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Enhanci ng enzyne production Field of the invention The
invention relates to hydrol ases obtai nable from grains

wo 0070022598 n f ood processi ng and manuf act uri ng PCT/AU2006/001242
i ndustries, to the germ nation of grains such as
barl ey and to isolation of ¢nzynmes from grains.
Background of the i nvention Many hydrolytic enzynes of
grains, of which limt dextrinase (EC 3.2.1 .142), a
and b anyl ase Ehrbancing engyne production?
respectively), 1-6-b-glucanase (EC 3.2.1 .39), b
1, 4-xylanase (EC 3.2.1 .8), arabinoxylanase (EC 3.2.1

: . gl ucosidase (EC 3.2.1 .21) are exanpl es,
Field %@@?'P&’gﬁg Eppl ication in a variety of industries, and

The iniv%a Iéﬁesa{ﬂqg E\%n@@o‘%@?’k?@ﬁ?%ﬁgw ggé Li]rﬁ Ifcr;gd processing
and nfaymfa&taﬁﬁ@ |néu§crléé’pt&3théYQé’n*?ﬁlﬁbﬂ§¢ dfogratyMRICR 86 barley and to

application fromtissues such as plant tissue
isolatiqmel erEymesframr@rainsul ses, | egumes and the |ike and
bacterial fermentations and the like. In sone
ci rcunst ances these enzynes may be produced in

Backg?SGﬁH"Bf‘lﬂBtm@é ,gﬁsn on systens. A problemw th sone of
he processes whi ch many hydrol ases are obtai ned

wny AT BEBARELACT I WP A B, v

amylageO s I8 aPH ea sk RN L2 12 'r@Qb@dt%ly’) n1@Ef§IL%d?ﬁase (EC 3.2.1.39), p
commercial quantities of hydrol asés ere 1s a heed

1,4-xylboasé nffirO\VEREN)s arabmoomlasnaee (e 332t1a1$6)ngand B glucosidase (EC
' t hat

dr ol |
3212348 FETRIFS nir 1o BURY SPSIceUoR: Mmadverayeel iegusies. and in
partlcuﬂir IR odhresédsiy hRd PhERFEYurihg if@ididéd) enbodi nents

here is provided a process fof increasing the

These enzymes, otherwise known as hydrolases, are typically obtained for commercial
application from tissues such as plant tissue, including grains, pulses, legumes and the
like and bacterial fermentations and the like. In some circumstances these enzymes

may be produced in recombinant expression systems.

A problem with some of the processes by which many hydrolases are obtained for
commercial application is that they tend to provide for a sub-optimal yield of hydrolase.
Hence, considerable expense is incurred in obtaining commercial quantities of

hydrolases.

There is a need for improvements in processes for obtaining hydrolases, especially
improvements that are associated with improved yields of hydrolases.

Summary of the invention

[n summary, in certain embodiments there is provided a process for increasing the

amount of, or expression of an enzyme in a grain.
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amount of, or expression of an enzynme in a grain.In

ot her enbodi nents there is provided a process for
w@e@dozassg) a grain having a high rel ati ve abunperas2b/001242

an enzyme. In other enbodinments there is provided a

process for producing an enzyne. In further enbodi nent

there is provided a process for extracting purifying

|.ati in hav hi
ot P S i Bt Tl BYLE s e o i

relative Qymﬁdéﬁ-ﬁ;_ew}péﬁ%,nae grain that i s under goi ng

germnation to rma wounded grain having at |east
one site of tissue damage that can be at | east

In otheP@HHd’é‘nh n c?etiPi@ré Fs%r@érd%ﬁea p\fb‘é%@?or%rﬁpﬂcrﬁgdanoé%ﬁiyrﬁé I ng

he woun rain to at |east partia arr
Ieast one site of tissue damage of the vvounded grai n

In furthEP efﬁHdHrr‘?\ fi@ré & iQ)'i/lﬂziner(’.i g&%‘e&”féﬁeﬁ gep 6:0 Qéiating an

rovr rovi de
enzymefforaa grain rhaarntg a Ihﬁgh ireriaiwec&bmmanoeebf an emnymeivounds t 0
be applied to a grain. These conditions provide for a
wound applied to a grain to be repaired by the grain.
Typicallyntreopmoesb dovetess souhdingr 2 gesin that:isumr&iiargbihgvge”rgm@ation to form
o.ro froma t he rootl et

roog | et ai vin
a wourdégh 9rBin. hgy BorAtieastgnans i Ohlissiier RENAB8 Shalcian e @t deast partially
repaired’ B fhe 'Wb&ﬁfé@bfaiﬁmdpé‘i‘?ﬁiﬁﬁi& thePhvBuRded ipﬁéin to at Ieast partially

extracting, purifying or iso I Nng an enz
repair gn atrieastvong sitenofgissuel damage st ihel avamendsid grarrerhq;fmm a repalred

orain. QRS A A i 63 P Pabb B 27 oerminatr

of a gr%im@na WiatiproViaei foe onehdlOmore vdunags abBBARIKliRdOfo aYyrain. These
ynme. In further enbodinents there is provided a

condltlgli%prpw%afqr@ WoHNg RPpedia @ grainda derepatsed Ry tea gyaia.
The grain is typically formed froma process invol ving
provi ding conditions to rain that provide for
In somgepbegimentsother REOGESA 'ﬁCldgﬁs fallowdng aoroatst dovgremd&or a grain,

oo AEPLE iy 1 i oho PR P g B

In certain embodiments, a process for extracting, purifying or isolating an enzyme from-
a grain having a high relative abundance of an enzyme includes the further step of
releasing or otherwise extracting and/or purifying or isolating an enzyme from a grain

having a high relative abundance of an enzyme.

In further embodiments there is provided a grain having a high relative abundance of an
enzyme. The grain is typically formed from a process involving providing conditions to a
grain that provide for germination of the grain and for one or more wounds to be applied
to the grain. These conditions also provide for a wound on a grain to be repaired by the

grain.

Detailed description of the embodiments

It has been found that the expression of hydrolases can be significantly increased,

leading to a significant increase in the relative abundance or otherwise relative amount
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Det ai | ed description of the enbodinments It has been

found that the expression of hydrol ases can be
war@moiseant |y i ncreased, |eading to a signifiPENAU2006/001242

increase in the rel ati ve abundance or ot herw se

rel ati ve amountof a hydrolage in a tissue, in

ci rcunstances wherein a tissue i s wounded and

rmtted to repair. Specifically, as described
of a hB{%éP'@ﬁﬁ in & tigsyie, i HCYBEIRACEH MNaBain| 2 isgheaiswoyhdash anﬂ permitted

o epdB AN | LAl AT BPERL 1) rans grown i

conditiansuriny Ivetgeh B Yraing wdreasubjdstednid asmurlihg. ahd]rbepallr gl amounts of
h 1.7 fald 0. 05, f ol t n barl e

nyarolR cBSViake Eh 3ent g aRuasthbEt 512 Snaranety ds 7 fold and

0.05 fél@p%'bbterq}ﬁﬁr bBMé’i @rﬁﬁ@?robvhn'ht c@#ﬁiﬁﬁéhé‘%‘? ifffoIving - wounding and

anase .8 were found I1n“up to
repair. 1@“’@ehv&if@|a§e$o?/mltgd@@mrtﬂseaﬁﬁu3\t231 fA2tanst @ 1gt-aylavase EC 3.2.1.8

were fGEF R o ) B AR RPBHL B Ao R e bl T are
processed for rel ease of enzymes according to

These SAATEL 4P naPHERY RS 2Ee b e BTAREH o iy

and re(pei‘rta?rlenpmm%ediﬁﬁt selbbsy of iehzpineyi A&sbraingr RCesmnieREial extraction
i ncreasi ng.the anount of, aor expression of an enzyne

processgs r @ﬂa@rWIsern@pm\&dew@ldﬁmé|hud@§yttqn@nz@w@@s 68N bemt@nﬁg
condltlons to a grain that provide for germnation of
grain and for one or nore wounds to be applied to
Thus "ﬂ r?@ﬁgrraembogiment%ﬂﬂﬁ@ isnprioyisleds @ prerassi featngigasing the @mount of,
or expr&ﬁ?@g?@tfltéolﬁ%?gyﬁmne‘gmo‘réh Fah? ‘gﬁ@ r@gb%él\lt%hmeg&%am step of providing
condltlom;]eto @rgraih treatt srotviver &)rl gem'ﬂnaﬂlcde@fahermﬂsanﬂwor one or more

h h | at bund f
wound3 £ 05, ReoRedlud Phst S ok 'ahgﬂje{rﬁwg % pfo5f SgavAtR @ grain in
conditiBRS G WIHES the g?alﬁr@'v&bdﬁél% 1] RBU foﬂr énoF‘%ér%r\Né’unds to the

the grain and™for one or nore to be applied t
grain. the grain. In one enbodiment, the gral nis a barley
grain. However, it wll be under st ood that ot her

In other embodiments there is provided a process for producing a ‘grain having a high
relative abundance of an enzyme. The process includes the step of providing conditions
to a grain that provide for germination of the grain and for one or more wounds to be

applied to the grain.

In one embodiment, the grain is a barley grain. However, it will be understood that other
grains may be processed, including, for example, rice, wheat, corn, maize and the like.
Further, legumes and pulses such as lentils, soybeans and the like may also be

processed.

It is important that the greater proportion of grains subjected to the process are not
lethally wounded. A lethal wound tends to be one that results in death of a grain
embryo, or one that otherwise prevents a grain from at least partially repairing a wound
applied to the grain, - or otherwise from germinating.
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grains may be processed, including, for exanple, rice,

wheat, corn, maize and the |ike. Further, |egunes and
wpeiogessstich as lentils, soybeans and the | i keP@ExU2106/001242

be processed. It is inportant that the greater

proportion of grains subjecgfed to the process are not

| ethal |y wounded. A | ethal wound tends to be one that

results in death of a grain errbrgp, or one that ) )
Furthepaseqligrugses I@v@ﬁf%dgtaarg%lqwt B¢ Beendadnd fhatid kg grain embryo is

s A BB HAF LB 1 DA 576 o
germinaéibow, it has been found that a live grain enbryo is
associ ated with the enhanced secretion of one or nore
enzynmes froma grain during germnation. The grain may
The giaén woay ded wayinapd! lyy @eplyinghgs phydicalr aatment toOtHéﬂgram Physical

weatm@iS; ficyidd) th65e BRETRERT 6 uabieRig, gPraliononUBIBInG, agitation or
compr&Syioh 88 fHePGraM. diher %r?dsrbf Rl trebfRe R ar@‘Bb?]'tfrﬁblated
treatnent are contenpl ate Particularly use
physi cal treatnents are those that cause injury to a
Particul &) hgéfu‘Plrphgé[ctal ?r‘é%frﬁ@ﬁtssé*‘éhth%?%ép%h% utn'!uﬁ! @5 doAkt or part
refove a ro et or part thereo rom a A. , or an
thereof sijiahy as teoraotiehtipt or tj\ahwemb\nsla wotlptor partrihertedf fieat aegrain, or an
- t hat sults,in, an aff n outer. |l ayer.of a
injury eSS i ik Rl gRreg: Ak AT By sRlfE i p Bffpgicon an outer
layer ofB)grains aldifoné &lyér or ABnfidaNisR [BfePoPiRCRSY IS be useful
abrasion of a grain is shown in US patent no. 37549
A process for conpression of a grain is shown in US

An exdiaplendt 2proctdséPabrddici Bf ARYaifl @%h@@vn\/\mumg%téb{t R51€3754929. A

or nore of chenical treatnent, exposure t
processdapeempiassioneta giaie imshowlimbiSopateahae 4:%52795
treatments include alkali treatnment. This treatnment is
particul arly useful, anong other things, for
Grain seyulgisd Hengvasindedr by a0ney osomore |¢fzch@mdaé tegatmenhuskposure to

ali treatnent is one wherein
tempeé?%l hg s@rég%gﬁ% d over a tinme course of 24

Chemical treatments include alkali treatment. This treatment is particularly useful,
among other things, for solubilizing or partially solubilizing the grain husk. An example
of an alkali treatment is one wherein grains are conditioned over a time course of 24

hours during a second steep.

Other forms of chemical treatment include treatment with ammonia. An example of
chemical treatment with ammonia is shown in US patent no. 3134724,

As noted above, the grain may be wounded by heating the grain. Generally speaking, a
grain should not be heated beyond 40°C as above these temperatures, a grain embryo
may be lethally wounded. Heating is generally performed during a second steep.
Heating may be useful for softening a glucan outer husk of a grain.
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hours during a second steep. Other forns of chem cal
treatnment include treatnent with ammonia. An exanple
wo@boochzasixal treatnent with amonia i s shown i PCTSU2006/001242
patent no. 3 134724. As noted above, the grain may be
wounded by heating the graipg. Generally speaking, a
grai n shoul d not be heated beyond 400C as above these
pperatures, a grain enbryo may be lethally wounded.

A Pa"t!qémyngsqf%l \@%Wéqhaw?gwrf isr feeaPRlvi @ Higatineddertbie graispthat causes
remov ké Rﬂ)tlgﬁﬁonﬁh A&% \?/RICB%EQ? n?eéﬂéh‘f %ggP§% re-growth of a

gral n. woun

furtheri rs»otlet faxpmltple avcturmmmmtn tlm cel‘talngasmbndlﬂim’cts ¢lael$<§1$=tlets are grown to
let, fromthe in which

about Befiod ard i Bossia,cb SPuOganth na GOl aihekdime meriods may be
approﬁrfa%n GBReMpY OB 8FSH &Y td Raf& "rérﬁbget? th%?@héfﬁgga)ﬁ from the

tlets are grown to about days from
start Obge@mﬂﬁtlmmartmm s0madnsfancashearliartbap éhis ofts exayndie 10 days from

the Sta@p@{&gwﬁ%&noeeneral ly it is preferred to have_ rerrpved

I o0t re 12 days fromthe start of germ nation,
and in sone instances, earlier than this, for exanpl e,
nat

Atoudf EEAFASREN Do h 8 boPlr FTBIBER, 43 HET4H dolSana s

tips, it toRainrsMBbodiRichteAheMgRiin Lrddns hihyCBE tréiﬁbv@ﬂb@%%@ssof which
ot her grain organs mal\él be renoved, "exanpl es of
y

'“ClUdﬁ’ atalrmbéslgﬁad@sm@l@t% 88soci at ed | ayers. Gener aI I y
speaki ng, roots, shoots or the |like need only be
renoved once froma grain for there to be an

Generalhsiprakirgt roots, sopiie opthrilike neadephe temeavesherse; idm a grain
TR e v—

unwouhtied dgnais. aﬂwanamgaﬂbbdhneﬁﬂs ua itre@trmeat fal wodidihga g’w’aih is applied-
d at ast onc for exanpl e by renoval of

repeatedlyy ‘?r‘?@ma Yantages %@F@Hsegﬂh@rﬁlbaﬁn%a@ Wounsied akrigpst once, -
for exéi‘ﬁpllal #&mé\ﬁ‘eﬂtdfﬁ‘ GHt! ¥t &I 8NkeOdYed frHﬁhéggli Ig?am This may be

treat I's ap not a grai ns nmay each
useful phgicstarky astatw)obneldam thatrartteatineat Saapplied; hbeall grains may have:
reachedetrhteas':aqmg3 rg?age oF Hevel'opment of organ. Further in certain embodiments it is

advantageous to remove more than one root, shoot or the like from a grain.

It will be understood that it is not necessary to re-injure a repaired grain. Further, it is not
necessary that an injured grain undergo complete repair.

An example of an apparatus for applying a wound is shown in US patent no. 3174909.
Generally, an apparatus may be comprised of a drum for holding grains, the drum
having an internal baffle, in use, for agitating grains contained in the drum when the
drum is rolled, and a roller for rolling the drum.

Thus in certain embodiments there is provided a process for increasing the amount of a

hydrolytic enzyme in a grain including:

-allowing a rootlet to grow from a grain;
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advant ageous to renove nore than one root, shoot or
the like froma grain. It will be understood that it
WO g00mo22smecessary to re-injure a repaired grai PCT/AU2006/001242

Further, it is not necessary that an injured grain

undergo conplete repair. Angexanple of an apparatus

for applying a wound is shown in US patent no.

3174909. Generally, an apparatus may be conprised of a
-remoing the wotiebframieggraimandt he drum having an inter nal

baffle, in use, for agitating grains contained in the

drum when the drumis rolled, and a roller for rolli n%
-allowingea turitver raotied to grewrfremrtherdraini teeincseaseethe amount of a hydrolytic

a process for increasing the anount of a

enzy”%yﬁ ?%?r, c enzyne in a grain including: -allow ng a

rootlet to grow froma grain;-removing the rootl et

fromthe grain; and -allowng a further rootlet to
Germigatip Qﬁﬂﬂ?é'ygrre&Oﬂ"'sFS fhet Srdersenehaagianiegs E’%1 one or more of
hydratitnd6ptigdueCleafmy™® hibduldtich Bf vélahid Bakbi gmain, smegartish| of enzyme

recogni sed as a process characterised by one or nore
actlwtrbfcrrarmeatrr gRdespars stractwsa daitl compasiionagndimedulagpnef embryo
actrvrtfo a grain, nodul ation of enzyne activity, change in

endosper m structure and conposition and nodul ati on of

enbryo activity. Typically, the grains to which

' it i Uy i : _

v A, bR GRS A1 AR LR v crams

are urideegoing géhainrariaa ief gagipkitbat atothedfme Imjflapph@atmna@bmjury @re about
er nj nat e, %alnsthat are.in nac}lve state o

to geripien R SF?'%& Ak &Pt 6N apig SRlPoR germination a@,rthe time of

,applrcé’t‘i 8in tor@%rsﬁﬁﬁphé’\r@goﬂﬂég% %ﬁﬁﬁrgﬁbn%‘?%é hﬁ% &application

p I ca Injury. In ce I ment
of injugyr ai ns are in an active state of germnation at the
time of application of injury and remain in that state
during repair and subsequent further injury

_In certain embodiments, the grains are in an active state of germination at the time of

application of injury and remain in that state during repair and subsequent further injury

and repair steps.

Typically, the grains have a moisture content of about 40% or less at the time that the
injury and repair processes occur. The moisture content is a proportion of dry weight
over hydrated weight. A moisture content of about 30-35% as a proportion of dry weight

is particularly useful in certain embodiments.

Generally the moisture content is more than about 10%, more than about 15%, about
20%, about 25%, about 30% to 35% and generally should not exceed 40%.

In certain embodiments, the moisture content is more than about 25% after steeping
and about 30% to 35% post an extended germination period and should not exceed
40% at any time.
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and repair steps. Typically, the grains have a
noi sture content of about 40%or less at the tine that
w0 b@7i0zd5e8 y and repair processes occur. The nOPGI/ADZ006/001242
content is a proportion of dry weight over hydrated
wei ght. A noisture content #f about 30-35%as a
proportion of dry weight is particularly useful in
certai n enbodi ments. Cenerally the noisture content is )
The desired mbisturawontent Mgy herabtained ybeleepngohegiaims in@y, appropriate

about .25%. about. %t 0. 35% and ner.al ly .
aqueod 867 0YnS ALl P St bR MR EE S Plral Pl SR compouns
such #@&Pr&wih ?ﬁorﬁ@feﬁ?s,t bach a0 gibbehiicahtiar asitieaniongbiald(such as SO»)
about 30%to 35% post an extended germ nation peri %d i
especialiyjaghdungrinoer ethescampeungs sieh as M.kt afiadis ta goften the grain

and rafﬁgitﬁé;ﬂl—F content may be obtained by steeping the
gral ns I'n an appropriate aqueous sol ution. The

solution may sinply be water, or it may include other

The sERRREATEFrUEl £ P M OTRNE 0y Hodiy g mutpe steopin

steps, @sphcitap |chasadtérsathgaterdiny tothes conditiposi agplied daring each steep.
| kalis tq so_ftlcagﬁthe rain and raise,the

NH4 OH .
For exw'%@\?@ﬂ siesr Euakine cprgHiogsdn S gt i @ﬁf!fgg‘rd foyless than
about 48%. %‘F%‘xéhg? a'C&r'éih'(JﬂW be! rﬁﬁﬁbi&i PSARM infiRF Braih PRoisture of ~10%
C accor 1 ed

aracteris Ing tothe conditions app

to aboudti20 gmeisturestonégnt iFdne praserice of F50ppm SCadpr abguit 12-24 hours in
i TSRS TER SR 58 b3 AR Bl 58l anc avol

any cdntiptiedebbiidri ithds@h brBusass pretbins d0§futan@bluecdliosteep step
noi sture content in the presence of ~50?pﬁpm S2 for

Yo s0Pigtyre gontent at an
increa%% pﬁ-hﬁ@.tg%.é ‘%H‘%MSCbrEQeﬁei{ hf‘g%ﬁﬁﬂgﬁrﬁn ?Eﬁ‘@rb%gimcaa@@%n@vﬁé'rg?ps some

conti nuéd reacthon w ce proteins
minor besten® 4R Giecthedasttrerp fot @ potal steepingdimelef 48j24shourg.
hydration of the grain to about 20-30% noi sture
content at an increased pHup to 8.0, in the presence
In certin ErRPedimenthbitei glaie iactdeped fpeabapts 5sdags, although it may be

steeped for fewer days, for example, 1, 2, 3 or 4 days. Further, there may be benefit in
steeping the grain for longer than 5 days. However, in these circumstances it becomes
more difficult to control fungal contamination during the steeping process.

Further, a grain may be subjected to injury and/or repair prior to steeping, during
steeping, or after steeping (i.e. at “steep out”).

It will be understood that in certain embodirﬁents conventional steeping steps may not
be required.

Where one or more steeping steps are impleménted, the grain may be injured and
permitted to repair for a period of up to 12 days after the completion of the steeping
steps, although injury and repair may occur across a greater time. The length of time is
dependent in part on the enzymes that are increased in the grain. Times that are

suitable to specific grains are discussed further herein. In certain embodiments, the
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m nor heating to 400C in the last hour for a total
steeping tine of 12-24 hours. In certain enbodi nents,
wo b@702298 i s steeped for about 5 days, althouptiI/AU2006/401242
be steeped for fewer days, for exanple, 1, 2, 3 or 4
days. Further, there may begbenefit in steeping the
grain for longer than 5 days. However, in these
circunstances it beconmes nore difficult to contro
grain i§ injuyet aowhpemitied to repainr abytthdays alter sigepingdessmpleted, about 5

caye ofis e - BlPiTB o BB, b g R fipiotea. During
these ﬁr‘h@@PtH& tdin atoe’ ﬁ’é@t@ﬂ With '2) grovithvpromdier Qtﬁtﬁiﬁéstglbblenlhc acid
in cert ai n” enbodi ment s conventi onal steeping

and m@lna)@edraylaﬁ;@tthm 3p g unoisddre inibe presrncsoffighe st eepi ng
steps are inplenented, the grain may be injured and
permtted to repair for a period of up to 12 days

In certaintembedimenisrthecongditiors argecantedisd sy as Kp@lnlmI&%Eﬁwﬂatlon of the

grains pghégﬁst%ﬁpé%ﬂe@mﬁ%@gﬁgg%%p?%ﬁc%g f}t@eﬁrgw ﬁﬁdér’sf%d 498 process

by whith&nedge id MémﬁomnmbIRumsas;mnh as masde‘yaltateseOne advantage of
suitable to specific, grains cus ed furth
limitinghegspiration s &am'lamﬂseéwfﬁo%tﬁeh@ébwf: SHCR Rr9cesshp il pre unrelated
to WOL?I{H:' r‘?ﬁ%lm Lh@hdte’ BB v MY d?’re@?ﬁ%aﬁ‘éﬂl@rer?ér@?ﬁbnﬁohﬁd repair,
about 5 days after steeping 1s co
hence dbadlnglﬁ) da;reasés @ synﬂmsumgf ias hydqulyt@t enlzymnarmn@ grain. Another

oo L5 b PR D b S M oo, s o
sugars ‘éﬁé ¢ O3 NP MRS WHigh Wbuld&uppefegreti®fofl dditdmirlating microbes

certain enbodi ments the conditions are controlled so
such agsgungi anchthe le.respiration of the grains during
steeping or germnation. Respiration is generally
understood as a process by which energy is rel eased
One vﬂa)omfnnimmuﬁllw resipiration éaito ctopdicatths . m@ﬁéur&dvameag@fome grains

oncor B8 D oo AT 35 B 5O, convonng e

: relatlvéeﬁairfdlgﬂr& e ehvireRaRINY ed @ity dyeravhatiorni dralibe steepioy, ie. by

to wound repair, hence |eading.to |ncreases in

controﬂwstw@st@nmreéurﬁyam@rp@lﬁwrereqmnh A iheyeavionmgst Heenerally it is

preferable to provide conditions for minimising respiration which prevent starch granules-
in the grain from bursting. In one embodiment the relative humidity is about 80% and

the temperature is less than about 20°C, preferably about 10 to 15°C.

In certain embodiments, the grain may be treated to eliminate microbes located on the
surface of the grain. This may be useful for at least limiting contamination of the grain as
the grain is undergoing germination. Particularly useful treatments are those that kill
fungi, or fungal spores that would otherwise enable fungi to grow on grain during grain
germination. Examples include washing in an anti-microbial, gassing in SOz or

ammonia, treatment with urea, irradiation, especially UV irradiation, exposure to light.

An additional or alternative approach is to prevent root or shoot development from
penetrating through the grain husk. In some circumstances, penetration of the husk by

these organs provides opportunity for micro-organisms to infect the endosperm.
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advantage is to limt the production of nolecul es
associated with respiration, such as sugars and CO2

W@ 70es98 | ke whi ch woul d support growth of PCT/AU2006/001242
contam nating mcrobes such as fungi and the like. One
way of minimsing respiratign is to control the
noi sture content of the grains undergoi ng germ nation
and/ or steeping. This can be achi eved by controlling

It will e undeeatoed thaifurthej enhaneemanis rioniedaiivedablindance of particular
t / al | h

nyeroldSEET 2 4 SR oBERFE DY ltind 4468085 Solbfigh Brampies o
modlflﬁimsahéyanet relevamt ¢ pariclar hgdwlass lgrecdivelidgcats rther herein,

m ni m sing respiration which prevent starch granul es

in the grain frombursting. In one enbodi nent the
One paaloauarvad\rwﬂagb tof the prbcuss 88ussEl hbeil @smﬂ%tam@f@ralnﬁs obtained

| ess than about 2Q0C, preferably about 10 to 150C.
therefrem} can r'Peeﬁ%GPWé’ntPst”hﬁé dgwaﬁtﬁempr@@ewegt gdch gs for example to
t u I
puriy 61 SRHEE SAIePBEMOE LA R8P RUEDRERAREIS, i arains obtained
from the prasdssadiscussed héreingeauld Imssmtbjec@daiiorthiespmndﬂ dscagsed in US
ti arly useful treatnents are those

patent?‘ﬁagbggh&%ﬁﬂf' @ﬁﬂqﬂ?& | spores that would otherw se

enabl e fungi to grow on grain during grain

er t|on | es ingl d was in in a
The pcess | é?me&%@'ﬁ 345 maTioHiady ISR rﬁﬁrﬁ@anpweaw%eﬁ%presswn of
grain H&‘d?&la%@aesdercfaﬁlg'tﬁéé@!&ca%ﬂ%%é'dlé’urh’?{e'arn%lasC{éﬂ:th' SMYosperm layers,
exposure to ditional or alternative
and empmmalbkamplesoofperezymﬁs modudep imithdextridases| @ @mehf dmylase, 1-6-B-
pene ﬂg‘{in t hrou Bthe grain_husk. In sone .
glucan@ﬁ?c XK §Sep%r noxyiahAselinoxyoenase and Prlueosidanms
provi des opportunity for mcro-organisns to infect the
endosperm It will be understood that further
@é@emay henoblainedi ineertiansedraysountspey aiZ dawisteep and 3 days
germir@(%o' ases in a grain can be obtained by nodifying
eeping conditions. Exanples of nodifications that
are relevant to particul ar hydrol ases are di scussed

i S oo I R0 995 L4 Benaap 7-6 ove

germinaiehef rom can be subjected to further downstream
processi ng, such as for exanple to

Xylanase may be obtained in enhanced amounts by a 2 day steep and 10-12 days

germination.

Example

Grains were steeped as described for 2 days and were then incubated for a further 10
to 15 days in conditions including:

UV illumination to retard microbial growth;

controlled temperature between about 7 and 13°C, normally about 10°C;



purify or otherw se extract enzynes fromthese grains.
For exanple, the grains obtained fromthe process
waele@cnsxsesl herein coul d be subjected to the prPCEAB2006/001242

di scussed in US patent no. 43551 10 to purify

pul | ul enase. The process di ggussed herein is

particularly useful for enhancing the expression of

ain hydrol ases, especially those |ocated in the

controchialaie B it S0 L Nlb Rseivel rgEraiog ATy o

Exanpl es of enzynmes include imt dextrinase, a and b

anyl ase, 1-6-b- glucanase, b 1, 4-xyl anase,
perlodlsrtamhhlagyfpaaasmmute perigdfe Frpeevent r@otgatm @odi shests froempenetrating

e oref UKk Q55 g5 oA DS EBRy RRLRBORLeS

be obtained in enhanced anobunts by a 2 day steep and
7-8 days germ nation. Xyl anase nay be obtained in
enhanced anounts by a 2 day steep and 10-12 days

germ nation. Exanple G ains were steeped as descri bed
for 2 days and were then incubated for a further 10 to
15 days in conditions including: U illumnation to
retard m crobial growth; controlled tenperature

bet ween about 7 and 13C, nornmally about 100C,
controlled relative humdity at 80% w th passive
recirculating air flow, periodic tunbling for 30

m nute periods to prevent rootlets and shoots from
penetrating the grain husk, each tunbling period
followed by a 3 hour rest period. CLAIMS 1. A process
for increasing the amount of an enzynme in a grain
including germnating a grain in conditions in which
the grain is wounded. 2. A process according to claim
1 wherein the grain is germnated in conditions in
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whi ch a physical treatnent is applied to the grain to
wound the grain. 3 . A process according to claim?2
wob@re2as9g he physical treatnment is applied to PEEAYR@HN01242
by tunbling, agitating or conpressing the grain. 4. A
process according to claim 31wherein the application
of the physical treatnent causes an abrasion,
| aceration or bruising of the grain. 5. A process
according to claim1l1 wher@eLalmiBe grain is germ nated
in conditions in which a chemcal or heat treatnent is
1. APRrbessd Gok hﬁcr@a@ld% ttRe VANt 6T BnAidhzyfe /h PA Ogl%ﬁﬁ including
~according to claimI wherein the grain is germnated
germiriatingangrain émeonditions inhwhich dhe graig inmganded. ti ssue of
the grain is wounded. 7. A process according to claim
6 wherein the selected organ or tissue is a rootlet or )
2.  paptoceseransbrding $hetaim Grvdiereituthe ofsin iis gepmingted i conditions in

which & Hy5icalt Saredidy hPled & e SrifEMEind M8 25 eq

organ or tissue is a rootlet of the grain. 9. A
5. OLPHTaeD R fRicghe ThETRA B BEHOS: Atk ds ppped to the
grain bystuafiinge dgittind6r erapreskgretdralr.y or conpletely

renove a rootlet fromthe grain. 10. A process

according to claim9 wherein the conditions provide

4. TOpréticRvtdtclidin@to CRiMr DWiersih ther ffiicatiorf bPTA PRysical treatment
grain.11. A process according to claim1l wherein the

causeg @aiabrasionalagerationras kyvisinghef e gBHUt 40% or | ess. 12.

A process according to claim11 including a step of

steeping the grain in an aqueous solution prior to . )
5.  deprogessi a@or%eg de alaim 13vhexepr S grainde geoningted in conditions in

which é'rcj]ier%i%%l INELE N8N P A dbiid 18158 BRI tO WRLRYHE JFAF.

6. A process according to claim 1 wherein the grain is germinated in conditions in

which a selected organ or tissue of the grain is wounded.

7. A process according to claim 6 wherein the selected organ or tissue is a rootlet or
part thereof, a shoot, grain husk, pericarp, grain outer layer, aleurone layer or

hemicellulose layer.

8. A process according to claim 7 wherein the selected organ or tissue is a rootlet of
the grain.
9. A process according to claim 1 wherein the grain is germinated in conditions in

which a physical treatment is applied to the grain to partially or completely remove a
rootlet from the grain.

10. A process according to claim 9 wherein the conditions provide for growth or for

re-growth of a rootlet from the grain.
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with a noisture content of about 40%or less. 14. A
process according to claim 12 wherein the aqueous
wa@odoan2zses i ncl udes one or nore conpounds sel ece€ATR@AN01242
the group consisting of a growmh pronoter, an anti
m crobial or an alkali. 15.1A process according to
claim 14 wherein the grain is steeped in nore than one
aqueous solutjon, 16, A process according to claim 16
. \ﬁhléfroéﬁﬁstaﬁ%"r&%r!ﬂwé‘@'”i‘ﬂi‘@"i‘%ﬂel"yt Yaphas @ﬂlﬁt{ﬁ&&&ént of about
40% offlddt i on i ncluding 50ppm SO2 to increase the noisture
content of the grain to about 20% 17. A process
according to claim 16 wherein the grain is further

12. \! [ u :S0oluta o ' g # i
2 B85 Bosta S0 e ol o Wl 8RQ #eran i an

aqueousiephdisa prioe torgeshimating dimé grainof the grain to about

40% 18. A process according to claim 12 wherein the

grain is steeped for about 5 days or less. 19. A
13.  Pv proesss accomiigy tlaine 112i whdrewhthreegnairt isestgejaédh ta provide the grain
with a erigntgggsgtfbpag%&hﬁiqq}és%{Igss\{\h| ch the grain is wounded
14. A process according to claim 12 wherein the aqueous solution includes one or
more compounds selected from the group consisting of a growth promoter, an anti-

microbial or an alkali.

15. A process according to claim 14 wherein the grain is steeped in more than one

agueous solution.

16. A process according to claim 16 wherein the grain is initially steeped in an
aqueous solution including 50ppm SO2 to increase the moisture content of the grain to
about 20%.

17. A process according to claim 16 wherein the grain is further steeped in an
aqueous solution including 5 to 20 ppm gibberillic acid and having a pH of about 8.0 to

increase the moisture content of the grain to about 40%.

18. A process according to claim 12 wherein the grain is steeped for about 5 days or

less.

19. A process according to claim 1 wherein the grain is germinated in conditions in

which the grain is wounded for about 10 days or less.



