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responding wi |l d-type gene, and nutants thereof. The preseftOdidsheedddon al so
relates to the high bone mass gene, the corresponding wld-type gene, and
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i mplicated in bone devel opnent and in focal adhesion signaling. The
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~oligonucleotide primers and probes, a proteins, cloning vectors, expression
vectors, transfornmed hosts, nethods of devel opi ng pharmaceuti cal

conposi tions, nethods of |dent|fy|ng nol ecul es i nvol ved i n bone

devel opnment, and net hods of diagnosing angd treating di seases invol ved in
bone devel opnent. In preferred enbodi nents, the present invention is
directed to nethods for tmaag@ugg;ﬂkngmgﬁgmgcgmq;quxgnijng osteoporosis. 5
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acids, proteins, cloning 10 vectors, expression vect , ,
- net hods of devbmqﬂen@t)plpfhv&r ﬁh@mmtbalalsowqywenildeisacidmpm dbnindent i f yi ng

nol ecul es.jnvol ved in bone and of dlagn05|ng and
treating a‘%)sea I?W%‘feﬁg lﬁgﬁ; PB%EE& H‘f’ BPEed enbodi nents,
~the present i nyRidbeBtits cothpRaioas rﬁ&hods%ﬂlﬁﬂﬁyﬁe&ndlée@ﬁkmglve@hﬁﬂdﬁ@s' ng,
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and senil e ost €0por oSt s and
taken wit h methods for treating, diagnosing, preventing and screening for normal and abnormal

15 condmons of bone mcludmg metabolic bone diseases such as osteoporosxs

BAQES_GROUND OF THE lNV'ENTION
Two of the most common types of osteoporosm are poshnenopausal and

selnle osteoporo51s Osteoporos1s affects’ men as Well as women., and, taken with
other abnounahnes of bone presents an ever-mcreasmg health risk for an agmg
o 20 o pulanon. The most common type of osteoporos:s is that assoc1ated with
i : '7 : -_menopause Most women lose between 20-60% of the bone mass in the trabecular
R compartment of the bone w1th1n 3—6 years a.t'ter the cessahon of menses. This rapld
o '. lossi 1s generally assoclated wzth an mcrease of bone resorptlon and formation.
- -'-.However the reeo:ptWe cyole is more dominant and the res‘ult is a net loss of bone |
- 25 :mass OStGO]_JOI'OSlS is a common and senons dlsease among post:nenopausal
S ) fwomen. There are an esnmated 25 mﬂhon Women m the United States alone who
" are aﬁhcted wﬂh t‘tns dlsease The results of oste0por031s are both personally




ot her abnormalities of bone, presents an ever-increasing bBemkdderpo®k for. an
agi ng popul ation..: The nost common type of osteoporosis is that associated
with menapavses2vbst women | ose between 20-60%) of the bppgsfiRgss;i n the
trabecul ar conpartnent of the bone within 3-6 years after the cessation of
menses. This rapid loss is generally associated with an increase of bone
resorption and fornation. However, the resorptive cycle is nore dom nant
and the result is a net |oss of bone spc wonen. There are an estimated
25 mllion wonmen in the United States alone who are afflicted with this

di sease. The results of osteoporosis aregboth personally 5 Cctober 2004 W)
01177327 PCT/ TIS60/ 16951 -2 harnful, and al so account for a |l arge economc
| 0ss due to i el el Slkd decoitd fiareh eEhofAl 108X @RS tY BB éﬁr term
support (hospltallzatlon and nursing honme care) fromthe |sease sequel ae.
This is especi&fd Hr exensivesndinng- tmmw@WMomdnmmgmmcm. | e

ost eoporosi s | ht of n| ng condi ti on,
a 20-30% mrtgﬂ%n?ﬁgrgfgtgges%sﬁrgfea a?ﬁg mpﬁcfaﬂ&i?lﬁ&? tl‘?eﬁ fy wonen. A
| ar ge percent agﬁmhaﬂygmeeste@omswmgé@rmerﬁobm@gm 8fid %ﬁ&ﬁ@%ﬁh@d with
post menopausal osteopor05| s. The nost vulnerable tissue in the bone to the

effects of poSPRiHeihadez0% Beraliymteisreated toip freetatse in dldetlyworacn. Thi s ti ssue

is often refe REGY n rtl l.ar.l y concentrated
near the endsﬁ%—ggﬁ{& {rslgpnearm{ezi jOI %P% gﬁﬁ’%y ﬁoﬁeae% brae of the

spi ne. The tr pbemehapandal ssetpordaischar acteri zed by small structures which
i nter-connect with_each other _as . wel] as the nore solid and dense cortical

ti ssue which makes JBpEEHIUGIsTable Wﬁ%&@mt%@ﬁﬁﬁ%ﬁ%@@wﬁmé bone. This
Criss- cross B%M&lsqﬁtﬂe%sgéﬁhﬁ%m&'ﬁ £70@kn R4 ﬁﬂeﬁ% a.%%o%xgg ol er

cortical structure and is 15 critical e bi onechani ca h of  the
overal | 4€ructod E.pam‘tu-bdxtrmmm@mlarthe ends of the bone near the joints andmthe

vertebrae of the spine. The trabecular tissue is characterized by small structures

which inter-connect with each other as well as the more solid and dense cortical
tissue which makes up the outer surface and central shaft of the bone, This criss-
cross network of trabeculae gives lateral support to the outer cortical structure and is
15 critical to the biomechanical strength of the overall structure. In postmenopausal
osteoporosis, it is primarily the net resorption aﬁd Joss of the trabeculae which lead
to the failure and fracture of the bone. In light of the loss of the trabeculae in
postmenopausal women, it is not surprising that the most common frachures are
those associated with bones which are highly dependent on trabecular support, e.g.,
20 the vertsbrae, the neck of the femur, and the forearm. Indeed, hip fracture, Colle's
fractures, and vertebral crush fractures are indicative of postmenopausal
osteoporosis. | '
One of the earliest generally accepted methods for treatment of
postmenopausal osteoporosis was estrogen replacement therapy. Although this
25 therapy frequently is snccessful, patient compliance is low, primarily due to the
~ undesirable side-effects of chronic estrogen treatment. Frequently cited side-effects
of estrogen replacement therapy include reinitiation of menses, bloating, depression,
-and fear of breast or uterine cancer. In order to Imnt the known threat of uterine

cancer in those women who have not undergone a hysterectomy, a protocol of



osteoporosis, it is primarily the net resorption and | oss5@ctédre2004abecul ae
which lead to the failure and fracture of the bone. In light of the | oss
of the trseewl7ae in postnenopausal wonen, it is not sus@itiSioAgst hat the
nost conmon fractures are those associated with bones which are highly
dependent on trabecul ar support, e.g., 20 the vertebrae, the neck of the
femur, and the forearmlIndeed, hip fracture, Colle's fractures, and
vertebral crush fractures are indicative of postnenopausal, osteoporosis.
One of the earliest generally accepted nethods for treatnent of

post menopausal. osteoporosi s was estrogen3replacenment therapy. Although this
25 therapy frequently is successful, patient conpliance is low, primarily
due to the undsmigemisideprogeditn egfcheﬁieﬁapgﬁs Sifen@hiployRal TRE @Fotbdo &l sifRM: to
_Frequently cited sjde-effects of estrogen repI acenent therapy i ncl ude
Teinitiati on 8@t gé%use%’r“cﬂfﬂi‘fﬁl, H@&E@ﬂﬁaf@ﬁo e ficnof tolgrated bywemer or

ut eri ne cance :&"t&e& i e cancer
t hose wonen eca ave notdetjn(fgtrgg%{n%&a ?ﬁ@g&%ﬁﬁ ﬁorgieﬁg%t&)c%ﬁm%f 5 Cct ober
2004 WO 01177&%@&@@5&@&&36&5&10@3&@&1&@3&@&&&%0%&&& Rave¥edd C therapy

S often npl ayed., Thi s, 3 f$S|mlar to that which is used in birth
control B 5P 15 P Reseanap Rl Astopparass toafiscticneions. ¢ he

si de- effects %'%?Jn@@ﬁéé hgrehtsqsﬁiomﬂ@ k8. P&@ﬁﬁor%%ﬂ?ésy cfﬁfah?ét%l

anti estrogens, original devel oped for the treatment of reas cancer,

have been 5 sﬁ@nﬂw&ﬁéﬁp@%ﬁrﬁﬁﬂ@b Incdditionahmpxifnarneidalyastd difi@bamensi s t o
be efficaciou ent s, 1§ raloxifene at, ent No.

5, 393, 763, anio et B S s HL o 5 "Bf@g%@’r{&f@gﬂ?l) lengify

addi tion, jsf 2B&op at?sal’%vé‘ﬁlaﬁ/sd&ﬁﬂ GbinHrEAt caﬁgﬁ'@ovefé?ral Mgndir gat ment of

br east cancer as been shown to |ncrease bone m ner al en5|ty I n post
nmenopausaf woided., 820:88-810(1P9M br east cancer (Love et al, N Engl. J: 10

Med., 326:852-856 er ther for the treatne

post menopausal ost pt%%%%er%pﬁgr{i’ﬁ Etg}e{}?ﬂaﬁf?ﬁﬁm@é’mﬁ‘st% 5% s a
naturally OCCUfédldii@nﬁﬂﬂahﬂﬁnWis@ﬂatt:@hybédu&]ﬂgqﬂﬁnde&ﬁﬂbmiﬂhﬁﬂsﬁﬂﬂ% has been
approved for this use in many countries (Overgaard et al, Br. Md. J.

305: 556- 561 ( 1230RpSign andas hewa approvedifos thinvrenn masy pabiics dReeraad piakifired, 15

‘however. Its t : i ensity and
the treat ITEI‘]?}I sfv@?;"%g)?\ég& SI 1?§ng%eh%gr inera Q‘F &??fmh?r eat‘sﬁént of
- post nenopius ahowest.ehpefoiase \mytnb&esusﬁnaﬁasbigl@nehﬁnwﬂ@nm‘i@&ndMese

conmpounds wer e or egl .nally
t 1s very expenswe Another therapy for the treatment of postmenopausal

osteoporosis is the use of bis-pliosphonates. These compounds were originally
developed for use in Paget's disease and malignant hypercalcemia. They ilave been
shown to inhibit bone resorption. Alendronate, one compound of this elass, has
20 been approved for the ireatment of postmenopausal osteoporosis. These agents may
be helpfial in the treatment of osteoporosis, but these agents also have potential
liabilities which include esteomalacia, extremely long half-life in bone {greater than
2 years), and possible "fiozen bone syndrome,” e.g., the cessation of normal bone
fcmodeling. |
- 25 Senile osteoporosis is similar to postmenopansal osteoporosis in that it is
| marked by the loss of bone mineral density and resulting increase in fracture rate,
morbidity, and associated mortality. Generally, it occurs m later life, i.e., after 70
years of age. Historically, senile osteoporosis has been more common in females,

but with the advent of a more elderly male population, this disease is becoming a



devel oped for use in Paget s disease and malignant hypes Cristep2@)4 They
have been shown to inhibit bone resorption. Al endronate, one conpound of
this cl assvo was#0 been approved for the treatnent of po%mmgg;ﬁal
osteoporosis. These agents nmay be helpful in the treatnent of
osteoporosis, but these agents:al so have potential Iliabilities which

I ncl ude osteomal acia extrenely long half-life in bone (greater than 2
years), and possible "frozen bone syndrone," e.g., the cessation of nornal
bone renodeling. 25 Senile osteoporosis is simlar to postnenopausal
osteoporosis in that it is marked by thegql oss of bone mneral density and
resulting increase in fracture rate, norbidity, and associated nortality.
CGeneral ly, it nfdEictoriif tHedkith dfitofh sekes Tt isPbt Qbar (fhat HER! 9%ogfho?fg@ues

Hi storically, senile osteoporosis has been nore comon in es, but
with the advemch@ﬁt@toﬁ’tﬁr@e@rmogwhm(bm&mwma,amdltsdhobag@hrmw i s beconing
a 5 Cctober 2004 WO % RPC..r11J 00/&,695 rﬁ%actor I n the
“health of bot RPE&es™ enré’ st disqass eenuegr?@us FRGeTauch as

testosterone egroReh kg @M RcdtdbtdrbtieSn ﬂieﬁ,q@a%%hoﬁm@huixlo%aﬁbéu&é QANithEHRI NS
obscure. Treatment of this disease has not been very satisfactory. Hornone

t herapy, Jest peshifr ‘Pﬁpmmaé[rhqué@ﬂ%lﬂﬁﬂone in men, has shown equi vocal
-results; calotonir of so ut|I|ty The
peak mass of the s?his on a ur| %ﬁﬁ%ﬁ}tﬁéﬁ ygubﬁ ergggﬁ Sicntnt r ol

- Twi n studi es Tatestadievtinve bl&ﬁwﬁ thet thaffarﬁﬁﬁﬁnlﬁanbﬁﬁﬁ: BBesen RV EHLZEH
nonozygotic twins is_snaller than between dizygotic twns (Sl enenda et al,

J. Bone M ner Iwingis smallgr thambetgeen dinrgetic twiny (Reresndapt al.y. Bowadiner. Ree.. Res.
301967 (199 sRIADl Sl s, Byl 81 557 AO0GORLI(A0ST) ¢

est i mat ed0t hat, Cipn. TroveS) BT O6-TDO (91981?) Ketly wodl) A Boge Mives ktds o BAl-1Mg5m93))s
i nherited (Kr aI et. al one M neé?{ Res 5367 (.1993) Pea
0

skel etal nmass® W"rﬁ@t‘m’b"aﬁgﬁf"é’lmé éﬁrﬁ‘}qli%ﬂﬂtg%VaIBB?FemﬁJﬁ%%lﬁﬁaséWerl y
- years (Hui et nﬁ'ente&‘@l@ra]llef‘&.f %ngér Ads, 1%;@3?@1;%9%?8?%19st\5 qugh the

rate of age-related bone l0ss in adult 15 els a so a strong
det er mi nant (ﬂiﬂmQ;tp@Verﬁﬂﬁ@t@mpnmgfbonBMaSsMeleﬁly:g&ars((HmMARQIMe bone

mass is the princitpa S e deter an e ri sk, he

e ted peatteb sPBrsT R ba RratbEtd BR B Mhags et h s i sl

“det erm nast osndﬁfermmgmk@ua&o@detMt(ﬁmettﬂ,r@stéc%wmlfﬂ 3f3@.34Thus, study
of the genetic basis of bone mass is of considerable interest in the

etiol ogy of fKi96Nr &mcebencimass s the porepal measurable determinant of fracture risk,
the inherited peak skeletal mass achieved at maturity is an important determinant of

an individual's risk of fracture later in life. Thus, stady of the genetic basis of bone

mass is of considerable interest in the etiology of &aqhueé due to osteoporosis.

20 _ Recently, a strong interest in the genetic control of peak bone mass has
developed in the field of osteoporosis. The interest has focused mainly on candidate
genes with suitable polymorphisms to test for association with variation in bone
mass within the normal range, or has focused on examination of genes and gene loct
associated with low bone mass in the rauge found in patlents with osteoporosis. The

25 vitamin D receptor locus (VDR) (Morrison et al, Nature, 367:284-287 (1994)), PTH

" gone (Howard et al, J. Clin. Endocrinol. Metab., 80:2800-2805 (1995; Johnson et
al, J. Bone Miner. Res., 8:11-17 (1995); Gong et al, J. Bone Miner. Res., 10:5462
| (1995)) and the estrogen receptor gel?e (Hosoi et al, J. Bone Miner. Res., 10:S170
(1995); Morrison et al, Nature, 367:284-287 (1994)) have figured most prominently



20"Recently, a strong interest in the genetic control of perkHeppg4mass has
devel oped in the field of osteoporosis. The interest has focused mainly on
candi dat ewgemasz7wi t h sui t abl e pol ynorphisns to test forp@ggRgig@ii on with
variation in bone nass within the normal range, or has focused on

exam nation of genes and gene |oci associated with | ow bone mass in the
range found in patients with osteoporosis. The 25 vitamn D receptor |ocus
~(VDR) (Morrison et al, Nature, 367:284-287 (1994)), PTH gene (Howard et
al, 1 din. Endocrinol. Mtab., 80:2800-2805 (1995); Johnson et al, J.
Bone Mner. Res., 8:11-17 (1995); CGong egs-al, J. Bone Mner. Res., 1.0:5462
{1995)) and the estrogen receptor gee (Hosoi et al, J. Bone Mner.

Res., 10: S 170in thik9ahl., Thise siudies aidifficult Dethise®onsBdss 264 pR&bétpdPf4) ) have
figured nost promnently 5 October 2004 WO 01/7731-7 PCTIUSO Q 16951 -5 in
thi's work. TheJ¥InEusydEtiative, poivern freitised inroriogrded birgasirqumetabiaetent ype) i s
a continuous L4t | I ' b | d

~envi ronnent al s?cg?tg g&%ﬁﬂéﬁ\éﬁn%xgﬁn&&%ﬁﬁ %%%?ﬁjg%@n%?%%ﬁﬁfé{gé@&g’g@bhysi cal
activity, andthid type of siodyotesign Abqmires latgeinambyip ef abjestsu dypattiailgnhe squlity es

| ar ge nunpers ubjects.. | rticular, the resyults of VDR studies to
date have beeﬁggggf R Ogﬂa?‘é ef1 Aendisng And egnipdictrry (Gapero st algbne M ner .

Res . 100 1283120}, 1A3510: BAIRR (Fhosl BislaRUE - , 10:

1289- 1293 (199%%32 Peacock, J. Bone-(ﬁ%sz;rpf' es. %{wa%ggmfgﬁst 1995)).
Furthernore, 10d2801203t(ARS5)S Reacduks/. Bone Adiven. Basg hO:N29R129G1{1995%. nechani sn{ s)

- whereby the genetic influences mght exert thejr effect on, bone mass. 10
Wiile it is V\SP&%WH AN %@ﬁ%%@%ﬁ%@?@%gé?%}lﬁ Yed by genetic
rather than eghefeby iR HeAdtichinlicAtd mighittbR el l8bBhNRadshe gene loci (and
ul ti matelg the genes) |inked to variation in bone mass are difficult and

expensi vd0 St udy dfris wigh ikaervy that peals borrempreisdergely deferviagdbugrakiisi s,
.g., Sib-pai t ' er al | ' ' th
ci ol ¢ assbo HIBHESRREe R ek, sia R Betad B8 el o8 BBbe Y ovever

genetic |i nkage ghesylisiteditd vatiaton tn BaieendiBae defeniiadRep@Eive.DSEYO Maj or
“problens. The first problemis the@phenotype,_ as diiscussed briefly above.
Bone nmass is Seu@ntThichoriize thepomiet ok linkase salysis, eholepiine exeniwlfamilyi scret e

phenotype is ¢jiffli : B 5 m st : f%? r
I nfl uenced by ségé%#ﬁﬁmggﬁgfso%ﬂ%‘%y oaémvl\ﬁliec%%o%rlg@%e ﬁé‘f%ﬁ‘éﬁ%}l@}o&rﬁgﬁi te to
~ site. Thé5secdadaklvapreo Hosmvers gédetic Hejenge sinfhesnianslving boiempds erediaynperedBy t he
time an individuyal can b i deptified_as havi | ow bone mass,. there is a
hi gh pr obabi | PY {3 FAL: PHRBIGFS, J1he e biblern = the phénatype, as discussed Biiefly

above. Bone mass is a continuous, quantitative trait, and establishing a discrete

1)

| phenotype is difficult. Each anatomical site for measurement may be influenced by

several genes, many of which niay be different from site to site. The second

20 problem is the age component of the phenotype. By the time an individual can be
identified as having low bone mass, thereis a high probability that their parenis or
other members of prior generaﬁox.ns will be deceased a;ud therefore vmavailable for
study, and youhger generations may pot have even reached peak bonelmass, making
their phenotyping uncertain for genetic analysis. | | |

25 Regardless, linkage.analysis can be used to ﬁnd' the location of a gene
causing a hefeditaxy “d.t:ofdef’ and does not require ény knowledge of the
biochemical nature of the disorder, i.e., 2 mutated protein that is believed to cause

- the disorder does not need to be known. Traditional épproacheé depend 6ﬁ

assumptions concerning the disease process that might implicate a known protein as



ot her nmenbers of prior generations wll be deceased and thesgdirreoo4
unavail able for study, and younger generations may not have even reached
peak bone Wavs773nki ng their phenotyping uncertain for gepgkigssal ysis.
25 Regardl ess, linkage analysis can be used to find the |ocation of a gene
causing a hereditary "disorder” and does not require any know edge of the
bi ochem cal nature of the disorder, i.e., a nutated protein that is
believed to cause the disorder does not need to be known. Traditional
approaches depend on assunptions concerning the di sease process that m ght
implicate a known protein as 5 Cct-ober 2004 WD .01/ 77327 PCT/USOQ 16951 -6
a candidate to be evaluated. The genetic |ocalization approach using

| i nkage anal wsdandidaatcblﬁeemhﬂtﬁoﬁag@ﬁél&éﬁ:ﬁ&ﬂ@?ﬁﬁéﬂﬂéﬂ@@@“' region
in which the defective gene s |located and thento gradually reduce the

size of the r #S pan Reriged to isifmdahereemeral plaomesemal tegicnfin whishdixeci f i ¢

mut at ed gene GRAERERCLSE PRAHA S - he.gene itself i

di scovered wt h;lfn théeeﬁc%%:lgl t?ate r%ié%ltg ) rﬁ%@ggﬁ, 5%"%%&%‘&“% “Iprotein
are identifi edodstetminé thedocatitof thesfabific nft@eC a6 keptcbisdly B kiR Xpef e
genetic lqcalizatio roach has,  practical inplications since the

Tocation of t ewegééggéﬁmw%mnﬂ&%@%waiowaw@rMMre t he

altered gene [ ' u ' apal ysis can enabl e
famlies, everﬁ%ﬁﬁ%&é@?ﬁe&lﬁ%@,?@%ﬁ&%@ﬁé@, H%v%%@%%%u%%, to know
whet her they are cdhegenctic dfcabizatidn spaseh henmraaical itplieitiahsighe thdie condi tion
of an unborn c¢hil.d:thtoygh npl ecul a di agnosi s. .The transm ssion of a .
di sease wit hi n°Fam P1ee! 'P‘ﬁaﬁ?ﬂe‘ﬁﬁeé@r@?@aﬁa&%a&npﬁampﬁf%@e&tw@ gene. As

used herein, - [p@iehanGsds e dilcak DA R R ed dililis b eﬂ%g!fﬂ%?g%?ﬁﬁe%bref erence

. to a disease state, although froma practi andpor nt one nass
can actudPll y medny ofthwst b birnet & dick ahild da keok whetheraheyomt earios @SaS.

- Linkage anal ys§s_l 0ssi bl e .because of t nat ure, .of i nheritance of

chr omosomes f?%%?%g?é%ﬁgu?SV%Fggg?Fﬂﬂﬂa%Uaﬁﬂ§SW¥F8@§§?“Fﬁ% 3By ent a
honol ognes paidiagh@sif UNidarankiBistioR bOPEkeadSRAkiA Piied the 248 BE BlediS!dhg. Wil e
they are lined up and paired, the two honol ogues exchange pieces of the

chromosones, ithf defective genenAsaiged hegeingelbrnieg "bigh boneopasst @@Mpisnat i on. " The

resulting chr | R | h IS hey _contain parts. that
ori gi nate fro?hﬂzggébﬁ‘ggoa%g%ngﬁ %%%D%%%ﬂ%tg’%m%f%q%ggﬁac?c@gmfg’f’mﬁﬁhsequences
are on tAe chbonomansean béteallydml 4 subfoyavolibthe diseak LRI 3 AkkePbrRyENt W | |

occur between them .and the re cl osel | i nked they are.
n]’.miagc analysirsT?s possible beca>1llse of the nature of inheritance of

chromosomes from parents to offspring. During meiosis, the two parental
homolognes pair to guide their proper séparation to danghter cells. While they are
]jned up and paired, the two homologu;as exchange pieces of the chromosomes, in an
20 event called "crossing over" or "recombination." The resulting chromosomes are
chimeric, that is, they contain parts that originate from both parental homologues.
The closer together two sequences arelon the chromosome, the less erly thata |
recombination event will ocetr between them, and the more closely linked they are.
' Ta linkage analysm expetiment, two positions on the chromosomes are followed o
25 from one generation to the next to determine the ﬁ‘equéncy of recombination | ,
between them. Tna study of an inherited diéeaée, one of the chromosomal‘pos-iﬁons.' ‘
is marlged by the disease gene or its normal counterpart, i.e., the inheritance of the o
chromosomal region can be determined by éxamjn:ing whether the individual . |

| displays symptoms of the disorder or not_.. The other position is marked by a DNA



In-a |linkage anal ysis experinent, two positions on the chs@msIesyare

foll owed 25 from one generation to the next to determ ne the frequency of
reconbi natwosu7oet ween them In a study of an inherited gigga88s9spne of the
chronmosomal positions is marked by the di sease gene or its norma
counterpart, i.e., the inheritance of the chronosomal region can be
determ ned by exam ni ng whether the individual displays synptons of the

di sorder or not. The other position is marked by a DNA 5 Cctober 2004 WO
01177327 PCTI US00116951 -7 sequence that shows natural variation in the
popul ati on such that the two honol ogues.can be distingui shed based on the -
copy of the "marker" sequence that they possess. In every famly, 'the

i nheritance of segliicd tHagitot s iatiled varbEan 81166 pbpulafeq FRA tBE thdwbhe i nheritance
of the disease state- If, within a famly carrying an 5 autosonmal dom nant

di sorder such kgndlegs pavhe digtinguishoddased phftharcopy of thdi"wiadker!| sequeacs thats t he
sane formof t rker . unaf.f ect i ndi.vidual s carry at | east
one different @%ﬁ%@%ﬁt P%?’E%’é’ﬁ?ﬁce ?gﬁf‘@ﬁ’%‘*ﬁﬁ%"‘g@%rﬁﬂ“@“ at the

di sease gene ﬁjmbafd&&omrihlﬁdﬁt@beoﬁtﬁ@%%eﬁh@§ﬁhﬁﬁhiﬂ%@&nﬂybﬁfyin§dihthi S way,
chronmosones may be sgst,emati_cally checked with known markers and conpared

to the di sbaseiwgsgmal doppant disgrdersugh puhislh bomemass.cevery difpsted mdividughi 1ies is
combi ned, and q96k Q% 12 ' L at i St t hods.
The result is In o?tﬁn%%r%en | ngf%gtl ng %%%ﬁ#%ﬁ&k%g@eﬁt ween

the genetic meereatiffermt foineofihs marder, droisia pgeatiprobabilén that theslisanrgsndet ween
them A positive yesult ca gﬁg&n that the disease is very close to the

“marker, whil e G TRYRETGEATE closrfo catbetharn I thisiways chiramosomey meH behat
chronosone, 15 YN | ' ﬂﬁﬁ)ﬁm %}Iégg@ sis is
performed by t%{eﬁgﬁ%@?cmmergﬂgg&%@kﬁ%%g%?é am ;t/hé_dél. a g"}t%gg@r/rar ker

| ocus andl{eval dehit otgnediizom dhe diffeenitfanities sfcombinad, tand ahalyzed iopetherbsd ate Wi th
t he mar ker probe her.eby, det er m ni how of.ten the twg, of themare cc-

i nherited. . Th@@@%ﬁﬁ‘?ﬁé@%&?ﬁ&fﬁ%%ﬁ&% Foewe W&ﬁ fre of the
genetic 20 di sapalit)of HeeBe bicERNe gbRfE matkef REIGHDESALS AW EGHERGY Of 1%
Is equivalent tol map unit, or | centiMrgan (cM, which is roughly

equi val ent to distowws kefween then. A poisitive resuih cdnomennithet sl dissaseds vay tlosgteenci es

of about 20% og 2 ‘ | hil s one.is_ 3,300 ong. ln order
20 Tind an unihs Rty bl Bk St IR BB i B Seoliih GohRend, 1
whol e huneh gegsaneatrebediffanischadmedieme t h roughly 330 informative marker

| oci spaced at approxi mately 10 cM . .
: Linkage analysis is performed by typing all members of the affected family

at a given marker locus and evaluating the co-inheritance of a particular disease state

with the marker probe, thereby determining how often the two of them are co-
inherited. The recombination frequeﬁcy can be used as a measure of the genetic

20 distance between two gene loci. A recombination frequency of 1% is equivalent to 1
map unit, or 1 centiMorgan (M), which is roughly eqnivalent to 1,000 kb of DNA.,
This relationship holds up to frequencies of about 20% or 20 M. |

‘The entire human genome is 3,300 ¢cM long. In order to find an unknown

disease gene within 5-_10 ¢M of a marker locus, the whoie human geﬁome canbe

25  searched with roughly 330 informative marker lock spaced at appfﬁximately 10 cM
intervals (Botstein et al, Am. J. Hum. Genet., 32:314-331 (1980)). The reliability of

- linkage results is established by using a mmnber of statistical methods, The method |

most commonly used for the analysis of linkage in humans is the LOD score method
(Morton, Prog. Clin. Biol. Res., 147:245-265 (1.984), M_’orton ot al, Am. J. Hum.



intervals (Botstein et al, An J. Hum GCenet., 32:314-331 §1R8Me) 2006he

reliability of Ilinkage results is established by using a nunber of
statisti cavometizeods. The nethod nost commonly used for pherasalkysi S of
| i nkage in humans is the LOD score nethod (Mdrton, Prog. Cin. Biol.. Res.,

147: 245- 265 (1984), Mrton et at, Am J. Hurt. 5 Cctober 2004 WO 01177327

PCT/ USOQO) 15951 - 8- Cenet., 38:868-883 (1986)) which was incorporated into
the conputer program LIPED by Ot, Am J. Hum Genet., 28:528-529 (1976).
LOD scores are the logarithmof the ratio of the likelihood that two | oci

are linked at a given distance to that they are not |inked (>50 cM apart).
The advantage of using logarithmc values 5 is that they can be sumred

‘among fam | i esGekds.n38:868-880.986) @ARE wad HcorpBREATRS thd ReSRSRbbeginyen t he
relatively smal] size of human famlies. By convention, a total LOD score

greater than H-BED by Qs Ams/. Hyme Gerat., P3:ARRGP (1976)t hODsFsersshredte

reconbi nation @%ﬂ&ﬂc&ﬁﬂl I i r_t.han,odds o...no |inkage)

i s consi dered f[or e si gn%@ggéggg?%gﬁ%%ag%&%gn ea]%%e% tat%ﬁndﬁgﬁcﬁ&l ar 10

recombi hat i on fhakteeaeypot Buked (50 AMDBbat).0Tke afvaltffofubiag logadihthid t4lads | S,

- odds of no Iingﬁ_’g bei ng 100 tjmes greater than odds of |inkage at the
speci fied 1reqtf %eyicgn T SR g&@“”é‘ﬁﬁ’!&@ﬁ’@“@?ﬂ’éﬁ%%éﬁcm two | oci

under consi deratd : I gmgﬁ- Qﬁ{l“%r Lg:ul ar reconbi nation
frequency. Untiﬂ%dﬁ%egegnﬁn;{,ﬁéﬁo%?&ﬁ n aé%éana yseféd]ﬁ#éve been performed on
"the basis of two poBptomistiion, atvital L.ODscobecgreatdrabanain®d (atlis, ddds vkikaghe

di sorder under nsi derati on, and particul ar_genetic marker. However, as
a result of th&! %ﬁ%‘%ﬁgvﬁﬁ’e@?‘m ﬁqcﬁé’e’lnﬁéo‘ﬁlﬁﬁ?ﬁ FERFHEAnRASE OF B | ast

few years, anfme aaﬂsﬁia;edit&méﬁgﬁﬁ%téﬁéﬁ &mahﬁg& EPH%?A y, it has
becone feasible gb.qggrr out |inkage ana?yges usi gafn%t -p‘g'?‘%t-dat a.

Mil ti poi b aneecombigatiqsy a AdptalLOBrseare of Eessihirs 2.0 ¢that is,rmkddgef tvet ween
t he di sease an . | nked 2 net..c ker when..t recopbi nati on
di st ance amng&%ggﬁé@éééds%?Q %ﬂﬁ-ml\ﬂﬁlfj‘f?- %ﬁﬁs‘m’%ﬁ@&%@ﬁw Ht ageous
for two reasongonsiderefito bé ifong evilieicaal 1R MRS focPindeh@nBAdiaEbLRe nst ltikdal | Y

I ncreased. Each Redi ree has a certain anount of tPotential i nf or mati on,

i1y 1

dependent on t icplapiecosahingion frequaen Ajuyid tesentlyomostinkage dnelys¢soci  and

t he nunber of ENdL VI y he fam.ly..However, .. 25. few markers
are suffici ent%Je%g%%¢ogg%&é$ng§g%%%%#ﬂ?gﬁ%@mﬁm\é\%&lIe]?‘%%}’f Pi ndi vi dual s.
If multipl® nebdtwesn the disordasinder @dsidériidn A0 QQudicilar gdaetic ke T0Bade) i ty of
an i ndivi dual bein heiltﬁroziygous for at ] east one of the markers is greatly
- as are3ult of the rapid advances in mapping the human genome over the last few
~ years, and concomitant improvements in computer methodology, it has become
feasible to camry out linkage analyses using multi-point data. Multi-point analysis

provide a simultaneous analysis of linkage between the disease and several linked

20 genetic markers, when the recombination distance among the markers is known.
Multi-point analysis is advantageous for twd Teasons. Fl.rst, the |
informativeness of the pedigrée is usually increased. Each pedigree has a certain
amount of potential information, dspend_ent on the mimber of parents heterozygous
for the marker loci and the number of affected individuals in the family. However,
25 few markers are sufficiently polymofphic as to be informative in all those
‘individuals. If multiple markers are considered Simﬂfaneouslf, then the probability
- of an individual beiﬂg heterozygous for at least one of the' m};rkers is greatlj(
increased. Secoﬁd, an indication 6f_ the position of the disease gene among the
markers méy be determined. Thls allows identification of ﬂan‘kihg markers, and thﬁé



i ncreased. Second, an indication of the position of the diksgasg 96 anong
the markers may be determned. This allows identification of flanking.

mar kers, and thus 5 Cctober 2004 WO 01177327 PC [ USOQ 16951 -9 eventually
al l ows i sqy@éiRA570f a small region in which the disease %8% /63| des.
Lathrop et al, Proc. Natl. Acad. Sci. USA 81:3443-34461% ﬂ‘i Rave written
the nost w dely used conputer package, LINKAGE, for nulti point analysis.
There is a need in the art for identifying the gene associated with a high
bone nmass phenotype. The present invention is directed to this, as well as
other, _inportant ends. SUADI ARYOF THE | NVENTI ON The present invention
descri bes the Zmaxl gene and the HBM geng--on chronosonme 11g13.3 by genetic
{inkage and nutation analysis. The use of 10 addltlonal genetic nmarkers
linked to the @%,Qﬁﬁ, iqian S I nk anal ysis and
mut ati on anal E;/‘glﬁs persos?’s pr(]:altdoljhiépose%%?)\ﬁ%‘[l%E\/&)éh e%%llrﬁ%%e ‘identif ied.
Cl oni ng net hoﬂ@hmsﬁh@B@Gthﬂ dead\Std MS’HJ&JBA@BBM@S@W&W&&%&@ ed the
‘inventors to fogus e _chronos n_of 11 q13 3 and to accelerate

the sequencit§ (Wd‘fﬁgse SORBYUETRAC fiﬁ’ E:gt:@‘if@“l rR?l%éHiW%n t he

“invention identifiBfediendd id M ard @&Iiga ifies
" the guanine-to-t hym ne pol y]rz}orphlig%ﬁrmt gon at p05| 1 I on @g%g‘:h%%fléu Zmaxl|
. gene that3 pr o@ﬁ@@beﬂmeHmenemmhdnheMMdmﬁ:mawdl asldikerpr esent
“invention identifli he Zmaxl gene and the BBM gene, which may be used to
~determne if Bf'% eé predi sposed to HBM and, therefore, not :20 -
susceptible'to di seases characterized by reduced bone density, including,
for exanple, osteoporosis, or are predlsposed and susceptlble to di seases
-characterized by abnormal | y = ‘Iau:.r.xL-i £ A i NTEONas, for exanple,

" .ost eoporosi s. he HB ress the |1 BM
‘protein, and, the?ﬂj;egre lﬂg%%%gé@& aVe %ﬁ%&ﬁﬁeﬁyﬁﬁmﬁﬁ?ﬂmrds t he
HBM gene rray cﬂmmosemepﬂqssimiy génetiOliMaEe MGhAsHdh: andiphis. The vk\wp observation
Is a strf qu dence that treatnment- of normal individuals with the HBM gene

“or protetth dftjongl Aspate TAeTe Bpked g (e gamss ihay didad this discovery. By using

linkage analysis and mufation analysis, persons predlsposed to HBM may be readily
identified. Cloning methods using Bacterial Artificial Chromosomes have enabled

the inventors to focus on the chromosome region of 11q13.3 and to accelerate the

- eequenciﬁg of the autosomal dominant gene. In eddit'ton,, the invention identifies the
15 Zmax]1 gene and the HBM gene, and identifies the guanine-to-thymine
‘,_'polymorphlsm mutatwn at posmen 582 in the Zmax1 gene that produces the I-]BM
3 ; gene and the HBM phenotype ' s C
The pr% ent mvent{on 1de11ttf1es the Zmaxl gene and the HBM gene, which
- maybe used to determine if people are pred1sposed to HBM and therefore, not
| 20 ) suseeptxble fo dlseases characterized by reduced ‘bone denSIty, including, for _
o example, osteoporosxs or are predlsposed and susceptible to diseases charactenzed
- by abnonnally high bone den51ty, such as for exampIe osteoporos1s Older 7'
: i:-}mdnaduals carrymg ﬂ1e HBM gene express the HBM protem, and, therefore, do not: .
- 'develop osteoporos1s In other words, the HBM gene may be a suppressor of |
L 25 o osteoporosxs ThlS in vivo observahon isa strong ewdence that treatment of no1mal _

S : " individuals w1th the HBM gene or proteln or fragrnents thereof, may ameliorate -

s osteopomas




ost eoporosi s. . 5 Cctober 2004 -10 Moreover, such treatnment will be
indicated in the treatnent of bone lesions, particularly bong E&é?ﬂﬂﬂ?s
for bone remodeling in the healing of such |esions. For exanp persons
predi sposed to or suffering fromstress fractures (i.e., the accunulatlon
of stress-induced mcrofractures, eventually resulting in a true fracture
5 through the bone cortex) may be identified. and/or treated by neans of
the invention. Moreover, the nethods and conpositions of the invention
will be-of use in the treatnent of secondary osteoporosis, where the course
of therapy involves bone renodeling, such as endocrine conditions
acconpanying corticosteroid adm nistrggion, hyperthyroidism as

di sorders associated with vitam n D and/ or phosphate netabolisn1 such as
st eomal aci a and Wibrelsodrssuch fidatlichP ARP6o fildRtaRA Bt FRBRE 1l

di sordered bone renmpdeling, such as Paget S |sease Sﬁlasns of

bone, - whi cipartigplagy booa fgefures, Ihabowmodeﬁﬁgmaheh&ﬁlngmﬂ@ﬁbﬁmhﬁs Rdie present
yvect ors, and

i nvention i irected t c a ds, r ot ei ns,
t ransf or neﬁﬁg%dltesp%?onéﬁﬁ%ﬁ %H’&ff‘?‘% e95 fractyres ¢ fent invention is
directed tacapnilatis ¢fahSssThdhda nﬁ%‘ﬁ%cu@é%ba% ?%eﬁ%iu&g]ﬁ k.?r”

Vel opnen and

including, for exanple, gene therapy, phaf maceut
di-agnost i ¢ threugh the bgpe %QI%) GEYQBMﬁbd did/or toeates] byt mesasfahe afention.

enbodi nent t Jinvention.is directed .to s for treating, -

di agnosi. ng?‘%%‘gﬁﬁ%ﬂ%&% ﬂﬁ’oég’r?l"ﬁ k&&r‘“@f‘@’éﬁgﬁ&’ g“sem thga 5 October

2004 In on&eﬂm&ﬁc(t:fsef:odda@ﬁt&%efﬂsm' ﬂﬁ&@tth@&urée*ﬁrtﬁerhéy agsg% an isolated
. I'n anot her pect o

nucl eic acid sequence of SEQ ID NO: e present
inventi.on,l_'%!!f@lebﬂgsssu @sm@mmdxnoase@ompanmgmmstmnce of SEQ ID NO

4. In anot her. asn {‘IHE i nvent i (e i [ QVi ded a nucleic
acid - sequence enco h&é ﬂﬁg‘y%%% g‘?f%t E’B’%’E@
10 malabsorption aud alcoholism, as well as disorders associated with wtamm D and/or
phosPhatc metabolism, such as :osteomalacia and rickets, and diseases characterized
by abnormal or disordered bone remodeling, such as Paget's disease, and in

heoplasms of bone, which may be benign or malignant.
In vaﬁous embodiments, the present invention is directed to nucleic acids,

15 ‘proteins, vectors, and transformed hosts of HBM and Zmax].

' Additionally, the present invention is directed to applicationsr of the above
embodiments of the invention including, for example, gene therapy, pharmaceutical
dévelopment, and diag;nostie assays for bone development disorders. In preferred

- embodiments, the present invention is dlrected to methods for treatmg, dlagnosmg,

20 prevenhng and screenmg for osteopor031s



I n anot her aspect of the present invention, there is provided a replicative

cloning vector conprising the nucleic acid sequence of SEQ EBNQer3 %pd a
replicon operative in an isolated hosiggell. In another aspect of ? e
present invention, there is provided an isolated host cell transforned

with the repli calione agervfitg preehdhvearstioslithet Rpesyiddaanesoldtd AR aspect
of the present invention there I s provided an expression vector

conpri sing seAuenqe ef $HQ M NGy 2 sequence of SEQ ID NO 2 operably linked to a
transcription reguheher dépé’c?gf tﬁ@preﬁé?lt aRebdar th@i%@@?{%vﬁfed Eﬁ1§?1g{e§§f§1
ormed with the

invention, there is provided an isol ated host ce trans
expressi on apidiegrenge ofPEQ M3 &Y 4above. I n anot her aspect of the present

nvention, ther eiiaSoREOARH: dio PRLOTEMon! B3klifove A RRIA0EG 25 @
t herapeutic agent Ttor u Ion I'n onpri sing 2dMi ni steri ng
t he nucl ei csegetnde erfco@ROtHeRmND ac?d $equ¢ﬂmeoﬁSEQIDm 4assessi ng whet her bone

nodul ati on occur of the Bresent acEwen don, there is

provi ded a netho aB?tﬂe a(ﬁ%‘????#%’?ﬁ S WF'@P&?%‘ TeARVRPYEEE ¢ FEPHEAE nodul at i on

conpri si ng dleieng Vefc;drﬂgmmsﬁigl 06 vh@eic béldbedubsls of SEQAD MO AL and¥ieplidon bi ndi ng
of a nolecule to,. HBM anot her aspect of the present invention, there is

provi ded a ‘?P@fqtiéf?i“’falﬁ‘r”"]?tﬁyﬁﬂsfi ¢k ng a protein involved in bone modul ati on

conprising i dentlhfa}ibtﬂ&aa Rf St iRe ﬁre&éﬂ@inveﬁlﬁﬁ ﬁ&e%ﬂ%@i%éd Aisb18¥8 hodt @é’ﬁ i s
different in a first conprising t gene when conpared to a

second host“@éﬁ?ﬁfl%‘f"ﬁ]@ﬂﬁﬁ@lmewg‘{eﬁtoa&ﬁcﬂlmse gwet of the present
I nvention, theremlaﬁo iér%\éllbéi?gftﬂngi%éﬁ?fhvgﬁn 'ﬂ@r@ éyér}’;hﬂgd&&%%%xgr?t e protein
at U1 e

i nvol ved i n bone no on conprisin en ininafirst
i ndi vi dual Yester n@nmﬂﬁelgthgmmwldrmserpheﬁ%ty@ NO:deopteidblyi lnkedtqa otein in a

second i ndi the high bone mass phenotype, conparing the
protein %[H%H%%Ifn?g 5*v c?ual to the protein of the second individual,
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In another aspect of the present invention, there is provided a method of
identifying a molecule involved in bone modulation comprising identifying a molecule
that bids to, or that inhibits binding of a molecule to, HBM. |

In another aspect of the present invention, there is provided a method for
identifying a protein invelved in bone modulation comprising identifying a protein that
has an expression level that is different in a first host coﬁpﬁsing the Zmax1 gene when
compared to a second host comprising the HBM gene.

In another aspect of the present invention, there is provided a method of
identifying a candidate protein involved in bone modulation comprising, identifying a
protein in a first individual having the high bone mass phenotype, identifying a protein
1n a second individual not having the high bone mass phenotype, comparing the protein
of the first individual to the protein of the second individual, wherein (i) the protein that
is present in the first individual but not the second individual is the candidate protein or
(i1) the protein that is present in a higher amount in the first individual than in the

second individual is the candidate protein or (iii) the protein that is present in a lower
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to each nucleic acid sequence, wherein the molecule that binds, or inhibits binding,
more or less to the nucleic acid sequence of SEQ ID NO: 2 or the nucleic acid sequence
of SEQ ID NO: 1 is the candidate molecule.

In another aspect of the present invention, there is provided a method of
pharmaceutical development for treatment of bone develepment disorders comprising
identifying a molecule that binds to the amino acid sequence of SEQ ID NO: 4.

In another aspect of the present invention, there is provided a method of pharmaceutical
development for treatment of bone development disorders comprising constructing a
first host that contains the Zmax1 gene or protein, constructing a second host that
contains the HBM gene or protein, analyzing a difference between the first host and the
second host, identifying a molecule that, when added to the first host, canses the first
host to exhibit a characteristic feature of the second host.

In another aspect of the present invention, there is provided use of the nucleic

acid sequence of SEQ ID NO: 2 for the manufacture of a medicament for treating a
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extracellular domain of the amino acid sequence of SEQ ID NO: 4 for the manufacture
of a medicament for treating osteoporosis in a patient.

In another aspect of the present invention, there is provided a use of
intracellular domain of the amino acid sequence of SEQ ID NO: 4 for the manufacture
of a medicament for treating osteoporosis in a patient.

In another aspect of the present invention, there ie provided a use of a molecule
that binds to the nucleic acid sequence of SEQ ID NO: 2 in the manufacture of a
medicament for treating bone development disorders in a patient.

In another aspect of the present invention, there is provided a use of an
antibody, wherein the antibody is to the amino acid sequence of SEQ ID NO: 4 for the
manufacture of a medicament for treating bone development disorders in a patient.

In another aspect of the present invention, there is provided a method for
diagnostic screening for a genetic predisposition to a bone development disorder
comprising screening a sample from a patient with a nucleotide sequence derived from

the genomic or cDNA nucleic acid sequence of HBM or Zmax1.



the genom c or cDNA nucleic acid sequence of HBM or Zmaxl. 5 October 2004
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sequence conpri s@enétherd Bkt ofithe FRMnt SHOMRHNMUEISOHrbHREd a method for
identifying a regulatory element of a HBM gene comprising using the bacterial
artificial chromosome as disclosed above.

In another aspect of the present invention, there is provided an isolated nucleic
acid sequence comprising at least 15 contiguous nucleotides of SEQ ID NO: 2, wherein
said 15 contiguous nucleotides comprise position 582 of SEQ ID NO: 2. In another
aspect of the present invention, there is provided a replicative cloning vector
comprising said nucleic acid sequence and a replicon operative in a host cell.

In another aspect of the present invention, there is provided an isolated host cell
transformed with said replicative cloning vector.

In another aspect of the present invention, there is provided an expression
vector comprising a nucleic acid sequence operably linked to a transcription regulatory
region, wherein the nucleic acid sequence comprises at least 15 contiguous nucleotides
of SEQ ID NO: 2, wherein said 15 contiguous nucleotides comprise position 582 of
SEQ ID NO: 2.

In another aspect of the present invention, there is provided an isolated host cell

transformed with the expression vector as disclosed above.



of SEQ ID NO 2, wherein said 15 contiguous nucl eoti des conprise position
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nucl ei ¢ acitBet bEfn ordhat dnhdpits bdingcef agrolesyterio pprogein ipvelvedmfor®d NO. 77 or SEQ
ID NG 79; RnedifRignafhd ve cloning vector conprising said nucleic acid and a
replicon operative in a host cell; an expression vector conprising said
nucl ei ¢ aci d, arid aegth¢raspest efdhdipresentiavéntion,rthers fsamenddedwi st oBai agentx pr essi on

vector. In i Nt I e | rovided a a
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IS provi dedSu . ucleic acid encoding a polypetide selected fromthe group
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replicative cloning vector comprising said nucleic acid and a replicon operative in a

host cell; an expression vector comprising said nucleic acid, and an isolated host cell
transformed with said expression vector.

In another aspect of the present invention, there is provided a a polypeptide
comprising SEQ ID NO:90, SEQ ID NO:93, SEQ ID NO:94, SEQ ID NO:99 or SEQ
ID NO:102.

In another aspect of the present invention, there is provided a nucleic acid
encoding a polypetide selected from the group consisting of SEQ ID NO:90, SEQ ID
NO:93, SEQ ID NO:94, SEQ ID NO:99 or SEQ ID NO:102.

In another aspect of the present invention, there is provided a use of an agent
which modulates a nucleic acid or a polypeptide involved in focal adhesion signaling
for the manufacture of a medicarnent for treating bone development disorders.

In another aspect of the present invention, there is provided a method of testing
a compound for bone modulation activity of Zmax1 or a Zmax1 mutant comprising:

@) immobilizing a Zmax] protein, or a Zmax1 mutant protein, or a portion
of a Zmax1 protein or a portion of a Zmax1 mutant protein to a substrate;

(b) exposing a compound to said Zmax1 protein or portion thereof; or to
said Zmax1 mutant protein or portion thereof;

(c) determining whether said compound bound to said Zmax1 protein or to

said Zmax1 mutant protein; and
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NGO 1, wherein (g determining whether the prey yeast mated to the bait yeast and given yeast

mating, analyzing whether modulation of the prey protein modulates bone mass.

In another aspect of the present invention, there is provided an isolated nucleic
acid comprising SEQ ID NO:1 or a biologically active fragment of SEQ ID NO:1, wherein
a nucleotide of SEQ ID NO:1 which encodes YWTD motif is mutated and said mutation
causes an altered bone mass phenotype in a host when SEQ ID NO:1 or said biologically
active fragment of SEQ ID NO:1 is expressed in said host.

In another aspect of the present invention, there is provided a replicative cloning
vector comprising the nucleic acid disclosed immediately above.

In another aspect of the present invention, there is provided an isolated host cell
transformed with the replicative cloning vector disclosed immediately above.

In another aspect of the present invention, there is provided a transgenic animal
which expresses a mutated Zmax1, wherein said mutated Zmax 1 produces an altered bone
mass when expressed in said animal,

In another aspect of the present invention, there is provided a use of a nucleic acid
comprising SEQ ID NO:1 in the manufacture of a medicament for treating a bone
development disorder in an animal wherein said nucleic acid is capable of being transferred
into a somatic cell of an animal suffering from said bone development disorder.

In another aspect of the present invention, there is provided a use of a nucleic acid

comprising SEQ ID NO:1 in the manufacture of a medicament for treating a bone



a nucleotide of SEQID NO | which encodes YWD notif is nutated and said
mut ati on causes an altered bone mass phenotype in a host whegtbE>ddd NO 1
or said biologically active fragnment % SEQID NO 1 is expressed in said
host. I n anot her aspect of the present Rventi on, there is provided a

repli cati vedevtlofihé@disot@etinin H0Ha helciGaidhacloid 6li@isCapbledf BeisLtrASRAed
i mredi at el y. above. | n anqther aspect of the present invention, there is

provi ded arfnfosf"(ﬂe%{‘f'@ﬂe ‘P?_Bé’f anyipal syffering figpysaid bng develprmenbAisordest i ve cl oni ng
vect or di scl osednizAiRGagelof RPRYE ivEntRRGhSELs pRARE _Eau%fogfaﬂan%%éiant

g
invention, there is provided a transgenic aninmal which expresses a nutated
Zmax| , whersiysnesoampHtingbe@ I M3 o welogieally antivel fragmedt themaef foriss when

expr essed i aﬁmc%r@pfgﬁkdicz}nqcn@?oq%gmaggggﬁe d%Iﬁeglé;@ge@?[n%sfﬁ?g whiggal: on. there

is provided a use o nucl el c aci risi nthe

manuf act ur esoofatia celiefiadmntenffefing frém e dbnadpvalobmas digdedee Isappabid ofdi sor der in an
ani mal Wnereéen .saiS dd nucl ei @ acid is a(ﬂablagliy()f .bﬁ%ngg_gt g&ns{]ﬁrred into a
somatic cel TR A AATHRIPE SFFEPTSY AP DR iy S B HE 0L ES¥ent  di sorder. In
anot her aspect oh ahbRerfispeot the piessit in@entichheER i sropideirtigslad Hpg of a

nucleic acid co ising SEQID NGO |, in the manufacture of a nedi canent
for treati n@“ﬁnﬁg@@q&lﬂb’ékoﬁwmpni’ﬂﬁanﬂgﬁﬁlaﬁﬁﬁ@ﬁ?te%ﬁ%@ﬁwo?m an ani nal

wherei n saigngistglgeirc acid is capable of being transferred into a germline
cell of an animal suffering fromsai d bone devel opnent disorder. In another
aspect of the pr@sent2fufeisnmacidlpvingdBQIL NOpeovi ded a use of an amino acid

sequence conpri '51g %E:@cie% Shcodth QP@Wéﬁgg%Pgﬁ%gg%?ﬁ\ée fragnment t hereof

for the manufacture a_medi canen e’ devel opnent in a
host wherein a (sbnatd mictdl dciddmplified Stomsanbmmialian libramuain primedentetopnent

di sorder i I iL.\Vi40 .3 i c{ d seguence, or

bi ol o?! cal ﬁ;ﬁ%ﬁﬂfg(ﬁgﬁh mﬁf\éﬁﬁ niﬂg?éﬁgll Ofﬁigﬁgmgr b%fs%%@ el°oaf°z‘1H‘?§f/;"§P%%ent

i nvention, ideso :4&n isolated hig one nass

pol ynucl eoti de ¢ rising.a nuclejc acid selected fr. Lou

consisting of (aj’a rﬁch%‘ccaC&iéV cﬂ]mﬁ}(hr‘rﬁibzeﬁ f B .aﬁ‘?gt%ggggmﬁéi c acid

encodi ng a pol ypept i denuckic oEQvhiEh N@omﬁlenfeﬁﬂarﬁo@Hﬁlhﬁic(‘acﬁcdf@a)?{ﬂ%! ichied from
c W t hi

a mamalian |ibrary using prinmers whi hybri di ze to | oci n the

nucl ei ¢ aci@déd); SEQ ID NO 2 or a nucleic acid encoding a polypeptide of
SEQ ID NO 4; (dhy @ nHfdeRicCachFdcthpMing Bt 1Y 5 dbARodshubREidd FhiC acid of

SEQ I D NO 2;

comprise position 582 of SEQ ID NO: 2 from a polynucleotide of (a), (b), (c), (d), and
(e); and

wherein said isolated HBM polynucleotide encodes a protein or polypeptide,
which when administered to a subject modulates bone mass.

In another aspect of the present invention, there is provided a method for testing
a substance as a therapeutic agent for bone modulation in a host comprising
administering a nucleic acid comprising SEQ ID NO: 1 to said host, and assessing
whether bone modulation occurs in said host.

In another aspect of the present invention, there is provided a method for
-expressing Zmax1 protein in bone tissue comprising constructing an expression vector
comprising a promoter that directs expression in bone tissue operably linked a nucleic

acid comprising SEQ ID NO: 1 or a nucleic acid encoding a biologically active
fragment of SEQ ID NO: 1.
In another aspect of the present invention, there is provided a use of a nucleic

acid which is antisense to SEQ ID NO: 1 or to a portion of SEQ ID NO: 1 in an amount



(e) a nucleic acid which is conplenentary to a nucleic acid of (a), (b),
(c), and (d); (f) a nucleic acid conprising at |east 15 coniipgipds2004
nucl eoti des which conprise position 58200f-SEQ ID NGO 2 froma

pol ynucl eoti de of (a), (b), (c), (d), and (e); and wherein said isolated

HBM pol ynuciaioh irddulafres betesmds irakcinm@icnie by Prbdicafent foMMdadiavhePone
adm ni stered tQ a subject nodul ates bone mass. In another aspect of the

pr esent inv’é‘ﬁ%si"é)ﬁl?al’tlﬂé]re is provided a nethod for testing a substance as a
therapeutic ageng, a}h@ﬂ_hexb&g@ct HPﬂHh%%ér@fhvbﬁHcﬁ, hegts Fﬁmééﬁhféﬁwd%?m histering a
nucleic acid conprising SEQ ID NO 1 to said host, and assessing whether
bone nodul afthdngdeng disordarseamgrising preparingartrankgenicaoirea twhish exbrsssss esent

i nventi on, el B ) . - i . protein in
bone ¢ 1 ssuct o eaioBhe Hidohalr; R BALRhe imGUPLARH A TRlLGRLR 1 ")
pronot er t hianedevedensentinpaklgsianamali n bone ti ssue operably linked a nucleic

acid conprising SEQ LD NO 1l.or a nucleic agcid.encodi a bialogically
active fragment @F%Ea a}sffmt%i?’mf‘?#ﬁ}%ﬂ%‘r &ﬁ?d%BQOV&FQ?HénSﬁ?IBE; fnafi
i nvention, whiek expréss pmeutiteBmax Y sherin AidwehRl TmakC pebdwbts G altgedint | sense to

SEQID NGO 1 or tog ortion of SEQIDNO 1 in an anount - 10i 5 Cctober
2004 whi ch ifagt wee gesspdde sidanipgl anufacture of a medi canent for

modul ating bone msther 3path ok PREent ive ARl IEfe i@5100QEd 2 neitlid oPlSSENt
i nvention, there is provided a nethod of Studying bone disorders

conpri si ng pFEpwinhes abaneappsiylating campovad byadriniststing said eempgumd 10 sai¢ equl at i ng
said Zmaxl ;. S0 A0l N e [ ;Hagg: i .pone

devel opnent ﬁgesngg?%l rrar?mal : tI n Zﬁ)vg%tg}e?g%%gct 0 d?‘%@%&é?@ﬁ?&%&@nt i on,
there i s prwdabgmdala transgenic ani mal  which express a nutated Znaxl,

wherein said nutat duces.an altered. bon SS .expressed in
said aninmal . In %ﬁggﬁééraggéscﬁg% © BESTREVENS, ref%?fé’ﬁﬁ?%%} ]S?l}g\i%ﬁgl s provi ded
a et hod ofbdnesiasn@GBM) papmoicotddadisdosed pleovepelhdrét: iikchuceiteeidis a hycleic

adm ni stering, sai d ound to said .transgeni c ani mal and determ ning
whet her sai Qfg%%ﬁﬁ)oﬂ%@ d’tﬁ‘Flﬁ’tc@ﬁldt?Sﬁ’Qlel‘Fﬁg?“? reloi d ani nal .

In another aspect of the present invention, there is provided an isolated nucleic
acid sequence comprising at least 15 contiguous nucleotides of SEQ ID NO:2 wherein
said 15 contignous nucleotides comprises positions 581, 582 and 583 of SEQ ID NO: 2.

In another aspect of the present invention, there is provided an isolated nucleic
acid sequence comprising at least 15 contiguous nucleotides of SEQ ID NO: 2, wherein
said 15 contignous nucleotides comprise nucleotides which encode for an amino acid
substitution at position 171 of SEQ ID NO: 4, which substitution is associated with a
high bone mass phenotype.

In another aspect of the present invention, there is provided an isolated high
bone mass (HBM) polynucleotide comprising a nucleic acid selected from the group
consisting of:

(a) a nucleic acid having SEQ ID NO: 2;

(b) a nucleic acid encoding a polypeptide of SEQ ID NO: 4;

(c) a nucleic acid which is complementary to a nucleic acid of (a), (b); and

(d) a nucleic acid comprising at least 15 contiguous nucleotides which

comprise position 582 of SEQ ID NO: 2 from a polynucleotide of (a), (B) and (c).



I n anot her aspect of the present invention, there is provided an isol ated
hi gh bone mass (HBM pol ynucl eoti de di scl osed above, wher egmcidh@r Bbgd ei C
acidis a nucleic acid of (a) or (b) or a nucleic acid conplenentary
thereto. In another aspect of the present invention, there is provided an
i sol ated nucleic acid sequence coini%th“at | east 15 conti guous

nucl eoti des of sal 15 conti guo ucl eot.i des
_conpri ses posigﬁg%éu@%%§§§§§”§ﬁ§h§ YO aggste %iiﬂﬁnéﬁﬁFﬁ@Pﬂaspect of
.the presebtlownvention, there is prOV|ded an isolated nucleic acid sequence

.conprising at |least 15 contiguous nucleotides of SEQ ID NO 2, wherein
said 15 conti guous nucleotldes conprlse nucl eoti des whi ch encode for an
a]‘

“amino acid - substituti *ﬁ%ﬁﬁiﬂ#ﬁﬁg 4, which’

- substi-tution is associated g 0 notype.- | n anot her
“aspect of "the ErgeiAntndmﬁi&wﬁepemﬁﬁéb%ﬂlﬁnﬁdﬁiﬂlﬁﬁ%aﬂdiﬁQ?éﬁdéﬁg hi gh  bone
‘mass (HB Iy cleotlde conpr|5|ng a nucleic acid selec romthe group

consi sti Hadersach individual i HplDommbn thoz-seore (@) spinat BMB] ¢ aci d
d ol acl
<ompl Ieprgn%gﬁ%%gagknuc Bihe St Bbldes $n ppnoloi 1. AR ¢ ach o

conpr i si ngpasentdafectdd individugly 08 Pmbeole beMhintRI N HE PunaGRBRET S position 582
of SEQID NO 2 froma polynucleotide of-(a), (b) and (c). 5 Cctober 2004 -

©.10j- These and ot her .aspects. of the present invention are described in nore

. detail -below |IBBLE - DESCRIPTION OF THE FIGURES Fig: 1A and 1B show t he
pedi gree of the individuals used in the genetic |inkage studies.. Under
each individual is an |ID nunber, the z-score for spinal BVD, and the allele
calls for the critical markers on chronosone 11. Solid synbols represent
-"affected" individuals. -Synbols containing "N are "unaffected" 5 Cctaber

© 72004 -11 individuals. DNA from 37 individuals was genotyped. :Question, nmarks
denote unknown genotypes or individuals who were not genotyped. Fig. 2A
and 2B depict the BAC/ STS content physical map of the HBM region in
11913. 3. STS nmarkers derived from genes, ESTs, m crosatellites, random



5 sequences, and BAC endsequences are denoted above the '9@%t$b%§bﬁ(§lﬂt al
line. For markers that are present in GDB the sane' nonencl ature has been
used. Locus nanes (D 11 S####) are listed in parentheses after the primary
nane if available. STSs derived from BAC endsequences are listed with the
BAC nane first followed by.L or Rfor the left and right end of the clone,
respectively. The two large arrows 10 indicate the genetic markers that
define the HBMcritical region. The horizontal |ines below the STSs

i ndi cate BAC clones identified by PCR-based screening of a nine-fold
coverage BAC library. Qpen circles inti-cate that the marker did not

anplify the correspondi ng BAC | i brary address during library screening.

Cd one naredividyalst BENA Sl imdividiralsemas gemotyPed. oQuSHion mdrks ¢émtie, r ow and
colum address. 15 followed.by -H jndicating the HBM project (i.e.,
836F16-m.““EP%‘¥?g%’3&1t5§ES§ﬁb‘\%1‘flﬁ‘é%ﬂ %HﬁeEe%‘{tlgg‘&%PeéL of Zmexl with flanking
intron sequenggg.2A hdd2BalchRbtHeBAOISTISHoRRnPYhysE1 #AFH T tHegaM ATG' in exon
1. The site of the polynorphismin the HBMgene is in exon 3 and is

r epr esent &egipy it hig 133 del hakegrs derivediemaieyes, EST's,uicresatellites,irandent T" i n t he

HBM gene. The 3 20 ansl ated regjon @f.th i S, underlined within
exon 33 (éi%%"r?n%s’ ggbﬁﬁg mﬁﬁ%ﬁ?“é%ﬂ*ﬁ?“@é@‘ie%h@‘gﬂm@ Bl ne. 45 | No 42
exon 4, Shiarkdds Mat 4@ preRiiin GDB BRQahld i¥RPiehblan@E REs Koen 3544, | DA 45; exon 7,

SEQ ID NO 46; exon 8, SEQ ID NO 47; exon 9, SEQ ID NO 48; exon 10, SEQID
NO 49; exdames (DEEFHHD arplisted in parenthesps afsEthe prima@yspmeds evailedle. SEQ | D

NG 5. oxoSF dert o B Pkebdusai e At Wil o BAC nltt B Refoviadoy 1
NO 58; exby 126k R $rGht Rft ANDripht eﬁ@ﬂ‘th@élon&{i%b&iﬁ@. 60he @CORAr oREQ I D

N0 61 and exon 23; SEQ ID NO 62). SUBSTI TUTE SHEET 5 October 2004 - 12
Fi g. 18 shdnlicatn thegspeicinakemihat defiamthe HBMexiticaliragiond The herizomaltD  spacer s,

the extra vfg\{lﬁ&? ' . 'tﬂﬂﬁi? b € gngg cal ci um
the cyst glﬁhée%l%ﬁﬁ%?o gtg%ée;’%’%%dgi} ﬁf%%go%é Srczi;me 0giaon, t he
| deal PEShinerfeld arverdgt BAC HbiGK:. 10pgphipidnditas thantie hakandid hoe

i nternalizat %{n donai n. FEi al so, shows the site of ,the glycine to

val i ne chahge WQFOBE@BF&gP‘fng@BM@WPQWghW@W& Pde is
| ocal ed_alafl AR e Wiibwligony bR B HPBAC, MR dhd il s, 2l _am no

aci ds 23-1385, the transmenbrane segnent I's l'oca Am no-acl a5 1386-
15 followed by -H indicating the HBM project (i.e., B36F16-H).

Figs. 3A-3F show the genomic structure of Zmax1 with flanking intron

sequences. Translation is initiated by the underlined "ATG" in exon 1. The site of
the polymorphism in the HBM gene is in exon 3 and is represented by the
underlined "G," whereby this nucleotide is a "T" in the HBM gene. The 3*

20 untranslated region of the mRNA is underlined within exon 23 (exon 1, SEQ ID
NO:40; exon 2, SEQ ID NO:41; exon 3, SEQ D NO:42; exon 4, SEQ ID NO:43,;

- exon 5, SEQID NO:44; exon 6, SEQ ID NO:45; exon 7, SEQ ID NO:46; exon 8,

SEQ ID NO:47; exon 9, SEQ ID NO:48; exon 10, SEQ ID NO:49; exon 11, SEQ ID
NO:SO; exon 12, SEQ ID NO:51; exon 13, SEQ D NQO:52; exon 14, SEQ ID

25 NO:53; exon 15, SEQ ID NO:54; exon 16, SEQ ID NO:55; exon 17, SEQ ID
NO:56; exon 18, SEQ ID NQ:57; exon 19, SEQ ID NO:58; exon 20, SEQ ID
NO:59; exon 21, SEQ ID NO:60; exon 22, SEQ ID NO:61; and exon 23; SEQID
NO:62).

SUBSTITUTE SHEET



1413, and the cytoplasm c domain.is |ocated at am no aci ds Gkl 16>. Fi 9.
5is a schematic illustration of the BAt contigs B527D12 and 13200E21 10
inrelation to the HBM gene. Figs. 6A-6J are the nucl eotide and am no acid
sequences of the wild-type gene, Zmaxl. The |ocation for the base pair
substitution at nucleotide 582, a guanine to thymne, is underlined. This
allelic variant is the HBM gene. The HBM gene encodes for a protein with
an amno acid substitution of glycine to valine at 15 position 171. The 5
untransl at ed region (UTR) boundaries bases 1 to 70, and the 3' UIR
boundari es bases 4916-5120. Figs. 7A-b&id 7B are northern bl ot anal yses
showi ng the expression of Zmax | in various tissues. Fig. 8 is a PCR
product ' anal ysilHg. 4 stowsithe dgniia organisiation pEZinik ; indtudjog thel ¥BfTle det ecti on

of the Z exon tign. Fig.. 1Q i.s t.he cell r local.i zati on of
nouse Zna”%gﬁ?fls ,?ﬁegﬁeﬁaﬁ%,aﬁﬁﬁ%qn?gm gleq‘?%kgﬁg%ﬁF%ﬁ‘gﬁTﬂ% ®sense and
ant i sense cpsteieichfir@wthlfictbSrepbits, €& tratisAlendbRsiR!rb@sh, (A idehl PRYBe Zmaxl by in

situ hybridization at 25 400X nagnification using sense and antisense

probes. Firggion withdhe GK-H phospharylatiwnsitt 20d therintefalization domemik. Big.#n situ
hybri di zat | S asts.in the endost at 40 ification usin
sgnslaglaﬁdta!isﬁ{l Pg‘&%tsh% Sgtggggigsgﬁfcﬁ%‘eg@ Vfgn% e&ﬁ%%%%‘ﬁ%’é‘%ﬁ%?{pf%ﬂno:‘ Zml;x: )

expr essi orTheRighl fehBde & lbeatedMRIMTWT MIds BbERTe extrbNiar dARH i¥¥actd 77327
PCTf USOO116951 - 13 F|}§§§14 shows azmax| Exon3 Allele Specific

A i gonuc| SbPHe AcidsBp-H$3 e trapsmaembrane segmentis leastedrah amino asfids HRE6BBML
allele (riyg T LELc okl qo: ared to the wild
type ZnaxIlgg?’l%ﬁrgﬂk%%@%@gg{)%%&&ggdﬁg%ﬁa?c oo?%ga?)lggiléi)%sh). The positive
spots appear i n@Fig./5 is hechengitic ijhanation vEhe BAAS contiss B2 7D0nEne BR00E2D. 15

depi ¢k s a,rr%efl representing the potential role of Zmaxl in focal adhesion
si'gnali ngn [seaHen e 9% ON OF THE | NVENTI ON

Figs. 6A-6J are the nucleotide and amino acid sequences of the wild-type
gene, Zmax1. The location for the base pair substitution at nucleotide 582, a
guanine to thymine, is underlined. This allelic variant is the HBM gene. The HBM
gene encodes for a protein with an amino acid substitution of glycine to valine at
15 position 171. The 5' untranslated region (UTR) boundaries bases 1 to 70, and the 3"
UTR boundaries bases 4916-5120. | |
Figs. 7A and 7B are northern blot analyses showing the expression of Zmax1
in various tissues.
Fig. 8 is a PCR product ‘analysis.
20 Fig. 9 is allele specific oligonucleotide detection of the Zmax1 exon 3
mutation.
Fig. 10 is the cellular localization of mouse Zmax1 by in situ hybridization at
100X magnification using sense and antisense probes. .
Fig. 11 is the cellular localization of mouse Zmax1 by in situ hybridization at
25 400X magxﬁ.ﬁcation'-using sense and antisense probes. |
Fig. 12 is the cellular localization of mouse Zmax1 by in situ hyBridization
of osteoblasts in the endosteum at 400X magnification using sense and antisense
probes.

Fig. 13 shows antisense inhibition of Zmax1 expression in MC-3T3 cells.

SUBSTITUTE SHEET



To aid in the understanding of the specification and cl ai g% ctddee26@ | owi ng
10 definitions are provided. "Gene" refers to a DNA sequence that encodes
t hrough i twoeeTpi7ate or nessenger RNA a sequence of am pereshodss;
characteristic of a specific peptide. The term "gene" includes

i nterveni ng, non-coding regions, as well as regulatory regions, and can
include 5 and 3' ends. 15 "Gene sequence"” .refers to a DNA nol ecul e,
“including both a DNA nol ecule which contains a non transcribed or
non-transl ated sequence. The termis also intended to include any

conbi nati on of gene(s), gene fragnent(s)i3-non-transcri bed sequence(s) or
non-transl at ed sequence(s) which are present on the sane DNA nol ecule. 20
The sequences of t Fiz. p4 eiRavnta Zkd (Rxof% AlBY SBecifie Olig6ithclebidn @I LiayY of
sources including .DNA = eDNA ,synthetic DNA, synthetic RNA or conbinations

t hereof . Such tigtes Hagrarityiop thed 3N aBele &1 grepemfiorligends ot

i ncl ude nat ur i i els , 10Mm may be
obtained in ?édgg)ciggﬁl %egmg%%gg}ri@ ee%@%fﬁgeo&tb p%l'?’;ﬁ cﬁggl}g\%’nces. " The

'sequences, ' 255Yefashc Thelhositivedpbia appearing iofht sighiganéln wartypositiveever al  ways.
Genom ¢ \E)v%lA can lste1 extracted and purified fromsuitable cells by neans
wel | knowR i n®PH®%art. Alternatively, nRNA can be isolated froma cell and

used to produce c I i 0f & : t ober
2004 VO 01177327 PR U RIS R P Bordhes P e AER T re™ D001
copy DNA prodadisdiohsignsling. RNA tenplate by the action of RNA-dependent DNA
pol ynerase (reverse transcriptase). Thus, -a "cDNA clone" neans a .dupl ex
DNA sequence complenentary to an RNA nolecule of interest, carried in a

cloning vector or PCR apptAflEe DEROERIeON Or wdeRNagn&s from which the
i nterveni ng sequences, have been renmpbved "Reconbi nant DNA™ neans a nol ecul e

that has been recofkbdpida thpyndersiondingof thpsiecifineionRid chima thpdnBowing DNA
sequence.m"CI (&%}g&mragﬁga&& the use of in vitro reconbi nati on techni ques
to insert a particular - gene or other DNA sequence into a vector nol ecul-e.
In order .to 10 suct@asf tofdry tord DNA qiEbcé therknBeIRe thrbiighlifs iaBpIe8SAr Y t 0 use

met hods for generating DNA fragnents, for joining the fragments to vector
ol ecul es, f ofFHREED A §egumree of amino acids characteristic of a specific peptide. The

term “gene” includes intervening, non—cdding regions, as well as regulatory regions,
and can include 5' and 3' ends.

15 "Gene sequence” refers to a DNA. molecule, including both a DNA molecule
‘which contains a non-transcribed or non-translated sequence. The term is also
mtended to include any combﬁiaﬁon of gene(s), gene fragment(s), non—ﬁ'anscﬁbed
sequence(s) or non-translated sequence(s) which are présent on the same DNA

. molecule.
20 - The sequences of the present invention may be derived from a variety of
o sources including DNA, cDNA, synthetic DNA, éynthetic RNA or combinations
3 | - thereof. Such sequences may comprise genomic DNA which may or may not
 include naturaily occurring introns. Moreover, such genomic DNA. may be obtained
L in association with promoter regions or poly (A) sequences. The sequences, 7
25 ' 'genomic DNA or ¢cDNA may be obtained in any of several ways. Genomic DNA

' canbe extracted and purified from suitable cells by means well known in the art.

Alternatively, mRNA can be isolated from a cell and used to produce cDNA by

- Teverse transcription or other means,



conposite DNA nolecule into a host cell in which it can repldgategomnd for
selecting the clone having the target gene from anongst the recipient host
cells. "cDiAolrbz7ary” refers to a collection of reconbi ngpdpElAs#ER! ecul es
15 containing cDNA inserts which together conprise the entire genone of an
organism Such a cDNA |ibrary. can be prepared by nethods known to one
skilled in the art and described by, for exanple, Cowell and Austin, "cDNA
Li brary Protocols,” Methods in Ml ecular Biology (1997). Cenerally, 1 NA
i's first isolated fromthe cells of an organi smfrom whose genone it is
desired to clone a-particular gene. 20 ‘fd.oning vehicle" refers to a

pl asm d or phage DNA or other DNA sequence which is able to replicate in a

host cell. The cl ofDIJAY edfiirs toscolnipleaitatae bieddp? BN Yrodheed fRim APRRA
endonucl ease recqgnition sites at which such DNA sequences nmay be cut in a

‘det er mi nabl e fRMHERY MR aT8eR of RN A-dspendantdaNA polymerase (evgsimnsdriptast). on of
the DNA, = whi " t Qd e Lot for use in the i I fication
of transformegliZS cg?ﬁg&é%xgnreénsﬂs%(o leg%ﬁgg%&%%ucgn gf"meP?Pég’smﬂﬁ‘r‘]% seqguence
of nucl eot i desndidvate afduterest) camiedrin gleloaing veutor &R BmPLSGT Ued tifnd! genes when
operably Linked.to thos etg s, These .include, for_exanple, the lac
systems, Phe H@%g‘iﬂgﬁ]&w&j’ £l {5 Brterveing seARenspiRse Beentempeds of the phage
| anbda, the contr ok EReHHRAROHINAN nf | QRs! 4 \\D

01/ 77327 PCTILTS00116951 - 15 ot ﬁ?%@é‘ﬁ%‘ﬁ%e&ﬁs &%Qngghm% Akt

expressi on of splinmschNApr o genopue DNAovequenakar yoti ¢ cel | s. Expressi on control
sequences w Il vary @eﬁgpdi n A on whet her_ the %ect_or I s.designed to express
the operably Iinked §BRE Tof Oﬁﬂ%ﬁr@m‘(‘@"é‘?‘m@ Theten tsehmiquep isinserbid  may

contai n transgkiighlaOgRk oL bIBAEDIA s§@ﬁﬁcﬁﬁtomfﬁfole€#l@.@5rﬁfrt§ termnation

sequences, tissue-specificity elements and/or translational Tnitiation and
term natilBn seaeegsstllycime gslegredgens, listeceshmrts useomethodshbrganemting BNAOT

simlar to a | i ut whi.ch i.s capahl e of expressing a gene
vhieh has beer® %ﬂ#‘gégﬁﬁogﬁ?‘?% 10 PRPAIPTS S STTECEE FSst - The
.cl oned gene i sordpesitt DNAloiesle e e hostael BOMIEPR} cﬂireﬂ»ﬁca@é,aﬂdfor?&@&tﬁ%‘l\lx

| i nked to) an ex?ressi,on control sequence. "Operator"” refers to a
sequence capabiesione bavipg thedureigens femameness g resipienthopirasisor , t her eby

control 11ng the {r apSeiBlAcRl AdhARERE, SRS knn PRI L S eelt ' o1 S 1O

'DNA sequence that can be ogni ze
15 containing cDNA insetts which together comprise the entire genome of an organism.

Such a rcDNA Library can be prepared by methods known to one skilled in the art
and described by, for example, Cowell and Austin, "¢cDNA Library Prbtocols,"
" Methods in Molecular Biology (1997). Generally, RNA is first isolated from the

cells of an organism from whose genome it is desired to clone a particular gene.

20 "Cloning vehicle" refers to a plasmid or phage DNA. or other DNA sequence
" whichisahle to réplica:te in a host cell. The cloning vehicle is characterized by one
Or more endonuclease recoguition sites at which such DNA sequences may be cut in
a dcferminable fashion without loss of an essential biological finction of the DNA,
which may contain 2 marker suitable for use in the identification of transformed
25  cells. '

— "Expression conirol sequence" refers to a sequence of nucleotides that
control or regulate e?cpressiori of structural genes when operably linked to those
genes.’ These include, for example, the lac systems, the trp system, major operatof
and promoter regions of the phage lambda, the control region of fd coat protein and



pol ymerise. The presence of such a sequence pernmits the RN&pHydI®iAse to
bind 15 and initiate transcription of operably |Iinked gene sequences.
"Pronot er W@e¥827 i s i ntended to include the pronoter aspawbsinagspt her gene
sequences whi ch may be necessary for the initiation of transcription. The
presence of a pronoter region.is sufficient to cause the expression of an
operably linked gene sequence. 20 "QOperably |linked" neans that the
pronoter controls the initiation of expression. of the gene. A pronoter is
operably linked to a sequence of proximal DNA if upon introduction into a
host cell the pronoter determ nes the trERscription of the proximal DNA
Sequence(s) into one or nore species of RNA. A pronoter is operably |inked
‘'to a DNA sequ@ﬂ@esmﬂemh%hmﬂmﬂonmolﬁﬂﬁﬂ}ﬂﬁcﬁmﬂgenammpmkmgu&& transcription

of that DNA seguen £. "P ote" fers to organi,snms Wi thout a true
nucl eus, incld Sﬁlﬁ’ ’Eﬁ?@é‘?@%&mﬁ W@"d’%@%ﬁ’ﬁ%’h@%ﬂéﬁ cells

that have a t iegofisg dtd k&s‘th@ &g%}% 4 WO
02/ 77327 ~~T14JSt1f}1 élé-i)16 [ nc‘lff% ggﬁipir okar yot esga %%

eukar yot es, sb@ﬂ@é%&i@mwmmMBMmmenMchmm pl ant and

animal cekls. . Th rmincl S.an o ni sm or || that Lstheremplent
of a repl #cabfm?fgg%%@ue ce#%ﬁ?&%emﬁ‘gw&m % atonggd gny

- variant of thergéntod sikk. possesses the 5 biol ogi caI act|V|ty of that gene.
"Variant" refers to a gene that" is substantially simlar in structure and
bi ol ogi cal acti vi tﬁwﬁﬁlﬁﬂﬁ%ﬂégﬂe@@ m@ﬁ@hﬁ&@ﬁﬂ@@nmﬂﬂdﬂenbhmgvbheleent ire

gene or to a Proyi es possess a
simlar activi ty@%ﬁ%aﬁ%l ar e on%lgcflegma g'%\g eggpupﬁéﬁ?qig " s used
herein even i fratsfiemmdouinicehest. TE diehed @efie is Louallg pladetBndesthe Sdntioignt i cal .
"Arrpllfl(i tion of nugl &qﬁ ds" refers to methods such as pol ynerase chain
reaction 6PCR13=I°P§%‘?1|’Y %ﬁﬁﬁﬁ’ A% EXPEISFiOR cerdiol fagyense chain reaction, LCR) and
anplification neth Rgs u met hods
are well -known inqg}%e ar ?&gfr%g %?g%&?lg e%?cef%(}}r%ﬁfgggﬁ%dﬁg%&%@%ﬁgpgnt Nos.
4,683, 195 andrepﬁesmrﬁa&eﬁﬁmnhﬂﬂmgemmm@ﬁbabﬂmﬁgaﬁe@pnduct| ng PCR are
commerci al |l y avai I.aé%l

moter" refers to a DNA sequence that can be recognized by an RNA
polymerase. The presence of such a sequence permits the RNA polymerase to bind
15 and initiate transcription of operably linked gene sequences.
“Promoter region" is intended to include the promoter as well as other gene
sequences which may be necessary for the initiation of transcription. The preserice
of a promoter region is sﬁfﬁcienf to cause the expression of an operably linked gene
sequence. - _
20 "Operably linked" means that the promoter controls the initiation of
expression of the gene. A promoter is operably linked to a sequence of proximal
DNA if upon introduction into a host cell the promoter determines the transcription
of the proximal DNA. sequence(s) into one or more species of RNA. A promoter is.
‘ , operablyrlin'ked to a DNA. sequence if the promoter is capable of initiating
25 transcripﬁoh of that DNA sequence. _
| "Prokaryote” refers to all organisms without a tme nucleus, including
bacteria. |
"Eukaryote" refers to organisms and cells that have a true nuclens, including
mammalian cells. ' ..



Primers useful for anplifying sequences fromthe HBM regi anhakis bh@f erably
conplenentary to, and hybridi ze specifically to sequences i'n the HBM regi on
or in regr@agrshat flank a target region therein.. HBM gefyeRsgs; gener at ed
by anplification naybe sequenced directly. Alternatively, the anplified
sequence(s) 20 may be cloned prior to sequence analysis. "Antibodi es" may
refer to polyclonal and/or nonocl onal antibodies and fragnments thereof;
and i nmunol ogi ¢ bi ndi ng equi val ents thereof, that can bind to the BBM
proteins and fragnments thereof or to nucleic acid sequences fromthe HBM
region, particularly fromthe HBM | ocus.jgt a portion thereof. The term
antibody is 25 used both to refer to a honbgeneous nol ecul ar entity, or a
mxture such as a SEMhclRdRuSiaryRd dndl Bulbtyofeshidh 8l okt 6 s fch SN

mol ecul ar entities. Proteins may be prepared synthetically in a protein
synt hesi zer afi#eh@8prlas plantdnd spinabeelispThe tens ieohufies amprzatism oovallthsever al

nonths into r | {.S:. - pplé ra IS tested.for immunoreactivity -to the
"HBM protein oﬁ%%%ﬁé%?. %%c%%%r%weﬁsﬁffni‘f)e ﬁees maybe made by injecting 5
Oct_ober 2004 WO O01fFtdgident RER EIRE Mo Bhy vadidnt OF £ ggﬁettﬁattﬂagsepgepih@i ns, or
fragnments_t hereof  Monocl onal antibodies wll be screened by ELI SA and

tested fof spb@iqgi@aqﬁfﬁ%ﬁgﬁh%tl@vi ty with HBM protein or fragnents

t her eof Harl ow et : ARt | es.: aborat ary, Manual . Cold Spring Harbor
Labor at ory, Col d Sﬁ@r@%@%gé g%ﬂ@%wga&.%lggu%%%%c@e Il be useful
5 in assays abiolugidal asivither imae@ioldgial hardctdBMics t6 eftiRF telentintigahs 3pQ NBSS.

"HBM protein” refers.to a protein that is identical to a naxl protein

except that #fgrﬁ?ﬂjif’ th5&eng, Peieedthatdhe Gto grpgaaites yeimiler aptivigs thesn. HEM- -
protein is dehichkiddral vaidy: -8 HER R T $37 heRhX o seé&é@ééoni;a)&(rﬂﬁo %%C{‘gr?l ogue.

For exanple, a nmouse 10 HEM protein refers to the nou ein
havi ng t b@ gl yesidnes i3 #®¥ idenficalal i ne substitution. "HBM gene" refers to the

- genom ¢ DNA sequenge found in. individual showj ng the HEM characteristic
or phenotype, wher ﬂﬂﬁ&gﬁ&ﬁ&@g@rﬂ?@a&eﬁfﬁ@m&%ﬁ@# S PQIyERIase CB3in SEQ | D
NO 4. The HEMaaieRePERy ngnzdmﬁﬁﬁcg@}% : LGy \p protein
~encoded by the HI__%MEﬂg;engi as the properoe?gag?b%ﬁjllselg%ngn’e e a‘?@d bone nass,
whi |l e the protmplifictienaiclodybastionthe e afédrbetd opticaset Thebhmetidlit genelland  t he
ZexL. gene. di LLghh itnd HRknd RSB 0S80 S ML RR s R3Tb1,00 582, while

15~ 4,683,202, Reagents and hardware for conducting PCR are commercially available.

Primers useful for amplifying sequences from the HBM region are preferably

complementary to, and hybridize specifically to sequences in the HBM region or in

regions that flank a target region therein. HBM sequences generated by

amplification may be sequenced directly. Altematively, the amplified sequence(s)
20 - may be cloned prior to sequence analysis.

 "Antibodies" may refer to polyclonal and/or monoclonal antibodies and
ﬁagmaﬁts thereof, and immunclogic binding equivalents thereof, that can bind to the
- HBM proteins and fragments thereof or to nmcleic acid sequences from the HBM
- . region, particularly from the HIBM locus or a portion thereof. The teﬁn antibody is

25 used both to refer to a homogeneous molecular éntity, or 2 mixture such as a serim

product made up of a plurality of diﬂ'érent molecular entities. Prote.iné maybe

prepared synthetically in a protein synthesizer and coupled to a caitier molecule and

mJ ected over several months into rabbits, Rahbit sera is tested for immunoreactivity

- to the HBM protein or fragment. Monoclonal antibodies may be made by inj ecﬁng '



the Zmax1l gene has a guanine at position 582. The | BM gene sasg¢bs@s the
nucl ei ¢ acid sequence shown as SEQ ID NO 2. The HBM gene may al so be 20
referred twoas7mazr " BBM pol ynorphism ™ "Normal," "w | d typgyseesaaf fected!’
and "Zmax|l" all refer to the genom c DNA sequence that encodes the protein
I ndicated by SEQ ID NO 3. The.Zmaxl gene has a guanine at position 582.
The Zmaxl gene conprises the nucleic acid sequence shown as SEQ ID NO 1.
"Normal ," "wild-type," "unaffected" and 25 "Znmaxl" also refer to allelic
vari ants of the genom c sequence that encodes proteins that do not
contribute to el evated bone-mass. The Zogx|l gene is common in the human
popul ation, while the HEM gene is rare. "S5YW+EG" refers to a repeat unit
found in the Znexditipthetpedteins, od faghdntdBiereof NbMRloMankiBaBatwinfRl | owed by an
EGF repeat. 5 Cct ogg 2004 V\D 01177327 PC3YUS00115951 18 "Bone
devel oprrent" j@ﬁ@e ¥ t@@%ﬁ%@d@%mpm@wwﬁdﬁmrmmge of bone
over tine, that occur
Bafleng ek F RERPLEL DOk, SMBL OIS Mo o EORSGLD

during di sease stat es, occur g agrn
' (cjieve: opnent diaftmgﬂebdratpm Cohilﬂpmngﬁlarh@i'eﬂl“%(I%S)an%hede aﬁﬂbdﬁ@wﬂd Ebeh@gfﬁl
evel opnment includin exanppl e, changes that occur during di sease
st at es ang ch¥h§ass Fﬁg’?ﬁ&ﬁgﬁffmﬂiﬂ“%- agi ng. Bone devel opnent may be
. progressive or CyC“HBEi"rbf@rs"!@th%one%Qs%Cts of bone that may change during
devel opnent include, for exanpl"e, mneralization, formation of specific
anat om cal f eat ur eSiBiipdoienl” atfers do mproadnsthlatmedenmaﬂ)e:razlmﬁxl proteintssserg el |

abi iy Lo aRFERESHRG: B Fept

uJat boe rmation" refers-to the
I‘?go é%ﬁ@lv ) P‘F?%‘}Vé]@ﬁ-’ii % bone -
- renodel i ng, a@mybrgeﬁ;mmreﬁgddag@gmgﬂ Q,gkq,o'ﬁlﬁ]l(géggd%ﬁx&\%?ﬁag%wéencl udi ng,
o] ,

for exanple, bone resorptlon and appositiona ne gro inter alia,
ost eocl adfi c &AM proten Fifers tq e monsedmyx1 raeidin havipg therglydinssl 79dorgalime al | of
bone formatio &H@n vel opment as used herein. 15 "Normal bone density"
~refers to a bon ensity wwthin two standard deviations of a Z score of O.
- A "Zmaxl systent r€iBlgene” efepitoithd @AoRicANNARequetld forad masdivigeat | . ani mal

human or any ot her conposition of, matter in which Zmaxl is present in a
normal or mu g the f{BM characteristic or phenotype, where the sequence encodes the

protein indicated by SEQ ID NO: 4. The HBM gene and the Zmax! gene are allelic. .
15 The protein encoded by the HBM gene has the property of causing elevated bone

aass, while the protein encoded by the Zmax1 gepe does not. The HBM gene and
jthe Zmax]1 gene differ m that the HBM gene has a thymine at position 582, while
the Zmax1 gene has a ghanine at position 582. The HBM gerie comprises the -
- nucleic acid sequence shown as SEQ ID NO: 2. The HBM gene may also be
20 referred to as an "HBM polymorphism."
"Normal," "wild-type,” "unaffected” and "Zmax1" all refer to fhe gendmic
DNA sequence that encodes the protein i:r.idi__cated by SEQ IDVNO: 3. The Zmax1
gene has a guanine at position 582. The Zmaxl géne comprises the nucleic acid
.sequence shown as SEQ ID NO: 1. “Normal," "wild-type," "unaffected" and |
25 "Zmax1" also refer to allelic variants of the genomic sequence that cncodes protems
that do not contnbute to elevated bone mass. The Zmax] gene is common in the |
human population, while the HBM gene is rare.
| “SYWT+EGE" refers to a repeat unit found in the Zmax] protein, conszstmg
of five YWT repeats followed by an EGF repeat.



20 A "surrogate narker” refers to a diagnostic indicationg cgysgt9Hs.Si gn, or
other feature that can be observed in a cell, tissue, human or aninal that
I s correl afohyMbh the HEM gene or el evated bone nmass or C%?ﬁsgof éé“t that is
easier to neasure than bone density. The general concept X ’Togate
marker is well accepted in diagnostic nmedicine. 25 The present invention
enconpasses the Zmaxl gene and Zmax|l protein in the forns indicated by
SEQ ID NOS: 1 and 3, respectively, and other closely related variants, as
wel | as the adjacent chronosomal regions of Znmaxl necessary for its
accurate expression. In a preferred enboggnent, the present invention. is
directed to at least 15 contiguous nucleotides of the nucleic acid
sequence of SEQ | D %¥@ne dev r%gpr 2 nt on., al so
enconpasses the HBM geng ae% gﬁ%ﬁ/l%g?% %felrsgl-l%% gm%srgr%@%li ?%% y SEQ I D

NO 2 and 4, r@fdipe@wﬂmln;e, mahdlngxfmeexmﬁp@@abynﬂdbm@menummtﬁat suwel | as

t he adj acent r o omal [eg of the HBM gene necessar for its

accurat e expre i a@ﬁéﬁ%mﬂ‘l}%aﬂ’ﬁ& Frasdayelommesht i on is 5

directed to atdlj;.;g@ei-t' ér&cﬂ PSP AELRRL |d sequence
of SEQ ID NO 2. Nbre prglﬁerabl Y, ? preslgﬁténé)‘ine\y&elﬁltin%acs ect ed to at

| east 15 %onth@wnlmcmg¢séb@|omdmah@WMs mdauhmgesmmmamfngSEQ | D NO.

2, wh | eotid th th t
el oot g6 562 SRR ST AREL PR Y et of SrisehinorBer | Aw-deetionee. of
the Zmax| genethatlﬁhyrcﬁﬂngtrﬂmgd&ﬁldpn@ith@ﬁd@%ﬂ%bﬂemﬁ%ﬂﬁéﬂbtﬁhm t he HBM

gene region. MNore part I cul arly, eferred enbodi nent are e BAC cl ones
contai ni ng sedREPRLONGE spasiic appfasicalBenaascayidaplatbropEbsblut: purgbeBSE7D12 H. A

preferred enb he nucl eotide sequence of the BAC cl ones
consi sting of Q%E@%%% 5-11. The invention al so concerns the use of the
nucl eot i di® sequencé’ane mdéudatidny or draodaiitionlo®Bese HRhatioherefi®ilthdfNGy3nd t he
HEM gene, g}i ner s to I|f the Zmaxl gene and the HEM gene;

nucl eoti de poI aﬁ'ﬁl"gﬁ%e ?lﬂgicﬁmessgémolgﬁ@mhomrmdﬂgm@swﬁ}m

. regul atory el f SIETTB 18 nvention
descri bes theeaﬁsgf}%%{aefabytgggl I zat 1 on %Fl%ﬁgiﬂcé:?%‘go%%%%%gérﬁ%ﬁl gf t he
Zmax| gene an@PPW%h@mmmmmmm&acl&ﬂe&hMmbwmmm a8 markers
D1 1S987 and SNP - CONT. cﬂig %’L& as th DNA sequences of the Zmaxl
gene and the FBMGER é’seﬁ‘?%eﬁ‘ﬂl SRR tee éﬁ"%@@@sl‘lﬁ@ﬁ%ﬁyﬂ{ he

addition f mOre geNek bR bk e 1E  BRPAAG AL tH5 thdly TP Lhe gene,
-and by

deviations of a Z score of 0. ‘

A "Zmax] system"” refers to a purified protein, cell extract, cell, animal,
human or any other composition of matter in which Zmax1 is present in 2 normat or
mutant form. . .

20 A "surrogate marker” refers o a diagnostic indication, symptom, sign or
other feature that can be observed in a cell, tissue, human or animal that is correlated
with the HBM gene or elevated bone mass or both, but that is easier to measure than
bone density. The general concept of a smrogate marker is well accepted in
diagnostic medicine. '

25 The present invention eneompasses the Zmax1 gen_e and Zmaxl proteinin
the forms indicated by SEQ ID NOS: 1 and 3, respectively, and other closely related
variants, as well as the adjacent chromosomal regions of Zmax1l necessary for its
accurate expression. Jn a preferred embodiment, the present mvenhon is directed to

atleast 15 connguous nucleoildes of the nucleic acid sequence of SEQ IDNO: 1.



- the- extension of the pedigree to include nore individual ss dashepegigr ee
extension was critical because the new individuals that have been

genot yped harbor critical 25 reconbination events that narrow the region.

To identify genes in the region on 11g13.3, a set of BAC clones contai ning
this chronosomal region was identified. The BAC clones served as a

tenpl ate for genom c DNA sequencing, and also as a reagent for identifying
codi ng sequences by direct cDNA sel ection. Genonmic sequencing and direct
CDNA sel ection were used to characterige nore than 1.5 SUBSTI TUTE SHEET 5
Oct ober 2004 WO 01/ 77327 PCTIUSOO /16951 -20 mllion base pairs of DNA from

11g13.3. The me?j i Bl 4 b ' j and the HBM
gene was then dis 5?/ere V%@%lelraggﬁlg%l#gﬁg%%%g%%?gﬁ e;?ﬂdeig%ﬁ]e%ﬁoeeén ghd
unaf f ect edhd fosting intlicate] byv8iEQ [B NRerambs, respectialy)and otlet ylobslg adlategd to a
speci fic chr.onobsoma regi on, .the genes i.n this region can be

char act er i"288 ast‘"f?il Bﬁgﬂlf‘eifﬁ?cgﬁ ‘fbé%i’fgw?éeg%rqr}é]%e EBR’&B@EQWPF&Wi ncl ude:
cl oni ng Offort ieaceiMatd EpFeBibA NS pioflfrell Rnibodfber® the %g%it g@%ﬁ& fil ones

(physical mapping), characterization of genes ‘enc ese clones by a
conbi dat i drrectpd & atdeast EHdomtigueusauicleotidescofdine tuckqip acid sequitnENgY SBRquenci ng

(gene i degtinfhcation nd.identification of mutationg in_these genes by 10
conpar ati@% W&S@’B@f&fﬁﬁ’g’%gﬁ%ﬁ%ﬁw%w1&#&?%@{%@% rs of the BBM
ki ndred ( obiitiuoasnadlestidss 67 the HiNIsic Gaid s@@mbangEQmﬁprvﬁmﬁgn%SCf eeni ng

libraries. gf human DNA cloned in vectors that are propagated in E. toll or
S cer evi s@hthelsjaegtigems ayelagtides inthe hymeine at nueleotifly 58khi que nol ecul ar

| andmarks in t 0 i | s..interest. .. Jo,generate a physical
map of the HEMH?gﬁlg{ega eﬁrggléﬁl%%%ogﬁl? '?'Lc}éé)?\?e gﬁqueﬂmr{hﬁ&agfg?@d in

Bact &0 i al rojidr, b vielilas Gt nicRotdesqlERCHY tWISBBCERRIEHoN Mbre 2 Set  Of
Sequence Tagged Site S) markers that_had been previously nmapped to

ST
chr onosonBarigylary. fbﬁfﬁt(e!ﬁf‘d erbodipregt arg thyy BAGclonerganianingssgmenisefthe STSs are

uni que nokeac h{ n h can.be 20 assayed by
PCR. Througﬁufk%(%m%:% glnﬁei(?ag??cl)fr%h? o* ?ﬂ%ﬁuﬁe@@ﬁ%‘%ﬂ?ﬁ% {S,tﬁ? he | ocation
of t housanudeatideSE@enonof the BA@cIbyestoopsistinOSERG IDMNDS V821 5ex  chr onpbsones
has been deterq;bgﬁjé(g. .For. a positional c¢loning effort, the_ physical map

is'tied to the plionalsp enncermns theyuse ofthe purlsotideseapence fo mappi ng can
- 15 DNA probes for the Zmax1 gene and the HBM gene, PCR primers to amplify the

Zmax]1 gene and the HBM gene, nucleotide polymorphisms in the Zmax1 gene and
the HBM gene, and regulatory elements of the Zmax1 gene and the HBM gene.

This invention describes the further localization of the chromosomal location
of the Zmax1 gene and HBM gene on chromosome 11q13.3 between genetic .

20 markers D115987 and SNP_CONTIGO033-6, as well as the DNA sequences of the
Zmax1 gene and the HBM gene. The chromosomal location was refined by the
addition of more genetic markers to the mapping panel used to map the gene, and by
the extension of the pedigree to include more individuals. The pedigree extension

- was critical because the new individuals that have been genotyped harbor critical

25 recombination events that narrow the region. To identify genes in the region on

' 11q13.3, a set of BAC clones containing this chromosomal region was identified.
The BAC clones served as a template for genomic DNA sequencing, and also as a
reagent for identifying coding sequences by direct cDNA selection. Genomic

sequencing and direct cDNA selection were used to characterize more than 1.5

SUBSTITUTE SHEET



al so be used as STSs for physical mapping. By screening aBilihgiy W th
a. 25 conbination of STSs derived from genetic markers, genes, and random
DNA f r agmwotes/;z7a7 physi cal map conpri sed of overlapplng Ekﬂﬁgﬁﬂﬁ resenting
all of the DNA in a chronosonmal region of interest can be asse ed. BACs
are cloning vectors for large (80 kil obase to 200 kil obase) segnents of
human or other DNA that are propagated in E. tali. To construct a physical
map 5 October 2004 WO 01177327 PCT/ US00116951 21 using BACs, a library of
BAC clones is screened so that individual clones harboring the DNA
sequence corresponding to a given STS oroget of STSs are identified.

Thr oughout nost of the human genome , the STS markers are spaced

approxi mat el y mlioh Base@alid dINATRm PRALS, THEZLNR! 5@ R HiokliAUiALiBAC cf one

typically contains at least S two mar kers. Ina I'tion,
libraries that @Hﬁ&ogéﬁéﬁlﬁé@MamWﬁMmh@ﬂwemmmuwanﬂWﬁt he hunman

genone six ti WY, I ndi vi dual STS typically identifies
nore t han onenﬁ%ﬁ? X%f%‘sicrtg‘gﬁ?aﬂsg a six fold coverage BAC |library with
a series of STS mrmﬁagmﬁb@a%e@éﬁcmwﬂbﬂjz@m@sba&&é&ﬁoﬁ&% a physi cal

_map consi gél ng of a series of overlapping BAC clones, 1. AC conti gs,

can be assenbl E&ong eﬁﬁ%ﬁsﬂ%@ﬁ}'ﬁ& WW@Q@mmOTmmm¢W$ cl osel y

tied to the gegeticr . STS nma S. use 0 prepare the
physi cal - map are a?so geneiﬁc mﬂ@y%g% Eﬁ@f‘l"tﬁ ysical map, it
of ten happens b*ﬂhppﬁ@d@u@@hyg&ﬁl&uﬁppﬁgh&:hm@&i&iﬁ@n@f geh&%n@@d@:ﬁ'ﬁ?tﬁ&é‘t resul t

in the inability tq |dent| BAC clones that. are 15 overlapping in a given
| ocation. Typi GaRgsyp Yat"ﬁ cAegPNA sqleqtion, exomBappingtasd DNAom a set of

STSs that haveg OHels vailable |iterature
“and World VAde ealeb r &s urée?ﬁﬁ%#ahfwld%%n‘%g&c%fc%l S gsg\ggwﬁtb Ysepar at e
BAC contl@s tm;waaatarc ﬁ‘{fas@aﬁhﬂg}ofg&meﬁndumkmm nmmht%ﬁdﬂf@ie ®BHt ance, To
i dentify BAC t .l hese gaps, it is necessary to devel op new
STS narkers fr%ﬂ&?ﬁzm tﬁﬁ%“?’c’rl ¥§6)the clones on either side of the gap. This
s done by sequenciPigsiRoninpiiEifialomgiied by é&%ﬂ%ﬁ@g&fﬁmﬁhﬁﬁ BACS

fl anki ng the gap, devel'Oping a assa y ‘a sequence of 100
" or nore base pdpliled in vécterh that are magatﬁhqtﬁbadesr S;wa'evmbamag PARaskay® be

anape, N AT AR AL IS e TR AR BeUied g screen e
gap in thes p hyiaicgeet T generhes a%&@ﬁﬁﬂ'n@ap%f%@[ﬁl@!&h&d&t@?e@oﬁ?ﬁ’%&y%ﬁ egi on the
size human DNA cloned in Bacterial Artificial Chromosomes (BACs) was screened with

a set of Sequence Tagged Site (STS) markers that had been previously mapped to

chromosome 11912-q13 by the efforts of the Human Genome Project.

- STSs are unique molecular landmarks in the human genorme that can be
20 assayed by PCR. Through the combined efforts of the Human Genome Project, fhe
location of thousands of STSs on the twenty-two antosomes and two sex
chromosomes has been detem:med. Fora posztmnal cloning effort, the physical
map is txed to the genetic map because the markers used for genetic mapping can - |
also be used as STSs for physical mappmg By screening aBAC library with a.
25 - combmanon of S'I‘Ss derived from genetlc markers, genes, and random DNA.
'ﬁ'agr_nents, a physical map compnsed of ov&rlappmg clones representing all of the
DNA in a chromosdmal region of mterfst can be assembled.
' BACs are cloning vectors for large (SO kilobase to 200 kilobase) segments of
human or other DNA that are prolpagated‘iﬁE. coli. To construct a physical maap |



of the 1 M candidate region (2,000,000 or nore base pairs}Oddbet So®f t en
necessary to devel op new STS markers, fromthe ends of several clones.
After bui Iwoeg7@2BAC contig, this set of overlapping cl ofeSusghwep as a
tenplate, for identifying the genes encoded in the chronobsonmal region. Cene
5 October 2004 'WO 01/ 77327 PCT/USOQ 16951 -22 identification can be
acconpl i shed by many nethods. Three nethods are comonly wused: (1) a set
of BACs selected fromthe BAC contig to represent the entire chronosomnal
regi on can be sequenced, and conputational nmethods can be used to identify
all of the genes, (2) the BACs fromthe.8AC contig can be used as a reagent
5 to clone cDNAs corresponding to the genes encoded in the region by a

met hod t er medsidy Bagls, £ DAy BAC cleﬁes@gq&eﬁédédmatmdﬁﬂ@m&rm% contig
can be used to _.identify coding sequences ¥ selecting for speC|f|c DNA
sequence not i e PHASqUspercomgFRondiag farisiFsnP Ft@‘aﬁ@bﬁ’fr@' Sﬁmald@té‘!@é-nt i nvention

I ncl udes gene EPﬁ Q.se e the
entire BAC con |g§$6ed;§%de0§€%f$iﬂe egfelh@’ﬁ# V%mg&%% reglsg)’Fice appn 8%%1 Y BACs was
chosen for suhOltcoﬁﬂh@&s&@@t%ﬁaﬁbﬂ&ﬁd&hﬂhﬂfﬁﬁde&ﬁ@@%ﬂﬁ&oﬂ%&ati'z@gtue”C' ng

of these ubcl on Since the DNA cloned in the BACs represents genomic
DNA, this seqﬁ‘@%gfﬁﬁl?@@é&gﬁpvﬁ?%c Yoo ‘é?{ﬁéﬁeqnﬁ@cqrﬁamﬁmughgm sh it

from cDNA seq!égagdﬁgrA{g%J,&ltﬁé]ﬁﬁﬁn 'ﬂfappl ngéﬁg@fﬂ%&gg’ ‘ﬁ‘t’H onosonal

15 region of interest, several non-over ones are chosen. DNA
for each BACS&”S@mcalb'lqhnhﬁaﬁmd;efwmbnbmcwommesmascmemlngarsﬁolmto random

smal | fragments whi e su oned intog standar |l asmd
vectors such & %{IC *%Té T8 SPHfi a@’%ﬁaﬁeg"%r opagat e t he
smaller fr ag”ﬁﬂ&’&asesaagﬂﬂ;taqﬂ:?ﬁ ﬁrn%ptdaﬁs ?%Phgéﬁofﬁ"feﬂ%ﬁ%gﬁtﬂ@omg—q gensure

adequate coverage and sequence gua ity Tor the 2 sequence,

suf fici ed® pl B ehngieasesbe ql@nmegmnyf’éb&mngémm Gbisenzpge of the
BAC cl one. For BAC is 100 Ki t hen gem ds
are sequenced §é§ +§?%%J%enie§ Ag%"?“%’fm@gd’ h’ﬁ %eﬁ E"Ip

random y sheapkghidal in@p afc@lsolgeidtid@ndrert, e phagem d vector the 600 Ki l obases
of raw DNA sequence can be assenbled by conputational met hods into

over | appi ng DNA sgﬁl?éﬁ@@?u?té}gmygéﬁ@@m?@@wpg@s b therapze g@sp@‘é@s of
.Iegl:thl' %!ACgiege s%. gn h&ﬂeﬁ:‘é en to %‘tb’y seqﬂgﬁlaé&eécglrll i gs age;)Vinge °
base pains to oﬁﬁla@ﬁﬁgbms given locano_n. Typically, the physical map is first constructed
| from a set of STSs that have been identified throﬁgh the publicly available literature -
and World Wide Web resources. The initial map consists of several separate BAC
contigs that are separated by gaps of unknown molecular distance. To identify BAC

clones that fill these gaps, it is necessary to develop new STS markers from the ends
20 ofthe clones on cither side of the gap. This is done by sequencing the terminal 200
to 300 base pairs of the BACs flanking the gap, and developing 2 PCR assay to
aplify a sequence of 100 or more base pairs, If the terminal sequenceé are
“demonstrated to be umque within the human genome, then the neﬁ STS can be used
to soreen the BAC library to identify additional BACs that contain the DNA from
. 25  thegapinthe physicél map. To assemble a BAC contig that coversa regidx; the size
of the IBM candidate regiqxi (2,000,000' or more base pairs), it is: often necessary o
deveiop new STS markersﬁ'om the ends of several clones.
After buﬂdmgaBAC coﬁﬁg; this set of overlapping cloneé serves as a
| template for idenﬁfying ’r.he genes éneoded in the chromosomal region. Gene



paws. 5 Cctober 2004 WO 01/ 77327 PCT/tJs00 16951 - 23- Thgc&ﬁguemmMng .
strategy enployed in this invention was to initially sequence "seed" BACs
fromthe B§gmamzrg in the HBM candi date regi on. The seq @%9 t he
"seed” BACs was then used to identify mnimally overlapping - & Prom the
contig, and these were subsequently sequenced. In this manner, the entire
candidate 5 regi on was sequenced, with several small sequence gaps left in
each BAC. This sequence served as the tenplate for conputational gene
identification. One nethod for conputational gene identificationis to
conpare the sequence of BAC contig to pgblicly available databases of cDNA
and genom c sequences, e.g. unigene, dbEST, genbank. These conparisons are

t | 'y doneidusgifia csﬂ‘@nﬁbé& | d
p?/ggjfgnsy(No??chul ey Aty E‘m% éiﬁfo%ug%reaf%g%%%m?ﬁ‘gmﬁAc
sequence can a¥s§& (hha %qtaﬂEAQﬁé@eM@onpmmacmwemmmm protein
sequence can ublicly ayailable ei h dat abases, usin
a qversi on of ‘%E%@‘%gﬂltég’.egl g(?g?bg%eﬂgﬂﬁ% &8?’@“??@5@6%?%%@%?%@@9 et al, ;
Nucl . Acids Rdentify 8foBBS ged 12) ﬁé%@s)ﬁonﬁﬂi&tﬂm céﬁ%hﬁ&'béﬁseg% Egegb%g”p“t er

al gorithns, such as 15 MZEF (Zhang, Proc. Natl. Acad.” Sci.
(1997)) and mlcbneﬁﬁ%&eﬁéﬁpon@gwtheg@@hmdﬁnnyhmmoﬁaﬁamgam (1996)),

of Spoti 11 ¢ DR RaEea IR e dtfS ol B AT T B BRC i stibe et i 1 e

the presence aﬂenﬁjwdmgagﬂenbmmlec@ﬁgﬂaﬂﬁﬁexﬂaml% %ﬂgmsaequences 20
1n addition to id ntlfﬁl ng‘ggenes by conput ati onal hods, genes were al so

i dentified by R¥PF B fraprmg nlh %?S%Bﬁﬂéommblﬂes geaerodentified by

- 5(2):185-194 #4800 mbiodli ' €Ct cDNA sel ection, cDNA pools fromtissues of
interest are prepared, and the BACs fromthe candi dat e region are used in
a liquid Hybridi zafﬂmqumsesﬂay etriire Bl wmg&étﬁeﬁﬂM@ShdﬁBMcﬁdﬁ@ieﬁé%én,t 0

codi ng regi ons IE#$$ BAC. n tih ‘%‘P net hods_descri bed herein, the cDNA
pool s were cr &l Ghiveschorsn fopsybelopimg nto plagaidrscioys and selsaausnt BNAg t he
first strand cga&{{én{;]h Bfmggeygﬁb% d cDNA by
st andard net hods, g adding |i nkergisﬂa%?%%Agﬁgé@fmﬁgeg%iﬁéﬁagmms
“The |inkers ar@ﬂm@@]ﬂé’ ﬂiﬁrﬁm@cmﬁsreﬁﬂédmmslgsnoniheeqﬁéiﬁmg:&)dmmmtused as

3 el ate forgd ol QoY B RERAS ol he it Gl bt D ohdRShigg 5 Cctober

15 region of interest, several non-overlapping BAC clones are chosen. DNA for each
BAC clone is prepared, and the clones are sheared into random small fragments
which are subsequently cloned into standard plasmid vectors such as pUC18. The -
plasmid clones are then grown to propagate the smaller fragments, and these are the
templastes for sequencing. To ensure adequate coverage and sequence quality for the

20  BACDNA sequence, sufficient plasmid clones are sequenced to yield six-fold
coverage of the BAC clone. For example, 1f the BAC is 100 kiloba#es long, then
phagemids are sequenced to yiel& 600 .kilobases of sequence. Since the BAC DNA
was randomly sheared prior to cloning in the phagemid vestor, the 600 kilobases of
raw DNA sequence can be assembled by computational methods into overlapping

25 DNA sequences termed sequence contigs. For the purposes of initial gene
identification by computational methods, éix-fold coverage of each BAC is
sufﬁcwnt to y:teld ten o twenty sequence contigs of 1000 base pairs to 20,000 base

© pairs.



wil™ 01/ 77327 PCTIUSQ0116951 -24 copy of-the BAC DNA. Theslpaiyep2b@bel | ed
copy of the BAC DNA is then denatured and incubated with an excess of the
PCR anpl i fwea7isbnkered eDNA pool s which have al so beenrgﬁgg‘;ﬂr{gﬁg. The BAC
DNA and eDNA are allowed to anneal in solution, and heterodupl exes between
the BAC and the eDNA are isolated using 5 streptavidin coated nmagnetic
beads. The cDNAs that are captured by the BAC are then anplified using
prinmers conplinentary to the |inker sequences, and the
hybri di zati on/ sel ecti on process is repeated for a second round. After two
rounds of direct eDNA selection, the eDMA fragnents are cloned, and a
- Fibrary of these direct selected fragnents is created. 10 The eDNA cl ones
i sol ated by direct Biel R6kdneh aﬁ-ﬁeér@,{@ N VAR Q,ggﬁ.- S ool of
BACs fromthe HBM candi gate rge ion is ﬁ%gé@w%?eg\%e t thgﬁéﬂ%%u%c
sequence, the CPMAPMusonEaBEeantiginitheiBMiwadidBatgionl its séquence of

acconpl i shed by _afJtl avy i.n.mgerotiter dishes replicating
therr DNA i Hegreelth s WS daliSea il Tt Bl EkRin T Flme

hybri di zed to tdtiggmiddhdse whie subseiidnilylsbitiendedl e Yn tRAMBINS B HRRERrel MMl Y T O an
i ndi vi dual _BAC fromthe set used for_ direct selection, and to determ ne
the speciffc i HENRIYSS seuenseds wihngsverabrpellyeavruge 2apn Jaft ineechdAC Ahisd t o

correspond to ndiVi et.er g ne et her the eDNA
cl ones i sol at e"ls %/n\églg%g%dt sei tg@%@%ﬁﬁﬁ%@?@g@% %eeld n&?ﬁ??%%em%# larity
to previously fuﬂempﬂthtﬁﬂdggmetdenﬁﬂ@ﬁ%taaﬁinpbfr@ﬂmeisé‘%ueﬁ&idf@mwﬁgge@é are 20
conpared to publ i!.cl y g@'l bl e dat abases using the BLAST fam |y of

prograns. TheP Eif W%ﬁ&@@%%@ﬁﬁ‘é?ﬁ%ﬁ&ﬁ% seDMeaeibERde

provi ded by | RenAR e i@g% i ' an initial
list of putat F@%bﬁg‘g%%% he ngrleg#ﬁ%e&%e |§B F?g%r%%:ﬁ gfwere al |
candi dat e$0 f or canmuite alorithoes avd propoamiuAiliseiil ettw/adtbb Bide 2 ehie08-4gne, Nort hern

bl ot ' the 25 si f the t i pt
Corr espondi ng VP SEcREBRE sSatheshabe B b ieilnor e aurres BXhe ver e
transcribed t opgetdifieqhéhcsBlifbeaRed ML %@ﬁlabﬁ%frot@ﬁ@aﬂﬁés@s,%diﬂ%m

anal ysis of each gene, probes were prepareg fromdirect selecte
clones or by VarometLA§T desised &9 dnalyze prteie sequericehligehmb et al, M Apidsf r om

t he BAC encodi j jene of interest The Northern, bl ot ave
i nformation onﬂ%ﬁgggggéelg%@ (Itl%%)g &P@gﬁ%ﬁﬁﬁ%ﬁlﬁeﬁP? g%m%fgwm
-25 15 MZEF (Zhang, Proc, Natl. Acad. Sci., 94:565-568 (1997)) and GRAIL (Uberbacher

et al, Methods Enzymol., 266:259-281 (1996)), which predict the location of exons

in the sequence based on the presence of specific DNA sequence motifs that are

common o all exons, as well as the presence of codon usage tjpical‘ of human
protein encoding sequences.

20 In addition to idmﬁﬁdng genes by computational methc-:ds, genes were also
identified by direct cDNA selection (Del Mastro et al, Genome Res. 5(2):185-194
(1995)). In direct cDNA selection, cDNA pools from tissues of interest are
prepared, and the BACs from the candidate region are used in a liquid hybridization
assay to capture the cDNAs which baso pair to coding regions in the BAC. Inthe

_ 2'5 methods described herein, the cDNA pools were created from several different

N tissues Ey random priming the first strand cDNA from polyA RINA, synthesizing the

second strand GDNA by standard methods, and adding linkers to the ends of the
* cDNA fragments. The linkers are used to amplify the cDNA pools. The BAC
clones are used asa template for in vitro DNA synthesis to créate a biotin labelled



transcript and the tissues in which it was expressed. For sigasteerogd s whi ch
were not highly expressed, it was sonetines necessary to performa reverse

transcri ptwopy7BER assay using RNA fromthe tissues of ip‘%]%%&ﬁ‘%i a
tenplate for the reaction. Gene identification by conputati onal t hods and

by direct cDNA selection 5 provides unique information about the genes in
a region of a chronosone. Wen genes are identified, then it is possible
to exam ne different individuals for nutations in each gene. L Phenotyping
usi ng DXA Measurenents Spinal bone mneral content (BMC) and bone ni neral
density (BMD) 10 neasurenents performed _ag Creighton University (Omha,
Nebraska) were nade by DXA using a Norland Instrunments densitoneter

(Nar | and XR260GpPantietmuebars. THRUMBRISY oy A/ BROTIAQARSE TV, DA

Spi nal BMC and at other |ocations use e machrnery avall abl e. There

are estimat ed degateedz0d ipydnatedrnithimeses of teMUR/amyplified; fikgrédrDiNrepddisS. Most
| arger cities ve. of fices oL | i ters which have DXA

capabi lities, Wusﬁhgﬁv a%soﬁnmﬁimg{g}i%oﬂgﬁég‘(ﬁﬁ@ﬁl qqg_c%ﬁ'e alioykas tp gpnsghat
provi ded spi n%%m%&%dﬁ@i@ﬁéﬁ%&ﬂ@dﬁ&dﬁe SINGARE 91U Ssind T OM

their machines to provide verification that the regions o Interest for
nmeasur emert  ofStENEViHE co2isd aregadisderdsaFhe dPNka tiet yre caunyed by theBAD arAl

. histories an ngm!l Lographs re ohtained. 20 The H henot ype is
defined by thghﬁ}m}l W nd{ﬂ%g'rp ¢'%§:%m9§$‘§“etﬁy3ﬂ%§3ﬂﬂgaﬁseq‘§feﬁ% %1%%$ni cal

hi story devoi dl}bﬁdi&ﬂibﬂ@%mﬂ'pr@&s@iﬁﬁ‘%cﬁt@& for 2BHNA W8ind 2 Aier %%ﬁﬁc@lof

r adi ogr aphs show ng _a. nor nal sha}Be of the appendi cul ar skeleton. 111

Genot ypi ng of duegly &flpsiio, the pRNASTagments areipne cand @bty of theserdinatt t 0 a

- region small er iqi.nally 25 reported by Johnson et al, Am J
Hum Cenet,. 663%%%%5#%&%% additional mcrosatellite markers on

chronpsori® 11912- 1TheeDAA yiped isoldel byalitetBiclettich arb Relpdesy whd maddo 1,

Dl 151883, DL151785, D&L&ég D 154136, D 154139, (Db, et al, Nature,
380: 152- 154 ( TOE2 PR fromehoBBMfzadidale region isgsad to provide thiRes ., 18: 7468

011 7ra27" PO L dese Tt DN R o e e R PP s
Marker 5, GTecemmiishedder argiyingrige BACs iRMchdtitdr dishds, hfierepkeng thrir DNA
im high density grids. Individual cDNA clones are then hybridized to the grid to
15 confirm that they have sequence identity to an individual BAC from the set used for-
direct selection, and to determine the specific identity of that BAC. ¢cDNA clones
that are confirmed to correspond to individual BACs are sequenced. To determine
whether the cDNA clones isolated by direct selection share sequence identity or
similarity to previously identified genes, the DNA and protein codiné sequences are
20 . compared to publicly available databases vsing the BLAST family of programs.
| The combination of genomic DNA sequence and cDNA sequence provided
by BAC sequencing and by direct cDNA selection yields an initial list of putative
 genes in the region. The genes in the region were all candidates for the HBM locus. -

To further characterize each gene, Northern blots were performed to determine the

.25 size of the transcript corresponding fo each gene, and to determine which putative
B exons were transcribed together to make an individual gene. For Northern blot
| -analysis of each gepe,'probes were prepared from direct selected cDNA clones orby
PCR amplifying SPéciﬁc'ﬁagments from genomic DNA or from the BAC encoding |
- the putative gene of interest. 'Ihe Northern blots gave information on the size of the



Bl ood (20 m) was drawn into | avender cap (EDTA contai ni ng)odsihesoly a
certified phlebotom st. The bl ood was stored refrigerated until

extracti owo bbbk has been extracted from bl ood stored fgirgdeh@sy days in
the refrigerator wthout reduction in the quality or quantity of vyield.
For those subjects that have blood drawn at distant sites, a shipping
prot ocol was successfully used on nore than a dozen occasions. Bl ood
sanpl es were shi pped by overnight express in a styrofoamcontainer with
freezer packs to provide cooling. Lavender cap tubes were 10 placed on

I ndi vi dual ptastic shipping tubes and tlgn into "zip-1ock"” biohazard bags.
VWen the sanples arrived the next day, they were inmmedi ately processed to

extract DNA. ﬂimﬁﬁ\ﬁd&héﬂmésiiﬂwhﬂh@ﬁ%lék%eéb%&@& tiahdcriptvaids@de hhom Gentry
nneapaoljs, Mnnesota). Briefly, the procedure involved

Systens, | nc.h,gédM A
adding 3 vol u YorPiassed, it B@S pmasiEncs apdessapip Petforns areverss rmscnigiohe bl ood.

After incubatti : ' . 0 er at ur t he solution was
centrifuged in a éﬁuﬁgn%%%%tﬁ%ggé%sﬁ%rﬁ%%%a%ﬁ?ﬁﬁf% FEHORG i nut es.
The white bl ood celGengidkdtificati@shy @aipaREne thethadd@idbylashicDNBwiidsn. Once
the pellet was co Ie_teligﬁoresuspended and free of cell clunps, the

BF‘%@

sol ution das LEaRy PRy Quabsut the goss 1 aTggien oft clgymoson®: Wedms wer e 20
o e f _ . : e e q
eroved by come TRl bhiEs BRMOR b e e o BB R P ol | 01 21

removed by céntrifugation. was preci
super nat ant byn esdbligeieon of i sopropanol. This nethod was sinple and fast,

requiring only 1-2_hours.. and owed for the processing of dozens of
sanpl es si nul *aneoﬁgfvwm%"WEﬁg‘%mme% routinely >8 ng for a 20 ni

. sanpl e of whol e bl o %“@aﬂ“@ﬂwt%mgmdb&é%%@@%f%gy storing

coded 50 g aliquots at .-80C as an ethanol p
“genot ypedQusi myesmements pariovoedat Cyeipltbeletvenity (Omahez| Netraske) weienmesle band one

ere abtai ned Feb At SRl e 2 Brefr Cuotbed 8RR BardSretn T vy .
Al other 5 ODufEierg0R4s)¥bdHgibA3EY, TIEA), SRt BRRSInd BT S3RRAT S f Or

m crosatellite genotypiggg wer.e purchased from Perkin Ebner-Applied

Bi osyst ens, | iRetqus tsgd thismachingsy aieailRble-Chhere anciestimated tobeiS00 PCR
reactions wepg perf § a [ . hed PE: ABL_usi ng
Anpl i Tag - DNA. Plgﬁy nmer ase. ﬁ%ﬁagﬁ? g&‘é‘mﬁ“&%ﬁ%ﬁ%@%‘%h% Qﬁ%es P* 85 8adi ng
buf fer cdft ai nentes which have DXA capabilities, usually a Lunar or Hologic machine. Each
' ~ location that provided spine BMC and BMD data included copies of the printouts
from their machines to provide verification that the regions of interest for

measurement of BMD have been chosen appropriately. Corplete clinical Iﬁstories |
and skeletal radiographs were obtained. :

20 The HBM phenotype is defined by the following criteriai very high spinal
BMD; a clinical history devoid of any known high bone mass syndrome; and |
skeletal radiographs showing a normal shape of the appendicular skeleton.

- II.  Genotyping of Mi_crosateﬂité Markers 7
To narrow the genetic interval to a region smaller than that originally
- 25 reported by Johnson et al, Am. J. Hum. Genet., 60:1326-1332 (1997), additional
' microsatellite markers on chromosome 11q12-13 were typed. The new markers
included: D1154191, D1181883, D11é1785, D1154113,D1 134136; D1184139,
(Dib, et al, Nature, 380:152-154 (1996), FGF3 (Polymeropolous, et al, Nucl. dcid
Res., 18:7468 (1990)), as well as GTC_HBM_Marker 1, GTC_HBM, Marker 2,



5 deioni zed formam de, blue dextran and TAVRA 350 size st apfaydsaddaE- ABL) .
After heating at 95 C for 5 mnutes to denature the DNA, the sanples were

| oaded anrglp ¢lre6ir ophoresed as described in the operat ory, /.H%pgggﬁfor t he
Model 377 DNA Sequencer (PE-ABI, Foster City, Californi a‘SST. ter gel

el ectrophoresis, the data was . anal yzed usi ng PE- ABI GENESCANTM and
GENOTYPER'' software. First, 10 within the GENES CAN r M software, the |ane
tracking was manual ly optim zed prior to the first step of analysis. After
the gel |ane data was extracted, the standard curve profiles of each |ane
-were exam ned and verified for linearitwgnd size calling. Lanes, which
had problens with either of these paraneters, were re-tracked and

verified. Onceyl HBEMNEEXREEREGT: Mkt ' t S were correctly
identified, 15 tRe data were i rrggqu%gg' I nt o“‘tC]E}NIgI‘%(%%ﬁR‘“ %LI%{OT@ al lele

i denti fi cat i o TFoEEN Saker_64nddVEC EEBMI Migrkiehi7r(Seaiig, 2)t he progr am Li nkage

Desi gner fromthe 7 -site of. Dr. Gu Canp.

(http:1/alt.ww. ui g&é@ﬁ%@#@%ﬂ%é‘%&?ﬁ?@?ﬁ“ﬁ?ﬁﬁ%@@g."°’1‘F1‘$§1g) BRI great | y
facilitates tbetifiepgiietorguiof TRbaoae s Rt HPRNTERAN Ry, the

pedi gree drawi n rogram %él llic (Version 2.0, Cherwell Scientific

Publ i shing 20 en. frogy laed shred &irvp taih daysub Beqefigerator nkage

anal ysi s using. Lat hr t.al, An J. H Genet .,

37: 482- 498 (18@%&3‘%&%&%%%%%%%@ n§1 Pﬁ’?‘eﬁ Egmﬁ?ts?lélte%gﬁ#éwﬁedi gree of
t he i ndi vi duabkod getvni 21 dishet ges el shippingipidtod wak sitc &5l 19 iisddinSmd2 igRt | on.
Specifically, two-poin{ |inkage anaFysi s was 25 perforned_ using the HUNK
and LI NKMAP c8RpERentasions- Blead seeplesisre shirpadbyovamighbpcrsessita An J Hum

Gonet,, 37 4320l A9 vinfEl SRR IBL kSl Bl S0 CHBOLL L Lo

Cyrillic as a pre-file into program conver
sui t abl elfea plabwl drondividnkiggestiasiabyisg tibebar@ihartion "2@04ciNBidhktafd 82a6, PC

TI T SO0116951...- 28 The original, |inkage anal ysis was perforned using three
model s: (i) an el eo%"ﬁ‘#?&?%Hﬁ&#%i"rﬂe’,‘tCgéi#th??!@?é@@&ﬁlﬁtehﬁﬁé?e?seéit? yxigagt

aut osomal dompagnt nodel with reduced penetrance, and (iii) a quantitative
~trait nodel. The HBM I ocus was mapped to chronosone 11g12-13 by anal yzi ng

DNA for |inked mnarKesBNArasirectipnProveddre nssdafkitpurchagped, fromx Gemtchefstemzglr ed. A
- hi ghly aut omat ed.t-echnol.ogy. was d_. w.th a panel of 345 f|uqrescept
mar kers whi ch@p@%’ﬁ%%apf’ #%%ﬂegﬁ?g%@%%mﬁﬂﬁavﬂﬁe@ ?ﬂdg‘? V‘%P’é‘ﬁ@?ﬁ'ng from

. 6- 2.2 W @5y meddiassl dellQysid Biffer fofBé @Roleblood. After incubations for 10 minutes at
room temperature, the solution was centrifuged in a Beckman tabletop centrifuge at

2,000 X g for 10 mimtes. The white blood cell pellet was resuspended in Cell Lysis
*‘Buffer. Once the pellet was completely resuspended and free of cell clumps, the
solution was digested with RNase A for 15 minutes at 37°C. Proteins were
20 precipitated by addition of the provided Protein Precipitation Solution and removed
by centrifugation. The DNA was precipitated out of the supernatant by addition of
isopropapol. This method was simple and fast, requiring only 1-2 hours, and
allowed for the processing of dozens of samples simultaﬁeously. The yield of DNA
was rouﬁqely >8 mg for a 20 ml samplé of whole blood and had a MW of >50 kb.
25 DNA was archived by storing coded 50 pg aliquots at -80°C as an ethanol
precipitéie. _ _
. DNA was genotyped using one fluorescently labeled oligonucleotide primer
and one unlabeled oligonucleotide primer. Labeled and unlabeled oligonucleotides |
were obtained from Integrated DNA. Technologies, Inc. (Cdralville, Iowa). All other



chronosene 11 showed evi dence of |inkage (LOD score -3.0) 5 daghehbahest LOD
score (5.74) obtained by two point and nultipoint analysis was DI 1S987 (map
10 positiompepristy Fig. 2). The 95% confidence interval pbasgdyfis;HBM | ocus
between nmarkers D 15905 and DI 1 S 937 (map position 41-71 1n Ij—‘ig. 2).
Hapl ot ype analysis also places the Zmaxl gene in this same region. Further
descriptions of the markers D11S987, DI 1S905, and DI 1S937 can be found in
Gyapay et al, Nature Cenetics, Vol. 7, (1994). 15 In this invention, the
i nventors report the narrowing of the HBMinterval to the region betireen
markers DI 15987 and GIC HBM Marker S. These two narkers |ie between the
delimting markers fromthe original analysis (D 11 S 115905 and Dl 18937)

and are appr oxjeapdn® fir ﬁi&Ma{eﬂﬁagéh@@Pﬁjw&@ﬁmcﬂgﬂé‘d ﬂ%%&ﬂix?ﬁln@ér.ﬁgﬂ%ﬁed i nterval

was acconpl i shed using _genotypi c data fromthe markers DI 1541 20
1) 1181883, 1311Bisptempinc] CREV/RI DiNoswalR g ordectirs?) 1 Belividwil BCRtreatipnNat ur e,

- 380: 152-154 (1996 EGH Pal ropol ou cl.. Acid..Re 18: 7468
(1990)) (i nf oV H&®, %f%“%eggﬁ‘{ea?‘hé‘%‘&ﬁé‘f 8 hefipy He-aBl Siine AfehabE DN o

i nternet site Dflylbse. Ghararidie waRAmled @3 Pj d Hider &ifididing as Wel | as

the markers GIC HBM Marker, 1, GIC, HBM Marker 2, GIC HBM Mar ker "3, 25 GIC

HBM Nar kerS 4, dstenippNpmagads, biie dertamapi MR A 356 siza fandackaPERAEDAr ker 7. As

shown in Fig. ;g t]ﬂm?% o |y sS4 .t lfi‘pﬁ ' er
i dentifies reconbinati %@gvg%ssyrﬁ%lﬁtg&%%@% I'n ﬁ%d?%%%gfeg%l}@ and 9020
that signifi camidlactmplidresed bhdestritied v ik opéralofly mamsd R tHeMbasl Bit7 DINA he Zmax|

gene is 5 COctober 2004 WO 01/ 77327 PCT/USO /16951 -29 |ocalized, |ndividual
9019 is an HEMPEIUFREE Ed-PRLiNesigiialty.(aliforpinh fiar geleleriophagpsis fhe datgvsos one

L o e, et sy P o R gl (1o (1
chr onoson#0 i ncwittiesha@ENESEANTT 898 Fare, Fhe 12:8 13t Bin g SvaShEntiBM dyitirdie pior
orisonr, D 15200, Flc ML Kep b SIS LI ior 2y O L3I0, CTC o
5. The por ti oprofitea ¥ blch ad Lidfe AfhikRBhd PHME forlinehfyla8d SFBEdIEi r€Ction is
derived fromthe non-EBM chronosone. This data places the Zmaxl gene in a
| ocati on cent r banssiwhich had problems with either of these parameters, were re-tracked and
verified. Once all lanes were tracked and the size standards were correctly identified,
15 the data were imported into GENOTYPER™ for aliele identification To expedite
allele calling (binning), the program Linkage Designer from the Intemet web-site of
Dr. Guy Van Camp (http:/alt. www.uia.ac.be/w/dnalab/ld. himl) was used. This
prdg;:am greaily facilitates the imporﬁng of data genei:ated by GENOTYPER™ into.
the pedigres drawing program Cyrillic (Version 2.0, Cherwell Scientific Publishing
20 Limited, Oxford, Great Britain) and subsequent linkage analysis using the program
" LINKAGE (Lathrop et al, Am. J. Hum. Genet., 37:482-498 (1985)).
II. Linkage Analysis _
Fig. 1 demonstrates the pedigree of the individuals used in the genetic
- ]jnkagc studies for this invention. Speci.ﬁca]ly, two-point linkage analysis was
25 perf;)rmcd using the MLINK and LINKMAP components of th;a program. '
LINKAGE (Lathrop et al, 4m. J. Hum. Genet., 37:482-498 (1985)).
Pedigree/marker data was exported from Cyrillic as a pre-file into the Makeped
progrém and converted into 2 suitable ped-file for linkage analysis.




10 to the marker GIC BBM Marker 5. Indivi dual 9020 i s an gmrtdrebesh
i ndi vidual who also exhibits a critical reconbination event This

i ndi vi dualwbriirersbis a reconbi nant paternal chronosone 1% &@?@é}%g&l udes
markers Di 15935, DI 1S1313, GIC HBM Marker 4, D11S987, DY 3nd Grc

EBM Marker 6 fromher father's (individual 0115) chronosone 11 honol ogue
‘that carries the EBM gene, 15 and markers GIC EBM Marker 2, D1 1S970, GIC

| EBM Mar ker 3, GIC BBM Marker 1, GIC BBM Marker 7, GIC HBM Mar ker 5,
D11S4136, D11S4139, D11S 1314, and D11S937 from her father's chronosone 11
that does not carry-the HBM gene. Markejg DI 1S4113 is uninformative due to
Its honbzygous nature in individual 0115. This reconbi nation event pl aces

the centromneric 20ThouR&aiINinRig ta!ﬂ@lg{é"@waé ' ﬁgl-,}{%ﬁpe [ 1S 1296

and DI 1S987. Two poi nt%&iﬂnkagee an Ilysi sﬁ%/aog&g‘?so segr@%éé%bﬂ}%mthe

| ocati on of t Hatosamsdpmiant fidly pehetvmbsiodad, (i) an AitesohiahRagmantesadel with or t wo
poi nt |inkage _apnalysis, under .a, nodel. af full nefrance are presented in
Tabl e | beI_ow.re‘{flﬁ ePg‘Bﬁngeané{lg)?ﬁgﬂnﬁ&gﬁ%?ﬂmg{ikihgﬁﬂk\ﬂ%gswﬁ st col um

and the reconmaﬁ' | 19 Rhfoh@br® 1 By 1201343 SmbhiS; ; | ch cell

of the colum s gév\% the LCD scgqre for an%ﬁg?ﬁ‘gaogﬁ%ﬁg%%ﬁgﬁ% for

" linkage té& thaembgsiof gdase, sxtendnd kindredhtA highlyoautfonaeat fecmokigpwias hsedt he fir st

-row. For examl.g,. .th score, of 7.66 occurs.at marker DI 1S970,
‘which is wi {Tﬁ‘}lﬁ‘ at‘{ﬁ&i#?gﬁg‘%&%‘inﬂmvlﬁgﬁ%{%%c32&11'5%‘?%‘?3 a2t ober
2004 W 0117§gihgid@rvEABhEnx it &gl ol Oy RBckBs o i Beign or i NfiNity 0.39
0.49 0.47 0.41 D11S1313 -infinity (2.64 (2.86 2.80 2.59 "5 D11S987
-infinity 5.4¢hsmpsome Yishowed evidenes 9filinkpea (138D 3c@e~3 05 Tt highest IFID

(CHSEERL & SR bl ol R SR 201,

10 position 55 in. Fig. 2). The 95% confidence interval placed the HBM locus between
markers D11S905 and D118937 (map position 41-71 in Fig. 2). Haplotype analysis
also places the Zmax1 gene in this same region. Further descriptions of the markers
D11S987,D1 15905, and D118937 can be found in Gyapay et al, Nature Genetics,
Vol. 7, (1994). ' ‘

15 In this invention, the inventors report the narrowing of the HBM interval to
the region between markers D118987 and GTC_HBM_Marker 5. These two
markers lie between the delimiting markers from the original analysis (D11S118905
and D1 13937) and are approximately 3 ¢M from one another. The narrowing of the
interval was accomplished using genotypic data from the markers D1184191,

20 DllSlSSB, D1181785, D1154113, D11S4136, D1154139, (Dib et al, Nature,
380:152-154 (199_6)), FGF3 (Polymeropolous et al, Nucl. Acid Res., 18:7468 (1990))
(information about the genetic markers can be found at the iﬁiemet site of the
Genome Database, hitp://gdbwww.gdb.org/), as well as the markers
GTC_HBM_ Marker,_1, GTC_HBM_Marker 2, GTC HBM_Marker 3, -

25 GTC_HBM._Mazker 4, GTC_HBM _ Marker 5, GTC_HBM Marker 6, and
GTC_HBM_Marker 7.

' : As shown in Fig. 1, haplotype analysis with the above genetic markers
identifies recombination events (crossovers) in individuals 9019 and 9020 that
significantly refine the interval of chromosome 11 to which the Zmax1 gene is

D:



PCTI USO0/ 1695] . 10. 250. 310. 350.4 .33 0.250.170.10 0.33 2. 33191 2484. 00
[3.49[2. 79[ 2. 0311. 261 2.401.941.460.97 0.99 -'0,700.42.0.18

3. 993. 152 v30d1A4273. 302. 591. 851. 11 3.843.132.381 59 , PCT/TS00/16951

[ FGF30. 593. 233. 152. 912. 612. 251. 841. 400 92 DI | S13146. 966. 495945. 344. 69
[4.013.272.49. 1.67 D11S937.-infinity4.984.864.524.063.512. 882, 2Q1, 47 A
si ngl e nucl eoti de pol ynorphi sm (SNP) further defines the HBMregion. 15
This SNP is terned SNP Conti g033-6 and is |ocated 25 kb centronmeric to the
genetic marker GIC BBM Marker S. This SNP is telomeric to the genetic

mar ker  GTC HBM Marker 7. SNP Contig033:45 i s present in HBM aff-ected
individual 0113. However, the ABM affected individual. 9019, who is the
son of 0113, - gRemzedNldAak Yoid iy SR FRAEEHAN finad el Pl SRk, dhat the

crossover -is centroneric to this 20 SNP. e primer sequenc
geneti c nar keekromoT@-EMr o theanatSmahehrorBhGmBBNthivhe KBM Zenesanghquwitionn Tabl e 2

GTC. HTTTT o R MO A0 AASP Cops Pesh TSP R R LR v
GT GATTGACCCAAL 5T e bt A AR AT B 115935, D11S1313,
5 GTC_HBM_Marker._4, D115987, D1151296, GTC_BBM;Maﬂcer_Q
GTC_HBM_ Marker, 2, D11S970, GTC_HBM_Marker 3, D1 1841 13,
GTC_HBM Marker 1, GTC_HBM Marker 7 and GTC_HBM_Marker 5. The
portion from D11S4136 and continuing in the telomeric direction is derived from the

non-HBM chromosome., This data places the Zmax1 gene in a location centromeric
10 to the marker GTC_HBM,_Marker 5. Individual 9020 is an unaffected individual

who also exhibits a critical recombination event. This individual inherits a

recombinant paternal chromosome 11 that includes markers D115935, D1181313,

GTC_HBM_Marker_4, D118987, D1151296 and GTC_HBM Marker_6 from her

father's (individual 0115) chromosome 11 homologue that carries the HBM gene,
15  and markers GTC_HBM Marker 2, D11S970, GTC_HBM_ Marker 3,

- GTC_HBM Marker_1, GTC_HBM Marker_7, GTC_HBM Marker 5, D1154136,
D1154139, D11S1314, and D11S937 from her father's chromosome 11 that does not
carry the HBM gene. Marker D1194113 is uninformative due to its homozygous
nature in individual 0115. This recombination event places the centromeric

20 boundary of the HBM region between markers D1181296 and D115987.

. ‘Two-point linkage analysis was also used to confirm the location of the

Zmax1 | gene on chromosome 11. The linkage results for two point linkage analysis
under a moedel of full penetrance are presented in Table 1 b_elow, This table lists the
genetic markers in the first column and the recombination fractions across the fop of

25 the table. Each cell of the column shows the LOD score fbr an individual marker
tested for linkage to the Zmax1 gene at the recombination fraction shown in the first
row. For example, the peak LOD score of 7.66 occurs at marker D1 18970, which is
within the interval defined by haplotype analysis. o
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descri bed have several features of great interest, the npbst inportant

bei ng t hat WY Bones, while very dense, have an absol utsdtyusenss] shape.
The out er di nensions of t he skel etons of the HBM af fected individuals are
normal, and, while nedullary cavities are present, there is no
interference with 5 hemat opoi esis. The B BM affected nenbers seem tobe
resistant to fracture, and there are no neurol ogic synptons, and no
synptons of inpairnment of any organ or systemfunction in the nenbers
exam ned. HBM af fected nenbers of the kingged |ive to advanced age w t hout
undue illness or disability. Furthernore, the HBM phenotype matches no

ot her bone di sorders such as osteopor osispieyt eoporosis 10 pseudoglioma,
Engel mann’ s di sease—Ribbing-s-disease _hyperphosphataseni a, Van Buchem's

di sease, nel or hedatlesi § O(Dstecpmsr 8l1s, m@d@b/sc %tzgm %3 stbggonﬁncm S,
ost eopoi ki | osi s ifﬁr?g%mga Raget s Ui sgase Tt +birous—gySphasta; | ar
stenosis, oste “’rﬁ%ﬂ 92 OAY pODSF dt0dir di0MBs frp.25 | 0.17 | 0.10
pseudohypopar at mlmmgd Qas bydohlypgpdr.adsh) d br T naf d

B AL FT T PR L FEM I A/

secondary hyper parat n%/ ol drsmpant——5 ugscc at-ed Y]
medul | ary ear ci nBAE%8 t Frémishy 5ef9d BHLSRN|cK.70 csﬂt]sof;raltlac a7anf2.04 hefo4lif seases.

Clearly, the HB in=thi f n h Er Y[ pOWET TutTand—pubsgant i al
role in regul at \égﬁﬁ% 45’3255 ty,ﬁa i'ggfla:’s‘zﬁ @t | 24P bAof | e | 9bit ant
step in under st pRUSHY? t{ 39 pat haag( 5).81 h’aj_ssreggﬁl 8.9pohgseengid y@ﬁg t he
pat hogenesi s of :l@?qseiﬁaucn as_o tequr OSiST—2¢—mpodrtjof—pldes

i ndi vi dual s car £yL9g g 1 628 [tHh¥r di45Pe ! 38%pr 335 joh3tof] Lave | HEM
protein, do not phows 93401 bang IRes (dar 43iR1 | $56C| 9ke MR8 1

I ndi vi duaiﬁ or e o os, e HEM-ggne—s—a—sppprepsor—ol br 0Si S.
In essence’ i nd DI1§HAR 4 689 ¢ vil €83t ha73HEM. Bend.5ar p38oskslini fthsg He1_$ﬂ3\/l

protein, and, alsp eslihkg do I osteopbrgsis, _TATS T VIV
observation is Lc?f?.r. ‘Pugcv. ,ggébdftiwn 243 L 11-4% di 4% bal s
with the HEM gen’éﬂélﬁl‘bt 69€i n, | 6494 534ac reesat | ulser pobl Mabt |am ijorgte
osteoporosis. |l hysi.cal M g provide-TEa enlrs—f"g I ni ng and
characteri zat| ..]ylul’s'g)jﬂy%L vl aﬁ&q 4$6m= 4p2ne b g}oi a2 Siakis| tzezodjslc-ﬁf'?i bed

above were used to cons ruct physi cal map of
A single nucleohde polymorphism (SNP) further defines the HBM region.

15 This SNP is termed SNP_Contig033-6 and is located 25 kb ceniromeric to the
genetic marker GTC_HBM_Marker 5. This SNP is telomeric to the genetic marker
GTC_HBM_Marker 7. SNP_Contig033-6 is present in HBM-affected individual
0113. However, the HBM-affected individual 901 9, who is the son 0f 0113, does
not carry this SNP. Therefore, this indicates that the crossover is centromeric to this

20 SNP. The primer sequence for the genetic markers GTC_HBM Marker 5 and
GTC_HBM_Marker 7 is shown in Table 2 below. |

TABLE 2
Marker " Primer (Forw_ard) Primer (Reverse)
GTC_HBM_ TTTTGEGTACACAATTCAGTCG | AAAACTGTGGGTCCTTOTGRE
25 Marker 5
GTC_HBM_ GTGATTGAGCCAATCCTGAGA | TGAGCCAAATAAACCCCTTCT
Marker_7 ‘




5 Cctober 2004, W 41177327 PcTfusr -32 the region contaki@idishedtB¥d ON
chronosone 11913. 3. The physical mail cz ,si. is of an ordered set of
mol ecul ar Watm ks, and a set of BAC cl ones that contaiiCw¥Re/i@maxl gene
region fromchronosone 11g13.3. Various publicly avail abl e mappi ng
resources were utilized to identify 5 existing STS markers (O son et al,
Sci ence, 245:1434-1435 (1989)) in the HBM region. Resources included the
-GDB, the Whitehead Institute Genonme Center, dbSTS and dbEST (NCBI), 11db,
the University of Texas Sout hwestern GESTEC, the Stanford Human Genone
Center, and several literature-reference3i«Con seau x et al, Genonm cs,
40: 13-23 (1997), Courseaux et al, Genomcs, 37:354-365 (1996), 10 Gum et
al, Genomics, 42: 4W¢m®bpdhﬂmmaleéatﬁbsof@&mhﬁ£@glmem&t345 357
(1997), Janes gt aI &3 h:? 1994), Kitanura et al, DNA
Research, 4: JBPo58Y b@’:{‘ﬁéw EhhEn¥hileyery densebavranabsolutalygerma shipeg 97) |
Smith et al, R Mes: manual | y
to identify mar ke%%ﬁ%ﬁoﬁgoﬁé%%ﬁ%é?%é%%t al nfﬁ@n%%%é%r mers for
exi sting STSs amdyehibmeduilary davitis arhpremmmismenbﬁ‘mm:ewimf er ences are
listed in Jablge 3 bel ow Th T, hows .t he ST mark use
ﬁ?ﬂ’éﬂ%ﬁ%

prepare t e ph@?ﬁ: t‘bh eggentéo Fady 7 t
a~ tp.7 V~C M o finai IG4tItI
35 PG ﬁfﬂ?fﬂﬂf L t] S %nﬂ =lofimpat u’:{t]éht;éc[;‘ytolﬁ'aﬂaﬁ’EI tlQ

1-n' p C7 tl @ ctw:qthe napmbbrs&xmnmad- HBM-affested oBmpbers of $pdantdr@h~~ O cao
1 4pnod Y 0 ARS8 o30S BB PR e, w111 L
pt7. a~- d-~ efotfgedmbtchditoo ldﬂ&Ub&lﬁﬁﬂQﬂﬁ?d snkh*&g osBApdres, oEtBopd)rdéis' ~i
4t 1 4ntl ! -4 U tll g 44 dd r ~[tq L|44(,~q G

10 pseudoghoma, Engelmann's disease, Ribbing's disease, hyperphosphatasemia, Van
Buchem's disease, melorheostosis, osteopetrosis, pycnodysostosis, sclerostenosis,
osteopoikilosis, acromegaly, Paget's disease, fibrous dysplasia, tubular stenosis,
osteogenesis imperfecta, hypoparathyroidism, pseudohypoparathyroidism,
pseudopseudohypoparathyroidism, primary and secondary hyperparathyroidism and

15 associated syndromes, hypercalciuria, medullary carcinoma of the thyroid gland,
osteomalacia and other diseases. Clearly, the HBM locus in this family has a very
powerful and substantial role in regulating bone density, and its identification is an
important step in undexstanding the pathway(s) that regulate bone density and the

_pathogenesis of diseases such as osteoporosis.

20 Yo addition, older individuals carrying the HBM gene, and therefore
expression of the HBM protein, do 1ot show loss of bone mass characteristic of
normal individuals. In other words, the HBM gene is 2 suppressor of osteoporosis.
In essence, individuals carrymg the HBM gene are dosed with the HBM protein, |

_ and, as a result, do not develop osteoporosis. This in vive observation is strong
25 ewdence that treatment of normal mdmduals ‘with the HBM gene or protem., ora.
' 'fra.gment thereof, will ameliorate osteoporosis.
IV. Physical Mapping
: " To provide reagents for the cloning and characterization of the HBM locus,

the genetic mapping data described above were used to construct a physical map of
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T.. Wlot~ wWilGel mNc+r 4 awcvmmmwnm MQnm- m~y "N [+~n6 N1 O mA
N NCry s~Cl |VNd16V\dNS~4~OTN'~dr3NCGC"r ddr Or C~+N (©7/ .

dddddd dd dd dd cdddddddd crdddddd ddo d3¢ ddd o Ne mlpm~p ~u ' now

~h~i |~p n N~ m ~~=| OYi op ~~ tNyQ
K7 4Q Np h41 %"n"’%“qﬂér%]"" °1¥}?ﬁ‘?a“e Ha N 0 Oﬁ‘WWL L.i44
mditi 1010 ~nbfaﬂcsrde:€akdtbfﬁiulemlﬂﬁﬂdnﬁ%krmﬂat%td@A@%Yo%s ﬂmf%htaﬁnthw t4s b

- cGI7t7 C7 X47 Cal +~nataR |17 c9 gt7p oi 7 ta9n CA47nn acQ7 ~.

n+t| 7Qanat R-C Fmexl genp region fomghpomoserpx 1111881011 . g1l-
el B el RS o Boi B s PR AEr B N N 4 0w
ﬁg mﬂ NWmt s Q Vefst;;g:\ﬁ mﬁﬂfézﬁ (@15& &al, Bciand, 2453143Mq435(r9t;9?) @aler}mm} Qv atu
p a [ ~1. CetnCt a
‘region. Resources mcluded the GDB, the Whitehead Instttlrte Genome Center,
dbSTS and dbEST {NCBI), 11db, the Umversﬁy of Texas Southwestem GESTEC,
the Stanford Human Genome Center; and several liteérature references (Cou:seadx et
al, Genormics, 40:13-23 (1997), Courseaux et al, Genomics, 37:354-365 (1996),
10 Guru et al, Genomics, 42:436-445 (1997), Hosoda et al, Genes Cells, 2:345-357
(1997), Tames et al, Nat. Genet., 8:70-76 (1994), Kitamura et al, DNA Research,
4:281-289 (1997), Lemmens et al, Genomics, 44:94-100 (1997), Smith et al,
Genome Res., 7:835-842 (1997)). Maps were integrated manually to identify
markers mapping to the region containing Zmax1.
15 Primers for existing STSs were obtained from the GDB or literature
references are listed in Table 3 below. Thus, Table 3 shows the STS markers used

to prepare the physical map of the Zmax1 gene region.
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Novel STSs were developed either from publicly available genomic
sequence or from sequence-derived BAC insert ends. Primers were chosen using a
seript which automatically performs vector and repetitive sequence masking using
Cross_match (P. Green, U. of Washington) and subsequent primer picking using
5 Primer3 (Rozen, Skaletsky (1996, 1997). Primer3 is available at
www.genome.wimit. edu/genome_software/other/primer3 html.
Polymerase chain reaction (PCR) conditions for each primer pair were
mitially optimized with respect to MgCl, concentration. The standard buffer was 10
mM Tris-HCI (pH 8.3), 50 mM KCl, MgCly, 0.2 mM each dNTP, 0.2 pM each
10 primer, 2.7 ng/ptl human DNA, 0.25 units of AmpliTaq (Perkin Elmer) and MgCl,
concentrations of 1.0 mM, 1.5 mM, 2.0 mM or 2.4 mM. Cycling conditions
included an initial denaturation at 94°C for 2 minutes followed by 40 cycles at 94°C
for 15 seconds, 55°C for 25 seconds, and 72°C for 25 seconds followed by a final
extension at 72°C for 3 minutes. Depending on the results from the initial round of
15 optimization the conditions were further optimized if necessary. Variables included
increasing the annealing temperature to 58°C or 60°C, increasing the cycle number
to 42 and the apnealing and extension times to 30 seconds, and using AmpliTaqGold
(Perkin Elmer). |
" BAC clones (Kim et al, Genomics, 32:213-218 (1996), Shiznya et al, Proc.
. 20 Natl. Acad. Sci. US4, 89:8794-8797 (1992)) containing STS markers of interest
' were obtained by PCR-based screening of DNA pools from a total human BAC
Iibrary purchased from Research Genetics. DNA pools derived from ﬁbrary plates
1-596 were used dorrespondjng to nine genomic equivalents of human DNA. The
, initial screening process involved PCR reactions of individual markers against
25 -superpools, i.e., a mixture of DNA derived from all BAC clones from eight 384-well
library plates. For eaﬁﬁ pdsitive superpool, plate (8), row (16) and column (24)
pools were screened to identify a unique library address. PCR products were’
electrophoresed in 2% agarose gels (Sigma) containing 0.5 ;Lg/ml ethidinm bromide
_ | in 1X TBE at 150 volts for 45 min. The electrophoresis units used were the Model
) 30  A3-1 systems from Owl Sclenhﬁc Products. Typically, gels contmned 10 tiers of
lanes with 50 wells/tier. Molecular weight markers (100 bp ladder, Life
'Teqhnologies, Bethesda, MD) were loaded at both ends of the gel. Images of the
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gels were captured with a Kodak DC40 CCD camera and processed with Kodak 1D
software. The gel data were exported as tab delimited text files; names of the files
included information about the library screened, the gel image files and the marker
screened. These data were automatically imported using a customized Perl script
into Filemaker™ PRO (Claris Corp.) databases for data storage and analysis. In
cases where incomplete or ambiguous clone address information was obtained,
additional experiments were performed fo recover a unique, complete library
address.

Recovery of clonal BAC cultures from the library involved streaking out a
sample from the library well onto LB agar (Maniatis et al, Molecular Cloning: A

Laboratory Manual., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY

(1582)) containing 12.5 pg/ml chloramphenicol (Sigma). Two individual colonies
and a portion of the initial streak quadrant were tested with appropriate STS markers
by colony PCR for verification. Positive clones were stored in LB broth containing
12.5 pg/ml chloramphenicol and 15% glycerol at ~70°C.

Several different types of DNA preparation methods were nsed for isolation
of BACDNA. The manual alkaline lysis miniprep ;;rotocol listed below (Maniatis
et al, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY (1982)) was successfully used for most applications, i.e.,

restriction mapping, CHEF gel analysis, FISH mapping, but was not successfully

reproducible in endsequencing. The Autogen and Qiagen protocols were used
specifically for BAC DNA preparation for endsequencing purposes.

“Bagcteria were grown in. 15 ml Téﬁiﬁc Broth containing 12.5 pg/ml
chloramphenicol in a 50 ml conical tube at 37°C for 20 hirs with shaking at 300 rpm.
The cqltﬁres were centrifuged in a Sorvall RT 6000 D at 3000 rpm (~1800 g) at 4°C .

" . for 15 min. The supemnatant was then aspirated as completely as possible. In some

cases cell pellets were frozen at -20°C at this step for up to 2 weeks, The pellet was

 then vortexed to homogenize the cells and minimize clumping. 250 pl of P1
‘solution (50 mM glucose, 15 mM Tris-HCI, pH 8, 10 mM EDTA, and 100 pg/ml

RNase A) was added and the mixture pipetted up and down to mix. The mixbare
was then transferred to a 2 mi Eppendorf tube. 350 pl of P2 solution (0.2 N NaOH,
1% SDS) was then added, the mixture mixed gently and incubated for 5 min. at

U
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Prinmers were chosen using a script which automatically perforns vector and
repetitive sequence masking using Cross match (P. Geen, U of Washington)
and subsequent pruner picking using 5 Prggoer3 (Rozen, Skal etsky (1996,
1997). Primer3 is available at ww. genone.w .nit. edu/ genone

sof t war e/ ot herdogt iefperdniié. 350 RO PERSIASE @NMAKDAS PELS. HwdsREmla LA tions for
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M 2.0 nmM Ors@eﬁﬂﬂw@ﬁﬂsﬁﬁe@@ﬁéﬁﬂ&m&idiﬂgﬂﬁét#ﬂﬂgpl}%&pﬁ%{?tbﬁlﬁeggﬁﬂlur ation
r nds,

at 94C for 2 pinutes followed by 40 cycles at 94C " for Sseco 55'C for
25 second?, afBPRIOEhs, augdd). Lmé pfigeprensnplonirscrdied, thefsphuipn mivedemdilafhomt  72C

or, 3 e pea etk Sl P! Bl o1 15,
i ncl uded removed carefully. Pellets were washed in 70% ethanol and afr dried for 5 min.
Pellets were resuspended in 200 1 of TER (10 mM Tris-HCI, pH 8.0, 1.0 mM
- EDTA), and RNase A (Boehn'nger Mannheim) added to 100 pg/mi. Samples were
10 incubated at 37°C for 30 min., then precipitated by addition of C;E,C,Na-3H,0 to
0.5 M and 2 volumes of ethanol. Samples were centrifuged for 10 min., and the
pellets washed with 70% ethanol followed by air drying and dissolving in 50 zl
TE3. Typical yields for this DNA prep were 3-5 ug/15 ml bacterial culture. Ten to
15 pl were used for HindIIl restriction analysis; 5 pl was used for Notl digeétion and

15 clone insert sizing by CHEF gel electrophoresis.
BACs were inoculated into 15 ml of 2X LB Broth containing 12.5 pg/ml
chioramphenicol in a 50 m! conical tube. 4 tubes were inoculated for each clone.
Cultures were grown overnight (~16 hr) at 37°C with vigorous shaking (>300 rpm).
Standard conditions for BAC DNA isolation were followed as recommended by the
20 Autogen 740 manufacturer. 3 ml samples of culture were placed into Autogen tubes
“for a total of 60 ml or 20 tubes per clone. Samples were dissolved finally in 100 p1
TES with 15 seconds of shaking as part of the Autogen protoéol. After the Autogen
protocol was finished DNA solutions were transferred from each individual tube and
pooled into 2 2 ml Eppendorf tube. Tubes with large amounts of debris (carry over
25  from the pelleting debris step) were avoided. The tubes were then rinsed with 0.5
ml of TE8 successively and this soluﬁén added to the pooled material. DNA
solutions were stored at 4°C; clumping tended fo occur ﬁpon freezing at -20°C.
This DNA was cither used directly for restriction mapping, CHEF gel analysis or
FISH mapping or was further purified as describeci below for use in endsequencing
. 30 reactions. _
| The volume of DNA. solutions was adjusted {o 2 ml with TES, samples were
‘then mixed gently and heated at 65°C for 10 min. Thé DNA solutions were then



i ncreasing the annealing tenperature to 58C or 60C, incregsjcishel heacycl e
“nunber to 42 and the annealing and extension tinmes to 30 seconds, and

usi ng AmpMNOTHG@E d (Perkin Elnmer). BAC clones (Kimet aCIGeoomsics,
32:213-218 (1996), Shizuya et al, Proc. 20 Natl Aca'L Sci. USA

89: 8794-8797 (1992)) containing STS markers of interest were obtained by
PCR based screening of DNA pools from adietal human BAC library purchased
from Research Genetics. DNA pools derived fromlibrary plates 1-596 were
used cor respo%@ﬁfﬁ@@gmbmﬁqmmmsmﬁeMMM IDhél cofilesd i ni ti al
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(16) and col um (24) bp?)ol S were screenec? toj identify a t?r;ﬁ’:’queofﬂlg%rary

address. PCR of bffer(Budfer @B ) pRoy wpedatant cpfainipgy the BNgetvas théi gna)

cont ai ni ng O. } ethidiu romi.de  i,n | X . TBE at 150 volts for 45 mn.
The el ect?oph%@@%‘?é’rﬁﬁ%?‘#'g"h éa%%nd\?\%eg‘ 19 e Vit Algwg E‘gl}merﬁwﬁ#e&m
Scientific Pradecyih 1030 0f Qladgin BEErQC.OBLHAITRVA YRis Hicdlehutef with €S W th 50
wel I s/tier. Ml ecular weight markers (100 bp | adder, Life Technol ogies,
Bet hesda, MD)ScRe@t 1 mhaliggotsof Batier Qi kept ot 65° ke LD6A wap nregipiiatod with€.755 Oct ober

OD camera and eocri Byt Rs al HEh Sl af BB YRR G diaRE O
exported as t2abnd@ppeidoefiubmhd frictiesed 4 eavRstetipeiaiee for2es or bveedigded

i nformation apout the |ibrary screened, the gel image files and the marker
screened!? The %nﬂgﬁ‘ﬁerﬁ/@?@@ﬁﬁ%%%ﬁ%ﬂﬁ%%ﬂfbat% - NpeFpmRatEivaad Per |

script S i nt Orcfol MO 6F 7o) Sunbedf Rad adlBh A0ARGSs 0 i8] O a0 and

analysis. In cases where 1 nconplete or guous clone address™=rnformation
was obt ai ned, agaadaiidtbecyras the XA peliait werevofien Jjoese b thivstageptheaamneitand uni que,
conplete |ibr BAC cul tures from.the

ary -address... Recovery of c]onal
library invol Vgévgf?aéaﬁﬁyﬁgs%mlesaw *13 6° FAASRIN R LOTEntt e Femaningliquid nt o LB
agar (Mani at i hik wak rmﬂ\ﬁ%b@%th%rmi@ogiﬁe%. PfNAlf@ﬁ% FLR tNerMBRMBh 2. Col d Spring
Har bor- Laboratory, Cold Spring Harbor, "Ny (-1982)) containing 12.5 g/ m
chl or anpheni césiceatprfien) 0 ximo2( H®E vierleatistitlod and deionized 31,0 wasratdedio efcht he
initial str ea&lbg%ﬁl%ﬁ% thvgﬁrp?acgf gttf’% ovw\inergnglghg PR Er'fot El sgr;raaesn?c{rléghsclone
- ‘were pooled and the tubes rinsed with another 20 pl of sterile distilled and deionized
H,0 for a final volume of 100 ul. Samples were then heated at 65°C for 5 min. and
then mixed gently. Typical yields were 2-5 pg/60 mi culiture as assessed by NotI
20 digestion and comparison with nncut lJambda DNA. ‘
3 ml of LB Broth containing 12.5 pg/ml of chloramphenicol was dispensed

into autoclaved Autogen tubes. A single tube was used for each clone. For

inoculation, glycerol stocks were removed from -70°C storage and placed on dry
icé. A small portion of the glycerol stock was removed from the original tube with a
25  sterile toothpick and transferred into the Autogen tube; the toothpick was left in the
| Autogen tube for at least two minutes béforé disqardiﬁg. Afier inoculation the fubes
were covered with tape making sure the seal was tight. When ail samples were
inoculated, the tube units were transferred info an Autogen rack holder and placed
'  into a rotary shaker at 37°C for 16-17 hours at 250 rpm. Following growth,
- 30 standard conditions for BAC DNA preparation, as defined by the manufacturer,
were used to program the Autogen. Samples were not dissolved in TES as part of
the program and DNA pellets were left dry. When the program was complete, the



by colony PCR for verification. Positive clones were store@didhekBodyy ot h -
containing 15 12.5 p.glm chl oranpheni col and 15% gl ycerol at -70C. Several
di fferent WY pewszsf DNA preparation nethods were used forpésgdshian of BAC
DNA. The nmanual alkaline lysis mniprep protocol listed below (Maniatis et
ai, Ml ecular Coning. A Laboratory Manual, Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY (1982)) was succeg3zfully used for nost applications,
i.e., 20 restriction mappi ng, CHEF gel analysis, FISH mapping, but was not

successful |y tuismetkizirolved fromehsiaashi eap w30 TN sbHlBa el @iagan

protocol s wer sed ¢rfically for BAC DNA preparation for endsequencing
pur poses. Bac %ﬁ@g&wmﬁebsﬁwoﬁﬁﬁﬂ@i E‘hgglb%w@éﬁleaignmﬂ}g 12.5 gl n

chl or anpheni C%"*ﬁeﬁf&ﬁgS%n&%h%én&y‘?ﬁ%ﬁ’ﬁhﬁ%%fﬂg%ﬂﬁ%@%% i th_shaki ng at

300 rpm 25 The cultures were centri 86 D at 3000
rpm (-1800 g) tempet@ure fool-3 bswsi DNA heamesposra then tramfiarcdhe in BSgtnd@ e aS

conpl etel v as ssi,bl.e. l.n so cases cell pel Icets were frozen at -20C at
this step%for aﬁ%%%%ﬁ%‘ﬁ%@%ﬁé‘fq&@%%&ge 3tHeh frdrteysed t o honogeni ze
the cells andyr ni Pae C3éde®h419et el : jon (50 mM gl ucose, 15
nM Tris HCL, pH 8, 10 nM EDTA, and 1“b f‘sﬁ?ﬁfé‘%gﬁkﬂé‘&e A) was added and the

m xture pipetted uPhbhdagpiesprepared sithefMyemanuat alkedine Wi dritenAdtoguasferred to a
2 m Eppendorf tube. 35 |, of P2 utign.(0,2 N NaQH, 1% SDS) was then
added, the ni ffﬁ?%ﬁ '?ee%gﬁéﬁwg’ﬂﬂﬁfh%‘@%%ﬁﬁm@%@% sgetckiber 2004
WO 01177327 1 Q@2 bap0068 Bdmpard e boRM droVRSpakdohE clodl Wity 03 \@0' ution (3
M KOAc, pH 5.5) was added and:the m xture nmixed .gently uantil™a ite

preci pi t 30e f Jrereered forcaghreattionn Reastion mivtuzes dntludedr 10CBuffen2 ®lewi n. and t hen

centrifuged atg 4€. i R: ' for 10 mn. Th S r nat.

transferred cad Fﬂ? Igilﬂ%ga%g)lr@%g%%tbﬁ%nﬁﬁw %’W gﬁ“ﬁ#@m{%@éﬁﬂﬁ)\ggﬁ 2m 5
Eppendor f t ubguy/rallRiNGse A (Boehifinges MAuARRAY landBGuB S e BindMIENGR Fubipd M xed and
left on ice for 5 mn_ The sanpl es were centrifuged for 10 mn., and the

~ super nat ant !Bé?}él?ﬁééll 2 Hpal valume of 88 M- ePigestions wirednadiated a9  Sovbfiol  and ai r
Sy for 5 e S Sk A SRS, B o g B, i 1o
100 p. gl A6, S&lHRegs! wealysisl@ed tebavda Redotivh cId@GibRrweddidemtival to'ihs fr eci pi t at ed
r o cont 111 QTR ERO U 50 it ol NoRgrerpiete S5 MAL AR A A IPARB AR NGl
_f ol I oned by aighntfititisMHorBftnel S1SOAN ¥Y8nk Byatd1 whd added prior to electrophoresis. |
' HindIII digests were analyzed on 0.6% agarose (Seakem, FMC Bioproducts)
in 1X TBE containing 0.5 pg/ml ethidium bromide. Gels (20 cm X 25 cm) were
20 electrophoresed in 2 Model A4 electrophoresis unit (Owl Scientific) at 50 volis for
20-24 hrs. Molecular weight size markers included undigested lambda DNA,
HindIII digested lambda DNA, and Haelll digested X174 DNA. Molecular weight
markers were heated at 65°C for 2 min. prior to loading the gel. Images were
captured with a Kodak DC40 CCD camera and analyzed with Kodak 1D software.
25 Nott digests were analyzed on a CHEF DRII (BioRad) electrophoresis unit
according to ﬂie manufacturer's recommendations. Briefly, 1% agarose gels '
(BioRad pulsed field grade) were prepared in 0.5X TBE, equilibrated for 30 minutes
in the electrophoresis unit at 14°C, and electrophoresed at 6 volts/cm for 14 hrs with

, circulation. Switching times were ramped from 10 sec to 20 sec. Gels were stained
30 after ¢lectrophoresis in 0.5 pg/ml ethidium bromide. Molecular weight markers
included undigested lambda DNA, HindTIT digested Jambda DNA, lambda ladder
PFG ladder, and low range PFG marker (all from New England Bioiabs). ‘ |



TE8. Typical yields for this DNA prep were 3-5 ugll5 m bagisiepbogs! t ure.
Ten to 15 gl were used for Hndfl: restriction analysis; 5 ill was used
for Noti QeBI®Bwh and 15 clone insert sizing by CHEF gepcotsotsmgphoresis.
BACs were inoculated into 15 m of 2X LB Broth containing 12.5 gglm

chl oranphenicol in a 50 m conical tube. 4 tubes were inoculated for each
clone. Cultures were grown overnight (283hr) at 37C wth vigorous shaking
(>300 rpm. Standard conditions for BAC DNA isolation were followed as
recommended by t he RACANAgeparzd éitrn by frechunsl alkaBnelysis arpliegerofro@ublt ur e

were placed into ggtg%g%n tuhes f.or .a total, of 60 nml. qr. 20 tubes per clone.
Sanpl es were di<€§ o itaF apaly s 4veg pBipprimedabgimg kit @ickad) aersrding tohaki ng

as part of tNendiigRinREoRG o dibh tid Mondih GORAG R 3@@9%&@1335{;“ shed

DNA sol utions were, transferred from eac oled into
a 2 m Eppendoid ofiiiis wasubekfongach 50 at gectioen Gnd werd andigbed @ W garosever 25

fromthe 'l et debri s, st .avQi ded. The tupes were_ then rinsed
with 0.5 %fﬂ o%f‘jq‘%?‘% paeshe F’&%ﬁ%@%h%@&%ﬁ’wuaﬁﬁi‘&% JeRB245% 0l ed
material . DNA Gsmipith blsm WEbEtoSh Skt ballizdfon. M&mﬂMﬁ%gﬁ&m‘é&w upon

freezing at -20C. _ This was either used directly for restriction

mappi ng, CHEF dgetribed &Mast el, EytogameSHelidiepirn G4:866-2A(169M).her purified as
descri bed bel f i n_endsequencing 30 reactions. The vol une of DNA
sol utions vvasog%j ugﬁ%g%fnéisgqnﬁfl%th TE8, sanples were then m xed gently

and heated at 65 GHeQequbficifg Bf BATSndNAn &I EPDN AWRERrddSRitRer @ tiRDEr 2004
WO 01177327 PCT/US00/ 16951 -41 centrifuged at 4C for 5 mn. and the :

super nat atft s ttvamagiaedsdgsaigedaboye.nThe DK Eranic engrge trarmsfes primes andncent r at i on

was then adju : - -1 - Qf he. 2 sanpl €). -The
toral vol an t%’éﬁg’s%f?a%ée ?%cltg%ﬁﬁﬁ%%%%%eo‘#ﬁfnﬁ’"%ﬁ?% ration
buf f er (Buf f errefgit)s. Héndy snade sapreminganintimdlniingint vl 3DMMN orasdisbgirnEn@pp! i ed
to the colum and al |l oned fo e%ﬁé bg %ragvit flow. Columms were washed
twice with 10 H’Fm%fwaéj“éf‘gﬂfﬁ%lﬁg G730) %I%M%@tqrﬁ%wwwwrm@h f our
separate 1 ni ' b Sni %Eﬁﬁ}f : A\ ipitated with
0.7 vol unes Os?h#%%%%ng%&%?ﬂ%&@%}&?ﬁi? ac eﬁ?&%p?%ﬁﬁgénﬁransferred to
4 individfal s2q@noingpppen{atiog HDEEIIAY for e BRGRAIC stctordermitsn{ike at ure for

2 hr or overnight. .10 Sapples were centrifuged in a n _crof for 10 mn.

at 4C. The supERIfAPEATaRd: mi"?ﬁﬁ\?ﬁ'&e %tfeé?fﬁ@qgfg’“raﬁ]i@“fc‘?ﬂﬂyi‘?%egggé"’e't hanol was

added. Sanpl epriddre o€ Bf fhe el @lieoxy termination mixes, dNTPs; reaction buffer, and
Thermosequenase. For each BAC DNA sample, 3 ptl of the BAC DNA sample was

aliquoted to 4 PCR strip tubes. 2 pl of one of the four dye primer/termination mix

20 combinations was then added to each of the four tubes. The tubes were then sealed
and centrifuged briefly prior to PCR. Thermocycling conditions involved a 1
minute denaturation at 95°C, 15 second annealing at 45°C, and extension for 1
minute at 70°C for 35 total cycles. After cycling the plates were centrifiged briefly
1o collect all the liquid to the bottom of the tubes. 5 pl of sterile distilled and

25  deionized H,0 was then added into each tube, the plates sealed and centrifnged
briefly again. The four samples for each BAC were then pooled fogether. DNA was |
then precipitated by adding 1.5 pi of 7.5 M NH,OAc and 100 pl of -20°C 100%
ethanol to each tube. Samples were mixed by pipetting up and down once. The
plates were then sealed and incubated on ice for 10 minutes. Plates were centrifuged

30 inatable top Haracus centrifuge at 4000 rpm (3,290 g) for 30 mimutes at 4°C to
recover the DNA. The supematant was removed and excess liquid biotted onto.
paper towels. Pellets were washed by adding 100 pl of -20°C 70% ethanol into each



agai n and because the DNA pellets were often | oose at thig @ kageothe
supernatant renoved carefully. Sanples were centrifuged again to

concentr at@oreenezni ng |liquid which was renoved with a m | tip. DNA
pellets were then dried in a 15 desiccator for 10 mn 231’?&@?60&%%& |l e
distilled and deioni zed H20 was added to each tube which was then placed
at 4C overnight. The four 20 pl sanples.ffur each clone were pooled and the
tubes rinsed with another 20 p.1 of sterile distilled and dei oni zed HO

for a final vdtherandoécedBifugihs at300PIpAS(3R0S) ka0 vigatesd 42k, G for 5 min.
and then m xed gently. Typical %i elds were 2-5 g/60 m culture as assessed
ta‘ﬁﬂf‘%f&ﬂ’(ﬁ‘éﬁﬁl

by Notl 20 di Fresriliguid ageinrerheyet) 4 blostlug & apapaf LB Broth

cont ai ni ng 12. - . col was.di spensed .into gutoclaved

Aut ogen tubes.t&xéfg?%a%?%gﬁ@g%ms iﬁsE &gﬁ%e?mér%ﬁyEﬁ%lﬂ%.ﬁm@&m@ BAPMR on,

gl ycerol stocbsmwen&mhmde&ntﬁﬁ@%ﬁﬁﬁﬂ&&%ﬁﬂ&g@k@ﬁﬁéﬁS@)@(‘#ﬁy ice. A

smal | por iontsof he Eﬁltﬁcer,ol .stock was renoved fromthe original tube with
Soelr

a 25 sterfle FRZE flat sporpigmpprabe fos 30t gBrbet wiere capped t 0ot hpi ck
was |eft in theqstHriQOEHR -baHre 4. l.nut es before .di scardi ng.
After inocul agg OISSNI& h%b;; ﬁ@%le@%%?%%&wﬁﬁﬁe@%g pﬁﬁ&&’rﬁ%"’?ﬁ?@“?% seal
was tight. W veasrdiselyediarles ul ofoatdrataetivadibedfeo. PRatelirdrs (AR k&iled
transferred int(g an. ut(g%qﬁg%%ck@?gl der and placed into arr otary eshaker at
37 Cfor 16%%° g° FH3- &b Yhsvlaies e then vortexed enaalital condi ti ons
for BAC DNA pERiReF @k i Pmindes IS used to
program t he ‘Aut ogen. Sanpl ez vver%%(r:]%f&¥§{|e§§% ve Iﬁhé@@b%mgsfg)of the -
program 3fd Dieie| Sammlesmesre thenheatelt at ¥5 °Wim2 tineandringreaiitapplacasal et e, the
5 Cctober 2004, V\g /77%2& %’rCT#JlUSO4 /169 .1 -42 tubes were renoved fromthe
output tray ang Bg1] 7 gl eleqrropRqresIy s nepfoape Tdffupesgcent segeaestsadded

directly to theohilig rthomahifaetitiiecobifeddal@s Were then gently shaken for
2-5 seconds a&&llthen covered with parafilmand i ncubated at room
-1

tenperature f - Sulrsloptng ad SequensingsofiBEM BASDNAansferred to an
Eppendorf tube 5 a | Lrectly for sequencin tored at 4 C
for later use. V. T%A%E%q gﬁ%%@%%%%’ﬁi ?ﬁ? feg}?ana‘%ﬂ%ﬁﬁﬁfgﬂjgﬁ&gﬂﬁPﬁg DNA
sanpl es b epathaticondineithinythem theAmeal lsahd 4 thy HBH e ! DRANLAGERERs opr Ot 0Ol

wer e di gested WI%’P nglﬁg for analysis of restriction fragnment “sizes. This
data were usetf E‘gh‘f) siifomn @ regian hes besncompiptedmIing DN Asrsmenceyipiacal |y 1- 2

? Né\(/)v ver e useg ofiique3EdkehiRRR idcBilies BRAGL! QR Hhinsh le {8 ot NG Yd ?cgi-delgtéy %Jef fer 2

Zmax] gene and the HBM gene, or to prepare probes to identify the gene(s), or to
identify DNA sequence polymorphisms that identify the gene(s).

20 BAC DNA was isolated according to one of two protocols, eith& a Qiagen
purification of BAC DNA (Qiagen, Inc. as described in the product literature) or a
manual purification which is a modification of the standard alkaline lysis/Cesium
Chloride preparation of plasmid DNA (see e.g., Ausubel et al, Cuzrent Protocols in

| Molecular Biology, John Wiley & Sons (1997)). Briefly for the manual protocol,

.25 gells were pelleted, resuspenc:-1 in GTE (50 ‘mM glucose, 25 mM Tris-C1 (pH 8), 10 - -

mM EDTA) and lysozyme (50 mg/ml solution), followed by NaOH/SDS (1%
SDS/0.2 N NaOH) and then an ice-cold solution of 3 M KOAc (pH 4.5-4.8).
RuaseA was added to the filtered supematant, followed by Proteinase K. and 20%

_ SDS. The DNA was then precipitated with isopropanél, dried and resuspended in

30 TE (10 mM Tris, 1 mM EDTA (pH 8.0)). The BAC DNA was further purified by '.
Cesium Chleride density gradient centrifugation (Ausubel et al, Current Protocols
in Molecular Biology, John Wiley & Sons (1997y).




Engl and Bi ol abs), 0.1 ng/m bovine serum al bumi n (New Engkane et oh@bs), 50
gg/ mM RNase A %Boebri nger Mannhein), and 20 units of H ndlll (New Engl and
Bi ol abs) iWCAWTPRAAl volume of 25 |. Digestions were i ncuber/eoaes87C for
4-6 hours. BAC DNA was al so digested with Notl for estimation of insert
size by 15 CHEF gel analysis (see below). Reaction conditions were
identical to those for Hindlti except t#at 20 units of Noti were used. Six
pl of 6X Ficoll |oading buffer containing bronphenol blue and xyl ene

cyanol was added pFpEewWingiselagientbpRACdINA wasisheated hydiodwricallgesingaml yzed on

Ot i o oo br oS Alig S gr A BLAGHENE ki, 22 2 e o BT e i B st 5%, Node
A4 el ect r ophor2080-3000bp AfBuishdeing thd DNA) watcob@nivabd ﬁldfsgﬁaraiﬁo@é hrs.
a

Mol ecul ar wei ght  si.ze markers in¢luded undi gested | anmb A, HindlII
di gested | anb&%?ﬂm}%ﬁar%é%t Afigpde Fagion cprespriding i the eppsoximetegize, nar ker s

were heated a e ' ' | I re
capt.ured §V| t ht“éag %‘%a{g%gétg@%gﬂg ? %%& @’n‘%}‘?%ﬁ%lﬁg"z&e@%g‘[%ﬁk ﬁgo@;’ggﬁzﬁl of t war e.
25 Not | di gestonirg:-ei briwkgtanddanas CoWESprigHarfopl alRastbrye CORISp@RRATesi s uni t
according to tn?eq g;anuf acturer's reconmmendations. Briefly, 1% agarose gels
(Bi oRad pul sed 5 d grade) were prepared in 0.5X TBE, equilibrated for 30
mnutes in the el mﬁmm%ﬁﬂ‘gﬁ“%%ﬂ%éﬁﬁﬁm‘% noRhQaesed at 6

I ng

volts/crn for 14 hrs with circulation. times were ranped from 10
sec to 20 sec polmesasoells Wiviadel B Aok isdhendigatet] toptiqredRstXI-linked adappegy M

Findi 11 dPgest @ TamaC oRROtR o TRE oA PR T lort OO0 RE wEler  Snge PrG
mar ker (al | f ropeasdye whEseQhae wakoaySineniryQh HRUREXRAR MR Reklofd 327 |
PCT/ US00116951 -43 BAC DNA prepared either by the nmanual al kaline lysis or

Aut ogen pr ot odeAnstruclesdrty the bweriars), swhils fgtevashatg/missiobissiiepopliBicopry.ne | abel i ng

kit (BioRad ) alo® nufacturer's re dat.ion.wi.th m nor
nodi fi cat i ons.ﬁ%%ggrr%m ma %efsy"&g]g%%ﬁﬁmb ’\}%g’oﬂ'gdg{dmﬁ? TedarliEge . 1
reaction. 3 | iwelf eashpalyridtkenadapted ase@ewos Sefar@idl fidntid @hRcAipbRtdihe ext ent:
of | abel ilgg. Re ctionﬁ were purified using a Sephadex Gb0 spin colum

prior tolPn sitPlemyhr il a83iresc] andpupicd aemg Gope (BEP 8% A akhe descri bed
(Ma et al, Cy I edBkdrt GENBLL 1 1 - equenci ng
The sequenci ngﬂggr}%%% i nséeﬂr:t enEsh%athf @g%ﬁ%ﬁ%%?%ggﬁﬁéﬁ‘%@ﬁé%‘%@a& t he

' "shotgun" subclone library. The vector contained an out-of-frame lacZ gene at the

cloning site which became in-frame in the event that an adapter-dimer is cloned,
allowing these to be avoided by their blue-color.

20 All subsequent steps were based on sequencing by ABI377 automaated DNA.
sequencing methods. Only major modifications to the protocols are highlighted.
Briefly, the library was then transformed into DHS5¢. competent cells (Life
Technologies, Bethesda, MD, DHS5¢ transformation protocol). It was assessed by
plating onfo antibiotic plates containing ampicillin and IPTG/Xgal. The plates were

25 incubated ovemight at 37°C. Successful transformants were then used for plating' of
clones and picking for Sequenciné. The culiures were grown overnight at 37°, |
DNA was puriﬁed using a silica bead DNA preparation (Ng et al, Nucl, Acids Res.,
24:5045-5047 (1996)) method. In this manner, 25 pg of DNA was obtained per

_ -clone, ' _ .

30 ~ These purified DNA samples were then sequenced using ABI dye-terminator
chemisiry. The ABI dye terminator sequence reads were run on ABI377 machines
and the data was directly transferred to UNIX machines following lane traéking of



10 two net hods descri bed above. The DYEnami c energy transfef:id¥ek 084S and
Dynam ¢ Direct cycle sequencing kits from Aanersharn were used for

sequenci nW0 y1g3ex7i ons. Ready made sequenci ng m X i ncl udiperidag s - 40
forward sequencing prinmer was used (Catal og # US79730) for the T7 BAC
vector term nus; ready made sequenciing mx (Catal og # US79530) was m xed
with the ML3 -28 reverse 15 sequenci ng ptd-ner (Catal og # US79339) for the
SP6 BAC vector term nus. The sequencing reaction mxes included one of the
four fl uorescdid gofs.| Al edadriwely assepbletwtiag PERATPAP. Ghen Mbstracts 6808
termnation mxXxes, dNTPs, reactjon buffer, and Thernosequenase..For each -
BAC DNA sanpl ,%OWPFWB@WTQ@%WMEVL ool ¥, p-657 VAR strip
tubes. 2 gl of ande i . I i ] X i nations
was t hen addeget&gﬁgach Eé%&{nﬁg 0 ?cogésbgfg?ﬁ%@%sg%éﬁ%sﬁgn?%gsﬁ%igl ed and
centrifuged brcowdrage gudiyinldetionRCGRageTIIS ISmoytids. rifplloensE the Giisalasebied a 1

m nut e degatura.t i.oON ag %5' C 1%_8se<iond anneal ing at 45 C, and extension for
1 minute’at TOSTIgBplesEoqushess Hoprqlones thet prly savrqoe sgandreads) Wews wer e

centrifuged brggfibi¥d ki eehdubst witl ABF Behl gy the tubes. 5
p.l of sterile distill e%q%_nd 25 dei oni ze@ﬁgﬂmﬁﬁgﬁ%%%%%m 0 each
tube, the pl atdditices buetlagpids centigsi Pumen forwalldifg yagatekcted hsing ®Geng@aepl es f or
each BAC were.then pool ed t ther. DNA was, 6 then precipitated by adding
1.5 1 of 7.5 _?ﬁﬁﬁ?’ﬁ%’sg??&mﬁ?g%“ Rjer 534 s ah PR op DA P { ube.

Sanpl es vere ®losed. TheddipiiistididsedBerRBlud e $6ked s o Alfss BLG then
seal ed and incubated on ice for 10 m nutes. Plates were centrifuged 30 in a
tabl e t opOHar Jetrreaspiplet Wik PRRARDD segeanc8casips.g) for 30 ninutes at 4C to
recover the T . t renve xcess liquid blotted onto
paper towels. Pe Igﬁgﬁxge?%ﬁ\%&a@%e%@m%%%ﬂbgi@%g?&of -20 C 70% et.hanol into
~each 5 Cctober 200FoNéviag 1s6&38lY oPGEIH AOSqheRed into dhtip) R RBlesw&ent ri fugi ng

at 4000 rpm (3,290 t)Qfor 10 mnutes at 4C. The supernatant was renoved
and excess |i all}?J%Ft%g iAmpRiARmstanglyses te ddenkify cofing regignsiand regiqals beRmgai ni ng

traces of |iquy %‘Blé?ﬁy I t side .down over a
- paper towel é%ﬂéﬂ%ﬁuﬁ%ugl ng oﬁ@gﬁﬁgﬁyt ?@%ﬁ"%@?f ﬁgee¢%5£ﬂg’3’%0 rpms
- Sanpl es Were stepn air dried at roomtenperature for 30 m x. Tubes were
capped and stored drmt 221? unt.il electrophoresis.-Imediately prior to
el ectrophoresis the CRER LOTAORESY: RYSeaRenee eonties gRengontaithaimioladi ng dye.

Plates were tt&ﬂo@%&%ge%‘iﬂﬁgﬁﬁmﬁ&iég,%sht%ca&&ﬂ%e%éﬁ%ﬁi&l}mﬁ@e plates

were then vortexed on ite
sequence reads have insertions or deletions. Prior to automated computational

 analysis of the contigs, the periods were removed. The original data was maintained
20  for future reference. ' |
2. BAC vector sequences were "masked" within the sequence by using
the program cross match (Phil Green,
. http:\\chimera biotech. washington.ed\UWGC). Since the shotgun libraries
construction defailed above leaves some BAC vector m the shotgun libraries, this
25 program was used to comparé the sequence of the BAC conﬁgs to the BAC vector
and to mask any vector sequence prior to subsequent steps. ‘Masked sequences were
marked by an "X" in the sequeﬁce files, and reﬁnajned inert during subsequent
analyses. . _
3. E. coli sequences contaminating the BAC sequences were masked by
.30 comparing the BAC contigs to the entire E, coli DNA sequénce.
4. Repetitive elements known to be common in the human genome were

masked using cross mafch. In this implementation of crossmatch, the BAC



shaker for 1-2 minutes. Sanples were then recentrifuged gioR8R92064mM (825
g) 10 briefly. Sanples were then heated at 65" C for 2 mn. and i medi ately
pl aced on WP@¥773Bt andard gel el ectrophoresis was perf or necrom:ABE; 377
fluorescent sequencers according to the manufacturer's recomendati on.

VI'l1. Sub-cloning and Seguenci ng of HBM BAC DNA The physical map of the

- Zmax|l gene region provides a set of BAG4tones 15 that contain within them
t he Zmaxl gene and the HBM gene. DNA sequencing of several of the BACs
fromthe regi cedusaes wasenmpanpiost dathbaSd hithifn sepefittvectentbatsaJertysiauni que

he T ge SRR SO RS Ap A ek ep ey the
e max|l ge ; . ¥§f y e
gene(s), or tMﬂWXBﬂd%&@Hﬂéﬁ'&ﬁﬁn@&M&lﬁtﬁéﬁ%ﬁﬁ?ﬁ hat identify the

- gene(s). 20 BAC DNA"was isol ated according to one” of two protocols, either
a Qagen purificafion She BrGomhAexo@ within the sequenas wdepredicteé dsingiiehe pr oduct

literaturg) o nual _purificat i Lch is g .mdifi | of the
standard gl kaM%:‘eF ?@%?@?@gofJ%tﬁ@g’?}F%@%éﬁr‘g‘fz'ir’rg‘g%i"g%tég%b DNA (see
e.g., Ausubel et ab, CzohdRfienbs Rhdéipirddo HYRLBRN ailBhiolQigine JONN Wiey &
" Sons (1997)). Briefly for. the manual protocol, 25 cells weré pelleted,

resuspent -d ﬁﬁ%&ﬂ%@@nﬁwe@m&&;@éﬁe@mﬁww@@a@q jogyl Lilirary afMl EDTA) and

f Nﬂﬂosa}l
L henZdne; o0 Middtine Sah 0D a0 R oAt Pite JREGEDR ShedTY 02 Ntag 1o
the filtered supenctdnininihdoo) tsingete biusth? perimaltchans a2 0r. 3BFs rihie DNA

was then preci ‘oi tated W th isopropanol, dried and resuspended in.30 TE (10

mM Tris, ¥ mvieESTRO-84 @99) Theparapstoryipihisssarhyerse E7965i v+9aB5% Cesi um

Iy
Chl ori de densigd¥.;8Fadhe Bg@? | ' _ , ergrgnt Prot ocol s
I n Mol ecul ar Qvoe[rogy, Jc%Pn Ffedyg%g oéﬁ%@é@g%}?g Eég?cﬂ?gr 4 WD 01/ 77327
PC /US00/ 169 %dtricgfetizntd iothengpdring efttharesulis)wmd BAE tHahmbas o fseqanes
25 273, 274 ( 1850YIH TSR it PPl RSt e reoblpGABOR) b AMieHiobhear  ng, t he
DNA was concenjs.ayrdi@dopgparated on a standard 1% agarose gel. A single

fraction, corresponding to the approxinate size, 5 was excised fromthe gel
~and puriflbed by el éct r oEhasequency Baatanslated étto piofeifik el sixaeading fameng: A

Laborat ory MR Jchb pro <|euq 583 rex:itcn wléhrércggfxiaarlég B)Oaf z?c}ngrwdndac;ﬁlpgotesﬁrdiﬁggése Ny (1989)).
' compiled from Genpept Swissprot PIR (National Center for Biotechnology
Information, National Library of Medicine, 384, SN905, 8600 Rockville Pike,
Bethesda, MD 20894; www.ncbi.ntmnih.gov). The parameters for this search were
20 . E=O..05, V=50, B=50, where E, V, and B are defined as above.

8. The BAC DNA sequence was compared to the database of the cDNA
clones derived from direct selection experiments {described beloW) using blastn2
(Altschul et al, Nucl. Acids. Res., 25:3389-3402 (1997)). The parameters for this
search were E=0.05, V=250, B=250, where E, V, and B are defined as above.

25 9. TheBAC sequence was compared to the sequences of all other BACs
from the HBM region on chromosome 11q12-13 using blastn2 (Altschul et al, Nucl.
 Acids. Res., 25:3389-3402 (1997)). The parameters for fhis search were E=0.05,
V=50, B=50, where E, V, and B are déﬁnéd as sbove.
10. TheBAC sequence was compafed to the sequences derived from the
30 ends of BACs from the HBM region on chromosome 11q12-13 using blastn2
| (Altschul et al, Nucl, Acids. Res., 25:3389-3402 (1997)). The pérameters for this
search were E=0.05, V=50, B=50, where E, V, and B are defined as above.




The purified DNA fragments were then bhnt-ended using T4 BEidioHeebyder ase. _
The bl unt-ended DNA was then |igated to unique BstXl |inker adapters 10
(5" GICTT®EOBACRAEGG and 5° GIGGTGAAGAC in 100- 1000 f ol d wmyd/edo0@26€£SS) .
These |linkers were conplinmentary to the BstXl -cut pMPX vectors
(constructed by the inventors); while the overhang was not self
conplinmentary. Therefore, the linkers w8uld not concatenerize nor would
the cut-vector religate itself easily. The linker-adapted inserts were
separated from t helluni ﬁ%rWa@W&&%iamhpmdmhaG&ﬁbaﬁ@dﬂﬁB@e a¢dtioand

purified usin ean I l.nc The . linker-adapted insert was

t hen '1i gat ed Egé;%ntﬁ%?q?ch%o %’8@5’? }%E%P@W@g%ﬁ%ﬁ% 3‘1‘@ﬁ@t gun”

subcl one | bswomocihiﬁem&tpéth&%}mnm Do @hsic Bflﬁhzﬁﬂgmégﬁ at the
apre

cloning site which becane in-frane in the event nner is

- cloned, al | o(dlisghu! sbaleNual AuidsaRes. ,cmsssg-sﬂmtwmn d&e@aiaﬁfeters'&@rﬂlsl
subseque st e-b | 3 aut onat ed DNA
sequenci rnl% ma‘?%bg %ﬁﬁaﬂ%@ ﬁoﬁﬁ%ﬁ&b@‘fg ﬁﬁ?@)@-‘@é’@?% are
hi ghlighted. Briefd.y, ’EH&@SAEBéq%&f{ceW@a%cB Red (ARSS d%@l?ﬁ@ conpet ent
cells (Life Technolo |es Bet hesda, a transfornation protocol). It

was assessed $Ajabaps Q¥ &@W%ﬁ%@@@b@%@@mﬂ@Mﬁ@mﬁm llin and

| PTG Xgal . T S ful
| PTO XGal | Tk ok Ao S SBMER Sl VBS oES, Successi.
sequenm ng. Tmmimlmﬁhw)amgng)MtQ\(thhghétagtm@ﬁj Rittisk i ed

using a lica bead aration. et al, Nucl. Acids Res.
24: 5045- %47 Wb&?ﬂﬁ%‘%ﬁézé’pﬂﬁ Bﬁﬁg,wm@r‘f @QB}arngﬁnemms obt ai ned per

cl one. 30 These pujqi fi usin

dye-t erm nat or clrjllgm stefri;? i%%&%@%?ﬂ%‘% apets n{o’:tt%?ﬁ?«g ‘ﬂ%eé{u? g&éﬂpere ram
Fol T ow g |mac e mmmﬂ%f?ﬁBﬁv%wgﬁ?lg%%%g%’??ﬂo%oﬂﬁﬁﬁegg’fch' s
‘ol lowing |a ra ( -
the gels. %&@&é&%ﬁ@fé@%oweﬁcq PethegdagMD 20884 act s of DOE
. Hurman Genorre %ﬁg{cgmm_é@@t@ﬁlg %%&QPWL:F/I’ A&gpﬁo#%m@ 157) with

default paraneters and quali'ty Scores. Initial assenbl’y Was done at
6-fold verH§e (EXD)y iTap gedmatersionthinpearch wireF-0SN V350, BRA50, elienE,t he

initial asse (?5 tes (sequences fromclones that only gave one
~ strand reads)n@’\/%LFI el el hs BBVE:

IX.  Gene Identification by Direct cDNA Selection
Primary linkered cDNA pools were prepared from bone marrow, calvarial
bone, femoral bone, kidney, skeletal muscle, testis and total brain. Poly (A) + RNA,
20 was prepared from calvarial and femoral bone tissue (Chomczynski et al, Anal.

- Biochem., 162:156-159 (1987); D'Alessio et al, Focus, 9:1-4 (1987)) and the
remainder of the mRNA. was purchased from Clontech (Palo Alto, California). In
order to generate oligo(dT) and random primed cDNA pools from the same tissue,
2.5 pg mRNA was mixed with oligo{dT)} primer in one reaction and 2.5 pg mRNA

25 was mixed with random hexamers in another reaction, and both were converted to
- first and second strand cDNA according to manufacturers recommendations (Life
Technologies, Bethesﬁa; MD). Paired phosphorylaized cDNA linkers (see sequence
below) were annealed together by nux:ng in a 1:1 ratio (10 pg each) incubated at
65°C for five minutes and allowed to cool to room temperature.
30 ©  Paired linkers oligol/2 | _
- - QLIGO1: 5 'CTG AGC GGA ATT CGT GAG ACC3' (SEQIDNO: 12)



.identified and sequenced with ABI technology to allow thesicsiesic bbgat i on of
-addi tional overlapping contigs. Priners for wal king were selected using a
Genone Thé&¥@pelei’cs program Pick priner near the ends ofpgimesocheges to
facilitate gap closure. These wal ks were sequenced using the sel ected
clones and primers. Data 10 were reassenbled with PBRAP into sequence
contigs. VIIlI. CGene Identification by Ceffputati onal Methods Fol | ow ng
~assenbly of the BAC sequences into contigs, the contigs were subjected to
conput ati onal anal 3&60t% FITHGTYTCAITEHD ATINCOBCTCABYSEQITD M@an) ng DNA
sequence simlarity to known genes. This protocol included the follow ng
15 steps. 1. Degap the contigs: the sequence contigs often contain symbol s
(denoted by appeéd @tkefydliped/ that represent |ocations where the individual
ABI sequence reads have insertions or deletions. Prior to automated

conput ational  anaP§dE8 3t SCRE GATAABTCT IRGATCCINS3 (@BQID ditbvsd. The

sequences. ner e - R i 1A A0E AR EBRAAE FEIEEE o iR cr oss
match (Phil Green, - http:\\chinera. biotech washi ngton. edu\ UMZC). Since the

shotgun librarles construction detail ed above | eaves some BAC vector in the
shot gun | ¥ br aPpissd linkgrsoli gﬁ-’?/égram was used to conpare the sequence of the

-BAC contigs to theﬁg@ rior to
subsequent  steps ske sequences %wm’ég&%&%@%ﬁﬁffh seqguence
files, and remai neQLIGO®E SUTCECCUBEPOGAUTT €08 ABATAB(SHO I8RD:175€quences
cont am nati ng the BAC sequences were nasked by .30 conparing the BAC

contigs to the entire E. coli DNA sequence. 4. Repetltlve el enents known to
. be common in bhe.duHkeR GesHRe were masked using cross match. In this

i-npl ementation of crossmatch, the BAC 5 Cctober 2004 WO 01/ 77327
3?CTIUS"i."i 2 51OIMO§eqSJ§W€é1A¢@§‘Gmmm‘¢AGTa}M'Q$EQHJNO yman

repetiti eI errent Zy., I roation Research Institute,
a0 At 55 Cay e THOLIGEE é?ﬁ%&’&%ﬁ@f@ B A SRR KB ner
during subsequent anal yses. 5. The location of exons within the sequence

was predicted_using the
- Paired lmkers oligo11/12

OLIGO 11: 5GAA TCC GAA TTC CTG GTC AGC3' (SEQ ID NO:20)
OLIGO 12: S'TTGCTG ACC AGG AAT TCG GAT TC3' (SEQ ID NO:21)
Linkers were ligated to all oligo(dT) and random primed cDNA pools (see below)
15 according to manufacturers instructions (Life Technologies, Bethesda, MD).
| Oligo 1/2 was ligated to oligo(dT) and random primed cDNA pools prepared
from bone marrow. Oligo 3/4 was ligated to oligo(dT) and random primed cDNA
pools prepared from calvarial bone. Oligo 5/6 was ligated to oligo(dT) and random
primed cDNA pools prepared from brain and skeletal muscle. Qligo 7/8 was ligated
20  tooligo(dT) and random primed cDNA pools prepared from kidney. Oligo 11/12
was ligated fo oligo(dT) and random primed ¢cDNA pools prepared from femoral
" bone. | | o | : '
" The cDNA pools were evaluated for length distribution by PCR
| amplification using 1 1l of a 1:1, 1:10, and 1:100 dilution of the ligation reaction,
+25 - respectively. PCR reactions were performed in a Perkin Elmer 9600, each 25 1
volume reaction contained 1 pl of DNA, 10 mM Tris-HCI (pH 8.3), 50 mM KCY, 1.5
- mMMgCI2, 0.001% gelatin, 200 mM each dNTPs, 10 uM primer and 1 unit Taq
DNA polymerase (Perkin Elmer) and was amplified under the following conditions:



5 MZEF conputer program (Zhang, Proc. NatL Acad. Sci., 945%6&tep80d41997)) .
6. The sequence was conpared to the publicly avail abl e uni gene database
(Nat i onal wieewrss27f or Bi ot echnol ogy Information, Nati onalpdsifioaidesPf

Medi ci ne, 38A, 8N905, 8600 Rockville Pike, Bethesda, MD 20894;

www. ncbi . nl nt ni hgov) using the: blastn2 algorithm (A tschul et al, NucL
~Acids Res., 10 25:3389-3402 (1997)). Thggparanmeters for this search were: E
0.05, v=50, E=50 (where E is the expected probability score cutog Vis the
nunber of dat abe@endsenbAIC,S8 sthid N80°C Bd DRIHARE 129005080 EGes! B tS, and
B is the nmunber of sequence alignnents returned in the reporting of the
resul ts (Al tskmgh distribytion of theamplifpddDNA padls wetIvalisted bPeIophdiasig. The

orateln sequelhBI% Bt b A Bulkohof: e e Sot i ahbRbase
conpi l ed fr onraﬁéﬁtn@ﬁmes\amssmom?@ﬁ&ea RBNASRS WeRRbAE fPdo &xmzef%aﬁ* ogy
|

| nf or mati gn, ?l\%%i onal Library of Medicine, 38A, 8N905, 8600 Roc |l e Pike,
Bet hesda, ? MD Q@N%WI ReHPLOARGeRi Fhegtaring cERA faritherditest ssldcton tehitions ear ch

were 20 E 0. Ogomp{faf of 5 ]‘ngﬂ : B ar. fined.as above. 8. The
BAC DNA sequence wasoi(.:%g'blgr%g to ?ﬁ%eﬁé?%%g%égmgggéﬁigh%iﬁ es deri ved
fromdirect sptimed clBNAexperinents (described bel ow) using bl astn2

Al tschul et al, o ids Res., 25:3389-3402 (1997)).. The paraneters for
Ehi s search wer e%ﬁ%%@ﬁéﬁ%@d@ﬂm@eﬁé&?ﬁﬁcﬂqﬁﬂm ned as
above. 25 9. Thg cﬁ%&eﬁmg@gm-# of all other
BACs . f'r’omth%- HeBM regi-on on c ?%%@%@n@%%g‘%@%%g%g}gﬁ%%iy%z (Al'tschul et

al, Nucl 0 Acindsufadtarst (Th2 Ne83BOuRAA). (1997)). The paraneters for this
search were E=0.0 B=50 ere,E, V, and B_are defined as above. 10.
The BAC sequence \?Eée\%‘gﬁ‘ﬁg?gé’o{ﬂ&%“%ﬁéﬁ%%mé@}ﬂééff*hﬁéﬁ?l%*‘?ﬁe 30 ends of
BACs from t hEgéthﬁéBMAoﬁaﬁﬁbeTéafvﬂmméﬂJ@?%y Icé3hdgtidRifl slddgashed [ schul et
at, Nucl. Acids, Res., 25:3389-3402 (1997)). The paranmeters for this
search were E¥Oh{gs mapmbgturasggiruciivey @Golringer MauhhBing) Ehefintorpedtiasofbove. 5
Cct ober 2004 7. PCTLUSOQ,.16951 -48 11. The .BAC sequence was
conmpared to the Hﬁéga%%o&g%ggggmﬁﬁg‘f &‘SMP%@W F‘%flﬁ’rcmgi,sﬁﬂ@‘gﬁﬁg? #hy

| nformat1dn, el Mused add hivaitylehodr Moldlar B3y gySiF0Bma PrERGEE Reekvill e
. Pi ke, Bet heSdagggl\ﬁ) 20894; www. nchi . nl nLnl | h. govg}’ usi ng bl astn?2

Direct cDNA selection was performed using methods that could be practiced
by one skilled in the art (Del Mastro and Lovett, Methods in Molecular Biology,
Humana Press Inc., NJ (1996)). Briefly, the cDNA pools were multiplexed in two

20 separate reactions: In one reaction cDNA pools from bone marrow, calvarial bone,
brain and testis were mixed, and in the other ¢cDNA pools from skeletal muscle,
kidney and femoral bone were mixed. Suppression of the repeats, yeast sequences
and plasrmdm the cDNA. pools was performed to a Cot of 20. 100 ng of |
biotinylated BAC DNA was mixed with the suppressed cDNAs and hybridized in

| 25 solution to a Cot 0f 200. The biotinylated DNA and the cognﬁte cDNAs was
captured on streptavidin-coated paramagnetic beads. The beads were washed and the
- primary selected cDNAs were eluted. These cDNAs were PCR. amplified and a
- second round of direct selection was performed. The product of the second round of
direct selection is referred to as the secondary selected material. A Galanin cDNA
30 clone, previously shown to map to 11q12-13 (Evans, Genomics, 18:473-477 (1993)),

was used to monitor entichment during the two rounds of selection.



(Al tschul et at, Nucl. Acids. Res., 25:3389-3402 (1997)). ;5 theHipbeiet ers
for this 5 search were E=0.05, V-50, B-SO where E, V, and B are defined as
above. 12wd#er7BAC sequence was conpared to the STS di wesisge ghsiGenbank
dat abase (National Center for Biotechnology information, National Library
of Medicine, 38A, 8N905, 8600 Rockville Pike, Bethesda, MD 20894; ww. ncbi
nJm nhi. gov) using blastn2 (Al tschul et -8151997). The paraneters for this
10 search were E=0.05, V=50, B= 50, where B, V, and B are defined as above.

13. The BAC sequeritie saemdanyrsplastedimbieritltioni-bqeanara, Salgatibbene BSbral Tag
Genbank dat abase ]?(_?Nat i %gﬂeltaéOent er f.or Biotechnol g | nformati on, Nati onal

Library of MBS HEneys Rsee. tetis endistak bram w ampliieddisg, VD 20894

www. ncbi ..nl m [ S I ' S.,

s bl 1 I B s B8 12 A | S o Bk 8 e
‘B250, where EvectdipAaMOB(Iafeéfadhfdlom B@‘hﬁsﬁ@MD),hﬁ(accG‘ﬁﬂﬁcerdﬁm:bfi cation by
Direct C[ElA Sel ec |on Primary |j.nkered cDNA pools were prepared from bone
marrow, cal vafPaf? %‘H’%‘i’dﬁwnﬁone ki dney, skeletal nuscle, testis and
total brain. mdiﬁeﬁ@),m@r%m@ was prepared fromcal varial and fenoral
bone tissue (Chom:z naki et at, Anal. Biochern., 162:156-159 (1987); '

D Al essio et &fligolFctés 5'@&@4@%7@%% GEABT T OET GAG AGCRRNA was

purchased fro (Palo Alto, California). In order to generate
foNosR
ol i go(dT) and prl)rred CcDNA pools fromthe sanme tissue, 2.5 g nmRNA

was nixed with oligo(dT) priner in one reaction and 2.5 gg nRNA 25 was

m xed wi th random hexaners in another reaction, and both were converted to
first and secOWeodsEHan S @ONATHE EHAITHY CTC FAAATTERESA BEOM@hdat i ons
(Life Teg hnoL hesda, MD). Paired phosphorylated cDNA |inkers (see
sequence”  bel ﬁ%jwere neal ed together by mxing in a 1:1 ratio (10 p.g
each) incubated at 65 C for five mnutes .and allowed to cool to room

t enper at-ur e. ligol/2 OGO 1. 5 CTG AGC ATT CGT GAG
e oL e, P IR0 Pl A TR o e ST SRR TS, S
2: 5 TTG GT&W TT CCG CTC GA3' (SEQ ID NO. 13) Paired linkers
oligo3/4 Q. 37 5" CTC'GAG AAT TCT GGA TCC TC3' (SEQ ID NG 14)

Oligo7-CUA: 5'CUA CUA CUA CUA GTC CAC TGA ATT CTC AGT GAG3'
(SEQ ID NO:25)

15  Oligo11-CUA: 5'CUA CUA CUA CUA GAA TCC GAA TTC CTG GTC AGCS'
(SEQ ID NO:26)

| The cloned secondary selected material, from each tissue source, was
transformed into MAX Efficiency DHS5a Competént Cells (Lifé Technologies,
Bethesda, MD) as reconmmended by the manufacturer, 384 colonies were picked
20 from each transformed source and arrayed into four 96 well microtiter plates.
All secondarily selected cDNA clones were sequénced using M13 dye primer
terminator cycle sequencing kit (Applic:ad Biosysterns), and the data collected by the
ABI377 aiitqmated flucrescence sequencer (Applied Biosystems).
. All sequences were analyzed using the BLASTN, BLASTX and FASTA programs
25 (Altschul et al, J. Mol. Biol., 215:403-410 (1990), Altschul et al, Nucl. Acids. Res.,
' 25:3389-3402 (1997)). The cDNA sequences were compared to a database
containing sequences derived from human repeats, mitochondrial DNA, ribosomal



OLI GO 4: 5' TTG AGG ATC CAG AAT TCT CGA G3' (SEQ I D NO 15) sdistcr 8604 i nkers
oligo5/6 OLIGO 5: 5 TGT ATG CGA ATT CGC TGC GCGE3' (,SEQ ID NO 16) QLI GO 6:
5' TTC GCGWEAG/@BA ATT CGC ATA CA3' (SEQ ID NO 17) Pai re%é},@g@%@_?l i go7/ 8
OLIGO 7: 5" GIC CAC TGA ATT CTC AGT GAG3' (SEQ IDNO 18) 10 QLI : 5'TTG
TCA CTG AGA ATT CAG TGG AC3' (SEQ ID NGO 19) Paired |inkers oligol 1/12
OLI GO 11: 5' GAA TCC GAA TTC CTG GIC AGC3».(SEQ ID NGO 20) OLIGO 12: 5' TTG
CTG ACC AGG AAT TCG GAT TC3' (SEQ ID NO 21) Linkers were ligated to all
ol i go(dT) andRNADEOSBHDNARS rebNG Ha '

(28D RbHR e éa%sgt?&%%%@%o%%g U2 vas

manuf acturers instructions (Life Technol ogies, Bethesd
ligated to ol FESCERMChaddirhe derndmiichmpartsDhitvap alst perfurepd nsidg therorprhane

O N ol j d d i ped cDNA |
oy epar ed 1 on EAPTHR aetthl3h8ihn bohed 6B o B L AN RS RHBMRG r andom
primed cDNA prgios. TheeaDdNAS thatrwdie 260% AbklofsEhsab AlesditsfitRes ﬁﬂe@edﬂ 8 was
r

ligated 20 to oligo(dT) and random prined c pool s prepared om ki dney.

Oigo 11/42 #8¥dngga tsdesudt s thaagmstoradin 2 databesa for fumber anBlyisispcbN4. pr epar ed

from fenoral 56 r val uated for. | engt i.s{ribution
by PCR anpli eﬁ@%tgfson us(?ng &ﬁé&o@ngﬁf%iﬁa‘%sﬁﬁﬁwﬁwafgb%&g?%ﬁén of the
l'igation reactequamcefom deidBM regloy or Weik elifdkddbyTcrods Batlie wER B dib el a
Perkin El mer 9600, each 25 iil volune reaction contained 1 | of DNA 10 nM
Tri's HCL(pH 8‘*.0@,011366“&&9?1?6@“{5@ epniaipeR e BACofrom the BBMatcrien, tp@scentineach
dNTPs, 10 gM pyhéikdr yhriginid to NA pol ynerase (Perkin Elnmer) and was
anplified under the foll owing conditions: 5 Cctober 2004 WO 01177327 ~
PC TI USO80 / 16951 -Hrigifrationanlisisaras34& toMhpsbedliNlA chineSRGeBARafenut es at

72C for 30 cygles. .The | epgt | stribution of the anplified cDNA pools were
eval uat ed by %’?@8 e?%%ﬁj@'rnegﬁ%g‘b‘g#ﬁ t Yyeidenitied fige the mgfoneget i on t hat
IDNA pocl o wes Seal o i sort har gl ERETATEE RGBT T oduc

cDNA pool s was scal ed up so that -2-3 ug ( pr oduced.
The starting pmaydinmas peurgd iotx96 well mitrotiter plata ditls. Omce thermpiriladd of 0.5 tg of

r an dom pri madsoﬁ%‘éﬁ ﬂ%—é&%ﬂoﬁ& NQ- 1153&&%%%:%'1&?2&%'&&131) were laid on top of
: 15 the agar and the BACs were stamped onto the membranes in duplicate using a hand
held 96 well replica plater (V&P Scientific, Inc.). The plates were incubated

overnight at 37°C. The membranes were processed according to the manufacturers

recommendations.
The cDNAs that needed to be mapped by hybridization were PCR amplified

20 using the relevant primer (oligos 1, 3, 5, 7 and 11) that would amplify that clone.
For this PCR amplification, the primers were modified to contain a linkered
digoxigenin molecule at the 5' of the oligonucleotide. The PCR amplification was
performed under the same conditions as described in Preparation of cDNA. Pools
(above). The PCR products were evaluated for quality and quantity by

25 electrophoresis on a 1% agarose gel by loading 5 p of the PCR reaction. The nylon
merbranes containing the stamped BACs were individually pre-hybridized in 50 ml .
conical tubes containing 10 ml of hybridization solution (5x SSPE, 0.5x Blotto,
2.5% SDS and 1 mM EDTA (pH 8.0)). The 50 ml conical tubes were placed in a
rotisserie oven (Robbius Scientific) for 2 hours at 65°C. Twent)f—ﬁve ng of each

30  ¢DNA probe was denatured and added into individual 50 ml comical tubes
containing the nylon membrane and hybridization solution. The hybridization was

performed overnight at 65°C. The filters were washed for 20 minutes at 65°C in



primed eDNAs. The DNA fromthe 54 BACs that were used in §hRisHer 8664 CDNA
sel ection procedure was isolated using Nucl eobond AX. columms as descri bed
by the 10 WRePT7A¥turer (Me Nest Grotip, Inc.). The BACs »emesipasbed in

equi nol ar anmounts and 1 g of the isolated genonm c DNA was | abeled with
biotin 16-UTP by nick translation in accordance wth the manufacturers

i nstructions (Boehringer Mannheinm). The-33ncorporation of the biotin was
moni tored by methods that could be practiced by one skilled in the art 15
(Del Mastro aferhodhe Pllowmeselgonsn30BIRH; 01146 SBEpl:oSSPE, HUPASDSma$six nc., NJ
(1996)). Direghpy ction was performed using nethods that could be
practiced byggﬁﬁ%s\‘lﬁb{’ﬁjesg in the art (Del Mastro and Lovett, Methods in

Mol ecul ar Bi ol 0gy, TheBRBRNEY 0&S rdniifred i) thd 998 doniddl hBEd sha idiEa pool s
were nmultiplexed in two 20 separate reactions: In one reaction c pool s
from bone mar S, Acaipigsheety were placed hstwien cagitnenclmnestopeeventthete fiomand i n t he

- other e poQk S fJ SR &t cl.e Ldney and f ral. wer.e m xed.
Suppres?iNgn o?ﬁ‘??f(é’trg[é%eat s%' 3%%@3%%8%8% SEe“éﬁ&e%Wﬁgm%dﬁfﬁiBf@"Z‘Pm pool s
was per f or med (ODP-Btawhs mrforfled dOftdig tomanfh@iiRitbahtnBifonPi¥odBs 4 xed

with the suppressed ¢cDNAs and hybridized in 25, solution to a Cot of 200.
The bi oti nyl angﬂaﬂlEmm)-a“ﬁEP mpEbrapgs e e WEpREEin Saen Ve an axgossd to Kodak

strept avi di n- goa LA .. _beads. The beads were washed and the
primary sel ect edMgd%lzﬁs vvergelgﬂlj ed. These cDNAs were PCR anplified and a

second round & di ¢BNA Glehingtand ExppsisipeAnalysBd. The product of the second

-round- of IOdi rect sgl ti?n.iiqreferr_ed to as the secondary sel ected
material *°A Gal ani OE%EW ¢ HiegrraressinmeRtiths gqngs idpuified by drad P 1 q12- 13

(Evans, Genonkgstibfl atky sexdibic DAR%3hdenci %g; Liffanent during
the two rounds of sel e%egniﬂon. 5 Oc%lo g?%%ﬁ%s%%} 5@8@%%?’%%116951 -51
. The secondar ydstebases eeerivaoéeipatimenty wetepesfomeadrio Wrther clavaateriat thegames f enor al
“bone, ki dney, .ske | muscl.e, testi d total brain s PCR amplified
daing “oat 1§ LUEE FENE e T glighetaRlepritdes teet Bntm By and
cloned into tpelyhiRee chuetdeadtion Pl ol heribas HNOINgh 83T BeEdigafa, MD), in
accordance with the manufacturer s recommendations. Modifred priner
sequences$? DNA could be amplified from a pool of DNA molecules {a ¢cDNA library) or RNA

population (RT-PCR and RACE). The PCR primers were used in a reaction

containing genomic DNA to verify that they generated a product of the size

predicted based on the genomic (BAC) sequence. A number of cDNA Ilibraries were
then examined for the presence of the specific cDNA or EST. The presence of a

20  fragment of a transcription unit in a particular cDNA library indicates 2 high
probability that additional portions of the same transcription unit will be present as
well.

A critical piecé of data that is required when characterizing novel genes is

the length, in nucleotides, of the processed trapscript or messenger RNA (mRNA).

25 Oue skilled in the art primarily determines the length of an mRNA by Norther blot
hybridization (Sambrook et al, Molecﬁlar Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory, Cold Spring Harbor NY (1989)). Groups of ESTs and
direct-selected cDINA clones that displayed significant sequence similarity to
sequenced BACs in the critical region were groupéd for convenience fnto

30 approximately 30 kilobase units. Within each 30 kilobase unit there were from one
up to fifty ESTs and direct-selected cDNA clones _which comprised one or more
independent transcriﬁtion units. One or more ESTs or direct-selected cDNAs were



ai
NO

| -CUA: 5'C JA CUA CUA CUA CTG AGC GGA ATT CGT GAG ACERciolcSEE D
) Oigo3-CUA: 5' CUA CUA CUA CUA CTC GAG AAT TCT GGA TCC TC3' 10 ( SEQ

1 23) WbigoA:CUA 5 CUA CUA CUA CUA TGT ATG CGA ATT C%{@%jﬂgéfa ( SEQ
r 24) A igo7-CUA: 5" CUA CUA CUA CUA GIC CAC TGA ATT G3'  (SEQ
25) 15 digol [-CUA: 5 CtJA CUA CUA CUA GAA TCC GAA TTC CTG GIC AGC3!
(SEQ I D NG 26) The cloned secondary sel egf.ed material, fromeach tissue
source, was transforned into MAX Efficiency DHSa Conpetent Cells (Life

Technol ogi es, usRieishebagizatRprdtes f@&%ﬁﬁi&%@le@@iﬁb@&em@%ﬁéyﬁ%@oﬁm

col oni es were picked 20 fromeach transfornmed source and array into four
96 wel | m cr otiPuss. uping cemmepiallyseaitabitarideypis EhiifeHsabMoribboids; wer e

sequenced usi | ARI-_termnatoy.cycle sequencing kit (Applied
" Bi osyst ens), aﬁgﬁtﬁéﬂﬁgﬁg{%@fgﬁa@ %c no”ﬁé‘?c‘@#%a fed fluorescence

sequencer (ApplaneficiBitepsystens). Al sequences were anal yzed using the
BLASTN, BLASTX and_FASTA programs (Altschul et al, J Ml. Biol.,
215: 403. - 410 ( 1990Piregl eipnasicDRVA. lilages froko ifetsorildwne, and 5al8A89 bRE02

(1997)). The s 0_a J(dat e . containjng
sequences der;ﬁ%@% Eumer?%%%aé)%%@%%ﬁ&ﬁ&?ﬁﬁfb @&?‘bﬁ‘éﬂﬁ'ﬁ?b 5

Cct ober 2004 B@u6din14td@Haed DNH\$SGXIncike Wpd AnbifsiFMamE, Fislak indBNAd-0 T enove
- backgr ound cl% es,fromthe dataset using the program cross nmat ch. A
further round g? 2eatpms %%»Wsp%ﬂeéél%b%f(é?%ﬁ Bayieayeretinitipiiobpoken Bl ASTN2

agai nst known k). . _BA fromthe Bl 3M region.
Those cDNAs tha %&F@g@@g%ﬁo@géﬁg@aﬁ S%tcgsgvgée{‘.g%ég%elﬁi’ggm\ﬁg*%ﬁ% PIFI\ged 5 -
accordi ng0t o tddecadds alpbwdadnahbsﬁ@ﬁzbreﬁi@(@tema,aﬁlﬁﬁﬂﬁﬁmﬁ@_ Rt her

anal ysis. cDNA %g%u%ﬁ%gjs rﬁ}hat ywere identified but did not have significant
simiarity to ehEBAE: Toghe Rewdered bopedy dompssnizeg e pevdsied kons| i ni nat ed by

rom the. HBM 1o o e e P R B L o gt .
10 Hybri di zat befferdne Ghansrzyeski anslethctts, Arep Ribrbem DML 5 G MES(1587)) findBAC
_ targett polytron homogeniier (Bn'nkmax; Instruments). Additionally, human brain aﬁd lung
15 total RNA was purchased from Clontech. PolyA RNA was isolated from fotal RNA
using dynabeads-dT according to the manufacturer's recommendations (Dynal, Inc.).
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5

D
D
D

5

First strand cDNA synthesis was initiated using an oligonucleotide primer
with the sequence: 5-AACTGGAAGAATTCGCGGCCGCAGGAATTTTTITTT
TTTTTITTT-3'(SEQID NO:27). This primer introduces a Notl restriction site

~. 7 20 (underlined) at the 3' end of the cDNA. First and second strand synthesis were
' performed using the "one-tube" ¢DNA synthesis kit as described by the anufacturer
(Life Technologies, Bethesda, MD). Double stranded cDNAs wers treated with T4
polynucleotide kinase to ensure that the ends of the molecules were blunt (Soares in
Automated DNA Sequencing and Analysis, Adams, Fields and Venter, Eds.,
25 Academic Press, NY, pages 110-114 (1994)), and the blunt ended cDNAs were then
size selected by a Biogel column (Huynh et al in DN4 Clon_z'ng; Vol. 1, Glover, Ed.,
IRL Press, Okford, pages 49-78 (1985)) or with a size-sep 400 sepharose columnA
(Pharmacia, catalog # 27-5105-01), Only cDNAs of 400 base pairs or longer were
used in subsequent steps. EcoRI adapters (sequence: 5'
30 CH-AATTCGGCACGAG-OH 3' (SEQ ID NO:28), and 5' p-CTCGTGCCG-OH 3'
. (SEQID NO:29)) were then ligated to the double stranded cDNAs by methods
familiar to one skilled in the art (Soares, 1994). The EcoRI adapters wefe then



that selected them The BACs that were identified fromthestdRMyego@n were
arrayed and own into a 96 well mcroliter plate. LB agar containing 25
}rg/m ﬁay TPH was poured into 96 well mcroliter plaedodsaasnce t he
agar had solidified, pre-cut Hybond N+ nyl on nenbranes (Amershan) were

|l aid on top of 15 the agar and-the BACs were stanped onto the nenbranes in
duplicate using a hand held 96 well repbi-ca plater (V& Scientific, Inc.).
The plates were i ncubated overnight at 37C. The nmenbranes were processed
according to tmomdie@f encsof thedtiifvby didestivasvitiTia] (Iobids, 1998, Tieeded to

be mapped by h di z lified_ 20 using the rel evant priner

(ol i ggg 1, % %ﬂ’% %r“?mﬁéf’? &6%@9 F%FP@@%@L trviasenﬁar{pas PpCR

anplification Jonﬂ@amfd:ﬂﬁ)“ and\Bieig %@ﬁtﬁ%%& 11%95% é&:ﬁto'E (?'S(PDEH'OEOX' genin
I ca

mol ecule at the 5 of the oligonucleoti anpll I on wa
per f ormed under Hﬁ@sﬁr@eca@mamomghw fateiiar foloae slnhed:inébmra@omas of cDNA

Pool duct ted f i 1 d tity b
7o el ect r aphor S th A BB e Rl N S ek e ot thd oo 1 ot ] on
The nyl on rreraaromeaﬂsmia@iﬂgl IhRebPhrabReds %c&ﬁg@: thé‘l%ﬁ%%? WY o

pre-hybridized in 50 coni cal tubes containing 1

sol ution (5x é@wammﬁwsﬁh{@@lfommamwmmmmm@s W& @lihatedhe 50 ni
coni cal tubes sseri e.oven (Rohbins Scientific) for 2
hours at 65C. %ﬁ?ﬂgﬁaﬁg@r@% tré)g‘%%m%? é‘ﬁlé E?Fg‘?qﬁ?r@b"’%%d added

into indivi dua:he Slyrage memsaabndmbgac@ﬂigb@!fﬁlaaﬁldbH@th%'cmmﬁgé%a”e and
hybri di z t| on Lution- _The hybridization was perfornmed overni ght at 65

C. The fi Oteré q@al ¢l INA dibragies fyman fetaldesain et kigney, lekoeyterad f2d04 WO

S5 o soor, AR R Rt asatlapthiob BARAG R UL OTSL 2K SO et
fromthe 50 nm conchNA lihrbes, hmtﬂoﬁgca(ﬂ@ian&raﬂdonﬂh&hmef@l%) eﬁxﬁec’é RefdEeder e

placed bet Wee h ne reye hemfrom5 stjc ng to each other.
The incubat i o %ﬁf&“g’ 8 ¢ HBMcgipnplgnandope, dumeanwas

per f or med aCC%ﬂh,rlﬁuﬂaﬂ meymﬁaﬂﬁﬂs‘kemﬁfﬂ EHRAS

Mannhei m . The nenbranes were wapped In Saran wap an exp(k)se efbg Kodak
Bi o- Max X5t ay the inpermters, sxcens for. skﬂetammmmmmsmmmmi s

- Four 10 x 10 arrays of each of the cDNA libraries were prepared as follows: the

cDNA libraries were titered to 2.5 x 10° using primary transformants, The
appropriate volume of frozen stock was used to inoculate 2 L of LB/ampicillin (100
mg/ml). This inoculated liquid culture was aliquotted into 400 tubes of 4 ml each.
20 Each tube contained approximately 5000 cfi. The tubes were incubated at 30°C
overnight with gentle agitation. The cultures were grown to an OD of 0.7-0.9.
F_rozén stqcks were prepared for each of the cultures by aﬁquotting 100 pl of cutture
and 300 pl of 80% glycerol. Stocks were frozen in a dry ice/ethanol bath and stored
at -70°C. The remaining culture was DNA prepared using the Qiagen (Chatsworth,,
25  CA) spin miniprep kit according to the manufacturer's instructions. ‘The DNAs from
| the 400 cultures weré poolgd to make 80 column and m} pools. The cDNA
libraries were determined to contain HBM ¢DNA clones of interest by PCR.
Markers were designed to amplify putative exons. Once a standard PCR |
optimization was performed and specific cDNA libraries were determined to contain
30 cDNA. clones of interest, the markers were used to screen the arrayed library.
Pbsitive addresses indicating the presence of cDNA clones were confirmed by a

second PCR using the same markers.



10 To characterize the expression of the genes identifieds@étcgﬂe;?@@ cDNA
sel ecti on and genom ¢ DNA sequencing in conparison to the publicly

avai | abl ewaletrabzases, a series of experinents were perf aigfagkodgofurt her
characterize the genes in the HBMregion. First, oligonucleotide priners
were designed for use in the polynerase chain reaction (PCR). so that
portions of a cDNA, EST, or genomc 15 DB could be anplified froma pool
of DNA nol ecules (a cDNA |ibrary) or RNA popul ation (RT-PCR and RACE). The

PCR primers were uﬁﬂeiamDNAEMfyivmiddﬁﬁﬂé@ﬁéliﬂ&grtg%&ﬁﬁﬂl%m&Eﬁbsveri fy that
they generated a proguct of-the size predicted based on the genom c (BAC

sequence. A nfRBEPOBHINE B\psheribic frapssapt af intorepidroresha BN degion: ittwes pr esence of

the specific T f . . 20 nt..of,.

transcription uni Iﬁ%tﬁgg %Oé%??%u ﬁrr%%g%&lc?%}mﬁ]é ciﬂnl\g?gayfg sld%nq%%&ﬂthe

“probabi | ity tEAT emitiieti-seieated pDINA offisterzbt. (s Wwamecdnipiabed Byt iodifitdlioh Wi | | be

present ag vvelfl. A (éri t,i élal g)i ece of data that is required when

char act er Pzi ndt HisEndgE, selonyscreenmel methed (Sambrogket abMadecular G¥orings Apr ocessed

‘transcript or mg,mﬁggmgbﬂc(, | I [ imarily

deternines the |ength of an b?fE@Ngorot %@Bﬁbﬁ&dﬁﬁgg@é’%% ( Sanbr ook

et al, Ml ecul(2989). dipecidically, tvedniyr Hi0ammy: I Banmplcillifaga plafprwengsprendiveth

Labor at ory, pri ng .Har bor . 198 .Goups of ESTs and

di rect - sel ecf?ﬁ@@ﬁ}ﬂ%?&@%%&@){%ﬁ h@?@#ﬁﬂ?&ﬁ&’”&%ﬂ%@ﬁﬁl arity

- to sequenced JBA@5HL B 37E. @o&&ﬂi&%eré@zﬂ{s:?é&e%&:ﬁd&fﬂ&?@?ijggﬁdﬁgﬂyeni ence into
’ ;

30 approxi mately 30 kilobase units. Wthin each 30 k ase unit there were
from one 10up tAgngrshany, oFeivalend) atiddgplicates prptred by Prissing twocBtevshiogdthe onpr i sed

oot - sl ot SHUERRRCR Meec B BBk S0 Molspyrs b o Besor et Mot 54
used as hybri dicid§priy HabbieSabbtdif IS e d HebarY (19895). trhe" vin a

variety of tissues, using commercjially available reagents (Miltiple Tissue
Nort hern bl ot ;I’latﬁvéﬁ@é%mc%rﬂéwnﬂdﬂlapn@éfa oy o allow tgecolanins & griowrtmck.

fecomenden, gk mANPELILS iy Skl BEOTER AR b 5,
faniliar 160 orike flkirs $egdertially éthaktan(mrsoRuianl. £N N 1eSM Na@) oot ed DNA
Sequenci ng and .Anal ysis,. Adans, [Fields and Venter Eds., Acadenic Press,
Ny, pages 110 iAoy iSeHizaitoBoREomEk M TrE-CHH §.Oph-SRENATH o5 two mimmtos
(twice). The bacterial colonies were removed from the filters by washing in a
solution of 2X SSC/0.1% SDS for one minute while rubbing with tissue paper. The
filters were air dried and baked under vacuum at 80°C for 1-2 hours.
20 A cDNA hybridization probe was prepared by random hexamer Iabeiing
(Fineberg and Vogelstein, 4nal. Biochem., 132:6-13 (1983)) or by including gene;
specific primers and no random hexamers in the reaction (for small fragments).
Specific activity was caloulated and was >5X10° cpm/10° pg of cDNA. The colony
. membranes were then prewashed in 10 mM Tris-Cl pH 8.0, 1 M NaCl, I mM
25 EDTA, 0.1% SDS for 30 minutes at 55°C, Following the pfewash, the filters were
.prehybridiéed in>2 m¥/filter of 6X SSC, 50 % deionized formamide, 2% SDS, 5X
* Denhardt's solution, and 100 mg/ml denatuired salmon sperm DNA, at 42°C for 30
minutes. The ﬁltérs were then transferred to hybridization solution (6X SSC, 2%
SDS, 5X Denhardi's, 100 mg/m!? denatured salmon sperm DNA) containing
30 denatured o:**P-dCTP-1abeled cDNA probe and incubated at 42°C for 16-18 hours.

After the 16-18 hour incubation, the filters were washed wnder constant

agitation in 2X SSC, 2% SDS at room temperature for 20 minutes, followed by two -



fragments wi-th a hamrer, and the small pieces were frozensidguleavbsh
nitrogen and 10 reduced to a powder in a tissue pulverizer (Spectrum
Labor at or YWPP0&E#HFeT s). RNA was extracted fromthe powderedrhsnesdsy

honogeni zi ng t he powdered bone with a standard Acid Guani di ni um

hi ocyanat ePhenol - Chl or of orm extraction - buffer (e.g. Chontzynski and
acohi, Anal. Biochern., 162:156-159 (1987py- using a polytron honogeni zer
(Bri nkman | nstrument s Addi tional ly, human brain and lung 15 total RNA was
pur chased frorﬁ“@b@ﬁ SKC frmo) ea&hsAlawirdtvwﬂhwampwrfcmmadeﬂ\ﬂXSSSJ ng

dynabeads-dT a fac er S econne ons (Dynal, Inc.).
First strand c ‘ﬁ?‘ﬂ’el r%ﬁﬁtgsg&%ﬁc‘? &IWPB?‘f @éﬁplaﬁé pri mer
Wi th the sequeag® sed&orﬁ&@m&mﬁ%ﬁ{ghﬂ 'Aftekhim ITTTTTTTT- 3
(SEQ ID NG 27). This priner introduces a Notl restriction site 20

(under 1 i ned) afleVFW@mnt, Eividrl eqleniespmiplaies ware aligndd saibdindhvgiradioplaphysot hesi s

wer e perf o ned s, kit .as descrj.bed by the
anuf acturggr E § Qj?’ec@:n ?@gl eéﬂggetnﬁ%g XW%&%W@%&WBE DNAs wer e
treated with TAﬁemm;zmgmi 36 Ci fel -k hoas i@t e oSt Solittalwd0 8@ 88 150 mbhe
nol ecul es were Dbl unt %Snar es in Automated DNA Sequencing and Anal ysis,

‘Adans, Fiel ds Bals s gecondarg gereeningy A%‘H’é@mséfemwaswﬁcﬂdg@mm 114

L5 R B ey Bl Eof S 500 Bl 00

pages 49-78 (1ﬁﬂﬁax)mmmdm1tchlomsmﬂdbeaea&@adamﬁb@f@@&kﬁigl um  ( Pharuaaci a,
cat al og # 7 5105- E‘%% CE)é cDNAs of 4Q0 base pairs or |onger were used in
subsequent steps B CORHE preTEr c(%@@’ﬁ@éele@l’m EFWWE&QA@G%O—I 3
(SEQ I D NG 28) ¢} ﬁé%@vée Eﬂ%ée en |igated
to the double s(t)randedchNAs by rret‘%ﬂlg% ? arlel%légg%?eé% ?ﬁﬂ%;@l n the' art

(Soar es, 1994)seqErsingde Rbnfa@atbét @qsemenbnﬁtmbatwiexsth@onghelrprmmm 41/ 77327
?CT11150011695, re r e gestion with
Noti (Scares, 1%%1&5?%10?52?0 ‘ﬁ‘?a"@‘hg%ﬁl?[ﬁg&@ﬁﬂ? Beqllﬂ’é?egyﬁ'#ﬁ #drict or

pBl uescript 11thESibné ﬁeﬁﬂﬁc’&@d&%e&-@ roi:@'tﬂe%’br&%l_fzﬁﬂr'ﬂhﬁlbmcé@%ﬁ Reedibpat ed

material was transforned into .E. coli host OB or

el ect r opokat i owntil Fstleretfy of thaPNArclned patsheithitiestitmated tothe fali—lengfsdnarthﬁs 5
1994) . After g ¥ Qt at 37C, DNA was recovered fromthe E. coli
col oni es after scraping e plates by processing as directed for the Mega
. prep kit RT-PCR was used as another method to isolate full length clones. The

cDNA was synthesized and amplified using a “Superscript One Step RT-PCR" kit
7 (Life Technologies, Gaithersburg, MD). The procedure involved adding 1.5 pug of
- 20 RNA to the following: 25 pl of reaction mix provided which is a proprietary buffer
' mix with MgSO, and dNTP's, 1 pl sense primer (10 pM) and 1 ] anti-sense primer
(10 pM), 1 pl reverse transcriptase and Tag DNA polymémse mix provided and
autoclaved water to a total reaction mix of 50 pl. The reaction was then placedina
thermocycler for 1 cycle at 50°C for 15 to 30 minutes, then 94°C for 15 seconds,
25 55-60°C for 30 seconds and 68-72°C for 1 minute per kilobase of anticipated
product and finally 1 cycle of 72°C for 5-10 minutes, The sample was analyzed on
an agavose gel. The product was exciéed from the gel and purified from the gel
(GernieClean, Bio 101). The purified product was cloned in pCTNR (General
Contractor DNA Cloning System, 5 Prime - 3 Prime, Inc.} and sequenced to verify
30  that the clone was specific to the gene of interest. |
Rapid Amplification of cDNA ends (RACE) was performed following the
manufacturer's instructions using a Marathon cDNA Arﬁpliﬁcaﬁon Kit (Clontech,



(Qagen, Chatsworth, California). The quality of the eDNAsljRiRfb@S wWas -
estimated by countl ng a portion of the total numbers of prinmary

t ransf or W@ avzmey deternmining the average insert size an@rihe188( cent age
of plasmids with no cDNA insert. 10 Additional eDNA libraries (human total
brain, heart, kidney, |eukocyte, and fetal brain) were purchased fromLife
Technol ogi es, Bethesda, MD. eDNA |ibrarisgs, both oligo (dT) and random
hexanmer (Ns) primed, were used for isolating eDNA clones transcribed

wi thin the BBWalvedfimiA)he ramted fer, clditinghe ShimdBrendhofm@AdEEE BEes AaBONRUMN

skel et al rruscl e (all brari were made by 15 the inventors, except
for skel etal ngﬁ?ﬁm%%r%o%?%gwff-ﬁﬁ?em& rsﬁ'ﬁde?é’}ltheﬂﬁd[hﬂelﬂ) X 10

arrays of eac @aﬁﬁlebb%tﬁm&drﬁﬂ@ﬁm&&h%%% thgc? g]c{lﬁ prai r%][eaingti;h

I'i braries were titered to 2.5"°x 106 using primry
appropri at e v3@PUEmookd bnieand Sillowied by thetldition of: Smﬁwbtm‘::ﬂbaffbr o mM

LB/ anpiciklin 0. m This_inoculated |Liquid culture was aliquotted
i nt onApfOO %ubeg&g@ WMRWSEEQWW%E&Q %ngheﬁlbﬁﬁ"ﬁlﬂﬁﬁbaéf}%ﬂ%goo cf u.
The tubes wer 612"@%.#%&B&E%hdﬁﬁﬁth%ﬂﬁ%@%éﬂc&%ﬁ% 5 Rhd Qg The

cultures were grown to an CD of 7-0.9 en st oc S were preparedfor
each of the caynesissthpfollofiingrasronens we@ aldwifdiectiyt torie reanidn 36: §4  of 80%

gl ycerol. Sto r e f e aﬁ&g e/ ethan bath and stored at -70
C. The renai n%%én%\% ur@\;ﬁag"ﬂ%ﬁ éﬁﬁ"é& 2 seeondAnd e wor th, , 25
CA) spin nini pﬁmﬂmﬂmmmnMetv@smabmitqts@@rdfﬁ%fho%ﬁ ASiHY&L i ons. The
DNAs from the 400 cultures were pooled to make 80 colum and row pools.

The eDNALO[ | bPQ}YP@?SW%a‘@éfI&qundumqﬂbawtd@mfm%mum i nt er est

byPCR  Markerg gdes Once a standard
PCR opti ni zatl o%&\g’\g% pe?%g@?regkqvé%d“; "émdgmiba%bﬂ@‘ i es were deternined
to contain. 3BDIANAlycOgmanixoThé Singylewbs sub eﬂﬂf%ﬁi’eﬁol)ﬂm&ofdﬁ@%c&a‘éu&i”een the
arrayed | ; brar Posi.tive addresses indicating the presence aof cDNA

clones were cB&MF ¥ FRROHYm Acetate P Rptatig. J@Pﬁ@%ogme pheekadrior qBlitct ober

2004 WO 01/ 77 dodtil M&@g dgﬂﬁgm I{Q&léﬂ! ﬁgf I dentified
as likely to g%nt ai n cDNA €l one%;correspon Ing to a specf%/ FFanscri pt of
i nt er est 1% r on{(CloatesiBMearermligatéd ontmthe cHNA s aTigchpedific sdab@tsecohbmeg! one or

CDNA of i nt or BEpsRerb Sked g srpkbhong et or 3 cuds rpendae of et andar d
"col ony scr eepliagationRi RRtGehSHEES gkmet (P) tiPlaCHbah. FORGRG othe
double stranded cDNA was added to the following reagents: 10 pM Marathon
¢DNA. adapter, 5x DNA ligation buffer, T4 DNA ligase. The reaction was incubated
20 at 16°C overnight. The reaction was heat inactivated to terminate the reaction. PCR.
| was performed by the addition of the following to the diluted double stranded cDNA
pool: 10x cDNA PCR reaction buffer, 10 pM dNTP mix, 10 pM GSP, 10 pM AP1
primer (kit), 50x Advantage cDNA Polymerase Mix. Thermal Cycling conditions
7 were 94°C for 30 seconds, 5 cycles of 94°C fof 5 seconds, 72°C for 4 minutes, 5
25 cycles of 94°C for 5 seconds, 70°C for 4mi3iutes, 23 cjrcles 0f 94°C for 5 seconds,
68°C for 4 minutes. After the first round of PCR was performed using the GSP to
extend to the end of the adapter to create the adapter primer binding site, exponential

amplification of the specific cDNA of interest was observed. Usnally a second
nested PCR is performed to confirm the specific cDNA. The RACE product was
30 analyzed on an agarose gel and then excised and purified from the gel (GeneClean,
| BIO 101). The RACE product was then cloned inio pCTNR (General Coniractor



Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spgifg.ddankey NY
(1989)). Specifically, twenty 150 mm LB+anpicillin agar plates were spread
with 20, WEMWEEFhy fornming units (cfu) of cDNA |ibrary mrmwisovesssol oni es
allowed to grow overnight at 37 C. Colonies were transferred to nylon
filters (Hybond from 10 Arersham or equ valent) and duplicates prepared by
pressing two filters together essential-b§ as described (Sanbrook et al,

Mol ecul ar d oning: A Laboratory Manual, Cold Spring Harbor Laboratory,

Col d Spring Han&r,CNﬁngﬁwggn;S'-Thblc:)mmeDNApé@me\mmmtdmﬁb@med an
addi tional 6-8 hgg}rs.to a IPV{Ft he cg{ngeni es to grow back. The DNA fromthe
bacterial col ol &EPRESPFHENOLRS 506 8 1 he nylon filters by treating 15 the
filters sequengial | Mutdtion Mdedatsuri ng solution (0.5 N NaOH, 1.5 M NaCl) for
two minutes, neutralization solution (0.5 MTris-C pH 8.0, 1.5 M NaCl)
for two mnutes (t$&freRarativeigenes ssreidemnified vHiogitesbowernzoceduwey e the ewant he

filt b LA, | 4t f_2X. SSC/0.1% SDS f . nute whil
rubbing w1 h ¢ PR et re kAR Gl R bR Cam B dnor

vacuum at 80C feguienting westusal to 2Rn#¥yGIalin hSinZ NI RERL BB &or €par ed by
-random hexaner | abelin Fi neberg and Vogel stein, Anal. Biochem, 132:6-13
Mﬁfgllg

(1983)) or by #Hep £3. RN Asequencesfonpendidain genss weraradphifiké famer s i n
the reaction ( t Specific activity was cal cul ated and
‘'was >5X10% cpr&%&%ﬁgﬂ%#ogé%@fmh@%ol ony nenbranes were then prewashed in
10 "M Tris-d pH 8.The ifivdutoNadaivelopeddvinetbodEb3EA oanklykes IBFiréADNBY M nutes at
55 C. Fol hgvm n%qt heiﬂpg\f‘%ﬂi@? ‘he filters were_ prehybridized in> 2
“m/filter of 6%IEEEE s Zeptifiedt femcandidabaregipes tosssercinton figr dt ' s

sol ution, and JfHE gjgmgﬁjmhyr [PHA. 4 I nut es.
The filters were theélJ ransf er r%gpt%%le%gﬁ}%%egh on es%gﬁfla%&n&%%%%?a? 2%
SDS, 5X Denhar sibssty ¢ iBMfamily thefivalt segreghtimg polymosyhdsnis SlA popalaial panego 30
denatured a3' P-dCTP-|abel ed robe, and i ncuhated at 42C for 16-18
hours. After TH&® %“?P&&Pfﬁla%?}g’% , tﬁéﬂ%”?’ﬁé?@%?@%@%é under
constant  agi t ghdlofounfer Go thé %asaBriad thh ORISR B '&U}.\%vtr@r;: | nut es,
foll owed by two Cct ober 2004 WO 01/ 77327 ?CT USDOf%QS - h%s es at 65C

for 15 mi hut essa@geausafivapadppephiesh was perfornmed in 0.5 X SSC, 0.5% SDS
for 15 m nutes at Eil:ter re then, w apped | i ¢, wap and.
“exposed to radi ogr%ﬁ@%i&#@gfﬂﬁﬁcﬁmmﬁﬁs 9#\7@?#% mxXfter film
devel oprent , i codbivtinleltheqpbioind ahugRerDhl RS Mot fahdran@Brotict.h t he

aut or adi ogr aph, so
Monochromosomeal reference sequences were produced concurrently and used for

comparison. The mother and danghter carried the HBM polymorphism in this
20 nuclear family, providing the ability to monitor polymorphism transmission. The
' net result is that two FIBM chromosomes and six non-HBM chromosomes were
screened. This allowed exclusion of numerous ﬁ'equent' alleles. Only alleles
exclusively present in the affected individnals passed to the next level of analysis.
- Polymorphisms that segregated exciusivély with the HBM phenotype in this
25 original family were then re-examined in an extended portion of the HBM pedigree
consisting of two additional nuclear families. These families consisted of five HBM
' and three unaffected individuals. The HBM individuals in this group included the
two critical crossover individuals, pfoviding the centromeric and telomeric
boundaries of the critical region. Tracking the heredity of polymorphisms between
30 these individuals and their affected parénts allowed for further refining of the critical
. regi_on. This group brought the fotal of HBM chromosomes st:reéned to seven and |

the total of non-HBM chromosomes to seventeen.



5 that they could be picked into a 1 m solution of LB Brgtdy tzg@fﬂ ng .
anpicillin., After shaking at 37C for 1-2 hours, aliquots of the solution

wer e pl at egoaw7d20 nman  plates for secondary screening. §E?RI§61}?1%§/— screeni ng

was identical to primary screening (above) except that it was pe:’rlf ormed on

pl ates contai ning 250 colonies: so that individual colonies could be
clearly identified for picking. 10 After_gpol ony screening w th radiol abel ed
probes yi el ded cDNA clones, the clones were characterized-by restriction

endonucl ease cl eavaloen RGRen potgudih At conBRUD UGl dE ALY RIg, sequence

identity between the original probe and the 1iso one’ 'To obtain the
ful | -1 ength cDRRM phasoiige & the exferded graup onpapuéation o was then examriecd, dgng i fi ed

Fongtn of tho PRROOR HetBheloh 808 P R RRl R8N 1o 5 o bresigRtaby the
nor thern bl ot amsity sids42 iBfiviRGRs RBGwIEME vaRl AROLRSHHRIERE bR highat e full

| ength cl opes. ,The CcDNA was synthesized and anplified using a uperscri pt

One Step RI- pciensity.; Noymgl beneraiagmbiengiieis wittai tvvestaidandgleviniins cFBMDZocedur e
[ | ved addi fl f.ol.| ow.,ng....25 | ..0f. ti '
b ovi ded ani oo & Tkl GrblNos bl A2 widry, S et orstiiatds. | °p) "

sense primer (Afly pghdgatingpalyndrpRisins faed EbdRtdMikhis pdfiidihweie 1 Pl reverse
transcri ptase and Taq, DNA pol ynerise mi x provided and autoclaved water to

a total reacti SHFSqErRLEFexapmingd pn theycative FRM, nedigreesnd pdarepripepddtiom a

t herni ocycl er for : - LN t hen.94C for 15
seconds, 25 55- GOC%O?)%E% egg%lgn gﬁsa%@%%g?d??ggﬁ%ﬁ%ﬁ%%ﬁgtﬁﬁ’%ése of.
antici pattdl pfrod tiot HBNGfafmilg's DNA aelmbechiombanflabnold Orfdyiaties. The sanpl e
was anal yzed on ggﬂar se %%' ._The_product was excised.fromthe gel and
purified from ﬂ’%ﬁ%@ VSRS i the BHEM 1egiqn onrhlg 12113 was eepopmdished tusing s

cloned i n pCTNRe bERAGIRbligoRAM RS | ke - 3 Prinme,
~Inc.) and sequenced to vegrif 30 that h%%%h?@%%%@?%'?’gé%o t he gene of
i nter est. Rapi GeWapr dlenatts efreadf ganBNEhepritners Rahosmso peplifyremeidedonlab owi ng

t he manufact ‘s, dnstructions usi.n .Marat hqn ¢ lification Kit
(Clontech, 5 &ﬁ)ﬁ?ﬁl%%le%egﬁ%%gﬁﬂ%@?%ﬁ%?@@ggW% Alto, cA as
a nethod for @PCRpAtictRErdmadidt Bim@Rds f&iﬁt&tﬁ'&%ﬂ%@r%ﬁ&@%@.@%@ﬂﬁom S

“were prepared fromtotal RNA bqwgerform ng first stra where a
sanpl e of tot a?lFFﬁﬂAG?MIC@&ﬁé CAGTHHSEQIBING 38 ansl -28REV (T AR ner

heated 10 AGCTAT GAC CAT G -3') (SEQ ID NO:31) primer binding sites were built on to -
' the 5' end of each forward and reverse PCR primer, respectively, during synthesis.
150 ng of genomic DNA was used in 2 50 1 PCR with 2 U AmpliTag, 500 oM
20 primer and 125 pM dNTP. Buffer and cycling conditions were specific to each
primer set. TagStart antibody (Clontech) was used for hot start PCR to minimize

primer dimer formation. 10% of the product was-examined on an agarose gel. The
appropriate saraples were diluted 1:25 with deionized ﬁater before séquencing.
Each PCR product was sequenced according to the standard Energy Transfer
25 pri;:m: (Amersham) protocol. All reactions took place in 96 well trays. 4 separate
 reactions, one each for A, C, G and T were performed for each templafe. Each
reaction included 2 pl of the sequencing reéction mix and 3 pl of diluted template,
- The plates were then heat sealed with foil tape and placed in a thermal cycler and
cycled z_tccording to the manuihctmer's recommendation. After cycling, the 4
30 reactions were pooled. 3 ul of'the pooled product was transferred to a new 96 well
plate aud 1 plof the manufactzﬁe;’s loading dye was added to each well. All 96 well
- pipetting procedures occurred on a Hydra 96 pipetting station (Robbins Scientific,



70C, cooled on ice and foll owed by the addition of 5x fir uffer,
10 MM 5 dNTP m x, and AWM Reverse Transcriptase (20 U pl )Sbfﬁige?ggoetpwas

i ncubat ed WO 022 for one hour and then the reaction tubmrmasemdsaced on

i ce. For second strand synthesis, the follow ng conponents were added
directly to the reaction tube:.Sx second strand buffer, 10 nmM dNTP m X,
sterile water, 20x second strand enzyne-6gi-.cocktail and the reaction tube
was i ncubated at 16C for 1.5 hours. T4 DNA 10 Pol ynerase was added to the

reaction tube UHY). ilnd obpdcdel mitedA & af directly 16ddBAI6MS a 48 The gelhanify st kand -
synt-hesi s was éﬁgﬁ{ d w tg]h%?he ﬁgdition of an EDTA/dycogen m x. The

~sanpl e was sutﬂﬁ SSIURNCENOT 3 dH Peito?- 6 KM Bt r acti on  and an anmoni um
acetate precipitatpgh,zLh ﬁ%pmr | it

- anal yzing on an qgar%}‘ger ggj or si ze&%rpgjﬁgég%%gé%@ﬁ%ﬁh%% dapters

15 (C ont ech) fevereving eith|Gogeaddtnivatsity bf W astibfdor)n §squehétr vapasidutiedidapt er s

contained. primng. sites. that allowed for anplification of either 5 or 3
ends, dep@ndi ﬁb"“B%mP eﬂ%&ﬁ?@ﬁ@%‘?f‘ y membegand capies for espseifisd FargebsP)  t hat

was chosen. ARegidd, OtHe wa dohb SepaRUiP R efdh R E%ggrgg %)?W&ﬁ bfrdne

follow ng reagents: 10 gM Marathon cDNA a I gat1on buffer,
T4 DNA | i gase rediinweredaaiudeddongach individat doh@itlateadsd®mtter ni ght . The reacti on

heat i nact]j terminate the reactjon. PCR d by th
Bddi 1on of ¢ RSPl Snt AGelr S selmon Bt GO AR | O
CDNA PCR r eac tndiatdd\potential pbBmidrsil Btediwith a&%ﬁméfh SPrwd feadtdM Bfeptnadpfiy TEr

(lit), 50x Advantage cDNA Polynerase M x. "Thermal. Cycling conditions were
94C for 38 sedimigd each agspablsangfasgased ther validiseeheipyple FBggadrsitds. i nut es, 5 25

cycles of 94C for 70C for. 4ivinute 3 cle f94C for 5
seconds, 68 C forgﬁt?npnu Ze?ns&%sg?“?ﬁ%%%ﬁ%%ﬁﬂg%?’e%ﬁfﬁmg &5 f or med
using the GSPof the peixtagnithnkeaipt hereanveluakd fi@crmapioity nhemeaefbiig dapt er
primer bindi ng%smagxpo ential - anplification of the specific cDNA of

i nterest was OBREPMEEICE [Ryo Bnaffeets andividuplse 25 [SORsveerqidertifiedasd 't o confirm
- the specific ; froduct was 30 anal yzed on an agarose gel and

: in G518 !
then excised and purified fromthe gel (GeneC ean, BIO 101). The RACE

.product Wis t AABLE érSiugi NuslepGidRolyBonshiahs Hoht Zacizd Gene abd BRefiro@d04 WO
01/ 77327 PCTI USE9-169%3-—B69—DNA-Cloning —System. 51-. 31 inc ) and the DNA

sequence detefm ned tBxweNeky that f{he clpp@tio spec|fipsgetfahde pene of
Interest. M WMtation Analysls )
| 1200e21-h_Contigl l.nt 69160 (309G) C/A
- b200e21-h_Contigd_12.xt 27402 (309G) A/G
b200621-h Contigd_13.nt 27841 (309G) - { .. TIC
20 |b200e21-h_Contigd 164t 35600 (309G) AIG
b200e21-h_Contigd 21.nt 45619 (309G) G/A
b200e21-h_Contigd 22.nii-2 46018 (309G) TG
b200e21-h_Contigd 22.nt-b 46093 (309G) TIG
| b200621-h Configd 22.0tc 46190 (309G) AIG
25 b200e21-h_Contigd 24.nt-a 50993 (309G) T/C
| b200e21-h_Contigd 24.ntb 51124 (309G) C/T
5200621+ Contigd 251t 55461 (309G) - oT
1200e21-h_Contigd 33nt-a | 63645 (309G) . C/A
b200e21-h_Contigd 33.nt-b 63646 (309G) AJC
30 | b200e21-h_Contigh 61nt 24809 (309G) . T/G
200e21-h_Contigd 62.nt 27837 (309G) T/C




Conpar ative genes were identified using the above procedukegssiaRdoidhe exons
5 fromeach gene were subjected to nutation detection analysis. Conparative
DNA sequensbirgsyes used to identify pol ynorphisns in H%%%}lgﬁie genes
from chronposome | | gl2-13. DNA sequences for candi date genes wer

anplified from patient |ynphoblastoid cell Iines. The inventors devel oped
a nethod based on anal ysis of direct DNAgO sequencing of PCR products
anplified from candi date regions to search for the causative pol ynorphi sm
The procedure consisted of three stages that used different subsets of HBM
fanj|y to find_sgg;ggating pn!ynnrphiQﬁR and-a pnpulat'nn panel to assess
the frequency pf the poksWiRbi snms. The fani,‘gaéﬁ[,gsourcés-gﬁgéejﬂ;n Joma
si ngl e founder{Teadl Mg to e _assunmptjomrthat—att—af-fept-et—+ret als will
share the 15 ph#ifeZzlhGontigd G3aiinor phi sm31435(@093)t e rpgi onLC/Bere f|rst

screened in a B f~t he Mtamly c S of fhe proband,
daughter, and h@%ﬂéﬁ&and hr ot 82&3(5%5 ochr bnosod®t refelence
sequences wer el pZORERICELCa@ing whent |y pnd g_@g@@@j@ conpari sghz The pot her
.and daughter cgr s a—tt-S—20—hpe-ear—raii--y

provi di ng the pb¥27di3-htCGontigh3dgi.npal yhor pBLMO BO&GEs N spi on. THJe net result

is that t B / I S S d. Si npn-H Mchro%somes Were screecned.
This all oied e ﬁimﬂ?ﬁﬂ%ﬂ% frbauedfo38 GM@s ly a¥/€l es

exclusively pressgntidA chRigpidcEeled i pdi vi I@Og@ssed to thesnext |evel of
anal ysi s. Pol yporphrsms—tiat—Segregatptexetst—v-et-y—n enot ype
in this 25 orj b¥a7812-haGintig0§ke d.at hen| r e- BKEISI(BGRG)I n. ext €nded poftion -of
t he | BM pedi gri I St1.n t agditronal,_nuclrearframlJles. These
families consi Lﬁ@ﬂﬁﬁ?ﬁﬁw@ A% 1 o} ee AUHHGOSQY | i vi __The HBM

i ndi vi dual s i n 49781 8% QtghtichgdcU dgd thF 302‘&3@ (gégé! cal| crosgguer

individuafs, e cent ot e re—t-€n t he
p bet @#&n

critical Megi glanZde&‘rkj_@rglﬁgﬂ@_hHPmdi ty of 68R80YBANGhi s t hese

i ndi viduals and their affected parents alTowed for further rerining of the

critical region. Eﬁia&di%@%ﬁh@ﬁ%ﬁ%hkﬂ@ﬁd%ﬁédiﬁﬁ‘aﬁgul&Wﬁ&?ﬁgﬂ%s screened

to seven and the total ofnon ronmoSones to seventeen. t ober 2004
WO 01/ 77327 PeHlmphisgs san also Bprageetin SEQ RO Fo Thawiphisngedposiioed t o

S egr egate exclipph Y)?bﬁQ%tI\I?Obh ®ither a guanine or an adenine can appear at this position.
' This polymorphism is silent and is not associated with any change in the amino acid

15 sequence. The second change is at position 4059 of SEQ ID NO:2 corresponding in

a cytosine (C) to thymine (T} change. This polymorphiste results in a corresponding
amino acid change from a valine (V) to an alanine (A). Other polymorphisms were
found in the candidate gene exons and adjacent intron sequences. Any one or
combination of the polymorphisms listed in Table 4 or the two discussed above
- 20 could also have a minor effect on bone mass when present in SEQ ID NO:2.
The present invention encompasses the nucleic ac1d sequences having the
nucleic acid sequence of SEQ ID NO: 1 with the above-identified poinf mutations.
Preferably, the preéent invention encompassés the nucleic acid of SEQ ID
NO: 2. Specifically, a base-pair substitution changing G to T at position 582 in the
25 coding sequence of Zmax1 (the HBM gene) was jdentified as heterozygous in all
HBM individuals, and not found in the unaffected individuals (ie., b527d12-
h_ConﬁgOS’]C_l af). Fig. 5 shows ihe order of the contigs in B527D12. The
direction of transcription for the HBM gene is from leﬁ toright. The sequence of
contig308G of B527D12 1s the reverse complement of the coding region to the



HBM phenot ype in the extended group, a popul ati on panel wastdeprxam ned.
This panel of 84 persons consisted of 42 individuals known to have nor nal
bone m ner#P 0i/gEsi ty and 42 individuals known to be unretmtsdidet with
untyped bone mineral 5 density. Normal bone mineral density is within two
standard deviations of BMD Z score 0. The second group was fromthe w dely
used CEPH panel of individuals. Any segilgating pol ynorphisims found to be
rare in this-popul ation were .subsequently exam ned on the entire HBM

pedi gree and a | arger popul ation. Polynerase chain reaction (PCR) was used

to generate s mg%ﬁ 1atibd 1.& amdy: ‘
r'mnochrom)songjl C tér]o S. En’g%/lﬁgetlc Pé%ﬁ@%ﬁ%%é%ﬂég%@%%qgﬁ he HBM
regi on on 11 q#&2bi® chapeacistition shicdo Sk @ cotnpRuftiRo e G toF sgeamtbeot | des
fl anki ng each .e orh;@ﬁ wel |, as the putative 5 requ] at or¥ el ements of each
gene. The pri H’éﬁ’? £ oLEHIPBLgR cAuses 2 whstiution on glysmgdl/] with valineor nor e
base pairs w thfygach intron on either side of the splice. All 15 PCR
prinmers were nmade as chinmeras to facilitate dye priner sequencing. The ML3-

21F (5' - GTA A CGATEcHEGCpelgmordism waEQnfifnddby3Qminigg; the BRA/sdghénce AAC  AGC
. TAT GAC CAT G 3.3 SEQ L.D.. 1) . pr,j mer. bi ndin [tes we built on to
the 5 end of %Fﬁtfggﬂ%??’én%u%évgf@%mmﬂd%%i*B Eet'{@el y, during
synthesis. 15Q4iidudd), 66 BRM Golphid #aSohskYe@indPd HeterBE ot U

Anpl i Taq, 500 DM 20 pri mer a%?i 125 i 11! dhrFP. eBltﬁlffer arn 8ycfopﬁ§n condi ti ons
wer e speci fi c affectedidis-, elsvatebbonsanass)TadiGidnals omln (NBEly B @afitted fejatives used
for hot start hol g Ler, diner formation. 10%0f. f he, product -
was exani ned (gﬁ%%r?ctg%%?é@?ﬁ.ﬁé%d}’%% Waétugveggﬁﬁpéeg. (\)thdgg ted 1:25
Wi th dei awi zedvhsttethidymilyh@pe Wk otédbsdenain BERIRLAMEEdewFshergavenced
according to the standard Energy Transfer 25 prinmer (Anmersha rot ocol .

Al'l reacti ons Pedigreepdd pbenqtyrsd mdyifualy wes charadiaizad alrthe sifee{E1 9 BBM  one each

for A C Ga T I ; r tion included
2 pl of the s qu%n%?%%%%?%ﬁ%%ﬁ%égf@%gg %ﬁ’ﬁ‘&?@gﬁ?’é’ﬁp ate. The
pl at es wer e t hmphdneypedamirebiorai, hohoof 64tindigidadisivil abativddio Be t her mal - cycl er

~and cycled a&%ordi ng to the mapufacturer's recomendati on. After cycling,
e

‘the 4 30 reac &t prsiioads2 3 Talrendozethen thiseadapisvetgtie was transferred
to a newi8§6 w Bladed i %f : ' | was
added tolgac\r,\\,@\ﬁlie}ﬁnfllﬁ%&l%% v?/élulpthég?{)djé‘%d[]lﬁsﬁ p cﬁ%géginegg%g?%dg%gﬁg Hydr a
96 pi petting stranglyeorfeRitowitls th8G-chpolfinorphism@t poriteom 53004 ZnaxD1177327

FEIALSCORLEES Furth&hore, these results coupled with the ASO results described below, establish

that the HBM polymorphism genetically segregates with the HBM phenotype, and

) that both the HBM polymorphism and phenotype are rare in the general population.
20  XIL Allele Specific Oligonucleotide (ASO) Analysis |
The amplicon containing the HBM1 jaolymorphism was PCR amplified
using primers specific for the exon of interest. The appropriate population of
individuals was PCR amplified in 96 well microtiter plates as follows. PCR
" reactions (20 pl) containing 1X Promega PCR buffer (Cat. # M1883 containing 1.5
25 M MgCl), 100mM dNTP, 200 M PCR primers (1863F: | |
' CCAAGTTCTGAGAAGTCC and 1864R: AATACCTGAAACCATACCT®), 1 U
- Amj;ﬂitaq, and 20 ng of genomic DNA were prepared and amplified under the
: -following PCR conditions: '94°C, 1 minute, (94°C, 30 sec.; 58°C, 30 sec.; 72°C, 1
o mm) X35 cycles), 72°C, 5%, 4°C, hold. Loading dye was then added and 10 pl of
| 30 _ th_é products was electrophbresed on 1.5% agarose gels containing 1 pg/m! ethidium
) bromide at 100-150 V for 5-10 minutes. Gels ﬁere freated 20 minutes in denaturing



USA). 1| of pooled material was directly | oaded onto a 48 Jdcadier 984 r unni ng
on an ABI 377 DNA sequencer for a 10 hour, 2.4 kV run. Polyphred N

(Uni ver si Wo @f7734shi ngt on) was used to assenbl e sequencea@isgoadg Vi ew ng
wi th Conned (University of Washington). Sequences were assenbled in 5
groups representing all relevant famly nmenbers and controls for a
specified target region. This was done sgparately for each of the three
stages. Forward and reverse reads were Included for each individual along
with reads fromthe nonochronmosonal tenplates and a col or annot at ed

L pur pl o 1) o, S0 (LA S BOL Bt MAOES g CabrAtristus o't retern Gsbritry Bamd
assessed the viglirghidy iof M ‘h@s_ﬁf@g@@ig I1%%%??0 E&&&t@hfﬁ%ﬁgﬁﬂﬁg?;s

present in the mature nMRNA and ver al I'ONS 0
transcript werwetey &elewed séaed het0eX 88¢Jasi0yinites hittbloea] @as nfleiirkisiel  two

Mt af fected and two ff ed individyals. 25 SNPs were identified, as
shown in the t%%%%@@ﬁﬁﬂﬁiﬁﬁg@ %Hﬁ&sé(m’é%@ﬁ Hitepsorepahephseds i n
the = max| sGenegn@NkIantt 10REmAS A3 PPbaBdameLocat i onBase Change b200e21 h
Contigl _|..nt69169 ]&309@ C/ A b200e21 h Contig4 12.nt 27402 (309G A/ G

8

- b200e21-h _Cont i g4 Tg aliele mesific3dig@)irleClid2 (ASQ) whreG@esipnag4wittltiie nt 35600
(309G) A/ G b20 - tigd 21 ntA45619(309GQ G/ A h20Qe21-h Conti g4

22.nt - a46018 8%@’@]@?%96 Lez%‘*?P’ ¢ “'22?’1%&09‘6"3%"8‘3%3‘(’%@@%@@@?6%21 h
Conti g4 22. nt - #&5%hd(e30 9@ Wz HagAGRA GibcOBIRTI, Ghquchcl ofaR0993 (309G TI C
 b200e2l -h Contig4 24.nt b51124(309G) ¢/ T b200e21-h Conti g4 25.nt 55461

(309CG) CI T b20cdizanusleobdisias 33. nt - a63645 (309CG) C/ A b200e21 h Conti g4

33.nt- b63@46 (3096&?%%%@6@? A%R&T%&éﬁ%%% (309G TI G b200e21-h

Cont i g4462. nt 27837
: 2327 Zmax1.AS0.t: CAGACTGGGTTGAGACGCC

The polymorphic nucleotides are underlined. To label the oligos, 1.5 pl of 1 pg/pl
ASO oligo (2326.Zmax1.ASQ.g or 2327.Zmax1.ASO.t), 11 ul ddH,0, 2 pl 10X
 kinase forward buffer, 5 pl y*2P-ATP (6000 Ci/mMols), and 1 1 T4 polynucleotide
15 kinase (10 U/ul) were mixed, and the reaction incubated at 37°C for 30-60 minutes.
Reactions were then placed at 95°C for 2 minutes and 30 ml H,0 was added. The

probes were purified using a G25 microspin column (Pharmacia).
Blots were prehybridized in 10 ml 5X SSPE, 5X Denhardt’s, 2% SDS, and
100 pg/ml, denatured, sonicated salmon sperm DNA at 40°C for 2 hr. The entire -
20 reaction mix of kinased oligo was then added to 10 m! fresh hybridization buffer
| (5X SSPE, 5X Denhardt's, 2% SDS) and hybridized at 40°C for at least 4 hours to
* overnight.
All washes done in 5X SSPE, 0.1 % SDS. The first wash was at 45°C for 15
‘minutes; the solution was then changed and the filters washéd 50°C for 15 mimutes.
25 - Filters were then exposed to Kodak biomax film with 2 intensifying screens at
—70°C for 15 minutes to 1 hr, Ifnecessary the filters were washed at 55°C for 15
minutes and exposed to film again. Filters were stripped by washing in boiling 0.1X
SSC, 0.1% SDS for 10 minutes at least 3 times.
. Thetwo films that best captured the allele specific assay with the 2 ASOs
30  were converted into digital images by scarming them into Adobe PhotoShop. These



5 Cctober 2004 WO 01/77327 -62 5 10 PCTATS00116951 Exon hanedyeeagdonBase
Change b200e21-h Contig4 63.nt a31485(309G C T b200e21-h Conti g4

63. nt - b31688 IWBBYG) A/ G b200e21 h Contig4_9. nt 24808 ( 309GrT¥/TEUsERBEA12- h

Cont i g030g-1.nt a31340 (308G TI C b527d12-h Conti g030g_ nt b32538(308G Al G
b527d12 h Conti g080C 2. nt 13224: (308G Al G b527d12 h Conti g087C

. nt21119(308G C/ A b527d12-h Conti g087C 46351t 30497 (308G G A b527d12 h

Conti gO88C 4. nt 24811 (309G A/ C b527dl 2-h Conti g089_1BP. nt 68280 (309G G A In
addition to the polynorphisns presented in Table 4, two addi tional

pol ynor phi sns I I i .l Th se. a cha

position 2002 { #g%é%(}?%?ﬁq% S% %Ii teﬁg} %‘%ﬁ?ﬁ%ﬁ?ﬂv eﬂé Egﬁ pear
this position. storbd i HilMakerlbuonkdeFigident and is not associated with any
change in the am no_acid 15 sequence. The second change is at position 4059

of SEQ I D NO 2 cor r 48 pBifi rﬁ’ﬁtepiﬁmeglec%m@ﬁ e fgyueney i Y@mysechange
Thi | h |
valinec ()t b ERBRER 672 iydlio SAMGARINA DionE AR RER R

candi date gene ﬁthpeﬂﬁiol@dnmﬁﬂe(Aﬂmpiﬂethﬁﬂmp@ulaﬁﬂﬂmﬁﬂe@%GEPH nation

of the pO|yﬁDthISﬁE I| ted jn _Table 4 or the_tw discussed above 20 could
al so have a mi rib#dg rERArRY RENGREa), Widrausisiane 192 Aficardmetcands. The

present inventi $n %@H%l 111@1%/
nucleic acid seﬁgpence of Sﬁ% % ;ﬁmot%ﬁﬁ%ﬁ&é%g’y%ﬂll #’1% n%%gfnt
mut ati ons. Pr dieIIBM];/polyrh@phmwMymﬁtheaindimdmhnMemtﬂhéthcl eic acid
of SEQ ID NO 2. ific pair substi 0 hangi Gto T at
posi tion 582 |Hn‘ih§ﬁ“§"§ ?}W%t@%ﬂ%ﬁf@ 58‘1“6%&1’1"{‘“?4:] Vﬁgﬁ? g )aﬂ
i dent i fi edgas Cicsaihs delor it )i &azmn t he
unaffected individuals (i.e., b527d12- %C(%)ﬁ%l gO87g€ . IS:| g. 5 shows the
~order of the caﬂuﬂﬁ@tﬁsiﬂmt%MBaﬂéthsmemvamusethmcpopulahons

Thus this invention provides a rapid method of identifying individuals with
the HBM1 allele. This method conld be used in the area of diagnostics and
screening of an individual for susceptibility to osteoporosis or other bone disorder.

15 The assay could also be used to identify additional individuals with the HIBM] allele
or the additional polymorphisms described herein.

XIfi. Cellular Localization of Zmax]
A Gene Expression in Rat tibia by non isotopic In Situ Hybridization
In situ hybridization was conducted by Pathology Associates Tnternational
20 (PAT), Frederick, MD. This study was undertalcen to determine the specific cell
. types that express the Zmax1 gene in rat bone with particular emphasis on areas of
bone gro% and ramodeling. Zmax1 probes used in this atudy were generated from
" both human (HuZmax1) and moﬁse (MsZmax1) cDNAs, which share an 87%
sequence identity. The homology of human and mouse Zmax1 with rat Zmax1 is
- 25  unknown.
For example, gene expméion by non-isotopic in situ hybridization was
performed as follows, but other methods would be known to the skilled artisan.

Tibias were collected from two 6 to 8 week old female Spragne Dawley rats



direction of transcription for the HBM gene is fromleft &e@cidw@hbopiThe
sequence of - contig308G of B527D12 is the reverse conplenent of the coding
regi on t o ¥h&/M320ct ober 2004 WO 01177327 PCTf US00116951 scBBstkiBidsgene.
Therefore, the relative polynorphismin contig 308G shown in Table 4 as a
base change substitution of Cto Ais the conplenent to the Gto T
substitution in the HBM gene. This nutatggon causes a substitution of
glycine 171 with valine (GL71V). 5 The HBM pol ynor phi sm was confirned by
exam ni ng, the DNA sequence of different groups of individuals. In all

mb f th ' - 2oL ndi v 1.8), 1 BBM pol hi
T TS A e LA B R
S e S P B SRS 0 T
b TY N0 TAVAR ' f. the | SN .pedi , 297
S M A A S R 2
No het -5 f BM hi I
et oS O AR S i B o

het erozygosis a epé}ﬁh ﬁf‘aniﬁ?fy I hgse rove that the 15
pol ynor phi sm ogge veé&-bi n the Eﬁﬁﬁ:ﬁ%&%@p gﬁpﬁ%‘ﬁﬁxgﬂﬁéﬁh%g?ﬁ?%ss
phenotype is  SiyiQRG Kbk BbB ik Gt i sijion
582 of Zmaxl. Further?mre, t hese. resmg%couﬁggﬁgﬁﬁﬁﬁéﬁ%ﬁ%gﬂﬁs
descri bed bel omon@HFE (RHbarkNbedsiof NEB " BrP g R

segregat es 'V\,ithot he EBI\SGShenotype, grlﬁ Mtb?aa?y%‘t %‘E@@B polgeilérrré)%éphi-sm and
phenot ype are ﬁﬁ&ﬁd'Qﬁﬂhﬂhﬁ%ﬁ&%@ﬁﬂ@@ﬂﬂ} '?%& 1 = Bﬁﬁgific

d i gonucl eoti de (ASO) Analysis The anp l?%é n %%?}é?%ﬁ%%ﬁkh@uﬁé

pol ynor phi srm ga&ed BelR Atckiast povrtSin i | Ta&g Ll e exon of
interest. The appropriate popul atqoonnof ﬂﬁlrlﬁgtl%{]/llsc ua g’:%}glg ]é%v%rgrpl ified in
96 wel | nif cr opdrivemedinad EEp1asactioh vaiBe uBERDNAAGSicQR Serk: PPbi() j ni ng
1X Promega PC_(I;pbuffer (Cat}.L # ML883 ant arning 1.5 25 rﬁﬂi/lgtl\a/gml IE&%@%}%M dNTP,
200 nM PCR pr i tontaine 45N MgOLANGTT ERBH! k864 B each primer.
AATACCTGAAACCATACCTG, | U Anmplitaq, and 20 ng of genomic DNA"were
prepared and aPQR icfiling comiitionstirge 94°Q fop Winiif,, ROBwe@BYBS bidss of 94 fdk 301 Nut e,
(94C, 30 sec.; 58C, 30 sec.; 72C, 1 mn.) X35 cycles), 72C, 5, 4C, hold.
Loadi ng dye wascdriisy55ddder(Gsedords, 78°CEbr 30 seconds; followed by a 5 minute

s

extension at 72°C. The reactions were then run on a 1.5% agarose Tris-Acetate gel.
15 DNA was elufed from the agarose, e£han01 precipitated and resuspended in 10 mM
Tris, pH 8.0. Gel purified PCR products were prepared for both mouse and hurnan
c¢DNAs and supplied to Patﬁolo gy Associates International for in situ hybridizations.
The sequence of the human and mouse PCR primers and products were as
follows:

20 Hu:éuan Zmax 1 sense primer (HBM1253)
' CCCGTGTGCTCCGCCGCCCAGTTC

- Human Zmax 1 antisense primer (HBM1465)
GGCTCACGGAGCTCATCATGGACTT

Human Zmaxl PCR. g_roduct
' . 25 CCCGTGTGCTCCGCCGC_CCAGTTCCCCTGCGCGCGGGGTCAGTGTGTGGA

CCTGCGCCTGCGCTGCGACGGCGAGGCAGACTGTCAGGACCGCTCAGAC



30 the products was el ectrophoresed on 1.5% agarose gels s@Rkgderbt® | ug/ m
ethidium bromde at 100-150 V for 5-10 mnutes. Gels were treated 20

m nut es | YABHERHr i ng 5 Oct ober 2004 WO 01/ 77327 P' CT/ ETBODUSB/16851 - 64
solution (1.5 MNaCl, 0.5 N NaOB), and rinsed briefly with water. GCels
were then neutralized in | MTris-HCl, pH 7.5 1.5 MNaCl, for 20 m nutes
and rinsed with water. Gels were soaked-§fr 10 X SSC for 20 mi nutes and
blotted onto nylon transfer nenbrane (Hybond N+- Anersham) in 10X SSC
overnight. Filters were the rinsed 5 in 6X SSC for 10 mi nutes and W

Chess orues, T@A@GTGG% ACGCC%#’I%?QEE:%% go}reﬁ%eou es vver‘&eEd wth

the pol ynor phi sm approximately in

phosphat e free ga@igt Ensrente & AN nces
of the oligonucl eot?%gg are: 10 }2%96 Z%@Péﬁ%@%&%@@?&% 2327
Zanax| . ASO. t: GAGACGEETONENEER cw]gd: gg&ic

underlined. To | abel the oligos, ?Eg@ﬁ%o ImACT E% Afcac

(2326. Zmax| . AS@@&@A@@@M@@&A@@@AG@@@AM@@ orvard
buffer, 5 gl y32P-ATP (6000 G Imwle), and 1 p,| T4 pol ynuc eot| de

ki nase (105U pm@mmGaoﬁm@T@@petemAmmm@@Aéé@m@@P 60

m nutes. Reactions were then placed at 95C for 2 mnutes and 30 m H20 was

added. The pr GRECORGEGUTATGEEGEEGTLRACRTGICTPECCOGCACENGT RhaTaRci a) .
Blots were prehybridized in 10 m 5X SSPE, 5X Denhardt's, 2% SDS, and 100

pgl m , denat ur mmmacmmmmmamﬂ@dem@e@mﬁme ntire
20 reactlon m x of kinased oligo was then added to 10 ml fresh

hybri di zati on BGCATGGEECEIREACAGRENTIGTATGCEMAIDETacd TeATdGAlzed at 40
C for at least 4 hours to overnight. Al washes done in 5X SSPE, 0.1 % "‘
SDS. The first GEXMAGEE at 45' C for 15 minutes; the solution was then
changed and the fllters vvashed 50 Cfor 15 mnutes. 25 Filters were then
exposed t d0KodaMousé Ame B TBNit&S3%i fyi ng screens at 70C for 15
mnutes to 1 hr. |If necessary the filters were washed at 55C for 15

m nutes and exMAGGCﬂAGEAEGCACAE}(Et ers were stripped by washing in
boiling 0.1X SSC, O. 1%SDS for 10 mnutes at least 3 times. The two filns
t hat best capt Mauge Zinax 3 lahigdenseqmpmsr (HBMAGSEY with the 2 ASCs

TCGCTGGTCGGCATAATCAAT
Mouse Zmax1 PCR product
15 AGCAGAGCCAC CATC CACAGGATCTCCCTGGAGACTAACAACAACGATG
TGGCTATCCCACTCAC GGGTGTCAAAGAGGCCTCTGCACTGGACTTITGAT
GTGTCCAACAATCACATCTACTGGACTGATGTTAGCCTCAAGACGATCA
GCCGAGCCTTCA‘I‘GAATGGGAGCTCAGTGGAGCACGTGATTGAGTTTGG
CC'I‘CGACTACCCTGAAGGAATGGCTGTGGACTGGATGGGCAAGAACCT C
20 TATTGGGCGGACACAGGGACCAACAGGA’I"I‘GAGGTGGCCCGGCTGGATG
GGCAGTTCCGGCAGGTGC'.[TGTGTGGAGAGACCTTGACAACC CCAGGTC
' TCTGGC'I‘CT GGATCCTACTAAAGGCTACATCTACTGGACTGAGTGGGGTG
GCAAGCCAAGGATTGTGCGGGCC'I"I‘CATGGATGGGAC CAATTGTATGAC
ACTGGTAGACAAGGTGGGCCGGGCCAACGACCT CACCATTGATTATGCC
25 GACCAGCGA:



30 were converted into digital inmages by scanning theming@AdRPeoos

Phot oShop. These 5 Oct ober 2004 WO 01177327 PCTI U500/ 16951 -65 1 nages were
overl ai d ¥jad¥d%27each other in G aphic Converter and thercwusmesdsand

stored in Filevaker Pro 4.0 (see Fig. 9). In order to determ ne the HBML
allele frequency in ethnically:diverse populations, 672 random i ndi vi dual s
from various ethnic groups were typed by68he 5 allele specific

ol i gonucl eotide (ASO nmethod. This popul ation included 96 CEPH grandparents
(primarily Caucasian), 192 Caucasian, 192 African-Anerican, 96 H spanic,

d 96 Asi I ndi vi | a\éqguglﬁ'x i %ﬁ ' f th
agM pol y:rgpp;]?s%vﬁi@@beg%ff&%%%ﬁ vi dua é%%/eraﬁ;’(}&c%%go :Feg?eﬁl ©
i ndi vi dual 7. hoT . i di zati on:
1 vere 10 horasHRE g SRk B R e ST 07
Tt s Lnf or mat h@Btratl, OHB 1Y 3t Aot \Bhk bt e Al bl P! | OUS

et hni ¢ popul ations. Thus this invention prov of

i denti fying iri@‘siu!ﬁﬂé'-ﬁtl&pi@d&&s%fé%%exﬁ;glla%ltﬁsyngllﬁg\f?:&'%ﬁ%gnriﬁ-%gﬁdbe used in

the area of diagnostics and screening of an in susceptibility

t0 0St eopar 0Sirhoffobed BEf VAPFRaittSRAITV T Ankigs ofhcBlSPepe used to

i dentify additional individuals with the HBML allele or e additional

pol ynor phi sis sg@medizddasingarand T3MNA no L 28 x1 A
Gene Expression in Rat tilgbi a by non ?sgﬁ%ﬁ#i@fsﬁf’%ﬁﬁy’@mﬁﬁs%ﬁgﬁ In situ
hybri di zati on digsigahdlicUTe (ByeiiaEaash-ASRm-aMAXIREp vatiional 20
(PAl'), Frederick, MD. This study was undert'aken- to determ ne the specific
cell types t l{ambiot)aesedibhie RotshuBaier. The BNAVAREhN dePraBl hitCUhAL- _
enphasis on areas of bone growth and renodeling. Zmaxl probes used in this
study wer e gerlguai wiindatmomteddigbxibenin tras Hudvaxhy viaadlnatos Ribdfdhimpx| ) CDNAs,
whi ch share an 87% sequence identity. The honol ogy of human and nouse
Zmax| W tlf r atintZgeitywads ass@Esed bi slavirophbisis @ aighl Lden@arify SAPcOSEhidagkly non
"isotopic in situ hybridization was perfornmed as follows, but other nethods
woul d be knowMolecldresizshwds|cemipared ivihithe eldibpisetivanebitiglofeto®dodfo Bzt wo 6 to
8 week old fenmal e Sprague Dawl ey rats 5 October 2004 WO 01/ 77327

PCTI USQO/ 1695 Pair (bp) RNA ladder (Ambion). Probe yield and labeling was evaluated by blot

immuﬁochemishy. Riboprobes were stored in 5 pl aliquots at —80°C.
The in situ hybridization was performed as follows. Frozen rat bone was cut
15 into 5 pM sections on a Jung CM3000 cryostat (Leica) and mounted on adhesive
slides (Instrumedics). Sections wére kept in the cryostat at 20°C until all the slides
. were prepared in order to prevent mRNA degradation prior to post-fixation for 15
minutes in 4% paraformaldehyde. Follofv:ing post-fixation, sections ﬁere incubated
with 1 ng/pl of either antisense or sense riboprobe in Pathology Associates |
20 International (PAI) customized hybridization buffer for appféﬁmately 40 hours at
58°C. Following hybzidiiation, slides were subjected to a series of post- o
hybridization stringency washes to reduce nonspecific probe biuding. Hybridization
was visnalized by- immunohistochemistry with an anti-digoxigenin anﬁbody (FAB
fragment) conjugated to aikaliﬁe phosphatase. Niiroblue teﬁ*aéo_lium |
25 chloride/bromochloroindolyl phosphate (Boehringer-Mannheim), a pracif)itaﬁng

alkaline phosphatase substrate, was used as the chromogen to stain hybridizing cells



-66 euthani zed by carbon dioxide asphyxiation. Distal eng®fg26®mved
and proximal tibias were snap frozen in OCT enbedding nediumwth liquid
nitrogen Wénedlzt ely fol |l owi ng death. Tissues were storechispoassdPC
freezer. Probes for anplifying PCR products from cDNA were prepared as
follows. 5 The priners to anplify PCR products froma cDNA cl one were
chosen using published sequences of botd%human LRP5 (Genbauk Accession No.
AB017498) and nbuse LRPS (Genbank Accessi on No. AF064984). In order to

m nim ze cross reactivity vvith ot her genes in the LDL receptor famly, the

d ! L @g fth i
Eggl %Orggf znmﬁ%stgﬁé q’% per rmec# (%Hntﬁgﬁ%% |f? quéjsﬁe %8?%&?2 éloﬁgl (r:]DNA
. clone as tenp tﬂ_%eamhmgéﬁ&%%ggtoh& M&l}@%ﬁﬁmé t Anplitagq,

200 M dNTPs an 2 gM each priner ng con I ONsS £.94C for 1

min., foll owedpBe ik & Mﬁ% , 55 C for 30 seconds,

72C for 30 seconds; follo ge ex en I'on at 72C. The reactions

th ted f
the agarose. et handP o s ePRhBEfudes é?%é%?%%%ﬁaﬂn tariontot bR Gl °F, L7 O
Gel purifigd Pﬁasaﬁegﬁemm&mﬁhgag{@ﬁemmm@%m&&é&ﬂxﬁ 1B, CONAS and
nati onal in si

supplied to Pat hol ogy Assdci ates Dridh zat i ons.
The sequence otaihiig iR 8PdsitRLArRER P JUIR1 & P ieRss as
follows: 20 Human %Zmax I sgnse pI‘III’-YIEI‘ \ rcccé?%%‘é GIT C

Human Znmaxl| ané kH, Ti %W Human
Zmax| PCR product: 25%08%' c@.ié%é@h%ﬁ@)whlch m

CCTGCGCCTGOGCT, SIENEre AN AL AN St 3s oRsPPddOMRH the AN
01/ 77327 PCT/ USbo /16951 - 67 GAGGTCGA.

CTGTGACGCCATCTWM@J{«W%& with the sense probe.
GOGGCCAGTGTGTCCTCATCAAACAGCAGT GCGACTCCT TCCCCGACT GT
gits Hybiitizatibi/aignal for each of the study

probes is summarized in Table 5, Hybridization for Zmax1 was primarily detected
in areas of bone involved in remodeling, inclﬁding the endosteumn and trabecular
bone within the metaphysis. Hybridization in selected bone lining cells of the
periosteum and epiphysis were also observed. -Positive signal was also noted in

15 chondrocytes within the growth plate, particularly in the proliferating chondrocytes.
See Figs. 10, 11 and 12 for repi‘esentaﬁve p]iotomicroéaphs of in situ hybr'idi:"zhﬁon
results. | |

TABLE 5

Summary of Zmax1 ir situ hybridization in rat tibia

20 I PROBE | SITE ISH SIGNAL:
R | HuZmax1 [ Epiphysis
Osteoblasts +
QOsteoclasts ' '
Growth Plate
resting chondrocytes -
proliferating chondrocytes +
hypertrophic chondrocytes -
Metaphysis
osteoblasis : +
osteoclasts +




5 CCTCTCTCTCTTCGTCATGGGTGGTGTCTATTTTGTGTGCCAGCGCGTGGT 5 (October 2004

GT GCCAGCGCTAT GCGEGEECCAACGEGECCCT TCCCGCACGAGTATGTC

AGCCEGACCIBEeATEEGCCCCT CAATTTCATAGCCCCC, GECGGTTCCC  ACCAI M Ass00/16951
CCCCTTCACAGGCATCGCATGCGGAAAGTCCATGATGAGCTC  CGTGAGCC 10 Mouse Zmax 1 Sense
primer ML65 AGCGAGGCCACCATCCACAGG Muse Zmax_1 antisense prinmer ML6566;
TCGCTGGTCGCCATAATCAAT  Muse Zmaxl PCR prgduct 15
AGCAGAGCCACCAT CCACAGGATCTCCCTGGAGACTAACAACAACGATG
TGGCTATCCCACT CACGGGT GTCAAAGAGGECCTCTGCACTGGACTTTGAT

GT GTCCAACAAT CACAT CT AGFEACTEATGTFAGCCTCAAG TCA

GOCGAGCCT TCATGAAT GGG M GHAGCACGT AGITTGG | $8H SIGNAL
CCTCGACTACCCT GAAGGAATIGGCT GT GGAGHERINHSGECAAGAACCTC PO T -

AT TGGGECGGACACAGGGACCAACAGGAT T GABGTBBAICCCCCTCGATG

GGCAGT TCCGGCAGGT GCTTGT GT GGAGAGAStEd iz _AACCCCAGGTC +
TCTGGCTCTGGATCCTACTAAAGCTACA WLI(:/—\L:IMIL F

GCAAGCCAAGGAT TGT GCGEPECCT IMI&@WI TGTATGAC n

ACTGGTAGACAAGGT GEECCHEECEARCEHECT O’-‘\\,u-\T"'G’a\TTATW 25~GACCACCEA 5 Cct ober
2004 WD 01/ 77327 PGH %%JSO’ 1 “'“ 68—Ri-boprobes were synthdsi zed as
foll ows. The PCR prod —p—%mﬂlf ed wth chinmeric pdinmers

desi gned to incorporgte either QﬁtePhlﬂﬁﬁonm er _upstiream for a_T7 pronoter
downstream of the r danplificdt@saeclesteducts. The Jresul t ng PR products
were used as tenplatg to sxntr@gm@gom geni n-1 gbel ed 5 ribgprobes by in
~vitro transcription J(IVT). tremgls]gmafu&y@gnse rifoopr ohes wetie
synt hesi zed using T7 Jand T3 d@r@ggg@ ' 11t he presence

of di goxi genin 11 P—(Boehriii ST aﬁﬁﬂ"@ﬁ“ ipt VT kit
(Anbi-o%) agcordi ng t t?‘lc uam‘%éﬁz éﬂ‘(ﬁ?biﬁf sgtl.“efz dem'dgd with
Dna. se- 1, and uni ncq+perateddrg r--gnmqwas—r_enm afiltration.
"R bopr obe -10 *{ﬁ&agr| the-was—ass &é@o a , el p(‘trnphnr esis_fhr OlJCIH a denaturi ng
pol yacryl am de gel . . osteoclasts +
' - Diaphysis -
Endosteum
osteoblasts . +
osteoclasts +
Periosteum +

Legend: “+” = hybridization signal detected “-“=no hybridization signal detected
“ISH” — In situ hybridization

These studies confirm the positional expression of Zmax1 in cells mvolved
5 in bone remodehng and bone formation. Zmax1 expression in the zone of
proliferation and in the osteoblasts and osteoclasts of the proximal metaphysis,
suggests that the Zmax]1 gene is involved in the proéess of bone growth and
mmerahzatxon. The act1v1ty and differentiation of osteoblasts and osteoclasts are
closely coordinated during development as bone is formed and during growth as
10  well as in adult life as bone undergoes continuous remodehng. The formation of
intemalrbo_ne structures and bone remodeling result from the éoﬁpling ofbone
' resorpﬁon by activated osteoclasts with subsequent deposition of new maienal by
osteoblasts. Zmax]1 is related to the DL receptor gene, and thus may be a receptor
involved i in mechanosensauon and subsequent sxgnahng in the process of bone



Mol ecul ar size was conpared with the el ectrophoretic mobikig.yuef 26H4100- 1000
base air (bp) RNA | adder (Anmbion). Probe yield and | abeling was eval uated
by bl ot i rmiGagThzemi stry . R boprobes were stored in 5 1 wi#ustea&@sat- 80C.
The in situ hybridization was perforned as foll ows. Frozen rat bone was cut
15 into 5 pMsections on a Jung CMB000 cryostat (Leica) and nounted on
adhesive slides (Instrunedics). Sectionsfiwere kept in the cryostat at 20C
until all the slides were prepared in order to prevent nRNA degradation
prior to post=fixation for 15 mnutes in 4% paraforn al dehyde. Foll ow ng

post -fixation -] ' ' at ed 1 th | ng/1 of. either antisense or
sense ri bopr Obge:iﬁoﬁ%%tﬁa@%%%éﬁ éh%%%?ﬁ@gkf\gi ‘?%E‘%??%%%ﬁ@f Es KU 1Pt zed
hybri di zati on byfHeatitelobfenfidpfidndri Sy offlineAliERicalbf b&RC. Fol | owi ng

hybridi zat ion,_ slides were subjected to a series of post- hybridization
stringency was - t Aufizerse e nonspeci fi c probe binding. Hybridization was

vi sual i zed by i mmunghj: [ﬁglm s 2\ L di goXxi IL.n.anti.body (FAB
fragnent) conjugated to a |%zgoéﬁ%¥s%£%%§ssgﬂthﬁ%nr%% cu%%%ﬁ%ﬁlum 25

chl ori de/ b onpchmplemiemay bake hompéat @ t4rBaehRNAY STybNazakRl dTkhe BNA in
precipitating ,al kaline _phos hatg}iig substrate, was _used as the chronogen
to stain hybri &l"‘?ﬁﬁ@ﬁsc“é'ﬁ e %@Fﬁ? onngtsatideintslerey with RdEy funstimande 951 - 69
purple to near |yqbl hﬂ?} i | !h?fue
sections were coun‘?g?- gt | %%#Ea%%%zﬁgge?&?%gygﬁ%%%gg%e@on rols

i ncl uded om ssksameant it hrwwnynao be targaedisi rantifengs dipenwidsbiidat | - di goxi geni n

anti body. Specific. Cgslflﬂf t%@:ﬁé were assessed for denonstration of

hybridization with ABASER logy adsly pedireigarsh ol mdevillola ack
cytopl asmiyg angdh fHerda@hidly BES@AF rolth R Naldati g Blubich BR:dd

hybri di zati on signal fo? NA. l-I(Ejac_h cell type was ! conpar ed teic{)&% egets

replicate sect idsptified iy genomiorsequepping déffoéd Wit h t he respective sense probe.

Resul t id Lt I f stalni was., ob d.wi,th the :
antisense probe. anteRErEtArRe ke b TRl BB R AR G E e obe.
10 The cel | ul agn bBgaabtléstide@bmlemiehtry b thid HREAl thARnSIWORE the4 geachmgt the
‘study probes is'sunmarized in Table 5. bridi zation for Zmaxl was

primarily det eéresgverilpoggilie mepltanisos for the whipitgryi effeets pbamdis¢nag, i ncl udi ng t he

endost eumsand tf: ' h'ntigf t ' Lidization in
sel eit eg l:l)gne Fpgbﬁlﬁgﬂéﬁefsﬁg%tﬁ%&’dﬁ 'l os%nﬁrﬁ%ﬁ%%gma%siﬁsg%@ge It Io
observed. - Posbt theangorgnahanias ofinkibitie! F@rdtéin Emchbin Thioeyindficwahi n t he

rowt h pl ate, rticul arl in th roliferating chondrocytes.
g P g?igma]fy-used toy elucqwe t%e Ff)'uncf:ion of a targef gene, but may g]so have

therapeutic applications, provided it is designed carefully and properly.
An example of materials and methods for prepariné antisense
20 oligonucleotides can be performed-as follows. Preliminary studies have been
undertaken in collaboration with Sequiter (Natick, MA) using the antisense
technology in the osteoblast—]jke murine cell liné, MC3T3. These cells can be
.tiggered to. develop along i:he bone diﬂ'erénﬁaﬁon sequence. An _im'tial proliferation
|  period is characterized by minimal expreséion bf differentiation markers and initial
2_5 synthesis ofco]lagous extracellular matrix. Collagen matrix synthesis is required
for subsequent induction of differentiation méﬂcers. Once the matrix synthesis
begiﬁs, osteoblast marker genes are activated in a clear témporal sequence: aikaﬂine
phosphatase is induced at early times while bone sialoprotien and osteocalcin appear
_ later in the differentiation process. This temporal sequence of geﬁe expression is
30 uSeﬁll in monitoring the maturation and mﬁleraﬁzaﬁon piocessr Matrix -
-ﬁ;inera]izaﬁon, which does not begin until several déyé afier maturation has started,



See Fi gs. 10, 11 and 12 for representative photom crograpb®)cfpel Bo®i tu .
hybridi zation results. TABLE 5 20 Summary of Zmaxl in situ hybridization

in rat tiBygeffRBESI TEI SH SI GNAL. Hui Zmax| Epi physi s @t%ﬁ%@t
Osteoclasts Gowh Plate resting chondrocytes- proliferating c ﬁjdrocyt es+

hypertrophi c chondrocytes- Metaphvsis osteobl asts+ osteoclasts+ 5 Cct ober
2004 WO 01/ 77327 PCTITJSO0 /169 1 -70 Legend: "-P = hybridization signal
detected "-" = no hybridization signal défected "ISH' - In situ

hybri di zati on These studies confirmthe positional expression of Zmaxl in
cetl-s involved, 5 in bone renpdeling and bone formation. Zmaxl expression
“in the zone of inyelyky deppsitionel mingral on tddewitish edbpesfisiladebposithiobk asi:sc of t he

proxi mal net aphysi.s, uggest s that the x|l .gene_igs invplved in the

process of bo n%ga(f] #hgv?flr]i faaﬁ%”ﬁﬁﬁerpé?is ﬁtifgﬁcfﬁéﬁg@ c*ﬁ@”a@t’ﬁ?ﬂsf%ﬁ‘dnmm

differentiati Otb'rmiedbﬁ&ﬂﬁ@é@@t@bﬁﬁﬂr&&hﬁe@ﬂh&%&cﬁﬁ%ﬁﬁ9&1%'%8%91&@i nat ed
we

- during devel opnent as bone is forned and during growth as as in
adult life as BerbraidsedBeicatbnes awslygesgentdel i ng. The formation of

i nternal bgne stru renpdel.i ng result from.th oypl.ing of
bone reso?ption b%ﬁ&%@&ﬁ%@%&% ﬂlb%gfﬂs%a@ﬁwﬁde%@bﬁ’f@?tongof new
material by owkédipsdisredtimioh, dctokRiza 88 mAntaberdBepdSeansarugene, and

thus may be a receptor involved in nechanosensati on and subsequent
signaling in tReENRe$849882)bone PROBEsr | SE SI GNAL Di aphysi s- .

The oligonucleotides designed for Zmax1 are given below:
10875: AGUACAGCUUCUU GCCAACCCAGUC
10 10876: UCCUCCAGGUCGAUGGUCAGCCCAU
10877: GUCUGAGUCCGAGUUCAAAUCCAGG
I_i‘ig. 13 shows the results of antisense inhibition of Zmax1 in MC3T3 cells. The
three oligonucleotides shown above were transfected fnto MC3T3 and RINA was
isolated according to standard procedures. Northern analysis clearly shows
15 markedly lower steady state levels of the Zmax1 transcript while the control gene
GAPDH remained unchanged. Thus, antisense technology using the primers
described above allows for the study of the role of Zmax1 expression on bone
biclogy.
XV. Yeast Two Hybrid
20 .- Inorderto identify the signaling pathway that Zmax1 participates in to
modulate bone density, the yeast two hybrid protein interaction technology was
utilized. This technique facilitates the identification of proteins that interact with
~ one another by coupling tester proteins to components of a yeast transcription
system (Fields and Song, 1989, Nature 340: 245-246; U.S. Pat. No. 5,283,173 by
25  Fields and Song; Johnston, 1987, Microbiol, Rev. 51: 458-476; Keegan et al, 1986,
 Science 231: 699-704; Durfee ct al, 1993, Genes Dev. 7: 555-569; Chien et I, 1991,
Proc. Natl, Acad. Sci USA 88: 9578-9582: Fields et al,, 1994, Trends in Genetics 10:
286-292; and Gyuris et al., 1993, Cell 75: 791-803). First a “bait” protein, the
protein for which one seeks interacting proteins, is fused o the DNA bmdjng
30 domain 'qf a yeast transcription factor. Second, a cDNA library is constructed that
. contains ¢DNAs fosed to the transcriptional actiﬁaﬁdn domain of the saine yeast



‘Endost eum ost eobl ast s+ ost eocl asts+ Periosteum - MsZmax| EpjcRines bSo4

Ost eobl ast s+ Osteoclasts Gowh Plate resting chondrocytes- - proliferating
chondr ocytEe81//gper t r ophi ¢ chondrocyt es+ Met aphysi s ost epbtrasioadss:

ost eocl asts+ D .s- Endosteum osteobl ast s+ osteocl asts+ Periosteu i+ 5

Oct ober 2004 WO 01177327 PCTJUSQOO /16951 -71 renodel i ng. Therefore, changes
in the | evel of expression of this gene @gguld inpact on the rate of
renodel i ng and degree of mneralization of bone. ,UV. Antisense Antisense
ol i gonucl eoti des are short synthetic nucleic acids that contain 5

conpl enent ary : . t ed..RNA. ridization of the RNA in
I'iving cells wﬁ-?%g?ﬁg&an |§§]r11§s§to| | géh(r%g’éefygbbﬁr&eﬁ%ﬁaéﬁ&o Wﬁtﬁ’ief'hNA
function and libfatynae ebnysfdrhed kito péast @D aeMpECHSe@ b prdfiRE afpisié celRnYr gene for
which the partial .sequence is kpown can be target ed by an anti sense

ol i gonucl eot i déhe bafanteracs Bith @ spesdficoysy framteadiih fbucsiitsatciivation domaiwear ch.
N e R
5 driven through selectable marker genes and growth on selective media indicates the
presence of interacting proteins.
The amino acid sequence used in the yeast two hybrid experiments discussed
herein consisted of the entire cytoplasmic domain and a portion of the

transmembrane domain and is shown below (amino to carboxy orientation):

10 | RVVCQRYAGA NGPFPHEYVS GTPHVPLNFI APGGSQHGPF TGIACGKSMM
S5VSLMGGRG GVPLYDRNHV TGASSSSSSS TKATLYPPIL, NPPPSPATDP
SLYNMDMFYS SNIPATVRPY RPYITIRGMAP PTTPCSTDVC DSDYSASRWK
ASKYYLDLNS DSDFYPPPPT_ PHSQYLSAED SCPPSPATER SYFHLEPRPPR
SBCTDSS '

15 The last 6 amino acids of the putative transmembrane domain are indicated
in bold. Putative SH3 domains are underlined. Additiona.l amino acid sequences of
50 amino acids or greater in either the proteins encoded by the Zmax1 or HBM |
alleles can also be used as bait. The upper s-ize of the polypeptide used as bait is
Himited 'only'b-y the presence of a 'com'plete ﬁénémembrane' domain (see Fig. 4),

20  which will render the bait to be nonfunctional in 2 yeast two hybrid system. These
additional bait proteins can be used to identify additional proteins which interact

with the proteins encoded by HBM or Zimax! in the focal adhesion signaling
pathway or in other pathways in which these HBM or Zmax1 proteins may act.
Once identified, methpds of identifying agents which regﬁlate the proteins in the
25 focal adhesion s;lgnalmg :pathway or other pathways in which HBM acts can be
performed as described herein for thé HBM and Zmax1 proteins. _ i
In brder to identify cytoplasmic Zmax1 si@aling pathways, the cytoplasmic
domain of Zmax] was subcloned into two bait vectors. .'Ihe ﬁrst vector was
- pDBlew, which was used to screen a brain, and Hela prey cDNA Library cloned into

30 the vector pPC86 (Clontech). The second bait vector used was pDBtrp, which was

used to scréen a cDNA prey library derived from the TESS osteosarcoma cell ine in



identified by genonic sequencing efforts. Antisense technglReyaso4

devel oped to inhibit gene expression by utilizing an oligonucleotide
conpl ementpad yyt7ep7t he NRNA t hat encodes the target gene. Q@ﬁ% SonBLE Severa
possi bl e nechanisnms for the inhil itory effects of autisense Ré

ol i gonucl eotides. Among them degradation of nmRNA by RNase H is considered
to be the major nmechani smof inhibitionsgf protein function. This
technique was originally used to elucidate the function of a target gene,
but may al so have t herapeutic applications provided it is designed

careful ly and e X e of materi al s and_ et hods for preparing
anti sense 20 o 83@%‘%@0@?@%‘? kegmiorthese siilled B the i werrsed a8 nary
st udi es have t k, M)
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of col | agenousexsgiapRid NaAl AR Ic: ¥4 B8 I AASRUHGlbeker 3y ISy | CAUI T o0

for subsequent i nduction of dirfferentiation Narkers Te "the nat
synthesi s begvensticol) é%ﬁ%tﬂn@ﬁme’cg&;@%@dl FHe 791-80% dTherbalt cohﬁmst

tenporal sequepn hos atase , s | n ced at e times while
bone si al opr otT¥ éﬁ%’nﬁ‘éh@%ﬁ “B‘ﬁa ?‘?‘Pﬁ ﬂ%“dd%ﬂté‘feéﬁ’ie? -ation
process. This temw@aﬁ;ﬁﬁwgﬁaeﬁfm@mrﬁé&&reﬁ%'&&nigﬁt SEHS il bt

moni toring the maturation and m neralization process. .Matrix
m neral i zat i oriycastisiraln e EoWion 26 aqfiSP mhveme&mahﬂt@ﬁglmbsﬁpbmmr at i on

has start 0 17732 16951 2 |nvo

deposi ti oﬁpof 5Sr¥19(rstﬁeera édl Ji\./t\‘:\rM% g#ﬁpc%?qlﬁﬁg l%qusgvea% WY‘E‘?IH 3ﬁe matrLc
near the cell dtayﬁro@mthjgbitﬁhﬁlcﬁlhﬁedﬁéleﬁﬂﬂt%&l T@%ﬁ@bﬁgﬁ%&&ﬁtmsom ated
m neral forned, i@cﬁ&” tured osteobl asts resenbl found in woven bone

in vivo and W& Eh@Eeosq) apd thg cpliwer e ingubsicdavidy dpaling &gt 2t30RE3T3 cel | s

were transfected WI ﬂg’% ﬁgrﬁlgt 0 week of the
differentiation, accor gl j & #gﬁﬁdetﬁgieaétpdgg‘%*&@a{%%g (U S
tF;altent No. 5,@@wﬁezhamiﬁrﬁommmme&mmmm@mgmmrﬁmazm Afg@edi ven
el ow 875: AGUACA WA 10 10876:
UCCUCCA U@ﬁ?@&@@% 0% e%%Af and washed with sterile water to remove the

ethanol. The cell densities of both bait and prey cultures were measured by -

determining the OD at 600 nm. An appropriate volume of yeast cells that
corresponded to a cell number of 1 ml of OD 600 = 4 of each yeast strain, bait and
prey {library) was placed in a 50 ml Falcon tube. The mixture was then filtered
20 thi‘ough the sterilized filter unit. The filter was then transferred onto a prewarmed
| YEPD agar plate with the cell side up, removing all air bubbles underneath the filter.
Plates were then incubated at 30°C for 6 hrs. One filter was transferred into a 50 m}
Falcon tube, and 10 ml of SD with 2% Glucose was added; cells were resuspended
by vortexing for 10 sec. ) | _
25 ' The number of pnmary diploid cells (growth on SD -Leu, -Trp plates) versus -
. the numbers of colony formmg units growing on SD -Trp and SD -Leu plates only
was then titered. Different dilutions were plated and incubated at 30°C for two days.
The namber of colony forming units was then counted. The mumber of diploid
colonies (colonies on SD -Len -Trp plates) permits the calculation of whether or not
| 73(-} . the whole library of prey constructs was mated to the yeast expressing the bait, This
| . information is important to judge the qua]ity-of the screen. '



10877: GUCUGAGUCCGAGUUCAAAUCCAGG Fig. 13 shows the result§(ﬁ§t§p§%ﬁpnse

h2l ui bition of Zmaxl in MC3T3 cells. The three oligonucleotides shown above
wer e transfeetedzi nto MC3T3 and RNA was isol ated accor didiggdegi&kandar d
procedures. Northern analysis clearly shows 15 narkedly | ower steady state
| evel s of the Zmax| transcript while the control gene GAPDH renmai ned
unchanged. Thus, antisense technol ogy usi7ag the prinmers described above
allows for the study of the role of Zmaxl expression on bone biology. XV.
Yeast Two Hybrid 20 In order to identify the signaling pathway that Zmaxl

participates in to te density, the yeast two hybrid protein
tnteraction technol \'#BL?? E?ﬁc%?éd This technique facilitates the

i dentification of m@ﬁsyeﬂ@edtcbmfmﬁt‘j%ﬁﬁﬁaﬂﬂg& YrereQhs: RBRIREA tRYeEO0UpP! i Ng
tester proteins to conponents of a yeast transcription system (Fields and

Song, . 1989, Negdimpeated Ay cepizifigatien inig 59 miEalcomdubes CRESWerEIhdmre@Spaailel ds and

Song Johnst on \ : /6. Kee an et a 19
Sci gnce 231: d&é%%fﬁhj%m%% GlcsléﬁosmP&tﬁlggélbg{;p {S'%Qﬁl “%n% en et
al, 1991, 5Pr osquaﬂa@ndteseacﬁm Sei, wﬁﬂvﬁ&st&ﬂaga%eﬁﬁ,an&aé&@femgiom 1994,

Trends in Genetlc% 286-292° and uris et al., 1993, Cell
791-803). Firstela YB’&P"? b3 Crfor 14, ein for which one seeks

I nteracting protei m yeast
transcription fact(r)t?e gﬁ:(r:ongr‘f Q&ﬁ%@y&%@o{é&? et e ‘?%% cont ai ns
cDNAs fused tocmﬂmddrmnomeﬁfaml@ahbnﬁﬁélmdau@eﬂaﬁﬁsmeﬁiesﬁﬁlﬁn@aﬂﬁﬁﬂﬂﬁﬂ S
Cct ober 2004 WO 27 PnySOOI 15951 -73 transcription factor, this is

ternmed the pre§f %@S%éﬁ@@ﬁ%@@m@ﬁwaﬁﬁ@ determgpe iy coumting

t ransf or | - I l's. If
the bait T eP%ﬂ“”ct SRS SE AT L1k R AG8 il B
activation dorrﬁpmomﬂ@t@h)ugﬂ'fdlphidmﬂhwemmwcd dnjo e s¢lbaivp redintrerThei a t hi s

i nteraction. Transcrl t is th Lven through. sel ct abl e rrar ker genes
and growth on EFYEY9 @i’?%ﬁg?eagr? é‘gﬁ gt?‘tts%m ?ﬁﬂg@gﬁ’ﬁi SVRMHPERRECORy -
proteins. The Edl@sl’c@dét@inﬁiné%ﬁﬁ@&@cﬂﬁﬁﬁtésﬂvﬂﬂl@vé’tﬁ@@&hds&i@fo?ﬂérﬂbgarﬁxper i ment s
di scussed herein consisted of the entire cytoplasm c domain and a portion

of the transisdweaspr Sreeralbrall soreang views piaiodon bl squarg platerrach with SD -Leu, -
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recommended.
The yeast cells were then, spread homogeneously with sterile glass beads and
incubated at 30°C for 4 days. The number of colony forming yeast cells was titered
_ by plating different dilutions of the scraped cell suspension onto SD -Len, -Trp
20  plates. Usually, plating of 100 pl of a 10 and 10+ dilution gave 100 - 1000 colonies
perplate. |
B.  Direct selection
. Five filters with the mated yeast cells were each transferred into separate 50
-ml Falcon tubes and the cells resuspended with 10 ml SD medium with 2% Gic,

25 each, followed by vortexing for 10 sec. The resuépénded cells were combined and
centrifuged in a Beckman centrifuge at 3000 rpm. The supernatant was discarded
and the cells resuspended in 6 ml of SD medium with 2% Gle, Two ml of the
suspension was spread onto each selective square plate and incubated at 30°C for 4 -

Sdays. '



SSVSLMEGRG GVPLYDRNHV TGASSSSSSS TKATLYPPI L NPPPSPATDP S}-,gg)mgfé({?)gf
SNI PATVRPY RPYI | RGVAP PTTPCSTDVC DSDYSASRWK ASKYYLDLNS DSDPYPPPP
PHSQYLSAE ATER SYFHLFPPPP SPCTDSS 15 The | ast 6 1.no. acids of the
put ati ve ﬁtgﬁzﬁhgjnbr ane domain are indicated in bold. ﬁﬁﬁlgﬁ%\%&’%}—ls domai ns
‘are underlined. Additional am no acid sequences of 50 ami no acids or
greater in either the proteins encoded @{_t he Zmaxl or HBM alleles can

al so be-used as bait. The upper size of %e pol ypepti de used as bait is
I'imted only by the presence of a conplete transnmenbrane domain (see Fig.
4), 20 which will render the bait to be nonfunctional in a yeast two hybrid
system These addi@i on&plagarof Hrgle &okmiesan be used to identify additional

proteins which int t ' t he. pr.otei ns encqded.by HEM or .Znax|l .in the
~focal adhesion si gﬁ% w?ﬁusv%%ljf]ﬁnvﬁ)?l crdcfﬁ_n%?vﬁﬁerpl‘g‘ﬁﬁ ?%W‘ih@ﬁc dse HBM
or Zmaxl pr ot aransferredinacidividigerdBent b wu?ﬂara@trh@aals%ré RRbddddd Posagent s

whi ch regul ate the proteins in the 25 foca adhe§i on signaling pathway or
ot her pat hwaydioASRirl-eth -TioaEe psdiam-pog dncubated &302d ferong deys Thegersher ei n f or

the HEM anrd Z i r tQ kdenti fy cytonl c ., Zr aaxl|
signali ng%pat %@“%3‘%@%%%?%@%%? 'Lﬁgﬁ#%%%%%%fgjmla& ed into two
bait vectors. ifdubatet a530°Cefot DtaysnYeadd EllsGbre 3kY SinpRASIHSERYLR £36F €en a

brain, and Hela prey cDNA |ibrary cloned into 30 the vector pPC86
(Cl out ech) . THOVEEEGHENA plate g dpsubgiatet 30%s fos pe day. Thaicells andke Niload t o

screen a CDNA gireveld ] | L.eosarcoma cell line in
- 5 Cct ober 2004 %ﬁéi@%@%@%%&?%ﬁ@%@% *pOP46. Standard

t echni ques known t deasteslenizk weteasdrabed frdme tiarSD ViRng- Tus eHisadate @itk alsiciad i n
Fields a So 1989, Nature 34Q. 245-246; U, S. Pat, . 5,283,173 by

Fi el ds aﬂg So&é‘?ﬂl? Sreonigged, RscessSEY .o gt%@?ﬁérgg‘-?ﬁef’é’}tyﬁﬁéﬁlﬁﬁ et al .,
1986, Sci ence radhoer®Om 0% pRUEbE T ebd as sx98Rer plESTor AMhee & -8G5~ 569;
Chien et 5 at, 1991, Proc. Eliaytdl Acag. Sc:ills USA 85: 9§r78-9 %2; 8@?% ds et

al ., 1994, Trends For DiE&preparaionOyea@d6iof¢n therglyoSyolistosk wereatamped 8@3, Cel |

75 791-803. T I t,const.ruct JRr.e DNA, L.i brarjes were transforned
“into yeast usiall;%? ?@Rﬁ?@ﬁﬁwggﬁﬁﬁ. Bﬁy%‘garyﬁ'oé#ﬁtﬁ’gldﬂy%?%\g‘ﬁ‘g?%. ction
screen, an ovgfeﬁu_tgb!bni_@yhéférr@d?ffortdaﬁm?@manﬂ%@fenﬁ  BtihddRScolfn@WieH N 20
SD sel ective nmediumw th 2% gl ucose (pDBLeu, ™10 -Leu nmedi um pDBtrp, SD

-#tp nmedildn) . copditieny wee Bid i praplify dnseris o prevesicgvered from the interaction
' ' screen. Sequencing was done using standard sequencing reactions and ABI377

(Perkin Elmer) fluorescent sequencing machines.
- D Verification of bait/prey interaction
Glycerol stocks of the prey of interest were thawed and inoculated in 2 10 ml
20 ovemight culture of SD with gluc})se “Trp. After overnight growth, plasmid DNA.
preparation was performed using the BIO 101 RPM Yeast Plasmid Tsolation Kit
with 10 ml of culture, The culture was centrifuged and transfered to a 1.5 ml
:microcéntﬂﬁlge tube. Yeast Lysis Matnx was then added to the pellet followed by
250 pl of Allealine Lysis Solution. Samples were then vortexed for 5 minutes. 250
25 pl _Ncutra]izing Solution was added and the sample mixed briefly. Samples were
ccntrifuged for 2 minutes at room temperature in a microcenirifuge. The supernatant
was tfaﬁSferred to a Spin Filter avoiding debris and Lysis Matrix. 250 pl of
Glassmilk Spin Buffer was added, and the tubes inverted to mix. Samples were
- centrifiged for 1 min and the liquid in the Catch Tube was discarded. 500 pl of
30 Wash Solution was added, the samples were centrifuged for 1 min, and the wash
| solution was discarded. The wash step was repeated once followed by a 1 min dry



at ‘30C overnight. The cultures were diluted 1 : 10 with ceompksfeeromdi um
(YEPD wth 2% gl ucose) and the cultures then incubated with shaking for 2

hrs at 30Gyp oA rozen prey library was thawed, and theP}YﬁﬁS?}B/l&é@lls
reactivated by growing themin 150 m YEPD nediumw th 2% gl ucose for 2 his

at 30 C Afilter 15 unit was sterilized wth 70% et hanol and washed w th
sterile water to renove the ethanol. Theycell densities of both bait and
prey cultures were neasured by determning the OD at 600 nni. An

appropriate volune of yeast cells that corresponded to a cell nunber of 1

m of OD 600 = 4 ac east strain, bait and prey (library) was placed
T & 50 i Fal EER AL orge ww@%m%oﬁmﬁsgpg@%mﬁmw e

sterilized fi |&£15feﬁ@d%oaﬁ@9@0£tbﬂT@feaﬁ@§06ﬂ?&'s¥e PhracHRRAnRLPLghar Ted

YEPD agar plate with the cell side up,-renoving a rneath
the filter. Pﬂlaiwevmbndﬂb'emasmpmhrbmﬂctmnﬁ@@&:fdrdo s€cobdsto collet fhiel t er was

transferred i a §0| Fgl o]0} , and 10 ml of SD with 2% d ucose was

added; cells b@’ﬁd’ ' exi ng for 10 sec. The nunber of

primary digl oi d celmseﬁwfwmwa@mépmﬂsfdmamgmﬁﬁewx fhRUSIs skl nunbers
es on

- of colony form ng units growing on SD -Trp and SD -Leu pla
then ti tered. stmdﬁndmr@q«?ﬂw mdtgmmlmclspmmeddl\/ampmpmmpre@ureaoc for t Wo

days. The nu for unlt hen count e er of

“diploid col o%ﬁ%tﬁ %‘W )ﬁgﬁ‘g\f%“?eé“fﬂﬁg’%én?ul ation

of whet her or Qﬁgenmb&@mm& lbfthé?lﬁmﬁjﬂm%nﬂ@s"ﬁisrtﬁ&i&e&‘%fbﬁﬁ to the
or na

yeast expressing the bait. This tion is inportant to judge the.

qual ity of they cagtceliyising stanfdes srocedues. dieo 2 Az zravairon SEcOp meds1 - 75 A

I ndi rect ec 5 fil r.e then pool ed
~and the ce M @ r?é%%jégf gy cendon; ‘% e #eu%g%g, ﬁ&@iﬁﬁfn " be. Cells
were then res efito SIDN-LkG niddiaSRowettend Frovidt dveZdight @ 30°CIwo m of this cell

g g
suspensi on was plated onto 8 5 sqgare pl ates each (SD -Leu, -Tr W th

sterile glass beads9hHRuRE CellsiEm ﬂFa%PﬁWcﬁaéFhe%‘éfPfP@IlS@dﬁOE@h@&M Bt 30 C
for 18 - 20 higedifsd SictMeled of 3PP SC ?-hﬁ cells
centrifuged ande conbi (r;]ed e| nto one %ﬁ %Faé%ﬁgst%%iﬁﬁ%@ cel tp%’lr%t was
t hen resuspend&gbﬁlwuﬂ'jpplaiewﬂgﬁ@n&ﬂdmmtﬁ@f@%@bﬂ%au@ﬂmefcel | nunber
was then gdeter. ting 10, of ana i ate dj usual l'y
17500 to B 1008 ReR heuiundn spicamnts S8 Aed ru iy i, 8B g
' Leu-Trp-His with 5 mM 3AT and 10 mM 3AT, SD Agar-Leu-Trp-His-Ade, and
- SD Agar-Leu-Trp-Ura media and grown for 2 days at 30°C.

E. Galacton Star f-Galactosidase Activity Assay

After streaking and replica plating positive interactors on selection plates,
20 colonies were placed in a 96 well dish with 200 pl of SD-mediun, leaving wells 1
and 96 blank. Ten microliters from the first 96 well dish was. plated into another flat
bottom 96 well dish containing 100 pl of SD-medium. Cont‘ols cousisted of a
negative control and a very weak posmve control. The cell densﬂy was measured at
ODggo (2 value of 1 corresponds to 1x107 cells utilizing a 96 well
.25 spectrophotometer). The OD was usually between 0.03 and 0.10. Using
o microplates specifically for the lumindmeter, 50 pl of reaction mixture were pipetted
into each well Fifty microliters of culture were then added and mixed by pipetting
up and down twice. The reaction was incubated for 30 minutes at room temperature
7 followéd by measurement of Relative Light Units 'using a Juminometer.
30 . 'Table 6 lists the genes identified in the yeast two hybrid screens from the 3
| prey libraries tested. Two genes, zyxin and axin, were found to interact with the



Approximately x 10" diploid cells were plated onto the Sebg‘cﬁ;db\égzmmﬁl um,
The observations about the growmh of the bait strain together with

irrel evangvd)%ﬁ);n\;ect ors helps to determ ne which sel ectl%&z%%%h{ es Wil
&

have to be chosen for the library screen. Generally, 3l wer e

pl ated on one square plate each with SD -Leu, 15 Trp, -H's; SD -Leu, -Trp,
H's, 5 nM 3AT, and SD -Leu, -Trp, -H's, §\de Is recommended. The yeast
cells were then spread hom)geneousl y W t'ﬂ sterile glass beads and

i ncubat ed at 30C for 4 days. The number of col ony form ng yeast cells was
titered by plating different dilutions of the scraped cell suspension onto
SD - Leu, -Trp @tcpisatiedomais afifingx1 jnlaftthmee savfend.0Vhike germ, alphi@etinia/TACRO0- 4

di | ution gave 1 00 n e | ate. B. Direct selection Five
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m Fal con tubes an%h&%tf@fﬂ::&mﬁ@%&ﬁﬁ%ﬂﬁ%@o%émceii%m:e oﬂﬁbe’g di 2% G c,
e C

each, followed by vortexing for 10 sec. The resuspended cell onblned
and centri fuMW@WWM@mmmm&mpmommdeant was

" di scarded- andZE gg n SD .nedi . Two
M of the > susPoRs gﬁieée;‘é‘ag%@ %ﬁﬁ?’ Eﬂ%’tﬂ% pr“i’/tgms r}gﬁ,ﬁfﬁd
incubated at 39CIV doméin-cobtathinSproin@aAtAVRIova0 Intihe: vl &Feﬁﬁ
T1US00116931 -76 C. Isolation of Single Colonies Yeast cells froman

“isolated col onlymésrvélqﬂEﬁ!@aﬂwmmt@gma@dugr@vthmqrsmn@kngam@wmaﬁm erred into

I ndi vi dual & Th | nded .jn.50 1 of
SD. - Leu, -Trp, Jﬁﬁqﬂ?é(’@a% %L: |gnceu18§]%e a.gtﬁwggx RN oném%%% L%St 5
cel I's were thesf stoxsiyathweytinked Sihtegrésignaling fromtdxGadilalaPmafix0eneil | f or mat

and incubated_at for 2 days. Yeast cells were also stanped onto alNyl on
filter cWeri F@Oéivgpﬁ)%%}%ﬂ&ﬁ ¢ afasions.ds thought foplaypkexgie inThe cel | s

on the Nylon g,%[nn@@g]gﬂé&ﬁgn ;a%ﬂ orter
~activity. Yeas%dock:o onres were SE%B%I%%]F&%%OM%&&%% 131}%-ntlsrp, v i's plate
with a st er| | ecelligovteowit Ziymkancﬂhﬁﬂmm%wmmngpmmesdmlppa]m¢w ding to

“the B - act vi.ty and t re us ende n 20 % cerol Thj s served as
‘a master pI at e? "};? <§¥; O R§ V] F%lg? g of hecxioskeleter £ om

the glycerol Sﬁrﬁ%ﬁﬁéﬁm@%ﬂﬁﬁﬁe@ﬂﬁ $htegrin agnahgg pathways. Zyxin also interacts
o 15  with alpha actinin, which we identified as interacting with Zmax1. Other LIM
domain containing proteins identified include the human homologue of mouse
ajuba, LIMDI1, and a novel LIMD1 -like protein.
Axin was also identified from the two hybrid experiments. This protein is
involved in inhibition of the Wat signaling pathway and interacts with the tumor
20 suppressor APC. There is a link here with the focal adhesion signaling described
' above: one common step in the two pathways involves inhibition of glycogen
synthase Kinase 3, which in turn results in the activation of 8-catenin/Lef-1 and AP-1
transcription factors. Axin/APC are involved in this as well as integrin linked

kinase. The Wt pathway has a role in determining cell fates during embryogenesis.
25 If inappropriately activated, the Wnt pathway may also lead to cancer. The Wnt |

pathway also seems to have atole in cytoskelefal reénangementé. A model
depibﬁﬁg Zmax1 involvement in focal adhesion signaling is depicted in Fig, 15.

This data coupled with other studies suggest that integrin signaling pathways
have a role in cellular responses to mechanical stress and adhesion, This provides an

30 attractive model for the mechanism of action of Zmaxl in bone biology. Itis
‘ possiﬁle that Zmax1 is involved in sensing either mechanical stress directly or



a SD -Trp plate and incubated at 30C for 2 days. After tweodaywsr 204

i ncubation, the yeast colonies were ready for colony PCR and sequenci ng.
St-andar d M(my.aﬁCR 15 conditions were used to anplify ins@fdedfospm preys
recovered fromthe interaction screen. Sequencing was done using standard
sequenci ng reactions and ABI377 (Perkin Elner) fluorescent sequencing
machines. D. Verification of bait/prey i-pperaction dycerol stocks of the
prey of interest were thawed and inoculated in a 10 m 20 overni ght '
culture of SD with glucose -Trp. After overnight growth, plasm d DNA

preparation r ng..th IO Ql M Yea Pl asni Isolatlon Ki t
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(WY Wal
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at che 0 SB=d Y-SRt +—Aft- ,
gellsfr%?bai%%gogg,ﬁmmc'm Piap-lhy Shpy °
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Novel Similar to LIM domains 71
' containing protein 1
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related protein
ECM1 extracellular matrix protein 1 U65932.1| 173
EF1A elongation factor 1-alpha X16869.1] 74
20 FN fibronectin X02761.11 75
HOXBI3 homeodomain protein U81599.1} 76
Novel Glu-Lys Rich protein 77
LIMD]1 LIM domains containing 1 - |NM_014240.1| 78
. [Novel PINCH-like ' 79
25 RANBPM  |cenfrosomal protein NM_005493.1] 80
‘ S15 ~ [extracellular protein 003877.1| 81
TCB gene encoding cytosolic M26252.1] 82
thyroid hormone-binding -
TiD . jtumorous imaginal discs NM 005147.1{ 83
_ ZYX Zyxin NM 003461.1 84
30 TRIO GTPase _ - U42390.1} 85
" HUMPITPB |phosphatidylinositol transfer D30037.1] &6
protein . - :
ACTN1 alpha-actinin : NP _001093.1 87




nedi a and i ncubated at 30C for

12 hr.

onto.an SD Agar-Leu-Trp plate and grown for

strengt h eofo dipript eraction these plates were replicapla
Leu-Trp-H s with 5 mM 3AT an
and SD Agar-Leu-Trp-Ura nedia and grown for 2 days at

Agar - Leu-Tr p-
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2 days at 30C. To test the

ﬂéﬁ%nkﬁﬁg% SD Agar

30C. E. Glacton Star P-Gal actosidase Aghivity Assay After streaking and

replica plating positive interactors on sel ection pl ates,

-20 col oni es were

placed in a 96 well dish with 200 | of SD-nmedium leaving wells 1 and 96
bl ank. Ten megroliters fromthe.first 96 well dish was plated. into anot her -
flat bottomp6 §&PE difsh contai®fifg 100 SI jofGedankdilunNTCont ok s
consisted of h ivie control and a very [whedesshers# t[iSR4 B PWSEQIID [The cel |
density was npasured at] OD6m (a val ue of 1fcorresponds NO: 1x18:cql | s
utilizing a 9p well 25 spectrophotorreter) The OD was usual Iy betwgen 0. 03
~and 0.10. Usifm €t U|JI A Pet oy A—t-he—t R i-eF 501
ofreaction m ¥ o \\Br O-e aI “ﬁ?‘}?egﬂ# \mpoj' i;z y. m.cr el i$8er< of
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the geness i defEphdaF0 1 ") ekl Bivisitrgycle 23 R T Y N BR[O LT o PT|ey .
libraries tested. Two &‘3 gzyxm an axin, were l51?2(')Lnd to {ntéraqt with
the 5 Oct ober 2004 \\D 4 L 1? 7_DPC |(Tf;an I’IFQ'—'\’I - 78 ¢ fnpl ashi c dommin of
zmax| in all|{N9¥Fke scriSegiar toTRIQ CABMSE23.hllpha actinilc. TCBl & $ 1-5
i nteracted i n{Nawsl of t h@imhardelfdrdeenins A vqriety of {roteiny f@Bund at
sites of celltcell and cehthinimgtproteinclont act Qfocal corfftacts/ hdesi on
- pl aques) wer e[SHEPEST A chile CY Pt gotrer T of Zmax| .
These i ncl ude] al pha-act ﬂiﬁa?ﬁ&fﬁ’c @ldﬁégﬁ Nﬁ’p_rog§%§:2;1 and " gyXin. rPI NCH i s
- a LIM domai nkconrt ' ract th
i nt egri n- | i nkgEMki nasdexeelulay pamixgrtpind | A4BA9834d and gt ovth fact or
'si gnal i nif pat jikds. The elongatitinfactof I-alpld osell yYCAAB4T®Sd igene i h t9% yeast two
hybri d screenFMi ses t hdibpasatidi | ity of a pogghA2esssiay |1 nkedgolintegrin
si gnal i ng froﬁq&&raeellquh_q&sﬂ@ﬁ plotei | gnal 54 TO 1110, [Ar'S0 K[TOvgg {
‘IoCaIizetofti;ﬁjiB Hresy i o1t : r-ote—t efidi nati ng
cell matrix i HEOE g:% o pouRofonty lﬁéﬁﬁ&alﬂﬁ%&% t-s— m'ﬂ—\l; in cell
movement . Zy XL 10t h Bewdng b nil 90 S8 is a s6% ogal i zed
to Novel PINCH-like 102
|RANBPM  |centrosomal protein NP_005484.1 103
81-5 extracellular protein AAAG5590.1 104
TCB cytosolic thyroid hormone- AAA36672.1 105
binding protein
TID tumorous imaginal discs NP_005138.1 106
20 ZYX Zyxin NP_003452.1 107
TRIO GTPase AAC34245.1 108
PTDINSTP |phosphatidylinositol transfer P48739 109
- |protein beta isoform
Iullght of the model depicted in Fig. 15 and the results shown in Table 6, -
another aspect contemplated by the invention would beto regulate bone density and
25 bone mass disorders by the regulating focal adhesion signaling. The regulation can
occur by regulating the DNA, mRNA transcript or proteiﬁ encoded by any of the
members involved in the focal adhesion signaling pathway as identified by the yeast
two hybrid system. '
Alsa contemplated are the novel nucleic acids and proteins identified by the
30  HBMyeasttwo hybrid system. These include but are not limited to SEQ ID NO: 66



adhesi on plaques and is thought to be involved in reorgans gatdoefmdis t he
cytoskel eton when triggers are transmtted via integrin signaling

pat hways. wig¥ifrsed so interacts 15 with al pha actinin, whiehuue,l.dentified
as interacting with Zmaxl. O her LIM domai n contai ni ng proterns 1dentified
i ncl ude the human honol ogue of. nouse ajuba, LIMD1, and a novel LINDI-Iike
protein. Axin was also identified from tee two hybr| d experinents. This
protein is involved in inhibition of the Wit signaling pathway and
interacts with the tunor 20 suppressor APC. There is a link here with the
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nodel B ct |5Lm fgmﬁlocal adhesion signaling is depicted
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si gnal i ng "pat msl’htwhaﬁmhenl n cellular responses to nechanical stress
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r CTI USOO 16951 ing a nol'ecule in the éxtraceilular —natrix that is

related to ned&%&ﬁ)cﬁﬂomhglafmme, 232i3¢ 1 (1L99).t BheoliQh recafiorig ueponsiid¢ hways nay
be invol vgd i d due to ffects on cell . marphol ogy, cell
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cholesterol removal and tend to develop artherosclerosis. In addition, cells with a

defective LDL receptor show increased production of cholesterol, in part because of
altered feedback regulation of cholesterol synthetic enzymes and in part because of

15 increased transcription of the genes for these enzymes, In some cell types,
cholesterol is a precursor for the formation of steroid hormones.

Thus, the LDL receptor may, direcily or indirecﬂy, function as a signal
transduction protein and may regulate gene expression. Because Zmax1 is related to
the LDL receptor, this protein may also be involved in signaling between cells ina

20 way that affects bone remodeling. 4

The glycine 171 amino acid is likely to be important for the finction of
Zmax] because this amino acid is also found in the mouse homologue of Zmax}.
The closely related LRP6 protein also contains glycine at the corresponding position
(Brown et al, Biochemical and Biophysical Research Comm., 243:379-888 (1988)). -

25 Amiﬁo acids that are important in a protein's structure or function tend to be
conserved between species, because natural selection prévents niutation_s with
altered amino acids at iﬁportant positioﬁs ﬁ:om arising.

In addition, the exiracellular domain of Zmaxl contams four repeats
consisting of five YWTD motifs followed by an EFG motlf This SYWTD-!-EGF

30 repeat is likely to form a distinct folded protein domain, as this repeat is also found
in the LDL receptor and other LDL teceptor-related proteins. The first three |
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coi l ed-coil NM 006461.172 related protein ECM extracel lular matri x protein
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SYWTD+HEGF repeat in Zmax1. The other two similar SYWTD+EGF repeats of

Zmax] also contain glycine at the corresponding position, as does the

SYWTDHEGF repeat in the LDL receptor protein, However, only 17.6% of the

amino acids are identical among the first three SYWTD+EGF repeats in Zmax] and

the single repeat in the LDL receptor., These observations indicate that glycing 171 -

is essential to the function of this repeat, and mutation of glycine 171 causes a
ﬁmcﬁonal éltération of Zmax1. The cDNA and peptide sequences are shown in
Figs. 6A-GE. The critical base at nucleotide position 582 is indicated in bold and is
underlined.

Northern blot analysis (Figs. 7A-B) reveals that Zmax1 is expressed in
human bone tissue as well as nemerous other fissues. A multiple-tissue Northern |
blot (Clontech, Palo Alto, CA) was probed with exons from Zmax1. As shownin
Fig. 7A, the 5.5 kb Zmax1 transcript was highly éxpressedin heart, kidney, lung,
Iivér and pancreas and is expressed at lower levels in skeletal muscle and brain. A

second northem blot, shown in Fig, 7B, confirmed the transcript size at 5.5 kb, and

 indicated that Zmax]1 is expressed in bone, bone marrow, calvaria and human

20

osteoblastic cell lines, _

Taken together, these results coupled with the yeast two hybrid results
indicate that the HBM polymorphism in the Zmax1 gene is responsible for the HBM
phenotype, and that the Zmax1 gene is important in bone development. In addition,

* because mutation of Zmax1 can alter bone mineralization and development, itis

likely that molecules that bind to Zmax1 may useﬂlllj' alter bone development.
Such molecules may include, for example, small molecules, proteins, RNA.

_aptamers, peptide aptamers, and the like,

' XVIL Preparation of Nucleic Acids, Vectors, Transformations and Host Cells

30

Large amounis of the nucleic acids of the present invention may be pfoduced
by replication in a suitable host cell. Natural or synthetic nucleic acid fragments
coding for a desired fragment W111 be iﬁmrpoiated jnto recombinant nucleic acid
constructs, nsually DNA constfucts, capable of introduction jnto and replicaﬁon ina



t hyr oi.d hor none- bi ndi ng TB)t unor ous i magi nal di scsNM 00514 Dcldb3r Z)04Zy xi NNM
003461. 184 TRI OGTPaseU42390. 185 HUWMP) PBphosphati dylinositol transfer
D30037. 18Gypnpteem ACTNlal pha actini nNP 001093. 187 5 Octmsﬁg,%éll VO
01/77327 -80 1 5 10 15 20 PCT/US00116951 Gene Cenbank N'*

Synbol GeneAccession #SEQ |) SEQ I D NO NO AESam no-term nal enhancer

of NP- 001 121.288 Al P4atrophin-1 interactgng protei nAACO4845. 189

Novel Aj uba90 AXI NWat si gnal | i ngAAC51624. 191 CDC23cel | division cycle 23,
yeast NP_004652.192 honol og Novel Simlar to TRI O CAB55923. 193 Novel Si m | ar

to Ll_ M dormai ns gka:yotm or eukaryotic cell. Usually the nucleic acid constructs will be suitable
for replication in a unicelfular host, such as yeast or bacteria, but may also be
intended for introduction to (with and without integration within the genome)
cultured mammalian or plant or other eukaryotic cell lines. The purification of
5 - mmcleic acids produced by the methods of the present invention is described, for
example, in Sambrook et al, Molecular Cloning. A Laboratory Manual, 2nd Bd,
(Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1989) or Ausubel et al,
Current Protocols in Molecular Biology, J. Wiley and Sons, NY (1992).
_ The nucleic acids of the present invention may also be produced by chemical
10 synthesis, e.g., by the phosphoramidite method described by Beaucage et al, Tetra,
Letts., 22:1859-1862 (1981) or the triester method according to Mattencci,et al, I,
Am. Chem. Soc., 103:3185 (1981), and may be performed oﬁ commercial, automated
oligonucleotide synthesizers. A double-stranded fragment may be obtained from the
single-stranded product of chemical synthesis either by synthesizing the
15 complementary strand and annealing the strands together under appropriate
conditions or by adding the complementary strand using DNA polymerase with an
appropriate primer sequence.
Nucleic acid constructs prepared for infroduction into a prokaryotic or
eukaryotic host may comaprise a replication system recognized by the host, including
20 theintended nucleic acid fragment encoding the desired protein, and will preferably
also include transcription and translational initiation regulatory sequences operably
linked to the protein encoding segment. Expression vectors may include, for
example, an origin of replication or antonomously replicating sequence (ARS) and
_ expfession control sequences, a promoter, an &nha_ncer and necessary processing
_ 25 information sites, such as n"bosonie-binding sitme; RNA splice sites, polyadenylation
éi_tes, transcriptional terminator sequences, and mRNA stabi]i_z_ing sequencés, .
Secretion signals ﬁay also be included where appropriate, whether from a native
HBM or Zmax]1 protein or from other receptors or from secreted proteins of the
same or related species, which allow the protein to cross and/or lodge in cell
30 membranes, and thus attain its functional toﬁology, or be secreted from the cell.

Such vectors may be prepared by means of standard recombinant techniques well



containing protein 1 DEEPEST-mtotic spindle coiled-coil KRR8R45804195
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combinations of cell lines and expression vectors are described in Sambrook et al,
Molecular Cloning. 4 Labc;mtory Manual, 2ﬁd Ed. ( ':1& Spnng Ha;bor Laboratory,
10 Cold Spring Harbor, NY (1989) or Ausubel et al, Current Protocols in Molecular
Biology, I. Wiley and Sons, NY (1992). Many useful vectors are known in the art

and may be obtained from such vendors as Stratagene, New England BioLabs,

)

VPromega Biotech, and others. Promoters such as the trp, lac and phage promoters,
tRNA promoters and glycolytic enzyme promoters may be nsed in prokaryotic hosts.
15 Useful yeast promoters include promoter regions for metaltothionein, 3-
phosphoglycerate kinase or other glycolytic enzymes such as enolase or
glyceraldehyde-3-phosphate dehydrogenase, enzymes responsible for maltose and
galactose utilization, and others. Vectors and promoters suitable for use in yeast
expression are further described in EP 73,675A. Appropriate non-native
20  mammalian promoters might include the early and late promoters from SV40 (Fiers
et al, Nature, 273:113(1978)) or promoters de:iircd from murine Moloney leukemia
virus, mouse tumor virus, avian sarcoma viruses, adenovirus T, bovine papilloma
virus or polyoma. In addition, the construct may be joined to an amplifiable gene
(e.g., DHER) so that multiple copies of the gene may be made. For appropriate
25 enhancer and other expréssion conirol sequenécs, see also Enhancers and
FEukaryotic Gene Expression, Cold Spring Harbor Press, Cold Spring Harbor, NY
(o83). ' -
‘While such eXpression vectors may replicate autonomously, they may also
. replicate'-by being inserted into the genome of the host cell, by metheds well known
30 intheart. ' ' |



containing protein 1), SEQID NO 77 (G u-Lys Rich protei ahctddeddd NO 79
(PINCH|ike gene), SEQ ID NO 90 (A uba protein), SEQID NO 93 (protein
simlar tawWOR/OBE27 SEQ ID NO 94 0, SEQ ID NGO 99 (d u-Lyscrustrigspteiia)
and _5 SEQID NO 102 (PINCHIike protein). XVL Potential Function The
protein encoded by Zmaxl is related to the Low Density Lipoprotein
receptor (LDL receptor). See, Goldstein-gt al, Ann. Rev. Cell

Bi ol ogy, 1: 1-39 (1985); Brown et al, Science, 232:34-47 (1986). The LDL
receptor is responsible 10 for uptake of |ow.density |ipoprotein, a lipid
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or other substances; microprojectile bombardment; lipofection; infection (where the

vector is an infectious agent, such as a retroviral genome); and other methods. See
generally, Sambrook et al., 1989 and Ansubel ef al., 1992. The introduction of the
nucleic acids info the host cell by any method known in the art, including those
20 described above, will be referred to herein as "transformation.” ‘The cells into which
have been infroduced nucleic acids described above are meant to also include the
- progeny of such cells.
Large quantities of the nucleic acids and proteiﬁs of the present invention
_ may be prepared by expressing the Zmax1 or HBM nucleic acids or portions thereof
25 | in vectors or other expression vehicles in compatible prokaryotic or eukaryotic host
cells. The most commonly used prokaryotic hosts are stratns of Escherichia coli,
although other prokaryotes, such as Bacillus subtilis or Pseudomonas may also be
' Mammahan or other eukaryotic host-ce]]s, such as those of yeast,
: 30 filamentous fungi, plant, insect, or amphibian or avian species, may also be useful

for production of the proteins of the present invention. Propagation of mammalian
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‘in a suitabl uqtiop of p parigylex prpdust based emtemperahe seasitiviscmay plsdigprianss 30
~coding for a ?p JRgpent Wil be incorporated into reconbi nant nucleic
acid constructs; dsually DNA constructs, capable of introduction into and
replication in a FProkirpiizror 200uydio celly tvahsPrmed Witk the Budl6ic/2did96flthe 83
prokaryofd ¢ O et Ritton Sifl B bserlfSiafouty £ Moo phbicfios ot il Side s W 1! be

proteins of the present invention, but also, for example, in studying the
characteristics of Zmax1 or HBM proteins.
Anfisense nucleic acid sequences arc useful in preventing or diminishing the
. expression of Zmax1 or HBM, as will be appreciated by one skilled in the art. For
20 example, nucleic acid vectors containing all or a portion of the Zmax1 or HBM gene
or other sequences from the Zmax1 or HBM region inay be placed under fhe control
ofa pfomdter in an anfisense orieﬁtaﬁon and introduced into a cell. Expression of
such an antisense constmuct within a cell will interfere with Zmax1 or HBM
. transcription and/or translation and/or replication. ‘
- 25 . _‘-_'I'he probes and pﬁﬁem based on the Zmax1 and HBM gene sequences
- o disciosed herein are used to identify homologous Zmax1 and FHBM gene sequences
. and proteins in other species. These _Zmaxl and HBM gene sequences and proteins
are used in the diagnostic/prognostic, thetabeutic and drug screening methods
' descﬁbq_i herein for the species trom which they have been isolated. |



- for-replication in a unicellular host, such as yeast or bagjgljepoodUt may
al so be intended for introduction to (with and without integratron within
- the genone) cultured mammalian or plant or other eukaryotic cell lines.
The purification of 5 nucleic acids produced by the nethods of the present
invention is described, for exanple.gy.n Sanbrook et al, Ml ecular C oning.
A Laboratory Manual, 2nd Ed. (Cold Spring Harbor Laboratory, Cold Spring
Har bor, NY (1989) or Ausubel et al, Current Protocols in Mlecular
Biology, 1, WIley and Sons, NY (1992). The nucleic acids of the present

i nvent i on XEL-Kroteip LxpressionamdRurafications) 10 synthesis, e.g., by the

phosphor am di t ' t . F 3. tts.,

22: 1859- 1862 (%%ﬁ#ﬁ%@gg@ﬁ%ﬁmﬂg@%&ﬁ%ﬁ‘ ?I(E)ﬁc%a(faflg)%cci et at, J.

Am Chem p&dormedld3senfidBpag haBAdd bedowd. Tafinslitprerthocloridgpexpeasivaedal ;

aut omat ed al.i gonugl eot.i de synt hesi.zers, dquhl e- stranded fragnment may be
obt ai ned PPB-@?‘%‘PQO Qq%@%déﬁﬁéﬁdﬁf‘ﬁaﬁéﬁ’%ghem B&F> AgMehesi s either by
synt hesi zi | ds toget her
yNt hesi ZieRfretdish syateh SRLCARAL FEY g}g&g@gﬁg&g&@&ﬁﬁ&h@ﬂg@a&ﬁ@g@%ﬁ g

under appropriate” conditions or € conple strand using
DNA pol ymef eessemhinaht proteinsip i poli whesgledtere rAlseqpidNdesequera ehaidingai d

constructs_prepar or.introduction ipt rokaryoti c Qr, eukaryotic host
may conpr PS@“@%%S_E‘? %&T@nwﬁg‘ﬁsﬁ%ﬁ%@%ég‘?ﬂ%ﬁ&&ﬁ%@ Smé“ﬁﬁﬁf,mﬁe%T 18di ng 20 .
the i nt engpglitieeheifcatitmi of the REGEBImaRHFOIN Hod e, dBR I 6Rd RafEQédled and Wil |
preferably also"include transcription and translational initiation

.: rEiguI atpr@r@dmmwiéﬁa@néofmgﬁk@mm@lai?@l pequerien encodi ng sggrr;ant.

" Expregsion vectprs. i mcl u or . exanm e. an ori.gin.of, r cation or
aut oiﬁ)nnusly ré@f’{%&{ﬁ%&ﬂﬁe&ugﬁ%@w}g ﬁ"@%ﬁ?%‘?gﬁgﬁf@ﬁﬂ% sequences,

apr onot er IDNOS:M)3nee 5-ANfdr SREREIIM Wire phpaied byl dBMairon Sites, such

as ribosome-hinding sites, RNA splice sites, polyadenyl ation sites,
transcri pfgashen al@%ﬂ'%ﬂ’éﬁc ehgprugleatide primersRpexitic fpihd ¥ jand 3'sagdsefices.

Secreti onﬁ%ci@m@ga@m &&g 'ggﬂ g W8 Diirc AR QRI RiE fre\e\ﬁ}foﬁ%gés froma

native | protern or ther“receptors or from secreted
prot ei ns (Gaithessburga MDY rAll fdrataetprimers (specifistfbcthe 8! dndwefithesaquerice) n t o cross

d/ | od [ n. | 30 b .. h in i f St | | ,
o LS secPBRArighE o HE G M NoOonng 4 8 the S5, ot BB neans of
st andar d %feca@giggg@to nﬁc‘?ﬁﬂ%ﬂHﬁéﬂ Yirbten &%{sﬁ%ﬁ aé%?%?e\ﬁgo%{e Z.Zsfcg{.l.  Sambr ook

PCTI USOQO 16951 - own in the art and discuss or exanp
et al, Memodedwithinghe Ngol site followed by a valine residue and the protein encoded

by the HBM DNA sequence. All reverse primers (specific for the 3' end of the

sequence) included an EcoRI site at the 5' terminus to permit cloning of the HBM
20 sequence into the reading frame of the pET-28b. The pET-28b vector provided a
sequence encoding an additional 20 carboxyl-terminal amino acids including six
histidine residues (at the C-terminus), which comprised the histidine affinity tag.
Genomic DNA prepared from the HBM gene was used as the source of
template DNA for PCR amplification (Ausubel et al, Current Protocols in
25 Molecular Biology, John Wiley & Sons (1994)). To amplify a DNA sequence
_ 'oontainiﬁg the HBM nucleotide sequence, genomic DNA (50 ng) was introduced
into a reaction vial containing 2 mM MgCl,, 1 puM synthetic oligonucleotide pﬁlﬂers
(forward and reverse primers) complementary to and flanking a defined HBM, 0.2
mM of each of deoxynucleotide triphosphate, JATP, dGTP, dCTP, dTTP and 2.5
30  unmits of heat stable DNA polymerase (Amp]itaq, Roche Molecular Systems, Inc.,
Branchburg, NJ) in a final volume of 100 microliters.

SUBSTITUTE SHEET



A Laboratory Manual, 2nd Ed. (Cold Spring Harbor Laborato ring
Har bor, NY (1989) or Ausubel et al, Current Protocols in ﬁ/}g)lcéotq:;g*g?@gi ol ogy,
J. WleywoouBens, NY (1992). 5 An appropriate pronoterg 09}1@‘_%%
necessary vector sequences will be selected so as to be functional in the
host, and may include, when appropriate, those naturally associated-with

- Zmax| or HBM genes. Exanples of workabl e conbi nati ons of cell |ines and
expression vectors are described. in Sanbrook et at, Ml ecular. Coning. A
Laboratory Manual, 2nd Ed.. (Cold Spring Harbor Laboratory, 10 Cold Spring
Har bor, NY (1989) or Ausubel et at, Cur rent Protocols in Ml ecular

Bi ol ogy, J. W ey Xpen cyprletiopnofhamalcyclingrpaciions, eachsawplent ampkfiddnown i n t he

art and may ' f rendor s St.rata New Engl and

Bi oLabs, Pr O%@%@%@ echd,l{sglg]éﬁ %@%@I}r&gﬁ@W%@tpﬁc%%%z@iﬁgﬁ% trp, lac and
phage pronot eGejtherstriig NIDR AL etopliBeiiDA @S (were QTFYIRI PBIERRIG] withBY be
used in prokaryotic¢ hosts. 15 Useful yeast pronoters include pronoter

regi ons for mitefeFEetisHdomcleases, emdlioh arl TeoRd MNew RnglardBiskahs, her

I | yti ﬁﬂm%§& I G650 . h »37ph h
ge%;clgrgg:aﬁagg-;ﬁég%;’)’/nes Aespog‘!';s)ciﬂﬁl e %?P’?r’g%éﬁ %2’2‘@%&”2 ’S‘%ﬁ"é%’g'g’gﬂg%’f% zati on,
and ot hers. V&Smsslnar(dﬂ#)})mﬁrsmn@hbw&almﬂmjwsﬂoidecﬁaﬁﬁiﬁis@hﬁltmsi on are
furth d Lbed. i 3, 6 75A. | at -nati 20 i'an

br oot er s m gNUSFIE (G Hinkrodit. folRme MED appomdiel; HNA 5 Yombzeibirs o
at, Nature,  22gicd o S8R bRfmill S AV HERiELE DI LG R oneY

- | eukem a i rus, nouse tumor virus, an sarcona VI TUuses, snovirus U~

bovi ne papi | | ekices isplatedstamn thealzgroseegel vas motifiet nsing the o TOINGEMeQtdan By be

joined to.an anplifiabl e e.g., DHFR) so that multiple copies of the
T EifbcoL R0 11, AR AL

gene may 25 enhancer and ot her expression control

sequences, see al SELEFNANER V&R &@&y&fcioim%ﬁ%g%m | RBickiy d Spring
Har bor Press, Cold Spring Harbor, Rl%ﬂ (1983). i'le suc expregglﬁ%n vectors

mra]ly replicat fe%‘i@@ﬂmﬁgy,mph@aﬁﬁm%l@ﬁ@oﬁnlgile}lleioh&be,weﬂE,ng)i nserted into
| ' . i .5

Ot ober 2604 HeSBRFFEH, Efizear MR RORGIeNTar BB Rt WL Whertiy vect o s

will likely c¢rsoa))n Tae PBT-284 odvice, WhEk eicod® thAERRIRNERE e BaPEMRI N

' necess'ar¥ for survival or 9ro_wth of a host cell transformed
15 fused to the 5' end of an inserted gene, was prepared by digestion with appropriate

restriction endonucleases.

Following digestion, DNA inserts were cloned (Ausubel et al, Current
Protacols in Molecular Biology, John Wiley & Sons, Inc. (1994)) into the
~ previously digested pET-28b expression vector. Products of the ligation reaction
20 were then used to transform the BL21 strain of E. coli (Ausubel et al, Current
- Protocols in Molecular Biology, John Wiley & Sons, Inc. (1994)) as described
below. . _
_ * Competent bacteria, E. colf strain BL21 or E. coli strain BL21 (DE3), were
. transformed with recombinant pET expression plasmids cartying the cloned HBM
25 sequence according to standard methods (Ansubel et al, Current Protocols in-
Molecula:r_' Biology, John Wiley & Sons, Inc. (1994)); Briefly, 1 pl of ligation
reaction was mixed with 50 pl of electrocompetent cells and subjected to a high
. Voltégé pulse, after which samples were incubated in 0.45 ml SOC medium (0.5%
|  yeast extract, 2.0% tryptone, 10 mM NaCl, 2.5 mM KC 10 mM MgCl,, 10 mM
30 MgSO0, and 20 mM glucose) at 37°C with shaking for 1 hour. Szmples were then
o spréad on LB agar plates containing 25 pg/ml kanamycin sulfate for gfowth



with the vector. The presence of this gene ensures grow hsef.ida} yodshose
host cells which express the inserts. Typical selection genes encode
proteins t@byapzconfer 5 resistance to antibiotics or aidigssob/egsse
substances, e.g. anpicillin, neonycin, mnethotrexate, etc.; b) conpl enent
auxotrophic deficiencies, or c) supply critical nutrients not avail able
fromconplex nedia, e.g., the gene encodigng D-al anine racemase for
Bacilli. The choice of the proper selectable marker will depend on the
host cell, and appropriate markers for different hosts are well known in
the art. 10 The vectars containing t ucl ei.c acids of interest can be
transcri bed iﬁve%g@f.gfm%sﬁ eﬁ &P@g‘ﬁ?m R HeR PR ﬁi%“(gdmfagf? ®he host cel |
by wel | - known egm@iikie 8oned i@scits, as@¥sclipdEddwn (see, Kubo et al, FEBSLetts.
241:119 (1988)), or the vectors can be introduced directly into host cells
by nethods wel | kné&udivifiyel Bhal alones tishsfotmedawith recaphinaiit T80 HBMt ype of

chiori de, ¢ ub PSS Ratnte N R A e Ricaof e dBnal By, "0, hey o U
subst ances; mxﬁihglﬂisﬂaﬁetfdrbva;dbﬁﬂb@@ﬁgﬁﬁﬁlérslsbmﬁéﬂﬁﬁ@lBM@Enﬁ&hie@%a&V\her e the

vector is an infectious agent, such as a retroviral genone), and other
met hods. See WiEhesedin fee ongng s g anenlifigation dlodas wadionssSusetssid al ., 1992.

The introducti . . el i in he hos el | by.any net hod
enoun i et he eabiRtad G AR A ARL e b HAM B9 H88 In A8 i eF ! 199,
herein as "tr gAsfubthabl, CarreniThetcesit sMblebMaM By, THay Wilke @Sdmel meduced

nucl ei ¢ acids descri bed above are nmeant to also include the progeny of
such cells. Lé}%gé»)quant ities of the nucleic acids and proteins .of the

present ijgvention I‘ﬂ@)i I ucl eic
acids or 1gortions t erg%cﬁgé%?%&\%g%r ot‘}rg\gtpisg%gﬁog%ﬂ%gﬁ%?es in
conpat i bl e pr diBMymtleatidescpehas weted rcked ahd hetHased id Benli LB eothmphial2s used
_protaryotic hos%s are strai °(§)’f815'%E chﬁgﬁ%ﬁc‘:}ﬂi a tali ’ﬁggild h %qggg?%}ggd |
pr-okar yot es, lﬁ'é‘a‘%%‘? _ i ‘P’@’é‘&g@hﬂ used.
Manmal i an or %&Bﬁﬁﬁé&@ﬁé%é@a&&%ﬁ&%%ﬁéﬂ&ﬂb@?cgg eRfncyeast, 30

filamentous fungli, plant, insecCt, or a | bran 'an species, may al so
be useful forChaiswdubtGah of the proteins of the present invention.

Pro ti f lian. 5. Oct 2004 .\\D 01177327 f ETSO 1 -86
ol T2 R D1y o Skl yl R B it iy 2 PR T S L B SR T 2
Cul twe.  Met hqgis) 01 NTNESY DBISQEY the kb, UBnRSoseH SRARMMLor I B88d prePationtiar court

Br ace

Hosts for expression include E. coli strains containing a chromosomal copy of the
gene for T7 RNA polymerase. These hosts were lysogens of bacteriophage DE3, a
lambda derivative that carries the lacl gene, the lacUV5 promo'ter and the gene for
20 T7 RNA polymerase. T7 RNA polymerase was induced by addition of isopropyl-8-
D-thiogalactoside (IPTG), and the T7 RNA polymerase transcribes any farget
plasmid containing 2 functional T7 promoter, such as pET-28b, carying its gene of
interest. Strains include, for example, BL21(DE3) (Studier et al, Meth. Enzymol.,
| 185:60-89 (1990)). | | |
25 : To expréss the recombinant HBM sequence, 50 ng of plasmid DNA are
isolated as described above fo transform competent BL21(DE3) bacteria as
described above (provided by Novagen as part of the pET exp’ressiori kit). The lacZ
gene_(B-galactosidase) is expressed in the pET-System as described for the HBM
_ recombinant 60nstruptions. Transformed cells were cultured in SOC medium for 1
30 hour,‘ and the culture was then plated on LB plates containing 25 pg/ml kanamycin
‘sulfate. The following day, the bacterial colonies were pooled and grown in LB



rovanovi ch, NY, (1979)). Exanples of commonly used manmef pambBesioacel | .
lines are VERO and HelLa cells, Chinese hanster ovary (CHO cells, and

W 38, BHK COS cell lines, although it will be ap | ated _by the
skil | ed p’rwaocr)?l?’?%gner that other cell lines may be appr ?‘?P@?”@? g., to
provi de higher expression desirable glycosylatiion patterns, or other
features. C ones are selected by using _r@[ kers dependi ng on the node of the
vector construction. The marker maybe o6n the sanme or a different DNA

nol ecul e, 10 preferably the same DNA nol ecule. In prokaryotic hosts, the
transfoxmant “may be selected, e.g., by resistance to anpicillin,

tetracycl i ne Dedigmvontaiing kinanjws sulfdy @Jyetmb fo af omicalatehsityat 460 phiaguct

‘based on tenpgr.at ensjtivity nmay al ve an appropri ate marker.
Pr okar yoti c oﬁ‘szﬂakj'gmt ’%{Scaéﬁbééﬁﬁ%*ﬁ&rlaﬁﬁﬁamswgawet%ﬁ&% Ige$ ds of the
15 present i KR4 iodAdwe loknddSpres@bnibf HOHBM kebokiBfnatt TN R Losati Qg of the

nucl ei ¢ acids and roteins of the present invention, but also, for
exanple, in st udyihgeﬁm@cu@mafﬁé@éxnrsﬂsimgﬂﬂfmz&ahdctmamdbébﬁs.

Ant i sensez nucl ej i d . seful, reventing, or, diin ni shing
the expressi lc")'s(r%1 0 g@ﬁ%ﬁ%ﬁ%&%@%gﬁﬁﬁ%@t33@%%5%5{? Bﬁ‘génki lled in
the art. For Palts wetdratpenduddh 60 tl ofédld ¥ THE-STCIOFH 8i0nD. 09 &ak] &g @ portion
of the Zmaxl or HBM ﬁene or ot her sequences fromthe Zmaxl or HBM regi on

‘may be pl acedC4medy (TEheuBr). Celis werqthemesntrifugad 242000% £ &w@be orientation
and i ntroduceg,.:.li o I | ch an I.sens onstruct
Wi t h: n a cgl I &ﬁ%%%tgwg%%%gtvﬁ&%ﬁ%%%@ BV r‘gﬁﬁsqgf?agﬁ%%nd/ olrfJ .

transl ati on aphtedn purifighfienat i on: 25 The probes and priners based on the

Zmax| ang [ 1 BM gen se&ggfce% (gi sclosed herein are used to identify
honol ogod® Zmax 1 Betheddlegiedmopa in fearisep bepied to purgfy s speci es.

These Zmax! ' ¥t
ese znnx) andulEMABHLCARNCACET AU PIAMBINR Priks SIRRL: S Wiy &

di agnosti c/ prognosti erapeuti'c an rug screening me
herein for th8omss{E¥35¢)s For ey, the frdzey céibwen betawed otsatreddd iDbutfaer 2004

-87 XVH . Protei ressiqn and Purification Expressjqn and purification
of the HBM p?%fr@?nq’rm Yﬁﬁ@ﬁﬁ@%ﬁ%ﬁswwwwgmﬁ%@% odel M- a5
‘outlined bel oyosTRréBAkidick ﬁit&nitﬂﬁaﬁéﬁg.i, Rewide RIADS The st hitbdehbgat i on of

‘menbrane and secreted protein fromt HBM géne,” a gene 5 expression

system #fich Beentifigedip W¥yld neieay supomegtan) (crudo extric anddoBowing fifiraties, on

the crude exiract is fractioned over columns. Fractions are monitored by absorbance

at OD,g, nm and peak fractions may be analyzed by SDS-PAGE.
The concentrations of purified protein preparations are quantified
5pcctrophotometrically using absorbance coefficients calcylated from amino acid
20 content (Perkins, Eur. J. Biochem., 157:169-180 (1986)). Protein concentrations are
| also measured by the method of Bradford, Anal, Biochem., 72:248-254 (1976) and
Lowry et al, J. Biol. Chem., 193:265-275 (1951) using bovine serur albumin as a
 standard. .
SDS-polyacrylamide gels of various concentrations were purchased from
25  BioRad (Hercules, CA), and stained with Coomassie blue. Molecular weight
maﬂcers may include rabbit skeletal muscle myosin (200 kDa), E. coli - |
galactosidase (116 kDa), rabbit muscle phosphorylase B (97.4 kDa), bovine serum
albumin (66.2 kDa), ovalbumin (45 ¥Da), bovine carbonic anyhdrase (31 kDa),
soybean trypsin inhibitor (21.5 kDa), egg white lysozyme (14.4 kDa) and bovine
30 aprotinin (6.5 kDa).



of “reconbi nant proteins in E. cols was selected. Also, a g)@%tc;begmce
encoding a peptide tag, the H s-Tap, was fused to the 3' end of

sequences Whoifserest to facilitate purification of thegg %H ?

protein products. The 3' end was selected for fusion to avo alteration
of any 5' termnal signal sequence. 10 Nucleic acids chosen, for exanple,
fromthe nucleic acids set forth in SEQ 1P NOs: 1, 3 and 5-11 for cloning
HBM wer e prepared by polynerise chain reaction (PCR). Synthetic

ol i gonucl.eotide priners specific for the 5 and 3" ends of the HBM

nucl eot'i de sequence were desi gned and tgurchased fromLife Technol ogi es
(Gai t her sbur g, I\/D) %Hgt @@p@@pmte@zha@rbewtenedeﬁmwfbet he

sequence) 15 wgg céyg ni N t &%

termi nus. These pr| rrers %&&d&i e?mﬁ?c%oﬁl ?a%%{b ?6‘3 ein
transl ation at binﬁm«rnﬁhbsemnﬁhst&hafseﬁaydme;ﬁh&mb@d&ﬁﬂmhiﬂnﬁclbﬂﬂ eﬁi&@ia S’obt e
foll owed by a valine residue and the protein encoded by the HBM

sequence. All P’é’\‘}IE‘Fe@bWFWPSOY(”SH%FGFWQWWGHW@W%@%fMoﬁ%clo%quence)

i ncl uded ag Ec HBM 20
sequence |§to tgﬁgmraieegg)l %Eto?%g)rtr‘eguo#’%ﬂgﬁ#gg%ﬁre%ﬁdﬁggﬁgg%dvec%gr prow ded
a Iseguence enbﬁme?ggéﬁomdmmde&wbmdﬁﬁhsmomigp;?vhﬁ&-@m n% (laﬁS)%lOInaCI ds .
|nCU|ngS|x | stidine residu e C.termnu ch conprise e
hi stidine affi AFEY2Pay™ ﬁ%?ﬂ"ﬁ‘ﬁa‘?é\wﬁh W “P%WFP?]@B%O éh‘e"%s used as
the source of g&rﬁi&ﬂﬁ&r@u@i& ok o @ﬁ%l ﬁﬁgg; @C Current
Prot ocols in 25 Ml ecul ar Bi ol ogy, ohn ey & ons (1994) To anplify a

DNA sequence em:ﬂmdleﬁmghqnhembﬂdlﬁnmﬂ:emmwéss;:émeﬂ‘heeplmmeﬂnmfﬂ%m (50 ng)

was i ntrodyced vi.al..cont ai ni C12, nt hetic
ol i gonucl ggt i d@sﬁﬁ"ﬁéi’gﬁ‘*‘?‘?’%}‘%@? 1%@?@\?8@80%3 ﬁ]g"jrvl t‘pr&%l’%?%y to and
flanking a def bﬂEQré‘BMted}namlﬂile&pﬁ%d%fovﬁ:ﬁ@ﬁh@@ﬁlhﬁ@is'c@ﬁhﬂu@ﬁ.pmphat e,
dATP, dGIP, dCTP, dTTP and 2.5°30 units of heat stable DNA pol ynerase

(Anplitag, RocRaomsosaiibedy syreveliis mepsweed by ipmamerssurmethodrsushresELAS Aal

T USo0) 1 695 M@ﬁ’@%’?]%e?%ﬁ???EnWEf9§FﬁE§}?§f§ﬁr§§wpﬂﬁga%ﬁg%dgv%ﬁ” "Gach

sanpl e of anl pbxpah&eﬂ m&lﬁ&tb@proph&dtédt@@rdd&té@h&@u&lxﬁwIGtKerS'mtdbldDCR

~purification Idt, (Q agen Gai t hersburg ND% anplified DNAsarrpI es
were subj éét edtqchmgﬁlf‘@é%@il‘eﬁnmwxpew Pdgmp qsvﬁeew tho\ARigERF Balypeptides, g. . Ncol
a.n d EcoRl ( Fﬂ&!ﬂﬁﬁ%@,‘ 858B&ion of libraries of antibodies in phage or similar vectors.

See Huse et al, Science, 246:1275-1281 (1989). For additional information on
antibody production see Davis et al, Basic Methods in Molecular Biology, Elsevier,
NY, Section 21-2 (1989).
20  XIX. Methods of Use: Gene Therapy
| In recent years, significant technological advances have been made in the
area of gene therapy for both genetic and acquired diseases. (Kay et al, Proc. Nail.
Acad. Sci. US4, 94:12744-12746 (1997)) Gene therapy can be defined as the
deliberate transfer of DNA. for therapeutic purposes. Tmprovement in gene transfer
- 25 methods has allowed for development of gene therapy protocols for the treatment of
diverse types of diseases. Gene therapy has also taken advantage of recent advances
- inthe ideniification of new therapeutic genes, improvement in both viral and
: nonviral gene delivery systems, better understanding of gene regulation, and
improvement in cell isolation and transplantation.
30 The preceding experiments identify the HBM gene as a dominant mutation
'confen:ing elevated bone mass, The fact that this mutation is dominant indicates that



5 Beverly, MA) (Ausubel et al, Current Protocols in Ml ecykRicHl odoy, John
Wley & Sons, Inc. (1994)). DNA sanples were then subjected to

el ectroph I.5..0n 1.0% NuSeive (FMC Bi oProducts, Rockland, NE) agarose
gel s. Dmgfm(g@@‘?gual i zed by exposure to ethidium broni o‘%Té‘FF&WF g wave W
irradi ation. DNA contained in  slices isolated mthe agarose gel was
purified using the Bio 101 GeneC ean -" 10 protocol (Bio 101, Vista,
CA)., The pET-28b vector was prepared for*"cloning by digestion with
restriction endonucleases, e.g., Ncol and EcoRl (New Engl and Bi oLabs,
Beverly, MA) (Ausubel et al, Current Protocols in Mlecular Biology, John
Wl ey & Sons, ekpression(cf8e41BM ritteinxhise? Slavatethome mash i Clderendioidinslst he

hi stidine affinit. a at can,he 15 fused.to,the.5 end .of an _inserted
gene, was pr eﬁ%ﬁq@%g%&‘?% @g’gff,aﬁlﬁ,\%}eg OISF?E’TGWEGFP% Bietein dp SRt sufter _
endonucl eases ﬁoﬁpéstéa%ﬁgis.dmﬁéimm b@ﬁoﬁdf'l]én%tovﬁ&'?idﬁé?ﬂﬁﬂvfx@ﬂé&'be' et al,

Current Protocols in Ml ecular Biology, Wley & Sons,“Inc. (1994))

into the prewituiksd KBY prottin dTheTelR8ivatiens premsationg expedtrental Bdiodint thatof t he

| igation reactjon 20 were the o transformthe BL21 strain of E. coli
et bel 5 2 e PRt 30 A M ol R SaleBrogage. THoooree & Sont.
Inc. (1994)) @&VQQ}E%LZ'l'ﬁ ft@@j{gmg&@q@qgmtumﬁtﬁﬁcﬁgnu E. toll strain BL21

or E. coil strain éOWS), were  transforned with reconmbinant pET
expressi on pl asni d&hergiors aergrdipgtodhepresent invgnion 26mefberdisntse paavidadditng t o

standard neth -AuS A , rrent, Prot S..in cul ar_ Bi ol ogy,
‘John Wley & %ﬁﬁ'@ﬁﬁg@ﬁ.mﬁcmﬂ?f@ﬁgén*?ata%}oﬁomr@rﬁﬁ'i on was
- mxed with 50Rekb, m‘:zcais@g@w)@gmeemgabz&ﬁhh@,_%mtlmbiseapﬁ).tsxgmﬁgh vol t age
- pul se, after which sanples were incubated in 0.45 m SOC medi um (0. 5%

yeast extiPact such afpetioppreyides peoteationagsinst pstsonerasiscThe BBM/EMsCr2 P28 M 30
MySO4 and 20 %Mi@l 2 ' i ng. | | es were then
spread on LB agar g%ﬁ%?%%bCOn?é@ﬁ%é@@%%@%}%@%&g%&%ﬁhﬁggﬁ‘%?a e for growh
-5 Cctober 2004xtichfbiicdR2l/ TiPEikh dSQ04tbb Ot getOwitibe erpradatd byl tharell ebied
colonies of BL21 were then pjcked and anal yzed to evaluate cloned inserts,
as descri bed FAHOmPSe 2821 ¢l ones transformed with reconbi nant
PET-28b HBM nucl eqiekifs fSEAHEMASD YEReriih ¥of Fot¥inktidd AR T 1 cation of the
cloned inserts :

15 extrachromosomal maintenance are known in the art, and any suitable vector may be

used. Methods for introducing DNA into cells such as electroporation, calcium
| pﬁosphate co-precipitation, and viral transduction ave kuown in the art, and the
choice of method is within the competence of one skilled in the art (Robbins, Ed.,
- Gene ﬂierapy Protocols, Human Press, NY (1997)). Cells transformed with the
20 HBM geﬁe can be used as model systems to study osteoporosis and drug treatments
‘that promote bone growth. |
As generally discussed ahove, the HBM gene or fragment, where applicable,
may be used in gene therapy methods in order to increase t‘t;e amount of the
expression products of such genes in mesenchymal stem cells. It may be useful also
25 to increaé¢ the level of expression of 2 given HBM protein, or a fragment thereof, |
even in-those cells in which the wild type gene is expressed normally. Gene therapy
would be carried out according to generally accepted methods as described by, for
example, Friedman, Therapy for Genetic Diseases, Priedman, Ed., Oxford
University Press, pages 105-121 (1991). _
30 A virus or plasmid vector containing a copy of the HBM gene linked to
expression control elements and capable of replicating inside mesencﬁymal stem



5 using the sanme forward and reverse priners specific for;ihepEBMEequences
that were used in the original PCR anplification cloning reactions.
Successf ul cation verifies the integration of the sequence in

t he expr ess?g%#/{efct or (Ausubel et al, Current Protocol SP‘HEB%‘WF chl ar

Bi ol ogy, John Wley & Sons, Inc. (1994)) 10 I ndividual clones of

reconbi nant pET-28b vectors carrying prog%rl y cloned HBM nucl eoti de
sequences were picked and incubated in 5 of LB broth plus 25 gg/rnl
kanamycin sul fate overnight. The followi ng day plasm d DNA was i sol at ed

and purified using the Q agen plasm d purification protocol (Q agen Inc.,
Chat swort h, CAyells, i5pieharep EJuitsblptvsetorsame kv ang dgmtibafl, for eamyplE. in &0 K- 12

strain, e.g., 4 d.the | for, purposes of
cl oni ng orpl asﬁ%ﬁ@pg’?g\f wﬁd%@?%&%%w%ﬁkwﬁ@ ‘%IPQ?@F‘? strains
contai ning a chy RRERIBteRARhedentiRGy. TRNRCHPE kh iRV HEP These
hosts were | ysogens of bacteri ophage DE3, a | anbda deri vatlvé('ah%"fl at carries

the |acl gene, eitiselorgllie the tneamamtsvmmgdhe(mmdemraazhm pol yner ase.

T7 RNA I f. th t d
(TPTQ), p&%”fh@%%é &gﬁ%ﬁﬁs DTSSR SR U E R
contai ning a fgyme ?bm‘ﬁﬁexﬂl yARRrSdrated HEd A Stk o Bhuh FARd iigBd btk gene of
I nterest. Stral ns |nc ude, for exanple BL2T DE3) (Studier et al, Meth.

Enzynol , 185: %'GBBWE‘QB@]}WEEB erpesiedpesedically. r econbi nant BBM sequence, 50

.ng of plasmd DNA gre . S0 Ia% glg a r mconpet ent
BL21(DE3) bacteria as (}fescn %@?%&%@?H’gﬁg%&eﬁg\]ﬁa{gg agéep €of the
PET expr essi ongdae therapyhecthals 4f thgersefifgatiac tTisidadede vital exdiesaed i n t he

. pET- syste as described for the BBM reconbi nant, constructions. Transforned
cells weré cul & %& ébeg‘r’i’ﬁ‘a‘gﬁﬁﬁ ffvigpses V?(beﬁ’bﬁfie apgetRasiaiieti9Fe was t hen

plated on LB phighfiegeRbakN eV AIE PirslBAlses ) Theboh) ovi g

day, the bacteria | oni es were poole a gr own 004 WO
03177327 PCTf uSkosvit® (Bakn@OCrredlapniionbial. lﬁrnmgrdlatﬁﬂﬁa:—ﬁﬂ (1992} Belkm@:% pgl M)

“to an optical at 6 5.to, s, At i ch point
1. MM I PTG vvasga‘g’ﬂeztﬁx‘rf 960 @3%2&(&9%& gﬁ%ﬁﬁ‘g ‘P KmiL;f ééo‘g'éﬁ]\g]expr essi on
of the EBMr eCﬁm’gn QintiANNaC PRt NES. tAc@ESSa 'Q‘ijS{eSQ bl Ui @1999§; RARARE1d

expr essi on Wi t bacteria were collected

et al, Cell, 68:143-155 (1992); Wilkinson et al, Nucl. Acids Res., 20:2233-2239
(1992); Stratford-Perricandet et al, Hum. Gene Ther., 1:241-256 (1990)), vaccinia
virus (Mackett et al, Biotechnology, 24:495-499 (1992)), adeno-associated virus
(Muzyczka, Curr. Top. Microbiol. Immumiol., 158:91-123 (1992); Ohi et al, Gene,
89:279-282 (1990)), herpes viruses including HSV and EBV (Margolskee, Curr
20 Top. Microbiol. Immunol., 158:67-90 (1992); Johnson et al, J. Pirol, 66:2952-2965
(1992); Fink et al, Hum. Gene Ther., 3:11-19 (1992); Breakfield et al, Mol.
Neurobiol., 1:337-371 (1987;) Fresse et al, Biochem. Pharmacol., 40:2189-2199
(1990)), and retroviruses of avian (Brandyopadhyay et al, Mol. Cell Biol., 4:749-754
, (1984); Petropouplos et al, J. Virol., 66:3391-3397 (1992)), muxine (Miller, Curr.
25 Top. Microbiol. Immunol., 158:1-24 (1992); Miller et al, Mol. Cell .Bz'ql., 5:431-437
(1985); Sorge et al, Mol. Cell Biof., 4:1730-1737 (1984); Mann et al, J. Virol.,
54:401-407 (1985)), and human origin (Page et al, J. ¥irol., 64:5370-5276 (1990);
Buchschalcher et al, J. Virol, 66:2731-2739 (1992)). Most human gene therapy

protocols have been based on disabled murine retrovituses.
30 Non-viral gene transfer methods known in the art include chemical
techniques such as calcium phosphate coprecipitation (Graham et al, Virology,



5 centrifugation in a Sorvall RC-3B centrifuge at 3500 X §Jc®hel200® NUt €S
-at 4C. Pellets were resuspended in 50 ml of cold MM Tris-HCI, pH 8.0, 0.1

M NaCl angygp fyzM EDTA (STE buffer). Cells were then c | d at 2000 x
g for 20 mnutes at 4'C. Wt pellets were wei ghed and 1?%1;/‘2#%%"1- 80' C

until ready for protein purification. 10 A variety of nethodol ogi es known
in the art can be used to purify the isgjated proteins (Coligan et al,
Current Protocols in Protein Science, John Wley & Sons (1995)). For
exanple, the frozen cells can be thawed, resuspended in buffer and

ruptured by seyeral passages through a small volume mcrofluidizer (Model
M 1105, M cr o?#hrufes(IPAePrilicsr 6hdl Saimmen 20906141422 (1990), Riechanizsl| t ant

and. “Tol | owi ng T Ere ohaecitiy Biokiflich (piGtonel 8 PR Rt Ariulel (B Lome.

" Fractions are 7hi395408 (bR Gadhnses Prad. Nok Sddd, S @S] 7pgako-fssqct i ons may

b lyzed b - PAGE.  Th trati f ified prot

o eparat | ons. S5 BREFF S ook A SR GroReR G aotlatsn 2690000
coefficie cal ORI AL 1thn NS, r, J

Bi och:arr: , 255$ 1 39 gﬁ%i%%%% Pr ot el rfi’%lloncen ‘?igp#%ﬁéeéﬁ%ig%g%g]’%%%ured by
tlhe ‘rJreE ho;:l OfCh Ha&ﬁwddd.gg&déggﬂ?bbgﬂ?r(l%ﬁﬁwweb t%ﬁ%idck&zﬁby,fﬂggbspg.owy et
al, J Biol. : ; - -G using bovine serumal bumin as a

fst andar2 c51 . B'SDga ﬁ%}@%ﬁiﬁ%@éﬁéﬂé‘z@? C)\'Z i ’r’s@égzl_%@'ﬁcle?ﬂg? EYHBB) Stewar t@tﬁulr chaised
rom 25 Bio G Wbl ecul ar
wei ght markers_un%ay I ncl u'ftlgé' ra%%?{@g%éﬁg%?t%%@%%@2@@83@% E.
Eol i (3- gal ach%ﬁd&ﬁr@i@?ntwqmrm:bi(199_ﬁj)mk1(ﬂupntt' mm?)xptﬁkaaaﬁ rE’cegQ:Z-_. 4 kDa),
ovi ne sefum m . oval bmmi n ovi ne carbonic
anyhdr as e{d{]31 ‘%@?“,ﬁd?’%‘é‘%@ﬁﬁ“ﬁ?ﬁ Ffrl"'ia'i ﬁ’?%’ﬁ?fé}?ﬁggl&%?ﬁi VEggtahi t e

| ysozyme (14. 4BleDednnasads,h0:Mi7nass BRER ikt B, PR ONKPHcad BeOttsaber 2004 WO
01/ 77327 PCTIUSOO /16351 -91 Once a sufficient quantity of the desired

protei n has be@f3&BtISALPIN:Wialalbk Bialsunt,A64\169351658D (1988) Sbolffat t ypi cal
use i s the progdueti . bad) el fic fo LLhdi ng. These anti bodi es
may be either %b%‘%#gna O’Phr'mnloc| EE Zh%iwﬁ%ﬁb@bwag%gg °n vitro or
in vivo techni Nusicastci KITAV88 40534085951 991);Ntwtes ko abrob Mt ubadikgs to
epi t opes f’f an&ggf t he p% tides identified and isolated as descri bed can
, 5 > 87:4033-4 7 (1990); Curiel et al, Proc. Natl. Acad. Sci. USA, 88:8850-8854
(1991); Curiel et al, Hum. Gene Ther., 3:147-154 (1991)). Viral-mediated gene
transfer can be combined with direct # vivo vectors to the mesenchymal stem cells
and not into the surrounding cells (Romano et al, It Vivo, 12(1):59-67 (1998); '
Gonez et al, Hum. Mol. Genetics, 7(12):1913-9 (1998)). Alternatively, the retroviral
- 20 vector producer cell line can be injected info the bone marrow (Culver et al, Science,
+256:1550-1552 (1992)). Injection of producer cells would then provide a continuons

. source of vector f:articles. This technique has been approved for use in humans with

inoperable brain tumors. _
- In an approach which combines biological and phjréical gene fransfer
25  methods, plasmid DNA of any size is combined with 2 polylysine-conjugated
| anﬁbody specific to the adenovirus hexon protein, and the resﬁlting complex is

bound to an adenovirus vector. The trimolecular complex is then used to infect
cells. The adenovirus vector permits efficient bind_ing; intemz]ization, and
degradation of the endosome before the coupled DNA 1s damaged. | ‘-

30 Liposome/DNA complexes have been shown to be capable of mediating
direct #n vivo gene transfer, While in standard lipésome preparations the gene



be -prepared from nmurine hybridomas (Kohler, Nature, 256:49%5{b72)0s !N
summary, a nouse is inoculated with a few m crograns of HBM protein over a
period of s. The nmouse is then sacrificed. The c at produce
ant i bodi eswglraleﬁ? en renoved fromthe nouse's spl een. Theﬁéﬁ%’%ﬁgﬁl s are
then 10 fused with pol yethyl ene glycol with nouse nyeloma cells. The
successfully fused cells are diluted in mcroliter plate and growth of
the culture is continued. The anount of “anti body per well is neasured by

I mmunoassay nethods such as ELISA (Engvall, Meth. Enzynol., 70:419 (1980)).
Cl ones produci ng anti body can be expanded and further propagated to -
produce HBM antRisddipsecessds nen-spagificalobalizadbintvéohpialie ersd ¢aprassiorehive bedrt r o

Co cel et i on SreRATE in et Ao SRS ARz Bst = i bbb, s Csve
Huse et al, SCiQieR HifGehd Ther38bol198@bay For additional information on

anti body production see Davis et al, Basic Methods in Ml ecul ar Biol ogy,

El sevier, NY, XSediethods of Usq: 1Dagyiorned Rpsts, Developusntéf RismemaGatieal¥her apy | n
recent yeaks, Sigoif] chnol ogi cal advances have been nade in the

area of ge%e t e?%éa?@lﬁ‘g%l?h genetic and acquired di seases. (Kay et al,

Proc. Natl. Acad. G6Hs4d3Anis tailchdy ihe TV (ckBOdah)be Geditns ARV eR8 B be

defined as the deliberate transfer of DNA for therapeutic purposes.

| mpr ovenent i nSydnand fegffor wbstarcenbatharerotentiabidberpsutip ageatsdompact dfJ gene
t herapy protoc t t | Lve t | ses, Gene
t herapy has al ?gﬁ.% a eer'{'ig v%%;?gégg?gﬁtgggfgé%% gta%ﬁﬂ%%@?ﬁ%ﬁgi@g@hﬁ?i cation

of new t her apeutlisargypiaily tulintsareaemiyinil sk felly) Thdse Bt be RV fdm gene
del i very systeps, better understandi ng _of gene regul atjon, and ingroverrent
e

in cell i 481 at Futvidhls ¥ ARt or genmiine ERYL gones. pplieaivsly. B selt linagen
identify the Hgﬁzﬁﬂ&%ﬁ%%m%‘%, AN TR fg@r&ggﬁ:s{lg edl bone

mass. The fact that this nutation om nant 1 ndi cat es at t ober 2004

- WD 01/ 77327 PCHiligd to fht@els] thedRmsfamed phemitypefof tHeeelERBMefzrmined. nAnytraie s

el evat ed bone s. A der .indiyiduals,.carrying t.he HBM gepe,. and,
therefore expr ggé@ﬁ&@ﬁ&"?—%l\?ﬂ%ﬁsé?sﬁfd’ H’Bﬁﬁ’é‘éf %‘f”&%ﬂﬁa’%%ﬁgﬁﬁ)si s.
These i ndi vi duﬁhx%d&rét‘aI?%hé{Qhﬁﬁi—Z@Pgl@%},ﬂd&hﬁh@lﬁ@%{:&ﬁe&m@ﬂa_],%&h the HBM
protein. These. observations area strong experinental indication that 5

t her apeut i1& t r datlvband. Seit YSA, 154 1BEMLHIAA297), pudsesponss tospplispidorosfipsiatihie bone

C

Mass therapeutic agents.

Animals for testing therapeutic agents can be selected after treatment of
germline cells or zygotes. Such treatments include insertion of the Zmax1 gene, as
well as insertion of the HBM gene and disrupted homologous genes. Altemnatively,

20  theinserted Zmax]1 gene(s) and/or HBM gene(s) of tﬁe animals may be disrupted by
insertion or deletion mutation of other genetic alterations usmg conventional
techniqueé, such as those described by, for example, Cépechi, Science, 244:1288
(1989); Valancuis et al, Mol. Cell Biol., 11:1402 (1991); Hasty et al, Nature,
350:243 (1991); Shinkai et al, Cell, 68:855 (1992); Morﬁbé.erts et al, Cell, 68:869

25 (1992); Philpott et al, Science, 256:1448 (1992); Snouwaert et al, Science, 257:1083
(1992); Donehower et al, Nature, 356:215 (1992). After test substances have been
administered to the animals, the growth 6f bone miust be assessed. I the test
substance enhances the growth of bone, then the test substance is a-candidate
therapentic agent. These animal models provide an extremely importaﬁt vehicle for .

30  potential therapeutic products. | |



el evating activity' of the HBM gene is terned "HBMfunctlg)g)c 'g?% @f ore,
according to the present invention, a nethod is al so provi ed0 suppl yi ng
HBM f unct | to rresenchyrral stem cel | s (Onyia et al, J. Bone Mner. Res.
13: 20- 30 fg 21Ko et al, Cancer Res., 56:4614-4619 ( 196BYBS00/BIPp| yi ng 10
such a functlon provi des prot ection aga| nst osteoporosis. The HBM gene or a
part of the gene nmay be introduced into the cell in a vector such that the
gene renmai ns extrachronosonal. In such-%-si tuation, the gene will be
"expressed by the cell from the extracbronosomal |ocation.. Vectors for

i ntroduction of genes both for reconbination and for 15 extrachronosonal

mai nt enance are kndmdividoals barydg the HBUS pétie have éledated Hope ks, My HI used.

Met hods for introduci into cells such as el ectroporation, calcium
phosphat e co- @%’EF‘B‘?‘?‘H&S(B °n°5wa%mi%ﬂﬂgtth%#@aﬁ@ﬁnlw%mr%maﬁm el art,

and the ol Gofcaish Batle bPottldhlifl 3 s YURE] G % 1@%&&@5@“ in the

art (Robbi ns, Gene Therapy ocol's @97)) Cells

t ransf or ned V\n\tahetgrrméeﬂﬂalisﬂdtgﬁme;uesai’tprasuﬁEio&Enﬂ@dﬁcblecsﬂéshﬁeﬁrdb@ st udy
ost eopor ossl S and .dru rrgnts t hat pr onote bone growth. As generally
di scussed "aboEot e’Pﬁ@ AJeHBOSS Aciviligsniewels W%B?%M@Odlﬁ%@oﬂbe used

“in gene t her a I expreSS| on
Pt SRk O @S rchh B ES ﬁanﬁéb% Bae P.%aﬁlt e sg&g&s

products of such genes-in nesen seful also 25
‘to increase t rontagyng tho B M Berres §udnswfema can b IﬂarHEAﬂlple,CdeﬂJrﬁ‘to eXifact, f r agnent

t hereof even | hose IIs I n.which the wl e _gene is X'pressed
normal ly. Gené® i’?ﬁ ?f PRISTES, Spqhay TR oF F‘)‘HF% a gt f] y

accepted met hCEiﬁax’iSa éﬂeh@i@h&yofznﬂxl%ﬁﬁ%ﬁlmﬂdg%%ac&m%apy for .

Genetic Diseases, Friednan, Ed., ford University Press, pages
105- 121( 11991) mmeﬂlﬂwm@fﬂmmkﬂndowmodxermtauanmthmaxbggnemaywee B BM

gene linked t F8ssi on trol elenen s and replicating

i nsi de nesencﬁlfn‘gﬁ? tem%’ssé@?%o%s?eﬂfﬁsﬁ %Mﬁf 0/ 16951 -93
cells, is prepigeghclettiiésab E:mzq&b@rcao@aﬁh&zmm Proif e bini@sht £drRf orexanpl e,
in U.S.  Patent No. 5,252,479 and WD 93/07282, the disclosures of .which are

i ncorporated My &rerplsedeleone M, mutatipnsdackingthy extmgellulaser or i s then
i nj ted int
S o i s LG ARSI

ot her sitlds, imayhe used.tTés ddogoeible tof use laﬁprbismstf etisetbe HBM RNA or
' oligonucleotides to inhibit production of the HBM protein.

Molecules identified by comparison of Zmax1 systems and HBM systems

can be used as surrogate markers in pharmaceutical development or in diagnosis of
_ human or animal bone dissase. Alternatively, such molecules may be used in
20 ‘treatment of bone disease. See, Schena et al, Science, 270:467-470 (1995).

For example, a transgenic mouse carrying the HBM gene in the mouse
homologue is constructed. A mouse of the genotype HBM/Ais viable, healthy and
has elevated bone mass. To identify surrogate markers for elevated bone mass,
HBM/+ (i.¢., heterozygous) and isogenic +H (i.e., wild-type) mice are sacrificed.

' 25 ~ Bone tissue mRNA is extracted from each animal, and a "sene chip“- corresponding
| to mRNASs expressed in the +4 individual is constructed. mRNA from dift‘cfent
- tissues is isolated fiom animals of each genotype, reverse-transcribed, ﬂtioiescenﬂy
labeled, and then hybridized to gene frogments affixed to a solid support. The ratio
of fluorescent intensity between the two populations is indicative of the relative
30 abundance of the specific mRNAs in the +/+ and HBM/ animals. Genes encoding



gene is - not permanently incorporated into the genone of ea¢hid¥er binet
targeted ceIIs the treatment may have to be repeated periodically. Gene
transfer @ﬁg%knomm in the art may be useful in the gy hifeQf the
gene therapy nmet hods of the present invention. These |nclu e viral and non
viral. 10 transfer nethods. A nunber of viruses have been used as gene
transfer vectors, including polyonma, i.e§7_ Sv40 (Madzak et al, J Gen.
Virol, 73:1533-1536 (1992)), adenovirus (Berliner, Curr. Top. Mcrobial.
I'mmunol ., 158: 39-61(1992); Berliner. et al, Bio Techniques, 6:616-629
(1988); Gbrzrglla et al, J. Yirot, 66:4407-4412 (1992); Quantin et ai,
Proc. Natl. ACERIN&Eoveysmud wdersapmessedgdativedo the wikispe taitigl 8 cadidates Cel | |

68: 143- 155 (1 iﬁr?ﬁﬁ ; ds Res., 20:2233-2239 (1992);
Stratford Per %?g%au%x ?%ﬁdhyﬁ%ﬁ% , 1: 241- 256 (1990)), vaccinia
virus (Mackett et ahmawnmﬁdbﬂm&ﬂgyﬁxﬂﬁm&&ﬁnéﬁaﬁﬁﬁﬂﬁakhgﬂ@ﬂaﬁ 2R Spmei at ed

virus (Mizyczka, Cur-. Top, Mcrobial. Inmuriol,158:91-123 (1992); Obi et

al, Gene, 89:5970sigaaling ra¥aqs as apahpady-discryaredrpise is as fojoms\CalsareRy

(Mo gol ke, oy i ol Db, MRV AATRGEAYART?) ¢ I
(1992); Br eakrrﬁazﬁpiﬂﬂedmlbenhmorelmmtﬁzbr tThe Haaﬁl&ﬁl&&dr(si&&ﬁfdth&msms et al,

Bi ochem Phar nago 2189 2199 199 and retroviruses of avian
(Br andyopadhyér?%’@t"f’giS %’F‘O%B’F‘thg iﬁqﬂd@ge}ﬁbc trqphgresss 20det r opoupl os et

al, J. Viral, P 2 dmia ALl

M robi ol | 1 s i%5"%‘;‘1 54 (1992)(;&3& F‘Qgerk(‘gftalcg ?\f/%ggwﬁé&%my |

5I 431- 437 fl%@aﬂl@&ﬂi matarlrrietwis ﬁdgﬂsﬁslfotexamrlelﬁ’m&biﬁwlﬁiﬁ'A) Mann et
. ra 9 an man, ori Page. et. a Yar ot ,

64: 5370 976 (“i%‘g)‘”’" arfﬁ%iﬂ@béfpma?rc a5 drigs gﬁﬂnﬁb%’élegfﬁﬁﬂlﬁ ?%‘Bﬂ% 1992)) .

Most human gewnbmmmmbmbmw&eﬁe&ms R6kea iHhisABh 8FhAUTN | ne

retroviruses. 30 Non-viral gene transfer rret hods known in the art include

chenical tech#Pgsen efierinpsmnpmtein G@ncﬁﬁﬁ@@ﬁ@ﬁ)ﬂél‘i—aﬁlmaham et

(1673)" Pl cer%?ﬁ%{’détpﬂf%%%é@ﬁ G iy PR gty

t echni ques for ex i pidthdlexingi1e) jpestéihowith (ARERE Bods 6f phakphoBiaion abiat | . Acad,
ScL USA, : 5399- 54()3 1980) Gordon et al, Proc. Natl. Acad. Sci. USA,

- 77: 7380- 71§84 igepfified in TS pstcasarcomacells exprassing vithep 8 sonsq priaptisepse @MWt ant i n et
~al, Nature, 294 z%%a:&“ﬁ%%@@ﬁ&mﬂﬁ%&é@ﬁgﬁ%ﬁ%%ﬂkﬁﬂf&g%{&mfer via

Ilposones (Fel gner et
Biochem. & Biophys. Res. Comun., 251:784-790 (1998)). Cells containing the sense

construct express even higher levels of Zmax1, while cells expressing the antisense
construct express lower levels. Cells are grown in the presence of *P, hérvested,
20 lysed, and the lysates nm on SDS polyacrylamide gels to separate proteins, and the
gels subjected {o autoradiography (Ausubel et al, Current Protocols in Molecular
‘Biology, John Wiley & Sons (1997)). Bands that differ in intensity between the
sense and antisense cell Hneé represent phosphoproteins whose phosphorylation state
~ or absolute level varies in response to levels of Zmax1. As an alternative to the *2P-
25 labeling, unlabeled proteins may be separated by SDS-PAGE and subjected to
immunoblotting, using the comﬁeréiaﬂy available anti-phosphotyrosine antibody as
- aprobe (Thomas et al, Nature, 376(6537):267-71 (i995)). As an alternative to the
exprwsion of antisense RNA, transfection with chemically modified antisense
oligonucleotides can bé used (Woolf et al, Nucleic'Acids_Res., 18(7):1763-9 (1990)).
-36 Many bone disorders, such as osteoporoéié, have a slow onset and a slow

response to treatment. It is therefore useful to develop surrogate markers for bone



Nat! Acad. Sci. USA, 84:7413-7417 (1987); Wang et al, Bi oslgridust 2004 .
28:9508- 9514 (1989); Kaneda et al, J. Biol. Chem, 264:12126-12129 (1989);
St ewar t et%(ggm.[ Jg:,ium Gene Thera, 3:267-275 (1992); Nabel_ et al, Science,
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di rect DNA uptake and receptor'.. 10 nediated DNA transfer (Wl ff et al,
Sci ence, 247:1465-1468 (1990); W et al 9 Bi oTechni ques, 11:474-485 (1991);
Zenke et al, Proc. Natl. Acad Sci. USA ~ &7: 3655- 3659 (1990); Wi et al, J.
Biol. Chem, 264:16985-16987 (1989); Wl ff et al, BioTechniques,

11: 474-485 (1991); Wagner et al, 1990; Wagner et al, Proc. Natl. Acad Sci.
USA, 88: 4255- 4i2sdonm@ga)d mpstaligationt Sath mikes caibd dsefufiradbvelofag, 15 USA,

87:4033-4037 (.1990); ries.et. al, Proc. Natl. Acad Sci. USA,  88:8850-8854
(1991); Curi el e&@%ﬁ%ﬁ@@% f,a%mmpmtsm@gmbewlﬁ@rmdi at ed
gene transf enateaivbiBpra il BaR dMokdbrd i Bxaihids Bf ¥ eﬂﬁﬁi']«]fé‘ssa:%g LhEc.

g cells omano et al,

mesenchynmal stemcells. and not into the Surroundin
In Vivo, 12(1)ersdnadielqpeptidymarkes described, fir exddopte,NbIU.S. Gateat Nes 5,434,129,: 1913-9

1998)) .. ter AVY=] ravi ral 20.vector ,producey, cell line can be
|( nj ec% )ed |§Int 0 5&%’%}%2 ﬁ%dr 555-’;%1{3?@’6%?@@&? °fa‘%'/]?1° Féﬁ@ﬁ’,"y”ge‘{b}' m%e?mc‘;
256: 1550- 1552 ht@9%h)heid dijtiedty.| Brih@ire 6 080C@Ee6& I0TH daRits dnd i8R 1AM de a

conti nuous - source of vector particles. This technique has been approved
for use in hutssal Siregate masksesfardiseaps progressiond(Vishov at aln/dph 2683540 ch

conbi nes bi ol ggigzal . | ne transfer ..25 t hod | asm d DNA of
-any size is c %)Qlﬁﬂeé& \?\]A% tlﬁgééégo yﬁ%@ﬁﬁ%—%ﬂ%ﬁﬁ%’ﬁ?&ﬁm %ﬁ?ﬂ?&&?*’%‘% %% to the
adenovi rus hexon pAiueopate aatket £ HeRBY bhdriiferRASMEN chdBly tda@dAddt 0 an,
adenovi rgé vector. The trinolecular,_conplex is then used to infect cells.

[

The adend¥i r udelEEbOPsEETVF tonoarsppefiemiiuencas Frg examnle asanpgata meter and
degradati on of.,t fie ﬁgggﬁ]gg% het ; ]?ﬁmﬁg %HQ[.\\%& P d. 30
'Li posonre/ DNA ((::onplaexes avehbee%hgﬁ%&/ﬁ 0 iélcapa relﬁg g@rrg ifating direct
in vivo gene tAlwmefigely, Adticbgate masiermdpbela Hiapastinsgpaehas sdnkitiniy tohe gene 5
Oct ober 2004 WQ 01/ 77327 PCTI Utgo 16951 -95 transfer process is
non- speci fi c, PRk TPPYPSY PLG° Ht-ake and expressi on have been reported
| Lumor depos t . xf @ aRAARlusIE QbW 0G. ARG 35 tfled bk ALY St at o0
(Nebel . Hum  Gene Ther s S56m0T0 L Tos oy ot Spedhgteadel 11 2nsf or med
Host's, Ddfel opdeaifiedsinwpadigrenfibomlags carrying the HBM gene. Blood samples are

withdrawn from three individuals that carry the FIBM gene, and from three closely

related individuals that do not. Proteins in the serum from these individuals are

~ electrophoresed on a two dimensional gel system, in which one dimension separates
proteins by size, and another dimension separates proteins by isoelectric point
20  (Epstein et al, Electrophoresis, 17(11):1655-70 (1996)). Spots corresponding to
profeins are identified. A few spots are expected to be present in different amounts
or in slightly different positions for the HBM individuals comp;jred to their normai
relatives. These spots correspond to proteins that are candidate surrogate markers.
The identities of the prbteins are determined by ﬁaicroSeqﬁencing, and antibodies to
25  the pro;:eins can be produced by standard methods for use in diagnostic testing
procedures ‘Diagnostic assays for HBM proteins or other candidate sutogate
markers include using antibodies described in this in#ention and a reporter molecule
to detect HBM in human body flnids, membranes, bones, cells, tissues or extracts
_ thereof. The anfibodies can be labeled by joining them covalently or noncovalently
30 with a substance that provides a detectable signal. Inmany scieptific and patent
literature, a variety of reporter molecules or labels are déscn'bed including



5 and Research Tools Cells and animals that carry the HBM getecindbe used
as nodel systens to study and test for substances that have potential as
t her apeut kgoagpmd;s (On)na et al, J. Bone Mner. Res., %hé?gglw%);
Broder et al, Bone, 21:225-23 5 (1997)). The cells are typi caﬁy cul tured
mesenchymal stemcells. These may be isolated from 10 individuals with
somatic or germine 13BM genes. Al ternatdovel y, the cell line can be

engi neered to carry the HBM gene, as described above. After a test
substance is applied to the cells, the transforned phenotype of the cell
is determned. Any trait of transformed cel|ls can be assessed, including
formation of PB¥HEGHESS; sBZyReS Hrergicent, ¢hmmilurainessent or chrpygagenicapenin5- 235
(1997)), nechapi et bi i Y. . | nACcad Sci. USA,
02: 1015 1016 (U800 F RRgsBLES: KusBTs s Boaadsaoogh St e ™  ner apeut ) o
agents. Ani mal4276dd91md 366,28 er apeuti ¢ agents can be sel ected after

treat nent of gerrq t ne cells_or, zygotes. Such treatnents include insertion
of the Zmaxl gene, g tisp putibedies, des leyedvofsadidate mmoeege markerdmeli sr upt ed
homo! 090U 9 Rurbd oAkl s Elitnalohd' i Gad Ao AR b ORI 0EH OF HEM
gene(s) of the animals may be disrupte y 1nsertion or deletion nutation
of other genetasostadporsss dsbroporssis pspudoglioen) Engelthannts@issmeRibbing's dzbasas t hose
descri bed by, .for ex l e,. echi., Scjence, 4:1288 (1989),; Val ancuis et
‘al, Mal. Cell %wﬁﬁsgﬁ@%%&égﬁpaéﬁv:@ﬁﬁ%%aﬁf%?Petfeﬂs%: 243 (1991);
Shi nkai et al, E,@ﬁd 058 o e@@;@gﬁ{st \ : ; 5
(1992); Phi_lpcI))t e?sgf%%s%g?édﬁgeg%zogt& 448 (-1%5%? h%au%%wgéeﬁ% a ,ugScience,
257: 1083  ( 198lyyplasin tnbhilsnetenasis, estsogtesia imperR66; IpbparaiBppidismyf t er t est

subst anc have heen adm nistered to t ani mal s,..t he owt h,of bone nust
be assesg1 d. nge\{niﬂ%qogg?@ oﬂﬁﬁ’é’ﬁ%‘@@?q&@% 61%1’%”‘@?&5%%, then the
t est subst ancegedchdiy bppibaiahfroidiReimnaidciafeddgfRbmes] RERRaRMiABnANHEA) S
provi de .an extrepely 1 nportant vehicle for 0 potential therapeutic

products. 5 OcesBerazite tyridelardaeicopaipriasobotheslissases 6 Teehdiquesionl s

carrying the V. ne The HBM...gene_causes this
phenot ype by %‘?ﬁ%ge‘{é%ﬁﬁt%ﬁsﬁgg‘?&a&@?“&“ ﬁlé%g%%b%glgf #&rfs, and
nodi fication ssablishedfA ptoten thabis @ onsisteily Preatnt @rhipier boleretiRvel apment . Usi ng
a . variety of ,est.ablished techniu%e,s, it is possible to_identify nolecul es,
preferablly 5 PROTENHSCHRYISPEELcUlH diseass 6T TyDe of dwaseing Beefil saggatsssi on

. patterns, andppgi.fication _

A surrogate marker can be used in diagnosis of a bone disorder. For
“example, consider a child that present to 2 physician with a high frequency of bone
fracture. The underlying cause may be child abuse, inappropriate behavior by the

20 child, or abone disorder. To rapidly test for a bone disorder, the levels of the
surrogate marker protein are measured using the antibody described above.

Levels of modification states of surrogate markers can be measured as
indicators of the likely effectiveness of a drug that is being developed. Itis
éspecially convenient to use swrogate markers in creaﬁng treatments for bone

25 djsorders, because alterations inbone development or mineralization may require a
long time to be observed. For example, a set of bone mRNAs, termed the "HBM-
inducible mRNA set" is found to be o%rerexpressed' in BBM/+ mice as compared to

‘ +/+_mice,_és described above. Expression 6f this set can be used as a surrogate
. marker. Specifically, if treatment of ++ mice witha compound results in o
‘30 overexpression of the I—IBM—inducible mRNA éet, then that compound is considered ,

a promising candidate for further development.



states are different between systens containing the Zmax 4§ cgejyer ama systens
contai ning the HBM gene. Such systens can be, for exanple, cell-free '
extracts, cells, tissues or living organisns, such as mce or human. For a
nmut ant f oM¥R 877 2dax|, a conplete del etion of Zmaxi, nutadTarmseAa@ski ng t he
extracellular or 10 intracellular portion of the protein, or any other
mutation in the Zmaxl gene nmay be wused. It is also possible to use
expression of antisense Zmaxl RNA or di0fgonucl eotides to inhibit
production of the Zmaxl protein. For a nutant formof HBM, a conplete
deletion of HBM nutations |acking the e ntracellular or intracellular-

portion of the HBMI-hngQ&egﬁ@mS fﬂilgc?éebiﬂ b lgepe 15 maybe
used. It is also possible to use expreSS| on of anti srﬁ?l %‘KX m@

ol i gonucl eot i cfé@ﬁxﬂ@rfﬁMmote!mebiu@ngﬁngméntﬁﬁmolﬂBMngmﬁamtyl‘ybdregul es

I dentified by Q’Bﬂééﬁﬂ%ﬂ Zmax| systens and HBM systens can be used as
surrogate nar RErS Frdceutical devel opnent or in diagnosis of human

or ani mal bone di serasztnaﬁ\i bEHBM pré@linyor Fadefin b $SsI¥RY ¢ Bfthern 20

t r eat ment of bone di sease. See Schena et al ci'ence, 270:467-47/0 (1995).

For exanplle, d&eiffeais %ﬁ&@oﬁﬂh@mombmwbgemeﬂﬁnfwheon@use

and has el cvat BRI bk ool o Pl el e s R vt

bone mass, Hiibly téalnsﬁrmedm}@fdéaﬁiﬂﬂﬂl.&)nuaeﬁ abﬁge@%sﬁng&t tebteidor W | d-type)
.mce are sacrlflced Bone tissue nRNA is extracted fromeach aninal, and a

"gene chip" ¢ %PFG%X@WUW%WWnSWGMﬁ@QImM&t is .
constructed. rﬁ%@f 0 mal s of -each
‘genotype, reverse- tra?lasn?} |l%&{df°9 u%a?‘ig!@%ﬁ (%g%gagfl{lgag%’ ’én hybri.di zed
to gene fllagmerimsplaffbi ﬂle(ﬂomxaum sﬁﬂom:jﬂemww:én alyeax] &k EBM @fotdih upr escent

‘intensity betgeen t he h opul ations is indicative of the relative 30
“abundance of °(figﬁ‘F§ g testedy preexaminedhgdesrea e Whichthedpanaticanes

encodi ng 5 @t&aea RGN IS ol iasa;pver - and
under - expr essed renlllgltlvee to the V\nﬁzdﬁB eo%én%tprgg %?én%g% S % or genes
coor di nat el y riztgdiéred with by thelagentBiMgdestssl. One st andard procedure for

~identification of rot ei stht are, part_of the nal i ng cascade
as an al ready- di sccnyg‘éﬁ’ el éP‘ﬁm 9’13’?"’?‘18??8%9 Esprpeing r% é“‘g? eated with

radi oactinse phemphas®ehtactndnichenabd® 95 aPreaP VEHBAT Ploflnbi FdotenfrBNI pul at ed
to be nore ore |ess active. The phosphorylation state of othér proteins

thereof and assaymg (i) for the presence of a complex between the agent and the

Zmax] or HBM protein or fragment, or (ii) for the presence of a complex between
the Zmax1 or HBM protein or fragment and a ligand, by methods well known in the
art. Tn such competitive binding aseays the Zmax1 or HBM protein or fragment is
20 typically labeled. Free Zmax1 or HBM protein or fragment is separated from that
present in a protein:protein complex, and the amoﬁt of free (i.e., uncomplexed)
Iabel is a measure of the binding of the agent being tested fo Zmax1 or HBM or its
interference with Zmax1 or HBM: ligand binding, respectively.
Anothe; technique for drug screening provides high throughput screening for
25  compounds having suitable binding affinity to the Zmax1 or HBM preteins and is
described in detail in WO 84/03564. Briefly stated, large numbers of different small -
peptide test compounds are synﬂae.sized on a solid substrate, such as plastic pins or
some other sicface. The peptide test compounds are reacted with Zmax1 or HBM
proteins and washed, Bound Zmax1 or HEM protein is then detected by methods
30 well known in the art. Purified Zmax1 or HBM can be coated directly onto pla.tes.

 for use in the aforementioned drug screening techniqueé. However, non-neutralizing



inthe cell is then monitored by pol yacryl am de gel el ects ophbeesics and
aut or adi ography, or simlar techniques. Levels of activity of the known
protei n maypeessyani pul ated by many nethods, including, geimeyae e
conparing wild-type 10 nutant proteins using specific inhibitors such as
drags or antibodies, sinply adding or not adding a known extracellul ar
protein, or using antisense inhibition ofgithe expression of the known
protein (Tanmura et al, Science, 280(5369):1614-7 (1998); Meng, EMBO J.,
17(15):4391-403 (1998); Cooper et al, Cell, 1:263-73 (1982)). In another

exanpl e, protei ith different |evels of phgsphorylation are 15
identified in @%@%‘RA%@MP@W@EW@MW%% s foigpmebilize tasZrgax |

anti sense CDNAy HNT pfo¥Bilon HERHdPRAes Normal |y express high levels of Zmaxl
'(Doug et 4 Biochem & Biophys. Res. Comm, 251:784-790 (1998)). Cells

cont ai ni ng t he senskis ipyertionabe centpnplats thease ¢ cgheetifivevdedsscedenifigax| , whil e
cel l s expressing.the I sens.e. const.tuct pr.ess, r. |.evel Cells are
grown in the ﬁ@é%@@#‘%ﬁ@%ﬁ%@%@%?@%%%ﬁ@%@ gﬁ??é‘ﬂﬂé‘é %un on
SDS pol yawy y| apBEpeeinscondetaiit ficst Ripb@idter biaddy I8 788k S oStlect ed to
aut or adi ogr aphy (Ausubel et al, CurrentProtocols in Ml ecular Biology,

John W ey & Spasiyordogments dpmes Iohis miinhércthe anfitiodics nai hoyusbdtowietaat thhe
sense and anti_sepnse ' resent phosphopr of ei ns 0
S oanhor ] ot oNERRG &ty ptidle el SEESSEE br DR BASRI Rt OR e 2t o

Zmaxl . As an adrirEBMarétei@d to the 32p 25 | abeling, unlabeled proteins may be
separated by SDS PAGE and subjected to immunoblotting, using the

conmerci al |y avai | obfEthshierhmigisfondry soedning invelves dipnse of host eti¢ Thomas et

al, Natur 37 , ?ﬁ“ Lt e LV n expressi on

of anti seﬁ)se %g %%rn%ﬁggstz ‘?%é\s]d\%g cﬁ@ﬁ'negtg?tl%ﬁ%rr% | |§§0%3% |se1rlgre

ol i gonucl eot i dHEBMCgeme bFhess ddstChlblihds of kelklare défietied ot tRcTelsxIReFTBMSE(7) : 1763-9

(1990)). - 30 Man boe?eTgiip%d rs, such as osteoporosis, have a sl ow onset
V-0 1 7 R les

“and a slow rd¥pG P¥ cells ateiprevay it Rresepen ofidsigdevel op

- surrogate mar K%E:% B8 %&,@9 : %'—*59]@@ /16951 -98
devel opnent an 'oﬁlg%al i zatei%g ) Sug{}m%g%%égéﬁ%&&%%u I n gvel opi ng

‘treatnents f orcoppoendliissapatibe of regubating dixe glowihnd Linagl pciBMdedeciibocallay be at
risk for ater develo t of bpne, disqrders anpl es qf preferred

mar ker s aPe N- and -e$£ i (E\l%ﬁeé‘kﬁ“ilﬂ@mgg?cg’é’g@ﬁq £ for exanple,
i nU.S. Pat ent iomgiclyfivd Adicith ot ifidba®? 4t 4 8015 0s itk whiiPney RdagUT €5 of

which are incorporated by reference herein in their entirety.” In the area
of '"HIV di seasele.2cBgons S mpcemisls, viltibifors)da drdar te fashion drugs which are, for

- example, more active or stable forms of the protein, or which, e.g., enhance or

interfere with the fonction of a protein in vivo. See, e.g., Hodgson, Bio/Technology,

: 20 9:19-21 (1991). In one approach, one first determines the fhree-dimensional

' structure of a protein of interest (e.g., Zmax1 or HBM protein) or, for example, of
the Zmax1- or HBM-receptor or ﬁgand complex, by x-ray crystallography, by
computer modeling or most typically, by a combination of approaches. Less often,
usefill inforniation regarding the structure of a protein may be gained by modeling
25  based on the structure of hbmolbgous proteins. An example of rational drug design
is the developﬁ:ent of HIV protease inhibitors (Brickson ¢t al, Science, 249:527-533
- (1990)). In additidn, peptides (e.g., Zmax1 or HBM protein) are analyzed by an

alanine scan (Wells, Methods in Enzymol., 202: 390-411 (1991)). In this technique,

o , an amino acid residue is replaced by Ala, and its effect on the peptide's activity is

30, determined. Each of the amino acid residues of the peptide is analyzed in this

manner to determine the important regions of the peptide.



useful surrogate markers for di sease progression (Vl ahov stOgdber 36MA,
279(1):35-40 (1998)).. There is a need for anal ogous surrogate markers in
t he area wo fxpnsx7di sease. A surrogate marker can be any fdi%s@&&ﬁ%i stic that
Is easily tested and .10 relatively insensitive to non-specitiC influences.
For exanple, a surrogate marker can be a nolecule such as a protein or
MNA in a tissue or in blood serum Alfjepnatively, a surrogate nmarker may
be a diagnostic sign such as sensitivity to pain, a reflex response or the
like. In yet another exanple, surrogate markers for el evated bone nass are

15 . identified us':[n. Bed' ree of humans carrying. the HBM gene. Blood -
sanples are withd %fgﬂﬂf’ B R0 gt g farg st spsericaRtibodyasaleptadthy 21 1 DM gene, and

fromthree cl gagliynal t WaleIRVY n : NS he serum
from these indivi .dﬁaallagéag’r%qt%%ﬁggﬁlg%ﬁgorgse?%%&g' @&“@’?@%ﬁ“&%‘?ﬁé&%a

system in whivi¢ldsorphagioaersion vdegesuhiegent drogidesims conbediaged, TEiBgoRN her

di nensi on sep r%t es Eg)r tein I soe) ec%hri c point 20 (Epstein et al,

El ect r ophor esi® PR rf%.“ﬁ%@%‘“%— iy gEyeptherpy preraing etiyidiniymigantibodiss ot ei ns
are identisfi eqantidbPiy 2RIl FhaB R ideRan aﬁﬁﬁa Nh L Q-4 ffer anmount s
or in slightl 3 di ff)gegent ositions for th%gcglgﬁ/l I'n igi%g&ﬂé%lgn%ﬁggéato

t heir nor nal mlﬁphmazésthﬂglﬁéiswSﬁ@mﬁthemmmoldd)etempqntedttebmmmmmme

oy er osequerBe Al RS Tho i ae fRbleh RRulit o0 kil Bt Bcndeed
byst andar d netfivagbarke bf eitridall dfﬁﬁm@&huf?&aﬁdeﬁlaﬂaksw@é’ﬁﬁbbﬁ GRectdgagnosti c
a

assays for BBM proteins or other candi e surrogate” "markers ‘i nclude using
~anti bodi es de®eptidsewopld then act pythepkdroaceand a reporter nolecule to detect

| 1BM i n man .- body i es, .h s, cells, tissues of tracts
thoreof - he. anti bati el BENEBER L s S gt BB LR or
noncoval ent | y pdfleiniattivity whbiligneewiitiodct B BHIbEES, AofiekastabhisisSddal - I n
~many Sci entifig aEd nt literature, a variety of reporter nolecules or

labels are de: &8 PETh T By Neie 26ty ayelabiity cdEmasta0 / 16951
cocnt 37 P R MRSy g 86 S GRSE Ul
4,277,437, 4 294ble40 pedorth steB izl Rik4) studidzias g-riyha@gstalivatiphpdiregididohge | evel s
e ey KRR A
0St eopor osi s e 8Rgloy BIFRombRSLHhLAMB 1SS 35 flacd DO R I8 Hb S RS Ry
crystallography. |
XXI. Methods of Use: Avian and Mammnialian Animal Husbandry
The Zmax1 DNA and Zmax1 protein and/or the HBM DNA and HBM
26 protein can be used for vertebrate and preferably human therapeutic agents and for
avian and mammalian veterinary agents, including for livestock breeding. Birds,
including, for example, chickens, roosters, hens, turkeys, ostriches, ducks, pheasants
and quails, can benefit from the identification of the gene and pathway for high bone
~ mass. Inmany examples cited in literature (for example, McCoy et al, Res. Vet. Sci.,
25  60(2): 185-186 (1996)), weakened bones due to hﬁsbandry conditions cause cage

- layer fatigue, osteoporosis and high mortality rates. Additional therapeutic agents to

treat osteoporosis or other bone disorders in birds can have considerable beneficial
effects on avian welfare and the economic conditions of the livestock indusizy,

including, for example, meat and egg production.



hyper phosphat asem a, Van Bucheni s di sease, nel orheost 0si s5 (esdteop&l4 OSi S,
pychodysost osi s, sclerosteosis, osteopolkiiosis, acronmegaly, Paget's

di sease, fwbnews7 dyspl asi a, tubul ar stenosis, osteogeneﬁbﬁggﬁgﬁéﬁecta,
hypopar at hyroi di sm 10 pseudohypopar at hyroi di sm
pseudopseudohypopar at hyroi di sm. primary and secondary hyper parat hyroi di sm
and associ ated syndrones, hypercal ciuriggsmedul lary carcinona of the

t hyroi.d gl and, osteomral acia and ot her di seases. Techniques for nmeasuring

| evel s of protein in serumin a clinical setting using anti bodies are well

est abl i shed. ot ei h i s_consistently present in higher or |ower
llevel s in 15 %&ﬁvﬁ‘gﬁgf’és @%prwas%%i%mﬂgmﬁéﬂ@? type of disease
is a useful sy-BRAGE MRS Hete Lkar ' | Agnosi s
of a bone disorder. For exar?plcg?ﬁg%%egl e@tédmié |Ia§%t€%laé)§%#§§gﬁlk'&?gn€
physi ci an wi th a hilghkases where au yltaritidnen disedse afbone develdpenanh hauspette@iocause muy
be child abuse, i.nappr.opri ate_behavjor by t 0 child,_or_ a bone disorder.
To rapidly t eSPVeHET g‘*ga' _Jﬁ’.‘gﬂaf@s%@f‘,i g?tl’?é% ﬂ:@&'&; g5res shreiiiceligopRrdeatidemr ker
protein are MiAsEdbinia kil kiod ¥ Aent bf A PRRIE: or tHEMSH RIS

e neasured as 1 ndicators of

nmodi fication states of surrogate nmarkers can
the |ikely ef frespettirelie isbask tissudonin dnother fisudibatagfedie betheoderelopmenti S

especially convenient to us rr.ogate markers in creati treatnents for
bone di sorders, beﬁa?%tf?’g?%f'%ﬁ?gmmpw@aﬁv ‘?""8’?" E88PRS at i on
My require a dehSliigpélyiRrabdcHith relkiigh ¥afhe dsed. BB RucifotiR a@f DOne NMRNAs,
termed the "HBM inducible nRNA set” is found to be overexpressedna HBM +

m ce as conpar¥athedzedy stagfigd meghodg esase Pitainedone. comxsraalsippliendf t hi s set

can be u as U . . echfically if.treatnent .of, +/+ mce
with a cgﬁﬁgouncﬁpéwgﬁn% (E)l\h/%; éI}‘g?eél iagéﬁ”‘“f’ﬁgo%%rﬁg%ﬂ?@%m set ,
then that conprandakdicsiteriamsing @ieeOligodd. (A FidlingR g Proidtadh Rydhtiker

devel opment. 5 Qctober 2004 WO Q1/77327 Pl CTIUSQO 16951 -100 Thi's
invention i s p&EPE- domenfRe qligenypleofides is desigmad srythatdhyBlindsidisg onlyithg t he

drug  sor eent ne YUgNA Wl hRERSg i AGRTR IREHS) oldhadoll bl Y D
in such a t esttohgyridizd hepgme df@nfaxd geriomic DN sucinthabdrhplifetidroofDN Al | d
S_ upport; qf b %El% these %]i‘c(§\'0611|11!:113c?t%j efpan'%:?e'rs p?&?uces a conveniently identified DNA.

fragment. For example, the pair of primers CCAAGTTCTGAGAAGTCC (SEQ ID

NO:32) and AATACCTGAAACCATACCTG (SEQ ID NO:33) will amplify a 530

base paJrDNA fragment from a DNA sample when the following conditions are

used: step 1 at 95°C for 120 seconds; step 2 at 95°C for 30 seconds; step 3 at 58°C

20 for 30 seconds; step 4 at 72°C for 120 seconds; where steps 2-4 are repeated 35

o

times. Tissue samples may be obtained from hair follicles, whole blood, or the
buccal cavity. | '
The fragment generated by the above procedure is sequenced by standard
techniques. Individuals heterozygous for the HBM gene wﬂl show an equal amouut
25  of Gand T at the second position in the codon for glycine 171. Normal or
homozygous wild-type individuals will show only G at this position.
Other amplification techniques besides PCR may be used as alternatives, such as
ligation-mediated PCR or techniques involving Q-beta replicase (Cahill et al, Clin.
Chem., 37(9)-:1482-5 (1991)). For example, the oligonucleotides AGCTGCTCGT
30  AGCTG TCTCTCCCTGGATCACGGGTACATGTACTGGACAGACTGGGT
(SEQ ID NO:34) and TGAGACGCCCCGGATTGAGCGGGCAGGGATAGCTTA



met hod of drug screening utilizes eukaryotic or prokaryotseciet 20® | s
which are stably transforned with reconbi nant nucl ei c aci ds expressing the
prot ei n osyo dwagrent, preferably in conpetitive binding lﬁﬁgﬁ% SPch cells,
either in viable or fixed form can be used for standar |no(| ng assays.
One may neasure, for 10 exanple, for the formation of conpl exes between a
Zmax| or HBM protein or fragment and thgs.agent being tested, or examn ne
the degree to which the formation of a conplex between a Zmaxl or HBM
protein or fragment and a known ligand is interfered with by the agent

bei ng tested. entlon ovi-des nethods of screening for
drugg 15 comﬂ?@c@gﬁqgﬁm Qﬁ%ﬁ%&omﬁﬁﬂhemeé@#BM pr ot elgn or
fragment thegggl apﬁlﬂrgﬁlslguh@gm Ie)téa%ﬁﬁfaﬁﬁisﬁr%%% it ??‘WP@%& bet ween

t he agent and the Zmax| or protein or frag or 't he
presence of aPG&Mélﬁcﬂmmmmgth@m&mhgémmtmhwm@TGCWCGTAfG@mm and a

astays the Zmon Gen A tING D e innrA R SbEeCRTR AN Ea Al P co

Zmaxl or $BM [REQ B NOB7) HRMRER tws oBERasBsiRts, ftﬁ@mtéﬁwbaséafa?&aa&onh“ a

protein..protein conplex, and the anpunt of free (1.e., unconpl exed) | abel
is a nmeasure mumcgﬂmpwbﬂgﬁommrhgﬁnlgsﬁ%ﬁ@ithemdBQbaqumﬁespundBcBM or

its interfer £ and, bj.ndi.n respectjvely. Anot her
t echni qge Lorgﬁﬁ%ﬁﬁﬁﬁlg wzg%%gﬁniﬂ#ﬁmﬁe 1ﬁ%‘ji‘i{c)ng fort
conmpounds havkdgige € HEM @t 1ok frrdt ei ns
and is "descri begﬁ?ﬂn detail_in WO 34/0 563(10 %rl efly statﬁe%jéli ?lyvg{eﬁunbers

of different ByiidizedjepbimaDNAcanyiy: EﬂmﬁﬂMm&‘ﬂy@hi&sﬁtsmﬂwdmhmbfd
substr at su !ﬁ@ fﬂ% me ot her surface. The peptide test
2 &pea te i)E:sﬁ4601@?@)%I e‘?tB

conpounds are r W't h M proteins and washed. Bound Zmaxl

or HBM protein is Pﬂoémtﬂaim:thﬁdaﬁlmc!b@@éiéct&ibw@aioskgél%ctébﬂo%mart
Purified Zmaxl| or, an.be coated directly onto plates for use in the
af or ement i one@UaHiF Y:l%’élﬂﬁa%“aPé@%Y%ﬁE’é?Ch%%\f@'rﬂucqu@m kmavep 5

- Oct ober 2004 mgmg@lgb gggﬁ%ﬁaﬁ%@ﬁ%% gﬂ,ﬁ?x&p p?ogrpr tein can

be used to capture antibodies to I nmo in on

the solid phaéehor@hiysMummdQdldSprideiarbarllabontay,cold Bering BYofl98mypet i ti ve

drug scregning as S .l n . which n utralizin ant| bodi es c abI e of -
speci fi cgfl y bi ndlqlg‘% Eafﬁﬁ%ﬂ B? mexl gene gF te BM gsvgrated E‘ﬁm&edﬂéﬁt
conmpound for {eRshegptef irﬁﬁxf%ﬁ&éﬂ-dé?écﬁbﬁyfocedures, by using oligonucleotides

designed to identify those alterations. These procedures can be used in animals as
well as humans to identify alterations in Zmax1 or HBM that affect bone

development.

20 Expression of Zmax1 or HBM in bone tissue may be accomplished by ftllsing
the cDNA of Zmax1or HBM, respectively, to a bone-specific promoter in the
context of a vector for genetically engineering vertebrate cells. DNA constructs are
intrc?duced into cells by packaging the DNA into virus capsids, by the use of cationic

_ liposomas electroporation, or by calcium phosp}iate h'ansfeétion Transfected cells,

- 25 preferably osteo‘blasts may be studied in calture or may be introduced info bone
tissue in animals by direct injection into bone or by mtravenous injection of
osteoblasts, followed by incorporation into bone tissue (Ko et al, Cancer Research,

' 56(20):46 14~9 (1996)). For exaniple, the osteocalcin promoter, which is specifically
active in osteoblasts, may be used fo direct transcription of the Zmax1 gene or the

30 HBM gene. Any of several vectors and transfection methods may be used, such as

retroviral vectors, adenovirus vectors, or vectors that are maintained after



protein or fragments thereof. In this manner, the anti bodfegtgande used to
detect the presence of any peptide that shares one or nore antigenic

det er m nany® g@f7bhe Zmaxl or HBM protein. A further tec?ﬁ&ﬂ@ﬁu&@ﬁ drug
screening involves the use of host eukaryotic 10 cell [ines or Cells
(such as described above) that .have a nonfunctional Zmaxl or HBM gene.
These host cell lines or cells are defecipye at the Zmax | or EBM protein
| evel . The host cell lines or cells are grown in the presence of drug
conpound. The rate of growh of the host cells is neasured to determne if
the compound |s %a abl e of Jegﬁéating the grom h of Zmaxl_ or_HBM defective
cell's. 15 The GHSeCHPD PN CRHQPIC HpOfPmeesIr giber methgdpamgleetorsdesaaibedir al  anal ogs
of  bi ol ogi cal jyeactive proteins of interest or of small nolecules with
which they interact (e.g., agonists, antagonists, inhibitors) in order to
frashi on drugs whi chABeretiodf afithe lexel mif fimctiomit Emact proteirnsr BERréteinaress of t he

protein, or-vx/nictf, giq@ enhance .or _interfere with the function of a
protein in vivielggtot hongmin O, Banydabnedevis of rctignal@mexl( 1991) . | n

one approash, fRE:f bf ﬁbﬁﬂﬁb%ﬁﬂt?ﬁﬁos’éi@fe tb Qﬂ?&bgﬂ%@g}% it anéforiﬂc‘r:réééé §¥ of . ﬁ o

protein of interest (e.g., max| ‘or HBM protein or exanp
Zmax| - or HBM deszaapt Isvels of hang aniverelisapibe XForleyample, dymay Ystsefill apineping, by

conput er nodel { ng or st. typically. by a conbipation of, approaches. Less
o ten, - uset ul ffkdraRrsieh iR K e tadpit A i FBP P oA be
gai ned by nodeflidigise Bénchmaadlififioh Bpabikhts it oSieficrbMIB PGBHSHRAQL €i ns. An

exanpl e of rational drug design is the devel opnent of HN protease
i nhi bi tors (Er Adrgben ef Zmax1 Igrdlcord@BMIggin27 al5e Be ugedI9 o ygseartntoatidi t i on,

pepti des . 0. .. HBM.pr ot.ei n). are.analyzed an .alanine scan
Cvel |- fhoa SRty 3 SO B Bendine Byt BRKA end Yo ol G olifre e an
am no aci d r esistederinfodiftptiarasudis afbd ibfRehonbsto @hipes mGandtbgalnerisigie’ S
activity is 30, determ ned. Each_of the am no_acid residues of the peptide

i's anal yzed i nZfRrsor Balhethemathalogy and préhagreesispl bpraditordagisdnevarnd he
peptide. 5 Cctg %e%g%eyﬁe@%%iﬁiagﬁéﬁy?‘g@&@%?é’ﬁf%’éf’:g%d'éi isSp al so

possible to isolate a targ specil by”a™ functional
assay, and t hehippimcsibCog PhilalelphiasPAl(1904).uct ure. In principle, this approach

ields a ar macor e, upqn I ch ,subsequent _dr esi gn n be based. It is
);;os_si bl e ?%] o bypassAﬁpﬁﬂ?té\ﬁﬁteEW@Féﬁ‘bq@“f‘Eﬁ%gp ai'l%’fgﬁiﬁ("gﬁléto%g’i‘%%ﬁh@f
anti -1 di otypi cmpli RGdiesp, iicholdindRedols et ne REACTRER 00! cal Iy

active antibody. As a mrror |Inmge
portion of Zmax?! or mutations thereof, or HBM or mutations thereof, will alter the

level of Zmax1 activity or HBM activity, respectively, in the body of the treated

human, animal orbird. Truncated versions of the Zmax1 protein or HBM protein
20 can also be injected to alter the levels of functional Zmax1 protein or HBM prbtein,
respectively. Certain forms of Zmax1 or HBM enhance the activity of endogenous
protein, while other forms are inhibitory., _
In a preferred embodiment, the IBM protein is used to treat osteoporosis. In
a further preferred embodiment, the extracellular portion of the HBM protein is
25  msed. Thls HBM protein may be optionally modified by the addition of a moiety
| - that causes the protein to adhere fo the surface of cells, The protein is prepared in a
pharmaceuntically acceptable solution and is administered by injection or another
imethod that achieves acceptable pharmacokinetics and distribution.
In a second embodiment of this metﬁod, Zmax1 or HBM levels are increased
| 30 or decreased by gene therapy techniqﬁes. To increase Zmax1 or HBM levels,
osteoblasts or another useful cell type are genetically engineered to express high



mrror image, the binding site of the anti-ids would be expredef2te be an
anal og of the original receptor. The anti-id could then be used to
identify | ate peptides from banks of chemcally i ol ogically
produced ban s%%? peptides. Selected peptides woul d théﬁggg?wgggthe
pharmacore. 10 Thus, one may design drugs which have, e.g., inproved Znmaxl
or HBM protein activity or stability or ghich act as inhibitors, agonists,
ant agoni sts, etc. of Zmax 1 or HBM prot8 h activity. By virtue of the
avai lability of cloned Zmaxl or HBM sequences, sufficient amounts of the
Zmax| or BBM protein na{ be nmade " avail able to perform such anal yti cal

P

studi es as x- l&lsef ¥aasl poBibindesirived doliviei dviternbfively)do fevmabeTigeiafr t he

Zmax| or BBM | )1 ce Qvi ded her.ei L || i d t hose enpl oyi ng

conput er node ﬁér% ?%@lcsh%%é%g C?t%{rﬂ?tﬁg’@g%’lef’lﬁfﬁ]& f\ﬁﬁ%a H%i?‘{?ﬁ"#%mﬁ]-a‘iﬂal?

cryst al | ogr ap@ynax1 ¥XHBMEBRMNY Sands ; i Ak MBETERLd: i usbandr
d A ey In%ﬁb& f DNA and Bh%{ﬁ‘zéﬁob‘%f%%f Y

The Zmaxl DNA and Znmax1l protei n and/ or the HBM in can
be used for vErEEdyFIchanfy Q¥ peomeserorianether comareapaiyt aveilalrepromotand f or

avi an andgma ' ' nts, 4 ncludi for ljve reedi ng.
"Birds, i Acl %h%?%r és%&%%%%?%%%ﬁ%”@d@@?%ﬁw #?slﬁ{laﬁlé%‘gs
- ostriches, dugisss)plieapaficed cabadieieal, b Yma&? SDRANG it binfsid Bfascribed
identification of the gene and pathway for high bone mass. |In nmany

g
exanpl es ci t e8Y PROPS-ERSFUIC RFQEqteTo puch 2a Hhislosteosgiaingr apthgt proReter, tvadhievBei ., 25
60(2): 185-18 : . n t shandry c ILf i ons cause
cage |ayer f%%%@%%?%ﬁggﬁzﬁgn%ﬁgg‘%yh%??%alg?ﬁ%stm@g.%L/t-éidi tional

t herapeuti c agemstrecttor HEMeapressiiaopstinesissuterdueidiaio toabendtisses, deRs nbn bi rds

can have_consjderabl e, beneficial effects on-avian welfare and the economnic
condi tioh® of PEFP®Sst ock i ndustry, including, for exanple, meat and egg

production. 5 @toﬁ%mgg%bg@&%&ﬁgﬁg%%a%g& | ezélgagcigg@%g{[)% of use:

Di agnostic assays using Znmaxl-speci gonucl e ection of
genetic al t er asaddoinhilfif ischuhetipnb Sneh atgibedieqpare identifiddrhesdises where an

alteration or disease.of, bone..devel gnnment i.s, suspected to involve an
al'teration of thee%g?fn%gﬂgo‘g’?&e?f‘r?g g’rfg‘}gsst%éﬂ%?etiﬂcim@‘fli%’éﬁ?ﬁﬁlo‘éot i des
5 may be consHBM Gedtiod e usR Subh au3EHE dbRbbENSln Ofd G ed igg HBM
MRNA,  regpectively, in_bone tissue or in another tissue that a @cts bone

devel opnght .~ Fuechaiguep pemedieinelabemistp wiel knowp tr enenkifled intthearBBM gene, whi ch
af fects bone

pharmaceutical development.

. Zmax] and HBM interact with several proteins, such as ApoE. Molecules
that inhibit the interaction between Zmax1 or HBM aud ApoE or another binding
partner are expected to alter bone development and mineralization. Such inhibitors
- 20 may be useful as drugs in the treatment of osteoporosis, osteopetrosis, or other

diseases of bone minera]izatior-l. Such inhibitors may be low molecular weight
compounds, proteins or other types of molecules. See, Kim et al, J. Biochem.
(Tokyo), 124(6):1072-1076 (1998).
_ Inhibitors of the interaction between Zmax1 or HBM and interacting proteins
25 may be isolated by standard drug-screening techniques. For example, Zmax1
protein, (or a fragment thereof) or HBM protein (or a fragment thereof) can be
immobilized on a solid support such as the base of microtiter well. A second protein
or protein fragment, such as ApoE is derivatized to aid in detection, for example
with fluorescein. iodine, or biotin, then added to the Zmax1 or HBM in the presence
30 of candidate compounds that may specifically inhibit this protein-protein domain of
Zmax1 or HBM, respectively, and thus avoid problems associated with its



density, polymerise chain reaction can be used. Two ol i gofiQekebet 2alEs ar e
synt hesi zed by standard nethods or are obtained froma comrercial supplier

of 10 custwgvirpde ol i gonucl eotides. The length and base g@pp@gidlon are
determned by standard criteria using the Adigo 4.0 primer PICkI ng program

(Wbj chich. Rychlik, 1992). One of the oligonucl eotides is designed so that
it wll hybridize onI y to BBM DNA underigshe PCR.conditions used. The ot her
ol i gonucl eotide is designed to hybridize a segnent of Znmaxl genom ¢ DNA
such that anplification of DNA 15 using these oligonucl eotide priners

produces a conyveniently identified DNA ment exanpl e, pair
primers CCAA Eé’ﬁ“@sc’fﬁﬁsﬁ %ﬁﬁ:@%@&ﬂﬂﬂﬂg@e‘@ (SEQ | D

NG 33) will anmgaf%fﬁhéﬁﬁceuagﬁge%phm fragment froma DNA sanpl e when
the followi ng conditions are used: step | at 95 C for 120 seconds; step 2

at 95 C for 30 secoﬂ@aﬂsesﬁwlanémm@mlﬁdmb@eﬁewﬁthMan 72C for

120 seconds; I te 2- e LieP eat ue.sa es may be
obt ai ned from%? imfnﬁs ﬁ\rf%%ffl% %ﬁimg’P ”%Vﬁg%a%%o@g%e‘éeé@ r% “The
fragment gener ghddcthiming ﬂ@te@ﬁ@dﬂb@fd@ﬂﬁ&ﬂb? stafid3€ fHe@06€ dudhlas ss-andar d

techni ques. | ndividuals heterozygous for the IBMgene will show an equal

amount 25 of mmpwmﬁ%cmWMPtﬁhgﬁV&MHﬁéﬁ@%&wM eiplyci ne 171.

Nor mal or hono I | ual at t hi

posi t1on. Ot nerur posdl i RBElA Hell Bl e SR RO Rl

‘al ternatives, ma&ﬂﬁzwxgﬁtmg@mtaw&mﬁmmgp&bﬁuﬁmg\mlwwg Q beta
replicase (Cahl |1 et al, dio. _Chem, 37(9):X482-5 (1991)). For exanpl e,
the ol i gonucl B¥ridfrgembe rarreliyarsigmain of Zuaaxl or HBM is fused 10 LexA and

OGO TR IR A ACER P B (ot Sy B0 as 0t 177355 Bl [ Tsco

/15151 -104 Tmmmmwmﬁﬁaeﬂﬁlﬂm@ﬁﬁ)hbrwymmeraympmhtzed to a
denat ured human

ted W ase, .and then subj ected
to PCR anplif Fecitt wﬁaﬁpﬁqﬁ’&%%ﬁsﬁmswu%ﬁ. fgb%qua@gon sequence fised
AGCTGCTCGTAGCTT, hﬁﬁﬁl and
: CGGCACAGGGAATAAGCT 5 (SEQ 1D 37 I nt first two oI | gonucl eoti des ,

the outer 27 ba@m@vm&iugmt@‘wmgmwmtbspMdmgewdlMOOM ndi ng
L L D SRS SRR b, 2 0ene

Molecular Biology, John Wiley & Sons (1997)).
' In a preferred embodiment, proteins that interact with HBM, but not Zmax1,
are identified using a variation of the above procedure (Xu et al, Proc. Natl. Acad.
Sei. USA, 94(23):12473-8 (Nov. 1997)). This variation of the fwo-hybrid system
20  uses two baits, and Zmax1 and HBM are each fused to LexA and TefR, respectively.
' Alternatively, proteins that interact with the HBM but not Zmax1 are also isolated.

These procedures are well known to one skilled in the art of molecular biology, and
are a simple variation of standard two-hybrid procedures.
As an alternative method of isolating Zmax]1 or I-IBM interacﬁng,prbteiﬂs, a
25 biochemical approach is used. The Zmax] protein or a fragment thereof, such as the
' extracellular domain, or the HBM protein or a fragment thereof, such as the
extracellular domain, is chemically coupled to Sepharose beads. The Zmax1- or
HBM-coupled beads are poured into a columm. Ax exiract of proteins, such as
_ serum proteins, proteins in the supernatant of a bone biopéy, or intracellular proteins
30 from gently lysed TERS osteoblastic cells, is added to thé column. an-speciﬁcélly

bound proteins are eluted, the colurm is washed several times with a low-salt buffer,



corresponds to-the HBM gene. The first two oligonucl eoti de®)cadgter bomat ed -
only when hybridized to human DNA carrying the EBM gene, which results in
t he for maty 10 an anplifiable 114 bp DNA fragnent. s _of
anplifi catvivgﬁy?gﬁ] be detected by agarose gel elect rophor?égﬁ@%ﬁégﬁént itative
hybri di zati on, or equival ent techniques for nucleic acid detection known

to one skilled in the art of nolecul ar b_ilBé_ogy (Sanbr ook et al, Mbdlecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring,
NY (1989)). 15 O her alterations in the Zmaxl gene or the HBM gene may be
di agnosed by the sanme-type of anplification detection procedures, by using
ol i gonucl eot i d@ad thgr tighfiehinding prgtsinsiafg/elutiod shthal high-saitiboffer. Thssssae pr ocedur es

. b d i ' h i dentify alterati, in Zmax
orHBM Uhat ar PARIER oty a8 g 8 ZRRDR R, AU He e RO M | ' bone
tissue may be dindingbyistaveardisisland ichitirol bXRrialdMA. SEali®sk BEadbBM fhespectivel y,

to a bone-specific promter in the context of a vector for genetically
engi neeri ng veFPwlpgPEOteias g thayrpthedsfor parforming ts couplingate ceameniatlycel | s by
packagi ng khe R ATV ' f fjionic i oneEs,
el ect roporat i o%or %g%:ﬂéa?’%%%%%ﬁ%sp E) ‘%“‘%‘%%ﬁ@%@f%ﬁ%%?’é% ells,
25 preferably istheathofiptotein hinghehdstat udi ed in cul ture or maybe introduced
nto bone tissue in aningl stog direct injection into bone or

b
i ntravenous i nj ect | Of 2Fpriatig |aag‘fe§zr°q86md%¢e@ins§ha¢ﬁ@@iwbathi§;saimto bone
ti Ko et . - . 6 le, th
i ssue (Ko e %mtﬁ@ﬁﬁ@fd-@ﬁ%—?%g%%@%é%@%@g?a&g% M@%@gﬁp e, the

~osteocal cin pronoter, which I's ve In os , hay be
used to dir ect s¢phamseedlpni.oProtdnstiive fwetbdongewithaut stidkéng3De piBddigeha birdiny of

several vegtor nd transfecijqn pethods nmay be used, such as retroviral
vectors, 3 eii g\/ﬁ‘?‘f’f?%&f’wgﬂ@r A#E@P%Y%:P%?m%ﬁh@thmﬁt%ﬁ@éﬂﬁﬁe&a@

Qot ober 2004 VI kA HFibii3ekbd Sk by HAishd Ao LB6 hAiThY  oni ¢

| i posonmes, or other nethods and vectors ggscrigfe erg’itn. A 'fﬂelrg?tll on of the
| evel of functRgmaed-Zmax| protein or HBM protein affects the |evel of bone
mneralization ' I ng~.evel s of functio Z | .5 ein or HBM
protein, it i s@é%ﬁ‘ﬁo&tz}# émg?{é“ﬂg’é%*%ﬁ%fﬁ{msﬁﬁ%@%% or
decrease | evel gl@finpone mineralization. For exanple, it may be useful to-

increase _bone mineralization in patients with osteoporosis. Aternatively,
it may beldiseful t oEssential for the identification of novel allelic variants of Zmax1 is the

ability to examine the sequence of both copies of the gene in an individual. To
accomplish ﬁs, two "hooks," or regions of significant similarity, are identified
within the genomic sequence such that they flank the portion of DNA that is to be
cloned. Most preferably, the first of these hooks is derived from sequences 5' to the
20 first exon of interest and the second is derived from sequences 3' to the last exon of
- interest. These two "hooks" are cloned into a bacterial/yeast shuttle vector such as
that described by Larionov et al, Proc. Natl. Acad. Sci. US4, 94:7384-7387 (1997).
Other similar vector systerns may also be used. To recover the entire genomic copy -
of the Zmax1 gene, the plasmid containing the two "hooks;' is linearized with a
25 restriction endonuclease or is produced by another method such as PCR. This linear
DNA fragment is introduced into yeast cells along with human genomic DNA.
Typically-, the yeast Saccharomyces cerevisiae is used as a host cell, although -
Larionov et al (in press) have reported using- chicken host cells as well. During and
afier the process of transformation, the endogenous host cell converts the linear
30  plasmid fo a circle by a recombination event whersby the region of the homan

genomic DNA homologqus to the "hooks" is inserted into the plasmid. This |



decreasé bone nmineralization in patients with .osteopetrosf©casbePa0®Et ' S
di sease. Alteration of Znaxl levels or BBMI| evels can al so be used as a

research tweloy74Q7 Specifically, it is possible to identi M’T}ﬁédﬂh@daﬁ's MRNA
and ot her nol ecul es whose level or nodification status is altered in

response to changes in functional levels of Zmaxd or BBM The pat hol ogy
and pat hogenesis of bone disorders is knews and descriibed, for exanple,
in Rubin and Farber (Eds.), Pathology, 2nd Ed., S.B. Lippincott Co.,

Phi | adel phia, PA. (1994) 15 A vari ety of techniques can be used to alter

the |l evels of f nct Zmaxl For r%) , |ntravenous or
i.nt raosseous i KT 81‘3“975?5 @5@?? ‘?ﬁg oph torppe skilipd i the
mut ati ons t her ggf

eaf Ob‘?{oukﬁl\ﬂﬁépeeﬁﬁﬁ& f&@ﬁs% ﬁ%quéé g:gh gmg%a ry

Zmaxd activity or HBM activity, respectl treat ed
Human, ani mal wcomdsemmmé&tvﬂmé’hmiw mésetuhmtﬁmhmdar Pragmait. nHowﬂdE;M

protein 20 can 0 _be inj ed t aIt s of f tional Zmaxl
protein or HBMlg SEfynce @éﬁp”é’é gf(gf’ %n&i’FO"HFS HBM
enhance the actshy)Ly-28f(08ERI908)sh EEEtaﬁthB déé@ﬁﬂe@uﬁﬂ haaEs
inhibitory. In amBrefer(r ed enb983| rreerft t he IBBM protel%gfgg usedePt%ot%t r eat

ost eopor 0si s. Ismuﬁ‘aceﬁQemennﬁhehwnembmemﬁamtm&hmﬂmmmport i on
~of the BBMprotel(?gﬁ ]ﬁ%eg |s HBM protein may be optionally nodified
by the addi ti off "B Mol e f:’ﬁ% %auses the protein to adhere to the

-surface of cells. Tmmmmexammﬁoﬂwaamkmrm@ﬂa&ﬁb&d dribn@egept abl e
. solution and is_admnistered by injection or another _nethod that achieves

accept abl e phatﬁ#é’(’f@q Mt dead. Soh %, S8 (B):B4AF BHAPHH 13083 Rt s odi nent  of
t h t h "
her apy. t abhnt aapiniips il S48PTRR S G GRSl ol AHLEESE Y W01

anot her usef ul deigb thetrygombinadoid etivedaftdny 2 fpgiteRgGshct Doty &H8mij Bh 5
Oct ober 2004 WO 01/ 77327 PCTJUSOQ /16951 -106 | evels of Zmaxl or HBM as
descri bed abovd&bis May-dr#HgEs QWA*‘@JB"BB%@WﬁW"W B FARS s, anti seuse

constructs t hatesRee kidabinel SUFEENS ha el a%cttﬁﬁzﬁ ghatable Zmaxl or

| HBM nRNA can be used. In general a t1ssue-nonspeci |c pronoter may be
used, such as NRIVCMethodsrodilee: (écnomoStRemng)mmrm ally avail able pronoter 5

)7550-9" @3006)) | | ARG SASPEN S A B Btk BT SRETLE ani i sense
.I's transcribed Zn?‘ﬁclﬁs ﬂ@ﬂﬁs&ﬁﬁﬁﬁbﬂe&@hﬂé&%ﬁﬁﬂﬂy&@ﬁ&eéﬁr&sﬁ%r@&E@E&ﬁ-' cin or
anot her prom)ter achi eve
d1$eases Kolier et al, Amer. J. Bone Min. Res., 13:1903-1908 (1998) have
demonstrated that the nse of polymorphic genetic markers is useful for linkage
analysis. Similarly, the identification of polymorphic genetic markers within the
20 high bone mass gene will allow the identification of specific allelic variants that are
| in linkage disequilibrium with other genetic lesions that affect bone development.
Using the DNA sequence from the BACs, a dinucleotide CA_n repeat was id;eﬁﬁﬁed
and two mmique PCR primers that will amplify the genomic DNA containing this
7 repeat were designed, as shown below: ' | -
25 B200E21C16 L: GAGAGGCTATATCCCTGGGC (SEQ ID NO:38)
B200E21Ci6 R:  ACAGCACGTGTTTAAAGGGG (SEQ ID NO:39)
and used in the ééneﬁc mapping study. | 7
This method has been used successfully by others skilled in the art (e.g.,
Sheffield et al, Genet., 4:1837-1844 (1995); LeBlanc-Stracesld et al, Genomics,
T30 '19:341-9 (1994); Chen et al, Genomics, 25:1-8 (1995)) Use of these reagents with
populatmns or individuals will predict their risk for osteoporosis. Slmﬂarly, single




specific expression in bone tissue.. In this way, if a Zmagctadepr@gsi ng -DNA
construct or HBM expressing construct is introduced into non-bone tissue,

it will ri expressed. In a third enbodi ment of thi t hod,
ant i bodi eﬁ%&%’?’ﬁ%’f Zmax| or HBM are used to inhibit i,tsp(ﬁjﬂ%ﬁ’il@ﬁ? Such

anti bodies are identified herein. In a fourth enbodi nent of this nethod,
drugs that inhibit Zmaxl function or I@Md‘_unction are used. Such drugs are
descri bed herein and optim zed according ~ 15 to techni ques of nedi cinal
chem stry well known to one skilled in the art of pharnmaceuti cal

devel opnent . Zmaxl and HBM interact with several proteins, such as ApoE
Mol ecul es  t hatudlashiigpelympmhisms£PREY)i woh bethoresho @l ablr 4 #iBive,and b&poE or

anot her bindin r L e cted to alter bone devel opment and
mi neral i zat i on'.gsegu%{éch ailigwr%‘?’fto’?%%g@&eﬁg‘?plﬂ%%%eéﬁﬁﬁeﬁgrﬁ%@%cqtﬂ the treat nent

of osteopor osi sste@stoemmﬁ]ewe&;fﬂyfmmlgﬁa di seases of bone mineralization.
Such inhibitors_nay be | ow nol ecul ar wei ght corrﬁi(;;nds, proteins or other
(W

types of nol ecul&Y- Methodxpfillea: Mydulators of dlissne CalelfisRtion | 124(6): 1072- 1076

(1998). Inhibitors | | QR x| or. HBM and..int eracting
prot ei ns r§215 may be'ﬁ%esofbg%dg%&ﬁ%;/ﬁ%%%g a&gh%@%gﬁﬁ%‘we i JABET For
exanpl e, Zmax let af/oBii. iChefrQ273:304 273N 99) dem6@tric® thatEVefl Sloid? Kndfvn @
fragnment thereof) can be_ imobilized on a solid support such as the base

of nmicrotiter tRarsulatacaleficaipnsl Sredeyeloning gubivs mofelsysienare axgrehseddn ApoE i s
-derivatized to.al:d.4 e 1oL | |- ein.  ladi ne, or
b ot i n ¢ hen soibibed dbrfll T bl iksioh SEMEER Wk bt e Gl EbEEeorcPli e
conpounds t hat inmalcifigdersdular tikduy indidates ittiat fdries which b imppriett @i Fordomai n of
Zmax| or M rtespectively, and. thus. ayoid prohl ens associated with its 5
Cct ober 2@84 _\/é?v P??W%W‘F‘g@@%%?@l"fp D ESPrtanlsFAmEHaTE HBMgnent  Drug
screens of t hi groletpRedifidh 4onkaghRR 113D Smdli i Scilacchl1Bu il

Xl an ol ved 1'n bone

phar maceuti cal” devel opnent BecCause Z BDM are 1 n
devel opnment , pyascditnes, déndin andbor af theiralk visemdduBltGNs deneoratrated effpect ed t o be

R AR, i S S S o o
‘the two-hybri dadsdnsedied, MesdiRebxpRdssiBh or repression of Zmax1 activity permits the
' 15  identification of molecules that are directly regulated by the Zmax1 gene. These
genes are potential targets for therapeutics aimed at modulating tissue calcification.
For example, an animal, such as the LDLR -/-, mouse is fed a high fat diet and is

observed to demonstrate expression of markers of tissue calcification, including
Zmax1. These animals are then treated with antibodies to Zmax1 or EIBM protein,
20 antisense oligonucleotides dirécted against Zmax1 or HBM cDNA, or with
compounds known to bind the Zmax1 or HBM protein or ifs binding partner or
Ligand. RNA or proteins are extracted from the vascular tissﬁe and the relative
expression levels of the genes expressed in the tissue are determined by methods
, well known in the art, Genes that are regulated in the tissue are potential therapeutic
25 - targeis for phaxmaceuﬁcal,development as modulators of tissue calcification.
The nucleic acids, proteins, peptides, amino acids, small molecules or other
'phaimacéuﬁbaﬂy usefil cormpounds of the present invention that are to be given to
‘an individual may be administered in the form of a composition with a
phm:maceuﬁca]ly acceptable carrier, excipient or diluent, which are well known in
30  theart. The individual mé.y be a mammal or a bird, preferably ahuman, arat, a
mouse or bird. Such compositions may be administered to an individual in a



Current " Arotocoh in Ml ecul ar Biology, John Wley & Sons §{T28he) 200Hor
exanple, to idenbfy Zmax 1- interacting proteins or BBMIinteracting
proteins ugbhgrizke two- hybrid system the ex-tracell ul agcgegmhispf Zma 1
or HBMis fused to LexA_ and .10 expressed for the. yeast vector pEG02
(the Ibait!") and expressed in the yeast strain EGY48. The yeast strain is
tmsformed with a "prey" library in the appropriate . vector, which encodes
a gal act ose-induci ble transcription-activatio:~ sequence fused to
candidate interacting proteins. The techniques for initially selectin,,g

and - subsequent veri.Ping. interacting proteins, by this nethod are well

known to one 1B EHERLY & © Fpueunys P@emtéammlw@gﬁ{m pdigg g |

Current Protoc [ ; i - ' In a
% fheloBnaib Re8P BlarddiQh ?%aﬁéﬂ lﬂ%&ﬁ%dg %1%&?&%%&%& Wday

preferred enbodunent, proteins that ract. maxr, are
i denti fied usi hgadninvkteraitalane ooin ¢oubimion withrotdeettentmeftXu et al, Proc. Natl.
Acad. Sci. USA, 94(23):12473-8 (Nov.. %gl ﬁ?: g i This variation of the

~Vo- hybrid system 20 uses two baits, and BBM are each fused to

LexA. and Fet P, 1espesirdpl ventih fleRiibbd S&r%eferaicgtt@i.h@ Solldiahg Eﬂa&:\fﬂ%ﬁt wi th

the BBM but not Zmaxl are also isolated. ese procedures are known
to one skil | edwhithiapreofferad by waymfdlusirafionindlacy®t indended trlonibtheiinmeh@ondar i at i on

of standard two-hybrid frocedur.es. As altenative. thod of isolating
Zmex| or 11BM Pt ng'iérjfal.“]%forS?h@?Wﬁwgﬁ%%Pgﬁ%wrc%?n&c%%ach i s used.
The Zmax| pr ot giegifRallpddsérd@iBalowt s 8flizedsuch as the extraceRular domain,
or the EBM protein or a fragnment thereot such as the ex.lracellular domain,

is chemically E3#pled t o Sepbxose beads. The Zmaxl- or | HBM coupl ed beads

. are pouredyinto a LI f.0r L.ns., m pr.ot ei ns,
pr ot ei ns ?{r)\ t he su;@eﬂ%ﬁﬁ& oﬁéam%%%\%ﬁ)%]ﬁ%ﬁg&&?mgrw %%ﬁr}gl?gﬁofl ig{‘*g’%“gsﬁ%t ei ns
. 30 from gent | y Ceytsefdr daifatios bEwint agicaed tebd Snusiadly dekeboha. Shewaoizim.

Non-specifically": b&un proteiagis re eluted, the , colum is washed several
times with a | SFsfendeaiep m 5B FOOBIHPFYIONT hepsteedE bk PamD / 16951

-108 and then g%%g el L DS k£ i thea: g%\ﬁ, . buf fer.
These are candi a:"ééaﬁB%HSi %gbfﬁg%ﬁ%?%é&?gm?nﬂgi}ﬁﬂ%%ﬁﬁﬁcgn c%ﬁj‘i € tested
for specific bsaplissangbywstshndafran beldtd HAadnbyanjuryowassofidissurentiy. to Bephar ose
beads used_for. co i rotej.n nd t he net hods.for pgrformng the
coupl i ng gﬁe CMBW?P%%?S?@%YQWSWW%GE‘PW@ pro¢&@utes described
here are well kiowRe bPrige sKiubletiod dh thiBg@pls. Ghe BAARALA O RBRBIESTTY.

| although she was able fo attend school full time. By the time she was seen in the

Center, the pain was nearly resolved and she was back to her usual activities as a
high school student. Physical exam revealed a normal healthy young woman
20 standing 66 inches and weighing 128 pounds. Radiographs of the entire skeleton
revealed dense looking bones with thick cortices. All bones of the skeleton were
involved. Most importantly, the shapes of all the bones were entirely normal. The
spinal BMC was 94.48 grams in L.1-4, and the spinal BMD was 1.667 gm/cm? in
_ L1-4. BMD was 5.62 standard deviations (SD) above peak skeletal mass for
25 women. These were measured by DXA using a Hologic 2000~. Her mother was
' then scanned and a lumbar spinal BMC of 58.05 grams and BMD of 1.500 gm/cm?
were found. Her mother’s values place her 4.12 SD above peak mass and 4.98 SD '
above her peers. Her mother was 51 years old, stood 65 inches and weighed 140
_ pounds. Her mother was in excellent health with no history of musculoskelstal or
30 other symptoms. Her father's lumbar BMC was 75.33 grams and his BMD was



As a variation of the above procedure, proteins that are elgsddr Poypshi gh
salt fromthe Zmaxl - or HBM Sepharose columm are then added to an ABM
Zmax1l- sepharosc colum- Proteins that flow through wi thout sticking are
proteins that bind 10 to Zmaxl but not to E BM Alternatively, proteins

t hat bi nd w@oiffve24HBM protein and not to the Zmaxl proteornsanids i sol at ed
by reversing the order in which the colums are used. XX JJ. Method of
Use: Transfornmation-Associ ated Reconbi nation (TAIL) Coning 15 Essenti al
for the identification of novel allelicivariants of Zmaxl is the ability
to exam ne the sequence of both copies of the gene in an individual'. To
acconplish this, two "hooks," or regions of significant simlarity, are

identified w4hi i t f portion of
DNA that 1 1o Do, SRLRScS BHUCHGC Y68 bl bl fohert BRlor kifesD DL O
derived from Jegusniagsodhealth, stdod 72Ghchestall, aad orighkd i 8% povadd. and t he second
is derived from sequences. 3' to the Iggt exon of .interest. These two

"hooks" are cl oned heseligicpldetaspegested Bt the PRARPEIS %E‘feéra tefdprnlier ¢ nat
described by l:ﬁxStha“ﬁlﬁcE }eséllted in '?é i h%ﬁé maécﬁ\gc aggfﬂemg%rm%flskzg%ﬂ; 7387

(1997). Oher sinilar vector systéms may af so be used. To recover the
entire gerfom candafigntionfwat foeustdmx thegeaiernaltitiveirgl. dafid. Sl Ratant Non, 68,158 t wo

"hooks" is linearized with a 25 restriction endonucl eas r_is produced by
anot her met ho&w§@f¥hf“5’s°\¥ﬁ@\’?m?ﬁg?sﬁ#fﬁﬁ?ﬁmﬁ%ﬁmf _Bﬂ%‘ﬁf‘ssﬁ’é’ei?)ﬁ‘grgb‘ﬂ’@ed into
yeast cells al Q89 mdddierisl BRhdBARPSE the BlIPositud, Yihis ABdended, hdievieARHical

Saccharonyces cerevisiae is used as a host cell, although Larionov et al

(in press) hawecardserteraeriars skelpiad rdederaphh et a gadl) Hladdgsspagiitien ebbeddadjinand af t er

t he process of_transf ion, .the e st_cell nyer t he |inear
30 pl aom d ¢ it Fea TR bleoie e RARHER 15 ikt sy RS on ot ' 1 he

human gempm cexbiifie BorRY 6O4ILSE thehdnBeavahadk for ekdninMRanhaeiihgdihe fine pl asmi d.
This 5 Cctober 2004 WO 01177327 PCTl' @S0OO 16951 -109 plasmid can be
recovered and garesping. By hewean whidgamong hoaficidapenbegs. | Indys juyenigs, art .
Qoviously, th SRR kS - i-00s L s h8s ke cel |

machi nery to %h(??%%%één@z%g%{a%ggﬁgggb%‘?ﬁ‘l&lﬁjar tO(rI)I(?1 tg% ﬁgfgi{%ﬁ pre%ent in the

| i near fr agmenddditidosae eksigni it dmprogersent evar dieandriginal kmship (Joheguiet #04m.as shown

aut hor " deser | bb&its CREF B brSr P2 bR EFsl. SEGUEnE GureamMBAPAEt he hurman
genone t 0;4 eCoyRLd ik RANPH Sin bl W8 il falsWRbor key crossovers. X-linkage is

ruled out by the presence of male-to-male transmission from individual 12 to 14 and
15.

Example 2
The present invention describes DNA sequences derived from two BAC
20 clones from the HBM gene region, as evident in Table 7 below, which is an
assembly of these clones. Clone b200e21-h (ATCC No. 98628; SEQ ID NOS :
1011) was deposited at the American Type Culture Collection (ATCC), 10801
University Blvd., Manassas, VA 20110-2209 U. S. A_, on December 30, 1997.
Clone b527d12-h (ATCC No. 98907; SEQ ID NOS : 5-9) was deposited at the
25 American Type Culture Collection (ATCC), 10801 University Blvd., Manassas,
VA 20110-2209 U. S. A., on October 2, 1998. These sequences are unique reagents
that can be used by one skilled in the art to identify DNA probes for the Zmax]
gene, PCR primers to amplify the gene, nucleotide polymorphisms in the Zmaxl

gene, or regulatory elements of the Zmaxl gene.



a rodent/human hybrid cell line. In another exanple, onlys@ehehoodd is
requi red, as described by Larionov et al, Proc. Nati. Acad Sci. USA,
95(8):4469-74 (April 1998). For this type of 10 experinment, termed "radi al
TAR cl oning,"” the other region of sequence simlarity to drive the

reconbi natwonuws2deri ved froma repeated sequence from thangenons. In this
way, regions of DNA adjacent to the Zmax1l gene codi ng regi on can be
recovered and exam ned for alterations that nmay affect finction. XX V.

Met hods of Use: Genom c Screening 15 Thelldse of pol ynorphic genetic nmarkers
linked to the KBM gene or to Zmaxl is very useful in predicting
susceptibility to osteoporosis or other bone diseases. Koller et al, Aner.
J Bone M n. Res., 13:1903-1908 (1998) .jr:u 7dem)nstrat ed that the use of
pol ynmor phi ¢ genetic markers is useful Tor F’l nkage analysis. Simlarly,.
the identification of polynorphic genetic markers within the 20 hi gh bone
mass gene wilt [alTow Cgﬁt,%dentl fir cat RceNgaPec! [ IsE@IDe| | q &tk anf s that
are in linkagg di.sequihlriumw th other genetl C |ﬁ6‘.°ns(ﬂ£@baﬁ-§)f ect bone
devel opnment. . | ncef 7Ll|e BACS; & o UCT gL Tde CAn
repeat was idemtiii an g{j e pr-Hrerp—that—wH H-fy the
genomi ¢ DNA cor'.:l’g?..ﬂzfl:l ‘f’g (%Q d—ag_s 25
B200E21C16 L: G &%Amﬁg@f()?ﬁr - (SEPSI% NO 38)  EPOOER1CERER
ACAGCACGTGT| TAARGZTHE - horamtipB0§6@ 39) an®83%ed in | he 8enel i c3dE%ing st udy.
This met hod hag b52EH2-hsemhtigBe@s|sf ul | yo&R807ot her s| ski®l ed| i n720M® art (e.g.,
Sheffield et 4|GRo&21h 4orktB7- 1844 (1998328 LeBl ahc- $pracpskigzes al | .
Genornics, 30 1928deb1%h cdRBA) en etg@dpg Genonj cs,1125: - 856d395)) . Use of -

t hese readents wWith populations or i ndi vi duats Wt predi ct therT risk for
osteoporosis. Simlarl 2004 V\O..0 /773 CLJUSOO 16951
-110 nucl eoti de pol?}hrmd)rfsﬁ oﬁ{éﬂr%g’k EIB pa en{ ?Pc%lga SHof puﬁhcflgﬁ?se 4 above,

can be used astedgh thetspectﬁcﬁdmci@; héﬂesymﬁ&poﬁ&uﬁy@ﬁbﬂ&gcmf@ iiseanes. or
resistance to ostepporosis.in the case of the HBMgene. XXV. Methods of

Use: Modul ators of Aiougstheinveptiondis ben sst fpRb indgial, pp%faﬂﬂlﬂeémn #e ativglues in
the h bod |
273 33229 32 %/rf'«g*(g%%{% éﬂaﬁ%ﬁg%yr@zg : %hgﬂ%ﬁ%-g%?&\‘in%&lﬁcﬁfong l:an b]e rﬁﬁd@ and%? Pleh

e several pr ot el ns known
15 changes and modifications may be made without departing from the spirit and scope
of the invention.

This application claims priority to U.S. Application Nos. 09/543,771 and
09/544,398 filed on April 5, 2000, which are a continuation-in-part of Application
No. 09/229,319, filed January 13, 1999, which claims benefit of U.S. Provisional
20 Application No. 60/071,449, filed Janmary 13, 1998, and U.S. Provisional
Application No. 60/105,511, filed October 23, 1998, all of which are herein

incorporated by reference in their entirety.



to regulate calcification of the devel oping skull in a nod€cighygst@n are *
expressed in calcified aorta. The expression of Msx2, a gene transcribed
in osteowmgensiror.cells, in calcified vascular ti ssueﬂ%r_{r)gg 6ALLes that
genes which are inportant in bone 10 devel opnent are invo veg in
calcification of other tissues. Treatnent wwth HBM protein, agonists or
antagonists is likely to aneliorate cal cjfsication (such as the

vascul ature, dentin and bone of the skull visera) due to its denonstrated
effect on bone mneral density. In experinmental systens where tissue
calcification is denonstrated, the OVEE-exgressi on or repression of Zmaxl
activity permts the 15 identificatio | ecules that are directly
regul ated by t{Waadyemimdgee. These genes are potential targets for

t herapeutics ained at nodul ating tissue calcification. For exanple, an
animal, such as the LDLR -1--, nmouse is fed a high fat diet and is
observed to denonstyrate ,expression.of ,markers I.SS cal cification,
including Zmaxl. These Qhafd miglelc aq ?qu?@ﬁf’gé]i&i[ﬁlﬁ(ﬁrﬁl bodi es to Zmaxl
or BBM protein, 20 autisense oligonucleotides directed against Zmaxl or
HBM cDNA, or with conpounds known to bind the Zmaxxl or HBM protein or its
bi ndi ng partner or 2.|i gd#gisolued nycleisragidseqrencs of cleinrlawhedinfthomdédie vascul ar
“tissue and t he i ve. ression levels of the genes expressed in the
tissue args det%ﬁ%eﬁé‘%ﬁl\éggﬁg&ods well known in the art. Cenes that are
Tegulated in. the tissue are potential therapeutic 25 targets for

phar maceuti cal . devel opnent as.nodul ators of tissue calcification. The
nucl ei ¢ acids, protdei nsARjsqlerdianino api sequsaces SEQMR NOdl ecul es or ot her
phar maceutical |y useful conmpounds of the present invention that are to be
given to an individual maybe administered in the formof a conposition
with a pharnmaceuti il | y Amebd @bt £qeais bRibding X6 @4if6hci@Eeq@Endd®REEQWNI ch are
wel | known in ﬁg the art. The individual may be a mammal or a bird,
preferably a Q; a rat, a nouse or bird. Such compositions may be .
adm nistered to an inndividual in a 5 Cctober 2004 WO 01/ 77327 PCT/ FISOO
/169 1 - 111 pharmaceutically effective anmount. The anmount adm ni stered
wi Il vary dependi ng. on A ieplicatimeicloniog véstirregmprisiag the nacldictabid spich@ndf bei ng

treated.., . .The canpositions nma be .adnj nj stered al one or in conbination
with ot hetd treﬁ’l”%&n@.“@gﬂ%E@m@’%ﬂ%ﬁﬁkﬁ ttckvention i s described by
reference to the foll owi ng Exanples, which are offered by way of

illustration and are not intended to limt the invention in _
: ‘ 6. An isolated host cell transformed with the replicative cloning vector

of ¢laim 5,

7. An expression vector comprising the nucleic acid sequence of claim 1

operably linked to a franscription regulatory region.
15 8. An isolated host cell transformed with the expression vector of claim
9. A method for testing a substance as a therapeutic agent for bone
modulation in 2 host comprising administering the nucleic acid of claim 1 to the

host, and assessing whether bone modulation ocCus.

20 10.  The method of claim 9, wherein the host is'a cell or an animal.



any manner. Standard techniques well known in the art or §lrtdeebmiques
specifically described bel ow were utilized. Exanple 1 10 The propositus was
referred byobersphysicians to the Creighton Osteoporosi spcfgtdeRkosh OF

eval uati on of what appeared to be unusually dense bones. She was 18 years
old and cane to nedical attention two years previous because of back pain,
whi ch was precipitated by an auto accidepjs.in which the car in which she
was riding as a passenger was struck from behind. Her only injury was soft
tissue injury to her 15 | ower back that was mani fested by pain and nuscle

t ender ness. There eV| C ture blu ation on

radi ogr aphs. The pa tﬁ?ff )}Qa‘W eremélpe[qqgaéﬁsg BTG & Todsnionag
attend school Hhl ti ne. By the tine she was seen in the Center, the pain
was nearly resolved and she was back to her usual activities as a high
school student. Physical examreveal ed a nornal healthy young woman 20

standi ng 66 inches el 1 ounds dJO of the entlre

skel eton reveal ed ense In%r&kog%é ng g\ﬁlIP?tl? glé'ﬁ‘ﬁnl Be moaylatighynes of
the skel eton Wﬁpmmg&abntﬁﬁngwhﬁtedﬂmb&%wmﬂﬁﬁnﬁbﬁ@ﬁﬁdﬁ%%' the bones
were entirely normal . The spinal. BMC was 94.48 grans in LP-4, and the

spi nal BWMSH?%B}F%W in L1-4. BMD was 5.62 standard deV| ations (SD)
above peak skeletal mass for 25 wonen. These were neasured by DXA using a
Hol ogi ¢ 2000-. Her nother was then scanned and a | unbar spinal BMC of

58.05 grams and BMVDiRf 1THeQflettod ofelimVig) whdrei Bald niddécul¥ds Bpfotén.val ues pl ace
her 4.12 SD above peak nmass and 4.98 SD above her peers. Her nother was 51

years ol d, stood 65 inches and wei ghed 140 pounds. Her nother was in

excel l ent heal th wi i noa st synpt ons.

Her father's |unbar BMC was 7°5fi¥3r3}8é Hh%?%ﬂn%h@&d %gn%g{h%%erl" 2004 WO

gél?gSZ? PCTLUS@Q@M&&SE&%&WEQaﬁnmmﬂﬁﬁtmmhﬂmﬂxaﬁhﬂ§6ﬁﬂﬂ%ueﬂﬁﬁhaﬁg1?En10 ﬁS

- -SD above peak | mass for es eal t st 0o i nches
tall, and wei g'ﬁ’ésﬁﬁ‘i% mﬁg#ﬁ’@’é]eg‘??ﬁ RSP ?dg erodihest copatising e

proposit ugpi nhegeiHm gand.r ait from.her nother, whi ch resulted in very high
bone mass, but an otherw se normal skeleton, 5 and attention was focused
on the maternal kindred. In U 'S. Patent No. 5 691, 153, twenty- two of these

menbers had neasurepent Qf b s hy .. l.h,one C t he t er nal
grandf at her of the ggraopo |etnﬁ%?°%/9gggﬁegéav§ eﬁ‘,”mﬁtﬁﬁé’@féf ?atiﬁll al”

16. A method of identifying a candidate protein involved in bone

medulation comprising
| " identifying a protein in a first individual having the high bone mass
15 phenotype; )
identifying a protein in a second individual not havmg the high bone mass
" phenotype;
- . comparing the protein of the first individual to the protein of the second
| individual, wherein (i) the protein that is present in the first individual but not the
20 - second individual is the candidate protein or (ii) the protein that is present in a
higher amount in the first individual than in the second individual is the candidate
protein or (jii) the protein that is present in a lower amount in the first individual

- than in the second individual is the candidate protein.

: 17.  The method of claim 16, further comprising producing an antibody to
" 25 the candidate protein. |



records, antenortem skel etal radiographs and a gall bl addecshRebmen
enbedded in paraffin for DNA genotypi ng were obtained. H s radi ographs
showed obwicryis extrene density of all of the bones avgl for
exaninat?g% ing%gding the fenmur and the spine, and he §§?%&ﬁ@@ﬁa%d anong
the affected nenbers. In this invention, the pedigree has been expanded to
i ncl ude 37 informative individuals. ThQﬁg._additions are a significant

i mprovenent over the original kinship ( oﬁnson et al, AmM J Hum Cenet.,
60: 1326- 1332, (1997)) because, anong the fourteen individuals 15 added since
the original study, two individuals harbor key crossovers. X-linkage is

rul ed out by.the phesentaetiodedidentfingd ecandidatepriteiniaolveddmbonedi vi dual 12

to 14 and 15 aﬁ‘ﬁ%ﬁ%‘ Ihe present invention describes DNA sequences
derived from £Wo &?%)r% Bnes fromthe HBM gene region, as evident in
Tabl e 7 bel ow, whi Ghntifgingn pretsiadarb fyst afdiibes Bawhome sich@oapmak?00e21-h (ATCC

No. 98628; SEQ ID NOS : 1011) was deposited at the American Type Culture
Col | ection (APEEPYP$0O801 University Blvd., Manassas, VA 20110-2209 U. S.

A., on Degenber 30-degtg?,'-5 (1i&RSn g}rg] . 8907 . SEQ | D NOS :
5-9) was dep’ositedl at h§a£5 Arrerlgg%% yggﬂ@%r%%eégﬁ%%e ), 10801
Uni versity Bl pbenptybeyeadsas, VA 20110-2209 U. S. A, on Cctober 2, 1998.
These sequences are _uni, ggmr eagents that can be used by one skilled in the

art to identify DN PERERYE the s indiyidyal to hepreleinel the seepndnpl i fy t he
gene, nucl eot LSl YiRER tdei %’J;?ﬂ?ﬁjg T ement s
of the Zmaxl -ge ng@% Cct ob%jrsﬁg_804_ Lﬁ/\%ﬁ&%ﬁ ;ﬁ%‘%&m%ﬁg&%ﬁ%%ﬁ%%t e
PCTNS0011695 1 ficst individis thecasidut: prateingt i) N irbaizethytds prejenbm2iidgierh cont i
3029890 Zé 309 nguSn% 711:9&1% _sgcor%) ﬂ}d.{vqgu%? %;g 191@0%2 %?sgt ¥n8dividual is the candidate protein

or (iii) the protein that is present in a lower amount in the second individual than in

the first individual is the candidate protein.

19.  The method of claim 18, further comprising producing an antibody to
the candidate protein.

15 20.  Amethod of testing for HBM activity comprising immobilizing an
HBM protein, binding a protein to the HBM protein, and measuring the extent of
" binding. '

21.  Themethod of claim 20, wherein the protein is ApoE.

22.  Amethod for identification of a candidate molecule involved in bone
20 modulaﬁon-comprising | - |
| identifying  molecule that binds to, o that inhibits binding of a molecule to,
' the nucleic acid sequence of SEQ ID NO: 1; | '
identifying a molecule that binds to, of that inhibﬂs binding of a molecﬁle to,
the nﬁc_leic acid sequence of SEQ ID NO: 2; and
- 25 o comparing the extent of binding, or the extent of inhibition of binding, of the

molecule to each nucleic acid sequence, wherein the molecule that binds, or inhibits



b527d12-h conti g307G98907729430 b527d12-h conti g308G98907883whSr 2004
b527d12-4conti 309(08907972049 b200e21-1conti |98628108705 b200e21-h conti
4986281166933 The di scl osure of each of the patents, patent applications
and publications <cited in the speci fi_ﬁa?tj on is hereby incorporated by
reference herein in its entirety. A tholgh the invention has been set forth
in detail, tindingkhére®dldshid the nacltic\abid seqiisee0gN$ 2@ IDINO: Duntieausleizthanges and
nodi ficati ons, can be de, and that such_ 15 changes and nodifications nmay
be nade wi t%&ﬁeqa%apggﬁg IO Q) £ peths sppdidatg pgleseEne  of the invention. This
application clains priority to U.S. Application Nos. 09/543,771 and

09/ 544,398 filed on April 5, 2000, which are a continuation-in-part of

Appl i cation No.2309/ Ziie, 8&Bed 61 dladch I wdmrgin flig, cal@E9e mdieanite lagiraeinbenef i t

of U S. Provisi L 20 Application No. 60/071, 449, filed January 13, 1998,
and U.S. Pr‘lf@?‘éﬁgﬁér Application No. 60/105,511, filed Cctober 23, 1998,
all of which are herein incorporated by reference in their entirety. 5

Oct ober 2004 WO 01177327 PCTI USOO 15951 -114 CLAIMS Wat is claimed is:

1. An isol ated rdfcl eis method of phemmreeutisfal GE@lapMeNOor ZreatmenThEbdnsol at ed

nucl ei ¢ aci equence of claim.l erein the nuclei¢c. 5 agid sequence is
DA 3. an SuSPRRER St sErfhdos BRIENR S Resbing® SRRt o e aci o
sequence engaridqgericB®f A KO d. sequence of SEQ 1D NO 4. 5. Areplicative
cl oning vector conprising the nucleic acid sequence of 10 claim1l and a

replicon operative in an isolated host cell. 6. An isolated host cell
transformed w thhe Tl{a%ﬁéth&?ﬁ]é{%n%aﬁ%ﬂégeiff ﬁ%ﬁﬂ&eaﬁé in%kbar{;s”&r%nha?miﬁ”
expressi on vector conprising the nucl’er'c acid sequence of claim

the function of the amino acid.

26. A method of pharmaceutical development for treatment of bone
development disorders comprising

constructing a first host that contains the Zmax1 gene or protein;

constructing a second host that contains the HBM gene or protein;

analyzing a difference between the first host and the second host;

identifying a molecule that, when added to the first host, causes the first host

to exhibit a characteristic feature of the second host.

27. The method of claim 26, wherein the host is a cell-free extract, a cell

or an animal.
28. The method of claim 26, wherein the difference is a surrogate marker.
29. A use of the nucleic acid sequence of claim 1 for the manufacture of a
medicament for treating a bone development disorder in an amimal wherein the
nucleic acid sequence of claim 1 is capable of being transferred into a somatic cell of

an animal suffering from a bone development disorder.

30. The use of claim 29, wherein the animal is a human or a bird.



operably linked to a transcription regulatory region. 15 8QOctber 3@l4at ed
host cell transforned with the expression vector of claim 7. 9. A nethod
for testing a substance as a therapeutic agent for bone nodulation in a
host conprising adm nistering the nuclejg acid of claiml1 to the host, and
assessi ng whet her bone nodul ati on occurs. 20 10. The nmethod of claim?9,
wherei n the host3l.s aAastd of the neeleiancuskequehicEof dhier 1 AHA4e mdf AGthiEiAT27

PCT/ USOQO 16951 .. - - 11.. The method of alm 10, wherein the.animal. is a
numan. . r leageat Yorgfebing § BoRES e Rent iR ap A RIS AR ol ved
i n bone noduickdic anid sexmeuel ofictagmi 1die eipdbid sfhemgninefended iitb atgehnigls céldb, or
that inhibits bindi ngffof. A m)lbeculde 20 I—Agg(l 13. The nmethod of claim 12,
wherei n sai aﬁtﬁn};}‘{}?}ﬁ Pieng ?lec?t 005 eYOPDEAISAEETf or i dent i fying a protein
i nvol ved in bone nodul ation conprising identifying a protein that has an
expression |evel_that s differe ina first host conprising the Zmaxl
gene when conpartd t ol WEQ Fﬂ&“ﬂgi{wg%ﬁlﬁrté%"i“ﬁﬁ‘aﬂf@ Ioém%&gne. 15. The
met hod of claim 14, wherein the host is a cell or an animal. 16. A nethod
of identifying candjdate. protein ipvolved in bone podul ation conprising
i dentifying a pf%%ei e of the Ang 4 $FABERse RSP f?h@emagﬁ}%mo ss 15
phenot ype; he@bimdnt faithiRriRE BéR) dbveRpihefia AMtbst WEr¥indURmafetellapihgg t he high
bone nmass _phenotype; . cqnparing t Re protein of the first individual to
the prot ei st ISccARAGITREFTVING dhaAmping RoidiRgraraoi {18 e protein that is
present in the first individual but not the 20 second individual is the
candi date protein or }(ii) the protein that is present in _a higher anount in
the first indivitual theaitephciaie3dctbmenithuhest Hrdimna eidighandi dat e
protein or (iii) the protein that is present in a |lower amount in the first
individual than_in the second individual is the candidate protein. 17. The
net hod of clai m¥6, fAupheltheamy agichipqpensgeé Flagn dontheimpsgiaciuge of a

medicament for altering bone development in a host wherein a germ-line cell of the

host is capable of receiving the amino acid sequence of claim 3.
36. The use of claim 35, wherein the animal is a2 human or a bird.

37. A use of the amino acid sequence of claim 3 for the manufacture of a

medicament for treating osteoporosis in a patient.
38.  The use of claim 37, wherein the patient is a human or a bird.

39. A use of the extracellular domain of the amino acid sequence of claim

3 for the manufacture of a medicament for treating osteoporosis in a patient.

40.  The use of claim 39, wherein the patient is a human or a bird.



the candidate protein. 5 October 2004 WO 01/ 77327 PCTI USO90t&deA2004116 18.
A nethod of identifying a candidate protein involved in bone nodulation
conprising . identifying a protein in a first individual having the high
bone nmass phenotype; 5 identifying a_Pﬁgtein in a second individual not
havi ng the hi gh bone nmass phenotype; and conparing the protein of the
first individual4lto thegy eftigiracellofar dbreaisef drthminadeidiseyahce ofdgim h (i) the
protein th%; IS present i thg_secoqg i ndj vidual but not the first

i ndi vi dual PEthemRAnRiacHire ot msrisement 1F reating osisaPgPHs 8t #PAERt i s present in
a higher 10 anmount in the second individual than in the first individual is
the candi date protein or (iii) the protein that is present in a |ower
amount in the seBond Thedise pficlaim #havhedrein thaymtientrist humdinwr dball. i s t he

candi date protein. 19. The nethod of claim 18, further conprising producing
an antibody to the candidate protein. 15 20. A nethod of testing for HBM

activity conpri s3ng iAgRdéfd mbReudhat BN B Bk QufleicicliNehterRe BT @ P tO the
HBM protein, and nmeasuring the extent of binding. 21. The method of claim

20, wher ei rinthremppuifaciing of ¢ mysammenpfor Keptngvmefdovelppraentidisorders wre of a

candi dat e rmakigctul e involved in bone 20 nodul ation conprising identifying a
mol ecul e t HAU“Di nds to, or that inhibits binding of a nolecule to, the
nucl ei c acid sequence of SEQID NO 1; identifying a nolecule that binds
to, or that inhibits binding of a nolecule to, the nucleic_ acid sequence
of SEQ ID NO 2;%4and Té@%@ﬁg@lamg?’m@r@mﬂmat@mlﬁaﬂvamag,oréblrfihe ext ent of

i nhi bition of binding, of the nolecule to each nucleic acid sequence,
wherein the nol ecule that binds, or inhibits 5 October 2004 -117- bi nding,
nore or |ess to 45he nlckeofanantibode gheredethefan@hddyl iDtd\NBe athing adidhe nucl ei ¢

acid sequence of SEQID NO _ | is the candi date nol ecul e.
d sequence oF c(:?aun 3 %Iocgthe manuttacture (?fn a mecﬁcament for treatelng bone

development disorders in a patient.

46. A method for diagnostic screening for a genetic predisposition to a
bone development disorder comprising screening a sample from a patient with a
nucleotide sequence derived from the genomic or cDNA nucleic acid sequence of

HBM or Zmax]1.

47. A diagnostic assay for bone development disorders comprising an

antibody to the HBM protein.

48. A method for identifying a genetic predisposition to bone
development disorders comprising performing a haplotype analysis using the nucleic

acid sequence of claim 1 or the nucleic acid of SEQ ID NO: 1.

49. A method of expressing the HBM protein in bone tissue comprising
constructing an expression vector comprising a promoter that directs expression in

bone tissue operably linked to the nucleic acid sequence of claim 1.



23. The nethod of claim 22, wherein the candi date nol ecul & Qcsobar pd®@t ei n  or
an nRNA. 24. A nethod of pharnmaceutical devel opnent for treatnent of bone
devel opnment di sorders conprising identifying a nolecule that binds to the
am no acid sequence of SEQID NGO 4. 25. The nethod of claim 24, wherein

t he nmol ecul e inhibits or enhances the function of the amno acid. 26. A
nmet hod of pharmaceutical devel opment-¥8r treatnent of bone devel opnent

di sorders conprising constructing a first host that contains the Zmaxl gene
“or protein; constructing a second host that contains the HBM gene or
protein; anal g ng ' Amu) . ' .and. t he .second
host; identifying z;ﬁlﬁoq?%t%ﬁ??hat, ’mgﬁlﬁa gg%#n{i%t&f@g?%{%%tm ag?l,ggcauses
the first Ihbene s@nesieptalein propioteras bond sidloprofeimpronmtaforchAME@Nd host. 27.
The et hoq)‘r%ot%]ai m 26, wherein the host is a cell-free extract, a cell or
—.an ani mal . . The nmethod of claim 26, wherein the difference is a surrogate
mar ker. 29. A use of the nucleic acid sequence of claim1l1 for the

manuf acture of a medi canent for treating a bone devel opment disorder in an
ani mal wher ei nthe Anbactesiatarifivial chugumesnrec kving the mudleicsicidseqinines of bei ng
transgerr ' S [ l,;of an animal suffering froma bone
devel%pne%’gﬁdd?jgroggfe’nggfg’ﬁ?g&&slé of claim29, wherein the animal is a
human or a bird. 5 October 2004 -118- 31. A use of the nucleic acid
sequence of cl Sg-r 1 for _ the manufacture of a medicanent for treating a bone

m ) . St

devel oprent di 96r def® Tathadh foramplifying a puslectidepolymaerphbisw intheZmexuence of
claim1l i gegrRabRinef i 1k i J cell of an aninmal
sufferi nggf roma bo eusggvtg?%pnent %?é%?%ﬂé?&g@g%‘g&ﬁégﬁof claim 31,

wherein the animal is a human or a bird. 33. A use of the amno acid -
sequence of claim 3,for écp manuf.acture of,  a pedicanent for altering bone

devel oprent i n°% ho&to%h AR # pecleqtide pglymozphismdn ths KBMapabl e of
' ecel vi NOgileonipriEMeIaing RESHRRRFafilichl dirdindsoniof i 43¢ Of cf al m 33,

wherein the host is a hdnan or a bird.

‘10 54. A method for identifying a regulatory element of a HBM gene
- comprising using the bacterial artificial chromosome of claim 1 or claim 51.

53.  Anisolated nucleic acid sequence comprising at least 15 contiguous
nucleotides of SEQ ID NO: 2, wherein said 15 contiguous nucleotides comprise
position 582 of SEQ ID NO: 2.

15 - - 56.  Theisolated nucleic acid sequence of claim 55 that is DNA.
 57.  The isolated nucleic acid sequence of claim 55 that is RNA.

58, A replicative cloning vector comprising the nucleic acid sequence of

claim 55 and a replicon operative in a host cell:

- -~ 59.. Anisolated host cell transfornied with the replicative cloning vector
20 of claim 58. -

- SUBSTITUTE SHEET



35. A use of the am no acid sequence of claim3 for the namgtavet 2oE of a
‘medi canent for altering bone devel opnent in a host wherein a germline cel
of the host is capable of receiving the am no acid sequence of claim 3.

36. The use of claim35, wherein the aninmal is a human or a bird. 37. A use
of the am no acid sequence of claim3 for the manufacture of a nedi canent
for treating osteoporosis in a patied2l- 38. The use of claim 37, wherein
the patient is a human or a bird. 39. A use of the extracellul ar donain of
the ami no acid sequence of claim 3 for the manufacture of a nedi canent for

treati ng osteoggrosiss d . i : -0f -6l 3l ein the
patient is a hgg'an g% éz;‘B Bﬁgsrlgﬁ%gg%qtogﬁ)gif m%z%%ﬁﬁ‘g&‘ﬁfgd@‘%z%f%m

i ntracel | @b aperdblydinkedfo 1 traseriptiom ragulatogeggience of claim 3 for the

manuf acture of a medi canent for treating osteoporosis in a patient. 42. The
use of claim4l, wherein the patient is a human or a bird. 43. A use of a
mol ecul e that §1nds AuGsdiiifd A o6l Gafhhcd SAIARE Botbsskhittdiiol ofbBih e

manuf acture of a medi canent for treating bone devel opnent disorders in a
patient. 8@. The use of claim43, wherein the patient is a human or a bird.
45. A use of an anti body, wherein the antibody is to the am no acid
sequence of claim3 for the manufacture of a nedi canent for treating bone
devel®pment di 62 deAs iddlated Ae1die Blid 4&queded BohipRRinkQl 145RH htibRnECr eeni ng
for a genetic predisposition to a_  bone devel opnent disorder conprising
scr eeni nglyeleatides @315@@.'}1%@%3%41@Iémnﬂwpmucwbdwésederi ved from

t he genonj .. &G \fh. AC] HBM or Zmax 1. 47. A

di agnostin%&gginay for%ﬁ@é?é@p@%#%@ﬁ%@ﬂ%ﬁqgmﬁ% anti body to
t he HBM pinohsding a vhline Soripbading o valide 8t pdsitiond 78-cf 8BEGLTIENDY: ddingposi tion to
bone .'deveh%prren . disorders conprising performng a hapl otype anal ysis

usi ng t heWHeremgYakine syhstitubion irasseciaged with phigh hone mass phanoBipe: aci d of SEQ I D
NO 1. 49. A nethod of expressing the HBM protein in bone tissue conprising
constructing an expression vector conprising a pronoter that directs
expr¥ssi on i n 6boneThd meleic apdsagakncelof nlafm 62 whidleisMMNAei ¢ aci d sequence of
claim1.

64.  Anisolated nucleic acid segment of at least 15 contiguous
nucleotides including a polymorphic site from the nucleic acid sequence of SEQ ID
NO: 2 in which G at position 582 is replaced by T, and sequences complementary
thereto,

15 | 65.  The isolated nucleic acid segment of claim 64, wherein said

complementaq_( sequence is the reverse complement.

66 The isolated nucleic acid segment of claim 65, wherein said reverse

comjjlem_entmy sequence is mRNA.
67. - The isolated nucleic acid segment of claim 64 that is DNA.
20 - - .08 The isolated nucleic acid segrient of claim 64 that is cDNA..

69.  The isolated nucleic acid segment of claim 65_that is RNA.

SUBSTITUTE SHEET



5 Cctober 2004 -120 50. The nethod of claim49, wherein tE®Odqps0@s that
directs expression I n bone is an osteocal cin pronoter, a bone sialoprotein
pr onot er -3 pronmoter. .51. A bacterial artificjal chronosone

havi ng t he nucTelc acid sequence of SEQID NO 5, 6, 7, PG {0 0r 11, |
52. A nethod for anplifying a nucleotide polynorphismin the Zmaxl gene
conprising using the bacterial artifici chronosone of claim51. 53. A
~method for anplifying a nucl eotide pol ydorphismin the HBM gene conpri sing
using the bacterial artificial chronosone of claim51. 10 54. A nethod for
identifying a regulatory el enent of a HBM gene conprisi-ng using the
bacterial artifici a‘TO.chr.bn'ﬁslaﬁeénmﬂeichcaﬂmgin@foﬁ:itlﬁamﬁ]conﬁ@ouﬁn I sol at ed

nucl ei ¢ aci d sequenge .c risi.n | east 15 cagntiguous nucl eoti des of
SEQ ID NO 2, %ﬁg‘i"gﬁﬁ %@E@n&ss&%ﬁmmmm %%ﬁ%%@&ogée@m@i tion 582
of SEQ I D NO - giecfed fRfn th pfoub2hstlifd ppuUC! €i ¢ acid sequence of claim55 that
iIs DNA. 57. The isol ated nucI elc a d sequence of claimb55 that is RNA_

58. 'Areplicative SHQHMNY: themnmlqnndsﬁmmldmplacm@& aci d sequence of
claim55. and a re (5 erative st .cel | An isol ated host
cell transtorned wi #h ﬁgrcggﬁftﬁﬁﬁ !‘F’OE‘&%%’? Sj“i/'@Elﬁﬁﬁd Y@O of claim58. 5
Cct ober 2004 -121 @Qmwmﬁfeﬁmﬂ&ﬁa@ﬁvs&@@wﬂ%é&f@e nucleic acid
~sequence of claim 9sSSlegerabl linked to a transcriptioi regul atory region.

61. An isolated ho NQ: Parhstein msteotiiie B5G0REs wplpeaisyi@n vector of claim
60. 5 62. An isolat acid s n risi t least 15

conti guous nucl eotseigg ﬁg%@e{&ﬁ%flgggemgéﬁ% dg’?’l“g conti guous

nucl eot i des conpr i SSEQ INC: BatheRlrmfeoBEU4dR8 Nepideeddfydz Whi ch encodes f or
an am no acid sequence__including a valise correspondl ng to valine at.

posi tion 1017Fof SEGEGIRABO: 2 véheein wyeleotifed609B iswepleedddyiG,ut i on i s associ at ed
‘M,th a h' gh bone m96%ﬂl@ﬁi'af?E)Besf?:l%rmjzlnucleotldce461901sreplaced1:)y(3‘*,

SEQ ID NO: 9 wherein nucleotide 50993 is replaced by C,
SEQ ID NO: 9 wherein nucleotide 51124 is replaced by T,
SEQ ID NO: 9 wherein nucleotide 55461 is replaced by T,
15 SEQ ID NO: 9 wherein nucleotide 63645 is replaced by A,
SEQ ID NO: 9 wherein nucleotide 63646 is replaced by C,
SEQ ID NO: S wherein nucleotide 24809 is replaced by G,
SEQ ID NO: 9 wherein nucleotide 27837 is replaced by C,
SEQ ID NO: 9 wherein nucleotide 31485 is replaced by T,
20 SEQ ID NO: 9 wherein nucleotide 31683 is replaced by G,
SEQ ID NO: 9 wherein nucleotide 24808 is replacéd by G,
SEQ ID.NO: 8 wherein micleotide 31340 is replaced by C,
SEQ ID NO: 8 wherein nucleotide 32538 is replaced by G,
| 'SEQ ID NO: 8 wherein nucleotide 13224 is replaced by G,
25 - SBQID NO: 8 wherein mucleotide 21119 is replaced by A,
| ~ SEQID NO: 8 wherein mucleotide 30497 is replaced by A,
SEQ ID NO: 9 wherein macleotide 24811 is replaced by C,
SEQ ID NO: 9 wherein nucleotide 68280 is replaced by A, and
sequences complementary thereto.




10 63. The nucl eic acid sequence of claim62 which is DNAS QgtbbeA0(4s0l at ed
nucl ei ¢ acid segnent of at |east 15 contiguous. nucleotides including a

pol ynorphic site fromthe nucleic acid sequence of SEQID NGO 2 in which G
at position 582 is replaced by T, and_ls%quences conpl ementary thereto. 15
65. The isolated nucleic acid segnent of claim64, wherein said

conpl enent ary sétjuenciheiisolathd nudvie nsid segmpitedehim 766whdhm mskzbafded nucl ei c

aci d segnent | ai m 65, wher ej ' eyerse c | ementary sequence is
mrn, oo ) ofiad Sentsavdine oL SR IDNPEKE BReerERAGS that i o DA 20",
. 68. The isolated nucleic acid segnent of claim®64 that is cDNA. 69. The
i solated nucleic acid segnent of claim65 that is RNA SUBSTI TUTE SHEET 5
Cct ober 2004 WG201/ 7ig2solated audieic apid segotnttod dlarm d0éhat imBNd. segment of  at

| east 15 contiguous nucleotides including a single nucleotide pol ynorphic
site froman exon se :.. r r ra selected fromthe group consisting of: SEQ

D NG 9 wher ei manuclBRlisdge®Bdf8iciasidisephateft ciymA0 thh iSRRAL.D NO 9 wherein
nucl eotide 27402 is replaced by G SEQ ID NGO 9 wherein nucleotide 27841

is replaced by C, SEQ ID NO 9 wherein nucleotide 35600 is replaced by G

SEQ ID NO 9 whejsein | 45619 | I Y. . B 9
wher ei n nucl eot ?@é 458’%3130:?55{&}g‘gﬁlglggéﬁbsﬁér&g&%(g%éﬁ%qg rﬁ’&méﬁ\%}l‘é&‘e’?ﬁg
nucl eot i de pt6kS& préngrepl aced by G SEQ ID NGO 9 wherein nucl eotide 46190

is replaced by G SEQ ID NO 9 wherein nucleotide 50993 is replaced by C
SEQ ID NO 9 wherein nucleotide 51124 is replaced by T, SEQID NGO 9

wher ei n nucl eot i 55 ' INOA in
nucl eoti de 636457%?5 rjég%éﬂcﬁgfg%nﬁﬁg%%goﬁ%u%yég%(\l/\}r?er el r@ﬁ%ﬁggti de 63646
i s repl acecdompri€ing iGHEG Ve hGoleuiithrghindso ol ot indebiBd480ding of 2 mpleauled by G

SEQ 1D NG B e 2% L Saelfn sidraring P! @ced by G,

76. The method of claim 75, wherein the molecule involved in focal
adhesion signaling binds to a protein selected from the group consisting of: SEQ ID
NO: 87-109.

77. The method of claim 75, wherein the molecule involved in focal
adhesion signaling binds to a protein selected from the group consisting of: SEQ ID
NO:90, SEQ ID NO:93, SEQ ID NO:94, SEQ ID NO:99 and SEQ ID NO:102.

78. A use of an agent that regulates a nucleic acid or polypeptide encoded
thereby involved in focal adhesion signaling for the manufacture of a medicament for

modulating bone density in a subject.

79.  The use of claim 78, wherein the nucleic acid comprises a nucleic acid

selected from the group consisting of: SEQ ID NOS: 63-86.

80.  The use of claim 78, wherein the nucleic acid comprises SEQ ID NO:
66, SEQ ID NO: 71, SEQ ID NO: 77 or SEQ ID NO: 79.



SEQ ID NO 9 wherein nucleotide 31485 is replaced by T, 29 CokBel BONO 9
wherein nucl eotide 31683 is replaced by G SEQ ID NGO 9 wherein nucl eotide
24808 is replaced by G SEQ ID NO 8 wherein nucleotide 31340 is repl aced
by C, SEQID NO 8 wherein nucleotide;32538 is replaced by G SEQ ID NO
8 wherein nucleotide 13224 is replaced by G 25 SEQ ID NO 8 wherein

nucl eoti de 2111Rl.s rBpweefclim A3, wisi&nthe piDypdptide & eicoted dmine tiei de 30497
is replaced by A .SEQ ein nucl eotide 24811 is replaced by C
SEQ I D NO 8° &%}SHH&B#B@%B’%%%OQS repl aced by A and sequences
conplenmentary thereto. 5 October 2004 -123- 71. The isolated nucleic acid
segnent of claim 70, wherein nucleotide 21119 of said exon sequence of SEQ
ID NO 8 is repl&ed The e of glainT A8, wisatiatteapolypdptide iss¥EQ IO NOBEOISED cl ai m
70 that is 7 The IS lelc i t of claim70 that is
RNA.  74. T@\ﬁg)o%aggg lﬁ’ﬁ%’be%%fr@d‘&w@gﬁe%@%&@ﬁi@@§4 or claim70 which is
a probe or prinmer. 75. A nethod of identifying a nolecule involved in bone
modul ati on conprising identi ]‘@yi ng a nol ecul e that binds to or that

i nhi bits bindi ng3f & nbtleicary comprigingr Q@I NQosL SEQ IDNOoEhISERQIH2si on

si gnal i ng. N6 7’7'3:68 t[BCi\‘?o-O'fg claim 75, wherein the nolecule involved in
focal adhesron signaling binds to a protein selected fromthe group
consisting of SEQID NGO 87-109. 77. The method of claim 75, wherein the
nol ecul e involved in focal. adhesion signaling binds to a _protein selected
fromthe group Xnsi st PHRgCI§RCIASEG I 83pEhergin t E@mlgcmedgs,l*ﬁ)\@eglpﬂm 94,
SEQ I D NO 99 and SEQ I D NO 102. 78. A use of an agent that regul ates a

nucl eic acid or pol ypeptide encoded thereby involved in focal adhesion
signaling for tHS. mnntedicame déniag redércampnisingarmuchaxdadidof ¢ciginb&@hendlensi ty
in a subject. 79. The use ?Cﬁ_l %I im78, wherein the nucleic acid conprises a
nucl ei ¢ aci HFePUCHAPRPEEVE hAfe ég%roup consisting of. SEQ ID NOS: 63-86. 80.
The use of claim 78, wherein the nucleic acid conprises SEQ I D NO

86.  Anisolated host cell transformed with the replicative cloning vector of

claim 85.

87.  An expression vector comprising the nucleic acid sequence of claim
83.

88.  Anisolated host cell transformed with the expression vector of claim
87.

89. A polypeptide comprising SEQ ID NO:90, SEQ ID NO:93, SEQ ID
NO:94, SEQ ID NO:99 or SEQ ID NO:102.

90. A nucleic acid encoding a polypetide selected from the group
consisting of SEQ ID NOG:90, SEQ ID NO:93, SEQ ID NO:94, SEQ ID NO:99 or
SEQ ID NO:102.



66, SEQID NGO 71, SEQID NGO 77 or SEQID NO 79. 5 Cct ob€xtc®e@D2004124- 81.
The use of claim 78, wherein the pol ypeptide is selected fromthe group
consisting of. SEQ ID NCS: 87-109. 82. The use of claim 78, wherein the

pol ypeptide is SEQ ID NO 90, SEQ ID N33, SEQ ID NO 94, SEQ I D NO 99 or
SEQ I D NO 102. 83. A nucleic acid conprising SEQ 1D NGO 66, SEQ ID NO 71,
SEQ ID NGO 77 d#l.SEQ\uE: &fGn agent 8Hich Avodukatesiacualziciacdd orcd polppdpBide wher ei n

the nucleic_acid, is.R r.DNA. 85. A replicative clonj.ng vector conprising
 nucl el ¢ dBFEvE! InosA! ABppioR RiEvaling &35 e BT IR oA ICAI L Sor HEAHTE 86, An
i sol ated hogdne@eléloprhateieidd W th the replicative cloning vector of
claim85. 87. An expression vector conprising the nucleic acid sequence of

claim 83. 88. An isolated host cell transforned with the expression vector

of claim 87. 89.. A | ept-i. de i Si SEQ.| D .NO 90 D NO. 93, SEQ
’b “Noy 64, “si0 1B o B BE B BB Moyt Rillmatod i bRebG e

pol ypeti de isetlesit® ol @yonbof SEQUID Nogns3-g6i ng of SEQ I D NO 90, SEQ ID

NO 93, SEQ I D NO 94, SEQ I D NO 99 or SEQ I D NO 102. 5 Cctober 2004 125-

91. A use of an agent which nodul ates a nucleic acid or a pol ypeptide

involved in foc ad i i I Q@E f f | cament
for treating bgér%)’é d%%ﬁﬁgﬁgﬂg%’g&%ﬁé .ﬂt“glgql gdgg‘%ﬁggteglbgﬁ%gg%n(t:Merei n
t he nucl ei dsacdededfrom alyete by SEQEDYORt 87-169.sel ected from any one of SEQ I D

NOS: 63-86. 93. The use of claim91, wherein the pol ypeptide nodul ated by
the agent is selected fromany one of SEQ ID NOS: 87-109. 94. A nethod of

tC g% 'r ng ﬁgformow f ok nRAa SFREnB LI cBRpBEid 1o b¥n@od B acddivitd ofMax|  mut ant
Zmax] or a Zmax1 mutant comprising:
(a) immobilizing a Zmax1 protein, or 2 Zmax1 mutant protein, or a
portion of a Zmax1 protein or a portion of a Zmax1 mutant protein to a substrate;
(b) exposing a compound to said Zmax1 protein or portion thereof, or to
said Zmax 1 mutant protein or portion thereof;
(c) determining whether said compound bound to said Zmax1 protein or
to said Zmax] mutant protein; and
(d) administering said compound to a host and determining whether

administration of said protein modulates bone mass, if said compound bound to said

Zmax] protein or said Zmax1 mutant protein.
95.  The method of claim 94, wherein the compound is a protein.

96. A method for identifying proteins involved in Zmax1 signaling that
modulates bone mass comprising:

(@ preparing a béit protein comprising operably linking a nucleic acid
encoding Zmax1 or a biologically active portion of Zmax1 to a DNA binding domain
of a yeast transcription factor;

(b)  preparing a prey protein comprising operably linking a nucleic acid

encoding a pre y protein to a DNA binding domain of a yeast transcription factor;



(a) immobilizing a Zmaxl protein, or a Zmaxl mutant prot e Dctaber 23004p0rti on
of a Zmaxl protein or a portion of a Zmaxl mutant protein to a substrate;
(b) exposing a conpound to said Zmaxl protein or portion thereof, or to
said Zmax 1 nutant protein or portion_jpRareof; (c) determ ning whether said
conpound bound to said Zmaxl protein or to said Zmax 1 nutant protein; and
(d) adni ni st er i n@§) sai ekPessFHRS sAdibaibprateiios e baisyees ard exprassing sedprier

adm ni stra’:T'%Ig{éi a .)ﬁye%tm ei n nodul ates bone mass, if said conmpound bound
to said Znmaxl protei’m or’ said Zmax1l mutant protein. 95. The method of

cl ai m 94, wher ei () t hemrgooisihit ysash apt sidgrey @6, A nethod for identifying
proteins invol vedyin Sy i t - conpri sing:
(a) preparing a %%\it pr ot el g,g%hpérrﬁ%I%gﬁg%ag@%%/%ltﬁ%}%@%gggﬁ% Vgllg)c acid
encodi ng Znysabt mating, dmelylzogivdeibeymadulatioa of thetpiresnprofeindnedilateschoae BiNgs. bi ndi ng
domain of a yeast transcription factor; (b) preparing a prey protein
conprising operably linking a nucleic acid encoding a pre y protein to a
DNA bi ndi ng donme®h of Anispltedinutiemrescircopiprising SEQUDINOS ddathddiegicall@04 - 125A-

(c) expressin i d_baj rQtein in a bat eas ressi,ng said pre vy
protein in %{mp?‘ %@%ﬁ 8téE@5§) I\ﬁ?g 1 ‘ﬁgerglgia§u§8¥qd%fg§§@qgﬁ[§8§a%le)%g“ﬁg east ;
(e) deter m YWD wiotf Bemutitbrbarpl seid nywatiin damdes dn hlterédisonb atdss plenstypainth gi ven
yeast nati anal yzi et her. . podul ation of the p i.n_nodul at es
bone mas.  get ek ORI NE ki S FRRR S5vS Frerni SesER B N or

bi ol ogi cal | gxpregsddiin eaifl hesgnent of SEQ ID NO 1, wherein a nucl eotide of SEQ
D NO 1 which encodes YWD notif is nutated and said nutation causes an
al tered bone mass phenotype in a host when SEQ ID NGO 1 or said

bi ol ogi cal |y act9are fAagemiveeionblgQetior dhprisii thexplassadlof dhih@7d host. 98.
A replicative cloning vector conprising the nucleic acid of claim97. 99.
An isol ated host cell transformed with the replicative cloning vector of

claim 98. 100. Aod.r ansf&Biatdaiobitell rahtféihed vRhABESRElicutiPYIEIBHIAS vési®or L,
wher ei n sai cciaim98

100. A transgenic animal which expresses a mutated Zmax 1, wherein said

mutated Zmax1 produces an altered bone mass when expressed in said animal.

101. A use of a nucleic acid comprising SEQ ID NO:1 in the manufacture of a
medicament for treating a bone development disorder in an animal wherein said nucleic
acid is capable of being transferred into a somatic cell of an animal suffering from said

bone development disorder.

102. A use of a nucleic acid comprising SEQ ID NO:1in the manufacture of a
medicament for treating a bone development disorder in an animal wherein said nucleic
acid is capable of being transferred into a germ-line cell of an animal suffering from said
bone development disorder.

103. A use of an amino acid sequence comprising SEQ ID NO:3 or a
biologically



nmut ated Zmax 1 produces an altered bone mass when expresse@cidbes@dd ani mal .
101. A use of a nucleic acid conprising SEQID NO1 in the manufacture of a
medi canment for treating a bone devel opnent disorder in an ani mal wherein
said nucleic acid is capable of bein ansferred into a somatic cell of
an animal suffering fromsaid bone developnent disorder. 102. A use of a
nucl ei ¢ aci abtive fpgentriberS&ior Mehaniifachire hfa medichaehtfoemofiulatingeaiecanent  f or

treating a bone devel opnent. di sorder i mal _wher ai d nucl eic
hora | o0 oo AR Roe e Vst Rd staie el 0t Bel it e tone an an mal

suf fer i 19 T achelop ot A0 AEHRLRAIRALei e il hinoliH schuting oPhan am no aci d
sequence conpri sing SE or a biologically 5 t ober 2004 -125B-

active fradﬂ@h’glctaﬂjea@me fragmennibereafiuf act ure of a medi cament for nodul ating
bone devel opnent in a host wherein a somatic cell of a host suffering from
a bone devel opnent disorder is capable of receiving said amno acid

sequence or a bigal 0gA£ ablfedGEh Bond ha@TEMWMY hiaRicolifd cofipridisoh at ed hi gh

bone mass (HBM), pol ynucl eotide conprising a_nucleic acid selected fromthe
group consiBiciagacd seleagd Homitbe sioup gensistingwifng SEQ ID NO 2; (b) a nucleic

acid encoding a (Bﬂ ypaelmcllquaé%&hgﬁ%rérgg\gv\ﬁ@é%,(c) a nucleic aci d anplified

froma mammal i an brary usin hybridi ze to loci within the

nucl ei ¢ acid of (BEQ IemNQm acldEn@dmgcdpdlgp@uﬂdofSBQmimg & pol ypepti de of
SEQ I D NO 4; (d()é a nucl ei.c acid which hybridizes to the nucleic acid of
SEQ ID NO. 2; a ipoleds eod amglified @Hm.asmew&ﬂ anrEpiREY YSIRHPEMEC | e| c aci d

of (a), (Db)whichhbridScl8diwitid af MEiCLSa ! t
cont i guous vrﬁuc?&e%trll owﬁél ) 1corrpﬂrhl se gos%%%q%@ ?bln%&%l%hﬁl%a 2 froma
pol ynucl eotdndediog a@a)ypepth)e of S BQ P HNQ: 4;and (e); and wherein said isolated
HBM pol ynucl eot i encodes a t ei.n. ar,. pol ypepti.de,
administered to (g?sutﬁ 1%‘3&“’3‘[‘@5}'3@5‘3?‘)%3}/@ g‘i@%“’ a9l éyb/ﬁﬂg&%@tl de of
claim 104, wher giepn t hemidigé 84i8 wakdids € fehﬁﬁfaryﬁ‘ﬁaﬁlﬁf?éé a&@@f@?%yguous
nucl eoti des froma pol ynucl eoti de of (a (c), (d) or
(c), and (d);
) a nucieic acid comprising at least 15 contiguous nucleotides which
comprise position 582 of SEQ ID NO: 2 from a polynucleotide of (a), (b), (c), (d),
and (e); and
wherein said isolated HBM polynucleotide encodes a protein or polypeptide,

which when administered to a subject modulates bone mass.

105.  The polynucleotide of claim 104, wherein the nucleic acid comprises

at least 100 contiguous nucleotides from a polynucieotide of (a), (b), (c), (d) or (e).

106. A method for testing a substance as a therapeutic agent for bone
modulation in a host comprising administering a nucleic acid comprising SEQ ID

NO: 1 to said host, and asseéshlg whether bone modulation occurs in said host.

107. A method for expressing Zmax1 protein in bone tissue comprising
constructing an expression vector comprising a promoter that directs expression in
bone tissue operably linked a nucleic acid comprising SEQ ID NO: 1 or a nucleic

acid encoding a biologically active fragment of SEQ ID NO: 1.



106. A nethod for testing a substance as a therapeutic age@ktdber2(idne
nmodul ation in a host conprising adm nistering a nucleic acid conprising SEQ
ID NO 1 to said host, and assessing whether bone modul ation occurs in
said host. 107. A et hod for expressingségmaxl protein in bone tissue
conprising constructing an expression vector conprising a pronoter that
di rects expressilis. i iChebnethod pEclaie Hﬁkmd]bfe,m thepkedotar iswanlosteocacind
conprising S uclelc ncodi ng a biologically active
fragment ofP %%@lef[ﬁ‘%esﬁ??o% %B@Pteﬁﬁg Pr‘i‘@% T.-The nethod of claim
107, wherein the pronoter is an osteocal cin pronoter, a bone sialoprotein
pronoter of an AM_-3 pronoter. 109. The nethod of claim 108, wherein the
pronoter is the % edﬂzﬂmethod pf‘dan'm E08, ahdraihthelpsoraoter ssbreodtepcalsiieobl ast s.
110. A use ofana@% 1[ ﬁﬁﬁntisenseto SEQIDNO | or to a
portion of 5 % I%SHeésn% i ch nodul ates bone mass for the
manuf act ur e of a medi cament for nodul ating bone mass in an aninal. 111. A

met hod of st udyi n%abone di sorders conprising preparing a transgenl c ani nmal
whi ch expresses BRax|A upeefia picleigacidmwdichig gntisegsafo HANG: gDTtOpract of

sai d Zmax

transgemc]pam +P§v§§ﬁ3@<€$@§a§d§%%?&9}%§@ %Qgt\%nere‘ !quréti}% mJt ated Zmax
1 produces mammdhdtaredahodicarzasionimidulyipg 8sseMassinsaiadingdi mal . 113. A

met hod of testing a conpound as a bone nodul ati ng conpound by

adm ni stering said conpound to said transgenic animal of claim1112 and
det er m ni ng whethgr Sﬁhﬁtl&ﬂmw Hleﬂ BFiRODS IBhS@abLd ani mal . 114,
An i sol ated hi gh bone mass (HB | ynuc Seotel de g%g(ﬁ:%aﬁr% 10%, wherein the
nucl ei c aC|tdan|sgemc mumlabwhmh@xpremés Cadax brreglpting saad Aumek Biand defednining

conpl enent a th 5. An.isol ted n cleic.aci nce of claimb55,
Wheret - sa THPE TG AAideE HHTraot DU SoR g RRPPEdS SHO g Bl 81, S82 and
583 of SEQ ID NO 2. 116. An isolated nucleic acid sequence conprising at

| east 15 contiguous nucleotides of SEQ ID NO 2, wherein said 15
cont i guous nucl ed@i deb trepsgsricainsl cdtielherpras e mutaipd By wharkidessidwhi ch

encode for an.alA0.435 rgduscg? & bitdddd SheFhas? %6}1 'e}%]re%s%& in san;S Sflal

.!J—4

113. A method of testing a compound as a bone modulating compound by
administering said compound to said transgenic animal of claim 112 and

determining whether said compound modulated bone mass in said animal.

114.  Anisolated high bone mass (HBM) polynucleotide of claim 104,
wherein the nucleic acid is a nucleic acid of (a) or (b) or a nucleic acid

complementary thereto.

115.  Anisolated nucleic acid sequence of claim 55, wherein said 15

contiguous nucleotides comprises positions 581, 582 and 583 of SEQ ID NO: 2.

116. Anisolated nucleic acid sequence comprising at least 15 contiguous

nucleotides of SEQ ID NO: 2, wherein said 15 contiguous nucleotides comprise



NO 4; which substitution is associated with a high bone f¥xsotphed®dt ype.
117. An isol ated high bone nmass (HBM pol ynucl eotide conprising a nucleic
acid selected fromthe group consisting of 5 (a) a nucleic acid having SEQ
‘IDNO 2; (b) a nucleic acid encoding a pol ypeptide of SEQID NO 4; (c) a
nucleic acid which is conplenmentary to a nucleic acid of (a), (b); and (d)
a nucleic acid conprising at |east 1928Bnti guous nucl eoti des which.
conprise position 582 of SEQID NO 2 froma pelynucleotide of (a), (b),
and (c). SUBSTI TUTE SHEET

nucleotides which encode for an amino acid substitution at position 171 of SEQ ID
NO: 4; which substitution is associated with a high bone mass phenotype.

117.  Anisolated high bone mass (HBM) polynucleotide comprising a
nucleic acid selected from the group consisting of:
5 - (@  anucleic acid having SEQ ID NO: 2;
(b)  anucleic acid encoding a polypeptide of SEQ ID NO: 4;
(¢)  anucleic acid which is complementary to a nucleic acid of (a), (b);
rand (d) anucleic acid comprising at least 15 contiguous nucleotides which .
comprise position 582 of SEQ ID NO: 2 from a pelynucleotide of (a), (b), and (c).

SUBSTITUTE SHEET



