
EP 0 229 171 B1 Description Background of the Invention The invention
disclosed herein is useful in several processes used by the pulp and paper
industry. During pulping processes, cellulosic fibers must be liberated
from their encasing lignin matrix so that they can associate with one
another, yielding strength in the final product. This polymer separation
can be accomplished by removal of lignin as in chemical pulps, or by
maintaining the lignin as In high yield mechanical pulps. During the
bleaching process, lignin is removed and the resulting pulp is brightened.
10     The secondary cell wall of wood, composed of cellulose fibrils,
hemicellulose and lignin, imparts physical strength and rigidity to woody
plants. The cellulose fibrils are densely packed and surround the cell in
regular parallel arrays or in crisscross layers. These fibrils are held
together by a matrix of hemicellulose and lignin. Cellulose is the most
abundant component of woody tissue, comprising 35-45% of the dry weight. 15
Cellulose is an ordered linear polymer of glucose monomers coupled by
[err]-1,4 bonds. The hemicelluloses are branched polymers composed of
pentose (5-carbon) monomers, normally xylose and arabinose; and hexose
(6-carbon) monomers, consisting of glucose, galactose, mannose and
substituted uronic acid. Lignin is an extremely complex polymer formed by
the free radical polymerization of substituted cinnamyl alcohol precursors.
Lignin constitutes 15-38% of dry wood weight. 20     Lignin is highly
resistant to biological attack; not a surprising finding considering the
complexity and stability of lignin structure. No organism has been
demonstrated to grow on lignin as the sole carbon source. The complex
lignin polymer, however, is completely degraded by pure cultures of various
higher order fungi. For reviews see Higuchi (1982) Experientia 38: 159-166,
and Janshekar, H. and Fiechter, A. (1983) "Advances in Biochemical
Engineering/Bio- technology," A. Fiechter and T.W. Jeffries, Eds., Vol. 27,
25  pp. 119-178, Springer, Berlin; Kirk, T.K. (1984) in "Biochemistry of
Microbial Degradation," D.P. Gibson, Ed., pp. 399-437, Marcel Dekker, N.Y.
The major degraders of "fully lignified" tissues (lignin > 20%) are the
basiodiomycetes that cause the white-rot type of wood decay. The most
extensive physiological investiga- tions of lignin biodegrad- ation by
white-rot fungi have been conducted with a single member of the family
Corticeaceae, Phanerochaete chrysosporium Burds. 30     Although P.
chrysosporium is capable of completely degrading lignin, purified lignin
will not support its growth. Purified cellulose, however, is a growth
nutrient for these fungi. Lignin degradation allows these fungi to expose
the cellulose food source contained within the lignin matrix. Under defined
laboratory conditions, fungal lignin degradation is not observed during the
approximately first 3 days of culture. Subsequently, the culture becomes
starved for carbon or nitrogen. Lignin degradation is first observed one 36
or two days later and is maximal at 6 days. The induction of lignin
degradation in response to carbon and nitrogen starvation indicated that
fungal lignin metabolism is a secondary metabolic event (Keyser, P., Kirk,
T.K. and Zeikus, J.G. (1978) J. Bacteriol. 135:790-797.) Fungal lignin
degradation is commercially impractical for several reasons. The rate of
lignin degradation is unacceptably slow since ligninolytic activity must be
induced by starvation. Furthermore, fungi metabolize 40  cellulosic fibers
as their primary food source, resulting in reduced pulp yield and an
Inferior pulp product. With regard to the major C-C and C-O-C intersubunit
linkages found in lignin, it is important to note that approximately 80% of
intersubunit bonds involve linkages to the Ca or [err] carbons. Tien and
Kirk have disclosed a preparation capable of oxidatively cleaving Ca -
[err] bonds in lignin model compounds (Tien, M. and Kirk, T.K. (1984) Proc.
Natl. Acad. Sci. 81:2280-2284). This preparation 45 displays on an
SDS-polyacrylamide gel predominantly one protein with an apparent molecular
weight of 42 kilodaltons and several minor bands. Thus the preparation is a
mixture of proteins without any means suggested for isolating the dominant
protein from the minor bands. Subsequent to the publication of this paper,
several scientific papers were published disclosing an inability to isolate
the major protein from the mixture. These articles are as follows: 50
Huynh, V-B and Crawford, R.L. (1985) FEMS Microbiology Letters 28:119-123;
Leisola, M. et al. (1985) Lignin Biodegradation Workshop; and Gold, M.H. et
al. (1985) Lignin Biodegradation Workshop. These protein isolations have
been done by either ion-exchange chromatography or size exclusion-ion
exchange column chromatography. The fractions containing the indicated
component have been analyzed by isoelectric focusing or SDS-polyacrylamide
gel electrophoresis, and have shown multiple proteins. The 



55 scientists who performed this work are at the forefront of the lignin
enzyme field, as evidenced by their participation in the Lignin
Biodegradation Workshop held in Vancouver BC, in 1985. These failures
suggest a seemingly insurmountable problem in resolving the prior art
mixtures. Isolation of the active component in the Tien and Kirk mixture is
a highly desirable objective because, 3    EP  0 299 171 B1 inter alia, the
character of such mixtures has been found to substantially impede their
practical use. Specifically, Tien and Kirk and similar mixtures have been
found to be highly unstable at practical storage temperatures and at those
temperatures suitable for effecting their practical activities. In
particular, the useful activities of the Tien and Kirk mixture are
substantially degraded in about 2 days time at room 5  temperature and such
mixtures have been found to contain destructive or protein degrading native
proteases as indicated by the well-known azocoll test. In addition, these
is a clear need to isolate and identify other enzymes which can be used to
catalyze the degradation and modification of lignin. 10  Brief Summary of
the Invention The invention disclosed herein has successfully solved the
problem by producing a substantially pure enzyme preparation, herein
designated rLDMT[err] 6, which is substantially free of destabilizing
proteases. Advantageously, the rLDM [err] 6 preparation of the present
invention possesses desirable properties for 15  practical usage which the
Tien and Klrk preparation did not have. Also, by working up the
extracellular fluid from a culture of a novel strain of Phanerochaete
chrysosporium in the manner hereinafter described, we have isolated not
only rLDM[err]  6, the apparent major protein in the Tien and Kirk mixture
discussed above, but a series of other distinct lignin-degrading enzymes
which are substantially free of destabilizing native proteases. These
enzymes have stability 20  suitable for practical use, are immediately
active and require no metabolic induction. The enzymes provided by the
invention not only degrade lignin and effect various reactions as indicated
on lignin model compounds but also will not attack cellulose or
hemicellulose, and are further indicated, as of particular significance, as
useful in the selective degradation and modification of lignin in wood
pulp, and hence, are indicated for use in operations in the pulp and paper
industry in which such a 25  result is sought. The various properties of
the enzyme preparation of the invention including their substantial purity
which frees the enzymes from activity degrading native proteins is of
distinct advantage of such usage. Hence, the subject invention concerns
novel lignin-degrading enzymes which are called rLDMT[err] 1, rLDM[err] 2,
rLDM[err] 3, rLDM[err] 4, rLDM[err] 5 and rLDM[err] 6, each substantially
free of native protein which 30  naturally degrades these enzymes. These
novel compounds, which are defined in claims 1 to 5, advantageously,
possess the properties of (1) reducing the amount of lignin in kraft pulp,
(2) enhancing the strength properties of thermomechanical pulp (TMP) and
(3) decolorizing kraft lignin. The rLDM[err] of the subject invention, as
defined in claims 1 to 5 are characterized herein by the critical property
of being able to catalyze the oxidation of veratryl alcohol 35 to
veratrylaldehyde, and the following physical parameters: (1) molecular
weight as determined by SOS-PAGE; (2) amino acid compositions; (3) heme
content; (4) homology of antibody reactivity; 40    (5) specificity of
activity against lignin model substrates; and (6) elution from a FPLC
column at specified sodium acetate molarities. The lignin-degrading enzymes
of the invention referred to as rLDMT[err], herein, have previously been
referred to as Pulpases[err] . 45  Detailed Description of the Invention
The isolation of the novel rLDMT[err] of the subject invention was
facilitated by use of a novel stable mutant strain of Phanerochaete
chrysosporium, which elaborates high amounts of ligninolytic enzymes into 



the fermentation medium. The novel mutant strain, designated SC26, has been
deposited in the permanent 50  collection of a public culture repository,
to be maintained for at least 30 years. The culture repository is the
Northern Regional Research Laboratory, U.S. Department of Agriculture,
Peoria, Illinois 61604, USA. The accession number is NRRL 15978, and the
deposit date is July 3, 1985. This deposited culture is available to the
public as required by patent laws in countries wherein counterparts of the
subject application, or its progeny, are filed. However, it should be
understood that the availability of a deposit does not constitute a 55
license to practice the subject invention in derogation of patent rights
granted by governmental action. Novel mutant SC26 was obtained by UV
mutagenesis of the wild type Phanerochaete chrysosporium, ATCC 24725. Novel
mutant SC26 was grown on a nitrogen-limited trace element medium
supplemented with glucose 4    EP 0 229 171 81 and buffered at pH 4.5
Ligninase activity in the fermentation medium was measured periodically by
standard means determin- ing the rate of oxidation of veratryl alcohol to
veratrylaldehyde. Isolation and purification of the novel rLDMT[err] of the
subject invention from the extracellular fluid in the 5  fermentation was
accomplished by ultrafiltration and FPLC using an anion exchange column.
Following are examples which illustrate the novel enzymes and procedures,
including the best mode, for practicing the invention. These examples
should not be construed as limiting. All percentages are by weight and all
solvent mixture proportions are by volume unless otherwise noted. 10
Example 1 - Growth of Mutant SC26 (NRRL 15978) to Produce Fermentation
Medium Containing Novel Ligninases Inoculum was prepared by homogenizing 50
ml of 1.5-day cultures of mutant SC26 grown in 1 liter flasks containing
the following medium, designated nitrogen-limited Blll/glucose medium: 15
The Blll medium contains 1.08 x [err] M ammonium tartrate, 1.47 x [err] M
[err], 2.03 x [err] M [err], 6.8 x [err] M [err], 2.96 x [err] M
thlamine.HCI and 10 [err] of a trace element solution. The trace element
solution contain 7.8 x [err] M nitriloacetic acid, 1.2 x [err], 1.7 x [err]
M NaCI, 3.59 x [err] M [err], 7.75 x [err] M [err], 9.0 x [err] M [err],
3.48 x [err] M [err], 4 x [err], 2.1 x [err] 1.6 x [err] 4.1 x [err] 20 M
[err] and 2.9 x [err]. The medium was supplemented with 10% (by wt/liter)
of glucose. The medium was buffered with 10 mM transaconitic acid, pH 4.5.
Flasks (125 ml, containing 10 ml sterile medium having the above-described
medium) were each inoculated with 0.5 ml of the above homogenate and kept
stationary at [err]. The flasks were flushed on 25 days 0, 3 and 6 with
water-saturated 02. Alternatively, a rotating biological contractor (RBC)
was used to grow the fungus. 2.5 liters of the above-described medium was
inoculated with 100 ml of the above homogenate and grown at [err] with the
RBC rotating at 1 rpm with continuous oxygenation. Ligninase activity was
measured periodically by determining the rate of oxidation of veratryl
alcohol to veratrylaldehyde. Reaction mixtures contained 275 ul of
extracellular fluid (from flasks or the RBC), 2 mM 30 veratryl alcohol, 0,4
mM [err] and 0.1 mM sodium tartrate, pH 2.5 in a final volume of 0.5 ml.
The reactions were started by H202 addition immediately after buffer was
added and were monitored at 310 nm. Protein was determined according to
Bradford (Bradford, M.M. (1976) Anal. Biochem. 72:248-254) using bovine
serum albumin (Sigma Chemical, St. Louis, MO) as standard. 35  Example 2 -
Isolation and Purification of the Novel rLDMT[err] The extracellular growth
media from cultures grown in flasks, as described above, was harvested by
centrifugation at 5000 x G, 10 min, [err]. Extracellular growth media was
then concentrated by ultrafiltration through a 10K filter. The resulting
concentrate is called the Ligninolytic Mixture [err] . The ligninolytic 40
Mixture[err] can contain one or more of rLDM [err] or other ligninolytic
enzymes in varying proportions. The rLDMT[err] contained in this
Ligninolytic Mixture[err] were separated by fast protein liquid
chromatography (FPLC) using a Pharmacia Mono Q column (Pharmacia,
Piscataway, NJ) and a gradient of sodium acetate 



buffer, pH 6, from 10 mM to 1 M. rLDM[err] 1, 2, 3, 4, 5 and 6 elute from
the column in a typical preparation at the following sodium acetate
molarities, respectively: 0.16, 0.18, 0.34, 0.40, 0.58 and 0.43 M to give
45 essentially pure rLDM[err] 1-6. Each rLDM[err] is substantially free of
other rLDM[err] and native proteins including substantial freedom from
undesirable native destructive proteases. There are indications of these
proteases in crude mixtures which are difficult to separate (each
substantially pure rLDM [err] gives a negative result in the Azocoll test).
50 Characterization of the Novel rLDM[err] The rLDM[err] have been
characterized by the following criteria: (1) ability to catalyze the
oxidation of veratryl alcohol to veratrylaldehyde; (2) molecular weight as
determined by SDS-PAGE; 55   (3) amino acid composition; (4) heme content:
(5) homology by antibody reactivity; (6) specificity of activity against
lignin model substrates; and 5    EP 0 229 171 B1 (7) elution from an FPLC
column at specified sodium acetate molarities. All of the rLDM[err]
catalyze the oxidation of veratryl alcohol to veratrylaidehyde, as
monitored spec- trophotometrically at 310 nm. A unit of activity is defined
as the production of 1 micromole of veratrylal- dehyde in the rLDMT[err]
catalyzed reaction. The specific activities of typical preparations at
about 24 C are 5  as follows: rLDM[err] 1 2   3   4   5  6 10
Specific Activity Units/MG Minute   2.6  17.1  5.1    9.7   9.4  12.4
Molecular Weight kD           38    38      42    42      43    42 Amino
acid composition - Amino acid composition was determined by a modification
of the procedure 15 of Jones et al. (Jones, B.N., Paabo, S. and Stein, S.
(1981) J. Liquid Chromatography 4:565-586). The ratio of amino acids Is
approximately due to the limitation of technique and quantity of protein
used in the determination. See Table 1 Heme and carbohydrate content -
rLDM[err] 1, 2, 3, 4, 5 and 6 each contain a single protoheme IX moiety.
All are glycosylated according to periodic acid staining (PAS) and binding
to Con A-Sepharose (Sigma). 20 Immunoblot Procedure This procedure was used
to further characterize the rLDM[err] . It is a standard procedure which Is
disclosed in Towbin et al. (Towbin, H., Staehelin, T. and Gordon, J. (1979)
Proc. Nati. Acad. Sci. USA 25 76:4350). The procedure Involves separating
the proteins by electrophoresis in a gel, transfer of the proteins to a
solid matrix and reacting with (1) a primary probe, rabbit anti-rLDM[err]
antibody and (2) a secondary probe, goat anti-rabbit antibody coupled to
horseradish peroxidase. rLDM[err] 1, 3, 4, 5 and 6 react to polyclonal
antibodies made to rLDM[err] 2 and 6, using the above immunoblot procedure.
rLDM [err] 2, in the same procedure, reacts to polyclonal antibodies made
to rLDMT[er] 30 6. All the rLDM[err] disclosed herein have the following
unique activities on lignin model substrates, i.e., veratryl alcohol,
1-(3',4-dimethoxy phenyl)glycerol-[err]-guaiacyl ether, phenol,
methoxylated benzenes such as 1,4-dimethoxybenzene: (1) oxidative cleavage
of [err]; 35   (2) hydroxylation of benzylic methylene groups; (3)
oxidation of benzyl alcohols to aldehydes; (4) phenol oxidation; and (5)
oxidative cleavage of methoxyl groups. "Lignin model substrates" are
chemicals which resemble parts of lignin. The reaction products of the 



40  model compounds with rLDM[err]  can have practical utility particularly
to but not limited to food, pharmaceu- tical and chemical industries as
chemical feedstocks. The above activities are characteristic of the
rLDM[err] disclosed herein. Example 3 - Bleaching of Kraft Pulp with
rLDMT[err] 45 rLDM[err] 1-6, alone, or mixtures thereof, are added to kraft
pulp having a characteristic brown color at 3% consistency in 10mM
transaconitic acid, pH 4.5, 400 uM [err] and 100 uM [err]. The pulp slurry
is flushed with [err] and incubated with slow shaking at 39  C for 12 hrs.,
after which the kraft pulp solution is decanted, and a 1 M NaOH solution is
added to the pulp and incubated for 60 min. at [err]. This is then 50
decanted and the kraft pulp is washed in water. The resulting kraft pulp no
longer has a dark brown color, but instead has a desired lighter color. The
use of Mn[err] is optional. Example 4 - Treatment of Thermomechanical Pulp
(TMP) with rLDM [err] 55 rLDM[err] 1-6, alone, or mixtures thereof, are
added to 10 gm of TMP (dry weight) at 3% consistency in 10 mM
trans-aconitic acid, pH 4.5, 400 uM [err] and 100 uM Mn[err]. The pulp
slurry is flushed with [err] and incubated with slow shaking at [err] for
12 hr., after which time the TMP is washed with water. The 6    EP0229 171
B1 tensile, tear and burst indices as well as breaking length of the pulp
measured and found to be of enhanced strength versus an untreated sample.
The brightness reversion of the treated sample is less than the untreated
sample; therefore, brightness stability is increased with the rLDM [err]
treatment. The use of Mn[err] is optional. 5     The rLDM[err] of the
subject invention can be used in a purified form, wherein each rLDM[err] is
substantially free of other rLDM[err] and native proteins, and in mixtures
thereof. It is well within the skill of a person skilled in the art to
adjust amounts of rLDM[err] used in accordance with the purity of the rLDM
[err] preparation. The rLDM[err] may be combined with various diluents,
adjuvants and other chemicals including proteins which are non-deleterious
to the rLDM is and their use, for various purposes such as providing 10
marketable forms and enhancing their use. "Native proteins" as used herein
refers to other proteins present in the extracellular fermentation medium,
as described above. Example 5 - Treatment of Softwood Kraft Pulp with
rLDM[err] 15 One part of softwood kraft pulp is treated with about 10 x
[err] to about 20 x [err] parts of a rLDM[err] in about 40 mM
trans-aconitic acid, pH 4.5, at about [err] for about 1 to about 16 hrs.
The pulp is then washed in about 1 M NaOH at about [err] for about 1 hour,
and rinsed in water. This treatment of the softwood kraft pulp results in
the removal of about 1/3 of the lignin as evidenced by the reduction of
kappa 20 number from about 18 to about 13. Claims Claims for the following
Contracting States: BE, CH, DE, FR, GB, IT, Li, LU, NL, SE 25  1. The
ligninolytic enzyme (A) which is substantially free of proteases and has
the following characteris- tics: (a) 1 mg catalyzes in one minute at about
24 C the oxidation of about 12.4 micromole of veratryl alcohol to veratryl
aldehyde; (b) has a molecular weight of about 42 kilo-daltons; 30       (c)
contains a single protoheme IX moiety; (d) is glycosylated; (e) contains
the following molar proportions of amino acids based on one mole of lysine:
asp/asn   3.0  thr    4.9   val 4.2 glu/gln   8.0  arg   1.3   phe 3.2 



ser      6.8  ala   6.7   ile 2.4 his      3.2  tyr    0.2   leu 3.3 gly
8.3   met  0.14  lys 1.0 40 (f) elutes from an FPLC column at a sodium
acetate molarity of about 0.43; and (g) has the following activities on
lignin model substrates; (1) oxidative cleavage of Ca-[err]; (2)
hydroxylation of benzylic methylene groups; 45         (3) oxidation of
benzyl alcohols to aldehydes; (4) phenol oxidation; and (5) oxidative
cleavage of methoxyl groups; or the ligninolytic enzyme (B) which is
substantially free of proteases, and has the following characteris- tics:
50       (a) 1 mg catalyzes in one minute at about [err] the oxidation of
about 17.1 micromole of veratryl alcohol to veratryl aldehyde; (b) has a
molecular weight of about 38 kilo-daltons; (c) contains a single protoheme
IX moiety; (d) is glycosylated; 55       (e) contains the following molar
proportions of amino acids based on one mole of lysine: 7    EP 0 229 171
B1                *  C  L  M  S  * tensile, tear and burst indices as well
as breaking length of the pulp measured and found to be of enhanced
strength versus an untreated sample. The brightness reversion of the
treated sample is less than the untreated sample; therefore, brightness
stability is increased with the rLDM[err] treatment. The use of MnSO4 is
optional. 5     The rLDM[err] of the subject invention can be used in a
purified form, wherein each rLDMT[err] Is substantially free of other
rLDM[err] and native proteins, and in mixtures thereof. It is well within
the skill of a person skilled in the art to adjust amounts of rLDM [err]
used in accordance with the purity of the rLDM[err] preparation. The
rLDM[err] s may be combined with various diluents, adjuvants and other
chemicals including proteins which are non-deleterious to the rLDM [err]
and their use, for various purposes such as providing 10 marketable forms
and enhancing their use. "Native proteins" as used herein refers to other
proteins present in the extracellular fermentation medium, as described
above. Example 5 - Treatment of Softwood Kraft Pulp with rLDM[err] 15 One
part of softwood kraft pulp is treated with about 10 x [err] to about 20 x
[err] parts of a rLDM[err] in about 40 mM trans-aconitic acid, pH 4.5, at
about 39 C for about 1 to about 16 hrs. The pulp is then washed in about 1
M NaOH at about [err] for about 1 hour, and rinsed in water. This treatment
of the softwood kraft pulp results in the removal of about 1/3 of the
lignin as evidenced by the reduction of kappa 20  number from about 18 to
about 13. Claims Claims for the following Contracting States: BE, CH, DE,
FR, GB, IT, LI, LU, NL, SE 25 1. The ligninolytic enzyme (A) which is
substantially free of proteases and has the following characteris- tics:
(a) 1 mg catalyzes In one minute at about 24 C the oxidation of about 12.4
micromole of veratryl alcohol to veratryl aldehyde; (b) has a molecular
weight of about 42 kilo-daltons; 30       (c) contains a single protoheme
IX moiety; (d) is glycosylated; (e) contains the following molar
proportions of amino acids based on one mole of lysine: 



asp/asn   3.0  thr    4.9   val 4.2 glu/gin   8.0  arg   1.3   phe 3.2 ser
6.8  ala   6.7   ile 2.4 his      3.2  tyr    0.2   leu 3.3 gly      8.3
met   0.14  lys 1.0 40 (f) elutes from an FPLC column at a sodium acetate
molarity of about 0.43; and (g) has the following activities on lignin
model substrates; (1) oxidative cleavage of Ca-[err]; (2) hydroxylation of
benzylic methylene groups; 45         (3) oxidation of benzyl alcohols to
aldehydes; (4) phenol oxidation; and (5) oxidative cleavage of methoxyl
groups; or the ligninolytic enzyme (B) which is substantially free of
proteases, and has the following characteris- tics: so       (a) 1 mg
catalyzes in one minute at about [err] the oxidation of about 17.1
micromole of veratryl alcohol to veratryl aldehyde; (b) has a molecular
weight of about 38 kilo-daltons; (c) contains a single protoheme IX moiety;
(d) is glycosylated; 55       (e) contains the following molar proportions
of amino acids based on one mole of lysine: 7    EP 0 229 171 B1
| *   C   L   M   S * asp/asn   2.0  thr   3.5              val   2.6
glu/gln    7.7  arg   1.2             phe   3.0 ser       4.1  ala   7.9
ile    2.2 his      3.2  tyr   not determined  leu    2.6 5
gly     5.7   met  not determined   lys    1.0 (f) elutes from an FPLC
column at a sodium acetate molarity of about 0.18; and (g) has the
following activities on lignin model substrates; 10          (1) oxidative
cleavage of Ca-[err]; (2) hydroxylation of benzylic methylene groups; (3)
oxidation of benzyl alcohols to aldehydes; (4) phenol oxidation; and (5)
oxidative cleavage of methoxyl groups; 15     said ligninolytic enzyme (A)
having the characteristic of reacting in an immunoblot procedure to
polyclonal antibodies made to the ligninolytic enzymes (A) and (B); and
said ligninolytic enzyme (B) having the characteristic of reacting in an
immunoblot procedure to polyclonal antibodies made to the ligninolytic
enzyme (A). 2. The ligninolytic enzyme, which is substantially free of
proteases, and has the following characteristics: (a) 1 mg catalyzes in one
minute at about [err] the oxidation of about 2.6 micromole of veratryl
alcohol to veratryl aldehyde; (b) has a molecular weight of about 38
kilo-daltons; (c) contains a single protoheme IX moiety; 25       (d) is
glycosylated; (e) contains the following molar proportions of amino acids
based on one mole of isoleucine: asp/asn   1.4  thr    2.2             val
1.6 30                       glulgln   6.0  arg   1.1               phe
1.1 ser       4.3  ala   7.3              ile    1.0 



his       4.4  tyr   0.2              leu    1.5 gly      6.5   met  not
determined   lys    0.5 35       (f) reacts in an immunoblot procedure to
polyclonal antibodies made to ligninolytic enzymes (A) and (B) of claim 1;
(g) elutes from an FPLC column at a sodium acetate molarity of about 0.16;
and (h) has the following activities on lignin model substrates; (1)
oxidative cleavage of Ca-[err]; 40          (2) hydroxylation of benzylic
methylene groups; (3) oxidation of benzyl alcohols to aldehydes; (4) phenol
oxidation; and (5) oxidative cleavage of methoxyl groups. 45  3.  The
ligninolytic enzyme, which is substantially free of proteases, and has the
following characteristics: (a) 1 mg catalyzes in one minute at about [err]
the oxidation of about 5.1 micromole of veratryl alcohol to veratryl
aldehyde; (b) has a molecular weight of about 42 kilo-daltons; (c) contains
a single protoheme IX moiety; 50       (d) is glycosylated; (e) contains
the following molar proportions of amino acids based on one mole of
tyrosine: 55 8    EP 0 229171 B1                 *  C  L  M  S  * asp/asn
5.4               thr   not determined         val   7.4 glu/gln  16.8
arg   2.9                    phe   7.0 ser       14.0              ala
14.4                    ile    4.1 his         7.3             tyr   1.0
leu   6.5 gly       24.0              met   1.2                    lys
2.5 10       (f) reacts in an immunoblot procedure to polyclonal antibodies
made to ligninolytic enzymes (A) and (B) of claim 1; (g) elutes from an
FPLC column at a sodium acetate molarity of about 0.34; and (h) has the
following activities on lignin model substrates; (1) oxidative cleavage of
Ca-[err]; 15         (2) hydroxylatlon of benzylic methylene groups; (3)
oxidation of benzyl alcohols to aldehydes; (4) phenol oxidation; and (5)
oxidative cleavage of methoxyl groups. 20 4. The ligninolytic enzyme, which
is substantially free of proteases, and has the following characteristics:
(a) 1 mg catalyzes in one minute at about 24 C the oxidation of about 9.7
micromole of veratryl alcohol to veratryl aldehyde; (b) has a molecular
weight of about 42 kilo-daltons; (c) contains a single protoheme IX moiety;
25       (d) is glycosylated; (e) reacts in an immunoblot procedure to
polyclonal antibodies made to ligninolytic enzymes (A) and (B) of claim 1;
(f) elutes from an FPLC column at a sodium acetate molarity of about 0.40;
and (g) has the following activities on lignin model substrates; 30
(1) oxidative cleavage of Ca-[err]; (2) hydroxylation of benzylic methylene
groups; (3) oxidation of benzyl alcohols to aldehydes; (4) phenol
oxidation; and (5) oxidative cleavage of methoxyl groups. 



35 5. The ligninolytic enzyme, which is substantially free of proteases,
and has the following characteristics: (a) 1 mg catalyzes in one minute at
about [err] the oxidation of about 9.4 micromole of veratryl alcohol to
veratryl aldehyde; (b) has a molecular weight of about 43 kilo-daltons; 40
(c) contains a single protoheme IX moiety; (d) is glycosylated; (e)
contains the following proportions of amino acids based on one mole of
tyrosine: 45               asp/asn   5.0               thr   not determined
val    6.5 glu/gln  19.9               arg   4.8                    phe
3.3 ser       22.3              ala  13.8                    ile   3.6 so
his        15.9             tyr   1.0                    leu   6.0 gly
44.7             met   not determined         lys   2.3 55       (f) reacts
in an immunoblot procedure to polyclonal antibodies made to ligninolytic
enzymes (A) and (B) of claim 1; (g) elutes from an FPLC column at a sodium
acetate molarity of about 0.58; and (h) has the following activities on
lignin model substrates; 9    EP 0 229 171 B1 *  C   L   M   S* (1)
oxidative cleavage of Ca-[err]; (2) hydroxylation of benzylic methylene
groups; (3) oxidation of benzyl alcohols to aldehydes; (4) phenol
oxidation; and 5           (5) oxidative cleavage of methoxyl groups. 6. A
biologically pure mutant culture of Phanerochaete chrysosporium, designated
mutant SC26, and having the culture deposit number NRRL 15978, which
mutant, upon being grown in a suitable medium, elaborates ligninolytic
enzymes according to the preceding claims. 10 7. A process of treating a
material susceptible to breakdown by ligninolytic enzymes characterized in
that said material Is treated with a ligninolytic enzyme according to any
one of claims 1 to 5. 8. A process according to claim 7, wherein said
material comprises lignin. 16 9. A process according to claim 7, wherein
said material comprises any of the lignin model substrates: veratryl
alcohol; 1-(3', 4'-dimethoxyphenyl) glycerol-[err]-guaiacyl ether; phenol;
and a methoxylated benzene, e.g. 1,4-dimethoxybenzene. 10. A process
according to claim 8, wherein said material is kraft pulp or
thermomechanical pulp. Claims for the following Contracting State: AT 1. A
process for the preparation of the ligninolytic enzyme (A) which is
substantially free of proteases and 25     has the following
characteristics: (a) 1 mg catalyzes in one minute at about 24  C the
oxidation of about 12.4 micromole of veratryl alcohol to veratryl aldehyde;
(b) has a molecular weight of about 42 kilo-daltons; (c) contains a single
protoheme IX moiety; 30       (d) is glycosylated; (e) contains the
following molar proportions of amino acids based on one mole of lysine:
asp/asn   3.0  thr    4.9   val   4.2 glu/gln    8.0  arg   1.3   phe   3.2
35                           ser       6.8  ala   6.7   ile    2.4 his
3.2  tyr    0.2   leu    3.3 



gly       8.3   met   0.14  lys    1.0 (f) elutes from an FPLC column at a
sodium acetate molarity of about 0.43; and (g) has the following activities
on lignin model substrates; (1) oxidative cleavage of Ca-[err]; (2)
hydroxylation of benzylic methylene groups; (3) oxidation of benzyl
alcohols to aldehydes; 45          (4) phenol oxidation; and (5) oxidative
cleavage of methoxyl groups; or the ligninolytic enzyme (B) which is
substantially free of proteases, and has the following characteris- tics:
(a) 1 mg catalyzes in one minute at about 24 C the oxidation of about 17.1
micromole of veratryl so        alcohol to veratryl aldehyde; (b) has a
molecular weight of about 38 kilo-daltons; (c) contains a single protoheme
IX moiety; (d) is glycosylated; (e) contains the following molar
proportions of amino acids based on one mole of lysine: 55 10    EP 0 229
171 B1                        *    C  L  M  S  * asp/asn   2.0  thr   3.5
val   2.6 glu/gln   7.7  arg   1.2             phe   3.0 ser      4.1  ala
7.9              ile    2.2 his      3.2  tyr   not determined  leu    2.6
gly      5.7   met  not determined  lys    1.0 (f) elutes from an FPLC
column at a sodium acetate molarity of about 0.18; and (g) has the
following activities on lignin model substrates; 10         (1) oxidative
cleavage of Ca-[err]; (2) hydroxylation of benzylic methylene groups; (3)
oxidation of benzyl alcohols to aldehydes; (4) phenol oxidation; and (5)
oxidative cleavage of methoxyl groups; 15     said ligninolytic enzyme (A)
having the characteristic of reacting In an Immunoblot procedure to
polyclonal antibodies made to the ligninolytic enzymes (A) and (B); and
said ligninolytic enzyme (B) having the characteristic of reacting In an
immunoblot procedure to polyclonal antibodies made to the ligninolytic
enzyme (A) which process comprises working up the extracellular fluid from
a culture of Phanerochaete chrysosporium strain SC26 (NRRL 15978), and
separating enzyme A, or enzyme B by 20     means of anion exchange
chromatography. 2. A process for the preparation of the ligninolytic
enzyme, which is substantially free of proteases, and has the following
characteristics: (a) 1 mg catalyzes in one minute at about [err] the
oxidation of about 2.6 micromole of veratryl 25       alcohol to veratryl
aldehyde; (b) has a molecular weight of about 38 kilo-daltons; (c) contains
a single protoheme IX moiety; (d) is glycosylated; (e) contains the
following molar proportions of amino acids based on one mole of isoleucine:
30 asp/asn   1.4  thr   2.2             val 1.6 glu/gln   6.0  arg   1.1
phe 1.1 ser      4.3  ala   7.3             ile 1.0 35
his       4.4  tyr   0.2              leu 1.5 



gly      6.5   met  not determined  lys 0.5 (f) reacts in an immunoblot
procedure to polyclonal antibodies made to ligninolytic enzymes (A) and (B)
of claim 1; 40       (g) elutes from an FPLC column at a sodium acetate
molarity of about 0.16; and (h) has the following activities on lignin
model substrates; (1) oxidative cleavage of Ca-[err]; (2) hydroxylation of
benzylic methylene groups; (3) oxidation of benzyl alcohols to aldehydes;
45         (4) phenol oxidation; and (5) oxidative cleavage of methoxyl
groups, which process comprises working up the extracellular fluid from a
culture of Phanerochaete chrysosporium strain SC26 (NRRL 15978), and
separating said enzyme by means of anion exchange chromatography. 50 3. A
process for the preparation of the ligninolytic enzyme, which is
substantially free of proteases, and has the following characteristics: (a)
1 mg catalyzes in one minute at about [err] the oxidation of about 5.1
micromole of veratryl alcohol to veratryl aldehyde; 55       (b) has a
molecular weight of about 42 kilo-daltons; (c) contains a single protoheme
IX moiety; (d) is glycosylated; (e) contains the following molar
proportions of amino acids based on one mole of tyrosine:    asp/asn    5.4
thr   not determined        val   7.4 glu/gln  16.8               arg   2.9
phe   7.0 5              ser        14.0             ala  14.4
ile   4.1 his        7.3              tyr   1.0                   leu
6.5 gly       24.0              met   1.2                   lys   2.5 10
(f) reacts In an immunoblot procedure to polyclonal antibodies made to
ligninolytic enzymes (A) and (B) of claim 1; (g) elutes from an FPLC column
at a sodium acetate molarity of about 0.34; and (h) has the following
activities on lignin model substrates; 15         (1) oxidative cleavage of
Ca-[err]; (2) hydroxylation of benzylic methylene groups; (3) oxidation of
benzyl alcohols to aldehydes; (4) phenol oxidation; and (5) oxidative
cleavage of methoxyl groups which process comprises working up the
extracellular fluid from  a culture of Phanerochaete chrysosporium strain
SC26 (NRRL 15978), and separating said enzyme by means of anion exchange
chromatography. 4. A process for the preparation of the ligninolytic
enzyme, which is substantially free of proteases, and 25     has the
following characteristics: (a) 1 mg catalyzes in one minute at about 24 C
the oxidation of about 9.7 micromole of veratryl alcohol to veratryl
aldehyde; (b) has a molecular weight of about 42 kilo-daltons; (c) contains
a single protoheme IX moiety; 30       (d) is glycosylated; (e) reacts in
an immunoblot procedure to polyclonal antibodies made to ligninolytic
enzymes (A) and (B) of claim 1; (f) elutes from an FPLC column at a sodium
acetate molarity of about 0.40; and 



(g) has the following activities on lignin model substrates: 35       (1)
oxidative cleavage of Ca-[err]; (2) hydroxylation of benzylic methylene
groups; (3) oxidation of benzyl alcohols to aldehydes; (4) phenol
oxidation; and (5) oxidative cleavage of methoxyl groups 40     which
process comprises working up the extracellular fluid from  a culture of
Phanerochaete chrysosporium strain SC26 (NRRL 15978), and separating said
enzyme by means of anion exchange chromatography. 5. A process for the
preparation of the ligninolytic enzyme, which is substantially free of
proteases, and 45     has the following characteristics: (a) 1 mg catalyzes
in one minute at about [err] the oxidation of about 9.4 micromole of
veratryl alcohol to veratryl aldehyde; (b) has a molecular weight of about
43 kilo-daltons; (c) contains a single protoheme IX moiety; 50       (d) is
glycosylated; (e) contains the following proportions of amino acids based
on one mole of tyrosine: 55 12    asp/asn   5.0               thr   not
determined    val   6.5 glu/gln  19.9               arg   4.8
phe   3.3 5               ser       22.3              ala  13.8
ile   3.6 his       15.9              tyr   1.0                   leu
6.0 gly       44.7              met   not determined        lys   2.3 10
(f) reacts in an immunoblot procedure to polyclonal antibodies made to
ligninolytic enzymes (A) and (B) of claim 1; (g) elutes from an FPLC column
at a sodium acetate molarity of about 0.58; and (h) has the following
activities on lignin model substrates: 16         (1) oxidative cleavage of
Ca-[err]; (2) hydroxylation of benzylic methylene groups; (3) oxidation of
benzyl alcohols to aldehydes; (4) phenol oxidation; and (5) oxidative
cleavage of methoxyl groups, 20     which process comprises working up the
extracellular fluid from  a culture of Phanerochaete chrysosporium strain
SC26 (NRRL 15978), and separating said enzyme by means of anion exchange
chromatography. 6. A process for preparing a biologically pure mutant
culture of Phanerochaete chrysosporium, designated 25     mutant SC26, and
having the culture deposit number NRRL 15978, which process comprises in-
oculating a suitable medium with said mutant culture and growing the
culture under conditions suitable for allowing said culture to elaborate
ligninolytic enzymes according to the preceding claims. 7. A process of
treating a material susceptible to breakdown by ligninolytic enzymes
characterized in that 30     said material is treated with a ligninolytic
enzyme according to any one of claims 1 to 5. 8. A process according to
claim 7, wherein said material comprises lignin. 9. A process according to
claim 7, wherein said material comprises any of the lignin model
substrates: 35 veratryl alcohol; 1-(3', 4'-dimethoxyphenyl)
glycerol-[err]-guaiacyl ether; phenol; and a methoxylated benzene, e.g.
1,4-dimethoxybenzene. 10. A process according to claim 8, wherein said
material is kraft pulp or thermomechanical pulp. 40 



Revendications Revendications pour les Etats contractants sulvants : BE,
CH, DE, FR, GB, IT, LI, LU, NL, SE 1. L'enzyme ligninolytique (A) qui est
substantiellement exempts de prot~ases et a les caracteristiques 45
suivantes: (a) 1 mg catalyse en une minute A environ 24, C l'oxydation
d'environ 12,4 micromoles d'alcool vWratrylique en aldehyde veratrique; (b)
a un poids mol~culaire d'environ 42 kilo-daltons; (c) contient un seul
reste protohbme IX; 50       (d) est glycosy]6e; (e) contient les
proportions molaires suivantes en amino-acides bashes sur une mole de
lysine: 55 13    EiP 0 229171 B_                   1111111111111111111 LN
S asplasn   3,0  thr    4,9   val   4,2 glu/gIn   8,0  arg   1,3   phe
3,2 ser      6,8  ala   6,7  ile    2,4 his      3,2  tyr    0,2   lOu
3,3 gly      8,3   met   0,14  lys    1,0 (f) est dluee sur colonne FPLC &
une molarite d'acetate de sodium d'environ 0,43; et (g) a les activit~s
suivantes sur des substrats modeles de la lignine; 10         (1) clivage
oxydant de C.-Ca; (2) hydroxylation des groupes mdthylbne benzyliques; (3)
oxydation des alcools benzyliques en aldehydes; (4) oxydation des phenols;
et (5) clivage oxydant des groupes methoxy, ou s      Il'enzyme
ligninolytique (B) qul est substantlellement exempte de prot6ases et a les
caract6ristiques sulvantes: (a) 1 mg catalyse en une minute a environ 24-C
l'oxydation d'environ 17,1 micromoles d'alcool vAratrylique en ald~hyde
vAratrique; (b) a un poids moleculaire d'environ 38 kilo-daltons; -. !0
(C) contient un seul reste protohemo IX; (d) est glycosyl~e; (e) contlent
les proportions molaires suivantes en amino-acides basees sur une mole de
lysine: asp/asn   2,0  thr   3,5             val   2,6 25
glulgin   7,7  srg   1,2             phe   3,0 ser      4,1  ala   7,9
ile    2,2 his      3,2  tyr   non determine  leu    2,6 gly      5,7 J met
non determin6  lys  I 1,0 30 (f) est 4lude sur colonne FPLC a une molaritd
d'acdtate de sodium d'environ 0,18; et (g) a les activites suivantes sur
des substrats modeles de la lignines (1) clivage oxydant de C.-C,; (2)
hydroxylation des groupes methylene benzytiques; S5         (3) oxydation
des alcools benzyttques en ald~hydes; (4) oxydation des phinols; et (5)
clivage oxydant des groupes mdthoxy; ladite enzyme ligninolytique (A) ayant
la caracteristique de reagir dans un procede immunoblot avoc des anticorps
polyclonaux dirig6s contre les enzymes ligninolytiques (A) et (B); et
ladite enzyme 40       ligninolytique (B) ayant la caracteristique de
rbagir dans un proced6 Immunoblot avec des anticorps 



polyclonaux dirigds contre l'enzyme ligninolytique (A). 2. L'enzyme
ligninolytique qui est substantiellement exempte de prot~ases et a les
caract6ristiques suivantes: 45       (a) 1 mg catalyse en une minute 3
environ 24GC l'oxydation d'environ 2,6 micromoles d'alcool veratrylique en
aId~hyde v~ratrique; (b) a un poids moleculaire d'environ 38 kilo-daltons;
(c) contient un soul reste protohbme IX; (d) est glycosylee; 50       (e)
contient les proportions molaires suivantes en amino-acides bas~es sur une
mole d'isoleucine: asp/asn   1,4  thr   2,2             val   1,6 glu/gtn
6,0  erg   1,1             phe   1,1 55                       ser       4,3
ala   7,3             ile    1 0 his      4,4  tyr   0,2             teu
1,5 gly      6,5   met  non d6termin6  lys   0,5 14    *C  L  H   S* ffl
reagit dans un proced6 immunoblot avec des anticorps polyclonaux dirigds
contre les enzymes ligninolytiques (A) et (B) de la revendication 1; (g)
est eluee sur colonne FPLC a une molarite d'acetate de sodium d'environ
0,16; et .N.-/       (h) a les activit6s suivantes sur des substrata
modeles de la lignine 5          (1) clivage oxydant de G-CB; (2)
hydroxylation des groupes mnethylbne benzyliques; (3) oxydation des alcools
benzylique en alddhydes; (4) oxydation des phenols; et (5) clivage oxydant
des groupes m6thoxy. 10 & L'enzyme ligninolytique qui est substantiellement
exempte de prot6ases et a lee caract~ristiques suivantes: (a) 1 mg catalyse
en une minute a environ 24' C l'oxydation d'environ 5.1 micromoles d'alcool
veratrylique en ald6hyde v6ratrique; 15       (b) a un poids mol~culaire
d'environ 42 kilo-daltons; (c) contient un seul reste protohbme IX; (d) eat
glycosylde; (e) contient les proportions molaires suivantes en amino-acides
basees sur une mole de tyrosine: 20              asp/asn    5,4
thr   non d~termind          val   7,4 glu/gln  16 ,8              arg
2,9                    phe   7,0 ser       14,0              ala  14,4
ile    4,1 25              his         7,3             tyr   1,0
leu    6,5 gly       24,0              met   1,2                    lys
2,5 30       (f) reagit dans un proced4 immunoblot avec des anticorps
polyclonaux dirig6s contre lee enzymes ligninolytiques (A) et (B) de la
revendication 1; (g) est 6lu6e sur colonne FPLC a une molarit6 d'ac6tate de
sodium d'environ 0,34; et (h) a les activites suivantes sur des substrata
modeles de la lignine; (1) clivage oxyde de C.-CG; 35         (2)
hydroxylation des groupes methylbne benzyliques; (3) oxydation des alcools
benzyliques en aldehydes; (4) oxydation des phenols; et (5) clivage oxydant
des groupes m6thoxy. 40  4. LUenzyme ligninolytique qul est
substantiellement exempte de proteases et a lea caract~ristiques suivantes:



(a) 1 mg catalyse en une minute a environ 24*C lPoxydation d'environ 9,7
micromoles d'alcool veratrylique en aldehyde veratrique; (b) a un poids
moleculaire d'environ 42 kilo-daltons; 45       (c) contient un seul reste
protoheme IX; (d) est glycosyl6e; (e) reagit dans un procede immunoblot
avec des anticorps polyclonaux diriges contre les enzymes ligninolytiques
(A) et (B) de la revendication 1; (M est elu6e sur colonne FPLC a une
molarite d'acetate de sodium d'environ 0,40; et 50       (g) a les
activites suivantes sur les substrata modeles de la lignine; (1) clivage
oxydant de C.-Cp; (2) hydroxylation des groupes methylbne benzyliques; (3)
oxydation des alcools benzyliques en aldehydes; (4) oxydation des phenols;
et. ss         (5) clivage oxydant des groupes methoxy. 5. L'enzyme
ligninolytique qui est substantiellement exempte de prot~ases et a les
caracteristiques suivantes: 15    EP 0 229 171 Bi                 | 1111111
|1|11    ||||| |i |||| *  C  L  R   S  * (a) 1 mg catalyse en une minute a
environ 24-C P'oxydation d'environ 9,4 micromoles d'alcool veratrylique en
aldehyde veratrique; (b) a un poids moleculaire d'environ 43 kilo-daltons;
(c) contient un soul reste protohbme IX; 5        (d) est glycosylee; (e)
contient les proportions suivantes en amino-acides basees sur une mole de
tyrosine: asp/asn    5,0              thr   non d~terminE          val
6,5 10 glu/gln   1909               arg   4,8                   phe   3)3
ser       22,3              ala  13,8                    ile    3,6 his
15,9              tyr.   1,0                  leu    6,0 16
gly        44,7             met   non dstermine          lys   2,3 (f)
reagit dans un proc~d6 immunoblot avec des anticorps polyclonaux diriges
contre les enzymes .0      ligninolytiques (A) et (B) de la revendication
1; (g) est eluee sur colonne FPLC a une molarit6 d'acetate de sodium
d'environ 0,58; et (h) a les activites suivantes sur des substrats modbles
de la lignine; (1) clivage oxydant de C.,-Cp; (2) hydroxylation des groupes
m~thylbne benzyliques; 25         (3) oxydation des alcools benzyliques en
ald~hydes; (4) oxydation des phenols; et (5) clivage oxydant des groupes
m6thoxy. 6. Une culture biologiquement pure de mutant de Phanerochaete
chrysosporium, designee mutant SC28, 30     et ayant le numero de dep8t de
culture NRRL 15978, lequel mutant, par croissance dans un milieu approprie,
6labore des enzymes ligninolytiques selon les revendicatlons precedentes.
7. Un proc6d6 de traitement d'une matiere susceptible d'etre d6grad6e par
des enzymes ligninolytiques, caractdrisW en ce que ladite matiere est
trait~e par une enzyme ligninolytique selon lune quelconque 35     des
revendications I a 5. 8  Un procode selon la revendication 7, dans lequel
ladite matiere comprend de la lignine. 9. Un proced6 selon la revendication
7, dans lequel ladite matiere comprend nWimporte quel substrat 40
modble de la lignine : alcool v6ratrylique ; 6ther
1-(3',4!-dimethoxyph6nyIique) et ,-guaiacylique du glyc6rol; phenol; et un
benzbne m6thoxyld, par exemple le 1,4-dimothoxybenzbne. 



10. Un proc6dd selon la revendication 8, dans lequel ladite matiere est de
la pate kraft ou de la pate thermom6canique. 45 Revendicatlons pour l'Etat
contractant sulvant: AT 1. Un procede de preparation de lPenzyme
ligninolytique (A) qui est substantiellement exempte de prot6ases et a les
caracteristiques suivantes: so       (a) 1 mg catalyse en une minute a
environ 24 C l'oxydation d'environ 12,4 micromoles d'alcool veratrylique en
ald6hyde veratrique; (b) a un poids moleculaire d'environ 42 kilo-daltons;
(c) contient un soul reste protoheme IX; (d) est glycosylee; 55       (e)
contient les proportions molaires suivantes en amino-acides basees sur une
mole de lysine: 16    asp/asn   3,0  thr   4,9   val   4,2 glu/gln   8,0
arg   1,3   phe   3,2 ser      6,8  ala   6,7   ile    2,4 5
his       3,2  tyr   0,2   leu    3,3 gly      8,3   met  0,14  lys   1,0
(f) est eluee sur colonne FPLC A une molarit6 d'acetate de sodium d'environ
0,43; et (g) a les activit6s sulvantes sur des substrata modeles de la
lignine; 10         (1) clivage oxydant de C8-Cq; (2) hydroxylation des
groupes methylbne benzyliques; (3) oxydation des alcools benzyllques en
aldehydes: (4) oxydation des phenols; et (5) clivage oxydant les groupes
methoxy; ou 15     de l'enzyme lignlnolytique (B) qui est substantiellement
exempte de prot~ases et a les caractdrlstiques suivantes: (a) 1 mg catalyse
en une minute a environ 24, C l'oxydatfon d'environ 17,1 micromoles
d'alcool veratrylique en asd~hyde vAratrique; (b) a un poids mol6culaire
d'environ 38 kilo-daltons; 20       (c) contient un soul reste protohbme
IX; (d) est glycosylee; (d) contient les proportions molaires suivantes en
amino-acides bastes sur une mole de lysine: 25             asp/asn    2,0
thr   3,5                   val   2,6 glu/gln    7,7               arg
1,2                  phe   3,0 ser         4,1              ala    7,9
ile   2,2 30             his         3,2              tyr   non ddterminO
leu   2,6 gly         5,7              met   non. ddtemrind        lys
1,0 35       (f) est eluee sur colonne FPLC A une molarit6 d'acktate de
sodium d'environ 0,18; et (g) a les activit~s suivantes sur des substrata
modbles de la lignine; (1) clivage oxydant de Ce-Cs; (2) hydroxylation des
groupes m6thylbne benzyliques; (3) oxydation des alcools benzyliques en
aldehydes; 'V 40         (4) oxydation des phenols; et (5) clivage oxydant
des groupes methoxy; ladite enzyme ligninolytique (A) ayant la
caract6ristique de reagir dans un proc6de immunoblot avec des anticorps
polyclonaux dirig~s contre les enzymes ligninolytiques (A) et (B); et
ladite enzyme ligninolytique (B) ayant la caract6ristique de rdagir dans un
proc6d6 immunoblot avec des anticorps 45     polyclonaux diriges contre
l'enzyme ligninolytique (A), lequel proc6ds comprend le traitement du
fluide extracellulaire d'une culture de la souche SC26 de Phanerochaete
chrysosporium (NPRL 15978), et la 



ssparation de l'enzyme A ou de l'enzyme B par chromatographie echangeuse
d'anions. 2. Un proc6de de prsparation de l'enzyme ligninolytique qul est
substantiellement exempte de protsases 50     et a les caract6ristiques
suivantes: (a) 1 mg catalyse en une minute a environ 24-C lFoxydation
d'environ 2,6 micromoles d'alcool veratrylique en aldehyde veratrique; (b)
a un poids moleculaire d'environ 38 kilo-daltons; (c) contient un soul
rests protoheme IX; 66       (d) est glycosylee; (e) contient les
proportions molaires suivantes en amino-acides basses sur une mole
d'isoleucine: 17    EP 0 229 171 BI
11||||||1|||1|1||||1||||1||1|| *   C   L   M   S   * asp/asn   1,4  thr
2,2             val   1.6 glu/gIn   6,0  arg   1,1             phe   1,1
ser      4,3  ala   7,3              ile    1,0 his      4,4  tyr   0,2
lWu    1,5 [ gly      6,5 j~met  non determine  lys    0,5 (f) rdagit dans
un proc~d4 immunoblot avec des anticorps polyclonaux dirig6s contre les
enzymes ligninolytiques (A) et (B) de la revendication 1; 70       (g) est
luee sur colonne FPLC a une molarit6 d'acdtate de sodium d'environ 0,16; et
(h) a les activit6s suivantes sur des substrats modbles de la lignine; (1)
clivage oxydant de Ca-Cg; (2) hydroxylation des groupes mdthylbne
benzyllques; (3) oxydation des alcools benzyliques en aldehydes; i5
(4) oxydation des phenols; et (5) clivage oxydant des groupes methoxy,
lequel procede comprend le traitement du fluide extracellulaire d'une
culture de la souche SC26 de Phanerochaete chrysosporium (NRRL 15978), et
la separation de ladite enzyme par chromatoraphie echangouse d'anions. 3.
Un proced4 de preparation de l'enzyme ligninolytique qui est
substantiellement exempte de prot6ases et a les caracteristiques suivantes:
(a) 1 mg catalyse en une minute & environ 24*C 'oxydation d'environ 5,1
micromoles d'alcool veratrylique on aldehyde v6ratrique; 25       (b) a un
poids moldculaire d'environ 42 kilo-daltons; (c) contient un soul reste
protohbme IX; (d) est glycosyl6e; (a) contient les proportions molaires
suivantes en amino-acides basses sur une mole de tyrosine: 30    -
asp/asn    5,4               thr   non d~termind          val   7,4.
glu/gln  16 8                arg   2,9                    phe    7,0 ser
14,0              ala  14,4                    ile    4,1 35
his         7,3              tyr   1,0                    leu    6,5 gly
24,0              met   1,2                    lys    2,5 40       (f)
r~agit dans un proced6 immunoblot avec des anticorps polyclonaux dirig~s
contre les enzymes ligninolytiques (A) et (B) de la revendication 1; (g)
est elu6e sur colonne FPLC a une molarite d'acdtate de sodium d'environ
0,34; et (h) a les activites suivantes sur des substrats modeles de la
lignine; (1) clivage oxydant de Ca-CD; 45         (2) hydroxylation des
groupes mdthylbne benzyliques; (3) oxydation des alcools benzyliques en
aldehydes; (4) oxydation des phenols; et 



(5) clivage oxydant des groupes m6thoxy, lequel proc~dd comprend le
traitement du fluide extracellulaire d'une culture de la souche SC26 de so
Phanerochaete chrysosporium (NRPL 15978), et la separation de ladite enzyme
par chromatographie echangeuse d'anions. 4. Un proc~d6 de preparation de
l'enzyme ligninolytique qui est substantiellement exempte de proteases et a
les caracteristiques suivantes: 56       (a) 1 mg catalyse en une minute A
environ 24, C I'oxydation d'environ 9,7 micromoles d'alcool veratrylique en
ald6hyde v6ratrique; (b) a un poids moleculaire d'environ 42 kilo-daltons;
(c) contient un soul reste protoheme IX;    *C  L  M S* (d) est glycosyl6e;
(e) reagit dans un procede immunoblot avec des anticorps polyclonaux
dirig~s contre lea enzymes ligninolytiques (A) et (B) de la revendication
1; (f) est 6lu~e sur colonne FPLC a une molarite d'acdtate de sodium
d'environ 0,40; et 5        (g) a les activit~s suivantes sur des substrats
modeles de la lignine: (1) clivage oxydant de C.-Cs; (2) hydroxylation des
groupes methylene benzyliques; (3) oxydation des alcools benzyliques en
alddhydes; (4) oxydation des ph6nols; et 10         (5) clivage oxydant des
groupes m~thoxy, lequel procede comprend le traitement du fluide
extracellulaire d'une culture de la souche 8C26 de Phanerochaete
chrysosporlum (NRRL 15978), et la separatlon de ladite enzyme par
chromatographle echangeuse d-anIons. 15  6. Un procidd de preparation de
l'enzyme ligninolytique qui est substantiellement exempte de proteases et a
les caracteristiques suivantes: (a) 1 mg catalyse en une minute a environ
24 C l'oxydation d'environ 9,4 micromoles d'alcool vdratrylique en alddhyde
veratrique; (b) a un poids moldculaire d'environ 43 kilo-daltons; 2a
(c) contient un seul reste prothbme IX; (d) est glycosylee; (e) contient
les proportions suivantes en amino-acides bas6es sur une mole de tyrosine:
25             asp/asn    5,0               thr   non d~termind
val   6,5 glu/gln   19,9              arg   4,8                    phe
313 ser       22 ,3             ala  13,8                    ile    3,6 30
his        15,9              tyr   1,0                    leu    6,0 gly
44,7             met   non dstermind          lys   2,3 35       (fM rdagit
dans un procedd immunoblot avec des anticorps polyclonaux diriges contre
les enzymes ligninolytiques (A) et (B) de la revendication 1; (g) est 6lu~e
sur colonne FPLC a une molarit6 d'acetate de sodium d'environ 0,58; et (h)
a lea activitdS suivantes sur des substrats modeles de la lignine: (1)
clivage oxydant de C.-Ce; 40         (2) hydroxydation des groupes
m6thylone benzyliques; (3) oxydation des alcools benzyliques en ald6hydes;
(4) oxydation des ph6nols; et (5) clivage oxydant des groupes methoxy,
lequel proced6 comprend le traitement du fluide extracellulaire d'une
culture de la souche SC26 de 45     Phanerochaete chrysosporium (NRRL
15978), et la separation de ladite enzyme par chromatographie Tchangeuse
d'anions. 6. Un procede de pr6paration d'une culture biologiquement pure
d'un mutant de Phanerochaete chrysos- 



porium , d6sign4 mutant SC26, ayant le numdro de dep8t de culture NPRL
15978, lequel procede 50     comprend l'inoculation d'un milieu approprid
avec ladite culture de mutant et la croissance de la culture sous des
conditions appropriees pour permettre a ladite culture d'elaborer des
enzymes ligninolytiques selon les revendications precedentes. 7. Un procdd
de traitement d'une matiere susceptible d'8tre degrad6e par des enzymes
ligninolytiques, 56     caracterise en co que ladite matiere est traitee
par une enzyme ligninolytique selon l'une quelconque des revendications 1 A
5. a  Un procede selon la revendication 7, dans loquel ladite matiere
comprend de Is lignine. 19    *C  L  M   S  l 9. Un proc6d6 selon la
revendication 7, dans lequel ladite matibre comprend n'importe quel
substrat modble de la lignine: alcool v6ratrylique ; ether
1-(3',4'-dimdthoxyphdnylique) et fi-guaiacylique du glyc~rol; ph~nol; et un
benzene m~thoxy]6, par example le 1,4-dimethoxybenzene. 5  10. Un proc~dd
selon la revendication 8, dans lequel ladite matiere est de la pate kraft
ou de la pAte thermomecanique. Patentansprtche Patentansprlche fUr folgende
Vertragsstaaten: BE, CH, DE, FR, GO, IT, L, LU, NL, SE lo 1. Das Lignin
Ilsende Enzym (A) weiches im wesentlichen frei ist von Proteasen und
folgende Charakcteri- stika auhweist: a) 1 mg katalysiert in einer Minute
bei etwa 24 0 C die Oxidation von etwa 12.4 Mikromol Veratrylalkohol zu
Veratrylaldehyd; 16       b) hat ein Molekulargewicht von etwa 42
Kilo-Dalton; c) enthalt elne einzelne Hdm IX Komponente; d) ist glykosiert;
e) enthalt die folgenden molaren Anteile von Aminosauren bezogen auf 1 Mol
Lysin: 11_~o                          Asp/Asn   3.0  Thr   4.9    Val   4.2
Glu/Gln   8.0   Arg   1.3    Phe   3.2 Ser       6.8   Ala   6.7   lle
2.4 His       3.2   Tyr   0.2   Leu   3.3 25                           Gly
8.3   Met  0.14   Lys   1.0 f) eluiert von einer FPLC Saule bet einer
Natriumacetat Molaritat von etwa 0.43; und g) hat die folgenden
Wirksamkeiten auf Lignin Modell Substraten: (1) Oxydative Spaltung von
C.-Cq 30         (2) Hydroxilierung von benzylischen Methylengruppen; (3)
Oxidation von Benzylalkoholen zu Aldehyden; (4) Phenoloxidation; und (5)
Oxidative Spaltung von Methoxylgruppen; oder das Lignin losende Enzym (B)
watches im wesentlichen fret ist von Proteasen und folgende Charakteri- 35
stlka aufweist: a) 1 mg katalysiert in einer Minute bei etwa 240 C die
Oxidation von etwa 17.1 Mikromol Veratrylalkohol zu Veratrylaldehyd; b) hat
ein Molekulargewicht von etwa 38 Kilo-Dalton; c) snthalt eine einzelne H~m
IX Komponente; 40       d) ist glykosiert; e) enthlilt die folgenden
molaren Anteile von Aminosauren bezogen auf 1 Mol Lysin: Asp/Asn   2.0  Thr
3.5             Val   2.6 GIu/GIn   7.7   Arg   1.2            Phe   3.0 4S
~~~ ~~~~Ser  4.1   Ala   7.9          Ile    2.2 His       3.2  Tyr   nicht
bestimmt  Leu   2.6 



Gly       5.7   Met  nicht bestimmt  Lys   1.0 50       f eluiert von einer
FPLC Saule be! einer Natriumacetat Molarittt von etwa 0.18; und g) hat die
folgenden Wirksamkeiten auf Lignin Modell Substraten: (1) Oxydative
Spaltung von C,-GC (2) Hydroxilierung von benzylischen Methylengruppen; (3)
Oxidation von Benzylalkoholen zu Aldehyden; 65         (4) Phenoloxidation;
und (5) Oxidative Spaltung von Methoxylgruppen; dieses Ugnin losende Enzym
(A) ist dadurch charakterisiert, dass es in einem Immunblot-Verfahren mit
polyklonalen Antikorpern reagiert die verarbeitet werden von den Lignin
losenden Enyzmen (A) und (B) 20    EP.0 229 171 B1                1 1l1
l1111lll111 IN1 ausgel6st wurden; und das Lignin l6sende Enzym (B) ist
dadurch charakterisiert, dass es in elnem Immunblot-Verfahren mit
polyklonalen Antikbrpem reagiert die vom Lignin losenden Enzym (A) ausge-
lost wurden. 5  2. Das Lignin Ilsende Enzym, welches im wesentlichen frel
ist von Proteasen und folgende Charakteristi- ka aufweist: a) 1 mg
katalysiert in einer Minute be! etwa 24 ' C die Oxidation von etwa 2.6
Mikromol Veratrylalko- hol zu Veratrylaldehyd; b) hat ein Molekulargewlcht
von etwa 38 Kilo-Dalton; 10       c) enthilt eine einzelne Him IX
Komponente; d) ist glykosiert; a) enthilt die folgenden molaren Antelle von
Aminosguren bezogen auf 1 Mol Isoteucin: Asp/Asn   1.4   Thr   2.2
Val   1.6 15                       Glu/Gln   6.0   Arg   1.1
Phe   1.1 Ser       4.3   Ala   7.3             lle    1.0 His       4.4
Tyr   0.2             Leu   1.5 Gly       6.5   Met  nicht bestimmt   Lys
0.5 , 20 f) reagiert in einem Immunblot-Verfahren mit polyklonalen
Antikorpern die von Lignin l8senden Enzymen (A) und (B) gemass Anspruch 1
ausgelost wurden; g) eluiert von einer FPLC Saule bei einer Natriumacetat
Molaritat von etwa 0.16; und h) hat die folgenden Wirksamkeiten auf Lignin
Modell Substraten: 25          (1) Oxydative Spaltung von C.-Cg (2)
Hydroxilierung von benzylischen Methylengruppen; (3) Oxidation von
Benzylalkoholen zu Aldehyden; (4) Phenoloxidation; und (5) Oxidative
Spaltung von Methoxylgruppen. 30 3. Das Lignin l6sende Enzym, welches im
wesentlichen frei ist von Proteasen und folgende Charakteristi- ka
aufweist: a) 1 mg katalysiert in einer Minute be! etwa 24' C die Oxidation
von etwa 5.1 Mlkromol Veratrylalko- hol zu Veratrylaldehyd; 35        b)
hat ein Molekulargewicht von etwa 42 Kilo-Dalton; c) enthalt eine einzelne
Ham IX Komponente; d) ist glykosiert; e) enthalt die folgenden molaren
Anteile von Aminosauren bezogen auf 1 Mol Tyrosin: Asp/Asn    5.4
Thr   nicht bestimmt         Val   7.4 Glu/Gln    16.8            Arg
2.9                   Phe   7.0 Ser         14.0           Ala    14.4
Ile    4.1 



His          7.3           Tyr    1.0                   Leu   6.5 45
Gly          24.0          Met    1.2                    Lys   2.5 f
reagiertin einem  Immunblot-Verfahren mit polyklonalen Antik6rpem die von
Lignin l6senden Enzymen (A) und (B) gemiss Anspruch 1 ausgel6st wurden; 50
g) eluiert von etner FPLC Saule bet eaner Natriumacetat Molaritat von etwa
0.34; und h) hat die folgenden Wirksamkeiten auf Lignin Modell Substraten:
(1) Oxydative Spaltung von C,-Cs (2) Hydroxilierung von benzylischen
Methylengruppen; (3) Oxidation von Benzylalkoholen zu Aldehyden; 55
(4) Phenoloxidation; und (5) Oxidative Spaltung von Methoxylgruppen. 4. Das
Lignin l6sende Enzym, welches im wesentlichen frei ist von Proteasen und
folgende Charakteristi- 21    EP 0 229 171 B19|||||||||||||||1||| *C   L  M
S ka aufweist: a) 1 mg katalysiert in einer Minute bei etwa 24 C die
Oxidation von etwa 9.7 Mikromol Veratrylalko- hol zu Veratrylaldehyd; b)
hat ein Molekulargewicht von etwa 42 Kilo-Dalton; c) enthalt eine einzelne
H~m IX Komponente; 5        d) ist glykosiert; e) reaglert in elnem
Immunblot-Verfahren mit polyklonalen Antikorpern die von Lignin losenden
Enzymen (A) und (B) gemass Anspruch 1 ausgel6st wurden; f) eluiert von
einer FPLC Saule bei einer Natriumacetat MolaritAt von etwa 0.40; und g)
hat die folgenden Wirksamkeiten auf Lignin Modell Substraten: 70
(1) Oxydative Spaltung von CQ-Cg (2) Hydroxillerung von benzylischen
Methylengruppen; (3) Oxidation von Benzylalkoholen zu Aldehyden; (4)
Phenoloxidatlon; und (5) Oxidative Spaltung von Methoxylgruppen. 16 S. Das
Lignin losende Enzym, welches im wesentlichen frei ist von Proteasen und
folgende Charakterlsti- ka aufweist: a) 1 mg katalysiert in einer Minute
bei etwa 24 C die Oxidation von etwa 9.4 Mlkromol Veratrylalko- hol zu
Veratrylaldehyd; b) hat ein Molekulargewicht von etwa 43 Kilo-Dalton; c)
enthlit eine einzelne Ham IX Komponente; d) ist glykosiert; e) enthalt die
folgenden Anteile von Aminosauren bezogen auf 1 Mol Tyrosin: 25 Asp/Asn
5.0            Thr   nicht bestimmt         Val   6.5 GIu/Gln    19.9
Arg    4.8                   Phe   3.3 Ser         22.3          Ala   13.8
lie    3.6 30               His          15.9          Tyr    1.0
Leu   6.0 Gly         44.7          Met  nicht bestimmt          Lys   2.3
f) reagiert in einem lmmunblot-Verfahren mit polyklonalen Antik6rpern die
von Lignin l6senden 35       Enzymen (A) und (B) gemass Anspruch 1
ausgel6st wurden; g) elulert von einer FPLC Slule bei einer Natriumacetat
Molaritat von etwa 0.58; und h) hat die folgenden Wirksamkeiten auf Lignin
Modell Substraten: (1) Oxydative Spaltung von C.-Ce (2) Hydroxilierung von
benzylischen Methylengruppen; 



40            (3) Oxidation von Benzylalkoholen zu Aldehyden; (4)
Phenoloxidation; und (5) Oxidative Spaltung von Methoxylgruppen. 6. Eine
biologisch reine mutante Kultur von Phanerochaete chrysosporium bezeichnet
als Stamm SC 26 45     mit der Hinterlegungsnummer NRRL 15978 welcher
Mutant nachdem er in einem geeigneten Medium gewachsen ist Lignin ldsende
Enzyme gemAss der vorausgehenden Ansprlche entwickelt. 7. Ein Verfahren zum
Behandeln eines Materials das gegen Zersetzung empfindlich ist mit Lignin
losenden Enzymen, dadurch gekennzeichnet, dass dieses Material mit einem
Lignin losenden Enzym 50     gem~ss einem der Ansprtche 1 bis 5 behandelt
wird. 8. Ein Verfahren gemass Anspruch 7, dadurch gekennzeichnet, dass
dieses Material Lignin enthlit. 9. Ein Verfahren gemIss Anspruch 7, dadurch
gekennzeichnet, dass dieses Material eines der folgenden 55     Lignin
Modell Substrate enthilt: Veratrylalkohol,
1-(3',4-dimethoxyphenyl)-Glyzerin-,e-Guajakolither; Phenol; sowie
methoxyliertes Benzol wie z.B. 1,4-Dimethoxybenzol. 10. Ein Verfahren
gemass Anspruch 8, dadurch gekennzeichnet, dass dieses Material
Kraftzellstoff oder 22    EP 0 229 171 Bi                1      1!g1j!1j1 I
M   !   * thermomechanischer Holzstoff !st. PatentansprUche Mlr folgenden
Vertragsstaat AT 5  1. Ein Verfahren zur Herstellung eines Ugnin l6senden
Enzyms (A) welches im wesentlichen frel von Proteasen ist und folgende
Charakteristika aufweist: a) 1 mg katalysiert in einer Minute bei etwa 24 C
die Oxidation von etwa 12.4 Mlkromol Veratrylalkohol zu Veratrylaldehyd; b)
hat ein Molekulargewicht von etwa 42 Kilo-Dalton; 10       c) enthalt eine
einzelne Ham IX Komponente; d) ist glykosiert; e) enthilt die folgenden
molaren Anteile von Aminosauren bezogen auf 1 Mol Lysin: Asp/Asn   3.0
Thr   4.9    Val   4.2 15                           Glu/Gln   8.0   Arg
1.3   Phe   3.2 Ser       6.8  Ala   6.7   lie    2.4 His       3.2   Tyr
0.2    Leu   3.3 Gly       8.3   Met  0.14   Lys   1.0 20 f) eluiert von
einer FPLC Siule be! einer Natriumacetat Molaritat von etwa 0.43; und g)
hat die folgenden Wirksamkeiten auf Lignin Modell Substraten: (1) Oxydative
Spaltung von C,-C, (2) Hydroxilierung von benzylischen Methylengruppen; 25
(3) Oxidation von Benzylalkoholen zu Aldehyden; (4) Phenoloxidation; und
(5) Oxidative Spaltung von Methoxylgruppen; oder das Lignin l6sende Enzym
(B) welches im wesentlichen frei ist von Proteasen und folgende Charakteri-
stika aufweist: 30       a) 1 mg katalysiert in elner Minute bei etwa 24 C
die Oxidation von etwa 17.1 Mikromol Veratrylalkohol zu Veratrylaldehyd; b)
hat ein Molekulargewicht von etwa 38 Kilo-Dalton; c) enthalt eine einzelne
Ham IX Komponente; d) ist glykosiert; 35       e) enthalt die folgenden
molaren Anteile von Aminosauren bezogen auf 1 Mol Lysin: Asp/Asn   2.0  Thr
3.5              Val   2.6 Glu/Gln   7.7   Arg   1.2             Phe   3.0
Ser       4.1   Ala   7.9            lle    2.2 



His       3.2  Tyr   nicht bestimmt   Leu   2.6 Gly       5.7   Met  nicht
bestimmt  Lys   1.0 f) eluiert von einer FPLC Siule bei einer Natriumacetat
Molaritit von etwa 0.18; und 45       g) hat die folgenden Wirksamkeiten
auf Lignin Modell Substraten: (1) Oxydative Spaltung von C,-Cp (2)
Hydroxilierung von benzylischen Methylengruppen; (3) Oxidation von
Benzylalkoholen zu Aldehyden; (4) Phenoloxidation; und 50          (5)
Oxidative Spaltung von Methoxylgruppen; dieses Ugnin losende Enzym (A) ist
dadurch charakterisiert, dass es in elnem lmmunblot-Verfahren mit
polyklonalen Antik6rpern reagiert die von den Ugnin l5senden Enyzmen (A)
und (B) ausgelost wurden; und das Lignin I6sende Enzym (B) ist dadurch
charakterisiert, dass es in einem lmmunblot-Verfahren mit polyklonalen
Antik6rpem reagiert die vom Ugnin l8senden Enzym (A) auagel6st wurden,
welches 55     Verfahren darin besteht die extrazellulare FlUssigkeit einer
Kultur von Phanerochaete chrysosporium, Stamm SC 26 (NRRL 15978)
aufzuarbeiten und das Enzym (A) oder (B) mittels Anionaustauschchroma-
tographie abzutrennen. 23    EP 0 229 171 BI                 1 111511 UU'
*L 2. Ein Verfahren zur Herstellung eines Lignin l6senden Enzyms welches im
wesentlichen frel !st von Proteasen und folgende Charakteristika aufweist:
a) 1 mg katalysiert in einer Minute bei etwa 24- C die Oxidation von etwa
2.6 Mikromol Veratrylalko- hol zu Veratrylaldehyd; 5        b) hat ein
Molekulargewicht von etwa 38 Kilo-Dalton; c) enthait eine einzelne Ham IX
Komponente; d) ist glykosiert; e) enthalt die folgenden molaren Anteile von
Aminosauren bezogen auf 1 Mol Isoleucin: tO 10Asp/Asn   1.4  Thr   2.2
Val   1.6 Glu/Gln   6.0   Arg   1.1            Phe   1.1 Ser       4.3
Ala   7.3            lie    1.0 Hils      4.4  Tyr   0.2             Leu
1.5 15                      Gly        6.5   Met  nicht bestimmt  Lys   0.5
f) reagiert in einem Immunblot-Verfahren mit polyklonalen Antik6rpern die
von Lignin l6senden Enzymen (A) und (B) gem~ss Anspruch 1 ausgeldst wurden;
g) eluiert von einer FPLC Saule be! einer Natriumacetat Molaritat von etwa
0.16; und )o       h) hat die folgenden Wirksamkeiten auf Lignin Modell
Substraten: (1) Oxydathve Spaltung von C,-C3 (2) Hydroxilierung von
benzylischen Methylengruppen; (3) Oxidation von Benzylalkoholen zu
Aldehyden; (4) Phenoloxidation; und. 25         (5) Oxidative Spaltung von
Methoxylgruppen, welches Verfahren darin besteht die extrazellulare
FlUssigkeit einer Kultur von Phanerochaete chryso- sporium, Stamm SC 26
(NRRL 15978) aufzuarbeiten und das Enzym mittels Anionaustauschchromato-
graphie abzutrennen. 0 3. Ein Verfahren zur Herstellung des Lignin l6senden
Enzyms, welches im wesentlichen frei ist von Proteasen und folgende
Charakteristika aufweist: a) 1 mg katalysiert in einer Minute bei etwa 24 *
C die Oxidation von etwa 5.1 Mikromol Veratrylalko- hol zu Veratrylaldehyd;
b) hat ein Molekulargewicht von etwa 42 Kilo-Dalton; 95       c) enthalt
eine einzelne Ham IX Komponente; d) ist glykosiert; 



e) enthlit die folgenden molaren Anteile von Aminosauren bezogen auf 1 Mol
Tyrosin: Asp/Asn    5.4            Thr   nicht bestimmt         Val   7.4
Glu/Gln    16.8           Arg    2.9                   Phe   7.0 Ser
14.0          Ala   14.4                  lie    4.1 His          7.3
Tyr    1.0                   Leu   6.5 Gly         24.0          Met   1.2
Lys   2.5 45 f) reagiertin einem Immunblot-Verfahren mit polykionalen
Antik6rpem die von Lignin l6senden Enzymen (A) und (B) gemrss Anspruch 1
asugelost wurden; g) eluiert von einer FPLC Saule bei einer Natriumacetat
Molaritat von etwa 0.34; und 50       h) hat die folgenden Wirksamkeiten
auf Lignin Modell Substraten: (1) Oxydative Spaltung von CX-CB (2)
Hydroxilierung von benzylischen Methylengruppen; (3) Oxidation von
Benzylalkoholen zu Aldehyden; (4) Phenoloxidation; und 55         (5)
Oxidative Spaltung von Methoxylgruppen. welches Verfahren darin besteht die
extrazellulare Fl~issigkeit elner Kultur von Phanerochaete chryso- sporium,
Stamm SC26 (NRRL 15978) aufzuarbeiten und das Enzym mittels
Anionaustauschchromato- graphie abzutrennen. 24    EP 0 229 171 B1  I11
~i,1i il t'' 4. Ein Verfahren zur Herstellung des Lignin l6senden Enzyms,
welches im wesentlichen frei ist von Proteasen und folgende Charakteristika
aufweist: a) 1 mg katalysiert in einer Minute bei etwa 24 C die Oxidation
von etwa 9.7 Mikromol Veratrylalko- hol zu Veratrylaldehyd; 5        b) hat
ein Molekulargewicht von etwa 42 Kilo-Dalton; c) enthalt eine einzelne H~m
IX Komponente; d) ist glykosiert; e) reaglert in einem Immunblot-Verfahren
mit polykionalen Antikrpern die von Lignin l6senden Enzymen (A) und (B)
gemass Anspruch 1 ausgel6st; to       f) elulert von einer FPLC Saule bel
einer Natriumacetat Molaritat von etwa 0.40; und g) hat die folgenden
Wirksamkeiten auf Lignin Modell Substraten: (1) Oxydative Spaltung von
C,-CA (2) Hydroxilierung von benzyllschen Methylengruppen; (3) Oxidation
von Benzylalkoholen zu Aldehyden; J6         (4) Phenoloxidation; und (5)
Oxidative Spaltung von Methoxylgruppen. welches Verfahren darin besteht die
extrazellulare Flissigkeit einer Kultur von Phanerochaete chryso- sporium,
Stamm SC 26 (NRRL 15978) aufzuarbeiten und das Enzym mittels
Anlonaustauschchromato- graphie abzutrennen. 20 5. Ein Verfahren zur
Herstellung des Lignin l6senden Enzyms, welches im wesentlichen frei ist
von Proteasen und folgende Charakteristika aufweist: a) 1 mg katalysiert in
einer Minute bei etwa 24 C die Oxidation von etwa 9.4 Mikromol
Veratrylalko- hol zu Veratrylaldehyd; 25       b) hat ein Molekulargewicht
von etwa 43 Kilo-Dalton; c) enthait sine einzelne H~m IX Komponente; d) ist
glykosiert; e) enthalt die folgenden Anteile von Aminosduren bezogen auf 1
Mol Tyrosin: 30                Asp/Asn    5.0            Thr   nicht
bestimmt         Val   6.5 



Glu/Gln    19.9           Arg    4.8                   Phe   3.3 Ser
22.3          Ala   13.8                   lle    3.6 His         15.9
Tyr    1.0                   Leu   6.0 S5                Gly         44.7
Met  nicht bestimmt         Lys   2.3 f) reagiert in einem
lmmunblot-Verfahren mit polyklonalen Antik6rpern die von Lignin l6senden
Enzymen (A) und (B) gemliss Anspruch 1 ausgel6st wurden; 40       g)
eluiert von einer FPLC Saule bei einer Natriumacetat Molaritat von etwa
0.58; und h) hat die folgenden Wirksamkeiten auf Lignin Modell Substraten:
(1) Oxydative Spaltung von Ca-%C (2) Hydroxilierung von benzylischen
Methylengruppen; (3) Oxidation von Benzylalkoholen zu Aldehyden; 45
(4) Phenoloxidation; und (5) Oxidative Spaltung von Methoxylgruppen.
welches Verfahren darin besteht die extrazellulare Flflssigkeit einer
Kultur von Phanerochaete chryso- sporium, Stamm SC 26 (NRRL 15978)
aufzuarbeiten und das Enzym mittels Anionaustauschchromato- graphie
abzutrennen. 50 6. Ein Verfahren zur Herstellung einer biologisch reinen
mutanten Kultur von Phanerochaete chrysospori- um bezeichnet als Stamm SC
26 mit der Hinterlegungsnummer NRRL 15978, dadurch gekennzeichnet, dass man
ein geeignetes Medium mit dieser mutanten Kultur impft, und die Kultur
unter Bedingungen wachsen lasst die geeignet sind Lignin l6sende Enzyme
gemrss der vorausgehenden Ansprljche zu 55     entwickeln. 7. Ein Verfahren
zum Behandeln sines Materials das empfindlich gegen Zersetzung mit Lignin
l6senden Enzymen ist, dadurch gekennzeichnet, dass dieses Material mit
Ugnin l6senden Enzymen gemAss 25    EP 0 229 171 81 einem der AnsprUche 1
bis 5 behandelt wird.                      *   c   L   M   S   * 8. Ein
Verfahren gemass Anspruch 7, dadurch gekennzeichnet, dass dieses Material
Lignin enthtilt. s  9. Ein Verfahren gemass Anspruch 7, dadurch
gekonnzeichnet, dass dieses Material elnes der folgenden Lignin Modell
Substrate enthAlt; Veratrylalkohol
1-(3',4'-dimethoxyphenyl)-Glyzerin-p-Guajakolather; Phenol; sowle
methoxyllertes Benzol, wie z.B. 1,4-Dimethoxybenzol. 10. Ein Verfahren
gemrss Anspruch 8, dadurch gekennzeichnet, dass dieses Material
Kraftzellstoff oder .10    thermomechanischer Holzstoff ist. 15 .o 25 30 35
48 50 55 26    


