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MUTATI ON OF THE GLUTAM NYL CYCLASE GENE  The present invention rel ates
gener al | YO W% ut aninals, in 5 particul ar nouse m3&EF2HPRE a
knock-out mutation of the Quct gene. Qct (i.e. glutam nyl peptide
cyclotransferase), also terned glutam nyl cyclase (QC, EC 2.3.2.5)

catal yzes the intranol ecul ar 10 cyclization of N-term nal gl utam ne
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anmonj ' l.e j (WMo} 1.nal nghg residues
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(QC, EC 2.3.2.5) catalyzes the intranol ecul ar cyclization of N-term nal
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W H XJHemw. al. 1987 J Biol Chem 262, 8532- 8536; Fischer, W H and

Spi ess, J. 1987 Proc Natl Acad Sci US A 84, 3628-3632). For the mammali an
QC, the conversion of Gn into pdu hy Q could be shown for the precursors
of TRHRfE 25'iGFRH CBYSHYINKL HPeRLide afYChoBYansEpEpSehem 26X 5385 36:;
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of the BHATRITaHHR @Cihpayder al ¥ tien el pialr def ense agai nst

pat hogeni ¢ m croorgani sms was suggested (El Mussaoui, A et al. 35 2001
Cell Mol. Life Sci 58,  556-570). Putative (QCs frqom ot her plants re
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Were § o (RS P B0 0 ROTEE S ca IR e Tl BGy Fs by art TR el
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15 | eading-i&y- t hp. c@NcLHai @pikhat the 18y fr.qm nhant saand 8pingl § haves
di fferent evolutionary origins. EP 02 011 349.4 discloses polynucl eati des
encodi@faaﬁﬁﬁﬁz)- In” addition, initial localization experiménts of QC
revealed a co-localization with its putative products of
catalysis in bovine pituitary, further improving the suggested
30 function in peptide hormone synthesis (Bockers, T. M. et al.
1885 J Neuroendocrinol 7, 445-453) , In contrast, the
physiological function of the plant QC is less clear. In case of
the enzyme from C. papaya, a role in the plant defense against
pathogenic microorganisms was suggested (E1 Moussaoui, A. et al.
35 2001 Cell Mol Life Sci 58, 556-570). Putative QCs from other
plants were identified by sequence comparisons (Dahl, S. W. et
al.2000 Protein Expr Purif 20, 27-36). The physiological

function of these enzymes, however, is still ambiguous.



glutam nyl cyclase, as well as polypeptides encoded thereby. 20 This
application further provides host cells conprising expression vector

conpri si nB’Op@P%/‘??BH eotides of the invention. |solated pcﬂ‘%%"ﬁf’? épé‘?sand host

cells conprising insect QC are useful in nethods of screening for agents
that reduce glutam nyl cyclase activi ty2 Such agents are described as
useful as 25 pesticides. The subject natter of the present invention is
parti cul arI inthe field of ct-reLate di seases, one exanpl e of
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(Foass ya il SsLige, Diodrad95 (BLL IR 10301042 ipns M elidls

startirgpwe tdi f fedsnatetdibntibodd teror gisng AP1- 42/ 40), a gr eat het erogeneity

of N-termnally truncated forns occurs in senile plaques. Such shortened

peptides are reported to be nmore neurotoxic in vitro and to aggregate nore
rapi dl \VER ha®2 t heliul B4PeAgt Kiissdogews ERIkmuadeoridss alencgdmg BimeThem

270, 23395 Z3898) - ayctlra%cat ad ZQePEPtalsde%o@LE;%e?%Q%st Oeggogggrp[{%@gd in
earlﬁ onset fam | al (If AD) subjects (Said t al. 1995 Neuron 14,
457246650 Jmssappélcatlan 2600tRETUr PRO5L AET1- BPHE  t 6CAPPearCTRIISHA to

LS Lo R Senans (o e L e
t RUSSO, t : ur obi ol S

Teki ri artolRt4d ‘BPLAPRPIddsTy Ak Boath ot i ROUPGIoars 7HIRHSE PEnaily,

t hei r anpefil raﬁlleetlsodheo;ﬁregn:esaiimg Severagentsf thee disbase (Russoinyl et
al . gc;yé:l > ¢ Leaét %flgsﬁéﬁ @B‘E[ﬁt '%e etde%lcrl%%%f) A&eur@ﬁﬁnce &43

461- 47 i onar ransl atrona pr ocesses may further nodi fy t he
l\l—téﬁmpﬂﬁstlb‘yld%%nerl zat| on or racemnization of the aspartate at position 1
and 7 and by cyclization of glutamate at residues 3 and 11.

Pyr ogl ut amat econt ai ni ng i sofornms at position 3 [pGLu3Ap3-40/42] repr esent
the proheD&GHs magﬁﬁax.ﬂﬁt et seHB & h&TFBRAHORP ARDUMECL G L SELY he
N-trunasdethlspedi eshé n Selid eopl aguﬁs-n(d\lwﬂed Hiietaaks, 199% JeBablehent

267, 170Q082-17086, Sa at_al. 19 ron 14, 4 7-466; , C. et
o 100 e T aBe ngTex]8; RERFFTaN, AL EHOINS o %ﬁ&ésf NP pathol
ExpBMaﬂhﬂr&ﬁteﬁ%Eémw by abnormal accumulation extracellular
amyloidotic plagues closely associated with dystrophic neurones,
reactive astrocytes and microglia (Terry, R. D. and Katzman, R.
1983 Ann Neurol 14, 497-506; Glenner, G. G. and Wong, C. W. 1984
Biochem Biophys Res Comm 120, 885-890; Intagaki, S. et al. 1989
35 J Neuroimmunol 24, 173-182; Funato, H. et al. 1998 Am J Pathol
152, 983-992; 8Selkoe, D. J. 2001 Physiol Rev 81, 741-766).
Amyloid-beta (abbreviated as AR) peptides are the primary

components of senile plaques and are considered to be directly
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20, 75-79; Harigaya, Y. et al. 2000 Bi ochem Bi ophys Res Conmun 276

422-427) ‘39&09%@9 “re al so present in pre-anyloid |esi oﬁgT(qP&PQ?@%s? M et
al. 1996 J Biol Chem 271, 33623-33631)._ The accunul ati on of A8SN3(pE) 5
peptides is likely due to the structural modification that enhances
aggregation and confers resistance to nost am no-pepti dases (Saido, T. C

et al. 1995 Neuron 14, 457-466 ; Tekirian, T. L. et al. 1999 Neur.ochem
73, 158%1-"1%8@. lr‘hiéh%vPﬂElﬁ%eB?8?7?dé§ch68§rf98|S18npiO\foﬁiW' raofl‘bVHﬂt%Ns?( pE)
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pept i LR §hvBE t TSP it Ao uPORERS §HRY gI9Tal tieel Pedwd Qrds PLRd T $° Tas
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A8- peptd des an I i nhi bi t hei gr t ) by |t ured astr ies.
Shi regt altjn”l “zt altlg.g%i ?lisreesntl ga('féegllt gogeg\%ra ?ﬁn'&éc?) ({ ‘fﬁyprf%S]%Béupe&p 1.5‘3@1 in
pri mar yclegtddaby ndusers atgfsect ®d  breSiNdisimnivivsusand byt osethieyase at

constr_ttq;eedcamrﬁmu?rsfua Or HRIQLe It COITY eSBNE L Y BNAS,  Wiiggh éem]odfasi, a
potential precursor for [pGlu3]A8 by am no acid substitution _and del etion.
For oné&11%4%%/al Sprerarsdt- seartdhg WwPR & NVeerRBRal 4 uBaRi #8830 In

resi dueiddistend o ghut t@!@ﬁﬁiﬂabﬂl taipe pl@%w@%s P@@@ﬂtf@g,wi@tﬁpgnm@ew the
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a cl earagiE@Pdte t herar trafpgdlivhetpnyvitdeorf Wil Wenektout sahe s s (Fike, C.

par ti cyj ar knogk- out ggisce jahigB1CaERYna KNOCK- DM o1 84 SN, | My LS, Dbleq
gene, preferably wherein this nutation should be provided in both a
congfi ARR M&iSh P 2L skROAdi EPoREI OBRREPIEESEs 1o Sefdi ©needctiamilial AD

i _nves]E i giﬁlg‘.[i)o_l’lguﬁ§e_b@st h@arﬁice,vamcle candepot(ﬂlti aboef Néiﬁr@cu496ﬂﬁi7—4%'@,e
aimo i s inyentjion.wa vel o ckzqut mals, _i.e. mouse nodels
carryi ng 3 ton ‘ti?tt Fre 2r0t0§ gg%tdﬁqoo{(g?’ k?\ggféggl' 1%Orrf]‘?§te|a n S %'tyhearé)ct
gene, respectreeby. wStMVRE O TREWhNWENKOY cife THeS presentsi niRerstsioon C.
conpri s pELN0dSo3Ndrg0IPasl Ll 003 o O 419Na RURMLKNOEK- QUL ok BRI LI L4 Ar
mamal i an, nodel's for ctrel at ed di'seases. “Specifically, t Re present

i nvént iNgH BTl sdl horghurtam ahi il Tedder san hatT havle: a fhockl outl 38& atd on

in the Nupio@en ] resgbt i RGurB1t hesknocks ogd) of @pak1190 Anelher aspaett of
the present i nventi on conprises nethods and _conpositions for screening for
Qoct imﬁ@ﬁqqﬁ%/gbgegggg§¢851ve severity of the disease (Russo, C. &t

al. 1997 FEB3 Lett 409, 411-416; Guntert, A. et al. 2006
Neuroscience 143, 461-475) . Additional post-translational
30 processes may further modify the N-terminus by isomerization or
racemization of the aspartate at position 1 and 7 and by
cyclization of glutamate at residues 3 and 11. Pyroglutamate-
containing isoforms at position 3 [pGlu3ABS—4O/42] represent the
prominent forms -approximately 50 % of the total AR amount - of
35 the N-truncated species in senile plaques (Mori, H. et al., 1992
J Biol Chem 267, 17082-17086, Saido, T. C. et al. 1885 Neuron
14, 457-466; Russo, C. et al. 1997 FEBS Lett 409, 411-416;
Tekirian, T. L. et al. 1998 J Neuropathol Exp Neurol 57, 76-94;



Additionally, the present invention conprises nmethods and 25 conpositions
for the treatnment and/or prevention of Qoct-related di seases arti cuI arly
nmet hods aW&@WBQ tions that inhibit or pronote Qoct. ‘f Iy, it
is an object of the invention to provide an 30 ani mal, WhICh carries a Qpct
knock-out nutation. It is another object of the i nvention to provi de DNA
constructs carryi ng a Qct knock-out nmutation. 35 It is an additi onal

obj ect of he invention to, provide onstructs carryi_ng_the
knock- G994 at ¥ on Vi fkkedt o i\éBgo@U@rO%l%Wo 819(7%617/9EP ‘13%50?3'87 6
It is a fust her. obpect Babchbm Bﬁl\bphly'BOfReTsO Quindivind €@ 786 ,NCTE 2 HNin) amdrethewpdel

system_ whi ¢ carrles Qact ck- gy tatlon S . ap.addjti

obj ect %t t Ae®Pnviéhn |%ﬁtt oln é ?d%m% non Sulr%lnS arfliaIEL m%%lél cpéys mto
study t1Eo4 nJvIBWJl aﬁuemn-’ZViLt r 8316@guiBatidan - afteefdfasnmi left iQueto MBHREE) C
Lissde dopated t 48 ;we'au%bl got eﬁet { hee LOXERLLON 4OAPELULER that
non- hu |mal nmod e temto stud unction and concentrations of

10 pyr &jiha féifh‘it e- erﬁmm%@%r moieés, C%r%reﬁ%‘#hﬂ@@t ok? neneld ek ne
functi %ptﬂhﬁﬁ@se(rﬁalldwentﬂ oncpr oyi des) phairme@uféu%h cmqposasvoméef of

par o0t e STl o LRl S RLabial] gn, comprl Si1g gl eastf ¢
exci pi _ea"msiervmerprmﬁmem dcetitectfor of KGroesli dedei folfeda[mla (epipl q;qmtgldé‘@
BRI 8 DEACRTPHCN G 1T 11 GORESVELY ¢ HF LIS S anai g Cor -t hEaL And 5t Hor
aspect sfefint herguresemticHventdmh viddrags goomedyrerterencteo the and
{1 our essq N & ePFesenbol BeoLALINOMLRG: 3695 UGN o7 1 'l iRl 01 | e,
generati on Of constitutlive and con tl onal knock- out Q:p nouse II’IES
et al. 1992 J Neurochem 73, 1584-158%). Moreover, the action of
these isoforms on glial cells and the glial response to these

15 peptides are completely unknown, although activated glia 1is
strictly associated to senile plagues and might actively
contribute to the accumulation of amyloid deposits. In recent
studies the toxicity, aggregation properties and catabolism of
AR1l-42, AR1l-40, [pGlu31AR3-42, [pGlu3]AR3-40,

20 [pGlull]apl1-42 and [pGlulliaRl1-40 peptides were investigated
in neurcnal and glial cell cultures, and it was shown that
pyroglutamate modification exacerbates the toxic properties of
AR-peptides and also 1inhibkits their degradation by cultured
astrocytes. Shirotani et al. investigated the generation of

( 25 [pGlu3]AB peptides 1in primary cortical neurons infected by
Sindbis wvirus in vitro. They c¢onstructed amyloid precursor
protein complementary DNAs, which encoded a potential precursor
for [pGlu3]AB by aminc acid substitution and deletion. For one
artificial precursor starting with a N-terminal glutamine

30 residue instead of glutamate in the natural precursor, a
spontaneous conversion or an enzymatic conversion by glutaminyl
cyclase to pyroglutamate was suggested. The <cyclization
mechanism of N-terminal glutamate at position 3 in the natural
precursor of [pGluB]AB was neither determined in vitro, in situ

35 nor in vivo (Shirotani, K. et al. 2002 NeuroSci Lett 327, 25-
28) .



Dashed boxes represent exons. Solid line represents intronic sequence. LoxP
and FRT el enents are shown as triangles and are 30 indicated. Neo and DTA

boxes repWQs’@Pﬂmgf”r?@ neomnyci n positive sel ection casset t & GHFHROEPA

negative sel ection cassette, respectively. Figure 2:
Schemat i crepr esent ati onoft heQoct | ocus 35 organi zation. Diagramis not
depicted to scal e. Hat ched boxes represent exons. Solid |ine represents

chronmosqne sequence., Functionally rel evant resi dues are highlighted. WO
2009/ 0JGABYPCHREPS00S 080FBF F%Sﬁse N &PRermk | C%Pépr%nPéPgaﬁlBP t%e

t ar get ivigpaleair . aHatnehed boxepatepcademt Kpodk-exonsmibel iwhidihecaepyesents
Qoct intronic sequence.. LoxP_ a F el enents are own .as 5. differentl
orient g{dlcfcrq? aonug eénué:ﬁglgrne fﬁd?cgla gpcﬁeog%%%’ D'Pﬁegf}(;e%e@é)lryepwléggﬁ%nt ﬁtguél
neonycimutpgsian vestsellett ilon qassetdasd anich t HeotDTA megatnateitdiiest i and  a
cassett Reeti v i gure 4 egatic Lepy i e

nmur i %e l}:Cile'élene lloﬁ%?{gﬁirngsihggdﬁzggr%ﬁﬁgl?sgﬁtgtx gécpi cﬁ%%"{l%@%% ngetsO
repres eé&@ﬁ@(ﬁi@@i%‘?@m@séﬁ sthetQrelt (I8eRjuence. The approxi mat e

| ocations of the priners that were designed for the anplification of the 2

fragnents of, honpl o are represented by 15 half arrqows. The t resul ting
f r agnent¥ aqjé“&i Egﬁa éBH%ElﬁPgHF‘é 50" & & SNt BN ot 1fer
t ar get imgh skechode TONSREMEE hoN aStd@iagitutiviheo i agicamdis ik 1d e ettt

scal.e. Cl.oni.ng st ar O represented by circled nunbers and are
des%ﬁi BEH 4 A eO%frfﬁ n%)%%(a%ep ee’s.rﬁzgl%eucrte B:"¥CR i dentification of the
3' end honol ogous reconbi nati on event. 25 Solid and dotted |ines represent

Qoct intronic sequences | ocated inside and outside of the targeting vector,

respectively. Boxes represent (pct exons. FRT sites are shown as doubl e
tri anglsé-w&%&, K| Tk Nelfi®sented by triangle. Half arrows illustrate
the prinmer |ocalisation.

15 The present invention comprises methods and compositions for
non-human knock-out, in particular mammalian, models for Qpct-
related diseases. Specifically, the present invention comprises
non-human animal models that have a knock-cut mutation in the
Qpct gene, resulting in the knock-out of Qpct.

20
Another aspect of the present invention comprises methods and

compositions for screening for Qpct inhibitors/effectors.

Additionally, the present invention comprises methods and
25 compositions for the treatment and/or prevention of Qpct-related
diseases, particularly methods and compesitions that inhibit or

promete Qpct.

Accordingly, it 1is an object of the invention to provide an

30 animal, which carries a Qpct knock-out mutation.

It is another object of the invention to provide DNA constructs

carrying a Qpct knock-out mutation.

35 It 1is an additional object o©f the invention to provide DNA
constructs carrying the Qpct knock-out mutation linked to a

promoter.



30 The positive control vector will be used for the screening setting up.

The dotted Iine wthin the positive control vector represents thesgortion

of sequenWQZPWéq 19 absent in the final targeting vect oFCTER?2 é?a? :
Setting up of the 3 end PCR screening (GX1406- TOR2-H2 / GX2141- TOR2-12
primers). Lanes 1 and 12: 1 kb DNA | adder (NEBi oLabs) WO

2009/ 090190PCT/ EP2009/ 050387 8 Lane 2 to 5: 0.1, 0.5, 1 10 genoni ¢

equi val ent co ies of T p d, . Lane 6 to 9:

Ganom g VAl GHE TCsH GBI ToRD. T ISRt il |t 8P 4803 ndl%]f@%wam
DNA extarraictzeld rode viyakeon t yyel 2 G5 Hass ES gredtl SkndaitreodtD mithd: ingh

genom ¢ DNA extracted fromw | d type 1295v/Pas ES cells, Lane 11: dd H20 10

Figure 8. Setting up of the 3" integration event PCR reaction on ES cells
t r ansf €ldt edls wiahh a0 Gmakcobiectamds thandn28ntiokb Hadeerv{&EBRoLrals)

Laneg ?‘ldn%r?2anElﬁaﬁe'nlloc‘r‘épn%;rsttreﬁlns’égcts%q y tind OR2; O%; ¥§CtQyy Lape 12_L4trol

copy o -0+ vector igure 9: PCR |dent|f|cat|on of
the 5 Y& ldisitogaud Sl raf i Gr tevightSPeSol fiF diieh TR t1etP9S nes repr esent
Qpct intronic sequences | ocated 20 inside and outside of the targeting

vect or,_ respectiyvel es repr Qct exons. FRT sit s are shown as
doubl & Kt | Bhgfied UHEGRS <1 ERC G B SPeoREST IRP 175 aREP BSOS HEI 1 RF O
i |l ust ratiendlhemgdée hesgstencall sahidnsthdhéustzeonf and concentrations of

10 pyroglutamate-modified hormones, most preferably cytokine and

chemokine function.

The present invention provides pharmaceutical compositions for
parenteral, enteral or oral administration, comprising at least
15 one effector of QC opticnally in combination with customary
carriers and/or excipients, whererin said effector of QC was
identified by employing the screening methods and Qpct knock-out

animals of the present invention.
20 BRIEF DESCRIPTION OF THE FIGURES

Further understanding of these and other aspects of the present
invention will be gained by reference to the figures, which

represent the following:

Figure 1: Principle for the generation of constitutive and

conditional knock-out Qcpt mouse lines.

Dashed boxes represent exons. Solid 1line represents intronic

sequence. LoxP and FRT elements are shown as triangles and are
30 indicated. Nec and DTA boxes represent the neomycin positive

selection cassette and the DTA negative selection cassette,

respectively.

Figure 2: Schematic representation of the Qpct locus
35 organization.

Diagram 1is not depicted to scale. Hatched boxes represent

exons. Sclid line represents chromoscme sedquence. Functionally

relevant residues are highlighted.



( 25 the PCR product is given below the prinmers, as well as the restriction

profile q i fter digestion of the PCR product by Swal. Fiqure
10: Set t i n‘gbﬁ‘ﬂ&g‘gof“we 5' end PCR screening (GX2633- 30 © Trep20dotsbasy

TOR2- J2/ GX2634- TOR2-K2 priners). Lane 1: 1 kb DNA | adder (NEBi oLabs) Lane
2: 150 ng of genom c DNA extracted fron wild type 1295v/ Pas ES cells

Lane 3: 10 ng of genom c DNA extracted fromw |l d type 057BL/6 35 tail

bi opsi es Lane 4: dd H20 WO 2009/ 090190PCT/ EP2009/ 050387 9 Fi gure

11: Schematic representation of the 5 and 3' Southern blot screening for

t he homilgagmus3 r éxdrematdid arepenesyeintaSalard afhdhdottzanyd tires wesphoesent t he

i ntroni e C d A Nsi out.si f._th regi.on,
rospectiUTY SoPbeeneaPBayant, S ot subnd. Ligke iefeldtite GRO".
tri angligs;rFRT si seguaneer eprleent edngds doribl ectlemgngbes.aSmal Bhewot arg es
repr esefits ddiedt BpdoRi spubRerdy Prabess Rakevand ERetbhebhon wmid eanforpra
Sout hern bl ot screening and the correspondi ng detected fragnents are

i ndi catkS[ tFeRfRBIRE 16har FBRBYCFRePASAGE AR 58 1R6(198picASSE TG Fayl &he

Fi gur e o Seidd tivaisOfedthioo B’ cSosdhes N K GlesEeTwey Ng strategy on wil
type DNA. Lane 1 and 6: 1 Kb | adder (NEBi oLabs) 15 Lane 2: 4 pg of genomc
DNA extracted fromw | d type 129Sv/ Pas ES cells. Lane 3: 15 pg of genomc
DNA extRigntmsd 41 @ohenatity perd@SSweiieast o cebfs. the murine Qpct gene

10 cloning
The diagram is not depicted to scale. Boxes represent exons.
( Solid line represents intronic sequence. The approximate
locations of the primers that were designed for the
amplification of the 2 fragments of homology are represented by

15 half arrows. The two resulting fragments are depicted above.

Figure 5: Schematic representation of the targeting wvector

construction strategy.

The diagram 1is not depicted t¢ scale. Cloning steps are
20 represented by circled numbers and are described in the working

examples.

Figure 6: PCR identification of the 3 end homologous
recombination event.

( 25 So0lid and dotted lines represent Qpct intronic segquences located
inside and outside of the targeting wvector, respectively. Boxes
represent Qpct exons. FRT sites are shown as double triangles,
LoxP sites are represented by triangle. Half arrows illustrate
the primexr localisation.

30
The positive control wvector will be wused for the screening
setting up. The dotted line within the positive control vector
represents the portion o¢f sequence that is absent in the final
targeting vector.

35
Figure 7: Setting up of the 3' end PCR screening (GX1406-TOR2-H2
/ GX2141-TOR2-I2 primers).
Lanes 1 and 12: 1 kb DNA ladder (NEBioLabs)



Lane 4: 15 pg of genomi c DNA extracted fromw ld type 12901a ES 20 cells.
Lane 5: 15 pg of genom c DNA extracted fromw |l d type 057BL16 tail

bi opsi es. W3/ Og’ﬁ: PCR i dentification of the Cre-nedi att¢d/ERFA0ASHS7( 25
medi at ed exci sions events. Solid and dotted |ines represent Qpct intronic
sequences | ocated inside and outside of8the targeting vector, respectively.
Hat ched boxes represent Qoct exons. FRT sites are shown as doubl e
triangles, LOXP sites are re resentﬁd by triangles. 30 Half arrows

i 11 ust rkdRe thetBrPrelsls| dealii sht i bsISTRELGr PRBLY2ESEE COP AT Het BRI ON
of the dF ex1ehiat,ed events are TOR2-N and TOR2-11, and for the Flp-nedi at ed

events TOR2-N2 _and TOR2-14 The, si of the FOR product is _given the
pri mer &28T8% %i Barg‘lﬁ' ﬁ?&( scr eéﬁi ﬁ8n8¥llﬁse8él IvagFS%egoé)g‘resdeqtgﬁ of
cor r ectChombhegodisdi évbatli nat i1G® eventf genesid, DRB: ektKadtaddeirom wild

(NEBi5oLang,12§/g%/2p§59/2]9§0c’l@pf§T/ EP2009/ 050387 10 Lanes 2 to 25:24 resistant
Lane

ES cel | ones, . positive ES cell clone #5A1, Lane 5: positive ES
cel | clloree #582: Late 919 podf t i9enES ¢el PNE| et ¥B4d  S5fyQhe Widkd posiRg ve
ES cel |1 sdpnepdtbAYs deaes 170 positive ES cell clone #5B8, Lane 19: positive
ES cell_cl one #5B9, Lane 22: positive ES cell clone #5Al11, Lane 27:

Posi ti Vé@%ntYy ol9ES29 one #6A10. 10 Figure 15: 5 PCR screening of ES cell
clones for detection of correct honol ogous reconbi nati on event. The panel

gfal tl%ﬁ akb'ﬁ%}ﬁoeT S % iSI}agarrﬁ.l&)ng% Réé%ggégg?l, leg%];tt?.gna elv%g'x erPdﬂ %e%[cltal%n()foxg he
ES cells transfected with TOR2-C+ vector.
( Lanes 1 and 23: 1 Kb ladder (NEBioLabs)
Lanes 2 to 22: ES cell clones transfected with TOR2-C+ vector
Lane 24: 1 copy of TOR2-C+ wvector
15 Lane 25: dd H»O

Figure 9: PCR identification of the 5' end homologous

recombination event.

S0lid and dotted lines represent Qpct intronic sequences located
20 inside and outside of the targeting vector, respectively. Boxes

represent QOpct exons. FRT sites are shown as double triangles,

LoxP sites are represented by triangles.

' Half arrows illustrate the primers’ localisations. The size of

( 25 the PCR product is given below the primers, as well as the
restriction profile obtained after digestion of the PCR product
by Swal.

Figure 10: Setting up of the 5' end PCR screening (GX2633-
30 TOR2-J2/GX2634-TOR2-K2 primers).

Lane 1: 1 kb DNA ladder (NEBioLabs)

Lane 2: 150 ng of genomic DNA extracted from wild type 129Sv/Pas

ES cells

Lane 3: 10 ng of genomic DNA extracted from wild type C5H7BL/6
35 tail biopsies

Lane 4: dd H»O



15Lane 2: ES cell clone #6A3, uncut, Lane 3: clone #6A3, after Swal
digestion, Lane 4: ES cell clone 46010 uncut, Lane 5: clone #6010, after

Swal di geWOEW%Pe 6. ES cell clone 4603, uncut, 20Laﬁ§Tﬁmﬁq9@ﬁ@8#603

after Swal digestion. Figure 16: Southern blot results for the detection of
the 5 honol ogous reconbination event. fanes 1, 9: 1 Kb | adder (NEBioLabs),
( ?5Lane 2: ES cell clone #5B8, Lane 3: ES ceII cIone 4505, Lane 4: ES cel

clone 45012, ne 5. ES cell .clone 46A3, ane ES cel |l clone #603, 30Lane
7 OBe &iTia g 400165 ERRE G TR SIS RS L AT THeAD A o 1 AOHheRTS
17: Somlet rsddemdnires ds Hloay Hdmoxt&jca:st |mmﬁbitrkseti’on heraitogous

r econbi n_event 5La es, 1, 9; Kh Iad er (. BloLabs Lane 2: ES ceI
cl one #%%@doLgﬁg Sdo 1gectl:‘el SonéeﬁgsgenEane J‘I’—_JE & %;% e #%Z(ﬁ-fn‘i_

5. ES dealdatddnienABAS, anMQDSQﬁGQOIQGBGT/tEIm@ICDMZmM n_eaﬁrr&c&l@i)cel |
cl ong #EG%dANG Lo ES EELLCheNOARCI By chane Bon | 8 type ES CehbyNAG 5

Fi gure reenin ani the detection o
Cr e- nedizitaw & siHh §9§ﬁ§ are represented as double trlangles Small

rectangles represent the K and R Southern probes. Relevant
restriction sites for Southern blot screening and the
corresponding detected fragments are indicated with double

10 arrows. The diagram is not depicted to scale.

( Figure 12: Setting up of the 3' Southern blot screening

strategy on wild type DNA.
Lane 1 and 6: 1 Kb ladder (NEBioLabs)

15 Lane 2: 4 pg of genomic DNA extracted from wild type 1295v/Pas
ES cells.
Lane 3: 15 pg of genomic DNA extracted from wild type 129Sv/Pas
ES cells.
Lane 4: 15 pg of genomic DNA extracted from wild type 1290la ES

20 cells.
Lane 5: 15 pg of genomic DNA extracted from wild type CLH7BL/6
tail biopsies.

Figure 13: PCR identification of the Cre-mediated and Flp-
( 25 mediated excisions events,

Solid and dotted lines represent Qpct intronic sequences located
inside and outside of the targeting vector, respectively.
Hatched boxes represent Qpct exons. FRT sites are shown as
double triangles, LOXP sites are represented by triangles.

30
Half arrows illustrate the primers’ localisations. The primers
used for the detection ¢of the Cre-mediated events are TOR2-N and
TOR2-I1, and for the Flp-mediated events TORZ2-N2 and TOR2-I4.
The size of the PCR product is given below the primers.

35
Figure 14: 3' PCR screening of ES cell clones for detection of
correct homologous recombination event.

Lanes 1, 26: 1 Kb ladder (NEBioLabs),



The genotypes of the 7 pups (35437 to 35443 in lanes 2 to 8, respectively)
derived framthe breeding with Cre deleter mce were tested by PCR using
the pri meV 09I on TOR2-N / TOR2-11 10 to anal yse trFé?Té@Péi{%ﬂ’(OaW*‘%tat us
of the Qoct allele. PCR using DNA fromthe targeted ES clone 5Cl12 (| ane
11), wild type nouse tail (lane 10) and% 1:100 mixture (lane 12) was used
as positive controls. PCR without tenplate (lane 9) served as a negative
control. M 1 kb DNA-Ladder (NEBioLabs) 15 Figure 19: Screening of the Fl
ani mal s §&teq he Heteetddbnrotishenhons 5@l sedl¢2eFet ed al l el e. The genotypes
of the 7Hupsy 35431t DvSHd - &leri veshd rpmmt he breeding with Cre del eter
mouse were tested by PCR usi n?qjoi he, 20 p#%qrﬁzr conmbi nati on TOR2-H2/ TOR2-12
(lanes & &y VS )Tt armstiRe r presence of the neonycin
casset t e.aRCR uspawi DiNfe fEDad he ¢ bosget £8BES cl one 5C12 (lane 11) and its

1:1Q0 diluti inwld.t % ane 12) used as positive control. PCR
usifig w 'S %Ale' ﬁ\%{sj( %Y]%pﬁ%)c%id (E)n?l%%\%%'g) served as 25 negative
control .Lavie 11 kb MmN tEckierS (NEBL otbbsg . #HBQure 20: Screening of the
ani mal s derd vegl. fé%éq%p@ hed eé@gyg@ygngogl%é’t utive Qct Knock-out male, for

t he detection of . _e? medi at ed exci sl on event. The genotypes of the 12
pups (184 122 30aBubre 1S | ekl @lewe 675hhb #18156, #18159 in |anes 7 and

8, respegid Vel y)psert ved dsomrdhesdbrepshaogyeii1ghe first heterozygous
constitutive Qct Knock-out male with wild type femal es were tested by PCR

usit g the primer conbination TOR2-N/ TOR2-11 to anal yse the excision
st at usriojuienelpct Bl | PLB. ddieelinesi oif) BEIA deldm ¢henéar getre it atimie &£12

- 9 il t al 1 - 100 _mi-xt | 10
(Lane Berdtd GNE IRl alot aDeod}oaE, ot AL Sl We i v
negat i Wee ceane ;s theetop panel afiiekba DNmgeddeigfaEBlolabsihe Wiel.

2009/ OQQF]JEQIQQDSCT ERRO0P/5088{3d2 Rty Sr.4ds) > Southern bl ot screening of

four Fl heterozygous ct Knock-out m ce genom c DNA digested with BanHl .
Ladés 1 laie 72: EXF ¢ befefert $ANEBI WIGMs) , 5 Lane 2: 15 pg of genomic DNA

LBTBG e e D D Sy 18150, Lant b 15
, Lane 4: 0 eno romtai i opsy , Lane 5: pg
of genor T O f#%n‘%q]ajflc:g?%%g%g%@édﬁr}mﬁhe 6: 15 pg of wild type genonic
DNA from£srBlY 6cland #OCHI opsiesr Swal digestion,
Lane 6: ES cell clone #6C3, uncut,
20 Lane 7: clone #6C3, after Swal digestion.

Figure 16: Southern blot results for the detection of the 5'
homologous recombination event.

Lanes 1, 9: 1 Kb ladder (NEBioLabs}),

( 25 Lane 2: ES cell clone #5B8§,

Lane 3: ES cell clone #5C5,

Lane 4: ES cell clone #5C12,

Lane 5: ES cell clone #6A3,

Lane 6: ES cell clone #6C3,

30 Lane 7: ES cell clone #6C10,
Lane 8: Wild type ES cell DNA.

Figure 17: Figure 17: Southern blot results for the detection of
the 3' homologous recombination event.

35 Lanes 1, 9: 1 Kb ladder (NERioLabs),
Lane 2: ES cell clone #5BS8,
Lane 3: ES cell clone #5C5,
Lane 4: ES cell clone #5Cl2,
Lane 5: ES cell clone #6A3,



Figure 22: Screening of the animals for the Flp-nedi ated exci sion event.

The genotypes of the 7 pups (17971 to 17977 in lanes 2 to respectively)
deri ved f%’@rﬁof'%@‘)@r"eedl ng of the 15 Qoct targeted femal é’%’?%o@?}’ 30321 et er
mal e were tested by PCR using the priner conbination TOR2-N2/ TOR2-14 to
anal yse the excision status of the Qoctllallele. PCR using DNA fromthe
targeted ES clone 5C12 (lane 11), wild type nmouse tail DNA (lane 10) and a
1: 100 m xture of the tvvo reV|o cited DNA (lane 20 12) were used as
posi ti ve %I rol £5 FER i ’%%?1%4 ate (lane 9) served as a negative
control . danresy:1 E;ddBL d-ld(rbe ONfelmdder (NEBi oLabs). Figure 23: Screening
of the animals, faqr. t det i on of e ( 25 non-excised targeted allele.
The genot eSSBO‘f ce{lﬁe&%%ﬁﬁpg&tl?‘ée;ll t[())l\t[}?7977 derived fromthe breeding of the
Qpet targeted female with Fip deleter male were tested by PCR using the

pri mer gﬂgg on H o] p |- t4 yse
theng)r eEgl g#ét hgg%ﬁytgénggﬁ:sgtz tit(ai a%%anguls% nggf)Nkﬁg %fe?t'g‘é:q‘?: Qg tgfr 3%’?&%
ES cl orffrssomediatark exgisiken i@%ent100 dilution in wild type DNA (1l ane 12)

were usgh ageROELbEYE o@”ﬁlﬁ@' . f& U%BB@3W hd types PNAN( |18l Oo seved as
negative control. Lanes DNA- Ladder SNEBl oLabs). 35 Figure

24 ScriEsHSE ore ke gﬁlrllrﬁﬁéi f%ﬁ"ort‘ héhﬁetk&ﬁe‘r‘%‘f‘%f wihE FHER negilsted é%tﬁ%l on
event . wEe glﬁé@lid efcpelsléofckhes%agguned@ﬂ&%f& tdﬁ)mb&&&&ﬂdm Iml N /ltordrﬁz Il
res gctive erived fromthe ing_of .t c artla Fl p. ex
ISR A I W e HOTB005 8565 80PaT ERR0NE RS HaF s (e 1UE dlTher e
test ed fmorPCGRhaist aggehedpESnmerl coentlitiat | 6hardi®RR1 N2/ wiCDEZ-tIy@et (mcarm ytsEl It he

XCi Si o t of e ct I ne, an 4
NEBi oLa aﬁ'gé’:‘ Eﬁi: aun:&e] 35QC1 c@eeﬁ#%wkg s'Lea:l-laenl ?f%f- wfa%r e dete “J(')ln lo\%ethe
non- exc e alst gefed aridrent The pé%a@@ tHhe &erﬁaﬁs #4B8A7 megqtslse%

derived-dwp 1t heqbreeds nenoirdde Patepastdd) y Flp excised nmale #17973
with wild type fenal es were tested by PCR using the priner conbination

TORISH2/ TOR2-12 (lanes 2 to 11, 10 respectively) to anal yse the presence
of the me;ame:i 119 c&sﬁetr&ngPCRE usheg FidNAurfinehs ot athet deéteStdbane f | e

14) andlt iutl ndlé’ll dtypeDNA(Iane 15) were used as positive
control's u5| ng T%arfe €and wild type DNA (|l ane 13) served as
negat i Viheogenokspekanet 1thE kb DNAs addéB”715q NEBRBabrivufsop6:the

3" Sout hern. bl Qf g¢Egen Ag etalte%ee rJ%uéuﬁt %%ygeéet&@nw'w' Qgﬁt; the

Knock-out m ce genom c, est ed . Lanes and 6: 1
| addér FNEEi bl 1napl ¢mnBOBZ-H8/ pgOBE - 58ndﬁreeee|\1& ftr%rﬁrt aF¢SBRGpsieLly)
#18823,td-a8€a Bysd 5tRE @hregened & DNhd readbhptlnbiaps¥t#28824R Lanedt oidd pg

of gem%?g% t ef{§¥%é€%é EEOgEXnglgg%é’(lane 11) and its 1:100 dilution

in wild type DNA&A lane 12) was used as positive control. PCR
, using wild type DNA (lane 10) and H20 (lane 9) served as
L 25 negative control. M: 1 kb DNA-Ladder (NEBioLabs).

Figure 20: Screening of the animals derived from the heterozygous
constitutive Qpct Knock-out male, for the detection of the Cre-
mediated excision event. The genotypes of the 12 pups (18242 to
30 18246, in lanes 2 to 6, and #18156, #18159 in lanes 7 and 8,
respectively) derived from the breeding of the first
heterozygous constitutive Qpct Knock-out male with wild type
females were tested by PCR using the primer combination TOR2-N /
TOR2-I1 to analyse the excision status of the Qpct allele. PCR
35 using DNA from the targeted ES clone 5C12 (lane 9), wild type
mouse tail (lane 11) and a 1:100 mixture (lane 10) was used as
positive controls. PCR without template (lane 12) served as a
negative control. Lanes 1 and 13: 1 kb DNA-Ladder (NEBiolabs)



Lane 5: 15 pg of wild type genomc DNA from C57B1/6 tail biopsies. 25
Figure 27. Schematic organisation of the Qoct alleles in heterozoy Qus
ani mal s oY O3t ®ne Phd2. Fi gure 28: PCR genot ypi nd’céréFspéglogf B%S?he Qoct
| ocus in nouse |ine 30 Pbd2. Lane 1: Mol ecul ar wei ght marker (100 bp

| adder), Lane 2:PCR fragnents generat edZon Pbd2 het er ozygous ani mal s, Lane
3: PCR fragnents generated on Pbd2 honobzygous ani mal s 35(Q-ct knockout). WO
2009/ 090190PCT/ EP2009/ 050387 14 Figure 29: QC-activity in plasnma of

wi | d-type, heterozygous and honpzygous knock-out animals with respect to
the Qp@idwmis2in rildusgotitherfbdlots ftoperind: oFhefdst Bt dHeterozygous

concentl at.i | nser.um .of e Wl dstype., | e, het.er s and mal e
honozyg%bﬁcst %r%b‘%: B oouL{t an:ll‘c’rr‘:'w\'aIrm':l‘I\l/\cll)'%{\lﬁr"lé ﬁ)el\gs%ec%tg%n%t%c}lew@cgg ocus in nouse |ine
Pbd2. LaHieurle 81 Thel thyrdad needdet) OERertals)ion in serum of wild-10

Lypes el ozygous,andk hamaygousGkNOGks auls ANLIBLS, W ddugespect to the

Qct locus in nouse |1 ne Pbd2. QO her objects,. ages and features of

t he i nJeéits oht Wil 1B hernrnkppgdtentr Updre bridi ergati Bhl - t he fol | owi ng

detai | t@ﬁhrdﬁ&p{!m i}.Qj"-otf _gerQFtTi%lLE%ﬂ QE&@Rh IPaTiIQ‘ﬂ_)iQ:;TsTWEaElld\i\éEj\l_ NTI ON |2|0 The
resent_invention pertains to. 1. A non-human, ani mal co ng cells

(F:)ont ai mhiatf ar’nDN;&n O ST T VY %%o@&%&?l%%t%ﬂ(' 25 2. The

non- humarhaniaral 16f pgemf, wiket eitydehe gamiordlc | BNA ratom C578l/dhecail
non-llau%alnop%nﬂerga.l of item1, wherein the aninmal is a nouse.

( Figure 22: Screening of the animals for the Flp-mediated
excision event. The genotypes of the 7 pups (17971 to 17977 in
lanes 2 to 8, respectively) derived from the breeding of the

15 Qpct targeted female with Flp deleter male were tested by PCR
using the primer combination TOR2-N2/ TQOR2-14 to analyse the
excision status of the Qpct allele. PCR using DNA from the
targeted ES clone 5Cl2 (lane 11), wild type mouse tail DNA (lane
10) and a 1:100 mixture of the two previously cited DNA (lane

20 12) were used as positive controls. PCR without template (lane
9) served as a negative control. Lanes 1 and 13: 1 kb DNA-Ladder
(NEBioLlabs) .

' Figure 23: Screening of the animals for the detection of the
{ 25 non-excised targeted allele. The genotypes of the 7 pups 17271
to 17977 derived from the breeding of the Qpct targeted female
with Flp deleter male were tested by PCR using the primer
combination TOR2-H2/ TOR2-12 (lanes 2 to 8, respectively) to
analyse the presence of the neomycin cassette. PCR using DNA
30 from the targeted ES clone 5Cl2 (lane 11) and its 1:100 dilution
in wild type DNA (lane 12) were used as positive controls. PCR
using wild type DNA (lane 10 served as negative control. Lanes 1

and 13: 1 kb DNA-Ladder (NEBioLabs).

35 Figure 24: Screening of the animals for the detection of the
Flp-mediated excision event. The genotypes of the 12 pups (18825
to 18836 1in lanes 2 to 13, respectively) derived from the
breeding of the Qpct partially Flp excised male #17973 with wild



4. The non-human ani mal of any of itenms 1 to 3, wherein the Qoct 309ene IS
of muri ne orlay%QIS The non-human animal of item 4, wherein the

Qoct geneW Mequence of SEQ ID No. 22. WO BCTIER2009/050387
2009/ 090190PCT/ EP2009/ 050387 15 7. The non-human aninmal of any of itens 1
to 6, wherein the animal is heterozygod$ for the Quct gene. 8. The

non- human ani mal of any of itens 1 to 6, wherein the 5aninmal is honbzygous

for the C 9. The non-h animal of any of items 1 to .8, wherein
the QociYRfondane (s, diori RETESGoneY 6 0USTHE HOTE hBHERS Ani SAIL B2 GRP of
itens Irdre-N2 Meoaizmtz;het@pedneg]e«ma cahki esxaisbost idudtiue kFockneutOpct

mut at i o lel1e aneno o ona annocm%{b %NP‘?']L CPJe i tﬁ\?ﬁlfﬁa%i wherein the Qpct

gene carr|es ‘acon put” Mt at 1 on., ‘non- human ani mal
of any of itens 1 to 11, for use in determ ning effects of target conpounds

on Qactgihl.al edsdi s nagrdé@r Q{éeaﬁﬁﬁalgoéo?r {he N
any of itens 1 to 11, ani mal carries at [east one ct a e e
wher e @mﬂﬂﬁﬂF%ﬁﬂﬂE¢%ﬁ@EH%¢eFé331e Thes gerd WRe® ekl anilfalPuer a8 ot

itens kdo18d38ndidi3ivameresn 2:5‘&53“ gr@@‘in%' |t ethas dde: sgguense] of ﬁ%Q I D
No. 23. 15. (ﬂg ng qﬁg%% ani item1 g 14, wherein the %'h is a
mouse GFEEPREGOTRLE] i g 271 i’éldTerYFf’?on AUFRAS afiere BREF D g tPcFRany
of |temSiﬁbtehéSPﬂMMﬁml@omhﬁnﬁptbngﬁﬂ@Z%HZﬂxﬂe&ﬁyIIIﬂﬁede@OIa to 11,

ti ssue-s eC|f|c noj er muse accordin o f. itens 0o 16,
mhe?gln defo ﬁs?}gngt%e Henot ype t %tggén O%‘g&grse %i

ane“(mﬁﬁﬁuh&umqlQNKp@tomnhh©|t@rgeted ES clone (lane 14) and its 1:100
( dilution in wild type DNA (lane 15) were used as positive
controls. PCR using H20 (lane 12) and wild type DNA (lane 13)
served as negative controls. Lane 1: 1 kb DNA-Ladder

15 (NEBioLabs).

Figure 26: 3'Southern blot screening of three F1 heterozygous
conditional Qpct Knock-out mice genomic DNA digested with Swal.
Lanes 1 and 6: 1 kb DNA ladder (NEBioLabs),

20 Lane 2: 15 pg of genomic DNA from tail biopsy #18823,
Lane 3: 15 pg of genomic DNA from tail biopsy #18824,
Lane 4: 15 pg of genomic DNA from tail biopsy #18825,
Lane 5: 15 npg of wild type genomic DNA from C57Bl/6 tail
biopsies.

Figure 27: Schematic organisation of the Qpct alleles in

heterozygous animals of mouse line Pbd2.

Figure 28: PCR genotyping assay for the Qpct locus in mouse line
30 PbdZz.

Lane 1: Molecular weight marker (100 bp ladder),

Lane 2: PCR fragments generated on Pbd2 heterozygous
animals,

Lane 3: PCR fragments generated on Pbd2 homezygous animals

35 (Opct knockout).



WO 2009/ 090190PCT/ EP2009/ 050387 16 18. A screening nethod for biol ogi cally
active agents that inhibit or pronote Qoct production in vivo, €O si ng:
adm ni st e pﬂﬁoé BNt agent to the non-human ani mal of 5£ﬁ§“%?mppé 71 to
17, and determning the effect of the agent. 19. The nethod of item 18,
V\,herei n the non-human ani mal is het ero%ggous for the Qct gene. 10 20. The
nmet hod of item 18, wherein the non-human aninal i s honozygous for the Qoct

gene. 21. The thog.ac ording .to any i 18 t 0 wher ei n th
Lo TS, TousTe 9961 FEPT Srn B ARt o gL 8- ERGSof AeESTO TGOS 2
wher ei mdniezyiguais denecksoot amiinadsorigim. r@€p@St the tet hppctcdordisngrt o

any 0fﬁ§é¥§5:¥%é(bﬁ§5 wherein the Qoct gene is of human origin. 24. The

met hod "according to any of itens 18 to 23, wherein the Qct gene is a
recombi nant gene. ( 25 25. The nethod of any of itens 18 to 24, wherein the

r ecogbigiant-£Rgd. gRne Eé‘éEb%ef‘oﬁé’”é&h gﬁustkﬁﬂ%nogbrmﬁt A e w;l%‘@—

The netho of any of itens 18 t erein nEene 30carri es
condi t itomea. kﬁééﬁ(ﬁﬁtQER%XGQ#ﬁ 2%d'ﬂﬁ#%mﬁﬁ6@%ﬂgqq%a QBCkoﬁuEs@ﬂH$%%ﬁget

drug disGM &lespect to the Qpct locus in mouse line Pbd2.
Figure 31: The thyroxine (T4) concentration in serum of wild-

10 type, heterozygous and homozygous knock-out animals with respect
to the Qpct locus in mouse line Pbd2.

Other objects, advantages and features of the invention will
15 become apparent upon consideration of the following detailed

description.

DETAILED DESCRIPTION OF THE INVENTION

20 The present invention pertains to

1. A non-human animal comprising cells containing a DNA Qpct gene
carrying a knock-out mutation.

( 25 2. The non-human animal of item 1, wherein the animal is a rat.
3. The non-human animal of item 1, wherein the animal is a mouse.

4., The non-human animal of any of items 1 to 3, wherein the Qpct

30 gene is of murine origin.

5. The non-human animal of item 4, wherein the murine Qpct gene
has the sequence of SEQ ID No. 22.

35 6. The non-human animal of any of items 1 to 3, wherein the Qpct

gene is of human origin.



28. The nethod of any of itenms 18 to 27, wherein the aninal 35carries at

| east one gpct allele where exons 4 and 5 are del et ed.

2009/ 090 1%EBE¥/EPY809/ 050387 17 29. The nethod of any o#’CT{Fé’Pr%M@BM% 28,
wherein the animal is a nouse of the nouse |ine Pbd2. 30. The nethod of
any of itens 18 to 29, wherein the Qucil2gene 5is operably linked to a

ti ssue-specific pronoter. 31. The nethod of any of itens 18 to 30, wherein
t he nou;e denonstrates a phenoty that can be reversed or anellorate W th
a Qoct imhPBi I PRIED, 2 aRLE8H] G Pfne 8t véd F¢ ot NERRBRL U

ani nmal acaﬁmamglrsOhaﬂgrofayi;begsfaart ﬂhé?Qpct gd8e.A nmethod for screening
for therapeutic agents that inhibit 150or pronbote Qoct activity conprising
(a) adm nistering test agents to the nouse of any of items 3 to 17 (b)

eval uatd .ngheherafflentan ofintitme 1t esf agent obn ttwmphénotypeé,of whbeemusdhe and
20(cp sel g6t hag i‘stﬁéﬁoQQgBEs“@bEhtthbgbao ghepromotes Qpct activity. 34.
A net hod treatnent or- prevention of gt-related di sease conprising
25(a) administering the selected test agent of item 33; and (b) nonitoring

the patd entef @hnandpeneasedat! igd Galy idwexcdms peb- sel ahedcdhsedzepet

gene is a recombinant gene.

10 10. The non-human animal of any of items 1 to 9, wherein the

Qpct gene carries a constitutive knock-out mutation.

(
| 11. The non-human animal of any of items 1 to 9, wherein the
Qpct gene carries a conditional knock-out mutation.
15
12. The non-human animal of any of items 1 to 11, for use in
determining effects of target compounds on Qpct-related
disorders and/or diseases.

20 13. The non-human animal of any of items 1 to 11, wherein the
animal carrxies at least one QOpct allele where exons 4 and 5
are deleted.

¢ 14, The non-human animal of any of items 1 to 11 and 13, wherein

25 said Qpct allele has the segquence of SEQ ID No. 23.

15. The non-human animal of item 13 or 14, wherein the animal is

a mouse of the mouse line PbdZ2.

30 16. The non-human animal according to any of items 13 to 15,
wherein the Qpct gene is operably linked to a tissue-specific

promoter.

17. The mouse according to any of items 3 to 16, wherxein the
35 mouse demonstrates a phenotype that can be reversed or

ameliorated with a Qpct inhibitor.



30 35. The nethod of item 34 wherein the pct-rel ated di sease is

Al zheimer's di sease. 36. The nethod of item 34 wherein the ct-rel ated

di sease i¥OWIPEYE erosis or restenosis. WO 2009/ 0901S6PEFREREMS7 050387
18 37. A nethod for analysing the disease-rel ated physi ol ogi cal function of
Qoct catalysis with regard to pyroglutéﬁatepeptide formati on conpri sing
(a) adm nistering of test agents to the nouse of any of 5itens 3 to 17 (b)
eval uati ng the pyrogl utamate-pepti de concentration and effects of the test
agent on the phenotype of the nouse, and (c) selecting a test
agent Wd.cha nkicliieks ioy pmemabds IOpyrbfgblbaiatel pepictevactagerntys 3thatA
phar maceutical . conposi il C isin e sel.ected te ent of item 34.
50, ek B4 e e BLbudPecBPRE) BEPRYEEEaBTurng Pe TRRABIE 88"  ne
preparation of aadesdindsentinforathestr egemgnttcandior npnebenenogngimad of
Qoctgrel ated di seager 4Qe0di fded celd,Lonprising a Qoct -knockout gene
for use in the 20pro§thLon of conpounds, which woul d be negatively

af fected by Cpctdet$fm16§@90¢hﬁhég%5ﬁﬁhGﬁhﬁhén@ﬁﬁnﬁ-according to any of
itens 1 to 17 or the cell according to item 32 or 40, for the

provi sign 250f nodels wt ct expression jn specific tissue and/or .
parti cthar gfhtgefhogiﬁﬁpoﬁ? T 18, P aak R nBoﬁékﬁgﬂnfo?nlma{ 13

bi ol ogi cahéyeactiyyeusofpounds Opat 38nahi bit or pronote Qoct activity in
viv90conprising steps of: i) admnistering a test conpound to a non- human

ani mal nodel, which is specific for the treatnment of at |east one disease
sel ect & .f r GineM ndtBogni e ¥ ve tiawpail Brenthere heithsr ' sodi-bease, animal is

g5neurodeggﬂg£9%599 ERrDown Sypdrgage Famlial Danish Denentia, Fam li al
ritish Denentfa,
21. The method according to any of items 18 to 20, wherein the

15 animal is a mouse.

22. The method according to any of items 18 to 21, wherein the

Qpct gene is of murine origin.

20 23. The method according to any of items 18 to 21, wherxein the

Qpct gene is of human origin.

24. The method according to any of items 18 to 23, wherein the

Qpct gene is a recombinant gene.

( 25
25. The method of any of items 18 to 24, wherein the recombinant
Qpct gene carries a constitutive knock-out mutation.

26. The method of any of items 18 to 24, wherein the Qpct gene
30 carries a conditional knock-out mutation.

27. The method of item 18 for use in target drug discovery.

28. The method of any of items 18 to 27, wherein the animal
35 carries at least one Qpct allele where exens 4 and 5 are

deleted.



rheumatoid arthritis, atherosclerosis, restenosis, and pancreatitis, WD
2009/090190PCT/EP2009/050387 19 i1) deternlnlng the effect of the te
conpound'?$?§%%@ H8n- human ani mal nodel ; iii) conpare t RE @??@PF“%?7the
test conpound in said non- human ani mal nodel with the
effect of the Qoct 5gene disruption inlthe Qoct knockout animals according
to any one of items 1 to 17, and iv) select test conpounds that in said
non- huan ariyzRInJmdel A |a‘%1‘§) 3l 1"683%153&%0'% edi SRR ¥ rﬂﬂé‘raﬁl%ailh%se@ ect
of the Qoct ‘gene disruption 10in the Qct knockKout aninals according to any
one of itwoesd ¢6 thHe ABusFhéiser Bbdlng nethod of item 42, wherein said
non- human ani mal nodel is specific for a diseases selected fromthe 15
group consisting of MId Cognitive Inpairnent Al zhei ner' s di sease,
neur odegeneratiqn ,i.n ndr e, F m.| |sh nentl m|ial
British Denenti éqethocpoé’:\lg.% e gcr ézgﬁn%’ng e %Chod ofWh? tg @lpg NG
non- humani2Oapémablpodehked Spee|thsﬁersp@zhénqeprsmdtsease. 45. The
screeni ng nethod of any of itens 42 to 44, wherein said animal nodel is
selected fromthe group consisting of PDAPP, Tg2576, APP23, TgCRNDS,
PSENI wAsh. OTheSERAEReg PIAPPIY ARFE hitess 2BBREOAIBAOafderein the mouse
BRI - 22042334%3t TaLBIOLS pialAGIAAM Tekk06L4, 1J0ASI0rsel. orTARR At ot
TgAD. Ee screenin thod of any of itens 42 to 45, wherein the
ef f ect ofW%E #eSPCEOMBBLRLSCFs the | owering of the 30[ pGLu3] A133- 40/ 42/ 43
or [LpGE un] 72011-40/ 42/ 43 peptides. 47. The screening nethod of any of itens
45(;133] ST e he eflert ofi Jhekesh EomRRURsls s LRIRE NG rfndine
according to any of items 1 to 17.

33. A method for screening for therapeutic agents that inhibit
15 or promote Qpct activity comprising
(a) administering test agents to the mouse of any of
items 3 to 17
(b} evaluating the effects of the test agent on the
phenotype of the mouse, and
20 (c} selecting a test agent which inhibits or promotes

Qpct activity.

34. A method of treatment or prevention of a Qpct-related

( disease comprising
25 (a) administering the selected test agent of item 33;
and

(b) monitoring the patient for a decreased <c¢linical

index for Qpct-related diseases.

30 35. The method of item 34 wherein the Qpct-related disease 1is

Alzheimer's disease.

36. The method of item 34 wherein the Qpct-related disease 1is
atherosclerosis or restenosis.
35



48. The screening nmethod of any of itens 42 to 47, wherein the effect of
the test caonpounds is the |owering of the [pGlu3] Af 33-42 peptides. WO
2009/ 090 1YORPE4YEPY809/ 050387 20 49. The screening net hoHCEfE%F?OéWP%Q?
wherein said non-human ani mal nodel is specific for a di seases sel ected
fromthe group consisting of rheumatoi 88arthritis, atherosclerosis,
S5restenosis, and pancreatitis. 50. The screening nethod of item 49, wherein
sai d nqn- human anj nmal del is specific for, rheumatojd arthritis. 10 51.
The screni dy W@tha d£§¥téﬁﬂ Flﬁﬁ%rEﬁﬁ s3 T FORH- B dnifiylS HRIPE LG
speci fic fFoncatiberos€el eppsts.cablydhe sereni mgyami hath ofpyarvglaft dricaies 42
and 49 to éotiﬁgergkﬂa agg 885”?55H0d9| is selected fromthe group
1500nsistPn8 o] tﬁe ap Flpopro e i Bknockout nouse nodel, the
t hi ogl ycol | at e{ehdugddinpnttammgi ofi redd¢l dgentisce o t biee cobhagenti mayced
arthgitis nodel in gggmgng fatpodel s of restenosis. 20 53. The screening
met hod of any of itens 42 and 49 to 51, wherein the effect of the test
conpounds is tHke)inAVBilupbAnef ERe JHErRd LG aNafe BIRDIGER| |GPNCEY ratHen
screeni ng nethod of 338y Afrddt@moA2taBd 4%t 02§dnt 220hered nphbacelbecty of
the test compounds is the inhibition of the formati on of pGlu-MCP-1. 55. A
phar maceut i cal conpb8Ft PBHSEonPRfisi ng the sel ected test agent according to
any of itens 42cjo0 541e30ih§. dJseest adeasi apeoh asnsélient edragoemnditdeg to
any Qf items 42 to 54rgo %Q% Frggarg&ion oLia.gedicanent for the treatnent
and} r prevention of Y& %%3 SVeratea® i%%a%%. 3587, A method of treatment
or prevention of a Qoct-rel ated di sease conprising (a) adm nistering the
sel ect t est LNg f.dt 54; .an
5009/ 0%190%@%%%%%%%%%%% &%@@it‘ion‘ Sgﬁpf@siﬂg 4hnde1¥ed test
agent of item 34.

15 39. Use of a test agent as selected according to item 33 for the
preparation of a medicament for the treatment and/or prevention

of a Qpct-related disease.

40. Medified cell comprising a Qpct-knockout gene for use in the
20 production of compounds, which would be negatively affected by
Qpct.

41, Use of the non-human animal, according to any of items 1 to
17 or the cell zccording to item 32 or 40, for the provision
25 of models with Qpct expressicen in specific tissue and/or

particular points in time only.

42. A screening method for biclegically active compounds  that

30 inhibit or promote Qpct activity in vivo comprising steps of:
1) administering a test compound to a non~human
animal model, which is specific for the treatment

of at least one disease selected from Mild

Cognitive Impairment, Alzheimer's disease,
35 neurodegeneration in Deown  Syndrome, Familial
Danish Dementia, Familial British Dementia,

rheumatoid arthritis, athercesclerosis, restenosis,

and pancreatitis,



21 (b) nonitoring the patient for a decreased clinical index for
Qoct-rel ated di seases. 58. The use or nethod of itenms 56 or rein the

Qoct- 5 rEPLPP%ease i s sel ect ed fromthe group conngtr{qéoong Wfd

Cognitive I npairnent, Al zheiner's di sease neur odegeneration in Down
Syndrone, Famli al Danl sh Denentia and &am lial British Denmentia. 10 59.
The use or nmet hod of any itens 56 to 57 wherein the Qoctrel ated di sease is
Al zhei mer' s di seas 60. The use or Tg of |ten§?56 or 57, wherein the

Qoct - rel dtdd dedEFad g seF%%t Phe GroupSSdnsr PR 10
15rheumat oi darthritis satlhierrmnltmmsn st,nrleﬁtlemsiesl,,and pancreatitis. 61. The

use or nethod of "i'l hrg ;3ct600’f \A@leéeltr(l_ the (%urg(el %e%

di sease i s rheundtoi d ar The usé or rret hot any  of
56, 57 or 60, wherei nl’ltOhle'hQD@tﬂ- raelllataédrr@ldsaéaswe-’qts tdchefdsglteradsitdie Qp‘lftte

non- uman knock-out agdil , dik ARRLISU! A { heKNRRICOURR WIRIISE Ainals

descri bed above, is useful inter alia in the fol 'ow ng aspects: screening

assays for Qoct- effecta&cé)/rdrﬂrﬁ‘lgblttooraély @gg odeviélednentte il -pand cul ar

screening for tarlga@tS,select test arcﬁfﬂ&ao%@@%l fitGiatty and/ gyaiof f rtoaf-gﬁtman
effects of drug 30candi dat rOVISlggﬁgﬁPgﬁdls ase nodel. reco Y

ver
modi fied cells, e.g. PO e iRCYRE pf of o BRRas Ehfi ¢k F be
negatively af f ect ed b)SlQid_TaI "“Negdid vef feaf f eft ede Qpctthlg:eneorahMuptlon

encogpasses e.g. a 35, gilec;C d ork%&\/\egt dQM‘ XiS'Q 989@% O %nd/ or

a déecreased effect|V|ty and/ Gn Thereased ant en|C| oun
could be e.g. antibodiogs itgest ildées, 1gr-ot ei ns etc.

(

43. The screening method of item 42, wherein said non-human
animal model is specific for & diseases selected from the

15 group consisting of Mild Cognitive Impairment, Alzheimer's
disease, neurodegeneration in Down Syndrome, Familial Danish

Dementiaand Familial British Dementia.

44, The screening method of item 43, wherein said non-human

20 animal model is specific for Alzheimer’s disease.

45, The screening method of any of items 42 to 44, wherein said

animal model is selected from the group consisting of PDAPP,

Tg2576, APP23, TgCRND8, PSENimigeyv Or PSENimiger, PSAPP, APPpuccn:s

{ 25  BRI-AR40 and BRI-AB42, JNPL3, Taussos, Tauvssm,  TaUseosu,
rTgd4510, Hiay, TAPP and 3 x TgAD,

46. The screening method of any of items 42 to 45, wherein the
effect of the test compounds is the lowering of the
30 [pGlu’]1AR3-40/42/43 or [pGlu'*]APp11-40/42/43 peptides.

47. The screening method of any of items 42 to 46, wherein the
effect of the test compounds 1is the lowering of the
[pGlu3]AB3—4O peptides.

35

48. The screening method of any of items 42 to 47, wherein the
effect of the test compounds is the 1lowering of the
[pGlu’]AR3-42 peptides.



WO 2009/ 090190PCT/ EP2009/ 050387 22 target discovery, e.g. by determ ning
the differences detected in the above knock-out animal like u

- or
down- r eguV P81, speci fi c substance which coul d bec@ﬁgfgz&?f@%ye dr ug

target, 5- provision of an assay to determ ne the inportance of certain
pol ypeptides, e.g. A peptide or TRH eté9, providing the basis for "clean"
transgenic nodels, e.g. with a controll ed expression of Qct only in
specific cells/tissues and/or organs or only at specific points in 10tine;
optim zation of peptide fornmulation and protective groups w thout being

i mtedid.herelo. sPEEENE AEONGe dibod he ft el gemkMark- atik radinmas d i geais <human

-h ni mal | | 1. L i.ch ' ti
mani pul at FORST e TG t ¢SdeHRT VAt Port 1 B oo TiTe GeNse 50 Thent S
"const rucgtonpansoasistdndi naft ruehesicobdi drigeneriad | y atgoomsEalarto OMA,
t hat chas pgggegggggatggdfggngggaggkggge of the expression of a specific

, Oor IS

nucl eoti de sequénce(s 0 be used in the construction of other
reconbi nant nucl eoti de sequences. The reconbi nant nucleic acid can encode

e.g. as2p chijeerkerabnhHganiget@olymeptige. 440l ypeplide 821e BRIl O
all possible am no _aci d Sequences conpr|5|ng mpre than 10 am no acids. 30
The term 2BHBRADIGILL nkEJSPREARSCt AT ZRENRASEyHeAcERaAE18 requl atory

sequence(s) are connected in such a way as to pernmt gene expressi on when
the. appropriate molecules (e.g...transcriptignpal activator_proteins) are
bouhll £ hd Tagtr GEoPy Heqteniad sPT 35-“Bo Sh00rb68260pCTIER266S! 23
directs tannseti pbdeh amdspeansliatifonm efhehescherodiueed nucl eoti de sequence
of interest.
52. The screening method of any of items 42 and 49 to 50,
wherein said animal model 1is selected from the group
15 consisting of the apolipoprotein E knockout mouse model, the
thioglycollate—-induced inflammation model in mice, the
collagen-induced arthritis model in rat and rat models of

restenosis.

20 53. The screening method of any of items 42 and 49 to 51,
wherein the effect of the test compounds is the inhibition of
the chemotaxis of THP-1 cells.

54. The screening method of any of items 42 and 49 to 51,
25 wherein the effect of the test compounds is the inhibition of
the formation of pGlu-MCP-1.

55. A pharmaceutical composition comprising the selected test
agent according to any of items 42 to 54.
30
56. Use of a test agent as selected according to any of items 42
to 54 for the preparation of a medicament for the treatment

and/or prevention of a Qpct-related disease.

35 57. A method of treatment or prevention of a Qpct-related
disease comprising
(a) administering the selected test agent accerding to

any of items 42 to 54; and



Knock-out genes 5 The Qct pol ynucl eoti des conprising the gene of the
present invention include Qct cDNA and shall also include nodified Qoct
cDNA. As WO2OMBPEPn, a "nodification” of a nucleic aci §CTFRPHNREIPIL one or
several nucleotide additions, deletions, or substitutions with respect to
a reference sequence. A 10 nodificati oAlof a nucleic acid can include
substitutions that do not change the encoded am no acid sequence due to the
degeneracy of the genetic code, or which result in a conservative K
substitution. $dth %HFFPeaPﬂonEh%anp%ﬂr%Epoﬁattoa V&S HtS t e Tmde
del i berately, such asdekefaddpprenrefadeBoliyséadbstail, or variations which
occur as nutations during nucleic acid replication. As enployed herein, the
term "substantially the sane nucl eoti de sequence"” refers to DNA having

suf ficisnt iThentusy toor thetROdr efier enemspddynocl vt dehesech the Cpati- |
hybr kdi ze ce.n i r d I - t ., Ohs:Ri gher
striEgenc§%9ﬁ§%§iQ?%g%ggnggon H%%%%gf_ Hg%?ng£$é€b§?§%§kg?ﬁ9 fﬁgbggﬁg
nucl eot i decgrgbevee " Tnge ientef e AdAbe 1AGE! Sot §HRE 3R e MERI T AP e ra tapn
identity {AangbBgnfreghatoheast Faf%atialat pd%s ilseastnedeWrwiat h 4rRs pPetdnitia d1he
reference_nucl eotide sequence. The phrase "noderately stringent

hybri di zaBFohtSReP8FeREd2conditions that permit a target-nucleic acid to
bind a conpl enmentary nucleic acid. The hybridi zed nucleic acids will 30

generaldy haye an identity withi.n_a range of. at, | east about.60%to at | east
aoD” g5y ier b1 o1 F PGNP oaRYl crrems s Kont i BRSTEAN VAreE s
hybri di zatebated 80%&eenani Aézh&xmehhadissasel uti on, 5x saline sodi um
phosphate EDTA buffer (SSPE), 0.2% SDS (Al drich) at about 42C, followed by
washing in 35 0.2x SSPE, 0.2% SDS (Al drich), at about 42 C. WO

2009/ 056190 L EP2®0%050887034 &t abtemBybr d§Ti 0. OFEMIrRAC]L Ble alfPPt 65

C, for exaapheedi fafsdiydsidid s dalecHeab! @rioh OrAIBMNG Aombostibh G it
mnli not be stabl e under Blgh.strlngeﬁpy conditions, as contenpl ated
her&Pn. HIGRUBEFPhdenc§ EBRAItPons EARBESHEE6TPEed, for SEXERNSES 5 bynd
hybri di zapanoareat50%f or mam de, 5x Denhart's sol ution, 5x SSPE, 0.2% SDS at
about 42 C, followed by washing in 0.1x SSPE, and 0. 1% SDS at about 65 C

O her suitable noderate stringency and high stringency 10 hybri di zati on
buf f er $land Thendists ans mtthakl ¢ kaownof oitéoseS6f SKi bl ot Waegetinaridiear e

descri bed r €41 | o] ; Cl oni ng: A Laboratory
Manual | 2%%‘%2&5%%?43 %ﬁ%?%gégébggegﬁlggéfd&g#ﬁg?g%'N. Y. (1989);: and

Aus@Bel et al. (Current Protocols in Ml ecular Biology (Supplenent 47),
John 62, The use or method of any of items 56, 57 or 60, wherein the

QOpct-related disease is atherosclerosis.

The non-human knock-out animal, in particular the knock-out

s

. 25 mouse as described above, is useful inter alia in the following

aspects:

~ screening assays for Qpct-effectors/inhibitors

- drug development, in particular screening for targets,
target specificity and/or off target effects of drug

30 candidates,

- provision of a disease model,

- recovery of modified cells, e.g. for use in the production
of compounds which would be negatively affected by Qpct.
"Negatively affected"” in this context encompasses e.g. a

35 decreased or slowed-down vyield/production rate and/or a
decreased effectivity and/or an increased antigenicity.
Such compounds could be e.g. antibodies, peptides, proteins

etc.



15 Wley & Sons, New York (1999)). The am no acid sequence encoded by the
knock- out gene of the present invention can be a Qct sequence froma human

or the QP 2AB¥IPHJue from any species, preferably fromP&THFFFIRELSBE?

species. The ami no aci d sequence encoded by the knock-out gene of the
present invention can also be a fragmed€ of the Qoct anino acid sequence so
|l ong as the fragnent retains sone or all of the function of the full-length
Qoct sequence. The sequence may al so he a nodified, Qoct sequence,

I ndi vi dual E%%FtuPilgHQYeEB’rdeleeﬁ-on Br %H?F%H%’? whiteR  al et S TedtF <Gt
del ete a sidgtecastinaractHeoratmwmakhopkroadt ageinefl abike agi-dsoft ywesd |y

| ess than 10% e typically less_than 5% and stil.l . nore pically |ess
than 1%) Are%r%g%['f‘ggti% " %of s?ﬁglgrlncno&g%% %%%ue“’r?&&hen%l”r%éss goone 4

conservati veusubbietdrignsanfethe am no acid 30 sequence. Conservative

substi tutd O;grEé‘Plsf%prv%ﬂi 0gsLuneli Rkl SieMhdr 131 2TdS AT iy
known in the art. The foll ow g, siX_ groups each contain amno aci ds t hat
are conser vRpiveertbdest uei ensAPorephtdanet hBRE a5CAl anine (A), Serine (9S),

Thr eoni ne. (d}ov382hgABRAr bh&iaCird r( Bkl eGhtt @6 s3ehnd o Bbaeds, APy .agiing
(N, Gutamne%{%; 4 Arglnlne(l?o),, Lysine (K); WO _ .
20091090190®CT/ %@ib%‘éssﬁ%%% ¥bi e@®di nePEF, LBULYne 1), AT ne
(M, Valinecé¢V)s/ahdsues andorPhenybdmsavirneodly), atyrasidieficr) poInypt aphan
Q her nodi fications are included within the sequence so 5 | ong

(W er : !
as %He poly eIB fde retains sone or all of the structural and/or functional
char act erHi s¢ptsmbtabi@pcofppeéyhepei QermExenpbar gndt puctechivergfanpsi onal

char ac réh%ﬁjtc%éi’?@ ude, ;seqiengs-didentity or substantial simlarity,

anti body reactivity, the presence of conserved structural domai ns such as
10 RNA bi ndi ng domai ns or acidic domains. DNA Constructs and Vectors The
i nvent ipyriariteais provi des a DNA construct conprising the

15
The term "knock-out animal™ means a non-human animal, usually a
mammal, which carries one or more genetic manipulations leading

to deactivation of one or more genes.

20 The term "construct" means a recombinant nucleic acid, generally
recombinant DNA, that has been generated for the purpose of the
expression of a specific nucleotide sequence(s), or is to be
used in the <construction of other recombinant nucleotide
sequences. The recombinant nucleic acid can encode e.g. a

25 chimeric or humanized polypeptide.

Polypeptide here pertains to all possible aminc acid sequences

comprising more than 10 amino acids.

30 The term "operably linked" means that a DNA seguence and a
regulatory sequence(s) are connected in such a way as to permit
gene expression when the appropriate molecules (e.g.,
transcriptional activator proteins}) are bound to the regulatory
sequence (s) .

35
The term "operatively inserted" means that a nucleotide sequence

of interest is positioned adjacent a nucleotide sequence that



Qoct knock-out gene as descri bed above. As used herein, the term 15 "DNA
construct"” refers to a specific arrangenent of genetic elenents in DNA
mol ecul e. WPRO®HEPYPon to human Qpct, or nutant forns thgpgﬂ*:fpmof’ﬁé%%ventl on
al so provides a DNA construct using pol ypeptides from other species as well
as Qct nutant non-human manmal s expregglng BACE1l from non- human speci es.

20 If desired, the DNA constructs can be engineered to be operatively

| i nked to appropriate expression el enments such as praonoters or, enha cers to
al | ow EXFREdS ontERNECHERELPE el BRRnt FH?Q%ﬁﬁqBQQ-coﬁgtru%?elr1%%¥r° uced

appr opratleielde Wedusitdie . ofThamtesesdb of the expression control mechani sns
allows for the targeted delivery and expression of the gene of interest.

For exanple, the constructs of the present invention nay be constructed
usi ng dmameXpressigameassette which includes in the 5 -3 direction of
transcripli Op.a g%&ﬂ?ﬁﬁ&ig&c?&é& Wt 201 Q1 1G0A1 LB BE] LSO diedibn

aSSOCIated expression In rarn ti encod|ng tant
wi | d- twgefe(go‘crcorprmceﬂmde @rca ePdhsendpshanal adfe LngAudst meal ieer Iﬁm?etu on

regi on doupct i galyddy ther8ost ani MabqiN8aPlofPr & A NET QAR 1&i%0 §804b&an
present. The transcriptional |n|t|at|on r%%hon can be endo enous to the

host 35T4HUAE SO ord; 9P &l L LofiSral Ao gdions, or
200910%&%&@:&5&2@9/ 9563187 Eésﬁ@cgenelfd@t earoteweéﬁw_r e5§eq1germ>é ant a
non- |.s an are also. co [,se nt .1 entlon e

o Po B e L S B O1 S vRE 8 ERn b Cofic B SRRt s B Roa o
exanplmpﬂ(nhqngnhnﬁecmncmdadvamimo anid paqerubadueetb $heh dcegreanexacy

manme] (0, G OFeReDAt cEbak Okl VALl s fan,cont ahn 8 T SOOI i ve

el enent t h i ssue eC|f|c or in e expression of an
oper at i9pEsE I guided -nuéhehc @@duflchbl@m$lFﬁﬂllﬁoﬁﬁésﬁpﬂdcdﬁDr@@ﬁﬂé¢lons

determtml%tanaﬁg %@f@%éﬂl@eié@é S%%%h“&spﬁzﬁ@taﬁidﬁlcﬁ{'haﬁc%r bhay a
| ows expre55|on des in a desired tjissue. It should be

of
not éd tfat rtl%fsu‘éa%lpaefdcfl?% ‘é@(% s%‘F%Hr @SdE‘E‘EPFbQBSh@PéFHgdG& fo€ A&t re
a conplreipd ialaseanee of expression in tissues other than the preferred
tissue. Instead, "cell-specific" or 15 "tissue-specific" expression refers
to a mpjority of the expression of a particular gene of interest in the
prefermajem9101®®ehereihssmhe Arrrof " sulvetraet ya by | hdecisbine proovistodrisicor

enhanc I i Xpr of
& e or nu% el c aC|t3)C R %Jl% i“tﬂrlCfdl%rntﬁcIﬁl qu tf B

poIEBeptl that can be Te ate ci'bl e systens,
i nckldee fet;rer@@anﬁpéynp@ﬂ-feaéyépy neSieljudihsite Sfstveihl G&as@éﬁd&za z%® d,the oc.

Natl. AeadrcSe W18k HR47- 1515(5611’(1198§éra§@§§ens@§:1§lgent$m 8RCehigher

268: 17664769 1995) Clontech, Palo met g} | ot hi_onei
o onrot Gt HREETAY by HEEL O FBE AP, RO oar G hBRHORE. ¢ PTG Y
ecdysontheor galet edlcsl@ast)idlé; ssefuascanri sker ahe (hsi@fetrealce Bruad.e d\idtde

Acad. .U 93. 3346- 33 (299 Y, t 1.366: 4765 4
(1663 SHRE Pogcier EREnas, ity sy poitsTatalll fins i (B 16 -
25 least 95% with respect to the reference nucleotlde sequernce.

The phrase "moderately stringent hybridization"” refers to
conditions that permit a target-nucleic acid to bind a
complementary nucleic acid. The hybridized nucleic acids will
30 generally have an identity within a range of at least about 60%
to at least about 95%. Moderately stringent conditions are
conditions egquivalent to hybridization in 50% formamide, 5x
Denhart's solution, 5x saline sodium phosphate EDTA Dbuffer
(SSPE), 0.2% SDS (Aldrich) at about 42°C, followed by washing in
35 0.2x SSPE, 0.2% SDS (Aldrich), at about 42° C.

High stringency hybridization refers to conditions that permit

hybridization of only those nucleic acid sequences that form



30 (MMIV) induced by steroids such as glucocorticoid and estrogen (Lee et
al ., Nature, 294:228-232 (1981); and heat shock pronoters inducible by

t enper at WO 28WANB¥Y: the rat neuron specific enol ase geX&THTEM3{0&387
(Forss-Petter, et al., Neuron 5; 197-197 (1990)); the human p-actin gene
promoter (Ray, et al., 35 Genes and De¥él opment (1991) 5:2265-2273); the
human pl atel et derived growmh factor 13 (PDGF13) chain gene pronoter
(Sasahara, et al.,. Cell (1991% 64: 217-227); the rat sodi um channel gene
pronot et AN YREIGE  InNBuPoRM( Y960) aF ZRW3185 the ROFmR*afBle, 11 &
2009/ 05?@£1;§(1€3LI%§:T1I stPrZ&g% 088387 i21|7 oc@réw_r miglc &Jp%g?x& ggg dilggutzi?s &iganeot

pr onot er os-Picot, et al. rain Res. ; - .an

D oot 1% AP B DRSS | PRE AT PAREPEL ST EVREL! A or  YATHAHad
(Xi et rein.19808)h Nat ui egS8dOy 35042} tidnReguhaber prelvénient, s, £ dmcldsdhiplg ,
promgt g Bgﬁ’ﬂﬁi‘%%&% can %%00@8%5@&&&6 %xr%gﬂ'h%%d’s depend] 09, urgn

t he nature the reguPatlon, and ¢an be régulated in a varTety of tissues,
or one 55iFFa fladspHRs fale ahegtied?’ The fedlpHEdr Pysegsoness ior 01.0x SffEat ory

el ements, are 10peyd imel pd ks to one of the pol ynucl eotide sequences of
t he invention such that the physical and functional relationship between

t he pol ynucl eoti de sequence and the regul atory sequence all ows

t ranscrggdon @ﬁlittlétbll@| ymu@bal@t'gde féeﬁﬁ!ﬁ@éﬁc?(VeCé@diSl usedl }‘sﬁﬁri&»@@rﬁﬁﬁi on

in ukar.yptic .cells n inc e, for .example, regul ator enents

et e Ak dhtErre At SoRetaks By S L RASH) Ehedarse: Al

(CW) @hkondt einp the BD S @naia @veEr )ﬁietaﬂmrbeq,r uoxX MvEafip $& er and-Siamtburoiolsl et

bromt &l - abdog MBhaney (IR aG . eukeibANLENS, Mo BF OTBRET od Y Eoic
I'ke. ' e tﬁe e

ronmot er ‘dnd the si red, vector can contain a s€lecta
mar ker SeAsiNgs iR gl Rreasy s@lednabee, miy-Rer " (Y Bris andahygenbeilcesl edent

t hat prﬁ?dr‘i%%ta pebestabke phenphype1Le apL£eldgin i drtgitsebegt ablegin
mar ker _has been introduced. A selectable marker is 25 generally a gene

b
whose JBrEHhriodifdts pMaH derk eittHnce to an agent that inhibits cell

growh or kills a cell. A variety of selectable markers can be used in the
DNA constructs of the invention, includjng, for exanple 0 g, -hi.sD,

Ot and 8 e hoREs AT (BSEPPBEN, TP thniYe TIF ACGIRETORE HomY B T I 30
Pr ot ocglregantibi eveh i oBi alargyb¢ Sapplraentedipncdohir oM | ey f&unsSonser NeweYor k

(1999) ), Yhomo 1RRRENT Ny 5’%;]%%% idHOS IS eﬂaﬂlqm%ﬁﬁiﬁﬁﬂiﬁé]e

presence of a sel ectabl e marker i e, f'or “exanpl €,
hygP8masiasifes- Hiles Rimdniediatold f 9paReRE: RBAPAPAe Mbrtigpt <nakK-BPECMAEIS

for Bl @35thsegpAlkibel igbedkioctUidn 61399)pe UsS. £ Pagmaht Nof 5c881.633Q) -
DNA constructs of the invention can inc regggtate a TPOSI tive sel ectable

mar ker 2T e i1 VeSSRHRREEDFE HaIReAS Dot PR, FBFaeRanpPES Qrsall
Patentcﬂb.t5398ﬁn83@bq dﬂ)Q@QQEQQQ%QQBG{hERﬁQ@QI@é@@@ﬂcéB Ehe- Hemience
gglofrgl Ry AN IR 5 The [ e P PEL MBLLLYLRE OVITASS 3 2T IR ARSIt
25 deletions or additions, which alter, add or delete a single
amino acid or a small percentage of amino acids (typically less
than 10%, more typically less than 5%, and still more typically
less than 1%.}) A "modification" of the amino acid sequence
encompasses conservative substitutions of the amince acid
30 sequence. Conservative substitution tables providing
functionally similar amino acids are well known in the art. The
following six groups each contain amino acids that are
conservative substitutions for one another:
1) Alanine (A), Serine (S), Threonine (T);
35 2) Aspartic acid (D}, Glutamic acid (E):
3) Asparagine (N), Glutamine (Q);
4)

Arginine (R), Lysine (K);



whose genone conprises a knock-out Qct gene. The DNA fragnent 5 can be
integrated into the genome of an animal by any method known to those
skilled iWOA®/ 2P0 The DNA nol ecul e contai ning the desPFEEPEUROEEHuence
can be introduced into pluripotent cells, such as ES cells, by any nethod
that will pernmit the introduced nol ecuf& to undergo reconbi nation at its
regi ons of 10 honol ogy. Techni ques that can be used include, but are not
limted to, caIC|un1phosphate/DNA Co- precipitates, nlcr0|nject|on of DNA
into the nucleus’oldueitopblat i bruCcbaet éHi al MeEBLEBLASt (i oFlditeh (tact
cells, transfectisgg@ and polycations, (e.g., poI ybr ene, pol yor n| t hi ne,

etc.) The n 1 e S|ngl o] double Str, i ne circul ar.
(See for esgﬁpﬁifnﬁaﬁgﬁ %‘Iw%¥ﬁﬂﬂ¥ﬂﬁ n §IWEG§?hEﬁb @@ A Laboratory
Manual O&dledr Spihog Ha:rchn‘hdaatbmrm oaye( hQBﬁ)uddtbgamtmnalthe Maagpehati rsp t he
Mous A_Labo a 2cond, ed. , l.dSprin r

Laborarorie (1907 B & MR et nos 3085 S0 m0b; =d 10 38t ey
4,873, B9 /md 6£087tbonalr etqhmiaats mitiiaed géneatra@sf:ér |mlcymtmda -nes
(Van det il an, etsaluct RLor. Matl cicationel . LEA-26148:6152 (R8RS

gene targetingin enb %onl c stem cel (Thonmpson et al 6: 313-321
(1989) eSS opot @8N bht B er%ryosSI(I?L%taWaJCel | SlESlBFéFYfS 1%1}98394’

(1983) )r,eaajtd3 e mﬁf@';ﬁﬁ@blﬂﬁlf—‘ofr@8{55éfvéﬁawtﬁrﬁalﬂﬁrﬁld@bmalﬁ@ :csuch as
7 1 For exa e z te 1s a good target for
ZE:; Z\éc @1&1% r@f@rco %%%Tg zygotes are well known (see
US 30 4 873, 191) Enbryonal ceI | s at various devel opnental stages can al so

be use qugg e production of knock-out aninals.
%I\F}Pd S are use?ch{olw

Di f f erent rre ending on the stage of devel opnent 35 of the
enbryorfdle cenvensien tiardfeact edoeabegori cDBRemqrES)risd] | sOBRAL & hed edfrcer

col oni zg,an WW—%J@'&&Y& ncgst@@ééril@é&ogﬂ%éonA‘snh%ehh%el%@c%t 0¢eRl &L @
bl astoc>ést stage enb éo and contribufe to the germiine of thé resulting

chi frer i"ONhi FrQI“St\‘RBC? 09r®69180PeST/ @29@§F6§6§87a§§an%?@%€v\éﬂf| I‘Hej’ﬁé%csch
Sci encmze«ﬂr{bn]t%&rﬂéh?%ml%@lécuf’él ornt adtiheibnt eedugiizan Q@fctt r aisheated ES
cells to tk‘:ﬁ?bla c%gle t he trans{ected ES ceIIsDﬁgn Z: u] cted to

vari ou sré[} ec ‘bf[r ot 5ol Y Bhr T c At tRePHPEPSFTI 8n I§§n@ HS S gt Yave
5 int egmdty@ebpt’dmldm(ﬁ:ttonomtmespéci@e kﬂowélbuasg@petpnmmadle:s n@rrgamsrf or
such sg{ %r{él%n(?@hrte%i ‘B%C}El F%Q%HF rP%dﬁ?a%d en for ES cells that

have i ntegrate -out. I'n ad tion, ret OV|ra i nfection can al so
be &9ed to introduce

If desired, the DNA constructs can be engineered to be

dperatively linked to appropriate expression elements such as
promoters or enhancers to allow expression of a genetic element
in the DNA construct in an appropriate cell or tissue. The use
:25 of the expression control mechanisms allows for the targeted
delivery and expression of the gene of interest. For example,
the constructs of the present invention may be constructed using
an expression cassette which includes in the 5'-3' direction of
transcription, a transcripticnal and translational initiation
30 region associated with gene expression in brain tissue, DNA
encoding a mutant or wild-type Opct protein, and a
transcriptional and translational termination region functiocnal
in the host animal. One or more introns alsc can be present. The
transcriptional initiation region can be endogenous to the host

35 animal or foreign or exogenous to the host animal.

The DNA constructs described herein may be incorporated into

vectors for propagation or transfection into appropriate cells



10 knock-out genes into a non-human animal. The devel opi ng nonhuman enbryo
can be cultured in vitro to the blastocyst stage. During this tine, the

bl ast oner®® 2880t ar gets for retroviral infection (Jad&iPEFERIBIGE7 Nat i .
Acad. Sci. USA 73:1260-1264 (1976)). Efficient infection of the bl astoneres
is obtained by 15 enzymatic treatment £6 renove the zona pel | uci da (Hogan
et al., supra, 1986). The viral vector systemused to introduce the
knock-out is typically a replication-defective retrovirus carrying the
knock- it JERfEre RPEF . OVRFBEXPIRAEL NI ARHEARE| NORSAUBEN6TETIESS] JRE0gT)S

Van ders1R# tesmetisdd, bPr e ?ﬂa@sen%a;dn?éhtaqin. USfe 82%x 6188461582 tHE98M)) -
iciently obtained b | turing the

Transfection Ls gasi I‘¥ agd e (%/ C

bl ast ol esSBhe Gt nBhol 8YEPT oP AT usCDr 88GETRE EHIRSY NV def PutTETP Eupr a,
1985; Steewaptroeiucalion EMBO a. w383 388 (49&Q)tidAltar natkilvel guchnfeet ison
can he r for.ned at.-a later. s L _ Vi or virus-producing cells 25 can be
i nj egt é%l%{]atqol%e&b]]las Igcaoe aeét( a Elnleré’ellil)t.Sl ‘et al., Nature298:623-628 (1982)).
Most of the founders will be nosaic for the knock-out gene since

| NCOr PRfALI Y OEGH! Al d Na@ PSELE By CEL LRenWhiGih f Op MY NEckNQGk Q1

animal . Further, the founder_ can contain variqus retroviral insertions of

t he knGHEGHIGert at 1B G PEer eREPHBEFEPBNSOEn ERe §BSTREIVRHIYCh gern&dal |y
Wil Zegfca@ajd At w%aheoelf%f _Sﬂfi'ggec_ﬂ Anaddid i ¢ %@@Ck;éﬁl:lligepaét@bﬁih]cé an

i nt uced into the germine by intrauterine retroviral infection t he

i oL e AERECET (i y & I FRRIGEGr T4, | PEGRPACT1083) . CREET bnal Hoars G

usi ng reetpradgiusesodHr Opetr a Ingler35i deect O S at alarieatde khoeke oul tardhmallsd
known tQ t of Pl e . $nvol t 1 CLQ-i R j of :
retr ovib%al Hggrgtdl CFI?%(JC_ortlnél:ll‘](i)ér}ysct?éné]C#-Jtner/eaezg(g%ecsg’lqlorsH p%gdu%%‘gﬂrkg Crlo\;.llf‘a’rruesml nto
t he perdogia enpPEnerspaicee off fernwleved abgencer ehr lorramesyen (WD bABsues
2009/ 090490PCEHER2000L 090367 3 900833 ( 1980} eatskebdl Aidb Eoyen M.
Reprod. Dev. 40:386 (1995)). Any other technol ogy fo introduce knock-out
genéé i e SYome 3 n SPFRPSieng. *EREXRnodK-: i P orM@herte¥cuet the

t echnoleagires Gah abgo depdgedcli0asol yend he fprobtereof tihe presereferred

i nvention., The knock-in technology is well known in the art as descri bed
e.g. i rCasad™st A “(0%) Am J Pathol 165, 1289-1300. 10 Once the founder
animal s are produced, they can be bred, inbred, outbred, or crossbred to

pr oduc | ani ; rtj nj e reedi

strat e%lnéé) %cﬁeﬁvd%l%ﬁe cg?eﬂﬁgl'lt%ﬁs%?t Egg%ngtgggpg%eggﬁfﬁaggg gf %&%d(%’r_l%g)nibn%l S
wi t R0pome ltusad obe FREegeattioon 5% ecrRrofFdernt Ofest aBPFshreeyarate dri s,
15 inbreedidia obicsepatahe |ddes da ekdnalt@dRr OJUER CONMERS & I aRagemiLs

t hat express_the transhgene at higher l'evel s because of the effects of

addi ti @%53?85 FXERYE 1 r &R$GEFYCLeNGs TG OFP Het e¥SEFTousCP7 8RB géhi ¢
m ce t ®@ipraadlcePrpee Ravbzygeusl.f Gcia gisen gntegaatEvpR1 si(lLesen ;ordtessdo

bot h augrent, 20 ressi on | el im e eed f.or .screeni of i mal s
by DNAegCnaIayls'i’s; Egérlo"a’snsclerfg ﬁ%‘ei@%ﬁon@@gﬂds Iclflr?élstet%l’pr oﬂgatc]lcoe @‘Zl Sgund
hetéﬁp@ﬁgdlﬁs Jor  hetozygousidneies; premdiey anndatsdt obgi f femenyt  inredraeld ;
geneti g hackgro o2& aﬁo&ﬂoﬁgamﬂ%% ehfacks of m’%&& Log.2al Lol €5 dnteq
expression of the transgene and the gf ects ( 2% of expression. The
knock- G TadiGeal $UGh eagcheshegcapaceVlicutedit o sBreet NRbse Agiasal $Havi ng

the prm,yp?hﬁfﬂﬁe%ﬁasﬂ-ltm%ﬁ} ES@CéR@egbfeg ﬁan,bem?bf&r,ﬁf@e&im—z;}‘w
exa e, u ern (6] anal ysi s or ecnni ques 0 anal yze ani na
tisgﬁeé%é§ahﬁi#gy%qﬁﬁg§qn(ﬁ%%&%%ﬁﬁ' Caflf )} mogse mammary %umor virus

30 (MMTV) induced by steroids such as glucocorticeid and estrogen
(Lee et al., Nature, 294:228-232 (1981); and heat shock

promoters inducible by temperature changes; the rat neuron

specific enclase gene promoter (Forss-Petter, et al., Neuron 5;
197-197 (1990)); the human PR-actin gene promoter (Ray, et al.,
35 Genes and Develcpment (1991) 5:2265-2273); the human platelet
derived growth factor B (PDGF-B) chain gene promoter (Sasahara,
et al., Cell (1991) 64:217-227); the rat sodium channel gene
promoter (Maue, et al., Neurcon (1920) 4:223-231); the human



of the knock-out gene has taken place. The | evel of nRNA expression of the
knock-out gene in the tissues of the knock-out animls can al so be assessed

usi ng t ecHRIZBWELOINRi ch i nclude, but are not limted to, PREEPRUPASEHEHt

anal ysis of tissue sanples 35 obtained fromthe animal, in situ
hybri di zati on anal ysis, and reverse tramscriptase-PCR (rt-PCR). Sanples of
the suitable tissues can be eval uated i mmunocytochem cally using antibodies
specific for Quct or with a tag such as EG-P. The knock-out naon-

2009/ ORPFFFPCHIER 009P 850887 3 L ifiitdFSRarfls BAATBESE ur {IedR 1diea é’dt‘-"é’rq rzed

to identd fyalt hommrlrralrseélaw E@ﬂ)ph@mhmmef Yl lafhdetﬂ’lerﬁ)tﬁrsi he&or

i nvention. pa ticul ar ock- o0 n- human over expr.essi ng

can’ be BRREI R hs i (TG, oL BPSaPBALE. HERUT toRs, Gmpranisly; Chue
sectiorst cdn be(l\Baa/yedJamﬂm B laereycent mcroscope for die present of
fluo§escence, i ndi cating the presence of the reporter gene. Another nethod

to affect tissue specific expression is through 10 the use of
ti ssueRgmyiigftiarpr ekemnent s, Normnd ludinggrevampeess ofr s@nhapblcers, can be

tissue- 5f ter t heo t (1 p fi
P|nkerfQEEQng%%anQuecgﬁgg§éegg (§%§%£%@ ﬁ?ﬁgﬁo?@?spg%??f% g%%mﬁwis

( Cal ané it At (@ArgBsyapdve m%%tedwnz%vysr—tm RIp&ASSESISar OFr A6t er s
of T celd 15 re@apt Ased Winot ot apguBal ti myee (ALH9) 2 EMBO Jse&u@38e¥33)orand

lins er et al (198 740; Queen an
o LD USEHY Catieren a1 i) ORELF I Rhber H BRatonboer Ste. §F. ¢
neurofmgmﬁnuchmdnnﬁawsequﬁndﬁw df ptloeoteventibhesBrh- mhatemMepmMnyﬂal

DLl oS g Sy, Oy 0 e

pancr el pethti c iedodGitery ( BRwnenes akllop$983)r Bos@ide 1280 992- 91dke

Card'a%dﬂ%ﬂﬂéﬂébﬂ?ﬁH€5§é€@eﬁ@éphaV€E98k@ heags ghai fio ProBRbeEssion  in
Subramani am A,. Jones_. W, rt S, Neumann J, and Robbins J

Ti s$0e SSEAAtE G eGal ki &ﬁnoflr(c%d%efawp@%rn KegvyaERRY n SJ&ments
pr onot éndlmdiraNsgeid ¢ mace. pﬂo;desrQweﬂhé66sv26613a24@20prbaaﬁee)r,, arthe

manmmary gl and- specific ters (e.qg., mlk wh pronDter Pat.ent  No.
4675, 20 AR R apein RGRTT cati BIr s | GUEI JIORES  SBArag) . TP TG L1 e
inventi@mWEWHtQEHrqmdwumﬁuczbﬂés@t@m@mbnelPgtﬁntMpmongyamBNAneodsﬂﬂﬁmnlaﬁ
the invantjoniRg PYALANSE T Yst,-Gan Red il Aitfedie 1ike.
20
If desired, the vector can contain a selectable marker. As used
herein, a "selectable marker" refers to a genetic element that
provides a selectable phenotype to a cell in which the
selectable marker has been intrcduced. A selectable marker is
25 generally a gene whose gene product provides resistance to an
agent that inhibits cell growth or kills a cell. A variety of
selectable markers can be used in the DNA constructs of the
invention, including, for example, Neo, Hyg, hisD, Gpt and Ble
genes, as described, for example in Ausubel et al. (Current
30 Protocols in Molecular Biology {(Supplement 47), John Wiley &
Sons, New York (1999)) and U.S. Patent No. 5,981,830. Drugs
useful for selecting for the presence of a selectable marker
include, for example, G418 for ©Neo, hygromycin for Hyg,
histidinol for hisD, =xanthine for Gpt, and bleomycin for Ble
35 (see Ausubel et al, supra, (1999); U.S. Patent No. 5,981,830).
DNA constructs of the invention can incorporate a positive
selectable marker, a negative selectable marker, or both (see,
for example, U.S. Patent No. 5,981,830).



into a cell by any of the well-known transfection net hods (Sanbrook et al.

Mol ecul ar_C oni ng: A Laboratory Manual, 2nd ed., Cold Har bor Press,
Pl ai nvi evWOIQOG\W”?lJ?%Q) Ausubel 35 et al., supra, (1999 ?Oé”‘lﬁ%{‘f‘?vely,
the cell can be obtained by isolating a cell froma nut ant non- human manmal
created as described herein. Thus, theZBnvention provides a cell isolated

froma Qct nmutant non-human mam"ral of the invention, in WO

2009/ 090190PCT/ EP2009/ 050387 32 particular, a Quct nutant knock-out nouse.
The cells can be obtained froma honbzygous Qpct mutant non- human mamral
such agvanMuseh Wnaoheher Quygess Qoct nut ant non- human manmal such as a

nouse. Effecto s Effectors,, as that termis us d her ej re defined.as
nol ecul t hatY© Bl AE0t PR aRECVhEPEas? (nion Jt‘%? gcraé%[}aal
(i.e. wiuds tgendred r cacpirvisky ian knéeck-and/ Qpcitn gﬂnﬂ) Bose D¥A e’hza;gmmave

bi ”dS”% 18 Ly egé%et%ldi ef nidataff <§ rBé‘e'or cal abyt 61268y Vlﬁhé tha
stlrrulator nol ecu ed an act nzynes m n errutlple
sites faowecogntzPag morid J{etdanlr@)néhactanr\tat &hﬁ)rDNhhmbﬁ?mJleEmn@fbm

det ect tgRncEALK EHONFe N %e\@reln%@/ ehnmiecubescandeatsei hhgt phtidipsHdmt i on
to vary their own activities. Effectors can nodul ate enzymatlc act|V|ty

becaus&SenAmesUEan & shife Bt acPivemnd "erBed veldbnididnt PRFRIL the

Efc; i vahw&o%r@@sméla@ﬁéf eeot airfdetgthi betonbinseinggatt v ef f:elgieﬁs of

t act pot.only at e.active.sites of enz ut _also at
regg at c?rmf%s O%es, 1 §EPLE f%lgtser Ea§| e nﬁsﬁgeleSXgﬁﬁhag?liE tHat e
regul atldmitsid e i stan el enealcofimt he epizgswhalisiDNet fr om-tdreciatidatese
site ang 4,Q, %erfc‘?{]%g}“ ate ”BN%“OEH{Q‘ rgqul ah}, gn.fE0m cAmRat Jdan digfyveen

substrates an tors
bacterial protoplast fUS1on with intact cells, transfection, and

polycations, (e.g., polybrene, polyornithine, etc.) The DNA can

1> be single or double stranded DNA, linear or circular. (See for
example, Hogan et al., Manipulating the Mouse Embryo: A
Laboratory Manual Cold Spring Harbor Laboratory (1986); Hogan et
al., Manipulating the Mouse Embryo: A Laboratory Manual, second
ed., Cold Spring Harbor Laboratory (19924), U.S. Patent Nos.

20 5,602,299; 5,175,384; 6,066,778; 4,873,191 and 6,037,521;
retrovirus mediated gene transfer into germ 1lines (Van der
Putten et al., Proc. Natl. Acad. Sci. USA 82:6148-6152 (1985));
gene targeting in embryonic stem cells (Thompson et al., Cell
56:313-321 (1989)); electroporation of embryos (Lo, Mol Cell.

25 Biol. 3:1803-1814 (1983)); and sperm-mediated gene transfer
(Lavitrano et al., Cell 57:717-723 (1989))).

For example, the zygote is a good target for microinjection, and
methods of microinjecting zygotes are well known (see US
30 4,873,191).

Embryonal cells at various developmental stages can also be used
to introduce genes for the production of knock-out animals.
Different methods are used depending on the stage of development
35 of the embryonal cell. Such transfected embryonic stem (ES)
cells can thereafter <colonize an embryo following their
introduction into the blastocoele of a blastccyst-stage embryo

and contribute to the germ line of the resulting chimeric animal



( 25 the catalytic site (Darnell, J., Lodish, H and Baltinore, D. 1990,
Mol ecul ar Cell Biology 2"d Edition, Scientific Anmerican Books, New York,
page 63) .WPSHYVWRYO30 | f peptides or amino acids are meRGIEF2H900ERhe
present invention, each am no acid residue is represented by a one-letter
or a three-letter designation, correspgfding to the trivial nanme of the
am no acid, in accordance with the follow ng conventional |list: 35 Am no
Aci dOne- Letter Synbol Three-Letter Symbol Al ani neAAla ArginineRArg WO
20091 09FBIURIHEP2009EF5038 R 335 pbparagicd@Adrt 6Bs par'd c(Ja%ﬁq fsp EY$PEi Hexys
G ut amuieG i br&livtambe @ dFahdFoyecteChy Megtisdi neth s theollQud hrlde e,

Leucin%&%y %PaégféggégsES cells can be subjected to various selection
protocols to enrich the proportion of ES cells that have

5 integrated the knock-out gene if the knock-out gene provides a
means for such selection. Alternatively, PCR can be used to

screen for ES cells that have integrated the knock-out.

In addition, retroviral infection can also be used to introduce
10 knock-cut genes inte a non-human animal. The developing non-
human embryo can be cultured in vitrc to the blastocyst stage.
During this time, the blastomeres can be targets for retroviral
infection (Jaenisch, Proc. Nati. &cad. Sci. USA 73:1260~1264
(1976)). Efficient infection of the blastomeres is obtained by
15 enzymatic treatment to remove the zona pellucida (Hogan et al.,
supra, 1986). The wviral vector system used to introduce the
knock-out is typically a replication-defective retrovirus
carrying the knock-out (Jahner et al., Proc. Natl. Acad Sci. USA
B2:6927-6931 (1985); Van der Putten et al., Proc. Natl. Acad
20 Sci. USA 82:6148-6152 (1985)). Transfection i1is easily and
efficiently cobtained by culturing the blastomeres on a monclayer
of virus-producing cells (Van der Putten, supra, 1985; Stewart
et al., EMBO J. 6:383-388 (1987)). Alternatively, infection can
be performed at a later stage. Virus or virus-producing cells
25 can be injected into the blastoccoele (Jahner D. et al., Nature
298:623~628 (1982)). Most of the founders will be mosaic for the
knock-out gene since incorporation occurs only in a subset of
cells, which form the knock-out animal. Further, the founder can
contain various retroviral insertions of the knock-out gene at
30 different positions 1in the genome, which generally will
segregate in the offspring. In addition, knock-out genes may be
introduced into the germline by intrauterine retroviral
infection of the mid-gestation embryo (Jahner et al., supra,
1982). Additional means of wusing retroviruses or retroviral
35 vectors to create knock-out animals known to those of skill in
the art involves the micro-injection of retroviral particles or
mitomycin C-treated <c¢ells producing retrovirus into the

perivitelline space of fertilized eggs or early embryos (WO



Met hi oni neMet Phenyl al ani nePhe ProlinePro SerineSer 15 Threoni neThr

Trypt ophanTrp Tyrosi neTyr ValineWal 20 QC The ternsor "Qpct" as used

her ei n ar‘@o%?%}gpwpended to refer to the same and conpr PSE/ERRUPOAMEY
cyclase (QC), i.e. glutam nyl-pepti decgcl otransferase(EC 2.3.2.5.).
Preferably, 25 the Qoct as used herin B8 a mammalian Qoct, nore preferably
a non- human Qpct, nost preferably a murine Quct. QCIlike enzymes QC and
QC-1i ke enzynes have identical_or simlar enzymatic 30 activity, further

dof i ned HUBE HctRvoPy; | HAEHPLLr gsr dBORERY | M lenz i8S Ofan Pefidarktitid y

di ffer jirpdsheir nol ecul ar structure from QC. The term"QC activity" as used
herein is defined as 35 intranol ecul ar cyclization of N-term nal gl utam ne
residues into pyroglutamc acid (pGlu*) or of N-term nal L-honoglutam ne or
LP- hondgiwt ahhae ttecdhreicldye pyr dntomoglost axmoek-dert vabnee uindsry ki bemrat i on

of a@mﬁﬂﬁ%n_gﬁﬁhﬁgf?”g§g% qagazknock—in or the rescue techneclogies can
also be used to solve the problem of the preseht invention. The
knock-in technology is well kxnown in the art as described e.q.
in Casas et al. (2004) Am J Pathel 165, 1289-1300.

10 Cnce the founder animals are produced, they can be bred, inbred,
outbred, or crossbred to produce colonies of the particular
animal. Examples of such breeding strategies include, but are
not limited to: outbreeding of founder animals with more than
one integraticn site in order to establish separate lines;

15 inbreeding of separate lines in order to produce compound
transgenics that express the transgene at higher levels because
of the effects of additive expression of each transgene;
crossing of heterozygous transgenic mice to produce mice
homozygous for a given integration site in order to both augment

20 expression and eliminate the need for screening of animals by
DNA analysis; crossing of separate homozygous lines to produce
compound heterozygous or homozygous lines; breeding animals to
different inbred genetic backgrounds so as to examine effects of
modifying alleles on expression of the transgene and the effects

( 25 of expressiocn.

The knock-out animals are screened and evaluated to select those
animals having the phenotype of interest. Initial screening can
be performed using, for example, Southern blot analysis or PCR
30 techniques to analyze animal tissues to verify that integration
of the knock-out gene has taken place. The level of mRNA
expression of the knock-out gene in the tissues of the knock-out
animals can also be assessed using techniques which include, but
are not limited to, Northern blot analysis of tissue samples
35 obtained from the animal, in situ hybridization analysis, and
reverse transcriptase-PCR (rt-PCR). Samples of the suitable
tissues can be evaluated immunocytochemically using antibodies

specific for Qpct or with a tag such as EGFP. The knock-out ncn-



34 page deliberately left blank WD 2009/ 090190PCT1EP2009/ 050387 35 Schene
1: Cyclization of glutamne by QC peptide NH peptide HN Schene 2:
Cyclizat iR 28?9/@91?8@@ ut ami ne by QC 10 The term "ECPCAEPIURHSHET i n
conprises the side activity of QC and QC-1i ke enzynes as gl utanmate cycl ase
(EC), further defined as EC activity. 31The term"EC activity" as used
herein is defined as 15 intranol ecul ar cyclization of N-term nal glutanmate

resi dues into pyroglutanic acid (EGﬂu* y QC. See schenme 3. The term
"net al -HEFEhdBATMER Sy ng2N adeus EHT RBEE rph%r%réww%s tenziders}fy hdthose

requi r erdirROUNGh 8813y OPHIhAHRY ht8efwlfith methods of the invention.
In particuler, knock-cut non-human mammals overexpressing Qpct

can be screened using the methods disclosed herein. For example,

5 tissue sections can be viewed under a fluorescent microscope for

die present of fluorescence, indicating the presence o¢f the

reporter gene.

Another method to affect tissue specific expression 1is through
10 the use of tissue-specific promoters. Non-limiting examples of
suitable tissue-specific promoters include the albumin promoter
{liver-specific; Pinkert et al., (1987) Genes Dev. 1:268-277);
lymphoid-specific promoters (Calame and Eaton (1988) Adv.
Immunol. 43:235-275), in particular promoters of T cell
15 receptors (Winoto and Baltimore (1989 EMBO J. 8:729-733) and
immunoglcbulins (Banerji et al., (1983) Cell 33:729-740; Queen
and Baltimore (1983) Cell 33:741-748), neuron-specific promoters
(e.g., the neurofilament promoter, the Thy-1 promoter or the
Bri-protein promeoter; Sturchler-Pierrat et al., (1997) Proc.
20 Natl. Acad Sci. USA 94:13287-13292, Byrne and Ruddle (1989) PNAS
86:5473-54717), pancreas-specific promcters (Edlund et al.,
(1985) Science 230:912-916), cardiac specific expression (alpha
myosin heavy chain promoter, Subramaniam, A, Jones WK, Gulick J,
_ Wert S, Neumann J, and Robbins J. Tissue-specific regulation of
( 25 the alpha-myosin heavy chain gene promoter in transgenic mice. J
Biol Chem 266: 24613-24620, 1991.), and mammary gland-specific
promoters (e.g., milk whey promoter; U.S. Patent No. 4,873,316

and European Application Publication No. 264,166).

30 The invention further provides an isolated cell containing a DNA
construct of the invention. The DNA construct can be introduced
into a c¢ell by any of the well-known transfection methods
(Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd
ed., Cold Spring Harbor Press, Plainview, N.Y. (1989); Ausubel

35 et zl., supra, (1999)). Alternatively, the cell can be obtained
by isolating a cell from a mutant non-human mammal created as
described herein. Thus, the invention provides a cell isolated

from a Qpct mutant non-human mammal of the invention, in



20 their catalytic function and/or require a bound netal ion in order to
formthe catalytically active structure. WD 2009/ 090190PCT/ EP2009/ 050387
36 ScheneWe: 20049814 nal cyclization of glutanyl pepti dedCEREPREHIOEEET

pepti depepti depepti depepti de NHHNHN 5 The term "Qoct-rel ated di sease” as
used herein refers to all those di seaség, disorders or conditions that are
nodul at ed by Qpct. Assays and ldentification of Therapeutic Agents 10 The
met hods and conpositions of the present invention are particularly useful
in the Rt of e®Pekt ghstagit Qercin@uftormenee devidioprent Sof CaR ude and

t her apeysd L£i RGENt Sorf Ok h'&ﬁotz@%h@‘?r@p@c”dmﬂfa@d’@nﬁbﬁﬂh%aﬁnﬁbﬁmﬁia%%%l ated
di seases such as MId Cognitive Inpairnment, Alzheiner's disease,

neur odéy SR i Oh #nlEb O@ﬂﬂ?%n@chaWplt?&I BRAT SHUBENERITS Lo Sl rﬁs1 i%l
Britishdveyentia. Mreover, the nmethods and conpositions of the present

i nvention are al so useful in the evaluation of effectors of Qct and for 20
the devel opment of drugs and therapeutic agents for the treat ment and

pr eventEfofeaforhroni ¢ and acute inflanmatory di seases, r heumat oi d
ar t W § fpe AN 0L SLRL SeobRSLENASES: nRaREREALLY Sie 25, Hhe g el attles

ani mal or t celIs of 't he knoc -out ani ma Re invention can be used in
a vari dhptof bépfedi? ngnaysRgs. amdr i8ca9eIse, Ahyeof P Wbt yobf Jrstnarssal

agents (slusepectlelﬂlgflta}ff@ﬁéwg ety iand amyl pkdracapiat i gn, asvyel Isqge the

appr priate antagonis nd bl o¢cki ng therapeutic gents can_be 30 %cr eened
y adniSiizttss i oo é? H@ckséﬁ{asamfﬁﬁl AbcaRLe affect their
catalytic activity; a stimulator molecule is called an

( activator. Enzymes may even have multiple sites for recognizing
more than one activator or inhibitor. Enzymes can detect
concentrations of a variety of molecules and use that

15 information to vary their own activities.

Effectors can modulate enzymatic activity because enzymes can
assume both active and inactive conformations: activators are
positive effectors, inhibitors are negative effectors. Effectors
20 act not only at the active sites of enzymes, but also at
regulatory sites, or allosteric sites, terms used to emphasize
that the regulatory site is an element of the enzyme distinct
from the catalytic site and to differentiate this form of
regulation from competition between substrates and inhibitors at
( 25 the catalytic site (Darnell, J., Lodish, H. and Baltimore, D.
1990, Molecular Cell Biology 2"d Edition, Scientific American
Books, New York, page 63).

Peptides

30 If peptides or amino acids are mentioned in the present
invention, each amino acid residue is represented by a one-
letter or a three-letter designation, corresponding to the
trivial name of the amino acid, in accordance with the following
conventional list:

35
Amino Acid One-Letter Symbol Three-Letter Symbol
Alanine A Ala

Arginine R Arg



WO 2009/ 090190PCT/ EP2009/ 050387 37 the effect of these agents upon the
function and phenotype of the cells and on the phenotype, i.e. the

neur ol ogi WaI200M¥AW0ype, of the knock-out animals. 5 Behd¢IGFAP00950387 es may
al so be used to test potential therapeutic agents, such as those studies
desi gned to assess notor skills, |earnBdg and nenory deficits. An exanple
of such a test is the Morris Water maze (Morris (1981) Learn Mti vat

12: 239-260). Additionally, behavioral studies may include 10 eval uations of
| oconotfeIPEEIWVI®y such as™ith the rotor-rod A%@ the open field. A

pref er izag prbedigwid of the present invention pgpdirected to an in vivo
ani mal nodel. for exam ning the phenotypic 15
consequeftéssul ti ngf r omhét er ozygousOr honozygd¥s defici ency of the Qoct
gene, wherteimirtde ani mal ngdel is a manmal havéhg a het erozygous or
honozygous di.sruption of the Qoct gene. 20 In further preferred

enbo ig%;ﬁ%%ﬁlq:hénﬁgesent %nvention, the Qoct g%ﬁe is of human origin, nore
pr ef er dblyciafe nurine origi B The Qpct gene acc®i”ing to the present

i nventi my: .al SO be a regonbi nant gene. 25 preferred according to

t he prekg(ragnetm%/lr{\eéenti on is t%lg muri ne Qpct genelvg?gSEQ ID No. 22. The

di sruptissHefciife nurine Qdct gene, preferabl yI&® the murine Qoct gene of
SEQ I DIMNQ i3y may for instance be achieved byrggne 30 nutations, which
Ieag tQ single amno acid deletions or replacenents in the Qpct protein.
Pr ef-8r e d&or di ng to therresent i nvention alF¥Snutations in the Qoct
gene, wWdtthidreiatk to to themMlel etion in the Qocteprotein of at | east one of
the am %ﬂﬁﬁf %HESL§Cted fr.omthe group consis%ﬁgg of residues H141 and 35
D160 in exon 3,°'1est dues E202 and E203 in exon 4 residue D249 in exon 5
and redimuetd8331 in exon 7P WO 2009/ 090190PCTPERP2009/ 050387

Serine 5 Ser
15 Threonine T Thr

Tryptophan W Trp

Tyrosine Y Tyr

Valine v Val
20

oc

The terms "QC" or "Qpct" as used herein are both intended to
refer to the same and comprise glutaminyl cyclase (QC), 1i.e.
glutaminyl-peptidecyclotransferase (EC 2.3.2.2.). Preferably,
25 the Qpct as used herin is a mammalian Qpct, more preferably a

non-human Qpct, most preferably a murine Qpct.

QC-1like enzymes

QC and @QC-like enzymes have identical or similar enzymatic
30 activity, further defined as QC activity. In this regard, QC-

like enzymes can fundamentally differ in their molecular

structure from QC.

The term "QC activity" as used herein is defined as
35 intramolecular c¢yclization of N-terminal glutamine residues into
pyroglutamic acid (pGlu*) or of N-terminal L-homoglutamine or L-
B-homoglutamine to a cyclic pyro-homoglutamine derivative under

liberation of ammonia. See schemes 1 and 2.



38 In a further enbodi nent of the present invention, the disruption of the
Qoct gene can al so be achi eved by deletion of one or nore exons. The

del eti on W¥P 2409819 gl e exon of the Qoct gene nay | ead 5 PCI/ER20890503§éne

di sruption. Preferred according to the present invention is the deletion of
exons 4 and/or 5 of the Qoct gene, noré4preferably of the nmurine Qoct gene.
Most preferably, the nurine Qct gene has, after deletion of exons 4 and 5,
t he sequence of SEQ ID NO. 23. 10 Since Qct is involved in a variety of

bi ol ogi cal, nedi cal or physiological processes or phenonena, including, but
not limted to neurodegenerative di seases, e.g. MId Cognitive |npairnent,
Al zhei nmer' s di sease, neurodegeneration in Down Syndrome, 15 Fam lial Danish
Denentia and Fam lial British Denmentia; and chronic and acute inflamuatory
di seases, e.g. rheunmatoid arthritis, atherosclerosis, restenosis,
pancreatitis, the animal nodel having heterozygous or honbzygous deficiency
of the Qoct gene is useful for studying nechani sns and/or etiology of the
20 above-nenti oned processes/ phenonena. In a particul ar enbodi nent, the

ani mal nodel of the present invention having heterozygous or honbzygous
deficiency of the Quct gene will be useful as a mammalian in vivo screening
nodel for studying these and ot her processes/ phenonena. 25 By "ani nal

nodel " is meant that an animal sufficiently |ike humans in its anatony,
physi ol ogy, or response to a pathogen to be used in nedical research that
is used to investigate a physio- or pathological circunstances in question.
According to 30 the present invention, an animal nodel can be an
gxploratory nodel, aimng to understand a biol ogical mechanism e.g.
anyl oi d beta peptide formation, ,r,.an ex.ég at or Hgfel, aimng to
understand a nore or Iespagﬁld?ehiibefé) PYploQ'Et anlk

2009/ 090190PCT/ EP2009/ 050387 39 The anal ysis of the physiol ogical function
of Qoct in vivo for the devel opment of neurodegenerative di seases, e.qg.

M|l d Cognitive Inpairnment, Al zheiner's disease, neurodegeneration in 5 Down
Syndronme, Fam lial Danish Denentia and Famlial British Denentia; and
chronic and acute inflammtory di seases, e.g. rheumatoid arthritis,

at heroscl erosis, restenosis, pancreatitis can be performed enpl oying the
het er ozygous or honobzygous Qct knockout aninmals of the present invention.
An effective 10 screening for Qoct inhibitors, which are useful in the
treatnent of the aforenentioned di seases, could be perfornmed by treating
exi sting animal nodels for the specific diseases with test conpounds and
conparing the results of such treatment with the effects of the Qpct gene
di sruption in the Qct knockout



15 animals. Preferred nethods for screening for biologically active agents
that inhibit or pronote Qoct production in vivo thus conprise the follow ng
steps: 20WP2AW0W0eri ng a test conpound to a non- hunman PE&ATEFEPOIMSREET | whi ch
is specific for the treatnent of at |east one disease selected fromMId
Cognitive Inpairnent, Al zheiner's disedSe, neurodegeneration in Down
Syndronme, Famlial ( 25 Danish Denentia, Famlial British Denentia,
rheumatoi d arthritis, atherosclerosis, restenosis, and pancreatitis,

ii) detSoheing g Qyeldmaddenniof gd utastineo yo R iii) compare the
effect of the test conmpound with the 30effect of the Quct gene disruption
in the Quct knockout animal nodels, and iv) select test conpounds that have
an efficacy simlar to thgte§fect of the Qoct gene disruption on the
specific disease. 35 In particular prefeieppd is the use of this method for
screening of Qoct inhibitNdrs. WD 2009/ 090190PCT1EP2009/ 050387 40 In a
further preferred §$podi nt, this net is used for the screening of Qct
inhibitors for the of Al zhei ner @i sease or neurodegeneration in
Down syndrone. 5 In yet another pgferred/enbodi nent, this nethod is used
for the screening of ct inhibitprs f he treatnment of Famlial British
Denentia or Familiall Danish Denentia. FurtNHrnore, this nethod is
preferably used for |the screening of 1 ct inhibitors for the treatnent
of a disease sel edNH,om rheyggt oi d artRgitis, atherosclerosis,
restenosis, and pancreatitis. 15 The efficacy of Qct-inhibitors for the
treatnment of Al zheiner's Di sease, Famlial British Denentia or Fam i al
Dani sh Denentia and, e.g. neurodegeneration in Down Syndronme can be tested
in eéisting ani mal nodel s of Al zhei mer's disease.

Scheme 2: Cyclization of L-homoglutamine by QC

peptide
| peptide
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10 The term "EC" as used herein comprises the side activity of QC
and QC-like enzymes as glutamate cyclase (EC), further defined

as EC activity.

The term "EC activity" as used herein is defined as
15 intramclecular cyclization of N-terminal glutamate residues into

pyroglutamic acid (pGlu*) by QC. See scheme 3.

The term "metal-dependent enzyme" as used herein is defined as
enzyme (s) that require a bound metal ion in order to fulfil
20 their catalytic function and/or require a bound metal ion in

order to form the catalytically active structure.



20 Suitabl e aninmal nodels of Al zheiner's Disease are reviewed in MCGowan et
al., TRENDS in Cenetics, Vol. 22, No. May 2006, pp 281-289, and are

sel ect ed WOGHPDAP®, Tg2576, APP23, TgCRND8, PSENI | . 146\WPCAEPREENIEED 1T |
PSAPP, APPoutch, SRI-A[ 340 and BRI - Al 342, JNPL3, Taunols, Tauv337m
TauF006w, rTg4510, Hum TAPP, 3 x TgAD36as 25 described bel ow. PDAPP: First
mut ant APP transgeni c nodel wi th robust plaque pathology. Mce express a
human APP cDNA wi th the Indiana nutation (APPvn7F). Pl aque pathol ogy begins
bet weerfdhemencht B tiermgmade AyAlgaasippARE gladame Rerits dapndys £9 Yout
no overt cell loss and not NFT pathology is observed. This nodel has been
used widely in vaccination therapy strategies. WO

2009/ 090190PCT/ ERg@RR/ 050387 4] . adgeptidrese nice have cognitive deficits
but no cell 1oss jor NFT pat hol ogy. |t i s one ofPFifl8 npst widely pewide
transgeni ¢ nodel S\H APP23: M ce exprmiss nutant APPSWE under control of the

Thy]. 5 pr Prom nent §$ ebrovascul ar a i do anyl oi d deHH |t§)are
observed f hs of ag hi ppocanpal neur onalf?Poss i s

associ ated w th anyl gisd<pptrague formation. TgCRNDB: M ce expyess ltiple
APP mut ati ons_{ Swedi sh—ptas 10 | dianai::fngnl = defi >c0| W th
rapi d extracgl | ul ar pirague.ogdev opnentsﬁ% H% of g itive
deficits c?} be reversed by Apjvaccina Fq her apy. Eﬂno bcv or
PSEN114146%. , 6l ines 6.2 anch OH especti vel gN: TH@@E 15 nodel s where the

first denonstra®ion in vivo thét mut ant PSENl1 sel ectively el evates A342 No
overt plaque pathology is observed. PSAPP(Tg2576 x PSENLnm61., PSEN1- A246E +
ﬁPPswE): Bi geni c
5 The term "Qpct-related disease™ as used herein refers to all
those diseases, disorders or conditions that are modulated by
QOpct.

Assays and Identification of Therapeutic Agents
10 The methods and compositions of the present invention are
particularly useful in the evaluation of effectors of Qpct and
for the development of drugs and therapeutic agents for the
treatment and prevention of amyloid-associated diseases such as
Mild Cognitive Impairment, Alzheimer's disease,
15 neurodegeneration in Down Syndrome, Familial Danish Dementia and

Familial British Dementia.

Moreover, the methods and compositions of the present invention
are alsc useful in the evaluation of effectors of Qpct and for
20 the development of drugs and therapeutic agents for the
treatment and prevention of chronic and acute inflammatory
diseases, e.g. rheumatoid arthritis, atherosclerosis,

restenosis, pancreatitis.

25 The knock-out animal or the cells of the knock-out animal of the
invention can be used in a variety of screening assays. For
example, any of a wvariety of potential agents suspected of
affecting Qpct and amyloid accumulation, as well as the
appropriate antagonists and blocking therapeutic agents, can be

30 screened by administration to the knock-out animal and assessing



20 transgenic mce, addition of the nutant PSENL transgene markedly

accel erated anyl oi d pat hol ogy conpared with singly transgeni c nutant APP

m ce, denSRSOVARNHY t hat the PSENL-driven el evati on of ARSAEFIHRAMSEE pl aque
pat hol ogy. 25 APPDutch M ce express APP with the Dutch nutation that causes
hereditary cerebral henorrhage with amglloi dosi s-Dutch type in

humans. APPDut ch m ce devel op severe congophilic anyl oid angi opat hy. The

addi tion of a nutant PSENL transgene redi stributes the amyl oi d pat hol ogy

to the e epEh§Rh iO0fdi ERE$Rgagendgisft fumqhgthel danicer ofpsmnénahapaeypPg of

vascul aiheansk ped enchyHR! +88YbaEHoR9HB0! Q9. tWR neurological phenot%ge,
2009/ 090190PCT/ EP2009/ 050387 92 senil e pl agues and CAA, 'whereas BRI -AP, 90

ni ce d@dtPeTATE PHagedieldrggesting that Ap, 92 is essential for plaque
formati on. JNPL3: M ce express 9RON MAPT with the P301L nutation. This is 5
the first tr.ansgenic del, with marked tangle t hal ogy, and cell_1qss,
dem%sﬁeﬁqvﬂﬁ% at MEBT&Pond"tan égiﬁge cbeef I uPiggda Oge ﬁﬁgl oé’sgtejﬁlﬂf’&

m ce dexsmgpawwiiar kgpatspensscii tas agboewi ngtidi ser viese gpaidhot ogya ssek s

not or in in o 0 12301s: ,Ta [ '

xpr s e T e Shert okt TR s o R R o e Fhe *Pag e MEatog it 2
Honozy JaE: nilge 8B¢el 8prsegeriatyrr apwzssi dMarrise hbBABhs dicage Wathvat

W despriead reuraf) bri hhany iBakhohogy héhdheo LAl N AR 1SR naﬂnaﬁor d Andide
neur8nal loss in the 15 spinal cord, TaUv33 7M Low. | evel synthesis of 9R

MAPT Onigt e 237\ nut QEPBRC 04/ ABE Bt eRBEE RAPT) tdr ithen o) Athid 9t Gt er
of pl attdleetordar ifded growt h factor (PDGF). The devel opnent of
neurofibrillary 20 pathology in these m ce suggests the nature of the MAPT

rat her t han absol ute PT intracel |ul ar concentrati on drives pathol )
Taur ondh : BRRESE ESDr STRORG TSR fHant MAPPEREEA tr Ho FIUGW Mt &t FORSHAGEr £

controlapf the GAMA | promeier . mhhee dep@t op MARERdPgl NCLHST Oshdrb it ¢
forebrain from 18 nonths of age and have inpaired associative nenory.
r Tgd81@onsffvEsies MAPTeswhhse@ni cfAPBe ubBEREIOAEIPES- of for  homozygous

deficiency of the Qpct gene, wherein the animal model is a
mammal having a heterozygous or homozygous disruption of the

Qpct gene.

20 In a further preferred embodiment of the present invention, the
Qpct gene is of human origin, more preferably of murine origin.
The Qpct gene according to the present invention may also be a

recombinant gene.

25 Most preferred according to the present invention is the murine

Qpct gene of SEQ ID No. 22.

The disruption of the murine Qpct gene, preferably of the murine
Ppct gene of SEQ ID NO. 22, may for instance be achieved by gene
30 mutations, which lead to single amino acid deletions or
replacements in the Qpct protein. Preferred according to the
present invention are mutations in the Qpct gene, which lead to
to the deletion in the Qpct protein of at least one of the amino
acids selected from the group consisting of residues H141 and
25 D160 1in exon 3, residues E202 and E203 in exon 4, residue D249

in exon 5 and residue H331 in exon 7.



system Abnornmal MAPT pat hol ogy occurs fromone nonth of age. 30 M ce have
progressi ve NFT pat hol ogy and severe cell loss. Cognitive deficits are

evi dent {WOR/BOMINt hs of age. Turning off the transge®ETYER3PNASE387
cognitive performance but NT pat hol ogy worsens. WO

2009/ 090190PCT/ EP2009/ 050387 43 Hum TB&nsgeni c m ce expressing human
genom ¢ MAPT only (nouse MAPT knocked-out). Htau m ce accunul ate

hyper phosphoryl ated MAPT form 6 nonth and devel op Thi o-S-positive NFT by
the tine they are 15 nonths old. 5 TAPP (Tg2576 x 31PL3): Increased MAPT

forebraim pathotegy emnbdAPRentCcefcamparpae seintth iINRInt isitggesid ngi smiipiioAPP
and/oré%p can affect downstream MAPT pat hol ogy. 10 3xTgAD:. Triple
transgehi ctROISPCexPrRIsFAY AlPanPeAPPSHEYERAPTpSELesA Ca PSENREL Ris\oTe

"' knock-d.J1~ ba 0 K - e P R e (o] dong
MAPT paét)ﬁborf%)g;ﬁ?ér o(?ngg%éﬁ?#l%ft hé%/f %/%L g@%g }é}%hg hs(?&oﬁ%fé S rcré:ng e}?leni n tS]héZan
hypobhesi sat lfaictAPFene A starptdiarect Pyefaf teénescoedioi bro | they patdmitogy.

15 Non- h t ' imal.s th , _and_whi ch ful
'n the SUTGEHY TRLNBH GELEEIERA BbSHE b BLLTBeRdOn B SO0H CERT |
20 Sui it phudyrdBsiyonse coHbd ig-ide ogbbtnedndn tiest able rhebewy, Qihe

inhibitors could be applied via the drinking solution or chow, or any other
conventWorile r pcd ofehanirist r atfites, debetoenl I9f eHPR&vehowsidy o the

subcut 0 90PCT/ EP2009/ 050387 44 Tabl e: Ani mal groups
f or thzﬂate ea érlre\::n(%j‘So%é/(gnllzlgjrna%%'rm els of Al zheinmer's disease with

Qocti0i nhibitors M4
{ Since Qpct is involved in a variety of biological, medical or
physiological processes or phenomena, including, but not limited
to neurcodegenerative diseases, e.g. Mild Cognitive Impairment,
Alzheimer's disease, neurodegeneration in Down Syndrome,
15 Familial Danish Dementia and Familial British Dementia; and
chronic and acute inflammatory <diseases, e.g. rheumatoid
arthritis, atherosclerosis, restenosis, pancreatitis, the animal
model having heterozygous or homozygous deficiency of the Opct
gene is useful for studying mechanisms and/or etiology of the
20 above-mentioned processes/phencmena. In a particular embodiment,
the animal model of the present invention having heteroczygous or
B homozygous deficiency of the Qpct gene will be useful as a
mammalian in vivo screening model for studying these and other
processes/phenomena.
25
By "animal medel™ 1is meant that an animal sufficiently like
humans in its anatomy, physiclogy, or response to a pathogen to
be used in medical research that is used to 1investigate a
physio- or pathological circumstances in question. According to
30 the present invention, an animal model can be an exploratory
model, aiming to understand a bioleogical mechanism, e.g.,
amyloid beta peptide formation, or an explanatory model, aiming

to understand a more or less complex biological problem.



1.) negative control vehicle 10 nonths ol d(41 - 45 weeks) 2.) positive
control |buprofen treatnent for 6 nonths(25 weeks)starting at age of 4
nmont hs( 15W0 20@/088¥Rs) - 26 3.) Qoctinhi bitor | ow dose tPEIRPEMI/OFEGB7 6

nont hs(25 weeks)starting at age of 4 nonths(15 - 20 weeks) - 26 4.)
Qocti nhi bitor high dose treatnent for 8%9nont hs(25 weeks)starting at age of
4

The analysis of the physiological function of Qpct in wvivo for
the develcpment o¢f neurodegenerative diseases, e.g. Mild
Cognitive Impairment, Alzheimer's disease, neurodegeneration in
5 Down Syndrome, Familial Danish Dementia and Familial British
Dementia; and chronic and acute inflammatory diseases, e.qg.
rheumatoid arthritis, atherosclerosis, restenosis, pancreatitis
can be performed employing the heterozygous or homozygous Qpct
knockout animals of the present invention. An effective
10 screening for Qpct inhibitcors, which are useful in the treatment
of the aforementioned diseases, could be performed by treating
( existing animal models for the specific diseases with test
compounds and comparing the results of such treatment with the
effects of the Qpct gene disruption in the OQpct knockout

15 animals.

Preferred methods for screening for bioleogically active agents
that inhibit or promecte Qpct production in wvivo thus comprise
the following steps:
20 i) administering a test compound to a non-human
animal mcdel, which is specific for the treatment
cf at least one disease selected from Mild
Cognitive Impairment, Alzheimer's disease,
neurodegeneration in Down Syndrome, Familial
( 25 Danish Dementia, Familial British Dementia,
rheumatoid arthritis, atherosclerosis, restenosis,
and pancreatitis,
ii) determining the effect of the test compound;
iii) compare the effect of the test compound with the
30 effect of the Qpct gene disruption in the gpct
knockout animal models, and
iv) select test compounds that have an efficacy
similar to the effect of the gpct gene disruption
on the specific disease.
35
In particular preferred is the use of this method for screening
of Qpct inhibitors.



nont hs(15 - 20 weeks) - 26 5 In regard to Al zheiner's di sease, the
efficacy of the Qoct inhibitors can be assayed by sequential extraction of
AP usi ng Y8P20¥M08r i c acid. Initially, the SDS and foPRTEPARPHEBACti ons
contai ning the highest AP concentrations can be anal yzed using an ELI SA
quantifying total AP(x-42) or A13(x-40%0as ( 10 well as [pGlu3] AP3-40/42/ 43
or [pGluil]Apll-40/42/43. Test conpounds that are identified enploying the

screeni ng net hod above and which are suitable for further pharnaceuti cal
devel operd Snstherr egedenred ramrrdingnef FpCiuBRAP40/u2ra8dofor the

[ PG un]APEEARIA 24 £3.0ddt p@ﬁhiﬁﬂ’c@fs St abhe tasla teRIROUBES rarshckmegapabl e
to reduce the fornation, of Glu?(,)] AP3-40 and/or [ pGlu3] Ap3-42. An ELI SA kit

for th&1GERTE Pk é’ﬁ%r?d(ﬁge[nﬁéfﬁ-] R P St Sl ly available from|BL,
Cat-no. JP27716. 20 WD 2009/ 090190PCT/ EP2009/ 050387 45 An ELI SA for the

f f Glu3 3- S h I t al,.,
BB e L o T
Wr manscecBucisholor Mopkki senhUbltzonSHefsrent}se Cemd tmadlt  1athi ﬁlaunldrladf
gl ut amigyle ;Gy¥CIRsSe 3 %‘éertta%ﬂ%‘i Abetaf Ydmmtdan, after

intracortical/hippocanpal mcroinjection in vivo/in situ. J Neurochem 2008
Aug; 106(3):1225-36.) An alternative treatnent regine is shown bel ow 10

Tabl e: Fﬂmtm@mwr@p&nl@/qﬁé@cbd exanp pate gL of &Béde%@ctth@f slc&@efmlh@r % fof
on_progressi on of formation in ani mal nodel s of AD

Subi@q@@r?ttl yl%?%]%?tﬁﬁﬁt ﬁ EP?ortxf‘?aeHF%?lt ot h@ ﬂl?)sﬁﬁsﬁ'al Sﬁ%ﬁcB%dt <198y
regardmh@uln%fta)wmral aﬁthhlﬁ@eis Sui t abherbebarrosakl, t estrearathgis, are,argl g.

t-hose, which (%ress di fferent aspects of
{ pancrea

15 The'efficacy of Qpct-inhibitors for the treatment of Alzheimer’s
Disease, Familial British Dementia or Familial Danish Dementia
and, e.g. neurodegeneration in Down Syndrome can be tested in

existing animal models of Alzheimer’s disease.

20 Suitable animal models of Alzheimer’s Disease are reviewed in
McGowan et al., TRENDS in Genetics, Vol. 22, No. May 2006, pp
281-289, and are selected from PDAPP, Tg2576, APP23, TgCRNDS,
PSENimizey OY PSENywisen, PSAPP, APPpucn, BRI-AR40 and BRI-ABR42,

( JNPL3, Taupsors, Tauvasm, Taumsoews rTg4510, Hiau, TAPP, 3 x TgAD, as

25 described below.

PDAPP: First mutant APP transgenic model with robust plaque
pathology. Mice express a human APP c¢DNA with the Indiana
mutation (APPynisr). Plaque pathology begins between 6-9 months in
30 hemizygous PDAPP mice. There 1is synapse loss but no overt cell
loss and not NFT pathology is observed. This model has been used

widely in vaccination therapy strategies.

Tg2576: Mice express mutant APPgy: under control of the hamster

35 prion promoter. Plague pathology is observed from 9 months of



hi ppocanpus- dependent | earni ng. Exanples for such neurol ogical 20 tests are
the Morris water naze test and the Fear Conditioning test |ooking at

cont ext uafOord8o4t2919hanges (Conery, TA et al, WD PCT/EP2009/050387

2009/ 090190PCT/ EP2009/ 050387 46 (2005), J Neurosci 25:8898-8902; Jacobsen
JS et al, (2006), Proc Natl. Acad. Sci 4USA 103:5161-5166). The ani nal nodel
of inflammatory diseases, e.g. atheroscl erosi s 5 contenpl at ed by the
present |nv tion can be_a i Stin er03|s anl deI

apoE det9%i en esfr%uﬁs{egeorgag%n%)égnﬁfcel%aerec% Cl urt'_pl I‘epglsl g%T
transgeithddpe. hayviing dpetoDedte: emue)@plrﬁ]sy Qnseai mq&fl@lmm th
apoE deficient background. The apolipoprotein E knockout nouse nodel has
beconme 10 one of the primary nodels for atherosclerosis (Arterioscler

Thr omh a6 Bi 2 0 Tre rdi 471190,
2004) . The stugl&‘? né?p%gggerlﬁ%??rreg gépp g%c?ﬁ%jeeoclpbgo?\g ?l)gonlvggt é}ﬁl ill%lyl
Circol atnaomtelrll PrbzftﬁzrehatSOcezebt‘ﬁovascuéamg angildidat i mmgl e hdr ebdposits

ApollporotlnE- ci ent. Mou i po elnE apoE) is a

O bOnGE oo Sekiral Fhplefia Y 385 #78) ko hRpsrrbROn g eEE L and
HDOL. Recep org f’@éﬁcﬂil@ké‘{ﬁt@b&{ la'iﬁ’ﬂ}lQ:fld hesayld pephpiteidh particles is

nmedi ated through the interaction of apoE vmth the LDL receptor (LDLR) or

with LDLR-rel ated protein (LRP). ApoE-deficient mce exhibit 20

hypercg’@e A3y 0! s & a;!%éﬁeﬁ% O R 1 f‘%e%ﬂer ﬁ%rlses'((%%él | 1 an e

t hose N I N hunans. I cacy o conpounds t he presen

i nvent i Iomd ivsasa )al SOOgmatmaEedieJ&lcmg:st hCSlaDIlCl'B| windel rapadQenegragenallar
nodel s for |m;cl{ tory di seases suitable for use in the

Af or emdttGBife %‘rém‘ﬁ tnéthéd,3 é‘tcé“tt Tetl 89Py coPFatteIttdddEd deticits

i nfl ammtd o el -ddy MEeng t\}’gccclq{E{ drpduged Arthritis Model in Rat and
in rat nodels of restencosis t he effects of the test conpounds on rat

carotid artery 30 responses to the bal | oon catheter injury). In regard to
infla di seas he effjicac th nh [S.C ed
by measuti it \bll"f‘heg?nﬁpc%mili”b“ﬁr‘ tl ﬁegc%fermtgrﬁ‘l%%efd ‘a n%%cﬁrﬁﬁggyyl c ce?
l'i ne5( MdRtell cekhsyei nteceti r WD 260819001 006KT /_T_EPZLQQ% ObR387/métant PSENI
selectively elevates AR42. No overt plaque pathology 1is

observed.

PSAPP (Tg2576 x  PSENimia6L, PSEN1-A246E + APPggp): Bigenic

20 transgenic mice, addition of the mutant PSENI transgene markedly
accelerated amyloid pathology compared with singly transgenic

( mutant APP mice, demonstrating that the PSENl-driven elevation

of ABP42 enhances plaque pathology.

25 APPputcn: Mice express APP with the Dutch mutation that causes
hereditary cerebral hemorrhage with amyloidosis-Dutch type in
humans. APPputen mice develop severe congophilic amyloid
angiopathy. The addition of a mutant FSENI transgene
redistributes the amyloid patheclogy to the parenchyma indicating

30 differing roles for AR40 and ABR42 in vascular and parenchymal
amyloid pethology.

BRI-AB40 and BRI-AP42: Mice express individual AR isoforms

without APP over-expression. Only mice expressing AR42 develop



by human MCP-1 in vitro. The assay is described in exanple 16. This

i nhi bitor effect has al so been observed in vivo. Effective test _conpounds
shoul d shER2A%Bed nmonocyte infiltration in a thloglfgapyzw@ﬂP%ﬁﬁced
inflammation nmodel in mce. 5 Furthernore, the inhibition of the formation
of pGlu-MCP-1 can be tested in vitro afid in vivo. The nethods of the

i nvention can advantageously use cells 10 isolated froma honozygous or

het er ozygouS Q?%qﬁagarﬁn&w@mun&%é@éml BRIO aRlalddyn 88y | Qi A ﬁSEUfHé@ﬂdiﬁ as
well as to test potential therapeutlc conpounds. The net hods of the

i nvent iFdrR Qs al Bwdss liged thiath 42 sl exgersssdiimgl Gt mshastueasf armatdmgf.ect ed
cell line. 15 A Qoct knock-out cell can be used in an in vitro nmethod to
screen compounds as potential therapeutic agents for treating Al3

associ INFLIA sepse. ekpreyeh RetmoET aichnpoendiElrontegt eenw thia Quct
knock-out cell, a transfected cell or a cell derived 20 froma Qct nutant

non- Aurfdl® afitElE, BFRNSIeREhedIis al VEER! iGHEKSH 5%@&%@@@%@% ansy
wi th %%QSSEBBSO“ ok nsIPsgﬁhgngﬁ%a&“r@Ebzpf%%&%' ?{1“ ddgsceldahan gssay
e S we

and th nockout "ani nal can ssessed nmet ho known to t ose
ski | | edlamageheamdt 1025 . A JJRIL3 fousceon dpae&pepuncdmzsutrhpasn@ms canthe age

particul arly useful for sucg creenl met hods since the ex re si on of Cpct
can be Oﬁi}ﬁ’ig{o*r%ds%k’/‘”ﬂ-’%o%% 8?188% r*'i‘tn é‘ioct;Pr c‘i%frr%‘}eirﬁﬁrﬂr fl‘i Forppinal

pol ypepidr@des i nclude other fluorescent proteins, or 30 nodifications
t hereof, gl utathione-S-transferase (GST), maltose binding protein, poly
Hlsloand the i ke, or any type of epltope tag. Such fusion polypeptides can

be det g f or g ci h i.on
polypeptlﬁes Tﬁé?éﬁgﬁﬁﬁ’p@ g%eﬁgﬂ;es car bgﬁgn %% ?é%?%oﬁ?ﬁggfﬁheogqu

functi ofetT 3bipar tilon tHBErlsof meoatbag. adHdrez faued | aniagle pasté dop r etcaidiss
desired properties, fo xanpl e, ti body bi ndi.n actlv ty or fluagrescence
act|V|§?raRﬁ5%ﬁﬁﬁH Oé@gPﬁgg 0@3/6@83§?th8 %%P %ary

provi des & Ch&ftthBEhEM'B&da§%¥d§ﬂ'éﬂréfﬁﬁ@pﬁéhkSnégembséoﬁnu%%ér1
treating the diseases as nentioned above. The nethod includes the steps of

contactsipigied ¢wldd.cont ai ni ng the above DNA construct with a conpound and 5
screening the cell for the results to be observed, thereby identifying a
potential therapeutic agent for use in treating Qoct-rel ated di seases. The

cel | camawReqisolakedeiieam @rkmwée@ubf NaQR- MATEN watirathdavizagMnual teaiieth
cells contalnlng the Qoct DNA construct. Alternatively, the cell can

cont ai i 1d IONASEGRSENGSS 1H2ESnpr PSLHENa RYicl Ble RIMHRBIIHy @ lGtedpt-
f1 uor eseent,dpy o} &4t USA Oy - O pBEPR! THSI eeve%}s&eﬁte dg; n\wﬂaﬁbgacltlary

pol ypeptide. Additionally, Cpct knock-out cel s expressing a
pol ¢pepritdelogy in these mice suggests the nature of the MAPT rather

than absolute MAPT intracellular concentration drives pathology.

Taurqoew: Mice expressing 4R human MAPT with the R406W mutation
under control of the CAMKII promoter. Mice develop MAPT
25 inclusions in the forebrain from 18 months of age and have

impaired associative memory.

rTgd4510: Inducible MAPT +transgenic mice using the TET-off
system. Abnormal MAPT pathology occurs from one month of age.
30 Mice have progressive NFT pathology and severe cell 1loss.
Cognitive deficits are evident from 2.5 months of age. Turning
off the +transgene improves <cognitive ©performance but NT

pathology worsens.



can be used in a prelimnary screen to identify conpounds as 15 potenti al

t herapeutic agents having activity that alters a phenotype associated with
Qoct exprWOAHWPIN0IM with in vivo screens using Qoct knodETGHR20MGA0IGTman
manmal s, an appropriate control cell can be used to conpare the results of
the screen. The effectiveness of conpoddds identified by an initial in
vitro 20 screen usi ng Cpct knock-out cells can be further tested in vivo
using t e |n oc 0 on- h Is, Sir d Thus the
|nvent|dﬁ‘pr %ggg 5 ﬁ%%%rﬁ Hupgr %?O gcoﬁﬁ dndd™Q usrn
cel | - baggtr au&s@orkecﬁ%ueyanpteu WS teg ar@c@huuhteugh@gr;ﬁﬁs@mmataﬁ wel BT as
met hods_of further 25 testing _conpounds as therapeutic agents in an ani nal
nodel JfOMAP- feMEd iRSr d8V8l oPhel bk esEiositigift | BATalso Provitd®s SLhfriv
met hod of MId Cognitive Inpairnment (M), Al zheimer's 30
drseaseEI Faé??ygﬁﬁ%égﬁé Denentia, Famlial British Denentia and

neur 6degenerati on in Down syndronme. The N-termni of the anyloid 3-peptides

d i ' h h di d h d.t .
oyl of GARR (T2 A8an AN ZABH" QPOCRAaHS: riiiany HoHeTBaTranPBERBRPRY. i
Fam | i alad¥ i hish Reypnlicy asish \{\ﬁJP'LB beagq oYt 08 UtRMag tacise Tha/BHE Wp

formation is an inportant event in the devel opnent and progression of the
di seaseasiafdeatha ol fycan AMADi kR B pepay des, ADan and ABri show an
enhanced tendency to amyl oid aggregation and toxicity, WO

2009/ 090190PCT/ EP2009/ 050387 49 |ikely worsening the onset and progression
of fLbe JTFase.T{RissoL r&hs@enat . m2062 épreseﬁhgnmaﬁani4&@93@89Nmﬁhhﬁgh J.
et al. 2001 A loid 8, 277-284). 5 In the natural AP-peptides és 40/ 42

gl ut ani® adj d° PEN hrewent kaeCSnthe%ﬁ]ﬁ%rO% nd “a8Ed "Képct 1&c

the forgmid ik of r ' BIhHhRRLC A6 %Aﬂﬂ@ sey&r d,rhf‘r@ﬁg&ﬁeattue@ Q:fhe?,;Wallcé d
P-peptides. Thus, an inhibition 10 of ct | eads to a prevention o

precr piltzat honto$ Dlﬂrel plmmlqtdrenrrgg[p@uﬁ]&’AthﬂBMiZ/ﬂ@torAPP or AP can

[ pA ull].AP11-.40/ 42 causr ression of Al zheiner's

di seaseCJ i n%?r%ﬁ l’o‘%}}f ke ar a&ﬂh positions 3, 11 and 22
of tthe anyloid 13- peptrde Anong themthe rrutatron fromglutamc acid (E)

to glutanlne (Q in position 22 (corresponds to amno acid 693 of the
amyl oi A'YPraviEbr tpROEERR 1 APPITINA B $dysitot O%ﬁ¥?§Pr®@§O@BC%aSaB@erWthh

descr i bed, as, she, 0- ¢4l | @hPULE dypenser FOLARNT Cibak:20eay Laicdasi S or

mut ati on. The anyl or d pepti wth a pyroglutamc acid residue in
posi ti ahis3;1ldsedanid! 6f0 220 (A8 Be¥h. descri bed to be nore

20 Suitable study designs could be as outlined in the table below.
QC inhibitors c¢ould be applied wvia the drinking solution or
chow, or any other conventional route of administration, e.g.

orally, intravenously or subcutaneocusly.

25



cytotoxi c and hydrophobi c than 41-40/42/43 (Saido T.C. 2000 ( 25 Medi cal
Hypot heses 54(3): 427-429). The nmultiple N-term nal variations can be

gener at eV ecr et ase enzyne 13-site anyl oi d pr ec RCIGHEP2009/050387
protei n-cl eaving enzyne (BACE) at different sites (Huse J.T. et al. 2002
Biol. 30 Chem 277(18):16278-16284), andAdr byam nopepti dase processi ng. There
had been no experinental evidence supporting the enzymatic conversion of

A ul - %QEH es Gl i by, QW30 utgg%l y E
(Garden % hﬂ ra(l%z H.T_BSgE (j%?ees%l{rjlg1 3;’]_1%%[ 3':oyg,!"E P: aELl%&i&% ,gf
Rubakhmlznslmsn smuiéﬂa&dM@th\det iR takrdNeur ochem 72, 676-681; Hosoda
R et al. (1998) J Neuropathol Exp Neurol. 57, 1089-1095). No such enzyne
activity WO 2009/ 090190PCT/ EP2009/ 050387 50 had been identified, capable
of cycli zz TH5ess a
negative

neutral phkg AB§atdv y [ag .
dranat|CdIIy reduced bel ow|pkhicQe | nléombnabt, oiltl dppear 45t hatks

)
A ul - conyépstsalcan occur at acidic reaction conditions (e 9. | wat subp, T.,
Sai dO, T. €5 ann,—Db—M—tee—V—M ] oW K] ’19_‘9’“ n J
10 Pat hol| 2149,,,18234830) . |Eari i er, R 5§t88n§ﬁ cH2e QEP | s
able to recognlze and to tyrhopenranykecdsy deéktedgpaptadéSounde m|dly

acidi c control
months (15 - 20 weeks)

treatment for 6 months (25 - 26

( 3.) Qpct- ]
. o low dose |weeks) starting at age of 4
inhibitor
months (15 - 20 weeks)
treatment for 6 months (25 - 26
4.) QOpct- _ _
o high dose|weeks) starting at age of 4
inhibitor

months {15 - 20 weeks)

5 In regard to Alzheimer’s disease, the efficacy of the Qpct
inhibitors can be assayed by sequential extraction of ABR using
SDS and formic acid. Initially, the SDS and formic acid
fractions containing the highest AP concentrations can be
analyzed using an ELISA quantifying total AP(x-42) or AP (x-40) as

(10 well as [pGlul1ABR3-40/42/43 or [pGlu'']AB11-40/42/43. Test
compounds that are identified employing the screening method
above and which are suitable for further pharmaceutical
development should reduce the formation of [pGlu’]AR3-40/42/43 or
[pGlutl]AR11~40/42/43. In particular, suitable test compounds are

15 capable to reduce the formation of [pGlu’]AB3-40 and/or
[pGlu’]AR3-42.

An ELISA kit for the quantification of [pGlu’]AB3-42 is
commercially available from IBL, Cat-no. JP27716.
20



conditions (WD 2004/ 098625). Therefore, the peptides [Gln3]41- 15 ha,
Al33-1l1a, [GLn3]43-1l1la, A3-2la, [GLn3] Al33-2l1a and [ GLn3] A133-40 as

pot ent i alWOUIBEX¥BI98s of the enzynme were synt hesi zed and PCAER3U9®M8Y. These
sequences were chosen for mmcking natural N-termnally and Gtermnally
truncated [ GLu3] AP peptides and [ GLn3] AP peptides which coul d occur due to
20 posttranslational Ju-amdation. It was shown that papaya and human Qpct

hyai SPSaSR bt | BRC o TpEE L L abony KEciBRarrne AP F R 5 R ROSAGHT | ne

( 25 cedrsihyirg) utankne, cmlaezatsmpnmq 81 dplingr t higo homamne TS earyetiison
process. Such secretory vesicles are known to be acidic in pH Thus, a side

activi ty oichie dhzyaim ThelRapFeWpHr aligemerBnt’s. Buchhple @bmﬂf%ﬁ?ﬁts
new y ¢ scoypr efh gliutany! eyclase @6t i YhhYnG¥GhhzidW 8l§eafd Hyf 03,%9 es.
Howeve(r%|j due to léhenyrruc%lésluowerf?tgccurrlxjtr:l’g %Iou cc{/%l?zg??on re?s(%o

A nconyerssicort,s | tpdli-Glresta onfaddmes tvitvet herf tde annrmndrtd)aalﬂﬁargmqmpms a
si gni fi cant phy5|olog|ca role..ln, the pathol ogy of neuyrode eneratlv

di sor dBPSTHIWERL T he dlut anytV 4T i zatiidh i s~ of r el BoAEHRE! 2008

| nvest ing@{;i1ng the mgiegnar)dency of this enzymatic reaction, it has been
shown that the unprotonated N-term nus was essential for the cyclization of
@ n -peptides and accordlngly that the PCT/EP2009/050387 51 pKa-val ue of
the substr a-val catal ysis. Thus, Qpct
st abi | %}esqlt%r\éfa?ﬁ rarm feca metnoc % eg*éhl S?c%gbt‘{nac eg%)fq}the unpr ot onat ed

a- amono nnlety on the 7 carbonyl carbon 5 1In contrast to the nonoval ent

harge sent _.on N-term nal g ut cont ai_ni ng peptides, the N-term nal
&  ABRISdonPEPHPRG R YRS, | AT £F bEbal GETSF EhAed
at neutl&ﬁiimléqx@ %@”?ﬁét exhi @:bgr@g%ﬂﬁl U PlaghoUiofmdtBH {nd aHinfz0r
the 7-carboxylic and tfor the a-amno noiety, respectively, i.e. at neutral
pH and mpsiedes ofl Bugh the a-amino nitrogen is in part or fully
unprotonated and nucl eophilic, the 7-carboxylic group is unprotonated, and
so exercising no el ectrophilic carbonyl activit Hence, intranol ecul ar
cyclizgtion T T i 7

1) negative

Vehicle 16 months old (67 = 70 weeks)
control
o treatment for 5 menths (21 - 22
2) positive Ibuprefen
weeks) starting at the age 11
control (0.2 mg/ml)

months (46 - 49 weeks)

treatment for 5 menths (21 - 22
( 3) QC=-inhibitor low dose weeks) starting at age 11
menths (46 - 49 weeks)

treatment for 5 meonths (21 - 22
1) QC-inhibitor high dose weeks) starting at age 11
menths (46 - 49 weeks)

15
Subsequently after Qpct-inhibitor treatment, the AD animal can
be tested regarding behavioral changes. Suitable behavioral test
paradigms are, e.g. those, which address different aspects of
hippocampus-dependent learning. Examples for such neurolegical
20 tests are the Morris water maze test and the Fear Conditioning

test leooking at contextual memory changes (Comery, TA et al,



However, in the pHrange of about 5.2-6.5, between their respective
pKa-val ues, the two functional groups are present both in non-ionized
fornms, i VARVt ons of about 1-10% 20 (- NH2) or 10PEFEP2QNOR38%f t ot al
N-term nal du-containing peptide. As a result, over a mldly acidic
pH-range species of N-termnal Q u-peptbdes are present which carry both
groups uncharged, and, therefore, it is possible that Qct could stabilize
the int i at j e r [ i i nt e -peptd

e T B A T e P e B e SRLLAREh IR B i Bars ) X

el ectr ofghill.i Aeambudici sH 11008 rhid ledgyd)i.c attack by the unprotonated
a-amno group. At this pH the hydroxyl ion functions as a | eaving group.
These assunptions are corroborated by the pH dependence data obtai ned 30
for therHdci, oAl Mgad1cenverst Ot 3 - ENoea 85 CORL HaSTs R PRI IE 5
conversion of A n-PNA by Qoct, the pH optimum of catalysis shifts to the
aci dbc quanigerdiedigdd gy 6.10he | . preséet pHipuageionn whbchbsubsty atex redliewul e
speci es .are sSi r}[ul t%qeouasAimaalburﬁlcg%enf carryi ng a pao%gnageg 7-O%ar bo>&y| Ce}_ind
unpr ot GHAYES IR 8 i oup O Fur t her ot e2PPRe SRiTASEEEH MY UFSY er T riéd!
pKa- valhée pfepharadd, +/ fo . &2amslé N BYCPkEpALiAgr aeeRh sWehh ot dtusef HaE ng
a-am no group of A u-133NA, determned by titration (7.57 + 0.05). WO
2009/ 0$PLIOPSTIEPRVOVEBBOSBT18D PRy SIGI0ditRI FicnaY BHEB. 8PPRe S GHE T der
rate c speci f4.64 t e t - alt;%;:e&gn

gl ut arraq{é?]?y}gui(%ti on ré%ﬁi%%ﬁf)ﬁé%%g %aﬁgg%?ﬂk*%%gg-g in* 1%% glotsd S oweer

t hahOt kemeone ff oithgl upaminaeycymbdeasi ofior Hoevergs ¢ her & mneffoynmatiascler

f bath | b t - PNA d nNPNA i li.gi bl e, pej
Cont o SRR LHESBnEePYed it i SUBF el BEdn. BaN d Tohda: FoRcieRee. MBSt The
pGlu- f quatign- 10 ,Qued o an. acike! eradien fhvabel pastolRBdcar hr wstibat ed,

fromthe ratio of the enzymatic versus non-enzymatic rate constants
( conparioig e 9 séconrd- df Herukalt ondt nt's Foi2 113 bnzy RS caldl yHid1di t h

ot al y i S S R er R o BB ot Rt e ° thdie
G ulbomyperldipapratesipect® velapoEThei gonel usbopoheam t dse sdatearails, dlheatmd n

vivo onlly an enzynmatic¢ th.resulting pGlu- 15 mat i opns._seens

conce VBB T G (iR ut G S AR n VHBLbr T it adisrER TS
accountydne tighcL HEBOY EEmT 3lfe e de 910bBpEokRGANT Y r{amd f O thiiated
maturation of 30 pMof (A n-)TRHI|ike peptide (Prokal, L., 20

Prokai thatongih the Onyapgction REmapdE $ithwiheyLRBE, rzhepikovd LDAR) ard
Bodor, N..(1 _ e . 4563+ 1), _ . predj ct cycl j.zat.i,on
hal f -1 i é:hof %g)%u#eg%%e%u?géggrlﬁan%%%%hpr%éﬁ %?ﬁ a%r%?llé- snﬁ%s? r aetx&l%ﬁt
si nebamhypeacthodre saendiltdnonrs anel pdeveded. dMnedyer ,athamatous lesions
conpartnental i zatiopn and 25 localjzation of brain Qoct in the secretor

pat hway 1MHé facttaF PP ASyiSFEPenizy nBUBRADS s uBSEr & oifoentt athensoampunds
feacti g coRdi LrRRe A aitvdis: e¥en aRr & fayoralheafel tlr@xﬁ;pzm%' Gnimal
cyclization in“the intact cell. And, if NNtermnal Qu 1s transforned to
A n a meclkelnore rapid pGlu-formation nediated by 30 Qoct coul d be expect ed.
In vitro, both reactions were suppressed by applying inhibitors of
Qct-activity. In summary, it was shown that human Qpct, which is highly
abupdamithidy t heniia@l N, mb8el bkelfpra ciaifl atghatfr hedf eeasespn ghidh thae
anyl oi dogeni ¢ pGlu- AP peptides from G u-AP and d n-Ap precursors, which
make uFUoEe ehdiPB009f 1R hebpl a§oEcHepsspned screening method, are the

thioglycollate-induced inflammation model in mice, the collagen-
induced Arthritis Model in Rat and in rat models of restenosis
(e.g. the effects of the test compounds on rat carotid artery

30 responses to the balloon catheter injury).

In regard to inflammatory diseases, the efficacy of the Qpct
inhibitors can be assayed by measuring the inhibiticon of the

chemotaxis of a human monccytic cell line (THP-1 cells) induced



found in Al zheiner's disease. These findings identify Qoct as a player in
senile plaque formation and thus as a novel drug WO

2009/ 090 WOREP/EPRPO09/ 050387 53 targeti nt hetreat ment of APEREPAKV0§EBEease,
neur odegeneration in Down Sydrone, Famlial Danish Denentia and Fam | i al
British Denmentia. See, e.g. WO 2004/ 098825 and WO 2005/039548. 5 In a
preferred enbodi nent, the present invention provides the use of
activity-decreasing effectors of Qoct, as selected with use of the present
i nvent ibke faumaml MEBdel inf orittdte sTppresskhon 16f ¢Glar Wogd oid peptipde 16.
for mat gy J 1y ¥ iish (RGN d # #ecd MRaE T ARG, HdBnALBREIIBE' §ndiS8R5E £ AWM ive

Sydrone Fam lial Danish Denentia and Famlial British Denentia. In a
furtherQ§ﬁuﬁﬂWﬁﬂﬂnd%héhﬁPégeﬁPOWn@emﬁQﬂF%ﬁCN?@%%Y¥%elH§él§Fatlon in a
act i vi teyriigareasing sffetiis off @etat iash IR €ch Wiitde use 15 of the
present inventive animal nodel, for the stinulation of gastrointestinal
tract cell proliferation, especially gastric nmucosal cell proliferation,
epithemuﬁthgﬁMquxﬂtmerahhmb;tube(ﬁﬁféh@hﬁb&N&Midﬁ @fi gopunedderhbg can
parlet%J %%gé%dﬂu% tégn gisqggg&}ng enterochromaffin-like (ECL) cells,
and the expre55|on &ihes hssociated with histanine synt hesi s and
storage in ECL ceIIs as mell as for the stinulation of acute acid

secret iTgfa | hJTENIER S Jy MRt Y O | %%rrﬁa%da&&%ev&&q%ﬁt nAld onaf ¢
actlve[pGiul] Gastrin. 25 In a preferred enbodi nent resent invention
pr ovPdésalipdads e M g2t ROTPFYIRET e85 R§ LI PEYEOHS &PC@&utaagt JENEERW t h

ugla of ﬂamaare?&raat lsm(ﬁilll\é?n mbllrml afmﬂh ﬁhtalaﬁ%ori hexsupylEssiaan ]ga:fo tlest
pGlu- c e funciion ef er cheno e functi refera
nonocy#& Egﬁfﬁﬂ?g%bﬁctQQW?§?P zhgsﬁbrm%c@@g |§§gs% 3 @éﬁho
Fanil|wadDamﬂsh>deentuaedndwEamI|aﬂlﬁyltexpméksmmglanathesoshlea35|$.and
resten f ydi es have underlined in particular the crucia
rol e o&ﬁbéﬁf%%fggnE%E%evg1opnent of atherosclerosis (Gu, L., et 35 al.
(1998) Mol .Cell 2, 275-281; Gosling, J., et al., (1999) J O in. Invest 103,
773-779) ; opbeunBlRhd At NEhhS EGoNGe Juskls, 81 ah: 34 1998)ro) Fepnded cB6,
131-137; ata, H, et al (1997) Pat hol . 182, 106-114); pancreatitis
(Bhat|écqﬂeneﬁoﬁﬂounﬁ%0®%)P°VEP§B®§/é@@i@@@@#%ﬁPQS@QF@S@@@?treatlng A

associated disease. In such a method, a compound is contacted

—

with a Qpct knock-out cell, a transfected cell or a cell derived
20 from a Qpct mutant non-human animal, and screened for
alterations in a phenotype associated with expression of Qpct.
The changes in AP production in the cellular assay and the knock-
out animal can be assessed by methods well known to those
_ skilled in the art.
L 25
A Qpct fusion polypeptide such as Qpct can be particularly
useful for such screening methods since the expression of Qpct
can be monitored by fluorescence intensity. Other exemplary
fusion ©polypeptides include other fluorescent proteins, or
30 modifications thereof, glutathione-S-transferase (GST), maltose
binding protein, poly His, and the like, or any type of epitope
tag. Such fusion polypeptides can be detected, for example,
using antibcodies specific to the fusion polypeptides. The fusion
polypeptides can be an entire pelypeptide or a functional
35 portion thereof so 1long as the functional portion retains
desired properties, for example, antibody binding activity or

fluorescence activity.



54 Am J Physiol Gastrointest.Liver Physiol 288, Gl259-G1265); Al zheiner's
di sease (Yamanoto, M, et al., (2005 AmJ Pathol. 166, 1475-1485); |ung
fibrosis WOR8APE0 | ., et al., (2004) AmJ Physiol Lun&@CCaR20099503FRhysi ol
286, L1038-L1044); renal 5 fibrosis (Wada, T., et al., (2004) J

Am Soc. Nephrol . 15, 940- 948), and grafi8 rejection (Saiura, A, et al.,
(2004) Arterioscler. Thronb. Vasc. Biol. 24, 1886-1890). Furthernore, MCP-1
m ght also play a role in gestosis (Katabuchi, H, et al., (2003) Med

El ect r deM crozntizgr 263rbipey | msodigesachi neethedor of0 iidlentridying a

devel o nﬂﬁgﬂfthééa Slt At - agbRB03Ir! Nised NCPRLeaZn 7z§e7é§6egses -as €t
al., (2005), Exp. Med 202 617- 624 , neuropat hic pain (Wite, et

al .. (mlqj}er?c ap@YF: AB&dMSGhAd Sipgludes ALBS @ame ¢f Wntagﬁgnga af
g? Grmgzncg%tghlﬁ?g%heFlmﬂ&7omaf2iaﬁ§tr@% I ,w:ﬁah at @d)mpoﬁ-ﬁd(%ﬁﬁﬁ)

oki ne e r rma n and rode
tranlél SR I ERE rrg}i‘l of i Salga %)ﬁt arm nyl* 31 é:’se%PQp%?) Y %‘é%%sssﬂ%retby
N- t er minden tpyfyaglaut ampot(qafa‘:m,a)l r ebedapeuthe Ndesrtm fak pEa 20 nodafticat | on
Takes B PLAGINL] B SLANG A0pOsLe Iy ELAT DBl 0B9LREAl OB nockoun s

am nopepti dases IS of I nportance, since chenbtactic potenc
is rredmtnedlwri tr@ammbrhamgg(wwl@@m Cﬁll%tcmtaqumgyheh@@prtmﬁh}%l

72, 42-Rf)st A f'&l’@érﬁé@f’@é‘f{*ont@i‘é degr pdakhordngads t9 BNhOSSHftruct
function al t hough 25 MCP-1 sti binds to its receptor (CCR2) (Proost,, P.,

et &P. coOEs9einy ‘T‘rn‘%&ff’?&lafGO':‘c341133%“%@-1‘“3Zﬁ'arfib‘feerJn Jluogesgpn! I’Q@ZFel?

Bi ol . Cireini2h9, ckSDBrekdb XA RS BipePptid!, alith W Imct) doltardariate Cyt oki ne
Res. 15, 955-963; Hemmerich, S., et al., (1999) Biochem stry 38,
13013-13025) .- 30 Due to the major role of MCP-1 in a nunber of disease
condi t iralus, tigm adnityi,- NIER:tl Ishoch egyt i seitkquéxpdesﬁageho@ctsrmjllypcapatlﬂc;e

il h t di_dat
for o oy BEnS opmenl? PohE BT hiEaggt @y JES L GPLP Thsheyfaprtat es
or al Py pa\tsintaisle ct&ﬁmmstl%uacgﬁrtt@r gerating | msdritEty sttdptof alters a

PGLU- f JHERIJ bt alshe hftidn RUEHOf oMER- 1eLf¥BLSioh. . &% abith (2006)vivo
Bi ochi m Bi ophys. Acta 1764, 1618-1625; Buchhol z, M et al ., (2006) J Med

Chem 4§cr@@41367]7§1ngP@?FEPZ%%?%B@%%?HS@ H@Bné@ﬂﬂ@ﬂc‘%’, eRusEpPIspriate
Qoct - i rficdirdlonce I hechht ®enmudesi ofo MCBmpaire ndle pradieliedoby the screen.

pGlu-resi du stead theN— s | ut.am _ne-prol.ine notif,
whi ch ﬁ§1pr§H§xﬂ: Qﬁﬁﬁi%;t) @?oun#g Pﬁ%ﬁg%l aseg% gn 1n1%1a in Vvitro
di peapt |squmptuaj]as;a @pahdksof:kbpubl a@tll@ctqamtbmgflprbher nteFARd S@prtaise:),

whi ch gy, I%bung@t QHvEHESHdO el um and W Lhi npLhen bhagd gy gﬁq uhation.

Thi s cleavage results In mation of N-termnal truncate 1 These
nol eculdss ifieol dThRf, tu‘Lifl’ﬂe &ﬁlvﬁﬁlt"déﬁhl BEPEidEEi gietiodthe ofOROCERANING a

t her ef Qrsg dmflﬁl%gle sl o eheaseiagndi te@NshakedlBsisakil, biffad example,

ef fici entl rther enbodi ment, the res t |nvent|on rqvi des .t he
use u5136 1gh tHroug put screening, a ?T methodspo% fjrther
25 testing compounds as therapeutic agents in an animal model of AB-

related disorders.

The present invention also provides a new method for the
treatment of Mild Cognitive Impairment (MCI), Alzheimer's
30 disease, Familial Danish Dementia, Familial British Dementia and
neurodegeneration in Down syndrome. The N-termini of the
amyloid P-peptides deposited in the Alzheimer's disease and Down
syndrome brain and the amyloid peptides ADan and ABri deposited
in Familial Danish Dementia and Familial British Dementia as
35 well, bear pyroglutamic acid. The pGlu formation 1is an
important event 1in the development and progression of the
disease, since the modified amyloid P-peptides, ADan and ABri

show an enhanced tendency to amyloid aggregation and toxicity,



of activity decreasing effectors of Qpct, as selected wth use of the
present inventive animal nodel, for the treatnment of 15 duodenal ul cer

di sease a6 204119 cancer with or without Helicobacter PEYFERRI008038Amual s
by decreasing the conversion rate of inactive [@nl]Gastrin to active

[pA ul ] Gastrin. Neurotensin(NT)isa neu#8peptideinplicated inthe 20

pat hophysi ol ogy of schi zophrenia that specifically nodul ates
neurotransmtter systens previously denonstrated to be msregulated in this
di sor dérikedyi nWedlsestingi e$hen QRAEER caRebrpspIhaPsiewni def CIHe NPisease.

concentrafd<y1s havetbean maasurgdyeayeahed asubsedo-of4seEhi gRPELENIC et
patients w_th decreased 5%)concent rations that are restored by

CSE 2
ef fect idle #MYIpYBHAEE & oy 47 ment. Consi derabl e evi dence al so exi sts

concordant with the invol venent of NT systens in the nechani smof action of

ant i psychqti c drugs. behavj our i ochem cal eff.ects of centrally
i By STOREE FF S e KUDE T Al @ 1008 ot SO0y e 15 SRy ared
ant i psychdt-temringsl, samidardigsychotic drugs i ncrease NT neurotransm ssion.
This concatenation of findings led to the hypothesis that NT functions as
an endogenous anti psychotic. Mreover, typical and at {pi cal antipsychotic
drugs @Hcter éAt i BTl eederlINTEheur e ¥aasheRsiacdn PHI39lHLgRaSt raatdl tdwd
mesol i MG AORME NeydRIJENAIN QYiHRBL0 AN P-4t RIS eatrt Ar @ prieM i¢dii e rof
side effect liability and efficacy, respectively (Binder, E  B. et_al. 2001
Bi of OPRfchiPREEy 482886-872)2 %moféopé? EF2DD9rB5B387°86 Th ditt her
enbodi pERiGue-e mriegent [ipvlent ReB-gooURdes t heruse [phGlattliaf 1y 4orasi,ng
effectaors aof Qp L asnsetl' ect e Withrugg.o;1 thte hesent inven&ive ani m%qld
‘model , O e %r spa? 4t on 5PARe %sy%ﬁotioc d uéseéﬁ“ for for°thes ©
t r eat mdmtwrofSyeeiiorgphr enia in mamual s. The effectors of Qct either
mai ntain or increase the concentration of active [pd ul]neurotensin.
Fertilization pronoting peptide (FPP), a tripeptide related to 10
t hy L6t (Iptiamnatsl ebsi AHURASr ABN@ ASTRH)ONS s34 ohﬁd anf e ial thEe agiy L orec ént
evi dengR bt hednoigvi themanghé N ovited: showed dnhat 1 EPEmRkayscaa i mpor trant
role in rq%ul,atl nﬂ spermfertility ?gem ficall g\ﬁ FPP initial lé gtl rrulfates
nonf er GYYATHPY i Fehpdbi PASEH Lpet 7l 5265 P8ORS I £6h BRI ANYCHECETE ©
fertil ehs amyeoidi pdeyurietr thentaln eaP®70dpaciviadsmimtsoehbat : SppEYIEETYZ0a
do not ndergo, spantangaus Acrpseme  ass and Sieref reedadlal, lose oo
fertiliZi'ng potential. ese responses are m m cKed,“and 1n eed augmer?t ed,
by a8erowilte ddaiewiutta triegul at e t he adenyl yl cycl ase (AC)/cAMP si gnal
transducti on pat hway. Both FPP and 20 adenosi ne have been shown to
stinmulate cAVP production in incapacitated cells but inhibit it in ]
capaci ti¥ed Pcemyd 0l t RepPPdeEcePibRs donRReor 1 REPESt i 2 11 B silAe
{ﬁceft @o%_iaﬂ%rﬁ rz:r,ﬁt Eﬂlnstirﬁi/aﬁ?i tQ\Qe fﬁﬁgid atdeh qu[e‘?s_@riﬂ”&ﬁe @ée_rﬂé ?[fd‘leact

e tyrosi ne phosphoryl ation state var.iqus pr i,ns, .so i ng
) mor ¢k qhoie” Bad: T A Sipdbht g - A dPHer I hoteR iy bEi0g 03 ved
i n £he Mactriesdnelyreadtdes 13466 )f:. 42a-¢i2Dni n and angiotensin |1, also found
in sem nal plasma, have simlar effects in vitro on incapacitated

sper mat ozoa and can augnent responses to FPP. These nol ecul es have sinm |l ar
ef f ect $hen milpiple N-terminal variations can be generated by the B-

secretase enzyme P-site amyloid precurscr protein-cleaving
enzyme (BACE) at different sites (Huse J.T. et al. 2002 Biol.
30 Chem. 277 (18): 16278-16284), and/or by aminopeptidase

processing.

There had been no experimental evidence supporting the enzymatic
conversion of Glu'-peptides intoc pGlu-peptides by an unknown
35 glutamyl cyclase (EC) (Garden, R. W., Moroz, T. P., Gleeson, J.
M., Floyd, P. D., Li, L. J., Rubakhin, S. 5., and Sweedler, J.
V. (1999) J Neurochem 72, &76-681; Hosoda R. et al. (1988) J
Neuropathol Exp Neurol. 57, 1089-1095). No such enzyme activity



30 affecting fertility by stinulating and then maintaining fertilizing
potential. Either reductions in the availability of FPP, adenosine,

cal ci t oni WO 28¢0981di ot ensin |1 or defects in their recefCaEP2YA48Hute to
male infertility (Fraser, L.R and Adeoya-Gsiguwa, S. A 2001 Vitam Horm
63, 1-28). 35 In a further enbodi nent, 50he present invention provides the
use of activity-lowering effectors of Zoct, as selected with the present

i nventive animal nodel, for the preparatlon of WO

2009/ 09D OPET: ERZBUS/i056357 s7pketei itz at Yohi pioti K1ty vEeBELgss andvhdrch o
reduce f:he fe5tdddian N BBl SL1 T rkﬁq@%éé/ééé’s |£V&?éc§;£‘191\¢éi)ecé1%§g@<_fl Epet

decrease the concentration of actlved%pG ul ] FPP, | eading to a prevention of
spern18éS§EPPéﬁﬁéﬁean@9i%%ﬁl\Hﬁq%ﬁ1 m 8ekpsingn gSntP§§FQ§|t Rbul d
be showvrdiati @aad. vity-increasing effectors of Qoct are able to stinulate
fertility in males and to treat infertility. In another enbodi nent, the
presént invention provides the use of effectors of Qpct, as selected with
use of gtrexqiriesient dgnderet VELI6 sabistek tesdéls, dramatthe ajrigpareahicsd dfe laow
medi canpnty r fhedealaent; of, %mwﬁw@we R0 HER A
suppr essi on of ‘proliferati’on of d progenitor cells neop asl a,

i nf | amietistythosERESpORs RGeS Frul iegivet AvehsPBO, néfanoﬁﬁldpsorTasK%r

rheumatif, ,arphripti s, patherpscler osdryy ruB9adawkkpr 0%5 .S, gl i varadd)br gsi &
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Pol }§I dtlani nedfSaridiconsi nseletIdifsratiaims| ddtir@la, — [Gln3]Ap3 215" ‘and
[G1n3] ]AB3-40 as potential substrates of the enzyme were

synthesized and investigated. These sequences were chosen for

mimicking natural N-terminally and C-terminally truncated

[Glu3]AB peptides and [Gln3]AB peptides which could occur due to
20 posttranslational Glu-amidation.

It was shown that papaya and human Qpct catalyze both glutaminyl
and glutamyl cyclization. Apparently, the primary physiological
function of Qpct is to finish hormone maturation in endocrine
(\ 25 cells by glutamine cyclization prior or during the hormone
secretion process. Such secretory vesicles are known to be
acidic in pH. Thus, a side activity of the enzyme in the narrow
pH-range from 5.0 to 7.0 could be its newly discovered glutamyl
cyclase activity cyclizing also Glu-AB peptides. However, due to
30 the much slower occurring Glu-cyclization compared to Gln-
conversion, it is questionable whether the glutamyl cyclization
plays a significant physiological role. In the pathology of
neurodegenerative disorders, however, the glutamyl cyclization
is of relevance.
35
Investigating the pH-dependency of this enzymatic reaction, it
has been shown that the unprotonated N-terminus was essential

1
for the cyclization of Gln -peptides and accordingly that the
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reptesdiresgidpdseral way to reduce or inhibit Qoct activity. The agents

sel ected by the above-described screening nmethods can 30 work by decreasing
the conversion of at | east one substrate of Qoct %negatlve effectors,
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-NH;)} or 10-1% -CO00H) of total ©N-terminal Glu-containing

peptlde. As a result, over a mildly acidic pH~range species of

N-terminal Glu-peptides are present which carry both groups

uncharged, and, therefore, it 1is possible that Qpct could

stabilize the intermediate of intramolecular cyclization into

( 25 the pGlu-peptide, i.e. if the y-carboxylic group is protonated,

the carbonyl carbon is electrophilic enough to allow

nucleophilic attack by the unprotonated o-amino group. At this

pH the hydroxyl ion functions as a leaving group. These

assumptions are corroborated by the pH-dependence data obtained

30 for the Qpct catalyzed conversion of Glu-BfNA. In contrast to

glutamine conversion of Gln-PNA by Qpct, the pH-optimum of

catalysis shifts to the acidic range around pH 6.0, i.e. the pH-

range, in which substrate molecule species are simultaneously

abundant carrying a protonated fvy-carboxyl and unprotonated o-

35 amino group. Furthermore, the kinetically determined pKa-value

of 7.55 +4/- 0.02 is in excellent agreement with that of the -
amino group of Glu-PB3NA, determined by titration (7.57 + 0.05).



WO 2009/ 090190PCT/ EP2009/ 050387 59 The salts of the conpounds of the
invention may be in the formof inorganic or organic salts. The conpounds
of the pr¥©glt/1981%8nti on can be converted into and 5 us@®§THEP289/030387Idi ti on
salts, especially pharmaceutically acceptable acid addition salts. The
pharmaceutically acceptable salt gener&Ply takes a formin which a basic
side chain is protonated with an inorganic or organic acid. Representative
organi ¢ or inorganic acids include hydrochloric, hydrobromc, 10
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or tre%&%Pntﬁgoéaded. Moreover, given compartmentalization and
25 localization of brain Qpct in the secretory pathway, the actual
in wvive enzyme and substrate concentrations and reaction
conditions might be even more favorable for the enzymatic
cyclization in the intact <cell. And, 1if N-terminal Glu 1is
transformed to Gln a much more rapid pGlu-formation mediated by
30 Qpct could be expected. In vitre, both reactions were suppressed

by applying inhibitors of Qpct-activity.

In summary, it was shown that human Qpct, which 1is highly
abundant in the brain, is likely a catalyst of the formation of
35 the amyloidogenic pGlu-AR peptides from Glu-AR and GIln-AR
precursors, which make up more than 50% of the plague deposits
found in Alzheimer's disease. These findings identify Qpct as a

player in senile plague formation and thus as a novel drug



15 condition nedi ated by nodul ati on of the Qct activity in a subject. The
conpound may be admi nistered to a patient by any conventional route of
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cont ai recaErO@Isg.e carriers suitable for oral administration. Preferably,
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adnmi Ri stered accor di ng to the 35 invention may be enpl oyed in
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differentiation of acid-producing parietal cells and histamine-
secreting enterochromaffin-like (ECL) cells, and the expression

20 of genes &associated with histamine synthesis and storage in ECL
cells, as well as for the stimulation of acute acid secretion in
mammals by maintaining or increasing the concentration of
active[pGlul]—Gastrin.

25 In a preferred embodiment, the present invention provides the
use of activity-decreasing effectors of Qpct, as selected with
use of the present inventive animal model, for the suppression
of pGlu-cyteckine function, preferably chemokine function, most
preferably monocyte chemoattractant functicon in Alzheimer's

30 disease, Down Sydrome, Familial Danish Dementia and Familial

British Dementia, atherosclerosis and restenosis.

A number of studies have underlined in particular the crucial
role of MCP-1 for the development of atherosclerosis (Gu, L., et
35 al., (1998) Mol.Cell 2, 275-281; Gosling, J., et al., (1999) J
Clin.Invest 103, 773-778); rheumatoid arthritis (Gong, J. H., et
al., (1997) J Exp.Med 186, 131-137; Cgata, H., et al., (1%9%7) J
Pathol. 182, 106-114); pancreatitis (Bhatia, M., et al., (2005)



20 di seases that are based on unbal anced concentration of physi ol ogi cal
active Qoct substrates in manmals and especially in human nedi ci ne. The
conpoundsWaaf0¥R0REvant ageousl y admi ni stered, for exanpP&I/EP300945438E f or m
of pharmaceutical preparations that contain the active ingredient in

conbi nation with customary additives | bke diluents, excipients and/or
carriers known fromthe prior art. For exanple, they can be admi ni stered
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possible to stimulate gastrointestinal tract cell proliferation, preferably
prollferatlon of gastric nucosal  cells, ithelial cells, acute acid

secr et i'6¥¢ anB2EHESdi F¥RF BNt it i oﬁu{‘}fmam dr odFEET paMFBt al ceflsPark-
h|StamﬂraﬂymdﬂﬂddulKyﬂmﬁdmﬁﬂéﬂﬁﬁfI@lﬁtk@lﬁﬁllGyc?ése (Qpct) to possess

an N-terminal pyroglutamyl (pGlu) residue. The N-terminal pGlu
20 modification makes the protein resistant against N-terminal
degradation by aminopeptidases, which is of importance, since
chemotactic potency of MCP-1 is mediated by its N-terminus (Van
Damme, J., et al., (1999) Chem Immunol 72, 42-5¢&). Artificial
elongation or degradation leads te a loss of function although
f 25 MCP-1 still binds to its receptor (CCR2) (Proost, P., et al.,
(1998), J Immunol 1€0, 4034-4041; Zhang, Y. J., et al., 1994, J
Biol.Chem 269, 15918-15924; Masure, sS., et al., 1995, J
Interferon Cytokine Res. 15, 955-963; Hemmerich, §., et al.,
(1999) Biochemistry 38, 13013-13025).
30
Due to the major role of MCP-1 in a number of disease
conditions, an anti-MCP-1 strategy is required. Therefore, small
orally available compounds inhibiting the action of MCP-1 are
promising candidates for a drug development. Inhibitors of
35 Glutaminyl Cyclase are small orally available compounds, which
target the important step of pGlu-formation at the N-terminus of
MCP-1 (Cynis, H., et al., (2006) Biochim.Biophys.Acta 17¢€4,
1618-1625; Buchhelz, M., et al., (2006) J Med Chem 49, 664-677).



In addition, adm nistration of Qoct inhibitors to manmals may lead to a

| oss of spermcell function thus suppressing nale fertility. Thus, the
prevent invention provides a nethod for the regul ati on EAT/ELNOOHIBHT nal e
fertility and the use of activity 30 lowering effectors of Qpct for the
preparation of contraceptive nedi canen$$ for nal es. Furt hernore, by

adm nistering effectors of Qoct activity to a mammal it may be possible to
suppress the proliferation of 35 nyeloid progenitor cells. WD
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misregulated in this disorder. Clinical studies in which
cerebrospinal fluid (CSF) NT concentrations have been measured
revealed a subset of schizophrenic patients with decreased CSF
25 NT concentrations that are restored by effective antipsychetic
drug treatment. Considerable evidence also exists concordant
with the involvement of NT systems in the mechanism of action of
antipsychotic drugs. The behavioural and biochemical effects of
centrally administered NT remarkably resemble those of
30 systemically administered antipsychotic drugs, and antipsychotic
drugs increase NT neurotransmission. This concatenation of
findings led to the hypothesis that NT functions as an
endogenous antipsychotic. Morecver, typical and atypical
antipsychotic drugs differentially alter NT neurctransmission in
35 nigrostriatal and mesolimbic dopamine terminal regions, and
these effects are predictive of side effect 1liability and
efficacy, respectively (Binder, E. B. et al. 2001 Biol
Psychiatry 50 856-872).



64 Adm nistration may be carried out in the usual manner, preferably
enterally or parenterally, especially orally. In the case of enteral
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further additives such as sodium5 citrate, cal cium carbonate and cal ci um
phosphate, together w th various additb%es, such as starch, preferably
potato starch, gelatin and the |ike. Furthernore, lubricants, such as
magnesi um st earate, sodium |l auryl sul phate and talcum can be used
concomtantly for tabletting. In the case of aqueous suspensions 10 and/ or
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col ourlﬁg‘%tm, can be added to the active ingredients in_additjon to the
above- iVorted BReT PR RS, efherhersasd dPplar eAfersalesdiichi ¥ttlat heR, of
;ol ut i lCthe gbrlb@,@nLS a@fvievljeiivﬁgr agmau? mgdé@gasujf@ﬁbltméi Qiljé?i)dacrg’:t{t_riicﬁfs oF@an

e e oyed. ener it een nd, advant ageous to .a ni st.er,, in
the Cas@ OB SISt IR RIATT af £ bn LN AmbARES SR LaBhr SEITECRTY SPramid: 01
to 2. 0 mayhed,s .prBfier afifgcappsoxdimedetly eiohed. @kircair0 og/ kgereksbodyhe
wei ght c%%rceqlq%attqho%o qbtain gf f liu\ae]rlr%%&)ltte?lsqr}ld, in the case of enteral

[ the dt ely from"

adm ni strati on, osage | S approxinma 0.01 to 2 no/kg,
preferably approximately from0.01 to 1 ng/kg, of body wei ght per day. 25

It may meventiheliash bErHRGESSE bt isRMe(Edses Lo deMiaie Jd omt heegt ated
anount s, dependi ng upon the body weight of the experinental animal or the
pat @nttir AFFOPRe 55T Bl m BPSEYRR | ohI Rt e, 1But TMEE 0ATt hSHHad of
g ge. Sp@ﬂi@aqf sﬁbmﬁt aaétdic;e.trs:é ndbtiaduab rﬁ_spgﬂ&&ot oiltldne igjedble;aaeyﬁncﬁa"ed Be
interyv ch admnistration is carried out,.Accordingly, .t . e
SUf {1 BT (5 R OMEeEacE8 CORGRE Tod T § hecaBbok: RenEPoRaY SHHi iy
anmount ,Spetiilfe call yot her REESes, itrhie iradnity oned tupperatidsm t  widrlfehanid itza rige
exceeded. er i y rg nt s .ar el 1 d rred,
it may (fjlenc]él’:1 \?%33%\ ee\q}o ggégl}ng%gggfghoésﬁ argr‘ﬁ’g%g into ?g?erggcgﬂ%gﬁgﬁgsl%s
ovet ot H® IgayIuFdtl wdnbut stheni @t has turdaParidiat e $he thaive shegagdozoa

latitudg igopr %Ylid@@:%o T?o@@@r‘(@oﬁ@”ﬁ&'ﬁ%s@&@' yi@hal ggausineddedhat qgasetr WO
2009/ 090190PCT/ EP2009/ 050387 65, For exanpl es of pharnmaceuti cal

for mul d4S6nsteEpeei FLRIr AUrBHE s ABBESt FITRP P&§ oINS PRy Gash25,
pagﬁs igrc@éddvmclgxhezaﬂ:@dj neer %H@tcﬁﬁdte,r eknoby ref erenckatd thei adembilnaty.
5 The above disc r escri bes the_present invention in gener A noye
conpl etcé"c\&ﬁc?gr st(éﬁg?ﬁg‘@ansﬁgnsgt a?ﬁ%gsgk}c ef8r e%%%hY%yt helg?@?l ?V\EA?Png an
exahpl eslerifsdse exawvs edemre ddwoim bad saltelmplfedre puRpts eprofdudtiwst r atni on
and ar § ok, - tends I:Q%ii,imk{w{\tt he RERPE Qafc thE idp i'tCla“caedAI Lhough spegjfic
terms have been enpl oyed 10 herein, such terns are intended In a

descri pHHR & aRETO N o MR or i pLe pagesndf i thi adensAinesrR§PRer§erdalC
strat egit-ddist r b ed o efiegUr €g1d1 a t Dén deyel mprenhegt thefAct aco8sti trid ve
and conditiaonal knock-out_ 15 nouse lines_according to the present invention
onpri $&F FHEF PLOWPRET ¥ERDECD &G EnP and2SEqUENE TRF DM T heSPEF g &S d
egkon iafpdrtamaur ine {Qoet indeads l n"awil2dinPasorgenetind backgrounbssibly

being involved in the acrosome reaction itself. Calcitonin and
angiotensin II, also found in seminal plasma, have similar
effects 1in vitro on incapacitated spermatozoa and can augment
responses to FPP. These molecules have similar effects in vivo,
30 affecting fertility Dby stimulating and then maintaining
fertilizing potential. Either reductions in the availability of
FPP, adenosine, calcitonin, and angiotensin II or defects in
their receptors contribute to male infertility (Fraser, L.R. and
Adeoya-0Osiguwa, S. A. 2001 Vitam Horm 63, 1-28}.
35
In a further embodiment, the present invention provides the use
of activity-lowering effectors of Qpct, as selected with the

present inventive animal model, for the preparation of



20- Targeting vector and positive control vector design and construction
Set-up of the screening conditions for the detection of honol ogous

reconbi nY0EAYENs, O e-nedi ated and Fl pnedi at ed exci SLHEPIVEAFEET PCR and
Sout hern bl ot) 25- Honol ogous reconbination in ES cells ES cell injection
I nto bl astocysts and generation of chibBras Breeding of chineras with

ubi qui t ous Fl p-expressing ani mal s and generation of Qcpt fl oxed

het er ozygous nouse line. 30 - Breeding of chinmeras or heterozygous with

ubi qui t@il@l@@mmsspnghamtmvg drdogenerdfoontef tetugrezyhoustaniiddttviri ce

carryi ng g Hpecks Ouin et &) oéérBE%TeE%@@WENEfF@Bc@A'a%%&M@s@JEhE*E
| NVENTI ON WO 2009/ 090190PCT/ 2009/ 66 mouse |lines according to the

pr esentCAREEthadH Conpt | $641VRe E‘Rﬁlilbvw*?bprst EPRI1TP okiong? aRde¥BRGEARI R of

the targrired daqga@ﬂt@il@ﬂﬂeaﬁw deechRetibacus i sbard 286v1 Pas Iﬁe'lQiritC‘rast
backgr aund T ng vector and posi |ve control vector  desi
B,y h B Sy are

constr ddt iGH T9E heR3kr 86 f’ﬁﬂ; EohaFfFBRS PoF T ERELHEPe
honol ogis rtex:e;ni:mmﬂiat@n fenremit]si, t yCrier mediest echcdarh Fy@a tl Grefth ratidd tgx.ci Si on
events (PCR and Sout hern bl ot) Honol ogous reconbination in ES cells
In another embodiment, the present invention provides the use of
effectors of Qpct, as selected with use of the present inventive
10 animal model, for the preparation of a medicament for the
treatment of pathophysiological conditions, such as suppression
( of proliferation of myeloid progenitor cells, neoplasia,
inflammatory host responses, cancer, malign metastasis,
melanoma, psoriasis, rheumatoid arthritis, atherosclerosis, lung
15 fibrosis, liver fibrosis, renal fibrosis, graft rejection,
acquired immune deficiency syndrom, impaired humoral and cell-
mediated immunity responses, leukocyte adhesion and migration

processes at the endothelium.

20 In a further embodiment, the present invention provides the use
of effectors of OQpct, as selected with use of the present
inventive animal model, for the preparation of a medicament for
the treatment of impaired food intake and sleep-wakefulness,
impaired homeostatic regulation of energy metabolism, impaired

( 25 autonomic function, impaired hormonal balance and impaired

regulation of body fluids.

Polyglutamine expansions in several proteins lead to
neurodegenerative disorders, such as Chorea Huntington,
30 Parkinson disease and Kennedy's disease. The mechanism therefore
remains largely unknown. The biochemical properties of
polyglutamine repeats suggest one possible explanation:
endolytic cleavage at a glutaminyl-glutaminyl bond followed by
pyroglutamate formation may contribute to the pathogenesis
35 through augmenting the catabolic stability, hydrophobicity,
amyloidogenicity, and neurotoxicity of the polyglutaminyl
proteins (Saido, T.C.; Med Hypotheses {(2000) Mar; 54(3):427-9).



ES cell injection into blastocysts and generation of chinmeras Breedi ng of
chimeras with ubiquitous Fl p-expressing ani mals 15and generation of Qpt

fl oxed heVeremNysi?8 nouse |ine. Breedi ng of chineras or PREESRHIPHIBEs wit h
ubi qui tous Cre- expressing animals and generation of heterozygous mnutant

m ce carrying a Knock-out Qoct allele. 580 EXAMPLE 1 1. MOUSE QPCT GENE
CHARACTERI SATI ON 25 The murine Qct gene encodes for glutam nyl cycl ase,
whi ch is responsible for the presence of pyroglutanyl residues in many
neur oeddocrd nefpephedes embodimsise Qidie | dRLSSIOt Thenwpnséopctthgaed gre

| ocat ed) QR i-OMPRAM, e B7d ExEEALSrOVeSr 3@patkb. asTh%e@éE%b/dﬁ WPLRE the
sequence is available on the Ensenbl database (www ensenbl

ENSMUSBIGE0024084)EN Wsihg 3 he"TbNARedgtiencEO M ‘E§8778r69ﬁéa§%8ﬁl| Rer orf

or gani seidivanehnt hergene wes 35asiwirtshedt Thparrbusengensi sousd st sindn 7
exonﬁ EQ%QJr%ﬁifq by,.6 introns. The translation initiation site is |ocated.
in the 4976 st op codon is located in exon 7. WO
2009/090190PCT/EP2009/050387 67 The Ensenbl database sear ch also reveal ed

the pre a)“ac&?oﬂ{e} hﬁ%ﬁﬁﬁ%%”et%g\ﬁeﬂ&” %rﬁgl %%@? E;be‘hl%%rleam

of the ct gene genes afe or pre region
downst m@amtef Gbicyene, iroiboh the eorphehbat af:plgwanéf qurﬁebﬂIarL@émgng

of the t%cttéSQClé%bén% this 1ty RieAiLted to influence any other gene
expreSS|on use (Qpct protein

Inhibition of a mammalian Qpct was only detected initially for

1,10-phenanthroline and reduced 6-methylpterin (Busby, W. H. J.

et al. 1387 J Biol Chem 262, 8532-8536). EDTA did not inhibit

Qpct, thus it was concluded that Qpct is not a metal-dependent

15 enzyme (Busby, W. H. J. et al, 1987 J Biol Chem 262, 8532-8536,

Bateman, R.C.J. et al. 2001 Biochemistry 40, 11246-11250, Booth,

R.E. et al. 2004 BMC PBiology 2). However, it was shown, that

human Qpct and other animal Qpcts are metal-dependent enzymes,

as revealed by the inhibition characteristics of Qpct by 1,10-

20 phenanthroline, dipicolinic acid, 8-hydroxy-quinoline and other

chelators and by the reactivation of Qpct by transition metal

ions. Finally, the metal dependence 1is outlined by a seqguence

comparisaon to other metal-dependent enzymes, showing a

conservation of the chelating amino acid residues also in human

( 25 Qpct. The interaction of compounds with the active-site bound

metal ion represents a general way to reduce or inhibit Qpct

activity.

The agents selected by the above-described screening methods can
30 work by decreasing the conversion of at least one substrate of
Qpct (negative effectors, inhibitors), or by increasing the
conversion of at least one substrate of Qpct (positive

effectors, activators).

35 The compounds of the present invention can be converted into
acid addition salts, especially pharmaceutically acceptable acid

addition salts.



10 Two isoforns are known for the nurine QPCT protein. These two isoforns
(362 and 313 aa, respectively) are translated fromtwo nRNAs: one

cont ai ni YORPW/WWRWlexons (AK045974) and a splice vari anPCTEPAMOON3B%Xon 2 is
spliced out (3CO20023). 15 At the functional |evel, residues inportant for
the catalytic function of the protein ae known in exon 3 (residue H141,
see figure 2), exon 4 (E202 and E203) and exon 7 (H331). Residues inportant

for binding to the substrate were al so characterised in exon 3 (D160) and
exon 5TE49H1t9002. tEERATEGYIOR THE DEVELGPRENTOOF MGRCTOKNOTKLOST HMIDELS

The ai gsof; dhey priest damentd k1L he generation of both constitutive and
condi tional Qict Knock-out nodels - has been ( 25 achieved by flanking the

targeted region with two LoxP sites, allowing its ubiquitous or tissue
speci fiIQledQ:lcﬁﬁpichh&sﬂde\tlﬁl@ &@sé@gomb@a@eoacthﬁnbewgnkr@rﬂ;ba S.irﬂ:% eindQct

Ongi FelliT nafhods by, *BAEH BN 1 Finc FORSr LMK dELErTBet e Iapet
exons 4 cargthbiler ead:aqigeﬂdcﬂti@pctsaelm iTtamdpbatmpgetithgallgs aﬁmp(taﬁ:dleyti o

eneodeq s oxon 5 Taficratad & LB EHoaTbontabECT) ESAB0S 05087 B Foduded

si ze ofonchenEdiaget e‘dthegt‘rl@n ittt edd. oTBRB1Encr el es Repe gmeotraliive y
of the }1onp|iQI0HS I ecoRbLL AL i %ﬁfseplae@ua!el mf&éﬁmﬁm CrrdRdi e,

reconbi nation. The knock-ouf results in a frame shift [eading to the .
5gehlr RETERIGT g eIV UGy caddFich eRBP®DTd ThueSetithe PSP I ite N
term naflyeaiticgf thetpept edlccinic, maleic, fumaric, malic, tartaric,

( citric, benzoic, mandelic, methanesulfonic,
‘ hydroxyethanesulfonic, benzenesulfonic, oxalic, pamoic, 2-
naphthalenesulfonic, p-toluenesulfonic, cyclohexanesulfamic,

15 salicylic, saccharinic or triflu-croacetic acid. All
pharmaceutically acceptable acid addition salt forms of the
compounds o©f the present invention are intended to be embraced

by the scope cof this invention,

20 In view of the close relationship between the free compounds and
the compounds in the form of their salts, whenever a compound is
referred to in this context, a corresponding salt 1is also
intended, provided such 1is possible or appropriate under the

circumstances.

Where the compounds according to this invention have at least
one chiral center, they may accordingly exist as enantiomers.
Where the compounds possess two or more chiral centers, they may
additionally exist as diastereomers. It is to be understocd that
30 all such isomers and mixtures therecf are encompassed within the
scope of the present invention. Furthermore, some of the
crystalline forms of the compounds may exist as polymorphs and
as such are intended to be included in the present invention. In
addition, some of the compounds may form solvates with water
35 (i.e. hydrates) or common organic solvents, and such solvates
are also intended to be encompassed within the scope of this

invention.



Shoul d an alternative splicing even occur between exon 3 and 7 after the
deletion of the targeted region, an early stop codon al so appears at the
begi nni ngvof20e90199. Thi s 10guar antees that neither exoRCEERG0IEXER7 7 can
be translated with the Knock-out strategy proposed. The design of a
targeting vector, central to the devel 6pnent of 15 the two nodels, is
illustrated in figure 3, and displays the follow ng features: Introduction
of two LoxP sites flanking the Quct exons 4 and 5. One of these LoxP sites
(di st alTheoxPompeenda | [ingd R nignselreed isalitstr orarB, ailaoct He | ohga hoed| dgy

arm The Seeonf LexXRniile wditahss | nserigd1hle! MY Sso T Srd 0xBeal (i |

be associated w th the neorycin sel ection cassette (see below). Insertion
of negdthidie &y FdiltiaAtisdl-ection cassettes: 25 - An FRT-flanked neonycin
positive selection cassette will be inserted (in association with a LoxP

t t he_t t t [ th | f the t f d ES
cel | ocnds Efat Rttt Rt o b AP AP o BETE RGN BERYC AR08l BTN
casset toef mmhweﬁﬁmn@#orrEGeahungsa:ﬁhnﬁuumnn mediated byAdephhhebnacﬁbxin
A (DTA )t[h%eggih ye sl é' %t%g%ﬁ”fn"“ 3 sﬁ-ﬁﬁgﬁ’?e 'r{‘%%%%d éﬁePgﬁ%e&ﬁ”ﬁ ty

of the targ8trng ve inor t0 efhafce-theé Honol 6gous T econbi nation
event &ondye s5's oﬁdmh@lﬁaﬁge@gnganEct@ﬁ 3heEXanpepuRdsW»E  the present

2009/ 0%%%QRQEJnEP89 %@%%%éufe%c%l %OME\RMD&EQ@JE@CW@ OF oG NYSE
QPCT HOMOLOGY Cl oni ng of the. nouse %g honol ogy reglons he

firdf ﬁﬂﬂo(ﬁoﬁ#ﬂg;NEﬁ%%We%onEh%¥%Eﬁ%ﬁl@%%l%Ioﬂf Chivabohp ~treat the

condition. Additicnally, the present invention includes the use
( cf the compounds of this invention, and their corresponding
pharmaceutically acceptable acid addition salt forms, for the
preparation of a medicament for the prevention or treatment of a
15 condition mediated by modulation of the Qpct activity in a
subject. The compound may be administered to a patient by any
conventional route of administration, including, but not limited
to, intravenous, oral, subcutanecus, intramuscular, intradermal,
parenteral and combinations therecof.
20
In a further preferred form of implementation, the invention
relates to pharmaceutical compositions, that 1s to say,
medicaments, that contain at least one compound of the invention
or salts thereof, optionally in combination with one or more

( 25 pharmaceutically acceptable carriers and/or solvents.

The pharmaceutical compositions may, for example, be in the form
of parenteral o¢or enteral formulaticons and contain appropriate

carriers, or they may be in the form of oral formulations that

30 may contain appropriate carriers suitable for oral
administration. Preferably, they are in the form of oral
formulations.

The effectors of Qpct activity administered according to the
35 invention may be employed in pharmaceutically administrable
formulations or formulation complexes as inhibitors or in
combination with inhibitors, substrates, pseudosubstrates,

inhibitors of Qpct expression, binding proteins or antibodies of



12 kb nmouse genom c DNA fragnment enconpassing Qoct exons 4 to 6. 5 This
mat eri al was used to generate the honology arns required for the

const r uctWer0ey 098198 targeting vector. As illustrated i nPCIEREIAPSIBT was
cloned as two overlapping fragnents: A 5 fragnent containing the Qct
exons 4 and 5 corresponding to the 5 hbnology arm 10 A 3' fragnent
containing the Qct exons 5 and 6 corresponding to the 3' honology arm In
order to ensure the successful anplification of the honol ogy regions, two
BAC cl dhesanedne iks | REQR bys sthebniaguet AhAulPeé P3ot2dMnEledeBAC abNRN

library o Offuhdvé [ r 988N oMddurRisoAdr bEher abeep@Rbal Mdle: et pe%annoe these
BAC cl ones are | ocalised, on nepbrane 201 of ,the library (Invit rogcen/ ResGen,

BAC medSiidifd oriddteeitly Tepsiduahby cFoneetipRtF efBleAd8628681r 13 ta® PF1L14
(I nvi t pegeyifiRes Cenin BAS: £t Doel of der t€at §v96022)ind2@ithkee pritElerseiceajer e
desi gn\%glf aor .the a Ii.f& c_atf' n .of each honol ogy fragnent. The three priner
pair ré tested For ' E&CIY dt%tﬂﬁsf‘i cation and the optinmal conbination was
selected for the anplification of the Quct honol ogy arns. The

amplifigati 2 rfor . on it 1 o] j t.h L cycl es
in or deiﬁl%t o??@%éé\%{ég? h%lr%i%skgomnh?aﬁggse%?%?r_?@%ﬁ%u??n?%ﬂ&%fcﬁ &
anpl i fifemdteen of Thémget diltes BRhy$ hel PCRPARFILCANGat R et hést whereby

fragmentis,caf ec 39 él%PBQlthﬁ%'y 3 09&_51[581%‘@ ag rifbeerestabl ¢ ¥ag RelyRRIRSS:
"Expand | ong tenplate PCR system' Ki W&Roche D agnostics)., PCR matrix: the
arrpESf St TwePe PEEAEPSd AT ngSt O 185284 £SIBAE orsely, on the

(1 nvit regenhiles CenheBApad@nefordey Eas#t 96F223ctidl i ar, seuennes othéd
page d%lalnt?:ﬁra£§'!ey Auerfa:[tibolnaméf action and especially the intensity of

action.

15 A preferred treatment method according to the 1i1nvention
represents a new approach for the prevention or treatment of a
condition mediated by modulation of the Qpct enzyme activity in
mammals. It is advantageously simple, susceptible of commercial
application and suitable for use, especially in the treatment of

20 diseases that are based on unbalanced <c¢oncentration of
physiological active Qpct substrates in mammals and especially

in human medicine.

The compounds may be advantageously administered, for example,
25 in the form of pharmaceutical preparations that contain the
active ingredient in combination with customary additives like
diluents, excipients and/or carriers known from the prior art.
For example, they can be administered parenterally (for example
i.v. in physiological saline solution) or enterally (for example

30 orally, formulated with customary carriers).

Depending on their endogenous stability and their
biocavailability, one or more doses of the compounds can be given
per day in order to achieve the desired normalisation of the

35 blood glucoeose values. For example, such a dosage range in humans
may be in the range of from about 0.01 mg to 250.0 mg per day,
preferably in the range of about 0.01 to 100 mg of compound per
kilogram of body weight.



WD 20091090190PCT1EP2009/ 050387 71 Anplification of the 5 |ong honol ogy
arnSEQ I D No: TOR2-Al: 5 GIAGCTGGGATTACAGGAATGTGCC 3'1 TOR2-Bl: 5°
GTCCTGAAGYU R@GN@RAOCACTGGEC 3'2 Anplification of the 3' sRETEPRYIHFGIFY arm 5
TOR2- C3: 5' GCTAACTTTGCTAAGICAGGAGECC 3'3 TOR2-D3: 5
TCTACCTCACACCAGTCAGAATGEC 3'4  PCR conditions: 10 94 Cfor 2 mn 94 C for
30s, 65 Cfor 30 s x 15 cycles 68 Cfor 7 mn for A/IB priners 154 mn for
C/ D prinmers 68 C for 10 mn Expected sizes: Al/Bl fragnment: 7299 pb 20
C3/ D3 fragment: 4901 pb 2.2 Sequencing of the nouse Qoct honol ogy regions

By administering effectors of Qpct activity to a mammal it could
be possible to prevent or alleviate or treat conditions selected
from Mild Cognitive Impairment, Alzheimer's disease, Down

5 Syndrome, Familial Danish Dementia, Familial British Dementia,
Huntington’s Disease, ulcer disease and gastric cancer with or
w/o Heliccobacter pylori infections, pathogenic psychotic
conditions, schizophrenia, infertility, neoplasia, inflammatory
host responses, cancer, psoriasis, restenosis, pancreatitis,

10 rheumatoid arthritis, atherosclerosis, lung fibrosis, liver
fibrosis, renal fibrosis, graft rejection, acquired immune
deficiency syndrome, impaired humoral and cell-mediated immune
responses, leukocyte adhesion and migration processes 1in the
endothelium, impaired food intake, sleep-wakefulness, impaired

15 homeostatic regulation of energy metabolism, impaired autonomic
function, impaired hormonal balance and impaired regulation of
body fluids.

Further, by administering effectors of Qpct activity to a mammal
20 it could be possible to stimulate gastrointestinal tract cell
proliferation, preferably proliferation of gastric mucosal
cells, epithelial cells, acute acid secretion and the
differentiation of acid producing parietal cells and histamine-
secreting enterochromaffin-like cells.
25
In addition, administration of Qpct inhibitors to mammals may
lead to a loss of sperm cell function thus suppressing male
fertility. Thus, the prevent invention provides a method for the
regulation and control of male fertility and the use of activity
30 lowering effectors of Qpct for the preparation of contraceptive

medicaments for males.

Furthermore, by administering effectors of Qpct activity to a
mammal it may be possible to suppress the proliferation of

35 myeloid progenitor cells.

The compounds used according to the invention can accordingly be

converted 1in a manner known per se into conventional



The Al/Bl1 and C3/D3 PCR fragnents, containing the |ong and short honol ogy
arns, respectively, were then sub-cloned into the pCR4- 25 TOPO vect or

(St rat ageMe)00908p19%8ach fragnent, three i ndependent subcPOREE2HEHEIBEeN
fully sequenced. Long arm of honol ogy The sequences obtained fromthe 3
cl ones containing the 30 1295v/ Pas genéBi c background PCR anplified Al/Bl
fragment were first aligned wwth each other to identify putative nutations
i ntroduced by the PCR anplification. Then, the 1295v/Pas sequences

gener atf@@H\Né—raéiiaJIfngneﬂthhSt hd&o35 CEIBLY% serfuksice, a¢abbabee.i llrageesi c

dat abazﬁ £lothes det;%ﬁhm@g' O%e‘}fostcjl% poé,yf@gaohl §%Q§Em%%lt1|&e
and 12 v

C57BL/ /Pas strains in the region of interest
2009/ 0GGFLO0PETAEP2089/ (BHESA o7F CABIof SYSRERTfithced el %‘P}Je‘étjp?%%enﬂ]édnﬁo

][rult ?tl qrmdrrtlthenWﬁelt@xa@pl :j fpﬁérﬂh@@é@ﬂao&h&? C|Qﬁlﬂt£1a055e gemﬁﬂr}@@f f amd he
o] Wi ;0ni ng steps.and . is referred.to T e fragnent 5
bt Re it iR S STl Y sen T LR oet | TRE TR PABOLORS, alla s
represamlte&(dapte}uuﬂwlsl@qlmfmmvéSE@m@oNﬁﬁs24reTIFecetﬂmanherpnéme’s in a

t t
G nL) S ouskites e S ret FEPREY 1t QoS ihe? e ae MBons:
5 smal Pnedgiretd Y bfemmeh toah8 22 Mip vt .aref abkentotalt naxIrgsy/ past

sequengg cerpaceq toihhe f5/BLL6 oner; These deletiagns %{efht%dnécpcéito%%g'en
intron_3. Sequencé insertions: 3 snmall regions (between 1 and 9 bp 15l°ong)

arelfr itusk Fa b ke tEi9Sd-Pas sequence. Two of

The substances can be used as medicaments in the form of
dragées, capsules, biteable capsules, tablets, drops, syrups or
also as suppositories or as nasal sprays.
15
The formulations may be advantageously prepared, for example, by
extending the active ingredient with solvents and/or carriers,
optionally with the use of emulsifiers and/or dispersants, it
being possible, for example, in the case where water is used as
20 diluent, for organic solvents to be optionally used as auxiliary
solvents.

Examples of excipients wuseful in connection with the present
invention include: water, non-toxic organic solvents, such as
25 paraffins (for example natural oil fractions), vegetable oils
(for example rapeseed o0il, groundnut oil, sesame o0il), alcohols
(for example ethyl alcohol, glycerol), glycols (for example
propylene glycol, polyethylene glycol); solid carriers, such as,
for example, natural powdered minerals (for example highly
30 dispersed silica, silicates), sugars (for example raw sugar,
lactose and dextrose); emulsifiers, such as non-ionic and
anionic emulsifiers (for example polyoxyethylene fatty acid
esters, polyoxyethylene fatty alcohol ethers, alkylsulphonates
and arylsulphonates), dispersants (for example lignin, sulphite
35 liquors, methylcellulose, starch and polyvinylpyrrolidone) and
lubricants (for example magnesium stearate, talcum, stearic acid

and sodium lauryl sulphate) and optionally flavourings.



these insertions are located in intron 3, the last one is inserted in
intron 4. 184 base substitutions are distributed all over the |Iong arm of
honol ogy ¥Weg0¥¥e19020 Taken toget her, these data suggesPCTERRIPGEIIST

pol ynor phismrate between the C57BL/6 and the 1295v/ Pas genetic background
within the 7.3 kb long arm of honol ogy6#s about 2.5% This pol ynorphi sm
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Ieads to the follow ng conclusions:
10 and/or elixirs intended for oral administration, wvarious taste
correctives or colourings can be added to the active ingredients

in addition to the above-mentioned excipients.

In the case of parenteral administration, solutions of the

15 active 1ingredients using suitable 1liquid carriers can be
employed. In general, it has been found advantageous ¢to
administer, in the case of intravenous administration, amounts
of approximately from 0.01 to 2.0 mg/ kg, preferably
approximately from 0.01 to 1.0 mg/kg, of body weight per day to

20 obtain effective results and, in the case of enteral
administration, the dosage is approximately from 0.01 to 2
mg/kg, preferably approximately from 0.01 to 1 mg/kg, of body
weight per day.

25 It may nevertheless be necessary in some cases to deviate from
the stated amounts, depending upon the body weight of the
experimental animal or the patient or upon the type of
administration route, but also on the basis of the species of
animal and its individual response to the medicament or the

30 interval at which administration is carried out. Accordingly, it
may be sufficient in some cases to use less than the above-
mentioned minimum amount, while, in other cases, the mentioned
upper limit will have to be exceeded. In cases where relatively
large amounts are being administered, it may be advisable to

35 divide those amounts into several single doses over the day. For
administration in human medicine, the same dosage latitude 1is

provided. The above remarks apply analogously in that case.



Sequence insertion: a 28-bp region is present only in the 1295v/ Pas
sequence, in a region presenting sone repeats. 122 base substitutions are
di stri butWa 26094098196r t he short arm of honol ogy sequencePCTEPTHREHIBDget her,
t hese data suggest that the pol ynorphismrate between the C57BL/6 and the
1295v/ Pas genetic background within thé54.9 kb short arm of honology is
fairly high (about 3% . 20 The targeting vector construction strategy and
screening strategi es were designed based on the sequence generated fromthe
cl oni ngoaf €xprpbxonsi3 phemnadeANRIEE 3f oXmPba ICONSTRUCPEONL OF THEE SEARGET| NG

VECTOR 1AND, £65! T,VE (ONLRGL, VECTER T Q|O@Q?|O9%t6f29t,el%lya<§@§ %b‘esﬁi N@hich

targeting vector construction i s depicted schematically in figure 5. This
const r G&6 R SCHP B b einaidedy fied sgedicsps N Ghedite®dmse®s in figure 5)
performed 30 in parallel. Steps la and I b: The 5 and 3' honol ogy arns were

PCR ified fromnmuse 1295v/ Pa enom ¢ DNA. The short arm of honol.o
bont a1 e e, A L o e e P TS ORE “aPhPenl " pb Rk PRna  fpede T 0%
figureiS)mdhat dosmplet:eprasdat standireg f ichal Hear gbtiehgededior ré Seecdac ane 5a,

figure ) 41020094 090190PCT/ ERR009/ Q30387 14 S €P3: 22800, 205y TG Lang
onol ogy arns were subc ed in pScript vectors containing a nodifre
| i nker Puiresald athel Flesttriation aid esresedtf ontehdedonst daatitorhef sppe

targetig®y ¥RE! Ofnyention. Although specific terms have been employed
10 herein, such terms are intended in a descriptive sense and not

for purposes of limitation.

Using the general strategy illustrated in figure 1, the
development of the Qpct constitutive and conditional knock-out
15 mouse lines according to the present invention comprised the

following steps:

- Cloning and sequencing of the targeted region of the murine
Qpct locus in a 129Sv/Pas genetic background
20 - Targeting vector and positive control wvector design and
construction
~ Set-up of the screening conditions for the detection of
homologous recombination events, Cre-mediated and Flp-
mediated excision events (PCR and Southern blot)
25 - Homologous recombination in ES cells
- ES5 cell 1injection into Dblastocysts and generation of
chimeras
- Breeding of chimeras with ubigquitous Flp-expressing animals
and generation of Qcpt floxed heterozygous mouse line.
30 - Breeding of chimeras or heterozygous with ubiquitous Cre-
expressing animals and generation of heterozygous mutant

mice carrying a Knock-out Qpct allele.

35 BEST EMBODIMENT FOR CARRYING OUT THE INVENTION

Using the general strategy illustrated in figure 1, the

development of the Qpct constitutive and conditional Knock-out



5 Step 3a: A distal LoxP site was introduced at the Bsgl site in intron 3.
This distal LoxP site was introduced together with a Swal and BanH
restrictiWo 200¥@41900cat ed downstream of the LoxP site. PGE/BPI&MBEIBT on
sites are used for the detection of the distal LoxP site in ES cell clones
and for the Southern analysis 10 of théécl ones. Step 3b: An

FRT- PCK- neonyci n- FRT- LoxP positive sel ection cassette, proven to be
efficient in ES cells, was subcloned into intron 5, upstream of the

ext endeb@e hdnpksgyaarerd g s tst ephes preasient o invengemer acooprdfedhethe
positiv&lclwir&l MEGTOr subsequent|ly used for PCR screening set up (see
below). Step 4:” The 5 |ong honol ogy arm containing the distal LoxP site,
was cloned together with the 3" short arm of honology. 20 This latter short

armis shortaredmf ddé dépadnsSize, oendhBgtatgbhedNeblyisht & fi RRHA i e

The resulting vector, referr to,as TOR2-LSA vector, s used as a

targéti ng v Cdﬁ'%éjr?d‘w é égtdgr%’p{&’raasc SFnetiEs Raghe e Step 5: Sub-cl oning
of a Di-pht emMaagkaxing AveEDTAYr negat i pes Stelect icomteadsevtetupst deaiyof dride 5
| ong honol o I The TOR2-LSA vector (vector w thout DTA) was

el ectropor a%yé) asltantuc?%ﬁmES cells while trying to subclone the DTA cassette.

I ndeed,* t he SBTA el et i e casyeend tige| pentlotéonat efeel ébe ttiet&stten| of
clones in whieh tR AT GRLd &b MBSt 05 NS bReD, | nt@@tﬁegéakaedo%ﬁi i pithe

genone, but 1s not” nmandatory. 35 The targeting vector displays the

fol L8wi ng f &@dirded PSHtIIGHY MRS sRfGhia WS ERETES L) "1 ine that will

be used (12%%wAasjous RiesaiiceAfigxans g @16 0f the Qoct gene. WO
2009/ 09.0190%%‘T/ ECPeZlol(39/ 050387. 75 Tot al hggglsgggyv\n th tardget ed allele aboo%Jt 9

kb. injection 1nto sts an generation
chimeras
. Breeding of chimeras with ubiquitous Flp-expressing animals
15 and generation of Qcpt floxed heterozygous mouse line.
. Breeding of chimeras or heterozygotes with ubiquitous Cre-

expressing animals and generation of hetercozygous mutant

mice carrying a Kncck-out Qpct allele.

20
EXAMPLE 1

1. MOUSE QPCT GENE CHARACTERISATION

25 The murine Qpct gene encodes for glutaminyl cyclase, which is
responsible for the presence of pyroglutamyl residues in many

neurcendocrine peptides.

1.1 Mouse Qpct locus
30
The mouse Qpct gene is located on chromosome 17 and extends over
37.5 kb. The C57BL/6 mouse sequence is available on the Ensembl
database (www.ensembl.org, ENSMUSG((0000024084). Using the cDNA
sequence NM 128770, the exon/intron organisation of the gene was
35 established. This mouse gene consists in 7 exons interrupted by
6 introns. The translation initiation site is located in the

first exon and the stop codon is located in exon 7.



Asymetrical honology arns (5 long arm 6.6 kb, 3" short arm 2.4 kb).
Positive sel ection neonycin gene flanked by FRT sites. The 5FRT-fl anked

sel ecti orWO28¥EWIV0can be renoved using the Fl p reconbi REFEP200550P0387 t es

fl anking the exons 4 and 5 and allow ng their deletion under the
Cre-reconbi nase action. This deletion gé&nerating Quct Knock-out aninmals can
be performed in vivo 10 by breeding the line with Cre-expressing mce.
Dependi ng on the ubiquitous or tissue specific expression of the Cre in the
mouse |Thee Ereenbh cetsbiacgt | ¥eaveh ceddiot i vefega Pt thkaoakrasanag | pfbéhe

obt ai negrciegdhst ah oka¥BasSidf thel RhRAUCED: 4, aspedpced 0 SEaNCE£( InkokD)

fromthe neonycin selection cassette. This favours its integration during
t he hofBI3god_lRecdthi ASEPEN FiepkneXAVPRE Z2redictpds)whEaND SEPTI /G UP OF
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EVE It is absolutely crucial to design screening strategies,.allow a
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i n ES delfllsientee ssor edtiialy getreateegyrdsssiased ( 25 on an initial PCR
screening for a 3 targeting event, then a PCR screening for a 5 targeting
event. The clones identified by PCRw Il then be confirmed by Southern bl ot

anal ysils.2 Mouge]l ORCR SCREENIING FOR DETECTI ON OF A HOMOLOGOUS RECOVBI NATI ON
30EVENT

10 Twc isoforms are known for the murine QPCT protein. These two

isoforms (362 and 313 aa, respectively) are translated from two

( mRNAs: one containing all the exons (AK045974) and a splice
variant in which excon 2 is spliced out (BC020023).

15 At the functicnal level, residues important for the catalytic
function of the protein are known in exon 3 (residue H141l, see
figure 2), exon 4 (E202 and E203) and exon 7 (H331). Residues
important for binding to the substrate were also characterised
in exon 3 (D160) and exon 5 (D249).

20

2. STRATEGY FOR THE DEVELOPMENT OF QPCT KNOCK-OUT MODELS

The aim of the present invention - the generation of both

constitutive and conditional Qpct Knock-out models -~ has been
( 25 achieved by flanking the targeted regicon with two LoxP sites,

allowing its ubiquitous or tissue specific deletion following

Cre-recombinase action.

Due tc the size of Qpct gene, it 1is not possible to delete the

30 whole gene using classical gencme engineering methodology. Based
on the functional data described below, Qpct exons 4 and 5 were
targeted.

Qpct exon 4 and 5 targeting:

35 . Two catalytic residues encoded in exon 4 are deleted.

. Substrate binding residue D248 encoded in exon 5 is deleted.



Screening for 3 targeting event: The initial screening for detection of
the expected integration 35 of the targeting vector is achieved by PCR
anpl i fi caWDanPerv0t he 3' short arm of honol ogy. This PERTIEP2pEOfGsHed
using a forward primer (TOR2-H, figure 6) hybridizing in the neonycin

sel ection cassette and a reverse prineg8(TOR2-1, figure 6) WO

2009/ 090190PCT/ EP2009/ 050387 76 | ocated downstream of the targeting vector
honol ogy sequence. Because of its localisation, this primer set allows
unequi vocal Renthcsygecsire dae?tethborta)n‘gettmi 3regnbegrat i be ofietdeedar gitiisng
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positive control vector d| |l uted in genomc DNA as fo
copy equi valdeRe IGeicRe© ot dift ol 150905 b’&p?x%aufivépgnt’%l%&éndﬁe*tr@f

control DNAlokscomy temjlwale&mhr@anmtofofcmfer @lrddN¥An.10 copy eqU| val ent
genome of cqn of 129Sv/.Pas genomi of

genoni ¢ DNASH trcif ESpy’ (?lfln\?%lvr?t SFerore %of f@c@ﬁtcﬁlgl\l%ﬁﬁ&'een exon 3and

7 after the deletion of the targeted region, an early stop
codon also appears at the beginning of exon 7. This
10 guarantees that neither exon € nor exon 7 can be translated

with the Knock-out strategy proposed.

The design of a targeting vector, central to the development of
15 the two models, is illustrated in figure 3, and displays the

following features:

. Introduction of two LoxP sites flanking the Qpct exons 4 and
5. One of these LoxP sites (distal LoxP site) will be
20 inserted in intron 3, in the long homology arm. The second
LoxP site will be inserted in intron 5. This LoxP site will
be associated with the neomycin selection cassette (see
below).
. Insertion of negative and positive selection cassettes:

L 25 - An FRT-flanked neomycin positive selection cassette
will be inserted (in association with a LoxP site) in the
targeting vector, to allow the selection of the transfected
ES cell clones. The FRT sites allow the deletion of the
neomycin selection cassette under the Flp-recombinase

30 action.

- A Diphtheria Toxin A (DTA) negative selection
cassette will also be included at one extremity of the
targeting vector 1n order to enhance the homologous
recombination event at the 5’ of the targeting vector

35

EXAMPLE 2



150 ng of genomic DNA + 0.5 copy equival ent genonme of control DNA 150 ng
of genom c DNA + 1 copy equival ent genone of control DNA 25 150 ng of
genom ¢ DMA20913098py equi val ent genone of control DNA PCT/EP20098843$7

equi val ent genone of control DNA is the weight of control DNA containing

t he same nunber of copies as in 150 ngééf 30 genomic DNA. 1 copy equival ent
genone = length of control vector (bp) x 150/6.109 bp. Thus, for TOR2-C+

vector of 7975 bp, 1 copy equivalent genone is 2.0 10-4 ng. 35 This
proced@-e lal |GINENG J8iD (FEQUENCR NG Qe (MHRy MUNISgh QRCTS AIQMQLIOAY &FEIENS o

det ect 5L 10Dy eQUINHGN! RO 10h,<LORIA! HONB 18,0900 TG DA, Thi S i 5

required for a reliable screening o e ES cells. age deliberately
left bIT&k LG 20892P90f9GPETFEP2GCY (BUSEA tAEl 01 ehlle pekoBdREI CiforfPout

Taq polypneiasesudd ageidieic ExpANErbenent eéﬁb@h$a5’§8n§¥@b@ﬁf ekbhs(Roghe 6.
di aggo%thlicss)mage:ﬂé rx;eassqusegge?:zoSEg%rle%g\lge: thgq%{ot{%logy arms required
for the construction of the targeting vector. As illustrated in
figure 4, it was cloned as twe overlapping fragments:
. A 5! fragment <c¢ontaining the Qpct exons 4 and 5
corresponding to the 5' homology arm.
10 - A3 fragment containing the (Qpct exons 5 and 6

corresponding to the 3' homology arm.

In order to ensure the successful amplification of the homology
regions, two BAC clones were isolated by screening of a murine
15 129-mouse BAC DNA library (CT7/Invitrogen) with a 544 bp probe
containing Qpct exon 5. These BAC clones are localised on
membrane 201 of the library (Invitrogen/ResGen, BAC membrane
order Cat# 96051). The clones are referenced 201L13 and 201L14
(Invitrogen/ResGen, BAC clone order Cat# 96022) .
20
Three primer sets were designed for the amplification of each
homology fragment. The three primer pairs were tested for each
amplification and the optimal combination was selected for the
amplification of the Qpct homology arms. The amplifications were
( 25 performed cn the 201L13 BAC clone with 15 PCR cycles in order to
reduce the risk of mutations introduced during the

amplification.

The details of the PCR amplification for the two fragments are
30 as follows:
. Proof reading thermostable Tag polymerase: “Expand long

templete PCR system” kit (Roche Diagnostics).

. PCR matrix: the amplifications were performed using the
35 201L13 BAC vector (Invitrogen/ResGen, BAC clone order Cat#
96022) .

. Primer sequences:



TOR2-11: 10 TOR2-H2: TOR2-12: TOR2-H3: TOR2-13: 5
GIGCTACTTCCATTTGICACGICC 3" 5' TGIGGGACATCAATGAGAGGAGAG 3' 5
CTACTTCCAYPR®POADSTCCTGCACG 3' 5' GTGCTACTTCCATTTGICACGPCUER2008/050387

CCAGTCATAGCCGAATAGCCTCTCC 3' 5' AGGAGITGGTGGGTTAGTGAGCAGG 3' PCR m x and
program Reaction M x 70
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amplification of the 5' long homology arm SEQ ID No:
TOR2-Al: 5’ GTAGCTGGGATTACAGGAATGTGCC 3’ 1
TOR2-Bl: 5’ GTCCTGAAGTTTGAGAACCACTGGC 3’ 2

Amplification of the 3' short homology arm

TORZ2-C3: 5’ GCTAACTTTGCTAAGTCAGGAGGCC 3’
TORZ2-D3: 5’ TCTACCTCACACCAGTCAGAATGGC 3’

. PCR conditions:

94 °C for 2 min

94 °C for 30s,

65 °C for 30 s x 15 cycles

68 °C for 7 min for A/B primers
4 min for C/D primers

68 °C for 10 min

. Expected sizes:
A1/Bl fragment: 7299 pb
C3/D3 fragment: 4901 pb

2.2 Sequencing of the mouse Qpct homology regions

The Al1/Bl and C3/D3 PCR fragments, containing the long and short
heoemology arms, respectively, were then sub-cloned into the pCR4-
TOPO vector (Stratagene). For each fragment, three independent

subclones have been fully sequenced.

. Long arm of homology

The seguences obtained from the 3 clones containing the
1298v/Pas genetic background PCR amplified Al1/Bl1 fragment were
first aligned with each other to identify putative mutations
introduced by the PCR amplification.

Then, the 1298v/Pas sequences generated were aligned with the
C57BL/6 sequence available in a public database. This enabled
the determination of the polymorphism between the C57BL/6 and

1295v/Pas strains in the region of interest.
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One of the sequenced clones presented no mutation in the whole
amplified region. This clone has been chosen for the following
cloning steps and is referred to as TORZ-TOPO-LA. The fragment
of the Qpct DNA sequence, which is contained in the TORZ2~TOPO-LA
clone is represented by the sequence of SEQ ID NO. 24. The two

other clones presented 2 and 5 mutations, respectively.

The alignment with the C57BL/6 sequence leads to the following

conclusions:

. Sequence deletions: 5 small regions (between 1 and 22 bp
long) are absent in the 129Sv/Pas sequence compared to the
C57BL/6 one. These deletions are all located in intron 3.

. Sequence insertions: 3 small regions (between 1 and 9 bp
long) are present only in the 129Sv/Pas sequence. Two of
these insertions are located in intron 3, the last one is
inserted in intron 4.

. 184 base substitutions are distributed all over the long arm

of homology sequence.

Taken together, these data suggest that the polymorphism rate
between the C57BL/6 and the 129Sv/Pas genetic background within
the 7.3 kb long arm of homology is about 2.5%. This polymorphism
rate is 10 times higher than the average rate usually observed
in other loci.

. Short arm of homology

The sequences obtained from the 3 <clones containing the
129Sv/Pas genetic background PCR amplified C3/D3 fragment were
first aligned with each other to identify putative mutations

introduced by the PCR amplification.

Then, the 129Sv/Pas seguences generated were aligned with the
C57BL/6 sequence available in a public database. This enabled
the determination of the polymorphism between the C57BL/6 and

the 129Sv/Pas strains in the region of interest.
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Two of the sequenced clones presented no mutation in the whole
amplified region. One of these two clones was chosen for the
following cloning steps and is referred to as TCR2-TCPO-SA. The
fragment of the Qpct DNA sequence, which is contained in the
TCR2-TCPO-SA clone is represented by the sequence of SEQ ID NO.

25. The third clone sequenced presented 2 mutations.

The alignment with the C57BL/6 sequence leads to the following

conclusions:

. Sequence insertion: a 28-bp region is present only in the
1295v/Pas sequence, in a region presenting some repeats.
. 122 base substitutions are distributed all over the short

arm of homology sequence.

Taken together, these data suggest that the polymorphism rate
between the C57BL/6 and the 1295v/Pas genetic background within
the 4.9 kb short arm of homology is fairly high (about 3%).

The targeting vector <construction strategy and screening
strategies were designed based on the sequence generated from
the cloning of Qcpt exons 3 to 6.

EXAMPLE 3:
CONSTRUCTICN OF THE TARGETING VECTOR AND POSITIVE CONTROL VECTOR

The global strategy for the final targeting vector construction
is depicted schematically in figure 5. This c¢onstruction can be
sub-divided into 8 steps (circled numbers in figure 5) performed

in parallel.

Steps la and 1lb: The 5 and 3’ homology arms were PCR amplified
from mouse 129Sv/Pas genomic DNA. The short arm of homology
contains an extended region (indicated as a green dotted line in
3b figure 5) that is not present in the final targeting vector

(see 4a and 5a, figure 5).
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Steps 2a and 2b: The two homology arms were subcloned in pScript
vectors containing a modified linker with all the restriction

sites used for the construction of the targeting wvector.

5 Step 3a: A distal LoxP site was introduced at the Bsgl site in
intron 3. This distal LoxP site was introduced together with a
Swal and BamHI restriction sites located downstream of the LoxP
site. The restriction sites are used for the detection of the
distal LoxP site in ES cell clones and for the Southern analysis

10 of the clones.

Step 3b: An FRT-PGK-neomycin-FRT-LoxP positive selection
cassette, proven to be efficient in ES cells, was subcloned into
intron 5, upstream of the extended 3’ homology arm. This step
15 leads to the generation of the positive control wvector

subsequently used for PCR screening set up (see below).

Step 4: The 5' long homology arm, containing the distal LoxP
site, was cloned together with the 3' short arm of homology.

20 This latter short arm is shortened at its final size, ending at
the NotI site in intron 6.

The resulting vector, referred to as TORZ2-L3A vector, was used
as a targeting vector and was electroporated in ES cells.

25
Step 5: Sub-cloning of a Diphteria Toxin A (DTA) negative

selection cassette upstream of the 5' long homology arm.

The TORZ2-LSA vector (vector without DTA) was electroporated into
30 ES cells while trying to subclone the DTA cassette. Indeed, the
DTA selection cassette helps to counterselect the ES cell clones
in which the targeting vector has been integrated randomly in

the genome, but is not mandatory.

35 The targeting vector displays the following features:
. Homology arms isogenic with the ES cell line that will be
used (129Sv/Pas).

. Presence of exons 4 to 6 of the Qpct gene.
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. Total homology with targeted allele about 9 kb.
. Asymmetrical homology arms (5" long arm: 6.6 kb, 3' short
arm: 2.4 kb).
. Positive selection neomycin gene flanked by FRT sites. The

FRT-flanked selection cassette can be removed using the Flp
recombinase.

. LoxP sites flanking the exons 4 and 5 and allowing their
deletion under the Cre-recombinase action. This deletion
generating Qpct Knock-out animals can be performed in vivo
by breeding the line with Cre-expressing mice. Depending on
the ubiquitous or tissue specific expression of the Cre in
the mouse line used, a constitutive or conditional Qpct
Knock-out will be obtained.

. The distal LoxP site is introduced at a reduced distance (3
kb) from the neomycin selection cassette. This favours its

integration during the homolcgous recombination step.

EXAMPLE 4:
DESIGN AND SETTING UP OF THE SCREENING STRATEGY FOR THE
DETECTION OF HOMOLOGOUS RECOMBINATION EVENTS

It is absolutely crucial to design screening strategies allowing
a quick and unequivocal identification of the homologous
recombination event in ES cells. The screening strategy is based
on an initial PCR screening for a 3' targeting event, then a PCR
screening for a 5' targeting event. The clones identified by PCR

will then be confirmed by Southern blot analysis.

4.1 PCR SCREENING FOR DETECTION OF A HOMOLOGOUS RECOMBINATION
EVENT

Screening for 3’ targeting event:

The initial screening for detection of the expected integration
of the targeting vector is achieved by PCR amplification over
the 37 sghort arm cof homology. This PCR is performed using a
forward primer (TOR2-H, figure 6) hybridizing in the neomycin

selection cassette and a reverse primer (TOR2-I, figure 6)
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located downstream of the targeting wvector homology sequence.
Because of its localisation, this primer set allows unequivocal
and specific detection of the 3' integration of the targeting

vector in the Qpct locus.

Three sets of H/I primers (TOR2-H1/TOR2-I1 to TOR2-H3/TOR2-13,
see Dbelow) were designed to optimise the quslity of the
screening. This screening was first set up on a positive control
vector (see below and figure 6), on wild type 129Sv/Pas genomic

10 DNA and on positive control vector diluted in genomic DNA as

follows:
{
. No DNA
. 0.1 copy equivalent genome* of control DNA
15 - 0.5 copy equivalent genome* of control DNA
. 1 copy equivalent genome of control DNA
. 10 copy equivalent genome of control DNA
. 150 ng of 129Sv/Pas genomic DNA
. 150 ng of genomic DNA + 0.1 copy equivalent genome of
20 control DNA
. 150 ng of genomic DNA + 0.5 copy equivalent genome of
control DNA
. 150 ng of genomic DNA + 1 copy equivalent genome of control
DNA
( 25 e 150 ng of genomic DNA + 10 copy equivalent genome of control
DNA

(*) 1 copy equivalent genome of control DNA is the weight of

control DNA containing the same number of copies as in 150 ng of
30 genomic DNA.

1 copy equivalent genome = length of control vector (bp}) x

150/6.109 bp. Thus, for TOR2-C+ vector of 7975 bp, 1 copy

equivalent genome is 2.0 10-4 ng.

35 This procedure allows to set-up a PCR screening which is
sensitive enough to detect 1 copy equivalent genome of control
DNA in genomic DNA. This is required for a reliable screening of
the ES cells.



5 The three sets of prinmers were tested on serial dilutions of the positive
control vector plasm d TOR2-C+ spiked in genomic DNA extracted fromwld
type 129PREY/E4%e| | s as described above. 10 The pri mBETEER009/050387
TOR2- H2/ TOR2-12 gave the optimal results and was sel ected for the
screening. As illustrated in figure 7, 7TOR2- H2/ TOR2-12 priners give rise
to the detection of the expected 2.9 kb band. The PCR sensitivity all ows
the detection of 0.1 copy equival ent genone (lanes 2 and 6 in figure 7),
fulfilling 15 the PCR set up requirenment. Furthernore, specificity of the
PCR reaction is validated since no signal is observed on genom c DNA
extracted fromw | d type 129Sv/Pas ES cells (see lane 10 in figure 7). 20
Primer set TOR2-H2/ TOR2-12 was tested under conditions simlar to

reconmbi nant genom ¢ structure. This was achieved by transfecti ng TOR2-C+

positive control vector into ES cell. This protocol has been established to
test the specificity of the prinmers and the sensitivity of the PCR
reaction. The results are ( 25 illustrated in figure 8. Anmong 39 resistant

control ES cell clones screened, 13 showed the expected 2.9 kb band, as
illustrated for 7 clones in figure 8. This denonstrated that the PCR
screening is reliable for the 30 screening of resistant clones obtained
after electroporation of TOR2-C+ vector. ES cell stable transfectant clones
1B9 and 1Al were selected in order to be used as positive control during
t he screening of the honol ogous reconbi nati on event. 35 Screening for 5
targeting event: WO 20091090190PCT1EP20091050387 80 prinmer (TOR2-J2,
igure 9) is |ocated upstreamof_the |ong armof honol ogy and the reverse
primer (TOR2-K2, figurpagye deliberatelyleft blankause of its
| ocalisation, this priner set allows unequivocal and specific detection of
the 5° 5 integration of the targeting vector in the Quct locus. 5 end PCR
condi tions: Taq pol ynerase: fromthe "Expand | ong tenplate PCR systent
10kit (Roche di agnostics). Primer sequences: SEQ I D No: TOR2-J2: 5
GCCTTCTAAGTAGCTGGGATTACAGG 3' 11



TOR2- K2: 5 GAGACCCATACAGAGAATCTTGAGSEG 3'12 15 PCR m x and program
Reaction Mx Reaction conditions Genomic DNA from ES cel | s 400. Ong
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3' end PCR conditions:

. Tag polymerase:; from the “Expand long template PCR system”
kit (Roche diagnostics).

. Frimer sequences: SEQ ID No:

TCOR2-H1: 5’ GTGCTACTTCCATTTGTCACGTCC 3f 5
TOR2-I1: 5" TGTGGGACATCAATGAGAGGAGAG 3 6
10 TOR2-H2: 5' CTACTTCCATTTGTCACGTCCTGCACG 3 7
TOR2-1I2: 5' GTGCTACTTCCATTTGTCACGTCC 3° 8
( TOR2-H3: 5’ CCAGTCATAGCCGAATAGCCTCTCC 3’ 9
TOR2~-1I3: 5’ AGGAGTTGGTGGGTTAGTGAGCAGG 37 10
15
. PCR mix and program;
Reaction Mix Reaction conditions
Genomic DNA Ste Temp. Time Cycles
400.0 ng P p. Y
from ES cells
dNTP 10mM 2.5 nl Denaturing 94°C 120s 1x
Buffer 3 (10 . hl Denaturing 94°C  30s 35x
( *
- Ta Polymerase i °
? Y 0.75 nl Annealing 65°C 30s 35x
(Qiagen)
Primer 1 (100 Extension 68°C  180s 35x
0.15 1l
pMol/ul)
Primer 2 (100 i °
0.15 11 Completion 68°C 600s 1x
pMol/pl)
Reaction
50 nl
Volume
. Expected sizes:
20

TOR2-H1/TOR2-1I1 primer set: 3284 bp
TOR2-H2/TOR2-1I2 primer set: 2800 bp
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TOR2-H3/TCR2-13 primer set: 3555 bp

No amplification is expected on wild type DNA as TOR2-H

hybridises with the neomycin cassette.

The three sets of primers were tested on serial dilutions of the
positive contrel wvector plasmid TORZ2-C+ spiked in genomic DNA
extracted from wild type 129Sv/Pas ES cells as described above.

The primer set TOR2-H2/TOR2-I2 gave the optimal results and was
selected for the screening. As illustrated in figure 7, TOR2-
H2/TCOR2-1I2 primers give rise to the detection of the expected
2.9 kb band. The PCR sensitivity allows the detection of 0.1
copy equivalent genome (lanes 2 and 6 in figure 7), fulfilling
the PCR set up reguirement. Furthermore, specificity of the PCR
reaction is validated since no signal is observed on genomic DNA
extracted from wild type 129Sv/Pas ES cells (see lane 10 in
figure 7).

Primer set TOR2-H2/TCR2-I2 was tested under conditions similar
to recombinant genomic structure. This was achieved by
transfecting TORZ-C+ positive control wvector into ES cell. This
protocol has been established to test the specificity of the
primers and the sensitivity of the PCR reaction. The results are
illustrated in figure 8.

Among 39 resistant control ES cell clones screened, 13 showed
the expected 2.9 kb band, as illustrated for 7 clones in figure
8. This demonstrated that the PCR screening is reliable for the
screening of resistant clones obtained after electroporaticon of
TCR2-C+ vector. ES cell stable transfectant clones 1B9 and 1Al
were selected in order to be used as positive control during the

screening of the homologous recombination event.

Screening for 5’ targeting event:

TCR2-J2/TOR2-K2 primers were designed to detect the expected
integration of the 5' end of the targeting wvector. The forward
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primer (TOR2-J2, figure 9) is located upstream of the long arm
of homology and the reverse primer (TOR2-K2, figure 9) is
located in intron 4. Because of its localisation, this primer
set allows unequivocal and specific detection of the 5!

integration of the targeting vector in the Qpct locus.

5' end PCR conditions:

. Tag polymerase: from the “Expand long template PCR system”
kit (Roche diagnostics).
. Primer sequences: SEQ ID No:
TORZ2-J2: 5' GCCTTCTAAGTAGCTGGGATTACAGG 3’ 11
TORZ2-K2: 5' GAGACCCATACAGAGAATCTTGAGGG 3’ 12
. PCR mix and program:
Reaction Mix Reaction conditions
Genomic DNA from ES Step Temp. Tim Cycl
400.0 ng
cells e es
Denaturin 94°C 120 1x
dNTP 10mM 2.5 ul
g S
Denaturin 94°C 30s 35X
Buffer 3 (10 x) 5 pl
g
Taq Polymerase Annealing 65°C 30s
) 0.75 ul
(Qiagen) 35x
Primer 1 (100 Extension 68°C 180  33%
0.15 ul
pMol/pl) s
Primer 2 (100 Completio 68°C 600 1x
0.15 ul
pMol/pl) n S
Reaction Volume 50 ul
. Expected size for PCR products are:

PCR product Profile after Swal digestion
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Wild type allele 4597 bp 4597 bp
Targeted allele 4649 bp 4018 + 631 bp

The 5' end PCR screening using the TOR2-J2/TOR2-K2 set of
primers was set up on wild type DNA extracted from ES cells and

tail biopsies. The results are illustrated in figure 10 below.

As illustrated in figure 10, the expected 4.6 kb band 1is
observed after amplification on genomic DNA (extracted from ES
cells and tail biopsies), using GX2633-TOR2-J2/GX2634-TOR2-K2
primers. This wvalidates the PCR screening for the detection of

the distal LoxP site both in ES cells and on tail biopsies.

4.2 SOUTHERN BLOT ANALYSIS FOR THE DETECTION OF THE 5' AND 3'
TARGETING EVENT

The integrity of both 5’ and 3’ end regions after the homologous
recombination at the Qpct locus is assessed on the PCR-selected
ES cell clones using Southern blot. The restriction maps of the
endogenous, targeted Qpct Flp- and Cre-deleted loci are depicted
in figure 11.

Both 5’ and 3’ Southern blots were performed using restriction
enzymes cutting upstream c¢f the 5’ homology arm or downstream of
the 3/ homology arm (figure 11).

The XK and R probe sequences were BLASTed against murine genomic
databases 1in order to select the probes with the best
specificity based on in silico analysis. Southern blots were set
up on wild type genomic DNA in order +to validate probe
specificity before proceeding to the confirmation screening
itself.

Southern blot validation of 5’ targeting event:

Southern Dblot analysis to test the 5! end homologous

recombination is based on a BamHI digestion of the genomic DNA
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and detection using a 482 bp 5' internal K probe located in
intron 3 (see figure 11). This K probe is AvrII / Sacl subcloned
from the TORZ2-TOPO-LA vector.

Wild type genomic DNA digested by BamHI and hybridized with the
designed K probe gives a band, the size is around 13.2 kb, while
recombinated genomic DNA is expected to give a 8.9 kb band (see
figure 11).

The hybridisation conditions used are indicated below:

. Pre-hybridisation and hybridisation: 4xSSC, 1% SDS, 0.5%
skimmed milk, 20mM EDTA, 100pg/ml herring sperm, at 65°C for
18 h.

. Washings: 2 times 3XSSC, 1% SDS at 65°C for 15 min, then 2
times 0.5xSSC, 1% SDS at 65°C for 15 min.

. Exposure: 3 days on BioMax MS films with BicMax intensifying
screens.

Preparation of the 5' K Southern blot probe:
TOR2-TOPO-LA vector is digested by AvrII / Sacl enzymes to
obtain 3 fragments at 8231, 2588 and 482 bp
The K probe 1is obtained by purification of the 482 bp

fragment.

Expected band sizes: - Wild type Qpct allele: 13.2 kb
- Recombinated Qpct allele: 8.9 kb

This Southern blot strategy was tested on genomic DNA extracted
from wild type 129Sv/Pas and 1290la ES cells and C57BL/6 wild
type tail biopsies (data not shown). The 5' K probe has been
successfully validated for both ES c¢ell genotyping and

characterisation of heterozygous and homozygous mice.

Southern blot walidation of 3’ targeting event:

Southern Dblot analysis to test the 3 end homelogous

recombination is based on a Swal digestion of the genomic DNA
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and detection using a 406 bp 3' internal R probe located in exon
6 (see figure 11). This R probe is amplified by PCR using TCR2-
Rl and TORZ-RZ2 primers (see below).

Wild type genomic DNA digested by Swal and hybridized with the
designed R prcbhe gives a band whose size is about 6 kb, while
recombinated genomic DNA 1s expected to give a 10.5 kb band (see

figure 11).

The hybridisation conditions used are indicated below:

. Pre-hybridisation and hybridisation: 4xSSC, 1% S8DS, 0.5%
skimmed milk, 20mM EDTA, 100pg/ml herring sperm, at 65°C for
18 h.

. Washings: 2 times 3XSSC, 1% SDS at 65°C for 15 min, then 2
times 0.5xSSC, 1% SDS at 65°C for 15 min.

. Exposure: 3 days on BioMax MS films with BioMax intensifying
screens.

Amplification of the 3' Southern blot probe: SEQ ID No

TOR2-R1 57 GGGCTTTCTCAGTGTTCTTAACATTCC 3V 13

TOR2-R2 57 TCTATCATTGATTCTCAGGATGCGG 3¢ 14

This Southern blot strategy was tested on genomic DNA extracted
from wild type 129Sv/Pas and 1290la ES cells and C57BL/6 wild
type tail biopsies (see figure 12) 1in order to validate the
probe for both ES cell genotyping and characterisation of

heterozygous and homozygous mice.

As presented in figure 12, the expected 6 kb band was ocbserved
after Swal digestion of 129Sv/Pas and C57BL/6 genomic DNA. This
result validates the 3’ end Southern blot strategy.

Example 5
Design of the screening strategy for the Flp- and Cre-mediated

excision events
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The Flp-mediated excision enables the deletion of the neomycin
cassette. This deletion <can be performed in vitro, by
transfection of the targeted ES cell clones with a wvalidated
Flp-expressing plasmid, or in vive, by breeding the Qpct
targeted animals with ubiquitous Flp-expressing mice. The Cre-
mediated deletion of the Qpct exons 4 and 5, leading to the Qpct

Knock-out mouse line will be performed in wvivo.

PCR and Southern blot screening enable the detection of the wild
type, the targeted Flp-mediated neomycin-deleted and the Cre-

mediated Knock-out alleles,

5.1 PCR SCREENING STRATEGY FOR THE DETECTION OF THE FLP- AND
CRE-MEDIATED EXCISION EVENTS

TOR2-N/TOR2-11 primers were designed for the detection of Cre-
mediated excision events. The forward primer TOR2-I1 is located
in the long arm of homology, upstream of the neomycin cassette
(Figure 13). The forward primer TOR2-N is located downstream of

the 3' short arm of homology.

Due to the primer set 1localisation, this PCR allows an
unequivocal detection of the Cre-mediated excision of the exons

4-5 and neomycin selection cassette.

TOR2-N2/TOR2-14 primers were designed for the detection of Flp-
mediated excision events. The forward primer TCR2-N2 is located
in the long arm of homology, right upstream of the neomycin
cassette (Figure 13). The forward primer TOR2-I4 is located in

the short homology arm, downstream of the neomycin cassette.

Due to the primer set localisation, this PCR allows the
detection of the Flp-mediated excision of the neomycin selection
cassette. Since this PCR is using primers located internally to
the targeting wvector, the genotyping of the animals has to be

confirmed by Southern blot analysis.



81 WId type allele4597 bp4597 bp Targeted all el e4649 bp4018 + 631 bp The
5' end PCR screening using the TOR2-J2/ TOR2-K2 set of 5 priners was set up
on wild tWpeoerR0et racted fromES cells and tail bi opsiPES/EPEB/06@38UI t s are
illustrated in figure 10 below. As illustrated in figure 10, the expected
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. PCR program:

(’ PCR cycles PCR mix

94°C 2 min DNA 30 nl

15 94°C 30sec dNTP 2.5pul 10mM
65°C 30 sec x 35 cycles Buffer S5ul 10x
68°C 5 min Taq Long expand  0.75 ul

Forward primer 0.15 ul 100 pMol/pl

68°C 10 min Reverse primer 0.15 pl 100 pMol/ul
20 H,O to 50 pul
. Expected size for PCR products is:
(7 25 PCR product
Wild type allele 7318 bp
Targeted allele 8156 bp

Cre-mediated excised allele 43380 bp

30 Flp-mediated excision PCR conditions:

. Taqg polymerase: from the "Expand long template PCR system"

kit (Roche Diagnostics).

35

. Primer sequences: SEQ ID No

GX4354-TOR2-N2: 5’ TTGGTAAGCATCCAGTTACTAAAGAGC 3’ 17
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(see figure 11). This K probe is Avrll / Sad | subcloned fromthe
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hybridi zed with the designed K probe gives a band, the size is around 13.2
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and 4821 probe i s obtained by purifjicattom of the 482 bp fragnent.
( 25°EXf&ct ed band siZé¥%- Wld type Qoct aPNéle: 13.2 k¥ Ul Reconbi nat ed
Qoct alohat e: 8.9 kb TlabgecSoﬂern bl ot stragepy was testesippnoggvionm ¢ DNA
extract fromw |l d type 129Sy/ Pas and 1290 ES cells BL/6 wild 30
type tgﬁﬁj bi opsi es (déﬁ?fcno héali):ydef’he 5' ]]’r'%feﬁr obe h‘gsa%%ecqéd‘ccessf ul ly
val i dat8d for both ES @I genotypi ng and chehf08&FRa8%: | het er ozygous

and honmozygous mce. 35 Southern blot validation of 3" targeting event:

WD 2009/ 090190PCT/ EP2009/ 050387 83 Forward primer 0.15 pl 100 pMol/pl

10 68°C 10 min Reverse primer 0.15 pl 100 pMol/pl
( H20 to 50 ul
. Expected size for PCR products is:
15 PCR procduct
Wild type allele 419 bp
Targeted allele 2211 bp

Flp-mediated excised allele 538 bp

20
The PCR screening for the detection of the Cre-mediated and Flp-
mediated excision events (using the GX2147-TOR2-N/GX2140-TOR2-I2
set of primers and the GX4354-TOR2-N2/GX4353-TCR2-I4 set of
( primers, respectively) was successfully set up on wild type DNA

25 extracted from ES cells and tail biopsies (data not shown).

Example 6
PREPARATION OF THE TARGETING VECTOR

30 TOR2-LSA plasmid was digested by NotI to obtain its
linearization. The 13.6 kb resulting fragment was purified by
phenol/chloroform extraction followed by ethanol precipitation.

This preparation was then used for ES cell electroporation.

35 Example 7
SELECTION AND AMPLIFICATION OF GENETICIN RESISTANT ES CELL
CLONES
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in figure 12, the expected 6 kb band was observed after Swal digestion of
1295v/ sl sared sC57BIY & ajeimoni ©2BNAC L 9&i sor 281l revabidateslphes3' Téwge ES
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The Ore-nedi ated deletion of the Qpct exons 4 and 5, leading to the Qpct
KnOCk-QLlIllt ARY2E l’i@eb\@-ﬂalssbetggrfgff?gc&ftyéélo'as encountered with the
15 injection of the first series of clones cobtained (see below), a
second electroporation of the linear TOR2-LSA plasmid was
performed under the same conditions. This second electroporation
gave rise to 184 resistant clones. These clones were amplified
and duplicated as for the first electroporation.
20
Example 8
SCREENING OF GENETICIN RESISTANT ES CELL CLONES

8.1 PCR SCREENING FOR HOMOLOGOUS RECOMBINATICON AT THE 3’ END

Using PCR the 237 geneticin-resistant c¢lones {(harvested after

the first electroporation) + 184 geneticin-resistant clones

(harvested after the second electroporation) were screened for

the detection of the expected homologous recombination event at
30 the 3' end of the targeting vector.

3’ PCR screening using GX1406-TOR2-H2/GX2141-TOR2-I2 primers
revealed 14 (lst electroporation) + 21 (2nd electroporation)
positive clones displaying an amplified fragment of the expected
35 size (2.9 kb). Seven of these positive clones are illustrated in

figure 14.
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10 TOR2-J2 (GX2633) and TOR2-K2 (GX2634) primers (see figure 9).
The forward primer (GX2633-TOR2-J2) is located upstream of the
( targeting vector and the reverse primer (GX2634) is located in
the long homology arm, downstream of the distal LoxP site (see
figure 9).
15
A Swal digestion of the PCR product enables to discriminate
between wild type and targeted alleles and to detect the
presence of the distal LoxP site inside the long homology arm
(see figure 9). Due toc the primer set localisation, this PCR,
20 followed by a Swal digestion of the PCR products, allcows an
unequivocal and specific detection of the 5' integration of the

targeting vector at the Qpct locus.

The 5' PCR results are illustrated below for three clones (in
(25 figure 15).

Among the 14 + 10 ES cell clones identified positive using the

5" PCR:
. Eleven clones were unambiguously positive at the 5' side:
30 namely clones #6A3, #6C3, 6Cl0, 5B8, 5Ch 5C12, 10A%, 10BZ2,

11B4, 12A2 and 15B2. As the two clones #6A3 and #6Cl0
illustrated in figure 15, the six positive clones displayed
a 4.6 PCR product that was subdivided intc a 4 kb and a 0.6
kb fragments after Swal digestion.

35 The results of the 5' PCR were ambiguous for the two clones
#5211 and #5D4 (weak PCR amplification for these two

clones).



Taq pol ynerase:fromthe "Expand | ong tenplate PCR systent kif(Roche
Di agnostics). Prinmer sequences: SEQ ID No GX2147-TOR2-N. 5
AGAGAATGARCAOIPAZTIBAGCATG 3' 15 GX2140- TOR2-12: 5 TGIGCBATAPIMAPENGACCAGAG

3'16 10 PCR program PCR cycles PCR m x
89
. For the remaining 11 clones (#5Al1, 5B2, 5B4, 5A7, 5B9, 5D4,

9A2, 9B1l, 10A3, 10Al10 and 11B7), the PCR product was not cut
by Swal, as illustrated for clone #6C30 in figure 15. This
indicates that these 11 clones did not undergo the expected
5 homologous recombination at the 5' side of the targeting

vector.

The 11 positive clones #6A3, #6C3, 6Cl10, 5B8, 5C5 5Cl1l2, 10A9,

10B2, 11B4, 12A2 and 15B2 are thus positive for both 5' and 3°

10 PCR screening. This demonstrated that these clones underwent the
expected recombination event c¢on both the 5 long homology arm

( and the 3' short homclogy arm. Furthermore, the presence of the
| LoxP site at the targeted Qpct locus was demonstrated by the
Swal digestion of the PCR product. This point is crucial to

15 allow the future deletion of exons 4 and 5 under Cre-recombinase

action, and thus the Qpct gene Knock-Out.

The 11 positive clones were re-amplified in 24-well plates and
further analysed by Southern blot at the 5' and 3' sides of the

20 targeting vector.

8.3 SOUTHERN BLOT SCREENING

The 11 positive ES cell clones identified by PCR were further
' tested by 5' Southern blot. This 5' Southern blot is based on a
( 25 BamHI digestion of the genomic DNA and detection using a 482 bp

probe, 5'K probe, located in intron 3, in the long homology arm

(see Example 4, item 1.2 and Figure 5).

Expected band sizes: - Wild type Qpct allele: 13.2 kb
30 - Recombinated Qpct allele: 8.9 kb

As illustrated in figure 16 for the 6 positive clones of the
first electroporation, the presence of the two bands
corresponding to the wild type and targeted Qpct alleles
35 confirmed the PCR screening results for the 11 clones analysed.
4 of the clones, clones #6C10, 10A9, 11B4 and 12A2, displayed an
additional band at an unexpected size. Since the probe used was

an internal probe (hybridizing inside the targeting wvector), the



94C2 min DNA3O pi 15 94C30 sec dNTP2.5 gl 10 mM 65C30 sec x 35 cycles

BufferSill10 x 68C5 mn Tag Long expandO.75 u
WO 2009/090190 PCT/EP2009/050387

90

detection of this additional band demonstrated the existence of
a random integration of the targeting wvector zt an unknown
locus, in addition to the expected integration of the targeting
vector, through a homologous recombination event, at the Qpct
5 locus. Even if this random integrant would be easily segregated
from the targeted Qpct allele, the other <c¢lones were
preferentially selected for the further development of the

project.

10 The 11 ES cell clones were then tested by 3' Southern blot. The

3' Southern blot is based on a Swal digestion of the genomic DNA

( and detection using a 406 bp 3' internal R probe located in exon
6 (see Example 4, 1.2 and Figure 5).

15 Expected band sizes: - Wild type Qpct allele: 6.0 kb
- Recombinated Qpct allele: 10.5 kb

As illustrated in figure 17 for the 6 positive clones of the

first electroporation, the presence of the two bands

20 corresponding to the wild type and targeted Qpct alleles

confirmed the PCR screening for the 11 clones analysed. Again,

clones #6C10, 10A9, 11B4 and 1222 displayed additional bands

with unexpected sizes, confirming the existence of random

) integrations of the targeting vector at an unknown locus, in

\. 25 addition to the expected integration of the targeting wvector,
through a homologous recombination event, at the Qpct locus.

The 7 ES cell clones #5B8, #5Ch, #5Cl2, #6A3 #6C3, #10B2 and
#15B2 were thus confirmed by Southern blot as correctly targeted
30 at both 5' and 3' ends of the targeting vector. The last 4
clones #6C10, 10A8, 11B4 and 12A2 were also confirmed as
correctly targeted at both 5' and 3' ends of the targeting
vector but these clones present an additional random integration
of the targeting vector at an unknown locus.
35
The ES cell clones #5Cb, #5C12, #6A3 #6C3, #15B2, #10B2 and
#11B4 were selected for the next phase o0of the project
corresponding to the injection into blastocysts.



Forward priner0.15 gl 100 pMol/pd 68C10 m n Reverse priner0.15 gl 100

pMol /ul 20 H20t o 50 ¢l Expected size for PCR products is: 25 PCR
product WO 2009/090190 PCT/EP2009/050387
91
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RECCMBINANT ES CELL BLASTQCCYST INJECTIONS AND GENERATION OF
CHIMERAS

9.1 INJECTICON SESSIONS

Recipient Dblastocysts were isclated from pregnant C57BL/6
females (Health status SPF- Specific Pathogens free). Based on
morphological features, the ES cell clcones #5C5, #5Cl2, #6A3,
#6C3, #15B2, #10B2 and #11B4 were selected to be injected into
blastocysts.

Injected blastocysts were then re-implanted into OFl1 pseudo-
pregnant females (Health status SOPF - Specific and Opportunist
Pathogens Free). Table 1 summarizes the results obtained from

the injection sessions.

9.2 CHIMERAS

Clone #6A3 was injected into 86 blastocysts and gave rise to 19
pups. 11 chimeras were identified:

. 8 male chimeras with a percentage of chimerism of 20%, 15%,

10%, 5% (2 chimeras each).

. 3 female chimeras with a percentage of chimerism of 20% (2
chimeras), 10%

Clone #6C3 was injected into 20 blastocysts and gave rise to 16

pups. 8 chimeras were identified:

. 3 male chimeras with a percentage of chimerism of 30% and 5%
{2 chimeras).

. 5 female chimeras with a percentage of chimerism of 20% (3
chimeras), 15% and 2%.

Clone #5Cl2 was injected into 54 blastocysts and gave rise to 4

pups. 2 chimeras were identified:

. 2 male chimeras with a percentage of chimerism of 35% and
15%.

Clone #5C5 was injected into 54 blastocysts and gave rise to 3

pups. 3 chimeras were identified:

. 3 female chimeras with a percentage of chimerism of 90%, 60%
and 10%.



WIld type allele 7318 bp Targeted allele 9156 bp Cre- nedi at ed exci sed
allele 4390 bp 30 Fl p-nedi at ed exci si on PCR conditions: Ta _

pol yner as¥O2PB%18 " Expand | ong tenpl ate PCR systent PEH@%!?@H@O?‘ST

Di agnosti cs). 52

Clone #15B2 was injected into 30 blastocysts and gave rise to 6

pups. 3 chimeras were identified:

. 1 male chimera with a percentage of chimerism of 75%.
. 2 female chimeras with a percentage of chimerism of 90% and
5 1%,

Clone #1(0B2 was injected into 30 blastocysts and did not give
rise to any pup.

Clone #11B4 was injected into 30 blastocysts and gave rise to 4
pups. 3 chimeras were identified:

1C¢ - 3 male chimeras with a percentage of chimerism of 75%, 35%

and 8%.

Table 1 below compiles the results of the ES cell blastocyst
injection sessions performed and the chimera generation.
15



35 Primer sequences: SEQ | D No GX4354- TOR2- N2: 5'
TTGGTAAGCATCCAGITACTAAAGAGC 3' 17 WD 2009/ 090190PCT/ EP2009/ 050387 86
GX4353- TORD290/098190 GCAATCGGTTTTAATCACAGTAAGG 3' 18 PCRPEIGERIMAMOSESER cycl es
5 94C2 mn 94C30 sec 60C30 secx 35 cycles 68C5 mn 1068C10 m n Expected
size for PCR products is: 93

#1 #6A3 |26 2 1 4 0 [20% 20%, 10%
28/10/05 16/11/05
2 #6A3 |30 2 1 6 0 [20%, 15%,20%
4/11/05 24/11/05 10%, 5%
#6C3 |60 4 4 13 0 [30%, 5%,20%,  20%,
24/11/05 3% 2%
#3 #6A3 |30 2 1 9 0 |15%, 10%,|
18/11/05 712/05 5%
44 #6C3 |30 2 2 3 o | 20%, 15%
2/12/05 21/12/05
#5 #5C12 |24 2 1 4 0 [35%,15% |-
6/01/06 25/01/06
#5C5 |24 2 0 . Sk ]
#6 #5C12 |30 2 0 ; - -
5/03/06 [#5C5 |30 2 1 3 o | 90%,  60%,
10%
#7 41582 |30 2 1 6 o |75% 90%, 1%
21/04/06
10/05/06
#10B2 |30 2 0 . -k ;
48 #11B4 |30 2 2 4 1 |715%, 35%,|-
24/04/06 19/05/06 8%

Table 1: Results from ES cell clones #6a3, #6C3, #5Cl12, #5C5, #15B2, #10B2

and #11B4 blastocyst injections



15PCR product WIld type alleled4l9 bp Targeted all el e2211 bp Fl p-nedi at ed
excised allele 538 bp 20 The PCR screening for the detection of the

Cr e- medi aVEIIWMO¥P pnedi at ed exci si on events (using t he PCT/EP2009/050387
GX2147- TOR2- N GX2140- TOR2- 12 set of prinmers and the

GX4354- TOR2- N2/ GX4353- TOR2- 14 set of pPRmers, respectively) was
successfully set up on wild type DNA 25 extracted fromES cells and tail

bi opsi es (data not shown). Exanple 6 PREPARATI ON. OF THE TARGETI NG VECTOR 30
TOR2- LSR pFhSni tPHRke digeissP Dy PREEI 8o bt aPFoPed lilkdar PEat 9o THEC13. 6
kb r eswAanghifgsagmgntt vast g1 d | €diyrphesiot s chéar ot ee Mmext aaidcerdl adrowed
by et h%nolt pre;:?irpit tion. This preparation was then used for ES cell

el ect r SpOrAti ok B8 npl e 7 SELECTI ON AND AMPLI FI CATI ON OF GENETI CI N

RESI STANT ES CELL CLONES WO 2009/ 090190PCT/ EP2009/ 050387 87 The |i near
TOR2:L I ] t Ak ed cehl.s r i to. thesfol i_ng
el ect5r ?ﬁlgggﬁ%ﬂn@pﬁ\%i%dérﬁggéggg1%8!?%(%%%@’c:tlhles J?O(r:]&?hrgéggsesg}:]cg%éf 0(1&(}8)\94% g
of |ind®@fzed ptlabnexsh, 880% VAt on80AELC 3posing @S stl éelpsa WAS18 ameas 48

hours afhel-1@lects PP | BReclYnddPHdRN Ohs2QR a/iHL Oof rEHdRi sdhbS was
el ectroporation gave rise to 237 résistant clones. These ES cell clones
were ampbadingd i Aro8- ¢ Mfat E8eaRd eI et eSS0 SBSwel 35Sl &SRS e
nmade. Heeesetteef pl7aties ONtifidid dvS celllondsones 5wl idrided 4ozl atderanas
scregned % AR f9tuthe datlest! an o, BRTRLOgeUs, L asoTRinalion eyenty,

following breeding phase.

Example 10
15 BREEDING CF CHIMERAS AND GENERATION OF F1 HETEROZYGOUS FOR THE
TARGETED OR CRE-EXCISED ALLELES

Four chimeric males (displaying 20% to 35% chimerism), generated
in the previous phase by blastocyst injection of the ES clone
20 #6A3, #6C3 and #5Cl2, were mated with wild type C57BL/6J females
(health status SOPF - Specific and Opportunist Pathogen Free} to
investigate whether the targeted ES cells have contributed to
the germ layer. The chimeras were also bred with Flp or Cre
"deleter" females (health status SOPF - Specific¢ and Opportunist
25 Pathogen Free) to obtain the deletion of the neomyecin selection

cassette or Qpct exons 4-5 and selection cassette, respectively.
Table 2 below summarizes the results of chimeras breeding.

30



In order to bypass the difficulties as encountered with the 15 injection of
the first _series of clones obtained (see below), a second el ectroporation
of the |iNEHHBRIILSA pl asnid was perforned under the é’gPFéEP@Qﬂ%@P&SBnS.
This second el ectroporation gave rise to 184 resistant clones. These cl ones
were anmplified and duplicated as for tHe first el ectroporation. 20 Exanple
8 SCREENI NG OF GENETI CI N RESI STANT ES CELL CLONES 8.1 PCR SCREEN NG FOR
HOMOLOGOUS RECOMBI NATI ON AT THE 3" END ( 25 Using PCR the 237
geneticin-resistan gnes (harve |

rent

illustrated in f|EUBP614wild \ WD 2009(t090190PCT/ EP2009/ 050387 88 The 35 3' PCR
posi tivgy,cl ongg.Wel.e confirped by a second 3' [PCR The 14 positive cl ones
identified fromthe first el ectroppration and [10 of the positive clones

i dent i Fhiggraf (3eF [ hgppreond B ect rgL@gfogbg n werlg furthdy anal ysed for {he
honol agears 5 recpnbi nati on event the § end of the|targeting vector. 8.2
PCR SCREENI NG FORC-FHenmti®ous REGOVBI NATI ON AT THE 5'| END The screeni ng
for thé&&&t¥cti onunetaoshe hofwl ogouesigeonii natlipon event at the 5' end|of
the targeting vegctor was perforned using |10 TOR2-J2 (GX2633) and TOR2{1K2
(GX2634) priners|(see figure 9). The forward primer (GX2633-TOR2-J2) is

. o r :

| ocat eg—upstearreof—the—targetingrector—ant—the—+everse—prer—(ox2634) i s
| ocated in the | pgPigBénolkdgy arm [downstrleam gf the dijstal LoxP site (see
figure ). 15.4.5uRl Jdi gestjon of . t_lhe PCF.JprodlLJct enat!_es to discri En nate
between w | d type—andtargeted altetes—andtodetect—the presence—of— he
di st al pipgp $lane ¢¥{BLEe the| | ong honol ogy arm|(see figure 9). Due to {he
pri mer yg€1) | ocal | satFgn, mbhjs PCR |. B} . B}
cage 4135 and #224
C57BL/6  wild |3 6/02/06 |2 0 /
30% malg | type
chimera (clone 8 10/03/06 |2 0 /
#6C3)
cage 4136 8 24/04/06 |0 0 /
1295v/Pas
CMV-Cre#53 |- - - - -
C57BL/6 wild 10 17/05/06 | 1 2 35296 (WT)
35% male type 35297 (WT)




20 foll owed by a

and specific detection of the 5
Qoct | ocu¥0 2009/090i90The 5' PCR results are illustrated b

Swal

clones (in ( 25 figure 15).
positive using the 5° PCR El even clon88§ were unambi guously positive at the

di gestion of the PCR products,
I ntegration of the tar
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vector at the
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cl ones identified

5' side: 30nanely clones #6A3, #603, 6010, 5B8, 505 5012, 10A9, 10B2, 11B4,
122 o o oS ND . : 15,
t he si d
into s of
the 5
| 5
or i : A ik St )
10A10 |and._11B/ CR prigduct we ut Swal , strated for
clone [# Egﬁagﬁk% §E$@gi5. Tﬁ?s indi@g%g% ﬁhat these 1]§%?%h%§ did not
under go t#¥€1&x pectMHd-GBhtirol pgous rleconbi nat i on (BFSwhe |34716(WB of t he
targetfi ng,.¥egkor, The 11 positive chbgnes %GAs,ﬁgggf, 65%910558, 5C5 5€12,
10A9, |10B?, 11B4| 12A2 and [15B2 arle thus |positlive for |both 5" and 3 10 PCR
screerling. This denpnstrated that these cll ones underwadt’!1? ¥éDexpect ed
reconmbi nati on event on both the 5'| | ong honol ggy arm asghifhery3' short
honol qgy arm Furthernore, the presence gf theg LoxP siae1 he targeted
Qoct llocus was denonstrated by the Swal di gest|i on of t| ¥ )product. Thi s
point is crucial | to 15 allow the fluture del etijon of exesisd4vend 5 under
Ere-reconbinase action, and| thus the Qct| gene Knock-(%qﬂﬁ‘wghe 11 positive
| ones| were re-amplified in| 24-wel| plates and further ana?yged by Sout hern

blot at the 5 and 3' sides| of the 20 tar|geting vector|.

35437 (Het partially Cre-

excised)

35438 (Het Cre-excised)

35439 (WT)

35440(WT)

35441 (Het targeted)

35442 (WT)

35443 (WT)

Table 2: Reporting results of chimera breeding.

The genotype of the animals is given in bracket
WT:

below).

wild type;
5 targeted Qpct allele;

Het targeted:

Het partially Cre-excised:

{see also text

heterozygote carrying the

heterozygote

carrying the Cre-mediated excised Qpct allele and the targeted

Qpct alle

le;

Het Cre-excised:

mediated excised Qpct allele.

heterozygote carrying the Cre-

10 Tc assess whether the ES cells have contributed to the germ

layer of the chimeras,

mouse coat colour markers were used.

The

coat colour marker of the 129Sv/Pas ES cells is dominant over
the black coat colour of the C57BL/6J mice. mating
the chimeras with C57BL/6J mice should yield either black pups,
15 when the germ cells of the chimera are derived from the C57BL/6J

Therefore,



8.3 SOUTHERN BLOT SCREENI NG The 11 positive ES cell clones identified by

PCR were further tested by 5 Southern blot. This 5 Southern blot is based
on a 25 BERAPEE8ti on of the genonmic DNA and detecti oRCHEPAYI/ASURD pp

probe, 5 K probe, located in intron 3, in the |Iong honol ogy arm (see
Exanple 4, item1.2 and Figure 5). Exp%t ed band sizes:- Wld type Qpct
allele: 13.2 kb 30- Reconbinated Qoct allele: 8.9 kb As illustrated in

figureeégffor the 6 positive_clones of the first el ectro orati

presen e t9% bAAGYLLGEPESPEREI nPURS t he"IPRd tﬁﬁggﬁed &

al | el esc3f rinfdagdred tie RERns@ega.ng results for the 11 cl ones anal ysed.
4 of the clones, clones #6010, 10A9, 11B4 and 12A2, displayed an additi onal
band at an unexpected size. Since the probe used was an internal probe
(hybri direi ngressnde tde twgogetii ngupectior ) thehe'l WPeneration when using

200950901901 d/%f EHZQQ9/§O§03§ZF8819§ C 1 @R Qf é@i&ex?a? tgnaly band .,
denonstrate he exI stence om integration the targetin vect or
at an hemERH 9sd@us, oF ntkeldF8i 6Alis -t Ha SHAXE i nerky aPhoncopyt ké the

tar get ing oRed-r ttaﬁgeeghg@néor@, OQQQ%th%%tO”Qhﬂaté&ﬂs@cﬁf‘éHtl}at R UGy 5
| ocus. Even if this random jntegrant would be easil ﬁ segr ngSted fromthe
t ar get @&r@pc%laﬁl et EANTRESH PRr CAWHEs wefe Pr fer EREI af$SHSEIREt EFAUE t he

furt heroﬂ:tes\;ﬂll@@neehoefldt hEe@éDjr@Ctthé-O mﬂtetblj ESheehbsehenesrumr ecHdhems

tes db 3 er.n The 3' Squt her. |.ot |s based on a Swal

di g§e§t i l& at e5 enor‘F’ll?1 O T&TE 0 Lcét SHGEITNG S D6 E5F F i nternal R
probe | ocated in exon 6 (see Exanple 4, 1.2 and Figure 5). 15 Expect ed band

sizes: o W ne. Qpc el K e i.nat e 1 b
As |IIustr({i;1(t£:;{:eLE |n g%?gl’% ]ﬁgre t% bm%%)gl t%?l\rl/(gleg ong:s EE}% ﬂ%z&? m Ty
el ect r dgoroatienng h‘eO pPesEhEE1LE BlFe Mowol Pelikls was Observed durlng the 3

menth of breeding, despite mating with several different
15 females.

With the 20% male chimera (clone #6A3) in cage 4134 and the 30%

male chimera (clone #6C3) in cage 4136, no germ line

transmission was observed as the chimeras gave rise to 2 and 3
20 black litters, respectively.

Finally, the observation of 2 agouti ccloured Fl animals derived
from the C57BL/6 wild type female mated with the 35% male
chimera (clone #5C12) in cage 4416 is evidence of successiul
25 germline transmission of the Qpct mutation. These animals were

genotyped as wild type (data not shown).

The F1 animals derived from this male chimera and the 1295v/Pas
CMV-Cre #91 female were genotyped to identify heterozygous mice

30 carrying the constitutive Knock-out allele, As the female
background is 129Sv/Pas, the mouse coat colour markers cannot be
used. All the F1l animals #34709 to 34716 and 35437 to 35443 were
thus genotyped as described below.

35 10.1 PCR GENOTYPING OF THE Fl1 GENERATION
DNA was prepared from tail biopsies, taken from the 15 resulting

pups and was genotyped by two different PCR strategies:



20 corresponding to the wild type and targeted Qpct alleles confirnmed the
PCR screening for the 11 cl ones anal ysed. Again, clones #6C10, 10A9, 11B4

and 12A2 WPSBIMPBWOaddi tional bands with unexpected siz@STERIMPIOERG t he
exi stence of randomintegrations of the targeting vector at an unknown

l ocus, in 25 addition to the expected PRtegration of the targeting vector,
t hrough a honol ogous reconbi nati on event, at the Qct |ocus. The 7 ES cell
cl ones #5B8, #5C5, #5Cl2, #6A3 #6C3, #10B2 and #15B2 were thus confirned by
Sout her’n bl &reé§x&615rl€61I§F1f‘ar(§€?edf'l%1r§t bot nisr dhe HelksfelstOf Phe the
targeting vextedimediRedasdxdh Cilomest #Kd 0LolPAR 1 ahkB4 aedidbdAZiwerne also

confirnmed as correctly targeted.at bgth 5' d 3. ds of the.tar.geti.n

vect or but fﬁ?ersg@tcﬁdongcgr eéé‘ﬁ?lgn aﬁd)}é??i o‘?@i? r%:'n%ﬁ irﬁ%gtﬂﬁﬁld%rl%alilr?gl

targeti ng vectogiucat @h diKfiewentocis.e 38epbediESgceinl honesmpb&bs #ABELRZ,

#HBA3#6C3, #1582, %05%&’3;%13%%1%4: \eﬁreeeg{@i%%qe%lfl%rlet he next phase of the
/ . . .

proj éct corresponding to t"he 1 njection 1nto astocysts. WO
2009/ 090190RCT/HR 090y ©503887 93cExdaplec IRECANE INARTS ES] ceptly BUASTOEYST

| NJECTI ONS Al CENRATY fONs Ohiofb MEBAS 3 o iNHEG BN RES| ONSEReGinilent

bl astocysts were isolated fromprégnant C57BL/6 femal es (Heal th status SPF-
Speci fic PathdgenSCRr L2 e dI8RSRHPphotDgiNCRI SFKEASE s, L3RRS E] c 4Rt
cl ones #5C5,314%CE2,c#46A3i.nd Ot W6 C8xo#d 5B2 arvéll OB2f baniikd 1B¢ wake Iselrecrad t o

P et ol SR T SELF G g e T el ant o
Qpportuni st 15 Pat hogens Free). Table 1 summari zes the results obtained
fromthg i ¢ YERENTINY ForR CRESMENTRYED EXCISION EVENT
The Cre-excision PCR was performed using a forward primer TORZ2-N
hybridizing in the 5’ homology arm, upstream of the distal LoxP
15 site, and a reverse primer TOR2-I1 hybridizing downstream of
exon 6 (see figure 13). Because of its localisation, this primer
pair allows the specific detection of the Cre mediated excision

event.

20 The Cre-excised allele yields an amplification product of 4.4 kb
using the above primer pair, whereas the targeted (non-excised)
allele vyields an amplification product of 9.2 kb (see figure
13). Since both primers hybridize on the wild type non-targeted
allele, a further amplification product of 7.3 kb will be

25 obtained from all animals corresponding to the wild type allele.
A representative example of the genoctyping PCR results 1is
illustrated in figure 18. As shown in figure 18, the PCR always
favours the amplification of the allele yielding the smaller PCR
product. The large size of amplification product of the

30 heterozygous wild type or the heterozygous targeted allele may

result in a poor amplification efficiency.

The genotyping by Cre-excision PCR indicated that among the 15
tested animals born, 2 animals (#35437 and #35438) carry the
35 Cre-excised allele. The other 13 tested animals were either wild
type mice or carry the targeted allele. This latter targeted
allele was not unequiveocally detected by this PCR strategy,
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#6A3 was injected into 86 blastocysts and gave rise to 19 20 pups.

11
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The 3’ PCR screening was performed using a forward primer TORZ2-
H2 located within the neomycin selection cassette and a reverse
primer TORZ2-I2 hybridizing downstream (see figure 6). The primex
sequences and the optimised PCR condition are listed in tables 4
and 5.

Because of its localisation, this primer set allows the specific
detection of the targeted, non-excised Qpct allele, yielding an
amplification product of 2900 bp in size in heteroczygous
offspring carrying the targeted, but non-excised Qpct allele. A
representative example of the genotyping PCR results 1is
illustrated in figure 19.

The genotyping by 3’ PCR screening indicated that among the 15
tested animals born, 2 animals (#35437 and #35441) carry the
targeted allele.

Altogether, the results of these two PCR screenings showed that

among the 15 tested animals:

. 2 animals (#35437 and #35438) yielded amplification products
corresponding to the excised allele, suggesting that these
mice are heterozygous for the Cre-excised Knock-cut allele.

. Male #35437 showed amplification products corresponding to
both the Cre-excised and the targeted non-excised allele.
This suggests that this mouse carries an incomplete excision
event, meaning that it is a mosaic of excised and non-

excised cell types. This animal was sacrificed.
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. Male #35438 showed no amplification product for a PCR

specific for the targeted non-excised allele, thus
confirming the complete excision event. Therefore, this male
is the first heterozygous constitutive Qpct Knock-out mouse
characterised. This heterozygous male was then mated with
wild type females in order to generate more heterozygous
constitutive Qpct Knock-out animals. The results are
described below in Example 11.

. Finally, the female #35441 carries the wild type allele and
the targeted non-excised allele but not the Cre-excised
allele. This female is thus a heterozygous Qpct targeted
animal in which the Qpct targeted region is floxed and still
contains the neomycin selection cassette. This female #35441
was mated with a Flp-expressing male, in order to obtain the
in vivo excision of the selection cassette. The results are

described below in Example 12,

Example 11
BREEDING OF THE FIRST HETEROZYGOUS CONSTITUTIVE QPCT KNOCK-OUT
ANIMAT, WITH WILD TYPE MICE.

The first heterozygous constitutive Qpct Knock-out mouse
generated (see Example 10) was mated with wild type females in
order to generate several heterozygous constitutive Qpct Knock-

out animals.

Table 3 below summarizes the results of this breeding.
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C57BL/6 wild |7 6/0%/06 |0 18156 (Het | 18160 (WT)
Heterozygous type Cre-exeised) 18161 (WT)
constitutive QOpct 18157 (WT) 18162 (WT)
Knock-out male 18158 (WT)
(#35438) 18159 (Het
cage 5217 Cre-excised)
( C57BL/6 wild |9 15/09/06 |2 18242 (WT) 18246 (WT)
type 18243 (WT)
18244 (Het
Cre cxcised)
18245 (WT)

Table 3: Reporting results of first heterozygous constitutive Qpect Knock-
cut animal breeding. The genotype of the animals 1s given in bracket (see
also text below). WI: wild type;s Het Cre-excised: heterozygote carrying the

S5 Cre-mediated excised Qpct allele,

As documented above, 12 pups were obtained from this breeding: 8
( males and 4 females.

10 These animals were genotyped to identify additional heterozygous

mice carrying the constitutive Knock-out allele.

11.1 PCR GENOTYPING OF THE ANIMALS
DNA was prepared from tail biopsies, taken from the 12 resulting
15 pups, and was genotyped by two different PCR strategies:

. Cre-excision PCR (see figure 20, §13.2) for the detection of
the Cre-mediated excision of the LoxP flanked region within
the targeted Qpct allele. This PCR yields an amplification
product of different size depending on the template used:

20 wild type, targeted or Cre-excised allele.
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exon 6 (see figure 13). Because of its localisation, this primer

{ pair allows the specific detection of the Cre mediated excision
event.

15 The Cre-excised allele yields an amplification product of 4.4 kb
using the above primer pair, whereas the targeted (non-excised)
allele yields an amplification product of 9.2 kb (see figure
13). Since both primers hybridize to the wild type non-targeted
allele, a further amplification product of 7.3 kb will be

20 obtained from all animals corresponding to the wild type allele.
A representative example of the genoctyping PCR results 1is
illustrated in figure 20.

The genotyping by Cre-excision PCR indicated that among the 12
( 25 tested animals born, 3 animals (#18244, #18156 and #18159) carry
the Cre-excised allele. The other 9 tested animals are wild type

mice.

11.3 3’ PCR SCREENING FOR THE HOMOLOGOUS RECOMBINATION EVENT

30 To obtain a last validation of the excision of the neomycin
cassette in the new heterczygous constitutive Qpct Knock-out
mice, the 3’ PCR screening was used to detect the targeted
allele, as performed for the first heterozygote identified,
using the primers TOR2-H2/ TOR2-I2.

35
The 12 animals tested were negative for the TOR2-H2/ TOR2-I2 PCR
(data not shown). This demonstrated that the neomycin selection
cassette was totally deleted from the mutated Qpct allele.
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Altogether, the PCR results of these two screening showed that
among the 12 tested animals born, the 3 males #18244, #18156 and
#18152 are heterozygous constitutive Qpct Knock-out animals. An
5 ultimate Southern blot confirmation o¢f this genotype was

performed on these animals.

11.4 SQUTHERN BLOT GENOTYPING CONFIRMATION FOR THE FINAL
HETERQZYGOUS CONSTITUTIVE QPCT KNOCK-OUT ANIMALS.

10 The 5’ Southern blot screening strategy was used to further
confirm the genotype of the four Fl1 heterozygous constitutive
Qpct Knock-out animals and validate the PCR genotyping. This 57
Southern bleot is based on a BamHI digestion of the genomic DNA
and detection using a 482 bp 5' internal K probe (5K probe)

15 (see Example 5, item 1.2).

The results obtained are illustrated in figure 21.

As illustrated 1in figure 21, the Southern blot analysis
20 confirmed the PCR results and gave an ultimate demonstration of
the genotype of these animals: the 4 males #35438, #18156,
#18152 and #18244 are heterozygous constitutive Qpct Knock-out

animals.

25 Example 12
BREEDING OF A HETEROZYGOUS QPCT TARGETED FEMALE WITH AN FLP
EXPRESSING MALE

Previously a female #35441 heterozygous Qpct targeted animal was
30 generated in which the Qpct targeted region is floxed and still
contains the neomycin selection cassette (see Example 10). This
female #35441 was mated with a Flp-expressing male, in order to

obtain the in vivo excision of the selection cassette,

35 Table 4 below summarizes this breeding.
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C57BL/6 Heterozygous |7 21/08/06 |0 17971 (WT) 17975 (Het targeted)
CAG-Flp female 17972 (Het targeted) [17976 (Het partially
expressing male | #35441 17973 (Het partially | Flp excised)

#262 FIp excised) 17977 (Het partially

17974(Het partially | Flp excised)
FIp excised)

Table 4: Results of the heterozygous targeted Opct female with Flp-

expressing male breeding.

The genotype of the animals is given in bracket (see also text below). WI:

5 wild type; Het targeted: heterozygous carrying the targeted Opct alleley
Het partially Flp-excised: heterozygote carrying the Flp-mediated excised
Qpct allele and the targeted Qpct allele.

This breeding gave rise to 7 animals that were genctyped to
10 identify heterozygous mice carrying the conditional Knock-out
allele.

12.1 PCR GENOTYPING OF THE ANIMALS
DNA was prepared from tail biopsies, taken from the 7 resulting
15 pups and was genotyped by two different PCR strategies:

. Flp-excision PCR (see figure 22, Example 12, 2) for the
detection of the Flp-mediated excision of the neomycin
selection cassette. This PCR yields an amplification product
of different sizes depending on the template used: wild

20 type, targeted or Cre-excised allele.

. 3’ PCR screening (see figure 23, Example 12, 3) that was
already used for detection of a homolegous recombination
event in ES cells. This PCR strategy detects the non-
excised, targeted Qpct allele carrying the exons 4 and 5

25 flanked by LoxP-FRT-neomycin-FRT cassette and the distal

LoxP site.



The genotype of the animals is given in bracket (see also text below). W:
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carrying the Crenedi ated exci sed Qct 1:95 ele. 10 To assess whether the ES
cells have contributed to the germ | ayer of the chineras, nouse coat col our
mar kers were used. The coat col our marker of the 129Sv/Pas ES cells is

dom nant over the black coat colour of the C57BL/6J mice. Therefore, mating
t he chili2er2as POR ISCREERITNG) RORC FHEHh U/ MEDIATES EXeT siriodic EVEMTS, 15 when the

germcells of the chimner re_deriv fromthe C57BL/6J . _
900910862007 EH TV b5i387 767 L= Ao -2of BLPER pEFAT T e ES
cel | s Mavehybnidibined i the gkemgcdl’l shoMhéopyesame vpsageam plipghien
the Fl n%%gﬁic%! on, Ien: Ys P%és%’ég%/ 6Ja1‘i‘affaf OFEQEESQ' NG i hetNus gy gance

for the mine transmssion o e ES cells. S cells, only one copy

of t he hxrrdsiraing at et thenéhior tt aPgetReMakeE ¢ oridEqueAPFY S LES3BNI ¢l d&em
line tnaRsiay deReaUlsh &kdbtfe t head esubhi-8018008khmplEsprng Sheultd
receive_the nutated chronosone fromthg.ES 10 ceb‘is and 50 % shoul d I’ECfEI ve
the wi 54 yREIRRF 0fGLonEC kst TNt EG18b R EhLOYB%TRA edBRPHELE™ ( Ofone
46A3) itheCale 4kl ateehwedcd dderstedt idhe asangydiir tseyl ewas cobserseedt tdur i ng t he
3 rr%lth of breeding, despite mating with several different 15 fenal es.
The Flp-excised allele should yield an amplification product of
( 538 bp using the above primer pair, whereas the targeted (non-
excised) allele should yield an amplification product of 2211 bp
(see figure 13). Since both primers hybridize to the wild type
15 non-targeted allele, a further amplification product of 419 bp
will be obtained from all animals corresponding to the wild type

allele. The genotyping PCR results are illustrated in figure 22,

The genotyping by Flp-excision PCR indicated that among the 7
20 tested animals born, 4 animals (#17973, #17974, #1796 and

#17977) carried the Flp-excised allele. The other 3 animals

tested were either wild type mice or carried the targeted allele

12.3 3’ PCR SCREENING FOR THE HOMCLOGQOUS RECOMBINATION EVENT

v 25 To assess the complete excision of the neomycin cassette in the
animals carrying the Flp-mediated excised allele, the 3’ PCR
screening (with TOR2-H2/ TOR2-I12 primers) was used to detect the
targeted allele. Animals tested positive for this PCR thus still
have the neomycin cassette integrated within the Qpct locus.

30

The genotyping by 3’ PCR screening indicated that among the 7
tested animals born, 6 animals (#179%72 <to #17977) carry the
targeted allele.

35 Altogether, the results of these two PCR screenings showed that
among the 7 tested animals born:
. The male #17971 carried only the wild type Qpct allele. This

animal was sacrificed.
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foryg $17976 and  $#17977) yielded amplification  products

corresponding to the Flp-mediated excised allele, wild type

i allele and Qpct targeted allele. This suggests that these

mice carry an incomplete excision of the neomycin selection

cassette, meaning that they consist in a mosaic of excised

15 and non-excised cell types. These animals were then bred

with wild type mice in order to generate the heterozygous
conditional Qpct Knock-out mouse line.

20 Example 13
BREEDING OF THE PARTIALLY FLP-MEDIATED NEOMYCIN EXCISED ANIMALS

13.1 BREEDING
Bmong the 4 partially Flp-mediated neomycin excised animals

( 25 generated, the male #17973 was mated with wild type mice in
order to segregate the targeted Qpct allele from the conditional
Qpct Knock-out allele and thus generated pure heterxozygous
conditional Qpct Knock-out mice. The results of this breeding is
summarised in table 5 below.

30
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18831 (WT)

Table 5: Results of the heterozygous partially Flp excised Qpct male with
wild type females breeding.

( The genotype of the animals is given in brackets (see also text below). WT:
) wild type; Het targeted: heterozygote carrying the targeted Qpct allele;
Het partially Flp-excised: heterozygote carrying the Flp-mediated excised
Opct allele and the targeted Qpct allele; Het Flp-excised: heterozygote
carrying the Flp-mediated excised Qpct allele.

10 13.2 PCR SCREENING FOR THE FLP-MEDIATED EXCISION EVENT
The Flp-excision screening was performed as previously described
using the TOR2-N2/TOR2-I4 PCR.

The Flp-excised allele yields an amplification product of 538 bp
15 using the above primer pair, whereas the targeted (non-excised)
allele yields an amplificaticon product of 2211 bp (see figure
13). Since both primers hybridize to the wild type non-targeted
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animals carrying the Flp-mediated excised allele, the 3" PCR
15 screening (with TOR2-H2/ TOR2-I2 primers) was used to detect the
targeted allele. Animals tested positive for this PCR thus still

have the neomycin cassette integrated within the Qpct locus.

The genctyping by 3/ PCR screening indicated that among the 14
20 tested animals born, 3 animals (#18826, #1882% and #18833) carry

the targeted allele.

Altogether, the results of these twe PCR screenings showed that

among the 14 tested animals born:

. The animals #18827, #18831, #18832, #18834 and #18835 carry

25 only the wild type Qpct allele. These animels were
sacrificed.
. The animal #18829 carried the wild type allele and the

targeted non-excised allele but not the Flp-excised allele.

This animal is thus a heterozygous Qpct targeted animal in

30 which the Qpct targeted region is floxed and still contains
the neomycin selection cassette. This animal was sacrificed.

. The animals #18826 and #18833 yielded amplification products
corresponding to the Flp-mediated excised allele, wild type

allele and Qpct targeted allele. This suggests that these

35 mice carried an incomplete excision of the neomycin
selection cassette, meaning that they consist in a mosaic of

excised and non-excised cell types. These animals were

sacrificed.
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{ The 3’ Southern blot screening strategy was used to further test

the genotype of the three Fl heterozygous conditional Qpct
Knock-out animals and confirm the PCR genotyping. This 3’

15 Southern blot 1is based on a Swal digestion of the genomic DNA
and detection using a 406 bp 3’ internal R probe (3’R probe)
{see Exampled 4, 1.2, 7, 1.2 and Figure 11).

The results obtained are illustrated in figure 26.

20
As illustrated in figure 26, the Southern blot analysis
confirmed the PCR results and gave an ultimate demonstration of
these animals genotype: the 3 males #18823, #18824 and #18825
are heterozygeous conditional Qpct Knock-out animals.

The strategy for the development a conditional Qpct Knock-out
model was achieved by flanking the targeted exons 4 and 5 with
two LoxP sites, allowing its wubiquitous or tissue specific
deletion under the action of the Cre-recombinase.
30

The inventors succeeded in the amplification, cloning and
sequencing of the two homology arms needed for the generation of
the TORZ-HR targeting vector.

35 They isolated and sequenced for both homology arms at least one
clone devoid of any mutation. Theses clones were used for the

construction of the targeting vector.



As docunent ed above, 12 pups were obtained fromthis breeding: 8 nmales and

4 femal eswojzgoa-mﬁﬁ‘ﬁ ani mal s were genotyped to identify q’?‘ﬂ?‘%ﬁ%@%ﬁ”ﬁm

het er ozygous mic¢e carrying the constitutive Knock-out al

GENOTYPI NG OF THE ANI MALS DNA was prepared fromtail biopsies, taken
fromthe 12 resulting 15 pups, and was’ notyped by two different PCR
strategies: Cre-excision PCR (see figure 20, 13.2) for the detection of the

Cre- nedi,at ed _exci.si o] he .flan regio it hi_n t arget t
a1 el o bt SR ShE (ol "pE R e R BY Ceeblel it M
si ze ddpEndivigidnstheet exfpl bhe wgded: neOndeleypes radgeteaP iy etexditsed
al | el e.g¢ MR 200U ,QAQLIQRCTERRD09/ 050387 102 3' PCR screening (see 13.3)
that was already used for the detection of a honpl ogous reconbi nati on event
in ES cells. This PCR strategy detects the non-excised, targeted Qpct

al | ebe maA r ¥hAag theclexPns i andsbribanked dyrdhey 1oxPeRE- S8gogushn-Jridl
cassette and the distal LoxP site 1.2 PCR SCREENI NG FOR THE CRE- MEDI ATED
EXCI Sl d@lé\%ﬁd?'ﬁeo dcge-ré '%i%}? B HerSGrHet using a forward primer
TOR2- N shybr imbimoilngydus treediib i@tiloag\eveam  atpsitreegmaf Idweigdi sttalbdudx P10
site, and a reyvey,s i ner. 0%2.; idizi downstream of exon 6 (see
figure 13). gicgjs:ergjf' 9 stq-g(_)cz_a JJ|g;ezi_‘tr1?{;(%5{1,Vdetcﬁtlosr}g'pri.mer pair allows the

speci fic detfdat-imsdigitachec®Ces redi atfedtbrcid@y@venselestThe Gasasddised
al I ghe i el d3 1R, :3plidd i Prpdust 1afe 44 g tdie 2 R P -
pair, whereas the targeted (non-excised) allele yields an anplification
product of ®Y 1l figure 13). Since both primers hybridize to the wild

type non-targei-etdldwle, eacistdénenrargid foseti eropsoducin®f 57. Jklpwidd be
Fopr osent at IV SEFIEGF (e on B o e GRS €100 e g 1 n
figure 20. The genotyping by Cre-excision PCR indicated that anong the 12
15 Following the TCR2-HR targeting wvector electroporation, 421 G418
resistant clones were isolated and amplified in 96-well plates
in duplicate. The PCR and Scuthern blot screening of these ES
cell clones allowed the full characterisation o¢f 7 clones as
correctly targeted: clones #5C5, #5C12, #6A3 #6C3, #15B2, #10B2
20 and #11B4.

Based on the ES cell screening results and on morphological
criteria, the seven ES cell clones 5C5, #5C12, #6A3 #6C3, #15R2,
#10B2 and #11B4 were selected for the blastocyst injections.

25 These ES cell clones were injected and re-implanted into a total
of 374 blastocysts, giving rise to a total of 17 male chimeras
with the following rate of chimerism:

. Clone #6A3 gave rise to 8 male chimeras with a percentage of
30 chimerism ranging from 5% to 20%.
. Clone #6C3 gave rise to 3 male chimeras with a percentage of

chimerism ranging from 5% to 30%.
. Clone #5Cl2 gave rise to 2 male chimeras with a percentage
of chimerism cf 35% and 15%.
35 Clone #5C5 did not give rise to any male chimera.
. Clone #15B2 gave rise to 1 male chimera with a percentage of
chimerism of 75%.

. Clone #10B2 did not give rise to any pup.



( 25 tested aninmals born, 3 aninmals (#18244, #18156 and #18159) carry the
Cre-excised allele. The other 9 tested animals are wild type mce. 11.3 3
PCR SCREEKPRESMMHE HOMOLOGOUS RECOVBI NATI ON EVENT 301"%)0‘”-8%‘{0340?93&7 | ast
val i dati on of the excision of the neonycin cassette in the new heterozygous
constitutive Qoct Knock-out mice, theldl PCR screening was used to detect
the targeted allele, as perfornmed for the first heterozygote identified,
using the prinmers TOR2-H2/ TOR2-12. 35 The 12 aninals tested were negative
for the TORELAPE f@ﬁ§?ﬁ29¢2§2{6§?atﬁo@ JHokh) ChHREE2 BetibRBt RaPEd ASRdIhe

neonyci n seéelgcicdhamegassetdre Mas Retaladng @éel.eted fromthe nutated Qoct
allele. W) 2009/ 090190PCT/ EP2009/ 050387 103 Altogether, the PCR results of
t hese two screeni ng showed that anong the 12 tested animals born, the 3

mal es #LB2A4ch#i8156 aned &518189sateyheyer2dzygous 3Sdnsthimetr vemQPpaterived

Knock- qut i An ti t | o nt j_r.nat i o f this
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ANI VAL S5 tHO GBI reesiPULBeLB LAl (3 QAIHMG: X I 8 8Q¥mYBS i 85 eEnkO JoelRgle
confirmthe ‘genotype of the four Fl heterozygous constitutive Qjct
Knock- &RCtaritidatemdRohaeraareCtfe 2PERAGENot Y MPLIMEH &S sWeBBuBhEPn DRSSt i s

gaS_ed Qﬁ_t&ll Bﬁmﬂl ogi gest idkﬂlél‘{)eﬁ h.ﬁexﬁ@D@ﬁi cé;l@%l&lt@ngbﬂb_ai@t%@gg USim@e@i%&% bp
' tern r e. ' r.ope see a e.o, tem.]. . e e ts
ot WP ner ey PP PTEEE: SE e i, Brs8T ® A Ml P b e Bhiel St St
Sout hemrdnlyatinanakysicsi2f coadsetnerl bhel PORct esardrss add Sgaxmed arsalletd tigine

denonstr.ati of qQf, of these animals: the 4 mal es #35438, #18156,
#18159%5%%%%%&41%%$% ﬁeté%ggygous constitutive Qct Knock-out animals. 25

Exanpl e 12 BREEDI NG OF A HETEROZYGOUS QPCT TARGETED FEMALE W TH AN FLP
EXPRES@H%%'%H@%ding resulted in the generation of 17 F1 pups. These

15 mice were screened using PCR and Southern blot screening,

allowing the characterization of:

. 1 male #35438 carrying the Cre-mediated neomycin excised

Qcpt allele. This male was the first Fl1 heterozygous

20 constitutive Qpct Knock-out mouse. It was mated with wild

type females to generate 3 additional heterozygous
constitutive Qpct Knock-out mice.

. 1 female #35441 carrying the targeted allele. This female

represented Fl1 heterozygous Qpct targeted mouse and was

25 mated with Flp-expressing mice in order to obtain the in

vivo deletion of the necmycin selection cassette.

The breeding of the first heterozygous constitutive Qpct Knock-
out male #35438 with wild type females allowed the generation of

30 3 additional heterozygous constitutive Qpct Knock-out males
#18156, #18159 and #18244.

The breeding of the heterczygous targeted Qpct Knock-out female
#35441 with a C57BL/6J CCAG-Flp-expressing deleter male gave
35 rise to 7 animals among which 4 animals (2 males #17973 and
#17974 and 2 females #17976 and #17977) carrying both the Qpct
targeted allele and the Flp-mediated neomycin excised Qpct
allele {conditional OQOpct Knock-out allele) in &addition to the



Previously a femal e #35441 heterozygous (Qoct targeted ani mal was 30

gener at edwbr} w(? fb the Qoct targeted region is fl oxed a%ﬁ%ﬂzb%{%%ial ns

t he neonycin se ectl on cassette (see Exanple 10). This fe€

mated with a Fl p-expressing male, in S]dcli%r to obtain the in vivo EXCISIOI’I
of the selection cassette. WD 2009/0 OPCT/ EP2009/ 050387 104 Tabl e 4:

Results of the heterozygous target ed Qoct fenmale with Fl pexpressing nale

br eedi Th th na iv igh (se al t
pel ow) AR S0 g ¥UERTe rer TP 2P bar el TRbfer oyboud R e R U b
Qoct  aldxalieggicdet ofarttianl h?olﬁﬁfﬁlexcft%]eﬁcbtm erespgote, careariimg t heat the

FI p- m@l%%%ﬁ%émcfe%i@e@ aﬂtq t gt apgebedo@PChral Itgle. selUSion

breedi ng 'gave rise to 7 aninmals that were genotyped to 10 identify
het er oAAFOIRE TR e TSI tE c"t‘)]n]dl-’tri MS%%@W3§1 ele. 12.1 PCR
GENOTRYPI NG CF THE ANI I\/ALS DNA was prepared fromtail biopsies, taken

fromthe 7 r u and genot ype dlffe ent PCR
strat egi8s: °LF 13% gupérégaq%nﬁiw T%dlﬁ ef oS Heseds
det ect iramedfy ttiee Eh@lereéllaﬁeﬁl eam shen oh tehe wiebnydilnl seipecticmm lesssetrt e.
This P i.el Gaf [ C f n S YolP n
the terits G2edRodMRathoite TS Sl SRELERET BT AR R Y
screenidrey stereociltgwte QBleEamﬁlfemlzheia)tatrl@@tte@a§lellerléad%tJulslecbdllﬁalnlng

det @@t i+t 0heBmYRTR| 0ZOUSE EERMU A 1QM: EVeRE ol ”tt%_sr&e'ﬁls b 8L R gave
strategy detectS the non-excised, target ed Qpct allele carrying t exons 4

and 5 Z5f3%nked 2by9%xPeERES n@dmykd nf R’Pnéé{@éét -t LB t ﬁ@Rdla@tdalsq}Wlﬁ%ri te.
WO 200%/108019@RCTAERAG09A 058@8d 1tk 12hdrRERe SCREENLNG FHOR 6THENR EP1 ¥ED|ATED

EXCISIO%lEyEN£18823 #18824, #18825, #18828, #18830 and the female
#18836) displaying both the Flp excised allele and the wild-type

15 allele. These mice thus carry a complete excision of the
neomycin selection cassette and are pure heterozygous

conditional Qpct Knock-out animals.

EXAMPLE 14
20 GENERATION OF A MOUSE MODEL CARRYING A CONSTITUTIVE KNOCK-OUT
MUTATION IN THE QPCT GENE

14.1 TARGETING STRATEGY AND GENERATION OF THE QPCT"® MOUSE LINE
PBD2

25 For the development of a mouse line with inactivated Qpct
protein function, mouse embryonal stem cells (ES cells, derived
from line 129SvPas} were genetically engineered and clones were

selected which carried in the genome

® a neomycin selection cassette flanked by FRT sites and

30 followed by a LoxP site inserted into Qpct intron 5
and
* a distal LoxP site located in Qpct intron 3

ES cells were injected into blastocycts and chimeras were
generated wvia embryo transfer. For removal of the neomycin
35 selection cassette the chimeras were mated to Flp-expressing
animals followed by breeding of the pups with Cre-expressing



The Fl p-excision PCR was perfornmed using a forward priner TOR2- N2

hybridi zing in the long 5 honology arm upstreamof the 5 neonycin
selectioﬁwgé9§@P9@9 and a reverse prinmer TOR2-14 hybri dP$THF2P4BPRE” shor t
3" honol ogy arm downstream of the neonycin selection cassette (see figure
13, Exanple 5.2). Due to the primer sétl3ocalisation, this PCR allows the
detection of the Flp-nediated excision of the neomycin selection cassette.
10 The Fl p-excised allele should yield an anplification product of 538 bp
usi ng BRETRSVe THE mete G ¥O0 whet eaSPEhe t 8XG§RFed?(nRdexci-sedPPA | dsFe
shoul d iyegitd faramidh cate ofle pepdgtod 221 1thp (pee floguke ahd) cadimcea

both priners bridize to the wiJd type 15 nop-targeted all.ele, a_ _further
oDl i FOERY GHT BT br F1856p 4 11 DS SREatIRs 1ol FOURFRaP e to THE
cor r espadditype eallhelev (Higypé&7al.| dheseThen geniod ypeénged®CRsr edigl tfowmrders

il lustrag P Ji e The genotypi ng by Fl p-excision PCR indicated that
among tf?]’éfeg‘oé%et s %ﬁjlzn:m s born, 4 animals (#17973, #17974, #1796 and
#17977) carried the Flp-excised allele. The other 3 aninals tested were

ei ther 1y |d deyRArYBE10R: QIsg2ar rpcid MdtsE alael el | el e 12.3 3' PCR SCREENI NG
FOR THE HOMOLOGOUS RECOVBI NATI ON EVENT 25 To assess the conpl ete excision

of themmeompcrn gassekhentn $he @ik M tCakeybrgpele blEp- redé atesyi exaiteed
allele, the 3 PCR.screeq%Qgﬂ%¥ﬁth TOR2- H2/ Tngnl2€§%iners) was used to
det ect e FargeCed KN E Sl SESt P PoSAFTVESOr this PCR thus still
hav? t he neonmycin cassette integrated within the Qct |ocus. 30 The
genoPyping by 3' PCR screening indicated that anong the 7 tested aninmals
porn, 4 i (#17972 to #17977) carny.. ar ge al | . 35
Altogetﬁggfﬁg%e sesudise of these two Pcﬁ?égﬁg nin ?gghomegbahat anong the 7
tested |a¥™al s lborn: The nale #17971 carsditéd only|[NRe wild type Qoct

allele.| This animal was sacrificed. 0?9/ 090199BCT/ EP2009/ 050387 106
The ani|redde -#17972CErET BTG AGaEAiRd the wild type allele and the targeted
non- exdised alllele but not the Flp-excid@dr8M éle| These 2 aninals are thus
heterozygous Quoct targeted 5 aninal ingphicch the Qpct targeted region is
fl oxed |dtidstd ||| TR BETECERET ¢ohiki n|sel ectian cassette. These ani mals

were sacrifice Einall y, 4 aninmals (” 1IRTRL 217073 and #1 7974 and 2
f emal eqd Pbhd2- Qpct exon | 21
WT1 CCAGAGACATCCTGGTAAAACA 4

In a standard PCR reaction on 50 ng chromoscomal DNA containing
primers Pbd2-1, Pbd2-2 and Pbd2-WT1l, the wildtype allele can be
detected as an approx. 735 bp fragment whereas the targeted
15 knockout allele 1is detected as an approx. 525 bp fragment (s.

( Fig. 28).

EXAMPLE 15

CHARACTERIZATION OF MICE CARRYING A CONSTITUTIVE KNOCK-OUT
20 MUTATION IN THE QPCT GENE

In order to procf that the generation of the knock-out animals

was successful, plasma of the wild-type, heterozygous and

homozygous animals with respect to the genetic¢c manipulation was

analyzed and the enzymatic activity of Qpct was measured. If the
25 strategy was successful, then a significant lowering or

depletion of Qpct-activity was expected.

The Qpct-activity in the plasma was determined, applying a

method, which is based on detection of formation of L-pGlu-beta-

naphthylamine from L-glutaminyl-beta-naphthylamine catalyzed by



10 #17976 and #17977) yiel ded anplification products corresponding to the

Flp-nedlakgﬁs ﬁd allele, wild type allele and Qpct % %&ﬁﬁqhkele

This sug these mce carry an |ncorrpl ete exci s| € neonycin
sel ection cassette nmeani ng that they consist in a nosaic of excised 15
and non-excised cell types. These ani rHt were then bred with wild type
mce in order to generate the heterozygous conditional Qct Knock-out nouse

| i ne.
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Fl p- ex@rsiedcohetenbiygoﬂealc%tmr>a|tng3t)ﬂeptﬁl ptiedi atkeresmised (¥ppealdaife. 10
13. 20PER FICR T BLPoED) ATRQEHOLS) ONAEVENT: he Ekpoexe,shon

screeni ng ornmed as reV| ous escri bed ‘usi ng the TOR2- N2/ TOR2-'I 4
PCR. THe5 FI %2ex§|0se=‘tﬁ%l rlétnényu elhs aﬁaeﬁe@nw@&ttwﬁmty oft58BeEp b5

using tdes 18k ef g | ARIn PalrestWeah@as st hedargaird (5onig¥Chagdktalreal &t

i el ds lificati r oduct 2211 b see. figure 13 Slncebth
i rer s Dyt ¥ $ue CRELA! | oFgJEsnoiear gt of ioe ahd entrrHlighd

at 4°C for 20min at 16,000xg. All HPLC measurements were

15 performed using a RP18 LiChroCART HPLC-Cartridge and the HPLC
system D-7000 (Merck-Hitachi). Briefly, 20nl of the sample were
injected and separated by increasing concentration of solvent A
(acetonitrile containing 0.1% TFA) from 8% to 20% in solvent B
(H2O0 containing 0.1% TFA). Qpct activity was quantified from a

20 standard curve of pGlu-BNA (Bachem, Bubendorf, Switzerland)
determined under assay conditions.

The Qpct-activity depending on the genotype of the animals is
depicted in figure 29. Caused by the complete 1loss of a
functional Qpct gene in the homozygous Qpct knock-out animals,

( 25 no Qpct-activity c¢an be detected in plasma. In heterozygous
animals, i.e., animals, which still carry one intact allele of
Qpct together with one functionally destroyed allele,
approximately 60% of the activity in plasma of wild-type animals
is still left.

30 The results thus proof, that: 1. The strategy to target the Qpct
allele as depicted in examples 1 to 14 was successful and
sufficient to provoke a complete loss of Qpct in these animals.
2. There 1is a gene-dose dependency of Qpct-activity observed.
Loss of one copy already results 1in partial 1loss of Qpct

35 activity. This observation 1is important for following studies
involving cross-breeding of these animals with other animal
models of human diseases to proof attempts to generate drugs

targeting Qpct activity. 3. Importantly, an enzymatically active



WO 2009/ 090190PCT/ EP2009/ 050387 108 allele, a further anplification product
of 419 bp will be obtained fromall animals corresponding to the wild type
al lel e. AVPEPPERRPat i ve exanpl e of the genotypi ng PCR PES{HPR9{080387
illustrated in figure 24. 5 As illustrated in figure 24, the genotyping by
FI p- exci sion PCR indicated that amongltlHfe 14 tested animals, 8 aninmals
(#18823, #18824, #18825, #18826, #18828, #18830, #18833 and #18836) carried
the Flp-excised allele. The other 6 tested aninmals were 10 either wild type
m ce oRF&AY r i & h@atar e @tvel €013 B vE LopoRSCREEN NGadR HOMB
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neonyci n cassette integrated within the Qoct |ocus. The genotyping by 3
PCR Scrleenminuei ndh chtethe hathandogethee 14h@0effsted afi thks deplrti®namifiral s
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the w ld Aype R ¢liee These aninmals were sacrificed. The aninal
#18829 carried the wild type allele and the targeted non-excised allele but

not theclRraxaicird al{glie- ThidghRHamldriceid e thetar 0 ypeus n@dtlen-3-
targeted E}I’ll ma£ i n _30which .the ct target ed region is f]oxed and stil |
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15 from the gonads is regulated by the hypophyseal hormones LH and
FSH. The release of these pituitary hormones, in turn, 1is
stimulated by the hypothalamic hormone gonadotropin-releasing
hormone (GnRH) . GnRH (Gonadotropin-releasing  hormone) is
secreted from parvicellular neurons in the arcuate nucleus into

20 the median eminence. GnRH then enters the hypophyseal portal
system, traveling in the long vein until reaching the anterior
pituitary, where it acts on gonadotropes to release LH
{(luteinizing hormone) and FSH (follicle stimulating hormone)

( back into the blood stream. LH and FSH both act on the gonads to

25 produce varying effects, including release of sex hormones and
keeping the gconadal integrity. By that cascade of events
involving secretion of GnRH, pituitary and gonadal hormones the
so-called hypothalamic-pituitary-gonadal axis (HPG) axis 1is
built. Similar to other hormonal axes, there is a negative feed-

30 back regulation on the secretion of gonadotopes. GnREH is N~
terminally modified by pGlu and is therefore a substrate of
Qpct. A reduction of the pGlu-formation at the N-terminus of
GnRH is intended to result 1in deactivation of the hormone and,
consequently, in disturbance of the HPG axis and deregulated

35 testosterone concentrations.

The effect of depletion of QOpct on the testosterone

concentration 1is depicted in figure 30. The concentration of



WD 2009/ 090190PCT/ EP2009/ 050387 109 Finally, 6 animals (5 mal es #18823,
#18824, #18825, #18828, #18830 and the femal e #18836) yielded anplification
product s WORPE¥4BHEi ng to both the Flp excised allel e aR@THRR00JOPES7 t ype
allele. These mce thus carry a conplete excision of 5 the neonycin

sel ection cassette and are pure heterdzygous conditional Qct Knock-out
animals. An ultinmate Southern blot confirmation of this genotype was
perfornmed on these animals. 10 1.14 SOUTHERN BLOT GENOTYPI NG CONFI RVATI ON
FOR THE SSItQAL SHETEROZR GRS WONPETITNGE. OPCE  KRCEK- SR TANNRS. Sarrheing  a

Sout herdprledti tSGlceenENYs At r akeayanas uged twadwiider teshahhe genatype of
t he thr%§ E hetergzyg us conditional ct Knock- out anlnaléﬁgnd confirm

the PCR Wpi ngPeThFE I MABA SLOR Re i 15} P SEE OFHSEY 8RCETSMAF di Yedti%n
of the igenomict iNA afd tiet ednfaatsineg-.a 406 bp 3' internal R probe (3'R

probe) fsee EX | ed 4 2, 1.2 and_Figure 11). .The results qbtai.ned
are |§I I"0St r'a Seuglr?sn %?%‘ﬂr%o 2%.1%58r%§cfgl fLﬁsttr%gt gc?siltr?sfﬁegjr re fé’,n%eﬁ]gc%oujﬂﬁner n
bl ot amaltysies coinfdriaee t ied PCRCEegmiock ~and  geivee .arEwdn | antetdéndoestsr atfi on

of thespcani gLS 96HO YR&:, 1the 1] £8, 418823, J¥18824 a&&'na#&ﬁ?%o?{n%ne,
het erozygous conditional Qoct Knock-out aninmals. 25 The strategy for the
devel oML ol t PBRAENACHEPIKABEK IBbEL DAbdON s QREE ededs byofl &FGWME t he

target ady exonrse@rd de Wifdt Jr0XReSit@SioRldtoWd G its, ubi quitous or
tlsiﬁe specific deletion under the action of the Cre-reconbi nase. 30 The

i nventors succeeded in the anplification, cloning and sequencing of the two

honol o ar ns neeﬂg f.or éhg gperq%% n oﬂ}th% T, -ﬂg ta %tin ve L%ﬁi 35

ey | SOV Tnd -Learced TorbHTH HORSTUUY ar B0 ats| BabbeBRace! &

evoi d isf aegratedt iton. tTheshEsl i onesr weeé lasedf f ahet highyomsd r gdkeindn df4 t he

targetkngy%ﬁcgOEbleylggOQ%QOQQ;%QRQU/g?qugggﬁgﬁﬁi processes. Thyroxine
increases cardiac output, heart rate and the basal metabolic

15 rate and potentiates brain development. The secretion of the
thyroid hormones thyroxin and triiodothyronine (T3) is regulated
via the hypothalamic-pituitary-thyroid axis. The hypothalamus
senses low circulating levels of thyroid hormone and responds by
releasing thyrotropin releasing hormone (TRH). The tripeptide

20 TRH is ©N-terminally modified by pGlu and is therefore a
substrate of Qpct. The TRH stimulates the pitultary te produce
thyroid stimulating hormone {TSH). The TSH, in turn, stimulates
the thyroid to produce thyroid hormones. A reduction of the
pGlu-formation at the N-terminus of TRH is intended to result in

25 deactivation of the hormone and, consequently, in disturbance of

the HPT axis and deregulated thyroxine concentrations.

The effect of depletion of Qpct on the thyroxine concentration
is depicted in figure 31. The concentration of thyroxine 1in
plasma of the mice was determined applying a competitive ELISA
30 method (IBL, Hamburg, Germany, Cat.-no. RE55261) . The
determinations were performed according to the instructions of
the manufacturer.
The results imply a slight but statistically not significant
reduction of the T4 concentration in homozygous constitutive
35 QPCT knock-out mice. In heterozygous mice, no difference of the
thyroxine level was observed. The results suggest that a partial

reduction of Qpct does not influence the HPT-axis at all. Even a



110 The targeting and positive control vectors were generated foll ow ng
state of the art nethodol ogi es and according to the strate resent ed
above. 5 WORMEHYOY8uUt hern bl ot screening strategi es wer @ 25@@5'03&%
validated to identify the foll ow ng events: Honol ogous reconbi nati on event
at the Qoct locus, at both 5 and 3' ehd’of the targeting vector.

Fl p- medi at ed exci sion of the neomycin selection cassette, 10all ow ng the
generation of the final conditional Q-ct Knock- out allele. Cre-nediated
exci si diPtot! thes et @Rehsdacangob, raErdki Ag He tyeheras of diheq Heryroid
const i tHgishPCchbrknaek- otlia @l Ip@la@maltd 19filcew ngnkhei TORR- H? t apget idiks
vect or el ect rsgglorati on 42% C;341.8 resistant clones were isolated and

anpl i f i (PG et BHIARELT P RIS TEEES The PCR and Sout hern bl ot
screening of these ES cell clones allowed the full characterisation of 7
cl ongs as correctly targeted: clones #5C5, #5Cl2, #6A3 #6C3, #15B2, #10B2

20 and ) e i results and on nor phol ogi cal
criteri“-§‘,]'3’&“§’;1lLé,\E g@e%ﬁ@%‘%“?g*@%‘?@%‘e B “hens #0603, #1582 #1082 and
#11B4 wanmeirsehegtedmbabeihecbliasikeexst idydiectioms. TRb-These ES1eeIdecclianes
wer e igj{ected and re-i n’% anted into a total of 374 blastocysts, giving rise
to a tatBMIGF40,7 Afl &8 cABfer ab witt hheRed i bl edwiatgosaterst ehi meriShe at
Cl one # gave rise to 8 male chineras with a percentage of 30chiperism

rangi ng f rom 5980 SHRTCTETHE #6835 Ghve Fise ROF PHEFL cHEABPas 4 1A

per ¢gnimgs Qe Chi pBs t S5 Kangl RO gd:M 5% £0030% 11 eRSr#DALP. 98ug Ri1S& £ 0 2
mal e chimeras with a percentage of chinmerismof 35%and 15% 35 C one #5C5
di d notchfimaatrimctantanysatalta aghi werg. applied to the lower chamber.

Serum-free RPMI was applied as negative control. THP-1 cells

were harvested and resuspended in RPMI1640 in a concentration of
1*10° cells / 100 pl and applied in 100 pl aliquots to the upper
15 chamber. Cells were allowed to migrate towards the
chemoattractant for 2 h at 37°C. Subsequently, cells from the
upper chamber were discarded and the lower chamber was mixed
with 50 pl 70 mM EDTA in PBS and incubated for 15 min at 37°C to
release cells attached to the membrane. Afterwards, migrated
20 cells were counted using a cell counter system (Schdrfe System,
Reutlingen). The chemotactic index was calculated by dividing
cells migrated to the stimulus from cells migrated to the

( negative control.

25



Cl one #15B2 gave rise to 1 male chinmera with a percentage of chinmerism of
75% Clone #10B2 did not give rise to any pup. WO

2009/ 090190PCT/ EP2009/ 050387 111 d one #11B4 gave rise to 3 male chineras
with a percentage of chinmerismof 7p) 35% and 8% Four chinmeric males
(displaying 20%to 35% chinmerism derived 5 fromES cl one #6A3, #6C3 and
#5C12) were mated with wild type C57BL/6J fenmal es (health status SOPF -
Speci fic and Qpportuni st Pat hogen Free) to obtain the germine transm ssion
and ge r%éf Qoct targeted heterozygous animals. The chineras were al so
bred wi %3 or Cre deleter females (health status SOPF - Specific 10 and
Qpportuni st Pathogen Free) to obtain the deletion of the neomycin selection
cassette and Qpct exons 4-5 and sel ection cassette, respectively. Thi s

br eedi Ag ReBaprsedcPmPrheigeneratporobtaining puplh TheSemiByhi s¥ChaFE
screened .ng 0 n_hlo ing, allow ng the

chasacteryég iSgggygﬂg1§ngb§8£3g§g8ﬁgg§%§?ﬁg the Cre-nedi at ed neonycin
excised cpt allele. This male was the first FI heterozygous 20
constitutive Qpct Knock-out nmouse. It was mated with wild type females to
gener at e 3PSHALRI onal het er ozygous constitutive Qoct Knock-out mice. 1
femal e #35441 carrying the targeted allele. This female

represented FI heterozygous Qct targeted nouse and was 25mated with

Fl p- expresbeéngluieninplordetate obhai ast hé mnryheocdépéni oandf t he neonycin
selection cassette. The breeding of the first heterozygous constitutive

Qct Knockout male #35438 with wild type fenales all owed the generation of
30 3 addi thenghubehenozygousacengehbuhbh¥etRRCEELSNDDKNOUL 2P0l es #18156,
#18159 and #18244. The breeding of the heterozygous targeted Qct Knock-out
femal e *35441 with a C573L/6J CCAG Fl p-expressing deleter nmal e gave 35 rise

to 7 ani mphs ABROQ ¥Ri ERaé4man MBhS £2nMBhESHELL 7353t erozygous or
homozygous for the glutaminyl cyclase gene.
15
3. The mouse of any of claims 1 or 2, wherein the glutaminyl

cyclase gene is a recombinant gene.

4. The mouse of any of claims 1 to 3, wherein the glutaminyl
20 cyclase gene carries a constitutive or a conditional knock-

out mutation.

5. The mouse of any of claims 1 to 4, for use in determining
effects of target compounds on glutaminyl cyclase-related

25 disorders and/or diseases.

6. The mouse of any of claims 1 to 5, wherein the mouse carries
at least one glutaminyl cyclase allele where exons 4 and 5
are deleted.
30
7. The mouse of any of claims 1 to 6, wherein said glutaminyl

cyclase allele has the sequence of SEQ ID No. 23.



#17974 and 2 femal es #17976 and #17977) carrying both the Qoct targeted
all el e and the Flp-nedi ated neonycin excised Qoct allele (conditional Qct
Knock-out allele) in addition to the WD 2009/ 090190PCT/ EP2009/ 050387 112
wild type allele. These animals thus underwent a partial excision of the
neomyci n sel ection cassette, neaninyl?hat the Fl p-reconbinase resulted in
the deletion of the selection cassette in sone but not all in these F

ani mal 53 &nnRoAkct Besergpgakcoanymal fe RNt LAL! ¥ohhR- MBdLat edeexsi18€d,
nanely the male #17973 was then mafed with wild type females, in order. to
segregat elihe Fbg<pedi ated excised allele (conditional Qoct Knock-out
allele) fromthe targeted allele still containing 10 the neonycin sel ection
cassette. This third FI breeding gave rise to a new series of 14 Fl

ani mal 3. Thel hoR6R andobatihBets Bhot cgenohbyfkng abl eypedhehein the
characterisation of 6 animals (5 nal es #18823, #18824, #18825, #18828,
#18830 an@lihanieihl 6YE18B96YSHEspPagPA§aboYhliRECH] BoeRcF$88UEN el e and

t he mﬁId-g%?gi%§cabkghgte1hese m ce thus carry a conplete excision of the
neonyci n selection cassette and are pure heterozygous conditional Qct
Knock-out ani mals. EXAVMPLE 14 20 GENERATI ON OF A MOUSE MODEL CARRYI NG A

CONSTI TUTI VE K - QUT ATION IN THE QPCT GENE 14.1 TARGETI NG STRATEGY
mmﬂﬁﬁ%&ﬁﬁﬁggﬂﬁ@%W%ﬁ%ﬁﬁ%%@%@%ﬂa%fa
nouse | i n%l\Mttahn'lrgaLC_tdytqtaes% QRGle BLLG{N Jrenctn o . PoUS g HRIAYORR St em
cells (EScells, derived fromline 129SvPas) were genetically engi neered
andlcl onesaddr @ B alddt ddnghiich ddradined frathdlgenmrse & igh tsel ect i on
cassette f] y. .ERT .si.t es, and 30fol |l owed by a LoxP site inserted into
Qoct intréﬁgg%gﬁéaﬁi 'S aC)ﬁgxP site located in Qct intron 3 ES cells
were injected into blastocycts and chineras were generated via enbryo
transfer. For renoval of the neonycin

11. Use of the mouse, according to any of claims 1 to 9 or the

15 cell according to claim 10 or 11, for the provision of
models with glutaminyl cyclase expression in specific tissue

and/or particular points in time only.

12. A method for analysing the disease-related physioclogical
20 function of glutaminyl cyclase catalysis with regard to
pyroglutamate-peptide formation comprising
{a} evaluating the pyroglutamate-peptide concentration
and effects of already administered test agents on
the phenotype of the mouse of any of claims 1 to
25 9, and
(b} selecting a test agent which inhibits or promotes

pyroglutamate-peptide activity.

13. A screening method for biologically active agents that
30 inhibit or promote glutaminyl cyclase production in vivo,
comprising:
a) evaluating the effects of already administered test
agents on the phenotype of the mouse of any of

claims 1 to 9, and



35 selection cassette the chineras were mated to Fl p-expressing ani mals
foll owed by breeding of the pups with Cre-expressing WO

2009/ 090190PCT/ EP2009/ 050387 113 animal s for del etion of Qctl exons 4 and
5. Pups were identified which are h@@rozygous for the Qoct locus and carry
a Wt allele where exons 4 and 5 ar eleted in addition to the w |l dtype
allele (Fig. 27). These aninmals served as the founders 5 for nouse |ine
Pbd2. 14.2 GENOIMRIING tASHAY RER tMAdSh i WYE dPBOA HRGri tRCR rassessytesd  of t he
Qoct genotypes of |ine Pbd2 the foll ow ng oligonucleotide prinmers were

desi gned: 10 Pri G Se fiHES e BiStdiid %ite SEQ D No Pbd2-1
GTCCGGTAAGGTGAGGAGAA (et intron 3 19 Pbd2-2

14. A screening method for biologically active compounds that
5 inhibit or promote glutaminyl cyclase activity in vivo
comprising steps of:

a) determining the effect of an already administered
test compound in an existing non-human animal model,
which is specific for the treatment of at least one

10 disease selected from Mild Cognitive Impairment,
Alzheimer's disease, neurodegeneration in Down
Syndrome, Familial Danish Dementia, Familial British
Dementia, rheumatoid arthritis, atherosclerosis,
restenosis, and pancreatitis;

15 b) compare the effect of the test compound in said
existing non-human animal model with the effect of
the glutaminyl cyclase gene disruption in the
glutaminyl cyclase knockout mice according to any
one of claims 1 to 9, and

20 c) select test compounds that in said existing non-
human animal model alleviate the specific disease
similar to the effect of the glutaminyl cyclase gene
disruption in the glutaminyl cyclase knockout mice

according to any one of claims 1 to 9.

25
15. The screening method of claim 14, wherein said existing
non-human animal model is selected from the group consisting
of PDAPP, Tg2576, APP23, TgCRND8, PSENimigev Or PSENimiseL,
PSAPP, APPpuyten, BRI-AB40 and BRI-AB42, JNPL3, TauUpscis,
30 Tauyssms, Talzgcew, rTg4510, Hiaw, TAPP and 3 x TgAD.

16. The screening method of claims 14 or 15, wherein the

effect of the test compounds is the lowering of the



TGATGIGTGCGTTTCAGAGA Qoct intron 5 20 Pbd2- W1 CCAGAGACATCCTGGTAAAACA Wt
exon 4 21 In a standard PCR reaction on 50 ng chronosomal DNA cont ai ni ng
prinmers Pbd2-1, Pbd2-2 and Pbd2-WI1, the wildtype allele can be detected as
an approx. 735 bp fragnent whereas if‘f targeted 15 knockout allele is
detected as an approx. 525 bp fragnent (s. Fig. 28). EXAMPLE 15
CHARACTERI ZATI ON OF M CE CARRYI NG A CONSTI TUTI VE KNOCK- QUT 20 MUTATION I N

THE QPCT GENmdti¢x def die prsofutihgt-ube 4gener ati gpcal:! g Knaok-4outa 3

ani mal s was successful, plasma of the wld-type, heterozygous and
homozygousPeRfi H8S- wi th respect to the genetic manipul ati on was anal yzed
and the enzymatic activity of Qoct was neasured. If the 25 strategy was
successful, then a significant |owering or depletion of Quct-activity was
expect €dl . TheheQuairenting tnyetiiod hef pdlasinm s wedmeyim reedid appil gt imgy a

met pbod, which is based on detection of formation of L-pGlu-beta-, |
nath hyl aiHE T8 L%Ib’ir?ﬁmarﬁl%l-b’e?as-%ﬁﬁr}sl he Rt HIPREBPLSEINg

of the apolipoprotein E knockout mouse model, the
thioglycollate-induced inflammation model in mice, the
collagen-induced arthritis model in rat and rat models of
restenosis.

10

18. The screening method of claims 14 or 17, wherein the

effect of the test compounds is the inhibition of the
chemotaxis of THP-1 cells or inhibition of the formation of
pGlu-MCP-1.

15



WO 2009/ 090190PCT/ EP2009/ 050387 114 Qoct in plasma (Cynis, H et al. 2006
Bi ochi m Bi ophys Acta 1764, 1618-1625). Briefly, the assay is based on
conversion of HGA NPNA to pGlu- PNA. The sanpl e consisted of 50 pM H d n- PNA
in 25nM MOPS, pH 7.0, 0.1nM N-Et hyl mal ei ni M de (NEM and enzyne solution 5
ina final volume of |Im. Subskpaicesand . bEM weee pre-incubated for 15m n at
30C. The sanpl e was centriSEQEEEQtIATNGOor 20mi n at 16. 000xg. The reaction
was started by addition of 100pl plasna sanple. The reaction mx was
further incubated at 30C and constantly shaken at 300rpmin a thernom xer
(Eppeqndos f prafiddengensy) . Test sanples were renoved at tinme points of 0, 5,
10, 15, 22, 30 and 45min. The reaction was i medi ately stopped by boiling
for 4mn. Test sanples were cooled on ice and stored at -20C. For analysis,
sanplasoyenguih MoBeEL PrakBENaNd BBt fduruaadTadn 4€ Fiir qBOimcanat 16, 000xg. Al l
HPLC neasurenents were 15 performed using a RP18 Li ChroCART HPLC- Cartri dge
and the HPLC system D- 7000 (Merck-Hitachi). Briefly, 20pl of the sanple
were jjRpectoed @adzagparated by increasing concentration of solvent A
(acetonitrile containing 0.1% TFA) from8%to 20%in solvent B (1120
containing 0.1% TFA). Qoct activity was quantified froma 20 standard curve
of p =3 ( Bubendorf, Switzerland) determ ned under assay
condi :ég?lls\lt%STﬁgfbaS)g%%acti vity depending on the genotype of the aninals is
depi ct16d> i rODB-gIr-@429. Caused by the conplete loss of a functional Qct
gene in the honmbzygous Qct knock-out animals, 25 no ct-activity can be
detected in plasma. In heterozygous aninmals, i.e., animals, which still
carry1epse istact allele of Qoct together with one functionally destroyed
allele, approximtely 60% of the activity in plasnma of wild-type aninmals is
still left. 30 The results thus proof, that: 1. The strategy to target the
Qct alzbel e asndapi&issdniniexanples 1 to 14 was successful and sufficient
to provoke a conplete loss of pct in these aninmals. 2. There is a
gene-dose dependency of Qpct-activity observed. Loss of one copy already
resul fygpi nqpartial loss of Qoct 35 activity. This observation is inportant
for fol Powi ng studies involving cross-breeding of these animals with other
ani ned2liedels of human di seases to proof attenpts to generate drugs
tar ge{}i 89 t activity. 3. Inportantly, an enzymatically active WO
2009/ S} 19 / EP2009/ 050387

<213> Artificial sequence

<220>

<223> Primer sequence

<400> 1

gtagctggga ttacaggaat gtgcc 25
<210> 2

<211> 25

<212> DNA

<213> artificial sequence

<220>

<223> Primer sequence

<400> 2

gtcctgaagt ttgagaacca ctggce 25
<210> 3

<211> 25 )
fage 1



115 QPCT is not necessary for devel opnment of viable pups and devel opnent of
ani mal s, which proofs that the pharnmacol ogical inhibition of Qoct does not
has obvi ous del eterious side effects. 5 In order to further characterize
the effects of the depletion of Quct on the function of hornonal regul ation
cascades, the concentrations ebtptioestpsioesore tand t hyroxi ne were determ ned
in serum from pbd2 m ce.

Test 64t#&t oR¥ 6, 17- dodecahydr ocycl opent a[ a] phenant hren-3- 10 one)is the
princhpal mRierisex) hepiane and a steroid hornone, which is primrily
secreted in the testes of nales and the ovaries of females. Testosterone is
al so secreted by the adrenal glands. Testosterone plays a key role in

heal t<P2 nd well-being as well as in sexual functioning. The rel ease of
sexual hornones 15 fromthe gonads is regul ated by the hypophyseal hornones
LH ar@2FSHPrilieer seduzase of these pituitary hornones, in turn, is stinulated
by th< 0fy PQt hal am ¢ hornone gonadotropi n-rel easi ng hornone (GhRH). GRH
(Gon@ag 1Rt H-dahsasighdadieemone) is secreted from parvicellularpgeurons in
the arcuate nucleus into 20 the nmedi an em nence. GhRH then enters the
hypophyseal portal system traveling in the long vein until reaching the
ant eﬁ% >pl‘d'tuitary, where it acts on gonadotropes to rel ease LH

(lutemizi ng hornone) and FSH (follicle stimulating hornone) back into the
bl ood stream LH and FSH both act on the gonads to 25 produce varying

ef f ec€42> i A¥t udi ng rel ease of sex hormones and keeping the gonadal
integbhiy. ;Byidikak G_gearle of events involving secretion of GiRH, pituitary
and gonadal hornones the so-call ed hypothal am c-pituitary-gonadal axis
(HPG axis is built. Simlar to other hornonal axes, there is a negative
feed-,3Q back regulation on the secretion of gonadotopes. GiRH is
N-termnally nodified by pQu and is therefore a substrate of Qoct. A
reduckidn ofitdreseqikoncéor mati on at the N-terminus of GhRH is intended to
result, in Qeactivati on of the hornone and, consequently, in disturbance of
t he Iﬁé @gcgca&ga aggug gd 35 testosterone concentrations. WQR

2009/ 090190PCT/ EP2009/ 050387 116 testosterone in serumof nmale mce was
deterni ned applying a conpetitive ELI SA nethod (IBL, Hanmburg, Germany,

Cat . &% RI§52631). The determ nations were perforned according to the

i nst ra¢id ong of the manufacturer. 5 The results show no difference in the
testosterone concentration between wild-type and QPCT knock-out m ce. Even
a t otdl2t o8¥Aof QPCT does not result in disturbance of the gonadal hornone,
provisgst hat+Phas apeehedigal inhibition of Qoct does not result in unwanted
side effects on the reproductive axis. 10 Thyroxine

(3,5, 3,5 -tetrai odothyronine, T1l) is a hornone, which is secreted by the
folligyhar cells of the thyroid gland. T1 plays a role in the control of
nmet abol'1'c processes. Thyroxine increases cardiac output, heart rate and the
basal<2@®t alpoimer $&queate and potenti ates brain devel opnment. The secretion of
the t oi d hornones thyroxin and triiodothyronine (T3) is regulated via

t he @Egﬁgélt‘?rgac&p&c%t#&-t hyroi d axis. The hypot hal anus senseg; | ow
circulating | evels of thyroid hornmone and responds by rel easing thyrotropin
rel easing hormone (TRH). The tripeptide 20 TRHis N-termnally nodified by
pd u<ah® i & therefore a substrate of Qoct. The TRH stinulates the pituitary
to producesyhyroid stinmulating hornone (TSH). The TSH, in turn, stinulates
t he th}llroi d to produce thyroid hornones. A reduction of the pGlu-fornmation
at tHélRet&inus of TRHis intended to result in 25 deactivation of the
hor mpes and, + HAR$LALERhiNe | N di sturbance of the HPT axis and deregul ated

t hyr oxi ne concentrati ons. :

<220>
<223> Primer sequence

<400> ©
tgtgggacat caatgagagg agag 24

e 2



The effect of depletion of Qct on the thyroxine concentration is depicted
in figure 31. The concentration of thyroxine in plasnma of the mce was
determ ned applying a conpetitive ELI SA 30 nethod (1BL, Hanburg, Germany,
Cat.-no. RE55261). The determ nations were perforned according to the
instructions of the manufact upes_.oodbe woestidd. sxt nply a slight but
statikfidcalZly not significant reduction of the T4 concentration in
hormz&g%gs 29onsti tutive 35 QPCT knock-out mce. In heterozygous mce, no

di fference of the thyroxine |evel was observed. The results suggest that a
parti«ah2f edngti on of Qpct does not influence the HPT-axis at all. Even a
WO 20Q9/ 09019O1BCT/ P2009/ 050387 117 total | oss of QPCT does not result in
di st (¥BAhcé BHTAR! PP hor mone, proving that phar macol ogi cal i nhibition
of Qct does not result in unwanted side effects. 5 EXAMPLE 16: TRANSWELL
CHEMOTAXI S ASSAY Human acute nonocytic | eukaema cell line THP-1 was
cul t U2é8Pin RPM 1640, 10 % FBS, in a humidified atnmosphere of 5% CO2 at
37C. <'£Q§>cm¢mraggél&nggsay was performed using 24-well 10 TransWell plates
with a pore size of 5 pm (Corning). 600 pl of chenpattractant solution were
appl i<é@0% o0 7t he | ower chanber. Serumfree RPM was applied as negative

cont rGRETERGRL 1TTIEF I IRt WRSY vest ed and resuspended in RPM 16404 n a
concentration of 1*106 cells / 100 pl and applied in 100 pl aliquots to the
upper<216>clganber. Cells were allowed to mgrate towards the chenpattractant
for 2 glat 7C. Subsequently, cells fromthe upper chanber were discarded
and t%&T ofér chamber was mxed with 50 pl 70 mM EDTA in PBS and i ncubated
for Bipnpak 37C to release cells attached to the menbrane. Afterwards,

m gr at.ed ‘e
<213> Artificial sequence

<220>

<223> Primer sequence

<400> 8

gtgctacttc catttgtcac gtcc 24
<210> 9

<211> 25

<212> DNA

<213> Artificial sequence

<220>

<223> Primer seguence

<400> 9

ccagtcatag ccgaatagcc tctcc 25
<210> 10

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Primer sequence

<400> 10

Page 3



20 cells were counted using a cell counter system (Scharfe System

Reutl i ngen). The chenotactic i ndex was cal cul ated by dividing cells
mgrated to the stimulus fromcells mgrated to the negative control. 25
118 CLAI M5 1. A nouse conprising cells containing a DNA gl utam nyl

cycl ase 5gene carrying a knockgpuipoputwat 5. twherein the gl utam nyl cycl ase
gene aggagiftggtirgggetagtogi ecaggnd t he gl utam nyl cycl ase gene has tde SEQ ID
No. 22. 2. The nouse of claim1l, wherein the nouse is heterozygous or
hom;yé\%ﬁys qhor the glutam nyl cyclase gene. 3. The nouse of any of clainms 1
or 2, erein the glutam nyl cyclase gene is a reconbi nant gene. 4. The
mouse2di>ady of clains 1 to 3, wherein the glutam nyl 20cycl ase gene
carrigs,a %ﬁpsti tutive or a conditional knock- out rnutation. 5. The nouse
of any of clains 1 to 4, for use in determning effects of target conpounds
on glatzm aytitiydhhseqneiat ed 25di sorders and/ or di seases. 6. The nouse of
any of clains 1 to 5 wherein the nouse carries at |east one gl utam nyl
cyclase allele where exons 4 and 5 are deleted. 30 119 S. The nouse of

cl ai meBoor 7, wherein the nouse is of the nmouse |ine Pbd2. 9. The nouse
according to any of clains 6 to 8, wherein the 5glutam nyl cyclase gene is
oper &8 | iPRKBY £8AUENCPssue- specific pronoter.

<400> 11
gccttctaag tagctgggat tacagg 26

<210> 12
<211> 26
<212> DNA

<213> Artificial sequence

<220>

<223> Primer sequence

<400> 12

gagacccata cagagaatct tgaggg 26
<210> 13

<211> 27

<212> DNA

<213> Artificial sequence

<220>
<223> Primer sequence

<400> 13
gggctttctc agtgttctta acattce 27

<210> 14
<211> 25
<212> DNA

«213> Artificial sequence

<220>



10. A cell or cell line carrying a knock-out mutation in the glutam nyl

cycl ase gene having SEG I D No. 22, wherein said 10cell or cell line is
obtained fromthe nouse according to any of claims 1 to 9. 11. Use of the
nouse, according to any of clains 1 to 9 or the 15cell according to claim
10 or 11, for the provision oferudebs wi.tteglutam nyl cycl ase expression in
speci€pg>t iPssuar aegllepceparticular points in tinme only. 12. A nethod for
analxab&g HQe di sease-rel at ed physi ol ogi cal 20function of gl utam nyl

cycl ageabalidl Vit tiMdh ¢ rd to pyroglutamate-peptide formatiopms conprising
(a) evaluating the pyrogl utanmate-peptide concentration and effects of

alre%gX adgjnistered test agents on the phenotype of the nouse of any of
cl ai >t 5259, and (b) selecting a test agent which inhibits or pronotes
pyr oghutanaye- peptide activity. 13. A screening nethod for biologically
active agents that 30inhibit or pronote glutam nyl cyclase production in
vi vo,<2é&npPN4i ng: a) evaluating the effects of already adm nistered test

agents180 the; pheRptypgefe the nouse of any of claims 1 to 9, and 120 b)
selecting a test agent which inhibits or pronotes glutam nyl cyclase

activity. 14. A screening nethod for biologically active conpounds that
5inht?5g or pronote glutam nyl cyclase activity in vivo conprising steps

of : a Eternining the effect of an already adm nistered test conmpound in

an exdi23s# n@rivoar segeemcani mal nodel, which is specific for the treatnent of

at 1 eggp, ong

agagaatgac cactgctgag gatg 24

<210> 16
<211> 24
<212> DNA

<213> Artificial sequence

<220>

<223> Primer seguence

<400> 16

tgtgggacat caatgagagg agag 24
<210> 17

<211> 27

<212> DNA

<213> Artificial sequence

<220>

<223> Primer seqguence

<400> 17

ttggtaagca tccagttact aaagagc 27
<210> 18

<21l> 25

<212> DNA

<213> aArtificial sequence

fage s



10di sease selected fromMId Cognitive Inpairnment, Al zheinmer's disease,
neur odegeneration in Down Syndrome, Fam lial Danish Denentia, Famli al
British Denmentia, rheumatoid arthritis, atherosclerosis, restenosis, and
pancreatitis; 15b) conpare the effect of the test conpound in said existing
non- human ani mal nodel w th tlpepeafobeetwookTihexgl utam nyl cycl ase gene
disrggtlon in the glutam nyl cyclase knockout mce according to any one of
cl ai ®to 9, and 20c) sel ect test conmpounds that in said existing non-
human,agl makippdebq@ihkevi ate the specific disease simlar to the effect of
t he gl utam nyl cyé?ase gene disruption in the glutam nyl cyclase knockout
m ce <48%or d8n any one of claims 1 to 9. 25 15. The screening. nmet hod of
cl ai ACIATCAGRES B't§ﬁ¥8 498t i ng non- human ani mal nodel is sel ect®d fromthe
group consi sting of PDAPP, Tg2576, APP23, TgCRND8, PSEN31, 134EN or
PSENK@®EL, 1IPSAPP, APPDut chr BRI - A1340 and BRI -A1342, JNPL3, TaupH's, -
30Taugg1 Eﬁupt406t4, r Tg4510, H hu, TAPP and 3 x TgAD. 16. The screening
net ho ainms 14 or 15, wherein the effect of the test conpounds is the
Iomenﬂmg>obNAhe 121 formati on of the [ pGlu3] Af 33-40/42/43 or

[ pAQ uil ] AP11- 4 eptides. 17. The screeni ng nethod of claim 14,

wher &2h saﬁ&tbeé? ﬁ@qg -human ani mal nodel is selected fromthe group
consi sting of the apolipoprotein E knockout nmouse nodel, the

t hi ogl.ycol | at e-i nduced i nflammuati on nodel in mce, the collagen-induced
arthﬁ?g?% nodel in rat and rat nodels of restenosis. 10

<223> Primer sequence

<400> 19

gtccggtaag gtgaggagaa 20
<210> 20

<211> 20

<212> DNA

<213> aArtificial sequence

<220>

<223> Primer sequence

<400> 20

tgatgtgtgc gtttcagaga 20
<210> 21

<211> 22

<212> DNA

<213> Artificial sequence

<220>

<223> Primer sequence

<400> 21

ccagagacat cctggtaaaa ca 22
<210> 22

<211> 38338

<212> DNA

fage 6



18. The screening nethod of clainms 14 or 17, wherein the effect of the test
conpounds is the inhibition of the chenotaxis of THP-1 cells or inhibition
of the formation of pGlu-MCP-1. 15 PBD 00067 _Wo. 5T25. t xt SEQUENCE

LI STI NG <110> Probi odrug AG <120> MOUSE MODELS CARRYI NG A KNOCK- QUT

MJUTATI ON OF THE QPCT- GENE <136ep RBDsDM05TMN 450> US 61/ 020, 784 <151>
2008-<@13 4 Mag GHISCPBIs<170> PatentIn version 3.1 <210> 1 <211> 25 <212> DNA
<213> Artificial sequence <220> <223> Priner sequence <400> 1 gtagctggga
ttacaggaat gtgcc25 <210> 2

égggzctigc ttccttecett ccttecttee ttocttoctt ctttcctcce tctectetecc 60
tceccteeccte cettectttt ttccctccat cctttctaaa ataaggaagt gttttctttg 120
tcccttggat tccaaagctc ctgtcaccca gggaagctca gtcccctgge ttccaggcett 180
ctgggagagg actgctggtt tgtgcttgcg ctgcacagcg ggaggccaca ggaggcgact 240
gggaggcaga cacaatcaat ccaggggtgg agaagggaga aggcagggcg accggcgcgc 300
gttcccggge tcgtgaccgce tggcggecce gggaatccac gcccacacac tcttgcagag 360
atggcaggca gcgaagacaa gctcgtcgtg ggcactctcc acctgctgct actgcaggcg 420
accgtcctgt ctctgacagce tgggaatctg agtctggtct ccgctgectg gacgcaggag 480
aaggtgaggg gccactgctg cgttctgaac ttgagtggcg ttggagggtg ccaggacctg 540
ggactcggcce accttctctt ggactagcgg gaggcgggtc agggatgctg tccccctget 600
caggcaccaa gtcctcaccc aactcctggg aaccagtgct ctctctccca agtctgggeg 660
ccagggctgg tctcggggct gcgctagtgt cgcctggggg ctgagtgatg tcacccgect 720
ccctttggct gcgctetgat ggggggtogt ggtgctgctg ataggcacag gaagtatgtc 780
tcgctggcetg tgcaagaaca gggacatggg ggcgccactg cccaatcgeg acccgegage 840
tccgegetce ccgegettge tectggatge ctagaccgey cgtctagggg tgtccccatg 900
gatgcccaac tacagcattc aaggatgcta catggggatt gagttitcctg gtggactcag 960
cgccagcata ttgttaaata tttaaaagag acgcacgctg ttttcagata aatgaattca 1020
gttgtggaaa tctcatttaa ggaattcaga ataaaaatga tttgccaagt cgctttgtgt 1080
gaagaaaata gattcacaat tacttccttt tcttgtgcaa cagttttgaa atcatgaaat 1140
tgctacgagc tgtgcaaacg atgacggttt gggaataaaa tggcatgtct ttaaagaaac 1200
taggaaaagc atcagtctag ggatagaacc ttgcgcgcga cattactaaa caagtacttt 1260
aagtgctttt agcgtttctg cacgtccaac atgctcattc ccagctagtt tcatgcacta 1320
gtgtatgaat ggcccacttc aggtgagctc aagcatagcc aacttctttt caggactcac 1380
aacagatccc catttacacg gggagtctgyg agtgggtgtg ggaagtcaac accgtacaac 1440
ttcagtctct ccagaatgag tcaaacggct tcccccagag getgggaagt acttctcaag 1500
ccgttgagta gaatcctctc ctgcactgct ttggggtacc tgggaggtca agcaccgaga 1560
agggacttta aaaccagagt gtcgcacaag gccaaatgtg tctttaaaac gtattitaat 1620
ggatgagaaa tattgtcagg ggctgagctc cactcggggt ctgtctgtgg gcaggtgtag 1680
cagccagggt tgtttctagg tgggagaaca tcctgtgatt ctttttcttt aagagaaaat 1740
ttccttttta ttgattcgte tctcatatat taatccctac tgcaatttcc cctcectctg 1800
ctcccctett tecttctgga ttcactctet cctccaccte tectcagaaa agagcaggee 1860
tcctagggat gttaaccaaa caggacgtta caacctacat taggaccagg cacacattct 1920

o 7



<211> 25 <212> DNA <213> artificial sequence <220> <223> Priner sequence
<400> 2 gtcctgaagt ttgagaacca ctggc25 <210> 3 <211> 25

PBD 00067 _WO. ST25. t xt <212> DNA <213> artificial sequence <220> <223>
Primer sequence <400> 3 gctaactttg ctaagtcagg aggcc25 <210> 4 <211> 25
<212> DNA

PBD_00067_WO0.ST25. txt

cacatcaagg ctggatgagg caacccagta atgggaagag ggtcccaaag tcaggcaaaa 1980
gaatcggaga cagctcctgc tcccactgtt aggaatcccc caagaacacc aggctacata 2040
actgtaacat gtatgtggag gacccaggtc agactcctac aggctctctg atctctgaac 2100
ccacttgagt tctggtcagt tgattccgag agccgtgttc ttgtggtatt ctcaaaatgt 2160
tttaaactaa attcagattt aacttttgag aaatgtctta agaagcttct aacagttgtt 2220
ttactgggaa aacaaacact ctcaaatggc aggagtggat gacagtcagc catgacgtct 2280
ctcagttaat agctcctcct gctttcctag ttttaaaggt ctccataaag tcttctgggc 2340
agccagctac actttacagc ctgggagatg aatcagccta tactcaaatg tgccttcctg 2400
ccttttatga catttgactg ttttaatcag acaaggcaca gtcttggtat actggtctgc 2460
caacaggaga agtacgataa cgdagagcatc agttctgaaa tccattgcct tgtttagaaa 2520
tagaggcgtg tctcttggag tagcatccgc tgtgtgaaag cacatcgacc ctagtttatg 2580
gctgtcgtta gaaccacgct tcagtgattc gaagcctaga aaccattcat agaaacaaat 2640
gactacacct ccgacggggc ccacgtatgt gtgtatgcgg aagggtgttg acacgaaggt 2700
accagttgtc agatagatag aaccacgtca tgtgaatctc acggtaccgg gaaagagtot 2760
gcttatcgece atttataaag tggaaatcag gaaccctggt cttcccagtt ctgctttatt 2820
ttctcctttt ttaaaggtag ataaatgctg gctggctgag gaagagtgtc tagctagccc 2880
aggagtgtgt gcgtgtgtgc gtgtgtgcgt gtgtgtgtogt gcgcgtgtgt gtgaatgtat 2940
gtgtgggatc tatatgttag ggggcatcat ttcttcccac acccccagat tcctagttcec 3000
ttggcctctc tcttccagtt ttcgagttat cattatgctg aaagttgatc tgtatctggt 3060
tactgtccct gatctatcta tctatctatc tatctatcta tctatctatc tatctatcta 3120
tctatctatt tatttctggt ttagtggtat ttatttattt atttctggtt tagtggtttt 3180
gttttttctt tcccttttaa atctcattaa atcagctctc ctttagatga gaactgctgg 3240
ctgtcgagac gctgcctaca tttgaaaagg aatgttagct ccgctgagct aaacagtgca 3300
gcttcacttg tcatgttcta gttgtgaagg tagcatgtac tcactctaga aaggttcaaa 3360
aacacagaaC aatgtattct aaaaaaaaaa aagaaaaaaa aaaggacacc acctacaatc 3420
tcattttcca gataattcct tttaatcttt ttgggtcttc ttattgccag ctcccatgta 3480
cacacacaca cacacacaca Cacacacaca cacacacacg cacacacaca gatttataga 3540
gatgagtaat gatgattgaa tttcagcttg ttatagggac tgaatgagtt tgtaaaacag 3600
cacagtgtct agcttacatt gaaggctcaa tgcatgttaa ttattgaaaa ataagcatac 3660
attagtattt tgcagtcagc actgcacatg cagtttaata tgattaatag tgtcatgaat 3720
cgtaccataa gccggtaaaa tcccctgaaa acataacttg atgattgcaa aactatcatc 3780
agttgatgat ttatttcttc atcttgaaca ttgaggttgc tagcaaatct ctatcaataa 3840
agctgagaca taatgtattt tgacgggaag aattttccct tactgtgaca atgttgaagg 3900
aggaaaattc aagtcgcatt agaggtggag aggcaaagac tcggaagggc ccaggagagc 3960
tgtaaacagt tatctgcgac acttcacgtt tctctggttt tgaaccactt gctattccaa 4020
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<213> artificial sequence <220> <223> Prinmer sequence <400> 4 tctacctcac
accagt caga at ggc25 <210> 5 <211> 24 <212> DNA <213> artificial sequence
<220> <223> Primer sequence <400> 5 gtgctacttc catttgtcac gtcc24 <210> 6
<211> 24 <212> DNA <213> artificial sequence PBD 00067 WO ST25.txt <210> 7

PBD_00067_WO0.ST25. txt

atgtccataa gatttccccce tectctacctc actcggccac ccagccacct gtgagtggaa 4080
agaggcgact ccaaggcagg gacagagagg ctcgtgaaga cctctagggc aggaaaaaad 4140
Cccaactgtca tcttgaaatc tctactatcc tgtggtttag aaacagtgac acccatttta 4200
cacattaggg cacttttctt cgacgtaact gttcaatgag gagctggggt ctctctgttg 4260
tacttcccte tcggccctga tttttaagaa gcgagcctgt gtgcactgga cagaaaggca 4320
gaatcttggt cagtttccag ttcctttccg tgctgtgtct gtgctgacca tggcttgcac 4380
acatttcagt cactgctggc agagtggaac ttgcaggtag caaaagttta atctgaggac 44490
tgtctggaat gttcataaag gaagcttgga tcagctgcat ttctgcaatg gtctccctta 4500
caggcagtgt tttggcctct ccatttcgcc tgcaggcaag gccgectctc caaattatgt 4560
aatgaaatgc ctgggccgtg tgattagaca ggagatgctt cagogatatct ggttcacagg 4620
tttgtttcag ctgattcttg tcacctggag cagacttcat tgtcctttct gcctggatga 4680
aaagacaagg ccctgggtgt aacagagcct tgttcctctg agaacgttgg caccagcaga 4740
aatggctgaa gtacctttca attgaaatgc acctagagca agcctgggat ttacacttge 4800
ccttggcctt tattctgttt tgttttgttt gtttggggec agagtatcac tataccgeccg 4860
tgttgtaggg ctggagctca ctgtgtagat caggctgget tcagacttgg ggtgattctc 4920
ctgtctctgg ctctcatgtg ctgggaatca cgggtgtgca cccccacatt cagcttcggce 4980
actgttttgy ggccaggtac tgtcctctga gcctatcctt cccacttctg tcttactcat 5040
tcctgttttg aaacaggttt tgtacttagt gagttctgag agtaagagcc ctttacttca 5100
gtggttttca accttcctaa ggctgtgacc ccttgatacc gttcctcatg tcgtggtgac 5160
tcccaagcat aaaattattt tcgtcactac ttcataactg taattttcct tttattttga 5220
gttgtaattc agatatctga tacacagatg atcttaggtg acccctttga aaaggtcaat 5280
tgaacctcca gactggggtc gagacccagg ttgagaaaca ctgcctgtaa attgactgta 5340
tgctgtttag catatgcaag ctgtatgctt ttctgtaaga gctttttgtg aatcaagggg 5400
cttgtacaac tgaatttagt tgctctgctt tcaatactct tcactaacta ggaagtttga 5460
tatttctgtg atttttcaga tctggtccag aaagaagggg gaaggaactc tttattgaag 5520
tgcacttatg aaatcaacca tttttgttgt ttagctcagg aggttgaaga gcagatagtg 5580
cttattcaaa agcacccgtyg ggtctgtccg cttcactcac tatcagctac taagaattta 5640
aaaaatgtcc tttgacatgt tgctttcaga cacagtatct tttgctgctg gagactgtga 5700
tacttagata ccgttcacca atttgacaag actctagaac cacccaggag acagccctct 5760
gtgcacgtct gtgggagact ttctagattg ggttaaagag gtgggaagac acatcctcca 5820
cgtgcatagg ctagagtctc agttaagatg gctaaatggc aaaaagaagc aaggtagcag 5880
cagccatcge tctctgectc cgaactgaac tgcgctgtac catgagcagce tgtctcattt 5940
atcgctgtgc tctatgcaca tttactttgt atcaaagagc cttcaaactg agcaaactga 6000
acctttcctt tcttaaactg tgattgaatg gcactgtgcc ccagcaactt gggaaggagce 6060
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<211> 27 <212> DNA <213> Artificial sequence <220> <223> Priner sequence
<400> 7 ctacttccat ttgtcacgtc ctgcacg27 <210> 8 <211> 24 <212> DNA <213>

Wlo

Artificial sequence <220> <223> Priner sequence <400> 8 gtgctacttc

catttgtcac gtcc24 <210> 9 <211> 25 <212> DNA <213> Artificial sequence

<220> PBD_00067_W0.ST25. txt
aaatagagag atcatgaagg ctgatttatt tcattcttgc ttttctgaag tcttgtgaga 6120
ttttccaagt tcctgtaaag catgtattta aacatgactt tgatttcctt tcactgtgga 6180
catgaagaac acagcccaca gtgactaggt tggctctggg gttggcacag tgggcagcga 6240
ataggaaaga agccatcgat aaaatagttg tgtaagagag aatagtaatt catttattta 6300
tgcagtgtgg dgtagaaggag gaatatgaaa gggtatcttg ctggagtcag ttccttccta 6360
caatagagaa tctggggatt ggactcgggc ttcaacagtg aataccttta accacagaga 6420
cacatcgtgc ccctgaaaca gattctgaca tgaaagttta catctgtcat cattactgcc 6480
ctgggccaag ccaaggagct gtcagttgtc tgaagcattg tgcagaagtt taaaagaagc 6540
aaagctgaca agcacggaac taggatgtcc ccttgcaaca ggcagccacc tggaaccagg 6600
ccatgtcttg tcceccttgtg ccaggcagcec acatgtctct tctggectttt atgecctgtct 6660
atgaattcag ctagtttagt atttacgaag acagaggtgt gactcttacg cctttattat 6720
ataaacacgt ttatagctgc agaagtttta gaaaaatact tagtttgtct ctccattact 6780
tgaaattacc cagtagttac caggtgctca atgtgagcca cacccctgcg actctggaga 6840
gaggcaggaa actgggagag ggttctagct ttcctggage tcctgactta tgtgaaatac 6900
agatatgaaa cacgacaccc gagaacagtc ttcaggcagg agcatgaaga agacaggcat 6960
tttgaaggtg aagagacacg gaaacagttt gaaggdacaga ctgcattgct gaggtgccga 7020
gaccctaagg agtagatctc aaagtggctg ggtgctaggg tgaccaaagt gggatgaatg 7080
ggagcctgca gctcatgetg gggcttgcaa ggcagtggga gagacacaca ggcatttgtt 7140
gggaaggaac aaccatgcag atcccccttt ctgcccccat ttactttggc tcacacttca 7200
cacttrtttc ccctttagat tcagctttct tgttcaaatg ctgtttaatt ctaacacgag 7260
gacttagaca ttggaggcac taaggaattt aaaggcttca gtagaagttt gtttagaaaa 7320
tatatctatc tgttgcatag ggctacataa ggccatttcc atgcaagtgt gtaatatact 7380
ttaagcatag tctacctccg gtgctctgca agtgttcctc ccagacacac tcagagaccc 7440
ctttgctcct ccttcctece cecctecccct gtttggttte cactctcatg gcatgtcatc 7500
ttatgagttt atgtctatgg tttctagtca aatctgtttt tccccaggga acgacatttg 7560
aaagaaatat acttcttaat gtgtgtctgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt 7620
ctgtgtgtgt gtatgtatgt atgtatgtat gtgtgtgtgt gtgtgtgtgt gtgtgtacca 7680
ttgcacctat gtggagctca gaggacaaca tgcaggagat ggttttctcc ttccaccatg 7740
tgggttcaag ggattgaact taggttccca agacttgaca gtagctgtct gtacccattg 7800
tgtcatctcc ctgtccccta gaaatatget ttaaagtgta ttattcccaa gaacaaaacc 7860
aaaaccttaa tacattcagt tacggtatca atattcaaga gtaaagcaga agtgaggaaa 7920
tgaagcagaa cactgaatgc tgggttagaa atcctcctgc cgggatttac tttacgtatt 7980
tacctttaac tctctaccgt tggtttttac agacctcagt tcccattggt ggaggtcagg 8040
gggttggact agttatctct aagtgacata tccaggtctc acattctata ctagtttact 8100
gtacgatggg ggaaattagc accctgggta tttgctaggc aatctgtatg ctttggctcg 8160



<223> Prinmer sequence <400> 9 ccagtcatag ccgaatagcc tctcc25 <210> 10 <211>
25 <212> DNA <213> Artificial sequence <220> <223> Prinmer sequence <400> 10
P8D _00067_WD. ST25.txt aggagttggt gggttagtga gcagg25 <210> 11 <211> 26 <212>
DNA <213> Artificial sequence <220> <223> Prinmer sequence <400> 11
gccttctaag tagctgggat tacagg2ees2ids7 wd.s2d5lxx26 <212> DNA <213> Artificia
sequence <220> <223> Prinmer sequence <400> 12 %agacccata cagagaat ct

Qﬂg&ll

tgagdﬁ@@gtCCta agtaccttcg ggtacadgta ctatcacctc catttitlcag acaaggaaat 220
ggagccttga taaggttaag taacatagcc agagttactg ctagtggtygg gtgctaagtt 8280
gaaaggctgt atctgatcca atagcctgtyg ctctttgcat gataaacact ggagagaaac 8340
actgcgttat ttcaaagtct agagggatct aagcaacgag gcagcagcag tcagtatttc 8400
tacagtgttt cattagccgt gtgggtggtt catgtggagt gaattacctg catgattatt 8460
taatgtatcc agtaaacact aatcctggaa ggaactgcag gatgggcgga gtctcccaat 8520
ttctgttttg cattccaaag aatgtcccta ccaccgttct cctcattctc cttagggaag 8580
aactggtttyg agcaaccatt catttccctt tgagcagaag tgccacaatc cctaggagtg 8640
tctgatgaac ttgtaatgaa tggctgattc atcattttgg gtgtcctaag acaagttcag 8700
catgtgtaag gtcatattca ggatacacat ttgaacatta ggtctactga gcttttaaag 8760
ttttatttta atatgtaaat gtactaaaga gtattaaaac cttaatagac tataagataa 8820
ttaggttgat gatggaaaag agttcctatt tagccagctt tacaattgtc agactcacat 8880
tgagaggggc atcattcatc ccgggtacac actgatagaa attgagggcc aggaagaagg 8940
ctcagtgcgt aaaagtgctt gctgtgcaaa catgaggaca tgagtttgaa ccctcagaat 9000
ccatgcaaga gccaggcaga gtgtgagaga tgagagattg agacaggaaa agccccaaag 9060
tgtgtaggca tcgagcctgg tatcattttg tttttaaggc ctgtttttat tttatattat 9120
gtatatcctc cttaggctta ctatggctgg gatgaaacat catgaccaaa gcagcttggg 9180
gagdgaggaa agggtttatt taagcttata ctttcaggtg acagtccatc actgagggat 9240
agtcagggca ggaacttaaa catdggcagga gctgatgcag aggccttgga gggatdactdc 9300
ttactggctc gctccttgtg gecttgctcag cctgectttect tatagaacct agaaccacca 9360
gcaaaaggdat ggcaccacct ataataggct gggcccttcc ccagcaatcc ctaattacaa 9420
aaatgtcctg caggcttgcc tacagcctga tcttgtggag gcattttccc agttgggggg 9480
gttcctcctc tcagataact ctagcttgtg tcaagttgac ataaaatcag ccagcacccc 9540
agcacttggg aggcagaggc aggtagattt ctgagttcga ggccagcctg gtctacagag 9600
tgagttccag gacagccagg gctacacaga gaaaccctgt ctcgaaaaac aaacaacaac 9660
aacaacaaca acaaaatcag ccagcacaat gtatgtgtgt gcattctgtc tgcatgtatg 9720
cctgtaccat tagtgtgcct gatacataca gaaaccagaa gaaggcattg ggtcctgcca 9780
gaactgaagg tttagacdct tataagccac catataggtg ctgggaatta aaaccttgtc 9840
ttctataaga gcagccagtg ctcttctctt cagccccaag aatgaaattt aaaatattct 9900
agtatctaca ttaagaggtt aaggttggaa ttaattttaa caaatatttc acttatagca 9960
tagtaaaaac tgtttcatca catacccaga gaaatataaa tgacataatt ctatttttat 10020
aaaaaggtct ttaaaagtga tgtattttcc agatgtggtg gtacacgctt ttaatcccag 10080
agcttggtag atggaggcca gectggtcta cataatgcac tccagatcag ccaaggacac 10140
acagtgagac attgtctcaa aaaacaaaaa caaaaacaaa aacaaaaaca aatccaaacg 10200



<210> 13 <211> 27 <212> DNA <213> Artificial sequence <220> <223> Pri ner
sequence <400> 13 gggctttctc agtgttctta acattcc27 <210> 14 <211> 25 <212>
DNA <213> Artificial sequence <220> PBD 00067 W5T25.txt <223> Priner
sequence <400> 14 tctatcattg attctcagga tgcgg25 <210> 15 <211> 24 <212> DNA
<213> artificial sequence <228pp_<2887 wer sy, tgequence <400> 15 agagaat gac
cact geEeRRACgRtayteRal@sa 16gequtgafagcazagst DAt tttctac trttcaagte 10260

ttaatagtca
gagaactggc
ctgccttgec
TTtctttgct
tgttatgttg
aacccaatta
ctagattggy
cggtttctec
Ccttcttcttc
cttcttectce
cctcttectce
cctettectce
cctcttectce
cctcctectce
ctcacctttt
aagcaggttt
ggagaatgga
tgtgtagtcc
tactctgtat
tgtgtgtatg
ctcttcttac
tgctcatcca
aaaacaatta
catactttca
ttttatagtt
tttttttgtt
ggctgtcctg
tctgcctecc
tttaaagcca
agtacttttt
tcagcaagtt
gctgatagaa
cagagttcac

taaagttctg

caaatggctc
tgacgtcatg
gttctgaagt
gtcttcagct
ttgttgttat
tgcctggcaa
cagatctact
aggccatgty
Ttcrtcttct
ttcctettee
ttcctettec
ttcctcttcc
ttcctectee
ctcctectet
gctccacett
acaggaaatc
cttaacatca
aggctggegce
agttgttatt
tgtgtgtata
accatgtagy
ctgagccatt
ttcagaaaat
attttgtttt
gagcccttta
tttttttttg
gaactcactt
aagtgctgog
ctaatcacaa
atttgatcac
gcagaaggca
cgatatccty
acctaaaggt

agtcatgtat

gtagtctcct
gcgtctgceac
gcctctctgce
ttttaaatat
gttgttgttt
tgaaaacaaa
gctacactac
cttctgctct
TCTLCTCtt
tcttectett
tcttcctctt
tcttcctctt
tcctectect
gcatcctctc
cccatcatca
acctgagtgc
aatataatta
tgaacttgta
aattttttaa
ccttggtgta
tcccagagat
tcaccagccc
ttatctgaag
tcaaacaagc
Ccctcatatga
ttgttgtttt
tgtagaccag
attaaaggcg
atgtaccatg
agaaccacca
ctagcatttc
gatcgcccag
tttaaatact

aacattatct

gtactggaca
atggcagctg
ctgttataaa
tacattttct
tgacataggg
actcaattaa
catcttccac
gcttttctte
cttcttcttc
cctcttecte
cctcttectce
cctcttecte
cctecctecte
cctcttccat
gctcttcttt
tgactcattce
gctccagggc
attttcatgc
attacgtgtg
tgtgtggagg
agaactcagc
agaactgtta
ttacaccagt
tgccaaaatc
cataaacctt
ttttgagaca
ggtggccteg
tgcgccacca
ctaagtctta
ccaaccagca
tgaaatgtgg
aagctattct
ttgctttccc

cactacacac

glzgggjl

gtgcagatct
gaggtcttgc
acagctctac
tcagataata
ttctattgcg
tatgattaca
atgagacccc
ttcttcttct
ttcttcttct
ttcctettece
ttcctettece
Ttcctcttcc
ctcctectec
tttctecttc
attttacaaa
ctggttygaa
tctccacaac
ctctgecctec
tgtgtgtgtg
acaatttgct
tcttcaaact
tttttaaacc
tgtgtgactt
tagacatttc
ctcctttatt
ggatttctct
aactcagaaa
tgcccggeta
aacacataca
catttgaatt
caaaacgact
gctcggcagg
ttgagggatg
taccagaggt

agaacaacta
ttaggcctec
tgacagtgtyg
atctcaaaat
gtaaatctcc
tgctgtgagc
gtagaacttg
tcrtcttctt
TCttcttctt
tcttcctett
tcttcctctt
tCttcctett
tcctectect
tctcectecc
ttaaggtggg
gacactccca
agggttcctc
tcagtgttgg
tgtgtgtgtg
agagtcagtt
tgttggcaag
tcagttttac
accatgaaag
aaggggacaa
ttgaagtttt
gtatagccct
tatacctgcc
ttttgaagtt
attggagcta
cttcatctct
tgagaccatt
tgaggaagaa
agatggtggc

daCCaagaaa

10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300



<213> Artificial sequence <220> <223> Prinmer sequence <400> 16 tgtgggacat
caat gagagg agag <210> 17 <211> 27 <212> DNA <213> Artificial sequence <220>
<223> Priner sequence <400> 17 ttggtaagca tccagttact aaagagc <210> 18 <211>
25 <212> DNA <213> Artificial sequence PBD_00067_WD. ST25. t xt <220> <223>
Primer sequence <400> 18 gcaabegdiopei twdattHcagtt aagg2s

gacatacacc
agtttatgtt
aggccccaat
ccctagaatc
gtgagtcacc
caatgattag
aacatggtgg
ttggaaaaac
tatttccagg
tataagatgg
cctctcaatg
aggaccggcec
acattggcaa
ctcttatttt
tggctttrtt
tgagtttagc
tatctggatt
acacacacac
ctaatccttc
aagtctatat
ttccatgatt
gtgatttctg
tcagtccact
ggggacaagg
tcaaagcatt
gaaacattga
ggagggggag
ctcccttect
Cctacaaccca
gttccttgty
tatccatcct
aatgctacat
ttaatttatt

aatcactaga

tgagagtaag
tatgtgtgac
cttggtcact
caaacttcaa
gaactgtcag
cttctgtcta
attttacaga
tactcattgt
tttattgatt
gctagacttt
tctgettttt
tctcaaagcc
ctactgctgt
tctactgtgt
tagcectectt
taactgttct
tgtgaatgga
tcaccccagt
ccactgctag
ttcatctctg
ctcatatgtc
ccctttecte
tgcccaggea
accttcagta
agaaccaatc
ggaatggtga
gaggaaaagg
tcttttcettt
ggctggccta
tttgattcte
ggatggtcaa
tcctatccca
tgcagttatg
gatttgagag

tgtctatttt
atcattgtcc
tcaaggacac
cagcttttca
ccrttttect
cagttgagct
caaggatgtt
tattatctygt
ttaccactgc
gaatttcttt
tccaaactaa
tcttcctaaa
gtctagagag
agctctgecc
cttcccatct
gtgctcccga
agacagacag
taattttaaa
caaacactcc
ctaccccaac
agtgggectt
tctcccaatc
ttggctgttg
tttyggacaca
cccaacaaag
tgaggaggag
gggaggatga
ctttttattc
gaacttacca
tcaggatgta
ctttcggaca
atatacttat
tgtgttatag

aaattagatc

gagttgattg
tgactatagc
attcctaget
cagtgcttgc
cttgagggaa
tctcagacat
taacaatgta
aatttattta
tgtttggagg
gtcaatctgce
tctcattcaa
tattctactt
acctgcatgc
tgcaagtgta
gaatagctcc
caggtcgcac
acagacagac
tgccttgact
tctcctgtac
acatttggag
tgggtctggt
tctagtctgg
gctctttatt
cagatttccg

ctctaacaaa

gggaaggaag
tggtggtggc
atatatgttt
tgtagcccag
gggttgcagt
gcacataata
ttaaagagat
cagtttgaac

aaggataaat

Q@p_ 13

ctacacattt
agcaataatt
tactaaccat
ttagcagttc
attgttttct
ctactttgac
tttagctgca
gatattgtaa
acagtgatgt
ctgagcaaca
gggggagctt
gctcaacttc
ttcatctatg
cccttgacag
tcagatgagg
atgtgcaccc
agacagacag
agcttaatgg
tcctgagtta
aagtgggtca
ctttcctcett
gcaaatctaa
gattgatcaa
atttgagggg
cttggttatt
aagaggaagg
caacttccat
ttttgataaa
ggtagcctta
tgtgaattac
gcacatttag
ccaaggctta
tcagttctac

gaagctaata

actgaaaatc
caggatacta
tttttgtgac
cagggcaagt
tggctgaggce
ccacagtaaa
atgaaagttt
gttctatttt
agagggaagc
cgaaatctta
gggaaggaat
Cctagacaaaa
cagctcacag
atgtgtgtgt
cctgttgtag
acccaagagc
acacacacac
ctgagcattt
acaactttta
tgtggecact
ccccatcaag
aggtctggtt
aagaccagtt
cgaggttaat
ttagccttca
ggaggaggag
ccttrtcctag
cagtatcact
aacttgaggt
catgcctygga
tttccacaac
gttatctgaa
ttgattttct

gcttcagctc

12360
12420
12480
12540
12600
12660
12720
12780
12840
12500
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13630
13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340



<210> 19 <211> 20 <212> DNA <213> Artificial sequence <220> <223> Pri ner
sequence <400> 19 gtccggtaag gtgaggagaa20 <210> 20 <211> 20 <212> DNA <213>
Artificial sequence <220> <223> Prinmer sequence <400> 20 tgatgtgtgc
gtttcagaga20 <210> 21 <211> 22 <212> DNA <213> Artificial sequence <220>
<223> Prinmer sequence <400> 2kBm@gaganatTIctggt aaaa ca22 <210> 22 <211>

rge 14

38338 9eRXECONA LIPRDAQCURAIVITISTABL ACR Faat 2 Btapygcangs gl irscc 14400
aaggccccat gttctaagaa ttttcttgaa agtttcagaa tgtttgcttc tcaaagtcct 14460
cagctcacct ggaaacaatc cgggctatga tacttgatcc aacctttccc attttcttac 14520
tctgttggct cagaaggcta tttacatgca gatacacata tgcatacatg aggcccaagt 14580
tccttattce taaaaggcca taaacatagt gaacattgtt gaaactttgt cttctatgga 14640
tatatagcat aatcagtata taggtattgt tatgatttaa aagatataca ttcagtggct 14700
ggagaaatgg ctcaacagtt aagagagcat attgctcttg cagaggacca cagtctggtt 14760
cctagcaccc atactgagtg gttcacaact gcttgtaact ctagctctag agaaactcaa 14820
cacctctggc ctcacatgca cacactcata cacagacgca tgcatacaca aaataaaaaa 14880
aaaacttttt aaatgttcga agataaatat ccacataatyg accaagtcta caatagcatt 14940
gaccactgtc ttgaaggggdt agaagcaaag gggaaatgta ttgacagtat tttagaatgt 15000
gttaggccct aggcaggact gectgtatgt ggcctgactg atgtggtggt agatgataac 15060
aggataatca tgttagaaat tttatttaac cctggccctt atgggagagc tggccctgce 15120
ccccccaaca acctttggtt ctcttaagtt atggcttctg gggagggata caggcagaga 15180
aagactcatc ctccecctggg ttgctggcca ctgggaatct gaccctatcc cggtgagaat 15240
atggctaaca caacatggac gtgctttttc ctctttttga taagaataaa taaattataa 15300
aataaataat acgaaagaaa ttttacctaa gagattcagt cttattattt ttaataagaa 15360
aattgctatc actaatctag aatgatgtcc cttaagttgt ggaagagaaa aggctccttc 15420
atttgaaaat gaaaaagaga caattattat gaggggacca tactcagggt tttacatcga 15480
tgtaaaactc aagtaggatc acagcctttc attcagagcc aaatttaagc agccccaata 15540
acaaaaattg ttccccttag gcctcttggg aactaggtca ggtactctgt agttcacaga 15600
gacacgcagt catgacttaa gaagactttt ggctctggaa tcctgaggac ttgatccaaa 15660
gtcaagttgt aggttgactt tgcagtcaca gggtagatgc atatctctat gagtgctttt 15720
ggagagaaag tatttttgga cagatgtgtc ttaaaattta cacttatgac ccttgagcaa 15780
caaagcccaa agtgactatt gaatttaaat tttgatctaa agaaataact tatttattaa 15840
aaaaatatat tgaaggcatt cacttgtggg catttcagtg atttccagtg tagacataga 15900
aagtaaactg agtcacaagg atggcaaatt ttcatgaggg acagtcaaga tccttttcta 15960
ggagagacaa gctagagaaa tcagggatgc acagagtgtg gaaagtcaaa actgaatttc 16020
tgtgaaaggt atgtaggtat tgttattgtt ggtgtacagt taccaatgga gaaccctgtg 16080
tggagtatgg tcagcttgga tccccagagc cttgtgtaga gatagtctag aaaagagtta 16140
actggaaaaa gtggcagggc caggaccctc acaacagtgc atttgcagat ttagttgcac 16200
acactggaga gtctacttcc ccagagcaat cctgatctgc ggctgacage accatttctc 16260
agatacccaa aattagaatt tacgcataaC cccatcacac ctaggaccaa dgtactaacgt 16320
taccccagaa tagcttcctc tactgcctca cccagaatca gaatgccaaa tggtagtctc 16380
tctagcctga cccctcatca cgcctggagg cccaaccttt gatccctcgg agtcaagegt 16440



<400> 22 ccttccttcc ttececttcecctt ccttccttcece ttecttectt ctttcecectcecce
tctctctcecec60 tccecteecctce cettectttt ttcecctccat cctttctaaa ataaggaagt
gttttctttgl20 tcccttggat tccaaagctc ctgtcaccca gggaagctca gtcccctgge
ttccaggctt 180 ctgggagagg actgctggtt tgtgcttgcg ctgcacagcg ggaggccaca

ggaggcgact 240 gggaggcaga cacaakmdaD6Z.aggoil.§gr agaagggaga aggcagggcg

ot QoRGHE 380 TrgTaa g G PA 0RO BB AL L ARTRTCREC B PO gt

act gGegg4di4 20 Ae68ddagh KatebsiAC AL ab ISR ghsdgd rod ghediakrgcastgrct g
gacgcaggag480 aaggt gaggg gccactgctg cgttctgaac ttgagtggceg tt a? gtg
ccagdatri'g9n9 g§hratddgcrreateditet erraogsa émtg@g&é‘g%@éahgagﬁ (gct g
{ coCGRRartBR GROACARG AR EGiGAGEMRRELL 6l 40 rEAC TR RN, E! dbirCCa
agt ct gggcgbb0 ccagggcigg tctcggggct gcgctagigt cgcctggggg ctgagtgatg
t caccegtaia720 aggedtatdgcagagt cretiot gatagggtay gugrpttoag geoypdagtat d§ggthcag
gaag t a c c c gcg
R e g e B A PR3 e LU
t gt cactad196d watgowgaaadcatagrayyiaagaggatcgeitaaced ggogatittagadbs8sdct g
gt ggact cag960 cgccagcat a ttgttaaata ttt aaaagag acgcacgct ttb% ata
2t QRAT T CHE05 GOt gh e BEN A £ IR BT AYS o AABRTHGAC t CPgeL aagt

cgct kgt ©ah@8QagasgRgatayagtdcaageqitctaed tegdthbtdL hheigoaac caghd t gaa
at cat gaaat 1140 17040

gatctgtgtc atgtgatttt atgtatcctc atcacattaa ctcccatttt ctgctacagt

caattcaagt tccctgcggt agaacactgt

aataacaaaa
aaaagagcat
tgggttaaag
tcgatggtot
ctcctgetgg
gtaggccaca
ccctcccatt
gtctagatgt
ggtttaggaa
caaagaaatg
gtgagacagt
agacactgtc
gctgcctaga
atctggacct
ctgtgggtag
ccctcagtag
gagagcattc
ttcgaaagcet
cccggcettgt
gagctgtaga
aacacactcc
gaagtctgta
ggatgaataa

taagggagct
gtctgtagag
tctaccagcec
gccgcagagc
aatttgtgca
caagacttgg
tgtttccagc
taatggtagg
tgtgttttaa
gagtgaggaa
gtcaagctca
agtctctgtc
aggtccaatg
accttggata
ggtctgaccg
gtgggtgctc
tgtgcacttg
tggagtggag
tacaaatgtt
tgtgcccatyg
tctttcaaat
gaaagatccc

gtaggcgaaa

ggttgtggaa
tagcagctgt
acacacaaca
ctccacccac
aagctctctg
ccagaataga
tattgtgagt
acaaactgtc
taaggcacct
caagtccaag
ttccaaactt
atggtgggcc
tgtccatgag
caaaatgaaa
tatacccatc
atatgtttcc
gcacacgtgc
gtttacagat
agaagtagtc
acagattgtt
atacgcgctt
catcaggttg
ggttaggact

gaacaaaagc
aggctctaag
aaagcaaggt
aagggatctg
tctgtgtaag
ggcctgtgtg
aaatcctgta
tatttgctca
agtgattcta
tacaaagatg
gaaaaataag
ctcaggtcac
tttcttcceg
gcagtgctga
gctgggatga
tatccgttgce
cctactactc
acatacgccc
ctgctatgct
tttaggggcg
aagtaaagta
gtatgctggt
ctagtgttog
gggggagact

pagt 1

acagtatagg
cgtttctttt
aagggatgca
tctatttggc
tttcccctct
tcatgttaca
tttctttggg
tttatctcaa
atggctcatt
gaaacaacac
gacaggaaaa
acattttaca
attcctgcta
gagatttctc
gagttgctta
tatggggact
tggaagcatt
acagctgcca
tactttctca
ctgagctgaa
ggctgctttc
gaggtttgca
taaatattga
agtctctcct

actrgtgggg
gatgaataga
gagcgctgtc
tttctcaggg
ccttggaagc
tcagcaggct
aggaacaaaa
ggtccctect
tgtgatctga
tggagggaaa
aaagagcaga
tccctaagga
ctgtccccat
tgagcttcag
ttgattctta
ttccctacag
tcagggcttog
tttgtgattc
aagagagcac
cttgctcect
cctgcaaaag
caatcaaaga
caactgaacg

ttcaacgaga

17100
17160
17220
17280
17340
17400
17460
17520
17580
17640
17700
17760
17820
17880
17940
18000
18060
18120
18180
18240
18300
18360
18420
18480



t gct acgagc tgtgcaaacg
t aggaaaagc at cagtctag
aagtgctttt agcgtttctg

at gacggttt gggaat aaaa tggcatgtct ttaaagaaacl1l200
ggat agaacc ttgcgcgcga cattactaaa caagtacttt 1260
cacgtccaac atgctcattc ccagctagtt tcatgcactal320
gt gt at gaat ggcccacttc aggt gagctc aagcatagcc aacttctttt caggactcacl380
aacagatccc catttacacg gggagt cerpm 0AQ6Q@OL §T2p .ggaagt caac accgt acaacl440
t t ca@uetaatact Agat2agtt aACHtt AagteecetiRgfr et Ry dagpcazeca ctl8aty1500

ccgt C t C 1560
B e e R S o
ggat gageias thatdcgbormggt guargbgriyccoett tygggtc@iggt ol gtggagtaygilgéely1680
cagcga t _togtttcta t agaaca_tcctgtgatt ctttttctit aagag 1740
{1 oRPETaaaE? G Peits BODRTaTG: o 1S ar Ot seotchan OF b Eatoar ety 1800
ct ccgahgddcatt addttefrgatt tieaet@itet atigecanc tfcicagt & gaaagagagcagper 1860
tcctagg%?gﬂgttaaccaaa ﬁgggac tta caacctacat taggaccagg}cacacat ct 1920
PBD_68863489 SFPE99C T (IO PeHLg gt ¥ EtHa by RaLtL 39t WAt Hygdan
g9t Ceetpayct s agg§iatad 9RQagaRladtfadracadC tasd@ggd L gegidadbhhc 20g9@d cccc
caagaacacc aggctacat a2040 act gtaacat gtatgtggag gacccaggtc agactcctac

aggcREEEIAFCat QIEE AR 1ITTIREECR FRUNTE I FELHGIIIQ F0E99GAGT ad8Bef gt t C
ttgt Q%?&gtgaﬁé %@%&Egl&qgtgccat 19020

gtgcaatgat gttggaactt gcccgtgcct

tagacaagaa
aacaataaac
atccttggad
tgttaaaaaa
accatgggca
cctggttata
ggaagctggt
tgtttacaca
999999gtgc
agcagaagtg
agcttctgtt
ctgtgttctt
gatgaggaca
aaaacttggt
aataagtgta
tgtttttgct
ccttttcaca
cctgctttga
ttttatactt
atttctgctt
gaggtggaac
ccttccgacc
gtagttttca
gatgacacct
tatttagact

tttttacage

actccattcc
aaacaaacaa
tggggaggtc
tatgaaatgg
ataattcaca
tattaaattg
gatggcatat
gctgagaaac
attatgggag
tgctatggtt
atgcctgcag
aagggtgcac
ttttattctag
tcacaggcaa
aagaaatgaa
ggatatgctg
gctgtgttgt
actggtaacc
aacgttccta
gtcacaaata
cagagtgctt
aagcccggcec
tttccttcag
aaaggtagcg
cctgtgaata

tggcaggaaa

ttgaaggtat
acaaacaaac
atttggaaag
aggaagtatt
gatagataag
ggaataactt
gtgtgtggat
atcatcacct
atcttcagtg
gtagctgtga
ctcagaatgc
ggggtagggt
atactgctca
caaatgcctc
gggtttatct
aatttgaaga
ttttctgage
attcctgagg
acagaaagac
aatgtactgc
ggtaccaaag
agagaccttt
gcataaggcc
aaatgactta
ctgattcgaa

ataatcatgg

ctgctctctt
aaagacagca
caaaactttg
atttggaaga
ggtgggttca
tttetttttt
tatgttttct
cctgctggga
tgtggggaat
atcagggctc
gtttgggact
gggggtaagt
taaccaagta
ccecactagec
tgtaatggaa
aagcaaggat
cttctgggat
gaattcacaa
atgggcgggc
tccaaatgag
cattctgcgc
tgttcatgtc
acacggatct
cattcattca
gtcccttgtg

tctgcaactt

cttgttgact
tcaactccat
gggtgcactt
gcacatgatt
ttaactgata
tgcaaataat
atcaagtcat
gagaggtggg
tcagatatac
agttttacac
cccaggtttyg
gggagyggaaa
aacatgacaa
gggcctttag
gtaatagaga
tgtttgtacc
ggctttgttt
gceggeatgce
gaggcgagac
acagcacagce
atgcccaaag
caaggtagag
cactgaaaag
ttccattctc
gcaagctgct

ttactaattt

Plgo 16

cctagggtaa
gaatttggga
caaaataatt
taaagtatct
tatattcata
gaaataagag
gcttacttct
ctctggagtt
caagatgaaa
agtgtagcag
atttctgtct
tgctagcecta
agtgaataca
tttttgatac
tatgtgcttc
cccttaatat
caggccctgce
ccttttggtg
ttaaagacac
cacggagcaa
cagagagatg
acaataagag
tcagcagtca
agcattaatt
cttttgttte

agctttatac

19080
19140
19200
19260
19320
19380
19440
19500
19560
19620
19680
19740
19800
19860
19920
19980
20040
20100
20160
20220
20280
20340
20400
20460
20520
20580



tttaaact aa
ttact gggaa
ctcagtt aat

attcagattt
aacaaacact

aacttttgag aaatgtctta agaagcttct aacagttgtt2220
ct caaat ggc aggagt ggat gacagtcagc catgacgtct 2280
agctcctcct gectttcctag ttttaaaggt ctccataaag tcttctgggc2340
agccagctac actttacagc ctgggagatg aatcagccta tactcaaatg tgccttcctg2400
ccttttatga catttgactg ttttaat eBm 0@086AggCHTZ gkttt ggt at act ggt ct gc2460
caacaggaga agtacgataa_cgagagcatc agttctgaaa tccattqgcct tgttt 22520
{ agadUUEGE €I BEDeRAY IR YA G aAb L L A b GAReroe T b PPaIty 2580
gct gigggt daagfeaneaeaictt §aah 8RjgtCagaageflagtgdateat heaiccreanacare 2640
gact acacct ccgacggggc ccacgtatgt gtgtatgcgg aagggtgttg acacgaaggt 2700
acca@ﬁ‘@étf@ta*@aattag% T aHOE GG a9 Y YOG Ak ﬂggwggﬂta@é%gtga%géeg 2760
gctt t t g tt 2820
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cacacacaca

aatgtattct aaaaaaaaaa aagaaaaaaa aaaggacacc acctacaatc3420
gataattcct tttaatcttt ttgggtcttc ttattgccag ctcccat gt a3480
cacacacaca cacacacaca cacacacacg cacacacaca gatttat aga3540
gat gagtaat gatgattgaa tttcagcttg ttatagggac tgaatgagtt tgtaaaacag3600
cacagtgtct agcttacatt gaaggct eam A0Q6AtWgL EBEb.tkat t gaaaa at aagcat ac3660
at t agicactagtpgcadtegrjetataageaeendgyesuypt9aranaratgastadt e itgteatdasdt 3720
cgta t a at 3780
20t ¢ garbar e anrrafRe Fa L AR AT o S Pdle 3T (2640
agct gageoaataattghatddeat gregyapagtegacttt e cttd@ey iyt gasttagyy t gadeyy3900

ot adtaaieor A e PR L AR PR Bt L ST R REREE 02

pal 5&;itcBagdabBe_d3QQ6gqa89. gaktbtictc ajPicagadaatgaitthes ctggdteicey aeedrn act cggccac

ot CrEgaReonn ARy A P DOReRC T DORAARELd LRI ARE PGIRbLL g

aaaC%@EQ@g&g@&Q&%&éé&t”e?%Qt@@é‘g%t h@QdasRc hhtdabtc € Gacgiaa6s aBbARAt gag
gagct ggggt ctctctgttg 4260 tacttccctc tcggeccctga tttttaagaa %cgagcctgt
gt gc &Gt 4R A PRAAHYAI 43P0 CHEIAIC 9 Loy R ERAACAGTE LBttty 124Gt gt ct
gtgc 4 t C t ggt ag
SR DA R R D B L R S e e s e
tt ct gtaatiytyt ctaectatad t46GQtalgdcatpagagada ggeuittttic @atydacgee t2gédygcaag

5 t tt
R R S R R T S e b LR
t gt ceghtodaagt aitggad igya c 4680 gaamgacaagg9oGC baggiogta@acagagact 2@B4kctctg

tt 4740 t t t tt tt t
oo A8 BAEEARR DR LR LA RGN 200 295k g9 °0°

gaccdactg ctgaggatgg a

cacttgagaa
atggcccagy
tttagcaagt
ggaagtgccc
gtgtgtgtgt
caattccaca
gagaattaat
catggttcag
ctgaggaaca
gaactatcga
cccttgagca
gagactggca
ctgcaggcta
tatagcacaa
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ttcacacttg

gacactgcca
gtggcagcca
ggggagagtg
atattaaaat
gtgtgtgtgt
agtgtgtgcg
catgatttat
aattttaaaa
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cctcgaaatc
gaggaatccc
attaaaatga
taccgccccec
ggcagaggag
gcagtatatt
tatgatgtga
ggtttcagca
actctctgcec
accttatgct
gcctteacac
agattcccta
gagtcaaaag
gcttggacaa
atccgcagtg
ttcctatttc

gttactagga
tgatgatcat
cccaggtcaa
tcaaattgtt
ggctaatttt
atgggtctcg
gcaccaacca
ccctgtetcec
ctcggagcac
agacctaaaa
tgtgacaatc
tcccaacccc
gctgggaacc
gactgcagta
gggtagagac
tccgacctcec
catactggat
accctcggga
attcccgcte
acgctcctca
catgtggtca
atgagaagag
atggaaaggc

aaacaagcat

25380
25440
25500
25560
25620
25680
25740
25800
25860
25920
25980
26040
26100
26160
26220
26280
26340
26400
26460
26520
26580
26640
26700
26760



PCl9e 9 peo_ 00067 wo.sT25.txt aaatagagag atcatgaagg ctgatttatt tcattcttgc
ttttctgaag tcttgtgaga6l20 ttttccaagt tcctgtaaag catgtattta aacatgactt
tgatttcctt tcactgtgga6l80 cat gaagaac acagcccaca gtgactaggt tggctctggg
gttggcacag tgggcagcga6240 at aggaaaga agccatcgat aaaatagttg tgtaagagag

aatagtaatt catttattta 6300 tgeantofogy Wyt sgEaggag gaat at gaaa %ggtatcttg
ctggé@t%ﬁgcﬁ@dﬁ@ﬁ@@ﬁ&@Eﬁmtéﬁﬁﬁaga@éaaﬁﬁﬂggg@ﬁﬁﬁgggéét@@@@éctt dtagt g

aat a%ﬁ‘:%;{étfa Ct’e‘g g‘%%t@ COLLGGEH RAALR 9@%8&&%@@&%%@“3
catctgtca cat actg gggccaag ccaaggagct gtcagttg t gaagcattg
t gcagaa@agttamgaagcsmcaa'@;@t paUE tagrasgya@ctiagyaiqgaggac cebPYraaca

gca CC t aacca 600 cc cttg.tcceecttgt a ctct
Dot gQeFFTic el JRopgritearyodraie feu rHist Fr e RPRETREE 2o g1 ot
gact @hhmgcctdatgagéaalte7ﬁﬁcaﬁ@ﬁ@cgg@iggttai agctagoaggasgtddabag gaaasmt act
tagtt 8tCt ctccattact 6780 tgaaattacc ca ttac cagg ?ctca at% agcca
C aocEEPGATEE (PGB0 95 Lt Datei 25 A U0 G0 iy B 60% | LT gage
t cct gaedd tk gt Graad el et rasairat a@@%tgewgsgm%aw&@aﬁﬁﬁtec t eagwcagg
agcat gaaga agacaggcat 6960 ttt gaaggtg aagagacacg gaaacagttt %?ca ga
ctgc&@ﬂ@@ﬁcﬁagﬁFgﬁﬁﬁégG?Ua@aﬂa@téﬁﬁﬁgéﬁﬁh@5E%¥@C%hé§F§§EF@9g&Fg aggg

tgac%@é&&ttgg%ttgééatcgzoﬁgcatacag caaatgtgat cttttctcaa actgtaaaat 27300

atgcatcaaa
tccccatttg
caatgccact
tgtgttagct
agcaatattt
ccaacattcc
ggtaagcatc
cctgcaaact
gcatttgtct
gtttcttagg
ttagaaatga
tgcttctgtt
ctttctctga
tgcecetegtt
atggttaagg
tttctcagtg
gaaatttaac
ctgatgctat
ctacaagaca
tcagaatccc
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aagccecttt
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ttctcecttt
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tgtggaattt
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ttcttaaaat
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ctgggttcat
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gatgaggaac
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tagtttatcc
gtaagcaagg
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ttcttgatgg
ggatctgttg
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tcctttgatg
tctctaagat
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agcagcaaat
tcaagcaatt
aagcactaca
taccttgctg
gcccagttta
gtatatattt
caaatttgtc
cccttacttc
ccgattgcac
aatgtacatg
tacttggggc
ttttacccta
gttttgtcat
gacttatgtg
tcaggacaga
gaatttctga
caggtgatac
agtagtcttt
ccgctttaag
acatctgcat
cagttgttct

tttttaaaaa

27360
27420
27480
27540
27600
27660
27720
27780
27840
27900
27960
28020
28080
28140
28200
28260
28320
28380
28440
28500
28560
28620
28680
28740
28800
28860



ggagcctgca gctcatgctg gggcttgcaa ggcagt ggga gagacacaca ggcatttgtt 7140
gggaaggaac aaccatgcag atcccccttt ctgcccccat ttactttgge tcacacttca7200
cacttttttc ccctttagat tcagctttct tgttcaaatg ctgtttaatt ctaacacgag7260
gacttagaca ttggaggcac taaggaattt aaaggcttca gtagaagttt gtttagaaaa7320
tatatctatc tgttgcatag ggct acarems (9Q6raol tTA5.akgcaagt gt gt aat at act 7380
ttaagcatag tctacctccg gtgctctgca agtgttcctc ccagacacac tcagagaccc7440
ot £ GELORaEE AT ERREt R E LRt THACTHEAG EECCABTEY CAFEFGeat grERE 7500
ttat gagtddccat olcet 8éd@tt dcet 8ataaagapiget Bd tEcdce66AT0E RE6@CaARHEDT560
aaagaaatat acttcttaat gtgtgtctgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt 7620
ct gt GUGEEATIGE Ao G at FRat ¢tdat IAGLEEIf dotafcardp gratcgess thgeg%mso
[t gcaeql afar gl A0UELEA URHOREARRALIQRANGR0RLALLLY ChEFrdckECATEHMTTA0
t gggttcaag ggattgaact taggttccca agacttgaca gtagctgtct gtacccattg7800
t gt caretaytat ditdt tantdggaimat htagdt cedtagaapqtatadquaotic ctagttgabtadddet 7860

R S s L e

t acctaktaanchttiggggogicct ggicttddtaccegaoctaagtydaagcat cggtatgoaggtzeagm8040
ggat acattctata ctagt

e L e g I LR S S R ST LR B e

PBD_QQ06i 1\ Th2badotlat aatggttygg

ggtgaggcag
tttcctgtga
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tcctctactc
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ataaggatgt
tgttcatctt
ctttggagag
ttccattttt
tgtctactgt
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ggggagggga
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agcaagcagg
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tctacatttc
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ctggggcatc
catcctctece
tagtcecctgg
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tctctggatg
tccttggtgt
gtgagccagc
aggttttcac
caaagtatag
tacagatcta
attctgagtc
gctgtccaca
gaagtatttt
aagaaaaggt
aattattata
ctggrtcttt
tgtatattgt
cgagctgtaa
ttctgatcaa
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gttctagcag
tttcaggctg
tttgccctct
aaattttatc
tgctcactaa
cagccttcac
taatatgcag
gagatctggg

acagctcctt

gcecttteccec
gtcaaggcac
gccccaggtt
cagcactgtc
ataggtgcag
gggaagaatt
ttgatcagag
gaaaaggaac
cagaattttg
aactgtgtgt
ttttatgtgc
tttattatat
tgcggccacc
gagaggaatc
agctcaaatt
gccgaataat
tgggcgtggce
ggggagggga
ctttttttaa
ccctttecce
cccaccaact
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ctggagccat
ggtactggtt
gggtcctttc

tttggtgtct
cagtctctga
ctgggagttg
tgctetgggce
aatgtcatgt
cttagactct
ccatgtgtga
aaaattagat
tctatgaatt
gctatggaaa
gtattgttgt
atttrgaaat
gttaattgta
agcagctcgc
tagacggggc
ttattgttgc
ctctggtcca
agaccgaatg
gactacagta
tttttcattt
atttcccctc
cctgctecect
gcctctectc
gagtccectt
ggttcatatt

tctagctect
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gccgataggg
ttccattctt

agcttcctct
actggttcaa
gtgcctctct
tactgtcata
taagatttca
gttcatctac
gggattactc
tattatccag
gcattgtgtt
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tgtagtattt
aacatgaacc
gaaagaagaa
aacactagtt
gtagaaaggt
agcaggaagc
tataatatag
tttattacat
tgacccecccce
tgtcectygoa
tcattgatgt
gtgtactctg
gttgttcctc
tcactgggga
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tggatcccta
tgtccctgea
gggtgttgta
actggaagct
gtctctattc
gatgtggcta
agctccctaa
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tttagtccta agtaccttcg ggtgcaggta
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tcacagtfgag tgtttcacac tcttcctctc cctaacctgc agttccttac 22740 cttgcccatc
ctcacgg cazsggaat agcc ttgacttctt cttgccagtc tcattagctg 22800 ctaagctccc
cacgc: @foa tgaattcca tctcctgaat gagggaggca gagcgtgttc 22860 ttctaggagg
caaatggaagigedd tt accc aggacagagc atcagttatg ctggatgctg 22920 tcagtaagtc
agggat gata aagactgaga gctgatcttt ggatttattg atgtgtaggt 22980 cgtaggtgtg
cttgafé’ &1t DHf gt t t cagt agat ggagga gat gaagcct gaaggat agg 23040 cat aagaaca
gaccte¢iagwgaaqselggd ggaagttaag atagacgttc cagtgatgta 23100 cctaaaagtg
acaaaattgg tagactaggt gttgttatta tatctattat tatagtttac 23160 ataactgtta

aggccttttt attggacaaa 23220 aagggtgaga

taactatgtt caatgtatat ctaagagaga
togttghggat oftgatttaat gcttacatta tggcttccca aattacacag 23280 ggattcaaat

gt ct aetgea canitgdet @3 Céigagegreat&aadgeogIaetddit gagaitt 143840
gaact cgagg gaggaagaga atgaccactg ctgaggat gg agaaggtccc 23400

gt gt &§6ECE tHRSAGaEHTA t gHCAEERCac Htktatat §RrYRAh GAE ECtAE9B0
a99a¢-aagaBE ddtidilke HAIUEANGEAEHIE AR AL ABEAL 20849 # 3820
gat aattcag gaatattgga ggggagagfg tgttagctgt ggggaggttt 23580
agcattugerpaonytatuabapit t 0t BCr beraat tHAsa90Id gRIIGRGIE GRYICIABET0

acar tagbiaote b fedlee T AR o Bl BhcabbLif ek SUr)
tt at ttaccamgtt caggagme t cadagatddegt ggdaggt agagecaatgoc cttgrazgasg0

C1 go PR HORE RG9S Rao HEABAG G At EOR 53810

gcagicggeagglacregidnict Yeasgapagt Ggegt el ggctasds aahcagydsio
gacaagagga gatggaattt agtgcatatg t gact ggcatctaag 24060
agaagaaat c aagggcatca cttgggagtg c&%g@tg ggct ggggag 24120
gggaaaggga aagtgtggaa tactcagggt cagtcaacaa acccagaaaa 24180
ctgtgttctg tgtgtataca gcacagtaca gaaaggctgt attaaaatct 24240
attttaagtt agcaaatagc atggtggttc attttttttt tctagccggg 24300
t gagaat agt cacagaat ag gt agagaatg gccctccatg ttattattat

24360
gaaagt gt ga ttat gaagag aggccaagga gctgacagtg tacttagggg 24420
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ccgggcaag
cactt gagaa

attfycccagg
t §@gcaagt
ggaagt gccc
ged gt gt gt
ca@jtccaca
gagaatt aat
ca6ygt t cag

HEE T2t con

cegd t gagca
gagact ggca
ctgcaggct a
t at agcacaa
gt gct cgt gg
tttagcatct
tttgttccat
aaggaccaga



Me 21 Peo_00067_wo.sT25.txt agtccaaatg gttggctgtg aacatccact taatatttgt

caggcact gg cagagcctct 30960 caggaaacag ctatatcagg ctcctgtctg
gtttggtgac tgtatatggg 31020 atggatcccc aggtgggaca gtcact ggat
tcagtctctg ctccatactt 31080 tgtctctgta actcctccca tgggtagttt
cttcttctcc ttcteccttct 31140 cebb aposr twoctrxs.tgécc ttcttcttct
t gagagabaraouy tmactmtacmﬂmgaaagctgaggggcgtgttg@ag@gagac tcaggm:tcttg@t

ot at CEE GrcEh e gt oot il SidrEhleo HhatelRf SHEGHBLC

gt at &t tat cct 9

t gt gtatggt:idcahgtmttggga&i&&etgggat sct@@a:gc*gaggedtgat@a tgtctgzjgam t
gcctaagaac ttcatgaatt 31440 catcattttt aata tactcca
Ot ac CABRMGEIRT caHOATHcs9 FHUS009 S COTa OgeITy AT AL CoCRgErEs ¢
ggct attedqyclatl areeedatg3dhP t gaegt 8 € ab ktat
gcatttt ct%cg@t%?ag%:t 93162gt%g§ggat t ggttg:?ag%%ggg%g ccfg%é;gat ag
aat t Fﬂé?%tggaﬁf@fl@%%c&g ABGOL IS GRCREL LA fRAGYFI2 §aa¥TaPekt
cagc t

L D O e B e B,
attt @ctecfgcatat:gae@taaaggaasama@g@@tCt geoggartid egtitagLay gggacd:tcéafgt
ot ot Soast - PE ARk Grdcy oo s, PPeb e SFETERLL PLOPRLENET
E???gﬂtwﬁ“&?mm‘?‘a%@“z 0 1acantitta L0 coca, LUt atcantt

atcc at agaagc a a tga cca ca

AR R e s R SRR S A

t CCC@aﬁiédaget tgt@eaﬁcba%’g%zggeﬁtbt teaghgadraheiaggtett taigaiaggenyg
actt actt ctt att catt

aa 32280 caag at a agaat g%att
ct aa 8%%?&9 ‘l‘t aE ga@asc&saac%cg%%sgffg%caaa% §ec P%‘E ttec
Lttt aggtsad il YcgrtBdac 3%.21{;‘%&&&@%5&%@&@ 2g6titab it @8Bddacaidt

aattctatcc cacagaacaa 32460 cctgcctgtc actgtaccag tacaatgcag

tttt tOEREarate taCeRdlitga PRt icet gt agc Gart Htet b ragrdcastt 138y

gat 9%‘:9&‘4&&9%‘%@9@&%93@9@&&9% %Egtg@rtét%aat WRQehds thgachatec

tgttgttgtt gitgttgtta 0 ttatfccaga tgca aattgtcctt
t gaagaaytayche tqggaakaagt 3XAG0Jaatgacecgagadct gtendegaks CEtejicagat t
ggat 327 t

cttt %%%‘@%’% ta%%?%%tt%c 3%?28%%& {::
t t gclghagdtit tag agi-cagaty m&@cmgggtmtgtgtatattaaaactg ghgethatd g
tgct cta aptt tct 32940 cagcct ttt at cttt

ottt SAETIRent AtCutRo Hd80eSEe &

ct gatgtea@gdgidrett ta@gt t Pagiddatt c@@;gg@aezt tar 33066 taga@etaaatﬂt
gcaaat a atatttt ac ttcttccttt ccaatttgta 33120 tccccttg
Dot o ERATHT et ORGEAG t (EHCPER GGt A AR AR B ARTET GEEAIE
ggagareada ttgadrat tdgat t tdaRkeogar0ct*bogairacer 3344k bﬁ@@a@@%@g
gaagtatatg tctcttcccc cctccccaca ccaaccatta 33300 ataatt at gt
agag&§HRp9§addetteanc gryaret et 2actataldargIBI8GY aﬁ%ﬁag}éﬁa‘% t
tcttacanagqal ggical gggt 4

ataccgttct gcggt%g%%?@ccccctg%%tct%gccatct%’%c%% ccc
ct t acegeaagyt taagat Yt atcraat gfttet 9gaaitt CerrareyBRB4 aga*g?@tattaac
Cattt t

at ct ¢¢ %gatcaL ct%gé{%écggaﬁ
act gaaastdagtt caggtclgt t caact ggdggcoadga atdit agrddRZP: gaascagtt t
aat attagcg tactttg "Lt cact aa%gcc atacttcctt

t at atth3t?

abf e Tt e aes el s g ot ag S telas

at t aghttfRyaad grgagER c atGhbt@RrAgGYHRIGORT a€agtIPEL htgdddrtaet
tttg ccaac at%égcttta tg atttata tctataagat 33960 aaatgttaga

aaat f 5%%‘Eté‘a5?
tact JLtL&Rdadd 94295ddo8c t BRBAGI dohaa fIGaL CL 4L 5&&49@% gecagragat
aaaaagtcca atccctaacc aagaatctat ttgcaattta 34140 tacccaciga
tttt mttt@ctgé@gxtézgwtgt At de L PR acIWOE AREC At BRI 4EITEAGEQC

Q

oaat arotarofh ddt dac Mk BLAER, o ARORRICEEIR0o0 SHPERRRY: 24

gat t gggagatgagagyuaRat magawagmamagaaﬁ%w ggagagagag
agagagagag gagagagaga gggat ggaga gegddaggga 34440 gggagagaga
gagagagagg gtatgaaatt gggaggatag ggadgt gggg 34500 agat ct ggaa
aaggggaaag aaaatgatca aaatatattg tataaaaaat 34560 taaagct aat
aaaacaaaat gaaacataaa gaccatttct ttatcagccc 34620 ctttctttgg
gaaat gat ag agcccattat tgttcattga cttggaagaa 34680 tatgcgtcat
tttccttgtc ttgcgt attt aagttttaaa gat gaccatc 34740 taagttgaat

T . Y Y. Y. .
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okt oA (EPRERE0 0 1

Sethdgecdir it desitty SPIAghiee §
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caaggt ct gg
ggcctttcct
gat ccccctt
tttggttttt

agﬁbcat gaa
§6 tgaatt
gcataccatg
cegliccattt

t gt aaat
t ggoaact tct
t agat gt gga
tactatgtcc
g&that cccac
gsgpcct gag
tttgatttgc
caG t ggt at
&{)ff} ttgggt

Ctcagatg
fLogfacagt gt

ffgact ca

flzat t gat cc
cttctacatg

3t8%gat ggt

etmpottttc
tttttttttg
gt cagg
qggfttttgt

tcttactcta
de@G t ct gca

(%Ot tctatc
gatctttcac
tgsnagat gt
ctgattt

¢4t t cat ct
ctccttttgt
£84%ct t aca
gédccaccaca
caaat cctc
g?ﬁbgcccaa
a ghfgcatttc
ftccttgatg
d04aacagt
aaaaga
E?(%O’gt ttaaa
amgrat gaat
? {taaatt
gcact gg
apgpat aagt
t aatt aaacc
&t gaaagg
gg6Fct aact
gagaggggat
atfgt ccat t
gt gt gc
tttttgtttt
af&¥gaaagag
gagggaggga
gat gct gagg
aaat acaaac
att at cagat
ggaat attcc
cttatataca

ey

ggttgcttat



<211> 35669 <212> DNA <213> Mus nuscul us <400> 23 cttccttcct tccttccttc
cttccttcct tccttceccttc tttecctcecect ctctctcecct60 ccctececctece ctteettttt
tccctccatc ctttctaaaa taaggaagtg ttttctttgt120 cccttggatt ccaaagctcc

t gt cacccag ggaagctcag tcccctggcet tccaggcettcl80 tgggagagga ctgectggttt

gtgcttgcgc tgcacagcgg gaggccaesm 0gaguamgasiap24€t ggaggcagac acaat caatc
caggggt gga gaa agaa ggca cga ccggcgcgeg300 ttccc ct cgt cgct
ggcg%ggg%%tgﬁfgggﬁgﬁ‘&tc%@éag@&gt a%chgﬁ%ﬁaﬁg‘?ééc?bag@ag%%ﬂ@t%ga g‘gocaag
Ct COle A @t cHE aGath§dir c C&dcg el @ftlgar sila@g agC 894 AQ t €0 cae§Miggtd Ct gAmAgCt
gggaat ctga gtctggtctc cgctgcctgg acgcaggagad80 Pa% 25

Pi m GORSHINE SREBIT5A02 AAfFPEAETGgT ERAEE bct §80GCredy aaRIaatghyt gdBont
t g9aQQQé&%cEé‘QQﬁ%‘E&&%@%aQQE&a%%gg:&%cﬁiﬁéﬁc“tﬁéctc%g%tt@@@&%tégg§Qﬂﬁt ca
gggat gct gt” ccccct gect €600 aggcaccaag tcctcaccca act cCt ggga accagt gctc

t ct ctteteta tyt ctagggaiiee 60 e ageiyot geractgaayg aaerafateic ragtagicccyccedifygge

{93013 Bl £ RO EET20, L AIR) e OIS FHPUG A8 g1 05441 02

tgtgggatct atatgttagg gggcatcatt tcttcccaca cccccagatt cctagttoct 3000
tggcctctct cttccagttt tcgagttatc attatgctga aagttgatct gtatctggtrt 3060
actgtccctg atctatctat ctatctatct atctatctat ctatctatct atctatctat 3120
ctatctattt atttctggtt tagtggtatt tatttattta tttctggttt agtggttttg 3180
ttttttcttt cccttttaaa tctcattaaa tcagctctcc tttagatgag aactgctggce 3240
tgtcgagacg ctgcctacat ttgaaaagga atgttagctc cgctgagcta aacagtgcag 3300
cttcacttgt catgttctag ttgtgaaggt agcatgtact cactctagaa aggttcaaaa 3360
acacagaaca atgtattcta aaaaaaaaaa agaaaaaaaa aaggacacca cctacaatct 3420
cattttccag ataattcctt ttaatctttt tgggtcttct tattgccagc tcccatgtac 3480
acacacacac acacacacac acacacacac acacacacgc acacacacag atttatagag 3540
atgagtaatg atgattgaat ttcagcttgt tatagggact gaatgagttt gtaaaacagc 3600
acagtgtcta gcttacattg aaggctcaat gcatgttaat tattgaaaaa taagcataca 36600
ttagtatttt gcagtcagca ctgcacatgc agtttaatat gattaatagt gtcatgaatc 3720
gtaccataag ccggtaaaat cccctgaaaa cataacttga tgattgcaaa actatcatca 3780
gttgatgatt tatttcttca tcttgaacat tgaggttgct agcaaatctc tatcaataaa 3840
gctgagacat aatgtatttt gacgggaaga attttccctt actgtgacaa tgttgaagga 3900
ggaaaattca agtcgcatta gaggtggaga ggcaaagact cggaagggcc caggagagct 3960
gtaaacagtt atctgcgaca cttcacgttt ctctggtttt gaaccacttg ctattccaaa 4020
tgtccataag atttccecect ctectacctca cteggeccacce cagccacctg tgagtggaaa 4080
gaggcgactc caaggcaggg acagagaggc tcgtgaagac ctctagggca ggaaaaaagc 4140
caactgtcat cttgaaatct ctactatcct gtggtttaga aacagtgaca cccattttac 4200
acattagggc acttttcttc gacgtaactg ttcaatgagg agctggggtc tctctgttgt 4260
acttccctct cggccctgat ttttaagaag cgagcctgtg tgcactggac agaaaggcag 4320
aatcttggtc agtttccagt tcctttccgt getgtgtctg tgctgaccat ggcttgcaca 4380
catttcagtc actgctggca gagtggaact tgcaggtagc aaaagtttaa tctgaggact 4440
gtctggaatg ttcataaagg aagcttggat cagctgcatt tctgcaatgg tctcccttac 4500
aggcagtgtt ttggcctctc catttcgcct gecaggcaagg ccgcctctcc aaattatgta 4560
atgaaatgcc tgggccgtgt gattagacag gagatgcttc aggatatctg gttcacaggt 4620
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cgctggct gt gcaagaacag ggacat gggg gcgccactgc ccaatcgcga cccgcgagct 840
ccgcgetccc cgegettget cctggatgec tagaccgecge gtctaggggt gtccccat gg900
atgcccaact acagcattca aggatgctac atggggattg agtttcctgg tggact cagc960
gccagcatat tgttaaatat ttaaaagaga cgcacgctgt tttcagataa atgaattcagl020
ttgtggaaat ctcatttaag gaattcagea godgramt.gads.ttkfccaagtc gecttt gt gt g1080
aagadddtiiyaat tigat beltilgtactact ggadct agaqigrycagtcegtetd gasegatgar gadadd 1140

aaoasadicnoBt dotARaate APagdutey o PRSLER B F N S to iR R ML 200
agt gattyyd wage glact ctgmaatgaesafmact gekgadd gecloggetiaghtictagtgcadsay1320

t gt at gaat tt t t t ttctttt t 1380
acag TERed tAF (AEEE0T tRHIE T Uda THHIBE G GO0 DT AkRECHCHE acR0] 1440
t Cfgb@t@tﬁg@@mh@@&bccws@ﬁu a66QY6 A QHyXitBGER b k€t Caagr 1500
cg

agtag aatcctctcc tgcactgctt tggggtacct gggaggtcaa gcaccgagaal5e0
gggagﬂgf%iga‘écfééﬁébﬁtgct g@@éég@ggg&%t&gafﬁ% GECA Pt Ha RQEHTO8FR t t 439%1620
gat geggaat L -E 8PS t 96LIRE Bcd1eg089ea i@ 64019981390t 953451680
agccagggt ttgg% tgﬁ:ct aggt tg%%agagécagtcccct gtgatt cat tt t%ct tta agagaaaatt 1740
t cct Ictyt tpg Aacagtcit tcyi@at haghot agkictordnotagpRants ttétrctdragct el 1800

s R e S e S L

acat caaggratggakhybgyd taediteatic@attgggatgagygt gitcctiaddgtt tdgggcadazy1980

ttgtaattca gatatctgat acacagatga tcttaggtga cccctttgaa aaggtcaatt 5280
gaacctccag actggggicg agacccaggt tgagaaacac tgcctgtaaa ttgactgtat 5340
gctgtttage atatgcaagc tgtatgcttt tctgtaagag ctttttgtga atcaagggoc 5400
ttgtacaact gaatttagtt gctctgcttt caatactcti cactaactag gaagtttgat 5460
atttctgtga tttttcagat ctggtccaga aagaagggdg aaggaactct ttattgaagt 5520
gcacttatga aatcaaccat tittgttgit tagcicagga ggttgaagag cagatagtgc 5580
ttattcaaaa gcacccgtgg gtctgtccge ttcactcact atcagctact aagaatttaa 5640
aaaatgtcct ttgacatgtt gctttcagac acagtatctt ttgctgctgg agactgtgat 5700
acttagatac cgttcaccaa tttgacaaga ctictagaacc acccaggaga cagccctctg 5760
tgcacgtctg tgggagactt tctagattgg gttaaagagg tgggaagaca catcctccac 5820
gtgcataggc tagagtctca gttaagatgg ctaaatggca aaaagaagca aggtagcagc 5880
agccatcgct ctctgcctococ gaactgaact gcgctgtacc atgagcagct gtctcattta 5940
tcgctgtgect ctatgcacat ttactttgta tcaaagagcc ttcaaactga gcaaactgaa 6000
cctttececttt cttaaactgt gattgaatgg cactgtgccc cagcaacttg ggaaggagca 6060
aatagagaga tcatgaaggc tgatitattt cattcttgct titctgaagt cttgtgagat 6120
tttccaagtt cctgtaaagc atgtatttaa acatgacttt gatttccttt cactgtggac 6180
atgaagaaca cagcccacag tgactaggtt ggctctgggg ttggcacagt gggcagcgaa 6240
taggaaagaa gccatcgata aaatagttgt gtaagagaga atagtaattc atttatttat 6300
gcagtgtggo tagaaggagg aatatgaaag ggtatcttgc tggagtcagt tccttcctac 6360
aatagagaat ctggggattg gactcggoct tcaacagtga atacctttaa ccacagagac 6420
acatcgtgcc cctgaaacag attctgacat gaaagtttac atctgtcatc attactgccc 6480
tgggccaagc caaggagctg tcagttotct gaagcattgt gcagaagttt aaaagaagca 6540
aagctgacaa gcacggaact aggatgtccc cttgcaacag gcagccacct ggaaccaggc 6600
catgtcttgt cccctitgtgc caggcagcca catgtctctt ctggctttta tgcctgtcta 6660
tgaattcagc tagtitagta tttacgaaga cagaggtgtg actcttacgc ctttattata 6720

Fagcze



2040
2100
2160
2220
2280
2340

aat cggagac agct cct gct
ct gt aacat g tat gt ggagg

cccactgtta ggaatccccc aagaacacca
acccaggt ca gactcctaca ggctctctga
cacttgagtt ctggtcagtt gattccgaga gccgtgttct tgtggtattc
ttaaactaaa ttcagattta acttttgaga aatgtcttaa gaagcttcta
t act gggaaa acaaacact c t caaat ggsm 09gantwygstas.agagt cagcc

tcagttaata ctcctcct ctttcctagt tttaaa gtC t ccat aaagt CttCtg a
gooaderanarItt 1Pl RAgHICa: S E LA LGt 46T CH AL TGEER £ cBCTh 2400

ctttijahgdacat td@agtdlcct idAgt €agat§RAGEEAC abcdthtadcat Bydabagt chgar 2460
aacaggagaa gtacgataac gagagcatca gttctgaaat ccattgcctt gfttagaaat2520

agagddgendact (togerdyod aditateeydt tegtgoaddaget weatdlgaterratast t t 82y 2580
| acVigq ¢ 2822k AHIORLNYQ g2 heRg ot %%Eg%at 302 RRGGAC YaLLg a0t 9akbED

aagcCtagaa accaftcata gaaacaaatg acacct c cgacggggcc cacgtatgtg

t gt atigoerpytagy fyrgetarad caegasijiva2yRQcedgticridacyhagtacagad acéadyt cat

gt ga C a t g gg cagg

amcoareraoBf g ARg-ORRBRL HLPe i ab0d s baREETtd A EBRTN. 00268 2T,
ct ggghgagg;cagigaghggcoiggamagmga%g%@g@gaggmaghgag:cgtgttgiggcg; t gl gcgtg
tgtgtgtgtg cgcgtotgtg tgaatgtatg t gt atct atatgttagg gg catt
t Ot £ Bt e £ AL AR Tt B0t U CPET ROt LECHGEERS { CQBRH ¢ at o
at t ataget garaaHcrged gl (ajcet gait goGRaaedgtgeatagred ahadnlgagg ct abed at ct
atctatctat ctatctatct atctatctat3120 ctatctattt atttctggtt tagtggtatt
t at t PAFFARCRT (OO PC L atH PR t iR AW LEERG ttﬁ%f’catgtttEQ:EFangaét t c? é%? t aaa
t cagGlk it &atkt LAGGEHAY9ORGLAS HYC ARt H L 158G H €] Fe8tAGREL L1 gagmagga

ggct acat aa
t ct ct gaacc
t caaaat gt t
acagttgttt
at gacgtctc
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atgttagctc cgct gagcta aacagt gcag3300 cttcacttgt catgttctag ttgtgaaggt

agcattgagcatagh iter a&aad At £ E¢rRaa 3 BBV CakGic A¢2RIC8A Gl §RAALAEEEC aagé aaaa

agaae&%@&&%c@@%@ﬁ@&%@ccgét%E@@ét%t @%%tttcc actctcatgg catgtcatct 7500
tatgagttta tgtctatggt ttctagtcaa atctgttttt ccccagggaa cgacatttiga 7560
aagaaatata cttcttaatg tgtgtctgtg tgtgtgtgtg tgtgtgtgtg tgtgtgtgtc 7620
tgtgtgtgtg tatgtatgta tgtatgtatg tgtgtgtgtg tgtgtgtgtg tgtgtaccat 7680
tgcacctatg tggagctcag aggacaacat gcaggagatg gttttctcct tccaccatgt 7740
gggttcaagg gattgaactt aggttcccaa gacttgacag tagctgtctg tacccattgt 7800
gtcatctccc tgtcccctag aaatatgctt taaagtgtat tattcccaag aacaaaacca 7860
aaaccttaat acattcagtt acggtatcaa tattcaagag taaagcagaa gtgaggaaat 7920
gaagcagaac actgaatgct gggttagaaa tcctcctgcc gggatttact ttacgtattt 7980
acctttaact ctctaccgtt ggtttttaca gacctcagtt cccattggtg gaggtcaggg 8040
ggttggacta gttatctcta agtgacatat ccaggtctca cattctatac tagtttactg 8100
tacgatgggg gaaattagca ccctgggtat ttactaggca atctgtatgc tttgactcgt 8160
ttagtcctaa gtaccttcgg gtgcaggtac tatcacctce atttttcaga caaggaaatg 8220
gagccttgat aaggttaagt aacatagcca gagttactgc tagtggtggg tgctaagttg 8280
aaaggctgta tctgatccaa tagcctgtgc tctttgcatg ataaacactg gagagaaaca 8340
ctgcgttatt tcaaagtcta gagggatcta agcaacgagg cagcagcagt cagtatttct 8400
acagtgtttc attagccgtg tgggtggttc atgtggagtg aattacctgc atgattattt 8460
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gagatgagaa
ttaaaacttt
tagatacaat
tatataatat
aagctttgaa

J’Page, 42

accactcttt
tcattcaatt
aacaacttta
atataaaatc
cacttggctg
gtacctatac
atggatcttt
cattcacgag
tccctgaagt
acaatctcaa
atttagtttc
ccagataaat
gtgatcagcg
agaaacatgt
aacataaagt
gatgctgtat
gtaataaaac

aattaaagtc

aaatattagc
cccttgectyg
gcacagtcta
cacataggca
acttatcatc
gcttggagat
ctttgcctgc
ttgcttctct
ctggcacacc
caaaatcatt
tggtaattgc
gtgtgtagac
aactgtagaa
aaagaaataa
tagatttatt
ggtatagtgg
acaggcatat

tgaattaaat

34620
34680
34740
34800
34860
34920
34980
35040
35100
35160
35220
35280
35340
35400
35460
35520
35580
35640
35669

S



PBD aggcttcaga aggcctttat ggctaaacca agagcagctg tgcatatagt tcccaagctc

tt agacaggt aaat at gcat aaaatcccca caaacaatgc aaaatgtgtt acaaagcaat

aaat ccaaca aattggtaag tacacctgca gctggcattt tttagtttct atttttagaa
tgtctgcttc cttcectttct gcactgccct catgatggtt gggctttctc cctagaaatt
tcatctgatg tgtgctacaa _00067pan.00067 a@asea.ttxet aggcgggg agct aagaga
gactgaactc ttcctttaaa accaatcatt ttgaactccc caaatctccc tttgtccatg

cact aaggccoggctttgact atttttctct ttccctaatt catcccagtt aactcacaat
gtcttcccet taggtggaat atgatgccaa tgttttctcc ctgaaacgca cgtttgtgga
aaggadalat 74Qt gttctta taacaatcac ctatcttgcc gacaccagga T25.txt acccacacag
gt ctt%lggan attggtcta cttgtttgtt gggatgtttc acagattaaa acgtggacat

tttctag tt ttatgtaagc ctttccattt ggttttcttg cgtaggatct ttttccccaa

act aaagsgc muit afuggiitdsa accaatttgt tctattttga aaggtactct ctttgtcttt
cacatcaaca atttacattt aagtattgat aaatcccatt aaaaatgacc attttgtatc

gt gagggact tatgtattct5880 atggagttct5940 gttgggaagg 6000 act gaaggaa 6060
cttacagget 28120 gttaaaaatg 6180 acagcaaatg 6240 atccttagtt 6300 aaggtctaca
6360 gatagxaaggga ctttaﬁdgmxaat gogtatga 6#!&@1cgtttgggh@gtttag@5¢@am¢hatcaga6(5600

D@b43

c5oa %05t e BRSO SR b AT SRR RO UEaRR R gttt
ttcaaggcta gcctaattta gattagagtt tcaagccagc cagggataca aaacaaaaca 180
atccacaaag agacaaactg ttcaaacccc taatttctct tttatctggt accactctaa 240
agcaacaggg aaactctgtc tttgaagaaa ctagcggatg tgtgttagtg ggaaacacaa 300
tatggagaca agtggatgtc acagcaaagt ggagagaagt tagttaaatg ggaatccttc 360
agaaagtaca ggatagtctc ttgacaatat cctaagggga ggtagittaga ggattgacac 420
attaggaagg cagaagagag gcggtgtgtg tgtgtgtgtg tgtgtgtgtg tgtgtgtgtg 480
tgtgtgtgtg tgtgtgtata cacagatgtg tataagaaac gtatggatgt atagattttg 540
aatccatgcc aggcagggag gtgagcattc tgctggctct caggaaattc taaaagaaat 600
taaacagagg gtattttgga cttgggagga caagctttaa agaagggtga tgaggaaccc 660
tagggagatc aaggggatta ggtaaatatc atgttggaca gtggggtctt caggctttct 720
tccattccta gcaccagaaa gccagtagca gacataggac tggagaatct gtgtccagag 780
aatgcagatg ccacagacaa ggatgccaag ggagacattt ggcaacctta aatgagaaca 840
ctgaatagac accagattgc tctaaagtga ctacattaga gccaaccaat ttgtgtcttc 900
agtgaacatt ttagtacctt gttcttcagt acaaacaaat accaggcgty gtcagctatt 960
ggagtatagt ttccattgtg gaagaaaaac taattatgca aattgaaaca tgaagttgga 1020
ggggtagggt agatactgcc agggcagcag aagatagcgt gatgctattt taaaatcctt 1080
agagatgaga gaacttgtat tcataaaata aagcagtctt caatcacaga gtaatctcat 1140
catagcaaag agctcttgga aatttgaaat taaaagtaca attttcaaga aaggcactaa 1200
gaacactgga ctctgaagta ggtaatatat cctttttaga aaggaaaaaa aaaacaaaat 1260
aaaatgattt ttttttcatg ggatcattcc aggtcatata aaaagctgta agaatgaaag 1320
tggtgctgga cttagtagaa atcctggaag ctagaaaaca atgaggttgg gcctgcaaca 1380
ttgtggcatg tgttatatac atgcatgctc agatgttagt ttgccaactg atgtgttggt 1440
ctggagatca gatgtgagaa cacacacaca cacacacaca cacacacaca cacacacaca 1500
cacacacaca cacacacaca cactattcag aataggtatc caaggataga tgccagcaga 1560
gatgagaaaa aaattaggca tcaagcccta gtgctctttg atattaagag ggaggaggca 1620
tgaaggaatc tgtattttct tcttccattc actctcacag tgagtgtttc acactcttcc 1680



ttaactattt 7080 agat aagaat 7140 atacttgttt 7200 agctatcct g7260 aagcagcaca7320
gt gt aggcca7380 7401 <210> 25 <211> 4901 <212> DNA <213> Mus nuscul us <400>
25 gctaactttg ctaagtcagg aggcctttat ctaggcgggg gtcttcagga atggagttct60
caagcgagct gatgctttgt ggctaaacca agctaagaga aattggtcta gttgggaaggl20 Ta- 46
PBD_00067_W). 5T25. t xt ct at aacean (Pagaciot 58lp .agagcagct g gact gaact c

ct t gttctetatage 1 aaaa LU 3G el CAGr Ay EaeRFRIRYc avatHgact t cé(1d aaa

Dage *

gggéﬂﬂl&&éf%gﬁ&téﬂ%@?éﬁ¥{g4ﬁktgctaagc tccccacgca tgcattgaat tccatctcct 1800
gaatgaggga ggcagagcgt gttcttctag gaggcaaatg gaaggatttt acccaggaca 1860
gagcatcagt tatgctggat gctgtcagta agtcagggat gataaagact gagagctgat — 1920
ctttggattt attgatgtgt aggtcgtagg tgtgcttgac acttatgttt cagtagatgg 1980
aggagatgaa gcctgaagga taggcataag aacagacctc ctagaaagcc tgggggaagt 2040
taagatagac gttccagtga tgtacctaaa agtgacaaaa ttggtagact aggtgttgtt 2100
attatatcta ttattatagt ttacataact gttataacta tgttcaatgt atatctaaga 2160
gagaaggcct ttttattgga caaaaagggt gagatgttgt ggatttgatt taatgcttac 2220
attatggctt cccaaattac acagggattc aaatgtctac tgccaatggc tgggctggga 2280
gacagaggcg ggactttgag attccccagg caaggaactc gagggaggaa gagaatgacc 2340
actgctgagg atggagaagg tccccacttg agaagtgtag gacagaaaga cagagacact 2400
gccaacatgt aagagtcaga gatcatggcc caggaggact acaggcctgg gtctgtggea 2460
gccaggacag aatataacat aggttttagc aagtgataat tcaggaatat tggaggggag 2520
agtgtgttag ctgtggggag gtttggaagt gcccagcatt gagctgttta agacatatta 2580
aaataaaagg ctgttgtggt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt 2640
gtgtgtgtgt gtgtctttca tttgcaattc cacaacatta gggtggtagg aagaagtgtg 2700
tgcgcacccg ctgggatgtt tggagagaat taatttatta ccacttcagg gggacatgat 2760
ttatttggta gagcaatggc cttgcatggt tcaggcttct ggttcaacac cgagaatttt 2820
aaaaaatgga gctgaagaat aagactgagg aacactgcat atataaaatc cttccagtga 2880
gttaacaaag atagcaaacc cgcagaacta tcgagcagtg gcagaacacc tgatgtggaa 2940
gaaatggcgt atgctaaagc aatgcccttg agcagacaag aggagatgga atttagtgca 3000
tatgtgggga gactggcatc taaggagact ggcaagaaga aatcaagggc atcacttggg 3060
agtgcggatg ggtgggctgg ggagctgcag gctagggaaa gggaaagtgt ggaatactca 3120
gggtcagtca acaaacccag aaaatatagc acaactgtgt tctgtgtgta tacagcacag 3180
tacagaaagg ctgtattaaa atctgtgctc gtggatttta agttagcaaa tagcatggtg 3240
gttcattttt tttttctagc cgggtttagc atcttgagaa tagtcacaga ataggtagag 3300
aatggccctc catgttatta ttattttgtt ccatgaaagt gtgattatga agagaggcca 3360
aggagctgac agtgtactta ggggaaggac cagaaggatt accagaaatt ggtcaaaact — 3420
ggagtaaacg gggtcattat aggagtgtag ctgtgaagag gtgagattaa gtgggcttagg 3480
aagatttgaa caccaaaagg actatctgta ccggagagtc atagcccgat taaaaactgt — 3540
aaagcttttc ggttttctca aatagtgtct ctcacaaagc cttgcttgat gtcccaaggg 3600
ctccatcagt cagtcattcc tcccagcectt caatggatgc aagcttcaca cttgagcccc 3660
ttggcatatt acaaaccata cttatgtatt tgttctcttit ctcctaacct gccaaatgta 3720
taggatctct taagagaaac actataatta ttctgtttgt gtccctacat tgttcctagg 3780



gtgtgagtta tagcttatgc
cctaattaca acggcat aga
tgatcttttc tcaaactgta
atgctccttt gatgcataaa

tcccaagctc accaatcatt acagattaaa
ttagacaggt ttgaactccc acgtggacat
aaat at gcat caaatctccc tttctagttt
aaaatcccca tttgtccatg ttatgtaagc
atgttctcta agatggttag caaacaapgnimaeta@gsam.mkttccattt aaaaagctct540

o0, B a1 HL A e S Lo Shih R, SHAESCD

ct agahtt @yt 0G2VERHE g dGRtEEARGAad dRest @R bhaddthb &L cadencRagt acg@cﬂﬁ720
tggtttaata gacttcaagc aattg taag catcccagtt actaaagagc aaaaggct gt 780

tt ct CEERHEPgJcad 219928 s%atw@%%?éaaftqg@as‘@egtgs%gaaasat 2830 840

ttaa acat L Y ta 900
ot ForTCa oag0iEeaa il agt T tat L a00t Ggaat et art (Cot Segucaget 6960

t caa@atarttcie Aagras it ;9aat geigdacetadagatic aactaaggtadrtgacggaat t #e8% 1020

act crgrarog oRERA e BRI b BEa kb TalleaBliT (T ERR0) 1o
t act gpgatticaghamceg@icac gurpgt yonet acagichy ytagyacattbt c ahgtt gt amct 42a¢ 1200

R o e e A T R R LR

gt t aaaaat g300
acagcaaat g360
atccttagtt 420
aaggt ct aca480

atta 89?% 1320

cct agkhoadaghe aght EtRre acCeltagaaaitt tiaageaicactiagaond dafgaarges at ¢g20g1380
ggcattattt ccttgttttg tcatctgatg ctatcttgcc attttgtatc aa cagcaca1440

tgccttttgg cctagttact aggaaadaat gtgaattttt aattgactgd agcctattig

ctctttgttt ccactgatga tcatcatgaa cccatcttga agatatactg ttcataggtc 4440
tctctggaga caatcccagg tcaatatgtc ctgtggttgc ttgaagttag tttccattgg 4500
ttttgtttta cttttcaaat tgttctttgt gttttaccag gatgtctctg gttccaagcec 4560
agatctctca ctccggctaa ttttctttga tggtgaagag gcttttcatc actggtcccc 4620
tcaagattct ctgtatgggt ctcggcactt agctcagaag atggcatcaa gccctcaccce 4680
tcctggatca agaggcacca accaactgga tggcatggtt agtctgagta attaccttgg 4740
ctctgtagct cagtccctgt ctccagaggc aaggctgcta agaccaagta aagacctaaa 4800
cgtgcctcga aatcctcgga gcactgttta tggtagaaca ttccttggca agcactggag 4860
ttttgaggaa tcccagacct aaaaagaatg gttctgtgtt agaagctgtg tttggctgag 4920
cttaattaaa atgatgtgac aatcagatta agaaggcatt agattcatta tggtttagtg 4980
agagtaccgc cccctcccaa cccctcaaca ctgggtagtg tggagagaaa gagacctttt 5040
ttcaggcaga ggaggctggg aaccccagga cagggaggaa agaggaattc cccatgtgtt 5100
taaagcagta tattgactgc agtatactga tgtttaattt tatgtggtag gttgatgtag 5160
catttatgat gtgagggtag agacattttg aagatgtctt aaaattctgc tgttactaaa 5220
tagtggtttc agcatccgac ctccatacgt tctcctgtgg cctaccagta aattcccttc 5280
agtgactctc tgcccatact ggatcttcac tctgtcacca agtccacacc actcccagtt 5340
tagaacctta tgctaccctc gggaagtcat ttgtctctga cactcttcct aaaccctcca 5400
ccctgccttc acacattccc gctctitgtc gccctatgac tcaaatgagc aactggtgtc 5460
ttctagattc cctaacgctc ctcatgtgag catgactttc ttttgtttgc ggacagctca 5520
ctatgagtca aaagcatgtg gtcatcattt cactcattca ctcgtgcctg agcaactcag 5580
aggggcttgg acaaatgaga agagatgcag ataattagca gttacttatc agtccagata 5640
tacgatccgc agtgatggaa aggctcatct atttctcaga gacttatcca atctcatgaa 5700
tatgttccta tttcaaacaa gcattttttc ccaaatgaat gagtatgtat atcagttata 5760
catacatgta cgtatatatc attcatgtat accatatctc tggaatcttg aaacctgata 5820

Dage as



tgggttatat acacgactta tgtgctacaa gacaccagga gtgagggact gtgtaggccal500
gtggttctca aacttcagga cagat cagaa tcccctgggt tcatgctaac gcgtggattal5e0
ccagccggta ccccgaattt ctgattcatt aagccagagg tagtaccagc tgatttgcat 1620
ctctgcgtta ttctcaggtg atactgaagc tcttgatgag gaaccgcatc ctgagaatcal680
ctgat agagg tcacagtagt cttttccesm 0(AQ8QwWOpgsTs .gkt gat atac ttcatcctacl740
t ct gREYHIAtEQIqoEe FRILC t AWAGEECWECI EarI Tt AECRCAER drECtagEehcaddtt 1800
acct t ct 1860
ot ot BPOT e 5 SR adecao MR ELTAR cLopERaRTBF T BT s G 0t 5009 1020
ggt ceddddagantoat bt tiitat agpmdadaqygt agEihagags pat@uttzc gttdagagat gbadt 1980
cccct%gca%acgt t‘_:‘cgcattt%‘l cacaacccec ccctatagct%ctcgt cclt;tgt cctgtaaataaéaga% 2040
t t ccCERRES % 2P LRI FHESHTL cg?ggca agcagc Leefact gpgggagcc 2100
ccacagigercaag@ihgdakga cajcacsenirgtad@teignyaaggcoaicecicaeyget acyyn2160
pc,se- 47 Peo 00067 wo.sT25.txt tgcagt gga ccat gtﬂg_tt ctcccce i t

gt acBEItRG T G HALEC t Wyttt gg2 tg%l%c ﬁ%&@afbagtg ERGet9 gg %acatt
gt t glck€ddtaEd alcggataba Ottagacsdut! 2eRct €6t GiGubc£atagddatEg CCERALT CCL
ccattggggt ctccatgctc agtcctatgg2340 ttgactgcaa gcatccgcat ctgtatcagt

aaggdfetgdteadagaettdta caddabcag oG CEsqG A dggt et cEEgit@alt cafdtcttc

j\)@e, 46

Ut 00GRE&SRT tFAHaRBE AR 1 QAL EL QD! 288Rccatyg ttatgtaage aaggtctaca 6360
atgttctcta agatggttag caaacaatgc cactaagccc ctttccattt aaaaagctct 6420
ccgtgtgatt ctcgcttgtt aaaatgtgtt agctttgact ggttttcttg atgggtctga 6480
aacatgcctg ggtgactatg acaaagcaat atttttctct cgtaggatct gttggtctta 6540
ctagatttaa ttggagcagc aaatccaaca ttccctaatt ttttccccaa gactaccaga 6600
tggtttaata gacttcaagc aattggtaag catcccagtt actaaagagc aaaaggctgt 6660
ttcttcctgc tggcaagcac tacacctgca aactcacaat ttatggttta aatgtacaat 6720
ttaaatagtt aacatacctt gctggcattt gtcttcccct accaatttgt ttattattcc 6780
taattcttca gcaggcccag tttagtttct taggtggaat tctattttga aaggcagatg 6840
tcaaaatact acatgtatat atttttagaa atgatgccaa aaggtactct ggaatttcat 6900
ttcattttcc atctcaaatt tgtctgctte tgttttctece ctttgtcttt ctcccccaag 6960
gactctgtgt gcttccctta cttcctttct ctgaaacgca cacatcaaca gattgtacct 7020
tactgtgatt aaaaccgatt gcactgccct cgtttgtgga atttacattt ttaactattt 7080
aattgtataa gaaaaatgta catgatggtt aaggaaatat aagtattgat agataagaat 7140
attatatttt gtggtacttg gggctttctc agtgttctta aaatcccatt atacttgttt 7200
cctacttgat acagttttac cctagaaatt taacaatcac aaaaatgacc agctatcctg 7260
ggcattattt ccttgttttg tcatctgatg ctatcttgcc attttgtatc aagcagcaca 7320
tgggttatat acacgactta tgtgctacaa gacaccagga gtgagggact gtgtaggcca 7380
gtggttctca aacttcagga c¢ 7401
<210> 25
<211> 4901
<212> DNA
<213> Mus musculus
<400> 25
gctaactttyg ctaagtcagg aggcctttat ctaggcgggg gtcttcagga atggagttct 60
caagcgagct gatgctttgt ggctaaacca agctaagaga aattggtcta gttgggaagd 120



gt ct gccgat
ctgattccat
gttgagcttc
gggcact ggt
at gt gt gcct

agggt ggatc cctaggtgag gcagtctctg gatggccttt cccccagtct 2520
tctttgtccc tgcatttcct gtgatccttg gtgtgtcaag gcacctggga2580
ctctgggtgt tgtaggagtg ggtagtgagc cagcgcccca ggtttgcetct 2640
t caaact gga agctggaatc ttagaggttt tcaccagcac tgtcaatgtc2700
ctctgtctct attctccrer_CQ06tomasmits.atlagat aggt gcagcttaga2760
ctcttactgt catagatgt ctatgttta ctgataca t a aattcc {2820
ot gaf BAHFT] GREGCTHIE0 AR AsTa oo s gres oo BTGt BTk dar e odgsmanatit 2880
agat gthgaic cet agtadclcga ciggat gtage at t@ict gedaghgoracagaaacdgaggect ct 24092940
aattgggatt actcaaggat cattctttgg agagggagta ttttcagaat tttggctatg3000
gaaathPtROtEE 334at'gAEcC PR LAt 23R RiFadsr By srata St tradgetd gt ati%3060

ttgt g@@éattﬁlaéegtatcb%éat%ba aGalagh&dglr ar €fadt 8@l atgigghedd hEadcadhogat t 34003120
aaattttaaa aatattfattt tcacatttct ttttctggtt cttttttatt atatgttaat3180

t gt atgREAFEtEE thcaaqtata Rrasntacat acdaagat ercat B ategt ttgageettagteagedic 3240
t CgC%@g@é&@@%ﬁ@{;E&%a ¢10308399C+{ QR LESRP LT 2AH2 Y205 RAL £ a0agR 3300
gggcgaaaga agaaalggag ctaaaacaaa ttcattctga tcaaagctCa aattttattg3360
t t gcabgETitcbytagat erEdgg geag gdgagcydgageuyatticcetige egazagcaat ct c§4fg3420

R R A L I R e L SRR

agt ahat®aajccad agtyigat g cahatdeatcatatet tdigegragyatat gttdgtictaat t t 660c3600

?ﬁﬁef 47

A A A LA LA el aga L eaadt L L BLESC gL, Bggrat th 53660
tggtttaata gacttcaagc aattggtaag catcccagtt actaaagagc aaaaggctgt 780
ttcttcctge tggcaagcac tacacctgca aactcacaat ttatggttta aatgtacaat 840
ttaaatagtt aacatacctt gctggcattt gtcttcccct accaatttgt ttattattcc 900
taattcttca gcaggcccag tttagtttct taggtggaat tctattttga aaggcagatg 960
tcaaaatact acatgtatat atttttagaa atgatgccaa aaggtactct ggaatttcat 1020
ttcattttcc atctcaaatt tgtctgecttc tgttttctcc ctttgtcttt ctcccccaag 1080
gactctgtgt gcttccctta cttcctttct ctgaaacgca cacatcaaca gattgtacct 1140
tactgtgatt aaaaccgatt gcactgccct cgtttgtgga atttacattt ttaactattt 1200
aattgtataa gaaaaatgta catgatggtt aaggaaatat aagtattgat agataagaat 1260
attatatttt gtggtacttg gggctttctc agtgttctta aaatcccatt atacttgttt 1320
cctacttgat acagtittac cctagaaatt taacaatcac aaaaatgacc agctatcctg 1380
ggcattattt ccttgttttg tcatctgatg ctatcttgecc attttgtatc aagcagcaca 1440
tgggttatat acacgactta tgtgctacaa gacaccagga gtgagggact gtgtaggcca 1500
gtggttctca aacttcagga cagatcagaa tcccctgggt tcatgctaac gcgtggatta 1560
ccagccggta ccccgaattt ctgattcatt aagccagagg tagtaccagc tgatttgcat 1620
ctctgecgtta ttctcaggtg atactgaagc tcttgatgag gaaccgcatc ctgagaatca 1680
ctgatagagg tcacagtagt cttttcccac agagtggcca gttgatatac ttcatcctac 1740
tctgttggca tattccgctt taagcccccc acatctctac atgggcattc gccacacacc' 1800
acctggatct atgaacatct gcatctgagt ttccaacacc tttgactcct ttttctcettt 1860
ctctttctca atctcagttg ttctagtgag catctactct ttttttggca ttagctactt 1920
ggtctctttt aatcttttta aaaaattggt tattttattt atttacattt caaatgtact 1980
ccccttecca gtgtcccatc cacaacccce ccattccecte ctectgectct ataagagtgc 2040
ttcccccace tgcataccca ctccagectc tgccatagca ttcccctace ctgggagect 2100
ccacagtacc aagggtctcc cctcccactg atgcctgata aggcaatcct ctgctacgga 2160



cctctgaccc cccccatccc attccccctc
cccttgtcct gggattcccc tacact gggg
cctctcattg atgtcccaca aggccatcct ctcctaatat gcggctggag
ccttgtgtac tctggttggt ggtttagtcc ctgggagatc tgggggtact ggttggttca3o00
tattgttgtt cctcctatgg agct gcaasm 00067 avasgrls.eett gggtcc tttctctage3960
t cct tOERAGIGY JaE_EIGE t gicE ARt ag et §HE 9 §EL WGP gadagccehied t adt#t 4020
ttgt C ca 4080
A e R e e e R R A P LR
t cct ttcagttecteigeteddtc amcaagt@ttcatagttamtcctccm;gat@ggtcactgtgg gakatr 4200
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t cct cettaicabganatt tamhg gaabttattggt Ggcaatat csataatg@ﬁ cagittrgggt t 246t
C&Ctggg at atattctct aattcatcat ttttaataac t tag%ac at ccat

ct
ttgt I8 OOV THPLS (el S a0 S o at ST aagit
t 9ot @k a9cdccaeaice et frdc gﬁg%aea&k@agida&@@a@agtgmt&@a@@@@t@;w&t chtdcc

cccctgctca ctaacccacc
cat ccagcct tcacaagacc

aactcctgct 3720
aagggcct ct 3780
ccat gagt cc3840
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tacatattct cgccagcatc ttctgactgg tgtgaggtag a
gttgagcttc ctctgggtgt tgtaggagtg ggtagfgagc cagcgcccca ggtttgctcet 2640
gggcactggt tcaaactgga agctggaatc ttagaggttt tcaccagcac tgtcaatgtc 2700
atgtgtgcct ctctgtctct attctcctct actccaaagt atagataggt gcagcttaga 2760
ctcttactgt catagatgtg gctatgttta ctgatacaga tctagggaag aattccatgt 2820
gtgataagat ttcaagctcc ctaaataagg atgtattctg agtcttgatc agagaaaatt 2880
agatgttcat ctactgtcta ctgatgtica tcttgctgtc cacagaaaag gaactctatg 2940
aattgggatt actcaaggat cattctttgg agaggaagta ttttcagaat tttggctatg 3000
gaaatattat ccaggatgac cacattccat ttttaagaaa aggtaactgt gtgtgtattg 3060
ttgtgcattg tgttttctct actgtgtcta ctgtaattat tatattttat gtgcattttg 3120
aaatrtttaaa aatattattt tcacatttct ttttctggtt cttttttatt atatgttaat 3180
tgtatgtagt atttcattat gacattttta tagatgtata ttgttgcggc cgccagcagc 3240
tcgcaacatg aaccgttcga ctgagaaggc tactcgagct gtaagagagg aatctagacg 3300
gggcgaaaga agaaatggag ctaaaacaaa ttcattctga tcaaagctca aattttattg 3360
ttgcaacact agttataaag gaagdgggad dgdacccgat tcccgccgaa taatctctgg 3420
tccagtagaa aggtgcacgt gtgtggctcc gcaggttcta gcagtgggcg tggcagaccg 3480
aatgagcagg aagctccacc cctgagcaag caggtttcag gctgggggag gggagactac 3540
agtatataat atagtttgat catattcctc tccctttgcc ctctcttttt ttaatttttc 3600
attttttatt acatagtttc tttatctaca tttcaaattt tatccccttt ccccatttcc 3660
cctctgacce cccccatcce attcecccte cecctgetca ctaacccace aactcctget 3720
cccttgtect gggattcccc tacactgggg catccagcct tcacaagacc aagggcctct 3780
cctctcattg atgtcccaca aggccatcct ctcctaatat gcggctggag ccatgagtcce 3840
ccttgtgtac tctggttggt ggtttagtcc ctgggagatc tgggggtact ggttggtica 3900
tattgttgtt cctcctatgg agctgcaaac ccctacagcet ccttgggtec tttctctage 3960
tccttcactg gggaccctgt gatcagtcca aatggttggc tgtgaacatc cacttaatat 4020
ttgtcaggca ctggcagagc ctctcaggaa acagctatat caggctcctg tctgcaaggt 4080
ctgggtttgg tgactgtata tgggatggat ccccaggtgg gacagtcact ggatggectt 4140
tccttcagtc tctgctccat actttgtctc tgtaactcct cccatgggta gtttgatccc 4200
ccttcttctt ctccttctcce ttctceccttet cctictecctt ctecttctte ttcttttgat 4260



tttttgagac
tgaaagacca
aattgtatct
catgtgtgtt
atttgcctaa
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ttctggctat
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tgagtttttg

aggatttctc
aagtatccac
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cattttctgt
tataaataag
tctgggtata
ctgaggaact
tggaggagtg
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tatatagecc
actgtggtct
gaatttctgg
tgggttatct
aattcatcat
atccattcct
gatgcaatga
cgctcaggat
gtcagactga
ttcctetttc
ttctgactgg

tggctgtect
tccttcttct
gttaatatcc
cactgaggat
ttttaatagce
ttgttgaagg
acatagtgga
tggtatagct
tttccagagt
tacatattct

tgtgaggtag
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ggaattcact
tgaatttcat
acttatcagt
gatattctct
tgagtagtac
atatctgggt
gcatgtgtcc
gggtcctcag
ggttgaacca
cgccagcatc
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ttgtagacca
gtggtctgtg
gagcgcatac
agttccatcc
tccattgtgt
tctttccaac
ttattacatg
atagtactat
tcctgaaatc

tgctgtcacc
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