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obesity, nobst probably due to increaSed enerqgy
mmopedglyasrel ¥BBYay is acyl-CoA dependent. The transfer of an acyl group from

acyl-CoA to diacylglycerols (DAGs) catalyzed by the enzyme diacylglycerol acyl-

transferase (DGAT) is regarded as the only committed reaction in TAG synthesis in
the glycerolipid pathway, since DAGs are diverted from membrane glycerolipid
biosynthesis (2). '

[0005] Two distinct mammalian DGAT genes have been identified recently.
DGAT1 was cloned based on its sequence homology to genes involved in sterol
esterification (3, 4). DGAT2 was identified by its homology to a DGAT isolated from
the fungus Mortierella rammaniana (5, 6). Other acyl-CoA dependent TAG
synthesizing enzymes are likely present but are yet to be identified. In addition, acyl-
CoA independent TAG synthesis was also shown to exist in eukaryotes. A DAG
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devel opment of type diabetes and cardi omyopat hy. The
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such as proteins, peptides, antibodies, hormones, lipids and nucleic acids.



met hod may i nclude conpounds effective in the
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that cellular function, or the phenotype associated with that cellular function is
reduced or eliminated as compared to a control where the cellular function is not

inhibited or prevented.

[0020]  In another aspect the invention therefore provides a method of screening or



the present invention, [0025] Figure 1 is a graphical
representation of results obtained from[3H ol eate
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[0025]  Figure 1 is a graphical representation of results obtained from [*H] oleate

pulse labeling of wildtype (WT), single deletion strains Aplhland Adgal, and double

deletion strain A plhl Adgal(DKO);

[0026] Figure 2 is a graphical representation of results obtained from [*H] oleate
pulse labeling of WT and DKO strains transformed with control plasmid (pREP41),

or expression plasmids plhl+ or dgal+;

[0027]  Figure 3 is a fluorescence micrograph of WT and DKO cells grown to
early stationary phase and stained with 10mg/ml Nile Red;



[0036] Figure 12 is fluorescence and phase contrast
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[0035] Figure 11 demonstrates the results of a cell viability assay using WT and
DKO strains grown to early log phase and treated with 0.2mM 1, 2-dioctanoyl-sn-
glycerol (“diC8 DAG”) for 2 hours;

[0036] Figure 12 is fluorescence and phase contrast micrographs of WT and
DKO cells grown to early log phase and treated with 0.2mM diC8 DAG for 2 hours
and DAPI stained;
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wee@soested with or without 125 ng/m of TMPO POT/SG04/000205
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tlgﬁgogps@%h SIR2IPY 1 S8 UREPF £AbLI g?mo (eAdy lokphaseMridhtedagld with

ssion”and buddi ng yeas are as divergent from
pebuitateo kD AR steaeld; f r om mammal s, S. ponbe has been

shown to have greater simlarity to mammal s at | east

] rtain step AVIRIN in.. ‘

(0B4SEC" BieninPITa R refhce Al PR LB b BRRAE bEDRO cels
thainPloSmBRWARJREFMI dr PRIEP4 Pipks pomagiocally &igyiiaté aahiceted with
and their resenbl ance to mamul i an systens are |argely
paheiige ened UNEISstaigate. [ 0055] To identify potenti al

S. ponbe genes that may be involved in TAG

[0044]  Figure 20 illustrates the results of a cell viability assay of cells grown to

early log phase and treated with various concentrations of C2 ceramide for two hours;

[0045]  Figure 21 is fluorescence and phase contrast micrographs of WT and
DKO cells grown to early log phase and treated with C2 ceramide for two hours and
DAPI stained;

[0046]  Figure 22 is fluorescence and phase contrast micrographs of WT and

DKO cells grown to early log phase and treated with C2 ceramide for two hours and



synthesis, the fission yeast genone dat abase was
searched for honol ogous sequences to human DGATI
W@ hidSeTH6)7 hurman DGAT2 (hDGAT2) and the buddi nRCTH/eGZN4/000205
LRA gene using tBLASTX. [0056] A sequence with
jgni.fi cant honol ogy to hDGAT2 (40 percent identity at
Flallcgﬁr%%lflﬁ‘il evel ) was identified and named dgal + (GeneDB
systemati c name: SPCC1235.15). dgal + encodes a
[0D49] r eFighue 2¥rilltgiatesvihé tesalts dfaasl] watelityraaseyrod blisagrewn to

quﬁggig) gb%llﬁz I;;Sél ;gf‘gl!ﬁg‘igﬁ (‘)’*]ici{‘ﬁlhq:’ Ribopt iﬁu&{% 5? iﬁ){m fqr swpg dours and
; i 0, i tit 30 .
ERARERHES pih A PR s a e B Y enorted " an

open reading frame highly honol ogous (45 percent
[G0d&]t i tRigate Pt istflabrestamvebnd plase hentiagdaionegrorlwst NPy cells

was -‘found.in_the fission yeast 0 n +
St 1 P e P e AP BSAEE  vo
hAEBSHT rep hlouBhted With 1 VI8l At Se fortvotedrd hofirsGAd Dl Intained;
acids, wth a putative transnenbrane domain near its N

ater mi nus. Pl hlp al so has a conserved serine |lipase
notif HS(ML)G between am no aci ds 292-296. [0058]

[% ﬁ eglginﬁfc'e %? M1 BES el b FIRL EGnek4t ﬁﬁtgo $8R ofIHE B dRlls

ese 'mvention so as to provi de a yeast
gifwirpioreatlpadg pimaseinabpretréaedsyith besitheutTAGag/18! off TIMP O for two

their S. cerevisiaecounterparts, jal p i.n_S. e, has

e B e e e B 3or B TS R

@&gﬁq@@nt difference is that unlike S. cerevisi ae,
ereas

a small but significant anount of TAG can be
detected in LRAO andDGAl double deletion cells, no
[G05Hi f | Bignre T0\GE fvomshense snioreeraphs of DK el Toesiln graynto
and. dgal + re | et.ed, hi | I Ot
oY topFye #Rep LR P EppRlonf RUGRERH notit LR ET bRaRY:
Pl hlp or the PDAT activity is responsible for the
[0@5 1Y | t Figake TAGSyathed] dabitigrofyWasind ¥ O i puntreated

under goi ng exponential growh.. [0059] Thus, the .
cpiaseard ?lﬂ%‘?&tre@ﬁdr“élﬂhﬁf%qu&g&lf ?%%’ie%ﬁ?f‘ifﬁ%% Cé{‘t"%foﬁmmg
agsggpri sing non functional dgal + andpl hl + genes. As a

u

It, the yeast strain is rendered TAGdefi ci ent
[ 0060J The fission yeast may be any fission yeast

[8052f n Bigurtas gbrusiestiviabiyn ot traredigt BAG kimpssdppagscue the
' f th ies.S. i i _
R0 BB o AR B R ST Rt PR R NS

strain belongs to the species S. ponbe. [0061] The

dgal + gene and thepl hl + gene refer to the S. ponbe
genes that have the sequences identified as GeneDB
DEIAFLED IESCRINPEONS and GeneDB Accessi on No.
SPBC776. 14, respectively, or where the yeast strain js
[0068] t Fanr @neparbRGAT heR@orbRbhanskor hiye Beggrfound to

ot her fission yeast strain..Jhe term.s. " I .
Perds ol aRis Bovplie o e e d B SRR Eiopees
CePhRGENEE cHBAYRBL®, 9, 10, 11). Dgalp (i.e. Dgal protein) is highly
homologous to mammalian DGAT2 while LRO! encodes the Lrolp protein which has
significant sequence similarity to the mammalian enzyme lecithin cholesterol
acyltransferase (LCAT). Dgalp utilizes acyl-CoA to esterify DAG while Lrolp
transfers an acyl group from a phospholipid molecule to the sn-3 position of DAG.
Dgalp and Lrolp mediate the bulk of TAG synthesis; however, in their absence, 2-4



(here S.ponbe genes dgal or plhl) only by one or nore
conservative substitutions, or by one or nore

woensoaieser vati ve substitutions, del etions, orPCT/SG2004/000205
insertions |ocated at positions of the sequence that

da. not he a tion of the
(V%Orfé’ﬁgpﬁta]teé& ‘i’—‘éﬁ%"%‘i‘i ﬁtﬁgﬁ%?eetéégge}g [0062] Preferably,

a honol ogous sequence is one that is at |east 45%
[0UB4E PriefaTsabh yeddSehinbUechofSiyB5pomIOE, paBabe), Gk ritle

even nore preferably 85% 87%. 90%. 93% . 96%,.and
btpidmgeyeam is apnofqally festable anf eFIpRAS With B {1 FSPGHEHC 8{mt he

f
mgg lglr,] ooijs adléiea\r/]cgv pl&eléfgg%%?%d %Ehgﬁlel'(:.l% ?42?@13?);%& (mlli\?c&fésrsgon
arﬂmhdltﬂﬂg }%ﬁsts eABis caﬁ;ergf% Srpomdeath dthe7)s ech f—msmams@é% ene@nbe

h&&%& Ig]{y{vg? %&tﬁk‘}g ,g{:egtaeg ﬁgﬁ%}t}é ct’%&%w%f IGar‘r], ?eeagt o} CG§£1¥1 steﬁ)s of cell
LY acﬁd%ﬁ %&Wﬁt@%‘%ﬁﬁﬁlr@f(l Shentensiies %n&:pﬂfbwfa?sr of lipid

oup, rsit sconsi n Bi ot echnol ogy Center,
mk#bOliddn] their @hymlégledw@mﬁmm@.@nd thairgesapabigE e te papppalipn

softvvar avai l able fromthe National Library of
SYRCIMCHTR AT gﬁyl%E¥HE§E@Png@7ﬁﬁrein). Exanpl es” of usef ul

sof tware include the prograns Pile-up and PrettyBox.

GosE] SOfd wRherPRtaiess. Pomibe gendatitenyds 1hyolasc‘smgT1AGg
degrees of honol ogy to various substlé t|o
sytdhasis, thesfissionsienst igenasme datePase Wap sqrpdie ahoi%‘}]r%go“s sequences

cle S p@%ﬁ@ﬂ@m@)ﬁnﬁltﬁ@bwﬁﬁg da¥t
c& ﬁ% erl W&@f aﬁjg?%ltd ed into the sequen%e
RO ammn@mapﬁSTxllgnnent Once the optimal alignnment
has been set up, the degree of honology is established

[&X&ﬁr]: g? ‘{&glgqglgeng‘% wgﬁls%htg%ggi Ir%(lflg gf]to }?)r(\g%g? 24(5 g@rcent identity at

E&!ﬂﬁ‘lq@\@l \ggs ideftifatdd seaee deest+ eheneDiesysicnaitic mpme:
onol ogously conserved, relative to the total nunb

S@Qﬁﬁ§Bﬁ iléh slga{ Des3idena §lp($—|r¢sgijxe rpé(?tg]@ﬁ?\/l\'m ¢t legsh o%ebﬁr@nsmgmbrane

r eadl i denti ho
Ayt he restL oL PR B LSRR GBS b {IRkin th DAL was
AR fo xR con¥dredEintIhen 19 meeménmﬁelmp euérekd) dmzigo beidy-

sequenced, the genone can be searched for honDIogous
8ene sequences, the g g cl on
[ o)

BBTT ottt apPeEauny srs o fin SR st Ehhy bl
hoﬁ%l@%o;ﬁ? g,s;%eﬁ}%érw ﬂfé%hgﬂﬁbr&%&mé ROUS thedbidamed@akt Loml tvhs

The term "TAG deficient"
fbﬁxﬁﬂmtthe fiesar vt genbmekndhavied pbal 3ife Pmtbes%@ hékgolog 1,

NG TR GO TR T e

| oy ﬁ/fthl ?)‘El't‘atﬁé HANRh &SR d @haih et itsON rmbAG. Plhlp also has a
synt hesi

ing enzynes. TAG i s not detecta
@ngmivéd samt lipeseahetifFASMAE)G %“Wﬂﬁ?“é%la‘ilgs E%V\Q%]I dt ype
yeast strain, can be detected using standard mnet hods

@hgg t eg[i] eg%:(f‘lgg %&Ue%eer-lr ﬁ‘&\ér{'\%\fﬁ el thé HasEetAiPbEhe pHBENtaS

erern
invention so as to provide a yeast strain that is unable to synthesize TAGs. Similar to

their S. cerevisiae counterparts, Dgalp in S. pombe has DGAT activity while S.
pombe Plhlp is a PDAT. One important difference is that unlike S. cerevisiae,
whereas a small but significant amount of TAG can be detected in LROI and DGAI
double deletion cells, no significant TAG synthesis was observed when both plhi+
and dgal+ were deleted. In agreement with Oelkers et al. (10), the results presented



understood by a skilled person. The yeast strain has
non- functional dgal and pl hl genes, neaning that
wo b@seoenes have been functional ly interrupt eBCT/8G2004/000205
result in no or Iom1expression of Dgal p and Pl hlp, or
R 8 of2h fith-of TAG
drh B S S U S AR

sﬁ@l@ﬂsrsgnrlmmem@ellmre andapding kxmeguigd geowthor exanpl e a
pronDter sequence or transcriptional control elenent,

he rele ant genes such .t hat functi,onal
(8o s BF Beralad eaRon SLHPp i C R BT s g nor-
fithcHOMN1 dg&‘ﬁi LN zzg &%SPAQQ HGh1t e PERAUERTs rEhedd DAG
I nterruption i'ncl u es insertion, deletion or

defitetti t ut i on of one or more nucleotides within the
codi ng or transcriptional control elenents of the

nes. xa or a

4Rl e et SRR ol BE g p LB s '
SEMEBsREcHaPEIfYs flﬁau@mg @irﬁﬁi abthe s{]wdssr poBgBSJapbhizus and S.
TAG deficient yeast strain of t resent |nvent|Qn
optaspares. cBrese ieuﬁapéan%i th@ﬂgsamﬁtoﬁt%abﬂorkas shhggpecies S.

m%hods known in the art and the invention provides a
PEEYfiod of maki ng a Schi zosaccharonycesyeast strain

havi ng non functional dgal andpl hl genes, conprising

[0G61]t | OTied dgylirrdiene andpthi péh /tHpene gdér tanlaps. pomde geses thathave

R Lo SISE Rk e SeCTA S B
AbeRioTNK RPRIENS. 1'4nfe@péchee1‘t;%}l vﬂgsré e 3@51“ afraih i€o@enen S.

usi ng honol ogous reconbi nati on net ho such as those
pdmberihbbemblegeisgeanslingssch oihet figsion yeasisirawo dl hsylemn

h
I IR T
SN C}L&ﬁ&%@h@d &odd dt?fz%]l) o‘ﬂgﬂdﬁme&@ Inﬁcﬁe Bondgrvatist debMons or

sel ect abl e marker gene (for _exanp ura4ﬁg

byp@apémrwiecqr@ﬁwa% §t1t6fé%1§efl?1%“°n?h@ ar S ‘Pfiﬁaec%%%tt

p%glﬂglllﬁgif tgg qu\é{?%&qh%t% %1c§.f fudtbtiorl Sf the thfslated
enera rans orne t e gene

phﬁahad&ﬂﬁmpmﬂﬁﬂsette vect or, and transformants
expressing the marker gene are sel ected, indicating

h t f ts h d
(b A&y b1 Prbrert eSSt ap et P rat I ot TP 2 mere
pREBlab BRI ks oAMcoBs, 168, MBYK 25%g8M8, ar{dwéﬁhadrapmﬁaably 85%,
enbodinent the TAG déficlent fission yeast stra

83&4; i0D%s 23%h A6 Grayd anqsd piederaly QP‘VAsprﬁicabwbm eptgaplbt iﬂkﬁﬁled at

pLicu u
b 8t B R} UL R T SoPl ey B o cxame
tﬁmnlgﬂ Propedth (NTyseGue DEitier, UABIOS, 8% at bl B mﬁm&m t he
S. ponbe urad4+ or his3+ coding region re five %1 1
Sequensgadanfityt ¢ea beaaplyaacaswied wsing guBqly E%éio ’é‘ig CoivIeTcE ﬁ%a ysis
| ou
A1 Dol R5 RLERS AR PR 0 pRopeaTnsiaicrny
Uiivasyy of Wiebosin ﬁmﬁemicgymmel Taetlénirsisd AueiusgMadison,

@g‘ggﬂd ggg]gLR%% so%tware avaﬂable From t&le l\}:%onaelia%ry of Medt cine, or
as described herein). Examples of useful software include the programs Pile-up and
PrettyBox. Such software matches similar sequences by assigning degrees of
homology to various substitutions, deletions, insertions, and other modifications.

Nucleotide sequences are aligned to maximize identity. Gaps may be artificially

10



be determ ned by extraction of total cellular |ipids

and visualization by thin |ayer chromatography
waepanatsiobn and i odi ne vapour staining. TAG syPeTie62094/000205

can be quantified using | abelled substrates, for

. ex l,e .a_radiol abeled.fatt cid ol .
iR 17 0 A LSRR A et bArogr: Fiopr et AP s ShE higpmen
hds Bet RLUB! theRebe bIRorh@ABEY Is@BtabBiliel byetddrding all blithe TAG
mass extracted fromthe cells, in conparison to |evel
pasttiane dowpishdhé weeleatidas, lod ey, adboddhe Taslafdpdnoriie r??
ast strain .generally j . i ]
oo e i PR B Al SR R M Bl fmber
ofPHitdAOC) with no observabl e abnormal growth
nor phol ogi es. [0069] However, S.ponbe cells w thout

(00831 | Py sheeseon St ey 1Bty §pizglaeb R Sencs in other
ﬁ%?%%ﬁst st@ins %ﬁ?e?ma%’& gkzggﬂsiﬁé’kﬁﬂv&gniéﬂioﬁs.aﬁwémpﬁ wh¥re

Izat1on of nuclear DNA ~for exanple by
the|gensras ofithe Speadies lng bedn teheerobih3hogenomietaspn beisgarched for

fragnentati on upon entry into stationar. «1k:0070]
herpelogpusaene sqonehicrer Pe et clonsgs g e AP A s B0
e ot En HREARY BoRAPHAEHS gbilk i ATRRARAI DR PO the

to diacylglycerols and fatty acids, likely due to an
daclconpib hgénsrofdf peiitbey| gl ycerols in early stationary

phase. [0071] Apoptosis is a formof cell death that

[(ﬁj&%s oritl C’f‘kﬁ[&’éﬂfﬁfétn?’clé F}F%cftgvcég&%nﬁcmaectable TAG

ostasi s of a r organi sns. Recent
syithistisaBathamerepil Yerexahple Bpadefistiee dASosyestiesizig anzymes
uni cel l ul ar organi snms, such as the

. S..
exEpEed 8§ RETSbleYelvaF A dirs o5 kFhl ?XPE%%?SSS?EE&S“’QBB%T&?C
s;@gﬂa%sggf@éd}ggga .SFAgﬁ% ¥t &itagablé WELAED BignFeNBISBvels of TAG, as

eronone, UV, salt stress and
cempired & the vaidtyreospsitram) eanrterdetdctedrisgeritandag rggathgcég(of

e gl TR vER e e oL LB SRR B ve

uRlcr8BOPHP S EilIdO pLRBNITEE ve&st E@dinhas Son-asktvia dgeiveudplh]
shown to be associated with increased production of
gemracicaEng thatbessgres bayve(berpBmptionglivaneraptsd te BRFuly i o or
be a key r tar a kiSip 3 ARG f Dealp and
ke SR R e
PIRIGH Hu@sSonae idteredition et fersita erbdaficitibh ef thelcpdingsoquane or 2

cases were induced by overexpression of nqpnaLiaq ?g& ent
cpriny! seRuaBCe, dPERAE TR BLOMCAT) CIHFHES Bl B PHe Pres ent ™
o}ﬁ’t%rgﬁtlh 1SS Ak E{K’Pﬁo $ddcabih lesd préiadkiid prortusdaosr 18 Prdduced

into stationary phase and di spl ayed proni nent i .
atpeplentlscormardnefuactional gdneyperdichistprabised.vBendiiad 1glgrpgtion

were killed t.reat nent, of ceram de. ar [ '

R e R QU T OO 8 O saruro FRg pafdh the

c?ﬂ%%ﬁ»r ?1!33S_C)Ii§ﬁ§ﬁal Shhpo1relRhentd\6f thE A3@aht geneenForexainple, the
AG deficient, it provides a useful systemfor

cotlingtygign, PAG spsiatiess paxtion drerenfampy Be rapdaced Bt ¥ SpdgTegion

for a selectable marker.

[0065] The TAG-deficient yeast strain of the present mvention may be
constructed using standard yeast cloning methods known in the art and the invention
provides a method of making a Schizosaccharomyces yeast strain having non-

functional dgal and plhl genes, comprising functionally interrupting the dgal and

11



honol ogous to dgal andpl hl. The invention therefore
provi des a nmethod of screening or identifying a gene
wo bas/oewnpl enent s dgal andpl hl genes, conpri si PQI/SG2004/000205
transformng a fission yeast strain conprising
n-funct i . | n +
PR RO b SRy PO P B Bl B0 ol B R AR R M8 plhs
cdihet galbs dntamiptsABy Matibesi s nankdr lgencintd e eodmpecgion of the

exogenous gene may be any gene from anot her species.
gaRapsipg hemelnseveirceBbBal a1 LY Sy aﬁzgé’sfﬂr?f%ﬁ’sﬁ hetéin and
[ 99 T n fle@k BigURY gére
AR R A1 gy AL, 08 rsad s

sdquéndeithairistodfe intenmpteid amayb@ATplified ded eloopd Whela apast yockor
such. i nhi bi t.or

of. .ma | ian I, a,sys |
uﬁ@@a@éaﬁ@“ﬂ#Sé%E@?ﬂﬁﬁgﬁgﬁﬁﬂgh mﬁﬁﬁF@kng%g?%%%§%éB%*%%
gén‘éﬁ%!)la@éfﬁén@ RaS U TheRRYRyeyest Qra@Xft dre MBlioh theoWAG-deficient
endogenous activity and should be easy to mani pul ate
stedin iectb degiengraled vsethen trivesfgranedtwish the iganererieRamerarielipHector
can pr.oduce and har hour e Al 2 )
R EOTHO P Aot R bt GeedP i cleBlea 3 e T HAOREn
trRf SRt HIRAE lunSdrpeid hoieylo s e thbiiatiodsobs foreplanethedanget
to stugé‘the structure and function of gene products
genobereaigal or Wik Wyt thegpker g69€1 udi ng manmml i an DGATS,
and to identify the active sites of these proteins.
[dd&ﬁ 4] %?)?)i@ bbb 8R1dne IOt A SLNIIR WA Sisdi MY eadl fragf fsect i ve

1 n 1"nhi ng one or nore TAG synthesizing enzymes or

SWkTESsBciRpbReced portbsdgeighpial dottie déletia mufand N agparheiar
such enzymnes, e

b ful in treatnent.of. disord
el_;&,’lb@dﬂrrggt, drredouble Xe}ﬁgglfjs%i%wgs ﬁé%g%tgggy?eﬁ) CH?getgg :‘f?’g[ fd pslh_l
St g%qu‘éﬂce%%ﬂpﬁ 58514 RaikdEld § YoRibe SFELEBr RSP LIS

ve Inin It1ng gene products involved in TAG
repyont fessdcsiveliynad setioutgn treriraiipdes IOEAT, and whi ch may
therefore be effective in treating or preventing

ity, type I abet es, ; COr, - d] :
198 L SPaletPEon e T LS Py FR! Pt ARAGH of ) EA08 veheatdn
1104 Q¥ R dyhKeSATACK! Thglevbieofiteanslglpferdl Agthysis breslies .
[0075] Thus, the present invention provides thoq
deermiied asingspndard merbrdstppyg e Bieistu s e%ﬂﬁ?lemeife § can
TAG svnt [ el wi 2 ] ' bt ®yer
o T B e B e
cHicseasgaptscheation fiad fodme vap@O7Bining GAE synthssis eambe

the inhibit f TAG t hesi . [ i.fl
aRRHOIE P S At e ST gealER e 15
p%réfpf?{i?%%%&%fcﬁ%@@ SRANIEIpIds ahbimeAsiaalg Ho itboration of the

n nmutant w t'h an exogenous gene which is |

1gbefiled $atybicad into thhd XG ssoexizacted troseflie celin dn GRBRISORR evels
expressed in t@ doubl e deletion nutant, results in
°ﬁ¥§%@&ﬁ?ﬁ%¥§W“§M%ﬁﬁng the transformed yeast cell in
culture, treating the culture with a conpound and

[0668Ft | M TIA GUaYSiCTAE yesst Siyaih hesdralbds byt hdae ot cildsésitivedand
yeast cell.

is viable at a range of temperature (16°C, 30°C and 37°C) with no observable

abnormal growth morphologies.

[0069] However, S. pombe cells without detectable TAG undergo apoptosis upon
entry into stationary phase, as measured by cell viability assays, for example, colony

forming unit assays, or by visualization of nuclear DNA, for example by fluorescent

12



[0077] Fission yeast is extrenely easy to nmanipul ate

at nol ecul ar | evel when conpared with nost other
wezpenissent al systenms. Thus, as will be known POI/8G2004/000205

skill ed person, the yeast strain conprising an

ex0genQus ne na
SRR g P RGP P oEP et BRERSE en P by YAy e
| evel s, the exogenous gene in the TAG defi cient
[0079§1 OrThegRsdent T@GYcﬁdﬁcIBﬁEy@eﬂEranﬁ(}aMOdJanmmd to undergo
i nvol ved in TAG synthesis that when res. g éh
afjopéasiOR I9ABSe OIXAPIE rireYSIHGTHY and Ghuerdn fkebpdiesto gn
a%ﬁg‘llumtfgn%?rd‘rza%g g@c@l%ﬁseinte?rlg}iﬂﬁ&gaﬁ/ ?ﬁa s§AG For exanpl e,

cularly human,
dlacylglycerol acyl-transferase ( DGAT) or phosphollpld
[ali7A4Gy ! g&p{gmm isadyirh pfodf deatisthat(PDATR) crivisaiobyinéhe uch

e W e AP N Dl

pforvéﬁl o SEAT 3xi 96 1r§‘uﬁT9élR@éif)b|r Ve Blchasthe yeast S.
trans era e (MGAT). [0079] The asm d may be any

céneszsnae .qme‘a(snowmgmamame@@nmtw £et dee%m é’e’ﬁﬂ%?fﬂe: or
d v
et mdidls R ERpelE CHP Sl QeI BAE effnpssign of

pﬂfaﬁ@i&bﬁ’é nlahbaldtehes, 6.8CRGN(redewEaYinI 3. dVﬁl’&ltlons in certain S.
transcription machi nery. The pronote

cergrisidietzanes,coulsy al$m@1$@PIbﬁPéPt0éW§3 gy)- Al gasty Pgiﬂézfpéﬁmmeak
BLANDNE <o fa? .%' tc'e%zs'zd} \2&#}9 B Rhn 10 :is?éﬁ?c{t&i fhth increased

ex Fessi on interest. The plasm d may
pfddﬁlt:h@[ of rreadtu&e)xggaﬁdpembab‘lR@ Si’b,rvldaph isfhoticeaddmblee key

gene expr essi ng. n auxotr ect i 0
R R R i T QR el Lo Ageplogis s
a gh&uai‘fegs /el El'ihﬂ%adt&%d 48Aehe JHP}ere'gbbﬁéd GRBEWSTe 1hﬂhﬁ;ed by

gene, or a dom nant selection gene such as a ge
oﬁfenexplesmm efmemtelianBakh (4Mico G elegusiiags? @1glhe cells of the

| e
PBRRSEPLC oo SRS oy S Pk
ah&‘ Qish[388 HRIMTBEht MBEstbti€ Blatketd) whitht wigre nvd ddsetved when cells were
per formed using standard techni ques known

killesiiyl trestmereiof 672 afFapide ATEERERHbbAsE% 26 SGS&Q’%‘? H TE‘S%{XW@PI@S
aﬁg{opriate growm h nediumto use, and whether to

ude or exclude as necessary any components
required for selection of the selectable marker, and
[0bTZ] t Sipe t}aat}tmﬁ straih ogfrtlmmrhsemonwcmtums TiAS>-deficient, 1t provides

Ge [ S. t

AgST) RSO £ SR AE RO STl e e B e
Hotl i, i o PR 5RL. ETh Nk EntRAMh &efpOpadidebatmdisod o be
teste for |ts ability to inhibit TAG synthesis. For,

sercanip @y ident fiiugmp genvdhatepuipienaeninggal Pl gDeD copPrising
bi oact|ve ent sch as a roten i

PSS ORE 1 R P e sBis g fog s e/ Ml PR denes
WP ei%xls gretﬁ@ Qaded iR tiaﬁi@fo&h dhsi@ehil Fz!ihdfdetrectmg any
exanpl e lquid culture at early | og phase, [0082]

By@tsbm&mss thhR"AGﬂnay The exRecaouscaena siayyelenp §ane from another

stpgcggsn {h%y 18 suspec{edef‘o ggpnvolved in TAG synthesis.

[0073]  The yeast strain can also be used to study the mechanism of mammalian
DGAT, and to identify inhibitors of mammalian DGAT. To develop and analyze

such inhibitors of mammalian DGAT, a system will be needed to produce, maintain
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as nentioned above, total cellular |ipids may be
extracted, the TAGs separated fromother |ipids, for

wex@spbdwiby thin |ayer chromatography, and vi seel/sB@Bd4/000205
As well, once extracted, the total cellular |ipids may

be anal ysed usi t ' ul d
LG ARG D ORI shONF i EOR BRmaRIn
efogdMass¥ivibesidshosldde easy o habiedlhtedt matecylantevel, Theyyeast

assist in visualization of any TAG that .is
steain oh Bhsiipeantion san msegdhen and happous thyansmapalispspzpme, whose

l | L; | i e used
H Rt SRR, TR e st e
tEIAZ NI dehatand|te aves tie staagenind fongiondd genaprodhds myglved in

nol ecul e, a col oured | e or heay.: tal. .
Thhmidbesis; DobSErAE By OL A sy e e edlivg sfps of these
phﬂghgectly by exposing the culture to conditions that

are suitable for inducing |ipoapoptosis in a culfure

not expressing the exogenous gene and detecting
[00 %4 apddeusictiom of hameotnds Bt aglefigeteve 1p snhdeisiag PR gr more

ow., [0084] The fact.that the
o) PeithsRnR s b5 VhishAltagt P o SR Rye{B dle or more
shéh BRLel, Ridy tauisem] angedubaroTdisonizrs doh embbestis Thaglthes

including S. ponbe cells arrest cell growth and en%gr. .
yaast e tepeessrtaneention |ca be psedite ep( DN sErser fejpounds eifective n
.nut.rition - S LA YERSHGAT
inlifhifigh §§%‘%‘3 P‘%‘?}e&ﬁ’éh?? é‘f %.)Gpsiybgleg t Agge%@% P OAT,
2pO$SiidN iaptherefore buleffectiveih tsating drpireentisgrobisity rigpe 11

d?al‘bfe{;:g ,\lj(g)rr]gq-l;gc'ah o 1%,638% é}rggtg yag]glgegq%oo;}h%g?%%degg g{ag glatnqbe treated
oz ?férv‘éﬁted Bg chrdBAEHe 1R ¥ TR syhhesiser ves as an i nert

or age pot for such bioactive nol ecul es as DAG and
fatty acids. Failure to convert DAG and fatty acids . .
[0075] TAGhewtHedbressatinyentipndupudes s wedod Msergang &g 1donffying

f act f.fer. | Y, : d

coRgpiuR b A G FHDRRY PR En R ofecliebal €

edtrhdht BE bbksitp e didbpteswor@iat yhdart dizeayedriddreandhilge.

(12). In addition, a nutation in Drosophil aDGAT gene

led to apoptotic.cell death of chapber cel.ls .

(897 Bbugh SR He o ST AL T AP BRESIs 8y Depfiergifigd by
nigdi i V i 5o RUbdRReEs pomb

GEth el PRORARAETE  aa Ll i dncn von

Mh hhdesl dsbld delaton mutbainwiticel boggnawgennwhiciis peripssible in
accunul ate DAGupon_entry into stationar se:
(G Gomien SR gan B ORI ety eGP aor e
rQ@ sin TAYS B ARKROBSNih Sihk YrafE B &i0yeaticaN in 6@hrS, tiddting the
u

ergo apoptosi ST third, addition ofpalmtate and
altest eith adunpoDAGsldetdvtsg & aand AG isgysthesiprsheidie dransformed
whi ch,_coul d be | argely rescued by overexpression of a
¥54¥c&i al DAG ki nase; fourth, di hydrosphi ngosine
(DHS), phytosphingosine (PHS) or ceram de kill nutant
mewft | FiRionBRAREs Olthalely fan tamapipokicsat njde8Hdr 1a¥ed when

results presented herein indicate that S, ponpe bears..
qomspends) wiile exasbother experimental systems. Thus, as will be known to a skilled

person, the yeast strain comprising an €xogenous gene may be readily prepared, for
example by transforming with a plasmid expressing, at low or high levels, the

exogenous gene in the TAG-deficient fission yeast.

[0078]  The gene may be any gene involved in TAG synthesis that when expressed
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the situation in higher eukaryotes, as recent data
suggested that TAG synthesis coul dbe an essenti al

woee@sees1tor higher cells. Free fatty acids plByT/aGey000205
role in the pathogenesi s of type diabetes and many

e BT B s O P 2 g
sy RE TG ERbl SaHTe, ERUSRAS niayPelal 1ﬂa1ﬁ1@8112&i, pagieukrig homlah,

deat h, especially tosis of the pancreatic bet
dmeylg@cqrabacysm)msf@gw@ Mk@rrpmmwélp}dcdlﬁ%t%w%%a&y ZDF)

T )

oPRB ¢ERAor enByeied sGel dssart @rylGdArcfolebtiepd apd piansiesse (hCAR) or
was probably nedi ated by increased production of
a gwnapsydelyeasel asvhtransicaase dMGAD) (reviewed in 51).

St ud| es by Schaffer and col | eagues showed that RGCS,

&lprédiok iﬁatﬁb ]
s- m%ﬂfgesgﬁapo tos ?16%89 i %ﬂa r example
PRFM%N@@M ofd vDA(ﬁylandlypmohldc thekgenas%m@ @som; f4 10 be

egﬁlgq?eémn?léllr cg)glurggﬁ %g g}?g ﬁg%%k? Eecgg}l%eddbxy []g%;?{b%t ed
tﬂaﬁh“cﬁpﬁ&? gha¥thih&yhiTel tphﬁﬂ@tler Rby Patdstiatioe cbZducibl)86d may be

I ssion yeast strains such as S. ponbe nutant cells
aduromg:mewealq momA@rsymlmménalwr lowdpesibplexparsionpf thgrgene of
xcel | t Jod ok 1
rﬁgg ‘1? nr%%é& ‘f“’@“‘gnd e|c|{oatoB gepopt gfé :félaéx e the
eﬁ;ﬁr@ﬁ@ﬁg '&f akatrbyhiaeéldaionrgene biipplyinge hutitienaloeguirement of the
pronounced and can be easily gé} ecte

hegtyanit StrainesugBiaf they el genp Al ppakecde SR DR o dpmigant
sagé/tﬁ) réé'n?%&c%ra[p Cé%gé ¢5:9e8sth¥e 15 ARRMGS: filtdtas WABL phleomycin

reve s-1 nduced |i poapoptosis by bl ocking
o& horaRgpin®, i argRpengend for bigiple tedl-galgené.atty aci ds
or DAGs, including conpounds which may be effective in

thetreatrrent or prevention of |sord L (8“255 alge
[0P89] | | pBltwImeTEORmS the BEbImeg SPLt o “hy type
pgffﬁgﬁéﬁn’ig.ﬂ arida T QRAUAY wn P8R At W@l{lﬂé@{é@@én will

I'nventi on ore provides a nmethod of screenin
ulnderEIIand yowgo detepoinn ts mmpnatﬂmbwth wediprmeipase, and W ether to

OXI cjt for exa
BB 1 bR O] G RPIROALERA By ReA0E
S¥REEb1eShArRé N alkPWRICh $éigerOre éﬂdrgeéwmrt@hdnﬂ@ah to @ed [ﬁdnbr-ally, S.
genes is treated with a conmpound and th

tre
pouibewid begraxpais¥iCe B welhaeraied medipm it 18 ‘{R%? e for
i nduci ng |ipoapoptosis in an untreated culture and

[bbg p OphQ 51511'::1} gﬁtaﬁ%% el ated REHY 8B Torpduid s Q6 bt Rested for its

acc dance w own techniqués, and the culture may
ity teahéd TWGhsyathgsis.oRpoaxachpld ite dompoondmaydstaemailor

ICLIMPRENAIL IR W R

rRl%fe?cr 1ctl fod 1& l’tﬁ@ c&rﬁf)&[rﬁl willadel #08d ¥ tﬁ@ affvth ngddium, for
I ng hase, or at the start of

smmlpleom:ﬂrlyqupmaslmre mrladtvﬁ)mﬁsd may be asmal |l nol ecul e
or a bioactive agent such as a protein, peptide,

[%B%!Zimd)éyntﬂgsriggf‘f AGI r'nQy'/ Qe 8&te&%ﬁs§ﬁ§k&%rp‘techniques. For example,

as mentioned above, total cellular lipids may be extracted, the TAGs separated from
other lipids, for example by thin layer chromatography, and visualized. As well, once

extracted, the total cellular lipids may be analysed usirig mass spectrometry
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[0088] Conditions that induce |ipoapoptosis in an
untreated culture in an S. ponbe strain having
woensfesset i onal dgal andpl hl genes i ncl ude expPSI/s&@2004/000205
the culture to diacylglycerols or fatty acids. In one
mbodi nent . . f.at Ci C ol ' - i A dC
oG Py Achs Sttt ashd srpanierice
syRBdkid Buch a0 Bibel1€] fattfiabldl Mapbeist inlvisnabivaticat ¢fjeng A tat is
early | og phase, | n apother epbodipent. a .. . I
sy S amisy bt Bt CHg Pa PDF IO § Fadipactizegalonte
{ ras avebe
o ey ARG AEAe Y PR Indiol e, ROyl ol Blbaviol
red@ein ta prodiiceex@ipired aaddontska oblofuatl tyoleavleor sheahy orat#lor m
may be dissolved in a 1:1 m xture of tyl oxapol and
coupHgRol prior to addition to the growth nmedium or the
DAG nay be dissolved in DMSO. [0089] Detecting whether

[ddﬁ%; S. PABH 8RB SN IRE 90 dbteRe@RARLAB) 1By EMpYsidg the culture to

performed by examning the cells for viability and for
cqudititns thay arecsuitaiple foniniecinglikespsptogs I a GHEBE PPt §XPReEHNE e

nmeasur ed usi st.andar d t ho ' ' .
ey traeent i) e A Bt RE g YR g 4 Bbrbes
bd18%. exanpl e propi dium i odi de. Apoptotic markers

i ncl ude fragnented nucl ear DNA, which maybe visualized

(g%/ DAPI fl uorescent staining or_hy a@ell.i g of fre§ .
[QDB4011 {BrerhetuchinS o R APy s St HABRBOUT Ty into
for e Le b T t : o

b FEPIRL B Bt RE 00 Kot ebh sy Ry

pOhbé balspiasRllERsbihand enishi cdstinpytateealied statiormeyiphage upon
staining with fl uor_eigently ed anne

a W ] | abel b )&i nv I:thd‘:hfter
nptgitignaginaitatiend44)ck 15 Foun RIEMHE! Coph 8RBT B H! NI R G
d%?g%ﬁ%‘ﬁ gfhg%\%@ a8'h Wkufifof ﬁgﬁbstp}ﬁolfilﬁﬁs RARBRE. idiHosgh TAG might

reactive oxygen species such as .
bs wpmired fateye¢D2¢el)s mrsirhydstatmanshesk paesiipacepy epeggy source, it

. ) gy RER) P
P Bl T AGAPCH P B B onsParal Sy B L g es

al bﬁb EA UK A6/ UNGRrdbi cdavdrODAC aid fexangilieinto TAG could result
di hydroethidium which is oxidized to ethidiu

b .
in éeleterives wryeaness el faef, Sohgépr Bid C@llﬁ%w@hqufggr/gnt% reported
t heref ore. b t - ¥ .
tigh ety P REF s Bl APt LB AR ARGy In
ridhahalRer deilt 612 ehedtiton, ©fmuspion tioDresopbilk XF) T geore led to
exanpl e by binding to the ap t‘%:g mar ker or .whi ch islear
eBoipp b ealbdneth pcnesbewhEelbrUpoE e Pt mis BAidL s vhe
(?ﬂeﬁpn@?ﬁ%gggg{@%ﬁid herbiB0Q0kr ConR RGRehdabpért 8dolbYf DAG

present invention may be useful in_

ih ARALRIND IS pPiBY Adtd hiplbbedist firsyrmutantoelagiavg wrrich media

preventing type diabetesand cardi onyopat hy and the
2P ORPOHAIEGM GVEPE FBIE TES P GHERATY Bt RO PIATE™ 1oL |

< - _QB;ES% § EusCOoh&itRUy RSV asitant cells to
déK(%C&%}OS{{ %’? e g{‘gg%ggtﬁ%@gentsi o%r}d [ ngt ruct |gons for.
wdegenbogoss; thilérddftidnmg palntitatpadradeatt indur e RIASH sitlsis and

prevents TAG synthesis, or, for reeni . .
REHEPPRIPHE WO AHO0 A L RLY R S5 prettion of a bacterial
DAG kinase; fourth, dihydrosphingosine (DHS), phytosphingosine (PHS) or ceramide

kill mutant cells in a manner other than apoptosis.

[0085]  The résults presented herein indicate that S. pombe bears resemblance to

the situation in higher eukaryotes, as recent data suggested that TAG synthesis could
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prevents |ipotoxicity including |ipoapoptosis, or for
screening or identifying a gene that conplenents the

wQ@e@snostTain of the invention, are al so proviBPerdsG2004/000205
[0092] Al'l- docunents referred to herein are fully

bée %g%?%ﬁ%§q8$yf?{]§i ofESIGE - FredRAGhoidl %ﬁ9 WaRy VAL PR

nvention are discl dosed” hereiln,

pataspenadap ghé Unkiatar amd didhly calies msggmtyd et hmlhdewlpﬁphsma
the scope of the .inventi n in

fret Y RO AR SXCoRTIBA GBI o BRI Y ;o Dot Sugs,
ca%légshm i Ifeblgt%h&é)ﬁﬁi deﬂ‘-‘de%%%@ﬁal%“ﬁ;%btcﬁsiﬂdf@ﬁb Pdncleagi¥Beta

equl va ents or an asp ecf t He i nvention 1 n order
cetll:s (4@, 1eVidsind zumlabemfatty fm{fas(zwt) aais. Ggey andheolipagees

sed oRSeRD Fihoe e Ebmiony AR R BRe o

p cgéaﬁ@ ‘BXta%léllgls fo dddlet rjo;ﬂ&sﬂ RiSch WaEitbb &y niedsisby
efi ned ot herw se. e word "conprisin

lmmdechlsoéwwpeﬁcmde@le mifriceuirer QID)i (@ﬁvuweéiqa%\mséw%les by

|
SUekbar R B3t BE e PR bl B e i T e
f@a‘ytaiaﬁisllﬂ&ﬁaa laPoptosif 8f AHONs 1(3 8)] Thd ineolvemant cfdpeGtand of

the invention as disclosed herein. EXAVPL 0095
pmﬁ@s kinage CrBKIQ) ampalantsicyipduecdrespaation %%%@g 5 45 g%ﬁiaﬂiﬂ

f
vl c&lgkrﬁrgé %@1&% %r&%é&(alg}xﬁ‘%cegﬁ Y %‘%ﬁ%%@%n? e A phaite
(i@r the termnal step of TAG synthesis in the fission

yeast Schi zosaccharorrycesporrhe through two different

Pl hi h I
(AT - ahir s Ri B paanpe POl B AR in Tac
sSHRGYd Ghy B@FFbreaeielat @R %ﬁ@ll@ﬁtﬁn&@@@ﬁ_ lem ﬁﬁ‘bth&y metﬂi\cbectdilar
dgal + andpl hl + deleted (DKO cells) lost viability

neehajstneidlipsteritignand lipsaneriosin ginge hsrrffachp @ty P@F}f» ﬁ% ﬁ%h

totic mark t I
ggﬁ% aﬁh@@?ﬂ%ﬂ?oﬁmedgxfggggch déaﬁgﬁﬁenq%%FE§¥§8%ﬁ§g?gé
tidsé ITAQE-BRY btediveerudd sffémavebplaffmetof stdey factahspounds that
provi de strong, evi dence suggesting.that

n@glpﬁ mgemt fﬁttd@c:ldﬁégqhgzteg gpgmoptog@lbd 1‘?%@8 apopr{otlc response to
g%hﬂg?é;? 8% %&g?u:ldg oY PaTs, ideBRfid oo uﬁ@sowlgggfi‘ﬁay be effective in

reacti ve oxygen speci es
tiestseatiem| orq)oedenpmapbqhsmécls asslvm“ﬁ’eﬁlmﬂshmﬂmﬂmﬁ@s

[ 0096] Yeas traln neral chni s and reagents:
188?1?09 e H1¢ éessanléiFfﬁé “R?ﬁ’%ﬁ@‘?/ (h-, Js3-D,
ade6- M10, |eul - ur a4 D18) andMBY266 (h+, his3-Di,

[60SHr 'VQ"]?Q TeSat 113%/?ent1bh|i fiferdf8 )o@ Gesisethbd of kursensigiaty
(16). mgh medi a (YES and EMM) and_ basi c gen

it ing dompasie 4 hibE CHREHTG SPoIeK S eien B JPHPOPISSi.
115 8?% gr:r/lh%%nﬁng R Utiude’oPa scALARRERS %&&eg %oﬁ'fbe%c’%@ Lir i8S

comprising non-functional dgal+ and plhI+ genes is treated with a compound and the

treated culture is exposed to conditions that are suitable for inducing lipoapoptosis in
an untreated culture and lipoapoptosis detected. The yeast is cultured in accordance
with known techniques, and the culture may be treated with any compound that is to
be tested for its ability to inhibit or prevent lipoapoptosis by addition of the test
compound to the growth medium before the culture enters stationary phase, for

example during log phase, or at the start of stationary phase. The compound may be a
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el ectroporation, followed by prototrophic selection
(18). Yeast extract, Yeast N trogen Base,

w@awsoepept one and Bact o-agar were from D f co PCT/SG2004/000205

Labor?tories D- dextrose, Dgal actose and D-raff nose
were fr

snllgnale clﬁrgf R g}ﬁggqﬁm ageny suﬁg; 25 B PFEn SRt 186 antibody, hormone,

liﬂidgr;jﬂc‘?éiéﬁﬁﬁyl .m-glycerol 5 oleic acid, palnitic
6- di am di no- 2- phenyl i ndol e (DAPI) and Ni | e
Red were from Sigma. N-acetyl sphigosine (C2- Cera 3
[0088] f r &wdjsoss mangd@m linqapoptesign &} wEipptedsAlture in s, pombe

- St ear 14
s by Robpdtihed! SRUMIPEMRBAAREE B ot sloms o
dlg@%‘%gﬂé EQ falﬁl(dd)ds? i} oﬁli‘i ?h%oﬁ;@ﬁmi faety ecids emhlever @b agid or
s. hi si
e et ca T et teleet pr L s
m%gﬁ)g %uﬂ Al %tflfﬁ efcpd e?t'elar"l%l aé"@rlﬂ%ﬁ@ﬂhér eSS dnbBhtta

srup i-on, e ent I ng region of pl hl + was
dik@piiaced fyh bhaiCB diacyelyddrei3is agdmkat aaocquiatign of about 0.1 to

R @@Wﬁ e OARTRLARE e ey

){z@g}%j? E)t%k]bof’ %dly 9n QW%M@%WMI&%}W of

PLH - 33
ty%@@ﬁ@mlﬁwmamwmp gsrtm i, ordhe Rey@may by
o anpl if ragments flanking the coding regi on of
d%ﬁqwednl SPeR products were cloned into a vectgr

containing the his3+ gene to create a gene repl acenent
oozd3et t]l@etec{tﬂl%%eﬂf@ﬁhdig dlontbe gdiwmdllefgodmoamptomhmay be

entire coding region was re
qucamsd@g@@am%“@g ,o,egsfﬂrv p a@.g(ij oy tcﬁlcg%n OP apop?otlc

Wﬁ%@@%ﬁ%@ SRR

fdoboidle BBay(sCOOPATGEAT TdkﬁémmﬁlﬂgAWTA}arpﬂgQrgplmn 1p]hde

and DGAl - 33 CT GACTGAAT T
Ageptotigagksrs g1’d" dﬁéﬂ“ﬁﬂtﬁdémgyﬁ :é[‘g GEC aren eE:V gsglsg el%'r
Dg\qfitfﬂfofg[sgalt tsﬁ@mﬂg 8ty Hxﬁﬂﬁng\@ﬁ freO3PSOH U With lequeﬂcpintly

dgal + 0099] For pcal + dlsruptlon the entir
taggetd mlwgﬁemfommpé@bm e%5ey- kARMbeRADRBIOTE f@ﬁ)rkef is the
ol RS e S Pl PG Y
b@QQu&%’d b9 st4ah RGGATAGE GaTeRin VSEQidhDs a 35 36 kDa,

10]; pca25 ( CCATCGATGTAGTTCCA
CN@**deprpdqmdﬁx@aﬁs) ipECoet iRt A %@@‘# ? I[Es)EQ

pl‘l%sg)'? %’%é{%len %r&ﬁl%g?ﬁ B¢ %i V‘efo\!%%%g@&@.‘g%ﬁtai} shpaskiagD2)

on o The PCR products
AN h§dro g@ﬂlﬁiomﬂb QH;[LIFA&& I&m&th&ﬂn@ﬂt@*) for ap@m@lag gnéaRbe identified

by treating cells with fluorescent molecule precursors that fluoresce upon oxidation,
for example dihydroethidium, which is oxidized to ethidium by reactive oxygen
species. Apoptotic markers may therefore be detected by adding a detection molecule
which, as used herein, refers to any labelled molecule that permits detection of
apoptotic markers, for example by binding to the apoptotic marker or which is a

precursor that becomes detectable in the presence of an apoptotic marker.

[0090] Compounds identified by the methods of the present invention may be

useful in treating or preventing obesity or in treating or preventing type II diabetes
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[001 01] Transformation of yeast: About 2 m crograns

of gene repl acenent cassettes were used to transform
wowRi0d/0036pE strai ns MBY266 and MBY257 by PCT/SG2004/000205

el ectroporation. Transforned cells were suspended in

200 1.2M sorbitol and sel ected, o MM pl at e jth
oy A Sy BiGh AR R oel Bl (e

i ndi vi dual or doubl e gene deletions were identified by
[GD %G N o Kk LorRoinértial padkagssTohpribing tigogHangtiags fahe plesent
_urad+ or. hi s3+( GAGAAAGAATGCTGAGTAG [SEQ I D NQ. : 13]. for
inygation apddnestorTiPAAT TeiTE AC Py nes aquypoyag thabplibits or
p%wglﬁi?rﬁg@ OBl B By ggaéghagg grﬁa%@m,@gta%%oaﬁd iABinhibits or
pfeCaAT BETAGECANINITAE ip SInQploBisND. fol &frecaitg or identifying a gene

GIATATTAGTATTGCCTAAT, [ SEQ JD NO. : 16] .accordi ngly). The
thekesTaR FRFRs Waksy @bt R BRI ARG W@V‘ggﬁlﬂeti ons

of pl hl + and dgal + i n MBY266. The TKO strain was
[mm?r at gl dhyuriglt etdraedab Bein dre fii18NMMEOB oA il refiréhce.

[ 001 02] Expression plasntids construction: The entire

(ﬁ&en readi ng frame of plhl +was generated by RT-PCR
[Qe93]g phithagh veriess rtCooTUsAODA TeGEEEm arTtciysadhag) many

S | N/ nd P 1 . -
atdRSan it o B B mads within the osopg of fhe ipsntign i o
atdoed@6¢ Witk thochingon ganeil abwitgiat of wase saindd itk aby SHCR
usi ng the prinmers DGAl -5 i
modiisaianCalrdy threabaituioneiAngny quaivelepisMer aatyspssi@f the

R S e e e R

tezhoicall amd edientifio tqmRER4 hereip RERADGEENE toams g aeerrofmoaly
nit | not er 0, 2 . The q .readi ng frane AG
uRdkrtieB BRBREHE T mienci i e 2oy thif BRERE wRRSEgt

odeli@et he primers DGKS ( GGAATTCCATATGGCCAATAATACCACTG)
[SEQ I D NO. :21] and DGCK3

TCCCCCGGGTTATCCAAAATGCGACCAT) [SEQ I D NO. : 22] (22).
[éﬁ%]f r abfreevierdvgempTiBEE DisaEed #t R Qnse-esfed tegRgsukgentially

(: 4w - i abiqhit '
L T B R S LR S ey
ilrserativd & waaion® especte $ iHeiimeention, ¥m8 dodwet &Enrit the tirdayl aspects of
OD595). The. nunb of viable cells was obtained after
thegnyitiga g d&ﬁcﬁ’lﬁ?‘géerﬁﬁnoperl y in distilled water and
plated in triplicates on YES agar. Col onies were

F er 3 days of incubation at 3Q0C. For cell

lgiﬁgbl\lqﬁ)ilfalgsafter various treatnents, cells were grown
to early | og phase (0D595=0.1) before lipids or other
[60S5Y cal aGerreingidrd: endfdyastorhgemblrentes foarakhdy wliewkaryotic
col | ected_and viabili2¥ was anal yzed as ghscrégﬁd
oxgsisans. frolys soudy. mys fepnd thek tyrogene Proqycts &P ihhp gad Dealp) are

r%%bgﬁ%iﬁ% s thE ?é’l’l’nfil?l ts‘bég agrdd %%%gﬁeigt% ?lté Fhe%sfgnt}jeﬁstad d and

acrd were dissolved 1 orm as "500m\st ock.
Sesibsaccharomyces pombe through two different mechanisms: Plhlp is a

phospholipid diacylglycerol acyltransferase (PDAT) while Dgalp is an acyl-CoA:
diacylglycerol acyltransferase (DGAT). Cells with both dgal+ and plki+ deleted
(DKO cells) lost viability upon entry into stationary phase and demonstrated
prominent apoptotic markers. Exponentially growing DKO cells also underwent
dramatic apoptosis when briefly treated with diacylglycerols (DAG) or free fatty
acids. We provide strong evidence suggesting that DAG, not sphingolipids, mediates
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mcroliter of fatty acids was dissolved in 12.5 m

tyl oxapol -ent hanol (1:1) and added into grow h nedi um
w®2dod/003spe andDKO strains were grown to early POOSEHQE@00205

and then incubated in nmedium containing different

concentrati

. ] 0.5mM. 0.8 d | f lmti i d
foly S BPYBPDBSS it L PP or y e e e o ve
: [ ' | th |
o P R R R, i e AT ter

i ncubation, cells were analyzed for viability and DNA
MAEHREAL 8tANR MBIEBODAG and ceram de were dissolved in

DMSO. The wor ki ng concentrations for DAG was O | niV
0. whi | . ' . ,
s T e L
pEH BNl MBNYI2E7 $h-2hisSLIAT, VidphrakX ), leaBl8 durai/ti & end MBEZ006

Ry MR RUR T TR

b vt sl Rbile Nl BRRA Al echilestiie used
a([ﬁleﬂﬁﬂlg)fd) a/meiopﬁfa‘portgﬁaﬂ). a“sanpf]omiatdmsmbfemmimefdrr(l%\)fﬁh
001 07] 4 ,6-di.am di no- 2-, nyl i I AP| .
elgftmmr%%:n’ @é]IOWd%éHPéOtPFQéHE é&ﬁ?%&é?% ?8%%2&7“&%%%%&5% Rjtrogen
L&t Ll dRBDife8 MhaBbraitoties; A%dbidéke, D-
BB B o 1 Bt~ Gl I
galetesevdndiR-gaffisd segwvere fint Siman3 Ai5sT-d seopethyl bo pywgfine-n-
Term nal deoxynucl eotj dyl tranfer. JdTs [:
ol AR LIS ERERG. RN DB 8o e o PRGBS,
pReng¥nd e (@Mgrmd_q\ﬁﬁ@kedlwae_, frohh GRSiL W-vdetyispigmimy€2-
washed with PBS5i ncubated i,n_a permneabil]zati %P 14
Cersimide)ovas(fonm d4STBiotesicall 1o, ko b e i P-4 brCl2
m.nutes. on,. i tAMCR Y P '
(i RO Rt BRIy A FOCT Dy PRz AR etk fthes (PE)
att@e[oe1 ogas e o leictaoidRBS e tfiwine AneershameaBiosciéreas dn sin ngll death
Lel caDMLB m croscope. [001.09 nexi st ai ni ng:
detgetraq kiband %%f}?fé‘a"rpfﬁloé 5}\@6‘? FSWW? Z\?J'p?i@/%m%er Ibi tg ol ,
0. 5nM MyCk, pot assi um phosphate, pH 6.8), digested

[(?10557'] 2YPRY-@stford G piRIN i3 adt ah®PEATHS WBEPHMY T Rne disruption, the
arvested, 'washed in bindin uf fer (1LOMVHEPES/ NaCH, .
etii@eMiagiregion SindhCacys replagaiibydhas.unstnbe Hied 88T yAGairs of

. ) L ¢ . ,
o S BB B P EADReX| [y o
P?:E'ﬁ%ﬁ@@@CT@%&GG@ﬁTM@U&GﬁGG&@CMGﬁ [BEQED Ng).:_awhm -
enper at ure. e cells were harvyes n

3B BG GA BT AC A GRARTAT AT iy d o e ftd FLan 53
e T A A L B e e
atifpitly BN/ fragrperts fibnide) thexolingregionbf i/ anTEhmBCRmaio¢1@fs were
cilﬁ%@g] élgtgtgglgctpg g&héﬁﬁrﬁgzlﬁgﬁgneut%dc%atg a %gxllecr%p%rgent cassette.

[0098]  For dgal+ gene disruption, the entire coding region was replaced by the S.
pombe ura4+ gene. Two pairs of primers: DGA1-55
(GGGGTACCGAATCCATGGGTAGTGAT) [SEQ ID NO.:5] and DG1 1-53
(CCGCTCGAGCCCGTTCTATATAATCGT) [SEQ ID NO.:6]; DGA1-35
(CGGGATCCCTTATTGGCCTATGCAATA) [SEQ ID NO.:7] and DGA1-33
(GCTCTAGACTGAATGAATATTAGTAACGC) [SEQ ID NO.:8] were designed

20



Red filter. The free radical spin trap reagent

3,3,5,5, -tetranet hyl -pyrroline iV-oxide (TMPO was
wais@d/oate1125 ng per m cell culture. Cells werBCT/SG2004/000205

pretreated with TI\/POfor 2 hours before lipids were

R 0 L N
dg#G was used as a neasurenent of DAG esterification
essentially as described (9). Briefly, cells were

cuI tured in YES or EVMM w t hout, appropriate nut r#&g%}p’
[G0519] | m@a%gwéﬁ%@@w@ﬁnﬁwwwow6521? he

i T A PR LB R85 07 [ SH ol eate a
(KDA@GMTG@GG@OG@S@\AAGM@(RTT@ACMG%TMS@ W2 3dHed] and

piyfagRciciaCAnA Btartear RGN ISEED elilh oy

(C@A’if@dm@fm@ﬁ?@@&?cﬁm%m?} [@@QD]D 79097 Wi p&hel i n

% gl ycer ol . 02% sodi um azi de) and i ncubated at
(CGMMGS@MGEAWMG@MAWEMN@ tleg werd ysedtp

cted.b exa e and anal d Thin Layer
a@ﬂLgﬂgﬁgﬁé P 18 RE&° P%F%%“K%ﬁé zgveloped in
hexane: di et hyl ethepacetic acid (70:30:1) and stained
[(m'tdmél odi Mae PAROProtiied e ddricdrintofpFABARINNMNU (1Y), Adsng
eterm ned after scintillation counting and
kefor mal i zation to a [14C] chol esterol internal standard
and cell dry weight. For each assay, mninmuns of three

[adpRende %ar%#}ﬁhﬂﬁmo VQJS@%hAG&ﬁ@t AR HEHE o8& replacement

Stati'stical alysi' s performed using paired
chsaaites 3o tiseli2p transfoys Msldd&pmlrasdﬂBMﬂﬁétané MBY287 bady

ate | abe hr
- Ronastian deatimed ol Wok SpralS innhedt 1 SibibPona
s&@&&@bﬂ Eﬁﬂvﬂplﬁfg Witmapﬁl%bfhﬁls @ﬁﬁrﬁ) 469 su;@ﬁdlélté/\@l@nes bearing the
harvested and |ipids were extracted, Separated

indiwidualioz ddubln erpidaietions @@r@@e@r@s@rbma@wm BCK w@hpli@rrs in
| sol.ation. of -mcro ro

LR PELRETS GABIPRaIRTAPTE onlatstte
N 18] €t dhray-at ﬁrﬂ GAGIFOT]IHATESAW&“&NGJ[EM B3 QET: 14] for Ais3+),

overnight to | og phase._ Cells were coII t hr h
ae@anmemgam ORI o0 B SRR BB TR TP

Q@#&? w/m in 0.1M

r| S. pg%gﬂ%c%ﬂﬁ"{%m ;— ?Erl\g%?nﬂst \eéﬁn%er ature for 10
GMDA@@‘A@LLT”EG@@TM’&[S@I@NO Wed hewdrdingly) WiterDK Oztigin
sor bi t ol nd resu ed 0 t 1

veas capsigct %%ﬂ%ﬁf@@%ﬁ% @@}ééﬂ%"{ W{lﬁl ?&%%?66-3% e KO
staif wé%ﬁé@@d@? d%léﬂ%ﬁ%f & Peglodfth€DKD ehifil nut e

I ncubat1 on at s were washed tw ce Wlth12|\/|

sorbi tol, resuspended and di srupted with 20 str

[80tRRUnce Hompessianadasisidn gonsticon: ?hqqqtlﬁﬁolﬁ)%’slﬁﬁ n% ame of
e we S PR AR O R g e b v

wer e super nat ants were
(BUAEGTEGATTATOGTGT CTITEUIGAA @A) FEEQ ITMNO £1Hahd PLH3

(%?:'p'g%gcs SLal DERECT, L ORRIER AR (SEYHPRRATE) bhud B Whtire
coding region of dgal+ was amplified by PCR using the primers DGAI-5
(GGGAATTCCATATGTCAGAAGAAACATAA) [SEQ ID NO.:19] and DGAI-3
(TCCCCCGGGTTAGGCTGACAACTTCAAT) [SEQ ID NO.:20]. The products
were digested by Smal and Sall and cloned into pREP41 or pREP42GFP, downstream
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concentrations were determ ned by a Bradford assay kit
fromBio-Rad. [001 14] In vitro (mcrosomal) assay of

w2oSoesteri fi cati on: Enzyne acti vi ty vvas det eP@i/PEZH0LY00205
the incorporation O[I- 14C] ol eoyl -

o 0, S R A ARk e

floffEY. cbmgaquyﬁ@msAc&@mR beafls (18)prinkReDGRANdard ass ay
S ormed in triplicate in 150 ni M Tri s-

(‘%MWAWM@@CMTMTMCA@QHSWQ ¥6)- 79 andD DGK3
(iﬁﬁggﬁﬁrﬁé}; R Sg‘gg %d@%é@%’fﬂéﬁdﬂ%ﬂ 102 G2y

seril ne

ﬁé@ﬁbﬁt@b@smbabnawnai ihamiaammNSeJ(sREé of ppEBsINEeSs (1:1
nolar ratio), and 50 nmM ol eoyl - CoA Al'l the assays

condu ted aj. room ratur. r..25 mn. r
[%r&%] ass a 6% &fa%r?%ﬁﬁilﬁttl }ffeéerft v thlﬁga%ﬁ’sceus
waddsdwhio lv%ﬁ&l?s%&h@é mdi’]flif: e?é?ﬁuﬁéa 9?)t iTRse ﬁuﬁager o¥iable
30,745, . assay 14 ol eoyl -

coltsswadtheainat afd:hrfcfsﬁs wate daﬂutedepmcbpeahm indssti{led water 204 pIZEd n

e s e IEE B AURSES % o
YN PIaB RSy Ml varignchrEpNetrs! @119 Wetd B6wn hé ek @has%s(ﬁ)mé%r—o 1))

al | conponents were the sane except m crosones

beformlirids orether dhemscaleyereaddesh é\étebyre@tﬁ@nh&@ﬂ& Veris G@%le%ed and

t I Ph t
PR B E R i o e or s amt of [

cholesterol and 15ng triolein were added as an
[o0nGEifnal daGdare aalddindaerdndile treetpaet ¥ ordbnyy acithgreatment,

ST PS4 ety B BB
nﬁ&%ﬁ’ée‘r BYf: a@t?r ablds vPs @i &81ved BE105 ﬁl fy?o%%ﬁﬁerﬂﬁa\&@h @p%nldrbdded

exaner di et hepacetic acid 1) and T
injo amwthmminby Weidrtypd dngt DISE straingtvieng) grO[\xom eagy log phase and

Kj Th t

R e IR o ARt B e desy ceBg Ber RS (LRl O shtaRa
16AIps ShantBl REChedlsiesid W 0-d HoupeCangolitedpsenast cﬁlﬁirbcs in the
were grown in YES nmediumto md | og phase and th

medgae aédag with rb@cwmvemee@fﬁylﬁgamlﬁﬁ&haa% Wi Gitypacids. After
f ¢

Q458 o 5 5 AL g S ROl s

cotahigde *lvblﬁl disobed igDaeS O f Thedydrkingughcantahiospfoo DA Gtvasn

555 AT R ok sl B LTRSS

resul ted in a viable yeast cell without detectabl eTAG

(@108t er MNig: REEHBSS n%:’ |deIR warslerBgal 1o e@ﬂﬁstbfwrﬁh'yﬁlﬁjasb Rvashed

TAG synthesis in the Tission yeast, we generated

v driqnizRigAiO svontimes andinpphated Widly A he/er b NS lecRadetl pagAml in
i Saomh i e s e s MBI R Mo

OC on rich or mniml nedia and on dlfferent car bon
sources (data not shown). W were also unable to

[00106] Detection of apoptotic markers: All assays in this section were

performed as previously described (26).

[00107] 4’,6-diamidino-2-phenylindole (DAPI) staining: Cells were fixed
with 3.7% formaldehyde for 10 minutes, washed once with PBS containing 4% NP40
and twice with PBS, and then stained with DAPL Cells were viewed using a Leica
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observe any obvi ous norphol ogi cal changes in the DKO
cells under light mcroscope. [001 17] To investigate
wab@shewsitel | ul ar TAG mass was affected in theBE&T/SG2004/000205
strains, cells were grown to md-1og phase and |ipids
extracted, separated by thin layer chromatography
féﬁlﬁ:%mgzﬁ%scg?%l ned by iodi ne vapor. Wiile the TAG nmass
in each single deletion nmutant was visually

[00d08} i ngur's hﬂb&l&ief)kﬁmdé&ﬁii 71Qfants}'b@a$@‘( cﬂ]‘)f-t)ﬁaﬁaﬁﬁwlﬁ? nick-
virtually no TAG nmass coul d be seen

qrddelelivgt(TLRNG Ry Celthwern fared| wids3 .86 f@ﬁgéld@b}ﬁeé”@rehhlt yligested

i I
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Brpaieasi S D PR T or Al SR dle depa T ihe with
BRS NAcS hdiNvEde eﬂsﬁﬁﬁf@l&?ﬁMﬂB ?Jé%g(’%gb ncor poration

into TAG were detecte etween w type and the Adgal
mut ant. However, TAG synthesis was decreased by nearly
[8090%e t odnikein Ystnining PChllpwetbeshebinaoritol btnfferc(mi?M e

sPHRT 0 PE% el posk b8t ahotftley i A Qe R tatpolest for 2
184 4t rovhashperhfid, fhaﬁ@&te@ ReaRsd inltfdin Qihfféf om HHPESPRLOH,
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q der .1 he
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smnabh @nﬁdhmmrpﬁlmmintbr Db eniduiés aymlh e&hlﬁerdtﬁfda The céllsthere
tant, indi cgé n over | appi ng . functjon of

hewggfg t%ped’élﬁ%? [L 9’) angpplisd E%@P%Fﬁp@fsélldlgﬁ + and

dgal + al so caused a SI gnificant increase in TAG

[somMdiesi s PNk F r%ﬁ@bxﬁeﬁ%ﬁé@es W%lte' dRectdaase

enes could be regulated at"the | eve
dehydrestiidm GYigmah edich easuised ai g Bﬁl’mﬂazbll TaBusyAftheiswation

f\bl&]l mgrﬁ o egelps?(xéer% Vla %rrg Jugﬁer aﬁ[?e@ail?%m%%é%@pg ﬁ?é%ligé?(ﬁ Texas

Red Hlte&t"l’lﬁfré‘dmﬁlbﬁlf‘@ptd‘i@apaﬂ%@ﬁﬁg 35 Ié@méthyl Qe N-oxide
strain, we treated yeast cells with Nile Re

(FMFS)ekasatsed afyleZS\fu& perselicsHgubivg. Splisovee @r@reﬂtemw@h PO for
z%ﬂf.g’@éfoﬂe hg,l %S\Nérg%?ei gnboth of the wild type and DKO
asm ¢

cells, "cyt uorescent droplets could be seen
in early stationary phase cultures. However, the
0ottHr  andninrosmsiyt of m}éate heothoopliet: helisemyedtiomoIRE| oleate

.cel was s |f|cant e an those in w

G5 TG IR eielh s At SEPAR S AEReh ofteitapap §Bribea

(9;? BRSO 1s afpdFtudd iRAG st BV Wtﬂbhtoe[ﬂ)pl O-Bi‘ﬁter Iﬁﬁﬁéﬁ@for
escri bed above denonstrated the essential roles of

phsm%n@nﬂe@gm Whtmnqcxs@assy Aphesimsatelyowe eells at hagaridhingic (log)
oI CUERL 550 A IRLEFRIRS s 250
nﬂﬁﬁt@s Mtthmhﬂflﬁg’l@mﬂ% were washed twice with 0.5% tergitol, once with dH,0,
and lyophilized. The dried cell pellets were resuspended in 50 pul of lyticase stock
solution (1700 units/ml in 10% glycerol, 0.02% sodium azide) and incubated at -70°C
for one hour and at 30°C for 15 minutes. Lipids were extracted by hexane and
analyzed by Thin Layer Chromatography (TLC). The plates were developed in

hexane:diethyl ether:acetic acid (70:30:1) and stained with iodine vapor.
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studies (8, 9, 10, 11), it is highly likely that both

of Plhlp and Dgal p carry out DAG esterification, with
wogabpodeunct i oni ng as an acyl - COADAG acyl t r ansPET/86104/000205

(DGAT) while Plhlp functioning as a phospholipid DAG

Ve LR fi.rmthis.
e e b TPl s Rt P SRRIBICh e ime enc
npincalzsboret pf éplohetestararintechal wihdhrd yecaindty i@l ) each
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ot 0 8 28 T e R R et o st et Pigpe aymeris coReining 1
uel rmai [HH] b (H)0ekl W6l 0s BB SRPWEHs ARAUL RO DG rated,

esterification activity of the normal m crosones,
vighdlized end gransifier agidescoibedietoviead similar activity as

the wild type mcrosones (Figure 4B). Wen

hmto - . oV 1 i.dyl noj am.n

I oo ST Y e BRI e o B QERRE oo o
Bwiefly, wijgptype ehd sautand sitdgatveratlts/ataddan poeaY BY medium at 30°C
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otEghl € laepheseOelse epletokisronst ertoifygaRpn e pellets were
WaSHEH OBETES, @ NEsusPerted 2RS ﬁi|Z§§atEH ﬁg?ﬁ;gtegetf W ﬁj(?.llq(%s SOy

strain, indicating that Pl hlp ne S este i cation

(with BxaVUBITAY at teemstamperabyt fagrlGuminofes REelBsvdrb bamvestbd, washed

. b i,fjciti f Plhl I .
oG RS BB S bR 2 8 o
2@yS1 BEROPiddl (5:3peneastidabs), EHSM. &phérsplavts WekdfoREed after a 90
followed b hosphati dyl chol i ne” and

MHRGS Bﬁﬁ‘?iit%ﬂ%il fa‘rt) RO (Cestlls vdgmwpshed evise vithal AM serbitely easuspended

t normal_ mgcr S
o A SO oS e TR SRS e
4%t Efonhogesites wexedptia a2}, 0o} 0 mimdibeakiletg wdhdiscarded. The
ergosterol is_not a substrate for Pl hlp under these
s Werecriericd fsgponpt BORIOsferts min. Ghweifmal pellets
cdHdifing dhiefosbathnER r@sx@?&d@@ al I"O%%ﬁé:}ﬁ%ﬁﬁ%?ﬁh S

upon entering stationaryphase: eagues
congoiratiove weteydateamomst ot Brhdfdrd esstaiit Syomt BésRad.
protected against fatty acid-induced lipotoxicity in

kpese h er, ovar cell 2). her recent. .
AFSS AP N Sl Py e R v
wayddthraghad bythe éhdorpdradid oft[y-'fO] IESETIN, |1astaylL [t O

ol eagi nous_yeast (29 Preyi ous reﬁorts I ndi cat ed

.. 30) . :
arpluonygr-ghicgroy f@abﬁm)yér@;[be Glroled ghephyedidethenalamines

OBtk e e L RS g A
1%¢raM 'ﬁl‘i&HCl@;hh%_G Si(l;d [ﬁﬁi@]l\ﬂ)élllmy‘gﬁ% X@S(Dml] ﬁgnthhm?§$@)mg Snicrosomal
ope | e n . PO e cell s an .
ol WL B o0 i DB A ise o0 it aberpheriaserive
(PR ASSphafi B MR BarHBBH(PE) liposomes (1:1 molar ratio), and 50 pM oleoyl-

CoA. All the assays were conducted at room temperature for 25 min. For PDAT

assay, oleoyl-CoA was omitted while ['*C] PE was added in liposomes at different
concentrations (0, 15, 30, 45, and 60 pM). For DGAT assay, [*C] oleoyl-CoA was
added at different concentrations (0, 5, 20, 25 and 50 pM). In the diacylglycerol
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to start a growmh culture, there was indeed a
significant delay in the onset of |Iog phase for DKO

w@ edosmpseowever, when | og- phase cel |l s were useRCT/8G2004/000205
start the culture, there was no such | ag phase (data

keI, ER AR HBGED ST SR B Shrptec
asd BRAOR&E Ynfthed emcoti6l arss;uys her @Yipé8shts Weltlhe 2dmd Qxér?E?t

this hypothesis, a colony form ng assay was perfor
DGPEAIRES Bgre aﬁaoxé%l Bﬁ@f@@nwerersme@by nmddéiomsafétmk ted

t [ ry .phase.
OBk el Y PR FRelle Wik b BY B30 by
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h}@js W[e@éig@lve-ﬁhﬁ 16@?@ élﬁUléfg‘forg{ fok g;go;tl %ér? i%ﬁ ngg ¢ %(lile b ates

death were further "1 nvesti assay
wé]eakva]gpecbfn I[abdmleddmethlygeth@mabmﬁcsd proo3CemdfTAeG wiis Qdantlﬁed
[ ich can be effectively |abel ed by

ter.m.ni.,
b¥f%ﬂ&§’88ﬁﬂ”§f“@agged nucl eotides in a process

catal yzed by term nal deoxynucleotidyl transferase
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S| with the findings that in
paigig A hip & é.l%mn oA B s e vl ipds
queffiRad ﬁﬁ’& 1V ﬁmﬂsl; Tatibid f}éa&tﬂﬁu é’é&:llg}e}ﬂ %gs X eé%k'lgl Dke{)lg]la%se

27] The T EL po ve phenot ype 0 us

the DKO cell s coul d undergo apoptotic cell death when
RESHILJS; therefore, we |ooked for nore apoptotic

markers. In manmalian and S. cerevisiae cells,

t d h ,
IOBARBF ot ° P USRI LR LA ek Bk 5 e vintpe
yeagrapll Oatlﬂmt Hét}zctaB'I@ TEGITo@EREhe WREhSIEPE 1P ﬁﬁt@Bgé"lp are
nmbhe, spheroplasts of W and DKO cel I's

m&f@?’? Bl ‘ggosh‘;}l $i8 Mo fissiph desst, oe seneratedndpiel mmzdame@ and
Aph rhd:gby@ohﬁlle%lleﬁgoﬁ‘@agaﬁ g t%aéat%e Mtr% ﬁéﬁhga%set?ﬂo);ncgggous

strong fl uorescence ' c e Seen in PEeri pher
re@;mﬂunathjp/ﬁﬂl mutaatstwareviable at WG SOP@ gnd BZC on rich or minimal

R BT S I VR o e
obk&aahy §l§v15ﬁ§31ﬁb$h6mgic‘aﬁélﬁlﬁgésph)thé"EKCﬁé%@lls uded lfghpfﬂﬁélf?_%ope.

of the annexin V positive cells. In contrast
fluorescence was observed for WI cel | s. [00128]

081 b8t i oFP Wefrt@a@twlwh@ﬂy@éw EpGaness “(aRwPCtpépr@smt s
str?lglg,) J@@é V&{%E‘é; %{ ggl rllé elyd CF ﬁ%l% gvsélfjlesexltrl?ac‘éég separated by thin

layer chromatography (TLC) and stamed by iodine vapor. While the TAG mass in
each single deletion mutant was visually indistinguishable from that of the wild type
cells, virtually no TAG mass could be seen for DKO cells (data not shown). The
sterol ester mass was clearly visible for all mutants, ruling out a lipid extraction error

“for the DXO strain.

[00118] To further examine the ability of these strains to synthesize TAG, cells

25



di hydr oet hi dium whi ch can be oxidized by ROS to

fluorescent ethidium Over 50%f nutant cells at
w@r@siaewar y phase fluoresced strongly, wher easPGWSGEI04/800205

showed little or no fluorescence (Figure 9), neither
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yithat TAdGsaRbesisgn &@Wéqdrp}f%ot %;ngg{oglgctstl&gsg?rbﬁ%s‘i \ﬁ}élle
h%wsgsmﬂuﬁd, oTR4t9bg nggt rates for TAG synthesi s,
a

accu te upo entry into stationary phase and
|nduce apoptosis. [001 31] We therefore exanmned th
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Is me e observed as neasure (not

valdawpy stralhs Figuess).t suggests that accumul ation of DAG
m ght be the key to the death of DKO cells at

t onary_ phase. The free fatt cids m hay .
[‘?%ﬁ){r]por attBderHes! g ﬁ VI %‘6%?@"@@{%&# %g%esqgg o
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I'f the apoptotic cell death of the double mtant cgl | s
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&9 B{%gﬂf a}sr@aﬁ § uﬁ%c c%?i{foslgé}ﬁoaﬁqdexg%a@%lggl a?a h’bxlg Prevs ev1ous
sﬁﬁ%%" (84, 19e1Hhig gfm@%l@ likeBahetbotlogh Rihis amd:]'e)ga]qa wntyrouaDAG
egtgnﬁgaﬁlno% \ev?tglrgagaalp %unctlomng as an acyl-CoA DAG acyltransferase (DGAT)

while PIhlp functioning as a phospholipid DAG acyltransferase (PDAT).

[00122] To confirm this hypothesis, we analyzed DAG esterification using
microsomes prepared from the wild type and deletion mutant strains. When

['*C]oleoyl-CoA and unlabeled diacylglycerol were added to the microsomes, the
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anal og call ed di C8 DAG (1,

2-di octanoyl -, S77-gl ycerol ). Early |og phase cells
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and for 0-3 hours. As expected, prom nent nucl ear DNA
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€ or o ours. As expected, the
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qhi@sz@s&'ﬁ@w e Srisliah feSioRle oo g

l?ﬂl:%l' 18le 181 PRE t&hﬁé ‘ﬁ%éﬂ ViRbifltySH /85 1910 (3@ )n 1HBleagfilous

urther prove t fatty acids cause apoptosis
ybknt 62y BOD rﬂre‘eama@poids indicated yirat H@sﬂ0§ mw@q@enmbmv asbudging
rmva f DAG coul d att e rev
yﬁ%ﬁt Pl Uhoi Savest RAsEs SHOiSree BE DA SaFLR Spifspst chanee

thtﬁ ne#BS B XRIESEFPhidas.t he dOUb| e del etion
rain under the control of a nodified nntl pronoter

The expression resulted in_ a_DAG Ki
[ @ﬂgQ] 2y oWe%argmﬂ/thﬁ OV preperties of wild type alnd %%O S. pombe

cells and found that when stationary phase cells with the same ODsgs value were used
to start a growth culture, there was indeed a significant delay in the onset of log phase
for DKO cells; however, when log-phase cells were used to start the culture, there was
no such lag phase (data not shown). These data suggest that, among other

possibilities, most of the double mutant cells in the stationary phase could not be
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determ ned by ATP (g-32P) incorporation into

phosphatidic acid (PA), three fold higher than basal
W@eisMdI6y7 As shown in Figure 17, nearly 60 pePCESG2004/000205

DKO cells survived as a result of DGK expression while
1,eglnxje a 5% survival rate was observed in cells

containing the enpty plasm d. Further evidence was

obt ai ned by DAPI staining and the TUNEL assay.
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oA P oAt B necegrgds St h oS ey [ 001
E@aLd y &t lesttet of tHePRsh B&sbRhb & artdarl

pﬁ?%gapop%%%i%gp%t%gﬁeti on of a casspalse honol oagn hgg

mokerfforeaoptaBisi (AAY. iTedest whethsr Higsane BFOCSHRUTIISAN ACKOTHE: a

ey requl 0 0SLS 1N S Y

SPietoAgn obP L oREe| G Dafyed ol P ALY phaE s AR
iabgicl afigr FITdUeBeled hRQAROV! A8 bifovimin@iehred| bsorpeftporeseence

I ncreased production of ROSo} 38). W therefore spught
cowlddhetseerminiibe peranhissy olpbvat Hi% shimpfanker!s, sugsedngad f or

e . 4 ,BOS

RSB SRR L ks e s
Méhetaneifdgrity has bakdtan pofpidiag ipdias I elab sxakiddd fwGmost of
t}(lenaontneiirr]lo\\}\gz)éitive cells. In contrast, no FITC fluorescence was observed for WT

cells.

[00128] Production of reactive oxygen species (ROS) represents another
prominent marker for apoptosis in yeast (26). We treated WT and DKO cells with
dihydroethidium, which can be oxidized by ROS to fluorescent ethidium. Over 50%
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ol eate (not shown) or palmtate (Figure 25) also

i nduced dramati c ROS production. [00141] To determ ne
wob@shew1ROS are required for |ipoapoptosis i NPOIEG2004/000205

yeast strain, we exam ned the effect of the free
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Wocoy DKRacs wees obispived bt Beasursd daGtMe &mtd;hggmj This result
suggests that accumulation of DAG might be the key to the death of DKO cells at

stationary phase. The free fatty acids might have been incorporated into such
molecules as DAG, ceramide, phospholipids and sterol esters etc. We reasoned that if
the apoptotic cell death of the double mutant cells was indeed caused by accumulation

of DAG upon entry into stationary phase, we should be able to kill exponentially
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effectively used to treat human obesity. To date, no

such inhibitors exist. The yeast strains of the
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parti cul ar conpounds having an inhibitory effect nay

be further tested in vitro. [001 45] Alternatively,
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palmitate or oleate could be due to substrate preference of glycerol-3 phosphate

acyltransferases in S. pombe. In fact, it has been demonstrated in S. cerevisiae that 16-
carbon fatty acids are preferred substrates of Gat2p, one of the two newly identified

enzymes that control the initial steps of glycerolipid synthesis (35).
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the exenpl ary enbodi ments described herein are

possi bl e. The invention, rather, is intended to
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v%@&%onﬁ’ér@ﬁuoﬁia&ﬂ DHB\CPHS oSCR- ceﬂml& foh.diffdreft, peBi0dT o BOBR (0-3
13. Forsburg, él1999 Trends Genet. 15, 340-344
hibdrs) . Vidhesk chPoumﬁ pq»ql Kill f ponkg chlllﬁ)q:t &agh cqueq&ratloﬁ, wever,

nﬁ&?,ll\léﬁagﬁnentagg ras oégerV% (é)ﬁggﬁéj Ef?éct §g \a}mthgﬁ G 8hy trcjz\itr?lgrglgy
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W'-ieh Pr&wions ﬁnrdmgs:&hag@qramﬂe cagsgreell gxcle growt@@gpg not apoptosis, in

S. cerevisiae (24).

[00138] We also examined the effect of fumonisin B1 (inhibitor of ceramide
synthase) and myriocin (inhibitor of serine palmitoyl transferase) on the growth of
double deletion cells treated with 0.8mM of palmitate. As expected, no rescue of
apoptosis was observed and as a matter of fact, more cells underwent apoptosis in the
presence of fumonisin B1 or myriocin (data not shown). These results suggest that
sphingolipids are not involved in palmitate induced apoptosis in S. pombe and when
sphingolipid synthesis is blocked, palmitate could be channeled to other pathways,
such as the glycerolipid pathway.

[00139] Experiment 6—Generation of ROS is essential to lipoapoptosis while
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that the Pcalp or caspase does not play an essential role in lipoapoptosis in the fission

yeast.

[00142] Experiment 7—Screening for compounds that inhibit or prevent fatty
acid-induced lipoapoptosis: Commercially available compounds, including the
280,000 compounds approved for clinical use by the US Food and Drug
Administration (FDA), or traditional herbal medicines that have been used as
hypoglycemic and hypolipidemic agents, may be screened as follows. The compound
to be tested may be added to yeast (DKO cells) cultures that have been treated to
undergo lipoapoptosis, either by addition of about ImM palmitate, or by nutrient
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as the assay endpoint, which indirectly measures inability to synthesize TAG, since

cell viability is more readily and quickly assayed than incorporation of labelled
substrate into TAGs, and is therefore more amenable to high throughput screening of
a large number of compounds for inhibition of mammalian DGAT. Palmitate alone
effectively kills DKO yeast cells, which have no DGAT activity, by apoptosis. With a
functional mammalian DGAT, the DKO cells will survive palmitate treatment. -
However, if the test compound inhibits the activity of the mammalian DGAT, the
yeast cells will lose viability after treatments with palmitate. Once identified, the
kinetics and specificity of the particular compounds having an inhibitory effect may

be further tested in vitro.

[00145] Alternatively, lipoapoptosis may be induced by incubation with other

compounds known to induce lipoapoptosis, such as compound C1 (developed by A/P
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of claiml1l or claim2 conprising an exogenous gene
clafas., when expressed in the Schi zosacchar onycesyeast
strain, results in TAG synthesis. 4. The yeast strain
of claim 3 wherein the exogenous gene is a

di acyl gl ycerol acyl-transferase gene. 5. The yeast
strain of claim4 wherein the diacylglycero

acyl -transferase gene is a human di acyl gl ycero

acyl -transferase gene. 6. A nmethod for screening or
identifying a conpound that inhibits or prevents TAG
synthesis, conprising: treating wwth a conpound a
culture of a fission yeast strain conprising non
functional dgal andpl hl genes, wherein the yeast
strain conprises an exogenous
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functional dgal and plhl genes and instructions for

screening or identifying a conpound that inhibits or
WEe@seoies7 | | potoxicity. 48. A kit or commerci abCPaGHayeno2os

conpr|S|ng a fission yeast strain conpr|3|ng non
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<223> synthetic oligonucl eotide <400> 3 cgggatcccg

acaaacgaat atgataaa 28 <210><211> 27 <212> DNA <213>
wa@eashiowial <220> <223> synt heti c ol i gonucl eot PCES€2000500205

4 gctctagagg ctccatagaa ggtgaag 27 <210> 5 <211> 26
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L. g A fission yeast strgm compnsf}lg no1'1-funct10na12 gal Zaullc?{ }>71h genes.

2. The yeast strain of claim 1 that is a Schizosaccharomyces pombe Adgal Aplhl

double deletion mutant.

3. The yeast strain of claim 1 or claim 2 comprising an exogenous gene that,

when expressed in the Schizosaccharomyces yeast strain, results in TAG synthesis.

4. The yeast strain of claim 3 wherein the exogenous gene is a diacylglycerol

acyl-transferase gene.

5. The yeast strain of claim 4 wherein the diacylglycerol acyl-transferase gene is

a human diacylglycerol acyl-transferase gene.

6. A method for screening or identifying a compound that inhibits or prevents
TAG synthesis, comprising:

treating with a compound a culture of a fission yeast strain comprising non-
functional dgal and plhl genes, wherein tﬁe yeast strain comprises an eXogenous
gene which is expressible in the yeast strain and which, when expressed in the yeast

strain, results in TAG synthesis; and detecting any TAG synthesis in the culture.

7. The method of claim 6 wherein the yeast strain is a Schizosaccharomyces

pombe Adgal Aplhl double deletion mutant.

8. The method of claim 6 or claim 7 wherein the exogenous gene is a

diacylglycerol acyl-transferase gene.

9. The method of claim 8 wherein the diacylglycerol acyl-transferase gene is a

human diacylglycerol acyl-transferase gene.
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<213> artificial <220> <223> synthetic oligonucl eotide
<400> 7 cgggatccct tattggccta tgcaata 27 <210> 8<211>

WQ@0sR0387 DNA <213> artificial <220> <223> syne¢iEsG2004/000205
ol i gonucl eoti de <400> 8 gctctagact gaat gaat at

agt aacgc 29 <210> 9 <211> <212>. <213> ..
177; FRE i oley 299 9L TR (BT ERGRIngbR el e b
1&1&(1&?9%%‘{% gg%ﬁ%ﬁgﬂﬂﬁl’cﬂb@éﬁ?&tﬂo@ﬁ A6n@&gipid 35a mtlée adid.
<211> 26 <212> <213> artificial <220> <223>

synt heti c oligonucl eo <400> 10 gctctagagg aagttggata
19t 9CThe %"(Pet]ffozdl gf an%flone of claims 6 to 10 wherein the compound is useful for

treatment of obesity, diabetes, coronary heart disease, heart failure or

cardiomyopathy.

12.  The method of any one of claims 6 to 11 wherein the detecting comprises

adding labeled substrate of TAG synthesis to the culture.

13. The method of claim 12 wherein the substrate is labeled with a radioactive
molecule, a chemiluminescent molecule, a fluorescent molecule, an enzyme that
cleaves a reagent to produce a coloured molecule, a coloured molecule or a heavy

metal complex.

14. The method of claim 12 or claim 13 wherein the labeled substrate is a fatty

acid.
15.  The method of claim 14 wherein the fatty acid is oleic acid or palmitic acid.
16.  The method of any one of claims 12 to 15 wherein the detecting comprises

extraction of cellular lipids and separation of the cellular lipids by thin layer

chromatography.

17.  The method of any one of claims 6 to 11 wherein the detecting comprises
exposing the culture to conditions that are suitable for inducing lipoapoptosis in a
culture not expressing the exogenous gene and detecting lipoapoptosis in the exposed

culture.

18.  The method of claim 17 wherein the exposing comprises addition of fatty acid

or diacylglycerol to the culture or to nutrient starvation.

19.  The method of claim 18 wherein the fatty acid or diacylglycerol is added to a
liquid culture during log phase.
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<211> 26 <212> DNA <213> artificial <220> <223>
synt hetic olisonucl ec <400> 11 ccatcgatgt agttccatca
W@ 21081005626 <210> 12<211> 28 <212> DNA <213> arpCT/8G20a4/000205
< 220> <223> synthetic oligonucl eotide <400> 12
ccgctcgagg gtaggtagta tagttaga 28 <210> 13 <211> 1.9
<212> DNA <213> artificial <220> <223> synthetic
20! | 9PRYRlERNI HR1TAAGr bRigagaARgaa thakitg agiagolt w2le>
14 <211> 18 <212> DNA <213> artificial <220> <223>
palynitihatid endihiegibarylahestdl dedicolacylslyidt ctttaa ttcattac

21.  The method of claim 20 wherein the palmitic acid is added at a concentration
of about 1 mM.
22.  The method of claim 18 wherein the nutrient starvation comprises culturing

the culture in water or low-glucose medium.

23, The method of any one of claims 17 to 22 wherein the detecting lipoapoptosis

comprises measuring cell viability.

24.  The method of any one of claims 17 to 23 wherein the detecting lipoapoptosis

comprises detecting an apoptotic marker.

25.  The method of claim 24 wherein the apoptotic marker is fragmented nuclear
DNA, exposed phosphatidyl serine at the outer leaflet of the plasma membrane or

production of reactive oxygen species.

26.  The method of claim 24 or 25 wherein the detecting lipoapoptosis comprises

adding a detection molecule.

27. The method of claim 26 wherein the detection molecule is a radioactive
molecule, a chemiluminescent molecule, a fluorescent molecule, an enzyme that
cleaves a reagent to produce a coloured molecule, a coloured molecule or a heavy

metal complex.

28. A method of screening or identifying a compound that inhibits or prevents
lipotoxicity, comprising:

treating with a compound a culture of a fission yeast strain comprising non-
functional dgal and plhl genes,

exposing the treated culture to conditions that are suitable for inducing

lipotoxicity in an untreated culture; and
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18 <210> 15 <211> 19 <212> DNA <213> artificial <220>

<223> synthetic oligonucl eotide <400> 15 cgat agt agt
wea@abaecway 19 <210> 16<211> 20 <212> DNA <213>PCT/SG2004/000205

artificial <220> <223> synthetic ol i gonucl eoti de <400>

one’ S8 P o FrtRER B8hptoa 398 T o e 7 T

oI i gonucl eoti de <400> 17 acgcgt cgac catggcgtct
tcccaag%gﬁla 31 <210> 18 <211> 30 <212> DNA <213>
28+ t i fihe mmethodxilaiaB3uhegintpetaxiciy|is HBoAPOPsisi de

30. The method of claim 28 or claim 29 wherein the yeast strain is a

Schizosaccharomyces pombe Adgal Aplhl double deletion mutant.

31.  The method of any one of claims 28 to 30 wherein the compound is a small

molecule, a protein, a peptide, an antibody, a hormone, a lipid or a nucleic acid.

32.  The method of any one of claims 28 to 31 wherein the compound is useful for’
treatment of obesity, diabetes, coronary heart disease, heart failure or

cardiomyopathy.
33, The method of any one of claims 28 to 32 wherein the exposing the treated
culture comprises addition of fatty acid or diacylglycerol to the culture or nutrient

starvation.

34, The method of claim 33 wherein the fatty acid or diacylglycerol is added to a

liquid culture during log phase.

35.  The method of claim 33 or claim 34 wherein the fatty acid is oleic acid or

palmitic acid and the diacylglycerol is diC8 diacylglycerol.

36.  The method of claim 35 wherein the palmitic acid is added to a concentration
of about 1 mM.

37.  The method of claim 36 wherein the nutrient starvation comprises culturing

the treated culture in water or low-glucose medium.

38. The method of any one of claims 29 to 37 wherein the detecting comprises

detecting an apoptotic marker.
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<400> 18 tcccccgggt taatttctag gtttatcgag 30 <210> 19
<211> 29 <212> DNA <213> artificial <220> <223>

wa@shetsit ol i gonucl eoti de <400> 19 gggaat t ccaPCT/SG2004/000205
t at gt cagaa gaaacat aa 29 <210> 20<211> 28 <212> DNA

213
o AP0 80, BALE L R e
DNAJ@?{pBQadﬁQ)bﬁphaBNﬁl s‘éﬁﬁaét the bufet Ieaﬂdat of 2ROplasiR2 Brembrane or
synt heti ¢ ol jgonucl eoti de <400> 21 ggaattccat
paq dygen 153%‘%V§@6§5%1§SP2916%210> 22 <211> 28 <212> DNA
<213> artificial

40.  The method of claim 38 or 39 wherein the detecting lipoapoptosis comprises

adding a detection molecule.

41.  The method of claim 40 wherein the detection molecule is a radioactive
molecule, a chemiluminescent molecule, a fluoreseent molecule, an enzyme that
cleaves a reagent to produce a coloured molecule, a coloured molecule or a heavy

metal complex.

42.  The method of any one of claims 29 to 37 wherein the detecting comprises

measuring cell viability.

43.  The method of claim 42 wherein measuring cell viability comprises

performing a colony forming assay.

44, A method of making a fission yeast strain comprising non-functional dgal and
plhl genes, comprising functionally in’ierrupting the dgal and plhl genesin a fission

yeast strain.

45. A method of screening or identifying a gene that complements non-functional
dgal and plhl genes, comprising transforming a fission yeast strain comprising non-
functional dgal and plhl genes with an exogenous gene; culturing the transformed

yeast strain; and detecting any TAG synthesis in the culture.
46. A kit or commercial package comprising a fission yeast strain comprising non-

functional dgal and plhl genes and instructions for screening or identifying a

compound that inhibits or prevents TAG synthesis.
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<220> <223> synthetic oligonucl eoti de <400> 22
tcccccgggt tatccaaaat gcgaccat 28
WO 2005/005617 PCT/SG2004/000205
47. Akt or commercial package comprising a fission yeast strain comprising non-

functional dgal and plhl genes and instructions for screening or identifying a

compound that inhibits or prevents lipotoxicity.
48.  AXkit or commercial package comprising a fission yeast strain comprising non-

functional dgal and plhl genes and instructions for screening or identifying a gene

that complements the dgal and plhl genes.
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