MOLECULAR PROBE FOR SPHI NGOLI PI DS CROSS- REFERENCE TO RELATED

APPLI CATI ON [ 0001] This application clains benefit of, and priority
from U S. provisional patent application No. 60/830,116, filed on
July 12, 2006, the contents of which are incorporated herein by
reference. FIELD OF THE | NVENTI ON [ 0002] The present invention rel ates
generally to nol ecul es useful as probes for sphingolipids, including
for nonitoring sphingolipid trafficking and dynamcs in |live cells.
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[0002]  The present invention relates generally to molecules useful as probes for
sphingolipids, including for monitoring sphingolipid trafficking and dynamics in live

cells.

BACKGROUND OF THE INVENTION

[0003]  Sphingolipids segregate into nano-scaled microdomains at the cellular
plasma membrane, commonly referred to as lipid rafts, which are defined by high
sphingolipid and cholesterol content, and Jow buoyant density in high-speed
ulixacg:ntﬁfugation gradients (Munro, 2003; Edidin, 2003; Brown, 2000; Simons,
1997). Lipid rafts are now thought to include a variety of plasma membrane domains
with different characteristics that invaginate into endocytic vesicles (Mayor, 2004;
Helms, 2004; Sharma, 2003; Cheng, 2006).

[0004] The uptake and intracellular trafficking of sphingolipids is associated with
many pathological conditions, including viral and toxin infection, lipid storage

disease, neurodegenerative disease, and inflammation.

[0005]  Sphingolipid and cholesterol trafficking is altered in the cells of patients
with Niemann Pick disease, and a number of other lipid storage diseases where
sphingolipids accumulate in late endosomal and lysosomal compartments (Pagano,
2003; Simons, 2000).

[0008] Cholesterol and sphingolipids such as ceramide, sphingomyelin, and
gangliosides are also thought to be involved in the pathogenesis of Alzheimer’s disease
(Catler, 2004; Han, 2005; Mattson, 2005; Soreghan, 2003).



[ 0005] Sphi ngol i pid and chol esterol trafficking is altered in the
cells of patients with Ni emann Pick di sease, and a nunber of other
| i pid storage di seases where sphingolipids accunulate in |ate
endosomal and |ysosomal conpartnents (Pagano, 2003; Sinons, 2000).

[ 0006] Chol esterol and sphingol i pids such as ceram de, sphingo &l in,
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raft domains, to what extent lipid content in those domains differs, and what effect

raft lipids have on intracellular targeting. It appears possible to answer important
questions about the trafficking fate of raft constituents by imaging the endocytic
domains that they form. To begin to answer these questions, it is important to
develop a diverse battery of markers to characterize the determinants of binding and
trafficking behaviours. However, currently available methods to label the trafficking

pathways of sphingolipids in live cells are limited.

[0011] Raft-associated proteins such as cholera toxin (CTxB), glycosyl
phosphatidylinositol (GPI)-anchored proteins and flotillin have been used to study the



[0011] Raft-associated proteins such as cholera toxin (CIxB),

gl ycosyl phosphatidylinositol (Gwanchored proteins and flotillin
have been used to study the intracellular itineraries of raft borne
proteins and |lipids (d ebov, 2006; Sabharanjak, 2002). [0012]
Recently, fluorescently conjugated CtxB has been the main_ | abel of
choi ce (| mvtacetlofeiinerafigrrfiraf borge pwteinpadlipidsd Glebev.Rd0e Sabhnrprigk,
specific fdfﬁ et of raft domains, as it does not overlap extensively
with at |€ast” two other raft localized proteins, flotillin and

| ysenin toxin (4 ebov et al, 2006). Additionally, it appears that
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i ncreased endocytic uptake, and thus, will be expected to perturb the

natural trafficking behavior of the sphingolipid ratts to which it
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avai lable as a purified 297 am no acid peptide from Signma-Aldrich,

and Pepti ?504 .‘.J)]St iz&n%%l%fr se‘]rf%g %Pcommercially available sphingolipid markers consist of
fluorescently-tagged sphingolipid analogs. These markers can be used in living cells,
but their trafficking behavior in cells is distinctly different from endogenous lipids,
and have be shown to behave aberrantly due to substitutions of a bulky fluorophore in
place of an acyl chain in the lipid. Another disadvantage of these matkers is that they
necessarily increase the sphingolipid content of the cells to be observed, and therefore

could be expected to interfere with normal raft trafficking behavior.

[0016]  Another group has used lysenin, a protein toxin from earthworm, to label
sphingolipid domains. Lysenin is commercially available as a purified 297 amino acid

peptide from Sigma-Aldrich, and Peptide Institute, Japan.

[0017]  Flotillin ard lysenin are potentially good markers, bpt are not easily
obtained or externally applied to a cell surface, due to the necessity of either
transfecting and translating the protein (flotiflin), or using bacterially produced
recombinant protein (lysenin). Recent data suggests that lysenin does not associate
with biochemically isolated detergent resistant membranes, which may contain lipid

raft domain proteins.



[0017]Flotillin and | ysenin are potentially good markers, but are not
easily obtained or externally applied to a cell surface, due to the
necessity of either transfecting and translating the protein
(flotillin), or using bacterially produced reconbi nant protein
(l'ysenin). Recent data suggests that |ysenin does not associate with
bi ocheni cd0018]i soh awsberdé grugeve nediadipihifi iargeting demain\Wgcddnstasted

contain lipi onai rotelns. . 018]. A nunper of groups have
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known t hatt 1§ keovepthatdiepSREAER eart eonted idiffesané targeting brbaving depbalingoon the
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be a useful tool in studying diseases whose pathogenesis is
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non-trans“%gﬂl C srr%_ql -nmol ecul e probes that can be exogenously applied
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m cr odomau&t&,m&ya{l%%v%b@ﬂ%nlﬁwgu{'n%lgklg%@; sth 1-%%@:%%%%% thOghe |9

provided a probe conprising an isolate i ngol1 pi onai n
(SBD) pol VYpemepeslywhpliedita cellsefor vistadising a8BBffidtiypefsphidgolipid-capabl e of

bi ndi ng tg zﬁ‘ai%'ﬂ LRgRsd gk [0021] I n various enbodi ments, the isolated
SBD pol ype%tl eg!gggggdsses'at | east 80% sequence identity to the

sequence set forth in SEQID NO. : 1, conprises the sequence set forth
in SEQ | DSKMIMARY O FHE INVENTIQNquence set forth in SEQ ID NO. :
1. [0022] The probe may further conprise a noiety that is to be

tar get ed [A924] sphn oymdspeitdhert ieprovitet y pobel phisstising dnhisolged ypept i de,
and may al.s0 furiher.conpri.s | i nker .coupling the moiety to the
pol ypept i g}}ng?ﬁgld%‘?déﬁ/ %}n&}f L %’%"“f%@@ﬁ‘ﬁg&h? @"]&b"érﬁmgr a

det ect abl polypdpéitlc isicapdblicloftgnding folOipaBEERkidgr oup, a chemi | um nescent
group, a radioactive group, a ligand, a photol abile fluorescent

group, a iv rou n,.antigen, an iitope, a, paramagnetic

group, or IE:aE iﬂ- i:av;];“ g@l"é‘? b@gﬂ%}ng’i’(t.s*g[g‘ﬁ @Oﬁfeﬂ%D H@W?B%P?%"éses at least

cyst ei ne- Batiserenddidutiteid 18 Yeqbife ¥t Toh in SEQ ID NO.: 1, comprises the
sequence set forth in SEQ ID NO.: 1 or consists of the sequence set forth in SEQ ID
NO.: 1.
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[0022]  The probe may further comprise a moiety that is to be targeted to a
sphingolipid, the moiety coupled to the polypeptide, and may also further comprise a
linker coupling the moiety to the polypeptide. The moisty may comprise a
therapeutic agent or a detectable label, including a fluorescent group, a
chemiluminescent group, a radioactive group, a ligand, a photolabile fluorescent
group, a reactive group, an antigen, an epitope, a paramagnetic group, or a heavy

metal complex. The linker may comprise cysteine-{amino-ethoxy-ethoxy-acetyl], or



[ am no- et hoxy- et hoxy-acetyl] 2). [0023] In another aspect, there is
provi ded a nmethod of targeting a sphingolipid conprising contacting a
lipid assenbly conprising a sphingolipid with the probe as descri bed
herein. [0024] The lipid assenbly may conprise a gl ycospl ai ngoli pid,
and may conprise a lipid raft, including a lipid raft contained

wi t hi n a peliho-cth@Qr8hoPhecetydl). may be a cell in culture, an explanted
cell or an in vivo cell. [0026] The nethod may conprise contacting

t he Iipid@ﬁg nbly. Wi fiaSheMhdo ARt atlalipembaled . and
may furthEr gt e(kzx%ll ng e?ﬁgggté?{g%ﬁg e aﬁel. | f the detectable | abel
conpri sescanfiisitgreenteting glimdpsseibly wetpisngagphingolindhpith e WekaRs| i zi ng
the fl uorgscegt group usi ng fluorescence m croscopy. [0027] The cell
may be a B&fH F R subj ect for diagnosis of a sphingolipid related
di sorder, and the nmethod may thus further conprise conparing the

sphi ngol i pOR4] r afth isidrgsapaily map comptites: glydosphingdipida endsphy eRyaptisgi d

traffickin atf er bset.ved for a healthy 1. [0028]
Al ternati 9%?&1'3#%3“‘@?%Bi‘Pﬁdﬁ}tEWF‘ggm%C%ﬁ‘si ng contacting the
lipid assenbly with the probe conprising a therapeutic agent, and nmay

thus furt peg25]0nIht sl papbaatceld i aiuef freetplantedartvnen ofvivheellpr obe
with a cell of a subject in need of treatnment of a sphingolipid

rel ated di er or i eed of treatnent el [ ch

t r eat ment [@%ﬂoit e ghﬂg‘ﬁﬂ?yn@mfﬁﬁawq%éﬁn%%ﬁﬁﬁ‘g%g@ﬁ@a“&lﬁ ﬁg:%gel | to
del i ver achhgfianesldtcetatenbel, a[dQ2Pfuthbealesptingiteldeptbls ddbal diithe

di sorder may be a_neurodegenerative di so%g%%‘i,e L.ncludi ng Al zhei ner's

di sease. dahle IpbelpopprisgishllaqresceptggonD. B e BF an
effective vﬁ?ﬁ%gtﬁé ﬂﬁ%sq‘%ﬁf)%&éﬁ ind AEEGIcERE nﬁcﬁﬁ&lﬂ?@gm ipidinanin
udi a

vivo cell of a subject, inc ng use in the manufacture of a
medi canent _for targeting a sphingolipidi nin.,vivo cell,.of a
subj ect. [[0@27] T cgll agbe aicﬁugﬁ’ﬂl} %?Fb#ﬁcbg’trg@@%“%‘#eﬁ %P‘,%mﬁ%}%i nvasi ve
probe mol egul.g dfsg@gr, and the method may thus further comprise comparing the
sphingolipid trafficking pattern in the cell with the sphingolipid trafficking pattern
observed for a healthy cell.

[0028] Alternatively, the method may comprise comprising contacting the lipid
assembly with the probe comprising a therapeutic agent, and may thus further
comprise contacting an effective amount of the probe with a cell of a subject in need
of treatment of a sphingolipid related disorder or in need of treatment of a disorder
where such freatment exploits the sphingolipid trafficking pathways of a cell to

deliver a therapeutic agen.

[0029] The sphingolipid related disorder may be a neurodegenerative disorder,

including Alzheimer’s disease.

[0030] In other aspects, there is provided use of an effective amount of the probe
for targeting a sphingolipid in an in vivo cell of a subject, including use in the
manufacture of a medicament for targeting a sphingolipid in an in vivo cell of a

subject.

[0031]  The present invention provides a small, non-invasive probe molecule that



may be applied exogenously to cells to |abel lipid raft m crodomai ns
in vivo, and that nmay be used to target sphingolipids, useful for
applications including nonitoring changes in sphingolipid
trafficking, including in diagnosis of disease. [0032] O her aspects
and features of the present invention will becone apparent to those
of ordi namaydriapplied gxegeaoustytto gelisrio label lipid wift e dbmkine i vigo, dadthai pt i on

of specifi i . i } Fn_.conjpunction wth the
acconpanylhﬁié%gp g%rtg?gé%ﬁ}ﬁéopﬁg%%}{%f Caltﬁﬁs Bﬁ&gﬁnﬁ@n\%ﬁ%?ﬂ I n

t he fi gur ekgngeshincphingdlipst teadfidinghinchaingdh d@xesrlof dedsy, enbodi ments of
the present invention, [0034] Figure 1 is a depiction of 3 peptide

pr obes us ) fluoresgen m_crographs Q).,.Qf Drosophila and
manmal i an%?:be:{zﬁs ﬁ%lgeérl alséeéﬁsvﬁn ‘ffi %e &%%S %ffté%grg Segléﬁ}vé’i%&,p&l ‘%’H%RFOI%BB’ t

coupl ed ( bythBeecdfendinirg sHiVRheditrupoh kavion bbiht ReldMWike @fsclipddaig] 2 gr oup,
wi t hout addition . of, th Cﬁéﬁtﬂ ne, resi dye. Oregon een was coupl ed
via the tARSHicsmbodin Hiavention i fonpmstipa With dksacepmpanying fimesnc e
m crographs (A, B, D, E, .G of Drosophila neuronal cells probed with

various sHRITPDESCRIPPEONOTF THRPRUWINGY ng the results (C
F); [0036] Figure 3 depicts fluorescence m cr(ggr aphs (A-G conparing

an SBD pr Ontia bl Migrds\nice AldheE, HARP B!

fl uor esceg('!nslngel. Wi tﬁlﬁue-ndol ysosomal  rar e&s%ﬁggafgﬁﬂg’ ?ﬂ%g%@.mggtgio(f:t
quant i f i cHiirseserffinyendonesul ts; [0037] Figure 4 depicts graphs (A, ©)
and fluorescence mcrographs (D, E) and a schematic di agram (B)
denonst r afograit hag sl J i [ jzed
doxtran D 7Yl | cagliad iPE Spe RS rategilt bt ttd Iyl RS HAEE

depi cts f mMikspersphs{Be OrbEPgerpha snd Apnsimdian nejlstlizdied weth SRIprpbabe
| g o | ' A I ) ,
i st ogchitted i Aers Bl PABIALY BTN RAVIR B XA Gy el ot

sequent i a[AER&cb gtaupywitiemt sdditfon afitke cybtéing 606 Orsien Crbacwhd dapledn;
via the thiol of the cysteine;

[0035]  Figure2 depicts fluorescence micrographs (A, B, D, E, G) of Drosophila
neuronal cells probed with various sphingolipid probes and graphs quantifying the
results (C, F);

[0036]  Figure 3 depicis fluorescence micrographs (A-G) comparing an SBD
probe containing the isolated SBD polypeptide and a fluorescent label with
endolysosomal markers; graphs (I-K) depict quantification of the results;

[0037]  Figure 4 depicts graphs (A, C) and fluorescence micrographs (D, E) and a
schematic diagram (B) demonstrating that the SBD probe colocalizes with

intetnalized dextran but follows a slower trafficking route;

[0038]  Figure 5 depicts fluorescence micrographs (A) showing that the SBD
probe colocalizes with the sphingolipid analog lactosyl-ceramide when administered
simultaneously and a graph (B)demonstrating that sequential incubation leads to

lower but increasing colocalization;

[0039]  Figure 6 depicts graphs demonstrating that the SBD probe binds

preferentially to glycolipid-containing liposomes with rafi-like composition;



[ 0039] Figure 6 depicts graphs denonstrating that the SBD probe binds
preferentially to glycolipid-containing |iposonmes with raft-1ike
conposition; [0040] Figure 7 depicts graphs (A, C© and fluorescence
m crographs (B, D, E) depicting SBD probe trafficking to acidic

or ganel | es; 004\%}]I Fi %ure_ 8 depicts a graph showi ng cel|l viahility

af t er trtht gure SPepipghs giyens (A0D2nd Bregsenes BicHgrhs B4P; 1)
captured ' ' | . | of SBD probe into

endol ysos%ﬁ%@gﬁw r?‘r’r%ﬁ%@%%@%?%ﬁ& st%%w%s; [ 0043] Figure 10

depi cts graphs depicting colocalization results of SBD probe and

dext ran i [P0Rbs oFksuire 8 depicis pgraghGbaving cply viability afigs treatmentwith SPD
captured from a novie show ng col ocalization of SBD probe and dextran
in Drosoppﬁog% neurons; [0045] Figure 12 depicts SDS-PAGE gels and
Western bl ots of detergent resistant nenbrane (DRM fractions probed
for vari o[042hf t Figuek @dspics@QGHB [catingd fon] Bmgwisisbewing dncomesatiohof s

denonstr at, t.hat the .SBD pr.obe associ ' ol esterol
dependent Egﬁag?lﬁsmﬁoﬁn&{mos?xﬁglrﬁowaﬁgﬁlﬁﬁ %I(.:Igﬁ%lr@;lwo[&ﬁ’
[0043] Figure 10 depicts graphs depicting colocalization results of SBD probe

and dexfran in Drosophila neurons;

[0044]  Figure 11 depicts a still captured from a movie showing colocalization of
SBD probe and dextran in Drosophila neurons;

[0045] Figure 12 depicts SDS-PAGE gels and Western blots of detergent

resistant membrane (DRM) fractions probed for various raft markers;

[0046] Figure 13 depicts various blots demonstrating that the SBD probe

associates with cholesterol dependent domains in DRMs from neuronal cells;

[0047] Figure 14 depicts graphs and fluorescence micrographs demonstrating that

uptake of the SBD probe at the plasma membrane is associated with cholesterol;

[0048] Figure 15 depicts correlation curves showing diffusion behaviour of the

SBD probe at the plasma membrane of human neuroblastoma SH-SY5Y cells;

[0049] Figure 16 depicts histograms showing diffusion times of various raft

markers;

[0050]  Figure 17 depicts graphs and fluorescence micrographs demonstrating that
uptake of the SBD probe correlates with sphingolipid levels; and

[0051] Figure 18 depicts fat blots probed with various sphingolipid probes.

DETAILED DESCRIPTION

[0052)  The present invention relates to a probe for detecting sphingolipids,
including sphingolipids within a cell, for example those included in a lipid raft. The



[0047] Figure 14 depicts graphs and fl uorescence m crographs
denonstrating that uptake of the SBD probe at the plasma nenbrane is
associated with cholesterol; [0048] Figure 15 depicts correlation
curves showi ng diffusion behaviour of the SBD probe at the plasm
menbr ane of human neurobl ast oma SH- SY5Y cel | s; 0049] Figure 16
depi ct's hpwbegempuises hoisolatpd apingmipishbinding dompinggRDy pelypeptife-ddeker s;

0050] Fi 17, depi ¢t ) h
eronst r atREARLPeR i YRR i) B3RS RAR dlaclcadt Fie
S p? Ih n gg Ir i pﬂlﬂnﬁoﬁﬁﬁhm?langtg[e @ﬂﬁ&].lSdfﬁlglé $ze%tgl[g)cb@bmgolﬁgdﬁmomtm t}ﬂl@lb%d
Wi vari ou i .i pi.d..probes. _ - e
present i eé‘ﬁ‘fﬁ%ﬁ ﬁ?g&%@l‘gldgﬁnggﬁgem%?l I&@%@%ﬁ g llg@#l éﬁg‘%ﬁlﬁﬁg %s ,
i ncl udi ng a%R{tk ﬁﬂ%ﬂi@éﬁgid@!drlﬂid@p@shfg%ﬂpﬁﬁn_gbﬁpide&mﬂi%ﬂdbﬁse i ncl uded in

alipidraft. The probe conprises an isol ated sphingolipid binding
domai n (SBD)..pol ypeptide. The i.spl ated pol ypepti de be to
a noi ety Bwkﬁﬂisiﬁﬁpﬁﬁmﬁgpﬁgggdsg B d@ﬁ&ﬁ%&?ymﬁg§¥H§d§%%gﬁ$%ge
usef ul I n gebgRide MteabB bREREATRI SithFBRILO fiefBraes bothaningr af f i cki ng of
sphi ngol i pi ds, delivering.%gents or nolecules to cellular mai ns

Ip

that are ghvepsohineshipids.nBest irgiated SBBrpodypsidrinds [9RmgGAtri-t5S el at ed
di sorders, il o bdndiss) RGeS hoRdlilid Sdfistibghd in

di scoveryc?%‘ggél?inég?eﬁgsf@g&gg%\(po ypept i gfe I nt e% agt S ﬁplr ef eSrent ially
Wi t h raf t 4hd fesnrenbmbuaes ofiosectindinmugbleocsBhi ngol i pi ds. The i sol at ed
SBD pol ypeptide binds |iposones of raft-Iike conposition, as well as

ipid raf ysoddyl CrAAqnABhINeniddS kNEhAGd b0 Corl hlidkdval! Eat bRURtbd) ¢he
pl asma nerbfare of 1"‘nsect and nmammal i an c S. .
SBD polypeptide’s trafficking route reacts strongly to cholesterol perturbation. Normal
trafficking of the SBD polypeptide to the lysosome appears to be strongly disrupted

by cholesterol perturbations, suggesting possible applications as a diagnostic tool.

[0055]  The salient characteristic of lipid rafis has been defined as a high content of
cholesterol and sphingolipids with saturated acyl chains, leading to denser packing and
space-filling by the cholesterol molecules, compared with surrounding
phosphéglyceroﬁpid-containing membrane, This affords lipid rafts a lower buoyant
density in high-speed centrifugation gradients run on membrane material dissociated by
nomnionic detergents (Brown and London 2000; Edidin 2003; Munro 2003).
Microdomains that could be characterized as lipid raits by this criterion include a
vatiety of membrane domains with different characteristics that invaginate into
endocytic vesicles (Sharma, Sabharanjak et al. 2002; Helms and Zurzolo 2004; Mayor
and Riezman 2004; Cheng, Singh et al. 2006).

[0056] By virtue of their mechanistically distinct means of uptake and particular
associated proteins, the term “lipid raft” in reality probably describes a number of
different membrane entities. For exa_rhple, the canonical rafi-associated adaptor
molecule caveolin, which associates as a multimer with rafts and mediates uptake into
flask-shaped invaginations, is not found in all cell types, even though all cells have
sphingolipids and cholesterol, and therefore should have lipid rafts. Likewise, flotiltin,

another raft-associated adaptor protein found primarily in neuronal cells, is only to 2



[ 0054] The present invention is also based in part on the discovery
that the isolated SBD pol ypeptide's trafficking route reacts strongly
to chol esterol perturbation. Normal trafficking of the SBD

pol ypeptide to the | ysosone appears to be strongly disrupted by

chol esterol perturbations, suggesting possible appljcations as a

di agnost i smallalsgree GOSEEvEthehe tasanica paf-gespeipted malecgtes Chplerp tdint} has
been defi i f ARp86 Ale APSEANHRGMHIPL dS W th
sat ur at ed{‘}’g)é:&3 %%gﬁ}gir@’@hﬁ%aggo%‘j@%ser pag%i ng&gn space-filling by
t he chol eskeapied a distfiet rifiederiveddpasindOthei tekeasely mm%rrds‘ gt membrane

pl aosphogl ycerol i pi d-cont ai ni n r.ane i s. af . |1 pi afts a
| ower buo‘é‘é’?‘ﬁ‘”scfgﬁé’i' quﬁg%é%pa%gsgrag%}p}?gfﬁ% Pf%%ﬁgigﬁghﬁé&gﬁi&%%ngm?’un on
nmenbr ane FBL&H4IB hethrSHaedud e thel? binddipl spevificiteth diggetstand (rBhevmgnaind
London 2000; Edidin 2003; Minro 2%82? .chr(ﬁgﬁrra%ns t. hat cgul d be
char act er irgsdnelien responses they megigte; -binfg SR apd g FRIFRECPYEIN ety of
menbr ane L&iﬁ(irwi ifl] fheh e bePRaRGRE inSdrb&sndiat i nvagi nate into
endocyt i cﬁ\%ﬁgf’c es %SS ar r?% Sab%a?ﬁnj ak et al. 2002; Helns and

Zur zol o 2004; Mayor and Ri enuan 2004; en Sipgh et al, 2006).
[0056] By [A0&¢Lie Eonyaniauily the iated SEELp xpeagé? Pr1be Presegharobe Sigake and
parti cul S SRE 208 ei 1 bt RbSmbifdt mdifbds eqhd t y

pr obabl ya{gg%é%ggéagﬁ%%r ch?mgfl%@e‘%}%%?a%%%}cgﬁgﬁge%ﬁ ties. For

exanpl e, pivke mapbekasily prephuted aspoified: ad inthersfore epplyapplicd exag@ePsiy,

whi ch ass ciﬁtes as a multinmer with rafts and nedi ates uptake into
flask-shaf?ec& Tnvagi nations, is not found in all cell types, even

though all cells have sphingolipids and chol esterol, and therefore
shoul d ha{a®58] pi chsriad probe ik alusie a déteaahle labal asghomhisty tedefargeiedidl at ed

adaptor protein.foupd primarily.in. neuronal il I a
smalol degﬁwlﬂﬁrgéﬁgqu?ﬁs %lém(?gﬁ if@g es?eaﬂal-b%tshg?f%tgé%aytﬁgfecul es
Chhol era t exguite ﬁl}ﬂﬁl@lgalaaliﬁ_ail‘?ﬂ_d@d}tidﬂ%@;nt(sﬁi:]:ed;@ﬂ agatibmiy,w}fm@ﬁgd goeagi ng to
t he suggestion that flotilljn occupies istinct raft-derive

donai nggodﬁé?tmﬁééwpﬁwwhnﬁﬂ@lg%ﬁh“ gRe Y A AFEERSE 0l d be
defined agdnad drSnitini¥d fbdiRr@be WRRNIHidHERANInIRMNGDL Wpbddaeningor, are
actual | y heterogeneous in their binding specificity to ligands and in
t he si gnaimoniteripgipbingelivideipsides t hey nmedi ate. GML- bi nding CtxB and
a sphingonyel i nbi nding toxin, |lysenin, appear to occupy different

i crodomaygse) [ G95 hiypamee Mol bupléd 1 o delcaibRAaRBRopalatpin sl of

the presernt probe iS nontoxic, and’is _readi lﬁé synt hesi zed i_ither by
chem cal ewlacelsdhoraseant tagevhich sllovfer detension ghfheneridesyrle BINEEr ed or

purified, c?lgéqn 'h%o%-%ﬁfa&(«é’ frﬁmﬁés rhi pgéér?:leis SLoRXRARBPRUALY of RoRiBdring the

[ 0058] As € probe may 1 nclude a ectable label as the noiety to
be t ar get édratelludarsphiokgry dfjbiptl raftpas thesaarp krenspogadbgtwees linid, femains in

fluorescent. | abel .. the probe may n ' i t:lsonal

det ecti on héﬂjlgr‘f?ﬁss g aﬁ%"?‘gﬁ?‘g i tggﬁé \?\%%%H%s? %ﬁ?@éc}e%%%f%@?%ﬁh lgr

moni t or i ngrafieking tiel inal decur FhasHylat ineddhyr aflliseasmstakes, idesdigned so as to
reduce or mnimse [nterference wi.th lipid.rafts, in.livi . when
det ect | ng BROHEAEHIEAG RGP gischeey Bkgd |n?e’f1b86%’é¥*“{ﬁﬁaeﬁau‘§

pol ypepti q)gsﬁmogﬁdgoupl ed to a detectable | abel, for exanple a small
nol ecul e fl uorescent tag, which allows for detection of the peptide
probe in living cells_in on-invasi,ve manner. Thi rovi des

conveni ent09881hodhsrisalasei £3 iPHB’PF?@%iI st P erpedl &ﬁﬁ&%ﬁ“ﬁ(’dﬂ%f
lipid raftgy ?y’?aeﬁ, BeYudEDEdsaRSR AN BRAMBRLIWE B8urbhd THe Fiorthatiise isdlated vi ng
cells, thus allow n_g for nonitoring of Qhanges in raft-deriyved

spbi ngol i FED palatepiidkbehgvastsinnilaskyyn Beasaphilannd sapmunalian ABERISIEFs Y ease

PSR - s e i R e L

[0061] The above properties make the present probe well-suited for applications in

diagnostic and drug screening assays.



[ 0060] The isolated SBD pol ypeptide is taken up by several different
neuronal cell types, including Drosophila and manmal i an neurons. The
fact that the isol ated SBD pol ypepti de behaves simlarly in

Drosophi | a and nmanmmal i an neurons underscores its use as a tool for
studying lipid trafficking disease nodels in the fly. [0061] The
above prof#62]es Timkén bieaspeat dhere is profisdaairbeswpesing en SBRepdda i ons
in diagnostic and dr.u reening 84ssays. [ 0062] Thus, in one aspect
there is 5?9619‘?0&%@116&58& (ﬂ?ﬁ'ﬂm NG sn SBD peptide sequence, or
variants or honol ogues thereof. [0063]"Isol ated Sl 3D pol ypeptide"
refers to[@088]i sGlslad mIpcpippeppéqb‘trbfds to Eiiqseisﬂsﬁ@ﬂ 8BBoBBEPipisl fhept i de

g Lﬂﬁﬁggﬁy%{]&#ﬁ%&%ﬂgﬁﬁpﬂ%ﬂ%& %Bﬁ%}%‘ lgi? ‘(1) %lgécfsgﬁpgohgds or
sphi ngol i g} lﬁ'ﬁ% ng@hﬂ\ehhe iaSatsPSRDgolyppitids baﬂsac:ﬁ:@tspﬁngompmsl aspodiane or
menbr ane, nc u ng a ceI | ul ar pl asma nenbra Theqe{h& ted SBD

pol ypept i Seipgneipida essotiped mEpingsors SRR BICh asma
di sease-a Q?ﬁﬁ'feeefh sélaie&?%@ﬂ?w&hﬁ&\ﬁﬁﬁu&%%m h&h&tn BlogCHE SOF
) |

protein ( as publish foud et al, 2002. The termi sol ated
SBD pol yp&jthettaersslisssweehssveiatad i i ﬁrmmedemdﬁbmg@lylmdamrﬁ@@rotem

derivativ r va t ss 1 bi ndi ng
activity GoSesTplaEa T eprt oo oo "B el B Rl 0 01
SBD pol ypepdd ieeeih haduddgBors6gs, ﬁﬁgmmd deriaivede vatiadiogf $BID tledposess i n
whi ch it nat ur al I .Qccurs. Far i)éf% an isol ated SBD pol ypepti de
may be refRRaD il PRmE KRR O Iarger protein in which it is
found. The i soI at ed pol ypeptide includes reconbinant or chemcally

synt hesi zqdoswgl Y PERtiseleRd” s@b@bly@apndeeeﬁﬁrta weKBY mlyepiid tharthanbden
purified 0066] As wi || he understo OIY}{)?fptlgg W{%}ﬁSEStV\D
or nore aﬁﬁlﬁ%veécff@ét}}e@m‘é%caé{jOI&e’ﬁé% 3&@ “B@Elial C R %Eht s,

the isol af Ao 39428 M8teiGhds 1N
| engt h. m%ﬁ%ﬁﬁ“@%@ﬁﬁ at edl%‘(f)l ngﬁlecgQtegtrolncIDudljeir f 2, 3, 4,

5 or nor e vk it isdhand. aFterignlaied p@mﬂﬁm@cﬁd@ﬁm@m‘@mﬁt ﬁﬂ%heéﬁcayéit h,

whi ch addi ] gto a

sphi ngol i p%’(ﬁ&? d%\%}?{éc%t?d%%q?%@ﬁa? Pélﬁ%ig)?fﬁtg%%[ P]ere , 'i nhi bi t,

bl ock or interrupt the ability of the SBD pol ypeptide to bind to a

sphi ngol i APB6S5] 0088 ilhbpwideystnodi aipolyeagtidneamprisey] (PRTB gIingracks
“honol ogous:

subst anti ATFuBnE PRYLE bR SHIBEE chbolitnks e SERNANRES pORHER e mpy

activity dfe 2002s, §9qméﬁlamm0| wldsmnkaagﬂaeas(v@l the SBhispleted polyheptide may
"honol ogous 0 onar Lel n ot

pol ypept i d&" IE%’ ﬁé‘ng’e{; 56??81%%?@}% g%/aéﬁt%e@ ? %’ Lg TS ¢ y if,

when opti I‘iﬂllﬂ:h/%cgi(;ﬁ@ﬁﬁﬁmhﬂhhbz gapst ﬂnedsmct in?ﬂﬂdﬁng ﬂa&wphimgolqnda,:]but ebch

appr oxi mat el y 0 seque e iden or if the nces..sha

def i ned f (iociof BysEH feWHhﬁgﬁrH??%@m%ﬁﬁﬁé i ly

?I [ gne;:l Sﬁﬂ,%gﬁg@emndqgaggmﬁgdjgﬁ@d to be substantiall y i dent| cal
i.e. to havée

b—t

[0066] A polypeptide sequence is 2 “homolog” of or is “homologous” to another
sequence if the two sequences have substantiai identity over a specified region and the
functional activity of the sequences is conserved (as nsed herein, the term
“homologous™ does not imply evolutionary relatedness). Two polypepiide sequences
are considered to have substantial identity if, when optimally aligned (with gaps
permitted), they share at least approximately 50% sequence identity, or if the
sequences share defined functional motifs. In alternative embodiments, optimally

aligned sequences may be considered to be substantially identical (i.e. to have

i0



substantial identity) if they share at |east 60% 70% 75% 80% 85%
90% 95% 96% 97% 98% 99% identity over a specified region. An
"unrel ated" or "non-honol ogous"” sequence shares |ess than 40%
identity, and possibly |less than approxinmately 25% identity, with a
particul ar pol ypeptide or polynucl eotide over a specified region of
honol ogy . sulldignitabidentity) i ehtyishart ableest 60TeTA%CEIS, 5084, 86%4 BO%HGence

simlarity pet |t pI tit v, can _be

det er mi ne%)f;§7%§§gé’r¥\%l W%’S&?fﬁeg%eﬁﬁegr‘ qﬂﬁ@ate etfuéfites.
degree ofhdnﬂ%gowyseﬁﬁéﬂbegﬁhr@srrbsa%@cm% Bleﬂ:it?nﬁﬁ%:osﬁblﬁlésslﬂﬁhl on of the
nunber of identical or. matching am # a pom}nn ns shared by

t he sequeapprximately 25%’%/’@133"&%5‘@@1:? PEFE anfaﬁ TPRPUGEQHR PEFRE of

sequencesﬁpﬁaﬁacg,%ggﬁraﬁeﬁao% flefihd ﬁdémfy’bﬁd(‘%ﬁﬁ&ﬂ’efiféﬂ% Riuéhoe

variety o nown in the art, |nclud|n%
C ust al qudgnwﬂwtvmamamlep@ndhmpbcﬂp%lIdgnwﬁﬁrg@ﬂmnw , the

I | h I f . Math
2 382, L RETRURETOBPoR D AR By St o Warog R en B sBRE
1970, .1 adiho BeidleqtBnebd s aﬁinmaﬂﬂ’rtbdmmnhersf iniehtaoal omm@m Pear son
and Li pman, 1988, .Pro mjgl ad. Set USA 85..2444, g%

conput er i & afﬂ‘ﬁﬂﬂé‘??éﬁg%r? egqueﬁ%egé el Priiied egion

BESTFI T, @%ﬁ@ﬂ ok SEWR i8Rt doductdfis aR Kk
CGenetics %omut?maigeﬁ%%hﬁiﬁngﬁgﬁs 0 ﬁmﬂsr 9\) tﬂJS‘:gﬁuence ?%?% a@ age
al so be d@ﬁWﬁ@%%@ﬁ%@Wﬁé‘lﬁﬁA@,ﬁnﬁP@GElh% us @Fqgﬁaé%r%"?ﬂ et3§chul
et al., 1980y WBE' Bbme.ad.py, ARIG fg&tﬁ& 4158y alesnﬂaﬂws%ﬁlﬁﬁndemuﬂnim,

setti ngs) Soft or perform ng anal ysis are avail abl e

t hrough t H81Nd#. dpal b@#nﬂémf@phmbemh@m;yahgnﬂMN@ﬁlem%@gh
the i nterpet il F‘Elafg

"honol ogoﬁvg %%‘i o aC|1@/l\é\gg’6%‘l§5 @%g%&%gf\sé{‘%iny pg}%%g%{?f \M9|| %%dl S
encoded, Lipmahol 988pPracnNérdcad Bei. df&mﬁﬂ 2444, and thesequemdzedwhi ch

hybri di zes at 25- 35C Iow cri ic r any
portion of® elﬁ?fﬁ?tlé’ﬁléo %?aé%‘iﬁ%ﬂ% %MSB%'%@% ﬁé&%aﬁgﬁp‘ﬁ eic
acid encomtﬁawxmnmaemlsaﬁmaﬁ@@ GéneBEELbRpiEd Grodip, Medlsmlt

bel ow. [0067 A variant or_  derivative of an s Iat @ﬁﬁgbﬂp g/dprgv tide
refers to"nUiSsdiatetenspdpdity pepaisade S?te’é’mp? ot th
retains tﬁ!é”scﬁl%&'xﬂ%@ﬂs&lﬂﬁ ¢ i ngomy; J%i 'BYdZtMSQf%L}SRhﬁhgﬁm%ﬁﬁzshed

pol ypeptide, or an isol ated SBD poly e that has been nutated at

one or nodﬁaldtﬁeﬁmgé)slSﬁﬁwﬁm@m@@@wgﬁsﬂaﬁ%}éﬁw g aveifabledinougly the

t at t t f
e S0 N P AR S i g o
i ncl udes b4 iehinimrhibaiond). B ussidteradns homalbgbusagring adid s¢anerdel’ | ons
and additi o&g? E1:é]|(3){r XPSEEA@ ‘f"ﬁoﬁl’gs%(%‘g&fea;ﬁ%% S&rﬂﬁﬂ&ﬂt udﬂé“ea"gd rect ed

nut ants alf§ i'cati onsy im ng pept oi ds

havi ng on@aq]aénomﬂﬂcmmname@@t B C helopeitlcal mylting fmgﬂra,turb (Pjito et c.)
covalently linked to the pe&tl de and post - translﬂ&al onal

modi fi cat ﬁ@h%om?l’()@f@‘}“c ic prdd spapenceieRCOdTSBIR, Rrludiga aanelels 28l no aci d
substi tut bﬁa&n]g%e mﬁﬁeﬁaﬁ\ég@egscswbﬁa JDUTDONS set b RIS, 0 the

substitution of one am no for another at a given location in the

pol ypeptide, where the substitution_can pe nade w thout substafatl al
| oss of t HO6T| evarariantprdaryative of aprioltt et SRY PRl ARG EFTsdRBR PR ons

of like a@hﬁop ggnfﬁtfal x hfheREr, VLG RhRirdshEe é}.‘rﬁﬁig%h}%fi ikt i ve

simlarity of stituents, for exa eir size,
char ge, hycitmplmﬁimlatadﬁmh pdlvoeide ai anySCﬂ@ﬁHSBH@‘)lWR@deéh@ hesegen

substitution eassa ed fon thei c t he
ol ypept | B T80T PHEOR Ao TR gt gLl lnshoh BEUUBD RIS, (0
i ncl ude t bgt sfilllsthink thie @hmgﬁh;ﬁd bheingaativiy cfdsdlwiad BBEqaomgpepmc;c for a
non-derivati sed residue, for exanple, by reaction of a functional

[0068] A variant or derivative therefore includes deletions, including truncations

(I
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[0073] In another particular enbodi nent, the isolated SBD pol ypepti de
consists essentially of the sequence DAEFRHDSGYEVHHQELVFFAEDVG

[0074] The term "consists essentially of' or "consisting essentially
of' as used herein neans that a pol ypepti de may have additi onal
features or el enents beyond those described provided that such

addi t i ona#nd egmenéss insertiensandrdditians, futexpmple cprservptiug substitutions, siisr| ity
of the pol; tl L,OF 1 L Bl LpdLng: | e.
That s PHATE fad MUGE L RS ofs SBHEBARL B Clul B RlitFiaTPARY |

t hat do note émheehen-emictdeyt dgreudsi (i, wggar,iipid, atct ) comaloet ydakied thihe

pol ypepti de and sphingolipid | ecul e, including a sphingolipid
cont ai nedp?ﬂﬁl%ﬁaﬁ%?%'ﬂlaﬁgéﬁmf}&r’ll%é}gca%gﬁ'ul ar pl asma nenbrane. For
exanpl e, a polypeptide consisting essentially of a specified sequence
may cont aj0068)e, Aswied hdreiapthe fepmr codseved aminvmenl sbishittfiasdlor am no

aci ds, at . one or,both ends of .the sequence provided that.the

2601 £} onal CRRpH R S ARG JETerT D i SR oT QPR ATIS 48] 5 Ao a

i nterrupt alRen NAghDE thepyipnptidd) R e aibistititoRteh BelBadeatigeint
sphingolipid. Simlarly, a polypeptide nolecule my be chem c%l 119/
modi fied whskuipldossof thsreleyant &inctiomn | Ingrakinssush sRANEES SHlsHiutioptef ke
chem cal Qs Qs ol e fobsis 51814 simAhRGHKorQidel b I Upt

bi ndi ng o%ﬁg}@bﬁﬁgi}gg%tcﬁégﬁaig &?%ﬂg%?sésr get as _h? n o% d. ?[ 0075] In
anot her pamhstitmhia;foemdﬂmr,Siiteh@hai‘@ohﬁiréldmgwy dyqrbilicitly i sts

of the segquence DAEFRILA .

cequence. SReeRbs i R APty RESERATOERME ol 2 TELEONE e
AP fragnemblypéptidippy rdihime Adkiger i ved SBD pol ypeptide variant binds to
sphi ngol i pids, including glycosphingolipids Gola and GML and bi nds
ot her sphi i pids and. phosphol i pi,ds. W & h I «af BNty e
AP-derive @) po %%%f‘%ggﬁ%&cnoﬁlgoc%%a? t%@g%l%%olﬁfo tg%t@ iﬁéﬁ{mﬁge been
lr3 eported tdgriwﬁmigé@jtneie’gﬁlm ng-ﬁdlsrﬁtaﬁisaal rie:ﬁ?m; ﬁmekmm];sl?,dj}de&dmmdf hi zat i OP
et ween individyal. anyl oi.d nol ecules of AP to effect aggregation o
the pol ypdwictigeel sde grvn of 28 ATk ane of cells. Thus, this isol ated
SBD pol ypeptide may be less likely to aggregate when bound to a
surface offoey11EnVanetsehnd depasiostcad ®s hedpatedgios phinndalbysubsintmgd t hus
may be less likely to alter the uptake apd trafficking behavi o§ of

i pi d 1 af QelsBPGPTAISIESEY 9] TpRRATTIER pEIE SesBtIBY PR T SRR o n t

synt hesi zeghidisd SBDFBEBESRIcKIRAWErebRnk Etﬁ'bi’dlggicﬁ%tiﬁﬁy@fméf@rablﬁ,’le
pol ypepti de can by synthesized using standard chenjcal nethods,

i ncl udi ng ssbtifgdiophasenairmibeenBOEtye pringacilratifes; ke., residues having
[ 0078 Al { Qi tehioh, thdiGeibat Bt hoRARG! ASIATRA ool il RfrdRL
ar cnni ques.

usi ng stan rLCoMb Nant. t e _ For exanple, the isolated
pol ypept i dewrtayndse sehpledsaigs asvarisatst usife sanflardinsatidy Gresiisiry syndpesis
standard expression.syste ' LR & an
thirerivib e e U b A e R R e
a pr ot easexahgla\r@§ansdobdlectabr (26018 dddeatar tteniig al Iabect@BDIdmel3t hé,
fusion pr

as

%o% g]'aring Harbour Laboratory Press), and how to test such derivatives or variants
for their ability to bind to sphingolipids, including using methods and techniques as

described or referenced in the Examples set out herein.

[0072] In a particular embodiment, the isolated SBD polypeptide comprises a 25
amino acid sequence DAEFRHDSGYEVHHQELVFFAEDVG [SEQ ID NO.: 1.

[0073] In another particular embodiment, the isolated SBD polypeptide consists
essentially of the sequence DAEFRHDSGYEVHHQELVFFAEDVG.
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[0079] The probe may further conprise a noiety that is to be targeted
to a sphirtgolipid. The noiety may be any nolecule that is to be
delivered to the site of a sphingolipid, by way of targeting a
sphingolipid with the isolated SBD pol ypeptide. The noiety may be for
exanple, a detectable |abel, a therapeutic agent, a ligand, or an

ant i body .[odR80] T e e oRsie eisemially of 've “conbigting dskeatiallyoft es wredt ar get ed
to a sphingolipid conprises, a detectable |abel. The detectabl.e | abel
Fof r o 1 ceayPag 1R APIEFDI AR BUlEP DRCRPS) ey e

di rect| y . iiadiibEF bloidel Bt GXARMiBOMY foafiraitbr eiehibntsi ddinpgmaRtAReS,

aut or adi ography nethods, col our devel opnent net ho’g\sﬁg{ b gff'l nity

bi ndi ng. et thx alilityeof thepolypegtids to fanstipn ang sehéngsiipid binging paleedeent
group, a iy 1o ARk t 8o hdigaesedor
exanpl e bfh%fllsf#ggb fgﬁ%ﬁ@%ﬁ?’{h&uﬁdﬁ?@%nt g%%&ﬂéggrﬁgqcti ve group for
exanpl e awifh e eirdiny ioesackibn kewesubh pelspdpside ephesmbineclipid EleqwWen or an

epi tope, a ramagneti.c.gro ar t Lety. It
w1 e aphds aetdmenifhatRinath e faldEbo 058 Al MRL R nl "

i nt eL fer elrdﬂe?%ﬂﬁl%gi I@tﬂ*ﬂ leipﬁ&f;\ ﬁnéitsﬂi@ ésﬁgﬁamsjed% &E-)cl ified %qqapidedamytcmntaimd to
a sphingol i pi d. we the detectabl e | abe e .chosen as not
to interf&eetw e fm’ﬁeﬁ‘fetﬂrﬁn‘trﬁ%‘%g’% W&Wdﬁf%gg?er‘gf]ﬁoﬁt%%ﬁf%f;

sphi ngol i g%l;ﬁ‘e%ﬁé Brovidel $hdh el alaiiohdl iafhirdd de@dlsldo oPBkklekatwith faliibit hlbakr
enbodi ment, the detectable |abel is a fluorescent group,.such a

f | uor ophovrentefhipighabinding beerecaithe@etypeptiigand #aiargHh Sﬁ@ﬂ%ﬁ&l@gw en
associ ated_wi th.. i [Wel j : } Sval

t echni que%l,’ 3 %Fﬁﬁfﬂ%°§%g¢‘éygd§§8@§%%%&3&@%%?‘.ﬁg%’?{eg?g cont ai ned
wi thin a gelps prévijed thaiosuok kins catgyoupe de hetdatarfereavithe jnkipt, bloglopr Py

dyes, Al exa dyes, ,.TA . O n.or.een or. a. um dot. I nclusion
of a si ngwr%#égﬁlgﬁo%lﬁgpg’ﬁﬁ%%‘ﬂ%%gﬁ gwpﬁ%gbﬁ?};sl%' of the probe in
doubl e visualization experinents, for exanple in which a second
f1 uor opho[0075}% uSeahdtigertpartigetr emididithertghe isolatesisSRHIP polypentide eausists

[0082] In ap_al terna o I at is to be targeted
to a sphi F S é?rA %E?Sg‘%e‘llﬁghﬁg%?é}rﬁ] The therapeutic

agent may be any agent having a therapeutic or preventative effect or
whi CE effgmmf]a d@siﬁbm ]£Q@ng@aiﬂﬁclq;ﬂ?j_t\§bul ts,the dequencs of theSBLyrsElover ed
to the site of a _sphingol,]pi [ in menr ane containing a
sphi ngol i fra the AS| gt %%ﬂpﬁﬁ“ﬁvﬁﬁéﬁpﬁeﬁrﬁgﬁIv?ﬂangﬁa %& le or
vesicle.  Ea, SXGARiSludifiebARERALINIS CIgRRhd GM1 A% lindiobg: an
antibiotic, a rnone, a nucleic acid, a polﬁéﬂgtl de, a_cellular

fact Iord [Qﬂﬁﬁﬁoliﬁidel’ambjﬁ@lsghoﬂmds ity adovaselfinyg B-dgriveds? ngol i pi dI is
coupled to the isqlated S ' irectly
or indi re@?wepa]g?ﬁﬁes qgf%ﬁgp%%ﬁ%%?' %Vean%;gng@é é%ﬁ%of@%m%%\%gl éel%tly or
thr Iough a@rcfﬁéiﬁ Ex{l@xb&tiﬁnﬁtaﬂd ﬁsﬁ%iﬁﬂion[b@ﬁ)&ét D ifedvi _t'crlltml ax:cmploéa:], mbleculbeofih &t y

i ncludes a functional group.that reacts wi unction roup on
the i sol apﬁactswe%wpiogé}emp%@ ﬁtﬁ'@ﬁefsﬁg%‘?ﬁl%fﬁneo cég’f‘gtl}?g’ oup at
ei t her en@so&ftidte %@ 'géft&h@ﬁtim B ReNgk iREP S SifredaRRhdn RuAD et Surfmy obe

directly cou e isolated SBD pol ypepti de. X
Y a merx)nbrane or liposome containing sphingrc))lipi\c/ig, agd thus may be less likely to alter

2

the uptake and trafficking behavior of lipid raft domains.

[00771 The isolated SBD polypeptide may be synthesized using methods known
in the art. For example, the polypeptide can by synthesized using standard chermical
methods, including solid phase FMOC or BOC peptide synthesis.

[0078]  Alternatively, the isolated polypeptide may be synthesized using standard

recombinant techniques. For example, the isolated polypeptide may be expressed as



[0085] Alternatively, a |inker group nay be used to couple the noiety
to be targeted to a sphingolipid to the isolated SBD pol ypepti de. Any
bi functional |inker group may be used. A bifunctional |inker group is
a chem cal group having two reactive functional groups, one of which
is reactive with a functional group on the noiety to be targeted to a
sphi ngol i FH cAA&signgreiemdn agtandiil chpressionsygenny whesk the fasiénproteimnal

group on tiﬂ&fdé %ﬁg}’%’ [ |1 he

advant ageously %osen to B%Odunc alﬁoggagjﬁuggﬁgglﬁﬁ%@?g%éarif'&v‘?lloaslai pid
head gr oupsgteash alsavagd sitd fog redenge dfthe isbted&B3D fromrthe Asichipaken. group in
the binding of the probe to a sphingolipid. [0086] For exanple,

| i nker gr su I ehvde, formal deh or l.yet hyl ene
gl ycol nagygég]usgg]eﬁ%c’l%oﬂﬁél e %ectalrﬁo & i;”/mf)%%%%t%gqe'f/ept&?#ﬁﬁ?a [0087]

I n parti cubhing@dipibdibrendisty nhdyebel anp kelecgledli icnheIdeB@Sed to the site of a
cyst ei negam.noet h -eth -acetyll?2 s- REEAch:; Bache .

Swi t zer | and) @ lpfcgﬁ)!;ﬁv&y@? {%&“?}‘@g ﬁé@n@é‘%"ﬂﬁ [1%@}%5)}’%6?%%&
linker, CyRBrenAfiiRfelay bB& ckabye! LHAEAHESIEICn ﬁ%raﬁélﬁic%?&ht Phgvding 2
reactive thjol, group or reactive am no group avail able for reaction
with a suiPd%: | uorescent noi ety that is to be targeted to a

sphi ngolipid. The second |inker, [AEEAcl12, allows for a | abel to be
coupl ed difoego]! ¥ IhQukentlofERAE] Bie WoitHanNHR 9rRURrdef2at hﬁ!@%ﬁ i
[0088] In aﬂ}lﬂrt her IjLparti cul ar eﬁbo(git?rent, the |1 rlg{?%?l tg?ao%lﬂb onlBlrdi ses
Cy's[ AEEAc Fogpriseapmdeicstableralel c dip detsctable labs] wafsrs toanshieg Nr {abehibaticanof

g R AL LS LT T

not sit uateathosls, agotadiograpby frectbods, tdolduh eleelnpinag akthivlie oSBY affinity

pol ypepti a hi_ngol i pi.d.. For |l e, the nmoiety may be coupl ed
Po The N St { RRUAEB Rbdiod 3, 103 oaisolsuroh aptitiescot Sraup o
coupl ed t chemihirdiaeschisi pronp, anradaotveagirshp] M fipend dby REBbIE bicGaUR! | Ng
of the noiet % hhe R5 residue or. Y10 residue of SEQ ID NO.: 1 can
reduce bi ﬂi’gi"ﬁb" @? PHESCEBET S § FREFHTHROTLIOE FRmRI f PIotHR crogsylinksr seph) 0

fol d, and at betgopliendhd, lan @t &t is €y TD] t he
oblienthd, lan RetisROar ﬁpé,%ar&rﬁé@%%%%mﬁ% oﬂ@h;{@aﬁ% exﬁétal

si dechai n of either_of these resi s ‘when t he pep

conpri ses “PRBlE gymeiste Bbvilbbraameaigted that the detegjable iaégle&e igd sh@dd oot
Thus, the i ; s I L i t
e ey

the isol ated SBD pol ypepti ems
t he i sol atedveliptheplsrciabile Inbel syaytteadbsoadso us inntochienferakith ecparivgiée,

t he noi et : [, . . .coupl ed to, .the jsolated SBD
pol ypept i ﬁ%ﬁﬁ%%dﬁa%nﬁ ghdgg%ip?%hléﬂg%ﬁfﬁse (%l%]?’a[cﬁjégl] I'n

particul ar enbodi ments, the probe conprises an isolated SBD
pol ypept i iR0&Mat Te anpariicda elwdineiethe aletectable label is a fluorescent group,

DAEFRHDSGYEVI = 11- FEAE ith.a fl har e. led to t

Nt er ni nugﬁ%{f astléeﬂ.'%@/ﬂggégt ﬁé‘% a@?‘fvﬁﬁr %?cggﬁgv?%ﬁloﬁggﬂ&%t ﬁré'g? i"ﬁ%@r

Q/Sé[ AEEquSaTiatpm o8t a I@ﬁ:gzﬂiphbusfi:sgt ﬂ&@?i@bﬂﬂ&&ﬂmseblfyl teamm;xﬁa,dinbmtdﬁ@
roauce | ar ge anfitlr s r.eil, 1V ecanom ca .. A n |

Sutapie P BaSet flhn spRpet DRt SRdoBin g el brb EoRBhaT g

quant i ti eshd3én,r RAGRABIGleMBYDIRYT @] Weska ERQIFAMRMS oL BQhabed SBD
pol ypeptide is useful as a novel probe for sphi ngol iaﬁ)i ds, including
sphi ngol i pra&me fs'lah alnchisionifexssipgls | emissipanideasephore may allow for use of the

gl ycosphi p@ab iPdib et/ n ] i f '

menbr anes?of | i vi n% cel lié!i.n%%gﬁ_ %ﬁgsf ﬁ)}g@%ﬁggpﬁvw&ﬁgé%@géi&gﬁo%g s a
short peptsivged tortpraeiprdiferentalasb of ebcygasd to be easily linked to a
nunber of different fluorophores, and is thus well-suited for

applicati EUUSZEI n g i’tgﬂfé%ait&erﬁﬁ%itqéﬁlgtﬁ ﬁ{o?e?ﬁjchggis%gﬁg‘%?geted toa

sphingolipid comprises a therapeutic agent. The therapentic agent may be any agent

- N

having a therapeutic or preventative effect or which effects a desired therapeutic
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[0094] Particularly, a fluorescently tagged isol ated SBD pol ypepti de

t hus provides a non-invasive, rapid, and sinple neans of |abelling

| ysosone-targeted sphingolipidrich conpartnents in living cells. This
novel marker of sphingolipid-rich domains provides a val uabl e tool
for studies ainmed at assessing changes in sphingolipid trafficking in

cel | ul ar wesyll thaigs tofea debergdiodhasitond agphingelmid mathatidgo adhantder S
affecting  Ljnif . i cKi 095] The, i sol ated SBD

pol ypept i gﬁvvas gfsait)sg’%%%&ﬁ @gﬁ%@%ﬁé%%%nggaﬁlﬁk?%n ‘rnhgcee@{ﬂaﬁm %%nd in
nmanmal iban vga'?lbsFoerm‘ pﬁc; tlhxz itM@e:lstidmf ilig_ni}dﬁe m?’ﬁmitaﬂﬁ?ﬁ?&’?%k‘ﬁm? ad
spri ngboar or 0Ss i l.a nmodel s i seases at affec

sphi ngol i &uﬁlejtcl’aﬁﬂ?e‘ahe Ua?i&cgﬁ‘flﬁrbtg?tf’rsm [ 0096] Thus, there is
presently provided a nmethod of targeting sphingolipids, making use of
t he descr i[@@88]pr dlie.mdi€t) e} iskh e trgdalio aepRinE SRS HRBhFEd tote Rolated

sphi ngol i pid-cgntsi..ning lipid assepbly wth the present probe as
descri bed%ﬁ)p?fg?peﬁjﬁﬁgjl @ﬁ%ggﬁﬂpﬁadﬂg erdBdiresilnpveg ¢ lipke dbgsenbl y
may be anyndidtPinthydsSeuiMdcdviRhy AthidEsaSRRLAPRkd- RS, I N the
assenbly, and in certain enbodinents glycosphingolipids. The lipid

assenbly | sq include cholesterol. The lipid assenbly nmay be an
artifici aﬂ&?%‘@i i

0L gEapms, if the ok msiudes 9 Wnetiamekerorn et tepctawshiat abl e
sol vent ofydctiBhdl of R i ' i or

b1 | yer s oo giRb e IR SED pgfds, mdios Miike SHRRCLAK Sy

occur ri ng grqupiagieithes endydtyihe solated RBRWdymptide itvn deseoiblyymaycleudirectly i n a

cell or iR, e%%@&lk@? éﬁ%%ﬁegﬁgm a cell, including in a plasm

menbrane, a‘lysosone, 0 d" ni crodormai n such as a lipid raft
contained within a cellular menbrane. As described above, lipid rafts
i ncl ude cEAERt er/dternatimelyralinkiengioup eay by cosithicoupdd thpmtsety kobecer t ai n

enbodi nmen oY j-ns .al sphi | i pids,.

i ncl udi ngk%iéﬁéfk%%g@?%@%%g%%@g P%ﬁp%’gg% rf’gnyg%gwg%mi*m]ﬁliese

gl ycosphi syobinpiyde.uséd o bifetctientd tidkerendp, is & bRenhicdligdndBomBlto cONt ai Ns
sphi ngonyel i n hal est erol and qQsphi ngol i pi ds, . or_ sphingonyelin
and chol eSPEHY; i%‘m%%f?ﬁ O‘iﬁﬁem}ei‘)&%’bfy %Eﬁﬁfﬂ‘% With & Retigneberowr ehthehe
probe by adity toiit tfzefel € DiRRoliMalah®HR MRS 8PRhith if REcHRE IR £

addi tion % t.he probe to .a solution_ containi nﬁé{?he lipid assenbly, or
addi ti on orak plovp gp thfrigletpoBBoPheptie. e Haker sraytheragrantaggondy t o
be used t ghdied Rfe icBREEA) S04 it & bihd' lipid head groups, thus reducing any

interference from the linker group in the binding of the probe to a sphingolipid.

[0086]  For example, linker groups such as glutaraldehyde, formaldehyde or
polyethylene glycol may be used to couple the moiety to the polypeptide,

[0087]  In particular embodiments, the linker group comprises cysteine-[amino-
ethoxy-ethoxy-acetyl]y) (Cys-[AEEAc];; Bachem, Switzerland) or [amino-ethoxy-
ethoxy-acetyl], ([AEEAc]). The first linker, Cys-[AEEAc],, has a cysteine residue at
one end, providing a reactive thiol group or reactive amino group available for
reaction with a suitable fluorescent moiety that is to be targeted to a sphingolipid. The
second linker, [AEEAC]y, allows for a label to be coupled directly to the [AEEAc]; by
the NH; group in the linker.

[0088] In afurther particular embodiment, the linker group comprises Cys-
[AEEAc], or [AEEAc], that couples the moiety to the N-terminus of the isolated SBD
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probe may be designed to include a detectable |abel, as described
above. The nethod thus further includes the step of detecting the
detectabl e | abel. [00101] The net hod of detecting the |abel wll
depend on the nature of the label itself. Methods for detecting
various types detectable | abels are known in the art, and include

f | uor escepdlypeptidd. ogr aphi ¢, i rmunoassay, enzyne-|inked, or
colourinmetric nethods, for exanple. [00102]If the detection is to be

done in a , : ' a
fluor escek@%bgbeﬁﬂg%%ﬁg?ogg?gﬁgé rﬁleapkgpﬁg iogg%égféiﬁ(g?%%?gﬁ%eﬁgjg’el , may
be di r ect pryvidedthat the ecbidty isfot siteédlanaes tovintriescuythe bodingay e BRI | ows
for detecti.on qf sphi ngol,.pi,d i ncl udj.n ' i.Di i in
col 1 by YRS G A WAL P e B Rtplin R S B RO B Ol Do,
tr ﬁpk t Pecga,tnﬂd n@hﬁﬁw_ ksﬂé@%&SBﬁ'ﬁdﬁYﬁbﬁ"ﬂdlm me¥ be ccmpf:bdttdsmsidemnlgéin of an
sphingolipid traffickin romthe, ce sur f ace na. e to
Thri s | Betmoiesnds derRepts. Cauplingel hemelbyts & (Sidir gt 110
internali k@ﬁgg% '%lb&\i@.vl 6sh feBuitaih BN ofi8é EBDaYIRegaRab | es and

e

| ocati ons. L0 probe i1 s applied _external Iz, and t_hua_qehas
advant age sphingshipidatbyapdp |10 feld, and bwilktbe upderstood Giat eRywHESHeng of
sphi ngol i pid.t fi.cKi L L0l sdudsiviteh the {fdees not
need to bgmtlert%\%tgﬁ%%@ h&%{}? ieﬂmclz-gifﬁm%\%e%r‘éesr or vglmg%gp??g%ion to be
possi bl e. céepiises theGeRRicherstfHFEQHYNEL nkisdese grefasredoni t or  sphi ngol i pi ds
begin to fluoresce i mmedi ately upon folding of the translated

b1 osynt heltiodly Al POl §Re Al R RARIRRA fal B 854S Sl @
fluores ge:igolawé:cspm]) p?llﬁzpqitida 85if1§ shaidand plgwristar_stfyd_:lnﬁcms. RE|ye ilmlated SBD .
neur onodul 1 n: G- at contaLn a 1d nD Lcatlon w | te
to bind t 8eRE gYﬁé]FS‘F R Chﬁ?alctﬂufglﬁ”él?ﬁ’a w&yawgl i h%%ﬁs@% eas
| i pid raf te dospddts figfidolaeh SBUOHIIRicfEdd BDined 6r nbretsiups ofthesyihtheasis et .

Therefore, thé present probe may be a nore faithful marker of
sphingolipid domains, since if wll interact wth .the | eaf |l et,
and i1 2908flbe I REseREr Frbet e P R GEBLI AR S P oo
polypeptide that comprises the sequence DAEFRHDSGYEVHHQELVFFAEDVG,
with a fluorophore coupled to the N-terminus of the polypeptide, either directly or

using the linker Cys-[AEEAc]:.

[0092] The probe as described herein can readily be produced in large quantities
relatively economically, making it suitable for use in high-throughput screening

studies where large quantities of reagents may be required.

[0093] Thus, the isolated SBD polypeptide is useful as a novel probe for
sphingolipids, including sphingolipids found in cholesterol-dependent,
glycosphingolipid-containing rafts and microdomains found in the membranes of
living cells. Additionally, since the SBD sequence is a short peptide, the probe can be
designed to be easily linked to a number of different fluorophores, and is thus well-~

suited for applications in diagnostic and drug screening assays.

[0094] Particularly, a fluorescently tagged isolated SBD polypeptide thus provides
a non-invasive, rapid, and simple means of labelling lysosome-targeted sphingolipid-

rich compartments in living cells. This novel marker of sphingolipid-rich domains
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[ 00105] Such intracellular nonitoring of sphingolipid trafficking may
be particularly useful in diagnosis of disease states. For exanple,

| ive observation of the trafficldng of sphingolipid rafts in
afflicted neurons conpared to healthy neurons would allow for
detection of sphingolipid related disorders, such as

neur odegepevidts aeldibedasider: shuiiesaboeedst assagsing oirangss in Jphingelivid  evi dence

Sphi ngol | BRACCRg el DIt P Afkch e BBl MM Bukful s ARk

i ntracel | lhidstopat bndysfitldken by sphingolipids and rafts is of general
I nterest. [00106] Thus, the nethod of targeting may further include

di agnosi s_of sphi ngol i pi.gd rel at di sgrder . 0107 ect | of a
det ect abl @?&TkeﬂﬂFﬁg’B@%P@%‘%ﬁ °HEd ougﬁé%g%h%g SLF%)I%%IH | %eggosed,

i ncl udi Ngn@r&Rlahd exphaniatich fdle/THibproside) &bisis Hphiingmkicpieistasaf f i cki ng
is nmonitored using the present probe, and t trafficking.pattern of
sphi ngol i pErEgbegsd %éj@iﬂiih@%méelgéf‘?‘s%‘iﬁ tﬂ@ a%gﬂﬁaﬁi@aolm K %&'E“{'er n
observed [ Rfnaidagal thy cell, where a disrupted or altered pattern in

the subject’s cell is indicative of a sphingolipid related disorder.
For exanple, the rate, |ocalization, or extent of Irafticﬁﬁn can be

conpar ed. [9U88108]Tkas.dhap ispresgnttypregidpd 2 methodiof fesiing spirRgy

r ef erenceFfaE-l | ih urality of cells or a population of
cells, un esgggt%%gggeﬁslp%lc@?@ed. Simlarly, where applicable,
reference to "cells"” is intended to refer to a plurality_of cel]s or

a popul at [9Tdf ddemeetndromposesconapings ingolpifyrataiing lividpseably
appl i cabl %th'%u{‘é;r@ge p%mggL% qéscﬁ‘ib%d%ﬁénle that is known not to have a
r m

di sorder, nutation, unction that is found in a cell affiliated
with or that is known to cause a sphingolipid rel ated disorder.

[00109] A §¢38) go Thpisphipgdlipideepnisiniog tipid asserapde mapi bp anvlipid pasembbighginy
di sease,  iudes sphingolipids in the assembly, and in certain embodiments

glycosphingolipids. The lipid assembly may also include cholesterol. The lipid
assembly may be an artificial lpid assembly, for example lipid dissolved in a suitable
solvent or lipid formed into micelles, liposomes, monolayers or bilayers.
Alternatively, the lipid assembly may be a paturally occurring lipid assembly, for
example a lipid assembly occurring in a cell or in an organelle removed from a cell,
including in a plasma membrane, a lysosome, or in a lipid microdomain such as a
lipid raft contained within a cellular membrane. As described above, lipid rafts
include cholesterol, and may include glycosphingolipids. In certain embodiments, the
lipid assembly contains glycosphingolipids, including GD1a, GD1b, GM1 or a
combination of one or more of these glycosphingolipids. In other embodiments, the
lipid assembly contains sphingomyelin, cholesterol and glycosphingolipids, or

sphingomyelin and cholesterol.

[0099]  The lipid assembly is contacted with the probe by addition of the probe to
lipid assembly, for example addition of the probe to a solution containing the lipid

assembly, or addition to a cell culture,

[00100] If the method of targeting is to be used to detect a sphingolipid, the
probe may be designed to include a detectable label, as described above. The method
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di sorder or condition which is associated with, related to, or a
characteristic of which is anomal ous or aberrant sphingolipid
trafficking, production, localization or conposition, or which
depends on sphingolipid recognition and uptake for its infectivity or
etiology. For exanple, the disease state may be a neurodegenerative
di sor der , thumfirthei inguddsAhrestereof detediimeths detertabie fabln rel ated di sease,
or a lipid storage disorder such as N emann-Pick type C. [00110] The

met hod of qugb?tti nglal% ﬁ%@g{cgé%tﬁgyabglﬁm Rt FFBhORSnRlorieeat i ng a

sphi ngol i | at € sor reating a disorder where treatnent
of the di mbeldeelf.elpthoils for tittectmghiarige typisdetectableilaiclsrge Iravimiayke of a

cell to deliver t her apeufic,.,agent. .ln this a t robe is
desi gned ¥&HEREK e?ﬁ@”ﬁ“[ﬁ]ﬁf@ﬁuﬁﬁnﬁ’ g %agga?agg gémgcgcfgp

sphi ngol i gd18uriBetAc kgbag Etdxempeent , as descri bed above. [00111] Thus,
an effective anount of the probe is admnistered to a cell of a

subj ect i of ch treatnent, .incl udi an, expl e ell or
el i n vRRABBET oo e teulih igp videncie el G aS Y r i Hntiey
approach {oiveRbhs) B a8 iR | THRY prétes whedinkRaigtasludresedsit tibel
clinical results.” Beneficial or desired clinical results can include,
but are nawybE direatly visgelized by lugrasesncemiGpiePPHr ati on of one or nore
synptonms or conditions, dimnishnent of extent of disease,

stabil i Zagdms?f_ t ;s bR 1Bf dlbctioA SEsphMgRUBIAL iiAdludhg Sitilotipident  of
di sease, prevention of spread of disease, delay or slow ngtﬁgf di sease
progr essi wthingetelly Byrdetacting thg loprestentlabal oyerdtine. idgppsstisiotesrk de

pal l'iation_of ' , biSSd Luha et fdn@theor
Potal ). - progrtisgeile ng Sl and it kORI dIBTRR ok b
beyond t hatll axfaecplesni metmheneasemoes bkations abthimthe cellf aep deilipgl raiapreal so

d t hatll axfect amentops ¢ ol .
of i seaseFeAsP A PoToues Rbupishor b PEPu s RRaR, O T30 Png

t he progression of the disease permanently. [00113] The term
"ef fecti véo@roagnt " Tse pobelishpplEdrexmmpsatly, znd thudhss edefnfages ¢wee, at

dosages and f eriods. qf ti necessar.y .t.o_achj eve . i
resul't (e Pﬂ?ﬂcﬁ'}ﬂ'?'rt@ﬁfge&wgﬁ#sﬁg&nﬂﬁli et g’i’ %ﬁgo&p&%‘»ﬁﬁg@?ﬁ@ﬁ%ﬁ ‘%g a
neur odegergsatteVeobdidves sitheed 1Btk tdhilgeMihe belbin' wddifacdar)ization to
[00114] The cell to whjch_the probe is gdm’ ni stered may, e an ex
pl ant ed céepossible. Certain GFP fusion proteins used fo monitor sphingolipids begin to
fluoresce immediately upon folding of the translated protein, and may thus label
cellular compartments in parts of the biosynthetic pathway not related to lipid rafts
per se. Second, fluorescent protein fusions (such as farnesylated-RFP, or
neuromodulin-GFP) that contain a lipid modification will be expected to bind to the
inner leaflet of the plasma membrane bilayer, whereas lipid raft domains and
sphingolipids reside in the outer leaflet. Therefore, the present probe may be a more
faithful marker of sphingolipid domains, since it will interact with the outer leaflet,

and will thus be internalized in resulting endocytic vesicles.

[00105] Such intracellular monitoring of sphingolipid trafficking may be
particularly useful in diagnosis of disease states. For example, live observation of the,
trafficking of sphingolipid rafis in afflicted neurons compared to healthy neurons
would allow for detection of sphingolipid related disorders, such as neurodegenerative
diseases. Because of the numerous lines of evidence linking neurodegeneration and

aging o alterations in rafi-borne sphingolipids, a method that would allow one to
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froma subject, or may be an in vivo cell. [00115] There is presently
contenpl ated various uses of the presently described probe,

I ncl udi ng use of the probe to diagnose a sphingolipid related

di sorder, use of the probe to treat a sphingolipid related disorder
or a disorder where treatnent of the disorder exploits the

sphi ngol itpcd fHeriafddeiklbrmtipedyk wekys by sphangodiplds and ik isafizeperalivtergeut i ¢
agent, and use of the probe in the manufacture of a nedi canent for

di agnosi eat nent .of | 1 Pl ﬁj& ; isender where
treatnenﬁpgﬁoé e dﬁ%g% é?n%¥%$%ﬁ@%%##§hg% |n8% ?%?ga?éggkﬁgking

pat hways ghingolisitl kelited diebdderer a t herapeutic agent. [00116] The present
probes and nethods are further exenplified by way of the follow ng

non-limt npl es.. EXAMPL 1171 EXA . : i, was
denonst r a@gas?ﬁat jfeé%cgﬁgrf"\ﬁ%gg%c&%’?elp 0ot lgﬁlygé}glg?a c%g%joégl E%Ee%t %)Ie%t i de
derived fgigsmobeny el GliReplitde fioAhe tubjeesSphingehidddyafidkingisak e
route in live cells that is chole terol-gle endent , . but (c&ills%i.n from
ot her so-wanifaser psing theprepat groby; 4ng theiptl “8%3 eﬁ%ﬁ%plé‘@g 158N % at i on
of _the _SERRkODE i Aeot ik AlitDhe bhkin bdpic ToaiTieallRy kel sholbans

that SBD is rapid I ncorporated in

] into early_endosones, |]Kk gho era
Toxi n ( ChdiBpprddr tlieed paticrn infshe subisrt bepll 15 ngiqeigs e SPSP&F”FE"& kS ‘?‘f@é rout e
through t &g?rﬁ&d Yo g}?ﬂ?ﬁg%:gle‘%g% LEa%atid 19y Q)Flaﬁvé@ﬁafﬂcﬁmé WRPRE SorYfarddre
acts d

| dea t hat uor éscen as a glycolipid tracer, it binds
preferentially to glycolipid-loaded vesicles with raft-Iike

conposi t i [9108hd i rRéferencedeh cell”tis ttdnided toringlugqsferegice fp gsingle cell, a

gl ycospbi {}1%9&;%1" cefty gll‘ £ gdpuﬁlﬁb}l gfée(ijﬁydnléég bR ELHE: specified. Similarly, where
applicable, reference to “cells” is intended to refer to a plurality of cells or a
population of cells and also to apply to a single cell, where applicable. A healthy cell
is a cell that is known not to have a disorder, mutation, or malfunction that is found in

a cell affiliated with or that is known to cause a sphingolipid related disorder.

[00109] A sphingolipid related disorder as used herein refers to any disease,
diserder or condition which is associated with, related to, or a characteristic of which
is anomalous or aberrant sphingolipid trafficking, production, localization or
composition, or which depends on sphingolipid recognition and uptake for its
infectivity or etiology. For example, the disease state may be a neurodegenerative
disorder, including Alzheimer’s disease or a prion related disease, or a lipid storage

disorder such as Niemann-Pick type C.

[00110} The method of targeting a sphingolipid may also be a method of

treating a sphingolipid related disorder, or treating a disorder where treatment of the
disorder exploits the sphingolipid trafficking pathways of a cell to deliver a ]
therapentic agent. In this aspect, the probe is designed such that the moiety that is to

be targeted to a sphingolipid is a therapeutic agent, as described above.

[00111] Thus, an effective amount of the probe is administered to a cell ofa

subject in need of such treatment, including an explanted cell or cell in vivo.
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[00119] Materials and Methods [00120] Cell culture: Gowth nedia:
Drosophi |l a neuronal cell lines DL- DVMB&2-c6 (Drosophila Genone
Resource Center; U et al, 1997) were grown at 25C in Scl neider's
medi um (G bco, USA) with 10% fetal bovine serum (FBS; G bco, USA),
0. 1251U/ nlL_bovi ne insulin (Biological Industries, Israel), and 1%
ant i bi ot i c[M¥ifRhy cot‘Teeatiof'la dievas¢ Ghtb oxfers tiSAY) apphdaeB T dikuitsiy beneficial

fi brobl ast 5 ur obl.ast o ((ATCC,. USA) .wer rown at 37C
in Dul becc‘(?)]: C%%ﬂgﬁ%%@g’dx T‘:‘ﬁ%fl%&é’”ﬁ?@aﬁsﬂﬁ% (%Qg%lal@r@ﬁﬁr\fﬁﬁgﬂgﬂsrﬁ%‘gﬁ Efent ed
Wi th 10% FidSludedubart bi livhitel to] Ne%idddn draineHOAIOR BB ST BrSpt6as bi cal
neur ons were Breg ted. using . the tgoafpai n di sassoci ation techni'que
descri bed fPdio8 31“9 et pleyenipigesevitiahilizatigy et e stetanddisesredi shes
for 3-7 dapevekivbf deRpREYSENseld Bo 081Gt ently

t agged 5131y§‘|8_epti de aﬁdpcel I Iggel’ﬁ%ﬁé}l SB%%ES?%?SE&%E’#%?%\% th or

wi t hout CyEewingef disepsearogrrssien, play er slowing of disease onset, amelioration or

(Cystei ne[ MH' %E%%E%ﬁ/n aghﬁﬂéﬁ)ﬁ‘%@}{%ﬁ r}%p&l% ?)p {o?ali)- l‘%?eealtikgedca\zll\'i th

Oregon Green vi aot he e on cys
Tet r anet hydihsermrplengimy/Ryrvivalyflagutist heydnd tharierpectldn the@bsdndERAC] 2

was synt hesj h e wi t zer.l.and. c-tagged SBD w t houyt

[AFEA%:/] 2e;t§nér"“{’%EE & @ga%%‘gs? SO BRI ‘ﬁ@%ﬁ%&’&o% e E}SF%F» 2 thRew
Jersey. [ Ofdg8)sich ofdisahsedersmithitinCathoENTHA HOEWNeARNG 1heEQ | D
NO.: 21) and a scranbl ed sequence (FYI DDESEFGHAVEQEGRDVEAVHDL [ SEQ 1D
NO. : 3]) wEPEeH¥Y fease Rl 1 uor ophores and to nyc as

controls. To avoid aggregate formation of the peptide, SBD was

di ssol ved 0011311, 1, 3h3 idmheRadive@i@uR™ as eaPeRal mbdklaRhmbk@ncast er,
UK), afiquqgted and dried |n 50,9% al i quots. Lyophilized peptide was
stored at ZBHEYe giflpsigsgradior pepds of time geoesy iekerdwidativedyessBf or e

use. Pepti@e wateafh sghhdlibia ralatbl BRbrddO iehid8, LONGE ' p. M

in Hanks Buffered Salt S(;{ﬂutri gn (I\/BrS; "G bco supp‘fﬁgﬁg&ﬁkégﬁe%{s{)ﬁgﬁo vl
hydr oxyet hflpdipe Adgheinessisilissatedul f oni ¢ aci d (11EPES), and incubated at
25C for 30 mn at 10 pM (for Drosophila cells) or 37C at 2 RM (for

mammal i an [pel14) . antctden washed PH%@?S d&dg‘{/@%ekg@gﬁsaﬁg s1:)1::1ntecl cell

[ 00124] Conj ugation of SBD was confirmne
spect r onetiFgm a subject, or may be an in vivo cell.

[00115] There is presently contemplated various uses of the presently described
probe, including use of the probe to diagnose a sphingolipid related disorder, use of
the probe to treat a sphingolipid related disorder or a disorder where treatment of the
disorder exploits the sphingolipid trafficking pathways of a cell to deliver a
therapeutic agent, and use of the probe in the manufacture of a medicament for
diagnosis or freatment of a sphingolipid disorder or a disorder where treatment of the
disorder exploits the sphingolipid trafficking pathways of a cell to deliver a

therapeutic agent.

[00116] The present probes and methods are further exemplified by way of the

following non-limited examples.

EXAMPLES
[00117] EXAMPLE 1

[00118] Here, it was demonstrated that a 25 amino acid, fluorophore-coupled
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by the manufacturer (Bachem Switzerland); HPLC and M5 peaks showed
no change in structure of the peptide, and elution at the expected
nol ecul ar wei ght. Additional confirmation of the conjugation
efficiency of SBD to fluorescent |abels was carried out by
fluorescence correlation spectroscopi c (FCS) neasurenent of diffusion

times of ¢ Pglstgmﬂaﬁ%ﬂ ﬁi%mlsn@lﬁg(bata@eﬁﬂc (Aﬁbitrél’o%?/ﬁAmrkmy@B@id@upl ed
Oregon Green and TAMRA, .diluted . to -4 n A conf.ocal , Zei ss
AXI OVERTTIoyie in die glis et isshalegtsinbArRs degtit e 808 RO LR A e

(Vavemet rliﬁﬁl?& VRS0 S Rke (it iR e RBREAHZBIH $he I Pobeesith 4 vidietyof
multiples o § sets each lasting for 30, sec. The ohtai neI\d correlation

f unct i onslivesfiusrdscent aprkespshows Bk aPRGs paidincebaraed Bigieated and
finally ayver s . ||k By, t . l+dn et ik
AP AT 0 Py o oA

anal ogs a ter splitting, cells were
pl at ed at roatectrsizh theehddP®sanillasd mMeyelingpaivayein sgpagst of thhidebies with

0.17 mm cqversli ttons (,Mane,..Denmark r I - \Ad

coversl i pﬁﬁ??Fﬁ"SW&é(ﬁFﬂﬁ)?soadélg‘fﬂiﬁgid Wf%ﬁpdes enfég @ﬁ&g&r’ gﬂrggh uzzdtag%d

Wi t hi n 24v21dsiwig fagrlikeestpagtidd) endiallive celBetraffies tgether with of

fl uorescent probes, .cells re washed three times for 30 mn with
HBSS/ HEPESYcepRheeinid ﬁ@l%\?,,\ﬁ-léﬁt%‘-‘ty gere®E f ol | owi ng | i pi d anal ogs with
attached 4, 4-difl uoro-4-bora- 3a, 4a-di aza- s-i ndacene (BODI PY)

fl uor opho[@m! e fromdvalieaid MetHdaebes (1 nvitrogen):
BODI PY- 05-cer am de, BQODI PY- FL- C12- Sphi ngonyel i n,

BODI PY- FL-05-] | ct osyl cer.am de. I'ls. re hed wi.t h.pre-chill ed .
MBS/ HUES [A8190),  usksH Gl Sk By Dres n&%’n@oﬁeﬂﬁn%sn or 30 nin
at 4C. Celphipt®lcs (DRRBpHIRTREmYRE G 0UHBSS BERERragdwahased for
various tinmes with fresh growh nedi um sui)o%l %ﬁnte,d -wWith é%)

3 e ul se

03CYRASEI 253( i8phagider’simpdium (@hso, 4S5ty boying $SBPRE

| abel i ng A t h t ] Ll .S - ; }281)2dndA%6 Wit h
0. 5ng/ ml ﬁ%cg?a ) q)?gglj g@é%%@%{e&@tlé gﬁ%%ﬁgg%%e% Ig]\[/al 1t)r ogeng washed
5 times wahtibidiEBSEhivBESoldiod (GihegddSAY NH3Tamossesiwpblasinepd $Hres.  For

double | a i ngs..desr i oSy 370l Rk ied

i ncubat ed ﬁ#fm“%ﬁ’é’?ﬁfﬁ’%ﬁb@ﬁdﬂ?@; PS?% r%&é %@%%&ﬁgﬁrf gﬁﬂ? ?)act oéif M(a?rer_(:{}_rn' de)
and the s@aglet Madiah (DREM; GBE), USA) supSSmante® $Chl67 FS entantibiotind 30
m n, and subsequently chased for increasing tines with fresh growth

medium F eldings _descri.bed. - 1 N £n

i ncubat ed?é\ﬂﬁ?t h%atﬁﬁ‘?g]tomfeaeg]eqryoe{ltl cﬁ%@%gg@gﬁ% ‘ﬂéﬁ(‘ Brgkyfg[r%g%%h%r e\(:@%40 for
30 m n ( BARkaRY¥ciiig Bchaialeagsyibedpshiadsly endodiurdd anelswiel, co¥8EBss-t hen

i ncubated with the se | abel, (SBD) at physiol ogical tenperature,
washed inbﬂm,dlsélﬁﬁfoéﬁ%n SP‘ﬁmd?%WE “fredi um Lysotracker staining of
acidic | ate endosones/|ysosornes was done by incubating cells for 2 h

with 75 niybbyazyt r aclpesduRéon of fikeriese@ndn tageed SBDmdptige and kelhidielimgand
washi ng. [00127] VYBRANT] m Al exa48 | nvi trpgen)  was for

| abel | i ng 341 B“'I@HSF%‘FE&BW?F‘@%P@? Cigtoing e ‘Réfé?ﬁaﬁafl@ggf‘ié’gw th
pre- chi | | edpeneYHARERHWIG I RIIQE PredB Dam),) tddhioddsbeletieiih Dosgod5
mn at 4C° After washing with chilled_medium the OTEMS .
cross| i nke@ree vip thathiol rkage ameySRIes, Op T BiAerdy ihRdanyie (i Spupledi¥is g g
dilution f ' r ' S Rseslahd KL ¢dp
was om ttetgé.: %8%@?@@&%# %‘Qggn%ﬁﬁggéél\aﬁ#gﬁ%c%alﬁ’l posones: Lilqgtg%%nes
were prepa8RDiwithouh [AFEchamythaCys 1gsiduepaygpshesized by GenScript Corp, New

1-palm toyJ:L- 2- ol eoyl - sn-gl ycer o- 3- phosphochol i ne (Avanti Pol ar
Li pi ds, A§5%5ter, AL), 25% sphi ngonyelin from bovine brain (Sigm),

and 30% chol esterol (Sigma). Mnosial ogangli osi de ‘%E%V[L or

di si al ogarjgdi23} da rin@Brkd eqnatde (PAGHABTS GAEVHAQELR P&P‘Eﬁﬁ@@ B om

Sigma, werg incorporated.into the iRt IR Gﬁﬁl{;@ I";@I{? r

desi r ed ra@?ogi) afﬁ@ ﬁ°¥aﬂfd°&%qse@fe§§%¢\>§§515§é%%ﬁ§p%{%ﬁr 1S g ﬂ;ﬁoil?z: 1
ID NO.: 3]) were also coupled to these fluorophores and to myc as controls. To avoid

aggregate formation of the peptide, SBD was dissolved in 1, 1,1,3,3,3-hexafluoro-2-
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[00129] 10 pM SBD- TAMRA (Bachem AG Bubendorf, Switzerland) was added
to 5001.tL of liposone solution at 0.1 ng/nL and i ncubated for a

m ni mum of 30 m nutes in OVEGA NANOSEP1m 300K MACO centri fugal
devices (Pall Life Sciences, Ann Arbor, M). The unbound SBD pepti des
were separated by 1 h centrifugation at 10,000 g. The |iposones with

bound peptroprs] §FIR) descastaidié alignosgong dririins) BrrtRgots k yophiliged
fl t d,with .of t
o B BB BRSO Re TP S S o R L STV BRI BT L

excrtation wav

run. [ 0013Q] peltiad $heaillktetod fide Wolhd cobedrnatiane TONAVGR BahsifferedThe
foll owi ng DNA"constructs were used: pUAST-GFP-LAMP; flotillin-GFP was

exci sed fBanfalhiéoriEB S Kibae) supplessted WikioldsaM fsdroxyethylpiperazine-

pAc5. 1(A) flotil |in- EGEP u i = 1 (W gen) for
transfectf ?P°?Sﬁ‘fﬂ’élﬁﬁ%‘9i(§§§%§iﬁ§gﬁ%ﬁ%g?dﬁ??§o ection %@Isorl%vé[ﬁogr ned
using CELH i 1132(0'1: BYIC &YV fod GReinthliag cél), B tien stashel thive times
inctructions. [00131] Chol esterol depletion and overload: Cells were

i ncubat edif B or 1 OnM Met hyl-P-cyclo-dextrin (MCD) (Sigma, USA)
for 30 mn in serumfree nmedium and washed. AMPLEX REDI ' m

Chol est er deé&f ay KbdnihdaB¥h bf %ﬁ@as%@@rﬁﬁ@@g@l@ﬁﬁ%@s@ﬁ&&@@b@i ol
concentrations in celr] extracts before OPTI PREPTm gradi ent fornmation

and | at er bythe DRIKfachieei (Bachege Suitaeriad); FELCand I MR pesks shewgdawshangsmy
MPCD- chol ester.ol - (= deseni : i and
i ncubat edﬁl-slv‘ﬁ%?ﬁtec%ﬁﬁ%ﬁ)fﬁﬂgfgg f glP ngﬁﬁné %&)Bcgl?%r e | glggﬁ?}gﬁg%‘ﬂ%ﬁégéﬂ

t r eat ment casfirinstiovesfihé coriipation eifistisatedt SBD tolhpirescent dadwisumaswiarisd PBS.
[00132] | nacyt ochem stry.and cel | viabid it oo W ng
bt bodi e bRt AR T s Pl RS Pk S5 gifon Hye?

A eg _a|4§38, obh8 m@hp_ﬁ&%y@@@fﬂgeﬁi enand TAMRA (vbr8BBI-vogée) Oreged Green
viability was confirnmed using Syto en [ as_per

manuf act ufet T%ti‘]ﬁﬁegitﬁ s ng’f &)‘i@@iﬁg@ﬁ@{gﬁ‘é&ﬁgﬁ@%&% °ng:
Confocal [ fREas: Wah $GORIBRORUSGRwA£8 [ WavdmehMickP wad £ded For BCS SP2, and

A ynpus FV300 m croscopes with a 63x/1.4NA ol l Obi ective (LT$N510, TCS

SP2), 60XIEaspremneis, whihevere veb pryStnys ofoy segreipl far hisigtiens (TCS
SP2) . W dghifld o dRESGEN RS WIRIRRA IR R HERnR R cdNltat GMd ONTM

m croscope usi ng m HQ cahera and WORXTm sof t war e
(Appl i ed Brdliasietaged.Seattle). For double |abelling, each fluorescent
dye was imaged alone to test for crosstalk into other channels, and

di f f er ent 5@@33& S ¥R Flﬁ%&ﬁﬁ]ﬂﬁﬁﬁy&m ki 'a\ﬁsaldg"s bia @mg&mg%ﬁal

di anet er iry uni eln gure 9 wa

o) SNAPT i I _ gcquired Wth a

OOLS! AdQysCBBeTsitting, ooflsavdDEpITAYRE! BTty 0AHD |cp5éﬂnhnm1§:isb$ry«eﬂ

Standard COPRER BRR607 2bn Srast BuCaPQyRs Defay SLARUPYReRaR,

set ( Chr omm@yerslip bottoms (Fluorodishes; WPI). Experiments were conducted within 24-72 h
after seeding the cells. Before addition of fluorescent probes, cells were washed three
times for 30 min with HBSS/HEPES, unless otherwise stated. The following lipid
analogs with attached 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY)
fluorophore were from Molecular Probes (Invitrogen): BODIPY~C5-ceramide,
BODIPY-FL-C12-Sphingomyelin, BODIPY-FL-C5-lactosyleeramide. Cells were
washed with pre-chilled HBSS/HEPES (Gibco, USA) and incubated with 5 uM dye
solution for 30 min at 4°C. Cells were then washed with ice-cold HBSS/HEPES and
chased for various times with fresh growth medium supplemented with 1%
OXYRASE™ (Oxyrase, Inc., USA) at 25°C or 37°C.
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[00134] SIGVAPLOT (Systat) and ORIG NTmwere used to create charts
and graphs and figures were assenbled in ADOBE PHOTCSHOPThl 7.0.1
(Adobe Systens, Inc). Image anal ysis was perforned using | nmageld
(rsb.info.nih.gov/ij) with the plugbas: "Colocalization Test" and
"Col ocal i zation Threshold" by T. Collins and W Rasband, "BG

Subt r act i[ee128Jom REE pubse Iabellarvigh Dexcpurcellesiers ingubated for 5 min at

uh calfaciliti el N : ,
col 1 wars oLt i 8 A oDl My BRERREP IOV
[00135] Galsherd iimas wih HBSS/MERER, aha ireabed sfiergratibres dhiasieg bioleslihoy

I ith f t al 200 k d . j :
Randor 2 PR ORGTRLRES GOHESHFS REZH R TR atp AL (D BT DA PR Tty
pl ugi n) . 1kl GOL AethdrZ R tdchRyl @Simidepaldtiresecondiabeli(@pi SBORMERBS dter ence
bet ween random zed and ori ginal inmages (P<0. %E%cil__no col ocal i zation

was assurisiC ferrbesutenand 20 mminyAndaubseresaily chas PABeAgEE WS Y88 ond
prugrn C@%S?%?&aégg&?gf fégglﬁ]:& ded@hed BPVdcBEbntiar dBE QEIN Were

col ocal i za ocal | zati on was expressed as tMsno (a
fracti on ibefaedwith thafirst Jabeltah BTN S eris (Rexérn) a@iabhiC faB0mHa SBD

channel cal g aied ui | Uiy eahol dhas, Easr WA RbuPHiRRe! ol

Each data WO Separat e expéerinents, ta g into
account adecduidstel ISBOEAtphysielofical (ARG, washed irefBS8sarfd0baBAF gur e
1: SBD binds_to gnd js internalized hy. insect and mel | | ls.
A Sequengestigrediie. LB TABHAGBR AT A P ao b R s Bs 1

SBI Y"  pephy ©gshathé BelRTor W0 W&k mdd Lgmrtaatea Red (eviivdgEAdh 2osma grmwth

Fl uor ophor'es are conjugated -with SBD at the terminal Thiel group of

t he cyst enpdivmeasi #t the case of Oregon Green, or directly at the
am no group of the [AEEAc]2 linker, in the case of TAMRA. B.

Dr osophi | @OQEQGW OPeBRARIT™ AlahaRs gavitbbdh) SBPusedIBubelliagtith
SBDser Or egon een, at 1011M each. WI|d type SBD.sho ||aternal i zed

punct ae rholersdiorin B (ExB). Adftea steshing cellsiditige-chied RSN ber and

i ntensity.of ae; | 4%3% ° ; fig. S3).
C. Mouse WH%#@B ‘?‘lbbs‘r%(% %g‘té gg{idfggﬁ e vﬁt% @S@E&;ﬁ glﬁggg%%%ﬁglé at 2uM
Scal ebar inBdiBmstHRCHEE wWan cGssihled with @H1-88{F-aginody groviEBhin thefdti &k ng
conver ges L fferjng extents over, ti ith Lipid raf

Gx. 13° antr2f Bhioni ot B BeR Dredoetiie ek st fort Bl R EaES
Transferrin or Golgi. A C xB-Al exa488 (green) and SBD TMR (red)
after sinfdoaspous Predubidn 2l lahelif sfdiposnsess Happsooe weteprepared

colocalization. B. Transf Fl otillin-GFP ree i
(red) upt gR%‘ A FEA] 1@%‘“5? BF%EI% Siﬂﬁh?ll‘t‘?yﬁ"zégeoif’i’%g’cﬁﬁ {3 P %% g%%? gf nl-lrél’\l/R

col ocal i Zghv-60 POKE LifidsAlMAKBARE], 159 hikonydliSRbm(gvinptbrain (Bpmald
Time courses of SBD col gocalization with flotillin- (g?l? anagcj%ﬁltx 13 in
c6 cel | s. ap 30 gimigsistaligiena) « Mongsigloggysli @\‘@e‘?ﬂ iigogEsPY% i on i n
Sh SYSY negih ga)@(a% $ovike braBRdGRecHANId fEdh B8Rald, Here/thédiporated into the

Transferrin- Xad! a marker of clathrin-nedi ated uptake, in
SH SY5Y niniiisd bipisnicius in Be desitod ratios2 The lipife disaolves] inpghlqrofopm and
Quanti fi cati,on of, Ir.ansfersd B, ¥ SounSBBRubA flask
St Sy - Betduhy (AN SLE el g Uty o ng@g%a%ﬁn the Golgi body in
fixed c6 patihity subaieesddenla wRiChwairr bath sutBeqwoihiticd GgirgEhtane Vet
ool yoos SR e AP i wefl HySratia {67 RS HduOR ¢Bloc FHEHAREDES Yhitd:
to a concentration of 0.5 mg/mL. The liposomes were reduced to ~100 nm average
diameter by 10 minute tip sonication, and the resulting solution was filtered through a
0.2 pm polycarbonate membrane to remove any metal particles. The liposome

solution was stable at 4 °C for several months.

[00129] 10 pM SBD-TAMRA (Bachem AG, Bubendorf, Switzerland) was
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A. Transfected LAMP-GFP (green) and SBD-TMR (red) col ocalize
mnimally in c6 neurons after short incubation tinmes (2h), and to a
noder ate degree (30% only after long incubation tines (>4-7h; B),
al so as seen in graph (D). C. Lysotracker (red) and SBD- OG (green)
col ocalization in c6 neurons, simlar to that with LAVP-G-P, reaches

a roder at aldadioi 300pd. (£ Bpsgonerbiption atdk1 weiel ardiacestdler 2 winpamief i g.
6C). Scal ghar in.c ~ 'I'g'bif@(f) éﬁh.'ﬁl% . Aatt.on over
time of Sﬁ%n’(':'ﬂ#\?ﬁgb I\ﬁ#}ﬁ%ﬂ%@mq{%ﬁc neur%ons. %l%g%% G tgl;freeen)
al so col ogadriczs Anparbbry M. tThe hiysatd SBKepeptidesSrerSyépiratsal iyobh ast onas,
as seen in this stil om i e sho Ln fjg..52. Scal =.5 inn.
Scal ebar §egtrEpgagon ¢t LQ,@JOC%J{EE ag.rsowga%ﬁ Ogndsgeﬁ’.h S"[’%ﬁ?ﬁﬁ%&ﬁ%ﬂr@ 4:
SF’D col 009(#0} ﬁ%BSSH@I&i@&iﬁérlﬁhdﬂudréﬁca{ceabémltﬂad%ﬁdﬁhhbut follows a
slower traffickin ute to | ysosaones. A . Pul sed, Dex nl0lcDa..
col ocal i ZELU@ROLQQQTE‘{SRWC@BPTW (lomke IPB%SEY%“? ﬂﬁ?%ﬁﬁ Witg ﬁﬁ‘fqghon
time- Rex fficki to | , derived f

i me couragve@gfn Fﬁtﬁ’%‘ﬁ/ﬁg@%: icking to | ysosones erived from

colocalization~"wt P and with vari ous markers of

endol ysosonmal trafficking in Drosophila c6 neurons (d tﬁ%got shown;
al so see KU1BEM diransfectipged peurnp qells pahBNA gqqﬁqﬂaﬁsﬂﬁgﬁt Yo

Dextran, bty o ARRSA! Skl YETGA. i PASP SRENLIOFPAASSRIRE ikl gt - 60

mn to an uhkhown conpa t and converge again after >3h (refer to

graph C) . DfysophilaRetession 6Btrict @d)s. A SBbnE{rEband swbelenadiploi ed

si mul t aneo y ..or .seguent i.al | nd.i . i i se
times (segamoldgﬁm ?W“ES?W%%%@@? %%%%%1%2%351%@%@?%@? T g‘{aﬁy

hi gh, dr opgifdtshes Qsifip CELAFECTEN S Gniiesgeapacchrdiiy tohenuleturerin i s
chiefly in | ate endosones, and increased again to -80% after |onger
chasi ng t [fEYCHCEY. 14h). E. After 20h, nearly all SBD punctae (green)
al so contain Dextran (red), resulting in high values for tMsso.
[00141] Fi gou31p: (GRBeseorbl ddplidtiosit andng edioad rGalls meresinvabated i dmM or
sphingolipid anal og | act osyl - ceram de, A. _BODI PY-|ac-cer sgf%\gs nearly
conpl ete d@m%ﬁﬂeﬂﬂg‘ﬁicdﬁlovdeﬁwn@ﬁi@m@%Uﬁﬁéﬁﬁépéﬂmé? AT Eousl y on

cO neur ong, LREE HELAGHS) AMBLESCREE™ LAllcd6HRAY R (hoRdEed viuadl

| ower, buf Tncreasing, colocalization scores. | ocal i zatjon |evels
never appromessutenhskesiatd apmedratiophingiethekiranttlonfereiGPIIBREY ongratieWever
indicating an.altered tr i GKI r t iAo

| abel s. [ GEFRFYY for bt DR kA ég%ﬁééﬁ%‘*f Zéré’t?i%gwsﬁajtagex%ss’

gl ycol i pi dApCvcholadiargl-tirpsleoreerartiareddstdekdirived pevivuslytand moulated

fl uorescence retai in_lipqgsane . different ¢ ] fter
bi ndi ng td“%éi?)ﬁsrﬁ@%g\e f‘tfirb&o@gﬁﬁ Of%%#%i}’%% ?%ﬁ%ﬁﬁﬁ%ﬁf’%&nﬁﬂh&
(SM : chol esdssied i dSipldta bRty itk FBOY| - Phosphat i dyl chol i ne ( POPQ)
(25:30:45) with addition of 5 nol% GVL (red) or GDl a (blue).

SBD- TAVRA et.ai ned nargi nal | etter (-55 000 .au fl.uogrescence) on
GDla- cont a[\fs\ﬁﬁ?é | FyguReRyLo B’Fﬁ%‘%\ﬁ"h-"éﬁ{l i KNG ﬁep%g%%g, or )
| i posones awirdudtweditsel! #EODRbshil Gblgi QRrak, F:2300me54RRSIBE, SE, or
Ct xB- Al exas94 used as a control is retained nore trgggilgés%
| i posones 63dwouled spgondasies GryjEpecy)-fed ighiity eas c("i‘%&e 0¥ SEERs
cont ai ni nw%g@@ras e}'ﬁﬁhﬁfg&greﬁghﬂhﬁﬁoﬁ@) or no glycolipid (black).

c

C. SBD TAT S retal ned nu nore strongly on |iposones
containing the raft-like mxture of SM Ch; POPC (bl ack) %#an ch
| i posonee [88H3#lsed Smhginganpdpage prosessipg: (RRPeal dMages WerP YRy

0o 20t 0o SRR e S8 ot Gl o Al ke

[ 00143] Fi guilrabjettivEEBINS KX, ICSKIARY, G05/ N diodl abjegtine(HVa90), or 6BHNAe t o
dipping lens (TCS SP2). Widefield fluorescence images were obtained on a
DELTAVISION™ microscope using a COOLSNAP™ HQ2 camera and
SOFTWORX™ software (Applied Precision, Seattle). For double labelling, each
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chol esterol levels. AL C6 cells pulse |abelled with Dextranl0 kDa and
chased overnight to | abel |ysosones, then depleted of chol esterol
(gay) or not (black) with MICD. Cells were then | abelled with SBD
and the col ocalization tMon was cal cul ated. Judging by the slightly
| ower col ocalization with Dextran, trafficking of SBD that is taken
up by cel Hgorescenidsseasdmaggdpdenedo tast foe crosstafk ied bthendhhandls dndy

chol ester l.et i X . | l.ed. wi.th xtran=488 .

i ncubat ed(a%)f\f/egéﬁic%wa? Svregean ) %Jgh eflsn ?ﬁ%%earp%%%&a@‘ﬁ%ﬁf’ﬁ %@W‘é‘}ﬂéti ve
popul at i odbovid indiigse Aptas uequired eiith 200 QADSNKEE” HapetPdaitetaonlaysot r acker
vs. |lysos I e Wt xtran, (t otraclcer -75% . Nore .
conpart m%@%&@%@ﬁa &%’d’%ﬁﬁ%}%ﬁ%ﬁ TSFPPRVE R alﬁ?w-ég,NAé%]d
sore are labedlyathuiiny aWiahhard (8redd exldbe/20l dnesrs/38cAlRRESS/78, 2mBH/78  CB
cells deplgft ed ?C&J;h | esterol (gray), overloaded with chol esterdl
(white), Oyt duemY)- (bl ack), were | abelled with |ysotracker and

pul sed with SBD, and the col ocalization tMsBD was cal cul ated. Note
that the ¢oo+3al lsanmcer(syﬁatwaﬁdlowa@f@ﬁs-ee@éa&a%%h@ﬁ'aﬂac
conpartnments is nmore strongly perturbed by chol esterol depletion than
that wit heisehs addigwesivar esseblsd it APMBE PIEOTOSHOPZ 4t i0oh(Adelie r

chol est er hoae.. A i r f or. _cpntrol
Cunt  oat o) SHETA0 b LIRS ok PO uin@ M d BS6 orBoVAD oEY
8: SBD t r &hetokegins: 6€oloedlzatichdBst rmotl “Gbloealizatie] Threshahi byt Callinsan&i ng

concent r at4 - . Percent of osophi | 6..neur ons

negati ve er lfl%lgk‘]%gé%ua(cﬁﬂ%ﬁf@ )byé\dg%%@gr E%’EP’F’S | abel ed

wi th SBD (xbmmnmﬁasdh.wfaﬁaﬁs/w@jﬂawau:a?n?jr li&E/d&da&xsﬁd?ﬁ,i el Gere com%ted )
concentration 00146] Figure 9: Still  fromnovie show ng SBD (green
i ncor poraﬂaﬁ?ﬁﬁyﬁ{%‘g %%gtr{ﬁ%lﬁp%gmn'conpartnents of SH SY5Y

neur obl ast omas | abeled with Lysotracker (red). Moyvie was taken by

wi def i el d[60135] emhmnzaﬁbﬁwasqmmatﬁwrfgqa@ﬁuéhadﬁ{gmﬁrﬁ%n@a{cg%ﬁg 30
ed a pSs.

mn after SBD elling, at 1.2 sec/ frane, and asse 5
[ 00146] Fi 5{,&@&@8 O I@ﬂ(g%‘é%!néeallfﬁejﬁ W@%B@h@lwoa;%emwmhm
Dr osophi | geaflosqCbRedlRaAN Téhﬂggmg.ggégﬁt?@%é%}aft@skfe@m ih o %r%ﬁﬁaﬁta”dom

manner. Cog| ocal i zati on val ues 0- ar SBD after si taneous

i ncubat i oAEErNghPYIWesRTARdTRIZetatd atiginak pragee <05 @alcolatlizetion whie

bet ween tya.l.abeks, LG trhG =300 gpent.ial

i ncubation (left), léér%ﬁ%aégﬁ??&ggtls ) ﬂeiglg&sd)t@bm:é]sﬁ%%ﬁ@m%%l ?g%cilii}zﬁl?%n

val ues. [ twashqld” Rlagepdied fo deBtriviihe dolavalizativh parainetersn GoloBRliAjoewny and

-1 [ i) f . ] h

Cext 1 an- 10P(DL ek ) 0 DLAS0RNkR 6556 ALS Sherlhell B BIERD

channel calculated with the thresholding algorithm of Costes et al. Each data point

cousisted of two separate experiments, taking into account at least 10 cells each.
[00136] Figure Legends

[00137] Figure 1: SBD binds to and is internalized by insect and mammalian
cells. A. Sequences of the SBD (sphingolipid binding domain), SBD*, and SBD**
peptides with amino-terminal Cysteine and [AEEAc], spacer. Fluorophores are
conjugated with SBD at the terminal thiol group of the cysteine residue in the case of
Oregon Green, or directly at the amino group of the [AEEAc]; linker, in the case of
TAMRA. B. Drosophila c¢6 neuronal cells labelled with SBD-, SBD*-, and SBD**-
Oregon Green, at 10 pM each. Wild type SBD shows internalized punctae

representative of endocytic domains, whereas the number and intensity of punctae in
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noderate | evel (-40%. SBD-carrying vesicles can be seen fusing with
Dextrancarrying vesicles in three of the cells shown, which may
represent fusion in | ate endol ysosonmal conpartnents. |ndividual
confocal fluorescence inages were coll ect ed every 1 sec over Imn
15sec of rg@é irg%D and assenhl ed at 30f 00148] Resul ts [ 00149]
Sill) isr s pECPRPiERergpd 436 Figaf oBSF Téffd:roté@lts s in
culture: Ag I £Pk L of
aci ds was gzﬁ%?g‘tg%ds%r@t |sgs]'?ku %QEM(§§?Q]?PCOM arne ‘f'imt he AP
pepti de was nodified with an N—term nal cysteine reS|due and a
neutral di @Pﬁ§$lene Jligmre2: SBEHmfﬁqkmg‘@@Wrgemdiffmmgagmmsfover time

f1 uor ophor t erference of

the fl Eoro ore \%mgfw%%&%(ﬁ%ﬁgﬁ?ﬁﬁﬂleﬁg}eﬁgﬁ %gg%% Péat'kf g

Met hods) v@sns@mploeaolgm A. K&;;Bmexaz;&s)@@anb end $BIDSTOWR Gred) Brggon Gr een
OG5 or te t hyl.r hodam ne for | ecel magi n

Eoo)1501 Si n%‘ég’t”aﬁ‘s ‘é 90m a&e é‘?ﬁ"f’é*iﬁ’ %ﬁﬁFPJeaﬁltliZBﬁ*én %’s Tzansfected

sphi ngol i [@lokiltin-&fHe (@ieempanarmmm(re@eipka% %és@}&dar@&fsﬁﬁ’dt QAehs, 1k

neur odegener at i veﬁg ase, the distribution of the marker in several
di f f erent "BFFICLY, @n@%%rﬁ%@mnaf&tamawd&%@(graﬁum@nﬁahm
neurons. pRkds &f@ﬁ&l@éah%ﬁ[& ?‘iz‘)f"aﬁé {}Pékc%ﬁ%rﬁ’ o

erent osophi | a

t t
B DrBco. chersa 630 % %mm (e extowsiyaionin SEGSH3Y nomotadon
NTH 373 f'@@%‘ﬁ&%&ﬁm{&?&é&%‘%ﬁ}?%f e edlor, 190, and

primary nouse cortical neurons
physi ol ogn;pﬂketmﬂﬁbﬁ%ﬁﬁ*ﬂmmmblﬁstm@msd@&ab% panfeaal, Hl wogescence

imaging inti l.aps taken up_rapi dl <5 mnutes) into
ves?clgs t 1£’§ Ogioﬁ?‘iaﬁ&[) é%i’é %a&?gﬁ%%éBgdﬂ@ﬁ%‘éﬁ‘é ©BSBB) to
endosones shebeliadalBynd R¥lh@RAE the'GHL cfféf&liF 1bHEd %u\BtBah”

e

Drosophil a neurons, in contrast to marmal ifan c
f1 uor escerfei-Rasphde ol antibedp|Seslnbermeimane. - Wien the | abel i ng was
carried out at 4C, labeling was inefficient, indicating that the

interacti SBD r ited

t enper at uggo?jngot shgivg‘n'? 3{'(2?1@_{;%@{5@ Wd?%%r?amml I ‘g‘ﬁysoé?rf]gt%g%rst hat

were tested Trmf@tedmﬁﬂmm}mdummﬁt atd)anlwhblizehsinphAs 18 c6

menbr ane to cta SB ears

to have a\ﬁ%&rgﬁer a %“bab “’P’r‘ﬁ%@@ilaﬁ%&ﬁ@ ratggﬁ%rge Eﬁﬁ%ﬁgﬂ&ﬁ%

gle fi 1;1 t Ih lapfs 1n¢véamﬂnmma>at7hp]3) WRE ai g%ﬁ%ts segh [y, l lgpga)hlaf b;@ﬁ 28 fnar
osophi control for

speci 1? i ci t% yBﬁgbbsﬁﬁ’gf %Eﬁﬂq/%ﬁ{l]@%ﬁ%fq %ﬁ?ﬂwaﬁs Sﬂlﬁ’zarﬁP ﬂ?ﬁﬁﬂmﬁ >t WO

mut at ed f e¢adBesafmideentPRpkindien @@5%3@ QLS8 kel Bhigtbi atjpﬁ‘ nﬁg%

contains twg nutated am no acids (R53A and YI10->A) t
post ul at e F°HEbALHNG HUToRA F 2o @d@@@@lﬂ@@m&lwﬁt@nwmﬁ)@iﬁm c and

i c-bondin ds bf ou

2002; Fan'?%ﬁgﬁ)%ﬁg% SE&w?scra d%}g:g cﬂﬁr%eg %‘3%&% aci ds
as SBD i nvaﬂldmﬁﬁmhesmﬁ}éﬁaf‘é&’ ﬁBﬁbIas&nfaa,I@rseemnlﬂﬁs snllefci)m(mcﬁaﬁﬁ $hewihan
SBD, j udgi he .appear a c of . f nct ae (FI gure 1B, O,

wher eas Sgtﬁ %éo ????8{) g Ebaa\rlmgﬁe%g‘y c#l NRBERSSTHE BBk | ons of
50gM or nore (Figure 1B). SBD TMR and SBD- OG col ocal i ze nearly

conpl et el J0q1489% dmrga:mtsmamaanz@eamsl*«ré@tmwnieﬁﬁhzémeﬁaﬂ%pphor e

and the a nce t he_addi ti onal s residue in SBD-TMR does not
i nfl uence?oﬁﬁglsla&@’ oF yafick) ga?uts@dy%somes A Pulsed Dextran1 0KD

colocalization with LAMP-GFP over time (graph). B. Approximétc time-course of
Dextran trafficking to lysosomes, derived from colocalization with LAMP-GFP and
with various markers of endolysosomal trafficking in Drosophila ¢6 neurons (data not

shown; also see Sriram et al, 2003). SBD follows a similar pathway to Dextran, but
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[ 00153] The SBD uptake pathway is distinct fromthat of |Inown raft

markers and Transferrin : In order to characterize SBD s trafficking
route, tinme-course quantifications of colocalization with respect to
mar kers of nmenbrane rafts and intracellular donmains were carried out.
Quantification was done using the colocalization algorithmof Costes
(Cost es, appaate divsrgstin ppsi-sertivgcodosomgeatien 69 it {p antudKASH t he Mender s

coel T O SBluphl bl GhROSS LD, abuld dher Bh (RS 0BHLA NG DOBBIwaR- g0V ED

t hr eshol |st SO posSi or a seco marker (see Methods).
[ 00154] Neped) atFEBI Gdreai eradpiplied simakartebndy onsqecntinliy @dd isiged al¥rol er a

Toxin B (COLS), the only ayai xQgenous .r af.t mar o bi nds
pref er ent(‘P%Parsé“gtc amnfs)f%ﬁ%gﬁ?sgﬁggm S0P Za[tlgﬁe“@g*l ?%fi% ’t 0

ot her ter(ﬁz%;%ﬁ{gt?a;h@_@fatﬁﬁev&iﬂ&?eéﬂ l'—slswtﬁéa:_x D_@ttraari@clﬂei%y iﬁl%t&ﬁnchggrgt):k; have
numer ous ot her term pal -gal actose coptainin 0 .
[00155]  |ard deeraped spaing g?%a@P‘élPﬁgeéIQ ?fﬂ’grt&ﬁ?gs g’ﬁ@uiﬁ@%@@%@y coupl ed
Cnt BAleX%:‘éQr\‘;&; vy Lt5 (kB LSO BN YRS rANGLd) Qesultirioah highiviaiudh for

i ncubati on th SBD, and chased wth fresh nmedi um | ocal i zat ion of

Chd3 wi t HMSBRD was mininmal at early time points in both fly and
manmal i an neurons (-5-10% Figure 2A, C, D, F). After 6 h and 1.5 h,

respecti\@h!( t he PRSERDUEHILES kfineSueMelidBRRAECRS Ghgongar at

k
degree w cl13 (-25%1n c6 and 35%7 n neurobl astomas; Figure 2C,
F). | n nemskiaosyetdranide.cd.BAIDIPXatacoar showps searlytomplate eeletalisitiony

Gol g1 bodytty PRRTPHS e gttBeed Srb e p 8 bkl A oy preoar 1 ve

subsequergequadal Bkebatiue fchapioimuthdeawvasbitiadredshng, egdcakimtiopataesof SBD i s

different fromthat of Cbc,B, but that the two. hways verge to
Some: ext ePIOGHARHE eHIIoHG APbroods e R P SEERTp b B

t hought tyebl oiiatisdafdtetRnaFEang foafeltaltstbakone pathb ey labEer r et
2005; d ebov, 2006; Sabharanjak, 2002) but it can al so be endocytosed

by a mxture of raft-1like_and.clatluin-nediated.nmechani sns.in

neur ons. EO@CH%{S] FI dtigyeeion SBE’%W‘&%@%%%?%E’ °§§Y(99]é‘?1 gy é’é‘&@@&&“f&%st h a
subt ype of;tk afl-180RiRS6A 2N Tnofed @B e RIHRIANE lipostBd bf didiefenes a novel
non- caveol ar, non-dynam ndependent endocytic raft d in.(d ebov,

2006) . Si ¢arpesitipn gBerdindng REHRH-TAMBA| Iyipe%ﬂneféépmﬁ%ﬁgv FRRIEOPYELR i ¢ 1
flotillin :c},%afésﬁﬁaé@)}@mﬁ&ﬁ-di saaylGofndFOITRT) (9530: M)t Of
0 .

roughly 4 after ours “of 1 ricubati on (TFi ure 2B). Flotillin was
al so r epoadd@bntaf SoedlcGMlAedrpnGRas (Bug)- IBHTAWRA WseeBingdd GPI - GFP

(d ebov, 2006 u sid t i LA C “@‘3.”‘?,‘ ccupy
[ ndepende‘l;gi‘f’rgﬁ‘)‘?"‘%{g?f’ﬁt%lr’rg"ﬁ%gl’(‘['eyr?eag'1 o%%sk%%é)[d&%% x1 ﬂ??ﬁ?@,@? gaﬁg 0tﬁ he

Gol gi  bodgM Mmiweizwing Hpssules, anlipedonee withaut anf glyoolipi&BB 1008 ahl oti | | i n
traffic tg late endo an SQSOnes hi s, st : ebqv,  2006) .
Thus it i&fﬁ&%ﬁ%‘i&% %g’ﬁ%l?"r?g?i %{Sf‘i’g aﬁ%@?"&%ﬁ bsfre@{%’legggﬁ? Sz%acgl?%nonbet ween
SBD and f 11%5551115& Poritfiniig B REgd: BBOoliiaGMEvh)enSROs@nd dGhainidgn
summary, the colocalization data with C 2%13 ﬁng:r %#@twl ndi cat e
that thes#hgs hsplipidGilda (slupyprmpglycolipidAblagta: & PPEr ¥a%m _
menbrane demaldNSudd R sl Hﬁli%&@ﬁueﬁ BaaisHb RRauR Nk misereEr ge during
sorting. [00158] SBD showed little or no colocalization -with a

Gol gi - spe8M-CPRRG (black) than eplinnspings qomipgerdeonk0yt PAHE epd WIFERAEd no
sioni 11 cania el 850 LRGN dlidls (BEKSHur) Ghish Bbitiln BRHI B Gelglept ake,

Transferrin traver e sorting endosonal
conpar t neatgaf Falgnicse a@ Eheddproup, did not improve binding.

[00143] Figure 7: SBD trafficking fo acidic organelles is sensitive to
cholesterol levels. A. C6 cells pulse labelled with Dextranl0 kDa and chased
overnight to label lysosomes, then depleted of cholesterol (gray) or not (black) with
MBCD. Cells were then labelled with SBD and the colocalization tMspp was
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[00159] SBD traffics via sorting and recycling conpartnents to |late
endol ysosones in neurons: After uptake in nmenbrane domains, disparate
endocytic cargoes nmay nerge in an early sorting endosomal conpart nent
(Ferret, 2005). As a marker for this sorting donain, rab5-G-P
expressed in c6 neurons was used. Shortly after_ application, SBD TMR

of t en appedmimed Fudginglatiic Byehtly hguersplocalimstiarpith Uegirantriykisgake
with PeSeREls AR LY FATRAG TR dpedihehibinatP iR BEL O

er st I'n en c trafficking
whi ch | oceioleafsoltdepletidit. | B.e36 elib ImbekmidwiioPestr{oFi8riatubaizd 08right so

appeared surrounding SL3D-T apd peaked at .a later ti 0t than
rab5 (7 h?gf?faéﬁfl hisg‘a%ﬂ}&‘%(f £ %"Hﬂm%g‘ﬁ%" é‘iagg‘i‘sa" rgenpiie R S
GG pat P oo ey oy hod Far) v Endasque o <
Conpar t menty%). Meye pompayagnts %ﬁbﬁ?umlyéqﬁchﬁgﬂ%p‘gﬂldﬁwaﬂr Bdgh

FI VE- ' i vesi el ' :
[ 001607 RaFtib5F MU HEE bt Bt P Ler SRR R ] PO aGpiceen of

gl ycosphi cgidstapdldgragh nvixdoarieditvith ckadebterol (white), at entreattd {daskd)l W&o sone,
where the e, _br.oken down esgc 00; rl nfor IS
reason, Sé@%@ﬁ“&ﬁé%ﬁcg%ﬁnﬁ gﬁﬁ #Wﬁh ﬁé&k g‘?%ﬁg f B][bﬁ%&?%z%nemgﬁ% of ysosonal
pat vaay W@écﬁl?t%&.@?ote ﬁaﬂlﬁlg c%_w&éiztsﬁmt ﬁ]elsﬁgsﬁ%mmaekiﬂpmlﬁfzé adiding to

aci di ¢ compart ment s, wou e dete . colocalized .

ext ensi veFgmparaeyys igmoe %th@gg'rRﬂ’B?"ﬁ%eg g’éﬁ ﬁg‘iﬁe}iteafgfﬁ%’?ﬂuen %ﬁ‘?%@? WRyvparp
after | 0n@)eﬁ?&ls—g%stﬂ]}(&%nﬁgmﬁmﬁs.mol&dgji%foﬁ 8der cEdlestdio] aveslosdBAlMEL ker

for | ysosona alizatiron of SBD, Dextranl CkDa- Al exa670 was

(1 nvi t r ogemypletskidhalishbdoDaie forgentroliietugated) Braphiveregiommlgy frpmy o

LAMP- GFP, c}%BeD c%bgcal ized to -30-35% after -4 h. The long lag tine in
the maxi mimor col ocalization with LAMP-GFP and Dextran suggests
that it traverses a slowtrafficking step en route to a late

endol ysos §@#144l onpaFigmeas: SBDoesneniefirelioires aataferhedl apliet e used

as markers of. the late. en nd .r i onti
conpar t mefoE<ing 8%8%%?8? gﬁf@@ Pgrc? g‘?tia eéﬁ%%#ﬁ%ﬁd%%%%s rab Yei\;omgi ch
medi at es SuRI@ked (a¥iftbedt) B8 sibwpforheliviebeled aith SBRIbRoRbasporEBD*

| ysosones or Gom_lg)gi (Ferret, 2005‘%al &)Fi g. 3F, 1). SBD colocalized
strongly &gegpary) 3 thindiraiGh copEREFIPRs- " ndi cating that it is delivered
transiently to a recycling conpartnent, before arrival in |ysosones
after -5hp6fi4B]re 3@igud} 9: EAOLER|mSEDHdAE EBDY gicon)dndoapaation into

compartments_in different neuronal t . a,.marker. of lat
endol ysos dntiile griolyisesomnl SAFPFFERAnE ‘?fneig' S%ﬁs ﬁ%ﬁf"bi‘%’g@@@ﬁ E'I%"‘IS% Mt ypes,

Drosophi | g .68racREUELR] 18HE Ws RlteslP WideHRl fideeree ilitroflopfand epmswer e
| abel ed wi t'h Lysotracker and pul sed with SBD-OG In c6 cells S

. D
showed | oVf.toimefiriling, 30 min rSﬁD@belélﬁ&saél(%fg’%aﬂi%ﬂdeaééﬁ%“F% 25%
on a simlgretimescale as that for LAMP-G-P (Figure 3C, see control
graph in Fi gfgr’e 6A). SBD al so showed extensive colocalization in

endol ysosomal conpartnments of neuroblastomas |abeled wth.
LYSOTRACKHPB#4GI3E:  Wigpuned 0oHligh colocalization of SBD-0G and SBD-TMR in

Drosophila c6 cells (>80%) shows that SBD is taken up in a non-random manner.
Colocalization values of OG- and TMR- SBD after simultaneous incubation (right)
show the maximum expected colocalization value between two labels that traffic

identically (~80%). Sequential incubation (left), in contrast, leads to much lower

colocalization values.

[00147] Figure 11: Still from movie showing SBD (green) and Dexiran-10kDa

(blue) in Drosophila c6 neurons after 90 min chase, when colocalization drops to a
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[ 00163] SBD col ocal i zati on over tine was tested using pul se-chased
Dextran 1010a- Al exa670, whose internalization time-course in
Drosophi | a haenocyt es has been described (Sriram 2003). Low
concentrations of Dextran are incorporated into cdc42-dependent,
non-cl athrin associ ated endocytic vesicles, and are thereafter

traf fi ckedodaraamieyek (rioloh W -cartvine ¥origtes samPe esREine it Degaei difi ed
| at e endosqnes ! QESH | : ataSl 1 Fam
2003) . | SEBUCHERY o5 e Wikee b1 1 oA %’lg}?g?%én‘g&fﬂéﬁd%@?ﬁlﬁe

pr esunpt i asdoasdomabrtqmomestsaindividual svnfes] fiehregsendenmbgasavashdosones

(to -40% 1-3 h, .and rejoi Dextran in i | ysosonal
conpar t nefAlesPd E¥ery 4 5§ Ve n](%ﬁ'fcg‘ﬁlrtaﬁﬁlee’ B')‘ad A%(E.%I’r%rig&s)%gn °hg to a tM
value of 0.8, this is close to the maxi num seen in conpletely

col ocal i zjppg48pnt r ®R&ulte. g. SBD- TMR + SBD-OG not shown). The bi nodal
time-course of colocalization with Dextran may reflect a detour of

t he SBD h I . fficki

r_eg_ycl i ngﬁbﬂﬁohgi)q%g‘r‘ﬂ%ﬁ%? %@i"?‘ %#%E%I%‘gé{%p rei C?J]f:g?%@?isch in

lipid raf tuleaepanrpiithgolipitbindiag dpheinSBPEbiptidani2t aminestis wias ( Gagescu,

2000). This sl ow pathway m ght _then, caonver 0, top&ige sarredjl%.a&e

endol ysos&nsratefeigr Berty e%%ﬁﬁ‘é@‘t%ed(‘?gﬁﬁ’ﬁdg? PIPHARPERIECAFS A

tinme-| . NEs.] (W o iifake bot h
| e aps%&ﬂgﬁgﬁﬁeﬁﬁ%@:&g&%%@r%1&fetaﬁ& 2 8Euhe Hl@RTendRtR ol BRIRL RMlitale DO

Dextran an enonstrates this phénonengn as
SW car ryi ligkage of fili@sploess tb thedbtamminys iand tosninimize steria intpréyprce g the

vesi cles. ;[00164] | n. order tQ as S . WVE, | { I f the
di 71 or ont ARt r Fifie ¢ B RPARE eI ELELAY Bep R Pl IR
conpar t megd the sibelk tiohoule Hituhphad CrvgmrGght ((@exttetEmathylihodasing onpar ed
w th LYSOTRA% m d with LAVWP. Dextran o/n only reaches -40-45%
maxi mum t VR MERIAS: GFP (fig. 4A), but is -75% col ocalized

wi th LYSOTRACKERTM LAMP-GFP may fluoresce in the Golgi during its

bi osynt hesd®1503s Wesihceihe SBDaamkyr s ipdichiia dpplivitiGorala sphinpalipidrent s.

[ 00165] SBD interacts wth sphingolipids duyring.interpali.zatign and in
| i posones ?;ra@i;@g;;qaﬁqfefoqeg : ?ﬁdn”g’btﬂ?lﬁﬂ‘?ffé}sﬁﬁf e'é’%ﬁ?&?ﬂ%mﬁ‘é‘?/ 5 eégrqleusegtl as
tracers ofysNAlacy bf e tdatlel i:CiehBia1 BELRNEYH tfesodrd eaaiinetpttehaingf | i pid
storage di seases (Pagano, 2003). Although these fluorescent anal ogs

do not belnsee apd mymmAliaR RCEBHH| et el y anal ogous to endogenous
sphi ngol i pids, probably due to the substitution of a bul ky

f1 uor ophoigy1571 Pl 18- 0Rf orf SN VIR RS Episifedt lat £RRICRIC coREdnRatioB&Ri €S can
be used as markers of Col gi bod\é@an ot her_vesi cyl ar ne%%gﬁes, and

as di agnodiguee franddethoflyito adherent Prosaphilid b BBE18 DFEOnS Buri
2001; Pagggi?eﬁi %9@@51%%ﬁam.%ﬁ@ﬂoﬁm furdine $18aysgs have

postul at e at nteract wth the term nal gal actose of
GSLs and \{BicHlesd878)gameinary (BWpe ¢articad heurcesradeptikeaaiier feubatignsy . | n

this stud only. fluore nt_c ] = .
endocyt oot 89 ot RS et RIS, Aop IR RO BrlBe BN
conpl et el Yarek.esBD wasnwkiag Geidiyt (Afrhineles)rigtohasiclse that mecimita iesize and

t hor oughl y, characteri z uri,, 2001; .Shar. 003 I nt
gl ycosphi H§&EYSCa <§1ng= é&‘ﬂ W?%Qséﬁﬁﬁ\%abg%%?%% ﬁgc} Pg%%éﬂr%& %{ﬁm
sphi ngol i pied W%ﬁ!: 90 Sin o pHid mo@ﬁmi Rffrastt @hmhaliaoegiiay i SBBD
trafficking behavior. SBD showed t

e _stropgest e&ﬁ{ cal i zati.o(g vyéih
any mar kerfluorsesngnwat seer gt thpalses membrae Vg it BOBE BYIPGRUtEL
reachi ng ﬁbgﬁ%ﬁ%‘éﬁﬂﬁi@% |i.g$§atﬁ;gttﬁ£t titdin{drictinh 8f SBD Wikl @F,Tgfa&@@t was

only observ abel s were avail abl e at_ the, nenbrane
si mul t anecushlyradeos inhitiai by 1w tenmstatvg dpotsheynnbiacdinglys spageaian| | v

(Figure 5B, .. simyl taneous”, vs. Lals: : . acCer has
been repor%@’ﬁeg}tf% W?ﬁ?lg%?feéi’ éﬁgﬁgmgﬁénfﬁggﬁ% ?S%Z%sma{s_o t he
observed shémgncwhoeal inzdtition tvdntdmSRincen SBDy @fd apeara tahavealbighieon

affinity for mammalian cells, since only about one-fifth of the concentration was
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[00167]In order to assess SBD s ability to interact with

gl ycosphi ngol i pids, unilanmelar |ipid vesicles were made, consisting
of raft-1like conposition, SM Chol/POPC, with varying content of
different GSL. After incubation with SBDTMR and filtration of the
bound vesicles, nore SBD TMR renai ned bound to vesicles that

cont ai nedreguiredyfoelabeBing em fordiroBEhila eefls (see M¥hddEj.gure 6). SBD- TMR
showed no affinity for gal actosyl -cerebrosides in vesicles, which do
bind stro o SB r.esence of

chol esterol | n t he J\%éé?%riﬁg’gfo\%alﬂge P g‘%ﬁf’%ﬁ‘g §B]§ tﬁfaﬁﬁon(ﬁﬂbgﬂﬁé’%@?‘a
consi ste nmembrnesaﬁ)' muteted Fasts ef tle-peptitd vabi lalB@ ®sied i(FigeeaRJeSRD*

raft-bi nd| @?VI or §een In (%B%itn;r"g% ct| onations of DRMs, and
cel | -upt aﬁ q Hefhie am[“tﬁﬁﬁ:g] 1p tf“@fqli@%?ﬁe@ depends
on cel lul Eéntﬁﬁ'@ﬁ@&ﬂl%ﬁ s fPRERAE eleékd}%ctaﬂ@nfbgﬁﬁﬁg i RaGionk

m crodomai ns and the trafficking of hi ngol 1 pids are 3ependent on

chol est er EIYCQ@églﬁﬂl@ldQ@iﬁLS) Bvidhiend, ZMFmtBEBGDEhSBDW((sn@nMﬂdm d be
altered bgoﬁgﬂgﬁgtsﬁ}t]%’m%é fd‘%hé)@B]bf 5} 93’%“?5?%‘%(1?@%@ ?Aé%rﬁ' d tracer

In order to test p-CycCT O-
depl et e Deffiszptly than SBI% gaidgmgdiy th‘ehﬁlipe&hﬁfeaiffami pﬁﬁi‘tﬁd @upé €B 0d:)§ ( s ee

Met hods nd t af ect BD.traffi h respect to | ysosonal
mar ker s) WEEST %@% (g%é'tdtsaeg]t‘?’%@ g Cg?tcf’ W@@%?Wﬁ’éﬁgﬂ%s
confir ned(]&(lgtﬂ%l BRSED-TMR aid SEDOG 65104B5E B¢ 1co§1%i’et%F-tB@9’§ Mata9BP Was

ficked less efficiently in ol eStero depleted c6

found to he a
cells, bag@a"ﬂéyﬁ{e&mpwg ﬂtﬁéﬁwrﬂéwmhore@%mabme efithp additional (s h

LYSOT RACI%EHE{MJ&%EJ)QQMR%L&MMB@ WMhdnobMEAGABE sHg Xt ran was al so
sonmewhat affected, but not as str%nt?yoas hat ﬂﬁ LYSOTRACKERThI

(Figure 6 The | ocal i zation bet ween these two | ysosomal nmarkers

was al so [@s"ﬁéﬁ TheFBbupfake patheray edistinavifyore thatok known Taff maicers

LYSOTRACKER F
6B). [00169] E@%gig?%eﬁ?h?degt‘ctcﬁ %’t’lg%% tﬁJtfﬁa?ft‘e%‘%g ?[,)%é%r gﬁ?écL?ﬁge
even nor eqétierjiops efelocelizitios Mﬂl@ﬁpd@pd) Hiarkam oflnendtGarmeabfisartdnat  wer e
over | oadegit ok 85l GLALASR MEOSHRL SED.Lel lckyng s

shunted co From € | ysosones,
and never ccrleahhﬂnbnta@riﬂﬁﬁﬁﬂ Béﬂéli%ﬂm SDM)Vtﬁ ob Gl pere@mﬁﬁtem@

et hods | RosHERMELHEn S0 Brer e fapaS of Heitb Snat véra e

threshold that is also positive for a second marker (see Methods).

[00154] Next, SBD colocalization over time was examined using Cholera
Toxin B (CixB), the only available exogenous raft marker. CtxB binds preferentially
to GM], but can also bind with a lower affinity to other terminal galactose GSLs.

Flies do not produce GM1, but do have numerous other terminal-galactose containing
GSLs (Seppo, 2000).

[00155] In order to compare trafficking routes, fluorescently coupled CixB-
Alexa594 (VYBRANT™, Invitrogen) was applied after initial incubation with SBD,
and chased with fresh medium. Colocalization of CtxB with SBD was minimal at
early time points in both fly and mammalian nevrons (~5-10%; Figure 24, C, D, F).
After 6 h and 1.5 h, respectively, the SBD-positive vesicles overlapped to a moderate
degree with CtxB (~25% in c6 and 35% in neuroblastomas; Figure 2C, F). In

mammalian cells, colocalization drops again precipitously after 1.5 h, presumably due
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live cell imaging and Fl orescence Correl ati on Spectroscopy (FCS),
were used to describe the characteristics of SBD association with the
pl asma nenbrane. The following |ipid-protein overlay experinments (fat
bl ot s) suggest that SBD interacts with raft borne |ipids such as

gl ycosphi ngol i pi ds including gangliosides. This study also

denonst r ab edgétingiof SBB fonhefBDIeeivelGagibedy Gigue A8 oG ) Bhe lave nbiahne

fractions VB). i so] ated from,neuronal cells of SBD
occurs | ﬁgﬁwa%‘i’% ¥ %?@8%?}?&31{3%61 veg?%lnglec & %gﬁtthg Elglisa}{és%gﬁeﬁ and
chol est erggp id GlfereifidnClat bt CBShl @i BiRttva battwhiatonSEige t sipdeay s

mobi lity characteristics consistent w tlh r af SSOCI h}gtn Furt her,
phar macol &t dringseripg) Inspmemauaglep sel H’ﬁ’&saé%fﬂ? h*dﬁ?‘igg’# OPIHE r med

t hat SBD Gl Al b b dVE DDA 8EbK | est er ol
bnd sphi s R R R S

Bt hods [[00173] Oell_cugiiu%(g:
G owt h nEHi03) biditoso plip be endogytosssl bycsanixtug abwhitlikepRdcihem-peHdedphi | a
Genone Resource Centegg' U et al, 1997) were grown at 25C in Shields

and Sang TE a’i“&}%‘t n(S:‘o, USA) with 10% fetal bovine serum (FBS;

G bco, USA), 0.125 IUral bovine insulin (Biological Industries,
| srael ), E0A56D6 antHldsillin,iadtaasmemipens proteirdssediated with pebtypegyaft Nl H3T3

nmouse fibrobl.asts a Y5Y n bl ast o BEhai@wWn at
37C in Duf o@%@g?ﬁgbﬂ%ﬁr@,?@@ %Su{nr‘?"("%aégg@% ,n&%%%

f, Upgl _errena@gn&an*lc fhd%@jfé)ﬁc:?f&_Sd&ﬂﬁngglébbhmD&). S{rﬂ&lﬂzrg@ SRiD, SR pinitodly

an In an ce 1, . t1 ge,.cou e W L or t hout an
N-t er mi gawlw&%f‘é’i ey a%%%gﬂ*ﬁggﬁt o R e peluked 18 nitnb

(cystei nemhﬁﬁﬁ:ﬁ%@é&&@ﬁﬁﬁ@@%ﬁ@s%ﬁféﬁw&n@@amp [Flotpswhabel | ed

with Oregon Green or directly am no-coupled wth TeIt l%r hodam ne
(TMR) wasalsyreppisest te colopalizeaipiamlly Sw XoevinhED awpCR aéﬁlgﬁé >Was

synt hesi zgghy, ' 50 )8 Wnd 868Fdch Oodil BldRfRea ARG

( DAEFABDS ISF%@%}EQEE%@é?Cand a scrant%l edﬁnguegce

( FYTI DESERGhAMBCHEGRENEAVHDL) were al so coupled to nmyc as control s.

[ 00175] To avoid aggregate formati on of the peptide, SBD was dissol ved

n 1, 1. 1, foded) HeX At MR o &P HRRTAR bl iRkosk hAREREHEI porkld of both

al i quot ed™a rie arger vofunes of peptide, evaporation was

done unde&BBupdIfptilii tiafie to lae endgemes anddpivistiesithip spdy;ddebmys2€46dr ed
at -20C, d redissolved in Q i j i g e, was
di | uted tgﬂﬁﬂsﬁ’gfs%l?sﬁ% at&%%%ewggal%ﬁiﬁ%&n r?ﬂgﬂ%]’?lggsr ed
Sal t Sol uhigher thilB5&: beGirden GBIsapnl RBekt sachniry, lhe @riddalization data with

dr oxyet hyl pi per azi ne- et hanol sul foni ¢ aci d ( HEPR, Neel d at
25C. 1o - 36U RO FICE ST SR Bper s Gyt i SRR
mamal i an gl dofBihs HBTSBO SR that the@ eulistqRatly CorfreiSSurikgeortingi d
overlays/fat blot experinments, the peptide fil m obtained post-FIFP

evaporatign was dissalved._ in DVBO and.then i i S buf.j%er H.7:. 4
(final corﬁ%"rﬁgi atﬁﬁ%s}tﬁ’wﬁ%ﬂ)@% ?rﬁoﬁﬁﬁgfzag?lﬂwtg aggé%l'égg °q a'ftgjﬁ.dﬁ?g'] Dr ug
treat nent g5 HRN(FRAA R SBDaldenbRéd ANsisatibar va6 ealizaddrDaities matker of
clathrin-mediated uptake, Transferrin-Alexa594, which traverses the sorting
endosomal compartment (Figure 2E, F).

[00159] SBD traffics via sorting and recycling compartments to late
endolysosomes in neurons: Afier upiake in membrane domains, disparate endocytic
cargoes may merge in an early sorting endosomal compartment (Perret, 2005). Asa
marker for this sorting domain, rab5-GFP expressed in ¢6 neurons was used. Shortly
after application, SBD-TMR often appeared surrounded by rings of rab5-GFP,
indicating uptake into a vesicular sorting compartment (Figure 3B). Colocalization
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10nmM Met hyl - b-cycl o-dextrin (MoCD) (Sigma, USA) for 30 min in
serumfree nedium and washed. AVPLEX RED Tm Chol esterol Assay kit
(I'nvitrogen) was used to neasure chol esterol concentrations in cell
extracts before OPTTREPTm gradient formation and |ater on DRM
fractions generated. [00177] For glycosphingolipid depletion: Cells
wer e tr eavitll FYVERGER ronick erpf Blaterosteprid iendpoyiae b@%pma@&oarlmabéw@

Cheng, 2006), .wi.th nodifieati j E . 25
g a1 v AR er Py Sy ARy SeDEROMET

- 20C. Beflwagewlal:lataxl ﬁxﬁupc_tinﬁiyagditabg(ﬂ l_nglﬁéntgmaﬁﬁnlznéxt elgndw@o’[’hﬁsirs] data\évi th .
M1 1120. Ce re | ncu e i r OWM. ia W

- 6V0IFES] ingjeats Wﬁfiﬁﬁgﬁe K@W%t%?@“ﬁefeﬁ%ﬁﬁégﬁ% "’lrg‘b’g‘P‘Tg& M %Fh Tf n
/ SBA wi t hoMediGEt: RERS (GPRadhMeiBoRmcnlioRgETkrw Hldogddial hencef or t h.

[00178] I sol ati on of Detergent Resistant Menhrane Fractians:
DRVE wer eCpmpartnesd) @«@aYGbs?rg?‘Bb%i tvely pbigat 9&*@%@?&%‘%@1@%"”@? m a

conf | uent S i $Rhatee buffered saline and then
resuspend%" “?’%gb‘ﬁ%‘r@d%?’ #ﬁ%ﬂgﬁ%gﬁp@ﬂgu&?eﬁ( 100mM Tris pH7.5, 20 Mn
ROTA, 150 nM NaCl, 1% TRI TON- XTM 100 and protease inhibitor cocktail
(Signa). [0046ppst rRafi-beme sphprelipidssichwa sphaidontyelinand with 60%

OPTI PREPTm (Acgur at e, Chemi ca and ..Sci iyf
| ysat e@T%&@ﬁ%ﬁ‘g® I%S[ ﬁa{}?ﬂ%ﬁéﬁ i It% f(ﬁ%vnﬁtn fl {1#0% og%m%’%egentg%?rz m  of
5% OPTI PREREs SohiiG=p8scun2(00Baak e ) St this rdacora SBDEEMIR ¢oflanghizhtian

41,000 rpmfor 5 hours, 4C.. Twelve fractions of, Lni . coll ected
fromthe VB B%?Fkﬁh‘éﬂ@?l%qleﬁﬂmﬁﬂﬁﬂwye‘ﬁasﬁﬁs%ﬂoéﬂcﬁ%@w “or dot

bl ots. [ 0@} &Rkt rPaeadh Pbotabidt colt@hrtiabit dofid®eleficiol SERIMEB S Ay,
SPHI NGOSTR1PSTm (I nvitrtogen) were used according to. rranﬁf ic%ﬁer' S

i nstruct i eelecadipe prtensivelyl (~3ekvith & cprldyioseraplyransgraicr IR
sphi ngol | @pﬁ%ﬁeﬁ& C@L AGLOGEL SR @sisiesa, Gphisngemraidiker@ila, GDLb,
t aa%o a

GTI'lb, Phosphoe m ne ceram de (Signe) were spotted onto
HYBONDTM §sbéatrad toeblizatios of SBP] Pextantkilakigsad 70 ovad (pvitrpgendnaibated s

wer e then _expo .10 55 [ i o] Iado, VOl UNES
of each ng‘?'g’iggﬁ&W%?%'lz% F gﬁ%&? giﬁlﬁiﬁgg EI #%ﬁ%éléggér%e%ngﬁoaﬁ%yg%
exposed t efianiithatle smedfg was inohs maakdum obSBD adlbcgiizaticei wish BAMP-GET RV
peptide solution in PBST or 1 nemeapgbt oxi dase _conj u ed

(Invitr ogéﬂf;J bs?fffail SHgEeiS A dir Ay Tpes ?‘Hgaﬁﬁ‘ﬁ“ﬂr“’%?eefl r‘ﬁ“a%g’nig‘.%{e[ 00180] The
fol | oW ng epddiyREImMARbINPAGLES, Wwere used: 8C3 (anti-syntaxin;

Devel opnent al St udi es bri doma Bank) 9E10 (HRP conjugated, 1:200;

Sant 2 Orugd A9t i SAER) 1y (R ERBL DS s 000k T bRl "
recycling endosomal compartments, respectively. SBD localized minimally with rab7,

which mediates several trafficking steps between late endosomes and lysosomes or
Golgi (Perret, 2005) (Fig. 3F, I). SBD colocalized strongly after 3 h (40%) with
yab11, indicating that it is delivered transiently to a recycling compartment, before
arrival in lysosomes after ~5h (Figure 3G, J).

[00162] SBD localizes to acidic compartmenis in different neuronal types: As a
marker of late endolysosomal acidic compartments in different neuronal cell types,
Drosophila ¢6, neuroblastoma SH-SYSY, and mouse cortical neurons were labeled
with Lysotracker and pulsed with SBD-OG. In ¢6 cells SBD showed low
colocalization after 2k of chase (<15%) increasing to 25% on a similar timescale as
that for LAMP-GFP (Figure 3C; see control graph in Figure 6A). SBD also showed

extensive colocalization in endolysosomal compartments of neuroblastomas labeled
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1:1000); anti-Lysenin (1:1000, Peptide Institute); anti-rac (1:250,
BD Pharm ngen). Primary antibody treatnment was foll owed by peroxidase
conj ugat ed secondary anti body exposure and finally blots were

devel oped usi ng standard chem' | um nscent detection. [00181]I magi ng
and Fl uorescence Correl a ectroscopy: The FCS instrunental setup
used in t Aid LYIRIRACKER E@dggursgzoo conf ocal nicroscope, wth

whi ch correl ator and Aval anche Phot o- detectors are coupl ed in house.

To excite[oiny FLss Sh: I aser
was used e[md t?ﬁe emssgrug%&%l%ﬁgﬁh vadlg;'&% et ecgég ‘ﬂﬁégﬁlsﬁ cﬂaﬁg’gﬁ‘#&
eni ssi on fAPkPeAlexpfT0, whivet lateanalization tlmmgcqmmmﬂmmphlaﬁlaemasﬁ%aand

TAM RA-co d wth, i. | aser wer e
detected t routsﬁ gg%%@g%oﬁ’gﬁo 1 ""nnscf'—trﬁengnllarteﬁlécoﬁ%o ?ff’é'gﬂsnts
1001i W I asé¢42|51tmmdemaﬁon-eiaﬂdrm amacra&ﬂ&ﬁ@m:yﬁbyﬁﬁﬂésyﬁld@§ﬂiéﬁeﬁﬂer The

nt is as follows: first a cell

i nst d f th 1
was. | magederieRrd EREH BodorFieGht sy cRvpRRacH i S B Eelopiesnres
sof twar e @fd fikdlyGh yymstﬁnecsqsmﬁﬁhjaﬁmgnsmm dz@g%f‘sﬁzy 5098k vRO

by adj USt:Pn%’Bt he Z axj s _and then erformt e under fl uorescence

poi nt scaP ABHes strerpeoP {:}W@S‘!ﬂﬁtﬁ‘éﬁ 1y wdemBierpy LT winues, dDmpssin late
i sol at ed EARIRLREDGOPNIYParq63 H%&gﬂ%k ﬂ%ﬁ&%ﬁgcﬁ hesthy p?%qX%ﬂngt her raft

mar kers. A. Detergent resistant rane top
( det er gentompariueing bftes) 14dn(c-80%) (Higure 46( Dbt Gorgeponding tolal th) vahreao.8,

Dr osophi | a r.af t in
G wore BER REUINAB kaifinlad b f AN EGHE i {oB R
char act er ﬁz@i)sﬂﬂ" ; nbhshopmn %ﬁ@ﬁn@ial tifnk@birké bﬁbolébﬁﬂzdﬁ@ﬂ vﬁtﬁfﬁexﬂ‘%li Key, |
rac, usin DS- n Blottjn B. Fra wer e otte
onto nitr geg‘g (Fé%ué Om@ \ife4 égk’t r B% ﬁ@ﬁpﬁé&%@e@@z}mc
(SBD- nyc) recgiilgttndetdmies (SHaemal 2063)ghich bRtk ly ARG lifiasaR- 4 (O
isolated fromc6 cells. ]t also binds to 'l ess dénse fractions

(10-11). EOMPROCREs Gush asﬁ@@?%?‘ﬁmlm@é%h@%@r(ﬁéﬁséﬁs%@@hWblsébv\above)
from humapah@uy &kﬁ}@%ﬁ%ﬁvergﬂ'&nﬁy e saiBlafe éﬁ@b@ﬁs@ﬁap& % ; pr €p

density gradient. As a conttol, fractions e assay
presence eympprkuant (saermiedel in Figstd T Ar’immﬁ]dpsmemafakemﬁﬁmmaﬁer a@ usi ng

SDS- PAGE ﬁé\ﬂomgrﬁa%ﬁéh%&'%% ngmﬁggg 4 ﬁggg()]?f r acfdl)%gs %%% %ﬁ%ﬁe wer e

bl otted onto nitrocellul ose ne raft
mar ker F| phdnotmienon @\ﬁBMﬂﬂym@vﬁ@@s&aﬁbdsdeyMgwﬁh Degtrgirprfsitive very
simlar to Eé’ll t of ChcB, but in contrast to rac (C) and Lysenin, SBD
bi nds pri marl y to nore buoyant, detergent-resistant fractions
(3-5), but also to internmedi ate-density fractions (6- 8) isolated

f rom neur B¥11841 or nals. 0r@®mm¢£m@mhuwlocﬁﬁax¢m od gxatiffatgchvidble

chol ester 190 k%% o%ri'é%g ngdo ysosoma?laclchc compartments, Dextran incubated overnight
(Dextran o/n) was compared with LYSOTRACKER™, and with LAMP. Dextran o/n
only reaches ~40-45% maximum tM values with LAMP-GFP (fig. 4A), but is ~75%
colocalized with LYSOTRACKER™. LAMP-GFP may fluoresce in the Golgi during

its biosynthesis, as well as in early acidified endosomal compartments.

lr

[001865] SBD interacts with sphingolipids during internalization and in
Hiposomes: Several fluorescent sphingolipid analogs have been used as tracers of
endocytic trafficking pathways in cellular models of lipid storage diseases (Pagano,
2003). Although these fluorescent analogs do not behave in a manner completely
analogous to endogenous sphingolipids, probably due to the substitution of a bulky

fluorophore in place of the N-linked acyl chain, certain species can be used as
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neuronal cells that can be isolated in DRMs. A B. SBD fractionates
into DRVs of neurobl astomas but not fibroblasts. SH SY5Y

neur obl ast omas (A) and non neuronal cells, NIH 3T3 fibroblasts (B),
were incubated with SBD-nyc for 30 m n and then detergent resistant
fractions (1-12; 1-top and 12-bottom were isolated. Fractions 1-12
wer e bl otreekkeroof Golgi eiytand nthenvasicaka niemboes randpe dipgnoashomerkersifor t y.

SBD- myc fr i onat.e oni n | % wi 14.pi ty 3 from
neur obl aﬁ%&% %%ﬁ%@é@%s%&@ﬁ% It)a%%érbgél%g aérglﬁ 1%%}@ in
fibroblasts (B). Detergent resistant fractions of NTH3T3 fibrobl asts
are enri qbetselor | Fpitthi aad tolleagues havesiostulabes! thanSFd) conlq Intexaat With 3- 7)

but not for non-raft mar such..as.rac. C. tifdgati. of

chol est erBt te@&@&aﬁ%wsangﬁfﬁmpéﬁ@WW 5# é%%uﬁgconfi r med
that cholegi®g 2003 HehE shidoh dheresohi cekitsiat esl lac-Cer adivpsdvely over
40% conpared to non-treated control s (?ra h on I_eft%.sﬁct)l est er ol

| evel s i rendeqytased by £6 edlsi %lﬁgeféﬁuafala%wq%f%mee‘ﬁm PP cel | s

or non-t r.eatedeGellisd %l?ag%?%ﬁélﬂ%ﬁe-mérﬂu@ﬂ’ﬁcﬁa&%ﬁéd@Qﬂﬂ@il% (bl ack

line), detergent 1nsolU ractions (1-5) are enriched in
chol est erSiarms 260Hpte datotescenhglyeasphipbeliri¢ aralemB@DIA JapyCerwagat ed cel |

fractions,(bl | ine) show su | al : Walsl
nor mal i zecélgfeglif%?mf’%g ?%héngtog%l-g %%p é% %e?c %&g%ﬁ%%lﬁ%@ﬁ?éo s% b ) SSL%%)
associ at i iesErsitihbdbRMot. iISBIHshoafkt e siohgasheolomlicdtivhagihamyimalkgsendent i n

c6 cells. from ¢chol.est.erol d el s were b 20Nt 0
menbr anesthg’h‘R%‘?'ﬁétﬁ OQHuW%Jﬁ"t%ﬂ!‘ﬁ%SPﬁ“ ,"‘é‘frtroe 5@%41 %%tg@t/?on) .
Fract i onapiQhvatesSBler DN CFibsre 5% ATIGE Bffédd wal ohlg Dbsradd-wienl thé b 1EEIA
fractions and 4. [001 Sf&

) Fi gure 14: SBD_Uptake at th l.asma
membr ane Yereewdleblet ﬂ@|mg@l§§mlﬁpl_’taq&9u5§t EP&E‘P’?‘E%@% %%ﬁ@%dﬁ%r of
SBD- posi t ' (ﬁ%)hr besif |¥EGR. Neyeans ke Mahde). Bac-bar s)
or unt rea%&éfl d%lﬁﬁg&ct{(aﬁgar S ev(\?ﬁ, hSdfgl%ﬂl\%leDCD. ol est er ol deplyeti gn

si gni fi ca@edhps beanaegorteddo aptuliie cayeobBDPiFle (Sherea, 2A e B8 OPseREdcour se
(see Figur o 1%01%951&%*1' ar{]wt\r-itﬁ ghpoc%uﬂfreﬁ&? Li% aﬂ!an Bﬁ’éﬁhﬁéd‘ia’f&l C. Fixed
c6 neuron? LR it of cho I

OW Ng I pin-stalning esterol (blue) and SBD
(red). | nemibojtest Srotandeiott lebkln lovensr, (E)fasBDL SBReieNe: srcbgovR Wiht | y

at the plas menty ape.. D., G aph.sho verage L\ e
cells wit C'l%%f qu@-fng@eégﬁ SF#%@%‘%\%EL %nusrugg?sgsgﬁ%%a %r eat e%ﬁ]ﬁléé%
bars) or eidigahRGhéRInRGIonNavsyinphtspedbidudrchon betweenSBBsnd the Gle
gradual increase of SE& &uﬂpt ak inogontrokléﬁl_,P g@ol esterol depletion
prevent s Bppnilpensgsthe fraffiekingnathiviay o§ors P10 @BER o\ ng reduced
i ncorporation and uptake at the plasnma nenbrane of SBD. [00186] Fi gure
15: Correfgi1ise] Curlvesdddfo S$BEsEBD’s abbitityan dntaract-widh glyempkiegdipids; D
Normal i zed correl ation curves %r% are sho%/n over 100 nsec tine
i nt er val suiksmaslardipid vesilen weremane congme ot it e grapesiiiie sysy
neur obl astRPERIARIPES m@%@‘ﬂg&bﬁtéﬁﬁ bEdiffetdnedst.0ARerdhamasoONAD SBD-
an

2-particlé nodel's. SBD xB contain a_strong bl ,eagggn conponent,

i ndi cat i ngMbend Pwetiomefishe beund yesiclen anea SB-FME 1gmaipe Oenbr ane
domai n i n_whi:C [ “%ﬁ%? ' b (Fieure 6). SBD-TMR

sphi ngowg?ﬁlcr%ﬁ%g%?%%%@eghﬁgt I'n Pﬁgﬁ%’e Bflmgl (gé.%uh? ?\)91 indicating a
hi gher nokhdviedynoaffinitycfor ghladtatyb cerp 0483 iRivgticles, phichmioding sranghiio of

di ffusion_timnes for SBD and raft S . < kers
shifts u nﬁéb lﬁﬁﬁ}lbi‘%ttaéﬁaﬁ'alglg BIEYTS %?élgf é%do%lrld%rsr@&krgﬂg H%@vél%se‘?%re nt ages

of q 20 s eg@dﬂﬂirsdlfﬂﬂ b idings Faoes g consiaat Wik SEM c@ﬁas@rél[Eand sphhigeliplji-

i ndi cated nsec tine, ranges, Hi stogram A sho t.he non- cal i zi ng
mar ker s DﬂPPeﬁﬁﬁlt%PWgW%&@h‘?vﬁﬁrsﬁ?ﬁ’@ *W’@lﬁ%ﬁ‘?ﬁ%’f]ﬁt{oﬂ@ of’@gyghg%d’ii n the
faster nobili, M{gé%gﬁﬁeﬁmlo and 10-20 nsec. In contrast, in histogram

B, CxB-594, SBD- TMR and SBD- OG gi ve substantial fractions of

readings in the lownobility >30 nsec range, _ typi for, raf
g [00168] SBD trafficking to Iysosomes degends o%pceﬁg’}ar cgolesteroa

content: Since the formation of lipid microdomains and the trafficking of
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[ 00188] Figure 17: SBD Upt ake is dependent on sphingolipid |levels. A
Effects of glycolipid depletion on SBD uptake. Transferrin-Al exa594
uptake is not significantly altered by funonisin treatnment for 4h
(graph). B, C. Cbs.13 is ordinarily trafficked to Golgi body, seen
near the center of neurobl astoma cells, and is altered to a vesicular
di st ri but i eingalipidseradependent oatcholestebl @agdpor2000uBovims RO0R)r $BID nent

t ly i phichi: I .k i n_.much
oner 1 uoy aanang A Sed WSO ER! SRR P po R SR B e
carrying i Itaderad toxtatls S50ty 125 eycloduiin (UBED) Lo to 86H1kE Drsdagfia SED
remains at th p# S nbrane. [00189] Figure 18: SBD'interacts with
purified Cf%/??ﬁ% &H&gﬁeﬁm%ﬂ%‘?‘l EI:‘FIBIS&SGGM%F@S% agd el cafpcteso¥ B usi ng
Sohi Cri B . A 7 g
o posed T o K B o TS s nE 1R a8 el B0

scr-nyc i nMBCEreahent Wb porsiraied (g épdsiodef (dBlibholsgatl; 3pe Mejimés)i n and
Ctx.13 rec i i targets,. hi el spet . 5) .and
QML (spot S0 S SRR bl R Eikcarith BRG] deptete oo o, badea
S1P- Sphi ngasa levet theh aspiad tdocaiggton S IhSODB A CEERTEr ram de,
SM Spﬁi nog el j.n,. SPCSphi n gc I hosﬂgdg\%dghol i ne, LPA- Ig;ggophrg}sﬁghati dic
acid, M W‘FCI[%"EI*%F?%% ﬁﬁ%‘%‘éﬁ&g‘gﬁbW%@F%@n?e"@@ffﬁcﬁda?‘ﬂ@ah@ i osi de,
Sf - Sul f at i dRnglSea thaphiA QIS0 HeA GRERSY i54iBh

IS Shot gu%;GﬁAch). e llc?c%flﬁartigl% ll(aehwgen

LPC- | ysophoshati dyl chol i ne, PCphosphotidyl choline, Bl -B Li pi d
Protei n ovi@picdyo disesomal siagigraiersnlsniestetd pidiuspen bee’Skh ((Misang: =
addi ti onal g sghivhg @?% fé@ﬂm et c (5 and
201.t M, SB?)Bhut atglgg -nyc a%ge,@%%lggrg%gsﬂi ’]ersrﬁl%a,%%gégcr -nyc

bi nd to GOFigue6RID | b, Gal act ocerebrosi des. SBD-inyc weakly interacts
wi th SM at higher concentrations (20M. SBD**-nyc fails to show any

interacti Edh i co ntrations
(20nM it@g#gs] to sﬁggsvgg%ﬁy%’ lﬁ%%“?%@?%&%r?' ﬁ&’gﬁb atﬁ%&'ff e XEwmaye

i nteract s shranglyGbin chélegerll dGktiodvtin of tailsalgangkd ®eilogded with

GDlabi si al b QS I | .b-Di.si al ogangl i.oside | b, GIlb-

Tri si al oga‘%g%%g}so? %ge %%,%S)&eetfq@?%‘? el Famp @,iy away irom 1ts

SM Sphi nogmysliitinerif+GSenBipsabert had abaidehdaheTVEOTRACKER ™.

CB- Gal act 2}%!1 cerehrosi de 00%,3&3% lts [00191] SBD binds to isolated
DRV and d~HPEAqiS Sampartfient ki ércg'ent i nsol ubl e fractions of insect
and human neuronal cells. Association with detergent resistant

menbr ane f[0@¢r0Jons EXANIPERE 2sed as a nethod for detecting raft
associ ation (Edidin, 2003). Al though DRM binding by itself is

i nsuffici pro raft.assqciation, jt. is generally consjdered a
necessary e@?ﬁ@r i0 nm%%a%%?ﬁ‘?ﬁg%{f@mﬂdﬂﬁh?&ﬁdn P‘%@uﬂﬁé’n yatbdinidblgimey 7 e
bi ndi ng t divéetie ey daFlstanhce CEHARA SpEdRNpy (FOR LR §9-0%

di fferent d§e|] E}%,PC%S and spotted onto nmenbranes. [00192] The use of

SBD as a rigPibe Hisichaariepstiss of 8BBrastpsintion suthdheplawerpambrage. The

ﬁgnf\élbf) . itfglrlggifz,lg YpiagH6eRalveS) bxpetifentt £8) bIYS) sFBETRI: SBDSHERR Yith
raft borne lipids such as glycosphingolipids including gangliosides. This study also
demonstrated that SBD interacts with deteréent insoluble membrane fractions
(DRMs) isolated from neuronal cells and that uptake of SBD occurs largely via
microdomains that are detergent resistant and cholesterol rich. By FCS, it was
demonstrated that SBD displays mobility characteristics consistent with raft
association. Further, pharmacological removal of cholesterol and sphingolipids
confirmed that SBD association and uptake at the plasma membrane is cholesterol and

sphingolipid dependént.
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Drosophila c6 neuronal cells and SII-SY5Y neurobl astonmas were
solubilized with cold 1% TRITON X-1 00w, and fractionated by

hi gh- speed centrifugation into detergent-resistant (DRM and

non-resi stant (non-DRM nenbrane fractions over an OPTI PREPTm density
gradi ent (see Methods). The density-gradient fractions of cells were
spotted do0o72fenbr aliehodsnd then incubated with SBD-nyc and anti-Moc
antibody. To verify DRMisolation fromc6 cells, fractions were also

??fg%/iefjl T[ﬁ?" ° g%glecﬁg\'/\d% nog‘y@rrﬁ%ﬁ%r ac%ﬁl’pr o{?ég?%ﬂsa?%éﬂ B{egft)glrg and dot
bl ots. gmgiﬁflfez%&d @roﬁdpmlﬁﬁaimdﬁl?sgme gﬁgn’c_bi (I%let :flj TrPQﬂ})WbmoWﬂn@t i
1 hort onsTat im SHels gnd P omedgn (iR ISy SRR BUERET BRGALAFRL L 500,
interfac eGﬂgcQFiEvB %@QQSQ@&%bo@ﬂﬂ jiddfatin mhldgwmciﬁnﬁlmmaenomdr af t

mar ker s such as rac. The non-raft protei n IS ex

fracti onsl% antbioti/aniimeyeptic splytieaCikpo; UMK T% mé’B?

fractions t ebbASHIBERS’ Mb@ﬁé@ct t hat
the raft %?%?Q%H%@F%EE# ’?Cézere%ﬁ{lvgrr?e pr %Brgr e%??alléslsnto DRM

fracti onsEzghals Mﬂd}ma(DMEM‘ I(J‘ebco, P8e) seppdsmentedevijh 1% EBSsnd erlibivtit o t he

sol ubl e fractl ons (Figure 12C) indicates that there has been a

separ at i opgye eter \if fohaitd @g. The
sane frac‘?fl I ons assa%bﬁgﬁggo%tnbapﬁ%g?@ca aﬂglln% g@{aec aj%ers
fiotilli nomwithoBban Naestioal cyieine bidnati mgt qﬁacerdﬁzstm%iﬁeﬁi%c]z-an be
detected owed a
typi cal tmmlw @’%f]d (? géufrage]%ggvg%};g@ﬂe same
dot bl ot assay: dmy\aaﬁmsaﬁipleﬁmm Tetragtettyhfbdantine (RIR} Was:syhlﬂna'zcﬁ

Dr osophi | a neurons 128 H SY5Y, neur Fi

720y i ErBastems Siberting e o S v SRR 78 GRT SR Cotp AL G
that, Sphg nx%ﬁtae@géaiqeﬁbg @mmsa@vhzmum@m@m@wdl ti onal
standard because sphingonyelin is Yﬁect ed to be raft-Iocal {fﬁe&
bound to mmanq:ua@qeu(ng‘D&SEﬁ@% @E@BP&@‘A(‘HTIBE}‘@GTPZ%O COMIES  does
not , howe ?r ?%kﬁ/gl ct published data on |lysenin, since its
associati o per se has not been reported. [00193] SBD is

internalized via chol esterol dependent DRMVs. Next it d? ﬁam ned
whet her sm’ﬁ’fﬁﬂ er acTeaviid regrasts fagngion of thederids PBD W ditsaiyed & | at er

| at ed ng lt$i th
ISSB(IZ)} ﬁyg alrll ggel\%ue c?rb%@mg%p tion @%%l so teg&%@?ﬁlﬁﬁ]%d for
the pres eﬁmger@luﬁﬁ@oﬁp@tﬁq@apﬂram%rd@ne pdep stpplyrefinsbRideEBrms and
c6 cells, s .take a In
contrast L3P aRP TR Ao B LL G Ao e DO B Bitaily
pr ef er enceefosy use PReplide whadiid tb racftal wnﬂcntg‘ comeaniratioraet 1 mﬁ@nﬁmﬂcs
fibrobl asts tin
caveol i n- @lﬂg@{eﬁ%{t%‘%ﬁ’fm%%’ﬁ%@ ?EP?I glgﬁcgwﬁi&ﬁ%gl tive "non-raft"
fractionsg Erok%ﬂaﬂdﬁip&%&eﬂe%ﬁhelsﬁl@ﬁﬂ&ﬁd (HERE S paidSndubated et 26°0ifor 30
chol esterol synthesis or that repove chol este ol fro a are
Known t o arispt BN (ocDrosemia ooy Ry BB Ky enY (OmAT EREEE). TG
to depl et S RaRblRs GBS Gtk & @%vea%/fam@béx%aﬁaﬁeﬁéapﬁdéﬂma

not shown) este and re at ed sterols (see Mt and
| ooked at obhinedbbediFBrevaRD:tionvgs dipsolrpd By DMBReand tlheadn @%h@ﬁ?ﬁ% t he

usi ng. t o R aC R B ST e B LA P2 ) St er ol v

reduced by 42% after 30 min, and the distribution of the renaining
chol est er 00tRElame Brng trenfrientsyFarshmdssterdlastepletien eojls gresaivgphatedin gur e

n 1 he DRAOPPLBIEIE- PR o ABCR Gl FRA L h Shllactl S

that SBD naddiurasmeeiashddoAMPBLESHREDSY @tolesemb Ansharkit (yPOd@E) was used

to measure cholesterol concentrations in cell extracts before OPTIPREP™ gradient
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pl asma nenbrane to other raft and non-raft-associ ated markers,

Fl uorescence Correl ati on Spectroscopic (FCS) nmeasurenments were
performed to neasure the diffusion rate of TMR-SBD at the plasm
menbr ane of SH SY5Y neurobl astonma cells. The diffusion tine (TD)

t hrough a confocal volune of'-250 nmdianeter, centered on the upper
pl asma nmammlﬁ%@ndﬁmﬁaﬁﬁ%n%a@&?@d for SBD-TMR, SBD-Oregon
Geen (O, the raft marker Cr{B-Al exa594, and the non-raft narkers

Di I-Cl8 1??3TPY1‘% ﬁQB&ﬁg&%’ﬁDd &blpie%h CEB&QM&@ trbftbd Wi FuoRjsinC Ur ves

were fitt 2pat|c resunably a faster noving
conponent Bt ewbriing togrblished piptatiolsf(Ghengy (P%émh mogifigatiogp a¢ Jo¥AWS. n

addi ti on SS tg0l for
contri butf')gﬁo Vefe%é% ?OSIHI'IH eggéglgg}' ?n t%ebgrfggl um J?I(%g}gflg tgh?g
cell), orQaut efotador wen@efc(retmi: deqpubtiey dibiting1: ddistock selbtiorsaidlur enent s
wer e made_out si;gde_and inside the esul ti.n i ffusion times
of 94 peew(@gﬁ%@s Ve sRpP ?‘T@&”VL 19/2‘11‘/55@?5 %@W&’%’Fﬁg“ﬁl Il were
fitted t 0~9'/f3é)s] &@F%&&%&m@@@ﬂw +RIESE Red tBelidiexnaeth /MBDaxif tted to
3D, 2 partic node [00197] Measurenents of the raft marker CtrcB

were domi Natlied ByFBS ¢dOhiM §Bé fanéinaged pitadidisngefotle to the | ow
nmobility of the protein in raft domains. The distributions of TDs of

SBD- TMR CD i t
(S0, TR T8 7R, Eiafon SLBAol daPRARL Mchbrhdl BRI KREERE! CO0TY
gr eat er cﬁm&{s dw& is?mefdras eskibd gmvmmjy &ﬂgﬁdﬁ? I\@/ﬁlghamz@ﬂu&t@ﬁé@

i stogram Fi s..fo
meas u?eneﬁ‘?? ‘gaéf-‘ ‘1‘“3!}&%@}35?1%5@'5%?# 8 o%‘?ﬁ ’F?s‘t‘sga‘“ga nb?eac | ng
effects. tRORERE (0B THEHER.5 beSen Etarreguso nmmm an% mmm X bi as

the TD toward faster-npving pariicle wecal | ated h of TD
frequenci 40 M@eﬁﬁu@n@wrm@dﬁ@é&m leierﬂoébn LT {5‘9{1

made cont i 3 2R 98 hidar %H%ﬁﬁﬁﬁég AL §E@
(sl owner dl?‘&ﬁiﬁf%ﬂﬁ/@?’ t he raftccrrarkers She -cDs_of mﬁj? y

non- speci OPTIRREFOP splukion WEOV@W W - ?wllii3(§ﬁ/laﬂ%2 §;¥H|Qf§6‘t i p| d anal og
shown t 0 kﬁ"iﬁéﬁﬁ}&msgluﬁg %ﬁ% ?@Eugl &hﬁffﬁ%é&% gl obeippesr 51- 20
nsec, frai N con i on belng nsec nsec on average;
Fi gure 16 Bpurs, [400119%17@%@1@5 of hrel wére celfidotedtfoonn therteyf of e gradisnt @4 o

SBD nobi |t measured in cells treated W|th
4 mM MoCD® ‘I’%éc@g W‘E@ngjs :E}g@::fogﬁﬁtﬁ?st% be shortened to 3.3 0.61 nsec.
The diffusion time of Dil under chol esterol depletion remined
unchanged [881780. 70. E&nunehicttﬁgoﬁvn]bigidﬁti&eﬂmmﬂa?assaappears t hat SBD

e A RRORTA o Flgb P 0B TR i i
rel ative tad plaecsidcs@ibed iphyidiElyb AalditionhiGORDEd R G\ ngol i pi d
depletion Ia?ac‘lcolg&largtgrosslge[)s, %ppﬁlgg)emye 11, gD?ae,léle GT1b, Phosphoethanolamine

ceramide (Sigma) were spotted onto HYBOND™ C Nitrocellulose strips and allowed

to dry. These strips were then exposed to 5-20 uM peptides. For dot blots, equal

volumes of each fraction were blotted onto nitrocellulose membrane and exposed to

antibodies of various raft, non-raft proteins or 5-10 uM peptide solution in PBST or 1

ng/ml CtxB peroxidase conjugated (Invitrogen) or 1 pg/ml Lysenin (Peptide Institute,

Japan).

[00180] The following primary antibodies were used: 8C3 (anti-syntaxin;
Developmental Studies Hybridoma Bank) 9E10 (HRP conjugated, 1:200; Santa
Cruz); anti-caveolin (BD Pharmingen, 1:1000); anti-Flotillin (Transductions Labs,
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i magi ng was used to exam ne whet her vesicul ar uptake of SBD requires
sphi ngol i pid production in neuroblastomas. Sphingolipid nmetabolismis
di srupted by the nycotndn Fumonisin Bl (FBI), an inhibitor of

ceram de synt hase, a key enzyme in de-novo ceranm de synthesis. Since
gl ycosphin oI| i ds _are synthesized fromceram de, a reduction in
ceram de | @Héﬁﬁmﬁs@Oﬂewtidt)lnbﬁwm,@ﬁkew@t%OQBD Pharmingen).

gl ycosphi r‘IgJ m d f I an osi de synt hesi s
has i ndeed been reﬁ)o? (Pn o‘ﬁ&ﬁ@&&bﬁ%&xﬁ ﬁ% égﬁsg%n t r eat ment
with FB1, m@bmcb@xamdo‘@mmwmdmyﬂmp%&m@m@fd dHeheiRfringcan d
show fewer g nal SBD-positive vesicles (quantified in the graph in
Fi gure 17) suggdesting that vesicul ar uptake of SBD is dependent on
sphi ngol i pi ds or gl ycosphingolipids. [00201] By conparison, the

di stri but i[081&1] t heImag:ngIanéFamiésrcehce@dldaahumSﬁéttro"s@ﬁﬁg'@hezpés
gangliosid S red, but rentl uptakée is not

af f ect ed. ]%1%3@ e%ﬁ’clg %B‘ﬁ&éﬁ@d@’ BI‘ Jggagq ¢fRcrt micgesgene, with gi

| ocal i zat iwifich c(dﬂewdr%ndABala@he Pﬁ@fotﬁe@cctcﬁ@ﬁ@ CoSENYRhORD e%ﬁﬁ

consi stent]?ioglw %{I ous concl usions that found that Cx
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[ 00205] AIl docunents referred to herein are fully incorporated by
reference. [00206] Al t hough vari ous enbodi nents of the invention are
di scl osed herein, many adaptations and nodificati ons may be nade

wi thin the scope of the invention in accordance with the conmon
general know edge of those skilled in this art. Such nodifications

i ncl ude trige bruby@hi, tetbippni-wistmdiactiau(B 1P ban algo toanteamdlai@-é@@tty of the
I nvention. ip orgeﬁ 03 agﬁ eve tg same result in substantially the
same way Taafipns R iFEr ﬂﬁ”&ﬁo PFPE terms used herein have the
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art of tHoe184)vent Migure dB! $BB icebdcinel with drolésteol-deREFERENEERSBI ed| er
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7), but not for non-raft markers such as rac. C. Quantification of cholesterol reduction
after 10mM MOCD treatment for 30min confirmed that cholesterol levels from whole
cell lysates are reduced by over 40% compared to non-treated controls (graph on left).
Cholesterol levels in isolated fractions of a density gradient from treated cells or non-
treated cells (graph on right). In non-treated conirols (black line), detergent insoluble
fractions (1-5) are enriched in cholesterol as compared to the sotuble fractions (7-1 1)
Treated cell fractions (blue line) show substantial cholesterol reduction, normalized to
that in the top-most fraction in controls. D. SBD association with DRM/lipid raft
fractions is cholesterol dependent in ¢6 cells. DRMs from cholesterol depleted cells
were blotted onto membranes and incubated with SBD-myc (1-12; 1-top and 12-
bottom). Fractionation of SBD-myc is reduced in cholesterol-depleted DRM fractions
3 and 4.

[00185] Figure 14: SBD Uptake at the plasma membrane is cholesterol
dependent, A. Graph shows average number of SBD-positive vesicles per cell in live
06 neurons treated (red bars) or untreated (black bars) with 10 uM MBCD.

Cholesterol depletion significantly lowers the uptake of SBD over the indicated time-
course (see Figure 13 for quantitation of cholesterol levels). B, C. Fixed c6 neurons
showing filipin staining of cholesterol (blue) and SBD (red). In cholesterol depleted
neurons (C) SBD remains predominantly at the plasma membrane. D. Graph shows
average percentages of live cells with internalized SBD in SH-8Y5Y neuroblastoma
treated (red bars) or untreated (black bars) with 5uM MBCD. In contrast to the gradual
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[00187] Figure 16: Distribution of diffusion times for SBD and raft markers
but not non-raft markers shifts under cholesterol depletion. Histograms A-D show
percentages of 20 second cumulative average readings that gave tp in the indicated
msec time ranges, Histogram A shows the non-raft localizing markers Dil and
sphingomyelin, which give most of the readings in the faster mobility ranges 1-10 and
10-20 msec. In contrast, in histogram B, CtxB-594, SBD-TMR and SBD-0OG give
substantial fractions of readings in the low-mobility >30 msec range, typical for raft
markers, in addition to a lower proportion of readings for SBD in the faster 1-20 msec
range. (C) the distribution of non-raft markers after depleting the cholesterol does not
differ significantly from that in A. (D) the distribution for raft markers after
cholesterol depletion reflects a significant increase in mobility (faster diffusion time)
compared to that in B. (E, F) average diffusion times for all raft as well as non-raft
markers before and after cholesterol depletion, Error bars = standard error of the

mean. (For all the experiments number of measurements n > 50),

[00188] Figure 17: SBD Uptake is dependent on sphingolipid levels. A.
Effects of glycolipid depletion on SBD uptake. Transferrin-Alexa594 uptake is not
significantly altered by fumonisin treatment for 4h (graph). B, C. CixB is ordinarily
trafficked to Golgi body, seen near the center of neuroblastoma cells, and is altered to
a vesicular distribution in fumonisin treated cells. D-F. fumonisin treatment strongly
inhibits uptake by neuroblastoma cells, as seen in much lower fluorescence (red bars

in graph). Fewer internal vescicles, carrying internalized SBD, are seen in the treated
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10. 1083/ jcb. 147.2.447." J. Cell Biol. 147(2): 447-461. Lang,]) M S
Lonmel, et al. (1998). "ldentification of reggie-1 and reggie-2 as

pl asmanmenbr ane- associ at ed proteins which cocluster with activated

GPl - anchellgavher SBRxcnahson thegllasoalnessniradeaon- caveol ar mi cropat ches in
neurons." J Neurobiol 37(4): 502-23. Malifoud, R, N Garny, et al.

(2002). " i fi cat | onef a6 | bl et Do in i
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%OPSQ O'l'se%%z?%xﬁ&?cggg?i? gasiNehldidei(Givil; spg 9).dtysenin emkQuiBs. " Nat
recognize their known targets, Sphingomyelin (SM; spot 5) and GM1 (spot 9)
respectively. Legend: S-Sphingosine, S1P-Sphingosine-1-Phosphate, PSph-
Phytosphinogsine, Cer-Ceramide, SM-Sphinogmyelin, SPC-
Sphingosylphosphocholine, LPA-lysophosphatidic acid, M-Myriocin, GM1
Monosialoganglioside , GD3-Disialoganglioside, Sf-Sulfatide, Sgal-
Sphingosylgalactoside SG, Ch-cholesterol, LPC-lysophoshatidylcholine, PC-
phosphotidylcholine, Bl-Blank. B. Lipid Protein overlay assay using membrane strips
spotted with some additional sphingolipid standards and then exposed to SBD-myc (5
and 20uM), SBD mutated (**)-myc and SBD-scr-myc. SBD-myc, SBD-scr-myc bind
to GD1a, GD1b, Galactocerebrosides. SBD-myc weakly interacts with SM at higher
concentrations (20uM). SBD**-myc fails to show any interaction with GD1a and SM
at 5 M. At higher concentrations (20pM) it fails to show any interaction with SM
and only weakly interacts with GD1a. Legend:GMI- Monosialoganglioside, GD1a-
Disialoganglioside 1a, GD1b-Disialoganglioside 1b, GT1b- Trisialoganglioside
GT1b, GalCer-Galactosyl Ceramide, SM-Sphinogmylein, PE-Cer-

Phosphoethanolamine ceramide, CB-Galactosylcerebroside
[00190] Results

[00191] SBD binds to isolated DRMs and co-fractionates with detergent
insoluble fractions of insect and human neuronal cells. Association with detergent
resistant membrane fractions has been used as a method for detecting raft association
(Edidin, 2003). Although DRM-binding by itself is insufficient to prove raft
association, it is generally considered a necessary criterion. SBD conjugated to é
myc-tag was used to analyze binding to detergent resistant membranes {(DRMs)

isolated from different cell types and spotted onto membranes.

[00192] The use of SBD as a raft/sphingolipid tracer was tested by comparing its

behavior in a fly neuronal cell line (¢6) vs. mammalian SH-SY5Y neuroblastomas.
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Biol . 14843235 #88#e 1988 These fractions include the 5-30% interface where DRMSs
segregate, and are not bound by most non-raft markers such as rac. The non-raft
protein rac is excluded from fractions 3, 4, 5, and is primarily in the more soluble
bottom fractions 9 and 10 (Figure 12A). In the neuroblastomas, the fact that the raft
protein flotillin partitioned preferentially into DRM fractions and non-raft marker, rac,
exclusively fractionated into the soluble fractions (Figure 12C) indicates that there has
been a separation of detergent resistant and soluble membrane fractions. The same
fractions assayed by dot blot for binding to raft markers flotillin and CtxB show that
binding of raft proteins can be detected using this assay. Accordingly, Flotillin and
CixB showed a typical two-peak distribution by dot-blot (Figure 12D). By the same
dot blot assay, SBD was seen to bind strongly to DRM fractions of Drosophila
neurons (Figure 12B) and SH-SY5Y neuroblastomas (Figure 12D), which are
susceptible to AP toxicity (Li, 1996). It is noted that, sphingomyelin-binding Lysenin,
which was used as an additional standard because sphingomyelin is expected to be
rafi-localized, bound to non-DRM fractions of neuroblastomas (Figure 12D). This
does not, however, contradict published data on lysenin, since its association with

DRMs per se has not been reported.

[00193] SBD is internalized via cholesterol dependent DRMs. Next it was
examined whether SBD interacts with domains on intact cells that can be later

isolated into DRM fractions (Figure 13). Cells were incubated with SBD-myc and
subsequently DRM fractions were igolated and examined for the presence of SBD and
control markers. In both neuroblastomas and ¢6 cells, SBD is taken up in DRM
fractions (Figure 13A and D). In contrast to the neuronal cell types, SBD did not show
a strong preference for uptake via DRM fractions of mammalian NIH-3T3 fibrobjasts,
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cholestero] became more uniform across the density gradient (Figure 13C). MBCD
treatment resulted in an altered distribution of SBD; SBD in the DRM fractions #3,
4) was reduced (Figure 13D), suggesting that SBD raft association is cholesterol
dependent.

[00185] Cholesterol depletion inhibits SBD uptale. To determine whether the
distribution and uptake of SBD in live cells was detectably altered by cholesterol
inhibition, SBD-TAMRA (SBD-TMR) uptake by c6 and SH-SYSY neurons under
cholesterol depletion was monitored over time (see Methods). Normally, c6 cells
internatize SBD within minutes (Figure 14), leaving little signal at the plasma
membrane. In contrast, SBD uptake in MBCD-treated c6 was strongly inhibited
(Figure 14A-C) as indicated by a substantial reduction in the number of internalized
SBD positive spots following cholesterol deple;ion, and more fluorescence at the
plasma membrane. Cholesterol depletion was monitored by the assays shown in
Figure 13, and by filipin staining of treated, fixed cells (Figure 14B, C). SBD uptake
at the plasma membrane of cholesterol depleted neuroblastomas was also strongly
disrupted; this is reflected in a lag in uptake (Figure 14D), and a strongly reduced
" number of cells containing SBD-positive vesicles after 1 h (Figure 14D-F). In the
same cells, CtxB-Alexa594 (Invitrogen) also showed a reduced rate of uptake, with 2
smaller number of internal vesicles, but only after 2 h of cholesterol depletion (not
shown). These results demonstrate that efficient SBD vesicular uptake requires

cholesterol (or other sterols) in both Drosophila and mammalian neurons.

[00196] FCS analysis of SBD shows plasma membrane mobility

characteristic of raft markers. In order to compare the mobility of SBD at the
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freely diffusing label in the solution, in addition to the less mobile membrane associated

label. To control for contributions to G(x) from free label in the medium (outside the
celD), or autofluorescence (inside the cell), additional measurements were made
outside and inside the cell, with resulting diffusion times of 94 psec and 2.17 msec
respectively. Values outside the cell were fitted to a 3D, 1 particle model, and inside
the cell were fitted to 3D, 2 particle model.

[00197] Measurements of the raft marker CtxB were dominated by bleaching
effects, presumnably due to the low mobility of the protein in raft domains. The
distributions of tDs of SBD-TMR and SBD-OG were found to be mainly in the > 30
msec category (SBD-TMR: 50 msec; SBD-OG 35 msec on average), with a slightly
greater contribution from slow-moving particles than CtxB (see histogram, Figure
15A). It was found that SBD-TMR and SBD-OG measurements, similatly to CtxB,
were dominated by bleaching effects. In order to minimize these effects, which
artificially bias the tD toward faster-moving particles, we calculated histograms of tD
frequencies based only on the first of three 20 sec measurements, made continaously

on one spot.

[00198]) Tn contrast to longer tDs (slower diffusion) of the raft markers, the tDs
of Dil-C18, a non-specific lipophilic dye, and BODIPY-FL-8M, a sphingolipid
analog shown to localize to non-raft domains, were distributed between 1-20 msec,

with the main contribution being 1-10 msec (10 msec on average; Figure 16E).

[00199} To determine the effects of raft disruption on SBD mobility, the 1D of
SBD-TMR was measured in cells treated with 4 mM MbCD for 30 minutes, and
found to be shortened to 3.3 £0.61 msec. The diffusion time of Dil under cholesterol
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treatment with FB1. Following treatment with FB1, neuroblastoma cells endocytose

SBD less efficiently and show fewer internal SBD-positive vesicles (quantified in the
graph in Figure 17), suggesting that vesicular uptake of SBD is dependent on
sphingolipids or glycosphingolipids.

[00201] By comparison, the distribution of the positive control CtxB, which
recognizes ganglioside GM1 is also altered, but apparently uptake is not affected.
Instead, CtxB appears to be diverted from its usual Golgi localization, (Figure 17B,
C). Both of these observations are consistent with previous conclusions that found
that CtxB is raft-localized but that uptake is raft-independent. Transferrin (TH)-
Alexa594 uptake was measured on the same cells as a negative control for the FB1
treatment, since Tfr is taken up by clathrin-mediated endocytosis and is therefore not
expected 10 be glycosphingolipid-dependent (Sharma, 2003). The graph of internal
fluorescence in cells (Figure 17A) shows that Tft uptake is essentially unaltered by

FBI1 treatiment in neuroblastomas.

[00202] SBD binds to purified glycosphingolipids. Interaction of SBD with
lipids was assayed by lipid-protein overlays wherein SBD-mye is incubated with
purified lipids immobilized on nitrocellulose membranes. With relatively low
amounts of lipids (100 nmole equivalents) SBD recognized GM1 but not a variety of
other glycosphingolipids, glycerophospholipids, or cholesterol (Figure 18A). Intact
SBD and SBD with a scrambled sequence (SBD-scr) showed signal for GM1, but
much lower than the signal of lysenin for sphingomyelin, ot of CtxB on its receptor
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and a noiety that is to be targeted to a sphingolipid, the noiety
coupled to the pol ypeptide, wherein the isolated SBD pol ypeptide
possesses at | east 80% sequence identity to the sequence set forth in
SEQID NO.: 1 and is capable of binding to a sphingolipid. 3. The
probe of claim1l or claim2, further conprising a |inker coupling the
noi ety t aGhheFRpateyisaptadient shekm)T Howevabehenfhighearmo®gts ofléipidd were he

| i nker conprises c | am.no- et - - t.y,112 . .
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heavy metal. COTPA 8% Notably, although SBD interacted strongly with bovine Galactosyl
cerebroside (consisting of a mixture of both hydroxylated and non-hydroxylated faty
acids) (Figure 18B), it showed no affinity for synthetic galactosyl ceramide, which

has an essentially identical structure but contains only non-hydroxylated fatty acids.

[00203] Figure 18B shows the interactions with the scrambled version of the
peptide and with a double mutant version. Sutprisingly, the scrambled version of the
peptide interacted approximately as well with GD1a, GD1b, and SM as native SBD.
In contrast the double mutated version (R5A. , Y104) interacted only with GD1b very
weakly and with galactocerebrosides at low concenirations. At higher concentrations,
the mutated peptide bound very weakly to GD1a but not to SM. Thus it appears that
the interaction between SBD and gangliosides and SM may indeed be mediated by

these two amino acids mutated in the mutant SBD version.

[00204] As can be understood by one skilled in the art, many modifications to
the exemplary embodiments described herein are possible. The invention, rather, is
intended to encompass all such modification within its scope, as defined by the

claims.
[00205] All documents referred to herein are fully incorporated by reference.

[00206] Although various embodiments of the invention are disclosed herein,
many adaptations and modifications may be made within the scope of the invention in
accordance with the common general knowledge of those skilled in this art. Such
modifications include the substitution of known equivalents for any aspect of the
invention in order to achieve the same result in substantially the same way. All
technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art of this invention, unless defined

otherwise.
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8. The probe of claim7, wherein the detectable |abel conprises a
fluorescent group. 9. A nethod of targeting a sphingolipidin vitro
conprising contacting a lipid assenbly conprising a sphingolipid with
the probe according to any one of claims 1 to 9. 10.The method of
claim9, wherein the Iipid assenbly conprises a glycosphingolipid.
11. The method of claim10, wherein the Iipid assenbly conprises a
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15. The met hod of any one of clains 9 to 14, conprising contacting
the lipid assenbly with the probe according to any one of clains 6 to
8 conprising a detectable | abel, the nmethod further conprising
detecting the detectable |abel. 16. The nethod of claim 15, wherein
the detectable | abel conprises a fluorescent group and the detecting
conprises _visualizing the fluorescent group using fluorescence

mcr oscop yaoes, 7 W. T%é?ﬁﬁfmel 6£99@). A egresation of LinidRafes Abrompenies n t he
cell is a cel | Signadingd 18 thej eCell AvtigadiRegedsi s of a sphingolipid rel ated
di sor der, 10-h@834ieb.hb2.f4it.t heleli@iop14E2Ng4Bdbbari ng the sphingol i pid
trafflckl ng pattern in the cell with the sphingolipid trafficking

pat t er n obsug, Pedil.f Diloamhe adt thyi 998). I"IdentlBeatidh of 1eREiBAdmO feggicat 8 17,
wher ei n t he spplasmpuhenbiraherasbaiate o Giich G chisiBewitaapare Gl ve

di sorder. 19. antherededlhaillesibn SbRilled B nonkatii4 nlib@pnens pdsaenarat i ve
di sorder is A Xbebsiey3rodcerase. 20. Use of the probe according to
any one of clains 1 to 8 for binding to a sphingolipid. 21. Use of

an_ef f ect MBI, e&ﬂ;hetar b@)aq&atﬁhta n'df a2B%nRB&pRhedilpdl-ms 1 to
m@ m_%@[ g8

_)

8 in the nanuf@ﬁglgg 2 ipidin
an in vivo celiqﬁ3)aflgg Jinect T’n%rdu}se O?M{g& ; rein the

subject is a subject for dlagn05|s of a sphingolipid related

di sorder. N{aﬁéers}"ﬁxi "Hev&tbe&l %anﬁgtg'n,q ?i@ﬁn"ﬁ/?e’asurem Nt oF con ﬁ)cz%ilz%.tlglg the

probe of objects in dual-color confocal images." Journal of Microscopy 169(3): 375-
382.

Mattson, M. P., R. G. Cutler, et al. (2005). "Alzheimer peptides perturb lipid-
regulating enzymes." Nat Cell Biol 7(11): 1045-7.

Mayor, S, and M. Rao (2004). "Rafts: scale-dependent, active lipid organization at the
cell surface." Traffic 5(4): 231-40,

Mayor, S. and H. Riezman (2004). "Sorting GPI-anchored proteins.” Nat Rev Mol
Cell Biol 5(2): 110-20.

Munro, S. (2003). "Lipid rafts: elusive or illusive?" Cell 115(4): 377-88.

Pagano, R. E. (2003). "Endocytic trafficking of glycosphingolipids in sphingolipid
storage diseases.” Philos Trans R Soc Lond B Biol Sci 358(1433): 885-91.

Pagano, R. E., V. Puri, et al. (2000). "Membrane Traffic in Sphingolipid Storage
Diseases." Traffic 1(11): 807-815.

Paladine, 8., T. Pocard, et al. (2006). "GPI-anchored proteins are directly targeted to
the apical surface in fully polarized MDCK cells
10.1083/cb.200507116." J. Cell Biol. 172(7): 1023-1034.

Paladino, S., D. Sarnataro, et al. (2004). "Protein oligomerization modulates raft
partitioning and apical sorting of GPI-anchored proteins
10.1083/jcb.200407094." 1. Cell Biol. 167(4); 699-709.

Perret, E., A. Lakkaraju, et al. (2005). "Evolving endosomes: how many varieties and
why?" Curr Opin Cell Biol 17(4): 423-34.

Pralle, A., P. Keller, et al. (2000). "Sphingolipid-Cholesterol Rafts Diffuse as Small
Entities in the Plasma Membrane of Mammalian Cells
10.1083/jcb.148.5.997." 1. Cell Biol. 148(5): 997-1008.

48



conprising a therapeutic agent, wherein the subject is in need of
treatnment of a sphingolipid related disorder or in need of treatnent
of a disorder where such treatnent exploits the sphingolipid
trafficking pathways of a cell to deliver a therapeutic agent. 24.
The use of_ cl.ai.m 2 roelaim23, wherein the sphingolipidrelated
di sor der iPélg!igl:lfg}m édég@ﬁér‘a&&r (803 sepreraide stabiizesrpeta-gitpeangstloid| ai m 24,
wherei n t he nefFSHBGLPrateH-tleaving @Byae | apd prgmogsiamyloid befepeptide.  26.
The use of any bégenesis."J BigkClem 273(20): 19478188i n t he sphingolipd is
within a |lipid assenbly. 27. The use of claim 26, wherein the lipid
assenbl y dt¥pVi.deVatanpby.cbelpF0AYol Clathdin-depgrdeiitvad viadepshdait ai m 26,
wherein the | i patenakzgobiplevmméenkbenasphingolipidaiitiates two Golgi targeting
pathways." J Cell Biol 154(3): 535-47.

Rao, M. and S. Mayor (2005). "Use of Forster's resonance energy transfer microscopy
to study lipid rafts." Biochim Biophys Acta 1746(3): 221-33.

Sabharanjak, S., P. Sharma, et al. (2002). "GPI-anchored proteins are delivered to
recycling endosomes via a distinct cded2-regulated, clathrin-independent
pinocytic pathway." Dev Cell 2(4): 411-23.

Sandvig, K., B. Spilsberg, et al. (2004). "Pathways followed by protein toxins into
cells.” Int J Med Microbiol 293(7-8): 483-90.

Schuck, 8. and K. Simons (2004). "Polarized sorting in epithelial cells: raft clustering
and the biogenesis of the apical membrane." J Cell Sci 117(Pt 25): 5955-64.

Seppo, A., M. Moreland, et al. (2000). "Zwitterionic and acidic glycosphingolipids of
the Drosophila melanogaster embryo." Eur J Biochem 267(12): 3549-58.

Sharma, D. K., A. Choudhury, et al. (2003). "Glycosphingolipids Internalized via
Caveolar-related Endocytosis Rapidly Merge with the Clathrin Pathway in
Early Endosomes and Form Microdomains for Recycling

10.1074/jbc.M210457200." J. Biol. Chem. 278(9): 7564-7572.

Sharma, P., S. Sabharanjak, et al. (2002). "Endocytosis of lipid rafts: an identity
crisis." Semin Cell Dev Biol 13(3): 205-14.

Sharma, P., R. Varma, et al. (2004). "Nanoscale organization of multiple GPI-
anchored proteins in living cell membranes." Cell 116(4); 577-89.

Simons, K. and J. Gruenberg {2000). "Jamming the endosomal system: lipid rafts and
lysosomal storage diseases." Trends Cell Biol 10(11): 459-62.

Simons, K. and E. Ikonen (1997). "Functional rafts in cell membranes." Nature
387(6633): 569-72,

Simons, K. and G. van Meer (1988). "Lipid sorting in epithelial cells.” Biochemistry
27(17): 6197-202, :

Smith, D. C., J. M. Lord, et al. (2004). "Glycosphingolipids as toxin receptors.” Semin
Cell Deyv Biol 15(4); 397-408.

Soreghan, B., 8. N. Thomas, et al. (2003). "Aberrant sphingomyelin/ceramide
metabolic-induced neuronal endosomal/lysosomal dysfunction: potential

49



pathological consequences in age-related neurodegeneration.” Adv Drug Deliv
Rev 55(11): 1515-24.

Sriram, V., K. S. Krishnan, et al. (2003). "deep-orange and carnation define distinct
stages in late endosomal biogenesis in Drosophila melanogaster.” J Cell Biol
161(3): 593-607.

Stuermer, C. A., D. M. Lang, et al. (2001). "Glycosylphosphatidy! inositol-anchored
proteins and fyn kinase assemble in noncaveolar plasma membrane
microdomains defined by reggie-1 and -2." Mol Biol Cell 12(10): 3031-45.

Ui, K., Nishihara, S., Sakuma, M., Togashi, S., Ueda, R., Miyata, Y., Miyake, T.
(1994). "Newly established cell lines from Drosophila larval CNS express
neural specific characteristics." In Vitro Cell Dev Biol Anim. 30A(4): 209-
216.

van Meer, G. and Q. Lisman (2002). "Sphingolipid transport: rafts and translocators."
J Biol Chem 277(29): 25855-8.

Yanagisawa, K., A. Odaka, et al. (1995). "GM1 ganglioside-bound amyloid beta-

protein (A beta): a possible form of preamyloid in Alzheimer's disease." Nat
Med 1(10): 1062-6,

50



WHAT IS CLAIMED IS:

1. A probe comprising an isolated sphingolipid binding domain (SBD) polypeptide
and a moiety that is to be targeted to a sphingolipid, the moiety coupled to the
polypeptide, wherein the isolated SBD polypeptide consists of the sequence set forth in
SEQ ID NO.: 1 and is capable of binding to a sphingolipid.

2. A probe comprising an isolated sphingolipid binding domain (SBD) polypeptide
and a moiety that is to be targeted to a sphingolipid, the moiety coupled to the
polypeptide, wherein the isolated SBD polypeptide possesses at least 80% sequence
identity to the sequence set forth in SEQ ID NO.: 1 and is capable of binding to a
sphingolipid.

3. The probe of claim 1 or claim 2, further comprising a linker coupling the moiety

to the polypeptide.

4. The probe of claim 3, wherein the linker comprises cysteine-[amino-ethoxy-

ethoxy-acetyl], or [amino-ethoxy-ethoxy-acetyl],).

5. The probe of any one of claims I to 4, wherein the moiety comprises a therapeutic
agent.

6. The probe of any one of claims I to 4, wherein the moiety comprises a detectable
label.

7. The probe of claim 6, wherein the detectable label comprises a fluorescent group,

a chemiluminescent group, a radicactive group, a ligand, a photolabile fluorescent group,

a reactive group, an antigen, an epitope, a paramagnetic group, or a heavy metal complex.
8. The probe of claim 7, wherein the detectable label comprises a fluorescent group.

9. A method of targeting a sphingolipid in vitro comprising contacting a lipid

assembly comprising a sphingolipid with the probe according to any one of claims 1 to 9.

10.  The method of claim 9, wherein the lipid assembly comprises a
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glycosphingolipid.

11.  The method of claim 10, wherein the lipid assembly comprises a lipid raft.
12. The method of claim 11, wherein the lipid raft is contained within a cell.
13. The method of claim 12, wherein the cell is in culture.

14, The method of claim 12, wherein the cell is an explanted cell.

15.  The method of any one of claims 9 to 14, comprising contacting the lipid
assembly with the probe according to any one of claims 6 to 8 comprising a detectable

label, the method further comprising detecting the detectable label.

16.  The method of claim 15, wherein the detectable label comprises a fluorescent
group and the detecting comprises visualizing the fluorescent group using fluorescence

microscopy.

17.  The method of claim 15 or claim 16 wherein in the cell is a cell from a subject for
diagnosis of a sphingolipid related disorder, the method further comprising comparing the
sphingolipid trafficking pattern in the cell with the sphingolipid trafficking pattern
observed for a healthy cell.

18.  The method of claim 17, wherein the sphingolipid related disorder is a

neurodegenerative disorder.

19.  The method of claim 18, wherein the neurodegenerative disorder is Alzheimer’s

disease.

20.  Use of the probe according to any one of claims 1 to 8 for binding to a

sphingolipid.

21.  Use of an effective amount of the probe according to any one of ¢laims 1 to 8 in
the manufacture of a medicament for targeting a sphingolipid in an in vivo cell of a

subject.
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22, The use of claim 21, wherein the subject is a subject for diagnosis of a

sphingolipid related disorder.

23, The use of claim 21 or claim 22, comprising use of the probe of claim 7
comprising a therapeutic agent, wherein the subject is in need of treatment of a
sphingolipid related disorder or in need of treatment of a disorder where such treatment

exploits the sphingolipid trafficking pathways of a cell to deliver a therapeutic agent.

24, The use of claim 22 or claim 23, wherein the sphingolipid related disorder is a -

neurodegenerative disorder.

25. The use of claim 24, wherein the neurodegenerative disorder is Alzheimer’s

disease.

26. The use of any one of clams 20 to 25, wherein the sphingolipd is within a lipid

assembly.
27.  The use of claim 26, wherein the lipid assembly comprises a glycosphingolipid.

28.  The use of claim 26, wherein the lipid assembly comprises a lipid raft.
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