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20 hydrolyze lignocellulosic biomass to produce reducing sugars for fue! ethanol

fermentation).

In recent years, conversion of biomass to biofuel has been the subject of intense
research efforts. It has gained significant political and scientific momentum, owing to
25 concerns about the shortage of fossil fuels and the emission of green house gases
(Antoni et al., “Biofuels from Microbes”; Appl Microbiol Biotechnol, 77.23-35 (2007); Bayer
et al, “The Cellulosomes: Multienzyme Machines for Degration of Plant Cell Wall
Polysaccharides”, Annu Rev Microbiol, 58: 521-554 (2004); Service RF, “Cellulosic
Ethanol : Biofuel Researchers Prepare to Reap a New Harvest’, Science, 315:1488-1491
30 (2007)). Global energy usage is projected to nearly double in the next two decades
(hitp:/imvww.eia.doe.gov/ oiaffieo/pdf/048.(2007).pdf.) and biological fuel production might

serve as a sustainable, carbon-neutral energy source, compatible with the current engine

technology.

35 Lignoceliulosic biomass is by far the most abundant renewable source of sugars that can

be fermented to high value products like fuel ethanol. These include hardwood, softwood,



5Cel l ul ose i s a honopol ysacchari de conprised of -D glucopyranose units,

| i nked by 13-(1- 4)-glycosidic bonds. The smallest repetitive unit of
cellul ose is cell obiose, which can be converted into glucose residues.

Hem cel | ul oses are polyners of xyl ose, mannose, arabinose and gal actose. 10
Lignin is a highly branched bi opol yner of aromatic conpounds filling the
spaces in the cell wall between cellul ose and hem celluose, It has an
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remained hemicelluloses is still used as a substrate either for hydrolysis or for cellulolytic

20  enzyme production.

Lignocellulosic enzyme complex is comprised of cellulolytic enzymes (i.e. cellulase), a
multicomponent enzyme complex containing three basic types of enzyme (ie.
endoglucanase, exoglucanase and B-glucosidase) and hemicellulolytic enzymes (i.e.
xylanase and B-xylosidase, etc.). The synergistic actions of this enzyme complex bring
25 about the degradation of cellulose to glucose and the hemicellulose to xylose and other

reducing sugars.

The production of cellulolytic enzyme complex is a major factor in lignocelluloses
hydrolysis and biomass-to-ethanol process. W is important to make the process
30  economically viable because large-scale application in the degradation of lignocelluloses
demands microorganisms with improved activity and productivity and cellulases with
better resistance to product inhibition. A variety of microorganisms, including bacteria
and fungi, have the ability to secrete cellulase to degrade the lignoceliuloses to glucose
monomers. Filamentous fungi, for example, Trichoderma reesei (See Mandels et al.,

35  “Measurement of Saccharifying Cellulose”, Biotechnol Bioeng Symp, 6:21-33 (1976a)),



endogl ucanase (EG conponents of the cellulolytic enzyne conplex in |large
quantities. However, the anobunt of p-glucosidase secreted by Trichoderma
reesei is insufficient, 5 causing the accurulation of cell obi ose which
produces repression and end product inhibition to the enzynes. In addition,
cellulase from Trichodernma reesei shows relatively |ow specific activity,
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higher B-glucosidase activity than Tfrichoderma reesei, but the total cellulase (FPase)
activity is relatively lower than that from Trichoderma reesei. As a result, production of

sugars from waste cellulose is still not commercially feasible.

25  Lignocellulosic enzymes can be prepared from a range of different microorganisms. In
WO 95/26398, a modified celflulase is obtained by inclusion of foreign DNA sequence in a
host cell which modifies the nature of the original strain selected from a list of
microorganisms consisting of: Bacillus, Streptomyces, Saccharomyces,
Schizosaccharomyces and Aspergillus.

30
In WO 96/05739, a mixture of enzymes comprising xylanase, protease, and beta-

glucanase is obtained from different microorganisms.

In WO 2009/065199, a mixture of enzymes comprising endoglucanase, exoglucanase,
35 beta-glucosidase and accessory enzymes such as xylanase is obtained from

Trichoderma reesei and Aspergillus awamori,



The above and ot her problens are solved and an advance in the art is nmade
by providing a novel strain of Trichoderma viride naned NP13a useful for
the production of cellulolytic enzyme conplex in accordance with this
invention. It is an advantage that the strain of 10 Trichoderma viride
NP13a in accordance with this invention is useful for producing a
cellulolytic enzyne conpl ex having inproved ability to degrade
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In accordance with another embodiment of this invention, there is provided a supernatant
obtained from the culture of the strain of Trichoderma viride NP13a. The supernatant
comprises a cellulolytic enzyme complex which comprises cellulase, endoglucanase,

exoglucanase, f-glucosidase, xylanase and B-xylosidase or mixtures thereof.

25
in accordance with another embodiment of this invention, a method for obtaining the
supernatant is provided. The method comprises contacting the strain of Trichoderma
viride NP13a with a medium to get a suspension, incubating the suspension, fermenting
the suspension and followed by centrifuging the suspension to obtain the supernatant.

30

In accordance with other embodiments of this invention, a method for degrading
lignocellulosic material to fermentable sugar is provided. The method comprises
pretreating the lignocellulosic material, washing the pretreated lignocellulosic material
with distilled water, drying the pretreated lignocellulosic material and contacting the
35 pretreated lignocellulosic material with the supernatant containing the cellulolytic enzyme

complex derived from the sfrain of Trichoderma viride NP13a.



Figure 2 illustrates the tinme course of reducing sugar yield during
enzymati c hydrolysis of 10 waste newspaper using the enzyne conpl exes
prepared fromthe Trichodernma viride strain NP13a and Tri choderma reesei
strain Rut-C30, and using other conmmercial enzynes and their m xtures.
Figure 3 illustrates the tinme course of cellobiose yield during enzymatic
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DESCRIPTION OF THE INVENTION
20
The present invention relates to a new strain of Trichoderma viride, named NP13a. This
strain is useful in producing a cellulolytic enzyme complex that can be used for the
degradation of pretreated lignocellulosic materials. The Trichoderma viride strain NP13a
was deposited with ATCC, 12301 Parklawn Drive, Rockville Md., United States of
25  America on 31 March 2010, and bears the accession number of PTA-10765.

Strain isolation and identification

The Trichoderma viride strain NP13a of this invention was isolated from soil samples
30 collected from the campus of Ngee Ann Polytechnic, Singapore. Trichoderma viride
strain NP13a grows well on potato dextrose agar (PDA). On the PDA plate, colonies
appear to be white when the Trichoderma viride strain NP13a first grows with fine
mycelium. The colonies start to form dense mycelium from the centre of the colonies on
day two or day three and spores begin to form. The colonies grow in a circular manner
35 and their colour changes from white to green. After a longer period of growth, the

colonies become dark green and powdery but are colourless when observed from the



spread all over the plate by day seven or eight. The above norphol ogy of
the strain NP13a on PDA plates indicates that the strain is a typica
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25  and active mutants thereof, can be made by isolating gene(s) from the Trichoderma viride
strain NP13a and active mutants thereof, and transforming a suitable host with the
gene(s). In particular, genes that encode the lignoceliulosic biomass degrading enzymes

such as endoglucanase, exoglucanase, (-glucosidase, xylanase, f(3-xylosidase, and
pectinase, etc. can be used to prepare recombinant microorganisms that produce these

30 specific cellulolytic enzymes, which are useful for lignocellulosic material hydrolysis.
Such genes can also be optimized using standard techniques, such as enzyme directed
evolution and then be transferred to a host cell or to the parent strain itself. Many ways

are known for introducing a gene into a host microorganism under conditions that allow

for stable maintenance and expression of the gene. One can provide DNA constructs

35  containing the transcriptional and translational signals for the expression of the gene,

replication or integration sequences, promoter sequences or marker genes and then



15Car bohydrates or their derivatives induce nost of the cellulolytic
enzynes. Enzyne production of the hypercellulolytic fungus, for exanple,
Trichoderma reesei Rut- C30 has been studied in nost detail. It is
general ly accepted that cell obi ose (See Fritscher et aL, "Cell obiose

Met abol i sm and Cel | obi ohydr ol ase Bi osynthesis by 20 Trichoderma reesei",
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br an ?E t al(f' egoﬁy{itga es or ethg;]?1 dléren}atwes induce most of the cellulolytic enzymes.

Enzyme production of the hypercellulolytic fungus, for example, Trichoderma reesei Rut-
C30 has been studied in most detail. It is generally accepted that celiobiose (See
Fritscher et al., “Cellobiose Metabolism and Cellobichydrolase Biosynthesis by
20  Trichoderma reesei’, Exp Mycol, 14:405-15 (1990)) and lactose (See Morikawa et al.,
“Cellulase induction by Lactose in Trichoderma reesei PC-3-7", Appl Biochem Biotechnol,
44:106-111 (1995)) enhance the production of endo- and exo-glucanase as well as [3-
glucosidase. However, the highest cellulase yields have been obtained on cellulose-
containing carbon sources (See Bhat et al., “Cellulose Degrading Enzymes and Their
25  Potential Industrial Applications”, Biotechnol Adv, 15:583-620 (1997)). Secretion of 3
glucosidase is highly dependent on the culture conditions. A relatively high pH can

enhance p-glucosidase production.

in the present invention, cellulases and hemicellulases can be produced on various
30  carbon sources, including on an alpha cellulose substrate (Solka Floc); pretreated wood
dust; pretreated wood chips; pretreated oil palm empty fruit bunch powders; and wheat

bran or its mixture with the rest of the above mentioned lignocellulosic materials.

The lignocellulosic material or biomass used in the present invention is preferably
35 selected from the group consisting of herbaceous material, agricultural residue, forestry

residue, waste paper, and pulp and paper mill residue.



Al'l the lignocellulosic materials or biomass collected were i nmmedi ately

aut ocl aved and dried. The dried biomass was cut, mlled and then sieved to
500 m powder. The 10 bi onass then went through chem cal pretreatnent using
a diluted acid such as phosphoric acid (H3PO4), hydrochloric acid (HC),
and sul phuric acid (H2SH); or a diluted base such as sodi um hydroxi de
(NaCOH), cal ci um hydroxide (Ca(OH)2) and hydrogen peroxide (H202), and
distilled water. The bi omass was pretreated under roomtenperature or under

pressuri zedosd eABolifient eMBld M@entBﬂefF%aIf BEelildi® Raelkeat Bidmaldd inthider bad S
were collected, filtered, washed with distilled water until the etreated
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fromthe gampys of Ngee Ann Pol ytechnic, Singapore was grown on potato
dextrose agar (PDA) at 30C for devel opnent of spores. On day 7, the plates
were washed with 0.5% Tween80 to obtain a 108 spores/m suspensi on.
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58 with sufficient aeration for the strain to grow, the activities of the
cel | ubol YHh& T8RRI a" FRfNERaid NERSEBHRNES by thet Qilldhriiys calebly fTrchﬁ’ the
fernmentation begins. After culturing of the strain is conpleted,
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viride st #@tnobiaip WWO%MbS%?e%‘%I lul ol yti c enzyne conpl ex conprised of
cel l ul ase, endogl ucanase, exogl ucanase, p-glucosidase, xylanase and

p- xyl osi dase. Preferabl p- gl ucosi dase and cel lul ase are present in a
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procedure describéd by Ghose, T.K ~(Ghose, T.K , Pure Ap

59: 257- 26Bay.1ibgesiedpgontaiBipiorRg seltsand ofber @ﬁeroeuatea{mt@ﬁ%ﬁ wmaee fanghpigdh
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V\hatmanNol | ter” paper strip (50 rTP 1 6 cm. _The reaction m xture was

i ncubat edP@tis Qgﬁj@@tqdotp gohaicaliulose substrate (Solka Floc). The effected biomass loading

30 is 1-5%. With regard to the sources of nitrogen, it is possible to use, for example,

inorganic ammonium salts (e.g. ammonium sulfate) and organic ammonium salts (e.g.

urea, amino acids, meat extract and peptone etc.). With regard to inorganic salts, it is

possible to use, for example, potassium dihydrogen phosphate (KH,PO,4), magnesium

sulphate (MgSQ,), calcium chloride (CaCly), iron(ll} sulphate (FeSQOy;), manganese

35  sulphate (MnSO,) and zinc sulphate (ZnSQOy).



Endogl ucanase (CMCase) activity was carried out in a total reaction m xture
of 1.5 mM containing 0.5 m of suitably diluted enzyne sanples and 1.0 nml,
2% (W v) carboxynet hyicellulose (CMC) solution in 0.05 Mcitrate buffer (pH
4.8). This mxture 25was incubated at 50C for 30 m n. Xylanase activity was
determ ned by cat al yzi ng 1.0 mM of 1% xylan in 0.05 M phosphorate buf f er
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of the pr %U1C_rt fromtheir respective substrate per mn under the assay
condi tion he sol uble protein, an indicator of the enzyne rel eased, was

nmeasured by the Lowy Protein Assay using bovine serum al bumn as the
standalrd "Protein Measurenent 15with Folin Phenol Reagent"”
I

3 B oo CndvnG seueBl asray (201
Filter paper activity was assayed according to the procedure described by Ghose, T.K.
(Ghose, T.K., Pure Appl. Chemn. 59:257-268 (1987)) by incubating 0.5 mi of the suitably
diluted enzyme samples with 1.0 mi, of 0.05 M citrate buffer (pH 4.8) containing one
Whatman No.1 filter paper strip (50 mg, 1 x 6 cm). The reaction mixture was incubated at
20 50°C for 60 min.

Endoglucanase (CMCase) activity was carried out in a total reaction mixture of 1.5 mi

containing 0.5 ml of suitably diluted enzyme samples and 1.0 ml, 2% (wh)

carboxymethyicellulose (CMC) solution in 0.05 M citrate buffer (pH 4.8). This mixture
25  was incubated at 50°C for 30 min.

Xylanase activity was determined by catalyzing 1.0 ml of 1% xylan in 0.05 M phosphorate
buffer (pH 6.5) by 0.5 ml of suitably diluted enzymes at 40°C for 10 min (See Bailey, et al,
“Induction, Isolation and Testing of Stable Trichoderma reesei Mutants with Improved

30  Production of Solubilizing Cellulase”, Enzyme Microb Technof, 3:1563-157 (1981)).

(-glucosidase activity was estimated using p-nitro phenyl 3-D-glucopyranoside (pNPG) as
the substrate {(See Berghem and Pettersson, “Mechanism of Enzymatic Cellulose
Degradation. Isolation and Some Properties of a Beta-glucesidase from Trichoderma
35  viride’, Eur J Biochem, 46:295-305 (1974)). The total assay mixture (1 ml) consisted of



Enzymati c hydrol ysis The crude enzyne m xture of the Trichodernma reesei
strain Rut-C30 and the 20 Trichoderma viride strain NP13a and its nutants

t hereof, was each extracted fromthe fernmentation broth after 7 days of
growt h. Waste newspaper was cut into approx 0.5 x 0.5 cm pieces after
drying at 90C for two days. Enzymatic hydrolysis of the waste newspaper was
carried out at a biomass loading of 2.5% (wv) in 20 M of 0.05 Mcitrate

buf fer (pRUMBYF | MMENRG magd BJrnt efseifablyduted saryhe Red PlRsadyEs BryRaed n
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t her of or eASTO! Ydlad PPHNE REUERPEHMAL o e Plan R ARSIt ol phioydn Mers iR
hydr ol gy zedith Folh ehem dadaigent” W Blo/ Oeehut3d12a5- PIESC(ﬂM)Bﬁ in the foll ow ng
exanpl es, which do not Iimt the scope of the invention described in the

clai ns. EXAMPLES 15Exanple 1 Enzyne production by the strain NPl3a and its
nmut ant s t Bezwodtic hydrolysis

The crude enzyme mixture of the Trichoderma reesei strain Rut-C30 and the
20  Trichoderma viride strain NP13a and its mutants thereof, was each extracted from the
fermentation broth after 7 days of growth. Waste newspaper was cut into approx 0.5 x
0.5 cm pieces after drying at 90°C for two days. Enzymatic hydrolysis of the waste
newspaper was carried out at a biomass loading of 2.5% {w/v) in 20 mi of 0.05 M citrate
buffer (pH 4.8) in 50-ml Falcon tubes. The experiments were performed in triplicates at
25 50 = 1°C in a shaking water bath (Memmert GmbH + Co. KG, Schwabach, Germany) with

maximum strokes for 96 hours.

The commercial Trichoderma reesei cellulase (Celluclast 1.5 L), and (-glucosidase
(Novozyme 188) were used as the controls. The enzyme activily for FPase was 10 [U/g
30  newspaper and that for 3-glucosidase was 30 |U/g newspaper in the mixture of Celluclast
1.5 L and Novozyme 188. Enzyme loading for the crude enzyme mixture from the
fermentation broth was the same, i.e. 10 {U/g substrate of FPase. Samples were
withdrawn every 24 hours. They were centrifuged at 4500 rpm, at 4°C for & min. The
amount of reducing sugars released from the enzymatic hydrolysis was measured using
35 the 3,5-dinitrosalicylic acid (DNS) method (Ghose, 1987). The concentration of cellobiose

10



The strain of Trichoderma viride NP13a and its nutants thereof were
cultivated in shake 20 flasks for enzynme production. The basic nmedi um used
for the seed culture and the enzynme production was Mandel's medi um (Mandel s
and Sternberg, "Recent Advances in Cellul ose Technol ogy", J. Fernent.
Technol , 54:267-286 (1976b)) containing 1.4 g of (NH4)2504, 2.0 g of

KH2POQ4, 0.3 of urea, 0.3 of. Cad 2,. .0.. of 504.7 5.0 of
Foson, TrobEsIngesEd feinn el EBrorengen ol SrdealBEshy (L) ona Brtesy 2
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the delignified ¢ se ol ka 0C), in of distille r.. The
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i noculated with 1 of . funga re ensi o 1 of .spore .
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W . e day-2 seed c ur nd c ivat e .a, rotary .shaker
N At a6t infaiies Arbectarcaier Lo Saves Peir B ey i e e Y s £y oy
centri f ugakicont epolyshtdratridenhydrbgzé@esul ting supernatant sol ution was used
as the crude enzyne preparation tor enzynme activity assay and extracel | ul ar

protein content neasurenent. 35 The Trichoderma reesei strain Rut-C30 was

cul tivat edhinnidition Mk BB ARBer AesEleRer inbid Bhowieganéniphkes, ndsed s wutdinsihown
in Table 1. Table Flr@S'hOWS' the enzyne i,vities and productivities of the

ac
crude enzMFeSHPR OfNesN PR S8R tRer OIS FAMS r ai ns of Trichoderma viride

NP13a and Trichoderma reesei Rut-C30 in shake flask fernmentation. The
results w%r %red with the data in the art (Cheng et aL, "Genone
Shuffling PSW Production of Cellulase by Penicilliumdecunbens JUA10",
J App! Mcrobiol, 107:1837-1846 (2007); and Asdul M etal., "Strain

| mprovenment of PenicilliumjanthinellumNCIM 1171 for Increased Cell ul ase
Produd?i of*@MBiEet esour 10 Technol, 98:1467-1473 (2007)). Wile the strain
of Trichoderma viride NP13a (EU2-77) showed conparabl e FPase activity and

Ot her st ETRens Bk e DATeirg ey e BERTG Tk hoder ma vi ri de. NP13a
exhi bited hi gher specific 6-glucosidase activity as conpared to the rest of
A T R T R e e e
of theoenfyske @etanvinbgaofiiaiont hehd bashadediom usad fe thersbed dNRL&aaaddhsone
other str %;qusmé Qrotdngtio%r\}vass Ma%idglss nﬁg&ar% (Mé’n@%zsﬂﬁ%sﬁeﬂb%%’g‘{Q%a!ac‘;’énﬁ Rdvances in
Cellulose Technology”’, J. Ferment. Technol, 54:267-286 (1976b)) containing 1.4 g of
(NH4)2S04, 2.0 g of KH,PQy, 0.3 g of urea, 0.3 g of CaCl,, 0.3 g of MgS0,.7H;0, 5.0 mg
of FeS0,-TH20, 1.6 mg of MnSQ4H;0, 1.4 mg of ZnSO,-H,0, and 2.0 mg of CoCl; as well
25 as 10 g of substrate such as lactose (for seed culture only), the delignified cellulose
(Solka Eloc), in 1000 m! of distilled water. The initial pH of the medium was adjusted to 6
with 1 M HCI or 1 M NaOH before inoculation. A 250-mi Erlenmeyer flask containing 100
ml| medium was inoculated with 1 mi of fungal spore suspension (108 of spores) and
incubated at 30°C on a rotary shaker (150 rpm) for 2 days. Shake flasks (250-mi
30 Erlenmeyer flasks containing 100 ml medium) were inoculated with 10 ml of the day-2
seed culture and cultivated on a rotary shaker (150 rpm) at 30°C. After 7 days, the celis
were removed from the culture broth by centrifugation or filtration. The resulting
supernatant solution was used as the crude enzyme preparation for enzyme activity
assay and extracellular protein content measurement.
35
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U l/hr Specific Activity 111/ nyg Endo- gl ucanase FPase Beta- gl ucosidase
Rut - C30 2.750.18 16.371.1 8.230.3 1.020.067 0.0780.011 JU-Al g*]

The Trichoderma reesei strain Rut-C30 was cultivated in the same manner as described

above and the results are shown in Table 1.

Table 1 shows the enzyme activities and productivities of the crude enzyme mixtures
5  prepared from the strains of Trichoderma viride NP13a and Trichoderma reesei Rut-C30
in shake flask fermentation. The results were compared with the data in the art (Cheng et
al., "Genome Shuffling Improves Production of Cellulase by Penicillium decumbens JU-
A10", J Appl Microbiol, 107:1837-1846 (2007); and Asdul MG et al., “Strain Improvement
of Penicillium janthinellum NCIM 1171 for Increased Cellulase Production®, Bioresour
10 Technol, 98:1467-1473 (2007)). While the strain of Trichoderma viride NP13a (EU2-77)
showed comparable FPase activity and productivity with the commercial strain
Trichoderma reesei Rut-C30 and other strains reported in the art, the strain of
Trichoderma viride NP13a exhibited higher specific p-glucosidase activity as compared to
the rest of the strains listed in Table 1. This is a great advantage of the Trichoderma

18  viride strain NP13a and the active mutants thereof.

Table 1. Comparison of the enzyme activities from the Trichoderma viride strain NP13a

and some other strains in the art

Strains FPase FPase Specific Activity IU/mg
[U/ml Productivity Endo- FPase Bota
Ul/hr )
glucanase glucosidase
Rut-C30 275018 16.37+1.1 8.23+0.3 1.02+0.067  0.078+0.011

JU-A10[*] 3.82+0.28 42.44+25 11.8840.45  3.41z0.25 0.705+0.008
EMS-UV-8[**] 3.2040.25 13.3341.0 8.33+0.39 0.33+0.03 0.625+0.04
EU2-77 2.191£0.05 13.04:0.3 9.74+0.15 1.30£0.03 2.390x0.05
20  *Cheng et at., 2009; ** Asdul et al., 2007

The enzyme activities of the Trichoderma viride strain NP13a (EU2-77) and the
commercial strain, Trichoderma reesei Rut-C30 are compared in Fig. 1. Although the
activities of the filter paper enzymes (FPase), endoglucanase (CMCase), 3-xylosidase
25 and protein concentration were higher for the Trichoderma reesei strain Rut-C30, the
activities of B-glucosidase and xylanase for the Trichoderma viride strain NP13a were
much higher than those of the Trichoderma reesei strain Rut-C30. In particular, 3-
glucosidase activity of the Trichoderma viride strain NPI13a was almost 19 times of that of

the Trichoderma reesei strain RUT-C30. This feature makes the Trichoderma viride
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strain NP13a a potential microbial factory for cellulolytic enzyme complex production for

use in the biomass-to-ethanol process.

Xylanase is an accessory enzyme for lignocellulosic material hydrolysis. It can help
degrade hemicellulose, separating cellulose from lignin and consequently making
cellulose more accessible to the celluloytic enzymes. The higher activity of xylanase in
the Trichoderma viride strain NP13a indicates that the enzyme complex prepared from
the Trichoderma viride strain NP13a might be more efficient in lignocellulosic biomass

hydrolysis.

The enzymatic degradation of waste cellulose by fungal enzymes has been suggested as
a feasible alternative for the conversion of lignocellulosic materials into fermentable
sugars and fuel ethanol (Lin ef al., “Ethanol Fermentation from Biomass Resources :
Current State and Prospects”, App! Microbiol Biotechnol, 69:627-642 (2006), Galbe et al,
“Pretreatment of Lignocellulosic Materials for Efficient Bioethanol Production”, Adv
Biochem Eng Biotechnol, 108:46-65 (2007); Merino et al., “Progress and Challenges in
Enzyme Development for Biomass Utilization”, Adv Biochem Eng Biotechnol, 108:95-120
(2007)). However, the most widely studied enzyme system, namely Trichoderma reesei
cellulases, has shown several disadvantages. Attempts fo use these enzymes in the
degradation of celiulosic wastes have not been successful for several reasons, such as

low sugar yields, low specific activities, and end product inhibition.

Since the parent strain, Trichoderma reesei QM 6a, of the Trichoderma reesei strain
RUT-C30 was isolated, there has been further developments on the chemical
mutagenesis and UV irradiation to produce hypercellulolytic Trichoderma reesei mutants.
Trichoderma reesei Rut-C30 is a mutant and produces approximately four times more
cellulase than the original parent strain QM 6a (Reese ET, “History of the Cellulase
Program at the U.S. Army Natick Development Center", Biotechnol Bioeng Symp, 6:9-20
(1976)). However, the enzymes prepared using Trichoderma reesei Rut-C30 is deficient
in B-glucosidase. On the other hand, the Trichoderma viride strain NP13a of the present
invention produces much more (-glucosidase than the Trichoderma reesei Rut-C30 strain.
Such feature makes the Trichoderma viride strain NP13a of the present invention and the
active mutants thereof, good candidates for the production of cellulases for lignocellulosic

waste degradation.

Example 2
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20*Cheng et at., 2009; ** Asdul et at, 2007 The enzyme activities of the
Trichoderma viride strain NP13a (EU2-77) and the comrercial strain,
Trichoderma reesei Rut-C30 are conpared in Fig. 1. Although the activities
of the filter paper enzynes (FPase), endogl ucanase (CMCase), 6-xyl osidase
25 and protein concentration were higher for the Trichoderma reesei strain
Rut - C30, the activities of 6-glucosidase and xyl anase for the Trichoderma
viride strain NP13a were much higher than those of the Trichoderm reesei

strain RuLy&3Rsis!dt wllel Addodher PYl Uucosi dase activity of the Trichoderma
viride strain NPl 3a was alnmost 19 tines of that of the Trichodernma reesei

strain RUT-C30. This feature makes the Tnchoderma viride strain NPl3a a

pot enti al sesaeé@méssumgcw %n%%e%‘c!t:bi‘ﬂé@l ¥ tid QUINIYEINGRIMBhE X0 RERAMRE ¢ for

use in the biomass-to-ethano process | anase 1S an accessory enzyne for
| i gnocel | bydseivic eanceity af theydedlopdieszymes @ahgrmebﬂ%c aederiede IRendyetasasose,

separ ati ng,eceld i Qér?ﬁ %t[oWBelt\!vQéH Qwe@ﬂﬁ'iapﬂfll_ﬁ&%! f}émﬂgfmaﬂm&@ﬁpw r §01pe
accessible to the celluloytic enzynes activit Xy anase in
the Tri chﬁif@ﬁﬁeaseasr ang toe rigpiatinp DB sedugiio caigers fof&tthQ hgnasriyeresc dhisey e
prepared {omdihgeT b&hﬂﬁﬁérgagéﬂcfﬁoﬂ% 6 T Bb s NBLAR E‘H\Qﬁ AP By edrédt%bte”t

in lignocellul osic bionass si's. 10 The en§¥ t1c degradation
wast e cel fpitiggtonsy In @rnjawmemtydbdmd@y%e@fﬁugwg@f %eatseszyfr@a@t piree fllter

al terppti F@pécr%rch\tuﬂ% Bﬁyg%séf%llﬁ’lgs% PR h@\a?fé;ﬂéd%ﬁ%%’é'c% akd¥. And major
ferment abl € sugars hanol (Lin et ) hanol Fer ment atlonfrom
Bi onass R@g@iﬁn@% amogg rthe rugsk a@@SawareP@bigwéét éUhaSAp?il alv"Ehatsictarization of

Bi ot echnofe fRe8 2450 Honki g&@@s@s Cﬁ'o@@céﬁ bgl Tnch@aéern'?é eLELALIE %n&fs Carbon

Li gnocel lulosic Materials for ficlent oet hanol Production”, Adv Bi ochem
Eng Bi ot eShwEEs’, TSza66- %cf(ezmo#(? 35MEBPHD (20053, Theresgymescamlexsaimetges i n

Enzynme De n
108, 95- 12000 00Ty PBevar Poeohep by A ot Pade e 9@"&%‘%’3%@ y

Tri chtfder ﬁﬁauﬂe%s’véb “(pByengeafel-olusasidasroan t%@\Fé‘f@&IP&ﬂesd‘d?\?af e Slydmivsisnpt s to
use t heseLrEH@déﬂEi%sab @Jb@ﬁat%@d@&%g%ﬂ Pébh%l @@'15&1@?'(@9@!@%%@?‘9&%009&k been

successf ul sever al reasons, such OW sugar ow specific
activitiete pa@fde ehthepndddeal SiahisHeepasielly SPiRtio RN gl perse) &lpased, "diring the

Tt 1 choder fifer 858i2hesSlibBraclo bBGOR 4R LR 66 BbiIG! 6 Bolfldbe IR
i sol ated, there een further devel opnents on th hem cal
hydrolyze the cellulosic materials.
20
In order to investigate the hydrolytic potentials of the Trichoderma viride strain NP13a of
the present invention, a dosage of FPase at 10 lU/g newspaper, 0.5 g of 0.5 cm x 0.5 cm
non-prefreated waste newspaper strips were hydrolyzed by the crude enzyme mixture
prepared from the shake flask fermentation and by the commercial enzymes and their
25  mixtures in 20 mi of citrate buffer at pH 4.8 in 50-ml falcon tubes. After 96 hour
incubation at 50°C in the shaking water bath, the final reducing sugar yields from the
newspaper hydrolysates were obtained and the results are depicted in Figures 2 and 3.
As shown in these figures, sugar vield was low for Celluclast 1.5 L and for the
fermentation broth obtained from the Trichoderma reesei strain Rut-C30 (37.9% and
30 40.3%, respectively). In fact, Celluclast 1.5 L was also produced by Trichoderma reesei
strain. Enzymes prepared from the Trichoderma reesei species are known to be deficient
in extracellular 3- glucosidase. It is only with the addition of Novozyme 188 (30 {U/g
substrate) to Celluclast 1.5 L that resufted in an about 1.5-fold increase in the final sugar
yield (65.1%).
35
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25 nutagenesis and UV irradiation to produce hypercellulolytic Trichodernma
reesei mutants. Trichoderma reesei Rut-C30 is a nutant and produces
approximately four tinmes nore cellulase than the original parent strain QM
6a (Reese ET, "Hi story of the Cellulase Programat the U S. Arny Natick
Devel opnent Center’ B| ot echnol Bioeng Synp, 6:9-20 (1976)). However, the

enzynes prepared Tr| odernma reesei t t I
P- gi ucosi (l]%@ysiﬁnuﬁ? Aehat thﬁa‘?ﬁ‘&ym?ﬁé’mﬁﬁ‘cgﬁgﬁﬁ mcél)ﬂg\’\/qOr"'jlg (ﬁ" é?m‘r?:igls%raﬁ %geaof
t he preserhdiiBuwRRbhOEUR-DOUSES mhﬂmmj rﬁ@hegl o shad af ¢he Machddeena reese;

Trichodernma rees Jgain ture Th [
viride st P&?W?\ﬁ?i@d@éf aﬁgs?’p}?@sé?ﬁp% Wgﬁ lﬁg@ ¥ ':%\?e{haﬁhtﬂgf ofThe
t hereof, geetherandirdginesmixare tohe:epm@@hmts Omrﬂmelzymbeﬂ%s(Sﬁdﬁ"/o) The final

I I | ul te d dat dro
nle\?\g ggger UB@%}I Y mq%gggt[ﬂ?ghg W‘gr? B‘h Egg Eg(gf%gef}yztgg |:}¥IC gl rggger\@?@ﬁweﬁut
i npor t ant 3o (‘Sgtﬁﬁ@ﬂgr&limtige Wwady dr@isyhdore tbap‘c’halt fmnﬂhet?ﬁr@h@d&rdlawuh’eeﬂza}mes

bt woan { R 18 G PR S Bt T8 CeRimln R 11 i1ofe P SRSl bR, o

assay) an@mkth% 2b@rragngoaelmjioseeid)ucxmmcisugara fan@rmd\ﬁmeymeg‘rﬁ:ﬁcahktute@se%e|t
may be that not %hosen

d
for pract |a€8‘|‘m%‘16{5‘?r|‘3 t gyér%gg’é Sb‘ftg@ }I?UE%E ﬁﬁﬁpaﬁjk‘/‘é’?gtﬁl‘?\é &fFiClency of

di ffepent enzynes at sane filter 10 paper activities per gramof cellul ose

i el ds wond D ERRER (AuRdLge Bpolrom 165 JPRhcler Py 6P R SURTCATT cirdeng fﬁ%%’”

Hemi cel | ulcagmserBaodeluedebCelutiadtodsr paproeesal hoh Maels cafscalabiben dBdog dbs”

Process Bi ochem 40:3519-3525 (2005 i vi.ng the
hi ghest gIYEEBEISyPlelVaS\RaBSWRAEPER LY *MG? ﬁ%f"f'ﬁacyhf’ﬁng%?ceﬁ%%@ g ERES .
Breui |l et (@b1(®@al) (&erﬁb@@ bt &f., aBeta- g!&db%id@@@@rﬁcr@blaP-ngdmmsncmﬁeE(ﬁ‘actt be

Filter Paper Act i VI ty and r ol SI S O noc at es
B or o8bur FTEYRAN HYasesa % js'?f}’ IR S-St G IE%?GS??’? B of
the i ndi Vil phy S8¢830n dFesPe6E é)/nt@@ﬂd fehhestati@nbrog ut:mbdemhaemd: idthdtng

the filt to be able tq bett the abjlity of
2 col | ul ade MO PE. G Jior st oo oDl TUp e el PaIRso! g s Britshby o

i nvesti galgil Myl 9bmbigared tﬁ@tén%k/ﬁze%ayﬁ be faumcpn@w@rma aalls l(ld@b.séwan a.,
NP13a of the present invention, ge of FPase, at {5@'%@?3

g of 0.5 chflease of §ﬁf%ﬁmBWf'?%‘é!{9§8 %S's@ 8‘%@%@%@?m iy (Srf‘ﬁzed
by thegcr ydRsenZyrey ApptMiérBnRI BRRIBH 190p8-ne1 SEBdg). flask fermentation and
by the commercial enzymes and their 25 mixtures in 20 m of citrate buffer

at pH 4.8 in 50-m falcon tubes. After 96 hour incubation at 50C in the

shaki ng wagr PRk ﬁé?ea,ﬁémlofr&@&a@éamﬁhr%}@a&o%a%%oﬁuw Tshﬁeﬂﬂﬁmt%a@feﬂhe
hydrol ysates were obtained and the resul'ts are depicted in qu}’ Blyse ﬁa
ahd for

As shown inew Rieehedeirgavede siirpNRIBeIfd e essit ffty?“'@ [SugPlgdp

the fer rreg\;a%ié Myl 95&? %F@'éﬁﬁﬁerftiﬂ/of?i‘ahh@zaﬂ'rdfcthédﬁrd%dé@ﬁé%eﬁ:rs’dh‘am RuttorC30
(37.9% an 30 40. % respectively). In fact, Celluclast 1.5 L was al so

produgéd Wyichedarmedwensl supssnstants r%ldnCeE?i%ﬁhés\rJ br dpelrerpidasgntyngiementation
Tri choder %srrf‘et%@ggargﬂff&ad@ oaééfh e LQudSidied | Sihgat fén@\egféttnbﬁ%ﬁb IhylirRlysf3-

gl ucosi dase tron’of Novozyne 1
subst r at e)re:’éubtsceﬁiﬂewﬁfaﬂbtain%i with hEichederiima &arzianudan SEHoUESS, ! %aq%rdeq #crbase

in the fingl J%H%Qﬁ %étﬁ)egﬁl“ Chéé?(iu!a@é S‘{'%fgrrngl Mfs'ﬁ:c%cflérﬁiae%kﬁénm Eé‘@ and

enzynmes produc erma Vi strain NPl13a and its nut

(EW2- 77) v!’enceoréamatre@ssﬂ RL@leBOhuwwf!@mwf Biesachepl, £Rd 3$r1|4ér{68%’§)haTFl§é§éi“
enzymes (43 g%qw @?er‘?fe/{)rei 0?39‘(?&,1&9'“%1@ Cﬁ qiu&)ﬁdag\@ if?anstlhb ﬁhﬁdél}ﬂ’fasr%e&lﬂ%ﬂahhat

of thé"co ture o Novozyme

(55.159% . R[H}@&‘Ol rrmd is therefore more efficient in breaking down various lagnoceliu!osu:
substrates into glucose molecules. Among the entire enzyme samples prepared, the
mixture of the commercial enzymes, Celluclast 1.5 L and Novozyme 188, was the most
efficient in reducing sugar production and cellobiose hydrolysis.  Although the

35  Trichoderma viride strain NP13a could not completely hydrolyze the cellobiose, the end
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5 cel | obi ose concentrations shown in Figure 3 given by the Trichodernma
reesei strain Rut-C30 (82.1 ng/g cellulose) was 4 tines nore than that from
the Trichoderma viride strain NPl3a (14.9 hig/g cellulose) and 10 tines
nore than that fromthe conmmercial enzynme m xture (2.65 ng/g cellul ose for
Cel luclast 1.5L and Novozyme 188 mixture). The accunul ation of ceIIobiose
may result in the inhibition of ceIIquI%%lc enzynme actjvities. n, thls

exanpl e, PREUsNbgiian yast MPtrasoHeRifea 3% o VAR IrMgaR ikt Vap ﬁo%@r ©and
the Commfr%'téﬂth@%bhme@é§|1en%bwikt@$éoflcélulaias@’( gdupRdNdvogint @gel s of

cel | obi ose during the hydrolysis of waste newspaper, owng to the

defl ciency of extracellular p-glucosidase (0.21 U nl) (Sternberg et at,

" Bet a- gl UfFﬁéh?&%@s@‘r@eﬁﬂ@'d@b!c@dQH'F‘Rjdr@é”@ and 3Ekd\rcthaRe Toicksdeymatiirie strain
Hydrol ysis _of " Cell ul ose”, Can M cr ohi ol 3:139-14 %{%\1 97729) The reason
for the | BR13aésen ieﬁ’ﬁ'emfatCFﬂ%f%r??yW@'VF‘%?BZ%“P\%C?@P‘ﬁéM cBAn b1t Rofentia
Tri choder Qﬁplfcgﬁ»’&%' in 's%cérﬂ?%;eﬁéﬂ@t:d%|@ﬂuep§rroﬁu&font he a@dngCmélﬁ/%ﬁwérﬁvaw"@m | y
bound to the cel fungus during cultivation Somne r@%lrng

t he enzyrrétrafﬁwriéafcaaﬁmtrﬁsfuaeertiﬂ'@f%\@d@ e CalagRNesis, and F@eq“@a?e?

Car boxyrre;dpmgh@ey,g;dlcgggc@fya ?,lngg_om dase from Cell Valls of Trichodernma
20Reesei ", Eur J App! Mcrobiol Biotechnol, 13:226-231 (1981)). Due to the

hi gher amount of extracellul ar p-glucosi dase produced, supernatants of the
new Tyd choderma viride strain NPI3a of the present invention is able to

hydrol yse the waste newspaper nore efficiently than that of the Trichoderma
reesei st PEP®S!For 25 Trichoderma reesei supernatants and Celluclast 1.5 L,
13- gl ucosi dase suppl ementation was necessary in order to achieve high sugar

yields. Simlar fermentation and_hydrol é}el s results were al sg %éal ned. with
Tri choder Had#rhe temsraf $he BrdpneshTieahaen Be laiermational Resogpitien obine R t he

Cel | ul aseRysb@amis@E df 1h6hﬂ§l§5§@oh%t?eln@%6e&5& @e osTir bmﬂh@dﬁrcwadémmsendé?ut
C30", Appl M crobiol Biotechnol 39- 145 (
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coul d not %tSH;B'P@ QV%%?H?’BT‘W%“SL" Palanto b L depiaskseioe stBigd dpeFiong et i on
was ngt asy 3, 89/R. 4, wahd 3BsUid.e. negucinRgd&nitgRs ayd @bﬂia%%a@@émﬂrreabhefot@gm hat
of the commercijal enzy m xture of Cell ucla The

ﬁ 1,5 t aFﬂd l.\lovoz;gge
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hi ghe2r5 yield of secreted enzynes. 10 DEPCSI T
Further, the subject culture deposits will be stored and made available to the public in
accordance with the provisions of the Budapest Treaty for the Deposit of Microorganisms,
i.e., they will be stored with all the care necessary to keep them viable and
uncontaminated for a period of at least five years after the most recent request for the
30 furnishing of a sample of the deposits, and in any case, for a period of at least 30 (thirty)
years after the date of deposit or for the enforceable life of any patent which may issue
disclosing the cultures plus five years after the fast request for a sample from the deposits
should the depository be unable to furnish a sample when requested, due to the condition
of the deposits. All restrictions on the availability to the public of the subject culture

35 deposits will be irrevocably removed upon the granting of a patent disclosing them.
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Under the terns of the Budapest Treaty on the International Recognition of
the Deposit of mcroorganisns for the Purpose of Patent Procedure, deposit
of the Trichoderma viride 15 strain NPl3a was made with the Anerican Type
Culture Collection (ATCC) of 12301 Parklawn Drive, Rockville M., USA, on
31 Mar 2010 and bears the accessi on nunber of PTA-10765, The deposit has
been nmade under conditions that access to the cultures will be available
during the pendency of the patent application disclosing themto one

det er m nedhbybbheisGodedcsgiconethetuilattemttr thedinlerdademagkd asche eventiantdred

et €10, SROBACH0, B G B b o A P ERRRR P

count er pabaseddn theeateubdscliosaqgpl i cation, or its progeny, are fil ed.

Fbmeve%, it should be understood that the availability of a deposit does
not constitute a license to practice the subject invention in derogation of
patent rights granted by governnental action. 25 Further, the subject
culture deposits will be stored and nade available to the public in
accordance with the provisions of the Budapest Treaty for the Deposit of

M croorganisns, i.e., they wll be stored with all the care necessary to
keep them vi abl e and uncontam nated for a period of at |east five years
after the nost recent request for the 30 furnishing of a sanple of the
deposits, and in any case, for a period of at least 30 (thirty) years after
the date of deposit or for the enforceable |ife of any patent which may

i ssue disclosing the cultures plus five years after the fast request for a
sanple fromthe deposits should the depository be unable to furnish a
sanpl e when requested, due to the condition of the deposits. Al
restrictions on the availability to the public of the subject culture
35deposits will be irrevocably renoved upon the granting of a patent

di sclosing them The above is a description of the subject nmatter the
inventors regard as the invention and is believed that others can and w ||
design alternative processes that include this invention based on the above
di scl osure. CLAI M5 1. An isolated culture of a strain of Trichodernma
viride named NPl13a on deposit with the ATCC as accession no. PTA-10765, or
a nmutant derived therefrom having cellulolytic 5activity useful for
production of cellulolytic enzyne conplex. 2. A supernatant obtained from
the culture as defined in claiml1, conprising a cellulolytic enzyne conpl ex
capabl e of inproving hydrolysis of lignocellulosic materials. 103. The
supernatant of claim2, wherein the cellulolytic enzyme conpl ex conprises
cel l ul ase, endogl ucanase, exogl ucanase, P-glucosidase, xylanase and

p- xyl osi dase.
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4. The supernatant of claim 3, wherein the p-glucosidase and the cellul ase
are present in aratio of 2:1. 15 5. The supernatant of claim 3, wherein
t he xyl anases and the cellulase are present in aratio of 20:1. 6. A

nmet hod of obtaining a supernatant as defined in any of clains 2 to 5,
20conpri si ng: contacting a strain of Trichoderma viride named NP13a
on deposit with the ATCC as accession no. PTA-10765 with a mediumto get a
suspensi ong| Afiubating the suspension; fernenting the suspension; and
25centri fugl ng the suspension to obtain the supernatant. 7. The nethod
according to claim6, wherein the nedium conprises inorganic salts and

ot her apprppri a;&r?ns@fé‘ie{ﬁq&ﬂb% ﬁ%‘dﬁ% & Fftho r%vt?na%f at{wh'é:ﬂ Tﬁ"l&ngrg %Jt‘(‘vstrh' de

strain NPl3a. 30 accordi ng o cl'a e I nor gani c
salts is ds&fédCéday awsihr@;ngr%w1@?ﬁﬁspsamgardfdepmda@grammﬁdlhhydg ogletplytic
phosphat e, 18 ron(l1l) sul phate,
manganese asuI hat eMganr?w%@r%g&gaﬁ%ﬂgggﬁ%%%oﬁ?*iod according to claim?7,
wherein the medi um further conprises inorganic anmonium salts and organic

ammoni um S21LS A HBfBRnRbRRfe 6 He"dilufs S52dMEs MNENR! 7, bARLAGA Ym 1 o
celiulolytic enzyme complex capable of improving hydrolysis of lignocellulosic materials.

10 3. The supernatant of claim 2, wherein the cellulolytic enzyme complex comprises

cellulase, endoglucanase, exoglucanase, 3-glucosidase, xylanase and B-xylosidase.

4, The supernatant of claim 3, wherein the [(-glucosidase and the cellulase are
present in a ratio of 2:1.

15
5, The supernatant of claim 3, wherein the xylanases and the cellulase are present

in a ratio of 20:1.

6. A method of obtaining a supernatant as defined in any of claims 2 to 5,
20  comprising:
contacting a strain of Trichoderma viride named NP13a on deposit with the ATCC
as accession no. PTA-10765 with a medium to get a suspension,
incubating the suspension;
fermenting the suspension; and

25 centrifuging the suspension to obtain the supernatant.

7. The method according to claim 6, wherein the medium comprises inorganic salts

and other appropriate nutrients suitable for growth of the Trichoderma viride strain

NP13a.

30
8. The method according to claim 7, wherein the inorganic salts is selected from the
group consisting of potassium dihydrogen phosphate, magnesium sulphate, calcium
chioride, iron(If} sulphate, manganese sulphate and zinc sulphate.

3B 9. The method according to claim 7, wherein the medium further comprises inorganic

ammonium saits and organic ammonium salts.
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fromthe group consisting of cellulosic material, herbaceous materi al,
agricultural residue, forestry residue, waste paper, and pul p and paper

mll residue. 5 11. The nmethod according to claim 10, wherein an effective
substrate loading is in the range of 1 to 5% 12. The method according to
claim6, wherein the suspension is incubated at a 10tenperature in the
range of 20C to 35C. 13. The nethod according to claim®6, wherein the
suspension is incubated for 1 to 3 days. 1514. The nethod according to claim
6, wherein the suspenS|on is fermented for a period between 4 to 14 days.

15. A nmet hY f ofhedBgihedi rgordinghésc elpinubo siheraimttier Medium isf ersvisiraiblselestrgar

conpri si n%orﬁrﬂfgér%% 'cBrgslétﬁﬂE J b@lﬂ%ﬁ! e ﬁél' ﬁe%ﬁ%{ﬂdg%ate@gv@%‘mhm&[@%due

pretreated |lignocellulosic material wth disti wat er ryi ng

pret r eat ed OﬁﬁgﬁﬁﬁﬁﬂﬁuW@§$dmﬁﬁﬁéﬂdﬁﬂpa@ﬁ@apermeﬁﬁﬁﬁact|ng the pretreated
| ignocel lulosic material with a supernatant containing a cellulolytic
enzyme col Iex derived froma strain of Trichoderma viride naned NP13a on
deposit with thdeareibod acerrdiagde elaimmd, Wesein@nesfecthd substratPheading i duthe
accordi ng AgEb@ 9 skh, wherein the lignocellulosic material is pretreated
with a dlluted acid and distilled water under room tenperature or under
pressuri zed steam for a predeterm ned period of tinme. 3017. The nmet hod

accordi ng 120 C|1&ie”hﬂe§10dv‘@&fo%|ﬁ'? ttheidingB0GRLIH ofd CusRt-elhal houdd&t %?%t ed

with a diluted base and distilled water under room tenperature or under

pr essulfi z d8MBEEHHE foihe sangectic0t i #el- period of tine.

13. The method according to claim 6, wherein the suspension is incubated for 1 1o 3
days.

15 14, The method according to claim 6, wherein the suspension is fermented for a
period between 4 to 14 days.

15. A method for degrading lignocellulosic material to fermentable sugar, comprising:
pretreating the lignocellulosic material;
20 washing the pretreated lignocellulosic material with distilled water:
drying the pretreated lignocellulosic material; and
contacting the pretreated lignoceliutosic material with a supernatant containing a
celluiotytic enzyme complex derived from a strain of Trichoderma viride named NP13a
on deposit with the ATCC as accession no. PTA-10765.
25
16. The method according to claim 15, wherein the lignocellulosic material is
pretreated with a diluted acid and distilled water under room temperature or under

pressurized steam for a predetermined period of time.
30 17, The method according to claim 15, wherein the lignocellulosic material is
pretreated with a diluted base and distilled water under room temperature or under

pressurized steam for a predetermined period of time.

18. The method according to claim 15, wherein the pretreated lignocellulosic material
35 is washed until a pH of 7 is reached.
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18. The net hod according to claim15, wherein the pretreated |ignocellulosic

mat erial 35is washed until a pH of 7 is reached. 19. The met hod accordi ng
to claim 15, further conprising recovering the degraded |ignocellulosic
material. 20. The method according to claim19, wherein the degraded

lignocellulos ¢ material 5is a sugar. 21. The nethod according to claim
15, wherein the lignocellulosic material is selected fromthe group

consi stingi®f hexbaeaRusadmBim] & czamgﬁscwrtw éémﬁmgd%ové@{ge%raég%%due

wast e paper, and pulp and paper m | residue.
lignocellulosic material.

20. The method according to claim 19, wherein the degraded lignocellulosic material

5  is asugar.

21. The method according to claim 15, wherein the lignocellulosic material is selected
from the group consisting of herbaceous material, agricultural residue, forestry residue,
waste paper, and pulp and paper mili residue.

10

20



