- 1 - Method of Treating Age Related lisorders Field of the Invention

The current invention relates to nethods for nodulating the |lifespan of a
cel |, andwbaobrmmeiideds and nedi canents for the treat nment pefy@e1v@hesed

di sorders. Background Yeast is a very good nodel systemin which ageing and
its regul ation pathways can be studiediwth full relevance to humans 1. 10
There are two types of ageing. One is known as replicative ageing and is
defined as the nunber of tines a cell is capable of di vidi ng. Each cell
type has a characteri st Mgt deYs whi ch can be ext ended
by interventions such as caloric restriction (CR), a weII known met hod of
extending life span in a w de range of 15organisms fromyeast to mce.

Repl i cat i \Féeﬂﬁltg®mv§ﬂ§ﬁﬁl mportant feature in the longevity of stemcells.
The secondryfRereni m@%loﬂgei'a%sctern?élﬁéd%gﬁoﬁﬁtod@l@@hd’@te%sﬁ)@n'o§ a0l fipdisas the

| ength of tine a cell remains netabolically active and viable after it has
st opped dinetipdigendvangicaoerielorshe tte@tﬁtent@ aegrraiafes! diepiderst opped di vi di ng and
their CLS is an inportant feature of ageing. Like replicative ageing,
chronol ogi cal ageing is influenced by caloric restriction 3" 4. The
sirtuins, Baskeeisbl e, Sir2 in yeast, maintains the RLS of cells. There may
be a m norydgaf is%{?é%? 88d %e}"%l}s%t‘n iPwhBEGbEhE ah8 ikheg Rl danbRskamound of
t he strains. However, general Sir2 does not direct regulation of CLS 25in
wild type b@aﬁi%?@wﬁﬁﬁﬂ relevaicel th hkEapet-ween agei ng, age-rel at ed di seases and
cel lulgr lifespan regulation highlight the potential roles for regulators
of cellular lifespan in the therapeutic treatnent of nmany di seases

i ncl udi ng Therap® e tpeseRR88INgd Papdt kW 2 fepisaiive BgeiBoging by defined as

0t €0POT O3} uRRBCHH timSRE AP KASHHbRIG YRR Ecnef 1ypEassd BRabsohigle
nutrient availability, various grow actors, stress and energy status of
the cell at@@“qaﬁv%@ﬁea?ct@@ (L&) t"’rhﬁ%SCFaat*éQje?dﬁﬂ@ﬁ%bY Inferrentpreviush 19 dasicconpl ex
TORCL (targetichy L@@P@%P D KROWR! B¥th&a Ja*’ex\’@?t'dﬁu@ ﬁf@‘ép‘éﬁ% 4 g fedig ki gyases
Torl or Tor212. The si from T TORCL is nediated by t substrates whi ch

i ncl udé arsayignydiosn Wﬁ@StBtQ ricgaseslicaive tadgingcisi ﬂ@pprtfa@@tf@atgreswhtjne Snf 1l
and Rt g214, ég@ﬁyggstérlﬂ?et@rgets of Snfl kinase is &GnS5 (Kat2), a lysine
acetylt rans erase a conmponent of both SAGA and SLI K conpl exesl15-18.
The SAGA and SLIK conpl exes regul ate expression of - 2 - groups of genes
In responsgd g.eRé ltyp%ré?"ggléin@'|9'8ﬁtlottbiB§ncaI%&%g \ﬁhﬂéﬁ'%@éﬂ%@@ 2Qfthd (RGth ofl S @
known regul ator of the m'tocChondrial "retrograde responsel9, associated with
agei ng, arftnsa sab@Emainometahelicaily Retivgmpd > affgidtesrstonpge opviditg. Masini t  of
bot h %GL\an télnhé%uaomahﬁﬁas 'h§veSB¥oZ)§e&"‘Ht\ﬁ(ﬂné sanerm@@sa@si tsbxénu%ﬁéﬁt t he
cont ext of e 5SLIK conpl ex onl he activity of conplex is
controll edegt@@pgta@p@gbgakgp{@h@tnve ageing, chronological agemg is influenced by

caloric restriction ¥ . The sirtuins, for example, Sir2 in yeast, maintains the RLS of

cells. There may be a minor influence on CLS which is specific to the genetic
background of the strains. However, generally Sir2 does not direct regulation of CLS

25 in wild type background >°.

The links between ageing, age-related diseases and cellular lifespan regulation
highlight the potential roles for regulators of celiular lifespan in the therapeutic
treatment of many diseases including metabolic diseases, diabetes, inflammatory
30  disorders, osteoporosis, cancer, cardiovascular diseases, efc.
The signals for nutrient availability, various growth factors, stress and energy status
of the cell are integrated and transiated into cellular growth by the complex TORCA1
(target of rapamycin complex)®"", which includes the PI3-kinases Tor1 or Tor2'%. The
signal from TORC1 is mediated by the substrates which include among others the
35 kinases and transcription factors Sch9, Snf1 and Rtg2'. One of the targets of Snf1
kinase is Gen5 (Kat2), a lysine acetyltransferase, and a component of both SAGA

15-18

and SLIK complexes The SAGA and SLIK complexes regulate expression of



Down regul ation of TORC1 signalling by an alternative nmethod of caloric
restriction has been known to increase |longevity in yeast nd other

or gani smewoi2aimmjpos 10changes in gene expressio 9'1. Howevarg20ions1125
mechani sms of such regul ati on have not been understood and are currently
under investigation. In yeast, mutation of the S6 kinase (Sch9) results
in prolonged chronol ogi cal and repllcatlve li fespan. Wen the anal ogous

gene is knocked out in mce o ans l15an extension | fespan is
al so obser¥adrs PiPaNRE ILiFEEPYHE tPﬁ@léﬂ'EqV‘gkhs'gpﬂ'E“Q W%t%?%bsﬁﬁi\?é)f 8)5{5 ¥ ed a

further fagtigowhnujuest bﬂ tﬁehmmﬁbmlal QEtr@@bb@'r%pdrisé@S@%Qo@étéd hawe shown
that this has effects on i nventors hav Lp@ﬁﬁntl fied

Lhat Yo o285, a0us rouPUnibat it SL/K REmPEXL: APAINGE THPATA SBHNE  faltr o |

chromatin. sA*dIaASanhl&mK@wlprexéé rstsﬁtw\mé}a@ plﬂﬁfé@séd‘f@} Ubgd lmothe BofteRydfiige an
i mportant role in ageing,d it e cqontro ene. expressi on
through epPlf6rf@mMRRXonini's- £ geitly Pf:”l?o%%|C°6‘P'eéé%é%”tf%'e§1sg%%r?l§3/

agei ng. 25g§gimary According to a first aspect of the present |nventi on
there is provided the use of fujinycin in the manufacture of a nedi canent
for the treatnent of an age rel ated 30di sorder. Preferably, said age

rel ated di gewslesgdigiopelreetmd tigaanitd ey @hwﬂ@rmv@m@hdwo@cmoa&@@mcﬁon
di sorder; for exanple, disorders of carbohydrate netabolism(e.qg. gl ycogen

storage di'%5aB8y" k@P‘é’Brtﬁemgreéﬁe aPAGRY DA cH d’eﬁ%tt and191&h W@a@ smggvia major
phenyl ket ofHangas irfhétaabk e@éﬁdrﬁ&nk@we@éic ils m@cRANEIRE B Slicofegantisn agisl

nmet abol i sm (organi ¢ aci duri as, . al cap tonur| a di sorders of fatty acid
oxi dat i on ideRT LoeFElaF Paf aF%‘E%T?@FEY EW?rém@S G aric aci demi a, type 2);
di sorders of purine and - 3 - pyrimdine net abol ism(e.g. Lesch-Nyhan

syndrone); disor ders of mtochondrial functio [ nNS- Sayr e
syndr ome) ; Ingyessh deyiatiofn ohHieox? ase dﬁe*ﬁ)dﬁsw@ 5. pr?%f‘%é@@@”@&?ﬁé%ﬁ%‘a an

i nf | ammat ofplichitise egpan. YidH MEaREkGals §eriRI@ockbdadit iremidey BE Cl elegbabet es
type 2, artherosclerqsis, Al zheiner's disease, denentia, conical

5depr ebsi ofn HaNiLe Igrsp8P ifealgo obserYaddi ng obesity, fat related metabolic
di sorders, muscul ar dystrophy, sarcopenia, cachexia and osteoporosis.
According to a second aspect of the Br esent invention there is provided a

met hod f or!Ni tH%rCé%mri@V‘?Wénr*@ﬁl'”‘@&fqr% ayg fdentfiggra Girthgr fagfqr inolved ifdbéod

conpri si ngcdhin®l upbélmrtlmgéﬂ dndnedve Odhodh RaORNELEN eAEHIE @nabd¥i9lQLseRhd de
conpri si ng SEQ ID No: 1 or 5, or a polypeptide having at |east 70% 80%

90% 95% B9 98% or 99% i dent i ty thereto or a honol ogue thereof, or a
pol ypeptide differing from SEQID NO 1, 3 or 5 by one or several am no
acid additions, deletions or substitutions. 15Accordi n%?to a third aspect

of the preE%t“VPW%??‘@n'd?Wg'ﬁé that \fﬁrg?ﬁcd@dyeés?r@tef%ﬁnw RYSEIRNG §'9ne

chr onol ogi gakr $thic@feaNcHbmatis eThis highi slderadthetlirs pAPbésH |H%I|§Et§d upmamg t he
function of a gene encoding a pol ypeptide cg}gﬂrl si_ng ID No:1 or, 3, or a

poi ypept i d&" HBRATRG! Ele Inede&ingy e tBiERLCle futhe ro'ﬁ%eng@?@@rss'%@@rpki%t ity

theret o oremgd1RHBs.OOME ebideh@Rfcon®bl 6t gRRéyRIrbLEE irfaddigy.i ng from SEQ ID NO
1, 3, S5r 5 by one

Summary

According to a first aspect of the present invention there is provided the use of
fujimycin in the manufacture of a medicament for the treatment of an age related

30 disorder.

Preferably, said age related disorder is selected from the group comprising a
metabolic disorder; for example, disorders of carbohydrate metabolism (e.g.
glycogen storage disease); disorders of amino acid metabolism (e.g.
35 phenylketonuria, glutaric acidemia. etc.); disorders of organic acid metabolism
(organic acidurias, e.g. alcaptonuria); disorders of fatty acid oxidation and

mitochondrial metabolism (e.g. glutaric acidemia, type 2); disorders of purine and



200r several amno acid additions, deletions or substitutions. According to
a fourth aspect of the present invention there is provided a nethod of

i ncr easi ngot2oe/mipreanol ogi cal and/ or replicative |ifesparcofcBomalshi2s
conprising treating said cell with fujinycin. 25 According to a fifth
aspect of the present invention there-is provided fujimycin for use in the
treatnent of an age rel ated di sorder I n one enbi donent, preferably,
said disorder is related to the chronol ogical and/or 30replicative

| i f e- span Pyfimiglingeimetanaisty fag-t heschdwiedi PERICMYaidpofisrdemitpaicsei@dct ed

fromthe gnQue, CQIPr KebRg- %y?@tsa;ae dne)di SQIEEE , of %er%gpk@m@h s glers of
car bohydrate nmetabolism (e.g ycogen storage di sease); disorders of am no

aci d met aBsiivess (Bngroms @hé@ﬂﬁ%@i@ﬁfuéﬁa@e@ eardiovascaler qlishage. eipbetes

di sorders tgfe 9r gaRbesaghd JTBLARARMLOr ARG PL idb ASgerfalia, clinical
al captonuria); disorders of fatty acid oxidation and mtochondri al

met abobi sHEPESEONgPHPass disaededennguding pebesily. @t soriger Bepboludisaeesnd - 4 -

pyri m di ne, nBtabaldiSph{ Sathopkfa Chch¥NaBn ¥oEdraiBais, di sorders of
m tochondrial function (e.g. Kearns-Sayre syndrome):; disorders of peroximal

function (e.g. Zellweger syndrone), an inflammatory disorder,

cardi ovas Qllé'cérrdlr%' 888&Rond hahet 8§th53b?é‘se%t m%&@%ttﬁé‘eté/ PRvided %ﬁh@t%@?d?r' erosis,
Al zhei ner' s di séase, dementia, clinical 5depression, adipose disorders,

i ncl udi ng iRseasing thef rapliceéyaiieasaret eloPels i Beder scoamiisingstsvalinadipst r ophy,

sar copgni aynGisk e% GerRNEh @8l OQ?B%éﬁtrde%h?dris% $e8ani MKy rd o1@TRE I NVent
n is based on the discovery é inventors t 0yeast cells which do not

express t W@Wﬁ@i)@%?ﬁ\’ir@eat%%f %, BB, KEo. @WOhﬁ%é o 9greidenity thiseleased
chronol ogigal hdMJi@gﬁJ%atHer\éfaﬁ@r é%%ésﬁhetcﬂﬁ&ﬁlg fﬁnﬂ\’@E@iﬂlﬂiNOexpﬁ 855§ bwné

pol ypepti de. he invention al'so based on the further discovery that
cells whi &ﬁsa‘@rﬁkﬁm'@&a?ﬂé@gd%‘ﬁ@ fsisdpRmepubaduianE026c (SEQ ID NO  3) al so
have an increased replicative |ifespan when conpared to cells expressing
t he pol ypeptide. It will be apparent to the skilled person that the term
chr ondﬁogv“@épmﬂigf ©spaird agrees o{)@et Pesend rﬁ@\{eﬁt'@ﬁ therents Arovider ¢ Pefhadnd

met abol | C%dré(as%‘gt !héech?é?ﬁidgic%mnf@sﬁ&nt&Qéléelﬁd'sa’ﬁ %é%ﬁﬁbd J:ém&%lﬁ@éié nEﬁ‘ﬂgc et her

apparent that the termreplicative lifespan refers to er of tinmes a
cel | is cdpesre gfa @Wﬁoﬁﬂ?@d'nmﬁr@é%?@'d% ?O'Wi)q'qm%ga%% N‘%ﬂ éﬁp%r @he that an

i ncrease nehabpfd vy 4142256, kD%t BB 659t byaf 98%@ %%%bhm&%@étes vi abl e
wi thout repliicating or an increase in the number of times a cell can

repl i cat e BHéfwmolediedhereskres pelypeptiss datierlmgé@rrhﬁlig IR N@hb Zehe b@wencl at ur e

YDRO26f and sERIA #kifo 2¥i0QRYABNS deRAohdéEIsERNGRAD! €. The gene encoding this
pol ypeptide I's [ocated at the YDRO26C [ocus I n Saccharonyces cerevisiae. As

used herein, the termage related disorder relates to any di sorder which
has a According to a fourth aspect of the present invention there is provided a method of

increasing the chronological and/or replicative lifespan of a cell comprising treating
said cell with fujimycin.

25
According to a fifth aspect of the present invention there is provided fujimycin for use

in the treatment of an age related disorder

In one embidoment, preferably, said disorder is related to the chronological and/or

30 replicative life-span of a cell,

In a further embodiment, said disorder is selected from the group comprising a
metabolic disorder, for example, disorders of carbohydrate metabolism (e.g.
glycogen storage disease); disorders of amino acid metabolism (e.g.
35 phenylketonuria, glutaric acidemia. etc.); disorders of organic acid metabolism
(organic acidurias, e.g. alcaptonuria); disorders of fatty acid oxidation and

mitochondrial metabolism (e.g. glutaric acidemia, type 2); disorders of purine and



30 factor of its etiology the age of the patient. It will be understood
that age may only be one of a nunber of factors, which conbined, result in
t he develwprentooefost he di sorder. Exanpl es of such di sor ¢erssB20mi0sti2s but
are not limted to netabolic disorders, for exanple, disorders of

car bohydrat e netabolism (e.g. glycogen4stor age di sease); disorders of am no
acid nmetabolism (e.g. phenylketonuria, glutaric 35 acidema. etc.);

di sorders of organic acid netabolism (organic acidurias,

al capt onur P¥EMidige SBPABISTHAC Bat- 5Ot P ORY HHPTEN dRerdRESt Bt W%W&P?%ﬁr ial

et abol i sMyq&ice (8lhUtiedars- sgyreeasgmromypedugmeﬁy T gabgintl BHEORE é@gd
pyrim di ne_met abol I'sm(e, han syndrone); disqrders of

m tochoner%{WeﬂﬁrnéY”QSﬂmFb H 'ﬂﬁé@m?é‘?@a@ﬁ%dggﬁ&%‘?@w'@r 96?@@%5‘1 eteer oxi mai

function (gp8.1, Zﬂédéﬁ@sﬁ%fpesy”thl%FSéolerBVQGA%hghfé?@t@%as@n@@ﬂehf'@ glingear der's,
for exanple thyroid disorders, cancer, inflanmmt oral di sorders, autoinmune

di sor de¥ s, IRPAPHIBY AdRasaflisaidetss deludincprasty Tl islatad mefabolic dselderpaid, 5

i ncl udi ng AlLEhRAEEISHHY SR8 RN 8aBTRIaGanddstdbperlsisdepr essi on, adi pose

di sorders, |nclud|ng obesity, fat related netabolic dlsorders and nuscul ar
dystrophy, sarcopeni a, cachexia and osteoporosis. According to a

di fferent pspaes pekchip@oPresent invention there is provided the use of
10fujimycin in the manufacture of a edicanment for the treatnent of an age
rel ated disorder. Preferably said disorder is selected fro the group

conpri § NgTie rmérﬁ#éﬁl d @as@dwtﬁ!@@asfcwerﬂym ﬁver%rg%acﬂ%ésmén|s:@m beRydoat e
nmet abol i sm (e.g. glycogen stora di sorders of amno acid

net abol i snPPESSS. tﬁ%wpﬁ%tﬂ%l}ﬁdf&&g %E@r @ 7‘&@1 deniare at grepily gneiGPeRt s of

organi ¢ acilonmbabflifespad AR RpAEH BELIBWhI@: & odrEARKRMNbaptidedi sorders

of fatty acid oxidation and mtochondria! metabolism(e.g. glutaric

acidema, type 2); disorders of purine and pyrimdine rret abolism (e.qg.

Lesch- Nyhaﬁhémoéﬁt@%)so tsHseaoiahs fifheMticesRANgat adiisfwHisH dx@not(ee(pgass the

Kear ns- Sayre syndrone i sorders of 20 peroxi mal function g (]:1 Zel | weger
syndr oke) | P%{YPGIPH?“P é@ﬁ@%r@@ 48Ny 3) é‘!a?Pd"%Wa%‘bLﬂC&?aséij Jeplisativeyj lesetes type

1, diabet eghdyBsinparedtd cemsresaﬁr@hﬁﬁ@mespoweéfm ner's disease, dementia,

clinical depression, adipose disorders, including obesity, fat rel ated

nmet abol i ¢ di sorders, nuscul ar dystrophy, sarcopeni a, cachexia and

0St €0pOr OSjt il Qéabﬁar@monﬁ@éﬂn&ﬁge@aﬂpﬁ@t RMermtdioricgRiaffespah efdreed ed from
Al zhei ner' s di sease, denentia inical depression. I'n another preferred

embodi ment thetlergtiy ok Bing & cells reapias mejakoliFallyRatva apd vighlenwihoyt dwisioRddi t i on of

fujinyg n ym b%ﬁfhhl%rra%ﬁé'ﬂehﬁthbf‘thé"l‘er'nﬂférpﬁ@eil@é'Ilﬁb&rﬁﬂﬁerb & tRaAtheRbBiméd Wi | |
be apparent to ed person that such an increase in the CLS and/or

RLS of cel @§eh'b?ycﬁ‘%?@ ?fn‘iiY'ij'é'St |13W§eff’r@r ittvilb berreadityeanratsnt fial @ndesrease

associ at edrevatégnoaéﬁ.he@aséﬁmhs |éna@|1 SRR b Telf AAMIAS GaBle Wibanrplidatiag by
effective anount of the agent(s) of the present invention and preferably a

phar maceut 8¢ Bcrapsa drBphapioer efdimgss Ce‘b‘iﬁ”déﬂllcakﬁ befQiEihsceme SereReiti ng
conbi nations thereof). - 6 - The nedicanents nay be for human or ani nal

usage in human and veterinary mnedicine and will ta@%cal |y conprise any one
or nor & of Aq UpPGiPREHe e aane jomereittpy @REZPGent t afecynogymous and

exci pi ent . NeGeRInaRASe CafHe géﬁe Bfcddir 3%@ ol s¥ptige i RicaRRAUAT heUpBRESET Vel |
known in the pharmaceutical art, are descri bed, for exanple, in

Reni ngt on’ @C%@rsrﬁféWPW‘é?s%?‘éﬁé%s Mack Publishing Co. (A R Gennaro
edit. 1985). The choi ce of phar maceuti cal carrier, excipient or diluent can
be selected with regard to the intended route of adm nistration and
standard phalsae datdindhe jerar pge eelated dispsderaglaian t© sy JiseiRpr weishdws.aor jn

addi ti en 1 ictor bl dicyy'th€hge 8%%%@% Hwiflbk WRBErsRBY tisdtiaalhasy dHyser (s)
| ubricant (s), suspending agent
one of a number of factors, Wthh combined, result in the development of the
disorder. Examples of such disorders include, but are not limited to metabolic
disorders, for example, disorders of carbohydrate metabolism (e.g. glycogen storage
disease); disorders of amino acid metabolism (e.g. phenylketonuria, glutaric
35 acidemia. etc.); disorders of organic acid metabolism (organic acidurias, e.g.
alcaptonuria); disorders of fatty acid oxidation and mitochondrial metabolism (e.g.

glutaric acidemia, type 2); disorders of purine and pyrimidine metabolism (e.g. Lesch-



coating agent(s), solubilising agent(s). Preservatives, stabilizers, dyes
and even flavoring agents may be provided in the nedi canent. Exanpl es of

pr eser vatwoesiigiogde sodi um benzoate, sorbic acid and PEestEon/Bii2s

p- hydr oxybenzoi ¢ acid. Antioxidants and suspendi ng agents may be al so used.
There may be different conposition/forirul ati on requirenents dependent on
the different delivery systens. By way of exanple, the nedi canent of the
present 20 invention may be formulated to be adm nistered using a mni-punp
or by a mheH3AFYIEUTE) diserdeex anpiiesondiaa aset (SspriepriEr SAEP S¥BIOTet

i nhal at i onyRFqdrHi98S aRIxEnA OFUHCHAN, (e E@[\/\%@;@?r@nlﬂbnﬁé} hehp tdhgpegeposi tion
is fornmulated by an injectable form for delivery exanpl e, an

i nt r aveno@8dosTiNer HATERE! B eesamgt%@taﬁo%@é@@e%@@@C@Wﬂ?@’ﬁ%@qud%e

formul ati QpidiAxuRe EHeHH&EEdakiRvBsc i ééa%berd%%e{éﬁ @«p@urrb&fhe@ésc%%swt es.
Where the agent is to be administered nucosal |y through t

gast r oPnt dxdyding ARhessels diseatfufeMpiiaamiiaicglo dpriassion. s?cﬁB‘P?@ dPIdeEt r ansi t

though t he,gasld %Bgsﬁy‘ﬁt'f@@'re?afe’éc"metfa%ﬂaoe@ém&&s lahdsmwsapedys%w ant to
proteol ytic degradation, stable at acid pH 30and resistant t he det er gent

effects ofgaﬁOP@maW%h%X'%Bﬁfﬁ BpePRA'ESISt he nedi caments can be adm ni stered by
inhalation, in the formof a suppository or pessary, topi caIIy inthe form

of a lotion, solution, cream ointnent or dusti nt‘% powder , @g/ use of a skin
patch, or aﬁcpgrdm torrediffaient asPachBl BePrewt HIVANIRY BSTeRArpYidst bediferPias

starchyor giRGIRSf thel mhALIE@RRUSES nRdi @Y SorSthk NRTatALANG A abd raglhixt ure
w th excipi ents or inthe formof elixirs, solutions or suspensions

cont ai ni n(j“SI’OF%Fourl ng or colouring agents, or they can be injected
parenterally, for - 7 - exanple intravenously, intranuscularly or

subcut aneousl| y. For parenteral adm nistration, the corrp05|t| ons may be best
used in trPéefPEﬁQ‘ﬁ #id diserdey jig sclaeife 6ge 4161 PR ROTAPYIH frayeleE i & her

subst ancegg, é)&hpﬁ‘é%r@e@%@ﬁ%oﬁ@ré@ rﬁétaﬁa@ﬁﬁ@ hifdod& sicPadtPdiSedsBe
ub

solution isotonic with blood. For buccal or s i ngual 5adm ni st rafl on the
conposist i GHPrefy %@wawaﬂﬁsm@ﬁaéa“% (q aephwﬂfﬁ@ﬂw@b@'é&a@c Geidegreriies which

can be forgadaleds biyamicERMVABELORA (JIBIHREBcidurias, e.g. alcaptonuria); disorders
of fatty acid oxidation and mitochondrial metabolism (e.g. glutaric acidemia, type 2);

disorders of purine and pyrimidine metabolism (e.g. Lesch-Nyhan syndrome);

disorders of mitochondrial function (e.g. Kearns-Sayre syndrome); disorders of

20 peroximal function (e.g. Zellweger syndrome), an inflammatory disorder,
cardiovascular disease, diabetes type 1, diabetes type 2, artherosclerosis,

Aizheimer's disease, dementia, clinical depression, adipose disorders, including

obesity, fat related metabolic disorders, muscular dystrophy, sarcopenia, cachexia

and osteoporosis.

25
In one preferred embodiment, the disorder is selected from Alzheimer's disease,
dementia, clinical depression.
In another preferred embodiment, the disorder is selected sarcopenia or cachexia.

30

Addition of fujimycin fo cells results in an increased CLS and increased RLS. It will
be apparent to the skilled person that such an increase in the CLS and/or RLS of

cells may have implications for the treatment of disorders associated with ageing.

35  The medicaments comprise a therapeutically effective amount of the agent(s) of the
present invention and preferably a pharmaceutically acceptable carrier, diluent or

excipient (including combinations thereof).



If the agent is a protein, then said protein may be prepared in situ in the
subj ect being treated. In this respect, nucleotide sequences encoding said
prot ei n sy 20e/b@ivdel i vered by use of non-viral techni gres/dB2ogyvosbpsuse of

| i posonmes) and/or viral techniques (e.g. by use of retroviral vectors) such
that the said protein is expressed frofrsaid nucl eotide sequence. A
"stable" fornulation is one in which the polypeptide or protein therein
essentially 15 retains its physical and chem cal stability and bi ol ogi cal
activity upon storage. Various analytical techniques for neasuring protein
stability fge n?é%amksemargv 5@%@!&%@@%6&%5@%@@% htﬁlnﬁﬂéhud\%témﬁrypr ot ein
Drug Delivery, 247- Vincent Lee Ed., Marcel Dekker, Inc.

N Y., Pubsme@'wgl?ﬂ(én'ﬂ“JUHH@@"Y AomAave IWUENDRT TG Red. Pfiﬁ‘j’maﬁéu‘%”ﬁ( 1993)

St abi | i Ly £28p Q%Ie”%‘%éﬂte%aﬁ"era o?eé)@,%&q t eARRpRbW @afifdis dor2QiigRiteched tine
period. For ra i d screeni formul ati on of interest rrg%6 be kefgt at 40

Cfor B m@ﬁr%Utlc HER BFe V‘t?ﬂ WW@h‘ntmﬁé)r?ffaﬁ?qqt'W 3G 3nchRGr 6EFCrRed T8kt ent of

aggregat i ognid o Rgmlng%?\'@ bhétd R0t GRiRE&IRabRIPUBRSHIRE EoaS (ANR.
i ndi cator of peptid protein stability. For exanple, a "stable"

for mul at i oﬁemarér?émv\%%?@i hhe éfg@cq RhRhABGGeUtCBbSAFer SrepEpRe §iueatsan han

about 5% Of tRRRY YREPHERI % RE Oh@InBed ol BY %ﬁﬁﬂﬁas%uoﬂnaﬁ&%m?@ in the
formul ation. An increase I n _agg g{gateform&tlonfollowng ophlllzatlon

and st or ag@‘aﬁmaﬁﬁ@"?ﬁ&/@’%ﬁqer zTé“G YGRS SiRYCRPFEe dat &f i #EHiCrEsr & anpl e,

a "stabj e’ cérM&p@kélbéﬁidorf(Wu@Htl &b QRaPRYbLIRRENSuMRBRREN stidlRnbiRg IRRAEs) N
aggregate in the [yophilized fornulation is'|ess than about 5% or Iess t han
about 3% RAdiRC EEEM(S) oSl eRIesK Ml ation is i ncubated at 40C for at |east
one week. Stability 30of the fusion protein fornulation nay be neasured

using a biological activity assay such as a binding assay as descrlbed
herein. AcBssanagvase S&‘W'@?ﬁshéyesaéb‘é@t"en R WL MRIRF BravideAda ther

i ncr easi NgmhRameR. | E)?érhM@s bf %sﬁlﬁ’/aﬂ/ééfmé\u@@%bdmrﬁ%éﬁzﬂﬁbh%b%%ﬂﬂf bAd ng
di srupting the function of %nuc eoti de or gene encodi ng

pol ypepti destesngira- BY%@XYQE@‘J'WN@ tiogdaypts nd SUSRETHIG, BRGNS ﬂ@yljﬂi\ﬁ'ﬁb at
Ieast 70% 8% 90% 95% 97% 98% or 99% identity thereto -8 - or a
honol ogue t ereof or a polypeptide differing fromSEQ ID NO 1, 3 or 5 hy
one or several amno acid additions, deletions or substitutions. In

preferred ?ﬁ&edmy%é,dlfteiﬂ&qtpéﬂrw&moﬁ%mﬂﬁaﬂah ﬂe@ﬂﬁerﬁé\%rde?ﬁﬁdémeorﬁluﬁé eotide

5 sequence shown in SEQ I ; sequence which has at | east
70% 80% 9'5%995%9“‘937%331%%30r '399%3{ @ér?e(ﬁwlet H@? é@@ca@?@r@ﬂf I8¢ PTE$%I SEQ I D

NG 4, 2(55 Ofnvgnt%ernéypbg%ﬁﬂﬁt@d?b [t a&r‘ﬂ%u@@'@@ﬁ}sﬁg@ﬁiﬁu le'hpCHrftnyi futssan SEQ 1D
NO 4, by one or several nucleic acid additions, deleétions. or

subst it ut i ESWée fanexampieyrast 2 PreRl SEFYGRi aeEeRO! farfighakation qrdngesigble,sldian. nor e

preferabl yq bQFen%?Jaﬂy inSwhicHBAEBlohRsBibs M G6imulatb@ By & eljestabb Yornh,hRrcel | i's
a human stemcell. I'n a further preferred enbodinent, the cell is an

i nduced pl d@llvmém for engplel an1BiraveoLs, BWanweeyat 8bGubFHEnaaNeE oulem cel |

as used | nAft&héﬁ\}eW‘ tﬁé’f&rﬁ%la%ﬁ%ﬁ‘év bé fa\éﬁphéd)'tb bé ldffiSstersd byeheafuniser pt h
pl ant and ani nal s and to bot'h a ce or popul ation of cells naintained

ex vivel ofougs er natl vely, and where appropriate, to an in vivo cell or
popul ation of cells. 20It should be noted that SEQ ID NGs:1 and 5 (TTF1)
and SEQ I D NO 3 (Ydr026c) are human and yeast honol o g%l;es of the sane

protei n. FUfherertheragentes) tp Do@dministersds msor3lyaHucyde e esstreipiesiing)
(Shiue, G h‘ruc@éa Y shoﬁ%olg)egﬁb@w(?&ﬁé‘iﬁ stedffe dd@RPrddd2holtvdeRRbhoiRREhahown to

regul ate gene | oop fornmation.
tract; for example, it should be resistant to proteolytic degradation, stable at acid pH

30  and resistant to the detergent effects of bile.

Where appropriate, the medicaments can be administered by inhalation, in the form
of a suppository or pessary, topically in the form of a lotion, solution, cream, ointment
or dusting powder, by use of a skin patch, orally in the form of tablets containing
35 excipients such as starch or lactose, or in capsules or ovules either alone or in
admixture with excipients, or in the form of elixirs, solutions or suspensions

containing flavouring or colouring agents, or they can be injected parenterally, for



251t will be further understood that SEQ ID NGs:1 and 5 are splice variants
of human TTF1l. According to a further aspect of the present invention,
there i s woauigediva net hod of increasing the chronol ogi ealr/dehespansof a
cell, said method conprising disrupting the 30 function of a pol ynucl eotide
or gene encoding a pol ypeptide conprising SEQID No:1, 3 or 5; or a

pol ypepti de having at |east 70% 80% 90% 95% 97% 98% or 99% i dentity
thereto or a honol ogue thereof; or a pol ypeptide differing from SEQ I D NO
1, 3 or 5eBymeRe iB¥a\ea0ETal infrATAeS CHE Y Qﬂdﬁit“?%@eoﬁﬁl’etl 6Hs eprentera

SUbSt i t Ut i;@ASsBRbA, PELRbSHoTRRY IR usd @ ﬂaelfamugi @@témteagjeo%ne
conpri ses the nucl eoti de sequence shown in SEQ ID NO. 4, 6 © or a

sequence WRIUERN hylkicht m?%a@@”@@"/&th%%u%@%%%m99’@%[“@%0/@'35?”9@9%#Sd@ﬁt ity

thereto; %or@ééé&ﬂ’aﬁdésr @%@@th@oh@on otdhic witd broo@r Fér @U&:a‘l @r gagegesacy of
the genetic code; or differs fromSEQ ID NO 4, ne or sever al

nucl ei & acEEHEERtON oRe CIPasitionn sNay b@u%@"("i“ﬁﬁ"?@rﬂ@ Othe formtofmbiei%@r

understOO%ZTeF\@ésM.@h@@ﬁf@é@&maa@@ﬁm%@o@ﬁ@m A&es. or heterol ogous 5peptide
Le fromthe same or a different species. In the present context, a

honol ogue is taken to include an am no acid sequence which may be at | east

50, 60, 7%th@%?er§c?s a%%t&h BOYehidrdibinahay Y ?ér@@';b’sﬁl nlieRSloj e beifld %0 ig%)r

99% i dentical to the subject sequence. Typic honol ogues w' | |
conpri se tigateslandn dlétsi RePsFt duicepiide §§q‘t'¢f@9§u%}‘3€€‘tnga§ﬁ‘¢lo°rﬁ'@i% gyghence.

Al though henRegycas 8t %Qni%@alc@eﬁméit%se@a §.Nby €EBTfOfposbibd@End/dr (itale. ani no
aci d residues haV| ng simlar chem cal properties/functions), in the context

of the pré@@mqweﬁ&%at by Hsg pf re&f@ﬂf@éﬂ@@tp@dsw bab Feswith BrofIb Y SIRFESSEF ms of

sequence isgdentdid Vucidalderebegeconpar i sons can be conducted by eye, or nore
usually, with the aid of readily avail abl e sequence conpari son prograns.

These commercially avail abl e conputer prograns can cal cul ate % honol ogy

bet ween t Vip~@5h E0GLENSIBEMERCAR: m%m@mmsow Jf%lfd@%r Gadt6iH| tAérefh QMeRtiAIgNt i guous
sequences, i.e. one sequence is 20 all t he ot her sequence and each

am no Hci defesolie Rwegenaed |C§‘eﬂﬁlqabéﬁqw cﬁ‘r‘ﬁap@lﬂ’gwa{ et EoT KBR9RI ng

am no aci dsdrdud Bﬁan%émeo‘ﬁﬁausém mEORErih§ prlbia s@éb.my bl Bvaildbibsn itse gal | ed an
"ungapped" alignnment. ﬁl cally, such unga%ed al }%%nments are perforned
Ing

onl'y over aAdrasf deYigueq @Pttderﬁﬂ%%@t%’ﬁ g iCgtivgy, 28 holirsnt hee Efs a very

sinpl e an%é}eéme‘sékemnmsw%rw N\fraPU& tpodakRd liBh&s, RORS| deratddmped,hat, for
exarrpl e, in an otherw se air of sequences one insertion or

del eti on Vi 1@a§%"80t(ﬁ%93‘>ol$t6W'tMg338rﬁen@eﬁ%Irﬁd @E@l%ﬁedt EMpErFIeE BUR of

al i gnmpnt ,sefdats {ed gadAl ko ré@é lébtte'eﬁﬂg' fhedomn@ARnIdP HHIEEEORay Be Kefroatol ogy
when a gl obal alignnent is perfornmed. 30 Cal cul ati on of maxi mrum % horml ogy

t her ef or e 40 1&faryT ieglsite &ls MORE. 5 SENFE: iR Gk ISoPERFHPD al iNgnwedeRt Oft aki ng

i nto consigaraation f&resrw.rrgembhmgaﬁ.onﬁarwgfo@&jeec@@rﬂ@ua@d eg%rmmcbwr &arrying
out such an alignnment is Vect or (I'nvitrogen Corp.). Exanpl es of

sof t war e tReRiide aﬁdlﬁépméﬁ'?ns?@d@e nE@r %‘Hﬂﬁ |aso?ﬁ%b@"rf@m‘d@t'onb'ﬁtonﬁr"éher'i@f‘

less than about 10% and preferably less than about 5% of the polypeptide or protein
25 is present as an aggregate in the formulation. An increase in aggregate formation
following lyophilization and storage of the lyophilized formulation can be determined.
For example, a "stabie" lyophilized formulation may be one wherein the increase in
aggregate in the lyophilized formulation is less than about 5% or less than about 3%,
when the lyophilized formulation is incubated at 40°C for at least one week. Stability
30  of the fusion protein formulation may be measured using a biological activity assay

such as a binding assay as described herein.

According to a further aspect, there is provided a method for increasing the
replicative life span of a cell, said method comprising disrupting the function of a
35  polynucleotide or gene encoding a polypeptide comprising SEQ ID No: 1,3 or 5, ora
polypeptide having at least 70%, 80%, 90%, 95%, 97%, 98% or 99% identity thereto



35 limted to, the BLAST package (see Ausubel et al 1999 Short Protocols in
Mol ecul ar Bi ol ogy, 4th Ed - Chapter 18), BLAST 2 (see FEMS M crobi ol Lett
1999 174(Rp:2024041990; FEMS M crobiol Lett 1999 177(1): 28TAB2010h51125

tati anancbi.nl mnih.qov), FASTA - 10 - (Altschul et al 1990 J. M, Biol.
403-410) and AlignX for exanple. At |edst BLAST, BLAST 2 and FASTA are
avail able for offline and online searching (see Ausubel et al 1999, pages

7-58 to 7-60). 51t will be understood that the termdisrupting the function
refers to @i%PepeiPade ieee0h0pPRYPERICS SR ET S doNU e §r°rg’ b0t

di srupti ngotda@e@debiblaticddditRas engadad opalnspgpbhgle. It will be further
under st ood that any stage of gene expression between initiation of
transcription and production of a mature protein can be disrupted. The

skil'led pepsgiapdd! eMBQ&Fn%h%”Cihé %lynhab&ld@ bl deRg! dtsepriops are elucot@ans of
controlling 10gene expression roug controlling chr OfTﬁtl n T{?@é g(t)zre as
wel | as tr%@??epﬁh%hln S%@d??sm@t foR&r 7aﬁﬂap9(?§t‘e'?qea‘H§'P'& PRt rREsh

control |'i n&)%e@t@/oeb‘w @95/, @'8% brtgg% idert8 MBS, Irembré hai HYQADINOPL,i 19
expressi on of ene as used herein is meant preventing or |nh|b|t|n

product i orPfof dlé\e QeRIENEIREY %&%ﬁ?&%d%wgﬁwﬂﬁ'ﬁss% Qi Por h%y art and
that di srupid AaelBe) AshidiY by 20linbhe cerReeses: NBLMDeHsi de refers to

di sruptl ng i nteraction of the functional polypeptide with one or nore of
it's binding partners such that the pol ypepti de does not performit's

functign. [Fhe ppsredee bhPRdRient UREtdeNs BRYeRecdill MbrObrdldtblyatieycéir vent ed.
I n one enbodi nent, eferabl t he groductlon or function of the gene

product i sMREMAJaHEEFEs! chEOﬁt peeferpRiy Beicgll 5 Berpvategetfd product. In 20
some instances the production or function of the gene product nay be

di srupt ed such that there is onl¥ about 5% about 10% about (i)% about 30%
about  50% Ingvlytihersrsterras sabodimgntdhe ge! '8@%'“%89@'%‘6%9&5%'8&?{- 95% of t he
wild type | evel of expression remaining. 25As used herein by inhibiting
production of a functional polypeptide it is nmeant that the production of
the gehe pladube urasrsinoddhal/bailedn 6pll ARKSHY ﬂ%EP‘@&P”(tQ)thﬁﬁé%??ﬂﬁ@v%rﬂftonsal d

gene; (b) RASEchf ateClhidin pRAl Al Slihensdileans & sota%utdarp@pmandrp@f exanpl e
the use of 1 RNA or antisense RNA (gene sil encing %t% transcriptionally

si | enci ng ®aingaivgch X ko, f%ra”@m%%?'é a'é‘bl"‘(j@FFetaPErOP@ niQ@8s" ¢H ot lent i ng
or al teringddiohwnedlison of the 30gene product by the introduction of at

| east one point nutation; (e) post translationally inactivating the gene
product. In one preferred enbodi ment, expression of the gene or honol ogue

i's di spypt gdhéMd bB'%ted tHQ @é%%%ﬁ@%«@ﬁéﬂ@h@é@% NS ef(\ecﬂrebésoo,aré he cell

is transformed wt asm d/ vect or encodi hg under control of a
promot er. Dy¢map ppd b%aségﬁ'ap@ﬁt‘e‘i pidhe gang pﬁ?tﬁ%tFé‘Fthﬁ'é‘ﬂprﬁeS%QéBﬁ‘Q it@$ve

pronmoter aggdi9and tﬁé oL ﬁ&ﬁ@rg%:(sméoam &t al, 930045 @iwcbgére ps! fe33t f347) i RNA
refers to RNA'interference his is a nethod of post-transcriptional

gene si | enBavegPqtipipess) Shqwf‘efﬁkrﬁg%}@?%“? PRI PNt he direct introduction of
dsRNA (Fire A et al., (1998)). In a further preferred embodi ment
expression of the gene is disrupted at the 10 transcriptional [/ DNA |evel.
Pref er 3bl ylt vdlhpg f l&‘ﬁtj?@r?oﬁ§h%tf$l:e@t'@d‘l%?1 iander BieotPlise varants 95 purpaR

nucl eoti deTipjo the gene or deletion of at |east one nucleotide fromthe
gene. In a further enbodi nent, the disruption of the gene is effected
by introduction of at 15l east one point nutation.

According to a further aspect of the present invention, there is provided a method of
increasing the chronological lifespan of a cell, said method comprising disrupting the
30 function of a polynucleotide or gene encoding a polypeptide comprising SEQ ID
No:1, 3 or 5; or a polypeptide having at least 70%, 80%, 90%, 95%, 97%, 98% or
99% identity thereto or a homologue thereof; or a polypeptide differing from SEQ ID

NO: 1, 3 or 5 by one or several amino acid additions, deletions or substitutions.

35 In preferred embodiments, the polynucleotide or gene comprises the nucleotide
sequence shown in SEQ ID NO: 4, 6 or 7; or a sequence which has at least 70%,
80%, 90%,95%, 97%, 98% or 99% identity thereto; or differs from SEQ ID NO: 4, 6



It wll be understood that in the case of disruption of the interaction of

the pol ypeptide with one or nore of it's binding partners. this disruption

can be bywenyiismitteabl e neans, for exanple, conpetitive ipolmidB2biowsiizs

non- conpetitive inhibition, m xed 20i nhibition or unconpetitive inhibition.
According to the present invention thére is provided a nethod of increasing
the chronol ogi cal and/or replicative lifespan of a cell corrpri sing treating

said cell with fujinmycin. 25 As discussed above, the ce may be a plant or
ani mal celr 7 dopdp spamiajacysaditee aengticicgdarPraiaraMpepFQ EDri\q%nﬁé et BY red

enbodi mentype bhgeedilnubiticliciBlBiohaicdiohs oMURtRtieIer ably, said cell is a
human cel | 30Further provided by the present invention is fujimcin for use

in the treatnent of an age related disorder. Preferably, the disorder is

rel ated tq yhens hingaelea hal mnﬁérﬁéio@@éolceﬁaiel Y éu't&l&%ﬁ@noroﬁetéro‘i?@ohs 35 -
12 - disorders of am no acid nmetabolism (e.g. phenylketonuria, glutaric

aci den a. PePide)i:e fipra Fregame ¢ glerant PeaEsd rret abol i sm (organi ¢ aciduri as,

e.g. alcaptonuria); disorders of fatty acid oxidation and m tochondri al

met abol i sm r(%q glutaric acidema, type 2 di sorders of purine and
BlsSP

pyrim di né 'iﬁs?ﬁﬂ(@dga m@”@&q&uwﬁ%% dEF'BH@? an5am5ngcﬁ.%§§ql@pce

m t ochondijng rﬁ%ngé 'apléaéie‘;i(g 60K¢@r7r5s 8585 6r S0 GHRHBA!; p@rewwgf safomper oxi mal
functloné syndrome), an inflammatory disorde

car di ovas uV%rggcﬁ%@gg%’deﬂﬁﬂcéb@c s 1Whisst seaugngdet ¥%'C%ib’p§‘32h°r%9'?$+@tsd%‘ﬂl erosis,

Al zhei;ger 'csmdhise Bresarfie BBk fies Etd. HsCRE lBREESSIRMNciRdbARPee dAigRLERT S,
including obesity, fat related netabolic d| sorders nuscui ar dystrophy,

sar copeni Qon@%ﬁéﬁ”aaii@%dc%@td@&%%?ﬁ@s 9 eI it AMIBY 8K GEINERL , t he

di sorder ingvi§ |sﬁ’v‘ﬁ$a?€hérﬁn@é‘i‘p%5éﬂ@é§mhct®n§) FER8 Ron@RIENhd BresEhtiiMie®Bon it
depression. 15l n another preferred enbodi nent , the di sorder is selected

sar copeni & WEfaseeHe grResSTRRMARGY NderMsed SEAUGICEIII®EYawar e t hat Fuj i nnyci n
(FK-506) is an inmunosuppressive antibiotic drug which is mainly used after
organ transplantation. It is believed that Fujinycin acts by inhibiting the
activilfy 6OMAPYI FRETRATROTGERT PP taRNdUCtePDy eye. @ morer gy, ot i'I thexgig 2 3) |

507-522). rééamgeé\mabné é@qﬁ@ﬁc%ecbﬁwpéﬁgonobﬁo)gra‘m@'”ﬁ%@ec&ﬁmégﬂwga@uéb@ so one
whi ch shoul d be reversib by di sruption of pathways which regul ate agei ng.

For exanplc@mPHisf afqgﬁm%ﬁam@'atﬂ (’/ChO'@P'@@hH%tW@ﬁﬂ W BWPReSe9HBH s si on of C.
el eagns nodels of Al zheiner's.

% homology may be calculated over contiguous sequences, i.e. one sequence is
20  aligned with the other sequence and each amino acid in one sequence is directly
compared with the corresponding amino acid in the other sequence, one residue at a
time. This is called an “ungapped” alignment. Typically, such ungapped alignments

are performed only over a relatively short number of residues.

25  Although this is a very simple and consistent method, it fails to take into
consideration that, for example, in an otherwise identical pair of sequences, one
insertion or deletion will cause the following amino acid residues {o be put out of
alignment, thus potentially resulting in a large reduction in % homology when a global
alignment is performed.

30
Calculation of maximum % homology therefore firstly requires the production of an
optimal alignment, taking into consideration gap penalties. A suitable computer
program for carrying out such an alignment is the Vector NTI (invitrogen Corp.).
Examples of software that can perform sequence comparisons include, but are not

35  limited to, the BLAST package (see Ausubel et al 1999 Short Protocols in Molecular
Biology, 4th Ed - Chapter 18), BLAST 2 (see FEMS Microbiol Lett 1999 174(2): 247-
50; FEMS Microbiol Lett 1999 177(1): 187-8 and fatiana@ncbi.nim.nih.gov), FASTA




25 This nutation disrupts 1G=-1 signalling and results in an extension of

| i fespan. Anal ogous experinents carried out in mce suggest the sane

hypot hesiwo 2M1zdveioner ' s di sease is also |inked to the aecwmsatomm2ef toxic
protein aggregates. Conpounds, such as FK-506 (fujinycin) which extend
chronol ogi cal lifespan can ameliorate- t4re accumul ati on of these aggregates,
and so nmay be useful |n the 30treatment of Al zheiner's and reI at ed

i ndi cati ons such as rrent a and clinical sion. Unle i

o her ot o CARHA SE AT e BB afb A pESe AT BE s oap B, ot BLAS T arre

Meani ng aspCASTDHENY FNTIR &b eedidbye pReffiafe AHotriae ¥eskhihl ($de Alibardt.al

35Practitioners are gartl cularly directed to Current Protocols in Ml ecular

Bi ol ogy (Al%%?bémesfo SHufPHltions and terms of the art. Abbreviations for

amno acid residues - 13 - are the standard 3-letter and/or 1-letter codes

used in the art to refer to one of the 20 ¢ n L-anjno acjds., It is

furt her5 nolt ¢y!l PRatndeszioqk dgt ithe ﬁ?’m’éd§5@(§'r‘$ Itl&g:?prtgﬂon trﬁr?grss ihg§runting $hes a
"an, " and §prédion bNMleUstiyritciéoide betgeh@r&%mmta@sm@wm/sbmh@r@hcoded

uneqw vocal I limted to one referent. i s used.interchangeably

with the t%‘?)‘ﬁepﬁ%}/ Bl b fusther vprereighg &?tt aEY éerQF?f PRI BB PRIMRR S €.

Al so, the fRafdn o‘p@éﬁdcﬂ@tnonaéﬁh pefoaagmr@f a ﬁfa@ré%ﬁ&einrﬁawwdiéﬂﬁﬁéﬂ yTh® refer
to parts of 10a pol ype nucl ei c acid, or other nol ecul %Q@truct

" Pol ypept i ggied aﬁ’ﬁfge"b?fvﬁﬂt “é”o??rs%f% ”ﬁ?éé@sl"‘ﬁ'ﬁ SHEnRRIAEISC HeFass Y tQ?“ i be

pr ot ei [y M&EIbRFeddd! w&gwwmmmg cﬂ‘ﬂrér’ﬁ@ﬁm @zamdturalasnm/eﬁ ks trdr2BGSHANEY Ot ei ns.
15As is known in the a pr ot ei ns tldes g ti des" and
eFetEan

"ol i gopept V%{&@t@a@@r@wh@a@!éh&ﬂ]ﬂ#@%@? @'V@l%ﬁ? no aci ds) whose
al pha carbons are linked through peptide bonds formed by a condensation
reacti on between the carboxyl gr ouggof t he al pha carbon g acid

/ one_anin
and the anitMd! B gugeraipod Hat \éYHI?é“FE (FSRrESFICARbLE 96 BRiYRB ggre&p 'Sﬂ‘ﬁpﬂ'ﬁal ly,

t he am no @@h@l&m@&iﬂ.mﬁmm SroRUi bR 1o a Airk:tidh4) Yolypesliel BY aydBsansHnadvhiimg at
the am no ternm nal residue and incre e directi n tgc())ggrd t he

car bo s 1 el LA 52 FEEPES TREATBHBE € the SRCodsd HOMPEPTHE teiers 4O deupting

pol ynucl eofntedgctRrEn trﬂﬁfuﬁﬁ%ﬁmdwypﬁdi@w&h 8hé Ar (M df iD¢ bintipg rpaﬁhais%uanl d
(RNA). The termis used to include single-stranded nucleic

25doubl e- sthehHgcRPYRePlIds doeg NetsPerton TERINNSHRD- DAAE RERFNCHATLAR 'ﬁ‘ﬂ‘&tl'oé‘o'i”ia}ﬁle or

nucl eosi debélrfaﬂwgu@émaT%@ré@hf@d Rh asiE @hveGiheht, prefepdlfy e @ebdirtdén lefers to
a nucleic acid nolecule t be used to trans ort a second %Ielc acid

nol ecul e i fgtiop &fdhe gen%p@H%Ct3®¥L@WERYPH§§Ht .e.fthgre\iep¢ 8t 'V§I 9E5RPTe

replicasi ogorfé |@Mc§§%%§&&tlbﬁ§ﬁfuh@ﬁbri ortte ?é’lﬁe M@@@l(ﬁrmay'rthﬁdlyr%ﬁe@rsuﬁﬁy
conprise a pronoter to enhance ex ssion o gic améjoorml ECLfI| ein

at | east sHisbthesris ey pBouRkr gb tn%%/ PEPYY f’ea cf’r’rﬁﬁ’g‘lJ abo

(extrachr opgoBBbIt 7I% MBYoLREBOM HiAIBe, bhtaBod MtofCtﬂHWIﬁihfy@gﬂémf In one
enbodi ment, the vector nay conprise an expression vector capable of
pr oduci ng gxpress'.lon remalnlng

25  As used herein by inhibiting production of a functional polypeptide it is meant that the
production of the gene product may be prevented or inhibited by (a) knocking out
said gene; (b) post-transcriptionally silencing said gene through for example the use
of iRNA or antisense RNA (gene silencing); (c) transcriptionally silencing said gene
by, for example, epigenetic techniques; (d) preventing or altering the function of the

30  gene product by the introduction of at least one point mutation; (e) post translationally

inactivating the gene product.

In one preferred embodiment, expression of the gene or homologue is disrupted by
iRNA.
35



35protein derived fromat |east part of a nucleic acid sequence inserted
into the vector. - 14 - As used herein, an "effective amunt” neans the
anount ofwenongewntost hat is effective for produci ng a descramBefdmset2si n a
subject. The term"therapeutically effective anount” denotes that anount of
a drug or pharmaceutical agent that willl elicit therapeutic response of an
ani mal or human that is being sought. The actual dose 5which conprises the
effective anpunt may depend upon the route of adm nistration, the size and

heal th of Pﬁ”@f@r@%j”&fﬁ” !%Haféﬁf%rﬁ‘fe@iewm’bél PgsTidegeled enapring [e iRNReUndEfie t er m
" phar maceubhidldia @%ﬁ%@érabi GuilC e ra'pﬁérenia&ayﬁﬁsg oREESENMER e £E6Rs Vg OMPOUNds
and conpositions t are suitabie for use in human or  ani mal subjects,
10as for ExAMPPeanFYra f95ep apeaiG RoE6HPosi ti ons administered for the
treatnment of a disorder or disease of interest. The invention will now be
described in further detail with reference to the figures in which:- 15

Fi gur e8 ASI-"-iSQ@ herein Birdomn Bk refefe toyNdelerigienee ﬁ%‘gcThiﬁﬁ%@G@Mdqu omt he
YDRO26C | opuiSid ek bénéj'sr lgﬁénls (P‘?@S Caﬁta&awaté‘somaﬁ&écprby%hehug&wrder
structure on a gene as part ep netlc regul ation in yeast. Figure 2A
shows the@ﬁ&d&iﬁtﬁﬂcﬁfdéRNéHFW& 6@@’0&19 I8 fe span under anaerobic conditions
in ydr026c depleted nmutant, but not in the wild type of fobl depleted

mut ant. Figure 2B shows the same results as calibrated growt h curves. 25
Fi gure 3 dhonduihes RIRleHRE| ogPedment e&prepden fbrth@i ganet Jopeisruptey £ )the

ydr 026611 1 3Recrfoabddh / X088 fevel I PAsabipd8sid @?srr@éti%ﬁ i§ LAG1ORBRliNscRARE of at
deoxygenat ed (bottom anel) conditions. 30Figure 4 shows the ef fect of
fujimyci nlest A swisleadie HILC Ithe gerg gh delefigiu ok a6 lagbaBe tHelealideetPmohe FK- 506

on the lifggpan of C. elegans - 15 - Figure 7 shows the effects of
del eting obdl and sir2 on the chronological lifespan of cells. Exanples 5
Exanple 1

In a further embodiment, the disruption of the gene is effected by introduction of at

15 least one point mutation.

it will be understood that in the case of disruption of the interaction of the polypeptide
with one or more of it's binding partners. this disruption can be by any suitable
means, for example, competitive inhibition, non-competitive inhibition, mixed

20  inhibition or uncompetitive inhibition.

According to the present invention there is provided a method of increasing the
chronological and/or replicative lifespan of a cell comprising treating said cell with
fujimycin.

25
As discussed above, the cell may be a plant or animal cell. Preferably, said cell is an
animal cell. In one preferred embodiment, the cell is a mammalian cell. More

preferably, said cell is a human cell

30  Further provided by the present invention is fujimycin for use in the treatment of an

age related disorder.

Preferably, the disorder is related to the chronological and/or replicative lifespan of a
cell,

35
Preferably, said disorder selected from the group comprising a metabolic disorder, for

example, disorders of carbohydrate metabolism (e.g. glycogen storage disease);



Figure 1 shows the effect of the YDRO26C gene product on the high-order
structure of a gene this forns part of the epigenetic regulation of

st abi | i t ywofwotiw4ioacus, as 10 exenplified by rDNA. Losspofi/citodaBei2and its
function leads to the | oss of epigenetic high order chronpbsomal structures,
as measured by chronmosone conformation'Zapture assay (Fig. 1B). Loss of
normal high order structure observed in w is associated with epigenetic
deregul ati gn and | oss of | ocus sE,abi it L}gss of Fo the interaction

| . |,
part ner of US[PePed aMiBg RS Befahe '?rﬂd?é’a}é@aﬂ telgiyria 9%"'%%@{?'&6 r'der

15st r uct ur @sorbie@WT & rdahiS AN tdIRIidB AsHahiPHAicLASs) $. gMaldaptonaril); AkbRersi t es
for YDRO26C upstream and downstream of the |[ocus, the position of Bfal
restrictioff @ity agd pxidgtion,an HWG%’?%‘%%’HB%EB’W é)%f%“r‘tﬁﬁ PEHERE (et /Assay

gvgrtiggl diiisc(ﬁj}ﬁléar)s, oﬁf'rﬁjrihibearﬂﬁ%iy?iirﬁmnef)fma%l%ﬂpr(b.@ﬁ{lﬁesbﬁmhbi?dsy'ﬁﬂl‘omé’ﬁC, .

. 8c, c and Pro (snal| arrows), also shown are the ranscripts made

fc(r) o][n t r?et!%Eﬂéﬁ?&)@ﬂﬁ??ﬂﬂj&ﬁgﬁnﬁﬁré'ng‘ngf\% L ;?’W?es}r;’géﬁm?g @Foﬁfgg i somef
nf or mat i Rl URe ave.§. IResg@Y . shid Jhigh shawsnidasypr ion of a

specific p}?éohc)i,uct band _aftg? 33 ec cles ZSg v{/itﬁspri mer pair Ter-Pro irn wld

type. The %ariﬁ'ﬁ"?ﬁclﬂ@ﬁcfj‘s?%sesegﬁbﬁ%ﬁeﬁyp% oy d38giesn Y8 oh1 2HBEIOPEROSr ai n. 1t

shoul d be nph&ithetbadisdRepioehentia,i slirfe HepvaRioal tRIpodd aysHes, limclydiid26C
deleted strain. T i ndi cates that | oss of rYgrOZGC | eads tp the | gss of
S

! hi s s t.
the char act¥t%t fo¢ repiegdnerelicsBisRicgH: BragtastySoPly-cSBHRE Fe FAPHENR | d type
nor mal id r ansCsdtddopssid.rom the rDNA locus in yeast. It also indicates that
| oss of fobl, which interacts with Ydr026c | eads to high-stability of the
hi gh-order structures, making themeasy to detect at early PCR cycl es of

the 3C assgyene bfeferrdek @mpbBimént, el disorv&r B gNeuey fom hbeeinhiscaitebenunber
of days w thout aeration éox gen deprivation) in 2% glucose containing

medi um and/§NeRtigCiral BERBFCHI | utions to Snonitor viability. This
experinment denonstrates that the Ydr026c¢c depl eted nutant has extended life
span, as conpared to the wild type or fobl depleted nutant. The figure
shows Lhat INOler pestersgriembodigdly B dsacdfyseoctoh Sarppend GheachRyaAf ob |
strains are no | onger 10vi abl e whereas the ydr026c6 strain still shows
grow h. Exanple 3 In this experinent the wild type, ydr026cL and fobl .6
Seast el | ENbaRIShplEan Whos Gwats BRb R PELl dmETT S ab e Hber of

days cul t usgibidlic 3@ wredsie mEAlyuseadter erdanerardplatadien ont desiyaantdaed (AN)
culture condjtions.

As can be seen fromthe fiqur der both aeraobic and
anaer obi ¢ EYRHAN ¥HS Pyfr}li‘é"Wrtbﬁ@Eti‘ityr?gf:%'ﬁ'ﬂ“e%rﬁb%'fﬁthcig%s%tc?/cm%ﬂtéegbi cal
life span gf(3830dapg).and 20 days respectively.

Alzheimer’s disease is not only a disease of ageing but also one which should be
reversible by disruption of pathways which regulate ageing. For example, mutation
of Daf2 in C. elegans can slow the progression of C. eleagns models of Alzheimer’s.
25  This mutation disrupts IGF-1 signalling and results in an extension of lifespan.
Analogous experiments carried out in mice suggest the same hypothesis.
Alzheimer’s disease is also linked to the accumulation of toxic protein aggregates.
Compounds, such as FK-506 (fujimycin) which extend chronological lifespan can
ameliorate the accumulation of these aggregates, and so may be useful in the
30 treatment of Alzheimer's and related indications such as dementia and clinical

depression.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art.
35  Practitioners are particularly directed to Current Protocols in Molecular Biology

(Ausubel) for definitions and terms of the art. Abbreviations for amino acid residues



20 Exanple 4 As can be seen fromFigure 4, FK-506 (fujimcin) prolongs the
chronol ogical lifespan of S. cerevisiae. Addition of Fujinmycin to the

cul ture meoi2onyvmi199. Ing/ nl has no significant effect onpthambrouseizsgi cal

| i fespan of the cells conpared to the control, 25 whereas the addition of 1
ng/ M or nore has a significant effecti3tncreasing the nedian |ifespan of
the yeast cells conpared to the control. Lifespan was neasured using the
out growt h net hod descri bed by Miurakam , C. and Kaeberlein, M, (2009) J.
Vis. Exp, apythesdmideed B-etteg AR ﬁewﬁjﬁew@dq& 4ses Jaiiect paaier ¢ efepisne 80t he
profile ofoMhdhilbtoefi®RN ageing yeast culture over time. To measure this
a yeast culture is grown in liquid media until the glucose carbon source is
exhausted and the cells stop dividing. At this p0| nt the proportion of
celI's whi ghs fifhehbig tﬁé%daél%@d Fnothg' éﬁegﬁcétﬁn @rb&rr&b%er ¥hAgnhhe

out growt h characteristics of fresh’inocul ate of agei ng culture using
a 35Bi 6scri@enTMudenaier! rféfe(f@]fs GTHRESheXMIPSAds apd LLrteQUWWQ“D’a!ﬁﬁI' ed @ &BFlities
at vari Ousefbldi RelbNbin 34€ i€ ABBRIRG chahdisberiN el lfinChraBP! @Eeahel | fespan
of the culture. - anpl e can seen fromFigure 5, addition of
FK- 506 pr ¢Polgyscleaily md@?ée%)eﬂ?ewsq: eI egans in a dose dependent nanner with
the addition of 4p/nml resulting in a significant 5 increase in the
viability of the organisms (chronological |ifespan). FK-506 was added to C.
el egans ddfsonda isems [nasipre ggd | agarmrtserggised fidenc @w@éi’! tpasferiaraiced as
descr'lge‘ja'ﬁbly%‘é%)ﬁ’cﬁe Ruci&-acid®Bfoltéehset8hNeonMruct( 2009) J. Vis. Exp, 27.
Briefly thi's ne conpri ses synchronising a popul ation of worns and
measuring the percentage of living wornms at a range of tine points, scoring
| ive wor ”Bpgypéptﬁ@er aﬂx@agkdténﬁy atd Js8FRRBNLA @W'ﬁ@@m Q&'d@ékrﬁb% F@iéﬂpl e 6

Fi gure 6 shows appears to reverse dependent reductl on in
cel'l divi @%@Puﬂﬁttéaﬁ Aay WWPQ@@WHWME%%M&P%@ p@&ﬂns line. This indicates
that FK506 15 increases replicative |ifespan of these cells. The cell
division rate was measured using the nethod of Fairweather, D.S., M Fox,
and GIP. Nerigiksewn in thegmh) profsips Caleptigess "Pﬂ?@B?m)deSpandl%lggpe%ﬂﬁ%fa@ t he
replicati yaahs fSRaRo YciddRepiChl! Safif FEASUNRESLYINBE W itthst AR RByt he
surface of dishes until the reach confluencey whereupon they are split at a
1: 2 rati o tireugh pgplidg eands fasmey byThecondamrationfregslivasbateert i Gr®oxd split
20 is equezglml}pooit hat auﬁﬁa tcaﬁboﬂumeﬁe Qnirth Méné'éﬁ@%h&%ﬁ@'%r@?t@% BhkO
undertake which is the cultures replicative |ifespan | s are only
abl e to diogitea & anorier @nimbed. ofypicaledhe éW%@C‘@%kad&]atﬁF@e@rﬁfeof their

life the tj mBetdeth bféée étQmHadame &fhb t@#n\(hﬁ' k%@ldh@cérﬁaﬁm%r%asﬂnﬂ uhht'hé

instance the rate of cell division is used as a neasure of age. 5 As can
be seen, tdfectipadpragineaprsEsmiaet epideeodingirsdteiis results in a reductl on
of the division time conpared to a control having no FK-506 added. At

hi gher concentrations, the FK506 beconmes toxic to the cells and thus limts
t he 30cel I’ “Pegii coidvE GapavnesieotivResydt 4Sstrusbaucies ackk SOBA) PLrabl e to
del ay the pRg&leciOfcRIBNIG. | ThdPRHA i§WEBN% include single-stranded nucieic acids,

25 double-stranded nucleic acids, and RNA and DNA made from nucleotide or

nucleoside analogues.

The term “plasmid/vector” in one embodiment refers to a nucleic acid molecule that
may be used to fransport a second nucleic acid molecule into a cell. In one
30  embodiment, the vector allows for replication of DNA sequences inserted into the
vector. The vector may comprise a promoter to enhance expression of the nucleic
acid molecule in at least some host cells. Vectors may replicate autonomously
(extrachromasomal) or may be integrated into a host cell chromosome. In one
embodiment, the vector may comprise an expression vector capable of producing a

35  protein derived from at least part of a nucleic acid sequence inserted into the vector.



and C. elegans. Ageing in C. elegans is primarily the ageing of the nuscle
and intestinal cells. The data shows that FK-506 is extending the |ifespan
of C. el egonsiidb4spnd nust therefore del ay ageing in thepettidmewasi1123hi s
indicates that FK-506 will delay the effects of ageing of human nuscle
cells and will be useful in the treatm®nt of disorders such as sarcopeni a.
A devel opnent of this disease is nuscle loss - 18 - associated with bed

rest or chenotherapy (cachexia) which is mechanistically believed to be a
very sim |A4f ugaddweseis, an “effpeliviganzountteais e ggespt efip ager! Bebisiadfeghiee t o

del ay the f@ir‘?)%du@fngsylf‘e%ﬁ@@(‘e@feétn% 80s Y. bendisehithbRipeltdagasdRetifehe
efficiency of 1nducCed pluripotent stem cells and directly converted cells,

whi ch may %@%eéenq{e%tﬂé@ﬁ depyntt ofed 1S O M%P@t'ﬁahég?f&r@a&é"i glicit
Repl i cati Vtﬁerlahél?cu:sr%@ﬂor(s@cﬁ)anoinnq!al"érqid?ﬂansﬁh%msoﬁn fs&)@h@eh"ﬂé ia@fliaPfiodehe YDR

026¢ | ocus I'tcative |ifespan was neasured using a rnicronanipul ator
(Si nger | n@m@mﬁ@ﬁp@es thrpieBegtivo amasst pray sieeand yean @"@é@ﬂ‘ierﬂj aggWHstERdiaBNnt er

cell prOdqﬁeg.ze%um@aﬁmnhéE@é,é&ethefdus%mer@aing tfRid¥e bng el k8r OW ng on a_YPD
agar medi um (2% gl ucose, 2% yeast extract, 1% bactopeptone, 2% agar). The

data from 10-50 not her 15 cells was averaged to produce a nean |ife-span

for each STHea'ié}“niin?héﬁﬁ%c%ﬁdéT@/ y&%eﬁ&%bf%mcarrn@?fr 8sVWased MRl tAagnewretd hat the
starting virgin cells were produced fromsmall (therefore young) nother

cel I s. [Ka@wmqu@%anwomm'mrﬁﬁhat e syitable-fgs| upg In BUMGN 1KE BRI SUBECIR, | Genes

det er moni ng yRaskn éﬁé) | i€ Adrieukik [ @nDR8Mohd aBmidigeki 48 thd @BEIeht backgr ound.
Mech Agei g Dev 12 491-504 (2005) and Kaeberlein, M et al., 20Regul ation

of yeast %?W%ﬂ'ﬁﬁ%aﬁ?ﬂ@n - by TCR and Sch9 in response to nutrients.
Sci ence 310, 1193-1196 (2005)]. Table 1 Yeast StrainObdl Expressi onRLS

BY4741Y. dr026c¢c1l f b f BY4741 l d
type co(r?tS rﬁv%/'n@ﬂ@'ogm} ”PWfosB%ﬁ?AE??f‘Sf“ﬁE@ en'é\f"’r'tgﬁgftegef?&gft%rth‘? ﬁ%‘"@? i n(WI

| acki ng Ydg®ieec it is 30 generations. Exanple 8 Shown below is a nodel
based on the data shown in Fig 7. The nodel shows that 30 Cbdl del etion
depend®nt |ifespan extension is due to the inhibitory effect of OBDL on
Sir2. Thisriguggests that any nmechani smof extending lifespan life by
activating Sir2 will be limted by inhibition by Godl. OBD Lifespan
Ext ensi on

Figure 1 shows that the Ydr026¢ gene product produced from the YDR026C locus in

yeast is directly implicated in formation of high-order structure on a gene as part of

20  epigenetic regulation in yeast.

Figure 2A shows the extension of chronological life span under anaerobic conditions
in ydr026c depleted mutant, but not in the wild type of fob1 depleted mutant. Figure
2B shows the same results as calibrated growth curves.

25
Figure 3 shows the chronological life span for wild type (BY4741), ydr026cA and
fob1A yeast strains under aerated (top panel) and deoxygenated (bottom panel)

conditions.
30  Figure 4 shows the effect of fujimycin on chronological life span.
Figure 5 shows the effect of FK-506 on the lifespan of C. elegans

Figure 6 shows the effect of FK-506 on the rate of cell division in the human
35 fibroblast cell line MRCS.



Fig 7 shows the nedian |lifespan of the yeast strain BY474 1 in which either
obdl, 5 sir2 or both obdl and sir2 have been disrupted. Lifespan was
cal cul at estousimm4tohe previ ously descri bed Bi oscreenTM Croasmsoviirsol .

Yeast strains were produced as described by Longtine et al

(Yeast vol. 14

p. 953 Additional nodul es for versatil-d>and econoni cal PCR-based gene
del etion and nodification in Saccharomyces cerevisiae). |0 The data
shows that_disruption of obdl significantly increases chronol ogical
| i f espan Weiredsshawstimetiens ef dal¢iing aidgmndi @M Yegbrrelesiss! Epsrmiotiogi cal
i fespan whgn conpared to wildtype. Interestingly, a double nutant
both obdl and sir2 are disrupted results in a significant decrease in
chronol ogi cal |ifespan. 15 Furthernore, the data shown in Table 2 i
t he epi st aidagygdd ect of obdl on sir2 activity WO

2011/ 004194PC1/ GB2010/ 051125 - 20 - Strain CLS ERCs Reconbi nati on WI' Nor na
Nor mal SNor mal sir2A Low High High bdi A Hi gh Low Low

10

15

20

25

30

Example 1

Figure 1 shows the effect of the YDR026C gene product on the high-order structure
of a gene this forms part of the epigenetic regulation of stability of the locus, as
exemplified by rDNA. Loss of Ydr026c¢ and its function leads {o the loss of epigenetic
high order chromosomal structures, as measured by chromosome conformation
capture assay (Fig. 1B). Loss of normal high order siructure observed in wf is
associated with epigenetic deregulation and loss of locus stability. Loss of Fob1, the
interaction partner of Ydr026c, leads to the increased stability of the high order

structure.

Figure 1A shows the yeast rDNA locus with two binding sites for YDR026C upstream
and downstream of the locus, the position of Bfal restriction sites used in standard
Chromosome Conformation Capture Assay (vertical lines), and the position of PCR
primers labelled Ter, 25¢, 5.8¢, 18c and Pro (small arrows), also shown are the rRNA

transcripts made from the locus (block arrows).

Figure 1B shows the results of Chromosome Conformation Capture Assay (3C)
assay. In WT this shows the production of a specific product band after 33 cycles
with primer pair Ter-Pro in wild type. The same product is seen after 28 cycles in a
fob1 deleted strain. [t should be noted that no product is seen even after 33 cycles in
ydr026C deleted strain.

This indicates that loss of Ydr026¢ leads to the loss of the characteristic epigenstic
high-order structure observed in wild type normal transcription from the rDNA locus in
yeast. It also indicates that loss of fob1, which interacts with Ydr026¢ leads to high-
stability of the high-order structures, making them easy to detect at early PCR cycles
of the 3C assay.

clearly

in which

ndi cat e



obdl Asir2A Low Very High Very H gh Reconbination rate was neasured by
nmeasuring the nunber of ADE+ revertants by observing col our changes in
yeast colwoizes/008C s are extra-ri bosomal - 5 chronpsonegscniigbionseizs due to
aberrant reconbination resulting is short circular DNA sequences being

present in the nuclei, levels of whichlfcan be detected by Southern Blot.
This data shows that in the absence of obdl , sir2 expression results in an
i ncreased chronol ogical |ifespan and a decrease in the rate of

r econbi nat P&MPIABAI | publications mentioned in the above specification are
herein incorporated by reference. Various nodifications and vari ations of

t he descri bed net hods and s%/stem of the present invention will be apparent
to those skellsl agre mrewe far tihey indisried geisabe Ay SRy iYitRat ?@B%Q“af%y% rit of
the pr ese”@edn%ﬁ?d?\t) lﬁ@%@lééﬁé%nﬁﬁﬁn@rrﬁé‘tﬁ@h AV RO heJolbednitisleses i bed in
connection W th specific preferred enbodiments, it should be understood 15
that tHe imo@irVERilils clai med shoul d not be undul y limted to such specific
enbodi nents. Indeed, various nodifications of the described m)des for
carrying out the invention which are qbvious to those skilled

bi ocheni st THis &xpebneit ctenmpsigips dhatrtBe 2R bei @p@%e%@t?mtk@ﬁoeéﬁmdéd g wi t hi n

the scope gf;qt be cf)e%bbl%\ﬂﬁ BIE A Woe ortédt dafieeenaasntl Thal iEkakiowddhAt , Lin,
S.J. & Garente, L. fe-span extension_in yeast. Science 312, 195-197;

aut hor r eptfier185daeyi ﬂ( aEseIbic suligenirealvid ty@e@ﬂd&ﬁ@%r%ﬁr@ aie no longer
Ext r acly ongy §@§Whefe@§@héx&r@b&%st@an@§ﬁ%%©@fsg@&ﬁ/’tﬂg in yeast. Cell 91,
1033-1042 (1997). 3. t al. Calorie restriction pronotes
manmal i an cel |l survival by inducing the SiRT1 deacetyl ase. Science 305,
390-392 (208Q4)ple4. Anderson, R M et al. Yeast |ife-span extension by
calorie restri ctl on is 10i ndependent of NAD fluctuation. Science 302,
2124-2126 (2003). 5. Kennedy, BK., Smth, ED & Kaeberlein, M The

eni gmatic fohR &Iﬁeﬁnégt {8 A g@b%cl\zé’nd )@‘ﬂ%%@ﬁ(&ﬁ]@ﬁ)@re Blatsbh e DL.

Jr., McClure, eci c, S. Cal orjie restri ctjon ext ends
the chibnog@gﬁtftmedlau 3fieg ﬁsﬁﬂnéwatsadwnbbﬁbﬁilé@és QEEIN7a8luesss BEFBINEE | y of

the Sirtui Qﬁwer%‘raﬂgd %?'d'eo@ygeﬁét%dﬁﬁ&)(o%@@r@) conditioK@eRe thibe, sdéh, frdth ltké and,

KT., Field S. Kennedy, K. Genes determ ning yeast replicative |i fe
span in a T'Q}ﬁgr Pnd%opqyér@é[qb@ B%I@@?%FGHG COPEIRNAGIBR N ExfFA1 PHtank §how 4
(2005) . increased chronological life span of 33 days and 20 days respectively.

20 Example 4

As can be seen from Figure 4, FK-506 (fujimycin) prolongs the chronological lifespan
of S. cerevisiae. Addition of Fujimycin to the culture medium at 0.1ng/ml has no
significant effect on the chronological lifespan of the cells compared to the control,

25 whereas the addition of 1 ng/ml or more has a significant effect increasing the
median lifespan of the yeast cells compared to the control. Lifespan was measured
using the outgrowth method described by Murakami, C. and Kaeberlein, M., (2009) J.
Vis. Exp, 27.

30  Briefly, chronological lifespan of yeast refers to the profile of viability of an ageing
yeast culture over time. To measure this a yeast culture is grown in liquid media until
the glucose carbon source is exhausted and the cells stop dividing. At this point the
proportion of cells which are alive and able to divide is measured by observing the
outgrowth characteristics of a fresh inoculate of the ageing culture using a

35  Bioscreen™ C machine (Oy Growth Curves Ab Ltd, Finland). Viabilities at various

time points are compared to determine the chronological lifespan of the culture.



8. Kaeberlein, M & Powers, RW, 3rd Sir2 and calorie restriction in
yeast: a 20skeptical perspective. Ageing Res Rev 6, 128-140 (2007). 9. J.
R Rohde,wB.20Basmtisdas, R Puria et al., Nutritional contcwolcB2ir/Eors
signaling in Saccharomyces cerevisiae. Curr OQpin Mcrobiol 11, 153-160
(2008). 10. R W Powers, 3rd, M Kaebérlein, S. D Caldwell et al.,

Ext ensi on of chronological |ife span in yeast by decreased TOR pat hway
signaling. Genes 25Dev 20, 174-184 (2006). 11. N. D. Bonawitz, M

Chat enay- lExg6iPHt®, Y. Pan et al., Reduced TOR signaling extends

chronol ogical life span via increased respiration and upregul ation of

m t ochondri al ne expression. Cell netabolism5, 265-277 (2007). 12. M C
Lor enz anef\SJcanaq@ gaeanTonTORUTRLE, AP BA’ OE bRISEP pr%{wﬁibe Hepeasi et Grrfegany

30prevent ijng, H@ée%%?édd%ﬂt WiahReFKRRYRs T-3RRBY O %p/n%l %s%ltm&hﬁra %@ché%%l'
27537 (1995) Henry, Anastasl a

Tr anscéi ptin@erge indhs viakiiityof iheaprg@wéﬁqumnq*ﬂgsqabwésmB ﬁlﬁrﬁ%@l\ft’%ﬂ %idleén and
deubi qui tx%aé' 9BgaBd) e@]ebe/r\ng@%@gaﬁﬁ% ds@ga%dawmés%&m% FBYsurdd as

2648- 2663 (2003)° 3514. i 0" an Loew t growth control:
little eukapyeresniuienini §Llocner Kanbereis M. (1268Yehe/io5Ex6 252 - %‘mﬂs teigoo6) . -

22 - 15. %ého@t&fnﬁﬁ%es ReyriBRicRlsHRY %O%F@ﬁﬁ@n afdws mé arke’ s’urn%"-tﬁé‘ a

vari ant of yeast SAGA, contains trunca Spt 7, |ch correl ates
act i vat ed Pere@nEge it ivew. wemnec aNat'Bnge atl tioei PAisKS, AS@TING iﬁ%z@rmﬁdmﬂ"@ﬂooz)

16. D.joE. -Bh@S t@@éﬁpgdt@phg@anghm%SM Roberts et al., Functional _
organi zati on “of S5yeast SAGA conpl ex: distinct conponents involved in

structural integrity, nucleosone acetylation, and TATA-bi nding protein
interactlc%}a gCell Biol 19, 86-98 (1999). 17. P. Y. Wi and F. Wnston,
Anal ysis o Spt? function in the Saccharonyces cerevisiae SAGA coacti vator
conpl ex. NBguredt sh@ygpthap X K-50% rrBeAT t@zr@@ez’;e ape degpengent xedatigntin qell puggan,

J. Cote etg@ion rfR3R! thGEAARES ﬁd—a’ﬁ'&r’i FigBidsh céiY“HnéT‘J'“?Hungtés Rt Fhexes to

acetyl ate 'nuc?eosorra hi stones: characteri zation of an Ada conplex and the
SAGA (‘Spt /ingiegsesorpliceiive terean Béme}‘ﬁ Cei€4d'hel®§cﬂ'Yi§59@7§fe wag neaswied and R

A. Butow, Mr@%@ﬂ%ﬁ(@é‘f Ffa%%%éﬁcﬁss'w%&'é‘r%e%n%@%n Cfi@%f?) @?%8“159 185

(2006) . Li an Miti u et erm nal processing

of yeast %37 168Q0irs 158-% h%”ﬁb’s @Pbﬁ‘a'ﬂf’@ﬂﬁ,@@@h@i Mgﬁ@@%ﬂér@m &e3sBRe Bi ochem
8, 16 (ZOQJg/) grofing i'Hemsérmﬂ%s shPR3, ofpdnst%%hMIl @ redh c!)nﬂ@‘[&@}/ %h%?a%bnal

Active genés are tri- thylated at K4 of histone . ure
407-411( 26@@) are splitata 1 2 ratlo (i.e. diluted 1in 2). The number of times the culture is split

20  is equal to that of the number of divisions the cells are able to undertake which is the
cultures replicative lifespan. MRC5 cells are only able fo divide a finite number of
times, and as they reach the end of their life the time they take to undergo cell
division increases. In this instance the rate of cell division is used as a measure of
age.

25
As can be seen, the addition of FK-506 after 39 divisions results in a reduction of the

division time compared to a control having no FK-506 added.

At higher concentrations, the FK506 becomes toxic to the cells and thus limits the

30 cells replicative capacity.

The data suggests that FK-506 is able to delay the onset of ageing in both humans
and C. elegans. Ageing in C. elegans is primarily the ageing of the muscle and
intestinal cells. The data shows that FK-506 is extending the lifespan of C. elegans
35 and must therefore delay ageing in these tissues. This indicates that FK-506 will
delay the effects of ageing of human muscle cells and will be useful in the treatment

of disorders such as sarcopenia. A development of this disease is muscle loss



Sequence Usti SEQ ID NO'1 Human TTF 1 5 MEGES SRFE | RRKKRKKDFO GVTWWLVDKE
SHAHKSEALH VGPGGE | TEL 10 QESQPTVGLD SEVGADMOES ES LE SAYPEG RVSGDDFSVP
VQEAPRLE W@ 20f1/d64194PNI  KDRAT VEDFLALTG KL | YYRAKKM L B¢Ald6360Q/ds1120ENPES
CLS 20 NGRR | YYGWN QIKFSRLKAV QTPAAPKQVF GRW | HTPVSDKKKK HL | S S PLKKS
NI NNTPKHFR SKVREKKNKK PASAHKNKSK DETPQBLGPT RPAVGLHGET SQVGSEVGTV
SKNSESTLFD NEE HNVETAE ST | KRWYRDD ESADKLLYTD FDVNNYKGRY S SQRNRGAWS | VRE
KLYKG | ALRAKVS L | E YVPFWKKTF PFRD | FYYED KCS | HKERPQ RI CDETANAT
KDVDVVCVDMISECFKAASHES quKr@@'s SNREPRRREORKKRRCREE)  whipAYRNTEES ke
SVEGDGAMVEL bS5 thR¥Ls FKEEKAQ RYPEEKSVI T SEGDTEKLKM KS ETRKL | KA
SWEVEAKVQ RLYE | NVEDT 3 YLYET DS EGED | EKE KHSHE | FRDS STLKKRKKRR S
| EQKLPRKP QRARDTLPQS YETLAMPEGS KKSNHOEFEA KS KKKKKKSN ESNSTKKKSK
EGVKSRPR 13 éé%m Br SRJde MALIHKES: MH@B@FA%%H%&{GN%Q&E@@W
TRNWIQCKSK NE | DWED LAS TLPLLKEKLE SEGQAPCMAH ~ SLVNEQSQ T YSALEVDEEA
KTDKFQUL AKNBSHEEES SN QACREAET e @KMGSQ\?@%F*E@WWW{Q{EWS%@WM
KTOACLASK il S S PQELKEVDSK WIE |
LTRRVT Al SRR e R RSB S P 0, & rman TTFI DNA
agcagcactt aaat ggaagg aagaaaaaga 30 ccacgaaatt ct aggaggaa

Exampie 7

10  Increase in Replicative life span (RLS) of dividing stem cells by deletion of the YDR
026c locus. The Replicative lifespan was measured using a micromanipulator
(Singer instruments). This involves physically dissecting each daughter cell produced
during the lifetime of a single mother cell growing on a YPD agar medium (2%
glucose, 2% yeast extract, 1% bactopeptone, 2% agar). The data from 10-50 mother

15 cells was averaged to produce a mean life-span for each strain and its wild-type
parent. Care was taken to ensure that the starting virgin cells were produced from
small (therefore young) mother cells. [Kaeberlein, M., Kirkland, K. T., Fields, S. &
Kennedy, B. K., Genes determining yeast replicative life span in a long-lived genetic
background. Mech Ageing Dev 126, 491-504 (2005) and Kaeberlein, M. et al,

20  Regulation of yeast replicative life span by TOR and Sch9 in response to nutrients.
Science 310, 1193-1196 (2005)].

Table 1
Yeast Strain Obd1 Expression RLS
BY4741 Yes 25
ydr026¢A No 30

As can be seen from table 1, for BY4741(wild type control) the mean lifespan is 25
25  generations and for the strain lacking Ydr026¢ it is 30 generations.

Example 8

Shown below is a model based on the data shown in Fig 7. The model shows that

30 Obd1 deletion dependent lifespan extension is due to the inhibitory effect of OBD1 on
Sir2. This suggests that any mechanism of extending lifespan life by activating Sir2
will be limited by inhibition by Obd1.



tt gaaaaaat caaaaagaga caggtgttac 35 aagcatttta acagaagtta agtcacatgc
aagaat aaaa aagggacacc 40 ctgtgggtcc aacaagtcta actggccatg ccgggttggg
agaat caagwoaapa@iphit c ttcagagact aaagaggaaa ccagaatctg eeaaQagABE1125
agttgtcctt gaaaggat gt ccaagaaagc acat aaatca agcatcagag ctgcctcagt
agggggt gaa agaaaaaaaa cctgaaggat agadaggtgg agatttgaaa tatacataag
cctccctggt aaagatttcc tgatgagact gatatagtgc gtggataaag tgatgttgtt

ct aaaacaga gaagccctgc gaaagctgca cagaatccca attacagaac gaaaaagtcc
cgcaagcagg cggcgctttc tccacactcc gaaagacctc gaat gaacag agcat ctcat
gcaaatgcca tttggaggtg-aaaatattaa tgtgttgata caaatttcag acagtaaagt

t cct gggaga ccaggaggag taccagcatc agtaaccggg cagagaggcc ggagggaat a
agtttctgac,/agaaacattc tctcaaataa ttcttctcct cttccacact gacgaggaag
caacacacca tgagcatglgt acttgcta tagggagaaa gccagcggge tcctggettt

t gct cat aaa~aat at gagac gggactgata - 24 - tgcaggaatc ctaggaccta caatcaccag

SIR2 ; > Lifespan Extension

i . Lt
e 5 ik
W S
s

Fig 7 shows the median lifespan of the yeast strain BY474 1 in which either obd1,
5  sir2 or both obd1 and sir2 have been disrupted. Lifespan was calcuiated using the
previously described Bioscreen™ C based protocol. Yeast strains were produced as
described by Longtine et al (Yeast vol.14 p.953 Additional modules for versatile and

economical PCR-based gene deletion and modification in Saccharomyces

cerevisiae).

10
The data clearly shows that disruption of obd1 significantly increases chronological
lifespan whereas disruption of sir2 significantly decreases chronological lifespan
when compared to wildtype. [nterestingly, a double mutant in which both obd1 and
sir2 are disrupted results in a significant decrease in chronological lifespan.

15

Furthermore, the data shown in Table 2 indicate the epistatic effect of obd1 on sir2

activity



gcagt gaggt 5 catggtgaaa gaaaaaaaag ctgagagcct gttgggactg cagtacaaag 10
cacgagtgtc acactctttg gaaatctagg acgtgcaaga gaaacagctg 15 tgccgat gat
agttcatt owotaciggpacg tattaaattt at gtggaaga 20 ct gt acaegy/Grggagaiac
ggaaacttat aaaggcaggt tctccttggg 25 gcctctccgt ggtgcttgga agtgattctg
aact ccaaga -20 -

10

15

Strain CLS ERCs Recombination
WT Normal Normal Normal

SirzA Low High High

obdi A High Low Low
obd1Asir2A Low Very High Very High

Recombination rate was measured by measuring the number of ADE+ revertants by
observing colour changes in yeast colonies. ERC’'s are extra-ribosomal-
chromosomes which occur due to aberrant recombination resulting is short circular
DNA sequences being present in the nuclei, levels of which can be detected by
Southern Blot. This data shows that in the absence of obd1, sir2 expression results

in an increased chronological lifespan and a decrease in the rate of recombination.

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system of
the present invention will be apparent to those skilled in the art without departing from
the scope and spirit of the present invention. Although the present invention has been
described in connection with specific preferred embodiments, it should be understood
that the invention as claimed should not be unduly limited to such specific embodiments.
Indeed, various modifications of the described modes for carrying out the invention which
are obvious to those skilled in biochemistry and biotechnology or related fields are

intended to be within the scope of the following claims.



t acaagggca 30 ttggatgcag ctaatggtcg agccttattg agactgggaa ttcaaactaa 35
aaaaagactt tttgctgaag tccagactcc ccagcctact ctcacaaaaa gaatttgagg
t ggggct gawvochgomgaat aaaaagtcca cgagagtgca tggaaggcag 2ega=mboieE112s
tggtgatgat attcagtaga ccccgacaaa ggcgccaagg aagattccga tcagatgcgg
t aacat caag acttggaacg ggcaagtttt cttt-@¢iagcc acagatatcc tcgtttagat
at act at cga at agcgaagg aat gact gga ggccctcaag gtaagtc tga aagaagat gt
aaatcctgaa tatcttgggt t gtaaaagt a gcgtatctac aaaggttgta gatcttgcta
atttt ct agfReferesag@gat gaaaagt tag tgcagcaccc gtgggcettgg aaagtctaag cat
tggccat atgcaggaat accagcacct at caccagga taccctgaag tacagctctt agaaaaggaa
ttttcagtgc aggtgatggc agaaaaccca ttagaacctg aat aagatac atttgggttc

e

gacagggccd- gt t Snufyad 6+ dirafabdaCteratedgtie-thRy daasien tnaseshtIcdRyce

gcaaagaaga agakast gad:#03Geat g1@%gkﬁqg ~aacccggaaa ctccccagga
agttgcctat agaagtagaa agtggac%% tat ggcat ga t gaaat aaat gt gccat agg

ct gaaagct @ cat Sowait déAadasuataia ladgimghtomosomey sPYaadiclesanacpaagd
gcct gaagga cccgg&gt”g e&qﬂté@t@@@@@_%&g@gggﬁ gat cacaggt aaagggttca
gcttacgtct ccagtaaga \fccatgatgg ggcctgttt'g caaat gaaga ttatctgggg
t gccgt gaad- ccafeacaat!- 't tatalageiate dasiticiRgcrgmotegagaggian cet syt ea by
taggaacatt tgt "irﬁ‘c%in%tthééﬂéﬂa@é?a%tytagé@éi&%%@‘écé’@i@@é @aok} aat caagg
gt t aaaagagd caatt gt t g %\Ct aaagt gc aat t_ ct aacc at gq:cct gcg g'_t ggaaga_t a )
t gat gt t cctd t ct &ngerses. ¢t &t RlgAcgefaliasnanactdersian Oy ceploriec certaiion als
agaaagggt c t Ca%@géﬂ@erﬁ g &ﬂ@%&@aﬁ&ﬁ%%%@g@@,tzaQ@-Cz%é@gzcﬁ)@gcagt gag
aggaat CCaa gt Caaaaggg ctct ga_ ag aagaa gt g_t caagcaa_g acacaat %rg _at t
caggaga cagctt M@Qe@ﬁﬁgﬁg@ﬁlg‘h BgBgik ri@mag/hg“%r@aama@ammj@to@ dActtaaa
gcccggccct caaggﬁgt ég" tggé %gg_%f;jqu .cgaagt a aagaaatcgt ctgtcgaaga
gtggattcca ggaaaa ctc aaaccagaaa aa 334%81 ga ggccaaggtc ctaat gaaat

B

ccat ctt ac@- at t tSjife &yl--c dacMetbies e ciaaMagaatiot 4 b. Calopg restriglignt at gaag

ccaggcgeca aa_ggeadgt gthgt 9t 2 agLgeacace eLbaaRGReRs! 9agagagag
tttatataca gaatgtacaa 10 attgccattc SEQ I D NO 3 Yeast Ydr026C MDSVSNLKST 15
RKHGSKKBHE independently of the Sirtuins. Aging cell 8, 649-662 (2007).

7. Kaeberlein, M., Kirkland, K.T., Fields, S. & Kennedy, B.K. Genes determining
yeast replicative life span in a long-lived genetic background. Mech Ageing
Dev 128, 491-504 (2005).

8. Kaeberlein, M. & Powers, R.W., 3rd Sir2 and calorie restriction in yeast: a
20 skeptical perspective. Ageing Res Rev 6, 128-140 (2007).
9. J. R. Rohde, R. Bastidas, R. Puria et al., Nutritional control via Tor signaling in

Saccharomyces cerevisiae. Curr Opin Microbiol 11, 153-160 {2008).

10. R. W. Powers, 3rd, M. Kaeberlein, S. D. Caldwell et al., Extension of

chronological life span in yeast by decreased TOR pathway signaling. Genes
25 Dev 20, 174-184 (2006).

11. N. D. Bonawitz, M. Chatenay-Lapointe, Y. Pan et al., Reduced TOR signaling
extends chronological life span via increased respiration and upregulation of
mitochondrial gene expression. Cell metabolism 5, 265-277 (2007).

12. M. C. Lorenz and J. Heitman, TOR mutations confer rapamycin resistance by

30 preventing interaction with FKBP12-rapamycin. J Biol Chem 270, 27531-
27537 (1995).

13. Karl W. Henry, Anastasia Wyce, Wan-Sheng Lo et al.,, Transcriptional
activation via sequential histone H2B ubiquitylation and deubiquitylation,
mediated by SAGA-associated Ubp8. Genes Dev. 17, 2648-2663 (2003).

35 14, C. De Virgilioc and R. Loewith, Cell growth control: little eukaryotes make big
contributions. Oncogene 25, 6392-6415 (2006).



SVREKDKRS C G TTTAFLPD NS STLVRI YT LLRSD | VKAS 20 CERI WSTDGV EEDQELARLC
SKEEEELLTT SDNPTFKDM ERKW.LERLK 25 HDFKGRSTAE acgatagtga tgcatggctc

gat cat ct gwoeoiglog®at a t gt aatttca ggaggt ggag agattact at tergiBagieE:12s

t ggccagagt NFONNNDPKE DEDTDVDWYL HKKS SNSRSE DL | AETAFDK DLEG PNDGS VI DGAI
TKS | | RDGFWANI S LEKEGHWIEV VWNEM | - BEAH NWIVWSERMS QLPKTSYSNI |

| DSLLEQ N aggagaggac acgcct gtaa ggtcaggagt ttaaaaatgc actacttggg
gttgcagtga ttcttgtccc aatctgtttt tctactcttt SVEEAVLRYV KTSGSKDLRK RKKHRKRKS
S YVDTE KaAV-A Y@-KRTPlermse Bk Rk g PYRTIRIS RKEP'GRPED. @YEIRACT EA

GTRSRI QCRY DWNSLATERGA alcaaRRaaddntdiesd agitaC wHidoagneres amaathaesd
aggct gaggc gccaagatc% tttttctcag cagtattgat cct ct%%a%c GVDLKNH | KK VDD | E
PNSVA KERKAKI KNIANRFEPTIGN ki oc iNAY /?@déD@lS 1991 1682- TTOREVRRUAYKHI RRKYH

CRDRVRNY MK gANKNBRY NEMKVIRKLAY BEA, SYRRRGb &S et A270RGRAGCorHERISERAAS Ghe
cct gaccaac cgggt g%%%t aggagaattg caccaccgca tttgattata g{tttaat aaa .

att aaadt at TKKKICRRORROAMAYRAISNG SEIFEOmMRansnisDIDKEINRIENN SHBCHaENRIGETX:
KI' RGLDRRQM | FE(R(EMERe (ear iR REWY TRTEHHEMNY prieaVinelactid M&YE&EVBRKI  SEQ
I D NO 4 Yeast YDR0O26C DNA
19, 86-98 (1999).
17. P. Y. Wu and F. Winston, Analysis of Spt7 function in the Saccharomyces
cerevisiae SAGA coactivator complex. Mol Cell Biof 22, 5367-5379 (2002).
10 18. P. A. Grant, L. Duggan, J. Cote et al., Yeast Gen5 functions in two
multisubunit complexes to acetylate nucleosomail histones: characterization of
an Ada complex and the SAGA (Spt/Ada) complex. Genes Dev 11, 1640-
1650 (1997).
19. Z. Liu and R. A. Butow, Mitochondrial retrograde signaling. Annu Rev Genet
15 40, 159-185 (2006).
20. S. M. Hoke, G. Liang, A. 1. Mutiu et al., C-terminal processing of yeast Spi7
occurs in the absence of functional SAGA complex. BMC Biochem 8, 16
(2007).
21. H. Santos-Rosa, R. Schneider, A. J. Bannister et al., Active genes are tri-
20 methylated at K4 of histone H3. Nature 419, 407-411 (2002).



at ggacagcg 30 cccaaaagaa tgaagaatca agaaagcatg ttggtatttg tcgaaccaaa 35

t caat gagag t agat cagag

aagccaaaat

t gt caaacawot2etigivaaag t att aaaaag

aaaaagat aa aggaagaagc
t aagagcaca aagcagt gct
gaggagct gt accgt aaaag
aattttcaga aaggtatgtg

aaaaat ggt c
acaaagaaga
ct agat ccgc
aat t gaagaa

cat aaaaaatSegtaBeRksEgagct gact ac
acaat aat ga ggagt cgact acagaagaag

aaagaaagaa actggacgat
BEQ DN o9

cttctaata
aat agcagc

10

15

20

25

30

35

40

Human TTF 1

MEGESSRFEI
RRKKRKKDFQ
GVTVVLVDKE
SHAHKSEALH
VGPGGEITEL
QESQPTVGLD
SEVGADMQES
ESLESAYPEG
RVSGDDFSVP
VQEAPRLEPA
FIPNIKDRAT
VEDFLALTGI
KLIYYRAKKM
LSVALKFSQI
LOENPESCLS
NGRRIYYGMN
QTKFSRLKAV
QTPAAPKQVE
GRWIT

SEQ D NO:2

HTPVSDKKKK
HLISSPLKKS
NINNTPKHER
SKVREKKNKK
PASAHKNKSK
DETPQLLGPT
RPAVGLHGET
SQVGSEVGTV
SKNSESTLED
NEEHNVETAE
STIKRMYRDD
ESADKLLYTD
FDVNNYKGRY
SSORNRGAWS
IVREKLYKGI
ALRAKVSLIE
YVPEWQKKTF
PFRDIFYYED

Human TTF1 DNA

agcagcactt
aaatggaagg
aagaaaaaga
ccacgaaatt
ctaggaggaa
ttgaaaaaat
caaaaagaga
caggtgttac
aagcatttta
acagaagtta
agtcacatgc
aagaataaaa
aagggacacc
ctgtgggtcce
aacaagtcta

actggccatg

ccgggttggg
agaatcaagc
aaaagtgttc
ttcagagact
aaagaggaaa
ccagaatctg
aaaaagagaa
agttgtcctt
gaaaggatgt
ccaagaaagc
acataaatca
agcatcagag
ctgecctcagt
agggggtgaa
agaaaaaaaa

cctgaaggat

ggcat aacga ttttgataag
gtt caaaaat aaaacat cgg
caacagcatt tatgttgata
gt ct-éat gaa gttcaaaaga
tttacctgat ctgaaaaggc
gat gaagaca tttacgtaaa
gatctcattg atacctagct
ctgat at gga gtggatgata
ct gaaacagc aaacat ccaa

40 gtaaatcqgtt
PCTIEH20 gois1125
agaagt t aat
gt agcagct g
gaggat gat a
ttgctgccgce
aagaaaacaa
at acaacagc
ctttaataac -

KCSTHKERPQ XHSHEIFRDS
RICDETANAT STLKKRKKRR
KDVDVVCVDM  SIEQKLPRKP
HORKAASWES QRARDTLPQS
KKKKKSSNRE YETLAMPEGS
HKKKSKKKKK KKSNHQEFEA
AGTPAPAYKN KSKKKKKKSN
EGSTALKGFK ESNSTKKKSK
SVEGDGAMME EGVKSRPROK
DSEIRYLSAD SGDADDSDAD
LERFKEFKAQ GVAIKFGKFS
RYPEEKSVIT NLKRRYSFRL
SEGDTEKLKM YHSLLGNDWK
KSETRKLIKA VEEVILKKMS
SWVEVEAKVQ TRNWMQCKSK
RLYEINVEDT NEIDWEDLAS
PEITDYLYET TLPLLKEKLE
DSEGEDIEKE SEGQAPCMAH
agaaaggtgg cggcgcettte
agatttgaaa tccacactcecc
tatacataag gaaagacctc
cctceceetggt gaatgaacag
aaagatttcc agcatctcat
tgatgagact gcaaatgcca
gatatagtgc tttggaggtyg
gtggataaag aaaatattaa
tgatgttgtt tgtgttgata
ctaaaacaga caaatttcag
gaagccctgce acagtaaagt
gaaagctgca tcectgggaga
cagaatccca ccaggaggayg
attacagaac taccagcatc
gaaaaagtcc agtaaccggg
cgcaagcagyg cagagaggcc

SLVNEQSQIT
YSATEVDEEA
KTDKFQOVLAK
ESHQEESWLS
QOAGREAGTDM
LAMPEGSQVG
HQEFEAVAMP
KRKLTSVKRA
KTOACLASKH
LGSAVKQLQE
VKENKQLEKN
HIGRNTARDPW
TIGEMVARSS
POQELKEVDSK
WTEILTKRMT
AIGDVPPSYV
KMMEKKGTKI
ACNSSTLGGQ

ggagggaata
agtttctgac

agaaacattc
tctcaaataa
ttcttctect
cttccacact
gacgaggaag
caacacacca
tgagcataga
gtacttgcta
tagggagaaa
gccagegggce
tcectggettt
tgctcataaa
aatatgagac

gggactgata

26 -



t gacggcagc aat cagacga ttactgcgat 5 aaaatccatc aattcatcga tgcgagagaa
aaat at cagc at at aagaag 10 gaggaagat c gaccgaagta gttggagaaa tcgaaagaag
agaggcacawobbiiagBliagat a agcgat aat c acgcat gagc aatt agt arcTgaraggsags 20
ttcaaatatc gaactggtct catgacttta cgctggttag tacataaagc cttgatattg
ccgatattgt ggtaagaagt agaatacatg tttggtctac aaagttttac aaaat atcat
aagaat t ggc ggcaaattgt ctatatgaag aagaagaatt caatatcaaa caatcaaatg
ctaccttcaa ggaact agat agat gaagca ggctgctaga gact ggaaca tgaact gaga
aaggaaggt ctg%?aﬁgtataégacccg%ﬁg‘it@gﬁaa 85%1 %%F&%&g gi&gg’&%"’ta@f tcéEf:gEg%Cgta
aaaat aagagcagpeeeagt C 6tiéad=agaac abhbidfegarey aagabiadfdqgsd aggeagaaigte

tgtggttcaa tt gact act at gaaggc tattcta agatat atc cccgt at aca
gecagaagt CHUGHEEGAan JTAISGELHC { LAt IYHEY aadugtitape  Teacasstag

gcagtgaggt tggggctgat atgcaggaat cccggcectge tgtgggcctg
5 catggtgaaa ctgcaggaat accagcacct gcttataaaa acaagtctaa
gaaaaaaaag aaaaagtcca atcaccagga atttgaggca gtggccatgce
ctgagagcct cgagagtgca taccctgaag gatcacaggt gggcagtgag
gttgggactyg tggaaggcag tacagctctt aaagggttca aggaatccaa
cagtacaaag aagaagtcta agaaaaggaa gcttacgtet gtcaaaaggyg
10 cacgagtgtc tggtgatgat ttttcagtgce ccagtaagaa ctctgagagce
acactctttg attcagtaga aggtgatggc gccatgatgg aagaaggtgt
gaaatctagg ccccgacaaa agaaaaccca ggcectgtttg gcaagcaagce
acgtgcaaga ggcgccaagg ttagaacctg caaatgaaga acacaatgtg
gaaacagctyg aagattccga aataagatac ttatctgcag attcaggaga
15 tgccgatgat tcagatgcgg atttgggttc tgccgtgaaa cagcttcagg
agttcattcc taacatcaag gacagggcca ccagcacaat caagcggatyg
taccgggacyg acttggaacyg gtttaaggaa tttaaagcac aaggtgtcgc
tattaaattt ggcaagtttt ctgtaaagga aaataagcag ttagagaaaa
atgtggaaga ctttctagec ctgacaggca ttgagagtgc agacaagctg
20 ctgtacacgg acagatatcc tgaggaaaaa tctgtgatca ccaacttaaa
aaggagatac tcgtttagat tacacattgg taggaacatt gcececggecct
ggaaacttat atactatcga gcaaagaaga tgttcgatgt caacaattac
aaaggcaggt atagcgaagyg agatactgag aagttaaaga tgtaccattc
tctecettggg aatgactgga agacgattgg tgagatggtg gcccgaadta
25 gcctcteegt ggccctcaag ttctcacaga tcagcagtca aagaaatcgt
ggtgcttgga gtaagtctga aacccggaaa ctaatcaagg ctgtcgaaga
agtgattctg aagaagatgt ctccccagga gttaaaagag gtggattcca
aactccaaga aaatcctgaa agttgcctat caattgttcg ggaaaaactc
tacaagggca tatcttgggt agaagtagaa gctaaagtgc aaaccagaaa
30 ttggatgcag tgtaaaagta agtggacaga aattctaacc aagaggatga
ctaatggtcg gcgtatctac tatggcatga atgccctgeg ggccaaggtc
agccttattyg aaaggttgta tgaaataaat gtggaagata ctaatgaaat
agactgggaa gatcttgcta gtgccatagg tgatgttcct ccatcttacg
ttcaaactaa attttctagg ctgaaagctg tctatgttce attttggcag
35 aaaaagactt ttccagagat catcgactac ctttatgaga cgactctacc
tttgctgaag gaaaagttag aaaaaatgat ggagaaaaaa ggcactaaaa
tccagactce tgcagcaccc aagcaagttt tcccattteg agacatcttt



gatttagagg gataccagaa
attagagat g aaggtcctca
gt agt aaatwoavtgepaggact
cagctaccta ctacaagccc
agat accgca gtgctatcac

aaaacaat gg gtaattgacg
agcgt gggaa ttagaaaaag
gt ccaaaggg aattggactg
agcagat gag ataattgatt
gctttggacc acgcéédaatg ggttttggge at atat aaac
gt ggacgcca agggtcattg tgtagggacc taaaagat gg aaat gattga gccaacaaaa
aaagagaatt tcgtcagtga aagtggaata tcctgtttct aaacgtccta ggatatcctc
agaaaagat tta¢aptgagyga 2gehaattaat AWRI28IBEQ 1HINGA52TTF1 {3AH993ALY

VEGESSRFEI El; BS SLMNEQSEL & RRQ@@E&E%
5© EA C;\/TWLVDKEtNIN BRUER

HLI SSPLKKS RI ED%I'ZA%KNAT g%@ KE%E Rg YSAL

KDVDVVCVDKESE EERI FBRKP RFOREENEAK thﬂKEW@EAL Hf SSRIRERENKK FRIIAAIHES
QRARDTLPQS tESHOEESW S \VEBEEELTEL RASAHKAKSK KKIKKSSNRE: YETLAMREES gt
QAGREAGTDM QESQPTVGLD DETPQLLGPT HKKKSKKKKK KKSNHQEFEA LAMPEGSQVG
SEVGADROES IRPAVET FIGET TAGPPAPAYKN KSERRKKKEN HOERIEATANR ESLTESSRYPEEY
SQVGSEVGT\ tEGSTALIGFK EONSTIISK KRELGTSYKRA 355 RUSGEDESVP SKNSESTLED
SVEGDGAMVE EGVKSRPRQK agACLASKH %APRL EPA NEEHNVETAE DSEl RYLSAD
SGDADDSDAﬁgﬁ@%Q\%&iQEﬁ RPRERAT STRRIVEED LERFKEFKARY GVAT KIEGKES 2
VKENKQLEKN tVEDEt AT tESADKEEYATD RUPEEKSMET NLICRRYSEREE HI GRN ARPWA -
KLI YYRAKKM Fg KGRY . SEGDTEKLKM Y LL% Tl ARSS 40 LSVALKESQ
SSORNRGAWS %R E%ﬁ&a} KA SPEEGRE ﬁ@% PR 8BPE° | VREKIVRE! 2
SWEVEAKVQt ERMMEICK K 2WE Eb & TKRIVE £ t £ g27¢ -gtNGRRA YYGWN ALRAKVSLI E RLYEI NVEDT
NEI DWEDLAS Al GDVPPSYV QTKFSRLKAV YVPFWOKKTF PEI | DYLYET TLPLLKEKLE

cgaggaaaat gcttggatag
gcct gaagat agcgaggttc
gtgccgct at  tpgiriapgOAIS1125
ggat accaaa aaggat gt ga

KMVEKKGTKI  QTPAAPKQVF PFRDI FYYED DSEGHRKRKR R 5 SEM Na6 TTF codi ng sequence
Vari ant 1 SEATGENAGEAGAATCAAGCAGATTTGAAATCCACACTCCAGTTTCTGACAA
51GAAAAA ATACATAAGGAAAGACCTCAGAAACATTCCC
101ACGAAAT T CCTCCCTGGT GAATGAACAGT CTCAAATAACT 10
151 AGGAGGAYSAIEAGCSAAAARAGNND PREAGSAEERUARYVCTEGUDCRIEIKK  TKKKLKKQKK
ZOIW&ME@G@W@%@KTC@B%@%VA VAAVAAAYNS
251 AAAAGAMAEACAAGTA BNGREET T REGARIR@SACGRERAATCAMY  LDPQLTTLDD
GITTTAFLPD DLIAETAFDK YVDTEKAYLA KHPSKSLEVN EDDKENNEFNN
NSSTLVRIYT DLEGIPNDGS YIKRTPKIPE XDVKSDDLIL APEENNGDTA
LLRSDIVKAS VIDGAITKSI GKKFTPSEEN ALDQFIEEYM KIRGLDRRQOM
20 CERIWSTDGV IRDGFWANIS KVLPYRTRSS IYKHIRRKYH IFEQRGKWTP
EEDQELARLC LEKEGHWTEV GKLLGRMPED CRDRWRNYMK CGSKRGSKRW
SKEEEELLTT VVNEMIEEAH QYQRMKALEA ANKNDRYNQOM YSRGPKGKRI
SDNPTFKDMTI NWITVVSERMS GTRSRIQCRY KWNKLVTDEA ARSMLSIPVS
ERKWLLERLK QLPKTSYSNI DWNSIATYKP GYPRTGLELR LCYEQMREKI
25 HDFKGRSTAE IIDSLLEQIN
SEQ ID NO:4
Yeast YDR026C DNA
atggacagcg tgtcaaacct taagagcaca aattttcaga acaataatga
30 cccaaaagaa tctgtagaag aagcagtgcet aaggtatgtg ggagtcgact
tgaagaatca tattaaaaag acaaagaaga aattgaagaa acagaagaag
agaaagcatg gttcaaaaat gtctcatgaa gatgaagaca ctgatatgga
ttggtatttyg aaaacatcgg gttcaaaaga tttacgtaaa gtggatgata
tcgaaccaaa ttctgttget gtagcagctg ttgctgccege atacaacagc
35 tcaatgagag aaaaagataa gaggagctgt cataaaaaat cttctaatag
tagatcagag aggaagaagc accgtaaaag aaaaagctct aaagaaagaa
aagccaaaat aaaaatggtc ctagatcege agctgactac actggacgat
ggcataacga caacagcatt tttacctgat gatctcattg ctgaaacagc
ttttgataag tatgttgata ctgaaaaggc atacctagct aaacatccaa
40 gtaaatcgtt agaagttaat gaggatgata aagaaaacaa ctttaataac



300GGTGTTACAGT TGTCCTTGT GGATAAAGAAAATATTAACAACACACCAAA
351GCCATTTTAGAAAGGATGITGATGITGITTGTGT TGATATGAGCATAGAAC 15

401 AGAAGIW AGECAAGHARAGCCT AAAACAGACAAATTTCAGGTACTTGCTAAG  PCT/GB2010/051125
451 TCACATGCACATAAATCAGAAGCCCTGCACAGTAAAGT TAGGGAGAAAAA

501 GAATAAAAAGCAT CAGAGGAAAGCT GCAT CCT GEERGAGCCAGCGGGCAA

551 GGGACACCCTGCCTCAGI CAGAATCCCACCAGGAGGAGTICCTG=CTTTCT

601 GIGGGTCCAGGGEGEGTGAAATTACAGAACTACCAGCATCTGCTCATAAAAA 20

651 CAAGT CTEAGASAABAAA I RREFRBAGTAACCEERAATATERAEACGREIY  dgataccaaa
701 TGGCCAT; GEAT CELANGGAGSCA CiepdALgaa  aaggatgtga
751 CAGGAATCCCAGCCTACT GTGGGCT TGGAT GATGAAACT CCACAACTACT

801 AGGACCTAR S FEACARAAAARNSPEPAABAABPIIRERABAAARAGT CBA 99  @gataccgea
851 ATCACCAGAAT EHGAGCCCAIJLEEEECAT CCCIEANIATCACAAETEEES 25  gtgctatcac

901 AGTGAGGT TGREGCT GATAT GCAGGAAT COCGROCT GCTGT GRGOCTGCA
951TGGP BEAAT AETARIRGE T GCT TATRARAACAAGT AR SR 200 It tEggace

AAAAAAAC%%%&&MEB@&@ATCwé§¥¥ﬂa%€E§TC¢6£53¥3533§CAT§E£H§@iﬁib acgccaaatg

GAGAGCCT CGAGAGT GCATACCCT GAAGGAT CACAGGT
TGGCACT GT AR ART ACAETHIE %ﬁﬁ@%% 151 9ItELLIggC

GTACAAAGAA&;MEE@E@AGAAAMA@@HACGIQWAW 490k  atatatasac

CGAGTGTCTGGT TGATTTTTCA CTCTGAGAGCAG,

ACTCTTTGAT@F& CRAGGTEA catage ! 93‘%?]15 gtggacgeea
¥ @AMWT@E@W@@CAA@CA@&%E agggtcattyg

GTGCAAGAGGOGOCAAGE
AACAGCTGAAEA
CCGATGATTWTTT@@@W@E@@CGTWTCA@@A@W

TTCATTCfTA@ggg;2%%gSACAggg%ggggE%GCAg€€g§¥¥§gg}345ggétaaatg

T SN R T o

taaaagatgg
aaatgattga
caatatcaaa

agaggcacac attggaggct

ggatgaaggc
tattctaggg

gccaacaaaa

15 atgatagata caatcaaatg gtccaaaggg aaagagaatt

agcgataatc ctaccttcaa agatatgatc aattggactg tcgtcagtga

acgcatgagc ggaactagat ccegtataca gtgccgctat aagtggaata

aattagtaac agatgaagca gccagaagta tgttgagcat tcctgtttet

gaaaggaagt ggctgctaga acgattgaaa cagctaccta aaacgtccta

20 ttcaaatatc gactggaaca gtatagctac ctacaagccc ggatatccte

gaactggtct tgaactgaga ttatgttacg agcagatgag agaaaagatt

catgacttta aaggaaggtc aacagctgaa ataattgatt cattgttgga

acaaatcaat taa

SEQ ID NO:5
TTF1 (variant)

25

30

35

40

MEGESSRFEI
RRKKRKKDFQ
GVTVVLVDKE
SHAHKSEALH
VGPGGEITEL
QESQPTVGLD
SEVGADMQES
ESLESAYPEG
RVSGDDFSVP
VQEAPRLEPA
FIPNIKDRAT
VEDFLALTGI
KLIYYRAKKM

HTPVSDKKKK
HLISSPLKKS
NINNTPKHEFR
SKVREKKNKK
PASAHKNKSK
DETPQLLGPT
RPAVGLHGET
SQVGSEVGTV
SKNSESTLFD
NEEHNVETAE
STIKRMYRDD
ESADKLLYTD
FDVNNYKGRY

KCSIHKERPQ
RICDETANAT
KDVDVVCVDM
HORKAASWES
KKKKKSSNRE
HKKKSKKKKK
AGIPAPAYKN
EGSTALKGFK
SVEGDGAMME
DSEIRYLSAD
LERFKEFKAQ
RYPEEKSVIT
SEGDTEKLKM

KHSHEIFRDS
STLKKRKKRR
STIEQKLPRKP
QRARDTLPQS
YETLAMPEGS
KKSNHOEFEA
KSKKKKKKSN
ESNSTKKKSK
EGVKSRPROK
SGDADDSDAD
GVAIKFGKFS
NLKRRYSFRL
YHSLILGNDWK

SLVNEQSQIT
YSALEVDEEA
KTDKFQVLAK
ESHQEESWLS
QAGREAGTDM
LAMPEGSQVG
HOEFEAVAMP
KRKLTSVKRA
KTQACLASKH
LGSAVKQLQE
VKENKQLEKN
HIGRNIARPW
TIGEMVARSS

LSVALKFSQI SSQRNRGAWS KSETRKLIKA VEEVILKKMS PQELKEVDSK
LQENPESCLS IVREKLYKGI SWVEVEAKVQ TRNWMQCKSK WTEILTKRMT



1551 COGGGACGACT TGGAACGGTTTAAGGAATTTAAAGCACAAGGTGTCGCTA 1601
TTAAATTTGGCAAGT TTTCTGTAAAGGAAAATAAGCAGT TAGAGAAAAAT 40 1651
GTGGAAGAGT & ECTAGLOTT GACAGGCATTGAGAGTGCAGACAAGCTGCT 1701 PCT/GB2010/051125
GT ACACGGACAGATAT CCTGAGGAAAAAT CTGTGATCACCAACTTAAAAA 1751
GGAGATACTCGTTTAGATTACACATTGGTAGGAACAFFGCCCGGCCCTGG 1801
AAACTTATATACTATCGAGCAAAGAAGATGT TCGATGTCAACAATTACAA 1511
AGGCAGGTATAGCGAAGGAGATACT GAGAAGTTAAAGATGTACCATTCTC 45 1901
TCCTTGCGANFRRET (R GASEAT ST GAGA REETHIGAECER AT AGE HHGE T PSYV
CTCTCOGT GEEEETEARST T T EACRGAT CAGERET CAAAGRRRTFEETEE YHH T TH
TGCTTGGAGRARGEFE AN AERBEANAC PAATEAREECFGT CGAAGAAG 2051
TGATTCTGAAGAAGATGTCTCOCCAGGAGT TAAAGAGGTGGATTCCAAA 2101
CTCCAAGAARKTCETRAMAGT TGCCTATCAATTGTTCGGGAAAAACTCTA 50 2151
CAAGGGCATATCTTGGGTAGAAGT AGAAGCT AAAGT GCAAACCAGAAATT 2201
GGATGCAGT GTASRAINS ARETSSACRGANAT TCT AACCAAGAGGATGACT 2251
AATGGTCGG@GTATWWW Afé”MCTGACAA
CCTTATTGARAGGTTGPATEARAFANATHSFCEAAEA BEACATTCCC
ACTGGGAAG&?&TTG@%%%@EH\?%%&?@%W?&% TCTCQ%“TWEM
CAAAC#KAA%J?%TCTA%%P@W “"c“l&ﬁ*‘?‘f CTTTTC
CAGAGATCATCEACTACETTTATEN TGCCACTT ACA T
TGCTGAAGGARAAGT GGAAGCA
CAGACTCCTGEAGCA ¢ - CCARA
TTATGAAGACCATA CAGAS ACCCANCTE GAAC
AGGOGCCATEGEAT ; " &1&%;5% GGATCATCTGA

SEQ I D NO*7710 <

CAAGCAGAT Gt CAA
51 GAAAAL CTGGECTTTCT
1 G A A CTCATAAAMA

20 651 CAAGTCTAAGAAAAAAAAGAAAAAGTCCAGTAACCGGGAATATGAGACAC
701 TGGCCATGCCTGAAGGATCGCAAGCAGGCAGAGAGGCCGGGACTGATATG
751 CAGGAATCCCAGCCTACTGTGGGCTTGGATGATGAAACTCCACAACTACT
801 AGGACCTACTCACAAAAAAAAGTCTAAGAAAAAANAGARAGAARAAGTCCA
851 ATCACCAGGAATTTGAGGCATTGGCCATGCCTGAAGGATCACAAGTGGGC
25 901 AGTGAGGTTGGGGCTGATATGCAGCGAATCCCGGCCTGCTGTGGGCCTGCA
951 TGGTGAAACTGCAGGAATACCAGCACCTGCTTATAAAAACAAGTCTAAGA
1001 AAAAAARAGAAAAAGTCCAATCACCAGGAATTTGAGGCAGTGGCCATGCCT
1051 GAGAGCCTCGAGAGTGCATACCCTGAAGGATCACAGGTGGGCAGTGAGGT
1101 TGGGACTGTGGAAGGCAGTACAGCTCTTAAAGGGTTCAAGGAATCCAACA
30 1151 GTACAAAGAAGAAGTCTAAGAAAAGGAAGCTTACGTCTGTCAAAAGGGCA
1201 CGAGTGTCTGGTGATGATTTITTCAGTGCCCAGTAAGAACTCTGAGAGCAC
1251 ACTCTTTGATTCAGTAGAAGGTGATGGCGCCATGATGGAAGAAGGTGTGA
1301 AATCTAGGCCCCGACAAAAGAAAACCCAGGCCTGTTTGGCAAGCAAGCAC
1351 GTGCAAGAGGCGCCAAGGTTAGAACCTGCAAATGAAGAACACAATGTGGA
35 1401 AACAGCTGAAGATTCCGAAATAAGATACTTATCTGCAGATTCAGGAGATG
1451 CCGATGATTCAGATGCGGATTTGGGTTCTGCCGTGAAACAGCTTCAGGAG
1501 TTCATTCCTAACATCAAGGACAGGGCCACCAGCACAATCAAGCGGATGTA
1551 CCGGGACGACTTGGAACGGTTTAAGGAATTTAAAGCACAAGGTGTCGCTA
1601 TTAAATTTGGCAAGTTTTCTGTAAAGGAAAATAAGCAGTTAGAGAAAAAT
40 1651 GTGGAAGACTTTCTAGCCCTGACAGGCATTGAGAGTGCAGACAAGCTGCT
1701 GTACACGGACAGATATCCTGAGGAAAAATCTGTGATCACCAACTTAAAAA
1751 GGAGATACTCGTTTAGATTACACATTGGTAGGAACATTGCCCGGCCCTGG
1801 AAACTTATATACTATCGAGCAAAGAAGATGTTCGATGTCAACAATTACAA
1511 AGGCAGGTATAGCGAAGGAGATACTGAGAAGTTAAAGATGTACCATTCTC
45 1801 TCCTTGGGAATGACTGCGAAGACGATTGGTGAGATGGTGGCCCGAAGTAGC
1951 CTCTCCGTGGCCCTCAAGTTCTCACAGATCAGCAGTCARAGARATCGTGG
2001 TGCTTGGAGTAAGTCTGAAACCCGGAAACTAATCAAGGCTGTCGAAGAAG
2051 TGATTCTGAAGAAGATGTCTCCCCAGGAGTTAAAAGAGGTGGATTCCAAA
2101 CTCCAAGAAAATCCTGAAAGTTGCCTATCAATTGTTCGGGAAAAACTCTA
50 2151 CAAGGGCATATCTTGGGTAGAAGTAGAAGCTAAAGTGCAAACCAGAAATT
2201 GGATGCAGTGTAAAAGTAAGTGCACAGAAATTCTAACCAAGAGGATGACT
2251 AATGGTCGGCGTATCTACTATGGCATGAATGCCCTGCGGGCCAAGGTCAG
2301 CCTTATTGAAAGGTTGTATGAAATAAATGTGGAAGATACTAATGAAATAG
2351 ACTGGGAAGATCTTGCTAGTGCCATAGGTGATGTTCCTCCATCTTACGTT




101 ACGAAATTTTCAGAGACT CCTCCCTGGT GAATGAACAGT CTCAAATAACT

151 AGGAGGAAAAAGAGGAAAAAAGATTTC CAGCAT CT CATTTCTTCT C C TTT 15

201 GAAAAARD GCABAADECT GT GATGAGACT GCAAATGCCACTTCCACACTCA  PCT/GB2010/051125
251 AAAAGAGAAA. AAAGAGAAGATATAGTGC TTTGGAGGTGGACGAGGAAG CA
301GGTGTTACAGTTGTCCTTGTGGATAAAGAAAATATZBAACAACACACCAAA
351GCCATTTTAGAAAGGATGITGATGITGI TTGTGT TGATATGAGCATAGAAC

401 AGAAGT TACCAAGAAAGCCTAAAACAGACAAATTTCAGGTACTTCGCTAAG 2

45 1T@@T%TWW&%W@E&%“TGG%GM

501 GAAT AAKAGCAT AR S A A e L P TR REACS T 'CACEEELL AN Ag%ﬂmcc
CTGCCT CAGTEGAAT EEE R SRR E AT EET

601GTGGGT T RCACAACTAACLAT ANGRCATCTTTIA
651 CAACT CTARGAAAARARHECAARA ARGGCC

701 TGGCCATECGT GARECAT CERAGEA XACTER GGCCAA

751 CAGGAATOXCAGCET ACT TGS T GATGAAACTCCACAACTACT

801AGGACCT GTCTAAGAAAAAAAAGAAGAAAAAGTC CA 851AT CAC
CAGGAATTT CATGOCTGAAGGATCACAAGT GGGC

901 AGT{AGGTTIFGES ik gl §A LA €EOXEKaA PCCCCECCT GCTGTGEGECCTGECA 30
951 TGGTGAAACTGCAGGAAT. %‘ %%%%@COIJGAWGAAAAAGF C

CAATCACCAGEAATTT

GAGAGCCT CGAGAGT c CATTCCC
TGGGACTGT . TARCT
GTA GTC? ]k T CCTTT
CGAGTGTCT TEEMTTTY A ngi
TCTTTGATTCHTA phiicacaceasa
A 'ANTGAGCATAGAAC

401 AGAAGTTACCAAGAAAGCCTAAAACAGACAAATTTCAGGTACTTGCTAAG

20 451 TCACATGCACATAAATCAGAAGCCCTGCACAGTAAAGTTAGGGAGAAALA

501 GAATAAADAGCATCAGAGGAAAGCTGCATCCTGGGAGAGCCAGCGGGLCAA

551 GGGACACCCTGCCTCAGTCAGAATCCCACCAGGAGGAGTCCTGGCTTTCT

601 GTCEETCCAGGGEGCTCGAAATTACAGAACTACCAGCATCTGCTCATAAAAA

651 CAAGTCTAAGALRAAAAAAGAAAAAGTCCAGTAACCGGGAATATGAGACAC

25 701 TGGCCATCCCTGAAGGATCGEGCAAGCAGGCAGAGAGGCCGGGACTGATATG

751 CAGGAATCCCAGCCTACTCTGCGEECTTGGATGATGAAACTCCACAACTACT

801 AGGACCTACTCACAAAAAAANAGTCTAAGAAAAAAAAGAAGAAARAGTCCA
851 ATCACCAGGAATTTGAGGCATTGGCCATGCCTGAAGGATCACAAGTGGGC
901 AGTGAGGTTGGGGCTGATATGCAGGAATCCCGGCCTGCTGTGGGCCTGCA
30 951 TGGTGARAACTGCAGGAATACCAGCACCTGCTTATAAAAACAAGTCTAAGA
1001 AAARAAAAGAAARAAGTCCAATCACCAGGAATTTGAGGCAGTGGCCATGCCT
1051 GAGAGCCTCGAGAGTGCATACCCTGAAGGATCACAGGTGGGCAGTGAGGT
1101 TGGGACTGTGGAAGGCAGTACAGCTCTTAAAGGGTTCAAGGAATCCAACA
1151 GTACAAAGAAGAAGTCTAAGAAAAGGAAGCTTACGTCTGTCARAAGGGCA
35 1201 CGAGTGTCTGGTGATGATTTTTCAGTGCCCAGTAAGAACTCTGAGAGCAC
1251 ACTCTTTGATTCAGTAGAAGGTGATGGCGCCATGATGGCAAGAAGGTGTGA
1301 AATCTAGGCCCCGACAAAAGAAAACCCAGGCCTGTTTGGCAAGCAAGCAC
1351 GTGCAAGAGGCGCCAAGGTTAGAACCTGCAAATGAAGAACACAATGTGGA
1401 AACAGCTGAAGATTCCGAAATAAGATACTTATCTGCAGATTCAGGAGATG
40 1451 CCGATGATTCAGATGCGGATTTGGGTTCTGCCGTGAAACAGCTTCAGGAG
1501 TTCATTCCTAACATCARGGACAGGGCCACCAGCACAATCAAGCGGATGTA
1551 CCGGGACGACTTGGAACGGTTTAAGGAATTTAAAGCACAAGGTGTCGCTA
1601 TTAAATTTGGCAAGTTTTCTGTAAAGGAAAATAAGCAGTTAGAGAAAAAT
1651 GTGGAAGACTTTCTAGCCCTGACAGGCATTGAGAGTGCAGACAAGCTGCT
45 1701 GTACACGGACAGATATCCTGAGGAAAAATCTGTGATCACCAACTTARARAA
1751 GGAGATACTCGTITAGATTACACATTGGTAGGAACATTGCCCGGCCCTGG
1801 AAACTTATATACTATCGAGCAAAGAAGATGTTCGATGTCAACAATTACAA
1851 AGGCAGGTATAGCGAAGGAGATACTGAGAAGTTAAAGATGTACCATTCTC
1901 TCCTTGGGAATGACTGGAAGACGATTGGTGAGATGGTGGCCCGAAGTAGC
50 1951 CTCTCCGTGGCCCTCAAGTTCTCACAGATCAGCAGTCAAAGAAATCGTGG
2001 TCCTTGGAGTAAGTCTGAAACCCGGAAACTAATCAAGGCTGTCGAAGAAG
2051 TCGATTCTGAAGAAGATGTCTCCCCAGGAGTTAAAAGAGGTGGATTCCAAA
2101 CTCCAAGAAAATCCTGAAAGTTGCCTATCAATTGTTCGGGAAAAACTCTA
2151 CAAGGGCATATCTTGGGTAGAAGTAGAAGCTAAAGTGCAAACCAGAAATT



1351 GTGCAAGAGGCGC CAAGGTTAGAACCTGCAAATGAAGAACACAATGTGGA 1401
AACAGCT GAAGAT TCOGAAATAAGATACTTATCTGCAGATTCAGGAGATG 40 1451

CCGATGAT MZAGHMIIBOEGAT TTGGEGT TCTGCCGTGAAACAGCTTCAGGAG 1501 PCT/GB2010/051125
TTCATTCCTAACAT CAAGGACAGGGCCACCAGCACAAT CAAGCGGATGTA 1551

CCGGGACGACT TGGAACGGT TTAAGGAAT TTAAAGCACGAAGGTGTCGCTA 1601
TTAAATTTGGCAAGT TTTCTGTAAAGGAAAATAAGCAGT TAGAGAAAAAT 1651
GTGGAAGACTTTCTAGCCCT GACAGGCATTGAGAGT GCAGACAAGC TGCT 45 1701

GT. ACACGGA@R@ATATWW@?@W%%@GAT@AGT
GGAGATACT @@??TA@@#?E@&@%@W@A MFFAEEE

AAACTTATARACTAT CEAGAAAARNASTET s %?WCF%IGAAATAG
AM@A?A@@A@%&@&M@%?MWE@@E@?WC% §TTACGTT
TCCTTGEGAATGACT CrARAGACRAT T X STARCATEERSCCEEAAET IS8 TT9592 @ C TCCGTGAECC
CT CAAGTTCESEACAERFEACEAET CARRBARATC RSFAE I B HATGAGACGACTCTACCTT
TGCTTGGAGRRAGT CTH ARSI C AR AN ST FECANERAA GG B § TARARTC
T@TTGM@WM@?M%%&??W%%&T‘&%MTC
CTGAAAGT TGECTAT CART FET FEEAAARACT EF A P PAAACAAAGCCARGG
CAAGGECATATCTTGGGTAGAAGT AGAAGCTAAAGTGCAAACCAGAAATT - 29 - 2201
GGATGCAGTGTAAAAGTAAGT GGACAGAAATTCTAAC CAAGAGGATGACT 2251

AATGGT CGGOGTATCTACTATGGCATGAATGCC CTGOGGGC CAAGGTCAG 2301 C

CTTATTGAAAGGT TGTATGAAATAAATGT GGAAGATACTAATGAAATAG 2351
ACTGGGAAGATCTTGCTAGT GCCATAGGTGATGTTC CTCCATCTTACGIT 5 2401
CAAACTAAATTTTCTAGGCTGAAAGCTGTCTATGTTCCATTTTGGCAGAA 2451 AAAGAC TTTT C
CAGAGAT CAT CGACTAC C TTTATGAGACGAC T CTAC C TT 2501
TGCTGAAGGAAAAGT TAGAAAAAAT GAT GGAGAAAAAAGGCACTAAAATC 2551 CAGACTCCTGCAGCACC
CAAGCAAGTTTTCCCATTTCGAGACATCTTTTA 2601

TTATGAAGACGATAGT GAAGGACATAGAAAAAGAAAGCGAAGG 10 - 30 - d ai s




1. Use of fujinycin in the manufacture of a nedicanment for the treatnent of
a disorder related to the chronol ogical and/or replicative |ife-span of a
cel |, saiwo2otimeroder sel ected fromthe group conprisi ngca/gehainshizs

di sorder, an inflammatory disorder, cardiovascul ar di sease, di abetes type
1, diabetes type 2, artherosclerosis,-#-zheiner's di sease, denenti a,
clinical depression, adipose disorders, including obesity, fat related

nmet abol i ¢ di sorders nuscul ar dystrophy, sar copeni a, cachexia and

ost eopor os¥@imM90 2. A nethod for increasing the replicative life span of a
ceil, said method conprising disrupting the functlon of a polynucleotlde or
gene encodlng a polyﬁeptlde conprising SEQ

pol ypept i de haWifyChatuimyes in W/S“aQW%tU%% ag@e%nca@mt f@8“7696?ea§'§@}3tlc5@nt ity
thereto or a h%r@&ﬂ@la@BQH@@ﬁmnglogEﬁﬁad%rh@@céﬁ\%)lrfélsﬂgn bPaasy, wme of
claims 2 wherein said cell is a stem cel he net hod accordlng to claim

3, wherein sai dlisxfgr sglegleduffam $ise e 1COPWIBINI TReMREAPREY HURXEEF i3y to

claim3 or 4, Vi'hm‘l‘érﬁrhQ’(o?%ﬂ'ﬂ‘dj|§or68|l lcaldfov@Bediarbisde PhibibdteOtyRBL1, SldBlegaide 6. A
nmet hod of increasi ng the c ronolo ical |lifespan of a ceII, sai d net hod
¢

25conpri sing di%r apberRgcienReiss Lﬁ’lé‘?ﬁ"@ﬁr%fd'ﬁea&& VIRREd8t i JBicgr A5eRSSEAcodi ng a
pol ypepti de congy agb lertﬁgoﬁﬁé%ll&mn% %besﬁ-t fat Pelat@ll nfetRSdlY RRREd<Ie rirviigg at

| east 70% 80% 90% 95% 97% 98% 0 9% i dentity thereto or a homol ogue

t her eof . 307. TH&S %@83@6@%?%%@%“@{@ A CYRPVPS®  ains 2 to 6, wherein the
functign of the gene or honol ogue is disrupted by i RNA. 8. The nethod

according to a% one of clains 2 to 6, wherein the function ofﬁ%qene i's
di srupted &t t he melAddPT RaeAsiC fnepRprliFai)e) lifesspan gha ggl, 39l

according to any %lr@fd@rlu@hrﬁ@s the mcﬂon w@rﬁél%@moddé:@klgehé @‘ncl@ljlagta
aninmal cell. 511. The net hod accordi any one of cl ajns to 1 wher ei n

said cell is a RPRIYRPRIIFOMBRISING §§QAD 0§|°tr|5oﬁr%BWP?@idﬁd“aVﬁ‘lesh for
use in the treaigwgnsoRf oon, age, rebatesd, Gr V6 ffentity thereto or a homologue

15 thereof.
3. The method according to any one of claims 2 wherein said cell is a stem cell.
4. The method according to claim 3, wherein said cell is a human stem cell

20
5. The method according to claim 3 or 4, wherein said cell is an induced

pluripotent stem cell.

6. A method of increasing the chronological lifespan of a cell, said method

25 comprising disrupting the function of a polynucleotide or gene encoding a
polypeptide comprising SEQ ID No: 1, 3 or 5, or a polypeptide having at least

70%, 80%, 90%, 95%, 97%, 98% or 99% identity thereto or a homologue

thereof.

30 7. The method according to any one of claims 2 to 6, wherein the function of the

gene or homologue is disrupted by iRNA.

8. The method according to any one of claims 2 to 6, wherein the function of
gene is disrupted at the transcriptional / DNA level.
35
9. A method of increasing the chronological and or replicative lifespan of a cell

comprising treating said cell with fujimycin.



10 13. The conposition according to claim 12, for use wherein the disorder
is related to the chronol ogical and/or replicative life-span of a cell. 14.
The conpowodt2onmoasgording to claim 12 or claim 13 for upeTwBRoBiG1RaI d

15di sorder is selected fromthe group conprising a netabolic disorder, an

i nfl ammat ory di sorder, cardiovascul ar-3di sease, di abetes type 1, di abetes
type 2, artherosclerosis, Al zheiner's disease, denentia, clinical
depression, adi pose disorders, including obesity, fat related netabolic

di sorders nuscul ar dystrophy, sarcopenia, cachexia and osteoporosis. 20 15.

The conposigt i OTHAGERREH BEHFAN@RY 2R heOdf iRt PBo b2whereldsdidibdinga @rpri si ng
a pharnmaceuti cal | y.ma(l:celf)t abl e diluent, excipient or carrier.
or ahimal celi.

5 1. The method according to any one of claims 2 to 10, wherein said celi is a

mammalian cell.

i2. A composition comprising fujimycin for use in the treatment of an age related
disorder.
10
13. The composition according to claim 12, for use wherein the disorder is related

to the chronological and/cr replicative life-span of a celi.

14, The composition according to claim 12 or claim 13 for use wherein said
15 disorder is selected from the group comprising a metabolic disorder, an
inflammatory disorder, cardiovascular disease, diabetes type 1, diabetes type
2, artherosclerosis, Alzheimer's disease, dementia, clinical depression,
adipose disorders, including obesity, fat related metabolic disorders muscular
dystrophy, sarcopenia, cachexia and osteoporosis.
20
15. The composition according to any one of claims 12 to 14 further comprising a

pharmaceuticaily acceptable diluent, excipient or carrier.



