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A non-isotopic assay for histone deacetylase activity
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ABSTRACT over a prolonged period of time, and the sacrifice of the animals
cannot be avoided. The degree of acetylation of the prelabeled
core histones changes within different preparations and it is difficult
to standardize the substrate properties. For synthesis of the
oligopeptides solid-phase-technology is required and post-labeling

Inhibitors of histone deacetylase (HD) bear great
potential as new drugs due to their ability to modulate

transcription and to induce apoptosis or differentiation HPLC-chromatography is necessary. There are also assays that
in cancer cells. To study the activity of HD and the rely on immunoblotting of hyperacetylated histones, but they are
effect of potential inhibitors  in vitro so far only radio- functional tools rather than assays to measure enzyme activity in
active assays have existed. For the search of new a biochemical sense, e.@1). Thus we were looking for an easily
inhibitors and for the use in HD identification and puri- obtainable and inexpensive substrate for HD which would allow for
fication we established a simple, non-radioactive assay a convenient non-radioactiirevitro assay. In this paper we report
that allows screening of large numbers of compounds. on the first fluorescence-based HD activity assay. Such a simple
The assay is based on an aminocoumarin derivative of assay that replaces the conventional assay using prelabeled
an Q-acetylated lysine as enzyme substrate. histones or histone peptides is highly desirable with respect to

high-throughput screening for possible HD inhibitors. It could

Chromatin structure has an important influence on key nucleatso be used to monitor HD activity in protein identification and
processes such as DNA replication, transcription, DNA repapurification.
and rearrangements during differentiation. Chromatin structureStarting from commercial a-N-Boc-Q-acetyllysine and
and the binding of proteins to DNA can be modulated by-amino-4-methylcoumarin we have prepared the fluorescent
reversible acetylation af-amino groups of conserved lysine amide MAL (Fig. 1) as a potential substrate for HD using
residues in the N-terminal tails of core histones. This modificatiopublished methodologyi @) that involves phosphoryl chloride in
is established and maintained by histone acetyltransferases qytidine as the activating agent.
histone deacetylases (HDs). The latter have been recentlyThe coumarin MAL can be quantitated using a reversed-phase
identified as conserved homologs of transcriptional regulatotdPLC-system with a fluorescence detector with a limit of detection
and nucleolar phosphoproteins-2). Experimental evidence of 0.9 ng/ml. The quantification is linear from 5 to 300 ng/ml. For
suggests that gene regulatory nuclear proteins involved in tltfee enyzme incubations we used a partially purified rat liver HD
control of proliferation and differentiation exert their function bywhich was obtained by chromatography of crude cellular extract
recruitment of histone acetyltransferases or deacetylasés ( on Q-Sepharose. We could observe a clearly time-dependent
Increasing evidence has accumulated for the potential of HEbnsumption of the starting material throughout incubation with
inhibitors as new drugs for transcription therapy and cancéne enzyme (Fig2A). A non-enzymatic cleavage was not
chemoprevention 5-8). Therefore, compounds which affect observed and a specific reaction was also suggested by the fact
histone acetylation are attractive emerging targets for medicintidat the decrease of the substrate could be completely suppressec
chemistry. by 330 nM trichostatin A (still >95 % at 100 nM) or @91 of the

The screening for new potent and simple inhibitors of HD istructurally unrelated cyclic tetrapeptide inhibitor HC-toxin.
hampered by the enzyme substrate used in the inhibition assBgth are potent and specific inhibitors of HBsivoandin vitro
Either the natural substrate, acetylated histofle®( synthetic  (13,14). Proof was given by analysis of the aqueous layer
peptides which consist of 8@) or 24 (L) amino acids, which are following workup with acidic buffer and ethyl acetate. HPLC-
derived from the N-termini of certain core histone species, achromatography showed unreacted substrate which was not
used. In either case the substrate is labeled #iffagetic acid completely extracted and a second fluorescent material. Analysis
and the liberation of tritiated acid is measured by scintillatioof the whole incubation mixture after stopping the reaction with
counting. Thus radioactivity is always involved, leading tcacetonitrile gave the same result (28). We have compared the
problems with exposure of laboratory personnel to, and disposfinities of rat liver HD to fluorescence labeled lysine and native
of, radioactive waste. The tritiated histones are gained by histones. Dilution of rat liver HD showed that the sensitivities of
procedure involving pretreatment of chickens with phenylhydrazinieoth assays were nearly identical (duplicate measurements,
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Figure 1. Fluoresence-labeled lysines. MAL, N-(4-methyl-7-coumarinyl)-
N-a-(tert.-butyloxy-carbonyl)-NQ-acetyllysinamide. ML, N-(4-methyl-7-
coumarinyl)-Ne-(tert-butyloxy-carbonyl)-lysinamide. ~ Boc-lysines  were 20
coupled with equimolar amounts of 7-amino-4-methylcoumarin in dry pyridine
(6 ml/mmol) using phosphoryl chloride (0.25 ml/mmol). After standard workup
amides were isolated using flash column chromatography (Merck silica 60,
ethyl acetate/methanol 10:1 for MAL; ethyl acetate/hexane 1:-femoc-
compound). Purity and identity were assured by IR, MS&nd!3C-NMR and
elemental analyses. 400 mg of fd¢-moc-derivative were deprotected using ) ) ) ) ) )
2 g of 20% (vAv) dry piperidine in dry DMF. The crude amine ML was Figure 2. Time-dependent reaction of MAL with rat liver HD. The high speed

characterized by NMR and MS and was sufficiently pure for HPLC comparison SUpermatant of rat liver extract was subjected to chromatography on Q-Sepharose
with incubation product. using a linear gradient of NaCl (0-0.5 M) for elution. Fractions of 5 ml were

collected and assayed for HD activity, active fractions (fractions 40-50) were
pooled and used as enzyme sourd¢.The fluorescent substrate ({iDof a
solution of 14.71g/ml H,O) was incubated in 24 parallel reactions with rat liver
HD (100 pl, 37°C). Every 5 min, one reaction was stopped |{raf 1 M
HCI/0.4 M sodium acetate, 8Q0 of ethyl acetate) and centrifuged. An ethyl
acetate aliquot of 600l was taken and the solvent was removed by a stream

results not shown) and we have determingd/Elues of 0.6@uM/l of nitrogen. The amount of remaining substrate was determined after

for the synthetic substrate and |21/l for tritiated histones redissolving in 60Ql of elient by HPLC (LiChrosorb RP-18, 150 4 mm,

The identi fth lated d lati d ML Knauer, acetonitrile/water 40:60) and fluorescence detedtgg € 330 nm,

e identity of the postulated deacetylation product ML was,_ - 395 nm) and is shown in % . Reaction was fully suppressed by adding
ensured by its synthesf3-Fmoca-Boc-lysine was coupled with  trichostatin A (Wako) at a final concentration of 330 nitY-(B) Analysis of
7-amino-4-methylcoumarin applying the phosphoryl chloridethe whole incubation mixture after stopping the reaction with acetonitrile at
method used for the synthesis of the substrate. The putativetPper Chromatoﬁﬂrzi“)aa”g 30 ('_OWg)r chromatograrm) min, respecively,

H H T : - -SNOWS decreasing rek = O. min, and increasing formation o
pI’OdUCt WaS_ Obtam.ed by plpendl_ne mediated dgprotectlp ret=5.54 min, 1; flow rate = 1.2 ml/min; Multospher 100 RP-18,250mm,
H_PLC analysis Conﬂrmed th? identity of the symhe“(?_mate“alPhenomenex, acetonitrile/water 40:60, 0.01% trifluoroacetic acid).
with the product of the incubation of MAL with HD. Additionally,
synthetic and enzymatic product gave identical MS-spectra and
identical daughter-ion spectra in MS-MS of m/z = 404 using
HPLC-MS (result not shown).

We have succeeded in finding a simple fluorescent substrate for
HD which can be easily obtained from commercial starting materials
and may possibly be commercially available itself soon. It can lEFERENCES
guantitated in low nanomolar concentrations by HPLC analysis and
fluqrgscencepetectlon wh|ch aI_onvs for the de'termlnatlon of the Taunton,J., Hassig,C.A. and Schreiber.S.L. (18@#nce272, 408-411
inhibitory ability of putative |_nh|b|tors of HD Wlth_ I6p values 2 LusserA., Brosch,G., Loidl,A., Haas,H. and Loidl,P. (188ence277,
from the nanomolar to the micromolar range. This process could 88-91.
be subjected to automation and modified for high-throughput3 gflz'r?f'\rg'ii ggggada”fga’ﬂ-s(éggggé 86, 325-328.

: . ™ ruhl,K. enes Dey —606.

_scr_egnmg. This assay .ShOUId faC|I|tate the S.earCh _fOI’ ne Minucci,S., Horn,V., Bhattacharyya,N., Russanova,N., Ogryzko,V.V.,
inhibitors of HD Whlch W|II_ be an important task in the light of ~ Gabriele,L., Howard,B.H. and Ozato, K. (19%#pc. Natl Acad. Sci. USA
recent results that link malignant disease with aberrant chromatin 94, 11295-11300.
acetylation. A rapid and simple assay for screening of deacetylage Hassig,C.A., Tong,J K. and Schreiber,S.L. (198i83m. Bial 4, 783-789.

inhihi ; ; Grignani,F., De Matteis,S., Nervi,C., Tomassoni,L., Gelmetti,V., Cioce,M.,
inhibitors should therefore be a valuable tool in drug discovery a$ Fanell. M., Ruthardt,M.. Ferrara, . Zamir L Seiser. .. Grignan.F.

0 40 80 120

Time (min)
Time (min)

well as in basic research in the histone acetylation field. Lazar,M.A., Minucci.S. and Pelicci,P.G. (1998ture 391 815-818.
8 Siddique,H., Zou,J.-P., Rao,V.N. and Reddy,E.S.P. (1988pgenel6,
2283-2285.
9 Lechner,T.,, Lusser,A., Brosch,G., Eberharter,A., Goralik-Schramel,M. and
ACKNOWLEDGEMENTS Loidl,P. (1996)Biochim. Biophys. Actd,296 181-188.

10 Darkin-Rattray,S.J., Gurnett,A.M., Myers,R.W., Dulski,P.M.,
Crumley, T.M., Allocco,J.J., Cannova,C., Meinke,P.T., Colletti,S.L.,
M.J. and K.H. would like to thank Prof. Dr B. Unterhalt for his  Bednarek,M.Ast al. (1996)Proc. Natl Acad. Sci. USAS3, 13143-13143.

support. This work was supported by the Fonds der Chemischéh gzg:;n%zéé_:my,e., Seelig.H.P., Lane,W.S. and Reinberg,D. (C235)

Industrie, the DPh(__B—S_tiftung fur den wissenschaftlicher)_ Nachwuch$ Rijers,D.T.S., Adams,H.P.H.M., Hemker,H.C. and Tesser,G.I. (1995)
im Stifterverband fur die Deutsche Wissenschatft, the Forderergesell- Tetrahedron51, 11235-11250.

schaft der Westfalischen Wilhelms-Universitat and the DeutscHeé Yoshida,M., Kijima,M., Akita,M. and Beppu,T. (199D)Biol. Chem 28
Forschungsgemeinschatft (to M.J.), the Austrian Science Foundation 17174-17179.

(P-11741, to P.L.) and the Austrian Academy of Sciences (to G.B.‘.P Elg’rftcgfu'ff;ffﬂ&&ecmenn Walton,J.D. and Loidl,P. (1995)



