenine base editors with increased activity
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TadA-8e

TadA amino acid number

Clone 26 88 109 111 119 122 147 149 166 167

TadA-710 R V A T D H Y F T D
PANCE 1 R
PANCE 2 ST R

TadA-8a C S R N N Y N

TadA-8b A°S R N N Y N

PACE TadA-8¢ C S R N N Y N

TadA-8d A R N Y
TadA-8e S R N N Y N

ABE?7.10
ABES8.1-m
ABE8.2-m
ABE8.3-m
ABE8.4-m
ABE8.5-m
ABE8.6-m
ABE8.7-m
ABE8.8-m
ABE8.9-m

ABES8.10-m
ABE8.11-m
ABE8.12-m
ABE8.13-m
ABE8.14-m
ABE8.15-m
ABE8.16-m
ABE8.17-m
ABES.18-m
ABE8.19-m
ABE8.20-m

ABES8.1-d

ABES8.2-d

ABES8.3-d

ABES.4-d

ABES8.5-d

ABES8.6-d

ABE8.7-d

ABE8.9-d
ABES8.10-d
ABES8.11-d
ABES8.12-d

ABES8.14-d
ABES8.15-d
ABES8.16-d

ABE8.18-d
ABE8.19-d
ABE8.20-d

TadA-8.20

residue identity in evolved TadA
23 36 48 51 76 82 84 106 108 123 146 147 152 154 155 156 157 166
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TadA displayed increased cytosine deamination activity e 7 K ¥
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0
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In vivo base editing lowers cholesterol in primates

d o ——
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£ oo
Exon1 |Gl TAG GT GC %AG |Exon2 o 29
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+1 +10 +88 +154 m{},ﬁ,\rﬁ:"ﬁrﬁj RS
'R'.P %)
Dose (mg kg™)
. 80~ ™ -
£ 60 » A ‘il I
2 40 A
ﬁ 20-
0

05mgkg”' 1.0mgkg' 1.5mgkg!

Dose TadA&LNP achieve in vivo

editing to prevent diseases
D ]
=20
-40
-60
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0.5 mg kg™’ 1.U-rng kg”' 1.5mgkg™ <9>
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1aEcal 1 DER AV LVH-MNRVIGEG
1 hMitros0 Mo nas 7T RVPVOTEDEYFMROALDLARVEIGAAG GAVMUR ESRIVGCGH
1 ¢ Aguifex 1 M=-===-= GHKEYFLEVALREAKREBIFEKG GEYl IVE-EGEIISKAH
1d Streptomyces ] Mm==========- RLALTEAVREIAES A GEIVV LAPDGEV]IARGH
1aSynechococous 10 ANPEYETHHRWMT lAYEQAV IEIGT AG GV I VH-QGHLLATGQERRERDRODPCG
1 EStaphylococous 1 M=-=-=--THNDIYFMTLAIEEAKKBIAG LG GEYl ITKE-DDEVIARAH
1gBcenaus 1 M=-EQDQADIYFMOLAIEEAKKEIEE I G GEAW IVL-DGEVISVAH
1 hB subtils 1 M==-=-=TQDELYMKEAIKEAKKBIEEKG GEIVLYI-NGEITARAH
1iListeria 1 M=-==-=-=- ERAFFMOQALEEAEKEIRDIG GEVVVL-DGEI IGRAH
1 jO8ng cocous 1 MSYNRSMTEEFMOQLALKEGQAQRTEFDEG GV LVE-DNQV 1 AADH
2 Acholeplasma 1 M--1TKNSREYFMMNEALKEAKKEBINDKED VVWVL-DGKITARAH
3 Aster—yeliow 1 MEMNNGGH] FFMEEALKEAQKBYLKE G IAVL-NGEIIARAH
4 Pryto=aust 1 M-TONDEKNLFFMEAAFQEAY KEIY L KK GEAVVVL-NNQITARAH
5 Phyto=rrali 1 M-==-LMNEDLFFMKEAFKEAKKEIY YHKMN GEIVAVL-NNQI1ARTH
fi. Onior—yellow 1 MEMMNMQAOHIFFMEKEALKEAQKEIY LKE GEIVAVL-NGKIIARAH
7 Mesoplasma 1 M-=-=--=---- ENMLMTY INEK I KEVENKSE FESCLIK-DNKEIVFESEK
& M capricolum 1 M----DDFMMILOLLIMNESKEKEIKHN SCCIIDSNNMNILSLAIL
& M keachii 1 M----DDFNHN]ILDLLINESKKTIKHN SCCIIDSMNMNNILSLAI
10 M mycoidesSC 5 IWETMODFMNILODLMIYOSKEEII KHN CCC 1

11 M mycoidesLC 1 M==-=--NDFHNNILDLMIYGQS KKEIIKHN COC I IDNNNNILTI

Glycerol

Asp104

TadA

TadA

Structural A34

core

40

N46f B RST
N46IEMELILY,

TaclA

FOERYDPRIE

TadA
A34

catai iC
stack ( Yt )
RPIGRHDPTA
CPVTTVODPTA
SVEELEKEDPTA
EREATGODPTA

LRETLQGPTA
LRETEQRSIA
LRETEGRS A
LRETSQNAVT
REEQSGIATA

LRESRQS I HA
MRNTKKLFFG
MRKGKNLFFG
MCEKKQIFFG
MRNTKKLFFG
NSYKIKKITG
SRYKNKDISQ
. SRYKNKDISG
IODMNNILSMS IfITRYKNKDISG
1 siflTrRYKNKENISO

Deaminase C35 dAG3?
+$tack

2'0H

RQGGL?MGNV
ROAASRVGHNY
KEACRRLNTEY
RRAAERLGRW
RAAAAR] GDW
ERAAKVLGEW
DDACKKLGT
DEACKALGTW
DACKHQMNSW
EGANCSLGD

EKAAKK] GSWE
IKEAGKEK I NS RE]
IKANKKLENR
KELMNEEKFKNRBERE
KAGKKIMNSR
MEAFEKEKI KK&E
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RESEEEEA
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34 678
FANCEF site 1: GGAATCCCTTCTGCAGCACCT GG

Editing at A3 (%) Editing at A4 (%) Editing at C6 (%) Editing at C7 (%) Editing at C8 (%)
80 60 40 20 O B8O 60 40 20 O 20 40 60 80 O 2 4 6
| I

Untreated -
ABE7.10 -
ABEmax -

ABEBe -
R26A -
E27A -
V28A -
V28C -
V28G -
V28P -
V28S -
V28T -
V30A -
V30F -
V30M -
NAGA -
NA4BG -

» NABL -
N4BR -
ES9A -
V82G -
F84A -

F84l -
F84L -

F84AM -

R107N -

N108A -

N108G -

N108R -
R1T1A -
L145A -
L145F -
L145G -
F148A -

Y149A -

N46LETLLER TadAE B RIRRIENR
IR B RIS AIEELE
JRIEIEMYE
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Target protospacer sequence

sgRNA Target site sequence (5°-3’) PAM oligo
Oligo-
CACCGGAATCCCTTCTGCAGCACC
FANCEF site up
| GGAATCCCTTCTGCAGCACC TGG
Oligo-
dg AAACGGTGCTGCAGAAGGGATTCC
n
Oligo-
CACCGCCTCTTCACCTGCTCCTGAG
up
PCSK9-sg3 CCTCTTCACCTGCTCCTGAG GGG
Oligo-
dg AAACCTCAGGAGCAGGTGAAGAGGC
n
Oligo-
CACCGCTTCATCCCTAGCCAGCCGC
up
HBG-sgl1 CTTCATCCCTAGCCAGCCGC CGG
Oligo-
dg AAACGCGGCTGGCTAGGGATGAAGC
n
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UCSC Genome Browser on Human (GRCh38/hg38)
move <<= << < > »> >»> zoomin|15x 3x 10x base Zoomout| 15x 3x 10x 100x
multi-region | chr11:22,625,789-22,625,808 20 bp. ‘gene, chromosome range, search terms, help pages, see exan| go | examples
chrit (p14.3) | WIERS WN15. 1[0 W 013 JRIENEE11.2) |0 0 EE CIERE Eco  BERRE] Bo23 3 W25
Scale 10 bases | | hgas
chri1:  22,625,790| 22,625,795 22,625,800| 22,625,805/
(_-_ ; | " | : |'-I' :. T s T T L T |'.l' '.'. 1 1
eference Assembly Fix Patch Sequence Alignments
Reference Assembly Alternate Haplotype Sequence Alignments
Your Sequence from Blat Search
YourSeq *
FANCF/NM_p22725.4 KL
OMIM Alleles
Gene Expression in 54 tissues from GTEx RNA-seq of 17382 samples, 948 donors (V8, Aug 2019)
FANCF |
| L | IR | ATV LR I I
- ) ENCODE Candidate Cis-Requlatory Elements (cCREs) combined from all cell types
E 8/
Transcription Levels Assayed by RNA-seqg on 9 Cell Lines from ENCODE
Transcription
| H3K27Ac Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE
Layered H3K27Ac
N 200 _ DNase | Hypersensitivity Signal Colored by Similarity from ENCODE
DNase Signal
_ 0_
- 100 vertebraies Basewise Conservation by PhyloP
Cons 100 Verts .
0.3 — —- <14>
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C-to-G (%)

HBG-sg14 FANCF-sg15 OX40-sgT ABE site 8
0 20 40 600 10 20 300 10 20 30 400 40 80
: s : O (e
Untreated
ABE8e |
Td-CGBE
CGBE1 HE
CGBE-XRCCT & | @
OPAD YPERN TRROR
ABE site 23 PPPIR12C site 7 TIM3-sg4 FANCF site 1
0 10 20 30 400 20 400 20 400 10 20 30 40 50
] T 0 | D [ T T T
Untreated
ABESe | |3 2 2 g
Td-cGBE ||l 3 B
cGBE1 || ¥ 5 3 g
CGBE-XRCCI1 @ E: =
OHPTATO TR LH OPCDPY T PRLAO A PADP A RS
SSH2-sg10 FANCF-sg17 EGFR-sg4 TP53-sg]
O 10 20 30 40 50 60 700 30 600 20 40 60 800 15 30
T . | H |
Untreated
ABESe | | =
Td-CGBE
i) '_-E = L]
CGBE1 $ _ k.
CGBE-XRCCI1 5 2 5 & >
CEAPAECAPRT A OAT APTTTOAOLL T HOA RO
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Cystic fibrosis M4
Huntington’s chorea= 3 EINZETEI%m
Over 5000 kinds of At least 250 million people
monogenic diseases Duchenne muscular dystrophy (DMD) 1t Eol/lE = ARE are affected globally

sickle cell anaemia SRIRZAIBMEZ T
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In vivo editing

Duchenne muscular dystrophy (DMD) #t ECAlEFARIE

Duchenne muscular dystrophy

Ex vivo editing

sickle cell anaemia FEIAZAREIEZZ N

Blood cell editing

® == Skeletal muscle cell

S

]47 48 || 49 m52>>53[

Exon structure of DMD gene

Dy@hin
\ ¢ ¥

f ﬁi
HSPC \g{z Edited
HSPC

CAC CTC
11l —>» 111
GAG

GTG

_Or_
.'/ -\'\
HSPC \Sa ) TITIIIIT B *
- BCL11A gene = ® g -
‘ll e V7 U N Y N
Egl::?g Muscle contraction
Healthy - causes cell damage ”
Ca?+ .. LI T | CaE'o

S - .. |
'-

@ @ @ ,. @ RBC

v-Globin production,
healthy haemoglobin

Calcium influx causes cell death

.

Progressive muscle weakness <17>
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- EEXTadARXESD AR, NATHERESEITHRARGE, Muhfidy:,
uniprot, FEFILEXdblast, UCSCEE:,

- ETXEMLE S, Bl T TadARRRITIEEFIESE T LERIEMANAR], H33
HARBERRMINABRRET T,
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