














HORIUCHI ET AL. 

FIG. 4· The IC50 dete rminations of A120 8 120 
control compounds for G9a under 100 100 
different conditions. (A) G9a with 
o.5 11M of histone H3 (aa1-21) l:' 80 l:' 80 
peptide as a s ubstrate at 10 11M > > u 60 u 60 
SAM, and (B) G9a with 5 of < < 
histone H3 (aa1-21; K9-mono- .,. 40 .,. 40 

methylated) peptide as substrate. 20 20 
The obtained IC50 values are (A) 

0 0 13.9 for SAH (e) and 2.2 
for BIXo1294 ('i7) , (B) 2.4 and -9 -8 -7 -8 ·5 -4 -3 -9 -8 -7 -8 -5 -4 -3 

1.3 IJM, respectively. Log [Compound] (M) Log [Compound] (M) 

in general is the possibility of fa lse positives, wh ich are inhibitors of 
the coupling enzymes rather than the screening target, and the 
consequent need for counter assays fo r the coupling enzymes. In 
addition, the coupling enzyme should not be rate limiting to the 
overall reaction: SAini, however, is a very slow enzyme. A further 

Table 4 . Mcthyltransferase Profiling for Suramin and Analogs 

Target ! Substrate I Suramin I NFllO I NF449 

OOTll Cort histone 2.12±0.50 - 6.54±0.91 

EZH1 Core histone 45.9±20 100±31 36.2± 15 

EZH2 Core histone 11.5± 10 116±15 13.6± 10 

G9a Histone H3 29.5±5.2 198±22 39.4± 7.4 

GlP Core histone 3.64±0.86 - 2.95±0.52 

NSD2 Nucleosomes 0.32±0.04 - 1.66±0.42 

SET18 Core histone 3.48± 1.02 - 1.92± 1.3 

sm Histone H3 4.94± 1.14 - 11.6±2.4 

SETS Histone H4 - 14.8±4.5 -
SW39H1 Histone H3 54.6± 14 - 144± 42 

SW39H2 Histone H3 30.3± 12 - -
PRMT1 Histone H4 7.50±2.1 - 8.76± 2.4 

PRMT3 Histone H3 10.4± 2.4 - 11.2±2.8 

PRMT4 Histone H3 1.51±0.45 - 1.27±0.22 

PRMT5 Histone H3 33.2± II - -
PRMT6 Histone H3 3.32±0.12 - 3.35±0.03 

SET MAR Histone H3 21.0± 7.2 - 23.9±2.8 

SMYD2 Histone H3 1.18±0. 1 - 1.07±0.04 

disadvantage of the SAHH/ThioGio system, which applies equally to 
any system based on fluorescence detection, is that fluorescence or 
fluo rescence quenching from screening compounds may interfere 
with the assay. The mobili ty-shi ft assay42 and the FLEXYTETW 
Fluorescence Lifetime assay have also been reported fo r G9a 

I SAH 

1.79±0.74 

18.0±0.50 

11.6±2.1 

3.66±0.07 

0.24±0.01 

2.06±0.30 

3.20±0.68 

61.1±9.6 

55.1±16 

50.5± 11 

45.6± 12 

0.39±0.10 

1.94±0.52 

0.12±0.04 

1.66±0.5 

0.08±0.03 

0.22±0.05 

0.32±0.1 

screen ing, requiring a protease to digest the 
unmethylated substrate for detection. These 
assays not only require specially designed ar
tificial substrates, but also require counter 
screening for the coupling proteases. Further, 
a lack of hit overl ap with the FlashPlate assay 
has been reported.43 All of the disadvantages 
described above are minimized in the gold
standard miniaturized radioisotope-based 
HotSpot fo rmat. Since this format is based on 
the fil ter-binding capture of substrates, the 
only limitation is the capacity of the filter 
binding. However, the linear binding range is 
much larger than that of the FlashPiate. This 
can be overcome by diluting the reaction 
mixture before applying on the fil ter when the 
substrate concentration exceeds the binding 
capacity. The binding capacity and a linear 
range can be measured easily by a standard 
curve of known concentrations of substrates. 

Profiles are reported as IC50o in j.tM. Boldface and italics indicate consistent and inconsistent inhibitions. 
respectively (see the text). 

The 1C50 value of G9a inhibitor, BlXO 1294, 
was originally reported as 2.71JM for G9a with 
the DELFlA assay.33 Later, 1C50 values of 
1.91JM, 180 nM, and 250 nM were reported 
with mass spectrometry [ 10 11M Histone HJ ( 1-
15) at 100 11M SAM],34 enzyme-coupled assays 
[51JM HJ ( 1-25) at 161-lM SAM], and CLOT 
assays [0.5 1JM biotin-HJ (1- 11) at 20 11M 
SAM],35 respectively. Utilizing the HotSpot 
format [a standard condition of SIJM HJ ( 1-
2 1) at 111M SAM), we obtained an IC50 value of 
5.3 11M (Fig. J A). Considering the competitive 
mode of BIXO 1294 inhibition with respect to 

SAH, 5-adenosyl-t-homocysteine. 
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the peptide substrate and the K., for peptide 
(0.6 1JM in the Table 2), the K; value of 



BIX01294 is estimated as 570 nM, in good agreement with published 

data at low peptide conccntrations.35 Since it has been reponed that 

BIXO 1294 is competitive with the peptide substrate, but uncompct

itive with SAM,33 the IC50 value was determined under lower peptide 

and higher SAM concen trations. Under this condition [0.5 1JM 113 
( 1- 21) at 10 11M SAM], the IC50 value was 2.2 J.!M (Fig. 4A), shifted 

about twofold, which is close to the value obtained by mass spcc

tromctry.3~ Interest ingly, the IC50 value was shifted about fourfold 

lower when the s ubstrate was monomethylated (Figs. JA vs. 48). 

However, the IC50 values a rc still higher than those compared to the 

values obtained by an SAHH-coupling assay or CLOT assay.J5 In 

assays using the Alpha LISA technique, the IC50 value of BIXO 1294 

against G9a (2.21JM) was a lso higher (PerkinElmcr, AlphaLISA 

Technical Note #2). We have performed another radioisotope-based 

assay using strcptavidi n-eoatcd FlashPiate with biotinylated his

tone 113 peptide, and obtained similar results to those from the 

HotSpot assay. When using histone H3 protein as substrate, the IC50 

value was shifted 80-fold higher (Fig. JB). These sh ifts may be 

caused by the change in binding affinity to substrates, since 

BIX0 1294 is a competitive inhibitor with respect to the peptide 

substra te.JJ As it is expected that the binding affin ity would in

crease for a protein substrate relative to a peptide, the increased IC50 

value for a peptide/prote in competitive inhibitor would make sense, 

consistent with a very low K, value for the protein substrate. In fact, 

it was very hard to obtain the K, values for the protein substrate for 

most HMTs. Shinkai and Tachibana44 have a lso observed tha t the 

inhibi tion of G9a by BIXO 1294 is robust if an H3 N- tcrminal ol i

gopcptide is used as a substrate for the in vitro methyl transferase 

assay, but is not significant (no inhibition at IO J.!M) if a fu ll - length 

113 is used. It would be interesting to determine the processivity of 

G9a mcthyltransfcrasc activity with a protein substra te in the 

presence and absence of BIXO 1294. Further studies are needed to 

elucidate the mechanism of action of BIXO 1294 (and recently found 

analogs) not on ly with a peptide substrate, b ut with a protein sub

strate as well. 

The data in this study demonstrate the capability of the HotSpot 

platform when applied to the histone methyltransfcrasc assays. The 

data quality is sufficient for all drug discovery activities, from ul tra

high throughput sc reening to compound profiling against a large 

collection of HMTs and kinetic studies. Advantageous featu res of this 

pla tform for drug discovery include the absence of interference from 

nuoresccnt compounds and the e limination of the need for coupling 

enzy mes, speci fic antibodies, or specifically modified peptide sub

strates. This enables substrate profiling as well as the determinatio n 

of total methylation with unidentified protein substrates or with 

known pcptides/protcins at undetermined methylation sites. Taking 

these advantages, one can perform compound screening at K.,, o f 

peptide o r SAM, or profiling under conditions close to in vivo using 

nuclcosomcs as the substrate. One concern may be data reproduc

ibility when using nucleosomes or core histone as a substrate, since 

they arc purified from natural sources (Hcla or chicken, respectively). 

Although their methyla tion states are unknown, data reproducibility 

was satisfactory (the data consistency of the IC50 values for SAil was 

ASSAY DEVELOPMENT FOR HMTS 

shown in Supplementary Table SJ); presumably, preparations are 

well homogenized and minimal lot-to-lot variability. Since the 

platform is a miniaturized radioisotope-based assay, it reduces the 

cost by minimizing reagent usage. This is a considerable advantage 
especially for difficult or expensive enzymes and substrates. We 

performed a small -library !ITS against DOT I L, which requires a 

special substrate, core histones, and suramin was identified as a 

DOTIL inhibitor. Subsequently, suramin was profiled against 17 
methyltransferases with different substrates. Since the major ad

vantage of this assay format is that it can be applied universally to 

methyltransfcrascs regardless of the substrate, it is suitable fo r pro

filing. Although the activities of some IIMTs arc increased at low 

concentrations, mcthyltransferases that were consistently inhibited 

(without apparent activation) by suramin a rc DOT I L, NSD2, and 

PRMT4 with IC50 values at a low J.!M range (Table 4). This is the first 

finding that suramin inhibits DOT I Land NSD2 activities, although it 

has been reported very recently that a few IIMTs a rc inhibited by a 

suramin analog using a peptide as the substrate.45 Suramin is an old 

drug that has been used fo r the treatment of trypanosomiasis and is 

known as an antagonist of P2 receptors; recently, the application of 

suramin to cancer treatment has been explorcd.46 It would be in

teresting to determine the effects of suramin on methylatio n states at 

the cellular level, especially in cancer cell lines. 
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