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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a method of producing cellulase by membrane
separation and concentration of a cellulase component derived from filamentaous fungi.

BACKGROUND ART

[0002] Polysaccharides such as starch or cellulose are available as biomass resources. A
method of producing monosaccharides such as glucose or xylose by enzymatically hydrolyzing
such polysaccharides has been known. The sugar liquid obtained by breaking down such
polysaccharides is widely used as carbon sources in microorganism culture. In particular, as an
enzyme that hydrolyzes cellulose, cellulase is known. As microorganisms that produce this
cellulase, filamentaous fungi are known. The filamentaous fungi produce a large amount of
cellulases as extracellular enzymes by setting up culture conditions so as to inductively
produce the cellulase. As these filamentaous fungi, available are filamentaous fungi such as
the genus Aspergillus, the genus Humicola, the genus Mucor, the genus Trichoderma, and the
genus Acremonium, which are widely used in production of cellulase.

[0003] Enzyme components that exhibit various substrate specificities are present in cellulase
derived from filamentaous fungi. Specifically, present are cellobiohydrolase that acts on the
crystalline region of cellulose, endoglucanase that acts from within cellulose molecular chain to
reduce the molecular weight thereof, 3-glucosidase that acts on water-soluble oligosaccharides
or cellobiose, and hemicellulase that acts on hemicellulose. It has been known that each of
these enzyme components with varied substrate specificity acts synergistically on cellulose
fibers and thereby efficient degradation of cellulose is taken place (see Non-patent Document
1). It has also been known that, in such a cellulase derived from filamentaous fungi, each of
the enzyme components whose molecular weight varies in size from small to large is present,
wherein the molecular weight ranges from 20 to 100 kDa. Wang et al have studied the
purification of cellulose using ultrafiltration process. They found that a regenerated cellulose
membrane with 50kDa molecular weight cut-off and a polyether-sulfone membrane with
100kDa molecular weight cut-off can be successfully employed to purify cellulose in a stirred
ultrafiltration device (see Non-patent Document 2). Mores et al investigated a combined
sedimentation and membrane filtration process for recycling cellulose enzymes in the biomass-
to-ethanol process. In a first stage, lignocellulose particles longer then approximately 50
micrometer were removed by means of sedimentation. In a second stage, microfiltration was
used to remove the remaining suspended solids (see Non-patent Document 3).

[0004] With regard to cellulase derived from filamentaous fungi, methods of membrane
separation and concentration using an ultrafiltration membrane in the same manner as
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common enzymes are known. For instance, methods of separation and recovery of cellulases
using an ultrafiltration membrane have been known, which method comprises membrane
separation and concentration of cellulases from a culture of microorganisms such as
filamentaous fungi or a cellulose hydrolysate obtained by using the cellulase (see Patent
Documents 1 to 3). As a treatment prior to the step of the membrane separation and
concentration through such an ultrafiltration membrane, methods have been suggested, which
method comprises removing in advance solids contained in an aqueous solution of cellulase
from a microorganism culture or cellulose hydrolysate by use of, for example, a ceramic spin
filter (see Patent Document 2) or a non-woven fabric with a pore diameter of 20 to 200 pm
(see Patent Document 3). Yet, for the membrane separation and concentration of each of the
cellulase components, it has been common to use an ultrafiltration membrane having a fine
pore diameter or molecular weight cut off that sufficiently blocks molecular weight
corresponding to the cellulase component to be recovered.

PRIOR ART REFERENCES

PATENT DOCUMENTS

[0005]
Patent Document 1: WO 2007/034999
Patent Document 2: Japanese Patent Application Laid-Open Publication No. 2010-221136

Patent Document 3: Japanese Patent Application Laid-Open Publication No. 2009-240167

NON-PATENT DOCUMENTS

[0006]

Non-patent Document 1: Encyclopedia of Cellulose, Chapter 6 Biodegradation of Cellulose
(edited by The Cellulose Society of Japan, 2000)

Non-patent Document 2: Wang et al "Purification of Cellulase Using Ultrafiltration”, Journal of
Biotechnology, Vol. 150, page 388

Non-patent Document 3: Mores et al "Cellulase Recovery via Membrane Filtration", Applied
Biochemistry and Biotechnology, Vol. 91-93, pages 297-309
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SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] In the membrane separation and concentration of filamentaous fungi cellulase using a
conventional ultrafiltration membrane, problems have included fouling of ultrafiltration
membrane and inactivation or aggregation of the cellulase component. These problems have
caused a filtration treatment speed of ultrafiltration membrane to become slower or have
caused a cellulase activity obtained by the ultrafiltration membrane to become lower, which has
been also problematic.

[0008] In view of this, an object of the present invention is, in the light of the above-mentioned
problems of prior art, to provide a method of efficient membrane separation and concentration
of cellulase components derived from Trichoderma by using an ultrafiltration membrane.

MEANS FOR SOLVING THE PROBLEMS

[0009] In order to attain the above object, the present inventor has completed the following
invention of [1] to [6].

1. [1] A method of producing cellulase comprising the following steps of (1) to (3):

1. (1) the step of subjecting an aqueous solution of cellulase derived from
filamentaous fungi to filtration through an ultrafiltration membrane with a molecular
weight cut off of 100,000 to 200,000 to obtain a filtrate and to concurrently obtain
a concentrated enzyme liquid as a retentate;

2. (2) the step of further subjecting the filtrate obtained in the step (1) to filtration
through a second ultrafiltration membrane with a molecular weight cut off of 5,000
to 50,000 to obtain a second concentrated enzyme liquid as a retentate; and

3. (3) the step of mixing the concentrated enzyme liquid obtained in the steps of (1)
and (2) to obtain cellulase derived from filamentaous fungi.

2. [2] The method of producing cellulase according to [1], wherein the filamentaous fungi is
Trichoderma.

3. [3] The method of producing cellulase according to [1] or [2], wherein the aqueous
solution of cellulase derived from filamentaous fungi is adjusted to pH 2.6 to 5.4 or pH
8.6 10 9.4 in the step (1).

4. [4] The method of producing cellulase according to any of [1] to [3], wherein the aqueous
solution of cellulase derived from filamentaous fungi is a filamentaous fungi culture liquid
or a hydrolysate of biomass containing cellulose obtained by using the cellulase derived
from filamentaous fungi.

5. [5] The method of producing cellulase according to any of [1] to [4], wherein the aqueous
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solution of cellulase derived from filamentaous fungi comprises one or more enzyme
components selected from the group consisting of cellobiohydrolase, endoglucanase,
and xylanase.

6.[6] The method of producing cellulase according to any of [1] to [5], wherein a
temperature of the aqueous solution of cellulase derived from filamentaous fungi is in a
temperature range of 15 to 35°C.

EFFECT OF THE INVENTION

[0010] According to the present invention, it is possible to efficiently carry out membrane
separation and concentration of cellulase components from an aqueous solution of cellulase
derived from filamentaous fungi. Specifically, part of cellulase components derived from
filamentaous fungi can be separated and recovered in the step (1) and further the remaining
cellulase component derived from filamentaous fungi contained in a filirate can be recovered in
the step (2), thereby recovering a notably high Avicel degrading activity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Figure 1 is a drawing showing a flow of the steps of the method of producing cellulase of the
present invention.

Figure 2 is a drawing showing the result of analysis of a concentrated enzyme liquid by a
bioanalyzer (Agilent, Protein 230 kit), which concentrated enzyme liquid has been obtained by
adjusting the pH of cellulase derived from Trichoderma 1o various pH and subjecting the
resultant to filtration through the first ultrafiltration membrane with a molecular weight cut off of
100,000 to 200,000 to separate as a retentate.

Figure 3 is a drawing showing the critical flux of an ultrafiltration membrane at the time of
obtaining the second concentrated enzyme liquid.

Figure 4 is a cross section view showing one example of a device for carrying out the method
of producing cellulase of the present invention.

Figure 5 is a cross section view showing another example of a device for carrying out the
method of producing cellulase of the present invention.

MODE FOR CARRYING OUT THE INVENTION
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[0012] The method of producing cellulase of the present invention is composed of the steps
comprising the following steps of (1) to (3) (Figure 1).

<Step (1)>

[0013] In the step (1), an aqueous solution of cellulase derived from filamentaous fungi is
subjected to filtration through an ultrafiltration membrane with a molecular weight cut off of
100,000 to 200,000 to obtain a filtrate and at the same time to obtain a concentrated enzyme
liquid as a retentate. It was found out that, on this occasion, a part of the enzyme components
contained in the aqueous solution of cellulase derived from filamentaous fungi was separated
as the retentate of the ultrafiltration membrane with a molecular weight cut off of 100,000 to
200,000. Further, on the other hand, it was found out that, also in the feed side, the remaining
enzyme component is separated in the feed side; and the remaining enzyme component is
recovered in the following step (2).

<Step (2)>

[0014] In the step (2), the filirate of the above-mentioned step (1) is further subjected to
filtration through the second ultrafiltration membrane with a molecular weight cut off of 5,000 to
50,000 to obtain the second concentrated enzyme liquid as a retentate. By this, it is possible to
fully recover the enzyme component that is contained in the filtrate of the step (1). Separation
and concentration of cellulase derived from filamentaous fungi in two steps of the ultrafiltration
membrane with a molecular weight cut off of 100,000 to 200,000 in the above-described step
(1) and the ultrafiltration membrane with a molecular weight cut off of 5,000 to 50,000 in the
step (2) enables a higher enzyme activity to be separated, as compared with a conventional
technique comprising the separation and concentration solely using the ultrafiltration
membrane with a molecular weight cut off of 5,000 to 50,000.

<Step (3)>

[0015] In the step (3), the first concentrated enzyme liquid obtained in the step (1) and the
second concentrated enzyme liquid obtained in the step (2) are mixed to obtain a cellulase
having a high enzyme activity from the aqueous solution of cellulase derived from filamentaous
fungi. The cellulase obtained in this step (3) can be used as is. Yet, it may be used with the
concentration or pH of cellulase being adjusted as appropriate.

[0016] The preferred embodiment of the present invention will be further described in detail
below.
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[0017] Cellulase derived from filamentaous fungi refers to cellulase that is produced by
filamentaous fungi. Examples of filamentaous fungi that produce the cellulase include
microorganisms such as Trichoderma, Aspergillus, Cellulomonas, Clostridium, Streptomyces,
Humicola, Acremonium, Irpex, Mucor, or Talaromyces. Because these microorganisms
produce the cellulase in a culture liquid thereof, the culture liquid may be used as is as an
unpurified filamentaous fungi cellulase; or the culture liquid may be purified and formulated,
and the formulated one may be used as a filamentaous fungi cellulase.

[0018] Cellulase derived from filamentaous fungi used in the present invention is preferably
cellulase derived from Trichoderma. Trichoderma refers to filamentaous fungi that are
classified in the genus Trichoderma, the genus Humicola, and the genus Hypocrea. Further,
cellulase derived from Trichoderma refers to the whole of cellulase components that are
intracellularly or extracellularly produced by the above-mentioned Trichoderma. In addition, the
cellulase used in the present invention refers to both an enzyme having a hydrolysis activity of
cellulose and an enzyme having a hydrolysis activity of hemicellulose.

[0019] Further, among cellulase derived from Trichoderma, more preferred is cellulase
derived from Trichoderma reesei. Examples of the cellulase derived from Trichoderma reesei
include cellulase derived from Trichoderma reesei QM9414, Trichoderma reesei QM9123,
Trichoderma reesei RutC-30, Trichoderma reesei PC3-7, Trichoderma reesei ATCC66589,
Trichoderma reesei CL-847, Trichoderma reesei MCG77, and Trichoderma reesei MCG80.
Further, a mutant strain with an improved cellulase productivity may be used, which mutant
strain is derived from the above-described Trichoderma and obtained by subjecting the
bacterial strain to mutagenesis by a mutagen, irradiation with UV, or the like.

[0020] Because various cellulases are secreted and produced in a culture liquid by culturing
Trichoderma under appropriate medium conditions, it is possible to obtain cellulase derived
from Trichoderma from such a culture liquid. Such a culture liquid may remain unpurified and
be used as cellulase derived from Trichoderma; or the culture liquid may be one that is purified
or further formulated by a known technique. In cases where cellulase derived from
Trichoderma is purified from the above-mentioned culture liquid and used as one that has
been formulated, it may be one added with substances other than the enzyme such as
protease inhibitors, dispersants, dissolution accelerants, and stabilizers.

[0021] Further, the cellulase derived from Trichoderma used in the present invention may be
one obtained by adjusting DNA coding for an amino acid sequence of a cellulase component
present on the Trichoderma genome, linking the resulting DNA to an expression vector, and
introducing this expression vector in a host to produce a recombinant protein, followed by
isolation and purification thereof.

[0022] Trichoderma produce at least two kinds of endoglucanases (endoglucanase |,
endoglucanase |Il), at least two kinds of cellobiohydrolases (cellobiohydrolase |,
cellobiohydrolase 1), at least two kinds of hemicellulases (xylanase, xylosidase), and one or
more kinds of B-glucosidases.



DK/EP 2784156 T3

[0023] Cellobiohydrolase is a general term for cellulases characterized by hydrolyzing
cellulose from the terminal portions. The group of enzymes belonging to cellobiohydrolase is
described as the EC number: EC3.2.1.91. Endoglucanase is a general term for cellulases
characterized by hydrolyzing cellulose molecular chains from their central portions. The group
of enzymes belonging to endoglucanase is described as the EC number: EC3.2.1.4.
Exoglucanase is a general term for cellulases characterized by hydrolyzing cellulose molecular
chains from their termini. The group of enzymes belonging to exoglucanase is described as the
EC number: EC3.2.1.74. B-glucosidase is a general term for cellulases characterized by acting
on cellooligosaccharides or cellobiose. The group of enzymes belonging to B-glucosidase is
described as the EC number: EC3.2.1.21.

[0024] Xylanase is a general term for cellulases characterized by acting on hemicellulose or,
in particular, xylan. The group of enzymes belonging to xylanase is described as the EC
number: EC3.2.1.8. Xylosidase is a general term for cellulases characterized by acting on
xylooligosaccharides. The group of enzymes belonging to xylosidase is described as the EC
number: EC3.2.1.37.

[0025] The cellulase derived from filamentaous fungi used in the present invention may be
one in which a particular enzyme activity is enhanced by adding cellulase components from
different species of microorganisms. What may be added is cellulase derived from
filamentaous fungi including, for example, the genus Aspergillus, the genus Cellulomonas, the
genus Clostridium, the genus Streptomyces, the genus Acremonium, the genus Irpex, the
genus Mucor, and the genus Talaromyces. Further, examples of thermophiles include
microorganisms such as the genus Sulofolobus, the genus Thermoplasma, the genus
Caldivirgra, the genus Thermosphaera, the genus Pyrococcus, the genus Picrophilus, the
genus Caldivirgra, and the genus Fervidobacterium.

[0026] With regard to each of the enzyme components contained in cellulase derived from
filamentaous fungi, it is possible to specify the component thereof using a known separation
technique. The identification can be carried out by, for example, separation via a known
technique such as gel filtration, ion exchange, or two-dimensional electrophoresis, and amino
acid sequence analysis (N-terminal analysis, C-terminal analysis, and mass spectrometry) of
the separated component, followed by comparison to a database.

[0027] The enzyme activity of cellulase derived from filamentaous fungi can be evaluated by
the hydrolysis activity of polysaccharides including an Avicel degrading activity, carboxymethyl
cellulose (CMC) degrading activity, cellobiose degrading activity, xylan degrading activity, and
mannan degrading activity. With regard to the Avicel degrading activity, cellobiohydrolase or
exoglucanase which has characteristics of hydrolyzing cellulose from the terminal portions is a
principal enzyme exhibiting that activity. Further, with regard to the xylan degrading activity,
xylanase and xylosidase are principal enzymes exhibiting that activity. With regard to the
cellobiose degrading activity, B-glucosidase is mainly a principal enzyme exhibiting that activity.
For CMC, all kinds of cellulase may exhibit a catalytic action. Here, the term "principal" refers to
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an expression based on a fact that the enzyme is known to be most involved in the
degradation. It means that enzyme components other than this principal one are also involved
in the degradation.

[0028] An aqueous solution of cellulase derived from filamentaous fungi is an aqueous
solution that contains one or more kinds of cellulase components derived from the above-
described filamentaous fungi. It is to be noted that, in the present invention, an aqueous
solution that contains plural kinds of cellulase components derived from filamentaous fungi is
more preferred. Further, besides the intrinsic cellulase component derived from filamentaous
fungi, an enzyme or cellulase originated from different species of microorganisms may be
contained.

[0029] The aqueous solution of cellulase derived from filamentaous fungi used in the present
invention is not in particular restricted; and preferred is a hydrolysate obtained by adding
cellulase derived from filamentaous fungi in a culture of filamentaous fungi or biomass
containing cellulose for hydrolysis. Examples of an acid used in pH adjustment include sulfuric
acid, hydrochloric acid, acetic acid, phosphoric acid, and nitric acid. Examples of an alkali
include sodium hydroxide, potassium hydroxide, and calcium hydroxide. The acid or alkali is
not in particular restricted as long as it is capable of adjusting to a prescribed pH in an
economical fashion and the enzyme components of cellulase derived from filamentaous fungi
are not inactivated or do not aggregate.

[0030] The aqueous solution of cellulase derived from filamentaous fungi is preferably one
that is subjected to one or more solid-liquid separation operations selected from centrifugation,
filter press filtration, drum filter filtration, depth filter filtration, sedimentation separation,
aggregation treatment, and sand filtration; and adjusted its turbidity to a range of 0.1 to 100
NTU. Turbidity is defined in JIS K0O101 "Testing Methods for Industrial Water" as follows:
"Turbidity is an expression of a degree of the cloudiness of water and is sorted out into visual
turbidity, transmitted light turbidity, scattered light turbidity, and integrating sphere turbidity to
be indicated. In cases where the measurement is carried out in comparison with a kaolin
standard liquid, turbidity is expressed in "degrees (kaolin)" as a unit; whereas in cases where
the measurement is carried out in comparison with a formazin standard liquid, turbidity is
expressed in "degrees (formazin)" as a unit.

[0031] In the present invention, a formazin standard liquid which exhibits better reproducibility
and stability than those of a kaolin standard liquid is used; and the turbidity "NTU" which is
measured by a scattered light measurement method is employed. NTU refers to
"Nephelometric Turbidity Unit" and when the turbidity is more than 100 NTU, such a high
turbidity becomes a factor for membrane fouling in filtration by an ultrafiltration membrane in
the step (2) described later. Therefore, it is preferred to adjust the turbidity to a range of 0.1 to
100 NTU by carrying out the above-described one or more solid-liquid separation operations.
The above-described solid-liquid separation technique can be carried out by a known device
and procedure. In contrast, in order to adjust the turbidity to less than 0.1 NTU, it is required to
use a microfiltration membrane with a fine pore diameter of 0.05 to 1.0 ym. In cases where
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such a microfiltration membrane is used, there is a possibility that the enzyme component of
cellulase derived from filamentaous fungi is blocked as a retentate of the microfiltration
membrane and thus the turbidity is preferably 0.1 NTU or more.

[0032] The ultrafiltration membrane used in the present invention refers to a separation
membrane having an average fine pore diameter of 0.02 to 0.0001 ym and a separation
membrane capable of membrane separation and concentration of mainly water-soluble high
molecular weight compounds such as enzymes or proteins via an effect of molecular sieving.

[0033] In the present invention, two kinds of ultrafiltration membranes, which are the first
ultrafiliration membrane with a molecular weight cut off of 100,000 to 200,000 and the second
ultrafiliration membrane with a molecular weight cut off of 5,000 to 50,000, are used. Molecular
weight cut off (MWCO) refers to one that defines the membrane performance by measuring
the molecular weight that can be separated as a the retentate fraction of membrane, as is
described that "A curve obtained by plotting data with the molecular weight of the solute along
the horizontal axis and the blocking rate along the vertical axis is called a molecular weight cut
off curve. The molecular weight at which the blocking rate is 90% is called the molecular weight
cut off of the membrane." in The Membrane Society of Japan ed., Membrane Experiment
Series, Vol. lll, Artificial Membrane, editorial committee members: Shoji Kimura, Shin-ichi
Nakao, Haruhiko Ohya, and Tsutomu Nakagawa (Kyoritsu Shuppan Co., Ltd., 1993), page 92.
As for a technique of determining the molecular weight cut off, various dextran standard
samples or protein standard samples whose molecular weight are known can be filtered
through an ultrafiltration membrane to evaluate its blocking rate and draw a separation curve
thereof, thereby determining the molecular weight cut off. Specifically, an ultrafiltration
membrane with a molecular weight cut off of 100,000 refers to an ultrafiltration membrane that
blocks 90% of the molecules with a molecular weight of 100,000.

[0034] Cellulase derived from filamentaous fungi contains enzyme components varying in size
from small to large in a range of 20 to 100 kDa; and when an aqueous solution of cellulase
derived from filamentaous fungi is subjected to filtration through the first ultrafiltration
membrane with a molecular weight cut off of 100,000 to 200,000, it is expected that the
enzyme component cannot be recovered from the feed side. However, contrary to
expectations, in the step (1) of the present invention, a part of the enzyme components in a
range of 20 kDa to 100 kDa of cellulase derived from filamentaous fungi can be recovered
from the feed side by using the first ultrafiltration membrane with a molecular weight cut off of
100,000 to 200,000. When the molecular weight cut off of the first ultrafiltration membrane
exceeds 200,000, the amount of the enzyme component recovered as a retentate decreases,
which is thus not preferred. When the molecular weight cut off is below 100,000, the amount of
enzyme components recovered by the ultrafiliration membrane excessively increase, which is
thus not preferred. It is to be noted that a preferred molecular weight cut off of the first
ultrafiltration membrane is 100,000 to 150,000.

[0035] And, the filtrate of step (1) is subjected to filtration with an ultrafiltration membrane with
a molecular weight cut off of 5,000 to 50,000 in the step (2); and enzyme components of
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cellulase derived from filamentaous fungi that have not been fully recovered in the step (1) are
recovered. With the molecular weight cut off of the second ultrafiltration membrane being less
than 5,000, the flux of the membrane decreases and, in addition, the amount and activity of
enzyme recovered do not greatly change, which are thus not preferred. With the molecular
weight cut off exceeding 50,000, the cellulase component derived from filamentaous fungi
contained in the filtrate of the step (1) comes to be filtrated into the filtrate side and thereby the
amount and activity of enzyme recovered decreases, which is thus not preferred. It is to be
noted that a preferred molecular weight cut off of the second ultrafiltration membrane is 10,000
to 30,000.

[0036] The separation property of an ultrafiliration membrane (polymer membrane) is
determined by the fine pore diameter of a dense layer called a function layer. As materials of
the function layer of the ultrafiltration membrane used in the step (1) and the step (2),
materials such as polyether sulfone (PES), polysulfone (PS), polyacrylonitrile (PAN),
polyvinylidene difluoride (PVDF), regenerated cellulose, cellulose, cellulose ester, sulfonated
polysulfone, sulfonated polyether sulfone, polyolefin, polyvinyl alcohol, polymethylmethacrylate,
or polyethylene tetrafluoride can be used. Because regenerated cellulose, cellulose, and
cellulose ester go through degradation by cellulase derived from Trichoderma, it is preferred to
use an ultrafiltration membrane in which the material of the function layer is a synthetic
polymer compound such as PES or PVDF.

[0037] With regard to a pH condition at the time of filtration through an ultrafiltration
membrane, it is preferred, in the step (1) of the present invention, to adjust the pH of an
aqueous solution of cellulase derived from filamentaous fungi to pH 2.6 to 5.4 or pH 8.6 to 9.4.
It is to be noted that, in the present invention, if the pH of the aqueous solution of cellulase
derived from filamentaous fungi already is within a range of a pH of 2.6 to 5.4 or a pH of 8.6 to
9.4, the pH thereof is considered to have adjusted to such a range. As for an effect of adjusting
the pH in the step (1) and then filtering through an ultrafiltration membrane, the invention has
an effect by which the amount of enzyme components contained in a concentrated enzyme
liquid that can be recovered as a retentate can increase.

[0038] It is to be noted that the permeability of an enzyme or protein through an ultrafiltration
membrane is known to change by a pH condition. This is said to be caused by a fact that the
surface charge state of an enzyme or protein dissolved in an aqueous solution and thereby the
apparent molecular weight thereof in the aqueous solution changes. However, it has been
known that such a condition and extent of changing the apparent molecular weight are altered
by various factors including a characteristic amino acid sequence and steric structure specific
to each of the enzyme components, and, in addition, interaction acting among respective
enzymes dissolved in the aqueous solution. In the case of cellulase derived from filamentaous
fungi, changes in the apparent molecular weight of each enzyme component in each pH
condition or association states of an individual enzyme component in the aqueous solution in
which plural kinds of each enzyme component of cellulase derived from filamentaous fungi are
dissolved have not been clarified. Therefore, as a matter of course, changes in the
permeability of each enzyme component of cellulase derived from filamentaous fungi through
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the ultrafiltration membrane by changes in pH have not been clarified as well.

[0039] A temperature condition at the time of filtration through an ultrafiltration membrane in
the step (1) and the step (2) is not in particular restricted as long as it is a temperature range in
which enzymes are not inactivated or do not aggregate and the temperature is preferably in a
range of 15 to 35°C. In particular, when the temperature exceeds 35°C, components having an
enzyme activity of either xylanase or endoglucanase may in some cases aggregate, which
components are enzyme components with a molecular weight of less than 40 kDa which are a
part of the enzyme components of flamentaous fungi cellulase.

[0040] A filtration rate by an ultrafiltration membrane of the step (.1) is not in particular
restricted as long as it is in a range in which enzymes are blocked in the feed side and the
filtration rate is preferably 0.5 to 8 m/day. With the filtration rate being less than 0.5 m/day,
such a rate comes to be a factor for lowering the blocking rate of cellulase derived from
filamentaous fungi. On the other hand, with the filtration rate exceeding 8 m/day, such a rate
may cause a marked increase in transmembrane pressure difference of the ultrafiltration
membrane and abrupt fouling of the membrane.

[0041] Meanwhile, because the ultrafiliration membrane used in the step (2) corresponds to
the molecular weight of cellulase derived from filamentaous fungi, the filtration rate less affects
the blocking rate of cellulase derived from filamentaous fungi and the filtration rate may be
determined with consideration for the fouling of the membrane. And, the filtration rate is
preferably 0.1 to 4 m/day.

[0042] It is to be noted that the filtration rate (m/day) is calculated by the following formula
(Formula 1), wherein the aqueous solution of cellulase derived from filamentaous fungi to be
filtered is subjected to filtration through the ultrafiltration membrane having a certain specific

membrane area (mz); and the resulting flux (m3/h) is measured.

Filtration rate (m/day) = Flux (m?/h) x 24 + Membrane
area (m?) --- (Formula 1)

[0043] In the step (1) and the step (2), the concentration of a concentrated enzyme liquid that
is obtained as a retentate of an ultrafiltration membrane is preferably in a range of 1 to 100
g/L. With the concentration exceeding 100 g/L, the viscosity of membrane-separated and
concentrated enzyme liquid in the feed side increases, which may cause an abrupt drop in the
filtration rate. On the other hand, with the concentration being less than 1 g/L, the solution is
too dilute as the membrane-separated and concentrated enzyme liquid and thus such a
concentration cannot be said to be a sufficient concentration for a reason of the use of the
concentrated enzyme liquid.

[0044] As for the ultrafiltration membrane used in the step (1) and the step 2, one in an
appropriate form such as flat membrane type, spiral type, tubular type, or hollow fiber type can
be used.
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[0045] In particular, because there is a possibility that an aqueous solution of cellulase derived
from filamentaous fungi used in the step (1) contains solids or the like, a separation membrane
with a strong resistance to membrane fouling is preferred. That is, an external pressure type
hollow fiber ultrafiltration membrane is preferred. A hollow fiber membrane refers to a
separation membrane that has a hollow cavity inside of it and has function layers inside or
outside of the hollow cavity. In particular, in the present invention, preferred is an external
pressure type hollow fiber membrane capable of permeating filtration feed water from the
outside of the hollow fiber membrane and obtaining a filtrate in the inside of the hollow fiber
membrane. The external pressure type hollow fiber membrane has characteristics of having
more strong resistance to membrane fouling by solids and, in addition, being easier to wash
than an inner pressure type one.

[0046] Meanwhile, the ultrafiltration membrane that is used in the step (2) may take on any
form. In particular, a spiral type having a high membrane area per unit volume is preferred.
Because the filtrate obtained in the step (1) is, in the present invention, used in the step (2),
the invention has effects of improving the filtration rate in the step (2) and enabling the
prevention of membrane fouling as well.

[0047] Concrete examples thereof include G-5 type, G-10 type, G-20 type, G-50 type, PW
type, and HWS UF type, all of which are manufactured by DESAL; HFM-180, HFM-183, HFM-
251, HFM-300, HFM-116, HFM-183, HFM-300, HFK-131, HFK-328, MPT-U20, MPS-U20P,
and MPS-U208S, all of which are manufactured by KOCH; SPE1, SPE3, SPE5, SPE10, SPE30,
SPV5, SPV50, and SOW30, all of which are manufactured by Synder; "Microza" (registered
trademark) UF series manufactured by Asahi Kasei Corporation; and NTR7410 and NTR7450,
both of which are manufactured by Nitto Denko Corporation.

[0048] The ultrafiltration in the step (1) and the step (2) may be either dead-end filtration
(normal flow filtration) or cross flow filtration (tangential flow filtration). The dead-end filtration
(normal flow filtration) is a method of applying pressure vertically against the membrane
surface of ultrafiltration membrane to carry out filtration from the feed side to the filtrate side.
On the other hand, the cross flow filtration (tangential flow filtration) is a method of carrying out
filtration while removing a sedimentary layer formed on the ultrafiltration membrane surface by
generating flow parallel to the membrane surface, which is a filtration direction, (cross flow or
tangential flow) by a pump, air bubbles, or the like. By this cross flow (or tangential flow),
membrane fouling of the ultrafiltration membrane can be prevented. In particular, in cases
where an external pressure type hollow fiber is used in the step (1), the dead-end filtration is
preferred. Further, in cases where a spiral type or flat membrane type is used in the step (1)
and the step (2), the cross flow filtration is preferred.

[0049] In cases where the ultrafiltration membrane that is used in the step (1) is an external
pressure type hollow fiber ultrafiltration membrane, it is preferred to carry out a backwash
operation in which a filtrate is intermittently passed through from the filtrate side to the feed
side. By this backwash operation, deposited materials which are deposited on the membrane
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of the ultrafiltration membrane, such as solids or enzymes, can be detached. That is, by this
operation, clogging at the time of filtration by the ultrafiltration membrane can be prevented
and the filtration treatment can be stably carried out for a long period of time. This operation
may be carried out at the time of filtration by the ultrafiltration membrane, at the end of
filtration, or the like. The timing for carrying out this operation includes cases where filtration
differential pressure of the ultrafiltration membrane increases or cases where the operation is
carried out at regular intervals regardless of the differential pressure. The latter is more
preferred.

[0050] With regard to the concentrated enzyme liquid obtained as a retentate of the
ultrafiltration membrane in the step (1) or the step (2), it is preferred to recover the
concentrated enzyme liquid by generating cross flow by aeration and/or solution circulation in a
range of a membrane surface linear velocity of 1 to 200 cm/sec. Further, on this occasion, the
concentrated enzyme liquid may also be obtained while the above-described backwash
operation is continuously or intermittently carried out to generate the above-described cross
flow.

[0051] The cellulase obtained in the present invention can be used, by being taken advantage
of its own catalytic activity, in food product application, detergents, cleaning agents,
environmental cleanup agents, fertilizer application, feed application, cosmetics application,
pharmaceutical application, or the like.

[0052] The cellulase obtained in the present invention can be widely used in hydrolysis of
biomass containing cellulose. The biomass containing cellulose refers to one that contains at
least cellulose or hemicellulose. Concrete examples include bagasse, corn stover, corncob,
switchgrass, paddy straw, straw, tree, lumber, waste building materials, newspaper, used
paper, and pulp. These biomasses containing cellulose contain impure substances such as
polymer aromatic compound lignin or hemicellulose. Biomasses containing cellulose in which
lignin or hemicellulose has been partially degraded by using acid, alkali, pressurized hot water,
or the like as pretreatment may be used as cellulose. Hydrolysis conditions may be set to
optimal reaction conditions for cellulase derived from filamentaous fungi. Preferred are a
treatment temperature of 40 to 60°C, a treatment pH of 3 to 7, and a concentration of the solid
content of biomass containing cellulose of 0.1 to 30%. By setting to the above optimal reaction
condition range, biomass hydrolysis efficiency can be brought out at a maximum. The
hydrolysis treatment may be carried out by a batch method or may be carried out by a
continuous method. Because a hydrolysate obtained by such an enzyme treatment contains
monosaccharide components such as glucose or xylose, it can be used as fermentation raw
sugar such as ethanol or lactic acid.

[0053] When the cellulase obtained in the present invention is used, an enzyme component
having another function such as oxidase, reductase, hydrolase, transferase, or isomerase may
be added to be used as an enzyme agent. In particular, such an enzyme component having
another function is not limited to filamentaous fungi; and enzyme components derived from any
organisms or enzyme components produced by gene recombination may be added and used.
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[0054] A device for carrying out the present invention will be described using Figure 4 and
Figure 5 as embodiments thereof. Figure 4 and Figure 5 are cross section views depicting one
example of the device of carrying out the present invention.

[0055] The device of Figure 4 is a spiral element type device that utilizes an ultrafiltration
membrane with a molecular weight cut off of 100,000 to 200,000. An aqueous solution of
cellulase derived from filamentaous fungi is held in the tank for an aqueous solution of
cellulase 1. In this tank 1, adjustment of pH is carried out and thus the pH sensor 2 is installed
in the tank. A detected pH signal is transferred to the pH adjustment pump 3. The pH
adjustment pump 3 is connected to the pH adjuster tank 4 which contains an acid or alkali; and
a pH adjuster is sent to the tank for an aqueous solution of cellulase 1. The tank for an
aqueous solution of cellulase 1 is connected to the ultrafiltration membrane 8 with a molecular
weight cut off of 100,000 to 200,000 via the ultrafiltration pump 6.

[0056] In the device of Figure 4, the ultrafiltration membrane 8 with a molecular weight cut off
of 100,000 to 200,000 is connected in a tree structure. Yet, there are no particular limitations.
Further, the filtrate of the ultrafiltration membrane 8 with a molecular weight cut off of 100,000
to 200,000 is connected to the holding tank for filtrate 10. The retentate of the ultrafiltration
membrane 8 with a molecular weight cut off of 100,000 to 200,000 is recovered as the first
concentrated enzyme liquid. The concentrated enzyme liquid which is the retentate may be
recovered as is as the first concentrated enzyme liquid as long as necessary and sufficient
separation and concentration can be attained; and the concentrated enzyme liquid may be
connected to the tank for an aqueous solution of cellulase 1 for circulation in order to obtain a
more sufficient concentration rate.

[0057] With regard to the filtrate of the ultrafiltration membrane with a molecular weight cut off
of 100,000 to 200,000, separation and concentration are further carried out with the second
ultrafiltration membrane with an average molecular weight cut off 5,000 to 50,000. The holding
tank for filtrate 10 is connected to the ultrafiltration membrane 13 with a molecular weight cut
off of 5,000 to 50,000 via the valve 11 and the ultrafiltration pump 12. As shown in Figure 4, the
ultrafiltration membrane 13 with a molecular weight cut off of 5,000 to 50,000 may be
connected in a tree structure. The retentate of the ultrafiltration membrane 13 with a molecular
weight cut off of 5,000 to 50,000 is recovered as a concentrated enzyme liquid. The
concentrated enzyme liquid is recovered in the second holding tank for concentrated enzyme
liquid 14 and the filtrate is recovered in the second holding tank for filtrate 15.

[0058] The device of Figure 5 is an embodiment in which an external pressure type hollow
fiber ultrafiltration membrane is used as the ultrafiltration membrane 8 with a molecular weight
cut off of 100,000 to 200,000. In cases where the external pressure type hollow fiber
ultrafiltration membrane is used, the device comprises the compressor 7 which generates air
bubbles for washing the hollow fiber membrane surface and the backwash pump 9 for carrying
out backwash of the membrane by using the filtrate of the ultrafiliration membrane 8 with a
molecular weight cut off of 100,000 to 200,000. The rest is same as described in the device of
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Figure 4.

EXAMPLES

[0059] By way of example, the present invention will now be concretely described below. The
present invention is, however, not limited thereto.

(Reference Example 1) Method of Preparing Culture Solution of Trichoderma

[0060] A culture liquid of Trichoderma was prepared by the following method.

[Preculture]

[0061] Corn steep liquor 5% (w/vol), glucose 2% (w/vol), ammonium tartrate 0.37% (w/vol),
ammonium sulfate 0.14 (w/vol), potassium dihydrogen phosphate 0.2% (w/vol), calcium
chloride dihydrate 0.03% (w/vol), magnesium sulfate heptahydrate 0.03% (w/vol), zinc chloride
0.02% (wl/vol), iron (lll) chloride hexahydrate 0.01% (w/vol), copper (ll) sulfate pentahydrate
0.004% (w/vol), manganese chloride tetrahydrate 0.0008% (w/vol), boric acid 0.0006% (w/vol),
and hexaammonium heptamolybdate tetrahydrate 0.0026% (w/vol) were added to distilled
water; and 100 mL of the resultant was filled into a 500 mL Erlenmeyer flask with baffles and
subjected to autoclave sterilization at a temperature of 121°C for 15 minutes. After allowed to
cool, the resultant was added with each of PE-M and Tween80 at 0.01% (w/vol), which PE-M
and Tween80 had been independently subjected to autoclave sterilization at a temperature of
121°C for 15 minutes. Trichoderma reesei ATCC66589 was seeded to this preculture medium

so as to be 1x10° cells/mL and cultured at a temperature of 28°C for 72 hours with shaking at
180 rpm (shaking device: BIO-SHAKER BR-40LF manufactured by TAITEC), thereby obtaining
preculture.

[Main culture]

[0062] Corn steep liquor 5% (w/vol), glucose 2% (w/vol), cellulose (Avicel) 10% (w/vol),
ammonium tartrate 0.37% (w/vol), ammonium sulfate 0.14% (w/vol), potassium dihydrogen
phosphate 0.2% (w/vol), calcium chloride dihydrate 0.03% (w/vol), magnesium sulfate
heptahydrate 0.03% (w/vol), zinc chloride 0.02% (w/vol), iron (lll) chloride hexahydrate 0.01%
(w/vol), copper (IlI) sulfate pentahydrate 0.004% (w/vol), manganese chloride tetrahydrate
0.0008% (w/vol), boric acid 0.0006% (w/vol), and hexaammonium heptamolybdate
tetrahydrate 0.0026% (w/vol) were added to distilled water; and 2.5 L of the resultant was filled
into a 5 L-stirring jar (manufactured by ABLE, DPC-2A) vessel and subjected to autoclave
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sterilization at a temperature of 121°C for 15 minutes. After allowed to cool, the resultant was
added with each of PE-M and Tween80 at 0.1%, which PE-M and Tween80 had been
separately subjected to autoclave sterilization at a temperature of 121°C for 15 minutes; and
250 mL of Trichoderma reesei ATCC66589 that had pre-cultured in advance in liquid medium
by the above-mentioned method was inoculated. Thereafter, the culture was carried out with
shaking at a temperature of 28°C for 87 hours at 300 rpm in a condition of an aeration volume
of 1 vvm; and after centrifugation, the supernatant was subjected to membrane filtration
("STERICUP"-GV manufactured by Millipore, material: PVDF). This culture liquid adjusted in
the above-described condition was used in the following examples as an aqueous solution of
cellulase derived from Trichoderma.

(Reference Example 2) Measurement of Sugar Concentration

[0063] The concentration of glucose and xylose that were contained in a sugar liquid was
quantified in HPLC conditions described below by comparing to a standard sample.

Column: Luna NH», (manufactured by Phenomenex)

Mobile phase: Milli-Q:acetonitrile= 25:75 (flow rate 0.6 mL/min)
Reaction liquid: None
Detection method: RI (differential refractive index)

Temperature: 30°C

(Reference Example 3) Method of Measuring Cellulase Activity

[0064] The cellulase activity was divided into three kinds of degrading activities: (1) Avicel
degrading activity, (2) cellobiose degrading activity, and (3) xylan degrading activity; and the
activity was measured and evaluated via the following procedure.

(1) Avicel degrading activity

[0065] To an enzyme liquid (prepared in predetermined conditions), Avicel (manufactured by
Merck) 1 g/L and sodium acetate buffer (pH 5.0) were added at 100 mM. The resulting mixture
was, while rotated and mixed, allowed to react at a temperature of 50°C for 24 hours. After the
reaction, a tube was centrifuged and the glucose concentration of the supernatant component
was measured. The glucose concentration was measured according to the method described
in Reference Example 2. The concentration of glucose produced (g/L) was used as is as the
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activity level of the Avicel degrading activity.

(2) Cellobiose degrading activity

[0066] To an enzyme liquid, cellobiose (Wako Pure Chemical Industries, Ltd.) 500 mg/L and
sodium acetate buffer (pH 5.0) were added at 100 mM. The resulting mixture was, while
rotated and mixed, allowed to react at a temperature of 50°C for 0.5 hours. After the reaction,
a tube was centrifuged and the glucose concentration of the supernatant component was
measured. The glucose concentration was measured according to the method described in
Reference Example 2. The concentration of glucose produced (g/L) was used as is as the
activity level of the cellobiose degrading activity.

(3) Xylan degrading activity

[0067] To an enzyme liquid, xylan (Birch wood xylan, Wako Pure Chemical Industries, Ltd.) 10
g/L and sodium acetate buffer (pH 5.0) were added at 100 mM. The resulting mixture was,
while rotated and mixed, allowed to react at a temperature of 50°C for four hours. After the
reaction, a tube was centrifuged and the xylose concentration of the supernatant component
was measured. The xylose concentration was measured according to the method described in
Reference Example 2. The concentration of xylose produced (g/L) was used as is as the
activity level of the xylose degrading activity.

(Reference Example 4) Measurement of Protein Concentration

[0068] Measurement of protein concentration was carried out using Pierce BCA Protein Assay
Kit according to the Kit protocol. A standard curve of protein concentration was prepared by
measuring, in the same manner, ones obtained by subjecting Albumin standard (2 mg/mL) to
serial dilution; and quantification was carried out by target samples of the standard curve and
colorimetry.

(Reference Example 5) Membrane Separation and Concentration of Aqueous Solution
of Cellulase Derived from Trichoderma by Ultrafiltration Membrane with Molecular
Weight Cut Off of 100,000

[0069] The cellulase derived from Trichoderma prepared of the above Reference Example 1
was diluted so as to be 3.5 g/L. For this, dilute hydrochloric acid or dilute sodium hydroxide
was used to prepare an aqueous solution with pH 2, pH 3, pH 4, pH 5, pH 6, pH 7, pH 8, pH 9,
pH 10, pH 11, and pH 12 (pH 2 to 12). After adjustment of pH, the protein concentration was
measured again and found to be approximately 3.5 g/L. Thus, the protein concentration of
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these aqueous solutions of cellulase whose pH had been adjusted was considered to be
presumably 3.5 g/L and the following evaluation was carried out.

[0070] The above-mentioned aqueous solution of cellulase derived from Trichoderma whose
pH had been adjusted (pH 2 to 12) 20 mL was each concentrated using an ultrafiltration
membrane with a molecular weight cut off of 100,000 ("VIVASPIN" 20 manufactured by

Sartorius, 100,000 MWCO, PES, effective membrane area 6 cm?) via dead-end filtration until
the liquid volume of retentate reached 0.5 mL (temperature 25°C, centrifugal force 6000 g). In
order to measure the amount of proteins of the concentrated liquid and the cellulase activity
thereof, the concentrated liquid was recovered and, with the mass thereof being measured,
filed with RO water until reaching its initial mass of 20 g (20 mL). This was used, as a
retentate, in the following analysis. Further, as for a filtrate, a filtrate of the ultrafiltration
membrane was not subjected to particular treatment such as dilution and was used as is as the
filtrate in the following analysis.

[0071] Measurement of the protein concentration of the retentate and filtrate was carried out
by the method described in the above Reference Example 4. Further, for the above-described
retentate and filtrate, electrophoresis was carried out using a bioanalyzer (Agilent, Protein 230
kit). The obtained result of electrophoresis is shown in Figure 2. In Figure 2, a band ascribed to
cellobiohydrolase of cellulase derived from Trichoderma can be confirmed at any pH of pH 2 to
10; and it was found that there was difference in the intensity of each band depending on the
pH of an aqueous solution of Trichoderma cellulase. In particular, it was found that the band
intensity of cellobiohydrolase (CBH) is high at pH 3, pH 4, and pH 5 (Figure 2) and the band
intensity of cellobiohydrolase tended to be low in the case of being above pH 6 or in the case
of being pH 2. Further, it was able to be confirmed that this result was totally consistent with a
tendency in cellobiohydrolase concentration calculated by a bioanalyzer. The result is shown in
Table 1.

[Table 1]

pH2{pH3 jpH4 {pHS5 i pHG6 jpH7{pH 8ipH 9ipH 10
CBH concentration 508 { 1300 { 1273 {1615 § 1142 § 978 { 847 { 870 ; 545
(Hg/MI)

[0072] Next, measurement of each cellulase activity of the retentate was carried out according
to the above Reference Example 3. The result is shown in Table 2.

[Table 2]

pH2 §{ pH3 pH 4 pH 5 pH 6 pH7
Recovery rate of protein 78% § 57% 59% 47% 43% 40%
Avicel degrading activity 0 0.25 0.24 0.2 0 0
Xylan degrading activity 1.4 1.6 1.5 1.1 0.9 0.9
Cellobiose degrading activity 0 0.3 0.3 0.3 0.2 01
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pH8 § pH9 § pH10 { pH11 | pH 12
Recovery rate of protein 27% § 7T1% 73% 75% 73%
Avicel degrading activity 0 0.21 0 0 0
Xylan degrading activity 0.7 11 0.5 0 0
Cellobiose degrading activity 0 0.4 0 0 0

[0073] The cellulase degrading activity of the retentate, in particular Avicel degrading activity
at each pH was compared. It was found that the activity was higher in a condition of pH 3, pH
4, pH 5, and pH 9 than other pH. That was thought to be because the activity correlated with
the amount of cellobiohydrolase recovered in Table 1 at pH 3, pH 4, and pH 5; and the amount
of cellobiohydrolase recovered increased among the cellulase components derived from
Trichoderma at pH 3, pH 4, and pH 5. Further, in contrast, it was found that the Avicel
degrading activity increased at a condition of pH 9. It was found that this result did not correlate
with the result of electrophoresis in Figure 2 or the amount of cellobiohydrolase recovered in
Table 1. In order to check the reason, analysis was carried out for band 1 to band 5 other than
cellobiohydrolase in Figure 2 using a bioanalyzer. The molecular weight of each of band 1 to
band 5 was: band 1: 23.5 kDa, band 2: 26.1 kDa, band 3: 27.6 kDa, band 4: 30.8 kDa, and
band 5: 42.5 kDa, respectively. Further, similarly to CBH, the concentration of each cellulase
component of bands 1 to 5 was calculated by a bioanalyzer. The result is shown in Table 3.
[Table 3]

pH2 {pH3 {pH4 {pHS i pHOG § pH7 § pH8 { pH9 { pH 10
Band 1 (pg/ml) § 95 71 51 44 27 21 22 84 70
Band 2 (ug/ml ) § 268 § 242 § 138 § 105 55 27 24 103 84
Band 3 (ug/ml ) { 268 § 242 § 138 { 105 55 27 24 103 84
Band 4 (ug/ml) §{ 25 §{ 117 § 152 { 131 68 52 45 § *214 § 296
Band 5 (ug/ml) § 58 54 63 59 32 21 24 §{*126 { 129

[0074] As a result of the analysis, it was found that, as for bands 1 to 5 of cellulase
components, the amount recovered as a retentate increased at pH 3, pH 4, pH 5, and pH 9. It
is to be noted that band 4 and band 5 of cellulase components were in particular found to be
present as bands with increased amount recovered at pH 9 or higher (Table 3, *: asterisk).
With regard to these two kinds of enzyme components, it was thought that the Avicel degrading
activity of the retentate increased because a large amount thereof was specifically recovered
as the retentate at pH 9. Identification of band 4 and band 5 has not been completed.
Nevertheless, from the molecular weight of cellulase derived from Trichoderma component
written in a known database, it was presumed that they are endoglucanase or xylanase.

[0075] Further, while the recovery rate of the protein was high at a condition of pH 10 or
higher, the recovery rate of the enzyme activity significantly decreased. This was thought to be
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because even though the protein of cellulase component derived from Trichoderma could be
recovered at pH 10 or higher, the enzyme activity thereof was inactivated. It was thought that
the recovery rate of the enzyme activity significantly decreased also at pH 2 due to the same
reason as at pH 10 or higher.

[0076] That is, it was found that the cellulase activity recovered as the retentate increased or
decreased by adjusting the pH of the aqueous solution of cellulase derived from Trichoderma
in Reference Example 5. Further, in particular, it was able to be confirmed that because the
cellulase degrading activity recovered became maximum at pH 3, pH 4, pH 5, and pH 9, a
retentate having a high cellulase degrading activity could be recovered by adjusting the pH of
the aqueous solution of cellulase derived from Trichoderma to a range of pH 2.6 to 5.4 or pH
8.6 to 9.4 and then by subjecting to filtration through the ultrafiltration membrane with a
molecular weight cut off of 100,000.

(Comparative Example 1) Concentration of Cellulase Derived from Trichoderma by
Ultrafiltration Membrane with Molecular Weight Cut Off of 10,000 (pH 3 and pH 9)

[0077] 20 mL of the aqueous solution of cellulase derived from Trichoderma (pH 3, pH 9) of
Reference Example 5 was concentrated using an ultrafiltration membrane with a molecular
weight cut off of 10,000 ("VIVASPIN" 20 manufactured by Sartorius, 10,000 MWCO, PES,

effective membrane area 6 cm2) via dead-end filtration until the liquid volume of retentate
reached 1 mL (temperature 25°C, centrifugal force 6000 g). The concentrated liquid was
recovered and, with the mass thereof being measured, filled with RO water until reaching its
initial mass of 20 g. This was used as a retentate and the cellulase degrading activity thereof
was measured according to the above Reference Example 3. With regard to the aqueous
solution of cellulase derived from Trichoderma before ultrafiltration, the cellulase degrading
activity of the retentate was evaluated with an activity value obtained by the measurement
according to Reference Example 3 as 100%. The obtained result is shown in Table 5.

(Example 1) Membrane Separation and Concentration of Aqueous Solution of Cellulase
Derived from Trichoderma by Ultrafiltration Membranes with Molecular Weight Cut Off
of 100,000 and 10,000 (pH 3 and 9)

[0078] As shown in Reference Example 5, it was found that a part of the cellulase components
could be recovered in the feed side by subjecting an aqueous solution of cellulase derived from
Trichoderma to filtration through an ultrafiltration membrane with a molecular weight cut off of
100,000. However, a concurrent problem was, on another front, that a part of the enzyme
components were lost as a filtrate of the ultrafiltration membrane. In view of this, it was
examined whether the second concentrated enzyme liquid was further obtained as a retentate
by further subjecting the filtrate to filtration using an ultrafiltration membrane with a molecular
weight cut off of 10,000 after separating the aqueous solution of cellulase derived from
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Trichoderma by the ultrafiltration membrane with a molecular weight cut off of 100,000 and
recovering the retentate (the first concentrated enzyme liquid). To be specific, the examination
was carried out by the following procedure.

[0079] The ultrafiliration was carried out using the aqueous solution of cellulase derived from
Trichoderma in Reference Example 5 (pH 3 and pH 9). Filtration by the ultrafiltration
membrane with a molecular weight cut off of 100,000 was carried out according to
Comparative Example 1; and the retentate (the first concentrated enzyme liquid) 0.5 mL and
the filtrate 19.5 mL were recovered.

[0080] The filtrate 19.5 mL was further concentrated using the second ultrafiltration
membrane with a molecular weight cut off of 10,000 ("VIVASPIN" 20 manufactured by

Sartorius, 10,000 MWCO, PES, effective membrane area 6 cm?) via dead-end filtration until
the liquid volume of the retentate reached 0.5 mL (temperature 25°C, centrifugal force 6000
g). Eventually, the first concentrated enzyme liquid 0.5 mL and the second concentrated
enzyme liquid 0.5 mL were mixed, thereby obtaining a recovered enzyme liquid 1 mL.

[0081] Next, the recovered enzyme liquid was, with the mass thereof being measured, filled
with RO water until reaching its initial mass of 20 g; and the cellulase degrading activity of the
resulting liquid was measured according to the above Reference Example 3. Further, also with
regard to the aqueous solution of cellulase derived from Trichoderma before ultrafiltration, the
cellulase degrading activity of the retentate was evaluated with an activity value obtained by
measuring the cellulase degrading activity according to Reference Example 3 as 100%. The
obtained result is shown in Table 4.

[Table 4]
pH 3.0 pH 9.0
Comparative jExamplej Comparative {Example
Example 1 2 Example 1 2

Recovery rate of protein 82% 86% 78% 84%
Recovery rate of Avicel 81% 98% 82% 98%
degrading activity

Recovery rate of xylan 96% 97% 92% 97%
degrading activity

Recovery rate of 98% 102% 80% 93%
cellobiose degrading

activity

[0082] When the concentrated enzyme liquid obtained using only the ultrafiltration membrane
with a molecular weight cut off of 10,000 in Comparative Example 1 was compared with the
recovered enzyme liquid obtained by mixing the first concentrated enzyme liquid obtained
using the ultrafiltration membrane with a molecular weight cut off of 100,000 with the second
concentrated enzyme liquid obtained using the ultrafiltration membrane with a molecular
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weight cut off of 10,000 in Example 1, it was found that the recovery rate of the protein
increased more in Example 1 than in Comparative Example 1. In addition, it was found that, in
Example 1, the recovery rate of the Avicel degrading activity significantly increased in
particular.

[0083] That is, from the result of Example 1, it was found out that the enzyme amount of the
recovered cellulase derived from Trichoderma and the activity thereof could increase by
carrying out the step of obtaining the first concentrated enzyme liquid using an ultrafiltration
membrane with a molecular weight cut off of 100,000 to 200,000, and then the step of
obtaining the second concentrated enzyme liquid by subjecting the filtrate to filtration through a
the second ultrafiltration membrane of 5,000 to 50,000.

(Example 2) Critical Flux of Second Ultrafiltration Membrane

[0084] The aqueous solution of cellulase derived from Trichoderma 1 L (pH 5) Trichoderma
aqueous solution in Reference Example 5 was subjected to cross flow filtration through a
hollow fiber ultrafiltration membrane with a molecular weight cut off of 150,000 ("TORAYFIL"
HFU manufactured by Toray Industries, Inc.) to obtain a filtrate. Next, the cross flow filtration
was carried out using an ultrafiltration membrane with a molecular weight cut off of 10,000
(VIVASCIENCE, "VIVAFLOW" 50, PES, VF05P0) with the filtration flux being changed, thereby
measuring transmembrane pressure difference at each filtration flux. For comparison, also with
regard to the case where a hollow fiber ultrafiltration membrane with a molecular weight cut off
of 150,000 was not carried out (which was designated as Comparative Example 2), the
filtration was carried out, in the same manner as described above, using an ultrafiltration
membrane with a molecular weight cut off of 10,000 with the filtration flux being changed,
thereby measuring transmembrane pressure difference at each filiration flux. The result is
shown in Figure 3.

[0085] As shown in Figure 3, a regression line was prepared using three points where the
transmembrane pressure difference sharply increased and a point before the increase; and
membrane flux (m/day) at the intersection point of two regression lines was designated as
critical membrane flux. As a result, it was found that the filtrate obtained by treating the
aqueous solution of cellulase derived from Trichoderma through the hollow fiber ultrafiltration
membrane with a molecular weight cut off of 150,000 exhibited a more increased value of the
critical membrane flux. This is thought to be because a part of the enzyme components or
other water-soluble polymer components are removed by the hollow fiber ultrafiltration
membrane with a molecular weight cut off of 150,000 and the critical flux of a molecular weight
cut off of 10,000 increases. Further, it is the result showing that this effect enables the flux of
the second ultrafiltration membrane to be set high and time for concentration and energy used
therefor can be reduced.

(Comparative Example 3) Concentration of Cellulase Derived from Trichoderma by
Ultrafiltration Membrane with Molecular Weight Cut Off of 10,000 (pH 4, pH 5, pH 6, pH 7,
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and pH 8)

[0086] While the evaluation in the cases of pH 3 and pH 9 was carried out in Comparative
Example 1, the example was carried out at pH 4, pH 5, pH 6, pH 7, and pH 8 (pH 4 to 8) via
the following procedure.

[0087] 20 mL of the aqueous solution of cellulase derived from Trichoderma (pH 4 to 8) of
Reference Example 5 was each concentrated until the liquid volume of the retentate reached 1
mL via the same procedure as described in Comparative Example 1. The concentrated liquid
was recovered and, with the mass thereof being measured, filled with RO water until reaching
its initial mass of 20 g; and the cellulase degrading activity was measured according to the
above Reference Example 3. Also with regard to the aqueous solution of cellulase derived from
Trichoderma before ultrafiltration, the cellulase degrading activity of the retentate was
evaluated with an activity value obtained by measuring the cellulase degrading activity
according to Reference Example 3 as 100%. The obtained result is shown in Table 5.

(Example 3) Membrane Separation and Concentration of Aqueous Solution of Cellulase
Derived from Genus Trichoderma by Ultrafiltration Membranes with Molecular Weight
Cut Off of 100,000 and 10,000 (pH 4, pH 5, pH 6, pH 7, and pH 8)

[0088] While the evaluation in the step (2) was carried out in the cases of pH 3 and pH 9 in
Example 1, an evaluation on whether the effects in the step (1) and the step (2) were exerted
was carried out at pH 4, pH 5, pH 6, pH 7, and pH 8 (pH 4 to 8) via the following procedure.

[0089] The aqueous solution of cellulase derived from Trichoderma of Reference Example 5
(pH 4 to 8) 20mL was each subjected to the same procedure as described in Example 1 to
recover a retentate (the first concentrated enzyme liquid) 0.5 mL and a filtrate 19.5 mL.
Further, also as for the filtrate 19.5 mL, concentration was carried out until the liquid volume of
the retentate reached 0.5 mL via the same procedure as described in Example 1, thereby
obtaining the second concentrated enzyme liquid. Eventually, the first concentrated enzyme
liquid 0.5 mL and the second concentrated enzyme liquid 0.5 mL were mixed, thereby
obtaining a recovered enzyme liquid 1 mL.

[0090] Next, the recovered enzyme liquid was, with the mass thereof being measured, filled
with RO water until reaching its initial mass of 20 g; and the cellulase degrading activity of the
resulting liquid was measured according to the above Reference Example 3. Further, also with
regard to the aqueous solution of cellulase derived from Trichoderma before ultrafiltration, the
cellulase degrading activity of the retentate was evaluated with an activity value obtained by
measuring the cellulase degrading activity according to Reference Example 3 as 100%. The
obtained result is shown in Table 5.

[Table 5]
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pH 4.0 pH 5.0
Comparative {Examplejy Comparative {Example
Example 3 3 Example 3 3
Recovery rate of protein 80% 85% 78% 84%
Recovery rate of Avicel 81% 98% 82% 96%
degrading activity
pH 6.0 pH 7.0
Comparative {Examplej Comparative {Example
Example 3 3 Example 3 3
Recovery rate of protein 72% 83% 70% 80%
Recovery rate of Avicel 76% 90% 70% 88%
degrading activity
pH 8.0
Comparative {Example
Example 3 3
Recovery rate of protein 70% 80%
Recovery rate of Avicel 70% 88%
degrading activity

[0091] When the concentrated enzyme liquid (pH 4 to 8) obtained using only the ultrafiltration
membrane with a molecular weight cut off of 10,000 in Comparative Example 3 was compared
with the recovered enzyme liquid obtained by mixing the first concentrated enzyme liquid
obtained using the ultrafiltration membrane with a molecular weight cut off of 100,000 with the
second concentrated enzyme liquid obtained using the ultrafiltration membrane with a
molecular weight cut off of 10,000 in Example 3, it was found that the recovery rate of the
protein increased more in Example 3 than in Comparative Example 3. In addition, it was found
that, in Example 3, the recovery rate of the Avicel degrading activity significantly increased in
particular.

[0092] That is, from the result of Example 3, it was found that the enzyme amount of a
recovered cellulase derived from Trichoderma ion and the activity thereof could be increased
by carrying out the step of obtaining the first concentrated enzyme liquid using the ultrafiltration
membrane with a molecular weight cut off of 100,000 to 200,000 at pH 4 to 8, and then the
step of obtaining the second concentrated enzyme liquid by subjecting the filtrate to filtration
through a the second ultrafiltration membrane of 5,000 to 50,000.

[0093] Further, when the result of Example 1 (pH 3 and pH 9) was compared with the result of
Example 3 (pH 4 to 8), it was found that the recovery rate of the Avicel degrading activity of the
cellulase recovered was higher in conditions of pH 3 in Example 1, pH 4 in Example 3, and pH
9 in Example 1, as compared with the result of "pH 6, pH 7, and pH 8" in Example 3. That is, it
was found that the pH of the aqueous solution of flamentaous fungi cellulase is preferably
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adjusted to pH 2.6 to 5.4 or pH 8.6 to 9.4 in the present invention.

(Comparative Example 4) Membrane Separation and Concentration of Aqueous Solution
of Cellulase Derived from Genus Trichoderma by Molecular Weight Cut Off of 10,000
and Molecular Weight Cut Off of 10,000 (pH 3 and pH 9)

[0094] The aqueous solution of cellulase derived from Trichoderma of Reference Example 5
(pH 3 and pH 9) 20mL was each concentrated until the liquid volume of the retentate reached
0.5 mL via the same procedure as described in Comparative Example 1 to recover a retentate
(the first concentrated enzyme liquid) 0.5 mL and a filtrate 19.5 mL.

[0095] Next, the filtrate 19.5 mL was further concentrated using the second ultrafiltration
membrane with a molecular weight cut off of 10,000 ("VIVASPIN" 20 manufactured by

Sartorius, 10,000 MWCO, PES, effective membrane area 6 cm?) until the liquid volume of the
retentate reached 0.5 mL via the same procedure as described in Comparative Example 1,
thereby recovering the second concentrated enzyme liquid. Eventually, the first concentrated
enzyme liquid 0.5 mL and the second concentrated enzyme liquid 0.5 mL were mixed, thereby
obtaining a recovered enzyme liquid 1 mL.

[0096] Next, the recovered enzyme liquid was, with the mass thereof being measured, filled
with RO water until reaching its initial mass of 20 g; and the cellulase degrading activity of the
resulting liquid was measured according to the above Reference Example 3. Further, also with
regard to the aqueous solution of cellulase derived from Trichoderma before ultrafiltration, the
cellulase degrading activity of the retentate was evaluated with an activity value obtained by
measuring the cellulase degrading activity according to Reference Example 3 as 100%. The
obtained result is shown in Table 6.

[Table 6]

pH 3 pH 9
Recovery rate of protein 82% 79%
Recovery rate of Avicel degrading activity 81% 82%
Recovery rate of xylan degrading activity 96% 92%
Recovery rate of cellobiose degrading activity 98% 81%

[0097] As compared with the result of the concentration (in the cases of pH 3 and pH 9) of
cellulase derived from Trichoderma by the ultrafiltration membrane with a molecular weight cut
off of 10,000 in Comparative Example 1, it was confirmed that the amount of proteins
recovered and the amount of Avicel degrading activity recovered in Comparative Example 4
did not differ greatly.

(Comparative Example 5) Concentration of Cellulase Derived from Trichoderma by
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Ultrafiltration Membrane with Molecular Weight Cut Off of 30,000 (pH 3 and pH 9)

[0098] While the ultrafiltration membrane with a molecular weight cut off of 10,000 was used
in Comparative Example 1, an ultrafiltration membrane with a molecular weight cut off of
30,000 ("VIVASPIN" 20 manufactured by Sartorius, 30,000 MWCO, PES, effective membrane

area 6 Cm2) was used in this Comparative Example 5 to carry out the example. The same
procedure as in Comparative Example 1 was carried out except for the molecular weight cut off
of the above-mentioned ultrafiltration membrane used. The obtained result is shown in Table 7.

(Example 4) Membrane Separation and Concentration of Aqueous Solution of Cellulase
Derived from Trichoderma (pH 3 and 9) by Ultrafiltration Membranes with Molecular
Weight Cut Off of 100,000 and 30,000

[0099] While the ultrafiltration membrane with a molecular weight cut off of 10,000 was used
as the second ultrafiltration membrane in Example 1, an ultrafiltration membrane with a
molecular weight cut off of 30,000 ("VIVASPIN" 20 manufactured by Sartorius, 30,000 MWCO,

PES, effective membrane area 6 cm?) was used in this Example 4 to carry out the example.
The same procedure as Example 1 was carried out except for the molecular weight cut off of
the above-mentioned ultrafiltration membrane used. The obtained result is shown in Table 7.
[Table 7]

pH 3.0 pH 9.0
Comparative {Examplej Comparative {Example
Example 5 4 Example 5 4
Recovery rate of protein 80% 82% 2% 80%
Recovery rate of Avicel 82% 97% 80% 96%
degrading activity
Recovery rate of xylan 96% 97% 91% 96%
degrading activity
Recovery rate of 98% 100% 82% 94%
cellobiose degrading
activity

[0100] When the concentrated enzyme liquid obtained using only the ultrafiltration membrane
with a molecular weight cut off of 30,000 in Comparative Example 5 was compared with the
recovered enzyme liquid obtained by mixing the first concentrated enzyme liquid obtained
using the ultrafiltration membrane with a molecular weight cut off of 100,000 with the second
concentrated enzyme liquid obtained using the ultrafiltration membrane with a molecular
weight cut off of 30,000 in Example 5, it was found that the recovery rate of the protein
increased more in Example 5 than in Comparative Example 4. In addition, it was found that, in
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Example 5, the recovery rate of the Avicel degrading activity significantly increased in
particular. It was found that these tendencies were the same tendency as in the cases where
the ultrafiltration membrane with a molecular weight cut off of 10,000 was used (Example 1
and Comparative Example 1).

INDUSTRIAL APPLICABILITY

[0101] The cellulase obtained in the present invention can be effectively used in detergent
application and applications such as hydrolysis of starch and hydrolysis of cellulose.

DESCRIPTION OF SYMBOLS

[0102]

1 Tank for an aqueous solution of cellulase

2 pH sensor

3 pH adjuster tank

4 pH adjustment pump

5 Valve

6 Ultrafiltration pump 1

7 Compressor

8 Ultrafiltration membrane with a molecular weight cut off of 100,000 to 200,000
9 Backwash pump

10 Holding tank for filtrate

11 Valve 2

12 Ultrafiltration pump 2

13 Ultrafiltration membrane with a molecular weight cut off of 5,000 to 50,000
14 Second holding tank for filtrate

15 Second holding tank for concentrated enzyme liquid
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1

PATENTIKRAYV

1. Fremgangsmade til fremstilling af cellulase omfattende de folgende trin (1) til (3),
at:

(1) underkaste en vandig oplasning af cellulose, der stamsnmer fra filamentase svampe,
til filtrering gennem en ultrafiltreringsmembran med en maksimalveerdi af molekulzer veegt
pa 100.000 til 200.000 til tilvejebringelse af et filtrat og til samtidig tilvejebringelse af en
koncentreret enzymvaeske som et retentat;

(2) yderligere underkaste filtratet tilvejebragt i trin (1) til filtrering gennem en anden
ultrafiltreringsmembran med en maksimalveerdi af molekyleer veegt pd 5.000 til 50.000 til
tilvejebringelse af en anden koncentreret enzymvaeske som et retentat; og

(3) blande den koncentrerede enzymvaske tilvejebragt i trinnene (1) og (2) til tilve-
jebringelse af cellulase, der stammer fra filamentgse svampe.

2. Fremgangsmade til fremstilling af cellulase ifglge krav 1, hvor den filamentgse
svamp er Trichoderma.

3. Fremgangsmade til fremstilling af cellulase ifalge krav 1 eller 2, hvor den vandige
oplagsning af cellulase, der stammer fra filamentgse svampe, justeres til pH 2,6 til 5,4 eller
pH 8,6 til 9,4 i trin (1).

4. Fremgangsmade til fremstilling af cellulase ifalge et hvilket som helst af krav 1 to
3, hvor den vandige oplgsning af cellulase, der stammer fra filamentgse svampe, er en fila-
ment@gs svampekulturveeske eller et hydrolysat af biomasse indeholdende cellulose tilveje-
bragt ved anvendelse af cellulase, der stamnmer fra filamentgse svampe.

5. Fremgangsmade til fremstilling af cellulase ifglge hvilke som helst af krav 1 to 4,
hvor den vandige oplgsning af cellulase, der stammer fra filamentgse svampe, omfatter én
eller flere enzymkomponenter valgt fra gruppen bestaende af cellobiohydrolase, endogluca-
nase og xylanase.

6. Fremgangsmade til fremstilling af cellulase ifglge et hvilke som helst af krav 1 til 5,
hvor en temperatur af den vandige oplgsning af cellulase, der stammer fra filamentgse
svampe, er i et temperaturinterval pa 15 til 35°C.

Awa#160542
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