WD 03/ 014383 PCT/ CA02/ 01230 PHENOTYPI C EFFECTS OF UBI QUI NONE DEFI Cl ENCI ES
AND METHODS OF SCREENI NG THEREOF Background of the invention 5 (a) Field
of the | nwensioesssIhi s i nvention relates to the phenotypi c reflf@am113D

ubi qui none deficiencies and nethods of screening thereof. (b) Description
of Prior Art Ubiquinone (UQ, and its reduced formubiquinol, is a

prenyl ated 10 benzoquinone/ol lipid and is the major site of production of
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processes, ubisem qui none species are formed, which are unstable and
generate 15 superoxi de. Furthernore, ubiquinone/ubiquinol is a redox-active
cofactor of other enzyne systens that produce ROS, for exanple the plasm

menbr ane NADERJRqexied betheGhee@son as wel | as the | ysosomal and peroxi sonal
el ectron transport chains. In all these |ocations ROS can be produced

during redox i i i ng ubi qui none/ ubi qui nol. 20 In addition,
ubi qui nong i éégﬁgfglﬁglﬁ? @Sémr?\aﬁ]t ural anti-oxidant, whose presence in

bi ol ogi cal ranes. hel t et gxi fy ROS. produced by endagenous
processes or bY? Wéﬁri‘t&ih"tegﬁ%?%r Gi&t nBYYQ.'C ?ﬁ%? PEHB'FB'P ne (ﬁjieg?'g?g)es ubi qui none
has very poomrndenethods ofostréaming theldaf, in particular into sub- cellular

organel l es. 25 Reactive oxygen species have been inplicated in nunerous

human di seaggspeddiptiolb@rioryt not excl usivel y, di abetes (N shikawa et
al., (2000). 'Nature, 404, 787-790; Brownlee (2001). Nature 414, 813-820),

DR S SSIATAAL ARhLishl e Sl POy Jorsshphygfed | Prvsio
1089; CudBocbeazequingne/ollipg@ny. is Bimmaiet §ite §f praduriian ergagiye oxydens. 159) |
Par ki nson' s (sBetias @Ot lals a €¢R0R)r. inBiree ssityhoddtial 308y, chain
where it becomes reduced by the activity of Complex | and Complex Il, and
oxidized by the activity of Complex Ill. During these processes,
ubisemiquinone species are formed, which are unstable and generate
15  superoxide. Furthermore, ubiquinone/ubiquinol is a redox-active cofactor
of other enzyme systems that produce ROS, for example the plasma
membrane NAD(P)H oxidoreductases, as well as the lysosomal and
peroxisomal electron transport chains. In all these locations ROS can be

produced during redox reactions involving ubiquinone/ubiquinol.

20 In addition, ubiquinone is a ubiquitous natural anti-oxidant, whose
presence in biological membranes helps to detoxify ROS produced by
endogenous processes or by toxicants or radiations. Unfortunately, dietary
ubiquinone has very poor penetration into cells, in particular into sub-
cellular organelles.

25 Reactive oxygen species have been implicated in numerous human
diseases, including, but not exclusively, diabetes (Nishikawa et al., (2000).
Nature, 404, 787-790; Brownlee (2001). Nature 414, 813-820),
hypoxia/reoxygenation injury (Li et al., (2002). Am J Physiol Cell Physiol
282, C227-C241; Lesnefsy et al., (2001). J. Mol Cell Cardiol 33, 1065-

30 1089; Cuzzocrea et al., (2001). Pharmacological Reviews 53, 1, 135-159),
Parkinson’s (Betarbet et al, (2002). Bioessays 24, 308-318),



WO 03/014383 PCT/ CA02/ 01230 -2 atherosclerosis atherosclerosis (Lusis,
(2000). Nature, 407, 233-241), and Al zheiner's disease (Butterfield et

., (200IwO o3r0ee383 i n Mol ecul ar Medicine, 7, 12, 548-554pCTatxeen1isd al .,
(2002) Free Radical Biology & Medicit; 32, 11, 1076-1083, 2002). 5 The
gene cl k-1 of the nemat ode Caenorhabditis el egans affects nmany
physi ol ogi cal rates, including enmbryonic and post-enbryonic devel oprment,
rhythm c behaviors, reproduction and life span. clk-1 encodes a 187 ami no
acid protei namacbscle:mab iattesodoterasis dlolsis) dR0RQ). Aladire 47, i283kAhl agbus to the
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bi osynt hesi sMe W%s%e?? of 8- 5@“ dabn ngf§ (ﬁgg%@? ﬁ%ﬂﬁ%%%@% A 98,
421-6.; M yafiedising;.32¢t1,a1076-108302002)J Bi ol Chem 276, 7713-6), as U is
entirely absent frommtochondria purified fromclk-1 nutants (M yadera, H

et al., (@Oo'ﬂme Jerf® 9}k-‘p|8?%@%@ma@d’é”(ﬁbn(ﬁﬁ%dﬁ@@%&:ﬂt afiédtembaryp t he
| ength 15 of
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Recent _evi d§ee (SHAGESH SodallAls € fdiHRRESEN RN Ruflo@sliase test enmar k.
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m tochondri ay, fhBSis Jb%bé&h of, U] fzbg rPrb@Q\VHPIn,dééoasﬁF@' a4 985 et al.
(1999). Enbo bigiynthes | d H,
al., (2001). 31@@%@9@% 6t a%?%w%} 1 Bl %” i i e G ade = 1
al nost i nt acentieiypabsedt fromtrhieoohibhdria pyrifiedFtom el howiegnts (MiyaearacHDM®R can
function as g;gp- ({26691’[/ é/BfCﬁ‘éAﬁ“z%o‘?‘?H G)‘&ﬁ@‘shb&{n MFERRbaNe lerdd, fTDFe
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i rrespecti vedemetiexysiigeinohe (Rif1Qk ) eihicheik fapdhteomegibiesin the gyibésis af es, whi ch
UQy (Miyadera, H. et al., (2001). J Biol Chem 276, 7713-6). Recent
evidence suggests that clk-7 encodes a DMQ hydroxylase (Stenmark, P.
et al., (2001). J Biol Chem 2, 2). In E. coli, DMQg is able to sustain

20 respiration in isolated membranes although at a lower rate than UQs.
Similarly, DMQg is capable to convey electron transport in eukaryotic
mitochondria, as the function of purified mitochondria (Felkai, S. et al.,
(1999). Embo J 18, 1783-92) and of mitochondrial enzymes (Miyadera, H.
et al., (2001). J Biol Chem 276, 7713-6) from clk-1 mutants appear to be

25 almost intact compared to the wild type. Furthermore, synthetic DMQ> can
function as a co-factor for electron transport from complex | and, more
poorly, from éomplex Il (Miyadera, H. et al., (2001). J Biol Chem 278,
7713-6). Interestingly, only DMQg is present in all three clk-1 alleles
irrespective of the severity of their effect on physiological rates, which

30 suggests that the lack of UQ cannot solely account for the Clk-1 phenotype
(Miyadera, H. et al., (2001). J Biol Chem 276, 7713-6).

Recently, it has been found that c/k-7 mutants are unable to grow on a
UQ-deficient bacterial strain in spite of the presence and the activity of
DMQg (Jonassen, T. et al.,(2001). Proc Natl Acad Sci U S A 98, 421-6).



30 suggests that the | ack of UQ cannot solely account for the Ck-1
phenotype (Myadera, H et al., (2001). J Biol Chem 276, 7713-6).

Recent | y,wotosloasssbeen found that clk-1 nutants are unabl e PCa/@Qroomin a

UQ deficient bacterial strain in spit@-of the presence and the activity of
DMX® (Jonassen, T. et al.,(2001). Proc Natl Acad Sci US A 98, 421-6). WO
03/ 014383 PCT/ CA02/01230 -3 Although, dietary UQis generally not capable

to reach mtochondria, this has been interpreted to suggest that DM® is
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(Jonassen, T. SA 98 4 It woul d
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effects of UQitelednerignahesfuaoiibrs dherenimdracet hnnbslnfsor(Jonasnmuﬁdsett hat can
affect the agt) Y)bﬁ%ﬁgcﬂafloﬁcgﬁ%%/ Brs)i\%'s' gypepQ deficiencies in

mul ti cel I'ul ar rga ummary  of the invention In accordance wit-h the

present invention there r Qi netho conmpound
al | owi ng surhki¥ayldope cﬁ'ﬁl‘ilyhﬁ 8%3% tpéﬂ\{'geqole\fy'tﬂ'ébcgh%?%&t&?ﬁ#@ﬁ)s& whi ch
conpri ses t hghestotypiof em@sdomwmeuemmmﬁndclsarewm ctetods #tain cl ki

honozygous i o8 dafits B! Bfgy 151 VéRN entibrofeliele| uBorzygous
enbryos; vmreqr:gel n r@gbélée{lé; o t he heterozygous subject is treated with

t he corrpoundd?ffq'%\c'etsdntrﬁét'?ﬁjH'@HPW&”'S'TE?nd wherein vi abl e enbryos are
i ndi cative of a conpound allow ng survival of clkl honbozygous enbryos. The

nmet hod |mac_ngmmrmm erred enbodi nent of the present 20
i nvention, wherein the subject is a m)use The nethod in accordance with a
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I"acenen endogenous
ubi qui none. ddreening Hod ai corapemnddallovdnarsutyival pf @fkérlﬁ@'ﬂoé\fgﬁ%l%ﬁ'ﬂ of the
present vertebrate embryos, which comprises the step of breeding heterozygous

clk1 subjects to obtain clk7 homozygous mutant embryos and determining

15  viability of clk1 homozygous embryos; wherein at least one of the
heterozygous subject is treated with the compound prior to the breeding;
and wherein viable embryos are indicative of a compound allowing survival
of ¢lk1 homozygous embryos.

The method in accordance with a preferred embodiment of the present
20 invention, wherein the subject is a mouse.

The method in accordance with a preferred embodiment of the present
invention, wherein the compound is suitable for partial or complete
functional replacement of endogenous ubiquinone.

The method in accordance with a preferred embodiment of the present
25  invention, wherein the compound is administered by at least one route
selected from the group consisting of oral, intra-muscular, intravenous,
intraperitoneal, subcutaneous, topical, intradermal, and transdermal route.

In accordance with the present invention, there is provided a method of
screening for a compound suitable for rescue of mutant phenotype of
30 melk1 homozygous cell line, which comprises the step of determining a



25 invention, wherein the conmpound is adm nistered by at | east one route
sel ected fromthe group consisting of oral, intra-nuscular, intravenous,

i ntraper iworaal43ssubcut aneous, topical, intradermal, and Pcarsdenmsd route.
In accordance with the present inventién, there is provided a nethod of
screening for a conpound suitable for rescue of nutant phenotype of 30

ncl kI honmozygous cell line, which conprises the step of determning a WD
03/ 014383 PCT/ CA02/ 01230 -4 mutant phenotype in a ntlkl knockout cell

| i ne, wher ei muteht! pHeinotypesn ter makké dknogliouh celhknes avheerin gepling is treatete

det er mi ni ng, tmﬁt@dthké/ft%fn?ﬂdﬂmhfﬁidr%%e QbtehRmingd ReROKNELIN thel BbICAithye of a

conpound sui l e for resc accordance w.th the present invention,

e. In

there is prO\Pi%SEQity@te e 'BBHWOH%C%PMi%aPI fOLregE B ound suitabl e for
partial or conplete functional replacenent of endogenous ubi qui none, which
conpri ses t hdn sceprdence adthethai preaentanyantiant there ifoPygyédedna anetBegIof knock- out
Egmgﬁggug _E%cﬁé%hlntghlférng; E;Wﬂsb@ﬁd\ éulngblgeni\?lltI parbal Fs dongaétadfunictidhal h;a _

rior to eterm ni ng; ., an erei , e otype is
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repl acenent cletarirjug acnganiTplenaipedd ai melst saeekaeid domazygeupiracel r ed
enbodi ment ofj,bhuBFR e céiNViRBt isOfieatdfakitd Mhé heorpheiet yRer ks kel | ul ar

respiration and/ or .growt ate. In accordance with the presen nventi on,
there is pr O\H%geéwlrﬁgreqqqgwﬁgrpm ?X?Iegﬁﬁﬁﬁh?%&y%e &%‘H%‘&&ﬁ‘_ée gLﬁO{”&BP%"j for

partial di0 coujthide forfpanialionicamplete funstierst remacapieniiof gbigdmeeei n a subj ect ,
whi ch conprises the step of assessing at |east one phenotype selected from

the group congeSinktHbdoin addordridet With faeprietdriddy embodinieritadf the ppegental absence
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one phenotype 20 selected fromthe group consisting of the viability,
fertility andntascaidapee withr theapreseridnventigh, theee r'ﬁ,uf’gﬁ’l“]%@r{ﬁ?%g s
i ndi cative ofscreeniigpdoma cembband esuitable pfr t partialobr cxmmpletee fnehiarial onal

repl acenef! %plgpérﬂé'lintnBP%biidbiMﬁ% ir?‘ébjs@ﬂéct, which comprises the step of
assessing at least one phenotype selected from the group consisting of
viability, fertility, and total or partial absence of a mutant phenotype of a
cog-3 homozygous mutant worm; wherein the worm is treated with the
compound prior to the assessing; and wherein at least one phenotype
20 selected from the group consisting of the viability, fertility and total or
partial absence of the mutant phenotype is indicative of a compound
suitable for partial or complete functional replacement of ubiquinone in the
subject.

The method in accordance with a preferred embodiment of the present
25 invention, wherein the compound is capable of reaching mitochondria in
the subject.

In accordance with the present invention, there is provided a method for
screening for a compound suitable for partial or complete functional
replacement of ubiquinone in a subject, which comprises the step of
30 assessing at least one phenotype selected from the group consisting of
viability, fertility and total or partial absence of a Clk-1 phenotype of a clk-1
homozygous mutant worm grown on ubiquinone-depleted substrate;



The nethod in accordance with a preferred enbodi nent of the present 25

i nvention, wherein the conpound is capable of reaching mtochondria in the
subj ect. wpoaoessilance with the present invention, there PSTHrAO2OBU a

met hod for screening for a conpound suitable for partial or conplete
functional replacenent of ubiquinone in a subject, which conprises the
step of 30 assessing at |east one phenotype selected fromthe group
consisting of wviability, fertility and total or partial absence of a k-1
phenot ype of waeirkthk wdranie2neatadswithi thencormgoumdgirionto the adsesgingiang- depl et ed

substrat e; L O = j R | reated with
t he corrpoun\éQBg%ﬁ)r} %E%Q? %@%é@g%f%@gﬁgd ﬁwﬂ?@?ﬁeﬁ%@u? rHI:e)tra]\éfé%!trlr'l’a?g]zthtﬁhenot ype
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or partial abhgrRGe off aatémpblindl Jultabiet jgre pasial iondéarapletee farfictianalonpound

sui tabl e Orréﬁﬁréehi%rﬁ%utﬁﬁm&% ﬁ‘c}hgg%('lemg{)al 5 repl acenent of ubiquinone in

t he subj ect. accor dance h a preferred enbodi nent of the
present invention, wherein the ubi qui none-depl eted substrate is a -

non- ubi qui nomBe rpeihad d& ACEREARE &'thﬁ@r?fgfrﬁgoepm[ﬁ"ﬁ@%tr 8‘§1 PSR anot her
enbodi ment ofnvehiorpveeesih thd Obiguinentidep/eted sulestrate fsea uoheiquimenedepl et ed

substrate is kg:. produci ng ubi qui none havi ng si de-chai ns shorter
than 8 isoprgﬁoed%g%%tgsdj[&afhe nmet hod in accordance w th anot her enbodi nent of

t he present _jnventiaon, wherein the,co und_i apabl f i ng at
| east non- mﬂ‘%c'ﬁ‘& i 4 agpqrggn%q Wi fu%ﬂ-@ﬁeeméﬁcﬁwgﬁﬁgﬁtt(%len{)'t%%gmsubj ect. 15
The net ho@l i invantar, dahesimi the abirubiene-depleletl odubmiiate ofs tehanirFent
i nventi on, LihotUbf Rk SHavf g stdsiehARs Ssortdramar Sissogfenauriensi sting of
RKP1452, AN\ggPJOI%Em(IJG ﬁ1)!\/[123, GDi1 DC349, JC349, JC762§, JF496,
K0229( pSN18) ,, K0229( Y37A/ Y38 KQ229 9. X3 1V). 20
The net hod iﬁ_hﬁc@g%ﬁ’gn&e wqrﬁ‘ggcep%h%ﬁg%)n%rgg?ngﬁﬁpgﬁ %egéﬁsggﬁnt

invention, wherein the compound is capable of reaching at least non-

mitochondrial sites of ubiquinone requirement in the subject.

15 The method in accordance with a preferred embodiment of the present
invention, wherein the bacteria is selected from the group consisting of
RKP1452, AN66, 1S-16, DM123, GD1, DC349, JC349, JC7623, JF496,
KO229(pSN18), KO229(Y37A/Y38A), KO229(R321V), and

/ KO229(Y37A/R321V).

20 The method in accordance with a preferred embodiment of the present
invention, wherein the bacteria has a mutation in at least one of genes
selected from the group consisting of ubiCA, ubiD, ubiX, ubiB, ubiG, ubiH,
ubiE, ubiF, and ispB.

The method in accordance with a preferred embodiment of the present

25 inventioh, wherein the bacteria carries at least one of the plasmids
selected from the group consisting of pSN18, Y37A/Y38A, R321V,
Y37A/R321V.

The method in accordance with a preferred embodiment of the present
invention, wherein the functional replacement of ubiquinone is for a
30 function of ubiquinone as co-factor of CLK-1.



I nvention, wherein the bacteria has a nmutation in at | east one of genes

sel ected fromthe group consisting of ubi CA ubiD, ubiX ubiB, ubiG ubiH,
ubi E, ubiwp cantt3sspB. The nmethod in accordance with a prefrerra@d2emiodi ment
of the present 25 invention, wherein-fhe bacteria carries at |east one of
the plasm ds selected fromthe group consisting of pSN18, Y37A/ Y38A,

R321V, Y37A/R321 V. The nethod in accordance with a preferred enbodi nent
of the present invention, wherein the functional replacenent of ubiquinone
is for a 30l lancmrdance)wlthtihqmrmnélrafgnhm,fthetteons rbvidekaimethodder 014383
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treat ed wi t h depleterbsylmsinate; prhieosin the wole isdetatedrivih g cemplowsideprisir ko at | east
one phenot yp?hé‘?i'e?é\rﬁﬁrge%ce Ow§re.r9%94{cpas@%§' ﬁﬁér{b%/&f séleétaa f@m e ti al

absence of growth erti absence of
said dk-1 pigé‘?Hﬂ GoRsting ofrfglal of Pad! %P%éenc@o?ﬁ%f@ @5‘685 {)#er%”‘%l bi ting
activity10f anki-tbtsdrml/ partialt dlesenpe of esike €1k-1 gEhenobes ds meietivéiajuda none from
demet hoxyubi &P@gﬂﬁd'&tp%bﬁum fibloitir! a&%?rd?aai?q ¥hd/Br bitfer R&®RBEs | nventi on,

there is pro scr €eni ng ound sui table for
conpl ete or ﬁ%‘ﬂ‘i“’egltof%W%MFO”%SO’UﬂﬁﬂlﬁtWHg'ﬂHWP B dhR ARG ch conpri ses

the step of determining a nutant phenotype of a subject in which ntlKkl
and/'or a known aghorgano@néth thiequesartidnvantionzipere dfepevideddeimateed ahd/ or any

other gene V‘@'cFé%nW@e'?or al TcSrh?@ur{oe%qﬁaEIQ @Psc%?ﬁﬁefér oF %#ﬁél'ﬂﬂcﬁlfnaﬂbl qui none;
vvherelntges ect is trea compoun rpr ttothe determnlng
and wher d ingpe replacemen WhICh comprises 't ste determining a
mutant phenotype of a subject in which mclk1 and/or a known ubigquinone
biosynthetic enzyme gene is deleted and/or any other gene which when
altered leads to absence or reduction of ubiquinone; wherein the subject is
treated with the compound prior to the determining; and wherein level of
20 .the phenotype is indicative of a compound suitable for complete or partial

functional ubiquinone replacement.

The method in accordance with a preferred embodiment of the present
invention, wherein the subject is a mouse, ES cell line, or any cell line in
which mclk1 is deleted or any gene coding for a known ubiquinone

25  biosynthetic enzyme gene is deleted and/or any other gene which when
altered leads to absence or reduction of ubiquinone.

In accordance with the present invention, there is provided a mouse which

is incapable of producing ubiquinone and comprising a gene knock-out of

mclk1; wherein the mouse expresses the phenotype related to an absence
30 of ubiquinone and the presence of demethoxyubiquinone.

In accordance with the present invention, there is provided a DNA
construct, which comprises an alteration of mclk1; wherein the DNA



20 the phenotype is indicative of a conpound suitable for conplete or
partial functional ubiquinone replacenent. The nethod in accordance with a
pr ef er r edwerbodi3sent of the present invention, wherein tReTEONROCA0IS a
nouse, ES cell line, or any cell line-it which ntlkl is deleted or any
gene codi ng for a known ubi qui none 25 biosynthetic enzyne gene is del eted
and/ or any other gene which when altered |eads to absence or reduction of
ubi qui none. I n accordance with the present invention, there is provided a
mouse whi ch ¢ansiraeidpdpsteinagntpl indivedHgnails Galse meclshnedopt skainPfa gene
knock-out of tha®kddent MVEARIM the nouse expresses the phenotype related to
an absence 30 of ubi quinone and the presence of denet hoxyubi qui none. In

accordance wi 20t | i - he i i . construct,
b o conpr | sbeckteRbE R nb Bis Afentd ifers Is B, Bt pSeS

PCT/ CA02/ 0123ahich s inepialieef prosiucihgtubifvinengl andncqipRyising A@eae mpase ncl ki
knockout g rabut ddimcikhevhyreinené Eeanlineoskprésseaano piancypwirélbteidite present

i nvention, th i rovi i ne i .Sk NE bl e of

produci ng ubi u?%égﬁg@gﬁéb@@ﬁgﬁl@SalﬁﬁgtﬁegL%g%@%%fodﬁﬁ&go@tbﬁ@ﬁ%[ kKl ; wherein
the ES cell |ine expresses the phenotype related to n absenc f

ubi qui none an® %@dﬁﬂ%weéh%Pr%@%WN%&Wbi [ Hoprevide %%Sﬂ&ﬁ%'g with the
present i nvendubfett whivtrie incapablyofdeddacieg gbiguimohanyhersibmetitiontis eh i s

| ncapabl e of cﬁ’é@%%cdf% UL aYIqaRNGH JPaGTH J%Jﬂéttﬁ@'ihéﬁ é’hzxg\%'afr‘{dyd?” of cog-3
or a deletion of a ubi gw none bl osynthetic enzy and/ or any at her gene
whi ch whelP al 2wt ether e whichpWhaR ealfsred éapdet iooAbsRNCe BT (ﬁ%‘i’%ﬁé.OfThe nut ant
i n accor danceubMtitore. pr ef erred enbodi ment of the present invention,
wherein the subject is a worm The nutant in accordance with a preferred

embodi ment  of T & RARSBNAccotar] BVl 10 PrefMR& Bhibotifferlt bl préséf! ect ed

fromthe group of wormidentified . using PCR priners selected fromthe
group consi Stlﬁypdmgp, f?’?’[,he subject is a worm.
The mutant in accordance with a preferred embodiment of the present
15  invention, wherein the mutant is selected from the group of worm identified
using PCR primers selected from the group consisting of SHP172,
SHP1773, SHP1774, SHP1775, SHP1840 and SHP1865.

In accordance with the present invention, there is provided a method of

screening for a compound suitable for complete or partial functional

20 ubiquinone or demethoxyubiquinone replacement, which comprises the

step of determining a mutant phenotype in a subject in which a ubiquinone

biosynthetic enzyme gene and/or any gene whose alteration leads to an

absence or reduction of ubiquinone or demethoxyubiquinone is altered;

wherein the subject is treated with the compound prior to the determining;

25 and wherein level of phenotype is indicative of a compound suitable for

" complete or partial functional ubiquinone or demethoxyubiquinone
replacement.

In accordance with the present invention, there is provided a method for
reducing and/or increasing ubiquinone level in a multicellular subject,
30 which comprises the step of targeting cog-3 in the subject.



SHP1773, SHP1774, SHP1775, SHPI 840 and SHP1865. In accordance with the
present invention, there is provided a nethod of screening for a conpound
sui t abl e Woro3oomsps ete or partial functional 20 ubi qui non@CarCA02/01230

denet hoxyubi qui none repl acenent, which8conprises the step of determining a
mut ant phenotype in a subject in which a ubiquinone biosynthetic enzyne
gene and/ or any gene whose alteration |l eads to an absence or reduction of
ubi qui none or denet hoxyubi quinone is altered; wherein the subject is
treated w thin becardapauwiih pné pregent iriventien, etheienisngrovidsd snthelitas ef n | evel of

phenotype i Ssbn‘é@hﬁgtfoyg ééfneﬁc %9 §§'(5’r %&lkﬁbhﬁlcﬁw%om&%@mtﬁé %téﬁ opartial
functional ubi qui ndne or~ denet P@qufsédegw nong(}jr repl acement ordance

with the preSeFMNREAL e onene PIGFE WBprC(?PS'SF%B i ng and/ or
i ncreasi ng  ubiality) geréllity eme totahorepamiidl aibsehdevdfar Cliubinetent phglotype ofi conpri ses

the step of LALORKKAR GOMSqloht BE ublRl - qdfRIOBLALARAIRERACARZ 01230 -8

I n accordance w t res I nvent re |s r.ovi d%cg ﬁ net hod of
screeni ng fo?NOémgf@ﬁréQﬁ @eﬁ?ﬁﬁp%%wmﬁorcﬂ”?r?t Pr%’r?l WNed st ep of
det erm ni ng at Idagtishe @henqﬁwﬁmee&pkedsfedredmegrdupmunsllsnn@Df)tn@ walnlﬁtysti ng of

lability,
\pglhgn:)t Iypg of ?é’['ﬁt#' é%j f’di’Q 6Pb§1&;§;ﬁ;§é{é€ 8 ﬁaﬁs?wrﬁgﬁdgﬁﬁ%ed bact eria;

wherein the 'Wéﬁ%@&f?@é@et{w I ef ddpressor prior to the deternining;
and wherein at |east one phenotype selected fromthe group consisting of
t he vi abil0i t yn act@dandd with dinel preseat imengiom,t thate isbrevided of medfied of k- 1 nut ant

phenotype is scr'e@ﬁin%%f !ﬁege?ifetlésgigﬂﬁé,éd? oqf%@/f:?%@r%h @Jmﬁﬂlé%slthe@eé af accor dance

with the prese ven S v reeping for a
genetic suppf& '6‘1‘”“69 at%&%"”% t)%ﬁﬁé)' %tggq'i%qfet%rﬁ%fcona@f H‘Fnl %g at

| east one pheiabilijpdertility @nt ddtaf oopartialalipenop ot amaitanti phgnetypevafaeat i ty,
fertility an% Gt wRfm P@hbiet t@@@ﬁﬁ%aﬁfesethé%bﬁ@ﬁc st oriok teod- 3

mut ant  wor m m carries I c su e rior to 15
the deterpi n.t%deﬁﬁa'mme@mgwh%n e "f‘téﬁgﬁei Og]ﬁé’ REBe 55@%&3&%&@ fromthe
group consisting of viability, fertility and total or partial absence of said
mutant phenotype is indicative of a genetic suppressor of cog-3.

In accordance with the present invention, there is provided a method of

screening for a compound suitable for complete or partial functional
20 ubiquinone replacement, which comprises the step of determining a

mutant phenotype of a subject in which mclk1 is deleted only in a subset of

cells and/or periods of the life cycle, wherein the subject is treated with the

compound prior to the determining; and wherein level of the phenotype is

indicative of a compound suitable for complete or partial functional
25  ubiquinone replacement.

The method in accordance with a preferred embodiment of the present

invention, wherein the compounds are useful in treating a disease selected

from the group consisting of reactive oxygen species (ROS) mediated

disease, diabetes, hypokia/reoxygenation injury, Parkinson's disease,
30 artherosclerosis and Alzheimer's disease.

In the present application, the term "ubiquinone-depleted substrate” is
intended to mean a substrate being not producing ubiquinone or being
producing ubiquinone with side-chains too short to be effective. An



group consisting of viability, fertility and total or partial absence of
said nutant phenotype is indicative of a genetic suppressor of cog-3. In
accor dancwowsi3she present invention, there is provided &CwatAved123h
screening for a conpound suitable for -¢onplete or partial functional 20
ubi qui none repl acenent, which conprises the step of determ ning a mutant
phenotype of a subject in which nclkl is deleted only in a subset of cells
and/ or periods of the life cycle, wherein the subject is treated with the
conpound pri cgxample I@évu@wﬂlhg@nm@s,id%md ukfrtirone Wéﬁv«@ideocfhamemprﬁ@ﬁﬁt ype is

i ndi cative oftoapgosmeiig woiitabé eufiQiinSrMiRt @idetcHadd sRbridrufieinl gnal 25
ubi qui none reglacenent. The nmethod in accordance with a preferred

enbodi nent of' ?ﬂ@“%#@&%nt i nvention, wherein the conpounds are useful in
treating a disease selected fromthe group consisting of reactive oxygen
speci es ( ROS)Beefdesaription efthedrawingset es, hypoxi a/ reoxygenati on injury,
Par ki nson' s di sease, 30 artherosclerosis and Al zheinmer's disease. In the
present appl ikigti tinstrates thecon-3 gbneand dsdelddph é1 ech-S(gnsta8it e" is i ntended
to mean a substrate being not producing ubiqui none or being producing

ubi qui none w IfiBs.%f-(iE'iFﬁﬂﬁﬂa’@thbeQ\Aﬁéf&rdi?rlhﬁti&?oﬁﬁ‘lé?ﬁéds\é%clﬁﬂgéﬁ@;oc”/ 014383

PCT/ CA02/ 01230 -9 exanple o at w be consi dered ubi qui none with

side-chains t i I - Ubi ALl ' i de- chai ns
shorter than @8‘?@%&@%%&;%@% gﬁe&/&ﬁ%@%ﬁ%@@%}é@ Pbﬁjgghgre mﬂtr gsz 5 Fig. |
illustrates the cog-3 gene and its deletion in cogo-XS(%nﬂ?gg; Figs. 2A-E

il lustrate tHe9%-aftfe diisdiale R iasherstion R theudkihicl Kallefe analysig) bys

i Ilustrates t&euthevesiet crenedmypirerdsistardelomgsj n ncl kI nut ant enbryos;  Figs.
A4A-C illustrate the generation of the ntlklf07 allele. Analysis by

Sout her n ) Ot FigNs NRRIPARISTIHE @BDLASSH 6f 8BRES pktelisIrom difdredtdribrRs the
conpari son of(S IS’N%SQtS?é)nS fromdifferent species (SEQ ID NOS: 3 6);

Figs. 6 A-E illustrate the Mus musculus genomic sequence of mclk-1
(Exons are in bold) (SEQ ID NO: 15);

Figs. 7 A-E illustrate the Mus musculus genomic sequence in mutant
15  knock-out allele of mclk-1 (Exons are in bold, neomycin cassette is in
lowercase) (SEQ ID NO: 16); and

Figs. 8 A-E illustrates the sequence of melk1™™ allele. (Exons in bold, loxp

sequence in italic, DNA fragment inserted underlined.) (SEQ ID NO: 21)

1
Detailed description of the invention

20 In accordance with the present invention, there is provided characterization
of phenotypic effects of ubiquinone deficiencies in multicellular organisms.

Ubiquinone is necessary for C. elegans development and fertility

clk-1 mutants are incapable of completing development when fed on an
ubiG E. coli mutant strain (Jonassen, T. et al.,(2001). Proc Natl Acad Sci U
25 S A 98, 421-6), which produces no ubiquinone (UQ). The ubiG gene
product is required at two steps of the UQ biosynthesis pathway, and ubiG
mutants do not produce any UQ. Tests were performed to verify whether



Figs. 6 AAE illustrate the Mis nuscul us genom c sequence of ntlk-1 (Exons
are in bold) (SEQID NO 15); Figs. 7 A-E illustrate the Mus nuscul us
genom ¢ swouwafesss n mut ant 15 knock-out all el e of ntl k- 1 PCEXOYWS/083@ | n
bol d, neonycin cassette is in lowerca$®) (SEQID NO 16); and Figs. 8 A-E
illustrates the sequence of ntlklfl0" allele. (Exons in bold, |oxp
sequence in italic, DNA fragment inserted underlined.) (SEQ ID NGO 21)

Det ai | ed description of the invention 20 In accordance with the present

i nvention, t hibisegrowtippbenaipere cerultadtfem zasnesific tokicithohdte pbis ergiact s of

ubi qui none de(@[?l' SOCERST Fnﬂteﬁ% tdrGRInh WHerbbstngaHr Ua. Fdﬂl?hlglﬂuﬂ&i%@ hS
necessary for ele are

Pt
i ncapabl e of %ygf%naéltc?%%?)@@, tb rpé‘ﬁ\f’ﬁ\/ﬁﬁéﬂ‘?g&'t% I %m%%névgrle fsE nut ant
strain (Jonass@nmuBntetthatl are( ae’@tywe FerodQNaiosymibasis Seib/ UutalﬁS)SWASQB

f(zaéuﬂ edmgjt CPC&HE%EENM@EU%M% ﬁ%ﬁ%ﬁegﬁh@%ﬁbvgj %%r%gﬁG tmi tsant s do
not produce a \/\@ Rq:@ﬂssﬁ-a%\‘g%p% erhpungy pXGP éFor\W@ 6%14383
PCT/ CA02/ 01238hich ],‘Dats*.ullml@rcbmtmnpibelp\aﬂwﬂ'@ermIelneymériortha meteaEytisc toxicity
of the ubiG Sﬁwéadréh I‘&%&ragé’rub% frdlt dﬂé%ﬁ'é}at fhe 1@bp rfernefa‘ &13@ c?@ﬁxet%ctﬁeOf uQ. For
this purpose, a ana ail?e%tﬂrovw of clk-1 mutant worms on
a variety of @morpo[lng Eﬂ"g'tﬁ H'gll%l §P® ?anpgpewr%lg{)capﬁp%s' s (ubi
nut ants) s tﬁraeonallngbeeh déaaebdxylases i (ukibz ywibeX), maveodegenakesc(ubibd as
participating,in uyfﬁ)bﬁﬁawﬂémgﬁﬂaﬁsfeiﬁx bRS, %AIE?TE%%QRT bRitaduregxcept the

first one, ubiC | srat e t enzyme in
t he pat hway l\geret ‘F@dpﬁoérﬂﬁcﬁqr@hﬁ‘ar‘%%@ GHfures: r%ﬁceam?gﬁeg r}f@i@ &€%pr enoi d
side chain tocdnltmnecqun%rmucasegto(ralrmmlzerthd eversidh ofddQideficiEhestadimer enzynes

are grouped i}, L0 IE%%%e%@%BE!e@? of gﬁé Bﬂ’ﬂléﬁn@ﬁ@%a?té*ﬁbpstrélﬁé >9du|t

nonooxygenases er ases E ubi E) .
St andar d ﬁoc‘%ﬁdmaégro%§ é"eu%é’éplqegrar@a ?%?heQI %r?ﬁ@%‘f‘ﬂ"@r 5 teséxcept t hat
t he NGM pl at esactar@antfailowidg Gténdard I metheds. This rﬂtep ransereshthat ewe©OPH0N of

UQ def i ci ent gl &iNSontamination is present on the test plate. L1 larvae that hatched
from the bleached eggs were transferred to a fresh plate, and the growth
of the worms was examined. The genotypes of the bacterial strains used

20 are described in Table 1. The growth of the three clk-7 mutant strains on
strains of bacteria mutant for each of these genes was examined (Table
1). Three clk-1 mutant alleles have been identified: gm30 and qm&1, which
are putative nulls, and e2519, which carries a point mutation in the clk-1
gene and displays a relatively milder phenotype.



To eval uate the devel opnment of wornms on various bacterial strains, adult 15
her maphrodi tes were picked and bl eached on a plate containing the test

bact eri a,wbaBloowsng standard nethods. This step ensures t RraT/(x2/0R30
bacteria contanination.is present on-tlHle test plate. L1 |arvae that hatched
fromthe bl eached eggs were transferred to a fresh plate, and the growth

of the worns was exam ned. The genotypes of the bacterial strains used 20
are described in Table 1. The gromh of the three clk-1 nutant strains on
strains of bacteria nutant for edableof these genes was exami ned (Table 1).

Three cl k-1 mutant alleles h fied: gnB0 and gnbl, which are
putative nulls, and e2519, W?IERP g’ﬁ"?s lzgéd poi nt ?mt ation ign the clk-1

gene and di spl ay s—‘i\—kel—arhﬁfel—%—n‘r{g?ﬁﬁwmype—vm%s
PCT/ CA02/ 01230 - P1@"raple 1 B®"W¥Y strains used Strain Genotype OP50

ura RKP1452 KnR™oE#p CA. - Ky, z,ANo6 thr-1 TeuB6 ubi D410 |'S-16 ubi X, derived
fromthe THU strain DIVI123 RML734 y| R Kan GD1 ubi G :Kan DC349 FadR el
?223}631 g_chI AN7 RKRFASAet B IKm l§t[1 JC7623A4-1 JC7623, ubi E: : KanR

ubi F411 asn Tn5 It [%I@. on all the bacterial ubi -
(mutant) strains, ?\Egt ed, L1 I%’?\S/Ialté 9?’?3%% he wild-type strain N2 are
capabl e of conpl e11$-|1@ devel opmamder(yedafmmh theobidU strdint hese adul ts have a

br ood- si ze of app teI y 3%&17% '4?3‘ simlar to their brood size on
ubi + bact eria ( (Tabl e iNdi cates that endogenously
synt hesi zed UQ i S(;{Mffl cient geiGrEeantain a

DC349 FadR mel adhC81 acdA1

AN70 Hfr metB StrR ubiE-401

JC7623A4-1 JC7623, ubiE::KanR

JF496 ubiF411 asnB50::Tn5

It was found that on all the bacterial ubi - (mutant) strains tested, L1 larvae
5 from the wild-type strain N2 are capable of completing development to
adulthood and these adults have a brood-size of approximately 320, which
is similar to their brood size on.ubi + bacteria (OP50) (Table 2). This
indicates that endogenously synthesized UQ is sufficient to maintain a
wild-type phenotype, without a requirement for dietary UQ. A number of
.10 worm mutants that are not known to be involved in UQ synthesis (dpy-9,
eat-2, mau-2), including long-lived mutants (daf-2 and a number of strains
that show a Clk-1-like phenotype that have not been fully characterized)
were examined. In no case was the growth of the mutants impaired on ubi
- bacteria. In contrast, all three clk-1 mutants behave identically on most
15  ubi- bacterial strains tested: they develop very slowly, or not at all, and
produce no progeny (Table 2). However, the clk-1 mutants can develop
and produce some progeny on ubiD, ubiX and ubiH mutant strains, which
are point mutants producing residual amounts of ubiquinone (around 15 %
of the wild type). Thus, the relatively low levels of bacterial UQg are

20 sufficient to allow for the growth of clk-17 mutants.



w | d-type phenotype, without a requirenent for dietary UQ A nunber of 10
worm mutants that are not known to be involved in UQ synthesis (dpy-9,
eat-2, nmewo2p/01438%| udi ng | ong-lived nutants (daf-2 and a mawhEN02/01238tr ai ns
that show a O k-1-1ike phenotype that-tave not been fully characterized)
were exam ned. In no case was the growh of the nutants inpaired on ubi -
bacteria. In contrast, all three clk-1 nmutants behave identically on nost
15 ubi - bacterial strains tested: they develop very slowy, or not at all,
and produce no progeny (Table 2). I—f&éﬁ& the cl k-1 nutants can devel op
and produce s@PBwih a8 DFo8A-sidd dhalydis ofWif-tipelaniLémMorphd 8h i +whi ch  are
poi nt nutants producing residual gt pabferiabi qui none (around 15 % of the
wild type). Thus, the relatively low | evels of bacterial U®B are 20

sufficient to alfow for the gr;@g\@wi@tydd‘egk- 1 nmyfkamhgtani®0 03/ 014383
PCT/ CA02/ 01230 -12 Table 2 G owth an rood-si ze analysis of wld-type and

clk worns on gipdin+ agdndipe - Gawiter Ploddhy( W GlowtipepPragenyl nutants Strain

Genotype Gowth Progeny G owth Progeny C]XSO ubi + + 323 16 + gnB0: 94 12

gnbl: 8310 €Z5355 177 %i_,HKI-’ TZ5Z uDI g@%lg,qg 331 37 gpfapldles 19bi D + 313 16
I é

+ gnB80: 82 5 gnbl:9 €2519: 18226 -16 ubi X + 33 +ogBQ: 96 11
gnbl: 83 10 e2519:1648 DM 123 ubiB KO + 312 25 - 5 ; 1l,}§i+ KO + 315 15

0

RKP1452 ubiCAKO + 33137 -~ 0

ANG6 ubiD + 313+16 + qgm30: 82+ 5
gm51: 9316
e2519: 182+ 26

I1S-16 ubiX + 3368 + gm30: 96 £ 11
gm51: 83 £ 10
e2519: 164 £ 8

DM123 ubiBKO  + 312+256 - 0

GD1 ubiGKO  + 315+15 - 0

DC349 ubiH + 329+16  + gm30: 105+ 6
gmb571: 90+ 3
e2519: 168 + 11

JC7623 ubiE KO  + 313+4 - 0

JF496 ubiF + 330+4 - 0




DC349 ubiH + 329 16 + gnB80: 105 6 gnbl:903 e2519:168 11 JC7623 ubi E KO
+ 313 A- 0 J F496 ubiF + 330 4 - 0 WD 03/014383 PCT/ CA02/ 01230 -13 C.

el egans i wosngiIsBve to ubi qui none side-chain | ength Ubi quicToowo2(0ued) i s
conposed of a quinone ring and an i sopf@roi d chain, whose length is

speci es-specific. There are 9 isoprene repeats in C. elegans, 8 in E.
coli, and 6 in S. cerevisiae. In mammuals, both U and 5 UQLO are detected
(the subscript refers to the length of t he i soprenoid side chain). UQLO is
the maj or UQ &pelsgass s esasitive o ubisuisonaaideechadd léngthpr edoni nant in mce
and rats (Dallner, G and Sindelar, P. J. (2000). Free Radic Biol Md 29,

285- 94|). The Ublfqnmbaet(U&i) i$ k:smpes@lj ot & igakiohe ningf arlddn asd@rerld@Lehdis, prBeSFn}vgg
in Tab 3 n e c Bio

25, 285 94). AgHC “ey@@g @ué’prﬁ?*ne‘%"pe?@ae‘?aeéet 6 VR Feedl i 1

Human UQ UQB98r%: G and1 9 inuSo cexaveiasy /Iy mengatsypotraglg q@g/g (%
tissue t|555ueUQ|1osaneajéte@t§a€¢thHembtscr Zeférs B the loky tﬁoﬁthehsménol@éudal 14 2 55

3.5 Kidney n S 3.9 28 1 25
2+ “Lung 17 2 18 $Qode Ve doder DL SEcle bt i Mgl TG0 “ne o
si de- chai n i sPrédam¥NANt &HMise @'@ﬂ Vﬁfﬁ éh@llneﬂu@r@mbﬁmdélar P. J. (2000). Free

Radic Biol Med 29, 285-94). The differential tissue distribution of UQg and

UQqo is presented in Table 3 (Dallner, G. and Sindelar, P. J. (2000). Free
10 Radic Biol Med 29, 285-94).
Table 3
Ubiquinone tissue distribution in rat and human

Rat Human
UQy UQip UQu/UQy UQg UQip UQy/UQq
Mg/g  ug/g (%) Mg/lg  Ho/g (%)
tissue tissue . tissue tissue

Heart 202 17 8 3 114 2.5
Liver 131 21 14 2 55 35
Kidney nd  nd ; 3 67 45
Brain 37 19 . 34 1 13 7
Spleen 23 9 28 1 25
Lung 17 2 10.5 1 8 11
Intestine 51 19 27 n.d n.d -

The length of the UQ side-chain is controlled by polyprenyl-diphosphate

15 synthases. These enzymes are encoded by essential genes, and have
been cloned in many organisms, including S. cerevisiae (coq1: hexaprenyl-
diphosphate synthase), E. coli (ispB: octaprenyl-diphosphate synthase),
and Rhodobacter capsulatus (sdsA: solanesyl-diphosphate synthase).

To evaluate the importance of UQ side-chain length, using C. elegans. The
20 exogenous UQ fed to the worms was manipulated by exposing the worms



15 synthases. These enzynes are encoded by essential genes, and have been
cloned in many organi sns, including S. cerevisiae (cogl: hexaprenyl -

di phosphawe osypnt3kase), E. coli (ispB: octaprenyl -di phosphca/caaniase) ,
and Rhodobacter capsul atus (sdsA: sol arfldsyl -d i phosphate synthase). To
eval uate the inportance of UQ side-chain |length, using C. elegans. The 20
exogenous UQ fed to the wornms was nani pul ated by exposing the worns WO
03/014383 PCT/ CA02/ 01230 -14 to an E. coli nutant strain where the
original ispBtag@nE. ¢@i kneoketthiowheratie origiel spSiydmg islkhdeedmutyandsi ons of

L?Siﬁﬁ;ﬂe?e@%@w | BfefURSEIS, IRos SRRBESe8MD Siabass the
Veitiorh fictatas fessiaprhad Tendt |°%§1ﬁsgﬁctg%'tyrma55 ek

used as wild
(e2519) and dbfd. NZ(E3is0)) was aised et witd-type stiailn, agdratajyzed ak-1{gme3dact eri al

ver ai ons of egz@ﬁsﬁr o SE1B2079) G QT e g T n

t he
resul ts obt ai Be¥YRESHPHILHasEsR! ﬁ@%@ﬁr@ﬁ@rﬁ@ GSWBG%A?%%)Y%%S&W of 10
Wor ms was coupkschidsndnddaing peanireatsionssof ispBperd deswhepwincdabléabl e 4

Genotypes of ?Qﬁﬁt@%tﬁ‘rbb@gg%é%%@?erg'ﬁg JFJP'%B?&S%(%Q]C a%é%%ré’fﬁér%t of UQ

si de-chain | en Stral n or at coll ection

K0229 i spB:: SOUER Rrogieny|| of @9’9‘?““3 wasoralied@ng) the expgsiayen nal of

bact eri ol 0@y, péﬂ&meﬂ,tw&ﬁSB 3060 WD 03/ 014383 PCT/ CA02/ 01230  -15 Table 5
Pl asm ds encodi ng versions of ispB Plasm d Characteristics Major UQ M nor
UQ Reference produced produced Table 4 )

Genotypes of the bacterial strains used in the study of the effect of
uUQ side-chain length

Strain Genotype Reference
OP50 ura Laboratory collection
KO229 ispB:.Camr Okada et al., 1997*

* Okada et al., (1997). Journal of bacteriology, 179, 9, 3058-3060



pSN18 Anpr, encodes U@ - Okada et Rhodobacter al., 1997* capsul atus ispB
honol og (sdsA) Y37A/ Anpr, encodes a UQ/7 U@, U Kainou et Y38A nutant
ver si on oWOm3/0a£383 2001 ** coil i1spB gene R321 V Anpr, emcoda®2a12306 UQ7,
U Kainou et nutant version of E. al15-2001 coil ispB gene Y37A/ Anpr,
encodes a UQ UQ7, U Kainou et R321 V nutant version of E. al., 2001
coil ispB gene * Ckada et al., (1997). Journal of bacteriology, 179, 9,
3058- 3060 ** Kainou et al., (2001). The Journal of Biological Chem stry
276, 11, 7876-7883 Table 6 5 Brood-E2¥85nalysis N2 cik-1 cik-1 cik-1
daf:2 (gnB0) (gnbl) (e25pRPsniiad BHRbdi s(odBf 2B, 282 94,108 112,121
158,181 254,228 pSN18 (UQR) 266,246 107,102 94,117 170, 193 249, 264

Y37A/ Y38A 255, 291 0, 0 O, O 149, 178 266, 237 (UQ7) R321 V (UQ) 236, 258
0, 0 0, O 82,PI8@mid18, 26Rararferéids321V B4jorI3 MiBoUQ 9IRef@eneeil, 229 (UQG)
WD 03/ 014383 PCT/ CA02/ 01230 -16 G ow prodated orpredudedus bacterial strains
Post - embr yonipgSNareoWt Anpl, dnedesor N5 on t hgQyar i ous -bact eOkadla st r ai ns was
qualitatively eval uaggddopictdy@s observed that N2 and dafk,2199@t ants grow at

capsulatus ispB
homolog (sdsA)

Y37A/  Amp', encodes a uQy UQs, UQs Kainou et

Y38A mutant version of E. al., 2001**
coli ispB gene

R321V  Amp', encodes a UQs UQs UQs Kainou et
mutant version of E. ' al., 2001

coli ispB gene
Y37A/  Amp', encodes a UQs UQs UQs Kainou et
R321V  mutant version of E. A al., 2001
coli ispB gene
* Okada et al., (1997). Journal of bacteriology, 179, 9, 3058-3060
** Kainou et al., (2001). The Journal of Biological Chemistry 276, 11, 7876-7883

Table 6

5 Brood-size analysis

N2 clk-1 clk-1 clk-1 daf-2
~ (gm30) (gm51) (e2519) (e1370)

OP50 (UQs) 240,282 94,108 112,121 158,181 254,228
pSN18 (UQg) 266,246 107,102 94,117 170,193 249, 264

Y37A/Y38A 255, 291 0,0 0,0 149, 178 266, 237
(uQy)

R321V (UQe) 236, 258 0,0 0,0 82, 93 218, 259
Y37A/R321V 247, 273 0,0 0,0 95, 101 241, 229

(UQg)



simlar rates on all bacterial strains. However, c/k-1 (gnBO) nutants had a
5 simlar growh rate on OP50 and K0229(pSN18), but were del ayed by 3-5
days on twe oehss3 strai ns. Al so, the post-enbryonic devel @pmamo2/of23el k-

| (e2519) nmutants was del ayed by -1 daylon K0229(R321) nutants, as conpared
to OP50. Their growth on KO0229(Y37A/ Y38A) is |ess severely affected.
Finally, the onset of egg laying by clk-1 (e2519) was delayed by 1 10 day
on KO0229(Y37A/ Y38A) and by 3 days on K0229(R321A) and K0229 (Y37A/R321 A).
Thus, these axeVthrats onivarieabdacterjal strads in C. el egans that is sensitive
t o ubi qui none side chain length as indicated by the behaviour of clk-1

mitants on basd Y(ﬁﬂhé@ digthtdiahe Wo?rﬂé'% tﬁBQfahOQQ%laBteHBl SHHiMORas. An 15
i nappr opr i ate c 2l N

| t d f |
gngo. and i I aSYe'M@B’g%l?tte I bsdnigd il EARFE witieoliat. | ¥ (e2s10)
mut ants are alimibent ratesadm eaditbenttanal stpine Hweweheclkddlmﬁ‘@)a’ﬂutaheyh@r@ known to
produce ng des‘irﬁﬁé@é}g yfp.elt%h and R@z@g a@ut%ldeweawaoat es in

processes that are ren rom 20 an al so

infer that t Y& §epigt P ﬂ'naoe%lsqadﬁe F%P{e BQ’%?%@%‘@%W@%S& "i onal
function or f1/e251gmautihtCviks deldyedenyer] daljese KQR28(R3Zlgsnulpats, as

ubi qui none- dependaay t@%géowhe (SFEHE) oy $A0RGa) RoKel sivdraythe Lot al

absence of ubi gui none exa dox

co-factor in affesied. finsdlysibeonss f&@&x@/érﬁh)b i&%(%‘gﬂ?g 'W&éz’é/s ry for C.
el egans de@veldyynent I@EQQ(Y@TA/NBBA)/ ahd bgsB8 dagt her I@%’Z%RWUQ @gdsuf fi ci ent

for C. elega a knockout nutation of the worm gene cog-3 was
\%odUCﬁd (FE@?%&?E co& 3 encodes a nethylt ransferase (SEQ I D NO 2)

ose honol ogyes an Ub| have been terized in
the yeast S. gHﬂ'?rﬁ?ﬂ %e{i@ W&nfjsrfe]éea%%ﬁlpm?eéc’gbre 53 hIaniS &Q%ﬁ%g acts at
two differentto shigpisond siesgimindengh MIndmaE%bYUQenb@hMH% qﬂﬁ?)duced in
the yeast WO Q3{0143R3pEGris Qi 4% proddce short chain ubiquinones. An

15  inappropriate chain length severely alters development and fertility in gm30
and mildly or not at all in e2579.

The observation that clk-71(e2519) mutants are almost unaffected in spite
of the fact that they are known to produce no detectable ubiquinone,
indicates that CLK-1 participates in processes that are different from

20 ubiquinone synthesis. One can also infer that the e2579 mutation does not
greatly affect this additional function or functions of CLK-1. However, these
processes are ubiquinone-dependent as clk-7(e25719) mutants cannot
develop in the total absence of ubiquinone. For example, ubiquinone could
act as a redox co-factor in these processes.

25 Endogenous ubiquinone is necessary for C. elegans development and
fertility

To test whether dietary UQ is sufficient for C. elegans development, a
knockout mutation of the worm gene cog-3 was produced (SEQ ID NO:1).
cog-3 encodes a methyltransferase (SEQ ID NO:2) whose homologues
30 (Cog3p and UbiG) have been extensively characterized in the yeast S.
cerevisiae and in E. coli, respectively. The enzyme acts at two different
steps of Q synthesis and neither UQ nor DMQ is produced in the yeast



and bacterial nutants. The worm COQ 3 protein is 29%identical to S.
cerevisiae Coq3p and 28%to E. coli UbiG (Fig. 5 and SEQ ID NCS: 3-6). A
met hod ofwpanedotssirut agenesi s and PCR- based screeni ng was wrsadCAoe/o01230dent i fy
a deletion in coq-3 adapted froma stahdard protocol. The cog-3 5 gene is
| ocated on chronmpsone 4 of C. elegans, and as shown in Fig. 1, is part of
an operon, conprising the gdi-1 gene and the NADH ubi qui none

oxi dor educt ase gene. coq-3 contains five predicted exons. The deletion in
cog- 3(qni88) ar&hbaﬁené]zl‘ﬁﬁtaluts ( TEQ WANMNOCR-3 pmtkin kI29%W identicalds S.exons 3

and 4 (SEQ IO ?,aé»o% 38p &hd z%%t@EeH&M&G%P& tamts@@ab NhQied)NAl0 to be
produced. To ver| SI.S was ‘&E rformed, and

enot nal
used sets of Pl hr“i’gr@c r\ﬂﬁeg@ @Pr%eﬁﬁs'?e?@l%ong?eﬂaéea INg, WESi YPE9dP t he cog- 3
gene, or insiidentifha degiianirccog-8sguaptidnjornea staedadeprtdanh Bt adopdd i n t he

qmil88 mut & i Ofnelig I&%Féﬁ(oﬁ BfoRIRBRRCLOOE, é)’e%NA ?F\d Q8 shBwhlieFeP9; 8 gene, PCR

anal yses were”car r| out usi n n m o | e worns. Each DNA
preparation vRal 8f ADIPEHEBUN tsg]ﬁ 9" e P%?Qemg'ahﬂbﬂ UHP"§equences
ei t her outsi dexldidredlmape?ggmfle;o@%ﬂ-ﬁbntéjm Zive predicted exons. The deletion in

5' - CTGATTTCT P
§5 A@ATTM%W f@g 0Ty 2h jrﬁé elirifdtos
(5' - TAGCGACT CPOReCEIARTRARMOS! § aQ@ 8 Preyaes any “&H@f‘%ﬂﬁﬁte'” 1775
(5' - GAGHICGEbTbEGACAGSSAT GECAEaS $hé geBERé fNEDg-B2PGR canalysisswas t he

75 and s tiuimeE Spd Ml Sets CEAER SR PR (e B ok g, 1
25 di spl ays tPdsigei ofeth® cpgdapenat Poinsidf &t 1IR9ing QS’rrreﬁEPgd'ﬁQrﬁpl ﬁ}"ﬁl ng the
whol e cog- 3 gsetton abtadred bf the gnkisswastatibh aTaecheocktthe spresémbet ype worm In

contrast, a myliaid, .R%Hé’ cp@%‘ gﬁéﬂg dl@%ﬁ&ﬁ% \ﬁeljéchrFlé’dTbgtoltgﬁﬂ%ﬁéﬁcﬂﬂlc?’ worm

When usi n%l:_1 priners ann 1 on I on d-type and
het er ozyg Arftorgémsleawwm r?rat‘}BLRN Bfepfrelt'oﬁHvaﬁ/\ﬁmugaﬂ%f)%é/nfﬁstﬁés 30
det ect ed fronwih @eifheds eapglizingnNeey@ntes withien outbide the a3 gede (SEP
homozygot e naj £ 50b BT TG ECAERERTSTCTTGCCGCACS') (SEQ ID NO: 9),
SHP 1773 (5'-AGCATTCCCGAGATGATGCACTCCTTGAGG-3") (SEQ ID
NO: 10), SHP 1774 (5-TAGCGACTCTCAGCGACAAGCTTAACC-3")
20 (SEQ ID NO: 11) and SHP - 1775 (5'-
GAGGCCGGTTCCGAGACGATGGCATCG-3') (SEQ ID NO: 12)), or
inside the obtained deletion (SHP 1840 (5'-
CCTCCTCGCGCACTACACACCATC-3") (SEQ ID NO: 13) and SHP 1865
(5'-CGAAGCGACGACTGCATCGTAGGC-3") (SEQ ID NO: 14)). Fig. 1
25 displays the primers’ localization. When using primers amplifying the whole
cog-3 gene, a band of 4.3 kb was obtained with a wild-type worm. In
contrast, a mutant band was amplified at 1.8 kb from a coq-3/cog-3 worm.
When using primers annealing in the deletion region, both wild-type and
heterozygote worms gave a PCR product of 1.1 kb, while no band was
30 detected from a cog-3/cog-3 homozygote worm, which confirmed the
homozygote nature of coq-3/cog-3 mutants.

Self-fertilizing coq-3(gqm188)/+ hermaphrodites produce % of homozygous
cog-3(gqm188)/coq-3(qm188) progeny, as verified by PCR. These cog-3
homozygotes develop slowly and appear substantially smaller than wild-
35 type worms. Most are sterile, but -approximately 25% (n = 31) produce



Self-fertilizing coqg-3(gm88)/+ hermaphrodites produce 1/4 of honpbzygous
coqg- 3(gn88)/ cog- 3(gnil88) progeny, as verified by PCR These cog-3
honozygotwe odevsBdp sl owW y and appear substantially snal | ecTidsaowsbd 35
type worns. Mpst are sterile, but -appf®ximately 25% (n = 31) produce WO
03/ 014383 PCT/ CA02/ 01230 -18 sone progeny (5-10 eggs) that arrests at the
L1 stage and die quickly thereafter. For brood-size neasurenents, the
entire progeny of 20 wornms was counted. These observations indicate a
partial mat er$ine psegany &tk eggslthat arestshaintiey gbistagebgnd ke uicklyozygous

not hers, as tingrdeRFtotRPodt-si2e ﬁﬁ@sﬁ?érﬁént@,omzéfﬁﬁél?ro@f@ﬁgbﬁm dring! ow
at ,0

devel opnent to_adul tthgag_l |sbless . severe.than t jat he sec nc{
honbzygous gewa‘? SPYOR ( gsg Qosgvaings M'Caﬁ ad)@ft.'a U@?frng Rl pﬁe? he enbryo
by the not heroforoq-§ heroaygnies b pioss heterozyogs matherRNgs e prasotipe. @fan provi de

the maternal @biRst hohbzygdudlgeRe oS ¥BH dd@lophittt 6 eadiifdaes i9iess
het er ozygous co ;

-3/.dpy- 10 h d 85 ,64: =20
suggest i ng th%l‘:t"'%{%gﬁo%t&'@f gﬁ{h%ﬁﬁﬁogd%%@gp%%eﬁg%ﬁ?é %%' rest gt tﬂ?%né%f 2)r uQ
bi osynt hesi s stade) iR pravisledderthe embeye oyl dioe matheragde inateinsl depgsitsensi ti ve

to reduced | exelogos frNIOEERBKEM bE) pRVREVIAL RRRbal difecscertain that the
observed phenotypes are solely due to the nutation 15 in the cog-3 gene,

th ic f ndi : i | d- ; s
ntr oduceq i i BRSO CE RPN Dol 82k W e ReyobE oo St LERFMEED

mar ker bylGerWwes meuchr esacest (H1S arb4 mre20kissioeestingeibat e leyebekaer-é8 was

fo} IL;J\Ned to gepresdich %ﬁiglﬁtgﬁé dinfitihg a@mmnbmﬁ{hears(r) é\jtﬁ;thaﬁt tfﬁGﬁo}"rﬁ'@ngen]g (50
n co r's C -o.genom c _seguence wWas | e e (0] Sa or
s cnephra TP e e R e TS BBl BV s Eb iR B3r Y o
screen for trRinsyyéhesss.wor ns. cog3/ dpy-4 worms were utilized for injection

since coq-3 honozygotes are |ethal. The honozygous rescued |ines were
sel ected by cheaktartai treat dseseved phéeotidns arghsoivdy dpe té thd Mmeatdtiopr ogeny,

and the g@”“iﬁﬁﬁe%ﬁ-f@@ﬁé,rtﬁrg%emfm%q?agr%énta&mééﬁbﬁding to the wild-type
cog-3 gene was introduced into cog-3/+ heterozygotes using the rol-6
transformation marker by germline transformation. The micro-injection
procedure was followed to generate standard extrachromosomal arrays. A
PCR fragment (50 ng/ulL) comprising the cog-3 genomic sequence was
20 injected to assay for rescue. pRF4 plasmid (120 ng/ulL) was used as a co-
injection marker to screen for transgenic worms. coq3/dpy-4 worms were
utilized for injection since coq-3 homozygotes are lethal. The homozygous
rescued lines were selected by checking the absence of the Dpy
phenotype in their progeny, and the genotype was confirmed by PCR

25 analysis.

Homozygous cog-3 transgenic animals (displaying the marker phenotype,
Rol) develop normally and are fertile, indicating that the phenotype
observed is indeed due to the cog-3 deletion. However, the
extrachromosomal array carrying the cog-3 and rol-6 sequences is
30 incapable of producing a strong maternal effect. Indeed, homozygous
animals without the array (phenotypically non-Rol) issued directly from
mothers carrying the array (phenotypically Rol) did not develop beyond the
L2 stage. The expression of genes from extrachromosomal arrays is



Honbzygous coqg-3 transgenic ani mals (displaying the marker phenotype, Rol)
develop normally and are fertile, indicating that the phenotype observed

i s I ndeedwOwa/014383 he coqg-3 del eti on. However, the extrackcor@one3oarray
carrying the cog-3 and rol -6 sequences1Ps 30 incapabl e of producing a
strong maternal effect. |Indeed, honbzygous "aninmals w thout the array
(phenotypically non-Rol) issued directly from nothers carrying the array
(phenotypically Rol) did not. devel op beyond the L2 stage. The expression
of genes fronsenretinesroepsededndaiy pooriis We 03/ 64383 FEIMIiTA02/T0E230 - 19
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per forns I cien I n tochondrsi respiratory chain yadera e
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In this context, it is of particular interest that clk-1 mutants cannot thrive by

feeding on ubiF mutants. Indeed, UQ biosynthesis in ubiF mutants is

blocked at the same level as in clk-1 mutants, and ubiF bacteria thus

produce DMQs. As DMQg performs efficiently in the mitochondrial

20 respiratory chain (Miyadera et al., 2001), our findings demonstrate that
neither endogenous nor dietary DMQ can replace UQ at non-mitochondrial
sites of UQ requirement.

Ubiquinone is necessary at mitochondrial and non-mitochondrial
sites

25 The results presented here demonstrate that UQ is necessary for C.
elegans growth and development at different subcellular locations. First, in
the mitochondria, endogenous DMQyg can functionally replace endogenous
UQq. Indeed, clk-1 mutant mitochondria do not contain UQg but are
functionally competent (Miyadera, H. et al., (2001). J Biol Chem 276, 7713-

30 6), and the phenotype of cog-3 mutants, which produce neither UQg nor
DMQg, is much more severe than that of clk-7 mutants. Second, at non-
mitochondrial sites, endogenous DMQg or dietary DMQg or dietary UQ with
a side-chain length shorter than 8 isoprene units cannot functionally



sites of UQ requirenent. Ubiquinone is necessary at mtochondrial and
non-m tochondrial sites 25 The results presented here denonstrate that UQ
I S necesswnWw3NoB8L. el egans grow h and devel opnent at di PCEGAIR/01230

subcel lular locations. First, in the2ftochondria, endogenous DM®P can
functional ly replace endogenous U®. Indeed, clk-1 nutant m tochondria do
not contain U@ but are functionally conpetent (Myadera, H et al.,
(2001). J Biol Chem 276, 7713 30 6), and the phenotype of coqg-3 nutants,
whi ch produceeplect edogéBousot Qe DVlls dietaryuld@s wane lrs éackr ektthantanksat of cl k-1

mut ants. Sec di et
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UQD, whil e diteictria di@etapnUQlwitH ashart siié-chaimut ants,  whi ch have functi onal
m tochondri a and make DMQ®, cannot devel op and grow w thout dietary UQ8,

even in the pf %%s%terﬁ'mﬁ%acﬁé! fikREs by ﬁﬂi‘nBFBuE stihd@ie$ 8hILD thaﬂé ghary UQ with

a short S|de C
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of the initia uji none, n t hen di stri but ed
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t I at Th d ty the rol
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time it denorthisrrathed comelekdipeti onal i nportance of UQ at non-mtochondri al
| ocations for an organismis viability or fertility. Action of dietary UQ

at non-nitochapdei sludiist B@rifOtHed rdleslef [ahdoBiBnous and dietary UQ in the
15  worm’s biology. Also, for the first time it demonstrated the functional
importance of UQ at non-mitochondrial locations for an organism’s viability
or fertility. Action of dietary UQ at non-mitochondrial sites could underly the
beneficial effects of dietary UQ for patients with mitochondrial diseases
(Dallner, G. and Sindelar, P. J. (2000). Free Radic Biol Med 29, 285-94).
20 For example, UQ has been found to participate in reactions that regulate
the redox state of the cell at the plasma membrane. Disease states which
arise from deficient mitochondria are often found to increase cellular
oxidative stress and dietary UQ could stimulate a protective function at the
plasma membrane. In addition, in bacteria, quinones have been found to
25 act as the primary signal of the redox state of the cell. In E. coli, UQ
negatively modulates the phosphorylation status and function of ArcB, an
important global regulator of gene expression.

The cog-3 and clk-1 mutant strains provide genetic systems to identify
compounds that selectively replace ubiquinone at the mitochondria and/or
30 at non-mitochondrial sites. Screens for such compounds can be based on
their ability to rescue selectively the phenotypes of coq-3 or clk-1 mutants
grown on UQ deficient bacteria or not. For example, compounds that can
reach the mitochondria, should rescue the phenotype of cog-3 mutants.



beneficial effects of dietary UQ for patients with mtochondrial diseases
(Dallner, G and Sindelar, P. J. (2000). Free Radic Biol Med 29, 285-94).
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the redox state of the cell at the plagha nenbrane. Di sease states which
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¢l ones VWeLs S &10&%%0‘[&1 gnc? W&rs f'lPIandSIﬁl %@ subcloned into Bluescript SK
(pL5). A 1.6 kb fragment containing part of the exon Il and the exon Ill was
removed from pL5 by Stul/BamH| digestion and replaced with a neomycin
cassette consisting of a 1.1 kb Xhol blunted-BamHI fragment from
pMC1Neo polyA to prdduce pL5+Neo. A 2.8 kb Pstl-Sacl genomic

20 fragment containing introns IV and V and 500bp from 5'UTR region was
subcloned in Bluescript (pL15). A 2.5kb EcoRV-Xhol fragment from pL15

was inserted into the Smal-Xhol sites of pL5+Neo to produce the final
replacement targeting vector pL17. A Kpnl fragment from the targeting
vector was isolated and electroporated into R1 embryonic stem (ES).

25 Successfully targeted clones were identified by Southern blot analysis.
Genomic DNA was digested with Bgl/ll, and then hybridized with a
3'external probe flanking the 3' region of the targeting vector (Sacl-Xhol
fragment). A neomycin probe was used to detect random integrations in

the genome. ES clones were injected into CD-1 mouse blastocysts and

30 germline transmission was obtained. Out of 2000 G418-resistant clones
analyzed, 4 were homologous recombinants. Two independently targeted

ES cell clones with the correct karyotype were used to generate
homozygous (-/-) melk1 mice. Figs. 2 A, C and D display the maps of the
wild-type mclk1 locus and of the targeting vector, where black boxes



characterized in detail. A7 kb Notl-BanH fragnment containing part of the
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pol yA to produce pL5+Neo. A 2.8 kb Pstl-Sacl genom c 20 fragnent contai ning
introns IV and V and 500bp from 5" UTR regi on was subcl oned in Bl uescri pt
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KO8 (5'-cac ctt aat atg cga agt gga cct g-3)) (SEQ ID No: 20), which give a
product of 397 bp. Fig. 2 E shows the PCR analyses.

Heterozygous (+/-) mice are viable and fertile. They show no obvious
anatomical or behavioral defects. However, after crossing heterozygous

20 male and female mice, no new born (--) mice were observed in more than
81 offspring (Table 7), indicating that homozygous disruption of mclk1
results in embryonic lethality. To determine the nature of the lethality,
embryos from heterozygous intercrosses were analyzed at different days
of gestation (Table 7). mclk1 (-/-) embryos were present at expected

25 mendelian frequencies at E8.5. By E13.5, however, all mclk1 (-/-) embryos
detected were in the process of being resorbed. The homozygous embryos
also showed a developmental delay that is clearly evident by day 9.5 post
coitum (E9.5) (Fig. 3). The mutant is dramatically smaller compared to the
wild-type littermate.
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Newborn 81 26" (32%) 55 (68 %) 0

n.d.: not determined. *Embryos being resorbed. #The genotype of

embryos was determined by PCR analysis and that of pups by southern
5 blotting, as described in Methods.

Northern blot analysis of total E11.5 embryo RNA showed that the amount
of mclki mRNA was reduced by approximately 50% in heterozygous
embryos when compared to normal embryo and could not be detected in
mclk1 (-/-) embryos. Fig. 2B shows Northern blot analyses of total RNA
10 levels in tissues from mclk1 +/+ and +/- mice and from E 11.5 mclk1 +/+,
+/- and -/- littermates. The expression level of cox7, a mitochondrially
encoded subunit of cytochrome oxidase (complex 1V), is shown as one of
the controls. The expression level of cox? gives a good measure of the
capacity for oxidative phosphorylation in a given tissue. Northern blots
15  were performed using the full length mouse mclk1 cDNA as a probe. The
decreased level observed in homozygous embryos is likely to be due to
the beginning of the resorption process. An approximately 50% decrease
of mclk1 transcript was observed in liver, heart, kidney, muscle, stomach
and cerebellum of 44-day old mclk1 (+/-) mouse as compared to wild-type
20 littermates. Immunoblotting with a polyclonal antibody revealed a band of ~
21 kDa in liver and heart extracts from (+/+) and (+/-) mice. This signal was
reduced by 50% in (+/-) mice as compared to the (+/+) mice (Fig. 2D). The
results confirmed that the mclk1 mutation is a null mutation and
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humman porin determined with bovme serum albumin as the standard. Quinones were
extracted as described (Miyadera, H. et al., (2001). J Biol Chem 276,
7713-6), with slight modifications. Briefly, the quinones extracted in n-
hexane/EtOH were dried under nitrogen gas, dissolved in acetone, and left
20  at -80°C. After 30 minutes, the samples were centrifuged at 17,000xg, 15
min, 4 °C, and the supernatant was dried under nitrogen gas. The residue
was dissolved in EtOH, vortexed for 2 min, and applied to an HPLC (Model
100A, Beckman) equipped with a guard column, and an analytical column
(CSC 80 a, ODS2, C-18, 5 um, 4.6 x 250 mm). The mobile phase was
25 methanol/ethanol (70/30, v/v) with a flow rate of 2 ml/min. The elution was
monitored by a wavelength detector (165 variable wavelength detector,
Beckman) at 275 nm. The concentration of quinones was determined
spectrophotometrically as described (Miyadera, H. et al., (2001). J Biol
Chem 276, 7713-6).

30 For mclk1 +/+ embryos, a major peak elutes at 11.9 minutes and is
identical to standard UQ for elution time. A smaller peak around 17.3
minutes corresponds to UQqe. The quinone profile of heterozygous mclk1
(+/-) embryos is identical to that of the wild type. The amount of UQg and
UQqo were similar in wild-type and heterozygous embryos (Table 8).



31 HL was from Cal bi ochem The anounts of ubi quinone-9 (UQ®) and -10 (UQLlo)
i n honbgenates of 10 ntlkl (+/+), (+/-) and (+/-) enbryos were determ ned
by HPLC. welmoi43se extracts for quinone anal ysis and enzpycs/Goro1230y
measurenents were prepared as foll ows 29The sanpl es were honogeni zed in 50
mM pot assi um phosphate buffer (pH 7.4), and centrifuged at 1,000 x g for 5
mn at 4C. The supernatants were used for the determ nation of quinone
content and 15 the neasurenents of enz activity. Protein concentration
was determ n@@WWththﬁcWﬁ?@@é?fmltﬁﬁbUéeﬁob's}%mwayoéﬁ%{ﬁd in M¢ikfokres wer e

$>7<t1 g ag; ed as hﬂ)eéﬁlbwbﬁctTéN!ceyaﬂﬂT@seHnut@ht fafmoryo(sasél(é)ﬂe)ael ekhibitel é:lnﬁ}at,r256

S i.cation rie 0 ed in n-
hexane/ Et C]—I V\%?%J% @g&gh i’beéﬁ‘ad‘a‘ébgd}’”bn§|fﬁ}§ﬁ‘% %ﬁ%réaet%ﬁg% %and I eft
20 at -80C. APM&k. 30 i nut es the sanpl es were centrifuged at 17,000xg, 15

mn, 4 C, and the supernatant was dried under nitrogen gas. The resi due
was dissol®ed in EtOH vortexed for Jakle8 and applied to an HPLC ( Mbdel

100A, Beckman) equi pped dﬁlhbn@ch?érﬁ of Bs'@Blis fflembrpgl ytical colum (CSC

80 a, ODS2, C 18, 5 pm 4. . The nobi | e phase was 25
met hanol / et hamot 70730, VIV) V\A[narlowrate Oor Z m 7. 1ne erution was
noni tored by a wavel ength det gliRbné vari abl e wavel ength detector,

Becknman) at 275 nm The concentration of qui nones was determ ned
spectrophotonetrically as described (Myadera, H et al., (2001). J Biol
Chem 276, 7713-6). 30 For ntl®Rr—F/+enbryos, a nmgjor peark erutes at 11.9
m nutes and igampeent Geabtybe Standmigd UQ for eb@iion time. yd,smaller peak
around 17.3 minutes correspondg/ngpidein) (Ragmgproteing Pnglfrid otaln)

het er ozygous ntlkl (+/-) enbryos is identical to that of the wild type.
The amount of UQ@ and UQLO were simlar in wild-type and heterozygous
enbryos (Tabl Embyyos\D 03/ 014383 PCT/ CA02/ 01230 -25 However, the presence
of neither U@ nor UQLO was observed 1n nclkl (- /-) errbryos (Table 8).
These nmutant enbryos #hstead exhi bNDed a maj on26.7 13.6

+/- ND 125.8 14.5

-/- 37.1 ND ND
ES cells

ES1 (+/+) ND 265 16.8

ES2 (+/-) ND 89.5 4.2

ES7 (-/-) 38.4 ND ND

N.D.: not detected.

mclk1 (+/+), (+/-) and (-/-) ES cell lines were derived from E3.5 blastocysts
obtained from heterozygous matings as per standard procedures. The

10  quinone profiles observed in these lines follow the same pattern as those
obtained from the equivalent mutant embryos, including concentration
(Table 4). In particular, only DMQg was detected in the mclk1 (-/-) ES cell
line (ES 7).

As in the case of the clk-1 mutants in C. elegans, the DMQ produced in
15 mclk1 mutants appears to be sufficient for the maintenance of a relatively
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prot ei ns poss| lethat D is less efficient as a analogue for some of the other
10 functions of UQ, whose resulting impairement participates in the severity of

the phenotype. Finally, it has recently been discovered that, in bacteria,

quinones are the primary signal for the regulation of growth in response to

oxygen availability. Given the conservation between prokaryotes and

eukaryotes of crucial molecular mechanisms that sense environmental

15 signals (e.g. the PAS domain proteins), the full UQ deficiency of mclk1

mutants directly affects the regulation of embryonic growth.

Studies of tissue-specific and temporally controlled knockout of the
mclk1 gene

In addition, studies of tissue-specific and temporally controlled knockout of
20 mclk1 gene have been initiated in Mus musculus. mclk1™ allele was
created and chimeric mouse was generated as follows. In order to
investigate the functional role of mCLK1 protein in specific cells, the
technique of conditional gene inactivation was used with Cre-loxP
mediated recombination. To produce an mclk1 allele that can be modified
25 by Cre-recombination, a targeting vector containing approximately 7.5 kb
of mclk1 genomic DNA was constructed in which a selection cassette
flanked by loxP sites was introduced downstream of exon 4 with a third
loxP site upstream of exon 2 (see Figs. 4A-C and Figs. 8A-E (SEQ ID
NO:21)). In Figs. 4A-C, a horizontal line represents clk1 genomic DNA.
30 Exons are represented by unfilled boxes. The gray box represents a neo-
TK expression cassette, with the direction of neo and TK transcription
indicated by arrows. The black head arrows represent loxP sites. The
restriction sites are : Bglll (B), Bspel (P), EcoRl (E), Hindlll (H), Sacl (S),
Swal (W), Xhol (X). Following transfection of ES cells, homologous
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DNA. 30 Exonsndiégted @preesiaigatday unfilled boxes. The gray box represents a
neo- TK expression cassette, with the direction of neo and TK transcription

i ndi cated by Aaptaysy défmug%%k %%ﬂe?afnbﬁ%trfeer%&?ff@hénél@fbﬂoﬁs thsik1 The
restriction sites are : Sacl

(S), SwdP (\§enoRpl DNR "%ﬁ)l'? ﬂ}eﬁg Spen@fé&"f"ﬂor?%?&é '%%lﬁen%rﬁg}(ml ogous WO
03/014383 PC'(S(EAQ@EG&)Z%d -&@7Hindlll-Xho! fragment of approximately 7.5 kb

containing exons 2, 3, 4, 5 and 6 was subcloned into pBluescript. A primer
containing a loxP site (3-CCG GAG CTA GCG AGC TCG GAATAA CTT
CGT ATA ATG TAT GCT ATA CGA AGT TAT GGC GAA TT-5’) (SEQ ID
20 NO: 11) was introduced into a Bsepl site upstream the exon 2. A cassette
containing the neor and HSV-tk genes flanked by two loxP sites was
inserted into the Swal site in intron 4 to yield the targeting replacement
vector pL75. This cassette, a 4.3 kb Xhol/Not | fragment, was isolated from
the plasmid CDLNTKL (SEQ ID No: 12) and the recessed 3' termini were
25 filled with Klenow enzyme. '

To generate homologous recombinants, R1 ES cells derived from 129/Sv
mice (at passage 12) were electroporated with Hindill-Xhol targeting
vector fragment. Homologous recombinants were identified by Southern
blot hybridization. Genomic DNA was digested with Bglll, and then
30 hybridized with the 3’external probe flanking the 3'region of the targeting
vector (Sacl-Xhol fragment). Other probes were used to detect random
insertions in the genome. Hybridizations were performed for 16 hours at
65°C in 6 x SSC, 5 x Denhart, 0.5 % SDS. Blots were then washed for 20
min each, twice 3 x SSC, 0.1 % SDS, then twice with 1 x SSC, 0.1 % SDS.
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insertions in the genone. Hybridizations were perfornmed for 16 hours at
65C in 6 x SSC, 5 x Denhart, 0.5 % SDS. Blots were then washed for 20 mn
each, twwe03/0x4385C, 0.1 % SDS, then twice with 1 x SSC, @CI/C40SDR30 WO
03/ 014383 PCT/ CA02/ 01230 -28 To generd®e type | and type |l deletions, 5 x
106 honol ogous reconbinant cells were electroporated with 25 g pBS185
containing the cre- reconbi nase gene, plated and selected 48 h later with 2

pM gancyclovir. Surviving clones were anal yzed by Southern blot. Genomc
DNA was 5 dig%iﬁiﬁﬂbm and then hybridized with the 3'external
probe flanking 3'region of the targeting vector (Sacl=Xhol fragnent).
VWil e the invention

. as t(%?qenf descr.i efd in connec pon W th. \%‘o el &(1
embodi nent's t her eof , i P! BECENHE 8‘%%88”‘6’83&‘ OW'Eg@é{B’é &' 81"t urt her
modi fi cati onshamekzyghis reypht vart¢ate @mbmqudmlcft coopviees dhg siep iadt i ons,
uses, 10 or %Q&lﬁ 'l@?éroﬂf theclkﬁ\z‘,QBbb@ntof @étbm\’\bﬂ@ﬂ hohszggotﬁ flutarithe
principl es of E aﬁgs {I on.and Ipt od{kg%&) such éures hromthe pr esent
di scl osure asCMRYAR aF R IEWARIIY QLS r”ipzkﬂg YRPHIHEHE art to
whi ch the i neasitanerofsaid keterozygalisasbjeoy ls:)’@éeotpq:bwtb@amcqm@omwmri al

features hergifaReh E&in eéndf\%érlam \Ble @b éé’r\éﬁndnélatfv@%f%%ﬁﬁ)o%dt he
appended cl alggWV\D 03/ g{ PCT/ CAO2/ 01 -29- WHAT IS CLAIMED IS: 1. A

net hod of scr %sq;r}gya MREYEP Yo 8°§urV| val of clkl honmpzygous

nmut ant vertebrate enbryos, which conprises the step of breeding

het er ozygous 2l kI su'Ei]?Qa@?@OU@f@lﬂraﬁn\A@lemm safEMjYL HiNcaRe. enbryos and
determning viability of clkl honbzygous enbryos; wherein at |east one of
sai d het erozygous sulheaictiicel bf elained, WHdneinadattl compounnd] igpsuitzble fod sai d

br eedi ng; an eﬁfﬁro‘?'cﬂ }jéle?éjllu%cﬁ IY%ﬁa@rﬁﬁ%@bﬁ%‘ﬁ%u?hbﬁuﬁ% ound allow ng

survi val of honbzygous e al m wherein said

gﬂ?[ Z‘& |esf gr nl)use 3The-l_rr}]%thod ohf cgal 1, wﬁerem salmgrrn%oﬂn ?sl gdngu% eregd 's

by at least one route selected from the group consisting of oral, intra-
muscular, intravenous, intraperitoneal, subcutaneous, topical, intradermal,
and transdermal route.

5. A method of screening for a compound suitable for rescue of
mutant phenotype of mclk1 homozygous cell line, which comprises the
step of determining a mutant phenotype in a mclk1 knockout cell line,
wherein cell line is treated with said compound prior to said determining,
and wherein the level of said phenotype is indicative of a compound
suitable for rescue.

6. A method of screening for a compound suitable for partial or
complete functional replacement of endogenous ubiquinone, which
comprises the step of determlmng a mutant phenotype in a melk1 knock-
out homozygous ES cell line; wherein said cell line is treated with said
compound prior to said determining; and wherein level of said phenotype
is indicative of a compound suitable for partial or complete functional
replaoement of ubiquinone.

7. The method of claim 6, wherein said - phenotype is cellular
respiration and/or growth rate.



partial or conplete functional replacenent of endogenous ubi qui none. 4. The
met hod of claim 1, wherein said conpound is admnistered by at |east one
route selwotoadi£38dm t he group consisting of oral, intra- mIFEN0/01230

i ntravenous, intraperitoneal, subcutanedus, topical, intradermal, and
transdermal route. 5. A nethod of screening for a conpound suitable for
rescue of nmutant phenotype of ntlkl honbzygous cell |ine, which conprises
the step of determ ning a mutant phenotype in a ntlkl knockout cell 1ine,
wherei n cell 8.i ne i sAtmethbddfviaréersag dorcangporpadingr sudtableofos giadtialearer i ni ng,

and wherei n thg,hieneliyRbtional FeMBENREMPSF i ShifRAbSathve QlibRcE oWRRHNd ,
sui table for rescue. eeni ng UEE'PSU tabl e for

6. t hod of scr for . a co
partial or CcEREES th%ﬁ@lpin‘%r?é?esrsé'ﬂﬂ atcl@ﬁ%%‘?neo‘?hwwﬁe%l%ge gui'fione, whi ch
conpri ses t hegretppeanisistiog esfnvialbility, fertility.annd phtahairypartiainalsensekéof Rnock- out
honozygous ES,Geint Sdmgs& pé‘*@r;@'d&q@'hgm‘b%%ods' Rftitdrt WorRRtWeent Baigai d _
conmpound prior to, sail eterm.ni ng; an erein level of s lyﬂletﬁ}henotype is
Undi cative ofWaIT i eaiad Wil 13 caMPGHNG, ARPY 19 S SseRsirG: &PAHREre Bnal
repl acenent ofaidi bt tgaishommph@otmeese‘red;tbd)ﬂoof thel group 6onsidgtimgedfrviabdityl,
phenot ype 1S BRI toigesty r@aa'aggeﬁe@éﬂaier At prdrfotypdQs Q@883

PCT/ CA02/ 012 Creenin of a,_compoynd suitable for
partial or cYnPICEIPOHDASHI %Iorr%?ilf'ﬁlc%rn%?{f‘glﬁ ﬂ@?ﬁ?ﬁar'\&?fga?‘?{”%{“ts bj ect ,

whi ch conpr i gdguihtvee Bt sgid sdbjerdsessi ng at | east one phenotype sel ected from
the group consisting of viability, fertility, and total or partial absence

of a nutant ghenotypge nKthéd S @tadm S PEERUSai I HoMPounBIiglcaphisiees said
wormis treated with .ﬁ%bd (ﬁ_ongound%@)r%c?r to said assessing; and wherein
said at | east™8RENGHURGIOREAIRSEEMPI9F om t he group consisting of
viability, fertility and total or partial absence of said nutant phenotype
i s indicativelO.of a Bonpheddoseeeaping foba prPREUId shitablenfirdtastialiict i onal
repl acement odomplete functional replacement of ubiquinone in a subject, which

comprises the step of assessing at least one phenotype selected from the

group consisting of viability, fertility and total or partial absence of a Clk-1

phenotype of a clk-1 homozygous mutant worm grown on ubiquinone-

depleted substrate; wherein said worm is treated with said compound prior

to said assessing; and wherein said at least one phenotype selected from

the group consisting of viability, fertility and total or partial absence of said

Clk-1 phenotype is indicative of a compound suitable for partial or

complete functional replacement of ubiquinone in said subject.

11. The method of claim 10, wherein said ubiquinone-depleted
substrate is a non-ubiquinone producer bacteria.

12. The method of claim 10, wherein said ubiquinone-depleted
substrate is a bacteria producing ubiquinone having side-chains shorter
than 8 isoprene units.

13. The method of claim 10, wherein said compound is capable of
reaching at least non-mitochondrial sites of ubiquinone requirement in said
subject.



ubi qui none in said subject. 9. The nethod of claim8, wherein said conpound
is capable of reaching mtochondria in said subject. 10. A nethod for
screeni ngwbes/oat3sdnpound suitable for partial or conpl et @Ciunorihmial

repl acenent of ubi quinone in a subject3!which conprises the step of
assessing at |east one phenotype selected fromthe group consisting of
viability, fertility and total or partial absence of a k-1 phenotype of
a cl k-9 honpzygous nutant worm grown on ubi qui none- depl eted substrate;

wher ei n sai d14or m i Fher estiext \of tamysanel of csigiosndlo paridor! 3, whesein dsaissessi ng:

and wherein Bé?t%rlgtl? s@%%{eoof?&n%?@‘?&}bo@o%tiﬂ glFREKP P82, (AMGE)1SUB, consi sting
O emorone. | LML o o0Y, SPCan oka” i S Te HOSBEN or o

functi onal rKpjmeYEETNYGBA)JMQQHQ@MV)naMK@ZQBb{%MRSZW The net hod of
cl ai m 10, wherein said ubiquinone-depleted substrate is a non-ubi qui none

producer baCt1§“ a. The ﬂ%@%d&i%f*"&ﬂ/ éﬁe 6f alaims 40, W\B%rrﬂl 4, S@hdlein sald
ubi qui none- dgﬁ et.e subs

act erd a produci | havi ng
si de- chai ns SR6lEfd ast?\é‘ﬁ"t%ta‘?rb@ 7 éﬁ%s e ge[‘% ec"%&ﬁﬁ%‘dﬂgf i m 10,
wher ei n sai dcoosiptingnaf utECAapb) @bl/b’f ubiBewlB, HbiHaubIEs 46iF, aod /A5 ochondr| al
sites of ubiquinone requirenent in said subject. W 03/014383

PCT/ CA02/ 0123@, -31 TR4. mﬂh@d”@ﬂ Bed opk anylaine ©F, ¢3dbmwhbfeianshid3, wherein

'S 6, D2 acll Gsgh %%”éﬁé‘%&%%éﬂa%ﬁﬁé é'%%%ﬁﬁoﬁﬁﬁ%%p Ae:
K0229( Y37A/ Y8engistingofxsith I 37 Y3hid ROPDO (V3 D4 V). 15. The method of

any one of clainms 10, 13 and 14, wherein said bacterla has a nmutation in
at | east one1gf geneﬁhesmb&wdaﬁa‘nlywmetdfezlq;meu;ﬁ)1ﬁb,omhaéreihisagj fuhclidriaCA, ubi D,

ubi X, ubiB, ggéé;ce V\gﬁtﬂnf b@gtﬁn%ﬂr@\s': for AMAnbfRPor diquihBRe HtdR@cRE 0Ny one of

clains 10, 1
CLK-1

18. A method for screening a compound capable of inhibiting activity
of clk-1 and/or other processes required to make ubiquinone from
demethoxyubiquinone in a subject, which comprises the step of
determining at least one phenotype selected from the group consisting of
growth, fertility and total or partial absence of a Clk-1 phenotypes of a wild-
type worm on a ubiquinone-depleted substrate; wherein said worm is
treated with said compound prior to said determining; and wherein at least
one phenotype selected from the group consisting of total or partial
absence of growth, absence of fertility and total or partial absence of said
Clk-1 phenotypes is indicative of a compound capable of inhibiting activity
of clk-1 and/or other processes required to make ubiquinone from
demethoxyubiquinone in a subject.

19. The method of claim 18, wherein said ubiquinone-depleted
substrate is a non-ubiquinone producer bacteria.

20. The method of claim 18, wherein said ubiquinone-depleted
substrate is a bacteria producing ubiquinone having side-chains shorter
than 8 isoprene units.



bacteria carries at |east one of the plasm ds selected fromthe group
consi sting of pSN18, Y37A/Y38A, R321 V, Y37A/R321 V. 17. The nethod of any
one of clwD8/01038316, wherein said functional replacenent Pofi/aMsRgasnone i s
for a function of ubiquinone as co-fad2er of CLK-1. 18. A nethod for
screening a conpound capable of inhibiting activity of clk-1 and/or other
processes required to nmake ubi qui none from denethoxyubi quinone in a

subj ect, which conprises the step of determ ning at |east one phenotype
sel ected fromthe gmREpnenosiocsiciaiy 18f whgrednshid Hamterid istseleaier fromal or

tial ab f T 8.1 g-
S ot sl Shighyrienayaner Blee Yt hvem o, g

ubi qui none-d erein sald wormis treated with said
conpound pri ¢€34% JKHi683adt44%xi ni ng; and wherein at | east one phenotype

sel ected fromthe group consisting of total or partial absence of grow h,
absence of feptilit Thamaethod af any opnoftdaimsdlss wheeeinsaiddiagterigiNas® phenot ypes

is indicativ : 0 bk & c0felbdtBY BFHdnh e afbiy icoMsistdg 64 k-1 and/ or
ot her procesgneuggt'roz]q& FH{E%Q oharer %@e Selb 0l e?gn%%/hoxil'llsjbigqui none in a

. . f
subj ect. 19. Ulité, #@t@m@%f”%ﬁrta%'l‘é’ﬂmggﬁﬂ L@ngd ubi qui none- depl et ed

substrate is a non-ubi qui none producer bacteria. 20. The nethod of claim
18, wherein gai d ubiThei metiwddeplasyeene olisiaimat &8 janda2Badersiny $8i%duci ng

ubi qui none hgyiBE, SiAss BRI B8t SR behhe toAMIGs | sehivten Eoniths .gridd 03/ 014383
PCT/ CA02/ 012 =32 %M@g@w of ﬂi& @gégm%? ein said bacteria is
sel ect ed fr ofPNIFHNGR i g SRR 255 6, |S-16, DML23, GDI,
DC349, JC349, JC7623, JF496. 22. The net hod of ané one of cg?i ns 18,
wher ei n sai d28act er ifamiegchof sRieeinGfor iancARPEEs3Ul REe 6f cQERE'E B ected from
the group copgjisl ifiectdhal UbiqGhonsePlaceint, wHitiB cottpriges ube Hfepubf E and
ubi F. 23, The et hedy & ndtntoBiferdtyps! & BBsubfo®f Wiich g PiddfR! &

known ubiquinone biosynthetic enzyme gene is deleted and/or any other

gene which when altered leads to absence or reduction of ubiquinone;

wherein said subject is treated with said compound prior to said

determining; and wherein level of said phenotype is indicative of a

compound suitable for complete or partial functional ubiquinone

replacement.

25. The method of claim 24, wherein said subject is a mouse, ES
cell line, or any cell line in which mclk1 is deleted or any gene coding for a
known ubiquinone biosynthetic enzyme gene is deleted and/or any other
gene which when altered leads to absence or reduction of ubiquinone.

26. A mouse which is incapable of producing ubiquinone and
comprising a gene knock-out of melk1; wherein said mouse expresses the
phenotype related to an absence of ubiquinone and the presence of
demethoxyubiquinone.

27. A DNA construct, which comprises an alteration of mclkT;
wherein said DNA construct is instrumental in producing a mouse mclk1
knockout strain of claim 26.

28. A ES cell line which is incapable of producing ubiquinone and
comprising a gene knock-out of mclk?; wherein said ES cell line expresses



bacteria carries at |east one of the plasmds selected fromthe group
consisting of pSN 18, Y37A/Y38A, R321 V, Y37A/R321 V. 24. A nethod of
screeni ngwbas/os3sdnpound suitable for conplete or parti alPCiraaoeiomsal

ubi qui none repl acenent, which conpris@3-the step. of determ ning a nutant
phenotype of a subject in which nclkl and/or a known ubiqui none

bi osynthetic enzyne gene is deleted and/or any other gene which when
altered | eads to absence or reduction of ubiquinone; wherein said subject
is treated wehpiseriaypeorgateddo mari alnsemoesuéumlqumr@randﬂhﬁgpreéﬁ@pa/\ﬁfer ein |evel

of said phengé%gﬁ]dxz Blgqgh&?él ve of a conpound suitable for conplete or
partial functrona lf) ul none replacenent. 25. The nethod of- cl ai m 24,

wher ei n sai d_subj ect |s nou e whi ch
Tl kI 1 del 2Beq. or Aarpoghnd it ROpied, which 1, ineapdl 6 progadify 0, A C
enzyme gene ublqdmbeeewh&r&im cmu’fahgndﬁHedele@f@h@fmﬁﬁomﬁe@ﬂ@%roé@ | eads to
Sfigﬂg?ngr ungHngﬂe s HfPie‘Elé“eﬂQ;ﬂﬁe aror é‘nylﬁﬂhkéwi‘ﬂi‘é whlch?thhmiﬁeeélll it Wﬁ of

ene knock-out of nt erein
sai d nouse el?g’:éé&@ ‘Er}?é’ orﬂﬁgp%'toy?ﬁggp'ngP% to an absence of ubiqui none and
the presence of denethoxyubi qui none. 27. A DNA construct, which conprises
an al teratioBOof ntiTke:mutanbeialaims28, Whergin s8Il SUPIRCE 1S &WPHRt r ument al i n

producing a nouse ntlkl knockout strain of claim26. 28. A ES cell line
which is mcamabl e ahephoidutoigaimoda)wheoie saiddnutaohisrsietsicteyl o éee knock- out

f el ki ;
%3 the | phen o?Jlgg of YdlnEpeifitiba ity PO BRiffeds WRIRRD WA I GHo§pA02/ 01230

an absence sence of
denet hoxyubi anﬁm opgSH I}i\%%qS@PﬂH%n%HEGBf‘g gﬂ(ﬁﬂggﬁ %W@ng% e of
producing ulgHpigasne; wherein nutation is a deletion of cog-3 or a
del etion of a ubiquinone biosynthetic enzyne and/or any ot her gene which

when alteredgy, A method of screening for a compound suitable for complete or
partial functional ubiquinone or demethoxyubiquinone replacement, which
comprises the step of determining a mutant phenotype in a subject in
which a ubiquinone biosynthetic enzyme gene and/or any gene whose
alteration leads to an absence or reduction of ubiquinone or
demethoxyubiquinone is altered; wherein said subject is treated with said
compound prior to said determining; and wherein level of phenotype is
_indicative of a compound suitable for complete or partial functional
ubiquinone or demethoxyubiquinone replacement.

33. The method of claim 32, wherein said subject is a worm.

34. A method for reducing and/or increasing ubiquinone level in a
multicellular subject, which comprises the step of targeting cog-3 in said
subject.

35. A method of screening for a genetic suppressor of clk-1, which

comprises the step of determining at least one phenotype selected from
the group consisting of viability, fertility and total or partial absence of a
~ Clk-1 mutant phenotype of clk-7 mutant worm grown on ubiquinone-
depleted substrate; wherein said worm carries said genetic suppressor
prior to said determining; and wherein said at least one phenotype
selected from the group consisting of viability, fertility and total or partial



| eads to absence or reduction of ubiquinone. 30. The nutant of claim 29
wherein said subject is a worm 31. The mutant of claim 30, wherein saia
mut ant i sweaebect3esdl fromthe group of wormidentified usi RgTRGR2p1230ETr S

sel ected fromthe group consisting eB4SHP172, SHP1773, SHP1774, SHP1775
SHP1840 and SHP1865. 32. A nethod of screening for a conpound suitable 1"or
conplete or partial functional ubiquinone or demethoxyubiqui none

repl acenent, which conprises the step of determ ning a mutant phenotype in
a subj ect i nabsshtehofa salei diikriomeutbintophendigne gs eindigativgyedicaa@eMeic any gene
whose al te_rsq}dpp&slopgplglkgo an absence or reduction of ubiquinone or

denet hoxyubiquinone s altfered; wherein said subject is treated with said

conmpound i t idd 1 Nj ng; s i : i
il cat ve of-a compBRAtPagH B BRT 26, Woal are Rl gD AbKET | ©
ubi qui none othedgnuap heonsisting WinBKE 14| AeselR-16.3BMB3e GRENBE3H?: cl ai m 32,

wherein said j ectd 4. ; : -
Ubi qui nong lJec\%cf%i,. UG08 WoIRyod4. KopRi(BeM1BRr redped(YE7ANMEAY), i ncreasing

_ ina mifti ct, which conprises the step of
targeting co§O32PRIVe a ﬁgéé%w?’%/%%%t hod of screening for a gengti c
suppressor of clk-1, which conprises the step of determ ning at |east one
phenot ype seBzct ed Themethorkofamupneceimiainsiddgwherain s@if|Becieraf@sd | ity and

;?g\% 8;} Eglr Huj@sltigﬁhﬁ%gcléaé?tz orfe oﬂg%gnés t@blé@t@tj fpdre rthé yyveumiconsikting ofut ant wor m
_ - e ulstr. . LG ;S d wormcarries said
genetic suppﬂé’ggof’gmpr”%& %b?jé'é)l"g Lg)élfq’e ﬁ?mbﬁégh&;h wherein said at |east
one phenotype selected fromthe group consistj] nqNof viability, fertility
and total or3®arti alfheonetiod1aBa3y me/ eiAGRIMY 25 h%’ﬁ'“aﬁ%'gnl?:aéxﬁfa said dk-1

mJt ﬁn; ppenloéé{rﬂ@siaﬂé ldeatlonatdriee pfasmidieseitdted frouppiregmop aohsistitg of 36. The
rethod ot ¢ Séﬁ‘@%m%ﬁAPRééw,mﬁpu@sm.se' ected from

39. A method of screening for a genetic suppressor of cog-3, which
comprises the step of determining at least one phenotype selected from
the group consisting of viability, fertility and total or partial absence of a
mutant phenotype of cog-3 mutant worms; wherein said worm carries said

~ genetic suppressor prior to said determining; and wherein said at least one
phenotype selected from the group consisting of viability, fertility and total
or partial absence of said mutant phenotype is indicative of a genetic
suppressor of cog-3.

40. A method of screening for a compound suitable for complete or
partial functional ubiquinone replacement, which comprises the step of
determining a mutant phenotype of a subject in which mclk? is deleted only
in a subset of cells and/or periods of the life cycle, wherein said subject is
treated with said compound prior to said determining; and wherein level of
said phenotype is indicative of a compound suitable for complete or partial
functional ubiquinone replacement.

41. The method of any one of claims 1-25, 32 and 35-40, wherein
said compounds are useful in treating a disease selected from the group
consisting of reactive oxygen species (ROS) mediated disease, diabetes,



the group consisting of RKP1452, AN66, |S-16, DML23, GDI, DC349, JC349,
JC7623, JF496, K0229(pSN18), K0229(Y37A/ Y38A), K0229(R321 V), and

K0229( Y3MOR3214383 . 37. The nmethod of any one of clains 3PCTWh@r@i230 sai d
bacteria has a nutation in at |east o¥e of genes selected fromthe group
consi sting of ubi CA ubiD, ubiX ubiB, ubiG ubiH ubiE ubiF and ispB.

38. The nethod of any one of clains 35, wherein said bacteria carries at

| east one of the plasm ds selected fromthe group consisting of pSN 18,
Y37A/ Y38A, R3Impoxa/reeydyB3atarRBRuryy PaBdnson'sretseage obribeioselaras Ao¢ a genetic
suppr essor ofasnar's Wikgée. conprises the step of determning at | east one
phenotype selected from the group consisting of viability, fertility and
total or partial absence of a nutant phenotype of cog-3 nutant worns;
wherein said wormcarries said genetic suppressor prior to said

determ ning; and wherein said at | east one phenotype selected fromthe
group consisting of viability, fertility and total or partial absence of
said nutant phenotype is indicative of a genetic suppressor of cog-3. 40.
A nmet hod of screening for a conpound suitable for conplete or partial
functional ubi qui none replacenent, which conprises the step of determning
a nut ant phenotype of a subject in which nclkl is deleted only in a subset
of cells and/or periods of the life cycle, wherein said subject is treated
wi th said conmpound prior to said determ ning; and wherein |level of said
phenotype is indicative of a conmpound suitable for conplete or partial
functional ubi qui none replacenent. 41. The nethod of any one of clains
1-25, 32 and 35-40, wherein said conpounds are useful in treating a

di sease selected fromthe group consisting of reactive oxygen species
(ROS) nedi ated di sease, di abetes, WO 03/014383 PCT/ CA02/ 01230 - 35.
hypoxi a/ r eoxygenation injury, Parkinson's disease, artherosclerosis and

Al zhei ner' s di sease.



