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BACKGROUND OF THE | NVENTION Field of the I nvention The invention relates to

pol yam de olig of stabilizing one or nore enzy

i nvention al sommmlmmmmmt abi | i zed enzymatic conpositi ons%glg%%u-ag?%?or%g such
5 pol yam de ol i gongf§e+Enzynes stabilized by the pol yam de ol igonmers of the
I nvention exhibit inproved storage, shelif life and dispersibility at high
and | ow tenperatures. Description of the Related Art The use of enzymes and
liquid enzymatic conpENZVMISSTABIIXAING POBYAMIDE OEIGOMIORSE! Ci al

mar ket pl ace has grown rapidly gver the | ast several years. For exanple,
many enzynes and |iquid enzyﬁﬁ OF THHENYENEOMen associated with
liquid deterg&@ﬁ&_@ﬂm shown utility as solubilizing and cl eani ng
formul ati ons. e enzynes used) alone or in liquid enzymati c conpositions,
enconpass a w de Wihmﬁomfelamsmp‘ﬂymudse@mmbam dfatabilizthg ofib kpdnbiee o
neutral, dependin Qn t whi.ch they are active. 15 Professes
are a wel | - KHGHe g ’Qgsmvcﬁ‘ “é'h@ @p“g?%ﬁ%}’é F%/?‘E%POFW%S niiningsucht y of

i ndust risal apﬂiya:ﬁlaé blixoinerd) & &esfabﬂ%d bﬁthh)’)ﬂl'yﬁlhi\dé Ghﬂﬁ‘ﬁ&é S8RV Rioh N

proteins and prqQtei naceous substrate Commer ci al | greatest uses of
prof esses ar H@mpﬁmgﬁ@“ﬁ&dﬁﬂﬁyﬁﬁ@ﬂéﬁaﬁﬁ@hbﬁﬁbgbﬁvdkmh@nm¢3hsy help to
renove protein based stains such as blood or egg stains, and in the cheese
maki ng i ndustry, mhere they aidin curdling mlk. 20 Prof esses are al so
used as meat Dessripti diyo ':v--=often|ng | eat her, for nDdlfylng f ood

i ngredients, and r ul Rt ositions

cont ai ni ng al kal |fr~1ﬁe% 5%1()) es es g'BH‘FE%'mbgb "'3'*08@8"%/13 @%ﬁ a%f

di sper nt s cxilmhaclhlemarkétplacdhmgromirgalbldlgnﬂeﬁtbmlgalsevwdl?earﬂ E‘d?@kdrﬁp] RN

wat ers, and net al V\DI’éJ ﬂﬁﬁfl ui d, cont al.nrre :f?eél %f rof esses i ncl ude the
m crobi al r eHHEPE Rysitiqgs, Bgve “aﬁ'ﬁ?"’ﬂ? ddetarespiof esses.
Neutral prof aidfge sHoshutRtylds ¥elabilizing MivEd]danink Terimlgbay, fl‘h&é&ym@i‘l%e afdner i al
neutral protease, Al kaline professes include subtilisin and related

prof esses. CHrifdiqidanzymaficicampasiions: SeorpATHY Widevarialy ebmeanetlagepindican s es
era avai | abl g d¢fit) efkatiddr RETRSE dmbﬁéﬁ‘_r Rglg-é&[ge %ﬂ%&%&&?&g@ psi n NOVO),

"PEM' (Pr ot eol ytic Enzyne M Xture RASE , and
SAVI NASE' ~' M whi difotggses &9 awell-l@awpplawfbgzymvﬁeqmm wiilizBi ini awiide variety 5, | nc.

of Danbury, &Qhfks REdtiofi SRHES file hcttoﬁﬁ@&i?% fid llfb‘gﬁ%ﬁg’ 038_‘952 liquid

enzymati c conmposition contal ning p ot eases er the nane
HT- Pr ot eol ytproteinaggons wstb;tess@mua}er@mibyﬂe gRashusesf pAateaasésare mhdeda tief  enzyne

known as any, be |I| d in man dutrlal nd, co rcial
processes i nf %ﬁf}i%&%ﬁ%ﬁt hy grﬁt @%Fm%r & 87‘%?’%?83 5 ?/‘gmg

st a(rj ch. Anyl a&glg staine, aud fxeithe alli@&J Iyakhl ﬁgi&x&&h?,&ﬁhbrést}igylﬂd iﬂ'dlﬂcﬂiﬂ’g)ﬁﬁ}l@r Lhe

pro uc ucose s mal t pse syrup , .a riet ot her nore
refine endo%f’%a‘st?&f’@alff’ &Fahtﬁ B‘Fﬁf%l%’s@ﬁi‘lﬂ“&’g@‘ﬂ‘?gﬁ @°§yr ups. As
a class theyin Eh@%&k‘&*fﬁv&%éb&&ﬁner@ ?n@ea@ﬁa@ coaiﬁééia&h%eéinﬂ?gs .
(gl ucoanyl ase), funga anyl ase, and ul anase. Comrerci al ui d

enzymatic ¢ s@emwﬁ@wtab@sseﬁﬂes@m&m%b@ ,8lgad nanes
BAN, TERMAMYinq ﬂn@lﬁnats in cooling tower waters, and metalworking fluid containment bays. :

Acid proteases include the microbial rennets, rennin (chymosin), pepsin, and

Ua'

25 fungal acid proteases. Neutral proteases include trypsin, papain, bromelain/ficin, and
bacterial neutral protease. Alkaline proteases include subtilisin and related proteases.
Commercial liquid enzymatic compositions containing proteases are available under the
names RENNILASE ®, "PTN" (Pancreatic Trypsin'NOVO), "PEM" (Proteolytic Enzyme
Mixture), NEUTRASE ®, ALLCALASE ®, ESPERASE ®, and SAVINASE ™ which are

30 all supplied by Novo Nordisk Bioindustrials, Inc. of Danbury, Conn, Another commercial

WAL .
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FUNGAMYL , and PROMXZYME TM whi ch are supplied by Novo Nordi sk, and

D azynme L-200, a product of Solvay Enzyne Products. OQther commercially

val uabl e enzyne cl asses are those which affect the hydrol ysiGSA@gus{QdUgr.
These cl asses include cellul ases, hem cel |l ul ases, pectinases, and

bet a- gl ucanases. 15 Cel |l ul ases are enzynes that degrade cellul ose, a |inear
gl ucose pol ymer occurring in the cell walds of plants. Henicellul ases are

involved in the hydrol ysis of henucellul ose which, Iike cellulose, is a
pol ysacchar i d& Mg SAamatic spmpesition trataisingibroteasesss avaalleuydeetheinamel ved i n. t he

degradation omgéo@msu@@%%ﬂggﬁ%?%godﬁ%n conponent is a sugar acid.

Het a- gl ucanases are enz rolysis of beta-glucans
which are al so 20 Shethéralass of enejrhekmme ds mylagds haveailsoden hiilHB& Mslyy Ter s of

gl ucose. In a; rci;al _context, these g mes have utility to a'greater
or |esser deg}ngdg%a%g PIPREEC P‘F?ﬁesﬁ?sd’%gg‘:?gi‘}éﬂéﬁé?\&%ﬂﬂ%aﬁe e thegr adat i on.
Cel | ul ase hahpdrb&&i@bfﬂd'cwmylﬁsésht@uﬁéilﬁlm(éﬁyiiﬂ]t!ﬁkﬂ&nﬁj}ﬁfﬁﬁlﬁsﬁffoﬂhg newsprint
(ONP) wast epa elimnpating the need for any surfactants“and al kal i ne

er,
chem cal s. Thgméﬁ‘?ﬂ?ﬁé? gHisosgiSEupY gualtpseisyrupy, end 4 vasisty of offenmers refimbd@nd per se

i nk particl espiodudts b sdrt b 6 5 CBiol pgi cal. De-l1nking
Met hods of Ne\ll)vs 1rli nt Msﬁ%ﬂg?$'§cwm#pe%p$§ﬁgfﬁ%e§ n‘Bfaf}%?) 63- 64
(1992). Col | edlpharamylases béth-ainzlases amyloplucksidestdginedamylae)efungi figlakd) aas €.

exocel | o- bi ogmﬂi?&la@§ and.‘ﬁfl I.gbl ase.. Commeycial |iquid enzymatic

conposi tions BontarnT mgrrEra] iguig enzymatic Gompositions Gontaining aieylssshere avieblecL AST
and NOVAAOYM 36ndeSthenhined BANSTERMAMYD®, AndGby Novo Nordi sk. Hemicel | ul ases
are al so used_j - i nkj rocess to dislodge ink particles from 6
August 2002 tﬁkﬁé@&ﬂ&mkﬁgy?om@ 15, whichrgre supplied byaNovo Nazdisk,med Dei nki ng
of Bl ack and Bhizire Le0bEL pro&ss of Ydl qﬁgz%kg idd Waste", Progress in Paper
Recycling, 21-22 (1992). l,I;A\}gdit?ona‘fhﬁry, eyn\‘flgglildl&fjl ases, such as the

xyl anases, are enfP@sksommercially yalnablelshzyamstvlasses predbase svhickyakactalsechydrolysis
t t t . | j s i duct i in 5 bl hi
e et G e 5 A ST L e B ™

chem cal requirenments, su ecular

p:,l| P quallgi ty @ellulased affenmynieyﬂiai dpipende beihg{sé,m&%wgﬁic?ée%%mepo I flii1|€l{e et

al ., "Reducti i or.i Us ri ng Bl.eaching of Kraft Pu ol | owi ng

Xyl anase Tr ea%#evf'lalrﬁ‘s %ﬂﬁ%‘&ﬁ?ﬂ@@éﬁﬁrgﬁm@ %ﬂl"ﬁ‘ﬁfl@wlsé’f hmﬂﬁ%mwhwh,

Papers, 1991- 1ﬂ&2:e(lﬂ6§83&|&poﬁsaccﬁﬁ'id)a,foﬁa%?\glﬁﬁts.@he %gc‘lxggs%gm%%ﬁmﬂegﬁ{ ess).
an

PULPZYME pro&ugt ’ﬂﬂ%éai | abl e from Novo rdi sk, product,
from Al ko Bi of'&EF#Ia008 9T Recln. pirerbelishnse whossmaitnomporentisiasugararidabl e | i qui d

enzymatic co %ﬁkﬂi&&s%’@r@hﬂ&éﬂv&ﬁ@d@ﬂ F%g.;&%ﬁ:@ﬂ o%é??-glgitﬂlg “%&fl)oﬁﬁrrgg 4o 1S 8

cl ass, m cel | ul'ases i ncl ude hem cellu m xture and gal ac nhanase.
Commer ciddl | i Giler te poliniase inthattheyose linesrpolyrers of glicoge. lreatanehérdabantexgr

avai |l abl e as @LI.R _ : rom. Al ko Bi ot echnol ogy and
NOVCZYM 15 280 aﬁ%@ﬁ&iﬁgmg\%i&gﬁgﬁg%@ﬁ“&%ﬂg@@% PREFSSor di sk.
The pect i nasedspendentmdfibecdegriatiom| | y t 0 weaken cell walls and enhance
extraction of fruid .| uic as Il .as .t id.in decreasing viscosity and
preventing gel atio ui“ﬁ”??@é%”@%ﬁ&&ﬁ?.m%%%°@M°anpmt (ONP
endopol ygal acwastepayes,elinfinading (heaRbd o iy RARRantLHE ARBEAAhBmIKR S Phe enzymes
(t ranse:’ém narfﬁﬁé%exopect ate lyase (transelimnase), and endopectin |yase
eli

20 (tra ynks Eom fibersuifaces gdidisperse ipknattigleg torafinite sizo s SayKyaumi ng
pecti nases ar@wayH , eH nd
PECTINEX TM bot *F‘;’B%‘Bii“?’e g@%&%ﬁb@%ﬁ@%’%@l’% ’g'vf’ éfc’:‘%@% ggd Baer o
i nportance i nfeabtologrg63abhi(1992wiColedtivelystetlilesss inchule endocsifulasq ek sosliathsehar | ey
cell walls cqg LNi bget.a- gl uc i S necessaf,y. . Beta-gl ucanases 25 incl ude
| i chenase, | aér%ls%grgT ﬁgléye(,ﬁdgsﬁd%%&n .erﬁ‘glr#‘ﬂ@?dﬁ“éxm CEAMBOHNS nat i ¢
conposi.ti ons containing dellglates afe-a@hilibhadatheisned CELLBOLA S8 84d NOYOZYR®
NOVQZYM, 234, &R%O BAN, FINI ZYM , and CE1ZEM X , all of which are

y OviigsYy-age

suppl i ea b EWSW%%N?Y‘{MW%I asses of industrially and
comercial Iy usef genfOMAERS afd dlsd dsbPRIRe de-inking process to dislodge ink particles from




30 and phosphol i pases. Lipases and phosphol i pases are esterase enzynes

whi ch hydrolyze fats and oils by attacking the ester bonds in these
conpounds. Lipases act on triglycerides, 6 August 2002 4 wjgﬁéwﬂzgoz
phosphol i pases act on phospholipids. In the industrial sector, Tipases and
phosphol i pases represent the commercially avail abl e esterases, and both
currently have a nunber of industrial and commercial applications. In the
pul p and paper industry, liquid enzyne preparations containing |ipases have

proven to be peifibersutfatd of ONIETDUY. Prasddes WK, “Bizydd DS SPGBk 08 Wige! S and
ot her equi pnmept. during, the production’éprocess. For exanple, the treatrnent

of unbl eached ressd rigted Neyysprint (Wastes yogrersorn PaperRecicting, 34-22i(1992h1 ori ne to
reduce the cop : Qi € | Lde i are [ rtedly the
cause of pi tch%@%@?i%w&l‘r&?&ﬁb&%%tgg eg{a?r%h%fa g%ﬁ%hnlgﬂﬁpgfp&g?cﬁﬂgs been
reported. K  PiosesheKylanase fretrbimenteof kraftipelps basvgsuliedinthgaiasducioisad i n Pul p

MIls 10 8By L tiec Enzynes". Tappi, Journal, 130 ( 92).. Novo Nordi sk
mar ket s tsao I "gﬁchﬁ‘géﬁ TRUuSIEnS,;S ﬂ’sasd’?ﬂi@“laf F}é"’?ﬁr@é pprovedpulpand
RESI NASE TM Aqizality dsqéfiectetl bwhighbr brightheds ceifihps2i DI, Semel &tial " RedhictiBRfd €d! ¥

reduce pitch =oqsi§s significantly by breaking down wood resins in pulp.

Anot her i npor tiRFng Use Byring Bleaching ot Kaft Ry Folloxdng-Xylannse Freatment’ sBleachirige

| eat her 15 nafy ' ' a i J tin ith
special prot en DAPRLERRA ol FEbINE s S0Pl By Rieel B, SETICHRGH B30, "

i nprove the sd¥KilPP; TAPPI Press)gPULPZYME ® prodadt)wvnilablsfromy Novo Nidisksdnder , " The

Use of Linpasegn) eanhquse, pPr sges,', J.A.L.C A, 87,128 (1992).

Li pases Qave g?ggugg?n& ﬁg‘éc&q#]og} A@ﬁﬁ@&@‘@?@%ﬁﬁ%ﬁ*ﬂ%@ﬁ&f@mew@@se and to
20 inprove t hevaflablaliqiid bidyshatd congebitibl doftainirg xR sse-Hakkd MUAARMEQFmSY St €NS,

| i pases have been en;)I oyed to _synthesize esters from carboxylic acids and
al cohol s. Conmmer ci ‘F@%{H"B“?ﬂ?‘éﬁﬂc de hemiselivlase mixtuvsiand ealadtomannpneses ar e
avai | abl e undesminbRiaN BGES etdyRali@&din @Affng kel aoa N~ A
PALATASE ' ~' 1" and NI POZYNE TM mp}??gﬁmg(’g al | hs‘a'g%"ﬁfﬂuﬂe%é g’?%%{f‘glﬁﬁér di sk.
25 Wth respelWLR¥EYMED &omhiqvie; ECODULR @ fiom pilkessBintethnotogy and NONOZAM &
phospholyispas @sﬂ,?gﬁgsﬁs,ﬁdw r I &l n J4;nt.0. | ysol eci t hin.

Lysol eciltshi nezrs;béagﬁt edly is an’ e&@é%% pg%uﬁféiokﬁégolﬁ%d{she producti on of
mayonnai se and t helhopkétingses firetusesbmbmnigacialiyr toivaehken, celb valtodnd lehlpseexirdctich

avai l able in Laul d enzymaii ¢, C osition sold,as LECI TASE ~'"s by Novo
Nor di sk. 30 A‘r?mfodf“f‘fg‘r“"%c?s ﬁé’?éﬂ"l‘ AsieyiEpsiy and preyensing gelatigndn fhese

| sonmer ases whéxtiacts.Peetinazes consist of Gidopolygaketukahase, HRPOIGYADurbidd Rhdopedtate’ gani ¢
conpounds. Thlg | SOMer.ases iwe 6 Au u(st 2?,02 5 particularly inportant in
the high fruc?EELuEseingye ﬁx‘?ﬂ‘?ﬁfﬁtsﬂlr‘g? Yegreligynase); and epdopectindyase- ket ose

| SOMer age I eaahRlminidd)ACormAekcRYiqHIGRTRaiS@IpbRféhs cbﬁXiﬂirrTxé%éctﬁaQs%s glanversion

of glucose to fructose and is just one of three key enzy reactrons in the
i ndustry. S \@veilsblesmdersthe napaes d@TmEXdUilHtr@ﬁEynﬁeRE TINGX s bath supplichbyai ni ng
gl ucose i someyaNMiseh IS supplied by Novo Nordisk. Redox enzynes are
enzynes that act as catalysts in chem cal oxidationlreduction reactions
and, consequent | y ,Thabetaigincahazeschre of impertdnce inkolalting snd dreswing indesades afhefeany

modification of barley cell walls containing beta-glucans is necessary. Beta-glucanases

25 include lichenase, laminarinase, and exoglucanase. Commercial liquid enzymatic
compositions containing beta-glucanases are available under the names NOVOZYM ®
234, CEREFLO ®, BAN, FINIZYM ®, and CEREMIX ®, all of which are supplied by
Novo Nordisk.
Two additional classes of industrially and commercially useful enzymes are lipases
30 and phospholipases. Lipases and phospholipases ate esterase enzymes which hydrolyze
fats and oils by attacking the ester bonds in these compounds. Lipases act on triglycerides,



bi ochem cals. Currently, many redox enzynes have not gained a prom nent
pl ace in industry since nost redox enzynmes require the presence of a
cofactor. However, where 10 cofactors are an integral part gfaghsesgpme or
do not have to be supplied, redox enzynes are comercially useful,
particularly in the food processing industry. The redox enzyne gl ucose
oxi dase is used to prevent unwanted browgi ng reactions affecting food col or
and flavor. d ucose oxidase is al so used as an "oxygen scavenger" to 15
prevent the detitd shpsptolipabs st 6n ploapRIiids. In il’ﬁﬁﬂﬂﬁk@' i qve color and
stability in certain seﬂsitive éood ig regygnts. T em%§8§§&§ﬁ§yne cat al ase
has been uti | PBospholigasesrepseprnt the pe@mmmﬂy Ryailablg esierpres,and beth careshtig have a |
sterilizing a i .1 poxi dase (|ipoxygenase), found
Aiiier ﬁgﬁtﬁb{aﬁjéﬂaﬁ%%egﬁé?ép@icab&g

naturally in Soya ur an purttfied for industrial use, is

used in baking, ndh thermup dnd pajer didastryh liguld edryRe Prephidfiond lcsRaihfg THYRE Afvel NE 20
dough-sofstenl nxg eltTﬁcts .C UE'ed gﬁmce tain_agents. O her redoX enzymes have
possi bl e appl FEEH B Epﬁfﬁﬁgﬁf PSPHOIHTERSIg Ry psits oy ralls and etherfequipmenti d
derivatives tduriagthd podlicBeR6dckE Fb@&ﬁﬁh{tﬂ@&&ﬁl&ﬁ%@lﬁ@%@?{éﬁ@%&

o] pol ypheno ,

per oxi dase, superoxjde disnutase) alco oxi dase,
xant hi ne oxi dléfgé'?s paigr orblaaeking with eklerine thyadnentht eontent ofchivriestedtriglycideias e,

| accase, alc st i eh ogenases.. 25 Wen
enzynes, sucﬁ‘bglghfﬂﬁgésbg %ejs{glrgi%%‘esagg@%@g?ﬁ °§{r“§“§%‘{v$§f‘%@‘?8frm%wﬁms PIPSess| n

i ndustrial priwsbemaeported. Firehermad KyMassher tReduding Bdubldome Fidh irpbnﬂﬁgﬁﬁ@t ic
conposi tyhons i d_for a,part.i.cul r . These liquid enzymatic
conposi t‘Pons,’g’ﬁ‘g‘Rgﬁﬁ?F%’%m’J?‘f’e%{ }@ @é@fﬁfﬂvaa{?éasmket@wwﬁm such as
cheri cal i nstenbjhé prypaitioRugdepite Bt RESTNUBE th 454 RESHOAX I WOrBGhIe! Y-
particularly ulg n séora e. This critical problemof loss of énzynmatic
activity due WYCLUBIAG nditions, reppriqdly redyce pitehedtposite sighifigirdlydythecakingt

i ndustry. It doWnWodlﬂébﬁ{afﬂT@ﬂp,t o have industrial products, such as liquid
enzynati c conpositions, August 2002 6 stored in warehouses in various
climtes around t Aaothet importans nee afflipases isdoidegriase Iiddsjand peltd i the deatiRpper at ur e

that nmaysranggad ' .0 above C far extended periods, After
storage at terrpel{rggﬁﬂéreés(?ex%reElti S P ANG RGP R dlon it spagal preteasss apdiny  nont hs,
nost |iquid emusifringcystonyioaid depreasing) sewéll &t eprbwe tﬁ@&aﬁﬁ% GRIEmR HB&1 T
enzymatic act, vi dye t e instahility. Various attenpts have been
made to stabil?lié%é‘xlé’ﬂ%%g‘ ggﬂ{%%’n eﬂ%‘?ﬁdﬂﬂ’&“éﬂ?ﬁ?&?‘h@%&?ﬁ%ﬂ’i ons.
Attenpts to WEL€a&@71128 (8992Ri ity of |iquid enzymatic conpositions using
formul ati ons cont ohol s, glycerol, dial Q/I gl ycol et hers, bl ock

h&. |
copol ymers, graft il&%;?f'g%?a 50 bggn {c& thesdexelonmant efiflayprs iechgbseand toor et hyl ene
oxi de apel_ 10 isupibivl e palfabAilestbedttallont 8 Wed AIMAMIS N End Aasalthale BRLOT N

success, even I n noderate st orage tenperatuure range c No.

[3

5,082, 585, wiMpleyadt sinthesineiestarstiosrcarhoxplis acidsind hl&hoRa Cenimeidial 1i§uid08, 150,

enzymatic |i Qi jtdons are cribed which,c rjpse

l'i pol ytic en%y%@s. g%ﬁé@ﬁ&ﬂ??ﬁ% i“faﬁ%saf?‘bv&qﬁei ‘@d%rrfg?/'f'?é%es?‘]‘?"?% 100,

conposi t i ons Greas&b501i, PALATASE ™A, IPALATASE M| s2d NIBOZYMY ™K b s kAl

noni oni ¢ et hyl ene. gl ycol__cqantai ni ng copol yners. The pol yners conpri se

et hyl ene gl y%‘&?pﬂﬂg%*ﬂwg?@‘s xi de copol ynerized with difunctional acids or

vinyli c2based copWithirespsct td the comerciallp isefflPho ﬁow,gi&&ﬁdifckl{oép' e Pl OCK
endant side chains.

or random orfé%gige graft copolyners wth pen ver, the
stability da oRpIUSed ta gonvgrt 1cithiadntp dysoleeithin. Jiysolecithinmaportediyyis am| y 20

stabilized | iepQliasemh ﬁ:phﬁﬁé('mgqﬁ . Codn U 'S Patent No.
4,801,544, a systemmo%%f ee1. y ege g gfégﬁ%%)gg%%’eﬁagg%eg%lgﬂgﬁlﬁ% al cohol

noni oni ¢ sur Ceomencially, phosphyolipare A 2is avaiable imd liquid dnzprsticasmposificiyold sger and
the encapsul at neRZynes in. mcelles within the solventlsurfactant
mxture is dgwﬁ. Q’h °Waslfl%'3fsgjpntent of the conposition was kept at |ess
than 5 3ercent, aAflothéZpihefdidlyivaluhble dlass\¥kenyhRs #6 theddomrases witch cftdlfhel 00

F. In US. Patent No. 4,671S,6990, a soil release pronoting enzyne-contai ning
noni oni ¢ det EPRyETsionIeastions betyeen isgmess of arganis eompoynds; Bafsomérasesiaeer gent
conprises a synthetic organic nonionic detergent, a higher fatty al cohol

pol yet hoxyl ate sul fate, a particular type of soil rel ease pronoting

copol ymer of pol yet hyl ene terephthal ate and pol yoxyet hyl ene 30

terephthal ate, a proportion of enzynes) sufficient to enzyrnatically

hydr ol yze protei naceous and/ or anyl aceous soils on fabrics during washing
w th an aqueous washi ng




6 August 2002 7 solution of the liquid detergent, a stabilizing proportion
of a stabilizer for the enzyne(s), and an aqueous nedium The stabilization
of an aqueous enzyne preparation using certain esters has bgesesmopbed in
U S. Patent No. 4,548,727. The ester used as a stabilizer has the formula 5
RCOOR , where Ris an al kyl of $omone to three carbons or hydrogen, and
R is an alkyl of fromone to six carbong. The ester is present in the
aqueous enzyne preparation in an anount fromO0.1 to about 2.5% by wei ght.

U S. Patent Npartihl@lySinpaRan] ésthe hipgh fructosd cdli sy ifdbsEry SFQBxhRple, ARIEOUS enzyme
conposi tions é@erﬁ# he, stabili zin Séfyt em conprises calciumions and a | ow
mol ecul ar 10 HEPHHEIOSQISHYRIDTE reaction. ¢aiglyzed by glugose isommsassHinwglvesiike convdssion zi ng

systemis frogf e t_o@ru‘éto%@axﬂql@}i&t_ onid o@thréerlceyeiﬁiy?mg%ag{%ns NPthe ?%d?xs Q277

conposi tions conprising a lipolytic enzyne,” a ase acfiva el ect ed
from the groud 'YMEE Bpreductis e diquid chzyinatic namppuisitioh eortaising uoese éHmerase

wat er - solsubl e rj:yati ves of ethyl enedi am ne; and
Suinl owRh YAl By RidGo KB

wat er - sol ubl e ac Nno acl alts are described. In U S. PatentNo.

3,944,470 and U. S.Rddax emdymisare énfyhiks Haback BZoatilysG e tldhiiéal SxidRvRRS ukdidi'S

contai ning an_enzynme and certain am nated pol ysacchari des are descri bed.
Enzymati c detrchg‘g\ﬂlT"Eig?fB‘S%‘l“F‘i‘t n&re V&ft‘mthagre%l?dmpﬁmbwgmleo%mmace- active

agents in contibdinicAls. Giudhtly EMTES f&l?%@ | e
described as well. 20 U. S. Patent, dl\(% 2?%%"8’%”%@@5?‘?‘@@5&?}{ ;‘a%n%@(r:ont ai ni ng
det ergent con¥p iSBRe meglredox enryunes sequise tha prea¢nce nfp exdictort Howeven wdkren
sul f onatygs, Wﬁ%?#%@t%lﬁd@&'ﬁf&nd enzynmes. U.S. Patent No. 4,243,543

abi 't zat

descri bes the st I'qui d proteol ytic enzyne-contai ni ng

det er gent conepi¢ prdusndp iavedd begppliedaredoostizghaes ardsinmaerbilly @hill i ¢ pol yol to
t he conpositi .c\/\@i | e @t bilizin t'h‘iﬁ%l‘r_l of the conposition. 25 U. S. Patent
No. 4,169, 817 istiarly n the 0qd; RyRResFng in g conposition containing stabilized
enzymes. The conpddietédor gh@nﬁ@l@ﬁ&bﬁﬁﬁt&s&i@hwdiwﬁre%%ﬁbﬁé&%ﬁ%ﬂﬂ& eldcfoh 0%
by wei ght of | i.ds. apd i ncl udi ng _detergent buil ders, surface attive
agents, an er??f}ﬁfé“gsf?g ealorqud flowy. Blusasemxidass ig alse issins an "pupigearscayengerito
stabiliapsig fif the | Jflo gl ' el £ .50l ubl e
sodi um or potlgggi um gﬂﬁ%@h‘gﬁdd#(??ﬁwlg?‘gr@?ﬁcﬁgﬁgp g%ﬁ%{/%fx %%ﬁ%llg and
enabl e t he sdiertipgensitive feoddngsedients. dhe wrdoxendpue ptalasediss bdeh ntilizeddeact i vat i on

e oy A4 i S bl e B4
lipoxidase (lipoxygenase), found naturally in soya flour and not usually purified for
industrial use, is used in baking, not only to obtain whiter bread, but also to reverse the

20 dough-softening effects caused by certain agents. Other redox enzymes have possible
applications ranging from the enzymatic synthesis of steroid derivatives to use in
diagnostic tests. These redox enzymes include peroxidase, superoxide dismutase, alcohol
oxidase, polyphenol oxidase, xanthine oxidase, sulthydryl oxidase, hydroxylases,
cholesterol oxidase, laccase, alcohol dehydrogenase, and steroid dehydrogenases.

25 When enzymes, such as those described above, are prepared or sold for use in
industrial processes, they generally are formulated into liquid enzymatic compositions
designed for a particular process. These liquid enzymatic compositions, however, have
historically been plagued with problems such as chemical instability which can result in
the loss of enzymatic activity, particularly upon storage, This critical problem of loss of

30 enzymatic activity due to storage has particularly affected the liquid detergent industry. It

is not uncommon to have industrial products, such as liquid enzymatic compositions,



describes water-in-oil enul sion-type prespotter |aundry conpositions
contai ni ng enzynes and specific polyester or polyester polyols. European
Patent No. 0 352 244 A2 describes stabilized |iquid detergeptAyeqaRoedti ons
usi ng an anphoteric surfactant and European 5 Patent No. 0126 505 descri bes
aqueous, enzymatic |iquid detergent conpositions which contain an
enzynme-stabilizing system The enzyne stgbilizing systemreplaces polyols

i n known-enzynme stabilizing systens, based on m xtures of a polyol with a

bor on conpounsiored invidrbhoases divetiongel iidtds, arobindl thedvdFdGRHRORY bloBud § Slbj eyec?"
Patent No. 5, 356,800 describes a g_t abi l'i.zing fornul ati on capable "o

enhanci ng 10 Pﬁéé@?%?%éh%my see °‘Piﬁf°é?i@ﬁ tojabejisi 9 ° &nfiey exterided pesivdoAfter ons  as
vel | "as acti ngorage M teMipRRial hfentdl ﬂméiﬁé oI fol S g@g&g@f@%ﬁqgﬂgﬁgben .

stabilizing fornulation contalns at ast one wat
sel ected fr onenaymstsreompbsitions dose fioml 20ct0 d0Gpesdent of théipénzyghicmtivityidueltgast one

of (i) agpoly | at.ed al kyl diamne and (ii) an am ne oxide, and water.
Al so desgri be%éésgélggﬁ'l ized liquid enzymati c conposition which may

contain one or NONaribls ARAPEHAVS BeeRnaldd® stbfbi bizfinedcdnBimtdiffil gy and an
enzyme. Methods for stabili zi‘{lige a liquid enzymatic conposition are al so

descri bed. DeURYRCLOmposifiqns Attempissginciasethe stahility offigeid enzmutic onposi ti ons
| idhsluki ; t bl
wer e appl i ¢abdopbsitiéhshusif o bR on@iir HoSHBls HRERL AACAR MRS OB v

to stabilize enzynes or Tiquid enzymati € conpdsitlion
short peri od %@polymess, grafheapolymesyof polysstérn from ettyletie ycslar ethglenaid:add @as and

enzyme tope aRhict &t lsch B dhick SRR B SA et ipaldhcosit evsigmogerate
devel oped by sRaageltengeramd rangesvor kers (col | ected papers of Wallace H
Carothers, Vol. 1 i Pol rs: _Industrial Engineering Chem stry, 34:53
(1942), Bolton E. k?ﬁ-ﬁgﬁ%‘@?@{qvgﬂg%?‘ \ .@Wasapwgwoyéwgépm@. aatm@h.

ol ecul ar  wei4qyus,150, edzythdAie lijuid AetérgRht BRPoditi - f } x@[ﬂg ,

pol yneri zat i (in was devel o e% by. ﬁ\?ﬁ I—glg%drlﬁﬁgiedég%%gg‘gﬂ%%n e%Nermurs &
Co. Inc. (L7 ligolypgenzymesoThestability ofthg lipotytis eymmasiinthe eompositioneis, © as appl i ed
to thisisl assigis ' e i in nt heti.c. pol yam de
whi ch has reoé:%fjrck&?ir% n@g‘zbﬁgng%%éﬁgf an&?ynf‘lé‘g&g?g‘g%‘?’%@f“ﬁﬁ“éﬁﬁwg pol yrer
chain, and wsPptymers.cEreslanas$ capgirisgethylemeeglydohércetieyldnie logide Bopolyinedded\hi ch t he

structural el Lent.ed. i.n t.he direction of. the axjs." (Nylon Tech
Manual , E. 1. ﬁ%ﬁ@é@"ﬁ@ﬁ& based cppolymeigy, Tha copplymerssan bgar e (1952) :
RE Kirk, peedomiaglslincadfldckoreadbaedicbeqirafthpbiyaits wigchnaiiside Vol . 10,
(1953). Superpal Zén'de c&gm gﬁa‘rgy can be used in the presagrati on of fibers
for use in té’%’?ﬁ\' ayyever thgsibility dafasxemplifiad; for thesqpplymgrs showed thatdhey osly e
fabri cs20 yanmstabiliefHnols8@fdd & makinin 66 47CAdRe S 7° @Nd cl ot hi ng. These super
hard, high nelti n& oi nt pol yam des can al so be used to produce 5 w appi ng

foil, |eather sub¥tYSuPatent NoadRQ,344, g syistearof ethylehe glycol landrptbirgibsed liroart t | €
" berti r . ; cinding vi
caps, belti ngicohdl a¥hiBsic ﬁgﬁé&m m&g@m soivéﬁ%mi#ﬁe&z% %tgn?fézoe%)%%ng W re

coatings and other simlar products. wever, Bes have
been expl oi t €8capsplation of enzyingwinmicdlles within thessobventsatfpcianit dextoteiigdssaited( e. 9.

o *super pol y 408 W edteRt o BECorRies e v i Hach i o vl d cappra wlbgn,
Pol yani 2& - ol waeoheckedst 85, 10tyahd800°fFound to, in accordance with this

i nvention, stabil]j wi de varjety of enzynes and enzymati c conpositions
over an extended @'ﬁg%?t%\‘ﬁf’i %%1_5,%, WP%/”B%‘O‘EWQE PWé@thBtﬁinhcénEMnti on
provi des a siawrlgbhtbastd s MRicldenGOIRE The de-{é}gen? E&H#Adeﬁ%mﬁ{&ﬁx B%ng
conposition conprises an adm xture of at |east One pol yam de ol I goner and

at :c _egst ](c)n e newoniprdetergend, aidizlyen fittl elcohal g'_olyeﬂloxﬁat?mﬂfa& 8 ﬂm'_eicmgltyfgjf deil or
Pont ai ni g ol St SpoQel YRl ihd fednBRiE TEE R BRIRERE chai n

backbon3) and terephfimiatsapropoetian of enzyme(s) sufficient to enzymatically hydrolyze

proteinaceous and/or amylaceous soils on fabrics during washing with an aqueous washing




anount effective for stabilizing the enzyne. The invention further provides
a nethod of preparing a stabilized enzymatic conposition. Such a nethod

i nvol ves combining a polyam de oligomer and at |east one enzyAguisP26@ M an
adm xture of said polyam de oligonmer and said enzynme wherein said pol yam de
oligonmer is a pre-superolyam de 25 or pre-fiber-form ng pol yam de ol i goner
havi ng a pol yner chai n backbone containi g only secondary am de |i nkages
within the polyner chain backbone. The polyanm de oligoner is added in an
amount ef f ect SlBtigroofdheliquid detergént astrbilizing pidpostion af\slstabiilias for @l enbfne@Nd
advant ages of aﬁ@&&ﬂg&@%ﬁ h Wi |l be made nore apparent fromthe foll owi ng
det ai |l ed descri ption. et di |l ed Description of the Invention One

enmbodi ment of the Thn/mlﬁlﬁzaﬁoﬂsfmaqﬁ@béédzﬁasp&mfm%ﬁge&ﬁﬂpé&e&{1&@1:?@10 e

stabilized en i G osition of the Inven n confalns at leas
pol yanmi de Qégsgg&'@dﬁgfgg)ﬁﬁt Np-i45848d27. aFhe ester wsedias a stabilizenims iee. foffinda
pol yam dé& ol i BODOR'|, §hée &S i f ive . to stabiljze at |east
one enzyne of a liquid 'eglkilgﬁﬁa%llkgl%gﬁ%g@?ﬁ%%gcﬁgéngtoém&?ée&ﬂé’ﬂ%ﬁﬂ/‘ﬁﬂ‘,ylthe |
i nvent i on enpPifjam anglelsixeertves.oThepsteris prasént In theyquacuseRyuiY fRegasih RBP4y am de
or pre-fiber 'M&Iﬂtﬁ-gn[ngﬂ %@ﬁﬁ%hﬂ%ﬁﬁy A pre 5 superpol yam de or

y € y

pre-fiber-formng polyam be prepared by techni ques 6

August 2002 m knovﬁ.SiPawxhe«oamms,mldagﬁdwatdaabﬂ&iﬁé%?&ém&q' érmgate“t No.
2,2%1,576 i ncoqrqg)or ted here in its entirety by ref er,enceflh%%lg?e ably, in
accor dance wi fHRR °F§1W€"ﬁ? tabilizing sysiem empsis¢sgaleinm ions andejow eblecilar a

condensdili on weight dafdxfic 4 ' : f. for.m am de
| i nkages. Kri hgllﬂfjorfT‘ﬂl—?adr%isdcdl%@)gEﬁﬁ%ﬁ(?%%&%ﬁ%%%%%@&%11.0“{@? fdute 5

for Techni cal 209Hc¥ ol ecul ar Chemi stry, University of Hanmburg, Hanburg,

CGer many; Marcel Dgk . [ igoner farnati.on,  each am de

| i nkage is fo z;ch qsﬁ%%%?ﬁﬁﬁ%’lByd?gfzﬁiofgjﬁg?s{s‘fo%ﬁ%g f)i‘%"'p %Fyg,iaﬂlpwe
accordance wi ele incthe graupain vwater-§61i6i¢ ndphthlleRP IS .a a
fundamental cgndensas ozyore tion qf at Ieeﬁsﬁ one di ggr ngyl iC ééésl‘i’d monomner
and at C:_Hg:ast one di am i %ﬁwdﬁgw’é’l’fm cazdinapipe; and wateSgthaieacyl- 0 o O f
O H N( NH -antifid-§didHsalis afddlesodibed.n 2 --[ ' HN(CH-nNH- - - ~(Cfi ~m ~-] p- Di ami ne
D acid 15 Pol yam i eater than or equal to 1, mis

e Schene 1, n_is gr
greater than or egﬁylr£€6wﬂ&%ﬁ§4&47%aq§&é$eﬂwtvo-l%ﬁ,lﬁﬂanzyme-oequhlngt o 70.
The fundanmentsan Sﬁﬁ&@%ﬁ%ﬁ@ i : : i | owv t her ma 0
pol ycondensat, on {r{t;_a%i:?tti on, i r??:flltjl i r?%acsloi ution %t‘%ye&%?&lﬁ%rf 5%?&%&5?‘fon,
mel t pol ycon tergant eompogitionserontaininigycerdaiol ergasit swrface-Rtive asend iy, i N
accordance WdolhbindBor WHE B saﬁaﬂﬁﬁ&(&ﬁoﬁ% co#id@omsr is.ls)ﬁrdﬁgafagd by nmelt
pol ycondensat i on. The CORAENSAtlon readton haIeEe feser ¥elinder slight
or nodef8t e vacuul-$.datentNo\G2725896 dastaitses citiyaiR-coptainingRIBRdehMRmMPBSIQHR! S ar e
used to prep : j de. ol i.goper with 25 high nmelting point, care
shoul d bo. t akomal h’n@ﬁé&%‘%@%&%“ f“é"vlm‘?éé’af&‘&?%ﬁs gﬁ'&@&ﬁﬂﬁ gyenlgiend t o ni nini ze
vapori zati on eozymdseu.s;mtthaumatajswdaa@be@thets{asn@ddoﬁ%ﬁ@ﬁ&’fno%ryl&%Od“Ct

onditto

produced. Low | ns-are

Lenper at ur e ol ycondensati on reaction c
preferably us?g‘?'nféc"t?%&}?%l tergent sempogitionshy adding gy awsioxidaut and abydrophili¢ he heat
of neutral i zgblyehtoQhe ddnpoSRBH While Mbﬂ%ﬁ%‘t .tggﬁlgg%%ggnqgosﬁl%“ s or nylon salts

and/ or 8; the resulting oligoner, an
U.S. Patent No. 4,169,817 describes a liquid cleaning composition containing

stabilized enzymes. The composition is an aqueous solution containing from 10% to 50%
by weight of solids and including detergent builders, surface active agents, an enzyme
system derived from Bacillus subtilis and an enzyme staﬁilizing agent. The stabilizing
agents comprise highly water soluble sodium or potassium salts and/or water soluble

30 hydroxy alcohols and enable the solution to be stored for extended periods without
deactivation of the enzymes.



30 vaporization of the condensation by-product, which is water in nost
cases. The diacid or dibasic acid nononer may be any synthetic or
conmrercially 6 August 2002 || available dicarboxylic acidg Alfpastdioaei d
nonomer may be hydrophobi c, hydrophilic or both. Exanples of suitable
diacids include, but are not Iimted to, oxalic, malonic, glutaric,

mal efic, fiunaric, terephthalic, and adigic acid. Preferably, the diacid is
a C3-C, o nonaromatic diacid such as nalonic, glutaric, malefic, fumaric,
and adi pi ¢ acid. ThterlerhRn walpofifén¥hhve Mo RUEIREAY. BiRPhEn NY.9,7309¥9 in
Table 1. Table 1, Exenplary Di carboxylic Acidsoxalic ’

aci dHO( O) CC( Ceesuihss wa'iebﬂlafzzf/m@txp@@sm@t@lmﬂw ¢ompositions containing enzymes

i dHO( O) C- e ' idci - GH=-H- ic
251 dt rap. HO PR bRk Puftbeer Pl b g AT Besivey i
aci dH( O) ICI ( G%ﬁl&efg@iwbt_éﬂgeﬂfhemﬂbm aziﬁ@magli{iphot_eﬁy slb%ca?mnaaiﬁdpeﬁc or
commer Ci al | ry,, or secondar Jal.a ne. rerera , e
di ami ne ﬁongn@wﬁt éﬁa& E,z,&{e,'s?ﬁ%g?ﬁ”ﬂ@?wb?&ﬁﬂ%‘/"é‘ﬁ l‘ﬂ‘ir'?dQEFF‘tgﬁﬁlcemH?séﬁﬁ%ﬁ&@qhncl ude,
but are not |doiaireh éngyrle-RatfliiAng §2RHDNAME erday; thﬁmggfs@@?ffﬁlggeéipg%olsin

1, 4- di am nobut ane) 1, 5-di am nopent ane, 1, 6- di am nohexane) 1 nooct ane,
20 1, 10- di anmi HoWaranaesibiliring systean daged jon mixtures pf apalycd wiith atborondiompourd i s a

linear (i. e. 4 ; . es. More preferably, the diam ne
orRfilf el S AkFheH®

is a linear and saturat e.g. 1,2-di am noet hane and

1, 3- di am nopr opandl.S.[BatenpNaursy3 56840 deneribeamestabilizing formulbtioh eapable dBenhamig 2.
Exenpl ary D - di am nopr ne,.l..2- di am.noet hane 1, 6-di am pohexane

di et hyl eléet r i]tgero’nﬁgrgg%ﬂl jp%{ﬁ'ﬁ%eoghﬂﬁl_ﬁf’ %cwsﬁqﬁ?ﬂf-”ﬁdﬁﬂ)ﬂﬁ agtine afp fspersant  NH2
HZN- (CHs NH- (didHfor hidastAalyprevassbiaias.i The sefbilBingThmel@ion Shdhcht 1St dhe Fater-

descri bed abov&b is envisioned b 6 August 2002 12 the present invention
as long as a PBPleserelingsesnt selestedfronya shagtshainiglcghol apds short gbycol, atdeaser nay

be formed. Wge opipd f)&ye'ﬂ?dx?llaiea mﬁ&iﬁmefaﬂa HE Efgixga@d&mwagpf@f

addi tional precautions should be’taken sin eact’i on |s'stP%neg
exot hermi c.  Slgesibpd eatrbiliedliquidenganntia coniparitionwhiblemay contaitlonerarimate, ~ f or

exanpl e 5sl 0wy, ' {z#%)iﬂrln | L amne and. maint enance
and nonitoring %ﬁéraggbgﬁe%rﬂlibﬁe eraluﬁarﬁg'fl%&i %‘oc%‘é@ﬁ?&gth%ﬁ@ﬁ%gﬁqwr may
be prepared epzyrhaticcomgesitiomtarealscodesaibed.t ype of di acid and one type of

di am ne. A heteroggnous polyam de ol.i goner. may bhe prepared by the
condensati on of regltéﬁ?fﬁ‘ 63%85159'38 pﬂ?&gf‘%‘ﬂ?t@ng?ﬂﬁl CBFE‘QO%?%@ "‘fﬂey‘ﬂ’Pg?ﬁb}?é? nor e
than one type Ibfitedinafibaeofai & MiPorOkerél bl bble toktabilize @YNe8 bt Bqlid her eof .
10 Alter natlvelg, a polyam de oligomer nmay be prepared from

sel f- condens U5 CORPREYARS YT S Aetntiviely et peripdhof e Shye, thareapmapins amedt y and
an aci d200i etf¥r folful&iINS el conﬁﬁ?iﬁ{)&ﬁﬁ{i& &n@ﬁbfl’i%‘éﬂﬁnﬁl éaegﬁ'lﬂig}rmv}r'@%%rﬁ)a}dq the

i nvention, equinolar anmounts o ' mer are

a diacid nononer an no
used in the dBH@enzma BPe ordamti on. However, it is preferable that a slight

nol ar excess of agflahRRAG . AL resent to
produce product sgrﬁtlongbﬁg]\%ﬁ%égﬁggn aC|%%’ge%i—%ryz)dpgﬁkg’gggiﬁgr%ﬁﬁﬁgangi ng
bet ween aboutcody@kars(calberterd pap@s of\Wallace He Catothietsy Volt héighPolgmegssinthestrivt e n

o1 gorer  or A ClERa: 36H4 BBk ionge Row). BUBTRRRES pi i s
adj uste@5i n sitigh @oletuld weighy 854 Kighlp pbiyRieR ed e RhiAR polyamide, polymerization

was developed by W.E. Hanford at E.I. du Pont de Nemours & Co, Inc. (U.S. Patent No.

2,281,576). The generic term “nylon,” as applied to this class of polyamides, refers to

“any long chain synthetic polyamide which has reoccurring amide groups as an integral

part of the main polymer chain, and which is capable of being formed into a filament in

30 which the structural elements are oriented in the direction of the axis." (Nylon Tech
Manual, E.I. du Pont de Nemours & Co. Inc., Wilmington, Delaware (1952); R.E. Kirk,



20 The tenperature at which the condensation reaction is conducted wl|
vary dependi ng upon the diam ne or dibasic acid used. In general, the
reaction tenperature is such that superpol yan de oligonmer formation is
prevented. Preferably, during the initial,addition of the reactant
nononers, the reaction tenperature is mai9nt ai ned at about SngS@}JSt@fqogr

conpletion of the addition of the reactant nononers, the reaction 25

t enper at ur e Fgcyekipadiai efcdhemical Teshpelogy.uvel. 400 (k953hoduperb@mide shemishyy, at

this point, the reaction tenperature..is intained..at a t erat ure of
about " 110- 1468 PLISH 150e SRTRERR ti et FB Rk SRtigrd shtRy Ol Vel

exot herm ¢ nahite®, Wbvdr)antl QfilkBfabads, YR8kt k6es, toids,” €atk] oatpéte ey alothigg.r i ses
to and generally is maintajined at, about 1S5-165 C. The reaction is

mai nt ai ned atlhes¢i super hged: ahigh emelting| pqint palypeides| ¢agoplse Beouped ite Producgo
conplete gor | .be i r IO | A r I.C

cuper pol yani LG L SehBRBRIEE EEkG ARl PagtEl Panpsb AR, Boklony
August 2002 bdtingdplhfiag carlsdfibarbdaed subistitutds, bBelttgndindjowir@ caftings @ad other

i ncorporated here by reference. The production of a pre-fiber-formng

ol i gomer or pimiles sedyst Jawayer pehijsrspargolyamides hae Pieh EYPIRHEE I sighani ng
t he surface qQf 0wl I Lt Ly N

el asticity o?f 1(%%13& r%o tgﬁ%gﬁ?yﬁ%&e{@x}ﬁ}eaﬁ%%ngérgf@fg? gﬁejrregﬁg?rg%%ﬁgdgh%r&e%\%l of
t he gl ass andorifig cmdehsation bolyampdes yorgreculyorooef supetpotyamideeandf myluinfiphaveage
or superml yam de $tac$e .dsuct].f{.l anents or fibers are quite elastic, /. e.
retract I®adfPyioPRd PPvddEaPRISAINY| yrer reaction mixture. Upon

super pol yani de f opgRuinid ofib@abisChdvé héw! B&dn @fmhdt e il hattRlinge OXith ithRr are
brittle or hard. Reversal of superpolyam de formation may be achieved by

t he additi onimfentier, etabilizet hwideewariaty ol ehzsmgseandGraimiatia comppsitionseeilim@nent s
known in the art sduch Se..faor 10 exanple, viscosity neasurenents, can be
nmade to detef eﬂ%e of iogﬂmﬁoi nt heating of the reactants should be

di scontinued in order to avoid superpol yam de or fiber formation.

Prefer ablg/ vi scosity val ues range between about 25,000 Cp-100,000 Cp. The
vi scosit¥ vaﬁw\’f’ﬂ@@énmﬁﬂhe pol yam de ol i gomer may be prechosen

dependi ng on the t. . . ksl .t h 7 0 be
stabilized is in ?’%o‘ﬁY‘?‘lﬁl&Bgﬁgt aey ggssf&g%‘%?ugﬁszggd%Z‘%&T"é’éff“’%‘r ngrgaE%’lliyﬁéthe
pol yam de ol egonmeaticvdonipokitive cenipeises arv admogureyofvallesst ogepelyahide pbgmgmerg

bet bout 25, 000- 35, 000 | fl.yid,state, i d bel
o 1o b aqdend o Ha,one Ve She goemithRsDE s h PO CODeTG 5t Pife .
preferably rpgi-REmBR MIGMABQUEoRE: Qa@nglgﬁ%o%%r‘aaain%@g%&lelcbﬁmlﬂﬁg ebliggorrer

formation, heating of the reaction is discontinued and t he pol yam de
ol i goner 20s a¢dopdary anvide dimkages ithinehe pobimssrchain backbeneqamt & prepand in an

e 2 ool bgrearnCaaRy? SR e Xl R GO R Prblilh o "

m xture. The ofpepasnd ¥ stebilizédédzyn@tiagempoditior. ISach o gietiadd iaoslded dontbiniggagent
al l ows conpositions of the invention containipng a polyam de_ ol i gomerg{?o

mai ntai n | i q@Pyamidaeligemes and af least oge snprmeto form-ag gdniytussobsqid Relypaidsi 1ty
at tenperatur i i La: : i | . 0f

Ui tabl o vi sCaE PR e B bR Atk S Bpha R Mich IR, Bpge PURERY ERidE
Theol ogi 24l oenpietfimrifogniage polyamideh cigomesi lewingl 4 ppalymer achaite shackldngani de
esters, polyesters, and plasticizers,.such as. glycol | ycer pl ol dric
al cohol s, esteptaingig %@Hé?c%déﬁ'h?fp © léfiﬁaﬁ%sswtﬁg’aﬁ’lerpé?i%n%i ‘ﬁ?ﬁrbg%‘f"g - aclds,
cel | ul ose denpbMamiKesligdidri® hi@QNRSan AMBuRAFHIRY LPYHbilzE dRNErzyRR. These
Preferably, water or a water/glycerol mxture is added to the nolten
reaction ni xtaod etheMaturpy arideadsiahipgesaofiihie dnyegtign avild ibermadeunerei appargdeffomo t he
nolten reaction. m xture a 1:3.. 6 August 2002 14 water/glycerol m xture.
To achi eve dé% fpglawfqgoqeﬁt%%g?iﬁﬁcf@w’g‘ti cs, the viscosity controlling agent
may genegglly be added in anpbunts up to about 20 % by wei ght based on the
total weight of the final stabilized enzymatic conposition. At anbient

t enper at ur e, Dataileddaseniption ofdhe Mverfigpani de ol i gomer exhi bits 5

thermopl astic pr ORSiet %rﬁﬁoqiff‘l‘elwgf( %reriﬁgen?fah%@@ ?tgbi %écgg%aftigrco QitlohZlang at
| east one enzyne may be clear, transparent, pliable an acky to touch. If
a pl asti ci zestdbilizeh eapymstite dompdittiqroby e theemtiongcomtaingray leakts ond polyemyide

gl ossy. Pol yam de ol i goner plasticized resins also exhibit excellent

noi sture vapor transm ssion resistance properties. According to the

i nvention, upon conpletion of polyam de oligoner fornation as




10 described, an enzynme may then be added to, or mxed with the pol yam de
oligoner, to forma stabilized enzymatic conposition. Any type or class of
enzyme may be stabilized using the polyam de oligoner. Particularly
preferred enzynes are those previously discussed. The enzyne

wat er - sol ubl e, wat er-di spersible, water- ﬁuIS|f|abIe wat er - éﬂ@%ﬁ@ﬁ%&

wat er insoluble. The enzynme may be in a fluid or non fluid state. 15

Exanpl es of aligemernangi & leashione enzyme sl hierpalyateide l@bgoxacmsrmt:sent in eedmount
powder ed, pri m.croenca II|ne

menbr ane bouf ecetﬁfgrt? iSt@Bﬁlg F%ﬁ%c??‘%&’ﬂizy&e ‘g"saﬁulﬂ%fF%Y@%F ﬂ‘}y mes and the

l'i ke. Preferably) Tofstébili@nad bntiythes mHé/{fB'ehtsoﬂlélﬁﬁloyk fa posyaﬁma@ boligaser Smidhol e
by techni ques knomn in the art Preferabé%/]p6 t he non-fluid enzyne is nade
F

sol ubl e by niB&yub%e any tPre-sReERILYAPAIdR cor predibsr-Tarating upelrvamrqlfeotza@y% A@ye-al so
be any 20 pr d S
conmer ci a §u eg;?(ﬂgz!b {ggp(r)Je %Irfgﬁ at ed&q%t eérzzdﬁgaﬁﬁc gfrposﬁ%’ogéw

pre- fornulat&ﬁhhmmﬂ;d enzymatic conp05|t|on may be a wat er-based
conposition or formulated or enployed in an organic solvent or nmedium Upon
addition of the enzynme to a polyam de oligoner, the resulting m xture is 25
generally agitated or stirred by techniques known in the art to forma
honogeneous di spersion or blend. As a result of enzyme addition, the
viscosity of the stabilized enzymatic conposition nmay decrease to give a
conposition with desired viscosity or flow characteristics as di scussed
above. In a stabilized enzymatic conposition of the invention, a polyam de
oligoner is 30 present in an anmount effective to stabilize at |east one
enzynme. Cenerally, a stabilized enzymatic conposition of the invention
contains about 0.1 to about 99% by wei ght of a 6 August 2002 15 pol yam de
ol i goner as descri bed above based on the total weight of the enzymatic
conposition. Preferably, a stabilized enzymatic conposition of the

i nvention contains about 25 to about 95% by wei ght of the pol yam de
oligoner. More preferably, the polyam de oligonmer makes up about 50% by

wei ght or greater of the stabilized enzymatic 5 conposition. A "stabilized
enzynme" is defined as an enzyne as described above which in the presence of
a polyam de oligonmer retains greater activity over its native state at a
defined tenperature. Preferably, a "stabilized enzyme" exhibits about 70%
activity or greater after two weeks at 50 C. More preferably, a
"stabilized enzyne" exhibits about 80% 10 activity or greater after 16
weeks at 50C. Dependi ng upon the enzyne and its intended use, the
stabilized enzymatic conposition generally has a final pH range of about
5.0 to about 7.0. Preferably, the pH of the conposition ranges from about
6.0-6.8. As understood in the art, adjustnment of pH may be necessary with a
smal | amount of acid or alkaline material. 15 The stabilized enzymatic
conposition may contain other additives as known in the art directed toward
the use of the conposition in a particular industrial process. For exanple,
the stabilized enzymatic conposition nay contain additives such as a
surfactant, an enulsifier, a defoaner, and the |ike. Due to the solubility
of a polyam de oligonmer in water and organic solvents, a 24 stabilized
enzymati c conposition of the invention may be added directly to a systemin
which a particular enzynme is to be used. The enzyne nmay be di spersed
directly into the systemby agitation, such as stirring. Alternatively, the
enzynme may be delivered to the systemover tine by allow ng the polyam de
oligoner to dissolve at its own rate within the system In other uses, the
enzyme may be |iberated fromthe stabilized conmposition by 25 dissol ving
away the pol yam de ol i gonmer using solvents containing hydroxyl groups such
as, for exanple, water, glycols or hydric al cohols such as glycerol, or

m xtures thereof. The resulting conposition may then be used in the sane
manner as ot her enzyne conpositions. Another enbodi nent of the invention is
a nethod for the preparation of a 30 stabilized enzymati c conposition as
descri bed above. The nethod of the invention relates the step of adding at

| east one enzyne to at | east one pol yam dc ol i goner prepared as 6 August
2002 16




descri bed above. The conbination forns a stabilized enzynmatic conposition
where the polyam de oligoner is present in an anount effective to stabilize
the enzyme as described above. The enzyme may be added to OrGRQ%}m Wi th
a polyam de oligonmer either in its native state or as a pre-for at ed
liquid enzymatic conposition as descri bed above. As 5 defined above, the
enzyne is stabilized when, in the presenég of the polyam de oligoner, the

enzyme exhi bit I\ ool iLv.e a defi ne
tenperature. A (C)i\lg{l Iﬁ%gﬁrégﬁgﬂg}sﬂgwqggé&g%%eﬁ? Blaé bﬁtgléti\,}"'%rg)l’ﬁg‘é&&ma gh%ﬁy
time. Prefer abifis entinaty byletiférence. Preforatty ipacaidaste Withhie ihlisn 2408 aRae been
added to the p?l¥am'.de ol i r. The foll ow ngdexarrpl es are given to

qQne A . ,
illustrate t he BYBELHRIPAGAR P spdensptiaisptign gbdifunctigngbmenaises capahleefor , t hat
t he inventi on formiRPdmiti®li | IR S i i1 ar ,d ils
described_ in these exigé)ldlggéd %ﬁf@ﬁﬁﬁéﬁgﬁgﬂdg?gﬁ%;%%S?Qrﬁesgymsﬁé% zi ng
a Pol yani de Oferdesiical Rpaarqn@mhoﬁfhwm Univarsitp of Hardbwrg, Hin{birg? Gerrdang; mot )

was added to I, 3l N 25 Xsy! t ). ring,addition of the diacid,
the reaction %Jggegpe%gt%y;%ﬁééﬁ%m%@%%%3%&?‘8“ 1“@‘636-“?8’““89 Table 3
lists specifi énddpendentlycif sive otitere Qvibre pesférabilg, in BetoflamieGRARSInVériion, ONCe
additi on was compl et e.. the.ten‘Perat,urgggf the reaction vessel was

mai nt ai ned at Pﬁ?‘&ﬁﬁ@!‘%ﬁ%ﬁféﬂ&ff ajefkyia 4 fygdamental condepsation rseqtian pfatieast anad

vari ous sall diaibeieckisfdohcnshdat R bEdiafind rhARfel S3fdvrd SP(:  LUPON
mel ting ?(; the diacid and formation of the salt conpl exes, a si‘dgnificant
i ncrease*fn t§ﬁ'ﬂﬁ¥!°alf-ure to 1 S5 -165 C was observed. The tenperature of
the reaction was then maintained at about 162 Cfor 0.3 to 2.S hours until

the salt conpl exes underwent nelt pol ycondensati on and formed the desired
pol yam de ol i goner. The condensatig@n reaction was perforned gndergslight to

noder at e vacu e erm#?b f ter. 25 Eor i t | fam de
ol i gomer or pygeﬁ(gg%"gﬂ%ol E/-am SR "ég((yj%t erm ne yﬁ%@?@{ﬁg&f{ﬁ%&?ﬁ%&?ﬁ'or m ng
properties of t gRaction mxhike with a glass rod, i.,e. the glass rod
test (U PateWN‘g. 2,281,5)7(66'%;PAfter melt pol ycondeng"gﬁa‘imgﬁ had begun,
every few mnutes a glass rod was placed in the reaction m xture or
solution and withdrawn briskly to formfine hairlike polymer threads which
at the polyamde oligoner stage would retract 30 back into the reaction
sol ution due {'bsqhﬁ@egdwmates anequal tp 1 opdy greater tharea equatjtods, andeisr eact i on
sol ution was %ﬁh{wﬁgg of%ng%a,ﬂ, hours until) as ascertained by the glass
t

rod test, 6" August 20 e pol ymer threads began to lose their
el asticity, beconelhsrfindamentahebniaisitionseactivn may bdxcldgh orlbw tidhgalr eact i on

solutiomy an_Lindication of .the rmatjan of s rpol.yam de or pre fiber
f or n‘i'ngrh(% i goﬂéal?. nﬁfﬁﬁ?ﬁ“"é’ﬁﬁ“‘@?%l‘@é °*“§P?r§‘€ﬂﬂi,gg‘l¥§{"\g nsgien, melfled to t he
reaction sol upélpsontisiisition] fresolid-sae polydoddesdation) dirérefaBly, tha6cor@ht WittPthe _
el asticity to,the, pol r threads. 5 The reaction was quenched by renoving

the heat sour F¥eLHQ gnjdepligomenisprrpaed By msh polyeondensationa The condensation ¢ he
sol uti on wei ghtctivh nfivibaSerfi@iet un . ] inhg a ratio
of 1 part vvatercto 3ypa(ri’%s gl'yce?%f@%ﬁgﬁgﬁif&g%gwf?lwﬁ?iwtbl e 3.

Di aci d and Di am neWhemhisiahsensiyrsmengmerssirg used faere@rd apotyamidy eligamat withha

Aci d*F. nou ST 8 | G lar(aknol JAcid - .

(gm (g/ \rgosf\) Bal ?%ngﬂ@g%@#ﬁél%@@eg%ﬁ%%ﬁ%% Fropess n grder to

1. 4: 1pr opane 1odithiz¢ vaReizationoif se mendBBOsupplict; abd 3f the dligbnie? biByIEGAGENI C104t 24,
135; 1451, 3-diani no74741.2:1; 1.3:1; L4: 1lpropanel24; 135;

1451, 2- di ani nB’881‘6°6 - bov tempgraturs polyequdensationJeaction cnsditigns apepreferably used to

204t , 3- di am npra¢iad bR adiivatioR erergylofickBicRABAM LR of hORralizati

2041 2- di ami No6060L 2 T s, ey ot e RAADATR oat o hdblization of the monomer

2101, 2- di ani nBPdeingpolyamide spltgormylonsalts andion of therestlting ¢ligoaren 8] the heat of

1621, 3- djpam n 21 o . g s X - di.am no60601. 2: 1;

1.3:1; ?OZ 1eﬁi’§ﬁé}r§ éﬁ%%‘%‘f@ﬁ(ﬁ%’ &P g‘%ﬁ’@%’l l%ﬁ"agtﬁ%'gi%dﬁ?agé:sl; 1.3:1;

1. 4: 1propanet 39; IB@;difRilqr2litisia atid a®daDAndy, ib.aBy dynthetic or commercially

t . 4aet hanet er epht hal i c166200; 218; 2321, 3-di am no74741.2:1; 1. 3: 1;

t.4: 1propane200; 218; 2321, 2-di am no60601. 2:1; (. 3a;

1. 4: 1let hanegl utari c132158; 17t; 1841, 3-di am no74741.2:1; 1.3:1;

1.4:1propanel58; 171;184L, 2-di am no60601.2: L; 1.3:1;1. 4aethane Acids

avai l abl e fl ~om Si gma Chem cal Conpany o>-St. Louis, My. '~~ Bases

avai | abl e from Fi sher Scientific of Norcross) t3a. 6 August 2002 19

Exanpl e 2. CGeneral Procedure for the Preparation of Stabilized Enzymatic

Conpositions An enzyne at its original manufactured concentrate in either

solid or liquid formis added to a pol yam de ol i goner prepared according to
Exanple 1. Upon addition, the resulting m xture is agitated or stirred

o o N — o



determ ned by neasuring the %activity of the enzyne at 2, 4, 8, and 16
week intervals and conpared to the enzymatic stability at SO C of the
correspondi ng enzyne at its original manufactured concentrag@eist®00dn the
absence of a polyam de oligoner. The results are sunmmari zed |ngTabI es 5-8.
Percent ages other than % activity express the % by 15 weight of the total
conposition of each conponent of the stafjlized enzymatic conposition. Each
pol yam de ol i gomer was prepared according to Exanple 1. Each stabilized

enzymatic conpadatle dicarbasylip neif ATReifGd MofbiG nsa? bEh?dHaia bie: zﬁﬁ‘éﬂ@ or
pol yam de ollgwé v¥§re used to preparethes abilize tic
conposi tions ¥awples pfsyiiable diasis fnel uﬂathuéwenotﬂmteémmm nmbthct 0 prepare
the stabili zeglugfig\hadit, Fuhie) Rdphingis ctured
concentrate aﬁd |$1’cl ude the f'orélpgvm ng MM&A&I%{“ %é}r%gﬁfaﬁ'é“f)?gﬁ' #se from
IGenen((:_cl)_r lg: nc6z‘(n?@ma§° Wldmhﬁzmningl;utaanaiem,)ﬂJmMMJqum ilwi)déomxor dihs k

nc algl e as rnati onal Biosynthetics

I nc. (Table 7): he W@Mﬁhloos-eg%ﬁp(g mrﬁ?@? fl i um funtcul osum (P.f.)
25 (Table 8). 6 August 2002 20 10 TabI e 4 Key for Pol yanm de Qi gomners:

Ex. Pol yam de Qi gorrerAﬁ, glopol ymer of oxalic acid and 1, 3-di am nopropaneBa
copol ymer of malonic a Abledng 1@‘°@P’&ﬁilﬁﬁﬁb®p’éﬁﬁé@8copol ynmer of giutaric
acid and 1, 3-di am nopr opanegaicai®! yner ofy 5?5 Eﬁ@@il d and

1, 3- di am nopr opaneEa copol ymer of fumaric ac c? 3-di am nopr opaneFa
copol ymer of terephthalic awhlgnigadd1, 3- di aHOM@)E-CHAGE@IOICopol yer of adi pic

aci d andgl, 3-di am nopr opane ymer of ci

1, 3-di am nopropane and 1, 2-1i amé)%gdet hanel aH@%% C%p?(ﬁlgl pic acid and

di et hyl enetri ani neJa copol ymaleicaéidadi pi c ackHOIOYC-CHE-CHi-eqo)ophexane 15
Tabl e 5. PRI MATAN Enzymati c. St abll ty at 50C 20 25 Enzymati'c Conposition%
Activity Present After WeeldVfg® ‘{merEnzy?fﬁ"EZﬁQ@ CEFCHMR(QOEAN

/ 509%Q1<1------ NonePR I\/ATAI\Vtaeﬂgﬁalmamd- --- W&% 509%-98>98>87>74C
/ 50%°RI MATAN | 5096-98>98>97>95D / 50%Rl I\/ATANI 0998 9§%ﬁé>90E / 50%°RlI MATAN
| 50%-98>96>94>89F | 50%°RI MEHRE 4°8h 926 <3- -HOO)CHCHIMPRDIAH AN

| 5096-98198>98>95H / 50%°RI MATAN | 509-98>98>98>95] | 50%°Rl MATAN

| 509%77>41-- - - - - J |/ SO/PRI MATAN | 50982>66<S8- - - 6 August 2002 21 10 is
Table 6. PUL PZYNEThE:dermzopmx wayJeny Isjrithetiator aﬁﬁn&mumlﬁblsplmaglow on%

Activity Presgdhddl ihir ENz rre2481 5QuPUL PZYNE HC

| 50%-4<11-- - - - - ﬂ' ePU %f%lﬁ%%mx noner F%‘b Hexamples °f

| SO%98>98>9 @wgrbb d@mwujnélz%tld@ 1ot timited DB aanndSheer), 3 -adih

P~ I50%>98 E | 509RULPZYNE HC TM | 50%38<1 ------ Q 1509 ULPZYI\/E HC
™ / SOJ/(>98>9 g@lﬁﬁ MWE“I\‘EE %ﬁ igminabexans L8-diaginoorue UL PZYME HC
™ / so%atss>75,M4mmnedbcﬂﬁmukm¥réhﬁriaﬁxnwpém%@we isalined (FHIOUSt 2002
22 S Table 7. .MA7T-AMYL W. TM Enzymatic Stabilit Enzynatl o

Conposi t i onoPRRATY) prd sapirateddipmines. dYlompgpeaferally,rbs &M mmal@ﬁurated

T SO 0850850 S2 S | SO SR R T 2ot R eneoert b Erenlpuiehietty.

TM SO%89>728&kpyn in Table 2.

25 Table 2. Exemplary Diamines
1,3-diaminopropane  H,N-(CH,),-NH,
1,2-diaminoethane H,N-(CH,),-NH,
1,6-diaminohexane  H,N-(CH,);-NH,
diethylenetriamine ~ H,N-(CH,),-NH-(CH,),-NH,
30

Any combination of diamine or diacid, both as described above, is envisioned by



10 Table 8. Cellulase P.f. Enzymatic Stability at 50C 1S Enzymatic
Conposition% Activity Present After Week No. Pol ynmer Enzyne24816NoneCel | ul ase
P.f. /120%2--------- C 198%Cel | ul ase P.f J29%98>98>87--- G | 98%Ce}dudl ag® P. f

.1 29%98>98>91---J 198%el | ul ase P.f ./2%73c32------ Exanpl e 4.
Stabilization of Enzynme Conpositions froma Non-fluid Enzyne 20 Many
enzynes are manufactured as powders, prilds, granul ations,
mcrocrystallines or as other non-fluid states. Oten it would be

advant ageous s reesantdnentiorensdarigias aipalyamidaloliféine? 0B RREbLESH éf?f)ﬁgﬁﬁuﬁé bl e
fluid state fgfi SRse ofb and i@g and utility. This change % phase or state
al lows for punpfig ake °8 t Ygenfelic agid isgised toferm apalyhmids aligemet,he enzyne

sol ution wit hadditidhalecadfieis/shditd Y takkSidcd eQ%ﬁo@gW%yneHg CATY %':[é(’glee 9)

stability of the 2S enzyme nust be assure S

rel ates stabi PIesaIPRYAT®elh kiawsdn theantapdiinchide.dor examplecdléwe itla@itioh bEoglianul ar
carrier t a kg i@hfre N tic conpositions were prepared
by using the erﬁztlﬁégfl P@A&@@g{enﬁgéﬂg&%‘?‘%@g@ GRIGNPSTAES. | at its

ori gi nal manuf act u&ﬂommetmtmb@midcmﬁgaheﬂmpﬁ’@ﬁre&‘ﬂ&ﬂﬁ%ﬁ’&n%hﬂ{}ﬂ?{e of F,
G and H (see égphﬁig%dégloﬁlolﬁ)w ?%{‘I rrqlidine (PVP). The 30 enzynatic
stability at 0 FReSPEB f“%ﬁ g‘r%ﬁ%i‘@s@ polignmenamydet er ni ned

by 6 Augustp2fiel Bdhd Sonderietiin df%&é\@aﬁ/a&%evciffd}agﬁfan{l glgel t‘ﬁﬁ%ﬁ at 2, 4, 8,

and 16 week intervals and conpared to the enhzymaticCc s By  C of
the original Wi {Ranang b@a of diawing epdiens te ofidREidpot 5 cotibinapieat thergbges, ot her

than % dot i vi ANern&livé®a 0 Lght, of t t ot al , conposition of
each conponent of 'tvhg s@%?ﬁgga%ﬁg%’%?%m&_ i) felﬂtg'ﬁ?pgeﬁﬁwé ofa || pPOVAX
E\QZKWNZIE ISt a@ﬁzpﬁwamom@wzﬂ?n@m%?fa%ggagie mgr eilegt Af t er
e . Pol ymer En : ©98>96>92>67NoneL| POVAX
| 2%98>55<1- - - G | &%W?ﬂ%g&%@%f 1} theypsntionggauiualar<1 - - - H
| 50941 POVAX | 4296u08 098 diadid adndmerand ajdissnife mE@WiuQeﬁﬂ%ﬁé%ﬁéeﬁs&BHDOSi tions
rom

and enzyne cqpcentrates of .GREASEX 100LTM a liquid |ipase
Novo- Nor di s kc}n???f"," Weveg Hs P‘EE“PEEF ttlvﬁ aglight molas s¥gess aflacid réngirlgcfronalaiwt an

5% Hin badé i Le. .Th ilized
assay ofs5 el Umihds et SR oAb AEn G0 Y EAG Ttk 1| 2

enzymatic co sitions retained their [1qul Yodwn to

-25 C befor IR betyveRg ahawt Sdhltebeirt 78 Mase prefarably; ehietplEvangy bbto@er SHOGE

conposi ti ons gl-6.8! EneGsI Hb usﬁﬁ 950/ | vity remai.ning. Further, it was
observed that even o%g{f’rsggéz@jt a\?sp'gé‘c °%°%§§’g‘ﬁ‘wgeﬂm'9°?lf§eprme@we
enzyme conce#fierRobpmidaligomet fotnsation Prefemblynple ik adjusita ] 1 WQking pcﬁya%&{?él st 2002
24 10 Tabl'c Ieodidibimhation-00L ~M* % Activity after FreezefThaw Cycle

20 The temperature at which the condensation reaction is conducted will vary
depending upon the diamine or dibasic acid used. In general, the reaction temperature is
such that superpolyamide oligomer formation is prevented. Preferably, during the initial
addition of the reactant monomers, the reaction temperature is maintained at about 50-
70°C. After completion of the addition of the reactant monomers, the reaction

25 temperature is maintained at a temperature above about 100°C, Preferably, at this point,
the reaction temperature is maintained at a temperature of about 110-140°C. Upon
polyamide oligomer formation, as a result of the exothermic nature of the formation
reaction, the reaction temperature rises to and generally is maintained at about 155-165°C.
The reaction is maintained at this temperature until polyamide oligomer formation is

30 complete or just before superpolyamide formation begins.

In practice, superpolyamide formation may be evaluated qualitatively by a glass



Enzymatic Conposition% Activity at Freeze/'l' haw Cycle

NoPol yner Enzynmel1234C/ 50% + pl astici zer* [/ 10%REASEX 100LTIM*

/ 4096-9$>98>98>98NoneGREASEX 100L' ~' M* conc. >~$>40<| 6<1G | 5Q%ipust 2002

pl asticizer* [ 10%REASEX 100LTM* | 70%95>83<47<26d 50% +

pl astici zer*/ 10%GREASEX 100LTM* [ 40%98>98>97>95J JSO% + pl asti ci zer

*[ 10%REASEX 100LTM* J409%98>95>92>90 *33 n all fornul ations the

pl asticizer used was the hydric al cohol, glycerol * * GREASEX 100LTMis a

bacterial |i predestasdesaited i SOPatdk Wo: N8 1§ 8KinbddboratdPhere Béreﬁexﬁlég.u‘fﬁe 2002
Clainms: 1. A sta‘?i_l | z nzymati ¢ cgnposition conprising an adm xture of at

de [
| east one pol PRfiean 8&5‘6 pr-forming oligemer or prasuperno)yamide pelymesr is ensilytested

pol yam de ol i ely : = ' -f ] ber-form ol yam de
b1 omer havi o erely udbing B ST kMR peiwil ¥ SeishlS i Re B G
| i nkages Wit h¢1ﬁﬁtwiﬁe0ﬁg¢mnummﬂwhm fitmenis@n Ebandrawn upsraramoval ofithe Blasdved Nt
effective for Il ezl ng the enz . s stabilized enzynmati c conposition
of cl ai m%1, \/\H@@?‘#@%@ pggﬂ?&n’i? l?:?é)(‘g%e 8‘5?’ OTne ylage gr wméé%qeéﬁg?;rswuct

pol ymer of - at filamants opfliserstirbgetic@la3tid, d e 306hcPicadiaftb 1R HRoltbh PBIyREr redction. .
stabilized enz ositign of claim2, wherein the dirbasic acid is

matic co ] 2,. W\
selected fro ’Wﬁe'd'fl%?&ﬁ“ agiids fgrmgation, elasticity-s logt and thefilamenty ortfiber 88 - Cl o
di carboxyl i c Bfuass rp e =Tpal . onsi sti.ng of
1, 2- di ani noet hane, 1, 3di.g%nlglﬁgg?gpgn§',a&%ej- ré]l g%{ n%u‘{%ﬁlg,%%ga%om’f
1, 5- di ami nopeYatarte thexeation miitureoh Euantitativaly Suéasmemenckmn imthd art such as, for

1, 10- di g@l nodeGang. «; i lized enz t1 G composition of claim 3,
wher ei nqp he di cal ’%b&‘gﬁ%“‘@' %%ﬁ%gﬂe%&tg’smgg? é‘g&etﬁ%?tf"ﬁf ""[”rsﬁé"’&‘tfg‘(?ﬁ’ﬁ‘t bestag ektheg of
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embodiment, heating is’discontinued and a viscosity controlling agent such as a

theological conditioning agent is added to the molten reaction mixture. The viscosity
controlling agent or theological conditioning agent allows compositions of the invention
containing a polyamide oligomer to maintain liquid flow characteristics such as pliability

25 and malleability at temperatures upon cooling and until well below freezing. Examples of
suitable viscosity controlling agents include, water and various rheological conditioning
agents such as resins, aliphatic amides, polyamide esters, polyesters, and plasticizers such
as glycols, glycerol, polyhydric alcohols, esters of ether alcohols, amines, diamines,
dicarboxylic acids, cellulose derivatives, pyrrolidones, and polyvinylpyrrolidone.

30 Preferably, water or a water/glycerol mixture is added to the molten reaction mixture.
More preferably, a water/glycerol mixture is added to the molten reaction mixture as a 1:3
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/ art directed toward the use of the composition in a particular industrial process. For
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LglLL IV(; IVIVdOEO / (12) 3?}1.1 ﬁ)@c S(g(?lt(lslw 09 && Héi)d(: hgomer in wgtzr ang organic golvents a
stabilized enzymatic composition of the invention may be added directly to a system in
which a particular enzyme is to be used. The enzyme may be dispersed directly into the
system by agitation, such as stirring. Alternatively, the enzyme may be delivered to the
system over time by allowing the polyamide oligomer to dissolve at its own rate within the
system. In other uses, the enzyme may be liberated from the stabilized composition by
25 dissolving away the polyamide oligomer using solvents containing hydroxyl groups such
as, for example, water, glycols or hydric alcohols such as glycerol, or mixtures thereof,
The resulting composition may then be used in the same manner as other enzyme
compositions.
Another embodiment of the invention is a method for the preparation of a
30 stabilized enzymatic composition as described above. The method of the invention relates
the step of adding at least one enzyme to at least one polyamide oligomer prepared as
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50°-70°C. Table 3 lists specific diacid/diamine combinations and stoichiometries. Once

addition was complete, the temperature of the reaction vessel was maintained at a
temperature of 110°-140°C until the diacid melted and various salt complexes resulting
from the acid/base reaction formed. Upon melting of the diacid and formation of the salt

20 complexes, a significant increase in temperature to 155°-165°C was observed. The
temperature of the reaction was then maintained at about 162°C for 0.3 to 2.5 hours until
the salt complexes underwent melt polycondensation and formed the desired polyamide
oligomer. The condensation reaction was performed under slight to moderate vacuum for
the removal of water.

25 Formation of the polyamide oligomer or pre-superpolyamide was determined by
testing the fiber forming properties of the reaction mixture with a glass rod, i.e. the glass
rod test (U.S. Patent No. 2,281,576). After melt polycondensation had begun, every few
minutes a glass rod was placed in the reaction mixture or solution and withdrawn briskly
to form fine hairlike polymer threads which at the polyamide oligomer stage would retract

30 back into the reaction solution due to the polymer’s elastic properties. Heating of the
reaction solution was continued for 1.5-2.0 hours until, as ascertained by the glass rod test,
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)-%-10% " & () - %_?NALO% " & ()-%10% " & ()-%10% "& ()-%10% " & ()-%10% " &
()-9%10%"& ()-%VvV:NALOW " & ()-%10% " & ()-9%-10% " & ()-%10%"& ()-%10% "
& ()-%5WA3nSvZ: NALO% " & () - %-10% " & () - %-10% " & () - %-5WA3nS- 10% " & () - %10
%"& ()-%()*1-NALO% " & () - %5WA3nS10% " & ()-%10% " & () - %-10% " & () - %-10%
"& ()-9%**+, 3456pTNALO% " & () - %-5VWAL0% " & () - %-10% " & () - %+10% " & () - %+10% "
& ()-%10%"& ()-%10% " & ()-%67DHVbe] J*NALO% " & () -%-10% " & () -%+-10% " & (
)-9%-10% " & () -%10% " & () - %-5WA3nSeh{| } ~mBNAL0% " & () - %10% " & ()-%10% " &
"()-%9%WA3NSr10% " & () -%10% " & () - Y%rUINALOY " & () - %-5VWA3NS10% " &' () - %6-10%
r'& ()-%10%"& ()-9%-10%"& ()-%dDNAL010% "& ()-%10% " & ()-%10% " & ()-
10% " & ()-%-10%"& ()-%10%"& ()-%vV:NALO% " & ()-%10% " & ()-%10% " & () -
%+-110% " & ()-%+10% " & () - %-5WA3nSr R2NAL10% " & () - %+10% " & () - %-10% " & () - %5
WA3NS-10% " & ()-%10% " & () -

I - NALO% " & () - %-5WA3NS10% " & () -%10% " & ()-%10% " & ()-%-10% " & () - %-pTNAL
0% " & ()-%5WAL0% " & ()-%10% " & ()-%10% " & ()-%10%"& ()-%10%"& ()- %1
0% " & ()- %, 8;

rR2NA10% " & ()-%10% " & ()-%+10% " & ()-9%-10% " & ()-%10% " & () - %-5WA3nS;
>QRSTUNMBNALOY " & () - %r9d0% " & () - %10% " & () - %-5WA3nS"10% " & () - %+10% " & (
)-%-W ] A " al NALO% " & () - %-5WA3NS10% " &' () - %-10% " & () - %r10% " & () - %+10% " &
"()-%a; VU4 1098" & ()- SMLOYB" & ()- 1098"& ()- "1098" & ()-"10K"10K"10K"
5&10%K" & ()-ZHn|[:vU4 Lt1098" & ()- 109! & ()- m1098" & ()- 1098"& () -
1098" & ()- f@O0%B"& ()-ki|[:vUd "1098"& ()- 1098" & ()- $1098" & ()-

"109%8" & ()- y '109%8" & ()- 1098" & () vU4 310%8" & () 10°/<8" & ()- L10°/<8" & ()-
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12109848 & ()-q !2109848 & ()-q !2109848 & ()-q !2109%84 & ()-/KC 1q

1 2109848 & ()-sS3*q !2q ! 210996 & ()-q ! 210986 & ()-q ! 210986 & () -/ KC 1Cq
1 2109848 & ()-q ! 210984 & ()-0S3*q !2q ! 210996 & ()-q ! 210996 & §)adols&ban
1210996 & ()-q !210996 & ()-q ! 21096 & ()-&0B*q !2q ! 21096 & ()-/KC 1q
1210996 & ()-q !21096 & ()-q !2109%6 & ()-q ! 21096 & () - &9=AEF_/ */ KC! 1q
1210986 & ()-q ! 210986 & ()-q ! 210986 & ()-g ! 210994 & ()-q .
121094 & ()-FM “dhl dD¥/ KCl 1q ! 210986 & ()-q ! 21096 & ()-q ! 210%6 & ()-q

1210%6 & () - Ardbid 0 BAagidehd Bisn2AOCBA Sinddont B Patfahile Ofh QP Pieralation

Acid* F.W, Amount Base** -FW. | Amount | Acid:Base Molar
(¢/mol) | Acid (gm) (g/mol) Base Ratio
(gm)
108; 117;126 |  1,3-diamino 1.2:1; 1.3:1; 1.4:1
propane
5 108; 117;126 {  1,2-diamino 60 60 1.2:1; 1.3:1; 1.4:1
cthane
malonic 104 124; 135; 145 1,3-diamino 74 74 1.2:1; 1.3:1; 1.4:1
propane
124; 135; 145 1,2-diamino 60 60 1.2:1; 1.3:1; 1.441
ethane
propane
175; 190; 204 1,2-diamino 60 60 1.2:1; L.3:1; 1.4:1
ethane
10 180; 195;210 |  1,2-diamino 116 116 1.2:1; 13:1; 1.4:1
hexane
fumaric 116 139; 150; 162 1,3-diamino 74 74 1.2:1; 1.3:1; 1.4:1
propane
139; 150; 162 1,2-diamino 60 60 1.2:1; 1.3:1; 1.4:1
cthane
139; 150; 162 1,3-diamino 1.2:1; 1.3:1; 1.4:1
propanc
139; 150; 162 1,2-diamino 60 60 1.2:1; 1.3:1; 1.4:1
cthane
15 terephthalic 166 | 200;218;232 | 1,3-diamino 7% 74 1.2:1; 1.3:1; 1.4:1
propane
200; 218; 232 1,2-diamino 60 60 1.2:1; 1.3:1; 1.4:1
othane
propane
158; 171; 184 1,2-diamino 60 60 1.2:1; 1.3:1; 1.4:1
ethane
20 * Acids available from Sigma Chemical Company of St, Louis, Mo,

*+ Bases available from Fisher Scientific of Norcross, Ga.




1 210906 & ()-q ! 21096 & ()-q !2109%6 & ()-q ! 21096 & ()-!/KCl 1sS3*/ g

1 210086 & ()-q ! 210086 & ()-q ! 210986 & ()-q ! 210986 & () -/ KC 11g

| 210006 & ()-$S3*/q | 210986 & ()-q ! 210986 & ()-q ! 210986 & () - kKGlelat 2002
| 210086 & ()-q ! 210986 & ()-0S3*/q ! 210986 & ()-q ! 210986 & ()-/KC Lg
1210988 & ()-q | 21096 & ()-q ! 2109868 & ()-08*/q | 21096 & () -/ KCl 1

| 210086 & ()-q ! 210086 & ()-q ! 210986 & () - ! 21086 & ()-1 % -. _/ */ KC 1q
1210996 & ()-q !210996 & ()-q !21096 & ()-q ! 21096 & ()-q

' or v ot _ W) _ | oRA R -
S100 & (- SEMD. (i et oo By 090 O
Compositions
An enzyme at its original manufactured concentrate in either solid or liquid form is
added to a polyamide oligomer prepared according to Example 1. Upon addition, the
5 resulting mixture is agitated or stirred until a homogeneous dispersion is achieved. The

enzyme is added to a polyamide oligomer such that the enzyme is present in an amount of
50% by weight or less based on the total weight of the composition.

Example 3. Stabilization of Enzyme Compositions

10 The enzymatic stability at 50°C of several stabilized enzymatic compositions was
determined by measuring the % activity of the enzyme at 2, 4, 8, and 16 week intervals
and compared to the enzymatic stability at 50°C of the corresponding enzyme at its
original manufactured concentrate, i.e. in the absence of a polyamide oligomer. The
results are summarized in Tables 5-8. Percentages other than % activity express the % by

- 15 weight of the total composition of each component of the stabilized enzymatic

composition. '

Each polyamide oligomer was prepared according to Example 1. Each stabilized
enzymatic composition was prepared according to Example 2. Several polyamide
oligomers were used to prepare the stabilized enzymatic compositions and are summarized

20 in Table 4. The enzymes used to prepare the stabilized enzymatic compositions were at
their original manufactured concentrate and include the following: PRIMATAN ®, an
alkaline protease from Genencor Inc. (Table 5); PULPZYME HC ™, a xylanase from
Novo-Nordisk Inc. (Table 6); MAXAMYL WL, an amylase from International Bio-
synthetics Inc.(Table 7); and Cellulase extracted from Penicillium funiculosum ®£f)

25 (Table 8).



12109848 & ()-q !210986 & ()-q '210986 & ()-q ! 210986 & () -

u%igm&f%-ﬂ/ KCl 1w{|}~9rL/qq | 210986 "910%4 & () - 1096 10% 10%

1210996 & ()-/KCl 11q 210986 ¢& ()-|\@/q ' T ; 10986 & ()-fOT ; 1(3?4@(@33{1062

10006 & ()- 10986 & ()-1 1096 & ()-1 910%%)&'() [;L/T 10986 & ()= f/ KaT
10986 & ()-1T ;1086 & ()-fT ;1096 & ()-f1T ;10086 & ()-f ! _/L/KaT

;10‘Wd&'()-fT;10‘Wd&'()-fT;10‘Wd&'()-ro;10‘J/MJ§L()-fT o

- 10996 & ()-f! (>AEI MIDL/ KaT ; 10986 & ()-fT ;10996 & ()-fT ;10996 & ()-fT

1090 & () - f TTabRAS & (% ﬁrpalfame?bﬁ orhNSof i Mt TAL/ T ;10908 & () -1 T
10%2&'8 fT "R,'(\ey;T 10986 & (Y-11 ;10986 & ()-f/KamgrysS3L/ T

1096 & ()-fT JE)P/& & ()-fT Polyamide Oligomer

a copolymer of oxalic acid and 1,3-diaminopropane

a copolymer of malonic acid and 1,3-diaminopropane

a copolymer of glutaric acid and 1,3-diaminopropane

a copolymer of maleic acid and 1,3-diaminopropane

a copolymer of fumaric acid and 1,3-diaminopropane

a copolymer of terephthalic acid and 1,3 -diaminopropane

a copolymer of adipic acid and 1,3-diaminopropane

10 a copolymer of adipic acid and 1,3-diaminopropane and 1,2-diaminoethane

~IZjQimim|o]lojm|>»

a copolymer of adipic acid and diethylenetriamine

—

a copolymer of adipic acid and 1,6-diaminohexane

15 Table 5. PRIMATAN® Enzymatic Stability at 50°C

Enzymatic Composition % Activity Present After Week No.

Polymer Enzyme 2 4 8 16

A/50% | PRIMATAN® /50% <21 <1 -— —

None PRIMATAN®/Conc <1 - — -

20 B/50% | PRIMATAN ®/50% >98 >98 | >87 | >74
C/50% | PRIMATAN ®/50% >98 >98 | >97 | >95

D/50% | PRIMATAN®/50% >98 >98 | >94 | >90

E/50% | PRIMATAN ®/50% >98 >9% | >94 | >89

F/50% | PRIMATAN ®/50% <26 <3 - -

25 G /50% | PRIMATAN ®/50% >98 >98 | >98 | >95
H/50% | PRIMATAN ®/50% >98 | >98 | >98 | >95

1/50% | PRIMATAN ®/50% >77 >41 - —

J1/50% | PRIMATAN ®/50% >82 >66 | <58 -




;10988 & ()-fT ;1096 & ()-f/KaT ;10086 & ()-fsS3L/T ;1096 & ()-T
’10%%)&'8 fT 10%%)&'8 f/KaT ;10996 & ()-1T ;1096 & ()-foS3L/T
;10906 & ()-fT ;1096 & ()-f/KaT ;10086 & ()-fT ; 10996 & ()-fT 6 August 2002
10988 & () - fOBL/T ;10984 & ()-f/KaT : 10086 & ()-fT ;10088 & ()-fT
10996 & ()-fT :1086& ()-f"# /L/KaT : 10996 & ()-fT ;10086 & ()-1T
;100/%'&' (V-fT ;10986 & ()-fT ;10984 & () - f#{ >BFINADL/ KaT : 10986 & ()-fT
;10906 & ()-FT ;1096 & ()-FT ;10996& ()-1T ;10086 & ()-fT -
10996 & ()-FNOVj nrvt TAL/ T ; 10986 & ()-fT ;10996 & ()-fT ;10986 & ()-fT

, . %o & ()-fT
; 10986 & () - fTTh[];]%O@/O « (P\UL]:I’/%Y?M i—ISCSS Llén;ym%t(x)c Stabllltg)at 50°C

Enzymatic Composition % Activity Present After Week No.
Polymer Enzyme 2 4 8 16
5 A/50% | PULPZYME HC ™ /50% <34 <11 - -
None PULPZYME HC ™ <12 <1 - -

C/50% | PULPZYME HC ™ /50% >98 >98 >96 >91
D /50% | PULPZYME HC ™ /50% >98 >98 >93 >86
E/50% | PULPZYME HC ™ /50% >98 >98 >90 >84
10 'F/50% | PULPZYME HC ™ /50% <28 <1 - --
G/50% | PULPZYME HC ™ /50% >98 >98 >96 >92
H/50% | PULPZYME HC ™ /50% >98 >98 >91 >88
1/50% | PULPZYME HC ™ /50% >83 | >75% | <42% -
J/50% | PULPZYME HC ™ /50% >85 >70 <47 -

15



,10%6.& ()-fT ;10006 & ()-1T ; 10996 & ()-f/KaT ;1096 & ()-fsSL/ T

- 10996 & ()-fT ;10996 & ()-fT ;10996 & ()-f/KaT ;10996 & ()-fT

; 10986 & () - fOTG/lO%lO%T 10%?/6&'() f/KaT ; 10%?/6&'() fT Jg)ﬁ(@(’/%ﬁt 0()2fT

;10986 & ()-f 67008/ .
1099" 9& () -
109%09" 9&' () -
109%09" 9&' () -

951098" 9&' (

09" 9& 1099" 9&' 1099" 9&' () -
1090" 9&' () - ()- 0%9..9&. ()

"21090" 9& ()-10% 7YZ[\]e[:3/. . 1090"9& ()- /'I'<Y(I
1090" 9& (§) 1099" 9& ()-el @ uv_/ 3/ KY. 1099"9& ()-.
1090" 9& ()-. 1090"9& ()-. 1099"9& ()-v}dD3/KY. 109®"9& ()-

109%0" 9&' () -

TobleTos: (MAXADAEL V. WEnzyfn@ﬁ@StQ&h(y)&t 50°L090" 9&' () -t T43/.

1090" 9&' () -

10

15

20

25

30

100W" ' o
Enzymatic Composmon

Polymer
A /50%
None
G /50%
H/50%
. 1/50%

% Activity Present After Week No.
Enzyme ' 2 4 8 16
MAXAMYL WL ™/50%, <29 <8 - e
MAXAMYL WL ™ <4 <1 — .
MAXAMYL WL ™/50% >98 >98 | >95 | >86
MAXAMYL WL ™/50% >98 >98 | >90 | >85
MAXAMYL WL ™/50% >89 >72 | <87 | -

Table 8. Cellulase P.f. Enzymatic Stability at 50°C

Enzymatic Composition % Activity Present After Week No.

Enzyme 2 4 8 16
Cellulase P.f. /2% <1 - —— ———

Cellula_se Pf£.12% >98 >98 >87 ——
Cellulase P.f ./2% >08 >98 >91 —
Cellulase P.f ./2% >73 <32 — ——

Polymer

None
C/98%
G /98%
J1/98%

Example 4.  Stabilization of Enzyme Compositions from a Non-fluid Enzyme

Many enzymes are manufactured as powders, prills, granulations, microcrystallines
or as other non-fluid states. Often it would be advantageous to convert the solid material
to a stabilized dispersible fluid state for ease of handling and utility. This change of phase
or state ﬂlows for pumping and automated delivery systems to administer the enzyme
solution without human handling or dusting of a powder. However, the stability of the
enzyme must be assured. The following data (Table 9) relates stabilization of a lipase
enzyme after extraction from its granular carrier to a fluid state,

Stabilized enzymatic compositions were prepared by using the enzyme LIPOMAX
®, a lipase from Gist-Brocades Inc., at its original manufactured concentrate and at least
one polyamide oligomer of F, G and H (see Table 4) or polyvinylpyrrolidine (PVP). The
enzymatic stability at 50° C of each stabilized enzymatic composition was determined by -



109" 9&' () -

1099" 9& ()-/KYsS33/. 1099"9& ()-. 1090"9& ()-. 109" 9& ()-

1090" 9&' ()-/KY. 1090"9& ()-sS33/. 109@"9& ()-. 1090"9& ()-. 109%9"9& ()-/KY.

109%09" 9&' () -
109%0" 9&' () -
109%0" 9&' () -

10% & () -
10% & () -

10

15

20

1099" 9& ()-.0S33/. 1099"9& ()-. 1090"9& ()-/KY A;L%@g'g;@z()

1099" 9&' ()-.26:>?@43/. 109®" 9&' ()-/KY. 1099"9&' (
. 1099 9& ()-. 1099"9& ()- @wzbF*. 10% & ()-. 10% &' ()' .
1006 & ()-. 1006 & ()- 10% & ()23 10% & ()-tT4*. 1. 10% & ()-
10% & ()-. 10% & ()-/K 10% & ()-sS3*. . 10% & ()-

measuring the % activity of the enzyme at 2, 4, 8, and 16 week intervals and compared to

the enzymatic stability at 50° C of the original manufactured concentrate of LIPOMAX ®,
The percentages, other than % activity, given express the % by weight of the total

composition of each component of the stabilized enzymatic composition.

Table 9. LIPOMAX® Enzymatic Stability at 50°C

Enzymatic Composition % Activity Present After Week No.

Polymer Enzyme 2 4 8 16
PVP/10% | LIPOMAX® /2% >98 >96 >92 >67
None LIPOMAX® /2% | >98 >55 | <1 —

G /98% LIPOMAX® /2% >98 >98 >97 >90

F /198% LIPOMAX® /2% >35 <14 <1 -
H/50% LIPOMAX® /2% >08 >08 >94 >88

Example 5.

Polymeric enzymatic compositions and enzyme concentrates of GREASEX
100L™, a liquid lipase from Novo-Nordisk Inc., were subjected to freeze/thaw cycles
followed by an assay of % enzymatic activity remaining after each cycle. The stabilized
enzymatic compositions retained their liquid flow characteristics down to -25° C before
freezing and even after four freeze/thaw cycles these compositions displayed greater than
95% activity remaining. Further, it was observed that even one freeze/thaw cycle
significantly inactivated the enzyme concentrates. The results are presented in Table 10:



10% & ()-. 109% & ()-/K 10% & ()-.
10% & ()-. 109% & ()-.

1096 & ()-1") CB*.

1096 & ()-. 1096 & ()-)<@HLM/*/K 10%& ()-.
1098 & ()-. 109 & ()- MrgkoswdD*/ K. 1096 & ()-.

109% & () - . 10%'&'()-.() "
CUH10% & () - 9B10% & () - % ! |
"z109% & ()-10"010"10" y5"10% & ()-z S210% & ()- Ol 10% & (

10% & () - 0S3*.

&10% & () -
)-9|[:vWa/
W&ele) - - 5 <=kOvU4/

109 & ()- 1090'&bl¢Y0. , 1@RBASEX-100L096+) AotivityOdRedfiedze
109 y10% & () - QR0 & ()

109%
10%

. 10% & () -.
10% & ()-/K 10% & () -.
10% & ()-.
10% & ()-.
10% & ()-wxyzsR1*/ /L'10% & ()-1 (10% & () -
109 & () -/ Kpgggsva/

10% & ()-/K.
10% & () -.
&ubhst 2002
&C)-.

EyvlQua& ()-F yv100& (V-F vIO®B & ()-F

y10% & () - =>FModSp |J:>0\/ w /Eﬁ\zgnﬁﬁﬁﬁ'(&ﬁn(p))siﬁ(\)ﬁ % Activity at Freeze/Thaw Cycle No
Polymer Enzyme 1 2 3 4
C/50% + GREASEX 100L™%* /40% | >98 >98 | >98 | >98
5 plasticizer* /10%
None GREASEX 100L™**conc. | >78 | >40 | <16 | <1
G /50% + GREASEX 100L™** /70% | >95 >83 | <47 | <26
plasticizer* /10%
G/50% + GREASEX 100L™** /40% | >98 >98 | >97 | >95
10 plasticizer*/10%
J150% + GREASEX 100L™%** /40% | >98 >95 | >92 | >90
plasticizer */10%

15

* In all formulations the plasticizer used was the hydric alcohol, glycerol
** GREASEX 100L™ is a bacterial lipase manufactured by Novo-Nordisk Inc.




y10% & ()-F y10% & ()-F y10% & ()-F y109% & ()-/KSWKanrvsS3vU4/ F y109% & () -F
y10% & ()-F y10% & ()-F y10% & ()-/KF y10% & ()-vz~sS3vU4/ F Y109 & ()-F
y109%6 & ()-F y109%6 & ()-/KF y10% & ()-F y10% & ()-0S3vU4/ F y10% & ()-F
y1096 & ()-/KF y10% & ()-F y10% & ()-F y1Q g&' ()-0BvU4/ F ylo%&ég K5,
y10% & ()-F y10% & ()-F y10% & ()-F y10% - IvUA KF y10% & i st
y10% & ()-F y 0% & ()-F y10% & ()-F y10% & () dDvU4/ KF y109% & ()-F
y109% & ()-F Voose ()-F y10% & ()-F y10% & ()-F

1. A stabilized enzymatic composition comprising an admixture of at least one

polyamide oligomer and at least one enzyme, wherein said polyamide oligomer is a
5  pre-superpolyamide or pre-fiber-forming polyamide oligomer having a polymer chain
backbone containing only secondary amide linkages within the polymer chain

backbone and is present in an amount effective for stabilizing the enzyme.

2. A stabilized enzymatic composition of claim 1, wherein the polyamide
10  oligomer is a condensation product polymer of at least one dibasic acid and at least

one diamine.

3. A stabilized enzymatic composition of claim 2, wherein the dibasic acid is
selected from the group consisting of a saturated and unsaturated C; -Cyq dicarboxylic
15 acid and the diamine selected from the group consisting of 1,2-diaminoethane, 1,3-
diaminopropane, 1,4-diaminobutane, 1,5-diaminopentane, 1,6-diaminohexane, 1,8-

diaminooctane and 1,10-diaminodecane.

4. A stabilized enzymatic composition of claim 3, wherein the dicarboxylic acid
20  is selected from the group consisting of malonic acid, glutaric acid, maleic acid,

fumaric acid, and adipic acid.

5. A stabilized enzymatic composition of claim 1, wherein the polyamide
oligomer is present in an amount of about 0.1 to 99% by weight of the total

25  composition.

6. A stabilized enzymatic composition of claim 1 further comprising a viscosity
controlling agent selected from the group consisting of water and a rheological
conditioning agent.

30
7. A stabilized enzymatic composition of claim 6, wherein said rheological
conditioning agent is selected from the group consisting of a resin, an aliphatic amide,

a polyamide ester, a polyester, and a plasticizer.



y10% & ()-bsRlvU4/ y# 10% & ()-1 '10% & ()- ff 10% & ()- 310% & ()-
y109% & ()-/Khpgrs| obU4/ "&10% & ()-10"010"10" )310% & ()- (10% & ()-
&' 109% &' ()- %40% & ()-}aAbU4/ "& 10% & ()--v 10% & ()--v 10% & ()--
mMO0% & ()- 10% & ()- 910% & ()-|\ <bu4/ >§610%'&'()--v 10%&'&)--/&(6({0;;2
10% & ()--v 100/'&'()--v 109% & () - - &BbU4F%v 10% &' () - -/ K6yt o - -
10% & ()--v 1 %&'()--v 10% & () - - &NRVZA_?bU4/ v 10v 10% & ()--V

10% & ()--v 3096 &A Pabilizedsngymatic. omppsitwn pf ckmmd%whe(rym- smdjplafﬂ@w/ isv

T e ()--v Tue fon theighifconastheidld BT martoi bl M GRa e
10% & ()--v &9eHH effjer-aldsbyl an a4, & d{aminy, a dicarboxyhc a01d, a cellulose derivative,

a pyrrolidone, and a polyvinylpyrrolidone.

9. A stabilized enzymatic composition of claim 1, wherein the enzyme is water-

soluble or water-dispersible.

10. A stabilized enzymatic composition of claim 9, wherein the enzyme is in a

10  fluid or non-fluid state.

11. A stabilized enzymatic composition of claim 10, wherein the enzyme is in a
non-fluid state selected from the group consisting of a powder, a prill, a granule, a
microcrystal, and a particulate upon which the enzyme is adsorbed.

15
12. A stabilized enzymatic composition of claim 1, wherein said enzyme is a pre-

formulated liquid enzymatic composition.

13. A stabilized enzymatic composition of claim 1, wherein the enzyme is a

20  protease, Xylanase, amylase, cellulase, or a lipase.

14. A method for the preparation of a stabilized enzymatic composition
comprising the step of adding an enzyme to a polyamide oligomer to form an
admixture of said polyamide oligomer and said enzyme wherein said polyamide
25  oligomer is a pre-superolyamide or pre-fiber-forming polyamide oligomer having a
polymer chain backbone containing only secondary amide linkages within the
polymer chain backbone and is present in an amount effective to stabilize the

enzyme.

30 15. A method of claim 14, wherein the polyamide oligomer is a condensation

product polymer of at least one dibasic acid and at least one diamine.

16. A method of claim 14, wherein the enzyme is a protease, xylanase, amylase,

cellulase, or lipase.
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