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Supplementary Table S1

PKMT name |SET domain e PKMT name |SET domain il
length length

1 SETD2 + + 23 SETDB1 + +
2 SETD4 + + 24 SETDB2 + +
3 SETD5 + + 25 GLP + +
4 SETD6 + + 26 G9A + +
5 SET7/9 + 27 SETMAR + +
6 SETD8 + 28 ASH1 +
7 PRDM1 + 29 SUV-39H1 +
8 PRDM2 + + 30 SUV-39H2 +
9 PRDM3 + 31| SUV-420H1 +
10 PRDM4 + + 32| SUV-420H2 +
11 PRDM5 + 33 ZNF298 +
12 PRDM6 + 34 SMYD1 +
13 PRDM7 + 35 SMYD2 +
14 PRDM38 + + 36 SMYD3 +
15 PRDM9 + 37 SMYD4 +
16 | PRDM10 + 38 SMYD5 +
17| PRDM11 + 39 NSD1 +
18| PRDM14 + + 40 NSD2 + +
19 | PRDM15 + 41 NSD3 + +
20| PRDM16 + 42 EZHA1 + +
21 PRDM17 + 43 EZH2 + +
22| PRDM18 +

Supplementary Table S1. Summary of human enzymes present in the

PKMT library.




Supplementary Table S2

Expression
PKMT aa sf9 cells E.coli
SETD2g;  1483-1700 +
SETD4 1-440 +
SETD5¢;; 1-394 +
SETD6 1-473 + +
SETD7 1-366 +
SETDS8 1-393 +
PRDM2gg1 16-157 +
PRDM4g.;  403-545 +
SETDB1 1-1291 +
SETDB2 1-719 +
GLPggr 970-1267 +
GY9ager 913-1210 +
SETMARggr 60-286 +
ASHget 2080-2299 +

SUV39H2 1-410

+

Supplementary Table S2. List of enzymes used in Figure 1a. SET- SET domain
only; aa- amino acids.



Supplementary Table S3

Primers used for ChIP analysis

Target

Sequence

Human

1L.8

FwW

TGATGACTCAGGTTTGCCCTG

BC

ATCATCACCCTACTAGAGAACTTATGC

1114

FwW

CCTCAAGTGATTGTCCTGCCTC

BC

TTGGGTTCCCAGTTGGAGTT

MYC

FwW

ACGTCCGGTTTGTCCGG

BC

GGACTTCCTAAAAGGGGCAAG

CCND1

FwW

GAGGTGTGTTTCTCCCGGTT

BC

GGAGACTCTTCGGGCTGC

GAPDH

FwW

CTACTAGCGGTTTTACGGGCG

BC

TCGAACAGGAGGAGCAGAGAGCGA

Mouse

16

FwW

AAGGTTTCCAATCAGCCCCAC

BC

GCAGAATGAGCTACAGACATCCC

Tnf

FwW

CTTCTGAAAGCTGGGTGCATAAG

BC

CCATGCACACTTCCCAACTCT

Cendl

FwW

CCGGCTTTGATCTCTGCTTA

BC

GCTGTACTGCCGGTCTCC

Myc

FwW

GGAACTTACAATCTGCGAGCCA

BC

CTTCAAACAGCTCGAGGAGCTC

Supplementary Table S3. List of human and mouse primers used for the ChIP

assays.
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Supplementary Figure S1. SETDG6 specifically methylates RelA at K310. a,
Schematic of full length RelA, RelAj.431 and RelA43o.551. DBD: DNA binding domain;
TAD: Transactivation domain. b, SETD6 mecthylates an N-terminal RelA (RelAj.431) but
not a C-terminal (RelA430.551) polypeptide. Autoradiogram of methylation reactions with
recombinant RelA constructs and recombinant SETD6. Coomassic stain of recombinant
proteins used in the reactions is shown below the autoradiogram. Data represent a single
experiment ¢, SET7/9 does not methylate RelA at K310. Autoradiogram of SETD6 and
SET7/9 methylation reactions on recombinant wild-type (wt) RelA; 431 and the indicated
RelA mutants. Coomassie stain of recombinant proteins used in the reactions is shown
below the autoradiogram. Data represent duplicate experiments. d, SETD6 does not
methylate p50. Autoradiogram of SETD6 methylation reactions on recombinant RelA .43
and p50. Coomassic stain of recombinant proteins used in the reactions is shown below
the autoradiogram. Data represent a single experiment. e, SETD6 does not methylate
nucleosomes. Top: Autoradiogram of methylation reactions on recombinant nucleosomes
or nucleosomes purified from HeLa cells with the indicated enzymes. Bottom: Coomassie
stain of reactions is shown below the autoradiogram. Data represent duplicate
experiments.
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Supplementary Figure S2. SETD6 monomethylates RelA at K310. a, MS/MS spectra
of SETD6-methylated RelAszgo 320 peptide showing that RelAK310 is monomethylated.
Underlined nominal fragment masses above and below the peptide sequence indicate
positive annotation to the corresponding ions in the MS/MS spectra. Data shown for one
of two biological replica. b, Dot blot analysis of RelAjgo.320 biotinylated peptide alone or
SETD6-methylated RelAjgo.320 biotinylated peptide, using the indicated antibodies.
Reactions were spotted at 1 ug/ul followed by 5X serial dilutions. HRP-conjugated
streptavidin is shown as a loading control. Data represent duplicate experiments.
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Supplementary Figure S3. Characterization of anti-SETD6 antibody and SETD6
cellular localization. a, aSETD6 antibody specifically recognizes overexpressed Flag-
SETD6 but not several other PKMTs. Immunoblot analysis of the indicated Flag-tagged
enzymes probed with cither anti-Flag or anti-SETD6 as indicated. 1% of total WCE
loaded in a single experiment. b, SETD6 is a nuclear protein. Immunofluorescence
images of U20S cells transfected with control or two independent SETD6 siRNAs.
DAPI was used to stain nuclei as indicated. Data represent three independent biological
replica.



Supplementary Figure S4
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Supplementary Figure S4. Characterization of aRelAK310mel epitope specificities.
a, aRclAK310mel antibody specifically recognizes the RelAK310mel peptide. Dot blot
analysis of the indicated biotinylated peptides and probed with aRelAK310mel antibody.
Peptides were spotted at 1 ug/ul followed by 5X serial dilutions. HRP-conjugated
streptavidin is shown as a loading control. Representative data from three independent
biological replica b, aRelAK310mel is highly specific for RelAK310mel and does not
recognize RelAK310me2, RelAK310me3 or other methylated or acetylated histone
peptides. A peptide microarray containing the indicated peptides was probed with
aRelAK310mel. A schematic of the peptides present on the slides and the order of
spotting are shown to the right of the array.
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1 10 40 50 60 70 100
\ \ \ \ \
SETDé& MATQAKRPRVAGPVDGGDLD LS CRR ELSPKVSERAGGRRTRGGARAALTSPP“QV SRQGTV RES ELLEF\YVPR:V:IN SQH
---------------- SLSP KHLQEE —————————————————————————‘KTPuKASVVTE L LKDHgR DVILevPK:IAYT S
50 70 100
110 180 190 200
| \
SETDé TCSIGGL LQSQS ELQAPAERII:PF4gAI PELGRL RRC PEAVEKDLA SSIHYQSEIVLPIZUEAHP
NPDAVAAS SEL K ERSREDS (WK Y F| ILPQ--ET LKTTVSVKE CLKJEQEINILPNK
- |
120 160 190 200
220 230 240 250 260 270 280
| aa |
SETDé R AT HQLYV. EPLEEEEDEKEPNSP P*ADILNHL ANLEYSAN-----=---- ATQ K
-y DIGFWAF SRLRNE -------- NI, PHADLINHSiGVTTEDHAYEVKGAAGLFSWDY LKS
230 240 256 260 270 280 290
290 300 310 320 330 350 360 380
s a |
SETDé& TDDTADIQ RE AINQOGTKTE HLVYERWDFLCKLE GEEG. GREE EEE TTTLKVLCMP E RE DQDG
KSI LD RHAYTLTL Di3 FDDKLD ------------- QTA FYNR LP LRLVAL -————
310 320 340 350
390 400 420 440 450
SETDé6 GGDDKREE IPKLKASWRQL QN'S| LL QT] LSNKEVYA LE S 473
SLFRDTI SRDNEELLCKAUREAHK EQ ----- FEQKELELDQLEYYQERRL
390 400 420 430
37-61 leleti
E-value=1.7e-28 B i (F224F225
\ 233-239 ﬁgﬁa
A ey ‘
332-345 : Lys
} 458 . : G74IG76
Qjm N £ ol (Y300)Y297 (G81/G83)
” : ' (Y287)Y28
™ "¢ \
\ : w}) 440445
7 o
R e " 6 SetD6
(H243) (|=302) (RuBisCo)

Supplementary Figure SS. Structure-based comparison of human SETD6 and
Rubisco large-subunit methyltransferase (LSMT). a, Secondary structural elements
(arrows for beta strands, and rectangles for alpha helices) are indicated for Rubisco
mcthyltransferase (PDB 2H2E). White-on-black residues are invariant between the two
sequences examined, while gray-highlighted positions are conserved (R and K; E and D;
Tand S; Fand Y; V, I, L and M). Positions highlighted are responsible for various
functions as indicated (a=AdoMet binding, s=substratc binding, c=catalysis). b,
Homology modeling for SETD6 using the structure of Rubisco LSMT
(http://www.sbg.bio.ic.ac.uk/phyre). After the manual adjustment of structure-based
sequence alignment between SETDG6 (right panel) and Rubisco LSMT (left panel),
SETD6 has six insertions and one deletion. Two large insertions, residues 37-61 and 332-
345, were not modeled. Two insertions, residues 233-239 and 332-345, are located on
cach side of the substrate binding cleft, whereas other insertions and the single deletion
arc located on the outer surface away from the substrate binding and the catalytic center.
All residues identified in Rubisco LSMT as important for cofactor AdoMet binding,
substratc binding, and catalysis arc invariant in SETD6.




Supplementary Figure S6
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Supplementary Figure S6. Y285A in SETD6 substitution abrogates the catalytic
activity of SETD6. Methylation reactions with SETD6 or SETD6y;g54 alone or with
RelA3n0.320 peptide were spotted and probed as indicated. Peptides were spotted at 1 ug/ul
followed by 3X serial dilutions. HRP-conjugated streptavidin is shown as a loading
control. Data representative of two independent experiments.
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Supplementary Figure S7. RelA is enriched at chromatin in unstimulated cells.
Occupancy of RelA (black bars) in U20S, THP-1 and MEF cells at the indicated
promoter was determined by real time (RT) PCR of ChIP samples. ChIP enrichment
shown as % input (ChIP/input x 100). IgG (grey bars) was used as the ChIP negative
control antibody. Error bars indicate + s.e.m. from at least three experiments.
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Supplementary Figure S8. RelA and SETDG6 interact in vifro and in cells. a, SETD6
binds RelA in vitro. Immunoblot analysis of GST pull-down assays with GST alone or
GST-SETD6 and recombinant RelAj.43;. Input: starting material used for pull down.
Input represents 5% of total loaded. b-d SETD6 and RelA interact in cells. b-c,
Immunoblot analysis with the indicated antibodies of (b) aFlag IPs or (c) aRelA IPs
from 293T cells transfected with the indicated plasmids. 5% of total WCE is loaded. d,
Endogenous SETD6 and RelA associate in cells. Immunoblot analysis of aSETD6 and
control (Protein A/G beads) IPs from cell extracts probed with the indicated antibodies.
5% of total WCE loaded. Protein A/G beads (AG) were used as an antibody control in
(c,d). Experiments in (b-d) each are representative of two independent biological replicas.
e-f aGLP specifically immunoprecipitates GLP. Immunoblot analysis of aGLP and
control (Protein A/G beads) IPs from 293T cells with transfected GLP (e) or endogenous
GLP (f) probed with aGLP antibody. 5% and 10% of total WCE is loaded, respectively.
Control experiments were performed once in (¢) and (f).



Supplementary Figure S9
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Supplementary Figure S9. Enrichment of RelAK310mel at promoters of RelA
target genes requires SETD6. The same ChIP experiment as shown in Figure 2a and 2b

with IgG as a negative antibody control (grey bars). Error bars indicate + s.c.m. from at
least three experiments.
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Supplementary Figure S10. Occupancy of RelAK310mel at promoters of RelA
target genes requires SETD6. a, Expression analysis of U20S cells stably expressing
control or SETD6 shRNA. Top left: Immunoblot analysis of indicated cell lines probed
with aSETD6. RelA amounts are shown as loading control. Top right: real-time PCR of
SETD6 mRNA amounts in the indicated cell lines. Representative data from one of two
independent experiments is shown. b, Presence of RelAK310mel at RelA target genes
requires SETD6. Occupancy of RelAK310mel at the promoters of /1.8, MYC, and
CCND (black bars) was determined by ChIP followed by real-time PCR. The
enrichment of the ChIP is shown as % input. Error bars indicate + s.e.m. from at least
three experiments. IgG was used for the ChIP negative antibody control (grey bars).



Supplementary Figure S11
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Supplementary Figure S11. SETD6 inhibits NF-xB luciferase reporter activity.
Depletion of SETD6 increases kB-Luc reporter activity in unstimulated cells. kB-Luc
reporter activity normalized to Renilla was determined 24 hours after transfection of
293T cells with control or SETD6 siRNAs. Error bars indicate the s.e.m. from at least
three experiments.
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Supplementary Figure S12. SETD6 depletion increases RelA target gene expression
in unstimulated cells. Recal-time PCR analyses of the indicated mRNAs normalized to
gapdh from U20S, THP-1, 3T3 and primary mouse monocyte derived dendritic cells
(mMDDC) transfected with control or two independent SETD6 siRNAs. Error bars
indicate the s.c.m. from at least three experiments.
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Supplementary Figure 13. Reconstitution of Rela” MEFs with RelAgsor leads to
higher expression of RelA-dependent genes in the absence of stimulation than cells
reconstituted with wild-type RelA. a, Mousc Rela-/~ fibroblast cells reconstituted with
mouse RelA or RelAgsior €xpress ectopic RelA protein at amounts similar to those
observed for endogenous RelA protein in Rela'”" fibroblast cells. Immunoblot analysis of
WCE from matched Rela"”" or Rela” 3T3 MEFs transduced with the indicated virus and
probed with antibody against RelA or actin as a loading control. cont: empty pBABE-
retro virus; wirgc: RelA virus; K310Rggic: RelAksior virus. Representative data from one
of two independent experiments is shown. b, Identification of RelA-dependent gene
expression changes in MEFs. Whole-genome mRNA expression profiles under basal
conditions were determined from Rela'”" and Rela” MEFs (from (a)) using Illumina-
based mouse whole-genome expression arrays. 18,100 mouse target genes were
clustered into two groups that showed a A>+1.5 in expression between Rela'”" and Rela™
MEFs. Group A (wt> Rela‘/‘): 1695 genes that were highly expressed in Rela'”" relative
to Rela” cells. Group B (Rela” > wt): 1748 genes that were highly expressed in the
Rela™” cells relative to wt cells. ¢, Reconstitution of Rela™ cells with RelAxsior
(K310Rg,.) lcads to higher expression of Group A genes than reconstitution with wild-
type RelA (wireo). Left: Venn diagrams showing genes that are upregulated > 1.5 fold in
RelA and RelAgsior reconstituted cells relative to Rela™ cells and present in the Group A
category described in (b). Note the greater number of genes in K310Rg., (276) versus
wtreo (177) and that 135 of the genes are present in both reconstitutions. Right: Heat map
comparing log2 transformed expression abundance of the 135 overlapping genes between
K310gre. and wtre.. The pic chart shows that 67% have higher expression in K310ge
versus wtreo. Heat map: Red and green represent up- and down-regulated genes,
respectively. p-values for the Venn diagram and pie charts were calculated using Fisher's
Exact Test and Chi-Square analysis, respectively. Mean values from two biological
replicates (independently isolated RNA) were used in all analyses. d, K310Rg., and wtgre
cxpression changes are similar in Group B genes. Analysis as in (¢) on group B genes.
No significant difference in down-regulated genes was observed between the two
reconstituted cell lines, suggesting that K310 plays a specific role in upregulating RelA-
dependent genes.



Supplementary Figure S14
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Supplementary Figure S14. Knockdown efficiency of U20S stable cell lines. a-b,
Immunoblot analysis of WCE from SETD6 knockdown, SETD6/RelA double
knockdown (a) and RelA knockdown (b) of U20S stable cell lines used in Figure 3a-b,
probed with the indicated antibodies. Representative data from one of two independent
experiments is shown for a and b.
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Supplementary Figure S15. SETD6 expression level in inflammatory diseases. a,
SETD6 expression level is lower (p = 0.00075, two-tailed t test) in systemic juvenile
idiopathic arthritis (JIA) (n = 21) compared to healthy controls (n = 59). Expression level
is shown as the natural log of median normalized expression values of the sample. Data
retrieved from GEO accession GSE13501 and GSE13849. b, SETD6 expression level is
lower (p = 0.011, two-tailed t test) in infliximab responders (INX(R), n = 37) compared
to non-responders (INX(NR), n = 7) in theumatoid arthritis (RA) patients. Expression
level is shown as the log2 normalized baseline relative expression values of the sample.
Data retrieved from GEO accession GDS3628.
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Supplementary Figure S16. a, SETD6 depletion in primary mouse BMDM cells
increases production of RelA target gene mRNA and protein. Primary mousc BMDM
(mBMDM) cells were transfected with control or SETD6 siRNAs and treated + LPS for
the indicated time points, and the amount of the indicated mRNAs were measured by
real-time PCR analysis. Error bars indicate the s.c.m. from at least three experiments. b,
SETD6 depletion enhances the secretion of a panel of RelA-dependent cytokines in
response to LPS. Primary mBMDM cells were transfected with a control or SETD6
siRNA and treated + LPS for 2 hours. Secretion of the indicated cytokines into the culture
supernatant was measured by multiplex cytokine assay. Results are presented as %
increase in cytokine amount in SETD6-depleted cells compared to control cells.
Representative data from two independent experiments repeated in duplicate is shown.
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Supplementary Figure S17. Schematic representation of CADOR (chromatin-
associated domain array) microarrays. The indicated collection of 268 GST fusion

proteins printed in duplicate on a nitrocellulose slide is shown.
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Isothermal calorimetry (ITC) traces for GLPank binding experiments. The
dissociation constants (Kp) are given in Figure 4c. Peptides used are indicated.
Representative data of three independent experiments is shown.
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Supplementary Figure S19. GLP and H3K9me2 occupancy at promoters of RelA
target genes requires SETDG6 and is inhibited by TNF treatment. The same ChIP

experiment as shown in Figure Sh with IgG as a negative antibody control (grey bars).
Error bars indicate + s.e.m. from at lcast three experiments.
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Supplementary Figure S20. GLP and H3K9me2 occupancy at RelA target gene
promoters requires SETD6. Occupancy of GLP and H3K9me2 in U20S cells stably
expressing control or SETD6 shRNA at the promoters of /1.8, MYC and CCND1 (black
bars) was determined by real-time PCR of ChIP samples. The enrichment of the ChIP is
shown as % input. Error bars indicate the s.c.m. from at least three experiments. IgG was
used as the ChIP negative antibody control (grey bars).
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Supplementary Figure S21. SETD6-driven increases in GLP and H3K9me2
occupancy at the /1.8 and MYC promoters are antagonized by PKC(,. a, Occupancy
of RelAK310mel, GLP, and H3K9me?2 at the /1.8 and MYC promoters in U20S cells
transfected with the indicated plasmids was determined by real-time PCR of ChIP
samples (black bars). The enrichment of the ChIP is shown as % input. Error bars
indicate the s.c.m. from at least three experiments. IgG was used as the ChIP negative
antibody control (grey bars). b, Immunoblot analysis of SETD6 and PKC(, protein
amount in transfected cells. Immunoblot analysis with the indicated antibodies of WCE
from 293T cells, U20S cells, and U20S cells stably expressing control or GLP shRNA,
that have been transfected with the indicated plasmids. Tubulin is shown as a loading
control.
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Supplementary Figure S22. PKC( antagonism of SETDG is abrogated in GLP-
depleted cells. a, GLP depletion induces TNF-dependent upregulation of /1.8 and myc
mRNAs. Left: Immunoblot analysis of U20S WCE:s treated with control or GLP shRNA
and probed with aGLP. RelA abundance is shown as a loading control. Right:
Expression of indicated mRNAs in U20S cells stably expressing control or GLP shRNA
and treated with TNF (10 ng/ml) was determined by RT PCR. b, SETD6-driven
repression of /1.8 and myc expression requires GLP and is antagonized by co-expression
of PKCC(,. Control and GLP stable knockdown U20S cells as in (a) were transfected
with the indicated plasmids and /.8 and myc mRNA amounts were determined as
described in (a). y-axis: expression of normalized mRNA amounts shown as fold change
of control shRNA/GLP shRNA. Error bars indicate + s.¢.m. from at least three
experiments.
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Supplementary Figure S23. Phosphorylation of RelA at S311 blocks the recognition
of the RelAK310mel epitope. a, aRelAS311ph recognizes S311 phosphorylation
irrespective of K310 monomethylation status. A peptide microarray containing the
indicated peptides was probed with aRelAS311ph antibody. Left: A schematic of the
peptides present on the slides and the order of spotting. b, Dot blot analysis of the
indicated biotinylated peptides, probed with the indicated antibodies. Peptides were
spotted at 1 ug/ul followed by 5X serial dilutions. HRP-conjugated streptavidin is shown
as a loading control. Representative data of two independent experiments is shown. c¢,
Dot blot analysis of the indicated biotinylated peptides + calf intestinal alkaline
phosphatase (CIP) treatment for 1 hr, probed with the indicated antibodies. Peptides were
spotted at 0.5 ug/ul followed by 5X serial dilutions. HRP-conjugated streptavidin is
shown as a loading control.
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Supplementary Figure S24. Requirement for PKC( to decrease occupancy of
RelAK310mel, GLP, and H3K9me2 at chromatin of RelA target gene promoters in
response to NF-kB stimulation. The same ChIP experiment as shown in Figure 7a with
IgG as a negative antibody control. Error bars indicate + s.e.m. from at least three
experiments.
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Supplementary Figure S25. Model of the interplay between SETD6, RelA, GLP, and
PKCC in the regulation of NF-xB signaling (see text).
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