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Histone modification has emerged as a major mechanism of Scheme 2. Synthesis of LSD1 Inhibitors

regulation in gene expression, replication, and rep&irch histone 1) mesyl chioride. )
modifications are thought to affect histone interactions with DNA i Bciyienie.
and other proteinsAmong the post-translational histone modifica- Ji: Q — .
’ : . ; L 2) TFA/H0, EDT,
tions, methylation of lysine residues has emerged as critical in AT ETANSSTERGRAPECLA phenol, tioanisoio. arr. L GTARKSTOGRAPRIGLA
blocking histone acetylation and mediating protgimotein interac- © 5°C N
tions that can activate or repress transcripfitysine methylation 4 3
was viewed as a permanent histone mark until recently when the > i .
first histone lysine demethylase, LSD1 (also called BHC110), was :ﬁ,;.‘f_*::f:-zsuc H0 1 CHACN,
discovered.LSD1 belongs to the amine oxidase farfilyhich are etinamin, 9C
flavin-dependent enzymes that utilize @nd generate 30, and ﬂl
formaldehyde as byproducts (Scheme 1). LSD1 has been shown tc W
be specific for Lys-4 of histone H3 and can oxidatively demethylate
the dimethyl or monomethyl Lys-containing substrdtes. arr, L_omamrstookapraia asro, L_omarsToskaprkous
H
Scheme 1. Proposed Mechanism of LSD1 Catalysis 2 1
Histone K4H3 Histone K4H3 Histone K4H3 Histone K4H3
H\‘ o kl\ o kl\' H\ compou_nd2 showed moderately potent inhibitory acti_on against
o 7N P _ ® LSD1 with an IGo = 15.6 + 1.7 uM, there was no evidence of
R rao Faore  pNeow, Mo, R time-dependent inhibition (Figure S1). It is likely acting as a
OoH o reversible competitive inhibitd? without generating an enzyme
H0, 0, R=CHzorH wn

inactivating species. In contrast, compouhdhowed clear time-
) o ) dependent inhibition of LSD1.12The rate of enzyme inactivation
) L_S_Dl functions as a t_ranscrlptlonal repres‘émd synthetic was dependent on the concentratiorilpfs shown in Figure 1A.
|nh|b|t9rs of LSD1 WOL,”d likely Serve to actlvgte a supget of genes Further evidence for time-dependent enzyme inactivation came from
and might play a role in therapeutics. Pargyline, a clinically useful preincubation studies. As shown in Figure 1D, allowing compound

small moleculcla nllonoa?lne Oh)f'dise inhibitor, has recently t?ehe” 1 to incubate with enzyme prior to addition of substrate (inactivated)
proposed to block LSD1but this has not been reproduced with (2.6 more pronounced inhibition than simultaneous addition of

an inyitro systep’?.Here we report that a propargyl-Lys-derivatized substrate and inhibitor (1M 1) to enzyme. From the progress
peptide 1 functions as a potent and selective time-dependent curves in Figure 1A, the rate of inactivationo() could be

inactivator Of(lj‘le'l o derivati g - calculated from a nonlinear curve fit of the data at each inhibitory
We targeted two lysine derivatives &nd2) as potential LSD1 concentration. A replot of these data fit nicely to a rectangular

inhibitors based on structural considerations and in analogy to hyperbola according to the KitWilson equatiori? In this way, a
known strategies for blocking amine oxida8&¥e pursued a post- Kignasy = 16.6 %+ 3.4 M and Knaee = 0.258 0 0'30 mirr we’re

. . . . i(1 . . . .
assc_ambly_ modlflcatlor_1 _synthetlc _stratég;artlcu!arly be_cause of determined. Thekalknae i 5.4, which suggests that the rate of
the |r_13tab lity (_)f_the aziridine function. Thus_, a 5|de-cha|n-protegt_ed inactivation is in the same range as the rate of substrate dealkylation.
peptide cor.1ta|n|n.g an oxa-.analo.gue of lysine at the fourth position Further kinetic analysis of the mechanism of inhibition of LSD1
ofa 21_ amino acid N-terminal hls_tone H3 tad) (vas constrl_Jcted involved varying the substrate concentration with a fixed inhibitor
on solid support. After mesylation, the protected peptide was concentration. As can be seen in Figure 1C khedecreases with

cleaved from resin qnd de,bIOCKEd allowing for HPLC pqrificgtion increasing substrate concentration, suggesting that the substrate can
of the mesylate peptid@). Displacement of the mesylate with either protect against time-dependent inactivationlbys Dixon analysis

propargylamine or ethyle_neimine afforded the desired compounds ¢ \hace data yielded kg apparent for substrate (diMeK4H3-21)
1 and2 (Scheme 2). While compountiwas founq to be stable,  jrgq4 15 uM (Figure 1C), in reasonable agreement withKis
compound? was found to decompose when lyophilized to dryness. ¢ 544 M in our assay conditions. This is consistent with the
However, both compounds could be stored indefinitely in dilute expected model that binding of substrate and compolrid
acidic solution at-80 °C. mutually exclusive

Compoundsl and 2 were assayed against recombinant LSD1 1 gain further insight into the mechanism of inhibition of LSD1

using a HO, detection assay as recently describedhile by 1, a mass spectroscopic analysis of a mixture of LSD1 incubated
*The Johns Hopkins University School of Medicine. with compoundl was performed. As can be seen in Figure 2A,
# University of Pennsylvania. while the starting compound is still abundant, two significant
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- B of MAO B.71617 With up to 100uM of 1, MAO B was not
. ; R 313 detectably inhibited. This indicates that compourid at least 40-
g_ % g]’a‘ fold selective against another amine oxidase, presumably because
S g0 Ko = 0.258 £ 0,030 mir! of the markedly different substrate features.
= o4 Kignacy = 166+ 3.4 p Compoundl thus represents a prototype for designed inhibitors
pe2l fy = 2.68 min of LSD1. Since it is likely to be poorly bioavailable in its current
o 8§ m‘im I form, future work will be needed to minimize the structural features
o necessary for enhanced pharmacokinetic properties. Howgver,
T c lf”'“ D o itself can presumably be useful for in vitro transcriptional analysis
i,u EM y5uM 1 or for structural studies. It may be possible to dse cellular
=3 ‘g”-" ractvated studies with delivery by microinjection, permeabilizing reagents,
¢ Kol diMoK4H3-21),p, EM or by linkage to cell penetrating peptide sequeréé&airthermore,

=

=80 15 uM

e o w0 e in the future identification and characterization of novel de-
[diMeKaH3-21] b Time is methylases, compounds related tomay play a useful role in

Figure 1. Time- and concentration-dependent inactivation of LSD1Lby proteomics analysi¥.In this regard, the recent discovery of a non-
(A) Steady-state progress curves obtained for the inactivation of LSD1 by heme iron-dependent histone demethylaseggests that the known
0,2.5,3.75,5, 10, 15, and 28/ 1. (B) Rate constantsyJ for the time- enzymatic strategies for methylysine cleavage may be incomplete.
dependent inactivation of LSD1 Hywere extracted from steady-state data

by single-exponential fits and analyzed by the method of Kitz and Wilson.  Acknowledgment. We would like to thank Ramin Shiekhattar
(C) Rate constantk{yy for the time-dependent inactivation of LSD1 by and Min G. Lee for helpful discussions. We thank the NIH

10 uM 1 were determined in the presence of increasing concentrations of ) .
a competitive substrate (diMeK4H3-21). (D) LSD1 (11.2M) was (U54RR020839) for financial support as well as the JHMI mass

preincubated with 10@M 1 for 30 min at 25°C then diluted 66-fold into spec core facility. This paper is dedicated to Prof. C. H. Robinson

-100

the assay to measure remaining activity. on the occasion of his 77th birthday.

A 25000 Supporting Information Available: Experimental details are
¢ 20000 1 available for the solid phase assembly bf4, expression and
S 15000 m/z = 228364 purification of LSD1, measurement of LSD1 activity, and MALDI-
Q 10000 - b a TOF analysis of the FAD conjugate. This material is available free of
O m/z = 3079.19 .

5000 | m/z=225560 N charge via the Internet at http://pubs.acs.org.
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