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The Sotos syndrome gene product, NSD1, is a SET domain
histone methyltransferase that primarily dimethylates nu-
cleosomal histone H3 lysine 36 (H3K36). To date, the intrin-
sic properties of NSD1 that determine its nucleosomal sub-
strate selectivity and dimethyl H3K36 product specificity
remain unknown. The 1.7 Å structure of the catalytic domain
of NSD1 presented here shows that a regulatory loop adopts a
conformation that prevents free access of H3K36 to the
bound S-adenosyl-L-methionine. Molecular dynamics simu-
lation and computational docking revealed that this normally
inhibitory loop can adopt an active conformation, allowing
H3K36 access to the active site, and that the nucleosome may
stabilize the active conformation of the regulatory loop.
Hence, our study reveals an autoregulatory mechanism of
NSD1 and provides insight into the molecular mechanism of
the nucleosomal substrate selectivity of this disease-related
H3K36 methyltransferase.

Alteration of chromatin structure is an important regula-
tory mechanism of eukaryotic gene expression. Post-trans-
lational modifications of histones are an integral part of this
epigenetic mechanism, and histone lysine methylation in
particular has drawn special attention due to its complex
role. Recent genome-wide studies revealed that a complex
combination of histone modifications within a genomic
locus is a better indicator of transcriptional state than indi-
vidual modifications considered in isolation (1). Thus, a
clear understanding of the entire spectrum of histone
methylations and their regulation is a prerequisite for under-
standing the epigenetic control of gene expression.
Methylation of H3K36 is found in species ranging from

yeasts tomammals. In the budding yeast Saccharomyces cerevi-
siae, H3K36 is trimethylated by the SET domain histone lysine

methyltransferase (HKMT)2 Set2 (2, 3). Interestingly, Set2
binds to the phosphorylated C-terminal domain of RNA
polymerase II and travels with the RNA polymerase during
elongation (4–6). H3K36 trimethylation is found in the coding
region and ismost concentrated at the 3�-end of the transcribed
gene, where it functions in recruiting histone deacetylase com-
plexes to suppress intragenic transcription initiation (7–9). In
addition to the yeast Set2 homolog, three mammalian SET
domain proteins, NSD1,NSD2 (multiplemyeloma SETdomain
(MMSET)/Wolf–Hirschhorn syndrome candidate 1), and
NSD3 (Wolf–Hirschhorn syndrome candidate 1-like), are asso-
ciated with H3K36 methylation (10–16). All three NSD pro-
teins share a highly conserved catalytic SET domain, and they
also have auxiliary domains implicated in interactions with
other protein or nucleic acid components, such as the PWWP
and PHD domains. Initially there was some confusion in the
literature about the position of the lysine residue being methy-
lated and the number of methyl groups attached by the NSD
proteins (12, 16–19). It has become clear that NSD proteins
preferentially methylate nucleosomal H3K36 and that up to
two methyl groups can be attached to the target lysine (15).
When a histone octamer is used as substrate, NSD proteins can
also methylate histone H4K44 in vitro. Surprisingly, when a
single-stranded or duplex DNA is added, H3K36 becomes the
sole methylation site (15). The precise mechanism underlying
the nucleosome/DNA-dependent substrate specificity of NSD
proteins remains unknown.
NSD proteins have been linked to a number of human dis-

eases. NSD1 mutations are a major cause of Sotos syndrome,
which is a childhood overgrowth syndrome associated with
mental retardation (20, 21); deletion ofNSD2 is essential for the
pathogenesis ofWolf–Hirschhorn syndrome, a disease charac-
terized by mental retardation, epilepsy, and developmental
defects (22); and NSD3 is amplified in breast cancer cell lines
(23). In addition, fusion proteins NUP98-NSD1 and NUP98-
NSD3 resulting from chromosomal translocations cause acute
myeloid leukemia, whereas an IgH-NSD2 fusion protein is
associated with multiple myeloma (14, 22, 24–26).
To better understand the molecular basis for the unusual

enzymatic properties of the NSD family of H3K36 methylases
and their functions in pathogenesis, we have analyzed the struc-
ture of NSD1 by x-ray crystallography andmolecular dynamics
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simulation. Our study has uncovered a novel autoregulatory
mechanism underlying H3K36 dimethylation that is closely
linked to its nucleosomal substrate selectivity. The structural
and biochemical information provided also gives mechanistic
insights into the molecular basis of Sotos syndrome.

EXPERIMENTAL PROCEDURES

The coding sequence for the catalytic domain of human
NSD1 (NSD1-CD, amino acids 1852–2082) was cloned into a
pGEX6p-1 vector between the BamHI and XhoI sites. Recom-
binant NSD1-CD was expressed at 16 °C in the Escherichia coli
strain BL21(DE3)-RIPL as a GST fusion protein. The fusion
protein was first purified using glutathione-Sepharose resins

followed by the removal of the GST tag and further purification
on a Superdex-75 column (GEHealthcare). PurifiedNSD1 pro-
tein was concentrated to �15 mg/ml for crystallization.
NSD1-CD crystals were obtained in 0.2 M lithium sulfate,

0.1 M HEPES, pH 7.5, and 25% PEG 3350 at 20 °C. Diffraction
data were collected at the Beijing and Shanghai Synchrotron
Radiation Facilities (BSRF and SSRF), and data were processed
using HKL2000 (27). The crystal belongs to the P212121 space
group, with unit cell dimensions of a � 65.54 Å, b � 67.98 Å,
and c � 68.19 Å. Multiwavelength anomalous dispersion phas-
ing using anomalous signals from three endogenous zinc atoms
was carried out using SHELX (28), and an initial model was
built using ARP/wARP (29). Coot and CCP4 were used for

FIGURE 1. Domain structure and sequence alignment of NSD1-CD. A, the domain structure of NSD1-CD. Each domain is represented by a colored box with
the domain name indicated (N, N-terminal domain; P, post-SET domain). The numbers above and below the colored boxes indicate the numbers of the first and
last residues of the domains, respectively. The red box indicates the post-SET loop connecting the SET and post-SET domains. B, structure-guided sequence
alignment of the catalytic domains of human NSD1, SET2, ASH1, MLL1, and Neurospora Dim-5. Identical residues are indicated with white letters over a blue
background, similar residues are highlighted in yellow, and those with all but one identical residue are shown in red. Different domains are enclosed in boxes
colored as in A. A schematic diagram of the secondary structure elements of NSD1-CD is shown above the sequences, and every 10 residues is indicated with
a � sign. Numbers to the left or right of the sequence indicate the numbering of the end residues. Note that the numbering for Dim-5 follows that of the PDB
entry (1PEG). A red triangle below the sequences indicates the positions of missense mutations associated with Sotos syndrome.
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model building and structure refinement (30, 31), and figures
were prepared using PyMOL (48). Statistics from crystallo-
graphic analyses are shown in Table 1. HKMT activity assays
were carried out following the procedure described by Li et al.
(15).
Molecular dynamics (MD) simulations were performed

using the GROMACS program package, version 3.2.1 (32), and
computational dockings were carried out with GOLD (33).
Detailed procedures are described in supplemental material.

RESULTS

Enzymatic Properties of NSD1—To analyze the enzymatic
properties ofNSD1,we expressed the catalytic domain ofNSD1
(NSD1-CD, amino acids 1852–2082) encompassing the AWS
(associated with SET), SET, and post-SET sequence motifs in
E. coli (Fig. 1). Previously, we have shown that NSD1, NSD2,
and NSD3 methylate nucleosomal H3K36 (15). As seen in Fig.
2A, theNSD1-CDdid notmethylate recombinant nucleosomes
containing H3 K36A mutants, whereas K18A and K27A
mutants of histone H3 displayed wild-type levels of methyla-
tion. Furthermore, only nucleosomes with an unmethylated
H3K36 or a mimetic monomethylated H3K36, but not those
with a di- or trimethylated H3K36 mimetic (34), served as sub-
strates for NSD1 (Fig. 2A). When histone octamers were used,
NSD1 also methylated histones H4 and H2A/2B, but these
activities were largely eliminated when nucleosomes were used
as substrates (Fig. 2B). Thus, the recombinant NSD1-CD pro-
tein fully recapitulates the enzymatic properties of NSD pro-
teins in vitro, i.e. it dimethylates nucleosomal H3K36 and octa-
meric histones H3, H4, and H2A/B.
Overall Structure—The 1.7 Å crystal structure of NSD1-CD

presented here shows that theAWS, SET, post-SETmotifs, and
an N-terminal segment of �40 amino acids fold into a single
compact domain (Fig. 3A). At the center of the structure lies the
SET domain, which is mainly composed of three �-sheets
(sheet 1, �1-�2; sheet 2, �4-�5-�6; and sheet 3, �3-�7-�8)
arranged in a triangular fashion, and one mostly exposed helix
(�B) is positioned adjacent to �-sheet 2. The spatial configura-
tion is conserved among all known SET domain HKMTs (35).
The SET domain is “tucked in” by an N-terminal helix (�A) at
one end of the SETdomain (top) next to�-sheet 1 and theAWS
domain at the opposite end (bottom) next to�-sheet 3 (Fig. 3A).
A 26-residue loop connecting �A and the AWS domain snakes
across the SET domain on one side of the protein surface (back)
opposite to the one where the post-SET loop is located (Fig.
3A). An S-adenosyl-L-methionine (AdoMet) molecule is bound
in a pocket formedbetween the SETand the post-SETdomains.
Interestingly, the AdoMet molecule was found regardless of
whether exogenous AdoMet was added during crystallization,
indicating the E. coli origin of the AdoMet molecule. Previ-
ously, humanDot1L (hDot1L), a non-SETdomain nucleosomal
H3K79 HKMT, was also found to copurify with AdoMet from
E. coli (36).
NSD1 belongs to a subfamily of SET domain HKMTs with

cysteine-rich pre- and post-SET domains, which includes
H3K9 HKMTs. A superposition of the structure of NSD1-CD
on that of Dim-5, aNeurosporaH3K9 HKMT (37), and human
SET2 (Protein Data Bank (PDB) entry 3H6L) revealed three

main differences. 1) The N-terminal helix (�A) adopts an ori-
entation opposite to that of SET2, and in Dim-5, the helix is
missing; 2) the conformation of cysteine-rich AWS/pre-SET
domains of the three proteins differs significantly; and 3) a post-
SET loop shows considerable conformational variation (Fig.
3B). Although the first two differences are interesting in their
own right in terms of stabilizing the SETdomain fold and struc-
tural diversity of SET domain HKMTs, they are not directly
involved in catalysis and substrate binding, and they will not be
investigated in detail here. The unusual post-SET loop confor-
mation and its functional implication are analyzed below.
The Post-SET Domain and Its Autoinhibitory Loop—Three

cysteine residues in the post-SET domain and one cysteine
from the highly conserved NHS/CC motif of the SET domain
coordinate the binding of a zinc ion (Figs. 1B and 3A). The
zinc-coordinated post-SET domain forms one side of the
AdoMet binding pocket and is critical for the catalytic compe-
tency of the enzyme. The superposition of NSD1, SET2,MLL1,

FIGURE 2. HKMT assay of NSD1-CD. A, nucleosomes assembled with recom-
binant, unmethylated wild-type or mutant histones (H3K18A, H3K27A,
H3K36A, and H4K20A) or nucleosomes bearing methyl analogs mimicking
different degrees of methylation on H3K36 (H3K36Me1, H3K36Me2 and
H3K36Me3). Top panel, 3H fluorography using [3H]AdoMet as the methyl
donor. Bottom panel, Coomassie Brilliant Blue (CBB) staining of histones. The
concentration of NSD1-CD used for the assay was 0.1 �M, and that of nucleo-
somes in the reactions was 0.35 �M. B, HKMT activity on recombinant histone
octamers and nucleosomes. Increasing concentrations (0.03, 0.1, and 0.3 �M)
of NSD1-CD were titrated in the assay. Top panel, 3H fluorography shows that
histones H3, H2A/2B, and H4 were methylated using histone octamers,
whereas only H3K36 was methylated when nucleosomes were used as sub-
strates. Middle panel, Coomassie Brilliant Blue staining of histones. Bottom
panel, Coomassie Brilliant Blue staining of NSD1-CD.
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and Dim-5 (38, 39) shows that the post-SET domains have
homologous structures and that they are similarly positioned
with respect to their SET domains (Fig. 3C). Prominently, the
loops connecting the SET and post-SET domains in different
enzymes have distinct conformations. This loop in MLL1,
Dim5, and the mammalian H3K9 HKMT Suv39H2 (40) is dis-
ordered, whereas that in NSD1 and SET2 is ordered and occu-
pies a position that generally binds substrate peptides in all
known HKMTs (Fig. 3C). This post-SET loop conformation is
not due to crystal packing, and loop conformation is quite sta-
ble, judging by the B-factors of the relevant amino acids, which

are in the range of 10–28 Å2, as compared with overall B-fac-
tors of �20 Å2 (Table 1).
A superposition of the H3K9 peptide from the H3K9-Dim-5

complex (38), the mono-methylated H4K20 (H4K20me1) pep-
tide bound to Pr-Set7/Set8 (38, 41, 42), and the NSD1-CD
structure shows that both peptides crash into the post-SET
loop of NSD1, which spans residues 2060–2066, around the
substrate methyl acceptor lysine position (Fig. 4A). In the
Dim-5 complex, the H3K9 peptide is present in the cleft
between the SET domain and the post-SET loop, which is dis-
ordered in the structure, and makes �-sheet-like hydrogen

FIGURE 3. Structure of NSD1-CD. A, a ribbon representation of the overall structure. Different segments of the protein are colored following the coloring
scheme in Fig. 1A. The AdoMet molecule is shown as a stick model (green, carbon; blue, nitrogen; red, oxygen). Zinc ions are shown as gray spheres. Secondary
structure elements and the protein termini are labeled. B, superposition of NSD1 (cyan), SET2 (yellow; PDB id: 3H6L) and Dim-5 (magenta; PDB id: 1PEG)
structures. The SET domains are highly similar, and for clarity, only the NSD1 SET domain is shown. Dashed lines indicate structurally disordered regions.
C, superposition of the post-SET domains of NSD1, SET2, Dim-5, and MLL1 (PDB id: 2W5Y). The magenta and green dashed lines indicate the disordered loop
segments of Dim-5 and MLL1, respectively.

TABLE 1
Statistics of crystallographic analysis
Values in parentheses are those for the highest-resolution shell of reflections. Rfree was calculated using the 10% of the diffraction data set aside during refinement, and Rwork
was calculated with the data used throughout the refinement. MAD, multiwavelength anomalous dispersion; r.m.s., root mean square; SAH, S-adenosyl-L-homocysteine.

Data collection

Space group P212121
Unit cell 65.54 � 67.98 � 68.19Å 65.86 � 67.72 � 69.09Å

MAD
NativeZinc edge Zinc peak Remote

Data sets
Wave length (Å) 1.2828 1.2822 1.0000 0.8103
Resolution range (Å) 50.00–2.20 (2.28–2.20) 50.00–2.40 (2.49–2.40) 50.00–2.40 (2.49–2.40) 50.00–1.70 (1.76–1.70)
Completeness (%) 100 (100) 100 (100) 100 (100) 99.4 (99.7)
Rmerge 0.063 (0.45) 0.086 0.073 (0.45) 0.086 (0.48)
I/�I 33.4 (4.0) 35.9 (7.2) 30.9 (4.9) 16.1 (3.3)

Refinement
Rwork/Rfree (%) 19.5/24.3 16.4/19.4
r.m.s. bond length (Å) 0.012 0.009
r.m.s. bond angle (°) 1.288 1.182
B-factors (Å2)
Main chain atoms 33.3 16.0
Side chain atoms 35.9 18.7
Zinc atoms 46.10 18.3
SAH/AdoMet atoms 28.49 18.3
Water atoms 37.03 26.4
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bonds with �5. Similarly, in the Pr-Set7/Set8 complex, the
H4K20me1 peptide forms three �-sheet-like hydrogen bonds
with �5. In the NSD1 structure, the post-SET loop is in direct
contact with �5 via two hydrogen bonds: the amide group of
Leu-2063 with the carbonyl of Met-1998 and the sulfhydryl
group of Cys-2062 with the carbonyl of Phe-1996. Leu-2063
also has hydrophobic interactions with residues located on �5
and �B. Thus, the post-SET loop of NSD1 is in an autoinhibi-
tory conformation that effectively blocks the substrate binding
cleft and the entrance to its methyl acceptor lysine binding
channel.
The Active Site and Product Specificity—NSD1 catalyzes the

addition of up to two methyl groups to H3K36, whereas SET2
trimethylates H3K36. The structural basis of their ability to add
different numbers of methyl groups onto substrate lysine, i.e.
their product specificity, is unknown. It has previously been

shown that the size of certain residues, particularly aromatic
residues, in the active site influences the product specificity of
HKMTs (38, 43, 44). Inspection of theNSD1 catalytic active site
surrounding the AdoMet molecule reveals that residues in the
close vicinity are highly conserved between NSD1 and Dim-5,
an H3K9 trimethylase, in terms of both amino acid identity and
spatial conformation (Fig. 4B). Of particular note is an aromatic
residue, Phe-2056, near the methyl group of AdoMet, which
corresponds to Phe-281 in Dim-5. In Dim-5, an F281Y mutant
converts Dim-5 from a H3K9 trimethylase into a mono-/dim-
ethylase (38). The corresponding residue in Pr-Set7/Set8 is
Tyr-344, and a Y344F mutation changes it from a H4K20
monomethylase into a dimethylase (43). This phenomenon has
been termed the “Phe/Tyr switch” for product specificity (35).
However, all residues at positions known to affect product
specificity are conserved in NSD1, SET2, and Dim-5. Thus, a

FIGURE 4. Structure of the active site and modeling of substrate binding. A, the post-SET loop of NSD1 occludes substrate binding. The H3K9 peptide
(magenta) bound to Dim-5 and the H4K20me1 peptide (yellow) bound to Pr-Set7/Set8 (gray; PDB id: 2BQZ) are superimposed with the NSD1-CD structure. For
clarity, the structure of Dim-5 is not shown, and only the post-SET domain of Pr-Set7/Set8 is shown. The loop colored in red represents the post-SET loop of
NSD1-CD, and the rest of the protein structure is colored cyan. AdoMet is shown as a stick model (green, carbon; blue, nitrogen; red, oxygen), as are H3K9
(magenta, carbon) and H4K20me1 (yellow, carbon). B, amino acids surrounding the AdoMet molecule and their interactions with AdoMet. C, conformational
dynamics of the post-SET loop. The post-SET loops from the crystal structure (cyan), from the molecular dynamics simulation at 276 ps (yellow), and from an
energy-minimized model of nucleosome docking (red) are superimposed. The docked H3 tail and nucleosomal DNA are shown in magenta and light blue,
respectively. H3K36 is shown as a stick model. Note that in the docked model, the post-SET domain contacts DNA. D, a global view of the modeled NSD1-CD
complex with a nucleosome core particle. NSD1-CD is shown in red; two H3 molecules are shown in magenta and salmon; two H4 molecules are shown in green
and light green; and H2A and H2B are shown in blue, and DNA is shown in light blue.
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new mechanism other than the Phe/Tyr switch must be
involved in determining the di- versus trimethylase activities of
NSD1 and SET2.
Molecular Dynamics Simulation and Nucleosome Docking—

It is clear that the post-SET loop has to move aside in order for
the methylation reaction to take place. To probe conforma-
tional dynamics of the post-SET loop and its role in H3K36
binding, we carried out a 2-ns MD simulation of NSD1-CD.
Results show that the post-SET loop undergoesmodest confor-
mational changes, indicating that in solution, the protein mol-
ecules exist in an ensemble of post-SET loop conformations.
These conformational changes, although modest, open up the
lysine binding channel, allowing access of the substrate lysine to
the methyl group of AdoMet. Fig. 4C shows the docking of a
lysine in the canonical substrate binding channel of NSD1 in
the 276-ps MD simulation. Taken together, these results show
that intrinsic, spontaneousmovement of the post-SET loop can
expose the AdoMet molecule for methyl transfer reactions.
A more interesting question is whether certain elements in

the nucleosome stabilize the active conformation of the post-
SET loop as NSD proteins strongly prefer nucleosomal H3K36
as a substrate. To gain initial insights, we computationally
docked NCP against the NSD1 structure (45). The following
criteria guided the docking of the two structures. 1) The NCP
core, i.e. NCP without the first 37 residues of the N-terminal
tail, was treated as a rigid body; 2) H3K36 was bound in the
canonical substrate binding channel; and 3) the rest of the H3
tail was free to adopt any conformation. Docking and energy
minimization of the open conformation of NSD1 in the 276-ps
MD simulation revealed that the post-SET loop contacts DNA,

leading to widening of the lysine binding channel (Fig. 4, C and
D). Thus, NCP contact stabilizes a post-SET loop conformation
that is favorable for H3K36 methylation.
Sotos Mutations—At least 14 missense mutations associated

with Sotos syndrome are present in the AWS and SET domains
(Fig. 1A) (46, 47). These mutations are concentrated in two
areas of NSD1-CD, one surrounding the zinc ions in the AWS/
pre-SET domain and another near the AdoMet binding site
(Fig. 5A). Many of the mutated residues appear to play struc-
tural roles important for proper protein folding. We selected
five arginine residues and changed them to those that are pres-
ent in Sotos syndrome, testing their HKMT activities in vitro.
Fig. 5B shows that R1914C and R2005Q have greatly reduced
H3K36 HKMT activities. R1952W is barely active, and the
enzymatic activities of R1984Q and R2017Q are not detectable.
It is interesting to note that R1952, R1984, and R2005 are all
engaged in interactions with negatively charged Asp or Glu
residues in the NSD1-CD structure. R2017 occupies a central
position stabilizing the conformations of three aromatic resi-
dues, Tyr-1870, Tyr-1977, and Phe-2018, via cation-� interac-
tions, the latter two of which are highly conserved residues in
SET domain proteins. Thus, the biochemical consequence of
Sotos syndrome mutations appears to be a loss of or reduction
in the HKMT activity of NSD1.

DISCUSSION

In this study, we have uncovered an unusual feature of the
H3K36methylase NSD1, namely that the substrate lysine bind-
ing channel is blocked by a loop connecting the SET and post-
SETdomains. This is likely to be a common feature of allH3K36

FIGURE 5. Sotos syndrome missense mutations in NSD1-CD. A, amino acids at positions where the missense mutations of Sotos syndrome occur are shown
as stick models (red and magenta), superimposed on a ribbon diagram of the NSD1-CD structure. AdoMet is shown as a stick model (yellow, carbon; blue,
nitrogen; red, oxygen), and the spheres represent zinc ions. The residues shown in red correspond to arginines selected for in vitro mutagenesis and HKMTase
assays. B, five arginine residues were individually changed to amino acids found in Sotos syndrome patients, and their HKMTase activities toward recombinant
nucleosomes (Nucs) and histone octamers (Octs) were assayed using [3H]AdoMet as the methyl donor (top panel). The concentrations of NSD1-CD used in the
assays were 0.04 and 0.2 �M, and those of nucleosomes and histone octamers were both 0.35 �M. Coomassie Brilliant Blue (CBB) staining of histones and the
enzyme are shown in the middle and bottom panels, respectively.
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methylases as an inhibitory loop conformation has been
observed in human SET2, as well as in ASH1, described in an
accompanying report (49). This is unusual among SET
domain HKMTs as most of them are found in active confor-
mations. The only exception known to date is the SET
domain of MLL, which is known to be inactive in the absence
of other subunits of the MLL complex. In general, SET
domain HKMTs can be categorized into two groups based on
their enzymatic activities, ones that are constitutively active
without additional subunits, such as SUV39, Set7/Set8/Set9,
and NSD1/SET2, and others that require the presence of
auxiliary subunits, such as MLL and EZH2. In the latter
group, it is clear that protein-protein interactions must play
an important role in regulating their enzymatic activities.
Little is known about how the HKMT activities of the first
group of enzymes may be regulated. Our discovery that an
autoregulatory loop gates the access of substrate lysine pro-
vides a first glimpse of potential regulatory mechanisms of
the SET domain HKMTs.
It is intriguing that the post-SET loops in all known H3K36

HKMTase structures adopt an inhibitory conformation. As
suggested by our molecular dynamics simulation and docking
exercises, interaction with the nucleosome may stabilize an
active conformation of the post-SET loop, thus promoting pro-
ductivemethylation of H3K36. Because H3K36 is located prox-
imal to the nucleosomal DNA, the interaction between the
enzyme and DNA appears to play a major role in stabilizing the
post-SET loop. This is consistent with previous observations
that the H3K36 HKMT activities of NSD1–3 and SET2 are
greatly stimulated when nucleosomes are used as substrates
(15). In addition, for NSD1 and NSD2, nucleosomal DNA or
non-nucleosomal DNA fragments promote substrate specific-
ity toward H3K36 and inhibit in vitro, presumably nonspecific,
activity toward histone H4.
Another interesting feature about NSD1 is the structural

basis for its dimethyl-lysine product specificity. Comparing it
with the structures of Dim-5 and SET2, both of which are well
characterized histone lysine trimethylases, revealed that there
are essentially no differences between them in the area sur-
rounding the AdoMet methyl group. On the other hand, it has
been shown unambiguously that NSD1 can only add up to two
methyl groups to H3K36. Our MD simulation revealed that
the post-SET loop undergoes spontaneous conformational
changes, opening up the substrate binding channel and allow-
ing a snug fit of an unmethylated lysine. With the docking of
the nucleosome, the post-SET loop moves further away,
expanding the size of the entrance and accommodating the
passage of dimethyl lysine. Thus, the determining factor for
this dimethyl product specificity appears not to be the size of
the active site near the methyl group of AdoMet but rather
the size of the entrance of the lysine binding channel. This is
in contrast to other SET domain HKMTs, where the size of
the entrance is not a restriction, but the size of the active site
near the AdoMet methyl group is. Thus, the structure of
NSD1 provides new insights into how product specificity of
SET domain HKMTases may be achieved in an alternative
way.
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45. Luger, K., Mäder, A. W., Richmond, R. K., Sargent, D. F., and Richmond,
T. J. (1997) Nature 389, 251–260

46. Saugier-Veber, P., Bonnet, C., Afenjar, A., Drouin-Garraud, V., Coubes,
C., Fehrenbach, S., Holder-Espinasse, M., Roume, J., Malan, V., Portnoi,
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