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Poly (ethylene terephthalate) fibers accounts for the main

part of the polyester applied by the textile industry. The fibers

15 are produced by e.g. poly-condensation of terephthalic acid and
ethylene glycol, and drawing of fibers from a melt. During these
processes, at high temperatures, cyclic oligomers, in particular
cyclic tril{ethylene terephthalate), are formed in and on the
fibers.

20 Cyclic oligomers tend to give fabrics with a content of
polylethylene terephthalate)} fibers a grayish appearance. This
is due to deposits of cyclic oligomers on the surface of the
fabric, which is particularly outspoken after high temperature
wet processes like HT (high temperature) dyeing. The cyclic

25 oligomers are difficult to remove and may even be resistant to
an alkaline post treatment [cf. &. Valk et al.; Melliand
Textilberichte 1970 5 504-508). Therefore, to be effective, the

alkaline treatment has to be severe, which results in a
significant loss of fiber material. also, organic extraction of

30 the cyclic oligomers is a technical possibility, but not
industrially feasible.

SUMMARY OF THE INVENTION

35 It is an object of the present invention to provide an
enzymatic ©process for removal of  cyclic oligomers of
poly (ethylene terephthalate), in particular cyclic tri(ethylene
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terephthal ate), by which process the cyclic oligoners are enzymatically
hydrol yzed to linear fragnments, which can then be renoved under gentle

condi tions L,¢h may even be leftover. Thus the procegsypkoiddbas
I nvention a%?’dé%ﬁe need for harsh 5 chem cals or organi c extraction.

Accordingly, the invention provides a process for enzymatic hydrol ysis of
cyclic oligoners of poly(ethylene terephthalate), which process conprises
subj ecting the cyclic oligoner to the action of one or nore carboxylic

ester 10 h TA %L&I@ T%ybmga_%se
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origin. The ro o} Pc?.l entjgon LN R3§kb % 8 yarns
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el i m nat ed,or ali | east significantly reduced. 30 Pol yester Fabrics
Pol y( et h"sf’l é’Pfg ?%?%‘pht hal at e) S synt hesi zed by condensation, drawn
into fibers froma nelt, possibly cut to stables, possibly m xed with other
fiber types, and spun tonmnnrmspaoauns QF/ SHEANVRNIIONRd into cloth or
made into 35 carpets, or the yarn is woven into fabric and dyed. These
. The present invention relates to a process for enzymatic
15 hydrolysis of cyclic oligomers of poly(ethylene terephthalate).
More specifically the invention provides a process for enzymatic
hydrolysis of cyclic oligomers of poly(ethylene terephthalate),
which process comprises subjecting the cyclic oligomer to the
action of one or more carboxylic ester hydrolases, in particular
20 lipolytic and/or biopolyester hydrolytic enzyme(s). In the
context of this invention a biopolyester is a polyester of
biological origin.
The process of the invention may in particular be applied
to vyarns or fabrics with a content of poly(ethylene
25 terephthalate) fibers, during which process the content of cyclic
oligomers, which were formed as byproducts during synthesis and
processing of the fibers, becomes eliminated or at least
significantly reduced.

30 Polyester Fabrics
Poly(ethylene terephthalate ) is synthesized by
condensation, drawn into fibers from a melt, possibly cut to
stables, possibly mixed with other fiber types, and spun to
yarn. The yarn is dyed and knitted into cloth or made into
35 'carpets, or the yarn is woven into fabric and dyed. These
processes can be followed by finishing (post treatment) steps.
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synt hesi s and drawi ng, cyclic oligoners of poly(ethylene terephthal ate) are
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machi nery, partly staying on/in the fibers, which turns out to give an

undesirabl e s grayish appearance of the final fabric or carpet. Cyclic
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i ndustrially feasible due to cost and problens in handling and regeneration
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Is readily applicable_.in the textile industr | t, can, be, carried out :
usi ng exi st i RSy Jl?éssri%gb%p‘b%ﬁ%ﬁ%s?miu’é#@?ﬁ ma %’e%ﬁﬁféf&nt §°ss of
Pad- Rol | , a fisgematierdhl, Bd-Box, or Pad-Steam types of apparatus. The
process preferably hakgsaPhdiCRodheNGotdbenkl M riintdchPOSemoval of cyclic
oligomers, in particular cyclic trimers, can be accomplished by

15 hydrolysis with one or more hydrolytic enzymes. The enzyme breaks
the ring structure of the cyclic oligomer by hydrolyzing an ester
bond. The resulting product creates less of a problem, because it
can be removed under gentle conditions or even leftover in the
product. ,

20 The enzymatic treatment does not have the disadvantages
valid for organic extraction and alkaline post scouring, in
particular is does not require large gquantities of organic
solvent to be involved, and there is no significant 1loss of
fiber material.

25 The process of the invention is readily applicable in the
textile industry as it can be carried out using existing wet
processing apparatus, such as in a beam dyer, a Pad-Roll, a
Jigger/Winch, a J?Box, or Pad-Steam types of apparatus. The
process preferably takes place during the finishing (post

30 treatment) step.

In a preferred embodiment the process of the invention
may be accomplished on cyclic oligomers of poly(ethylene
terephthalate) present on and/or in fibers or in yarn or fabric
made (or partially made) from poly(ethylene terephthalate)

35 fibers. Thus, the polyester' yarn or fabric may be any yarn or
fabric that is made from pure polylethylene terephthalate), or
that is made from blends of poly(ethylene terephthalate) fibers



30 treatnent) step. In a preferred enbodi nent the process of the invention
nmay be acconplished on cyclic oligoners of poly(ethylene terephthal ate) '
present on and/or in fibers or in yarn or fabric nade (or partially nade)
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of éie invention is applied to fabrics or textiles or yarns
congisting essentially of poly(ethylene terephthalate) polyester

15 material, i.e. pure poly(ethylene terephthalate) polyester
material. :

Hydrolytic Enzymes
The enzymatic finishing process of the invention may be
20 accomplished using any carboxylic ester hydrolases, in particular
lipolytic enzyme and/or any biopolyester hydrolytic enzyme. Such
enzymes are well known and defined in the literature, cf. e.g.
Borgstrém B and Brockman H L, (Eds.); Lipases; Elsevier Science
Publishers B.V., 1984, and Kolattukudy P E; The Biochemistry of
25 Plants, Academic Press Inc., 1980 4 624-631.

In the context of this invention 1lipolytic enzymes
include true lipases, esterases, phospholipases, and lyso-
phospholipases. More specifically the lipolytic enzyme may be a
lipase as classified by EC 3.1.1.3, EC 3.1.1.23 and/or EC

30 3.1.1.26, an esterase as classified by EC 3.1.1.1, EC 3.1.1.2, EC
3.1.1.6, EC 3.1.1.7, and/or EC 3.1.1.8, a phospholipase as
classified by EC 3.1.1.4 andfor EC 3.1.1.32, and a lyso-
phospholipase as classified by EC 3.1.1.5.

The lipolytic enzyme preferably is of microbial origin,

35 in particular of bacterial, of fungal or of yeast origin.

In a particular embodiment, the lipolytic enzyme used may

be derived from a strain of Absidia, in particular Absidia



Publ i shers B.V., 1984, and Kol attukudy P E;.  The Bi ochem stry of 25 Plants,
Academ c Press Inc., 1980 4 624-631. In the context of this invention
| i polytic enzynmes include true |ipases, esterases, phospholi pases,. and
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EC 3.1.1.7, and/or EC 3.1.1.8, a phospholipase as classified by EC
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Bacillus, in partlc pum | us, Bacillus strearother us and
Baci | | us subBapidlus smneﬁl#s@f Béﬁé%ﬂ#a StrearoAharHPPIE kish otamG xBalc‘ﬁli@S

particul ar F%E@iml Xal RRFERACRA Speairetlibdi i ObtrdiAUbE 2 probRoRRELE,CULRT
Candi da_ | ndracea (Candi da rugosa), Candi da paral i poI ytica, and
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sol ani pisi, Pand qlﬁﬁvrég‘éuﬁ?f&‘lﬂ%ﬁﬂﬁﬁrﬁtéﬁwal% sraipopf | ghrpmabgcter,

part icular 4in particular Chromobacter viscosum, a strain of Coprinus, in
particular Coprinus cineriu.é, a strain of Fusarium, in particular

15 Fusarium oxysporum, Fusarium solani, Fusarium solani pigi, and
Fusarium roseum culmorum, a strain of Geotricum, in particular
Geotricum penicillatum, a strain of Hansenula, in particular
Hansenula anomala, a strain of Humicola, in particular Humicola
brevispora, Humicola brevis var. thermoidea, and Humicola

20 insolens, a strain of Hyphozyma, a strain of Lactobacillus, in
particular Lactobacillus curvatus, a strain of Metarhizium, a
strain of Mucor, a strain of Paecilomyces, a strain of
Penicillium, in particular Penicillium cyclopium, Penicillium
crustosum and Penicillium expansum, a strain of Pseudomonas in

25 particular Pseudomonas aeruginosa, Pseudomonas alcaligenes,
Pseudomonas cepacia (syn. Burkholderia cepacia), Pseudomonas
fluorescens, Pseudomonas fragi, Pseudomonas maltophilia,
Pseudomonas mendocina, Pseudomonas mephitica lipolytica,
Pseudomonas alcaligenes, Pseudomonas  plantari, Pseudomonas

30 pseudoalcaligenes, Pseudomonas putida, Pseudomonas stutzeri, and
Pseudomonas wisconsinensis, a strain of Rhizoctonia, in
particular Rhizoctonia solani, a strain of Rhizomucor, in

particular Rhizomucor miehei, a strain of Rhizopus, in particular



‘Geotricum penicillatum a strain of. Hansenula, in particular Hansenul a
anomala, a strain of Hum cola, in particular Hum cola brevispora, Hum cola
brevis var. thernoidea, and Humicola 20 insolens, a strain of
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a strain of WY& 7zi um a strain of Micor, a strain of PEEEPKSHIPSs
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Candi da, a strain of Chrormbacter a strain of
Fusarium, a strain of Humicola, a strain of Hyphozyma, a strain

15 of Pseudomonas, a strain of Rhizomucor, a strain of Rhizopus, or
a strain of Thermomyces.

In a more preferred embodiment, the lipolytic enzyme used
according to the invention is derived from a strain of Bacillus
pumilus, a strain of Bacillus stearothermophilus a strain of.

20 Candida cylindracea, a strain of Candida antarctica, 1in
particular Candida antarctica Lipase B (obtained as described in
WO 88/02775), a strain of Humicola insclens, a strain of
Hyphozyma, a strain of Pseudomonas cepacia, or a strain of
Thermomyces lanuginosus.

25 In the context of this invention biopolyester hydrolytic
enzyme include esterases and poly-hydroxyalkanoate depolymerases,
in particular poly-3-hydroxyalkancate depolymerases. In fact an
esterase is a lipolytic enzyme as well as a biopolyester
hydrolytic enzyme.

30 In a more preferred embodiment, the esterase 'is a
cutinase or a suberinase. Also in the context of this invention,
a cutinase is an enzymé capable of degrading cutin, c¢f. e.g. Lin
T S & Kolattukudy P E, J. Bacteriol. 1978 133 (2} 942-951, a

suberinase is an enzyme capable of degrading suberin, cf. e.g. ,



Fusarisum a strain of Hum cola, a strain of Hyphozyma, a strain 15 of
Pseudononas, a strain of Rhizonucor, a strain of Rhizopus, or a strain of
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In a preferred embodiment, the biopolyester hydrolytic

15 enzyme is derived from a strain of Aspergillus, in particular
Aspergillus oryzae, a strain of Alternaria, in particular
Alternaria brassiciola, a strain of Fusarium, in particular
Fusarium solani, Fusarium solani pisi, Fugarium roseum culmorum,
or Fusarium roseum sgambucium, a strain of Helminthosporum, in

20 particular Helminthosporum sativum, a strain of Humicola, in
particular Humicola insoclens, a strain of Pseudomonas, in
particular Pseudomonas mendocina, or Pseudomonas putida, a strain
of Rhizoctonia, in particular Rhizoctonia solani, a strain of
Streptomyces, in particular Streptomyces scabies, or a strain of

25 Ulocladium, in particular Ulocladium consortiale. In a wmost

preferred embodiment the biopolyester hydrolytic enzyme is a
cutinase derived from a strain of Humicola insolens, in

particular the strain Humicola insolens DSM 1800.
In another preferred embodiment, the poly-3-
30 hydroxyalkanoate depolymerase 1is derived from a strain of
Alcaligenes, in particular Alcaligenes faecalis, a strain of

Bacillus, in particular Bacillus megaterium, a strain of
Camomonas, in particular Camomonas testosteroni, a strain of
Penicillium, in particular Penicillium funiculosum, a strain of

35 Pseudomonas, in particular Pseudomonas fluorescens, Pseudomonas



10 bel.onging to a class of serine esterases. The biopol yester hydrolytic
enzynme preferably is of mcrobial origin, in particular of bacterial, of
fungal or of yeast origin. In a preferred enbodi nent, the biopol yester
hydrol ytic 15 enzynme is derived froma strain of Aspergillus, in

particul ar Awpergt28t us oryzae, a strain of Alternaria, in HEDKGGMRS
Alternaria brassiciola, a strain of Fusarium in particular Fusarium

sol ani, Fusarium solani pisi, FusaHlﬂngoseun]culnDrunl or Fusariumroseum
sanmbuci um a strain of Helmnthosporum ~in 20 particul ar Hel mi nt hosporum
sativum a strain of Hum cola, in particular Hum cola insolens, a strain of
Pseudononaslemgignedt i catrdr Rseudomonas neddovenans,or Breudmnorsxsaguot i daf a
strain of ' 2@ 54N rf. i i Iy strai n of
Streptonyceagégt?érgpggjrlgllgﬁl aﬁg%%%%g%?gggﬁg%a%lggﬁ%k% rain of 25
Uocladium in particular U ocladium consortiale. In a nost preferred
enbodi ment pfeedisOrohdtsiods hydrol ytic enzyne is a cutinase derived from
a strain_of HUWH%%|a insokens, in ﬁarticular f.he strain Hum col a

i nsol ens DSM 1800. SOTSTREFC  SFEAEPPRY  AEREIHN%Enito  thee PrEsERt 3. .
30 hydr oxyalmeenziion preferpbdyaie carriedrovedasfaowet gprecess.n Itnfis at

Al cal i genesyreddhtd ddniterblhrdl CohataN g itasial i Squor tE¥tainR heBaChhy Use
in particu]ar . Bacill

us ateriu a, strain_ of Canomgnas, i _
particul ar EanofpEanse &k E%g‘r 8??9}“@ 3081 r B9 ndkgutpdiilei ngﬁFePﬁl%g}Yith ar
Peni ci1 | i untheinrangdeofmframsaboitn 1H:13%cPabodbn®is, in particul ar

Pseudonopgs fl uor ege® Ps MRSt b0 97/:2fes :
PCT/ DK977 00025 %§£e$09§e &MﬂﬂﬂD on of the enzymel(s)
i

Ctrain of TRRHARDI PRI BAE FRASIPRCORHr PR SORCREEPR PAEPRm Thr dibstt
Condi t i ons present comntierplefednthat the cenzyme (s)aveyr bendosed inha tortakent
amount of from about 0.001 g/kg to about S5 g/kg enzyme per yarn
or fabric, preferably from about 0.001 g/kg to about 0.5 g/kg.
1s The enzymatic hydrolysis may be carried out in the
temperature range of - from about 30°C toc about 100°C,
preferentially from about S$0°C to about 100°C. The pH range may,
dependent on the enzyme(s) applied, be from about pH 4 to pH 11.
Tt is at present contemplated that a suitable reaction time may
20 be in the range of from about 15 minutes to about 3 hours.

The process of the invention may further comprise the
addition of one or more chemicals capable of improving the
enzyme-substrate interaction (in order to improve the
substrate's accessibility and/or dissolve reaction products),

25 which chemicals may be added prior to, or simultaneously with the
enzymatic treatment. Such chemicals may in particular be
surfactants, wetting agents, and dispersing agents, or mixtures
hereof .

The process of the invention may optionally comprise a

30 rinsing step during which the hydrolyzed cyclic oligomers are
subjected to rinsing, in particular to rinsing with dilute
alkali. Dilute alkali dissoclves linear fragments of the cyclic
oligomers, and may to some extent further hydrolyze these linear
fragments.

35 In the context of this invention dilute alkali comprise
aqueous solutions having a pH in the range of from about pH 7 to
about pH 11, more preferably of from about pH 7 to about pH 10,



I nvention preferabllyy is carried out as a wet process. It is at present
contenplated that a suitable liquor:textile ratio may be in the range of
~fromabout 20:1 to about 1:1, preferentially in the range of from about
15:1 to about_5:1. 10 Enzyme dosage nust be a H@ﬁ#@ﬁ zgf t he
enzynme(s) app?mﬁﬂ HAl the reaction time and conditions gi ve 'S at
present contenplated that the enzyne(s) nay be dosed in a total anount of
from about 0.001 g/ kg to about 5 g/kg enayne per yarn or fabric, preferably
fromabout 0.001 g/kg to about 0.5 g/kg 15 The enzymati c

hydrol ysi s be carrie ture f om __abqut
30[err]C to™ g%rb(ﬁﬁe s o], e?#l]%:r H%D gpzl ?l?%‘fﬁ of?t‘ QOP&%ETJ&W%SOM
100[ err] C. TaddgsH toathe me@undependent on the enzynme(s) applied, be from
about pH 4 to pH 11. It is at present contenplated that a suitable reaction

time may 20 be in the range of from ab ginutes to about 3 hours. The
process of the invention may further conprise the addition of one or nore
chenm cal s sapabl e of inproving the enzyne-substrate i nteraction (in

?ggg{.ontgrodLgPrOVQhe LHRE%&gﬁEL?%ﬁ Eu?ﬂ&ﬁ§siil%igfétépg¢ﬁ{Qghésﬁbiﬁbw1ng

si mul t aneousFXRMR4EF ¢ Wé‘l‘é Aot PP&&P&%‘%“ ﬁcﬁncﬁgﬁh vay & ipg to the

particul ar bascepe fofc tthet inventtiom@sagdaisedand di spersing agents, or

m xtures hereof. The process of the invention nay optionally conprise a 30

rinsing stﬁp duri-ng which the hydrolyzggnﬁgﬁélc oligoners are subjected to
e

rinsing, particular to rinsing with alkali. Dilute alkali
di ssolves linear fragnents of the cyclic oligonmers, and nay to sone extent

furt hter hygr |0| yze ][ k&?zfﬁ:ﬂ:.'s”%iami:ﬁ.ég EB8{En a§fferent edz’}mEQe wi et Q&Fo?frti&’“ S
of 'from aboutiH{es bieraiERter FYatRivEie; Srbhv £F f?%mﬁea. By TOgeF
about pH 10, activity towards cyclic oligomers poly(ethylene
15 terephthalate). The cyclic oligomers are cobtained from polyester
fabric by Soxhlet extraction with 1,4-dioxane.
The eleven enzymes tested in this example are:
Bacillus pumilus lipase (obtained as described in WO
91/16422) ; | |
20 Bacillus stearothermophilus lipase {obtained as described
in JP 64/744992);
Candida antarctica Lipase B (obtained as described in WO
88/02775) ;
Candida cylindracea (= Candida rugosa) lipase (obtained

25 from Nippon 0il & Fats Co. Ltd., Japan);
Pseudomonas cepacia lipase (obtained as described in EP
331,376);

Glucosaminated Lipolase™ (obtained as described in WO
95/09909) ;

30 Thermomyces lanuginosus (formerly Humicola lanuginosa)
lipase (obtained as described .in EP 305,216) ;
Recombinantly produced guinea pig lipase (rGPL) (obtained
as described in WO 93/00426);

Humicola insolens cutinase (actually a lipase alsoc having

35 cutinase activity, obtained from the strain Humicola
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preferred of fromabout pH 7 to about pH 9. A buffer

nmedi um EXAMPLES The invention is further
whi ch are not
t he i nventi OMO&¥27237ai ned.
exanpl e el even different enzynes with |ipolytic and/or

exanpl es,

10

hydrol ytic activity are examned for thgjr activity

ol i goners

of

pol y(ethyl ene 15 terephthal ate).
are obtained from pol yester fabric by

may be added to the

t owar ds

illustrated in the foll ow ng

intended to be in any way limting to the scope of

PO03S | n this

bi opol yest er

cyclic

The cyclic oligoners
Soxhl et extraction with 1, 4-di oxane.

The el even enzynesipgalenp i PSMhi 18 amsl cdeseritReci Lnusemmplieus2| iphsds
(obtained as descrybggyifyMQ 91/16422); 20

st ear ot her nophi | us [ i pase
antarctica Li pase BSEEEQ%G
cylindracea (= Cangbgaifiet) @ HestirIoe® iOWOAbRLIELS) ; and

o HRBeL R AR e

descifiimedtimy ¥Os 9% AAREAMNQSUS

St

& Fats (I% Ltd.,
in EP 33T, 376);
30

95/ 09909) ;
| anugi nosa)

produced gui nea pi ase
Huni col a | rﬁﬂﬂyé'ﬁspgﬁPF‘E

aagdyyigeyl, isoprepamcell frooml7t geAgatrose rtygdu2 eeddum EEO (Sigma,
0.5 g RKC1, 1 ml 1% (w/v) FeSO,,

cuti nase

10 A-6877),

|| paserkobhahhereds
3510y it

3 g NaNO,,

&

r GPL

1 g K,HPO,,

Baci | | us

HEERes o

obtai ned as described in JP 64/ 744992);
EFPpeReFhiRD BeFY

Candi da

75FSCREARA dalPMES
from N ppon G|

L.hed .d i_bed
de SHERBET A0

(formerly Hum col a

tEp, ERERMARLY

20842

lescri

2% PPhaSERtA T 9aPRRGO3sTed. 1000 ml

and 50 ml 0.4 g/l phenol-red solution, pH adjusted to B8.0-8.5.

Table 1
Clarification Zones

15

Strain Enzyme type Activity on | Activity on
tributyrine | cyclic
oligo.
Blar_1_k e o __0
Bacillus pumilus | Bacterial 3 1
| lipase _ lipase ] I
Bacillus ) Bacterial 3-4 1
stearothermophilus lipase
| lipase ___ _— ——— -1
Candida antarctica | Fungal lipase 3 0-1
| Lipase B _ .
Candida cylindracea |Fungal lipase 4 0-1
(rugosa) lipase _ ]
Pseudomonas cepacia|Fungal lipase 5 1
| 1ipase - _—
Thermomyces Fungal lipase 4 1
lanuginosus lipase _
Glucosaminated Mc?d . Fungal 3 0-1
Lipolase™ |  lipase o
Recombinant guinea | Rec. = Mammal 4 2
pig lipase lipase




WO 97427237 PCT/ DK97/ 00025 10 i nsol ens
DSM 1800 as described in Exanple 2 of US 4,810,414); Aspergillus acul eatus
Eecti n methyl esterase (PME obtained as described in WO 94/25575); and
As | acul eatus acetyl esterase AE; obt aiptaehidgnescr i bed
I n WO 95/ 0268@9%%5%& rate solution is i ncubag ed with the ﬁ‘%rm ytic
enzyne preparation in an agar gel containing phenol-red. 1000 m agar gel
is prepared from 17 g Agarose type 2 nmediym EEO (Sigma, 10 A-6877), 3 g
NaNO err], 1 g Klerr]HPOJ err], 0.5 g KA, 1 mM 1% (wv) FeSdJerr], and 50

m 0.4 g/l pheret-+ed-sotutron—pt-adjustedto§ 085 ~—Tabfre~r———""""
Clarification ganRsolb St li@isblens |Fungal cutERiyne type Activiiy on
Activity on tfébeinddene cyclic Bl jgkterase 0
0 Bacillus [~pumrus Bacferial . 3T 1 Tt pase Bacii| us
Bacteri al Asperggilius Fengalopketimphi | us® |ipgase | Pphse

Candi da  ant pactleatusu®Y&l | i pas¢methyl 3 0-1 L{pase B Cand| da
cylindracea Fungal _lipase. esterase 0.1 (rugosa)-lipase. _____|
Pseudononas :ﬁgaciga. ﬂzr}sgal | i pas 5 1 |i pase Thernonyces
Fungal |i pase|4%PSE JZIf K ' Ll '

Vbd. | Fungal Laculeatis AE o1 £EERROSEY |1 pase G ucopan naf ed

The substrate solution, 15 ul tributyrine or cyclic
oligomers, is poured' into plug holes in the agar, and the
5 aqueous enzyme solution is mixed into the substrate solution. If
the enzyme is capable of hydrolyzing the substrate, then acids
are formed and diffuse into the gel, where the pH indicator
phenol-red turns from red to yellow.

10 . EXAMPLE 2

In this example a lipolytic and biopolyester hydrolytic
enzyme (Humicola insolens cutinase derived from the strain

Humicola insolens DSM 1800 as described in WO 96/13580) is

15 examined for activity - towards cyclic tri(ethylene
terephthalate). The cyclic trimer is obtained £rom polyester
fabric by Soxhlet extraction with 1,4-dioxane, and is further
purified by ethanol and 1,4-dioxane washes.

A mixture of the following composition is incubated at

20 30°C for 16 hours:

0.25 ml glycylglycine buffer, 0.2 M pH 8.5
2.50 ml de-ionized water .

0.25 ml cyclic trimer, 5.0 mM in 1,4-dioxane
62.5 ug of enzyme

25 The reaction is stopped by adding 5.0 ml 1,4-dioxane,
and the mixture is analyzed on a reverse phase HPLC, ODS (octa
dodecyl silicate) column eluted with acetonitrile and pH 3.0
phosphate-buffer. Detection of the reaction products is carried
out spectrophotometrically at 240 nm, at which wavelength the

30 terephthalic acid and terephthalate derivatives adsorb.



-Reconbi nant gui nea Rec. Manmal - 4 2 pig lipase

|  pase WD 97/ 27237 PCT/ DY97/ 00025
11 Hum col a i nsol ens Fungal cutin 4 1 cutinase

est erase Asgﬁ; illus Fungal pectin 0 0-1

acul eatus P 27237 et hyl esterase Aspergillus PCTOEAHUN025,cet v |

0 1 acul eatus AE esterase The substrate solution, 15
[err]] tributyrine or cyclic oligomers,,_is poured into plug holes in the

agar, and the 5 aqueous enzyne sol uti dfis mixed into the substrate
solution. If the enzyne is capable of hydrolyzing the substrate, then acids
are formed and diffuse into the gel, where the pH indicator phenol-red
turns frompepdet 8 yell ow. 10 EXAMPLE 2 In this
exanple a Ljpolytic_an i opal yester, hydrolytic enzynme (Hum col a insol ens
cuti nase d&”lgﬁ OF  BRPIHEL AR, ﬁ%ﬁﬁﬁf"é abifryﬁ,l’&'fcens DSM 1800 as described in
WO 96/13580) is 15 exam ned for activity t owar ds cyclic
tri(ethyl ene riegephi-bgteste—am e cchWester
fabric by So tﬁég?' zelx%z'lf&élc 'F%nm\'/vﬂh 1, 4- |3xane, and| i's further purttigd by

et hanol and 1, 4-di oxane washes. |A nixture of the flol | owigwrimampositign is

i ncubat ed at [&FcIGEET 7] C tPimdP| NOUBS070- £X00%) Uy 7 yer=0.2 M
pH 8.5 2.50 i lge-ionizsed water(0.25 m cyclic trijper, 5.0 In
1, 4- di oxane EZ(. 'fe'r“?‘]’g of enzyfre 25 The rjeaction is stopped|by
addi ng 5.0 ni| Progugtoxkne, 0.00 (0%) Trace (<5%)

(3.8 min.)

Product 2 0.00 (0%) 2.26 (27%)

(4.5 min.) _

Product 3 - 0.00  (0%) Trace (<5%)

(5.3 min.)

Product 4 0.00 {0%) 2.40 (29%)

(13.0 min.)

Total area, 240 nm - 8.07 8.35 |

In this example 56% of the cyclic tri(ethylene
terephthalate) is degraded under the given conditions by the
cutinase from Humicula insolens, yielding four detectable
degradation products.

10 Following this experiment three of these products have
been identified as ethylene bis{terephthalic acid) ester

(MW=342), terephthalic acid mono(2-hydroxyethyl) ester (MW=210)
and terephthalic acid (MW=166).



—_—
and.the mixture is analy H reverse phase HPLC, QDS (octa dodecyl

silicate) colum eluted p ”]”mmw and pH 3.0 phosphate-buffer.
Detection of the reaction*pro ri ed out spectrophotonetrically

240 nm at 'Bt;.,)ggg.pl ength the 30 t er ephthalic acid and tWMge
adsorD.

derivatives WO 97/ 27237
PCT/ DK97/ 00025 12 Table 2 Reaction Products as Determ ned by HPLC Peak
Area, 240 nm Bl ank Humzxul a i nsol ens cutinase Cyclic
trimer 8.07 (100% 3.69 (449 (17.6 mn.) Product 1
0.00 (0% cramMs Trace (<5% (3.8 mn.) Product 2 0. 00
(0% 2.26 (27% (4.5 min.) Product 3 0.00 (0%
Trace (<5% (5.3 min.) Product 4 0.00 (0% 2.40
(299 (13.0 1 na) phcelssarfen; Emabic _hydror]].ylgi97otf cycr.‘:.tj.ﬁ Ioltigome_gs?’éfI
this exanple 9 C thyl ene .tere al ate I S,
degr aded lrjrﬁder ?’%ggfégé%i%%ndi %%%%éh%lgft%t(gq(ﬁut i Wg CL S SPlm C%R"}Pnses
i nsol ens, 5 yi el §URISCERT thptwmalds eldggmexiate otheraghicns ofl®ne or more
Fol I owi ng this expbokykid ddteechplrdltasss.products have been identified
ethylene bis(terephthalic acid) ester (MA342), terephthalic acid
"~ nono( 2-'hydroxyet hyl ) ester (MM210) and terephthalic acid (MA166).

2. The process according to claim 1, which process comprises

subjecting the cyclic oligomer to the action of one or more
10 lipolytic and/or biopolyester hydrolytic enzyme(s).

3. The process according to claim 2, wherein the lipolytic
enzyme is a lipase, an esterase, a phospholipase, and/or a
lyso-phospholipase .

15

4. The process according to claim 3, wherein the lipolytic

enzyme is a lipasé derived from a strain of Aspergillus, a

" strain of Achromobacter, a strain of Bacillus, a strain of
Candida, a strain of Chromobacter, a strain of Fusarium, a

20 strain of Humicoia,' a 'strain of Hyphozyma, a strain of
Pgeudomonas, a straih of Rhizomucor, a strain of Rhizopus, or

a strain of Thermomyces.

5. The process according to claim 4, wherein the lipolytic
25 enzyme is a lipase derived from a strain of Bacillus pumilus,

a strain of Bacillus stearothermophilus a strain of Candida
cylindracea, a strain of Candida antarctica, a strain of
Humicola insolens, a strain of Hyphozyma, a strain of
Pseudomonas cepacia, or a strain of Thermomyces lanuginosus.
30 _
6. The process according to claim 2, wherein the lipolytic

enzyme is a phospholipase or lyso-phospholipase derived from
a strain of Achromobacter, in particular a Achromobacter

iophagus, a strain of Candida, in particular Candida
35 paralipolytica, a strain of Pseudomonas, in particular

Pseudomonas mephitica lipolytica.

at

n

as
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1. A process for enzy ' J”Lgf cyclic oligoners of poly(ethylene
t erepht hal ate), whi ch préceSS s rises 5 subj ecting the cyclic

oligonmer to the action of one or nore carboxylic ester hydrol ases. 2. The
process accHMMRFPH o clai m 1, which process conprises subPEEPKMPOse cyclic
oligoner to the action of one or nore 10 | i pol ytic and/ or biopol yester
hydrol ytic enzyme(s). 3. The process jgccording to claim2, wherein the
lipolytic enzyne is a |ipase, an esterase, a phospholipase, and/or a

| yso- phosphol i pase. 15 4. The process according to claim3, wherein the
lipolytic enzyne is a |lipase derived froma strain of Aspergillus, a strain

(():L Achlr3 onobact®ie prodess racorBiayl IS claimt rAgi mﬁgre%nQ'h@a’bl%gBEQQEQelgf
r onobact er, ; 0 ri U 0 strain
of Hyphozyns, a‘tﬁio 1?;??1 ¢ f‘é eut o%n%gggms %t P Rﬁﬂ'gﬁmyﬂgag?m n of

Rhi zopus, or HSRALYM ﬁrﬁ'FeTherrmrryces 5. The process according to claim4,
wherein $he lipolytic 25 enzyrre is a lipase deri ved froma strain of

Baci | | us pgmi| obkal arpth s a strain of
Candi da cy#ll racg} a gt rﬁg?ér ¥ %andl algnnt';a)trc eE& Lg?rﬁﬁﬁe?ﬂs%drﬁ &l a
i nsol ens, a st"r%’-ﬂaGF 9P ANPerigaser ai n of Pseudononas cepacia, or a
strain of Thernonyces | anugi nosus. 30 6. The process according to claim 2,

dor1 ved_{rom ot oideddd syl d PR T, Hhpnaien i Eicheeorio
i ophagud? a stdefiiyeds ExRMi d2 |§F§9&F‘t|(ﬂﬂ arAsperdiidduss in papmatigalapt i ca,
?i pg]ﬁ ;?: Qa. of Aéﬁ%@ﬁd.@mga&yzbé, RAr &t AT of S QYH@PRNAS, Mephi bhaeficular
_ Alternaria brassiciola, a strain of Fusarium, in particular
Fusarium solani, Fusarium solani pisi, Fusarium roseum
culmorum, or Fusarium roseum sambucium, a strain of
15 Helminthosporum, in ﬁart,icular_ Helminthosporum sativum', a
strain of Humicola, in particular Humicola insolens, a strain
of Pseudomonas, in particular Pseudomonas mendocina, or
Pseudomonas putida, a strain of Rhizoctonia, in particular
Rhizoctonia solani, a strain of Streptomyces, in particular
20 Streptomyces scabies, or a strain of Ulocladium, in
particular Ulocladium consortiale.

10. The process according to claim 9, wherein the esterase is a
cutinase derived from a strain of Humicola insolens, in

25 particular the strain Humicola insolens DSM 1800.

11. The process according to claim 7, wherein the poly-
hydroxyalkanoate depolymerase is derived from a strain of
Alcaligenes, in particular Alcaligenes faecalis, a strain of

30 Bacillus, in particular Bacillus megaterium, a strain of
Camomonas, in particular Camomonas testosteroni, a strain of
Penicillium, in particular Penicillium funiculosum, a strain
of Pseudomonas, in particular Pseudomonas fluorescens,
Pseudomonas lemoignei and Pseudomonas oleovorans, or a strain

as of Rhodospirillum, in particular Thodospirillum rubrum.
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process according to cIH'MiH”"}uﬁugujﬂme bi opol yester hydrolytic enzyne is

an esterase and/ or pol y-hydroxy depol ynerase. 8. The process

according to_cl ai,g]a , Wherein the esterase is a cutinase, giypkeijdiRsi nase.
di

9. The proceglggz(é ng to claim?7, wherein the esterase is 10 derived
from a strain of Aspergillus, in particular Aspergillus oryzae, a
strain of Alternaria, in particular Alt¥naria brassiciola, a strain of
Fusarium in particular Fusarium solani, Fusarium solani pisi,

Fusarium roseum cul nrorum or Fusarium: roseum sanmbucium a strain of

15 Hel m nt hosporum in particular Hel m nthosporum sativum _a strain
of Humi col al2i [Thear PFOGREF HEFEAIRT nBI eARY LLt rhaimgr 1pddudofrder in
particul ar Psestipiraeang rhedaddbeion 06f Paasdord masep theficabs S bnptdvitig

Rhi zoctonia, in,part ie%%%-@ﬂi)é@fé&gi a §le3beidnStraip of ﬁ{f&{ Qpcey, in
particul ar 20 Streptonyces scabies, or ..a strarn qP ocJ1 adi um

in particllar BWEREEADES cohNttingcageny, ARE/pE R cdisheredng agetto- cl ai m 9,
wherein the esterase is a cutinase derived froma strain of Hum col a

i nsol ens, | j C . alLn, Hum cgl.g. l.nsol.ens 0 11.
The pr ocessi'gb(%%‘redi %ré.)‘taé(')éécl %%’%zfﬁ%%h?r%l %1%{ hggpaqf-q:mhy??&%yal ang'a?leo?he
depol ynerase i &8 peeiem i (faldoypd ab¥ ot | FUHENG iStepar Aueimgrwhich

Al cal i genes f aenflp Shydrcilyzedn @fcli@ oligomel| liss, subjdquted Ctd atr8atmddtls

megat eri p a s‘sﬁeﬂ Q0001 FRIPRA ue i Bp Par ti cul ar Canononas testosteroni, a
strain of PeniciTTium 1n parti cul'ar Peni ci |1 um f uni cul osum a strain of
Pseudononas, in particular Pseudononas fluorescens, Pseudononas

| enoi gnei  an4l. Pssidartvess elceordimnsto osithert of kldims 1-08, Rhheosin rtd um
in particular TROAQSP piiL4HBS UGE5Ubresent in and on the fibers of a
polyester containing fabric or yarn.
1s
15. The process according to either of claims 1-14, in which the
cyclic oligomer is cyclic tri(ethylene terephthalate).
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process according to any of clains 1-11, further conprising on of
one or nore chenicals | mproving the enzyme- substrate interacti

parti cul ar surfactants a wetting agent, and/or AP

agent. 13. The SS accord to any of clains 1-12, mhere Ml

enzymatic actlo follomed Q“FPEE%

hydrol yze

al kal i ;

mherei159H@"89EPWE“%F?QGWEP6FS prese ﬂnawum&nﬂﬁﬁﬁuﬁwbbmbmof a ﬂUOME@ﬁ@37

cont ai hi n@oB&IE3NE, CRPVIMNN. 15 15. THeAb
1-14, (n which the cyclic oligoner jls cj

imscandlaliu AP LE% et
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The present invention relates to a process for enzymatic hydrolysis of cyclic oligomers of poly(ethylene terephthalate), which process
comprises subjecting the cyclic cligomer to the action of one or more lipolytic and/or biopolyester hydrolytic enzyme(s).




