Structural insights Iinto the regulation and the recognition of histone marks
by the SET domain of histone lysine HMTase NSD1, NSD2 and NSD3
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1-Summary 2-Cancers associated with NSD1, NSD2 and NSD3

Background: The nuclear receptor binding SET domain (NSD) protein is a family of three histone-lysine N-methyltransferase (HMTase), NSD1, NSD2/MMSET/WHSC1,
and NSD3/WHSC1L1 that are critical in maintaining the chromatin integrity. NSD1 methylates H3K36 and H4K20 and is associated with acute myeloid leukemia, multiple
myeloma, and lung cancer. The NSD1-NUP98 translocation plays a significant role in childhood acute myeloid leukemia with the NUP98-NSD1 fusion protein being an
active H3K36 methylase. NSD1 is amplified in multiple myeloma, lung cancer, neuroblastomas and glioblastomas. NSD2 methylates H3K4 and H4K20 and is linked to

Name Associated cancers Alteration In cancer

prostate cancer and multiple myeloma. Increased NSD2 activity was reported in the tumor proliferation in glioblastoma multiform. Over expression of NSD2 in myeloma NSD1 ACUt_e mye|0|d leukemia NUP98-NSD1 tusion
cells leads to aberrantly high global levels of H3K36 di-methylation, accompanied by a decrease in H3K27 methylation. In myeloma cells, NSD2 contributes to disrupt the Multiple myeloma and / or
chromatin structure and function contributing to the cellular transformation. NSD2 is found over expressed in fifteen different cancers and is associated with tumor aggres- Lung cancer Amplification

siveness or prognosis in most types of cancers. NSD3 methylates H3K36 and is associated with both lung and breast cancer along with the acute myeloid leukemia. Fur-
thermore, the amplification of either NSD1 or NSD2 triggers the cellular transformation, initiating carcinogenesis events NSD3 is found amplified in breast cancer cell lines
and primary breast carcinomas. Reducing NSDs activity through specific and selective lysine-HMTase inhibitors appears promising to help suppressing cancer growth.
However, little is known about the NSD pathways and our understanding of the histone Lysine-HMTase mechanism is partial. Analysis of the recent crystal-structure
of the peptide-less SET domain of NSD1 revealed that in absence of ligand, the histone-binding site is occluded preventing any access to the catalytic groove. Therefore,

Neuroblastomas Glioblastomas
Cellular transformation

we hypotlhesized that thg .S.ET domain of NSD1 has specific mechanisms to r(_ecognize .histone mark§ and to grant. access to the h?ston_e-binding site, unlike other I—IMTase. NSD2/MMSET/WHSC1 Prostate cancer IgH/NSDZ fusion
The precise catalytic activities of the NSDs are obscure and discrepancies exist hindering progress in understanding their exact biological functions and pathways in :

cancer pathogenesis. In this study, we explored the in vitro catalytic activities on histone substrates to understand the substrate recognition and to pave the way for the Multiple myeloma and / or

design of selective and specific NSD inhibitors usable in cancer therapies. Cellular transformation Amplification

Methods: We used both biochemical and computational methods to understand the range of histone substrates recognition by the the NSDs and to investigate the struc -
tural mechanisms happening in the SET domain during the binding of histone tails, exploiting the recent crystal structure of the peptide-less SET domain of NSD1.
Results: A key regulatory and a recognition mechanism is driven by the flexibility of a loop at the interface of the SET and postSET region who rotates ~45° and trans -
lated 7A opening the SET domain for the binding of the peptide ligand. This regulatory loop acts as a seat belt for the ligand and contributes to the discrimination and the
substrate specificity. In vitro, The SET domain of the NSDs favor H3 recognition and are able to methylate a range of substrate. To reconcile with the in vivo activities pre-
viously reported on H3K36 and H4K?20, we propose a cross-talk mechanism controlling the substrate recognition.

3- Modifications of histones H3 and H4

NSD3/WHSC1L1 Breast cancer NUP98-NSD3 fusion
Lung cancer and / or
Acute myeloid leukemia Amplification

4- The NSD Family 5- The conformations of the SET-domain of NSD1 6- Electrostatic properties
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(A) Schematic of the primary structure of NSD1, 2 and 3: PWWP domain; PHD zinc fingers The SET domain of NSD1: (A) Overall structure of the SET domain. The structure of the SET domain is composed of
domain; SET histone methyl transferase (HMTase) with the preset and postSET domains. The three groups of canonical b- sheets arranged in a triangular fashion with a group of two b-sheets closely neighboring a
regulatory loop closing onto the histone-binding site in indicated in red. (B) Multiple sequence conserved a-helix defining a cleft for the binding of the lysine-histone ligand. The cofactor AdoMet binds into a cavity
alignment of the preSET, SET and postSET domains of NSD1, NSD2, NSD3, MLL1, G9a EHMT2 I adjacent to the SET domain connected through a channel. The flexible regulatory loop is colored in red. (B) Motion of
H3-K9-HMTase, SETD8 H4-K20 HMTase, SETD7 H3-K4-HMTase. Boxed in blue are the dissimi- ¥ the regulatory loop. Structural overlay between the peptide-less crystal structure (colored in blue) and the model of

lar residues amongst the SET domains of NSD1, NSD2 and NSD3. Dashed boxed in blue indi- NSD1 SET bound with H4-peptide16—22 (colored in blue). The loop motion is indicated, from the peptide-less confor-
cated the residues involved in the binding of the L-lysine-histone ligand. Boxed in red are the mation (colored in orange) to conformation with H4-peptide16—22 bound (colored in red). (C) Model of NSD1-SET
conserved residues responsible for the binding specificity of both L-lysine-histone and AdoMet. bound with H4- peptide16—22 after molecular dynamic simulations. Residues 16—22 of H4K20 are displayed in sticks.

Lysine-HMTase enzymatic mechanism within SET-domains
Firstly, an enzyme-Lys-NH3-AdoMet intermediate-complex is formed. Sec-
ondly, the close positioning of two positive charges in the active site lowers
the pKa of the Lys-NH3 entity and a water channel appears followed by a
proton leaving. The electrostatic interactions between the positive charges
on AdoMet and SET-Lys-NH3 decreases the pKa of the latter. The formation
of a water channel is critical for the methyl transfer reaction. The dissocia-
tion of the Lys-CH2-NH3+ proton into the solvent via this water channel is
associated with the energy barrier of 8.4 kcal/ mol at pH 8.0, which is re-
quired for the reaction to occur. Two and three iterations provide di-
methylated and tri-methylated lysine, respectively.

/- Substrate specificity: in vitro  histone lysine methyl transferase assays

The SET domain of NSD1: (A) Closed SET-domain, peptide-less con-
formation. (B) Opened SET-domain, H4-peptide16—22 bound conforma-
tion. (C) Opened SET-domain, H4- peptide16—22 bound conformation

with the peptide displayed in sticks.

8- Phylogenetic tree of human lysine-HMTases

The NSD family is
phylogenetically dis-
tinct compared to
other known lysine-
HMTases.

Tree constructed
using the neighbor-
joining (NJ) method
after a multiple se-
guences alignment in
ClustalW 2.01. The
short name of 22
lysine-HMTase is indi-
cated. The scale bar
measures the genetic
distance of each tree.
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In vitro substrate specificity of the SET domain of the NSDs on purified histones. The SET domain of the NSDs favors H3 recognition and are able to recognize and methylate a range of substrate. Individually, the SET
domain of NSD1, NSD2 and NSD3 is able to perform methylation on several histone-lysines. NSD1-SET favors H3K9 and H3K36; NSD2-SET targets preferentially H3K27 and H3K36 over H4K20; NSD3-SET favors largely
H3K27 over H3K36. To reconcile with the specificities reported in vivo on especially on H3K36 and H4K20, we propose a cross-talk mechanism controlling the substrate recognition by the SET domain of the NSDs.

Histone methyl transferase assays were performed using validated antibodies and Elisa-like colorometric histone methylation assay kits from Epigentek. Human recombinant SET-NSDs were cloned in either pTYB2 or pTYB12
vectors (New Englanb Biolabs NEB), expressed in E.coli and purifed by affinity chromatography using the Impact system from NEB.



