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DETERGENTS COMPRISING CELLULASES

The present invention relates to the use of novel cellulases with improved properties in
detergents and agueous laundry solutions. The invention further relates to detergents

and detergent additives comprising the novel cellulase.

Cellulases, also called celiulolytic enzymes, are enzymes which are capable of the
hydrolysis of the -D-glucosidic linkages in celluloses. Celluloiytic enzymes have been
divided traditionally into three classes: endogiucanases, excglucanases or cellobio-
hydrolases and R-glucosidases (Knowles, J. et al. (1987), TIBTECH 5, 255-261).
Cellulolytic enzymes can be produced by a large number of bacteria, yeasts and fungi.
Microorganisms that produce cellulases are described in for exampie GB-A-2094826.

Several applications have been developed for the use of cellulolytic enzymes:
- degrading {(woodjcellulose pulp into sugars for (bio)ethanel production;
- several textile treatments fike 'stone washing' and 'biopotishing';

- application in detergent compositions.

The use of cellulases in detergent compositions started with cellulases capable of
reducing the harshness, i.e. softening, of cotton containing fabrics, as described in for
example GB-B-1358588.

it is further known that detergent compositions comprising cellulases are effective in
removing dirt, i.e. cieaning. The efficiency of cellulolytic enzymes, cellulases, in terms of
cleaning textile has been recognized for some time. GB-A-2075028, GB-A-2095275 and
GB-A-2084B26 disclose detergent compositions with cellulase for improved cleaning

performance.

It is aiso known in the art that cellulases can act as a colour clarifying agent in laundry
detergents. After repeated washing of soiled fabrics, cotton containing fabrics appear to
be greyish, most probably due to disrupted fibres caused by mechanical action. The
fibres are torn up resulting in disordered fibres which are broken. The use of cellulases
as colour clarfication agents for coloured fabrics has been described in EP-A-0220016.
Actualiy cellulase mixtures from the fungat strain Humicola insolens (DSM 1800) are
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commonly used in detergents to result in antipiling and colour revival properties. The
celluloiytic enzyme system produced by the wild type microorganism is available under
the trade name of Celiuzyme® by Novo-Nordisk. In addition a cloned (single) cellulase

from the same origin under the trade name Carezyme® is aiso used in detergents.

The main disadvantage of the cellulases known in the art showing colour clarification is
that these enzymes agressively degrade the celiulose containing fabrics which results in

damage by undesirable loss of tensile strangth of the fabrics.

On the other hand cellulases known in the art showing good tleaning properties show
nardly any colour clarfication effects. The first commercial detergent with cellulases in
the world contained a bacterial cellulase. This enzyme represents an above mentioned
alkaline endoglucanase from a Bacillus species that does not attack celluiose fibers.
The enzyme is described to give a cleaning effect during washing. No effects with

respect to anti-pilling or colour revival have been described for this enzyme.

From the above it will become clear that it is still desirable to provide for improved
cellulases in detergent applications. Using mixtures of cellulases, as suggested in
intemnational patent application W0-A-95/02675, is supposed to provide the above men-
tioned performances in laundry washing, but to our knowledge it has not previously
been possible to use single enzymes providing all these characteristics when applied in

laundry washing.

Surprisingly it has been found that the use of cerlain single cellulases which are
capable of cleaning, antiredeposition, colour clarification and antipiiling performance in
laundry washing does not at all resuit in unacceptable damage to the textiles washed.

Accordingly, the present invention relates to the use of a single cellulase with a ratio of
tensile strength loss (TSL, as herein definded) to antipiling praperties (AP, as herein

defined) below 1 in aqueous laundry solutions.

To measure tensile strength loss is a way to measure damage caused by mechanical
stress ar enzymatical action on fibers. It is to be understood that for the purpose of the

present invention cotton fiber has to be used The method measures the tensile

1
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strength of single fibers under wet conditions. It is described in the German Standard
DIN 53, B57, part 1, as well as in the International Standard |SO 2267

As the effect normally shows up in a significant amount oniy after about 20 to 25 wash
cycles, there is always some tensile strength loss due to the mechanical forces acting
on the cotton fiber during the washing process. Therefore the tensiie strength loss of a
control fabric washed without cellulases using the same formulation of detergent and
the same type of washing machine and washing programme has to be subtracted. To
calibrate the vaiues, a preparation of the (single) endoglucanase V from Humicola
insolens (EG V) in equal amounts ¢f enzymatic protein in the detergent is used as a
standard and the value of the tensile strength loss for this sample minus the control
value of detergent without cellulase is taken as a TSL of 100%. This cellulase EG V has
besn descriped for example in the intematicnal patent application WQC 81/17243. The
amount ¢f protein can be measured for example by using the BCA Pierce method as
described by R.E. Brown et al in Anal. Biochem. 198¢, vol. 180, p. 136 - 139.

A preparation of an above mentioned Bacillus celiulase available from Kao Corp. under
the trade mark KAC® 500 or KAC® 700 may be used as comparison, resulting in
general in a very low tensile strength loss as compared to the control washing

experment with nc cellulase present.

The attack of celiuiases on protruding microfibrils, pills and cotton fluff on the surface of
a cotton fabric resuits in an optically visibie remeval of that pills. To test the effect,
washings are to be performed using a detergent with and without cellulase, as
described for the detremination of TSL. The antipiling effect, toc, can best be seen
after an increasing number of wash cycies. Therefore a number of 15 to 40 wash cycles
are generally used to demonstrate this effect of celiulases.

There are three different methods that can be used for quantification of this effect:

1. visuat evaluation by a test group {panel)
2. measurement of light reflection (L-vaiue of the CIELAB-system)
3 determination of the cotton fluffs by means of optical measurement

The determination using the L-value of the CIELAB-system [Commission Intemationale
de 'Eciairage] was described by U. Hotz in Tenside Surf. Det. 1993, vol. 30, page 388,
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The optical measurement system, which is used in the preferred method of determining
the antpiling properties, usually consists of a light source, a microscope ube and a
CCD colour camera recerding the light refiected from the surface of a fabnic. Depending
on the amount of pills and fiuff on the surface of the fabric the amount of reflected light
as measured by digital image analysis changes. Such a system can be used to
measure guantitatvely the amount of pill and fluff on fabrics, normally after 15 to 40
wash cycles depending on the type and activity of the cellulase added to the detergent.
An optical system which can be used to measure the degree of pilling has been
described by T. Maller-Kirschbaumn and H. Grundmann in SOFW, vol. 118 (1892), p.
483-499.

Whatever methed is used to determine the antipilling effect of the cellulase to be tested,
the standard cellulase EG V has to be tested under the same cenditions and it's effect
has to be determined by the same method, taking into account the vaiue resulting from
the use of the detergent without cellulase. The value obtained for EG V is taken as
AP =100 %.

As can be seen from this definition, the known cellulase EG V from Humicola insolens
has a ratio of TSL to AP of 1. As the above mentioned Bacillus cellulase available from
Kao Corp. under the trade mark KAC® 500 or KAC® 700 has a low AP and a very low
TSL, it can be seen that also the ratio for this cellulase is approximately 1, Cellulases
which may be used according to the invention, especially in detergents, have a ratio of
TSL to AP as much as possible below 1, preferably below 0.8 and more particularly in
the range of 0.001 to 0.5. A ratio of TSL to AP of for example 0.5 means that only 50 % of
tensile strength loss is seen at an enzyme concentration yielding the same antipiliing effect

as the standard cellulase.

The agueous laundry solution preferably comprises cellulase according to the definition
given above in concentrations of 0.01mgA to 0.2mgA, more particularly 0.015mgA to
0.1mg/. These concentrations refer 1o the weight of cellulolytic protein. In addition all
ingredients normally found in laundry sclutions can be present.

Another aspect of the present inventian is the use of a single cellulase with a ratio of
TSL to AP below 1 to provide an anti-greying effect to fabrics, especially coloured

fabrics.




WO 96/34092 PCT/EP96/01755

-5 .

In another aspect of the invention a single cellulase with a ratio of TSL to AP below 1 is

used ¢ provide a softening effect to fabrics.

The present invention also relates to the use of a single cellulase with a ratio of TSL to
AP below 1 to provide colour clarification or to inhibit colour deterioration of fabrics,

especially coloured fabrics.

The present invention further relates to the use of a single cellulase with a ratio of TSL
to AP below 1 to inhibit the wrinkling of fabrics and to ease the ironing of fabrics.

We found that the use of a singie cellulase according to the definition of the invention,
unlike previcusly known mixtures of cellulases which provide coiour clarification, does

not degrade cotton to an undesirable level causing tensile strength loss.

It is further found that in using a cellulase of the definition according to the invention,
uniike previousiy known ceilulases which provide colour clarification, the enzyme does

not accumulate on the fabric after repeated laundry washing.

In another aspect, the invention is directed to detergent compositions, detergent
additives and fabric softener compasitions comprising a singie cellulase according to

the definition given above.

As noted before, the present invention generally relates to the use of novel cellulases.
However, prior to disclosing this invention in more detail, the following terms will be
defined:

.Cellulase" is a generic name for enzymes acting on cellulose and its derivatives, and
hydrolysing them into glucose, cellobiose or celiooligaosaccharides.

The term ,single* cellulase used herein is intended to mean a cellulase which is

produced by one gene.

.Obtainable from" an organism in connection with a cellulase means that such cellulase
has an amino acid sequence which corresponds to the amino acid sequence of a

cellulase which may be obtained from that organism.
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,Dernvative" 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-terminai 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 a derivative is usually 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
protein. The derivative of the invention includes peptides comprising altered amino acid
sequences in comparison with a precursor enzyme amine 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 tempertature resistance but will retain its
characteristic cellulase activity. Derivatives also includes chemical modifications of

amino acid residues within the enzyme molecule,

JHost cell" means a cell which has the capacity to act as a host and expression vehicle
for a recombinant DNA vector comprising DNA which encodes for the naiive protein or a

derivative.
The term ,cleaning” means the removal of dirt attached to laundry.

The term ,pilling" in this respect is the formation of pills and fuzz on the surface of
cotton containing fabrics due to broken or disordered fibres.

The term ,antipilling* is used to describe the prevention of the formation of pills and fuzz
on the surface of cotton containing fabrics as well as the removal of pilis and fuzz from
cotton containing fabrics. Antipilling normally results in colour clarification when

coloured cotten containing fabrics are treated,

The term colour clarification® in this respect is the reestablishment of the attractive
fresh look of coloured fabrics containing or consisting of cellulose based fibres, which
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have developed a greyish appearance by treatment, especially with laundry detergents,

of the coloured fabric.

The term redeposition” in this respect is deposition of dirt or cofour components that
were removed from these textiles or fabrics during a laundry washing or textile

treatment.

The term .antiredeposition* in this respect is the action of cellulase to prevent or

diminish the redeposition of dirt and colour components on the fabric.

By a ,laundry solution" is meant an agueous solution used for washing, rinsing or

conditioning, e.g. softening, fabrics.

In a preferred aspect, the present invention relates to the use of a cellulase which is
obtainable from mic‘roorganisms which are deposited according to the Budapest Treaty
on the International Recognition of the Deposits of Microorganisms for the Purposes of
Patent Procedures, at the Centraal Bureau voor Schimmelcultures, Baarn, The
Netherlands on December 23, 1983 under deposition numbers CBS 669.93 and
CBS 670.93 (described in international patent application WO-A-85/18219). This strains

have been ciassified as new species of the genus Bacillus, which do not belong to any

of the presently known rRNA-groups of Bacillus As used herein, the deposited species
will be referred to as CBS 869.83 and CBS €70.93.

The microorganisms may be obtained for exampie from water and soil samples
collected in alkaline environments such as alkaline scils and soda lakes.

The microorganisms have subsequently been screened using a carboxymethyl cellulose
(CMC)-agar diffusion assay. Strains which showed a clearing zone in this test were
isolated as potential cellulase producing strains. Genomic gene libraries of the alkali
tolerant celiulase producing strains were constructed. Recombinant clones were
screened by agar diffusion on CMC-agar. Recombinant clones that showed clearing
zones around the colony were isolated. Single cellulases were produced by
fermentation of the recombinant clones in 4*YEP-medium for 48 hours at 30°C. The
cbtained single cellulases, optionally purified as described in Example 1, were tested in

the tests defined above to measure TSL ang AP,
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Surprisingly it was found that the cellutases obtaingble from CBS 670.93 or CBS 689.93
show & good performance in both tesls and have a ratio of TSL 10 AP below 1.

in a prefered smbodiment of the invention, &n approximatsly 50 kD cellulase
(calculated on the basis of the aminc acid sequence {SEQ 1D No. 2) of the mature
protein) derived trom GBS 670.93 (referred 10 as BCE 103" herein) is used. It'has been
revealed by analyzing the gene encoding the amine acid sequenca of the approximately
50 kD celiulase that this cellutase is B9% identical in sequence and 92.5% similar in
saquance 1o the cellulase CelA of Bacillus sp. Ne4 (Fukumoti et al., J. Bacter., vol. 168,
pp. 475-485) by using the TFastA program (Sequence Analysis Softwars Package 6.0
. of Genetic Computer Group. University of Wisconsin, Bictechnology Center, Madison,
' Wisconsin) as described by Pearson and Lipman in Proc. Nat. Acad. Sci., vol. 85, pp.
. "' 9444-2448 (1988). The amino acid sequence of BCE 103 is given in SEQ. ID. No. 2.
{1 The present invention turther encompasses the use of callulases with an amino acld
sequence which have greater than 89 %, preferably greater than 95 % sequence
b identity and/or greater than §2.5 %, praferably greater than ©7 % sequence similarity
thereto, and detergents comprising such a cellulase.

In an equally preferred embodiment of the invention, n approximately 63 kD celiuiase
{calculated on the basis of amino acid sequence of the mature protein) derived from
CBS 669.53 (referred to nerein as JBCE 1137 is used. it has been revéaled by
analyzing the gene encoding the amino acid sequence of the approximately
s e, €3 kD caliulase that this celiulase is 58 % identical in sequence and 72 % similar in |
i sequence to the cellulase CelB of Bacillus lautus (Jorgensen at al, Gene, vol. 83 (1890),
p. 55-80) by using the TFastA program (Sequencs Anglysis Software Package 6.0 of
Genetic Computer Group, University of Wisconsin, Biotechnology Center, Madison,
Wisconsin) as described by Pearson and Lipman in Proc. Nat. Acad. Sci., vol. 85
(1090), p. 2444-2448. The amino acid sequence of BGE 113 is given in SEQID No.3.
The present invention further encompasses the use of celiulases with an smino acid
sequence which have greater than 58 %, preferably gragter than 80 % and more
particulary greater than 80 % sequence [dentity and/or greater than 72 %, preferably
greater than 80 % and more particutarty greater than 50 % sequence similarity thereto.

and detergents comprising such a cellulase.
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A cellulase which may be used in detergents according to the present invention in
addition to having a ratio of TSL to AP below 1 usually performs well in the
Antiredeposition Test as described in Example 4, Whiteness maintenance of white
fabric is measured by a reflectance measurement. The higher the reflectance value, the
more effective the tested celiulase is in antiredeposition performance. They also
perform well in the Softening Test as described in Example 4. Depilling is the removal of
fibrils and/or microfibers that are disordered andfor broken which usually make a
coloured cotton containing fabric look greyish. The more disordered and/or broken fibrils
are removed the better the coloured cofton containing fabrics look. Depilling
effectiveness can be judged by panels or can be quantified by an image analysis
system, as specified above for the measurement of AP. Cellulases which fulfil the
requirement of the ratic defined above usually exhibit the following properties: They
show a delta REM of at least 4 units, preferably at least 5 units, in the Anti Redeposition
Test as defined in the Examples, and they show a depilling result which is at least
comparable to that of the cellulase obtainable from CBS 6§70.93.

The cellulases which can be used according to the present invention may be preduced
by a process which can be developed using genetic engineering. As a first step the
gene encoding the cellulase of the present invention can be cloned using A-phage
(expression) vectors and E. coli host cells. Aiternatively PCR clening using consensus
primers designed on conserved domains may be used. Expression of the gene
encoding the cellulase of the present invention in E. coli is shown to give an active

protein.

After a first cloning step in E. coli, a cellulase gene can be transferred to a more
preferred industrial expression host such as Bacillus or Streplomyces species, a
filamentous fungus such as Aspergillus, of a yeast. High level expression and secretion

obtainable in these host organisms aliows accumulation of the celiuiase of the invention

in the fermentation medium from which they can subsequently be recovered.

Cellulases according to the invention are preferably used in amounts of 8- 10° % by
weight (0.8 ppm) to & 10" % by weight (80 ppm), more particulary 1 10™ % by weight
(1 ppm} to 4 107 % by weight (40 ppm), referring to the cellulolytic protein, in
detergents. Detergent compositions comprising a cellulase defined according to the

invention may additionally comprise surfactants which may be of the arionic, non-ionic,

w
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cationic, amphoteric or zwitterionic type as well as mixtures of these surfactant classes.
Detergent compositions of the invention may contain other detergent ingredients known
in the art, as e.g. builders, bleaching agents, bieach activatars, anti-corrosion agents,
sequestering agents, soil release polymers, perfumes, other enzymes, enzyme

stabilizers, etc.

Suitable builders are in particular those from the classes of polycarboxylic acids, more
particularly polymeric acrylic acids, methacrylic acids, maleic acids, copolymers thereof and
oxidized carbohydrates, as described in intemational patent application WO-A-93/16110,
layer silicates, more particulary bentonites, alumosilicates, more particularly zeolites,
crystalline or amerphous alkali metal silicates, more particulary sodium silicate, and alkali
metal carbonates. more particularly sodium carbonate. The polycarboxylic acids mentioned
are normally used in the form of their atkali metal salts, more particularly in the form of their
sodium or potassium salts. The zeoiites preferably incorporated are in particular those of
the A, P or X type or mixtures thereof. Prefermed alkali metal silicates are those with molar
ratios of SiO; to alkali metal oxide of 1.5 to 3.0. Builders such as these are preferably
present in detergents according 1o the invention in quantities of 20% by weight to 80% by
weight.

Nonicnic surfactants may be present in the detregents according 1o the invention, preferably
in quantities of not mare than 10% by weight and, more preferably, in quantities of 2% by
weight to 6% by weight, based on the detergent as a whole. Suitable nonionic surfactants
are alkyl polyglycosides containing 10 to 22 carbon atoms in the alkyl component and
alkoxylates, particularly ethoxylates and/or propoxylates, of insar or branched Cioz and
preferably Cqz.4s alcohols. The degree cf alkoxylation of the alcohals is betwean 1 and 20
and preferably between 3 and 10. They may be prepared in known manner by reaction of
the camesponding alcohols with the comesponding alkylene oxides. The fatty aicohol
derivatives are particularly suitable, although their branched-chain isomers, more particularly
so-called oxoalcohols, may be used for the production of useable alkoxylates. Accordingly,
the ethoxylates of primary aicohols containing linear dodecyl, tetradecyl, hexadecyl or
octadecy! radicals and mixtures thereof are particularly useful. in addition, corresponging
ethoxylation and/or propoxylation products of alkyl amines, vicinal diols and carboxylic acid
amides, which comespond to the aicohols mentioned in regard o the alkyl component, and
of alkyl phenols containing 5 to 12 carbon atoms in the alkyl component may also be used.

[l
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Suitable anionic surfactants are in particular those of the sulfate or sulfonate type, although
other types, such as s0aps, long-chain N-acy! sarcosinates, salts of fatty acid cyanamides or
salts of ether carboxylic acids, which may be obtained from long-chain alkyl or alkyl pheny!
polyglycol ethers and chioroacetic acid, may also be used. The anicnic surfactants are
preferably used in the form of the sodium salts. Surfactants are preferably present in
quantities of 2% by weight to 30% by weight and more preferably in quanttties of 5% by
weight to 20% by weight.

Particularly suitable surfactants of the sulfate type are the sutfuric acid monoesters of long-
chain primary alcohols of natural and synthetic origin containing 10 to 20 carbon atoms, ie.
the sulfuric acid menoesters of fatty alcohols such as, for example, coconut oil fatty alcohols,
tallow fatty aicohols, oleyl alcohol, or the Cipay ox0alcohols and those of secondary alcohols
of the same chain length. The sulfuric acid monoesters of aliphatic primary alcohols,
secondary alcohols and alkyl phenols ethoxylated with 1 to 6 mol ethylene oxide are
particularty suitable. Sulfated fatty acid alkanolamides and sulfated fatty acid

monoglycendes are also suitabie.

The sulfcnate-type surfactants are primarily the alkylbenzene sulfonates containing Cois
alky! groups, sulfosuccinic acid monoesters and diesters containing 6 to 22 carben atoms in
the alcohol components and the esters of a-sulfofatty acids, for example the a-sulfonated
methyl or ethyl esters of hydrogenated coconut oil, palm kemel oil or tallow fatty acids. Other
suitable surfactants of the sulfonate type are the akkane sulfonates obtainable from Ciz.s
alkanes by sulfochlorination or sulfoxidaton and subsequent hydrolysis or neutralization or
by addition of bisulfite onto olefins and also olefin sulfonates, i.e. mixtures of alkene and
hydroxyalkane sulfonates and also disulfonates which are obtained, for example, from long-
¢hain monoalefins with a terminal o intema double bond by sulfonation with gaseous sulfur
trioxide and subsequent alkaline or acidic hydrolysis of the sulfonation products.

Bleaching agents are preferably selcted from the type containing peroxygen, as hygrogen
peroxide, alkali perborate, alkali percarbonate, alkali persilicate and/or alkali persulfate.
Particularly preferred are sodum perborate monohydrate and sodium percarbonate.
Bleaching agents may be present in amounts of 5% by weight to 25 % by weight, more
particularly 7 % by weight to 20 % by weight.
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Bleach activator compounds include in particular N- or O-acyl compounds, for example
polyacylated alkyiene diamines, more particularly tetraacetyl ethylene diamine, N-acylated
triazines, more particulary 1,5-diacetyF2 4-gioxohexahydro-1,3,5-triazine,  acylated
glycolurils, more particularly tetraacetyl glycoluril, N-acylated hydantoins, hydrazides,
triazoles, urazoles, diketopiperazines, sulfuryl amides and cyanurates, also carboxylic
anhydrides, more particularly phthalic anhydride, carboxylic acid esters, more particularly
sodium isoncnanoyloxy benzene sulfonate, and acylated sugar derivatives, more particularly
pentaacetyl glucose. The bleach activator may be coated in the usual way with shel-
forming substances or may be granulated, optionally using granulation aids, and if desired
may contain other addiives, for example dye. A bleach activator which forms
peroxocarboxylic acids with 2 to 12 carbon atoms, in particular peroxoacetic acid, under the
washing conditions is preferably used. A particularly preferred bleach activator is tetraacetyl
ethylene diamine (TAED) granulated with carboxymethyl cellulose with average particle
sizes of 0.01 mm to 0.8 mm, which may be produced by the process described in European
Patent EP-B-0 037 026. in addition to the above mentioned bleach activators or even
subtituting them so-called bleach catalysts may be used, which are transition metal

complexes, for example as described in

Enzymes which may be present in the detergents according to the invention, in addition
1o the celiulase according to the definition, are proteases, lipases, cutinases, amylases,
pullulanases, other ceilulases, hemiceliulases, xylanases, oxidases and/or peroxidases.
They may be presnt in amounts up to 5 % by weight, preferably 0.2 % by weight to 2 %
by weight.

The detergent compositions of the invention may be formulated in any convenient form
e.0. as a powder or liguid. For the production of detergents with high apparent density
of e.g. 650 g/l to 950 g/l a method using an extrusion step, as described in European
patent EP-B-0 486 592, is preferred.

Fabric softening compositions comprising the inventive celiuiase may comprise further
to this cellulase cationi¢ surfactants, preferabiy of the so-called esterguat type, which
are capabie of fabric softening and which may increase the fabric softening properties

of the compositions.

v -



12a

Throughout the description and claims of the specification the word
“‘comprise” and variations of the word, such as “comprising” and “comprises” is

not intended to exclude other additives, components, integers or steps.
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Examples
Example 1: Production of cellulases
- Screening for cellulase producing microorganisms
Two methods ware applied for the isolation of celiulase-producing microorganisms:

1) the soil and water samples were suspended in 0.85% saline solution and directly
used in the carboxymethyl celiulose (CMC)-agar diffusion assay for detection of

cellulase producing colonies.

2) The soil and water sampies were enriched for celluiase containing strains by
incubation in a celiuiose containing liquid minimal medium or GAM-medium for 1 to 3
days at 4C°C. Cultures that showed bacterial growth were analyzed for cellulase
activity using the CMC-agar diffusion assay for detection of celiulase producing

colonies.
- Isolation of alkalitolerant, cellulase producing strains

Strains that showed clearing zones in the agar diffusion assay were fermented in 25
mililitre GAM-medium in 100 milllitre shake flasks in an incubator Shaker (New
Brunswick Scientific, Edison, NJ, USA), at 250 r.p.m. at 40°C for 72 hours. CMCase
activity was determined in the culture broth at pH ¢ and 40°C.

- Isolation of celiulase genes

Genomic gene libraries of the alkalitolerant cellulase producing strains were constructed
in plasmid pTZ18R (Mead, D.A., et ai. (1986) Protein Engineering 1, 67). Recombinant
clones were screened by agar diffusion on CMC-agar as described by Woed, P.J., et al.
(1988) Methods in Enzymology 160, §9-74. Strains that showed clearing zones around
the colony were isolated. The CMCase activity of the recombinant strains was
determined after fermentation for 48 hours at 30°C in 4*YEP-medium. The plasmid DNA
of the recombinant strains was isolated and the inserts were characterized by restriction

enzyme analysis and nucleotide sequence analysis.

e
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- Media

The minimal medium (pH §.7) used in the CMC-agar diffusion assay and the enrichment
procedure, consisted of KNQO; 1%, Yeast extract {Difco) 0.1%, KH,PQ, 0.1%,
MgSQ.7H;0 0.02%, Na;CO; 1%, NaCl 4% and 0,25% CMC (Sigma C-4888). For
solidificaton 1.5% agar was added.

The complex medium (GAM) used for enzyme production of the donor strains consisted
of Peptone (Difco} 0.5%, Yeast extract (Difco) 0.5%, Glucose H;O 1%, KH;PO, 0.1%,
MgS0.7HO 0.02%, Na,CO; 1%, NaCl 4%. The pH was adjusted to 9.5 with 4M HCI
after which 1% CMC was added.

The complex medium (4*YEP) used for the enzyme production in E. coli recombinant
strains consisted of Yeast extract (Difco) 4%, Peptone (Difco) 8%, lactose 0.2%,
100 pg/ml ampiciliine.

- CMC-agar diffusion assay for colonies

Cell suspensions in 0.85% saline solution were plated on CMC-containing minimal
medium. After incubation for 1 to 3 days at 40°C, the plates were replica plated and the
parent plate was flooded with 0.1% Congo Red for 15 minutes. The plates were
destained with 1M NaCl for 30 minutes. The strains that showed a clearing zone aroung

the colony were isolated as potential cellulases producing microorganisms.
- CMC-agar diffusion assay for liquid fractions

Aliquots of 40 pt of enzyme soiution or fermentation broth were pipetted in wells
punched out from a layer of 5 mm of minimal medium in a petri dish. After incubation for
16 hours at 40°C cellulase activity was detected by Congo Red / NaCl treatment. The

diameter of the clearing zone is @ measure for the CMCase activity.
« Resulting cellulase

These experiments resulted in the isolation of a cellulase producing microorganism
which was deposited thereafter as CBS 670.93. The microorganism was classified as a

£
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new species of the genus Bacillus. Cloning expenments with the CBS §70.93 strain as

a donor strain resulted in the isolation of an E. coli clone which was abie to produce a
cellulase called BCE 103. The nucleotide sequence of the gene coding for said
cellulase was analysed. From the cellulase BCE 103 the N-terminal amino acid
sequence was determined using standard methods for obtaining and sequencing
peptides (Finlay & Geisow (Eds.), Protein Sequencing - a practica! approach, 1988, IRL
Press). The amino acid sequence of the ceflulase was deduced from the nucleotide
sequence, using the N-terminal amino acid sequence for the starting point of the mature

protein.

The nucleotide sequence for BCE 103 is shown in SEQ 1D No. 1 and the aminc acid

sequence is shown in SEQ 1D Ne. 2.
- Purification of the cellulase

After the fermentation the cells were separated frem the cuiture liquid by centrifugation
{8000 rpm). The cellulase in the supematant was precipitated with ammonium sulphate
(65% saturation). The precipitate was dissolved in 25 mM phosphate buffer pH 7 + §
mM EDTA until a conductivity of 7 mS/cm. This solution was applied to a Q-Sepharose
FF (diameter 5 cm, length 10 ¢m) Anion Exchange column, after which the column was
washed with 25 mM phosphate buffer pH 7 + 5 mM EDTA until an absorbency of
0.2 AU. A gradient of 0 to 0.5 M NaCl in 25 mM phosphate pH 7 was applied to the
column in 80 minutes followed by a gradient from 0.5 to 1 M NaCl in 10 minutes.
Depending on which cellulase was applied to the column, elution tock piace in the first
or the second gradient. After elution the column was cleaned (upfiow) with 1 M NaCH
and equilibrated apain with 25 mM phosphate pH 7 + 5 mM EDTA. Depending on the
elution the obtained cellulase had a purity of up to about 80%.

- Characterization

CMC'ase assay

Assays for cellulase activity were performed using modified methods of the PAHBAH
method (Lever M. Anal. Biochem 1872, 47, 273-279 and Lever M. Anal. Biochem.
1977, 81, 21-27).
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Procedure

A test tube is filed with 250 pl 2.5% CMC in 50 mM glycine buffer pH 9 (CMC-low
viscosity is purchased from Sigma) and 250 pl aliquots cellulase, diluted in the
appropriate buffer, The test tube is incubated for 30 minutes at 40°C in a waterbath,
whereafter 1.5 ml of a daily fresh prepared PAHBAH solution (1% PAHBAH in 100 mi
0.5 M NaQH with 100 pl bismuth solution (containing 48.5 g bismuth nitrate, 28.2 g
potassium sodium tartrate and 12.0 g NaQH in 100 ml) is added. The mixture is heated
at 70°C for 10 minutes, after which it is cooled on ice for 2 minutes. The absorption is
measured at 410 nm. To eliminate the background absorbance of the enzyme sampies
a control experment is executed as foliows: a tube with substrate is incubated under
the same conditions as the test tube. After the incubation 1.5 mi PAHBAH and the
enzyme preparation is added (in this order). One unit (U) is defined as the amount of
enzyme producing 1 umol of glucose from CMC equivalent determined as reducing

sugars per minute per gram product.

The buffer used for the determination of the pH/emperature profiles is a
phosphate/citrate system. The pH/temperature profiles were determined using a fixed
enzyme concentration which fits in the linear range of the dose response profile
measured at pH 7 and 40°C. This enzyme concentration was used for the measurement

of the activities under all other determined conditions.

The results for the celiulase BCE 103 are shown in Figure 1. This ceflulase shows good
activities at alkaline pH, which makes it suitable for application in detergents with an

alkaline pH.

Example 2

Similar procedures starting with the alkalophilic bacillus strain CBS 669.93 resuited in
cellulase BCE 113. The results for this cellulase BCE 113 are shown in Figure 2. This
celivlase also shows good activities at alkaline pH, which makes it suitable for

application in detergents with an alkatine pH.

Example 3: Measurement of tensile strength and antipilling
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As described for the evaiuation of TSL, washing expenments were performed using as
detergent matrix a Colour Detergent without bieach, without perfume and enzymes
(105 g detergent per wash cycle, pH 10.5), as washing machine a type Miele® W 717,
temperature 40 °C, program ,Normalprogramm’, with water of a hardness of 16 *dH
(German hardness), wash load 3.5 kg, 25 washes.

Experiments using a compaosition according to the invention (D1) as well as

comparisons (C1 to C3) were run in parallel in identical machines:

C1: detergent matrix without cellulase
C2: detergent matrix + 0.288 mg endogiucanase V from Humicola insoiens

C3: detergent matrix + cellulase mixture from Humicoia insolens sold as granules

Celluzyme® 0.77
D1: detergent matrix + 0.288 mg cetiulase BCE 103

D2 detergent matrix + 0.288 mg cellulase BCE 113

Table 1° Results of TSL-measurements [%]}

Composition | TSL
c1 0
c2 100
c3 38
D1 12

Using washing machines of type Miele® W 514, under otherwise identical conditions,

gave the foliowing resufts:

Table 2: Results of TSL-measurements [%]

Composition | TSL
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C1 0
cz 100
Dz 08

Example 3: Measurement of antipiling and Calculation of the ratio TSL to AP

The evaluation of antipilling properties was done with increased concentrations of
caliulases for better quantitatve evaluation of the effect. A Colour Detergent (5g/1, 10
wash cycles at 40 °C) with the addition of cellulase as given in Table 3 was used on
.pilled" sweat shirt cotton material (washed 25 times at 60 °C with a detergent without
celiulase). Evaluation of the pilling was done with the optical measurement system as

described before; a degree of pilling cf 0 % was assigned to the ,pilled” material.

Table 3: Results of AP-measurements [%]

Enzyme concentration degree of pilling AP [%]of BCE 103
EGV BCE 103
25 pg/ml -12.8% 8.4 % 65 %
37.5ug/mi -16.0% 96% 50 %
50 pg/mi 228 % -15.6 % 68 %

An average AP of 84% can be calculated for BCE 103 cellulase. BCE 113 cellulase
showed under the same conditions an average AP of 100 %.

Using the values for TSL in Tables 1 and 2, the ratios of TSL to AP for the various

cellulases are as in the following Table 4:

Table 4: Ratio TSL to AP
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Enzyme | Ratio

EGV 1

BCE103 | =0.2

BCE 113 | =0.02

Example 4. Further test procedures

- Anti redeposition test

20 ml 0.5% pigmented soil (fresh prepared, daily and consisting of 86% kaolin, 8% soot
(FlammruR® 101, obtained from Degussa AG), 4% iron oxide black and 2% iron oxide
yellow (from Henkel Genthin GmbH)), in a detergent (Persil color® without enzymes, 5
g/l, pH 8.5) was, under agitating (90 rpm) incubated with white cotton fabric (prewashed,
5 cm diameter, obtained from Windelbleiche, Krefeid). Cellulase was added until a final
concentration of 1 mU/ml. The mixture was incubated for 30 minutes at 40°C, 90 rpm.
As a control the same incubation was carried out without the addition of cellulase. After
the incubation the fabric was rinsed thoroughly with running cold water. After drying the
whiteness of the fabric was measured by remission (4 measurements per fabric) using a
Micro colour Dr. Lange® Colourimeter. The control value was substracted from the
sample value. The results, expressed as delta Rem, are shown in Table 5.

-Fibre Damage Test

One pad of cotton wool (100% cotton, Warenhandsets Gmbi, Buchholz, Marke Olivia,

Seliing agency: Aldi) was incubated in 40 mi wash liquor [Persil color® without enzyme,
5 g/l pH B.5), cellulase at a final concentration of 1 mU/mi was added in a sealed flask
and incubated for 20 hours at 40°C under agitation (80 rpm). After the incubation, fibre
damage was monitored by the measurement of the quantity of the reducing sugars in
solution, using the PAHBAH method described in Example 1. As a control the same
incubation was caried out without the addition of celiulase. The resuits are shown in
Table 5.
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-Adsorption Test

White cotton fabric (Windelbleiche, Bielefeld) prewashed with german Persik® without
enzymes at 60°C, was cut round to 9 cm diameter (approx. 0.920 gram). One cotton
swalch was incubated in 50 ml 50 mM glycine-NaOH buffer pH 9 including 0.1% SDS
and 1 ml cellulase sample (600 mU/ml) for 60 minutes at 30°C. 2 ml samp]es were
taken at T=0 and at T=60 minutes and were diluted directly (1:2) with 50 mM MES-
buffer pH 6.5 and stored at 4°C until measurement. As control the same incubation was
camed out without the addition of cotton textile. The activity measurement was
determined with 8 PAHBAH method as described in Example 3, but at pH 6.5 in 50 mM
MES buffer. The adsorption was expressed as relative adsorption where the activity
applied at the start of the experiment was set as 100%, T=0. 100% activity value -
remaining activity (%) = adsorption {%). The results are shown in Table 5.

Table 5: Results of the Antiredeposition Test, Fibre Damage Test and Adsorption Test

Enzyme Antiredeposition | Fibre Damage | Adsorption [%)
(deta REM] |

BCE 103 5.0 0.025 7

KACERY 75 0.006 0

EGV 1.2 0.185 36

a). Celiuiase of Kao Corporation

Celiulase BCE 113 performed in theses tests at least as well as celulase BCE 103.

-Softening test

The softness of fabrics treated as in Example 3, but after 15 wash cycles, was rated by an
expert panel (5 persons) who awarded grades between 0 (fabric washed 25 times with a
detergent without cellulase) and 6 {fabric prior to any wash) by the feel of the fabrics.
Compositions as defined in Example 2 were used in the washings. The average rates are

#
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given in Table 6. It can be seen that the compositions according to the invention shewed the

best perfformance.

Table 6. Results of the Sofiening Test

Compasition | Rate

¢ 0
c2 2.1
C3 1.5
D1 23

02 22
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Legend to the figures

Figure 1 shows the relative activities of the celiulase BCE 103. In Exampie 1 this figure
is referred t© as the pHitemperature profiles. All activitias for both 40 and 60°C are
related to the highest activity which is fixed on 100%.

Figure 2 shows the relative activities of the celiulase BCE 113.

Figure 3 shows the DNA sequence (SEQ ID No. 1) and deduced amino acid sequence
(SEQ ID No. 2) of the 50 kD celiulase derived from CBS 670.83 with the leader peptide

sequence shaded, which upon secretion is cleaved to yield the mature enzyme.

Figure 4 shows the ONA sequence (SEQ ID No. 4) and deduced amino acid sequence
(SEQ 1D No. 3) of the 63 kD cellulase derived from CBS £69.93 with the leader peptide

sequence underlined, which upon secretion is cleaved to yield the mature enzyme.

e
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The claims defining the invention are as follows:

1. Use of a single cellulase to provide an effect to cellulose  containing
fabrics, wherein said single cellulase exhibits greater then 9% amino acid
sequence identify to SEQ ID No. 2 or exhibits greater than 58% amino acid
sequence identity to SEQ 1D No. 3 and wherein said single cellulase has a ratio
of tensile strength loss (TSL) to antipilling properties (AP) below 1 in aqueous

laundry solutions.

2, Use according to claim 1 wherein the aqueous laundry solution

comprises the cellulase in concentrations of 0.01 mg/l to 0.2 mgfi.

3. Use according to claim 1 wherein the aquecus laundry solution
comprises the cellulase in concentrations of 0.015 mg/ to 0.1 mg/l.

4, Use of a single cellulase with a ratio of TSL to AP below 1 to provide an

anti-greying effect to fabrics.

5. Use according to claim 4 wherein said fabrics are coloured fabrics.

6. Use of a single cellulase with a ratio of TSL to AP below 1 to provide a

softening effect to fabrics.

7. Use of a single cellulase with a ratio of TSL to AP below 1 to provide

colour clarification to fabrics or to inhibit colour deterioration of fabrics.

8. Use of a according to claim 7 wherein said fabrics are coloured fabrics.

9. Use of a single cellulase with a ratio of TSL to AP below 1 to inhibit the

wrinkiing of fabrics and to ease the ironing of fabrics.
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10.  Use according to any of claims 1 to 9 wherein the ratio of TSL to AP is
below 0.8.

11.  Use according to any of claims 1 to 9 wherein the ratio of TSL to AP is
in the range of 0.001 to 0.5. '

12.  Use according to any of claims 1 to 11 wharein the cellulase is
obtainable from Bacillus sp. CBS 669.93 or CBS 670.93.

13. Use according fo any of claims 1 to 12 wherein the cellulase has the

amino acid sequence as listed in SEQ ID No. 2 or a derivative thereof.

14.  Use according to any of claims 1 to 12 wherein the cellulase has the
amino acid sequence as listed in SEQ ID No. 3 or a derivative thersof.

15. Use according to claim 13 wherein the cellulase has an amino acid
sequence with greater than 90% sequence identity to the amino acid sequence
as listed in SEQ ID No. 2.

16. Use according to claim 14 wherein the cellulase has an amino acid
sequence with greater than 72% sequence similarity to the amino acid

sequence as listed in SEQ ID No. 3.

17.  Use according to claim 14 wherein the cellulase has an amino acid
sequence with greater than 80% sequence similarity to the amino acid

sequence as listed in SEQ ID No. 3.
18. Use according to claim 14 wherein the cellulase has an amino acid

sequence with greater than 90% sequence similarity to the amino acid

sequence as listed in SEQ ID No. 3.

UDEBBIEUOANNEW JC\SPEC\58927-96.00C
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19. A detergent composition which comprises a single cellulase with a ratio

of TSL to AP below 1.

20. A detergent composition according to claim 19 whetrein it comprises 0.8

ppm to 80 ppm of the cellulase.

21. A detergent composition according to claim 19 wherein it comprises 1

ppm to 40 ppm of the cellulase.

22, Use of a single cellulase according to claim 2 substantially as

hereinbefore described with reference to any one of examples 2 to 4.

DATED: 14 July 1999
PHILLIPS CRMONDE & FITZPATRICK

Attorneys for:
GENENCOR INTERNATIONAL, INC.
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GAATTCCGTTACATATTTTGCAAAAAAGAGGGTGGTGGCGCTACATATACACCTTAAAAAG
TGCAGACTAAAACGATTTCGTTTCAGTATGAAAAGCTAAACCATTACCAAGGAGGAAATT

ATGAAAAAGATAACTACTATTTTTGCCGTAITGCTCATGACATTGGCGTTGTTCAGTATA
MetLysLysIleThrThrIlePheAlaValLeuLeuMetThrLeuAlaLeuPheSerIle

GGAAACACGACAGCGGCTGATGATTATTCAGTTGTAGAGGAACATGGGCAACTAAGTATT
GlyAsnThrThrAlaAlaAspAspTyrSerValValGluGluHisGlyGlnLeuSerIle

AGTAACGGTGAATTAGTCAATGAACGAGGCGAACAAGTTCAGTTAAAAGGGATGAGTTCC
serAsnGlyGluLeuValAsnGluArgGlyGluGanalGlnLeuLysGlyMetSerSer

CATGGTTTGCAATGGTACGGTCAATTTGTAAACTATGAAAGCATGAAATGGCTAAGAGAT
HisGlyLeuGlnTrpTyrGlyGlnPheValAsnTyrcluSErMetLysTrpLeuArgAsp

GATTGGGGAATAACTGTATTCCGAGCAGCAATGTATACCTCTTCAGGAGGATATATTGAC
AspTrpGlyIleThrValPheArgAlaAlaMetTerhrSerSerGlyGlyTyrIleAsp

GATCCATCAGTAAAGGAAAAAGTAAAAGAGACTGTTGAGGCTGCGATAGACCTTGGCATA
AspProSerValLysGluLysValLysGluThrValGluAlaAlaIleAspLeuGlyIle

TATGTGATCATTGATTGGCATATCCTTTCAGACAATGACCCGAATATATATAAAGAAGAA
TeralileIIeAspTrpHisI1eLeuSerAspAsnAspProAsnIleTerysGluGlu

GCGAAGGATTTCTTTGATGAAATGTCAGAGTTGTATGGAGACTATCCGAATGTGATATAC
AlaLysAspPhePheAspGluMetSerGluLeuTyrGlyAspTerroAanalIleTyr

GAAATTGCAAATGAACCGAATGGTAGTGATGTTACGTGGGACAATCAAATAAAACCGTAT
GlulleAlaAsnGluProAsnGlySerAspValThrTrpAspAanGlnIleLysPrcTyr

GCAGAAGAAGTGATTCCGGTTATTCGTGACAATGACCCTAATAACATTGTTATTGTAGGT
AlaGluGluValIleErovalIleArgAspAsnAspProAsnAanIleVaIIleVaIGly

ACAGGTACATGGAGTCAGGATGTCCATCATGCAGCCGATAATCAGCTTGCAGATCCTAAC
ThrGlyThrTrpSerGlnAspValHisHisAlaAlaAspAznGlnLeuAlaAapProAsn

GTCATGTATGCATTTCATTTTTATGCAGGAACACATGGACAAAATTTACGAGACCAAGTA
ValMetTyrAlaPheHisPheTyrAlaGlyThrHisGlyGlnAsnLeuArgABpGanal

GATTATGCATTAGATCAAGGAGCAGCGATATTTGTTAGTGAATGGGGGACAAGTGCAGCT
AspTyrAlaLeuAspGlnGlyAlaAlaIlePheValserGluTrpGlyThrSerAlaAla

ACAGGTGATGGTGGTGTGTTTTTAGATGAAGCACAAGTGTGGATTGACTTTATGGATGAA
TerlyAspGlyGlyValPheLeuAspGluAlaGanalTrleeAspPheMetAspGlu

AGAAATTTAAGCTGGGCCAACTGGTCTCTAACGCATAAGGATGAGTCATCTGCAGCGTTA
ArgAsnLeuSerTrpAlaAsnTrpSerLeuThrHisLysAspGluSerSerAlaAlaLeu

ATGCCAGGTGCAAATCCAACTGGTGGTTGGACAGAGGCTGAACTATCTCCATCTGGTACA
MetProGlyAlaAsnProThrGlyGlyTrpThrGluAlaGluLeuSerProSerGlyThr

FIG._3A
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TTTGTGAGGGAARAAAATAAGAGAATCAGCATCTATTCCGCCARGCGATCCAACACCGCCA
PheValargGlulysIleArgGluSerAlaSerIleProProSerAspProThrEroPro

TCTGATCCAGGAGAACCGGATCCAGGAGAACCGGATCCAACGCCCCCAAGTGATCCAGGA
SerAspProGlyGluProAspProGlyGluProeAspProThrProProSerAspProGly

GAGTATCCAGCATGGGATTCAAATCAAATTTACACAAATGARATTGTGTATCATAACGGT
GluTerroAlaTrpAspSerAsnGlnI1eTerhrAsnGluIleValTyrHisAsnGly

CAGTTATGGCAAGCGARATGGTGGACACAAAATCAAGAGCCAGCTGACCCATACGGTCCG
GlnLeuTrpGlnAlalysTrpTrpThrGlnAsnGlnGluProGlyAspProTyrGlyPro

TGGCAACCACTCARATCTGACCCAGATTCAGGAGAACCGGATCCAACGCCCCCAAGTGAT
TrpGluProLeuLysSerAspProAspSerGlyGluProAspProThrProProSerAsp

CCAGGAGAGTATCCAGCATGGGATTCAAATCAAATTTACACAAATGAAATTGTGTACCAT
ProGlyGluTyrProAlaTrpAspSerAsnGlnIleTyrThrasnGlullevValTyrHis

AACGGCCAGCTATGGCAAGCAAAATGGTGGACACAARATCAAGAGCCAGGTGACCCATAT
AsnGlyGlnLeuTrpGlnalaLysTrpTrpThrGlnAsnGlnGluProGlyAsnProTyr

GETCCGTGGGAACCACTCARTTAAACTATATAATTGATAARRATTTACTAATGAGATAGT
GlyProTrpGluProLeuisnEnd

GAGAATCCCAAGAGTCTAAATTTGRAAGATTGGCATTCTCATTTTACAATTAATTTAATCC

ATTGAAAATATTTAAAAACGAATTTTATAATATCCARGGTACCATACTTAATTGGCGGTA
CTTTITTCTGTCCTTATAGCTGCCCATCCCCCCGAAAARGCGETCGAAAACTGGTGCATT
TTPTCAGCATTATCTTCTAAATATCARRACATAAGARAAAGCCTTGAAACATTGATATGAC
AACGTTTCTAAGGCTTTTCTGCATTTCTTATTCAGTGTATGCCAATTAACGAGAGTACCA
CPCAACGATAAGTTGTTCGTTAATT TCAGCTGGAAGCTCAGAACGCTCAGGTAAACGAGT

GAACGTACCTTCAAGCTT

FIG._3B
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GAATTCTTTGGATCATGATGGAAGGCGAAA

TCATGAGCATTGCCCTTGCGACGATTACGGCTTCTGTCéGCGTCTACTTGCTTGCGTCAG
CGGTTCAAGGTTGGTTTGCAGGTAAAGCTGCATTAACTGTTGTTCGTTTACTTCTCATTG
TCGCTGCTGTTTGTCTTATTCATTCAAATTGGGTGTATGACTTTGTCGCCCTCGGNATCG
CGGGTATCGCCATTATNCTTCAAAGAACAGTTATTAACAGACGCCATGGGTTCCAAGGCA
AGTACAGTTTAAAACGAGAGATTTAAGAGGCCGCTCCCAATGAGGGAGTGGTCTTTTTTA
CATTCNAAAAAGAGGAAAATAGGAGAAATGTAGATCCGACGTAGATAAGTATTAGGTTTT
AAGTGTAAGTACAGCTAAGAAAGCTGCTTTTGCTGATTCTATGAAAAAGTGCTTGTTAAA
CATTTTGACATGATTTTCTGTGAAATAAATGATCTATTTTCTGTGAAACAATTGTGATAG
ATTGGTGTAGAGTTTTGATAATTCTAAATTTTCGTTCAAAAGGAGGTTGAGGTTCATTTA
CGATTTTGTCAACAGTCAATTGTTGTTTCCGGGTAACTCATTTGGAGGTGGTGGAGTCTG

ATGAAGTGGATGAAATCCATGGTATGGTTGGCCGTTGTTTTGGTCGTTZCGTTCQTAGCT
MetLysTrpMetLysSerMetValTrpLeuAlaValValLeuValValSerPheValAla

QQIQQQQIIAQEIQAQQEAATGAGGATGTAAAAACTCTCGATATTCAGTCCTATGTAAGA
ProAlaValSerSerAlaAsnGluAspValLysThrLeuAspIleGlnSerTeralArg

GACATGCAGCCGGGTTGGAATCTTGGGAATACGTTTGATGCCGTCGGACAAGATGAAACA
AspMetGlnProG1yTrpAsnLeuGlyAsnThrPheAspAlaValGlyGlnAspGluThr

GCATGGGGAAATCCACGTGTGACACGAGAATTAATTGAACGGATTGCGGATGAAGGGTAT
AlaTrpGlyAsnProArgValThrArgGluLeuIleGluArgIleAlaAspGluGlyTyr

AAAAGCATTCGGATTCCGGTGACGTGGGAAAATCGTATCGGAGGGGCACCTGATTATCCT
LysSerIleArgIleProValThrTrpGluAsnArgIleGlyGlyAIaProAspTerro

ATTGATCCCCAGTTTTTAAATCGAGTGGACGAAGTTGTTCAATGGGCGCTGGAAGAAGAT
IleAspProGlnPheLeuAsnArgValAspGluValValGlnTrpAlaLeuGluGluAsp

TTGTATGTCATGATTAATTTACACCATGATTCATGGTTATGGATTTATGAAATGGAGCAC
LeuTeralMetIleAsnLeuHisHisAspSerTrpLeuTrpI1eTyrG1uMetGluHis

AACTACAACGGTGTGATGGCCAAGTATCGCTCGCTCTGGGAGCAACTATCGAACCACTTC
AsnTyrAsnGlyValMetAlaLysTyrArgSerLeuTrpGluGlnLeuserAanisPhe

AAAGACTATCCAACAAAGCTTATGTTTGAAAGTGTCAATGAGCCAAAGTTTAGTCAAAAC
LysAspTerroThrLysLeuMetPheGluSerValAanGluProLysPheSerGlnAsn

TGGGGTGAGATCCGTGAGAATCACCATGCGTTACTAGACGACTTAAACACAGTGTTTTTC
TrpGlyGluIleArgGluAanisHisAlaLeuLeuAspAspLeuAsnThrValPhePhe

GAGATTGTGAGACAGTCTGGTGGCCAAAATGATATCCGGCCGTTAGTGTTACCGACTATG
GluIleValArgGlnSerGlyGlyGlnAsnAsleeArgProLeuValLeu?roThrMet

GAAACAGCCACATCACAACCGTTGCTGAACAACCTTTATCAAACAATTGACAAATTGGAT
GluThrAlaThrSerGlnProLeuLeuAsnAsnLeuTyrGlnThrI1eAspLysLeuAap
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6/7
GATCCGAATCTAATTGCGACAGTACACTATTACGGETTTTGGCCTTTTAGCGTGAATATC
AspProAsnLeulleAlaThrValHisTyrTyrGlyPheTrpProPheSerValAsnIle

GCCEGCTACACTCGCTTTGAAGAGGATTCGARACGGGACGATCATCGAARCGTTTGATCGA
AlaGlyTyrThrArgPheGluGluAspSerLysArgGluIleIleGiluThrPheAspAry

GTACACCATACATTTGTTGCAAGAGGGATTCCAGTCGTTTTAGGTGAGTTCGGCTTGCTT
ValBigHisThrPheValalahrgGlyIleProValVallLeuGlyGluPheGlyLeuLeu

GGATTTGATAAACATACTGGAGTGATTCAACAAGGTGAAAAGCTAAAATTCTTTGAGTAT
GlyPheAspLysHisThrGlyvValIleGlnGlnGlyGiuLysLeulysPhePheGluTyy

CTCATCCATCATTTGAACGAGCGGGATATTACTCATATGCTTTGGRATAATGGRCAGCAT
LeulleHisHisLeuAsnGluArgAspIleThrHisMetLeuTrpAspAsnGlyGlnHis

TTCAATCGTCATACGTACGAATGGTATGACGAGGAATTGTTTGACATGTTGCGGGCAAGC
PheAsnArgHisThrTyrGluTrpTyraspGluGluLeuPheAspMetLeuArgAlaSer

TGGEGAGGAAGATCATCCETTGCAGAGTCGAACTTTATCTATTTAAAACAGGGAGACCEA
TrpGlyGlyArgSerServalAlaGluSerasnPhelleTyrLeulysGlnGlyAspAryg

ATCGCAGATGCAACAGTTACATTACAATTGCACGGAAATGAATTAACAGGGCTTCAGGCG
IlehlaAspAlaThrValThrLeuGlnLeuHisGlyAsnGluLeuThrGlyLeuGlnala

ARTGGACAACGACTAACGCCGGGGCAGGACTATGAGTTAAATGGAGAAAGACTTACAGTG
AsnGlyGlnArgLeuThrProGlyGlnAspTyrGluleuAsnGlyGluadrgleuThrval

ARGGCCCATGTCCTATCGGCAATCGCAGGTTCAGGTACGTTAGGTACGAATGGAATGGTA
LysAlaHisVallLeuSerAlalleAlaGlySerGlyThrleuGlyThrasnGlyMetval

ACGECTGAGTTTAATCGTGGCGCAGATTGGCATTTTCCGGTGAATACGTATCGTACGCCT
ThrAlaGluPheAsnArgGlyAlaAspTrpHisPheArgValAsnThrTyrargThrPro

GTATTGCAAAGCACGCAAGGTCACGTGAGCAACTTCAGCATTCCTGCTTCCTTTAATGGE
VallLeuGlnSerThrGlnGlyHisValSerAsnPheSerIleProAlaSerPheisnGly

AATAGCTTAGCAACAATGGAGGCTGTCTATGTGGATGGCGGARATGCTGGCCCGUAAGAL
AsnSerLeuAlaThrMetGlualavalTyrValaspGlyGlyAsnAlaGlyProGlnAsp

TEEACCTCCT TTAAGGAGTTTGGCTATGCCTTCTCTCCTTCTTATGATACACATGAGATT
TrpThrSerPhelysGluPheGlyTyralaPheSerProSerTyraspThriisGlulle

AARACTGACCGAGGCGTTTTTTCCTGAGGTGCGGGATGGTGAAGTTCGGTTAACCTTCCAT
LysLeuThrGluAlaPhePheArgGluvalArgAspGlyGluValArgLeuThrPheHis

TTTTGGAGTCGTGAAATAGTCAACTATACGATTATTARARRCGGGAACCAGGTGACTGGG
PheTrpSerGlyGlulleValAsnTyrThrIlelleLysAsnGlyAsnGinvalThrGly

ATAGCAGOTCAGACAACCAATTCAAAAAACAAARATAAAAAATGAARATTGAAAGCGCTTT
IleAlaAlaGlnThrrhrAsnSerLysAsnLysAsnLysLysEnd

CTATGGTGTTGCCCCAATATCTGAGGTTCTTTAGTAGAATCCGATATTCGGGTTTTTTCA
TACATTATAGGGGCECTTTTTTATGTTGCGCAGGTTAAATGGTCTTACGTATGGGAACCC

TACTACTAGATTATTGTGCACTC T M I TGAGTACCATTATCACCGCCCTATCATATGTAT
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1921 ATGAGTTGAACCATCTAGTAAC CTCTCTTAARATTGCTAAAGGAAATGTAACGTTGTGAT
2041 AGTAAGGAAATGGTATGATGGAGAGAGAC GTGTGATCGAGAAATGGAGGAACGCAGAATS
2101 AATGAAACGATGCAACGCATCGC GAGAGTCATAGAGAATGTGGAACGAGTECCCECCGRE

2161 AAACGTCAGGAAATCGAGCTGAGCCTTGTCGCATTATTTGCTAGCGE
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