METHODS FOR THE DETECTI ON OF FATTY- ACYLATED PROTEI NS CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clainms priority to U S

provi si oreb 2applodeat i on nunber 61/ 207,527, filed on Febroams2dib/020009, and
incorporated herein in its entirety for all purposes. BACKGROUND COF
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[0004] Despite the critical role of protein fatty acylation in physiol ogy,
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mechanisms and functional consequences. Annu Rev Biochem 65, 241-270 (1996)).

[0003] Several classes of protein fatty acylation exist in eukaryotes. These primarily include N-
myristoylation and S-palmitoylation (Fig. 1a). Typically, N-myristoylated proteins contain the
saturated 14-carbon myristate group bound to an exposed N-terminal glycine residue through a
stable amide bond. S-palmitoylation on the other hand comprises the reversible addition of a 16-
carbon palmitate or longer fatty acid chains onto cysteine residues via a labile thioester linkage.
While S-palmitoylation is dominant in living cells, N-palmitoylation has been identified in
Hedgehog and Spitz secreted proteins (See, Pepinsky, R.B. ef al. Identification of a palmitic
acid-modified form of human Sonic hedgehog. J Biol Chem 273, 14037-45 (1998); Miura, G.1I. et
al. Palmitoylation of the EGFR ligand Spitz by Rasp increases Spitz activity by restricting its
diffusion. Dev Cell 10, 167-76 (2006)) presumably through migration of the palmitoyl group on

a cysteine to form an amide linkage.

[0004] Despite the critical role of protein fatty acylation in physiology, few methods exist that
are highly sensitive for detecting lipid-modified proteins (See, Drisdel, R.C. & Green, W.N.
Labeling and quantifying sites of protein palmitoylation. Biotechniques 36, 276285 (2004);
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localized in mitochondria or posttranslationally modified during apoptosis (See, Kostiuk, M. A. et
al. 1dentification of palmitoylated mitochondrial proteins using a bio-orthogonal azido-palmitate
analogue. Faseb J 22, 721-32 (2008); Martin, D.D. et al. Rapid detection, discovery, and
identification of post-translationally myristoylated proteins during apoptosis using a bio-
orthogonal azidomyristate analog. Faseb J 22, 797-806 (2008)). In view of the above, there
remains a need in the art for methods to provide for facile functional and proteomic analysis of
protein acylation, in particular in the whole cell environment. The present invention fulfills at

least this need.

SUMMARY OF INVENTION

[0005] In one aspect the present invention provides for a method of detecting a fatty-acylated

substrate comprising: (i) incubating a fatty acyl of Formula I with an animal cell,



| east this need. SUMVARY OF | NVENTI ON [ 0005] In one aspect the present

i nvention provides for a nethod of detecting a fatty-acyl ated substrate
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cell,wherein in Formula | the subscript nis an integer from6 to 15, the
synbol A represents an ethynyl group and the synbol X represents -CH or
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enzyme capable of attaching | to the substrate, to produce a fattyacyl ated
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wherein in Formula I the subscript n is an integer from 6 to 15, the symbol A represents an
ethynyl group and the symbol X represents —OH or -SCoA, wherein said animal cell comprises a
substrate and at least one enzyme capable of attaching I to the substrate, to produce a fatty-
acylated substrate; (ii) combining the fatty-acylated substrate from step (i) with an azido tagged
labeling group wherein the azido tag undergoes a [3+2] cycloaddition reaction with the A group
of the fatty-acylated substrate to produce a labeled fatty-acylated substrate; and (iii) detecting the
labeling group on the fatty-acylated substrate in vivo in an animal cell by fluorescence imaging;

and thereby detecting the fatty-acylated substrate.

[0007] The present invention also provides for the use of a fatty-acyl compound of Formula I in
an in vivo assay using an animal cell for the detection of fatty-acylation of a protein or

polypeptide,
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an in vivo assay using an aninmal cell for the detection of fatty-acylation
of a protein or polypeptide, OA "™ (l),wherein in Fornmula | the subscript n
is an i ntwgen1favsam6 to 15, the synbol A represents an echmyusgéiogemap and
the synbol X represents -OH or -SCoA, and wherein the detection occurs in
an in vivo setting. DESCRI PTION OF THE DRAW NGS [0008] Fig. 1 shows a
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the i r%memmvorﬁettl(lg) Scheme for labeling cellular |ipid-nodif ed proteins
with exenplary fatty-acyls of Formula | . Synthetic wal kynyl fatty-acyls
of Formula | were added pgSCRIPITEON OF THEIRAVRINGS! | cal |y i ncorporated
into acyl ated prot eins (step 1). After work up, the alkynyl group was
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control sanpl es,
by a Cul catalyzed alkyne-azide [3+2] cycloaddition reaction. The conjugated proteins were

separated by gel electrophoresis and detected by streptavidin-linked horseradish peroxidase
(HRP) (route A), or alternatively detected by streptavidin-Alexa488 fluorophore and imaged

using fluorescence microscopy (route B).

[0009] Fig. 2 show biochemical detection and imaging of lipid-modified proteins: (A) MDCK
cells were treated with certain w-alkynyl fatty-acyl compounds of the invention (100 uM) as
indicated for 24 h. lane 1: C10, lane 2: C11, lane 3: C13, lane 4: C14, lane 5: C16, lane 6: C18.
Cellular proteome was prepared, reacted with biotin-azide, resolved by gel electrophoresis and
detected by western blotting with streptavidin-HRP, using methods as described herein.
Asterisks denote bands labeled by treatment with probe but not in DMSO control samples, as
judged by increase in intensity or appearance of new bands; (B) In parallel, western blots were
treated with 5% hydroxylamine for 72 h before detection with streptavidin-HRP. lane 1: C10,
lane 2: C11, lane 3: C13, lane 4: C14, lane 5, C16, lane 6 : C18; (C, D, E and F) Fluorescence
microscopy of PC3 cells labeled in the absence (C) or presence of w-alkynyl fatty-acyls C14 (D),
C16 (E), and C18 (F). Cells were treated with DMSO or w-alkynyl fatty-acyls (100 uM) as
indicated for 3 h. The cells were then fixed, permeabilized and click reacted with rhodamine-
azide and imaged by epifluorescence microscopy. In panels (D), (E), and (F) the fluorescence

emission of rhodamine labeled w-alkynyl fatty-acyls appear as a grey halo surrounding the nuclei



judged by increase in intensity or appearance of new bands; (B) In
parallel, western blots were treated with 5% hydroxyl am ne for 72 h before
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[0011] Fig. 4 shows a time-dependent incorporation of C14 (A), C16 (B) and C18 (C) w-alkynyl
fatty-acyl probes into cellular proteins. MDCK cells were treated with w-alkynyl fatty-acyl
probes as indicated. Cellular proteome was prepared, reacted with biotin-azide, resolved by gel
electrophoresis and detected by western blotting with streptavidin-HRP, using methods as
described herein. Asterisks denote bands labeled by treatment with probe but not in DMSO

control samples, as judged by increase in intensity or appearance of new bands.

[0012] Fig. 5 shows a dose-dependent incorporation of C14 (A), C16 (B) and C18 (C) w-alkynyl
fatty-acyl probes into cellular proteins. MDCK cells were treated with w-alkynyl fatty-acyl as
indicated. Cellular proteome was prepared, reacted with biotin-azide, resolved by gel
electrophoresis and detected by western blotting with streptavidin-HRP, using methods as
described herein. Asterisks denote bands labeled by treatment with probe but not in DMSO

control samples, as judged by increase in intensity or appearance of new bands.
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[0015] Fig. 8 shows fluorescence microscopy data of cellular proteins labeled with w-alkynyl
fatty-acyls in mouse fibroblast L-cells. Cells were treated with DMSO (A) or 100 uM of C10
(B), C11 (C), C13 (D), C14 (E), C16 (F), C18 (G) for 24 h. Cells were then fixed, permeabilized
and click reacted with biotin-azide followed treatment with streptavidin-conjugated Alexa488
and (optionally Hoechst stain for nuclei staining) and imaged using epifluorescence microscopy

technique as described herein.

[0016] Fig. 9 shows fluorescence microscopy data of cellular proteins labeled with w-alkynyl
fatty-acyls in RAW2647 macrophages. Cells were treated with DMSO (A) or 100 uM of C10
(B), C11 (C), C13 (D), C14 (E), C16 (F), C18 (G) for 24 h. Cells were then fixed, permeabilized
and click reacted with biotin-azide followed with treatment with streptavidin-conjugated
Alexa488 and (optionally Hoechst stain for nuclei staining) and imaged by epifluorescence

microscopy as described in herein.
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al (¢, c13 (p, Ci4 (), C16 (F), d 8 (G for 24 h. Cells were then

fi xed,[oeen RERitidnged and click reacted with biotin-azi de followed with
treat rrent W t ﬁ streptavi di n-conj ugated Al exa488 and (optionally Hoechst

stain Lmaged., y as
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"substrate" refers to a substance that is acted upon by an enzyne. [0020]

As used rieiddr pivordeeragetian. " enzyne" refers to a bionolecule, which is
typically a protein
[0019] As used herein, the term "substrate” refers to a substance that is acted upon by an

enzyme.

[0020] As used herein, the term "enzyme" refers to a biomolecule, which is typically a protein

that can catalyze chemical reactions.

[0021] As used herein, a "label" or "labeling group” is meant a molecule that can be directly
(i.e., a primary label) or indirectly (i.e., a secondary label) detected, for example, a label can be
visualized and/or measured or otherwise identified so that its presence or absence can be known.
As will be appreciated by those in the art, the manner in which this is done will depend on the
label. Suitable labeling groups that can be used in the present invention include primary
detectable labels, such as for example fluorescent labels, FRET energy donors, label enzymes,

among others, and secondary labels, such as a member of a binding pair, among others.

[0022] As used herein, a "label enzyme" is meant as an enzyme which may be reacted in the
presence of a label enzyme substrate to produce a detectable product. Suitable label enzymes for
use in the present invention include, but are not limited to, horseradish peroxidase, alkaline
phosphatase, and glucose oxidase. Methods for the use of such substrates are well known in the

art and are also described herein. The presence of the label enzyme is generally revealed through



that can catal yze chem cal reactions. [0021] As used herein, a "label" or
"l abeling group” is neant a nolecule that can be directly (i.e., a primary
| abel ) orwondiwmsilby (i.e., a secondary | abel) detectedpCrarszexampbe, a

| abel can be visualized and/ or measured or otherw se identified so that its
presence or absence can be known. As will|l be appreciated by those in the
art, the manner in Wnich this is done vm'II depend on the | abel. Suitable

| abel i n roups t an be. used In t.he |nve ti.on inclu rimary
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of a binding pair, anong other’s. [002@%;0|1 used herei n, | abel enzyme" is
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per oxiffasRcend kdadliomprodtiers P VRtaRIe foraBehtTliug ¢aR1 SxdyeRS evlthl\r%él@ﬂ@ynﬁ@r t he use
of such substrates are well known in the art and are al so descri bed herein.
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| e pro UC u e reaction of

i dent opaque,
hor s er(MQSS,hY@ﬁngXI‘d@deMMHOHS DL AB6 hW89memddameaclalnﬂebmmch@mmt@l bsari ety
of colors. Oh | abel enzyme substrates, such as Luminol (available from

Ther méeiereapem ﬁliféﬂtﬂmm c), have been devel oped that produce fluorescent
reaction products. Methods for identifying | abel enzynmes with | abel enzyne
subst (80234 Aerwscavbticink fidwarescantt lhlecl Aistmeand anmmylecuiﬂmlmt cohayl bekdetestedraa its

oo PHe TG papeaics. Spiahit BlertSfat B meliSly RS Al Tim Ra i T o) 2
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intheir entirety. [0023] used herein, "fluorescent |abel™ is meant any
mol ecwiyeene Neielagiy glt@en,cﬁélﬂ@@t? dehoifenYellewi GiverdsrBlug Tybr Eexse iedpkdgeANSes.

Sui ¢ 2o RLUSEPIEE LEOELPRIEl Wby DU @R, 50 ol BLEA Loy Sligiiescel n

r hodarmi ne, rarret hyir si'n

et hylopgiedl rai@és 418 degyibed e thy2DeT Moke @il @Robes Hah@lﬁtﬁﬁ NiticEdigion ¥¢ Rlichard Bascade
Bl ue. TM, Texas Red, | AEDANS, EDANS, BODI PY FL, LC Red 640, Cy 5, Cy 5.5,
LC Red{apg@ngrkpr@yé‘gz@wsgyé@@rpogﬁp@ kb F@ference Suitable fluorescent labels also include,

but are not limited to, green fluorescent protein (GFP; Chalfie, et al., Science 263(5148):802-805
(Feb. 11, 1994); and EGFP; Clontech-Genbank Accession Number U55762), blue fluorescent
protein (BFP; 1. Evrogen Inc. Miklukho-Maklaya str, 16/10, 117997, Moscow, Russia; 2.
Stauber, R. H. Biotechniques 24(3):462-471 (1998); 3. Heim, R. and Tsien, R. Y. Curr. Biol.
6:178-182 (1996)), enhanced yellow fluorescent protein (EYFP; Clontech Laboratories, Inc.,
1290 Terra Bella Avenue, Mountain View, CA 94043, USA), luciferase (Ichiki, ef al., J.
Immunol. 150(12):5408-5417 (1993)), beta-galactosidase; (Nolan, et al., Proc Natl Acad Sci
USA 85(8):2603-2607 (April 1988)), and Renilla; U.S. Pat. Nos. 5,292,658; 5,418,155,
5,683,888, 5,741,668; 5,777,079, 5,804,387; 5,874,304; 5,876,995; and 5,925,558) All of the

above-cited references are expressly incorporated herein by reference.

[0024] In addition, labels may be indirectly detected, and as such, a label group can be, for
example, a member of a binding pair. As used herein a "member of a binding pair" is meant one
of a first and a second moiety, wherein said first and said second moiety have a specific binding

affinity for each other. Suitable binding pairs for use in the invention include, but are not limited



optical dyes are described in the 2002 Ml ecul ar Probes Handbook Ni nth
Edition by R chard P. Haugl and, hereby expressly incorporated by reference.
Sui t abl e Wwbuoroewsant | abel s al so i nclude, but are not | ipeTitsSdo®24092 een
fluorescent protein (G-P; Chalfie, et al., Science 263(5 148):802-805 (Feb.
11, 1994); and EGFP; d ontech- Genbank Accession Nunmber U55762), bl ue
fluorescent protein (BFP; 1. Evrogen Inc M kl ukho- Makl aya str, 16/ 10,
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ref erences are ex es ﬁﬁlncor orated herein by reference. [0024] In

addi t isbnScipugse? s> R tebulincdiepe perttflc (Skianegrset glich Biel. Chgmal group can
be, for of a
bi ncti ngeare T r oo TR0 ag U 7 Bt ol heny8 Wi e R IR Gl o PR o
first NutldAsad. cSoi;GIMéTr@BQEﬁWha\QQO)a agewi dntibodicetichghaétbi nity for each
other. Suitable binding pairs for use in the invention include, but are not
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exanpl e, di goxi genin/antidi'goxigenin, dinitrop /ant 1 - DN
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6: 1204-1210 (1988)); the 'KT3 epitope pepti Martin et al, Science,

255: 1912d11169nb1(1¢@1g2>)f)a firstubeikiyrand pi thmquogépmacﬁ@ l(ltsmlﬁh@b' segorgimoicty thatg a| .

Chem , 1 15166, (1991 e T7 gene 10 protein peptide tag
(|_utz”|’ier”1 ? %hnd“%gpﬁ“‘go %I}‘z’ﬂtﬂé’?‘i’ ®d%sad. Sci. USA 87: 6393- 6397 (1990))

and the antlbodles each thereto. [0025] As will be appreciated by those in
t he arl®0263 Asowil kerapnicsiaicdipnibese Bitho s 1phohar REPYPAap comprist s mepwepof a
conpl gaent t i
(flrsﬁ nnﬁgé%?ggggﬁgP%%at08aﬂﬁ%¥@$ﬂg&ﬂ%6%§kC?ggggﬁﬁﬁﬁgpé§§f%Mﬂ@Q%#%Q%? in
t urn, alfettaac@mtd gestrhe) toabe indirectly labeled upon the binding of a member of a binding

pair, e.g. a biotin moiety. Attaching one member of a binding pair to a substrate (e.g., a fatty-

acylated substrate), such member of a binding pair having a complementary binding partner, e.g.,

streptavidin, is referred to herein as "indirect labeling.”

[0027] The term "alkylene" means a divalent radical derived from an alkyl, as exemplified by

-CH>CH» CH»CH»_ and —CF7CF»_. Typically, an alkyl (or alkylene) group will have from 1 to

24 carbon atoms, with those groups having 10 or fewer carbon atoms being preferred in the
present invention. For clarity the term "alkyl" means a straight or branched chain hydrocarbon

radical and halogenated variants, having the number of carbon atoms designated (e.g., C1_¢
means one to six carbons).

[0028] The term "heteroalkylene” means a divalent radical derived from heteroalkyl, as
exemplified by -O-CH>_CH»_CH»-CH»_O-, —O-CH», -CH»_O-, -CH»_CH»_S-CH>CH»>_ and
-CH»_S-CH»_CH»_NH-CH»_, -O-CH>_CH=CH-, -CH» _CH=C(H)CH»>_O-CH»_,



second anti body (third noiety). It will be farther appreciated that such a
circunstance allows indirect binding of a first noiety and a third noiety
via an i rwernedivarly second noiety that is a nmenber of aPbiruseeg/opan?
conplementary to each. [0026] As will be appreciated by those in the art,

| abel i ng group can conprise a nenber of a binding pair, as described above.
It will further be appreciated that this allows a conpound (e.g., a

rener D91 & g Aol Lol SR ey el R

bi ndi nga%ﬁ{ or brgnc%ei Ellljalﬁ El?&r%cérgo radlca c8£§1%c%1 ylf%e s(%atgiil glsllglf)gr o%)carboH a omrrsErTber

of ab aving

streptaay lﬁ@hﬂonej 15 thieé ﬁét&ﬁﬁtdnos d&&rc&ldrfmaﬁ thel drehiiy aﬁﬁlsha@ et ( onU, Sl a[ﬂm 6hdThe term
"al kyl ene” nmeans a dival ent radical derjved froman alkyl, as exenplified
by - Crdergn thaxiypeengyig sulfyr aigms can optippally he pyidizad apgd Wlnﬂ(‘aﬁ@néﬂemaé@f@) gr oup
wi || : r t tn 5

car bors SO Rne A be B e A, A8 D (L L AR DR o YR b R e
"al kylpolyredogenatedtvadaight or branched chai n hydrocarbon radi cal and

hal ogenat ed vari ants, having the nunber of carbon atons designated (e.g.

CQ _b 1@y RS difesh ¥ @RMHARASIn: [ 0028] The term "heteroal kyl ene” nmeans a
di val ent radi cal derlved from heteroal kyl, as exenplified by -0-CH 2X H2

‘g WG ey nfe(i(if@ﬁaﬂ%l‘cﬁaﬁgéﬁﬁ;@(w@ﬁe e e SRS oo

- S‘ C'dﬁal%%i@of proiv fat(Q acyfafibn,Gh Phitichlar ihe KON ceheroahkit! TheprARR a stable

strai ght "or branched chain hydrocarbon radi cal, consisting of the stated
numbernyshtion iGHs Hiomesd dndrevidime dorcthe 8sq ofrmes-Tadivastatame senteimingiaityom t he
groupag Q%T?@%ﬂﬁa f O N, Si and S, and wherein the nitrogen and sul fur

at ons n optionally be oxidized and the nltrogen het eroat om can optionally
be quaternlzed As used herein, the term "heteroal kyl ene" also refers to
nono- and pol y-hal ogenat ed variants [©029] Enbodi nents of the Invention:
[0030] There remmins a need in the akg A nmethods to provide for facile
functional and proteom c analysis of pro elﬂ)fatty acylation, in particular

int hefﬂm(f it w(fl(iechl n %}[rhulgq ni’i:'\engfubséqb? Rl &7 ﬁltéger from 6 to 15, the symbol A represents

an ethynyl group and the symbol X represents —OH or —SCoA, which can be metabolically

incorporated onto substrates, such as proteins and polypeptides into the cellular environment.
The compounds of Formula I find utility at least for the detection and visualization of fatty-

acylated substrates in animal cells.

[0032] As used herein the abbreviation SCoA represents the coenzyme A group having the

structure

NH,

0 OHsCCcH; O O N
_||_ _||_ y \N
z{s\//\N/l\/f\N/ﬂ\r)(\/o g 0 g 0 ﬂq L

H H oy Wii? N
(I) OH
0=p-0
o

in which the wavy line " ~~ " denotes the point of attachment of the coenzyme A group to the

remainder of the compound of Formula I.
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invention fulfills this need by providing for the use of non-radi oactive

al kyne containing fattyacyls of Fornmula | : [0031] in which in Fornula I

t he subscwppbiomsmean i nteger from6 to 15, the synbol ARCTasc@Es®nios2 an

et hynyl group and the synbol X represents -OH or -SCoA, which can be

met abolically incorporated onto substrates, such as proteins and

pol ypeptides into the cellular environnment. The conpounds of Fornula I find

utilit east for, the detectjon and visyalization of fatty | at.e

subst 180EY SR Rnehe ARdenES b Goisvaed db e S e Tastre) P PoRiSEon
repr ex8nbs ulddsoL A TEYTRc Yt nQH1R sNBstHaRDsuch s & pdiih b BeptiicWpos Indubgiovemy | i ne
" v " denotes the point "of attachment of the coenzyne A group to the

r enmi ndeér viob setheg.0oapeomekl ¢éll Hoonekmbedinfed 33harsnain esillngd/in anpihei cant s

have di scqvered that al kyne,containing,fatty-agyl .of,. Fornul a can.be used
for -t netparey g abs D rt S4EQHhEr Phideh Sfliot SRR BRH T St pon

I ncubahicapyrh&capabledbf\ehtBzaRtithe Rty-dciladibn anthdBlLbERtd with B c@ﬁ?oﬁ{mmﬁh, a
manmal i an cell, and in another enb in a cancer cell), wherein the

ani mlall- MIVPQtagﬁou@achC@mﬂlidrﬁéﬁpﬂﬂwgg&nﬁgﬁl&dﬁﬁﬂblé@Q:rtbiﬁ pareyereWadpabcan s f |
P pbRPuL B SRMLAROS OB BRSO L RSyt ety STDHRR £ PN TV @

pur poserboichiiawt Fomnulg I beintainbyheaiydrgphobictty bhithetfhepagyl chiie to regelnimits
believes. that the al kyne group on the fatty-acyl carbon chain of Formula I
mai nt AVAENG ARteHGIgRes Mk the Rhysispchepdcy grangrtics y%@rfaﬁtﬁa@sé C}C“%&P@ 5 its

m ni W%te}daeﬁ&{sf %&@8&%&@35%@9%&9 ﬁf)gﬁl’(':ﬁtﬁ%yl%rf%ﬁﬁﬁlia%s afachhieofat ty-acyl

chain and its interaction eover e” an al kyne containing fatty-acyl
of Forsnbitaitd, such atatractesdbrtpepadss thiesdlkyatyd graspdheresn @ npatdiodicallyomepdpt | de, t he

al kynyl .gro thereon.is netaboljcally inert b sufficiently reactive

ander RISV rsCEE HBdr RpropBra chsBical sosditions A, ah Sudh the ok G 6% can
be used 38 & PRiMtorAttadirh@f RRNELERY RolPRRhh HOMRIEC@PP! | sing an azi do
tag. [0034] A label or |abeling group conprising an azido taggi ng noi ety

* aagod Ol S TLE ek E A oReRin i SPBIRAREL BolEe R sty “Ae Tl ca

to an gagdipdohicRggadciBhElapel With e akide tage® atie®nin o drhifddimentgtheUsbelisg
group is directly attached to an azido tagged moiety. In another embodiment, a linking group is
attached to an azido moiety through a linking group. Typically, a linking group or linker is a
relatively short non-reactive coupling moiety that is used to tether an azido moiety with a

labeling group, such as for example, a C;_j, alkylene linker or a Cy_;, heteroalkylene linker, such

as those provided in the examples below.

[0035] A number of azido tagged labeling groups are available for purchase through commercial
suppliers. Invitrogen (Carlsbad, California) sells a number of azido tagged labels as "Click
Chemistry Reagents." In particular the Click-iT™ azide reagents are suitable for use in the
invention. These include: AlexaFluor®488 azide - (Alexa Fluor® 488 5-carboxamido-(6-
azidohexanyl), bis(triethylammonium salt)), catalog number A10266; AlexaFluor®594 azide -
(Alexa Fluor® 594 carboxamido-(6-azidohexanyl), triethylammonium salt), catalog number
A10270; AlexaFluor®647 azide, catalog number A10277; biotin azide - PEG4 carboxamide-6-
azidohexanyl biotin, catalog number B10184; Oregon Green®488 azide - (Oregon Green® 6-
carboxamido-(6-azidohexanyl), triethylammonium salt), catalog number O10180;

tetramethylrhodamine azide - tetramethylrhodamine 5-carboxamido-(6-azidohexanyl)), catalog

11



attached to an azido noiety through a linking group. Typically, a linking
group or linker is a relatively short non-reactive coupling noiety that is
used to twolrero/@s9lazi do noiety with a | abeling group, sech/tssomor40exanpl e,
a Cl1 1 alkylene Iinker or a Cl1-12 heteroal kyl ene Iinker, such as those
provi ded in the exanples below [0035] A nunber of azido tagged | abeling
groups are avail able for purchase through conmmercial suppliers. Invitrogen

Car | sbad, if ' | | . f ido t d | I "Cick
o SRAPCRELERT Shes Dpiaed baTng mestes AdTove a5t 6 T B geri S Fe
sui ta%%réﬁﬁfed%%ﬂ(ﬂo’avnt@ﬁtﬂeﬂé’ 808 or ddHEsevia NS I8 GBm AIneX&klal MurEds488 azi de -

(Alexa Fluor(r) 488 5-carboxam do-(6- azi dohexanyl), bis(triethylamoni um

| t tal 10266, Al I zide - (Al Fl 594
car bol e p e BT Brea iR o e R e o bRt GeniRds
A1027 Qiiboat aitb Wk § EOfAT | a&higeed CatadibRof MBS cATORY| Gyclohadition foattle - PEGA
car boxam de- 6- azi dohexanyl biotin, catal og nunber BIA 84; O egon

|
G een(betwwg agallkyac and aridertrgeay ewyp dpvadopddnbdieantesia” ¢/ Bs descabeteidhyl ) |

triet i It ) G - ; = - ] ide -
ot Tty e e hich AP hB B R B RS el e TN b OinE )
82. Obbkyv. atagisicdsaggr tavadighddyisgrnoiufien aff the Kiudgon {329 oydkadditéch deactidnesar t
whi ch can be prepared by known synthetic nmethods_ or can be available from
conmert®s Hlick gictes’ ﬁmils? regciion tyeddr gﬁllg}V%%l@Mﬁllllh‘étf%?fngQﬁhelﬁlﬁé M4chment
of a labeling group to a fatty-acylated substrate, is to use a copper

o el gl o b i
) & R R 1488 955 e SRR o B SR e PR EREEA D O

this t;ea3” ngith aRAI'Ssomdrlusi@E feddinaBiarWhes & i@dcsatibedia\Re gflid@sbr thiis

variation of the Huisgen [3+2] cycloaddition reaction as the “click

r eact isdrlkynTheonginig splestietei ad angedortpegclaneiptyenndwgodss [P Leycloaddigonn

Sche hel WA upbsit e\ [ onpri si ng
re S L T R T R e

conbi recoadditon @estidnads showa el ettnfeal balowayil tisupsduabesdBh raidioAddntaidistah t he
A3l isqmer usually predom nating, Wwen it is described in the application

that AHARISRGIOTEORICHP eSSt PetiBclic! eappabilsaedt deuldrnictylyember goes
:zi[ g;%%tﬁﬁcgkfr&g%g‘%&% fé{élﬁﬂicggg 'ogtB ﬁglrbblairr]ﬂezlt,'{ﬁé‘ﬁf’os&ﬁ@ﬁs ¢ ot bypulpriguprand the
another embodiment, the reaction is performed in an in vivo setting. In one embodiment, the
azido tagged labeling group is biotin azide (Invitrogen catalog number B10184). In another
embodiment, the azido tagged labeling group is tetramethylrhodamine azide (Invitrogen catalog
number T10182). In another embodiment, the azido tagged labeling group is rhodamine-azide

(see, Speers, A.E. & Cravatt, B.F. Profiling enzyme activities in vivo using click chemistry

methods. Chem. Biol. 11, 535—546 (2004)).
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cycl oaddition reaction as shown in Schene 1 bel ow and the product of such a
reaction contains a triazole functional group. In certain enbodi nents, a
copper (Iwonesgwsii6i s added to catal yze the [3+2] cycl oaduiuseaw/oe@azti on

I n one enbodi nent, the substrate is a protein or polypeptide. In another
enbodi nent, the reaction is perforned in an in vivo setting. In one

enbodi nent, the azido tagged | abeling group is biotin azide (Invitrogen
catal og nunber Bl O 184). In another nbodi ment, the azido tagged | abeling
group is tetranethyl rhodanmi ne azi deCFRYi trogen catal og nunber T10182). In
anot her enbodi nent, the azido tagged |abeling group is rhodam ne-azide
{see, Speers, A E & Cravatt, B.F. Profiling enzyne activities irn vivo
using click chem stry nethods. Chem Biol. |11, 535546 (2004)).Sghenme 1 O
Substrate | (C H 2)e-i5 J= A31 N N - N - Laljelesrmin i @bker 7121 N |M.abel

cat Cu Substrate |- -(CH2)6.15 + N A 1 AJ Substrate (CHY)yS e [\ A32
Label "% ' N @ nor isonmer [0037] After the gttachmentsorgf t he | abelli ng group
to a «Qg pfoNan49P'p6ﬁ§ﬁbpt.de) that,has—been

fatty- ted With a conpound of Fornula I, it is possible to detect the

fattyacylatedMsubstrate pr oduct??by detectlon of tha | abel i ng group thereon.
Detection of the labeling group that is attashes @H&Mb&&&@te S ,
performed using nethods and reagents well known to Label~NsyN A3

minor isomer

[0037] After the attachment of the labeling group to a substrate (e.g., a protein or polypeptide)
that has been fatty-acylated with a compound of Formula I, it is possible to detect the fatty-
acylated substrate product by detection of the labeling group thereon. Detection of the labeling
group that is attached to a substrate is performed using methods and reagents well known to
those skilled in the art, including, but not limited to, fluorescence imaging, western blotting,
mass spectrometry, and fluorescence spectroscopy. Optionally, the labeling group attached to a
fatty-acylated substrate (as exemplified in Scheme 1 as A3' and A3?) is a member of a binding
pair (e.g., biotin azide) and prior to detection, the labeled fatty-acylated substrate is incubated a
compound comprising the complementary member of the binding pair and is linked to another
label, such as, for example, a fluorescent group, a label enzyme, among others (e.g., streptavidin
linked fluorophores, such as those available from Invitrogen (Carlsbad, CA) including
streptavidin linked: AlexaFluor®488 cat. no. S32354; tetramethylrhodamine cat. no. S870;
fluorescein cat. no. S869, rhodamine B cat. no. S871; AlexaFluor® 660 cat. no. S21377, among
others), which is detected, to thereby detect the fatty-acylated protein.

[0038] A preferred method of detection used for the invention is through the detection of
fluorescence emission. In one embodiment, fluorescence emission from the complex can be
visualized with a variety of fluorescence imaging techniques, including, but not limited to,
ordinary light or fluorescence microscopy (epifluorescence microscopy), confocal laser-scanning
microscopy, and flow cytometry, optionally using image deconvolution algorithms. Three-
dimensional imaging resolution techniques in confocal microscopy utilize knowledge of the
microscope's point spread function (image of a point source) to place out-of-focus light in its

proper perspective. Substrates labeled with different labeling groups can be optionally resolved
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those skilled in the art, including, but not limted to, fluorescence

i magi ng, western blotting, mass spectronetry, and fluorescence

spect r oscwpyeoio@esiienal |y, the | abeling group attached t@Ca/dSaamp240y| at ed
substrate (as exenplified in Schene 1 as A3 and A3 ) is a nenber of a
binding pair (e.g., biotin azide) and prior to detection, the |abeled
fatty- acylated substrate i's incubated a conmpound conprising the

conplenen the bi ndi ng a is linked.to another

coch. aa S hagneen R b Prerdei Bl erdme i aphee g st ot

(€. 9. cx8itdtRRLAY kMifidnl rﬁtssﬁtaf IR QBRI 8@ nsiBH BlloRScdnBO AR it ALGRL@nd om

I nvitrogen (Carlsbad, CA i ncl udi ng streptavidin |inked: Al exaFl uor(r)488

cat. molarigaagsdluorcsanaee dgblednbargniates, @raombiwtiosgthoreof) aobeenebinateus of no.

S869, od cat or . 521377, anong
ot hoy JSACSRMAE. AnSRb enlGainl the MEEEI S ARG fE2 FEhe il EiaES L orr
[0038Hh£mﬁé@k@mh@? nget hod of detection used for the invention is through
the detection of fluorescence em ssion. In one enbodi nent, fluorescence

g AL AT BT FBaRr BB R qt“&‘%“t%n&?%’e%%%ﬁyﬁtt%?OL?SCe”ce
o i ﬁﬁ%t%rdii@é’%%érglﬁéﬁéetﬁpi?g‘%@%@ﬁ%& RSN BBt o oS

deCO“‘é&lﬁ%dn@JbuﬁhQ&FF&ﬁ%l11%%9%5&%%?@% B al @H0kihia00 nﬁ&%ﬂ&ﬁa%ues in
conf ocal roscopy utilize know edge he m croscopée' s point spread

f unct icelh, dricamape celf); andphirthtr discloses thet e plfacmpmutds of Fomawls I in ghin i dssay

proper perspecti ubstr at es Ia eled wt Lin ou can
be oo BRERF gEHbs! batep hor syl i crer e al Tyl GduinndpdbryB e

det ect,gl] for dbiftin@ bEstheMRAEE&tadtioR RADAREIRIhiBy- a@ffat{dnngtcﬁctls e &xfiplat i on and
em ssion maxi ma, fluorescence intensity, fl Uorescence |ifetine,

fl uor @@bmtméatml aad |nzsatsitQ)1hatlom Qlﬁﬁuésttéé%cle aphml@blllse aodh fqrgﬂuoatse@ce omaging of

conbi nat reof nat of t 0, one
enbodlgr?roe pmtehn g%m lndert1 Cbeﬂ Wl SPe?Cﬂ rfarﬁﬁoea We Pnro %S fT for escence

I magi rREmpbARBUF FAﬁﬁtlaeran@ fef étheds d&tﬁm efeifl@ileBE usvtuluﬁetds dralystshef
invention is western bIottlng [ 0040]. I nventor discloses herein a_nethod

for deekeler prgcessessn biglescalmystcma v obaen attatapylaaelw%& adhepeficaap 6biFdy- of
ool P el it g, SRR bk Kb Rin Bl I ol B B R oo
Of Forsmatuseoflaniy Bpaifid prowiiy of ia&sasy, (b) for enriching trace proteins by label incorporation

and facilitating separation of proteins that are otherwise difficult to immunoprecipitate with

antibodies; (c) for the identification of new acylated proteins; (d) as a diagnostic reporter in

imaging assays for analyzing fatty-acylation of substrates, e.g., protein, in response to drugs like

N-myristoyltransferase and palmitoyltransferase inhibitors; (e) screening candidate modulators

of acyl-transferases; and (f) for the site-specific tagging of antibodies.

[0041] Accordingly, in one aspect, in a first embodiment, the invention provides for a method of

detecting a fatty-acylated substrate comprising:

1. incubating a fatty acyl of Formula I with an animal cell,

O
' (),

wherein in Formula I the subscript n is an integer from 6 to 15, the symbol A

represents an ethynyl group and the symbol X represents —OH or -SCoA,
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setting as described bel ow. For exanple, the conpounds of Forrmula I find
utility as probes to be used for routine biochem cal detection of protein
fatty-acywetnmmesseach as for exanple, pal mtoylation anegCmuseewoydoari on, of
substrates in animal cells, and for fluorescence imaging of global protein
fatty acylation in animal cells without the need for radioactive probes.
The conpounds of Fornmula | and the nethods described herein will be useful

in the analysis qf cell.ylar processes in bjological systens involvipg
fatty-acyl at i on REE e HBIMHL P FORPIS &SROV YAch IR RIC CBPYITF Gypablef

substrates, suchubdHind I th8Shtifhgio frodu®%aBRl-Beylid shiRfra@sSessi ng the
| i pidation status of any specific protein of inteerest; (b) for enriching
trace proteins tpmbabed thedatorpodated srbstald ffoarstep (nithgnseisartagded habsting

proteins that are ot herw di.f ficult to i recipitate wth. i hodi es;
(e For the i ot L iafe b i dolerkPend T of BlefCloBdi Sacth Bl &7 e
reporter in inmagrd\g csthaYatytaylaapdubsirite td gotivceaCbatd aittyicyRidISubatRs,
e.g., protein, in response to drugs |ike nyri stoyl transferase and

pal mit oyl t ransf éfdse i nhibitors; (e) screening candidate nodul ators of
acyl -transfergases; firf: [ ecifl i ' j-es.
0041] Accor dinary et HoclBE i of hErFREEY WG AR IR ety BRANAS
provi des for a nkdfaag-aoflatbdtsebdttang a fatty-acyl ated substrate conpri sing:
. incubating a fatty acyl of Formula I with an animal cell, wherein in
For mull8042] 1R @ sespmd cpbedinent.dhe preseitt dyysntion piaviies @rfgfletf%(%%?f@mg& fatty-
repre%ﬁgﬁ&a%ﬂbﬁﬂﬁaexﬁkrgﬁgyp and the synbol X represents -OH or

- SCoA, Wher ei il el

rein sard a cell conprises a substrate and at | east one
enzynme capable of attaching I.t¢ he bstrate,. t roduce a fatty-acyl at ed
substrate; iil d%ﬁ@?%@%ﬁh@%@“Fﬁ%ﬁ%pQBGﬁéW' méﬂﬁg?fﬁﬁk fromstep (i) with an
azi do tagged | abeling group wherein the azido tag undergoes a [ 3+2]

cycloaddition reaction with the A gro m the fatty-acyl ated substrate to
produce a | abeled fatty-acyl ated sub&tr re;lznd iii. detecting the |abeling
group on the fatty-acyl ated substrate; and g’ereby detecting the

fatty-acyl at ed siuestin at BornfulQlthe shibscapse coandntegbotomeentd 151 the spmbsleht
I nvention provi qusrege% S & ergl‘ls;ngi)gro%{) arqg %h%csg}n%gl b r];&teg%?scyéﬁto?%CoA,
wherein said animal cell comprises a substrate and at least one enzyme capable of
attaching I to the substrate, to produce a fatty-acylated substrate;
ii. combining the fatty-acylated substrate from step i with an azido tagged labeling
group wherein the azido tag undergoes a [3+2] cycloaddition reaction with the A
group on the fatty-acylated substrate to produce a labeled fatty-acylated substrate;
and
iii. detecting the labeling group on the fatty-acylated substrate in vivo in an animal
cell by fluorescence imaging; and thereby detecting the fatty-acylated substrate.
[0043] In another embodiment, in certain aspects of the first or second embodiment, the method

is performed in a mammalian cell.

[0044] In another embodiment, within certain aspects of the first or second embodiment, the cell

is a cancer cell.

[0045] In another embodiment, in certain aspects of the first or second embodiment, the enzyme
is acyltransferase. In certain aspects, the enzyme is selected from the group consisting of N-

myristoyltransferase, S-acyltransferase and S-palmitoyltransferase.
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substrate conprising: i . incubating a fatty acid of Fornula | with an
animal cell wherein in Fornmula | the subscript nis an integer from6 to
15, the swotrolo/8391epr esents an et hynyl group and the symrb®lUSXmwopresent s
-OH or -SCoA, wherein said animal cell conprises a substrate and at | east
one enzyne capable of attaching | to the substrate, to produce a

fatty- acylated substrate; ii. conbining the fatty-acyl ated substrate from

step 2|d agge elln roup ein the 2|do t ag under goes
o £ apte) dn BB o oRESE e weR et i eRa i o B b e GO Egh i e
SUbStW%hﬁukqtﬂiﬁﬂk&ﬁn%tkéﬁﬁh&? r okt ¥ty | Bl Hain WRSICEa R, suBREipt h s ardet ecti ng
the | abeling group on the f y-acyl ated substrate in vivo in an ani nal

cel | blytegftrt&elteetsd érooethi r@@tpr@nsetmg ofheBeb: IdenddBi Mg certren dthet 3spadylthe ed
substrat e. O%ﬁ%nun Tﬁg Eg enbodi nent, in certain aspects of the first or
secon&ugﬁBB T 'm8t hod i s perforned in a manmmalian cell. [0044] In
anot her enbodlnent within certain aspects of the first or second
errbodd?ﬂéﬁﬂ In ppeiheregmbadement ciarseerin@spcts gfgrBIst phscapist erabodimdinkarmulg n
certai ts of the first or second enbodi ment, the enzyme is
acyltransferaSe In certain aspects, the enzynme is selected fromthe group

consistin rlstoyltransferase ransfera e and

A-pal rwwiﬂt F‘%‘H eqﬂél%oéilrpettzue]ceﬂwn&ﬁtﬁctﬁeq t%%%eapwﬁtn sinberimerte iy Bt pect s
of thq iy §cqy second enbodinent, in Fornula | the subscript nis an
integer from7 to 14. In certain aspects the subscript n is an integer

sel ect romthe gr.o consistin of 7 rtaln ot her
2 peci 804 18 TS ARER SR R R Gty ot Bt amsecp s podinetindEne:
enbod@m&&gmlgqp@ﬁgﬁ@k% %%Bﬂﬁkﬁ of the first or second enbodi nment, in
Formula | X is -OH In another enbodlnent in certain aspects of the

tirst [6)(550? 9% (a)urllodther L do'd?r%@&t n Certal.:l(I)l aspec S of tl>1<e hrst em Sgo(ﬁ ment, the labeling group is
selected from the group consisting of a label enzyme and a fluorescent labeling group. In certain
aspects, the labeling group is rhodamine azide. In certain aspects, the labeling group is biotin

azide.

[0051] In another embodiment, in certain aspects of the first or second embodiment, the labeling
group comprises a member of a binding pair. In certain aspects of this embodiment, in the
method between steps ii and iii is a step of treating the labeled fatty-acylated substrate produced
from step i1 with a detectable labeling group comprising a complementary member of said
binding pair, and wherein said complementary member of said binding pair binds to the labeling
group of said labeled fatty-acylated substrate produced from step ii. In certain aspects of this
embodiment, the complementary member of said binding pair is streptavidin linked to a
fluorophore. In certain aspects of this embodiment, the complementary member of said binding

pair is streptavidin linked AlexaFluor 488.

[0052] In another embodiment, in certain aspects of the first embodiments, in step iii of the
method the labeled fatty-acylated substrate is detected by western blotting, mass spectrometry or
fluorescence imaging. In certain aspects, the labeled fatty-acylated substrate is detected by

fluorescence imaging.
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[ 0049] In another enbodinent, in certain aspects of the first or second
enbodi nent, the substrate is a protein or polypeptide. [0050] In another
enbodi nerwp 20m/891bai N aspects of the first enbodi ment, PChaSk@ombiony gr oup
is selected fromthe group consisting of a |abel enzyne and a fl uorescent

| abeling group. In certain aspects, the | abeling group is rhodam ne azi de.
In certain aspects, the |labeling group is biotin azide. [0051] In another

enbodi . 1n certain.aspects of the first_or secand e i ment, the
" abel 1105 o e EratheduBoR Ruhph orcen B BEFEmCr edkeels bt s of
this eeRedymedhe il BnlddndiRhRed hebMeeResteps ii and iii is a step of
treating the | abeled fatty-acyl ated substrate produced fromstep ii with a

det ect | abelin r conpr.i si a_compl nt ar nber pf sai d . bi.ndi ng
ot ¢ 107 1 35S Saf WERGRERINRAP RfBER SrEEARLUCT Ry Dt iaaL "L o

t he | ayehiing i8eRuUPyied asay th drnhehercdiabi the Aeikad el fupatylatich GFDstdeatod rom
step ii. In certain aspects of this enbodi nent, the conplenentary nenber of
sai d Wohweplidopair is streptavidin linked to a fluorophore. In certain
aspects of this enbodi nent, the conplenentary nenber of said binding pair
is streptavidin |inked Al exaFluor 488.0[0052] In another enbodinent, in
certain aspects of the first enbodi ne Aln step iii of the nethod the

| abel ed fatty-acyl ated substrate is det ed),by western blotting, nass
spectronmetry or fluorescence imaging. In certain aspects, the |abeled

f at t y-18Q8A] atheeein ipEernprael the suscept i apyinfepeidians dade. theynhel. 4 owsaEntsn

anot h i i | t t fi i .

abel RS TAg iOTE b 2 sFAROP PR ERAR Orf e S, ah b BHERPHL Eltbrod Stury

[ 0054]in himiraviod bheting Sipeettaintakgecpy @3 rdhintteveh cinbodipicdy,ithesssay Brpettbanetse of a
fatty-acyl conpound of Formula | in_an in vivo assay in an_aninal cell for
the derBgmmypmaliancells.y Inhesriaiy gsgpety el fglspﬁr%rh@arﬁe%rtisaﬁwéwqr@é@eﬁ 9e/88]

wher eicinddp cEIRL MHcertdin fag&c@b@%g bRbodineRt, %{‘Fﬁyﬂ%ﬁgﬁr‘ché §L$g&rg3ttn% Iintddap Symbol
A represents an ethynyl” group and the synbol X represents -OH or -ScoA, and
wher eifront Ado tibt boderteim aspoass of this carboidimeritytbe s@stiiptn islan integdratlectad fiwat s  of

the mtlrllee ér%ﬁg E:Qns(lasr‘gi?lgglf 9?@1’0, Epgn({a ffa% clel§ta1 ears{)e%tcsngfq[his embodiment, the subscript n

is an integer selected 11 or 13.

[0056] Synthesis of Compounds

[0057] As shown in Scheme 2 below, compounds of Formula I can be synthesized, for example,
from the corresponding alcohols having internal alkynes (B1) via a zipper reaction (See, Brown,
C.A. & Yamashita, A. Saline hydrides and superbases in organic reactions. IX. Acetylene zipper.
Exceptionally facile contrathermodynamic multipositional isomeriazation of alkynes with
potassium 3-aminopropylamide. J. Am. Chem. Soc. 97, 891-892 (1975)) which results in the
isomerization of an internal alkyne to a terminal alkyne (B2). This was followed by Jones
oxidation to provide for fatty-acyls (B3). Coupling of fatty-acyls (B3) with coenzyme A via an
activated acyl derviatives of (B3) (which can by prepared by synthetic methods described in
Mishra, P K. and Drueckhammer, D.G. Coenzyme A Analogues and Derivatives: Synthesis and
Applications as mechanistic Probes of Coenzyme A Ester-utilizing Enzymes. Chem. Rev. 100(9)
3283-3310) should provide the coenzyme A derivative (B4). In compounds B1, B2, B3 and B4,
the subscripts m and n are independently an integer between 0 and 13 provided that the

combined values of m and n within each compound is less than or equal to 13.
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using mammalian cells. In certain aspects of this enbodinent, the assay is
performed using cancer cells. In certain aspects of this enbodinent, in
Forrmul a Iwothw/®sdascri pt n is an integer from7 to 14. PoTASRe@I0MABpECt S
of this enbodi nent, the subscript nis an integer selected fromthe group
consisting of 7, 8, 10, 11 and 13. In certain aspects of this enbodinent,
the subscript n is an integer selected 11 or 13. [0056] Synthesis of
Conmpounds [0057] As shown in Schene 57 |0Ml conpounds of Formula |I can be
synt hesi zed, for exanple, fromthe %3P pondlng al cohol s having interna
al kynes (Bl) via a Z|pper reaction {See, Brown, CA. & Yanmashita, A Saline
hydri des and super base organi c reactions. | X Acetylene zipper.
Exceptionally facile c gﬁrathernodynanic mul ti posi"&Pdnal isoneriazation of
al kynes with potassj anlnopmupybanld J .[Am Chemxid@mo. 97, 891-892
(1975)) which ¢€34ffs in the FSOMETT Zat i onNaf;an i ntermal_—arkyne to a
terminal alkyne (B2). This was fol |l owed by Jones oxidation to provide for
fatty-acyls (B3). Cb%bllng of fatty-acyls (B3) B&ith coenzyne A via an
activated acyl derviatives of (B3) (which can by prepared by synthetic
nmet hods descri bed ingdshra P. K. and Drueckhammer, D. G Coenzyne A
Anal ogues and Derivati X Q%he5|s and Appl i%4Bj ons as nechani stic Probes
of Coenzyme A Ester-udfilizing Chem Rev./~300(9) 3283-3310) should
provi de the c A derivative (B4). In co unds Bl, B2, B3 and B4, the
subscripts m an nare independently an i r between 0 and 13 provided
that the conbined values of mand n within ¢h conpound is |less than or
equal to 13.Schene 2 B&%onenze B 1 B3 [0058] A [Babeling group (e.g, D3)
conprising an azi do noiety attached through a |inker can be prepared
follo t i : h
[ o0so] VFay “LELSHIL A8 e ) DR o 47 S L TR il B
t er m mpuspasgidoflawingghe wmlueaucnnahod mithmndéefqmut $abwmie 3group {e.g. , a
nucl eophi |l e such as an ami no group or hydroxy

Scheme 3

0

e
Label )n 0
.
D2 _+>>"
TN, - Label A0 M

D1 D3

[0059] For example, a linker can already comprise an azido tag at one terminus and further
contain at least one functional group (e.g., a nucleophile such as an amino group or hydroxy
group represented as "T" in compound (D1)) to facilitate attachment of the azido tag to a labeling
group (e.g., D2) comprising a suitable leaving group "U" functional group such as halide or
triflate or carboxyl derivative (e.g., -CC(O)CCl3). Such reactions can be performed, typically in
an aprotic solvent, such as dimethylformamide, in the presence of a weak base, such as
triethylamine, for example. In Scheme 3, a label can be a primary or secondary label, such as for

example, rhodamine, biotin, among others.

[0060] Alternatively, the linker group can have at least two functional groups, which are used to
attach a functionalized labeling group and to a functionalized azido tag, for example. The linker

can also be a polymer. In certain cases, an azido tagged labeling group does not contain a linker.
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group represented as "T" in conpound (D)) to facilitate attachnent of the
azido tag to a labeling group (e.g. , D2) conprising a suitable |eaving
group "U'wbunorissmal group such as halide or triflate oPCrarshaxpr4092
derivative (e.g., -CC(OCO ) . Such reactions can be performed, typically
in an aprotic solvent, such as dinethylformam de, in the presence of a weak
base, such as triethylamne, for exanple. In Schene 3, a |abel can be a
prlnar Qr.secon |.abel , such as for r hod bi otin, anong
D1 hor 31 (bR BT con Lol Rl spyp Sy sk S D0R, T i B dbcrigl Stopyiod

funct i, onRlta@mAiiBs attYhb§ h AV &idks 8fjwﬁ§% alchagiky tﬁoié{'&%d ok 686hd Ahgking group
and to a functionalized azido tag, for exanple. The |inKer can also be a
pol ynemannphofodtatianent daserot segnificantip altteag@@ﬂmbméﬂl pwgosy @the tbeknghgoupont ai n
a linker.In this instance, the labeling group is directly attached to the

azi do (0@ Alh@nt@ahebuihedbbsiR, andkazirsled thathiteyn Hedatgachedhtd canvari ety of
ways, including those listed above, so | ong as the nmanner of attachnment

does rwctiongivetite fastlitgic spyadent pfiachmmé ty ehaliclipg epwse ogfer sitablatyartieng! gr oup.
0061 A t
b ¢ actescisOREEfR Yudith LiEd o 50 oo Rnleb M s B ot o WAL ABLAR 120 1S

| abel inngeigtidaspsucoinireidys estéraing shlioytl halidds, gt ofpBich intagIbedisedto dowhlenidy
limted to |soth|oc%§nate gr oups anlno(grou ps, qgloacetyl gr.oups,
|

mal ei rftaehsthe azide tag tRjadgbelivgeow. Thisexpeatehihel OQ*?aSIk ddn thejart weuldhi ch maybe
used § Ad&M ﬁﬂ& ityth@tlﬁs%lae Hﬂ?a@gilg@t gg&i fn‘fke@ ?% ﬁ{l]lgtl aq’ﬂip withla T @ro% pect ed
t hat one ski Iin the art would un stand In t i nstance~t hat an

azi do thaiggadelbc;trdphrhcgrom;p eigs, afrumlctrmdn,ethmz‘éle\m‘ttehng gibug rsbmpdtbh dunctisngrzed

el ectraph a na el t hen t Iabelln rou be
Funct roRu VsthaPens a Sefliing B Rvan Sl Onhit kol i Rageicy B iR 6 ORe

gr oup.C i@ f¥ SRILPE Mk i &%} Al pRdp afeadnkd 8h @h@)en%ﬁlds%fﬁlel?ﬁ@e% hker,
havi ng an azi do group attached” on one term nus of the linker and further

havi nduighes heeingiamsielyningdylestef ﬁm@tlol@ﬁhgrowra@aﬁleétqnatbhedﬁebwrmms of helPHCer mi nus

cat al g i R Beh B R it du il Pt L A B o o

conpr ics ?gulﬁi"lcoﬁﬂﬂ bBoattdsned toQanla,belgfgog;t@uﬁ @crmlﬁ‘m@gc&imho fidutiengeneimfory, the
choi ce of the functional aw on the linker will depend on the site of
at t actaffaghmang Morgaenegally, feehoicg of Bﬁtfun%@aala%@wm%ﬁhedmkawﬂ depepd ewfhe

[0062) The, . abhot Qi EXATRES AL8ALEYRSRD ARGt he pur pose of

il lustrating b e 1 nven
[0062] The following examples are provided merely for the purpose of illustrating the invention

and should no way be construed as to limit the scope of the claimed invention.

[0063] Examples

Example 1
[0064] Metabolic incorporation of Fatty-acyls of Formula I in to cellular proteins:

[0065] To demonstrate that the synthetic fatty-acyls of Formula I were metabolically
incorporated onto cellular proteins, w-alkynyl fatty-acyls with C10 (1), C11 (2), C13 (3), C14
(4), C16 (5), and C18 (6) carbon atoms (See, Fig. 1B) were exogenously added to cultured
MDCK cells and incubated for 24 h. Upon preparing the cellular proteome, the alkynyl group
incorporated onto acylated proteins was chemoselectively ligated to azide-tagged biotin (for
synthesis see Example 2) or fluorophore by a Cu(I)-catalyzed Huisgen alkyne-azide
cycloaddition reaction (See, Wang, Q. et al. J. Am. Chem. Soc. 125, 3192 — 3193 (2003)) (Fig.
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and should no way be construed as to limt the scope of the clained

i nvention. [0063] Exanples Exanple 1 [0064] Metabolic incorporation of
Fatty-acywe 20fo/®ermul a | in to cellular proteins: [0065PCTwSdanmbagp? at e
that the synthetic fatty-acyls of Fornmula | were netabolically incorporated
onto cellular proteins, walkynyl fatty-acyls wwith O (1), G | (2), C13
(3), Ci14 (4), C16 (5), and C18 (6) carbon atons (See, Fig. IB) were

exoge S added 't cultured MDCK cel I's and i cubat
O s e B D ot S8 s R u R OB RS PR B DA PE v g
acyl atygd RIMQLEL E1>5(t Vlwﬁﬁhﬁ&arﬂa%%{aﬁ%lﬁéﬁ‘dﬂddsb gﬁgeﬁA} Ov@zdu%wt@lagev@rémagélw (for
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exhi bifetbhgchwersichfiesntlygerlea a@fi il # Ly lﬁ@@pw@tm@rptheﬂwg ligassucB a8 onabl e
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conprise nyris on an Ion. ynyl
fattypasheks were efficiently uptaken and nmetabolically |ncorporated into
ot her cell lines such as RAW647 macr ophages and nouse L-cells (Fig. 3),

denonspee Q‘?Qc%ehﬂﬁsﬁf@cé R ki b R PSS bRAACLT R BtRA Skt he

SpeCIfICIt met abol i ¢ i ncorporation, the al kyne- proteins from
MDCK dmink ¥INEK eeclls wategcbatidtwitthiyytiroxythrmimicr{Big( EBY thB) selanhivelly rembesstiatiel vy

fat t.t hed t t t i bond
(sce. ieyp ahahedte gotgnaieBhocsfy Rt hedsdits fuh Guntdoy hopgs §pr ot ei n
pal m tQybiaid £ qu@h@ﬁyﬁfgmi'ﬂeﬂ Hﬁ‘ﬁro?e@l pAfRrogREoA. @Qf&:ﬂmqﬂ&%%%hﬁ?){%(ﬁﬁ ty acyl

wi th 16 carbon atoms exhibits substantial sensitivity to hydroxyl am ne, and
hence Tihs opplésoyhfatgnady) watht ldctadnatems erholeiss sebsthmtiak agéstwltmo hhférowlh@nnehand

e antageRsrnteagR Ry pimg Obior P L I s Rl e RE BTl e

These ce@pe fatieadys cahd statl éminastyivietd 1h&0rpﬁ°)raf§ll4v@-ﬂd1d61)6n&% as inferred by their
resistance to hydroxylamine treatment. These experiments validate the utility of C14 and C16 -
alkynyl fatty-acyls as probes for protein myristoylation and palmitoylation, respectively. The
experiments also demonstrate that C10, C11 and C18 predominantly attach via thioester bonds

(Fig. 2B), and hence serve as probes of S-acylation as well.

[0067] The w-alkynyl fatty-acyls were metabolically incorporated onto cellular proteins in a
time- and dose-dependent manner. Treatment of MDCK cells with C14, C16 or C18 fatty-acyls
(100 uM) shows a time-dependent increase in the levels of labeled protein bands within 6 h (see,
Fig. 4). In a similar fashion, treatment with increasing concentration of C14, C16 or C18 fatty-
acyl shows a dose-dependent metabolic incorporation at 4 h (see, Fig. 5), indicating that labeling
with w-alkynyl fatty-acyls is dependent on active cellular metabolism. Because protein N-
myristoylation is a co-translational event, inventor showed that treatment with the protein
synthesis inhibitor cycloheximide inhibits protein labeling with C14 (see, Fig. 6A). Furthermore,
competition experiments with myristic and palmitic acids demonstrate that the w-alkynyl C14
and C16 fatty-acyls serve as specific probes for protein N-myristoylation and S-palmitoylation in

cells, respectively (Fig. 6B, Fig. 6C). All together, these results illustrate that the w-alkynyl

20



al kynyl fatty-acyls as probes for protein nyristoylation and

pal m toyl ati on, respectively. The experinents al so denonstrate that d O d
1 and Clawpredwmsaiant |y attach via thioester bonds (Fi gPCZR)S201@0e40bENCE
serve as probes of S-acylation as well. [0067] The w al kynyl fatty-acyls
were netabolically incorporated onto cellular proteins in a tinme- and

dose- dependent manner. Treatnment of MDCK cells with d 4, Cl16 or Cl18
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a dose- dependent met abolic incorporation at” 4 h (see, Fig. 5), indicating
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machi nery an I clent ncor por at ed on o cellular otelns. [0068]
Det ectsamplestreuatbetitédlo-ﬁﬁqynyl féttylaastleCﬁErm eﬁlgtSZEbY 1g:I2Eb)c<Hsme¢® 4 maginal [ 0069]
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fot ecoRBA BOTSPR Gty Sutenin st s Hie 2 u Y dended Brdelaldafiatty or oscopy
to Vi B &PoaR!ligelin §a§ﬁ1§lé’5' é’és@éde\glﬂpﬁ%@ﬁl% azitfeoRIpaRidab BiftaNeRle, &Rl | S
were treated with vehicle (Fig. or the various wal kynyl fatty acid

anal odhiess dieitg edd@@dowmlegeﬂateﬂ@mt@ms that pegbite to bﬂ%grquhddﬁmomscelzpde or
b|ot|n azi d tretavudln onj ugat ed, Al e 88. A h
f1 uor &3 c%er?cg |d0tlfean EC %saerd\l/e pijtion ggfﬁlledan&? Il ffﬁy'ac%l &S eﬁ

f at t y-dagatipsiof BfELg 20, Fikl oD, Rk 2Filgg. 2&*5) &ﬁfgh&t@%sbeltelgﬁhma@dbssmme{ in
DMSO-treated sanples in PC3 cell's Fig. 2C. A signal to background ratio was
obser @@apkétrﬁee%wgthé@ afkpnglfaisy-aeylppeera sty Wrﬁmah@a%a%ﬂrh‘@%g@ﬂ@a@ Bnpared to

bi ot hat
0 011 R FELUS, pEOULATE, B 1S, B TS AUSLY ORIV B Prp Ry T5gd Nt
di st r iRAW264% matrdph@ev &FiigoUAN-GH |l Thervydnat aatttaxck@myhdsra{leems typically higher in

samples processed with rhodamine azide compared to biotin azide, and this is due to

oy

endogenously biotinylated proteins that contribute to background. The fluorescent images
clearly show different subcellular distributions of the various w-alkynyl fatty acids.
Interestingly, confocal microscopy images (Fig. 2G, Fig. 2H, Fig. 2I) show that the C14, C16,
and C18 fatty-acyl probes are distributed in a punctuate pattern outside the nucleus, localize in
vesicular structures in the cytoplasm and label the plasma membrane and membrane ruffles.
PC3 cells that are undergoing cell division and are labeled with C16 w-alkynyl fatty acyl in
addition to a tubulin marker were monitored by imaging (Fig. 2J, Fig. 2K, Fig. 2L). Metaphase
cells show a distinct distribution of C16-labeled proteins at the plasma membrane and in dense
structures around the spindle and throughout the body (Fig. 2K). Interestingly, during
cytokinesis, C16-labeled proteins concentrate at the cleavage furrow (see arrow), the site of cell

division (Fig. 2L).
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description of Fig. 2C, Fig. 2D, Fig. 2E, Fig. 2F). A high fluorescent
signal was observed in sanples treated with wal kynyl fatty-acyls conpared
to a m niwal2esviysab in DVBO-treated sanples in PC3 cel | CTRiSg0102¢409F) and
Fig. 7(A-F)), nouse fibroblast L-cells (Fig. 8(A-GQG) and RAW647

macr ophages (Fig. 9(A-G). The signal to background ratio was typically

hi gher in sanples processed with rhodam ne azi de conpared to biotin azide,
and this is due to endogenously bi %téi n L ed proteins that contribute to
background. The fluorescent images ¢Ff eIa%/ show di fferent subcel | ul ar

di stributions of the various wal kynyl fatty acids. Interestingly, confocal
m cr o408y Synthgeis of Epgpor@s Fig. 2H, Fig. 21) show that the Cl4, Cl16, and
C18 fatty-acyl probes are distributed in a punctuate pattern outside the
nucl eye71l] @aakiaZ €rdcBdMesi cul ar structures in the cytoplasm and | abel the
pl asma nmenbrane and nmenbrane ruffles. PC3 cells that are undergoing cell
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Conce@hlrg‘)?é Guahy fotbemg%%gy&&mwa& 9W0( § i ithge INGingt %(%it?\fe- Steh%gaq.{/é/-io%i on
(Fig. 20). am?l e 2 [0070] Synthesis of Corrpou%ds [ 007 Gener a
Pr oc edurdes :Arfa0@iz2]] thivvRy sprbcamatogwepley wes perftethed iwith 0/2F imam EADRrapelodargeiret er

the. cotid efFpiaraainshsalBhdy P herbesoBBan A KRBT o nbicf BB s pec 1 o
(VB) eI 60 QRERINGS @460 OB haf)tw ARk 0r E’smhinrbh%rﬁaagr%ﬁMﬁ icR&thRals

quadrupol e mass spectroneter at 4000 V emtter voltage in either positive-
or negeté obtaingd fiepudigmarsldyich erd uscliaprqcaived. Solvertavegraph el Wedcger f or ned
with 0,25 mmE. rc il bca.gel plate 60F- 254 d vi.suahi zed, by di pping
5 Softhe e B RE Ry R rnR® b e B G ol RY N R, 2

0. 04001veR3 uAtdr anagdroeEebnldatons KR ofHRFHORBIIGIaedaN YAbbAE Vi attdhe ik &Pdrs: wer e
obt ained from Si gma Al drich and used as received. Solvents used were of
hi ghe dsinglet), d (doublet), t (triplet), m (multiplet). Certain w-alkynl fatty-acyls were commercially

obtained as follows: compounds 1, 2, 6 (Sigma-Aldrich) and 3 (Otava Ltd., ON) (see Fig. 1b).

[0073] Synthesis of Representative Examples of Compounds of Formula I: 15-Hexadecyn-1-oic
acid (5).
\/\/\/\—}/\/\/\OH NaH NSNS OH

DAP, 70°C
7-hexadecyn-1-ol

CrO3/H2804/H20
Jones oxidation

\\/\/\/\/\/\/\/\WOH
o)
15-hexadecyn-1-oic acid (5)
[0074] To NaH (60% in mineral oil, 720 mg, 17 mmol, washed twice with hexanes under Ny)
was added diamino propane (DAP) (15ml). The mixture was stirred in an oil bath at a constant
temperature of 70 °C. Evolution of gas was observed after 10 min and the solution turned brown

after 1 h. The flask was cooled down to room temperature, and a solution of 7-hexadecyn-1-ol

(512 mg, 2.15 mmol) dissolved in DAP (4 ml) was added. The mixture was stirred at 55 °C
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commerci al grade avail able. Reactions were perforned under inert atnosphere
(N) with dry sol vents under anhydrous conditions, unless otherw se

i ndi cat edwOAbtwm@st1at i ons used are: s (singlet), d (doublrem)us2aiofpe4oopl et), m
(multiplet). Certain wal kynl fatty-acyls were commercially obtained as

foll ows: compounds 1, 2, 6 (Sigma-Aldrich) and 3 (QGava Ltd., ON) (see Fig.
Ib). [0073] Synthesis of Representative Exanples of Corrpounds of Fornul a |

: 15- Hexad | d . . DAP, .70 0C 7- d | Cr CVH2SCVH20
Jonos CERRG Hiin ShiadCtyellick TR N B R TS R TSV 1 oy al
oi I, CaRf ﬂ%ﬁpg)%?olgm)wuﬂ%%%m \gv)i\ﬂep%cﬁﬁﬁﬁe!a M%ﬁ%uéjmﬁﬁ{@ﬂzhd’@@ra@gg%eg' am no

propane (D The m xturé was stirred in an oil bath at a constant
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O0Cover ni ght durl(ngmwhl ch it turned black. The flask was cool ed down to room
g

t enperba@wik prodyefr LW ey Piiedediragtly o theacidotsdlesgatbed belasi- di fied with
aqueous 10% HCl, and extracted three tines with hexane (3 x 100 m). The
conbi qmsqtmmmutiomﬁ“rls mRadecextl FaE ¢ 1 SBmQN@ 63raimeol) inn®) i hdetdiexeseddéde
conbi ned arganic .l ayers were vvash wi th saturated aqueous sodi um

bi car KERITIES A pRiuten plelongt Feseel T cheyagivd S eesB oA TPt BRI  The

crude Al lGuhLa3P f H{lﬁ)sd Qcﬂrolganopv&és 8dcWas ngtﬁfh‘ﬁ% R xdhd ?fdtg(lgﬂ(t Ui l H{%ecof’cﬁ' d as

descri bed bel ow. To a solution of hexadecyn- 0. 63
mol ) tume@ gl gremletTdmechw&muadﬂt@d wstra)mbwrs@ thie s@tantiveas e@ﬁpd@tﬂé,sﬁndrﬂwgent

til th h t |
AL e MR R e e e e BN A Sl (ol 9 S AN R
col or ghuiRadd Hf@ma‘[&f e chdﬂsepIﬁal'i(Q Rl '@hﬁﬁia&&grﬂﬁfe@ (tle@Srtﬁgn hé:nN@cae@heNe was

evaporated, and the residue was dissolved in ethyl acetate and washed four
ti mes (4ildrand r@lystallmd indrekente aki-1°@ slyighdh a white solid (5) (140 mg, 88%). 'H NMR

(400 MHz, CDCI3) 8 2.35 (t, ] =7.5, 2H), 2.18 (dt, 1 = 2.6, 7.1, 2H), 1.94 (t, ] = 2.6, 1H), 1.69 —
1.57 (m, 2H), 1.57 — 1.46 (m, 2H), 1.26 (s, 18H). *C NMR (101 MHz, CDCI3) & 180.15, 85.05,
68.24, 34.23,29.79, 29.71, 29.64, 29.45, 29.32, 29.27, 28.98, 28.71, 24.89, 18.61. MS (ESI+):
m/z 253.4 (M+H)".

[0076] Synthesis of 13-Tetradecyn-1-oic acid (4).

W(OH
O
13-tetradecyn-1-oic acid (4)

[0077] Compound 4 was prepared following the synthetic procedures described above to prepare
compound 5, with the modification that 3-tetradecyn-1-ol as starting material: "H NMR (400
MHz, CDCI3) 6 2.35 (t,J=7.5, 2H), 2.18 (dt, J = 2.6, 7.1, 2H), 1.94 (t, ] = 2.6, 1H), 1.69 — 1.57
(m, 2H), 1.57 — 1.46 (m, 2H), 1.27 (s, 14H). “C NMR (101 MHz, CDCI3) & 180.39, 85.02,
68.26, 34.27,29.71, 29.67, 29.60, 29.44, 29.30, 29.25, 28.96, 28.69, 24.87, 18.61. MS (ESI-):
m/z 223.4 (M-H).

[0078] Synthesis of a biotin azide labeling group: N-(3-azidopropyl)-5-((3aS,4S,6aR)-2-
oxohexahydro-1H-thieno[ 3,4-d]imidazol-4-yl)pentanamide (8),
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sul fate and evaporated. The crude product was chromatographed (CH2A 2, then
hexane/ Et OAc (4: 1)) and recrystallized in hexane at -18 0Cto yield a

whit e solwo 208)098m40 nmg, 88% . 1H NWVR (400 MHz, CDC13) @*CZAB20101024092= 7.5,
2H), 2.18 (dt, J = 2.6, 7.1, 2H), 1.94 (t, J =2.6, IH, 1.69 - 1.57 (m
2H), 1.57 - 1.46 (m 2H), 1.26 (s, 18H). 13C NMR (101 MHz, CDC13) d 180. 15,
85.05, 68.24, 34.23, 29.79, 29.71, 29.64, 29.45, 29.32, 29.27, 28.98,

28.71, 24.89, 18.61. 6): Mz 253.4 (MrH)+. [0076] Synthesis of

13- Tetraebiq%nm acw—diﬁ MNeTrategyn-1-o0ic acid (4) [0077] Conpound
4 was prepared follow ng the synt het7| c procedures described above to
prepare conpound 5, with the nodification that 3:tetradecyn-I-ol as
starting material: 1H NVR (400 MHz, CDClS) d 2. t, J =7.5 2H, 2.18
(dt, J =2.6, 7.1, 2H, 1.94 (t, J E 157o(m2H) 157-
1.46 (m 2H), 1.27 (s, 14H). 13C N ‘\d/{gOL

68. 26, 34.27, 29.71, 29.67, 29.60, 29.44, 29. 30 .25, 2 9

24.87, 18.61. M5 (ESI-): m 2 223.4 (MH) . [0078] Synthesiss of ablotln
azide | abeling group: N-(3-azidopropyl)-5-((3aS, 4S, 6aR)-2-

oxohexedmeqrsynthissit BF @10l do-Aropllafiie@o! 34ryhdpepyamats erdtRdmBle (9H6N, 448079]
Synt hgm S (r)S?m?, /&ZI do- ropgll’og%ané . 3- brolﬁr%gmr]opyl a%ﬂ;\e hr;ldreo(bronlgl de (9.76

g, 441emahsng S%dwn%@plﬁ%l 2 %3 penql wgre @590@%Wt%$(bméﬁ skheirgmdtingn wat er
80 m f
( s))lutl-(m Grak ﬁ%%l&& by A agﬁ aHts'o@go‘lgﬁéqgg8§%5§gg%oqgﬁéqgrgﬁéraﬁEe 8BS0 i c%f‘?%e under

to room ure Was evapor a
vac uu rwamt\kfasgﬁa]pdreteh e@addrigcfum 50thQEhtle Aeudinglie 50 EGRiand mig: mmtnmgmmsrest irred
with 5% NaOH ( m) for 3 h roomtenperature and then extr dW|th
t ol uerEs ehrigd Q’St%rﬁ/) ?Vaf&ﬁl @4dnl ?erﬂahl Aoy te@?@f@%%@ﬂﬁ%gxw Gf
aqueo 3 x%elﬁﬁ A%’h‘&dftfbh&l*lﬁ)’m%ﬁ $BNAAD Wik hilyddqb ‘d’f‘e%u@@?s @%J cﬁiﬁith%f‘ X 25

m ). The conbined organic extracts were dried over ered and
evaporeatredionndér tolwoe was perfamdd@t xt25 mil)e[Tde 4Fmyined osgalnux dxdmacts Weee de¢dai ned

"t egrats S Chol e g 3958 BB GD E) 5O o D ind e

Pr oduGétalndd ¥B1utiSh Ghhs follA8 to/ 8dtAW 3B REIE bf 3-azido-propylamine NMR integration,
corresponding to 3.2% by weight (1.5 g) of the desired product (34% yield). The yellow product
was used without further purification: '"H NMR (400 MHz, CDCI3) 6 3.38 (t, J = 6.7, 2H), 2.81
(t,J=6.8,2H), 1.73 (p, ] = 6.8, 2H), 1.52 (s, 2H).

[0080] Synthesis of Biotin azide (8): To a solution of d-(+)-biotin (200 mg, 0.82 mmol),
diisopropylethylamine (212 mg, 1.64 mmol), HATU (622 mg, 1.64 mmol) in DMF (10 ml) was
added 7 (164 mg, 1.64 mmol), and the reaction allowed to stir overnight at room temperature.
The reaction mixture was evaporated under vacuum and the residue purified by reverse phase
chromatography to afford 8 (88 mg, 33% yicld) as a white solid: "H NMR (400 MHz, DMSO) 3
7.80 (t,J =5.4, 1H), 6.39 (s, 1H), 6.33 (s, 1H), 4.36 — 4.22 (m, 1H), 4.17 — 4.07 (m, 1H), 3.34 (t,
J=6.8,2H),3.17-2.99 (m, 3H),2.82 (dd, J=12.4,5.1, 1H), 2.58 (d, J = 12.4, 1H), 2.06 (t, ] =
7.4, 2H), 1.73 — 1.56 (m, 3H), 1.56 — 1.39 (m, 3H), 1.33 (m, 2H). *C NMR (101 MHz, DMSO) &
172.01, 162.64, 61.00, 59.16, 55.35, 48.41, 35.71, 35.15, 28.43, 28.15, 25.20. MS (ESI+): m/z
327.1(M+H)".
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was used wi thout further purification: 1H NWVR (400 MHz, CDC13) d 3.38 (t, J
=6.7, 2H, 2.81 (t, J =6.8, 2H, 1.73 (p, J =6.8, 2H, 1.52 (s, 2H.

[ 0080] Sywohesvm®3ab Biotin azide (8): To a solution of @ctAaS2mooR40n2 (200
ng, 0.82 mmol), diisopropylethylamne (212 ng, 1.64 mmol), HATU (622 ng,
1.64 mmol) in DVW (10 mM) was added 7 (164 ng, 1.64 mmol ), and the reaction
allowed to stir overnight at roomtenperature. The reaction m xture was
evapor at ed under vacuum and the resjdue purified by reverse phase

chromat ography to afford 8 (88 ngy, %’%’{ﬁtl d) as a white solid: 1H NVR (400
MHz, DMSO d 7.80 (t, J =5.4, IH, 6.39 (s, IH, 6.33 (s, IH, 4.36 - 4.22
(m | HP0814 Bigchemica) Mqthedsi H), 3.34 (t, J = 6.8, 2H), 3.17 - 2.99 (m 3H),
2.82 (dd, J = 12.4, 5.1, IH, 2.58 (d, J =12.4, IH, 2.06 (t, J = 7.4,
2H),  10082] Cell. bufonRawN64.1 nfbr hageBQA(rmc BECL-12783 Wdre gdddn ink3h MivRs101
MHz, DMBO) d 172.01, 162.64 6100 59. 16, 55.35, 48.41, 35.71, 35.15,

28. 43 Duffeces’s Madifiod Ensicispdpdiym (RMEM) supriementcdwitk A% istab bpring &qrum
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( DIVEMgr@MIDpi Bllzmgﬂemhdm idpﬁﬂefﬁ%llf@lt\ai:ﬂ? b IFBS (96]?@@#(35)03)1!1’@13 glculﬂsa(rMDC(C 2 my.
cani ne ki dney epjthelia ells, ATCC # -34) were grown in DVEM
voai & Gyl SherreatanT i P ook %@‘i’mfé@% S50 200 uppemgmiednii ks BB

CRL- 1ﬁé&se‘4@6&1s%‘m¢#@R'i H{lﬂu&éﬁﬂ%ﬁﬁ@m%gﬁ p %@h@&f%ﬁﬁl%%“ th 10%

FBS. Muse L-cells were culture

suppl ¢BSNGASKH GiHt30- 2110% FBH; c@l&sﬁ@@d#/@@mmlﬁbzw inAUe 10, thedlfwénmcu'batoub‘at ed in
a 5% Cgu?‘@ib{’fiifd i ncubat or at 37C for 24 h before any experinment. [0083]
Label i it 8YS ¥ PP H8proteins in cell extracts : The w al kynl

fatty-acyl conpounds used for the exarrpl es were dissolved in DMSO to
gener 40@833 d.ahnhing 3 tastion pHligoprete all extracisd Tae o-8byddattBa¢ydre cel |

t reat nent a S.er e di ss d Sery suppl enent ed
Sl 8 R LA D RN TR YRR o2,
MDCK @@l hvekd steell aatgoaPo‘. | BetbreGRl ¢RAtnk it | thd arflo ghGlereMssalhed inddXEM Gérdmredi a
free media supplemented with 5% BSA (fatty acid-free - SIGMA EC232-936-2) and glutamax
(for Raw and MDCK cell lines) at a final concentration of 100 uM. The fatty acid-media

solutions were sonicated for 15 minutes at room temperature and then allowed to pre-complex

for 15 min at RT.

[0084] Cells were seeded with complete media onto 6-well plates (8 X 10° cells /2ml/well).
They were incubated for 24 h before the treatment. Then the growth medium was removed, cells
washed once with PBS and 2 mL of the w-alkynyl fatty-acyls containing media was added to
cells and incubated at 37°C in a 5% CO, humidified incubator. After 24 hours, the cells were
washed three times with cold PBS and cell extracts were prepared by resuspending the cells in
400 puL of lysis buffer (1% Nonidet P-40/150mM NaCl/protease and phosphatase inhibitor/100
mM sodium phosphate, pH 7.5). To obtain a final proteome concentration of 2 mg/ml (protein
concentration determined by BCA kit) cell lysates were concentrated by centrifugation for 15
minutes at 14,000 rpm at 4°C with the Centrifugal Ultrafiltration Devices (Pall centrifugal
devices MWCO 3K, Nanosep device, cat # P/N ODOO3C34). Protein extracts were then
subjected to the probe labeling reaction in 25 uL volume, for 1 h at RT (room temperature), at
final concentrations of the following reagents (See, Speers, A.E. & Cravatt, B.F. Profiling
enzyme activities in vivo using click chemistry methods. Chem Biol 11, 535-46 (2004); Hsu, T.L.
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sol utions were sonicated for 15 mnutes at roomtenperature and then
allowed to pre-conplex for 15 mn at RT. [0084] Cells were seeded with
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Al kynyl . sugar a sfor the |abeling an VISU l.i zation of glyc conjugates
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ot S aaats ok et pas g ened Chrgt fe bR Bt S0 ydaribaisd g Ot e
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: Label ed protein |lysates were reso SDS page using a 4-
Tri s- gy cTiemgabran Wa©waskedawith BBYY thrﬁotlmeﬁrﬁtﬂwmm esteh) angl el@p@d ufﬁng abel ed
prot ei N ectro hor esi rot ei RS, were transf rred, ontg a

ni trocé ?H&F‘%eheml HEPSHEIS AT o BTty FROPBS,! Tyl pliadito [ PBST]

and 5 Blostencég!t FOF hethydiokklafiic-genbitiat afhy ofollowaignthghbns®ér of pasteind e menbr ane
was washed three tinmes with PBST (5 m nutes each), and incubated with

st r eptdtecgnlopomsabraes thpvewkrangs were iR bakd oo 29 e R wish RBHT and:51%50 i n
PBST) I\fIISf lodt (ﬁgﬁlta-Aldrlch). After the hydroxylamine treatment, the membranes were blocked with

5 % non-fat dried milk for 2 h at RT or overnight at 4°C and analyzed by streptavidin blot as
described above. To demonstrate equal levels of protein loading, streptavidin blots were stripped
with Pierce stripping buffer for 15 min at RT and reprobed with an anti-B-tubulin HRP antibody

and developed with enhanced chemiluminescence.

[0086] Fluorescence microscopy: Cells were seeded onto 12-well plates (4 X 10° cells/well)
containing coverslips and incubated for 24 h before treatment. The growth medium was
removed and cells were washed once with PBS before adding 1 mL of medium containing the -
alkynyl fatty acid at the indicated concentration. After 24 — 48 h incubation at 37 °C/5% COa,
cells were washed three times with PBS to remove excess probe (w-alkynyl fatty acid) and fixed
with 4% paraformaldehyde (PFA) for 10 min at RT. Cells were then permeabilized with
PBS/0.1% triton X-100 for 1-2 min at RT, washed extensively with the following reagents: 0.1
mM biotin-azide or rhodamine-azide, 1 mM Tris (2-carboxyethyl)phosphine hydrochloride
(TCEP) dissolved in water, and 1 mM CuSO4 in PBS at RT for 1 h. The labeled cells were
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RT. The menbrane was washed with PBST three tines (10 m n each) and

devel oped usi ng enhanced chem | um nescence accordi ng to manufacturer's

r econmrendwiDi201/008918r sham Bi osci ences). For the hydroxyl aeTrs2&10/024002 ve
assay, following the transfer of proteins to nitrocellul ose nenbranes, the
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(Sigma-Aldrich). After the hydroxyl am ne treatnent, the nenbranes were

bl ocked thS(Vnon d mlk t RToro n at 4C and
ety FBC ST EREH SO A5 S HOcE! HbRRST SEPSBRED T Henbnt iy & st
| evel syigf stf%bﬁafvﬁhﬁlcbﬂjﬁ t&QAle'%TaFI%BF@S/S divitrBh &t Sut W3§3§4 rl’_‘m@?% P’BS@%PB@ACE
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medi um cont ai ning the w al kynyl fatty acid at the indicated concentration.
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bar of STy TR SpcfRc, b AATy We- AU Rtfd tt B I BRSc Kkt “ 0
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foll ow ng reagents: bi oti n-azi de or rhodanm ne- 2|de 1M Tri s
(2- caﬁsmyéfmd)lﬁﬁsgsp\ﬁ?rﬁ@nﬁy@do%h éhii?i@ow “@F%@B‘Ie ant bagiiger . and 1nM

Custa at W th
SOt RSP Ll R | APBL Sl U1 R SH SBhenskkehy i
st r eptvaxé équired ppigaiged Al exaFl uor 488 (I nvitrogen cat # S32354, 1:500) in
PBS/ 5% BSA for 45 mn at RT and nuclei were stained with Hoechst 33342 (M
# H21492; 1:.10,000 in PBS) for 10 mn at RT. For |labeling with

rhodam ne-azide, cells were directly stained with Hoechst. For tubulin
staining, cells were fixed in pre-cooled nethanol at -20 OC for 5-10 mn
and processed for the click reaction as descri bed above foll owed by
staining with anti-tubulin anti body and the appropri ate secondary Al exa488
conj ugate anti body. Fluorescent images were captured on an inverted Zeiss
AXlI O m croscope equi pped with a Cool Snap CCD canera (Roper Scientific) and
i mages were analyzed with Slidebook 4.1 software (Intelligent |Inmaging
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| nnovation). Z-sections were acquired wwth 0.3 mm spaci ng. An average of
50-70 z-sections were acquired per image. W claim 1. A nethod of detecting
a fatty- awglatedsaabstrate conprising: i . incubating aprCatusgoianydoonf
Formula I with an animal cell wherein in Formula | the subscript nis an
integer from6 to 15, the synbol A represents an ethynyl group and the
synbol X represents -OH or -SCoA, wherein said animal cell conprises a
substratg, and at | east one enzyme capable of attaching | to the substrate,
to produ@@ﬂ%gﬂktty-acylated substrate; ii. combining the fatty-acyl ated
substrate fromstep (i) with an azido tagged | abeling group wherein the
azido tag Under gomsthmd[of defectoyad ttipdicylated subsittd cympusikg:t he A group on the

fatty-acyl ated substrate t d b fatty-acylated substrate; and
1 det ot ng the-l pebriy DRBHES Rl B BRI AL oS Tare TR Vi ve

in an animal cell by fluorescence imagbng; and thereby detecting the

fatty-acyl ated substrate. 2. The neth fa claiml, wherein said nethod is
performed using a mammalian cell. 3.XTh rne@,od of claim2, wherein said
cell is a cancer cell. 4. The nmethod of claim1l, wherein said enzyne is

acyl transferase. Swhdhm indohoudladfthe bubisenipt n igke irgeger $eimd6 enky e $ysntoé| ect ed
fromthe group congistin

of JV-nyristoyltransfe e, S-acyltransferase and
Spal mi oyt rans or S48l aRH BB e ! ReEpsiTy 1RSIl & 1t he
subscript n is an iSuegerhetdi®RAid ahithal dell dompgiiRs ABRLGELOdGk Blabf dhe Wherei n
the subscript nis an integer selected fromthe group consisting of 7, 8,
10, 11 and 13. enzyme capable of attaching I to the substrate, to produce a fatty-acylated
substrate;
ii. combining the fatty-acylated substrate from step (i) with an azido
tagged labeling group wherein the azido tag undergoes a [3+2]
cycloaddition reaction with the A group on the fatty-acylated substrate
to produce a labeled fatty-acylated substrate; and
iii. detecting the labeling group on the fatty-acylated substrate in vivo in
an animal cell by fluorescence imaging; and thereby detecting the

fatty-acylated substrate.

2. The method of claim 1, wherein said method is performed using a mammalian
cell.

3. The method of claim 2, wherein said cell is a cancer cell.

4. The method of claim 1, wherein said enzyme is acyltransferase.

5. The method of claim 4, wherein said enzyme is selected from the group

consisting of N-myristoyltransferase, S-acyltransferase and S-
palmitoyltransferase.

6. The method of claim 1, wherein in Formula I the subscript n is an integer from
7 to 14.

7. The method of claim 6, wherein the subscript n is an integer selected from the

group consisting of 7, 8, 10, 11 and 13.

*®

The method of claim 7, wherein the subscript n is the integer 11 or 13.

9. The method of claim 1, wherein X is —OH.
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8. The method of claim7, wherein the subscript nis the integer 11 or 13.
9. The nethod of claim1l1, wherein Xis -OH 10. The nethod of claim1,
wher ei n XW0=20108@MA6 11. The nethod of claim 1, wherein garwssubsesatre is a
protein or polypeptide. 12. The nethod of claim1, wherein said | abeling
group is selected fromthe group consisting of a | abel enzyne and a
fluorescent |abeling group. 13. The nethod of claim 12, wherein said

| abel i ng gr,qup i.s rhodajm .azjde. 14, Th thod of claim1, wherein said

| abel i ng gridup Eg‘ﬁﬁ?qtg‘&g%%?%hioé@e&lng( lﬁi_g_ﬁjio_ pair. 15. The nethod of

claim 14, wher eithcRBRINRES SLiBPE witlckdin 308 shibstrale ik%p?otéih?ol)? pryp%ﬁti’&t.' ng the
Wi

| abel ed fatty-acyl ated substrate produced fromstep (il a detectable
| abel i ng grldup ddwpnréthedef ddim borhsramssid dabgling gtvep infclestddofrarn tiek grgupai r,
and wherein said. co e tary menber, of said.bi.nding pair binds to the
| abel i ng gr ou%onélfsglgg?%a @gleqngﬁmpgﬂ&ﬁﬂggwg@égabgmgrpgpe produced from step
(ii). 16. Tike nethbogkiRdd 6f Adim 124 whohed sdif [alith fdbplkd MedahPuRzids. bi otin
azide. 17. The nethod of claim15, wherein said conplenentary nenber of
sai d bi ndi d¢- pailheinecthad efslaipn Hivwherginkad labsling groyocepingses. 2 menbard anet hod
of claim 17, 1}9@8{?? n,.sai d conplenentary member of said binding pair is
streptavidin I'tn d%o Al exaFl uor 488. 19. Use of a fatty-acyl conpound of
Formul a | i18. an Tihe nvdth@l e&S@ivh 14) wlerambetaleers ekps fii9and (id) detswgtafon of

[ wherein in Fornula | the

fatty-acylation of a protein or polypeptide, Forr
subscript n igcaingithg @5@?61 far“dn%%f)a@%fy sybstrapprogyraddTom siegiiib¥ihes an et hynyl
Sccurs i an 1R o RefRPRES SyRogitl fe conp e pUAREE Or kR Bt "
i nteger 11 orpdiB3.and wherein said complementary member of said binding pair binds to the
labeling group of said labeled fatty-acylated substrate produced from step (ii).
16. The method of claim 14, wherein said labeling group is biotin azide.
17.  The method of claim 15, wherein said complementary member of said binding
pair is streptavidin linked to a fluorophore.
18.  The method of claim 17, wherein said complementary member of said binding
pair is streptavidin linked to AlexaFluor 488.
19.  Use of a fatty-acyl compound of Formula I in an in vivo assay in an animal
cell for the detection of fatty-acylation of a protein or polypeptide,
0O

s W,

wherein in Formula I the subscript n is an integer from 6 to 15, the symbol A
represents an ethynyl group and the symbol X represents —OH or —ScoA, and
wherein the detection occurs in an in vivo setting.

20.  The use of claim 19, wherein n is the integer 11 or 13.
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