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WD 2004/ 043944 PCT/ KR2003/ 002059 DESCRI PTI ON
PHARMACOLOG CALLY ACTI VE NOVEL DAUER PHEROVONE

WOONRPOLNID: FOR CONTROLLI NG AG NG AND STRESS ANCPOEKROID3/002059
FOR | SOLATI NG AND CHARACTERI ZI NG THE SAME 5 TECHNI CAL
FI ELD The present invention relates to a novel dauer
pheronone and its structural determ nation, nore
specifically, to a dauer pheronone, which can induce

C. elegans into a dauer . The present
1 PESRAETIBHE

i nvention also rel ates met hod f or

ef fici |y isalating.an urifying a physioloqgicall
ot | SHARMACOL G EICAl VAL TME VR SaD BB SER RN
structure of such material. BACKGROUND ART Pher onones

ar e GEMPRUNI FOR COMEROLLING AGING #ND STRESS AND METHOD
communi cation 15 between individuals of the sane

SpedF@R. |ISBIATING AN RCEIARAGT ERI ZING TREUSAME t he form
of m xtures through nultiple separation steps

i ncluding organi c solvent extraction and liquid
columm chromat ography. In early 1980s, it was reported

that C. el egans can secret a ty%e of pheronone,
ternmed “dauer pher omoAECHMICAE{ELR  vel y secreted

substance 20 serving as an indicator of popul ation
densfheg grésediennwandioRi delates1382a Golelenaasd ghatdhmne and its
1984a, Gol den and Riddl e 1984c), which can induce C

strédta s NGetefhihalioHe morer %?ééifié‘é]@?Qo}’\@eﬂatﬁé}eﬁhéfd?néﬁée%hich can
wi th adverse environnmental conditions such as

induce C. elegans into a dauer larva stage. The present invention also relates to

a novel method for efficiently isolating and purifying a physiologically active dauer

pheromone, and determination of the structure of such material.

BACKGROUND ART

Pheromones are defined as substances that are used for communication
between individuals of the same species. Pheromones are usually obtained in
the form of mixtures through multiple separation steps including organic solvent
extraction and liquid column chromatography.

In early 1980s, it was reported that C. elegans can secret a type of
pheromone, termed ‘dauer pheromone’, a constitutively secreted substance
serving as an indicator of population density (Golden and Riddle 1982, Golden and
Riddle 1984a, Golden and Riddle 1984c), which can induce C. elegans into dauer
arrest phase when they are faced with adverse environmental conditions such as

heat, lack of food, and crowdedness. Although its presence has been known for
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heat, |ack of food, and crowdedness. Although its
presence has been known for 1 WO 2004/043944
weFONAKERO03/ 002059 nore than two decades, it SPCT/KR2003/002059
structure, nolecular weight and physical properties
are not known yet (Riddle, D. L., Science, 218:
578-580, 1982). According to the previous studies,
pheronone secreted fromC. elegans exists in
extrenely |l ow concentration. Because i ts, patential ..
Mol U g egRoci e TS R BIS L otk and RoUieal Rrpgerties are
dauer pheronmone has been studi ed extensively. However,
nofumnawn pelfRidelealde. Seicnas, At HBaP8QAbIS82).n a singl e
nol ecul e, nost investigators have used the crude
ext rAadosdint 1C. thel peaitaist Statiesr heedrone dereted drdrai ©. 8legans
dauer pheronone and ot her conpounds as well.

exigﬁ%eéﬂfe‘?n?l}/tlodv%o%é SN t%&ai@@ﬁffﬁﬁ%&éﬁﬁalﬁﬁ‘é%htrgl of aging

eronone omthe 10 extracts an aracteri ze |

tructure for the udi es of, aging, stress and other :
and SR Furhleg . oh® Aoty dndtBmbtiee s Reemo LI BHD Retensively.
is likely to be detected by as yet unidentified
Hopryebnbhld Pewepesause 4t Wasupprkavedablecipcpi singlgpmolecule, most
signaling pathway that includes daf-11 (Birnby et al.

inv@dtigdtors habesuderiethek eovde teehctshef Claglegapdensimane believed to
C. elegans is very stable and hydrophobic, and has 15

i i L1 se of
cofiPaRLASE Ao e BT GRS cBhiBio Bt SEMAPSP %) 1 §
article, we Re.scri be gur%fi.c tion, i deatifi CE“ on, al?d
mol JAIRrEHore.c P digcsissait i isQlpteca’ RiiTegdRYLTs pagiomene from the
dauer pheronone. 20 DI SCLOSURE OF THE | NVENTI ON
extracts and characterize its structure for the studies of aging, stress and other

cellular function of C. elegans. The dauer pheromone is likely to be detected by
as yet unidentified pheromone receptor that couples to a cyclic GMP signaling
pathway that includes daf-771 (Birnby et al. 2000). It has been known that the
dauer pheromone of C. elegans is very stable and hydrophobic, and has
chromatographic properties similar to those of hydroxylated fatty acids and bile
acids.

In this article, we describe purification, identification, and molecular

characterization of C. elegans-specific dauer pheromone.

DISCLOSURE OF THE INVENTION
The present inventors have conducted an extensive research for many
years in order to isolate a novel class of dauer pheromone, which can be widely

used for studies on aging, stress, signal transduction and various biological
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The present inventors have conducted an extensive

research for many years in order to isolate a novel
W@Lb@s®43984 dauer pheronone, which can be w del yPCUE&e003/002059

for studies on aging, stress, signal transduction and

various biological 2 WO 2004/043944 PCT/ KR2003/ 002059

problens. As a result, the inventors have di scovered

that an extract obtained from C. eI egans whi ch has

ProfiessehS SRRt nEEANBIRHS MRy RRRIesHSBakAg extiact obtained

purification of this ext ract@g’y stepw se separation
fropy 6c exlag@ss, r whight Bas egnr studiedeas th@oodoarimabanedelofor various
this 5 finding, it is possible to provide a novel

disdases, phaamroaamovel dasiet pteedmoge ahdopugfidatioh bhehis extract by
present invention to provide a novel dauer pheronone,

ste ée‘sé 'Elbﬁ‘?ﬁOS%‘dJréyré ts%t;ﬁtre %fa%%?%e%rﬁgné’neBQ ed on this

re so vents ted group consistin
al c cetate and

5 findRbtis Sornite rudfide 2Rt REe M PBROSs ol vent s as

eluent. 10 Further object of the present invention is
to gt a/ttmgeﬁgre :g,nsolmenbgfr theypm@sent invention to provide a novel dauer
nmet hyl - t et rahydr o- pyr an- 2-yl oxy) - heptanoi ¢ acid or the

phé@nicnd, hetiiepfconytisels @arackien dT@félégah§dthoﬁ@rdﬂUh@rel solvents
as set forth below Structural Fornmula | 0 HO ! DH

seleéte‘at cIjol*n ﬁ‘ﬂ@t@% ngggéﬁéiétn‘%f of NFatF eSRBholsM VY e?rﬂ/l'e?cétgte and

chromatographlc separation with various solvents as eluent.

10 Further object of the present invention is to provide 6-(3,5-dihydroxy-6-
methyl-tetrahydro-pyran-2-yloxy)-heptanoic acid or the salts thereof, which can be
represented by formula | as set forth below.

Structural Formula |

o
)
HOD OH

oH

15 Still another object of the present invention is to provide to a composition
for dauer inducing activity, which comprises 6-(3,5-dihydroxy-6-methyl-tetrahydro-
pyran-2-yloxy)-heptanoic acid or the salts thereof, and a pharmaceutically

acceptable carrier.
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for dauer inducing activity, which conprises
6- (3, 5-di hydr oxy- 6- net hyl -t et rahydr o-

W@0an4P44/1 oxy) - hept anoi ¢ acid or the salts theeBER2003/002059
and a pharmaceutically acceptable carrier. 3 WO
2004/ 043944 PCT/ KR2003/ 002059 Still anot her object of
the present invention is to provide a pharnmaceuti cal
conmposition for inducing dauer state of C el egans or

consHSp L Srehen IR sy BB P vica

for 5 isolating and purifying a dauer pheronpne usin
ComRRSItiaR, EraindyRingndausyr eiia f Cgrefeeanﬁ 85 confelling: agig state of

i ncludes the steps of 1) ethanol extraction of C
anilRisgans t hat have been grown on a S. basal liquid

medi um by feedi ng Escherichia coli; 10 2) ethyl

aceBdf eardthéebjeep d?fthet fraseht MvehiiehSisa® Pf@w &dnidthod for
the step 1; 3) efficient renoval of inpurities from

oA BSR4 B Hooraphic

dauer pheronone by high performance chromatography
Progegures. usi ng vari ous am ne col utms. 15 Further objects

and advantages of the invention will becone apparent

t hr dhgmethedriecladesithe stéps b€ speci fication. The

foregoing has outlined some of the nore pertinent

obj g% ethdtol td¥@raction of C. elegans that have been grown on a S. basal
liquid medium by feeding Escherichia coli,

2) ethyl acetate extraction of ethanol extracts as prepared in the step 1;

3) efficient removal of impurities from ethyl acetate fractions by a silica-gel
adsorption chromatography;

4) separation and purification of a dauer pheromone by high performance
chromatography (HPLC) using various amine columns.

Further objects and advantages of the invention will become apparent
through the remainder of the specification.

The foregoing has outlined some of the more pertinent objects of the
present invention. These objects should be constructed to be merely illustrative
of some of the more pertinent features and applications of the invention. Many
other beneficial results can be obtained by applying the disclosed invention in a
different manner or modifying the invention within the scope of the disclosure.

Accordingly, other objects and a more through understanding of the invention may

be given by referring to the detailed description of the preferred embodiment in
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present invention. These objects shoul d be constructed
to be nerely illustrative of sone of the nore
we@eootiomomt features and applications of the i NRENKROIV3/002059
Many 20 ot her beneficial results can be obtained by
appl ying the disclosed invention in a different
manner or nodi fying the invention within the scope of
the disclosure. Accordingly, other objects and a nore

cc o e RS R el BBk R Iafy The” "
preferred enbodinent in 4 WO 2004/ 043944

PCT/ KR2003/ 002059 addition to the scope of the
i nvention defined by the Cainms. BRI EF DESCRI PTI ON OF

THE DRAW NGSBRIEF DESCRIPHON OF THE'DRAWINGSh
illustrates a stepwi se nethod for 5 isolating and

pur iy ng '3 'g&{ﬁé}héffcfy\g%\fg;ﬁvrmﬁ?o Hé‘d f%\ﬁﬁ‘wﬁée method for

el egans ogram

enrichment of active fractiop HPLC
solgti S BB A BVE ORI B sowt o anove s
distilled water and isopropanol as a solvent; FIG 3

repfdSer? s @ tyhicamhegmatagsamHmdcls éstrates] enyichment of active
nol ecul ar weight 10 (W251), which was run on the

fradtiomer By iMPEC Ulite mnsinB didliPRs Usr Py FRY Bﬁﬁﬂﬁ’éntaéluﬁon with distilled
solvent; FIG 4 is a graph of a hydrogen nucl ear

1 H NWR db
walE el iage ’02’3“8%%?&%&%?“2%&05 as 4 Lol vent: FIG 5

raph of a, car nucl ear netlc resonance
Spebid

rEpFRsentsa g m#@s&am@ai Q@Pﬂ@raé%mémqiecularweight

nmet hanol (CD30D) as a sol vent;
(W251), which was run on the isocratic ‘elution condition using methanol as a

solvent;

FIG. 4 is a graph of a hydrogen nuclear magnetic resonance spectrum
(1H-NMR) measured by using deuterio methanol (CD;0D) as a solvent;

FIG. 5 is a graph of a carbon nuclear magnetic resonance spectrum (13C-
NMR) measured by using deuterio methanol (CD;0D) as a solvent;

FIG. 6 is a graph illustrating molecular mass spectrum measured in a
positive mode using a quadruple type mass spectrometer;

FIG. 7 is a graph illustrating a result of a mass spectrum of pheromone
measured in the presence of sodium acetate during the measurement process in a
positive mode using a quadruple type mass spectrometer; and

FIG. 8 is a graph illustrating a result of a mass measured in a negative

mode using a quadruple type mass spectrometer.



FIG 6 is a graph illustrating nol ecul ar mass spectrum
nmeasured in a positive node using a quadruple type
wore®sg/ospect ronmeter; FIG 7 is a graph ill ustrapCnER2003/002059
result of a mass spectrum of pheronone neasured in
t he presence of sodium acetate during the nmeasurenent
process in a 20 positive node using a quadruple type
mass spectronmeter; and FIG 8 is a graph illustrating
a result of r [ j npde usi ng
a quadr upl @%ﬂgﬁﬁggeéﬁe@%ﬁéw?% W%B@|§43944
PCT/ KR2003/ 002059 BEST MODE FOR CARRYI NG THE
| NVENETeiNbRloveithe Bpplisationhll depllusteatedin wiaré detail.
illustrated in nore detail. An isolated pheronone for

t he Anrigsiadophéromaneee iie iplvSsdd @ﬂtHeS?I%séﬁt fvention is 6-(3,5-
di hydr oxy- 6- nmet hyl -t et rahydr o- pyr an- 2-yl oxy) - hept anoi ¢

o 0 A REEF 2 el PO by 6 v

5 WG] N d0R FEPTOREE BN GR dHRBn 1B SPPRiie of formua |

10

15

may be formnulated into a pharnmaceutical 10
maglseghy snduasnthai wornp inde daveuphase.| y accept abl e
recipients or carriers. Especially,
Structural Formula |

o
a
HQ OH

OH

The compound of formula | may be formulated into a pharmaceutical
composition with pharmaceutically acceptable recipients or carriers. Especially,
the composition can be desirably used as various experimental reagents for
controlling dauer phase of animals and for studying the mechanisms of aging,
stress, signal transduction, neurological disease and metabolic diseases.

The novel pheromone compound or its salt, which is a physiologically
active material which in fact is able to induce C. elegans enter into the dauer larva
stage when this pure pheromone is added onto the media. This is found to be a
novel pheromone compound, which has the above structural formula I, and its

chemical formula is 6-(3,5-dihydroxy-6-methyl-tetrahydro-pyran-2-yloxy)-heptanoic
6
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t he conposition can be desirably used as various
experinmental reagents for controlling dauer phase of
wa@nioami®4and for studying the nechani snms of agP@KR2003/002059
stress, signal transduction, neurol ogical disease and
met abol i ¢ di seases. The novel pheronone conpound or
its salt, which is a physiologically 15 active
material which in fact is able to induce C el egans
ter into the dauer |larva stage when this pure
acgﬂeronnne I's added onto the nedia. This is found to be
a novel pheronone conpound, which has the above _
st r ubh@ifisst 9ol milthepregent inventiomdmia aremase righlyi purified single
6-(3,5-d i hyd roxy-6-methyl -tetra hyd ro-pyra n
mol@eyle @f ylaruehphetomare ofcC. 6/69en2 WD JR4dtities, which can be used
PCT/ KR2003/ 002059 acid. The first goal of the present
Tor R SRANIES of Bghd, BIRREUENSUHOK, RiétapQE1eBLRRof and stress. The
tities, . which can be used .for the studies of
seqRNoal Fntq HARRRRS onChamical i UETyEg NG YR ahether the
_ Stress. The 5 second goal is to characterize its
isolaferinike daueneharameng is/eevel\angheariainstttielogicelly furmtional dauer
pure dauer pheronone is novel and contains
induicingogorapblind Uisingtvatioal athaiytical technigueg apdmiclvgidaliasstys.
vari ous anal ytical techni ques and biol ogi cal assays.

The pher ?%F@n&ﬁ’é‘p% o%ﬂi Ecﬁe%‘@ tsal’t"hi\&ﬁ\cﬁ"a%véssols?aggd and

and characterized throug present 1nvention I

conpound secr et fromC . 10 .el egans, exhibits daue
cnSRETRIifane TEUEY . PRRHL dRfNBral AvbogopHaR: festéthirom C.
is currently being used for studying on aging, signal
elegesssextybitd daueipharomonemnctivilyyy researchers is a crude
extract which
A pheromone activity fraction that is currently being used for studying on

aging, signal transduction and stress by many researchers is a crude extract which
is prepared by ethanol extraction of cultured C. elegans. Therefore, with
availability of the pure dauér pheromone, it is now possible to study on aging,
signal transduction and stress to which a dauer pheromone is involved.

Preferred embodiments of the present invention will be described more in
detail in conjunction with the accompanying tables and drawings.

Although preferred embodiments of the present invention have been
described in detail hereinabove, it should be clearly understood that many
variations and/or modifications of the basic inventive concepts herein taught, which
may applied to those skilled in the present art will still fall within the spirit and

scope of the present invention, as defined in the appended claims.
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Is prepared by ethanol extraction of cultured C

el egans. Therefore, with availability of the pure
wa@l2we4Pler onone, it s now possible to study PCI/EGR209/002059

15 signal transduction and stress to which a dauer

pheronone is involved. Preferred enbodi ments of the

present invention will be described nore in detail in

conjunction with the acconpanying tables and draw ngs.

E"%Zﬁtﬂﬁg preferred enbodi nents of the present
1 have been described in detail hereinabove
&?ul be clearly understood that Udé
varl §lots elegans rarasdittrehenéhS. besakhlis @leum@mﬁ days at a

concepts herein taught, which may applied to those

tersperatwre ofi2Q e kpr fesding Bsthericdhia sdfi (DPSEY, they &l furthee cultured
spirit and scope of the present invention, as defined

fori 10 fAbee ag g@edﬁnbﬂb%ed% g0 2004/ 043944
PCT/ KR2003/ 002059 Enbodi msnt After C. elegans are

f ermpés So0PEUy SopTBRY i+ AR SR eiabRln Brat el ovér the 70%

OP50), they are further cultured for 10 nore days by
.qum&aenéé@@mn@ the Aavendanvaugagesephae diquith phase of culture
carrled out to obtain a broth after over the 70% of

meidiee wasr whtatnédibydai rentovel eofdhiee ok vand (Rxi®eridh@ coli through
liquid phase of culture nedia was obtained by a

me'iﬁd?ﬁﬁé'fllt%itlotntlfsl é'}ﬁemﬁi’ar%sﬁliber rg[;f%hitf?‘ oli through

rrenbrane on ust ng raneTilter of 0.45

N N R
del%yd?aglg; ;[hoer media by vacuum evaporator.

Ethanol is added to the powder form of media and extraction of this

solution with ethanol is performed.  This process is repeated 3 times.

To examine whether this ethanol extract (A) can induce dauer larva phase,
dauer test is performed on the worms that had been grown in the S medium.

Table 1 shows a dauer inducing activity of A. Once A shows the dauer
inducing activity, it is further extracted with ethyl acetate. Briefly, the dried A was
dissolved in double distilled water and extracted with the equal volume of ethyl
acetate. This extraction procedure was repeated 5 times.

Table 2 shows an assay result of ethyl acetate extract (B) on the dauer
inducing activity against C. elegans. After confirming the dauer inducing activity
of B, extracts obtained by the above-described process are loaded onto a silica-

gel absorption column which has been equilibrated with hexane: ethyl acetate:

methanol = 7:7:1.  An active form of dauer pheromone (C) that were adsorbed

8
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Et hanol is added to the powder form of nedia and
extraction of this solution with ethanol is

w@esohosived. This process is repeated 3 tines. HOI/KR2003/002059
exam ne whet her this ethanol extract (A) can induce
dauer | arva phase, dauer test is perforned on the
worns that had been grown in the S nedium 15 Table 1
shows a dauer inducing activity of A Once A shows the

ayger inducin ctivt it is further extracted with
ongqﬁ&ﬂc wanayas glﬁ?‘?‘{a’f"ftb,rx‘lﬁﬂ@nafri ed A was dissolved in
double distilled water and extracted with the equal _
vol uh@blef 3 esuipmarizestshrows fhe Jeswt dcdauai indocingupssay with a
was repeated 5 tines. Table 2 shows an assay result of

fraetibry | (Gicebiged®Xtdract cHraqel t dstusiaver To 2irthedusintg C, HPLC
activity against C. elegans. After confirmng the

se?ﬁigﬁggiois%ﬁéﬁ&g??ﬁgﬁﬁgt%ingfcoﬁnmﬁ” ggéﬂ? ARt R @{Sa dissolved

rocess are lo onto a silrc

. qgel,, absor pti gn, col i.ch,. been equi lj br W, t h .

in ASnARS R il S thiE a8 hr S OR) LREBRA 1), This
form of dauer pheronone (O that were adsorbed 8 WO

solution/unbmningFCTS KeatsiR P gamisie: eolume, adlichis agdilibrated with
eluted with methanol. Table 3 summari zes shows t he

isapespariol osoldtiver (isoptopand: agay="1).h & ddwret ppsrdmiene fraction
obtained froma silica-gel colum. To further purify

botmd 'fl?llﬁ% ctﬁﬁ:g‘?\? ?\*rjaﬁﬂoﬁ ?)&C\@éé ig*ﬁﬁe&’ Withga':‘ ?P?dn'éﬁrie ?&ﬁgﬁ@# Wthe same

rie action I ssol ve an
sohyont. e '4'sBRUS % RaUBM & FUHPTCHIEI® aletiTonoBAITRs! from an
am ne colum, which is equilibrated with isopropanol
amiing goluom chroopatogeapbly: wat er=1:1). A dauer pheronone
frac’lt';bolg 5 outlines the result of dauer inducing assay using the active
fractions D from the amine column chromatography. Finally, a dauer pheromone
(E) is completely isolated and purified refined by size exclusion column
chromatography using methanol as an eluent solution.

Table 6 summarizes the assay results of a dauer inducing activity of the
purified dauer pheromone. The pure dauer pheromone characterized by the
above described procedures is defined as the structural formula I, and its chemical
formula is 6-(3,5-dihydroxy-6-methyl-tetrahydro-pyran-2-yloxy)-heptanoic acid or
its sodium salt.

The 6-(3,5-dihydroxy-6-methyl-tetrahydro-pyran-2-yloxy)-heptanoic acid
may react with a base to make its salt form. The base can be one of alkaline or

alkaline earth metal salt that is pharmaceutically applicable. For example,

sodium, potassium, magnesium, or calcium can be used as the base.

9
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bound to the colum (Fraction D) was eluted with a
gradi ent solution of the sanme solvent. Table 4 shows
w@2panidin of elution profile with tinme obtai nOI/KRoI0B/002059
an 10 am ne col um chromat ography. Table 5 outlines
the result of dauer inducing assay using the active
fractions D fromthe am ne col um chronmat ography.
Finally, a dauer pheronobne (E) is conpletely isolated
and purified refined by, size exclusion colum _
chr ohER GRFISEHT VRt LI RUIS AGUER PBRIRIMPNEo PuiGinydroxy-6-
15 Table 6 summarizes the assay results of a dauer
methydetrabydiotpyrans2-goxyheeptpoeict acid ida2ied Oritanprantea molecular
The pure dauer pheronone characterized by the above
fordeds thdredf iy QGsd03s Howeekr ke raslechrRirsigigat uf b isolated form

fornul a I and its chemcal fornulais
e o S G DR, BB PSR IR R WIS iy non-

6-.(3, 5-di hydr.oxy-6-net hyl.-t et rahydr o- pyran- 2-yl oxy) - he
Co&lé%l?%ndag{%rdeﬁ%e}dgg&a l?/lPIPH'Cé?B &Yt 0" make its salt

form The base can be one of alkaline or alkaline

ear t hherdifigrenca in mlacuiar igighhbetweendhe | pure fpin @alitbe isolated

For exanple, sodium potassium magnesium or calcium

oneas foandssdanalyking gaécﬁup% WA RAY MéB388dctrometer, from which 1
PCT/ KR2003/ 002059 he nol ecul ar wei ght of the pure

mBATE oFSEHRAT Rofsbia Bl RGN e st agion. e
Pty NS o OB e ol SO G Sanaih U HATo-pyran-2-

turns out to be 299 Dalton because 1 nol ecul e of
yloxprheptansichacidd can dlso becoime-an ammonium salt form, which leads to
confirm its molecular weight 276 Dalton.

To determine the chemical structure of the inventive pheromone having the
formula 1, a hydrogen nuclear magnetic resonance spectrum (1H-NMR) is
analyzed using deuterio methanol (CD3;OD) as a solvent. And a carbon nuclear
magnetic resonance spectrum (13C-NMR) can also be analyzed using deuterio
methanol (CD3;OD) as a solvent.

A chemical shift is set with a ppm unit. The definite 1H- and 13C-NMR
chemical shift are obtained by using two-dimensional NMR technique such as 1H-
1H DQF-COSY spectrums, 13C-1H HMBC. The results are shown in Table 7.
That is, spectrum analysis result of 1H NMR (MHz), 13C NMR (MHz) of a dauer

pheromone confirmed that its molecular formula is 6-(3,5-dihydroxy-6-methyl-

tetrahydro-pyran-2-yloxy)-heptanoic acid.

10



5 coval ent bond in order to exhibit a biological
activity. The difference in nolecul ar wei ght between
wWa b@4pea9e4 f orm and the isolated one is found BYI/KR2003/002059
anal yzi ng quadrupl e tandem ness spectroneter, from
which 1 nol ecule of sodiumis non-coval ently bounded
to the acidic form In addition, the purified
pher onone conpound,
6- (3, 5-di hydr oxy-6-nethyl -tet rahydr.a- pyran-2 10
yl oxy) - hept anoi c ac?@?%&rﬁalﬁgﬁﬁ%&gﬁg an ammoni um
salt form which leads to confirmits nol ecul ar
vei gt deseribeg @bave Tiomether piasent Hvepkieni wel aks: ablet tor ebtain a
of the inventive pheronone having the fornula I, a

novsiddaugsrpherohneae fremn6t elegaes emantedstee®ing. i Chemib®) structure
is analyzed using deuterio nethanol (CD3CD) as a

as B3/ 8fihydd -B-lﬁéf@@%t%ﬁ?@@gr%ﬁ-ﬂ@%@&-h%gfﬁ?@ %E@Z which can

spectrum (13C-NWVR) "can al'so anal I'ng de

; ol sglvent.. A chem cal shift is set
exGF B alioTR: sat BinS scRoH Bl iNefiSH s2RseBg research on the

chenjcal shift are obtained by using two-di nensional
agingrsigaahirarpaucigphstsess, metabolisnnarbesiigyaspaetiralogical disorders,

13C-1H HVBC. The results are shown in Table 7. 20 That
Thissinvertizet furthea el desiis to BrudéveddprbbhiNbRheNsfarmatafod¥dily useful

(MHz) of a dauer pheronone confirmed that its

; ' - = di - A et hyl -

drfEReAAL mokEHleTot Brdu ios B AEANEAER™) Vo

2004/ 043944 PCT/ KR2003/ 002059 I ndustri al

Applicability As described above, fromthe present

invention, we are able to obtain a

11



novel dauer pheronmone from C. el egans and to determ ne
its chem cal structure as

W®2(03/0839d4 hydr oxy- 6- met hyl -t et r ahydr o- pyr an- 2- BCDKR2600602059
ptanoi c acid, which can 5 exist as its various salt

for
agi

ms. Now our invention can lead to research on the
ng, signal transduction, stress, netabolism

obesity, and neurol ogical disorders. This invention
| eads us to the devel opnent of the
gt o

col ogically useful drug candi date nol ecul e for

br oad types of many di seases. 11 WO 2004/ 043944
PCT/ KR2003/ 002059 [Tabl e 1] Dauer i nduci ng acti vi ty

of rettranot—extract—Formatom of daver—tarva—stage—106-
o coomy Phaon g Sobrui 5 ol oy MAINGSEAl o dancl exac
ggﬁ@qﬁég[b\pgfo{ggg%r |Ié¥'§/¥la§@g%"e 100 (9 Popu,ioegl on in
(%)
Population in dauer larva stage 173
5
[Table 2]
10
Dauer inducing activity of ethyl acetate fraction
Formation of dauer larva stage 100
(%)
Population in dauer larva 194
stage
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WD 2004/ 043944 PCT/ KR2003/ 002059 [ Tabl e 31 Dauer

i nducing activity of the silica-gel bound fraction
wo-oroamiidan of dauer |arva stage 100 (%  Popul BCT/BER2008/002059

dauer larva stage 110 5 [Table 41 Tinme Flow rate

| sopropanol (% Distilled water (%9 (Mnute) (m/mn)

021000 521000 3520100 452 0 100 10 13 WO

2004/ 043944 PCT/ KR2003/ 002059 (Tabl e 5] Dauer

i nducing activity of the ami ne colum fractions

Formati on of dauer |arva stage 100

[Table 3]
Dauer inducing activity of the silica-gel bound
fraction
Formation of dauer larva stage 100
(%)
Population in dauer larva stage 110
[Table 4]
Time Flow rate Isopropanol (%) Distilled water (%)
(Minute) (mi/min)
0 2 100 0
5 2 100 0
35 2 0 100
45 2 0 100
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(%9 Population in dauer larva 92 stage 5 [Table 6]

Dauer inducing activity of W51 colum fraction
w@ pwniofioed forn) Formation of dauer | arva stageC/B&2003/002059

(99 Popul ation in dauer |arva stage 62 14 WO

2004/ 043944 PCT/ KR2003/ 002059 [Table 71 Atom DEPT

H(ppnj I C(prm) DQF-COSY t EC(H->C) 1 COOH 177.299

3 2 CH 2,299 34.583 H3 CG3 ----------------- 3
[10[%@644 25. 4_15 H2 C2,4,56,7 4 CH2 1,469 29.955
C 2,35 15005CH2'37121H-6C-3467

Dauer inducing activity of the amine column
fractions
Formation of dauer larva stage 100
(%)
Population in dauer larva 92
stage
[Table 6]
Dauer inducing activity of W251 column fraction
(purified form)
Formation of dauer larva stage 100
(%)
Population in dauer larva stage 62
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1.584 Phero 6 CH 3.808 71.331 H5,7 C53 - -~'" none 7

CH6 1,145 18,327 H6 ~YF | F G5 2' CH 4,663 96,559
wWok®4/003944 3' CH 3.734 69.027 H2',4" C2', 4" PCI/KRIW3/002059

4' CHz -- 34,934 H3',5 C2',5,6" 1.974 5 CH 3.548

67.445 H4',6' C3',4',6',7° 6' CH 3.644 70,218

H5,? C4,5,7 7" CHs 1.236 17.175 H6 C5',6'

- T 7 515 W
(L3002 Ta3944  PCT/ KR2003/ 002059 [ ain] 1. A dauer
pher onone conpound or its salts, represented by the

following structural formula I. Structural Formula I
HO OH OH
Atom DEPT H(ppm) 1¢C(prm) DQF-COSY HMBC (H- >C)
1 COOH 177.298 C-2.3
2 CH, 2,299 34,583 H-3 Cc-3
3 CH, 1.644 25.415 H-2 C-24.56.7
4 CH, 1488 29.955 H-35 C-2,35
1500
5 CH, - 37.121 H-6 C-3.4.6.7
1584
6 CH 3.808 71331 H-57 C-5.7
Phero ;
mone 7 CHy, ° 1145 18,327 H-6 C-5
§
2’ CH | 4683 96.559 H-3 c-4
¥ CH 3734 63.027 H-2"4° c-27 4
1791
4’ CH, 34,934 H-3 5 C-2° 5.5
1974
5 CH 3548 67.445 H-46’ C-3° 47,57
5’ CH 3.644 70.218 H-5"7 C-475,7
7’ CHy | 1236 17175 | H-& C-5"6
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5 2. A dauer pheronone conpound or its salts of claim
I wherein the pheronone conpound is
W®2{03/0839dl hydr oxy- 6- net hyl -t et rahydr o - pyr an- 2PgI/ER2)03/002059
hept anoi ¢ acid. 3. A dauer pheronone conmpound or its
salts of claiml wherein the salt is 10
6- (3, 5-di hydr oxy-6- net hyl -t et rahydr o- pyr an- 2-yl oxy) - he
ptanoic acid sodiumsalt. 4. A dauer pheronone
lépqﬁgund or its salts of claiml| wherein addition
&) are further fornmed by allow ng the
6- (3, 5- dlhydroxy 6- et hyl -t et rahydro-
pyr ahA A dapek pheipamngmerBPraend or s rsedis: rapresenied dyi th@rfollowmg
al kali earth nmetal salt base. 5. A dauer pheronone
stractopaidonwia [i ts salts of claim| wherein the dauer 15
pher onone conprises extraction of C. elegans with one
or @F@ctﬁfél%ﬂﬁﬁ‘asel ected fromthe group consisting
of water, alco , and ethyl acetate and
chromat ogr aphi ¢ separation with various solvents as
el uent. 6. A pharmaceutical conposition for dauer
i nducing activity, which conprises
6- (3, 5-di hydr oxy- 6- et hyl -t et rahydr o- pyr an- 2-yl oxy) - he
ptanoi c acidjor 16 WO 2004/ 043944 PCT/ KR2003/ 002059
t he salts t heréof ,.a.an eutically acceptable
carrier. A pHar mateutical CconpUsition of claimé®6
wherein the cofposition induces dauer state of C
el egans or conttols aging state of animals. 8. A
nmet hod for isolating and characterizing a dauer
pheronone conpound 5 or its salts, represented by the
follomnng structural formula I, conprising the steps
auer pheromone compound or its salts of claim 1 wherein the

pheromone compound is 6-(3,5-dihydroxy-6-methyl-tetrahydro -pyran-2-yloxy)-
heptanoic acid.

3. A dauer pheromone compound or its salts of claim 1 wherein the salt is
6-(3,5-dihydroxy-6-methyl-tetrahydro-pyran-2-yloxy)-heptanoic acid sodium salt.

4. A dauer pheromone compound or its salts of claim 1 wherein addition
salts are further formed by allowing the 6-(3,5-dihydroxy-6-methyl-tetrahydro-
pyran-2-yloxy)-heptanoic acid to react with alkali or alkali earth metal salt base.

5. A dauer pheromone compound or its salts of claim 1 wherein the dauer
pheromone comprises extraction of C. elegans with one or more solvents selected
from the group consisting of water, alcohols, and ethyl acetate and
chromatographic separation with various solvents as eluent.

6. A pharmaceutical composition for dauer inducing activity, which

comprises 6-(3,5-dihydroxy-6-methyl-tetrahydro-pyran-2-yloxy)-heptanoic acid or
16
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of : extracting total culture broth of C. elegans with

et hanol (Fraction A). extracting the Fraction Awth
we@eiwl4eet ate to prepare Fraction B after di BEDKRR2013/002059

the ethanol extract in water; 10 renoving inpurities

fromthe Fraction B by a silica-gel adsorption

chromat ography (Fraction C); isolating and purifying

the Fraction C by HPLC using am ne columm to prepare

f the. Fraction D to
thé:rggﬁ%@?ga Sﬁg\% auer ae‘C%ero ééce%?rbg%ﬁﬁm?ﬁd by
addlz naI HPLC wi trf rml ecul.ar size exclusion colum.
st r ubt dt dhasagaytcal eorapositien 19f wBiMoB4mbeseinathe composition
~ PCT/ KR2003/ 002059 9. A nethod of claim8 wherein the
indjtags dsfuer state iofl §. etagarisswcanitrelssagipg staté of amdalsg
inmpurities by running on the silica-gel adsorption

col USMA nedtheddsasbRERY afnhfﬁhdréctéﬁtihb'abcﬂéﬁé-’rﬂ)é'}@réﬁlone compound

hexane: ethyl acetate! nethanol =

or ‘?’ck‘gd(l:tgglr%r@?éﬁ%?@ﬁth%%gé\kggmer o i Lcl:g%‘prﬁ%yg e steps

eluted with nmethanol. 10. A nethod of cI aim9 wherein
of:y pheronone fraction is obtained by

extracting total culture broth of C. elegans with ethanol (Fraction A).

extracting the Fraction A with ethyl acetate to prepare Fraction B after
dissolving the ethanol extract in water;

removing impurities from the Fraction B by a silica-gel adsorption
chromatography (Fraction C);

isolating and purifying the Fraction C by HPLC using amine column to
prepare Fraction D; and

completely purifying the Fraction D to prepare a pure dauer pheromone

compound by additional HPLC with molecular size exclusion column.

Structural Formula |

a
[a)
HO OH

OH
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isolating and purifying the partially purified

pheronone fraction by a HPLC with an am ne colum, by
w@2@radivent el uti on nethod with a sol uti on conPOBKR2@A/002059

of isopropanol and distilled water. 10 11. A nethod

of claim 10 wherein a biologically active pheronone

conpound is isolated by a HPLC with a col um (W251)

i solating the pherom)ne fraction by a nol ecul ar

wei gt at { I- [ on, W nmet han
sol Vanf MEBIo GRS B WigfRy 3**%?1%6?90@?2'}?@%%%&8%%?8 the steps
s salts for st udyi ng agi, ng, gnal t ransducti on and
str?'g@y'ngt hERI4LEs Her BiBYRI c@ﬁpd fd sdicargel sadsogption  column
being 15 represented by the follow ng structural
chfematagsaphy ttat s equiibrated mitha hexahe:@tHQ acetate: (methahol = 7:7:1
oH OH 18
and then eluting a partially purified pheromone fraction by the silica-gel adsorption
column chromatography that is eluted with methanol.

10. A method of claim 9 wherein a pheromone fraction is obtained by
isolating and purifying the partially purified pheromone fraction by a HPLC with an
amine column, by a gradient elution method with a solution composition of
isopropanol and distilled water.

11. A method of claim 10 wherein a biologically active pheromone
compound is isolated by a HPLC with a column (W251) isolating the pheromone
fraction by a molecular weight through isocratic elution with a methanol solvent.

12. A use of a dauer pheromone compound or its salts for studying aging,

signal transduction and stress, the dauer pheromone compound or its salts being

represented by the following structural formula .

Structural Formula |

Q
a)
HO OH

OH
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