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Themixed-lineage leukemia (MLL)-AF10 fusion oncopro-
tein recruits DOT1L to the homeobox A (HOXA) gene
cluster through its octapeptide motif leucine zipper
(OM-LZ), thereby inducing and maintaining the MLL-
AF10-associated leukemogenesis. However, the recogni-
tion mechanism between DOT1L and MLL-AF10 is
unclear. Here, we present the crystal structures of both
apo AF10OM-LZ and its complex with the coiled-coil
domain of DOT1L. Disruption of the DOT1L–AF10
interface abrogatesMLL-AF10-associated leukemic trans-
formation. We further show that zinc stabilizes the
DOT1L–AF10 complex andmay be involved in the regula-
tion of the HOXA gene expression. Our studies may also
pave the way for the rational design of therapeutic drugs
against MLL-rearranged leukemia.
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Aberration of the mixed-lineage leukemia (MLL; also
known asMLL1,ALL1,HRX, orHTRX) gene is widely im-
plicated in pathogenesis of acute leukemia (Ziemin-van
der Poel et al. 1991). One major MLL aberration is the
MLL rearrangement, which is found in∼10% of acutemy-
eloid leukemia (AML) and acute lymphoblastic leukemia
(ALL) cases with a relatively dismal prognosis (Muntean
and Hess 2012). The MLL gene encodes a histone H3
Lys4 (H3K4) methyltransferase that positively regulates
homeobox (HOX) gene expression (Benjamin et al. 1995).
Several functional domains involved in chromatin associ-
ation (CXXC, AT hooks, plant homeodomain fingers, and
bromodomain) are present in theN-terminal portion (Cos-

grove and Patel 2010), while within the C-terminal por-
tion lies a SET [Su(var)3–9, enhancer of zeste, and
trithorax] domain that catalyzes H3K4 methylation, an
epigenetic mark of active transcription (Shilatifard
2012). Chromosomal rearrangements generate MLL fu-
sion proteins in which the N-terminal portion of MLL is
fused to one of ∼70 distinct partner proteins (Slany
2016). The N-terminal chromatin-binding domains (AT
hooks andCXXC) are consistently retained in theMLL fu-
sion proteins, whereas the SET domain is absent. Intrigu-
ingly, most frequent translocation partners implicated in
leukemia are transcriptional activators, which is in agree-
ment with the notion that the target gene activation of
MLL is the fundamental mechanism in MLL-rearranged
leukemia.
TheMLL-AF10 fusion iswidelydistributed amongAML

subtypes (DiMartino et al. 2002; Meyer et al. 2006). AF10
together with AF4, AF6, AF9, and ENL are the most com-
mon fusion partners, found in >80%of allMLL-rearranged
leukemia (Krivtsov and Armstrong 2007; Thirman 2017).
TheMLL-AF10 fusion protein retains the octapeptidemo-
tif (OM) leucine zipper (LZ) region of AF10 (AF10OM-LZ),
which recruits the H3K79 methyltransferase DOT1L, re-
sulting in H3K79 hypermethylation and dysregulation of
HOXA and MEIS1 expression (Okada et al. 2005). Previ-
ous studies have demonstrated that MLL-rearranged leu-
kemia depends on aberrant H3K79 methylation and
up-regulation of HOXA gene clusters (Ayton and Cleary
2003; Okada et al. 2005; Chen et al. 2013). The OM-LZ
domain of AF10 is essential for both MLL-AF10- and
CALM-AF10-induced leukemogenesis (DiMartino et al.
2002; Okada et al. 2006). AF10OM-LZ is also known to in-
teract with the coiled-coil domains of GAS41 and Ikaros
(Okada et al. 2006; Yoshida et al. 2006), suggesting a
more general scaffolding role for the OM-LZ domain of
AF10. AF10 has been identified as a key regulator of pro-
gressive H3K79 methylation and HOXA gene expression
in various AML subtypes (Deshpande et al. 2014), indicat-
ing that disruption of DOT1L–AF10 association would be
an attractive therapeutic option for a wide spectrum of
AML. However, the molecular mechanism of how AF10
recognizes DOT1L in MLL-rearranged leukemia remains
unknown.
Here we identified and characterized the coiled-coil

domain of DOT1L as the AF10-binding site by biophysical
and structural analyses. Our in vivo results revealed that
disruption of the DOT1L–AF10 binding impairs the trans-
forming ability of MLL-AF10 and decreases the HOXA
gene expression. Our crystal structures also revealed a pre-
viously uncharacterized zinc-binding site in the DOT1L–
AF10 complex. Zinc stabilizes the complex formation and
might contribute to the regulation ofHoxa10 gene expres-
sion. In addition to elucidating the DOT1L–AF10 recogni-
tion mechanisms, our results also shed light on the
potential development of DOT1L–AF10-specific thera-
peutic drugs in AML.
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Results and Discussion

AF10 binds to the coiled-coil domain of DOT1L

TheOM-LZ region of AF10 (AF10OM-LZ) has been reported
previously to bind to DOT1L (Okada et al. 2005). As the
central region of the DOT1L is predicted to fold into three
coiled-coil domains (Fig. 1A; Supplemental Fig. S1A,B;
Finn et al. 2011), we hypothesized that the coiled-coil in-
teractions between the OM-LZ region of AF10 and the
coiled-coil domains of DOT1L might mediate the
DOT1L–AF10 binding. Our GST pull-down assays using
recombinant proteins indeed revealed that the coiled-
coil domains of DOT1L bound to AF10OM-LZ (Fig. 1B).
To further map the AF10-binding region on DOT1L, we
produced recombinant proteins for each individual
coiled-coil domain of DOT1L. Our isothermal titration
calorimetry (ITC) studies showed that the first
(DOT1LCC1) and the second (DOT1LCC2) domains exhibit
submicromolar affinities toward AF10. In addition, the
third coiled-coil domain (DOT1LCC3) bindsAF10withmi-
cromolar affinity (Fig. 1C). Thus, DOT1L engages the
AF10 binding at three sites. Both the coiled-coil domains
of DOT1L and the OM-LZ region of AF10 are evolution-
arily conserved across species (Supplemental Figs. S1A,
2A), suggesting a conserved binding mode between
DOT1L and AF10. Sequence alignment shows that AF10
and AF17 share a conserved C-terminal OM-LZ domain
(Supplemental Fig. S2A), suggesting that AF17 might
bind to DOT1L in a manner similar to that of AF10. In-

deed, both GST pull-down and ITC studies confirmed
the direct binding between the coiled-coil domains of
DOT1L and AF17 (Fig. 1B; Supplemental Fig. S2B).

Crystal structure of AF10OM-LZ

To elucidate the molecular basis of the DOT1L–AF10 in-
teraction, we first determined the crystal structure of
AF10OM-LZ (residues 720–795) (Supplemental Table S1).
The asymmetric unit contains two all-helical AF10OM-LZ

protomers in which the OMs (residues 731–750) pack
against the LZs (residues 753–794) (Fig. 1D). The LZs
from these two protomers dimerize and form anti-parallel
coiled coils, resulting in a buried surface area of 681 Å2

(Krissinel and Henrick 2007). Static light-scattering stud-
ies revealed that AF10OM-LZ has a measured mass of
∼19 kDa, which matches the theoretical mass of dimeric
AF10OM-LZ (∼18 kDa) (Fig. 1E). There are 3.5 heptad re-
peats in each AF10OM-LZ LZ domain, with predominantly
hydrophobic residues at the a and d positions (Supplemen-
tal Fig. S3A). These hydrophobic residues are invariant
across species (Supplemental Fig. S2A), suggesting that
the dimerization mode is preserved among different or-
ganisms. Polar interactions are also present in the two-
stranded helical coiled coils, such as S762 at the g position
hydrogen-bonding with Q776 at the g′ position (Supple-
mental Fig. S3B). Substitutions of hydrophobic residues
with glutamic acid significantly disrupted the homodimer
formation (Supplemental Fig. S3C).

Crystal structure of the DOT1LCC2–AF10OM-LZ complex

Because the DOT1LCC2 protein behaves better than
DOT1LCC1 and DOT1LCC3, we chose DOT1LCC2 for
structural studies of the DOT1L–AF10 interaction. To
reconstitute the complex, we mixed stoichiometric
amounts of recombinant human DOT1LCC2 and
AF10OM-LZ proteins and monitored complex formation
using analytical size exclusion chromatography. Apparent
coelution of DOT1LCC2 and AF10OM-LZ indicated forma-
tion of the DOT1LCC2-AF10OM-LZ complex (Fig. 2A).

We next tried to crystallize the DOT1LCC2
–AF10OM-LZ

complex. However, we could obtain only needle-shaped
crystals that diffracted poorly. Extensive optimization (in-
cluding seeding, protein truncations, mutations, and
DOT1L–AF10 fusion protein) of these crystals was not
successful. Nevertheless, we were able to crystallize and
determine the structure of a chimeric complex of human
AF10OM-LZ and Danio rerio (zebrafish) DOT1LCC2 (Sup-
plemental Table S1). The human DOT1L and zebrafish
DOT1L have a high degree of sequence homology in the
coiled-coil domains (Supplemental Fig. S1A), and our
ITC results showed that the AF10OM-LZ binds to zebrafish
DOT1LCC2 and human DOT1LCC2 with similar affinities
(Fig. 1C; Supplemental Fig. S4A). Therefore, the interac-
tions between DOT1LCC2 and AF10OM-LZ are highly con-
served, and the structural insight from the chimeric
complex could be applied to the human DOT1L–AF10 in-
teractions as well. The DOT1LCC2–AF10OM-LZ complex
was found to form a heterotetramer in solution (Supple-
mental Fig. S4B). In the complex structure, each asymmet-
ric unit contains four molecules composed of two
DOT1LCC2

–AF10OM-LZ heterodimers (Fig. 2B). The heter-
otetramer complex structure adopts a V-shaped architec-
ture. The two heterodimers aligned well with each other
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Figure 1. The coiled-coil region of DOT1L binds to AF10 and AF17.
(A) Schematic diagrams of the domain organization of DOT1L and
MLL-AF10. Interactions between DOT1L and AF10 are indicated by
a two-way arrow. There are three coiled-coil regions in DOT1L. (B)
The coiled-coil region of DOT1L robustly binds to AF10 and AF17
byGST pull-down assay. Triple mutationAF10L773D, I777D, L780D abol-
ishes the DOT1L binding. (C ) ITC-based measurements quantifying
the binding affinities between the coiled-coil region of DOT1L and
AF10OM-LZ. (NB) No binding. (D) Cartoon representation of the
AF10OM-LZ structure. The two chains are colored cyan and green, re-
spectively. The residues involved in the dimer interface are shown
in stick representations. (E) Size exclusion chromatography coupled
with multiangle light-scattering analysis of AF10OM-LZ.
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(Supplemental Fig. S4C) and were linked by a disulfide
bridge involving C604 in DOT1LCC2 (Supplemental Fig.
S4D). Of note, the disulfide bond is almost absent in the
larger DOT1L fragment (Supplemental Fig. S4E), thus sug-
gesting that the observed disulfide bond may be an
artifact.

Interaction of DOT1LCC2 with AF10OM-LZ

The DOT1LCC2–AF10OM-LZ complex forms a parallel
coiled-coil heterodimer (Fig. 2C), packing in a “knobs
into holes” manner (Lupas 1996). Residues at the d posi-
tions of both DOT1LCC2 and AF10OM-LZ heptad repeats
are all hydrophobic and highly conserved (Fig. 2D; Supple-
mental Figs. S1A, 2A), and hydrophobic interactions are
predominantly responsible for stabilizing the hetero-
dimer. Polar residues are prevalent at a positions of both
molecules, especially for the DOT1LCC2 heptad repeats.
TheOMofAF10 is not directly involved in theDOT1LCC2

binding, and deletion of this OM had no obvious effect on

the DOT1LCC2 binding (Supplemental Fig. S5A). Howev-
er, previous studies have shown that both the OM and
LZ are essential for DOT1L–AF10 interactions in vivo
(DiMartino et al. 2002). Indeed, removal of the GST tag
led to precipitation of virtually all of the AF10 protein
without the OM, suggesting that the OM may play a
role in stabilization of the LZ moiety. Similarly, deletion
of the N terminus or C terminus of DOT1LCC2 also im-
paired the interaction between DOT1LCC2 and
AF10OM-LZ in vitro (Fig. 2E). To discern the residues criti-
cal for the DOT1LCC2–AF10OM-LZ complex formation, we
introduced mutations into the a and/or d positions of the
heptad repeats of DOT1LCC2 or AF10OM-LZ.No detectable
AF10 binding was observed for the double mutation
(I571D/L578D) of DOT1LCC2 in either GST pull-down
or ITC studies (Fig. 2F; Supplemental Fig. S5A). Likewise,
the triple mutation (L773D/I777D/L780D) in AF10OM-LZ

abolished binding of the DOT1L coiled-coil domains
(Figs. 1B, 2F; Supplemental Fig. S5B,C), indicating similar
AF10-binding modes for these three coiled-coil domains
of DOT1L. Furthermore, the majority of these key resi-
dues for AF10-binding is conserved among DOT1LCC1,
DOT1LCC2, and DOT1LCC3 (Supplemental Fig. S1B).
It was reported previously that the L736R mutation in

the OM or the L787R mutation in the LZ of AF10 signifi-
cantly reduces its binding to DOT1L (Okada et al. 2005).
Based on our complex structure, the impaired binding
may arise from electrostatic repulsion between the argi-
nine substitutions and their neighboring basic residues
from AF10 or DOT1L (Supplemental Fig. S5D).

DOT1L–AF10 interaction is essential for MLL-AF10-
associated leukemogenesis

To evaluate the role of the DOT1L–AF10 interaction in
MLL-AF10 leukemogenesis, we cotransduced DOT1L-
floxed (DOT1Lf/f ErCre+/−) murine bone marrow cells with
pMSCB-DOT1L or pMSCB-DOT1L (I571D/L578D) to-
gether with pMSCV-MLL-AF10 or pMSCV-MLL-AF10
(L773D/I777D/L780D) (Okada et al. 2005). The effects of
DOT1L or AF10 mutations on proliferation of MLL-AF10
cells were analyzed by liquid culture proliferation and col-
ony-forming assays (Zhou et al. 2016). Expression of the
DOT1LI571D/L578Dmutation led to a significant growth in-
hibition of MLL-AF10 transformed cells (Fig. 3A; Supple-
mental Fig. S6A). The triple AF10L773D/I777D/L780D

mutation almost inhibited cell proliferation and colony
formation (Fig. 3A,B). Furthermore,wild-type transformed
cells formed compact and blast-like colonies in the meth-
ylcellulose medium, whereas the DOT1LI571D/L578D or
AF10L773D/I777D/L780D mutant grew in small and diffuse
colonies (Fig. 3C; Supplemental Fig. S6B). Consistent
with these results, Wright-Giemsa staining suggested
that DOT1LI571D/L578D or AF10L773D/I777D/L780D mutant
cells display an increased myeloid differentiation with a
larger cytoplasm and smaller nucleus compared with
wild type (Fig. 3C; Supplemental Fig. S6B).
We next examined the roles of the DOT1L–AF10 inter-

action in the expression of MLL-AF10 target genes using
quantitative RT–PCR. As expected, the HOXA gene
cluster was significantly down-regulated in cells express-
ing the DOT1LI571D/L578D or AF10L773D/I777D/L780D

mutant (Fig. 3D; Supplemental Fig. S6C), thereby sug-
gesting that the expression of HOXA genes depends
on DOT1L–AF10 binding. Consistently, chromatin
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Figure 2. Structure of the DOT1LCC2–AF10OM-LZ complex. (A) Su-
perimposed gel filtration profiles of DOT1LCC2, AF10OM-LZ, and the
DOT1LCC2–AF10OM-LZ complex. The elution positions of standard
marker proteins are indicated at the top. The results indicate that
DOT1LCC2 and AF10OM-LZ exist as a dimer in solution. (B) Overall
structure of DOT1LCC2–AF10OM-LZ. (C ) The interaction interface be-
tween DOT1LCC2 and AF10OM-LZ. DOT1LCC2 forms the parallel
coiled coils with AF10OM-LZ. Hydrophobic residues at the hetero-
dimer interface are indicated. (D) Helical wheel presentation of the
coiled-coil motifs formed by DOT1LCC2 and AF10OM-LZ. (E) ITC-
basedmeasurements of the AF10OM-LZ binding for wide-type and var-
iant DOT1LCC2. (F ) ITC results showing that the double mutant on
DOT1L or triple mutant on AF10 disrupts the complex binding.
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immunoprecipitation studies demonstrated that the
DOT1LI571D/L578D mutant shows a reduction in expres-
sion of HOXA genes in H3K79me2 (Supplemental Fig.
S6D). Taken together, these data clearly demonstrated
that the DOT1L–AF10 interactions are essential for
MLL-AF10-induced oncogenic transformation.

The DOT1LCC2–AF10OM-LZ complex specifically binds
zinc

Merging statistics for the diffraction data collected near
the selenium absorption edge indicated an unexpected
presence of a significant anomalous signal, which we
then exploited for structure solution by means of the sin-
gle-wavelength anomalous diffraction technique (Wang
1985). The sites of themost significant scatterers appeared
to be coordinated by protein side chains and solvent mol-
ecules andwere tentatively assigned as Zn(II) ions because
a fluorescence spectrum revealed peaks that approxi-
mately corresponded to the characteristic zinc emission

energies. A binding survey of various divalent cations con-
firmed that the DOT1LCC2–AF10OM-LZ complex specifi-
cally bound to Zn(II), with very weak or no binding
detected with other divalent cations tested (Fig. 4A).

We modeled several zinc ions in the DOT1LCC2–
AF10OM-LZ heterodimer structures (Supplemental Fig. 7);
two of those sites are conserved in both heterodimers
(Fig. 4B). One of the Zn(II) ions is coordinated by Glu737
and His764 of AF10, and a second Zn(II) ion is located at
an DOT1L–AF10 interface coordination site formed by
Glu774 of AF10 andHis574 ofDOT1L (Fig. 4B), suggesting
that the DOT1L–AF10 complex formation is crucial for
Zn(II) binding. Indeed, ITC studies revealed Zn(II) dissoci-
ation constants (KD) of ∼40 µM for the DOT1LCC2–
AF10OM-LZ complex, ∼600 µM for AF10OM-LZ, and no
binding for DOT1LCC2 (Fig. 4C). The positioning of Zn
(II) ions also suggests a structural role that they may
play in strengthening the DOT1LCC2–AF10OM-LZ interac-
tion. Indeed, the ZnCl2-containing buffer resulted in a
slightly increased binding affinity between DOT1LCC2

and AF10OM-LZ (Fig. 4D). We also observed an increased
melting temperature for the protein complex in the pres-
ence of the zinc ion (∼65°C) compared with a control in
the absence of the zinc ion (∼56°C) (Fig. 4E), indicating a
pronounced stabilization effect of the zinc ion. Notably,
the residues involved in zinc coordination are conserved
between AF10 and AF17 proteins (Supplemental Fig.

B
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D
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Figure 3. The DOT1L–AF10 binding is essential for MLL-AF10-as-
sociated leukemogenesis. (A) Cell proliferation assay for MLL-AF10
(MAF10) wild-type or mutant transduced bone marrow cells as well
as MAF10 wild type transduced with or without DOT1L deletion
bone marrow cells with DOT1L wild-type or mutant overexpression.
Error bars indicate standard deviation (SD) from duplicates. The re-
sults were repeated at least three times. (B) Myeloid colony formation
assay for transduced bonemarrow cells withMAF10wild type or mu-
tants as indicated. Colony counts were summarized from primary,
secondary, and tertiary plating on methycellulose medium in the
presence of IL3, IL6, stem cell factor (SCF), and granulocyte-macro-
phage colony-stimulating factor (GM-CSF). Error bars indicate SD
from duplicates. The results were repeated at least three times. P <
0.0001, two-way ANOVA test. (C ) Representative colonies (top) and
Wright-Giemas-stained cells (bottom) from the tertiary plating of
MAF10wild type ormutant transduced bonemarrow cells are shown.
Bars: colonies, 200 µm;Wright-Giemas-stained cells, 50 µm. (D) Real-
time PCR forHOXA genes in cells as indicated. Gene expression was
normalized against GAPDH and is presented as fold change against
their respective levels in MAF10 wild-type cells, which was arbitrari-
ly set at 1. Means and SDs (as error bars) from at least three indepen-
dent experiments are presented.
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Figure 4. Zinc enhances the binding ability of DOT1LCC2 to
AF10OM-LZ. (A) Summary of the quantitative binding constants be-
tween various divalent metal ions and the DOT1LCC2–AF10OM-LZ

complex. (B) There are two conserved zinc-binding sites in the
DOT1LCC2–AF10OM-LZ complex. (C ) Dissociation constants of zinc
with DOT1LCC2, AF10OM-LZ, and the DOT1LCC2–AF10OM-LZ com-
plex. Mutation of zinc-coordinating residues (AF10H764A/E774A) abol-
ishes the zinc binding. (D) ITC data show that zinc enhances the
binding of DOT1LCC2 to AF10OM-LZ. (E) The thermal shift melting
curves of the DOT1LCC2–AF10OM-LZ complex in the presence or ab-
sence of zinc measured by differential static light scattering.
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S2A), implying that they have a conserved function in zinc
binding. Indeed, the zinc ion exhibited a similar effect
on the DOT1LCC2–AF17OM-LZ complex, suggesting a
conserved role of Zn(II) in MLL-AF10/AF17-associated
leukemogenesis (Supplemental Fig. S2C).

A role of zinc in the leukemogenesis

Zinc is involved in numerous cellular pathways and is es-
sential for normal functions. Abnormal cellular zinc
homeostasis has been associated with many diseases, in-
cluding cancer, diabetes, and neurodegeneration (Maret
2013). Previous studies suggest that zinc functions as a
regulator ofmonocyte differentiation in the acutemyeloid
leukemia cell line HL-60 (Dubben et al. 2010). To test the
validity of the Zn(II) binding observed in the crystal struc-
ture, we mutated residues involved in zinc coordination
and then assessed leukemogenesis. Double mutation
(H764A/E774A) of AF10 abolished its zinc-binding ability
as examined by ITC (Fig. 4C). Consistent with the modest
role of zinc in mediating the DOT1L–AF10 binding,
AF10H764A/E774A had a modest inhibitory effect on prolif-
eration and differentiation of MLL-AF10 cells (Fig. 3A–
C). On the other hand, although the expression of Hoxa7
and Hoxa9 was just slightly affected in cells expressing
the H764A/E774Amutant,Hoxa10 andHoxa11were sig-
nificantly down-regulated. Furthermore, a decrease of
H3K79me2 at theHoxa10 andHoxa11was detected (Sup-
plemental Fig. S6E). Given that overexpression ofHoxa10
results in suppression of megakaryocyte (MK) develop-
ment (Magnusson et al. 2007), zinc may play a role in
MLL-AF10-mediated leukemogenesis through the regula-
tion of postnatal hematopoietic development. Taken to-
gether, zinc ions may promote leukemogenesis by
supporting cell proliferation and Hoxa10/Hoxa11 expres-
sion via enhancing the DOT1L–AF10 interactions.
In summary, we characterized the DOT1L–AF10 inter-

action by providing the first structural model for how
AF10 recruitsDOT1L and probed the effect of this interac-
tion on MLL-AF10-mediated leukemic transformation.
Apart from binding of AF10 and AF17, DOT1L is also in-
volved in the binding of other MLL fusion partners such
as AF9 and ENL (Zhang et al. 2006; Mueller et al. 2007;
Kuntimaddi et al. 2015), albeit through distinct binding
sites: AF10 and AF17 specifically interact with the
coiled-coil domains ofDOT1Lbasedonour results,where-
as AF9 and ENL bindmainly to theC-terminal intrinsical-
ly disordered region of DOT1L (Mueller et al. 2007;
Kuntimaddi et al. 2015). Although AF9 and AF10 bind to
DOT1L through different binding sites, both binding
events involve more than one binding site on DOT1L.
The three DOT1L-binding sites for AF10 are proximal to
each other (Fig. 1A); in contrast, AF9 binds to three spa-
tially separated sites of DOT1L (Kuntimaddi et al. 2015).
Multiple binding motifs on DOT1L would increase the
DOT1L-binding affinity and enhanceHOXA gene expres-
sion, an event reminiscent of the role of oligomerization
proposed forMLL. Oligomerization ofMLL via the self-as-
sociationmotifs of fusion partners has been reported to be
important and sufficient to immortalize hematopoietic
cells (Martin et al. 2003; Smith et al. 2017). Our DOT1L–
AF10 data togetherwith the previousDOT1L–AF9 studies
revealed another mode of oligomerization of the MLL fu-
sion proteins; i.e., heterodimerization between DOT1L
and AF9 or AF10.

Interestingly, the first DOT1L-binding site for AF9,
which spans residues 628–653, partially overlaps with
the DOT1L-binding site for AF10. Consistently, AF17
has been reported to compete with AF9 for interaction
with DOT1L, thereby regulating the DOT1L expression
(Reisenauer et al. 2009). Thus, it is conceivable that
AF10 would also compete with AF9 for interaction with
DOT1L.
The DOT1L–AF10 interaction has been implicated in

regulating the HOXA gene cluster expression in various
AML subtypes (Deshpande et al. 2014), unveiling that
theDOT1L–AF10-binding interfacewould be an excellent
therapeutic target for AML. In addition, blocking the in-
teraction of MLL-AF10 with DOT1L is likely to have
some advantages over inhibiting the DOT1L enzymatic
activity, as the MLL-AF10 targeted therapy would be of
high efficacy and low toxicity. Recently, it was shown
that disruption of GAS41–AF10OM-LZ binding by the in-
hibitory peptides results in a significant reduction in
HOXA gene cluster expression, further suggesting that
blocking the DOT1L–AF10 interaction may be a feasible
therapeutic approach in treating leukemias (Hagen et al.
2014). Similarly, the peptide mimics and small molecules
that target the coiled-coil domain of HIV-1 gp41 have been
successfully developed and applied to the HIV therapy
(Liu et al. 2007; Welch et al. 2007; Sofiyev et al. 2017).
Thus, our structures presented here could serve as a
foundation for the development of specific DOT1L–
AF10OM-LZ targeted drugs in the future.

Materials and methods

Protein crystallization

Crystallization experimentswere performed using sitting drop vapor diffu-
sionmethods at 18°C. Crystals of AF10OM-LZwere grown bymixing 1 µL of
protein solution with 1 µL of reservoir solution consisting of 0.2Mmagne-
sium pernitrate (pH 5.5) and 20% (w/v) PEG3350. The DOT1LCC2–

AF10OM-LZ crystals were obtained in themixture solution of 0.1M sodium
acetate (pH 4.6), 0.2Mcalcium chloride, 0.01Mzinc chloride, and 30% (w/
v) MPD. Crystals appeared in 3 d and grew to full size in 3 wk. Before data
collection, the crystals were soaked in the reservoir solution supplement-
ed with 10% glycerol before being flash-frozen.
Additional experimental details are in the Supplemental Material.
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