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ENZYMES FOR REDUCED | MM JNOLOG CAL STRESS FI ELD OF THE
WO DMENTI3EN [ 0001] The present invention provi dBGT/US2006/047592

conposi tions and nmet hods for reduci ng i nmunol ogi ca
stress and inproving ani mal growth performance. In
particular, the invention provides conpositions
conprising enzynmes that are effective to reduce

i mmunol ogi cal stress or that are effective to treat or
prevent infection or that are effective to inprove

ani mal grow h performance. The Inwesmtots:on dDaddpd.oAndkrson

nmet hods using the conpositions. BACKGROUN
ani mal may experience inmunol ogi cal stresgh%ggqilEme

nunber of reasons, including exposure to drindiitii gen
that is recognized by the animal's i mune system An
antigen may trigger an i mmune response that is an

adaptive immune response or that is an innate inmmune

r espOERZ YWERSARORRED PEMVEUNO mtﬂtAﬂgTRESS

ani mal experiences I nmunological stress as 1ts | nmmn
system responds to the perceived threat. Oten,

i mmunol ogi cal stress hanpers ani rowt h
per f or mance. [0003] AEW@@E&EI@EQWT%VF@T@APP) are a

group of bl ood proteins whose bl ood concentration

CaomgS THEHreddht 3N HBibn b?oxﬁ&&%’dnﬂfb%itﬂﬂls shd %?e?hocﬁ%pre@lﬁcing

i nfection, 1nflanmmtion, surgical traunm,
i iparmefogical siressrand| impraying Agjal goswth I@r@rmam dingagticular, the

a'mve\{ﬁt)n px]ow&@oebor@ﬁ)sftﬁgng%mpﬁpi) r%%gyllﬁgé Y %Fetf?ecﬂkzé% foduce

role in an aninmal''s 1 nnate I mmu response
edmppInelogigad siyess dsdhatave effectivierio trest erpirenent infection or that are

effective to improve animal growth performance. The invention also provides

methods using the compositions.

BACKGROUND

[0002] An animal may experience immunological stress for a number of reasons,
including exposure to an antigen that is recognized by the animal’s immune system.
An antigen may trigger an immune response that is an adaptive immune response or
that is an innate inmune response. When an immune response is triggered, the
animal experiences immunological stress as its immune system responds to the

perceived threat. Often, immunological stress hampers animal growth performance.

[0003] Acute phase proteins (APP) are a group of blood proteins whose blood
concentration changes when an animal is experiencing stress, such as infection,
inflammation, surgical trauma, or other internal or external challenges. See, e. g,
Murata et al., Vet. J. 168: 28 (2004). APP are believed to play a role in an animal’s
innate immune response. For example, APP may be involved in restoring
homeostasis and restraining microbial growth until an acquired immunity is g

developed.
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honmeostasi s and restraining mcrobial growh until an

acquired inmmunity i s devel oped. 1 WASH 1767555. 1[ 0004J
WO\RR7/0TRskIde "negative" proteins whose concentPEL/US006/047592

decreases with stress, and "positive" proteins whose

concentration increases wwth stress. See, e.g., Mirata

et ah, supra. Negative APP include al bum n and

transferrin. Positive APP include proteins synthesized

by hepat ocytes upon stinulation by pro-inflammtory

cyt oki nes and rel eased into the bl oodstream such as

hd@aQig| ohPP indudearigatiee’ protetisnwheserooncamdtiondiedeases with stress,

Lopl.asmi n, fibrinogen, and a-l-acid gl.ycoprofein
(AR BOGLYY chlBirins WhiwGienkentEop ingiptes MUY S1ESS ikt o€ Murata ef
r eokdpedl. Nygaties APPERTIANE Albubie Gh@frandfBrrin. Positive APP include
Pro-infl ammat.ory, cyt oki nes such as interleukjn-6 .
( PProtgips éﬁﬂmﬁﬁﬁf by, éeﬁ’%%%e%‘a)@péﬁlrraﬂftn@wrwammawry cytokines

behd ea1esbel ontohé BROABIr&m, ¥aeh & RiptoAbbdy C-RUBENESbRih, Serum

the liver. Inflammtion, infection or tissue injur

t APYSEAL-prdRPREmin fbasesty agd peheeid@lywpreidin@lGl), Extra-

t BEpRRYpoBEUEITGE APP aBYHab B8dSr pgﬁg%f&qggét'n%nﬁfalian i;;hecies. Id

positive APP al so Is associ at eg Wth a decrease In e

s yae-rilaramatory eyiekings sughras interlepkine® (1LY dislisok necrosis factor a
N . establ.jsh nd ¢circul ati.n

AP GheE B ied S BPREH AbaTnF s i B L

c dnflahmatdn tiofachion oeviesuetinjuof tridpersayitoleihe selese diytdeGdhse-oriented

| T APP conc ration n b sed as an .
| e B3eolanEARTERE LAARR: CRRE pdRE o ety AR also i
Aarsscianal withiardeereass irsthe symehysis e£agative AR i gens t hat

0 not pose a real threat to the animal's health, such

d

a nt,-,_and api mal -deri i nar edi e in anjmal . .

r 1o o ias Rt BRTEHEEE AR nedte s biriye i ficulating APP

I choceatrmtep (g.e seratclevels oAAPP) has Bedd’ﬂﬂifbﬁaté@&pmlﬁ%éveri of the
[ [ ri ence i nmunol qgi.ca

t Dlglrn?a ys c%%ﬁicf}o%g Itdh el"h%?,l Xﬁ’ cgr?cggl):(rgt?orll can be used as an igdicator of an

animal’s immune stress level.

[0006] An animal’s immune system may recognize antigens that do not pose a real
threat to the animal’s health, such as plant- and animal-derived ingredients in animal
feed compositions. These antigens may trigger an immune response, such as an
innate immune response, thereby causing the animal to experience immunological
stress. This stress response can be identified and monitored via serum’APP

concentration.

[0007] Even when the immune-triggering antigen did not pose a real threat to the
animal’s health, the stress response can have a detrimental effect. This may be
observed as a decrease in feed efficiency, a decrease in weight gain rate or decrease in
weight, an increase in susceptibility to infection, or an increase in body temperature,

for example.
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stress. This stress response can be identified and

nmoni tored via serunvAPP concentration. [0007] Even
wob@n/0t43¢3 | nmune-triggering antigen did not pOBET/HSI066047592

threat to the animal's health, the stress response can

have a detrinental effect. This may be observed as a

decrease in feed efficiency, a decrease in weight gain

rate or decrease in weight, an increase in

susceptibility to infection, or an increase in body

tenperature, for exanple. WASH 1767555. 1] 0008] The use

ofl0808]i KB ews, ofsmtibodies,anth apinas phasphalipasdA\2 antibodies, to reduce

anti.bodi es. .to,reduce gast.rojntestingl inflapmation i
L R IR SRR

6 N5 8,383 8 SEaRAd conpositibhORsvd Weea deeRbed 8BAdoRRist B¥emicellulase
co hem cel | ul ase capabl e of degrading

rise e
b€ S At deggading ﬁ@ammqimng@@n{i@s_lbx_ osede.g., a B-mannanase-type
b hemiHRESEY, ki Ead GHICEL |PUinaRfanass UF B Ao ssHM 4iich as

b-mannanase, or a_phospholipase, such as pho%ﬁ%e’l I pase
APhosrbplipags: A3cfar imprgved foed effieipncySetee, @ 2g. WOWRTF/41739, U.S. Patent

INA 712,479, $ha D Yk 1825473, and U S. Patent
No. 6, 183, 739. [0009 erﬁﬁ"é\%%‘g’? escri bed have been

feed conmpositions conprised of an enzynme, such as

PIOMEE, Likawiseidestribedare hreryieed campebijionbeanprisad of an enzyme,
I ShGPSEPIOPT @, il $lé§stanrﬁ<aﬁ5,Q¥1@ﬂgBy R effedt k??llc:l(3.(§ycﬁ{ae<:ellf-scHrface:
the treatment or prevention of digestive tract

| RfQdein; Qs gartgdydrage, Jor theregtient p8 Srevertishofdigastiveldract infection,

' Cy ; 4 ) i s%.fegd L{iQns
2S48 57 Yy0 SR80 AR O T L GRS s v
gkcompasitonscommpasing ghicasase Endyhegthatelnasen mineehlink glucan

cl m xed b- b-1,4-substrates. our_tests,
nETV R, SheiF e, b btoeghash et ey Foines BoC oD raiates. 1 our
| sty hostvears Acitleed PEPAE Aot 1,44p-ylucd3ed Qisplbyed emhase 8808 reducing
nQ de?cription heretof ore of a feed conposition
cBHbYPsed of

[0010] There has been no description heretofore of a feed composition comprised of

an enzyme that is other than a B-mannanase-type hemicellulase or a phospholipase

and that is present in an amount effective to reduce immunological stress.

[0011] Accordingly, there is a need for compositions and methodology for reducing

immunological stress in animals.

SUMMARY OF THE INVENTION

[0012] One embodiment provides a composition suitable for oral administration to
an animal comprising an immune stress-reducing enzyme in an orally acceptable
carrier. The composition is selected from the group consisting of: (i) an animal feed
comprising an amount of the enzyme effective to decrease the level of positive acute
phase protein in the animal, increase the level of negative acute phase protein in the

animal, and/or improve animal growth performance; (ii) a liquid composition other
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an enzyne that is other than a b-nmannanase-type
hem cel | ul ase or a phosphol i pase and that is present

w0 pooai7Badunt effective to reduce inmunol ogi caPCHUSBEE047592

[0011] Accordingly, there is a need for conpositions
and net hodol ogy for reducing i mmunol ogi cal stress in
ani mal s. SUMVARY OF THE | NVENTI ON [ 0012] One

enbodi nent provides a conposition suitable for oral

adm ni stration to an aninmal conprising an i mune
stress-reduci ng enzyne in an orally acceptable

c dhan @ anifaé fesdropogirisingatileass 40,000 #d ehzpeh and (i) p solid

AR sl o Bt SR e R0 B o

pesizyiny és ot thap h@sﬂxaﬁﬁzﬁfa%-fyﬁefh&ﬂl@elﬂﬂédéﬂiraphbﬁlﬁ{(ﬁ@ﬁ& and, if the
the | evel of. ne ﬁTplrve acute phase protein in

afPRERe comprises glieangse. the compatiton sy elnciagdam the gjoup
a cohsistik SOFPABATiAD FRURBMPRRIE 4t [&LP2P T Y AR g'iﬂcalilase/kg feed;

anj.al, feed conprising at least 40,000 IU enz
ant) ¢ 1iApd compasitionQsheroban apanisial &edtcmpresmgm lpasit 155,000 TU

f qeﬁﬁfé!mn'a%/ﬂ%at(u &% 1d%g 08 ibl ofZ B 0uni P feed comprising
IR fesds

enz i s other anase-type hem ce
ot i%@éﬁséﬂ@»pp@égé; -ﬁrgiucﬁnﬁsﬁt/k@ enzyme conprises

1, 3-b-gl ucanase, the corrp05|t| on is selected fromthe

gevis)C %Sdn%térﬁ%cﬁ)&eﬁﬂ e 1§ %Wé#é&&%ng at least 20

| east 20 1 U 1, 3-b-glutanase
c SHsneymede feedheln mmmrmdeMt ﬁlee:dmmamonss agokd composition

| SRk bl feba Tl BlHE NS 40,8058 Ll 1B st

conposi tion ot han™an nlna
| 46840080V, «@@pmielkgl, 3- b- gl ucanase/ kg. [0013] In one
enbodi nent, the conposition is an ani mal feed

c Si t 0 / e

eggw{f ] rrelﬁg) i eﬁA corrp%té ellé S ﬁ{h{%@ngg gm oanrg%eéﬁg’ F%"ﬁ’mp"ses an
oitarediehthatindaersrml mfrmaub respamsé &i the aaimizlemﬂtthﬁen@@ﬂb comprises
! yn%ﬂg}yxﬁg 4h gldegrades sal 1ngred1 enq ?n gne': gm%oé%nent tge ingredient is an

antigen displayed by a pathogenic microorganism.

[0015] In one embodiment, the enzyme comprises 1,3-B-glucanase. In one
embodiment, the enzyme comprises 1,3-B-glucanase and the composition is selected
from the group consisting of (i) an animal feed comprising at least 30 IU 1,3-B-
glucanase/kg feed; (ii) a liquid composition other than an animal feed comprising at
least 230,000 IU 1,3-B-glucanase/L and (iii) a solid composition other than an animal
feed comprising at least 450,000 IU 1,3-B-glucanase/kg.

[0016] Another embodiment provides a composition suitable for oral administration
to an animal comprising two or more immune stress-reducing enzymes, wherein the
composition comprises at least one immune stress-reducing enzyme other than 1,4-B-
mannanase and 1,3-B-glucanase. The composition is selected from the group
consisting of: (i) an animal feed comprising an amount of said immune

stress-reducing enzymes effective to decrease the level of positive acute phase protein
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[0014] In one enbodi nent, the conposition is an ani nal
feed that conprises an ingredient that induces an
WO povangs3sesponse in the animal and the enzyne PORP§108€647592
an enzynme that degrades said ingredient. In one
enbodi nent, the ingredient is an antigen displayed by
a pat hogeni ¢ m croorganism [0015] In one enbodi nent,
the enzyne conprises 1, 3-b-glucanase. In one
enbodi ment, the enzynme conprises 1,3-b-glucanase and
the conmposition is selected fromthe group consisting
ofin §ai}l amimalpninca¢asé el&dlevdrqu'egétng: avitd giasé pifleihln kaid-daimal,

e R P R U A —
1, adimBalofeed &Etﬁﬁﬁt';lhg anttakt drie)lm’mlﬁﬁl stdsC AR gte'nﬁgm@qﬁ‘ &h amount of
tha an i mpl feed conpri.sing at |east 45

‘f‘ﬁ@‘ﬁﬁ% EPRgne/Lo B (i selid porapesitiohather thapandgaimal feed
a c@ﬁiﬁ?ﬁﬁigt dt WhsBbhd ARnBné e rédudi yild AldnUh it @? at least

ani mal conprising two or nore inmmhe Stress-reduc
elf? HrPs/E-t he conposition conprises at | east
one i rmune stress- reduci ng enzyne other than 1, 4-b-

NHOMET] aSE cHetrdbotlifel, WedltafRsitidSs %%ﬂﬁélt&&f‘cdrﬁ%ﬁmg at least

sel ected fromthe group consisting of: (1)
f B8 RHHEFISEFHgreaHCRgSHRYTS in anp@opnafing least 20 IU enzyme/kg feed.

Sth @8SthELEHBS ditheRl Zt)lc‘?@émg%I i66H 1sVsdi ‘%@Eﬁi};‘ é%@%éhin an animal

| evel of positive acute ase protein
sdped comprifing dilers @ve imhng streds-roflucing atzymee acart emount of at least

p E: el | I [or 1 Rprove ani nal
g?g\?{%ﬁ%@% rrra/lﬂgti%§ [(jleg%} 1@:"."’83{% 03% “tion other
than an animal feed conprising at |east one inmune

sH0US] - rTaspesifig earbodiraents, the campositionfs slecteiasomabe BAMP
' Uoﬁéqgt nl%eéiiﬂ(e) s Coé_pélﬁgn Qorﬁgl%lélﬁ%‘i Al %tg elintanase (iDa

0 n e I
stcmpgsmeu aemmglsmgzlyﬁ#—manmammd’ntylogluainalsaa(ﬁi) Aéhripition

I /1k 17 fne enbodi pent , the. . . .

B T R T —_—
glucanase and ch1tanase, (v) a composition comprising 1,3-B-glucanase and
xyloglucanase; (vi) a composition comprising 1,3-B-glucanase and arabinanase and

(vii) a composition comprising 1,4-B-mannanase, 1,3-B-glucanase and arabinanase.

[0019] Another embodiment provides a composition suitable for for oral
administration to an animal comprising 1,4-B-mannanase and 1,3-B-glucanase. The
composition is selected from the group consisting of (i) an animal feed comprising
1,4-B-mannanase and at least 20 IU 1,3-B-glucanase/kg feed, (ii) a liquid composition
other fhan an animal feed comprising 1,4-B-mannanase and at least 155,000 TU
1,3-B-glucanase/L and (iii) a solid composition other than an animal feed comprising
1,4-B~-mannanase and at least 300,000 IU 1,3-B-glucanase/kg. In one embodiment,
the composition is selected from the group consisting of (i) an animal feed comprising
1,4-B-mannanase and at least 30 IU 1,3-B-glucanase/kg feed; (ii) a liquid composition
other than an animal feed comprising 1,4-B-mannanase and at least 230,000 TU

1,3-B-glucanase/L and (iii) a solid composition other than an animal feed comprising

S
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one i nmune stress-reduci ng enzynme in an anount of at
| east 20 11U enzyne/ kg feed. In another enbodi nent, the
W@ upo%i3td on is a solid conmposition other thanP@ERUS2006/047592
ani mal feed conprising at |east one i mmune
stress-reduci ng enzyne in an anmount of at |east 80,000
I U enzyne/ kg, or at |east 160,000 |IU enzyne/ kg. [0018]
In specific enbodi nents, the conposition is selected
fromthe group consisting of (i) a conposition
conprising 1,4-b-mannanase and chitanase; (ii) a
cdnzpﬁanwnmmamrmatﬂedsg4io JH0pIUEmpAGAnaswke. In one embodiment, the

xon | uca (iii).a co osi tion, conprising

ARIPORHIRRANGAE SHRPrises 57 ahasEe aqdidqnal ipags siressorducing
CQﬁEﬁh&gng 1, 3-b- glucanase and chitanase; (v) a
conposition conprising 1, 3-b-gl ucanase and

XYy, na a conposition conprising )

188 RS ezt Bk ades eansiAs pLimprogihg animal growth
c @&ﬁﬁ&hﬁm&%ﬁﬂffﬁédlﬁilﬁ@ ifdmAnd stP&R8 PR B2 §€imal, comprlsmg orally
1 - b- gl ucanase and ar abi panase. [0019 Anot he

WieRPe 5? Gin Admabanyphibe remppsitony p@b¢cbabq\f@r
oral adm ni stration to an animal conprising

1.{6o2t] mEmnRaBE AN edt, Srelmihbice RasEnisttRA HONRARNdr Bt 1nduces an

IS selected fromthe group consisting of (i) an ani nmal
f SRS FRTROES S the anpsngland dhmeemperition coraprises 2016ass one immune

sﬁeé&-&ﬁﬁ&ﬁ@ _aLYK8 tﬂa@ aggra&éé the ?Iléré&ightd I&%gg %ﬁibto'dﬂﬂent the

ot her than an ani nal conpris
aperadientans enzgmecae adru1mstsre§4g Itlwc%lnmse:/ntpc&mbn( [ Iin| o)nea

S ROl G LA 0, R ol SERATE B Mrsion

aeantlmrudlanlas@d ky 2 pathogemic emibrodirgami¢m. t he conposi tion
is selected fromthe group consisting of (i) an ani nmal

fe 30 1U. . .
g&bﬁ 8 %%@%@%ﬁpgngﬁ%?mgg%ﬁﬁgd 8% dprege &% Q; tgating infection
otabﬁ@plamhmthla mﬂmmhwfm&docrrgamsmshm@@léw%m&&ﬂ,Mpnsmg

A R ks TR T A
VaBbYe] 761%&55 thelotapositioieiamtsea ﬁdleait dne amimiAfe (5@ rdducing

Lot S ARRELN e abilg e SO et the

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Figure 1 shows the best curve fit (and underlying polynomial equation) for
calculating the concentration of chicken o-1-acid glycoprotein (AGP) in plasma

samples of test chickens with data obtained in Example 1.

[0024] Figure 2 is a Box and Wisker plot graphically showing the AGP levels in
chicken serum from test chickens, as described in Example 2. The range of the data is
represented by the vertical lines. The box represents the range of the data within one

standard deviation of the mean. The horozontal line indicates the data mean.
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conposition further conprises one or nore additiona

i mmune stress-reduci ng enzynes. [0020] Anot her
wepdoai7isent provi des a nethod of inproving ani PEI/US2006/047592

growt h performance and/ or reducing i mmune stress in an

animal , conprising orally adm nistering to the aninal

any of the conpositions described above. [0021] In one

enbodi nent, the animal is administered an ingredient

that induces an inmune response in the animl and the

conposition conprises at | east one inmune

st[0823]- r Bigund % ghmmmmcrsh dévellogfi seflpp ﬂdﬁeclnﬁﬂér&%@di{/mg one of

AT ORaH Feraeho= g Wb @t paanca Wil e ivention and prior ar

erfoedd] aeddscribebircBraggietsion is an animal feed. In
one- enbodi nent, the ingredient is an antigen displ ayed

oo S R b T Skehgk Pebromlsangion for

| m&mtatiﬁ@ RS S6deatrafo\bt AGP @ﬁ\mﬂ%ﬁ)w@ &ff t@&rtgﬂ(@‘y§ With data
plays an antlgen conpri sing oral
(ﬂ%? i EXanRle 8an ani mal in need thereof any of the

conposi tions described above, wherein the conposition
conprises at | east one i mMmune stress-reduci ng enzyne

t hat degrades the ant iDEDAILRR EEIEIGRION ON C]:. THE
DRAW NGS [0023] Figure 1 shows the best curve f|t (and

i | cul, ‘
D P NG R e

i nngéemod to @anpdrapassfont estncﬁauml{@lsth/urﬁ/i’se(ipédﬁ@@t a| ned
in Exanple 1. [0024] Fi gur e 2 is a Box and Wsker plot
gr cal oW..ng els in chicken seru

r[em est A X (ﬂkere thgselgés%rﬁnﬁie! e?eﬁs %&fﬁ‘p‘f"émﬁl ‘ﬁﬂ'é‘gﬂng humans
r ang ethﬂ anhsalsi,aiuah bs nohuman phidtalf)intlbdingeiohipaalon anrllrlnals such as
! I §§§’ and ca ] khves{oc rs%%ﬁ rflg ?:ovtvp g.n g %re n?nfuntarrllt% g&%a%o,vﬂotrsés?pigs,
sheep, fowl (e.g., chicken, ducks, turkeys, and geese) and aquaculture animals (e.g.,
fish and shrimp and eels).

[0029] In the present description, the phrases “enzyme that degrades an antigen”
and “enzyme that degrades an ingredient” mean that the enzyme converts the antigen
or ingredient to a form that is not recognized by the animal’s immune system. The
ability of an enzyme to degrade an antigen or ingredient can be identified by
measuring the animal’s serum APP concentration, whereby a decrease in the serum
concentration of positive APP, or an increase in the serum concentration of negative

APP, indicates that the enzyme has degraded the antigeri or ingredient.

[0030] As noted above, the term “APP” include “negative” proteins whose
concentration decreases with stress, and “positive™ proteins whose concentration
increases with stress. The invention includes compositions and methods that increase
the concentration of negative acute phase proteins whose concentration typicaily
decreases with stress, as well as compositions and methods that decrease the
concentration of positive acute phase proteins whose concentrations typically increase

7
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standard devi ation of the nmean. The horozontal |ine

i ndi cates the data nean. WASH 1767555. 1[ 0025] Figure 3
wWGebwre78Ie AGP | evel s of serum from chi ckens rBCEUS1006047592

one of several different feeds, including feeds in

accordance with the invention and prior art feeds, as

described in Exanple 3. [0026] Figure 4 shows the best

curve fit (and underlying pol ynom al equation) for

cal cul ating the concentration of AGP in plasma sanpl es

of test turkeys with data obtained in Exanple 8.

DEVifld dtfels. DEGCGRINVEhiohcd, G 2he] didsississ thadt Tolldves, ftled nehtiéh is

di j .t he_t "a" ar "an" shoul d be under st ood .

¢ SEHBBHR sub G i offfr o€ Do coriiehiiont spdmatiads on positive
[ Q08 phése proRand)ETIAIS) the!tBn FRPY iRt Mbcusibh ¥hat f51%03 Yenerally
ani mal , including humans and ot her animals, such as o

n (Sﬁtg?ﬁ}ﬁﬁﬁyéﬁf* REFEOre PREFIYE PPIFe BBISMPEINSAsHepdated sidinnanimal’s
dQE8ssaBEpIRE. Sit shbvIBHARlderstdHiNhASHE 935‘18@51?8% gkfde mathods described

rum nant's, buffal o, horses, pigs, sheep, _

c hiereipps depredsing tha cRagentratinnl of SABRY (aefdrringuequobkitiveacute phase
an| — ' . 40029] In
RSB S oA W, A8k By o RUERl Al s
d@geteides an antigen" and "enzyne that degrades an

i ngredient” nean that the enzyne converts the antigen

Olfod A" 99 . 0 ' by .t he
ang ULy e Ripek g BvEhliiElelats 0L coRBOHRYE SompHeihe Bn cnayme
d dlept dvieffentiva te reghue the inmguedogingl stress &eperidnedd by atlafiynal. For

[ t aninmal 's serum APP conceptration, -
RS e s By B e & i o gss-reducing
peszymese APBseddrerdin, thateranSitmine st sSeddiding enzyme” means any
concent aihon $f negati ve APP, indicates that the

fhial dgarades

eR2PTR° H8E1 SR B Pafirgy B B Aecosnod by the

Aanintd] Bdrabaesysicht ol £) 4R ariiEeh ok AdletRar JAREAL ih4Eiriggers an

pr ot ei ns whose . . . . .
Immune response, thereby causing the animal to experience immunological stress.
The term “molecular pattern” as used herein includes general molecular patterns that
are bound by receptors in the context of the innate immune system, such as molecular

patterns that are usually associated with pathogens.

[0032] In accordance with one embodiment, the immune stress-reducing enzyme is
not a f-mannanase-type hemicellulase. ‘In one accordance with that embodiment, the
immune stress-reducing enzyme is not endo-1,4-B-D-mannanase. In accordance with
another embodiment, the enzyme is not a phospholipase. In accordance with another
embodiment, the immune stress-reducing enzyme is not 1,4-B-D-glucanase. In
accordance with another embodiment, the immune stress-reducing enzyme is not PI-
PLC. In accordance with another embodiment, the immune stress-reducing enzyme is
not a f-mannanase-type hemicellulase or a phospholipase. In accordance with yet
another embodiment, the immune stress-reducing enzyme is not a B-mannanase-type
hemicellulase, is not 1,4-B-glucanase, and is not a phospholipase. In accordance with

a further embodiment, the immune stress-reducing enzyme is not a p-mannanase-type
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concentration decreases wth stress, and "positive"

prot ei ns whose concentration increases wth stress.
wab@7iorssent i on i ncl udes conpositions and et hoRST/URADG6/047592

i ncrease the concentration of negative acute phase

protei ns whose concentration typically decreases with

stress, as well as conpositions and net hods t hat

decrease the concentration of positive acute phase

protei ns whose concentrations typically increase 7

WASH 1767555. 1with stress. For convenience, in the

dihsmigsdlutase tih apt 1.8+B-ghwandskeisinoy @ phogpholipasex axidisi ot PL-PLC. In

Wi r.e the effe of, the, conposi ti ons and

et OB B Sy Eaten ey AP erbtimeR the enzyme
t & mot"1ARP-glucarabe di scussion that follows generally

refers to any one or nore positive acute phase

" pr LN socjated w th an i mal's stress response. )
{008 0 WRBE G Beflod ey Rlrdhvetydhet: BRaneseahiventors believe
metich tlksintiaans i;t%@-r&hi@xhg?eﬁ?nf&e&d@?&ddiﬂmtdﬁhe antigen or molecular

ton of "APP" (referring to positive acute

S%S&%bﬁ@%gf REjediPesthe Mg resPones triggercd i the antigen or molecular
C pagan] thefdb9te@iciRE Rt dnYiBaPe Hh QuRNIBERaPEHRAIE! Phe @ 3ibh in

One aspect of the Tnvention relates to a conposition ,

c b‘HﬁH“gf%gcai Siress soRbedentified apd manitoped Pomeasiying thpenimal’s

| SBRUAPAPYIcoRteritiatiBA SudaPRIRIAC koW iAth f@lq;uagf?fyng APP.
conveni ence, these enzynes are referred to herein-a _

" ErfAiples of spehy metheds iargyre faranaeddas Mureta,y gl .lseped, and aiteedescribed

t o1l : 54 adyei Rg: 4 nzyne
Lo o MR P, TE DA B G, supr as
r edsiin Example hbelow.mal ' s i mune system e.g., an

antigen or nol ecular pattern that triggers an i mune

r S t j i xper i e .
| FERATD In o R EDUEAHMHAAE dhd v B I irol e KA M roguoine
ugamunelogiaal strests inles agimed thdt comipeise hdmimsteting nsthehaimal a
. ' text, of the.innate .
?%&rﬂﬁga{s}g% ?ée{rrl}][ﬁglﬁgtﬁgraaznolr?%f Ee)g %f gn(rljgugé( stré)ss-regucmg enzyme effective to
reduce the level of APP in the animal.

[0035] A number of different positive acute phase proteins have been identified,
including o-1-acid glycoprotein (AGP), ceruloplasmin (Cp), proteins of the collectin
family (e.g., lung surfactant proteins, conglutinin and mannan-binding lectin),
fibrinogen (Fb), C-reactive protein (CRP), haptoglobin, protease inhibitors (e.g.,a-1-
antitrypsin, a-1-antichymotrypsin, and a-2-macroglobulin) and serum amyloid-A
(SAA). Other potential APP include lipopolysaccharide-binding protein (LPB),
phospholipid-binding proteins such as annexins and Major Acute Phase Protein
(MAP). Murata, et al., supra. Serum concentrations of any one of these or other APP
can be used to identify, assess and monitor enzyme activity in accordance with the

invention.

[0036] Different APP may play more significant roles in the stress responses of

different animals. For example, AGP is known to be clinically important in cattle,
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patterns that are usually associated w th pathogens.
[0032] In accordance with one enbodi nent, the inmmune
waressssueduci ng enzynme i s not a b-mannanase- t PEEUS2006/047592

hem cel | ul ase. I n one accordance with that enbodi nent,

t he i mmune stress-reduci ng enzyne is not endo-I, 4-

b- D-mannanase. I n accordance with another embodi nent,

the enzynme is not a phospholipase. In accordance wth
anot her enbodi ment, the inmune stress-reduci ng enzyne

s not 1,4-b-D-glucanase. In accordance wi th another

emhdds asotiatedheith nﬁwmnsnrpegss db &) eats Red RAZXER (lhéluaﬁ{g hens). Cp
L acc n anqt her epbodi ment
rll];ﬁ,ﬁﬁgerﬁepggg oelglfh egu%tn cattle, horses and chickens. CRP
bhﬁﬁbﬁﬁﬂﬂ&ﬁ‘hﬁé’@ﬁl ﬂ&ﬁﬂh&rﬂ& IHokR8E n% 8§, RgPNARIRAA 'aﬂﬁé%h it Bas not been

accordance with yet another di ment, the’

stFRQosiragd thay SRenEAReARR imeattle. GRR e aer ehquxptp be associated
heiie RILdHoBSE holses BRA 81]%413‘3 9k ll‘@lﬁh%?é]?xﬂlcgﬂoq“ oI matlon bacterial

phosphol i pase. I n acc ance Wt
e Y& S PR Surgigal traymmin eattleand $13dnmrndgs essoyimed with difeetion in
ul ase,

m cel [
e LN T —
Prurpirgnts such es catdandeepi pugs, dmssea,&melaiog@f SARYh& bdeR@ssociated with
di_me not
T RHERAERSE kP e SRR Te i end iGh SR HER o BB beris sgmanion

bynmmgls Bllménasydogbj‘mldmlﬁd&nt Amiverdass th HEAIBIR 14Vt haIs hRen found in
ss-Leducj ng nzyn$1s degradation of the

aﬁ?Y"aé‘ﬂ S?V%ﬁm“é'eﬂ?%&ns hBEnkasdieen aggociagad with infigetion in cattle,

i asrhaclocsispesls ef aﬁne&wc@ﬂ thysdrhReaot ée@?&o&repﬁml:ﬁe?m gs of
thereb reduci ng the ani nal's i mmnol ogi ca

b Bitkeied catie) , AR5 TRoner torhn A REigrion T énfretism ioarigheAdditionally,
i d&ﬂleltfdn%n%ﬂijs Wi e6RsadYg FBR é’fweg%lslfeﬂﬁx bltgitjllflhlt appears to

serum APP concentration, using
aPayiaol Qﬁ?a%P‘PS’rIW%QCWaSEpmiDeIQ chickens hMweathodi sl asupra; Holt et

r of eP&N&ESScl. '81'-\/11'2@5-@30@ D). oYL nil re%gfg?c_l that SAA and Hp,

descri bed and referenced i n Hi
M PisHias ICRB&nd AR, 200 83soeiatbdHeith irfectidn in pigprHAult@ser al., supra.

[0037] Insome embodiments, the compositions of the invention comprise an

" amount of immune stress-reducing enzyme that is effective to decrease the serum
concentration of APP in an animal. The amount may vary depending on the animal
and the immune stress-reducing enzyme, and can readily be determined by those
skilled in the art using methods known in the art. For example, an animal’s serum
APP levels can be measured prior and subsequent to administration of the enzyme, or
serum APP levels of equivalent treated and control animals can be compared. (In this
regard, it may be advantageous to compare treated and control animals of the same
age, as APP levels may change with age. For example, we have found that serum
AGP levels increase with chicken age.) A decrease in serum APP concentration
associated with administration of the enzyme indicates that an effective amount of

enzyme was administered.
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well as in Exanple 1 below. [0034] In a rel ated
enbodi nent, the invention provides nethods for
WO e@ao733¢3 | nmunol ogi cal stress in an ani nal theCT/US2006/047592
conprise admnistering to the aninmal a conposition
conprising an amount of an imune stress-reducing
enzyme effective to reduce the level of APP in the
ani mal . [0035] A nunber of different positive acute
phase proteins have been identified, including
a-1-acid glycoprotein (AG), ceruloplasmn (Cp),
pr{@d38] nsinafthdrreentaseliments the feafipb¥itibhs & the likkAdtion comprise an

f t | ut and mannan- bi ndi ng
" SRR S fmaBlane, S re e ermathrve PO (b ImERmE animal growth

haptfoghaive{alspreferas o hHiki ﬁe@fo'iméﬁcegdpmﬁc&raﬂy in the field of

t ti chynot rypsin
2?’2{1{?&5@@}{1{%5@ PFli‘?)nnéhFdP é’FfU o fAndmgl grwtnoerSamancey nstudes any

I n
PR, AT O A L B e srpion

aderes wpderorptent,) wwiforpity of Phéls weifglmwﬂm ¢ X3Pk or gtcm@taf animals,
ethvﬁi)lhty, SAH@ El?o U RN %a'ﬁ@k% o ﬁe Bg?ncﬁ}ffy glgygg%gg it iy believed

t hese or can be use
it widee mmomhtwm, tlye ¢flﬁacmoﬁ diedmmmamtltebs-tdﬁacmg enzyme on APP

f
MR W W T O
athepresencEof a doaslpved ,lnféﬁbn i kgowp of anibeal< bt siedaful Uving

W DRHER, ke hichSopdiidhs 166 TRaRas Hirseriian snayme may
(navjérﬂrélersgbheffsétwe% ifpgoRERIIMEBROWIE BerlfOrnPR1c8N Thus, animal

nd c tor infection in cattle, horses, and
AT R fo g riS ob el pionsish of A upess of the compositions

haﬁ@ﬁﬁgthdﬂlsgﬁthqug@mmnﬁaﬁs aIthough it has not been
denonstrated that CRP is an APP in cattle. CRP has

to be associated with infection in horses
SRfiRT ot

eERMROsitiondnay, Be any ¢RIPpesiien Bitaplerfor adminigation to an
baﬁ;ﬁxﬁﬂ | &l ond¥:ABSdifRNY rth@éﬁrﬁ?@s@ﬂloﬂ fsBUTBRO1E RoCREE Afn B ration. In

she dIS 1ssoci at ed Wi h infection in

one pec1 1c embodiment, the composition that is suitable for oral administration is
generally recognized as safe for oral administration to an animal. In another specific
embodiment, the composition that is suitable for oral administration contains only
ingredients, and amounts of said ingredients, that are generally recognized as safe for
oral administration to an animal. In another specific embodiment, the composition
that is suitable for oral administration does not contain any ingredients, or amounts of
said ingredients, that are not generally recognized as safe for oral administration to an
animal. In another specific embodiment, the composition that is suitable for oral
administration contains only ingredients, and amounts of said ingredients, that are
allowed, or that are not prohibited, for oral administration to an animal. In another
specific embodiment, the composition that is suitable for oral administration does not
contain any ingredients, or amounts of said ingredients, that are not allowed, or that

are prohibited, for oral administration to an animal.
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horses. Hp is an APP in a nunber of production and
conmpani on ani mal's, including rumnants such as cattle,

WG b@ap753pé gs, horses, and dogs. SAA has been aBGDURRDEH7592
with inflammation and infection in cattle and with
infection in horses, pigs, conpanion aninmals such as
dogs, and chicken. An increase in SAA mlk |evels has
been found in cows and ewes with mastitis. Serum LBP
has been associated with infection in cattle, as has
| ocal levels of annexins (on the surfaces of secretory
e[iOQ‘HHI i o Somd emiysdimknisnthe ccbﬁ(ﬂ;ombhlce)nprilb’@d)aﬂ Srally acceptable

d &@ be an |nd|c or. of, fectlo 0 pigs.
L pRegRr: & ppahherain orally Steqplrls cubig) imehuges any

a phygatugv&ll&%b@tﬂh&ﬁ&rﬁf Slieible fdrbrﬂ&ﬁﬁﬂﬁﬁ&h@o@' OYalF§ acceptable
rol e, as, ng%lﬁgy tive acute phase tel n i.n chickens.

VGRS i WithQys Illgn atjop@nimal f¢ COWHIQQWS agueoug cqmpositions,
13098 11hﬁﬁpaﬂd2&@a)oongo§ﬁ’fo§s %1%1@%%% PR féeg%‘ocﬁ#es and/or for

and Hp, .as well as CRP a MAP, are assocl ate
i RFEAAMIRisTAtion tpsan wmﬂb r&ytabéq carrigng@reikngw 8vihelant, and include

S AR ARAABA B, PREMG@PRNGIL I Ons of the invention
conprlse an anount of iAnuAe stress-reduci ng enzyne
is effective to decrease the serum concentration

&Mﬂ In sgme gmbadimentscthy ﬁ@u’m@smﬁy is/a gnigwp &edi Ay wsed herein,
t A% RAh nﬁhmﬁﬂ Fedd?hak meﬁvéﬁfoﬁﬁﬁg g H@x qﬂaﬂ/ ft;rﬁamﬁﬂ? husbandry.

can readily be determ ned
usor gxareplsorimah e mqiudmedairlc mafmalemmii m camsumed by livestock

%‘2@%‘62’#? ﬁ%%ﬁgﬁ‘r%ﬁﬁ g&}ﬁﬁg?ll on 5? ﬁf‘%‘g?‘%enz ﬁ% : Igr%r é’ﬁﬁﬂsmons that

ARRel gy ahignadfs nagpifionsll esguiremeatseandialdo drbtideodonspuisieins that do not
C 'y Inthlsreiard, it may be
g{kaep?aglgggg St%gﬁ%tgonal re Y PESt®d and control ani mals of
the sane age, as APP | evel s may change with age. For
eXUM2l e, Inspedifiv exdmplvd of Madth aesmiboditEent, eedmourmnaieasyne is at

a um APP
P40t A S5 0B98 e RoSSRR R e RS A s, ot 50,00
e iid ypee tamnafi feed, e 1dakiedboan 76,00€ TUipee tadiised, ol 1aZatFRat 80,000 TU
Wapg’r t%(rjlrgf I%Jeedt &t l%ast about 90,000 IU per ton of feed, at least about 100,000 IU per

ton of feed, at least about 200,000 IU per ton of feed, or at least about 500,000 IU per
ton of feed, or higher.

[0043] In other specific examples, the invention provides an animal feed comprising
an amount of immune stress-reducing enzyme of at least about 20 IU/kg feed, such as
at least 20 IU/kg feed, at least at 25 IU/kg feed, at least at 30 IU/kg feed, at least at 35
IU/kg feed, at least at 40 [U/kg feed, at least at 45 IU/kg feed, at least 50 1U/kg feed,
or more. While not wanting to be bound by any theory, it is believed that an animal
feed comprising an amount of immune stress-reducing enzyme of at least about 20
IU/kg feed will be effective to decrease the level of positive acute phase protein in
said animal, increase the level of negative acute phase protein in said animal, and/or

improve animal growth performance.
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10 WASH 1767555. 1[ 0038] In other enbodi nents, the
conpositions of the invention conprise an anount of

WO povnt0es333 r ess-reduci ng enzynme that is effectiRE/US006/047592
i mprove animal growth performance (also referred to as
"live performance,” particularly in the field of
poultry). As used herein, the phrase "animal growth
per formance" includes any paranmeter that reflects
ani mal growt h, including feed conversion, water
absorption, feces water content, uniformty of body
wg0Qh] s in sonid @mbkodimegtspthe inderaionPrbwided arvadiidal Faed

and martality. Waile not wanting to be boundg by any

£ ROmP e i qpi oF Gt aires b fedney b A decrease the

t hevebbf peditiad aduiephdtBpicte! iheBeSatifAUGhEHaRBRY IR PHF AFative acute
C%Bcentration i s masked, by factors such as i nmune

S

BEPPIFH th 2pimealoand/oiyovsanimal grondh peefornange
| ow-l evel infection in a group of animals or stressful

| i[0045) chiRdlicbd OOBPosINER nayWebrepted bi aithodsNGoWHTH Be art. For
stress-reduci ng enzyne may neverthel ess be effective

t GXPHBICoFRMARAT NEFSSTPEHAIRS FRAYIS ABrRee2ddwsh s thegihergdped ingredients
00y stRES SRR 8ndrfARurild 1{?1:'0@@5151 y@de@ﬁ%ﬁg gag %%#o?ﬁieate by those

ef fectiveness of the conpositions and netl ¢

p ﬁ’é’iléﬂ in theasht Ingme euafpgiiment, thecorpwsiis providedyes kaesolm?on, suchas a
T B P e orA Pl B ) Aol e P Bl B e

o IANUEAGHTHISRTPERSs o M Itermatiyaly, ep entyme centbindigrerittion isesprayed on to
c j ek ' it ral .adm ni stration .

; SBBSAAD, Adf oot LA . Byl Tl B enzyme i
agniviadest asct sodid coon parsitami (sedh asl apanddrhsucls pes kblidcomposition that

eapodi prent .. t he .co sitipn. that is suitable for oral
e TS bt AP Ret e hymedr B Peaac o Bieaplary
oinedlaidd fongaediaemtitg ehBphe 36BtagLRE frllaye ERABEI ZEW @97/41739.

safe for oral admnistration to an ani mal._ln a_nother
is suitable

PRAS] SRR TR e SORRFA T R S e o

| agareple cthie SomPosiGoR wikySbedd liquid composition other than an animal feed or a
solid composition other than an animal feed. Such compositions may be suitable for
direct administration to an animal or may be used as a feed additive (e.g., added to |
feed prior to feeding) or a feed supplement (including supplements that are diluted
with other feed components prior to feeding and supplements that are offered to an
animal on a free choice, separate basis). Examples of a liquid composition other than
an animal feed include liquid enzyme concentrates, including liquid enzyme
concentrates that are typically diluted or combined with other ingredients prior to oral

administration to an animal.

[0047] In embodiments where the composition is a liquid composition other than an
animal feed, such as an enzyme solution, the liquid composition or solution may
comprise at least about 40,000 international units (IU) per liter of solution, such as at
least 40,000 IU/L, at least 50,000 IU/L, at least 60,000 IU/L, at least 70,000 IU/L, at
least 80,000 IU/L, at least 90,000 IU/L, at least 100,000 IU/L, at least about 500,000
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said ingredients, that are not generally recogni zed as
safe for oral admnistration to an aninmal. |In another
W@ p@chfizes enbodi nent, the conposition that is BCI/USINE047592
for oral adm nistration contains only ingredients, and
anmounts of said ingredients, that are allowed, or that
are not prohibited, for oral admnistration to an
ani mal . In another specific enbodi ment, the _
conposition that is suitable for oral administration
does not contain any ingredients, or anounts of said
i Ab¥lecitderstabaut £00.006 IUAL, aaldasvtsbut B00,00RIUAL, @t least about 800,000

VA58 bl sB0.3po F, o st 1o D0 TRt east bour
C Qoifs000 BHLC onprlesse abauit S0000,000 RYLept abl e carrier for
the enzyne. As used herein, "orally acceptable

iqr i hysi ol ogi cal | t abl .
SPGB L St SEFSRI G Ger tan n anima
adembtadH &5 atout 560 mli thtisls ivpphedio bi B@Ih&hg@ P\irigﬂe%xg@hount of

f i tions, .aqueous conpositions, and
a%%e%s gﬁg‘f ositlsr?;o‘gg of if%%st%%fpf’ﬁm efl Sormyalations wyith pedyniclsyels

prdestibed aBBGE. Gh oftdf eRTHRHInAGHIE, Hh Sl Gk Sﬁlig%g%?ﬁ%:ghigigh other than

Suitaple carriers are known in the art, _

t AB&B! 'st?C{ Bewplied t9 o comhined with 28@ue2@it of 684 19 prepare an animal
S @a Witk af afRhSof & QAL oak%&éage ﬂhealgbaaclf pfogi%(\jré acute phase
As used herein, the term"aninmal ftee as Its _

c BFRIeW In dhmanimakinergaserthe lnyet pBhagative anitephaseysbieindinythe animal,

F p‘gp} j Fncl udes edible materials

V\hgii&(ci:/ﬁi(ar eoggﬁgﬁhni%%%e%\%@gg & or their nutritional

val ue. Ani mal feed includes feed rations, e.g.,

c M tlt ishelieved thatewrrentlyaviaitalle diqnid enizyineraincentrate

r [ I RC onposi t.ions.that do

neepLETBE, S therPlre B e R R e e Blg) that are

| puigghle foriosaladmipistatiof couptiscanuelntesslitnmmnt leabtuboa®OL000 TU/L of

0 ZNE t about. .50, 000 internatignal unifs

(T'Y)" per Lﬁh%sg{eglrlﬁ%g e??eyen&‘? > gy %ta?glt D BGHoE 6?%%"3 10 dedrease the
level of positive acute phase protein, increase the level of negative acute phase

protein, and/or improve animal growth performance, when used in accordance with
their instructions.

[0050] In embodiments where the composition is a solid composition other than an
animal feed, the composition may comprise at least about 40,000 IU//kg, such as at
least 40,000 IU/kg, at least 50,000 IU/kg, at least 60,000 IU/kg, at least 70,000 IU/kg,
at least 80,000 IU/kg, at least 90,000 IU/kg, at least 100,000 IU/kg, at least 120,000

IU/kg, at least 140,000 1U/kg, at least 160,000 IU/kg, at least 180,000 IU/kg, at least
200,000 IU/kg, or more.

[0051] In some embodiments, an amount of a solid composition other than an
animal feed is applied to or combined with an amount of feed to arrive at feed
formulations with enzyme levels described above. In other embodiments, an amount

of solid composition other than an animal feed is combined with an amount of feed to
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IU per ton of feed, at |east about 70,000 IU per ton
of feed, at |east about 80,000 IU per ton of feed, at

wo e@sn7sdut 90, 000 | U per ton of feed, at | eaRCT/HRIDOE/047592
100,000 1U per ton of feed, at |east about 200,000 IU
per ton of feed, or at |east about 500,000 IU per ton
of feed, or higher. [0043] In other specific exanples,
the invention provides an ani mal feed conprising an
anmount of imune stress-reduci ng enzyne of at | east
about 20 IU kg feed, such as at |least 20 | U kg feed,
atprépeaie an aningd fédd/ Wi}hhaanh,ouat of @agmeaffedfivd t& dk@@réaeedae level of
a 51U | east a O I
2 pop R el ppdsq piliin pE S el esdihe eyalf Flafvegoute phase
mpreteid/hi the anigial vmmc»rngxpmmuheu@dv@upa@unﬁdﬂwr y, it
is believed that an aninmal feed corrprl Ssi ng an anount

lﬂg f eeass%le‘ﬁ%%‘%é‘e gum %‘%}YS%"%%E‘&&P@ 8&%‘3’{?%01% ‘%tmmosmons that
ptase suitableofon beal phastispatisredompriseSaach RSN 1hh at IeAGa888€40,000

f t t hase_protein in said
o AP S o phns oSy e e ey Gl 36 AR cAbaTe ot ffctive to

V\ngi—elgeﬁﬁé Povel bPPdtive hvtte phdie PROEInS (RPN IR Bvelldte %ative acute

ention provides an aninmal feed conprising an anou
ofp PYRRIRE L1 qndar Impmye anynelergnih perfermange, Wiendesed émgecordance

t Rl @vRlinffuchigai t i ve acute phase protein in the
ani mal, increase the level of negative acute phase

in the animal, and/or inprove anl mal growth
Bi&%r 1 e €OTTvsOHaRal i gher asb ghe tsap o SVT o6 Hinerpatimnal unit” refers to an

PaefALEOf Eey iRt QORI KRS tﬁe bhRsBFhatidiPbt £ ﬁﬂ%hﬁﬂe of the

i mmune stress-reduci ng enzy can Eg ded tot
Otsﬂlé?uaF‘éE@' mipgteden FQn@tlowa%@a@EtIMI fargh¢ bigzyme. Weight

s v s&#‘{*’ rigteﬂ{a‘ﬁg g‘lsumt?%f ﬂﬁ%@ st s-rgdﬁ%ﬁ , H%r}h%t:seare ¥nown in

In the ar one e
e ﬂzg/m and cqy beydleteniniagd asisp standand, assaysh Exempldriy gtaindard assays for

e te . that .is added to other f
Eé*g%ng ?]{Q'%qxg%r;lﬁ)e stre‘s]s reduCing enZymes are o ?hned%e?ow

[0054] In one embodiment, the enzyme is expressed by a plant that is used in animal
feed. For example, corn can be genetically engineered to express an immune stress-
reducing enzyme and the resulting genetically modified corn product can be used in
feed. Production also can be effected with other genetically modified or classically
modified systems such as bacteria, e.g., E. coli, Bacillus sp., Lactobacillus; yeast, e.g.,
Pichia, Yarrow, Saccharomyces, Schizosaccharomyces (e.g., Schizosaccharomyces
pomb , Hansenula, Kluyveromyces, Candida), and other fungus, such as Aspergillus,

Rhizopus, Tricoderma, Humicola, Penicillium, and Humicola.

[0055] In accordance with another embodiment, the immune stress-reducing
enzyme is provided in a capsule or tablet from for oral ingestion. The invention also
encompasses embodiments where the enzyme is administered by other routes, such as

intravenously, peritoneally, or subcutaneously, as a component of a composition
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manuf acturing process. Alternatively, an

enzyne-containing solution is sprayed on to a
waeognzsus al |y final formof the animal feed. PET/US2006/047592

anot her enbodi nent, the enzyme is provided as a solid

conposi tion (such as a powder), such as a solid

conposition that is added to other feed ingredients

during the manufacturing process. Exenplary nethods

for manufacturing enzynme-containing feed are descri bed

in WD 97/41739. [0046] In sonme enbodi nents, the

c doposlateddor sichckdngnistration Bracebidante ﬁvﬁﬁ&noﬁ@plﬁi‘rﬁﬁﬂﬂl@glcal

t he 03|t|on may be a |iquid conposition other than

H”%%? feed or a solid conposition other than an
ani mal feed Such conpositions may be suitable for

di[e36] adnmianirsiltsibimond $stein myMO@Ize%h%Flg%Qr gvle’dular
eed

feed additive feed prior to
orpage‘?‘egﬁta fgh%ﬁ% f? gFéa&af“ﬁ’QS%B piat dortot pesea rea Zbreat to the
diahith £tk Malth NdiRthele (the HEREAIER tHigPérs @h 1&19:1&11%‘?9&[!&9& that causes
an su. enents, that are offered to an ani mal

eexnesigaretnpmpaelpgiral stressnand shascan bp nd?mlﬂed and
C Ql%fﬁﬁiréd ByaR tftedast 'f'@ﬁleas‘@uﬁﬂ 'cgﬁclien at %1 bf*&‘aéi&%nb}e%bﬂ While not

enzyng concentr at es, i ncl udin
c a\‘?@é‘ﬂs tabeornthby apw theppy, dhe prysqnt Illme@ltbr@ belwrmhmuls

Wiy in e BaFy Mwéﬁﬁh@q}o?luefwé”u&ﬁ?uﬂmﬁ eg&gg;ﬁauy%{,&be it

an ani mal .” [0047] | nmbodi nent onpos
i §e€@gmtm| rgcenipns BRR) onchak dhose frarlvd lartheminafeaaﬂnune system.
such as an enzyne solution, the I|qU|d conposition or

S Qb087] OMTHEMnER %Hlﬁ% %%teln?r%%d@?gﬁq ?Q?slponse that does not

i nter nat| onal unit ter
aslepend armspecf® ONigen tEdognrion| Sagte. goTaﬂoJ HUHdrgy aVin. Immunol. 116:

R et st BB et s o
| ahd blraltpdﬂwh aammeaa amlm&rbaummaﬂsaaéﬁé ithhddink resplo

t 1 ast o) 70 Ol1UL
a? f’J\gl%t(%la?s ?32 %be t ?iﬁf(ﬁd'r ‘(J/%O L &25 ‘{ﬁ%t(gg (ﬁ?@mp‘les of PRR
| biidlydesToll-tike lrea&btwt (TL.RPGaORCoghkd a raigel oF %%le@h%attems and

generate intracellular signals for activation of a range of host responses. See, e.g.,

Tosi, supra; Blach-Olszewska, Arch. Immunol. Ther. Exp. 53: 245 (2005). PRR/TLR
have been identified that recognize mannose (e.g., Blach-Olszewska, supra), 1,3-p-
glucan (e.g., Rice et al., J. Leukoc. Biol. 72:140 (2002)), lipopolysaccharide and
phosphorylcholine (e.g., Baumgarth et al., Semin. Immunopathol. 26: 347 (2005)),
lipoteichoic acid, phenol-soluble modulin, muramyl dipeptide and peptidoglycan
(e.g., Fournier et al., Clin. Microbiol. Rev. 18: 521 (2005). Immunomodulatory
receptors for mannan (e.g., Klabunde er al., Parasirol. Res. 88: 113 (2002) (mannan-
binding lectin)), and N-acetyl-D-glucosamine and N-acetyl-D-mannosamine (e.g.,
Hansen et al., J. Immunol. 169: 5726 (2002)). TLRs for double stranded RNA (e.g.,
Bell et al., Proc. Nat’l Acad. Sci. US4 102: 10976 (2005)) and DNA with methylation
patterns that differ from endogenous DNA (e.g., Huang ar al., J. Immunol. 175: 3964
(2005); Nonnemacher et al., Infect. Immun. 71: 850 (2003)) also have been identified.
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2,000,000 IUL, or at |least about 5,000,000 IU L.
[0048] In sone enbodi nents, an anount of |iquid

W@ wpo%3ed on ot her than an ani mal feed, such aBCHDS20D6/047592
500 nL solution, is applied to or conbined with an
amount of feed, such as to a ton of feed, to arrive at
feed formulations with enzyne | evels descri bed above.
I'n ot her enbodi nents, an anount of |iquid conposition
other than an animal feed is applied to or conbi ned
with an amount of feed to prepare an aninmal feed wth
arf0esRjunWhile thereymeleailhegdtionss dro ashoeiatsbwith pethogwat of

Qsi tive acut has rotein i.n the animl, increase
t ARICTRFEATRS g Pcjertas Tias s, el A7 BRaLP¥Pe) Hhop aiso are presented by
anbiiel nonadheenic bR ledHubRbs Ghigidl feddhiRAIBARS €An innate immune
[ 0049 t is believed that currently avarlable liquid

en Sf‘lct?r&%m? preniolsHles Breseribrth these malecrlas patterns
1 udnbedgbdHIRRABBCS AHRAThAIO MAnHnS fI43SE 48! MDIRL? Aburididntally

syitabl e for oral administration conprise nuch 1ess ]

t Ampactithe animal’sfeed efigicapop slew theanimal’s wata9é weight gain or result in
st - | ' r 0 .1
SRR NI el 80l o 8, B g mimars
plbady tgmparaiung, or odreswise have a hegativedmpaegat theanimalt shealth or food

nggrgyﬁg%égkﬂv%l%gég Lo icqgl{cg\é d aeglgﬂnaglg i%x?lﬁﬁe?ﬁsgppse resulting from

en use I'n
| MBE(otanoose-binGhgdictin) femdsioa| farrikamples ilucbepowerful responses. It

o : ; 5 10 h h nses
o AP BFny e BR8P R sy CuiREF puhai oy senes in mice
alpatsidoRRa ) Qllbwk ktagival ﬁ;z)m ﬂﬁoxgﬁalloyg%ﬂilablé%tg QébtticlLIKéfﬁ?njﬁﬁ challenge
I 50,.000 | , at t , at leas

76T FaTty Roe! g Wiazdies d5Eeion (PLirda: 54 2Pieihepmppee siress from
| Bgk@ssiod inrasimmekh R8Fbdsblik@iorefettad atn the thffQfdnl itk case.

at | east 140,000 | U kg, at |east 160,000 |IU kg, at

B 350000t s S B i

C 6¢5ae s Higl odéduddr Wdight Bfins of B-mannan present in animal feed can trigger
an “unnecessary and counterproductive” innate immune response, thereby sﬁbjecting
the animal to immunological stress. The present inventors found that this
immunological stress can be reduced or prevented using a B-mannanase-type
hemicellulase, endo-1,4-B-D-mannanase, an enzyme which degrades B-mannans (e.g.
B-galactomannan, B-glucomannan), thereby reducing or preventing the immune
response to B-mannan. As shown in the Examples below, the reduction in

immunological stress is reflected in a decrease in serum APP concentration.

[0060] c-mannanase, which degrades a-mannan, is useful as an immune-stress
reducing enzyme in accordance with the invention. o-mannan is not considered to be

a hemicellulose because it does not share characteristic properties of hemicelluloses.

[0061] In the field of industrial enzymes, the term “hemicellulase” has been used as
a trade name for f-mannanase. Likewise, patents and publications co-authored by the

inventors use the term “hemicellulase™ to refer to f-mannanase, including endo-1,4-B-
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animal feed is applied to or conbined wth an anmount
of feed to arrive at feed fornulations with enzyne
wo eaeosssdescri bed above. I n other enbodi nent s, PERUS2006/047592
anmount of solid conposition other than an ani mal feed
is conbined with an anmount of feed to 14 WASH
1767555. 1prepare an ani mal feed with an anount of
enzynme effective to decrease the |evel of positive
acute phase protein in the animal, increase the |evel
of negative acute phase protein in the animal, and/or \

i r]ﬁ)mannarmse néke, greoMy}8. PatchoONGBH\C 62, 4U|@0d§2]>thbi‘ cdnﬁexts the term
id enzyme

i eve ntly available s
ﬂP%ﬁ"s ‘Pﬁ%i’eg ﬁ.efla%%a%% V%ﬂna%ﬁérﬁnﬁw amaﬁqscn addition
Cﬁﬂﬁhhﬁﬁhdﬁﬂ@he&pﬁﬁh&ﬁﬁﬂbﬁﬂ | east about 40,000 | U kg of
an i nmune stress-reduci ng enzyne, if aPy ?t all, and
t fecth e to.d gase the |eyel of p S|t|ve
2 AQnedt  thedem shemipeliposy cwanoingd foudssrribs carbghdrate plant material

a@bfaﬁieﬂh@&ﬁ(tﬁbﬁb@wm 2t hlkialRé QMﬁU&NHE@hs Ig}fcﬁ’mged more easily
erforﬁar when used i n accordance with tHeir
ploses

i R Seq, 6@3jchadzec Bn ervchisdar Dewtschen é’ptachhen
t eFebeliskclhy 94 227"‘7t($89 'Slﬁllﬁizeuﬁ' 7 PSSt Eret 1 W?h) Since

of eNzZymne hat w cat al yse the t ransf or mat i
) rhﬂ@cwulmé’ hagsemede @p«mfy mtnumohnbteanlamuiystapdmdes

i O TR N SR e

i nternational unrts
abap, Kb e solublpén diluteatichlicsputivesd Ste reng. n‘éﬂnslsxr agl,

SEARARAURRSSY $n VEPBIRE R AL g%%?dﬁsgigﬂ@?ma%%w Press, 1953).

representati ve I nmune Stress-re _
odfylanp Benipeiansvand g8ladians mre(gmeﬁﬂb@dgsﬁﬂﬂbd td be lhel:cilidégﬁloses,
[ essed, by a pl that .is used i.n ani na ee
EIRBE IR b-Bho e ARE L o5 e iy g spgmannans are
emdeﬁ soh:blel rﬂufﬁzeoc&i urmsigefl ucrcgn;q ﬁeﬁl&mg&@fbcﬁahsd \Gnth their
tin call ified corn product can be
égﬂ‘?sﬁ %’Qg’&f %gﬁl?g'f:gﬁ‘)‘a‘?fs’ﬁ’ 1380 pe effected with
other genetically nodified or classically
[0063] In contrast to hemicelluloses, a-mannan is associated with fungal cells walls,

such as Saccharomyces, is not a structural component of wood, and is uniformly

found in eucaryotic glycoproteins that are generally soluble in water. Thus, a-mannan
is not considered to be a hemicellulose, and o-mannanase is not a hemicellulase. o-
mannanase is useful as an immune stress-reducing enzyme in accordance with the
present invention because it degrades a-mannans that are recognized by an animal’s
immune system, but that are not pathogen associated. The innate immune system is
sensitive to mannan because polymers containing mannose are found on the surface of

many pathogens.

[0064] Other feed ingredients that may be recognized by an animal’s immune
system include B-1,3-glucan (a common structural component of plant materials), N-
linked glycoprotein complexes (found, for example, in soybean products), double-
stranded RNA from plants, animals or microbes, and DNA from microbes, plants or

animals with a foreign (no.n—endogenous) methylation pattern. Thus, in accordance
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nodi fi ed systens such as bacteria, e.g., E coli,
Baci |l lus sp., Lactobacillus; yeast, e.g., Pichia,

wanrow4Bacchar omyces, Schi zosaccharomyces ( ePQI/PS2006/047592
Schi zosaccharonyces ponb , Hansenul a, Kl uyveromnyces,

Candi da), and other fungus, such as Aspergillus,
Rhi zopus, Tricoderma, Hum cola, Penicillium and
Hum col a. [0055] In accordance with anot her

enbodi nent, the i Mmune stress-reducing enzyne is

provided in a capsule or tablet fromfor oral
i Ngﬁsommmbddlment; Vaminvential moviies ampﬁf;ﬁamoﬁn‘bﬁ@h'ﬂmgt@e or more

d d b h
5 Sk oA S0 G PSS T o

a lmgrathentsntln afrelated@mptdlihea)thtInV¥hedn provides methods for reducing
767555 1fé3r rq{%I at.ed for ch adm nistration in

1
a SR EIREcalSTeS IR thatcGmoEE afimyfisiering & the animal a

[ QOmpbsifion I&bﬂi?hsﬁlgl aiTBEfERti O S8t BTSuLR &R B8R} ifte 85
ant ecul ar pattern certain Ingre ients o

f Qéé‘%ei}ﬁﬁg UNMugs stesirredecing enzyaes andrthepntigens sheyt dEgtatds are set
afbriiRin the FoROWHg tRBEIREiSRBitioh Iaﬁcdrﬂ Isgé:L' c%?ﬁopésftioqg Tat comprise

an |nnune response t hat causes t
eRBEF LBRREe sptsisHueing ahzymescbat degmatictthasarpanr Gifferent antigens, as

| QRN dsithe HseAS¥kulR BHeR e fisk s t%?\@[b% R %glc%m%ﬁ];mt o

mes Specific -

concentration oFRone or ‘nore
be _bound by any theory, the present |nventors bel i eve

hat this " WNTEKQENSry and counf er product i ¥NZVYNMEE
y—involve pattern recognition receptors

PRR) , such SsMERE¥e | nvol ved ijn the i nnat e -Diamramase

system [0057] The innate immune system pﬁ%%u?no%nﬁ
mmuine response that does not depend on speci

ANt i gen reco@mannem See, e.g.,| Tosi, J. ABlhemgsndski n.
nmunol . 116: 241 (2005). One aspe nat e

t af |
mmune systeminvol ves PRR whifc ?’ggg&ﬂflg%seéﬁanqu}aase type)
pat hogen- associ at ed nol ecul ar pat terns, trARSHatiaRske

nmune response
endo-1,4-B-D-mannanase

B-1,3-glucans 1,3-B-glucanase
Endo-1,3-B-glucanase
(EC3.2.1.39)

R-glucosidase

double stranded RNA non-specific nuclease
non-capped mRNA RNAse L
3pRNA dsRNA specific adenosine deaminase
DNA DNAase

non-specific nuclease

CG specific restriction endonuclease
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e.g., Fabrick etal.,J. Biol. Chem 279:
26605 (2004). Exanples of PRR include Toll-Iike

wo emeptsexs (TLR) that recognize a range of nol BCUS2006/047592
patterns and generate intracellular signals for

signals. See,

WASH_1767555.1

activation of a range of host
Tosi, supra; Blach-Q szewska, Ar
Exp. 53: 245 (2005).
recogni ze mannose {e.g.,
1,3-b- _glucan (e.q.,

responses.

R ce et al.,

See,
| mmunol .

e.g.,

ch. Ther .

PRR/ TLR have been identified that
Bl ach- A szewska,

supra),
J. Leukoc. Biol.

T2: 140 (200 ANTIGEN®OIl ysacchar
phosphoryl chol ine (e.q.. Baunga

rth et al.

de and ENZYMES
. Sem n.

mmnopaNHUmed@YCMemEOOS) ),
bhenol du N ranyl
bept i dogﬁoéégél §°pr°l£%ﬂ nier e
Rev. 18: 521 (2005) | mmunonodu
rannan (e.g., Kl abunde et al.,
2002) (mannanbi nding | ectin)),

|

Par asi t ol .

i pot ei chomarlaﬂi}drases

di pepti de

al, di n.ﬁnﬁﬁé'?@é?"él .
atory recepdelenzife
Res.eig%: S113

and PNGases

- aC phosphBLigine G SPRiAGoAYETN ac

en et mmunol

et yl

-D-ag
169: 5726

PEBRaT e

A 102: 1097

Nat ' | Acad. hit
e 0 that diffe

met hyl ati on pattern

e.g., Huang at al, J. | mmunol
Nonnemacher et al, Infect. |mmu
have been identified. 16 WASH 1

[ hese nol ecul ar patterns are as

(e—g.Hans
TNR=acqtlyglusosmmine sonminiag peimete] g
6 (2005))

r fromend
175: 3964 chﬁﬁ&&)acetylase
N

v 6 7555 ?lrlefd-ér atg\ﬂfachtyslase

soci at ed-asktylzlucosaminidase

Bel | et shitifAsocC.

i,th
B S 15

71: 8

|r\'1r\f arli g \/1 ruses-

ddllIUUUIII ¢ III I ST \\, 3
Fungi - andPRY® 8§%’§?€r{r}?ey al so
such

non-pathogenlc nol ecul es, i
ngredi ents. An innate innune r
non- pat hogeni ¢ nol ecul es presen

re ﬂ?“hé’%}l‘ﬂt@éﬂ%yn% gegarboxylase

as ani mal diRepholipase C
esponse to

ting thesdhosphalivese D

pat t equMatddEHLRSHAE-5acthaidy €CTS

myunol ogical stress, and may

an_ani Ml U Quiace

etrinentally 1 npact the

ani mal ' s f e@tgahcmsédefency s! oyv t he ani rral Esgatea:tcmduﬁe
ﬁlr gn;ugglegtw?% ?o [ n;‘ gcr?jloﬁzu [ h:?Zés;u?%giogi‘f%i’ééw
(EC3.2.1.15)
lipoarabinomannan (LAM) arabinanase
arabinogalactan (AG)
hyaluronan (hyaluronic acid) hyaluronidase
(EC 3.2.1.35)

arabinogalactan and other

arabino-modifided carbohydrates

a-arabinofuranosidase

chondroitin sulfate

chondroitinase

glucocerebrosides

glucocerebrosidase

methyl esters of carbohydrates

methyl esterase

ferulic acid esterified carbohydrates

ferulic acid esterase

furuloyl esterase
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body tenperature, or otherw se have a negative inpact

on the animal's health or food energy (calorie)
wa@Rio7iozsed on ef ficiency. The innate immune respONES2006/047592

resulting from MBL (rmannose-binding |ectin) function,

for exanple, induces powerful responses. It has been

shown that nutation of one of the mannose bi ndi ng

protein's genes in mce paradoxically allows survival

froma normally |lethal acute septic peritonitis

chal | enge (Takahashi, K et ah, Mcrobes Infect. 4

8): 773- 784AN%98F)Ns The | mune|stress ffo'ﬁﬁgﬂmﬁg' ve

nnate i nmmune response is nore fethal than't

nf ecdcetyhated carbobydrateepolyi&59] b- mannan |saoat3qegﬂamgent
f soybean products and soybeani based an f eeds.
i gh ol ecul ar wei ght forms of b-nmannafpP Aie degcetylase

) T TN

animal feed can trigger an "unnecessary and
counterproductive i nnat e i mune response, thereby
to i n i cal stress. The

t he, ani mg olo
SB0ET ' PrhrrRaRes P tamel oo o fhE Ie0g P Broddesaseemposition

C &Bnhﬁlsfrfgdbiﬁﬁ& Réredhvai st‘iséi?ddﬁlgm@ RizIRES RASE: d{BSiment, at
n1cellé%§ﬁéy endo-1, 4- b-D mannanase; an enzyne
O

F5hoRe [9F FROTR SAZYTLES i§ nob 1 4--manoarasaon 1.3-p—glucanase. In
b-agbtheP BRBOAMent tJ‘@d’rﬁﬂ%ﬁfcﬁ%}é@s ﬁrl T 4h 4nld8 3- g—glucanase
i mrune response to b-nmannan shown™in t anpl'e
b t reduct.ion in_ i mmunol ogi cal . stress IS

j*’ﬁ?@’dt e‘E‘ 9Ny speeific cathodimentsibe gRmRPFition it am arimal Sred comprising
[ A0ABImAmARBRANASR leadhhdht 96 gﬁwf-?é@umgé’ﬂg é‘ée%l E&c%f# at least 20

as_an inmune-stress reducin I'n accordanée

t A/ keniredtatdepsh2rildiaiesd ah lnastchBi/Ma fesd], ablebst 36 IU/kg feed, at
h st

D ReEsO8D AR SE RUSEYS Uy 8‘?&0? Bhisdt ‘ffﬁéi’%ﬁ hid, b
I

dﬁﬁtgﬂlfzalnasmzyrres, t he term hem cel I ul ase" has been
used as a trade nane for b-mannanase. Likew se,

PRO6EHS ANShoRIdPLb & he O Sositi

ug?e the term O%E f?n ce+ %Pg{i’i@mﬁféﬁ?éﬁgP%{tﬁ% n%%{ﬁ §Q@position

i ethen thargpneandmal fegd comptizing 1,4-B-mannanase and at least about 155,000 TU
1,3-B-glucanase/L, such as at least 155,000 TU/L, at least 230,000 IU/L, at least
300,000 IU/L, at least 380,000 IU/L, or more, of 1,3-B-glucanase.

=

[0068] In another specific embodiment, the composition is a solid composition other
than an animal feed comprising 1,4-B-mannanase and at least about 300,000 TU 1,3-B-
glucanase/kg, such as at least 300,000 IU/kg, at least 450,000 IU/kg, at least 600,000
IU/kg, at least 750,000 IU/kg, at least 900,000 IU/kg, or more, of 1,3-B-glucanase.

[0069] In another embodiment, a composition comprises 1,4-B-mannanase and
xyloglucanase. In another embodiment, a composition comprises 1,3-B-glucanase and
xyloglucanase. In another embodiment, a composition comprises 1,4-B-mannanase
and chitinase. In another embodiment, a composition comprises 1,3-B-glucanase and
chitanase. In another embodiment, a composition comprises 1,4-B-mannanase and

arabinanase. In another embodiment, a composition comprises 1,3-B-glucanase and
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WASH 1767555. 1D- mannanase. See, e.g., U S. Patent No.

6,162,473. In other contexts, the term "hem cell ul ase"
woreon7/0es3F oader, enconpassi hg gl ucanases and xPCHOS®OS047592

in addition to mannanase, as expl ai ned bel ow. [0062]

The term "hem cel | ul ose” was coi ned to describe

carbohydrate plant nmaterial obtained by extraction

with a dilute al kaline solution that is hydrolyzed

nore easily than cellul ose. See, e.g., Schulze, E.,

Beri chte der Deutschen Botani schen Gesel |l schaf, 24:

2 27birfab@sd. ) In Bolther 2mboliment, a EBipogiliorbeprises 1,88 4nannanase,

( 8395) Si nce toﬂenli,. " heni cel | ul ose" has cone to

sééc’ tRIuGRRRss 2 ARbINEIECy | ant pol ysacchar i des

associ ated with cellul ose, other than pectin and

s{@0 N et svid bpmh;l&amhléthitdﬁfmicbnfwmisons ag eﬁehﬁ}ﬂwroﬁlly, and the

solubl.e i.n dilute alkali solutions. See, e.g., Wisler
el‘“Vaeﬂ,{“’“ ﬁé‘ﬂ‘r“i"*&ﬁ"ml’&g‘é’?,m CPRPRYNPEthes & LPEE PRI TRE/stress-

1 tethlcAGPelRyhies PFES sxamifle 3he indéhfibn ikt iRBRBADoSHSns comprising any
gal act ans agg@general 'y considered to be
h

SRF CEFEF 85 B Immpynegps-Eedieing cRarmantisted pReve andlprtdiscussed

beslpwoad 8AB-HHanhatidén gal acot mannans are readily
sol ubl e. Softwood trees have a | ot of b-mannans

a lated with their cellul ose and hardwoods have a
| 2@82#1 xfﬁ'ﬁwgl? siretseaysad Py fed dagredigntimay aet 2lways be an innate

aifBA8RystemASRINEAL RYs Well knbWRGRA: £&Hash YWahl E%rcgékﬁEe of infants

asg Saccharomyces, is not a structural conpone _
soypratein-bagadrhsimanmillsuepla¢er fermuladevélop a strong detrimental
' : I | e | r. .
R R o bl bR AER DR 1k BERREbA HECBhimicice on
hepiriion, gdmssican frddemyrwf Radiatries) Bedigtrica 10ar(lx ¢l 148, 33098)). N-

ar: LS useful as_an i ne stress-reduci
BRI AL o B s A PO v s 7
bgkdutia (Ogadadr, artels momnmagbs:hmﬁvﬁ@wemr sst(tgg.lsB tzﬁm,bvws; Burks
a nimal ' s ipmune system hut that are no at hogen
2B st d Peshir GinatesniarhAis feOsHT-205 d98PY parcbe srong
n&m%ms RAQ SR O/ IYIPEShA Y AtDhi IR GBS B- LM kinin is
on the surface o
deliberately removed from soy protein isolate preparations used for nutritional
supplements despite its contribution to total protein. Hydrolysis destroys the
antigenicity. In addition, we have found that an enriched 7S soy glycoprotein fraction

used in feeding roosters was less well digested than another less glycosylated soy

protein fraction.

[0072] Examples of suitable enzymes for degrading carbohydrates in N-linked
glycoproteins include a-fucosidases such as o-1,2-fucosidase and o-1,3-1,4-
fucosidase, a-mannosidases such as o-1,6-mannosidase, a-1,2-mannosidase, and
o-1,3-mannosidase, -1,4-galactosidase, endo-B-N-acetylglucosaminidase F (endo F ),
peptide-N-(N-acetyl-beta-glucosaminyl)asparagine amidase F (PNGase F), PNGase
A, endo-B-N-acetylglucosaminidase H (endoH), endo D, endo C,
o-N-acetylgalacosamidase, B-1,3-galactosidase, endo-N-acyl-neuraminidase (endo N),

0-2,3-neuraminidase, a-2,6-neuraminidase, a-2,8-neuraminidase,
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many pat hogens. [0064] Other feed ingredients that may

be recogni zed by an animal's i nmune system i ncl ude
w20078733431can (a conmon structural conponent oPCPUSIING/047592

mat eri al s), N inked glycoprotein conplexes (found, for

exanpl e, in soybean products), doubl estranded RNA from

pl ants, animals or m crobes, and DNA from m crobes,

plants or aninmals with a forei gn (non-endogenous)

met hyl ation pattern.:Thus, in accordance 18 WASH

1767555. 1wt h one enbodi ment, the invention provides a

c PalNesetyllmxosanjnidase nepdorB Nogalamo dsidawsline

t -l.educi t hat, degr.ade one or nor.e_ of
© RS R o R PGt G s 6T g aice deabinogalactanase, o

eigaladioskfabe, f-Balattovi@ndd. on provi des methods for
reduci ng i munol ogi cal stress in an ani nal that

B3 S R R S FuO AR e 20t S A, oG 2y #hJS from commercial
eR3NTES - ARRGiilélg, RyaiRe ffesfiedudiRY ¥nzshie8S8n bE @Hﬁﬁrﬁﬁi from

enzynes and the antigens they degrade are set fort n
t FECTOSFE Ry thatproducererzymes eywch @5 bastetipgfangicand yeast.

C IS Hall 9 Nehe LAY mEO BIH heSEutREE Bsihg'?wzfr‘nb'nant technology methods
stress-_raegucieng yergzyrres t hat degrade the 1sarreeor o8y

PP YR dntheattibyefry, exaglp\l/ﬁe epngiisatly engiseeriig s host :'gtl e produce an
e inel.og I .

TYRAIRS &8 R TR B PloRE o bl B he nyme,
s difte amvibo déidengesncehef @ nweher afithp ensyingessseafartingbose ioknown in
AR e e et LY B PN SRR B tiose
emgqueBses, those skilled ibthesntcanadeicarsuitaBle et R Ra®bihdht

anot her. e di ment, a,cQnposition conprises .
o Rb st dne- 1 ASTHGR bt o AleET At o6 6 msieotide sequence

s peaiding a knbetiinFiine stless-RATFIAS ehiife ban BOusH BRIohLLBNA

¢ %gparr}ll %ol pd%ntify other nucleotide sequences encoding immune stress-reducing

enzymes. As known in the art, such a DNA library can be derived from a defined

organism or population of organisms, or can be obtained from natural sources and

thus represent DNA from microorganisms that are difficult to culture.

[0074] Inembodiments where the composition comprises a combination of
enzymes, the enzyme may be produced individually, by separate organisms, or two or
more of the enzymes may be produced by a single organism. For example, a single
organism can be recombinantly engineered to produce two or more enzymes by

methods known in the art.

[0075] As discussed above, an animal’s immune system recognizes a number of
different molecular patterns displayed by pathogenic microorganisms, inciuding
lipopolysaccharide (associated with, for example, gram negative bacteria), bacterial
flagella containing the conserved protein flagellin, peptidoglycan (associated with, for
example, gram positive bacteria), lipotechoic acid (associated with, for example, gram

positive bacteria) is bound by the C-type lectin L-Ficolin, (Lynch, N.J., ef al., J.
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1, 4- b- mannanase and at | east about 20 |U
1, 3-b-glucanase/ kg feed, such as at |east 20 ru/kg
wo e@d/o7883 | east 25 | U kg feed, at |east 30 | U RQI/iemde/047592
at least 35 U kg feed, at least 40 I U kg feed, at
least 45 | U kg feed, at least 50 | U kg feed, or nore,
of 1,3-b-glucanase. [0067] In another specific
énbodi nent, the conposition is a |liquid conposition
ot her than an animal feed conprising 1, 4-b-nmnnanase
and at | east about 155,000 IU 1, 3-b-glucanase/L, such
adrmanuriodesst 172551%0202J/2004);tphbqﬂﬁry]23&41€bqas§ddidted @ith, for
00Q |

| eeg ﬁﬁlp %‘E ang)os&’y VF 66(2 §Ta!n?e ﬁg%ﬂ%? é?teglﬁ% ﬂ]}h&ésuch as bactenfal DNA
e rvaddc:psmﬁon-tdeemaa@ fAfitifs, @Be Van @@ﬁlalnd Kh@mmﬁeifgw@hn Immunol.

| f - mannanase
iR U B M RN SR 2 L
S l&:han@& 3a4: 9eRe97 %@6P00Thulhﬂlun@§-esbgﬁs%tto4ﬁ&e Qlecﬂ.}lﬁs includes an
| W kg, at |east 600, 000 | U kg, at |east 750, 000

tln?rgggetlnget}mgé@ tU kg, or nore, of 1,3-b-glucanase.
[ 0069] In another enbodi nent, a conposition conprises

1,[0016] MBOHRR pEBoAAE e mﬁl&gﬂéﬁﬁ&@ﬁﬁ mélﬂdélﬂoé&?ﬁ%lucosmnme
enbodi ment nposition conprises 1 b anase

aﬁ8n5?§ﬂ‘8§ I“Ifg%ﬁﬁ‘g“sseandllﬂ -agefylpaOsHB ] qeBtining molecules. The exact
C iR Eb&ﬁﬁ&% dlﬁ@o“—lleluﬂs @n'ﬂﬁﬁﬁ@ﬂ C%fégtlﬁ b e{ EQ\RR8n or C-type

I n anot her enbodi nent, osition
1 leptin) gaycraidsdnana, beti hladlag ¢oa mnnﬁonnoﬁéffeeem tbdctﬂaaitpatho gens is

n as.e n
o rogg{fﬁgcﬁ gg Ig%’&gg&é ?’%oﬂn %ugfa somateﬁﬂ)rgtﬁeir} A{SP-A), and
c 6Apglutain. ﬂommugdmbmys@ewgiuﬁoshnm@ﬁ&d N-acetylmannosamine can

A58 S ATANAR, o BB, SRS R 41 o bining

alsplecaﬁaby (Hmem J[SQQ7@l., Biookehlicddd. 2oBIE S 189978 8993).
these combi nations are exenplary only, and the

c ma (% a{nyg#‘gfe&hgr %R%? ¢ ch 1@8&8?“%6 pa%tg] S %mt can be targeted for
enzyme degradation in accordance with the invention include bacterial lipoproteins
(Hacker, H. et al., J. Exper. Med. 192 (4): 595-600, 2000); 3-1,3-glucan binding by
the collectin Dectin-1 (Adachi, Y., et al., Infection and Immunity 72 (7): 4159-4171,
2004); flagellin (which bind the TLF5) (Honko, A.N., and Mizel, S.B., Immunol. Res.
33 (1): 83-101, 2005); fucosyl glycoconjugates; a-Gal-ceramide; fibrinogen; heparin

sulfate; sulfated gal-saccharide; chitosan, N-acetylglucosamine; asialoglycoprotein;

and R-galactosides.

[0078] The class of receptors called scavenger receptors (SR) are structurally related
to some of the innate immune response receptors, and may create immune stress. It is
believed that SR are involved in the recycle and clean up of apoptosis or otherwise
damaged cells. The scavenger receptors (SR) expressed by macrophages and
dendritic cells are also receptors for the innate immune system. Moreover, some SR

recognize pathogens and some innate immune receptors are shown to be important for
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enzynmes. For exanple, the invention includes
conpositions conprising any one or nore of the inmmune

W@ 0eses3educi ng enzynes |isted above and/ or dPEDUSHEE047592
bel ow and 1, 4- b- mannanase. [0071] | mune stress caused
by a feed ingredient may not always be an innate
i mune systemresponse. It is well known that a
certain small percentage of infants fed soy
'protein-based human m | k-repl acer fornula develop a
strong detrinmental imunol ogi cal -based intestina

I epoptosis., C[has, ihlaecorap@etwith o5 éiBodiat®t bf @@ ifvention, the molecular
nut ition,, Aneri ca cade of Pedi atri cs, Pedi at rics
18% ?T)bm‘b‘n&&aége‘e fg §§) gre tarizeted forapzygpesicerdatipn. i n

soy, for exanple b-conglycinin, sone tines referred to
a$0(YE] gl Ohaisudch SKhmwcuTar patiain-biBHREGhr: eBlsQi)&&iE&Piow density

h 33, 1995; Burks AW et al
PUPRrEin Lo dHe SroPiomitled TSpR) | Gisinenda, endiadyureei Opinion in
bemsmhala@yaatmem QOd2)BSI€-FWX@E-q 6AFuRBMLRIN,, et al., J.

anti-nutritional qualltles 63 cininis

dérmyeeLldd()r KA0s EeR 289&)3@91 CEJP i, o) qtaé Clin, Appl Thromb.
pb‘aeﬂﬂfsﬂtl'lggﬁ yerdsf dos ?Bfr{d $i@ad-L gJ % m some feeds,
Its contri tlontoto proteln.

t Rartighlarlydfapdy qoptainingzaithal onproduecttacals smhm!; hlh@d maals
enriched 7S soy glycoprotein fraction used in feeding

FSTROE, pliies 8 oMl Hatet Gifla B kB8 ohESofeiRserine (2S) and
s brss)a!bpmmﬂ;msm OysalBY) aSRnfyr PSribclhgelSRRSOKACXCL-16 and other
NPLS'rQ&?JS%rg égﬂgé”%&tﬁ A Sangr‘bg lﬁgﬁsor% ugggeﬁéégczt%%%r B &: 545-548,

a2ﬁﬁﬁn d&ipgasredo phosphatidplsérie- pm]sphxﬂlpdésm,ay lead to 1nﬂammatory

bR e B B e SRR P GR eveinmipssatia most feeds
( ensbmcHeyel. _
peptide- N- (N acetyl bet a- gI ucosam nyl ) aspar agi ne

ard %(Ea 5 endow. ., . . .

b-[ Kf ai ﬂaq: ucos am e aecr?gg% fluids g apimalsyt dsalso
recogmzed by innate immune/scavenger system mechanisms, for example, in wound
healing. See, e.g., Jameson, et al,, J. Expt. Medicine 210 (8): 1269-1279, 2005.

Chicken combs are a commercial source of hyaluronan, typically used in the purified

form of hyaluronic acid. Thus, poultry meal made from byproducts of meat
processing can contain hyaluronan, often in abundant amounts. Hyaluronidase (EC
3.2.1.35), which degrades hyaluronan and hyaluronic acid, is useful as an immune-
stress reducing enzyme in accordance with the invention, particularly in the context of
animals that are fed poultry meal. For example, hyaluronidase is useful in reducing

immune stress associated with feeding poultry meal.

[0082] Enzymes that degrade any of these molecular patterns thereby inhibit or
reduce the immune response, thus reducing the animal’s immunological stress. For
example, DNAases and non-specific nucleases are known that degrade double-

stranded RNA and bacterial DNA. Restriction endonuclease enzymes specific for
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a- N-acetyl gal acosanm dase, b-1, 3-gal act osi dase,
endo- N- acyl - neuram ni dase (endo N),
w@2®7/8733¢r am ni dase, a- 2, 6- neur am ni dase, PCT/US2006/047592
a- 2, 8- neur am ni dase, 22 WASH
1767555. 1b- N- acet yl hexosam ni dase,
endo- b- N- gal act odsi dase,
endo- a- N- acet yl gl act osami ni dase,
endo- a- |, 6- D- mannanase, arabi hogal act anase, a-
gal act osi dase, b-gal act osi dase. [0073] These enzynes
ameethylated C@ rhdtéfs dn hommthnsaling BINA 2oy khdwh EEdAy@ids that degrade

< PP B Pt Moo BTy elfpline phosphatase, acid
mphosgitagsa) s phdiglchplifel Bgerasd) 24aPRosfHeYl cRSiRAHSphRase.

fungi and yeast. Additionally, the enzynez gankbe .

0 iJied. usi reconbi nant t.echnol ogy nethods known in

t ﬁ@‘%ﬁt d”H;? ,SH?%?F"@“B??& cé?tbﬁéﬁiﬁ‘é{t&@élaggi Ry IoRRbbY mpaguring the level
hefkerngl APPPaPdattibed abbveNv iiRccRagbd sehdH APWeoncentrations
transcription and translations of a gene encoding the

efl ngpducedimpupolegical sesfees of a nunmber of t he

enzymes set forth above are known in the art. Using

t [1068:4] s eqsIBOREAbOVe, KROVSI POLEti GDEIrflS i 8 AH ARt PR IRAY

t hose sequences, tfl}%g_e skilled in the art can design o
s ﬁFF%fb‘ieE“"g‘Bﬁ S8ZYR¢ that infHfichiymto deeprass holevelofiagute phase protein in

e iz i fal. AUBis it hiayVarP bRl bV dhim81, BHE 588! LS me to
sequence encodi ng a known_ i nmune stress-yeducmgm _
e ﬁg%%eﬁ% repdilycan be dlepprminedbyrskpse skilled ip the artdfonekimple, by

OhhRkuriE A PPLIEAEs S8 %?&.ﬁﬁigﬁgﬁ% %&%ﬁga 5t Gn animal’s serum APP

stress-reduci ng énzymes he”art, suc
Digyels gmndieymeasirasepraerandsubsaquentdo ddmimisgatirmaiiths engme, or

p@%h@ﬁbﬁﬁe@&s 8f 9%!313? Eﬁd cHiral %Hmpa?s (E)ﬁ%g‘l? ?(%e}ﬁ*)efxr[egmln embodiments

natural sources a us represen
nmwhesothg efifestive amatntas essdidellibyuhéastifing séttuttt APP[10@I¢prior and

I ' .where t conposi tion. conprises a
R R R A S—
| nuideifbma bt deastpoatmey ddyetox YAy £boEt severd] \#ay$ér longer after initial

administration of the enzyme. A decrease in serum APP concentration associated

with administration of the enzyme indicates that an effective amount of enzyme was
administered. It should be understood, however, that APP levels generally decrease

as the animal’s adaptive immune response takes effect.

[0085] In accordance with some embodiments, the present invention provides
composition comprising 1,3-B-glucanase in an amount effective to effective to
decrease the level of positive acute phase protein in said animal, increase the level of
negative acute phase protein in said animal, and/or improve animal growth
performance. In one specific embodiment, the composition is an animal feed
comprising at least about 20 IU 1,3-B-glucanase/kg feed, such as at least 20 IU/kg
feed, at least 25 IU/kg feed, at least 30 IU/kg feed, at least 35 IU/kg feed, at least 40
IU/kg feed, at least 45 IU/kg feed, at least 50 IU/kg feed, or more, of 1,3-B-glucanase.

In another specific embodiment, the composition is a liquid composition other than an
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nore of the enzynes nmay be produced by a single
organi sm For exanple, a single organi smcan be
WO e@ontEsmant | y engi neered to produce two or NOPET/US2006/047592
enzynmes by nethods known in the art. [0075] As
di scussed above, an animal's inmune system recogni zes
a nunber of different nolecul ar patterns displayed by
pat hogeni ¢ m croorgani sns, including
| i popol ysaccharide (associated with, for exanple, gram
negative bacteria), bacterial fiagella containing the

c anfeal\feed &ﬁﬁpﬁ%ifig bt Rg&dbbis 1 P00 o'k)np?by@%mcéﬁ&s%ﬂgisa&@gs at least

i.th, anpl e, _gram positive bacteria),
5 000E G st 23088 I ot lwerir001080 1hrasilenst 48400 TUIL, or
P@gdrt) M?l,@#ﬁ%lﬁ&éxﬁ)@e.i n BRHRG sBYcifib @mboliitRént! ®ebihposition is a solid
L- Fi col j n, ynch, N.J., et al, J . 23 WASH
1 #6mMpssitpn A amimal fepd gompeisingzy depst about 300,000 IU 1,3-B-

. : P ;

DSARAHEIONE 30 1 Doar kit 300 B0G WM, flpostig 6Tk, B REL: 600,000
baEtkes atleagNROA0OH UK at brash20HQ0GRElgnathbe, of £8-Piglucanase.
Uden and Raz, J Allergy CHn I mmunol. 104(5):902-10,

1 , - . [ nun

S B R A o

r dshBridecanase, thesenzpnieguay be piesertinlemoant thatiseadesi about 100,000
S¢ly ﬁgﬁ{ee&oom] O her pat hogeni c nol ecul ar patterns

i ncl*ude acet yl gl ucosani i ne contai ni ng nol ecul es and
N-acet yl mannosani ne cont ai ni ng nol ecul es. The exact

bi7hg Ehsse pmognisyare mugh highsk thaotthe §,3¢Prgiuvesaselsionttinn gf

S5 RS e G B ELOE o R hpan

patdsenfansertersdiaye analgzédaddofound soplovidehtfo & lfiiom about 10,000

e e e COT N B

Naaodted sulidrosgisitionc dFhei prbicht invehrHad dottg1i@0e tHap ¥8,000 [U/ton

g?%&ﬁrng—%gﬁgaﬁage Qv%upcﬁ)é ef%ctitvlg ?o Ipea utcg EAH’Pr, ggc? gcr)]rllfth!n?erc]l this belief
experimentally. The present inventors also determined experimentally that
commercial products such as Avizyme (Danisco A/S, Langebrogade 1, Dk-1001,
Copenhagen, Denmark) and Rovobio (Adisseo France SAS, 42, Aventie Aristide
Briand, BP100, 92164 Antony Cedex,) and commercial feeds comprising standard
amounts of B-1,3-1,4-glucanase (Brewzyme BG plus, Dyadic International, 140
Intracoastal Pointe Drive, Suite 404, Jupiter, Florida 33477-5094), xylanase
(Mutltifect XL, Genencor International, Inc., 925 Page Mill Road, Palo Alto, CA), PI-
PLC (ChemGen Corp., 211 Perry Parkway, Gaithersburg, MD) and amylase
(Amylase FRED, Genencor International, Inc., 925 Page Mill Road, Palo Alto, CA)
do not reduce APP. See Example 3 below and Figure 3. In the cases where

1,3-B-glucanase activity is present, it is within the low ranges noted above and not
effective to reduce AGP.

[0088] In another embodiment, the immune stress-reducing enzyme is provided as a

component of a composition that also comprises the antigen or molecular pattern
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specificity (Haurum J.S., et al, Biochemcal J. 293
(3) : 873-878, 1993). [0077] Exanpl es of other
wW@i7QeI3s3 and nol ecul ar patterns that can be tBeTES®A6/047592
for enzynme degradation in accordance with the
i nvention include bacterial |ipoproteins (Hacker, H
et al., J. Exper. Med. 192 (4): 595-600, 2000);
b-1,3-glucan binding by the collectin Dectin-1
(Adachi, Y., et al., Infection and Imunity 72 (7):
4159-4171, 2004); flagellin (which bind the TLF5)
( IelomﬂamlngAcanowrdi thvatzat deﬁacﬂbd by thelenayme REST exdanplt) the invention

a ichfdes el B E5inrBiok 37 SpbeHR Bl Lo - elvgmaasecan animal

g &edsm@mimgibwc bi' Hoe18-strihRERNAHNACLDONARE ; ]or all}]de non-specific

d b-gal act d [0078
CPe e e e P SamIngt b Sl GDESEPTaSH S 7GR e or cxo-

shm%hyd@bé W-8lcahel, bOPROAE:, OF ahy 6 iHANRAE dndYMREE set forth above.
response receptors, and may Create |mmune stress.

i Othen sugablg combinations of antigess wed immunh stressexediieing ndzymes will be
C .The
s%%%ﬁ%”éfqﬁ%%‘é%?%??h?%% AL R BRI SR ST
dendritic cells are also receptors for the innate
i 4 dpdhissmbadinenieit is exnestedrthatsenyniAPP leucls oglmemain

aBRvaRHRs 1EWPAEhi BsitiBf §PARA RiddrEa S HRYL _f_ﬁ@me kZa%fectlve amount of
i mportant for 24 WASH 1767555. 1apopt osi s.

aHBBUAS Sressyiedncing eneymeib aseessedby trteesurmgam'mnnAPR hasrels prior and

of ar tar
ot s 10 R et bR B B s G on be
patadedayhondicie dfter geitial ainoinistiatien of the cepmier y
| i poprotein (LDL). The recept ors called LOX-I (Pe| ser

et T TN T —

I mmn@lhlma],?t@@rﬂf)nsm&&ﬂnﬂﬁs’iehngaﬂ&ﬂé aﬁmdal @?3&11:(2%1@@ cordprising an
2 @mg et EE B o SRR EEERLS b foctopse Birgevel of acute

f plbe, protein in the animal. The composition may be any composition described

above, including an oral composition, such as animal feed, a liquid composition other
than an animal feed, or a solid composition other than an animal feed. The animal
may be any animal, including a human, and may be a healthy animal or an animal

suffering from infection or other disease or condition.

[0091] The invention also includes methods of imi)roving animal growth
performance, comprising administering to the animal a composition comprising an
immune stress-reducing enzyme. In some embodiments, the composition comprises
an amount of immune stress-reducing enzyme effective to improve animal growth
performance. The composition may be any composition described above, including
an oral composition, an animal feed, a liquid composition other than an animal feed,
or a solid composition other than an animal feed. The animal may be any animal,
including a human, and may be a healthy animal or an animal suffering from infection

or other disease or condition.
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particul arly feeds containing ani mal by-product neals
such as bl ood neals. [0080] Another SR nol ecul ar

wQEaioreriz4dbi nding target i s phosphatidl yseri ne ¥EBUSBENE047592

| yso phosphatidlyserine (lyso PS) . SR for PS include

SR- PSOX/ CXCL- 16 and other PS receptors (Schlegel, R A

and Wlliamson, P., Cell Death Differ. 8 (6): 545-548,

2001). Exposure to phosphati dyl seri ne phospholi pids

may |ead to inflamatory responses and

phosphati dyl seri ne phospholipids are believed to :

prie8%jt Inmonersmbddimest, tie aﬂrjrmfeliewg;bress[eﬂfb&h] plfzbt&hdki)tritﬁil_@éﬂ in animal
[ in extracellul ar. uids in animals, but is

B8 PR nlpl, S40 Pl el rinss o8 RBySt amjmmune stress-

meredaing enzynfecimndaha iuting FeneBtdlE Meaified $orrSH®dust @n be used in
J on, et al, J . Expt. Medicine 210 (8): 1269-1279,
20B%" Chicken conbs are a commerci al sour ce of

hyal uronan, typically used in the purified form of

hy[8098] o nincoreeintbodIthest, tHeGihithalis l’iﬂﬂilmﬁfteﬁ&l fhﬁ Q’thnme stress-reducing

b duct f .meat. processi ng. can contai n hyal uronan,

of PP And B3R dnFlmiseree dhe jigenle or doeatppecontaining molecule
3.d2ghd3®by tNErEAmEITAE 8azMA i ARARNIRLY, t@/ﬁlhﬂfn‘?ﬁég%ld r?eparately or

acid, is useful as _an inmminestress Teducing enzy .
aSEBYIRRSeRsly RS Ratt OF therspeip eratitfessat eorapositions. iIn onkhembodiment, the
C @Atr@alis dmaNteRS: fe@@&olﬁﬁﬁsif‘xg Qhé)ﬁmgteﬁﬁr gﬁ‘@ém.c%ﬁ{aining molecule,
exanpl e, hyal uroni dase i s” useful 1n-Teducing imune .
sPRE dssepatirly admipigierad o mpqrsgthmmmpn}smigaie. innd@8Ntress-reducing
E oTa-TeloR cul ar tterns ..
CRAATRS: o AR EN, Ble et ARG R R Birising e

r AHUESTHeF Ratisaeentaining moieowlelandiadaéd suppdasentfeomprising the enzyme.

- i f.i I . K .
1T DRSO RSB i BERED BTO ve cn

Resd thectrizgmeendonucl ease enzymes specific for 25 WASH
1767555. 1net hyl ated CG notifs in non-manmalian DNA are

k 16044y %&H@rsasbpatof %?eglrn%ggtion provides compositions and methods for
reducing immunological stress by preventing and treating infection caused by
pathogenic microorganisms. Sometimes animals consume compositions, such as
water or animal feed, that comprise pathogenic microorganisms (e.g., bacteria,
viruses, fungi and protozoa), or are otherwise exposed to such pathogens. The present
invention provides compositions comprising an enzyme that degrades pathogenic
microorganism’s key components (i.e., a “pathogenic component™), in an amount
effective to decrease infection and therefore the level of APP expressed in the animal
responding to the infection. The composition is useful for reducing immunological
stress through preventing or minimizing the infection thereby decreasing the
immunological stress caused directly by the pathogen. In one particular aspect of this
embodiment, the invention provides a method preventing and treating digestive tract

infection.

[0095] By degrading pathogen components, enzymes may also treat or prevent

infection. That is, because a pathogenic component is degraded, the pathogen could
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phosphoryl chol i pe include phosphoryl choline

hydrol yase, al kal i ne phosphatase, acid phosphat ase,
wWeb@sprouy| chol i ne esterase, and phosphoryl choPCTIES2006/047592

phosphat ase. [0083] This stress reduction can be

identified and nonitored by nmeasuring the | evel of

serum APP, as described above, w th decreased serum

APP concentrations reflecting reduced i mrunol ogi cal

stress. [0084] As noted above, the conposition

conpri ses an anmount of imune stress-reduci ng enzyne

t Hate itsabéfifyerotinfeet the hdec rHs dedrée lig ¥&thaDih fREiBh Svdllds&ult in
pr.o hi s .anount vary from

D AP e SRS iRt rorrhraRTon (G Por Hierpfgmechanism than

r elashribedeaibbvﬂébud &l pradtieRhdRyinERieRA18 ki lek@d of Hletdb%%x%a APP

f I surl ng APP | evels, as describ
pr )égnggrﬁéeiﬁﬁ{ﬂ ea&ﬁﬂﬁ?ﬁ ?F&Paréo%whferﬁ]ewnﬂ%m@n@ahcould have a

t
: E’é’;'gffﬁ? PIRE patil SRS by AR O e i
4

inhingisg of ﬁ%raébogqnﬁoéhmmﬁt qelis, thefirst step hexquired for
efiifRehion, @r aAP H{Her s glg:g Gee&d Wof@ﬁ:%ggspnq?&g{lgﬁntﬁ‘{;henzymatlc

| evel s prlor and su uent t I'on Of
efitegimeent cpeldhelp e ltermatinelss tne éanmhng stamctine oveitie hbsmilahlght be

| %‘?octﬁﬁ@rp o it QX ln{n% %}' o% l? c%er{aﬁl foi?ez\f/?g&lg)lﬁgg%ns l’z@ve been

| onger after I ni m ni s
déb@@agtelntwaste\wuhpm%gim mhrthkt eulkargaROedsateth stirfabe, pamcula.rly

< FPS0bS Bk BB Tk U T2 B s 10 15%-
bé 58y102).00The h;qmuﬁam of &ﬁyn&?@u&}ﬁé(ﬂéi)aﬁﬁﬁﬁ ahd W-

t gﬁe{gg & l}eﬁpgs }nerﬁb-g 1taqe méla gs[%flg%ggsl mﬂf@éﬁé&%ﬁfmam and

eidfedtioient s, the present invention provides
conmposi tion conprising 1,3-b-glucanase in an anount

i t f t to decrease the | evel of
oW I8 acBeand frsuers isaiioeen e eilsn ftmihure Hpgmesbeould be a

t i ehae iselpts @@higéEcalP Hh&t&iﬂ?ﬁ% ?uﬂt%@' i b thifPinario, the

ani mal , .and/or inprove ani mal
pathogenic component degraded by the enzyme mlght be involved in the pathogen’s
mechanism to evade the host immune response. Numerous immune response evasion
mechanisms have evolved in pathogens ranging from mimicking the host ells outer
appearance to inhibiting immune response, for example éomplement reactions or
apoptosis. The reduction or prevention of infection also can be assessed by measuring

serum APP, with higher APP levels being associated with infection.

[0097] Enzymes that degrade pathogenic components, such as those described
above, are known in the art. For example, an endosialidase derived from a
bacteriophage was shown to prevent the lethality of E. coli K1 systemic infection of
rats by degrading the PSA (polysialic acid) capsule on the bacteria surface. Although
degrading the capsular carbohydrate has no effect on the viability of the E. coli in
vitro, loss of capsule in vivo allows recognition and control of the infection by the

host immune system eliminating lethality (Mushtaq, N., et al. Antimicrobial Agents
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performance. In one specific enbodinent, the

conposition is an aninmal feed conprising at | east
w@bwan73@® | U 1, 3- b- gl ucanase/ kg feed, such as BECT/USHGE/047592

20 U kg feed, at least 25 |U kg feed, at |east 30

| U kg feed, at least 35 U kg feed, at |east 40 | U kg

feed, at least 45 U kg feed, at least 50 U kg feed,

or nore, of 1,3-b-glucanase. |n another specific

enbodi ment, the conposition is a liquid conposition

ot her than an 26 WASH 1767555. 1lani mal feed conpri sing

at aﬁé@h&maﬂmﬂzpﬂ%&(ﬁ@ﬂ 603-0]508 2004y "unag%%a{aiﬁy;uts lanltawame E. coli
| U L | egst . 23Q, a
" ouf °%%fbil‘15’gdqie& host gell 15 v 1§ haRjdimaty fmmpine sespansess Another
1 , Brdwigénigateasseful lin tlﬂi&lﬁ‘ei&ﬁ iRRGbA i%e%ﬁﬁﬁﬁerfmutrﬁﬁg’e Ibex
Cc

S|](Pon|sasol orrp03|t|on ot her than an
"‘P%&p y&nzypssare gyailable fronpegmmgrcial sources or can

e i R A -

| daeludingnyeasto OF eirkbe pra)siumiamorgbmacﬂm asLd/iawgssedrabwc e,
of 1,3-b-glucanase. [0086] In some animal feed
enbodi nents where the enzynme conpri ses

1,[@098]g! mamsexzytﬂb@ ca8n bY Prodieyd t&e rédoRfsiRAnt 'DNR'YQéiﬂﬁq]ues when
st about 100,000 I U per ton feed

N e A e )
c C&&E{ﬁd}fmﬁ% m@ﬂ%ﬂ@fo@y‘ﬂas f&ale H?MFQ% }ﬁﬂﬁ% clda¥epi sé’%rfg‘ proteins and their

comrer ci. a avai l'abl e feeds, presen
i BFEREeTigs ﬁﬁwrﬁ%lsyﬁfe@ﬁ @ﬁaq(f]éhﬁénb@kp rléﬂmgal @pad sqyusticing

f rt@éﬁrélel%jﬁl fré&ll ﬁQQxL {0954 254, Sc?é}ggou 4%%513?%%94%&%0 Commercial

non-fe |t|on
o?ﬁrqeb &f a@fﬂr(ii cC"E Qﬁfb i & itymical 'bhete;iammei aandretseqserded in four

\Nou lu%e %vafl&gﬁ %%:RJ r%[x_zy esueé eg@ﬁpgl o aﬁlehgegome can be

b@htagnecbhppmbmﬁmlgeyom'éhmqg; ﬁ'ﬁenhmptw erdviguslypldetified coding

Do e L 4 o B s R ceathed Jpammercial or
public databases using readily available computer programs such as Blast. Those
skilled in the art can identify DNA in the genome that has a threshold level of

. homology to the known sequence and other properties of a gene-coding region, and
then isolate and amplify the gene using, for example, polymerase chain reaction
(PCR) technology. The gene can then be expressed in a host and its desired protein

enzymatic properties can be confirmed.

[0099] 1If a desired enzyme activity is not previously known, then it can be located
using standard microbiology enrichment techniques selecting for growth on the
substrate. Microbes using the substrate as the sole carbon or nitrogen source must
express enzymes capable of degrading the target compound. In order to develop
economical production, one has the choice to improve the production of that enzyme

using classical mutation/selection or enrichment methods with the producing
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Copenhagen, Denmark) and Rovobi o (Adi sseo France SAS,
42, Avenue Aristide Briand, BPI OO 92164 Antony
w@zaen7P4and commerci al feeds conprising stande€™US2006/047592
anounts of b-1,3-1,4-glucanase (Brewzyne BG pl us,
Dyadi c International, 140 Intracoastal Pointe Drive,
Suite 404, Jupiter, Florida 33477-5094), xyl anase
(Mul'tifect XL, Genencor International, Inc., 925 Page
MIIl Road, Palo Alto, CA), PIPLC (Chenten Corp., 2 11
Perry Par kway, Gaithersburg, MD) and anyl ase (Anyl ase
FRECyooGsmésme.cor throghmeddnabsinint DNA. expfdbioRagehddld Well known in the
Rgad, Palo Alto, CA) do not reduce APP. See Exanple 3
bel'ow and Figure 3. In the cases where 1, 3-b-glucanase
activity is present, it is within the |ow ranges noted
alpol0g] arithenaimdsitont ¢oreprising &dﬁﬁﬁiuﬁ@ﬁhes[sﬁ@&?diné Bnzyme that
a her enbodi ment .. the imune stress-reduci ng enzymne
" SoAdts AR plifrsTRamoT ey PeGRE SemPPRORRETALlY S
C administestidne aardnigel) itludibt 6MbasitioR dudbleddr ¥WAPEministration to

1767555..1cont ai_ni conpounds, that are degraded by the
eAD FHimalees gf‘éﬁ%ﬁ# OVER &S IRFhRR Y- the CPmpesition may ¢amprise an

f eRUEOSTENZFRANA ik efelivCBMetfdsdth 1&7eP bﬁ%&%ﬁ%ﬁi&ﬁe gﬂase
ani mal feed conprising DNA or doubl e-strande an
aPIpinder B’Pfeéﬁ%ﬁwdﬁv%l P @egativernggieazhass prosginhin the laninea cind/or

C apFve] ' 0 t.el Q- _Or .
exoc grvg gﬁ%?%wﬂl\f% yC angg’e?ﬁlg raﬁ{gﬁ&gglgy%gﬁgrg? gymalto animal,
ofR froanenzyms toenzywe; butatmlily. cabibeetetesmiinedbyethose skilled in the art,

' i ' ' tr.ess-reducin
CRIBRRRIRS st AR AT BE AL SR S5 hE0 Wk pertormance,
aagldescaibedgbowsades Kmpwinhie thewrent i on. [0089] In this

enbodi nent, it is expected that serum APP levels w |

r j the conposition is

TR0 3o BHE eibofine e R B BRI Atin8 ArLTRe iftpreets o
spzthegenie aufigengs prvvidel assa aaspatadobyn aEAGUTded] 16 Ohe Bkample of
ARERs él%g&lh%le%,ltﬁer ar%ro]gnt of enzyme is at least about 100,000 IU/ton feed.

[0102] In another embodiment, the immune stress-reducing enzyme that targets a
pathogenic antigen is provided as a component of a composition that also comprises
the pathogenic antigen. For example, the invention includes an animal feed
comprising (A) a pathogenic microorganism displaying an anti gen such as
lipopolysaccharide, peptidoglycan, lipotechoic acid, phosphorylcholine, double-
stranded RNA and DNA and (B) and enzyme that degrades the antigen. Pathogenic
organisms can find the way into feed due to the inherent nature of unsanitary

conditions caused by the dense growth of animals in production situations.

[0103] As noted above, the invention includes methods of reducing immune stress
in an animal and/or of improving aimal growth performance, comprising
administering to the animal a composition comprising an immune stress-reducing
enzyme. In one embodiment, the animal is administered the immune stress-reducing

enzyme that degrades a pathogenic antigen and also is administered the pathogenic
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subsequent to adm nistration of the enzyne, the
subsequent neasurenent can be made days or weeks after

WO pooviozd34mndm ni strati on of the enzynme. [0090] PSI/N81006047592
above, the invention includes nethods of reducing
I mune stress in an animal, conprising adm ni stering
to the animal a conposition conprising an inmmune
stress-reduci ng enzyne in an anount effective to
decrease the | evel of acute phase protein in the
ani mal. The conposition nmay be any conposition )
deatigérb eilah?amgme mmrm'gg'gm glagrrbethn_iintswrfaﬁ %ﬂa%éﬁéﬂy ot Yihultaneously
as_ani eed, a,liquid conpgsition other than an .
2 iF Rt O e a5t oA B BB S A OR B sETboiRsAtathe animal is
andfifhisfetrith febl @ omipridBig tH@Hntb&n?Qﬁ{d ANefRtbtely Q&I}‘l“‘gét&gd%

human, and may be a heal thy animal or an ani ma

s GPPWPFIRgn CPBIRtiSHIEdhe eorynes: Itanethegiembadiment, the animal is
caagiitikRRd 28 kbm}}h‘ﬁidgfﬁ{@&ﬁﬁ&p AldSOrekd Eu!ggﬁ&ﬁe&?ctoﬁﬂﬁiﬁsmg the
of inproving ani mal growth perfornance, npri sing

agRFYmet By ppgherembpdimantathie apimalip edindpisteraionfecil somgrising both
afhd SANYRA ARl MRS SidygALCI Ng enzynme. | n some enbodi nents,

t he conposition conprises an anmount of i mmune
stress-reduci ng _enzyne effective to inprove ani nal

glOWR4h  peher follanirgcxappples Buihes iltustiaterthy intyentiony, but the invention is

c ko J Py i n oral
A R e LRy S e BT 0ot on

ot her. than an animal feed, or a solid conposition

0 Lan animal feed. The ani nal may be any

ani mal, including a human, and may be a heal t hy ani nal
O[0XUS) aNA W Bhinsdl feé&T d i ' qthar g

o! co%dition..28 vwéﬁﬁ%%% é%ﬁ%?%%%%?@?ﬁogﬁgﬂIthéﬁﬁiﬁ“ms

e REsGarsseand admypisgareq frechiekeas pné A4eR ldyplsavere ameastuteds as described
u§§guﬁpd? | BBlovs €€d. For exanple, corn can be

genetically engineered to express an inmune

stressreduci ng enzyne and the resulting genetically
06l o E3RIPIAAOG Ame-daxrrlh nale €gbb X Cobb chicks were allocated at

random to 8 experimental treatments, and each treatment was replicated 10 times:

Experimental Design: 8 Treatments
Total No. of pens: 80

Total No. of Treatments: 8

No. of birds per pen: 50

No. of pens per Treatment: 10

No. of birds per Treatment: 500

[0107] Two of the eight treatments comprised stress-reducing enzymes in
accordance with the invention: Treatment 3 (mannanase in the form of evaporated
whole cell broth of B. lentus fermentation applied at approximately 100 MU/ton in the

basal diets) and Treatment 6 (mannanase in the form of cell-free centrifuged
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feed. [0093] In one enbodinent, the animal is

adm ni stered the i mmune stress-reduci ng enzyne and
W@bk®o/o7s4ndm ni stered the antigen {e.g., the PCT/US2006/047592

pattern-contai ning nol ecul e degraded by the enzyne).

The enzyne and antigen nmay be adm ni stered separately

or sinmultaneously as part of the sane or different

conpositions. In one enbodi ment, the aninmal is

adm ni stered a feed conprising the antigen or pattern

containing nolecule, and is separately adm ni stered a

c ongrosathntarf A deppns firmgntakien lbiﬁﬂila piéd ﬁiﬁ)})ﬁﬁﬂﬂhﬁtdﬂ;@m MU /ton in the
Eﬁ%ﬂﬁ I.n.anat her enbodi nent e an

a i6t9; daeRimeRLY Yag ﬁ;fPPEPhU“PW@ added gy phMém000 1U)

cont ai ni ng nol ecul e and a feed suppl ement conprising

t [R108hz yite. babal raeddtfael bacedidre dividéd e can #edi glhtsparts and each was

adm ni a feed conpri si both the antigen and
© REPeee i Ty SR Gt abhedest rtarinie| Modat sl Grower feeds
pb@Mbﬁxea 90QBATIHoRNEN anflcdvBIdM &ud Of theqSutsinag: type) plus 50 g/ton
Iﬁ&%ﬁ(ﬁo i.cal stress by preventing and treatin
t

igtig)s Emithpr fzeds ovpan nenm %ﬁﬁbanlsns

Soretimes ani mal s consume conpositions, such as water

{0199 NBtarte@ Pietst et oFRIT 10581 BiddB&R HaG-old untll 21 days of age,
m_cr oor.gani sns bacteria, viruses, fung nd

pFEREsLets &0 2€3gflh§é9r #nd Einishss Diets o aéﬂZpﬁWhoﬂm@ets and
ThateR R&?@Eﬁovid%&%@itlfb%znp TRY uf&%swe&gﬂ&%hkh Wihe BRI rr%é §1{?ﬂﬂales/

an enzynme that degrades pathogeni ¢ m croorgants
caﬁb&]‘glm 3l feeding peripds %@g@mec Was ipdresibrinking watanand supphed by
agpﬁﬁgmgﬁvgtg. %s@erhgegg&{(ease infection and therefore
the | eve P expressed in the animal responding to
the infection. The conposition is useful for reducing
i mmunol ogi cal stress through preventing or m nim zi ng
the infection thereby decreasing the i mmunol ogi ca
stress caused directly by the pathogen. In one
particul ar aspect of this enbodinent, the invention
provi des a nmet hod preventing and treating di gestive
tract
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i nfection.
enzymes may al so treat or

whewanss4n pat hogeni ¢ conponent

[ 0095] By degradi ng pat hogen conponents,
pr event

i nfection. That is,

i s degraded,

pat hogen could 29 WASH 1767555. 11 ose its ability to

i nfect the host.
woul d result

Thi s decrease in actua
i n reduced i nune stress and reduction in

i nfection

serum APP by a different nechani smthan descri bed

above, but
t he observed APP reducti on.

in practice indist

There are at

i ngui shable in terns of
| east three

s €amaposidonined Analyayef the Bassil xporimoftdl Didiave a

positive result.

P~ 2 ooz nn-\uc—un

I f the pathogen nol ecular structure

the

e g i3 —o f

{ PET/US2006/047592

<l
dC\dl autTyu U_y CTITC \,lll_] >0

pat hogep to.the host cel | s, the 1St@nser step ré’ﬁﬂﬂqred Finisher
for infeetsoH™ or any other ey step necessary for
SUCGRSST Ul T nfection, then enzymghiags iledln%# |u 5.
heddgbedd frﬁar@gly)@bp) t he bi ndi ng3gispggt ur e ozn] tg3 ;ggg
cetdt AW BMndoe nodi fied. For exanpl gs@ nunber g 1.1389
bavicelchah phoghHatot 0zoan pat hogensihgye been s @8@ in 13021
| Mtisfeshe iouh pr ot eogl ycans ¢n t hesppkaryoti g 4gst 1.26
cSddsura ehfcaizie, particul arly sul f @ sdhopr ot eoghggesns 0.3305
( MPeRethioning, J. M et ah, Inflectiggm3snd | mupioy3 70  0.0552
( P-lysieB0- 1537, 2002). The appliocadogon of enzynes -
s (dlivlims chipatei 7086e, and Nacefyl gl wogssam ne- (.05 0.05
4-\sitdnhimt rer@jx or ar | ysul f at as¢s cowl.2b reduce thes 0.25
i MMaesdtpremixand i nfection. [ (0096]00M5a second.Gxsenari 00.075
tggﬁgeta@@en nol ecul ar strucfure de@raded coul9d be a -
ehan disrupts the target cel bOs netabol i50 --
functions. In a third scenarifo, the pathogenic
corfpdaulateddbeplasesd by the enzyme night be invol ved in
t he pat hogen's nechanismto Pvade t he host i mune
on i mmune regpon vasi on ani snme
hg\\?g " BY @ngﬁ#ﬁﬁgt hogens r apgi né%f; Ym ni ni giﬁt'bgot he 32000
host ells outer
Dry matter, % 88.9169 - 88.9236 88.9054
Crude protein, % 22.0 19.3 17.5
Crude fibre, % 2.8813 2.8176 2.7632
Fat, %, 3.6777 3.8291 4.0981
Calcium, % 1.0 0.9 0.85
Total phosphorus, % 0.7088 0.5967 0.5877
Available phosphorus, % 0.45 0.35 0.35
Sodium, % 0.18 0.18 0.18
Lysine, % 1.2 1.0152 0.8948
Methionine + Cysteine, % 0.92 0.72 0.65
Threonine, % 0.8821 0.7657 0.6932
Tryptophan, % 0.2938 0.2489 0.2185

[0110] Two birds from each of the ten pens in Treatments 3, 6 and 8 were randomly
selected for blood analysis at the end of the 42 days after weighing, for a total of 20 '
birds out of the 500 per treatment. Samples were collected onto ice in blood
collection tubes containing anti- coagulant heparin, and plasma was obtained by

centrifugation.
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appearance to inhibiting i mune response, for exanple

conpl enent reactions or apoptosis. The reduction or
w@e@vemsisdbn of infection also can be assessed BPYI/US2006/047592

measuring serum APP, wi th higher APP | evels being

associated with infection. [0097] Enzynes that degrade

pat hogeni ¢ conponents, such as those described above,

are known in the art. For exanple, an endosialidase

derived from a bacteri ophage was shown to prevent the

lethality of E. coli K@ systemc infection of rats by

degfQ1 HHi nBlcol 3Gt {apiplyswald BsBedddr eapiee @ 104tid BRcoprotein using

bact.eri a surface, Al though egradln% t he capsul ar o

AP BRAIOMEslon bansd apyaacitt SR GRrdiflents Saryiges fine.Kbowisville, KY).

c v,

ek Badiples ko Pag B Bl Ior Wele Bl OM testplarps 5 KL per

i waihand ye seme avellgistratanipure AIGR vay addddsdticancenitations ranging up to

al i,m crobi.al. Agents 30 WASH.1767555. land .

008 B ek A yrs T 56 ¥ brrPBainmeapement

alstaeso theenearescOllimmudibmerrt 0 | ook |ike a host cell

t hus evadi ng host innate inmune responses. Anot her

k en useful ip the present inventjon is .

nd 31 S 8Pl s lien Map B ol o bt cests ftayith the data
Manyt teallywelse Bipii ealailhaidn 6f fhe @BheMAEOE 0BIACIOH B8 lRna samples
can pe obtgjned from m croorgani sns that produce :

e A LB L pacteria, and fungi including yeast,
or can be produced reconbinantly, as discussed above.

[ QOREH] DEsd mhesbuediaite ofgaeciprinRirplaiardteby for QAQAD FRBVEred chicken
DNA t echni.ques &@en t eg?e e coding for_ the enzyne is
k AW SerrRics Ry Mat A@p?qycmt@cfeéﬁ%qwlr is shown in the

NMedte BEloRY YTHeSirdsefed b ffhahdbel Al Herdde Mal € a %ffé%&é&&aﬁ& significant
proteins and their gﬁpe codi ng sequences, such as the

NERsreese B Rtk averag ey GPangerteativa vommyredsiorthe Forfyolfhirs,
for exanple, 454 Life Sciences (454 Life Sciences, 20
Commercial Street, Branford, CT 06405), a typica
bacterial genonme can be sequenced in four
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hours. A previously unknown gene of new desired enzyne
fromthe genonme can be obtained by probing the genone
waigiong7s3fidr exanpl e, previously identified codPemyUS2006/047592
sequences fromthe sane type or simlar types of
enzynmes described in conmercial or public databases,
using readily avail abl e conputer prograns such as
Bl ast. Those skilled in the art can identify DNA in
the genone that has a threshold I evel of honology to
t he known sequence and ot her properties of a
geedsBloud SaabRS (v &EGPhemvLs ol-atifg aids@BRlehi i hi§
gene using, for exanple, polynerase chain reaction
(PCR)ztechnoIogy. The gene can then be expressed in a
host Ameatmentdesired prptein e mat i G, pr operTiasmenads
be cofMammmchse] 0099] | f'P “%Pfég“’é‘ﬁ he act | WAdnddfase)
not previously known, then it can.be |ocated using

staldard m crolyi ol ogy enri ghnment teclni ques sel &cting y
for _gromh on the substrate. M crobes using the

subs®Prate as 2#e0sol e carbén or nit31dgEn sour ceS.Aust 225.0
express enzyngs_ capabl e of degradi ng the target

con% und. Inngﬁ:lér to devePop econchi’hl production, 276.2
one,has the chojce to i nprove the production of that

enz‘;‘f usi ng Eﬂa&si cal nmut®alion/sel¥&ion or 538 289.7

enr k ghment s with't pr oduci 1 WASH

17657 55. 1m g?%%?%ani sm orf? hr ough ﬁ%cqgonbi nant DA 201.2
expg gssi on mejdipgds wel | knopn in theart. [0100f The 2374
conmposition conprising an i nmune stress-reducin :
enzype that degrades a patghpgeni ¢ rgsgrpor gani sm pay be 976.2
any conposition suitable for adm nistration to an :
anisal , incluwi?y conpositgpns suitagle for orad s 250.0
adm nistration to an ani mal, as descri bed above. As

not®8 above, 3036 conpositison may c@merg se an argunt of 337
enzyne that is effective to decrease the |evel of

post-bi ve acutbfhase 6 317.7 . 54 237.4
5.9 303.6 6.2 346.9 5.2 212.9
5.2 212.9 6.1 332.1 5 189.7
54 237.4 5.6 262.9 6.1 332.1
5.3 225.0 5.9 303.6 5.5 250.0
5.1 201.2 6.3 361.9 5.5 250.0
5.3 225.0 6.2 346.9 6 317.7
5.3 225.0 7.5 565.5 54 2374
5.7 276.2 7.4 546.9 5.6 262.9
5.3 225.0 7.5 565.5 4.4 127.2
5.7 276.2 7.5 565.5
5 - 189.7 6.1 332.1
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protein (or increase the |evel of negative acute phase
protein) in the animl and/or inprove aninmal growth
w@eoo7orisehce. This anount may vary from ani mal PEDUS2006/047592

animal, and fromenzyne to enzyne, but readily can be

determ ned by those skilled in the art, for exanple,

by neasuring APP | evel s and/or nonitoring ani nal

growt h performance, as descri bed above and as known in

the art. [0101] In one enbodinment, the immne

stress-reduci ng enzyne that targets a pathogenic

antig ' rqvi ded as a conponent of an aninpl feed

I'n o@?ge?&&;ﬁ% of this Bréaadents (coniths) am)un?P tment 6
'S a ast about 100,000 | U ton feed.(Me#nnpmase)

enzy
I not her enmpgadinment, the imune ess-reduci ng

e‘ﬁ‘z])@rre t hat targgts a pat hogeni c aﬁ#i’?’ggn i s provided 250.3
apa conponentzsqf a conposition thaltlsa(%so conpri ses 51.3
t he pathogeni c antigen. For exanple, the invention '

ig¢l udes an apg gal feed conprising {¢y7 a pat hogenic 20.50

m cr oor gani sm di spl ayi ng an anti gen such as

li popal yeacchar,id pepti dogl ycan, |ipotechoi ¢ acid,

p#g%%%r&l chgﬁflhé(?s doubl estranded RNA and DNATJist ( B5- 8 0.000193
and enzyne that degrades the antigen. Pathogenic

organi sns can find the way into feed due to the

i nherent nature of unsanitary conditions caused by the
dEXAMPIBER h of animals in production situations.

[0103] As noted above, the invention inclydes nethods

0 ucy I S in_an i mal .and/ or of

o8 R L 557 bR BB pSmnese) v
adendvictder Imthis explehien eabigiddpsaofobigkess { 100pens @AEH, ivitHSD birds per
aneﬁ)n\;,ryrﬁg étresg-regugl_ng enzynme. | n one enbodi nent,

t REVRTaPd Pre QhfRURAiStSr ed t he i mune stress-reduci ng
enzyme t hat degrades a pat hogenic antigen and also is

afiils] stlresthenhe (Eatthd)y efded cdthpiiid BVAY 28PhidA0 sprafst post-

Thel enzym and a tfi %Sn rra%l/ be adm ni stered separately

oP® éei ng\?ﬁhggagqré) ormulation, and 35% sorbitol with brown food dye, applied
at 100 ml/ton feed.

[0116] Treatment 2 (control): Feed without BMD sprayed post-pelleting with a

control formulation comprising 35% sorbitol with brown food dye, applied at 100
ml/ton feed.

[0117] Treatment 3: Feed sprayed post-pelleting with a formulation comprising

hemicellulase (endo-1,4-B-mannanase) derived from B. lentus, applied at 100 ml/ton
feed .

[0118] Treatment 4: Feed formulated with a powder composition (added into the
mixer prior to pelleting) comprising hemicellulase (endo-1,4-B-mannanase) derived

from B. lentus at 454 g of composition added /ton feed to provide 100 MU/tom of
feed. (1 MU = 4000 IU)

[0119] The chickens were 1 day old at the start of the experiment.
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as part of the same or different conpositions. In one
enbodi nent, the animal is adm nistered a feed
weewpn7Bsieng the antigen, and is separately adnPCi/Es®o€ai7592
a conposition conprising the enzynme. |In another
enbodi nent, the animal is adm nistered a feed
conprising the antigen and a feed suppl enent
conprising the enzyne. In another enbodi nent, the
animal is adm nistered a feed conprising both the
antigen and the enzyne. [0104] The foll ow ng exanpl es
further illustrate the invention, but the invention is
not limted to the specifically exenplified

[(ABDPAiTARALE. wé%%ﬁl\ﬂd’éd%d[h%%] séFte?(Hang 212%%)% F (s 21-39)

conpr.i sing hem cel 'ul'ase (end ase
ang-ianishes (layp dS-4dhiesis with gt folowing clepesitions WP ubdhes|tse base
foagd-€ measured, as described in nore detail bel ow.

[0106] A tot aI of 4000 one-day-old nmal e Cobb X Cobb
chicks were allocated at randomto 8 experinmental
treatnents, and each F¥Restededmowmts replicated 10

tines: Experinmental Design: 8 Treatnents Total No. of

NﬁﬁﬁﬁtAﬁﬁ fot aI f Treat ment of Di ?_.5
__pen: A rl\a%%rqté}per Treat érf)werlo No. of bi'tl eber
NfErE(aUEH(EAL500 [4360.0] Two of thgrgpght treat meRpg,
conpr+sed—st+regs—+educi-ng—enzynes i n accordange V\A'?h
Crude Protwiant i on: D@t rent 3 (nmanwanase in the foym of
evaporated—whotie—cetrt—brot-h—efi—B—l-enrtus—fernpntation
Fe{fpl i ed at appr/ckl4®@t ely 100 M3Ia68f i n the 3.4503
Calcium % : 0.9 0.8 0.8
T phos 0.7032 0.6315 0.515
A Phos 0.45 0.39 0.35
Sodium 0.18 1018 0.18
Lysine % 1.205 1.0302 0.9014
Methionine 0.5446 0.3838 1 0.3435
Met + Cys 0.92 0.72 0.65
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basal diets) and Treatnent 6 (mannanase in the form of
cell-free centrifuged 33 WASH 1767555. 1super nat ant of
w®2007em3us fernentation broth applied at appr ORCTHS®De047592
30 MJton in the basal diets). Treatnent 8 was a
control with no added enzyme. ( 1MJ = 4000 IU) [0108]
The basal neal feed batches were divided evenly in
ei ght parts and each was sprayed with the appropriate
amount of the test materials. Starter and G ower feeds
contai ned 90 g/ton Cobon (an anticoccidial drug of the
i onophore type) plus 50 g/ton BVMD (antibiotic).
Fi ni sher feeds were non-nedicated. [0109] Starter
Diets were offered toAdded mgrddichtsom day-old until 2 1
days of age, Grower D ets from 22-35 days, and

Finisher Drets from36=42days —The—trets—antjwater

Ingesdiensy ovi ded ad|Btasiet um  The |0Pwvesrwer e pr esedfimishdro

the brrds as cruml petTers during att—feeding
LEaFSiBEs. Tap wat :Bg%gfs used as| Yf¢Mki ng wat er 012

pplied by an inp [ water [s networ K. |34, WASH
S%Igﬁjﬁ'%'% 1Conposi P%ﬁgind Anal vs%Zéggnthe Basal %'27 2

Corn—60.-3851 67. 6864 721098 Soyhean neal (48 )

DEXRedth ment al  Di et g 1§qrter Grovbag&ﬁi ni sher | ngrigyégnt S
! / 5900
CBdlite0Bidofdde BB63 PB.03GB5 Fat AV @hspad 1. 0516 0.9%k20

a1l

ahecphat 1 7 126821302

4 192900y | HE Pal
I 1509 U tdrcrurprosprat C—=o=x

Digdahd@st one flour (118862 1.383 1.260880di um chl ofiig=95

0.3299 0. 3304 0 B305—
Fat

0.6517 0.4751 0.8162
Corn 59.3480 67.4725 70.9038
Soybean meal 33.5934 27.1132 22.4010
Poultry By-Product 3.0 3.0 3.0 |
meal
Vitamin 0.25 0.25 0.25
Mineral 0.075 ’ 0.075 0.075
Salinomycin .. 0.05 0.05 0.05

[0121] Onday 21 approximately 3 ml of blood were collected from 3 birds per pen
(30 per group). Blood was placed into a heparinized tube and lightly mixed. Tubes
were slowly centrifuged and then serum was removed. Serum samples were placed
into tubes with caps and labeled with pen number. Serum was frozen for subsequent
AGP analysis, as described in Example 1 above. The immunodiffusion rings used to
quantitate chicken ol acid glycoprotein are easily measured, highly reproducible and

exhibit a coefficient of variation of 4% or less.

[0122] The 21 day average results of 30 birds per treatment are shown in the table
below and graphically in Figure 2. It can be seen that leaving the antibiotic (BMD)
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DL Met hi onine 0.2135 0.0793 0.0552 L-lys.hcl 0.008 - -
Choline chloride 70% 0.05 0.05 0.05 Vitamn prem x
wO0.201/005335 0. 25 M neral prem x 0.075 0.075 0. OP6T@Sh®mn/47592
g/ton 90 90 - BMD, g/ton 50 50 - Cal cul ated Anal yses 2
MEn poultry (kcal s/ kg) 3080.0 3150.0 3200.0 Dry
matter, % 88.9169 88. 9236 88. 9054 Crude protein, %
22.0 19.3 17.5 Crude fibre, % 2.8813 2.8176 2.7632
Fat, % 3.6777 3.8291 4.0981 Calcium % 1.0 0.9 0.85
Total phosphorus, % 0.7088 0.5967 0.5877 Avail abl e
o Qhidte i ! i2 3
e e P TR Shie e Al P16
(eomparg Treatmpegtl wnd derrtment 2y Theadditonr@=ither BasRellulase (endo-
Jra . 8 0110] .T i.rds
BB Rnith Qe IR (iRl HRad ) Stored the
Afe? ¢o therddmlisgerswith antitiiotiomst)lindidatinga yighificaht tedactésitor

iﬁinlﬁlﬁfog‘%galgégs%, after weighing, for a total of 20

Treatment 1 2 3 ‘ 4
IAGP Avg. 214 .35 267.99 220.28 233.09
SD 62.16 82.42 68.58 67.73
CcV 29.00 30.76 31.13 29.06
TTest P 0.003055 0.008952 0.03919
VS. Trt. 1 Trt. 2 Trt. 2
TTest p 0.234892
VS, Trt. 3
TTest P 0.363305 '0.134383
VS. Trt. 1 Trt. 1

[0123] The growth performance of the chickens also was assessed, with the results

summarized in the table below.
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birds out of the 500 per treatnent. Sanples were
collected onto ice in blood collection tubes

w@omrariseng anti- coagul ant heparin, and pl asnmeCTES2006/047592
obt ai ned by centrifugation. 35 WASH 1767555. 1[ 0111]
Bl ood pl asma sanpl es were assayed for chicken a-I|-acid
gl ycoprotei n using an i munodi f fusi on based assay kit
from Cardi otech Services, Inc. (Louisville, KY). Serum
sanpl es taken fromthe two birds/pen were added to the
test plates (5 nL per well) and to sone wells standard

pure AGP was added at c@mnhrpdrmmﬁaﬂ@wgl ng up to

1000 rrg/rrL Pt eci pitin rings were neasured using a
[P blplllllr' cr\o[a to fha nearest O 1mm

I II\‘J IIC OUI \,Ilbll

dlaﬁeter. [0112] A|pol ynon al equation was jused to
pRavi def t he best cyrve fitiwth|the data and to pll ow
the rapi d calcul at'ijon of the concentrationfof AG in

the pl aspeRSamplds [as shown in kigure T [QII3] [The
measur gnent s|of prdci H? ring|di a¥e@drs flor al| ©iYeof P

fecoverled chicken ger nplvgls andpgpé call guatled £GP 1
foncent|rati on for eacﬁd%l rd is gshown in the taﬁl e van

pel Dv. [Theod| ralssd 9d 0suman@ees 0N aye7ade Mavs 78 VB %1 0.33
statistfically signijfficant [decrease in the average AGP

concentiragidn conpdr gdgd70 [ he contrq‘:142@| rag.— 36 [WAShH7
1 767555. 142 Day Bl qod Sanpl es (y = AGP ug/ M; x4 ring

Teap3Ir EMEAY4 | T0.609 | TT0SGH3TEG. 197 |7 S Hpdl O | (MHEETgR %)
Treatmgnt 8 (contrgl) (Manhanasg¢) X 59 y Am§ﬁ§_3 13.03 0.46

e 2otd 9 B3¢7 ¥ 74D 429.670 | 0.459 1.410 0.551 14.40 0.69

Day

42
T1 1.776 | 0.006 2.102 [ 0.189 1.772 0.007 11.23 0.19
T2 1.813 2.073 1.820 10.42

T3 1.770 | 0.001 2.131 |0.088 1.756 0.005 9.97 0.49

T4 1.761 | 0.0001 | 2.060 | 0.572 1.772 0.003 10.38 0.95

! FCR= Feed conversion

2wt Adj. FCR = weight adjusted feed conversion
? CV of ID = coefficient of variation in individual weights

[0124] Thus, both feed conversion and weight adjusted feed conversion were
improved at 21 days with statistical significance in chickens receiving -mannanase.
This indicates that the reduction in serum AGP can translate into real significance for

animal performance.
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5.3 225.0 6 317.7 5.7 276.2 4.9 178.6 6.1 332.1 5.8
289.7 5.2 212.9 5.2 212.9 5.1 201.2 5.8 289.7 7.4
WOAB707843 237.4 5.4 237.4 5.4 237.4 5.7 276. 2PGI/4S2006/047592

237.4 6.2 346.9 5.5 250.0 5.9 303.6 5.9 303.6 6.1
332.1 5.6 262.9 6 317.7 5.4 237.4 5.9 303.6 6.2 346.9
5.2 212.9 5.2 212.9 6.1 332.1 5 189.7 5.4 237.4 5.6
262.9 6.1 332.1 5.3 225.0 5.9 303.6 5.5 250.0 5.1
201.2 6.3 361.9 5.5 250.0 5.3 225.0 6.2 346.9 6 317.7
5.3 225.0 7.5 565.5 5.4 237.4 5.7 276.2 7.4 546.9 5.6
2EXAMPIE 225.0 7.5 565.5 4.4 127.2 5.7 276.2 7.5
565.5 5 189.7 6.1 332.1 37 WASH 1767555 1Tr eat ment 3

( Wfﬁﬁnaﬁ@ alerl@ac}f'B?Hér e§z§r88§]$or§1 on yotllsle in Irru'?naa rpsedt were assessed

for their possible effect on AGP. Commercial type chicken starter rations (low
metabolic energy) were compounded with feedstuffs commonly used in the United
States. These rations (in mash or crumble form) were fed ad libitum from the date of
chick arrival until Day 21 of the study. Experimental treatment feeds were prepared

from this basal starter feed. Treatment feeds were mixed to assure a uniform

distribution of respective test article.

Composition and Analyses of the Basal Experimental Diets

Ingredients
Corn 59.398
Soybean meal (48.5% CP) 33.5934
Fat AV Blend , 0.6517
Dicalcium phosphate 1.6869
Limestone flour 0.8291
Sodium chloride 0.2696
DL Methionine 0.1963
Poultry By Product Meal 3.0
Choline chloride 70% 0.05
Vitamin premix 0.25
Mineral premix 0.075
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(Mannanase) AVE 238.5 373.1 250.3 SD 35.8 115.6 51.3 C
V 14.99 30.97 20.50 T Test p vs. 2.94E-05 T Test vs. 8
W@2000188 EXAVPLE 2 [0114] Anot her experinment BGI/O§R006/047592
hem cel | ul ase (endo- 1, 4- b-nmannanase) was conduct ed.
In this experinent, groups o f chickens (10 pens each,
with 50 birds per pen) were fed one of four diets:
[0115] Treatnent 1 (control): Feed conprising BVD

anti biotic sprayed postpelleting with a contr ol
formul ation, and 35% sorbitol with brown food dye,
applied at 100 m/ton feed. [0116] Treatnent 2
(control): Feed wi thout BMD sprayed post-pelleting
Wi t —a—controt—forrutat-or—eonrprsi-rg—35% sor bi t ol
wi th browg, a%rg&g{lgye applied at 100 m/ton feed.

[0117] Tre Feed sprayed post-pelleti ng W th
a f i (endo-1I,
b- mannanase) derived fromB. | Q  applied at 100

m /tp{Ef Pafiry (Hcaik Tr eat nent 39(50 Feed fornul at ed
cgtwder conpoSition (added Into the m xer prior

to p@ﬂl mrefgin, denpri si ng hemi ceRRdl ase (endo-1, 4-

b- mefmsdedieg. eri ved from B. | &Ra99 at 454 g of

conpbati ¥4,on added /ton feed to3pr4sei de 100 MJ t om of

Calcium, % 0.9
Total phosphorus, % 0.7032
Available phosphorus, % 0.45
Sodium, %- 0.18
Lysine, % 1.205
Methionine + Cysteine, % 0.92
Threonine, %- 0.8266

BMD 50g/t and Salinomycin 60 g/t were added to all feeds.
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f eed.

day old at the start of the experinent.

( 1 MU=4000 I1U) [0119] The chickens were 1
38 WASH

WAZ®78%B43[ 0120] The diets were provided ad | iBCT/UN2006/047592

Starter

(days 0-21),

grower (days 21-35) and finisher

(days 35-42) feeds wth the foll ow ng conpositions
were used as the base feeds:
1767555. 1Added | ngredients [0121] On day 2 1
approximately 3 ml of blood were collected from3
birds per pen (30 per group).
hd&reyinre Pesparatiensand [ i ghtly m xed. Tubes were slowy
centrifuged and then serum was renoved. Serum sanpl es

Expect ed Anmounts 39 WASH

Bl ood was placed into a

ere—pracetd—into—tybes—wt-h—¢aps—and|abeled w-th pen
nLSr;ﬁoeDrl. Serum was flrozen , for "Sﬁbsequén AGP gnal SI S,
aSAMBIE o ehzymer Aspay data, |, (| ey #Yetes on_ | Use Level
1i ngs uded t o~ quant|i tatedchi ¢ken al aci d29| yqd}i\ﬂ%fo@ﬂn 20 mL
are—easilly neasured, highly reproducijble and eeharis /100 Kg
boef€ i cilent®dssigar i|atRevabeF 49 ol0 | esls. [0127] The 2 120 mL
day averlagdavebig t d commechal | ds per t|reatment| are /100 Kg
shown i 1 Hxcqld¥t e [bepxodueind | gr aphically in Higure 2.

t can bhe Dasiscohat| |Asdwyme { heSaliti bi oti-c (BVD) 40 100g
MSH 1767585izyme  gfcofrineerdiab{ prodates a | arge and /100 Kg
$i gni fi gant (15 eage produtte pl asma AGP | evel (conpare
Treat nent GrawthrYr gat nent 2) | The addition off either
nem&el ljul #HePL@ndq- 106 W/ALmpnnagase)] for.mulatton 1TNTPL.Q mL
fhe no-BMD diet (Treatments B and 4) restored the AGP| g

0 téhe llev@bnsieen W th antibiotic usqg, Thdicqating & |20 mL
51 gni fi ¢aniAniyagdect ijon of /100 Kg

FRED

10 Genencor 20 mL
Multifect X1, /100 Kg

11 Dyadic 20 mL
Brewzyme /100 Kg

BG

12 Hemicell 1092 13 12 20 mL
MU/L /100 Kg

17 - n.d. 20 plus food | 20 mL
coloring | /100 Kg

(1 MU = 4000 IU)
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I mmunol ogi cal stress. Treatnment 1 2 3 4 AGP Avg.

214. 35 267.99 220.28 233.09 SD 62.16 82.42 68.58 67.73
w@0020703@® 30. 76 31. 13 29.06 TTest P 0. 003055 OrODBSHA6/047592

0.03919 vs. Trt. 1 Trt. 2 Trt. 2 TTest P 0.234892 vs.

Trt. 3 TTest P 0.363305 0.134383 vs. Trt. 1 Trt. 1

[0123] The grow h performance of the chickens al so was

assessed, with the results sumarized in the table

bel ow. 4 1 WASH 1767555 1G owth Performance 1FCR= Feed

conversion 2 W. Adj. FCR = weight adjusted feed

C Emzpnei Prepdritiony Fukther DoRatioant of variation in

i ndi vi dual W€I ghts [0124] Thus, both feed conversion

aJA ; U“l i et ad comversi-on—weret-mroved at 2
1 Sample ;' h@(’ét‘ﬁcg‘f’ f’% si gni fsederd i n chifadenk3 S-glucanase
fecei ving b-mannanase. This indicates thaf #tHar ac‘"’"y
reductgn—tn—serum-ASP-—gan—t+ranslate—+ntorreal
$i gni fi dqance for ani mal |performance. 42
6 Endo-1,4-8- Endo-1,4-3-Xylanase | 9139 IU/ton
Xylanase 350 AXC
350 AXC U/Ml 63,350 AXC U/ton
Endo B-1,4- ' Endo B-1,4-
B-glucanase B-glucanase
500 AGL U/mL 90,500 AGL U/ton
7 Amylase 1.0 kg per ton -
xylanase
protease
8 PI-PLC 96,188 IU/ton or -
106,000 IU/L 24 MU/ton
9 Amylase 4700 1.88x10° IU/ton or -
MU/L 470 MU/ton
10 Endo-1,4-83- 900,000 IU/ton or -
Xylanase 225 MU/ton
4500 MU/L
11 Endo B-1,4-1,3- 634,400 IU/ton or 1040 1U/ton
glucanase 159 MU/ton
1586 MU/L
12 Endo-1,4 B3- 400,000 IU/ton or 580 IU/ton
mannanase 100 MU ton
1092 MU/L
17 -

ChemGen MU = 4000 IU; AXC — xylanase units defined by Adisseo;
AGL - glucanase units defined by Adisseo; * - approximate level measured by

ChemGen Corp. by reducing sugar assay

[0126] Feed and water were available ad libitum throughout the trial. On Day 15,
birds in treatments 17, 18, 19, 20, and 21 were orally inoculated with a mixed
inoculum containing approximately 30,000 oocysts E. acervulina per bird, 2,500
oocysts of E. maxima per bird, and 25,000 oocysts E. tenella per bird. Coccidial

oocyst inoculation procedures are described in SPR SOP: IN1.002.
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WASH 1767555. 1IEXAMPLE 3 [0125J The ability of other
enzymes commonly used in animal feed were assessed for

wo b@7n73aessi bl e effect on AGP. Conmrer ci al t ypePChUS10661047592
starter rations (low netabolic energy) were conpounded
with feedstuffs comonly used in the United States.
These rations (in mash or crunble form were fed ad
l[ibitumfromthe date of chick arrival until Day 2 1
.of the study. Experinental treatnment feeds were
prepared fromthis basal starter feed. Treatnent feeds
were m xed to assure a uniformdistribution of

I Chyl S i ] e. osi tion and, Anal yses. of

IEERE Miokig o5 Tho SLLER] Sip. SRRl P G RorR G
Sefppeiand.nEh¢ refuls H6CRriBRIG3 DnFainiAMs Béendngdsabipld 17 were
Bife@lbgi um phosphate 1. 6869 Linmestone flour 0.8291

Sodi um chl ori de 0.2696 DL Met hionine 0.1963 Poultry By
Product Meal 3.0 Choline chloride 70%0.05 Vitam n
prem x 0.25 Mneral prem x ‘0.075 43 WASH
1767555. 11 ngredi ent s

Vs. 21 Day Growth Data
Treatment 3
TTEST Avg. Live Enzyme level

Sample P= Treatment  AGPave Wi Gain Conv. per metric Ton

3 - control 170.52 0.624 1.438 none

6 0.2076 Rovabio 186.55 0.626 1.395 100 mL

7 0.2770 Avizyme 160.44 0.633 1.426 1.0kg

8 b 0.1263 PI-PLC 196.35 0.650 1.406 106,000 IU

9 0.3962 Amylase 164.05 0.622 1.434

10 0.3783 Xylanase 175.89 0.593 1.444

11 0.2647 Glucanase 182.00 0.629 1.396

12 0.0178 Hemicell 138.22 0.645 1421 102 MU

17 0.0043 control - 252.04 0.564 1.507 none

infected

[0128] We found that commercial feeds comprising standard amounts of amylase,
1,3-glucanase, 1,4-glucanase, xylanase and PI-PLC did not reduce AGP levels.
Indeed, only hemicellulase (endo-1,4-B-mannanase) showed a significant effect on
AGP Jevels. Additionally, comparing treatment 1 and 17 clearly shows that AGP is a
highly responsive APP in chickens because infection increased the AGP level 82
pg/mL. See also Figure 3. .'
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LO ME MEn poultry (kcal s/ kg) 2960 Crude protein, %
22.0 Crude fibre, %2.8899 Fat, % 3.1439 Calcium %
wW@2®70t3a8 phosphorus, % 0. 7032 Avai |l abl e phosptiUsz06/847592
0.45 Sodium % 0.18 Lysine, % 1.205 Methionine +
Cysteine, %0.92 Threonine, %0.8266 BMD 50g/t and
Sal i nonmycin 60 g/t were added to all feeds. 44 WASH
1767555. 1Enzynme Preparations (I MJ = 4000 I1U) 45 WASH
1767555. 1Enzynme Preparations Further |nformation
Chentzen MJ = 4000 1U; AXC - xylanase units defined by
ABDSANRIPIEAMS - gl ucanase units defined by Adisseo; * -
approxi mate | evel neasured by ChenGen Corp. by

O R R O3l S Kl e 1.5

birglscanasd ateatonzehtsation, of ¥B0,008, 102Q 00 THEmAGen NI Eper ton feed. The

o&easl[ Llyirrlali] ?é:eléil izsateﬁr%ir\ﬁﬁsttepedato rtrés)é gl(ljickens, while control chickens receive the
same animal feed (comprising 1,3-B-glucan) without 1,3-B-glucanase. After 21 and
42 days on this regimen, blood serum AGP levels are assessed as described above.
Chickens receiving the enzyme-formulated animal feed have significantly lower

levels of AGP than control animals. The test chickens also exhibit greater feed

efficiency and improved weight gain as compared to control chickens.

EXAMPLE 5

{0130] Test animal feed comprising a source of bacterial DNA (e.g. Biolys ®
Lysine or other fermentation product containing cell products) is formulated to
include non-specific nuclease derived from the Cyanobacterium 4nabaena sp. 7120
(NucA), one of the most active non-specific nucleases known (Meiss, G. et al., Eur. J.
Biochem. 251(3): 924-934, 1998). The enzyme is added at a concentration of 1 X 10’
Kunitz Units enzyme/kg feed or approximately 1 mg (pure basis) per kg of feed. The
test animal feed is administered to test chickens, while control chickens receive the
same animal feed (comprising bacterial DNA) without non-specific nuclease. After
21 days or 42 days on this regimen, blood serum AGP levels are assessed as described
above. Chickens receiving the enzyme-formulated animal feed have significantly

lower levels of AGP than control animals.

EXAMPLE 6

[0131] Test animal feed comprising meat and bone meal, blood meal or other
animal derived by-product is formulated to include phosphatidylserine decarboxylase
at a concentration of 400,000 IU/ton of feed. The test animal feed is administered to
test chickens, while control chickens receive the same animal feed without

phosphatidylserine decarboxylase. After 21 days or 42 days on this regimen, blood
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i nocul um contai ni ng appr oxi mately 30,000 oocysts E.

acervulina per bird, 2,500 oocysts of E. maxi ma per
whredp7ssml 25, 000 oocysts E. tenella per bird. PCT/US2006/047592

Cocci di al oocyst inocul ation procedures are descri bed

in SPR SOP: INl .002. 46 WASH 1767555. 1] 0127] Means

for cage weight gain, feed consunption, and feed

tonversion are determned. The results are set forth

bel ow. Only aninmals receiving sanple 17 were infected.

Vs. 21 Day Gowh Data Treatment 3 TTEST Avg. Live

EﬁQlyﬂnEAl(ﬂjﬂ/bVCISarmﬂi%eﬁed as desteribad alffsie. Aldachiins ré?ﬂdlﬁng the enzyme-

none ngtgﬁ Eg%ﬁl O&\a/d; ave Si%% ont ]Eﬁgylr? Ovség(%fé%é manfontrol animals.

0.2770 Avizyne 160. 44 0.633 1.426 1.0 kg 8 ' 0.1263
PEXAMPISH7 35 0. 650 1.406 106,000 |U 9 0.3962 Anyl ase
164.05 0.622 1.434 10 0.3783 Xyl anase 175.89 0.593

1. 1 VA C 2400 0.629.1..396.,12_0.0

Ot il GRG0 BB b S Rt At s rrngfetet o
25xlgle ¢ Semainbase avkior 1,8{fgluieshdsd &E&Jméﬁﬁiefrﬂ&? dronh Bt lentus,

C rc:la feeds c [ st andard _gmounts. o

a%y & cofcgmragioﬁ?c ﬂ@ éﬁ) 0 rli%ﬁtoﬁlogg"éaﬂa e teshanimaldesdis

Phdirirfisteted toaést chidkess, Abe |c@i«iﬁ?bl$ohlckens receive the same animal feed
without a-mannanase or 1,3-B-glucanase. After 21 days or 42 days_on this regimen,

blood serum AGP levels are assessed as described above. Chickens receiving the

enzyme-formulated animal feed have significantly lower levels of AGP than control

animals.

EXAMPLE 8

[0133] In this example Hemicell® mannanase added to feed (a conventional corn-
soybean diet) was shown to reduce al acid glycoprotein (AGP) in turkey serum while
also improving live growth performance. The experiment consisted of 48 pens of 11

tom turkeys (initial placement). The six treatments were replicated in 8 blocks,

randomized within blocks of six pens each:

No. Birds/Treatment 88
No. Reps/Treatment 8!
Total Treatments 6
Total No. Pens 48
Total No. Birds 528

[0134] One treatment that comprised stress-reducing enzymes in accordance with

the invention, Treatment 1 (commercial Hemicell® with 100 MU/ton of feed) was
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I ndeed, only hemicellul ase (endo-1,4- b-mannanase)
showed a significant effect on AGP | evel s.

w@daroTsmnl |y, conparing treatnent 1 and 17 clBEr/U§2006/047592
shows that AGP is a highly responsive APP in chickens
because infection increased the AGP | evel 82 ng/nZ.
See also Figure 3. 47 WASH 1767555. 1IEXAMPLE 4 [ 0129]
Test animal feed conprising 1,3-b-glucan is formul ated
to include 1,3- b-glucanase at a concentration of
400,000 IU (100 Chentzen MJ) per ton feed. The test
armnalized EedAGB. 1MUY 40U Tredteftht 2 Wag leRdatroMbel vithout added
control chickens receive the sane ani mal feed
(E8fBPFsi ng 1, 3-b-glucan) without 1,3-b-glucanase.
After 2 1 and 42 days on this reginen, blood serum AGP
I 6{01-33 dF edagsanbed taassimmmfdrﬁﬂdlaﬁmﬂﬁon Clifibadat fseds among

R T S s FEiREd P e inessi s Biorm distsbution of

anésrehsymds uhd! t6 Sk 6 bialiRi Fedll &AdRIdH Ritlvedd @@%It&%ntse &ch time
effici en%%q(ﬁnd [ roved wei ght gain as conpared

c SRyt alle: g mopipis Bomgthe bpeimaing. avddied anrdee@d of each
C @f¥Rinh it 'f&edaw&‘éliﬁﬁ@d & rhard @&h?&él@%ﬂ% gOn@Ea%gﬁl% v{e{ )taken from

LyS| ne or other fernmentation uct containin
ROsiteJor gachireatraent; and fq»c Fugians ek yeifichtion.
nucl ease derived fromthe Cyanobacterium Anabaena sp.

710(36) NuCi) turl@?Qix@tE g tﬁﬁssttu%' 'I“’r@atﬂ%ﬂfssp%‘fd bl hfe described in

gcl eas s known 1(1 iss, G
289ieg)b el @y in By fo qggg)tabhfheT@bizwmw ﬁlemmsmonmf components the

c @él@ﬁféﬁerdq{dtﬂéht%vés gﬁcﬂ'ﬁZalg}‘srbH Qé&rg'd ?t ‘f E efflh the returned

or appr oxi mat el asi 9)
&aeds g hadiets @f@cteprgsqmwm oftvehrag dugbt lteassted dha ebﬁmerclal turkey

B ARSI 57 6 b e

npetiech et dmpasitions were changed at 6, 9, 12, 15 and 18 weeks.

[0137] The diet compositions at each period are slightly different for Treatments 1
and 2. It is well known that Hemicell® mannanase has the effect of increasing the
effective energy content of feeds (see US Patent 6,162,473). For that reason, the diets
of Treatment 1 are formulated with fewer calories than the diets of Treatment 2 in

order to minimize growth difference between Treatments 1 and 2 for the purpose of
this study.
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21 days or 42 days on this reginen,

| evel s are assessed

bl o
as descri bed above.

WO e@eiovE3my t he enzyme-fornul ated ani mal

od serum AGP
Chi ckens
f eed hBOBUS2006/047592

significantly |l ower |evels of AGP than contro

ani nal s.
meat and bone neal ,
by- pr oduct

EXAMPLE 6 [0131] Test ani nal

f

bl ood neal or ot her

eed conpri sing
ani mal derived

is formul ated to include phosphati dyl serine

decar boxyl ase at a concentration of 400,000 |IU ton of

feed. The test ani nal

feed is adm ni ste

red to test

c Hngkalient cumpssidombndlcalhl ke natFiesdevds,! 019 wadd

ani mal feed without phosphatidylserine decarboxylase
Af t-er—2——deays—et—4z —blood-48
WASH 176 bbdlser un] AGP | epelveelsr € assessed as 6-9 weeks
described—above—Chtckens—+ecetv-Rg—the :
enzynef or nul at ed an| Wedatbemetl h@reetnsngdi f Teaunhént 11 OWefeatment 2
| evel sIngreddg@P(¥han contwil ani nal s. MPLBwith [ 0132]
Test ani mal feed soy Heagell® ot her pl ant Meniceld® neal
is formulated to i nglude an a- mannanasel and/ or
1, 3-b- gl ugcanase enzyne 8 rived fromB.| | entus, each
at a conc@%??atlon Z@ $OOO | J28% of| fedd:14The testl.79
ani nmal ¢ dn1n|s dtot % iickens,, whil e
contr ol %ﬁlc eﬁg reuelézﬁfhe ng§ hi n& fgéaomﬁthoutzgso
a- mann Rkall, 3-p- glgu(ﬁ)anase Afdoer 24 1 dgys or 42 g4
days_on this regi mep, blood serum AGP llevels are ’
assessedoslgy®ascri bpd aksgve. Chi gk@ns rleceiysmg the 445
enzynme-fornul ated apimal feed have significantly | ower
| evel s dfimgggmet han contk29 ani mallg0 EXAMPLB.3S[0133] 1.25
Int exanpl e Hem cel | (r) mannanase added to feed (a
conv H?lEW%W QRﬁW%oybegﬁb 2.70 2.35 2.35
Salt 0.325 0.325 0.315 0.32
DL Methionine 0.315 0.315 0.245 0.25
L-Lysine-HCI 041 0.405 0.335 0.34
Vitamin pre-mix 0.25 0.25 0.25 0.25
Trace minerals 0.075 0.075 0.075 0.075
Choline CI 60% 0.135 0.135 0.085 0.085
Copper sulfate 0.05 0.05 0.05 0.05
Coban 60 g/lb 0.055 0.055 " 0.05 0.05
BMD 50g/Ib 0.05 0.05 0.05 0.05
Hemicell® 0.0125 0.0 0.0125 0.0
Crude protein (%) 28.00 28.00 24.5 24.5
ME (Kcal/lb) 1323 1323 1408 1407
Calcium (%) 1.484 1.484 1.462 1.462
A. Phosphorus (%) 0.797 0.797 0.764 0.763
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diet) was shown to reduce a

in turkey serumwhile also inproving live growth
The experinment consisted of 48 peCEUS004/d47592
The six treatnents

wW@enforisence.

torn turkeys (initial

were replicated in 8 bl ocks,

of six pens each:

pl acenent).

acid glycoprotein (AGP)

random zed wi t hin bl ocks
No. Birds/ Treat nent 88 No.

Reps/ Treat ment 8 To
Tot al

tal Treatnents 6 Tot

al No. Pens 48

No. Birds 528 [0134] One treatnent that

conprised stress-reduci ng enzynes in accordance mﬁth

t he |nveg;|o? Treatnent % rC|aI Hem cel

wi th 100 on f eed) WASH 1767555. 1£n%1”‘§ﬁ£éd

for AGP. (1 NU 40. gr nent

feed i hop, o ,dped Qpeat‘“%t B, ﬁieaﬁntgpgﬂ ofreatment 2
assure uni or |strkggﬁ&: of basal fege 1nﬁ

treatments. enzymes mere m xed (spraye&lg @9to

assure @ gﬁé@ n1d|str[p9u|on of | y@pt gnzypeg,and to ; 54;
assure S|n1lar feed| condition between tireatnents. Each
time t Mat@en®o)f eed] was.1made, a sampl e (fromoige 1.021
begrmm g tete—and—end—of—each—t+eatrert—ead—nere

m xed to forma conposite sanple

One s

fromthe conposite for each treatnent,
[0136] The turkey diets fed in
thi s stlngyedientiomapositios add aakiubited autidanlebds] 9-15 weeks

| evel verification.

anpl e was taken
and for enzyne

det ai | beIoman the follow ng tables. Tables show the
coffposT O, of—Tygmporents, e —catcutatetrntt++ent
| evel s f’f °%inal lly some fekstaedt nutrient val yés/Swaeks
the returned Treatment 1  Treatment Treatment 1 Treatment
Ingredient (%) with Hemicell® 2 with 2
Hemicell®
Corn 56.88 55.55 62.45 61.05
Soybean meal 24.55 24.75 21.15 21.40
Poultry meal 9.00 9.00 7.00 7.00
Poultry Fat 5.00 6.22 5.00 6.15
Limestone 1.20 1.20 1.15 1.15
Dical phosphate 18.5 1.95 1.95 1.75 1.75
Salt 032 0.32 0.32 0.32
DL Methionine 0.22 0.22 0.30 0.30
L-Lysine-HCl 0315 0.315 0.42 0.42
Vitamin pre-mix 0.25 0.25 0.25 0.25
Trace minerals 0.075 0.075 0.075 0.075
Choline Cl1 60% 0.085 0.085 0.015 0.015
Copper sulfate 0.05 0.05 0.05 0.05
Coban 60 g/lb 0.05 0.05 0.00 0.00
BMD 50g/lb 0.05 0.05 0.05 0.05
Hemicell 0.0125 0.0 0.0125 0.0
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feeds. The diets are representative of what m ght be
used in a commercial turkey growi ng operation and thus
w0 b®707883 i s adj usted several tines throughoutP€TES2006/047592
20-week period. Diet conpositions were changed at 6,
9, 12, 15 and 18 weeks. [0137] The di et conpositions
at each period are slightly different for Treatnents 1
and 2. It is well known that Hemicell(r) nmannanase has
the effect of increasing the effective energy content
of feeds (see US Patent 6,162,473). For that reason,

t he dlet E Treaf nent 1 formulated with 1
Cal I%rl &n th diets ﬂfyi}vepeﬂ ment 2 in _or de V_\f%weeks

mnimze grow h dj f Tereroel beTweemnd|r eat TREin%enl1 aTattnent
for thergianp@se ofwithHsmetll@dy. 5D WASH with 2
1767555. 11 ngr edi ent corrposi tion and cal c Healicil®

t ks Peri O-6 wee 6-9 we
T ear Bk pREAEIR) Hont 5 i v LS 0

Tr eat neni Tr eat
| ngr edVEBGKcal8®) wilt h wil#69 Hemi cell4l69r) Hemi ceM(Ir) Cango
46. 77 Ap 14 51. 7 Soybean 37.15 .40 29
. 29.50 Pouﬁar(g%me I 68559 00 9 9 00 Poullt y Fat I%)

1. 50‘*2’he§phgrt§®%4 65 LOﬁ&lstone D630 1. 20 1. S91. 25 0.59

Di cal phgsp 8. %(p 2.70 (2?5§1 2.35 Sf\gésZO 32?588

0. 325 0. 315 .32 DL I oni ne 0. 315 45 0
Met+Cys (%) 0 940 0.940 0.95 0.95

Ingredient composition and calculated nutrient levels, 15-20 weeks

Period: 15-18 weeks 18-20 weeks
Treatment 1  Treatment Treatment 1 with Treatment 2
Ingredient (%) with 2 Hemicell®
Hemicell®
Corn 67.25 65.85 70.60 69.15
Soybean meal 17.90 18.15 15.60 15.85
Poultry meal 5.00 5.00 4.00 4.00
Poultry Fat 6.00 7.15 6.50 7.70
Limestone 1.00 1.00 0.85 0.85
Dical phosphate 1.50 1.50 1.23 1.23
18.5
Salt 0.33 0.33 0.34 0.34
DL Methionine 0.205 0.205 0.193 0.193
L-Lysine-HCl 0.340 0.340 0.235 0.235
Vitamin pmx 0.25 0.25 0.25 0.25
Trace minerals 0.075 0.075 0.075 0.075
Choline CI 60% 0.02 0.02 0.02 0.02
Copper sulfate 0.05 0.05 0.05 0.05
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L-Lysine-HCl 0.41 0.405 0.335 0.34 Vitamn pre-m x
0.25 0.25 0.25 0.25 Trace minerals 0.075 0.075 0.075
wW@207573mdl i ne G 60% 0. 135 0. 135 0. 085 0. 085 BUppP82006/047592

sul fate 0.05 0.05 0.05 0.05 Coban 60 g/lb 0.055 0.055
0.05 0.05 BMD 50g/1b 0.05 0.05 0.05 0.05 Hemcell (r)
0.0125 0.0 0.0125 0.0 Crude protein (% 28.00 28.00

24.5 24.5 ME (Kcal /1b) 1323 1323 1408 1407 Cal ci um (%
1.484 1.484 1.462 1.462 A. Phosphorus (% 0.797 0.797
0.764 0.763 5 1 WASH 1767555. 1Peri od: O- 6 weeks 6-9

weeks T nment |1 Trea Ireat nment carpent 2
I nyl Cd:ﬁgﬁfﬁgj vn: t h \M ?{I?E&m%rgol | (r\ J:bmlf‘(gp g?se
Lysine (% 1. 794 Tremo@ntl 50Reatm501 M reﬁ;tsm(%vntﬂ TEStment 2
1. 177 Tngredignt1%021 | Mdthedi ent @onposi | i difersinell®
cal cul ated nutri eHlemIl%*U@l s, 9-15 weeks Period: 9-12
vweekgobsy dPo/MEeks dpgat ment, 4, Treat nent (Ireat ment
Treat ment | greilent (% vm? Hemcel(rdz Wi th (&870
BMD 50g/1b 0.05 0.05 0.05 0.05
Hemicell 0.0125 0.0 0.0125 0.0
Crude protein (%) 17.5 17.5 16.0 16.0
ME (Kcal/lb) 1539 1539 1570 1570
Calcium (%) 0.982 0.982 0.82 0.82
A. Phosphorus 0.490 0.490 0.41 0.41
(%)
Lysine (%) 1.10 1.10 0.93 0.93
Met+Cys (%) 0.791 0.791 0.74 0.74
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Hem cel | (r) Corn 56.88 55.55 62.45 61. 05 Soybean neal
24.55 24.75 21.15 21.40 Poultry neal 9.00 9.00 7.00
wQ2@00Psuw try Fat 5.00 6.22 5.00 6.15 Li nest oneCT/USD06/047592

1.20 1.15 1.15 Dical phosphate 18.5 1.95 1.95 1.75
1.75 Salt 0.32 0.32 0.32 0.32 DL Methionine 0.22 0.22
0.30 0.30 L-Lysine-HO 0.315 0.315 0.42 0.42 Vitamn
pre-mix 0.25 0.25 0.25 0.25 Trace nminerals 0.075 0.075
0.075 0.075 Choline O 60% 0.085 0.085 0.015 0.015
Copper sulfate 0.05 0.05 0.05 0.05 Coban 60 g/Ib 0.05
0. 05 0.DixtanolysiBhvith @egturined f&asN0-032 vieekS 0. 05 Hemi cel |
0.0125 0.0 O. 0125 0.0 52 WASH 1767555 1Period: P-12

4 T ot it 1

weeks TZ2=t5meeksTreatrent—t—freatrert—eatFrent
Treatment |ngredient (Fgedmarn! wéti cel | (r) 2 Tidiatrienp2
Heri cell (r) Crude |protei Aenegli®2 5 22.5 20.0 20.0
Nutrient Calculated  Analyzed | Calculated Analyzeid
0-3 weeks '
Protein 28 27.46 28 27.57
Fat 4.2 4.03 53 4.99
Calcium 1.48 1.38 1.48 1.45
T. Phosphorus 1.02 0.96 1.02 1.08
Hemicell units 100 70.1 0 8.9
3-6 weeks
Protein 28 25.90 28 27.17
Fat 4.2 4.01 53 5.16
Calcium 1.48 1.63 1.48 1.52
T. Phosphorus 1.02 1.15 1.02 1.12
Hemicell units 100 99.3 0 8.9
6-9 weeks
Protein 24.5 23.42 24.5 24.17
Fat 6.3 6.33 7.4 7.00
Calcium 1.46 1.69 1.46 1.65
T. Phosphorus 0.96 1.09 0.96 1.06
Hemicell units 100 138.6 0 14.4

WASH_1767555.1
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ME (Kcal /1 b) 1469 1469 1490 1490 Calcium (% 1.35 1.35
1.19 1.19 A Phosphorus (% 0.681 0.681 0.59 0.59
woyeTnes3Esy) 1.350 1.350 1.298 1.298 Met +Cys ( XBCODUS2006/047592

0.940 0.95 0.95 Ingredient conposition and cal cul at ed
nutrient |evels, 15-20 weeks Period: 15-18 weeks 18-20
weeks Treatnent 1 Treatnent Treatnent 1 with Treatnent

2 Ingredient (%9 with 2 Hemcell(r) Hemicell(r) Corn
67.25 65.85 70.60 69.15 Soybean neal 17.90 18.15 15.60
15.85 Poultry neal 5.00 5.00 4.00 4.00 Poultry Fat

6.00 7.15 6.50 7. /0 Li 0 0 I.00 0:8% 0,85
Di cal phosphate 1.50 1We ;”ié?? éwﬁf}‘)zs 18.5 Sa?fea6"6§§2
0.33 0-34-0.34 DL et hignfRs ®205_0 205 0 193 0,193
L- Lysi ne- Notridht 340 (Cddila@d 23ArA1%38 \(Ddlamtat&dperAQxagéed
0.25 0.25 0. 25 Tractemnerats—o91987500+50-—06+50606+5
Choline O 60%0.02 0.02 0.02 0.0F-12 weeks
Protein 22.5 22.61 225 23.61
Fat 7.9/8.0 7.91 9.0 9.02
Calcium 1.35 1.37 1.35 1.32
T. Phosphorus 0.86 0.93 0.86 0.90
Hemicell units 100 83.9 0 12.0
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Copper sulfate 0.05 0.05 0.05 0.05 53 WASH

1767555. 1Period: / 5- weeks 18-20 weeks Treatnent 1
wae@avnsms Treatnent 1 with Treatment 2 | ngr edP@nuUS100§/047592

with 2 Hemcell (r) Hemcell (r) Coban 60 g/l b 0.00 0.00

0.00 0.00 BMD 50g/Ib 0.05 0.05 0.05 0.05 Hemicell

0.0125 0.0 0.0125 0.0 Crude protein (% 17.5 17.5 16.0

16.0 ME (Kcal/lb) 1539 1539 1570 1570 Cal cium (%

0.982 0.982-0.82 0.82 A Phosphorus 0.490 0.490 0.41

0.41 (%9 Lysine (%9 1.10 1.10 0.93 0.93 Met+Cys (%

0. 791 (Dié? anAlydié vl fetastn YP\RIdAd, /28O N Y €t anal ysis

with returned feeds, 0-12 weeks Treatment 1 with

Tr eat n=e-n+—2—+-lem—ee—-4+H—Nu¢-u-em-—CaLcJ,u-aLe-d_Anal yzed
Cal cul ated Anal yzed 07r8atmeekswidh 6 weeks Treatment 2
Hemicell®
Nutrient Calculated Analyzed | Calculated Analyzed
12-15 weeks
Protein 20 20.49 20 21.09
Fat 7.79 8.25 8.89 9.03
Calcium 1.19 1.16 1.19 1.09
T. Phosphorus 0.76 0.78 0.76 0.77
Hemicell units 100 90.5 0 13.6
15-18 weeks
Protein 17.5 17.20 17.5 16.24
Fat 868  8.00 9.78 9.21
Calcium 0.98 0.96 0.98 0.94
T. Phosphorus 0.65 0.68 0.65 0.70
Hemicell units 100 98.6 0 5.6
18-20 weeks
Protein 16.0 15.95 16.0 15.14
Fat 9.14 8.93 10.29 10.39
Calcium 0.82 0.79 0.82 0.87
T. Phosphorus 0.57 0.61 0.57 0.65
Hemicell units 100 1134 0 13.6

Glycoprotein Measurement:

[0138] Blood was obtained at the end of the trial from four birds per pen selected at
random from treatments 1,2, and 5. The blood was collected into tubes containing

EDTA anticoagulant, mixed then centrifuged to precipitate the whole cells.
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Protein 2 8 25.90 28 27.17 Fat 4.2 4.01 5.3 5.16

Calcium1.48 1.63 1.48 1.52 T. Phosphorus 1.02 1.15
wa2®2/015312 Hemicell units 100 99.3 0 8.9 6-9 VWeEKRES2006/047592

Protein 24.5 23.42 24.5 24.17 Fat 6.3 6.33 7.4 7.00

Calcium1.46 1.69 1.46 1.65 T. Phosphorus 0.96 1.09

0.96 1.06 Hemicell units 100 138.6 0 14.4 55 WASH

1767S55. 1Treatnent 1 with Treatnent2 Hem cel |l (r)

Nutrient Cal cul ated Anal yzed Cal cul ated Anal yzed 9-12

weeks Protein 22.5 22.61 22.5 23.61 Fat 7.9/8.0 7.91

9.[0139]02TGkky IAGPR lesBplales3verd oBlainkdI2om - Ca?ﬂ'i@ﬁ%ﬁcgeyﬁces (Lou1sv1lle

0 6 0.90.Hem c units 100 83.9 0 12.0
V\lé?? ?@%%g%ﬁ Bjigan é‘ﬁa}ly'gggkiﬂ%b%@ trsheliayad cyekwnefzafsw or
WeeKgn samples were added into the immunodiffusion plate wells as recommended by
the manufacturer, then after two days incubation at room temperature, the diameter of

the resulting immunoprecipitation rings was measured.

[0140] A sample of purified turkey AGP standard provided in the kit was tested at
several concentrations to make a standard curve as shown in Figure 4. A polynomial
curve fit equation developed from the standards was used to calculate the turkey

plasma AGP level in the test samples.
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Treatnment | with Treatnent 2 Hem cell (r) Nutrient

Cal cul at ed Anal yzed Cal cul ated Anal yzed 12-15 weeks
wee@reTIz420 20.49 20 21.09 Fat 7.79 8.25 8. 89 BCDBS2006/047592

Calcium1.19 1.16 1.19 1.09 T. Phosphorus 0.76 0.78

0.76 0.77 Hemcell units 100 90.5 0 13.6 15-18 weeks

Protein 17.5 17.20 17.5 16.24 Fat 8.68 8.00 9.78 9.21

Cal cium 0.98 0.96 0.98 0.94 T. Phosphorus 0.65 0.68

0.65 0.70 Hem cell units 100 98.6 0 5.6 18-20 weeks

Protein 16.0 15.95 16.0 15.14 Fat 9.14 8.93 10.29

1@ 3eulatibn iofl WGP & els At SaBizti€hlAnalysisRORE Biedeiits T Rdt

0.61 0.57 0.65 Hemicell uni S OO 113.4 0 13.6
AR o iy e
a mim AGP outlier mm AGP outlier

52 231.5 5.7 3045

4.8 181.6 5.1 2184

5 205.7 5.6 288.9

5 205.7 53 2451

5 205.7 5.1 2184

5.1 2184 51 2184

53 2451 59 3373

6.1 372.3 5  205.7

5.8 320.6 6.3 409.6

4.7 170.2 7.5 687.1

4.9 193.4 6.45 439.1

5, 205.7 54 2592

5.2 231.5 5.1 2184

5.5 273.8 53 2451

5.7 304.5 5.1 2184

5.1 2184 56 2889

4.7 170.2 5.6 288.9

5 205.7 6.05 363.3

4.5 148.5 5.6 2889

5.3 245.1 54 2592

5.2 2315 5 2057
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randomfromtreatments 1,2, and 5. The bl ood was
collected into tubes containing EDTA anti coagul ant,
woreoogd7Ben centrifuged to precipitate the whoP@r/vstohe047592
57 WASH 1767555. 1] 0139] Turkey AGP test plates were
obt ai ned from Cardi otech Services (Louisville, KY).
The AGP test is an inmunodiffusion based test. Equa
vol unes of test or serum sanples were added into the
i mmunodi ffusion plate wells as recommended by the
manuf acturer, then after two days incubation at room
tﬁgggrature the dianmeter of the resulting
i pisHarappanase 6Rreatment bhs femtapbdrepinag]2)A
sanmpl e of purif 9 turke AEP standard_provided in|the
ki t wggntestedA5$ sever Q0tHEE o M4 t oORHier a

st and curve shown in Figure 4. ol ynom al
curve f’?t equat@%% devel oped fro%th%&s‘?andar ds wag
used ts5cal cul the turkey pl | evel in the
st sanpl es. Z%§ WASH 1767555, 1g§raﬁé"§%n of AGP
pvel g 3gnd stapigki cal analysis W&:oh%sgt dents T test
Hem cel | mannanase (Treatnment 1) (Treat ment| 2)
mn AGR eut | i er 193 AGP outlier 5.£g23lg15%5.7 304.5 4.8
3165121845205756288952057532451.5

1
225. 75851 218.29&61 218.4 5.1 218.4 4p537245.1 5.9
3p7. 3

—_——+

5.2 2315 5.2 2315
5 205.7 54 259.2
4.8 181.6 49 1934
52 231.5 5.1 2184
1.5 687.1 42 1189
5 205.7 6.5 4493

Ave 226.4 260.5

Std.
Peviation 63.4 74.6

CV 28.0 28.6

T Test
P value 0.0284

Outliers > 2 std. deviation from mean removed

[0141] The average plasma AGP for the enzyme treated group was significantly less
than the untreated control. For this analysis, one outlier was removed from the
analysis from each group. These may be birds that experienced an unusual amount of

stress due to injury or infection. The reduced AGP caused by enzyme feeding was
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6.1 372.3 5 205.7 5.8 320.6 6.3 409.6 4.7 170.2 7.5
687.1 4.9 193.4 6.45 439.1 5 205.7 5.4 259.2 5.2 231.5
WG20781843 5.5 273.8 5.3 245.1 5.7 304.5 5.1 2AGr/USHNA047592

218.4 5.6 288.9 4.7 170.2 5.6 288.9 5 205.7 6.05 363.3
4.5 148.5 5.6 288.9 5.3 245.1 5.4 259.2 5.2 231.5 5

205.7 59 WASH 1767555. 1[ 0141] The average plasnma AGP

for the enzyne treated group was significantly |ess

than the untreated control. For this analysis, one
outlier was renoved fromthe analysis from each group.

Thels'dataalywinha statistisallytsignifioqne irprved 1ies budfed@rman®uilshown

%%ﬁb edﬁgvﬁg(%gbawﬁﬁqmﬁ% ectlon The reduced AGP

1767555 lcorrelated with statlstlcally si gni fi cant
i 190 DaydGlowth Riesultper f or mance as shown bel ow in
Treatnment 1 (mannanase) vs. Treatnment 2. 140 Day
Gowmh Results

Hemicell
Feed Live CVin
Mort. Mort. Consu Feed wt. weight
Pen Weight # Weight med Conv. Gain 1404
3 200.25 0 0 487.35 2.434 18.147 5.766
7 193.3 0 0 479.55 2.481 17.512 7.426
14 143.95 3 10.817 389.05 2514 17.934 6.857
21 164.1 2 24.205  448.70 2.383 18.172 4.411
29 185.8 1 0.975 448.90 2.403 18.521 6.092
36 161.1 2 1649  419.90 2.364 17.839 8.352
37 182.1 1 7.611 443.70 2.339 18.150 5.944
47 182.55 1 13.115  449.05 2.295 18.195 3.405
Avg, 445.78 2.402 18.059 6.032
T Test Pval 0.05 0.01 0.05
Vs. Trt 2
Control
5 144.1 2 13.085 389.00 2.475 15950 14.518
12 196.1 0 0 486.70 2.482 17.766 5.288
13 178.7 1 14.65 466.25 2.411 17.810 9.717
23 141.95 3 21.912  389.40 2.376 17.684 8.012
28 190.2 0 0 482.10 2.535 17.231 9.331
35 194.5 0 0 486.25 2.500 17.622 9.722
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Hem cell Feed Live CV in Mrxt. Mrt. Consu Feed W.
wei ght Pen Wi ght # Weight ned Conv. Gain 140d 3
WQO®7A%3® 0 487. 35 2.434 18. 147 5.766 7 193. 3 PCODUS2006/047592

479.55 2.481 17.512 7.426 14 143.95 3 10.817 389.05
2.514 17..934 6.857 2 1 164.1 2 24.205 448.70 2.383
18.172 4.41 1 29 185.8 1 0.975 448.90 2.403 18.521

6. 092 36 161.1 2 16.49 419.90 2.364 17.839 8.352 37
182.1 1 7.611 443.70 2.339 18.150 5.944 47 182.55 1
13.1 15 449.05 2.295 18.195 3.405 Avg. 445.78 2.402
18. 059 032 l‘[ Test P val 0.05 0.01 0.05 Vs. Tit 2
Control 55 H%%"1 2 13.085 389.00 2.475 15.950 14.518 12

196.1 0 0 486,70 2. 482 17.766 288 13 178.7 313 65 oy,
46625 2411 17 830,9. 141,23 186,65 3 2,912 a0 TVL
2. 90, Lip8g4 -0 g ¢ 5 10231 Yo
o 35 33 < o d*486 Qo sas Gng
42 15925 10.814 40040 2407  17.635  5.054
48 17665 1 9.05  459.10 2472 17.605 4772
Ave, 446.03 2457 17413 8302

[0142] Birds receiving feed with mannanase had greater average weight gain by
3.7%, decreased feed conversion by 2.3 % and decrease in the CV (coefficient of
variation = std. deviation/mean) of body weight uniformity. The reduction in
immune stress as indicated by reduced AGP serum levels correlated with several

measurements of growth improvement.
EXAMPLE 9 '

[0143] In this example 1,4-B-mannanase from B. lentus, 1,3-B-glucanase from B.
lentus, and a combination of the two enzymes were added to feed (a conventional
corn-soybean diet). Each enzyme treatment improved live growth performance in 6
week old Nicholas 700 female turkeys, with results achieved by the combination
being unexpectedly greater than results achieved with treatments using only one of the

enzymes.

[0144] The experiment used 80 pens of 40 female turkeys. The treatments were
replicated in ten (10) blocks, with eight treatments (seven enzyme treatments and one

negative control) randomized within each block.

[0145] Treatment 3 used a composition comprising an immune stress-reducing
enzyme in accordance with the invention, 1,4-B-mannanase at 100 MU/ton of feed.
Treatment 6 also used a composition comprising an immune stress-reducing enzyme

in accordance with the invention, 1,3-B-glucanase at 60 MU/ton of feed. Treatment 8
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WASH 17675SS. 1Hem cel |l Feed Live Cvin Mort. Mrt.

Consu Feed W. weight Pen Wi ght # Wight nmed Cnv.
w@00M0158@ 42 159.25 2 10.814 409.40 2.407 17.PCBUS2005647592
48 176.65 1 9.05 459.10 2.472 17.605 4.772 Avg. 446.03

2.457 17.413 8.302 [0142] Birds receiving feed wth
mannanase had greater average wei ght gain by 3.7%
tecreased feed conversion by 2.3 % and decrease in the
CV (coefficient of variation = std. deviation/ nmean) of
body weight uniformty. The reduction in inmune stress

asisedhal bcmbi:nlitibu comipbasieion AGE(f:dé)@ddﬂlﬁb hl\o\ﬁtlﬁ&é iRkiBh ab&kkprising
wi.t h several ne I nts growt h i nprovenent.
AT R ese.8 O VDTG O g (13 8- RGBT of feed.

B.Trbgtiiet 1 whs 3-ddnftblifedd aaholt Qd‘aeﬁ-enkﬁ%.ugl M ét)é)o IU)
conbi nation of the two enzynes were added to feed (a

T o AR BT R iR SR Da1al oeds among
Nitxzhdeiits. 200 AR sSwdrd QY S (sp ;Iglti oﬁﬁ?d’ﬁ&ﬁrea&ﬁgiﬁd(rﬁpdgﬁibuﬁon of

the conbination being unexpectedly greater t

r &1 PR MESHnd e @ssure pimifas deqdeqendition begween yesmentsf Bagh time a

e RN iiRsht feddld | FBRt f 20

femal e t.t uré%eyég. m%ﬁh%’ at re térrgﬁl?lsth%?gi nﬁgﬁ? ?@g?lg’amlﬁnentdeorf each

( teptopsing Egesl wetetrhixed ¢ohfortr eampostite sesple nOra zample was taken from

B e Ui R e M
C

ool i sing an inmmune stress-reducing
[0147] The turkey diets fed in this study are typical commercial turkey feeds. The

diets are representative of what might be used in a commercial turkey growing
operation and thus the diet was adjusted after 3 weeks. The growth results for

Treatments 1, 3, 6 and 8 are shown in the table below.
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enzyme in accordance with the invention,

1, 4- b- mannanase at 100 MJton of feed. Treatnent 6
W@bk®o/ousesl a conmposition conprising an i nmune PCT/US2006/047592

stress-reduci ng enzynme in accordance with the

i nvention, 1,3-b-glucanase at 60 MJton of feed.

Treatnent 8 62 WASH 1767555. 1lused a conbi nati on

conposition in accordance with the invention ,

conprising 1, 4-b-mannanase at 100 MJton of feed and

1, 3-b-glucanase at 60 MJton of feed. Treatnent 1 was

a control feed w thout added enzyne. ( 1MJ = 4000 IU)

[0146] Feed was m xed to assure uniformdistribution

of basal feeds anobng rtreatrents—AY—eRzyres—were—mxed
(sprayed on) to assurie a un ni f or ﬁr@@@t@rqymuﬂmamétetsest

f ead-—condi-ti-on-betw en

g

nmeAveraged \was nade, Weish

ji.0 AVlemgalityri| dd| &iveand |end Feéd each eight-

e i x &%)t o |f oWeightc onfpOmivession! gJuSted Feed
n{fromthe codpspitd for each onversion®

O
—
— 7
D
Q
j=rt

—efzyne leyel verifidation., [014
1{i .79 s [st sonoedr e [t ypi stmiA 1520A
- ¢ Theldiets are representative
lm.-_gkrhathnuﬁed in conmer CIA%| tjur key rowi ng B
El@@%ﬁﬁé}é the W Qﬁ wasS 48 USt ad h#DS 3 1.502

results fon Treatnentjs 1, 3, 6 |and 8
bife berow| 63 WASH 767555 01461

gr:{n Ofsdys for £y dornegted. c
i gt - ad(Jb ust edts?%gd conversion flor 1465

n
4

egch—tre eallculatedias followg: (a) the
ayer age- ‘ - of the entire test |is subtradted
fr ?ﬁ}kﬁ dive wei ght [for the tneatnent,
r Bsul th nglo! A (b)|Quantity A is dividdd by
6/ rB%umng b Quant | itB.B" (¢) QuasPity BlisoP 1.389°
SJbt ract egl gél%(r:na&algee feed conyersion
(60 MU/ton):

(1 MU = 4000 1U)
[0148] Note 1: Feed Conversion is mortality corrected.

[0149] Note 2: Weight-adjusted feed conversion for each treatment is calculated as
follows: (a) the average live weight of the entire test is subtracted from the average
live weight for the treatment, resulting in Quantity A; (b) Quantity A is divided by 6,
resulting in Quantity B; (c) Quantity B is subtracted from the feed conversion

resulting in the weight-adjusted feed conversion for the treatment. Statistics shown are
for LSD test; P<0.05.
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resulting in the weight-adjusted feed conversion for

the treatnent. Statistics shown are for LSD test;
weFa00H753631 WASH 1767555 1[ 0150] I n compari son POI/US2006/047592

Treatment 1 (control), Turkey hens receiving Treatnment

3 (feed with 1,4-b-mannanase) had a nunerically

i nproved average |ive weight and a nunerically

i'mproved (decreased) feed conversion. Si mlarly,

Turkey hens receiving Treatnment 6 (feed with

1, 3-b-glucanase) had a statistically-significant

i Bt ¥0)e dinccommprgison ko Ereamheittl @ofitral), Turkey hens receiving Treatment 3

tisti.cally-significant inproved (decreased) feed .
igﬁe\?éf‘%‘?‘g .‘"‘f‘&’fﬁ%ﬂ%ﬁﬂrlﬁ}‘i as?‘?frg?%a?lm B HeAYSTaesdiveyaight and a
Tmeaterieally 8npioeedl (ddctéhsﬁigqef@é&ﬂ*e}@cgh.gﬁiénilaﬂy, TurkeyI t}e)rlxs receiving
1,4-h-ma ase.an 3- b-gl ucanase)  had _an_ unusual
| Q{’&"g”’é’f‘gg ?@Fﬁg 8‘5&1 3‘5'%‘1?9?1?36 ad, W?W@allf\?@%@@m imiroved

' dinel vaigHiaHg YakdiétibAL08 gatrRhhS IheRVEY (d d) feed
Q?Ngfgfpan:ﬁ?%proved gdggrggsgg§ﬁ%eed g%kveﬁé?Sﬁée?hge

r ESBYFECBbserved with Treatment 8 were greater than
coul d be expl ained by an additive effect of the two

efaisSms KdptisingleTaskeydhy 'kéiléﬁ»lixllg’ Tre-gﬁig&nt g @@ed with a cgmbination of

cq Lnation treatnent conprising 1,4-b-mnnanase and

1, ght@%mdﬂp%&c&lewne)mmwlv lh@ege@ausucaliy significant
i bO1i : e 15
ek Lk S B LA AN G Ry e Y michilyfdraBban

x YPBEVGd ddecseasedddredconvertion Fhel resubionbiematd with Firedtinent 8 were

U BR: a8 A NHATE Sl hE e?ﬁﬂ&fggtﬁ@ ag”l?d?ﬂlti\% ecfpe?ﬁgpn{hie?%lregegaes administered

cOr n-soybean di et enzyne trea \
| indivignaihy. nThues; ftbe namdsnationiteatidayt wintbrisiiee] rRidaghanase and

ChiCke |t sults achi eved. by the conbi nation
b 27 3?1% %g‘?"é‘é‘%% rlgiL P %‘gcr? %raélslﬁllefgecgeccﬁ}' éﬁé‘a ! rtoﬁ'e‘PF”éfa‘lnr?éﬂY"Eh performance.
usi ng only one of the enzymes. [0153] The experinent
uﬁé&gﬁ@Lﬁghk of 44 Cobb x Cobb nal e chickens. The
[0152] In this example, 1,3-B-glucanase from B. lentus, xyloglucanase from B.
lentus and a combination of the two enzymes were added to feed (a conventional
corn-soybean diet). Each enzyme treatment improved live growth performance in 35-

day old male broiler chickens, with results achieved by the combination being greater

than results achieved with treatments using only one of the enzymes.

[0153] The experiment used 49 pens of 44 Cobb x Cobb male chickens. The
treatments were replicated in seven blocks, with seven treatments (six enzyme

treatments and one negative control) randomized within each block.

[0154] Treatment 4 used a composition comprising an immune stress-reducing
enzyme in accordance with the invention, 1,3-B-ghicanase at 70 MUton of feed.
Treatment 5 also used a composition comprising an immune stress-reducing enzyme
in accordance with the invention, xyloglucanase at 100 MU/ton of feed. Treatment 6

used a combination composition in accordance with the invention, comprising
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treatnments were replicated in seven bl ocks, with seven

treatnents (six enzyne treatnents and one negative
w@oovr0T3y¥3 r andom zed wi t hi n each bl ock. [0154]PCT/US2006/047592

Treatment 4 used a conposition conprising an immune

stress-reduci ng enzynme in accordance with the

i nvention, 1, 3-b-glucanase at 70 MJ ton of feed.

Treatnment 5 al so used a conposition conprising an

i mmune stress-reduci ng enzyne in accordance with the

i nvention, xyloglucanase at 100 MJton of feed.

Txghighenahad 4900 MUK ek 0d 1IGDBPESEdraddal 60 MU/ton of feed.

ag}cordancE with the invention, conprisi ng 65 WASH

176788804 | Was g eeirhed yithepbaddedicaryme- (k&MU 5AP00 TU).

1, 3-b-glucanase at 60 MJton of feed. Treatnent 1 was

a[@188] r dectiarst mixedasbssaeiad faiz diBibution MobasA 8QQs hidong
[?r155 Fe;eAg was m xed to assure uniformdistribution
of'ch eats. é

BRZYAN Y X e drEshTayed A teassyrres uiieran distribution of

Mees® Endyhikésoidtio AB3urd Sinfifs Y8 it driObRvELSEbddhidhisOE Rk time a
t est enz¥mss and to assure simlar feed condition

b et fredavaemade. aaaple fram the begianingnmiddedandaend of each
MBGm dht PRI Erel N 1O ForREPL AR Ll Eonlgd, s0q,f

each treat ment efl{é%ghv\gfoépl b e g %?%’;i %3%’%%“3’ pIf gva8 taken from
s Htampasiie feneashdreatsent sdngnfor euzpmé Eevebvgrifiiationf or

each treatnent, and for enzynme |evel verification.

ﬁliﬁﬁ] e dbstrsd [efhid ﬁ’u&}hé.x% t5hitbrBIE JIM(B&CB%JFC(%L g[ihleecfiets are

[
chicken feeds. The diets are T'epresentative o
nTegieseptatiys of what miglyrhenised i a bewineerialgbroilengrowing operation and

0 ' t [ ' frer.3

OBt 4 A0 Ry SRR D R m gy 1. 4.5,
6and 6 @ftedds daysoftdroptivaetshawa is wmablerbeldwe: t abl e

bel ow. 66 WASH 1767555.]1( 1MJ = 4000 |U) [0157] Note

1. Feed Conversion is nortality corrected.
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[0158] Note 2: Wi ght-adjusted feed conversion for

each treat nent
wE@rosBiexrs shown are for
conparison to Treatnment 1 (control),

P<0. 05.
t he chi ckens

is cal cul ated as descri bed above.
LSD test;

[ ORGRSI006/047592

receiving Treatnment 4 (1, 3-b-glucanase) had a
nunmerically inproved average |live weight and a
nunerically inproved (decreased) feed conversion.
the chickens receiving Treatnent 5 (feed
wi th xyl ogl ucanase) had a nunerically inproved average
live weight and a nunerically inproved (decreased)

Simlarly,

feed conversion.
(a conbi nation of 1, 3-h
achi eved |n'proverrents [

Qll 41P_IEEE

fee

1

o-nVLaL.

ovr aaf er
U

[0160] Chickens receiving Treatnent 6

ca\

than-t-he

—gHaeanase—and—oaH-eghueanas
n the| r avdT-dgeGrowth B@aglhtersand

FeRs—gt
n’i dm ni stered Weight-
]'.,Q/n \Ea rentFeed Adjusted
a@enmhiioﬂ{/ ed  Feed
p rfo mance. Conversion®
(‘.hl cken Sefum APP by
[ 046247 ©hi ¢kenehs &i | Brs1.6904
3= d fed a typical
i.et (as shown in JLhelDi et
ston) RS h var #et38 Bnzymissadied 1.6514°
nzyma tabl e below) | Sanple
uded threefcages wth
9SBMNOSlyl4,9AB68) Wigdean | 4 gsgae
"egterase” injTreatnment| J
oma B. leptus
4.461 *® 1.643 4% 1.6394°

(1 MU= 4000 IU)

[0157] Note 1: Feed Conversion is mortality corrected.

[0158] Note 2: Weight-adjusted feed conversion for each treatment is calculated as

described above. Statistics shown are for LSD test; P<0.05.

[0159]

In comparison to Treatment 1 (control), the chickens receiving Treatment 4

(1,3-B-glucanase) had a numerically improved average live weight and a numerically

improved (decreased) feed conversion. Similarly, the chickens receiving Treatment 5

(feed with xyloglucanase) had a numerically improved average live weight and a

numerically improved (decreased) feed conversion.

[0160]

Chickens receiving Treatment 6 (a combination of 1,3-B-glucanase and

xyloglucanase) achieved improvements in their average live weight and feed

WASH_1767555.1
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gene in the same operon wth xylanase. The substrate

for this enzyne was not identified. Its assignnment as
W@ro07e%3¢¥ ase” is based on the simlarity of tPEer/Dbi06/047592

sequence of this gene to other known esterase genes.

The esterase activity was not determ ned, but would be

simlar to the xylanase level if the two proteins have

simlar specific activities. 69 WASH 1767555. 1] 0164]

The 1, 4-b-gal actanase and 1, 3-gal act anase were

measured using a reducing sugar assay Wi th pectin

Skbsvdrsibas gledted Manfthe Effcttaybservild 08RnIBE HBYHRS were administered
col l.ect e&f&gm all birds and sanples were "anal yzed for
Y

afndiyidya 5 othe | spmbinpijon-ertment epmprisieg 1 Beftelisenase and
TROIAVRAAKR dcBUSLd AsidificE! LEl ¢
e e iR WA L bREYER

r C in the table, relative to Treatnent A (no
e%&@?&wat ments H, | and J resulted in reduction

of serum AGP. [0167] Treatnment H (chitinase plus

1[0i61] MRWRREASE bf Thkes Sefing AIPP RAPphEHYNtcT .
only two weeks of growth. AIthou%ﬁ Fﬁé armuntE’sHZg es in Feed

e s were at levels that did not show a response in
oﬂﬁ%ﬁ? Tr‘ﬁﬁf"fﬁé‘ﬁ‘f@‘liﬂé&‘ﬁf 8 BEOWR Iropp bt fays 494 fsd & typical corn-
c soyieanblagtendiRy (ds shbwalih thdBRE CRREpobiRA ABR LRI )ﬁUQh Garious
with a c%gpﬁ)grabl e ampunts of 1, 4-b-nannanase), t'he

c EBTMESAdgRd G ummatzesidn shriEnzymestablsbriewd eSaraplel sized for each
ien%ir@em k GRIAA TR AHBES WRR cidii B ot be

pre ictey:izl3 fromthe resgl ts ot?tléaﬂlanierggweﬁag%hl y one

eﬁ? was used. [0168] Treatnent | (1,3- b-glucanase
alietLomposititRanase) - yi el ded notabl e results, although

Rt D vl e of QPR |1 orher tests of
6ABEr dur at’- 3% GR eat neént 5&38h 1| 3- b- gl ucanase and
84yt iHEANE3 8 CP 39.03
Soy oil 3.0
Limestone 1.307
Dicalcium phosphate 1.735
Salt (NaCl) 0.331
DL Methionine 0.186
Vitamin premix 0.25
Choline chloride 60% 0.05
Copper Sulfate 0.05
68
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did have a significant effect on AGP level. [0169]

Conparing Treatnent J (xyl anase, 1, 4-b-nmannanase,
we@sienzse P=0 B3 vs Treatnent A control) to ACEHESI0861047592

F (xyl anase + 1, 4-b-mannanase, w thout "esterase")

reveal s that Treatnent J yielded a notable effect,

where Treatnent F did not show AGP reduction. EXAMPLE

12 [0170] This exanple tests the hypothesis that
altering a feed conposition to include ingredients

that stinulate the innate i mune systemw ||
70 WASH 1767555. 1[0171] A 21-day

S En#ynesP

| evel s.

Chl cken br0| I er test was perfornmed using a basal

i ncrease

C 1=-SO A—cH c wH— S
dok t&eﬁt}r BUPSin t est ( P val
rmdl fied o contain prag¢tical materi Q5P t PT Test
reve—-rrHe—Sst-rh-at-ory-reconponent-s—whl ai ni nf
{he <hme hpproxi mate equival ent nutrilti onal valzé&.ll The
ttest Bl et <>1;33@Lgmadaﬁdlgg flOi—BT}M\AdBﬁné{sélf rati otns:bI ) 1r,g/ >8y
soy oil ¢ [ V bl end_ol ani mal| veget ablie epd
oil) incl JZ‘P%[I}]&; g@i‘f”ﬁeci $3-A12 HYQm)i on; poultny mea
iincl si on] 130G |4t sdst | @A GhAnARaRNL SO UDT €565 76
by- pr oduct &4 &m anol nanuf act ure) i nclusiof at 5%
Wi th soy % Wncl| (58 #8807 lw/ o soy hull.
(0171 Th=1,du.q3tga1;aj§@agi_ﬁsqr4 .gl?aﬂngnggé(rje_ det lal | Itzﬁlgné; .
tabl es be ] g end and soy | ecithi
¢xpect ed gﬂcgﬁo@f&'ﬁhm |§h7d1l $84 j¥ton)
E 1,4- B-galactanase | 1,4-B-mannanase | - 261.7
(114,418 IU/ton) | (246,902 IU/ton)
F xylanase 1,4-B-mannanase | - 257.8
(95,225 IU/ton) (381,142 IU/ton)
G chitinase 1,4-B-mannanase | - 263.8
(5,218 IU/ton) (27,016 1U/ton) .
H chitinase 1,4-B-mannanase | - 220.2 | 0.040
(5,218 IU/ton) (205,807 1U/ton)
I 1,3- B-glucanase | 1,4-B-mannanase | - 236.9 | 0.125
(127,042 IU/ton) | (181,488 IU/ton)
J xylanase 1,4-B-mannanase | esterase 234.5 | 0.083
(126,758 IU/ton) | (362,976 IU/ton)

[0163] The “esterase” in Treatment J is an uncharacterized enzyme from a B. lentus
gene in the same operon with xylanase. The substrate for this enzyme was not
identified. Its assignment as an “esterase” is based on the similarity of the DNA
sequence of this gene to other known esterase genes. The esterase activity was not
determined, but would be similar to the xylanase level if the two proteins have similar

specific activities.
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conprising the innate inmmne system stimulator

phosphati dl yserine. The poultry meal may contain
w@bespass dl yseri ne, hyal uronan, and vari ous nPCY/UkI086/047592

stimulators derived fromthe offal or secondary

m crobial growmh that could occur before processing.

The DDGS is expected to contain abundant yeast

r'esi due, including cell walls conprising a- mannan,

1, 3-b-glucan and chitin, as well as potentially

stinmul ating non-fernmented carbohydrate polyners from

t Hel@t]i glimal 4t galactaahdcamdslyhghadiafase Avdre Wislsred using a reducing
Stigti ons a poultry BPM (by product

1767555, 1Di Corﬁ)o
n€3$§?“ﬁﬁdgﬁ%§?gq Pf¥fatry grain and sol ubles); CAV
bl end (ani mal vegetable blend oil); daddition of soy

hii0165]t At e dpwybldod seRah wik ebllQqsefrbAeall birgs les were
content to conmpensate for reduced soy neal [0174J For

e 2BpYEFLIor alnpqd glyaoprateia 4 GRYsentent @M):ll'qihst_ebcgdee average
' Ar.s i L L ght Jbirds per
oS! DB LS ) Fpriet ok VRS h Ry o o hEable above.

serum AGP | evel s of each bird was anal yzed as
d €QL66] hetis teflegiediin tlstableargiatie. to TaeatAShit A (no enzyme), Treatments H
1784@3 Pestl YéledﬁbﬁoHBPéefrhrﬁdAﬁb.et s showed cl ear

evi dence otgél nnat e I mune system stinul ati on based on
significant increases in serumAGP at 2 1 days, as

s 1i nlreptmeng H @hitingse phis d,4-Fmeardmbased lyiedded significant results

u Ni \ty] reduce i ne stress
P vhqts SERAR AnGigh el NS O THOEIS were ot Levels that
i Aidopatisbaw asigsponss ibytheh Frestments (@onpes itd TeSment G with a

c ' that degrade | ne _stress inducing
e R TR T —
defrbAsf-nemesndsby; tied Eormbiestion of eHiRssean@NM-BAREdadh & esulted in
1si%fnkﬁcant AGP reduction, that could not be predicted from the results obtained when

td

only one enzyme was used.

[0168] Treatment I (1,3-B-glucanase and 1,4-B-mannanase) yielded notable results,
although not clearly statistically significant in this experiment (P value of 0.125). In
other tests of longer duration, treatment with 1,3-B-glucanase and 1,4-B-mannanase

did have a significant effect on AGP level.

[0169] Comparing TreatmentJ (xylanase, 1,4-B-mannanase, esterase; P=0.083 vs
Treatment A control) to Treatment F (xylanase + 1,4-B-mannanase, without

“esterase™) reveals that Treatment J yielded a notable effect, where Treatment F did

not show AGP reduction.

EXAMPLE 12

[0170] This example tests the hypothesis that altering a feed composition to include

ingredients that stimulate the innate immune system will increase serum APP levels.
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gl ucanase in reducing i mune stress associated with

1, 3-b-glucan, which is present in feedstuffs and, by
waeroes3ed its association with fungal cell waPCBHUS1086/647592

nol ecul ar pattern apparently recogni zed universally by

the innate i mune system of animals. The results show

that, |ike 1,4-b-nmannanase, 1, 3-b-glucanase reduces

serum | evel s of APP and inproves ani mal growth

performance. [0177] Chicken broilers (Cobb x Cobb)

were grown fromday 1 to 2 1 on the typical |ow fat

;3 OHI§oyA Q&Ft:]amﬂild .'cliﬂ:irxeiroiid'i(im \a}alﬁ pbflﬁirhﬁ@ {k;ﬁnE al Hf&‘ﬁél I’(rzibfh-soybean diet

Wo..cases, . lets were su ment e .uni for i

o ST R AR 6T BT LR BP0 960 G, e prirekliet was

f heoiffed toedtintsin ipRadiRAL BhteHAR sh lty 1@ i

IUton 1, 4- -_rmfr?g%nase or 264,%)5%%?6%1%# ﬁﬁﬁmﬁggﬂ&g&tﬁy

1°8MpogFitR anaipfaipingthe semeappeoxivateragyivadeninytritppel value.
| ke 1@t dRAYirkIdeRd the B1VATE J&@S@%@r 10i et Conposi tion

[0178] For each diet type, birds were grown in three
Pet er si battery cages with eight birds per cage
( .0513{10;5?93'10?1."%‘ Plpird). After 2 1 days, serum AGP

| ﬁ“eb&nﬂfoil%ﬁﬁneﬁivregetﬁﬁl%b@aﬁidiﬁqgclﬁﬁog;escri bed in
pr evteou . exanpl es. Bird wei ght's an eed consuned were
dEQeiemtigdnelusiony | ng standard procedures and feed

Cg%ﬁ&%ﬁ&%ﬂiﬂ@ﬁsi%-' culated. The results are shown in
the following table [0179] WAFC (wei ght adjusted feed

cOIRAEP (Qistillers graing and soleh]esby-priduotnrom\Veikahol nfBufacture) inclusion

2294 & [3) where FC = weight of feed
c%nsuorrewil:ﬁx\%ewf,g tl’ gai ned W = average wei ght of all

bPIASS inclushen at 1 5% WAs sayhulige | i ve wei ght gain per
cage

[0172] The diets are described in more detail in the tables below.

[0173] The AV blend and soy lecithin are expected to contain phospholipids
comprising the innate immune system stimulator phosphatidlyserine. The poultry
meal may contain phosphatidlyserine, hyaluronan, and various microbial stimulators
derived from the offal or secondary microbial growth that could occur before
processing. The DDGS is expected to contain abundant yeast residue, including cell
walls comprising a-mannan, 1,3-B-glucan and chitin, as well as potentially

stimulating non-fermented carbohydrate polymers from the original fermentation
substrate.
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74 WASH 1767555. 1T Test ng/L P vs. Treatnent AGP

contr. WAFC P val ue Control (no enzyne) 255.4 - 1.47 a
wazer7azehnanase 184.1 0.011 1.39 ab 1, 3- b- gl uPE@NES06/047592

157.7 0.001 1.26 C [0180] Both 1, 4-b-nmannanase and

1,

3-b-glucanase reduced the serumlevels of al - acid

gl ycoprotein (AGP). Both enzyne treatnments reduced the
wei ght adj usted feed conversion, and the reduction in

t
S

he 1, 3-b-glucanase fed group was statistically _
i gnificant. EXAMPLE 14 [0181] A chicken broiler trial

waHerQomhipokitibnsn Pet er si ne battery cages with the feed

a

nd nethods described in Exanple 13 above, except with

anzvunm -t rant mnnt o as—sumearized in the

gi—fFferent eRZye—rHeat eSS

{abl e bel ow. [0182] Lyticase, a c??f&%“tlc%mﬁosgtll%anase

b Coaiyminenbt ai ned |yiet 1 N8 mMbigt #2N| DfietAHF N PDRAGMET] Dict #5 | Diet 6

[ o obtaired-fromthe Si s =] Chem cal Conpany,

‘gor‘iow 33% Lyt]i 2422004130298 [126-2985e] mhe® by 47839 | 49.3523
Sduendall S4RISY, NHt B@439L3CI4 IR P aNM d’E’ 28.0293 29.0284
epui val ent to 240,000 Iy ton) was applipe Accor di ng

t he-—manufacturder thig pr oduct al so cpnt ai ns_jot her

aéPN’V]tl es, incl d2®%hiltinfse hctiQity] kFRI was 12 | 2.6831

"BAsblegd. /5 0 3.0975 0 0 0 0
Soy lecithin 0 0 3.0975 0 0 0
Poultry BPM? 65% 0 0 0 5.0 0 0
Soy hulls® 0 0 0 1.0559 | 1.0586 0
DDGS® 0 0 0 0 15 15
Limestone 1.3129 1.3118 1.3118 1.2224 1.4158 1.4293
Dicalcium phosphate | 1.7527 1.7544 1.7544 1.766 1.5615 1.5576
Salt 0.3312 0.3315 0.3315 0.2313 0.1416 0.1407
DL-methionine 0.2404 0.241 0.241 0.2276 | 0.2419 | 0.2392
L-lysine HC1 0 0 0 0.0131 0.1402 0.1402
Vitamin premix 0.25 0.25 0.25 0.25 0.25 0.25
0.25%
Mineral PMX 0.075 0.075 0.075 0.075 0.075 0.075
0.075%
Choline chloride 0.05 0.05 0.05 0.05 0.05 0.05
60%
Copper sulfate 0.05 0.05 0.05 0.05 0.05 0.05

WASH_17

® poultry BPM (by product meal); °DDGS (distiller dry grain and solubles);'

*AV blend (animal vegetable blend oil); %addition of soy hulls to the poultry

meal diet equalizes the mannan content to compensate for reduced soy meal

[0174] For each diet, chicken broilers (Cobb x Cobb) were grown in three Petersime

battery cages with eight birds per cage (0.631 sq. ft. per bird). Afier 21 days, the

serum AGP levels of each bird was analyzed as described in previous examples.
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WASH 1767555.1(1 MJ = 4000 1U) [0183] Increased |evels

of I,3- b-glucanase resulted in an increased effect on
Wo\BR7esed (e.g., a dose response) up to aboutPGOUS2006/047592

MJ ton (120,000 IWton). Providing this type of aninal

feed with about 30 MJton (120,000 I U ton)

1, 3-b-glucanase i s expected to reduce i nmune stress,

as reflected in a reduced | evel of serum AGP and/ or

i mproved ani mal growth performance. [0184] The results

al so show that xyl oglucanase was effective at reducing

s @Lﬂﬁ] ACPhd mudified didth eBbWEREIBEVidERCS of mn%té%%&luhésﬁtem

J u an%cfe with specificity for xyloglucan,

st (GRS Grninttioapt Hhteases(iD semn WGt adays, as shown in the

efsikplingRakle. tMAe dhldlsPSRierbles Phe B&f‘orﬁﬂﬁﬂ&qé Hagd ﬂn[;]nune stress
this 8 r@l e were prqduced by B. lentus. Lyticase

pFgSE By dist cemnopentsdn gprosdaries svithedia inantighssiched ba(sthe use of
CebhpbaifibAd SERpridAE 6-knsAha: de cfiu gﬁ’fcﬂq %%1?\%4egs?1}eor 1r1r1’5/éu811ng ingredients.

| ut eus has been shown to pro

See. e g (Ferrer, P. Mcrob Cell
thTtori es 5: 10| Addtien publ i sha/loAGhe 20(6T MastaR velue vs. 1)

doi - 10. T 1867 [&épaeBoY- o- 10J31 g e Tesut tjsabove show

| i reduced the chjckén serum AGP at | east
as well as the| BYblepdus 1, 3-¥Ig ucanase frepL8azt i on,

BdicafTng thal LLH@ig0UT CE Of3gdF 0 "ASHT 5705
1767555 . lenzynk s not inporffant. That is,| énzynes

f#om any sour cePedtryBdealsed [265:8& cor dance |[Vi.08613he

gvention. TT Bh#Rd w/RHEST i Fp7idrat chitit seqoquy have

reported hy gna t0 be present in Lytics

6proved the pePP§iSrance of |t386.Lyti case t|roeaoamsnt .

VPCE 15 [ 01861 The fottowng—assays—caft—be—used—to-
assess enzyne activity (1) Xyl oglucanase

EXAMPLE 13

[0176] This example demonstrates the efficacy of compositions comprising 1,3-8-
glucanase in reducing immune stress associated with 1,3-B-glucan, which is present in
feedstuffs and, by viﬂ:ue of its association with fungal cell walls, is a molecular
pattern apparently recognized universally by the innate immune system of animals.
The results show that, like 1,4-B-mannanase, 1,3-B-glucanase reduces serum levels of
APP and improves animal growth performance.

[0177] Chicken broilers (Cobb x Cobb) were grown from day 1 to 21 on the typical
low fat corn/soybean meal diet shown in the table below. In two cases, the diets were
supplemented by uniformly spraying liquid enzyme concentrate solutions prepared
from B. lentus fermentations to apply either 400,000 IU/ton 1,4-B-mannanase or
264,000 IU/ton 1,3-B-glucanase. (In this case, a ton represents 2000 Ibs. or 907.4 kg.)
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[0187] Xyl ogl ucanase activity can be assayed using the
follow ng protocol: fO1881 DNS reagent: 10 g/L NaCH 5
wQ2@/h7pienol , 10 g/L dinitrosalicylic acid, 1200U§2006/047592

potassium sodiumtartrate tetrahydrate is prepared

dai ly.
sodiumsulfite i s added.
St andard Curve :

I medi ately ' before

A series of

sol utions dissolved in water
range of 0.1 to 0.5 g/Liter are prepared. 0.6 nL of

edribt Gannasitiad andard (in duplicate or triplicate)

use, 0.5 g/L anhydrous

[0189] Standard Sol utions and

D (+) - mannose st andard
in the concentration

i s

added to 1.5 nL DNvaorkl ng solution in 13 x 100 nmm

:

'ﬂ"t‘h—c"'
gent bl g

Fass—tubes—A—sanp
an be used as a re

oy Pt o=

B 36,0454

TIThao cl n

Spganmil r é& Gb4 CPs

UIII LO

0.6 nL aliquot of water
nk to zero the

sysmlmmhbtorreter [haetPol utji ons are heated in a
Lremmayle ath—for—o-HAut es, cool ed to anbi ent
(gnndér atm\grjggfacr% absp %9aﬁ7§g' ij[s read at 550 nm The

dose response between 0. 20

ne of the standard curve

MESN
e ol1ys
DigdfGﬁyl

d) 0133990

“80505];0/ g/ L nMannos

pdimeston®f t he curv

all f rarlllr\

R

K$hirgl ucan (Tarrarl n

cul ated fromthe linear
Vth this slope, the value
is determned in the

ogl ucan Substrate :

ai ned from Megazyne

-afetrnatonal—+elapd_Ltd._1Bray, Co., Ireland is

i PLSBISTUANIRE 5 o/ L | nO0387%M|Tris buffer, pH 7.5 with
D Vatabaig lpuenise 0.2560 9] desction conditions : 0.25 nL of
b bstrate ils used with a 0.05 nL

b t9-8P%n 50 OlASTY i

E%ﬁ‘@?ﬁﬁig
"Chblihe chidrid® BMat ed 700
s OPPEFHB%ct i on mixt 985 s|heated in boiling water

.bath for five mnutes and then cooled prior to
readi ng absorbance at 550 nm A zero tinme point wth

s buffer, and the reaction
H 1767555. 1at 40 C. 0.75 nL
b the reaction, and the

D

eﬂﬁ)égf %%lr lélgéhocrl]ie{ gfpg S‘t?x(rjdstveere grown in three Petersime battery cages with
eight birds per cage (0.631 sq. ft. per bird). After 21 days, serum AGP levels of each
bird was analyzed as described in previous examples. Bird weights and feed
consumed were determined utilizing standard procedures and feed conversion was

calculated. The results are shown in the following table

[0179] WAFC (weight adjusted feed conversion) is calculated as follows:
WAFC =FC -2.204 * (W-Wa)/3)

where

FC = weight of feed consumed/weight gained

Wa =

average weight of all birds in the trial

W = average live weight gain per cage
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determ ne the background | evel. [01921 Cal cul ation: A
Chenten xyl ogl ucanase MJ is defined as the ability to
w@e@dors4d. 72 grans of reduci ng sugar per n NUPET/USR0EIQHTS92
pure mannose, a reducing sugar, as standard). One
ChentzenMJ i s equivalent to 4000 IU. In other words one
CGUis equivalent to 250 U (11U = 1.0 mnol e/ mnute).
(I1) B-1,3-glucanase [0193] B-1.3-grucanase activity
can be assayed using the follow ng protocol: [0194]
This assay uses the sane DNS reagent, standard
spl utions, starndard curbldgestand enzyme unit [cal cul ati on
nd dil uti on anoumg/Las scr| bed above for [the .
X nase 3gss The puf§ ed a 50nM MOPS
%%%g%%ﬁollnerrop %esu?#%ﬁ %%ﬁyg EW?@&Q 26) buffer
op&bB 5. r0O1951 C™M pachynan Substrate: Carboxynet hyl

CM Pac s.obtai ned from Megazyne
ﬁ?@% gﬁl nal Ifr 2¥gﬁd Ltd Brdy/co., Preland. CWP
stﬂin&mammseprep&4éd a0051qéplb9 sl owyy addi ng CWP

| stifr uffer soldtion (pH
P’éoﬁgl{c éosﬁ't S)OBEJ}]QTheO iggwder i°s
wel | - di spersed, and the vessel 1s covered or sealed

tightly, while the suspension is heated slowy to

bodddang s" e tes with stirring on
nfas0R” SR 1 B RS o i oaetEinent trueedtngamrua favels of al-
naad@ydopcdatﬂiﬂi}(%@lf’) Béth vyt ﬁ@aﬁf‘énté’x‘eahgécﬁthk Rveli adjusted feed

solutiaq tion is cooled to roomtenperatu
s{‘%‘i"é”as%‘? % é?&i“ﬁB?n ihthg de3-Bglucanpsefed\gapup prs emanstmally
usigniffcant, storage. [01961 Reaction conditions : 0.25

m. of 5 gL CM Pachyman substrate is used with 0.05 nL

enzy iJution in MOPS buffer and the reaction

m ncubated at 40 C for various tines, upto

45 minutes. 0.75 m DNS reagent is added to stop the

[0181] A chicken broiler trial was conducted in Petersine battery cages with the feed

and methods described in Example 13 above, except with different enzyme

treatments, as summarized in the table below.

[0182] Lyticase, a crude 1,3-B-glucanase product obtained by fermentation of
Arthrobacter luteus, was obtained from the Sigma Chemical Company, St. Louis Mo.
Lyticase activity was determined by the reducing sugar method described below and
60 MU/ton (equivalent to 240,000 IU/ton) was applied. According to the

manufacturer, this product also contains other activities, including chitinase activity,

that was not measured.
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reaction.
boi Il i ng wa

The stopped reaction mxture is heated in

ter

bath for five 78 WASH 1767555. 1m nut es
wa@ea7orem cool ed prior to readi ng absor bance apCBBES20061047592

A zero time point wwth enzyme solution is used to

determ ne the background | evel .

Chitanase activity can be deternined using the
fluorogenic chitin substrate described in Thonpson et

, Appl .

4- et hyl urbel |i feryl
NI I'l -tetraacetyl chitotetraoside.
di ssolved in DMSO at 2.5 nM [0198]

NQ QAN 20

M cr obi
- bet a-

Envi r on.

M-—chiti-n-subsiy

ol . 67: 4001-
D-N, N, N,

In

| docatoent |

SERSEmQ(sin, pH 7

008 (2001),

The substrate is

an exenpl ary
s used with

)
| Bpse (ME/iaphs

4GP dme/ ot ur

1t 27 0OC for
| T A =" oty aa - §

I fbre bl ack 98 we
10

[ m cphotirter
m-nutes. Ml

pl abgs gl’](ﬁfﬁ

LD
—tt)

(111) Chitinase [0197]

tiple replicaes

EL),

ngf”g{}-glugerg}sg ed b

y addi 8i on of

30 ﬁfil_i”dl | ut ¢

f reactio
¢énzyng and
lreacti-ons—
v th 50 ]

1 Bq&lgﬁkér%e' S C

are st opped at

ont I nugd™ at
A_6_ 8 an

J

{ L,.]_ ]
10 m nutes

b3 \hebcamse Flur

oresceélfce is

r ead 18H.5a

cr05|ter

I ot
t

nm-bhand pas

(A uor osgam 1
%E?@uﬁﬁﬁﬂ@ ( o )

s filter and

usi
em ssion 460

pband Hhass
such t hat
HHnear rat

f 1P theglugenase engt
tf‘@ PmARhdnakdinbe

e for the termao

hs.
I1ifejgpe is

f the reactj

TH® enzyme is189Rut ed

produced at
n and within

a

1 he r7ange

of-3B-glugaese d cu)

rve pridduced

undei94.9

condig 1 ong

1 9’-?33 luesHast O TN

subsfrate prese

€ ENZYWHE asSe
nt . The rel ed

y—bu Sﬁvvtnum
Se Ol opne

ﬁcro?mle

dsytieaget hyl unbel

liferdfe per

m nuilé5.2s

et THed as RN

hllC' éé Stdan

ara-T (S )

IIuUIC

b d
vidual

nm

it
several ¢ nrpngr at1ons betlween zero and 1x11€2'2.
nleMI514008-18Bt hy| unbel | i ferone in 200 nL reaction
buffer solution followed by addition of 50 nZ 3 M\a

2f6¥8] Increased levels of 1,3-B-glucanase resulted in an increased effect on AGP
- level (e.g., a dose response) up to about 30 MU/ton (120,000 IU/ton). Providing this
type of animal feed with about 30 MU/ton (120,000 IU/ton) 1,3-B-glucanase is

expected to reduce immune stress, as reflected in a reduced level of serum AGP

and/or improved animal growth performance.

[0184] The results also show that xyloglucanase was effective at reducing serum
' AGP levels. Xyloglucanase (EC 3.2.1.151) is a 1,4-B-glucanase with specificity for
xyloglucan, a structural polymer in plants.

[0185] With the exception of the Lyticase, all of the enzymes used in this example
were produced by B. lentus. Lyticase is produced by 4. Iuteus which has been
reclassified as Cellulosimicrobium cellulans. Fermentation of A. luteus has been
shown to produce multiple forms of 1,3-B-glucanase. See, e.g., (Ferrer, P. Microb
Cell Factories 5:10, 2006, published online 2006 March 17. doi: 10.1186/1475-2859-
5-10). The results above show that Lyticase reduced the chicken serum AGP at least

as well as the B. lentus 1,3-B-glucanase preparation, indicating that the source of the
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[0199] Wiile the invention has been described and
exenplified in sufficient detail for those skilled in
W hi03/023383 t 0 nake and use it, various alternatP@BBES2006/047592
nodi fi cations, and inprovenments shoul d be apparent
wi t hout departing fromthe spirit and scope of the
i nvention. The exanpl es provided herein are
representative of preferred enbodi ments, are
exenpl ary, and are not intended as |imtations on the
scope of the invention. Mdifications therein and
otelneymae $esotvimipbrtasic Urhat ¢, bh?&ﬁesii%ﬂﬂaﬁ? sbiirct le@n B tused in
These .79 H.1767555. 1 icatigns _are enconpassed
W ERHARIR TR Y ot 0 TSP e e Gner (Fopmespy Sigma to
t he preRpeindlytidace)Ghay Aave infROMd the patbimARe L t%‘ucase treatment.
apparent to a person skilled in thé art that vary
siggg lflfgs and nodifications may be nade to the
[ it ofrdrscl osed herein w thout departing fromthe
scope and spirit of the invention. [0201] Al patents
arja1§6) bl Thefollonsngassay©earbd kel h6 asROCedAyaRI AcORiRr €
indicative of the levels of those of ordinary skill in
R@ iﬁ;¥M|ch the invention pertains. Al patents
pub EUBN8%%r e herein i ncor porated by reference
to the same extent as if each individual publication

and_.individually jndicated to be
“ﬁ@%ﬂs’@ofﬂ& 8 sz“‘éi%i’i% gan oy sy the folgyiarg pratocol:
CLAIMED | S 1. A conposition suitable for ora
adﬂSﬂlstENSuggg an andEal NaQ D §/Ltheasl, |10"@¢!D@1mtrosahcyhc

y .accept abl

I
AP L30Tl R He it B ek gemed du Uppmediately

-'gibefme 660 D BHALGhtgliousishdimbn aNGiRkek af@ed conprising an
anount of said enzyne effective to decrease

[0189] Standard Solutions and Standard Curve: A series of D-(+)-mannose standard

solutions dissolved in water in the concentration range of 0.1 to 0.5 g/Liter are
prepared. 0.6 mL of each mannose standard (in duplicate or triplicate) is added to
1.5 mL DNS working solution in 13 x 100 mm glass tubes. A sample with 2 0.6 mL
aliquot of water can be used as a reagent blank to zero the spectrophotometer. The
solutions are heated in a boiling water bath for 5 minutes, cooled to ambient
temperature and absorbance is read at 550 nm. The expected result is a linear dose
response between 0.20 and 1.2 O.D. units. The slope of the standard curve ((ORD)
550/g/L. mannose) is calculated from the linear portion of the curve only. With this

slope, the value of the g/L of reducing sugar is determined in the enzyme reactions.

[0190] Xyloglucan Substrate: Xyloglucan (Tamarind) is obtained from Megazyme
International Ireland Ltd., Bray, Co., Ireland is dissolved at 5 g/L in 50 mM Tris
buffer, pH 7.5 with 0.05% glucose.

[0191] Reaction conditions: 0.25 mL of § g/L xyloglucan substrate is used with a

0.05 mL enzyme dilution in 50 mM Tris buffer, and the reaction mixture is incubated
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the |l evel of positive acute phase protein in said

animal, increase the |l evel of negative acute phase
wWQ@e@reiiz43 n sai d ani mal, and/ or inprove ani nmal PQr/ostone/047592

performance; (ii) a liquid conposition other than an

ani mal feed conprising at |east 40,000 IU enzyne/L;

and (iii) a solid conposition other than an animal

freed conprising at |east 40,000 IU enzyne/ kg, wherein:

(a) said enzynme is other than a b-nmannanase-type

hem cel | ul ase or phospholipase, and (b) if said enzyne

CQIRO? €€9.75 ST PRISUEANAT & addil th %Hg?esiieitai):t%h, 28 the 7toppcd reaction

selected fromthe group consisting o an ani mal "
f apigture ifdhdatddig beilingwater bath|for fiy@niinutgs anchthes ebligd prior to

f o Ll L. qui L L J . n.an _ani.nal.

¢ Sesing Hcbrfhokb B 55 GATP0 b B PhdF ity Py RE s R s vsed o
addtefmnine) tha bscigraumdblepelsi t i on ot her than an ani nal

feed conprising at |east 300,000 IU

1 I&ﬁl gl @ﬁgﬁgﬁﬁgﬂ:k%'s?ltg?mégﬁ xR %a{sie%}%fg ggjggégglﬁjt?fs I;}Bil‘ity to

ereinm s on 157 af ani nal _
aprédags 0. 720giatusef zgdmeinggsugerper Minufdh@singmes idanasseph reducing

|l erein Lhe conmpositiQn i s a soli sition
R AT G RBP4 0B ARG b orcs,one
| CGuzigrghiglentto ISEIC APLYi0 L Mblemiah@).m | wherein
the conposition is a solid conmposition other than an

anj.nal onprising at |east 160,000 IU enzyne/kg.
: ?g.gmﬂée"i?gﬁl&é‘g?ﬁeon of claim1 wherein the
conposition is an aninmal feed that conprises an

| HA934i el 3-phicanasd uctatyacan beassgysdaspyihe followi@ protocol:
ani mal and wherein the enzyne conprises an enzyne that

d ﬁﬂfgﬁﬁj esnﬁé‘ia&a'& Qt%setﬂE %Ql’}’lé DNS reagent, standard solutions, standard curve,

and enzyme unit calculation and dilution amount as described above for the
xyloglucanase assay. The buffer used is a 50 mM MOPS (4-
Morpholinepropanesulfonic Acid, FW=209.26) buffer at pH 6.5.

[0195] CM pachyman Substrate: Carboxymethyl Pachyman (CM Pachyman, CMP)

is obtained from Megazyme International Ireland Ltd., Bray,Co., Ireland. CMP
substrate is prepared at 5 g/L by slowly adding CMP into a fast stirring 50 mM MOPS
buffer solution (pH 6.5) at about 90°C. The enzyme powder is well-dispersed, and
the vessel is covered or sealed tightly, while the suspension is heated slowly to boiling
and simmered for 30 minutes with stirring on a heated -stir plate, to obtain a well-
hydrated gel with no small clumps of non-hydrated gel visible in the solution. The
solution is cooled to room temperature, stored at 4°C when not in use, and mixed well

prior to use after storage.

10196] Reaction conditions: 0.25 mL of 5 gl. CM Pachyman substrate is used with
0.05 mL enzyme dilution in MOPS buffer and the reaction mixture is incubated at 40°
C for various times, up to 45 minutes. 0.75 mZ DNS reagent is added to stop the

reaction. The stopped reaction mixture is heated in boiling water bath for five
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8 1 WASH 1767555. 16. The conposition of claimb5,

wherein said ingredient is an antigen displayed by a
wQaionogsm ¢ n croorganism 7. The conpositi on PET/TEB06047592

1, wherein the enzynme conprises an enzyne sel ected

fromthe group consisting of b-glucosidase,

xyl ogl ucanase, DNAases, non specific nucl eases, RNAse

L, dsRNA specific adenosi ne deam nase, CG specific

restriction endonucl ease, N glycanases, endo enzynes,

PNGases, carbohydrases, a- 1, 2-fucosidase,

a-rhinftels add flherosiotab prio0t réadindVEHHIMSANd8 §€550 nm. A zero time point

) g ; ” | "
D R e B e e bprasad ewehi dase F
(endo F),

p4«pil) deChdtipisecet yl - bet a- gl ucosam nyl ) aspar agi ne
am dase F (PNGase F), PNGase A,

- et yl gl ucosam.ni dase.H (endoH), endo D, endo
?:rtgio?ﬁk a't@i%y aé%ggbv¢ga%n&§§gfer@_lp§d§% té]@tfgjgirwgéc chitin substrate
erddscribed dy thﬁip@aﬂbfulqagﬁlé Gﬁﬂﬂ@n."ﬂ)ﬁqrg%igé 67: 4001-008 (2001),

- - . i , .a- - neur am ni .. . .
g_4§€ngth&§§{;§emi%§§§%€t-%m1\%wt v["ﬁéqil)ag;gmlwl@gﬁgj@mlde. The substrate is
ediigoledlig BINMSOGSE RIRSRA.

endo- a- N-acet yl gl act osam ni dase, endo- a-
ar abi nogal act anase, a-nannanase,

1,6- Se, al o) .

2 JISR10 01 Gl ARy 21 Hhecbuim SRR e X3S, mis hred with 150 L
deac@ny @ase, pit 21O N sabRrAC RGN R$Faced in a black 98 well microtiter
N- gﬁgetyl gl ucosam ni dase, phosphati dyl seri ne

d@

§ PRskDrehsatedtq) X7a1G s 1 Oynigatesc Daltigkesteplicaes of reactions are

- i r GNi - { naf ur.anasi dase o
R o e L T R
f &ndividvalaeaciionstaes stopped atr2 Hpg) 8 &gt BY AsRute@6&hYS0 uL 3 MNa,CaOs.

igkg%éslﬁtg?cgﬁgg a%l?r zk_:la.lorg1 c(%c’r)t%ﬁg aﬁ%gcﬁ%kﬂ&%i%%gn Iﬁﬁzﬁi‘nig&ggitation 355

1n8: ipng|passafiblereandemikkien 460R@s biridophs§ Filtet #haR18ngths. The enzyme is

Wﬁﬁlrlt%h rs]ucthht%ag &mqrsniegy?lrﬁn{)gilﬁe%z?ecits %Crlocgurcg(rin at a linear rate for the term of
the reaction and within the range of a standard curve produced under conditions
identical to the enzyme assay but without enzyme and substrate present. The release
of one micromole of 4-methylumbelliferone per minute is defined as one TU. A
standard curve is made with several concentrations between zero and 1x10™

micromole 4-methylumbelliferone in 200 pL reaction buffer solution followed by
addition of 50 pL 3 M Na,CaOs;.

4 * * * *

[0199] While the invention has been described and exemplified in sufficient detail
for those skilled in this art to make and use it, various alternatives, modifications, and
improvements should be apparent without departing from the spirit and scope of the
invention. The examples provided herein are representative of preferred embodiments,
are exemplary, and are not intended as limitations on the scope of the invention.

Modifications therein and other uses will occur to those skilled in the art. These
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the group consisting of (i) an aninmal feed conprising
at least 30 1U 1, 3-b- glucanase/kg feed; (ii) aliquid
W@ 09po%3e3 on ot her than an ani mal feed conpri SPEUS1006/047592

| east 230,000 IU 1, 3-b-glucanase/L and (iii) a solid

conposition other than an animal feed conprising at

| east 450,000 1U 1, 3-b-glucanase/ kg. 82 WASH

1767555. 110. The conposition of claim1, wherein the

enzyme conprises an enzyne selected fromthe group

consi sting of chitinase, xyloglucanase and

amamilﬁemme areléncothpassedosithiih @ spitit Gthe ikvntieh ahd are defined by
m ni str t|o to an animal conprising two or nore
ﬁ?ng WEEUClng enzymes, wherein said

conp03|t|on conprises at |east one i mune

st[m-mn rlediilt bs geahilg apparhhey a 156}9611 s’lklﬂedJnme RANASE Ao
:ﬁés(l? g} uca ase fand wherei n said conposition is
<SPk “’l“i"ijé TEHARS MRS Beds ‘bﬁ inyenjion disghispd herein

feﬂdloﬁﬂtﬂﬁifalrﬁﬁ o the BBbP an@lsp ﬁﬁ'dm@mje
stress- redu0|g1ng enzynes effective t ecrease t he

I osjtive acute phase protein in said aninal,

i E‘Xﬁ’é&s é“tr[) Ratepts\apd ilﬁ%ﬁ%’? imentigped i e specifeation ave indicative of
s giegdetéls BBthos@ Bﬂéﬁﬁ hif ?(% IB%E‘AF

(ii) aliquid corrpon ré%w?ttﬁﬂr g%ﬁégl\rqﬁlgn 18#:@@13&83 All
cB?f‘ﬁF'isg"Pﬂ @umlcat@ﬁ tarfbh@ einrinegTeortaddsisraferduc toghe Bayerextent as if
| Bachin@fVRUIY t nd. (i

a solid con%gg{)ltl (?%lr? Llo ef é‘gﬁg%g'ainnﬂaﬁﬁﬂiqeafdg laglcateé tb bt
cHWﬁﬂF%ﬁﬁ@ bywefeesnse. one i mune stress-reduci ng enzyne

in an anount of at |east 40,000 |IU enzyme/ kg. 12. The
conposition of claim 11, wherein said conposition is

an ani mal feed conprising at |east one inmune
stress-reduci ng enzyne in an anount of at least 20 |U
enzyme/ kg feed. 13. The conposition of claim11,

wherein the conposition is a solid
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conposition other than an animal feed conprising at
| east one i mmune stressreduci ng enzyne in an anount of
w@roorezse3 80, 000 1 U enzyne/ kg. 14. The conposiPC¢DOSWN6/047592
claim 11, wherein the conposition is a solid
conposi tion other than an aninal feed conprising at
| east 160, 000 1U enzyne/ kg. 15. The conposition
. according to claim 11, conprising at |east one of
1, 4- b- mannanase and 1, 3-b-gl ucanase. 16. The
conposition of claim 11, conprising at |east one

eWYXET 3SICICABMED o83 t he group consi sting of o
b- gl ucosi dase, xyl ogl ucanase, DNAases, non-specific

nucl eases, e L,. .dsRNA ci fic adeposi ne ) ..
Goan ndee,  CRCORBENHPR SPLUIF Rt qre AR RANGHip to an animal comprising
146 Tdbhint sadanieal Gagnziing iy 520R89 Scc§isie AN BSherein said
PNGases,. carbo 3t/drases -1, 2-fucosi dase,

: h a CO
a£PMBOFItign 5 seleqiudirem the prainrasisEngate,
a: |, 2- TBRAGSIHASRed Bohmpdsi %%ﬁidﬁﬂ?% Taid enzyme effective to decrease

b-1,4-gal act osi dase, endo-b-N-acetyl gl ucosam ni '
( él};dlevg)o,f positive acute phase protein in said animal, increase the level of negative

Ldes t LAyl ragine )
g?n&gg ?ga%' ]:%rékﬁggles)ég %ﬂhﬁ&%@%&%ﬁﬂ@% ASRRA LWt Berformance;
endo- b-(i} abiquid apmposiiom athetdhan &h feincd ed contiristhg Aneat 40,000

Ciira; t al acosam dase, b-1, 3-gal act osi dase,
e%%%?%%rggy’%%uram’ ni dase (endo N),
a- 2, 3- el aanlidicdmpesition Dtfer ieur AnmindBfeed comprising at least 40,000

an2,.8- am ni dase, b- N acetyl hexosam ni dase,
e%%ggﬁqﬁgﬁé& act osi dase,
emttoredn:N- acet yl gl act osani ni dase, endo- a-

1, 6- D- npannapase, ar ahi nggal act anase, a- nannanase,
a- mann isagd;%l,zygﬁﬂﬁ ﬂﬁﬁﬁ?‘gﬂ"i haseanngpgsertyipchemicg|lulage or
dphesphylipase, arciar bohydr at e deacet yl ase,

N-acet yl gl ucQsan ni dase, phosphat dyl serine o

decar b@y‘fa@ engyme spmpEsesol. it glucanssel soid, composition 1s selected

afrafi thaRaGd cIiiBliHg O (1§38 Snindil &P&dhﬁé Wi AT 981U 1,3-8-

chondroi ti nase,“gl%.co'c(:(je’rebrlcr)lg? ggse, ﬁ@] .es%gr ase, b

f guganase/kg feed; (ii) a liquid composition other than an animal feed comprising at
least 155,000 TU 1,3-B-glucanase/L and (iii) a solid composition other than an animal

feed comprising at least 300,000 IU 1,3-B-glucanase/kg.

2. The composition of claim 1, wherein said composition is an animal

feed comprising at least 20 IU enzyme/kg feed.

3. The composition of claim 1, wherein the composition is a solid

composition other than an animal feed comprising at least 80,000 TU enzyme/kg.

4, The composition of claim 1, wherein the composition is a solid

composition other than an animal feed comprising at least 160,000 TU enzyme/kg.

5. The composition of claim 1, wherein the composition is an animal feed
that comprises an ingredient that induces an immune response in the animal and

wherein the enzyme comprises an enzyme that degrades said ingredient.
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acid esterase, furuloyl esterase, acetyl esterase, and

carbohydrate deacetyl ase. 17. The conposition
W@e@ohthisny to claimll, wherein the conpositi oPCT/ES2006/047592

sel ected fromthe group consisting of (i) a

conmposition conprising 1, 4-b-mannanase and chit anase;

(ii) a conposition conprising 1, 4-b-mannanase and

Xyl ogl ucanase; (iii) a conposition conprising

1, 4- b- mannanase and ar abi nanase; (iv) a conposition

conprising 1, 3-b-glucanase and chitanase; (v) a

Corrpos i6 i on 'ﬂm’tpnmpcbslit@prﬂ.oﬂ’clﬁm 8l warsidsiditgredient is an antigen

| osition conprising
LB BY A ethle BicEbrRENEZe and (Vi 1) a

conp03|t|on conpr|3|ng 1, 4- b- mannanase,

-b- gl ucariﬂﬁeccﬁﬂilﬁbsﬂicﬁbcbﬂ&dlﬁﬁﬁ wﬂe%emAh@@Mé EbfPrises an enzyme
SU|tqu or al adn1njstr§h|on to an an
B frol®

c e @rgumﬁ?mlggé) glugosyd absegqcx}@glhlgg@ase DNAases, non-

Wk;ﬁfoeﬁicnnﬁcﬂeaiesi QUNAS&: L} 8RNA s?@c'nﬁ@ a8ehdsiRAdaifindeOC8 specific
consi.stin an ani nal mprisin

1Teftction ﬁ%‘é?ée%?ﬁdNaslyva@agfts, onploy @zyn@swlg%awnwwlbgirases,
f ged BRQSIst
fgl;ld2 cﬁc(l)énd'psnidlaﬁ ndgg%l,-léjf4§grranngtr:1a(g2 angEIE St“]}ﬂﬁ s‘?ql%@ag%})gldase
I & 113-manngsidases 55185"lgakﬁws{daﬁfr,)enéo-@eNr@eMgipatnlmdase F (endo F),
4
PN R S EE ERAn EO RGebhaie dnitene FRRRGREEF, PrGase
1%?5%Bﬂ9cetylgéuwamsdasedm (@rfdotl) p¢ o113, endbect ein the
(PRt e Sl B b3 el s SRR AT AR iniase (endo N,
I @@33 -n8@ramihitia$s, b—@Bumwmaidage,faez,s,%emdn)m&iajse qui d
h onprisin
PSR apor S oe U
leriidde V- Hﬁe’iﬁ@e&késaﬁﬁﬂldﬁéd bﬂdcﬂasloé-'ﬂinfémydr%ng gétanase
than an ani mal feed conpri sing i, 4-b- nannanase an

| & é%qm%ﬁegﬁﬁnmoildgs% sa\ugg«arﬁagl@;qgg, chitinase, chitin deacetylase

carbohydrate deacetylase, N-acetylglucosaminidase, phosphatidylserine

decarboxylase, sulfatase, B-galactosidase, arabinanase, hyaluronidase,

a-arabinofuranosidase, chondroitinase, glucocerebrosidase, methyl esterase, ferulic

acid esterase, furuloyl esterase, acetyl esterase, and carbohydrate deacetylase.

8. The composition of claim 1, wherein the enzyme comprlses
1,3-B-glucanase.

9. The composition of claim 8, wherein the composition is selected from
the group consisting of (i) an animal feed comprising at least 30 TU 1,3-B-
glucanase/kg feed; (ii) a liquid composition other than an animal feed comprising at
least 230,000 IU 1,3-B-glucanase/L and (iii) a solid composition other than an animal
feed comprising at least 450,000 IU 1,3-B-glucanase/kg.
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20. The conposition of claim18, further conprising

one or nore additional inmune stress-reduci ng enzynes.
wWQ@2007473383 hod of i nproving ani mal growth perf oPCEOSIM®06/047592

and/ or reducing i Mmune stress in an animal, conprising

orally adm nistering to said animal a conposition

according to any of clains 1, 11 or 18. 22. A nethod

of inproving animal growh performance and/or reducing

i mune stress in an animal, conprising orally

adninist?ring to said animal a conposition according

to any cl-ai -4.. 9 ~

of cl ailrsﬁ Zl,ﬁ\ﬁhmgr |O§m§)§io ]cgarlﬁ}flrrlél(mlﬁsleq gé‘r%né %???%r%agﬁé\}géés an enzyme

i sejecteld from thb aroumchnsisting of chitmase, kpkogbresraserant agabinanase.

ani mal and wherein said conposition conprises at | east

one | ne str - [ L. . ' ..
"nar edndnt . SESRRHIAGEEHEMERE KR BB RERPERD Sl comprising
i fgo efinend inandnes sirehs eadyoing enzynadnwhesiesaddi compesition comprises at
same, conpositign. 25 The nethod of, cl ai,m 2 '
<G et Ser Sk gk senpiih fad 1.5-6-
8 gniclaha%a,d adgr@h@bm sibd Eorhperitieh Brelectedaiomitihé goRp consisting of:

I spl ay y.a pat hogeni.c m croorganism.27. The .
et hod (G SRl 590 CORBTGRR 2 R b eY FpE AR educing
abnl RS efRRAvE IrddtRe 86 eCleQdl dfipdRitivechiePhbRsEHdNdin in Sgd animal,

of b-glucosidase, xyloglucanase, DNAases, non-specific
nindreass dhe lepplafamepativpsauyte Bliase Proteing g saldaniaal, and/or improve

d%ﬁﬂaﬂ%?cgvglg&rm%égm555- 1CG specific restriction

endonucl e, N-gl ycgi_nases, endo enzynes, PNGases,
car bohyd) atigyid epmpogitioncesherdhaman goimat feed comprisingjadgast one

ailjxlmq{ng%ﬁg&§1iega§iﬁg eﬁi}ng in an amount of at least 40,000 IU enzyme/L; and

(iii) a solid composition other than an animal feed comprising at least one

immune stress-reducing enzyme in an amount of at least 40,000 IU enzyme/kg.

12. The composition of claim 11, wherein said composition is an animal
feed comprising at least one immune stress-reducing enzyme in an amount of at least
20 IU enzyme/kg feed.

13. The composition of claim 11, wherein the composition is a solid
composition other than an animal feed comprising at least one immune stress-

reducing enzyme in an amount of at least 80,000 IU enzyme/kg.

14. The composition of claim 11, wherein the composition is a solid

composition other than an animal feed comprising at least 160,000 IU enzyme/kg.

15. The composition according to claim 11, comprising at least one of

1,4-B-mannanase and 1,3-B-glucanase.

16. The composition of claim 11, comprising at least one enzyme selected
from the group consisting of B-glucosidase, xyloglucanase, DNAases, non-specific

nucleases, RNAse L, dsRNA specific adenosine deaminase, CG specific restriction
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mannosi dase, a-l, 3-mannosi dase, b-1, 4-gal act osi dase,
endo- b- Nacet yl gncosam ni dase F (endo F),
w@epriots4N- (N- acet yl - bet a- gl ucosam nyl ) aspar agPCEUS2006/047592
am dase F (PNGase F), PNGase A,
endo- b- N- acet yl gl ucosam ni dase H (endoH), endo D, endo
C, a-N acetyl gal acosam dase, b-1|, 3-gal act osi dase,
endo- N- acyl neur anm ni dase (endo N),
a- 2, 3-neur am ni dase, a-2, 6-neuram ni dase, a-2, 8-
neur am ni dase, b- N acetyl hexosam ni dase,
el&g@orbmléaga |M-<g|lﬁ|ﬁh§h’@§,€endp e.n(zjymes, PNGases, carbohydrases,
endo- a- N- acet act osam ni dase, . .
eHﬁbZ-}uaqseiwzpa rahdsiicosidags; 4rd gairappesidase, @-1,2-mannosidase,

aybR idage, RN AQSA85EdasS R0 { inid do F),
ORISR TR R s T endo

d @8Rty Na@b acqty Lbaselesioserpinhiespageains amidase F (PNGase F), PNGase
0 iy, ' Al I S a
D26 S s INE SRR AN @RI I 8o C,
avaNzdsetytdalaconauniddas -1 Shgalaitariddspaselpo-N-acyl-neuraminidase (endo N),
I 08§ e . esterase, feruli¢c acid
QoL STRLARIBRLAESE TR TR 2 B-ncphinides?]
c frlNaloyiyilmxesaieinidesy) aslo-p-RBgalddiesidasehod of cl ai m 21,

wher ei n.sai d, conposi.tipn conpri 1, 4- b- mannapase and

1 B s gactbsaingdae endlrool Sk amensg. BRomogalactanase,
t neahnme@asd) haﬁh%mic&ﬁs,cb?hﬂig@ﬂly‘éiihﬁe@clﬂﬁhmgﬁﬂkiﬁ_deacetylase,

m croprgani smthat displays an antigen, conprising

PSP S drriota g VB I U Rt et bt

C aBRabotylae, A0fRise] Rall R te¥ase arsbiRhiiBe, hyahofidadd
wherein the conposition _conprises at | east one inmune

sPrEslinpRyRRIsifsserhppdroitnase urassrehrasidage apethybesteraes, ferulic
AapRl3ReasR] ARKIBYPOLLAL:, %etPf ERdrhidahd Eeﬁﬁ&frlﬁﬂ'ﬁte deacetylase.
associated wth”a pat hogenfc m croorgani smthat

di spl ays an antigen, conprising orall i/ adm ni stering =
to an ddi mal Thecompasitionegeserding toopias i 1. whereindbe domgosition is

t i - . 0. K .. in.- A

S B2 e e 114 gl o s
spnngghiie}ﬂ@aq;diihg cempgsition comprising 1,4-B-mannanase and xyloglucanase;

(iii) a composition comprising 1,4-B-mannanase and arabinanase; (iv) a composition

comprising 1,3-B-glucanase and chitanase; (v) a composition comprising 1,3-B-
glucanase and xyloglucanase; (vi) a composition comprising 1,3-B-glucanase and
arabinanase and (vii) a composition comprising 1,4-B-mannanase, 1,3-B-glucanase

and arabinanase.

18. A composition suitable for oral administration to an animal comprising
1,4-B-mannanase and 1,3-B-glucanase, wherein said composition is selected from the
group consisting of (i) an animal feed comprising 1,4-B-mannanase and at least 20 TU
1,3-B-glucanase/kg feed, (ii) a liquid composition other than an animal feed
comprising 1,4-B-mannanase and at least 155,000 IU 1,3-B-glucanase/L and (iii) a
solid composition other than an animal feed comprising 1,4-B-mannanase and at least
300,000 IU 1,3-B-glucanase/kg.
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ot her than a b-mannanase-type hem cel | ul ase, that
degrades said antigen. 86 WASH 1767555. 1
WO 2007/075343 PCT/US2006/047592

19. The composition of claim 18, wherein the composition is selected from
the group consisting of (i) an animal feed comprising 1,4-B-mannanase and at least 30
IU 1,3-B-glucanase/kg feed; (ii) a liquid composition other than an animal feed
comprising 1,4-f-mannanase and at least 230,000 IU 1,3-B-glucanase/L and (iii) a
solid composition other than an animal feed comprising 1,4-B-mannanase and at least
450,000 IU 1,3-B-glucanase/kg.

20. The composition of claim 18, further comprising one or more

additional immune stress-reducing enzymes.

21. A method of improving animal growth performance and/or reducing
immune stress in an animal, comprising orally administering to said animal a

composition according to any of claims 1, 11 or 18.

22. A method of improving animal growth performance and/or reducing
immune stress in an animal, comprising orally administering to said animal a

composition according to any of claims 2-4, 9, 12-14 or 19.

23. The method of claim 21, wherein said animal is administered an
ingredient that induces an immune response in the animal and wherein said
composition comprises at least one immune stress-reducing enzyme that degrades said

ingredient.

24, The method of claim 23, wherein said ingredient and said enzyme are

administered in the same composition.
25, The method of claim 24, wherein said composition is an animal feed.

26. The method of claim 23, wherein said ingredient is an antigen

displayed by a pathogenic microorganism.

27. The method of claim 21, wherein the composition comprises at least
one enzyme selected from the group consisting of B-glucosidase, xyloglucanase,

DNAases, non-specific nucleases, RNAse L, dsRNA specific adenosine deaminase,
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CG specific restriction endonuclease, N-glycanases, endo enzymes, PNGases,
carbohydrases, a-1,2-fucosidase, a-1,3-1,4-fucosidase, o-1,6-mannosidase, a-1,2-
mannosidase, a-1,3-mannosidase, B-1,4-galactosidase, endo-f-N-
acetylglucosaminidase F (endo F), peptide-N-(N-acetyl-beta-glucosaminyl)asparagine
amidase F (PNGase F), PNGase A, endo-B-N-acetylglucosaminidase H (endoH), endo
D, endo C, a-N-acetylgalacosamidase, 3-1,3-galactosidase, endo-N-acyl-
neuraminidase (endo N), a-2,3-neuraminidase, a-2,6-neuraminidase, o-2,8-
neuraminidase, B-N-acetylhexosaminidase, endo-B-N-galactosidase,
endo-a-N-acetylglactosaminidase, endo-a-1,6-D-mannanase, arabinogalactanase,
o-mannanase, a-mannosidase, sphingomyelinase, chitinase, chitin deacetylase,
carbohydrate deacetylase, N-acetylglucosaminidase, phosphatidylserine
decarboxylase, sulfatase, [3-galactosidase, arabinanase, hyaluronidase,
a-arabinofuranosidase, chondroitinase, glucocerebrosidase, methyl esterase, ferulic

acid esterase, furuloyl esterase, acetyl esterase, and carbohydrate deacetylase.’

28. The method of claim 21, wherein said composition comprises

1,4-B-mannanase and 1,3-B-glucanase.

29. A method of preventing or treating infection associated with a
pathogenic microorganism that displays an antigen, comprising orally administering
to an animal in need thereof a composition according to any of claims 1, 11 or 18,
wherein the composition comprises at least one immune stress-reducing enzyme that

degrades said antigen.

30. A method of preventing or treating infection associated with a
pathogenic microorganism that displays an antigen, comprising orally administering
to an animal in need thereof a composition according to any of claims 2-4, 9, 12-14 or
19, wherein the composition comprises at least one immune stress-reducing enzyme,

other than a $-mannanase-type hemicellulase, that degrades said antigen.

86
WASH_1767555.1



