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Figure S1. Verification of the specificity of the DNMT3A isoform1 antibody and recovery of DNMT3A1 nuclear protein levels following synaptic stimulation. 
A The domain structure of the two de novo DNA methyltransferase DNMT3A1 and DNMT3A2 is depicted. The epitopes of the DNMT3AN and DNMT3A-mid antibody are indicated with blue bars. 
B Heterologous expression of DNMT3A1 and DNMT3A2 and shRNA-based mRNA knockdown in HEK-T cells was detected with either the Dnmt3aN specific antibody (upper panel) or the DNMT3A-mid antibody recognizing both isoforms (lower panel). C and D Representative images and quantification depicts the nuclear DNMT3A1 isoform knockdown in 16 DIV primary hippocampal neurons. Unpaired two-tailed Student’s t-test, n.s. not significant, *** p<0.0001. Scale bar is 20 μm. Error bars present S.E.M. Sample numbers for each experimental group indicate neurons from three different culture preparations. E-J Time-dependent recovery of degraded pool of DNMT3A1 protein. Timeline view of the treatment of cultured hippocampal neurons with Bic/4AP for 10 min followed by E 3 hrs or 24 hrs washout and H 24 hrs or 72 hrs washout of antagonist-containing media. F and I Quantitative immunoblots show the degradation of DNMT3A1 3 hrs and 24 hrs after the neuronal activity triggered by a 10 min-stimulation. I and J The degraded pool of DNMT3A1 protein almost gets back to basal condition levels 72 hrs after the 10 min-long Bic/4AP treatment.  One-sample t-test is performed while the hypothetical value is set to 100. **p<0.01, ***p<0.001. Error bars present S.E.M. Sample numbers for each experimental group indicate neurons from three different culture preparations. 
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Figure S2. DNMT3A1 degradation upon neuronal stimulation is CaMKIV-dependent. 
A and B Representative immunofluorescence images of 11 DIV hippocampal primary neurons transfected with either Scrambled or GluN2A shRNA, fixed after 4 days after transfection at 15 DIV. shRNA knockdown confirms the significant less surface expression of GluN2A. Scale bar is 10 μm. Unpaired two-tailed Student’s t-test. 
C and D The L-type calcium channel blocker Nifedipine (10 μM) attenuated the degradation of DNMT3A1 when 14-15 DIV hippocampal primary neurons were stimulated by Bic/4AP for 6hrs. Two-way ANOVA followed by Bonferroni’s post hoc test. Scale bar is 20 μm. 
E and F The CamKII and IV inhibitor KN93 (5 μM) abolished the degradation of DNMT3A1 when 14-15 DIV hippocampal primary neurons were stimulated by Bic/4AP for 6hrs. Scale bar is 20 μm. Two-way ANOVA followed by Bonferroni’s post hoc test. ***P<0.001, n.s. not significant.
G to I Representative immunofluorescence images and quantification of CaMKIV immunofluorescence in hippocampal primary neurons expressing Scrambled or CaMKIV shRNA Two-way ANOVA followed by Bonferroni’s post hoc test. Scale bar is 20 μm. ***P<0.001, n.s.: not significant.
J to L Representative immunofluorescence images (J) and quantification of nuclear CaMKIV (K) and DNMT3A1 (L) in hippocampal primary neurons overexpressing constitutively active or dominant negative CaMKIV. One-way ANOVA followed by Tukey`s post hoc test. Scale bar is 20 μm. ***P<0.001, NLS nuclear localization signal, n.s.: not significant. Error bars present S.E.M. Sample numbers for each experimental group indicate neurons from three different culture preparations.
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Figure S3. Proteasomal degradation of DNMT3A1 following synaptic stimulation.
A and B Inhibition of the proteasome with 30 μM MG132, C and D 15 μM Lactacystin and E and F 100 nM Carfilzomib prevented degradation of DNMT3A1 upon neuronal stimulation. Scale bars are 20 μm. Two-way ANOVA followed by Bonferroni’s post hoc test. ***P<0.001, n.s. not significant. G Timeline view of the qPCR experiments performed upon synaptic stimulation for Dnmt3a1 and 2 transcripts. H The expression of Dnmt3a1 transcript specific to DNMT3A1 protein expression was not altered following the treatment of 14-15 DIV hippocampal primary neurons with Bic/4AP for 6 hrs. Unpaired Student’s t-test, p=0.4229. I Dnmt3a2 transcript is upregulated upon synaptic stimulation. Unpaired Student’s t-test, **p<0.01. Error bars present S.E.M. Sample numbers for each experimental group indicate neurons from three different culture preparations.
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Figure S4. Neddylation of the Cul4B enhances DNMT3A1 degradation. 
A Heterologous expression of GFP-DNMT3A1 and empty myc-vector or human myc-Cullins (CUL1, CUL2, CUL3, CUL4A, CUL4B, CUL5, CUL7) in HEK293-T cells. DNMT3A1 was immunoprecipitated from total cell extracts using anti-GFP antibodies coupled to microbeads. Cullin proteins were detected in the immunoprecipitate with a myc-antibody. The same volume of IP and input per sample were loaded. 
B HEK-T cells were transfected with expression vectors for GFP-DNMT3A1 and myc-CUL4B or myc-vector. DNMT3A1 was immunoprecipitated from total cell extracts using anti-GFP antibodies coupled to microbeads. CUL4B was detected in the immunoprecipitate with a myc-antibody. 
C and D Poly-ubiquitination of DNMT3A1 in the immunoprecipitate is enhanced when DNMT3A1 was co-expressed with CUL4B. Unpaired two-tailed Student’s t-test, *p<0.05. 
E shRNA knockdown of CUL4B reduces polyubiquitination of DNMT3A1. 
F and G HEK-T cells were transfected with expression vectors for GFP-DNMT3A1, myc-CUL4B (F) and also with active HA-Nedd8 (G). Total cell extracts were immunoprecipitated using anti-GFP antibodies. (F) Less DNMT3A1 ubiquitination was observed when the NAE inhibitor MLN4924 (94nM) was applied for 24hrs. (G) Neddylated CUL4B was detected with anti-HA antibody in the DNMT3A1 elute. Error bars present S.E.M. Sample numbers for each experimental group indicate neurons from at least two different culture preparations.
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Figure S5. Inhibition of neddylation does not alter total spine number. 
A and B DIV 14 hippocampal neurons were transfected with RFP expressed under control of an actin promoter and cells were fixed two days after transfection. Homer1 positive dendritic spine numbers were counted. There is not any significant alteration in the total spine number following MLN4924 treatments following the synaptic stimulation with Bic/4AP for 6 hrs. Scale bars are 5 μm. 
C and D Representative images and quantification display the endogenous rat-Nedd8 knockdown generated in 16 DIV primary hippocampal neurons. Unpaired two-tailed Student’s t-test, *** p<0.0001. Scale bar in C is 20 μm. 
E Heterologous expression of human-NEDD8 and shRNA mRNA knockdown and shScrambled control in HEK-T cells was detected with either the anti-myc antibody (upper panel) or the anti-NEDD8 antibody (lower panel). The knockdown of Nedd8 was detected by anti-myc and as well as anti-NEDD8 antibodies. Error bars present S.E.M. Sample numbers for each experimental group indicate neurons from three different culture preparations.
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Figure S6. Recovered LTP in GluN2A knock-out mice.
A Averaged fEPSP slopes of the last 30 min LTP showed no significant difference between GluN2A+/+ and GluN2A-/- mice. The Mann Whitney Test was used to compare the Averaged field potentials (150-180min) between two groups. 
B LTP induced by HFS (3 trains high frequency stimulus @100Hz) in GluN2A-/- mice (n=12 slices from 6 animals) was similar to GluN2A+/+ mice (n=15 slices from 6 animals). 
C Baseline was determined by the second input on the same slice which was induced LTP by the first input. 
D Scatterplot and correlation analysis between the normalized DNMT3A1 immunoblotting mean values and the averaged fEPSP slope of the whole LTP recording depicts a negative correlation between the strength of the LTP and the synaptic stimulation-induced DNMT3A1 down-regulation in GluN2A +/+ mice while no significant correlation was observed in slices of GluN2A -/- mice. Unpaired two-tailed Student’s t-test, *p<0.05, ns: not significant. Error bars present S.E.M. Sample numbers for each experimental group indicate mice used per group.
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Figure S7. Bdnf IV gene expression and promoter methylation is regulated by neddylation in neurons upon synaptic stimulation. 
A Removal of tonic inhibition by Bic/4AP treatment for 6 hrs in cultured neurons led to demethylation of the majority of the CpGs in the Bdnf IV promoter. Data shown with S.E.M. The p-value was obtained using a Chi-square test and corrected using FDR *p < 0.05, **p < 0.01, ***p < 0.001.
B Bdnf exon IV expression was induced in cultured hippocampal primary neurons following Bic/4AP treatment for 6hrs and this induction was lowered by 5 nM MLN4924. Two-way ANOVA followed by Bonferroni’s post hoc test, **p<0.01, ***p<0.001. 
C Bdnf exon IV expression was induced following LTP induction for 6hrs in the CA1 region of Hippocampus and this induction was lowered by 50 nM MLN4924. Two-way ANOVA followed by Bonferroni’s post hoc test, *p<0.05 **p<0.01 ***p<0.001. 
D Methylation analysis based on the restriction of the methylation-sensitive sites showed demethylation of Bdnf promoter IV following LTP induction in CA1. Unpaired one-tailed Student’s t- test, t15=1.939, p=0.0358; promoter methylation was increased when treated with MLN4924 irrespective of LTP induction or basal conditions. Two-way ANOVA followed by Bonferroni’s post hoc test, *p<0.05 **p<0.01. 
E MeDIP-qPCR analysis revealed demethylation of Bdnf promoter IV following LTP induction in CA1 (Unpaired one-tailed Student’s t-test, t17=2,198 p=0.0421) and promoter methylation was increased when treated with MLN4924 irrespective of LTP induction or basal conditions. Two-way ANOVA followed by Bonferroni’s post hoc test, *p<0.05, **p<0.01. 
F MeDIP-qPCR analysis did not show any alteration in Bdnf promoter I methylation. Two-way ANOVA followed by Bonferroni’s post hoc test.
G Rattus norvegicus Bdnf IV promoter sequence (chr3:100,786,676-100,787,200 on the UCSC genome browser) shows: Primers, highlighted in blue, used in the study spanning a sequence, which contains three methylation-sensitive restriction sites, depicted in red. Rattus norvegicus Bdnf IV promoter sequence (chr3:100,786,676-100,787,200 on the UCSC genome browser) shows: CG dinucleotides highlighted in grey and CRE binding site in red. 
H Rattus norvegicus Bdnf IV promoter sequence (chr3:100,786,676-100,787,200 on the UCSC genome browser) shows: CG dinucleotides highlighted in grey and CRE binding site in red. Error bars present S.E.M. Sample numbers for each experimental group indicate neurons from three different culture preparations.

[bookmark: _GoBack]


44

image7.png
404 .
c 301
i) *
8
_E basal
[0}
20 .
= I Bic/4AP
Q
o
(@]
N
104 *
o_|
76 78 100 121 152 163 176 205 221 223 229 248 251 310 314 327 387 402 469
Loci
B C D E F
1 9 7 8 15 6 11 7 12 5 8 10 12 7 9 10 7 4 9 5
o 10 e @ T . 4 2.0
2 9 .o g 6 ° il 5 5
g8 ° g 2 g g ° an
S 7 S5 853 * 4 = = 15 R
] *kk k] °R a g g A
26 a2 o §z,] _» L £ 5 1ofae ° ﬂ*
> 2 £ [ [
- 4 % e Ar EE | ° o < o5 _I‘ﬁ"ll_
g 3 ° < 2 o & & - P 5 o®
£ 21 Yot ile 48 4 R - " 2 2 ° s
5 1 2 A 5 [ at o o 4
a 4 & R e — 0l?® = " 00
DMSO MLN4924 DMSO MLN4924 DMSO MLN4924 DMSO MLN4924 DMSO MLN4924
basal W Bic/4AP basal mm LTP basal mm LTP basal mm LTP basal mm LTP
Bdnf Promoter IV Bdnf Promoter |
G Accll HpyCH4IV Hpall H

GAAGTGGAAACGTCTACAAAGCATGCAATGCCCTGGAACGGAATTCTTCTAATAAAAG
ATGTATCATTTTAAATGCGCGGAATTCTGATTCTGGTAATTCGTGCACTAGAGTGTCTA
TTTCGAGGCAGAGGAGGTATCATATGACAGCTCACGTCAAGGCAGCGTGGAGCCCT
CTCGTGGACTCCCACCCACITTTCCCATTCACCGAGGAGAGGACTGCTCGCGCTGCC
GCTCCCCCCACCCACCCCCGGCGAGCTAGCATGAAATCTCCCAGTCTCTGCCTAGAT
CAAATGGAGCTTCTCACTGAAGGCGTGCGAGTATTACCTCCGCCATGCAATTTCCACT
ATCAATAATTTAACTTCTTTGCTGAAGAACAGGAGTACATATCGGCCACCAAAGACTCG
CCCCCCTCCCCCTTTTAACTGAAGAGAAGGGGAAATATATAGTAAGAGTCTAGAACCT
TGGGGACCGGTCTTCCCCAGAGCAGCTGCCTTGATGTTTACTTTGACAAGTAGTGAC
TGAAAAA

GAAGTGGAAAC'GTCTACAAAGCATGCAATGCCCTGGAACZGGAATTCTTCTAATAAA
AGATGTATCATTTTAAATGC*GC*GGAATTCTGATTCTGGTAATTC®*GTGCACTAGAGT
GTCTATTTC®GAGGCAGAGGAGGTATCATATGACAGCTCAC’GTCAAGGCAGLEGTG
GAGCCCTCTCGTGGACTCCCACCCACTTTCCCATTCACCGAGGAGAGGACTGCT
CMGC™GCTGCLPECTCCCCCCACCCACCCCLHGGL " GAGCTAGCATGAAATCTCC
CAGTCTCTGCCTAGATCAAATGGAGCTTCTCACTGAAGGL EGTGC"GAGTATTACC
TCC®GCCATGCAATTTCCACTATCAATAATTTAACTTCTTTGCTGAAGAACAGGAGTA
CATATC®GGCCACCAAAGACTC*GCCCCCCTCCCCCTTTTAACTGAAGAGAAGGGG
AAATATATAGTAAGAGTCTAGAACCTTGGGGACC?'GGTCTTCCCCAGAGCAGCTGC
CTTGATGTTTACTTTGACAAGTAGTGACTGAAAAA




image1.png
DAPI MAP2

B R R C
Rk & SR
le N N"S O
N X I
& F e O &
& SlaTstee® &
& & O S wa B
PWWP PHD-like IV VIVIIE XX © © © 3
£
B BH =8
[}
— C — =100 5
DNMT3A1 PWWP PHD-like IV VMl IXX  anti-DNMT3AN
B W w3
p— = x
=100 7]
DNMT3A2 ——
anti-DNMT3A-mid HEK293
E F N NI
imeli ¥ «© Y
Timeline R\ P
Lysi RS o
y+s s i > " pa
basal -
1 ———— L
10" Bic/4AP
1 P WB anti-DNMT3A1
10" Bic/4AP 3 h washout
P — T,
24 h washout
Hippocampal neurons 21 DIV anti-Actin
H I NI NI
R R
N I G i
imeli 6"'40 Q)\'\"v\\ Q)\q?‘\\ kD
Timeline Lysis a
basal t - et ot —130
10" Bic/4AP anti-DNMT3A1
72 h washout [>~ WB
10" Bic/4AP — — —| = 40
]
24 h washout

Hippocampal neurons 21 DIV

anti-Actin

D
GFP DNMT3A1
L 200
=%
E% 150
=0
%é 100
g%
% s 50
=R
o
0
R
M7 N
w 1504 Fkk
é g :L‘ © basal
s 5100_ a ° Bic/4AP 10"+
é o o a? 3 h washout
[s]
5 s | = % Bic/4AP 10"+
S 504 .+ 24 h washout
j=4
o=
11 11 1
150 _kax
w Fkx o basal
I= ki BIC/4AP 10+
o 2
E ,g, 1001 @& a - 24 h washout
3 LA ﬁ a Bic/4AP 10"+
e 5 ¥ '} 72 h washout
85 50 k. "
o A
=3
c





image2.png
A c basal Bicl4AP E basal Bic/4AP
GIuN2A shRNA  shScrambled DNMT3A1 DNMT3A1 255 DNMT3A1 DAPI DNMT3A1

255

.Iu

< f
§
5 I 0 - n
5] I
= 0 Va4
S £ 3
2 < g | 3%
:
§ s
B D F H
30 28 30 31
20 20 32 31 41 43 44 48 N
L 350 L 250 ns w 250, —DS
§ =300 a = . <
g O — -ns. S 200 ws 8 $=200
v £8 5£ 150 . 52 150 basal
w S= an 4 £ o0 & b zZ5 o =
3 g w0 ® 3 oy k' 28 o g8 o & ' 8.l 4. 2 ] Bic/AP
E 55 10188 pe A2 & il AR 2218
5} 9% 5040 @3 @ 88 s0 % oan MM ST 50 @ 9
S % a ] 5;!%‘ 2 ® an
0 0 0 0
shScrambled  ShRNA DMSO  Nifedipine DMSO  KNG3 shScrambled  ShRNA
G basal Bic/4AP | 30 28 30 31
Transfection  DNMT3A1 Transfection  DNMT3A1
3 L 200
>
- 23 150
H
3 S8 100
% 5%
O
5T 50
< 2
2 4
['4 - 0
G g shScrambled  shRNA
basal wm Bic/4AP
Transfection DNMT3A1
@
2 K L 20 20 28
e 1800, —m— & 250 =
& w =
s TR
gs g H
£ 1000 £
39 35 25190
g3 o2 o3
E 3 2 500 g2 10
Ehe 8% 50
2 2
. 0 0
23
g
z
33 Q <
88 & &





image3.png
@
(e}
O

basal Bic/4-AP 20 20 20 20 basal Bicl4-AP 27 28 20 31
DAPI DNMT3AT DAPI DNVTIAL | 250 DNMT3AT DAPI DNMT3AT 250
e " ns
5 200 ° < 200
£g € S=
£ 150 ] 4 £ 1504 00
5 5
53 25l . B A«:}
55100 255 5 8 100 Sé,ﬁ s &
8 < §2 s
2% s 3 e L2 s0{°° Ay aaa
3 2 R
0 5 N S
DVMSO | MGT32 8 DMSO  Lactacystin
basal wm BickAP = basal mm BiCl4AP
basal Bic/4-AP F G H
DNMT3A1  DAPI DNMT3AT 250 204 % e 5 . 5
_ns. g6
L 200 Timeline 3 . g .
g RNA g1 ° . 8° .
£ 150 Bic/4AP. extraction o ° 2 3 4
3] B % 2,
55100 shows 4 H o es g7 %
55 3 o 2 2] o s
25 Hippocampal neurons £ os £
e 14-16 DIV & 51
0 00 oLl
DMSO  Carfizomib basal Bicl4AP basal  Bic/AP

basal Bic/l4AP





image4.png
A B C D
< < S
I RO
© v v NN \/ \/ GFP-DNMT3A1/ GFP-DNMT3A1/
& SR R R i GFP-DNMT3A1 GFP Cul4B-myc myc control
+ GFP - DNMT3A1 kDa Input colP Input colP kDa Input colP Input colP kDa 6 6
-170 *
g S A 1~ i 30 .
IP: anti-GFP colP:anti-myc % 2.5
O e D D —— — — — - 170 -130 —-130 2 2.0
=130 —-100 b
Input: anti-GFP 21.5- oo o
-170 anti- FK1(Ub|qu|t|nat|on = 101 _5%_ °
- o
130 _35 05d o
=100 -25
-_— P IP: anti-GFP ant-Actin 0—\'—'0—
e oo _130 é\so @
co-IP: anti-myc * —100 o&:o& {2’&
-170 IP: anti-GFP, then anti-myc <
=130
=100
—_— —_— —_—
=70
input: anti-myc
E F G
CUL4B CUL4B CUI'YLIIBN4924 CUL4B myc-CUL4B,
myc- myc- myc- myc- - HA-NEDD8
GFP-DNMT3A1/ _GFP-DNMT3A1/ —_HANEDDS ~__ PATEDDS
CUL4B-myc  CUL4B-myc/shRNA Input colP Input colP Input colP Input colP kDa HA Input colP Input colP kDa
Input colP Input colP kDa NEDDS, B
CUL4B-myc >~ | ms —-100
* neddylated colP: anti-HA
- 170 - cuL4B
130 - — -100
- 100
- 130 IP: anti-
2 anti-FK1(Ubiquitination) col- anti-myc
anti-FK1(Ubiquitination) p— - - |_: —_— e— | 130
-— IP: anti-GFP
— -3 anti-Actin + DNMT3A-GFP
anti-Actin + DNMT3A-GFP




image5.png
O control & MLN4924(5nM)

Bic/4AP

basal

O MLN4924(1uM)

= AR

9 °
o o0 =
i - °

12

10
o

el

<<€ <

< 4
<Y <

10

12

0 o0
o 1 F

% com

o5 |

o o [r2) =) ©
S -

Juswbes ajupusp
wrl gz / sauids Jo Jaqwinu

Bic/4AP

basal

NEDD8

transfection

=15

=40
-15

| — — a— | = 40

anti-Actin

anti-
anti-Actin

pe|quielosys

WYNYUS 8Ad3IN

anti-NEDD8

HEK293




image6.png
>

B D
180 C
_ 220~ B GIuN2A *™* n=15 140- @ GluN2A ** n=15 200- m  GluN2A**
£ 160 5 2004 ¥ GluN2A  n=12 ° v GluN2A - n=12 = v CuN2AT ns
o £ £ <
o £ [} - © - = -{
2 €140 i 180 %120 o 8150
a3 < 160+ a -9
- o 3 ©

@5120 5140' %10 3 %E']OO‘
w 5 | Q E S
> 100 » 120 g s

& 100 o 80 8 504

2 ) = ®

80 w804 &
60— T T 71— 60 T T T T T 0 T T T T 1
ERIIRORCR SRR D OP S S PSS 80 100 120 140 160 180
Time (min) Time (min) fEPSP slope (%baseline) average




