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| NVENTI ON [ 0001] The present invention provides conpositions and

met hods for reducing inmunol ogi cal stress and i nproving ani nal growth
performance. In particular, the invention provides conpositions
conprising enzynes that are effective to reduce i munol ogi cal stress
or that are effective to treat or prevent infection or that are
effective to inprove ani mal growh performance. The invention al so
provi des net hods using the conpositions. BAEGHGROUND IDEGAN. Andaseral
may experience i mmunol ogi cal stress for a nunber of %easogs .
i ncl udi ng exposure to an antigen that is recogni zed f}mlgh ugﬁ%l 's

i mmune system An antigen may trigger an inmune resqdoindeut hat is an
adaptive i mmune response or that is-an innate inmune response. \Wen
an i mmune response is triggered, the animal experiences i munol ogi cal
stress as its immune systemresponds to the perceived threat. Oten,
i mmunol ogi cal SIERZSYMERER i i‘l\ﬂ@ﬁlﬁf ﬁf

phase proteins (APP) are a glgup 0 L%F%% pr ot el ndgi’\r/?g:}sleé%rqg ﬁﬁ‘gse
concentration changes when an aninmal is experiencing stress, such as
infection, inflammtion, surgical traum, or other internal or
external chall enges. See, e.g.,PMiAOF BHEINVENTION 168: 28 (2004).
APP are believed to play a role in an animal's innate inmune

response. FOOEN anPheprebdRl invntba ﬂré\)i&ésv&%aﬂdgiﬂo‘?é hﬂ& %?%ﬁ?getdﬁéfni

and restrainin icrobial growh until an dcquired I nmun

devel oped. 1m“'?’l‘5’g&ﬁ‘° pRessHid japroyieg apimad growibtnstiiosmahes eln particular, the
concentr at i giveR6GonPAGEL : "g%%',ﬁn' y 01.8]

concentr-ati on i ncreases V\n(ﬁi\bcﬁécﬁ%?on%ggm e.g., bﬁ% aeéef?écgg?%s]%éﬁﬁg
Negat i ve APBRIHEXCIREACH stessiar thatere effectiverte ingat Rqmevdnt einfiRfon oe thatl ere
proteins syg ' Q ' i.on b .

B o i T amat oy A AP BB e ebp st roside, o
hapt ogl obi nmethedsaising e spowesitionser um anyl oi d A, cerul opl asmi n,
fibrinogen, and a-l-acid glycoprotein (AGP). Extra-hepatic production
of APP al so has been reported for nost manmal i an species. 1d.
Pro-inflammat ory- cyt oki nes such as igi@EgLRWIRpS (I L-6) and tunor
necrosis factor a (TNF-a) are believed to be the major nedi ators of

APP synt hesis.j,n the liver. Inflammtion, infection or tissue injury
triggers cyk@ézﬂe ‘&%F@&?@W GRrERLE. igrmaplegical sirpss for mayuabher pfithasonsg
APP synt hesiigludbhe ekpohued io00h figBRAthdt VR | ' Wit h
a decrease in th_egsynt hesi s of r%ggati ve &%ﬁzﬁdﬁfﬁ%ﬁ%ﬁﬁgrﬁ%ﬁe%&em'
quant i f yi ngRPtigen MgydEgeesaminnyperespensd titisut addaniye ARRhune response or
concent r at i @t (CardinnaeSiitileS% f ) en_correl ated t.o.the
severity of the aninal's condi tgfil'ogﬁg I'd. |ﬁ3§‘?“‘%§ﬁg%" 33?1%&%?‘&4’@%
be used as &¥HMahgrpaicscenimmunelnival steess animimmune spstérmvedponfOOOGE An

animal ' s i Sivey ng -antjgens that do not se r eal
threat to the ani ma £slre %ﬁ’ﬁ?‘ sugliloe%%aqﬁ#rgﬁsl?@mé’r‘?@a&ﬂ g%%ﬁif\? grmance.
ingredients_in_animal feed conpositions. These antigens may trigger )
an i mune rE998hsdicuigphasgProtains (ARPY aremgroep 0f Shodgepteiftewhdye blood
causi ng t heg@reABhLdP ' [ ical .stress. This .SLress
response cafr:l be id_ent? |§§£{a’vﬁg&%m Eorg%j I3 Serh B%P?‘mq‘asm ection,
concent r at i Slanfrogti, sexgiral Waemal teothemintend] o ggRFid) GhallriggeNSEl, d.ghot

pose a real 0.4 h (et=1 eal hge stress response can
have a det rllvf'rr%%ttg%?agé‘f ?éetc?fé#h?g(%@?/ﬁbg’%%rgﬁ’ﬁg egdo iFH”e%F §4nan Animak'y
ef fi ci ency, inaadomeaseresponsei ot eganpiel APP ntly KEBI6RSE ih Restight . an

i ncrease | guscsqgst}ga%it% to inf ecb.i n, or an increase in body -

t enper at ur e, " For gstranineyaeapbighgrowth vyl apacayied dsmusifyis as
anti - phosphddviehgsd. A2 anti bodi es, to reduce gastrointestinal
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[ 0015] In one enbodi nent, the enzyne conprises 1, 3--glucanase. In one
enbodi nerwoQ 20h@78azyne conpri ses 1, 3--gl ucanase and t hepcompemsniase

is selected fromthe group consisting of (i) an animal feed

conprising at least 30 IU 1, 3-- glucanase/ kg feed; (ii) a liquid
conposi tion other than an aninmal feed conprising at |east 230,000 |U
1,3--glucanase/L and (iii) a solid conposition other than an ani nal
feed conprising at |east 450,000 IU 1, 3--glucanase/ kg. [0016]

Anot her enbodi ment provides a conposition suitable for oral

admi ni st rat i[6004]o ARPanclude “oegutive’Sprogeinsvwhode domkentraita e creases with stress,
stress-reducing . enzynes, wherein the conposition conprises at |east
one i mmune Beggﬁlﬁéﬁ LRSS ﬁ%°‘l§‘€ﬁ‘éffat-.ql?dﬁ°ff?§?§0ﬂgﬁﬁ¥ﬁﬁaﬂ§% egggMurata e

1, 3- - gl ucanaggsupkae Nepaos APFOciuge SMuesh dd A le BESuW £PPSLSEANT
of : (i) an aningl feﬁ)céj conprising an amount of said inmune

st r ess- r edudI NGRS FYYIRESIZed PR bepaiacstes wresysiavtlationby prasinflsmmaters ¢xtekines
acut e phase 2 @éleased4ntd the Bt FUsBENMBuch L RERBSBbIN €L E¥E e glotélﬁ gabiye

acute phase protein in sajd animal, and/or i nprové ani ma rowth

per f or mance 2009l 4, qemggplpsminnitsinoem aod et-acidslyeapraisiméd GP) elxtra-
conpri si Nng 3epa ' r - | ' 4] f
ot cast 20 SRR RodRA o TNPE oS Dot Bl 08 A T BT R 2
an ani mal f daetinimpmatirygyickitassyeh anmtirlenkires §i-65and wrharinegrosisAyerer o

i /[ KkQ. 171, 1 .
oo mont (k- ark S8Rbvell o nd nafRXTRE or AOD S/ dmtdls HSe diver one
i mune st r edsflamuationgoértipner tieswrinamy tiggesd cyavkine aslbase®by ddfense-oriented

enzyne/ kg f renhedi ment g;&e). onposition.,is solid
conposi ti on%o glrlé}ﬁgyaﬁ{%ﬁm%éﬁglsmmg%sdic% Vﬁggﬁﬁ’ ﬁpqsété‘éetAg]ﬁé?ﬁorfﬁune
stress-r eduessngiatety with a decasasabrtietsyathesis of aegiv8 AI00/4 U enzyne/ kg,
or at least 160,000 IU enzyne/kg. [0018] In specific enbodi nents,

t he conposi t} [ ted framth oup, consj st.i.ng, of (i) .a,
CoNposi t | ont[d(]:@r%r ishs/Il%g{gO% Piﬂggﬁﬂlﬁgrégghﬁﬁ?ﬂicfgﬁl{%%’ end §“‘%amatmg APP
conposi t i on coneptratibnge. ., 4erunmivvals a$ & RR) o PO 3168 €6 tHei seboritd of the
conposition_conprising.l, 4--mgnna e and, ar.abi napase; (iv), a

conposi ti on 2O %“ﬁgl% 4. r@\“ﬁv&ﬁﬁ&@ﬂ%ﬁ?&ﬂ@% p%ﬁggs,ed(q;)andndwator of an
conposi t i on agiedg)s ikimfgnelstdess Wwecanase and xyl ogl ucanase; (vi) a
conposition conprising 1, 3--glucanase and arabi nanase and (vii) a
conposi ti on[ rising 1.4--mannanase, 1, 3--gl ucangse and

ar abi nanase! 6%819‘?“ e IURERSSViEH MBY sRokBe angigamibat dypot pose a real
sui tabl e f othréatrto thiedniathiistieslth Auti®8s bRNARNA R4l &PHRH iS4 ients in animal
1,4-- mannangsg and 1, 3--glycanase. The conposition is selected from
the group c&ifSicOmmNgItigns( iT)u“e%m&%ﬁeH%maV@égﬁéﬁﬁmmwe@wemhana@e
and at | easindf ihﬁin&néresgbhﬁ’egﬂ@?éﬂy@uﬁiﬁg%e drditnlal & &d HEH%&MPJ%IB%@,&
other than an anipmal feed conprising 1,4-f3-nmannanase and at [eas

155, 000 | U 3ressp Ly stess sesponsmepnheifyntifiedsindgmewnitqred vid ssmust4RR t han
an ani mal f eggkteffBREASI NY 1, 4- - mannanase and at | east 300,000 |U

1, 3--glucanase/ kg. I n one enbodi nent, the conposition is sel ected
fromthe gr onsisting of (i) an animal feed conprising

1, 4- - rnamnang(t,hg]7 ndEn Whelsthe imnue friggering aniess didk potrase 2 realithreat to the
l'iquid conpesginial@mhealth ' {a$ | -

1, 4- - mannanase and at Ie%gtss?a_%s%fbo%gé gﬁishivgﬁ%ﬁﬁgggﬁbgg{g (1|th15| Snag be

sol i d conpo8Piervl as thdecreassin fpedaifiviancy, ssiecreanpin weight Sainvde or decrease in
2007/ 075343@@}%/1] S20%, s | east 450, 0001113
1, 3- - gl ucanase/ Eg. I E{egégeﬁgﬁ%ec}#@hﬁggﬁg&g%ﬁgg%? IBYESF AR P HCZ‘F temperatiie,
conprises offsegampir.e additional inmune stress-reduci ng enzynes.

[ 0020] Anot her enbodi nent provides a nethod of inproving aninmal

growt h performance and/or reducing i nmune stress in an ani nmal,
conprising orally admnistering to the ani mal any of the conpositions
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[0032] In accordance with one enbodi nent, the immune stress-reducing
enzyne i svaavorw7smannanase-type hemicel l ul ase. I n one apcunszneessz h
t hat enbodi nent, the imune stress-reduci ng enzyne i s not

endo- 1, 4- 0- D- mannanase. | n accordance with anot her enbodi nent, the
enzyne i s not a phospholipase. In accordance with anot her enbodi nent,
the i mmune stress-reduci ng enzyne is not 1,4--D-glucanase. In
accordance wi th anot her enbodi nent, the imune stress-reduci ng enzyne
is not PI-PLC. In accordance with another enbodi nent, the i nmune

st ress-r edudPB@Blentheresd of antibodies suochas astephysptholipasecA? hiiBsdes o Rduce
phosphol i pas N, accar.dance with yet another enmbodi , the_imune
stress-redu (ﬁgﬁ%‘!’@ﬁ"f@ﬂé 1F'§arﬁ81aw nlﬂéﬁﬁ‘?ﬁ%@%’% é‘ggféﬂﬁegg Igfeﬁrl %«j&e?-ﬁ-? alSt
1,4--gl ucanaée,6,383H8% Feld RPREINS hhPdB&n deScrtathdtdthtor¥ellheicellulase
further enbodi nen t he erﬁune stress-reducing enzyne is not a

t
P- mannanase-EypEc 8T degading - mronam pentpiosEiveroatose (s & Bimannanase-tyse
not 1, 4--gl teafiedRilasey, sQ6k aﬁeﬂi@?ﬂtﬁlﬁaﬂﬁéﬁgm%}% ios iiedgké,%&l ad N
he a [ e

accordance with one aspect of any of t ove- desc odi nent s,
the enzyme iPhopolipase Ay ips dmprasied fegdxeffigienyini See, agt, WEh97/4473% Uh8. Patent
bound by any{, kepsa73 Qﬁd@f.@?ﬁaﬁ&nh@é(%"#@r goel i eve that the immne
stress-reduci ng enzyng's degradation of tHe antigen or nol ecul ar

pattern inh:{ﬁ#ts or_reduces the inmmune response triggered by the
antigen or Bl Likepiserdeseribaddeavebgen &gdepmpositions nomptised of an enzyme,
i munol ogi caliclskd PEPLCT A bRAVES 4 BRidoB, ¢ ' AT
identified an?:l noni t or éd by ngé{;i%lﬁ%%@ tﬁggggg?é%ﬁhéﬁélee%gmgf&%ﬁﬁﬁsmﬁw
concent r at | FHEOtesgrpadydraie, fionthertrdatmenter préveition gf digestive vt AfRction.

I f d, i,n. , d
e Gescr | i ani TP eTed. WARRBTARYL it SG: 1ira Plageyrdiinds 530

(2003) and Motpositions compriging ghasmuvel dnzpses thabxlrapd £ nlix@eligkgluc934]

In a relate di_nent i nventign provi des, hods_for reducin

i munol ogi chggsE%?eéssga? ¥ b’h“ 'ﬁ}WSF ‘c}ggﬁf}‘qué’é"‘iﬁgﬁﬁ‘ﬁgsﬁ'ép “ﬁ‘ﬁ’sfréteﬁh& our
ani mal a corgxts hbwevers asigiiar RIFRL@RoANRLNEIueinaR8 dighlaiRd immune-stress reducing
stress-reduci g, enzyme effective to reduce the level of APP in the

ani mal . [00§%{‘] ®-nunber of different positive acute phase proteins

have been identified, including a-1 -acid glycoprotein (AGP),

cer ul opl asmi[80X0Pp) Thepe haebeen raf désofipiien haelofdte iof@ifead E@nPositibtBémprised of
surfactant proteins }ggon ut L ni neqand mannan- bi_ndi ng_| ectin), )
fibrinogen ?‘ﬁﬁ?zyrﬁe? & 'E‘r%’fﬂta "WW?‘W&H’FH@F Bilese ggragphospleolipase

i nhi bitors @adthatés presdrt ik ¥ aindunteffecint kCRATBE IiRAThBlogRA stress.

a- 2-macr ogl obul in) and serum anyl oi d-A (SAA). Qther potential APP

include lip l.ysacchar.i de- hi ndi n rofein (LPB), )
phosphol i pi E‘?{B‘qui TP ‘81‘3&’ ﬁ%ﬁfﬁtﬁ: n%é’ fta’h?fé% U RdHpehodeloey fpadecing
Prot ei n ( MABhmulblogicil seéssdh anirBalpr a. Serum concentrations of any one
of these or other APP can be used to identify, assess and nonitor
enzynme activity in accordance with the invention. [0036] Different

APP may play nore significantgs i onses of
different animals. For examlse%&fokwmfﬁﬁm cally

inportant in cattle, 9 WD 2007/ 075343PCT/ US2006/ 047592 and i s

associ at ed WHIR] i Precenbedinren preyided agempoaitonanitaideifokenl admblisteitiog to

hens). Cp has.heseh ] t i.0digator of infecti in

cattle, hor grgs, angggﬁlg%% ns.ﬁ%aﬁnﬁasesggee(ﬁwfn ety Ficed aflr‘i’rg@’ﬁ?‘ﬁ’ﬁma@%e
horses, pi gsatrigngShe eomiposition isdcdvoadyfromtthd goupaionbietng d&TDNStdhefeed
that CRP is ARP in cattle. ,CRP has en sho to he assocj ated
wth i nf ect PPk ah Bl G fieginaias cREST Jebmete idprsliahpopiive aoute
i nfl amat i ophaseaesieid @l the ahieedl] Rraake 8@Vl of négAlvERchiiR AL bR t&A the

sheep, and is,_associat.ed with.infection i horsea_, Hp i.s an APP in a
nunber of pPYdttt TP TG Ta Oéiﬁﬁlli’ﬁ ermanee; (JRialdauid spmpasisios gther
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[ 0044] Thus, in sone enbodi ments, the invention provides an ani nal
feed conpwOgTg78@a3anount of i nmune stress-reduci ng enzyge/vsbioendisye
to decrease the level of positive acute phase protein in the aninmal,
i ncrease the | evel of negative acute phase protein in the animl,
and/ or inprove animal growh perfornmance [0045] The feed conposition
may be prepared by nmethods known in the art. For exanple, imune
stress-reduci ng enzyne can be added to the other feed ingredients at
any stage during the manufacturing process, as deened to be

appropri at e thgn amesiena fedd eunprising et lasdt 40/000 gUeneseAL;MRIE (i)t @lid

That s adacon HidtEedla! b drm S Siang Mgt A0 B0 Frigens: oo

process. Al tmmbl:yeﬂ&rﬂﬁlﬁaﬁlﬂﬁiﬁmmmtﬂ:@h&ﬁc&MI%d &pHod Eﬁiﬂ@%@ﬁf the
to a substantially flnSF§ %lg]gf the animal feed. In ano?

embodi nent, THREDETITRE: ysapasgsthy comppsitien Fﬁ)&fﬁt‘:‘?‘bﬁo(nsﬂle grem a
powder ) , SUGnaiStig 8 in EARRATod Mfriidls atﬁea%@%?utps %@p# g&ﬂg feed;

i ngredi ents clurl Nng.the manufacturing process. Exenpl ary
manuf act ur i rf§) 8 AERAHECUBPRSITioN piger then an eaingkd dead ctmpmsmg\@t Mgmﬁ;mo IU

0046] | t
1[eed ]Fop Z)C}? eéln@%lﬁgagoanﬁégspﬁ %Qﬁ%ﬂ%gﬁﬁnloiﬁa%l corrpos e{il?%e C(S)frH)&smg

than an ani r?ﬁﬂeﬂﬁbéﬂo@l‘)oé 31l3dgl@9m§'é@kg.| on other than an animal feed.
Such conpositions nmay be suitable for direct adm nistration to an

ani mal or ngyePs Uﬁﬁ(%eaén@ocﬁ{ﬁ%ﬂt %?éjé&{x%c%ﬁf(ﬁl idan ?ﬁq'fzé&) f%xgﬁr%ﬁg b feast 20

to feedlng) or a feed suppl enent I'ng supple
di I uted w t AUsEEmefkafed o pamshersmddimenty theeedi pugitimdis aupfitl eomposition

t hat ff | te b
Exarpl es of a1 f’%%‘?%%ﬁ%%@?ﬂ#.°%ﬁ'ﬂ%{S&{éﬁlﬁas9 b oo PR Eas ot st

li qui d enzyr®0&9RdEhenzamedke.i ncl uding 1iquid enzyme concentrates that
are typically diluted or conbi ned vvlth other ingredients prior to

oral adm ni ¢ n .enbodi

conposi ti onsfl sfﬂ Iogﬁqc%}l@d orrpogﬁﬁt’l on %Eﬁ&ldotnﬁgﬁngﬂmg%r}lﬁ%q &gg‘é‘ﬂ“préﬁféﬁ“
as an enzymingedignt ﬂﬂﬁt indhees anqcmdume:ppmse nmme@mrao)l dtid 188 efBYme comprises
conpri se at gt 000.i,nter atl t RI) . .per liter, of
sol uti on, sﬁlé%ﬁg% deg% d%sadgﬂlgrﬁ?fm FOF‘%S aﬁéﬂéothﬂwg}'edléﬁt is an

| east 60, Ooenmg#ﬂ_dzsplaydsdahﬁhpZﬂ;o@@ﬂclnEbﬁaorgHmdn@aSt 80,000 1UL, at

| east 90,000 ILI/L, at least 100,000 IU L, at |east about 500,000 13

WD 2007/ 075 759 UL, at |least apout 600,000 |IU L, at
| east about W&gw %fm?’it é}e EEE "86'@“6@0{)8%7‘% lucgpasee ks Pnehout
900, 000 | U/ Embedineusthe a:hm:u:he toﬁ@ﬁsaogmugmcmge heddie @B%su%n%@ea@&gd
UL, or atpjfntabout cﬂ(}%@llEL%Oﬂg I.Ln sonme enbodi nent s,
an anount o a%ﬁl% %%&ﬁ?’g ARSI W%W?Fﬁga?@éﬂw%mﬂaﬁa%'
about 500 rrglm@hasbﬂ@ifzed 5(11919 ?h@cdﬁp&ﬁﬁ&%ﬁﬁém% Wh bRindA) RSP p S g at
feed, such t é ? é to arrive at feed fornu atlons}\j/vl B
enzyme Ieve 'd'%é)eq 00]36 &b ca]uﬁsegf A Gihd selidreempositian gthsn iﬂ‘!an@ﬂl animal
li quid conpfediconipridiiedt 1648850000 M TEd-4- élﬁ@aﬁabe?k%ﬁpl ied to or
conbined with an amount of feed to pr épare an ani feed with an

anount of eWEE effetgtl ve to decrease the |l evel of positive acute
phase prote siupodimgpt praeides pgompgsition sujtelja forerabadmigistration

phase pr ot eidar anifdag c@ﬁpﬂ&hg tABdr Aork TRKRANE s@@és%hu&ﬁ?%meﬁ wheredn the
ava

per for mamcegﬂ%1 49& IS believed that currentl
enzynme concEMPPSHE ’ESWBBE‘F%%#\%&S( PRHEpmUR§iTestree Cgiﬁelylyumh&ahan 1,4-B-

conposi ti ongmafhsifde
admi ni stration comﬁlﬁgé@eneguwcagg%tt an o%ﬂo%ig%??sg ?&%%Bﬁ R of
an i mmune stensistingedud) ayarima) fieed doinpaisingadn ahbunta]fdamlnmmmﬁe

Tnerease t ik eyerage bR Becls B ket pRIA AT RGBS Raasmroten
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[0061] In the field of industrial enzynes, the term "hem cel |l ul ase”
has been WOS87AY5H3t rade name for 13-nmannanase. Likew s@®CTflseenaios7sand
publications co-authored by the inventors use the term

"hem cel |l ul ase" to refer to O-mannanase, including endo-1,4-0- 17 WO
2007/ 075343PCT/ US2006/ 047592 D-mannanase. See, e.g., U S. Patent No.
6, 162,473. "I n other contexts, the term "hem cellul ase" may be

br oader, enconpassi ng gl ucanases and xyl anases in addition to
mannanase, as expl ai ned below. [0062] The term "hem cel |l ul ose" was
coi ned to de¥drideninglinerpasedhe [piehof nagative aate phaseipretithin wid fideial,on

wth a dilut 2al i I I dr.al yzed .nmore easily than

cel | ul ose. S%g,% r]énﬁ{dir&‘?es%ﬁ%é; g?%%ggﬁ%’h%éElﬁe%lﬁ%ﬂtcggwgﬁ%gﬁtoﬁ?‘ﬁrE}Hﬁbﬂ?

ﬁ; SIZI) scgat RimabEpd congHiE )r{gl zﬁldtnst zmhinﬁnunistrdghysilﬁligéh&mnf eli@:an3Bfount of
. Sinc . cel | ul.ose” S C to speci water

i nsol ubl e p|a§%‘%ag§§?§8§c hegfz?’ﬁigélﬁé"?g@éﬁét%ggeﬁmoé‘gpﬁﬂ dhangananimah fed

pectin and stomprisisg arldaqiong manierstre@sreiitcing @ﬁi\mﬁ@&aﬁ&ﬁ%u&rcﬁ‘at least

soluble in dtidéﬁdelﬁl kal i solutions. See, e.g., isler et al.,

"Her ni cel | ul'oses, *~ FIPELYSACCHARI DE CHEM STRY 112 (Acadeni ¢
Press, 1953). Xylan, P-mannans and gal actans are general ly consi dered

to be heni cellflTlos Bsoneémbodigiens, th@cdm PRGN, anl dnfkfal R4 SbmPASKe Q¥ Bast
sol ubl e. _Sof t wod trees have

and guar gu | acot mat mans, are readi |,

2 Tot of P AR S P ISdINg et A SEIoNa O64 169 20 AV e pe Kdfoed.
a lot of xyllamsothef 6@63HihehtCBBCoAPbsition REAEA ] lafiim
associ at ed \gjt f ungal %%\lj"lés vval_llgl? Ssluch as S?c%dﬁgrow%ne@%%g? a al
structural 8?#3%% SIBg 8 ongrimmuEne fesoradying enApimEin e eanoyot oftat least
gl ycopr ot ei rgg,000tU 868 muoRE" R } I%Ji &l Thus, a-nmaennan is
not considered to be a hemgccgldltﬁaggiewa@ as nnékn%ise is not a

hem cel | ul ajﬁmnaﬁgﬁan i s useful as an i mmune stress-reduci ng
enzyme in a ante*Rif _W‘éo ginihe campntition ipesdesieditom Begrages
a-mnnans |t fahsiatisy PGP B B6silkn mBALIR!1, &0 RGN EMaBll: AT
are not pathogen.associ ated. The innate Tnmuhe systemi1s sensiti %o
mannan becafSEPEBIPREPTRISHE]Aifvganeanss endixdoglwmbsen(itine canpbsitien

of many pat RegeRSing Q@%a&é}%&e Leedabhrghadi @g}e 8 B&E&%észgf}ﬁ Sgﬁpt‘iaing 1,3--

recogni zed by an aninal's |1 mune system | ncf
common st r uétUeRBRSCERdsbientsco {V)s compasitiorrdomis)sing\t Bifrgh@banase and

gl ycopr ot ei Ryf : | e, Jjn.sqybean products),
doubl e-str ana_e%ﬁglﬁﬁéﬁ 8‘%& gﬁgﬁpgg%ﬁl%%sﬂg ﬁ'@f@ﬁ&?ﬁsaﬁﬁfi)ﬁwwﬁ and
mi crobes, plCditascampeniiiomtemprising 4 ,4-Pmeinganisepn3ehgh@aniiéshd arabinanase.
met hyl ati on pattern. Thus, in accordance 18 WO

2007/ 075343 P8HOYS20AGh B SaBGI M ARG TRHLIRHL . s Lvept i

provi des a conposition conprising one O e uci ng
enzynes t hatd@uysaationinenenimet eorofridine 5d-Bmanhieise haad, 3-PHIQHNERS, SThe

In arelate I inpvention proyvi.des thods faor reducin
i mrunol ogi cg?lﬁg? %igg{sﬁ{gnﬂ%cﬁggﬁf’ﬁl& “EhAtP CORBHrE Bfggﬁ? ﬁF’é‘l‘%rfFWCt‘%Plﬂfﬁgg

ani ml a codpelbimimmangermdi et 20 61 {Bp-glvRnasEiieea] (i WalnAd cGRRYTEon
or enzymnes. ot?@ﬁﬁ{afrf C exanﬂ;ﬁga of |mmnl§ %tress-redum ng enzynes and
the antigens they deqraga CORPTF S I -Prmapnanasy sl tieast 455,800 Te

i nvention eigefrphnanasefioana $iil) aebEd bAboGABRbiRE 1B adifBVRGd comprising
stress-redu§|42§ enzymnes Eeqt]f?t dg&rgde the sane or different antigens,

as well as tHe GEEmgrase @ gtipast SARLOMY 13 Pralucanase/keu fobogebediment,
stress. ANTIHSENMIONAEMES saleBRE TRIM thd BORS BHSSEs %Im g@ »
13- mannans i%ggannanase hem cel | ul asé(;@(l -manr%g:l asenoéﬂpe glfeedcompnsmg

ty
1, 4- 13- nann

I @%@SE,WQJW? HuHAd3B-glucanasetigifeada@d a liquid composition
Gl Y 9 e amasmatonid feda SbHORChASL hEnRnde il 1l JERRNGRS®

doubl e stranded RNA non-cappe non-speci
1,3-B-glucanase/L. and (iii) a solid composition other than an animal feed comprising

5
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RNAse L dsRNA specific adenosi ne deam nase DNA DNAase non-specific
nucl ease WG28paosdsc restriction endonucl ease 19 WO  PCT/US2006/047592
2007/ 075343PCT/ US2006/ 047592 ANTI GENS ENZYMES N- | i nked gl ycoproteins

(e.g.,

asi al ogl ycoprot ei n) carbohydrases N gl ycanases endo enzynes

PNGases phosphocholine in sphingonyelin sphingonyelinase

N-acet | ygl ucosat ni ne contai ning polyner, (e.g., chitin) chitinase (EC

9 3.2.1.14) chitin deacetyl ase carbohydrate deacetyl ase .

N-acetyl gl ucosam ni dase phosphatidyl serine phosphati dyl serine

decar boxy| asb4ffhomphaiaspasd allepitd$ploo0iTDase-pL1GeHHA/RE. In one embodiment, the

gal act osi de-gacch £id r%ul fatase fl -%al act 03

de . .
oiposition €r comprises one Or more a cimonal immune stress-reducing

enzymes.

{0020] Another embodiment provides a method of improving animal growth
performance and/or reducing immune stress in an animal, comprising orally

administering to the animal any of the compositions described above.

{0021] In one embodiment, the animal is administered an ingredient that induces an
immune response in the animal and the composition comprises at least one immune
stress-reducing enzyme that degrades the ingredient. In one embodiment, the
ingredient and enzyme are administered in the same composition. In one
embodiment, the composition is an animal feed. In one -embodiment, the ingredient is
an antigen displayed by a pathogenic microorganism.

[0022] Another embodiment provides 2 method of preventing or treating infection
associated with a pathogenic microorganism that displays an antigen, comprising
orally administering to an animal in need thereof any of the compositions described
above, wherein the composition comprises at least one immune stress-reducing

enzyme that degrades the antigen.

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] TFigure 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.

WASH_1767555.1



B- gal act osi dase xyl ogl ucan xyl ogl ucanase (EC 3.2.1.15)

|'i poar abiwozerweass4¢ LAV ar abi nogal act an (AG) ar abi nanasecimuskewsam
(hyal uroni c acid) hyaluronidase (EC 3.2.1.35) arabinogal actan and

ot her ar abi no-nodi fi ded carbohydr at es a- ar abi nof ur anosi dase
chondroitin sulfate chondroitinase gl ucocerebrosides

gl ucocer ebr 0si dase nethyl esters of carbohydrates nethyl esterase
ferulic acid esterified carbohydrates ferulic acid esterase furul oyl
esterase 20 WD 2007/ 075343PCT/ US2006/ 047592 ANTI GENS ENZYMES

acetyl at ed ci@028hyBigire3 phbwﬁﬁid e AGEtIylelest mﬂ?ﬁﬁbﬁ&ﬁt A zi%ﬁﬁving one of
deacet yl ase 00 I n cor danc th sone enbodi nents, e C

i nventi on pr%v?ragg rﬁ‘&ﬁ%‘b‘& f*}%ﬁ%%*?ﬁ??&%g%%%m%&mmmm prior art
st r ess- r educfeads, asdyseibed inEQRRpRMoOdi ment, at | east one of the.two

or nore enzynmes is not 1,413-mannanase or 1, 3-13-glucanase. In

anot her enbodjgent .. a conpositian conprises 1,4J3-nmannanase and

1, 3- P-gl ucaﬁﬁbﬁ [ Bisas 4 Eﬁ"% Q‘@i‘?@&?‘g% ﬁE&ESdWﬂﬂngmmiﬁb@m&I?E for
i s an ani mal cal RGAinpORB chiddiiratiof of ACRAANGSEAle Sﬂﬁk Quttn

U 1, 3-f3-gl ycanase/ kg feed, such as at r1‘Ilﬁeast 2 11&%1/:‘139 eee&@ at 2

| east 25 |1 199 fEupExampledhst 30 | U kg feed, at |east 35 115/kg

feed, at least 40 115/kg feed, at |east 45 115/kg feed, at |east 50

| W kg feed, or nore, of 1, 3-43-glucanase.
DETAILED DESCRIPTION

[0027} As used in the following discussion, the terms “a” or “an” should be

understood to encompass one or more, unless otherwise specified.

[0028] As used herein, the term “animal® refers to any animal, including humans
and other animals, such as non-human animals, including companion animals such as
dogs and cats, livestock, such as cows and other ruminants, buffalo, horses, 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 typically
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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[0067] In another specific enbodi nent, the conpositionis a liquid
conposi t i ¥Q 260MFs348han an ani mal feed conprising 1, 4- P- rannsnasss s
at | east about 155,000 115 1, 343-glucanase/L, such as at | east
155,000 UL, at least 230,000 IUL, at |east 300,000 UL, at |east
380,000 IUL, or nore, of 1,3j3-glucanase. [0068] In another

speci fic enbodi nent, the conposition is a solid conposition other
than an aninmal feed conprising 1,4-P-mannanase and at | east about
300,000 IU 1, 343- glucanase/ kg, such as at |east 300,000 |IU kg, at

| east 450, 008ith birésy, Far cowesiert@PinGhO dishifision, that folleas] thé 3véRidnky) kg,

at | east 900 kg, or. nore, of 343- gl ucanase. [0069] In .

anot her enbo%%ﬁ%#hgdﬁ%ﬁ%}ﬁ’ﬁ @rfﬁﬁ 8#5%03@@5 EMPIsIgNsFadmehadgon positive

xy| ogl ucanasutel phase pidieins e Thas] it itkm “AFFOTH IR JisAksRRATRE RBBws generally
a

1, 3- p-gl ucanase %nd xa/l ogl ucanase, I n another enbodi nent,
conposi tion IE%;F&) FRONE, F IOV SE v Rbas ot iasssosinted witihen animal’s
enbodi ment, sreSORPRSsE] WLHEAPhE SfTerstosd ﬁfaﬂ!l‘lé‘i%ﬂﬁr%@iﬂ%ﬂg aﬁ@h{e@hcgﬁ%esérﬁcd

anot her enbaodi nent,  a conposition conprises 1,4-P-nmannanase a

ar abi nanase.herin gh desersing theqronsentirationod FREEt (refermugyier pasétive acute phase
1, 3- 13- gl ucahasmsfRfo2e uRHALP ARASK; %&% - | Tent

conposi ti onq:gorrprs?se‘s) T4 13E¥r?1gnnanalsn§{tﬂi? - ?gf%%‘%gﬁgfg%ggﬁxﬁmﬁepha”
ar abi nanase.PfP@P®0] It will be understood that these comnbinations are
exenplary only, and the invention includes conpositions conprising

ot her conbi Nee3PNSORE abBRLBLLS iR ' ..For exanpl e,

the inventi (r)[n i_ﬂcl udes conposi H‘ons °{é§%pgfr\e?§?%§8@§§3§8‘é°8wﬁ8% AGreneyrae
i mune st r edBatigaiiesting temegureshe inmatolabivabstamss frperitinsedibg ad ahBhAWFor
and 1, 413- neRRANASKR ne. St L caused. by a feed o

i ngredi ent nmay not af mﬂ{égés)g#é"ﬂén |8n§ea réel%ﬁeemfﬁsllﬁ%‘uu%?ﬁﬁ?@@“‘f‘{‘gi s
vel | known tenaymes. cés usadrhegeim| thepemt Emragee sfessaéduting &8n&Pmeans any

pr ot ei n- bas il k-replacer formyl a ,devel op a strong.
detri nent al %ﬁﬁ}ﬂno}[!%??%%ﬁ? %E%“geﬁtoé&n‘}iﬁ%ﬂr@g@fq Bt preeosrired apbet
{rom the Commimalbsionumesia.ang, brestgar-Aradams ivcRediat gty an

edi atrics ; : in coproteins in soy, for
exanpl e p- nga@g%;ﬁpﬁys%%@%y ﬁ%‘is)‘ff‘é'e‘[ﬂé @%ﬁﬁ% eXRerIenCe B BRI Zi Rl Siness.
T, at al, BifhetémBiabReblepafiat ie MRediRsh idddd Pa?%;% &ﬁ%ﬁ@]
at alL, J Pediaéor. gastroente_rol Num %%%Ai%-z_o : 1689 1%% e s that
strong anti GENPWAPYAEecResdgthe eenter ingatgrimmungtsysteosath as molecular
qualities. Bagenginaeafd BuhBy d8ddcRedPirh pafiBPBYLd from soy protein
i sol ate preparations used for nutritional stpplenments despite its

contributio tqtal protein, Hydrolysis destroys the antigenicity.

In additi on?“‘%?gl hgveac?‘gdﬁ%“t‘ﬁ% opf cabpdisniag theimayng istresaredueing enzyme is
fraction usaetd p-rkesfdhi@ 80 sbaicINRSe. ' ; Na, e

| ess gl ycosyl at gd soy pr. oﬂts_rgi n fracti oer=1. ﬁ%%é%\écb@%ggn%%@qg% sw‘?g%'%gt’ the
enzynes f or THEYRE STRT-CArHBE pRrYRe i 104 ene-i kB D -glappemaset & ascdrdarice deth
a- f ucosi dasggothélCdin BSdifs | -3- 1, 4- _fucqsi das

a- mannosi dases such as gﬁ%%%é maﬁnoésji??gg%?g%si’b@gar%h2%5?%?5@@?0% i another
a- 1, 3- manno&mhadiment,3hg Imoyme steesiedasieg enzyme is not 1,4-p-D-glucanase. In

endo- p- N- ac 1 n| . 0,.F): . .
pept i 8e- N- ( %%%%ngf -Q%et a- gi u%gréﬂ;onqﬁ ‘ﬁg‘%a?ﬁ)a‘%%?em&ﬁ?ﬁﬂ‘&% PENEgdE ne PT-
PNGase A, eRH6- PnRcerrdagdeghitk epathienembsdinedny, endintihune pigéss De d@iil efzyme is

ot - N-acet yl y ' € - 1. 3,04l act osj dase,, A

endo- N- acyl gﬁﬂeﬂ? ngéﬁ%iﬁl,g%ﬁg 9 3 phospholipasie 4a accordance with yet

21532 i\f- neur ?mmﬁmqﬁmﬁnﬁmmglﬁt@?@edlﬁglg enzyme is not a B-mannanase-type
-N-acet yl hexosam ni dase, o- P- N- gal gGt odsi dase, i

endo- a- N acg?éy cﬁﬁggf%é%lﬁ?% ’ggig':%l,u"%‘?f‘d%-aé‘-gﬁ Bo'R H@‘?’f‘ﬁhﬂ%?- In accordance with

ar abi ri ogal afirgieaembodgaémcieIhRAgS, sh@s@ﬁa’dﬁ@fh@%ﬂfﬁ@ is né{A0F M anhBERE-type

enzynes are known in the art and sone are avarlable from comrercr al

8
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25 WD 2007/ 075343PCT/ 1152006/ 047592 nethyl ated CO notifs in

non- manmalwanoasEs e known. Enzynes that degrade phosphecylushmbisrasz

i ncl ude phosphoryl choline hyclrolyase, al kaline phosphatase, acid
phosphat ase, phosphoryl chol i ne esterase, and phosphoryl choli ne
phosphat ase. [0083] This stress reduction can be identified and

nmoni tored by neasuring the | evel of serum APP, as descri bed above,

W th decreased serum APP concentrations reflecting reduced

i mrunol ogi cal stress. [0084] As noted above, the conposition

conpri ses ariesrerlasss lsmﬁifﬁrﬂeﬁglumasa; schot evdospiolipasd, Bad is ot PI-PLC. In

effective tq, v has in in the animal.
Thi s anount ng‘;?fe \E}g %ti?gﬁqeg e%lc Qo#}i?rﬁ oveé‘ﬁ?fg?g%‘ﬁ?‘@hgwq%%‘e enzyme
enzynme, but is peidl B-)ﬁ ghnnartasedeterm ned by those skilled in the art,

tor exanple, by neasuri ng APP | evel s, as described above. For

exanpl e, an [ el s can e asur.ed i or and
subsequent tIo a m ni sf[%‘r?ha'?l on %t?ﬁ L &Eg%’rg?ﬁpﬂg?‘“ffw&P@r%?ehe"e
treated and tharthe dhmane Bﬁéss-reaﬁclhg eBHMRAL edgraaa{h&maﬁe HRIsh WMREIBC
effective armHnt ﬁﬁbéssess measuring serum APP | evel S prior an

subsequent #8 PATS e*’b SRR A G¥RoNsE Higestasssyihemntigen or molecular
measur ement p@aérnb&xe peterelinelng We AfAs! s BRRAKhoRBRafl 8Yeds O ﬂ?} Jeﬁﬁ‘a}onashom

several days_or :()n er after initial_admnistration of e enzyne.

decrease in"S& ! st b ifem fed apdimeniterod by megsumngthe aninosl’ sof
the enzyne isatihtAPESonb@itrARnehERE hievtoR 1Y

adm ni stere It shoul d be uﬁderlsgogd home%rlﬁfthf ¥Wﬁ9ﬂ?%wp
generally d of sueh meghndsere Eef%lﬁafmdl lvaﬁéafﬁstpm%dtaa&éﬁcnbed
effect. [O0QB8}etbronsssR S

i nvention pr oweesncomos??%ﬁ%%%?%rwpgsn?ﬁ 23)(93 %‘g%% zﬁs SUpra, as
amount ef f edfalhas inExemple 1 below.o decrease the | evel of positive acute
phase protein in said animal, increase the |evel of negati ve acute
phase prot eijgp34] Jaiatefitdd Bl f,d .
perfor mance[ Ir‘:]}one Elseem T cb%& ﬁn%%?gg&%&?gnposf% gr’éeﬁiuﬁﬂ’ig
feed conpri &PAynglogical sessiinan a@unallthatl:omﬂmsghdma!sahggo ﬁeemlumslwch

as at |east ;g@n»h | east 30

feed, at |east Hﬁﬁgﬁz‘gﬁf mg% § |eas#%‘l’lﬁﬁf%ﬁgsf%g‘b"mﬁ?%%?#ﬁvg to
TU/Icg feedrethlpeﬂwlsvelﬁﬁ‘ABBhkﬂlefmadal or nore, of 1,3-p-glucanase. In
anot her specific enbodi nent, the conp05|t|on is a quuid conposition

ther th 047592
o 1o 109 A UL ST
| east 155, 00@luding o-1-aid ighyroprata, (AGEP)| bﬂrhlopﬁsnhﬂaeb),%Q&eﬁﬁ%fﬂie]édnectm

at | east 38 | ucanase.

specific enga "glgpngr#/ lqrﬁce‘&(r:%%ggﬁm%ﬂg ané g%lﬂaa’ dB‘i‘FB@E‘%P%HgE

t han an ani ﬁhhncbmdemrﬁb-lremwg prbteind @RP) Alpub 21361, ﬁﬂﬁcdsbluiluﬁrtéé;&] ﬁ a-1-
o ot - somibeh 821 Buf ARy 859 arrmibiodlobulin) pad serbpaRIU-A
I1i/kg, or (fA&). Othet pafehaampanem@e h{;&&ﬁﬁdacéﬂhrﬁentﬂn&m {ne%

enmbodi nent s_wher e Hﬁﬂ me conprises 1,3-13- Iucanase t he

may be presBHP hﬂh%f ﬂ&z“éﬁ’é?tefﬁ syeh prapnexing sad Maor dgote th@ePrmtgm
feed. [0087{MARYSBIGERNBE &Y., 30rAUSSuIN GRSEntARRs bASH n%lméé St ﬁgéé’%ﬁéﬁapp

content of ¢ m’re i al feed enzyrre additives and co
avail abl e f ite ffangidy.eeess spd mopdar mmm@vamnpze@dm Withy e
to provide ﬁk(eﬁmﬁ{_ from about 10,000 113/ton feed, about 72,500 ILT/L
non-feed |iquid conposition, or about 150, 000 IIJ/kg non- feed solid
conposition gg %A sent inventors do not believe that 10,000 IU ton
feed 1,3- 13198P0k aRilerenb AFE Bay layasete signifoans doles inbe strasmrespomises o d
this beI i ef digRen 18! r

aARMIR] F¥r eﬁ'&i‘@pl@ £801L kht&)éﬁ &;agé 1&%y%ﬂ%@ 45 58 Q%IPS

experimental |y that comercial products s Vi SCO

S
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infection. [0095] By degradi ng pat hogen conponents, enzynmes may al so
treat or Woevtemi7sisaf ection. That is, because a pat hogenrPCTUSIRENEED?2

i s degraded, the pathogen could 29 WD 2007/075343PCT/ US2006/ 047592
lose its ability to infect the host. This decrease in actual
infection would result in reduced inmune stress and reduction in
serum APP by a different nechani smthan descri bed above, but in
practice indistinguishable in terns of the observed APP reducti on.
There are at |east three scenari os where enzynmatic treatnent could

have a posi tindesaesiwlidted Withtihfscriod HOgigs, dtﬂgb Qfagi :ﬁ%i ch%lélétég;t H-Lc‘?udqggfm@)%?dcla

by the enzy ihS I nvolv n bi.n
cells, the ;?}Eaiﬁsq e’%f?%’p?rﬁeggﬁlt’?éﬁ‘? Fatgﬁ?f%@?c@ﬁn i patiipyhaysese and elickensp CRP

necessary f diasbses edestifed inhas Z 5
hel p. Alterg:étsl vel v tlhe bi nd.%ﬁ%%ﬁ?@oﬁ@hﬁ%@ﬁmﬁp&ﬁ%ﬁF“Btbeen

nodi fied. F ed that {cfB éy amAPB 4t reitiea CRIMBasresh shown tp bt hageited
have been sheun nichﬁdH ﬁr}ﬁﬁies%ﬁh;ba egib%gl rgﬁ iiica ?ﬁ:?felﬁ.glﬁg% Oﬁthﬁ Q%%{nal

cells surface, particularl proteog ycans
etal .. |nfedhfesHon 8 sygiagh WH@HG&E an@%;%and 2eB&)ciatddevith infection in

appl i cation H&-s%l’lﬁﬁ”ﬁ% z?ﬁlg 125 nOfRar | J)iln rgl ?‘f%%ag’él MRAPT animals, ineluding

Nacet yl gl ucosam ne- at ase, or ar
i Nt eract i on TaWdNayY éll!ﬂ?la;waﬁ[e(;)@%p, pigs,cheasspmat] mnm hh§BedttdsBOGRBA with

nol ecul ar s i.n.that. disrupts the

target cell tléﬂ%el% ﬂﬁgﬁﬁﬂé g?&bﬁls tt:i)%a.@ Wﬁﬁr"?f egH{Q i hagses; pigs, companion
pat hogeni ¢ cohpalsenth ehem@dmﬂ blyickdie LR mnciastigBA AR ilkN¥@Y 85k bdntiBénd in
pat hogen's nechani,sm t o .evade the, host inmune response. Numerous

i mune respSReg Ry £3veS ViR masHES SerwnJBR fiag beea gsspoiried pirinfacting imepttle,
from m m ckianhat heahetlsef |aﬁn@ﬁh§(orﬂﬁ@§&rfﬁ!%§ &f E&rétﬂ@‘ aﬁﬁe%]ﬁ ih e %r
response, for.e {Tf % ement reactions or apopt0si

reduction of™§ P@é’ﬁ n ihiePerrd ip be anindigptarefinfootionih pigs. Addmonally,
measuring seyHim hiRferyhifudiiall %nﬁ‘ﬁ’& !i%‘ife? A% @'?a%g % %x[ns it agagarfs 1o

i nfection. Epg%’gn Enzynes,  t ha e pa ogenl C

t hose descr mlgeea PQF@VRF%@NWIP aﬁetHiVeteaImclﬁdmne.mehm ewdl. supra, Holt et
endosi al i dagg pgﬁﬁm fdeMmas h

| ethality of E. con ICLl s ste'trin%gbl q(ﬁgt @ﬁeg? H&gr@&%“ &Hp’

PSA (pblysi & wellasi CBP enp mwmmwl:w&hlmfesmﬂ ﬁL}ﬁgs Arlultesl @hal., supra.
degradi ng the capsul ar car bohydrate has no effect on the viabili ty of
the E. col t [§0B7! tIQonleQSbime gnition and
control of . the?nf ection by tﬁeﬂﬁgﬂsatk%oﬁﬁyﬁégs J[r rehl%Yeirﬂi’io RaCrHgse an
lethal ity (#MERoNRERfinNnUNestess-redyvingwyatsithht mgﬁ"aetsveaﬁ de¥fase the serum

2007/ 075343 a ( 503-.1508, .2004)
The PSA capgﬁ‘?%lgﬁ%%]@t E Eaﬁcm&s Eﬁ% h%é lﬁ%xqagogg)q%l gy theanjmal
t hus evadi ngﬂch imimwneg rdssaetheingapyneesnd danichdily Kélawenﬁﬂlé&%g those

useful in thg hepari.na (Neutral ase

Technol ogi es %gg{}')a& %ﬁé} enzyme%(gl ggéné}\‘faa?r? %‘Preexfai’ﬁ?%? EOrARPEY 5 perum
sources or AER loecls bt be exbaturedprior a3 BHHE 13 &tﬁﬁmﬁﬁtﬁﬁ%ﬁ%f%ﬁm or
such as bac%%maAqud fung |€?gl udi ng yeast, or can_be produced

reconbi nantTy, EYEIR SRR gxgtreaﬁagc@g]coggg} pipalspaphecontmresd (In this
produced byregashitinan bt 2DNMti@HNP eGSR %afeh%ng%ﬂﬁtrﬁpﬂhﬂﬂlsh&gh% Qﬁne

enzynme i s known, rAE;,e advancerrent of rapid DNA sequencin

has resul t etB% &S [ o E%Bfa@é’geo#’eppwlnswaﬂw@ fmmdtgml'um
codi ng sequgm&ve@aﬁé}e@%mcm% S%‘éryb n g%gﬁ,

technol ogy from for_exanpl.e, 454n %c(?ét;orr]%&esgh? AEP%@@#%E%

20 Conmer ci ¥FOGpfedayith Bﬁhﬁﬁﬂﬁiﬁ}mﬂ@f theaume adiopiss dadt abaffeetivabmganiste
can be sequapSatt Wik @HIniGLES. A previously unknown gene of new
desired enzyne fromthe genome can be obtained by probing the genone
using, for exanple, previously identified coding sequences fromthe
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Experimental Design:8 Treatnents Total No. of pens:80 Total No. of
Tr gat rrentWOBZOM'?sxg;B birds per pen:50 No. of pens per Tr eatrnosnioshd7sbo.
of birds per Treatnent:500 [0107] Two of the eight treatnments _
conpri sed stress-reduci ng enzynmes in accordance with the invention:
Treatment 3 (marmanase in the formof evaporated whole cell broth of
B. Ientus fernentation applied at approximately 100 MJton in the
basal diets) and Treatnent 6 (marummase in the formof cell-free
centrifuged 33 WD 2007/ 075343PCT/ US2006/ 047592 supernat ant of B.

lentus fer nel#038] on dthet émbpditicns, tle ARRIRIITBLE L BOeMdL Mg eta%i ~
basal diets), Treatoent 8 was a.control with no added enzynme.” (1 =
4000 1 U) [01?5%?“@8@“85’%% Sﬁg reflieing pazwRe thapis effegtive toimproen pyimab growth

i wenfh wfraad ask il EOPphAlRIANPIhe Bh1d e
teleg[]t £?;§?al S m?g&ﬁ%;% ngﬁ%ﬁ \/\/g‘réﬁ?eggg?%%%?ai ngd 9‘% gglt%o’r_l %:o%on (an
anti cocci di &1°% g“%sf“%eﬂ FRIPA BREse yprimab piesviB Performoandd? yusludes Sinyt
(ant i bi Ot i C)parkhetes e rdtRoM R LerBAR TAL &AL tba LIt id S D BLS
were offered to all birds fromday-old unti 1 "days ™o 5" 4
Diets from 2f?9‘?§5w%1?§5/‘é°,m%ﬁdm#mhfeqfﬁg'dﬁft\@lglttowﬂﬁﬁa%o&axgm%ﬁwfaijtlﬁlhﬁ,
and wat er WerRbRitPVindSHoR it ik HW%tﬁia' G %eg%ﬁﬁ%gégﬁg oo itis hibeved
bi rds as crunbl es/” pellets during a eedi ng .
used as dri fR#tnyndeaseme goddisiops the effest odithd inirenadtrasBreducsnisd ¢ on APP

LLi [ Dets
net wor k. 34 RS ; Lyses of the Basal Experimenta
| ngr edi ent s cgtggr t e?ib ESgl\%gr gl @i @ﬁé’ S ﬂ??‘r?sé’ﬁ‘.mo“é'% FUg%: '6‘@8%“%2*"?0}9@8911011 as
Soybean nealthg ®s&¥e OPp 18W-5066nREHB36Ba 2ud BFanfTadls AYsBERRM 111516
0.9915 1.1383,86a! C 'UtideP Qt?cshocho%tdxetions, the immune stress-reducing enzyme may
nevertheless be effective to improve animal growth performance. Thus, animal
growth performance is an alternative measure of the effectiveness of the compositions

and methods of the present invention.

[0039] The composition may be any composition suitable for administration to an
animal. In one embodiment, the composition is suitable for oral administration. In
one specific embodiment, the composition that is suitable for oral administration is
generally recognized as safe for oral administration to an animal. Tn 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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1.761 1.2682 1.3021 Linestone flour 1.3192 1.383 1.26 Sodium chl ori de
0. 3299 0.v83Qd7078805 DL Met hi oni ne 0.2135 0. 0793 0. 0552ptTiugs0obeodrsez
0.008 -- Choline chloride 70%0.05 0.05 0.05 Vitamn prem x 0.25
0.25 0.25 Mneral prem x 0.075 0.075 0.075 Coban, g/ton 90 90

[0040] In some embodiments, the composition comprises an orally acceptable
carrier for the enzyme. As used ‘herein, “orally acceptable carrier” includes any
physiologically acceptable carrier suitable for oral administration. Orally acceptable
carriers include without limitation animal feed compositions, aqueous compositions,
and liquid and solid compositions suitable for use in animal feed produects and/or for
oral administration to an animal. Suitable carriers are known in the art, and include
those described in U.S. Patent 6,780,628.

[0041] In some embodiments, the composition is an animal feed. As used herein,
the term “animal feed” has its conventional meaning in the field of animal husbandry.
For example, animal feed includes edible materials which are consumed by livestock
for their nutritional value. Animal feed includes feed rations, . g., compositions that
meet an animal’s nutritional requirements, and also include compositions that do not

meet an animal’s nutritional requirements. :

[0042] In specific examples of such an embodiment, the amount of enzyme is at
least about 50,000 international units (IU) per U.S. ton of feed, at least about 60,000
IU per ton of feed, at least about 70,000 IU per ton of feed, at least about 80,000 IUJ
per ton of feed, at least about 90,000 TU 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 [U/kg feed, at least at 30 IU/kg feed, at least at 35
IU/kg feed, at least at 40 IU/kg feed, at least at 45 IU/kg feed, at least 50 TU/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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BMD, g/ton 50 50 Cal cul ated Anal yses2 MEr, poultry (kcal s/kg)
3080. 0 3180.2007326830 Dry matter, % 88.9169 88. 9236 88. 99b#/USL008047592
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, %

[0044] Thus, in some embodiments, the invention provides an animal feed
comprising an amount of immune stress-reducing 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

[0045] The feed composition may be prepared by methods known in the art. For
example, immune stress-reducing enzyme can be added to the other feed ingredients
at any stage during the manufacturing process, as deemed to be appropriate by those
skilled in the art. In one embodiment, the enzyme is provided as a solution, such as a
liquid enzyme concentrate that is added to other feed ingredients during the
manufacturing process. Alternatively, an enzyme-containing solution is sprayed on to
a substantially final form of the animal feed. In another embodiment, the enzyme is
provided as a solid composition (such as a powder), such as a solid composition that
is added to other feed ingredients during the manufacturing process. Exemplary
methods for manufacturing enzyme-containing feed are described in WO 97/41739.

[0046] Insome embodiments, the composition is other than an animal feed. For
example, the composition may be a 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 t¢ an animal.

[0047] Inembodiments where the composition is a liquid composition other than an
animal feed, such as an enzyme solution, the Hquid 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 TU/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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. 7088 0.5967 0.5877 Avail abl e phosphorus, %0.45 0.35 0.35 Sodium %
8. 18 0. 18vo.20@/0z5&@Bne, % 1.2 1.0152 0. 8948 Met hi oni ne +PCyAIS200804759
0.92 0.72 0.65 Threonine, %0.8821 0.7657 0.6932 Tryptophan, % .
0.2938. 0.2489 0.2185 101101 Two birds from each of the ten pens in
Treatnments 3, 6 and 8 were randonly 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. Sanples were collected onto ice in blood
col l ection tubes containing anti- coagul ant heparin, and plasm was
obt ai ned by &¥hi 24 lper§abrarbCOZW0 WYL 2607450 T IPCTOVTIN0 Gt Wekigbdut 800,000

0111] Bl oodgit asiTB, sayed, for ZH:QE) -1 -acid

Egl yco]pr otei n using a%gggmﬁgmﬁ@bﬁxﬁﬁﬁl@'ﬁg lﬁﬁﬁ%tﬁmko?ﬁal@ﬂ abitech
Servi ces, | ri&00Q0QIGAL, lor et leksflaboties, 000,600 TS t aken from the two

bi rds/ pen were added to the test plates (5 pi, per well) and to sone

b O T NS, BASRBUSPILIG S95poEs Bhe B i

measur enent Teedlsech as abumt 568 el solftidn, 14 BpyslicdB 08 Combined with an amount of
feed, such as to a ton of feed, to arrive at feed formulations with enzyme levels
described above. In other embodiments, an amount of liquid composition other than
an animalfeed is applied to or combined with an amount of feed to prepare an animal
feed with an amount of 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.

{0049] Itis believed that currently available liquid enzyme concentrate
compositions (other than the 1,3-B-glucanase compositions discussed below) that are
suitable for oral administration comprise much less than at least about 40,000 IU/L of
an immune stress-reducing enzyme, if any at all, and are not effective to decrease 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 TU/kg, at least 90,000 TU/kg, at least 100,000 IU/kg, at least 120,000
[U/kg, at least 140,000 IU/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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[0112] A polynomial equation was used to provide the best curve fit

wi th the wataozorsbsso al |l ow the rapid cal cul ati on of thepgensessiogaisbpn
of AGP in the plasma sanples as shown in Figure 1. [0113] The
nmeasurenents of precipitin ring dianeters for all the recovered

chi cken seram sanpl es and the cal cul ated AGP concentration for each
bird is shown in the table below. The birds fed marnanase on average
have a very statistically significant decrease in the average AGP
concentration conpared to the control birds. 36 WO

20071075343\t pdrS 2000I04I 602 vAth docamddin® ofle:BamR) eFedive To ARG leviTof

asure Treatnent 3 (Manpanase) XY Treat men
El:(r)]gt ?§|) X %avf Eﬁﬁ %Ff&dﬁéfée)wylose@ﬁéh@leeelmeza@v@%phﬁse

5.3 225.0 6 @bkinibthé aﬁﬁﬁal?aﬁd/@r ihiptote fnithaP grovithpefioffiahck, ° 2 212. 9
5.2

[0052] It is believed that currently available solid enzyme powder compositions that
are suitable for oral administration comprise much less than at least about 40,000
IU/kg of an immune stress-reducing enzyme, if any at all, and are not effective to
decrease 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.

[0053] As conventional in the art, the term “TU” or “international unit” refers to an
amount of enzyme that will catalyse the transformation of 1 micromole of the
substrate per minute under conditions that are optimal for the enzyme. Weight
equivalents to international units of immune stress-reducing enzymes are known in
the art and can be determined using standard assays. Exemplary standard assays for

representative immune stress-reducing enzymes are outlined below.

[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 exXpress an immune siress-
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

15
WASH_1767555.1



212.9 5.1 201.2 5.8 289.7 7.4 546.9 5.4 237.4 5.4 237.4 5.4 237.4 5.7
276.2 5. NQ3W07ATH42 346.9 5.5 250.0 5.9 303.6 5.9 303. 6r61/AS3BBOE75R 6

262.9 6 317.7 5.4 237.4 5.9

formulated for such administration in accordance with known pharmacological

practices.

[0056] An animal’s immune system may recognize as an antigen or molecular
pattern certain ingredients of a feed composition that do not pose a real threat to the
animal’s health. Nonetheless, the ingredient triggers an immune response that causes
the animal to experience immunological stress, and that can be identified and
monitored by an increase in the serum concentration of one or more APP. While not
wanting to be bound by any theory, the present inventors believe that this
“unnecessary and counterproductive” immune response may involve pattern

recognition receptors (PRR), such as those involved in the innate immune system.

‘[0057] The innate immune system provides an immune response that does not
depend on specific antigen recognition. See, e.g., Tosi, J. dllergy Clin. Immunol. 116:
241 (2005). One aspect of the innate immune system involves PRR, which recognize
and bind pathogen-associated molecular patterns, transducing immune response
signals. See, e.g., Fabrick ef al., J. Biol, Chem. 279: 26605 (2004). Examples of PRR
include Toll-like receptors (TLR) that recognize a range of molecular patterns 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-B-
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 ez al., Clin, Microbiol. Rev. 18: 521 (2005). Immunomodulatory
receptors for mannan (e.g., Klabunde ez al., Parasitol. 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 af al., J. Immunol. 175: 3964
(2005); Nonnemacher ef al., Infect. Immun. 71: 850 (2003)) also have been identified.
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303.6 6.2 346.9 52 212.9 5.2 212.9 6.1 332.1 5 189.7 5.4 237.4 5.6
262.9 6. WG3R7H75843 225.0 5.9 303.6 5.5 250.0 5.1 201. 2p6TAS360/097552 S
250.0 5.3 225.0 6.2 346.9 6

[0058] While these molecular patterns are associated with pathogenic
microorganisms (e.g., bacteria, viruses, fungi and protozoa) they also are presented by
some non-pathogenic molecules, such as animal feed ingredients. An innate immune
response to non-pathogenic molecules presenting these molecular patterns
unnecessarily subje'cts an animal to immunological stress, and may detrimentally
impact the animal’s feed efficiency, slow the animal’s rate of weight gain or result in
weight loss, make the animal more susceptible to infection, increase the animal’s
body temperature, or otherwise have a negative impact on the animal’s health or food
energy (calorie) utilization efficiency. The innate immune response resulting from
MBL (mannose-binding lectin) fanction, for example, induces powerful responses. It
has been shown that mutation of one of the mannose binding protein’s genes in mice
paradoxically allows survival from a normally lethal acute septic peritonitis challenge
(Takahashi, K. et al., Microbes Infect. 4 (8): 773-784, 2002). The immune stress from

aggressive innate immune response is more lethal than the infection in this case.

[0059] B-mannan is a component of soybean products and soybean-based animal
feeds. High molecular weight forms 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 f-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 -mannan. As shown in the Examples below, the reduction in

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

[0060] o-mannanase, which degrades o-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 B-mannanase. Likewise, patents and publications co-authored by the

inventors use the term “hemicellulase” to refer to f-mannanase, including endo-1,4-f-
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D-mannanase. See, e.g., U.S. Patent No. 6,162,473. In other contexts, the term
“hemicellulase™ may be broader, encompassing glucanases and xylanases in addition

to mannanase, as explained below,

[0062] The term “hemicellulose™ was coined to describe carbohydrate plant material
obtained by extraction with a dilute alkaline solution that is hydrolyzed more easily
than cellulose. See, e.g., Schulze, E., Berichte der Deutschen Botanischen
Gesellschaf, 24: 22777 (1891); Schulze, E., Z. Physiol. Chem. 16: 387 (1892). Since
then, “hemicellulose™ has come to specify water insoluble plant polysaccharides
associated with cellulose, other than pectin and starches and polysaccharides in plant
sap, that are soluble in dilute alkali solutions. See, e.g., Whisler et al.,
“Hemicelluloses,” in IV POLYSACCHARIDE CHEMISTRY 112 (Academic Press, 1953).
Kylan, B-mannans and galactans are generally considered to be hemicelluloses,
although some B-mannans, like Locust bean gum and guar gum galacotmannans are
readily soluble. Softwood trees have a lot of B-mannans associated with their

cellulose and hardwoods have a lot of xylans.

[0063] In contrast to hemicelluloses, ac-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, g-mannan
is not considered to be a hemicellulose, and a-mannanase is not a hemicellulase. a-
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 (ndn-endogenous) methylation pattern. Thus, in accordance
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WO 2007/ 075343PCT/ US2006/ 047592 Treatnent 3 (1VIannanase) Treatnent 8
(control )\WOrewroteds 6 (Mannanase) AVE 238.5 373.1 250. BCBOS206/087592
115.6 51.3 CV T Test p vs. 8 14.99 2.94E-05 30.97 20.50 T Testvs. 8

0. 000193 EXAMPLE 2 [0114] Anot her experinent using hem cellul ase
(endo-1, 4- 0- mar ranase) was conducted. In this experinent, groups of

chi ckens (10 pens each, with 50 birds per pen) were fed one of four
diets: [0115] Treatnent 1 (control): Feed conprising BVMD antibiotic
sprayed postpelleting with a control fornulation, and 35% sorbitol

wi th brown f#ibeoagembagimantdhe inve@tomprdvidesfaaetnposithldimpristad 68 br Bore

control): FKegghd raved t-pelleting with a control
1£or nul at |) on ‘Conpr |%§%}%§%%sg§%?¥‘8? tl‘%??ﬁgrg&%%e POBArSthese s gtiarr faed
100 m/ton fiegediehtl T rElasat embbdidient @RMinyBAERIESPREE n&@ﬁ&&%ﬁ&dﬁéﬁxg
a formul ati QRS OIR! .S ng hem cel L ul ase (endo-1, 4- 0- mannanase) derive
fromB. |ent f?s,““argg%g‘?’é& 58 %Wmﬁa?wnﬁeﬁf%PSWﬁﬁﬂmmaF@ed

formul at ed wotipositipav@eiprisOifasficite cABURELT HHcR ahREz (T é%§' e)gigjn%s. E’iﬁ:‘fyeciﬁc '
pel l eting) conprj si hem cel | ul ase (endo- 1, 443- nannanase rrve

fromB. | enteﬁggﬁkeséggm@w SEEHpEneing snaaaesiand e antgensttbespdepradtcara 66t
MJ t om of f eegh in ﬁiel\fdliﬁwﬂ%oﬁbielr-ﬁ)he[iﬂéérﬁ'zbnm@orﬁgésggfg&ni@@gﬁon% tﬂgtycogllp(%ise

at the start of the experinent. 38
other immune stress-reducing enzymes that degrade the same or different antigens, as

well as the use of such. other enzymes to reduce immunological stress.

ANTIGENS ENZYMES

o-mannan a-mannanase
o-mannosidase
B-mannans B-mannanase

hemicellulase (B-mannanase type)

1,4-B-mannanase

endo-1,4-B-D-mannanase

B-1,3-glucans 1,3-B-glucanase
Endo-1,3-B-glucanase
(EC3.2.1.39)
f&-glucosidase
double stranded RNA non-specific nuclease
non-capped mRNA RNAse L
3pRNA dsRNA specific adenosine deaminase
DNA DNAase

non-specific nuclease

CG specific restiction endonuclease
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WO 2007/ 075343PCT/ US2006/ 047592 [0120] The diets were provided ad
|i bi tum veoapemrsysdays 0-21), grower (days 21-35) and fipoiralsesnsosays
35-42) feeds with the follow ng conpositions were used as the base
feeds: Expected Anpunts Nutrient Analysis. Starter Gower Finisher M
POUL KCAL 2960.0 3020.0 3080.0 Crude Protein 22.0 19.4 17.5 Fat %
3.1439 3.0647 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

ANTIGENS ENZYMES
N-linked glycoproteins carbohydrases
(e.g., asialoglycoprotein) N-glycanases
endo enzymes
. PNGases
phosphocholine in sphingomyelin sphingomyelinase
N-acetlyglucosamine containing polymer, chitinase
(e.g., chitin) (EC93.2.1.14)
chitin deacetylase
carbohydrate deacetylase
N-acetylglucosaminidase
prhosphatidylserine phosphatidylserine decarboxylase
phospholipase C
phospholipase D

sulfated galactoside-saccharide sulfatase

3-galactoside R-galactosidase

xyloglucan xyloglucanase
(EC3.2.1.15
lipoarabinomannan (LAM) arabinanase
arabinogalactan (AG)
hyaluronan (hyaluronic acid) hyaluronidase
(EC 3.2.1.35)
arabinogalactan and other g-arabinofuranosidase
arabino-modifided carbohydrates
chondroitin sulfate chondroitinase
glucocerebrosides glucocerebrosidase
methyl esters of carbohydrates methyl esterase
ferulic acid esterified carbohydrates ferulic acid esterase
furuloyl esterase
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0.18 0.18 0.18 Lysine % 1.205 1.0302 0.9014 Met hioni ne 0.5446 0. 3838
0. 3435 Mewo20@yss532392 0.72 0.65 39 WO 2007/ 075343PCT/ pE21806064 792
Added I ngredients Ingredient Starter G ower Finisher Linmestone 0.8291
0.7674 0.9012 Salt 0.2696 0.2698 0.2702 D-L Meth 0.1963

ANTIGENS ENZYMES

acetylated carbohydrate polymer acetyl esterase

carbohydrate deacetylase

[0065] In accordance with some embodiments, the invention provides a composition
comprising two or more immune stress-reducing enzymes. In one embodiment, at
least one of the two or more enzymes is not 1,4-B-mannanase or 1,3-p—glucanase. In

another embodiment, a composition comprises 1,4-B-mannanase and 1,3-B—glucanase.

[0066] In one specific embodiment, the composition is an animal feed comprising
1,4-B-mannanase and 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 TU/kg feed, at least 45 [U/kg feed, at least 50 TU/kg feed, or more, of

1,3-B-glucanase.

[0067} In another specific embodiment, the composition is a liquid composition
other than an animal feed comprising 1,4-B-mannanase and ‘at least about 155,000 IU
1,3-B-glucanase/L, such as at least 155,000 TU/L, at least 230,000 IU/L, at least
300,000 TU/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 IU 1,3-B-
glucanase/kg, such as at least 300,000 IU/kg, at least 450,000 IU/kg, at least 600,000
1U/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 1,4-3~-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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arabinanase. In another embodiment, a composition comprises 1,4-B-mannanase,

1,3-B-glucanase and arabinanase,

[0070] It will be understood that these combinations are exemplary only, and the
invention includes compositions comprising other combinations of immune stress-
reducing enzymes. For example, the invention includes compositions comprising any
one or more of the immune stress-reducing enzymes listed above and/or discussed

below and 1,4-B-mannanase.

[0071] Immune stress caused by a feed ingredient may not always be an innate
immune system response. It is well known that a certain small percentage of infants
fed soy protein-based human milk-replacer formula develop a strong detrimental
immunological-based intestinal reaction (see the report from the Committee on
nutrition, American Academy of Pediatrics, Pediatrics 101 (1):p 148, {1998)). N-
linked Gycoproteins in soy, for example B-conglycinin, some times referred to as 7S
globulin (Ogawa T, et al., Biosci. Biotechnol. Biochem. 59(5):831-833, 1995; Burks
AW, et al., J Pediatr. Gastroenterol. Nutr. 8(2):195-203, 1989) can be strong
antigens and are recognized as having anti-nutritional qualities. B-conglycinin is
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 78 SOy glycoprotefn 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 «-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,
a-N-acetylgalacosamidase, B-1,3-galactosidase, endo-N-acyl-neuraminidase (endo N),

o-2,3-neuraminidase, a-2,6-neuraminidase, o~2,8-neuraminidase,
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known in the art, by, for example, genetically engineering a host cell to produce an
enzyme, e.g., causing transcription and translations of a gene encoding the enzyme.
The amino acid sequences of a number of the enzymes set forth above are known in
the art. Using those sequences or known nucleotide sequences encoding those
sequences, those skilled in the art can design suitable genes for recombinant
expression of the enzymes. Additionally or alternatively, a nuclectide sequence
encoding a known immune stress-reducing enzyme can be used to probe a DNA
library to identify 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] In embodiments 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., er al, J.
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Immunology 172: 1198-1202, 2004), phosphorylcholine (associated with, for
example, gram positive and gram negative bacteria), DNA (such as bacterial DNA
with CpG non-methylated motifs, see Van Uden and Raz, J Allergy Clin Immunol.
104(5):902-10, 1999.), and double-stranded RNA and 3pRNA (Hornung, et. 4i,.
Science 314: 994-997, 2006). . The immune response to these molecules includes an

increase in serum APP.

[0076] Other pathogenic molecular patterns include N-acetylglucosamine
containing molecules and N-acetylmannosamine containing molecules. The exact
binding specificity of all collectins (mannose-binding lectin is a collectin or C-type
lectin) may not be known, but binding to a number of different bacterial pathogens is
observed by for example, H-ficolin, surfactant-associated protein A (SP-A), and
conglutinin. Compounds like N-acetylglucosamine and N-acetylmannosamine can
inhibit the binding and thus are presumed to be part of the paitern recognition binding
specificity (Haurum, J.S., et al., Biochemical J, 293 (3) : 873-878, 1993).

[0077] Examples of other antigens and molecular patterns that 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); B-1,3-glucan binding by
the collectin Dectin-X (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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apoptosis. Thus, in accordance with one embodiment of the invention, the molecular

pattern binding targets of SR are targeted for enzyme degradation.

[0079] One such SR molecular pattern-binding target is oxidized low density
lipoprotein (LDL). The receptors called LOX-1 (Peiser, L., ez al., Current Opinion in
Immunology 14:123-128, 2002) SR-PSOX/CXCL-16 (Fukumoto, N., et al, J
Immunol. 173(3): 1620-1627, 2004) and CD36 (Bruni, F., ef al., Clin. Appl. Thromb.
Hemost. 119(4): 417-28, 2005) bind oxidized-LDL that may be present in some feeds,
particularly feeds'containing animal by-product meals such as blood meals,

[0080] Another SR molecular pattern binding target is phosphatidlyserine (PS) and
Iyso phosphatidlyserine (lyso PS). SR for PS include SR-PSOX/CXCL-16 and other
P8 receptors (Schlegel, R.A. and Williamson, P., Cell Death Differ. 8 (6): 545-548,
2001). Exposure to phosphatidylserine phospholipids may lead to inflammatory
responses and phosphatidyiserine phospholipids are believed to present in mést feeds

at some level.

[0081] Hyaluronan is abundant in extracellular fluids in animals, but is also
recognized by innate immune/scavenger system mechanisms, for example, in wound
healing. See, ¢.g., Jameson, er 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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methylated CG motifs in non-mamalian DNA are known. Enzymes that degrade
phosphorylcholine include phosphorylcholine hydrolyase, alkaline phosphatase, acid
phosphatase, phosphorylcholine esterase, and phosphorylcholine phosphatase.

[0083] This stress reduction can be identified and monitored by measuring the level
of serum APP, as described above, with decreased serum APP concentrations

reflecting reduced immunological stress.

[0084] As noted above, the composition comprises an amount of immune
stress-reducing enzyme that is effective to decrease the level of acute phase protein in
the animal. This amount may vary from animal to animal, and from enzyme to
enzyme, but readily can be determined by those skilled in the art, for example, by
measuring APP levels, as described above. For example, an animal’s serum APP
levels can be measured prior and subsequent to administration of the enzyme, or
serum APP levels of treated and control animals can be compared. In embodiments
where the effective amount is assessed by measuring serum APP levels prior and
subsequent to administration of the enzyme, the subsequent measurement can be
made from at least about one day to at least about several days or 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] Inaccordance 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 [U/kg feed, at least 30 IU/kg feed, at least 35 TU/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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animal feed comprising at least about 155,000 IU 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 TU/L, or
more, of 1,3-B-glucanase. In another specific embodiment, the composition is a solid
composition other than an animal feed comprising 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
1U/kg, at least 750,000 IU/kg, at least 900,000 IU/kg, or more, of 1,3-B-glucanase.

[0086] In some animal feed embodiments where the enzyme comprises
1,3-B-glucanase, the enzyme may be present in amount that is at least about 100,000
IU per ton feed.

[0087] These amounts are much higher than the 1,3-B-glucanase content of
commercial feed enzyme additives and commercially available feeds, which ﬂme
present inventors have analyzed and found to provide at most from about 10,000
IU/ton feed, about 72,500 IU/L non-feed liquid composition, or about 150,000 IU/kg
non-feed solid composition. The present inventors do not believe that 10,000 IU/ton
feed 1,3-B-glucanase would be effective to reduce APP, and confirmed 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, Avenhe Aristide
Briand, BP100, 92164 Antony Cedex,) and commercial feeds comprising standard
amounts of B-1,3-1,4-glucanase (Brewzyme BG plus, Dyadic Intcrnationél, 140
Intracoastal Pointe Drive, Suite 404, Jupiter, Florida 33477-5094), xylanase
(Multifect 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] Inanother 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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[0089] In this embodiment, it is expected that serum APP levels will remain
elevated as long as the composition is administered. Thus, if the effective amount of
immune stress-reducing enzyme is assessed by measuring serum APP levels prior and
subsequent to administration of thf: enzyme, the subsequent measurement can be

made days or weeks after initial administration of the'enzyme.

[0090] As noted above, the invention includes methods of reducing immune stress
in an animal, comprising administering to the animal a composition comprising an
immune stress-reducing enzyme in an amount effective to decrease the level of acute
phase 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 improving 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 2 healthy animal or an animal suffering from infection

or other disease or condition.
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[0092] 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. '

[0093] In one embodiment, the animal is administered the immune stress-reducing
enzyme and also is administered the antigen (e.g., the pattern-containing molecule
degraded by the enzyme). The enzyme and antigen may be administered separately or
simultaneously as part of the same or different compositions. In one embodiment, the
animal is administered a feed comprising the antigen or pattern containing molecule,
and is separately administered a composition comprising the immune stress-reducing
enzyme. In another embodiment, the animal is administered a feed comprising the
antigen or pattern containing molecule and a feed supplement comprising the enzyme.
In another embodiment, the animal is administered a feed comprising both the antigen

and the enzyme.

[0094]  Another aspect of the invention 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

29

WASH_1767555.1

\



| phosphorus, % 0.7032 Avail abl e phosphorus, % 0.45 Sodi um %
-(I)-f)ag LSsi\ﬁg,ZO{%GI’SQGS Met hi oni ne Cysteine, % 0.92 Thr eoBrCTAIS26M504B256
BVMD 50g/t and Salinonycin 60 g/t were added to all feeds. 44 WO
2007/ 075343PCT/ US2006/ 047592 Enzyne Preparations Sanple enzyne assay
data Stock vol Diluent Notes Use Level 3 - n.d. 20 plus food

coloring 20 nL /100 Kg 6

lose its ability to infect the host. This decrease in actual infection would result in
reduced immune stress and reduction in serum APP by a different mechanism than
described above, but in practice indistinguishable in terms of the observed APP
reduction. There are at least three scenarios where enzymatic treatment could have a
positive resuit. If the pathogen molecular structure degraded by the enzyme is
involved in binding of the pathogen to the host cells, the first step required for
infection, or any other key step necessary for successful infection, then enzymatic
treatment could help. Alternatively, the binding structure on the host cell might be
modified. For example a number of bacterial and protozoan pathogens have been
shown in interact with proteoglycans on the eukaryotic host cells surface, parncularly
sulfated proteoglycans (Flekenstein, J.M. e al, Infection and Immunity 70 (3): 1530-
1537,2002). The application of enzymes such as heparinase, and N-
acetylglucosamine-4-sulfatase, or arlysulfatases could reduce the interaction and

infection.

[0096] In a second scenario the pathogen molecular structure degraded could be a
toxin that disrupts the target cell’s metabolic functions. In a third scenario, the
pathogenic component degraded by the enzyme might 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 (pblysialic acid) capsule on the bacteria surface. Although
degrading the capsular carbohydrate has no effect on the viability of the E. coli in
vifro, loss of capsule in vivo allows recoguition and control of the infection by the

host immune system eliminating lethality (Mushtaq, N., ef al. Antimicrobial Agents
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and ChemoTherapy 48(5):1503-1508, 2004). The PSA capsule allows the E, coli
surface to look like a host cell thus evading host innate immune responses. Another
known enzyme useful in the present invention is heparinase I N eutréllase, Ibex
Technologies, Canada). Many enzymes are available from commercial sources or can
be obtained from microorganisms that produce enzymes, such as bacteria, and fungi

including yeast, or can be produced recombinantly, as discussed above.

[0098] Desired enzymes can be produced by recombinant DNA techniques when
the gene coding for the enzyme is known. The advancement of rapid DNA
sequencing methodology has resulted in large public databases of proteins and their
gene coding sequences, such as the NCBI Genbank. Using rapid sequencing
technology from, for example, 454 Life Sciences (454 Life Sciences, 20 Commercial
Street, Branford, CT 06405), a typical bacterial genome can be sequenced in four
hours. A previously unknown gene of new desired enzyme from the genome can be
obtained by probing the genome using, for example, previously identified coding
sequences from the same type or similar types of enzymes described in commercial 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] If 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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microorganism, or through recombinant DNA expression methods well known in the
art.

{0100] The composition comprising an immune stress-reducing enzyme that
degrades a pathogenic microorganism may be any composition suitable for
administration to an animal, including compositions suitable for oral administration to
an animal, as described above. As noted above, the composition may comprise an
amount of enzyme that is effective to decrease the level of positive acute phase
protein (or increase the level of negative acute phase protein) in the animal and/or
improve animal growth performance. This amount may vary from animal to animal,
and from enzyme to enzyme, but readily can be determined by those skilled in the art,
for example, by measuring APP levels and/or monitoring animal growth performance,
as described above and as known in the art.

[0101] In one embodiment, the immune stress-reducing enzyme that targets a
pathogenic antigen is provided as a component of an animal feed. In one example of

this embodiment, the amount of enzyme is at least about 100,000 TU/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 antigen 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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20 plus food coloring 20 nL /100 Kg 45 WO _
2007/ 0753%8RMNIIFEAB06/ 047592 Enzyme Preparations Furt hepcivnfsosoomiison
Sanple Main Activity Use Level Endo-1,3 fl-glucanase mnor activity*
3 6 Endo- 1, 443- Xyl anase 350 AXC U ML Endo 13-1, 4-. B-glucanase
500 AGL U nL Endo-1, 4- 13- Xyl anase 350 AXC 63,350 AXC U ton Endo
13-1,4- 13-glucanase 90,500 AGL Uton 9139 IUton 7 Anyl ase xyl anase

pr ot ease
antigen. The enzyme and antigen may be administered separately or simultaneously
as part of the same or different compositions. In one embodiment, the animal is
administered a feed comprising the antigen, and is separately administered a
composition comprising the enzyme. In another embodiment, the animal is
administered a feed comprising the antigen and a feed supplement comprising the
enzyme. In another embodiment, the animal is administered a feed comprising both

the antigen and the enzyme.

[0104] The following examples further illustrate the invention, but the invention is

not limited to the specifically exemplified embodiments.
EXAMPLE 1

[0105] An animal feed comprising hemicellulase (endo-1 »4-PB-mannanase) was
prepared and administered to chickens and AGP levels were measured, as described

in more detail below.

[0106] A total of 4000 one-day-old male Cobb 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
A
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1.0 kg per ton - 8 PI-PLC 106,000 IUL 96,188 IUton or 24 MJton - 9
Anyl ase MYOQ0MAY78343. 88x106 I U ton or 470 MJton - 10 En#CTAISA808847592
Xyl anase 4500 MJ/ I, 900,000 IUWton or 225 MJton - 11 Endo 8-1,4-1, 3-
gl ucanase 1586 MJ L 634,400 Ri/ton or 159 MJton 1040 I U ton 12
Endo- 1, 413- mannanase 1092 MJ L 400,000 IUton or 100 MJton

supernatant of B. lentus fermentation broth applied at approximately 30 MU/ton in the
basal diets)., Treatment 8 was a control with no added enzyme. (1 MU =4000 IU)

{0108] The basal meal feed batches were divided evenly in eight parts and each was
sprayed with the appropriate amount of the test materials. Starter and Grower feeds
contained 90 g/ton Cobon (an anticoccidial drug of the ionophore type) plus 50 g/ton

BMD ‘(antibiotic). Finisher feeds were non-medicated.

[0109] Starter Diets were offered to all birds from day-old until 21 days of age,
Grower Diets from 22-35 days, and Finisher Diets from 36-42 days. The diets and
water were provided ad libitum. The diets were presented to the birds as crumbles/
pellets during all feeding periods, Tap water was used as drinking water and supplied by

an internal water system network.
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580 li/ton 17 ,-" - " ENd_ --- , AXU - Xy anase units
def i ned byoAdiTmsssas AGL AGL - “glucanase units defined by Adpesag200047592
approxi mate | evel nmeasured by Chenten Corp. by reducing sugar assay
[0126] Feed and water were available ad |ibitumthroughout the trial.
On Day 15, birds in treatnments 17, 18, 19, 20, and 21 were orally

i nocul ated with a m xed i nocul um contai ni ng appr oxi nat ely 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
proc eddr es ACampesition had Axuh¥eRofSHR BAshiIE xpl2med@1 DY

2007/ 075343PCT/ 1352006/ 047592 [0127] Means for cage weight gain, feed
consunpti on; d_The results arejﬁL

forth bel ow. Only, animals receiving sarpl e ¥2rfer e i nf 6teeet Sarﬁ'}hsher

Vs. Treatnent 3 T %Jm BUS Tr eat nent  AG? are 21 Day Gowth Data Avg

Live W Gai n@&lﬁy ENnzZyire evet peT et %:38%1 bulllé,?lsséh?o u472 1098

0.624 Soybean meal (48.5% CP) 34.5066 27.8363 23.3785
Fat AV Blend 1.0516 0.9915 1.1389
Dicalcium phosphate 1.761 1.2682 1.3021
Limestone flour T 1.3192 1.383 1.26
Sodium chleride 0.3299 0.3304 0.3305
DL Methionine 02135 0.0793 0.0552
L-lys.hel 0.008 -- -
Choline chloride 70% 0.05 0.05 0.05
Vitamin premix 0.25 0.25 0.25
Mineral premix 0.075 0.075 0.075
Coban, g/ton 90 90 -
BMD, g/ton 50 50 -

Calculated Analyses®

ME, poultry (kcals/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
Available phosphorus, % 0.45 0.35 0.35
Sodium, % 0.18 0.18 0.18
Lysine, % 12 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 2 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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1.438 none 6 0.2076 Rovabio 186.55 0.626 1.395 100 nL 7 0.2770
Avi zyr ne woQoe7634633 1.426 1.0 kg 8 t 0.1263 P1-PLC 196C3a50006/887592
1.406 106, 00010 9 0.3962 Anyl ase 164.05 0.622 1.434

{0111] Blood plasma samples were assayed for chicken o-1-acid glycopfotein using
an immunodiffusion based assay kit from Cardiotech Services, Inc. (Louisville, KY).
Serum samples taken from the two birds/pen were added to the test plates (5 pL per
well) and to some wells standard pure AGP was added at concenirations ranging up to
1000 pg/mL. Precipitin rings were measured using a precipitin ring measurement

scale to the nearest 0.1 mm diameter.

[0112] A polynomial equation was used to provide the best curve fit with the data
and to allow the rapid calculation of the concentration of AGP in the plasma samples

as shown in Figure 1.

[0113] The measurements of precipitin ring diameters for all the recovered chicken
serum samples and the calculated AGP concentration for each bird is shown in the
table below. The birds fed mannanase on average have a very statistically significant

decrease in the average AGP concentration compared to the control birds.
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10 0.3783 Xylanase 175.89 0.593 1.444 11 0.2647 d ucanase 182.00
4 138.22 0.645 1.421 102pMMcudzo06/04796243
- infected 252.04 0.564 1.507 none

0.629 1. 386 200v2753330178 Hemi cel |

cont r ol

42 Davy Blood Samples (y = AGP ug/ML; x=ring measurement in mm)

Treatment 3
(Mannanase)

X y
5.3 225.0
5.3 225.0
4.9 178.6
5.2 2129
5.8 289.7
5.4 2374
5.4 2374
59 303.6
5.6 262.9
59 303.6
5.2 212.9
5.4 2374
53 225.0
5.1 201.2
5.3 225.0
53 225.0
5.7 276.2
53 225.0
5.7 276.2

5 - 189.7

'

Treatment 8 (control)

X
6
6
6.1
52
7.4
54
6.2
5.9
6
6.2
6.1
5.6
5.9
6.3
6.2
7.5
7.4
7.5
7.5
6.1

y
317.7

317.7
332.1
212.9
546.9
237.4

346.9

303.6
317.7
346.9
332.1
262.9
303.6
361.9
346.9
565.5
546.9

L
e
N
th

565.5
332.1

Treatment 6
(Mannanase)

X
5.3
3.7
5.8
3.1
54
5.7
5.5
6.1
54
52

5
6.1
5.5
5.5

&
5.4
3.6
4.4

225.0
276.2
289.7
201.2
237.4
276.2
250.0
332.1
237.4
2129
189.7
332.1
250.0
250.0
317.7
2374
262.9
127.2
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[0128] We found that commrercial feeds conprising standard amounts of
anyl ase, Wo3ds@lsamase, 1, 4-glucanase, xylanase and Pl - PegudbddeaPisor
reduce AGP |l evels. Indeed, only hem cel |l ul ase (endo-1, 4-f 3- rannanase)
showed a significant effect on AGP levels. Additionally, conparing
treatment 1 and 17 clearly shows that AGP is a highly responsive APP

i n chi ¢kens' because infection increased the AGP level 82 jig/m. See
also Figure 3. 47 EXAMPLE 4 [0129] Test aninmal feed conprising
1,3-3-glucan is formulated to include 1,3- P-glucanase at a
concentration o 40t0 0(% 11 5(100 ChentGen MJ) per ton feed. The test
animal feed is AJfTMEtel ed to t epteatiienk8sontb)| © ConLreAtment 6kens
recei ve the sane" antdts® eed (conprising 1, 3- 0-gPucan) Memeanase)

1, 3-P-gluca . After nd 42 days on this_reginmen, blood serum
AGP. | evel s ‘ar %’eassessed%%'%descri bed above. Cﬁ%gens recei ving the 250.3
enzynme-for ated ani malydfged have significan | ower |evels of AGR

t han contror?bani mal s. Tr?tas'€est chi ckens al so yfﬁ?bit greater feed 51.3
efficiency @pd inprovediyebght gain as conparféisﬁo control chi cken320 50
EXAMPLE 5 [01301 Test aninmal feed conprising a source of bacterial“™
DNA (e.g. Biolys Lysine or other fermentation product containing cell
product s) :3};%13 hug at e§-9[4§'8$1c| ude non-specific nucl eas® Tket i wed8 G.00H193
t he Cyanobact eri um Anabaena sp. 7120 (NucA), one of the npbst active
non-speci fi ¢ nucl eases known (Weiss, G et at, Eur. Biochem 251(3):
924-934, 1998). The enzynme is added at a concentration of 1 X 107

Kuni tz Unit E22kWPid Xg feed or approximately 1 ng (pure basis) per kg

of feed. The test animal feed is adm nistered to test chickens, while

control chi r jve the sane .anjnal feed (co ri si ng bacteri al
DNA) wi t houid(ﬁorﬁ- s‘%gog*l?’i ec?‘pﬁﬂg}eé‘gewg h@mg}ehgl%sg grc))lrs“?ﬁzmg%@a%ﬁi WaS s
regi men, bl oonthesduniAGR e6eeinferd RoRsSEhickeas (HPS&sIREH VHBPYE birds per

Chi ckens recei vi%r&?e enﬁ}me-f_orrml ated ani mal feed have

si gni fi cant Py 8%&AcS 898 PEIBY 4% t han control animals. EXAMPLE 6
[0131] Test animal feed conprising neat and bone neal, blood neal or
ot her ani ma[01ds&| i ViReatenpt q8diiiol}: SFde@rdmil h Bt .
phosphat i dyl serj ne ,gecar bog Iase) at a cor?g{gﬁ%%m%ﬁ%@gﬁgs?r%%dp%t
111/t on of p%lgﬁmg ¢ centrahfopmnlatign.ands3 536 spritiol wiithdbrowntfesd dye, applied
chi ckens, whi 109 @Dy @Eedchi ckens receive the sane ani mal feed without
phosphati dyl seri ne decarboxyl ase. After 21 days or 42 days on this
regi men, bl @ﬁi 43_ WO 2087/ 075343PCT/ US2006/ 047592 serum AGP | evel s
are assesselVtd8] qdEedimsan Lt ded peihout BMD\spmyedivestepalistivg with a
fornul at ed egtitra forn@egtibayemphignt Bsopddrbioll :
control ani s. .EXAMPLE 7 F0135{35Testwzgﬂi%%cjgg%ﬂsooﬁyﬂﬁé 15'?@‘%? gr
pl ant deriv Refedi s formulated to include an O-mannanase and/ or

1, 3-(3-glucanase enzynes derived fromB. |entus, each at a

concentrat i [10f Z0EatRRAt 1:1RetAPrabd heaTbelEhge Rﬁﬁ{amﬁ&%%%;%]rgsing

adm ni ster to test chickens, while control chickens recerve t

sane ani mal "48¥ '\%f‘?% oz triirinannasaseg denived fromyBuleutrasappliad el 0@ l/ton
days or 42 fiags on this reginmen, blood serum AGP | evel s are assessed
as descri bed above. Chickens receiving the enzyne-fornul ated ani nal

feed have sjgniLficantly | ower vels of AGP than control aninals.
EXAVPLE 8 [@gggj %%GEEWFE'J 'xé"ﬁiﬁi éfﬂéw%mth Rerovedes sempasitian (wlded duto(the

convent i ONahix&ehiod /Y F g e; alp acl .
gl ycoprotein (AEP) i nﬁ??}ﬁ%&@i%gﬁ&fﬁnﬁ%ﬁ?ﬁ@éﬂg}@gé i%%}p@ol\iiarpgﬁ\%aélaa?)owed
per f or manceToMH? /gupe pt 4348 Of eerspetitien addedgtqefesd 6 pbvideol 00 ML/ key of
(initial plpeenEMiiy = 051';_75 treatments were replicated in 8 bl ocks,

random zed within bl ocks of “six pens each: No. Birds/Treatnent 88 No.
Reps/ Treatnment 8 Total Treatnments 6 Total No. Pens 48 Total No. Birds
528 [0134][066 t Teachiskens wate kmpeli s thesstare of theadperimgnenzymes i n
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49 WD 20071075343PCT/ US2006/ 047592 anal yzed for AGP. (1 MJ --= 4000
U Treatwermodses a control feed without added enzynepcir@k3fmkorzes
was m xed to assure uniformdistribution of basal feeds anong
treatnments. Al enzynmes were m xed (sprayed on) to assure a uniform
distribution of test enzynes and to assure simlar feed condition

bet ween treatnments. Each tine treatnment feed was nmade, a sanple from
the beginning, mddle, and end of each treatnent feed were m xed to
forma conposite sanple. One sanple was taken fromthe conposite for
each treatnent, and for enzyme |level verification. [0136] The turkey
diets fed in this study to Treatnents 1 and 2 are described in detail

bel ow i n ol ] Tap). show. t C sition_ of
conmponent ts[@ﬁ!to eﬁgg}&%ui a%lg?r %ﬁ?erdl égﬁb%ﬁ‘g'\?reﬁq %ﬂeég%yf ﬁ:@l% BFoRshEakLEsted
nutrient ¢ faisheg(daystIsed2) Seads math the SdlowiBhengiosttionawersnspd 588 baki ve
of what mgglak. be used in a commercial turkey grow ng operation and
thus the diet is adjusted several tinmes throughout the 20-week
period. Diet conpositions were changed at 6, 9, 12, 15 and 18 weeks.
[0137] The diet conpositions atEEBetedhadmayatsare slightly different
for Treatnents 1 and 2. It is well known that Hem cell e mannanase has

the ef f eCiy@hent A ing | ef fective enegr cont ent off 1.eeds (See
US Pat eni—8, 1651;,%&?@ Eqr % at' reason, thh rog‘%/eéts of TredthiBfeer1 are

for nul at pemPOIfREARL, cal Piddysy t han the d:io%% of Treat ”E'%ogﬁ ol nor der
A i

to mnim between Trleat nents 1 and 2 t he

pur pose pfradeiBosinidy. 50} 22.09redi ent conpagition and cgleyd at ed
nut ri ent {tevets—0=9-weeks—Per+od—0-6-weeks6-9 weeks {Treatnment 1

Treat menf Ft “%reat nent 1 Traa#3ent 2 |ngrledicamt (% with| 3dsgs

HEE® R AR L I S, Sure ju vpiy pre )

Her ni ael &rl) Fem cettr)——Corn 467+ 39—53—314-51+-—+9
alCr '

um % 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 1 0.8 0.18
Lysine % 1.205 1.0302 0.9014
Methionine 0.5446 0.3838 ‘| 0.3435
Met + Cys 0.92 0.72 0.65
39
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Soybean neal 37.15 37.40 29.30 29.50 Poultry neal 9.00 9.00 9.00 9.00
Poﬁl try Feo 200780533365 3. 50 4.65 Linmestone 1.20 1.20 1.2bctwdzokhoead:
phosphate 18.5 2.70 2.70 2.35 2.35 Salt 0.325 0.325 0.315 0.32 DL

Met hi oni ne 0. 315 0. 315 0. 245

Added Ingredients
Ingredient Starter Grower Fiﬁisher
Limestone 0.8291 0.7674 0.9012
Salt 0.2696 0.2698 0.2702
D-L Meth 0.1963 0.0682 0.0532
Chotlinte Chloride 70% 0.0500 0.0500 0.0500
Dical P 1.6869 1.4088 1.2295
Fat 0.6517 0.4751 0.8162
Com 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] On day 21 approximately 3 ml of blood were collected from 3 birds PET 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 o 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)

40
WASH_1767555.1



0.25 L-Lysine-HCl1 0.41 0.405 0.335 0.34 Vitamn pre-mx 0.25 0.25

5
0. 25 0. 25ypraemgaaaeral s 0.075 0.075 0.075 0. 075 Chol i n@c%sgam’mg;sgz?,
0.135 0.085 0.085 Copper sulfate 0.05 0.05 0.05 0.05 Coban 60 glib
0.055 0.055 .0.05 0.05 BMVMD 50g/1b 0.05 0.05

out of the diet creates a large and significant increase in the plasma AGP level
(compare Treatment 1 and Treatment 2). The addition of either hemicellulase (endo-
1,4-B-mannanase) formulation into the no-BMD diet (Treatments 3 and 4) restored the
AGP to the level seen with antibiotic use, indicating a significant reduction of

immunological stress.

Treatment 1 2 3 ' 4
AGP Avg. 214.35 267.99 220.28 233.09
SD 62.16 82.42 68.58 67.73
CcvV 29.00 30.76 31.13 29.06
TTest P 0.003055 0.008952 0.03919
V8. Trt. 1 Trt. 2 Trt, 2
TTest P 0.234892
Vs, Trt. 3
T Fest 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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0.05 0.05 Hemicell(r) 0.0125 0.0 0.0125 0.0 Crude protein (% 28.00
28. 00 24.v602do7m7&3 (Kcal /1 b) 1323 1323 1408 1407 Cal ci upciiis2dbet8dor

1.484 1.462 1.462 A. Phosphorus (% 0.797 0.797 0.764 0.763 51
Peri od: 0-6 weeks6-9 weeks

Growth Performance

Day
21
FCR' | Pval. | g Wt. adj. Cvof | P
gain | Pval. FCR? P val. D? val,
T1 | 1.394] 0.150 | 0.693 |0.016 1379 | 0017| 1381 | 033
T2 | 1412 0,657 1.424 14.77
T3 | 1404 | 0.605 | 0.673 |0.197 T.404 | 0248 | 14.03 | 046
T4 |1.407 | 0.740 | 0.670 | 0459 1410 | 0551 | 1440 | 0.69
Day
42
T1 |1.776 | 0.006 | 2.102 | 0.189 1772|0007 1123 | 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 | 1761 ] 0.0001 | 2.060 | 0.572 1772 | 0.003| 1038 | 0.95

' FCR= Feed conversion

> Wt. 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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Treatment 1 Treatnent 2 Treatnent 1 Treatnent 2 Ingredient (%9 wth
with  Hewboehddssds Hemicel | (r) Lysine (% 1.794 1.793peqRR3nckodRl
Met+Cys (99 1.179 1.177 1.018 1.021 Ingredient conposition and

calculated nutrient |evels, 9-15 weeks Period: 9-12 weeksl12-15 weeks

Treatnment 1Treatnment Treatnent 1Treatnent Ingredient (%9 wth
Herniaell (r)2 with2

EXAMPLE 3

[0125] The ability of other enzymes commonly used in animal feed 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% 6.05
Vitamin premix 0.25
Mineral premix 0.075
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Hem cel |l (r) Corn 56.8855.55 62.4561. 05 Soybean neal 24.5524.75

21. 1521. 400Roatkrsaas meal 9. 009. 00 7. 007. 00 Poul try Fat S5pR@Riszade/oa7592
5.006. 15 Linestone 1.201.20 1.151.15 Dical phosphate 18.5 1.951.95
1.751.75 Salt 0.320.32 0.320.32 DL Methionine 0.220.22 0.300. 30

L- Lysi ne-HC1 0. 3150. 315 0.420.42 Vitam n pre-m x 0.250.25 0.250.25

Trace mnerals

Ingredients

LOME
ME,, pouliry (kecals/kg) 2960
Crude protein, % 22.0
Crude fibre, % 2.8899
Fat, %, 3.1439
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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0. 0750. 075 0.0750. 075 Choline C

60% 0. 0850. 085 0. 0150. 015 Copper

sul fat e GvO2607@5543050. 05 Cohan 60 eh 0. 050. 05 0. 000. 00 pB¥Rs2fgHL B2

0. 050. 05 0. 050. 05 Hem cel |

0.01250.0 0.01250.0 52 WO

2007/ 075343PCT/ US2006/ 047592 | ngredi ent conposition and cal cul at ed

nutri ent

| evel s,

w th2 Hem cel | (r)

15-20 weeks

Peri od:

Hem cel | (1) Corn

Enzyme Preparations

15- 18 weeks18-20 weeks
Treatnment I1Treatnent Treatnment 1 with Treatnment 2 Ingredient (%

Sample enzyne assay data | Stock vol | Diluent | Notes Use Level
3 - n.d. 20 plus food | 20 mL
1 coloring | /100 Kg
6 Adessio, Rovabio 10 10 20 mL
Rovabio comrmercial /100 Kg
Excel LC product '
7 Danisco, Avizyme Solid - 100g
Avizyme commercial | product /100 Kg
(1500 product
Granular)
8 PI-PLC 106 U/mL 50 - 1.0 mL
Kg
9 Genencor 20 mL
Amylase /100 Kg
FRED _
10 Genencor 20 mL
Multifect X1 /100 Kg
11 Dyadic 20 mL
Brewzyme /100Kg
BG
12 Hemicell 1092 13 12 20 mL
MU/L /100 Kg
17 - n.d. 20 plus food | 20mL
coloring | /100 Kg
(1 MU = 4000 IU)
45
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67.2565. 85 70.6069. 15 Soybean neal

17.9018. 15 15. 6015.85 Poul try neal

5. 005. 00 woQ@d@%s4poul try Fat 6.007.15 6.507. 70 Li mest operAsQfitoPRez

0. 850. 85 Di cal

phosphate 1.501.50 1.231.23 18.5 .
0. 340. 34 DL Met hi oni ne 0.2050. 205 0.1930. 193 L-Lysi ne-HCl

Salt 0.330. 33

0. 3400. 340

0. 2350. 235 Vitam n pnx 0.250.25 0.250.25 Trace mnerals 0.0750.075

Enzyme Preparations Further Information

Sample Main Activity Use Level Endo-1,3 fi-glucanase
minor activigy*
6 Endo-1,4-8- Endo-1,4-8-Xylanase | 9139 IU/on
Xylanase 350 AXC
350 AXC u/Ml 63,350 AXC Ut/ton
Endo 5-1,4- Endo B-1,4-
B-glucanase B-glucanase
500 AGL U/mL 90,500 AGYL U/ton
, 7 Amylase 1.0 kg per ton -
xylanase
protease
8 PI-PLC 96,188 IU/ton or -
106,000 TU/L 24 MU/ton
9 Amylase 4700 1.88x10° TU/ton or -
MU/L 470 MU/ton
10 Endo-1,4-11- 900,000 IU/ton or -
Xylanase 225 MU/ton
4500 MU/L
i1 Endo 8-1,4-1,3- 634,400 IU/ton or 1040 IU/ton
glucanase 159 MU/ton
1586 MU/L
12 Endo-1,4 R- 400,000 IU/ton or 580 IU/ton
mannanase 100 MU/ton
1092 MU/L
17 -

ChemGen MU = 4000 IUJ; 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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0.0750. 075 Choline O 60% 0.020.02 0.020. 02 Copper sulfate 0.050.05
0. 050. 05 wH 300706333907/ 075343PCT/ US2006/ 047592 Peri od: pﬂ;‘ﬁm@&mﬁmﬂsn

weeks18-20 weeks Ingredient (9% Treatnent 1Treatnent

wth

Hem cell (r) Treatnment 1 with Treatnment 2 Hemicell (r) Coban 60 gab

0.00 0.00 0.00 0.00 BMD 50g/Ib 0.05 0.05 0.05 0.05 Hemi cell

0.0 0.0125

-

0. 0125

[0127] Means for cage weight gain, feed consumption, and feed conversion are

determined. The resulis are set forth below. Only animals receiving sample 17 were

infected.
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
0.2076 Rovabio 186.55 0.626 1.395 100 mL
7 0.2770 Avizyme 160.44 0.633 1.426 1.0 kg
8 b 0.1263 PI-PLC 196.35 0.650 1.406 106,000 1U
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 1.421 102 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
ug/mkrL. See also Figure 3.

.
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0.0 Crude protein (% 17.5 17.5 16.0 16.0 ME (Kcal /1 b) 1539 1539 1570
1570 Cal ciwom{Ag7583982 0.982 0.82 0.82 A. Phosphorus 0. 4@@,@26@@4Q9ﬁ1
0.41 (% Lysine (% 1.10 1.10 0.93 0.93 Met+Cys (9% 0.791 0.791

EXAMPLE 4

[0129] Test animal feed comprising 1,3-B-glucan is formulated to include 1,3-
B-glucanase at a concentration of 400,000 IU (100 ChemGen MU) per ton feed. The
test animal feed is administered to test chickens, 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 Anabaena 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 107
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

48
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0.74 0.74 54 Diet analysis with returned feeds, 0-12 weeks

Tr eat mentwd 20674drdgat ment 2 Hem cellO Nutri ent Cal cul at @@Tﬁjggéomgggz
0-3 | Cal cul ated weeks Anal yzed Protein 28 27.46 28 27.57 Fat 4.
4.03 5.3 4.99 Calcium1.48 1.38 1.48 1.45 T. Phosphorus 1.02 0.96

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

formulated animal feed have significantly lower levels of AGP than control animais.
EXAMPLE 7

[0132] Test animal feed soy meal or other plant derived meal is formulated to
include an a-mannanase and/or 1,3-B-glucanase enzymes derived from B. lentus,
each 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 d-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 a1 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 81
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

49
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1.02 1.08 Hemicell units 100 70.1 0 8.9 3-6 weeks Protein 28 25.90
28 27. 17 wetweyn253%301 5.3 5.16 Cal cium 1. 4_8 1.63 1.48 1pbZ/UK2006/047592
Phosphorus 1.02 1.15 1.02 1.12 Hemcell units 100 99.3 0

analyzed for AGP. (1 MU = 4000 IU) Treatment 2 was a control feed without added

enzyme.

[0135] Feed was mixed to assure uniform distribution of basal feeds among
treatments. All enzymes were mixed (sprayed on) to assure a uniform distribution of
test enzymes and to assure similar feed condition between treatments. Each time
treatment feed was made, a sample from the beginning, middle, and end of each
ireatment feed were mixed to form a composite sample. One sample was taken from

the composite for each treatment, and for enzyme level verification.

[0136] The turkey diets fed in this study to Treatments 1 and 2 are described in
detail below in the following tables. Tables show the composition of components, the
calcula.ted nutrient levels and finally some measured nutrient values with the returned
feeds. The diets are representative of what might be used in a commercial turkey
growing operation and thus the diet is adjusted several times throughout the 20-week
period. Diet compositions 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.

50
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8.9 6-9 weeks Protein 24.5 23.42 24,5 24.17 Fat 6.3 6.33 7.4 7.00

Cal ci um ]“Ié&(](iqj(ﬁ@&;& 46 1.65 T. PhOSphOf us 0.96 1.09 0. 96(}%{[@5@006/947592
Hem cell units 100 138.6 0 14.4 55

Ingredient composition and calculated nutrient levels, 0-9 weeks

6-9 weeks

Period: 0-6 weeks
Treatment 1  Treatment 2 Treatment 1 ‘I're:.atment 2
Ingredient (%) with with
Hemicell® Hemicell®
Com 46.77 45.39 53.14 51.79
Soybean meal 37.15 37.40 29.30 29.50
Poultry meal 9.00 .00 9.00 9.00
Poultry Fat 1.50 2.65 3.50 4.65
Limestone 1.20 1.20 1.25 1.25
Dical phosphate 18.5 2.70 2.70 2.35 235
Salt 0.325 0.325 0.315 0.32
DL Methionine 0.315 0.315 0.245 0.25
L-Lysine-HC! 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 Cl 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/1b 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
51
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Treatment 1 withTreatnent 2 Hem cellO0 Nutrient Protein Fat Cal ciumT.
Phosphor ugoberiesdsh units Cal cul ated Anal yzed Cal cul at eﬂcmbm@ﬂysgz
9-12 weeks 22.5 7.9/8.0 1.35 0.86 100 22.61 7.91 1.37 O. .
22.5 9.0 135 0.86 0 23.61 9.02 132 0.90 12.0 56 WO

2007/ 075343PCT/ US2006/ 047592

3

Period: 0-6 weeks 6-9 weeks
Treatment 1  Treatment 2 Treatment 1 Treatment 2
Ingredient (%) with with
Hemicell® Hemicell®
Lysine (%) 1.794 1.793 1.502 1.501
Met+Cys (%) 1.179 1.177 1.018 1.021

Ingredient composition and calculated nutrient levels, 9-15 weeks

Period: 9-12 weeks 12-15 weeks
Treatment !  Treatment Treatment 1 Treatment
Ingredient (%) with Hemicell® 2 with 2
Hemicell®
' Com 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 0.32 0.32 0.32 0.32
DL Methionine 0.22 0.22 0.30 0.30
L-Lysine-fIC] 0.315 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 .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
52
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Diet analysis with returned feeds, 12-80 weeks Treatnent |
W t hTr eat%ﬂrﬂﬁe'ﬂom celle) Nutrient Cal cul ated Anal yzed rCalienab@toatso:
Anal yzed 12-15 weeks Protein 20 20.49 20 21.09 Fat 7.79 8.25 8.89

9.03 Calcium1.19 1.16 1.19 1.09 T. Phosphorus 0.76 0.78 0.76 0.77
Hemicel | units 100

Period: 9-12 weeks 12-15 weeks
Treatment 1 Treatment Treatment 1 Treatment
Ingredient (%) with Hemicell® 2 with 2
Hemicell®
Crude protein (%) 22.5 225 20.0 20.0
ME (Kcal/lb) 1469 1469 1490 1490
Calcium (%) 1.35 1.35 1.19 1.19
A. Phosphorus (%) 0.681 0.681 0.59 0.59
Lysine (%) 1.350 1.350 1.298 1.298
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®
Com 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 Cl 60% 0.02 0.02 0.02 0.02
Copper sulfate 0.05 0.05 0.05 0.05
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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. 2kw@abwiowsns®. 98 0. 96 0.98 0.94 T. Phosphorus 0. 6bc®uSH06oHH92

0.70 Hem cel

units 100 98.6 0 5.6 18-20 weeks

Period: 15-18 weeks 18-20 weeks
Treatment 1  Treatment Treatment 1 with Treatment 2
Ingredient (%) with 2 Hemicell®
Hemicell®
Coban 60 g/lb 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
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 (%6) 0.791 0.791 0.74 0.74
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Protein 16.0 15.95 16.0 15.14 Fat 9.14 8.93 10.29 10.39 Calcium 0. 82

0.79 0. 82w0.2807/0Fs3sBPhosphorus 0.57 0.61 0.57 0. 65 Hem celplorriizim/od B
[0138] Bl ood was obtai ned at

113.4 0 13.6 dycoprotein Measurenent:
fromfour birds per pen selected at

the end of the tri al

random from

treatnments 1,2, and 5. The bl ood was collected into tubes containing
m xed then centrifuged to precipitate the whole

EDTA anti coagul ant,
cells.

pl ates were obtai ned from Cardi otech Services (Louisville,

57 WO 2007/ 075343PCT/ US2006/ 047592 [ 0139] Turkey AGP test

KY). The

AGP test is an i mbielotisdifsisivith ledanttd Reds, 0B@bel4o! unes of test or
serum sanpl es were added into the i munodi ffusion plate wells as
recomended by t he—rertf-acttH } i

roomt enperature,
rings was mneasured.

t he di amet q

[0140] A

br ofTredtentdsnitit | ng i mMmundpeseipi ati on
sanpl dlepficef@ i fi ed turkey AGP standard

provided in the kit

eﬁtESt [

standard curve as showmn in F

devel oped fromthe standards

AGP |l evel in the tesl; §arrpl e
rotem

Fat

Calcium

T. Phosphorus

Hemicell units

Protein
Fat

Calcium

T, Phosphorus

Hemicell ynits

Protein
Fat
Calcium

T. Phosphorus

Hemicell units

WASH_1767555.1

5. %%

4.2,
1.48
1.02
100

28
4.2
1.48
1.02
100

24.5
6.3
1.46
0.96
100

fE R o ste

was used to cal @us afegkd he turkey plasna

27.46
4.03
1.38
0.96
70.1

25.90
4.01
1.63
1.15
99.3

23.42
6.33
1.69
1.06

138.6

35

28
5.3
1.48
1.02
0

3-6 weeks
28
5.3
1.48

1.02

6-9 weeks
24.5
7.4
1.46
0.96

fit

to-ake—a
on

27.57
4.99
1.45
1.08

8.9

27.17
516
1.52
1.12

8.9

24.17
7.00
1.65
1.06
144



Cal cul ation of AGP levels and statistical analysis with Students T

t est Hemwehboipgsagnase (Treatnent 1) mmAGPoutlier 5. 22§érf}i]sf00§,m},926
Control (Treatnent 2) nmAGPoutlier 5.7304.5 5.1218.4 5 205.

288.9 5 205.7 5.3 245.1 5 205.7 5.1 218.4 51218451218.4 5.3

245.1 5.9 337.3 6.1

Treatment I with " Treatment 2
Hemicell®
Nutrient Calculated  Analyzed | Calculated  Analyzed
9-12 weeks
Protein 22.5 22.61 22.5 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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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.W0 2007/07805. 7 5.4 259.2 5.2 231.5 5.1 218.4 S5SppbrAkdecddrss:

245. 1

Diet analysis with returned feeds, 12-80 weeks

Treatment I with Treatment 2
Hemicell ®
Nutrient Calculated Analyzed | Calculated Analyzed
12-15 weeks
Protein 20 20.49 20 21.09
Fat 7.79 B.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 9.78 921
Calcium 0.98 0.96 0.98 0.94
T, Phosphorus 0.65 0.68 0.65 0.70
Hemicell units 160 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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5.7 304.5 5.1 218.4 5.1 218.4 5.6 288.9 4.7 170.2 5.6 288.9 5
205.7 6. 08036@/035344. 5 148.5 5.6 288.9 5.3 245.1 5.4 259cZus0di0#3d 5

5 205.7

[0139] Turkey AGP test plates were obtained from Cardiotech Services (Louisville,
KY). The AGP test is an immunodiffusion based test. Equal volumes of test or
serum 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.

38
WASH_1767555.1



59 WD 2007/ 075343PCT/ US2006/ 047592 Qutliers >2 std. deviation from
mean renwedod7@?3833d The average plasma AGP for the enzyperikfatedse
group was significantly less than the untreated control. For this
anal ysis, one outlier was renoved fromthe anal ysis from each group.
These may be birds that experienced an unusual anount of stress due
to injury 6r infection. The reduced AGP caused by enzyne feedi ng was
60 WO 2007/ 075343PCT/ US2006/ 047592 correlated with statistically
significant inproved |live bird performance as shown bel ow in

Treat ment 1 C4TeHIAGOAYEAGP. ie@l@ﬁﬂﬁ@t’ﬁhsaaal HQ?SVW%%E %ﬁ%& Pen

Hem cell Weight Mart # Mort. Wi ght Fee ive W
Gain CVin -ght—140e--3—200-26-0-0487.35 2.434 18 147 5 766 7

193.3 0 O emicell mannanase (Treatment 1)  Control (Treatment 2)

mm AGP outlier mm AGP outlier
5.2 2315 5.7 3045
4.8 181.6 51 2184

5 205.7 56 288.9

5 205.7 53 2451

5 205.7 5.1 2184
5.1 2184 5.1 2184
5.3 245.1 59 3373
6.1 372.3 5 2057
5.8 320.6 6.3 4096
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 51 2184
5.5 273.8 53 2451
5.7 304.5 5.1 2184
5.1 2184 5.6 2889
4.7 170.2 5.6 2889

5 205.7 6.05 363.3
4.5 148.5 56 2889
53 245.1 54 2592
5.2 231.5 5  205.7
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479.55 2.481 17.512 7.426 14 143.95 3 10.817 389.05 2.514 17.934
6. 857 21 w64odb/o3s:A4. 205 448.70 2.383 18.172 4.411 29 18pc®ub2ddcEe:
448.90 2.403 18.521 6.092 36 161.1 2 16.49 419.90 2. 364

lﬂemicell mannanase (Treatment 1) Control (Treatment 2)
mm AGP outlier mm AGP outlier
4.4 138.3 5 2057
4.3 128.4 5.2 2315
6.35 419.3 5.4 2592
4.9 193.4 4.8 181.6
5.65 296.6 5 2057
5.2 231.5 5.2 2315
5 205.7 54 2592
4.8 181.6 49 193.4
52 231.5 5.1 2184
7.5 687.1 42 118.9
5 205.7 6.5 449.3
Ave 226.4 260.5
Std.
Deviation 63.4 74.6
(0874 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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17.839 8.352 37 182.1 1 7.611 443.70 2.339 18.150 5.944 47 182.55 1
13. 115 4480Q@80727:335 18. 195 3. 405 Avg. 445.78 2.402 1BCcD©82006/00382 T
Test P val 0.05 0.01 0.05

correlated with statistically significant improved live bird performance as shown

below in Treatment 1 (mannanase) vs. Treatment 2.

140 Day Growth Resulis
Hemicell
Feed Live CVin
Mort. Mort. Consu Feed Wi weight
Pen  Weight # Weight med Conv. Gain 140d

3 200.25 0 0 487.35 2.434 18.147 5766
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 18172 4411
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 3.944
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, Trt2

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 1465 466.25 2.411 17.810 9.717
23 141.95 3 21.912 38940 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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Vs. Trt 2 Control 5 144.1 2 13.085 389.00 2.475 15.950
14. 518 13Av®26074076540 486. 70 2. 482 17.766 5.288 13 178. 7 pCT/US2006/047592

Hemicell
Feed Live CVin
Mort. Mort. Consu Feed Wi weight
Pen Weight # Weight med Conv.  Gain 140d
42 159.25 2 10.814  409.40 2.407 17.635 5.054
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 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

meagurements 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
corm-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 2 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

62

WASH_1767555.1



1 14.65 466.25 2.411 17.810 9.717 23 141.95 3 21.912 389.40 2.376
17. 684 8.W020287806.2 0 0 482.10 2.535 17.231 9.331 35 104ama6ds@47502

486.25 2.500 17.622 9.722

used a combination composition in accordance with the invention , comprising
1,4-B-mannanase at 100 MU/ton of feed and 1,3-B-glucanase at 60 MU/ton of feed.
Treatment 1 was a control feed without added enzyre. (1 MU = 4000 )

[0146] Feed was mixed to assure uniform distribution of basal feeds among
treatments. All enzymes were mixed (sprayed on) to assure a uniform distribution of
test enzymes and to assure similar feed condition betweén treatments. Each time g
treatment feed was made, a sample from the beginning, middle, and end of each
treatment feed were mixed to form a composite sample. One sample was taken from

the composite for each treatment, and for enzyme level verification.

[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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61 WD 2007/ 075343PCT/ US2006/ 047592 Hemi cel | FeedLiveCV in Mrt

Mor t Commfvegdoofh7ases ght Pen Wei ght #Wei ght nmedConv. Gai n1g@fusfdsddrSo225
2 10.814 409.40 2.407 17.635 5.054 48 176.65 1 9.05 459.10 2.472
17.605 4.772 Avg. 446. 03 2.457 17.413

6-week Growth Parameters )
Average .
s . . Weight-
| Mortality Live Feed .
(%) Weight | Conversion' Adjusted F eezd
(Ibs) Conversion
1.754 5.406% 1.5004 1.520%
1.50% 5.484°8C 1.49548 1.50248
1.50% 5.540¢ 1.467C 1.465C
o aeoMU/to%)' ;
T8 and.m o 3a2st 5.718° 1.420° 1.389°
o _ 13 B—glucanase
. (60" MU/ton)

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

[0149] Note 2: Weight-adjusted feed conversion for each treatment is caleulated 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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8.302 [0142] Birds receiving feed with mannanase had greater average

wei ght gawo 2b/03534% decreased feed conversion by 2.3 %afdiseRehease
in the CV (coefficient of variation = std. deviation/ nmean) of body

wei ght uniformty. The reduction in inmune stress as indicated by
reduced AGP serum | evels correlated wth several neasurenents of
growt h’i npriovenent. EXAMPLE 9 [0143] In this exanple 1,4-P-nmatnmanase
fromB. lentus, 1,3f3-glucanase fromB. |entus, and a conbi nati on of
the two enzynes were added to feed (a conventional corn-soybean

diet). Each [0R20jneli coaaparoh tb TRsamest 1 {é8uanOoMkePEA
week ol d Ni ctgol asﬂbg emal e tur k@g chth ?lgsu tg?achél)%vegﬁﬁTﬁﬁénentB
ex ga

conbi nati on ¢ aanaangsey b rmereailyrisspyed avemigalig Wl'ght and a
treatnents usinitgicany Ym@ﬂﬁreﬂf(déé?@asgﬁbzﬁég@ Sondeltdd] Sm?arf)?( %%Eééﬁ{gns ?éceg/mg

80 pens of female ]%ﬂer he treatnments were repll
(10) bl oc ks g pghed {#eﬁrgbmewebhﬂcbmtyawcaﬂmmﬁc@tamgmné

negative co 'htvél%hb IFARAGPRZAE av\ététiynw g{ﬂc&ﬁ# 1m8%)8%'§ ige%ﬁa}?ﬁi\gﬁfzi

used a conposition conprising an i ress-r
accordance WPEWIE®E- i nvention, 1, 4-13-marnanase at 100 MJ ton. of
feed. Treatnent 6 also used a corrpositi on conprising an inmune

stress-redugprsyie

1, 3-j 3-gl ucgnase} 2% ¥ g%g%r g%c It %Eﬂj tﬂ{lg%te%gee%thacombmauon of
2007/ 075343 #ﬁﬁm&mﬂm%ﬁ gldcazaso)rimdmtumuzlmmfga dthttich )y significant
accordance r| sin se at. 100
MJ t on of fg%g&jﬁg%fb%\égﬁ%uca ace &t %Hgﬁbpﬁﬁeﬁ?’%igg‘é%? Y spgbicaing 1
was a cont r émpraved (dmrmgd) feedd ednenmgipnn@he (rekuNhJo‘e‘se‘if@é);Dwiiﬁ)l‘rezit&?eﬁﬁ% were
Feed was m n strifhutio s f eeds anong

treat nents. %&%gé‘?@wsﬁ\?gre ’épl%ﬂ?ggj &f th’ w&@zameﬁﬁ%mtered
di stributi omcb'{ndUEBy @hus; nhs mmm@smumﬁﬂ dOnhRisine ¢ -G nkhAB and
bet ween tregt,_,’n&g% é a treatnent feed was made a sanple
fromthe begin anﬂ*?"d%iff’ uced ah uncAPeiedly daree imRIaYERent iegrowsh performstce.
to forma corrp05|te sanple. One sanple was taken fromthe conposite

for each tr EXAMRLE &hd for enzyme |evel verification. [0147] The
turkey diets fed in this study are typical commercial turkey feeds.

The diets a pr v ed in.a conmercial

turkey gr ovvlmr?\lgSﬁ peyr? a tc?%gﬁél f ﬁﬁs"gogﬁ%anﬂgee%m HpStvdaelysangse from B.

weeks. The st and esuinbmahon of tisivwestizymks v&r@a@dua 18 f3EE §E&¥%nh8nal
6- Wee

the table b v 2007/ 075343PCT/ US2006/ 047592

Par amet er s ‘%@V&Q}’g ‘¥Da %%c SPZRBT frggtmept EWV%BF%Q@W\L@WW ln 35-

Feed Conver dayosld vl MrsterAfidkehs %ﬁ?ﬁbs@@d"ﬂ’c‘?ﬁé}eﬁ'ﬂ}%hc 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-glucanase at 70 MU/ton 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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on g 1.75 A 5406A 1500A 1.520A T3 ',47 'mannal/l ase .
"L LU 'WOoh00wTARY, ton) 1. 50A 5.484ABc 1495 AB 1. 502A8CT/US2006/047592

3. EJ neankl e : i

xyloglucanase at 100 MU/ton of feed and 1,3-B-glucanase at 60 MU/ton of feed.
Treatment 1 was a control feed without added enzyme. (1 MU = 4000 ).

[0155] Feed was mixed to assure uniform distribution of basal feeds among
treatments. All enzymes were mixed (sprayed on) fo assure a uniform distribution of
test enzymes and to assure similar feed condition between treatments. Each time a
treatment feed was made, a sample from the beginning, middle, and end of each
treatment feed were mixed to form a composite sample. One sample was taken from

the composite for each treatment, and for enzyme level verification.

[0156] The diets fed in this study are typical broiler chicken feeds. The diets are
representative of what might be used in a commercial broiler growing operation and
thus the diet was adjusted after 3 weeks. The growth results for Treatments i, 4,5,
and 6 after 35 days of growth are shown in the table below:
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1, 5- 13- glwipaod7asss4s (60" MPit On) : .
[0148] Note 1: Feed Conversion is nortality corrected.
Wi ght - adj ust ed feed conversion for each treatnent
(a) the average live weight of the entire test

foll ows:

fromthe average |live weight for the treatnent,
A, (b) Quantity A is divided by 6,

,ton 1.50A 5.540c 1.467 c 1.465c

-annari aSe
' 3.25A 5.718D 1.420 D pc388806/047592

resulting in Quantity 13;

[ 0149]

Not e 2:

is calcul ated as
i's subtracted
resulting in Quantity
(c)

Quantity B is subtracted fromthe feed conversion resulting in the

wei ght - adj usted feed conversion for the treatnent.
P<0.05. 64 WO 2007/ 075343PCT/ U52006/ 047592 [0150]

are for LSD

In conparison to Treatnent 1 (con

test;

recej vi ng

Stati stics shown

Treatment 3 (feed with 1,4-13- nannanase) haﬁ&daﬁﬂhamﬂcahhnmkﬁproved
average |ive—wetghis o :

conver si on.

;5‘ ey T
1, 3- P- gl ucapas:
live weight|-and.
conver si on. [¥.0%

(feed with

Y e £
gl Tur key hens §§%e|V|

43- manna

se and 1,

3-13-gl uca

: oy inproved (decreased) feed
S recelv n TreatnPnt 6 (feej Vitekpht-
| Mypstalign npr ovEeékdav ey agsm'usted
i gn@eA) ca d osloersR@s £d)

ng Treatng ':f,trcmgersmn2

hase)

had an unusfagr

live weight

(decreased);;,:fﬂ
wer e great efy {0

enzynes ad
conpri si ng

unexpectedl“ FFE

e statis

i sl 5,257 g0} fi£381 A1 mir oygdsavel

tically sid

ni fi cant

age g90 4
nproved

results
néﬂZﬁQ a
Thus,

1.2 ]

observed wi
n auistitve
t he conbi na

e onaoacao e o

th Treat nent 8

ef 1.1t APof

tion treat

dueceod. aAn

t hecs v

ment

=T o= U1

giﬂﬁﬁh

carnasc—pury

D

pegﬁlﬂrsrmnce,.

uuovCeu TATT

1.64648

1.65048

.......

4,554

4.461 4B

1.643 48

1.63948

(1nmu 4000110

[0157] Note 1: Feed Conversion is mortality corrected.

(0158}

described above. Statistics shown are for LSD test; P<0.05.

[0159]

Note 2: Weight-adjusted feed conversion for each treatment is calculated as

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
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EXAMPLE 10 [0152] In this exanple, 1,3-13-glucanase fromB. |entus,
xyl ogl ucapegsrioredsB. | entus and a conbination of the tywergRINIBF 592
were added to feed (a conventional corn-soybean diet). Each enzyne
treatment inproved |ive growmh performance in 35- day old nale
broil er chickens, with results achieved by the conbination being
greater than results achieved with treatnents using only one of the
enzynes. [0153] The experinent used 49 pens of 44 Cobb x Cobb mal e
chi ckens. The treatnents were replicated in seven bl ocks, with seven

treat ments (oh¥eBivhY WedsiGh t tiyve control -
randoni zed wi thin each bl OCE. | Oe}r@fgblsrgg%tdrren% ‘%"%&%’8“%5 %YS#&?&%S@W‘I
conpri si ng dndividuale. Jihues ther colubinatjor regtnent cormprsing d(8-p-gliddhaddd

i nvention, = fi3-.Ql ase -at .70 .MJ t.on of feed. Treatnment 5 al so
used a compodi féig%aglggér:r%érhﬁ%‘feﬁda St fepLyvement nagr, FEEREYIRSE n
accordance with the invention, xyloglucanase at 100 MJton of feed.

Treat ment 6 EXAMPLE ddnbi nati on conposition in accordance with the
i nvention, conprising 65 WD 2007/ 075343PCT/ US2006/ 047592

| ogl : - R- gl. t 60.MJt
of T od. Tr ook el RGO R ok BSSr AR By AR Camed i Ferd) -

4000 YU). [[0155] Feed was m xed to assure uni formdistribution of
basal feeds [§HfAly Chickembrailers were gpwn from hdo ¢ 4diaxednd fdragypitabedmt 0

assure a uni ! i j nd ssure siml.ar
feed condi tisgﬂjéggtq \t/\%{ee% 'dlt?ér.i g%f%%sﬁﬁgéﬁ?%?ﬁ@ éosﬁ%éaﬁgﬁé?"ggﬁl ygrious
made, a sanfheymesiddeddabaynmaiing inthe Eheymatblebelool), Saspld featfBreich
feed were m osite.s l.e...ne sanple was taken from
t he corrposimtee 5# o% gg;aegh&{urgee"gﬁgngen %geg%&frgggﬁé’ﬁ%ﬁgrf’ | verification.

[0156] The diets fed in this study are typical broiler chicken feeds.
The diets ai[l.!etr@mm(mi ve of what m ght be used in a commerci al

. — () I Aot 1
weoks The| GOMRORREC | U0 for T oo RUATY 1.] 4. 5. And 6 after 35 days
o S B D & e B L aneters | A
Vortal ity | POICROa e TR Ve oh |(| B Fech Gonversion Vel ght -
Adj ust ed Fp8dye@dnversion2 reaeft 3.0

Limestone 1.307

Dicalcium phosphate 1.735

) Salt (NaCl) 0.331

DL Methionine 0.186

Vitamin premix 025

Choline chloride 60% 0.0s

Copper Sulfate 0.05
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, . 3 25A 4347A 1.675 A 1.690A 1.1trAa.lit "tr. ~-gillas /to.,
CMrt " w@soodvodsha3' 1.651" 1.651" E ibglugT00. 00to 2. 82r/8shbddi7592
1. 646 AB
Enzymes
Treatment | Enzyme 1 Enzyme 2 Enzyme 3 | mG/L | P val
AGP | T Test
A - - - 268.1
B 1,3- B-galactanase | 1,4-B-manpanase | - 281 .4
{46,495 IU/ton) (85,312 IU/ton)
C 1,3- B~galactanase | 1,4-B-mannanase | - 266.6
(9,8911 IU/ton) (181,488 IU/ton)
D 1,4~ B-galactanase | 1,4-B-mannanase | - 261.7
(81,046 IU/ton) | (174,889 IU/ton) g
E 1,4- B-galactanase | 1,4-B-mannanase | - 261.7
(114,418 TU/on) | (246,902 IU/ton)
F xylanase 1,4-B-mannanase | - 257.8
(95,225 IU/ton) (381,142 1U/ton)
G chitinase 1,4-B-mannanase | - 263.8
(5,218 IU/ton) (27,016 IU/ton) _
H chitinase 1,4-B-mannanase | - 220.2 | 0.040
(5,218 IU/ton) (205,807 IU/ton)
I 1,3- B-glucanase | 1,4-B-mannanase | - 236.9 | 0.125
(127,042 TUMon) | (181,488 TU/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,

WASH_1767555.1
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1. 650" > I XlizikiRcacrelt ,00fon | ,T-13-111p419: Se..: 0A01l1

455" 446lwolo6r4A3sAB 1. 639 AB [0157] Note 1: FeedpE@ehisio@itel S
nortality corrected. [0158] Note 2: Weight-adjusted feed conversion
for each treatnment is calculated as described above. Statistics shown
are for LSD test; P<0.05. [0159] In conparison to Treatnment 1
(control), the chickens receiving Treatment 4 (1, 3-(3-glucanase) had
a numerically inproved average |live weight and a nunerically inproved
(decreased) feed conversion. Simlarly, the chickens receiving

Treatnent 5 [016€ Wheh xBlRBMGANASRD 1,9801R U ERALLYsu APELAYES roduci
average |i ve[@\/\gf]dht an ggr?urreri cally i?r%r ove '(gjgcreasé%'}gg)‘f‘e%%lam uemng
conversi on. T8 aXCHE Hnspbstia-ng Treatnent 6 (a conbination of

1, 3-p-gl ucanase and xyl ogl ucanase) achi eved i nprovenents in their

average | i vegonesighiat aadaleefo&i'seri »@4&%@1\%@&%@%&’1@ Hﬁ%ggu% g{%ép 92}v e

conversions greater than the effect ob \ \ & “enzy re’
admi ni st er edTRREFY feral wgid giverproteire( ARG aniirit an descebkdRBbve; OTRY il

1, 3-13-gl uc ngl ucanase achi eved a significant i nprovenent
ENPEE O L e T LIRS T
APP by Application of Enzymes in Feed [0162] Chicken broilers were
grown from 101@5114A8 agfiecsmbint thel tebld, yelatiod toCDBMSRY BEEd Szgies TrdhElents H,

i ' . .t bl | ow) with various enzynes
(a5 soun | 1<hl9 Bl fleaSRIRRRLLL 9050 Rl o) W

added (as s bel ow). Sanple sizes for
each enzyne tf/(,pe I ncl uded - three cages with eight birds per cage.
[0167] Treatment H (chitinase plus 1,4-B-mannanase) yielded significant results

after only two weeks of growth. Although the amounts of enzymes were at levels that
did not show a response in other Treatments (compare to Treatment G with a
comparable amount of chitinase and Treatments E and F with a comparable amounts
of 1,4-f-mannanase), the combination of chitinase and 1,4-B-mannanase resulted in
significant AGP reduction, that could not be predicted from the results obtained when

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 vielded 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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: - |
Di et Conposition Conponent Percent Corn7.35% CP 53.98 Soybean mea
47. 2 Canasoanﬁgymgi | 3.0 Linmestone 1.307 Di cal ci um phO%@'iR}s@oo};mZﬁi
Salt (NaCl) 0.331 DL Methionine 0.186 Vitamn prem x 0.25 Choline

chl ori de 60% 0. 05 Copper Sulfate 0.05 68 WO
2007/ 075343PCT/ US2006/ 047592 Enzymes Treatnent Enzyne 1 Enzyne 2

Enzyme '3 nG L G

[0171] A 21-day chicken broiler test was performed using a basal corn-soybean diet
with a soy-oil high-energy diet as control. To obtain test diets, the control diet was
modified to contain practical materials suspected to have immune stimulatory
components while maintaining the same approximate equivalent nutritional value.

The test diets included the following variations;

Corn/soy /soy oil control

AV blend oil (animal vegetable blend oil) inclusion;
soy lecithin inclusion; :
pouliry meal inclusion;

DDGS (distillers grains and solubles by-product from ethanol manufacture) inclusion
at 5% with soy hull;

DDGS inclusion at 15% w/o soy hull,

[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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2A68P. 1 P val

T Test A - -

B 1, 3-

1, 4- 13- mwornEess8S5, 312 U ton) -
(9,8911 U ton) 1,4-13-inannanase (181,488 | U ton)
f 3-gal act anase (81,046 |1 U ton) 1,413-mnnanase (174,889 |1U/ ton)

261.7 -

E 1, 4-
(246,902 11U ton) -

261. 7

Diet Compositions

(3-galactanase (46,495 U ton)

281.4 C 1, 3- f3-gal petaramsosrs92

- 266.6 D

1, 4-

p- gal act anase (114,418 U/ ton) 1, 4-13-nmannanase
F xyl anase (95, 225 U ton)

Percent Composition

Component Diet#1 |Diet#2 |Diet#3 |Diet#4 |Diet#5 | Diet6
Comm  7.35% CP 56.9707 | 56.2985 | 56.2985 | 59.878 | 47.7939 | 49.3523
(S:;y meal 48.5% 36.4392 | 36.5403 | 36.5403 | 29.048 | 29.0203 | 20.0284
Soy oil 25279 0 0 1.7221 3.1922 2.6831
AV blend 0 - 3.0975 ¢ 0 0 0
Soy lecithin 0 0 3.0975 0 0 0
Poultry BPM® 65% 0 0 0 5.0 0 4]
Soy huils® 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 03312 | 03315 | 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 chioride 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

* 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 50y 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). After 21 days, the

serum AGP levels of each bird was analyzed as described in previous examples.
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-mannanase (381,142 1Uton) - 257.8 G chitinase (5,218 IU ton)
1: 21?3 moammgiaﬁ?, 016 IUten) - 263.8 H chitinase (pc2Af2dEki0iam
1, 4-f 3-mannanase (205,807 IUton) - 220.2 0.040 I 1, 3- f3-glucanase
(127;042 1Uton) 1,4-13-mannanase (181,488 NJ/ton) - 236.9 0.125 J
Xyl anase (126,758 | Uton) 1,4-13-marnmanase (362,976 NJ/ton) esterase
234.5 0.083 [0163] The "esterase” in Treatment .J is an _
uncharacterized enzyne froma B. lentus gene in the same operon with
xyl anase. The substrate for this enzyne was not identified. Its

assi gnment 46178] "Thé BicASRd distshASHEd efal é\ﬁdé{cg‘df%&détémglné&? §¥S§NA

ence of th gene to ot her known esterase genes
Zi? :Jw ty wast atﬂ?é’c Rasgst ﬁéélgnﬁféﬂarmwr@smngpmm AHGR ot 2Thdaysy hastase in the

level if theoll¥@inpl bRl NSeBYLAISS ThdRlcoiRERL Ebﬁm@lﬁ'}lﬁgsl & SlincdhmiR stress
2007/ 075343PCT/ USZ2006/ 047592 ) )
caused by diet components in accordance with the invention, such. as by the use of

compositions comprising enzymes that degrade immune stress inducing ingredients.

Diet Addition Mg/I. AGP T Test (P value vs. 1)
Control 221.9

2 AV blend 301.2 0.01882

3 Lecithin 309.0 0.01052

4 Poultry Meal 265.8 0.08613

5 DDGS w/hull 307.6 0.00002

6 DDGS 386.7 0.00275

EXAMPILE 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 vi&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 1,4-8-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 com/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. Jentus 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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[0164] The 1, 443-gal actanase and 1, 3-gal act anase were neasured using
a reduci sgo3eganssassay Wth pectin substrate. [0165] Apcisstioybsirsoz
bl ood serumwas collected fromall birds and sanpl es were anal yzed
for al-acid glycoprotein (AGP) content as described above. The
average level of a-1 -acid glycoprotein fromeach treatnent group is
shown i‘'n the table above. [0166] As reflected in the table, relative
to Treatnent A (no enzyne), Treatnents H, | and 5 resulted in

reducti on of serum AGP. [0167] Treatnment H (chitinase plus

1, 413- mannarmiseCoxiRisiash Si gnificant results after only two weeks of
growt h. Although the amounts of enzymes were at |evels that did not
show a r esperse—n—ether—FHeatrents (conpare to Treatnent Gwith a
conpar abl e janount of chitinas¢ and Trdatnments E and F with a

conpar abl e | ompdrenof 1, 4- 13- ppiepasae), the conbi nation of chitinase
and 1, 4- 13+mmnnanase—resu-tedtipn_significant AGP reduction, that

coul d not béfeﬁ?edmi;se%ﬂqpromt he53-8831 t|s obt ai ned when onl y one enzyne
was used. [ GboThealr c48.88CPT ( 3&baral|ucanase and 1, 4- 13- nennanase)
yi el ded nof - —alt-hough not iclearly statistically

si gni fi can{ °%% %hi s experiment (3%l Je of 0.125). In other tests of

| onger dur atii@bstohd €at ment WiThyh19sT1-gl ucanase and 1, 4- 13- mannanase
did have alsigni-ficant-effect!on AGP llevel . [0169] Conparing

Tr eat ment JQ‘W?‘&H’&@@,SPHE?‘:MB- raki’4fhse, esterase; P=0.083 vs
Treatment Asgpntrol) To Treatmepksbs (Yl anase + 1, 4- 13- mar nanase,

wi t hout "eWal s that Treatinment J yielded a notable

ef fect, whePdTedHbmBAt F di d nB23%hoy AGP reducti on. EXAMPLE 12
[0170] Thi 3veMaRpfeh@ShSso4e] Nygasesis that altering a feed
conpositiop—to include ingredjents that stinulate the innate i mmune
syst em wi | | MineebBYEX bPTM0APP 1069781 s] 70 WO

2007/ 07534 BhdihSehBRATHRY 2 11 0d§41—A 21-day chicken broiler test
was perforped-using a basal corn-Soybean diet with a soy-oil

hi gh- ener gy CaPReE sylateont rol . [To @B ai n test diets, the control diet
was nodi fi éd To contat mpractrcal—materi als suspected to have i nmune
stinul atory conponents while nmaintaining the sane approxi mate

equi val ent putritional value. The test diets included the follow ng
vari ati ons: [0¢4Bh/ §eyeachdietiype cardsrwstre gvovah émthrer Petémirhebhitare gejebieh

bl end o0il) 4§ iGN Cthian i - |t i hel usi on:
DG5S (di st1] Far Aoy 289 69 e ef ok dSS Al Wbrieianiap Tovels of eacn
manuf act ur e)ird wes asdlpredaas dederibdchingnyvibud éxanBilES BRE MiEHIRS afd fobG% W O

soy hull. [ i r cribed in nore detaj] in the tables
bel ow. [ 01%‘%%@%{? B?‘tgﬁ’a’?“gﬁ algii%yla sg’&%ﬂfr li’f"&?“ﬁ“%%ékiﬂéé COPVEEHAR 3VaN
phosphol i pi ddcudgnpr The nepultherd stnatreinithetslRviNS tAe St | mul at or
phosphatidl yserine. The poultry neal may contain phosphatidl yseri ne,
hyal ur onan, V@ A i i i mul ators . derived fromithe offal
or secondar[;/)ilz?&cr g{o‘?‘gﬁ&}ﬁ&ﬁt%Ql‘ﬁg"tﬁ%%ﬁ’d“%&%‘tﬂ) 15, eqlgplatedrasdaliewsiy. The
DDGS is expected to contain abundant yeast residue, including cell

wal | s conprVéiileg=dGradis * ((¥-Wa)yBlucan and chitin, as well as
potentially stimulating non-fernented carbohydrate polynmers fromthe
original fegmeetation substrate. 71 WD 2007/ 075343PCT/ US2006/ 047592

Di et Conpositions Conponent Percent Conposition Diet #1 Diet #2 D et

#3 Diet #4 .
FC = weight of feed consumed/weight gained

VITD

Wa = average weight of all birds in the trial

W = average live weight gain per cage
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Diet #5 Diet 6 Corn7.35% CP 56. 9707 56. 2985 56.2985 59.878 47.7939
49. 3523 Sey 2@aks8d3 5% CP 36. 4392 36. 5403 36. 5403 29. 048p291R8268/047592
29.0284 Soy oil 2.5279 0 0 1.7221 3.1922 2.6831 AV blend 0 3.0975 0 O

0O O Soy lecithin OO0

-

T Test \
Mgl pys. '
{reatment AGP  contr. | WAFC Pvalue
Control
(no enzyme) 2554 . 1.47 a
/ 1,4-B-mannanase 1841 0011 1.39 ab
1,3-B-glucanase 157.7  0.001 1.26 c

[0180] Both 1,4-B-mannanase and 1,3-B-glucanase reduced the serum levels of a1~
acid glycoprotein (AGP). Both enzyme treatments reduced the wei ght adjusted feed
conversion, and the reduction in the 1,3-B-glucanase fed group was statistically
significant.

EXAMPLE 14

[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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3.0975 0 0 O Poultry BPMa 65% 0 0 0 5.0 0 O Soy hullsd 0 0 O 1.0559

1. 0586 O viapahu7id76549 O 15 15 Limestone 13129 1.3118 1. 31p81As2ddda7502
1.4158 1.4293 Dical ci um phosphate 1. 7527

Treatment | Enzyme (5) Dose (MU/ton) | AGP (mg/L)
1 “hone 0 2155
2 1,3-B-glucanase 3 213.7
3 1,3-B-glucanase 15 1994
4 1,3-B-glucanase 30 185.5
5 1,3-B-glucanase 60 201.0
6 1,3-B-glucanase 60 189.2
1,4-B-mannanase 100
7 1,3-B-glucanase 75 194.9
8 1,3-B-glucanase 90 180.7
Lyticase 60 165.2
10 Xyloglucanase 100 162.2

(1 MU = 4000 1U)

~ [0183] 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 TU/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. Juteus which has been
reclassified as Cellulosimicrobium cellulans. Fermentation of 4. 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. doj: 10.1186/ 1475-2859-
5-10). The results above show that Lyticase reduced the chicken serum AGP at Jeast
as well as the B. lentus 1,3-B-glucanase preparation, indicating that the source of the
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1.7544 1.7544 1.766 1.5615 1.5576 Salt 0.3312 0.3315 0.3315 0.2313
0. 1416 0.WéQTo7Rks3et hi oni ne 0.2404 0.241 0.241 0.2276 Op@$i8206388%
L-lysine HC1 0 0 O 0.0131 0.1402 0.1402 Vitamn prem x 0.25% 0. 25

0.25 0.25 0.25 0.25 0.25 Mneral PMX

enzyme is not important. That is, enzymes from any source can be used in
accordance with the invention. It also is possible that chitinase (reported by Sigma to

be present in Lyticase) may have improved the performance of the Lyticase treatment.
EXAMPLE 15
[0186] The following assays can be used to assess enzyme activity

@ Xyloglucanase

[0187] Xyloglucanase activity can be assayed using the following protocol:

[0188] DNS reagent: 10 g/L NaOH, 2 g/L phenol, 10 g/L dinitrosalicylic
acid, 1200 g/L potassium sodium tartrate tetrahydrate is prepared daily. Immediately

before use, 0.5 g/L anhydrous sodium sulfite is added.

[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 arve
prepared. 0.6 mIL 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 a 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 0.D. units. The slope of the standard curve (0D
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 5 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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0.075% 0. 075 0.075 0.075 0.075 0.075 0.075 Choline chloride 60% 0. 05
0. 05 0. 05v0 206/0053@5 0. 05 Copper sulfate ..-- ". 0.05 POT@82006/047592
0.05 0.05 0.05 0.05 poultry bYW vy product neat); (distiller thy

grain and solubles); 'AV blend (ani mal veget abl e blend oil);
daddition of soy hulls to the poultry neal diet equalizes the mannan
content' to conpensate for reduced soy neal [01741 For each diet,

chi cken broilers (Cobb x Cobb) were grown in three Petersime battery
cages with eight birds per cage (0.631 sq. ft. per bird). After 21

t he &GR cribed
bt ovi ous. exarpres 75 Mg b B0TT T AR oBORy 135S Sl BB o rlletion
modi fi ed di episturpéweehterd mdroibug dater bathf for ﬁmahﬁggwmgm:ioem péq;r to

t [ cre es N
s shown | n"PRaty afbeEddal o8 ih. " ZGREE aplhe sl sBlurpds Sed v
oppor t uni t i ektarminetiedeckgoune lestl ess caused by di et conponents in
accordance with the invention, such as by the use of conpositions

conpri sing ress |

= g}[) e W 4 eggjnv 511&310@& ncaggse l\pIQJU d%%ne&' g t%e a%r]ﬂy to
produce 0.72 grams of reducing sugar per minute (using pure mannose, a reducing
sugar, as standard). One ChemGen MU is equivalent to 4000 IU. In other words, one
CG U is equivalent to 250 TU (IU = 1.0 p mole/minute).

(I) B-1,3-glucanase
[0193] B-1,3-glucanase activity can be assayed using the following protocol:

[0194] This assay uses the same 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 Subsirate: 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.

J0196] _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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ntrol 221.9 2 AV blend 301.2 0.01882 3 Lecithin 309.0 0.01052 4
éouolot ry Meahoo2f9s383 0. 08613 5 DDGS w hul | 307.6 0.00002 pcPeSidtess
0.00275 EXAWPLE 13 [0176] This exanple denonstrates the efficacy of
conposi tions conprising 1,3-Pglucanase in reducing i mune stress
associated with 1,3-p-glucan, which is present in feedstuffs and, by
virtue 'of its association with fungal cell walls, is a nolecular
pattern apparently recogni zed universally by the innate inmmne system
of animals. The results show that, |ike 1,4-p-mannanase,

- gl 1 | ' S ni. el .
Gt oW h per ot mance L Orr o Pk @ spadihg A8 e EFRSEHE A Mkt ot
fromday 1 t‘?ﬁfﬁgi“-@ﬁ’q $rhutgmisused todptemning thabackgtomad leeedl  di et shown

in the table below. In tw cases, the diets were supplenented by
uni formy sguHEYi NQhitidideéd enzyme concentrate sol utions prepared from
B. lentus fernentations to apply either 400,000 IU ton

- 13- 00.I,Uton 1,3-P-glucanase. (In this case, a
tl bﬁ rlgp?gg 23@?@08@@%@?9 Brtigeycan h@giefem@r?ed/@ing the fluorogenic chitin substrate

2007/ 075343 RIGHrI¥SA IR THOAERER DI pbR FAIRbh ! MEL:CRBP Y Bbo P06k (Jor),

4-methylumbelliferyl-beta-D-N, N',N", N"-tetraacetylchitotetraoside. The substrate is
dissolved in DMSO at 2.5 mM.

[0198] In an exemplary assay, 20 pL chitin substrate (2.5 mM) is used with 150 pL
tris (20.0 mM, pH 7.5). The substrate mixture is placed in a black 98 well microtiter
plate and pre-heated to 37 °C for 10 minutes. Multiple replicaes of reactions are
started by addition of 30 pL diluted enzyme and incubation is continued at 37 °C.
Individual reactions are stopped at 2, 4, 6, 8 and 10 minutes with 50 ul 3 MNa,;CaOs.
Fluorescence is read in a microtiter plate reader (Fluoroscan I} using excitation 355
nm band pass filter and emission 460 nm band pass filter wavelengths. The enzyme is
diluted such that the 4-methylumbelliferone is produced 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 uL reaction buffer solution followed by
addition of 50 pZ 3 Af Na,CaO;.

4 % Ly * *

[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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Corn7. 35% CF 59. 5757 Soy neal 48.5% CF 36.0474 Soy oil 0.321 Linestone
1. 3175 Diwakre7@ms3hosphate 1.7461 Salt 0.3294 DL- net hi opcnastho@Bi7892
Vitamn prem x 0.25%0.25 Mneral PMX 0.075% 0. 075 Choline chloride
60% 0. 05 Copper sulfate 0.05 [0178] For each diet type, birds were
grown in three Petersine battery cages with eight birds per cage
(0.631 sqg.“ft. per bird). After 21 days, serum AGP | evel s of each
bird was anal yzed as described in previous exanples. Bird weights and
feed consuned were determ ned utilizing standard procedures and feed
conver si on weedificdtioms ateehcofiymsseziowithia the ishoMhe iy drt@n gl 'a%“ﬁéfgled by
table [0179 V\SP(\:FC ()%l-'fgcgt adj usted feed conversion) is calculated as
fol l ows: WAFC TOREPIWEOMS" ((Wwa)/3) where FC = wei ght of feed
consuned/ wei ght gai ned WA = average weight of all birds in the trial
W = aver age [02008 iemghbegeddilypaiparng® adersdkilled in the art that varying
2007/ 075343@%;[1:14{&120%%%; %{?(%%cations may be made to the invention disclosed herein

without departing from the scope and spirit of the invention.

[0201] All patents and publications mentioned in the specification are indicative of
the levels of those of ordinary skill in the art to which the invention pertains. All
patents and publications are herein incorporated by reference to the same extent as if
each individual publication was specifically and individually indicated to be

incorporated by reference.
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Ing/L T Test P vs. Treat ment AGP contr. WAFC P val ue Control (no
enzyne) 255.4 , 1.47 a 1, 4-13-mannanase 184.1 0.011 1.39 ab

1, 3-j3-glucanase 157.7 0.001 1.26 ¢ [0180] Both 1, 4-p-mnnanase and
1, 3-13-gl ucanase reduced the serumlevels of al-acid glycoprotein
(AGP). Both enzyne treatnments reduced the weight adjusted feed
conversion, and the reduction in the 1, 3-13-glucanase fed group was
statistically significant. EXAMPLE 14 [0181] A chicken broiler trial

was co ne battery cages with the feed and net hods
descr|3&36¥ﬁﬂ%§gﬁﬁﬁbﬁﬁiéabove, except with different enzyne

treatnments, as sunmmarized in the table below [0182] Lyticase, a
crude 1, 3- 0 gl ucanase product obtained by fernmentation of
Art hrobact erl- | ut éuepmpgaision eitabieeldr prabsdnihistriqgrta aCheiviat adm@isigzany ,

S 2O LPRS b O, AP AEH DS el B
was appklegdd fromabe gionp comsigting offenuf act urer, this product also
contains ot E?am g:%%{a teél %gmprlsr}r(fgl elljndelmqgmct: Q}' ;[allcp Fmsxgur%csttrlegsl }e ucwtlghe?ntzyn\qlg s not
nmeasured. 7
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, wherein
said amount is at least 20 IU enzyme/kg feed;

(ii) a liquid composition other than an animal feed comprising at least 40,000 TU
enzyme/L; and

(iii} a solid composition other than an animal feed comprising at least 40,000 1U
enzyme/kg, wherein:

(a) said immune stress-reducing enzyme is other than a B-mannanase-type hemicellulase
or phospholipase and is selected from the group consisting of 1,3-f3-glucanase, B-glucosidase,
xyloglucanase, DNAases, nonspecific nucleases, RNAse L, dsRNA specific adenosine
deaminase, CG specific restriction endonuclease, N-glycanases, endo enzymes, PNGases,
carbohydrases, a-1 ,2-fucosidase, a-1,3-1,4-fucosidase, a-1,6-mannosidase, a-l,2-mannosidase,
a-l,3-mannosidase, 3-1,4-galactosidase, endo-p-N-acetylglucosaminidase F (endo F), peptide-N-
(N-acetyl-beta-glucosaminyl)asparagine amidase F (PNGase F), PNGase A, endo-3-N-
acetylglucosaminidase H (endoH), endo D, endo C, a-N-acetylgalacosamidase, p-1,3-
galactosidase, endo-N-acyl-neuraminidase (endo N), a-2,3-neuraminidase, o-2,6-neuraminidase,
o-2,8-neuraminidase, 3-N-acetylhexosaminidase, endo-3-N-galactosidase, endo-a.-N-
acetylglactosaminidase, endo-o-1,6-D-mannanase, arabinogalactanase, «-mannanase, -
mannosidase, sphingomyelinase, chitinase, chitin deacetylase, carbohydrate deacetylase, N-
acetylglucosaminidase, phosphatidylserine decarboxylase, sulfatase, B-galactosidase,
arabinanase, hyaluronidase, o-arabinofuranosidase, chondroitinase, glucocerebrosidase, methyl
esterase, ferulic acid esterase, furuloyl esterase, acetyl esterase, carbohydrate deacetylase and

alkaline phosphatase, and
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WO 2007/ 075343PCT/ US2006/ 047592 Treat ment Enzyme (s) Dose (MJ ton)
AGP (mg/L) 1 none 0 215.5 2 1, 3-p-glucanase 3 213.7 3 1, 3-p-glucanase
15 199.4 4 1, 3-0-glucanase 30 185.5 5 1, 3-p-glucanase 60 201.0 6

1, 3f 3-gl ucanase 1, 4- P-nannanase 60 100 189.2 7 1, 3-p-gl ucanase 75
194.9

(b) if said immune stress-reducing enzyme comprises 1,3-B-glucanase, said composition
is selected from the group consisting of (i) an animal feed comprising at least 20 IU 1,3-B-
glucanase/kg feed; (ii) a liquid composition other than an animal feed comprising at least
155,000 IU 1,3-B-glucanase/L and (iii) a solid composition other than an animal feed comprising

at least 300,000 TU 1,3-B-glucanase/kg.

2. The composition of claim 1, wherein the composition is a solid composition other

than an animal feed comprising at least 80,000 IU enzyme/kg.

la:d

3. The composition of claim 1, wherein the composition is a solid composition other

than an animal feed comprising at least 160,000 IU enzyme/kg.

4, 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 said

immune stress-reducing enzyme degrades said ingredient.

5. ‘The composition of claim 4, wherein said ingredient is an antigen displayed by a

pathogenic microorganism.

6. The composition of claim 1, wherein the enzyme comprises 1,3-B-glucanase.

7. The composition of claim 6, wherein 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 U 1,3-B-glucanase/L and (iii)

a solid composition other than an animal feed comprising at least 450,000 1U 1,3-8-

glucanase/kg.

8. The composition of claim I, wherein the enzyme comprises an enzyme selected

from the group consisting of chitinase, xyloglucanase and arabinanase.
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8 1, 3-p-glucanase 90 180.7 9 Lyticase 60 165.2 10 Xyl ogl ucanase 100
162. 2 [0183] Increased |evels of 1,3f3-glucanase resulted in an

i ncreased effect on AGP level (e.g., a dose response) up to about 30
MJ ton (120,000 ITS/ton). Providing this type of animal feed with
about 30 MJton (120,000 IUton) 1,3-0-glucanase is expected to
reduce i mune stress, as reflected in a reduced | evel of serum AGP
and/ or inproved animal growth performance. [0184] The results al so
show t hat xyl ogl ucanase was effective at reduci ng serum AGP | evel s.
Xyl ogl ucanase (EC 3.2.1.151) is a 1, 4-P-glucanase with specificity

for xyloglu®an, & sinfpecitich abitad® Sl ddiniRisitich to R 48%dal Wihbridid¥erwo or
exception of the Lyticase, all of the enzynes used in this exanple

wer e prigfdt EE@“B%/StB’SS"FeéIH?‘Pg §nZyPe; whesein said gempesiian eynpaised aifessisongtimane
has be I i [

has beqnelsGenRat disffle Bhelibh 4%.%@% e EB I ANRe TP [ VEMALRY R the
1, 3- P- g’tmamasamg&éﬁ glec@@idasd E?Ibgﬁibana& DM Ldsed) nbdpkcifiaali@edses RNALL L,
2006, ﬁlrshed onl i ne 2006 March 17. doi: 10.1186/1475-2859- 5-10).
The r eéia N4 speeifie adgnasing Aeamingse; G shecilisdigetEigtiamandenicisasn Nsabasnasesrende

o catTans DRBae e oy Aoy P o e IS DL ERAR O memsitse.
enzyne oi-k2-nahndsigaee, toam maith@idass 3-BRgylaessidae mnanp-1Sacdtgielesdaniedass ed
in acc rda §e mnth |nv§@t|on It also is, possible that chitinase

(r epor L&H¥° lﬁtptjﬁf’a 6@% ee%trcqsnnwbrseaeéreﬁagrdaﬁavéPNﬁﬁseoE)eﬂNﬁﬁeA
perf or RRALE- FXAMR, _

fol |l owi ng gggg?%ﬁg%%:%gﬁﬁgﬁﬁﬁigﬁggggégjenzyng%aéfvé+%%%géﬁﬁgﬁmwsng13
[ 0187] gX[yabtogHmaemlsé\tac)tlmeultamtmdﬁsemmda%)ay@ds ualrﬁlglnﬁdh@e foob bastaghinidase,
protocol . [01881 DNS reagent 10 g/L gbg phenol, 10 g/L

di ni t r Sskbmeyamenidage; BrN -a%rbhegptangada%esrmﬁs alaniasilase gpdo-c-N-

tetrah il S [L

iy dr S0s EieloSPhRRR. BRICRLADHIERS, Sy R Bapiofle na
St andamen@osidese, sphingsimedinafe, Ehi(indse naitidacaylasngaarbolsal s d@nbstylase, N-
di ssol ved |Elmater in the concentration range of 0.1 to 0.5 g/Liter

are pr aprylgaicosgmaniggseoph OéMdWﬁ?rHﬁéjécaﬁ%éPé?scfutfﬁtﬁsedﬁrﬂai"’éﬁ)ﬁ@a%ﬂs
|
E]Ir 'ags' gﬁatgﬁr)anéé l@%ﬂﬁ%lﬁ%ehgra@k %&@fq’a%%glgotnﬁoc% Hltlf,{s? %}lﬁcrecérg%%31égsg rrg\gyla

r eagentsthdasa ertilde md estérhe, fipaloylresphmnt, mnet’gxbafsterzlf;h,ecashﬁhytitmr&a&tﬁai&e@ﬂ ed
in a boBFh‘%@@ wat er bat Hpr 5 nut es, . cqol ed to amgi ent tenperature
ona abal LRI Elest e stk o omppsitiopeselested T e graupconiting of
dose res ponﬁ?axb@ﬁrmme@cﬁﬂi 260k ah dAn@anPof AW rimuntRGesledR iR edzGes
standard curve (0.D 550/ mannose) is calculated fromthe |inear
por t i oRtfegtive ﬁféd%cma&eﬂt@ﬁwl ofgasiiivelarue ghasperoteinén sead aramel, inceasethe leyg! of
r educi Y/

o1 oal enVERhut PreebRECh BER Ml oD SR o R e Bt agors
InternamdemQUMHs@HanﬁZQHdmuﬂmu%gﬁﬁm IreIand i s dissolved at 5 g/L
in 50 mM'Tr éaguff rd t ‘ F 0. 05% gﬁgéose..£01931 Reacti on

condi ti ons. (g i Caspros lart’ g 13 e AeE (PR E PPN At [ Gaston I il tess:
L enzysdacidi lebkyin®inian aﬁﬁruﬁﬂ\df'ﬁf legsthIafoe TU eAnEnd/Deanideact i on m xture is

i ncubated 77, at 40 C. 0.75 DNS reagent is added to stop the
reaction, aki) tlidgogmesition @ﬁ'&’t fham ampnipgh 8eq comprigingntilepsiielimmyngaress-
bat h f %duf:r'ng%ni?n‘iﬁjﬁt%ﬁ a%gnf[ﬂ%’ﬂleﬁﬁqlo%éo%'eﬁiyrﬁé?k% eadi ng absorbance at
550 nm A zéro'time point wth enzyme solution 7s used to determ ne

t he background | evel.
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J01921 Cal cul ation: A Chenten xyl oglucanase MS is defined as the
ability to produce 0.72 grans of reducing sugar per m nute (using
pure mannose, a reducing sugar, as standard). One Chentzen MJ is

equi val ent to 4000115. In other words, one CG U is equivalent to 250
RI (I1U=1.0 g nole/mnute). (11)B-1, 3-glucanase [0193]

B- 1, 3-gl ucanase activity can be assayed using the follow ng protocol:
[0194] This assay uses the sane DNS reagent, standard sol utions,

standard curpye, d enzyme unit .cal culation and dil ution. anount. .as
descr | bed athive 18F CAE i th el s o & 5ol ERRONGT other
50, MM NERSun(ehim MFeqahohiphispicap RAg Uk (RR LS %bﬁredﬁ&ﬁ‘f% 0%y2fe)in BihinBlint JF at
pH 6.5. 101951 CM pachyman Substrate: Carboxynethyl Pachyman (CM
Pachy ndffst %9@&30 Iserghmgik8ed from Megazynme International Ireland Ltd.,
Bray, Co., lreland. CWP substrate is prepared at 5 g/L by slowy
adding CMP into a fast stirring 50 nM MOPS buffer solution (pH 6.5)

at about 90Cl. Théhepoypssitpovaiefaing, wheteindhs penpsitionand selldecowgesitbn pther
covere r. s i | 2 i ensign is heated slowy to
boi | i nghaglna a@ﬁhﬁéﬁ%ﬁ%@gg%@g@eﬁs&%Qﬁ\g\nétlzQ% fmreﬁi‘ghg on a heated -stir
plate, to obtain a well-hydrated gel with no small clunps of

non- hydrated_gel visible in the solution, The solution is cooled to
room t enper atur e IN§ FYRRIPILRN AEOTHHERC FBHN Priogaisingal leastosd ofbiB-pri or
to use &, Reaction conditions: 0.25 nL of 5 gL CM
Pachyrran%fnglu assié%rg{gg{%sglégég% th 0.05 nL enzyne dilution in MOPS
buffer and the reaction mxture is incubated at 40 C for various
times, up tqQ,45 mnutes 0.75 nL DNS reagent is added to_stop the
reacti on. _ﬁé ot OB EXPeSHAn BFOTETR BT & Wesspla § ISP PR SRiseler from
bat h f ake frbMeconéBtind6F @O RMoa 13 E@bﬁ@@%@,ﬁ%ﬁ%ﬁ%ﬁ A BRarAd (ihhen
cooled prior to reading absorbance at 550 rim A zero lime point with
enzyne c8BPRTfighcqneprisyed -4-8-ravwenase Aed xHeslberorys Olihecerepesition(compyising 1,4-

Chiti nags ] i . @Gt Vi s il ' - :

1 tor odnr R e S e BIRRE, @5 s ety L TRl ple g Kfnases )
Envi r or.coMpositbn cdmpréing U8Bl 008ase280 kyloglucanase; (vi) a composition comprising
4- et hyl |liferyl-beta-D-N,, N... N', Nuctetraacetylchjtotetraoside.
The suferl aisoras L aBURiEoT d WL aom Bl 6 s ol ] g e ey
assay, ghQRafkke aid drabinsagstrate (2.5 mVM) is used with 150 Ltl., tris
(20.0 MM pH 7.5). The substrate m xture is placed in a black 98 well
mcroliter plate and pre-heated to 37 C for 10 mnutes. Miltiple
replicaes ofj4reagtd @68 suitih i e Ll Lk A
enzynme and i ncubat ioo iSls CSLrl\lti nuﬁgdgrg?ydﬁggt.rgt?%ﬁ%gﬁ%%%ﬂﬁétl#ﬁo%igd' re
st oppednaanamzse 4nd B3-Bazlugrdase)whemintsesl oniriplsiBon js.selectdd Kibe2ia @Rup consisting

Fl uore e_I.s ad in a.m titer plate rea (Fluor pscan .
usi g S0 aEpiiBal BRE oo PR Fap Rt A ERIPL L) O Bab i frea. )
pass fialligatd avepebieogbihsr thifen ediznRed Soripdiditge 4 Pughnriahade ahiiet least 155,000
4- net hﬁ:'ulr%ﬁl i fer O@% i s,_ﬁr odu%ed at . a linear rate for. the term of

the reaCtrbHBHTANGRFLHANG (HH@ spihgrmpssition other dign an 2pine fosf samesding hddt
condi t inOMgarideRMd £ Hast Rotdde Iemgy_pegmﬁ@swkgut wi thout enzyme and
substrate present. The rel ease of ‘one m cronol e of

4-met hyl unbel i ferone per mnute is defined as one |IU A standard
curve i s ma j .t A C tions between zero a | xJ e

i cronol e 4q$re eycl%ﬁn?égeliﬁ{n?% g@%n%e?‘lﬂyh%ffg %F,COWB%% TR ° iﬁ?t?de]ﬁ")@é#%%rf’%

f ol | owedndinting@d{iy aromimkl £6d pomprisiddNaRatkBdnanasO©4:@0dt 18861 30e1U he-B-

i nvention has, been described and exenplified i.n sufficient detail for
hose. SRRPIBEE FeHiS gL AR oA et e P anifpaf fegg comp bt Pes,
nodi fications, and inprovenents should be apparent w thout departing
fromthe spirit and scope of the invention. The exanpl es provided

herein are representative of preferred enbodi nents, are exenplary,
84



(b) if said imune stress-reducing enzyne conprises 1, 3-13-gl ucanase,
said conposition is selected fromthe group consisting of (i) an

ani mal feed conprising at |east 20 | U glucanase/ kg feed; (ii) a

| i quid conposition other than an animal feed conprising at |east
155,000 1U 1, 3-f3-glucanase/L and (iii) a solid composition other
than an animal feed conprising at |east 300,000 IU

1, 3-13-gl ucanase/ kg. 2. The conposition of claim1l, wherein

compr | ARG k@ Eab ot TR BeARy o o (i) 330 RS Reciian iy gianan

cl ai m Jininyd) €edicOmipFiging O PPFiahhBasd Mdaut bt 480000RO i3t @chéﬁalﬁgkgt han an
ani mal feed conprising at |east 160,000 IU enzyne/kg The

conp03|t|on of claim11l, wherein the conp03|t|on is an ani nal feed
that conprises amykeghgsliilort bl

ani nal and wherein salg |nnﬁ%eQ§%ggggH§e Sgﬁﬁgggug§%§%§%§?§ ggﬂl%ﬁﬁne
i ngr edisgeds-reducing enzgmesTietected rfmsthblgmupoj‘onmtmgmf Brgludvsidesen xglagldcanase,

i ngr edi i'S an an; di s at h roqQr gani sm
b he Bhass B i W e TN Bm RSt IRY b5 s s, LG Shecifi
1,3-f 3Téﬁtiﬁlﬁ@ﬂ%ﬁé’onuclease N- ﬂycaﬁh%s AP Syl P hasEd, @hﬁbl@ydr%?roﬁ p_the

conp05|t|on i's selected fromthe group consisting o an ani mal
f eed cdngsidsseng-idtl,4-EmesidB0, ¢£ﬁ&n£mm§dg$umaaamﬂm&gmﬁeﬁﬂdBQmmmoﬂdmw B-
l'iquid t han an ani conpri.sing at | eas

230, 000 LS8y PRSP RGP SHITOESs. F LETd & GBS NGB e t han
8" The Moo dififlyIRERALAL fididale ¥ BARGaH ) fiask M, bndth B N-ALABRENE M fl0ase 1

sel ect dehdbHYrentih ®, gridoup, «dhRsiest gatagosdimidise] [B-m,asgel.acmyild@@l ¢rglamaseyland
ar abi nanase. 9. A conposition suitable for oral admnistration to an

ani mal PEGAMNIdasAEE of-ZrbRRIARRIdiEe, o $-EPsupBiRiIsAg BRzYaveaminidhes Bl
sai d C%Eg?ﬂﬁ&fgdjgr@gﬁ@agp rehﬁ&?-eﬁgalga?s? g?sg domﬂzﬁ"cetﬂ &C%Osalrnlenq('il ol neggenz gjrsn

ot her t marnana ucanase 'S se

t he gr QmafQmaies hiabogdladtdragy, U@ﬂ&lﬁtﬂiﬁ&@, aWdﬂ@élﬂ&@%ﬁﬁgo@Mﬁﬁ% chitinase,
nonspeci fic nucl eases, RNAse L, dsRNA specific adenosi ne deam nase,

CG spechitindepsbilase cqarbnhyeistrsicaeqtdasseN-aeelylgjecanumiaisiascs Rlesph#iyipetne
PNGas e g6, xp%tgy%ﬁasfe gFalac®s e O AR se, Bydufbnldeds, WGBSR Rosidase,
a-1, 6- nannos ase mannosi se,

al , 3 nmehncisdidase, glﬁcoibmébg)aidaset osihghasesrase, ferulic acid esterase, furuloyl esterase,

o e e ST S S oh g dase  (Prcase

F), PNGase A, endo-P-Nacetyl gl ucosam ni dase H (endoH), endo D, endo
C, a-N-acety] gal acosam dase, 13-1, 3- gal act osi dase,

endo- N- acy| 1heur 2h¢ pemBResEionaseRsdiNg fo any0mg-of elainan i efoeuse in the

a- 2, 6- Raue0h Al dRs :
endo- 1é %@ga acgbsﬁgl9@%%%1@&ﬂgﬁﬁgceﬁ?ﬁgr&ﬁg%%§ﬁ$%¥%gg§%%gml8{Q%%%
endo- a- 1, 6- D- nannanase, ar abi nogal act anase, a-nmannanase,

amannosi das el i nas tinase, chitjn de tylase
car bohydr at dea@lé‘? 8?%%‘”%&@?‘3}?%#%6‘%%%% Hﬁ’é’é““%ﬁ%@% RaEEHPREeRT ne
decar baxybasghe, )@Bé]@éaﬁ&%% DNZ288! AsARiERRR 1ca¥s ARNRRDBSHRRNA specific

hyal uroni dase, a-ar abi no ur anosi dase, chondroiti nase,
gl ucoceduispive d@?é@léasenﬁﬁwwcnﬁ@teemgen erfdonuglease, Abigty camises; andn, enfzumned, oy |

est er asg, e terase arb e acetyl ase_and al.kalin
phosphz’ gsagecs &X%O WETEr %COE ﬂ%: ﬁh OLﬂFLiCQSI‘i%F’e% dn?nrn?) Bhie™ E?oup
consi staAfosidase, o-1,3- ma@nht)m@d@e 3, %ﬁiaét@ﬁ@as@%HBJ@H&Qet§@I@MBId9§e S@héb
i mrune stress-reducin enzynes effective to decrease the |evel

positi Ve P&EmeeNﬂNa%C@t e&a@mosmmgai)@p@mgmramndam}? éEN@aStefFé, PeGede A)fendo-
negatl hase pr ot |d ani rov
or oot h DSy BUREERT BT I a%%an R BT e



23. The conposition according to any of clains 1, 9 or 14, for use in
the prevention or treatnment of infection associated with a pathogenic
m croorgani smthat displays an antigen, wherein the conposition
conprises at |least one said i mune stress reducing enzymne t hat
degrades said antigen. 24. The conposition according to any
of claims 2, 3, 7, 10, 11 or 15 for use in the prevention or
treatnent of infection associated with a pathogenic m croorgani sm

t hat disPIays an antigen, wherein the conposition conprises at |east
sai d omdlariepigdess: Gideddacylaguemigdess i Notiet-neuiaminidase. vapfsn@einigise,
hem cel : L . ' 0 n
e e LTS Bl L ALER SO AN I8 N s A RO

gl ucosiadaglglackyimi@gidisa Baceq- NS BSman HRNGPEEodal£tanb] BasemandshAse L,
dsRNA speci fi ¢ adenosi ne, deam nase, CG specific restriction
endonudta8Beudasfsphipaeinya wase, ehitisasehytdeaceprases easbohydraiospgetulses N-

a-1, 2-f [ a- 1, 3= < ' - 0gi wads 1, 2-
mannosi'ags g infiick: proto it LYS AR RS o B 1. WRING BLE AR Rside

endo- - Mrabtahydeghyahosddase] dasdidofireindiiabg, chondroitinase, glucocerebrosidase, methyl
pepti de-N- (N-acetyl - bet a-gl ucosam nyl ) asparagi ne am dase F (PNGase
F), PNesiesa ferufigeridesicratey fgnlgrlasisrse agaly bestiraseneashohy deirasatstylasedad C,

a- N- acefyl; ' 5 ' . . .
Gndo- NEaey - hoch ot T age ey Rpt EE BRLRRR e Imprefng grimal srovh

a- 2, 6- peterarAng Yuke reducingdmusue atressiidas @imal\wacsindahbswgmeition des e,
endo- - - 43 86081 0ARS 10 S0 AadRCELY) ghapt gsgmi ni dase,

endo- a- mannana i nogar actanase, ‘a:mannanase,
amannosi dase, sphi ngonyel i nase, chitinase, chitin deacetyl ase,

car bohydr at e_deacet yl ase, . Nacef yl gl ucosam ni dase, phosphati dyl seri ne
decar boxyl agg‘, sﬁﬁ‘? é%%‘)é}twﬁﬁga\taﬁeg bshpsen said camposk é’,ﬂher an ingredient that

hyal ur aiudesss indmak akboRkur aRsIHAEd WwhbeRda &hgﬂﬁ%on comprises at least one
gl ucocer ebrosi dase, nethyl esterase, ferulic acid esterase, furul oyl

est er asdd impung stressradpeias enamadrydsewmdes wikivetediease and al kal i ne
phosphat ase, in the manufacture of a conposition for use in the
prevention or treatnment of infection associated with a pathogenic

m cr oor gani 86n t h@he chngaisaips ofnlagntl b gelereinkhad ebmpoditorcionpasintal fzadi s a
conposition according to any of clains 1, 9 or 14, and wherein the
enzyne degrades said antigen.

21.  The composition of claim 19, wherein said ingredient is an antigen displayed by a

pathogenic microorganism.

22, The composition of claim 17, wherein said composition comprises 1,4-f3-

mannanase and 1,3-f-glucanase.

23.  The composition according to any of claims I, 9 or 14, for use in the prevention
or treatment of infection associated with a pathogenic microorganism that displays an antigen,
wherein the composition comprises at least one said immune stress reducing enzyme that

degrades said antigen.
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24.  The composition according to any of claims 2, 3, 7, 10, 11 or 15 for use in the
prevention or treatment of infection associated with a pathogenic microorganism that displays an
antigen, wherein the composition comprises at least said one immune stress-reducing enzyme,

other than a f-mannanase-type hemicellulase, that degrades said antigen.

25. Use of an enzyme selected from the group consisting of 1,3-B-glucanase, B-
glucosidase, xyloglucanase, DINAases, nonspecific nucleases, RNAse L, dsRNA specific
adenosine deaminase, CG specific restriction endonuclease, N-glycanases, endo enzymes,
PNGases, carbohydrases, a-1,2-fucosidase, o-1,3-1,4-fucosidase, a-1,6-mannosidase, o-1,2-
mannosidase, a-1,3-mannosidase, f-1,4-galactosidase, endo-p-N-acetylglucosaminidase F (endo
), 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, B-1,3-
galactosidase, endo-N-acyl-neuraminidase (endo N), a-2,3-neuraminidase, o.-2,6-neuraminidase,
o-2,8-neuraminidase, 3-N-acetylhexosaminidase, endo-B-N-galactosidase, endo-a-N-
acetylglactosaminidase, endo-o-1,6-D-mannanase, arabinogalactanase, a-mannanase, o.-
mannosidase, sphingomyelinase, chitinase, chitin deacetylase, carbohydrate deacetylase, N-
acetylglucosaminidase, phosphatidylserine decarboxylase, sulfatase, 3-galactosidase,
arabinanase, hyaluronidase, c.-arabinofuranosidase, chondroitinase, glucocerebrosidase, methyl
esterase, ferulic acid esterase, furuloyl esterase, acetyl esterase, carbohydrate deacetylase and
alkaline phosphatase, in the manufacture of a composition for use in the prevention or treatment
of infection associated with a pathogenic microorganism that displays an antigen, wherein the
composition is a composition according to any of claims 1, 9 or 14, and wherein the enzyme

degrades said antigen.
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