-1- AMETHOD FOR ENZYMATIC HYDROLYSIS OF CELLULOSE The present invention relates
to a method for enzymatic hydrolysis of cellulose using whole cell cultures. SBACKGROUND OF THE
INVENTION Lignocellulose,composedofcellulose(30-50%), hemicellulose (20-40%) and lignin
(10-30%), is the most abundant renewable resourcé bn earth. Large-scale 5roduction of fuels and

chemicals from this lof-CFET E0RaF R | FRATRTRCL FBERRAH S dide Yy HeRvffonmental,

economical and social benefits. However, lignocellulose cannot be directly utilized by most
microorganisms of commercial interest as the cellulose and hemicellulose are tightly bound together
by lignin to prevent them from being attacked by microbes and needs to be 15 pretreated to obtain
fermentable sugafsie pDurRg pretreatment; hemickiitlse iswsaallpeffoctvecdegeadedrt 1

fermentablg}fg i%;/ sé( ng-gng eclé'lai%%ggée SQEHD-%C&?Q glég_ to g%pg\bq;eoso]ymerization degree but

cellulose is har egraded and needs to be further subjected to acid or 20 enzymatic hydrolysis to

converé it into glucose before it can Qﬁéﬁ@ﬁ%ﬁﬁé{ 'BF‘&Q&? W§gﬁo acid-catalyzed hydrolysis of

cellulose, enzymatic hydrolysis is more promising as it eliminates the use of large amount of
chemicals, achieves high glucose yield and avoids the formation of inhjbitory ;% 25products. Cellulose
|

hydrolysis by enzrh88356he bt BiEbottlenseRE fititthg corherciaffatiohStiignoceliulose -based
biorefinery iselated callase enzymesane conventianallyiused farccellolose hydeolysisiwithmas teast 3

cellase enzymes being 30 needed for complete ydiolysi of pellulose; CHLIBSE, . son o
fuels and chemicals from this low-cost sustainable feedstock

10 would provide significant environmental, economical and social
benefits. However, lignocelluleose cannot be directly utilized

by most microorganisms of commercial interest as the cellulose

and hemicellulose are tightly bound together by lignin to

prevent them from being attacked by microbes and needs to be

15 pretreated to cobtain fermentable sugars.

During pretreatment, hemicellulose is usually effectively

degraded to fermentable sugars (D-xylose, L-arabinose and D-
glucose) due to its lower polymerization degree but cellulose

is hardly degraded and needs to be further subjected to acid or

20 enzymatic hydrolysis to convert it into glucose before it can
be utilized by microbes. Compared to acid-catalyzed hydrolysis

of cellulose, enzymatic hydrolysis 1is more promising as it
eliminates the use of large amount of chemicals, achieves high
glucose vyield and avoids the formation of inhibitory by-

25 products.

Cellulose hydrolysis by enzymes is one of the bottlenecks
limiting commercialization of lignocellulose-based bicrefinery.
Isolated cellulase enzymes  are conventionally used for
cellulose hydrolysis with at least 3 cellulase enzymes being

30 needed for complete hydrolysis of cellulose. Cellulase, the

enzyme that catalyzes cellulose hydrolysis to glucose, 1is



enzyme that catalyzes cellulose hydrolysis to glucose, is -2- actually a complex mixture of at least 3
key enzymes, endoglucanase (EC 3.2.1.4), exoglucanase (EC 3.2.1.91) and glucosidase (EC
3.2.1.21). Endoglucanase randomly attacks the internal bonds in cellulose chain and acts mainly on
the 5 amorphous cellulose. Exoglucanase ‘hydrolyzeg from the chain ends and produces

predomindfilytehoBiosé, whiehid fiftheF favea to Rfo gitose-Ridfdculed byFgfucoREERES A key

factor thatdyipdeystha cogunereialization of enzyreatic;celluiosedaydralysisiszhe high castaf gellulase
10 enzymes. Attempts have been made to reduce the cost of enzymatic h%%rolysis by either producing
|

cheap cell@HEFAIARS bifhicrobfal tultitatior S retSem Snd AU tKe BRAHES aftdi®

hydrolysisi Enzymatic hydrelysis Df celtelDse hasdeearhextansivaly 1% stusliechto developreostieffective
processes over the past deﬁd%s. A lot of efforlt has been adg to J1ower the, %%‘?5 Oft(}?QUI%Sr?SiQ}’
improving TS ABRATES of fevidGa Tellufiied! Bttty thelF o 4atychkg And Tetsirg fhe
enzymes. dloezymes anck@anescophave olaimed iy rededd thei 26 eglluldseadostiby affactdref 10
from the og?igalf%gz?ge g‘ggt of %%%%‘e?/gﬂ%!?é‘c EYSQ so, the ¢ s&gégelclﬂ_:!%se enzyme is still too high
to be accep ed for industrial ap% ications. Less attention has béen paldlto utﬁi'zing whole cell cultures
for enzymatic hydrolysis of cellulose due to the difficylty in 25 getting enough glucose using whale
cells which will ndt prg&%e %?§8ﬁcoggﬁ%n t éﬁ%}éa un&grethe%%l?nrlnng &D%a |t3'i“ozn‘?“?wrpThé)%eI is a
need to previdersamethod<oi enzyanatiohydedlysis of cellulose that gvercames, of atdeastamekorates,
one gf more of the disadyantags, desoribed abovg. -3 SEMMARY A fiistaspest.of the Ivention
provides a méthod for

enzymatic hydreolysis by either producing cheap cellulase

enzymes by microbial cultivation or by recycling and reusing

the enzymes after hydrolysis.

Enzymatic hydrolysis of cellulose has been extensively

15 studied to develop cost-effective processes over the past
decades. A lot of effort has been made to lower the cost of
cellulases by improving the  activities of individual
cellulases, optimizing their ratios, recycling and reusing the
enzymes. Novozymes and Genencor have claimed to reduce the

20  cellulase cost by a factor of 10 from the original enzyme cost
of US$4-5/gallon. Even so, the cost of celliulase enzyme 1is
still too high to be accepted for industrial applications. Less
attention has been paid to utilizing whole cell cultures for
enzymatic hydrolysis of cellulose due to the difficulty in

25 getting enough glucose using whole cells which will not produce

more glucose than they need under the normal conditions.

There is a need to provide a method for enzymatic
hydrolysis of cellulose that overcomes, or at least

ameliorates, one or more of the disadvantages described above.



enzymatic hydrolysis of cellulose using whole cell cultures of 5 cellulase-producing microbes, wherein
the method comprises the following steps: a) cultivating the cellulase-producing microbes at a first
temperature to produce cellulases; b) deactivr?ting the celluase-producing microbes at a
10second temperature, the second temperature being at a higher temperature level than the first
temperature; and c) hydrolysing cellulose to produce glucose using said cellulases.
15Advantageously, the disclosed method in one embodiment may provide a 1-pot, 2-step process for
enzymatic hydrolysis of cellulose using whole ceBRRES. The cellulase-producing microbes (e.g.
fungus) are cultivated at a lower temperature  (e.g. about 30C) to produce extracellular cellulase
enzymes 20 follotved by 3aisiag Heetempérature told Highér febel pEgVABETR 56C)16 Heagtivaterthe

cells and to promote the.cellulasa hydralysis byextracellylarcriiulasss sesulting ip.coptipugus, £
hydro(lgss of cellulose to glucose without the risk of glucose being consumed by the deactivated cells.
r

25AfEr (oF SiICIEMBBUBRARHNIRE NYdrohRE the WRBISGrOthtEBhtdifts Mdudrigielfdaske

glucose and, dead migrabial{e.g. fungal) cells are able to be utilized as carbon and nitrogen sources
for microbial fermentation to produce value-added chemicals. The whole process is able to be 30

conducted in one Rofwithoyt e feauiemertef ANY-SeRNUIRN-S1RBS ni crobes at a first

temperature to produce cellulases;

b) deactivating the <c¢elluase-producing microbes at a
10 second temperature, the second temperature being at a
higher temperature level than the first temperature;

and

¢) hydrolysing cellulese to produce glucose using said

cellulases.

15 Advantageously, the disclosed method in one embodiment may
provide a l-pot, 2-step process for enzymatic hydrolysis of
cellulose using whole cell cultures. The cellulase-producing
microbes (e.g. fungus) are cultivated at a lower temperature
(e.g. about 30°C} to produce extracellular cellulase enzymes

20 followed by raising the temperature to a higher level (e.qg.

about 50°C) to deactivate the c¢ells and to promote the
cellulose hydreolysis by extracellular cellulases resulting in
continuous hydrolysis of cellulose to glucose without the risk

of glucose being consumed by the deactivated cells.

25 After {or simultanecusly with) the hydrolysis, the whole
broth contents including the released glucose and dead
microbial (e.g. fungal) cellis are able to be utilized as carbon
and nitrogen sources for microbial fermentation to produce
value-added chemicals. The whole process 1s able to be

30 conducted in one pot without the requirement of any separaticn

steps.



-4- In one embodiment, Trichoderma reesei RUT-C30 may be used as the cellulase producer in
the disclosed method. In this embodiment, 51% of the total cellulose (60 g/L) may be converted to
glucose giving a final glucose concentration of 5 31.2g/L, for example.In another embodiment, the
process of cellulase productionfollowed by simultan'e‘bUs cellulose hydrolysis and fermentation using a
thermophilic lactiéAciPEactBIRRA Btifus cgﬁéﬁlgﬂg%{f?mﬁﬁ%ﬁﬁ%e%9%‘%8&%%@]@@&I‘ﬁFo%% (100
g/L) to lactigacith«ivingia finaldactig asig: 1@ eoncantration of id:2@/bed Advaniages whichunay be

achieved by the disclosed method include one or more (and preferably) all of the following: 1. whole
cell culturdS¥aS B&Hirzed b tatdlyze tﬁé%yd?&?ﬁi of%%%ﬂ%bl & ﬁ/ﬁhoﬁétﬁe rgé&}em%‘ﬁ% of be

15isolating:thevealktkase enzymes frem the bioih; 2 Thereazymd proguctiaroand nethdasehydsdlysis
may ke co ?u te? in 1 pot by 2-steps by simply changing the temperatures ip.the pot ($nd optignally
addin ceIEJ déeg J0the fggctigﬁ%r?gt 33; 203. eanrb?gglr?tg aggé)d) o%r%%ﬂﬁ/atin%hﬁwe%v ole cells %T
cellulase preductionsean atsoobie atilized forfhé subhsequentyfermentativhsnAnather atvahtaigeswhich
may be aghipyeg Wi e diselosed meibod {5 Inal e process ast Rl gRIYTRNC A q¥sia 8l &P
cellulose is %xpeétgajfo be signi |carr1rﬁ§/ reduced compar%d to

bacterium Bacillus coagulans JI12 may convert 71% of the total

celliulose (100 g/L) to lactic acid, giving a final lactic acid

10 concentration of 79.2g/L.

Advantages which may be achieved by the disclosed method

include cne or more (and preferably) all of the following:

1. Whole cell c¢ultures may be utilized to catalyze the
hydrolysis o©of «c¢ellulose without the requiremént of

15 isolating the cellulase enzymes from the broth;

2. The enzyme production and cellulose hydrolysis may be
conducted in 1 pot by 2-steps by simply changing the
temperatures in the pot (and optionally adding cellulose

to the reaction broth);

20 3. The nutrients added for cultivating the whole cells for
cellulase production can also be utilized for the

subsequent fermentations.

Another advantage which may be achieved with the disclosed
method is that the process cost of enzymatic hydrolysis of
25 cellulose is expected to be significantly reduced compared to

existing technology.
DEFINITIONS

This section is intended to provide guidance on the
interpretation of the words and phrases set forth below (and
30 where appropriate grammatical variants thereof). Further

guidance on the interpretation of certain words and phrases as



existing technology. DEFINITIONS This section is intended to provide guidance on the
interpretation of the words and phrases set forth below (and 30 where appropriate grammatical
variants thereof).Further guidance on the interpretatignn of certain words and phrases as -5- used
herein (and where appropriate grammatical variants thereof) may additionall ,%%é‘ound in other
sections of i spddiEatn. ASGSed RATER® the SIRGUTRFTORRS " IHHVAE e 5 REBABTHE plural
references:tinless fhe cantend atearlydietates dtker@isendhusiforexamplecacteference o ahis
composition cont§inin “a compound" includes a reference to a single compound, and to two or more
compounossp(ler%:clrudiﬁﬁ1 mixtures of two or more compounds). It should be noted that the 10 term "or" is
generally employed in the sense including "and/or" unless the context dictates otherwise. = Ag used
herein, the term “aBodt® &8 udéd firdtatibh fo & nMBAAE vallETTeant, for exdplé Rithin56%
(50%} of theynumesicakvalue pareterably 3006 r2000e $15%n 148%, +7fe, +5%nt2215% o1 d8@.1\Where
necessarydthe ng’d "abogﬁ' may be omi&tleld from_the definition of the inventiog'n. v
Inthecontex%cﬁﬁﬁ&ilssepsecifi%a 617, thetérm "corﬁlgrisingQ'rmegr%{sa'Iﬂ?c]I&dingﬁ'hug,?oree%(%rﬁ"?ﬁe,a c%mpaosition
or polypeptiderosmptisingtX:may consist”a compound" includes a reference to a
single compound, and to two or more compounds (including
mixtures cof two or more compounds). It should be noted that the
10 term "or"™ is generally employed in the sense including "and/or"

unless the context dictates otherwise.

As used herein, the term "about" as used in relation to a
numerical value means, for example, within 50% (+x50%) of the
numerical value, preferably $30%, +20%, #15%, +10%, +7%, +5%,

15 +2.5% or *1%. Where necessary, the word “about” may be omitted

from the definition of the invention.

In the context cf this specification, the term
“comprising”  means “including. Thus, for example, a
composition or polypeptide “comprising” X may consist

20 exclusively of X or may include one or more additional
components. In some embodiments, “comprising” means “including

principally, but not necessarily solely”.

The terms "mutant"™ and "mutation" include any detectable

change in genetic material, e.qg. DNA, or any process,

25 mechanism, or vyresult of such a change. This includes gene
rutations, in which the structure (e.g. DNA sequence) of a gene

is altered, any gene or DNA arising from any mutation process,

and any expression product {(e.g. protein or enzyme) expressed

by a modified gene or DNA sequence.

30 The terms "polypeptide"” and "protein"” are used

interchangeably and include any polymer of amino acids



20 exclusively of X or may include one or more additional components. In some embodiments,
"comprising" means "including principally, but not necessarily solely". The terms "mutant” and
"mutation” include any detectable change in genetic material, e.g. DNA, or any process, 25
mechanism, or result of such a change. This include$ gene mutations, in which the structure (e.g. DNA

sequence)'6i@ gBlé Realtered 4R §Ene bi DA afilihg o BAY FMdgisiPprotess, Hnfddy e

expression, pradugt (8 8r.RrOfeINIRs aNZY Me) SxREessed Ly A mpdifieshgenmenBiNAsgauence. -6-
(dipeptide or greater) linked through peptide bonds or modified peptide bonds, whether produced

naturally or synthefically,, 4 The,\yord substaniially” dges; nop gxclude - eqmpletely; 692 o 1~

composition which is "substantially free" from Y may be 5 completely free from Y. Where necessary,
the word "Sulsktaritiaflgmiray el orittediiedm Hse defikifss bitheidventiohe DEFRINED DESCRPTION

OF THE INVENTION1The preseat inveptian may provigga-k-pot, Zsslepduesess 1Q far enzymadic
hydrolysis of cellulose using whole cell cultures. More specifically, one or more cellulase-producing
micro-organisiis té gt é%l‘g@’d’s) May beCultifBtelE S Iover TempRfatu?s fe-§HEB60 36¢) usihg
cellulose agthersubstiate (or alternatively or additionally hemicellulose, holocellulose 15 or
lignocelluloses) to produce extracellular cellulase enzymes.

DETAILED DESCRIPTION OF THE INVENRTION

The present inventicon may provide a l-pot, Z-step process

10 for enzymatic hydrelysis of cellulose using whole cell
cultures. More specifically, one or more cellulase-producing
micro-organisms (e.g. a fungus} may be cultivated at a lower
temperature (e.g. about 30°C) using cellulose as the substrate

{or alternatively or additionally hemicellulose, hclocellulose

15 or lignocelluloses) to produce extracellular cellulase enzymes.
Once the activity of the cellulases reaches a higher level, the
broth temperature is raised to a higher level (e.g. about 50°C)

at which temperature the micro-organisms (e.g. fungal cells)
stop growing or exhibit inhibited growth while the

20 extracellular cellulases show their optimal activity, resulting
in continuous hydrolysis of cellulose to glucose without the
risk of glucose being consumed by the deactivated microbes
(e.g. fungal cells) for their growth. After (or simultaneously
with) the hydrolysis, the whole broth contents including the

25 released glucose and dead microbial (e.g. fungal cells) are
able to be utilized as carbon and nitrogen sources for
microbial fermentation to produce value-added chemicals. The
whole process is able to be conducted in one pot without the

regquirement of any separation steps.

30 A first aspect of the invention provides a method for

enzymatic hydrolysis of cellulose using whole cell cultures of



Once the activity of the cellulases reaches a higher level, the broth temperature is raised to a higher
level (e.g. about 50C) at which temperature the micro-organisms (e.g. fungal cells) stop growing or
exhibit inhibited growth while the 20 extracellular cellulases show their optimal activity, resulting in
continuous hydrolysis of cellulose to glucose without’the risk of glucose being consumed by the
deactivatetFmhidtoBES (g OtnGarcellB) for IREF groftR &t (bP&nTiRAAESUSKPTIRR)-FshydrGlysis,
the whole pathgentents irgldding the 25 released glucose and dead microbial (e.g. fungal cells) are
able to be utilized as carbon and nitrogen sources for microbial fermentation to produce value-added

chemicals. The whole progess: isaple i be conducied in, oag pet withautthesequirament of agy
separation steps. -7- cellulase-producing microbes, wherein the method comprises the following

steps: a) cultivating tHESsetSrobiticirfIAitFShedtid irdt fshiperature to produce cellulases; 5b)
deactivating the celluase-producing microbes at a second temperature, the second temperature being
at a higher températifelevéernahthe fifstempetativésande roducéyiydraljsing eefuloseito produce

glucose using said 10ellases.pe 10 A least same %@é@%@ee@nﬁt@&@w%@%&e@eg more

cellulose into the broth for hydrolysis by said cellulases. However, if the cellulose added at the
beginning of the profdstig suffi€éRay Aighttd eS8 eholghicelilidse fdriis the hgaRASIS Irsép c)
then additional cellulgsg need not be added in step c). However, only adding to the culture broth a
suitable amount of cellulose in the beginning for producing cellulases then supplementing more

cellulose in step ¢)is,prefered ag t isexpegiesklo redycethe sybstrate;inhibition 2Q forproducing

cellulase enzymes. As will bé appreciated from the discussion below the cellulose which is added to
the dflture broth (whetHeribk#§€ Beginning of the process or in step c)) may be provided in various
forms, for example in the form of cellulose, hemicellulose, holocellulose Or 25 lignocellulose. See also
the discussion bélow eegartimptellslose-cantaimiignraterialssthese matedalsanayde useidiioygrovide

the cellulo the heginning of the pracess(i.e. for the,cellulase praduction siep) a r the,gejlulose
which is agge%to the cui%re brothfln step SS) 30In at least some embg)dﬁ%nen)fssé, step c)ggan be
performedcgtl lulases. However, if the cellulose added at the beginning of

the process is sufficiently high to leave enough cellulose for
I5 the hydrolysis in step c) then additicnal cellulose need not be
| added in step ¢). However, only adding to the culture broth a
suitable amount of cellulose 1in the beginning for producing
cellulases then supplementing more cellulose in step c¢) 1is
preferred as it 1is expected to reduce the substrate inhibition
200 for producing cellulase enzymes. As will be appreciated from
the discussion below the cellulose which is added to the

culture broth (whether at the beginning of the process or in

step c¢)) may be provided in variocus forms, for example in the
form of cellulose, hemicellulose, holocellulose or
25 1lignocellulose. See also the discussion below regarding

cellulose~containing materials: these materials may be used to
provide the cellulose at the beginning of the process (i.e. for
the cellulase production step} and/or the cellulose which is

added to the culture broth in step cj.

30 In at least some embodiments, step c¢) can be performed at
the same higher temperature level of step b). The higher

temperature level is such that the microorganisms stop growing



the same higher temperature level of step b). The higher temperature level is such that the
microorganisms stop growing - 8 - or exhibit inhibited growth while the extracellular cellulases show
their optimal activity. It is preferred that steps b) and c) are performed at the same temperature for
simplicity and efficiency. However, in other embodim%hts steps b) and c) may 5 be performed at
different téthip&rafiired Frordiciidie Avreiast8p t'ddifiprides the prGdiiction i etrzibt Bdinges
Saccharorgyess (@S- casevisiae) iis preferred that stepd)ds eonducted at akauwH9Gwhieatep c)
is conducted at about 30C, which is the optimal temperature for Saccharomyces cerevisiae. 10l will
be apprechated?Fém BiETorégbify ikt if At le 58 o me EES@ntnts of the fﬁ%fnﬁ’gde%fgythgn
invention, #rareds prevdediametbed forenzymatic bydrolysiscafcellWose ssing whote cell culiyres of

cellulase-producin microcgestwhe[feﬁ'n thc?1 tr:neéh%d c%rarlg{lis%ss theqj‘gllov(__\gli}g steps: 1w5§1% ggltigggng the
cellul se-%r%dﬁ(% Mhicrobed at%lflr teffepfnpera?urg?o prod‘ﬁce'celuféses; edctivating the P

celluase-producingmicrobes atreeseponditerhperaturef the sbeond temperajuresheingatanyces
higher tempeerature Ie\ﬁl]etgg‘r} }%% QE; t t%rpperatureé?ﬁ] ear%de(é) img‘gg_lg%[[ g é:eggloiestoc%rgggg% Eg&ycose

using said cell%l'asgé. e Substrate The methold o irst aspect e Invention relates to 25 the
enzymaticaHydedglysis obéelitlose The sekulose whigh ihytirelysdd ataydecprovidedin thefoeh of

one or mote varigus,suhstrates. Eor example, the celiylosg whigh ishydralysed may.be provided in the

form of one or more of the following substrates: cellulose, hemicellulose, holocellulose or
10 It will be appreciated from the foregoing that in at least
some embodiments of the first aspect of the invention, there is
provided a method for enzymatic hydrolysis of cellulose using
whole cell cultures of cellulase-producing microbes, wherein

the method comprises the following steps:

15 a) cultivating the cellulase-producing microbes at a first

temperature to produce cellulases;

b) deactivating the celluase-producing microbes at a
second temperature, the second temperature being at a

higher temperature level than the first temperature;

20 and

c¢) hydrolysing cellulose to produce glucose using said

cellulases.

The substrate

The method of the first aspect of the invention relates to

25 the enzymatic hydrolysis of cellulose. The cellulose which 1is
hydrolysed may be provided in the form of one or more various
substrates. For example, the cellulose which is hydrolysed may

be provided in the form of one or more of the fellowing
substrates: cellulose, hemicellulose, holocellulose or

30 lignocellulose. The one or more substrates which is/are used

may be used in its unmodified state or pre-treated, such as



30 lignocellulose. The one or more substrates which is/are used may be used in its unmodified state or
pre-treated, such as -9- with chemicals, or physical factors such as temperatures or enzymes.
Examples of suitable cellulose-containing materials which may be used in the methods of the invention
include one or more of the following: wood, wood resldues, wood-related 5 materials (e.g. saw dust)

plant residiesh carhr €Ved éorn fider, Hiee%ie? L papeF ARd Paper Prodidts, e e oat Hiflls,

brewers spaptatains, pulpapd papes millayastes flosestry waste, agricultuial waste, hagasseabarley
straw, cellulose, hemicellulose, holocellulose, lignocelluloses, 10 empty fruit bunches of oil palm trees,
municipal Wb%)%l?i WisYeand Aikturds of Hhy BF th fotegbing: The CRNiGRSEBroduting! Hiicroh&s
Advantageauslypthe prasentiaventon isvable to utilise, whete-cell euliures«f cellutase-producing
micro?es. Thg whoIJeS 15 cell cultures can be gsed direé:tly to h%/grolgse cellulose \1/:vithout separating
hydrotytic r«g‘ﬁzﬁ%% Tich'&s dellurase (w%ue%ﬁ r ll?ﬁaé’lnd/o%rgﬁ ol’}eenﬁogcfﬁcrannasse ?é’& %’.Z.fﬂfn
exoglucanase£kEC 32 4:01) aAnd:B-gluepsidase(EG 3121 2Dy frdnrwhplevwtedls {suchrasvtheoat

ceIIuIase-%ro#l}ll%mg rglcroblal 20 csellgpl. Prefera?% the Whgle ceél ncéjltures are used %rec&lgt

hydrolyse cellulose without gr?y seﬁ}araﬁon %feaps. *Ifat 18ast Some gr%%%crjiménnjt%, the ml%%oeb’es are

cellula_se p?odatsérsyhemmllala;eamoéiucértsmdigr}imtmodub@@a@&HglasquéducingWri@w_)bes
sometimes ajsp produce 25 hemicellfases.andlor igninases and, agcordingly, he broth (ceadtion

medium) may comprise hemicellulase producers and/or ligninase producers. Cellulase-proudcing
micrdéBes eapEomrtoniyE ploducsadl tie lignoeelbdibde-HeGasinglensmeaxinciudiigrceliarises,

hemicellulgses gnd {igpinases: THS, gfatth@@skg(}égg&enlqlﬂ;bodiments of the invention the
u

cellulase-producing microbes are able to degrade lighocellulose and produce cellulases,

he_mig;ellul_qggs g%g_iigﬂiggéggra% 5 im}'l}gitﬁgggg(%micellulase producers” includes a reference to

microorganisms that are able'to produce any hemicellulases that cleave hemicellulose to release
oligosaccharides and sugars, Inclyding endoxylanase: eXQXYIanase; Bea-xyopidase; i1 se
whole cell cultures of cellulase-producing microbes. The whole

15 «cell cultures can be used directly to hydrolyse cellulose
without separating hydrolytic enzymes such as cellulase
(whether 1, 2 and/or all 3 of endoglucanase (EC 3.2.1.4),
exoglucanase (EC 3.2.1.91) and p-glucosidase (EC 3.2.1.21))

from whole cells ({such as the cellulase-producing microbial

20 cells). Preferably, the whole cell cultures are used directly

to hydrolyse cellulose without any separation steps.

In at least some embodimentis, the microbes are cellulase
producers, hemicellulase producers or 1ligninase producers.
Celiulase-producing microbes sometimes also produce

25  hemicellulases and/or ligninases and, accordingly, the broth
{reaction medium) may comprise hemicellulase producers ard/or
ligninase producers. Cellulase-proudcing microbkes can commonly
produce all the 1lignocellulose-degrading enzymes including
cellulases, hemicellulases and ligninases. Thus, in at least

30 some embodiments of the invention the cellulase-producing
microbes are able to degrade lignocellulose and produce

cellulases, hemicellulases and ligninases.



5 glucuronidase, a-arabinofuranosidase, arabinase, endomannanase, B-mannosidase, acetyl xylan
esterase and feruloyl xylan esterase. The term "ligninase producers" includes a reference to
microorganisms that are able to produce the enzymes responsible 10 for lignin degradation, including
lignin peroxidase, Manganese peroxidase and laccakd:  As mentioned above, cellulase, the
enzyme that may'inone éMbobifier Thidly 2 CeRIGSE R 6lysisTt6 YhitosedisatGARPS Bofrplex

mixture ofat east Bdayienzymess 15gndogidcanase (o3 2cb4hexoghicanase (BGs:2.1:9Bbwand B-
glucosidase (EC 3.2,1.21). Unless the context indicates otherwise, the term "cellulase" as used herein

includes aTefetéfice t5TUNeS td bP &F thise of SerifoifiucaE EE ST A5 eskoGitidanald jES
3.2.1.91) and:-13-glucysidasedd=G, 20:3:24,21). Thusya selidase-prastucingicrebedrelydes a—
referegce foa microbe which produces one, twg or all three of: endoglucanase (EC 3.2.1.4%(,1‘
exoglucan%sg (fl‘ééoél.ﬁ.df@f)’and 158 @ﬁgosji dse' f@&%s.i ?ZT?.’The caIfut §er38Fo%Ucing m %}Ees
which are used anstep,a) R5wod theometiacds, of thespresernt yiventionsindividt@llysoricolfeativetyyproduce
the whole §g§%q;xurgsogé:§gglgses which, within the meaning of the present invention, means at least

n

the following 3 enzymes: endoglucanase (EC 3.2.1.4), exoglucanase (EC 3.2.1.91) and B-glucosidase

(EC 3.2.1.21). These 3 enzymes, 30 are produced extracellylarly by the cellulase-producing microbes
R R o orie TRhigr oo 498 roBuchg Rciabes iy

employed in the vatious &5pects of thig inventidht 115" >The &
comprise eneopmoye differenttsteains ekcelllase:produckigaricetdbe. vhwredhe cebplage-fisaducing
micrgRes consist of a single strain_af microbe, then the whole spectrum of cellulases is produced by 5
that Zﬁ}gle%zﬁgi?\ié r%%crbo%% %tae?r?%t%v%?y, tﬁLef1 whole | e(}:.![fr)ﬁ m of celliiasés #naaisyebe g%% e%ﬁ?f two or
more differeg straitssef celldlaseqradegscing microbes. Where the whole spectrum of cellulases is
produced by two or more strains of cellulase-producing microbes, one or more (or all) of the two 10 or
more cellulase-psluciag thiicrebesahay ndividudllylpreducecthe whalgspectniam ahegllulasesnwith the

other celluégﬁsgg&cignuecing m!%%%el(s%grod%%i?g L?{ least one 8fr erldosgillécan%sje, exgglgganase and

p-glucosidase. In an gll%ernatlve embodimen , nOR& of the tWo O More different strairis of ¢ellufade- 15

producing aitrobkelindividuatyprodeces thedvhoke spettrumtof celalases, but gellectieelythe swo or

o e RS gdce b ol sty gl b £ 0 goe e g iy st
glucesidase (EC 3.2.1.21). Unless the context indicates
otherwise, the term “cellulase” as used herein includes a
reference to one, two or all three of: endoglucanase (EC
3.2.1.4), exoglucanase (EC 3.2.1.91} and B-glucosidase (EC
20 3.2.1.21). Thus, a cellulase-producing microbe includes a
reference to a microbe which produces one, two or all three of:

endoglucanase (EC 3.2.1.4), exoglucanase {(EC 3.2.1.91) and B-
glucosidase (EC 3.2.1.21).

The cellulase-producing microbes which are used in step a)

25 of the methods o©f the present invention individually or
collectively produce the whole spectrum of cellulases which,
within the meaning of the present invention, means at least the
following 3 enzymes: endoglucanase (EC 3.2.1.4), exoglucanase

(EC 3.2.1.91) and B-glucosidase (EC 3.2.1.21). These 3 enzymes

30 are produced extracellularly by the cellulase-producing

microbes employed in the varicus aspects of the invention.



20 three cellulases is produced by a different strain of microbe etc.). In a preferred embodiment,the
cellulase-producing microbes used in the methods of the present invention comprises a single strain of
microbe which produces the whole spectrum of 25 cellulases; optionally one or more further
cellulase-producing microbes may be present. In ohe*eémbodiment, the cellulaseproducing microbes
used in the preserit SnveRtioH tORESP oA SIS stidifi 0t R HfuI A progliEhy $hicRie vitficH BrStluces
the whole spegtewaraf celitlasess 30b¥anether enkediment ke sellulasepseducingraiceobesgsed in

the methods 6(?,{etl-;He %re_sent iquwention is a mixture of several gtrain of ceIIu,Iagl% roducin%microéves.
By "severdi® welnetiderd reteiencd to"2-6rmdfe 3 o7 hors, or & or riore’ 21%- he*6h& oF mSt
cellulase-producing mictohes whichwarel used-ncdhe umethddscef the present inventionimaydelany

organism yiich may be sed to praduce cellulase under the conditions of step a) of the melhads of
the present invention. glr%us, the one or more ce(ﬁuféseiproducmg Mmicrobes Which-are used in the
methods of tle present invealidm hreelse nsed e prodece detlulases abthefirsto(iever) femperdture

used in step a), Whilst the one, of MPLe celylazePIaducing,MIGTNSS  yhere the whole

spectrum of cellulases is produced by two or more strains of
celiulase-producing microbes, one or more (or all) of the two
10 or more cellulase-producing microbes may individually produce
the whole spectrum of cellulases with the other cellulase-
producing microbe(s) producing at least one of endoglucanase,
exoglucanase and p-glucosidase. In an alternative embodiment,
none of the two or meore different strains of cellulase-
15 producing microbe individually produces the whole spectrum of
cellulases, but collectively the two or more microbe strains
produce the whole spectrum cof cellulases (e.g. one microbe
strain may produce two of the three cellulases, whilst a second
microbe strain produces the third.rcellulase; or each of the
20 three cellulases 1is produced by a different strain of nicrobe

etc.).

In a preferred embodiment, the cellulase~producing

microbes used in the methods of the present inventiocon comprises

a single strain of microbe which produces the whole spectrum of

25 c¢ellulases; optionally cne or more further cellulase-producing
microbes may be present. In one embodiment, the cellulase-
producing microbes used in the present invention consist of a
single strain of cellulase-producing microbe which produces the

whole spectrum of cellulases.

30 In another embodiment, the cellulase-producing microbes
used in the methods of the present invention is a mixture of
several strains of cellulase-producing microbes. By “several”

we include a reference to 2 or more, 3 oy more, or 4 or more.



used in the methods of the present invention may be used to 10 produce cellulases at the lower
temperature of step a), the cellulase activity is generally greater at the higher temperature level that
may be associated with step c) in the disclosed method, than at the lower temperature of step a).
Suitably, the optimal cellulase activity is in a temperature 15 range of from about 45-100C, preferably
from about 50-1008€ mdR& préferaBR FonF it 808 FRGMABHt 5876626 frofh 468ut 36%0C. In
a preferred empodimentibe eglivlasgsactivity is eptimal yeanaboutrdb=hbCoandmpigferably atrabout
50C. Most cellulase-producing fungi survive and produce 20 cellulases ﬁilg under mesophilic

conditionsTHH e BTbdliCEf Cellliddes Afe MSSthetive uRdSHEfMmoffitic CoRaitions” Methodl for
evaluatingcesllilaseactiviby aes-well knowrs incthe ark{deeddsg.dhie methed ased in thewectionentitled

"Analgtical Methods' in the Examples section), %Eﬂ step 5)2 Oo% Ihe methods of the present invention the
one of mofé gglfulase-producing microbes Which are used'in the methods o]??ﬁe present invention are
deactivatedd®nithe highertenmpenatdre leviel. tAccomimglythe ang enimiore celkifaseprodaeifg triicrobes

are not heat tolerant, that is t have 30 stopped.growing {e.g, because they are dead) ar their -
growth is é)rzégﬁ‘:tll %rasu gt%fﬁgﬁg ?rﬁhik?ltged,Sckgygthe%1 ﬂ%%er t%mpe?atzre%v I}%f %tep b) of the present
invention. s18p aln afleastssonméemisadiments bbtiRe ikehlios aadeastohecdnyorei@ndoptionally

all) of the ane gr maregellulaseprogucingmicrobes are fungi, syeh 25 filamentigusfungi QL yeass.
5Some bacteria are also able to produce cellulases,

10 produce cellulases at the lower temperature of step a), the
cellulase activity is generally greater at the Thigher
temperature level that may be associated with step c¢) in the
disclosed method, than at the lower temperature of step a).

Suitably, the optimal cellulase activity is in a temperature
15 range of from about 45-100°C, preferably from about 50-100°C,
more preferably from about 50-80°C, from about 50-70°C, or from
about 50-60°C. In a preferred embodiment, the cellulase
activity is optimal from about 45-55°C, and preferably at about

50°C. Most cellulase-producing fungi survive and produce
20 cellulases only under mesophilic conditions but the produced
cellulases are most active under thermophilic conditions.
Methods for evaluating cellulase activity are well known in the
art (see e.qg. the method used in the section entitled

“Analytical Methods” in the Examples section).

25 In step b) of the methods of the present invention the one
or more cellulase-producing micrébes which are used in the
methods of the present invention are deactivated by the higher
temperature level., Accordingly, the one or more cellulase-
producing microbes are not heat tolerant, that 1s they have

30 stopped growing (e.g. because they are dead) or thelr growth is
greatly or substantially inihibited, by the higher temperature

level of step b) of the present invention.



hemicellulases and ligninases and, accordingly, in at least some embodiments of the invention, at
least one or more (and optionally all) of the one or more cellulase-producing microbes are bacteria.
10In at least some embodiments of the invention, the bacteria which could be used to produce
cullulases, particularly thermostabla cellulases, inctude-Clostardium species and Bacillus species. The
term filamentous ¥&ngt Feférsas tall fikisentolzdims 15%of the sub8ivisibrFLihyBotindt EX&RAIes of

filamentoysfungjwhich may-be used: indhg presentinvention maydpeude. fanexarple; [righederma
sp., (e.g. Trichoderma reesei, such as Trichoderma reesei RUT-C30 (ATCC 56765) or a variant
derived th&/hdHD 1 PEniBINGHPES Se.§ FPenicifithh funfitfdsurR SP. 5B amMAHetm), HiffitolL5p.
Chrysosparim gp., Gliocladium sp., Aspergillus sp. (e.g., A. oryzae, A. niger, A. nidulans, A. phoenicis
and A. awamori), Fusarium sp.,Neurospora sp., Hypocrea sp., Mucor, and Emericella sp. Preferably,

at leagt one or mare of (apd optionally gJL.25 of) the, one gr more cellulasesproducing Migiohes-are

selected from the group consisting of: Trichoderma sp., (e.g. Trichoderma reesei, such as
Trichoderrigessel RURE30 (ATEC b6765)'658 varfant derit6@ tHctehEmy s AspBrgifitis sitE8 ., A.

oryzae, A. JugR!, Acgulansnard Arawamoriy, aad S0Renicillium s 48.9cRenigiliumdunicylagam).
-14- from the group consisting of:Trichoderma reesei (e.g. Trichoderma reesei RUT-C30 (ATCC
56765) or AXatiahtdervetitheréiforh]  Aspefyifffs AIGEF ait PERTARFMRAMEHoL T, EX6sthbftm
species (e:g:- £lostrdim gellulolyticum) and 5Bacillus species (e.g. Bacillus subtilis). Preferably, at
least one or more of the one or more cellulase-producing microbes is Trichoderma reesei RUT-C30

(ATGG@ 56765) orpg,varignt degiyed theygfram. Oplionakyhiichoderma reesel RELEBOH(ATCG 86765)
(or a variant derived 10 therefrom) is co-cultured in step a) with a ceIIuIase-producingémicrobe which is

a P-glucodidsessrbaucelih This way eefitilast Gctivity Rfhy bé fhcreREGHHS Bompated o B8y the:

single cultyeralone. By ¢o-culiringnbishodeama eeseiREI030 (ATEL156E5) aria varaatiderived

therefrom with a p- ) )
species and Bacillus species.

The term filamentous fungili refers to all filamentous forms

15 of the subdivision Eumycotina. Examples of filamentous fungi
which may be used in the present invention may include, for
example: Trichoderma sp., (&.4d. Trichoderma reesei, such as
Trichoderma reesei RUT-C30 (ATCC 56765) or a variant derived
therefrom}, Penicillium sp. (e.g. Penicillium funiculosum. P.

20 janthinellum), Humicola sp. Chrysesporium sp., Gliocladium sp.,
Aspergillus sp. ({e.g., A. oryzae, A. niger, A. nidulans, A.
phoenicis and A, awamori), Fusarium sp.,Neurospora sp.,

Hypocrea sp., Mucor, and Emericella sp.

Preferably, at least one or more of (and optionally all

25 of) the one or more cellulase-producing microbes are selected
from the group consisting of: Trichoderma = o {e.qg.
Trichoderma reesei, such as Trichoderma reesei RUT-C30 (ATCC
56765) or a variant derived therefrom), Aspergillus sp. (e.9.,

A. oryzae, A. niger, A. nidulans, and A. awamori), and

30 Penicillium sp. {(e.g. Penicillium funiculosum).

Preferably, at least one or more of (and optionally all

of}) the one or more cellulase-producing microbes are selected



15 glucosidase producer the glucose yield produced in step a) may be improved. The P-glucosidase
producer may optionally be an Aspergillus species, e.g. A. Phoenicis. In one embodiment of the
invention, the cellulaseproducing microbes consist of Trichoderma reesei RUT-C30 (ATCC 20 56765)
(or a variant derived therefrom) and one or more celll.‘}lase-producing microbes which produce

p-glucosidhBe™  HYnRtonePietdtred ERSIARMERE the Eéllulad4r8aGERGMmicroBES &fe Trichdterma

reesei RUTG30, (AEGRD6763)kra wariant sierivedriherefrons 2 The team varipab'rasdisedherein in
relation to Trichoderma reesei RUT-C30 (ATCC 56765) includes Trichoderma reesei which vary in one

or more resPEER oM TrichBFERE feeldef RUTLERD (ATEE 56785) CThié 1 VErRAFEftdMibasses
"mutants” but-alse eacompasgrs-Tucobeshaving one or mopge 30 gesetic modifications creaiediby
technigues / phenomena other than by mutagenesis, such as hy recombinant technology. The variants
are derived¥oit THEhSRG ML feetl RUTEE 6%2%:@ ub& 158 785) and the phrase "derived from" /
"derived therefrom" is intended to be construed broadly. Thus, the term would include, for example,

variants which haleesifderired airecth? b THERod&maTeesei RET-EB6 (AT 58765)¢5€ from

Trichoderma bireeseiRYT 030 {AFCGHEEM) per seand not fpsySayaa Vadardr MAtantoko
Trichoderma reesei RUT-C30 (ATCC 56765)) as well as yariants which have been indireé:gégerived

from Trichdftéinta red_LPRUT-830 (ATCE5678Y) (e Vatiahts WhAIEH RATEBeen HRtvEE Hrom a
mutant or variark @fd rishodermesreeseiiRUTCIRIUATEECTHEN65),avhich matantot variant has itself
beerhgerived from Trichoderma reesgi RUT.C30 (ATCC 3 76562%. In.at| Lzill%tsoenjereo oodiments of
thei ventiBH,@é: Vafiaht derivedFrom rl}“cl:ﬁggerlrﬁla reedei RUTY (5.1 (@T ¢E %3" is & mutant derived
Trichoderma ¢gesel RUILESR (ATEC 56765)gThe 45 phuase "nutaduderived flom s2hisdntended to
be construed broadly. Thus, the term would include, for example, mutants which have heen derived

directly froftHhicHGRFmATEeSd RUTD30 ARTCE'86 765 (e, ot TRERTdE A Peeddi RYT!
(ATCC 56#a3)oes seanthnot framyisay, avarieatefiTtichodesma 20 ceesei RIAT-E30(AT CRI56765))
as well as mutants which have been indirectly derived from Trichoderma reesei RUT-C30 (ATCC

56765) (e.§3PutdAESFhicheTfe) be8h detivetfdmd maaRt sedhridhedeficiBdermaltecteil -

RUT1G30 (ATLG HS6488) Whichinnsantoryvaganthasitselfbrendesiveddrom drighedermp reesei
RUT-C30
be improved. The PB-glucosidase producer may optionally be an

Aspergillus species, e.g. A. Phoenicis.

In one emboediment of the invention, the cellulase-
producing microbes consist of Trichoderma reesei RUT-C30 (ATCC

20 56765) (or a variant derived therefrom) and one or more

cellulase-producing microbes which produce P-gluccsidase.

In one preferred embodiment, the cellulase-producing
microbes are Trichoderma reesel RUT-C30 (ATCC 56765) or a

variant derived therefrom.

25 The term “variant” as used herein 1in relation to
Trichoderma reesei RUT-C30 (ATCC 56765) includes Trichoderma
reesei which wvary 1in one or more respects from Trichoderma
reesei RUT-C30 (ATCC 56765). The term “variant” encompasses
“mutants” but also encompasses microbes having one or more

300 genetic modifications created by techniques / phenomena other
than by mutagenesis, such as by recombinant technology. The

variants are derived from Trichoderma reesei RUT-C30 (ATCC



25(ATCC 56765)). Techniques for creating variants and mutants will be well known to those skilled
in the art, e.g. exerting selective pressure for improved Or new characteristics, using gene
replacement techniques or classical chemical mutagenesis. In 30 some embodiments, the genome of
Trichoderma reesei RUT-030 (ATCC 56765) (or a vafiant or mutant thereof) may be augmented with
genetic m&teriable.afith'dife diniare coftsliserfieddédm (e . profmipteistieFMmatdrs BIC.))ehd/or

with one -16¢ of Qe Protein-encRding saaWeReEs) {0 CreRiaa vadant: -his way varants may be
created which express one or more (e.g. at least 1, 2, 3, 4 or 5) heterologous proteins. The variants

derived frorR TriGittirha rec&er RUTLE3FATEC 536765)56RINTRE HBRE) of TFRAGdEmEEBse]
RUT-C30 (AlCh L7 6h) torpiesitce terwhote speptidmeef tedylases undertbg caltureconditions
used in step a) of the methods of the present invention and the endoglucanase, cellobiohydrolase and
P-glucosida8& $8iprddlicEd halftheh belddet in¥tép EFofthe T hetHddl of IR préseht imZtion to
achieve celldlogetwdrolysts. tikechichogesmaseasel RUFFCSOCATEE6766),4be vadantsdenived

from Trichod reesei RUT-C30 (ATCC 56765) | ivated by the higher t ture level
oot in StEFbY G PA TSt B0S OF HE Tosit et oAs s hef ot e obed HOEEe

(ATCC 56 feR)s the vRUZrtsINay gptionally diecca-culfared. with &R ghiucosidase-prodiscss. bebmat

least some,embogiments of he,Inveriion 3t least ong,or o of (ad gptionally 2l o e pnesgy more
10 (ATCC 56765), which mutant or variant has itself been derived

from Trichoderma reesei RUT-C30 (ATCC 56765)).

In at least some embodiments of the invention, a variant
derived from Trichoderma reesei RUT-C30 {ATCC 56765) 1is =&
mutant derived Trichoderma reesei RUT-C30 (ATCC 56765). The

135 phrase “mutant derived from s2” is intended to be construed
broadly. Thus, the term would include, for example, mutants
which have been derived directly from Trichoderma reesei RUT-
C30 (ATCC 56765) {(i.e. from Trichoderma reesei RUT~C30 (ATCC
56765%) per se and not from, say, a variant of Trichoderma

20 reesei RUT-C30 (ATCC 56765)) as well as mutants which have been
indirectly derived from Trichoderma reesei RUT-C3G {ATCC 56765}
(e.g. mutants which have been derived from a mutant or variant
of Trichoderma reesei RUT-C30 (ATCC 56765%), which mutant or
variant has itself been derived from Trichoderma reesei RUT-C30

25 (ATCC 56765)).

Techniques fcor creating variants and mutants will be well
known to those skilled in the art, e.g. exerting selective
pressure for improved or new characteristics, using gene
replacement techniques or c¢lassical chemical mutagenesis. 1In

30 some embodiments, the genome of Trichoderma reesei RUT-C30
(ATCC 56765) (or a variant cr mutant thereof) may be augmented
with genetic material {e.g. with one or more ‘“control

sequences” (e.g. promoters, terminators etc.)) and/or with one



20 producing microbes are yeast cells. Yeasts do not form an exact taxonomic or phylogenetic
grouping but rather it is the colloquial name for single-celled members of the fungal divisions
Ascomycota and Basidiomycota. The budding yeasts ("true yeasts") are classified in the order
Saccharomycetales. 25 Most reproduce asexually b%’udding, although a few do so by binary fission.
Yeasts ar®Gnidtitfar, BRABEGR sBRECSHeGesSAtHFELS Forms thaf BHeRbme fultitéthfdtthrotigh the

formation gf,a string @f cannecigd: Budgling gells knawin ag pseudehyRhas: 0k falseyphae as seen in

most molds. Examples of cellulase- 30 producing yeasts include those which have been engigneered
by Prof. AR KEtda*€§fduptin Kobe Unfverdity’and"@hithbr8888E cBifit&Sed 8nd hemicellulases
on the cell surface. -17-  The cellulase-producing microbes used in the present invention may
optionally be isol&t&®l fiGH Fte stobtdiRed frona ChitGrecchtieRfort ee T AtURing the ¢ (ATCC ™ -

cellulase-prgdueing mierobgs to,progduce Sicellyasesr i - A SteR) of thesmethads-af the present
invention the cellulase-producing microbes are cultivated at a lower temperature to produce cellulases.

As used hefelf the t&mE*QGittrE" dite ctifivaf” ERRCIO TSP tHefavoRiahid B BB Ut gamn&ftal

variants thergaf) are useddnterchangeabby i hesskilled persgrwillt readityieable tocarriveras
suitable culture conditions (see e.g. Ghose T. K, Sah%civ. Production of cellulases bg%il'richoder a

reesei QMPSAEFM Fed 15 Bh-A ANt ChntiRGo R cO ARt cdifrbtyé BibtEsHHYT BiBAg., 21:
283-296 (Fa79)i.and SinghaniadRpRe SUkumarR. th andey Askaprovedpeliplase preduction by
Trichoderma reesei RUT 030 under SSF through process optimization, Appl. Biochem. Biotechnol.,
142:16b-7025075) 20 Shitaid eultbe B8R ons MEF irichide lighi or 36k fédia dritthay OfT
example, ingludg shake flask qultivationhsmalkssale ortarge scale demmentations fiscleding the
continuous, batch and fed batch fermentationsc,gﬁijn Iaboratcl)rrﬁ/ or industrial fermenéczgscwitr% g;fié%lxe
medium cORAATY ShySftidgieal shit§35 ahd HUTHHE S uRE6RShedin are availdble from toRtmercial
suppliers erarayahe: prepated-according e published corapositions«eq. uinecatadaglies of #ae American
Type Culture COlli?Hiti%Ip' El%(amn?é%%dsuitaibl%gulture me%ig rriayéiechude modified YPB medium with
ized 0

no contentormin Cohten gﬁu%se anhd SUitable amolt of celltiose substances with or

without addition of surfactants such as Tween 80. Growth factors ino_acids or dditives (e.q.
mﬂkﬁﬁbsfor-l@ﬁ with Trichoderma reesel RUT—Cﬁ%n ?ATCC 5%#8&?, the( 9

variants may opticnally be co-cultured with a P-glucosidase

producer.

In at least some embodiments of the invention at least one

or more of (and optionally all of) the one or more cellulase-

20 producing microbes are yeast cells. Yeasts do not form an exact
taxonomic or phylogenetic grouping but rather it 1is the
collogquial name for single-celled members of the fungal
divisions Ascomycota and Basidiomycota. The budding yeasts
("true yeasts") are classified in the order Saccharomycetales.

25 Most reproduce asexually by budding, although a few dec so by
binary fission. Yeasts are unicellular, although some species
with yeast forms may become multicellular through the formation

of a string of connected budding cells known as pseudohyphae,

or false hyphae as seen in most molds., Examples of cellulase-

30 producing yeasts include those which have been engigneered by
Prof. Akihikoc Kondo's group 1in Kobe University and which

produce cellulases and hemicellulases on the cell surface.



selective pressure) may be added to such culture media as desired or necessary. Other
considerations, may comprise temperature and pH of the growth medium. The cellulase-producing
microbes are cultivated at a first 5 temperature, or a "lower temperature", to produce cellulases. The

first temperature, or a "lower temperature”, is .selectéa.from a temperature range of from about
10-50C, more préfafably ForABER EF25EC SPmote Bretbiably H6iachbobf 20.40T, yBE ATHET

preferably froraabouh25m39C, @ndiexemmerest0 preferably dromabouhd 336 hra preferied o

embodiment, the temperature is about 30C. The terms "lower temperature" and "first temperature" as
used herefﬁxﬁrﬁy%ecﬁ%etdﬁﬁ?ergﬁ&r}geecawnSuitably, the one or more cellulase-producing microbes
are mesoophilic micro-organisms. By a "mesoophilic micro-organism", 15 it includes a reference to an
organism \ﬁﬁﬂ:ﬁ"’tﬁﬁ?& at $318 "lonePHRpRRRIRNRIEC I NS, AMMESERAIR orghfism RE¥eAWSen
organgsm wairhdhdkesat a temperature of about 10-50C, more preferably from about 15-45C, still
more preferably from about 20-40C, yet more preferably from about 25-35C, and even 20 more

preferably from apQut.27s33C; Rajsing:the teaperatine gfthe feactign.broth 5 L vention the

cellulase~producing microbes are cultivated at a lower

Temperature to produce cellulases.

As used herein, the terms “culture” and “cultivate” (and
10 for the avoidance of doubt, grammatical variants thereof) are

used interchangeably.

The skilled person will readily be able to arrive at

suitable culture conditions (see e.g. Ghose T. K, Sahai V.
Production of cellulases by Trichoderma reesei QM 9414 in fed-

15 batch and continuous-flow culture with cell recycle.
Bictechnol. Bioceng., 21: 283-296 (1979); and Singhania R. R,
Sukumaran R. K, Pandey A. Improved cellulase production by
Trichoderma reesei  RUOT C30 under SSF  through  process
optimization, Appl. BRiochem. Biotechnol., 142Z2: 6&0-70 (2007y).

20 Suitable culture conditions may include liquid or solid media
and may, for example, include shake flask cultivation, small
scale cor large scale fermentations (including continuous, batch

and fed batch fermentations) in laboratory or industrial
fermentors, with suitable medium containing physiological salts

25 and nutrients. Suitable media are available from commercial
suppliers or may be prepared according to published
compositions (e.g., in catalogues of the American Type Culture
Colliection). Examples of suitable culture media may include
modified YPD medium with no content or minimized content of

30 glulose and suitable amout of cellulose substances with or
without addition of surfactants such as Tween 80. Growth

factors, amino acids or other additives {e.g. antibiotics for



In step b) of the methods of the present invention the broth temperature is raised to a second or a
"higher temperature level" to thereby deactivate the cellulase- 25 producing microbes. Step b)
may be performed after the cellulase activity (the synergistic activity of the 3 cellulase enzymes)

reaches a higher level, i.e. after the cellulase-produéiﬁg microbes have been cultivated for a suitable
time period &t A& foVifer 35 ship&raturd®Yallf foP tHEptodbictioR 'WFthe cetiiasss. MestidasPsome

embodimeints; of-the invantioncthedernya highefe19- levalk agdised:halein ingglation-tegeliutase
activity includes a reference to where there is 60-100% (preferably, at least 65%, 70%, 75%, 80%,
:90% or 9556 B hE THEGn P Selitasd abfiviny FRESbiifval teflulase activity is measured under the 5

optimal pH and tamperadare. 1 a s&hose skitled in thecarbwildbeabledq determing a-suitablestinme
periocii’for the cultivation of the cellulg eglroducing1 microbes tg produce the cellulasee? but it will be
appretiated THBER Wil b8 infliEnded by s Rimb&r BFHRtoHE =10 indilidiRg e Hiicr6e oF niicdbes
used, and the: amaouatof cetilese carbon source usddfor produging:cetiulases etcs Insat leastsome.
embodiments, the cellulase-producing microbes are cultivated at least until the increase in cellulase

activity starts¥8 sfovl GBRAT MgihEdsTor 38s&ying EeMIASS HEivi) 13 afe kit i the TH EhtYsee
e.g. the method used in thesegtiop entiied jAnalytical Metbads'jn fhe-Examples section).(gefiulase

activity (the synergistic activity of the 3 cellulase enzymes) may optionally be measured by detecting
the total ameunt ofreducing sdgarstubing the®NS afethidd. 25-35°C, and even more

20Prf erabI%% ecel uirasegaroducingmicr(? §§reocultivated in accardance with step a) for between 24
hourddo 15 0R{E Breterably the Taflihs -ﬁr tucing icrébe’ B Safivate G 28¢8IaBMee WitF step

a) for at leagh24haursy 48 haurg, 2, houtsy°86 hayrs, 120/heursy 144 hourse 163 hours, 492 g2rdours,
216 hours, 240 hours, 264 hours, 288 hours, 312 hours, 336 hours, 360 hours or 384 hours. By a

"higher températiret8T&1® bR tal §6corPtenfiFétaltfee intladeda tBAferathke ety erTadhh about

45-100C,
Suitably, the one or more celiulase-preducing microbes are

mescophilic micro-organisms. By a “mesoophllic micro-organism”,
5 it includes a reference to an crganism which thrives at said
“lower temperature level”. Thus, a mesophilic organism refers
to an organism which thrives at a temperature of about 10-50°C,
more preferably from about 15-45°C, still more preferably from
about 20-40°C, yet more preferably from about 25-35°C, and even

20 more preferably from about 27-33°C.
Raising the temperature of the reaction broth

In step b} o©of the methods o©of the present invention the
broth temperature 1is raised to a second or a “higher
temperature level” to thereby deactivate the cellulase~

25 producing microbes.

Step b) may be performed after the cellulase activity (the
synergistic activity of the 3 cellulase enzymes) reaches a
higher level, i.e. after the cellulase-producing microbes have
been cultivated for a suitable time pericd at the lowetr

30 temperature to allow for the production cof the cellulases. In

at least some embodiments of the invention, the term “a higher



preferably from about 50-100C, more preferably from about 50- 30 80C, yet more preferably from
about 50-70C, and even more preferably from about 50-60C. In a preferred embodiment, the
temperature is from about 45-55C, and preferably at about 50C. -20- Steps b) and c) of the present

invention may be"both performed at a higher t_emperlagture level as compared to step a). As discussed
above, theRigheér terSerattiri@devel ¢68din sidps Byt Phay be thé §armelctfifferdft ThtisY there

may be a $ firgthgherdemperature-usedingten-b) and asegendshighentemperatese sised jn step c).
The first higher temperature and second higher temperature may be independently selected from

about 45-165¢ fpréfetably #om 4B6ut 502100C o prafetabl§ from EbdlsE80C et oSS

preferablyfeam aboyit 56470 Copnd o ievesimanepreferably frony abeutbd-60C < apreferrethe
embogiment, the higher temperature level g%r the first higher temperature and second higher

temperaturd) g berSbi&Ed Fgperaty

Those skilled in the art will be able to determine a
suitable time period for the cultivation of the cellulase-
producing microbes to produce the cellulases but it will be
appreciated that it will be influenced by a number of factors,

10  including the microbe or mnmicrobes used, and the amount of
cellulose carbon source used for producing cellulases etc. In
at least some embodiments, the cellulase-procducing microbes are
cultivated at least until the increase in cellulase activity
starts to slow down. Methods for assaying cellulase activity

15 are known in the art (and see e.g. the method used in the
section entitled “Analytical Methods” in the Examples section).
Cellulase activity (the synergistic activity of the 3 cellulase
enzymes) may optionally be measured by detecting the total

amount of reducing sugars using the DNS method.

20 Preferably, the cellulase-producing microbes are
cultivated in accordance with step a) for between 24 hours to
15 days. Preferably, the cellulase-producing microbes are
cultivated in accordance with step a) for at least 24 hours, 48
hours, 72 hours, 96 hours, 120 hours, 144 hours, 168 hours, 192

25 hours, 21€é hours, 240 hours, 264 hours, 288 hours, 312 hours,
336 hours, 360 hours or 384 hours.

By a “higher temperature level” or “a seccnd temperature”,
it includes a temperature range of from about 45-100°C,
preferably from abcut 50-100°C, more preferably from about 50-

30 80°C, yet more preferably from about 50-70°C, and even more
preferably from about 50-60°C. In a preferred embodiment, the

temperature is from about 45-55°C, and preferably at about 50°C.



about 45-55C. In yet a preferred embodiment, the higher temperature level is preferably about 50C.
15The higher temperature level deactivates the cellulase- producing microbes. The term "deactivated"”
(and for the avoidance of doubt, grammatical variants thereof) as used herein in relation to microbial
cells includes a reference to microbial cells which ﬁz%?e“stopped growing (the cells maébe 20 dead or

alive) or whose gr&wiFhal beéligredtly of Sub5BmtidhySTsiBited 2THE HidoBiaM@is may &tbllyze to
thereby rejeasedwietion fordhe feymentativeomicieorganisms in the fesmpatationtste By deactivating

microbial cells their consumption of the products of the hydrolysis of cellulose 25(e.g. glucose) may be
stopped. @éﬁlu%s%clwgﬁ/fgi%%ﬁ ‘é?efp ct)}%f tcfgléL ﬁ?é?ﬁoatseghﬁé‘ gf)%&é%t?ﬂ%‘é% iort %(Sﬁjglo%]e 7 i%nally
added intdsthe donath avhickeig then hydsolpsed:bythedtetifilases ta produse gltucese. Tiweyadokitioa 30 of
cellulgse in step c),may occur at a single time point or at gne or more time points. Cellulgse may be
added at thé gngne fh%eag thtee{%%%eprea}%ﬁfg is%?s%d n stg% %I):> arrggloraar&?gr %es?zclqr%glm%é"r%%?r% has
been raisetefipeaficnustep by Altemativety Oc additibralliy Leelluloseéghay be added priorto (&gl

immediately prior o step b} aIIChou h it will be recgaeted.tri)%' Mlcig%gf ergl giégg&an%g)%us for
cellulose tgy%%oél gd ed before the. ggl’#u \ggg%rggﬁging mic:rLo esllghave beeng dea%givated since the
cellulase-prbducing riciifes, may €oasumethda eeltulageut 50-100°C, more preferably

from about 50-80°C, yet more preferably from about 50-70°C, and

10 even more preferably from about 50-60°C. In a preferred
embodiment, the higher temperature 1level {(or the first higher

temperature and second higher temperature) may be selected from
about 45-55°C. In vyet a preferred embodiment, the higher

temperature level is preferably about 30°C.

i5 The higher temperature level deactivates the cellulase-
producing microbes. The term “deactivated” (and for the
avoidance of doubt, grammatical wvariants thereof) as used
herein in relation to microbial cells includes a reference to
microbial cells which have stopped growing (the cells may be
20 dead or alive) or whose growth has ©been greatly or
substantially inhibited. The microbial cells may auto-lyze to
thereby release nutrition for the fermentative micro-organisms
in the fermentation step. By deactivating microbial cells their
consumption of the products of the hydrolysis of cellulose

25 (e.g. glucose) may be stopped.

Cellulose hydrolysis

In step <¢) of the methods of the present invention
cellulose 1s optionally added into the broth which is then
hydrolysed by the cellulases to produce glucose, The addition

30 of cellulose in step c¢) may occur at a single time point cor at
one or more time points. Cellulose may be added at the same

time as the temperature is raised in step b) and/or after the



The cellulose hydrolysis step of step c) is performed at a a higher temperature level. As discussed
above, the higher 10 temperature level used in steps b) and c) may be the same or different. Preferred
Features of the Method Steps a), b) and c) of the method of the first aspect of the invention may be
performed without separating cellulase 15 enzymes4rom the cellulase-producing cells. Prefer{ilbly,
steps a), B)HMREGIFHRE niéthod SFthe rsEaShett of théihvErtich-512 &érfomfé%dt\ﬁifﬁ’cﬁﬁ]a‘ﬁ?/ Y
separatiorvef enzyaiasitsamicells. Prefarably, stepsna)yb) ans c)=oidhkel methadbef thedirst aspegct of the
invention a%eri)?%tormed without any g se%arati%n steps, Ste S a},tb) ‘9519 J_C) gan be ggfggrgggén "1-

pot", i.e. in Jré"”r:eealéforg.)rrfﬁglferm “redc h?u S

5P a'usdd Hereti inciilded &'referencent any vessel
suitable fot ipsacticingairhethod of theepreksent idvertibra Thedemm Sreéctor'aslusedhereiroméy be

used nterghpngeably with the 25 term fefentercand creacton vesgel:, The methad of the st
aspect of fhie invention may be viewed as a two-step process with the Tirst step being cultivating the
cellulase-predutinganierobesrata loWwer temperdtuse to prodiuce tellmases: e seepndstepigeaising
30 the temperature t0,a higher temperature level after the cellulase activity reaches a higher level to
thereby deactivate the cells and to hydrolyse the cellulose to produce glucose, -22-

The cellulose hydrolysis step of step ¢} is performed at a
a higher temperature 1level. As discussed above, the higher
10 temperature level used in steps b) and c¢) may be the same or

different.

Preferred Features of the Method

Steps a), b) and c¢) of the method of the first aspect of

the invention may be performed without separating cellulase

15 enzymes from the cellulase-producing cells. Preferably, steps
a), b)) and ¢} of the method of the first aspect of the
invention are performed without any separation of enzymes from
cells. Preferably, steps a), b} and ¢} o©f the method of the
first aspect of the invention are performed without any

20 separation steps. Steps a), b) and c) can be performed in “1-
pot”, i.e. in a single reactor. The term “reactor” as used
herein includes a reference to any vessel suiltable for
practicing a method of the present invention. The term
“reactor” as used herein may be used interchangeably with the

25 term “fermenter” and “reaction vessel”.

The method of the first aspect of the invention may bke
viewed as a tfwo-step process with the first step being
cultivating the cellulase-producing microbes at a lower
temperature to produce cellulases. The second step 1s raising

30 the temperature to a higher temperature level after the
cellulase activity reaches a higher level to thereby deactivate

the ¢ells and to hydrolyse the cellulcose to produce glucose,



for example, at said higher temperature level. Thus, the first step is conducted at the lower
temperature (production of cellulases) whilst the second step is conducted at the higher temperature
(deactivation of the cellulase-producing microbes 5 ggd hydrolysis of cellulose). Thus, the two steps

may be performed by simply changing the temperat(rfe of the reaction broth, A schematic of th
two-step 85es‘§x(ﬁr¥ﬁz?ﬁveﬁﬁoﬁ%lgg%rgﬁerggureem Swvith 2 i g&%é\l sTt@BSa’Iso é:’iné‘) 5 86\/5vn
which is thetfepmentatiarvafiglucese (todactiacidlionbe 10texgmpletshown inckigdies4) dihe thitd step

may also be conducted in the same reaction vessel. Moreover, as discussed below the third optional
step may b& %%H(cl)rarﬁgﬁ inf’f'uq z‘:;ﬁsé%uﬁﬁ%vitﬁ the 1rslgcos"ni—élegtep}“(%f the Iﬁr?v%%ﬁﬁ?)# (§§Fv)ﬂé%c§&sgeh§|%
present inventiorruatilises wihdkcllicudtuies: 15046f celiwlasesirbdiieing rmicrobes iditectiyitorivyrslyse

cellulgse wiioutyy,separation sieps, lts petggessary fo.add engymag suchias cellylase angymes
(e.g. in the form of‘isolat dor purified enzymes, cells producing enzymes, whole broth from enzyme
productiorpetciotonghe réaction bpdth. THeaeei20 "isuotatdetazaustdutiaein findlideszerdgéiehice to

material thaf i substantiglly.pr essentially free ftom compopenfsdhat nopmally. ageprapanyif in s
native state. The term "isolated” does not denote the method by which an isolated enzyme is obtained

or the leves b prityof e picpafation Thus, 25isslhtetPérizyides magbedrddudiredomibidhtly, or

isolated diggctlyfromscells etce Ihus.in at least someembedianentsof the-inyentignendeglucanase,
cellobiohydrolase and/or P-glucosidase is/are not added to the reaction broth (e.g. in the form of

isolal@d 3¢ 8PPERfed ERRes, Cellsipr8ti&ing thzymesSwhbletidth fibfPenBie piddifttiditetc.).

Thus, the erly gelulages presgat in the-brethwillibe:those peaducer by dhe ene asmatesceliiiase-
producing microbes, and, where the methods of the invention -23- ,
below the third optional step may be performed simultaneously

with the second step of the invention (S3F).

RBecause the present invention utilises whole cell cultures

15  of cellulase-producing microbes directly to hydrolyse cellulose
without any separation steps, 1t is not necessary to add
enzymes such as cellulase enzymes (e.g. in the form of isolated

or purified enzymes, cells producing enzymes, whole breth from
enzyme production etec.), to the reaction broth. The term

20 “igolated” as used herein, includes a reference to material
that is substantially or essentially free from components that
normally accompany it in its native state. The term "isolated"
does not denote the method by which an isolated enzyme 1is
obtained or the level of purity of the preparaticn. Thus,

25 isolated enzymes may be produced' recombinantly, or isolated

directly from cells etc.

Thus, in at least some embodiments of the invention
endoglucanase, cellobiohydrolase and/cr B-glucosidase is/are
not added to the reaction broth {(e.g. in the form of isolated

30 or purified enzymes, cells preducing enzymes, whole broth from
enzyme production etc.). Thus, the only cellulases present in
the broth will be those produced by the one or more cellulase-

producing microbes, and, where the methods of the invention



comprise a fermentation step, optionally also by the one or more fermenting micro-organisms
(fermenting micro-organisms may occasionally produce a cellulase). It is also possible that some
further cellulases may be present as "impurities". For 5 instance, it is possible that some
thermotolerant cellulaseproducing microbes may inadvertently be brought into the system together
with the c@ﬁﬁ&%%??ost?até%%@ﬁﬁiﬁ%Yﬁé’fhuﬁ?é%?s. I ASEBmEEmBAGitheRofHEnV8Rfon™*
endoglucanase, deilphianhyiingjasd andlos pagltidesdaseristatedOinot atddeddo theykractian brath (e.g.
in the form of isolated (irlgurified nzymes, cel lpr?duci g enzymes, whole broth fromlenz me
productionoé:t%'.&):sfi)oggfor orpcfu?lntécs epaa);c(ﬁ after’sté a);?‘ﬁ% dﬁﬁngas 88 b)?a\sl)sélkferestévtp S)t:’ (V)
during step aicandfor €Vif after sidpidr dSinatteastsomeembedinteniseftheimvention i ersdaglucanase,
cellobjohygrolase and/or p-glycosidase jsfare ot added o the teaction bioth (&,0. inthe form of
isolated or puri ied erizymes, cellspproaucing enzymes, whole broth from enzyme production e?c.) at
the lower terpératimg ofistepcd)e20 and/or atthedtigherttempeeaturesleybk(s) of steps ) snetem

In at least sgme; gmbogiments, the methods of the, present invention, e nof, campriss tha agdition of an

enzyme to the reaction broth. Thus, the only enzymes present in the broth will be those produced by
the one or more %ellulaseEprociUGCér%Vg&ﬁS microbes an%b\ggere the metths chk;[he invention comp’)rlse a

. a . sSome S1 O & inyention
fermentation step,rt]hose enzymes which may be pro uceénby e oneé or more fermen}/lng

micro-organising litisaalse possibid indyilvd:prbsehtas "insputities”. Forghatsemdaneymiesgmdecing
micrqges %%%e-%c{q]%r °ct8'e£?{g C%@%‘%%%‘Bﬁo%?%m'%".b s) may jnadveriently he %%‘9%%2&0 the
system together with the cellulose substrates or with other nutrients. However, It is envisaged that in
many embodintents fieddded maerials wdllbe 2okt treatethe gradtockived defore ttheilf addition

and in these, embodiments, sugh,gnzyme:producing microhes wauld pat e present inthe broth,
after step a); (iii) during step b); {(iv) after step b); (v)

during step c); and/or (vi) after step c).

15 In at least some embodiments of the invention,
endcglucanase, cellcbiohydrolase .and/or B-glucosidase 1is/are
not added tc the reaction broth (e.g. in the form of isolated
or purified enzymes, cells producing enzymes, whole broth from
enzyme production efc.) at the lower temperature of step a)

20 and/or at the higher temperature level(s) of steps b) and c¢).

In at least some embodiments, the methods of the present
invention dc not comprise the addition of an enzyme to the
reaction broth. Thus, the only enzymes present in the broth
will be those produced by the one or more cellulase-producing

25 microbes and, where the methods o©of the invention comprise a
fermentation step, those enzymes which may be produced by the
one or more fermenting micro-organisms. It 1is alsc possible
that some further enzymes may be present as “impurities”. For
instance, it is possible that some enzyme producing microbes

30 (e.qg. thermotolerant cellulase-producing microbes) may
inadvertently be Dbrought into the system together with the
cellulose substrates or with other nutrients. However, it 1is

envisaged that in many embodiments the added materials will be



Optional Fermentation Step 5In at least some embodiments, the method of the first aspect of the
invention comprises a further step, step d). In step d) the glucose produced by the hydrolysis of the
cellulose in step c) is fermented by one or more fermenting microorganisms. The whole broth contents
including the released 10 glucose and the deactivat f:ellulase-_producing microbes may be utilized as

carbon anBFfitrodeiféhites f& mRIERIRENEAROR TS prdthbe vAiTE-hda8d BREMicAILS AFRS
nutrients astledfomeutivating-thearholacells fercellulpse preductiomeanalsebe utiized-frdhe
fermentation. Ogtiorkl)allgt 15 nutrients such as nitrogen sources, inorganic salts or trace elements may
be added t3'the' 18actiéi Broth for the fermentation step. Optionally, the air supply may be stopped
and/or the pH may he adjusted. .  Steps a), b) and c) and d) can be performed in "1-pot", 20i.e. in
a'single reédtotonal pFarEmai-akidng oF ¥9R) and d) of the method of the first aspect of the invention
are performed without any isolation of enzymes so that no isolated enzymes are added to the reaction
broth JPreferably I§tepita), Bjastand afof thelsHhetiddcof thelfi st ashe6ibf thé inveAtiohldret

performedawithout apy separation,sePsen cHh@hleasksomeempbadiments, the ane.gr more 1,
fermentlng micro-organisms is/are homofermentative micro-organisms. Homofermentative

microorgafisi®s ifélubBEfo? ExaRife RAATHSE Aci hrobGcdty Wi Brotiueé prfarfi lakticé 28R as
the single produgtefhehpometermentative: lagticiagid baeterigrincluge-Bagius, sgaguignsytiagtebacillus
casei etc. -25- |, The fermentation product may include, for example: alcohols (e.g., ethanol,
methanol, BUEHbH Brganit Aeidd’ E‘eo.é) © cithiEHeit, ACBticHiet itakdhitktid dactic cid: HhidsHc acid):
keton@s (ezg.macetene)idniine agids(eid.a bautamic atidy gasesdagirld? and £02x enzymes; and
vitamins (e.g.,, {i{)zoggvin, 812, beta—carotem??(.:1 rIlnl @E least some embodimegts, the ferrgggtaéi?n

Bkd WK carbon £ 3 QISR o SourCes L o 1dukis
produces lactic acid and the one or more fermenting micro-organisms comprisés a lactic aci
producing feicroanganisimnpreterabty: ddfelactie acid-pridieiding:haetetiaiy.. The nutrients

added for cultivating the whole cells for cellulase production

can alsc be utilized for the fermentation. Optionally,
15 nutrients such as nitrogen sources, inorganic salts or trace
elements may be added to the reaction broth for the
fermentation step. Optionally, the air supply may be stopped

and/or the pH may be adijusted.

Steps a), b) and c¢) and d) can be performed in “l-pot”,

20 i.e. in a single reactor.

Preferably, steps aj, b) ¢) and d} of the method of the
first aspect of the invention are performed without any
isolation of enzymes sc that no isolated enzymes are added to
the reaction broth. Preferably, steps a), b), <) and d} of the

25 method of the first aspect of the invention are performed

without any separation steps.

In at least some embodiments, the one or more fermenting
micro~organisms is/are homofermentative micro-organisms.
Homofermentative microorganisms include, for example, lactic

30 acid producers which produce primarily lactic acid as the
single product. The homofermentative lactic acid bacteria

include Bacillus coagulans, Lactobacillus casei etc.



In at least some embodiments, the fermentation produces an alcohol (e.g. ethanol) and the one or
more fermenting microorganisms comprises an alcohol (e.g. ethanol) producing microorganism.
Methods of alcohol fermentations are described 15 in the Alcohol textbook, a reference for the
beverage, fuel and industrial alcohol industries, 3rd éd.- eds K. A. Jacques et al., 1999, Nottingham
University Press, 1€ £&t&5a) mayBe perforrieaisimiiteoddy Withstep OIS SFFEAERDE after

step c). Whete-step £) i peHormed sirultaneoush 2@ Mith step ¢} ane after stapse)s step drissaid to
overlap with step c) so that a first part of step d) is performed simultaneously with step c) and a
second, subfseuent partdistetrdyis paAsiméd ﬁf@r%‘tep%‘}?ﬂ%ﬁfﬂin@@}%mIllt?é"ﬁﬁﬁreﬁﬁﬁe%'that
embodimegis:atengnvisaged wheresstep € is 25 .performetkatdgast;padlyiand eptionally @ntigely) at
the same time as step c)., .. Preferably, the one or more fermenting micro-organisms are
thermOphif RICHS TR By Rheriopilic ficraBaniah, tRAHIES & rEtererbo BET =
organism which thrive-3d ahsaid,"highey temperatanedewels )Thus, a thermophilic organism refers to
an organism which thrives at a temperature ofabout45-100C,preferablyfromabout50-100C, -26- more

preferably from abaut 50-80€: yet mesgprefarahiy fiemahout 5Q-7GC ravanmere preferablydeom
about 50-60C, from about 45-55C, or at about 50C. The use of thermophilic mjcro- organisms is very

suitable for 8pplicatighslif siffuftanedtis $88ccharififtion af@ FEHHENAon Wheté 1l 8pimars
temperaturesmf cedulose hydrelysts andifermerdation aan welt:maichyuith each pihef esuchi gs the
IaCtiClﬁCiddPé% u;{:tiogégom cgl(l)uciagﬁgr h Qﬁ %Iléjjlhouse using thermophilic lactic acid bacteria. Thus, in
a preferred em odiment at1é&s of the

ofe Sne’or rmore fermenting micro-organisms is a
thermophilic lactic . .

In at least some embodiments, the fermentation produces an
alcohol (e.g. ethanol) and the one or more fermenting micro-
organisms comprises an alcohol (e.qg. ethanol) producing
microorganism. Methods of alcohol fermentations are described

15 in the Alcochol textbook, a reference for the beverage, fuel and

industrial alcchol industries, 3rd ed., eds K. A. Jacgques et

al., 1999, Nottingham University Press, UK.

Step d) may be performed simultaneocusly with step c¢) (SSE)

and/or after step c¢). Where step d) is performed simultaneously

20 with step <} and after step <), step d) is said to overlap with
step <¢) so that a first part of step d) 1is performed
simultaneously with step ¢) and a second, subsequent part of
step d) is performed after step c). Accordingly, it will be
appreciated that embodiments are envisaged where step d) 1is

25 performed at least partly (and optionally entirely) at the same

time as step c).

Preferably, the one or more fermenting micro-organisms are
thermophilic micro-organisms. By a “thermophilic micro-
organism”, it includes a reference to an organism which thrives

30 at said “higher temperature level”. Thus, a thermophilic

organism refers to an organism which thrives at a temperature

of about 45-100°C, preferably from about 50-100°C,



acid bacterium, such as a Bacillus sp. (e.g. B. coagulans). In a preferred embodiment, cellulose
hydrolysis and glucose fermentation is conducted simultaneously by adding thermophilic lactic acid
bacteria and supplementing nutrients 15- to produce lactic acid. Product Recovery Following
fermentation, the fermentation product (e.g. lactic acifl or alcohol) may optionally be recovered. Where
alcohol is terferrmerstaton bladudir tiendbway bé PetdVéted 3@ by, fTorexanipid istilaiont rom
Optionally, it nay ttg%n_ 980 oncentrated and/or furt?er gligfess%g: to render 1Ct more. %ldi(tébka /fg:eoady for

its intended Use; In"one’ émbodiment, the afcofiol fs &thanol The g%aﬁaorﬁay be used as, e.g.,rPueI

ethanol, dapking etfranmboor asindystriabethangb 25Corpeodusts of the: fermentation: progess may also
be obtained. Examples of co-products may include distillers’ grains (e.qg. distillers dried grain (DDG)
and Distill &S Bhied B ainswitheddiubies (DB EY)) f§drm 2§15 h%&éﬁ‘ﬁBer,lébmS&ﬁ‘}%g%&ﬁ%?otein
animd feega Mateeveritbebiomass 3hemairiagaiier farmentationseuld be used to psucea 1

biodiesel and/or synthetic biofuels fram products of thermpchemical conversions and/or to generate
heatThu&?mgﬁﬁéﬁ&i?Bfﬁél3ﬁ?1ufgse(%ygrghySls ang fermentation can %é&f

match with each other, such as the lactic acid production from
cellulose or hemicelluloses using thermophilic lactic acid
bacteria. Thus, in a preferred embodiment at least one of the
10 one or more fermenting micro-organisms is a thermophilic lactic

acld bacterium, such as a Bacillus sp. (e.g. B. coagulans).

In a preferred embodiment, cellulose hydroeolysis and
glucose fermentation 1is cenducted simultaneously by adding
thermophilic lactic acid bacteria and supplementing nutrients

15 to produce lactic acid.

Product Recovery

Following fermentation, the fermentation product (e.qg.
lactic acid or alcohol) may opticonally be recovered. Where
alcohol is the fermentation product, then it may be recovered

20 by, for example, distillation. Optionally, it may then be
concentrated and/or further processed to render it more
suitakle / ready for its intended use. In ocone embodiment, the
alcohel is ethanol. The ethanol may be used as, e.g., fuel

ethancl, drinking ethanol, or as industrial ethanol.

25 Co-products of the fermentation process may also be
obtained. Examples c¢f co-products may include distillers'
grains (e.g. distillers dried grain (DDG) and Distillers Dried
Grains with Sclubles (DDGS}), germ, giuten meal, fiber, corn
oil, and high protein “animal feed. Moreover the biomass

30 remaining after fermentaticon could be used to produce biodiesel
, and/or synthetic biofuels from products of thermochemical

conversions and/or to generate heat. Thus, the methods of the



invention may comprise recovering a coproduct from the fermentation process. Thus, the present
invention further relates to generating biodiesel, biofuel, heat and/or carbon dioxide from the biomass
remaining after fermentation. 5Accordingly, a further step of the invention comprises step €) which is
recovering one or more products (e.g. one or more fefmentation products, one or more co-products, or

one or mord' ERAIMEE (seBBbctiGiPBEBWEfrom e YEACHOR bréth. COPIR%Her aSpe&t of it

invention greviges a:prosikict (8:0.-4Q & fermertation product fsucheas lactiswadid opalcohehater
co-product) obtained by a method of the invention. Recovery of Cellulase Enzymes The methods
of the presefit Hventicr’ m&y RiHHer EfhpRee AiEPStEps D)1} for whifidhie MBHOY coffihiiel a 15
fermentatian stepithenrafter step-d)ciaad)} the:steprdfirgcevering aheritwa o three .of the cellulases
(i.e. one, two or all three of endoglucanase, cellobiohydrolase and 13- glucosidase) from the reaction

broth.sin one embodiment,.endeglucanasa-and/er cellebiohydrolase isfaredgeavared: dmgo ansther
embodiment, end%glucanase and/or p-glucosidase is/are recovered. In another embodiment,

cellobiohy&iotseSand/érgllicostiatE FS4FE retdvaRR. ©F THRGne? hi6 or tired Teffulasd&nBmes
may be regamered freme:thesreastion-brath &sing techniguesknown-in-the afi(e:g: ,25cseparating:the

cells from the medium by centrifugation or filtration (e.g. ultrafiltration), precipitating proteinaceous
componertE BFHE AR b FRoG 31 Sal SSEH L AR A sG RS L R OMAd by the use o

chromatography such as jon exchange, affinity chromatography, or the like). In a preferred 30

embodiment, ads%r&%?@@s%rﬁﬁ’é%?%in@%a’ﬁ%ﬁ exth ISR différent pRE TS USEd. e -

cellulase feome Erighadesmadieesat hasdeen sucsessiully recovereddisimple anseriipn/desorgtion

-28- using cation exchange gesins at different IFHS acéiev%\gcﬁlmqst 100% of activity recovery with the
e

supplemerit bFP-gitieosita88 kiR Way ofhef Thabfé 3 RovEree duefrits strong adsorption and

poor desoré)tion. 5 '
ecovery of Cellulase Enzymes

The methods cof the present invention may further comnprise

after steps a) to <) (or when the method comprises a

15 fermentation step .then after steps a) te d)) the step of
recovering one, two or three of the cellulases (i.e. one, two

or ail three o©f endoglucanase, cellcobiohydrolase and B-
gilucosidase) from the reaction broth. In c¢ne embodiment,
endoglucanase and/or cellobiohydrolase is/are recovered. In

20 another embodiment, endoglucanase and/cr Pp-glucosidase is/are
recovered. In another embodiment, celleobichydrolase and/or §B-

glucosidase is/are recovered.

The one, two or three cellulase enzymes may be racovered

from the reaction broth using technigques known in the art (e.q.

25 separating the cells from the medium by centrifugation or
filtration (e.g. ultrafiltration), precipitating proteinaceocus
components of the medium by means of a salt such as ammonium
sulphate, followed by the use of chromatography such as ion
exchange, affinity chromatography, or the like}. In a preferred

30  embodiment, adsorption/desorption using cation exchange resins
at different pHs is used. The cellulase from Trichoderma reesei

has been successfully recovered by simple adsorption/desorption



BRIEF DESCRIPTION OF DRAWINGS Fig. 1 Time courses of cellulase production at (30-1)C (A) and
cellulose hydrolysis at (50 1)C (B) in shaking flasks. For (B), the strains ATCC 56765 and ATCC
60675 were cultivated 10 at 30C for 192 h and 288 h, respectively, followed by increasing the
temperature to (50 1)C and adding 2 g of cellulose'.zlgi' .2 Time courses of cellulase production at (30

1)C (A) artFediftiosdyditolfdis AT (S5 1568} &2 (YrefmEnter 15 RbfitaftfiRg L Editutd Wredium.

For cellulosgdwdealysis+theistikain- 8 &ke 6763 Wasiquitivatgd-atddn ) G for i/ fellowedby: |
increasing the temperature to (50 1)C and adding 20 g of cellulose in the be innin%and another 20 g
of cellulosEiatd 5 Has0o FiGIEFimeedtirses BPsirﬁﬂta%%%‘ﬁ%ﬂﬁf%se%ro%%is and fefthémtation to

lactic acidat£2Q pb)Co T hersirain AT Cle S6/65 was cultivated in a 2 L fermenter containing 1 L of
culture medium at (30 1)C for 67 h followed by raising the temperature to (50 1)C, adding 80 g of
cellulgse and 25 essential nutrients, and inoculating the thermophilic lactic acid bacteria. The pH was
controlled at 5.5 during the fermentation. -29- Examples EXAMPLE 1

BRIEF DESCRIPTIOR OF DRAWINGS

Fig. 1 Time courses of cellulase production at (30 * 1)°C (A)
and cellulose hydrolysis at (50 + 1)°C (B} in shaking flasks.
For (B), the strains ATCC 56765 and ATCC 60675 were cultivated
10 at 30°C for 192 h and 288 h, respectively, followed by

increasing the temperature teo (50 t+ 1)°C and adding 2 g of

cellulose.

Fig. 2 Time courses of cellulase production at (30 + 1)°C (A)
and celluleose hydrolysis at (50 £ 1)}°C (B) in a 2 L fermenter
15 containing 1 L culture medium. For cellulose hydrolysis, the

straln ATCC 56765 was cultivated at {30 + 1Y°C for 67 h

followed by increasing the temperature to (50 £ 1)°C and adding
20 g of cellulose in the beginning and another 20 g of
cellulose at 115 h.

20 Fig. 3 Time courses of simultaneous cellulose hydrolysis and
fermentation to lactic acid at (50 * 1)°C. The strain ATCC
56765 was cultivated in a 2 L fermenter containing 1 L of
culture medium at (30 + 1)°C for 67 h followed by raising the
temperature to (50 + 1)°C, adding 80 g of cellulose and

25 essential nutrients, and inoculating the thermophilic lactic

acid bacteria. The ©pH was controlled at 5.5 during the

fermentation.

Fig 4.5chematic of a 1 pot, Z-step process according to the

present invention for cellulese hydrolysis.



Material and Methods 5 Microbes and culture media  Two cellulase-producing fungi, Trichoderma
reesei RUT-C30 (ATCC 56765) and Drechslera dictyoides (ATCC 60575), were utilized. They were
maintained on PDA plates at 4C and biweekly sub-cultured.Bacillus coagulans JI-n-12-1-1,a 10
thermophilic lactic acid bacterium (optimal tempera‘ta?e' 50C) was isolated from the Singapore
environment by our lab and used to produce lactic acid. It is a homofermentative strain on both
glucose and xylose and produces only L-lactic acid (ee>99%). The strain was maintained on MRS
agar plates at 4C. 15Unless otherwise specifieo‘?‘ﬁ?é“ﬁ?éﬁﬁjm for cultivating the fungi for cellulase
production contained (per liter): 20 g of cellulose, 2 g of (NH4)2S04, 10 ml of corn steep liquor, 1 g of
K2H204, EFRMRIHPHAO4, 0.2 g of MgS0O4.7H20, 0.5 g of NaC1 and 1 ml of trace element solution. The
trace element solution 20contained (per liter): 0.1 g of Zn504.7H20, 0.01 g ofH3B03, 00.01 g of
Na2Mo04 iaiadr Dall gaoi@ o84 163120, 0.1 g of CuS0O4.5H20, 0.1 g ofFeS04.7H20, 0.5 g of
Mn504.4H20 and 0.1 g of CaC12.2H20. The medium was adjusted to the desired pH prior to
autochvingi2r élsdlslasedredusinreamdelilose hydrolysis in shaking flasks To test the
feasibility of the 1-pot, 2-step process for enzymatic hydrolysis of cellulose using whole cell cultures,

cellulase produgtion andhaellulpse hydralysisnvere tesied respaciivelydn=p0 pidlasks canfaining 100
ml of culture 30 medium at pH7.5. , ,
(ATCC 56765} and Drechslera dictycides (ATCC 60575), were
utilized. They were maintained on PDA plates at 4°C and

biweekly sub-cultured. Bacillus coagulans JI-n-12-1-1, a

10  thermophilic lactic acid bacterium (optimal temperature 50°C),
was isolated from the Singapcre environment by our lab and used
to produce lactic acid. It is a homofermentative strain on beth

glucose and xylose and produces only L-lactic acid (ee>899%).

The strain was maintained on MRS agar plates at 4°C.

15 Unless otherwise specified, the medium for cultivating the
fungi for cellulase production. contained {per liter}: 20 g of
cellulose, 2 g of ({NH4),3804, 10 ml of corn steep liguor, 1 g of
KoHPO4, 2 g of KH3PO4, 0.2 g of MgS04-7H;O, 0.5 g of NaCl and 1
mi of trace element solution. The trace element solution

20  contained ({(per liter): 0.1 g of ZnS0,.7H0, 0.01 g of HsBOs,
00.C1 g of NapMo(4.2H0, 0.1 g of CoCl,;.8H,0, 0.1 g of
CuS0,4.5H0, 0.1 g of FeS0,.7H,0, 0.5 g of MnS04.4H;0 and 0.1 g
of CaCl;.2H,0. The medium was adjusted to the desired pH prior

to autoclaving.
25 Cellulase production and cellulose hydrolysis in shaking flasks

To test the feasibility of the i-pot, Z-step process for
enzymatic hydrolysis of cellulose using whole cell cultures,
cellulase production and cellulose hydrolysis were tested
respectively in 250 ml flasks containing 100 ml of culture

30 medium at pH7.5.



-30- For cellulase production, the inoculum (2 ml) was prepared by inoculating a spoon of the
fungal cells from PDA plates into 5 ml of culture medium of pH 7.5 and incubating at (30 1)C for 16 h
with shaking at 250 rpm. After being inoculated, the 5 flasks were incubating at (30 1)C and 250 rpm.
Liquid samples (1.5 ml) were regularly removed frod&he flasks and centrifuged at 12000 rpm for 10

min. The superndtaht Was tollecd BEratay dttelia8e LERGHL BBr ¢elliidde HfdoRER? #¢

inoculum was prepared-10.daculaiedinte the Hasksuand culted at (30-1)Cmrs gascribed abeye until
when the cellulase activity reached the highest. Afterwards, 2 g of cellulose was added and the flasks

were incubatéd afGOCEICE With Shakiighat 250 Pm LiguRisamBiédpas Mipwate rédbilatly fenfoved
from the flagks and 15 eantrifugedat 12000 rpm for, 1Q:mina Fhe supematant was.collested fenanalysis

of sugars by HPLC. Cellulase production and cellulose hydrolysis in fermenters The cellulase
produttiortamd sellulese hydiolgsisatarealse respedtivety condtictenhin a 299fernahter Edntairfing 1 L

20 culture iym_of 0. Fkarc se tion, th ngi e areq | 0 ulture
medium at 'jlu% fo?g'(?ay@nd %ﬁ/o%(vl%gg%%%m%v%iggégie .@I%?L{JhrinpggﬁB B0 MG
centrifuged at 12000 rpm for 10 min. The supernatant was

collected for assay of cellulase activity.

For cellulose hydrolysis, the inoculum was prepared,

10  inoculated into the flasks and ¢ultured at (30 * 1)°C as
described above until when the cellulase activity reached the
highest. Afterwards, 2 g of cellulose was added and the flasks
were incubated at (50 % 1)° with shaking at 25C rpm. Liguid
sanmples (1.5 ml) were regularly removed from the flasks and

15 centrifuged at 12000 rpm for 10 min. The supernatant was

collected for analysis of sugars by HPLC.
Cellulase production and cellulose hydrolysis in fermenters

The cellulase production and cellulose hydrolysis were
also respectively conducted in a 2 L fermenter containing 1 L

20 culture medium of pH 5.0. For cellulase producticn, the seed

fungl were prepared in 100 ml culture medium at (30 t 1)°C for

2 days and 10% (v/v}) of inoculum was applied. During
fermentation, the temperature was maintained at (30 + 1)°C, the
pH was contrelled at 3.75 for 48 h and 3.5 afterwards and the
25 stirring rate was kept at 300 rpm. Filter-sterilized air was
continuously bubbled at 0.3 L/min to maintain a PO, of 20%.
Liquid samples (5 ml) were taken at predetermined time
intervals and centrifuged at 4000 xrpm for 10 min. The
supernatants were collected and properly diluted for cellulase

30 activity assay.



fermentation, the temperature was maintained at (30 1)C, the pH was controlled at 3.75 for 48 h and

3.5 afterwards and the 25 stirring rate was kept at 300 rpm. Filter-sterilized air was continuously

bubbled at 0.3 L/min to maintain a P02 of 20%. Liqu#q samples (5 ml) were taken at predetermined
T

time intervals and centrifuged at 4000 for 10 mi e supernatants were collected and properly
diured for coluEE 50 Sty oS8y, ST Eanose by olyehe dhe HbouT wek i EPA:

inoculated;ipta-thefeamentar and-quitured;at 430 <Y C asdescribed-ahove Lntil when thecellulase

activity reached the highest. Afterwards, 20-80 g/L of cellulose was added and the 5 temperature was

raised to (865D 156LIGRRTPIELNE ) Werd takER athrbdBieifinedintd intervarRamiecentifGged at

4000 rpm forghQ-min. Thersupesratantsergcollegted, and-propetly siluted forsugay analysis hy
HPLC. Cellulase production, simultaneous cellulose hydrolysis and 10 fermentation to lactic acid in

a fermentdrertbeppteyiserithtal Broteduré for e8llufase préduchidriihial 2 £ F8Rd&ster Contidning 1 L

cultur.e megliym at pila0 weredhe sameras descriped abava wnti ywhenthe celiylase %ﬁ@éﬁf rgached
the highest. Afterwards, 80-10 1&/4'_ of cellulose was 15 added, the temperature was raised to 50C, the

air supply WA&CstoppBd ahefithelpH s adjusted to>5BS TRéR 20 GIL df §ESst Egtta@ s gA ofnd
(14144)25Q4 2a/L ofCH2RO4, 805 G MrS@4andss s by HPLC.

Cellulase production, simultaneous cellulose hydrolysis and

10 fermentation teo lactic acid in a fermenter

The experimental procedures for cellulase production in a

2 L fermenter contalning 1 L culture medium at pHS.0 were the
same as described above until when the cellulase activity
reached the highest. Afterwards, 80-100 g/L of cellulose was

15 added, the temperature was raised to 50°C, the air supply was
stopped and the pH was adjusted to 5.5. Then 20 g/L of yeast
extract, 2 g/L of (NH;)2804, 2 g/L of KH;PQ4, 0.05 g/L MnSO, and
0.01 g/L FeS0; were added, followed by inoculation of 10 ml of
gsterile distilled water containing the seed lactic acid

20  bacterium Bacillus coagulans JI-n-12-1-1, which was prepared by

cultivating Bacillus c¢cagulans JI-n-12-1-1 in 1060 ml of LB

medium at (50 + 1)°C for 24 h, removing the supernatant by
centrifugation at 4000 rpm for 20 min and dispersing the cells
in 10 ml of sterile distilled water. Liguid samples (5 ml} were
25 taken at predetermined time intervals and centrifuged at 4000
rpm for 10 min. The supernatants were ccllected and properly

diluted for sugar and lactic acid analysis by HPLC.



0.01 g/L FeSO4 were added, followed by inoculation of 10 ml of sterile distilled water containing the
seed lactic acid 20 bacterium Bacillus coagulans JI-n-12-1-1, which was prepared by cultivating
Bacillus coagulans JI-n-12-1-1 in 100 ml of LB medium at (50 1)C for 24 h, removing the supernatant
by centrifugation at 4000 rpm for. 20 min and dispefsqag the cells in 10 ml of sterile distilled water.
Liquid sarfipiBSYE hipheRe5RERen at predetermined time intervals and centrifuged at 4000 rpm for
10 min. The supernatants were collected and properly diluted for sugar and lactic acid analysis by
HPLC. - 32 - Andljficaffkthiddsse  TRECeltise'acivRyPRag edsdyed By #ikifg 8.1 mief cifure

supernataptwith 1l of 1% garboxymethyhceliulage (GWChin 0 dMzodinm-acetatebufferef o 4.8
at 50C for 30 5 min. The released reducing sugar was analyzed by the 3, 5- dinitrosalicylic acid (DNS)
method. {(CHRe cémcehtratidhsseidjludbseciicblbetidadid vere analjizet- By HPLE(Shirkadzu nodel

LCIOATVR) yith & Blo-rad Aminex HPX:8£5{3004m8% 78,mm) &8'&‘1’%%50&( Samples (204l) 10
were eluted by 5 mM H2504 at 0.6 ml/min and detecfed by a refractive index detector. Results
dinitrosalicylic acid (DNS) method.

The concentrations of glucose and lactic acid were
analyzed by HPLC (Shimadzu, model LC10ATvp) with a Bio-rad
Aminex HPX-87H (300 mm x 78 mm) column at 50°C. Samples (20 ul)

10 were eluted by 5 mM HxS50, at 0.6 ml/min and detected by a

rafractive index detector.

Results
Cellulase production and cellulose hydrolysis in shaking flasks

Fig.l shows the time courses of cellulase production at

15 (30 + 1)°C (A} and cellulose hydrolysis at 50°C (|B). It 1s seen

from Fig. 1A that for both fungal strains, the cellulase

activity rapidly increased with increasing cultivation time and

became less changed after reaching a higher level. The strain

ATCC 56765 rapidly resached a high cellulase activity within 100

20 h, while the strain ATCC 60575 achieved a high cellulase

activity within 250 h. The strain ATCC 56765 showed a much
higher cellulase activity than the strain ATCC 60575.

It is cobvious from Fig.l B that in the case of strain ATCC

56765, glucose was continucusly produced with increasing the
25 incubation time at (50 + 1)°C, indicating that the fungal cells

were effectively deactivated at (50 + 1)°C. In the case of
strain ATCC 60575, glucose was rapidiy produced within 24 h but
became rapidly consumed afterwards with almost no glucose being
detected after 72 h. This might be ascribed to the heat

30 tolerance of this fungal strain making it able to digest



Cellulase production and cellulose hydrolysis in shaking flasks Fig.1 shows the time courses of
cellulase production at 15 (30 1)C (A) and cellulose hydrolysis at 50C (IB). It is seen from Fig. |A that
for both fungal strains, the cellulase activity rapidly increased with increasing cultivation time and
became less changed after reaching a higher level Fhe strain ATCC 56765 rapidly reached a high
cellulase attiviey #thincl ODE2W hewhile te stidin ATEC 60575 a&5iE06¢ a hidhe callulase actiVit) within

250 h. Th%%gqig _%EQC&GJ_@@HSWQE@%%Q@ ggﬁ@lu@ﬁge%tjygxggqn the strain ATCC 60575. It

is obvious from Fig.1 B that in the case of strain ATCC 56765, glucose was continuously produced

with increasing the. 25 incubation time at (50 _1)C,{ndicati the, fung lls,were_e ivel
. deactivated at (5 1%).62}& ﬁﬁeoggseg%)? S’tr;ﬁﬁ%\ g&%%S?%}%I%]%se vjvgsgra%%%%%dfge%%%t%%gm h
but becameirapidly consamedafterwhidy with@imosing glucosetbeingfdataead @fter 72th. &8 might

cven 3t (60' TG, Thareiore. the iain ATG.C 6575 et hosen for the SHlbasduont Sxben e,
Fig.2A shewsithat thel gelldase activity wapidlyrincféased at (30 + 1)°C, giving the
highest c¢ellulase activity. After that, the temperature was
raised to ({50 % 1)°C and 20 g o¢f cellulose was added fcllowed
by addition of another 20 g of cellulose at 115 h (Fig.2 B). It
10 is obvious that the g¢glucose concentration rapidly increased
with increasing the incubation time and reached 31.2 g/L at 356
h, corresponding to the complete hydrolysis of 30.9 g of
cellulose. Afterwards, no further increase in glucose
concentration was observed, although there was still noticeable
15 amount of cellulose remaining in the fermenter, which might be
ascribed to the product inhibitions. As the total amount of
cellulose used for the cellulase production and cellulose
hydrolysis was 60 g, 51% of the total cellulose used was

converted to glucose.

20 Cellulase production, simultaneous cellulose hydrolysis and

fermentation to lactic acid

As a high concentration of cellulose was unable to be
completely hydrolyzed possibly due to the product inhibitions
(Fig.2B), after the cellulase production in a 2 L fermenter

25 containing 1 L of culture medium for 67 h, the simultaneous
cellulose hydrolysis and fermentation to lactic acid using a

thermophilic lactic acid bacterium was conducted by raising the

temperature to (50 + 1)°C, adding 80 g of cellulose and some
essential nutrients for lactic acid bacteria and inoculating
30 the thermophilic lactic acid bacteria (Fig.3). The broth pH was
kept at 5.5 to compromise the cellulose hydrolysis (optimal pH
5.0) and lactic acid production (optimal pH6.0). As expected,



with increasing cultivation time in the fermenter. It was 5 observed that the initial cellulose (20 g/L) was
almost completely consumed within 67 h at (30 1)C, giving the highest cellulase activity. After that, the
temperature was raised to (50 1)C and 20 g of cellulose was added followed by addition of another 20
g of cellulose at 115 h (Fig.2 B). It 10 is obvigus thatthe glucose concentration rapidly increased with
increasing g itubatfdhime ifPreadtiy-3 L3 YE BY 356 COHeEHondifh™ the dorfsiatk 9
hydrolysis ©f 3<% 8 0f CellulasendAfterwards) nedeherdnereass intglusoseeontentratiomuasat

observed, although there was still noticegble 15 amount of cellulose remaining in.the fermenter, which
might be a&cfi¥ed t5the ﬁ?o‘&%if’ inhibitiors. & eto%éﬂraﬁ&ntto?%elll%g%%se FoF e GItiEse

productionpand edljulaseihydrolysis waa 60t 5144 ot thestotat ceéllulosensed wascconeéited ¢t e

glucose. 20 Cellulase, production, simultaneaus cellulose hydrolysis and fermentation {qQ lactic acid As
a higf?coﬁ%ﬂﬁg igrY of cem‘]:'l%seévx’/gag;Qg ﬁﬁégl%%tg b§ %8%%% ely r%/ﬁd?ol?/cz%deﬁ%sib?ylgltljlei%oa%eeoﬁlr%duct

inhibitions {Bigv2B)s; after thé cellulasesproductidrirta @ Lifermentdi25 chntaiding & ¢ tafcukugred
medium for 67 h, t esjcmultaneousggllglos% @ygroly s and fegmentation {o lactic acid using a
thermophil?(? fé%ﬁg%ﬁ% bacterium r%/vase'::conducfed b r%s’ing the tem%éerature 0 (5€£1)C, aadin%fSO g
of cellulose andesoie assentiadh autriehts. fordadticiacie bastedatandlinesdiating 14 -

Discussion

10 Here the feasibility of the 1i-pot, 2-step process for
enzymatic hydrolysis of cellulose has been shown using wheole
cell culture without the requirement of separating the
cellulase enzymes making use of the fact that most cellulase-
producing fungi survive and produce cellulases only under

15 mesophilic conditions but the produced cellulases are most
active under thermephilic conditions. Trichoderma reesei RUT-
C30, one of the best fungal cellulase producers, was chosen as
the model strain for the experiments. It is well known that the
enzymatic hydrolysis of cellulose to glucose needs the

20 synergistic action of three cellulases, endoglucanase,
cellobiohydrolase and B-glucosidase. However, the amount of p-
glucosidase secreted by this fungus has been reported to be
insufficient for effective cellulose conversion. Even though, a
glucose yield of at least 51% was achieved (Fig.2B). By the

25 strategy of cellulase preduction followed by simultaneous
celiulose hydrolysis and fermentation to lactic acid, the
lactic acid vyield reached 71% based on the teotal cellulcse
used, «corresponding to a glucose vyield of 71% as the
theoretical yield of lactic acid from glucose is 100%. If a

30 strong P-glucosidase-producer is compatible with Trichoderma
reesei RUT-C30 and the two sirains are co-cultured to
compensate the insufficiency of B-glucosidase secreted by the

latter, the glucose yield is expected to be further improved.



30 the thermophilic lactic acid bacteria (Fig.3). The broth pH was kept at 5.5 to compromise the
cellulose hydrolysis (optimal pH 5.0) and lactic acid production (optimal pH6.0). As expected, -34-
lactic acid was continuously produced with increasir#%fermentation time. The glucose concentration
was maintained at very_low levels (<1.5 g/L) during the.whole fermentation period, indicating that the
glucose inhibsitidtf the cBRAdSe SHYLToINSIS wWas eettidly IBESERed ThE 13 the"dhttitahigodd
conversion bfglueoseate lactie agitk d herfinat tacticatic-eanceniyator reached . 74R g4, 1-pot,
corresponging to 71% of conversion (if the totakcelh%cise u§ed to lactic acid. D}'%cgggignslioslﬂeg%the
feasibility of téef-pgt,r -Cs‘?esbs prjb%esa‘s for eﬁ?fméﬁg y&rolyé}ig of céltiiGse fas Been sHown using
whole celltoedtareewithdutsthe requirement of separating the cellulase enzymes making use of the fact
that most cellulaseproducing fungi survive and produce cellulases only under 15 mesophilic conditions
but the preriiraepiaeliplases are most active under thermophilic conditions. Trichoderma reesei
RUT-030, one of the best fungal cellulase producers, was chosen as the model strain for the

experimenigaiisiwall krowngeat the cozupagie sweulysisof ealluiose,geglucose needs the 20
synergistic action of three cellulases, endoglucanase, cellobiohydrolase and p-glucosidase. However,

the amouﬁﬂﬁ@%ﬁa@%%ﬁ?&@&%ﬁhis fungus has been reported to be insufficient for effective
cellulose conversion. Even though, a glucose yield of at least 51% was achieved (Fig.2B). By the 25
strategy oF&ettpdse g duction followed by simultaneous cellulose hydrolysis and fermentation to
lactic acid, the lactic acid yield reached 71% based on the total cellulose used, corresponding to a
glucose yield of 7% asahe thorelicalsiald of ixtie Acid o Flueose is1eP9s dfla B0 stidhgnl

cosellunet 6 EAipantaIL ho AU Ehey of A 1o LHgee LectAEa byf I AL 1 bossyiel i
expected torhe-further improvetieB5+c 1 L culture medium of pH 5.0 in a 2 L
fermenter at (30 + 1)°C. The stirring rate was kept at 300 rpm
and the pH was controlled at 3.75 for 48 h and 3.5 afterwards.
Filter—-sterilized air was continuocusly bubbled at ca 0.3 L/min
15 to maintain a PO, of 20%. After 67 h, the temperature was
raised tc (50 + 1)°C and 20 g of cellulcse was added followed
by addition of another 20 g cof cellulose at 115 h. After 356 h,
the glucose concentration reached 31.2 g/L, corresponding to a

51% of cellulose conversion to glucese based on the total

20 cellulose used.
Example 2B

The seed Trichoderma reesei RUT-C30 was prepared in 100 mi
culture medium at (30 * 1)°C for 3 days and 10% (v/v}) of
inoculum was added to 1 L culture medium of pH 5.0 cellulase in

25 a 2 L fermenter at (30 % 1)°C. The stirring rate was kept at
300 rpm and the pH was controlled at 3.75 for 48 h and 3.5
afterwards. Filter-sterilized air was continuously bubbled at
ca 0.3 L/min to maintain a PO, of 20%. After 67 h, the
temperature was raised to (50 + 1)°C, 80 g of cellulose and

30 some essential nutrients were added and thermophilic lactic



The use of whole cells for cellulose hydrolysis is expected to significantly reduce the cost of cellulase
enzymes. This 1-pot, 2-step process is also applicable for enzymatic hydrolysis of hemicellulose. 5
EXAMPLE 2 Examples of 1-pot, 2-step process for cellulose hydrolysis/fermentation Example 2A The
seed Trichoderma reesei RUT-C30 was prepared i 200 ml 10 culture medium at (30 1)C for 3 days
and 10% (/RADf MOGHRIAT Whs &ffed'th " L Eaase Adgiunt %fBHE‘éGﬂ"%\ 23R rmidHt&Paf(3d71)C.
The stirringrate, was' kept ar 800 ephr ardithelpH was centcolleddat 3rvd faih4dS and!3.Saftenwards.
Filter-sterilized air was continuously bubbled at ca 0.3 L/min 15 _ta maintain.a 202 of 20%. After 67 h,
the tempeJr(aetﬁdrce v?/gs r‘gaisgedclﬁ”)1 ]féél ) %end %rén %?Eeallfullgs%'wap‘s%é:(?dfed%ﬁovﬁe'd k(;)ﬁyhaeddl %%f%(%fc
another 2@ giaf celluloseat 415 dn Aften8b6d, tHe. §lugdde, concentratiamrbiached 812 gLy of
corregponding.to.a 51% of cellulose conversion,to glucose based op the total 20 cellulose,

Exam§ple ﬁ?ﬁg ]é%%g Trichoderma Pé}ese?'ﬁUT% ?S% l;/iv%éis p?e%%sfedo%afgéo mi 8%Itur%%edi&§%til(30
1)C for 3 dayslanid>6%0(%A4 of inoculum was added to 1 L culture medium of pH 5.0 cellulase in

It will be understood that the invention has been described by
way of example only and modifications may be made whilst

remaining within the scope and spirit of the invention.



25 a 2 L fermenter at (30 1)C. The stirring rate was kept at 300 rpm and the pH was controlled at 3.75
for 48 h and 3.5 afterwards. Filter-sterilized air Was continuously bubbled at ca 0.3 L/min to maintain a
202 of 20%. After 67 h,the  temperature was raised to (50 1)C, 80 g of cellulose and 30 some
essential nutrients were added and thermophilic lactid -.36- acid bacterium Bacillus coagulans
JI-n-12-1-1 was inoculated (10%, v/v). The air sugbiES stopped and the broth pH was kept at 5.5
during the fermentation. After 115 h, the lactic acid concentration reached 79.2 g/L, corresponding to a
71% of 5 dellulosk coriveesion torlactic aritiaseuyolr thentota celfulose Useéd.dewilbbe ansérstsod that

the inventign f12s bean desaribegkby way f exaonnle only.andymagifications may.he ade whily

remaining within the scope and spirit of the invention. -37 - CLAIMS 1.A method for enzymatic
hydrolysisiest eefidloserusinige®Boleteell ultbpes obcalifiz@producing microbes, wherein the method
comprises the following steps: 5a) cultivating the cellulase-producing microbes at a first temperature to
produte cellulases; b):dédctivating theheelloade pleducipg microbeg atdacrebes at a first

temperature to produce cellulases;

b) deactivating the c¢elluase-producing microbes at a
second temperature, the second temperature being at a
higher temperature level than the first temperature;
10 and

¢} hydrolysing cellulose to produce glucose using said

cellulases,

2. A method according toe claim 1, wherein step c¢) comprises
adding more cellulose into the broth for hydrolysis by said
15 cellulases and/or wherein step c¢) is performed at the same

higher temperature level as step b).

3. A method according to claim 1 or 2, wherein the cellulcse
substrate is provided in the form of one or more of the
following: cellulose, hemicellulose, holocellulose and

20 lignocelluloses.

4. A method according to any one of the preceding c¢laims,
wherein the micrcbes can be cellulase producers, hemicellulase

producers or ligninase producers.

5. A method according to any one of the preceding claims
25 wherein the cellulase-producing microbes are selected from the
group consisting of: Trichoderma species, Aspergillus species
and Penicillium species, Clostridium species and Bacillus

species.



second temperature, the second temperature being at a higher temperature level than the first
temperature; 10and c) hydrolysing cellulose to produce glucose using said cellulases. 2.A method

according to claim 1, wherein step ¢) comprises adding more cellulose into the broth for hydrolysis by
said 15 cellulases and/or wherein step ¢) is performed at the same hi%her temperature level as step b).

3.A method according $§ &Riim F9r 2~ Whevein-the BB8IUIGES sdbstrateTs provided if the Torm O one
or more of the-fellowingieellulose fiestcellulose hotoceluloseanth2@ lighoceltluloses: ik Aumethod
according to any one of the preceding claims, wherein the microbes can be cellulase producers,
hemicellulase Prbaucérssriiyhinase producers. 5.A method according to any one of the preceding
claims 25 wherein the cellulase-producing microbes are selected from the group consisting of:

Trichoderm& spedlesTAEPEGillGS SPEGE End Penidiiun? 8Fecs, CiB&ridiamspetics andBadilus

species. -38:15-A fmethed aceording t-any ongof the piecedingclaims whetein the-microbes ate
cultivated alone or as a mixture of several strains. i .
RUT-C30 (ATCC 56765) or a variant derived therefrom, optionally

in combination with a B-gluccsidase producer.

8. A method according tc any one of claims 1 to 6 wherein the
microbes are isclated from nature or obtained from any culture

10 collections.

9. A method according to any one of the preceding claims,

wherein the first temperature is selected from the group

consisting of 10-50°C, 15-45°C, 20-40°C, 25-35°C and 27-33°C.

10. A method according to c¢laim 9 wherein the first

15 temperature is about 30°C.

11. A method according to any one of the preceding claims

wherein:

(&) the first temperature 1s selected from the group
consisting of: 10-30°C, 15-45°C, 20-40°C, 25-35°C and 27-33°C;
20 and

{(b) the seccnd temperature 1s selected from the group

consisting of: 45-100°C, 50-100°C, 50-80°C, 50-70°C or 50-60°C.

12. A method according te claim 9 wherein the first and/or

second higher temperature is from 45-55°C.

25 13. A method according to claim 10 wherein the second higher

temperature is about 50°C.

14. A method according to any ocone of the preceding claims

wherein the method further comprises:



7.A method according to any one of the preceding claims 5 wherein the cellulase-producing microbes
are Trichoderma reesei RUT-C30 (ATCC 56765) or a variant derived therefrom, optionally in
combination with a P-glucosidase producer. 8.A method according to any one of claims 1 to 6 wherein
the  microbes are isolated from nature or gbtained from an cglture 109£ollecti ns, 9.A method
according to any She bF fHEEpreteding ainfs; Hivsrginth %Pé?em&el}atﬁree% scéc?ecPe\é ffom the group
consisting @f 10-50Gkbr456 20406, 25-35G aad27-33C.  10. A method according to claim 9
wherein the first 15 temperature is about 30C. 11. A method according to any one of the preceding

claims whergin: 5 ndahthe fisstiemperatureds selected fram e geoLtp consistingeofck0-H0Ge
15-45C, 20-40C, 25-35C and 27-33C; 20 and (b) the second temperature is selected fr3 the
group conﬁ@tﬁﬁ‘@‘%ﬁﬂ%gm@@%f@@@%—%éc%ﬁlﬁw&%@@ﬁo&Jﬁ? gt dbcoiding t6 dlaim 9

wh_eregn thgﬁi@@@/orpw@galgjg@ergerrmecg@mﬂ@jfssfrom 45-55C. 25 13. A method according to
claim 10 wherein the second higher temperature is about 50C. -39-

16. A method according to claim 14 or 16 wherein step d) 1s

performed simultaneously with step <).

17. A method according to «claim 15 wherein cellulose
hydrolysis and glucose fermentation 1is conducted simultaneously
10 by adding thermophilic lactic acid bacteria and supplementing

nutrients to produce lactic acid.

18. A method according to any one of claims 14 to 16 wherein
the fermentation product is selected from the group consisting
of: alcohols; organic acids; ketones; amino acids; gases;

15  enzymes; and vitamins.

19. A method according to any one of the preceding claims
wherein one, two or all three of the feollowing conditions are
met: (i) steps a) to ¢) are performed in a single reactor; (ii)
steps a) to c) are performed without any separation steps;
20 (iii) steps a) to ¢) do not comprise the addition of enzymes to

the reaction broth.

20. A method according to any one of the preceding claims
wherein one, two or all three of the following conditions are
met: (i) steps a) to d) are performed in a single reactor; (ii)
25 steps a) to d) are performed without any separation steps;
(iii) steps a) to d) do not comprise the addition of enzymes to

the reaction broth.

21. A method according to any one of the preceding claims

wherein the method further comprises:



d) fermenting the glucose produced in step c) by one or more fermenting micro-organisms. 15. A
method according to claim 14 wherein the one or more fermenting micro-organisms comprises or
consists of a Bacillus 5 species, preferably B. coagulans. 16. A method according to claim 14 or 16
wherein step d) is performed simultaneously with st 8(‘:). 17. A method according to claim 15 wherein
cellulose hydroly§i£ ah8 GISHSE R me&iftatih iLeSfdutis Smifarndbush L0 W A dg iHermidphilic
lactic acidrbasteriasangksitpRlemening auties)s erproducedactc acidp 18dAdnethodaceakdingto any
one of claims 14 to 16 wherein the fermentation ro%uct i%selected from the group consisting of:
alcohols: StgaRicHETIE % tdred" ahlifio HERfs! §§ ed 1% ¢hzymes: and vitamins. 19. A method
according to any one of the preceding claims wherein one, two or all three of the following conditions
are met: (i) steps a) to c) are performed in a single reactor; (ii) steps a) to c) are performed without any
separation steps; 20(iii) steps a) to ¢) do not comprise the addition of enzymes to the reaction broth.
20. A‘method according to any one of the preceding claims wherein one, two or all three of the
following conditions are met: (i) steps a) to d) are performed in a single reactor; (ii) 25 steps a) to d)
are performed without any separation steps; (iii) steps a) to d) do not comprise the addition of
enzymes to the reaction broth. -40- e) recovering one or more products in the form ofone or more
fermentation products, one or more co-products, or one or more enzymes from the reaction broth.



