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of industrial applications where they act to hydrolyze peptide bonds in proteins and

proteinaceous substrates. Commercially, the greatest uses of proteases are made in the

laundry detergent industry, where they help to remove protein based stains such as blood

or egg stains, and in the cheese making industry, where they aid in curdling milk.

20 Proteases are also used as meat tenderizers, for softening leather, for modifying food
ingredients, and for flavor development. Liquid enzymatic compositions containing
alkaline proteases have also been shown to be useful as dispersants of bacterial films, algal

and fungal mats in cooling tower waters, and metalworking fluid containment bays.
Acid proteases include the microbial rennets, rennin (chymosin), pepsin, and
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 ®, ALCALASE ®, ESPERASE ®, and SAVINASE ™ which are
30 all supplied by Novo Nordisk Bioindustrials, Inc. of Danbury, Conn. Another commercial
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surfactants and al kal i ne chemical s. The enzymes
15 Cellulases are enzymes that degrade cellulose, a linear glucose polymer occurring in the

cell walls of plants. Hemicellulases are involved in the hydrolysis of hemicellulose which,
like cellulose, is a polysaccharide found in plants. The pectinases are enzymes involved in
the degradation of pectin, a carbohydrate whose main component is a sugar acid.
Beta-glucanases are enzymes involved in the hydrolysis of beta-glucans which are also
20 similar to cellulose in that they are linear polymers of glucose. In a commercial context,
these enzymes have utility to a greater or lesser degree in manufacturing processes
dependent on fiber degradation.
Cellulases have reported utility in the de-inking process of old newsprint (ONP)
wastepaper, eliminating the need for any surfactants and alkaline chemicals. The enzymes
25 dislodge inks from fiber surfaces and disperse ink particles to a finite size. S. Say-Kyoun
Ow, “Biological De-Inking Methods of Newsprint Wastepaper”, World Pulp and Paper
Technology, 63-64 (1992). Collectively, cellulases include endocellulase, exocellulase,
exocello- biohydrolase, and celloblase. Commercial liquid enzymatic compositions
containing cellulases are available under the names CELLUCLAST ® and NOVOZYM ®
30 188 which are both supplied by Novo Nordisk.
Hemicellulases are also used in the de-inking process to dislodge ink particles from
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The pectinases are used commercially to weaken cell walls and enhance extraction
of fruit juice, as well as to aid in decreasing viscosity and preventing gelation in these
extracts. Pectinases consist of endopolygalacturonase, exopolygalacturonase, endopectate
lyase (transeliminase), exopectate lyase (transeliminase), and endopectin lyase

20 (transeliminase). Commercial liquid enzymatic compositions containing pectinases are
available under the names PECTINEX ™ Ultra SP and PECTINEX ™, both supplied by
Novo Nordisk.
The beta-glucanases are of importance in malting and brewing industries where
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 are esterase enzymes which hydrolyze
fats and oils by attacking the ester bonds in these compounds. Lipases act on triglycerides,
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| iquid enzynme preparations under the nanes RESI NASE A and RESI NASE A 2X,
both of whidoWn WRQd&sssdR PUPn conditions, reportedly reduce pitch deposits

significantly byiieAiipdftati Qo HRcks €10 /dBsredst hidd dhd pelts in the leather

15 making process. Alkaline lipases are used in conjunction with special proteases and

emulsifying systems to aid degreasing, as well as to improve the soaking and liming effect
in leather making. J. Christher, “The Use of Lipases in the Beamhouse Processes”,
JALCA. 87,128 (1992).

Lipases have also been used for the development of flavors in cheese and to

20 improve the palatability of beef tallow to dogs. In nonaqueous systems, lipases have been
employed to synthesize esters from carboxylic acids and alcohols. Commercial liquid
enzymatic compositions containing lipases are available under the names Lipolase 100,
Greasex 50L, PALATASE ™ A, PALLATASE ™ M, and NIPOZYME ™ which are all
supplied by Novo Nordisk.

25 With respect to the commercially useful phospholipases, pancreatic phospholipase
A2 has been used to convert lecithin into lysolecithin. Lysolecithin reportedly is an
excellent emulsifier in the production of mayonnaise and the baking of bread.
Commercially, phospholipase A2 is available in a liquid enzymatic composition sold as
LECITASE ™ by Novo Nordisk.

30 Another commercially valuable class of enzymes are the isomerases which catalyze

conversion reactions between isomers of organic compounds. The isomerases are
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prom nent plaffzetingfood color and flavor. Glucose oxidase is also used as an "oxygen scavenger" to

15 prevent the development of off-flavors in juices and to preserve color and stability in
certain sensitive food ingredients. The redox enzyme catalase has been utilized to
decompose residual hydrogen peroxide used as a sterilizing agent. A third redox enzyme,
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,
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copolymers. The polymers comprise ethylene glycol or ethylene oxide copolymerized

with difunctional acids or vinylic based copolymers. The copolymers can be

predominantly linear block or random or can be graft copolymers with pendant side

chains. However, the stability data exemplified for these polymers showed that they only
20 stabilized lipolase for a maximum of 47.7 days at 37° C.

In U.S. Patent No. 4,801,544, a system of ethylene glycol and ethoxylated linear
alcohol nonionic surfactant with hydrocarbon solvent utilized as a stabilizer and the
encapsulation of enzymes in micelles within the solvent/surfactant mixture is described.
The water content of the composition was kept at less than 5 percent, and enzyme stability

25 was checked at 35°, 70°, and 100° F.

In U.S. Patent No. 4,715,990, a soil release promoting enzyme-containing nonionic
detergent based liquid detergent is described. The detergent comprises a synthetic organic
nonionic detergent, a higher fatty alcohol polyethoxylate sulfate, a particular type of soil
release promoting copolymer of polyethylene terephthalate and polyoxyethylene

30 terephthalate, a proportion of enzyme(s) sufficient to enzymatically hydrolyze

proteinaceous and/or amylaceous soils on fabrics during washing with an aqueous washing
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percent, %@ﬂiﬁ){- | grg@, Jeal=Y nﬁﬂiﬁd’l and
100[err] F. In g@%&?@lﬁﬂ[mk% %Ofgx@@%o aggg re easeénlgr’s%lr?mtlng
enzyne- cont a»'anemglublcrpobmkyalkbdersrdgnmuvbsm'aﬂlyﬂanqdlammmndnw:{sohblecheﬂe ri bed.
The de rgent .CO etic organic nonionic detergent, a higher
fatty coh %{%‘ifaﬁ adﬁf%‘%gé]l fate, a particular type of soil rel ease
pronoting copol meszfpataﬁdN@tsmAhameaﬁcBMDmtmm¢o&n%m.hy&ﬁw&i ne 30

t er epht hal at e, Br oportjon of enzynme(s) ,sufficient to enzymati cal
hydrol yze compositions containing an enzyme and ceftain aminated polysaccharides are descri

Enzymatic detergent compositions containing certain organic surface-active agents in

combination with enzymes and aminated polysaccharides are described as well.

20 U.S. Patent No. 4,272,396 describes enzyme-containing detergent compositions
containing as essential ingredients: a-olefin sulfonates, polyethylene glycols and
enzymes. U.S. Patent No. 4,243,543 describes the stabilization of liquid proteolytic
enzyme-containing detergent compositions by adding an antioxidant and a hydrophilic
polyol to the composition while stabilizing the pH of the composition.

25 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 stabilizing 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.



pr ot ei naceous and/or anyl aceous soils on fabrics during washing wth an
aqueous washi ng solution of the liquid detergent, a stabilizing
proportion of a stabilizer for the enzyme(s), and an aqueous nedium The
stabi | i zat i Q@ YM3HBA aqueous enzyne preparation using cert ZCAUSEVRHE has
been described in U S. Patent No. 4,548, 727. The ester used as a stabilizer-
has the fornmula 5 RCOOR , where R Is an alkyl of fromone to three

carbons or hydr Qﬁﬁadeﬁfgén&omp%maensqiawms&ﬁeeﬁ dENHBHE U.S. Fateht Na! §P11S739The
ester is present in the aqueous enzyne preparation in an anount’ ffomO0.1 to

about 2. 5%¢dsycribes whter-intpilemydsion-fitpe Reespoftesiagndsy gompositionpeantaining enrymies i ng
system f or

conpri ses c%ﬁgﬁ&m | owgg%m%wﬁiuwﬁe&%wmﬂo g? i%%{%%éémﬁesam d or
its salt. Tseabilived Hguit detesiendrompasitighsuyiag aﬁmnphdwrnrﬁuﬁ'kuwitaxﬁiﬁnbpbaﬁbout 10. 0.
In U S_ Patent 7. conpositions conpprjsing a lipolytic enzyme, a
| i pase’act iRPéﬁ“BN%‘éf&:?@di%fﬁ“&ﬁﬁ W@‘ﬁf%ﬁ“‘%&‘i‘@tq teggent compnositionswhish o

napht hal eng. &r@%ﬁﬁ %Wl

et hyl enedi am ne; and water - so% e acyl 1wﬂn ag@?gﬂlﬁ%t)(g?gl?e

descri bed. mwmmmws@mmeﬂmmes@apmlam a\borod corifiquha 9
enzyme- cont ai_nj,n ompos|.tigns.cont ak.ni ng an enzyne and certain am nated
pol ysacchar‘? 3@@’%?@ @b’amﬁﬁm 8det ergent conpositions cont al ni ng
certain organi c (£8P NaCs BS@%@@Meéd&tMﬁ%ﬁhﬁﬂ&dﬂ&ﬁamc

am nat ed pol ysaccharjdes are described as well. u. S. Patent

No. 41972, Fhostarge andsbelflifofiia n@cﬂﬂ%mﬂwcﬁgma@wwgeﬁwelbmmﬁm@mt ai ni ng

e oee iUy el e AL Aol AN e G 5, 21
prot eol yt i csolubleuveplingdgentiselgctedfremgashort cltanrpalmhbl axdla shgn elshih glgccﬂ,rnt least
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a liquid cl®anivedisasabitel ligid eRYnmtid b&ﬂposﬁion which may contam one or more
15 components of the stabilizing formulation and an enzyme. Methods for stabilizing a liquid
enzymatic composition are also described. .
Despite such efforts, some prior formulations and compositions were applicable to
a limited number of enzyme types and/or were only able to stabilize enzymes or liquid
enzymatic compositions over a relatively short period of time. Thus, there remains a need
20 for formulations and compositions which can stabilize enzymes generally, without regard
to the enzyme type or form.
Polyamide polymerization has been extensively developed by Carothers and
co-workers (collected papers of Wallace H. Carothers, Vol. 1, High Polymers; Industrial
Engineering Chemistry, 34:53 (1942), Bolton E K..; Interscience, N.Y.). Superpolyamide,
25 a high molecular weight or a highly polymerized fiber-forming 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.1. du Pont de Nemours & Co. Inc., Wilmington, Delaware (1952); R.E. Kirk,



stabilized enzynmes. The conposition is an aqueous sol ution containing from
10% to 50% by wei ght of solids and including detergent buil ders, surface
active agent s an _enzyme system derived from Bacill us subtl
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sol ubl e sodi um or potassium salts and/ og water sol uble 30 hydr oxy

al cohol s and enable the solution to be stored for extended periods w thout

deacti vati org; mgﬁclaﬁaazaeyramﬁat Techhdiys] VEICI G (1958). Suptipehainidethediity cal SO been

described. U Pat ent 4,711,739 describes water-in-oil errul si on-type
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Met hods for ofttimigi | i zing a |iquid enzymatic conposition are al so descri bed.
Despite such efforts, sone prior formulations and conpositions were
applicable to a linited nunber of enzyme types and/or were only able to

stabilize ermm%&[_m%@ﬁg@nzymt I c conpositions over a relatively short
period of tine there remains_a need 20 for formul ati ons and
conposilfi ons whi Jhednyentionprpyidese siabilized snzymatic eomppsitipns Fbestabilizedr d

enzymatic composition contains a polyamide oligomer and at least one enzyme. The

polyamide oligomer is present in an amount effective for stabilizing the enzyme. The

invention further provides a method of preparing a stabilized enzymatic composition.

Such a method involves combining a polyamide oligomer and at least one enzyme. The

20 polyamide oligomer is added in an amount effective to stabilize the enzyme. These and
other features and advantages of the invention will be made more apparent from the

following detailed description.
Detai scripti venti
25 One embodiment of the invention is a stabilized enzymatic composition. A

stabilized enzymatic composition of the invention contains at least one polyamide
oligomer and at least one enzyme. The polyamide oligomer is present in an amount
effective to stabilize at least one enzyme of a liquid enzymatic composition.
To stabilize an enzyme, the invention employs a polyamide oligomer which may
30 be any pre-superpolyamide or pre-fiber-forming polyamide oligomer. A pre-
superpolyamide or pre-fiber-forming polyamide oligomer may be prepared by techniques



to the enzyne type or form Polyam de polynerizati on has been extensively
devel oped by Carothers and co-workers (collected papers of \Wallace H.
Carothers, Vol. 1, Hi gh Polyners; Industrial Engineering Chem str 34:53
(1942), Bol thh”EBTQO | nterscience, N.Y.). Superpol yam de, %?xi’ﬁ

nol ecul ar wei ght or a highly poI yrrerl zd® fiber-forni ng pol yam de

pol yneri zatjon was, devel oped Hanford at E. |. du Pont de Nenours &
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whi ch has reoccurrl n groups as an Integral part of the naln pol ymer
chain, and mltgomker lissprepapabliza odndemsation feaction df difiinoticnal inbaomsers capableﬁf whi ch

oen Venoal Trmifd SR e SRS it bk P e e "
(1952) 5 R Efar@éﬁ?ucalMaEﬁ%ib@cﬂEﬁd‘h&nﬁ?r Cieversits of Flambarg) Haabmyqum&@ (1953)

Sui j er pol yani de chem str%/xcan be used in the preparation of fibers for use

in textile Marcsl Daldwr 61§9 d?ur@g@hgmger fmatlewacmmémlmlaa@w;f@m@df abri cs,
ans, ro hard, high
yars, pesmds,ge i e bihers WIBE pRetertl], 6 aoRialch i B Eatifl g Nr I 1 0

mel ti ng poi can a e us to pro LULe vvrapp| ng | eat her
5 subst | bbl'yﬁﬁlde gngdmérsis pwpdrodeﬁa a fiarméntal comivnsition eactionaif t leastamB

bel ting, playl ng cards, fiber board sub fitutes, bookbinding, wre coatings
and ot her sHigatb 8¥Y19raﬁl4%‘?@me fsi WRn eoen

expl oi {ged i P {? a wde variety of uses, polyam de oligoners (e.g.

pr e- super pol yam pre-fiber-formng condensat I on pol yam des, or
precursors of superpol yam de and "nyl on") have not found such w de
application. 10 Pol yami de ol i gonmers have now been found to, in
accordance with this inventjon, ftabilize a wide variety off enz s and
enzymati c CHyVOHDINHanS +ovHOU(EH)R%OENded—periped oﬂ*ﬂ(ﬁﬁﬁﬂ&u#ffﬂh% —~t he

| nvention 15 The invention provides a stabilized enzymatic

conposi tion. THmimt abilized Bhdynati ¢ conposi ti on contPalyamidea pol yam de
oligonpy and at |east one enzyme. The

In Scheme 1, n is greater than or equal to 1, m is greater than or equal to 1, and p is
preferably less than or equal to 70.
The fundamental condensation reaction may be a high or low thermal
20 polycondensation reaction, including solution thermal polycondensation, melt
polycondensation, or solid-state polycondensation. Preferably, in accordance with the
invention, a polyamide oligomer is prepared by melt polycondensation. The condensation
reaction may be performed under slight or moderate vacuum for removal of water.
When heat sensitive monomers are used to prepare a polyamide oligomer with a
25 high melting point, care should be taken in the selection of a reaction process in order to
minimize vaporization of the monomer supplied and of the oligomer or by-product
produced. Low temperature polycondensation reaction conditions are preferably used to
provide the activation energy of the reaction, the heat of neutralization of the monomer
producing polyamide salts or nylon salts and/or of the resulting oligomer, and the heat of
30 vaporization of the condensation by-product, which is water in most cases.

The diacid or dibasic acid monomer may be any synthetic or commercially



pol yam de oligomer is present in an amount effective for stabilizing the
enzyne. The invention further provides a nethod of preparing a stabilized
enzymati c conposition. Such a nethod involves conbining a %gﬁi

ol i goner andvngP”Pé%?st one enzyne. The 20 pol yam de ol i ggfq‘rt |§og§'8ded in
an amount effective to stabilize the enzyne. These and ot her features and
advant ages of the invention will be nmade nore apparent fromthe foll ow ng
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pre-fi r-f&*‘%?‘ggfﬁ‘a‘f%&ﬁeﬁg%w&%&mﬁ% -m'géggf'pol yani de or
pre-fiber-forming pol yam de oligomer nay be prepared by techni ques 10

known in the art includi ng those described in U S Patent No. 2,281,576
i ncorporated here in Tablednt i r &xpmplary RBicatbexydie Aclsef er abl y, i n accordance

with the invention, a polyamn.de.oligonmer § via a condensation

reaction of difunctional 6%%?‘2 capabl ehégwgﬁa% am de |inkages.

Krichel dorf, Hans R, HandhsloxicaéidPol ymer HO{O)BEH,-€(OJ0IBti tute 5 for
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Ger man}‘,) Mar cel Dekker (1 | ng oli E&@C‘{WM@)Q each am de
l'inkage is fornmed i ndependgitiuciaf the ot ngw(gé@[@,%ﬁj@b?}@hya in
ared via a

accordance with the invention, a polyan de oligonmer is pre
f undanent al condensati on rfemeti¢ acid of at | ¢ass-HO@)GUHCH=CHQ(D)OH aci d nononer

?g(rjr iat | east one di am ne nt%r%%%ﬁlicaa%ids homl,hQC&?)?)‘i—ﬁf—belﬁzenleo Schene 1.
adipic acid HO(O)YC-(CH,),-C(0)OH
15
The diamine monomer may be any synthetic or commercially available primary or
secondary diamine. Preferably, the diamine monomer is a C,-C,, diamine. Examples of
suitable diamines include, but are not limited to, 1,2-diaminoethane, 1,3-diaminopropane,
1,4-diaminobutane, },5-diaminopentane, 1,6-diaminohexane, I,8-diaminooctane,
20 1,10-diaminodecane and diethylene triamine. Preferably the diamine is a linear (i.e.
primary) and saturated diamines. More preferably, the diamine is a linear and saturated
C,-C, diamine, e.g. 1,2-diaminoethane and 1,3-diaminopropane. Exemplary diamines are
shown 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



In Schenme 1, n is greater than or equal to 1, mis greater than or equal to
1, and pis preferably less than or equal to 70. The fundanental -
condensation reaction may be a high or low thernmal 20 pol ycondensat i on
reaction, i NOWMTRY sol ution thermal pol ycondensation, nelRCT/USI9/03706

pol ycondensation, or solid-state polycpndensation. Preferably, in
accordance with the invention, a polyamde oligoner is prepared by nelt

ol yconden fiven LRRE %g@ﬂ r slight
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prefergbly used to_provide the activatiaon energy of the reaction, the heat

of neufr al i #igtodhe diaming and,paigtepance ardpmenifasing of Wﬂ%mtweor nyI on salts
and/ or of the r , tion of the
condensati on bngyé)‘%?#ﬂo‘g\gg °°h &geéé er%‘lépa%fd nghec %an%r

di basi c ac@p&nfr«h&mfandmpe tweaﬁdmm;ust IAeheterogenoquimn!xleaihgmner | abl e
di car boxyl I c_aci

bot h. - ExamAFERRSey By SondpBatsin AEAtHe: P PokTaDe ofghackt ﬁgét"ym?%&&%@"'ﬁxi[.c,

nal oni ¢, gl Hére e on bpma&xwz&ha Snet&ﬁém&ﬂﬁbié?eon?&&u%ﬂhﬁk&fac' d.

Preferably, the diaci [err] nonaromatic diacid such as nmal onic,
gl ut adfc, rmlrtwvelnruarmlmmdamomr piay: bepreparedrfiem self-condemsatiersdf of or nul a of

cromol o) A paRibodl sty B e i) o s BT 200 © S ory
10 In general, to p@ﬂbalpbb'amtdeﬁbhgomer uséfialitHe-ih@htidn, eqadhiotdr mal ei c
acid ms-% C(dcg)wfgmarlc aci d
trans- HO( O)a@%pg nomer an monomer are used in the condensation

reaction. However, it is preferable that a slight molar excess of acid ranging from about

15 1.1-1.4 moles be present to produce product solutions having an acidic pH, preferably, a
pH ranging between about 5.0 to about 7.0. More preferably, the pH ranges between about
6.0-6.8. The pH may be adjusted in sifu before or during polyamide oligomer formation or
after polyamide oligomer formation. Preferably, pH is adjusted in situ during polyamide
oligomer formation.

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



terephthalic acid 1,4-(C(O OH)2-benzene adipic acid

HX O C[err]4-C(O OH 15 The di am ne monomer naey be any synthetic or
comerci al | y_avai | bI e primary or secondary diam ne. Prefe

di ami ne nmonoHBPY43L80, [err] diammine. Exanpl es of suitable ééghrfllggngé%%?ncl ude
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Table 2. 25 am nes
1, 3- di ani nopm@fﬂle[xmlteppﬁlm&dﬁhmenb@tﬁbmedrawp@poqremosaldifdlﬂghshmdane

th t 0 nbi, nat f . di id,
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long as a pEiakmitste fibkds @t Giite elastic, f@\t&f@t&hﬁlysumnmbmo%ﬁnalmmr may be

formed. When oxalic acid is used to forma pol yam de oligonmer, additional
precaut i ons minye Hpprsupsipely asmd%feﬂnmn,r%mydn stsmﬁt%ﬁlgmyntésebﬁmm:: Such

recaut i ons |
Pt r oduct | obRige ofBind, KRG of llfboR blaidThmlaiGh HEF be hifeved B0 Bre uaifof o
noni t ori ng ofater tathe reavtidremixeuret Qumutahvagrm@smmentphhmﬂndbcms@haalfoﬁmy be

prepar by the condensati on of one e, of d| acid and one type of
di ami ﬁ@ A R JeReAD T oRs BB an Y B difgtie af which boint heating of the

reactants should be discontinued in order to avoid superpolyamlde or fiber formation.
Preferably viscosity values range between about 25,000 Cp-100,000 Cp. The viscosity

value or range of the polyamide oligomer may be prechosen depending on the state of the
enzyme to be stabilized. Ifthe enzyme to be stabilized is in a non-fluid state as discussed
15 below, preferably the polyamide oligomer will have a lower viscosity value, generally
ranging between about 25,000-35,000 Cp. If a fluid state enzyme as discussed below is to
be added, the polyamide oligomer may have a higher viscosity value, preferably ranging
between about 50,000-100,000 Cp.
Upon polyamide oligomer formation, heating of the reaction is discontinued and
20 the polyamide oligomer is allowed to cool to ambient temperature. In a preferred
embodiment, heating is discontinued and a viscosity controlling agent such as a
rheological conditioning agent is added to the molten reaction mixture. The viscosity
controlling agent or rheological 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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Aft er conplrgf%ﬂs%?’&'ftlﬂteexﬁaﬁfx{?@ﬁmfﬁ Prransmission, fesIsERCRIPRSTISS he [ eact i on 25
tenperature is rmcamgts%eahvaﬁb@mp&raimm&ioalagwyamgbli%mggnﬁﬁsﬂ & ably,

at this point, the reaction tenperature is naintained at a tenperature of
about 1010- 1des¢rihed;an engyragmay then he aided 1, gomixed with the pobyamidesoligomes td t of t he
exot herrnic . ' e ' ' enpes.at,ur e
rises to an%ﬂgrgﬁ{gﬁgﬁ%%;ng‘{%%{e}%ﬁ a%wa ha c}%ggfl%%% &Q%ée %%{ on is
mai nt ai ned wsingthé¢ polyamide ohgamice. Particularlyoprsfantdenzahesyoerthosd mrevigdstyon i s 30
conpl ete or ,just before superpol yam de formnatj on gins. In practice,
super pol yan‘?‘%‘é‘sqe T ?FIWNRWY@E%&fﬁ&?‘%%ﬁlmﬁ%ww“@ﬁg%ss r od
test as desghtkldSGabiblt oPwattPinSslibldOThe2nZ e B4 Pbe inAARAPH oft Pulttiifte. LY

reference. The production of a pre-fiber-formng .ol_tlegorrer or i
pr e- sUfer poExamalesof papy-fuid state enggmesingluds, byt are not limited to, powdered, prilled,

granulated, microencapsulated, microcrystalline, membrane bound, particulate adsorbed or
particulate grafted enzymes and the like. Preferably, if a non-fluid enzyme is used, it is
first made soluble by techniques known in the art. Preferably, the non-fluid enzyme is

made soluble by mixture with water/hydric alcohol solution. The enzyme may also be any
20 pre-formulated liquid enzymatic composition, including any commercially available pre-
formulated liquid enzymatic composition. The pre-formulated liquid enzymatic
composition may be a water-based composition or formulated or employed in an organic
solvent or medium.
Upon addition of the enzyme to a polyamide oligomer, the resulting mixture is
25 generally agitated or stirred by techniques known in the art to form a homogeneous
dispersion or blend. As a result of enzyme addition, the viscosity of the stabilized
enzymatic composition may decrease to give a composition with desired viscosity or flow
characteristics as discussed above.
In a stabilized enzymatic composition of the invention, a polyamide oligomer is
30 present in an amount effective to stabilize at least one enzyme. Generally, a stabilized

enzymatic composition of the invention contains about 0.1 to about 99% by weight of a



by nerely touching the surface of the nolten polyner with a glass rod and
observing the elasticity of the nolten polyner filanments or fibers drawn

upon renoval 8 /é%o glass rod 5 fromthe nolten pol yMelpe ?4;({) g the
fiber form ‘6 3 or super pol yam de stage, such fil amants or ers are
quite elastic, i.e. retract readily intlg the nolten polymer reaction

m xture. Upon superpol yam de formation, elasticity is |ost and the

filaments opolyhdide oligeméras dedctibeit abooe basedRoithe sl welghs ophe pidyyatic de
formati on nmay be achl eved by tge agdltlon of water tqQ the reactiqon m xture.
Quantitati v&f"?lmr%’&’s Frably W“ﬁ?‘f‘l’%sﬁm of the ‘P‘@Pu‘i‘b“ma“&arrpl e,

Vi Scosi Y TRGIAS iRiiod 9Aly u,e ¢ GolAaHBE Bk MUY BéieRBiyeneat | NG of

the reactants s scontr nued in or avol d ‘super yam de or
f i ber for rralpolynnudémhgemabhgkes'upalumt 5q%bmlwgeght orgrepter lof thestabiliztbernzyati© 00

- 100,000 The vi scosity value or range of the polyam de oligonmer may
be pr echose tfﬂifng on the state of the enzyne to be stabilized. If the

enzyme to be stah‘fstasﬁ&edmme'a;sme‘dlauhﬂe&we%W%Wm&émmebel ow,

preferably the pol \éam de olrgoner will have a | ower viscosity val ue, .
general | y r @regeneg oba pokyemida o mmezse@o@g@aemwverﬂsmtwpgfa@asadc@ednzyrre

as discussed, pel t@ F e a hi gher
vi scosity value, prefer §' rangl ng Ee wee E:‘?l Eouﬁwéﬂ&%ﬁﬁxﬁga% Upon
pol yani de olaﬁgamrwéemmronM&mefm@ma“ﬁktﬁthembahmmowued and
20 e polyagm de oli d to cool to anbient tenperature. In

s all
a prefefred cﬂfrﬁﬂ“gﬁgalpr"f’?(jkﬁaésg continued and a viscosity controlling
agent such as a Bgﬁ&] hﬂﬁ% égﬁl f%gnté’:ﬂﬁﬁhsé &e%ﬂﬂﬁ‘ﬁed 10l t en
reaction mixture. The viscosity controlling agent or eoi ogl ca
condi ti oni ng:omgesiﬁomgelnmﬂy basadfuml pHl cange of atokt5.0 tovabout T Rroferably, ithegphof
pol yam de olJ goner mai_nt.ai n I| har a I StiGgs such
pliabil i ty wmp&ﬁ’%‘%ﬁﬁ“ﬁ%s Q\bdﬁrg rf%%‘f’@?ﬁfoé’g ﬁﬁ’@g’mﬁtgﬁ@{unti |
wel | bel ow fmlnaeessiymla@manﬁmambabmoyammaufarenﬁpnt rolling agents
I ncl ude, water and varl ous Theol ogi cal condrtronr&g ents such as resins,
CT

al i phaf? ¢ am des Ih mmm&@@mpmhwm% ditivesaskapwn inghp as

gl ycol s, 35%1%&& th,w‘b f‘é??“ am nes,
di am nes, dicarboxylic acl thé; u ogigmg t‘{&g/aeg{dn%r ol'l or@g and

pol yvi nyI pyrexmhpld;thestaﬁﬂmdenzﬂmi’ceompbsjuommamnumadmmghysmﬁctanxt ure
Is added to the ten,reaction mxture. Mire preferably, a water/glycerol
mxture is a?ﬂ(?%‘im °ft%%°f?P6‘ref@H9F€af>t&ﬁ on mxture as a 1:3

Due to the solubility of a polyamide oligomer in water and organic solvents, a

20 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



14 water/glycerol mxture. To achieve desired flow characteristics, the
viscosity controlling agent may generally be added in amunts up to about
20 % by wei ght based on the total weight of the final stabilized enzyrratlc
conposi t i onWOR94aMi ent tenperature, the resulting solid FETFEMNI] i goner
exhibits 5 thernopl astic propertiesg A preferred pol yam de oligoner for
stabilizing at |east one enzyne may be cI ear, transparent, pliable and
tacky to t ﬁéﬁ%%m&t@ WerOmLoomer may
al so be ve%&glb%dsgsbf% Po yahﬁ, eﬁo?l gone Q%f asti1cl ze %?lgg+sxn@ﬂal SO %)E(hl bi t
excel | ent ipolyamidesligasperis pmsanﬁmmanmnr#&cmwastebiﬁzeaheenzymasémnbdi ng to

the i nventipn on corrple po ner, f I:matlo as .10
descri bed, aﬁw&ee r?gggftﬁdd‘é%"al? "h&i Pl de

ol i goner, inativeNtdi® ara&taqbe fdriaﬁﬂheﬁ'li ?dslﬂoﬁ'&s désaﬁbém%sv@rwl ass of
enzyrre may be stabilized using th gol yam de oli gorrer Particularly

preferted dafinedaboys ﬂxetenzmexpstew B

wat er - sol u m t. Fgﬂlgg -extractable or
wat er |nsoI%=07 I’r en%p/%e rray o‘é@nﬁ ﬁw ;taa‘%gﬁedf%@s ate. 15

Exanpl es ot&@ﬂ%mas‘deuérﬂml abgve, mmvgl,rmsy i:emildetﬁaanjoﬂme aPrefendbly, itheddditivet O,
powdered, prijlled at ed Croe sul ated, Jmicrocrystalline,

menbr ane bmﬂ’%“gf’&?ﬂ g”d@&“ﬁgéﬂ@?&?}wﬁ?’ée@k%@éd enzynes and the
like. Preferabl ype iy Mg%m 1e4 &he BVEN IPilthstratstRepredent irvehtidn 1 JROHRA paO! Ub! €
by techni ques knof/vn |°n t a*r)t Preferably, theprﬁon- luid enzyne |b§ made
sol ubl@® by umlcrstgmhwew,\tbat&elmwmmlsa)btbmlms@dtﬁtﬂw)specfﬁqsonihugnsmr may al so
be any 20 ed | i d enzymatic conposition, including any
comer ci al |d§fa§§,§? F%%ﬁ'l‘%e I ated liquid enzymatic conposition. The
pre-fornulated |iquid enzymatic conposition nay be a water-based
corrp05|t|on or fornul ated_or enployed in _ an organl c _solvent or nmedium Upon
addi ti on offxampleh; yHenera Procsdirs fariSythesizing #Bolyamife Oligamert i ng mi xture is 25
general |y agit ajegrdlichlvelsd silit dighd L AER o HWE albdbad BTGl aleuidPa™ @

honbgeneous
15 mol). During addition of the diacid, the reaction vessel was maintained at a temperature of

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,



di spersion or blend. As a result of enzyme addition, the viscosity of the
stabilized enzymatic conposition may decrease to give a conposition with
desired viscgsi r flow characteristics as di scussed abo
stabilized e‘m?/%&c conposition of the invention, a pol ya}‘ﬁao(gg%(%ogrrer is
30 present in an anmount effective taq7stabilize at |east one enzyne.
Cenerally, a stabilized enzymatic conposition of the invention contains
about 0.1 t thelobyiher ¥deadabeyunitg hdse dieiralasticitybbdeomy btiitid and Failgo pefacebacklescr i bed
above based on the total weight gof the_ enzymatic conposition. Preferably, a
't%“d'i'fi' ?Rr@ﬁtl

stabi | ized &M ¥hedPaction solean Gtiop et oref supsrpoly#nide geRre-fiber ¢ o
about 95% bxoeﬁﬁ}rlgrmgo er.tﬁﬁoxpﬁg&ﬁmyﬂﬁidg SRS, waldp Was m&ﬁ%@b%@e

pol yam de ol 1 go makes Up about "50% by wei ght or greater o

stabilized somtiomunti the glass casttest dudicated the'retugn offxldsticigriodhepoiptierithreatisf | ned as
an enzy as.descri bed above ich in th resenc . a pal yvani de .ol i gomner
r et ai nsggr e;t?ngfeag ai WV%%?E?W%‘@%E‘?FW%PSS&)@ ﬁ%"é‘&%&fa? ure.
Preferably, @ea%&ilﬁhhbimmwbn%l%%ﬂéﬂ\m& of 4 Watkefgly¢broVmBiturg ! €at er
after two weeks at 50'C. More preferably, a "stabilized enzynme" exhibits
about 80% 1daving ggatioaftlypar waigr 43 partsglycerol.16 weeks at 50[err] C. Dependi ng
upon the enzyne and its intended use, the stabilized enzymatic conposition
generally has a final pHrange 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,
adj ustment of pH may be necessary with a small anmount of acid or al kaline
material. 15 The stabilized enzymati c conposition nmay contain

ot her additives as known in the art directed toward the use of the
conposition in a particular industrial process. For exanple, the stabilized
enzymati c conposition nmay contain additives such as a surfactant, an

enmul sifier, a defoaner, and the |like. Due to the solubility of a polyam de
ol igoner in water and organic solvents, a
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stabilized enzymatic conposition of the invention may be added

directly to a systemin which a particular enzyne is to be used. The enzyne
may be dispersed directly into the system by agitation,
Al 't er nat i veMP %9480 enzyme may be delivered to the system SGEUSIVHRD6,y
its own rate within the

all owi ng the pol yam de oligomer to di

ol ve

at

such as stirring.

system In other uses, the enzyne nmay be |iberated fromthe stabilized
conpositio iacid Thd Piméh é‘%orﬂﬂﬁﬂﬁoﬁ??or%i )ﬁ?iﬂle‘iﬁi hxbgﬂﬁimlbﬁ' ng sol vents
cont ai ni ng%%r%%‘lmg%%ps such _as, for exa#p e, wgtger, ycols or hydric
al cohol s syich, a8 of YEH! O] » aRbunt’ ft Up@Set NI 9% . | ThfouhtSP UbibbROMERITPOSI ti ON
may then b¢ used i Same manper as ot Her engyme coprposi tions. | Anot her
enbodi ment |of the A5idi@a | et hod f dr ar ¥ a BO
stabilized|enzymatjc co as descrilbed ah t he
I nVent i on e St U o T T e T TS T OTC S e et R epsSt  one
pol yani de ¢! i ¥8fer e rli bdY . gidi*lali on forns
a stabilized enzy pn_WPR#¥e tihe pollyam del ol i goner i present
in an qnoufht effecfive tpigtifbnt | zelibioerizys®r d4s desclilBedsabave| The
enzynme may|be addefd to conbi n¢d y.th a |pol yarn either inits
native state AT TTE=T = e . gk il S
descri bed abowenic A 124{435; M ynmd4 | s{ deadsiliiddd] when, in
the presenge of th m de ol i bits greatgr
activity oyer ga—tenqgergrur g A4 tT.ves as
descri bed gbove, Pt lan$® ti me?é Pr pri&HBIN 4 he
additive i 9 3 en addg | yam de
ol i gomer. e LT [ 3% | AN Sdibhing T[T UG5 7 0 rasent
I nvention. It shou jler st ood, r, tha I nvenfion is
not to be limted fo thefspecifig¢ r?lprqlfefi nsorldetailk describedlin these
exanpl es. HExanple . Genprialiooroegedeienifor| S¢nt Hesisei np 1&:1RSIat fle
Aigoner |} a reacjion vpssel, ajsolenghedi gcid (4.2 - 1|4 nol) was|added to
a liqgpd diramme—g 180;195;210 | 12-diamino | 116 16 | 121131 141
hexane
fumaric 116 139; 150; 162 1,3-diamino 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
ethane
139; 150; 162 1.2:1; 1.3:1; 1.4:1
propanc
139;150;162 | 1,2-diamino 60 60 1.2:1; 13:1; 1.4:1
15 200;218;232 | 1,3-diamino 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
cthane
glutaric 132 158; 171; 184 1,3-diamino 74 74 1.2:1; 1.3:1; 1.4:1
propane
158; 171;184 |  1,2-diamino 60 60 1.2:1; 1.3:1; 1.4:1
ethane
* Acids available from Sigma Chemical Company of St. Louis, Mo.
20 ** Bases available from Fisher Scientific of Norcross, Ga.



15 nol ). During addition of the diacid, the reaction vessel was

mai ntai ned at a tenperature of 50[err]-70[err]C Table 3 lists specific

di aci d/ di ami ne conbi nati ons and stoichionetries. Once additi

conpl ete, thWOP¥AT8 ature of the reaction vessel was maint M@E‘@‘?’mf
tenperature of 1l 0[err]-140[err] C untilygthe diacid nelted and various salt
conpl exes resulting fromthe acid/ base reaction fornmed. Upon nelting of the
di acid and fma@lezgn Gnekdl Provdiire &2 the Pré of0f Stabiliz&d Bi¥yiai@nt I ncrease in
tenperature to 155 -165 C was observed. The tenperature oOf the reaction was
t hen mui ntai ned at abGompas#ftnerr]C for 0.3 to 2.5 hours until the salt

conpl exes under wgnt | t | wco sat | d forned.the.desk.red pol yam de
ol i gonmer. The c%&eeﬁﬁ??%ﬁ‘gﬁg%‘%%‘%ﬁgde@m{é%‘&ﬂ 5 ﬁoélftfﬂ“‘ﬂgg% erate
vacuum for taided'te @pohamife oligbraér. preffared according to Iaikipld i.0Upe addition e yami de

ol i gomer or pre-superpol yam de was determ ned by testing the fiber formng

propert? es &esulting mixhuee is agitated,ar stimed pntil a hompgeneous dispersion i gehieyeda sEher od t est

(U S. Paten 2 addidr . Bﬂﬁ‘t%&ﬁgtﬁ i!_ﬁ&: very
few m nut estea g ealés roéé\%gélyﬁtﬁ{gggggﬁérisﬁe reactio ?n{s turﬁeﬁg?p%g%iogn and
wi t hdr awn brS0%byyweightfon less based:omthe tdtalkveeight lof the compasitivls whi ch at t he

pol yam de ol i goner stage would retract 30 back into the reaction
solution due to the polyner's elastic properties. Heating of the reaction
sol uti on agsagifié S.Uedtabilizationdf Bpditiont . as ascertained by the glass
rod test, 17 the polyner threads began to |l ose their elasticity, becone
brittl &and fai | Theenzymatie stabjlitylat 50YQ ot seueralstabilizedhenzymati¢ enmpositions wali cat i on

of the for n. ) de. -fiber fof i | gorer. Upon -

super pol yam'adtﬁ g ng@%ﬂﬁ%ﬁ{ﬁﬂ&@%% \é\’gglsvﬂgag{ehg e{’%;&f%aéﬁ’r‘{égté}golﬁl s%g'. PIYAS Ut i |

t he gl ass r agdicemparedidi theégmaticestability ahS0FIC ofitiisdorresoydihg efAymenoity mer

threads. 5 ;{;ﬁ reacti on was quencheﬂ_l % rermvipr(l)? the heat source and

addi ng smal |oigHBlimpantagturrd cocenirats, Le-ia e bseppapfsrpolyamidentigomet, Thei ght of

ot her S el Bre\WiHnRaHE DA TaBlbs SU8X PlcEnthlaY biher tad 9i'defiviey exprelétib 9By €7 1O
15 weight of the total composition of each component of the stabilized enzymatic

D

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 (P.f.)

25 (Table 8).



18 Table 3. Diacid and Di am ne Conbi nations for Polyam de Qi goner

Preparati on Acid* F. W Amount Base** F. W
Anount Aci d: Base Mol ar (g/nol) Acid (gm (g/ nmol)
Base WO 99/48#80i 0 (n) oxalic 90 108; 117; FEENUSIBT. di ani no
74 74 1.2.1; 1.3:1; 1.4:49 propane 5 i
108; 117; 126 1, 2-di am no 60 60 1.2:1; 1.3:1; 1.4:1
mal oni ¢ Tabld 44 Ke}%poiy’iﬁmd omersk, 3di am no 74 74
1.2:1; 1.3:1; 1.4:1 propane 124: ; 145 1, 2-di am no 60 60
1.2:1; 1.3:4; gl 4:1 ethane adeIC 175 190; 204
1. 3-di am no Ex. 24 dem‘y&lgoﬁn% 1.4:1 propanel175: 190:
204 1, 2-di ai ffo aﬁa,polymerofomcamdandnsammo;r@aﬂe 1. 4:1 ¢thane 10
180; 195; 216 1," e o 146 B pay o 3= _:_v'{l 1.4:1
hexane fumarjl B 116acopolmofmmcm@andl,§-chmammpane 74
74 1122171131 1.4:1 a T, Z- dI anno 60
60 5 1.4 1‘7}1. 3:1:1, 4af°%‘1188%fr92gﬁ&"8ia8‘d 5)?33"’({%“1’ ropang 39 150 162
1, 3-di am no 74 ; 139; 1%0; 162
1 > di ani no D “0 acop%liﬁer of malq.xc ;)q@?ﬂﬁl,%-gh%m}xﬁ; opﬁqpﬁnw
ter ephthalid E 166 2@0Opolghiél;of Bnaric acill and ¢i3aliéniifopropane 74 74
1.2:1; 1. 3: -t 7propame

F a copolymer of terephthalic acid and 1,3-diaminopropane

G a copolymer of adipic acid and 1,3-diaminopropane

10 H | acopolymer of adipic acid and 1,3-diaminopropane and 1,2-diaminoethane
I a copolymer of adipic acid and diethylenetriamine
J 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 >96 | >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 - -

J/50% | PRIMATAN ®/50% >82 >66 | <58 —
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Exanpl e 2. Ceneral
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60

Scientific

resulting mxture

is agitated o SUITTrEdUNCI T a NQIOJENEOUS 0 rTI ] The
enzyme is adddd to a ’@@F‘V&ﬁﬁ?@l’&?‘f‘%mr SLC%TAF &%’ﬁ %?Vﬁ& q‘sﬁ‘br psent in
an amount of HO HQ% ght or e Pased gn the ofigt h
conposition. Hxanple St ahil Lon of Hnzyne Conpas tu:ms (‘}
The enzymatic st@MAWP@LPZMHCmWaI stzabi i zed pnzyma}ic
conposi tions _ qq—ﬁed—-by' feastrrg—the—Sattvity—of—the—enzynme at 2
4, 8, and 16 VjeeNonat ef PULBZYME H6Mar ed tlo fRe enzinafi c—-st pbi~+ity at 50' C
of the corresqomgiTg | MUl acrur €d_ Cen e, i.e.
in the absenc cﬁ:/seg/po I}ﬁﬁ?ﬁ%h@ Té$0q°The u §§ §§j€m' é{ed in
Tabl es 5-8. Pgr e %0 it X )r 1 hggdo by wei ght
of the total dauopast :1;84[' earﬂlﬁgnm]xg‘g}gﬂf cn‘98feh §§ Jlgggéj ppﬁé@d tic
conposi tion. Ea@/so%yipuﬁ?zvmcﬂwm p|reme gojdbog | o>gxanpl e 1
Each stabiliz¢ -‘+—e—eofpPesHtei—was—ptreparet—eaceprdtngrto—bEqnpl e 2
Sever al0 pol yanj d&/56% gpRULBZYMEHGIMd50% plr e e{t I/ s{abtl i fed—enkymatic
conpositions ami—are, SYNETZE ~TTT Tjap] I n $ U to
prepare the st 1% 4| & H@mﬁéomfwtl ons&/\e e>§§ gére >82€O

H/50% | PULPZYME HC ™ /50% >98 | >98 >01 >88

1/50% | PULPZYME HC ™ /50% >83 >75% | <42% -—

J/50% | PULPZYME HC ™ /50% >85 >70 <47 -—
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their original manufactured concentrate and include the follow ng: PR MATAN
[err] an al kaline protease from Genencor Inc. (Table 5); PULPZYME HC [err], -
a xylanase from Novo-Nordi sk Inc. (Table 6); MAXAWMYL W[ ergjl_g@an anyl ase

I

from | nter NSO WM B 0- synthetics Inc.(Table 7); and Cel [P PV act ed
fromPenicilliunfuiiculosum (P.f.) 259, (Table 8). 20 Tabl e 4. Key
for Polyam de Aigoners: EX. Pol yam de A igoner A
a copol ynerrgpfe RXal i MARANNYAWLIMER|Rfid SAHRG a0$0 8 a copol yner
of malonic acjd and 1.3-dian nopropane 5 C a_copol yner

acid and 1, 3- hci d and

1, 3- di am nopr pPalyeer Enzgmeopol yney of2terephk hgli g i v aphd

1, 3-di am nopr ppanme—6 a L,UJJUi yer—of—agtipic et

1, 3- di ani nopr ppghfr®% of MAXAMYL WL ™/50%po] y mef2Df adiBi ¢ aci df and

1, 3-di am nopr ppape_a - Qgt hane a copolynefl of
§ hd?\g’f’gt [ <4 |a<lo

of glutaric afid antplydadt GapgRmbRPaNe O o Activi presentg\.@jpﬂﬁwﬁg_r of maleic

adipic’acid a e ] ol'y di pi c
acid and 1, 6- Hi@pgone WL T@ighs, 5. >o3R VATAN Bnzy ability
at 50C Enzynmap4 -4 -y —Repsoni— No.

Pol yrer H /508 z WL ™/50%2 >08 4 | >98 § A\ /50%
PRI MATAN[ err] 0% =2t Sy ===

PRI MATAN[ er r | | Go8% | MAXAMYL WLIV/50% | . >89 | .>72 B

/ 50% PRI MATAN [err]/50% >98 >98 >87 > C /50%
PRI MATAN [ er rl/ 50% >95 D /50%

>08 | >98 >97

PRI NA*‘AN[ e r’l;aP efyo, Cellulase P.f. Enzymgtic Stabilityqat 50°C.g4 >90
Enzymatic Composition % Activity Present After Week No.
Polymer Enzyme 2 4 8 16
None Cellulase P.f. 2% <1 — -— —
C/98% | Cellulase P.f ./2% >98 >98 >87 -
15 G /98% | Cellulase P.f /2% >08 >08 >91 -_
J/98% | Cellulase P.f./12% >73 <32 - -—

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

20 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 allows for pumping and automated delivery systems to administer the enzyme
solution without human handling or dusting of a powder. However, the stability of the

25 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

30 enzymatic stability at 50° C of each stabilized enzymatic composition was determined by



E /50% PRI MATAN [err]/50% >08 >96  >94 >89 F /50%

PRI MATAN [err]/50% <26 <3 -- 25 G
/50% PRI MATAN [err]/50% >98 >98 >98 / 50%
PRI MATAN [ erV§ P¥¢780  >08 >98  >98 _ .>95 |/§6’5/o"sg9§°ﬁa‘|\/ATAN
[err]/50% >77 >41 23 ---"J /50% PRI MATAN
[err]/50% >82 >66 <58 --- 21 Tabl e 6.

PULPZYME Hcheasuhngﬂemaéﬁmysmbiehim an, &QLmdﬂeﬁv&nmemuh andeuigasdditb ON

% Activity Pr esent Afsta%r Week er Enzyne 2

J 8 Tty 5t 587 &5t eorég@,b omHfeqised Fpnocntmtngf LIPOMAX @34

N % 150% PO PETEER [her{rﬁ%%%yﬁtﬁg’“’%?’m me%byw%édmeé’é"f D /50%

PULPZYNME HCcompdsiiivin of each compénent oftB8stabilized #nzymatig 6ortpositivis  PULPZYME HC

/ 50% 5 >98 >98 >90 >84 10 F /50% PULPZYME HC [err]
/ 50% <8 <1 - G/50% PULPZYME HC [err] /50% >98
>98 >96 Tabk®2 H /5P @'ﬁ@’xﬁﬁ:&ﬁaﬁx at 50O % >98 >98 >91
>88 | /50% PULPZYI\/E HC [err] [/ 50% >83 >75% <42% --J /50%
PULPZYME HC [drr] éx'é!-}xﬁauc CBﬁﬁosmon>70 94 Activity Presest AR WeekNo. MWAWL W
Enzymatic Sta
Polymer Enzyme 2 4 8 16
PVP/10% | LIPOMAX® /2% >08 >96 >92 >67
10 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% >98 >98 >94 >88

15 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

20 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:



Enzymati c Conp

osition

Enzyme 2 4 8 16 A/50% NMAXAMYL W./ 50%

<29 <8 -- -- 5 None MAXAMYL W[ err]

<4 <1 WO 9943788 /| 50% MAXAMYL W./ 50% >9g PCT/US99/G¥06 >95

>86 H /50% MAXAMYL WL [err]/50% 4 >98 >98 >90 >85 1/50% .

MAXAIWL W /50% >89 >73 <37 10 Tabl e 8. Cel I ul ase
Enzy abi | ti 0Sjti.on %

Act|V|ty gﬁtgélﬁ?hAfte %‘f@" .l %@1 2 4

8 16 Nonfe ul ase

J98%  Collullase bt g"ml”s‘ fon,, % Aivityat Froeze/Thaw °’°ENP9|8%

Cel lul ase P.f Z%Polyu?c98 >98 >91 J /98% 2%

>73 <32 —-———B4a-m;-l-e—44nt-za-ygl-l-|-z-a.t-4-c 'ons from

a Non-fluid En2/s626 GREASEX hgOL®* /4086 owder s,

prill s, granul ns el pcrystal li nes or as statjes. Oten

it V\Du|5d be a \Panﬁ %eg*n@%f h_convert the saligc ahl I} zed

di spersi bl e fljuid sNoaee f 0| GREASEXfl00L30e | cbi) a'nge of

phase or st at g—atHHows—For—parprag—eanrd—autorat

admi ni ster t hd @4$8%rfe sol uj GBEASEX heL™"tiTe8m a

powder. Howevdradiigersha@Ri [ity of the 25 § . The

f0||OW ng dat p/Tah:er ?’h Iafn:\c St ahlllvaflr f after

extraction frdme/pe% +gr anul , GREASEX $00LI* 408 LI d»93t enzymati c

conpo i ons eShfped| by using the enzyre LI P( from

G st - rof)cadesvﬁmléu&enf |/ec origi-nalnanufactyred concentlrate hnd gt | east

one pol yam de {di/s@3eser of FGREASEX 100Lfea40%ah e9g) |os99dl we2 nybpgrirol i di ne

(PVP). The 30 nz ,}c stability at 50[enr] C ¢f eadh stapili zed

enzymatic co rmoned

IS5

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

% Activity Present After Week No. Pol yner



measuring the %activity of the enzyne at 2, 4, 8, and 16 week intervals
and conpared to. the enzymatic stability at 500 C of the original

manuf actured concentrate of LIPOVAX ([err]), The percentage t han %
activity, giV@8¥8?ess the % by weight of the total corrpoﬁ{rfl%%;}'g‘?o each
conponent of the stabilized enzymatic cggnmposition. 5 Table 9.

LI POVvAX[ err] Enzymatic Stability at 50[err] C Enzymati c Conposition %

Activity Pragetlainrdédigveniéels: No. Pol yner Enzyne 2 4
8 16 PVP /10% . LIPOVAX[err]/2% >98 >96 >92
>67 10 1. Anghilized enzymatipegmpqsition compriging at leastang polyamideoligomer <1 G

{_?g(gVAX/ Ié E%P%%i et t %qoe enzyme, v&%fm the polyg:ﬁxde ohgomecﬂs prﬁse?%%g aﬁoﬁ@%g%y € 504

>98 >3 stabilizingOthie enzyme>88 15 Exanple 5. Polymeric enzynmatic
conpositions and enzyne concentrates of GREASEX | OCLTh, a liquid |ipase
from Novo- Nordi sk Inc., were subjected to fieeze/thaw cycles followed by an

assay of %anyms&mawmuee@ﬁwmoﬂmle;afeheﬂﬁlpﬁl amhi otigafaby i Zed

enzymatic conpositions retained their liquid flow char act eristics dovvn to
-25 C beforetc@odensaﬁon@ecziuntg)mreﬁatdea&t@r@rdlbagumcnﬂraeéatéﬁashmcbmine.s t hese
conpositions displayed greater than 95% activity remaining. Further, it was
observed that even one freeze/thaw cycle significantly inactivated t he

enzynme concent r alestabillRg ehBmalit Sorpaitiohaf claine D, wiitreln teoldinide olifambseis 10.
GREASEX 100 err]** % Activit after Freeze/ Thaw Cycl e Enzymati.cC

Conposi®i on the condensatiomproduct palymeraf adibagic agid aelee 1B the groxp cppgisting of a
Enzynme saturated Lor éﬂlsaturatg% €,-Cy, dlcarl%leéc acidrarld atfiafhing schected from %%

100L1IM* /40% asticl zer
consisting of 1,2-diaminoethane, | 3—dlammopropane, 1 4-dmmmobutane,

1,5-diaminopentane, 1,6-diaminohexane, 1,8-diaminooctane, and 1,10-diaminodecane.

15 4, A stabilized enzymatic composition of claim 3, wherein the dicarboxylic acid 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
20 present in an amount of about 0.1 to 99% by weight of the total 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.

25
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.

30 8. A stabilized enzymatic composition of claim 7, wherein said plasticizer is selected
from the group consisting of a glycol, a glycerol, a polyhydric alcohol, an ester of ether

* C L L] S *



None GREASEX | OOL[err]** conc. >78 >40 <16 <1l G /50% +
GREASEX | OOL[err]** [/ 70% >95 >83 <47 <26 plasticizer* /10% G 50%
+ GREASEX 100L[err]** /40% >98 >98 >97 >95 10

pl asti ci zer WOBM3TB0/ 50% + GREASEX 100L[err]** [ 40%RCT/USSYPI706 >95
>92 >90 plasticizer */10%* In all fgQrmulations the plasticizer used was .
the hydric al cohol, glycerol ** GREAS | OCL[err] is a bacterial |ipase

manuf act ur e Q- i | G- . T ained. i nventign is:. 1.
A stabil i ze%@ré%%éﬁ‘%b%g‘r%@’sﬁ ? ﬁ‘&%’i’g’?}#ﬁﬁg‘g’l an%ﬁ'é]t%el&e Jptive,a pyrrgligone, aod
ol i gonmer anglpelyvihgipgirolidoge.enzynme, wherein the pol yam de oligomer is present

I n an amount effective for stabilizing the enzyne. 5 2. A stabilized
enzymati c conposition of claim1, wherein the polyam de oligoner is a

condensat i og§ proﬁgﬁf,%igfd o oéiﬁﬁ?&fc%’ﬁ_ld{wﬁ&éih?h | @g _ |l east one
11 claim 2,

di am ne. 3. A sta zed enzymiti c composition o erein the
pol yamidde osaluhderenrwaiter-dispersible.he condensati on product pol yner of a dibasic
acid selected fromthe group consisting of a saturated or unsaturated

C3-C10O di carboxylic acid and a diam ne selected fromthe group consisting

of 1, 2-di am@oetAa@bilizdd chzpth@id dORIPOGHGH 6 clalm 4; Whetdin Ml uhzAR€is in a fluid or
1, 5-di am nopent ane, 1, 6-di am nohexane, 1, 8-di am nooctane, and
1, 10- di ani nerncllyid state; 5 4, A stabilized enzymatic conmposition of claim
3, wherein the dicarboxylic acid is selected fromthe group consisting of
mal onic acid, glutaric acid, maleic acid, fumaric acid, and adipic acid.

10 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.

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

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

xylanase, amylase, cellulase, or a lipase.
20 14. A method for the preparation of a stabilized enzymatic composition comprising the
step of adding an enzyme to a polyamide oligomer wherein the polyamide oligomer is

present in an amount effective to stabilize the enzyme.

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

25 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.

30 17. A method of claim 14, wherein the polyamide oligomer is present in an amount of

about 0.1 to 99% by weight of the total composition.

A



5. A stabilized enzymatic conposition of claim1l, wherein the polyam de
oligoner is 20 present in an anount of about 0.1 to 99@6by melght of t he
total conposition. A stabilized enzymatic conp05|t|o

further conﬂV?§Wﬁﬁs 2 viscosity controlling agent selected ?ron1tﬁe group
consisting of water and a Theol ogi cal @gnditioning agent. 25 7. A
stabilized enzymatic conposition of claim®6, wherein said Theol ogi cal

condi ti oni nggageAtmdtRodsl chiithad, Wheekh tHrensfid i a8Qid%k 3 lpkdrihlaRd ligsdn, an
aliphatic am de, a polyam de ester, a pol yester, and a plasticizer. 30

8. A stabmnmpegm@nmvﬁmm;c conp05|t|on of claim?7, wherein said

pl asticizer is selected fromthe group consisting of a glycol, a glycerol,
a polyhydric al cohol, an ester of ether 26 al cohol, an anine, a di am ne,
a dicarboxylic acid, a cellul ose derivative, a pyrrolidone, and a

pol yvi nyl pyrrol i done. 9. A stabilized enzymatic conposition of claima1,
wherein the enzyne is water- 5 sol ubl e or water-dispersible. 10. A
stabilized enzymatic conposition of claim9, wherein the enzyne is in a
fluid or non-fluid state. 10 11. A stabilized enzymatic conposition of
claim 10, wherein the enzyne is in a non- fluid state selected fromthe
group consisting of a powder, a prill, a granule, a mcrocrystal, and a
particul ate upon which the enzyne is adsorbed. 12. A stabilized enzymatic
conposition of claiml1l, wherein said enzyne is a pre- 15 f or mul at ed
liquid enzymatic conposition. 13. A stabilized enzymatic conposition of
claim1, wherein the enzyne is a protease, xylanase, anylase, cellulase, or
a lipase. 20 14. A nmethod for the preparation of a stabilized
enzymati c conposition conprising the

O g



oligoner is present in an amount effective to stabilize the G
met hod of cl ai wherein the pol yanm de oligonmer i s a condinW

product 25 mer of KR  TRDHRT! QROMZATON NG at | ke
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