\L/J\!B?I (()g:j{ %EB%EFT%:?EI%* moo 90 c¢ PCT/ CA02/ 01230 PHENOTYPI C EFFECTS OF

. NCl ES AND METHODS OF SCREENI NG % ~of _the
Invention 5 (a) Field of the | ' | S inventio %E@%%@g QD
phenot ypi ¢ WO088t43830f ubi qui nolmrmﬂwmm ” mi es and met hodsP@HCAROLEA| ng

thereof. (b) Description of PI’IOI’* uinone (UQ, and its reduced form
ubiquinol,. is a prenylated 10 beri¥®6§tti none/ol lipid and is the major site
of production of reactive oxygen species (ROS). It is a co-factor in the

m tochondri al  r espHEN®FYPIEEFFECTESF BIQUINCRETERICIBNGIESIAND he activity

of Conplex | and Conplex |yeTADS OKISOREENING THERBEOF vity of Conplex I11.
During these processes, ubisem quinone species are fornmed, which are

unstabl e and generate 15 superoxide. Furthernore, ubiquinone/ubiquinol is a
redox-active cofactor of other enzyne systens that produce RCS, for

exanpl e the pl ESEE rrer@rtqﬁe! NAE{EAH oxi dor educt ases, as well as the

: ysotspmal grclg b ‘ transport chains. In all these
ocations ~can_be roduced during redox reactions involving

ubi qui none/ Bbi &) el of e INYBNEBRIi ti on, ubi qui none is a ubi quitous nat ural

anti-oxi dant, whose presence in biological nmenbranes helps to detoxify ROS
produced by eftisgeneniionpeloteade she phenslypioaifecinhekubiauinens quic@,qgi_es Y

Unfortunately, odb@tethods ofRbi@ehingfeerésis very poor penetration Into cells, In
particular into sub- cellular organelles. 25 Reactive oxygen species have

been i npl i cat eq,] HoMPEIPAPrBHARN di seases, including, but not
excl usi vely, di'abetes | shi kawa et al ., (2000). Nature, 404, 787-790;

Brownl ee (2001),.Nature 6 , (}31582@ , dh i al Lﬁ;%fyg@r@t',@n Leiury (Li et
1., (2 _ big e educe j&f enat hraRylhfepury
?2001; : Og .2)1IQbiA b@élﬂ%’é&%ggng %Eéﬁajor%%?ﬁfég%%ct%%f’reaLc%\S/g gifg%net al .,

species (ROS). It is a co-factor in the mitochondrial respiratory 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 reactiong 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, 135-1 59),
Parkinson's (Betarbet et al, (2002). Bioessays 24, 308-318),
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30 1089; Cuzzocrea et al (2001). Pharm [ [
089; - . col ogi cal Reviews 53, 1, 135-
Ezci:_rr}q nson's (Betarbet et al., (2002). Bioessays 24, 308-318) V\D 03/ 0%4512)83
CA02/ 01230 -2 atherosclerosis atherosclerosis (Lusis, ;

ﬁg)?i\/blzggijlzgs:zp,onglg_ds; Al zh$i rrerz' s di sease, (Butterfield et all’.c‘l%g@%}n&\j?’: g::lgs
_ Medi cine, 7, 12, 548-554;“Tabner et al. 2002) Free i

Bi ol ogy & Medicine, 32, 11, 1076-1083, 2002). 5 The gege cl %(-1 01? Fﬁgl cal
nemat ode Caenorhabditis el egans affects many physiol ogical rates

i ncludin ' - : .
g O et oot YE L G AOEERs, aor s b or
| ocal izes to maizbelwerdr idiseasen d(Buttarfields &foab(29dls T{@dtethl 8}%‘?}3 Ir(r)]t ;ihﬁt
Coa7p, whi cff ool 720188 SsheTatrniot il (2002)\Grai0Rsloak HEkGKI S, cl k-1
(o801 ke LT TREPTORCAIRL ot VRS o R T
2001). J Biol Ch - 0 i o o
m toc%ondri ] thﬁ?gq%ﬂZ;ngﬂr?rgcﬁF? %éﬁg%gael(l ?/{haggfgé ;e% gﬁnéba‘%f[&isl iRy
Bi ol Chem 276, pRydidogial(rates, indudiog epbryasice? nwtnewéwewﬁ%e@%m'a?éf he )
o ﬁgg;ﬂbfaﬂ?hr%ﬁ@ieﬁehabiaét RfbdUCHEEaNdife apivaruie 1 enaudes i &agmino
U® (M yadera, aqd %rp{e?rpv%ga)( V@z‘fgt}oljﬁl@fq ﬁdg%eéﬂgma@ﬁsehérﬁolb sSiortheesi s of
; y : That Josaiieey “oP CRem 276, 7713- i
evi dence suggeseastt pentein| &oa7pe e Hag hean ﬁw%i?”t%%ée gnﬁgﬁz@ 5 ot
fla-sbi Ei??é?roi f] bﬁﬁé?lhth@Qi%mofﬂH Xas lalsoEbeen| showbMB8 bes neseesany BUNQi n 20
oA DNQé’I‘ SShitt egb(ln%rg%s%@g%\_/%k fah,gze{fcm ).brod NaMBsad 8tieUthan98 (8.
7 ochonty o 4wt o SRy T) PACHAALT AT a1
(1999). Enbo J ekflirely 2Bnd@pmanitbcbéndriatrisiiesh tremagh-& l@m%%,ﬁ.é o al o
:: . E 2?&13’:1 . JCE(E)iI a@_gl(’ﬁgqgnﬂéiﬁl, CHef 376) 7TMB@) (theleubsaript eafers tagelengtho be 25
function as'® CQTETF‘SCE%BPre?'Bib §9e\émébgi8§1y@r§§ﬁ§ugﬁ£§¥M&onwwmmmaw can
poorly, from codmheihoxyub'(qmn?a@éDMQngh@h i, q!rn Qrg{gg ef:i% !%:Egrrtlll%ﬁé;m zggre
7713-8). | nter e, @liyaderd)] . BVER, (2000).edeliol Cheml 276 hFES-@) 1RSSR | el es
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, DMQs 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 DMQz can
function as a co-factor for electron transport from complex | and, more
poorly, from bomplex Il (Miyadera, H. et al., (2001). J Biol Chem 276,
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 clk-1 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).



i rrespective of the severity of their effect on physiol ogical rates, which
30 suggests that the lack of UQ cannot solely account for the k-1

phenotype (Myadera, H et al., (2001). J Biol Chem 276, 7713-%
Recent |y, iwolea814s3en found that clk-1_nutants are unabl ePFJ/(Eﬁ” 2h a

UQ deficient bacterial strain in spité36f the presence and the activity of
DM® (Jonassen, T. et al.,(2001). Proc Natl Acad Sci US A 98, 421-6). WO
03/ 014383 PCT/ CA02/01230 -3 Although, dietary UQ is generally not capable

to reach mtochondria, this has been interpr o tthigt DM 1S

i nsuf fici ent f/tithondn.rﬂietawpo'érQGHQFPFyaFOtf?ﬂ?@ﬁ'?géﬁg%é\rg@lq&?ﬁgflaéttg?y bact eri al

UGB can reach fidaebedn tistelpetdd it supgestuthet iRMQe e riesyfticientfob NSt s

(Jonassen, T. rﬁg%qh%n@]ial’ RO - aridr Bt NeéthryAbactefiali UTBAc8 reagh1thg) . 1t woul d

be highly desirable tTo be provided wt a MZaj | geh, Mhemot ypi c

effects of UQ'B@?QWPQ’#%i%?pQWt'%ﬁEé\Jﬁi nn‘ q%‘géh%)'(t?gmtj%r&"lloggsrrpounds that can

af fect the mctaly{2091)oPrad NatlAcasi$@ U § 8198428  deficiencies in .

mul ticellular organisnms. 10 Summary of the Invention In accqr dantce with the

present i nvent jopodilese tighipraesiraliel ta betprovided withe cBaRCREZFOP &' conpound

al | ow ng sur vi é’t?éno?Jgg§%c MBRZ VB0 URfich@es anderdcedenitge neethedsosor whi ch

conprises the ep breedin terozy | kl_1suhdiBetelidve Ol ai n cl ki
Py St oI R o g0 of Al HRUBE Lol

honobzygous mnut e@THP viability of clkl honbzygous
enbryos; wher egefickinclesds muttivellddr arganisniat er ozygous subject is treated with
t he conpound prior to the breeding; and wherein viable enbryos are

i ndicative4gf @u widhelinventiog survival of clkl honbzygous enbryos. The
met hod in accordance wth a preferred enbodi nent of the present 20
i nvention, wherein the subject is a nouse et hoddéd adasmbdance with a
preferred enbodn @EPArdIACE Wth Eﬁ’%?@ﬁ?nt Epﬁ%g'ﬁ?ﬁgﬁemg er ein th‘$s compound is
sui tabl e for patteeningdor accqupsauad Flowieg|ssRayal ok cké‘?fﬁ?ﬁy% endogenous
ubi qui none.  The. B RMeBryas CRRBRREAPHEdshtha gereDE bresdinantRiePAIRS of t he
Pgﬁf gnt 25 1 nvent ) BlcteBCthiR ol RofrBERRUS nuténtastibrios aid aetetiniag | east  one
15 viability of clk1 homozygous embryos; wherein at least one of 'the
heterozygous subject is treated with the compound prior to the breedl'ng:
and wherein viable embryos are indicative of a compound allowing survival
of clk1 homozygous empryos.

The method in accordance with a preferred embodiment of the present
20 ihvention. 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 witﬁ the present invention, there is provided a method of
screening for a compound suitable for rescue of mutant phenot.y;')e of -
30 mclk1 homozygous cell line, which comprises the step of determining a
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i ment of tpe nrasent AV SHENoRe imb otk rknbbieoytiemmzygeus &S 6@l | ul ar

respirati d )
t hefler ?s' EPoiPd@&E av%{églﬁgg\%g}:&l gie% '}satfef]agé g}rﬂﬁeth\éﬂ Edmphshdpasetd thenvent i on,

. een i
ool o orpemmbngsovemeremre b ees LRI o
I C conpr ,§es o : it ,
t he group cgﬁsi g%‘%ﬁf@fpa@??g?????e ?g?ﬁnla: ?f/‘m:?g@tt O[‘r@:ﬁb‘i"?ﬁ@- setestea from
of ’ , al or partial abs
of ‘a mitant pPhengliRangd i@SﬁE&g?l}'fCehﬂﬂWé%’Wedmmudimemtmf RGeS t he vior m.
one ity Sovsakes KB BREoYPE SSRGS A gy, & e
P et ty and total or arti al : ,
i ndi cative of a I@@mm% with g%%%zggfiﬁ eﬁigé,gﬁe@r" fsgﬁ(}BVinf @Of?‘ﬁmgd b
br of or rod enhodipaatar a g bl or ANVl roBoPReL: CYRIRILG i th
capabl e of 'mgﬁ éen?e%ntt u@&ﬁﬁﬁ@rﬁg in 2D sii)a ) twhioh, cathprisssnthenhgteR Bfpound i s
p reac m t ochondria jn e
assessing at leagt one phenot);p% sesfé{:?éoe%m 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;



In accordance with the present invention, there is provided a nethod for
screening for a conpound suitable for partial or conplete functional

repl acenent of ubi quinone in a subject, which conprises thg ,@Eg? 0%3030
assessi ng aWQ ®&43438yne phenot ype sel ect gd fromthe group c QYA g of
viability, fertility and total or partial absence of a C k-1 phenotype of a
cl k-1 honobzygous nutant worm grown on ubi qui none-depl eted substrate; WO
03/ 014383 PCT/ CA02/ 01230 -5 wherein the wormis treated with the conpound

prior to the assessing; and  wherei. t |eas ; ted from
the group consivereig therwerpis tr\‘??'fﬂi"l"{]ht@? CP@P?'IE'HO&;E/) r%@@%s%‘:a mc?r?laﬁgrti al
absence of sai dyHaréin bt fHasharieypleriotypei selictest fram tog oUP SOPFIEING LU abl e for
partial or compjahie ififyl sHadotal Sorl @lidcasente of salbiCluiinpmanofypetihe subj ect .
The nmethod in accordance with a rgf ‘?e{bﬁ?q prsgé@g;l &N EorRpletd quritigga Nt

i nvention, wherBfiFAtVReOL B GAUMRINE. Jd[i71°€T d' substrate 15 a non- ubi qui none
producer badt erreplacathentioubigdinone adbepeRiekle with anot her enbodi ment of the
present 10 invention, wherein the ubiquinone-depleted subhstrate is a-
bacteria produrtienmettuidaioi acoordahes Mith & presercach emeodimgnt 8? h%{_ﬁs'?ti sopr ene
units.  The metfohiof GGEHAAESBIoRe ABpleteer subshutdisramonadiaunongr esent

i nventi on, V\/nerela Séo. ound is capable of reaching at | east non-
m tochondri al sRPEYCcEHPA S'ir'%ui none requirenment in the subject. 15 The net hod

in accordance with a preferred enbodipent of th i.n ion,

wherein the bacT'éQif&etﬁgd Jr| ascpregnes i ﬁB°‘§ProL‘? %8%%?]2{}%%{60?%%‘(%1452,

ANG6, | S- 1640 DMhdehtiofDlwhebEB4the JbBinoneciepieted j[upsicate €2 RIHNIFs) |

KO229( Y37A/ Y38ﬁ%rodtﬁ93$86i5ﬁ§3n\éhavﬁ@dsidé§&?&%%w R3A B isgprer@Ounitse met hod i n
a pre

accordance wt erred enbodinment of the present invention, wherein

the bacteria hazhgfrggtsﬂ@gn%cp@hﬁiﬁgm PBfhep ondAaRFentsef &Rt prbsenom t he

PSpE. The met hotveniatc et dae SOTROMG % capal, oL pdiird, at abEnohL T ST
25 i nvention, Wwhgbehohdtislsiteaot ehiquinarerrenwiemant indhe sURieE- of the pl asni ds
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, JCT7623, 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, ubifF, 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.



selected fromthe group consisting of pSN18, Y37A/Y38A, R321 V, Y37A/R321
V. The nmethod in accordance wth a preferred enbodi nent of the present

i nvention, wherein the functional replacenent of ubiquinone is. for 30
function of Wbe¢#438dne as co-factor of %}K—l. WO 03/014383P§%§fﬁ%55ﬁ01230
-6 In accordance with the present invention, there is provided a nethod for
screeni ng a conpound capabl e of inhibiting activity of clk-1 and/or other
processes required to nake ubi qui none from denet hoxyubi qui none in a

subj ect, which conprises th elRalop ; notype 5
sel ected from t RGP cﬁﬁ‘ﬁgitﬁé i%ﬁeg@%& ﬂ?%rgi{?ﬁ‘hf,ﬂef%frﬁrlo{nt@ éétgnrg&tﬁgf)?? orylo
partial absencscredning @ cempoyRe Fapaie of ihibiting ?‘Ej'y'ttWB{ec%ﬂr‘?ﬂd()‘?{ Albi qui none-
depl et ed subst r goBsssebaequired: faemaky Obigsinone foeddemehoxyubiqeiepein@ prior to
t he determ ning; .an i I 0 Berfot t he
group consi sti nﬂ’bé‘?cq'twglﬁ %E‘@%ﬁﬂﬁ@%‘?b@%%ﬁn@h I%\l/(\f&ﬁ’{ i%g nrf ng}
fertility 106 ansele@edfropy theagroup congisting fo’wg‘aif '@Y and 1 E.ﬁro?ypes i s

i ndi cative of aabsepopinal Gllapaieactypes ohiabwid-typeawenyionya dPiagiNRla- and/ or

ot her pr Ocessesde;ﬂ&gaisDSQratté’, WS tHal visHhTie e afed avihdeaedmpoyndiprigntonone in a

subject. In accor ce Wth the pres i ' | ided a

metjhod of scre I&%empmg; 85‘2]%‘8??&1 gﬂf agﬁféﬁé‘#:hrgﬂ%%%%lg gb;&)rfﬂahp}’lj\&f al

functional 15 giuuguionsistng eblotel empartial apsepre @b 9iebseRee gt tartl

det ermi ni ng4@ MYH@REtaP BERAkEPabtnce of shideClk-1 phedutydesnis|ikdicativel/afra a kn\(,)mvm )

ubi qui none bi osynt het] Lgene | . Eegene e
9 al tored | 8%@@0@9 g%g?ﬂé' %Flrﬁ’l%ﬁ\g Sctilfey ©F Sk-RRAGRF oBidY prddested '

when _ sence or reducti OB] of ubi.qui non%u wherein the
subject is trerasirediq make ubigdRons fieM gemginoxyuigHingne il A SURIEy - “and wher ei n
| evel of 20 the phenotype is indicative of a conpound 'éﬁ%t abl e (ioi conpl ete
or partial funti acomatiandsi with Henereseninvestiem therenis RievidRsyaiMPRRY 8F dance
with a preferredceehagi fRd cmpolsd puRsttatfor icowpidte cor, partialr Binatianak subj ect
s a muse. £ CBiguinghd repRicelBit (@idn dRfbribds MY idh B determinifg) £t ed or
any gene codfng BHNANR 'SR BN guj none |olanté1/et|3(genz¥l§i§ iggn@ i's
dei et ed and/ or amyanstahenciype of asHRIRCh iR aRichyPelst 8R0/PRE FEOVY WAL or
reduction of ubibpsyrthetic 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 ubiguinone 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 ubiguinone. '

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

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

melk1; wherein the mouse expresses the phenotype related to an absence
30 of ubiquinone and the presence of demethoxyubiquinone.

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



I n accordance with the present invention, there is provided a nouse which
i's incapabl e of produci ng ubi qui none and conprising a gene knock-out of

ncl kl; wherein the nouse expresses the phenotype related to _an %25 ce 30
of ubi qui nOMW® ¢¥d438he presence of denetppgyubiquinone. In BEEGH %g W th
the present invention, there is provided a DNA construct, which conprises
an alteration of ntlkl; wherein the DNA WO 03/014383 PCT/ CA02/ 01230 -7
construct is instrunental in producing a nouse nt!kl knockout strain of

the present invent itr%?g' iﬁégstgﬁ%ﬁgﬁgcp%aﬂch@b% heRE SREIE KhERKRDE stfdin of here is

. provi ded an ES €@M ' i ncapabl e of produci ng ubi qui none and
conpri sing a gethe pregarikinventiait of nctl kl; wherein the ES cell |ine expresses
t he phenotype related to an absence of ubiqui none and the presence of

denet hoxyubi qui mpaecordamcacdtbritiepeasent inventing, thewesis providasean E§rﬁe"ﬂ'ﬂ%r eis
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ubi qui none; ere|n nutation i - of a
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| eads to absenc@n@bsensgrfubSHinene apg thpRRLHTES 05; ﬁ%m PRYHPIGUNCN o1 dance wi t h

a preferred enbodi ment of the present invention, wherein the subject is a
worm The nut antin atcondanceddihdbe wrasenbingerdipar ther ie prRyifiedeh€oh? MURNM pr esent

1o ynvention, WGHELLABSiTHERHbIE & ;ﬁsam{ge.cbicémmet aeegimptatibnwa m

identified i J f 1 i f SHP172,
SHpL773, - SHpLy7 AUelpel e o LR Sk BlgbiS of IR R BT |
present invetti amy other genes whichy When alterast lgags ¢p absepes 9f HEMLP" £’ conpound

suitable for compiptener partial functional 20 ubiquinone or
denet hoxyubi qui none repl acenent, which conprises the step of determ ning a

mut ant phenot ypel’ﬂe”mﬂﬁﬁwm @eboriancthivith saprefin@di erabedimbhef tiiehpresentenzy e
gene and/or any ﬁ\?ﬁrl]\ﬁ se .altte?r@tlcgﬁ+ﬁ&q1s to an absence or reduction of
ubi qui none or déd o35 rﬂﬁiq?o B Yered:  wherein the subject is
treated with the conpound prior, to the determ.ning; . 1 | evel of
phenotype i 3 | ncTTEaTuigE dn SEOTApE M SPeRiy yigpodiient BF o Bt
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.



conplete or partial functional ubiquinone or denethoxyubiqui none

repl acenent. In accordance with the present invention, there is provided a
nmet hod for reducing and/or increasing ubiquinone level in_a multicellular
subj ect, 3vowswsssonpri ses the step of. targeting cog-3 i RCFVR& A %ct. wo
03/ 014383 PCT/ CA02/ 01230 -8 In accordafice with the present invention,

there is provided a nethod of screening for a genetic suppressor of clk-1,
whi ch conpri.ses the step of determ ning at | east one phenotype sel ected

fromthe group consisting of . viabiljt fertil arti al
absence of a CllIR-accRigansh Wﬁhé%?ﬁ?@nto'f’%"@ﬁkihf#éqL%/%'ﬁ?igg%%t ﬁ'a'etl‘f?)g:lv\ﬁ on
ubi qui none- depl sreshirzator er genetiolsappressar 198 clhnb WHIGHEINRISES eg i ¢
SuppT Sss oL Y | fgﬁ]etér?niﬁilfi& af| a8l %&bﬁéﬁo}&y@@che%ﬁdeﬁdm traet gﬂoerasmnffs*mo@fe notype
sel ected fromthe qrouf, consi n : ’ ota
or partial abs e‘ﬁ%@'ﬂ&ffeg'ﬂﬁy@"%t‘%?flor%ﬁ%%g%%%gFé lc;l(la‘$ ?’rsn ”téfﬁﬁ?‘b ac%t%e//e @ﬁ;f a
geneti c suppf eselbr! mtapt worms Q@‘M"nO'aé'EGHkﬂ'aﬁ%'Qe&gtPﬂ hegierigy g@grﬁ{n I hvent i on,
there I's provi degmicambsar ginetic sugressog pfiarto dheydetemminingupist wBeEIN of cog- 3,
whi ch conpri ses, 6. SheRrBhotyHE SEIBIER féfn o dras bordibing o il iaksiltge! ect ed
ReT-st] g of waE@i

f n g ; i erti o
absence of o ity Aaridey Be patter aheerke o it Glsf fidint PhErote KL 1

carries the genimticativeugfe genetic syppressot of cllsTt he det ermi ni ng; and wherein the
at | east one phenotype selected fromthe group consisting of viability,

fertility ang tpf abcopdanedithathe alvesent invehtioraitioere risipeavidegha mathesk of s
i ndi cati ve of a _genet] -Ber.3l i dtép bh t
oS50 S BRI Sl ngcongnasetw dap by coen

i nvention, ther of .screeni f a sui tabl e
for conplete or determinig atleast PR® RNEN %%‘?'ﬁ‘g‘?‘ﬁﬁﬂ@qﬁ% F‘{auc?e(r:r@r%{g,ﬂ R%fjch
conprises the stigpilityf fetityeand toiat gr pantiak ahsengshefomyiss B‘fe@t@?o?fé?é’ﬂ"i n which
Cycl e, aher et DI R o natatctid e L e

det er mi ni ng15andeARIFE; "@eﬂ?@l‘f’ﬁ?@ﬁ%n Ié%%{on%hl s 4 nd] cog%di f\eém(;?: a
conpound sui t abigeupoconsisting of yiagility, fertl “&lanﬂu% iobRg[ia ?és%’ﬁq i fione

repl acenent . Thengitheendtypeis antickting of ageretia spprrbesor eficegrBodi ment of the
pr esent :

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, hypoxia/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



i nvention, wherein the conpounds are useful in treating a di sease sel ected
fromthe group consisting of reactive oxygen species (ROS) nedi at ed

di sease, di abetes, hypoxi a/reoxygenation injury, Parkinson! /e ‘ngﬂqgs%
art her oscl emss039143838 Al zhei ner's di sease, I n the present a ‘?)T 2 the

t erm "ubi qui none-depl eted substrate” is “intended to mean a substrate being
not produci ng ubi qui none or being producing ubi qui none W th side-chains
too short to be effective. An WD 03/ 014383 PCT/ CA02/ 01230 -9 exanpl e of

what will be COI’ISI der egdﬁ%%, uly smehéb El?}lﬂ@n&ﬁ@bvﬂﬁ sidachalmeriéo sheért be

effective woul d®f

or,t soprene
units. Brief deﬁtrhep?fféﬁw@fw?wg l?ﬁ' H&Bo 8 Vil 41'?*1%? s%ﬁ%egh?ﬁeé)coq 3
gene and its delsbiepe unitscoqg- 3(qmi88); Figs. OA-E illustrate the t arget ed
di sruption of the nmouse ntlkl gene; Fig. 3 illustrates the severe

devel opnent al d@r@dbgc@éﬂ oﬂﬂb%ﬁéwlﬁEFr yos; Figs. 4A-Cillustrate the
generati on of X allele nalysis by Southern blot on neonycin
resistant cl JIQIItJ:s'trg%eggig §r§d ﬂg@e@mﬁ@b%ggr@fsam 3 proteins

fromdlfferet C|es - Fi gs illustrate the Mis

muscul us genomni f I ID NGO 15
Fi gsu g A?]E il g%{%]@ﬁ%t%\ﬁgﬁ%tgrgc %ﬂ%{)‘%{fgéslgag%n@gkf ﬁﬁrﬁjt ant 15 )

k k-out all el f | k-1 (Ex

| ower case) ( SEQH lg%m@strfeas theAgee %"e";é’"}f?%' Al i e dn i efiroe ® 1 0
ncl kl f10X all el Ex bol d, | od LAl f t

i nsert ed uﬁde(ral ﬁ"rlmf;l ‘)fgglﬂlqgtrﬂﬁgl@ 92%; aﬁﬁéfl‘ Enceg%@rx: B q‘%?ﬂ%ﬁ%\lﬁ g'?g\r/nézti on

20 1 n accor dancesgiitidin bive op hesmndin remsmntclonest here is provided
characterization of phenotypic effects of -ubi qui none deficiencies in

mul ticel | ul afp or ns ﬁl[I‘s‘trateéJﬂie%Unibéﬂgon 6f 0©QE3 prutying GomQliffereeyspesies
devel opnent and 6§ §|6bj rrut ants are incapable of conpleting,
devel opnent vvhe h bi G coil mutant strain (Jonassen, T. et

, (2001) . Pr OCF.Q'S"" te %—%dlllﬁgtlratg 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 1D NO: 21)

Detailed description of the invention

20 In accordance with the present invention, there is provided characterization
of phenotypic effects of ubiguinone 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 fwo steps of the UQ biosynthesis pathway, and ubiG
mutants do not produce any UQ. Tests were performed to verify whether



25 S A 98, 421-6), which produces no ubiquinone (UQ. The ubi G gene product
is required at two steps of the UQ biosynthesis pathway, and ubi G nutants
do not produce any UQ Tests were perforned to verify wheth _@ X@g%{ 014383
PCT/ CA02/ 0193103/014383 t hi s growt h phenotyaﬁ resulted froma 1§§ & oxicity
of the ubiGstrain (GD1) for clk-1 nmutdnts, or fromthe absence of UQ For
this purpose, a systematic anal ysis of the grom h of clk-1 nmutant worns on
a variety of E. coli mutants that are defective for UQ bi osynthesis (ubi

nmutants) was 5 conducted Ni.ne E rdt as
participating i ﬁ" Wﬁﬂ 88 t¥ﬁaesfe§”ﬁel41h°r%ng¥6@ﬁf r‘%%bf%?%ﬂéjgﬂﬁ éwcept t he
first one, ubi C(GDWfDCnIkr mgtants, @blfré"b 83 §‘Pﬁ§tee°f 2 PH e%zyme in
the pathway is gjdiématiceamdiysisasrthe igeoweh ubcm.nmmanawormswsatvaéetvsvbsr enoi d

side chain 10 the; ghl10NE LAIahHCRNDIURIIG HidbyRnes! bl Fisersdwes enzymes

are grouped in F'egor | es:

ses.
nonooxygenas8s GG’EﬁLBted MQ—IE 6l B)2YMes a?‘ﬁegﬁé’ ?P%ﬁ@%é E%srh’c%%%)]%,' ubi E) .
Standard pr ocedwGebiosymtitesisu3bey arerallraemianebountt exerrhtire fietfnes WoiEx cept  t hat

b?}e dNEM p! at es . wﬁ%tlé'angﬁuﬂe %ho/ﬁﬂﬁé’téme Tﬁl? Fbxt éﬁzg’/met inethe atmayds of
eficient strai i ous
bacterial strai € Pfgamf?"ﬁf%’aﬁ%ﬁﬁf %ﬁ?&‘é@ tﬂg%gf—er@d %Eg@ﬁ aﬂﬁogﬁ%d on a
pl at e cont ai ni nguinhee riagt (8 Nty imE. coi H0F Qe tRWAPY FR YRS Mhis step
ensures t hatygno 85 Gatdtfiber iecarisuxyRIBes 405/DN ubkX),pmeseonygenasese(ub&st pl at e.
L1 Tarvae that LBl GBI, bt BRass (GA8D mes&a@aﬁ prdceduree a fresh

pl ate, and the

am ne t he
bacterial strai mereisieed for bacierab aRei W ¢ tuqeébpéce_lp l%]tgt% Q%Whaa'ggt he three
cl k-1 mutant st reh@amedrn.5 % glatose, tf minicizethezevarsigntof U@-d%’wﬁ'f faiihese genes

was exam ned (Taﬁl aluble e G&RIdD rﬁieﬂof%ﬁﬁg o kb RShAvEeHRI besins,iateltt i fi ed:
gnB80 and qrrBI tatlve nul

' itest a point
nut ation in ¥he f@rrraa&hm@fﬁfrew%{ﬁcf’?h gpﬁ e%lc%rgglogltl vg‘ait %hﬁ E{' enptype. VO
03/ 014383 PCT/ CARifetia2 fflowing1standaid metpgds. This step ensures tha

bacteria contamination 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 gm57, which
are putative nulls, and e2579, which carries a point mutation in the clk-1
gene and displays a relatively milder phenotype.



?5:1145'[2 AN66 1S-16 DM 123 GD1 DC349 AN/O JC7623A4-1 JF496 Table | E.
strains used Genotype ura KnR, Mibi CA :KnR thr-1 | euB6 00410 ubi X

derived fromthe THU strain RML734 yigR : i G
_ yi gR : Kan ubi G :Kan F c8
acdAl  Hir M MIHBR ubi E-401  JCT7623, pbi E:: KanR ubi PRt

was found that on all the bacterial ubi (rmut an [
_ _ t) strains tested,
garvae 5 fromthe wild-type strain N2 are capablé of conpleting -
evel opnment to adulthood and these adults have a brood-size of
aEEESXIHBtely 320, which is siml Lol their brood size on. ubi + bacteria
( ) (Table 2). This indicates ndogenously synthesized UQ is

sufficient to maintain a wldg i ] '
. golkstrhipadispde, wit hout a requirenment
dietary UQ A nunber of 10 worm nutants that are not khows ?0 be invor Sred

oV

in UQ synthesis (dpyst@in eat 2,Genaly i i i
and a nunber of strad ik I.n?l e liaveﬁatrmthg\r/]tesng?af 2

SRSttt —er—C TR PIETTOT YPE
been fully charact erP2%) wer ?8xanined. In

. . . . no case was the growth of the
nut ants i mpai red on pigb1452 bactemf aubicAdmtrast, all three clgk-l mut ant s

behave identically on npst
ANG6 thr-1 leuB6 ubiD410

" 15-16 ubiX, derived from the THU strain
DM123 RM1734 yigR::Kan
GD1 ubiG::Kan
DC349 FadR mel adhC81 acdA1
ANT0 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-1 mutants.



15 ubi - bacterial strains tested: they develop very slowy, or not at all,
and produce no progeny (Table 2). However, the clk-1 nmutants can devel op
and produce sone progeny on ubi D, ubi X and ubi H nutant strains, which are
poi Nt Mut anwe (3BT ng T esi dual - amount 5, of ubi qui none (arBMEARAIED o { he
wild type). Thus, the relatively | ow | el2r's of bacteri al uxe are 20
sufficient'to allow for the growh of clk-1 nutants. WD 03/014383

PCT/ CA02/ 01230 -12 Table 2 Gowth and brood-size anal ysis of wild-type and
cik worms on ubi + and ubi - bacterigahgp4W!d type) clk-1 nmutants

Strai nGenotype Growth Progeny G owt hPl_"U'gm'S{ OP50ubj + + 323 16, +gnB0: 94
12 gnb1: 8310 e25wthand btosuksizesmabysizoiwid-typgandek WorRReX UP'D" + 313 16
+gnB0: 82 5 qmbl: 93 6 e2519' 182ambubisbastAsiax + 336 8 +gnBO: 96 11
gnbl: 83 10 e2519:1648 DMI23ubi B KQ + 312 25 0§ HBi-EKE—~+—314515 -0

33 .
DC3490N + 329 16 +gnB0: 105 6 Ngn@YidyRe)e 2519 AGEM R S7623ubi E KO + 313 4

-0 J F496ubiF + 330 4 -0 WO OS?W%WQMS IS
sensitive to ubBHaiNnone GenelPE hFRWENL Hgedeny

OP50 ubi + + 323+x16 + qm30: 94 £ 12
qm51:83+£10
e2519: 177 +4

RKP1452 ubiCAKO +. 331+37 - 0

ANG66 ubiD + 313+16 + qm30: 825
qgmb51. 9316
€2519: 182+ 26

IS-16 ubiX + 33618 + qm30: 96 + 11
qm51. 8310
e2519: 164+ 8

DM123 ubiBKO  + 312+25 - 0

GD1 ubiGKO + 31515 - 0

DC349 ubiH + 320t16 + gm30: 105+ 6
gm51: 90+ 3

©2519: 168 + 11
JC7623 ubiEKO  + 3134 - 0

JF496 ubiF + ' 3304 - 0




Ubi qui none (UQ is conposed of a quinone ring and an isoprenoid chain,
whose length is species-specific. There are 9 isoprene repeats in C
elegans, 8 in E. coli, and 6 in S. cerevisiae. In manmals o bd3s@nd 5
UQ o are deW®d4BEhe subscript refers 440 the length of. th;e I Soprenoi d
side chain). UQlo is the major UQ species present In humans, while UQ® is
predom nant in mce and rats (Dallner, G and Sindelar, P. J. (2000). Free
Radi ¢ Biol Med 29, 285-94). The differential tissue distribution of U@ and

fle%ahfcpéiei?”tNEf’e%@a@%g@%"@‘ﬁﬁﬁg‘"gﬁ?%E*.‘Lnﬁ"r'é'“?%'i%ﬂePd. Stribution in

o g%y o3 vy s AR B SRR oo g,

Li ver 1312114255wh§s¢<|lmqilyns@ﬁpe@tesﬁpacﬂw BFhare 7€ o3 430PtenesfeRaaim 4y
Lung17210. 51811 ¢leghrs,ta eEL ¢8R AnddhindS. dérevisieadntmarniats; boh ¥Qd@ndhain is

control | ed bgggﬁk?/ glafaené{étec%eggfﬂgpﬂﬁg&l refors Y fh'éaréﬁg?ﬁh oirth%ﬁﬁopﬁ‘@r?dfd@i%ear e

encoded by e ave een c one

i ncluding S. ceﬁB@*ﬂ‘aﬂg@m('édﬁP majas s epgpies P H’thﬂeaygf’ SE coi |
(i spB: oct apr enpteddinjirar i atice ayhtatsa@s)iner, aqanézl‘ﬁmmﬂﬂlcheJ (@eg3urgeus (sdsA:

Z?L‘é‘”iﬁél nd: 223 ugoPMB %S &5 QIPTﬁt\!%fﬁé‘?érﬁlaFMUéWBLﬂaﬁ%f gbtg )

- I'n e Wor ns
was mani pul at ed U é‘x%’@ ig@ﬁmai}@? Oél ﬁﬂé%ﬁ%fgd%@b%@% -14 to
an E. coli rot arlRads:tBlaAMeo\Be,rZBSt% original ispa gene is knocked-out, and

repl aced by different versions of ispBTclz)ilr r3i ed on rescuing plasmds. The
able

Ubiquinone tissue distribution in rat and human

Rat Human__
UQe UQgp UQiUQg UQe UQipp UQeUQo
vg/g  pg/g (%) Hg/lg  Hg/g (%)
tissue tissue . tissue tissue

Heart 202 17 8 3 114 25
Liver 131 21 14 2 55 35
Kidney n.d n.d - 3 67 45
Brain 37 19 - 34 1 13 7
Spleen 23 9 28 1 25 4
Lung 17 2 10.5 1 8 11
Intestine 51 19 27 n.d nd -

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



i spa version dictates the side-chain |Iength of the bacterially-manufactured
UQ N2 (Bristol) was used as wld-type strain, and analyzed clk 1(gnB0), 5
cl k-1(gnbl), clk-1(e2519) and daf-2(el370) nutants strains. The enot ypes
of the bactwa®mlo1483 ai ns used are descri bed in Table 4. Th%CTlﬁf%?éo Bs
encodi ng nmutant versions of ispB are deséibed in Table 5. Table 6 is
providing the results obtained frombrood size neasurenents. The entire
progeny of 10 wornms was counted and the experinent was 10 performed tw ce.

Tabl e 4 Genotypes of the bacterial, strains e effect
of UQ sl de- chaithan Engqlﬂn'éﬁpbﬁw'w%ﬁe "eo'ﬂ%#aﬁsgﬁ% é@%ﬁﬁ&dﬁgé’oﬂ s"zagt ory
col l ection KO22éplacadbby. dlﬁmentxar@mnetome caredyon reswaaéw € (1997).

Journal of bact ggj B%?ﬂan dittiles fhe SKASEARDRAGMQT B Bastamymrxmb@lzso - 15

Table 5 P d SN18
ATDr . encodes MB@’S i % ggﬁ‘f SFR”"H@B&* rg’ﬂqoé”é’ggaw’v@mg’s Arpr |
encodes a YB8A dtat(@mb1) ecl-ta @TQ)Eandccﬂaf fes?a g { o?tat'j@ M

Ref erence prodyepetypss gf e bbkierial shaivbausdd amel descllbed*qn KeibleUds Thg;q; Kai nou
et al., 2001 **plasmlds encoding mutant versions of ispB are described in Table 5.
Table 6 is providing the results obtained from brood size measurements.
The entire progeny of 10 worms was counted and the experiment was

10 performed twice.

Table 4 )

Genotypes of the bacterial strains used In the study of the effect of
uUQ slde-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



R321 V Ampr, encodes a nutant version of E. coil |spB gene Y37A/ Anpr,
encodes a R321 V nutant version of E. coil ispB gene UQ UQ/, UQ Kai nou

et al., 2001 UQ® UQ7, UXB Kainou et al., 2001 * Ckada etP@ll/ 8) g?).
Journal of WAdB&I438I ogy, 179, 9, 3058-3060 ** Kal nou et al TCVEABETF’ The

Journal of Biological Chemistry 276, 11,°7876-7883 Table 6 5 ' Brood-size

anal ysis N2cl k-1cl k-1cl k 1ldaf-2 (gnB0) (gnbl) (e2519) (el370) OP50 (UB) 240,
28294, 108112, 121158, 181254, 228 pSN18

(UQ) 266, 246107, 10294, 117170, 193249, 24p1e3y A Y38A255, 2910,

00, 0149, 178266, 237 (UQ7) 236, 2580, 00- 082, 93218 259 R321V (UQB)
Y37ANRB21 V247, 2730, 00, 095Pingmids epcading yprsjo ]‘%§6’él4383 PCT/ CA02/ 01230
-16 Gowh rate on various bacterial strains Post-enbryonic growth of the
worms on the vagrious, bactgrj ins valmihet Uae! Refredoeat ed. |t was
observed t hat ﬁ%‘aﬁrﬁ'ﬁi daf-gﬁérrg{:tgﬁi irg@gr ow g&céijmdradudeat es on all bacterial

strains. Howev B —utants tad 5 Simlar grokédaétate on OP50
and K0229(pSN1893,Nﬁ;t @%ﬁ%ﬁ%}%&#ed by S-SLm&ays on the ofhgeomtrai ns. Al so,
psula

t he post-enbryonic dech L s ¢! k-

homolog (sdsA)

Y37A/ Amp', encodes a uQz UQsg, UQs Kainou ef*

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

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

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

R321V  mutant version of E. . 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
(qm30) (qm51) (02519)  (e1370)

OP50 (UQs) 240,282 94,108 112,121 158,181 254, 228
pSN18 (UQe) 266,246 107,102 04,117 170,193 249, 264

Y37A/Y38A 255, 291 0,0 0,0 149,178 266, 237
(UQy)
R321V (UQs) 236, 258 0,0 0,0 82, 93 218, 259

Y37A/R321V 247,273 0,0 0,0 95, 101 241, 229
(UQs) '
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Thus, these experiments revealed a prot Qs in C el egans that is sensiiive
t o ubi qui none side-chain |length as indicated by the behaviour of clk-1
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i nappropriate chain length severely alters developnent and fertil ity in
gnB80 and ni | di Grawthrete an varipus Haé%"l'é".r observation that clk-1(e2519)
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whose honol qguegay?»s?r( Gos3m(R5TAVESA) ahavisy B ataysxorersO220(R32Har aed eri zed in

the yeast S. ¢ \n E. coil, res '
: . , pectively. The enzyne acts at
two different )he5| s and neither UQ nor DMQ i s %roduced in

the yeast WD 03/014383 PCT/ CA02/0123 -1 jal /
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and mildly or not at ali in 62579.

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

20 ubiquinone synthesis. One can also infer that the 2579 mutation does not
greatly affect this additional function or functions of CLK-1. However, these
processes are ubiquinone-dependent as clk-1(e2519) 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



part of an operon, conprising the gdi-1 gene and the NADH ubi qui

oxi dor educt ase gene. cog-3 contains fivegpredicted exons. Thqugrg?son in
cog- 3(qmL88) renoves 2456 bp (SEQ ID NO 7), and thus elim nates

and 4 (SEQ WO @30%#3831 and 8), and prevents any functional p'r’%jflg‘i‘??m%’%to be
produced. To verify the genotype of cog- 2 PCR anal ysis was perforned, and
used sets of priners whose primng regions are either outside of the &oq-3
gene, or inside the region corresponding to the deletion obtained in the

gnil88 mutation. To check the presge f
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-appr oxi mat el y 2bito bmneTs%;cogmzmxeeqmemm:m&ﬁl@cﬂwm?@fQ%gsH 18 sone

progeny (5-10 eggs) bh@tcATTRSTECOAGABETCTCTTEPTGTACE) (SERIR KO 9),

SHP 1773 (5'-AGCATTCCCGAGATGATGCACTCC‘I‘I‘GAGG -3') (SEQ ID

NO: 10), SHP 1774 (5'-TAGCGACTCTCAGCGACAAGCTTAACC-S')

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 1D 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 cog-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 cog-3/cog-3 mutants.

Self-fertilizing cog-3(qm188)/+ hermaphrodites produce % of homozygous
coq-3(qm188)/cogq-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



thereafter. For brood-size neasurenents, the entire progeny of 20 worns
was counted. These observations indicate a partial nmaternal rescue effect

of cog-3 honobzygotes by the heterozygous nothers, as the phce,ﬁr)gk(?%izsgf 5 the
first honozy@oni®i4géher ati on (sl ow devel_qgr_rent to adulthoo,dlj eSS severe
than that of the second honbzygous generation (arrest at the L1 stage). UQ
provided to the enbryo by the nother or to maternal deposits of cog-3 nMRNA
or protein.can provide the nmaternal effect. It is also observed that the

brood size of heterozygous - -4 0 185 64;
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i ndeed due to tIhosyoipegisdel eti on. However, the extrachronosomal array

carrying the cog-3 and rol -6 sequences is 30 incapable of producing a
strong nat er nal Taf dsvettainithatdbel pbsriviesk phenetypes reraolely Wuee the PHENQR  ay

(pﬂenoi ypi CaI:S: y iﬁé I 5 Bg&-)di deﬁté.ulﬂé gérbﬁﬁd ﬂrdgrﬁémtmorré‘qidmdm todhe }I/_Wircgtyphe array
of genes. fom R AP G oo el ot Ko Wprysdisdtng 48, B8 0° O
' transformation marker by germline transformation. The micro-injection
procedure was followed to generate standard extrachromosomal arrays. A
PCR fragment (50 ng/pL) comprising the cog-3 genomic sequence was
20 injected to assay for rescue. pRF4 plasmid (120 ng/uL) was used as a co-
injection marker to screen for transgenic worms. coq3/dpy-4 worms were
utilized for injection since cog-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



-19 sonmetines silenced and is poor in the C. elegans gernline. The
observation of a maternal effect indicates that the nother deposits an
essential product in the oocytes (UQ and/or cog-3 nRNA). In J} ase,
proper exprwssid®msi coq-3 in the gerrril e IS necessary fo‘Fq’h‘g E)ﬁs@

The | ethal phenotype of cog- 3 nutants mgl cates that dietary UQis not
sufficient for the gromth and devel opment of worms. This is consistent with
findings in other systens that indi cate that dietary UQ cannot reach the
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feeding on ubiF mutants Indeed uQ blosyn¥heSIs in u iF 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 DMQg 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
DMQ, is much more severe than that of clk-1 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



a side-chain |length shorter than 8 isoprene units [
cannot functionall
03/ 014383 PCT/ CA02/ 01230 -20 replace endogenous U@, while dietary {JQ\!\D
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conpounds can ber ketilitgl Amtion of dietary UQ at non-mitochondri%l sitsels could u%gér?yetpmg for such
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 cog-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.



their ability to rescue selectively the
sel phenot ypes of coq-3 or clk-1
mutants grown on UQ deficient bacteria or not. For exanple, conpounds that

can reach the mtochondria, should rescue the phenotype of
, t .
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fragrrent cont ai ni ng part of the exon Il and the exon IIl was renoved from

pL5 by Stul/Bant ty
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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 Bgill, 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 germiine 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 (-/-) mctk1 mice. Figs. 2 A, C and D display the maps of the
wild-type mclk1 locus and of the targeting vector, where black boxes

I ntegrations in
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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 melk1 (-/-) 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.



detected were in the process of being resorbed. The honoz

al so showed a devel opnental delay that is clearly evi dentyg§u3a$ng.r¥0f)ost
coitum (E9.5) (Fig. 3). The nmutant is dramatically smaller_ ¢ to the
Wi | d-type |'wottepmas®e. WO 03/ 014383 PCT/ GA02/ 01230 -23 Tab‘TCér(?gP@ﬁzg?ype

di stribution fromntl kl heterozygous crOsses Stage Total E8.5 74 E 9.5 85
E10.5 181 E 11.5 137 E 12.5 66 +/ +#+l--1-n.d. 18(24% 40(54% 14( 19%2
23(57 9% 48(56 % 12(14 9% 2 50(28% 114(63% 16(9% 3 35(26% 84+2* (63 % 12+1*
(9 /<)2+1 * 8(12 % 41+2* (65 % 2+2* (6 Pablg20* Newborn 81 26 (32% 55 (68 %

0O n.d.: not determ ned E I.n I

e of enb
was determ ned by PCIQ%?Q(RFQ%%&HH"PM?" ﬁ‘gul%g %out g?ﬁésyp blottin ryg:
described in et—ere-ysts—of—total Tt 1.5 enoryo RN%\

showed t hat the armunt of ntl Kkl RNA wa
het er ozygous : : s [gduced b gopr OXi rw&ely bgo%. n

detected in ntlKkl I-) enbryos Fg r bIo

t I
total RNA 10 |eveéE 85in t 74sued8i@dMnci és ép%y\gn ﬁq?éng} e an P?o?/nsgslifS
ncl kI +/+, +/- and -1- littermates. The expression |level of coxl, a -
mht ochondrially megeodedggubuntephs)cyt agh(serme) oxi das@4 (gonpl e 1V), is
shown as one of the controls. The expression |evel of coxl gives a good

ﬁ?fﬁrefnorol E)[lg P61 Y1807 ey @abiyve piwgehw)yl attso9in) a giden tissue.
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nd. 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 meclki 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 biot analyses of total RNA
10 levels in tissues from mclk? +/+ and +/- mice and from E 11.5 mclk1 +/+,
+- and -/- litermates. The expression level of cox1, a mitochondrially
encoded subunit of cytochrome oxidase (complex V), 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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and applied to an&ghGutHViatigdt 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 & ODS2, C-18, 5 ym, 4.6 x 250 mm). The mobile phase was

25 methanol/ethanol (70/30, v/v) with a flow rate of 2 mi/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 Bio/
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 comresponds to UQq. The quinone profile of heterozygous mclk?
(+/-) embryos is identical to that of the wild type. The amount of UQy and
UQqo were similar in wild-type and heterozygous embryos (Table 8).
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of neither U VQL0 was observed In ntlkl (- /-) enbryos (Table 8).
These nut ant senbryos i nstead exhi bitedrggs or peak eluting 0.46 m nutes
earlier than U@ , which fits the criteria for bein DMX®. Table 8 Quinone
content of ES cells and erfipeae Sﬁﬂ‘iﬁf‘%"{iﬁﬁﬂ?ﬁ)@“@ﬁﬁﬁ% S ES cells ESL (+1+)
ES2 (+/-) ES7 (ol D00l 0t a—iH—rere—typre—BE—tQe—ut0 (ng/ ny

protein)(ng/nmg protein)(ng/ng prc}%tiﬁémtype

UQo

le  Genotype DMQ UQs .
Sample enotyp (ng/mg prgtein) (ng/mg protein)  (ng/mg protein)

Embryos
4 ND 126.7 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 melk1 (-/-) ES cell

line (ES 7).

As in the case of the clk-1 mutants in C. elegans, the DMQ produced in
' 45  melk1 mutants appears fo be sufficient for the maintenance of a relatively
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temporal l'y clgnt Es.%lnlaf%d(el.(d]%g%ts ngrafﬂeproteins), the full UQ deficiency of mcik1
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. melk1™* 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 intraduced 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 c/k7 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), EcoRI (E), Hindlll (H), Sacl (S),
Swal (W), Xhol (X). Following transfection of ES cells, homologous
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al lele fol l ows. Lkl o o 1oxP site (3-CCG GAG CTA GCG AGC TCG GAA TAA CTT
CGT ATA ATG TAT GCT ATA CGA AGT TAT GGC GAA TT-5) (SEQ ID
20 NO: 11) was introduced into a Bsep! 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 Hindll-Xhol targeting
vector fragment. Homologous recombinants were identified by Southern
blot hybridization. Genomic DNA was digested with Bgfll, 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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honol ogous  §@cogbadipfitions o kife INeertionl feldwing on geperalither pascigep BETES _
contal ni ng the fﬁg%itioﬁeﬁ%”ﬂ%{ﬁg%gg%ﬂedepghﬁfﬁgreﬁmhé leehediséBsitelatt er with 2

M gancycl ovir. vivin re ana ut her, ot »..Genom ¢c
DNA was 5 di gest@me Wit %aew'i\,maﬁ\&??m 9{9é¥°|3d‘f" B t%Fttﬂ_ev%&emeerml pr obe
flanki ng 3'regingentoh pértainsrandt asgmayceoapplsicto Xhe | egseatigteisdiesnhi | e t he
| nvention has bﬁ&ginﬁ% EQ86HH. anf @8 GRS ANtheiscbps pithe Bippendedivizinsrent s
thereof, it wl e understood that it is capable of further nodifications
and this application Is intended to cover any variations, uses, 10 or
adaptations of the invention followi ng, in general, the principles of the

i nvention and including such departures fromthe present disclosure as



come wWithin known or customary practice within the art to which the

i nvention pertains and as may be applied to the essential features

her ei nbefore set forth, and as follows in the scope of the_ appended clains.
WO 03/ 014389 HEMIEAD2/ 01230 - 29 WHAT | §oCLAIMED IS 1. - RCHet¥000r
screening for a conpound all ow ng surviv 3 of clkl honobzygous mut ant
vertebrate enbryos, which conprises the step of breeding heterozygous clkl
subjects to obtain clkl honmbzygous nmutant enbryos and determ ning

viability of clm@gbryos wherein at |east one of said

het er ozygous su wi th said conmpound prior to said breeding;

and wherein viable enbryos are indicative of a conpound allow ng survival

of clkl hom)zygous enba yesthod2of éﬂmmm;fmd ainpobad aildyingiseviiahofs™d enbryo

is a nouse. £91§ Dé’%ﬁéntcbé}lémaﬂte 84, "wivah GoRpRBesI Rk istepstf t abl e for
eding

partial or corrp trh%@ﬁ'pa c@@ n?}tc?éﬁans OSoé@ﬁ”ﬁlﬁ??@&%gyé@s%tﬁﬂeast40nl:he

met hod of cl ai nPECARE
route sel ected embryoslasd geterpiningriabsity ﬁfgcllﬂthsn%nygoq%ﬂmmo
i ntravenous, i nigagP&id dfxarPeterdoU 30BjetSS treated wath, saimd:ormimndmhpr and

transder mal r ou q sabigrﬁegg@gté}n%qwﬁér? EQT%@‘érﬂQIHBQEreE}n f’ﬂp@‘é‘f‘g c\?ﬁn‘poﬁm e for

rescue of nuta ich conprises
the step of deekgwingpynyval ofGKARPMBRINEEPARTYAF a ntl kI knockout cel | Iine,
wherein cell line is treated with said conpound prior to said determ ning,
and wherein the2l evel Tie matmdmﬁehmmypwm@lmaﬁldiembrw& dMOES&onmpound
suitable for rescue. 6. A nethod of screening for a conpound suitable for
partial or conglete fmmtriemmi off épihad ewhereino$aic cdmpewwlits siifablei fabne, whi ch

conpri ses the Shefapls difh é‘?d?l'cf%af"e@\-ﬁc@ﬁ%n%@&d&%ub'&bﬁumﬁh@ knock- out

honobzygous ES c er el n sal line iS treated with said

conpound prior {0 sai dyfiet af dB(}frE%lmaiquH@?éﬁ%ble doﬁ%;%hpms ﬂls@P@d‘Otype I's

indicative of a Corrpoun suita ete tu ctl onal
repl acenent of b¥iajupamirRne route selected from the group consisting of oral, ftra-

muscular, intravenous, intraperitoneal, subcutaneous, topical, mtra_dermal,
and transdermal route.

5. A method of screening for a compound suitable for rescue of
mutant phenotype of mclk? homozygous cell line, which comprises the
step of determining a mutant phenotype in a mcik7 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 determmlng a mutant phenotype in a mclk1 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, whereln said' phenotype is cellular
respiration and/or growth rate.



7. The nethod of claim6, wherein said, phenotype is cellular respiration
and/or growh rate. WO 03/014383 PCT/ CA02/ 01230 -30 8. A nethod of
screening for a conpound suitable for partial or conplete functiaonal

repl acenent W 039438&i none i n a subj ect, ﬁfni ch conprises tReVst@Pipy
assessing at |east one phenotype sel ect'g “fromthe group consisting of
viability, fertility, and total or partial absence of a nutant phenotype
of a cog-3 honobzygous mutant wornm wherein said wormis treated with said

conpound prior fo said,assessing: . an r.ej ' henot ype
sel ected from tﬁ'e grouﬁ Tﬁfﬁgiﬁgﬁ'&egﬁgaggsi +%%&ﬁhgs$@%?l{aﬁtaﬁbgﬁ E?gt al o)r/Io
partial absencecahplste dumatieait repiasanepbofi ybianapeatinve syied und :
Sg! Ej abl g_ f0[ pge&m ise@rthsewplcgbese‘sgmgtaitmt onee pherotyperselested fodrn g none i n
said subject. 9, e Glal " ej i NEHeRes | apabl e of
reaching m t ochBTdPi %On%ﬁlsgggi?g Vé%&gjﬁk/ége.ﬁllly\g%g ir?%t‘?\gﬂ rgérl.s r geni0$ a?fgr a
conpound sui t abMetandPheaptypa of cog-GnhreZY 9Py Ayt awor%mlclgaigpre of
ubi qui none i n awskhjie treatediwithhsaicccomppound priohép said @sedssings 88¢ whgreil | east
one fgfgftgpepzeéiacﬁ& ast 6@%3@@@%'@}?&@%&{1% @gupﬁongiathldebinifyerti lity

, . - o zygous
nut ant worm gro "@Y\ ag i?(?ef@i %ﬂ?éqa?agﬁ%%é)&%@Qﬁt‘%ﬁf%@énﬁg& 'gﬁﬁdé%?g@v%?m i's
treated with saptiaccompound spitable fortpartiaion camplede F%?'O%ae%%”ﬁ ofaid at
| east one phenoyligaindR BFéadisdbjestn the group consisting of viability,
fertility and total or partial absence of said k-1 phenotype is

i ndi cative of agCOMPOURfeSHithePLE R 80Wheteth safd cormyaungtis capatiié iodnal

repl acenent of ubi quinone,in,said subject. 11. The nethod of claim 10,

\Q/her ei n said ub?ﬁﬁ H'@HE'I?F@BF%Hsa@Lf’HéFPtate i s a non-ubi qui none producer
acteria. 12. The nethod of claim 10, wherein said, ubiqui pone-depl et ed
substrate is a Bleteri & Wﬁ@déphﬁmﬁﬁ‘i"ﬁ%iﬂ?{oﬂé’oﬂ‘gwrﬁﬂgSg'#a%ge- Ecﬁaﬁaﬁtéa?gﬁorter
than 8 i soprene complete flBctiohak remadementf ot lubiqunbde Wher slhieshi Whisbnpound i s

fgpﬁf"r e of r ea%Bh@ﬂsé’é eSSy ofRBedEinPaNess thalphehdtpse Sdledtbl eruinthae

g ment in Sé?éup 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.



subject. WO 03/014383 PCT/ CA02/ 01230 -31 14. The nmethod of an

claims 10 and 13, wherein said bacteria is selected fromtheag?/oﬁge °
consi sting of RKP1452, AN66, |S-16, DML23, GD1l, DC349, JC349, JC7623
JF496, KO229(QuBIIBP3  K0229( Y37A/ Y38A),, K0229( R321V), and PCT/CA02/01230
KO229( Y37A/ R321V). 15. The nethod of any one of clainms 10, 13 and 14
wherein said bacteria has a nutation in at | east one of genes sel eci ed
fromthe group consisting of ubi CA ubiD, ubiX ubiB, ubiG ubiH ubikE,

ubi F, and ispB. 16. The nethod of any on f. claj = i i

bacteria carriéé-at | Ji’?t "ﬁﬂ’l?%o?fr 2 OB?agnﬁalglssipe@ﬂdégs'f gvﬁeljet g%re{)ﬁ:on sald

consi sting of [aiEBia i¥3ekctegsirom tEpgroyp coBsiingaafRKP 1402, %@" 'iﬂod of any

?gre gf . ﬁlngf[ ﬁnm. vépnei pcsabd Jomue, i Qoab23,r eff4a6e MikQ228(pSNBYjui none i s
_ . L . met hod for

;(r:gggg!sgg ?ega' i @yaé{ggg’gt@z%ﬁﬁ%ﬁ?ﬁﬁagga%ﬁ%N%?Z1wk1 and/ or ot her

( equire o _make ubi qyi none from. d i Qul j
subj ect, which Genpri d¢ 'ﬁ‘ﬁ@°§?‘§ﬁ'”¥f°"edgtcéar"mﬁﬁaggﬁmrﬁdagwegﬁ@%a dgngt ype
; glr te;:; ledaL ; gnmctegattgegiadﬁs #(;t ggﬁah;)n ingat dsfast gneak genesesalaqted ffomrhe QH%pUeEI or
c S Psisfin [CRNEMOL HPe ubfB, UBIGYIUbH, UbSE) ibifhand (spB
ubi qui none- depl é)t e‘g substrate; wherein sai {?Mvmr m i fp t,rlit;a)Zt egpvmat h said

conmpound pri or sai drfgt LR 0. i
sel ected from tﬁée? ar OuTﬂgorﬁé'ﬂlﬁggiéggargﬂBHe whesahs ab, heast wherdn garnot ype

I f.total or I
absence of ferthadqrip Geyes cﬁta'F’a%rg}‘f’ant hﬁ P%SE‘&?@%‘%#‘@%Jf%ﬁﬁ%%lﬁghgggmgés
is indicative ofonsistiogpbp®ii1e: MeTBNS88F R3RAVLYITAB3ALY-i vity of clk-1 and/ or
other processes required to nake ubiquinone from de methoxyubiqui none in
a Eubj ect. 19. fthe nethgimethodl afiany bBe ofblaines 10-46. whwbincﬁﬂim%n@m%l eted
substrate 1s 2 ARBAALANLIORGURBRALIRE aHasier of ubRinoRbesithetdr of ol ai m

18, wherein sai none- de substrate is a bac i i
;W . . . teria producin
ubi qui none havi @Kl de- chai ns shorter than 8 isoprene units. P )

18. A method for screening a compound capable of inhibiting activity
of clk-1 andlor 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 andlor 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.



WO 03/ 014383 PCT/ CA02/ 01230 -32 21. The nethod of claim 18, wherein said
bacteria is selected from the group consisting of RKP1452, AN66, |S-16,
DML23, GD1, DC349, JC349, JCr623, JF496. 22. The met hod of any one of
claims 18, WOMBOI4I8kai d bacteria has a__nutation in at | eaRET/eMRE30gene
selected fromthe group consisting of -385i CA, ubi D, ubi X, ubiB, ubiG ubiH,
ubi E and ubi F. 23. The nethod of any one of clains 18 and 22, wherein said

bacteria carries at |east one of the plasm ds selected fromthe group
consisting of pSN 18, _Y37A/ Y38

R321 V, Y37A/ R321.V. . d of
screeni ng for 1corrpoﬁrh‘éi”§3'i‘9daérl ¢y 8, Wierjir said fact Er'gi‘égpé“egﬁ{:o | onal
ubi qui none r eplc groept conststing of AP 14585 ANBS, §3-86 BM128eCRIWiRFHG: a nut ant
phenotype of a syl egizebs Jaggh ncl kl and/or a known ubi qui none
bi osynthetic enzyne gene is del eted and/or any other gene which when

altered | eads %Q_ abseqﬁgn%%%p%giroﬂggpaai | B WRBRM saidBaételidhssa d subj ect

is treated with“said conpo sal det er m ni ng; rein | evel
of said phenot ypéation immat leash oee of ogne égﬁﬁ%r'fﬁm%gti’? ;e F%n%%g%%&t e or
partial functi apAA, wbil)wbidowbiB, ubisl, abithrebiE anglbiFfhe met hod of cl ai m 24,
wherein said subject is a nouse, ES cell line, or any cell line in which

mcl kI is del et ed or amyegnBthodosh agy bre of cldimewts winidg22,nehereli saignt het i ¢
enzyne gene is gggﬂeﬁée%ﬁ%g{aprleagp)réget@gﬁe d¥efdttathfbmatreegedp | eads to

absence or red “OT ur no I s incapabl e of
produci ng ubi q@Phﬁﬂ@%@Smgnﬁ?Wﬁ@“'aR e 2 20Ut of nclkl; wherein
sai d nouse expresses the phenotype related to an absence of biguinone and
the presence of24. demetthorihediafscresniag fora comppundcgiitable fer ‘,’O'WH&EH’ conpri ses

an al teration Otz flhctionAhesigiiRorsa repldobient natiichucompesesn iiter steprefal i n
producing a oy '-k% o aCEuARI M viffich AfoikPalforcgl | | i ne
which is i ncapé%?emg "T Fo@@%ﬁ‘ﬁ’“&l&?fﬁi‘?ﬁﬁgﬁe %ﬁd& lgqni]%al sidpog v e knock- out
of nclkl; wher &naws d4bipguingnedpiesynthetic ggmg%%e is dele : an : y.

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 mcik1 is deleted or any gene coding fora
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 mclk1; 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 mclk?
knockout strain of claim 26.

28. A ES cell line which is incapable of producing ubiquinone and
comprising a gene knock-out of mclk1; whereln said ES cell line expresses



WO 03/014383 PCT/ CA02/ 01230 -33 the phenotype related to an absence of

ubi qui none and the presence of denethoxyubi qui none. 29. A cog-3 nutant
subj ect which is incapable of producing ubiquinone; wherein nutation is a
del eti on of WR034383 3 del etion of a %quU|none bi osynt hBtT/EARMIAte

and/ or any ot her gene which when alteré€ | eads to absence or reduction of
ubi qui none. 30. The nmutant of claim29, wherein said subject is a worm 31.
The nutant of clain130 mherein said nutant is selected fromthe group of

vvormidentifie ri [s. S8l € MareSsHasicst i ng of
SHP172, SHP1773" & Bhphiing gt 35 2n Bepie o Uil fnreseits oL 0e O
screeni ng for denmﬂmmu@lqwnomebl e for conplete or partial functional

ubi qui none or denet hoxyubi qui none repl acement, which conprises the step of
deternining a ragt ant phesogtd prauiant ssubjeb} edtich ris iNeaRaPle efbiPFrAVEBEe

bi osynt heti ¢ ewqm\&%“%h@% Ghutdlibh BeAYelkion &f dgtEbata dsleliadsat o an
absence or reduct

n of . ubi none or er ed,;
wherein said sy lwoniesblqstyg ?jeWrYf‘}? wﬁggﬁgomoggﬂfﬁbﬁgwteg%g%g
det er mi ni ng; arieadsHorabsendecoreedustiop REHRIAUIES: s | ndi cative of a conpound
suitable for conplete or partial functional ubiquinone or
demet hoxyubi quiztone r dffleanetaraf cle® 29 TWeereiptsaisksubiect ISA P82, wherein said
subject is a worm 34. A nethod for reducing and/ or increasing ubi qui none
level In a mljqcell utrRrmetabi @fQilalmVﬂoi whereinrsaid matant issetectad from ther get i ng

3 i i
g?qcl kI 2 S\F;\lllnl cr&g@%rﬁr\f’% '?‘ﬁ“'ﬁ&é OpCR Chiitfets Nsbidciéd droaf MR gfoupuppr essor

sel ected from eansising b %‘dﬁﬂ%t&ﬁé" %ﬁ'&g ﬁ:"' 'ﬁ.ﬁ:@??‘ M Qagﬁaarﬁgfgft ﬁfe

partial absencesEdpP1865.Cl k-1 mut ant phenotype of clk-1 nutant worm grown on
ubi qui none- depl eted substrate; wherein said wormcarries said genetic
suppressor prigg to sRibused 6f sor&edrivg foratomipeurd suitshiedfoatcomplets orone

phenotype sel eCtrF o fun&fghglhl?m&jlr?&% GodhethdxybiQlindh Ripiddeynent, &ridnl i ty and

total or partiaf
P 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
ubiguinone 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 suppreséor 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 sald 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



WO 03/ 014383 PCT/ CA02/ 01230 -34 absence of said Ok-1 nutant phenotype is
I ndi cative of a genetic suppressor of clk-1. 36. The nethod of claim 35,
wherein said bacteria is selected from the group consisting of RKP1452,
ANG6, | S- 16WOMMPPE83 GDI, DC349, JC349,_,JC7623, JF496, KO AR89
K0229( Y37A/ Y38A), KO0229(R321 V), and'ﬁ6229(Y37A/ R321 V). 37. The nethod of
any one of clains 35, wherein said bacteria has a nutation in at |east one
of genes selected fromthe group consisting of ubiCA ubiD, ubiX ubiB,

ubi G ubiH, ubiE OF and jspB.,h 38., The, ne d .of. olg ' 35,
wherei n sai d baRsears Lof saify E@@ a‘i"”‘aggﬁhe%#;tgﬁeoflgt'H@e%ﬁ“%s%f355 g%blat?adgfed from
t he group conssupresgoodf cllpBN 18, 'Y37A/ Y38A, R321 V, and Y37A/R321 V. 39. A
met hod of screening for a genetic suppressor of cog-3, which conprises the
step of detern@i ng aThé amsthodoofecigitme3ti wheeeirs said dasteriarie selectsd f9fbup
consi sting of ieaBidub!dbngsfid 'of IHAPABY, ARBE! 1516 PBIM1D3) GEtts OTCHMT 2

0

nmut ant phenot ype - a rng,. l,By sai £AV880s said
genetic suppreé@%‘?gvpri@}m?%' sagﬁcﬂ%t gﬁﬁzﬁgﬁgﬁ@hd vﬁ%ﬂr%’(ﬁ%sai (éj&?f | east one
phenot ype sel eKD2d9(RA2MV), emdd¢@RI(CHMRIAMIg of viability, fertility and
total or partial absence of said mutant phenotype is indicative of a
genetic suppreggsor ofhé aftibd df@nyAneef tiaidhsEs, woersimsaid baderiahasshpound

suitabl e Tor caipliEhn%t 108 drieAr (eHiS doRRR Hith b RO capisingment, whi ch
conprises the ,eq%hof, c}e?erm ni El% a wtg&tu@pgﬁgg‘%@e of a subject in which
mel kl s del et &8IGHIUHID; URIX, UBIR, YBIE: YpiFle BPIF UL 8515 P5er i ods of the life
cycle, wherein said subject is treated with sgjd conpoun rigr.to said
det er mi ni ng; ai88. wher &ha methed off anys angy %W@%?%e Vﬁlquﬁd?ag%\%ﬁﬁtgh%f a
conmpound sui t alhgiekGit lERIBhebE ther plagmitis aklectbd riom theagroupicqusising ©f

repl acenent. 4 SN‘ligngfA,Qgng@ Y aR@3PA/RBbAY M 1-25, 32 and 35- 40,
wherein said conpounds are useful' I1n treating a disease sel ected fromthe

i abet ce, V0 030014304 PEPER BTGy 18K btk SEhioSEsH G cBh. o A< e
' 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 mcik1 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,



- 35. hypoxi al/ reoxygenation injury, Parkinson's disease, artherosclerosis
and Al zhei ner's di sease.

WO 03/014383 35 PCT/CA02/01230

hypoxia/reoxygenation injury, Parkinson's disease, artherosclerosis and
Alzheimer's disease.



