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| NVENTI ON 5 The present invention relates generally to novel rQﬁ ciZB03

nmol ecul es and to derivatives. anal ogues, chemical equivalents and mnEtics

t hereof capabl e of nodulating cellular activity and, in particular.:"

nodul ating cellular activity via the nodul ati on of signal transduction.

More particularly. the present invention relates to human sphi ngosi ne

ki nase and to derivatives, anal ogues, cheni-dal equival ents and ninEtics

thereof . The present invention 10 al so contenpl ates genetic sequences

encodi ng said protein nol ecul @gpaRdndas Y&l ¥A%e anal ogues, chemni cal

equi val ents and mnetics thereof. The nol ecul es of the present invention

are useful in a range of therapeutic, prophylactic and diagnostic

applications. BACKGROUND OF THE | NVENTI ON 15 Bi bl i ographic details of the

publ i cati ons pref.prarEtaEgNv:NghRor in this specification are collected

al phabetically at the end of the description. Sphingosine kinase is a key

regul atory enzyne in a variety of cellular responses. Its activity 20 can

affect inflsa | : is..and cel | proliferation, and thus it is an

i mpor t ant tsarqgg%h%%}i "?ﬁeg‘ﬁégzéd tF%gef”r?fagL\}BNP?'Q&TOISBHFWQ%?W@ﬁﬁ@%ﬁphfa&e is

known to be amlogueerdhaniic:s eqdvslekEss it thed cLi.on er_.et

al., 1997). It _is nitogeni g@‘?n vari oﬁEglglg?‘?ﬂ%@ﬂggf;@%ﬁléggglg)égl,ah&%§él,\ﬁ%5“tw“y

Spi egel et affd, i pygyulan madyprsing selidat adtiyie viathdincenBeos angenAfrahfmRHLANt

regul atory p ] uding: prevention of ceram de-induced apoptosis

(Cul liver et ﬂ’}g‘{}%é{‘i‘ﬁggﬁl Hﬁ%B’i%F?’Eé‘f‘ieBH%feq?tﬁ% fodueansphingesine kipasetandan

| P3- i ndependddrivapiat) wayloged | dRdinddal i0f1NA, [ actj.vation of

mt ogen-activated protein (I\/APl)jﬁ(%(a:]g slgglgat ﬁ\/\gé{%g@ it\g{gfe?{(c)n P HBS PG Base

D, and red0I 269 epntemplassicensiciskitencés arcodegiseidsreen MMa¥arleSinderivativ97;
2003 Recent studies

Spi egel et al., 1998'h 3&%gata hi., 1997). ~ 6 OCT

Xia et al 19@?)'0%153‘69 SHERNCIR e digaattrs-therptfo b madedudesar tinbpregatt or y
signal i ng i mkekiedirat&f; J el ry. response of,.vascular |
endot helial cells to tum!tr}?taﬁgncérecrysfits %@ctlg’rErgg?)%ﬁﬁ)aggﬂ}?ggﬁt’tcé‘p&mqt{%s-

obvi ous inportance, very little is known of the nmechanisns that control

cel lul ar sphj -] - ate levels. It is known that S

sphi ngosi ne- ggﬁmbiﬁgﬁV@{HQ%el | are nediated largely by its
formati onlfrom sphi ngosi ne by sphi ngosi ne kinase, and to a | esser extent by
its degradation by endopl asm c reticul umassoci ated sphi ngosi ne-1-phosphate
| yase and spBibhge@phie detaghof bhabliphiosp rdtrstotSivtgein ks Hecifich@HBdre Basal
| evel s of sphj iLne-i - sphate jn_the cell are generally | ow, but can

i ncrease rap‘%béﬂ@gtggﬁg’g??eéﬁg?yeﬁttﬁ?e%%ﬂi’eéFf’l%iPH?’é exposed to mitogenic 10 .
agents. This response appears correlated with an increase i.n sphingosine
kinase activity in the cytosol and can be prevented by addition ofthe

sphi ngosi ne Kihiggnsine kinase isorkeymegsuheamAiidh vefidy bs Qélmﬁ%éeﬁ%ﬁs&f‘ Gts activity
Dt.-thr eo261| Qﬁ/l%r@féstphgn osi.ne. This indicates that sphingosine kinase Is.an
i npor t ant “mol"eé 7 %’gﬁ’ﬁg?‘bla&"ﬁtﬁ?ls 2B G hpiotideratidn, emdathus it is an important target
sphi ngosi ne-fbr ghesRidd Ridrfdgly: This pl aces sphingosine kinase in a central
and obligatory rote in mediating the 1S effects attributed to -
sphi ngosi ne-1 -phosphate in the cell. Accordingly, there is a need to
identify an l.one. nqvel sphi ngosi ne ki nase nolecules to facilitate the
progr essi on%‘%ﬂ%ﬁﬂageﬁﬁ&%ﬁh‘%& @%@W 19 @e @ impottan fedont meesedrigat Arsigiagnal
transduct i onratis@uctbaivesampLe, l.uci.dati.on of. the pechanismcontrolling
the expression 20 lanéN%)rﬁz;??rrgFi lcdgggt |ﬁ\}' wtog?mg SRR Fﬂg%IE’F%&léssteﬁ@sé@?&
provi di ng2a liedd ara, 1698)tzne agipaced erARR: ivil BNEDE 10 Rant AGLARLS Dahiluays
regul ate the e@ﬁfesm on or activity of sphingosin I nase. ' n°wor eadi ng
up to the priBSYAITE; PFRHIIoR AT ceramidprimdnendsapontosis(niliveee And9ed)onebilnanoy ef
sphi ngosi ne jkiRAHIGPLESH! SUMVARY OF THE | NVENTI ON The subj ect

speci fi cati on contal nésl Aucled 1?&12“ SREndan! Ryvay. HEHAtoRf DA syatlesion
prepar ed usiasjvative gfmoigrgeniret RadEprotdin VRIAT) Rihade Path R Lnafler

t he bibliogr ph%1i Each nucl eoti de or agﬁno)aciad gaéquéfiggﬁ%zgﬂ’ln grrﬁ OFRHSAPASP
the sequence’i TSHFHEAURP dlisell movdity FosGviavai scaMryer@ L0> 1997 ISpike] &yt hoos:
sequence 3(¢lq§51ia§ﬂier19§-8:g. QLO>1, <210>2, etc). The length, type of sequence
(DNA, protein (PRT), ¢étc) and source organi smfor each nucleotide or




~ 6 OCT 203 _; amino acid sequence are indicated by information provided
in the nuneric indicator fields <21 I>, <212> and <213>, resﬂQthVegmB
Nucl eoti de and am no acid sequences referred to in the specification are
defined by the information provided in nuneric indicator field c400>

foll owed 65 the sequence identifier (e.g. <400>1, <400>2, etc). 5
Throughout this specification and the clainms which follow, unless the
context requires otherw se, the word "caomprise". and variations such as
"conprises" and "conprising", will be understood to inply the inclusion of
a stated integer or step or group of integers or steps but not the

excl usi on of Rarh 9l RRK (KD r tep or group of integers or steps. 10
One aspect of the plr ege(nght C?%@.e}]ﬂ%ﬁaxpef i“d‘eg[i‘at hinggring-d cPhpgeira i aaebbigatory

nol ecul e or slgnalling inernexdianal @guglhiiessaf GORRE bl : l.eoti de sequence
encodi ng or con$)l_e nt ar%m\tlo a _sequence énr(t:aodi1 n%bg{dr%glf/%l Q%%ﬁl}eﬁékcfﬁﬁéo {38 e
protein or a"WEYTVECIVE NI M priteof! isaibdiaphinpgesicoevdti Nagss REOLSbPthe 15
Anot her aspegl.jof; nt inyenti.on provides an isolated nucleic acid
mol ecul e or der %\I}ét ?&339%@?@82%16& SPW%%*E?C'&‘QHB?H@WH@V%&niﬁeﬂ kewindbatsequence

encodi ng of sphiosient-gligsphfle e i hupan i ngosi ne ki nase
protein or a derivati vgl o_|P m et ?gHg?Qggﬁdgg%%H%%gggf‘%%g%l liéa)l ém%r‘%’tﬁ?’ﬁ. 20
Yet anot her Heefing by spbinpesiwekinasenatehtoi 20lpsser eMktas ies aedRlicn 93%1‘550 {asmic
nol ecul e or I@ﬁE&lHﬁt-is‘éeciorda allaé%ue t hereof conprising a nucleotide sgquence
encodi ng, or a nucleoti e §&H HE--phgspbaedyase pnd sphangnsuicebphasphstequence

encodi ng, arplaghiasa¢s C Lall s set forth in <400>2 or a
derivative (r)pr %m&ti g ﬁﬁ%ﬁggfgﬁ’oﬁgﬁgef? énsgmg'lf/ gllsé)égﬁn%%ﬂle‘ﬁ'@g@%ﬂhmﬁﬁ%ﬁtﬁéﬁ“z@

similarity tgsngelly dewstbu oamntdaguiapiil Pl @aReinds vikn 402 xﬁ%%eh o frl?f%%@r%é
aspect of ;4 hd%egtrseﬁnt invention contenplates a hucleic aci de ecul e 6r
derivative or anal OGUESRMET BPrasaprliagdryithamincreast indphamgsienkimase activity in

subst anti al It} S2tnd i 1 or..a derivat.ive. thereof or capable of
hybri di si ng Lo 200 S%%Eerb ‘:a‘é‘?v&gﬁ-‘u %gdé‘ﬁ%%/o%eé BS?%IQFE'%‘P%C ipgbiteer molendes- 4

Still yet arovHancthglopiingaineddid mr-@senYihlyANEMih OISO HERIALES @G ei s
acid nol ecule or.derivative or anal ogue thereof conprising a nuclé e
sequence su BRasR i A poggnisapler e resppmsible Gocrepulatinged Rl inephingesihh e LBk phafy

capabl e of hykid dfrSi > | . under |ow stringency conditions and which
encodes an ani nodgg% gggéesasggﬁ%es%‘%nggepl&fb‘feﬁaa]t%‘d ligatoporade iromedigiingibe set

forth in 164@&6(2{8aﬁﬁhuméw@mqgobﬁgilnﬁl@%hgtg%&l apgut 45%sinilarity to at
| east 10 contiguous am no acids in <400>2. A feurt'her aspect of the present
i nvention contenplates a nucleic acid nolecule conprising a sequence of

nucl eot i des sgWhsit R i sgt .forth in <400> 1. 10 Another further
aspect of the prelgg(;}ﬁ’ttﬂéljﬁgseﬁﬁ?egﬁoé Wlb’nﬁ‘{;@%’é@ BOVGh HRIHREOSHIFd ingse madéaitles to

ol ecul e or faidlitateahé pegasssia 3 WA Hehgs LA L SANAL hybri.dising-to <400>1
or a derivative thereof under |ow stri nge%%%q/ con&?rtoli)é%1§1¥r§felg’%.31g%‘§f Still

anot her f ur tTRBIIUSHQR¥Ia, B exaraploy s ehtcidanve of ttemehaMisteond ol AL S EERER

conpri si e .of .nucleotidaes as set forth in <400> 1 or a
derivati \%’ glrlégngi oglgea C{’W@'r%gogﬂjﬁi%ﬂlﬁﬂ}“ﬁi’@seathﬁﬁéy pmviding sqiatémoefohthel ng

simlarity teveldiiient bf infl I ct of t.he present invention
provi des )a/m ani no aéi dmsggﬁ%%{ghglee{afpﬁg%ﬁggf%%%)ﬁwceﬁ@?oﬁPPQCtH’éWi‘\’/CéPlPW%QSIne

anal ogue or klfﬁé?ﬁ lsayorédedding wnto the pr&smti@n@entibﬁﬁ@hv&ﬁoﬂﬁa@z?@ﬁ'ﬁﬁ@%ﬁ é?&}@ g
derivative %vépsﬂ%%%' gﬁigﬁv‘hg‘%ﬁ%ﬁ%am no acid sequence of at ast about %
eas

simlarity to at ¢Htrs anmino acids in the amino acid sequence
as set forth in <400>2 or a derivative or mmnetic thereof.

25 SUMMARY OF THE INVENTION

The subject specification contains nucleotide and amino acid sequence information prepared
using the programme Patentln Version 2.0, presented herein after the bibliography. Each
nucleotide or amino acid sequence is identified in the sequence listing by the numeric

30 indicator <210> followed by the sequence identifier (e.g. <210>1, <210>2, etc). The length,

type of sequence (DNA, protein (P RT), etc) and source organism for each nucleotide or



25 Stil yet another further aspect of the present inventicwﬂ's etggﬁged to
an isolated protein selected fromthe |ist consisting of: ( ; Q e

sphi ngosi ne ki nase protein or a derivative, anal ogue, chem cal equival ent
or mnetic thereof. 30 6 OCT Q03 _;_ (ii) A human sphingosi ne ki nase
protein or a derivative. anal ogue chem cal equivalent or mnetic thereof.
(iii1) A protein having an am no acid sequence substantially as set forth in
<400>2 or a derivative or mnetic thereof_or a sequence having at | east
about 45% simlarity to at least 10 contiguous am no acids in <400>2 or a
derivative. anal ogue, chem cal equivalent or mnetic of said protein. (iv)

A protein e : I quence .subst anti.al,ly as set . forth in
<400>| or a&%g%%ﬁ%a%ﬂq%%fmgh% egaongf%renra 48¢ P! dé%hﬁé’ﬁ&@“éﬁ%%aqt?f 1edfs

anmi no acid Sehuenté2havd Agl B, réspasivead atcl 4R Meshliah@d 40¥d @ udlcel ?é?érﬁ-edl& in
contiguous am no acids in <400>2 or a derivative, anal ogue, chem ca

equi val ent B SREGHEEONGRe defingddvdheinfornfation-pravigedineiumeen tatiedohfeld <adcH ei c
acid nol ecu | f hybridising to e.15 nucl eqti de sequence as set
forth in <4 Ogjg%%gfb?e{ﬁ%%rqiu%ﬁlaﬁeile tﬁl?erg%%l%ﬁlté)@@]tﬁ%}\%@gfﬂ‘gnder | ow stringency
condition$ and which encodes an am no acid sequence substantially as set
forth in <400>2 or a derivative or mnetic thereof or an amno acid
sequence haVhioyelaut|thiaspecification 4644t ddihanitiyh fadloat uhleasthe d6hteantigieaus

et 6 A sibtee an (i rptet e Ser ke o st 1
defined in padRREARStolinblPihe (hdtsiOf of 4 %tht%eﬁgﬁtet(ér\é} ﬁ[?{) P%} é oub 3¢ thieger TSt es

het erodi meric form 25 Another aspect o pT ese ention n

a met hod of bytwduthatexpiysiae il wny ythef insqpler ngasp oegdsinnas@idgBrsar al, said

met hod ccmpri sing adm nistering to said mammal a nodul ating effective
anount of "an went for a tine and under conditions sufficient to increase or

decr ease SphhGRSEIUT thd HASE, YY1 ¢ nCT, 2003 Still, anot her. aspect
of the pr esentg%?ﬁventi o%%coﬁ%ﬁg% é?vga%rsrg{lﬁsé)éaq%q At P medeculs ‘?Rfﬁ&r"angﬁ

functional ercneleiguy thercod comprisihg aaiudlcoBidQdueRERhtSHiRYoAGM IS LSRRI 4t O
said mammal _an effectjve anmount of an agent for a time and under conditions
sufficient TOUTRSAGPERENE HBOEX sPluagesi lgnass micieinewte dga valaguamienctin o daidg

sphi ngosi n IRAS: teient to nodulate 5 the activity of sphingosine
ki nase. Yetespgirldc%t%%g?q{g?%é;é{deg# the present invention contenplates a nethod
of nodul &fing cellular functional activity in a mammal sai d net hod
conprising adnmnistering to said marmal an effective anount of sphingosine
ki nase or sa‘gﬁqqhgﬁp% ok fhgagesent invention provides an isolated nucleic acid molecule or

derivative or analogue thereof comprising a nucleotide sequence encoding or complementary
1o a sequence encoding a human sphingosine kinase protein or a derivative or mimetic of
said sphingosine kinase protein. - |

20
Yet another aspect of the present invention provides a nucleic acid molecule or derivative or
analogue thereof comprising a nucleotide sequence encoding, or a nucleotide sequence
complementary to a nucleotide sequence encoding, an amino acid sequence substantially as
set forth in <400>2 or a derivative or mimetic thereof or having at least about 45% or greater

25 similarity to at least 10 contiguous amino acids in <400>2.

Still another aspect of the present invention contemplates a nucleic acid molecule or
derivative or analogue thereof comprising a nucleotide sequence substantially as set forth in

<400>1 or a derivative thereof or capable of hybridising to <400>1 under low stringency

30 conditions.



10 Still yet another aspect of the present invention relate§g §{d 283hod of
treating a mammal said nethod conprising admnistering to said manmal an
ef fective anmount of an agent for a tinme and under conditions sufficient to
nodul at e the expressi on of sphingosine kinase or sufficient to nodul ate the
activity of sphingosine ki nase wherein said nodulation results in 15
nmodul ation of cellular functional activity. A further aspect of the present
invention relates to a nmethod of treati Rd-a manmal said method conpri sing
adm nistering to said mamrmal an effective anount of sphingosine kinase or
sphi ngosi ne ki nase for a tine and under conditions sufficient to nodul ate
cel lular 20 Ftilhpetiaoathbr apecivifthe predn anebther coh it 1R gglﬁ)ﬁqgirc oA l‘!}}(ﬂgc L esent
i nvention reclﬁ%t es to the use of an agent capabl e of nodulating the _
expressi on of SPRY nYSLRIEUR Hiseeoé compheidy h atitingtidereqaaice viisyanoibll§ R eS| fe
ki nase in thgg . f I cament r.the nodul ation of cellular
OBDt BOE i Jtrl%ﬁdg?g%%ﬁ% OBF‘}%{" 1% s Ef0>il apdertlpwstiiraeate s

functional activity. 25 A
to the use cbndipbnngeswhizhkhnb@Re a@ bm$RIUNILILAR LB Nl L De, MRAUf act ure
of a medicament for the nodul ation of cel I%Iaar funct ] %Hgngégg?\z;w%ﬂam a ~
Ot R ey b HEA ey cwopeaicnof e aresestou R MBAGR) B B3 O
ki nase acti vi t>(/) V\%erei%n s%iﬁ%dﬁ”r%(ﬁﬁ&gﬁon results in nodul ation of cellular
functional activity. Another aspect of the present invention relates to
sphi ngosi ne kinase or sphingosine kinase for use in nmodulating cellular
functional ACtATVFE §epesipiahe plestne thvaspiectoneimplies @h@@@i@tac]_dﬂﬁgl@&yg Q?mbﬁgmg a
mamal undeggﬁeﬂgeéfrnqﬁ%}en?gt r@é be l?l}/human or an animal in need o

t herapeutic of prophyl actt® 1reaptahtas segorth iys#0tiot her further aspect the
present ilfventi on contenpl ates a pharnmaceutical conposition conprising

sphi ngosi ne ki nase, sphingosi ne ki nase or an agent capabl e of nodul ating

sphi ngosi ne/RPHIEs &rtepasrssi dithopresahimgass e idmAsRs ?%Eﬁdgh%%ugggce&%‘r with
or di

one or nore.pl acceptable carriers and uents.

har maceut.i cal |
Sphi rrgosi ne IL?%Hgﬁ%&i‘@?fﬂ%ﬁﬁ@%ﬁﬁ@hﬁ%é@@aw o dybridigiepto ad@)>1efrer degihatife as

the active ihegFEALEHMEw UG : of the present invention
cont enpl at es a_ et hod fgr 5@2‘%0?‘%‘02‘%%?%8& ne ki nase or sphingosi ne

ki nase nRNA in a biological sanple froma subject said nethod conprising

contacti ,d_Dbiological sample with an anti body specific for sphingosine
20 Ki nasggosgfé Lk gfg’ﬁhg Q@P?Féggthmwemmmmioaenwam VE3NBr schosret 0gs piish
| 88 ptiSihg &

time and unggtes@nydtntd i.cient f n_anti.body-sphi ngosi ne ki nase or
ant body- Sph nasel e aadS Uk sk to B, BT or fekeivariina aReAEctewf i tao

conpl ex. Pneci@fide 2tipncs h&hngkiehi Ring {ohs@e>] etter abbrevi ations used
t hroughout the specification are defined in Table I. 5TABLE | Single and -
three letter am no acid abbreviati onsAm no

Aci dThr ee- | ?Eﬁﬂo@&?ﬁhﬁe}%ﬁ%@%ﬁgi at i onSynbol Al ani neAl a

€ present iivention provides an amino acid scduence set forth

20 in <400>2 or a derivative, analogue or chemical equivalent or mimetic thereof as defined
above or a derivative or mimetic having an amino acid sequence of at least about 45%

similarity to at least 10 contiguous amino acids in the amino acid sequence as set forth in

<400>2 or a derivative or mimetic thereof.

25 Stil yet another further aspect of the present invention is directed to an isolated protein

selected from the list consisting of:

(i) A novel sphingosine kinase protein or a derivative, analogue, chemical equivalent o
mimetic thereof. |

30



A10Ar gi ni neAr gRAspar agi neAsnAspartic {6 0CT 2003

aci dAsppCyst ei neCysCd ut am ned nl SG ut am ¢

aci dd ud yci ned yGHi sti di neH sHI sol euci nel | elLeuci neLeu

L20Lysi neLysKMet hi oni neMet MPhenyl al ani nephePr ol i nePropSeri neSer S25Thr eoni ne
TheTTrypt ophan Tr pTyrosi neTyryVal i neVal Any resi dueXaax30 6 6 Ct 2003 -9
BRI EF DESCRI PTI ON OF THE DRAWNGS Figure_ 1 is a schematic representati on of
t he "~ Sphingonyelin pathway'. 5 Figure 2-Ps a graphical representation of

ani on exchange chromat ography of human sphi ngosi ne ki nase. A, Anion
exchange chromat ography wth Q Sepharose fast flow of the (NH4)=SO ,

preci pi t at ed!} r act humansphihgosheramesppacteint @ aeletivattte. stadmiva g Heiticap eqlksaloft
sphi ngosi ne Ki nase act il.viﬂt 3~.f Extracts were applied in buffer A and

sphi ngosi ne ki nase "Actrvit9°Y) was eluted with a NaC | gradient of 0 to | M
(----). Protein eluted was foll owed 10 by absorbance at 280 nm (-) Figure 3
is a graphical representation of the purification of human placenta SKI by
ani on exchafigd clfx pregtiognaphyn afind £did atduencasubaaiMang--Qs&abHAT, L& enhanced
by reappl@&ation and elution fromthe sane colum in the presence of ATP.

A, The fractions SFFEHERS MiBeta thaserfiari-ssaysmar baangid least sbavt 45¥itsamiliniy to at
sphi ngosi ne ki nag@safd LdH: t ed, and.applied tq the Mno-Q
colum in buffer A Eéb%{éig?ﬁeeé@%@gg% ?igﬁ’gﬂfi rgg%ajt%ea %lr‘l%tdeg%‘a&%em&eémﬁgsal t ed
and reappl i ed toethzalkbno-riineicwfBaidprbff.er A with 1 mM ATP and 4nM MyCl =.
In both cases sphingosine kinase activity () was eluted with a NaCl

gradient of 0 to 1 M(----), with protein elution followed by absorbance at

280 tun (-) (;v20 Hi i i SDS- PA f pyrifie uman, pl acent a
sphi ngosi ne(llglgna?e&%lgﬁneé?drogg(?p%%gﬁgg?ng %Sequff%%%&w%“%ﬁ iﬁrrgorgb’ﬁ‘t%ﬁoﬁ?ﬁﬁr?he
hi ghest slfhi ngos demvaiveas endoiicuhéponesa FRREARENLAISDS: RAGE MMdh ﬁédc}éer

stai ning, yieldi ﬂg .a single oand of 45 kDa. 25 Figure 5 1is a gr aB I cal
represent ati on ofAyRepLcat pbeutdiiosimiletinatigs labr Chenntignastynin®©adiys m si0igbe
chr omat ogr aphi ca i LT sphi,ngoesi,ne .ki.nase i.sof.ormis present in
HLTVEC. Prepar at H/%dgﬁ‘%@%E*gé“%ﬁ’gﬁg@hé’%?%ﬁﬂ‘&}ﬁ?lﬁﬁﬂ ImeHe ﬂ?ﬁ?‘iﬁm@lﬁol urms of
human pl acenta, HUVEC and TNFa treated HUVEC extracts show ng, in HUVEC

t he presence of a single sphingosine kinase peak that increases in activity
fol | owi ng t f'Bat ménRrowsin enspied by 2 hudidicacidBolEetlk sapubteoflinbiidisingdo theysed and
t he sol ubke extr plLied to th i Trap-Q.colum in buffer A _Tota
sphingosﬁge kinaggﬁéggg?F?§”$ﬁaﬂﬁﬁ&ﬁﬁbV58§WféPrﬁ YR @T INgeg e thereafunder
DCl ~ 2003 -1 0 HUMSCstENESRG eondvBhSs ddd ~ | -
respectively. Sphingos%negkinasgﬁ%%#%3%?9%?%¥E§§%Hgﬁﬁfgg{ﬁ%ﬁﬁﬂgSR%%@fmny
gradi ent of 0 toaasaqrth in-J400F2 gur defvitivearsuihetiatlieteofopte aiioaddi®seRbndehe
strategy used tohgyonelsgﬁig osi.pe .ki.nase 5 ESPHK from HUVEC. Figure 7 is
a schematic repraaahg at'FEhaReuifh& sindlagst loge leestddpontigyous mine aideth #A0R3. -
acid (<400>2) sequences and putative domain structure of human sphi ngosi ne
kinase. A, cDNA nucleic acid sequence and the deduced am no aci d sequence
of hSK. Afi i) acAdgorireasidimedirepardghplnii} fieiif bf Gif) SFEIN)icO NI aTRSIdierid Ne
stop codon is in?icated by an asterisk. The sphi ngosi ne ki nase codi ng
region is in cap | etters (nucleotides 33-1187). while | ower case
| etters denote untranslated and vector sequence. B, Schematic
representati on of human sphingosi ne ki nase showi ng | ocations of the
put at i ve PKGiandAQKbleirpdsatefined jH paragraplsd (s, (iizorp@ﬁ)sdyrt{h@ oN(VMh 2 HeR¥b @l FR
site, calciunfcalmodulin binding notifs and the region with 15 simlarity
to the putative "catal ytic domain. Figure 8 is a graphi cal '
representdti on of the expression and TNFa stimul ation of human sphi ngosi ne
ki nase activity in HEK293 cells. HEK293 cells transiently transfected with
ei th her enpt \npéBNSpeotf eixspreseny eatioRtanempidles @RI ROMIALRY LFiviyTRN
sphi ngosi ne_ .. .
P 9 sphingosine kinase in a mammal, said method comprising administering to said mammal a

modulating effective amount of an agent for a time and under conditions sufficient to

1ncrease or decrease sphingosine kinase activity.
30



20 ki nase cDNA (B). Transfected cells were either untreat edgcg nge?m@d W th
T NFa for 10 mn, harvested and sphi ngosi ne kinase activity in I ysat es
determ ned. Data are neans of duplicates and are representative of three

i ndependent experinents. Figure 9 is a schematic representation of the
sequence conpari son of human sphi ngosi ne 25 ki nase with other known and

put ati ve sphi ngosi ne ki nases. Conparison of the deduced human sphi ngosi ne
ki nase am no acid sequence with the am né -aci d sequences of the marine
(nBKI a and nSK 1 b; Kohama et al., | 998) and S. cereviaiae (LCB4 and
LCBS; Nagi e%ﬁ al ., 1998) sphingosine kinases, and EST sequences of
putative sphit éfﬁ"é’i“f?éak@%h@%‘é‘ePf%ﬁﬁltsn\’?j@m@atnmp@esei mgded of Geabbniks céllular

accession n Q2 .and 766494, re ctively). 30 Al though the am no
aci d sequeng{em @l{oﬁnallz'%%iz? 5 RN am%l S@Hﬁlﬁ%g@F‘Pf@p??lﬁ)ég‘émﬁhge%‘i‘?g‘l‘? seslgngmmal an

identity), tefecive drhakdtafian Rpdm b NESPR ' ; npankr "'
accession 6 QCT 2003 nunbegg ALOZagté%g;ahgg@%érr@ glﬂdz;'tl?lﬁ@f%@g&qgﬁoéi%%en&eand.
for claritySXPEsyiet ohouplcotitesequmse rsuslimepharnosine @ praes enashi&mne natiudse
that are d i t. | east,.six of the seven aligned sequences, while
conser vati%gﬁﬁ%eﬁgﬁ? tﬂ)?tg?a}?lﬁg‘i’%‘/”esif‘ﬁ?ﬁear anmino acids are denoted with an
asterisk. Miultiple sequence alignnment was perfornmed with CLUSTALW and
percentage 5 identities to the human sphi ngosi ne ki nase were determn ned

usi ng the GAfEtaneiber ashestOfiiecresemninteiinsainientT@)} a nfotisd & Ol irdtelITRYE
of the expr r?c,iu%ﬂ [oaf .rFT}conbi nant hu,lr";}ran sphi ngosi ne kinase in E. coli BL21.
E coli BL21"WaS FrSHEFo e Bamea spifengtpskenmmisinmedmigpiiringosistid ndmagkart 0
expressi on efRst UGt |,Qf3 . - SK.fusion protein anal ysed
after induction wt ho@ggf%%%é%%%g%lqalg'ﬁ'%;sl:f”?elﬁl G hiase activi ty in

uni nducedl@and | PTG i nduced E. coli BL21 cell extracts. B, Coonmssie stained
SDS- PAGE gelslgﬁhowi nglfi GST- SK fusion protein expression in E coli cell

| ysates. C, “Plirict fPogferppedt ebihsinsesepidasersionaniated toramedpit afgosiinga kianasa.

The fracti oRghhRmdd 9~ -cont ai.ni ng_sphi ngosi ne kinase activity
was | S appl _fued to S%)Slﬁ%%?ig %&ﬁir?wg%}fn\i’etf’ Sglflé?ﬂglﬁap H ‘%Peﬁflﬁﬁa@_og‘i“rfglaé agedort
45 kDa. Fi gtine #hd undemsoriditige sofficidh® tmbiflh@ahd %resfsiorneﬁgg%gme PHERy
sphi ngosi ne kjnase, Cal nodulin Sepharose 4B allows the separdtion of active

and inactivé&" ﬁf}?ﬁ@. mefelaicgirspetiviyiod aplpngessierkings wierdin aditlynqutdtheesulisiimg
gl ut at hi oReLRRRMALR cd eaved, by. 20 thronbin and applied to the

cal nodul i n- Sephar osg?ﬁéﬁg%ﬁ#&rﬁﬁqufiﬂ gﬁm{tgr B containing 4 nMCaC 1 z. Elution
( 1) of the active sphingosi ne ki nase bound to the colum was perforned
with Buffer A containi rl% 2 MM EGTA and 1 M NaC 1. A, SDS-PAGE anal ysis of
fractions efufUsdessspastioddhapiesnnd invent Sepluesas e M8hedbimenting,a iEphinaesd ne

ki nase acti yl ~ ):4in colum fracti.gns show ng npst of the reconbi nant
human sphi n\éll(l)éts%{?r?(ecoﬁ%nasgg %ﬁ%‘_flgpeﬁm&itﬁ 52’28 “P?(S‘i@"l‘)li aﬁ‘(f%feé“‘t’qj@n@@}t @fpPlipgpsine kinase
di spl ayed nor gsiafosleast it d Hime Eh@Uhder andifioft HARBLGRL LEPESSAIALI On of
t he physico-chem cal properties of the native and reconbinant Sphirigosi ne

ki nases. & fWHtlémiiaﬁﬁvlfYI?he effect of pH on SK activity was determ ned by:
assaying the activity over the pHrange of 4 to 11 in 50 mM buffers (sodi um
30 acetate, pH 4.0-5.0; Mes, pH 6.0-7.0; Hepes, pH 7.0-8.2; Tris/HC, pH

8.2-10. 0; Cafes anditer! fQrtQer asﬁec@)af tlﬁg)r&ajénﬁtn?gitio- tr&ﬁe??%%gi@%‘é@ﬁ%%gégﬂ%@%é&ﬁ Odft

activity remaining after preincubation o
various pH &odsltingthetxpr@sicfiedphiagayiee khaRidr itotuldBah SRRy b sitiac3ke

activity remmining,after _preingubatjon of the enzynes at various

t enper at ur ers@taﬁe f“%hﬁﬁﬁ)“ufagF“r%BEWd%H fpr ﬂw(f@@%lﬂfnﬂi of [cekDuler Bipnt eriah petiyit0%
glycerol .29.5 M NaC 1 and 0.05% Triton X-100). D, Metal ion requirenent.
The various netal ions or EDTA were supplied in the 5 assay mxture at a
final concedt fatheaspott dfGhaplesdnin irtehtiGRf@fed Behd e JuphiagsdiNd kings & the
native (O and, fill ed bars) and reconbinant (O and open bars) sphingosine

ki nases wer &PAPEITHeASY 18 ghe manylaguseia roeshieamsamo it thonpdeBtitloferdiufard3 kU,
respectivel yundg%ﬁa@{i@ityn_eans f SSD. I 0 Figure 13 is a graphical
representation of the substrate specificity and kinetics of the native and
reconbi nant sphi ngosi ne ki nases. A, Substrate specificiy of the native
(filled bars) and reconbi nant (open bars) sphingosi ne ki nases with

sphi ngosi ne anal ogues and other |ipids supplied at 100 uMin 0.25% Triton
X-100. The rates of phosphoryl ation of sphingosine by the native and
reconbi nant Sks were arbitrarily set at 100% and correspond to 2.65 kU and
15 7.43 kU, respectively. Activity against other potential substrates were
expressed relative to the activity agai nst sphingosi ne. No phosphorylation
was observed w th DL-threodi hydrosphi ngosi ne, Al N-di net hyl sphi ngosi ne,

N, N, N, -tri met hyl sphi ngosi ne, N acetyl sphingosine (C ceram de),

. N S



25 Figure 14 is a graphical representation of the acidic ph rggjgmﬂi
whi ch stinulate the activity of the native and reconbi nant sphingo

ki nases. The effect of various phospholipids on the activity of the native
and reconbi nant sphi ngosi ne ki nases were determ ned by assaying the
activity under standard conditions in the presence if these phospholipids
at 10 nol % of Triton X-100. The activities of the native (filled bars) and
30 recomnbi nant (open bars). sphingosi ne ki-nases in the absence of
phosphol i pids were arbitrarily set at |100% and correspond to 2.65 kU and
7.43 kU, respectively. PC, phosphatidyl choline; ~6 a~T 2~df~ - | .i PS,

phosphat i dyl ggyipe; tidyl ethanal am ne_ Pl phosphati dyl i nositol;
PA, phosphati di Ig chr}og-ﬁ i Bg'%?(gflr}ge ngﬂg inveglipy relateS @apenty by ySETARLEDating

DECRI PTI ON Qip/iTikgos I NVIENEL QN ERG 106 looki Lon.i, icated. in part.
on the purification and Q%}ﬁli n of&?ﬁﬁé’sgﬁ‘yg%l&%ﬁc&éﬁ%ghggﬁ%iaé‘?ﬁgfi&@ﬂgﬁ. The
i dent i fi cat i GAY&F InRedulanpetf Cﬁgllllex:ﬁmnetiqnmﬁ mithtyt he identification and
rational design of a range of products for use in therapy, diagnosis and
anti body generation, for exanple for use in signal transduction. These

t her apeuti § AnbletdspsctBEYL ' r -agoni st.s_ or agoni sts of
sphi ngosi ne ki nase s?uncti oﬁélg%é@\%kfiw?e&agegﬁa?, Iﬁg SLIE P55 OF SR g ine kinase
modul ati on ofor #& inunedulatng seitilaofiriciondl@ctivigat ment of di sease condi ti ons
characterised by unwanted cellular activity. 10 Accordingly, one aspect of
t he present invention provides an isolated nucleic acid nolecule or
derivative O a38gk neLSI Ng..a nucl eotide sequence encodi ng or
conpl enentary to a@%gﬁ“g%gg&ggﬁ%%gﬁﬁ(g’é@mﬁ‘o%“‘%’B‘H?ﬁﬂ@gr%’é’%%@émma@th@aa or
a. deri vat i véiuanmrmatanimalfin satdofthiiapoeRi @il Bsse REAkLN. 15 Reference to
"sphi ngoswe ki nase" shoul d be understood as a'reference to the nol ecul e
which is, Tnter alia, involved in the generation of sphingosine-I-phosphate

during the agtkVaidoqp i,ngosi ne kinase signalling pathway.

Ref erence to 'ygphi ngoﬁ%érr%?pnegg‘}gﬁ P r%eri’ttng‘T“é‘iogéamle@g?at%sk?dtha&nb@uuﬁﬁer st ood
as a ref er emospositivh&ospkising @5hiALo b Va8 & e NI Ci na & le.
Reference to "sphi ngosi ne ?igngslegoi n nonﬁ%@@?@%@%@%& %ﬁ%g{%jﬁ%gable of
under st ood d8CYFHIEWEHEES e ke Siphistigosir nphilgasasekipdse befivigneLanel ®ith ¥k e

part; .ularl y t _lnventj rovides an isolated nucleic acid
nol ecul e or %gqr{@/g%‘x%ﬁ%g%%ca %Q?CSB{?BE? FESRH g Mesishgraingatrebtite

sequence EncpHinggsind kie@smbaaRINt8fYard R fPe oSS HLENGS e ?n”?oﬁi%rg? a human
sphi ngosi ne ki nase protein or a derivative or mmetrc 2% ‘d sphi ngosi ne
ki nase protein. In a preferred enbodi nent, the present invention provides a

nucl ei ¢ aci [ rivative or.anal ogue thereof conprising a
nucl eot i de gé%ﬁéﬁtggll %ﬁg%d’?ﬁ& PRGN SRl E oD Tt e se gtheddor derpltiegephingysine

a nucl eot i dkilzggue HRUiMNGe N AN, DQ: AL uence 0, ~ OCT 2003 -1S
substantially as _sjel?@?&gj?t_h i i400>§%?%§§%gﬁl\%§%§§%§? aﬁ?‘?ﬂﬁ?ﬁséidtrﬁﬁ&ﬁéf or
having at | £85Prianesenesusasaidbieperl sinplt afithian 2abady dReSt: 1305 Pdsgieous

am no aci in <400>2. . T
i Kirths& Gr sphiagosine kinase mRNA or its derivatives or homologs for a time and under

conditions sufficient for an antibody-sphingosine kinase or antibody-sphingosine kinase

mRNA complex to form, and then detecting said complex.



The term"simlarity" as used herein includes enact identity e@g?qag?
conpared sequences at 5 the nucleotide or amno acid | evel. e t eis
non-identity at the nucleotide level, "simlarity" includes differences

bet ween sequences which result in different am no acids that are
neverthel ess related to each other at the structural. functional,

bi ochem cal and/or conformational |evels. Wiere there is non-identity at
the anino acid level, "sinilarity" inclufles anino acids that are
neverthel ess related to each other at the structural, functional, 10

bi ochem cal and/or conformational |evels. The percentage simlarity may be
greater tharr'B99REd ENcalest ahhseisationdUset thatugheasthe A atiah ateRShePRT Ml at
| east 95% or higher. Another aspect of the present invention contenplates a
nucl eic acid nol ecul e or derivative or anal ogue thereof conprising a

nucl eoti de sequence substantially as SEtTAEFEH in <400>1 or 15 a derivative
thereof, or capable of hybridising to <400> under 1ow stringency

condi tions. Reference her eiSingloand tioee Btoer myancacid Asdrediatiomnd enconpasses
fromat |east about 0% v/v to at |east about 15% v/v formam de and from at

| east about "T MTO at feast—about—2v-sat-t—Ffer—hybridisation,—and at | east
about 1 M tdmitolisisst about 2M Siiréc fent: washing condi ti ongy g/ ter native
stringency conditions may be applied where necessary, such as nedi um
stringency, which includes and éﬂ@ﬁﬁﬁ§§@es fromat |east ahaudol 16% v/v to
at | east about 30%v/v formam de and from at |east about 0.5Mto at |east
about 0.9M salt for hybridrsation, and atteast—about—6-5M-to—at—least
about 0. 9M £8Ng or washi ng conditiomsla or high stringency, whjch includes
and enconpagsgsipkrom at | east about 31 %v/v to at |east 25 about SO%v/v
formanide and fromat |east about 0.0Yfto at |east about 0.15M salt for
hybri di sati éaparagiok at | east about 0. QM to at |east about 0.1 salt for
washi ng con%:tions" Stringency nmay be neasured using a range of tenperature
such as frof®888ut%0 C to about 65CAarticularly useful stribgency

condi tions aygciag¢ 42C. |In general, mqéﬁing is carried out at Tm= 69.3 +
0.41 (G+ Q. %[19] _ -12C. However, e Tm of a dupl ex DNA 30 decr eases by
1 Cwith ev FW@PW@rease of 1 % in th&lnunber of m snmatched basgd pairs
~(Bonner at aghfh2¢3)y - oLBiol, 81:123). ~ 6 OCT 2003 -16 Preferably, the
present invention contenplates a nucl®€fc acid nol ecule or deriative or

anal ogue t h&twok conprising a nucl eotgigle sequence substantialld as set
forth in <390> | _or a derivative thereof or capable of hybridising to <400>
1 under lo §?PWﬁgency condi ti ons andlinhi ch encodes an amino a¢i d sequence
cor respondi Rgleké@in@n am no aci d sequepce set forth in 5 c400>? or a sequence
havi ng at | east about 45% simlarity to at |east 10 contiguous am no acids -
in <400>2. kBFémparticularly, the présent invention contenplatjes a nucleic
aci d nol eguj &;fONPri sing a sequence gf nucl eoti des substantially as set
forth in c400>". 10 The nucleic aci d“bl ecul e according to thils aspect of
t-he presentMetmeted on corresponds hengin to human sphi ngosi ne ki nase. -

W t hout Iin%tin t he present invention to any one theory or node of action,
t he protein}Eﬂxgﬁaﬁcby'sphingosine kPhase is a key element inghe =~ =~

f uncti oni ngrwfind he sphi ngosi ne ki nasg_si gnal | i ng pat hway. Sphingosine
‘kinase acts to 15 facilitate the generation of the second nmessenger,
sphingosine3$“5hosphate, and may be 8etivated by: (a) post-trapslational
nodi fi cabhofg.GHED as phosphorylatioQ or proteolytic cleavage; 20 (b)
protein-protern interactions such as B¢ nerisation, and G pr ot €f n- coupl ed
recept or nebiyptopbhn nt er acti ons; (c) thnslocational events whet.e the enzyne
is targeted¥to.an environmnt that increases catalytic activity or allows
access to i t¥°¥bstrate. 25 The expr@ssion product of the human sphi ngosine
ki nase nucl @aliheaci d ol ecul e i s humag,sphi ngosi ne ki nase. Sphingosi ne

ki nase is defined by the am no acid sequence set forth in <400%2. The cDNA
seqguence fo@"%ﬁﬁﬁh@osine ki nase is d&kined by the nucl eotide sgquence set
forth in3g400> 1. The nucleic acid nol ecul e encodi ng sphi ngosi ne kinase is

pref er abl y @ 30 sequence—of ~deoxy+i-bonucheic acids such as a _cDNA sequence

or a genomi c sequence. A




~ 6 OCT 2QB8 _17_ genom c sequence nmay al so conpri se exons g,aeoggptzggals. A
genom ¢ sequence may al so include a pronoter region or other regulatory
regi ons. Anot her aspect of the present invention contenplates a.genonic
nucleic acid nolecule or 5 derivative thereof capable of hybridising to
<400>1 or a derivative thereof under |ow stringency conditions at 42C
Ref erence herein to sphingosi ne ki nase and sphi ngosi ne ki nase shoul d be
understood as a reference to all forns-&f- human sphi ngosi ne ki nase and
sphi ngosi ne ki nase, respectfully. 10 including, for exanple, any peptide
and cDNA isofornms which arise fromalternative splicing of sphingosine
ki nase nRNABRIDFANESCRIPPOONXORIHE DIRA WANGS of sphi ngosi ne ki nase or
sphi ngosi ne ki nase, the post-translation nodified form of sphingosine
ki nase or the non-post-translation nodified form of sphingosine kinase. To
t he extent ¢, kbt ls.not..specifie refergnce herein to sphingosine kinase
and sphingogﬁﬁgekﬁ%%ggmﬁﬁg &H@%mP%g8?8ﬁ§E g “F%“ﬁ%ﬁPJﬁﬁ?V@s, anal ogues,
chem cal equivalents and minetics thereof. The protein and/or gene is
preferablg fromthe human. However, the protein and/or gene may al so be
i sol at ed ?riognne héya araphighl ropresomatami afahicepachage cROnBerdraaiyiof damiancl ude
fragnents, ﬁﬁrts Hggrtioqg, mut ants, variants and m netics from natural

o i o

synthetic IEOEHD K ART ?‘88§X?W§‘Bﬁ8‘i“ﬁ§‘_af%§qpbﬁ VPR Separopdpstdlag of the
fragnents imgyde, pfr&ﬁpi%éﬁﬂ?cji&i’on%?ttﬂev}ﬁrﬁzﬁxgélg%ﬁtaoefxtrﬁ&%g%)s' t?uleotpllje'fagsagfe '

Derivatives may be derived frominsertion, etron or su Ion of
am no aci dssphigosioc fbiask ity Eanatts derd aplicd asbime | AIgR] SRidpsiaddiake
carboxylic term @!}{@ggﬁ{itons_ as well as intrasequence insertions of single

or mul tipl eIy eswith gl adientefithe A& (b Ryawsie elutedriasfolowed

those i nygh S%gnégm@b%lpgj_e acid residues are introduced into a
predeterm ne)@%si te in the protéin although randominsertion is also

possible with suitable screening of the resulting product. Deletional
variants are characterized by the renoval of one or nore anmino acids from
the sequencd8gusiubistg graphiearprasantasionsif thapurifeation efftainidngdeccnts SH iphardsn

| east one resj i e sequence. has 30 en renpved. and a different .
resi due i nscgc?t‘%%%ich}hnﬁgsao%ﬁ% eéﬁ%ﬁl%ﬁ%ﬁ?@ ?noééﬁgf%%’ﬁieliﬂ%ﬂcegh FEPRc¢agion
vari ants araad@hieriveh iesaaid R0uas ifihs RsEhdeWiOns . 4 Capselyah Lno acid
06 OCT 2003 -1S substitutions typicall ;I/bp}éncl ud;},ﬂgﬁbjé’??t ut |C\c§1§§é g%\nsrtlﬁ% t he

f ol | owi nlyreglipedulin-Sephawsa bl colluam werainag splengdsellénest netidndwére pobl;
aspartic acj lLutam c .acjd: par agi.n d gl utami ne; serine and

t hr eoni ne; _eg%lu%ﬁgangﬁapﬁéggoﬁﬁ%@ma?@ C@H@%VP%“%E? fie BaAgry 8sans fromy et ighe
Lo am no addoRadiinbieaRsdRa bid LaBphitPlaAfie Mirblh BL AT BERHCARNiUPP LRGP des
or proteins. Chem cal and functional equival ents of sphingosine kinasée or
sphi ngosi neaiki4maideMgBbullnbith casmdepbingadnakinaml etvihed) exbihidd wigh anadine or -

nore of the functi.onal tivities of sphingosine kinase or sphingosine
ki nase and FH# c’ﬂi‘e“@&?ﬂﬁé’"ﬂﬁﬁhaﬂ?t%ﬁ%%“ g‘ﬂ‘@weﬂ§3’l§é$9f§allﬂ§@ﬁr5%mm;(m)-

synthesizgd or identified via screening processes such as natural product
10 screening. The derivatives of sphingosine kinase include fragnents

havi ng par tFiguted isspi irapesf 8DSPRAGE ddfputified Bivhar BlaSditd 5309803 Minas e The
protein fus,&az(l:l 1 oﬁp%)ti %es, pol gpe{)ti des or_ ot her : .
ction fromi the Superdex 75 column containing the highest sphingosine kinase activity was

applied to SDS-PAGE with silver staining, yielding a single sand of 45 kDa.

25 Figure 5 is a graphical representation of preparative anion exchange chromatography. Only
a single chromatographically identified sphingosiné kinase isoform is present in HUVEC.
Preparative anion exchange chromatography with HiTrap-Q columns of human placenta,
HUVEC and TNFu treated HUVEC extracts showing, in HUVEC, the presence of a single
sphingosine kinase peak that increases in activity following treatment of cells with TNFe.

30 Cells were harvested, lysed and the soluble extracts applied to the HiTrap-Q column in
buffer A. Total sphingosine kinase activity in human placenta, HUVEC and TNF« treated



prot enmaceous or non-proteinaceous nol ecul es. 15 Anal ogues off gs@ Ultrnmgi ne

ki nase contenpl ated herein include, but are not limted to, dification to

side chains, incorporating of unnatural am no acids and/or thel r

derivatives during peptide, polypeptide or protein synthesis and the use of

crosslinkers and ot her nethods which irrpose conformati onal constraints on

t he proteinaceous nol ecules or their gnal ogues. Derivatives of nucleic

acid sequences may simlarly be deri ved romsingle or multiple nucl eotide

substitutions, deletions and/or additions including fusion wi th other

nucl ei ¢ aci gﬁ% cuI es. The_derivatives of the nucleic acid nol ecul es of"

t he present KBAC REFUde 783n8|1Pg dHmeIreeindesspehiCR yp Sphimgssinakinksens e

nol ecul es, I I se. | S ression and fusion of

nucl ei ¢ aci ?icm@dlyg% \%é é?‘@ig%@ée)ds] rfaglr?ﬂ{g?lgqotéﬁi@i(ﬁ“iequences al so incl ude

degenerate variants. Exanples of side chain nodifications contenpl ated by

the present invention include 30 nodifications of amno groups such as by
reductive aFlé}*Ir&()ll%)ﬁ sefemasigaeiprosentiition oditheaidely deed ol dl@we;qihblgoﬁﬂéjuﬁﬁéeon

W th NaB ﬁ;mgﬁol h methyl acetimndate; acylation with 06 OCT

2003 gce i ; carbanoyUati on of am no groups with cyanate:

trinit robenzyl ation of am no groups with 2, 4, Gtrinitrobenzene sul phonic

acid (TNBS j; aC\7/I ation of am no groups with succinic anhydride and

t et r ahydr oph'tgﬁa‘t ¢s apthedratidecpresedtappn iof dixylualebde G400y ) 2 ddhided amino acid
pyri doxal - @@QS hate foll oped by reducti oh with NaBH4. The guani di ne group

of arginine UrEGUTRESS Bl PRaN Yo danaly sieprsure of amian spluhgdsinedrinasy.c Ui cDNA

densat i ! 3-but a henyl gl yoxal
nd gl yoxalRhe e ppi et AR R sl TR R o Ac | on

vin Oacwumeeai frOmf the figstinenhibalnk QveeicbYTHe WRTEHEAYS ﬁlﬁrcheéﬁtbk gﬁ% Qs f Phe
exanple. to corregpondl qgl am de. Sul phydryl groups may be nb lb
y

met hods sucRREONARF kiaseeedips e whisw eapiiabldters énidediisied 3 1l IBb)d%delcamﬂﬁse

performc aci on .of a m xed dj sul phi des
with ot her qﬁ%glgé%cg%gﬁndﬁ QE(%%%:‘{&C Oﬁ Sﬁﬁllfeﬂc‘?‘raé «régaclt}i‘FEi‘étm FRrseriatgmelinman or

other | ~ sphisighsine kthasbleiwing &icafi Sy Gitth t&ivefm{é%a@Kﬁ@ﬁ%s\é%ﬂﬁ}’a?%fm%sﬂes”%

4- chl oronercurbg%}rgzoate 4-chl oronercurip eny sul phoni ¢ a nercuary
chl ori de, R°¢# TRYrEsHeyatipnsiter @éﬁem&almm@lmtﬁmdmgrmcnﬁs aral e region with

car barmy{_«,'altsiirg | kal i.n H. Tryptophan residues may be
nodi fi ed by, Po ggék?rpﬁﬂgtlvexﬁ§§ta?a6ﬂmﬁ é?WF‘)ERF-lbrormsucm nimde 20 or

al kyl ation of the indole ring with 2-hydroxy-5-nitrobenzyl brom de or

sul phenyl halides. Tyrosine residues on the other hand, nmay be altered by

ni tration Highre®isrcagraphioatoeprasmiativnfasitin apBshioh ot TN Aen@lefdVetivén
sphingosine kinase activity in HEK293 cells. HEK?293 cells transiently transfected with
either empty pcDNA expression vector alone (4) or pcDNA containing human sphingosine:-
20 kinase cDNA (B). Transfected cells were either untreated or treated with TNFe for 10 min,
harvested and sphingosine kinase activity in cell lysates determined. Data are means of

duplicates and are representative of three independent experiments.

Figure 9 is a schematic representation of the sequence comparison of human Sphingosine
25 kinase with other known and putative sphingosine kinases. Comparison of the deduced
human sphingosine kinase amino acid sequence with the amino acid sequences of the murine
(mSKla and mSK1b: Kohama et al., 1998) and S. cereviaiae (LCB4 and LCBS; Nagiec er
al., 1998) sphingosine kinases, and EST sequences of putative sphingosine kinases from S,
pombe and C. elegans (Genbank™ accession numbers 298762 and Z66494, respectively).
30 Although the amino acid sequence similarity to human sphingosine kinase was high (36%

identity), the 4. thaliana putative sphingosine kinase sequence (Genbank™ accession



Modi fication of the imdazole ring of a histidine residue mjy LT 2083
acconpl i shed by al kylation 25 with iodoacetic acid derivatives or

N- car boet hoxyl ati on wi th di et hyl pyrocarbonate. Exanpl es of incorporating
unnatural am no acids and derivatives during protein synthesis include, but
are not limted to, use of norleucine, 4-amno butyric acid,

4- am no- 3- hydr oxy 5-phenyl pentanoi ¢ aci d, 6-am nohexanoic acid,

t - butyl gl yci ne, norvaline, phenyl glyciné]-30 onithine, sarcosine,

4- am no- 3- hydr oxy- G net hyl hept anoi ¢ acid, 2-thienyl alanine and/or D 0 6
OCT 2003 -?0 isoners of amno acids. A list of unnatural am no acid

cont enpl at etduimberehh0312608 hoawa elatiVapper 2lignmbntan@Gbr 2868 ks not ARbn. 2The

5Non- conventi onal am no aci dCodeNon-conventi onal am no

aci dCodea- aﬁﬁ"'}fSBﬂ{sfFﬁI‘@ﬂce represents amino acids that are conserved in at least six of the seven

aci dAbul- N- ges vl ahani.aeNigl.aa- an. no- a-net hyl but yr.at eMgabul- N- mgt hyl ar gi ni n
eNmar gani n_ogsécl opsr pane- g@?’ 8%8@%£%9%£§t6%$§rﬁﬁh§%& ﬁ%@?cb%‘il% ﬁg‘éﬁq‘ﬁﬁcﬁﬁ’%ﬁyl a
spartic aci diNastepskOaviuliplesluénteiatipnment was performed with CLUSTALW. and percen
aci dAi bL-E_I[Eft h%(I cyst ei neNntysam nonor bor nyl - Nor bL- N- met hyl gl utam eNrrgtfl
r boxyl at eP- MERREGHP P hymae spienaoning kimnge Wsteedepdralinet wsa@tbr G AP algorithm

L- N- met hyl hpgt el I\Iflh;, I t yl al ani neCpenL- N- net hyl i sol | euci neNm | el SD
- al ani neDal E@%\ékdﬁéen?%y I eﬁ%‘éiéﬁé E'UD- ar gi ni neDar gL- N- net hyl | ysi neNm ysD- aspar

tic

aci dDaspL- N- et hyl| net hi oni neNmmet D- cyst ei neDcysL- N-net hyl nar | euci neNnrt | eD-
g( ut ami neDgFiguurad s aryinrage wd thiereinassial @Drgbubamhchuman sphingosine kinase in . coli
aci dDgl uL- hyl or,nit hi neNoor nD- hi st di neDhi sL- N- et hyl phenyl al ani neNnphe
D-i sol euci % }'e '-‘I"@hrfgi‘mﬂwﬁ? HFI‘#%’N&%‘B@ oG irebl & humanisehmgpgas kanestnser D- |
ysi neDl y$b- &kpredstnl doRE@eniang Nep 230y el ‘ag@- : | 4T ¥Rt ophanNmt r
pD- om t hi neDor nL- N- et hyl t)l/r g‘g%rnest yfTrmD(I: gﬁgnr%/ a zlanf ﬁgﬁ‘fﬂg@ﬁ%ﬁﬁwf@a‘%%eNm
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neNcoct D- N- @ﬁw%%«%ﬁ%ﬁgﬁéﬂ%@ﬁf ogrﬁp I ;Fé](r:ilgeNc roD- N- rrait hyl.?ggg[ agi n
eDnmasnN- cycl oundec e yIIy’IeIg 1 {M@ yas g s et
hyl) gl yci nedbiedBrdih mtdauh@dmfnew%%ﬁwﬁwéqrf- | LRk QRsd dlael neiNphe25D
- N- et hyl gl ut am neDnngl nN- ( 3- guani di noprgpy 'gﬁy%%a&ﬁ%ne%%ﬁ@ﬁ%amt e
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et hyl | eugﬁﬁgﬁﬂ%@f égliuﬁ’d]cﬁ"al‘:{}ﬁWEP@W@fYﬁ’éNﬁfﬂibGOD N- net hyl | ysi neDnm ysN-
met hyl - y- am nobut yr at eNngabuN- et hyl cycl ohexyl al ani neNnchexaD- N- net hyl net hi
oni neDnnmet D- N- net hyl or ni t hi neDnmon\- et hyl cycl opent yl al ani neNntpenN- et hyl
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30 bifunctional crosslinkers such as the bifunctional im ﬁﬁeagzr%ﬁggavi ng
(CH2) n spacer groups with n=I to n=6, glutaral dehyde, N hydro uccl ni m de
esters and hetero-bifunctional ~ s oer ZQXB -24_ reagents which usually
contain an am no-reactive noiety such as M hydroxysuccini m de and anot her
group specific-reactive noiety. The nucleic acid nolecule of the present
invention is preferably in isolated formor ligated 5 to a vector, such as
an expression vector. By "isolated" is Weant a nucleic acid nol ecul e having
undergone at | east one purification step and this is conveniently defined,
for exanple, by a conposition conprising at |east about 10% subject nucleic
aci d nol ecdh%?“?p’lﬂlﬁfséﬁ apngusgtt sekStfonboul. 2adperantestpriaierafh Yadin Is8RSSK
about 30% asE.i,JtI hor.e pr ferably at | east about 40-50% even still nore
pref er abl y &tV HPARIEE GBI GBh2 08101 RGeFzEmEs it Yisiows tonpsraitiek &bloy880) 0%
or greater 2fmsubl ] I €88 gelative.t. r co nents as
det er m ned by m@&%]ﬁg:&y%% {lgﬂgﬂco Ikaﬁlglﬂg@Iﬂn\gl}(/%/e'rolhg.@ﬂgﬁq earkde ﬁgrg‘,ton
base conposXil0@h BrMetahém requvenirenTheeansus A8 DRESEEDTACK e BhsteH S upf

the present invention y also be considered, in a preferred enbodi nent, to
be bi ol og? At yustie at ggﬂ%*rf@ﬂﬁwqﬁwwm%mﬁd- Yhaltaseptheumtiemsiomdivities of the
enconpass i i . pr ins. The prat.ein,mgy be

gl ycosyl at gﬁﬁg‘?@aﬁ?ﬂ 9@%%9%%% %%%Jﬁ%rn Q?ﬁtﬁ%@n@&f‘rﬁ?a??? geosyie ‘ongpes were

mol ecul es fadsigakilylsenked0%baimebrREpide RVE5SIEy a8¢ 995 M £ dedsledi .%QLg}e%ééh%h
as am no a%gé, | i pi ds, carbohydrates or other peptides. polypeptides or

pr ot ei ns. -erence hereinafter to-a "protein” includes a protein
conprising a sequence of amno acids as well as a protein 20 associ ated
wi.t h ot her nol ecul es such as am no acids, |ipids, carbohydrates or other
pept i desl0 [Fegyeaptis d@sadicaP Pk @ERNGtion Bf @e Eﬁ&swa&%p@éih&t%ﬁé Rik6S §IRodiment,
the nucl eoti de sequence correésonding to sphingosine kKinase 1s & ¢

segue nce péﬁ%Fﬁlcglﬂrﬁ’glaat spuuEsue l«fiurliaseﬂ,llch,ge?)ﬂ)ismﬂas sp&li&ﬁty_ chGh& RatdR (ﬁﬂedﬁﬂﬁ}_@?anjd or
a derivati .anal ogue t hereof including a nucleotide sequence having
simlarit yY%SR{PX%ﬁ‘ikﬁ?%niaﬁgﬁPl%}a%qw BRasgs Hith sehiagesneanmegies prd other lpids
present i nygplicant ab®aM R0d.p! C| ® L ube.gapable of .

hybri di sin @i?i_lo a nucl goti gde gﬁ:ﬁ@%@?g@' greffecflf‘%?tgﬁbﬁﬁsphﬂ’égﬁff’“&ﬁaﬁ?mg%iﬁ‘%w
stringency tWWc ruthgecofrbafaar 8kd werel adbitraiilyl segRNONY SndBdorfedfond 1006 @EFnd 003
zs The r&§cl7qf' qﬁ[ﬂci d nol ecul e may be Ii%at ed to an expression vector capable
of expreSsion Nt FEPSFOVEY-y Al WhicaerInst ether patentisl Fybsartea veunk expyotse¢ radalve to
(e.g. yeasip ; cel | ' t.cells, ma | ian cel r plant

Cei [s) ) “ThererRlity skl SonRiat G BSbS TP B e B0 el ce
associ at eddiiytitosphinpedied, &V, Haligheti]sphink6sifs) Q@ﬁtimgri%ﬂwl@hi@g{&%intew\lﬁ uch as,

for 5 example, ag.signal peptide. It may al so conprisé additional nucleotide
sequence i AFAYIFRAR 1%@1&?%@%@&1@% edrel (i B dicemsoyi-at-glfcat dndi t2-€i t her -

t the 3 1k enLi | i .at _.pot 3 d. .5 .t i )
port1ons. SsdyerEmceRl, R AR BBhsi P B, SR8 sl Brombaent as
an expr é¥s homaw guitingosifEidndsatwie spRiFReina gy aﬁcﬁﬁiéd)ihﬁé-%ﬁlﬁ@gﬁ%gg@@%@{,ast he

reconbi nant forms of sphingosine kinase which forms are “en
present i nVeItREH. C1Bimmtes griakibitioni afteritecombimshenasart sphidpesies iress isoth

d f ' i d. nol I ' f defined. Th
Gcpr ossi on’ et FSidhyBa Rt T g pEuRh ISR A4 s cvevee ebfiétte set

forth i n15uid@lyEpkingdsincX(YeMhyRliliNEweRBRRARIALL DEAGM fishpetiyal ent or
m nmetic thereof as defined above or is a derivative or m et c Having an

am no acid sequence of at |east about 45%simlarity to at |east 10

cont i gueus ) i inh fhe am no aci sequence as set forth in <400>2 or
2 der igvc'?tﬁi v 5?9%6%%% Iagthﬁ TeRIsentation ot tge ac1glc phospholipids which stimulate the

activity of the native and recombinant sphingosine kinases. The effect of various

phospholipids on the activity of the native and recombinant sphingosine kinases were
determined by assaying the activity under standard conditions in the presence if these
phospholipids at 10 mol% of Triton X-100. The activities of the native (filled bars) and

30 recombinant (open bars) sphingosine kinases in the absence of phospholipids were arbitrarily

setat 100% and correspond to 2.65 kU and 7.43 kU, respectively. PC, phosphatidylcholine;



20 Anot her aspect of the present invention is directed to an isolated
protein selected fromthe list consisting of: (i) A novel s&kﬁ rﬁﬁisﬂﬁ%

ki nase protein or a derivative, anal ogue, chem cal equivalent or mnetic
thereof. 25 (ii) A human sphi ngosi ne ki nase protein or a derivative,

anal ogue, chem cal equivalent or mnetic thereof (iii) A protein having an
am no aci d sequence substantially as set forth in <400>2 or a 30 derivative
or mnetic thereof or a sequence havingiat |east about 45%simlarity to

0 6 OCT 2003 -26 at | east 10 contiguous am no acids in <400>2 or a
derivative. anal ogue, chem cal equivalent or mnetic of said protein. (iv)
A protein epgo ; : i apt Lal Ly as.set faorth in
<400> 1 or a dg};&?\eg%iacgleéag?é‘g%élpggsgggﬁgggg?aéﬁﬁg' gfegﬁé%%aéﬁélﬁ%o&&f)LgAan am no
aci d sequengbodphviidigaaitl. [Dedsire atrant ~49% sim larity to at |east 10
contiguous amno acids in <400>2 or a derivative, anal ogue. chem cal
equivalent or mnetic of said protein. (v) A protein encoded by a nucleic
acid nol ecul e capabl e of hybridising to the 10 nucl eoti de sequence as set
forth in <400> 1 or a derivative or anal ogue thereof under |ow stringency
conditions and which encodes an am no acid sequence substantially as set
forth in <400>2 or a derivative or mnetic thereof or an am no acid
sequence having at |east about 45%simlarity to at |east 10 conti guous
amno acids in - <400>2. 15 (vi) A protein as defined in paragraphs (i) or
(it) or (iii) or (iv) or (v) in a honodinmeric form (vii) A protein as
defined in paragraphs (i) or (ii) or (iii) or (iv) or (v) in a

het erodi meric 20 form The protein of the present invention is preferably
i'n isolated form By "isolated" is nmeant a protein having undergone at

| east one purification step and this is conveniently defined, for exanple,
by a conposition conprising at | east about 10% subject protein, preferably

at 25 .l east about 20% nore preferably at |east about 30% still nore
preferably at | east about 4050% even still nore preferably at |east about
60-70% vyet even still nore preferably 8090% or greater of subject protein

relative to other conponents as determ ned by nol ecul ar wei ght, amno acid
sequence or other conveni ent neans. The protein of the present invention
may al so be considered, in a preferred enbodi ment, to be biologically pure.
30 0 6 OCT 2003 The sphingosi ne ki nase of the present invention may be in
multimeric formnmeaning that two or nore nol ecul es are associ ated to=ether.
Where the sane sphi n~rosi ne ki nase nol ecul es are associ ated together. the
conplex is a honmopultimer. An exanple of a hononultiner is a honodi ner.
Where at | east one sphingosine kinase is associated with at 5 | east one
non- sphi ngosi ne ki nase nol ecul e, then the conplex is a heteromultinmer such
as a heterodinmer. The ability to produce reconbi nant sphi ngosi ne ki nase
permts the | arge scal e production of sphingosine kinase for comerci al

use. The sphingosi ne ki nase may need to be produced 10 as part of a |large
pepti de, pol ypeptide or protein which may be used as is or may first need
to be processed in order to renpbve the extraneous protei naceous sequences.
Such processing includes digestion with proteases, peptidases and am dases
or a range of chem cal, electrochem cal, sonic or nechanical disruption

t echni ques.



15 Notw t hstandi ng that the present invention enconpasses rgconbinant
proteins, chem cal synthetic techniques are also preferred-.ﬁ ggﬁtﬁmais of
sphi ngosi ne ki nase. Sphi ngosi ne ki nase according to the present invention
is conveniently synthesised based on nol ecul es isolated fromthe human.

| sol ation of the human nol ecul es may be 20 acconplished by any suitable
means such as by chronot ographi c separatjon, fot exanple using CMcellul ose
i on exchange chronot ography foll owed by‘ébphadex (e.g. G50 colum)
filtration. Many other techni ques are available including HPLC, PAGE

anongst oth . ‘ i [ ne kinase may be synthesised by solid phase
synt hesi s ugﬁﬁﬁ*éﬁﬁgﬁgéﬁgﬁfbe§”HEHEé§8 d@Noy Carpino et al. (1991).

Sphi ngosi ne ki nase and fragnents thereof may al so be synthesi sed by
alternative chem stries including, but not limted to, t-Boc chem stry as
descri bed i rThspessant ingentain.is plABE)edoin fuyt, 6h Asshalcali®it AQOSIoRf: ok g4k phase
pepti de syn%hﬁsisf 30 Wthout Iimting the theory or node of action of the
present i nvaRtIeR "SHARTgBSieRd ek hasdentifcationey tiegova e psmsitne t he

activity of iddngfisRUngRShiisHdf ' LLin t hway. . B 06_aCT 2a3 28
"sphi ngosi ne ki nase s j~naﬁ#r?,gag§?ﬁ%va%%e PEP%@Q%? Poé '%T’ Shé’leﬁpﬁgd‘ﬁ@tqﬁwd

whi ch uti | i gedbasivezcoerabon,fooéxapple Agast ﬂﬁsi@a’l‘@rﬁﬁsdﬁ@ﬁl&&rThese.ther%peutic molecule
sphi ngosi ne- 1- pli]OS hate, It is thought that a sphingosine kinase si gnaercl I r?g
pat hway cas&XI& WL RS FLBEN antagoristdRaepBiats vb brtgosinesqnzas Simmicmayd takeet he
formof: (i hsdihe gengrat] ramde,.from .sphi ngopyelin via_ SMase
activity, said ceram dég%g{%n[gg%lg%\l/oéﬁfgcﬁu?%r %cﬁ)‘h’?ﬁ‘ﬁjb i He tregyment of disease

sphi ngosi necdnditwsphataeictised by indadied bareinafidigy as "Sph-1-P") generation
by 10 stiﬁulation of sphingosi ne kinase; and (1'ii) the activation of

MEK/ ERK afld nucl ear translocation of NF-xB downstream from Sph-1-P

gener ati on. I I ne, ki nase .signalling pathway is known to
regul ate ceﬁ%g?rgirh%ggp F{:/lgﬁj%é{soitagﬁreﬁ@“t’ﬁ HopRfovHles apdsolased patlaimeaidinoplecule

apopt osi s amddardhtivpsoddal@natith@Bof Bfipr lLation of the
production of inflanmmat or%r medi at or s péﬁ%@é‘%&’t‘@i?%@%?cecwﬂg’ﬁﬁHés, eNOS

and upr egul SRIPRAMSRtaEHRasiegnenvolcacaling expvet sgliiffosinedtifhsd Rir6@IH GHd REVIRY: He
i nduced by a;nuabes p({ timuli including, for exanple, inflanmatory

cyt oki nes” such as 28 ?.Pi?bllﬁ"sﬁ’éé‘l”@é?y@%iét or-a (TNF-a) and interleukin-1
(rr,-1 )l5endotoxin, oxidised or nodified |ipids, radiation or tissue
injury. The_cloning and sequencing of this gene ~.,:id its expression
product nowRgleEnre s sabidigosion kinasd|shouldes vhesrsisE ab R rdenpE Rptgé( hﬁ)(l:«%clufe and
t herapeutic Hégfﬁ g}%nt &f{ .di slea es 25 characterised by unwanted cellular
activity, whi G R "HEt FALYveleedin e pensratvatal yplongasing -pbbspharodluingties Vi a

the acti vi taetiRbtider SRNYAGRSE; | i-gnallin hway. Exanples of . .
di seases invol vi ng_unwa tg%%?ggﬂ‘r%g%% %ﬁﬁﬁg%%aéléw?)gg@?ftﬁ’fegagﬁ%I%D_gﬂ”_&?”éﬂaﬂﬁet y
i ncl ude rhelirtlisised text Sirduld be uaddrhiosd asd f&@ér@f%lt@msglpﬁm EE ReHLL BuclY '-aft,il ple
scl erosi 0%%§ S8 tic.shock. Accordingly, the present ifvention contenplates
t her apeut? cSI58 gr Eﬁ?ﬁﬁf?’%ﬁi} CSRiYREPSBE Kifase pininogosiinsek iena stoddrbe ondegitdo@nda
nucl ei ¢ aci @l ¢s iRSph Yolo [ % t 0..sphi ngosi ne 0 fi OCT 2003 -29 .

ki nase agonistic and a Pg 8%ﬂ§¥%%&gagﬁ?ggmhﬁﬁgthe regul ation of cellular
functional activity, such as for exanple, regulation of inflammation. The
present i nvlg[gti on.ﬁﬁn enpl ates. therefore, a nethod for nodul ating

expr essi on ‘O EPEY W&béb%@reﬁM@@@nnw progidej ex isplasal whchat hoid mslpRNE 8¢ N9
contacti ng ddRa8LNENEAR] i ene with an effective anount of an agent
for a tiarrg and under cgjﬁggtﬂ%@ cr)ﬁozfscg)f}%f’isEﬁgé‘d}uCFBtléFp?eé{s}ﬁPC&te@%dmﬁ@ﬁmmelgmeataey
or ot her @b ste arequdnat en@xiices Bin@hn Ghis '!n@q&ﬁ% I; . For..exanpl e, .

. rphingo.rine, kinase, anti sense _seﬁ%enécugs suc Sélgrsoifé()lﬁi%ggr%glvé%‘ﬁ%g@%'ﬁ 06e

i nt roduced $?ﬂ§?@¥%9§mpkﬂ§$@9mﬁﬂnegulate one or nore specific functional
activities of that 10 cell. Conversely, a nucleic acid nol ecul e encodi ng
sphi ngosi ne ki nase or a derivative

In a preferred embodiment, the present invention provides a nucleic acid molecule or

derivati . . ]
ative or analogue thereof comprising a nucleotide sequence encoding, or a nucleotide

30 sequence complementary to a nucleotide sequence encoding, an amino acid sequence



t hereof may be introduced to up-regul ate one or nore speci ﬂiszafcqﬂ @ nal
activities of any cell not expressing the endogenous sphingosine ase
gene. Anot her aspect of the present invention contenplates a nethod of
nodul ating activity of 15 sphingosi ne kinase in a mammal, said net hod
conprising admnistering to said mammal a nodul ating effective anmobunt of an
agent for a tine and under conditions syfficient to increase or decrease
sphi ngosi ne ki nase activity. Modul ation'df said activity by the

adm ni stration of an agent to a manmal can be achi eved 20 by one of several
t echni ques, Uilbngal gdh[\g but. in no way limted to introducing into said mammal
a prot ei nacBOTEER hahssh Ftbinme08sd 61 Adtrwiive onhithtic fiejeofodbdvates east
expressi on gf ¢ NGOs] N 2 i.i.} functions.as anp antagoni st of

sphi ngosi ne koiu?lggé; i %éi}% %hﬂ%ﬁtﬁé%éagéméﬁ RBOFHOLE ABNoANIHEGEPPR ki nase.

Sai d proteinaceous nol ecul e may be derived from natural or reconbi nant
sources | nch]g%di ng 30 fusion proteins or follow ng, for exanple. natural
product scr e¥nieHy. SSaidithows Yyedhetmdodods amtededty batyebe cothpdre € ¥RUPhRs af
nucl ei ¢ agi may deri.ved ~ 6 CCT 2003 -30 from natural
sour ces. gu@ﬁﬁgé}%?géri@%%a%] «?Cﬁi?ﬁ‘aw}tﬂ%@ﬁﬁeﬂs%?é‘?ﬁﬂ?ﬁ atdhe mppjecpide ddvehi cal | y
synt hesi sed'siriitaritgl @g@nies dV@EiLO - j al ogs of .

sphi ngosi ne, ki nase or snall nol ecgitgg%gégggﬁ%gggvﬁ%%ﬁ?naé galat%rgtpg agids

ant agoni st s"@are pRYFEE sk eclatehosach GHenacihb smgonial fendiBYalNBb RGeS SANIdY be
derived fr i iine ki pase but .may share 5 certain confornmational
similariti g@ﬁ%ﬁ*‘@?ﬁ%ﬂ?‘(ﬁéi-y, 87?&%?%&? né@%ﬂ%&}@f fg\anyeo gpiddevel, ¢ aimilariee'si gned
to m mc cdnélades ahinsieRRem i f i ngosi ne ki nase. .

Ant agoni sts .nmay be any congaégﬁédnegg@gﬁ% r%? € It%g%ﬂnog?eriaﬁﬂFﬁf‘P?tH&&Uﬁ“m“O“aL

ot her wi st ghieafentiralgndfonconfosnainid leade Thoprreatids sl rhdySoeREB than

bi ol ogi cal 5f0"’}n§15i ons. Ant_?(g;)ni sts i ncol ude nonocl onal anti bogi es speci ?I C

f or sphi ngosi'n B 3548 feas B AF gideast SQHrIrmyteasiid %k praidenst 9394 cahtgheense 10
nucl ei ¢ acids which prevent transcription or translation of sphir~gosine

ki nase genes or nRNA in manmalian cells. Mdul ati on of sphi ngosi ne ki nase
expr essi on Angpharlaspedver delpreseatinWridonsoR@nMtk GERHIciRN ridIBASOTESrivative
DNAzynmes, RNA aptaners aqr antibodies. Said-protei naceous or

non- pr ot ei ﬁé@g%8§u%ﬁ@83F%‘“B’éﬁ}n%%ﬂU@?thfL@rsedﬁlmlecslhkytantiaﬁlmaﬁ geefirthyint<@00S] or
nodul at et 4 keiegXpH L j ihe Kinase he activity of sphingosine
ki nase. Said ﬁn%ﬁtyg&gg’%%ﬁbﬁ%ﬁvgpfhsf% 855@@?@‘(‘%%“5&%’ RrEBsHcy gOoBitiens.

ki nase or sphingosine kinase to nodul ate the expression or activity of

sphi ngosi n?&? nase or, sphi ngosine kinase. Said nolecule acts indirectly if
it associ at WLTRRIMNICECIAGD adai stripetnsy indladessotiengospaesskiomasleast a5ORI0VgOB) e

ki nase whi 0 ~either directly or indirectly nodul ates the 20
expr essi on%glreg%g%? ?S{Tﬁy}%ow %6%?%“%3%“%@% ALEst show JM Fryedeaseabiaus abksalt for

Accor di ngl yrybtidieativet, AedlaOtad: BEoRN 86 &Y 1d ' s the.regul ation
ne kj nase or sphi ngosine Igi naggg&%;ggiesggﬁgﬁa%ﬁﬁig%ﬁn\gﬂvsvi a the

of sphi ngosi € ne .

i nduct i %’ SHtematiys singeney saaditioas oray bstappBedivhab nk@ashry Gsuthes fedukat i on of
sphi ngosi ngeki F1Shhi ngosine ki nase expression or activity. 25 Another
aspect of ttﬁgfggr s Shret 1%\9%‘%%%%8%‘8‘?’?6?%’?% ah legpliabedt 1% yodlaladddasigabout

cel lul ar f 0% vierfatmaaide Whil Yrohatde JFRAHR o%ﬂh%ﬂﬁéﬁf&@%?@%&%&f@, a time and

adnmi ni ster'klng_ 0 said manmal an effective anpunt 0
under cond ¥ PSR rRdatdaast alpourd G at at ledve aboup SRS saNfR Twaahidd ChBALAE or

sequence e i i ngosin i nase or sufficient to nodulatée 30 the
activity O]@f@gﬁ?ﬁ_ﬁ%%g ’n@%ﬁﬁ H‘gﬁﬂé:{_és and engopypgsseg from at least about 31% v/v to at least
25 about 50% v/v formamide and from at least about 0.01M to at least about 0.15M salt for
hybridisation, and at least about 0.0IM to at least about 0.15M sait for washing conditions.

Stringency may be measured using a range of temperature such as from about 40°C to about

65°C. Particularly useful stringency conditions are at 42°C. In general, washing is carried

outatT,, =693+ 041 (G+C)% [19]=-12°C. However, the T_ofa duplex DNA

30 decreases by 1°C with every increase of 1% in the number of mismatched based pairs

(Bonner er al (1973) J Mol Biol, 81:123).



;1 _ Yet another aspect of the present invention conterrplnigs E.E Qod of
nmodul ating cellular functional activity in a mamual said od i sing

adm nistering to said mamual an effective anobunt of sphingosine kinase or
sphi ngosi ne ki nase. 5 The sphi ngosi ne ki nase, sphingosi ne ki nase or agent
used may also be linked to a targeting neans such as a nonocl onal anti body,
whi ch provides specific delivery of the sphingosine kinase, sphingosine

ki nase or agent to the target cells. In Epreferred enbodi nent of the
present invention, the sphingosine kinase, sphingosine 10 ki nare or agent
used in the nethod is Iinked to an anti body specific for said target cells
to enabl e speferbiy.ded presmy imventities@ueBplates a RakiefceRfEmb R IRIULALIRY o

cel lul ar functjonal activity" is a reference to up-regul ating,

downr egul at i W8P BEFrof GPEBTisEing aruplgotids seqnencosulmmemeiallf at ke fait invi4Goes or a

whi ch a cel l4elisasang rm.ng such as, hut not limted to, one

or more of chenoki negjpf;?l:) U ?%lgjaﬂég?rg%lﬂ%%qp%@&ﬁit‘?’aﬂIOWiSWIil%?"BX(FQI@IMHS and

synt hesase, widbesicoden®] RtinbechXGes Tk @Braldn@hO 5t | i :

i nfl ammat g 3%@5&9%” ators. Admi ni st ?ati on rori;aﬁtrﬁe %phﬁ%@%o%gli%eggé%F set forth in
e Ki'has

sphi ngosi &r ppcaagRinthaving atfeast drowt 65%airdilerph ar aeleeutl 0 €ahtizuous amino
conposi ti on,,.fRY, bggger formed by any conveni ent means. Sphingosine kinase,
sphi ngosi ne ki nase or agent of the pharmaceutical conposition are
contenplated to exhibit therapeutic activity when adm nistered in an anount
whi ch depends on the particular case. The variation depends, for exanple,
on the hunmaiYE PamicHErly athd Présensiphémgosioneniplaiasenucidihhid 8% B KEQRSEsiRS a
agent chose@e‘éhgg 19m%9§ﬁ$ o% dosqg may be 25 a(FIicabIe. Consi deri ng
patient, for Bxanple <troRrabosenally argetortimpstOd>lng of sphi ngosi ne ki nase
or agent Ifay be adm ni stered per kil ogram of body wei ght per day. Dosage
regi mes may _be adjusted to provide the optinumtherapeutic response. For
exanpl e, seJét aiclgicaridadoldose scamyinheo adsmope&lofHRt Rk bh,veM‘ﬁ&Mc}ffesM hl'y
or ot her su‘&ague tine iplervalg or the dose may be proportionally reduced
as i ndi cat ed" 5y P RUTSE SBYgRsias eayr WHbowilimiting ghe. pritieel Sphithgosiang okinase
or agent mayhebR AL : 1 i_ent nner such as by the oral

i ntravenous (m%;rgﬂag?g%ﬁggﬁﬁﬁggﬁ?&ﬁEgggﬁggﬁﬂggmgﬁ”Q%@%WEZ%E ey element in the

i ntraperi t ofialioningbf dumsphinkadine BlABSAL ARSMIS Aty JURT gi%i,ﬁgpgag fory
routes orsigplantingg%e.ﬁ. usi_ng sl ow rel ease nnleculég?. (th particul ar

r ef er encd-t Betiide dic sepriaHon of He Reondsmesengayenbingodies &-phepptiate andaiayhe

adm ni st er eghivielifbg. form of pharmaceutical ly acceptable nontoxic salts,
such as acid addition salts or netal conplexes, e.g. with zinc, iron or the
| i ke (which are considered as salts for purposes of this application).

Il lustrative of such acid addition salts are hydrochl oride, hydrobrom de,
sul phat e, pﬁésph%"lsé' irapgpionabmoddfications such s phasphirghzionve praedgiinakevage;

mal at e, ascorbate, tartrate and the like. If the active ingredient is to be
adninistgred in tablet form the tablet may contain a binder such as

t ragacan®f, (byor npoteti-plotan igeratibms § 8inhR i agent. such,as 10
alginie acid; and a | gbri cant, suchsug}slq%rgfgnes%ﬁ’g{'](ggr%&e%.m'ﬁoq ¥4 FEFPI9E pect
of the present iW¢dAtHpierastionsss to the use of the invention in relation to
mammal i an di sease conditions. For exanple, the present invention is
particularly useful, but in no way limted to, use in inflammtory

di seases. |8)Accoardiealiohal angit f - ent invention rel ates
to a nethod of treatlng_a.nanﬁgﬁhggﬁﬁgﬁg?ﬁgdg%@ﬁ%%ﬁ%@ﬂf“gﬁﬂFﬁ*gﬁ 7 Rgreagss
sai d mammal an ARG drdvirountiows acesagantsubaiea ti me and under conditions
sufficiepgt to nodul ate the expression of sphingosine kinase or sufficient
to nodul ate the activity of sphingosine kinase wherein said nodul ati on 20
resul ts i n Tidkdpedskion nafd j | activity. |ln,another aspect
the present i nvgfﬁi on o elugfgiﬂ% %ﬁg{a%r{rg %1}389 Sg’fe @?ggﬂ“ﬁ%waa%m‘i’zﬁ’c“g%‘is UFERhod
conpri si ng WHAEAFISE kinasyy Sphimgristhertdnasalis @efined b atid éfﬁin@?i@t&'geqﬁén%@m f2985hNe
ki nase or SQPMPQO§§ng nase for_a time and under conditions sufficient to
modul ate cel 1Ul &r 25 Phrt1999RRe fRE sphingasineyinasa froddfimed by peectudéotidesepicsent

i nvention ret &frihsintqode - abl.e of , modul ating the
expr essi 38 of sphinn 0Si nep%?]‘géslge%Fi%%{)}%?g??[hcadwp%ﬂ)W“F%‘"5‘15‘3 sgeisErby me

ki nase i n’ t$78usen af demibomicleic meids suuieRta DN A bifueHONMY AbdRiitkefihh! AT

functional 30 activity. 0 S ocr zao~ _ ;;



A further aspect of the present invention relates to the uge‘ ﬁgs@ﬁégmsi ne
ki nase or .sphingosir7e kincrse in the manufacture ol a ne @ n r the
nodul ati on of cellular functional activity. Still yet another aspect of the
present invention relates to agents for use in nodul ati ng sphingo.rine

ki nase expression or sphinaosine kinase activity wherein said nodul ation
results in nodul ati on of cellular functional activity. Another aspect of
the present invention relates to sphingpsine kinase or sphingosine ki nase
10 for use in nodulating cellular functional activity. In a related aspect
of the present invention, the mammal undergoing treatnment nmay be a human or
an ani mal i perdaed s@fuchfenapaus lcé?nlgﬁsaoefx%ﬁbxﬁc%ftﬂoﬁs.tA%E&%Qtseq b Y Gheo
anot her further aspect the present Invention contenplates a pharnmaceuti cal
conposi t i oninglkpripsdmgtes pigingosithe rkgulasr, regiphi.ngosi ne ki nase or an agent
capabl e of nodul ati ng sphi ngosi ne ki nase expression or sphingosi ne kinase
activity together with one or nore pharmaceutically acceptable carriers
and/ or dilu i ' ' - ' ' i has r.said ent are
referred toggétﬁf rhangg?? 3126! I?}E%érﬁggfbgﬁ%%n &)%E n%ﬂgé%oﬁg?#ar@gﬁ’t%f: ca acfdo?’ﬁgegg i¥abl e
for inj ectatdrivatisethienalf voabit eftiybeidBigaou”d 080l oif 4 QS alivb Blegeofah s 5@ ubl e)
and sterile powders far the extenporaneous preparation of sterile

i nj ect abl e YLBMEACHALBHORE @ferSion. In all cases the formnust be sterile
and nust be fluid to the extent that easy syringability exists. It nust be
stabl e under the conditions of 25 manufacture and storage and nust be
preserved aReferencshereiteroGphingdinakinde a8 shRAMgind ik QUG RTBISHHBIES a
bacteria and_fungi. The carrier can be a solvent or dispersion nmedium

cont ai ni ng, FefeEnceka Al ferms pfthamansphiagedine iohseaind sphingesianihese, gisyeefublly,
propyl en | |.i.qui d pol yet.hyl lycol. and the Like suj tabl e
it ur oo RedEBlne® R ool B b b AR ¥ Birs FRishars femisenative

mai nt ai ned, splioig@Xaphikgosiy kibhe rHRﬁA_Q?mﬁaxﬁQ@Jﬁd?ﬁn@%ﬁ'ﬂ: BFianl Jfg‘lﬁhi%gbﬂm by

t he mai nt enance of the re%glred particle size in the case of spersion and

by the use %raséopepiiagesint kinasEhthe poevienmislating nefdifidiefoantdf ephiagosine kinase or the
m croorgan!r§m3 br ou .2003 _; abaut by various

can_b h a s oc ; S .
anti bacteri aH'%Oﬁdtrgﬂg?tfwgihtﬁﬁgémc,’fosﬁ)h}“g@%iﬁﬁnés.e- pbd Biseiient B19f BAvPRIt anol |
O oy o PR, diordeh HIREORAL A KO Eirkl o BN SASSS ol HtdbicR:
preferable to include isotonic agents. for exanpley sugars or sodium
chl ori del5 e dleorgings adpebippts, oheroical dyeivialgneciralchgntiesgasédfi ons can be
brou_ht about by the use in the conpositions of agents del ayi ng absorpti on,
for exanple, alum num nonostearate and gelatin. Sterile injectable-

sol utions ariR REREASRHIYenk RERLRPLA | i ompgunds. i n tihe
required am)un]? in theogé/p%rép icat elﬂgégp\gle%?ﬁuﬁg ’Iﬁ i\flg}vigg%g%gfpr&ﬁgl %}d#errgene

i ngr edi ent snanalsebaisethtabbve, othes anglior acn-afidddl ep@sksby filtered
sterilization. Cenerally, dispersions are prepared by 10 i ncorporating the

various sterilized active ingredient into a sterile vehicle which contains .

the basi gg dhsPakS! [ L red other .ingredi ents fromthose

enuner at ed abg‘\%@&éﬁﬁmgﬁg f%g}sngﬂgf ﬁ%ﬁéﬁﬁﬂgh%%\/\%@}% Vfg?nr}gﬁ% BP@S@?S ?IBﬁlaEFal’

sterile injsyothabé er sobmbimnssourde iflefigs AsthnmbiRAAS Pafts Bf BAGNhALH %l@c}[e?fohr
t he

vacuum-dryin a?ﬁ? the freeze-drying techni que which yield a powder o |
active ingr apit\rsregiops afientingssine kirsse.r Parivatiyestiaybe derived fsmpinsartions| y

terile-fil j t L hi i kj ) hi i
ol s’ and SRR B Qbbd il SRR acill SRR A B Aot R IaUb Ay b
oral | y adm andéireagdxylioter@ikailstns\wh 41128 idddREduclid H85HioR %f’\éiﬁéle% %nultﬁplizl
she

{
assim | a%e edible carrier, or they may be enclosed in hard or so

gel atin PP Grigs. sertioapl araifomeidsomirnes vaihnityvro thasb e twdichametdreyormaynibe
i ncor por at eg; ¢ | he.food of the diet. For oral therapeytic

admi ni str atefé1 (lz)nf,cgﬁ%%é %rg%t\%%h%:g% %ﬁamﬁﬁﬁ?“!}g‘eﬁ ﬁ%f‘b‘&&’f‘é‘ﬂm\ﬂhﬁlﬂ‘l@k%“a?@nt s and
used in thenfotion ofalsogasibidbih baldop! Sredd thd 1%9&1%5% SdRE NS BletiGRI M
el i xirs, suspensions, syrups, wafers, and the like. S gﬁ conpositions an
prepar at i orf¥¢ §hasattariessivatha removad g enclonmyrewesiightcids frant theeeqempound. The
per cent age : Qsitians an repar,ations may, of, course, be

vari ed and ﬁngjﬁaglg%\gglnaﬁ%n Ia§1dbvgnﬁlé[§\ﬂkeghg%gdt’hl@ ‘[‘tge§58%? regisie o therigdugnicg hes
of the uBDtbeedhemaveilutd HdiffRft ¥8ide THREHAM ity RMEh ADSLARANbE Sl f ul
conpositions in such that a suitable d_osagle 1vvillﬁfﬂ&zbe og)tE al nggtg‘%irsjtelﬁgfré?lgd
conposi t i or&¥RigP apidetrsiantsiasneonservati el aminpacidrubgtite@nt Gonservkiionamaime acid
prepared so that an oral dosage unit formcontains between about 0.1 Itg
and 2000 ng of active 30 conpound. d 6 OC1 2Q03 _ ;; _ The tablets.
troches. pills, capsules and the like may also contain the follow ng: A

bi nder such as gumtra~acanth, acacia. corn starch or <elatin; excipients



phosphate: a disintegrating agent such as corn starch, potatg.
alginic acid and the like; a lubricant such as nagnesi um stb% ﬁ@r E@&d a

sweet eni ng agent such a sucrose, 5 |lactose or saccharin nay be added or a
fl avouri ng agent such as peppermint, oil of w ntergreen, or cherry
flavouring. When the dosage unit formis a capsule, it may contain, in
addition to materials of the above npe, a liquid carrier. Various other
materials may be present as coatings or-t®- otherwi se nodiy the physical
formof the dosage unit. For instance, tablets, pills, or capsules nay be
coated with shellac, sugar or both. A syrup or 10 elixir may contain the
active conpoubsitusaieiosiealfsinaluIWe et Stk Gs GBI the TBIdWihe 804, 9:@9%4{1@%@59&%'
as preservatives, a dye and fl avouring such as chery oT“orgngE' avour . )
course, any ‘WHb@rsAsucseand laupnepapirng acidynd ebegeic unidt ashoragirshoudlghthgine:
phar maceuti cal.| e and substantially non-toxic in the anounts enpl oyed.
In additi on?sg Ihé/arpdgtilm%mi?o ' Bl?r?&‘gr‘?ﬁé’}mlﬁlé: Mlepyrlanes andoEna t Afdidans 6 ease
pr epar at i onsimapsladiok i : i 3 ! ri.ers

and/ or diluents incl ﬂ%iugﬁgﬁgﬂilﬁg%glfﬁgg%ﬁgﬁ? fs}{epgéldsipgggg’?@Egé‘rte?%asé)?%é%%ﬁ'ngs,
antibacterd al and antifungal agents, isotonic and absorption del aying
agents and té;’% l. i €. d he .use of such nedia and agents for pharnaceuti cal
active substalCES FRA JEICHORH SRHIVRIS NSRS safkirgosseckifeseion spifiagosare kingse should be
conventi onal i e esieS hiHAS tihle with-20.the active..ingredi ent,
use t her eof uingﬁltéﬂﬁgd?%er apeL%Siegh{:bg[%ﬁt(}ngﬁgrqosré oo 1?«5%58‘9%&‘%%%8 ment ary
active i ngr ephieptssnciinaszl & phiggbsifOk PSRNy Beidrived EOAPAS] doiRRSucH &s ben
especi al | y advant ageous to fornul ate parenteral conpositions in dosage unit
formfor ea$ e‘B‘@'iﬁW@EZPQW efenEfgd i Seereningyprasfessto seafiers rdogalgrodmitt f or m
as used herein.refers to 25 physically discrete units suited as unitary
dosages for the namualian subjects to be treated; each unit containing a
predeterm ned quantity of active material cal culated to produce the desired
therapeutic_effect in association with the required pharnmaceutical carrier.
The speci fi d&¢ dgvatyes phephiraesineddsasg énalndet frdgoremss fafvirpyert ad@rdpitopesar @arts

di ctated by .rectly dependent on (.a) the unjique characteristics of the
active mat eP??ﬁg egl{rﬁfst éygﬁﬁ?lgiii:’fﬁs?ﬂP“ﬁ?‘}n&H%Fié‘bﬁﬁﬂtfi&@&é’Ph’é‘EP“qeé BethgEhi eved.

and (b) theptduthicdbhOBSndBRIEMcebik hBfcalel, Of conmpounding 0 6 OO-i 26a3
-36 such an active material for the treatnent of disease in living subjects

havi ng a l@i seased condition in which bodily health is inpaired. The
r conveni ent and effective

principal agtive ingredient. is.conpounded f ff
adni ni strat | ﬁl\{’ﬁu‘i"sn&re‘-‘i’glé‘e"?%‘{}%iaﬁﬁ% iempleied ewsip inghide, B arqeetdintiteddp] y

accept abl e guific@fioh b 498 88En M dorp AL ASE RELELA %ﬁ{i% i8N 60588, d@ié’a’ﬁvtcs
nci pa n 1 Nn

dosa; e formcan, for exanple, contain the pri active conpou

anount s r angimeg parside Opolypaptide or atuneih sPRAINENd (X pSasFeeshsiinkdt oRD6tLEONS,

the active co[%gunq.i s.n?eneral y present in fromabout 0.~ Itg to about
2000 ng/m BFUEAP InfRose fenioFaatioial eonsaiaisandhe praseinadentn grosaeplss endheinr y
active ingreggiienls, 10 the dosages are determned by reference to-the usual
dose and manner of adm nistration of the said ingredients. The
pharmaceutical conposition nay al so conprise genetic nol ecul es such as a

vect or capag)l e of transfecting target cells where the vector carries a
nucl ei ¢ aci ¢HBFEES PENEL Bl seguerces my siiilarly hepleringd Somesikglnas sjultiple

nodul ati ng i i -n&: ki nas essi on .or. sphi ngosi ne ki ngse. actiyvi.ty..
The vect of moc oS B B A BB e A 5 vl rREs i e
al so be uti hiokedleso The dativatiesof KRatkRid ad®@aRlSuied ofiHchelsehfliven niﬂeiugel S,

whi ch kn keg out gene is the sphingosine kinase gene expressed by sal
cel I's or “20°4gRnvgleqtidess RGRIprirgess, anfisansstthelecusy axteculvs spitatste fir usawent i on

shoul d be u end- t 0, met hods ,of . creat.i ng sphi ngosi ne, ki nase
gene cel | o?g%h?%gﬁgﬁ%%% o%ﬁn (%Dxﬂ’g}eéc ngl?ﬁi??ukﬁﬁh &8@"??@0EPH§]§I§ apikseguentes
utilised toakadidudeadegekdtaekiafigni@ut of the endogenous sphi ngosi ne ki nase

gene of said cell or animal, and to the knockout nodels produced therefrom
25 Still another aspect of the present invention is directed to antibodies

t o sphi ngosiRp i I -udi catal ytic antihodies. Such antihodi es may
be nonocl onal E‘Bﬁkggfs&i}* gg\%ﬁq%ér%ﬁﬁﬁ%?nﬁéogtgﬁngg”feé@’yftbﬁﬁfeﬁ%ﬁtd?'é?r}t‘)?nd’é W% i ng
ant i bodi 8¢ rmdifriatiogost MGinkigh@sR saEh BRYy REUSRRGEISR) I%Qétﬁ&fiwﬁﬁ

sphi ngosi negél nasgj.ér In the case of the _{at ter, spﬁhi nélo i ne Ki naseannﬁlfcw(%est
need to 30 irgducgoniwith NaBHyr jssridmetiecwite mellydacaritiibiae] s51:aiod vaith
reconbi nant sphi ngosi ne ki nase of the present invention are particularly
useful as therapeutic or diagnostic agents.



0 6 Ccr 2003 _ ;, _ Aternatively, fra ;nents of antibodies ﬁgg %3 Esed
such as Fab fra~~nents. Furthernore, the present invention e 8

reconbi nant and synthetic anti bodies and to anti body hybrids. A "synthetic
anti body" is considered herein to include fra~nents and hybrids of

anti bodi es. The anti bodies of this aspect of the present invention are
particularly useful for S imunotherapy and may al so be used as a

di agnostic tool, for exanple, for nonitapi-ng the program of a therapeutic
regi me. For exanpl e, sphingosine kinase can be used to screen for naturally
occurring antibodies to sphingosine kinase. These may occur. for exanple in
sonme i nfl amaedieranh o S@: @@Mmo}@u&@bf@rﬁ%p:lr&pssﬂﬁ@éxahﬁe&%itﬁ%hg&at%rbfbd%uno
used to screen for sphingosine kinase proteins. The | atter woul

i nportant, Eoxupesatpl.&, 6aananﬁean$etdpmgn¢aad(ﬁ@Banmybumhsfmﬁuwpmmngo&ﬂne

ki nase in a cell ct or, other bjologi fluid or purifying sphingosine
ki nase mdeswlf}*&é@wﬁa Tdgapd ﬁt’é&}l&dwbﬁﬁl&ﬁrﬁu%d%@@rmalflah‘flatﬁ‘f{wfgvsnr%wﬁi ques
for the ass § n the art and i nclude, for
exanpl e, sa%ﬁ%ﬁmg?ﬁ%%ﬁg@%ﬁg bg ??1%&8%15{\21‘1”@%@ It is within the scope

of this idvention to |nclude any second anti bodi es (nonocl onal, polyclonal

or fragnentg,of antJbodles) directed to the first nentioned antlbodles
di scussed 20hsEB¥udInggroRR %ﬁrgmﬁ@tw%&ﬁl&fsgﬂ@é&W%ﬁﬁ%hﬂi@om@wfd@@@%hc

T s S e e R e T ST T

i ncl udes any anti body specific to any regi on of sphingosine kinase. 2S Both
pol ycl onal and nonocl onal anti bodi es are obtai nabl e by i munization with

t he proteinThe Cﬁéﬁﬂlﬁowmwé@mﬁé&f ey @ithfﬂelmld@ﬂfélvﬂ@mm’lﬂl@-zebﬂlseulfe@r
bt bot.
| o2 gy B hlEn PRSP LRl BLLOR, DOL PR3O, 3F1R,SLBgHEL ok 11

prepared by injection of a suitable |aboratory animal with an effective
anount of sphingosine kinase, or antigenic parts thereof, collecting serum
from 30 the ahhw@wlg@ﬁdsngwﬂaﬂnmbﬁsbbtnmﬂmdssmaabymanywnﬁhyhaoknmmmodomeC

|nnunoadsorbe t te hni hou bodles roduge nmet hod are
LT vabr o Pdor IERARERER: deypER R giaR SiC aSmormsha oty Ty ar o
general 'y | gggiphawewigthBecatl o oﬁrﬂﬁ ROLERLR pHREBIRIGAREL ¥nRhrilld8r other

product. The use of nonoclonal antibodies in an I mmunoassay I1s particularly
pr ef er r ed Shewhstissedmakimi; atbnhattoyx af cnnqncmmlhdtm‘latmem msmg érchprouantiibéresaand

t he honogenei of the product.. ratlon ridoma cell, |ines for
nonocl onal g’r‘?ﬁ ?1058"(’?3‘?”]!)?18 YS?"EWO&& E?“\Vgcﬂ’ﬁg‘i?/ FEEURGE ‘Pf L enarfg‘ Ctrame%rl l'ine and
| ynphocyt es h§giskid] [ a e done by

t echni ques mhﬁ@ﬁ éigﬁagﬁgﬁnﬁgaﬁkgﬁC&%gggﬂwﬁgk%Pg ki §%&ﬁ¥¥ﬁ€'gpart (See,
for exanple Douillard and Hof f man, Basic Facts about Hybridomas, in

Conmpendi um gf 10 Invnunolo~~ Vol |1, ed. by Schwartz. 198l: Kohler and "
M | stein, Ni ophag ey U%gaam@@mfﬂi@?ébvac_fmw Fridatian vwth NrRjasosggcimgmide
511-519, 999

of the prosentq el BrHaShaReRRE il bRl S oI R o Ry 3B G
appl i cat i onTysusate rasidbdreortihagries hsnd)fmagubmltei%ﬁ%ywmbnk&ﬂat@rahﬁwﬂahm thy
sphi ngosi ne ki nase., Yet anot her aspect of the present invention
contenplate§”§1ﬁéﬁﬁ%ﬂwﬁﬁﬂkﬁg¥%@@Ymg sphi ngosi ne ki nase or sphingosi ne
kinase nRNA in a biological sanple froma subject said nethod conprising
contacting said biological sanple with an anti body specific for

Modification of the imidazole ring of a histidine residue may be accomplished by alkylation

25 with iodoacetic acid derivatives or N~carboethoxylation with diethylpyrocarbonate.

Examples of incorporating unnatural amino acids and derivatives during protein synthesis
include, but are not limited to, use of norleucine, 4-amino butyric acid, 4-amino-3-hydroxy-
5-phenylpentanoic acid, 6-aminohexanoic acid, t-butylglycine, norvaline, phenylglycine,

30 ornithine, sarcosine, 4-amino-3-hydroxy-6-methylheptanoic acid, 2-thienyl alanine and/or D-



20 sphi ngosi ne ki nase or sphingosi ne ki nase nRNA or its derb%?ifﬁei &y
honol ogs for a tinme and under conditions sufficient for an # Cra

ant i body- sphi ngosi ne ki nase or anti body-sphi ngosi ne ki nase nRNA conplex to
form and then detecting said conplex. The presence of sphingosine kinase
may be determ ned in a nunber of ways such as by 25 Western blotting, ELISA
or flow cytonetry procedures. Sphingosine ki nase nRNA may be detected, for
exanpl e, by in situ hybridization or Nor20hern blotting. These, of course,

i nclude both single-site and two-site or "sandw ch” assays of the
non-conpetitive types, as well as in the traditional conpetitive binding
assays. Thes®wnassaysnaloseidsnel lidef dhigtial Hndiaeg @htedjiabehbeth i%@hé')\t?ff?@%/ to
a target. 3 Q ~ OCT 2Q®8 39 Sandwi ch assays are anong the nost usef ul
and connnnlahaged assays and are favoured for use in the present invention.
A nunber of variations of the sandwi ch assay techni que exist, and all are

i ntended to be enconpassed by the present invention: Briefly, in a typical
forward assay, an unlabelled antibody is imobilized on a solid substrate
and the sanple to S be tested brought into contact with the bound nol ecul e.
After a suitable period of incubation, for a period of tine sufficient to
allow formati on of an anti body-antigen conplex, a second anti body specific
to the antigen, labelled with a reporter nol ecul e capabl e of producing a
detectabl e signal is then added and incubated, allowng tinme sufficient for
the formati on of another conplex of antibody-antigen-I|abelled antibody. Any
10 unreacted material is washed away, and the presence of the antigen is
determ ned by observation of a signal produced by the reporter nol ecul e.
The results may either be qualitative, by sinple observation of the visible
signal, or may be quantitated by conparing with a control sanple containing
known anmounts of hapten. Variations on the forward assay include a

si mul t aneous assay, in which both sanple and | abell ed anti body are added 1
S simultaneously to the bound anti body. These techniques are well known to
those skilled in the art, including any mnor variations as will be readily
apparent. In accordance with the present invention the sanple is one which
m ght contai n sphingosi ne kinase including cell extract, tissue biopsy or
possi bly serum saliva. mucosal secretions, |ynph, tissue fluid and
respiratory fluid. The sanple is, therefore, generally a biological sanple
conprising 20 biological fluid but also extends to fernentation fluid and
supernatant fluid such as froma cell culture. In the typical forwa~d
sandw ch assay, a first antibody having specificity for the sphingosine

ki nase or antigenic parts thereof, is either covalently or passively bound
to a 2S solid surface. The solid sarface is typically glass or a polyner,

t he nost commonly used pol ynmers being cellul ose, polyacrylam de, nylon,

pol ystyrene, polyvinyl chloride or polypropylene. The solid supports may be
in the formof tubes, beads, discs of mcroplates, or any other surface
suitabl e for conducting an i munoassay. The bi ndi ng processes are
wel | -known in the art and generally consist of cross-linking covalently

bi ndi ng or 30 physically adsorbing, the polyner-antibody conplex is washed
in preparation for the test sanple. An aliquot of the sanple to be tested
is then added to the solid phase conpl ex and 0 6 aCT 2003 -ao incubated
for a period of tinme sufficient (e.g. 2-40 m nutes) and under suitable
conditions (e.g. 25C) to allow bindin of any subunit present in the

anti body. Follow ng the incubation period, the antibody subunit solid phase
is washed and dried and i ncubated with a second anti body specific for a
portion of the hapten. The second antibody is linked to a 5 reporter

nmol ecul e which is used to indicate the binding of the second anti body to
the hapten. An alternative nmethod involves i mobilizing the target

nol ecul es in the biological sanple and then exposing the i mobilized target
to specific antibody which may or nmay not be 10 |l abelled with a reporter

nol ecul e. Dependi ng on the anount of target and the strength of the
reporter nolecule signal, a bound target may be detectable by direct

| abelling with the antibody. Alternatively, a second | abelled anti body,
specific to the first antibody is exposed to the target-first antibody
conplex to forma target-first anti body-second antibody tertiary conpl ex.
The conplex is detected by the signal emtted by the reporter nolecule. 15
By "reporter nolecule"” as used in the present specification, is neant a

nol ecul e which, by its chem cal nature, provides an analytically
identifiable signal which allows the detection of antigen-bound anti body.
Detection may be either qualitative or quantitative. T he nbost comonly

N 1 e I T T o " S L o



20 radi onuclide containing nolecules (i.e. radioisotopes) and

chem | um nescent nolecules. In the case of an enzyne i mmnoaﬂﬁaﬁﬂ]'am[}gnzyrre
i's conjugated to the second anti body, generally by neans of gl utaral dehyde
or periodate. As will be readily recogni zed, however, a w de variety of

di fferent conjugation techni ques exist, which are readily available to the
25 skilled artisan. Conmmonly used enzynes include horseradi sh peroxi dase,

gl ucose oxi dase, beta-gal actosi dase and-ali kal i ne phosphat ase, anobngst

ot hers. The substrates to be used with the specific enzynes are generally
chosen for the production, upon hydrolysis by the correspondi ng enzyne, of
a detectable col or change. Exanples of suiAmige enzynmes include al kal i ne
phosphat ase and peroxidase. It is also possible to enploy fluorogenic 30
substrates, whieh yi eldafluorescent pr oduct rather than the chr om)geni Cc
substrat es neloeGorlPYEnall N all c , the yne- 1 al | ed anti body i dded
to the first antibody hapten OQ§%§G_~ zogg%égﬁﬁ%ggﬁhallomed to bin f%and
then the excé®dnt&ddent is washed away. A sioliuticith containing the
appropriatg substrate is then added to the conpl ex of

ant i body- ant irgemantt ; . ; i

to the second-aantitvodiz,acgi vi ng a Apsal i t ati venvh@mahiaghgnal , whi ch may,,be
further quantitated. u %ally spectrophotonetrically, 5 to give an

i ndi cati on o?‘?ﬁ'&”"dﬁﬁ%gy BHYRpt eIg#I ch wad-Presslitrgininet he sanpl e.  Nmarg
"Reporter noiRmdtRlo ext ends use of ;cgl lutination or inhibition
of agglutination fhéﬁ6%§ered blogéﬂéells o%’ﬁéﬁ%@ﬂ%géﬁ "“and t he IiE&?mm

Al ternatel y, c#bagtéscent conpounds. such as-Rimwhesphiicadnd rhodani neumagy

be chem cahl y..-10; .ed.to antihodies withaut altering their bindin
capacity.qghéﬁ$gg§$§§%€%l y illugﬁﬁation mﬂgﬁﬂWﬁkwﬁ“%W“h.particular meys
wavel engt h, gheofdrbamechr one- | abelokied anti lqu;(n@q;;%q[,tlg%i,{ehe |'i ght engggyin

i nduci ng a staﬁe Eg excitability in the nol ecule,” Tollowed by en ssion of
the 1ight at“®"®H&Acteristic color visual LyNdesthedglasmic agid h a | i ghtNmglu

m cr oscope. ldhBxdieniEd A, the fl uorescent ekl,ed anti.no is all to
bind to the ??r st };ﬂ'??{g%dy 15 hapten conpl g}(l?)paA tﬁ%%%%ﬁ%’){%ff theq\\ftfvﬁl ound
reagent, thecxcopantiialgineerti ary €pepl ex | sLiltertexipskacinto the | i ghtngfle t he

appropria avelength the fluorescence observed indicates the presence of
t he hapteggop@¥%¥§%est. Innunoflﬁ@fescene ﬁ&“ﬁpﬂﬂﬁgéﬂhiques are bothmlgery

wel | establiBhegning the art and aag parti culdidamypighéerred for the pggrent
met hod. Howeyer, other reporter nolecules, such as’radi oi sotope,
cheni | umi nesYéifard72%% b ol uni neBesnt ol ebdf-ewthyimsthishze be enpl oydnmhe
present inveptdygmindl SO cont enpl ahgs, geneti ¢ ,ass such _as invol ving, P
analysis to dé?ect_sphingosine kPn%%e or i g@ éﬁ%®§¥F3%§? 25 Furthe3““q§ :
features of PtEutypmsent inventi oRghr e noreLfNinephyltesadlinbed i n the folhew ng
non |imthegne k%%% 0 6 OCT.2DP03 EXAMPLE 1 PURI FI CATI ON AND CLONI NG OF
HUVAN SPHI™N I’KIASE EXPERI MBRIFAL PROCE YiorRighigg i al s Nmorn

D-er yt hr o- Sphihigdgiene, D-erythroDmshydrosphhmggﬁijmgPe {alan; .
DL-t hreo-dih dn@i@hingosine, N, N_di nmet hyl s hingosine?yﬁﬁg?gylsphingggpwg
(C,-ceram'de%iS e and Funosi nDHel were pi¥-oitisdmolincom Bi onol  Res éénpro
Labor at ori esplifgine( Pl ynout h Meet g, PA). Phytosphi ngosi ne,

L- a- phosphat i dic aci d. L-a-phospEatldyIinogit8F$%@?5 90 phosphati dy/™¥Bi¥ ne.
L- a- phosphat Pdydieghol i ne, L-a- pho®isat i dyl eLRaunedtafthianine Nmthr

1, 2di - |, 1, 2-diol | -sn-ql |, ATP I i
21 octangybognsghaygerol . 1, 2- dfgl goyl -snyglycerol | ATP, cal modulin,

gl ut at hi one an Y

D-omithine Dom L-N-methyltyrosine Nmtyr
D-phenylalanine Dphe ~ L-N-methylvaline Nmval
D-proline ' Dpro L-N-methylethylglycine Nmetg
D-serine Dser L-N-methyl-t-butylglycine Nmtbug

30 D-threonine Dthr L-norleucine Nle
D-tryptophan Dtrp L-norvaline Nva
D-tyrosine Dtyr a-methyl-aminoisobutyrate Maib-
D-valine Dval

a~-methyl-y-aminobutyrate Mgabu



serum al bum n (BSA) were from Sigma. N, N, N trinethyl sphing h_?@c?ww
wer e purchased from Cal bi ochem (Band Soden, Germany), [V :ﬁ r

Genewor ks (Adel ai de, South Australia), TNFa from R&D Systens |nc.

(M nneapolis, MN), and 15 isopropyl-[i-D-thiogal actoside (IPTG from
Pronmega (Madi son, W). Prepacked Mono-Q Superose 75 and H Trap-Q col ums,
Q Sepharose fast flow, cal nodulin Sepharose 4B, gl utathi one Sepharose 4B,
thrombin and gel filtration nol ecul ar nm&8s protein standards were from
Amer sham Phar maci a Bi ot ech. SDS- PAGE nol ecul ar mass protein standards,
silver stain plus kit, Coonassie Brilliant Blue R250 and Coonmassi e protein
reagent wer B-@enetiryommBio- Rad.  CanhiilhCcon COoNgEMLkAlOSy MBRGPUT chasegy fr.am
Am con knc. _(Beverly, M) and BCA protein reagent was from Pi erce Chem cal
Conpany ( RoPr¥8IEHY!drginine. sphi hgddnsre ki nasemehylpyeomssdafarixhi ngosi nelckémase
activity wag. g9l ermn ing D-erythro-sphingosine and 25

[y' 2P] ATP a? iﬁgg’t\ghg Z%ahsl‘%gﬁ%assent ﬁ?#}ﬁ/ as praéwgthﬁlé?'yaﬁggﬁlgplﬂgd (Q i veVana

al ., 1998) Wra-metuymparodi fi cati dnsaspBri ef loymedgipaysilinvaie performed Pi¥en

i ncubat i ng Bgm_&l %Sfl att 37C for 3Q min wth _sphingosine (100 pM stock

di ssol ved”i n BY TPIPBATX- 100) and™Py 3zP] ArE-gninamgyigyses | ) in aNsly
buf f er cont BigdmethyldamMeTr i s/ HG pH 7. 4)>_10: = 10% (v/ V)

gl ycerol) 1.mMdithiofhreitol, | rl;lrﬁ\l/lﬁEGTA, Ql("n#lﬁag%v Cé“n%/l NaF, 0.5 &% mw
4- deoxypyr i HkMagyiistdineot al  vollumliis of | ON-(F4minReapgligysnarer e t er riNoat ed

and sphi ngogiNgieds te extr ed by e addition of 700 I x| of
chl or of or m net hgngﬁﬁ%}%m ~ ~ llif:203 (1 -?rglgg?dime@y\p)ugrqt& | owed pmaabu

vi gor ous ni Riongethaleiciieon of 20@mulku of Ch|aQ{athgraIIBnﬁi&d 200 pl of 2 MKG |
a

and phasg,sgpar a%'i Rn.bey centri fhg@ti on. The eled S1 P in the organic
phase was iSOl Afed BY'TLC on Si H¥H Gel 60-dingrelcivat anol / et hanol / adphd ¢
aci d/ wat er D8i-RethyRnetMbNihe and queapthd:t at ed (. ' (Mol ecul,ar
Dynam cs. Sunnvval e, CA). eChe uni t S{ (Y gﬁwa%p%\éﬂ{%ﬁ)%!%gﬁ ned asu#ga]BnDI
of S| P forredehslomithing e. Pur Dhiccat i on dF&pibzinpyesiyiiglkimase f r oridshonan
pl acenta SphiNGes J was nified m 1.240 f human placenta (4
pl acentas), with g{&ﬁe‘{é{!ég%g%perfg?"yr%a at 4g'&ﬁéboﬁp%fggfﬁié‘§”%re di cedslt
washed i n bfefeethfp(dtBenM Tri s/ Bapto 10 buiN-@ErboRfthefhyh) Bl ni ng 10/ v)
gl ycer ol 1 OI?_OS%&EW' ton X-100 and 1 mMdithiothreitol), transfered to 1.5 L
of *fresh DufPer RS ni ng a p5flease i hhevslobawlstysistet ai | ( Conpl ethéebut ;
Boehri nger hanmbaimreddisd fer B) ppapd m nced. |.aring bl ender. T

resul tant honogenate was stored on ice foﬁdcﬁ',ﬁgﬁl&ntpllggkgﬁhance enzyrrell?gi]ep
ext racti on, Dan@ethyéypiopban e frabrmitgn of t hecyobiregeyiadies t hen i sol at adeHay

centri fugatpqn , g for 60 mn. 1 Thj reparation was then
fracti onat e%%%?[%ﬁg@gsm preg tati onﬁbvcloa%& %G on of sol id Nedec
(NHQ) 2S04 alb-cptktitylalared col | ect Dafvapf t he NXGUBdd-AeRAiHRN Ot €I NS bY Nedad
centrifug&t%&g g&\g 00 g, 30 mn). The 2S-3S% saturated (NH ), SCa fraction
was then”t edi SESIVEENNE a buf f ePnmalagesal Netyclspclelisinsi ve di al ysi s Mgst nst
thi's same bdN-gkthyRRdn@entrifug 000 ' to renove insol,ubl e
material. All subgeg‘gent. chomat gg?‘g%%i c spgcggég%%%& ‘ormed usi ngolgﬁx%
FPLC syst el (\Prathxizcpasagdiot ech) DamasC. - Theciuadecsigtlc(iiHd) 2S04 f r agéinan

was appliedyip ?1%98 rose fast flow co SO dianter, 250 i bed
vol une) pre-equi i ?[)ar at e% Wt h b@ﬁ%?p A at @@-@Ww@w&s‘m% / i n. Nbhm
Sphi ngosi ne>d-mathgicgaeingi ty wasDahiated W Ni3a-M8kend oBRELOf O tQude Min
buffer Aand.2S élollected in 10 m fractig\]ﬁ(s. (I!?ra_ap ipgdé@gjcg?r%tnaei ni ng htljghest
SKI acti Vi ty VEFEYIENEM8Snhi nedPragin cad N-Gratanidoopegibglycivegi ve fNagl
concent r at iDMsmethybliihand 250 i fespectyme ? | 0ol ed extract,,,was

i i & N Ao B9 O bed

then applied to a cal nodul i n- Sepharose 4B ¢ nm dManet er,
vol ure), pridNeggthylestidined wit h Bofther A cowthadrokyghyd)siveicadl 2, at  anfdrow

rate of | AT RnE um was, then was i th several columm 30 vol unes
of equilibration %u‘lfb?%”(re%fm | om@&"@;‘? buffg‘gg'ﬂwéﬁﬂi"é'i?'ﬁﬁ}@y%“w EGTA, Nhig
then SKI elRtethethytibucinef fer A cDamddni ng N-OMNhESHBedidedcilt NaC | . Thep
fracti on§oo[9_ﬁq_%ie@1i ggﬁl a s ocr @00 _~4_ highest sphingosine kinase
activity were poored “desal ted DA SephadeRethylov-amigioptratand appl | Vehgabu a
flow rate afi-rictiyldy@ohetydalaniMd NONRHOINM (NI ' F.. 1 Ml bed vgl une
pre-equili géged with buffer A _Sphi nagosi ne Eﬁﬁ@gﬁcﬁ%ﬁ ty was elu gré‘mv{?'/l}t h
a Nad gradP@nmetglopiting M i n Pafosr A Na@ethyleydos@tylatidinnas | nmeNipead y
added to thendimediqrs 5 (1 m) |l ectedtQ stahilise enzyme activjity. The
Mono- Q fractions contai ni ng hi gﬁgfs%t sphi né)o]gTrﬂeé%aW'?%@‘a&&q vity vverb“ phe
conbi ned and desalted on a Sephadex G 25 columm. ATP and MgC |, were then
added to the pooled fractions to a final concentrations of I mMand 5



mM respectively, before reapplication at a flowrate of 1 m/mn to the
Mono- Q col unmm pre-equilibrated with buffer A containin2 1 §§ AT 2088 5 mv
Myd =. Sphi ngosi ne 10 ki nase activity was eluted with a NaC 1 gradient of 0O
to 1l Min the equilibration buffer. Again, NaC 1 (to 500 nM was

i mredi ately added to the fractions ( 1 m) collected to stabilise enzyne
activity. The ATP-Mno-Q fractions contai ni ng hi ghest sphi ngosi ne ki nase
activity were pool ed and concentrated -13-fold to a final volume of 200 ul
in a Centricon-10 concentrator and applied at a flowrate of 0.4 mM/mn to
a Superdex 75 15 colum (10 mm di aneter, 20 m bed volune) pre-equilibrated
Wi th buf f erNnettoinginoisoigna®@ mNaG 1. SppRlLggesisokidnase activitypwas

el uted vvitg\]the same buffer and 0.4 ml fractions collected. The no ecul ar
mass of theVehFrHy RiaR Edineat etlilt r om t hi B-Noiethmisebye conpar i son t oDnhger

el ution volyure A7l as chynot rypsi nogen A _oval bum n and BSA.
20 d oui ug Nb?e ﬁ&%%ﬂrg%qgi%&gngsi ﬁgéﬂi uase T%é'\ﬁ)mfﬂﬁﬂﬁ?ﬁm‘i”ﬁgosi ne ki naS8MEKSK)
was anpl i fildN-fedmigpdpvEC ~, ZBpmePNA | i Kr@nyethgéing)dRmer i ners degived
from hun@&g s%g ences (GenBaISK"" accessi on nunbers D31 |33, W3556,
AA026479, 39791 VRABB1152, APTB9914 and-mgtrdooanthylaprigned 25 t oMrasap

muri ne sphilhgbgskemeivkiimases (A i pgheyet al NM@‘? primers, ﬁpnaréni ng
a central Sael]l site (Pl, 5'-CGGAATTCCCAGT -3" [c400>3] and P2,
S' TAGAATTCTIARBIRRRS STt GGCT- 3' Gibed00>4] ) N-(mesydrowgmetnyliglotmbi nat | oNhyirt h T3
and T7 prinerg,ti9ggRerate two gyerl appi CR praducts of 669 by and 550
by that repr engir;ggg the 5 and —gq\{l"—“ends opﬁﬁ@l@,mﬁ'@g Tvely. These™¥o PCR
products wdrehylhgnin80 separ at el krgcl oned ipdnilR@EMAZ. A 584 by Sacl pgy,
fragment,from toh%FS', ASK, PCR clﬁg_% was then sub-cloned in the correct

ori ent ation I HEPEREAIENET | si ¢ the 3 Lwgketbdraginene, to a s Mafa 2o0a~
generate aLlel@thytg@atet i al hSKGDNA cl one, A f th cl one engpdi ng
hSK was then genéerated by sub-clofing a 128‘@;} )Ié%:%)ﬁ%aﬁgtgul f ragnent 7om t he
669 by 5 hekmethyspaiio t his PeEWZ- | 130obyetbylormtdglgest ed with Mtbug

EcoRI| Stul [ _5 j the cDNA,clone in bot irections verified the
integrity of '?ﬂ;e:r]]%IS(&gBNA sequenges. : ForL'ﬁﬁMﬂ?i@ﬁY@é‘? | expressi oM¢tthe hSK
cDNA was FlLAGrefliigpemiegged atMjlhe 3' - endobyetifiklupglayrer ase PCR \Aq\,fgh_,

ol i gonuc tide priners T7 and .

5' TAGAA#FE%&%?&R‘I‘ CCTTGPA CT AAGECT Tt Baomirngalapiagd 00>5] Mhphé s
FLAGtagged,-&LSl{gty@DMem then qljphed i nt gy f:l;?{gﬁ, ) i ..on 10 wi.th
EcoRI. The orientation was determ ned by r'gstrl gétﬁ%ﬁﬂgﬁgﬁé}g?s andV\’Nmet
sequenci ng bumcthydleuginee i nt egriMipuof t he h8KndthyAGsieDNA sequence. FMiys
bacterial expregsi . full J.ength hSK ¢ S . sub-cl oned into pGEX4T2.
The pGEM4Z- hSK ?ﬁ’gﬁghiﬁg@%di gest%ﬁ'et\?\ﬁth Bgﬁﬁrm%{h‘g“%i%‘ﬁ%d with 3U pMyle

pol virer ase LraniethyliiFulinaf f er, 5@ dNTP' 9 _atmetRflof@thind0 m nutes. Thel | 63
by hSK vvasﬂg{ﬁclth.agrli fied follow ng digestion with Sall and 15 the . .
bl unt/Sa# LAl “hidlaAen | iNMeltted to gemxactdyimmling Xhol . Spl : i ngblprme

Ki uase am nox-atgisggdaence analpyghs The Qﬁ%ﬂetﬁﬁm&%ﬂ% ne kinase aM‘tho aci d
sequence was searched agai nst non-redi ui dant am no acid and nucl eo e
sequence daraBidwdngtonhae Aust ith an Nat i lonahetBgnemsne20 | nf or mat i oMeger vi ce -
using the blasgi @,L bl astn algorithms ( schul et al. 1990). Cell
cul ture Human uw S%I vein en ‘(')a[lhel i al corpethyeperlenyiglaaincs ol atr banhrke
previ ousl y Na@$€2. 2 dgthetidéehil) el  @Ninbhnl978) 1aqe-GUldipked el ati n- cegted
culture 51%%55 in g%i m M99 with 25 Earle's sal?lg gt?g(g?ygrrented wth 20%
fetal calr “H8PHHe FI¥f endot hel i al grgvamyboghyligiyaine (Col | aborati ve
Resear ch) amdrlﬁﬁy-pgﬂzm-dipﬁd}?r_jqﬂ,bcThe cells were passaged three tines and
grown to 80% confl uency before treatnent and harvesting. Human enbryonic
ki dney cel FEYEIEIQOSE0PIIPREE CRL-1573) cells were cultured on Dul becco's
nodi fied Eagle's medium containing 10%fetal calf serum 2 nmM glutam ne,

0. 2% (w v) —sodrum 30 bicarbonate—pent-et-H+n—(1—2-ng/ ) —and gentanycin
(1.6 ng/ M CrodsEKRAS caiebd Ssedefod ekiapiel ®tdMliderANss aeLed;disi al ci um
i 3 RS Rd AdE,

phosphat?%r gﬁm ﬁ]itnt ﬁti on net hod (G aham & van

1 973 ). R tpnabgroplingers suelasibxbFanaminakinviiio bst@NFaving (CBR)TkpaceBgroups
perforned {g Vil QLS I (X.,a e~ crl., 1998). EXAMPLE 2 EXPRESSI ON
RAD § ST B e R N ey s i auskanonpio-bigcriona

EXPERI MENTAL PROCEDURE



The full length SPHK cDNA cl oned into pGEX4T2 was transfornedpgngﬁ 5&1 ol
BL21. Overnight cultures ( 100 mM) of transforned isolates we Z ith
shaking (200 rpm at 10 30C in Superbroth (20 g/L glucose, 35 g/L typtone,
20 g/ L yeast extract, 5 g/L NaCl, pH 7.5) nediumcontaining anpicillin (100
ng/L). The cultures were diluted 1:20 in fresh nmedium and grown at 30C with
“ shaking to an OD6oo of 0.6-0.7. Expression of the gl utathione-s-transferase
( GST) - coupl ed sphi ngosi ne ki nase (GST-SKR4was then induced by addition of
0.1 nmM i sopropyl - p- D-t hi ogal act osi de and further incubation of the cultures
1S at 30C for 3 h. After this tinme the bacterial cells were then harvested
by centri f ugBRRYHS ¥hich, B0alycdngrin 20 amiim-adacdi@ rBoidty REK SPRNARE0NRuR i dof
buffer B con&&{giﬁ% 250 MM NaCl. the cells were then lysed Wth |ysozyne at
a final concéntTatiof oF WS yfauvESOs nin at 25 C fol | oned by

soni cation, consisting of three cycles of 20s ultrasonic pul ses foll owed by
one mnute cooling. The |ysate vvas then clarified by centrifugation at

50, 000 g f or TSn@leinheidanoldile bdihk prednibyivétitoh 8 ieRGHH 1OMERR- f38n BM; pated
filters. T @e fiILereg super nat ant was then incubated with 0.2 vol ungs  of
50% (W V) §| Y HrF BB Bap A FHRFESSI (oFr Maciis)atedias meast anashedadid cholecule

pro-equili brgs 1 f for-60.mn at 4C with caonstant_ m xing.
After this ti r}g“j%ék{lne&e{:r%og? SE ga%%ge g&fléa R aélddf‘:‘éié%CQfWF‘b‘ﬁﬁ Y HHyI% ol um

(10 nm di am 9xagpde, e coegasitionicompbiotandh B8 1‘(@@5\&% WhhO et

vol umes of buffer 1B€}ﬂt 4C. 25 The GST-SK was then elu ecd %lerj‘cnodtcﬁg&go le?h in
10 m of bufHEIETEPEaeas abery 200, mare erafereblygl leasttabbarid%, Glilaxag @refbrabheatGST
away from spbiRdesi:a8. 46k then performed by incubation with 20 Irg
(30N Li oy e O PO R B ST e PG 55 e w06 e et more
sphi ngosi he peefesebdy §RS0%NRNr @i JfisaBicbymARRM iCaL] f | €%, L0
a cal nodul i n- Sepharose col um and tﬁ’en a Mono-Q g‘r%‘?g% fg‘%gﬁ%ﬁogtgfﬁ%rgﬁ%%npgﬁs
the 30 puri fadstsraHcd by mpeleetai wejgkt pecddingaesavity, oncleoidnscglhagentae These
col ums res%o?rﬁ%séti@&#ﬁ%i ggti on of the_lrecorrbi nant sphi ngosi ne ki nase to
honpgenei ty. ~ SCCFFRICEYIEAE [ReauaRcErERpgkTiiont dr [sPHInNGashiEn
KI'NASES - EXRERIIMDE AnsPRREERDURES f& el f,aH op the activity of the
i sol at ed sphi ngosi ne ki nases was deteeﬁlntﬁ)ggﬁ%’e{ra t{e%g!)lpg)ﬂc?lgn% “4.0to 11 .0
in 50 MM buffers (sodium acetate, pH 4.0-5.0; Mes, pH 6.0-7.0; Hepes, pH

7.0-8.2; {«gi l . 8.,2510..0: , pH10.0-11.0 t 37C. pHstabilit
was det er 1n;|r Ir;[z{& lé%rf/ﬂ a‘grgl-{gﬁﬂ ﬁ&o?iﬂgeﬁ@?%mﬁ 1@ ERGaRays H;Ptﬁgﬁs, pﬁbﬁpbgtixiﬂzagd :pnlatci%rlls.
th THe prbei r ipilarly, th |

St abil 1] s wa e R O B lr i Roridbed Sl Ak Fonsti A RRge ot

pr e- i ncubat ingleafles fueede Hulerk boad masthamsd LoRenad 1188 picdeiBARh £04m30 g at
M NaC 1 and 0. 0505

pH 7.4 (SOWX TJi s/ E%é{cont ai Ei ng 10% glycerol, 0.5 | _

Triton X- | 00P SstlfeYPSIHKIT G PSP idsse PalipenfidesionmoteinsMRetierehdeshauingfeer to-a
Ki netics W t'frodeineingftlieds BRJsil; | . Sedressi on program (Easterby, 1996)..
Si nce sph%lnggsi ne and | t%Ban‘%{ng‘ﬁ‘@@S%r ese%%%l@‘élof%ng‘ﬁé":@%ﬁmﬁ a5 dgUGE n

mi xed m c¥ laswcigtedwill bthenmsictORs swtedseandio bBIAY, IBMdDbirbSWdrAEEodbthlt | ON

Ki netics (Buehr.(gt;r§ a(gd Bell, 1992), all Kmand K &iflgl’uers dbtgt?ngdbt#lgé t hese
mol ecul es WEFRIESRpPEEREBHIG OTRIPtemasof Triton X-100, rather than as bul k -
solution concentrations. For assays to determ ne the effect of

cal ci um cal nodul i n on sphi ngosi ne ki nase activity, calciumand cal nodulin
were added tlmatpheicsiadn pasidred s@poditneht RS EMGAL B 0(;9%3 ¥ %ﬁj at ed
sphi ngosi ne kjnase at. final concentrations of I4 nﬂﬁglrll 0 %dl%

respect i vel yPVEZAREL Eascar MERNANR VR RCAonNERHERS e BerRe of eiiticvidesde ker fathed

usi ng ei then, Lh Yol i e-Brilliant g%ue .Bradford et ai., 1976) or

Bi ci nchoni ni ¢ ag?ﬁo( rérf‘randSe ?ﬁ’gtelg %rl analogys er?oefg@%lwﬂgg BEPplgoESequenaedBded. | n
sone cases prmidaitptes4(ordti ons were performed after concentration and
removal of detergent by precipitation (Wessel and Fliigge, 1984) to
increase the sensitivity and accuracy of the determ nations. SDS-PAGE was
performed agcgLsl method of La i (1970) 30 using 12% acryl am de
gels. Protein ‘Efgér?gge (B)fr)la é‘g‘f %‘C\ﬁéﬂaem%%g‘ﬂ}ﬁIogggd”@ﬁef"’rﬂﬂé?ftt}?@ral@d@ﬁhléﬁ angypleicldceht

Bl ue R250 omaedulecspablalofhyidiek 8 HhaEic TS 4cE 54 LR8P LG PR I 1 O
e

30 stringency conditions. Preferably, low stringency is at 42°C.



0 6 OCT 2003 -4s el ectophoriric nobility of myosin. (3-gahi§3gai?agp. BSA,
oval bum nm carboni ¢ anhydrase. soybean trypsin inhibitor, z and
aprotinin. EXAMPLE 5 PURI FI CATI ON OF HUMAN SPHI NGOSI NE HI NASE - RESULTS
Just over half of the total sphingosine kinase activity in human pl acenta
was present in the cvtosol after tissue honogenisation (Table 3). The
purification of sphingosine kinase from human placenta is sumarised in
Table 4. The soluble fraction fromthe-&baogenate of 10 four hunan

pl acentae was initially subjected to amoni um sul phate precipitation. This
resulted in a remarkably good purification of sphingosine kinase (33-fold),

whi ch preci ph¢ alidelc anidihelc2de dhoteaiouica i€ th MRRIdAVWt PARDE: Jffe%ltegﬁﬁ?j f[F or
p y

=

ani on exchange chr omat ogrg}f)hy_t e amoni um sul phate fraction was rapi
desal t ed t hP@bghotiheellitcen. df cdd v agekar@s bl (eanyeasttetl hdunes ablie thstetaetis,on

| oaded i mredi Iy nto a Sephar.ose FF. 15. col . Th eed of this
desal ting st S%Ergapl)%légtrﬂtésdmc?l%licggf : fo]ﬁ&é'c‘gﬁeacéﬂglﬂi)ﬁggg lnif’é’%gﬁ%ééfg A dpsegiory
appear ed vesthetwlsd abda@l WG n&dae 8t Wlééﬁ@erﬁ@ﬁiﬁ@’_aﬂ@tﬂ&t erfin?sVh 98P NG

sl ower desalting steps, such as dialysis, resulted in substantial 1osses of
enzynme act i sHample, agpdniat aeplote. df may NaCcdmprisdidenionalf ni@ldotdd sdduiencet infor@ation
Sepharose FE_col.u resulted in two peaks .of sphingosine kinase activih-,

el uting at g‘ﬁ%@&?ﬁ%&"‘e‘i’ VB HAd 8‘(1@1 lml%éicﬁt,tha%cpféotea@mabﬁ%@as@l@baﬂa
SK2, respecihkveind { kdrehi I : l.ected fot- further
purification due to irtﬁgnagnggfdgs. g@%%ﬁ%ﬁ%@%ﬁ%ﬁ%?ﬁ??&? b%l?fnﬁtgtaiv\?ﬁ%
appear ed vefyhanet akpressierdyeatn] iThe 18t embodintbnnfitilitaesprabidticsad r@dnitigant
addi tion of_0. 5N§ ad, 10%.gl ycerol and 0.05% Triton X-100. SKI was al so
chosen si nc@© f’\i%‘é’é%oéa‘etlﬁ & Yiyeh forss arepnprrarasprd hithrHovEEt invendoacussed

| ater. 2pgFractions from Q Sepharose FF col unmm contai ning SK1 were then
affinity purified by application to a cal nodul i n- Sepharose 4B colum in the
presence of Theve€aCinventiamektehdsttb eie @fprdSiibn paiduer srase Whdlbic BGTAARELINAG |
resulting in ftrrther substantial purification (38-fold) and high enzyne

yi el ds. SkiPEgpbeordeBedel uted fromthe 30 cal modul in Sepharose 4B col urm
with EGTA al one, indicating an unusual association of the enzynme with this
affinity matrix. The active fractions that eluted fromthe cal nodulin 06
OCT ~0~3 - 4EheSephasionerddict & spithgwahe kinAfM V85Nt 00898 d3BMdnE sdt PorkiV: -
subsequent steps of analystical anion exchange chromatography on a Mono Q
col um, ¥ t#00RE o8 sscoferi etz gpelobe prehamical heuiprlestamoaingtic therbb AT Refne SV

MsC I, (Fi : i f ti . | t.i A th i h
Steps’ wer e ppebon S IIBEhNE ol AR e Hotib it SGapS ot RSPy Jex
75 col um a$méadifynalat REs 10 @atiEesSHE8Re aciid inefhé'&ﬁglofarcgﬂetqmﬂﬁzeﬁg ls&rfﬁi't?%n a

single peak with a nol ecul-e mass corresponding to 44 kDa.” Analysis of the
active fractA08m2{or 8derivativefdrmaimetiolthigreofby SDS- PAGE with sil ver st ai ni ng
(Fig. 4) revealed a single band of nol ecul ar mass 45kDa, indicating a
homogenous protein that has been purified over a mllion-fold fromthe

or i gi nal 2(pl &c®Réras oAEe W 2a] P % Qf ).
‘original sphingosi _ﬁée&ki nas%béae?% {r@rﬁf@@.‘%&gl«eg@%&@%i@r@@@%@%qé;&ﬂ ffn the
sphi neosi ndiskrerssing®fbe purified to honmpgeneity from a human source.
EXAVPLE 6 SPHI NGOSI NE HI NASE | SORORMS | N HUVEC - RESULTS 15 Since two
sphi ngosi ne ki nase activities were identified in human placenta (Fig 2) we
exam ned t mul A igghéicd sk b LM 3y 1n H by. t he us f
preparati vg@ani on excﬁég%leg% %18{3 g%&%ﬁéﬁgﬁ%gggaﬁ%{% ag?]ﬁglrygﬁg&e ‘nca[] ¥ us“ﬁ%%rﬁand
cells, applicatiomuietidf@€otxtracts to these colums resulted in the
appear ange of only a single sphingosine

(i) A human sphingosine kinase protein or a derivative, analogue, chemical equivalent

or mimetic thereof,

(iii) A protein having an amino acid sequence substantially as set forth in <400>2 or a

30 derivative or mimetic thereof or a sequence having at least about 45% similarity to



20 ki nase peak that eluted at the sane point as the human placenta SKI

(Fig. 5). Sinmilarly, only a single sphingosine kinase peak BI8:/{J 2803r
application of HUVEC extracts in which sphingosine kinase activity had been
stinmulated by 10 min treatnment of HUVEC with TNFa (Xia et al., 1999). These
results would indicat” ;hat SKI, the human placenta sphingosi ne ki nase
isolated in this study, is probably the nmain isoformfound in H JVEC 25
and that TNFa treatnent results in an in¥rease in the activity of this
enzynme, rather than the activation of another, otherw se |atent, isofotm

0 6 OCT 200 -so EXAMPLE 7 CLONI NG OF HUMAN SPHI NGOSI NE HI NASE AND TRANSI ENT
EXPRESSI ON | N HEK29SiSCHY tcitiguiEShifS adidb sHrasn (501 GRSV Ay K LRSS 8:cC N, 8
generated from a HUVEF | Zap i bra_r%@usi_ ng prinmers designed from hunman
ESTs al i ~ned wi t FIHE'HLBT PSR pheaidrrogphi ngosi ne ki nase sequence (Kohama
et al., 1998). The cloning strategy is shown in Figure 6 (prov). The cDNA
has an apparent open reading frame coding for 384 amno acids (Fig. 7). it
shoul d be ndiwd tm@roteihen_smu@@caemlc@@lqeaseauéﬁ%%ﬂéﬁﬁbéug KA ODNSERRYS,,
notif raising the 10 possibility that the actual 1 nitiation sequence nmay
not be included idT¥VHiE FBRplogThécrph Phy ssiureccdnnadieg el gNgdd esubote a
protein (hSK) w th, LG jsoel ectric int of 6,64 and a nvol ecul ar
mass of 42,550 k%}ﬁg%ﬁlge%ttatgﬁgt %%}f?ﬁmi”ﬁaé“}ﬁﬂ 53%?15%5)%@“%%@%0@@@8% t he

purified human pl<d0er ar s pkivEs] 48106 LE A% EmE S duiv |- enhid. L PLY  REDNA3
and transient expression of hSK in HEK?93 cel &Ql}lé@%?@%ﬂbﬁﬂgog%ggp Py
increase in | “S sphingosine kinase activity in these cells (Fig. 8),
conpared wi unty ansfect ed HEK293 cel | s or HEK293 cells transfected with
enpty vect oi(‘?) i ndt @%?ﬁlﬂﬁn?qﬁﬁg Y ASugleireicid walendr capble efladdidising wethei ne

sphi ngosirte ki nas@clebtiedeqddcBal Yor it HPLAR-TLLA0sEect ed HEK293 cel |
had 3200-fol d hi ?her Ieveiqs of sphi ngots]fngjbl?ilﬁséggegg?ifmqrf,na Edat ugger

these cells withloRFangesaylcoeditions and whict codderan hnkiRECASRS&uieAc SRBLARE gne
ki nase activity lé% 2 ZXI%ESi 'Iaé proportion (approximately 2-fold) to that
seen in untransf 86t RdMERLTYREF & derveivegy miNetic gheredf or an9esio adfissquence

i ndi cates the hi ghvihey 5 d hi ngosi.ne ki nase are.not
saturating the TNFa %eglileisttggog\ﬁg i@/gﬁ%ﬁ%ﬁn@ctaeréftsﬂzng?oﬁmgﬁ%‘ésem&‘é‘f’ [Agids BXAVPLE 8
25 HUMAN SPHI NGOSHBEE2H NASE ANALYSIS - RESULTS A search of the database
shown hSK_ _has a high am no acid sequence simlarity (28 to 36%identity) to
two recently identified Saccharonyces cerevisiae sphingosine kinases

(Nagiec et @}y, h998kind; her ESTs..encodi ng. putati ve sphingosirie
ki nase pr otg:)rls f%%?n %o Sc%gggﬁéaé%ﬁ% e%f%ﬁg%@l% ‘Cfgé‘ﬁé’tr Kubidiathanediagrn s
and , 4r abi dopi s fdmal.iana. Multiple A 6 OCT 2~~3 -~ sequence alignnent of
hSK with these honol ogues (Fig. 9) reveal ed several regions of highly
conserved am no acids throught the protein. but particularly towards the
N-term nus. (/NySear t in structures of hSK sequence reveal ed
three cal ci fjm)cal r%d&ﬁlr%s (ié]z%lr)llgérfl)g}la ARy (trgé’db%rd(é” RPTEFY) &858y 1§ 2 hptyggimegise
of the |28 14 tyfemA ([FI LVW xxx{ FAI LVW xx[ FAIl LVW xxxxx{FI LWY wi th net
charge of +3 to +6) spanning residues 290 to 303, and two of the 1-8 14 type
B ([ FI LVW xxxxx{ FAl LVW xxxxx( FILVW w th net charge of+2 to +4) that

overl ap betyge I 4 to |53.. Further analysis of the hSK sequence
reveal ed a posgf"ﬁéfq’zbﬁ#‘%g’r#g?ﬁ LBYERMCR S Brrferpbly injsglated fgrmh ByNisalatad hig sndeat a
dy’) that pmyibbavipplhdeadi at {dabeoddr bR d | £&L< L Q Proteal viic

cl eavage. Also identified were one putat |Cvéérgsééﬁej%fﬁsnlgs?ggﬁm?%ﬁlqtefmed’ for
phosphor yl aff3#P1%ibye qoaposision compdsing at lepsttabbiny F)9PKEhiBAGTHRAT, #c@éﬂa@l} ®ites
(at Thr='9¢ ' L= and r. Fig. 7). These putative phosphorylation
sites are a g%aﬁ Ot /f_’r?l?)r&pﬁe%})’!y)r‘?éE?ﬁ%ﬁ%}%)%@%esfm marepreodtdy at lsastabowtoifyh
the nouse ef@¥@enatilondtt PRIFGULSIaX least about 60-70%, yet even still more preferably 80-

o . . .
90% or greater of subject protein relative to other components as determined by molecular
weight, amino acid sequence or other convenient means. The protein of the present

invention may also be considered. in a preferred embodiment, to be bioldgically pure.
30



15 nore possi bl e phosphorylation sites: four for PKC, and one each for CKI
and protein kinase A that do not occur in hSK. A search of “dﬂﬁlﬁm

domai n sequences using the SMART search tool (Schultz et al., 1998; Ponting
et al., 1999) revealed simlariy in residues 16 to |53 of hSK to the
putative 20 diacyl gl ycerol kinase (DGK) catalytic domain. hSK showed an
overall 36%identity to the consensus sequence of the D& catal ytic domain
famly, and possessed 17 of the 24 veryZ2hi-ghly conserved am no aci ds of
this domain. hSK, however, showed no hompol ogy with the proposed ATP bi ndi ng
motif of this domain (GxGxxGx"K), although it should be noted that the

appl i cabi | i fhjicsphinposnalioteiaf ths prasen ATEriMdh8e § h8imR i fofdiassingtna! - -
1988) to 25 DGKs remmi ns contentious (Schaap et al., 1994); Sakane €t al .,

1 996; Masai "&f Ohfnore T@&é}liﬁs Eifrashreiatabiggethere Whereyhd sanof sphiverchimerdimase

sphi ngosi ne k4 £ al t i nd regions show ng any narked
simlarity trﬂéj lﬁi&%{%ﬁ%@g%@%@ s ‘it](("]%g%”ﬁl&lgﬁga 1?‘?’-!5\1“[“89%6\11 FapPed! Br ot ei n
fanilies (Shomstaltgheral ahohR0neValkar I 2dsi ‘ i ;
simlarity to the DK catal ytic donain?ﬁﬁgﬁogﬁgagﬁﬁ%ugﬁﬁﬁ%%#g%%H%%égfﬁgvn
l'i pi d bindi iFdS‘éﬂlnyﬁﬁphawsa@é@m@@ mpdecubtp fearthd onysve isanetereaRUhZalkE as a

l'i pid bindi pg.gompins, |ike PKC C2 or pleckstrin honol ogy domains. There

are al so no other obvious regulatory domains, with the possible ~ 6 OCf
203 exception of a proline-rich region at the C-term nus which has sone
simlaritv__to SH3 binding domains (Ren er al.. 1993: Yu et crl., 1994). .

EXAVPLE 9 57EXPRESIpOxpduge EecogtlinanabiinSEIna Kk GErmREGRMBINANEI SR NGIRI JNE
HI NASE - REMSH% .hSK_.cDNA was. fubcl oned into the pGEX 4T-2 plasm d and
hSK expr ess e Ssa 9 cORunecial usss e spkingasm kingssiroay predtie ba prasluged

coli BL210bys pdrilésd 1 hafe. 6Bl ) After. the GST-hSK fusio rotein
was partially puri fi?gq;ue&s)i ngﬁ)gly%{e%'gtﬁioér?é& ga&%g%smeay)fgus cﬂﬁs Itgﬁé”@g%rge“r‘?ﬁ ed

by t hr onbi ntodicaaoengsed iteddr Sk rammsvef the eteine P frblefthcBYusSUDRRAME My gl Ut i Ons
from cal rmdurloi n Seph(gr(?ﬁse_and Mono- Q ani on exchange col umims. This resulted
in high recBVEFyISISPHS s AR vithpalasgs riepiidasey gndeanidrsestan i@ aff t he

originally ¢Heelies Mk _ | ect rophor.eticall ure sphi ngosi ne
ki nase (Fig. 10) .’deﬁﬁ@dﬁglﬁ%‘wéw@lﬂ?%&fg‘a&%°§{ g‘isﬂlp§)98|t‘%f§n@¥e£he r econbi nant
ettzytne coul d be obtained since a |large proportion of the | PTG i nduced,
t hr onbi n-ﬁl aved hSK protein did not bind to the cal nodulin Sepharose

col um (IE gI.%O%&*f@nﬁ%éh%mwmt Hy eRigMensb mipSikehad ombimenprosding bhenical

catal ytic thetit Yochsidg [ t it was i.ncorrectly folded. 20 EXAMPLE
10 PCST- TR,aA%gLATll &LMN%%EF%%‘P%%%V%WWPW ENERSSENE HI NASE
FUNCTI ONAL ACTIVITY To determne if post-translational nodifications are
required fog .activity of the native 25 sphingosine kinase, the native

mol ecul e ha¥PRIREORING &ippae aerording fethe geesent ibventiantis engniently sguietket baked @O |

wher e such kil i not acqgur. cifically, the enzynes have
been exani nrggg%: %H#C%Hﬂ e?%&r?@@sedkl'uﬁn?gh&‘ﬁ?%‘f"eaﬁg? *‘Winfﬁ‘?/ “é‘r"ééé@é‘i’%i lity. The

prem se Roracchinplistied by an@suitdhid mpost i i ficati ause
conf or mat i onal anegleg ai“% ltllhe str uctsggﬂegﬂ?}é% ﬁﬁgdgg%}%gd %p%%élgg\r/\lﬁfggﬁnn@ﬁ

resul t in dERECHotdluiasariereechangedhrghytopmphBhloivedi yeSephadeateal. Vi5@ -
properties In su , 1t was _determ ned _t hat ~ 6 CCT 2003
PP econts nahdftBIAA T ahD oBRTREL s ard Penseblecna Ao iHI G PG Gmangs

activity evahersn the absence of post-translational nodification.

25 Sphingosine kinase may be synthesised by solid phase synthesis using F-moc chemistry as
described by Carpino et al. (1991). Sphingosine kinase and fragments thereof may also be
synthesised by alternative chemistries including, but not limited to, t-Boc chemistry as

described in Stewart ef al (1985) or by classical methods of liquid phase peptide synthesis.

30 Without limiting the theory or mode of action of the present invention, sphingosine kinase

is a key regulatory enzyme in the activity of the sphingosine kinase signalling pathway. By



METHODS Substrate specificity of tire native and reconbi nant sphi ngosi ne

ki nases Rel ative rates of phosphoryl ati on of sphingosine tﬂ'GtﬂgTrﬁave and
reconbi nant sphi ngosi ne kinases were arbitrarily set at 100% and correspond
to 2.65 kU and 7.43 kU of the native and reconbi nant sphi ngosi ne ki nases.
respective. The substrates exam ned were added to a 10 final concentration
of I OOpMin 0.2~% (wv) Triton X-100, and assayed under the standard assay
conditions outlined earlier. Substrate-3dBd inhibitor kinetics ojthe native
and reconbi nant spbi ngosi ne ki nases Substrate kinetics were determ ned by
suppl ying substrates over the concentration range of 15 0.5 to 2001rM for
sphi ngosi ne SRABEeyDe kinasmeiglling pOOCHM if oea Ty gl Pprh QB KRB GiSe WG
det erm ned %?ryb tﬂhe ui_]e of .inhibitors over a concentration range of 2 to SOwV
(Tabl e 5). T BBPh RIURENSIEdnage pad/Retrbingosingslephdsphaionlifis eaghtrtegressi on.

Tl rernral s$mbidosisk o) ' onbi pant . sphi npgosi ne ki nases 20
Ther mal st at%)ielll it esq‘%%a‘g% %I‘éﬁ%lg?‘% %tﬁ‘é‘%gg?%ggean}%ﬁﬁﬁ?sugﬁﬁi ?fg%%lpﬂén%?%es wer e
det er mi ned ®presswaynngtakdhtherfesh dfal activity remmining after preincubation
of the enzymes at various' tenperatures (4 to 80 C) for 30 mn at pH 7.4
(SO™ Tris/HA containing 10% gl ycerol, 0.5M NaCl and 0.05% Triton X-100).
The original actgyviti o 3 tive and reconbi nant sphi ngosi ne ki nases
were arbitraril yel)set %1? "%E)edék?og’ng CEVES JonySRiIES MY lp idgh Mae adivity, g
respectively. pI-&lrz&bidleibtain@&oﬁ*fzer{efon@ﬁﬁih%@siﬁ’é?d reconbi nant spbi ngosi ne

ki nases pH stabilities of the native and reconbi nant sphi ngosi ne ki nases
were determ ned by assaying the residual activity remaining after

prei ncubation of;:the mes_at_.var.i ou Hg 30 at 4C for 5 hr. The
original activities oﬁ)ﬂﬁﬁgﬁﬁgﬁfws% é@%&ﬁ%‘%@ﬁf@‘@ﬁ?ﬁ agoshrel Rignagasomey e
arbitraridy set ﬁmm&m@mghiﬁgégiﬁéﬁﬁﬂ&- L4 2. 65 kU and 7.43 kU,
respectively. Q6 CCT Q@03 "Tlrc efféct of pH on activity of the native
acrd reconbi nant splringosine ki nases The effect of pH on the activity of

t he native and recomhj nant sphi ine ki nases were detern ned by assaying
the activity OVéll’]ﬁt HB%?PW&H@%OEMES{%EM anq pclegrrivepiiodatios of BdFdkBim acet at e,
pH 4.0-5.0; Mes,dopHs®edn fro SHEPES 7.0-8.2; Tris, pH 8.2-10.0; Caps, pH
10.0 51 1.0). The maxi mum aclﬁavi t%egggg "t he native and reconbi nant

sphi ngosi ne kinases were arbitrarily set at 100% and correspond to 2.6~ kU

and 7.4 respectively. Effecf of metal ions orr the activity of tire
nati ve glnsg q’r"‘%éBﬁ%ﬁ%?Fé‘h? ﬁ@%ﬁ?ﬂf’g’@ﬁf%@aﬁé}%@@mt@m@m aflufrehativitiensichnst he

activity ofthdsBevHia fe¥& 1A [ phi.Ngosi ki.nases 10 re
det er m ned byS asslayi n(gtc?ﬁgalggga%? yébglﬁﬁ?esfs asnfiéfg@BFogl FEHERt T Yrempit he

presence ofupkegplatios ofiéitegiroduetisn of inflafAn@brylmQ1iYbrs IER HBX+ he4b of
the native gﬂ% rr@conbi nant sphi ngosi ne ki nases were arg%?}t ?%E?}ﬁeghés‘é{?%%s’loocwj
and corresp g wremiahgn gl gdbesi: wplecniseppresiive|Said upregulation may be

induced by a number of stimuli including, for exanmple, inflammatory cytokinéé such as.

20 tumour necrosis factor-g (TNF-a) and interleukin-1 (IL-1), endotoxin, oxidised or modified

lipids, radiation or tissue injury.

The cloning and sequencing of this gene ~.id its expression product now provides

additional molecules for use in the propitylactic and therapeutic treatment of diseases
25 characterised by unwanted cellular activity, which activity is either directly or indirectly
modulated via the activity of the sphingosine kinase signalling pathway. Examples of
diseases involving unwanted sphingosine kinase regulated cellular activity include
rheumatoid arthritis, asthma, atherosclerosis, meningitis, multiple sclerosis and septic

shock. Accordingly, the present invention contemplates therapcﬁtic and prophylactic uses

30 of sphingosine kinase amino acid and nucleic acid molecules, in addition to sphingosine



1 S Effect of plrospholipids on the activity of tire rrafig ﬁ@g %@3
reconbi nant spl zi ngosi ne ki nases The effect of various pho ﬁo ipi on the

‘activity of the native and reconbi nant sphingosi ne ki nases were determ ned
by assaying the activity under standard conditions in the presence of these
phosphol i pids at 10 nol % of Triton X-100. The activities of the 20 native
and reconbi nant sphi ngosi ne ki nases in g%e absence of phospholipids were
arbitrarily set at 100% and correspond t0™2.65 kU and 7.43 kU,
respectively. PC, phosphatidylcholine; PS phosphatidyl serine; PE,

phosphat i dyL.et hanol am ne; Pl, r:tosphatidylinositol. 25 RESULTS Maxi num
activity of “{R¥ RN BRARNFEEBINLT peats. SpHhnigesianen ki erdlobs fwetiendlbsevived at
pH 7.4, wt i ater..than 60% of maxi numactivity in
the pH rang%cg%%%%%%ﬁﬁ?%?mfg%f%% P51 ngosi ne ki nases retained mare
than 90% of the original activity 30 after 5 h incubation at 4C in the pH
range 6 to 7.8 (Fig. 12), and at pH 7.4 in the presence of 10% gl ycerol,
0.5M NaCl ahlF preemdgnrentioncoatpmplatesohbreme yaresthog fa sedatdimgfeapredflon ot oc~
2003 _;; _cm.R; eratures, up to,37 Fig. 1=1. The_ enzynmes were nuch

| ess stab 2} FP’ ﬁ’%}ﬂz%? g}r?? R I%iSHB‘egf? %%Fzﬂ%?o%ma%méwa CPRIAFIgRE T SPlngertekinese
shownj , congdngtvath anNdfEdatips aMioa ' k: | d rat
ki dney sphi%dgosi ne ki nases (Lo!l:ljltisoefgi g? ggl?[ﬁ?f éﬁg@gﬁﬁ%ﬁ?@é&g&gp 8%%3%'@%5%35)_11;)-80,[ h
human” sphi NgesiriteT doWasegulseowethenwise gubdutmanex fressioti of 3b o BndEihade. IFRS
since the pgxeaﬁ‘eﬂece f EDTA in assays elimted activity (1F| g. 12). Like

ot her sphi nGoRPie RIREELE Y4 aESCTRE stAusncss sugh as qligpauclgyiiies aeydeBel | |
1992; 1993;infbdeH #i6th Rllto dbRAY: i i Rt h .human. enzymes
showed hi ghest activity wit hb%g?@‘“%‘gr?g\%ﬁg{“@o%?lhgg@“wF é;[ aﬁntwﬁleﬁ/ﬂf&?%and
only ver yU| e donvesely. avnadiciCavid m@ehde etiodalzaphingsiiad kin@aSoraX@&age

i ncl udi ng éPI: Cu:iJ and Fe=', did not support sphingosine kinase 10
activity (PPEeORByy beiroduced o wprgenlatesmsion mere sshifisgunttivaakactinites ofiave
very siml ae e ificites (Fig. 13), with both

show ng great é??géﬂgﬁsglgw&e%@%%ﬁ% Sﬁ%?’%&%&f %/m‘o"%ec%? f’hg mammal i an substrate
D-eryt hro-sphi ngosi ne as well as D erhthro-di hydr osphi ngosi ne. 15 Low
activity vva%l[l atso detected for both enzynes agai nst phytosphi ngosine, while
a range of ‘ORHET 2P ﬁé%@im%-%abmwatqmﬁ@@tethea method wh neclul ating whigvity ofot
phosphor incl -t hreo- di hydr osphi ngosi ne, h; N

di net hyl Z%%?ﬁ%%%?iﬂi%ﬁ*ﬁ%ﬁ”??ﬁ%ﬁ% ﬁ%ﬂfﬁ%‘#ﬂ%&%ﬂ%ﬁ%@@@f%}qrw SEgamemmake
ceramide), modadatingeffeetiod athdu-ofiafeban @y SmohiE 8 c8Mtions sufficient to

1, 2-di ol eoyl -sn-glycerol ), and phosphatidylinositol. Further analysis of
the 20 hundACEFRI¥gedr#e skhingasine Wingse Dtiattyt hr o- sphi ngosi ne as wel | as

D- er ht hr odi hydr osphi ngosi ne reveal ed M chaelis-Menten kinetics over the
concentration range used (Fig. 13), with both isolated native and

r econbi nantMe@llatgos!i saRl 40tag @5 1 QMRS AEEY o S UdeRe 104 bl PAPRELIKRa 2N
slightly higher affinity for D-erythro-sphingosine as we as

D- er ht hr &9 diYAgos spveral gesbinigues, Tatheéing out Batdwanlimited tainsodsiinplmy sddsi i | ar -

ki netics 2 i ngosi ne was supplied as a sphingosi ne- BSA conpl ex,

al t hough pﬁggs}gﬁl? %%Flg)klel CCPH%OIS'E%%RIPE?F‘@CF?PSHWP%C%WHE%resul ted in a | ower
k~, values for both enzynmes (28 s' and 39 s' ' for the native and

reconbi nant sphi ngosi ne ki nases, respectively) conpared to its presentation
in Triton X-100 (Wi xednedwales expresssorusfophingtsiad kinkive ot her assays perfor ned
in this study. Sphingosine supplied as a BSA conpl ex Kmvalues of 16 t 4 nmM
and 17t 2 30 mMfor the native and reconbi nant sphi ngosi ne ki nases,
respecti gly. Bqiih thg i . 3 -~=6_reconbi nant sphi ngosi ne
ki nases had thqugma a???érﬁsﬁa?%?ta%ﬁ‘g@(@h‘ég&g%ep?g%e’ 80 nM (Table 5). Both
.the native and reconbi nant sphi ngosi ne ki nase were inhibited by DL-threo

(iit)  functions as an agonist of sphingosine kinase.

Said proteinaceous molecule may be derived from natural or recombinant sources including
30 fusion proteins or following, for example, natural product screening. Said non-

proteinaceous molecule may be, for example, a nucleic acid molecule or may be derived



S di hydrosphi ngosi ne, N, N-di met hyl sphi ngosi ne and

N, N, N-tri net hyl sphingosine (Fig. 13), with all three of theQeﬁ B Te e s

di spl ayi ng conpetitive inhibition wwth respect to sphingosine. Al though the
i nhibition constants for these nolecules were quite simlar, N N N

tri met hyl sphi ngosi ne gave slightly nore efficient inhibition than

DL-t hr eodi hydr osphi ngosi ne, which was a marginally nore efficient inhibitor
than N, N 10 di net hyl sphi ngosi ne (Tabl e 5- ADP al so showed weak conpetitive
inhibition, with respect to ATP (Table 5). In all cases remarkably sim|lar

i nhi bition cfonstants were observed for the native and reconbi nant

sphi ngosi ne KR I&WEl squspse seh asNor examifde batoral paguseereingbr may be chemicall

N-. aceyl sphid Pgﬁgé O, 12 S%U sin.B | Hc‘eram de synthase i nhibitor. f%e
ef fect of cafcium cal nodufin I(S‘P{elgkf‘r‘i’lct‘i’&@? @W‘Fh‘i‘ﬁ%@la&% pgs efsphingosinakinasdor

Under the asaay meleeliltd @pablkSedetiGalGlo d.no effect on the
activity of either the ﬁg)?l ve o?lreéoﬁgﬁgg}%gﬁtgﬁamgs Bﬁ m]é'?ﬁso i “iagses

(data not sHdyical agpniststiysiot esaestarilnte dates ﬁ@n%bhh%'ﬁm@fkn%g 'bﬂlglﬂ%ﬂ?are
t

ki nase act | at al nodul i n, the possibili ty remains
cal modul | n§ %{F&B CSQ%\?BF{} ﬁ“ s. ofﬁﬁéma*ﬁm%mgmom agonigphinag be kpreifidatigse,

such as regukesighétofmhistis cSrgh tiQ Stimul ation of
sphi ngosi ne Ki %aseoaclt |IV|Cty @Héééléf emx o}gﬁ%ﬁef BP%"W&?C 2A5F nedlagepists2 s

addi tion of H@&Yéjerﬂ@MtCﬂmIPOpmrbwlabﬂelqflbttﬁ;kmgoﬁmhﬁﬁﬂgjdﬂ SR RSB M hting s thmme
u

phosphat i dyl et haﬁol amne to the enzyne assay mxture did not re
det ect abl e &P eF 8N ELYng P Ha ROEPAI hlﬁjgglpﬁ!i itioas eAatkbristsyinclhda@vesclonal

mar ked i ncr aas®sid re observed with the acidic
phosphol i pi ds ph)l/sS g g(?lmc"i; rsé #oﬁné E%‘g‘f)ehgf P%W\A%ﬁa'%‘P%ﬂmeaﬁaa%Wtsp@nec

aci d (Fi g0 sugleicBotdn vittieh ptatfenteraaﬂﬁlph@ﬁgmhﬁk@dﬁon%‘? 55'19?&5&5@6‘%6% Wwere
activated |m i.m | ar 30 manner by these acidic p osp ol i pi iR

ki netic ana D gagmaling celat Medittating eéSth@o@m%anZ&)&&)raﬁﬂﬁnh@jr hiph €

caused an i REHiSRACHIG the K~ val ues renuined
unchanged. Those skllI g%ﬁtl éh? g‘rflbﬁqu’e bhﬁ&%@lﬂﬁaﬁpt%wsph%@moﬁm
descri bed herein is susceptible to 5 variations and nodifications other

t han t hose ﬁgﬁm fically described. It is to be understood that the
i nvention i &a%tglnéqepug @€ RO BFGteingdaenss mnbtcni absfyi acatitien Sirediieor inNRA AP

al so inclyyd e f eat.ur conposi tions and conpounds
referred 1'? o?ﬂ%rd i |H§: g%lggsgo (&Stﬁo gingpyes ?“I"E%E‘t Frdhe aqtivéty wit apiangcystmkmase Said

col | ecti vel leantéaats 20ty #il 2566k nore of. sai.d steps
or featur esm0 = 2% -ls?snga B%ﬂhg‘g %ogpm?(?}é’é%lseoofr sphinepRins kin 8seléPnasep

activi h~ i nmﬁ‘dﬁlﬁ?? tb‘F %@mswmmtahtw:ay obqﬁu@mmvanm@mﬁu@b%é kafkdBdaili ssues
wer e vvashed @%@quﬁmc ﬁ§ deSCri bed for_ the human pl acenta. The
proportion o 0S0l1¢C sﬁhl‘ %P%‘%ﬁﬂﬁs%rna@wlmoﬁ;erm sppbingosine éibakyor

conpari son sgthid & Qirke aGich te t at fromthe
ul tracen5r| fugagtmlglgn sup%r nat \gr‘g%éf(lﬁ%%&hgslgpex J. Oorﬁi“ﬁfec YROWEEs e

activity fﬁ)ﬁwﬁsm@ ReleviRi efapkinigssieekip hidgodth®Okinade. SaécoPdlﬁ%%Q per

m nute (U) ssue. Specific activity (U g tissue)Cytosoli CHuman
pl acent al3 Bﬁﬁa? E S REySsaEREERtqn SpepmpaSERathe b¢gillaﬁm35>2’$hlaegokndktay&858Sheep

liverl7~ 1.sphegRshe RiddOEIPNERN GRLES |Pyg’sll.':t the mductﬁ)n of a cascade of regulatory steps

which lead to the regulation of sphingosine kinase or sphingosine kinase expression or
activity.

25
Another aspect of the present invention contemplates a method of modulating cellular
functional activity in a mammal said method comprising administering to said mammal an
effective amount of an agent for a time and under conditions sufficient to modulate the

¢xpresston of a nucleotide sequence encoding sphingosine kinase or sufficient to modulate
30 the activity of sphingosine kinase.



-s9 Table 4 - Purification of sphingosinc kinase from humag Igggem@
Sphi ngosi ne ki nase was purified froml240 ~= or fresh huma %I e (=1

pl acentas). One unit (U) of sphingosine |:inase activity is defined as 1
prol of S 1 P formed from sphi ngosi ne and ATP per mnute. StepActivity (U x
10=)Protein Specific (ng) Activity (U ng)Recovery (% Purification

Fol dSol ubl e fracti on of honpbgenat e7943123600 ~81 00AnmoNi um sul phat e
(25-35% 77233p27 19669733Q Sephar ose ani ¥ exchange40481098

45976379Cal nmodul i n Sephar 0se319718?3 1.7~ x 105403.0 x 10' Mono Q ani on
exchangel7062. 921 5.84 x 10521.51.0 x 10' ATP- Mono Q ani on exchangel

1330. 419 2. 76etaneder aspgdl @ the MBS perdoon Imtgaplafes birh@hddHEARI NN, G116fhr X
10'6.91.1 x f106{. P ‘i? OCR 203 -60 Table ; - Substrate and inhibition
kinetics of TRE WAt VLAY PECYRD; AKHnCSph ForgBLs ng admn g erinedolseidrmammal an
Ki netics wergfdgie : %&H?A Vi rates over the concentration
range of 0.5 to 20%!?%}%?)6*9 hllg to %H%Si%yggél?géfs ’?stplﬁﬁuﬁsébsi ne anal ogues, and 6
to 1000uM for ATP. Inhibition kinetics were determ ned by the use of

i nhibitors Oﬁﬁgﬁpg' conceptration range of 2 to 60pM (0.05 to 1.2~ nol % for

sphi ngosi re WEeENG AHhags. $PAIBLasHI Kirnse ADRZeNFYsedcmapals? bohinkal tprasuigetisg

studi es, al lpdsss I r sphingosine and.i.ts derivatives are
expr essed asm%lgts h buISkE1 %]gi{ﬁ{l#%zaétggnoéiéh‘t&blﬁﬁiPB%Végeér‘fBe?’r%F a%"c?fy ef*?‘itl’fgéﬂhlﬂg‘i%@‘?
wher e Tri t orkinésd,0phingssipe es@5d or dpedd b RSGAXS cd@ls, @ final concentration of
0.25% (W v). Al kinetic values and standard errors (Duggleby, 19R 1 ) were
obt ai ned from non-1inear regression analysis (Easterby, 1996). Native

SKReconbi T .KI_NETJ.CS: Sphi.ngosi. | "990.35 t 0,050.30 f
Siscots e SHURSTONTEKLIET SOl por A (e 90,35, 8,050,

M ') 367101 (hyihaos phigegosiddaK tfambth¥l §S8hided Go 95 fB d )t
ok<" (S-')3576k,/ K~. (10°S' . M')18 39ATPKM ( phj 77 t%s%%@%{&%%ﬂ&@%%ﬁtﬁe@%
KI NETI CS: N, Righlersrasyiisgmlivagosithesk cellwol %020 t 0.030.19 t 0.02' e~ (pM 7.8
t 17.5 t 1DL-threo-di hydrosphi ngosi neK; (nol %K; (pM 0. 15t 0. 020. 14t 0. 035. 9
t 15.7t 1IN, N, N-trinethyl sphingosineK, (ml %K~ ~pM0.12 t 0.030.10 t
0.024.6 f 1ReferéndeABPiiolTMihg E4IRNAFuR R0l acti®itd i iSdo- in@RATEY
Altschul) S.F.. Gsh, W. MTler, ~- ...“'lae‘:?elrt’? %&é%ﬁ%&o%‘fﬁe%%m&ﬂ?‘ﬁm
(1990) J° NoFeguBitise or 2UBTwie aliaingmssek mordoithe ab1098) whichchelliis Egable of

63: 62- 68 et al ., (1973)..J.My. Biol. 81:]123 Bradford, MM,
(1976) An a’l%? %%?‘éc 18R puchzas. 5‘&8“% §K“%/aé%r0éﬁ or magg of ehsmabing proguation, ¢viddng J
Bi ol . ChenT protléiicil 33 bRide synthesase, adhesion molecule expression and production of other

inflammatory modulators.

Administration of the sphingosine kinase, sphingosine kinase or agent, in the form ofa

20 pharmaceutical composition, may be performed by any convenient means, Sphingosine
kinase, sphingosine kinase or agent of the pharmaceutical composition are contemplated to
exhibit therapeutic activity when administered in an amount which depends on the
particular case. The variation depends, for example, on the human or animal and the
sphingosine kinase, sphingosine kinase or agent chosen. A broad range of doses may be

25 applicable. Considering a patient, for example, from about 0.1 mg to about 1 mg of
sphingosine kinase or agent may be administered per kilogram of body weight per day.
Dosage regimes may be adjusted to provide the optimum therapeutic response. For
example, several divided doses may be administered daily, weekly, monthly or other
suitable time intervals or the dose may be proportionally reduced as indicated by the

30

exigencies of the situation. The sphingosine kinase or agent may be administered in a

convenient manner such as by the oral, intravenous (where water soluble), intranasal,
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A further aspect of the present invention relates to the use of the invention in relation to
mammalian disease conditions. For example, the present invention is particularly useful,
but in no way limited to, use in inflammatory diseases.

15 |
Accordingly, another aspect of the present invention relates to a method of treating a
mammal said method comprising administering to said mammal an effective amount of an
agent for a time and under conditions sufficient to modulate the expression of sphingosine

kinase or sufficient to modulate the activity of sphmgosme kinase w herem said modulation

20 results in modulation of cellular functional activity.

In another aspect the present invention relates to a method of treating a mammal said
method comprising administering to said mammal an effective amount of sphingosine

kinase or sphingosine kinase for a time and under conditions sufficient to modulate cellular
25 functional activity.

Yet another aspect of the present invention relates to the use of an asent capable of

modulating the expression of sphingosine kinase or modulating the activity of sphingosine

kinase in the manufacture of a medicament for the modulation of cellular functional
30 activity,
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t hereof conprising a nucl eotide sequence encoding or conplenentary to a
sequence encodi ng a novel sphingosine 5 kinase protein or a derivative or
m netic of i% sgshi r}q:g%%ne ki nase protein. 2. An isolated nucleic acid

mol ecul e according to Gl HEICYERIIOR E2atep W sRbiRgoYRTEnRicasphing ot kinas a
human s pHioNgRSism HbMasenPEhEl Pynd@nd-acAll, S0l at ed nucl eic acid mol ecul e
or derivative or anal ogue thereof conprisi r% a nucl eoti de sequence
encodi ng, or a nucl eoti de sequence conplenentary to a nucl eoti de sequence
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In a related aspect of the present invention, the mammal undergoing treatment may be a
human or an animal in need of therapeutic or prophylactic treatment,

15 Inyet another further aspect the present invention contemplates a pharmaceutical
composition comprising sphingosine kinase, sphingosine kinase or an agent capable of
modulating sphingosine kinase expression or sphingosine kinage activity together with one
or more pharmaceutically acceptable carriers and/or diluents. Sphingosine kin&sé,.
sphingosine kinase or said agent are referred to as the active ingredients.

20
The pharmaceutical forms suitable for injectable use include sterile aqueous solutions
(where water soluble) and sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersion. In all cases the form must be sterile and must be fluid to
the extent that easy syringability exists. It must be stable under the conditions of

25 manufacture and storage and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene
glycol and liquid polyethylene glycol, and the like), suitable mixtures thereof, and vegetable
oils. The proper fluidity can be maintained, for example, by the use of a coating such as

30 licithin, by the maintenance of the required particle size in the case of dispersion and by the

use of superfactants. The preventions of the action of microorganisms can be brought



encodi ng, an am no aci d sequence substantially as set form‘nei@ iE@ﬂéD NO: 2
of a derivative or mnetic thereof or having at |east abo 4 C 0 greater
simlarity to at least 10 contiguous amno acids in SEQID N0O:2. is 4. An

i sol ated nucleic acid nol ecule or derivative or anal ogue thereof conprising
a nucl eoti de sequence substantially as set forth in SEQID NO 1 or a
derivative thereof capable of hybridising,to SEQID NGO 1 under |ow
stringency conditions. 20 5. An isol at ed>fhacl ei ¢ acid nol ecul e accor di ng to
claim4 which further encodes an am no acid sequence corresponding to an
am no acid seﬁqpqnc.el set forth in SEQID NO:2 or a sequence having at | east
about 45 % sPRi T &Y EYOELAmsIbasteral and gnigiyngal ggons. fant vaoacipdmbicns. SEQraHRING! 2.
6. An isol at i i gl cecpording to claim.3 or 4 _
substanti al | gﬂeadgm’(s}sgﬁj ]fgggtg hﬂgrﬁ%&%ﬁ@é{% {ﬁbﬁﬁb 'Ii”gaf“ GRACs Y oTiHte PrefFEbls A inglude
derivative, grtlnggapentscienkeablecedidhimalr @8diuRY chid Rt | irn said
protein is a.novel sphingosi ng ki nase proPgiCAlmrmOg(&?gzog%%ogﬁggﬁgm}&n

i sol ated pr ot¥fHPECEIPRPRELSS2R babravzhidbenehnths akdisthbicogpsiiniendd Masss
protein is i.ngosine. kipnase protein. 9. An isolated protein
conpri si ngsgﬁag&%ﬁggﬁg)@ 1391 SZ‘%&%‘%’EBQS?}B&”&H’P mpppsiearatesiatl gelgfiph in SEQ 5 I D
NO: 2 or a derivative or mnetic thereof or a sequence having at |east about
45 % simlarjty to at |least 10 contiguous am no acids in SEQ mNO:2 or a
derivati ve, %ﬁ?&f%@@é?ﬁblﬂ@hﬁtms agscurepeatceyt inoorpotanBikite 2five abshphiiRisgh the 10.
An isol ated I}gﬁgﬁg& ANy Telolels gfiﬁn to cl ai m 9 encoded by a nucl eoti de sequence
substantial I'y '10 as set 'f GItHPIORTIES HeNOVith sprieusdd the/etheviagredieatradnugieeated
thereof or capab)® reduiRMbididinel nder. Low stringenc
conditions or a der‘iei\i/ati Ve,lggﬁgpgﬁgfég%é%%éé\&'é%%lle\? [)eﬁ{spgxisxo,% I?régad?d by
sai d prot & nncarporafipg theovastousistpribzeel avtine dordidg it aGledil gt which contains
subst anti al lt%ﬂe%iﬁc?&t forth idn,i, SEQ.ID NO: 2. 15 12. A nethod of nodul ating
expressi on of ~sphi ngBErTE M4 and the rgqwitasiasker ingradigntydtonn those epumaiieg
contacti ng tdwevepiH tneesd '-&aﬁ&,, ith an effective. anount of .an agent
for a time and under c%éﬁtrjtigts%%lns su ??%)f\éﬁﬁpr%ar%%?%feéﬁ%%?% F SHugens, the

sphi ngosi ne melgesé methods of preparation are vacuum drying and the freeze-drying technique which

yield a powder of the active ingredient plus any additional desired ingredient from

I5 previously sterile-filtered solution thereof.

When sphingosine kinase, sphingosine kinase and sphingosine kinase modulators are
suitably protected they may be orally administered, for example, with an inert diluent or
with an assimilable edible carrier, or they may be enclosed in hard or soft shell gelatin’
20 capsule, or they may be compressed into tablets, or they may be incorporated directly with.
the food of the diet. For ora] therapeutic administration, the active compound may be
incorporated with excipients and used in the form of ingestible tablets, buccal tablets,
troches, capsules, elixirs, suspensions, syrups, wafers, and the like. Such compositions and
preparations should contain at least 1% by weight of active compound. The percentage of
25 the compositions and preparations may, of course, be varied and may conveniently be
between about 5 to about 80% of the weight of the unit. The amount of active compound
in such therapeutically useful compositions in such that a suitable dosage will bé obtained.
Preferred compositions or preparations according to the present invention are prepared so

that an oral dosage unit form contains between about 0.1 ug and 2000 mg of active
30 compound.



20 13. A nethod of nodul ating the functional activity of sphingosine kinase
in a mamual, said nethod conprising adm nistering to said rﬂ@ﬂ(?m3

nodul ati ng effective anobunt of an agent for a tine and under condit1ons
sufficient to increase or decrease sphingosine kinase activity. 14. A

met hod of nodul ating cellular functional activity in a manmmal said net hod
25 conprising adm nistering to said mangul an effective anmount of an agent
for a time and under conditions sufficiénf to increase or decrease

sphi ngosi ne ki nase activity. 06 OCT 2003 -66 15. A method of nodul ating
cel lul ar fui.tugpal ac ivitY in a manmmal said nethod conpri sing
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aci d ol ecullks:at bbFigrHFUEh 2ampgrsmpscrhiai aed 4 sEedeniag deit vath sycraseal ogue,
chem cal eqyj ] et ¢ reof, for.a time and under condjtjons
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mamal said et hod corﬁ;cﬁli Sn s g‘?agtbg?:"%tﬁdt%gthsggfu nai: L pdb oA LA 8
anmount oft0 a¢lixaymay céngninghe pereveanchponnie suosdistd eneedid dcehe Retity ap@dul at e

t he expression IOf g%)hi ng}gsi ne kinase wherein said nodul ation results in
modul at i on BPPERFEAF S IO FoALye dod flayouying sach a8 chatry onowhge flavaurn@fa
mammal  sai dedidehad, Sephi 8 WETES ' t0.sal | an effective
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nodul ation of cell.ul ar 25 functional activity. 0 6 OCT 2Q03 20. A nethod
of treating”OPRARHERAYRS WCoRBPIREY RO REetelaeipreerationn gnd oremlationanmal  an
effectivgsanount of a protein according to any one of clainms 7-11 or a
derivative, anal ogue, chem cal equivalent or mnetic thereof fot a tinme and

under Pharmaceutically acceptable carriers and/or diluents include any and all solvents, dispersion

media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents

and the like. The use of such media and agents for pharmaceutical active substances is well

known in the art. Except insofar as any conventional media or agent 1s incompatible with
20 the active ingredient, use thereof in the therapeutic compositions is contemplated.

Supplementary active ingredients can also be incorporated into the compositions.

It is especially advantageous to formulate parenteral comr positions in dosage unit form for
ease of administration and uniformity of dosage. Dosage unit form as used herein refers to
25 physically discrete units suited as unitary dosages for the mammalian subjects to be treated;
each unit containing a predetermined quantity of active material calculated to produce the
desired therapeutic effect in association with the required pharmaceutical carrier. The
specification for the novel dosage unit forms of the invention are dictated by and directly
dependent on (a) the unique characteristics of the active material and the particular

30 therapeutic effect to be achieved. and (b) the limitations inherent in the art of compounding



conditions sufficient to nodulate cellular functional activjgygCpR2083

nmet hod of treating a mammal said nethod conprising adm nistering to said
manmmal an effective anpbunt of a nucleic acid nol ecule according to any one
of clainms 1-6 or a derivative, anal ogue, chem cal equivalent or mnetic
thereof for a tinme and under conditions sufficient to nodul ate cellular
functional activity. 22. Use of an agent, capable of nodul ating the

expressi on sphi ngosi ne ki nase or a derivifti ve, anal ogue, chem cal

equi valent or mnetic thereof in the manufacture of -a nedi canent for the
nmodul ation of cellular functional activity. 23. Use of an agent capabl e of
modul ati ng tHED a2 peCyaterialdphiha gsaimea ki fiasse or liangdevtijvat hweng adakogde,
chem cal equi yalent - i ereof in, the manufacture of a nedi canent
for the nndﬁo}é?ﬁugﬂg% h(I:creI[’} ﬁlggle%lu]rllétt?’%lé?d'activity. 24. Use of sphingosine
ki nase or sphingosi ne kinase or a derivative, anal ogue, chem cal equival ent
or mmnetic thereof in the nmanufacture of a nedicament for the nodul ati on of
cel | ul ar - f urldeirsgipabedtiveiingredies is ppmpgented farconseniem anddffeaivicngministration

sphi ngosi - Ki , Lvity.or a derivative, anpal ogue chenical equival ent
or mneti (r:se tuﬁgﬁ%%ﬁe%ﬁ%é)rug%sﬁ%ﬁlbﬁﬁw q’?%@h%@ia%”@ﬁﬁbhﬁagmﬁ@e@mw ¢sags/uniyform

modul at es cak heretbeforaaistRBal. AGhirWobabe 3 SRl OkoliR: Lo, mpdul,ating
sphi ngosi ne ki nase expression or a deri va!??\clé? fana %ISLeéFO%&%Ienrﬁh%%mmpal

equi val ent @flYA ¢Asepaing e amotntaienzaignfromdLs Ap tdgboRX POGBHICOExpesseai if
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functional activity. 28. A pharmaceutical conposiii fhg !

sphi ngosilRethei desegss asphitegosediby leiferane ©tharsualeRt ab@RaRLE HadmRgekaldng
sphi ngosi ne ki hase or,. sphingosi ne ki nase or derivative, honol ogue,

anal ogue, cﬂ’é’rﬁa iing@&' |l ent or mmetic thereof together with one or nore
pharmaceutically acceptable carriers and/or diluents. 29. An isolated
anti body directed to the protein according to any one of clainms 7-11. 30.

An i sol at edThnphirodyedicabaingsbsitibrtig, N6 bathsri@Ciede i ReLR | o any
one of cl ai msa%ge%g 31._ - . The anti body accorgri ngéet%lcl a% 2589913%0‘%% ‘{/}t\%teotrrei n

said anti botfP ABPis e insareehpelispulitye tevecth earsins & bodyicackindicogecapatiai m

29 or 30 i Ior j .S a polvclonal antipbody. 33. A nethod of
di agnosi ﬁgh‘g{é! ns]gitqllﬁ(rif ﬁ{g;lgg}?ﬁ%ﬁ? ﬁ%aﬂogﬁi%‘flé BETEH ”F‘?%r?xgﬁﬁo?@f $Rhdngosine

conpri si ng kineseniingy f Ohe sEitdmMEs ifeedahiias e QviSPPiR@osi ne ki nase in a
bi ol ogi cal sanple isolated fromsaid marmal . VI06 2003 -69 34. An
i sol ated pol ynucl eoti de encodi ng a sphi ngosi ne ki nase, the pol ynucl eoti de

conpri o1 N9 Sl RUENE SuoliTROMRL . bredl Bherd \SSILSNSS 2L h 3L 0o
animals, which knocked out gene is the sphingosine kinase gene expressed by said cells or

20 animals. Accordingly in another aspect the present invention should be understood to

extend to methods of creating sphingosine kinase gene cell or animal knockout models
wherein sphingosine kinase has been utilised to facilitate knocking out of the endogenous

sphingosine kinase gene of said cell or animal, and to the knockout models produced

therefrom.
25

Still another aspect of the present invention is directed to antibodies to sphingosine kinase

inchuding catalytic antibodies. Such antibodies may be monocional or pblycl()nal and may

be selected from naturally occurring antibodies to sphingosine kinase or may be specifically

raised to sphingosine kinase. In the case of the latter, sphingosine kinase may first need to
30 be associated with a carrier molecule. The antibodies and/or recombinant sphingosine

kinase of the present invention are particularly useful as therapeutic or diagnostic agents.



nucl eoti de sequence that hybridizes to the nucl eoti de sequence of (1) or
(2) under high stringency conditions of from about 40C to a?gtg?‘{ﬁ?qﬂgd
fromat |east about 31%v/v to 5 about 50% v/v formanm de an t “I'eaSt about
0.01M to about 0.15Msalt, (4) a nucl eotide sequence encodi ng a pol ypeptide
havi ng the sequence of SEQ ID NO:2, or (5) a nucleotide sequence
conplenentary to the nucl eotide sequence of any one of (1) to (4). 35. An

i sol at ed pol ynucl eoti de according to claikm 34, the pol ynucl eoti de
conprising a 10 sequence at |east 95% identical to SEQ mNO 1. 36. An

i sol ated pol ynucl eoti de sequence that hybridizes to the nucl eoti de sequence

of clal m 35 undafidtenislhbNoenayivead bl 805,01 o AUFADRULLEAC a-AANL. 65C

and fromat |east about 31%v/v to about % v/v Tormm de and a
about 0. 01M tle rabszot imBedikv sadrids td bec8mbindnt arsialyathede paiboduslaadtd geibody
according to, clajm 34, the polynucl eotide encoding a polypeptide having the

sequence of &SR Mo’ nthege apibqdys isgaegidpist yinise wanslude Hagoents aed hbridsaifm
34, the pol yguel et ;s t uence .of SEQ m NO. 1. 39.
expressi on syst e(%l ésb(r?glre icaglﬂﬁgdlgg %l*?%g ﬁ%ggfﬁggregg@gp\gﬁn i§" £o %alrté"‘r%?%ﬂ“’%.fo%\n
expr essi on Ssymmenvtheepy didighay alsolbri eSS £aipasae Qfol,%p%ﬁ%ﬂla for RhithgRSIHae
ki nase 25 conprising the polypeptide sequence of SEQ ID NO: 2 when the
expressi on sPEEEWR pE2therapeybeigsmBl e host cell. 41. A reconbi nant host
cell, the host cell conprising the expression system according to 40. 06
OCT 2003 -70 42. A nethod of nodul ati ng expressi on of sphingosi ne ki nase,

in a subject Foxs@admpmtsbmdg@@;wkihﬁéertﬁn%@r&%é%p:bise&eﬁhﬁ;ﬁﬁl}mm&&éu%rgmﬁ;@@ies to
encodi ng gene with an effective anmount of an agent for atinme and under

condi tions sEAfRgOsEstkinase ndledeanay expr.dosixempte insphicigfiahmetdsy daselersai d
agent con‘Eri sing an isolated pol ynucl eotide according to claim 34. ~6 Q-l
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For example, specific antibodies can be used to screen for sphingosine kinase proteins. The

latter would be important, for example, as a means for screening for levels of sphingosine

kinase in a cell extract or other biological fluid or purifying sphingosine kinase made by

recombinant means from culture supernatant fluid. Techniques for the assays contemplated
15 herein are known in the art and include, for example, sandwich assays, ELISA and flow

cytometry.

It is within the scope of this invention to include any second antibodies (monoclonal,

polyclonal or fragments of antibodies) directed to the first mentioned antibodies discussed
20 above. Both the first and second antibodies may be used in detection assays or a first

antibody may be used with a commercially available anti-immunoglobulin antibody. An

antibody as contemplated herein includes any antibody specific to any region of

sphingosine kinase.

25 Both polyclonal and monoclonal antibodies are obtainable by immunization with the
protein or peptide derivatives and either type is utilizable for immunoassays. The methods
of obtaining both types of sera are well known in the art. Polyclonal sera are less preferred
but are relatively easily prepared by injection of a suitable laboratory animal with an
effective amount of sphingosine kinase, or antigenic parts thereof, collecting serum from

30 the animal, and isolating specific sera by any of the known immunoadsorbent techniques.

Although antibodies produced by this method are utilizable in virtually any type of
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an immortal cell line and lymphocytes sensitized against the immunogenic preparation can
be done by techniques which are well known to those who are skilled in the art. (See, for
example Douillard and Hoffman, Basic Facts about Hybridomas, in Compendium of
10 Immunology Vol 11, ed. by Schwartz. 1981: Kohler and Milstein, Narure 256: 495-499.
1975; European Journal of Immunology 6: 511-519, 1976).

In another aspect of the present invention, the molecules of the present invention are also

useful as screening targets for use in applications such as the diagnosis of disorders which

15 are regulated by sphingosine kinase.

Yet another aspect of the present invention contemplates a method for detecting
sphingosine kinase or sphingosine kinase mRNA in a biological sample from a subject said
method comprising contacting said biological sample with an antibody specific for

20 sphingosine kinase or sphingosine kinase mRNA or its derivatives or homologs for a time

and under conditions sufficient for an antibody-sphingosine kinase or antibody-sphingosine

kinase mRNA complex to form, and then detecting said complex.

The presence of sphingosine kinase may be determined in a number of ways such as by

25 Western blotting, ELISA or flow cytometry procedures. Sphingosine kinase mRNA may
be detected, for example, by in situ hybridization or Northern blotting. These, of course,
include both single-site and two-site or "sandwich" assays of the non-competitive types, as
well as in the traditional competitive binding assays. These assays also include direct
binding of a [abelled antibody to a target.

30
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observation of a signal produced by the reporter molecule. The results may either be
qualitative, by simple observation of the visible signal, or may be quantitated by comparing
with a control sample containing known amounts of hapten. Variations on the forward
assay include a simultaneous assay, in which both sample and labelled antibody are added
15 simultaneously to the bound antibody. These techniques are well known to those skilled in
the art, including any minor variations as will be readily apparent. In accordance with the
present invention the sample is one which might contain sphingosine kinase inclﬁding céil
extract, tissue biopsy or possibly serum. saliva, mucosal secretions, lymph, tisgl;l;a ﬂuid énd
respiratory fluid. The sample is, therefore, generally a biological sample comprising |

20 biological fluid but also extends to fermentation fluid and supernatant fluid such as from a

cell culture.

In the typical forward sandwich assay, a first antibody having specificity for the

sphingosine kinase or antigenic parts thereof, is either covalently or passively bound toa
25 solid surface. The solid surface is typically glass or a polymer, the most commonly used
polyrners being cellulose, polyacrylamide, nylon, polystyrene, polyvinyl chloride or
polypropylene. The solid supports may be in the form of tubes, beads, discs of microplates,
or any other surface suitable for conducting an immunoassay. The binding processes are
well-known in the art and generally consist of cross-linking covalently binding or
30 physically adsorbing, the polymer-antibody complex is washed in preparation for the test

sample. An aliquot of the sample to be tested is then added to the solid phase complex and
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Thr Tyr Ar gA@q?ewgvggytmnvolves immobilizing the target molecules in the biological sample

and then exposing the immobilized target to specific antibody which may or may not be
10 labelled with a reporter molecule. Depending on the amount of target and the strength of
the reporter molecule signal, a bound target may be detectable by direct labelling with the
antibody. Alternatively, a second labelled antibody, specific to the first antibody is exposed
to the target-first antibody complex to form a target-first antibody-second antibody tertiary

complex. The complex is detected by the signal emitted by the reporter molecule.
15

By "reporter molecule" as used in the present specification, is meant a molecule which, by
its chemical nature, provides an anatytically identifiable signal which allows the detection
of antigen-bound antibody. Detection may be either qualitative or quantitative. The most
commonly used reporter molecules in this type of assay are either enzymes, ﬂuorophéres or

20 radionuclide containing molecules (i.e. radioisotopes) and chemiluminescent molecules.

In the case of an enzyme immunoassay, an enzyme is conjugated to the second antibody,
generally by means of glutaraldehyde or periodate. As will be readily recognized, however,
a wide variety of different conjugation techniques exist, which are readily available to the

25 skilled artisan. Commonly used enzymes inctude horseradish peroxidase, glucose -oxidase,

beta-galactosidase and alkaline phosphatase, amongst others. The substrates to be used
with the specific enzymes are generally chosen for the production, upon hydrolysié by the
corresponding enzyme, of a detectable color change. Examples of suitable enzymes
include alkaline phosphatase and peroxidase. It is also possible to employ fluorogenic

30 substrates, which vield a fluorescent product rather than the chromogenic substrates noted

above. In all cases, the enzyme-labelled antibody is added to the first antibody hapten
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_ Alternately, fluorescent compounds, such as fluorecein and rhodamine, may be chemically

10 coupled to antibodies without altering their binding capacity. When activated by
iltumination with light of a particular wavelength, the fluorochrome-labelled antibody
adsorbs the light energy, inducing a state to excitability in the molecule, followed by
emission of the light at a characteristic color visually detectable with a light microscope.
As in the EIA, the fluorescent labelled antibody is allowed to bind to the first antibody--

15 hapten complex. After washing off the unbound reagent, the remaining tertiary complex is
then exposed to the light of the appropriate wavelength the fluorescence observed indicates
the presence of the haptcn of interest. Immunofluorescene and EIA techniques are both
very well established in the art and are particularly preferred for the present method.
However, other reporter molecules, such as radioisotope, chemiluminescent or

20 bioluminescent molecules, may also be employed.

The present invention also contemplates genetic assays such as involving PCR analysis to

detect sphingosine kinase or its derivatives,

25 Further features of the present invention are more fully described in the following non-

limiting examples.
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5 (U) of activity is defined as 1 pmol of S1P formed per minute,

Purification of sphingosine kinase from human placenta
Sphingosine kinase was purified from 1240 g of human placenta (4 placentas), with all
steps performed at 4°C. The placentas were diced, washed in buffer A (25 mM Tris/HC1
10 buffer, pH 7.4 containing 10% (v/v) glvcerol, 0.05% Triton X-100 and I mM
dithiothreitol), transfered to 1.5 L of fresh buffer A containing a protease inhibitor cocktail
(Complete™; Boehringer Mannheim) (buffer B), and minced in a Waring blender. The
resultant homogenate was stored on ice for 30 min to enhance enzyme extraction, and the
soluble fraction of the homogenate then isolated by centrifugation at 17 000 g for 60 min.
15 This preparation was then fractionated by (NH,),SO, precipitation by the addition of solid
(NH,),SO, at pH 7.4 and collection of the precipitated proteins by centrifugation-(‘l 7 000 g,
30 min). The 25-35%-saturated (NH,),S0, fraction was then redissolved in a buffer B,
desalted by extensive dialysis against this same buffer, and centrifuged (17 000 g, 30 min) )

to remove insoluble material. All subsequent chomatographic steps were pcrformed using
20 a FPLC system (Pharmacia Biotech) at 4°C _ -

The dialysed (NH,),SO, fraction was applied to a Q-Sepharose fast flow column (50 mm
diamter, 250 ml bed volume) pre-equilibrated with buffer A at a flow rate of 7 ml/min.
Sphingosine kinase activity was eluted with a NaCl gradient of 0 to IM in buffer A and

25 collected in 10 ml fractions. Fractions containing highest SK1 activity were then
combined, and CaCl, and NaC1 added to give final coritentrations of 4 mM and 250 mM,
respectively. This pooled extract was then applied to a calmodulin-Sepharose 4B column
(16 mm diameter, 10 ml bed volume), pre-equilibrated with buffer A containing 2 mM
CaCl,, at a flow rate of | ml/min. The column was then washed with several column

30 volumes of equilibration buffer, followed by buffer A containing 4 mM EGTA, and then
SKI eluted with buffer A containing 4 mM EGTA and 1 M NaCl. The fractions containing
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sphingosine kinase activity were combined and desalted on a Sephadex G-25 column. ATP
and MgCl1, were then added to the pooled fractions to a final concentrations of 1 mM and 5
mM, respectively, before reapplication at a flow rate of 1 ml/min to the Mono-Q column
pre-equilibrated with buffer A containing 1 mM ATP and 5 mM MgCl1,. Sphingosine

10 kinase activity was eluted with a NaCl gradient of 0 to 1M in the equilibration buffer.
Again, NaCl (to 500 mM) was immediately added to the fractions (1 ml) collected to
stabilise enzyme activity. The ATP-Mono-Q fractions containing highest sphingbsine
kinase activity were pooled and concentrated 10-fold 10 a final volume of 200 plin a
Centricon-10 concentrator and applied at a flow rate of 0.4 ml/min to a Superdex 75

15 column (10 mm diameter, 20 mi bed volume) pre-equilibrated with buffer A cbntaining 500
mM NaCl. Sphingosine kinase activity was eluted with the same buffer and 0.4 ml
fractions collected. The molecular mass of the enzyme was estimated from this column by

comparison to the elution volumes of ribonuclease A, chymotrypsinogen A, ovalbumin and
BSA.

20 . e
Cloning of human sphingosine kinase
The human sphingosine kinase (hSK) was amplified from a HUVEC A Zap ¢cDNA library
using PCR primers derived from human EST sequences (GenBank™ accession numbers
D31133, W63556, AA026479, AA232791, AADR1152, AI769914 and AI769914) aligned

25 to the murine sphingosine kinases (Olivera ef al., 1998). These primers, spanning a central
SacH site (P1, 5-CGGAATTCCCAGTCGGCCGCGGTA-3' [<400>3]} and P2, 5-
TAGAATTCTACCGCGGCCGACTGGCT-3' [<400>4]), were used in combination with
T3 and T7 primers to generate two overlapping PCR products of 669 bp and 550 bp that
represented the 5' and 3' ends of hSK, respectively. These two PCR products were then

30 separately cloned into pGEM4Z. A 584 bp Sacll fragment from the 5' hSK PCR clone was

then sub-cloned in the correct orientation into the Sacll site of the 3' hSK PCR clone, to
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generate a 1130 bp partial hSK ¢cDNA clone. A full length clone encoding hSK was then
generated by sub-cloning a 120 bp EcoR1/Stul fragment from the 669 bp 5" hSK clone into
this pGEMA4Z-1130 bp clone digested with EcoR1/Stul. Sequencing the cDNA clone in
both directions verified the integrity of the hSK ¢cDNA sequence.

For mammalian cell expression the hSK ¢DNA was FLAG epitope tagged at the 3'-end by
PFU polymerase PCR with oligonucleotide primers T7 and 5'-
TAGAATTCACTTGTCATCGTCGTCCTTGTAGTCTAAGGGCTCTTCTGGCGGT-5"
[<400>5]. This FLAG-tagged hSK ¢DNA was then cloned into pCDNA3 by digestion

10 with EcoRI. The orientation was determined by restriction analysis and sequencing verified
the integrity of the hSK-FLAG cDNA sequence. For bacterial expression, the full length
hSK ¢DNA was sub-cloned into pGEX4T2. The pGEMA4Z-hSK clone was digested with
BamHI and blunted with 3U PFU polvmerase in 1 x PFU buffer, 50uM dNTP’s at 72°C for
30 minutes. The 1163 bp hSK cDNA was gel purified following digestion with Sa/l and

15 the blunt/Sall fragment was then ligated to PGEX4T2 Smal/Xhol.

Sphingosine kinase amino acid sequence analysis
The human sphingosine kinase amino acid sequence was searched against non-redundant
amino acid and nucleotide sequence databases at the Australian National Genome

20 Information Service using the blastp and tblastn algorithms (Altschul ef al., 1990).

Cell culture

Human umbilical vein endothelial cells (HUVEC) were isolated as previously described
(Wall ef al., 1978) and cultured on gelatin-coated culture flasks in medium M199 with

25 Earle’s salts supplemented with 20% fetal calf serum, 25 pg/ml endothelial growth
supplement (Collaborative Research) and 25 pg/ml heparin. The celis were passaged three
times and grown to 80% confluency before treatment and harvesting. Human embryonic
kidney cells (HEK293, ATCC CRL-1573) cells were cultured on Dulbecco’s modified
Eagle’s medium containing 10% fetal calf serum, 2 mM glutamine, 0.2% (w/v) sodium

30 bicarbonate, penicillin (1.2 mg/ml), and gentamycin (1.6 mg/ml). HEK293 cells were
transiently transfected using the calcium phosphate precipitation method (Graham & van
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der Eb, 1973). Treatment of HUVEC and HEK?293 cells with TNFu (1 ng/ml) was

performed as previously described (Xia er of.. 1998).

EXAMPLE 2
5 EXPRESSION AND ISOLATION OF RECOMBINANT HUMAN
SPHINGOSINE KINASE FROM E. COLJ - EXPERIMENTAL PROCEDURE

The full length SPHK ¢DNA cloned into pGEXAT? was transformed into £ coli BL21.
Overnight cultures (100 ml) of transformed isolates were grown with shaking (200 rpm) at
10 30°C in Superbroth (20 g/L glucose, 35 g/L tryptone, 20 g/I. yeast extract, 5 g/L. NaCl, pH
7.5) medium containing ampicillin (100 mg/L). The cultures were diluted 1:20 in fresh
medium and grown at 30°C with shaking to an ODy,, of 0.6-0.7. Expression of the
glutathione-s-transferase (GST)-coupled sphingosine kinase (GST-SK) was then induced
by addition of 0.1 mM isopropyl-p-D-thiogalactoside and further incubation of the cultures
15 at30°C for 3 h. After this time the bacterial celis were then harvestéd by centrifugation at
6,000 g for 20 min at 4°C and resuspended in 20 ml of buffer B containing 250 mM NaCl.
the cells were then lysed with lysozyme at a final concentration of 0.3 mg/ml for 15 min at
25°C followed by sonication, consisting of three cycles of 20s ultrasonic puises followed
by one minute cooling. The lysate was then clarified by centrifugation at 50,000 g for 45
20 min at 4°C, followed by filtrating through 0.22 m filters. To be filtered supernatant was
then incubated with 0.2 volumes of 50% (w/v) glutathione-Sepharose 4B (Pharmacia) that
was washed and pro-equilibrated with buffer B, for 60 min at 4°C with constant mixing.
After this time the mixture was poured into a glass chromatography column (10 mm diam.)
and the beads (with bound GST-SK) washed with 10 column volumes of buffer B at 4°C.
25 The GST-SK was then eluted from the column in 10 ml of buffer B containing 10 mM
reduced glutathione. Cleavage of the GST away from sphingosine kinase was then
performed by incubation with 20 g (30 N.LH. units) thrombin (Pharmacia) for 3h at 25°C.
The released sphingosine kinase was then purified by application of the cleavage mix to a
calmodulin-Sepharose column and then a Mono-Q anion exchange column for the
30 purification of the sphingosine kinase from human placenta. These columns resulted in

purification of the recombinant sphingosine kinase to homogeneity.
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EXAMPLE 3
CHARACTERISATION OF SPHINGOSINE KINASES - EXPERIMENTAL
PROCEDURES

The effect of pH on the activity of the isolated sphingosine kinases was determined over the

pH range 4.0 to 11.0 in 50 mM buffers (sodium acetate, pH 4.0-5.0; Mes, pH 6.0-7.0;

“Hepes, pH 7.0-8.2; Tris/HCI, pH 8.2-10.0; Caps, pH 10.0-11.0) at 37°C. pH stability was

determined by assaying the residual activity after pre-incubation of the enzymes in the same
buffers for 5h at 4°C. Similarly, thermal stabilities were determined by assaying the
residual activity after pre-incubation of the enzymes at various temperatures (4-80°C) for
30 min at pH 7.4 (50mM Tris/HC]1 containing 10% glycerol, 0.5 M NaC1 and 0.05%
Triton X-100). Substrate kinetics were analysed using Michaelis-Menten kinetics with a
weighted non-linear regression program (Easterby, 1996). Since sphingosine and its
analogues were added to the enzyme assays in mixed micelles with Triton X-100, where
they exibit surface dilution kinetics (Buehrer and Bell, 1992), all K., and K, values obtained
for these molecules were expressed as mol % of Triton X-100, rather than as bulk solution
concentrations. For assays to determine the effect of calcium/calmodulin on sphingosine
kinase activity, calcium and calmodulin were added to the standard assay mixtures

containing 20 aM of isolated sphingosine kinase at final concentrations of 4 mM and 0.6

KM, respectively.

EXAMPLE 4
OTHER ANALYTICAL METHODS

Protein was determined using either the Coomassie Brilliant Blue (Bradford ét al., 1976) or
Bicinchoninic acid (Smith ez al., 1985) reagents using BSA as standard. In some cases
protein estimations were performed after concentration and removal of detergent by
precipitation (Wessel and Flilgge, 1984) to increase the sensitivity and accuracy of the
determinations. SDS-PAGE was performed according to the method of Laemmli (1970)
using 12% acrylamide gels. Protein bands on gels were visualised with either Coomassie

Brilliant Blue R250 or silver staining. Molecular mass was estimated by comparison to the
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Just over half of the total sphingosine kinase activity in human placenta was present in the
cytosol after tissue homogenisation (Table 3). The purification of sphingosine kinase from
human placenta is summarised in Table 4. The soluble fraction from the homogenate of

10 four human placentae was initially subjected to ammonium sulphate precipitation. This
resulted in a remarkably good purification of sphingosine kinase (33-fold), which
precipitated in the 25-35% saturated ammonium sulphate fraction. For anion exchange
chromatography the ammonium sulphate fraction was rapidly desalted through the use of
Sephadex G25 column and the desalted fraction loaded immediately onto a Q Sepharose FF

15 column. The speed of this desalting step appeared critical since the sphingosine kinase
activity appeared very unstable at NaCl concentrations below about 0.2 M, meaning slower
desalting steps, such as dialysis, resulted in substantial losses of enzyme activity.
Application of a NaC] gradient of 0 to 1 M to the Q Sepharose FF column resulted in two
peaks of sphingosine kinase activity. eluting at approximately 0.15 M and 0.6 M NaCl, and

20 designated SK1 and SK2, respectively (Fig. 2). For this study SK.1 was selected for further
purification due to its greater abundance and stability; SK2 activity appeared very unstable
and, unlike SK 1, could not be stabilised by the addition of 0.5M NaCl, 10% glycerol and

0.05% Triton X-100. SKI was also chosen since it appeared to be the isoform present in
HUVEQ, as discussed later.
25

Fractions from Q Sepharose FF column containing SK1 were then affinity purified by
application to a calmodulin-Sepharose 4B column in the presence of 4mM CaC 172, and
elution of SK1 performed with EGTA and NaCl, resulting in further substantial
purification (38-fold) and high enzyme yields. SK1 could not be eluted from the

30 calmodulin Sepharose 4B column with EGTA alone, indicating an unusual association of

the enzyme with this affinity matrix. The active fractions that eluted from the calmodulin
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EXAMPLE 7
CLONING OF HUMAN SPHINGOSINE KINASE AND TRANSIENT
EXPRESSION IN HEK293 CELLS - RESULTS

L

A human sphingosine kinase cDNA was generated from a HUVEC A Zap library using
primers designed from human ESTs aligned with the published murine sphingosine kinase
sequence (Kohama et al., 1998). The cloning strategy is shown in Figure 6 (prov). The
cDNA has an apparent open reading frame coding for 384 amino acids (Fig. 7). it should
~be noted that the sequence lacked a recognisable Kozak consensus motif raising the
10 possibility that the actual initiation sequence may not be included in this cDNA. The
sphingosine kinase cDNA encodes for a protein (hSK) with a predicted isoelectric point of
6.64 and a molecular mass of 42,550 kDa, consistent with the molecular mass determined
for the purified human placenta sphingosine kinase (SK1). Subcloning into pcDNA3 and
transient expression of hSK in HEK293 cells resulted in a 3200-fold increase in
15 sphingosine kinase activity in these cells (Fig. 8), compared with untransfected HEK?293
cells or HEK293 celis transfected with empty vector, indicating that the generated hSK. -
¢DNA encodes a genuine sphingosine kinase. Interestingly, although hSK-transfected '
HEK293 cells had 3200-fold higher levels of sphingosine kinase activity, treatment of these
cells with TNFa resulted in a rapid (10 min) increase in sphingosine kinase aétivit'y'by' a
20 similar proportion (approximately 2-fold) to that seen in untransfected HEK?293 cells (Fig.
8) (Xiaer al., 1998). This indicates the high levels of over-expressed sphingosine kinase

are not saturating the TNFo mediated activation mechanism in these cells.

EXAMPLE 8
25 HUMAN SPHINGOSINE KINASE ANALYSIS - RESULTS

A search of the database shown hSK has a high amino acid sequence similarity (28 to 36%
identity) to two recently identified Saccharomyces cerevisiae sphingosine kinases (Nagiec
et al., 1998) and several other ESTs encoding putative sphingosine kinase proteins from

30 Schizosaccharomyces pombe, Caenorhabditis elegans and Arabidopis thaliana. Multiple
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sequence alignment of hSK with these homologues (Fig. 9) revealed several regions of

highly conserved amino acids throught the protein, but particularly towards the N-terminus.

A search of the domain structures of hSK sequence revealed three calcium/calmodulin
5 binding motifs (Rhoads & Friedberg, 1997), one of the 1-8 14 type A

([FILVW]xxx {FAILVW]xx[FAILV W]xxxxx { FILVW] with net charge of +3 to +6)
spanning residues 290 to 303, and two of the 1-8 14 type B
([FILVW xxxxx {FAILVWkxxxx[FILVW] with net charge of +2 to +4) that overlap
between residues 134 to 153. Further analysis of the hSK sequence revealed a possible N-

10 myristoylation site close to the N-terminus (at Gly®) that may be applicable if the protein is
subject to proteolytic cleavage. Also identified were one putative casein kinase II (CKII)
phosphorylation site (at Ser™) and four putative PKC phosphorylation sites (at Thr*,
Ser'®, Thr'®* and Ser’™) (Fig. 7). These putative phosphorylation sites are also found in
both murine sphingosine kinase isoforms, although the mouse enzymes also display six

15 more possible phosphorylation sites; four for PKC, and one each for CKII and protein
kinase A, that do not occur in hSK.

A search of signalling domain sequences using the SMART search tool (Schultz er al.,
1998; Ponting ef al., 1999) revealed similarity in residues 16 to 153 of hSK to the putative
20 diacyliglycerol kinase (DGK) catalytic domain. hSK showed an overali 36% identity to the
consensus sequence of the DGK catalytic domain family, and possessed 17 of the 24 very
highly conserved amino acids of this domain. hSK, however, showed no homology with
the proposed ATP binding motif of this domain (GxGxxGx K), although it should be noted
that the applicability of this protein kinase ATP-binding site motif (Hanks ef al., 1988) to
25 DGKs remains contentious (Schaap er al., 1994); Sakane et al., 1996; Masai er al., 1993).
Further sequence analysis of the human sphingosine kinases also failed to find regions
showing any marked similarity to the proposed nucleotide-binding motifs found in other
protein families (Saraste et al., 1990: Walker er al., 1982). Apart from the similarity to the
DGK catalytic domain, hSK shows no similarity to other lipid binding enzymes, and does
30 not appear to have any recognizable lipid binding domains, like PKC C2 or pleckstrin

homology domains. There are also no other obvious regulatory domains, with the possible
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exception of a proline-rich region at the C-terminus which has some similarity to SH3

binding domains (Ren er al.. 1993: Yu er ol 1994).

EXAMPLE 9 .
EXPRESSION IN E. COLI AND ISOLATION OF RECOMBINANT SPHINGOSINE
KINASE - RESULTS

The hSK ¢DNA was subcloned into the pGEX 4T-2 plasmid and hSK expressed as a
glutathione s-transferase (GST) fusion protein in E. cofi BL21 by IPTG induction {Fig. 10).
After the GST-hSK fusion protein was partially purified using glutathione Sepharose 4B,
and the GST removed by thrombin cleavage, the hSK was further purified by subsequent
elutions from calmodulin Sepharose and Mono-Q anion exchange columns. This resulted
in high recovery of sphingosine kinase activity (greater than 70% of the originally induced
activity), and an electrophoretically pure sphingosine kinase (Fig. 10). However, only low
protein yields of the recombinant enzyme could be obtained since a large proportion of the

IPTG induced, thrombin-cleaved hSK protein did not bind to the calmodulin Sepharose

column (Fig. 11). This non-binding form of hSK had no demonstrable catalytic act1v1ty

suggesting that it was incorrectly folded.

EXAMPLE 10
POST-TRANSLATIONAL MODIFICATION REQUIREMENT
FOR SPHINGOSINE KINASE FUNCTIONAL ACTIVITY

To determine if post-translational modifications are required for activity of the native
sphingosine kinase, the native molecule has been compared to the recombinant énzyme
produced in E. coli where such modifications would not oceur. Specifically, the enzymes
have been examined for differences in substrate affinity and accessibility. The premise for
this study was that post-translational modifications may cause conformational changes in
the structure of sphingosine kinase which may result in detectable changes in the physico-

chemical or catalytic properties of the enzyme. In summary, it was determined that
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recombinantly produced sphingosine kinase retains its functional activity even in the

absence of posi-transiational modification.
METHODS

Substrate specificity of the native and recombinant sphingosine kinases

Relative rates of phosphorylation of sphingosine by the native and recombinant sphingosine

kinases were arbitrarily set at 100% and correspond to 2.65 kU and 7.43 kU of the native

and recombinant sphingosine kinases. respective. The substrates examined were added to a
10 final concentration of 100uM in 0.23% (w/v) Triton X-100, and assaved under the standard

assay conditions outlined earlier.

Substrate and inhibitor kinetics of the native and recombinant sphingosine kinases

Substrate kinetics were determined by supplying substrates over the concentration range of
15 0.5 to 200pM for sphingosine analogues, and 5 to 1000uM for ATP. Inhibition kinetics

were determined by the use of inhibitors over a concentration range of 2 to 50uM (Table 5).

In both cases the data were analysed by non-linear regression.

Thermal stqbi{ities af tl;gz native and recombinant splhingosine kinases

20 Thermal stabilities of the native and recombinant sphingosine kinases were determined by
assaying the residual activity remaining after preincubation of the enzymes at various
temperatures (4 to 80°C) for 30 min at pH 7.4 (50mM Tris/HCI containing 10% glycerol,
0.5M NaCl and 0.05% Triton X-100). The original activities of the native and recombinant

sphingosine kinases were arbitrarily set at 100% and correspond to 2.65 kU and 7.43 kU,

25 respectively.

PH stabilities of the native and recombinant sphingosine kinases

PH stabilities of the native and recombinant sphingosine kinases were determined by

assaying the residual activity remaining after preincubation of the enzymes at various pH's
30 at4°C for 5 hr. The original activities of the native and recombinant sphingosine kinases

were arbitrarily set at 100% and correspond to 2.65 kU and 7.43 kU, respectively.
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The effect of pH on activity of the native and recombinant sphingosine kinases
The effect of pH on the activity of the native and recombinant sphingosine kinases were
determined by assaying the activity over the pH range of 4.t0 1 in 50mM buffers (sodium
acetate, pH 4.0-5.0; Mes, pH 6.0-7.0; Hepes, pH 7.0-8.2; Tris, pH 8.2-10.0; Caps. pH 10.0-
11.0). The maximum activities of the native and recombinant sphingosine kinases were -

arbitrarily set at 100% and correspond 1o 2.65 kU and 7.43 kU, respectively.

Effect of metal ions on the activity of the native and recombinant sphingosine kinases
The effect of metal ions on the activity of the native and recombinant sphingosine kinases
were determined by assaying the activity under standard conditions in the presence of
various metal ions or EDTA at 10mM. The maximum activities of the native and

recombinant sphingosine kinases were arbitrarily set at 100% and correspond to 2.65 kU

and 7.43 kU, respectively.

Effect of phospholipids on the activity of the native and recombinant sphingosine
kinases

The effect of various phospolipids on the activity of the native and recombinant
sphmgosme kmases were determined by assaying the activity under standard conditions in
the presence of these phospholipids at 10 mol% of Triton X-100. The activities of the
native and recombinant sphingosine kinases in the absence of phospholipids were
arbitrarily set at 100% and correspond to 2.65 kU and 7.43 kU, respectively. PC,
phosphatidylcholine; PS phosphatidylserine; PE, phosphatidylethanolamine; PI,
Taosphatidylinositol.

RESULTS

Maximum activity of the native and recombinant sphingosine kinases were observed at pH
7.4, with both enzymes showing greater than 60% of maximum activity in the pH range 6.8
to 7.4 (Fig. 12). Both sphingosine kinases retained more than 90% of the original activity
after 5 h incubation at 4°C in the pH range 6 to 7.8 (Fig. 12), and at pH 7.4 in the presence
of 10% glycerol, 0.5M NaCl and 0.05% Triton X-100, both enzymes were stable for 30
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min at temperatures up to 37°C (Fig. 12). The enzymes were much less stable in buffers
lacking glycerol, NaCl and Triton X-100 (data not shown). consistent with previous
observations of the bovine brain and rat kidney sphingosine kinases (Louie et al., 1976;
Olivera et al., 1998). Both human sphingosine kinases showed a requirment for divalent
5 metal ions since the presence of EDTA in assays elimated activity (Fig. 12). Like other
sphingosine kinases examined (Louie er al., 1976 Buehrer & Bell. 1992; 1993; Olivera es
al., 1998; Nagiec ef al., 1998), both human enzymes showed highest activity with Mg”*,
somewhat lower activity with Mn™", and only very low activity with Ca®*. Other divalent

metal ions examined, including ZN*", Cu® and Fe®, did not support sphingosine kinase

10 activity (Fig. 12).

The native and recombinant sphingosine kinases have very stmilar, and narrow, substrate
specificites (Fig. 13), with both showing greatest activity with the naturally occuring
mammalian substrate D-erythro-sphingosine as well as D-erhthro-dihydrosphingosine.

15 Low activity was also detected for both enzymes against phytosphingosine, while a range of
other sphingosine derivatives and related molecules where not phosphorylated. These
included DL-threo-dihydrosphingosine, N, N-dimethylsphingosine, N, N, N- )
trimethylsphingosine, N-acetylsphingosine (Cz-éeramicié)_, diacylglycerol (I,Q;dioctanoyl-
sn-glycerol and 1,2-dioleoyl-sn-glycerol), and phosphatidylinositol. Further analysis of the

20 human sphingosine kinases with D-erythro-sphingosine as well as D-erhthro-
dihydrdsphingosine revealed Michaelis-Menten kinetics over the concentration range used
(Fig. 13), with both isolated native and recombinant sphingosine kinases showing very
similar kinetic properties and slightly higher affinity for D-erythro-sphingosine as well as
D-erhthro-dihydrosphingosine (Table 5). Both enzymes also displayed similar kinetics

25 when sphingosine was supplied as a sphingosine-BSA complex, although presentation of
the substrate in this manner resulted in a lower k., values for both enzymes (28 s™ and 39 &
' for the native and recombinant sphingosine kinases, respectively) compared to its
presentation in Triton X100 mixed micelles, as used for all the other assays performed in
this study. Sphingosine supplied as a BSA complex K values of 16 =4 mM and 17 + 2

30 mM for the native and recombinant sphingosine kinases, respectively. Both the native and
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recombinant sphingosine kinases had the same affinity for ATP (K of approx. 80 mM

(Table 5).

Both the native and recombinant sphingosine kinase were inhibited by DL-threo-
dihydrosphingosine, N, N-dimethylsphingosine and N, N, N-trimethylsphingosine (Fi g. 13},
with all three of these molecules displaying competitive inhibition with respect to
sphingosine. Although the inhibition constants for these molecules were quite similar,
N, N, N-trimethylsphingosine gave slightly more efficient inhibition than DL-threo-
dihydrosphingosine, which was a marginally more efficient inhibitor than N, N-

dimethylsphingosine (Table 3).

ADP also showed weak competitive inhibition, with respect to ATP (Table 5). In all cases
remarkably similar inhibition constants were observed for the native and recombinant
sphingosine kinases (Table 5). No inhibition was seen with N-acetylsphingosine or

Fumosin B1, a ceramide synthase inhibitor.

The effect of calcium/calmodulin on sphingosine kinase activity was examined. Under the
assay conditions used, calcium/calmodﬁlin had no effect on the activity of either the native.
or recombinant human sphingosine kinases (data not shown). While this result indicates a
lack of sphingosine kinase activity regulation by calmodulin, the possibility remains that

calmodulin may be involved in some other function with sphingosine kinase, such as

regulating ists subcellular localisation.

Stimulation of sphingosine kinase activity by acidic phospholipids was examined. The
addition of the neutral phospholipids phosphatidylcholine and phosphatidylethanolamine to
the enzyme assay mixture did not result in any detectable differences in human sphingosine
kinase activity, however, marked increases in activity (1.6 to 2-fold) were observed with
the acidic phospholipids physphatidylserine, phosphatidylinositol and phosphatidic acid
(Fig. 14). Both the native and recombinant sphingosine kinases were activated in a similar

manner by these acidic phospholipids, with kinetic analyses revealing that all three
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phospholipids caused an increase in the enzymes K_. while the K_ values remained

unchanged.

Those skilled in the art will appreciate that the invention described herein is susceptible to
5> variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and medifications. The invention also
includes all of the steps, features, compositions and compounds referred to or indicated in
this specification, individually or collectively. and any and all combinations of any two or

more of said steps or features,
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Table 3 - Comparison of sphingosine kinase activity in human placenta with various
animal tissues

Fresh animal tissues were washed and homogenized as described for the human placenta.
The proportion of cytosolic sphingosine kinase activity was determined by comparison of
the total activity in the homogenate to that from the ultracentrifugation supernatant

(100,000 x g, 60 min). The specific activity of sphingosine kinase is expressed as pmol of

S1P formed per minute (U) per g tissue.

Specific activity Cytosolic
(U/g tissue) (%)
Human placenta 13 51
Rat kidney 28 63
Rat liver ' ) 19 37
Rat brain 13 52
Sheep kidney 38 o8
Sheep liver 17 31 .
Sheep brain 16 . ‘ 63 .
Sheep spleen 9 n 34
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Table 4 - Purification of sphingosine kinase from human placenta
Sphingosine kinase was purified from 1240 ¢ of tresh human placenta (4 placentas). One
unit (U) of sphingosine kinase activity is defined as ! pmol of SIP .formed from
sphingosine and ATP per minute.
Step Activity | Protein | Specific Recovery | Purification
(Ux 107 | (mg) Activity (%) Fold
(U/mg)
Soluble fraction of homogenate | 7943 123600 | 58 100
Ammonium sulphate (25-35%) | 7723 3527 1966 97 33
Q Sepharose anion exchange 4048 1098 4597 63 79
Calmodulin Sepharose 3197 1823 | 1.75x 10° | 40 3.0x 10°
Mono Q anion exchange 1706 2921 | 5.84x10° |21.5 1.0 x 104
ATP-Mono Q anion exchange | 1133 0419 [2.70x 10° | 14.3 4.6 x 10°
Superdex 75 gel filtration 549 0.008 |6.64x10" |6.9 1.1x 10
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Table 5 - Substrate and inhibition kinetics of the native and recombinant sphingosine
kinases

Substrate kinetics were determined by supplving substrates over the concentration range of 0.5 to
200uM (0.0125 to 5 mol %) for sphingosine analogues. and 5 to 1000uM for ATP. Inhibition
kinetics were determined by the use of inhibitors over a concentration range of 2 to 50uM (0.05
to 1.25 mol %) for sphingosine analogues and 0.1 to 5mM for ADP. For comparison to previous
studies, alt X, and X values for sphingosine and its derivatives are expressed as both bulk solution
concentrations and mol % of Triton X-100, where Triton X-100 was present in all assays at a final
concentration of 0.25% (w/v). All kinetic values and standard errors (Duggleby, 1981) were

obtained from non-linear regression analysis (Easterby. 1996).

Native SK Recombinant SK
SUBSTRATE KINETICS:
Sphingosine
K, (mol %) 0.35x0.05 0.30 + 0.07
K, (M) 1442 12+3
ke (87) 50 85
bl Ko (107 51 M) 36 7l
Dihydrosphingosine
K. (mol %) 0.50 £ 0.05 0.48 £0.05
Ko (M) 202 1942
ko (ST) 35 76
ko K, (10757 MY 18 39
ATP ,
K_(uM) 77+ 11 86+ 12
INHIBITOR KINETICS:
N, N-dimethylsphingosine
K; (mol %) 020+ 0.03 0.19+0.02
K (p) 7.8+ 1 7.5=x1
DL-threo-dihydrosphingosine
K (mol %) ‘
K; (uM) 0.15£0.02 0.14 £ 0.03
59+1 571
N, N, N-trimethylsphingosine
K, {mol %)
K {(pM} 0.12£0.03 0.10 £ 0.02
461 38+1
ADP
K, (mM) F1+0.3 0.9+ 0.2
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protein is a human sphingosine kinase protein.

1o 3. An isolated nucleic acid molecule or derivative or analogue thereof comprising a
nucleotide sequence encoding, or a nucleotide sequence complementary to a nucleotide sequence
encoding, an amino acid sequence substantially as set forth in SEQ ID NO:2 of a derivative or
mimetic thereof or having at least about 45 % or greater similarity to at least 10 contiguous
amino acids in SEQ ID NO:2,

15
4, An isolated nucleic acid molecule or derivative or analogue thereof comprising a
nucleotide sequence substantially as set forth in SEQ ID NO:1 or a derivative thereof capable of
hybridising to SEQ ID NO:1 under low stringency conditions.

20 5. An isolated nucleic acid molecule according to claim 4 which further encodes an amino
acid sequence corresponding to an amino acid sequence set forth in SEQ ID NO:2 or a sequence

having at least about 45 % similarity to at least 10 contiguous amino acids in SEQ ID NO:2.

6. An isolated nucleic acid molecule according to claim 3 or 4 substantially as set forth in

25  SEQID NO:1.

7. An isolated protein or derivative, analogue, chemical equivalent or mimetic thereof

wherein said protein is a novel sphingosine kinase protein.
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8. An isolated protein according to claim 7 wherein said sphingosine kinase protein is a
human sphingosine kinase protein.

9. An isolated protein comprising an amino acid sequence substantially as set forth in SEQ

5 ID NO:2 or a derivative or mimetic thereof or a sequence having at least about 45 % similarity to
at least 10 contiguous amino acids in SEQ ID NO:2 or a derivative, analogue, chemical

equivalent or mimetic of said protein.

10.  Anisolated protein according to claim 9 encoded by a nucleotide sequence substantially
10 as set forth in SEQ ID NO:1 or a derivative or analogue thereof or capable of hybridising to SEQ
ID NO:1 under low stringency conditions or a derivative, analogue, chemical equivalent or

mimetic of said protein.

11.  Anisolated protein according to claim 9 or 10 substantially as set forth in SEQ ID NO:2.
15

12. A method of modulating expression of sphingosine kinase, in a subject, said method

comprising contacting the sphingosine kinase gene with an effective amount of an agent for a

time and under conditions sufficient to modulate expression of sphingosine kinase.

20 13. A method of modulating the functional activity of sphingosine kinase in a mammal, said
method comprising administering to said mammal a modulating effective amount of an agent for

a time and under conditions sufficient to increase or decrease sphingosine kinase activity.

14. A method of modulating cellular functional activity in a mammal said method
25 comprising administering to said mammal an effective amount of an agent for a time and under

conditions sufficient to increase or decrease sphingosine kinase activity.
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o' 10 ¢emprising administering to said mammal an ‘effective amount of an agent for a time and under

conditions sufficient to modulate the expression of sphingosine kinase or sufficient to modulate

the activity of sphingosine kinase.

5
16. A method of modulating cellular functional activity in a mammal said method
comprising administering to said mammal an effective amount of a nucleic acid molecule
according to any one of claims 1-6 or a derivative, analogue, chemical equivalent or mimetic
thereof for a time and under conditions sufficient to modulate the functional activity of said cell.
10

17. A method of modulating cellular functional activity in a mammal said method
comprising administering to said mammal an effective amount of an agent for a time and under
conditions sufficient to modulate the expression of sphingosine kinase or sufficient to modulate
the activity of sphingosine kinase wherein said sphingosine kinase expression product or

15 sphingosine kinase modulates the activity of said cell.

18. A method of treating a mammal said method comprising administering to said mammal
an effective amount of an agent for a time and under conditions sufficient to modulate the
expression of sphingosine kinase wherein said modnlation results in modulation of cellular

20 functional activity.

19. A method of treating a mammal said method comprising administering to said mammal
an effective amount of an agent for a time and under conditions sufficient to modulate the
activity of sphingosine kinase wherein said modulation results in modulation of cellular

25  functional activity.
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20. A method of treating a mammal said method comprising administering to said
mammal an effective amount of a protein according to any one of claims 7-11 or a
derivative, analogue, chemical equivalent or mimetic thereof for a time and under

conditions sufficient to modulate cellular functional activity.

21. A method of treating a mammal said method comprising administering to said
mammal an effective amount of a nucleic acid molecule according to any one of
claims 1-6 or a derivative, analogue, chemical equivalent or mimetic thereof for a

time and under conditions sufficient to modulate cellular functional activity.

22. Use of an agent capable of modulating the expression sphingosine kinase or a
derivative, analogue, chemical equivalent or mimetic thereof in the manufacture

of a medicament for the modulation of cellular functional activity.

23. Use of an agent capable of modulating the activity of sphingosine kinase or a
derivative, analogue, chemical equivalent or mimetic thereof in the manufacture

of a medicament for the modulation of cellular functional activity.

24, Use of sphingosine kinase or sphingosine kinase or a derivative, analogue,
chemical equivalent or mimetic thereof in the manufacture of a medicament for

the modulation of cellular functional activity.

25.  An agent for use in modulating sphingosine kinase activity or a derivative,
analogue chemical equivalent or mirnetic thereof wherein modulating said

sphingosine kinase activity modulates cellular functional activity.

26.  Anagent for use in modulating sphingosine kinase expression or a derivative,
analogue, chemical equivalent or mimetic thereof wherein modulating expression

of said sphingosine kinase modulates cellular functional activity.
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derivative, homologue, analogue, chemical equivalent or mimetic thereof together

with one or more pharmaceutically acceptable carriers and/or diluents.

29.  An isolated antibody directed to the protein according to any one of claims 7-11.

30.  An isolated antibody directed to the nucleic acid molecule according to any one of

claims 1-6.

31. - The antibody according to claim 29 or 30 wherein said antibody is a monoclonal

antibody.

32. The antibody according to claim 29 or 30 wherein said antibody is a polyclonal

antibody.

33. A method of diagnosing or monitoring 2 mammalian disease condition said
method comprising screening for sphingosine kinase or sphingosine kinase in a

biological sample isolated from said mammal.



16 & ()- fegg hMINAChPh\ h| 0bU40 o Ol " <109 (G& ()- 10*U(*10*U(*10%1f* 0;
109 U(*& ()-Z OL\8$10% & & ()- L\8%$10%& () - 6 OCT 2003
Lv. 940% & () -\ hahkhhhinj|[:bW40 o0 0 (10% r( & ()- O#10% (G& ()-h 0)

j 10%G (G& () - 0d10%r (G&' ()-= Ov J10%3r (G& ()-

0, P$10%3 (G& ()-nj kl mmm|[:bU40 o O O0S#/ 010% (G& ()- 0)-10%3 (G& () -
WE( (109%&W&' () - $10% (& ()-y $10% & ($9-y (10%' & () - nowpxpypzppppvU40 o
0"10% U(*& ()- 010% U(*& ()- 0"Y10% U(*& ()- 10'10' 10" ,2V$10% & ()-z

2 & 10%
VSO (LA amataNanatiioadiiRing 0 sHFLUR L0 B GAMAGHOGAR sl oot
3#109400ea §§quemmmm -\ Oﬂ&(@D%msce( M- Tpask QOYOWBBIE) 13 SE@/E@ %&&& @) 4}

A& & 9
" enaoibisfode Yo R TEokBRL 181, SeRiE Soatirohr ot 1 S 2 adt gy
#) 10%s{4kacbn cQﬂditﬂdﬂg/@f (fflgfn (a))outoﬁ"C]-QO/@'d@&S(Q 'an@fflgéﬁl‘ol/@ \ie%& ﬁﬂo'ut 31% Vv/y to
0910‘VG’(G& ) - s $109%6GE () - Z~AvU410 O, $10% U(*& ()- 0" 109 U(*& () -

1068y ( ehorty § ow(fg;'r@qmmﬂgo,@d( @glepst- about ;Q)Olld)%w a]g&u( DIFM salt, (4) a nucleotide

#) 10 1 /&& 109 ) AN & (
ong uptafnie il PRt Hi ﬁggﬁ;ﬂf; SR T pite b U%fz %)ﬂhﬂwud@
05: $108¢uehdeompleméritdid Q8K QE 2 F ¥ o)1 *&
& 10% 9%&' () - (gcl’)‘%.OWé' O %I(Zb,&(zleg’PU( *0 0 03089100/E?U?£)0 ) 06 1096 U(* & ( )
"10% & & ()- Of #1098 U(*& ()- 0"109% U(*& ()- 10*U(* 10* U( *ZQ3| [ A410*U(*0
n" (10%9. V&\y isolated polynucleotide according to claim 34, the polynucleotide comprising a

10 sequence at least 95% identical to SEQ ID NO:1.

36.  An isolated polynucleotide sequence that hybridizes to the nucleotide sequence of claim
35 under high stringency conditions of from about 40°C to about 65°C and from at least about
31% v/v to about 50% v/v formamide and at least about 0.01M to about 0.15M salt.

15
37.  An isolated polynucleotide according to claim 34, the polynucleotide encoding a
polypeptide having the sequence of SEQ ID NO:2.

_ 38.  An isolated polynucleotide according to claim 34, the polynucleotide comprising the
20 sequence of SEQ ID NO:1.

39.  An expression system comprising a polynucleotide according to claim 34.
40.  An expression system according to claim 39 capable of producing a sphingosine kinase
25 comprising the polypeptide sequence of SEQ ID NO:2 when the expression system is in a

compatible host cell.

41. A recombinant host cell, the host cell comprising the expression system according to 40.
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