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As the production of cellulolytic enzymes is a major factor in lignocelluloses
hydrolysis and biomass-to-ethanol process, it is important to make the process
economically viable, because large-scale application in the degradation
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
lignocelluloses to glucose monomers. Filamentous fungi, typically Trichoderma
reesei (Mandels et al., 1976a), have excellent capacity for extracellular protein
production. It is well known that 7. reesei produces the cellobiohydrolase (CBH) and
endoglucanase (EG) components of cellulolytic enzyme complex in large quantities.
However, the amount of B-glucosidase secreted by T. reesei is insufficient causing
the accumulation of cellobiose, which produces repression and end product inhibition
to the enzymes. In addition, cellulase from T. reesei shows relatively low specific
activity, low thermal stability and high sensitivity to product inhibition (Lynd et al.,
2002; Chan et al., 2005; Kavas et al., 2008). Other |mportant cellulase producmg
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BRIEF DESCRIPTION OF THE DRAWING

Figure 1 illustrates the enzyme activities of the Trichoderma viride strain NP13a and
the commercially available hypercellulolytic Trichoderma reesei strain Rut-C30.

Figure 2 illustrates the time course of reducing sugar yield during enzymatic
hydrolysis of waste newspaper using the enzyme complex prepared using the strain

T. viride NP13a and strain T. reesei Rut-C30 and using the commercial enzymes
and their mixtures.

Figure 3 illustrates the time course of cellobiose yield during enzymatic hydrolysis of
waste newspaper using the enzyme complex prepared using the strain T, viride
NP13a and strain T. reesei Rut-C30 and using the commercial enzymes and their
mixtures.
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This invention is related to the discovery of a new strain of Trichoderma viride NP13a

which can produce a cellulolytic enzyme complex that can be potentially used for the
degradation of the pretreated lignocellulosic materials.

Strain isolation and identification

Strain NP13a was isolated from the campus of Ngee Ann Polytechnic in Singapore.
It grows well on patato dextrose agar (PDA). On the PDA plate, the colonies appear
to be white when it first grows with fine mycelium. Colonies start to form dense
mycelium from the centre of the colonies on day two or day three and spore
formation is observed. Colonies grow in a circular manner and their colour change to
green from white. After a longer period of growth, colonies become dark green and
powdery. Colonies are colourless observed from the back of the plate. Spores are
growing in a ring-like manner at the beginning. However, at the second stage of
growth, spores are growing singularly or in groups of two or three and are widely
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provide DNA constructs containing the transcriptional and transiational signals for
the expression of the gene, replication or integration sequences, promoter
sequences or marker genes and then transform them into the host microorganisms.
The gene can be from a variety of organisms, such as the host organism, bacteria,
bacteriophage, cyanobacteria, fungi, algae, or viruses, which are well known in the
art. The construct can be a plasmid, or can be intended to be incorporated into the
genome of the host. The host can be a bacterium, fungus, algae, or any of the
known organisms in the art. The transformants (transformed host cells) can be
cultured in the most appropriate media for cell growth and for enzyme production.

Enzymes produced can be extracted, isolated and purified using the standard
techniques.

Enzyme production

It is a well known that culture conditions affect significantly the production of
cellulases and hemicellulases. In addition, the enzyme complex composition is
sensitive to the composition of the substrate, and to the culturing conditions such as
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Trichoderma reesei rut-C30 was obtained from American Type Culture Collection
with a designated no. of ATCC 56765. The fungus T. viride NP13a was obtained
from soil samples collected from the campus of Ngee Ann Polytechnic. Fungi such
as T. reesei Rut-C30, the strain T. viride NP13a and its mutants thereof, were grown
on potato dextrose agar (PDA) at 30°C for the development of spores. On day 7, the
plates were washed with 0.5% Tween-80 and make 102 spores/ml suspensions.

Various organic and synthetic media which contain suitable sources of carbon and
nitrogen may be used. Such media may, if desired, contain inorganic salts and other
appropriate nutrients suitable for growth of the microorganisms. Suitable carbon
source in this invention specifically refers to alpha cellulose substrate (Solka Floc).
The effected biomass loading 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, KH,PO,4, MgSQs,,
CaCly, FeSO4, MnSO4 and ZnSOy,.
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sources_of carbon and _nitrogen may be used. Such media may, if desired,
cont ai ”W(S'F‘Ejﬁﬁﬁ"etys%ﬁs@ and other appropriate nutrients suitable for
growth of the m croorganisms. Suitable carbon source in this invention
speci f i kiie1 panasrastivity wag| ansayed asdassebed by Ghese (1987) Hyrnedatingihs mi

ef f ect eaf theosuitably dildtedgenzyme Samples withed & thit@05 N citvatec befferf (pH r8)gen,
it -is qomdainimigeohe® WhatmanrNeA dfitfdrepaperostgan(50 mgroinixué am). t Fhe @egction

ammoni unixturefvedsincubaddat@EicfoaB0oninum salts (e.g. urea, am no acids, neat
extract and peptone etc.). Wth regard to inorganic salts, it is p055|ble

to use,EhdqigIGeaHaRE] Cl\}ﬂb‘g ctNH?Was carid out fi otdfre % The
'nOCU|L+m%bﬁ%| IH (§|‘3€ 5 r& téd erlfy é‘ﬁg%eg‘ ?éﬂ?ﬁ] 1/) v spore
SUSPENSiH B@E}h‘?&ﬂ fé@n I\?f gﬁ’@ﬁ

The |nvg%u bq&g 350 y

20% W £ ef¥ 0
and a pqa%wz'ag ofgl. "E“ho W%nérh lPuQﬁ’P %%rr(pb'fsg@h@w%gah of
st r ai nssuitahly ¢ikited, ppzygesat 4L qudedB@(lB@'@V,yWQ: enzynes reaches a maxi mum
4 - 14 days after the beginning of fernmentation. After conpletion of the
cul t ur ifrglucohidase sadtivityt whs gestimated/ osingnpyniteo phepyt f-I>n ghucogiyramosidg f r om
t he cul(pNRG) agiiher subsjrate (Bergtennarsd Pettotssonall 9nainTae thtal ohussay mbitsreof

| i gnocqil p)osensidia Yare 8cknl \SFty nidSINPE hh&'0. PaREbf %ﬁttamytmuf@@ ehegpied as
descri Qea(ilnﬁws %@S.@mﬁa&%&h Qﬁéd' ACHPaE 15918 mr'd'l'heorf ak Sn n:ﬂév%e

enzyme ﬁé cﬁ :Wdf 0k Qéd '&J&S Uf h%r
Vhat man,, 0 gr%ﬁm:s si% c%‘géh&ém elx( % Sﬁﬁ%j}mgapgﬁ

vwas | nC-l)J(y 031 asgl ac V|ty was es mated in an analogous manner except that p-nitro phenyl

B—D- xylopyranoside (pNPX) was used as the substrate.

35C

one
ur e

The reducing sugars were determined by dinitrosalicylic acid (DNS) method (Ghose,
1987). One unit (IU) of enzyme activity was defined as the amount of enzyme
required to liberate 1 umol of the product from their respective substrate per min
under the assay conditions. The soluble protein, an indicator of the enzyme released,
was measured by the Lowry Protein Assay using bovine serum albumin as the
standard (Lowry et al., 1951).

Enzymatic hydrolysis

The crude enzyme mixtures of T. reesei Rut-C30, 7. viride NP13a, and its mutants
thereof, were extracted from the fermentation broth after 7 days of growth. Waste
newspaper was cut into approx 0.5%0.5 cm pieces after drying at 90°C for two days.
Enzymatic hydrolysis of waste newspaper was carried out at a biomass loading of
2.5% (w/v) in 20 ml of 0.05 M citrate buffer (pH 4.8) in 50-m! Falcon tubes. The
experiments were performed in triplicates at 50 +1°C in a shaking water bath
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Endogl ucanase (CMCase) activity was carried out in the total reaction
.mxture of 1.5 m containing 0.5 m of suitably diluted enzynme sanpl es and
1.0 M 2% (wv) carboxynethylcellulose (CMC) solution in 0.05 Mcitrate
buffer (pH 4.8). This m xture was incubated at 50 Cfor 30frrin wlhile

xyl anasg, acti vi et erm ctal zin 1.0 m of 1%xylan in
0?/05 M@'ﬁﬂggﬁ éﬁ'@\i\‘lﬁ f(?%rlsgapﬁncg \éﬁ? %1‘ ‘g'th @@’f“&’b’ SHP\(‘EﬁBHQ@nEynes
at 40C thgc ’@mﬁrﬁ'ﬁaﬁeé?’ calgdase %]L&Qlﬁ%ﬂcﬁabb %@t@ﬂ'@@o%%@h\@m’w usi ng
p- ni t r ol §hewsre sdhe iodhoSiedleclagh NEG-, AovorgmeutSi aadC¢lbe Gfesm and
Pet t er S¥eNe, kmfm Onw byt Bovotyraes dMalaysiausdn Khd. nThe canzyimet edtivity Gor9 i

of 1 m\l'FEN%GNaadOGUIg mewspaper andthatdoi +gdcesidgsewas BEpIU#g neadpapenis

i ncubatthd raixtir@ & Celudi@stmi 5. L el Neeozyrme 188 By dbfiing Yor tmcm@ tion
of 0.5 enzymdvhfistdre! froffiofsirntdtith Broth WaRPIHRN@AmME] DENat IRflg WadstraRasur ed
at 400 messlsmn e§ RRGE V\ﬂma?é\ﬁﬁ%R/  2M4: $ROY wele céhtr 3

4ot
- {
px§: ;)flfgﬁ%emgﬁt'r‘lf é:@'og%g,ﬁ%% Qré 0098 ﬁ:ggg %%% The
reduci r@o S0
1 % ﬁﬁ% {5 "‘Zm ﬁapn %oq oune
Qs? tm

(chose, é%é

of enz

subst ry sulfuice a§tﬂ UPHEN [ANGIVSIS Wagn

i ndi cat¢@nd HF adr@n éri' eigHELE Sysier (Awient Eechsplagies inrsar 9qtmppe@wnthAssay
usi-ng bBbRefractg mﬁ&aq Batactorad h@r@UC@s%m@deweLe)mkzuatet’alas reEl)g segary mat i ¢
hydr ol @) 9xE0Finitisd celiglpse (@) tn bicrsass. Fydragsieiof udlyse@@hafides imiotlesNP13a,
and it swatet.anerseacthendefof redueingxsugartretbdsedmonbembler of kL6t isoreqliretihAaf t er
7 days cdfrregtiomtfactovasft®9 way\sneretsreVinsludiel ihnthe ealeuiatoR ofthe Sarfidumi GCes

after dyalysaechari@éhydronized. days. Enzymatic hydrolysis of waste newspaper
was carrled out at a biomass loading of 2.5% (wWv) in 20 M of 0.05 M

citrate buffer (pH 4.8) in 50-m Fal con tubes. The experinents were

erfor k| ng water, bat
oo ke it Bedonth e B AoV B SR Suhich ol
comrer N $pep P"%@i‘% M $1.5 .L), and R-gl ucosi dase
(Novozyne  188) were used as the controls. Celluclast 1.5 L, Novozyne 188
and Cel EAAM wer e kindly donated by Novozynmes Ml aysia sdn bad. The
enzynme activity for FPase was 10 | U g newspaper and that for R-glucosidase
was 30 Bxanpladwspaper in the mixture of Celluclast 1.5 L and Novozyme 188.
Enzynme | oading for the crude enzynme mxture fromthe fernentation broth
was t heErmgts plodeicioh bi/tbe strakt NRY 8a @hd nﬁRﬁatantsSmmé@ﬁ were wi thdrawn every
24 h. They were centrifuged at 4500 rpm 4C for 5 mn. The anount of
r educi g ryaf afrsins HURASRATT FRIBPREY.ARD! Fh(e(r% ﬂ'wégj 13%EAR S thitahedg the
3, 5- di RpLiRpAVLRY bhitivaehtin{ SiRe HEIOR Ot podtiction. The basic medium

used for seed culture and enzyme production was Mandel's medium (Mandels and

Sternberg, 1976b) containing 1.4 g (NH4),SO4, 2.0g KH,PO4, 0.3 g urea, 0.3g

CaCl,, 0.3g MgSO47H;0, 50mg FeSO47H,0, 1.6 mg MnSO4H,O, 1.4mg

ZnS04'H0, and 2.0 mg CoCl; as well as 10 g substrate such as lactose (for seed

culture only), the delignified cellulose (Solka Floc), in 1000 ml distilled water. The

initial pH of the medium was adjusted to the 6.0 with 1M HCI or 1M NaOH before

inoculation. A 250-ml Erlenmeyer flask contalnmg 100 ml medium was inoculated

with 1 ml of fungal spore suspension (10® of spores) and incubated at 30°C on a

rotary shaker (150 rpm) for 2 days. Shake flasks (250-ml 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 cells 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.

Table 1 shows enzyme activities and productivities of the crude enzyme mixtures
prepared from the strain T. viride NP13a and T. reesei Rut-C30 in shake flask
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Congentration of cellobiose was measured using H gh Performance Liquid
.Chromat ogr aphy (HPLC) on an Am nex HPX-87H colum (Bio- Rad, Richnond, CA,
USA) at 75C with 0.6 m/mn eluent of 5 mMsulfuric acid. Such analysis was
conducted on a 1200 Series HPLC system (Agil ent Tefgnol 0gi es : ncl. )tegw pped
W th Refractive Index Detector. The glucose yields were calcul ate as:

r educi g{;@%’%ﬁ '0"-('5?5‘@89‘9@%%?!&193%% W%Fh%ﬁ@_&_—:’“@é? artn Whilenthesstraisy MRI3gsi s of
pol ysactR¥edgeampaiahle &P asga petivityrand aueductiyity with thellaonmmesiglastraiel Eased,
one” nol’8SeR RYECEQ and)athery strainscigpodedi ipntheaartorthefsteain NR$3a rexhiditede

i ncl uddiaher spesificapfclitglucesidage abtivityneampared topbbyrestohtie stesink isted yized.
The i nvkabie ¢h Thislisbe dreat hdvadtiager obétk istraim®IF18d antingeexaive @sutameei ch do
not |irtheéreof.he scope of the invention described in the clains. EXAVPLES
Exanpl e 1 Enzyme production by the strain NP13a and its nmutants thereof
Fungal Tedblé NSofipalisas oTenEﬁﬂé%ctiWEs%%ﬂLé‘i’tréi b 3 ?néf 'shhflesindh and
its muttpayp thereof, were cultivated in shake flasks for enzymne .
production. The basic nmedium used for seed culture and enzyme production

I AN TRV U S P A arnbar o Q7640 containing 1 4 q
was M " Specific Activity

(NH4) 2508 SRS g krdEcese 0. 3 fP@sga, 0 3 g IM#B@4. 7H2O, 5.0 nyg
FeSO4. 7H2O, 1.6 ny g2 oPreductily znEné0, and FPaseny CoCl Betas vel | as
10 g substrate such as |actoséhbr segtucapaseure only), thgluisidsif i ed
cel I'ul oseRyuB6BRa FI20Z50.18 106G7uf.1di st8.2Be0.3nat e1.02F0967i NOIG7&+0MH 10f t he
medi UmWB‘] diysted to the 6.0 with 1M HC or 1M NaOH before inocul ation.
A 250- m Hﬁéhﬁiyeﬁ-%%%coﬂ@-éﬂﬁ?ﬁg 10088#0.48di u4Td.2:0c01795¢0.008 t h 1

m of f ore e} of and incuybated at 30C on a
r ot gry gm '*'5\?'150 3?%%%2% 5113%%50 Sh%#eqségks Pzﬁ’{;- 3 Er 106208041 | asks
cont ai nin 0 were inoculated with 10 mMl of the day-2 seed

o
ant i &21%#9%% a13-8¢4Py¥ sh&&tQ.150 r A0 030C.2.390%0.05 days,

fﬁlturueua 1 £ N Lt 2N hh trif ti
e cekts—were—re t—fremthe—ctidure—bret-h—by—centrifugat ion or
fil tra?i noetal, g0AP: #‘i’l{!ﬁé?ﬁ& t solution was used as the crude
enzyrreEorepar ation for enzyme activity assay and extracellular protein
cont enENFERSupetiNdligs of slbeestraish bkl 3ana2pdethec commereiml atcinr Bdmdsevidré es of
the cr@a@pared nid nFigt ulesAlthoeghar adtivitiesn ohefiltrr giapef. enizymds NPPasepnd T.
reesei erdoglgeanase dCase), asxylogidaseramt protein coResntritiorRER: KigRBAIRT W t h
t he dareesei Rut€ 30, tactihiek eoft g lisdoshidseNITiBRYIahASNeSH FRTBAIANB] FLA5e
act i vi iyuchrisigheoghantthyss Yort 2esBERGOOBB! [ GArtishiGRA! P-glucas eécﬁm{ of30 and
other e{d sirain NPPS4 iy é%éé%etgaﬁﬁ\estd?‘%héttfo?'gbﬂ .1‘???%@# (& makes 1.
speci f kgaff NP1 84 l=r RAMRrSBIY fa%(gogg?raééﬁ%o ﬁbc} eﬁw{gﬁépp%pﬁeﬁc Rt he
i st eded Npeil ACincthe Blomdss-td-AhSR5! SroLase. ylanase is an accessory enzyme
activegiy gﬂ%éllulosic 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 strain NP13a indicates that

the enzyme complex prepared from strain NP13a might be more efficient in
lignocellulsic biomass hydrolysis.

The enzymatic degradation of waste cellulose by fungal enzymes has been
suggested as a feasible alternative for the conversion of lignocellulosics into
fermentable sugars and fuel ethanol (Lin and Tanaka, 2006; Galbe and Zacchi, 2007;
Merino and Cherry, 2007). However, the most widely studied enzyme system,
namely T. reesei cellulases, has shown several disadvantages. Attempts to use
these enzymes in the degradation of cellulosic wastes have not been successful for

several reasons, such as low sugar yields, low specific activities, and end product
inhibition.

Since the parent strain T. reesei QM 6a was isolated, it was further developed
chemical mutagenesis and UV irradiation to produce hypercellulolytic T. reesei
mutants. T. reesei Rut-C30 is a mutant and produces approximately four times more
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thereof. Table 1. Conparison of enzyme activities fromthe strain NP13a and
.sone strains in the art Strains FPase FPase Specific Activity 1Unmg 11U
Productivity Endo- FPase Beta- U I/hr glucanase gl ucosi dase Rut-C30

2.750. 18 16. 371 1 8 230.3 1.020.067 0.0780.011 JU Al10[* ]833230358043334335
11.880.4 7050. 008 EMS- UV-_ 3. 200 25 13.331.0

0. 6250. % i’” 5; ?9%'2%9@%‘3 sfraiy @M B2 (Reesa,5197Bo dlaeever smpymes
Cheng e‘?reaﬁ"e &squs deficignt in Deglucesid Qe the jotherhastd, tThevirider ai n
NP13a NG %M’re@#ﬁ%’r mtbqh garaifroincosidaseithanel. reespaRet-Ga0. FSuch feattet hough
act i vi thakesthe istrain NRider and AheeactivePmsitgnts tbertof| goach asaddatéase) the

N - xyl osprodeetiomal gallotasies fooligretellalosicrwaste eldgradationf or T.  reesei Rut - C30,
activities of ~-glucosidase and xylanase for the strain NP13a were much

hi gher than those for T. reesei Rugx&$@ie n particul ar, *-glucosidase _
activity of the strain NP13a was alnost 19 tinmes of that for RUT-C30. This

featury@b@g,stmaﬁér%gggéﬁa a potential mcrobial factory for

cel | ul ol enzyme co production for their use in the

bi omas et han ess Xyl a an ccessq enz
| i gnoc éﬂﬁi F‘%agrﬁfl SREYP gaﬁes'l 'f W@ﬁr? B%&\?é‘hféﬁ?@é’l“mﬂ hee,
separ at |c|a PER% q r%’reﬁ Pf CRABPYRER nRagiiesie dnetarigde or e
accessﬂ'Bf’l PBSQSh ere & PBICGW':' I0grheiween the e':n'Trl‘?I olygisi Q/fla Whatmag Medse in
the st rfBien RapersstripndiRages assaw: andhthee libgnation ook reduging psugads ffram ther ai n
NPt3a riggReelidosas: & mayihappen that not thedusst mutaint(duicordisg td FiPaskyeitisity) The
enzymatwil béetheachuticeof pfactimat applatiohssia dypréviogaktualyz ywesljss efftency
suggest(ﬂdilfﬁereat érmendd at shmerfitiz ipapef activities ponyeins odBeMilobé ﬁﬂﬂfeesk/bstleos' cs
into frswspapeblveas woaiparedd ahdem rhdiﬁ@Fer(delsnaﬁm TﬁH@‘S aP Yds Gpdrae and
Zacchi ,obzéxﬁéd (JifRigzst ANGOBBRITHE eAfie coipVsy |<nn fst s>é yicigdi ed
enzymne v&avsShsmm Gﬁérﬁbvmli theSi ﬁéstcﬁb & asfe ggg déw P‘M‘ &) al, 1992)

U

di sadvap t Sthie0 E §
i Eé%fss“ bl E}’%iifo% e
Si nce t %a Y% fa g?ﬁ"g?ﬁ ’F‘tié%g% Y68 Q%EI ??cﬂ"é%eé it was further
devel oped chenjcal mutagenesis and UV irradi ation to produce
hyper ceN A {n [nvestigatedbe; hydiplytia potentials, sitfeia deragesof FERase mitthtU/gnd
pr oduc SWEPAPEKi (it @l 9.5 emx*@.6nem noneretreateduivaste mesvspaper tiips wrepar ent
st r ai n h@gr@dgzedRbydbe A0dé)enzyiovee mextuesw pravgred from shake flask fermentation
and by the commercial enzymes and their mixtures in 20 ml of citrate buffer at pH
4.8 in 50-ml falcon tubes. After 96 h incubation at 50°C in the shaking water bath,
the final reducing sugar yields from the newspaper hydrolysates were depicted in
Figs. 2 and 3. Sugar yield was low for celluclast 1.5 L and for the fermentation broth
from T. reesei Rut-C30 (37.9% and 40.3%, respectively) as demonstrated. In fact,
celluclast 1.5 L was also produced by a T. reesei strain. Enzymes prepared from T.
reesei species is known to be deficient in extracellular B ~ glucosidase. The addition
of Novozyme 188 (30 IU/g substrate) to celluclast 1.5 L resulted in an about 1.5-fold
increase in the final sugar yield (55.1%). Hydrolysis efficiencies of the enzymes
produced by the T. viride wild strain NP13a and its mutant EU2-77 were about 1.5
fold higher than that of T. reesei enzymes (43.8% and 53.3%, respectively), but
slightly worse than that of the commercial enzyme mixture of Celluclast 1.5 L and
Novozyme 188 (55.15%). The final cellobiose concentrations shown in Fig. 3 given
by T. reesei Rut — C30 (82.1 mg/g cellulose) was 4 times more than that from T.
viride (14.9 mg/g cellulose) strains and 10 times more than that from the commercial
enzyme mixture (2.65 mg/g cellulose for Celluclast 1.5L and Novozyme 188 mixture).
The accumulation of cellobiose may result in the inhibition of cellulolytic enzyme
activities.

In this example, the culture broth from T. reesei Rut-C30 and the commercial
cellulase, celluclast 1.5 L, produced high levels of cellobiose during the hydrolysis of
waste newspaper, owing to the deficiency of extracellular B-glucosidase (0.21 IU/ml)
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prepared using Rut - C30 is deficient in ~-glucosidase. On the other hand,
.T. viride NP13a produced nmuch nore (3-glucosidase than T. reesei Rut-C30.
Such feature nmakes the strain NPl3a and the active nmutants thereof, good
candi dat es for the production of cellulases for |ignocellulosic waste

degr adati on. nple 2 H%_drol ysis of waste newspaper Besides neasuring the
enzyme (Sternhergi etsal i 197@s Taieseasenyfor ihe newrearetiane ok this rrnayme igdhel yti c
capaci fermgntatien prostief d reﬁa@rneéhairthtewealqrmeﬂ thel B siglucasidaseaisdightly  many
cases tband to shenoelt avallslaftthe fumgpismenng beltivatian and spareopart iof the eazymet man
No. 1 inay Be foandrinsidei the( E&liss (Kutsicel et aang 198d).| Regaaileés obfthis efdot;ithg

sugar s mhdjefityt Beredeagehete ! ard ﬁﬁﬂ%trldltcdﬁﬁ)’amé@méfe? htais paiticllae dpesiesnidrant
(accor ‘éleﬂ&laé@ Er%@%n@tléﬁ?t DU Mo the IHighe bRfuHl0bL &x@racendst lﬂlgluco&dase
applic ﬁo@rrﬁ’étﬁ‘rﬂso‘é? SUrud¥w. %v\#ﬁ&é Ythip prfvs%' e. bel id dhd fipagat
enzyrre BBriokd effcidta haﬁcthat’ er%e@@f Framak Sé:I gl’i’ftﬁn s”ar&d" fornast e

e
newspaper &@@ % : &EEF t%a@ ds_wer e
obt ai n H § milarfermen ?L, yg,tg%s rR W 37?
g: UC?SB;%::(HIPHW §|58 ( gg(té"f‘fe O ,§ ?@to S a@% etPtia\ﬂ [ ggr eui | et

i ndi vi @¥iacallyiai k- &ﬂsﬁltf‘ Irﬁﬁfﬁ" % elpéq’ t@db%mqrﬁ t he

f | t er effigient tosbega HOWﬂdéa”Quﬁ tjgnacmllellqap @ébﬁ@ateﬁretp @lucasge matgay! st of a

cel | ul #svomg theientite engymel saroples| prepamed; thetmixtuiesof commersial emzymes

i nvest iGluelashel .Gydr ang t Novqgrynent 188 wvasnithdr raosio effipgerdf in-Padeciag dupary/ g

newspapesdudlion @rd Teliobldse hydnoiysisr eAltlealghd theststrairewNpdpar ceuld psotwer e

hydr ol %ﬁ@léﬁél)ﬁ Rpdrelyizeehe e oBiog X end produict ietiiBiiohnoas abbkignificaskas its

fer ”e”tré% sa Sr P Was Q:@Pﬁ”ﬁrﬁblé'to@ﬁémﬁ tﬁ@‘éohtiﬁéfcdﬂe’htzgﬁfésrnlxturé(bfm of
s

citrat Ha Mo fal con tubes. After 96 I ncubati on at
50C in ak| ngawat er\%bzgﬂh the f| naI reduci ng sugar yields fromthe

newspa sates were I s | ow
For coltieh Pf)vf?’sfsrets@ﬁooras? R @% Enf B o st féét?b” [t o
(37. 9%C&Ndlo Ca0p2 P élz ah?pfi@duﬂ%% 1.5 L
was al gensrajtanciaf Ictiope i@ Qt'PQI f SanFprOVPgesel
speci edYi rgndﬂ@wmutage@eseeanctgemﬁme ﬁhef&lmgatsmhlgh%trqulg Of sgrieied EREWEES The
addition of Novozyne 188 (30 I U g substrate) to celluclast 1.5 L resulted
in an about 1.5-fold increase in the final sugar yield (55.1%. Hydrolysis
efficiencies of the enzynes produced by the T. viride wild strain NP13a

and it ppppsrt EU2-77 were about 1.5 fold higher than that of T. reesei
enzynes (43.8% and 53.3% respectively), but slightly vvorse than that of

%’%t

the Comimidr e, fh ”Bf 't’hé(tBera st G5Lk Cbﬁsthelm rhaﬁ&ﬁ’al
O e
\élnmmféfgl %e(ﬁ’aéﬁal "t,eel gﬂ"d&'& 1°‘r E?Elnas ggé

cti
Novozy rahd % gelgcg ssion number o -10765. The deposn as been ma e under
condltlons that access to the cultures will be available during the pendency of the
patent application disclosing them to one determined by the Commissioner of
Patents and Trademarks to be entitled thereto under 37 C.F.R. 1.14 and 35 U.S.C.
122. The deposits are available as required by foreign patent laws in countries
wherein counterparts of the subject application, or its progeny, are filed. However, it
should be understood that the availability of a deposit does not constitute a license to
practice the subject invention in derogation of patent rights granted by governmental
action.

Further, the subject culture deposits will be stored and made available to the public
in accord 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 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
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The accunul ation of cell obiose may result in the inhibition of cellulolytic

~.enzynme activities. In this exanple, the culture broth fromT. reese

Rut - C30 and the commercial cellulase, celluclast 1.5 L, produced high

| evel s of cell obiose during the hydrolysis of waste nemspaper owng to

t he deficiency of extracellular glucosrdase (0.21 1UmM gSternberg et
al ., 19pignt witigh raay issueddisel ﬁémgdlme@l,tuas Blysdiver yaays aftey the ilagt seguest

f er mentfat @ sample fiony ther depesiteeshowd the deppsiteonyj ke Upable teffugnish assample

gl ucosiwhexe reguestedt due bouthe rconditioncef Ithewadéposits. tAle reatrigtionsiuon rthe

cul ti vavaiabilitydostbheepytsict ofothet siebjectzgutieire epobits fndlliibe irmevbdably remoeets

( Kubi ceipoatthalgrantitigtdf)a pRepadidicksingtheii s fact, the mjority of
researchers and industrial conpanies prefer this particular species for

cel lul ase production. Due to the higher anount of extracellul ar

R- gl ucosi dase produced, supernatants of our new T.viride srain NPl3a
hydr ol ysed the waste newspaper nore efficiently than that of T. reesei.
For T. reesei supernatants and for Celluclast 1.5 L, R-glucosidase

suppl enent ati on was necessary in order to achieve high sugar vyields.
Simlar fermentation and hydrolysis results were obtained with T.

har zi anum E58 (Saddler et al., 1985). This strain produced hi gher |evels of
extracel lul ar (3-glucosidase than T. reesei Rut-C30, and therefore proved
to be nore efficient to break down various |ignocellulosic substrates into
gl ucose nol ecul es. Anong the entire enzyne sanples prepared, the m xture
of commercial enzynes Celluclast 1.5 L and Novozyne 188 was the nost
efficient in reducing sugar production and cell obi ose hydrolysis. Although
the strain NP13a could not conpletely hydrolyze the cell obi ose, end
product inhibition was not significant as its reducing sugar yield was
conparable to that fromthe commercial enzyne m xture of Celluclast 1.5 L
and Novozyne 188. The hydrolysis results prove that the strain NPl3a m ght
be an efficient factory for <cellulolytic enzyme conpl ex production with
its potential applications in second generation biofuel production. In
addition, the strain NPl13a can be further inproved by random nutagenesis
and genone shuffling for higher yield of secreted enzynes. DEPCSIT Under
the ternms of the Budapest Treaty on the International Recognition of the
Deposit of mcroorganisnms for the Purpose of Patent Procedure, deposit of
the Trichoderma viride strain NP13a was nade with the Anerican Type
Culture Collection (ATCC) of 12301 Parklawn Drive, Rockville M., USA, on
... Mar, 2010, and bears the accession nunber of PTA-10765. The deposit
has been made under conditions that access to the cultures wll be
avai l abl e during the pendency of the patent application disclosing themto
one determ ned by the Commi ssioner of Patents and Tradenmarks to be
entitled thereto under 37 CF.R 1.14 and 35 U S.C
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122. The deposits are available as required by foreign patent laws in
“.countries wherein counterparts of the subject application, or its progeny,
are filed. However, it should be understood that the availability of a
deposit does not constitute a license to practice the subject invention in
derogation of patent rights granted b overnnental _action. Further, the
subj ectTRiGIHQBERﬂ%M!RlQE\ﬁTTRAleFQRJQ LKEIC ENZYMEIRRODUGHEON ) i ¢

in accord with the provisions of the Budapest Treaty for the Deposit of

M croorABSTRAECT i .e., they will be stored with all the care necessary to
keep them viable and uncontam nated for a period of at |east five years

af ter tﬁlﬁ 8&§tTﬁ|§Qﬁf\ﬂéntldne%é§ tf)Oé nbhﬁnfy@émlsfhh gs @trath Faopdeeraia Vinele
deposi t 6c%ﬁ§ra t&f iHfigh Ofig n@bllul@ﬁﬁub %@tnﬁinTt Y)en)i‘?rﬁés

after ?‘ RO cehyid &Nl CEE??!LR:QEI deRe0fx t@n
which 1) f‘zéa i ﬁie“&e%E@x St e el

furni sHig QOE%J %C fatere Pequested due to the condition of the dep05| ts. All
restrictions on the availahility to the i.c of the s t cuture
deposi t&ongtitutione Fungus oxteain ’FQFPH@@H&’ Vmﬂfﬁﬁ?ﬂéa ISEPA %Bﬁﬁ am'é

di scl ogsoigtiomeand 19creen msubmqnee@TMtheﬁoRn iQUid AUife
PRODUCTHoBtainiAB iieneatael fignace!lulsics blomesst powdee patceulose asnthe Fyeise o

f ungus cairben.NAfler sevetiedarp culturirdeculNPaBBuI TR sepaABBed Isentifugatiorednygntiongh

| i gnoceddnub®lusedciopprépaning fdrmemtedrsugacnpésignatedt for irogessing to @twnol,

endo- gl aHPadfRidel sdpplepfdrigaro. Xyl anase, and *- xyl osi dase. The enzyne
conpl ex can be successfully used for the saccharification of

| i gnoceh | ukiom) ¢ pive {8 6EéaUé'rﬁ | Hwééuélbr bnrﬁéhmﬁﬁm jr i de
SNE%?rer%e%l gﬁ Elqu‘u d 'E] fr Sj’%ﬂ gghgfﬁ fﬁa%@%aﬁlgr%ntl tudedd for

| langegly! SI ar ca| kt E f
Lever: et %@% S mat%r'a ot an?ﬁaeghiggg@ E%fﬁpnﬁﬁ*ﬁt o

can be GRRmergal H}Y 5gelly nEfied § AFME s{eRTat Y

et hanol hydralualsa@pra@dtmens SOMmP Béﬁﬁiﬂttg tatsiomdhegqrymeyciaten

pr opos eldoozymg. ylt | wguldcblel al gbodi cardidateotierhtn Lfsﬁﬁgﬁ-y thﬁ rﬂiﬁﬂaraﬂﬁﬂcﬁf can
pr oduc efeamentedysugace dpsigrateudfor binethanda produationl y used for 1ignocel | ul osic
materials saccharification. This cocktail of the enzyne conplex is nore
efficient in lignocellulosic material saccharification than that produced
fromthe comercial hypercellulolytic strain Trichoderma ressei Rut-C30.

Its bi I bility is conparable to that fromthe
D ORI INVENTIRAR

commer ci al- enzymne rom Novozynes. It would be a good candidate to be

used for the preparat,ion of
This mverPtlonpprowdes a new fungal strain that can be used for celulolytic enzyme complex

production. It presents the compositions of the enhanced cellulolytic enzyme complex for
degrading of lignocellulosic materials. It also relates to the method of cellulolytic enzyme
mixture production using such strain, and in particular to the application of these enzymes
to the hydrolysis of lignocellulosic materials.

Figure 1
Figure 2

Figure 3
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fermented sugars designated for bioethanol production. FIELD OF THE

I NVENTI ON This invention provides a new fungal strain that can be used for
celulolytic enzyne conplex production. It presents the conpositions of the
enhanced cellulolytic enzyne conplex for degrading of |ignocellulosic
materials. It also relates to the nethod of cellulolytic enzyme m xture

pr oducREBERENGESLCITEDRt rain, and in particular to the application of these
enzymes to the hydrolysis of lignocellulosic materials. Figure 1 Figure 2
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