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Abstract

DNMT1 (DNA methyltransferase 1) is required for maintaining DNA methylation by adding

a methyl group to the fifth carbon atom of cytosine base of CpG dinucleotide. Nonsynonymous mutations on the

DNMT1 RFTS domain will lead to two rare neurodegenerative diseases: HSAN1E (hereditary sensory neuropathy

with dementia and hearing loss type 1E) and ADCA-DN (autosomal dominant cerebellar ataxia, deafness and nar-

colepsy). The onset of these two diseases occurs in adulthood, but their pathogenesis remains unclear. This review

summarizes the mechanism of DNMTT in catalyzing DNA methylation and other important biological functions, as

well as the recent advances in the study of neurodegenerative diseases caused by DNMT1 point mutations. This re-

view will further discuss the possible molecular mechanisms underlying these DNMT 1-mutation mediated diseases.
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DNA F 3 ¥ F2 1 1 (DNA methyltransferase 1,
DNMT1). DNAHREEHFE 3A(DNA methyltransfer-
ase 3A, DNMT3A)MIDNA H JE#F2 fif 3B(DNA meth-
yltransferase 3B, DNMT3B)/& i L 2 47 5= A 21 F L4k
i ) Y AR ST BT T ) = DNA A fe g,
H1 DNMT3AF1 DNMT3BAT A8 M Sk HHEAL A AL T R .
DNMT ] T g 3 222 7E DNA S il J5 % BE 5 111 H
ARG B 748 L, 4ERF T8 CpGAz mi 1y FE &
IR, TR A Y 1 FH B A . DNMT14E
R JiE A B AAR I R Hpos T AN i DR 28 HH R 82 <X
PRSI YERR RS HEAEH , fEM AT IR B A7
T BB R R R A T R

DNMT] () — 283k [F] L RAR 25 T Fus s 1420,
W anfr T 2 #4723 R 5 7 91 (replication foci target-
ing sequence, RFTS)&5 #44 b 1) sl SRAZ 7] LA 5| AL A
A R T R 2R 1 84 VR #4295 1EAY (he-
reditary sensory neuropathy with dementia and hearing
loss type 1E, HSANI1E) LA i Gt 4 i 14 /I8 i L 5%
Jif. HERIFEHELE (autosomal dominant cerebellar
ataxia, deafness and narcolepsy, ADCA-DN). IXPFf
PN S R AR JE RO, (R BRI AN 78 4
TR JET DNMTFEHE PR 428 00 28 o BB B4R A
JERT IR FERI 20 20 B 7 DNMT 1 s 58745 5 2[R 41
TR AL A 520, N DNMT 1SS /7. Fa
EMERAT T ER AR BT, REGAREET BB
W, g5k, BRI LA R, B AR A IR
DNMTIH]ZhfE, F 545 B DNMT1ZRAR 5] i il 42
TBAT R I 703k Bk, DA A6 78 ix de
T3 B LRI T8 26T RSS2

1 DNMTIHZ&EHMSIhEE
1.1 DNMT1%#

DNMTIE:RAL T 195 4utofk Efp13.2f &, H
s AR2(DNMTIb) g ) R F AL 5 1 6161250, 1
s R 1(DNMT1a)JwtS i H A5 1 6322 R -
/INER P [RIYR S R D 1 )57 1975 e itk I, HgmAg i)
REKHEKEAMAE 1 679NE IR . gk ik
R R s RAAT RS AR % s AR 2(DNMT1b) [F)
FFAEATARENCBIZ % 75 NP_001370.1).

DNMTI1 & —Z45Mn&Ea, Wk iR, 2

= B HE N R 428 DX S AN C-o B AL 38 N3 1Y)
P X 0 T DNMT1 S HAh i B i AR B 0 2,
1ZBUT 514155 DMAP1(DNA methyltransferase-asso-
ciated protein 1)454 X3k, RFTSEE#30. CXXCE:
Faeb I, AR AN A1 [R5 245 1445 (Bromo adja-
cent homology domain, BAH)!,

DNMT1 ) DMAP1R I X IR [E % 455 DMAPL, 1M
DMAP!1 A DA S5 sz L4014 7 TSG101 (tumor suscepti-
bility gene 101 protein), M A 3 s AMHTENE . 7ESH
J& 1, I8 E DMAPFIZ 2R (4 2 L0 2(histone
deacetylase 2, HDAC2)#55 DNMT13LE A7, DNMT 1K
DMAPIHZE I HIAL A E, i bhBh & #5418 A
ZOBAEE P 51—~ 5 DNAK HIAH G 8 1 4
FEANMIAZPUR (proliferating cell nuclear antigen, PCNA)
it PBD4E #4455 DNMT145 4 124, RETS 4 M3 ]
PLIR S 45 42 B 5640 DNAJEA AT — 28 5 A K74
UHRF1, P H3K9me3 55 4L (i iE 1 ™. 25— MR
LR [R)YR 45 #43 BAH1(Bromo adjacent homology domain
D RERS IR I 45 A 21 R FAHAK 20 — F Sk 181 (H4K -
20me3)*, CXXCHef R LI AR AL DNA,
Fg Gt B R R FHE 35 2 CpG iy | P, RFTS
AICXXCHH 5DNMTI H #fiA LA 22,

1.2 DNMTI18In8E 5%

1.2.1 DNMTI#4EHM T EER  fEDNAY{R
B R, WA U TR R R R, it
if DNMT 1 DA BEE AR 45 785 1) CpGAv i in B H
BB, CLLERFT-HE M LK, X — I AR R 4E
FEPE R AL AR

DNMT 1 A] £ 2 Pl By IR -7 (R R B F 45 31
FHELAL DNAJRY) E IR TEYE B FEJRMEAIR
AT, DNMT1H &4bT B4t 5, H RFTSZ 1415,
S a5t I TRDZS MRS &, S5 7 DNARf
e 4S, 1 BAHS CXXCZ A1 H P08z 1 e
7t DNAFI DNMT L3E AL sz [8), $0] 7 Mk F
AR, ZEDNA K I, PCNAKDNMT14H 5%
% DNAE | X |- 2¥, UHRFI(ubiquitin-like, containing
PHD and RING finger domains 1)/EDNA & fill i A1 & ]
J5 43 HiE iz E 4k H3F1 PAF 154 PAF15Ub2 AT H3Ub2
KA % DNMT LEE ] 2= F B A7 s, DA £ FF AL AR
XA HILFEREREHI 52 P UHRF Ll TTDZE 35
WIH4E A PAF1SUB2 FTH3UB2RY, AR Jm il Hz &k
45 (ubiquitin-like domain, UBL)fAZ£DNMTI, [A]H}
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(A) 174 CXXC
BRI I RFTS domain - l;,jﬁj‘, i ~ BAH2 MTase N 1616 aa
116 109 163 351 597 646 692 755 880 972 1100 1139 1599
PBD:PCNA

binding domain

B

Autoinhibitory linker

A: DNMT1 4 K458 E R . B: DNMTI145 0 T IUE CAENT fc K A BEEIUhDNMT Lss1igoofit PR 25 A ME 2L, PDBJF 5 4WXX)o 5 45 8493855 )
PLREitadril. RETS: B4k, CXXC: # ;[ 40§ % T (autoinhibitory linker): £ ; BAH1: ¥ iF4% (0; BAH2: 15 tf; MTase: 4 4.
A: schematic diagram of DNMT1 domains. B: structural representation of DNMT1 (modified from the longest crystal structure of hDNMT 1351.1600, PDB
accession code: 4WXX). Each domain is identified by the following color. RETS: lime; CXXC: blue; autoinhibitory linker: orange; BAH1: light sea
green; BAH2: cornflower blue; MTase: hot pink.
E1 DNMT1&MERE B (R1ES % sCik[22-24]11550)
Fig.1 Schematic diagram of DNMT1 domains (modified from the references [22-24])

S HHDNMT1IRFTS S5 #aek, M DNMTL] H 411
FPRSHIF. BJE, RETSES Mk A 172 R0 2L 7
(ubiquitin interacting motif, UIM)-5PAF15Ub2F1H3Ub2
ERZ RS TG, WiE AL B AL A, AL
1A DNA%E s ng [ B 540 B0, 75 H AL I R 52
BE , HHUSP7{#46L H3Ub2FI PAF15UB2 iz Ak, K
DNMTI G G PR ok

T RAWEFTARIE , DNMTI1W B A Mk AL
TG, FEHIXRE 1 52 B BAH 14544 38 1) 1 3% BT
L1465 U8 i K 175 1) S 56 7E 4R I IIESE T DNMTI1TE
Stellak [F Rl b 10 51 7 rp ot 3 e RF R 36 2 A Mk
AL TE 1 , HAGGERTY %5 POV 258U 5 v IR
B 7 DNMT LZE A& PRI S0 350060 7 )32 747 DSk FR 2
TeiE T .

1.2.2 DNMTIAL5DNA#H 14 E  DNMTIES

L DNARGIIE R SR, BB T 4R A
SEME . GUOSEMIZE /N BG4t M o K BLDNMT
2 5 DNASECAE 2, bR Dnme 10 38 B B 140
Ji A A TR A S5 AR E 1 R . MORTUSEWICZ
SV, /E DNAJ 1S f5 DNMT LRVGE 4 PCNA 5
£ BN 25, w4 DNMT L PBD 45 A4 358 1) 5 i
7 DNMTIRIEH 5, S5 7 DNA G121
Jin, DNAMSE RE K . KYUNGSOOZ: )k Hi b
PCNAZ &, A B 45 7 s BEFCHK 1 FTIRAD9
MEAEHNKZ AR FHA % DNMT1 £ DNA
P sl . DINGE WIEAMH M EFHEE T
T A I DNMT 1 # 5 i 8 2 8 B 57 U — 3R AK
MSH2-MSH64A 55 £ Je i )i I, DAydi> 5 5535 3l K
BRI HE R T

Zi LT, DNMT1R] BAf ik 35 R 40 F4 e 5
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Gk -

FDSBEHE M A . DNMTI K548 A 5 80 i it
T ) DNARE E 3200, #Em 1475 DNARAR % |-
Fto MERZEREF, BHASHE IO e 17EREUE
73R 774 DNA# 5, {2 DNMT 1S A2 75 2 52
DNAM#1E Z A R0 55
1.2.3 DNMTI1#)#0% & 154 41 i N DNMT1 )
TR BEAEGHHEUK, fESIHIE R, T 1EGIHHFIMIT
DNMTI{4E — & £ik. DNMTIK) & &5 %] UHRFI .
Hi R L FE AL S(lysine acetyltransferase 5, KATS).
272 AL 7(ubiquitin specific peptidase 7, USP7). 4
] H 2 AL 1(histone deacetylase 1, HDAC1)Z5[A]
THIBIAS N, DLRE G A 2 1 FE R 2

DNMT1# KATS Z {5 , UHRF1A] 3k — 35
ALz F Ak, 23 DNMTI1HI AR ; 4, HDAC1
AITUSP7I@E T 2 Z Wk ik 1 572 246 # B DNMT1
YefFfa e W91, ZHOUSE U iE 78 N SR 41 il v
A ITHDACHIH 7 LBHS89 2 /2 3F DNMT ] B4 fift .
AGOSTON% ¥7'#£ HMECs(human mammary epithelial
cells)F & B DNMT1 (1) N-3ii 5if 1202 L8R A7 7E—
52 AR B AR DS IR BB IR 3, 8 N L e 40
MCF-7H, S RAZBA I DNMT 14 R T3 157 -
USP72:12 & B % DNMT 1F UHRF 1 25 (A fa € 1
HEATREE A, £ R USP7)5 K I DNMTI
f) 25 B B SRR/, TTTDNMT 1KY 25 AL R 1 i tes)
1.2.4 DNMTIA & @i mey 24 DNA
AL RN B B 5 B BRI R B AR 18 1, AT
CL [ 2 i 2 PR ) 6k . 1.2.1 iR, DNMT Ll
i UHRF1 3 5 A & B8 AR, i a4 k6t 7t
RIL, DNMT 13& ] DA 4258 i F RFTS 45 #4381
A H3K9me3 %541 & (&1, 11 Hiz R 465 (1) H3K-
9me3Ub2-5DNMT1 HJ3E A Jj 353849, RFTS EfC
AT 5 RAF (WA64A/W465A) 2> T3 DNMT1 5 H3K-
9me3Ub245 6 71 F B, 5210 DNMT LLE T4 i 1 1%
SEAL, 7 E AR L ] ZH DNA ) FR AR 7K S A
Hize k. DNMTUAREHS 8IS H BAH 14538045 5+
PEHLZE G2 B _E T HAK20me3 &1, M T HER 5 437
PG5 b 58O LINE- 13005 67 () FE 34k 2o,
X LU LRI, DNMT 1 A] k1 5 22 Fh o] 2 [ 1541
K FIDNA F AL

UbAh, FEFIEVRTT T, {8 H DNA F S AL Fg A i)
FAAT DA ) P B DR 1 R AL, (HR VR IT S RS
XS JEE DN 2 FE T AL . WONGZE PR FIX

T F Ak 52 el P H H3K 9me3 1411 Al H3K27me3
B SEDNMT UHEAL 52 B

12.5 RNAHEIZEDNMTIHAE  TERPFTAIL,
DNMTI1/E6 5655 H & RNATE N 1) £ Fl RNAZS
&, HI R Z B AR GRS RNAM RS, Rr a2
T — S5 R FE Pt R B RN AGH I 1 4% DNMT13)
RESk s B R R0 &, IX (15 RNATGAC 776 P 45 4
DRI 4H R A K BB — e R i Pl 1
L RNA PR 7 A ZE A 52 DNMT1 2 RE &
P p BEARAE R R R R IA &, B R = e 4 &
DNMT 1k $ il o AH B2 AT A B F 24k, AT i s
R Fik . Bl ecCEBPRL R —Fh B A X Fhif £ 1
FHIG RNABSS), 54k CCDC26(— B3 ] [X 1)K
JEm TS RNA) AL 544 DNMT 18 55 3 0 i i % A |, 24
CCDC2615 R4 J , DNMT 158 443 A £ 41 i Joi o101,
(A1, DNMT142& 75 32 RNA W 12 -t 2 1F 78 AH S 5w AL
il FE ST AW () — ANTELE 7 ]

2 DNMTI15#ZRITHEFRIXR
2.1 DNMTIERZ TARNFRIERINGE

1543y 24 J5 (A 2 0 R 475 RE 82 1) K B DNMT 1
FJ#R1E, DNMTIEMEA RGN KT« Thie4EFEAl
TR R A e EEF BT W SR W DNMTI ]
DS i o 1A 46 22 7T (R A RIAENS s £ /N SR AT X
(preoptic area, POA)ATAE [ Bz it Hh [A] 41 22 7 Hh 2 2R
S MR D] 23 S S TEVE IE B RS B 2 1Y,
Hi &, E3RIE/NEE H (parvalbumin, PV)F /N R
S J5 P ) e 428 7 v R S A U ¥ D 12T AT RASR
HZEML TSR P KSR, X5%K
ARSI REA LT, 1X Ui DNMT IZEAS [F] B B A]
e LA EI ML R A5/ . 284803, NOGUCHIZ: ™
RILT WA FTRES Damel 235500/ N TRV K,
SHUSAE/IN TR H B JERE SN FARFAE , /)N
TSI £E 81T 4. RHEEBAE R T, 0 W) 55 2H 4 g
H5 5 K EDNMTI, 1Ml £E Chx 10-Cre/ SR AN KA i
R 5 P M RS R D 12 7% B 3 52 0 A ) JE 4 i 1) O
A FUB S AN L A . A7, DNARH 4Lt
S O I BT R R

JE R 461 22 2R G R 11 o A 8 TG A B S AR )
LSRR RS, B RAE . BRI bR
Bt E DNMT12 5 145 1R WAL FI L R R IA 25 1k .
21, SUNZE 1% 3 DNMT 13d i3 #1001 3 #4242
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W Kena2 25 R 3R 0K 2 5 1 2 95 BV 200 1R R A=
OHZE MR HLAE A1 4 48 i 22 3 4% Je T AE B R i R
i, H3K9me3 FIDNMT14x & & 2 RE1JTER L S K 1
(RE1 silencing transcription factor, REST)H]J3 2l - I,
I I UHRF 1 (1 DN A 40 R AN RES T R 1A,
AN R 335 2 5 g2

[K e, DNMTIZEMZ RYER H  IEH ThRELERr
Bafife 5k B 1) R ¥ A, DNMT LRI AT
RES M) 1 28 1 0 1E 3 T RE MM 5
2.2 DNMTI RFTSZ i EMRTSHHEIR
1T R

DNMT1 /) RFTS & fy 4 b (1) 2% & R4 5 5
HSANIE!f1 ADCA-DNUOSTg iR & 5 , 1%
PR AT (1) 95 % 350 /NF 1/1 000 000, 28 5
L (B KIE T Orphanet¥45 % , OMIMIT 553 514
614116F1604121),

T o 9 1) BB AN R AR AR JE A

PLBATHEARIR, 388 WEECPFIILE37.79) T4
BT A ThREFRAS , B Q0B N R I B e 1
WT 33 5%, AR Bl AF 88 B i n 2 B4R (Y
TE45 % VBT H I 25 I AR R SR, 4k T ] B
HH B (R SRR 1630 3 3 A% A% T R A i AR )
P44 U7 3K R B TR I PR SR AE B A AN ], e
HSANIE M PRFFAE EZ N2 PENT k. &t
PREIRAR . AT RS E RRR , 1M 4 EE 0 1) B I
A AT LI R385 (ulcers) L 2 5 BB (% 1),
A A R UL PR B 2 e 2 146191, ADCA-DN
AW PR AR R T L5 /N R 5 T BB R B, K
VEPEREG LA B P S M H BRI R, #5 &
B AT VR Th RE R AR R DA RN B o W e U
A2 PRI TR RREAR U7, T 8] — i R 7E ADCA-
DN&EF A H L.

ST {EHSANTE B3 2 — AN LI I R,
HEAES A EMAHEAZ MG XK, HSANIEEH Lk

% 1 HSANIEFIADCA-DNIRFHRE!
Table 1 Phenotypes of HSAN1E and ADCA-DN patients

PRI

Diseases

RAL 1T
Mutation position

ST

Exon

*A
Phenotype

ZHECHR
References

HSANIE (hereditary
sensory neuropathy
with dementia and

hearing loss type 1E)

ADCA-DN (au-
tosomal dominant
cerebellar ataxia,

deafness and narco-
lepsy)

Cys353Phe

Tyr495Cys

Tyr495His

Asp490Glu-Pro-
491Tyr

His553Arg

Ala554Val

Cys580Arg

Gly589Ala

Val596Phe

20

20

20

20

21

21

21

21

21

Progressive perceptive hearing loss; progressive gait difficulties; foot
ulcerations; haemorrhagic stroke; visual and auditory hallucinations;
bilateral renal atrophy

Deatness, dementia; sensory neuropathy; foot ulcers; sensory ataxia
and sensory neuropathy in the legs; global cortical and cerebellar
atrophy

Hearing loss and sensory neuropathy; dementia; memory decline;
diffuse cerebral and cerebellar atrophy; mild cognitive impairment;
generalized seizure; peripheral neuropathy; gait ataxia, vibratory
sensory loss; cerebellar Purkinje cell loss with Bergmann gliosis
Hearing loss/loss of sensation; extremity sensory loss; cerebellar
ataxia; foot ulcers

Perception decrease in distal lower limbs; osteomyelitis; hearing
loss; gait difficulties; foot ulcers and mutilations; mild mental retar-
dation; bone destruction, cortical bone

Narcolepsy-cataplexy, hearing loss, memory problem, excessive day-
time sleepiness, depression (age 43); lower limb lymphedema (age
45); cerebellar ataxia (age 46); peripheral sensory neuropathy (age
47); optic atrophy, high CSF tau protein level

Cerebellar ataxia, deafness, and narcolepsy; amenorrhea; mild verti-
cal nystagmus; absent lower limb tendon reflexes, mild brain atrophy
Cerebellar ataxia, excessive daytime sleepiness, cataplexy, hear-

ing loss; absent ankle reflexes, lower limbs hypopallesthesia and
oedema; hypnagogic hallucination

Narcolepsy-cataplexy, hearing loss, dementia; excessive daytime
sleepiness (age 18), memory problem; cerebellar ataxia (age 37), and
optic atrophy (age 38), high CSF tau protein level

[14]

[14,16,61]

[14,16,61]

[61]

[16]

[62.64]

[59,62]

[17,62,64]

[62,64]
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Y524D
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84
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Z | 2332
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78]
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E2 DNMT1HAIHSANIEFIADCA-DNEFR LN = BR(IR 1S & SCHk[61-62]1£20)
Fig.2 HSANIE and ADCA-DN mutations in DNMT1 (modified from the references [61-62])

9 (1) B 5 0 FR 3 J2 S ()R SR, R PR 2
B W T AN A AR T OV I A4
15205 o FR B BEAE AR ) R A0 ) L B R RISR
HSANIES i A 4 E 4 R G0 feth 23 R A Bahs, {H
HAAI BEALA AN 2

AT, T3 R B0 5 43 5 7
FDNMT1 RFTSZE )35k KIN-5i F1C-3ii (F2), X 265845
Xf B DNAT AL w0 43 JIAE DNMTI ¥ 200215 41
B7 EGERD). SEHSANIER S RASE AT 205
G b AR AR RS HRIE AR — L8 HSANTEJ 41
BT DNMTIAME.F21_E (I ZRAR RIS, T BT
fRI, 5555307 (IH553R(H569R) 848 S 3 HSANIE, M
HJG — MR IEFR 548 A554VIN 53 ADCA-DNJH
KA, REXHARAN BHAE, (HA e S8R AL
PSR (1 77 S —FE, AT 5 S0 P IR R B A
ZES.

EXF FIADNMT UG 2R AT 5, B B
AT 80715, HBREN X AR IR ARR AL, SR
B RN GREERTRE VR T SR G2 AR F 3 HRER , 3
{5 FH B W 35 SRS AR N T i DA s B2 R 199, DA
FOE A ER 2R TT AN B A I R AR e L AN
B EER. N T IFRA IR H R, T
HE— DT A RIEN LR DNMT 15848 S 8 DL g
IBAT PRI 1 73 T HLA o

3 DNMTIHEXEREHIEI T 5TER
DLEE BT 9C PRS0 T U, BT En

DNMT1 i RALIE f I 22 e b AT 1 — AR BE R 04T,
DUF AT RS 1 AHOCEO AL, FEKEE0 B
K3,
3.1 HSANIEHX 2 RE S HDNMTIEGERE(R
HiEEAMRPRESE

KLEINZ: 2011 4E7E HSAN1E & K 3l
7 DNMTI1_Ef#) Y495C(c. A1484G) A% Al X2 Fk ik
545 D490E-P491Y (c.1470TCC-1472ATA). A1k
I HSANE F 35 (1) 5 [R 40 B2 A H A0 /KPR, 3
53 JA 2 DX R AR FE T = b4k, F HeLa
Y ff AT ) S 3R B IX SE R AR 3 E DNMT i F-
Fefi, H5 DNARIZE & RE IS, IHEAR TR G,
HIDNMTILE R et 4 A RE 10855 . 20154
KLEIN%S "I7E HEK 29340 ffid Fh il 72 1 48 C353F .
T481P. P491L. Y524D. I53INTEWN KA RARNL
R, RIRARE FI{ESHITT LLUIEH 5PCNALS &, (H1E
Gttt iz 2 i o vh I F T i R 4

X BRI 57 45 B W], HSANTEAH ¢ R A8 £ 0
DNMTI1HIBEg . fae . SDNARIS GRS, F
FUDNA AR 2 e N i D) e 7 5
3.2 HSANIEEX SR T S EEFEEBEMMKT
P

KLEINZSIF20 14 4EX) 5 7 Y495C R A 1)
HSANIE 835 ¢ 5l 25 A 4k 1 40 & bk E2 48 B kAT
T AR RHN T (whole genome bisulfite sequencing,
WGBS), &Il DNMT1FE7E [ 5 bk 20 A frt 5
DRI ZH PR A KT, JCIAE R[] CpG ity 11 22
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Somatic cells

Stem cells .
Neuron degeneration

Mitochondria malfunciton |(GTP PPRP ATP

Protein stability changed GDP ADP
© | &8I ~INm, n n [(GMP IMPAMP

e . - Aggregates
e el - Urea cycle
I S
=
PS ]
o)

y N

.
eV

DNMT1 / Degradation ATPl

l‘nkn()wn MnSOD |
rotease v
H .'.H:OzT Acetyl-CoA

TCA cycle

RFTS mutation

w???;%

DNMT]I
DNA methylation pattern altered DNA repair mechanism is affected
Radiation / ® H,0,
) = 0
. RIS
a ¥ H3K9me3 44 N\
[ ProtemX ’8(, M
2 ( T: \9
: RFl«P N
\ PAFI5Ub2 ‘|
GC
CG CG ClG
B PCNA

Kb R 7 DNMT IRAS S B 2R AT PR AR DU R 43 T WL . /2 b 8438 S BDNMT 1R E P FEAIC. A s DNMT1RAS 5 b s 3540 % .
WU R DL DNMT1 45 & L LKA SN E . DNMT1JAS 5 R R FEAR RIS ACH . FALBERR LGS I3 0, ATP. GTP & BN FEAIK, SR
LERpR i aEsEs . IR DNMT14>{< SR TUN (B T Alphafold2 il Z5 #1824, PDBJT 5 : AF-P26358-F1)!, 72 F: DNMT15¢4% 55 DNA I
AL . RFTSE IR 7 5715 H3K9me3. UHRF1. PAF1SUb25EH(EH T, 58 i AR MEALIT T2, DNMT 15848 47 AT AR B ATk AL 72 .
AR DNAMﬁFDNMTM&CHKMHRAD%H SRS, Z SDNAFIIE AR, DNMT 1248 1 b : BELAAE S 72, 4555 4 i 1 1E 5 i
WOk B, LEE L T, AL CRAET L BB N A AR R R (AT Sk WA BUR ML, Protein X: WERIDNMTIEAF
[ESa

The figure illustrates four molecular mechanisms of neurodegenerative diseases caused by DNMT1 point mutations. Upper left: DNMT1 stability is
reduced with mutations. Upper right: DNMT1 mutations are associated with reduced mitochondrial energy supply. DNMT1 has been found to bind to
the mitochondrial outer membrane. However, the activities of urea degradation, purine metabolism and oxidative phosphorylation in cells with DNMT1
mutations are enhanced, while the contents of ATP and GTP are decreased, which ultimately results in the weakened mitochondrial energy supply.
Middle: predicted full-length structure of DNMT1 (modified from Alphafold2 predicted structure, PDB accession code: AF-P26358-F1)!*). Bottom
left: DNMT1 mutations lead to altered DNA methylation patterns. RFTS domain is responsible for binding with interacting factors such as H3K9me3,
UHRF1 and PAF15Ub2 to complete the catalytic methylation process, which may be hindered by DNMT1 mutation. Bottom right: DNMT1 is recruited
by CHK1 and RAD9 to the DNA damage site and participates in the repair process of DNA damage, and DNMT1 mutation may impede the repair pro-
cess and impair the normal function of cells. Blue arrow: up-regulated; red arrow: down-regulated; red dashed arrow: intermediate reactions not shown;
dashed light green arrow: the possible pathogenic mechanism; Protein X: potential DNMT 1-interacting proteins.
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Fig.3 Schematic diagram of pathogenic mechanisms of DNMT1 mutations
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