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phosphor us enenta | n'TE"re éﬂ"?) obt ai n rowt h 10
- performance oT nDnogastrlc anlnals TIPRYT OF EHEdIN%FUTI i tol
hexaphosphori c aci d) enerall¥ occurs as a conplex of cal cium
magnesi um and potEBSISW1EEO€§S§ﬁHGOSYS EM proteins, and is the

predom nant form of phosphorus .in cereals, Qi Iegunés.
and accounts for 1 to 3% of the BACKFRY M%tﬁﬁénﬁlwﬁgo@O% of the total
14 phosphor us presen in see af . .1986 tric’
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animals (e.g., 15 I 1T ze phytate poorly or

t at all b th df t
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|ptact through 4 N UBPBEndRBHLRKREE gl WARH el [ty decrcase (he

18 bi oavai | abi fFt nutrirents by chelating mnerals (e.g., calcium and

zinc), binding 19 A FHeO gl Qm@dyggﬁyrﬁidgagg ,erfB$yednth the

i nhi biting enzynes. Phytate plfiosphor us i'n manure poses a serious

pol [ ution probl emnaflg'iraﬁlt'&%b' o Taos%H\tlE:%UL&Q:UrOfdéiﬁdﬁJ,r feroe swdface vaof ea s
i'n areas of the wor where nonogastric |ivestock production is intensive.
22 o Pr odufli boRduetioll tafesi 4% sadhekls flodriowerb | byt Geat g stk by
phytate may be 23 effectively addressed by phytase suppl enentation of
diets for gpnogasyashednistmiface ¥th aPhetsdsds ayat aubsequantilyirexyes Enef
phytate to myo-inositol and inorgani c phosphate, 25 whi ch are then
absorbed in the sgelllectivedty the lcvatedi tesisto lhxegr &9 nki@tos phoirallys
suppl ement ati on requirenents and reduci ng the anount of phytate pollutants
27 rel eased, phyeaéaghﬂﬁaxpmSﬂdﬂpﬂtﬁﬁﬁﬁz%ﬁ|4ﬁH?#Q9Qﬁﬁﬂ E}G oct sShovs
phytate. 28 Phyt ases are produced in an

(predom nantly seadsprventiienaingesist PqﬁF%fﬁkﬂ?eﬁégﬁﬁ nf%fd%?%%nf%ﬁs

(U . S. Patent No. 3,297,548; Shieh and ware 196 d
1967). Despite thPezi?rfP&i}“W d'c;’(eesrﬁl %ﬂ% °°‘“’eﬁ¥€ 8;%? g%&n

fungi (Aspergillus er or ergill u n | for
comer ci al 1332 1830 %#) E%ﬂ g%y 5§€Epé% u%e géégf ficuum
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(wherein units ar 'd as
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conpared to those 6hytases ave been characterized from ot her

m croor gani sms ( Elgrg READ JeHEidn. 3 Wafeﬁgg)lwp%hmh Nare Ot 4REn 368t (wéinaGor cum
et - aL, 1991) and Patent No. 5,436,156 4 - (van Gorcumet al, issued
July 25, 1995)). Hmsdetid quarpdydadein stk hoad/phioadeseStionandre
exhibits little activity above pH 5.5 (Howson and Davis, 1983; van Gorcum
et al. 620 199rarfieepdby ymahactam tneckanisms e¥08oandr dP5t P-v‘éPy

smal | reglon of the nonogastric 7 digestive tract, in which the pH
ranges fron12:3(|eadﬁmnﬁtﬁmacmgo¢essuﬁ©(¢¢W¥¢E§sﬁ§¥ﬁn98d withiBsthRe). 9
Al t hough the idea of phytase suppl enentation of nonogastric diets was 10
proposed nore tkwnpﬁﬁb@%%r%eégboﬁLJS Patent No. 3,297,548, Ware and Shi eh,.
11 1967), the high cost of enzy grodu tion F ﬁggtrlcted t he 58, of
phytase in the 12 | Ayrangeqf Fhﬁ%s YySi ﬁ N ERARARSE PXOCERSHPETenTA
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Supp erent aﬁeoﬁs§fv‘v’%t%'e§a%ﬁﬁ%%r?ﬁi§ﬁfg§uifé esfopahigsion, BeyREE 113 ca

phytase in North. Aqﬁrlca |s 18£yligr'gcfgé§§taéoﬁ 5 RG asdieeuhtcy a

--------

g&mw a?ﬂ v

popul ations 17 ?252% and i C pressures e a reduct40n in
pol l ution associ at,edh W, e%%ce Piﬁeéﬂacg &é@QMBbhﬂﬁ d@b&&%r1QQStSIQfeach
phosphor us supplenents % egli slation requi ring the use of phytase
have made the use of this supplenent nore conmmon 20 in Europe and parts
of the Oient than in North America. CGovernnents of the 21 Net her | ands,
Germany, Korea and Tai wan have enacted or are enacting | egislation 22 to
reduce t he phosphorus pollution created by nonogastric |ivestock
production. 23 A nore effective neans of increasing phytase

utlllzatlon |s through cost 24 reduction. The cost of phytase can be
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26" “bi otechnol ogy may revol utionize the commercial enzyme industry by
offering 27  alternative, cost effective nethods of enzyme production.
Application of reconbi nant 28 DNA technol ogy has enabl éd manuf acturers
to increase the yields and efficiency of 29 enzynme production, and to
create new products. The original source orggnismneed 30  no |onger
l.imt the production of commercial enzynes. nes encodi ng superior 31
enzynes can be transferred from organi sns such as anaerobic bacteria and
fungi, 32 typically inpractical for comercial production, into well
characteri zed i n@Btihede brush washing device 111, high pressure jet
WD 97/ 48812 ' o _ . ]
PCT/ CA97/ 00414 walter washihgadepieeluti? orrepbsts ¢eaping dpeige| tis and
Bacillus spp.). As well, these genes be transferred to ngve

o

2 nay
pl ant and ani mal andrdeeebepringtderice 317, thé wafep Viis BRBGSEEP
animals, rumnants (e.g., cattle, sheep%_ r eadi lé uéi I gﬁ th 4 a
phosphorus in phyith a2 pro¢essing pEebutiirBnst P4t Bt R eﬁhg?ggés are
present in 5 the runen, and_it  has, been proposed t ruginagts reared
on hi gh gr&i n di dieattypatmgnt fop ﬁ?f-é{’g)050‘:%8?1%8(;]5?‘%(3&5%? aﬂy - |

phosphorus suppl eprent at Lon _dye.to_these.r . pal s+ anP S: singl e
report has attri bt® eﬂefh?gmﬁﬁyf'ﬁsgaﬁﬁoﬁac?ﬁ%%gt (a)d}rlérsnlﬁgl B&%ég 113,

m croor gani sns ( n_et_al ) ut e t E[aYN o] capacity of
rumnants to 9 ¢ eﬁ?f??zge%gggagéghagﬁga?gkﬁ9gbggxgggng?gd. Raun et alL

- (1956) prepared m crobial ¢ hQN$eBY stepirocesddn istBei atoilgn
(Cheng et al., 1955). ?ﬂogggnfgpggﬁgﬁa?b% e suspensi ons méfgﬂglnost ?
certainly contan patedowhtBsgiaEO8EIREEsPALEI Gkeangbdpedde by sidept erital .
Since plants produce pgytases, the study was inconclusive as to whether 13
pl ant phytgses orypbcyabiuat Rhutashe pysdemedOihecchpdescd darigel ayea

Al t hough un 14 et al. have raised the possibility that rum nal phytase
production may bew@thihbut abkanlroom.t 0Itufibdabwsi thadr fhei sodalt Hiloor
possibility has not been explored. 16 In view of the foregoing,
there remains a nagdaf of khe cdsanphpbmsds kalamgeds leadinehde &
characteristics well suited for use in aninmal feed supplenments. 18 19
Sunmary of the |nerdessivedy heavy loadTRpplieenter &Ml &NddFPd¢% hat
the rumen is a rich source of 21 m_croQr gani sms mhichéﬁgfgﬂgﬁﬂph t ases
havi ng bi ocheni caNathapddver iidt ii6s desd@abls to Jecrenss a&ea
stability, low netal ion sensitivity and hights ecifiqjgctivity) 23
desirabl e }®r | nd@§t the reSdSitc AHOGESSING, SYELEM hi®S'ded suppl enent ati on
and inositol 24 producti.on. 1 nal, _m_cr.oo ' s ‘ﬂﬂﬁgi |
condi tions and may be Fden Shoé’r]tcﬁéqsfoaaﬁ fﬁﬁe\%%g}rg%bnﬁ%g%lgé Z%\cgrtlaro es%f-
Rum nal m croorgani sns be ,26 I . I+A)e 111,
eukaryotes (i.e. _Fé’ﬁ@ef“ngib&'ozté‘ae) _so@tﬁ.‘ég%ﬁh(}tg%sﬁuﬁ]e 3@7 Q{éevraj)rﬁé%{ uni nal

m croor gani sns" i pcludes M GryGOr ipgg is nddie e asdax-or 28
feces of a rum naﬁﬁzdnﬁsr%asl'. Clz@o Ll _ -tll%gue% %g)lérlratgct erial species which
have been identif it?c‘éaﬁn‘?}f Qg eRddd aulFr 111430 116 and iae thdupmsess

i ncl udes Sel enonmonas rum™antium Prevotella sp, Treponema 31 bryantii
and Megaphggra el g4 tHernf¥ 16\t fRidta iapgh i onties mraceysingegidth e 32
anaerobic rods fromthe fam |y Bacteri odaceae. o : o

3 : S WRAGIB81As a result, the moving distance of the

PCT/ CA97/ 00414 1 I n. accordance with the present jnvention, DNA
sequences encodi ngaioyelrmamecanismesef0d, piik deesinerease f iy he HHERT
m croorgani sns are provided. 3 A phytase gene, (phyA), from

Sel enonbnas r uni namansfiex rstiep J YeRtRg deen Ancredgp et e skttenced,
and the nucl eoti de sequence of the phyA gene i rovided. 5  The

i nventi on ext ends nesbNRed ckpie ek Qﬁf&ﬁﬁﬁﬁﬁ; hytases and which are 6

capabl e of hybridizing under stringent _conditipns_wth ' e
sequence. A8 7 usedFWEFRSR, eacHHf LR Wiﬁ?ilﬁﬁéﬂgﬁ‘g%é?l&%ggﬁ

condi tions" means anneali to 8 a_subj ect. ' sgquepceanQr its
conpl enentary stratP e%?%ﬁgd“o‘ﬁe& i%o%ﬁ%%ﬁgﬁ%ﬂg? ﬁi Sh' t enperat ure
and/or low salt content) which_ tend i sf 10.: - apper! tRE Pésult
unrel at ed sequenceZS'.a’?% Y h%r%‘inh?é"%%él‘gf'?%/}génsz (%E?xf%(/v stringency"” 11
means hybri di zati on and wash conditions of 40 - 50[err]C, 6 X SSC and 0. 1%

SDS 12 (i ndi cating about 50 - 80% honol ogy). As used herei.n,
"conditions of nmedium - '



13 “stringency" means hybridization and wash conditions of 50 - 65[err]C,
1 X SSC and 14 '0.1% SDS (i ndicating about 80 - 95%.honol ogy). As used
herein, "conditions of high 15 stringency" neans hybridi zati on and wash
conditions of 65 - 68[err]C, 0.1 X SSC and 16 0.1% SDS (indicating
about -95-100% honol ogy). 17 - As _usegd herein, the term "phytase"
nmeans -an enzyne capable of catalyzing 18 he renoval of inorganic
phosphorus from a nyo-inositol phosphate. 19 As used herein, the
term "nyo-inositol phosphate" includes, without limtation, _ 20
myo-inositol hexAptogEet iclesnarxe genexitedont tipbosphat 88Sifyo- i nositol -
21 t et raphosphate, nyo-inositol triphosphate, myo-inosito] di hfsgha&e
and myo-inosit ol PdcessimPppEKstemtin 23 amount that pgapeel herBeglected.
"phytate"” neans the salt of nyo-inositol hexaphosphoric Ld. 24 .

The i nvention ext@hdoursenels. is (of aigh (HIBYRER %ﬁcﬁ95§$8§)tﬁ?ﬂﬁﬁF§ﬁ125

Itself, and to methods for identifying, and isolating.thi i nal
26" o1 oor gan| EHEL G4 HHAKPARRYRRELALE (MOREGrEE feF| SuEBRePRIfe FHE "0

m ot oor ganame. etRh 7 he SROEERbion vEeBLY, O1F, PRRERS' RABLEURLAD, syprem,
phyA gene sequence as a probe. %ﬁ%% Jh@FifﬁﬁnENQENﬁfbhher extends to
nmet hods for assayi ng phytase p? t?%%m%§ 3 a m croorgani sm wher eby
fal se positive resul ts,gcaysed Dy ¥ ¢;8Phabsantd i RVEHESONOAs3to prevdde

el i m nated. Col oni es 0? nlcﬁoorganlsns gre grown on a growth medi um 32

COB‘ a1 ning phytatg. . JoesfegdiyaeisingNEELEN _%iﬂhaﬁe@ﬁ%eﬁu&i&Qhﬂbh@ngOf
coba '

97/ 48812 ' jts occupyingPEph&é)74a8A4é¢ingla high! ehrdeghrguthe medi um
is then exam ned }or zones™ of "clearing. Preferably, rather 2 t han
exam ni ng e nediyd sApBLessehy, theepastitlengehezabdbn.chloride is
renoved 3 and the nediumis contacted with aqueous sol utions of
amoni um nol ybdat e andacéordiagmubi anprafedaed empodimendxofi tde Pressites
of clearing. False positive results 5 . which occur when acid-formng

m crobes produce znweattbng| theregiar pravédedda resist processiag §Y&HEfan
extends to expression constructs constituting a DNA encoding 7 a

phyt ase of the pressprisangati on operably - linked to control sequences

capable of 8 directing expression of the phytase in a,syitable host
cell. 9 Theaj E’a-é}mailc}ﬁﬁ @t WEPC@%&%‘% Wi bR SALRIY I G have

been transformed with, 10 and express, DNA encodi hyt as f..1he

pr esent ihU%ntionPlHﬁalﬁﬁYngﬁhGHQPBF%mfP%S sﬁ?ﬁ%ﬁ 'ﬁﬁﬁgﬁ%ﬁﬂkﬁgﬁ% Sgﬁ%% host
cells. As used herein "ho;t cilhﬁ in&L%dqs animal , 12 pl ant, yeast,
fungal , protozoaniBng BPEKAFFot FETRESECCEI1s. 13 The invention

further extends to tra%s%%p_lu[ct% nag}:%c\&is% UK L hrdedhged ransd orned with
se 0 ep

a DNA encodi ng a phyta esent invention so that” the 15

transformed pl ant Cbﬁ'ﬁg??g‘%g‘?oﬁ’fﬁgﬁﬁbﬁw N4 ha et ¢ taish tof reiidhods of

producing 16 suc plants. As used herein, "transgenic

plant " i ncl udes  p3REReBlihg hhit SUABpDlyiny wprttkaeldolutidh to

Phyt ases of the present invention are uSeful I1n a wde variety of
applicatiogg 19 5 kuyrRlvate WhEldeporationy tdid eubety@heaat e. Such
applications include use in aninmal 20 feed.suppl ements, feedstuff.
condi tioni ng, human nuty iHdatingnibtite Emcuggedninfa 2ompayegitol from
phytic acid. Phytases of the present invention may al so be used to 22

M ni m ze the advepse itfiforeids iof gyhypmes petiicathdfatihs PIARESHi YW phyt at e
content 23 of certain feedstuffs such as soy neal decreases their val ue
as protein sourcesnfidr £2r heatiiglg thehsgkathateni nal s, young rumi nants and
i nfants because the phytate 25 decreases the bjoavailggilit

nutrients by chel ating #igREIng dgwias REFRPIEA AP A" * %f%%a%%%e
Phvention 411 1 cqeRPATHENt RS HEEHRF NG TRl il Pr esent 27
Droten sour ces.  hedana 1S Faaiithg, Yo SR Ml T dl gt d@ iy of o€ as
rebent | vent § on tHEhFOPRAT SR RAGSREheddlReith, provubants Hefite

present invention. Such feed conpositions and additives may al so contain
ot hBhis Shdet Has Rearr Wd such as, proteases, cellul asea, xylanases and acid

= TR |




1 phyt ase may be added directly to an untreated, pelletized, or

ot herw se processed 2 feedstuff, or it may be provided separately from
the feedstuff in, for instance, a .3 m neral block,- a pill, a gel
formulation, a liquid formulation, or in drinking water. The 4 -

i nvention extends to feed inocul ant preparathons conprising |yophilized 5
m croorgani sms whi ch express phytases of the present invention under nornal
6 growi ng conditions. Wth respect to these feed inocul ant preparations,
"normal 7 growi ng conditions" mean culture conditions pri or to
harvesting and | ynphingexhttlereain far coqmgn@il%oﬁigbﬁtls%eﬁﬁﬁ

m croorgani sms express phytases during growth of the m_cr obi al
cultures in large-scal® m@mmrerlsecnm%mtwrw%ﬂ ﬁﬁy?éQE‘sqfn e 10

m croorgani sns i s preserved by, Iyoph| lizatjon_ of the ha vesﬁ. g robial 11
concentrates contrHafeRsing Whikhsand provided withg P YERES¥ Pdrt her

extends to a nethod for ipprovin n ani S ut Lon o] i etar
phosphat e by feed}%flqlh"e %rrﬂPt’Fr?'h‘Fa "é"f‘f’e‘?:m %‘T‘l{: # B?%ét aod-gp ﬁi’t he 1%
resent invention. sed herein ' a h e nmeans
gn 15 arfount vﬂ’tﬁc?ta‘? s?f?‘?%a’ﬁ‘f“%f‘%t a’f teﬁéja‘ﬁgfl g?gﬁéf fng F llgrr%trngéerrent in
phosphorus 16  utj I|z€t|€n bé( @&%EP’Zﬁ%ﬁ%spﬁﬂEﬂﬂﬁéﬁslﬂt ithiezat i on

i nSTance

may be evi denced roved ani mal growth and reduced

|l evel s of phytate | r %-axis direction, and Brief
Description of DrE% &céé‘é%& RIS mo? gure 1 'S g phot ogr aph Showi ng the

ef fect of counter agebufeeh 23xis B9Nhal Ahgdeplyt ate on zones of
cl earing producedﬁﬁfﬁg lgg&prod‘lljctl o%n%r phyt age 22 ggactl vity. Phytate
agar was inocul ated wigh Bhebp¥esehtopnobnkebh,pehel hdiathtmatifig 2y pe

rum nantium JY35 (bottomof left petri dish) and incubated for 5 d at
37[err] C. {ifie 24 devEObOpi sevprbakingpadvaté , andhelsdomediembceo@nder st ai ned
with cobalt chloride and 25 anmoni um nol ybdat e/ ammoni um vanadat e
solutions (right @edblingl deejcegbare stacked pngthe Bolmtdogy apcessing
illustrating the growh (protein) and phytase production of 27 S.

rum nantium JY35 typeodeviedsgchte. anne@eﬂﬁrppﬁtéﬂ%gﬁwrh deygloping

Figure 3A, 3B and C show transm ssion electron m crogr%s of cells rom a
29 m d- exponendeuicphand washing deviceyyasndRecihbPis RV M At

reacti on product 30 deposition by phytase usin ium phyt ate a the
substrate. Untreat@dacshersened meving dlﬁf-éngﬁoﬁ% ?‘8’@ é't?r’?ﬂ’a %‘

\Togg;/ejfgg?‘_b 3E anglglltzl As a result, the time requ:.red for moving

PCT/ CA97/ 00414 || t H
profile for M/asheﬁhg main arpufheﬁgﬁflilglrrh 5%3% thleg}éﬁ]r;?% Lﬁg%dlaﬁ’%%@e P

buffers. Y§§a K'/'S f:%: ;,? a g&ggh ithleUtalidf 139 ke it R fddre wé

S. rumnantlumJ “éxtract In five different buffers.
5 Fi gure aqr |+ I atel tzepIaAtalehdrad | @amnfbd.
rum nanti um JY35 ﬁglvé'd fbg ag't}e'cltl’égét ?gc?g e Figure 7 is a
graph Illustrating,,hg abbat! the izaaxielo mw orhe® vfcmﬂm,antheumaﬁl arm Y35
phytase activity (Cr ™= control). 9 Figure 8 is a graph
illustratipg the ptthehieh ne@dumorhpenimeveandenta at-rdnrrenthm, thaigh

rum nantium JY35 phytase activity. 11 Figure 9 is a zynogram
devel oped for contthenmiaion axin merhand sactiny ithe COIWentherﬁY%"t%% 120 x)
of S. rumnantiumJY35 MyCl[err] extract (lanes B - |l ow 13

mol ecul ar wei ght megudred {tande-moiedRdn mmﬂ%soﬁialﬁ’ada’{ttﬂ“d Z-axes.
M ssi ssauga, 14 Ontario) and A. ficuum phytase (Signms, 6té | ane A)
were resol ved by SnsfeddewsiFhat the mtﬂtﬂltﬁa&eﬂe&?ﬁﬁ’eo%e‘l’an %e%uﬁ to

were stained for phytase activity and. 16 - Lane F was sta ned, wi Q

Coorassi e brilliamressgs imthe present dﬁ'r"@nltd-‘?‘%' ac%?’t‘)% a‘ﬁhtlaf

hyt at e hydr ol | at f hyt t I
Drba i r ansp8r mod. FORY SR SR ytsa%tepnbér P, (ol ooy dovige
pSr Pf 6 (bottom ri %ﬁl)éfﬂeé]fes of cer#alarl ”%e"&;eeeﬁ“@@@oﬂ{f&n'ﬂfélgeiheg the

pl at es ure 11 1s a Sout hem bl ot
anal yS| S u5| ng the 20-Kkb fra q_ri:EEt vice 247ith 36hé PESREt agRABSE
Sphl est J'Iﬂ%&"('{ )héd%t%rﬂ%o?(ﬁjeﬁ ed' geJéted genomc 23 DNA
‘| SO at ed fromS. runinantium JY35 (lane C). Digoxigenin |abelled H ndllI

1sShe@ﬂ}ﬂ§88eﬁ eplaebda DNA was run as a nol ecul ar wei ght standard in |ane A
ure 12 Is a physical map of pSrP.2. A 2.7-kb fragnent,

froﬂlﬂ\m \“‘ partial digest of S. rum natium JY35 genom c DNA was
he BammH site 27 of pUC18. This fragnment contains the

entire gene encodi ng the phytase fromS.



28 TrunminatiumJY35. The location of a BanH site lost as a result of the
ligation i-s 29 i ndi cated in square brackets. 30 Figure 13 is
a schematic representation of the deletion analysis of the S. 31

rum nati um phyt ase gene. The position of phyA is indicated by the

-hori zontal . arrow. - 5 - 7
WD 97/ 48812 o : : : :
PCT/ CA97/ 00414 1 The hat ched boxes indicate segnents of the 2.7-kb

Sau3A fragnment carried by 2 different plasmd_derivyati .P_I@/t ase

activity is indiaathdrimalt Béfpateist Bardéyr ggKen fxom the heat igure 14 is .

a zynogram devel oped for phytase_eactivit . a s%il' (f'thed,
ne B), .an(}-l ow

L E di
cells (lane A), d@evioki tbHbtAe( ESP—PFQQBpﬁF%aEéPnge Ivé :
I I 5 i ght K I ¢, .Bi j | ved
mol ecul ar wei ght markers (la S-E‘H‘&éhggﬁg E@%%r %ﬁiﬁgdwq;}{@so ve

by SDS-PAGE in aitels pogsibdey&er anes B weére stained
for phytase activity and Lane .7 S .St al W thhdppomassi e brilliant
bl ue. 8 resigity procpsSilg ﬁggﬁuc é%t i%d%q%éaquence of the S.

rum nantium JY35 phyt gse,..9 g E,(&%y ' s 10f afigde | inveediord
ani no aci d®sequence (%%‘I&il %q,e) 1 @nF‘Nﬁeaoﬁ% 1 corresponds to cgt
1232 of the 2.7-kh.insert A Ridsdir iyt iohl which bfsbhewdj naidg
site is underli né’d‘lgh}%sﬁ(ﬁaa\;m fg%{)é\?‘e%t -eml?equence\%s R B.S. The 12 “si gnal
pepti dase cl eava%t &jgxec @Lﬁdixfé fhvaou e vt itk afesmnipeiome ¢LIBEY i s
13 i ndi cated by e 1. The N-term nal ami no acid sequence of the phytase
secreted by 14 o Beofiidd (%Sl’ﬂﬁ-)tjjcfe wilerie nigdrentton 16 The objects
Det ai | ed Description of the Preferred Enbodi ment 17 : . The rumen is
a conpl ex ecosystH{{R i At agedyo harhe tivarer30iloms peay dee orealdzed @Bdterj a,
fungi and protozoa. Screening these organisns for phytase actigi té 19
requires yhe abildpvainedibymeamatet ttie pinatewnertal TS| ARMVF phina-
i solates. This 20 may be acconplished through the assessarsgt Qfai’%re
cultures from a s¢isks cpatuiculanly peintediowh h tRS,ABPPBA®HNT .
cultivation of individual cells through cultural_te j_qu Cy
%@%nﬁgﬁhgaégpg‘lﬁc%; . DRA{ﬁN&bi C

streak plate, di | UBRDBF aPESGREPBHOMN OF BHE 0Pl VE anaer o

- 23 t echni ques described for bacteria, .fungi and t as; faged to
acconplish 24 t hi sThgapccopganying draw:.ggfsl, agflg'egln%:%e l;siﬁséa s are

necessary for screening mcrobial isolates in 6 : 7R3l ofnl, Uiid 188ap! es
and from cul ture 8l Pégt FORECILNES B, PRF n??‘]gﬂﬁ yfggg&genes.lo 37 Assays

for neasuring phytase activity.in 1.QRS 3 de$Cineed nvienitiieon ,28
literat urel5 Sanpl Erg*&?uPFSﬁ?né}g P?%.k%%hgg Sﬂgégéggfﬁgf phytase activity by
measuring 29 the .relea f_lL.oQr i hgede riBx iono M ipteyt iaboars d
(Raun et al, 195G?ngaﬁc’g&%%egl—l‘é’?'??nggee?g?agtagala.é, 1993) . Ph@yt ase activity
may al so be detect eg QR sg]leltgi[{g@ Besdtipt ihC b@0rpenipiet exnede ssibegli-

phyt ase produce 28R8s “OF Clear ng on agar nedia 32 cont ai ni ng sodi um or
cal ci um phyt at e (&%lngzg %q_ql,eyialbg,loiq%%érbl@mﬁnempdaﬁmlime principles of

8 ' | 48812 , -
PCT/ CA97/ 00414  1ne ik¥@Ariodawever, the solid nmedia assays described in
the literature were found to be 2 unsatisfactory for_ screeni ng?rurri nal
bacteria fgp phytase agiwitly imcausobldiquee ien gehepatically; fROYEAL: | ons
of aci d-produci ng bacteria such as Streptococcus bovis. -To 4 overcone
this problem a twhestartemn eppeasaaics &f pr ceEHEIRRLHSRFHed in 5

whi ch petri dishes containing solid nmediumare flooded first with an
aqueous cobalt 6 proagsskngis¥dieRi on and second with an aqueous anmoni um

nol ybdat e/ ammoni um 7 vanadat e- so] ution. Fol.l ow { n nly
clearing zones producedf}§- ehziHep BLan ‘é’c’?"f\ﬁ‘flg/e%ar‘ggce%/?%gn%ﬁ§%?g§r{éh%. 9

Usi ng the above sol utions and solid nmedi um.as 45,1 SQLabRSaéeopitlh
10 Let hbri dge R@é‘h‘?’é‘h‘”‘&‘?ﬂr# (J"Ic_ibef Iﬁﬁsihsgtef%l%eesr%g?gci%ada) Gulture ¢

collection were 11 creened for t t Ll £ Tehre é)_ohé\ total of
29 cul ture@5nith kb ahtFat er%?&m%%t@:t}g&cté%?%%nmre Tdentifi ed,

i ncluding 24 of the gen Sele @ PiekN8howdng theneenBrevotdona.
Twel ve of these cul tur egigllgsgggggfg?lgg&?sol a?es and 1 .

of the process section included in the resist



12 Prevotella isolate) had phytase activities substantially higher than
the other positive 15 cultures (Table 2). 16 The phyt ase of
S. rum nantiumJY35 (deposited May 24, 1996 with the 17 =~ Anmerican Type
Cul ture Coll ection, 12301 Parklawn Drive, Rockville, Mryland, 18
20852-1776, as ATCC 55785) was sel ected for further exam nation and
conpared 19 to-a comercial phytase (G st-brocades nv, Delft,

The- Net herl ands). from Aspergillus .- 20 ficuum NRRL 3135 (van Gorcum et

al ., 1991 and 1995). The phytase of S. 21 rum nantium JY35 (ATCC 55785)
i s constitutivel provessitey systsn il theopuerente| invention FRPWRSHRI at ed
with the cell surface. The pH (Figure 5) and tenperature (Figure-6) 23
profiles of the BIG.ud r(dfimatment@slimenty) 56785) phytase were conparabl e,
if not 24 nore suited to industrial production, tgan are t hOﬁe of the
comercial A ficuum BIG. AR 315K Shawilg +he FPRSHENSHhLPPaPEd
the potential of rum nal and 26 anaerobi c m craobes_as so¢1rces é'on
phyt ases with chdhfctwasiat @FAARting Y511k LN PYeseh r’é?iY‘F@ b ng
produced by industry. 28 . Mcrohial. genes,_encodi ng sel ected
enzymes caf be cls&%‘b‘f‘g%ﬂ?et@f’o?sﬁfm%ock’é?%%ng Gene libraries

(genom ¢ DNA and/or c e, const t Y ; : hgd
(Sanbrook et al, 1989; subet® F %#é‘& ‘gg%‘g)sa%%&gg?%gﬁggyf g}rla??iggdggiered 31
gene. The screening neLNadol Poys "BYe UWdd i€ ﬁfé@é@é?ﬁ@%{)@f@ﬁeécc@ﬂéi{@

activity

- WD 97/ 48812 to a second embodiment of the ?resent inventPén} CA97/ 00414
1 or results generasf edp uring purification of the gene product, such as
N-terminal and 2  ipfglngl i8"hN9idé6i diewIsRBREndatheandnatirubtdoasof 3

Usi ng the solid nmedium phytase assay devel oped to detect phytase activity
4 prodyged by gnui Fedidi pAbESss En$. sysitemanti the) pBes¢ATCIngenBSPNgene

library 5 was screened for positive clones. O 6000 col oni es exam ned,
a single colony véisow® in FIEent$f {secondaepbgdimenpdsitive clone by a |arge
zone of clearing around the colony. 7 This clone carded_a 5.5-kb

pl asnid conprising a 2FTEkb7Sa¥BA Dhanfvagweschematicpddyr sBEWLRGo thoni ng
vector pUCL18. The newly isolated 2.7-kb SaU3A DNA fragnent 9 vva;,used
as a probe in Soutémstratbionydfi theareshst PRAEPSALPH SYSLRPeACFOresny
conditions, a discrete band coul d be detected for S rymnantim.isolate
JY35 (ATCC 11 teszsthirduemhedinent ppEybhe| PEespnt dPEERELPRIEANY,) |
DH5a or A, ficuum NRRL 3135, .12 . . Plasm.d DNA isal A
new y isoldted clone aRdGinBrdGuBelifft Y1V 5%9?”“?3 the %%Irﬁ%ts&%fttl%rﬂ o
transformati on produced anpicillin-ctesi st yi.ase- RAAY ionld
Zymogr am anal ysi stiB¢ E%FFgExPFSE?ES%PSn?Egg%T“i B%H%?%r %-%ghltsgggr%y%lﬁg t he
2. 7-kb Sau3A 15 DNA, fr nt, fram.s. ] ikym JY35 (ATCC 55785)

by BEE"7 (ERTEE: ohiiBliAGhL

reveal ed a singl SRRV an esti'mated nol ecul ar- mass of -
37 kDa. Deletion and DNA s p bEscrREBW O &5F WBiiE pseeNtoomdentify the
gene (phyA) which encoded the phytase 18 responsi ble for the activity
observed in reconbi nangel. ygOleslcei®e prefehried Mnkdinkhts odfivithe aci d
sequence of the purified 37-kDa phytase expressed In E. coli cells 20
carrying pjyA natghegdehke ibveartionalvithi e facietceedreide eiccompangting
phytase 21 predicted fromthe cloned phyA sequence. -This indicated
concl usively thatdrh®inga. Theclrestiste progessdad sysdiaony imeamytofse had
been isolated. The nucleotide 23 = sequence and deduced am no acid
sequence are showtheseFegbodif@nts2g¢overs the case) WS HEMIGARMCHAr | g
possi ble to use the characterized phytase coding 25 equence in, a
variety of expreswhﬁarsygrenwaﬁdiledoomt@idaw%mlﬁrﬁydﬁﬁ% L al
Application of reconbi nant DNA technol ogy has enabl ed enzynme nmanufacturers
to 27 i ncr easdeviedopedune and efficiency of enzynme production, and to

create new 28 products. The ariginal  squrce organisi.ne ger
limit the dPoduction ofSPB?lfl"t?g'ngr &ig- &nﬂ%‘.‘%ﬁ%@%n%gol ngéﬁperi or
enzynmes can be transferred from ar. i ych bj c bacteria -
and fungi, typi ca_FP?sinﬂﬂ"céﬁ_fggl&e 5@%%&0&%50%?&@r %uctnlpon,_ into well
characteri zed i ndystolal; f YOl Y1 MOUHIIAMDRSISE (hd present



097/ 48812 o . - |

PCT/ CA97/ 00414 1 Aspergillus, Pichia, Trichoderma, Bacillus spp.). As
wel |, these genes may be 2 transferred to novel plant and ani nal
expression systems. 3 I ndustrial strains of m croorgani sns
(e.g., Aspergillus niger, Aspergillus 4 i cuum . Aspergillus awanori, .
Aspergillus oryzae, Trichoderna reesei, Micor mehei, 5 Kl uyver omyces
| actis, Pichia pastoris, Saccharonyces cerevisiae, Escherichia coli, 6
Bacillus subtilis or Bacillus licheniforms) or plant hosts (e.g., canola,
soybean, corn, 7invemoieho) Amyshewmsin thepdvavingphfphassystpm dystens
enploy a simlar .approach to 8 gene expression. An expression construct
i s assenbl ed to icwhpdiseseaploadiwnload seetiny 3eqBeREBCEFS| AEEFESR dnd
control sequences such as pronoters, enhancers 10 and termnators.

Ct her ‘sequences sar® a8 éngﬁﬁfa§%qﬁ%ﬁ5é§naﬁd sHpteragpgsettes CnharRers may

al so be included. To achi eve extracel | ul ar exBr ssion o& hyt as ggﬁ 12
expr essi on const reeangferred PEsantrARFERT A Hgi ﬁf‘?gss og'él r %Py I'gnal
. 13 Th i I i t . Lncl yded ' i
construct i oyt PResat cthe,1oadZ R Rad; BRHLOReLrr A ehdBH SLEDE an
i I f ti . in,the hgst .15 | | ' i f
xpressi on and- soBFREFER BPCERENCAARRG ChfEncEcsPig, opd e piBele!
Transcriptional teLolng! Ohee@" S0l "buded hAaCEIUEE, CEELENA bl SRIGH PLion

Ancillary 17 ceés—eénhanéi ng’eXpressi on or ‘protein purification nmay

al so_be included jn;the. 18ransBXPr RESHANIEAESEHYCYT, BY. Further,Th@
protei n codi ng sequences for pﬁyt ase activity are obtained fromrumnal 20

m.crobial sourcesg gaisﬁrQNée%&eb?nBeﬁaheﬁﬁtySfaﬁ: baipoisdingg Qighito tohe
expression 21 f st Honol ogous DNA is herein defined as DNA originating
fromthe spyre spegb8$st-ddatedrRafexawplie, abrangednaddjacentajtdehe
transformed with DNA fromS. rumnantiumto 23 i mprove existing
properties w thouintsetfadecsegtioapdrties that did not exist previously 24
in the species. Heterologous DNA is defined as DNA orginating froma
different 25 speci &scaEsetdearpabde 2He agd eufiirat FHpHAEN REFHANIEHNed
and expressed in E. 26 coli. 27 It is well known in_the :
bi ol ogi cal arts tRat aver axrangedndnathe dopdyunloashsectiond. HoWThmde in
protein sequences w thout affecti ng@t he function Qqf, .the fgr otein. vfg
General |y, consergaspe&tesi foeashd howsdng: & P&H§a§-ﬂé:3f Al MRS Shi't R

af fecting 30 protein function. Sim.lar o agi ds. gan.be tho that are
simlar inl8jze afldFBpPsgd on &E‘&r&ésﬁfe&ﬁ& t%lr%’rsie %37 5 g}w&heas: a%oezsr ate and .
glutanmate and isol euci ne and, valine 32 - . areDb { [ s 0f siynilarg am no
acids. Simlari tycﬁéf‘\%‘gﬁsa, ' .r?Eea(?FEaﬁz%efis “Has g’é{;r?%adé P far? 'l WO
97/ 48312 < . o _ hani 22 R 5%%&&C[ﬂ14
1 assessed in flﬁgegrt MRt aTrrllt?rrt;felFsgf .S\/\u/é)ys?r (I)“recexaanr%psime, -Da%{)f et al.
(1978) in Atlas . f R j A MGG P RSt W8 c AP | BETBaded

Suppl enent 3, Cha% gP %2?%%5?3;}5?3 . 345ﬁg52, whi ch is incorporated by
reference herein, ;nbY @€ J§s%£§é€ié§ﬁ 22able8& lingt in e O-axcisl -
substitutions mhigh C§L b? enpl’oyed as a neasure of amno acid 5
simlaritypgDayof jielecticn.f I atiee Ty stahis-aame nfeaderh ism c2hmis islars of
amno acid 6 sequences for proteins having the sane function froma
variety of evol ut ieepdipped’ wittlidr erldgnmeotr aeschagism (not shown) £0R| so
wel | -known that often less than a full length protein has the function 9
of the conplete padtigming dthee)posiitd.om aff theatweafer A Falakive g dhe
N-termnal, 10  internal or a Gternmnal protein often ha the biologica
and/ or enzymatic @eviosssy ssfctipn 3.1 conpl ete natural protein. Cene

truncation experinents involving phyA have @ 12, nfiyped that the
truncated protein nay r%t%ﬁ‘@ﬂ%eﬂ?ﬂf’b‘f‘i‘d‘t‘?‘&arﬁn?“i?ﬁ?ac‘f’ﬂb? { b nSubgLan-

Exherchi a colicl ones expressing PhyA nissi.n term nal ] i -37 or
1058 14 25(SEQ tBaN3dY Baud ‘é}ﬁ/{%srestp%a“ﬁ-.w AR yp%@.??hd%%&ntégast,
no phytase 15 activity co he de f 3 Cl SSh Wi

phy %r( reU 4 I a\ga%g%eeédfﬁ{ €ns| PREFAREESSLOCLERYA

m ssing acids 307 osé of ordinary ski in the

art know how to e truncated.or i ﬂ{%- t & NRoved halsm@r nal
deletions. In thgaﬂg}eesse%br?&nv%}#i%l“? %e ujh%'{izo%] cg%ﬂ)a tru?lcat ed 1

phytase protein or an internally del eted phytase protein can be readily

tested using 19 t he assay descri bed hereinbel ow and n view of what is
generally known in the art. 20 ' Substituted, internally-deleted
and truncated rum na phytase derivatives which 21 retain substantially

the sane enzymatic activity as a phytase specifically disclosed 22
herein are considered equivalents of the exenplified phytase and are within

- ~ ~ Y o T



30 ‘of a rumna nicroorganisns, particularly those derived from a phytase
specifically 31 di scl osed herein, that are substantially functionally
equi val ent to that phytase as 32 assayed as described herein in view -of
what is generally known In the art. C

12 ' WD 97/ 48812 8

- PCT/ CA97/ 00414 1 Structurally vari ant, °f ufict i onal eqw val ents of the
phytases of this invention include 2 t hose phyt ase of rum na

m croorgani sms having a contiguous am no acid sequence 3 as in the
phytase amino acidl pessegerayli 234 omecemding nif SBQ X-Bakis Q;rep'amncﬁpaﬂﬁy

4 t hose variant phytase which have a contiguous am no aci d sequence of a
phytase 5 ofta transfieri andorereiven th@twa’éea W,oﬂmiguéng §Eﬁ‘ﬂeﬁ€§ at

| east about 25 am no 6 acids in length. ient :

i nvention al so proviv@dsmape srmrmechanbserdht ?%@P?%E1¥B%¥trugpﬁoﬂa ex W

of phytases with properties that differ fromthose of the enz

herein. 9 This gerensfarred inbei29d etk eH B?ekﬁmsﬂ?:ﬁc 8"?‘8? ?805
chemcal, site 10 di rected rando oI yner ase chai nTégaébeg _
mut agenesi 9 ther%‘b?wme‘é%?nﬁhﬁeh%t‘i p?%‘aﬁ%:?g th-art 2518BePEi es
ot t t f 1 -
Speliticityy “15 cach B CRosRTpalh St feffbbtbhy 37, &7, o7 BR Bb6-

requl atory 1ol on) ek 06 el 1ds, 28060 hREEb21bACHY! BOEBREBYERE! 6.

The sel ection of e“pfondter 1S ent upon the

br oposed. expr essi on hogl. ofAghces 9&Gpr9meﬁ&éelrr§¥01=aggm Moitst 30, 40,

pronoter associated w cl oned proféin codi Ag sequence or prom)ters

from17  het ef%@gafé §QEEB§§da§1BQ”B yasidbewiehenf YRt pebakssnsthe
.chosen host. het er ol ogous pronoters are the E. coli tac

and trc prmntefstigh%' usggkthabf £H85%, pE8cessBagi hhisssabti Kos SacB
pronoter and signal sequence (Wng, 1989), aoxl and aox2 20 from Pi chia
pastoris (Ellis einaludes98%k camﬂaﬁtﬁeats seetispiyf stapkedober fipom 21
Brassi ca napus or Arabidopsis thaliana (van Rooijen and Ml oney, 1994).
Pronot er 22 sethet beherrs aHsasddpéndéhesepoomphrtoentscaref Vagiensy and
| evel of peptide or 23 protein production. Inducible promoters such tac
and aoxl are oft eprenpsejeg deviges suchepst s Uﬁéh&PBCSPW9°Fh§ﬂea§e t he

| evel of protein expression. Overexpression of 25 otelns ng% % X
harnful to the hoseséétl§Oa@6ﬁ§eéﬁgh99y41ho§tdegﬁﬂogﬁ eYdy e 26 Pk

limted. The use of inducible prom)ter sy aI I vvs ost cel. I e
cul tivatedl®7 wgaéeéfetc&ﬁl 85derd8irt fas zﬁv nd&éﬁaé’ﬁ-“& ‘% s 32

t her eb | { at duct Lds. J
P en oo ngeigaﬁe ; %0 189 530530t S4%1 AR &33’#05‘%%1% def"l%e34~
| t , ter 30
oo e Ibgsl ! o S ek Y Wlie SRS e S o

| ocus 31 pr onot t com artment of thk3
WO 97/ 48812 d&%ice 31 is housed in the lowermost comp

PCT/ CA97/ 00414 Lyacked stru\éékrdxféus 301803 tHeIueRERS tiRMtEe Hinrd e atiei ng
to the present invention. A si gnal sequence whi ch is honol ogous to
the proteiggcodi neo%qu%\h%e@e 323 33,exhecssi@sion Mewived.34 and the
Alternatively, a signal "'sequence which has been sel ected 4 or designed

for inproved secrgakihg Mdviteax 35S Sic0areosttackedaliso thdsussileron the
exanple, B. subtifis sacB signal sequence for secretion in B. subtilis, the
6 Sacchar ony ced oweramdst awmpariiend .f adwemsderPwipslaws iXladial 36a are

phosphat ase phol 7 Si gnal sequences for P. pastoris secretion may be .
used. A signal sedwemed vint fthe front madd @égle@éﬂbfom(ﬁhﬁsfﬂgfqmi’acwqr&?sget
| ocus may be required if the protein coding sequence i s to be

| nt egrated througlsugh dﬂ’e’g}‘aﬁh%éﬁﬁe@ﬁ é‘l/é’ﬁ‘tn bﬁwé’—rﬁ r 1]!5"0 nd AR may
be joined directly throu t he sequence encqdin na

pepti dase &bPeavag®udi taf %‘qsﬁe%“tﬂ"’é‘i 2’@' 5&@1&%&5‘*‘9 Siad, r%h a short

12 nucl eoti de brldge cons aII e

El enents for enhafM&acitd é ﬁﬁ )éd?‘?\,% Jé}éc’% jvflﬁx

transl ati on have been i entlfl ed for e kar ot| RIS fs@%‘pl[_ éé%fdé{_g’rm

For 15 exanpl e, postty dithy THE T&RUTHD nosai ¢ VI rus
pronoter 1000 bp on either



16 side of a heterol ogous promoter may el evate transcriptional |evels by

10- to 400-fold. 17 = The expression construct should also include the
appropriate translational initiation 18 sequences. Modification of the
expression construct to include the Kozak consensus- 19 sequence for
proper translational initiation may increasegthe |evel of translation by
20 10 fold. 21 El ements to~enfance purif.ication of the
protein may al so be included in the 22 expressi on construct. The
product of ol eosin gene fusions is a hybrid protein 23 contai ning the

ol eosi n gene joi nege ! p tppegeost photdet 37a; nirntesmediptefhalderpddPein 24
retains the |ipophilic properties of oleosins and is incorporated in the
oi | body 25 reendr borearioat Robi¢rndnd for ohbyectbyshpoldingcthei on with
the oil bodies may 26 be exgl oited to facilitate pug%i c%i op_of the
reconbi nant ol eostaféxsi¥n pEachiaf these bgldergodifendiRa ROFohBy, 1994).
28 A sel ection _marker is usual I%herrgl oyed thch gay bg gart of
the expression 2mpporbRdibyice @Fivind mechanismi (net §howple 284 4§ the
expression vector), so that_the 30 rker_pay_inie e i
different from t Helidaelerainpg, @sP’?‘S?rg_ﬁgF%r ﬁgai ﬁﬂcf}f gﬁ%& tﬁ&fﬁeﬁh%g?rs
cells with the reconbingnt DNA ppol ecul e f el i { N 32
dardoniTkchevaRg spafabl Ela BhckiaFR A PhER

through the use ArSet® €S 0 ese are markers t hat

confer is &t VO
- . t 7d orted by a

97/ 48812 an X-Y plane. The base plate 37d is slpp Eed, CX\97/ 00414

L esistance t9.2piLhh OkhGt( 9p0conhbatants! 8 1eftohanhanionagpi ant,in
for E. coli host cells, 2 nptl |l confers kananycin resistance to B.
napus cells) or tpphgspeili hol/BB1808h hOzghRYs direce@fiofi.ni Faktheduthee. 9.,
H S4 enables P. pastoris GS115 His to growin the. 4 = absence of

hi stidine);g The sgheat abhemeehkaisw B hsveuppsreed byaasewipgi meehaaidm 5
translational initiation and term nation regulatory regions to allow for

i ndependent 6  (gp¥prehswn) sb bbetoabkeswinebdeanbobitothe vestiradce is
enpl oyed as a marker, the 7 concentration of the antibiotic for
selection will vaskafiep88di ng upon the antibiotic, 8 general |y rangi ng
from10 to 600 pg of the antibiotic/n of nedium 9 - The -
expressi on construct i gnathenisiesdnsy prosesging pRdtn 40cdhs F&sdisto DNA
techni ques. Restriction enzyne digestion and ligation are the basic _steps
11 - enpl oyed t ocpstangndeviggndit §sohopred ?Heté‘ﬁdé-oc‘ﬂerﬂ?é%Dﬂﬂmﬂa& Tent
may require- 12 - nodification prior to ligation and this c1be4

acconpl i sht® by fmeptngfi khey StRgked Strycturgy) as ﬁg“’%‘r d-i“nng?i Bortions of .
the fragnent(s) with nucleases (e.q.. . Exolli)., si o di -
nut agenesi s, and ﬁglﬁpng cggg)g\ra%\em:sbgmtuﬁé oltgl‘r%ercég)el la?gid:]e%?'tg%%t 20 15
(PCR). Polylinkerg.,and ,adaptr.s e fag |Jd T of '
select 16 fraaﬁéntqé.’ ?ﬁ’goé:%ﬁ??sé%‘ﬁg'ﬁ c%%%g%é%%c?%i'sqt%ygfg}sﬁftggge% ed in

stages enploying ,§¢. o qunds %fgxer QY iids?" c Iripditnhtand Tiraaiear Mat i on

of E. coli There aré nuirerous cloning vectors avail able for
construction of 43 oReWESAIL kS UbY 2@ fRRthedIan the fxoard Mallaof fesicle

is not critical to this invention. The selection of cloning vector will 20
be influenggd by bife 3R IdonifHimeaits &is SHosal €t fRIG . 3 reodietthat dfhe he
expression 21- contruct into the host cell. At the end of each stage,
the resul ting congiarfedts maydie B2 tramefary dedtdand dtakean iant. diAghasfience,
hybri di zati on and PCR anal yses. 23 : . The expression construct may
be transformed i nconprtreitsadyt Hthelspdong Main azme macharam fct, vdidler
|l inear or circular, or may be renoved fromthe cloning vector 25 and
used as i s or intrsdsedestentlal elequaly teedihe figed qain Sy peghanism
facilitates 26 t he i ntroduction and mai nt enance of, fhe expression

construct in the $dedhapumsithese trangiex pundgis &df &LithR construct is
i ntroduced into the host cells by enpl oyin 28 . . of gene
transfer s$8tems (e.g. AnRt¥ftT %?ﬁbe?%%?e‘%‘ g:{:]\e/n’r%aﬂnile%gsgal%%{l% %ra
transformation, prqQtoplast, transformtion, electro 100, .piglisigdc 30
transformation, t r"'i}%fge’c’fﬁorﬁn‘grs%%?ﬁ‘{]d%%rbrﬂ?m ﬁeeag{etﬁ}éé T a:in.}s)f“:{(;}{rdl :{/151 em

igl ected 31 d'e&esgﬁdfn t{géa P?Sfofeédﬁpﬂ@iﬁ’ge(%l% wYBLER i'sseéjrrar;ged

PCT/ CA97/ 00414 1 For instance, the expression construct can be
introduced into P. pastoris cells




2 "by protoplast transformation or el ectroporation. Electroporation of P.
pastoris is 3 easily acconplished and yi el ds transformation
efficiencies conparable to spheroplast 4  transformation. P. pastors
cells are washed with sterile water and resuspended in 5 a | ow
conductivity solution (e.g., 1 M sorbitol_soiytign). A hi gh vol tage shock
applied 6 to the cell suspension creates transient pores in the cell
menbr ane t hrough which 7 the transform ng DNA (e.g., expression
construct) enters the cells. The expression 8 construct is stably

mai nt ai ned by i nteyrehe owppehrsughacenef otbeisfizebnehayi 8ACtioN 1linto the
aoxl (al cohol oxidase) locus. 10 Alternativel¥, an expressi on
construct, conpriBineetsepporBing opbrerlinBroigct upyghd §8&u§ﬁ8eWB§§Fably
linked to the protein coding sequence, is carried on 12 puBl 10, a

pl asmi d capabl e dtableohdnbos| supepriing; ke vakerstntilis cells. The 13
resulting plasmd construct is_Introduced into B, suhtilis cells b
transformation. 14 IBaEhPIB§l§ﬂbPFPF§SEéPFSuHé§e$ i EQFuﬁgWeﬁﬁﬁ%e ence
when grown under nutrienf_ poor, 15 .copditions, Lo.a_thi
exanpl e, Brlass/ cadP%pee é%l?§ Q?Es??ahgfgﬂﬁeaggérﬂg%gbggggffﬁﬁkﬁtl?E the

nmedi ated transforoption, T ssi on u hS e s khary
Vector 18 - capRRREReR PERRFERFSE, RReRr Fhoer SRpartREnie RoRRingt ehene
into plant cell s-cggfin§9devigg§ug§i n 3C0$_U,U3hdi £hbr aKidgTAdvies A5,
t umef aci ens cel | s carryrng an attenbafed Ti " 20 or "hel per plasm d".
Wien |eaf disks agg Lpbegkadistt int Eﬁi%e?QH@rné_ﬂt the 1ld¥ermostneonpagits

cells, the expresSron construct Is transferred into B. napus |leaf cells by
22 . conjugal mogihtzat reAngketh@ihiBaBY 51acter 56upaeesiformedndn kwhie. The

expression 23 construct integrates at randominto the plant cell
genonme.  2¢y front Wa3l o€l bachadfyithgstheomppréseinds cmedt that (i.e:,
transforned cells) are 25 identified through the use of the sel ectable

mar ker ‘carried bythbewafpres¥i can Bé traoefietr dotooandedakemnment of
presence of the gene of interest confirned by a variety 27 of,

t echni ques i ncl udthgskybompar&meots bERF@n&{éﬁﬁi padnegrmmechanism 57 ,pe
transformant mcrobial cells may be grown by a variety of techniques 29

i ncl udi ng bat ch awhisbnﬁ-isnﬁmtﬁ@ftﬂcégtl&t eaMadn to dlved fdtrsstema-lé’o%ﬁ‘ medi a.

30 Transforned cel I's are _propagated under conditions .optim zed for
maxi mal product - Bechanigmcddy thrpygh Ph&Fe: ErFNS Mpci?é'sdégrsattlocaslay

i ncreased by mani pul ati_ng of 3 cul tivation paraneters suc

t enper at urbg ‘pH, aerat i%ﬁ,e%fﬂizr@c}iaé’ S&HTSR iqo‘ln."s Fil€dpdéd) Between

16 : W97/ 48812 C 1 s .

PCT/ CA97/ 00414  the segopd angy fhizd madn arm mechanisms 47 qnd o7- . h
conditions for regonbi s : eSS st &Rl id 108} ey deesul t
in culture bi orras@ggn(?%%r%%'[&;i)‘%ﬁﬁyels%gt&o?qgé 3' (wet 3 . \Alé%ht of

cell's/L and 5 g of pin$qI Rl ¢ 13! Gletlion QARECIYPLR M idLME O e fet i Ons of
4 a protease i nftl‘i itor (e.g.,” phenyl nethyl sul'fonyl fluoride or -
pepstatin) may betgple 18THAY efhgpdritadidt & HY ey W sifatrtenged on the
over - expressed peptide or protein. 6 Al ternatively, protease deficient
host cel | sggay beupmeirowed flard euahesetidnd natlay Bectdoyrktiat iRkB®f t he
desired protein. ' After selection and screeni nf%@t ransf or ned

plantcel | s can be thagenengiped-tiintg pihs - 16nmpatcs g tampwaird methge wafRs of
transgeni ¢ plants devel oped and cultivated using 10 known met hods. As
used herein, "transadde d5lfon suppsinidaw thhehsthig®e Yl ants, plant 11

ti ssues and plant cells. 12 Fol | ow ng fernentation,

t he .
microbial cells may be Thenresist @ragrssing wysten 11efobR GORATERTERLGE
processes such as centrjt{etquati on and filtratj on.e%c;&i he desired. 14 11
product is secret &@sGyi ROV 1S ARSF &4 &% MEnt ST LT H Y he

case of 15 intracel lular producti.on, the cell.s ar ves t he
product reRBased HPS dfﬁ’il}'?l?% e takey ICQR-[ rﬁiutg)het%es%%%ﬁyfgc%??%ﬁﬂg |
mechani cal forces,_ultrasqund, enzynes, h;{n o dhQkahi G
pressure. Product i &t S&ﬁo'larfg‘bl% arb’rso'@uc ’ %%ht%% %E}é%?s iQn hyper- 18
expressing E. coli_syster C Yseth cidi PLRSHEL tREM sha ERL BON.
The 19 productf.li%scsﬁ u"ga:;iorhsﬂ(}%&ﬁ%e ex grr{'<glc:§7gdi"if'r%)‘?n"tngtilsrupt ed cells by .
centrifugation and 20 contam nating proteins may be. renoved by washing
with a buffer containing |ow - 21 concentrations of a denaturant (e.g.,
0.5to 6 Murea, 0.1 to 1% sodi um dodecyl 22 sulfate or 0.5 to 4.0 M
guani di ne-HCl ). The washed inclusions nay be solubilized 23 in :
solutions containing 6 to 8 Murea, 1 to 2% sodi um dodecyl.- sulfate or 4 to
6 M 24 guani di ne-HCl . Sol ubi I'i zed product can be renatured by slowy

oy ~ .



31 ' If necessary, various methods for purifying the product, from

m crobi al, 32 fermentation and plant extracts, may be enpl oyed. These
i nclude precipitation (e.g., ' _
17 WO 97/48812

PCT/ CA97/ 00414 1 ammoni um sul'fate preci p'#ati_on), chr omat ogr aphy (gel
filtration, ion exchange, affinity 2 Tiqurd chromat ography),
ultrafiltration, electrophoresis,. solvent-solvent extraction 3 (e.qg.,
acetone precipitation), conbinations thereof, or the like. 4

or a portion of tdwdmatobhal samétuins, athe phahdsrnporbéonsed &heectly in
5 applications requiring the action of phytase. Various fornulations of
the crude or 6 meghanised3phis asevedebarbheohsarhy di¥6CkdoPreplfed. The
enzynes can be stabilized 7 t hrough the_addition of other proteins
(e.g., gelatin, skivesulk,pbheclywermoshechptder 87c aﬁeﬁhg%é.rﬁ.t, Mg Pcer ol ,
pol yet hyl ene glycol, reducing agents and al dehydeg). Enzyme 9 . h '
suspensi ons can barmonreehanisid _ze’:ﬁ.‘,‘mYﬁﬂgéﬁFY’éFaf POWAF| [E0r ZECEAY S0t i ed

(spray and 10 drumdrying, lyopbhiljzatjon) and fornulated as,|i_gui ds,
powders, grhnul esWwafeFpsW f’i%m tx‘?ﬁ Eé?’él SPPoekY gﬁ&kag{%mt ?‘ridugﬁ r"?'gl\|t/\£/||'1'l.q§1
processes. Cel li agept C gelatin, .12 } : | l.ag goar,
pectin and carraglg%n'gﬂgﬁaﬁgagugéa. §1£§L mal;i arm ﬁ%%?l?%télr%m ?2nﬁ1§e"tﬁ@ve
dephosphoryl ati on, of _phytate. . ahaved 14 RNels2%e al one.
Phyt ases may not ﬁ%pﬁﬁ?p%o%%?‘gtngxf%g&f'gﬁeraﬁ%g- ?%cl)g%ét gl nfSS phosphat es.
For instance, an &, LigHuphBhytaserdgasibledoln tHeSwatehetiraeferlt
5,536, 156 (van Go%ﬂ%]{:g#. EQP ¥&?‘§sﬁ§§ July Zg, 1995) exhibits | ow orno
phosphatase 17  act iphjet #1288 RalinM4enl RRThagli st I o idvedragain
nyo-i nosi tol nono-phosphate. Addition 18 of anot her phosphat ase, such
as an aci dygphosphghagre kQagikeadraddibnvehiflet beinhd swuny esers ito/det i on
cont ai ni ng phytase will help dephosphorylate nyo-inositol 20 .
di - phosphate and pgsithesetoltontacephhepbampartient housing ther masitings
of the desired product may be used directly in applications 22
requiring the actdewict 31lphyhea, theuildwernost: halder R ds nayed
granul es may 23 be added directly to reaction m xtures, fernmentati.ons,
steeping grains, fiotwaird segas24o transfer the rafansabdiig e
adm nistered to animals in drinking water, in 25 __a nmjneral_ bloc as a
salt, or as a powdevages3dpitaxengh; §hge txgnstere ¥inday ¢ ter Et{}ffks or
mxed with a.ration. It nmay also be mixed w.th, sprayed,on or ll,eted wth
aSZH ﬁ'a tg%

27 ot het5f eed YREHARG AESAFHR oW thide D& & YRS Vtase .
gene with a 28 - suitable pr t er - enhancer_ se g [ r d
into an ani mal geW8&&*¥SoW ar%ngz%negﬁt\,& %&&ﬁ%@éﬁn anfg(;er gg;inego.‘? ‘?liésasue_
- (e.g. salivary gl ands ancreas or . . ERi- helg C ) LGh wepket e
the phytase enzymsiFfto e Im(%ci\%élé’tslmn;qf'tréfgfé,n’ﬁ&ﬂé vﬁfeér eby
elimnating the n for |t Of o FleTpecTer et} t@se. first main
18 %%&Bdg?‘/?i%%éqq{ L@ 200 P R 5 n By e
PCT/ CA97/ 00414 .l mechanisd 378 RoANWRH By iR o imdyiles asa Dérs He
present invention nay take the 7 formof "'m crobial feed Inocul ants.
Cul tures ohqNi Cr 0GHG}NILHE HIINRF Hcdviice IBH ificr thk baliyg asceasuemtas S.
rum nantium JY35 (AT-CC 55785), or reconbi nant 4 m cr oor gani sns
expressing a phytase erxfies the ddleimy drepieephyt the yafierar¥ arg taken
grown to high concentrations in fernenters and then harvested and
concentrated by oat ofdile iHalgatg alevimeBSyrkyl & yPRemest captder 37a
cryoprotective agents are then 7 - admixed with the cell concentrate.
The resul ting nixtour dntenmestiatey dydidam 1P fahAdie THUSt JpALR 280 Jigrhy
to preserve phytase activity by standard |yophilization procedures. 9
The freeze-dried adlamr¥ g afe tuhndranokased 1pte o?ﬁ?ac‘??#?'gﬂeﬁevme

product by such. 10 further steps as bl endi ng the cu“iure V\itH an #‘gert
carrier to2&8djust ¥heQE rdMyITPOF LR PUrPese . o ALkRY the cooling, \phe,

portion of the mcropial cultures and plants .as progduced .Lhe.prese 13
i nvention may be Y&PTH W xR %f°$$ﬁétF9%I %?g%’ggs%é)’y%%%u??iﬁ ?h%
action of a 14 phytase.. Such. appld cati ipclude _wit t b AL E 854087
t he manuf acture of193¥ﬁ)‘111%5t %’ﬁl%%’g(%‘}sc géj%ﬁ&ges |lr1%§?t%?m%h%gfghlg%e ang
inositol, production of feed ingredients and - -



1B teed additives for non-rumnants (e.g., swne, poultry, fish, pet

food), in human 17 - nutrition, and in other industries (soybean .and corn
processing, starch, and 18 fermentation) that involve feedstocks
cont ai ni ng phytate. Degradation of phytate 19 makes i norgani c phosphate
and chel ated netals available to animals and go m croorgani snms. The
action of phytase increases the quality, Valb and utility of feed 21

i ngredi ents and/or fernentation substrates that are high 1n phytate. The
action of 22 phytases can al so accel erate the steeping process and
separati on processesag3to benvphusflermetdhentet thel fingtokredsynsegsion 11
The- phyt ase genes of the present invention can be used in heterol ogous 25
hybri di zati on andswohyhbatsthehtranséerrednwatpesi Weare, suppested by the
i sol ation of 26 phyt ase encoding genes from other m_croorgani sns. The
exanpl es herei n asepgdwbiang7pinsph}3vayodectingsupyaren fxen 5%@ WRLBS way -
intended to limt the scope of the present 28 invention. Efforts have
been made to ensutabl@eldecuracy with respect to numbers 29 used (e.g.,
tenperature, pH, anounts) but the possibility of sone .experinmental .30 :
variance arfd devi ati ondNskbg @eFE FEERgnitheySespngomain arm mechanism 47
égT/CA97/00414 p{gig?ﬁésg % wafers W from the first relayE§§ﬁ6F8nlll 5

| sol ation of rum nal _bagteri 3 ' [ -
cannul at ed Hol st ePR 38mﬁﬂa§r§8ﬁfggt§geﬁﬁ §a§Fg§rP2§5?§ %mgm%%%ﬁggkfgﬁf]
bag. Fluid may al b s £.adr ; he _r N oW @At e40. 5
Under a suitable gﬁgeggﬁ%%ga#%ggg%%ggbyé38.?ﬁgoa%ggrggﬁ?rand fg()ﬁPg?rf?,

ten-fold serial a8iqor fhbUiealStoObobhgngURRRthidnd WO WadREsew ane
di stributed over the surtace of a solid 7 grow h medium (e.g., Scott

and Dehorify, 196p)ke@n@uth®Piheetedict coathaigededtice 81 by3ther spCohdr
18 to 72 h. Isolated colonies were picked with a sterile loop and the cells
9 were spread pueh hie mechaedsal 4f7r esld ,agdenyedinamstfenecdiodo $dieat ed
colonies. 10 The cells froma single colony were confirnmed by

mor phol ogi cal exapaRahigodetvdckl 46 foapthee bakinguteeatimante add tgar &he
cultured and stored in the Lethbridge Research 12 Centre ("LRC') culture
col l ection or usebaking soeatmentt erhemaafersci wney tokeiepry ©f the
material. 14 15 : . Exanpl.e 2 16

Screeni ng runi nal bekéngr deviige Jby bysdhacsepongd main agm m LS &dsays
18 Sanpl e solutions (culture, filtrates, cell suspensiagns, -

| ysates, whBhes opngy themsitnansderkes %t&nlé}e \ﬁ&”g“d'%%afgegvowfeo%qpﬁﬁrase

tivity by incubating 15Q f the 2 Lution wth 690 '
2ﬁbls;“r a%/e go: Ef?o%hlﬁg.%?ﬁgﬁﬂgg?;tr%e@%i“ﬁﬂ ehy%eﬁt@’ﬁ'sa:% Ifoclr\]ﬂ]\SM 'umqﬁw{égggiwat e
buffer, pH 5.0] f 3 i | t 37 C.T j jﬁﬁg
720 SrZ p[ err] } ogrrg%% ! %[uﬁ éf%agec{ol Slngggi%%“s}% \é@:eb? ort E(C)irﬂ?oésp atﬂ;g
et t ! _ tho
Subbaron (So00). ThEadEE T, of' % e AP WREHELNGE Of o de @dbe

Subbarow (1925) . prepa col'our reagent 1750 [err] of a
sol ution containi gg.54¢ ol -4 QMonP FENH Bt ion M Yt &Hdt a

5.5% (v/v) sulfuric acid solution and 1 volune of "a 2. 7% (wv) ferrous 26
sul fate sobytion) yyRs AR AP W herd RAfgcrtdd By reheanshpiter tirogl yritriso . 60f
27 phosphonol ybdat e was neasured spectrophotonetrically -at 700 nm
Results were 28 preogEeaiiay tupvwaixi afxban ckheyweefer ezl 1o ¢ h i nor gani ¢
phosphate. One unit ("Unit"™) 29 of phytase was defined as the anmount of
enzyne required to rel casetlome, prne etlofrdOnain i anom geechaphen phbtRri¢Fg err])
per mn under the assay conditions. 31 An_inproved phytase plate
assay was devel opeg whelwafiens fhtfepnt dthee sseond gplay ek tk Sused by
m crobi al acid production. Bacterial isolates were grown ' :

20 _ as\bo yepsEter these wafers W onto the second sub-arm
PCT/ CA97/ 00414 1 under anaerobi c cqnditions,on nmodified Scot t

Dehority (2565) agﬁphﬁﬂﬁﬁﬂn23' Then, the second sub-arm mechanism

puts these wafers W on the wafer table 24 of the

interface section 4. Further, a transfer mechanism



2 containing 5% (v/v) runen fluid, 1.8% (wv) agar and 2. 0% (W v) sodi um

phytate for 3 5 d at 39[err]C Colonies were washed fromthe agar
surface and the petri plates were 4 fl ooded with a 2% (w v) agueous
cobalt chloride solution. After a 5-min incubation -5 at room

tenperature the cobalt chloride solution was srepl aced wth a freshly 6
prepared sol ution containing equal vol unes a3 a B. 25% (w'v) aqueous

anmoni um 7 mol ybdat e sol ution and 0.42% (w v) ammoni um vanadat e
solution. Followng a 5- 8 m n i ncubation, the amoni um nol ybdate

sol uti on/ ammoni uNneaN atiiven 5 Pitkouprashe drafer efofeom atbe twafer atable
exam ned for zones of clearing. The effectiveness of this 10 ;

count er st ai ni ng 2dc andyuethen detrmars featedchey wafer W 1intp| bhet @XBPERHEP ng,
zones of 11 clearing were evident around col oni es of - phyt ase- produci ng
S. ruminantium JY¥erick? (not /Siesmsp 785 thel l%@htte&PﬂuﬁﬁoéHQPﬁ’ﬂeB?' bovi s -
grown on agar nediumcontaining 13 phytate (Figure, 1, Ieftﬁgetri :

plate). The fal s&fims tthe Fight-etpeseres i teatment; ngher brang acid

production by S. bows colonies were elimnated by counterstajning, {he
plates 155 wi mechanism ek i ol %‘l‘ﬁ'ﬂ%n?%ﬂﬁo?ﬁﬁdﬁ?t?ﬁmoﬂfluﬁf‘eanadat e

| uti 16 Fi 1 | ght tri, te). 17 .1 B. o t
2ctivity of rumi matdhcarie 28t Phe' iReitflce ddecln 4, il 35"
bacteria f t.he L | tur. | ' . },hed '
(Table 1. The ardorgies (Ehhrretena Stbrgah psBlnf sma 25 paekBC BT oy
Bryant and Burkey {dSelor % Blof"eRs PhofPaBEE Yal BracHRYaRtborateand

22 10% H err] ere was us to cultivate the m croorganisns in the

LRC cul ture 23 Cii 9Rq, PELRSCeS5h 888 B0t WBSwRERLOWTBALONtheo! at es
gr own anaer obi calﬁey #"80@ 4’ CI)[ err]) in Hungate tubes with 5 nL of

modi fied Seott and, Deforaix aBMi MEthdR65h 525 Theowaderi WgisYEawthprr unen
fluid, 0.2% (wv) glucose, 0.2% (W v) cellobiose and 0.3% 26 (W v)
starch. After 18 ¢gamdfériragubptthe shidd[malhCarmhmeehaslibm 67 datoutbe

supenmat ants 27 were assayed for phytase activity. Sel enononads were the
predom nant phyt adevePBpingpdedicer S1( 28&doufedhén, tbleattélsrﬁem‘-'@@eﬁééng
phytase activity, Table 1). Prevotella was 29 the only other genus from

which a signifi camituSBer Th pbei developingr devige 53¢ a deyederingd (11
phytase positive isolates out of 40 tested). A total of 29 cultyres with
31 subst ant i alsphytien ist appljedete raakeds registnoe thscraded ¥4 of

t he genus 32 Sel enompnas and 5 of the _genus Prevotell.a. Twelve of these
cultures (181 which is kept rotated, for the developing pjurpose.
WO 97/ 43812 -

. - PCT/ CAQ7/ 00414
1 Sel enor nonas and REpREy&hE AgVeIgPANg) HrEA SN Y & he (R |(—§-ns%% .
substantially higher 2 than.th t her. poshktl esd ®aki n
al | instances, therBhPEGRanARR; \§|t7t 3%/178 g%e§9; %Ih%re of%ﬁlyn%tﬁ y cei| . mgl
associated. 4 5, 6. v : t. AftertH®RXIng
Phyt ase activity g?vécéfeﬁgm%ﬁgstP&mbﬁngfPlgur%r\?$§glePATCC 557985) 8 A.g
Growt h and phyt as I ORKed third in B #&R HATAEKC 1570 s fiegsgr owt h
of S. rum nanti umﬁﬁgégﬂ%%‘éc 5%785)11:\/\@?&1_1_?0 exanm ned. S. rum nantium
JY35 (ATCG$5785) thaswikew walind®l ehe] eobl igneivi dellsals folrdl the widdl imgrl
of nodified Scott and Dehority broth (1965) containing 5% (v/v) rumnal 12
fluid. ‘Gowth (prghepbseqncarivedt ithe) copd iplayt ade adtind maircerm mecha-
associ ated) were 13 nonitored at Intervals over a 24-h tine period.
Maxi mal- growt h angdiphy5as e ratisifeirsy thed wafeaf WSontmithehtseaandy3aslayTcc
55785) were achieved 8-10 h after inoculation 15 = (Figure 2). Cell
growth was nirror sdchjonnddesseh ithaghthes wafey W tip sugported byg the
Local i zation of phytase activity 18 . . S. runjnantium JY35 (ATCC
55785) phyt ase acshPPoyrbiag ddns rﬁGnWQJ@%nglglea’g;e&ﬂﬁr&ﬂ I“iﬁfcf%ql
associated. Little Bhyt ase activity was detected in culture 20
supenat ant35and c&PPl@adPes. The phytase activity of S. ruminantium JY35

(ATCC 21 - 55785) was_ | ocal.i.zed by el ectron mcro S | bed by
Cheng and Costerton 2Xheny 1”5"73’39.8/ It%a%raerrﬁdp?/%@%@%s@y‘!ggéfﬁc%ugati on,
washed with buffer, enbedd i % 2 v _ i 14 %

gl ut ar al dehyde soM&t %&? ]M(?&d%%ﬂ oérhg‘}ﬁ xs(él%‘?%dr &% Lacxu%%%w j|'n %‘% (v/v)
gl ut ar al dehyde sol uti on. Sanples were washed five times with 25

cacodyl ate buffer (0.1 M pH 7.2 ) and treated with 2% (w v) osm um

tetroxi de, 26 washed five tinmes with cacodyl ate buffer, dehydrated in a
graded et hanol series, and 27 enbedded in Spurr's resin (J. B.. EM
Services Inc.). Utrathin sections were cut with 28 a Reichert nodel OM

U3 ultram crotome and stained with 2% (wv) uranyl acetate 29 and | ead

. ~ o - o I A2/ r—n a8 a1 - . ”~



31 Tncubated with substrate for reaction product deposition with

untreated -cells clearly 32 i ndi cated that the phytase activity was
-associated with the cell outer nenbrane : WO 97/ 48812

PCT/ CA97/ 00414 1 surfaces (Figure 3). Deposition of electron dense
material on the outer cell surfaces. 2 of treated cells was the result
of phytase activity (Figures 3A, B and O~ 14 -4 C. Phyt ase pH
optimum 5 : Initial determ nations of the pH opti numof the S

rum nantiumJY35 (ATCC 6 55785) phytase were conducted w th whole
celI's. Phytase aaipatidfenast ajli¢ vdfeww el onto the shppangéngfping 13 5.5

(Figure 4). A'second pH curve was generated with a MyCl[err 8 _cell
extract (Figure Projeattind npward Gron therwafgn tablerd2wenethashésstw ce
W th 9 ‘sterile distilled water, resuspended in 0.3 volunes of a 0.2 M

MJCl [err] aqueousreskdwitsestionoll. Furthexothke Hixsh BaLnagro BeeEle- The
solution was clarified by centrifugation and the 11 ,result&n extract
was used in phyt asksrasyhyeicksmp Hihe erater N cheomethe figstorely cover
the pH range; glycine (pH1.5 - 3.0), fornate (pH 3.0 - 4.0), acetate, (pH -
4.0 - 13% 5. F3eqitPR bk FoX ct¥rF Eer of gty waiexsW ln%?’ tﬁﬁh 58k

t t ti 16 Th t i f_t . 2

am nant i um 3v35 QTR gvEhanigh A% 1+ Oy r FhS FRESHICHE: hensst o
5.0 (0.1 M sadi tate buff i th 1118 . Th
anzyio et ai ned GArCRBSRTTtEs 1o vy PP chAFeS pBnarA meenfRtER 2R 1 o°

37 to S5[err] C (Figuresp). S%Qié%ybizghe raBesef L_%ﬁ%eg%f_?%?%r@g@néﬂl%t rate

concentration on phytase acti Vi of various ions

10 d subst ' i ' pui t
(10 MV and subs @E@gp{rﬁg%&(e%ﬁé@éw: %?,gem%ﬁe&eih drallBiyEamalaahevity

were determ ned a tate butrfer). Phytase 24
activity sti rgihgi¢d Pyehhen@debdh PP Shatadeplhralaker blf, whifers] wand
My[err], inhibited by fze[err], 25 Zn[err] and Mh and unaffected by
Co[err] and Ni[erate (kégerprddesdbe £hnfpsrabletubithdnethé systemcdntration
on phytase activity in a S rum nantiumJY35 (ATCC 55785) MyCl[err] 27

cell extract is presenfadthe prgoeesBng28y88em 1lFof thisl esdioglimgsitght 30
The nol ecul ar size of the phytase in S. rum nantum JY35 &ATCC 55785) was 31
det ermi ned by zyndgsenibed| gbove, Athenwhbeds cBnimmedinselyr addemytrpatr

rel eased 32 extract was mxed with 20 pL of sanple |oading buffer
(Laenm i, 1970) imemt in the solution processing type devices 31, 41, 31

1 T or Ghtube andre npremer iy bEansEepradedn A ¥oBY FIRF Cudddie BACR £ 5 |
o8 10% separ at | HRBERESBEing SEBRCURFLROR 485 3bacPd Sqe P2 SRumiBRd R
soak! ng the gel i RO 16 PRERGH: JnbsevREent in PRFRRRR-RE  CHASd SR Mee
0. 1 M'sodi um acet e bulf.er.(PH;3. AN of BnalwKEE! UC1PHE Bnht, the

activity was dete i ncubat ng r hihao. M sodi um

acetate buffer 7cogg{etaHr§s%tg§Ft 2bBEN9iRetP todbemaipdctica phame!l was

treated with the co oride and ammoni um nol ybdat e/ anmoni um
vanadat e sj@i ni NgaRLe8HMERL QuringetehnbBEerf 6F the Wafease makding dtsays in
Exanple 2. A single domnant activity 10 band, corresponding to a

nol ecul ar mass of papBEBIEMRbEPErEdrin0adbthblde Wwesistl processeimepd (FRmuUre
9). 12 13 . : _ Exanple 4 14 Cl oni ng
of a phytase genethplyAsihtemaSyl efiotrheamadnnamranmeghaIsy AGC 4715 57,
55785) 16 A | sol ation of phytase positive Escherichia coli clone 17
Genomi ¢ DNA | i br awhéshwése regepaedd thobeSdrivenndm ithe aeqtdans £f7385)

18 . according to published procedures (Hu et al., 1991; Sanbrook et al.,

1989) . X- and Z-axes and to be swingable about thg Z-axis,
25 is not driven in the Y-axis direction, the particle

generation from these main arm mechanisms can be

markedly suppressed, compared with the conventional



19 ‘Genomi ¢ DNA was extracted froma fresh overni ght culture of S.

rum nantium JY35 20 (ATCC 55785) using a nodification of the protocol
described by Priefer eta. (1984).. 21 S. rum nantium JY35 (ATCC 55785)
genoni c DNA was partially digested with Sau3A 22 - and gel purified to
produce DNA fragnents in the 2- to 10-kb ra-ngg. A genom ¢ 23 i brary was
constructed by ligating BanHl -di gested, dephosphoryl ated pUC18 with 24

'S. rum nantium JY35 (ATCC 55785) Sau3A genomic DNA fragments. Escherichia
25 coli DH5a conpetent cells (G bco BRL, M ssissauga, ON) were
transformed with hdbn28rm méchahism whichnils 6r6Quirednse ber dyiingn ABert s
were screened for phytase activity 27 (zones of clearing) on LB pr%yt ase
screeni ng agar (LEherdiarisldirestionuasphgiitas2gn ther FiPF@Ftép@ISI i

100 mM HEPES (pH 6.0 - 6.5), and 0.2 % CaCl[err] containing 2

anpicillin (100 [eam]igZﬁt;:esAapﬂytasbepé‘ﬂﬂﬁblﬁl aheug; phe %ﬁ?"ll?ol ated and
phyt ase 30 activity confirmed through enzyme assa Fi.gur.e 10 Very

hi gh level s of phytaseIt1shoudd; pdspybgenetedyihatn e(sr?égﬁucl}rﬂ 67 as
gZSOCI ated _%Mth tgse,v\glg%;&ggﬁ'gé\% l@bkf 41, 51 are positioned below

/ / I f I d
5. 5. E’ggL aomid, dbbeohahbatraating Pees®dpgitls 32 08 °Q%F?§Pc§r?f ¥t ng a
2. 7- Sau3A
rum nant ?Em JlYggert EC%§§7§§fu?)F| tP%QQi;hE”EB'lBQﬁBB b%c%%s%?@“%‘ﬁfe

/-kb | nséert

The S. rumnantiu CC,45578%) i elmﬁl
7 was confi rme %Iégouégérfébl gt5 ﬁ?f%r ?g?gg |hlﬁeé§%bdr<§gk et aL 989)

Genomi ¢ Emaemg@qtahﬁngper CESE LY lsm-é%f;S 4QARE; 331F%). amb a

di gest ed W|th was resolved on a 0.8% agarose gel .

Aftertrans{grto ZgbgupiQba weehean€ilhlof a(Bndfedm abdcnesses)an thee
hybri di zat1 on was perforned overni ght at high stringency 11 (2 x SSC,

65[err]C) with thgodtédkithagnbighf seabpdify2 | aneladed biiarh dilgoxdiapdring
(DG 12 DNA | abel ing and detection kit; Boehringer Mannhei m Canada
Ltd., Laval, PQ .dékéces332, B3qt 42wdhe S2sHdd inpluded in xthesbeatr oom'
terrperature 0.1% SDS for 5 mnutes 14 and twice 0.1 x SSC; Q. 1% SDS
for 20 minutes att&pedingCtypee deviceswere posditdpaed below aré}ﬁ)rltﬂlwdl%
the protocol provided with the DI G DNA Iabel i n% and, detectj.on Kit

(Boehri nger Mannhdemicgsad® LB38). 452746, 5 ﬂzﬁlﬁ) Qﬁ JfFea

14-kb H ndl | (Fi gure 11) and a 23-kb EcoRl data 1 }ot Sh% f ragnent
of genoni c1BNA and4eoMiithhdhe F&S Y e tRoF. efrtdi?r?@%t ex, Qf e hat, o

rum nantium JY35 (ATCC 55785) and.that a n .no OUs.

exi sts in the genSRET9 fQ égrk?oﬁoé'éltd‘f’"apfgﬁ%gﬁ&élﬂﬁﬁ%ogous to the 2.7 kb
21 - fragnment fr S.. r.umi.nant 35 ( ISteid ddBu-
genomes of S. 22 L3 r’l?mlﬁ’g%‘hbﬁ& ‘#Jqoeé% %5 % ii—% Qi ata not shown)

However restrictiqn fr t %‘%‘E t%p%n?e@ﬂ?:@syrﬂr phiTs gﬁ@tmﬂn@
co

rum nanti um HD86 éon fragments) and S. rum nanti um

HD{ err] (3-kb EcoR %Q!Ed'tfz%ﬁt%@%éia vice?B5, dtagmntihe The
| abel | ed 2. 7-kb frg‘gsﬁr{ent frompSrP.2 fai Ir‘edd to hybrld'lze wi th genomc 26

DNA i sol at gg fromdigau Qif'de?vﬁié 3@6/ @[th r] the amlsisHghmsedsaind whichium
NRRL 3135 ?data 27 not shown

25 1§N9éﬁgfﬁﬁﬁﬁzto temperatures can be performed satis-
PCT/ CA97/ 00414 1 Example 5 2

Char acteri zatilor_l @Fackedeirignonas rumi nantium phyt ase gene
Further, since the relay sections 11, 14 are
interposed between the adjacent ﬁain arm mechanisms 37
25 and 47 and between the adjacent main arm mechanisms 47
and 57, respectively; for facilitating the wafer

transfer, the wafers in each of the processing



3 A: Evi dence for the cloning of a phytase gene 4 : .
Escherichla coli DH5[err] conpetent cells (G bco BRL, M ssissauga, ON) were
5 transfornmed with plasm ds pUCL8 and pSrP.2. The resulting .
anpicillin-resistant 6 transformants were tested for phytase activity
on- LB phytase screening agar. Only 7 E cqei DH5[err] cells transforned
wth pSrP.2 produced clearing zones on LB phytase 8 screening agar. 9
10 B. Restriction and del etion analysis of pSrP.2 11 The
phyt ase gene was | ocalized on the 2.7-kb Sau3A insert by restriction, 12
endonucl ease and weitsi 3A,af8ly58scenubehsragsigrred sgpotddynigse &hey
1989). 13 Cells carrying plasm d pSrP. 2ASphl, constructed by the
del et{on of the 1adjrgeBfhproggssingr 3giinofy &liﬁepwt&tq%%p e
activity (Figure 12 and_Figure 13, Table 3). 15 6 : Z ram
analysiy 170 C %o APDSRSRELIELITiES SPTIRE Sy CRAGHMEI Ty
coli DH5[err] (pSrP.2 s 18 determ ned by .zynmogr l.%Si_S. e nL
of an over ni ght CEP?U{"@\%%&? P'r‘ang‘iué'(li G fg‘e I%Ie(}%' f%cg:-rgrﬁ_%&ﬁilér (?t%l?bgl The
cells were harvested b entri.f t.ion Ry, odi um
acet ate buf?er (pﬁfg% F%rﬁé &@Ilél%%ﬁg'l V&%‘%\%&?e%%ﬁégcﬁ'\grﬁfgf f%%eo ef:er L of 21
sanpl e | oadi ng buffe (-, ! t I i
boiling 22 wa grE g‘# %%mgtm%ﬁl% g?& (é'ﬁ?te%q'rr@su rtgiﬁnggj%coé\'lﬁﬁdej'xﬁfl%fﬂg V\tglree
resol ved by SDS-P + 100 panat i P RS M el & FA%-
st acki ng gel (Laeé |n %%&&e@grﬁlt%%f 333' 4?4 = \%?s“ sta??ebd for phytase
activity as descrihgdtny B¥AHY to3Ampiovie @R dMBIRIH-pRS as aaitiolid.y
band, corresponding to a nol ecul ar mass of approximately 37 kDa, was 26
observed (Figure 14, | ane the ohbsilinesiiodbisiy dedd vabgvéansholapratessing
observed for 27 E. coli DH5[err] (pSrP.2[err]Sphl) cells (Figure 14,
| ane B). 28029 uRit iBVAwRGI oMy and silntdforp facdesiing type devilge.
conpl ete sequence of the 2.7-kb insert of pSrP.2 was determ ned. 31
Sanpl es were prepHbeeviear, BH&hs guomess inglusits nay e gpanstandiests i ens 32
Model 373A DNA sequenci ng system (Applied Biosystens, Inc., M ssissauga,
include two or three solution progessing tyRer dgXicse

O\l) S
SSouRhet omea ol b S b L R B
W oar dserr] il BORSS B (e e o Y (g gD Biedhene
sequence diba vas TR R HAHEDVET Bl SRl e SR IR e
6 . Engi neering Co'ig:e dfdr %ﬁ%ﬂ% r%ezgendi_ng Soan'ﬁe SEOMENEE e t he

2.7-kb DNA insert 3a eterm ne ura anal ysis

identified an ope i SHEs ; diPid 0 2PRdrepPyes | appiiy the 9
Sphl site of the %J}%ﬁ%dgg%é\ I nséeﬂ?zhr?ﬁar ge eéhough to encolde the 37 kDa
phytase. 10  Phylase Afl it idoNesadt i #RIBLTamye deh ethagnbifbdb IEE t hr ough
to the end of the 2°7-kb 11 - Sau3A fragnent (pSrPr6, Table 3, Figure
13). This was acceifieahatt o nlOivMpidtesding tHGR devices bDicp8idd 2in
bounded by sequencing priner SrPr6 (CGG GAT GCT TCT 13 GCC AGTAT, SEQ
ID NO. 3 the revekirlr pidarEningfubipt 15Mhexe 18538)unaliity3of 1diffexrenhar d
primer (CGC CAG GGI' TTT CCC AGT CAC GAG into pCEM T (Pronega 15
Corp.). A PCR produdiutsidre | mracdpsinf siypd dsrices avenipelepgedrined gpedo
(bp 16 1232 to 1252, CGI CCA CGG AGICAC CCT AC) SEQ ID NQO .4 and M3
Reverse 17 pr ibedraniokcG e /pxe sSIMETAm KeA TAAFIhaRarkbRg oFaFRg
ORF2 plus 252 18 bp upstream of the Sphl cl eavage sitg rje_t al, hed phyt ase
activity (Tabl e 3ofrieaslk nmycesaing device aap R GBABESdnglePAHRY at? oA of
the S. rum natium phytase gene lgphle) is 20 shown in Figure 15. -
Transl ati on of ORAPALIRRF LHEXPR-PRtt he expression of a 346- 21 am no
(
a

acid polypeptide with dicted | ecyl ar. wel ght 39. 15).
22 The %isrst 31 res?%ﬁ(tég‘ r%n?y i%%ﬂ%#tjav%r kggégtg ‘g?g%‘ @égﬁéeﬁ%e,

FUroSLTD 20, e Al bE AR P00 ok ol paboi A (1

predicted the sig soé[%%'fﬁé 6RVa0UEnSthE FRSiowPng dBEEREPLYORCEET Ehe
before AlaJerr] O[E%??ro errj. %IE% was confirmed b? de?erm’ ni ng the N 26
term nal am no acid sequence of gel purified fromE. coli DH5a (pSrPf6)

culture 27 supernatant (Figure 15). The secreted mature protein has a
putative mass of 36.5 28 kDa. 29 A conpari son of the phyA
am no acid sequence with known protein 30 sequences fromthe MasDNASI S
SW SSPROT dat abase reveal ed no significant 31 simlarities to any

publ i shed sequences including Aspergillus niger phytase genes



32 bhyA and phyB. 27

WD 97/ 48812 . PCT/ CA97/ 00414
1 Exanpl e 6 2 3 Parti al
purification and characterization of phyA products expressed by E. coli.

4 - Cell free supernatants, prepared,from overnight cultures of E.

coli (pSrPf6), 5 were mxed 3:1 (v/V) V\Hh N[ err]-NTA agar ose
pre-equilibrated in 0.1 MTris (pH 7.9), 6 0.3 M NaCl buffer. The

m xture was incubated at roomtenperature for 0.5 h and 7 washed 3 x
with 0.1 M Tris ($étdnd)emBodikehh(l thaf bverlappiptypastiant withythas 8
eluted fromthe resin with 1 volume 0.1 M sodium acetate (pH 5.0), 0.3 M
NaCl . 9 Wienfiestl epbodamens- ps| gmiEyedm de gels stained with
Coomassie brilliant blue, 10 over 70% of the el uted protei,n for d 2
single 37-kDa protein Bsnéhompndgr E¥Gan§,1the rﬁsﬂéﬂ:npﬁpéﬂceéﬁ‘lw 845
sequence anal yses confirned that the 37-kDa_band correspgnded to the
- phyt ase encoded b§lt GemMPrafes BroFgfs ARt PHFrFﬁYQg Fﬂ?C@r?f‘slps' %5?85) phyA.

AR R e i
t1 coum NRRL 3135 Bﬁ?F§§§1(‘\9a nigs 70 &’b mgét f§?9‘ 95‘19’ fg’g'? %ﬁb

Hartingsvel dt et 199 d to
Exanple 7 19 20 fﬂl@% g%: ?é‘%% ufutﬁe7gél enérrgrqasarreur%rrfgtnlgt?m phvA gene

21 | sol at | apghC I; hhglg of30ph)46 f 5OMwRth wlrharatﬂmm JY35
(ATCC 22 55785 ggﬁa% es #};%‘é §rlg&;1 scal g productl on of protein PhyA in

any of a nunber of, aianlsﬁ{soﬁqwoﬁ'?ﬁ (878 inkEerposiedattheFebeitiden,s) or
eukaryotic (e.g., ?unga = Pichia, 24 Saccharonyces, Aspergilus,

Trchoder mej g pl ant yasBe2tivedy .ZegheSel prodeseingnumilits250, 80,000 taxge,

swi ne or fish) expreSsion systens using known nethods. Teachings for the 26
construction and ewpstaditialdly elywali dnEconsitiruckiopaticotine puetessingbus

are 27 provi ded below. Sim | ar approaches nmay be adopted for expression
of the S. 28 | rumﬂmnt:iﬂ;,m@%&ﬂ(,A‘f@@p@@t&E)elwhyt ase in other prokaryotic
and eukaryotic 29 organi sns. 30 31

28 WO O7Thesgupin arm mechanisms 37A, 47A, 57A interposed

PCT/ CA97/ 00414 1 A Cl oni na of the Sel enog&gi yum nati umapth in
an Escherichia cobetwssascithe progessing units, ofe &gy £ it (Fraup angd

An expression construct |s constructed in which the regi.on.encoding t e 4
mature PhydSis trihess of Jhs I%F%’Qe@’?ﬂ“t%aﬁ?es[ug’cswgﬁﬁ oéshi us et

al., 1985). 5 Th%rglrormt er sg:g,‘ enc%z* fréla%‘] l;neetcredqlasq&dﬁ ttppsaj-,from

other pronoters tf&"S expressmn’ in E col i

The expression CO%?srcli-Citbéds prrgvrj.%ql%ﬁ%gnsr{]r onj u%ct ‘qj.é'l t?lf‘él g1 expreSSI on

transformatlon on o

vect or emp THATREr é)icél:gmcuﬂa @{ee%alﬁ{' aﬁ&tﬁ&m& V4 he tac

or related prom)te dre ¢ rcially available. In this exanple the

construct w il be gnepajAd Midiude heatPiRadat dipipiades 37 RiTr 8 =
Bi otech I nc. (Uppsala, Sweden). The region of 12 phyA encodi ng the -

mat ure PhyAg(the mtdrdea::seeqﬁ@eb&s:dd Qi i aTe e luppertnes L holdergrada,
‘peptide) is anpli-fied with oligonucleotide priners MATE2Z (GC GAA TTC ATG 14

GCC AAG GCG CCG GAG £/AG AL ariSHMhd O ¥ rmed iaite Mgl dewerIde, Thib 157b,

ol i gonucl eotide MATE2 (SEQ ID NO. 5) was designed to contain a suitable
restriction 16 ragpeativekyterm nus to all ow di rect assenbly of the
anplified product with pKK223-3. 17 The region of g [TBHfled wth
MATE2 (SEQ ID NO. 5) ar®IGm36exempkifies how the secon

mechanism 47A is operated. As pointed out above, the
25 uppermost holder 47a is thermally insu}.ated from the
intermediate holder 47b by the heat insulating plate

471. The uppermost holder 47a is used exclusively for



18 di gested with EcoRl and Smal and ligated into simlarly cleaved

pKK223-3. 19 i Transformation of E. coli and PhyA expression 20
The pKK223-3::phyA ligation mx is used to transformconpetent E. coli .
cells. 21 Strains suitable for high 1evels of protein expression, such

as SGL3009, CA®26 or 22 CA®29 (carryi nggl acl on a plasmd such as
pREP4), are enployed. Transformed 23  cells are spread on LB agar
containing anpicillin (100 [err]g/nlL) and incubated 24 over ni ght at
37[err]C. Ampicillin-resistant colonies are screened for, the presence of
the 25  desiredrpsZesringoiehe veksrr Wednbp andr ouy of ﬁlﬁﬁAséﬁdﬁ:mn -

subj ecting the pDNA to 26 agarose gel el ectrqphoresig.and.r riction
anal ysis. Positi pEockssdag dypee deyicks, 437and |ﬂ‘a{r ag‘{nerﬁirkeeg’tgge/e%m and DNA

sequence anal ysis. 28 . pr essi of ,the S . rym i Y35
(ATCC 55785) phyhasd birheo intezmedi b b et 478 afid il qt%g'}sétfg‘ga%y |
growi ng the cells under vigorous aeratiqgn ifa 1the wakdahky e
i quid nmedi um (eh@.lfiﬁre‘ldr"g ALEM S iteéﬁc%“ﬁak’ﬁig’ eﬁ?pr 6‘?{%’% 31 |
antibiotic_selection untjl the tical. .densi 5. t@% Havicedefnegn 0.5
and 1.0. The 32 into,an5 SHkh eorfoﬁ-'s?.{el 2‘ t?gcegilbe;ax:&ﬁ ng. S

| sopropyl -[err]-Bthi Ct o8 O dife ardtd¥@lediate holder 47b is

29 a“‘{;\g%%‘%ssg@ %'Q&i')

PCT/ CA97/ 00414 SANCEN IR Ik iRy WReLdbsL amd €5 185 ,Thes cekithare
cultivated for ar?lélt? i3 onaql%]z to 2tﬂaj 4 h and harvested ‘i)y -
centrifugation. R4l € dipid S hTdd:s amnibenimeyl )l BHSEAGE theg cookiug
west ern biot/i munodet ection techni ques. The expressed PhyA may be 4
extracted by bregjdyitd#. 42446 canmd 8384 or nechani cal disruption) the E.
coli cells. 5 Protein inclusions of -PhyA may be harvested by
centrifugaigi on and sol absbj zehewl 6ad/uBload 1sest Lon, Ehsandhthepbnkayfgee
renoved by dialysis, electroelution or ultrafiltration: 7 _Theﬁghxt ase
activity of prepaseatbeh|6éxaraceslaxgedeinsthy ceesistt BRASPES HREhBHE Mg
described in Exanple 2. 9 10 B. C oni nlgboé.thetSekegﬁnDnaé ent

runi nati um phyA &l sactendingate ohke -sQgeRd fpRbgdiment o CeRPTESSIon

" agi o encodi ng_ tHevamtionm: BF oIphpevs Eirhrthe FRREPE, PYEEERe L, o "¢

secretion signal sequenc found on_ 14 P S 1.0
(Pi chi a_Expr asoi RYRFEM| ALt PRERLER REAGAPSIIAVE: FagasE, BuRBeE DL Rarats

San Diego, CA) in_order to, express r Yo papiLu gk as@caesaih
secreted prbduct . WTRET pPFBAbt ﬁgmghdcéﬁg?g??oﬁ%?gﬁg% ggggeﬁcgsorrag :bLeg

replaced 17 by_th tr €k; b&ikBat.provide for efficient
RER 1" 81 2hBCE1PLENBRE

expression in Pi cFY 3 expression construct is introduced into P.
pastoris cells by trangheigmali @hg $9collectively shonsla uelsict girddess™

gastoris expression vector 20 A nunber of P. pastors expression
vectors based on {h §g§lteﬁr QiDEekbrafifdg2to al ehikd EBabbdimentpled] tdiegnal.
sequences -are commerclially available. In this exanple the 22 " construct

will be prepared yrbBepll Cavavnaiioahl eIfr tiel following desgaiption cfhe 23
regi on of phyA encoding the mature PhyA is anplified with ol igonucl eothi de
primers 2499 MATEnEGEhGAA BRBoGIMeALG GBS CEErd&ABPERG ROFtASEOWiSMGNS)
and 25 ML3 Reverse. The oligo MATE (SEQ I D NO. 6) was designed to
contain a suitabl €i26t andestecond embodiaeatsi is CBHYRL to al | ow direct
assenbly of the anplified product with 27 Pl C9. .The region of

anplified with MATE (SB@ |1show® @) Bt M3 thel, a8 stg PrOg sd’l‘ng‘issf}ggyé\?\n"th
EcoRl and ligated into sinmlarly cleaved pPl C9. 29 [des it
Transformati on of 1A ofadh& i"é“d')rg’d qﬂﬁﬂ?ﬂ L SO 155 proCéémm‘ll'ﬁlem' S

pPlI C9: : phyA ligation mx is ed tp transf.qQr RS idns P} | DPaBl
cell's. Transformed%e | %gﬁbraé‘fg tg‘r? E‘Elg.‘g;grﬁrgont arlgrﬁlng anpici115n (100
pg/ m.) 32 and incubaf.ed. overni ght er L EIddi ¢ rFo Steor

col oni es aP@ scre&ﬁ’e(ﬁ“ﬁ%&’t% eacqp Ofatth%Jee [fx]&e ¢ ) ’

30 ' 97/ 488 with b-arm mechanism 99. The sub-
PCT/ CA97/ CD414 'f’o\%)lpsr'ees n eoc* v%Jhe daessiur ed‘-=l pPlI C9: : phyA construct by :
extracting pDNA a%qi;é%&&?éﬁmn P9 is (RN s Fgpre@ealeto etiestanphor esi s -
and restriction analysis. Positive clones are 3 further characterized
by PCR and DNA sequence analysis. Plasm d DNA is



4’ prepared froma 1 L culture of an E. coli clone carrying the desired
pPl C9: : phyA 5 construct. The pDNA is digested with Bg/ll and anal yzed
by agarose gel 6 el ectrophoresis to confirmconplete digestion of the
vector. The digested pDNAis 7 extracted wi th phenol : chl orof orm

et hanol precipitated and resuspended in s_t_er]ilge _8 distilled H20 to a
final concentration of 1 [err]g/nL. In preparation for transformation, 9
P. pastorisGSl 15 or KM/l cells are grown for 24 h at 30[err]C in YPD
broth. Cells from 10 100 pL of culture are harvested by centrifugation
and resuspended imedhénpsmoforlthe wafenstvanafeon whirdr igodisgilpsed ing. 1
Mdithiothreitol, 45% pol yethylene glycol 4000) 12 containing 10 pg
sal non sper m DNA tngl. 1Batent]|§oof 5, pABabffed PPPEIfipmAY ThEe FRb-arm

m xture is incubated for 1 h at 37[err]C, spread on_P. toris, mninal
agar medi um and mechanig@uBl: eempsisest en5uape€oheﬁﬂ€§p§§8m¥& 8nriPﬁ’§r

m ni mal agar nmedium are streaked (15 | for pur8i tg and 3_?als\ézegl fl%r t he
presence of the iPeEdent 28Ppnya BYOWRRIANEIC1ES, 95 ASpPortoraer

hybri di zation. 17 , . Expression of the_S. 1.nanti .ATCC
55785) phythse bydriging ’f‘?ﬁhg%gﬂezn 8 ﬁﬁgf'&)i §°Eeh%?1'|zsq{tggl%@§vé§ i ng
the cells at 30[e C upder, vig us 9__, ae ;.0 ﬁ;@t e chihivd
medi um (e. g. buf féﬁ%ﬁecgﬂsflg?‘g%gérgpﬂ)n%aldu%] g?(::flﬁ g‘s i3 éﬁ'/@% Slﬁlr?tq’:fﬂ) a .
culture optical dgpsi : =S earhegds The 21
cells are har vestggéa{r%r%géagggnggvéga[aﬁh e?lrg]lag;églsogais'n %?i ng\t?ci ng
medium (e.g., 22 e C | ex a i s BYYY)arn @ 9 @gbat ed
for a further 3 t%Pgaggi}g Egglél ?m@lél'g%g%d%ggl Fﬁ?,?'ruééeﬂ cul ture supernat ant
are col | ected and¢ReokfbhDaghPmeshaARsS 9924erveTd taietrs far Aty Wafaasay,
SDS- PAGE, and western blot/inmunodetection 25 techni ques. 26 27 C
C oni ng of1d he SefgBenaAdsoutnbifathemhphyAtireat ifigc tiypepakvirdes -4 2Ppdoi fic
28 expression construct - A'Further Exanple 29 An
expressi on constrash alomenstructed in which the region encoding the 30
mature PhyA is translationally fused with the secretion signal_ sequences
found on 31 P. past Grassdepr md@rwwé@twa(e.iié'iﬁ%hi&ﬁﬁﬁ%s%ﬁ%n Ki t

I nstruction Manual, 32 I nvi trogen Corporation, San Di e%(l), CA) i.n order
to express the S. fpumedathrowgh the front walls of the compartments

31 W97/ 48812 _ ) . : & '
PCT/ CA97/ 00414  gonstifpting ihe, Procestdddhiddtd 40%e HtmdW - adidke-

secretion signal sequences y 2. be repl d t e f n

pronot ers that pr¥¥rEe FGP“g%ﬁrciwéﬁfi%’fprég’sT‘%c%ﬁ"i %%'%'Piéc%nagw%ree
expression construyct is introduced |nto,P t .
t ransf or mati on. Srmed t?‘rouig&ll %%o%&%rk ug‘ﬁqg% %fgt rg%é. %p"?s{qaoﬁnéents

expressi on vect OrWhgn..it comes @ogur&?;egafleqa%ﬁigﬂ:@d@é@ﬁﬂ QthMEe 0N S

based on the aoxl "pronmdters and -Factor “or si gnal sequences are

commercial ly avai I j I GGty tdekpicedss 7K eppzed
with pPICZ[err] A lzli:\?}%i ?8&%#@%%%?3&*&*9‘&%@%% on. The 9 'reegi o’g of
phyA encodi ng the4uat 4nd RheAHaEkifg deva desptdsle, SEBA otwithidiol doai sigac kel
removal of the signal peptide) was anplified with oligonucleotide priners
MATE (CC 34 GAA The ©eE iAAGEEE ifgEdeAG 0@A\@ AC £ pivhGled )withl thie 3
Reverse. 12 The oligo MATE (SEQ ID NO. 6) was designed to contain an
EcoRl restrictionwaifexr tkansfexd witslower fidaus 438 al4 b dtSct46a skamnsd of
the anplified product with pPlCZaA. The 14 region of phyA anplified with
MATE (SEQ 1D NO. &hramghViheRdinarde wadsl i fpesingl the mainj 3pm mefhaniim
ligated into simlarly cleaved pPl CZXA. 16 Lo Trapsforpation
of P. pastors 1747A and withhd&hspweadex taansfenrindews x4 s Eitéd '

transform conpetent E. coli_ 18 DH5a cell s. med cells were

E Tr.ansf
spread on LB agar 45bnt 46k dponestithyongh the bagk rﬂ’ﬁfgﬂd i ncubat ed -
overnight at 37[err]C _Zeocin resistant gcoloniges. wer C . for
the presenéé of the desht &Frbﬁ%ea}r W%%%ﬂﬁh%f?%c% %§€§§§r13%$¥1%%l%%m
and 21 = subjecti the DDNA tQ EUEIR alectr r&si fh@Nfesist
restriction anal y#g:. Sﬁ?ﬁityllvn«,g Vi ccﬁsgsn%?lweﬁlé u&?'F er  charact esrjl'szed by
PCR and DNA sequenge Mhlvicd 85 d¥eq IV GLRSLRARPEREIcHEDIMG 1 L
culture of an E c%é%}tqgfdo)r%‘ilaﬁé:yﬁgthe deesi red 24 pPl CZaA: : phy
construct. The pDNA is digested with Bg/ll and anal yzed by 25 agar ose
gel electrophoresis to confirmconplete digestion of the vector. The 26
di gested pDNA was extracted with phenol:chloroform ethanol precipitated
and 27 resuspended in sterile distilled H20 to a final concentration of
1 [err]g/pL. 28 In preparation for transformation, 50 nL of YPD
broth were inoculated with P. 29 - pastors GS115 cells and incubated at

~ o 1l NI/ IR A I 'l 4 a1 S



32 WO 97/ 48812 - |
PCT/ CA97/ 00414 1 i ncubated at 28[err]C and 250 RPM until the culture

OD[err], reached approximately 1.2 2 (- 6 h). The yeast cells from 20
m of fresh culture were harvest by centrifugation, 3 washed once with

and resuspended in 1 nL of roomtenperature MM Tris, 1 nM 4 EDTA,
0.1 MLIO, 0.1 Mdithiothreitol buffer (pH“.4)"T After a 1 h incubation at
30[err]C, 5 the cell suspension was washed once with 1 nL ice cold
water and once with 1 nL 6 ice cold 1 Msorbitol. The cells were -
resuspended i n 1Gvite |dr afhe deeatnint Idéwioe bi t bh view oft shebtain cel |
concentrations approaching 10[err] cells/nm). Li neari zed 8 '

pPI CZ[ err] A: : phy Abdr% tanlldx [sitlapioms vhaefiromt wablsepf] Ehef ceBpPREL-

| oaded into prechilled 9 el ectroporation cuvettes (0.2 cm =

inter-el ectrode dientmdiyusing i thereeling devices 428, 433..{i4A And; fhe
voltage pulse (1.5 kV, 25 [err]F,_200 Ohns) was_ag l.i ed ho he _cuv ttel 11
with a Bio-Rad Ghaking <eYi6e5 43hmetfRiarg 2bipBRANYLE etbﬁl front wplls
ice cold 1M 12 sorbitol was addeﬁi to, the ﬁuvette Y-E’“i 8h was i ncug tgg
subsequent By for of the agmpartment hqysing the THEAEF,FOREEY,FEXY %1 to
200 [err]L per plate), on YPD agar nedi.um.- 14 t al.nl.ng Is 00

pg/ m.) and i ncubaﬂtrédt)‘lf%rp’io‘f%s “aga?Y%g%n r%ﬁ‘(?fcgﬁgn?ggkgr gvg\\ngg’glﬁfé%' - on :
t he sel ective medium wer ke o) i I d r, t pr nce
of 16  the intHyr %A@%gp‘%/%&%ﬂ/ %%ﬁ%#%?ééoﬁ? Celraﬁgb%ts’hffg?i'd? B A%

17 i i chi t QLI i : ' ioldMud ¥35
Phyt ase gene 18 4&‘ £of PR&EQ%?@%@?’(@%QE? ﬁﬂ%@% Erﬁﬁ%gngrkl%r&%q Y35 phyt ase

by transforned P-t-yp%S{Péﬁéfe:}%indﬁﬁl 4 $aBsrt ERECEoRpattaeinty houaisiotmed
cells grown overnight 1n buffered conplex 20 gl ycerol nmedium (e.g.,

buf fered cqmpl ex Gby£et ObolEThy e BMy, 4Pl chhg BXxpeeaditgna Zree sifiace is

I nstruction Manual) at 28[err]-C and 250 RPM and transferring theminto

i nducing 22 neEbviiéa. gbovbuther eds istpteatimghdeviiceedilumndBieindrhe
cells harvested 23 fromthe BMGY nedi um were washed once with BMW

nmedi um r esuspendelle i compdrtmeBMvhous aingOther cpodfing. demigeisndfdat ddMror a
further 3 to 5 days at 28[err]C and 250 25 RPM_ Met hanol (0. 005

vol unmes) was addedidBvang thenhbakiéngsdewiices| f5fred68y| t Jie thes resist
supernatants were coll ected and assayed for phytase activity.

Si xteen P. past orRr@Peegiagr pRStRRTEA: PANEREr KRALS \ﬁ@\%é’ ﬁé’re tRase

28 activity following 96 _h growih in BMW nedi e _nmost_acti
transformek, 29arm ﬁﬁﬁ%ﬁ“&?ﬁnggl??‘ %gaggﬁgcﬁé‘dl{l‘%’r 1;:J%L?re[ IS ﬁ‘@y\é%d(} owth .

" and phytase production by 30 storis pR A NV / and a
negaltoi ze cl olrcl)e (lFJJiabIS‘é@t 8ﬁsaﬁPF&ZFgF?Fﬁf‘ve?¥ u%l\l}vecr‘%g %ﬁ;%egéd%é:ge'a peri od

of 9 d. Starter cultures re_pr.ep d Ry wing, t i Si
overni ght (28[err]C, Zgﬁ Vﬁ\%Wni ﬁ?llg&%l ?f’ %k}%\(é(% ﬁ%ahr?eﬂl umagf}hes cells

33 8 : i it 40A and is provided
PCT/ CA97/ 00414 axl']\?ggaéérgéﬁép\(}eg%lgdpgﬁgeggappczliltné' cul t-uraens \/\J/ZareP pr epar ed

by resuspendi ng t@ftﬁelahsubﬁer Rolde?2099h BMYY a( TRAWRANAO1d8AEI99D twhitth
approximate OD[err] of 2.5 "The resulting 3 cultures were transferred
into 500 mgflaskgrandxcnaebaeed acedskerr kcansderaGngPNMhe wafer Vetiverml
was added every 24 h to a final concentration.of -0.5% Optical density and
5 phyt ase acti yhélyower efmehsucenpareémenite sitmekeslrge tie (dampaaiarentent
The results 6 - are presented in Table 4. Phytase activity was detected
only in cul tures hansjnagtheeresist ceatingi devtiicemidny A Tha s ubrsge |
cul tures produced up to 22.5 units of phytase 8 activity per nL after
210.5 h cul tivatimechangsm 99 is movphjeadd ihe A1BKiS gt Fenhe

cul tures was increased through nodi fication of 10 uction lprot ocol

and nedi um conposteves. thee stagkede CORMPRFTMENS &Wé}‘il]i%‘-lﬁvgé’ﬂluppe most
36.0) of tPS 12 COMRARLBETETEUSANIAtE, BT, FPVLCR ahith TUL. iy co-
Mol 6 cul fure andpadtRented Sgpars: Aresimy o oy Coflmalind Rl o
optical densiti es"—%‘%&%@-@g c:o%gﬁ.%tgc'életvlirc S g4er %_.tée.t wesh 6%?@%;%%?% 69.

Experinmental resul he greater ‘the cul ture he -
time 16 of nmethanol induction, the greater the yields of reconbinant
phyt ase. Bionmass yields 17 as high as 150 g/L (dry weight) or optical
densities of 1500 have been reported for 18 Pichia cul tivated under

optimal growh conditions in a tightly controlled fernentor



19 system operating with oxygen enrichnment. 20 _ Pi chi a phyt ase
yields were al so increased by adding Tween-80 to the 21 medi um
Surfactants have been shown previously to affect phytase production by 22
Aspergillus carbonartius (Al -Asheh and Duvnjak, 1994). The effect of _

i ncorporating 23 0, 0.02, 0.1.0or 0.5 %_ngfn-go on phytase yiel ds of :
BMMY cul tures of P. pastors 24 pPl CZ[ err] AT: MATE clone 17 is illustrated
in Table 5. The cells from2 d YPD cultures 25 wer e harvested and
resuspended in BMW (OD[err]= 8.3). Triplicate flasks for each 26
concentration of HomeingOthercoplipgrdeving #ABubaRdgoat the] &vp) BOAAETS50
RPM 27 Met hanol (0.005 vol unes) was added on a daily basis to th(cal
flasks. Phytase a2%avang 28b ofj hheetubdar®r BeFhpnasi igﬁ Eart ffeBOve

cont ai ni ng hi gher concentratjons of Tween-80, 29 Fyrt hernore, .a Iargér
proportion of thef%‘yﬂﬁéeOHcPFV?‘W?rG‘/aélFSEHEt?th RE §&B‘é‘ﬁ'§f‘5ﬁ’“§éy‘ when
hi gher Tween-80 concentrations were  used..Phytase yields as .high as 298 31
uni ts/ mL of shake flasﬁ'hEUT”’P%feé' Wa@étﬁé'eﬁhﬁcﬁegsle&xgﬁaﬁ“e aCQlal’c[hotrure of .
clone 17 32, cultixaled Lu B, iedlupsaagndsy, Wbl Q"% liR¥ia by
PCT/ CA97/ 00414 .ar agd;supernat @ EOf QIS Caer

anal yzed by SDS- P PEPSERM EChatieh, I9T1RNBTERE SEOIRAY AR a2a,

pastoris. The pregggce f 7 kB2 sAbekb&LBNRABEARy tFeatmeadi | Weappar ent
when as little as§§‘ﬂ{e%? Li}S?: supersnata t \I/:'/as resol ged on a 12% SDS- 4

PACE gel .- The 37 FDfeQﬁTG,WéﬁeVil%iaH' 8fi Bhbhfasel kincheirdisi IFwplie but

5 represented less than 10% of that found in the correspondi ng anount of
supematant. 6 jekBepdd,!making RitYpossipeevtenutifllize dhenemalih et ai ned
very few additional 7 proteins (a useful characteristic of Pichia
expressi omjg The meenahismN7BNYbr afhothepr tirains feampricoessoverltoFallows
(estimated from SDS- PAGE gel s) of the secreted 9 protein. The 37 kDa
protein band was shatptheethronghkpusupeningmeasedsel |In &dditien, theyative
control culture (P. pastoris pPICZ[err]A). 11 Shake flask |
experinents with feootbionaperforpest byi $heesub-axpr aeghanismn %9 permits
rum nantium phytase (PhyA) have denonstrated the potential of this rotﬁ{ n
13 product i on §§mPFHEYINgnithec SRETGHISD OF SR Fad Ty ey deghan 4
obtained by cultivating 14 and inducing.clqQne 17 in .a fer tQr.

Addi ti onal gai ns FR pRytQs&UPPREFS l?@g' cle SEn B {Tﬁg}%&% ng gene

nber t hrough_f [ f ind t f S,
Tho” use of 1ol 11 cObPeFebPBH o L Eo RS a3 AR IR LIS gres bty Fty O
i nt ti t [ i_Ghi t i : 1/100 18
trana or mant o It SPOUROENIBAE d S o e LA
phytase vield (e oerldion SO cifid, St MR Al e o e fumugh

mani pul ation of p e gene cdp nunber and “control of fernentation

paraneters. This wauldtayd ! iTk HAdRid Phatl the |asel fo X rqetiaid i dm
comercial A ficdum phytase production systens. Yields for 22 t hese

systenms are belieygdthe lotanr@undstdd0A0AanINd Futhdr RBupmtesssil/ m n) of
23 phytase activity per L of culture. 24 iv. The Activity of
reconbi nanppt he S. rummrRNtsubraltty mschdliym)9Dni25also arranged behingdain
substrates 26 The |iberation of phosphate fromcorn by the
reconbi nant S. rumacinicfurhhzy procPedE nmhyrkds AR andl IHA pirakingakt or s
was exam ned. Feed corn was ground 28 and si eved through a nesh to,
obtain a particl epoissdtist wseroperat® mfifigiantdx dhe pin g gneghapisms
wei ghed into sterile 15 nL Falcon tubes to which 2 nl o 0.1£/I di um 30
acetate buffer (pR75amd fds friddhess tﬁo%ﬂﬁﬁ’t’}%ﬁ“b]ft$h%ﬂ%s%? ti@T eaction
m xtures 31 were incubated at 37[err] C.. Phosphat.e release was determ ned
by neasuring 32 reﬁﬂ%ﬁsa‘tva?rﬂty'ph&ﬁ)r?atré;s‘*%'or %ilb?%%l%m%tt%é 1£lé)]k'étéckgr ound

phosphate, _reaction . . 35
VO 97/ 488125 entire system 1A can be markedly improved. PCT/ CA97/ 00414

1 1 Xt _ T nj pat [ | hgt h Lti
of sw(w) 2 Toa Nt 47 APE Che SHETAh BudchRhpM o G CE! 00

5 Wwere con intriplicate.

| ncubation of corn _in. ' . Ouf It ed,sdqt PE tKe CRSEi O
4 i ncreasi ng afStn 12‘:‘%70%;1{{(;8% orlﬁi&o%réﬁnge % ia%?e 6). Al though t%le
addi tion of



5 plhyt ase activity significantly increased the anount of phosphor us

rel eased, the rate 6 of phosphorus rel ease decreased with tine. 7
The concentration of phytase added to the incubation m xture al so

i nfluenced 8 t he amount of phosphorus rel eased. Rai sing phytase
concentrations from0.08 units 9 to 0.48,units per g of corn resulted
in increased | evels of phosphorus in the 10 supematant (Table 7). It

shoul d be noted -that Increasing the phytase concentration 11 from0.32 to
0.48 units produced only a marginal increase in phosphorus released. 12 13
D. Cdoning of tproSesehngoaystennthashownphpAFLE.a5Br adocddenigddYsedd -

14 speci fic expression construct 15 . Transfornmati Q %pd
gene expression nishpdsshhle Besnthevepbpaams gechapdsm g &e P&rwgpylﬁﬁ
monocot yl edonous and: di cotyl edonous crop species. In this exanple, 17 a
S. ruminantium JyesthazceiBgigshopdprase expression construct is |

constructed 18 In which the region epcodin

, t he, mat ure PhyA |s .
transl ati.onal |y fused V% §Dnod| gmpgdime _l‘i‘&sfé:dﬁ)ﬁfg@x?onvedr i N
target seed oil body specific expressign,of the $. rugj ium
phytase. Th® pr on’é){:é?tﬁﬁﬂf‘ﬁr a§8c$€?§'&ﬁgsit§ngl_ s%@&ﬁé’%%élg tr?alj;wt?e% T
repl aced by those_from ot her,pro t preovide f fof IsGhRitr
expression in B. Iigweveﬁapagh%rr gphgr%%fatrtag%s (@F?rlaglgeapl(&;lr?t%ssps?ci es.at'lehe

expressi on const rgg%e'gﬁ g ngg_gg_ 23n ?&isgt geBpr@%?é%é;plﬁys the resist

Agr obacterium nedia t ranstor mati on. Construction of the

B. napus expressi gioueek9hg?aystem of th@ PHER@NtOlineERta%I.oN vectors
functional in B ﬂggus aregdeggrielbned in the 26 literature (Celvin et

al., 1993). In this exaglgesdi®Ha RYowecCin AgiaEls athdwasigtaci ng 27
the E. coli [err]-glucuronidase CDS of pCEOBPGUS (van Rooijen and Ml oney,
1994) 28 jgowith grbaaemmg eyeedinoft htiepipresemt unye@iSonl ijexmnits
acconpl i shed by 2 subcl oni ng the pCGOBPGAUS Pstl Kpnl fragnment,

cont ai ni ng the ol ¢mpirovifig ther ciroagh-gudoding PR tijcaldrly udihreodiandse
CDS: : NOS region, on to Pstl Kpnl- digested 31 pUCBM2O ( Boehr i nger -
Mannhei m Canada, tzealtingQsteDisi,s comparied witdalthed comventimnaEpEyStene

regi on of phyA encoding the mature PhyA is anplified with
36 AlSO97thesparticle generation can be much suppressed,

PCT/ CA97/ 00414 1 ol i gonucl eoti de priners TN (GA %F’r-li”e ATGt AAG
GCG CCG GAG CAG gompaxed wigd thengonyentienals ﬁi’cﬁ(ﬁﬁ%-e. er, the |

ol i gonucl eotide MATN (SEQ ID NO. 3. 7),.was .desi gned .t ¢ i .

sui ?abl e rd3trict PERCSSSING sthsé"et"brlrﬂcr}L‘lz;dW éﬁc‘%ibvgsdﬁruetclton %ﬁoa&éa%s%enn%l y of
the anplified product wth digest o d _
anpl i fled wth M NPFS\g@VIJ'IS _an;fqlg%g%%ﬁyg rs%’ égs]y(%"é{eésgtge?gvﬁ t%‘ Ncol
SsA 6 and i i i 17 o A d pBMBRQ fsan d
pBMOBPphyA. 7 g%%’%g‘eéi.wﬁé‘g{@ ée%r%slgl%ﬁ: 'ector, 'plCG%BéPﬁg,?fm% 25&1@{

constructed by re J : : AR d ofediC@&RHg)S Wit h

the Pstl Kpnl frag%%{ég%rlgﬁggyﬁlg%ﬁylﬁé@garé cont aitnéi ng the ol eosin

promot er: : ol eosi N HRAFMANNA F12 S By adieHeat Mkreating type idevices

Transformati on of B. nagus and stabl e PhyA expression 11

Transgeni c2B. napey ias RIERAAE amtdadny idexdded wol Ry presessinoney 12

(1994). Agrobacteriumtunmefaciens strain EHAl 01 is transformed by

el ectroporation §3tisfedtopQyoRRehwA tiCa WHiglorsafetyeti ol es of B. napus

are transforned with A. 14 t unef aci ens EHA101 ( pCGOBPphyA). Transgenic

pl ants are regenerat ed Vamioug Ssolueiq precesming ckYPondaviGefHecCifee M5

medi um contai ning 20 [err]g/nL kananycin. 16 Young plants are assayed

for NPTIIl activitype dnearrarakadirin W%&%ﬁ#%‘?‘iﬁ%‘%’r?g iﬁStemp%fl enat e

and set seed. Seeds fromindivjdual transformants are, pool gd_and part of
§7 2k SR E1

18 the seed sanmfihe ipresandy Pt prit\ie e GTehHH Y and
conpared to_ 19 seeds from upt.ransforned pl.ants. o) L . :

pl ants (T2¥3are pPEPERRATNI AP hefarqorﬁlf%t"é e %?nﬁﬁ%n%gn%%‘%{ﬁéefﬂi ghest -
| evel s of phytase activity..Seeds fyom )| 2Pt Ss POPPEY 9pkSmf Or
NPTI I (hence al so afpt?rl‘pq'éuﬁf%cg“sveef&t%%h'gl}l%zs}s%scjtggo%@. g]g S nmass -
propagation of plants 7T € g N hiShs Bt t PHRUSE St Rése 23
b aa 00,0 ob e 1ot/ SRRGDY S Qe PSR MG ] gawgr S‘@am TRUSE Sthése

I dentification of Related Phytase Genes in QO her Mcroorganisnms 28

To identify a phytase gene related to phyA, hybridization analysis can be
used 29 to screen nucleic acids fromone or nore rum nal isol ates of

i nterest using phyA 30 (SEQ ID NO 1) or portions thereof as probes by
known t echni ques (Sanbrook, 31 1989; Ausubel, 1990) as described in
exanpl e 4B. Rel ated nucleic acids may be 32 cl oned by enpl oyi ng known

o .



WO 97/ 48812 - '

PCT/ CA97/ 00414 1 when screeni ng organi sns with conpl ex genones in
order to increase the sensitivity 2 ~of the analysis. Polynerase chain
reaction (PCR) anplification nmay al so be used to 3 i dentify genes
related to phyA. Related sequences found in re_or mxed cultures 4

are preferentially anplified by PCR (and variations of such as Reverse
Transcription .5 - PCR) with oligonucleotides priners designed using SEQ
IDNO 1. Amlified 6 products may be visualized by agarose gel

el ectrophor esi s dnteatmerts usthe KHkmkrate Ca%é%%hpﬁﬂﬁghtAP9ﬁiiEgthF
materials, including cells, colonies, plaques, and extracted 8 nucl ei ¢
acids (e.g., DNAlqagjunlesdpEeetdned by these techniques for the 9

' of related | . | i i |
Cechniques 10 - el BYFPGoRn: FhBcPRaoLEREFe Bapne, JRLIEER RECREheste,
be used to screen %gfggdp%§?5§%§§%$SigérggéééfﬁsduﬂietSEHSbetkah§&3§ke or

the presence of r&f

38 MO 97/ 488 ' . .

ZCT/C?ﬁ?{O&hli l%ﬁ°°t4§§|égl?"?%§?%§%r%%??3f?3 Bbhg Puften bacter ta 2
. ytase Actiyi . | ; . o]

i sol ates tested % é%rlﬁs OfV%f?géﬁéﬁﬁ%géfféetlvely' IgrgsgggFﬁg'sEPeS

10 ° relay section incle®&&@NOHOERE fégiéﬁnbkb&eesing system 1
of the present invention can be used as an interim
waiting position. Still further, the load of the main

10 arm mechanism can be lessened so as to improve the
through-put.

It should be noted that a resist solution is
likely to be affected by temperatures, with the result
that the thickness of the resist film tends to be

15 promptly affected by tempefatures. It follows that
it is difficult to obtain a desired film thickness by
simply disposing a heat-treating type device at an end
and.etacking solution processing type devices such as
a resist coating device one upon the other. In the

20 present invention, however, the heating devices and
solution processing devices are arranged in the upper
and lower stages, respectively, with the cooling
devices arranged in the intermediate stage. It follows
that the cooling devices arranged in the intermediate

25 stage serve to prevent the solution processing devices
from being thermallymeffected'by the heating devices.

Also, a series of solution processing and heat



11 Eﬁrong | : Prevotella rumnicola - . 4

12 S. rum nantium 13.
13. 14 Moder at e _ Baci |l | us sp.
1 15 : Megasphaer a el sdeni i
16 P. ruminicojg _ 6
17 S. rum nantium 37
18 Tr eponema sp. 1
19 20° Negatlve o Anaerovi brio |i _ig% ]
2 21 treatments can be cangeqytively applied e ectively to
22 Butyrivibrio flb | sol ye 47
23 the substrate anq](%§ gﬁlqug&pt{on o¥ Qﬁese treatmenti,
24 _
25 the substrate caﬁ%%g%cﬁgﬁgﬁck to the load/unload. 2
26 - . Eubac 7
27 section. Further %acter su00|%%b%ﬁe§s used for 8
28. ' 2 thin the heat- 3
29 S simply traHSferrﬁyihnosplra nu%t?ﬁg%usl 4
30 treating device f@céqgéGliﬁﬁsdé91ce so' as to lessen 20
g
31 el sdeni i 7
32 ' the load of the ﬁ@ﬂﬁoﬁfﬁemééﬁﬂﬁﬁﬂﬁ 8Ad to 1mprove 1
33 P. rum nicol a 41
34 . the through-put.RUstiDbaghethery! sphcbuthe sub-arm 4
35 Rum nococcus al bus. 7
36 mechanism is excRugiverypcasedffarvethei simple transferl(
37 S. rum nantium 4
38 - 10 operation noted &boeefotbcisispbssible to suppress 48
39 Streptococcus milleri 1
40 contamination ofSthehshbsbrate gpused by, for example,g
41 SUCCInOVIbrIO dextri sol vens 12
42 attachment of thqrgﬁgggﬁﬁ §g lution to the substrate, 12 43
Unknown £
Total isolates scf@Bpaged with the c%ﬂgeﬁﬁlﬁ?aABSYs en.
39 W97/ g7/00414

1 Tabl e. 2. Phytase gagﬁéﬁPQa&faQEPQEP@SSrﬁHSntg%FéFP l%ﬂé&

4 | sol

5
(mUr/ ) %g? 7 greadElY RERBRALC, FhPRgERiH§eain the gg¥tas%h%&%Eﬁkby
646 9 10 Sel@ﬂg”EﬂéénEEthﬁﬂt 3§£3a&ér aspects is not 11m1£§g %%g

11 12 Sel enonbnas num nani um

14 Sel enonobnas ; ohents. 16
thd"spaRk HE‘BEE&iis and representative emb en
Sel enononas runlnantluﬁlHDEB : P 286 17 18
Sel enononas rum ngfRbiyHMhAdldd8cribed herein. Accordingdyy vh%ious
modifications may be made without departing from the
20 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



20  Sel enonpnas runi nantium D 69 21 22

" Sel enomnnas_runi nanti um HD1 6 52 23 24
ge:enononas rum nanti um BS114 S 47 25 .26
el eno ' Y4 : - 27 27 28 2
or evot of (NI SEEVANRA TR | 3213132
Prevot el I'a Funtni¥ol% JY97 - 25 - 68 33 34
Prevotel l a ruminicola KJ 182 : 61 35 36
ELGVOtﬁlla rum nicola JY1 06 49 37 38 39 40
gasphaera el sdeniiJY91 '
th [err]noles, Plerr] released/mn CLAIMS > 4l 4z 4s 44
- WD 97{ 488 : ; ising:
PCT/ CA97/00414 1 fona e B R Y ™ Ui nant i unferr]
phytase in reCO”bLnanFaE?fﬂiéf&€¥eéf]pro@es§in6 uhits Sathi having a
Sample Unitsferr] / Specific Activity 6
Conposi tion lurality of compartiéiitsé Sét@ckéd one upon the other:
protein) 8 9 f% E. coli (pSrP.2) ~cells . 0.30
(0.08)[err]s  lifp6a (¥edticalldirection; supemat ant
0. 3081( 0. 21) 2.64 (1.51) 12 13 14 15 E. coli (pSrPf6)
cells 0. 91 &0sdlition psod@s¢dngsjievige arranged in a
supemat ant 5.10 (0.58) 22.83 (1.671 17 18 .19 E. .
col i (pSrP. 2 Sphl )compaethent positionagyipra lower portion ofpsaig
supenmat ant ND ND, 21 2

processing unit for applying g %%ocess solution to
a substrate while rotating said substrate;

10 a heating device arranged in a compartment
poéitioned in an upper portion of the procéssing
unit for heating the'substrate;.

a cooling device arranged in an intermediate
positioned compartment between the compartment having

15 said'heating device ariaﬁged therein and the compart-

- ment having said solution procesSing devicé arranged-:
therein for cooling the substrate; and
a main arm mechanism arranged in each of said
processing units and provided with a plurality of

20 | holders for tranéferring the substréte into and out
'of each compartment, said holder being movable into
~and out of each of ﬁhe compartments iﬂcluded in the
procéssing unit, movéble in a Z-axis direction, and
swingable about the Z-axis by an angle 6.

25 2. The resist processing system according to
claim 1, further comprising a relay section arranged

between adjacent main arm mechanisms for transfer of .
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['err]w is a crescent shaped-rod, an obligate anaerobe,
produces proprionic acid fromthe fernentation of glucose, fernents

| act os mml“m\m‘mmt ferment glycerol, does not fernent mannitol (see
al so B Systemati c Bacteriology, ed. John G Holt,

II|arrB and Wlkins, Baltinore, 1984) [err]Units =
[err] nol es P, released/n1n fer2pNumbers in parenthese are
standard errors : [err] ND = not detected
41 WO 97/ 48812
PCT/ CA97/00414 |, ﬁaﬁgkgaée £r&hOYh8 ﬁQ@an¥ha§§cﬁﬁhh%h$EDDEhB oRABHOr I S
cells transfornmed Wt CZlerr] A (negative control) or
pPI CZ[ er r]A: : NATEmsghoafmlaachaalsﬁ ar ture Time.

Opt i cal Phytase activity (h) .~ Density
([err]Jmol/mn/m) 6 3, 7The res;st processing system (didraiing toCul ture
Supernatant 7 8 9 P. pastoris (pPlCZ[err]A) 0.0 2.6 0.0
0.0 10 claim 1, further2Bofiprisingl@ bub-arm megh@nism 0.0 11
42.5 17.8 0.0 0.0 12 ' 68. 0
17.0 - 8§ 0.0 arrangef. forléach of the processing un1u§quovable 28 5
0.0 0.0 14 138.5 39.

0.0 15 . toward and awayzfgog the heating dev1ce(§q9 the coq}yyg 16

17 P. pastors . 0.0 2.5 0.0 %
(pPICZ[err] A : NﬂTE?Vlcezgngludedl}n3the same prgcessing ypig, mevable 1n

42.5 - 13.9 4.4 % . 68..0
12.9 8.0 a z- ax152d}re§}10n, and eing equipped w%iP(? plura1f§3§
4.7 0.5 2 . 138.5 2 12.6
2.43 2&326 6% holders for ’éfé.“gferrmgl?‘}e s“bStr%% %mm the 155

’ 10 " heating device to the cooling device within the same

processing unit.

4. The resist processing system according to
claim 3, wherein said sub-arm mechanism differs from
the main arm mechanism in the direction in which the

15 substrate is transferred into and out of the heating
device and the cooling device.

5. The resist processing system according to
claim 3, wherein the compartment housihg the heating
device has two substrate transfer openings, and the

20 ' compartment housing the cooling device also has two
substrate transfer openings.

6. The resist processing system according to
claim 1, wheréin said plural processing units are
arranged in series;

25 7. A resist processing system, comprising;
| a process section for applying'a resist treatment

to a substrate; and
=

eet Has Been Re‘laced

T



42 | mo 97/ 48812 '
PCT/ CA97/ 00414 Table 5. . The effect of Tween-80 concentration on

growt h ﬂm |ty 2 of P.. pastoris cells -
transfo rr]A MATE (clone 17). 3 4  Tine Sanple
tase* ctivity Supematant/ 5 (d) (% Tween- 80)
DenS|ty [err]nnl/n1n/nL) Cul +ur27 6- - (610
nm Cul ture Supernat ant Activity 7 8 9 . 2 0.0
24.3 . 4.1 2.2 0.55 10 0.02 24. 4
L8 Rl gp o iniunkofgsection syt jonasne/gifobasng 5
: 13 14 4 ;3 2 id6 ién: '
the subftlate 1nto/§&t of saidbpPocess sectién
0.69 15 0702 31 82 ¥ 5.5 " 067
16 0.1 sa1d3br%cess sé@t@on includng: 0.67 17
0.5 29.2 10. 0.88 18 19 8 0.
32.8 10.6 a5p&urallty of0p55ce2§1ng units each Ghaving a 30. 4
14. 8 9.8 0.67 21 - 0.1 33.9 20. 2
17.2 5 0.8pluzdlity of compa@tients staegeg one upgn] the otherg 9
0.86 23 24
43 W0 87v488izal direction;
PCT/ CA97/ 00414 1 Tabl e 6. The effect of |ncubat|o erjod and
reconbi nant S. runi nan@ §@lygdon processing deVlCﬁnﬂf&'s"‘é‘?(JZ)j dMt /g of
corn) on phosphate rel ease from ¢om
_ compartment positioned in a lower portion of said
processing unit for applying a process solution to
10 the substrate while rotating said substrate;
a heating device arranged in a compartment
positioned in an upper portion of the processing
unit for heating the substrate;
a cooling device arranged in an intermediate
15 compartment positioned between the compartment having

said heating dévice'arranged therein and the compart-
ment having said solution.prdcessing devicé arranged
therein for cooling.the substrate; and
a main arm mechanism arranged in each 6f said
20 procéssing units and provided with a'plurality of
holders for transferring the substrate into and out
of each compartment, said holder'being'movable into
and out of each of the compartments included in the
processing unit, movable in a Z-axis dlrectlon, and
25 sw1ngable about the Z-axis by an angle 0, at least one
of said main arm mechanisms serving to transfer the
_____*______—_;ﬁ_ig?strate between the load/unldad section and thé
~ This Sheet Hag
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3 4 Sanpl e Lengt h of | Phosphate 5

ncubWentration 6 _ (h) -
[err es/ L No phyt ase 1 0.85 9

i
:
72 10 - -3

2.5 | I A s .77 12
5 14 Phyt ase28 - 1
4.76 15 2 6.83 16
3 ' 7.72 17 4
8.41 18 ' 8.49 19 20 21 22
23 Table 7. EHBCSFFé@P 8Plreconb|nant S. run1nant|un1JY35 phyt ase
concentration 24 h el

on . The re¥lgh gﬁ@&% § @t QBCERIng 2o 26
Phytase activity © re, hosphat e 27 units/ g of célrgn)
gincentratlon0288claim 7, further comprisin? a rela@p@@dtﬂb@ Q&r@@@@h 29 30

: : 16
14.8 33 b@t%@en adjacent main arm mecha%&sﬁsS&or transferOOEQ
23.0 35 ' 23.2 36. 0. 48
23.8 37 5 tﬁe5@ubstrate from one main armfeghE@ism to the gtdwer
23.6 39 0.72 = 23.8 40 41 :
.44 malfl bl @Rthanism.

PCT/ CA97/ 00414 1 - REFERENCES . 2 3
Al - Asheh, S. And Z. Duvhy al&'heg_gga’SlSNﬂ@@quﬁﬁlW %tﬁ‘?%taé’lﬂ%rWE’trfé’phyt ase
4 production and the reduction of the phytic content, in canol a
meal by 5 claimpgpedfpnther (%“lﬂ?ﬁérlﬁ@dl?rﬁﬁ’é"é‘@bln}%
fernmentati on process. Bi ot echnol ett. 16:183-188.

éusuﬁel dF A, R agrangedR for m?d“stocfn ths rsrqv&&éem ) Ygt %eu“ﬁ’ﬁ%ﬁ?l% A.
mth an K h
@I ecul Er Bpol ogy togarsh tar#ai} f"ﬁoed%d{ﬂ Jfga%otrfdlojrd’(f% &rzt&ceﬂrezg%nlclen
w Yor 11 12 B f
the -10 and -35 réjﬁ o‘%gs:lr%&%%%dﬁ% o ¥ esa%&dfkc’%s(rryoﬁ{eé aanl.ltgg?%m%}%h%emnﬂl o

260: 3539- 3541, 14 oI5 qp; Biyle Mif 206 ek ppdTALION (phdtal ity

met hods and sone char eristics
‘of holders for transferring the substrate from the

heating device to the ¢ooling device within the same
15 processing unit.

10. The resist processing system according to
claim 9, wherein said sub-arm mechanism differs from
the main arm meéhanism in the directioh in which the
substrate is transferred into and out of the heating

20 device.and the.coo;ing device.

11. The resist processing systém according to
claim.9, wherein the compartment housing the heating
device has two_substraté transfer.openingé, and the
compartment housing the cooling device also has two

25 substrate transfer openings.
12. The résist-proéessing sjstem according to

. claim 7, wherein said plural processing units are
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16 ~ some of the numerous groups of bacteria in the bovine runen.
J. Dairy Sci. 17 36:205-217. 18 19 Cheng, EW, G Hall and
W Burroughs. 1955. A nethod for the study of cellul ose 20

di gesti on “ mml ons of rumen mcroorganisnms. J. Dairy Sci. 21
38:1255- 12¥H“"EE“E Iﬂ“ﬂr ng, K -J. and J. W Costerton, 1973. Locali zation
of al kal i ne *phésphat™se i 24 threng?an}negatlve rumen bacteri a.
J. Bacterol. 116:424-440. 25 26 . Dayhoff, MO, R M Schwartz and B. C
Orcutt. 1978. A nodel of evoluntionary 27 change in proteins. In
Atlas of Protein §§guenc§ and Structure Vblune 5, 28 Suppl enment
3, Chapter 22, pp?%3482982 1Bo°%5'°®: g Iis, P.F. Brust, P.J. Koutz,

A F. Waters, MM Ha ld an 3 tion

g'a & ? 51 ne§%888%§§n %X m, subst&%&&alh%obé

of al cohol oxidase and>two o ano genes from

the yeast, P'Ch'ahgiégg%iggigbhesg?ibedBh?th Peféiinéd2to FIGS, 2 to

45
8Fb§kEheCabboﬁﬁdnyinﬁuabawmsl%S The colorinetric

PCT/ CA97/ 00414
determ nati on of pﬁosphorus Bi ol . Chem: 66:376-400. 3 4
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by 11 sone fungi. Enzyme M crob. Technol. 5:377-382. 12 13
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expression in Escherichia 15 ~coli. Can.J. Mcrobiol. 37:554-561.
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K.N. Timms (eds) Advanced nol ecul ar genetics. Springer-Verlag, New York.
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1956. Phytate phosphorus hydrolysis and 28 availability to rumen
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3 a4 Shieh, T.R and J.H Ware. 1968. Survey of microorganisns for the

production of 5 extracel l'ul-ar - phytase. Appl. M crobiol.

16: 1348-1 351. 6 7 van Gorcom R F.M and C. A MJ Van Den Hondel .
1993. doning, characterization 8 and overexpression of the
phyt ase gene (phyA) of Aspergillus niger. Gene 9 127:87-94.. 10
11 van Hartingsveldt W, CMJ. van Zeij30M & Harteveld, R J. Gouka,
ME G 12 Suyker buyk, R G M Luiten, P.A Van Paridon, G C M
Selten, A E. Veenstra, 13 van Rooijen, GJ.H and M M Mol oney.

1994. Pl ant seed oil-bodies ' [ gl Ol pir@s.eisgn proteins.
Bi o/ Technol ogy 13:72-77. 15A§§T§£CTV8E FgFjRg$E&PQ?§86.(A new ret hod for

predi cting signal sequence cl eavagfs$kheprodbsSING SYSTEMuC| ei ¢ Acids Res.
14: 4683-4690. 18 19 Wong, S.-E;S§§EQ. DeveFopnent of an induci bl e and
enhanci bl e expressi on and2Qst process in%tshalted conffrEiBds) Basliddalsity
subtilis. Gene 83:215-223. Zf 25: ' 5 IS’%II publications nentioned in
this specificatiogfapgobBdistaly waiek thehl Buelingf asipldradity off ddmese
skilled in the art to which this invention pertains. Al publications are
herein 24 5 |ncoppetakcatsbytaekedebne uponhéheamhent dmt aayexrtical

each-indi vi dual publication was 25 specifically inQiCated to be
| ncorporated by rdfiecetden,2@ solution pracessigly devias aggiangacvight i on
has been described in sone detail by way 27 of illustration and exanple

for purposes of chacompaxttentdposizioned it anlowege PAFtiomRE Hie t hat
certain changes and nodifications may be practised within the scope 29
of the clains. processing unit for applying a process solution a

VO 97/ 48812 ) o PCT/ GA97/ 00414
SEQUENCE LI STI NG SupsfratReERAMMEOROLALERT the subhstrgds, d%’ﬁa g,
Camia 1 ndQey . device arranged 1% gof@3iihdis positioned in an

Zhou,- Lu M . . E . i . i)
INSENTI%N: B%A se&ﬁ?ﬁgégog%-g |HE 5h%§ ?%%e%?%ﬂd offie forﬁ%ﬁﬁ%£§&1éhé}:

t AS6S O
m cr oor gani sns. (N U QNS ark d i HFORRESRANMENGR
ADDRESS: S“Pk}tf)ﬁ%%g&% l%%y- Carey & Corpany (B)

§$E$ET:Aﬁé251 101 e3mpde-talent éEﬁitiopéagbé@ﬁEEn|%H§”Hdﬁpagtment havidg
: erta (E) NTRY: CA (F) ZIP: T5J 4G8
(v) COWPUTER READABEEHedf¥Ing device arranged therein and the compartment
15 having the solution processihg device arranged therein
for cooling the substrate, and a main arm mechanism
arranged in each of the processing units énd provided.
with a plurality of holders for transferring the | |
 substrate W into and out of each compartment, the
20  holder being movable into and out of each of the
compartﬁents inclqdéd in thé-processing unit, movable '

in a Z-axis direction, and swingable about the Z-axis

.by an angle 0.
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(A) “MEDI UM TYPE: Fl oppy di sk - (B) COMPUTER: | BM PC conpati bl e

(C) OPERATI NG SYSTEM PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln

Rel easé #1.0, Version #1.30 (vi) - CURRENT APPLI CATI ON DATA:

(A) APPLI CATI ON NUMBER: (B) FILING DATE: May 23, 1997

(C) CLASSI FI CATI ON: “(viii) ATTORNEY/ AGENT | NFORMATI ON: - (A
NAME: Mary Jane McKay- Carey _ (B) REGQ STRATI ON NUVBER:

(C) REFERENCE/ DOCKET NUMBER: 37003WD0- (i x) TELECOVMUNI CATI ON -

‘| NFORMATI ON: (A) TELEPHONE: ¥/403) 424-0222 (B) TELEFAX: -
(403) 421-0834 (2) | NFORMATION FOR SEQ I'D NO 1: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 1401 base pairs (B) TYPE:
nucl ei c -aci d (C) STRANDEDNESS: doubl e (D TOPOLOGY:
circul ar (i1i) MOLECULE TYPE: DNA (genonic) _

48 W7/ 48812 _ _ o

PCT/ CA97/ 00414 (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO

(vi) ORI G NAL SOURCE: (A) ORGANI SM Sel enonpbnas rum nantium
(B) STRAIN: JY35 (vii) | MVEDI ATE SOURCE: - - “6 Q) LI BRARY:
Genonmic DNA library 101 (B) CLONE: pSrpP.2 EATURE:

(A) NAME/ KEY: CDS . =—— ('B) LOCATI ON: 2f})5H-12&8 (O

| DENTI FI CATI ON METHOD: expex nent al s ORMATI ON:

/[ codonstart= 231 /function=\"Dephosphoryl > % id" _

/ product = " Phyt ase" / evi denc®= EXPERI () NTHS gdee—=;' it Nper= 1
/ st andar d- nane= "nyo-i nosi tol hexdphosphat e pat | on=
(11]) (i x) FEATURE: P

(B) LOCATI O\ 231.. 311 1

FI1G |



(©) " | DENTI FI CATI ON METHOD: exper i ment al
/[ codon_start= 1. /[ function= "phytase secretion"
pepti de" / evi dence= EXPERI MENTAL
(A) NAME/ KEY: mat - pepti-de

(D) OTHER | NFORVATI ON:
[ product = "Si gnal
/[citation= ([1]) (i x) FEATURE:
~ (B) LOCATION:. 312..1268 (O
| DENTI FI CATI ON METHOD: experinental (D). OTHER | NFORVATI ON:

/[ codonstart= 312 / product = " Phyt ase” / evi dence= EXPERI MENTAL / nunber =
2 Jcitation= ([1]) (xi) SEQUE DESCRI PTION: SEQ I D NG 1:
CGTCCACGGA GTCACCCTAC TATACGACGT ATGTGAAGIT CACGICGAAG TTCTAGGGAA 60
TCACCGATTC GIGCAGGATT TTACCACTTC CTGITGAAGC GGATGAGAAG GGGAACCGCG 120
AAGCGGTGGA AGAGGTGCTG CACGACGGAC GATCGCGCTG AATGAATCAM TGCTTCCTAA 180
49 . WD 97/ 48812 : ' '
PCT/ CA97/ 00414  CTATTGGGAT TCCGCGCAGA CGCGCGGATG GAGTAAAGGA GTAAGITGIT ATG
AAA 236 . S . 'S ' : Met
Lys _ N : -27 TAC TGG
CAG AAG CAT GCC GIT CTT TEF-Ack-SFe—Ffo—GF : TCC 284 Tyr Trp
A@n Lys Hs Ala vVal Led Qy e u My Vd y Ser -25 :
-20 -1 o ©-1p CTG ¥R ATA CTG CCG CAG GCC
GAT GCG GCC AAG GCG GAG_CAGQ ACG { du |Trp Ile Leu'Pro dn Al a
Asp Ala Ala Lys Ala.Pr g rnr - ] -5
5 GIG ACG GAG CCC GIT |G AGC TAC-eeGIWE|cea~cAstells CCG CAG GAC
380 val Thr . Qu Pro Vall Qy_Ser Tyr Al a\As Mg Pro An Asp
10 ' ~ 15 A0 _TTC GAG GGC TTT GIC.TOG.CGC CTC
GAC AAC GAC GCC ANG GAG G TTG {428 @€ G u Ay Phe Val*¥rp Arg Leu
Asp Asn Asp Ay Lys G uoAlalleu 28 :
35 ©CG CGI AAT T{C CGC AEB [TCG ocT |fat 1 GAG.AAG
476 Pro Arg Asn Phe %.g,—ﬁnr Ser Al a |AZ] G%’Lys 40
45 ' N B C GAC CGCC GCG
TAT GIA CCG .TCG CEC GAG . AFG—GAT 8 | eu Asp Ala Ala
Tyr Val Pro Ser Alg G u GE=et=~Asp | e 65
70 GCA CTC CAT AlC TCG CTC AAG
572 Ala Leu His Ille SeroGy Ser_Ser A\ Leu Lys
ST T '
m< - -
o_—> i .
== < S
—=fe=i.r
N_AH4—w g
811 :j’ 15 | E
_ <1 =
8—/->:.‘.'. :% 8
g ~ . \[ o
@, 1. 7
~ <
Vv -
= _




. -

75 7 80 - 85 AAC GIT GCC GCG AAG CTG CGG GAG

AAG ACG OCT GGC CCC ATC TAC GAT _ 620 Asn Val Ala Ala Lys Leu Arg Qu
Lys Thr Ala Ay Pro 1lle Tyr Asp 90 95 -

100 GIC GAC CTA COG CAG GAG TCG CAC GCC TAT CTC GAC GGT ATC CCC GIG -
668 Val Asp Leu Arg A@n Qu Ser Hs Ay Tyr Leu Asp Ay Ile Pro Val - 105
110 115 AGC TGG TAC GGC GAG CGC GAC TOG.GCA AAT CTC G&C
AAG AGC CAG CAT 716 Ser Trp TVd/7Ay G u Arg Asp Trp Ala Asn Leu d
Lys Ser A n Hs 120 - 125 - 130 .

135 GAG GCG CTC GCC GAC GAGCOG CAC CGC TTG CAC GCA GOG CTC CAT AAG
764 Qu Ala Leu Ala Asp Gu Arg His Arg Leu Hs Ala Ala Leu H s Lys -

140 145 : 150 ACG GIC TAC ATC GCG CCG CTC
GGC AAG CAC AAG CTC CCC GAG GGC GoC 812 Thr Val Tyr Ile Ala Pro Leu
Ay Lys His Lys Leu Pro u Ay Ay ' 155 ' 160

165 GAA GTC CGC CGC GTA CAG AAG GIG CAG ACG GAA CAG GA GTC GCC GAG
860 A u Vval Arg Arg V% GrELys Val dn Thr Ggydn Au Val Ala Gu
1 (12]

170 | © 180®@ ™ . N

50 WO 97/ 48815 A= 0 =™ D [ .
PCT/ CA97/ 00414  GOC GOG; Ak ANSERmrsh S\ ATC GOG GGG ACG_GAT CAT
GTC TGG 908 AlaA;/ dheAlg Ile Ala AlacBr Asp His
val Trp 185 i 195 CCA ACG OCG GAG

AAC ATC GAC CCC TT(,CEC
Asn |l e Asp Ag Iﬂ%erd_e
210 - ™M Y

~956 Pro"Thr Pro Qu
- 205

'&,T C CAT GAA GCC
i<t e Hs Cys Au A a

230 'ACG ACG % ‘./‘{ Gy @A 5;\—‘-’3‘ TCC GTA
%:gég;ZC;Gr C; Cr a ! S 2 Sy V ’%’34’:“1 \eé-la-fe-um%r'
9238 GTRCHiGééG' A T8 Eme 3 }sé/’? EAAG igg
ﬁ 3 /;6‘ D doys Thr

1
1148 Tyr Ay § _
AGS FARAAG ATC

. HAUSINE QY
e T k\i\%\\ I
. ‘ f) )

290 R TOCAS SAOVRAC . WG G \'{‘\\\\\\* CAw ACG CCG
TGG TCG GIC TGG . Jp /A WIASNfArg Al a Ada NANN(Yr_# n Thr Pro
Trp Ser Val Trp /3 a2 %_I SEVA\\ i 310

50
560
550 _
i 530=
%\
51



CTC AAG AGC CAT COG GOG AAG GOG TAAAAGCGCA GGCGGCGGCT CGGAGICAGG

Leu Lys Ser

GGACGCECGG COECGGATGC TGOGCCGGTC AGGGATGATT

Hs Pro Ala Lys Ala

GGATGGITTT ATGAGGTGGA TCC

SEQ I D NO 2:

346 am no aci ds

(i) SEQUENCE CHARACTERI STI CS:
- (B) TYPE: am no acid

1298

315 GAAATGGCGC TGCCAGCACG
1358 GACGACAGCC AGAGAAGAAA

1401 (2)

I NFORMATI ON FOR
"~ (A LENGTH

(D

TOPOLOGY: | i near (ii) MOLECULE4FYPE: protein (xi) SEQUENCE

DESCRI PTION: SEQ I D NO 2: Mt Lys Tyr Trp (€] n Lys H's Ala Val Leu Cys Ser
Leu Leu Val Ay -27 -25 -15
WD 97/ 48812 PCT/ CA97/ 00414
Ala Ser Leu Trp lle Leud@\oﬁﬂn Al a Asp B\I%/;!da Lys Ala Pro G u -10
-5 ' 5 hr Val Thgyd u Pro Val dvy Ser
Tyr Ala Arg Ala Qu Arg45nv__ _ 15
20 Gd@n Asp Phe Qu val Trp Arglleu Asp ﬂlﬂ Aséa Gly Lys Qu
25 o ' ] B5 AL ) Arg Asn Phe Arg Thr
Ser Ala Asp Ala Leu Arg% Pro -~ 1140 45 ' .
50 du Lys Lys Phe Hisjgu Asp Ala Al a B/r Arg-Gu Ay 55
60 65 T Asp Ala Leu|[Eb] y Ser Ser Al a Phe Thr
Pro Ala G n 70 42| 75 847d _ 85
Leu Lys Asn Val Ala Ala Lys Leu Arg Gullys Thr Sy Prolle -
90 - 10( Asp Leu Arg G n Qu
Ser Hs Ay Tyr LeuAstg/) vile 48 110
115 Pro Val Ser Trp T {r Jy Gu Arg Asp T Al Leu G§ Lys Ser
- 120 125 139 44d n ;s Gu AlZ Leu Ala Asp
Gu Arg Hi s Arg Leu Hs Ala Ala Leu 13 : j140
145 Hs Lys Thr Val #0Ne Ala Pro Leu G|y Lys| H3liey49 el Pro @ u 150
155 160 145 d @ G u V4l Arg Arg Val
G@n Lys Val dn Thr Qu Gn du Val W 175
180 Ala Gu Ala Ala Ay Mt Arg Tyr PheArgIIeAIaAIaThr)Asles
| 85 190 _
61
—\ : ;0 _'/80
46— 86
44~ L-84
- 42—l{|; l L8682
i il
4i—li:. :
| -z
i |
80a
C J




Val Tr'p Pro Thr Pro Qu Asn Ile Asp Arg-Phe Leu Ala Phe Tyr Arg 200
205 . 210 Thr Leu Pro G n Asp Ala Trp Leu H s Phe Hi s Cys
Gu Ala dy Val 215 : 220 225 Gy Arg
Thr Thr AI a Phe Met Val Met Thr Asp I\/Et Leu Lys Asn Pro 230 ;
235 240 _ 245 Ser Val Ser Leu Lys Asp Ile
Leu Tyr Arg Gn Hs Au le Ay dy 250 - 255
260 Phe Tyr Tyr Ay Gu Phe Pro Ile I5y$ Thr Lys Asp Lys Asp Ser Trp
265 270 275
52 WD 97/.48812 o _ .
PCT/ CA97/ 00414 Lys Thr Lys Tyr Tyr Arg Au Lys Ile Val Met 1le AU dn
Phe Tyr . 280 285 : ' 290 - Arg Tyr Val
A@n GIuAsnArgAIaAspGlyTyr G@n Thr Pro.Trp Ser 295 _
300 _ 305 Val Trp Leu Lys Ser His Pro Al agys Al a 310
315 (2) | NFORMATI ON FOR €EQ I D NO 3: (i) “SEQUENCE RACTERI STI CS:
(A) LENGTH 20 base pairs/\ (,é\ TYPE _ngcheic ac] (O
STRANDEDNESS: si ng| e —TRPORTEX: A TTsar "(i}) MOLECULE
TYPE: ot her nucl ei d. . FOESCRIERT|I ONE=L degsc = I
ol i gonucl eoti de gy, " (Fii) : Tl - SENSE: NO
(vi) ORIGNAL S - REANFSIv: tium
(B) STRAIN: JY35 (vii) I WP ARE (A) tf Y: Genomi ¢
DNA [ibrary (B) CLONN ‘ (xi) SEQUENCH DESCRI PTI ON:
SEQ I D NO 3; TECTT CTGCCAGTAT
20 (2) | NFORMBINGY FOR-SETTD NO[: ﬁ 12
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oO_— N~ ‘\
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(’I"')-:‘SEJ'QJENCE CHARACTERI STI CS: L (A) LENGTH 20 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single ' (D)
TOPOLOGY: linear . (ii) MOLECULE TYPE: other nucleic acid . (A
DESCRI PTI ON: /desc = "ol igonucl eoti de SrPf6" (iii) HYPOTHETI CAL: NO
(1v) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A) ORGANI SM
Sel enononas rum nantium e - 53
WD 97/ 48812 6/7 PCT/ CA97/ 00414
(B) STRAIN: JY35 (vii) 1 MVEDI ATE SOURCE: - (A LIBRARY:
Genom c DNA |ibrary (B) CLONE: pSrP.2 (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NO 4: CGICCACGGA GICACCCTAC '
20 - (2) | NFORVATI ON FOR SEQ I D NG 5: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 31 base pairs - .(B) TYPE: nucleic acid - (O
STRANDEDNESS: si ngl e ] (R, TOPOLOGY: | icpear (i) MOLECULE
TYPE: other nucleic acid A) DESCRI P . /desc = :
"ol i gonucl eoti de MATE2" (1 Q i v) ANTI - SENSE: - NO
[vi) ORIG NAL SOURCE: (AY tM  Spfeno rum nantium
(B) STRAIN: JY35 (vii) ) MVEBrATE[SOURCE—" | I A) LI BRARY: Genomic
DNA |ibrary ( BN CLONE: [ B : H—SFQUENSE DESCRI PTI ON:
SEQ I D NO 5: GCGAATTCAT IAAGGCG CCGGA C ——’;N
31 -
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“2)™1 NFORMATI ON FOR SEQ I D NQ: 6: (i) SEQUENCE CHARACTERI.STI CS:

(A) LENGTH:. 28 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si.ngl e (D) TOPOLOGY: linear - . (ii) MOLECULE
TYPE: other nucleic acid o (A) DESCRI PTION:- /desc =

"ol i gonucl eoti de MATE" (i i ) HYPOTHETI CAL:. NO (1v) ANTI-SENSE: NO
54 WD 97/ 48812 S '

PCT/ CA97/.00414 (vi) ORI G NAL: HAURCE: (A) ORGAN SM

Sel enonmonas rum nanti um (B) STRAIN: JY35 - (vii) | MVEDIATE
SOURCE: (A) LIBRARY: Genomic DNA library o (B) CLONE:
pSrP. 2 1xi) SEQUENCE DESCRI PTION: SEQ ID NGO 6: GCGAATTCGC
CAAGGCGCCG GAGCAGAC 28 (2)
I'NFORMATI ON FOR SEQ I D NO 7: (1) SEQJENCE CHARACTERI STI CS: :
(A) LENGTH: 31 base pairs ~(B) TYPE: nucleic acid- (O
STRANDEDNESS:  si ngl e (D) TOPOLOGY: i near (i ) I\/[J_ECULE
TYPE ot her nucleic acid (A) DESCRI PTION:. /desc = .

"ol i gonucl eoti de MATN' (iii1) HYPOTHETI CAL: NO (1v) ANTI-SENSE: NO
(vi} ORI G NAL SOURCE: " (A) ORGANI SM Sel enonpnas rum nantium . :
(B) STRAIN: JY35 (vii) | MVEDI ATE SOURCE: (A) LIBRARY: Genomc
DNA |ibrary (B) CLONE: pSrP.2 (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NO 7:  GAGGATCCAT GGCCAAGGCG CCGGA C -

3 46b
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55. AVENDED CLAI M 1. A pur| fied and isol ated DNA enc{zaégéq’}b

phyt ase of a rumnal m croorgani sm A purified and isol ated
according to claim 1 wherein said rum naI m croorgani smis a%
pr okar yot e. 3. A purified and isol at#d DNA according to claim 1
wherein said rum nal m croorganismis of the genus Sel enonpnas,

Prevotel | a, Treponema or enQ um
Prevotel | a oAt Saqre &?’8&8@% @%ﬁ:ﬂs} prSFessm% SYS%"%BS@%’R@ e1% eélﬂl i
and preferably. Sel enononas rum nantium e.g. Sel enono

rumi nant i umbgyegleciadCOfsomse)it is of high lmPAftﬂﬁelm t@ﬂteﬁhﬂc;igfﬂl%%@km
according to claim 1 wherein said rum nal m croorganismis of the
genus Sel enappropsiateimeasares farsuppressing the iparticlegeneration within the ragiss poocssting
bryantil or Megasphaera el sdenii. , said DNA bei ng capabl e of

hybri di zi ng syg]gﬂ[ stingent conditions with a probe conmprising at |east 25
conti nuous nucl eoti des of nucl eotide sequence SEO ID NO 1. or the .

conpl ement thereof . 5. prARRNTIAMARSGF THH ATPENBYN according to claim

1 wherein said rum nal . said
encoded phytase |5| t he am n se rom
am no acid nunber‘g‘ing Rresgnt Bwentlon 1sﬁﬁ9§o ?deﬁr%b’gpfr‘écéﬁgg& Sﬁ%@ lla%% and
i solated DNA according tq claim, 1 vvhere n saiq.ru

ni cr oor gani eFmis daninishi ﬂﬁé"’?‘éﬂﬁ%ﬂt@%ﬂ io%ing @ 53"‘.t’ and SPRPTESHRK e
phytase conprising the am no acid sequence SEO ID NO. 2 fromamno acid
nunber 31 t chepamiolesgeneratiomber 319. 7. A purified and isol ated DNA
according to claim1l1, said DNA bei ng capabl e of hybri di zi ng under

stringent condi tigordihg o thepresent iavemiondn adirstaspeeq sher i provitled a cesist
nucl eoti des of nucl eoti de sequence Q1D NO 11 encoded phytase
conpri sif}g  processitfsPleCidprfitipence SEQ ID NO. 2.
a plurality of processing units each having a plurality of compartments stacked one
upon the other in a vertical direction;
a solution processing device arranged in a compartment positioned in a lower portion of
one of said processing units for applying a process solution to a substrate while rotating
15  said substrate;
a héating device arranged in a compaﬁment positioned in an upper portion of the one
processing unit for heating the substrate;
"a cooling device arranged in an intermediate positioned compartmenf between the
compartment having said heating device arranged therein and the compartment having
20 said solution processing device arranggd therein for cooling the substrate said cooling
device thermally insulating said heating device from the solution processing device to
prevent heat generated in the heating device from being transmitted to the solution
processing device; and
a main arm mechanism arranged in each of said processing units and provided with a
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8. . A purified and isolated DNA according to claim1, said phytase

conprising am no aci d .sequence SEQ I D NO 2. DNA conprising
nucl eoti de sequence SEO I D NO. 1. 9. A purified and isol ated
DNA according to claim 1, said DNA conprising nucl eotides sequence

312-1268 of SEQ ID NO. 1. 10. A purified and isolated DNA according to
claim1, 3, said DNA conprjising. . nucleotide 31 268 of ‘seguence. .SEQ
TDNG. 1. BRSO Bp Lo b HERHpe hesuHEe toto and g ot Poh Gpamgcns siid

characteristics: ] a nol ecul ar mass of about 37.kDa;
(b is actholdersieing movableinto angbousiof gach of the compargnenis ingluded inthe: ¢y g
active within a tenperature range of about 4.to 55[err]C, preferably about

20 processih@uiity, afovhble irnn &-axiy dirqetiof cand sivngablesbotthe Z-ai§ by aj C.

11. A purified and isol ated DNA according to claim 10 . wherein the said
encoded an e|a§1yt ase has the follow ng additional characteristics

a) a nol ecﬁ‘ ar mass of about 37 kDa; b) is active within a

pH range of about, 3.0,.to0, 6,0, and . 0 i.S.acti ithin a
tenperat dre r angdAePTding i the invsntien in 4 seeond as)pect, thes® lgp}ov\ﬁegvgs}ﬁge%ﬁi c
activity at least two fold higher than that of Aspergillus ficuuM
NRRI 3135 Pipyecessingsystemompyismge rel ease of inorgani ¢ phosphate. 12. A
purified and isol ated DNA according to claim 11 wherein said encoded

phyt ase a protess sextion fonapplying ardsishireataent to a subsfeatesfandbout 20 to

55[err]C An expression construct capable of directing the
expressi on qf load/Rilohd settion feér 16adihgbhleading the substfdte intd/but cfaaid pragesessi on
construct conprising a DNA according to anyone of clains 1to 11

oper abl y Iinblfégﬁiu o control sequences conpatible with said host cell
13.. A puritied’and isolated DNA according to claim 11 wherein said
encodeddohyt asda js.acgt(i.ve_ within a tenperature range of abdut 35 to
40[ err] @0 ~ said process sgellon INCWGINES - st ormed with 'a DNA according to any one
of clainms 1 tg 11 so_that . . the host cgell. c express. a E(Lase
encoded by shplyrabitpof progessing upits,eachihaxing m%"@&l e fééﬁ# %l PG o claim
11, wherein the encoded phytase _ has the foll ow ng additional '
char act er i stupon the other in a véytical digectionti fic activity at |east two fol d higher
than that of Aspergillus ficuum

a solution processing device arranged in a compartment positioned in a lower portion of

one of said processing units for applying a process solution to the substraite while
15 rotating said substrate;
a heatiﬁg device arranged in a compartment positioned in an upper portion of the one
processing unit for heating the substrate;
a cooling device arranged in an intermediate compartment positioned between the
compartment having said heating device arranged therein and the compartment having
20 ‘said solution processing device arranged therein for cooling the substrate said cooling
device thermaliy insulating said héating device from the solution processing device to
prevent heat generated in the heating device from being transmitted to the solution
processing device; and

a main arm mechanism arranged in each of said processing units and provided with a
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NRRI 3135 PhyA as neasured by the rel ease of inorganic phesphate.

A rum nal m croorgani smexpressing a phytase encoded by a DNA according to
claim 3, said rum nal m croorgani smbeing Sel enonmobnass-unm nanti um JY35
(ATCO) 55785) 15. An expression construct capable of directing
t he expresion of a phytase in a suitapde host cell, said expression
construct conprising a DNA encoding a phyt ase of a rum nal

m cr oor gani $arAIRe rofﬁbme}sl fakeﬂlsremg %@B&txa’i@ﬁi&?ﬂ%t%@ B3 dobdpartiieht) saidi d
host cel |l A transgenic plant transformed with a DNA according to

32%23&22&'@47 t'ﬁf’anlemé%. 3 f B Ot RO A PR il e

napus. An ex reSS| construyct, agcordi,ng.to 5 vvher in said
runminal m cPBQ?P@?é‘Fﬂ s, movab Fén%; Hgn’r%ﬂlsglé‘?ﬁapf?rﬁ%‘m“k Zraxi %ﬁ’i‘/t ase
encoded by a DNA according to any one of clains 1 to 11.

expressi on aogledy at least ove df said meincarai m@nmmmgalmﬁcmbm ase
conprises am no aci.d sequence SEQ ID NO. 2 A feed conposition

conpri si gg %e{veeﬁsﬁeubadﬁmmgébu*ohtahdmerﬂwéésﬁageﬁnoded by a DNA .
according to any one of clainms 1 to . . A host - cel |

transf or med s&mﬂu&&&&ﬁm&ge&&&mg qr@ riﬁimgdemermemén

so that the st ce can express t ase encoded by said

B T
9.0 0, St conty e do R B 33

A transfornmed host cell according to claim18 wherein said rum nal

m cr oor gani deading to a shogersl raminggagmp@mf thgmdin gym mechanism. Aspgesliathgi ti ve
for treatnment of a feedstuff, said feed additive conprising a phytase
encoded 1oy ainh¥\Rqaizedfod intyingthe maiwaen fiechdndéniis shotted inlthe sutdfrate A
transfornmed host cell according to claim 18 wherein said encoded phytase

conpri ses anjdSfedil ﬁ&guﬁfsaethec*ﬁialﬂ &rNreckanism can be mévéEhddclics dInpduai Ny a
phyt ase conpri si ng Transformng at |east one host cell wth

DNA d’
a accor dj agee ta?orf%%d%%ﬁ?? Swu about thg %axmchf"btﬁgr wordS, the mth %ﬁg\t sai

host cell can express a &heode
L i g e b 0
conventional system is required to be moved in directions of X-, Y- and Z-axes. It
15 follows that the particle generation can be suppressed in the present invention,
compared with the conventional system. Further, the cooling device is arranged

intermediate between the solution treating device and the heating device, with the result

that

20



A transforrred host cell accord| ng to cl aim 18 wherein said host cel I

|s a euk met hod ‘for produm ng a transgenic plant

conpri si ﬂﬂﬂ'ﬁ""“ﬂ""’"ﬂ}" transformng a plant with agDNA aECOI’dI ng to
any one of claifs 1 td I so 5 that said plant can express a
phyt ase encoded by said DNA: and- ?b) growi ng said plant under
condi ti ons conducive to the expression of said phyt ase by
sai d plant, GfMMPl ant preferably being Brassica napus. 22.
transfor rred host cell according to claim 18 wherein said host cell is a
pr okaryote A nmethod for inproving dietary vhytate utilization by
an ani mal, conprising feeding _ sald anlnal a diet which includes an

effective arlog%s@fpracdggngm DNA according to any one
of cl ains 1to 11 : A trans orrred host cell according to claim218

wherei n sai ¢ de§51 it Geh havm% a gﬂgﬁﬁtg lolf %oxﬁﬁiu'tments stacked on@ Met hod

for identi fy| ng a acco I'ng to any | ai s 11, said nethod
conprising the af : i sol ati ng nuclelc aC|d nol ecul es
frgm sai d or“@%ﬁ?t#ﬁermavemcaj(%f“m%’erfor m ng nucl ei ¢ acid hybri di zation
under conditions of noderate.to hi .sai

nucl ei ¢ aci & SeBitioRPrecesyngd %meaqmn%e@%mmmqt BﬂSIB?‘Engn a1dwer portlon of
havi ng a nucl'eotide sequence conprising at |east 25 continuous nucl eotides
of SEQ | D N@ne df said priocessing unitsrforf applying h@mcemqlutmdgla@pbﬂjraﬁ)wbq eroteting

wherein said host cell is a Bacillus subtilis cell. 25. A
'transforrred safddubaeitd; according to claim 18 wherein said host cell is an E
coli cell. 26. Sel enom)nas rum nanti um JY35 (ATCC 55785) 27. A

trangeni ¢ plapbth OirtRgedin a cohffrBRGR %bﬂﬁo&dﬂhléh[ﬁgﬁeﬂﬁor@oﬂ sftheahe

M croor gani sm so %hat t he phytase ‘encoded by said can be expressed by

sai d 10. %%%gémngmu%%rheatﬁléﬁl@%ﬁ {ec according to claim27 V\/nerel n said
cr

rum nal enoffonas rum nantium

transgeni ¢ palc%r&m& ﬁgg% g cl a{%neégé@yéher ei n.ngg'ggmgar%nerﬁ%e&é/enﬁe

conpri ses

compartment having said heating device arranged therein and the compartment having -
said solution processing device arranged therein for cooling the substrate said cooling
device thermally insulating said heating device from the solution processing device to

15  prevent heat generated in the heating device from being transmitted to the solution
processing device; and
a main arm mechanism arranged in each of said processing units and provided with a
plurality of holders for transfer.ring the substrate into and out of each compartment, said
holders being movable into aﬁd out of each of the compartments included in the

20  processing units, movable'in a Z-aﬁs direction, and swingable about the Z-axis by an

angle 0.
2. The resist processing system according to claim 1, further comprising a relay section
arranged between said main arm mechanisms for transfer of the substrate from one main
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30. A—phytase of a rumnal m croorgani sm- 31. A phytase according to
clai m 30 m nal m croorganismis Sel enonbnas
rum nan mli“ ﬂ“ tase according to claim30 wherein said phytase ha

t he fol I act eristics: a) a nol ecul ar nmass of about
37 kbDa; |s active V\nthlnaplz-?range of about 3.0 to 6.0 and

c) is active vmthlnaterrperature ran of about 4 to 55[err]C 33. A
phyt ase accmnwghwmtcathmogprmwm@ghmsw owi ng addi ti onal
characteristic: -d) a specific activity at least two fold higher
than that of Aspergillus ficuum NRRI 3135 PhyA as neasure by
t he rel ease of i nor gani ¢ phosphate. 34. A phytase according to claim

30, conpri sBNMPheéireSidtprioBessins s N%gcbmca&uﬂlgtoclalmagﬁ,umﬁeompsmg agubsini n a
am no aci d sequence SEQ | D’ A phytase according cl ai m 30

conpri si ng g{%cﬂﬁl%&tﬁ a&ﬁﬁféﬂ(ﬁgﬁgﬁh%ﬁﬁ# ﬂ?oc?smguh@ n?ovable?tﬁwardAanH‘%.%yWS' tion

COI'TpI’I SI ng se of a rum nal

m croorgis 05| |on aGc sai d
runi nal c%ll‘e@éﬂg Q‘?ﬂ‘ce S th? §° }?Sr‘% u@e&ﬂb Elgen% férgéé%égum%h

conposi t| on according to claim 36 V\her in. sad coppri se

A feed conpdapZras disrctpn Bi a0g BeHqaIDPe g lﬁaﬁpﬁﬁﬂ?ﬁ%‘?ﬁ) #?“H‘r%)thﬁt of
said phytase to provide up to about 2000 Uni ts, ([err] nol es phosphat

rel eased/ ni substatedfiorlile benting devios tothp epoling dewisg vaithip 815 samgprocessing unip\ f eed

conposition according to claim36 containing a sufficient anmunt of
said phytase to provide up to about 1000 Units of phytase activity per kg

feed conposi.tion. 41. A feed conposition according to claim 36
containi ng g FHE fdsfst Eﬂfces% HpySteff according to%‘l’dlﬁi pbﬁfe?&l@sdl@ siibi-aii fichdn@din about
50 to 800 Units of phytase aCtivity per feed conposition. 42.

A feed gonp gaqn?l | &é\h anpunt  of
sai d phﬁ’p asgé%p%r%&g%%t%%%d%% %tg:!![g%)& (f()&gjggﬁg%e{&glo L{‘f’r?étla e a%tl vity per
kg fee osi ti,on A f.eed additi.ve conprising a prepration
of 1yophili z‘g‘ﬁc r%l"é’&?ﬂ?ﬁ%lﬁ?e of thenain arm mg h?‘ggf’gam SMB expressi ng

phytase of a rum nal m croorgani sm under normal grow ng conditions.
44. A feed additive according to-claim43 wherein said mcroorganismi S

5. The resist processing system according to claim 3, wherein the compartment housing
the heating device has two substrate transfer openings, and the compartment housing the

15  cooling device also has two substrate transfer openings.

6. The resist processing system according to claim 1, wherein said plural processing

units are arranged in series.

20 7. A resist processing system, comprising:
a process section for applying a resist treatment to a substrate; and
a load/unload section for loading/unloading the substrate into/out of said process
section;

said process section including:
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Sel engormonas rum nantium A feed additive according to claim43
wherein s | s a reconbi na m croorgani smtransforned
WI t h a m“mmmmhyt ase of said rumnal m croorgani sm 46.

feed adéiteve adcordihg to claim45 wherein said rumnal mcroorgani sm
Sel enononas rum nantium 27 A feed additive according to
cI aim 45 wherein said expressed phytase conprises amno acid

sequense SE@pluzalifpof Brocessing litlits each haviiy 4 phueality oficdtnpartmeéntsistackedrogani sm
49. A feed addltlve according to claim48 wherein said mcroorganismits

is dftfer i A vERGAl diféetion; 0. A feed additive according to claim
48 wher ei n s I d phytase conprises anm no aci d sequence SEQ ID NO 2.
51. A nmethgd c s : r I ng
2t 1 cast ond Huibn BiRES %v?ce%?féhgeﬁfo& Al 2l Poositioned id lowdy RRGEELT

m croorgani sms at sajd hos cel ing ress S hyt asg:. and, . (b)
growi ng a cOne HE@I‘EPY%%%SH‘%@ A APP Pcﬁﬁﬁﬂﬁﬁoﬁﬁgﬁ?ﬁﬂﬁﬁfﬁ%gh{lﬁ t he

expression of said phytase by said host ceI | s. 52. A method according to
claim 51500nqtaﬁ1@wgi)$‘ﬂ?étrﬂmt her step of (c) extracting said phytase
from said culture. 53. A nethod according to claimb51 wherein said

rum nal ni cahestimdevioe sranged in aSmintpactmEns positioriedam t upper poBibn ofsherenehod
accordin to claim51 wherein said phytase conprises am no acid

sequence SEroeg\g@ig’zumtfo'ﬁe the klitetafepr producing a transgenic plant,
conpri si ng: (a) transformng a plant with a DNA encodi ng a phytase

Syt Lo 35 A 2B RIS B

phyt ase; W ng sal | tions conducive to

accor di ng. ¢ SOBPR %&%msm%%sﬁfé‘ﬁmﬁ ifess @P@“ﬁﬁ a%%fhgﬁmgaém@ﬁ* Bighe
o e L L R RS SRR
utilization by an animal, conprsing
device thermally 1nsu1at1ng said heating device from the solution processing device to
prevent heat generated in the heating device from being transmitted to the solution
processing device; and
a main arm mechanism arranged in each of said processing units and provided with a
15  plurality of holders for transferring the substrate into and out of each compartment, said
holders being movable into and out of each of the compartments included in the
processing units, movable in a Z-axis direction, and swingabl¢ about the Z-axis by an
angle O, at least one of said main arm mechanisms serving to transfer the substrate
between the load/unload section and the processing umt
20
- 8. The resist processing system according to claim 7, further comprising a relay section

arranged between said main arm mechanisms for transfer of the substrate from one main

arm mechanism to the other main arm mechanism.
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f eed] i i di et which includes an effective anount of a phytase
of UN‘@E'MW‘Mcroorgani sm 59. A nethod according to claim58
wher riimsnal m croorganismis Sel enonmonas rum nantium 60.
A method according to claimb58 wherein sgid phytase conprises anmino acid

sequence SEQ I D NO. 2. 61. A nethod according to claimb58 wheresaid diet
i ncl udes drinki n% wat er

and sai.d phytase Ls.included in said drinking
water 629" The Tt acesaIBg U ApEorPE R San i B AET cetipie s S5 ¢
provided in a mneral bl ock for consunption by said ani nal. 63. A
met hod accomgchapism arrpaged foncaghof therpraeassing Hpits seoviablejpwardand awgy £rqm | |
for. consunption by said animal. = 64. A nethod according to claim

58 wherei n g ltatihyy iedes aml the coolihgdievive dnajeded in the safnerpro¢essing nnitfrgovable
consunption by said aninal. A method according to claimb58 wherein

65.
sai d phytase, i -5 eﬁy&ﬁoh,lrhna Heti%wqdipRed withfﬁnmaligt ofholdué forarahsfestirigiuhé f or

consunption by said aninal. nmet hod according to claimb58 wherein

sai d phytase, i rOV IR : l oL | f f- r ] by
ai d an) far Substeft R Wiehcafing doviBPto B} LEdifhg FICS wiltin U el BBUTRIALIIEY
for consunption by said/ animal is treated with a preparation of

| yophi I'i zed mi croorgani sms, said m cr oor gani sns expressing said
phytase undir normel grow ng conditions. 68. A nethod fqr assayin
phyt ase act il0i The @FlsbpfﬁP‘?ﬁﬁ’@Srsﬁ%fﬁm@ﬁ?ora%ﬁP claim g, wherein said s '@B‘smﬁ%/han%m
(a) providing a growth nmedi um upon which col onies of microorganisns
have been gisadapteddo transfeli said substrate in angl eutof szid deatingaAndicopling devices in )
contacting said nediumw th an aqueous solution of cobalt chloride;

and (Qi)rec'tﬁm%@ﬁbsi@ t6 those 0F theunain arm atechanisth. cl eani n, wher eby
fal se positive results caused by mcrobial acid production are

el i m natigd. 69. A nethod according to.claim68 herein after step (b),
said nediumis contacted w th an aqueous solution of ammoni um

| ybdat . ‘ | Ui ; ' : A
rrrrgt Kodaagcgﬂgl‘ ?ﬁe {eSISEP rg?%ﬂ@g%&%tg@e#%&gg}gga e dl um%ﬁgye?gﬁ?%%ﬁgmzﬁ sai d
| yti f hal hl oride f t | t ahout 5,pinutes. 71. A
et hod _accolPHEE s Rerting ferce s P subsival Wt pPUSEY AR e Samippttment

aqueous sol ns of ammoni um _nol ybdate and anmoni um vanadate for at
| east about heusingthewpoling device also has two substrate transfer openings.

15  12. The resist processing system according to claim 7, wherein said plural processing

units are arranged in series.

13. The resist processing system according to claim 1, wherein a solution processing
- device, a heating device and a cooling device are arranged in each of said processing

20 - units.

14. The resist processing syétem acéording to claim 7, wherein a solution processing
device, a heating device and a cooling device are arranged in each of said processing

units.
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72. _A nethod accordlng to claim68 wherein said nediumis contacted with
saiqrr_____gggggg§_§QLurlons of armmori um nol ybdat e and amoni um vanadat e
si murtaneously 73 . Arnmet hod according to claim68 wherein the
concentration of -said aqueous solution of cobalt choride is about 2%

(weigt/volune) = - 74 A net hod accoOrdlag fo claim69 wherein the
concentration of said aqueous sol ution of ammoni um nol ybdate is
about 6% (wei ght/volune) and the - concentration of said aqueous

sol uti on of anmoni um vanadasTRACZbORt THESBISCLOSURER| (iRTG.0lANE).  75. A
method for identifying a nucleic acid nolecule fromorganism said '
nucl ei ¢ acid nol ecul e encodi ng &REBISTS PROCASS ING (SYSTEMInpri si ng t he steps

of : (a) ‘isolating nucleic acid nolecule fromsaid organi sm

(b) performng nucl eAcresidt pyriocedisialg @yaheaiercanprisemis ptunmbittrte to
hi gh stringency said nucleic acid nol ecules and a | abel | ed-

hybri di zati on prebepheceagingnusisst ea@rsé@)@mge accpipmasluﬁgr Af |eomt

25 continuous nucleotides of SEQ ID NO 1. A et hod according to
claim 75 WherelnP%EF@eﬁyﬁrFH?EK@?OH“@OMMQH(ﬁhﬁeﬁﬁ?Qﬁ in a vepiihah e
stringency. A et hod aciordlng to cIa|n175 wherein said

hybri di zati on coRbFeFbienard §P

REPLACENENT SHEE; compartment positioned in a lower. portion of the

ution MHﬁ? ,ﬂ%ylce arranged ln

processing unit for applying a process solution to a
substrate W while rotating the substrate, a heating

10 device arranged in a compartment positioned in an
upper portion of the processing unit for heating the
substrate, a cooling device arranged in an intermediate
compartment positioned between the compartment having -
the heating device.arranged therein and the compartment

15 having the solution processing device arranged therein
for cooling the substrate, and a main arm'mechanism
arranged in each of the processing units and provided
with a plurality of holders for transférring the
substrate W into and out of each compartmént, the

20 holder being movable into and out of éach of the
compartments included in the processing unit; movable
in a 2-axis'direction,'and swingable about the zZ-axis

by an angle 6.
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