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A novel cellulase composition is provided which is producible by an Actinomycete. The cellulase has an approximate calculated
molecular weight of 36 kD and has a pH optimum at 40 °C of 8 and at 60 °C of 7. Also provided is a DNA encoding said cellulase, a
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CELLULASE PRODUCED BY ACTINOMYCETES AND METHOD, OF PRODUCING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is a continuation-in-part of U.S. Application No. 08/974,042, filed

November 19, 1997 and which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
A. Technical Field

The present invention relates to cellulase compositions producible by Actinomycetes,

methods of producing such cellulases and the use of such cellulases. The present invention
further relates to the use of the novel cellulase in compositions recognized in the art as
advantageously having cellulase added thereto, including, as an additive in a detergent
composition, in the treatment of textiles such as cellulose containing fabrics and fibers useful
therefor, as an animal feed additive, as a processing aid in baking, in the treatment of pulp
and paper and in the treatment of starch for the production of high fructose corn-syrup or
ethanol.

B. State of the Art

Cellulases are enzymes which are capable of the hydrolysis of the B-D-glucosidic
linkages in celluloses. Cellulolytic enzymes have been traditionally divided into three major
classes: endoglucanases, exoglucanases or cellobiohydrolases and B-glucosidases
(Knowles, J. et al., (1987), TIBTECH 5, 255-261); and are known to be produced by a large
number of bacteria, yeasts and fungi.

Primary among the applications that have been developed for the use of cellulolytic
enzymes are those involving degrading (wood) cellulose pulp into sugars for (bio)ethanol
production, textile treatments like ‘'stone washing' and 'biopolishing', and in detergent
compositions. Thus, cellulases are known to be useful in detergent compositions for
removing dirt, i.e., cleaning. For example, Great Britain Application Nos. 2,075,028,
2,095,275 and 2,094,826 illustrate improved cleaning performance when detergents
incorporate cellulase. Additionally, Great Britain Application No. 1,358,599 illustrates the use
of cellulase in detergents to reduce the harshness of cotton containing fabrics.

Another useful feature of cellulases in the treatment of textiles is their ability to
recondition used fabrics by making their colors more vibrant. For example, repeated washing
of cotton containing fabrics results in a greyish cast to the fabric which is believed to be due

to disrupted and disordered fibrils, sometimes called “pills”, caused by mechanical action.
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This greyish cast is particularly noticeable on colored fabrics. As a consequence, the ability
of cellulase to remove the disordered top layer of the fiber and thus improve the overall

appearance of the fabric has been of value.
Because detergents, being a primary application of cellulase, operate generally under

- alkaline conditions there is a strong demand for cellulases which have excellent activity at pH

7-10. Well characterized fungal cellulases, such as those from Humicola insolens and
Trichoderma reesei, perform adequately at neutral to low alkaline pH. Further, a number of
enzymes that show cellulase activity at high alkaline pH have been isolated from Bacillus and
other prokaryotes, see e.g., PCT Publication Nos. WO 96/34092 and WO 96/34108. Thus,
both fungal and bacterial cellulases have been investigated thoroughly. However, a third
group of cellulases, those isolated from Actinomycetes, have attracted only some attention.
“Wilson et al., Cntical Reviews in Biotechnology, Vol. 12, pp."45-63 (1992), studied’the
cellulases produced by the Thermomonospora fusca, Thermonomospora curvata and
Microbispora bispora and illustrated that many of these cellulases show broad pH profiles
and good temperature stability. Similarly, Nakai et al., Agnc. Biol. Chem., Vol. 51, pp. 3061-
3065 (1987) and Nakai et al., Gene, Vol. 65, pp. 229-238 (1988) exemplify the alkalitolerant
cellulase casA from Streptomyces strain KSM-9 which also possesses an alkaline pH
optimum and excellent temperature stability.

Despite knowledge in the art related to many cellulase compositions having desirable
properties, including some examples from Actinomycetes, there is a continued need for new
cellulases having a varying spectrum of characteristics which are useful in, for example,
treating textiles, as a component of detergent compositions, in the treatment of pulp and
paper, asan animal feed supplement, as a processing aid for baking and in the conversion
of biomass. Applicants have discovered certain cellulases which have such a complement of

characteristics and which are useful in such known applications of cellulase.
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The discussion of documents, acts, materials, devices, articles and the like
is included in this specification solely for the purpose of providing a context for the
present invention. It is not suggested or represented that any or all of these
matters formed part of the prior art base or were common general knowledge in
the field relevant to the present invention as it existed in Australia before the

priority date of each claim of this application.

SUMMARY OF THE INVENTION
The present invention provides a purified cellulase comprising the amino
acid sequence provided in SEQ. ID. NO:1 or a derivative thereof having
cellulolytic activity and having at least 90% sequence identity to SEQ. ID. NO:1.
It is an aspect of the present invention to provide for novel Actinomycete

derived cellulase compositions having useful temperature and pH profiles for use
in detergents.

It is a further aspect of the present invention to provide for novel
Actinomycete derived cellulase compositions having useful characteristics for the
treatment of textiles so as to produce desirable qualities in textile yarns, fabrics
and garments.

It is a further aspect of the present invention to provide for novel
Actinomycete derived cellulases which have useful characteristics for use as an
animal feed additive, as a baking aid, in the treatment of pulp and paper and in

the reduction of biomass.

W:\mary\ANODELETEN4190-99.doc
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It is a further aspect of the present invention to provide for a method of producing

cellulase compositions derived from such novel Actinomycetes via heterologous expression

from recombinant host cells.
It is yet a further aspect of the present invention to provide A DNA and amino acid

sequence which facilitate commercial production of the novel cellulase compositions of the

invention.
It is still a further aspect of the present invention to provide a novel cellulase having

excellent properties for use in detergents, treating textiles, as a feed supplement and in pulp ,
and paper manufacturing.

According to the present invention, a novel cellulase is provided which is obtainable
from an Actinomycete or a derivative of said cellulase. Preferably, the 'cellulase of the
invention comprises an amido acid sequence accdrding to Figure 1 (SEQ ID NO:1), ora
derivative thereof having greater than 50% sequence identity, preferably greater than 70%
sequence identity and more preferably greater than 90% sequence identity thereto'.

According to another embodiment, a compoeitiori is provided comprising DNA
encoding the cellulase of the invention. Preferably, the DNA encodes an amino acid
sequence according to Figure 2 (SEQ ID NO:2), ora derivative thereof having greater than
76% sequence identity, preferably greater than 80% sequence identity and more preferably
greater than 90% sequence identiiy thereto ahd cellulases produced thereby. The present
invention further embodies DNA which hybridizes to a DNA probe taken from the DNA
represented in Figure 2 under the appropriéte condifions and cellulases p.roduced thereby.

According to yet another embodiment of the invention, a method df transforming a
suitable microorganism with DNA encoding a cellulase according to the invention is provided
and a method of producing the cellulase according to the invention from that transformed

' microorganism. ’ _

In an especially preferred embodiment of the preSent invention, the mature 'cell>u_lase
is derived from Actinomycete and has a niolécular weight of approximately 36‘kD as
measured on SDS-PAGE (referred to herein as the 36 kD 'eellula:se). The mature
approximately 36 kD cellulase has a calculated isoelectric point of about 59 and a pH
optimum on CMC of about 8 at 40°C and 7 at 60°C. Th'e cellulase of the present invention
showed higher activity at 60°C than at 40°C with broad activity ranges frdr:n atleastpH 5to
pH 10. | '

BRIEF DESCRIPTION OF THE DRAWINGS
Flgure 1 shows the deduced amlno acnd sequence of an approximately 36 kD

cellulase according to the invention showmg the leader sequence in bold. Coded letters are
O Jlaccording to the IUPAC-IUB Biochemical Nomenclature Commission (as described in the
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GenBank Patentin User Manual, PC-DOS/MS-DOS Version, November 1990)(SEQ. ID.
NO:1).

Figure 2 shows the DNA sequence encoding an approximately 36 kD cellulase
according to the invention (SEQ.ID.NO:2).

Figure 3 shows the pH/activity profile of an approximately 36 kD cellulase according
to the invention at 40°C and 60°C.

Figure 4 shows the pHPLT vector.

Figure 5 shows the pHP11AG8 vector.

Figure 6 shows the 16s RNA sequence of the Actinomycete from which the cellulase
of the invention may be obtained (SEQ.ID.NO:3).

DETAILED DESCRIPTION OF THE INVENTION

“Derivative" is intended to indicate a protein which is derived from the native protein

by addition of one or more amino acids to either or both the C- and N-terminal end of the
native protein, substitution of one or more amino acids at one or a number of different sites
in the native amino acid sequence, deletion of one or more amino acids at either or both
ends of the native protein or at one or more sites in the amino acid sequence, or insertion of
one or more amino acids at one or more sites in the native amino acid sequence. The
preparation of an enzyme derivative is preferably achieved by modifying a DNA sequence
which encodes for the native protein, transformation of that DNA sequence into a suitable
host, and expression of the modified DNA sequence to form the derivative enzyme. The
derivative of the invention includes peptides comprising altered amino acid sequences in
comparison with a precursor enzyme amino acid sequence (e.g., a wild type or native state
enzyme according to the present invention) and which peptides retain a characteristic
enzyme nature of the precursor enzyme but which have altered properties in some specific
aspect. For example, an altered cellulase may have an increased pH optimum or increased
temperature resistance but will retain its characteristic cellulolytic activity.

"Host cell" means a cell which has the capacity to act as a host and expression
vehicle for a recombinant DNA vector according to the invention. In a preferred embodiment
according to the present invention, "host cell" means the cells of Bacillus.

"DNA construct” or “DNA vector” means a nucleotide sequence which comprises one
or more DNA fragments encoding any of the novel cellulases or cellulase derivatives
described above.

In an especially preferred embodiment of the invention, the mature cellulase is
derived from Actinomycete and has a molecular weight of approximately 36 kD as measured

on SDS-PAGE (referred to herein as the 36 kD cellulase). The mature approximately 36 kD




10

15

20

25

WO 99/25846 5 PCT/US98/24649
cellulase has a calculated isoelectric point of about 4.5 and a pH optimum on CMC of about
8 at 40°C and 7 at 60°C. The cellulase of the invention shows higher activity at 60°C than
at 40°C with broad activity ranges from at least pH 5 to pH 10.

The gene encoding the amino acid sequence of the 36 kD cellulase was analyzed by
comparison with the accessible sequence data in various libraries (GenBank, Swiss-Prot,
EMBL and PIR). A search of databases for a comparison of the cellulase encoded by the
DNA sequence of the present invention with cellulases encoded by published or known
cellulase gene sequences was performed to determine the close phylogenetic neighbors.
The highest amount of homology found was to endoglucanase | from Asperygillus aculeatus,
exocellobiohydrolase from Cellulomonas fimi and endoglucanase C from Clostridium
cellulovorans. The approximately 36 kD cellulase was shown to be 35.1% identical in
sequence to endoglucanase | from Aspergillus aculeatus in a 242 residue overlap, 48.2%
identical in sequence to exocellobiohydrolase from Cellulomonas fimi in a 112 residue
overlap and 44.7% identical to endoglucanase C from Clostridium cellulovorans in a 114
amino acid overlap using the TFastA program as described by Pearson & Lipman, Proc. Nat.
Acad. Sci., Vol. 85, pp. 2444-2448 (1988). The TFastA Data Searching Program is
commercially available in the Sequence Analysis Software Package Version 6.0 (Genetic
Computer Group, Univ. Wisconsin Biotechnology Center, Madison, Wisconsin 53705). A
comparison of the DNA sequences encoding the 36 kD cellulase with DNA sequences in the
public databases indicate that the closest homology was to the gene encoding eglS from
Streptomyces rochei (75.8% identity in an 823 base pair overlap) and to the gene encoding
celB from Streptomyces lividans (74.9% identity in a 765 base pair overlap).

Thus, the present invention encompasses a cellulase which has an amino acid
sequence according to that in Figure 1 (SEQ ID NO:1) or a derivative thereof having greater
than 50% sequence identity, preferably greater than 70% sequence identity and most
preferably greater than 90% sequence identity thereto. Similarly, the present invention
further encompasses a DNA according to Figure 2 (SEQ. ID NO:2) or a derivative thereof
having greater than 76% sequence identity, preferably greater than 80% sequence identity
and most preferably greater than 90% sequence identity thereto.

Hybridization is used herein to analyze whether a given fragment or gene
corresponds to the cellulase described herein and thus falls within the scope of the present
invention. The hybridization assay is essentially as follows: Genomic DNA from a particular
target source is fragmented by digestion with a restriction enzyme(s), e.g., EcoR |, Hind I,
Bam HI, Cla |, Kpn |, Mlu |, Spe |, Bgl Il, Nco |, Xba |, Xho | and Xma | (supplied by New
England Biolabs, Inc., Beverly, MA and Boehringer Mannheim) according to the

manufacturer’s instructions. The samples are then electrophoresed through an agarose gel
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(such as, for example, 0.8% agarose) so that separation of DNA fragments can be visualized
by size. The gel may be briefly rinsed in distilled H,O and subsequently depurinated in an
appropriate solution (such as, for example, 0.25M HCI) with gentle shaking followed by
denaturation for 30 minutes with gentle shaking followed by denaturation for 30 minutes (in,
for example, 0.4 M NaOH) with gentle shaking. A renaturation step may be included in which
the gelis placed in 1.5 M NaCL, IMTris, pH 7.0 with gentle shaking for 30 minutes. The
DNA should then be transferred onto an appropriate positively charged membrane, for
example the Maximum Strength Nytran Plus membrane (Schleicher & Schuell, Keene, N.H.),
using a transfer solution (such as, for example, 6XSSC (900 mM NaCl, 90 mM trisodium
citrate). After the transfer is complete, generally at about 2 hours or greater, the membrane
is rinsed and air dried at room temperature after using a rinse solution (such as, for example,
2X SSC[2X SSC = 300 mM NaCl, 30 mM trisodium citrate]). The membrane should then be
prehybridized, (for approximately 2 hours or more) in a suitable prehybridization solution
(such as, for example, an aqueous solution containing per 100 mis: 20-50 mls formamide,
25 mis of 20X SSPE (1X SSPE = 0.18 M NaCl, 1 mM EDTA, 10 mM NaH,PO,, pH 7.7), 2.5
mis of 20% SDS, 1 ml of 10 mg/ml sheared herring sperm DNA). As would be known to one
of skill in the art, the amount of formamide in the prehybridization solution may be varied
depending on the nature of the reaction obtained according to routine methods. Thus, a
lower amount of formamide may result in a more complete gel in terms of identifying
hybridizing molecules than the same procedure using a larger amount of formamide. On the
other hand, a strong hybridization band may be more easily visually identified by using more
formamide.

A DNA probe generally between 100 and 1000 bases in length taken from the
sequence in Figure 2 should be isolated by electrophoresis in an agarose gel, the fragment
excised from the gel and recovered from the excised agarose. This purified fragment of DNA
is then labeled (using, for example, the Megaprime labeling system according to the
instructions of the manufacturer to incorporate P2 in the DNA (Amersham Intemational pic,
Buckinghamshire, England)). The labeled probe is denatured by heating to 95° C for 5
minutes and immediately added to the prehybridization solution above containing the
membrane. The hybridization reaction should proceed for an appropriate time and under
appropriate conditions, for example, for 18 hours at 37° C with gentle shaking. The
membrane is rinsed (for example, in 2X SSC/0.3% SDS) and then washed with an
appropriate wash solution and with gentle agitation. The stringency desired will be a
reflection of the conditions under which the membrane (filter) is washed.

Specifically, the stringency of a given reaction (i.e., the degree of homology
necessary for successful hybridization) will depend on the washing conditions to which the
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filter from the Southern Blot is subjected after hybridization. “Low-stringency” conditions as
defined herein will comprise washing a filter from a Southermn Blot with a solution of 0.2X
SSC/0.1% SDS at 20° C for 15 minutes. “Standard-stringency” conditions comprise a further
washing step comprising washing the filter from the Southern Blot a second time with a
solution of 0.2X SSC/0.1% SDS at 37 * C for 30 minutes.

The present invention also discloses a process for the production of the cellulase. It
is possible to produce the cellulase by screening soda lake samples to isolate the
appropriate cellulase producing organism. That organism can then be grown up according to
art recognized means for growing such Actinomycetes. However, rather than isolating the
correct cellulase producing strain, it is more efficient in producing anything other than small
quantities of cellulase according to the present invention to utilize genetic engineering
techniques to transform a suitable host cell with DNA provided herein which encodes the
cellulase and cultivating the resultant recombinant microorganism under conditions
appropriate for host cell growth and cellulase expression. As a first step, the chromosomal
DNA may be obtained from the donor Actinomycete strain by, for example, the method of
Saito and Miura (Saito & Miura, Biochim. Biophys. Acta., Vol. 72, pp. 619 (1963)) or by a
similar method. Restriction enzyme cleavage of the chromosomal DNA thus obtained gives
DNA fragments containing the alkaline cellulase gene. For this purpose, any restriction
enzyme may be used provided that it does not cleave the region of said gene. In the
alternative, a restriction enzyme may be used which cleaves the gene, using however, a
reduced enzyme concentration or incubation time to permit only partial digestion. A
preferred restriction endonuclease is Sau3A. From the resulting digestion mixture, suitable
fragments (4-10kb) may be isolated and used to transform a suitable host cell with a DNA
construct.

The gene encoding the cellulase of the present invention can be cloned using A-
phage (expression) vectors and E. coli host cells. (Alternatively PCR cloning using
consensus primers designed on conserved domains may be used). After a first cloning step
in E. coli, a cellulase gene according to the present invention can be transferred to a more
preferred industrial expression host such as Bacillus or Streptomyces species, a filamentous
fungus such as Aspergillus or Trichoderma, or a yeast such as Saccharomyces. High level
expression and secretion obtainable in these host organisms allows accumulation of the
cellulase in the fermentation medium from which it can subsequently be recovered.

The cellulase may be recovered from the medium by conventional procedures
including separating the cells from the medium by centrifugation or filtration, if necessary
after disruption of the cells, precipitating the proteinaceous components of the supernatant or

filtrate by means of a salt, e.g., ammonium sulfate, followed by purification by a variety of
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chromatographic procedures, e.g., ion exchange chromatography, affinity chromatography or
similar art recognized procedures. For the production of the alkaline cellulase according to
the invention, it is preferred to cultivate under alkaline conditions using media containing a
cellulose based energy source.

Preferably, the expression host cell comprises a Bacillus spp., more preferably
Bacillus licheniformis or Bacillus subtilis. In an especially preferred embodiment, the
transformation host is deleted for protease genes to ensure that the product cellulase is not
subject to proteolysis in the fermentation broth or concentrates thereof. A preferred general
transformation and expression protocol for protease deleted Bacillus strains is provided in
Ferrari et al., U.S. Patent No. 5,264,366, incorporated herein by reference. Transformation
and expression in Aspergillus is described in, for example, Berka et al., U.S. Patent No.
5,364,770, incorporated herein by reference. Applicants have found that transformation of
the instant gene into Bacillus was poor or ineffective in terms of resulting expression when
the native regulatory machinery was utilized. Accordingly, when transforming into Bacillus
spp., it is preferred to utilize the aprE promoter in combination with standard known Bacillus
derived signal and other regulatory sequences. When the transformation host cell is
Aspengillus the preferred promoter is g/aA.

Treatment of textiles according to the present invention contemplates textile
processing or cleaning with a composition comprising a cellulase. Such treating includes, but
is not limited to, stonewashing, modifying the texture, feel and/or appearance of cellulose
containing fabrics or other techniques used during manufacturing or cleaning/reconditioning
of cellulose containing fabrics. Additionally, treating within the context of this invention
contemplates the removal of “immature” or "dead” cotton, from cellulosic fabric or fibers.
immature cotton is significantly more amorphous than mature cotton and results in a lesser
quality fabric when present due to, for example, uneven dyeing. The composition
contemplated in the present invention further includes an cellulase component for use in
washing of a soiled manufactured cellulose containing fabric. For example, the cellulase
may be used in a detergent composition for washing laundry. Detergent compositions useful
in accordance with the present invention include special formulations such as pre-wash, pre-
soak and home-use color restoration compositions. Such treating compositions, as
described herein, may be in the form of a concentrate which requires dilution or in the form of
a dilute solution or form which can be applied directly to the cellulose containing fabric.
General treatment techniques for cellulase treatment of textiles are described in, for
example, EP Publication No. 220 016 and GB Application Nos. 1,368,599 and 2,095,275.

Treatment of a cellulosic material according to the present invention further
contemplates the treatment of animal feed, pulp and/or paper, food and grain for purposes
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known in the art. For example, cellulase is known to increase the value of animal feed,
improve the drainability of wood pulp, enhance food products and reduce fiber in grain during
the grain wet milling process or dry milling process.

Treating according to the instant invention comprises preparing an aqueous solution
which contains an effective amount of cellulase together with other optional ingredients
including, for example, a buffer, a surfactant, and/or a scouring agent. An effective amount
of cellulase enzyme composition is a concentration of cellulase enzyme sufficient for its
intended purpose. Thus, for example, an "effective amount" of cellulase in a stonewashing
composition according to the present invention is that amount which will provide the desired
effect, e.g., to produce a worn and faded look in the seams and on fabric panels. Similarly,
an “effective amount” of cellulase in a composition intended for improving the feel and/or
appearance of a cellulose containing fabric is that amount which will produce measurable
improvements in the feel, e.g., improving the smoothness of the fabric, or appearance, e.g.,
removing pills and fibrils which tend to reduce the sharpness in appearance of a fabric. The
amount of cellulase employed is also dependent on the equipment employed, the process
parameters employed (the temperature of the cellulase treatment solution, the exposure time
to the cellulase solution, and the like), and the cellulase activity (e.g., a particular solution will
require a lower concentration of cellulase where a more active cellulase composition is used
as compared to a less active cellulase composition). The exact concentration of cellulase in
the aqueous treatment solution to which the fabric to be treated is added can be readily
determined by the skilled artisan based on the above factors as well as the desired result. In
stonewashing processes, it has generally been preferred that the cellulase be present in the
aqueous treating solution in a concentration of from about 0.5 to 5,000 ppm and most
preferably about 10 to 200 ppm total protein. In compositions for the improvement of feel
and/or appearance of a cellulose containing fabric, it has generally been preferred that.the
cellulase be present in the aqueous treating solution in a concentration of from about 0.1 to
2000 ppm and most preferably about 0.5 to 200 ppm total protein.

In a preferred treating embodiment, a buffer is employed in the treating composition
such that the concentration of buffer is sufficient to maintain the pH of the solution within the
range wherein the employed cellulase exhibits activity which, in turn, depends on the nature
of the cellulase employed. The exact concentration of buffer employed will depend on
several factors which the skilled artisan can readily take into account. For example, in a
preferred embodiment, the buffer as well as the buffer concentration are selected so as to
maintain the pH of the final cellulase solution within the pH range required for optimal

cellulase activity. The determination of the optimal pH range of the cellulases of the
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-10 -
invention can be ascertained according to well known techniques. Suitable buffers at pH
within the activity range of the cellulase are well known to those skilled in the art in the field.

In addition to cellulase and a buffer, the treating composition may optionally contain a
surfactant. Suitable surfactants include any surfactant compatible with the cellulase and the
fabric including, for example, anionic, non-ionic and ampholytic surfactants. Suitable anionic
surfactants for use herein include linear or branched alkylbenzenesulfonates; alkyl or alkenyl
ether sulfates having linear or branched alkyl groups or alkeny! groups; alky! or alkenyl
sulfates; olefinsulfonates; alkanesulfonates and the like. Suitable counter ions for anionic
surfactants include alkali metal ions such as sodium and potassium; alkaline earth metal ions
such as calcium and magnesium; ammonium ion; and alkanolamines having 1 to 3 alkanol
groups of carbon number 2 or 3. Ampholytic surfactants include quaternary ammonium salt
sulfonates, and betaine-type ampholytic surfactants. Such ampholytic surfactants have both
the positive and negative charged groups in the same molecule. Nonionic surfactants
generally comprise polyoxyalkylene ethers, as well as higher fatty acid alkanolamides or
alkylene oxide adduct thereof, and fatty acid glycerine monoesters. Mixtures of surfactants
can also be employed in manners known to those skilled in the art.

A concentrated cellulase composition can be prepared for use in the methods
described herein. Such concentrates contain concentrated amounts of the cellulase
composition described above, buffer and surfactant, preferably in an aqueous solution.
When so formulated, the cellulase concentrate can readily be diluted with water so as to
quickly and accurately prepare cellulase preparations having the requisite concentration of
each constituent. When aqueous concentrates are formulated, these concentrates can be
diluted so as to arrive at the requisite concentration of the components in the cellulase
solution as indicated above. As is readily apparent, such cellulase concentrates will permit
facile formulation of the cellulase solutions as well as permit feasible transportation of the
composition to the location where it will be used. The treating concentrate can be in any art
recognized form, for example, liquid, emulsion, gel, or paste. Such forms are well known to
those skilled in the art.

When a solid cellulase concentrate is employed, the cellulase composition may be a
granule, a powder, an agglomerate or a solid disk. The granules can be formulated so as to
contain materials to reduce the rate of dissolution of the granules into the wash medium.
Such materials and granules are disclosed in U.S. Patent No. 5,254,283 which is
incorporated herein by reference in its entirety.

Other materials can also be used with or placed in the cellulase composition of the
present invention as desired, including stones, pumice, fillers, solvents, enzyme activators,
and anti-redeposition agents depending on the eventual use of the composition.
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By way of example, stonewashing methods will be described in detail, however, the
parameters described are readily modified by the skilled artisan for other applications, i.e.,
improving the feel and/or appearance of a fabric. The cellulose containing fabric is
contacted with the cellulase containing stonewashing composition containing an effective
amount of the cellulase by intermingling the treating composition with the stonewashing

composition, and thus bringing the cellulase enzyme into proximity with the fabric.

Subsequently, the aqueous solution containing the cellulase and the fabric is agitated. If the
treating composition is an aqueous solution, the fabric may be directly soaked in the solution.
Similarly, where the stonewashing composition is a concentrate, the concentrate is diluted
into a water bath with the cellulose containing fabric. When the stonewashing composition is
in a solid form, for example a pre-wash gel or solid stick, the stonewashing composition may
be contacted by directly applying the composition to the fabric or to the wash liquor.

The cellulose containing fabric is incubated with the stonewashing solution under
conditions effective to allow the enzymatic action to confer a stonewashed appearance to the
cellulose containing fabric. For example, during stonewashing, the pH, liquor ratio,
temperature and reaction time may be adjusted to optimize the conditions under which the
stonewashing composition acts. "Effective conditions" necessarily refers to the pH, liquor
ratio, and temperature which allow the cellulase enzyme to react efficiently with cellulose
containing fabric, in this case to produce the stonewashed effect. It is within the skill of those
in the art to maximize conditions for using the stonewashing compositions according to the
present invention.

The liquor ratios during stonewashing, i.e., the ratio of weight of stonewashing
composition solution (i.e., the wash liquor) to the weight of fabric, employed herein is
generally an amount sufficient to achieve the desired stonewashing effect in the denim fabric
and is dependent upon the process used. Preferably, the liquor ratios are from about 4:1 to
about 50:1; more preferably from about 5:1 to about 20:1, and most preferably from about
10:1 to about 15:1. |

Reaction temperatures during stonewashing with the present stonewashing
compositions are governed by two competing factors. Firstly, higher temperatures generally
correspond to enhanced reaction kinetics, i.e., faster reactions, which permit reduced
reaction times as compared to reaction times required at lower temperatures. Accordingly,
reaction temperatures are generally at least about 10°C and greater. Secondly, cellulase is a
protein which loses activity beyond a given reaction temperature, which temperature is
dependent on the nature of the cellulase used. Thus, if the reaction temperature is permitted
to go too high, the cellulolytic activity is lost as a result of the denaturing of the cellulase.

While standard temperatures for cellulase usage in the art are generally in the range of 35°C
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to 65° C, which conditions would also be expected to be suitable for the cellulase of the
invention, the optimal temperature conditions should be ascertained according to well known
techniques with respect to the specific cellulase used.

Reaction times are dependent on the specific conditions under which the
stonewashing occurs. For example, pH, temperature and concentration of cellulase will all
effect the optimal reaction time. Generally, reaction times are from about 5 minutes to about
5 hours, and preferably from about 10 minutes to about 3 hours and, more preferably, from
about 20 minutes to about 1 hour.

According to yet another preferred embodiment of the present invention, the cellulase
of the invention may be employed in a detergent composition. The detergent compositions
according to the present invention are useful as pre-wash compositions, pre-soak
compositions, or for cleaning during the regular wash or rinse cycle. Preferably, the
detergent composition of the present invention comprises an effective amount of cellulase, a
surfactant, and optionally includes other ingredients described below.

An effective amount of cellulase employed in the detergent compositions of this
invention is an amount sufficient to impart the desirable effects known to be produced by
cellulase on cellulose containing fabrics, for example, depilling, softening, anti-pilling, surface
fiber removal, anti-graying and cleaning. Preferably, the cellulase in the detergent
composition is employed in a concentration of from about 10 ppm to about 20,000 ppm of
detergent.

The concentratiAon of cellulase enzyme employed in the detergent composition is
preferably selected so that upon dilution into a wash medium, the concentration of cellulase
enzyme is in a range of about 0.01 to about 1000 ppm, preferably from about 0.02 ppm to
about 500 ppm, and most preferably from about 0.5 ppm to about 250 ppm total protein.

The amount of cellulase enzyme employed in the detergent composition will depend on the
extent to which the detergent will be diluted upon addition to water so as to form a wash
solution.

The detergent compositions of the present invention may be in any art recognized
form, for example, as a liquid, in granules, in emulsions, in gels, or in pastes. Such forms are
well known to the skilled artisan. When a solid detergent composition is employed, the
cellulase is preferably formulated as granules. Preferably, the granules can be formulated so
as to additionally contain a cellulase protecting agent. The granule can be formulated so as
to contain materials to reduce the rate of dissolution of the granule into the wash medium.
Such materials and granules are disclosed in U.S. Patent No. 5,254,283 which is
incorporated herein by reference in its entirety.
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The detergent compositions of this invention employ a surface active agent, i.e.,
surfactant, including anionic, non-ionic and ampholytic surfactants well known for their use in
detergent compositions.

Suitable anionic surfactants for use in the detergent composition of this invention
include linear or branched alkylbenzenesulfonates; alkyl or alkenyl ether sulfates having
linear or branched alkyl groups or alkenyl groups; alkyl or alkeny! sulfates; olefinsulfonates;
and alkanesul-fonates. Suitable counter ions for anionic surfactants include alkali metal ions
such as sodium and potassium,; alkaline earth metal ions such as calcium and magnesium;
ammonium ion; and alkanolamines having 1 to 3 alkanol groups of carbon number 2 or 3.
Ampholytic surfactants include quaternary ammonium salt sulfonates, and betaine-type
ampholytic surfactants. Such ampholytic surfactants have both the positive and negative
charged groups in the same molecule. Nonionic surfactants generally comprise polyoxyal-
kylene ethers, as well as higher fatty acid alkanolamides or alkylene oxide adduct thereof,
fatty acid glycerine monoesters, and the like. Suitable surfactants for use in this invention
are disclosed in British Patent Application No. 2 094 826 A, the disclosure of which is
incorporated herein by reference. Mixtures of such surfactants can also be used. The
surfactant or a mixture of surfactants is generally employed in the detergent compositions of
this invention in an amount from about 1 weight percent to about 95 weight percent of the
total detergent composition and preferably from about 5 weight percent to about 45 weight
percent of the total detergent composition. In addition to the cellulase composition and the
surfactant(s), the detergent compositions of this invention can optionally contain one or more
of the following components:

Hydrolases Except Cellulase

Suitable hydrolases include carboxylate ester hydrolase, thioester hydrolase,
phosphate monoester hydrolase, and phosphate diester hydrolase which act on the ester
bond; glycoside hydrolase which acts on glycosyl compounds; an enzyme that hydrolyzes N-
glycosyl compounds; thioether hydrolase which acts on the ether bond; and a-amino-acyl-
peptide hydrolase, peptidyl-amino acid hydrolase, acyl-amino acid hydrolase, dipeptide
hydrolase, and peptidyl-peptide hydrolase which act on the peptide bond. Preferable among
them are carboxylate ester hydrolase, glycoside hydrolase, and peptidyl-peptide hydrolase.
Suitable hydrolases include (1) proteases belonging to peptidyl-peptide hydrolase such as
pepsin, pepsin B, rennin, trypsin, chymotrypsin A, chymotrypsin B, elastase, enterokinase,
cathepsin C, papain, chymopapain, ficin, thrombin, fibrinolysin, renin, subtilisin,
aspergillopeptidase A, collagenase, clostridiopeptidase B, kallikrein, gastrisin, cathepsin D.,

bromelin, keratinase, chymotrypsin C, pepsin C, aspergillopeptidase B, urokinase,
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carboxypeptidase A and B, and aminopeptidase; (2) glycoside hydrolases (cellulase which is
an essential ingredient is excluded from this group) a-amylase, 8-amylase, gluco amylase,
invertase, lysozyme, pectinase, chitinase, and dextranase. Preferably among them are a-
amylase and R-amylase. They function in acid to neutral systems, but one which is obtained
from bacteria exhibits high activity in an alkaline system; (3) carboxylate ester hydrolase
including carboxyl esterase, lipase, pectin esterase, and chlorophyllase. Especially effective
among them is lipase.

The hydrolase other than cellulase is incorporated into the detergent composition as
much as required according to the purpose. It should preferably be incorporated in an
amount of 0.001 to 5 weight percent, and more preferably 0.02 to 3 weight percent, in terms
of purified protein. This enzyme should be used in the form of granules made of crude
enzyme alone or in combination with other components in the detergent composition.
Granules of crude enzyme are used in such an amount that the purified enzyme is 0.001 to
50 weight percent in the granules. The granules are used in an amount of 0.002 to 20 and
preferably 0.1 to 10 weight percent. As with cellulases, these granules can be formulated so
as to contain an enzyme protecting agent and a dissolution retardant material.

Cationic Surfactants and Long-Chain Fatty Acid Salts

Such cationic surfactants and long-chain fatty acid salts include saturated or
unsaturated fatty acid salts, alkyl or alkenyl ether carboxylic acid salts, a-sulfofatty acid salts
or esters, amino acid-type surfactants, phosphate ester surfactants, quaternary ammonium
salts including those having 3 to 4 alkyl substituents and up to 1 phenyl substituted alkyl
substituents. Suitable cationic surfactants and long-chain fatty acid salts are disclosed in
British Patent Application No. 2 094 826 A, the disclosure of which is incorporated herein by
reference. The composition may contain from about 1 to about 20 weight percent of such
cationic surfactants and long-chain fatty acid salts.

Builders

A. Divalent sequestering agents

The composition may contain from about 0 to about 50 weight percent of one or more
builder components selected from the group consisting of alkali metal salts and alkanolamine
salts of the following compounds: phosphates, phosphonates, phosphonocarboxylates, salts
of amino acids, aminopolyacetates high molecular electrolytes, non-dissociating polymers,
salts of dicarboxylic acids, and aluminosilicate salts. Suitable divalent sequestering gents
are disclosed in British Patent Application No. 2 094 826 A, the disclosure of which is
incorporated herein by reference.
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B. Alkalis or inorganic electrolytes

The composition may contain from about 1 to about 50 weight percent, preferably
from about § to about 30 weight percent, based on the composition of one or more alkali
metal salts of the following compounds as the alkalis or inorganic electrolytes: silicates,
carbonates and sulfates as well as organic alkalis such as triethanolamine, diethanolamine,

monoethanolamine and triisopropanolamine.

Antiredeposition Agents
The composition may contain from about 0.1 to about 5 weight percent of one or

more of the following compounds as antiredeposition agents: polyethylene glycol, polyviny!
alcohol, polyvinylpyrrolidone and carboxymethylcellulose.

Among them, a combination of carboxymethyl-cellulose and/or polyethylene glycol
with the cellulase composition of the present invention provides for an especially useful dirt

removing composition.

Bleaching Agents

The use of the cellulase of the present invention in combination with a bleaching
agent such as potassium monopersulfate, sodium percarbonate, sodium perborate, sodium
sulfate/hydrogen peroxide adduct and sodium chloride/hydrogen peroxide adduct or/and a
photo-sensitive bleaching dye such as zinc or aluminum salt of sulfonated phthalocyanine
further improves the detergenting effects. Similarly, bleaching agents and bleach catalysts
as described in EP 684 304 may be used.

Bluing Agents and Fluorescent Dyes

Various bluing agents and fluorescent dyes may be incorporated in the composition,
if necessary. Suitable bluing agents and fluorescent dyes are disclosed in British Patent

Application No. 2 094 826 A, the disclosure of which is incorporated herein by reference.

Caking Inhibitors
The following caking inhibitors may be incorporated in the powdery detergent: p-

toluenesulfonic acid salts, xylenesulfonic acid salts, acetic acid salts, sulfosuccinic acid salts,
talc, finely pulverized silica, amorphous silicas, clay, calcium silicate (such as Micro-Cell of

Johns Manville Co.), calcium carbonate and magnesium oxide.
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Antioxidants
The antioxidants include, for example, tert-butyl-hydroxytoluene, 4,4'-butylidenebis(6-
tert-butyl-3-methylphenol), 2,2'-butylidenebis(6-tert-butyl-4-methylphenol), monostyrenated
cresol, distyrenated cresol, monostyrenated phenol, distyrenated phenol and 1,1-bis(4-
hydroxy-phenyl)cyclohexane.

Solubilizers

The solubilizers include, for example, lower alcohols such as ethanol,
benzenesulfonate salts, lower alkylbenzenesulfonate salts such as p-toluenesulfonate salts,
glycols such as propylene glycol, acetylbenzene-sulfonate salts, acetamides,
pyridinedicarboxylic acid amides, benzoate salts and urea.

The detergent composition of the present invention can be used in a broad pH range
from acidic to alkaline pH. In a preferred embodiment, the detergent composition of the
present invention can be used in mildly acidic, neutral or alkaline detergent wash media
having a pH of from above 5 to no more than about 12.

Aside from the above ingredients, perfumes, buffers, preservatives, dyes and the like
can be used, if desired, with the detergent compositions of this invention. Such components
are conventionally employed in amounts heretofore used in the art.

When a detergent base used in the present invention is in the form of a powder, it
may be one which is prepared by any known preparation methods including a spray-drying
method and a granulation method. The detergent base obtained particularly by the spray-
drying method, agglomeration method, dry mixing method or non-tower route methods are
preferred. The detergent base obtained by the spray-drying method is not restricted with
respect to preparation conditions. The detergent base obtained by the spray-drying method
is hollow granules which are obtained by spraying an aqueous slurry of heat-resistant
ingredients, such as surface active agents and builders, into a hot space. After the spray-
drying, perfumes, enzymes, bleaching agents, inorganic alkaline builders may be added.
With a highly dense, granular detergent base obtained such as by the spray-drying-
granulation or agglomeration method, various ingredients may also be added after the
preparation of the base.

When the detergent base is a liquid, it may be either a homogeneous solution or an
inhomogeneous dispersion. For removing the decomposition of carboxymethyicellulose by
the cellulase in the detergent, it is desirable that carboxymethyicellulose is granulated or
coated before the incorporation in the composition.
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The detergent compositions of this invention may be incubated with cellulose
containing fabric, for example soiled fabrics, in industrial and household uses at
temperatures, reaction times and liquor ratios conventionally employed in these
environments.

Detergents according to the present invention may additionally be formulated as a
pre-wash in the apprOpriate solution at an intermediate pH where sufficient activity exists to
provide desired improvements softening, depilling, pilling prevention, surface fiber removal or
cleaning. When the detergent composition is a pre-soak (e.g., pre-wash or pre-treatment)
composition, either as a liquid, spray, gel or paste composition, the cellulase enzyme is
generally employed from about 0.0001 to about 1 weight percent based on the total weight of
the pre-soak or pre-treatment composition. In such compositions, a surfactant may optionally
be employed and when employed; is generally presentat'a concentration of from about
0.005 to about 20 weight percent based on the total weight of the pre-soak. The remainder
of the composition comprises conventional components used in the pre-soak, i.e., diluent,
buffers, other enzymes (proteases), and the like at their conventional concentrations.

It is contemplated that compositions comprising cellulase enzymes described herein
can be used in home use as a stand alone composition suitable for restoring color to faded
fabrics (see, for example, U.S. Patent No. 4,738,682, which is incorporated herein by
reference in its entirety) as well as used in a spot-remover and for depilling and antipilling
(pilling prevention).

The use of the cellulase according to the invention may be particularly effective in
feed additives and in the processing of pulp and paper. These additional industrial

Granted Patent No. 87372, respectively.

In order to further illustrate the present invention and advantages thereof, the
following specific examples are given with the understanding that they are being offered to
illustrate the present invention and should not be construed in any way as limiting its scope.
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Throughout the description and claims of this specification the word “comprise”
and variations of that word, such as “comprises” and “comprising”, are not intended to

exclude other additives or components or integers.

5 EXAMPLES
EXAMPLE 1
Isolation of Cellulase Producing Micro-organisms
From Alkaline Soil and Water Samples
Alkaline mud samples were suspended in 5 ml 4% (w/v) NaCl: 1% (w/v)
10  Na,COj; and shaken vigorously. Serial dilutions in the same solution were plated out

on Soil Extract Agar, pH 10 containing rifampicine 50 ug ml™.
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Soil Extract Agar was prepared as follows: 1 kg of garden soil is suspended in 1 liter
of demineralised water. The suspension is autoclaved for 20 minutes at 120°C. The
suspension is filtered over a glass fiber filter (Whatman, GF/A) and the solids washed twice
with demineralised water (1 x 200 ml, 1 x 100 ml). The filtrate is made up to 1 liter with
water. An equal volume of sterilized filtrate is mixed with a sterile solution of 8% (w/v) NaCl:
2% (w/v) Na,CO; with 2% (w/v) agar added for solidification.

The plates were incubated at 30°C for several weeks in a closed box to prevent
evaporation. The plates were examined periodically under the stereo-microscope and
microcolonies were transferred to Alkaline Agar containing 0.3% (w/v)
carboxymethylcellulose. Duplicate cultures were used to detect cellulase activity by flooding
one of the plates with 0.1% (w/v) Congo Red for 15 minutes. The plates were destained with
1M NaCl for 30 minutes. The strains that showed a clearing zone around the colony were
selected as potential cellulase producing micro-organisms.

Strains that showed clearing zones were fermented in 25 ml as described in PCT
Publication No. WO 96/34108 (page 8) after which CMC was added.

Using the method described above, the strain producing the cellulase according to
the invention was isolated and further characterized as filamentous bacteria. Based on
appearance and partial 16s rRNA gene sequence analysis (Example 4), the microorganism
was classified as a species of Streptomyces.

A morphological examination of the cellulase producing strain was made. When
grown on Soil Extract Agar at pH 10; the initially small round glistening transparent colony
developed after a few days a white to gray-white aerial mycelium. On Alkaline Agar the strain
forms a dry leathery, cream colored, opaque colony producing aerial mycelium on maturity.
Under the microscope the strain exhibits extensively branched pseudo-mycelium which

fragments into irregular rods, isolated spores and spores in chains.

EXAMPLE 2

Isolation of DNA, Transformation
and Expression of Cellulase

An alkaliphilic Actinomycete strain isolated per Example 1 was chosen as a donor
strain for expression cloning in E. coli. Chromosomal DNA was isolated according to the
method described by Saito & Miura, Biochim. Biophys. Acta., Vol. 72, pp. 619-629 (1963).

The isolated chromosomal DNA is partially digested by the restriction enzyme Sau3A
using serial diluted enzyme solutions, for one hour at 37 C using React Buffers (Gibco BRL
Life Technologies, Gaithersburg, Md., USA) under conditions recommended by the supplier.
The digested DNA is fractionated by agarose gel electrophoresis and suitable fractions (2-6
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kb) are isolated from the gel using QlAquick Gel Extraction Kit according to the protocol
described by the supplier (QIAGEN Inc., Chatsworth, CA, USA).

Genomic gene libraries of the alkalitolerant Actinomycete strains are constructed in a
pUC19-derived plasmid (Yanisch-Perron, C. et al., (1985) Gene 33:103). Recombinant
clones are screened by agar diffusion as described by Wood et al., Meth. Enzym., Vol. 160,
pp. 59-74 (1988). Strains that show clearing zones around the colony are isolated. Plasmid
DNA of the cellulase producing recombinant is isolated using a QlAprep Plasmid Kit
according to the protocol described by the supplier (QIAGEN Inc.). The nucleotide sequence
of a fragment of 3.5 kb is determined from both ends until a sequence bearing resemblance
to known conserved cellulase sequences was identified by a FastA search against the public
data bases. Upon determination of conserved sequences, the remainder of the gene was
sequenced.

The isolated gene contains 1173 base pairs coding for a precursor protein having 371
amino acids including a signal sequence of 27 amino acids. The mature protein is comprised
of 344 amino acids and a deduced molecular weight of 35,766 and p! of 5.9. The nucleotide
sequence of the gene (SEQ. ID. NO:2) coding for said cellulase and the deduced amino acid
sequence (SEQ ID NO:1) of the mature cellulase are illustrated in Figures 1 and 2.

The DNA fragment of the cellulase gene coding for the structural gene prepared as
described above was cloned in the vector pHPLT (see Figure 4). This vector contains the
promoter and signal sequence of the thermostable amylase gene of Bacillus licheniformis
and delivers high expression in Bacillus (see Figure 5). Transformation of competent
Bacillus host cells was performed with resulting recombinant cellulase producing Bacillus
clones isolated and grown under suitable conditions for producing the cloned cellulase.

EXAMPLE 3

Purification of Cellulase

The cellulase producing Bacillus licheniformis clones from Example 2 were grown in a
complex medium comprising Trypton Soya Broth (Oxoid CM129) 3%, 20 ng/ml neomycin.
Purification may be accomplished as follows: Fermentation broth is separated from the
culture liquid by centrifugation (8000 rpm). The cellulase in the supernatant is precipitated
with ammonium sulphate (65% saturation). The precipitate is dissolved in 25 mM phosphate
buffer pH 7 + 5 mM EDTA until a conductivity of 7 mS/cm was achieved. This solution is
applied to a Q-Sepharose FF (diameter 5 cm, length 10 cm) Anion Exchange column, after
which the column is washed with 25 mM phosphate buffer pH 7 + 5 mM EDTA until an
absorbency of 0.2 AU. A gradiént of 0 to 0.5 M NaCl in 25 mM phosphate pH 7 is applied to
the column in 80 minutes followed by a gradient from 0.5 to 1 M NaCl in 10 minutes. Elution
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may be performed in the first gradient. After elution the column is cleaned (upflow) with 1 M
NaOH and equilibrated again with 25 mM phosphate pH 7 + 5 mM EDTA.

EXAMPLE 4

Characterization of 16S rDNA from
Cellulase Producing Actinomycete

The nucleotide sequence of the first 400 bps of the 16S-rDNA sequence of the donor
organism isolated in Example 1 which produces the cellulase of Examples 2 and 3 was
obtained and is provided in Figure 6 (SEQ.ID.NO:3). This sequence was analyzed with the
FastA sequence analysis software package to provide a comparison with the sequences in
public databases. The analysis results illustrated that the nearest neighbor was
Streptomyces thermoveolaceous which had a 16S rDNA identity of 95.5% in an overiap of
465 base pairs. The percentage of identity of the partial 16S rDNA fraction of the strains is a
strong indication th'at the strain represents an unknown species of Actinomycetes. Based on
an analysis of the obtained 16S rRNA sequence (in combination with the appearance,

Example 1), the microorganism was classified as a species of Streptomyces.

EXAMPLE §

Properties of the Cellulase According to the Invention

To determine the pH/temperature profile of the approximately 36 kD cellulase
according to the invention, the activity of the cellulase was measured on CMC at various pH
and temperature values. This procedure was colorimetric method for the determination of
(total) cellulase activity, utilizing Carboxy Methyl Cellulose (CMC) as substrate. Cellulase
liberates reducing sugars, which react with “PAHBAH” at high pH and temperature. This
reaction product can be measured with a spectrophotometer. The activity was determined

using a calibration curve of glucose.

CMC, low viscosity (Sigma C-5678, batch # 23H0244)
p-Hydroxybenzoic acidhydrazide (“PAHBAH”,Sigma H-9882)
D-glucose monohydrate (Boom 8342)

NaH2P0O4*1 aq (Merck 6346)

H3PO04 (85%; Merck 573)

Citric acid*1 aq (Merck 244)

4 N NaOH

- 0.5 NHCI
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Incubation buffer A (0.01 M phosphate):
1.38 g NaH2PO4*1 aq was dissolved in 800 ml of demi water. The pH was adjusted to 7 with

4 N NaOH and the mixture was filled up to 1000 ml with demi water. Finally the pH was
checked and adjusted if necessary. This buffer was used for dissolving and diluting the
enzyme samples.

Incubation buffer B (0.1 M citrate + 0.1 M phosphate):
23.06 g H3PO4 was dissolved in demi water to a final volume of 200 mi (= 1 M). 42 g citric

acid was dissolved in demi water to a final volume of 200 ml (= 1 M). 20 ml citric acid
solution was combined with 20 ml phosphoric acid, after which the volume was filled up to
150 ml with demi water. The pH (range from 4 to 10) was adjusted with 4 N NaOH and the
final volume filled up to 200 ml with demi water. This buffer was used for diluting the
substrate preparation.

Incubation buffer C (0.05 M citrate + 0.05 M phosphate):
Incubation buffer B was diluted 1:1 with demi water. The pH was checked and corrected if

necessary. This solution was used for the glucose calibration curve.

Substrate preparation (1 %):

Under strong stirring 1g of CMC was slowly added to 100 ml of demi water. Vigorously
stirring was continued for at least one hour followed by a treatment with an ultraturrax during
30 seconds.

Enzyme solution:
The enzyme sample was dissolved and diluted in incubation buffer A to an activity of about

0.05 U/mi (half-way the glucose calibration curve).

Colour reagent (5%):
5 g PAHBAH was dissolved in 80 ml of 0.5 N HCI, after which the solution was filled up to
100 ml with 0.5 N HCI. Prior to use, one part of the PAHBAH solution was diluted with four

" parts of 0.5 N NaOH.

Calibration curve:

Stock solution # 1: 1000 mg glucose was dissolved in 100 ml demi water (10 mg/ml).

Stock solution # 2: 0.5 ml stock solution #1 was diluted with 9.5 ml incubation buffer C
of the pH concerned (0.5 mg/ml).
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The following titration scheme was used:

0 oul 1000 pi
0.05 - 200l 800 pi
0.1 400 pl 600 pl
0.15 600 ul 400 pl
0.2 800 pi 200 pi
0.25 1000 pl oul

Assay procedure:

(1)
@)
()
(4)
©)
6)
@)
(8)

)

test tubes of the glucose standards, controls, samples and blanks were filled with 0.5 ml
of substrate (1%) and 0.5 ml incubation buffer B of desired pH and placed in a
waterbath of the desired temperature;

the solutions were pre-incubated for 10 minutes;

every 15 seconds 100 pl glucose standard, control or sample was added to the tubes
with substrate;

the solutions were vortexed for 3 seconds and placed back in the waterbath;

each sample was incubated for 30 minutes;

the enzyme reaction was stopped by adding 3 ml of the PAHBAH reagent;

the resulting solutions were vortexed for 3 seconds and placed in a rack outside the
waterbath;

when all tubes were stopped, 100 ul of sample was added to the blank tubes
concemed and vortex 3 seconds;

the samples were placed for 15 minutes in a boiling water bath;

(10) the resulting samples were cooled down in cold tap water for 5 to 10 minutes and then

revortexed for 3 seconds;

(11) the absorbance of the mixture was measured at 410 nm with water as reference.

The results are shown in Fig. 3. As shown in Fig. 3, the pH optimum of the 36 kD

cellulase is about 8 at 40°C and 7 at 60°C.
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SEQUENCE LISTING

(1) GENERAL INFORMATION

(i) APPLICANT: Jones, Brian E.
Van Der Kleij, Wilhelmus A.H.
Van Solingen, Piet
Weyler, Walter

(ii) TITLE OF THE INVENTION: Novel Cellulase Producing
Actinomycetes, Cellulase Produced Therefrom and Method of Producing Same

(iv) CORRESPONDENCE ADDRESS:

(iii) NUMBER OF SEQUENCES: 3

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Genencor International, Inc.
(B) STREET: 925 Page Mill Road
(C) CITY: Palo Alto
(D) STATE: California
(E) COUNTRY: USA
(F) 2IP: 94304-1013

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Diskette
(B) COMPUTER: IBM Compatible
(C) OPERATING SYSTEM: DOS
(D) SOFTWARE: FastSEQ for Windows Version 2.0

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: 09/104,308
(B) FILING DATE: 24-JUN-1998

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: 08/974,042
(B) FILING DATE: 19-NOV-1997

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Stone, Christopher L.
(B) REGISTRATION NUMBER: 35,696
(C) REFERENCE/DOCKET NUMBER: GC539

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 650-846-7555
(B) TELEFAX: 650-845-6504

(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 371 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Met Arg Ser His Pro Arg Ser Ala Thr Met Thr Val Leu Val Val Leu
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Ala
Gln
val
Val
65

Thr
Tyr
Ile
vVal
Asn
145
Pro
Arg
Ser
Asp
Tyr
225
Gly
Asn
Thr
Thr
Ala
305
Ser
Ala

Ala

Thr

Ser
Gln
val
50

Thr
Asn
Gly
Gly
Tyr
130
Gly
val
Ser
Phe
Phe
210
Leu
Leu
Gly
His
Gly
290
Gly
Gly
Asn

Gly

vVal
370

Leu
Ile
35

Gln
Gly
Gly
Asn
Ser
115
Asn
Val
Gln
Trp
Leu
195
val
Thr
Ala
Gly
Thr
275
Ser
His
Ala
Gly
Phe

355
Arg

Gly
20

Cys
Asn
Asn
Ala
Cys
100
Ala
Ala
Asn
Pro
Glu
180
Ala
Asp
Ser
Val
Thr
260
Trp
Thr
Thr
Val
Gly

340
Thr

Ala
Asp
Asn
Gly
Pro
85

Ala
Pro
Ala
Arg
Ile
165
Val
Pro
Gln
Ile
Asn
245
Pro
Pro
Pro
val
Thr
325

Thr

Ala

Leu
Arg
Arg
Phe
70

Lys
Pro
Ser
Tyr
Thr
150
Gly
Trp
Ser
Ala
Gln
230
Ser
Gly
Gly
val
Thr
310
Ala

Gln

Pro

Leu
Tyr
Trp
S5

Glu
Ser
Arg
Ser
Asp
135
Glu
Ser
Thr
Ala
Val
215
Ala
Phe
Thr
Gly
Asp
295
Ser
Arg

Ser

Ala

Thr
Gly
40

Gly
Ile
Tyr
Thr
val
120
Ile
Ile
Pro
Gly
Ile
200
Ser
Gly
Ser
Pro
Phe
280
Gly
val
Ser

Phe

Gly
360

I

Ala
25

Thr
Thr
Thr
Pro
Thr
105
Ser
Trp
Met
Val
Ser
185
Ser
His
Phe
Ser
Ala
265
Thr
Trp
Trp
Thr
Gly

345
Ala

(2) INFORMATION FOR SEQ ID

(i) SEQUENCE CHARACTERISTICS:
1116 base pairs

(A)

(B) TYPE:
(C) STRANDEDNESS:
(D) TOPOLOGY:

LENGTH:

nucleic acid

single
linear

10
Ala

Thr
Ser
Gln
Ser
90

Leu
Tyr
Leu
Ile
Gly
170
Asn
Ser
Gly
Glu
Ala
250
Ala
vVal
Glu
Asn
Gly
330

Phe

Arg

Ala
Thr
Ala
Ala
75

Vval
Pro
Arg
Asp
Trp
155
Thr
Gly
Trp
Leu
Pro
235
Val
Cys
Asp
Leu
Ala
315
Ser

Gln

Leu

NO:2:

Pro
Ile
Thr
60

Asp
Tyr
Met
Tyr
Pro
140
Phe
Ala
Ser
Ser
Ala
220
Trp
Asn
Gln
Thr
Asp
300
Leu
Asn

Gly

Asn

Ala
Gln
45

Gln
Gly
Asp
Arg
Thr
125
Thr
Asn
His
Asn
Phe
205
Thr
Glu
Ala
val
Thr
285
Phe
Ile
Gly

Thr

Gly
365

Gln
30

Asp
Cys
Ser
Gly
Ile
110
Gly
Pro
Arg
Val
Asp
190
Asp
Pro
Gly
Gly
Ser
270
Ile
Thr
Ser
Arg
Ser

350
Thr

15
Ala

Arg
Ile
Val
Cys
95

Ser
Asn
Arg
Val
Gly
175
Val
Val
Asp
Gly
Gly
255
Tyr
Thr
Leu
Pro
Ile
335

Ser

Ser
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Asn
Tyr
Asn
Pro
80

His
Ser
Gly
Thr
Gly
160
Gly
Ile
Lys
Trp
Thr
240
Gly
Ser
Asn
Pro
Ala
320
Ala
Gly

Cys
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(xi)

ATGAGATCCC
GCGCTGCTCA
ACCACCACGA
CAGTGCATCA
ACCAACGGCG
GCGCCCCGCA
TCCTACCGCT
ACACCCCGCA
CCGGTCCAGC
GTGTGGACCG
AGCAGCTGGA
ACCCCGGACT
GGTCTGGCCG
CCGGGGACAC
ACCGTCGACA
TTCACCCTCC
TCGGGCGCGG
ACCCAGTCCT
GCCCGGCTCA

SEQUENCE DESCRIPTION:

ATCCCCGCTC
CCGCAGCGGC
TCCAGGACCG
ATGTGACCGG
CCCCGARAGTC
CGACGCTGCC
ACACCGGCAA
CCAACGGGGT
CCATCGGTTC
GCAGCAACGG
GCTTCGACGT
GGTACCTCAC
TGAACTCGTT
CGGCGGCCTG
CCACCATCAC
CCGCCGGTCA
TCACGGCACG
TCGGTTTCCA
ACGGCACCTC

CGCGACGATG
TCCCGCCCAG
GTACGTGGTG
CAACGGTTTC
CTATCCCTCG
CATGCGGATC
CGGCGTCTAC
GAACCGGACC
GCCGGTCGGC
TTCGAACGAC
CAAGGACTTC
CAGCATCCAG
CTCCTCCGCG
CCAGGTCTCC
CAATACCGGC
CACGGTCACC
CAGCACCGGC
GGGCACCTCC
CTGCACAGTG

(2) INFORMATION FOR SEQ

-3 -

SEQ ID NO:2:

ACCGTCCTCG
GCGAACCAGC
CAGAACAACC
GAGATCACCC
GTCTACGACG
AGCTCGATCG
AACGCCGCGT
GAGATCATGA
ACGGCCCACG
GTGATCTCCT
GTCGACCAGG
GCGGGCTTCG
GTGAACGCCG
TACAGCACCC
TCCACACCCG
AGCGTGTGGA
TCCAACGGCC
AGCGGAGCGG
AGATGA

ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
LENGTH: 463 base pairs

()
(B)
()
(D)

(xi)

GAACGCTGGC
TTAGTGGCGA
GGAAACTGGG
CGGCGGTGCA
GCGACGACGG
AGACTCCTAC
GACGCCGCGT
TTCGGGTGAC

TYPE:

nucleic acid

STRANDEDNESS: single

TOPOLOGY:

linear

SEQUENCE DESCRIPTION:

GGCGTGCTTA
ACGGGTGAGT
TCTAATACCG
GGATGAGCCC
GTAGCCGGCC
GGGAGGCAGC
GAGGGATGAC
GGTACTGCAG

ACACATGCAA
AACACGTGGG
GATATGACAC
GCGGCCTATC
TGAGAGGGCG
AGTGGGGAAT
GGCCTTCGGG
AAGAAGCACC

TCGTCCTGGC
AGATCTGCGA
GCTGGGGCAC
AGGCCGACGG
GCTGCCACTA
GCAGCGCGCC
ACGACATCTG
TCTGGTTCAA
TCGGCGGCCG
TCCTGGCGCC
CCGTCAGCCA
AGCCGTGGGA
GGGGCGGGAXA
ACACCTGGCC
TCGACGGCTG
ACGCGCTGAT
GGATCGCGGC
GGTTCACCGC

SEQ ID NO:3:

GTCGAACGAT
CAATCTGCCC
ACGACCGCAT
AGCTTGTTGG
ACCGGCCACA
ATTGCACAAT
TTGTAARACCT
GGCTAACTAC

GAAGCCGCTT
TGCACTCTGG
GGTCTGTGTG
TGGGGTAATG
CTGGGACTGA
GGGCGARAAGC
CTTTCAGCAG
GTG
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CTCGCTCGGC
CCGCTACGGC
CAGCGCCACC
TTCGGTGCCG
CGGCAACTGC
CAGCAGTGTC
GCTGGACCCG
CCGGGTCGGC
CAGCTGGGAG
CTCCGCGATC
CGGCCTGGCC
GGGCGGCACC
CGGCGGCACT
CGGCGGCTTC
GGAACTGGAC
CAGCCCCGCC
CAACGGCGGG
ACCGGCCGGG

CGGTGGTGGA
GACAAGCCCG
TGGAAAGCTC
GCCTACCAAG
GACACGGCCC
CTGATGCAGC
GGAAGAAGCT

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1116

60
120
180
240
300
360
420
463
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A purified cellulase comprising the amino acid sequence provided in SEQ.
ID. NO:1 or a derivative thereof having cellulolytic activity and having at least 90%
sequence identity to SEQ. ID. NO:1.

2. The cellulase according to claim 1, wherein said cellulase is encoded by a
DNA sequence which is selected from the group consisting of DNA which
corresponds in sequence to SEQ. ID. NO:2, DNA which has at least 76%
sequence identity to SEQ. ID. NO:2 and DNA which hybridizes to a second DNA
molecule comprising at least a portion of the sequence according to SEQ. ID.

NO:2 under conditions of low stringency.

3. The cellulase according to claim 1, wherein said cellulase comprises the

amino acid sequence provided in SEQ. ID. NO:1.

4, The cellulase according to claim 1, wherein said cellulase is obtainable

from an Actinomycete.

S. A DNA which encodes a cellulase according to claim 1.
6. A DNA which encodes a cellulase according to claim 2.
7. A method of producing a cellulase comprising the steps of:

(a) isolating a DNA molecule according to claim 5;

(b)  transforming said DNA into a suitable organisms for expression;

(c) growing said transformed organism under conditions suitable for
expression of said DNA encoding said cellulase;

(d) collecting the resulting aqueous mixture comprising said cellulase.

8. The method according to claim 7, wherein said cellulase is further purified

from said aqueous mixture.
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9. The method according to claim 7, wherein said organism comprises

Bacillus sp.

10. A detergent composition comprising the cellulase according to claim 1.

11. A detergent composition compriéing the cellulase according to claim 2.

12.  The use of the cellulase according to claim 1 as an additive for animal feed.
13.  The use of the cellulase according to claim 1 for the treatment of textiles.

14. The use of the cellulase according to claim 1 in the treatment of pulp and

paper.
15. A cellulase produced according to the method of claim 7.

16. A cellulase according to claim 1 substantially as hereinbefore described

with reference to any one of the examples.

17. A method of producing a cellulase according to claim 7 substantially as
hereinbefore described with reference to any one of the examples.

DATED: 7 May 2002

PHILLIPS ORMONDE & FITZPATRICK

Patent Attorneys for:
GENENCOR INTERNATIONAL, INC.
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MRSHPRSATMTVLVVLASLGALLTAAAPAQANQQICDRYGTTTIQDRYVVQNNRWGTSATQCIN
VTGNGFEITQADGSVPTNGAPKSYPSVYDGCHYGNCAPRTTLPMRISSIGSAPSSVSYRYTGNG
VYNAAYDIWLDPTPRTNGVNRTEIMIWFNRVGPVQPIGSPVGTAHVGGRSWEVWTGSNGSNDVI
SFLAPSAISSWSFDVKDFVDQAVSHGLATPDWYLTSIQAGFEPWEGGTGLAVNSFSSAVNAGGG
NGGTPGTPAACQVSYSTHTWPGGFTVDTTITNTGSTPVDGWELDFTLPAGHTVTSVWNALISPA
SGAVTARSTGSNGRIAANGGTQSFGFQGTSSGAGFTAPAGARLNGTSCTVR

FIGURE 1
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ATGAGATCCCATCCCCGCTCCGCGACGATGACCGTCCTCGTCGTCCTGGCCTCGCTCGGCG
CGCTGCTCACCGCAGCGGCTCCCGCCCAGGCGAACCAGCAGATCTGCGACCGCTACGGCA
CCACCACGATCCAGGACCGGTACGTGGTGCAGAACAACCGCTGGGGCACCAGCGCCACCC
AGTGCATCAATGTGACCGGCAACGGTTTCGAGATCACCCAGGCCGACGGTTCGGTGCCGAC
CAACGGCGCCCCGAAGTCCTATCCCTCGGTCTACGACGGCTGCCACTACGGCAACTGCGC
GCCCCGCACGACGCTGCCCATGCGGATCAGCTCGATCGGCAGCGCGCCCAGCAGTGTCTC
CTACCGCTACACCGGCAACGGCGTCTACAACGCCGCGTACGACATCTGGCTGGACCCGACA
CCCCGCACCAACGGGGTGAACCGGACCGAGATCATGATCTGGTTCAACCGGGTCGGCCCG

GTCCAGCCCATCGGTTCGCCGGTCGGCACGGCCCACGTCGGCGGCCGCAGCTGGGAGGT
GTGGACCGGCAGCAACGGTTCGAACGACGTGATCTCCTTCCTGGCGCCCTCCGCGATCAG
CAGCTGGAGCTTCGACGTCAAGGACTTCGTCGACCAGGCCGTCAGCCACGGCCTGGCCAC
CCCGGACTGGTACCTCACCAGCATCCAGGCGGGCTTCGAGCCGTGGGAGGGCGGCACCG
GTCTGGCCGTGAACTCGTTCTCCTCCGCGGTGAACGCCGGGGGCGGGAACGGCGGCACTC
CGGGGACACCGGCGGCCTGCCAGGTCTCCTACAGCACCCACACCTGGCCCGGCGGCTTCA
CCGTCGACACCACCATCACCAATACCGGCTCCACACCCGTCGACGGCTGGGAACTGGACTT
CACCCTCCCCGCCGGTCACACGGTCACCAGCGTGTGGAACGCGCTGATCAGCCCCGCCTC
GGGCGCGGTCACGGCACGCAGCACCGGCTCCAACGGCCGGATCGCGGCCAACGGCGGGA
CCCAGTCCTTCGGTTTCCAGGGCACCTCCAGCGGAGCGGGGTTCACCGCACCGGCCGGGG
CCCGGCTCAACGGCACCTCCTGCACAGTGAGATGA

FIGURE 2
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GAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAG
CCGCTTCGGTGGTGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCA
CTCTGGGACAAGCCCGGGAAACTGGGTCTAATACCGGATA - TGACACACGACCGCATGGT
CTGTGTGTGGAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGG
GGTAATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTG
GGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGG
CGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTT
TCAGCAGGGAAGAAGCTTTCGGGTGACGGTACTGCAGAAGAAGCACCGGCTAACTACGTG

FIGURE 6



