DESCRIPTION YEAST FOR PRODUCTION OF GLUCOSE, AND
METHOD FOR PRODUCTION OF GLUCOSE USING THE SAME
TECHNICAL FIELD [0001] The present invention relates to yeast for
producing glucose, and a glucb¥&5@Rd8uEdh method using the same.
BACKGROUND ART [0002] Use of biomass resources as alternatives to

fossil resources has attracted attention from the viewpoints of both of
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methods in which non-g@j@lg@mﬁ\(@iqﬂﬁgﬁﬁﬁdustries), such as

wood containing cellulose as a major component, is used have heretofore

been intensively developed in consideration of the balance between
TECH®EU§tipR:{g4 foods and production for industries. In the techniques

using biomass for industries, a number of technological developments
[0001 havd bepressntisdentiowitisespe seastdaterpdbisatagingoe panifyigdpicose

pmduggnggﬁ%J %&g@ﬁd&)r industries and a saccharification step of

g Lk ;
degrading the obtained cellulose so as to convert the cellulose to
BACKkndHdsReenARdes. Saccharification can be roughly classified into acid

[0002facehay iieation and enzymae acehantication; IDPANGHAL SHAYDIGention

saccharification is preferable to acid saccharification in terms of energy
from thervéenmetint ahbotbtisibaiitanirdnprentedIoad seinsaresidphmattection. In

particFRFCRBITLRNUANGAM B FRTER Bk&rﬁ‘és@,‘z%%égﬂﬂﬂﬁ‘é‘d@?ri%@% DR wood

Ppressure, and is free of side reactions or use of dangerous chemicals.
contaifopd Sk inlepy yiativsa cemepifistion, waddhatfcationrs bericnontitising

devel GRERRYRIE GRS UL BLARBLALES GolI0Rt:( B 9RFALIR e BIOAHEHON or

' of glucose from a cellulose raw material using purified cellulase, methods
industgiging &htBessrhel e sterEiyamsfie (b HoarEmes. suehnakes ol dpabredugical

develdpGHE REIQGING I TLEBRASTIR {Nenep &R}, QP&HYQGH%& BhAtyin g)cellul.ose

Ilamentous fungus belonging to Aspergillus (Non-patent Document 2) are

from higmass fabindveiricnrsdassics ity Hiph steerEdogradingdlipbtinsg cellulose so

as to SR BRIRELAS RTINS Qg S since the enzyme is hard to
separate from the resultant glucose liquid, and thus the enzyme used has

to b8 WKpEHER I THB RY SR ieenEistldal pretiLtres R disasiag and enzymatic

sacchRHIPARSS Ak gﬁﬁi’fﬁﬁa@&ﬁyﬁ{&%ﬂ%‘éﬂ&iﬁgﬁi&@ss y@%éﬁ?@’%d‘&@f@”m’ an
innovative process development is indispensable. It is possible to make a

sacchapifisaiing dRisHmsiRiciasy RegR BRdRMied EinAEee pycuidingaegétdoads since
enzynTREOMBINRLARAGGh BIAUR: Henensk Rradusiiormhbseliasgdnridan srllQfe, and

is free%f side reactions or use of dangerous chemicals.
[6003] In enzymatic saccharification, saccharification is carried out using an enzyme
(cellulase) that degrades cellulose. In regard to the production of glucose from a cellulose
raw material using purified cellulase, methods using an enzyme secreted by a microorganism
such as a filamentous fungus belonging to Trichoderma (Non-patent Document 1) or a
filamentous fungus belonging to Aspergillus (Non-patent Document 2) are known. However,
processes using a purified enzyme are industrially disadvantageous in terms of the cost since
the enzyme is hard to separate from the resultant glucose liquid, and thus the enzyme used has
to be disposed of.  Therefore, when chemical products for general purposes are desired to be
produced using glucose as a raw material, an innovative process development is indispensable.
It is possible to make a microorganism produce a large amount of cellulase by

using a gene recombination technique. However, production of cellulase inside a cell of a



1 microorganism has a disadvantage in that the cellulose raw material,
which is the substrate, cannot contact cellulase, and therefore
saccharification cannot be achieved. [0004] As a technology overcoming
microthrgseistrabvsaickispdvpe g presentingcaliuboreyrme ontariekvductacetbherdofrate,
cannaf U013 CRHGHLTTINAIXGETY. a8 SRR AENE QRE e Iigr Pevent
ocument 3). This employs yeast as a carrier of an enzyme, and the
[0004¢nzyivser ceshbelogpooitrrediiy @thormhwisttlod dgreeslprésenyieasta Eozses,on a
' s ) he cell surface, the supstrate, present
el s e S e G R R BRI becem
DocupeatB has Hys regpitys ywaspestiesaand sédintentatiornpidpedieyhean be
' | il llected from.the,reaction liquid. Therefore
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the cetheurésudtaint gibstusee ligqeichandthe reyiole HEndidsentteeozyimenjd®ds] Arurther,
- ' JRrqducing an opti lve compoun resenting lipase .
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yeast girebtlgdpomostidgctediroprébentivgigiuopacylaSethiir ddgradiscsiagche yeast, it is

. ] . developed; Further,
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the enggilose raw material by presenting cellulase on the cell surface has been

[0005 epoﬂ?&l&ﬁ%ﬁk R th(i’lcf Q}FH%?(;Q]’PE]‘? fﬁﬁi%”éo(%%%‘ﬂﬁ‘& B%?re%%“ﬁé’ g{ﬁﬁége on the

on-patent Document 5, it is reported that glucose is not defecte
surfacthdlatsatdlesosecprodusechizsdsmntediateinosee ionok thegtiyphodustioeh s

preselﬂﬁ@cgfaﬁgaﬁmx&e @%@9@@@&9@&%&?@@%@%@5&9&%@ e&(g%%s%a 5 been

glucose from a cellulose raw material, the ' glucose pro IS quickly

developedabdilzéeebyemiiersorydmsdissihcergiisese teanliniportnfaatsation,
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to accumulate glucose in the reaction liquid. [0006] Non-patent Document
(Non-patgad Alepeasuit> Trdriticnt Boraaionbdbyy, Noneyeois New-ps&nt ®pcument 5, it

is rep&&géiaéy%m&ﬁ@ﬂtﬁpgé{g&%ﬁ, 2nd AKABELRLBIRSGIRNEE i BIIREANRDYsed for
and Biochemistry, 62 (8), pp.1615-1618 (1998) Non-patent Document’3:

cthanql) peredeetann. JodrdgsstiBrdstierecihelBlodstiriee trigropae@osnNalR! produce

glucoddrbaral 38R0 N ANRAR LR QRBE Satel RERRAKNAM S red by the

~Journal of Bioscience and Bioengineering, Vol.103, No.1; pp.95-97
mwrwmms since glucose is an important carbon source for the life activity of the

microorganisms, and it has been difficult to accumulate glucose in the reaction liquid.
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Non-patent Document 1: Montenecourt, Trends in Biotechnology, Vol.1, No.5, pp.156-

161 (1983)

Non-patent Document 2: Takada et al., Bioscience, Biotechnology and Biochemistry, 62
(8), pp.1615-1618 (1998)

Non-patent Document 3: Ueda et al., Journal of Bioscience and Bicengineering, Vol.90,
No.2, pp.125-136 (2000}

Non-patent Document 4: Teik Seong Khaw et al., Journal of Bioscience and

Bioengineering, Vol.103, No.1, pp.95-97 (2007)

Non-patent Document 5: Fujita et al., Applied and Environmental Microbiology, Vol.70,
No.2, pp.1207-1212 (2004)

Patent Document 1: Japanese Patent Application Laid-Open (JP-A) No. 11-290078
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Non-patent Document 5: Fujita et al., Applied and Environmental
Microbiology, Vol.70, No.2, pp.1207-1212 (2004) Patent Document 1:
Japanese Patent Application Laid-Open (JP-A) No. 11-290078 2
DISCLOSURE OF THE INVENTION PROBLEM TO BE SOLVED BY
THE INVENTION [0007] As described above, industrial application of
methods using a purified enzyme is generally disadvantageous in terms
of the cost. Further, @FS&intiby daetpréEeMing:2elliifdée on a cell
surface layer thereof immediately utilizes the generated glucose due to
the sugar metabolism function of the yeast, as a result of which glucose

PRO%@%T&%S%M&@@W%I&EE&Wbbmem of a biocatalyst that
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enerated glucose has been strongly desired. In addition, %)pmen
generglty ghsagvienthgeasnbisused dpearddlyiwudealsonbeenngtrenslypaesivda cellulase
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Therefglee,s@é@glo%lt\l&’ E%&%&'hﬁ% WIS Jgﬁ)!ﬁ&slé Mﬁ%ggﬁloghfcﬁg%eﬁd that

invention has been made in view of the above circunistances, an

does ngiovidies thyaastirsepedausinhagibeosetranel udgivube proddition detopment of
an eniﬂﬁmﬁgﬁcﬁﬁ%%tus’édf&feﬁie%&ﬁf%% Uig,RUENURNRIQVIS .8 yeast having a

Cellulose degradation ability that degrades cellulose outside a cell thereof
and BhgIntsssataerentiaingion abiiyvidan caceensiuiet esodnang abtimsdithaidis

capabg'gsl?%cpé ﬁ?&dﬁ&ﬂg%@H%Qé?rﬁ&%éﬁ?&&&@{aﬁﬂ?gﬁ‘?ﬂé’l'&si%nlﬂ%ﬂé"ﬁ‘%%&i%@ used

ability when the yeast contacts with cellulose in the reaction liquid.
repeatgdlon BEds pRESE e oot e itercalfisesse production method of

producing glucose from cellulose, the method comprising the step of

contacting the yeast with cellulose in a reaction liquid, and the step of

MEANS IR G aMeNS IEHR fBAENE reaction liquid, glucose produced and

[ooos pecumuiatedini thereactiondiguichagasasiwt of the aach hetwesrnthenq
_d)é;ast and the cellulose. EFFECT OF THE INVENTION [0009] According
Provi

thEcadptiBrdysang eivoorsearthy Gricos@pdiss enpasiebrsertdientigast.
Produging gicese fremealiioss &high yieldsiana that gandhe 4s&ddation
~_ repeatedly, and a glucose production method using the same are
abilityr}}@\yi@%ades cellulose outside a cell thereof and a glucose accumulation ability that
accumulates, in a reaction liquid, glucose produced from cellulose as a result of the cellulose
degradation ability when the yeast contacts with cellulose in the reaction liquid.
A second aspect of the invention provides a glucose production method of

producing glucose from cellulose, the method comprising the step of contacting the yeast with
cellulose in a reaction liquid, and the step of separating and collecting, from the reaction

liquid, glucose produced and accumulated in the reaction liquid as a result of the contact

between the yeast and the cellulose.

EFFECT OF THE INVENTION
[0009]  According to the invention, yeast for producing glucose that is capable of
efficiently producing glucose from cellulose at high yields and that can be used repeatedly,

and a glucose production method using the same are provided.



3 BRIEF DESCRIPTION OF THE DRAWINGS [0010] Fig. 1 is a graph
showing changes in the amount of glucose consumed by the aiming
yeast at the respective temperatures employed in Examples of the
invention. Fig. 2 ikaldrapibsHowing thahgad inReAXIdIHE of glucose
ccumulated by the ;armin east Althe res ectiy m eratures
10010 e e e T B P B s e
amin@yﬂisTHEhm‘dmimeﬁm&mmmﬂemiﬁyeﬁ’nocEpcang)@uxfdhethmWast
acogrding:{o,the lavenian s a.veastiaving a.celly'one degradation, Al
that dggra és*cailuiose o ereo ucose accumu Tati
armmgtyrtnytmahea@@pmume@mﬁamaamomkq&ﬂ ;@Emsplm'@dwbedlﬁWOn.
cellulose as a result of the cellulose degradation ability when the yeast
contacts with cellulose in the reaction liquid. [0012] Since the yeast
according 3LERé M@ﬁﬁ&ﬂﬂ@éﬁm@%fﬁwé@ﬂﬁﬂﬁroducing

[001 IEIUC%AQ%I%&% % t@l @des cellulose outside the cell and

lucose accumulatio |tyt at accumulates glucose in a reaction liquid
whehhthgepeastaudtagts thitheeluiose nvthetreactigr kiglidothelsgadetion

abxhtyat%%] (Ring o, ‘3hﬁ¥eé‘8°{“su§e%aé’?ﬂ§e& PRAYC @&Qé‘éca% S 'tx%% 175 hat

In the r@actlon ICIUI accumu atlng e resuttant g ucose In

accunydatstiom liougiaktFurthprdsgloecdvepyedisteibfprodebirlgsglas o sesitiaif H@@Hulose
degra R%%@Ef&%@%% %'4%‘%%%%8%&%9%&@3&8& ‘ﬁ%&%&éﬂ% eg@(n eIs

acilitate recover g and reusing the” yeast rather than t Zyme as
[0612h co‘iimy@u.hd YEwsmatmdingcasbadnytubosd ehiok fentfantaecssast for

pmdues{%g&ot@ AESLEA0 tf;{ &59%%%9; &Eﬁblgg%'sﬁtsgmﬁé I& gsc%f the

step as use e Invention Is not restricted to an In pen ent
accungtiggonnpbitiischathedemclasessaucobioin theeartipridigoidcetdzmpythe yeast contacts

with chﬁI By EQRQK%JE‘B% V\%ﬁé SHRRRAR L%@&H’ﬁxéht% BiefaIsimIngd aglian oF

he step Is achieved en a numerical range is described In the present
produ@pécgfwgmméi@ahgéqﬁem@égeaﬁé%lww\esﬁumwih@ﬂgﬁﬂam@uhant

quco@lH'ﬁ}H%M&‘ﬂlﬂﬂﬁithe value described at the right (the maximum
value), unless otherwise specified. [0014] In the invention, cellulose

meditstacshsiie prliensBIELN dibaEsEeose HEHIBS Yhikoky thitslagsades
celluldiRkadsviR [ﬁelcéﬁgpéﬁgéqu}%o&%ﬂn?@g hﬁ:‘?’iﬁ%%ﬂ@%‘&\/@ﬁﬁ rﬁﬁlﬁf’ét@ﬂ% Bhe

non-reducing terminal. Cellulose molecules are highly allgned in cellulose
yeast fifepstiteapgnzyme as a compound.

From these reasons, glucose which is advantageous in terms of the cost can be
produced at high yields.

[0013]  The scope of the term “step” as used in the invention is not restricted to an
independent step, and also includes cases in which the step is not clearly distinguishable from
other steps as long as the predetermined action of the step is achieved.

When a numerical range is described in the present specification, the range includes
the value described at the left (the minimum value) and the value described at the right (the
maximum value), unless otherwise specified.

[0014] In the invention, cellulose means a chain macromolecular substance in which D-
glucose units are linked via -1,4-glucoside bonds, and has both a reducing terminal and a
non-reducing terminal. Cellulose molecules are highly aligned in cellulose fibers, thereby
forming crystalline regions; however, the alignment is disordered at various portions, and thus

non-crystalline regions and/or regions similar thereto are formed.
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forming crystalline regions; however, the alignment is disordered at

various portions, and thus non-crystalline regions and/or regions similar

thereto are formed. 4 Natural celluloses are known to have a crystallinity

of abdnitxrm%Hahdaeegmriera‘tedt(nbdalu&casesrsa&lmm tbchave’a, and regenerated

rystallinit put 40% ing.t ray meth 0015%] In rege

Ceuul?o%%e c%ns al ?ruc qurd St & ?Iﬁ ggaqé nrtét%?dlaé:é: uﬁﬁn JO %myl
[0015¢trudturezealledtleetiiost dtfumthmenfnﬂhhzkoe&ukash faknsl rmeﬂo}a}lgecsihams a
struetb%tcaa ate ia | borfﬂl%%g&{%mc%lp Lindl%ghesrlelgy ofn rmIF g]u%: a? Ibfateral

l(L,rurrenfﬁi : fifSSes are  considered to have tour crys¥a(f formé; thi
bondiingg)entma zebﬂutﬁeeﬂm@ugfdymlagsmecwﬁbni IICLIhandyl,\beR&dgeneamed

. cellulos I in ron W II|n i Ivin II
COI’ISIC?CeI‘BHP EJ?V% l?rbéia Stea IHX %ro g S e era d %OSC% Ce ?asszﬁed mto
using a -concentration sa |C)n, r an aC| or an alk

L, 11, IO rominy . ceﬂwgmem@imﬁehm‘esme I@b@eme?b@estmel@hj&meslmmmssolving
taI form, of. ceIIqus CeI es obtained by,immersing cellulose.|
Ceﬂulos ?us nd%J cP ammonia anﬁO uasly §regenera n%jlz1 ceﬁulo@fe i;10r dj%ormmg
cellul@@giﬂimglanfmne %memmdsmmﬁemmt&mmanulose 1.

Cenul'ééjé%h rt’ﬁcel T gltal'o%gfc uie optained by heating gle'?“ 955 !
to a hlg erature o C oF hlg er’in glycerin. The scop

regengeliupsel inlthe M\/andograén@mmgseadd@se@mm@dahgmheﬁese of cellulose
se.pal 0016] E rther th llulese |n in to

L R e el R S R LR Y O e

tempematly hef S616ied inchrterceljuiose es’fécsseuph elscatbllukede testate;tion

encon TSR RO hionat Il(yijgﬁ‘.ee dutyiate..cellllose acetate butyrate,
: Bit e

ulose nitrate, c se su ate an 0se phosphate; cellulose
[0016 kthdrsréuehths spethylCetiliidess Tethylteinber cpeomyplasitilogijlose derivatives.

Exam %@Wé’éﬁﬁ%?ﬁfwgﬁ% %V %@XAF&J]QEP %%iﬂ)as% cgilulos esters, sut%he as

arboxyet ulose; and viscose. [0017/] Ce egra atlon In
cellulgayeetiore meldwioss raptionataistbtysa bhtvssid edblohescoicetiialogisie, cellulose

nitrate; l@&ﬂﬁggégﬁl%%%%lmgge‘@aggpﬁtﬁ@vgfgl We%?hl&g (&9 %%]%18{131%@41 Wose,

fegion or a non-crystallinere and may be ocate at either a

ethylcplbplass beivy lehvileat orasbreduestiyy lestinlpsd. dhlexeigibsedibdosr atda
carbof?&%%ﬁé@ﬁiﬁ!@@l‘ﬁ’&?orswfe size of the cellulose crystal is not restricted as

long as cellulase or another catalyst can be adsorbed on the surface of
[0017the Ccdiviosedaamnddinvatarba molatalamenass cheativn whintatore oagjde bond

of ceiziﬁfb%eyr‘%%%ﬁeﬁcﬁ?é%%&i@%Aﬁ)ﬁﬂ%%l&%%@dl%‘ Qéﬁe%egrggg%%hne region

ability that degrades cellulose outside the cell may be any yeast having a

or a nseitsitinenegior acdisy adsieriohat cdihcaadendrdiis piesuhehyearducing
termin G Y ARG YEAS! R ESEAUA R rebetween.  The size of the cellulose crystal is

not restricted as fong as cellulase or another catalyst can be adsorbed on the surface of the
cellulose and can exert a molecular-chain cleaving function.

[0018]  The yeast of according to the invention having a cellulose degradation ability that
degrades cellulose outside the cell may be any yeast having a cellulolytic enzyme activity
outside the cell, and examples of such a yeast include an arming yeast presenting a
cellulolytic enzyme at a surface layer thereof. By using the arming yeast, the cellulose
degradation ability can be efficiently imparted to the surface of the yeast, and handling of the
enzyme may be facilitated.

[0019]  (Arming Yeast)

As used in the invention, arming yeast refers to a yeast cell presenting, at a surface
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cellulolytic enzyme at a surface layer thereof. By using the arming yeast,
the cellulose degradation ability can be efficiently imparted to the surface
of the yeast, and handling of the enzyme may be facilitated. [0019]

layer gh hasifglye Sur ARALBEPTRIARY RRRIGSIHSSHIAACYRISE: lerahizas af sl surface
layer, R B0 SORIRG LA SWRAGEY Bdaved abiherealsRdfunstionaldereteinngsd.

peptide fused to a protein Igcalized at the cell surface layer, thereby

acqUYIHY RIREHIRANE MV RFSRATIRE PHatanngnisashide prasertbeds o

curreri@PRAGHID, WEIPHR{HIEPAHAAR AIMINBYR AR IRENSRL MBENAGR A ®ocalized
urrentily known, which may be selected in accordance with the type of the
o]

c
at the pelrsisthse dnyeroe Hhth¥caat surface layer of the yeast. [0020] Examples
[0020thereghinsludaadpethad dsinganadalutinin-asdhe RrpitihiosdizrdatatPed at

cell surface layer. This is a technique whereby a gene encoding = )
the cell suBAeRiiKeHT whidh itRdeEfmmEhrEdva Keandaerding g-@rg%(@wwéwhwh
the C-Rhesplatisn nosigdianegharcaahesian ssignassniasd 190382 N8rRR6PAMMdsion
. a functional protein of interest, and is allowed to be expressed, thereb
signal fsdusetliinABenfurRarsias grBtesH atthy dsinehigiaasl erdas aiesrediahvd

expredds@sidEd Prateimasdine:pioleindacaiizer at the agllswrfoseaaver. Kh&her
protein is an aggregating protein of yeast and bound to the cell wall via

methof S dHABIR BT A M RERSHBIOtAEAGEAE BRCEHiNY RS M6 prdtbid pegdef is an

aggredA@ERRENEOGtatdnelipaabrietell, wad vexBiassidbbhersail e Septsion of
the functional protein at the surface layer. In still another method, Pir

the geps sieq RERR Al PRARI {9 WAEPpOtend oz AIBGtanHP TR0, and
expressitfateraygieRiftisirepiniain o yaraiymboinditatbessell wall aflyaasther

imilatly to.the above method, fusion of Pir to a functional protein and
methog, BeUa thHECHrRERRRS (hTONCTOTBIGLGHP SR i EubbEh e lyer.
Pir is dgyereihn@angifg yeast i the teueniionimeyshe Siananied dytianbelehaethod,
fusi a%%\ze _megwods%%%mll The ﬁ:mllg% yeast in th inventio# is.preferably an.
usion AR & AR DIt EBY'BY ARG g I i RES QU A S AUTHG g igin at
the celissoafableyet stably presenting a high-molecular- weight protein at the
surface layer. For examgple, itis. referagle to use the armirﬁ%re st of th$l d
MT8- e/%‘gé%ylei)ﬁ&’éé 3N SRIOR CBY 25 AR ASthbe %?b%i;e methods.
[0021 Envirban atditrebielst W ohd G(2)nppnliz e ( 2004 mihhe yeagtddated by using
serves as the carrier of the enzyme is not restricted as lon it allows
o AT AL HE e B S N Byl
weighmeb®ichiathe surface layer. For example, it is preferable to use the arming yeast of
the MT8-1/pBG21 1/pEG23u3 1H6/pFCBH2wW3 strain described in Appl. Environ. Microbiol.,
Vol.70(2), pp.1207-1212 (2004).

The yeast that serves as the carrier of the enzyme is not restricted as long as it
allows arming, and examples thereof include those belonging to Saccharomyces and Pichia.
Among yeasts, yeasts of Saccharomyces, which have made successes, are expected to exhibit
stable enzymatic activity.

[0022]  The arming yeast in the invention preferably has cellulase, which degrades
cellulose, as the functional protein to be presented at the cell surface layer.

In general, cellulase refers to 3-1,4-glucanase. In the invention, cellulase means a
group of enzymes that cleave a p-1,4-glucoside bond to generate glucose from cellulose, and
examples thereof include endo-p-1.4-glucanase (which is also referred to as

carboxymethylcellulase), exo-B-1,4-glucanase (which is also referred to as cellobiohydrolase)
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Among yeasts, yeasts of Saccharomyces, which have made successes,

are expected to exhibit stable enzymatic activity. [0022] The arming yeast

in the invention preferably has cellulase, which degrades cellulose, as the
and Brahyegsidarprotein to be presented at the cell surface layer. In general,

[0023¢elluiasessaiers 17 fRsde biAERARENH ﬂQﬁi%Y%@ﬂ?&tﬁ%{%%@%ﬂﬁI@s of the

group of enzymes that cleave a 0-1,4-glucoside bond to generate glucose
sourcgrg kil RsEo Y HanIEmsApIBS Bsersbpindiisdedrt-olapargilivantaamoroga,

CandiiShisalepseieremin-a8, %JQQWW%QP,Umﬁ)erochaem, Piromyces,

_exo-[3-1,4-glucanase (which is also referred to as cellobiohydrolase) 6
OrpingrySigNses Sibass oS spTae seu rCeg Gt es& ermgamesard abrlomonas,
ClostRaiiinu W&Vﬁ%ﬁ%@c@@%}%%@ﬁﬂqu%‘?%&eb?lﬁpﬁb'ﬂ%ococcus and Vibrio,

) microog\?nisms of the genera of Trichoderma, Aspergillus, Thermotoga,
and ingegiyidaY Baberarmiey eEsusad imicsmbingasThrreHigeral e snarstsdety, be

mutudNFARAYEGES: dPHRingmyces, Neocallimastix, Streptomyces, Penicillium,
Cryptococcus, Celluloinonas, Clostridium, Thermobifida, Bacillus,

10024y he fih BsByST 9/ o EEM I RE MmIDRO BTSSHIH XA b coamiiAg ptef two or more

thereofVNeR SAEYIES AL MBchINEONQINaNRR NS SOLIEE A6 RRZHNBSMAYsidase
be mutualgghe same or different. [0024] In the invention, the cellulase

is prefgpzedifzons iy sikgpBRithebrsinatD ANt e At Heciention saTpastadie!
cellul@seembinating aftBnsloghicanaseoseliobiphydrolase and (3-glucosidase is

preferred from the viewpoint that cellulose or intermediate degradation

comPOiHddBF! calitiases esntsedeicrenifidbletbans rsdtics Ynrsssd the cell
surfac¥Magsr pltiiad cellilaseFamiises RRSEBINY AL IBRASt RNEBPRIHLRNURS R rewith.

at the cell, surface layer of the yeast is sufficient, and a free cellulase may

From {ie iciPaiiifibHRIPtreranRHI R AL retptsimt Be s Yadgve gpzyme, 1t is

prefergilicionay anddfigrensaeffisienayafthe epzymearins RIeterahle i /Lse &vhen a
yeast presenting the cellulase to be used at the cell surface layer. When a

frec offfiege It e SRS B oo AL G SRSt Bewrilyswsd qendingetly

applictisrd are directly applicable. [0025] The yeast according to the invention

as, in addition to the cellulose degradation ability described above, a = .
EOO%QUESE%)&@&%&% &%é%l#mh‘@flae HiedGHRD R e frdWeskAesradation

abilityligisickibtarescascupudate &Uﬁ@ﬁﬁaﬁﬁbﬁh@ﬂiﬁ%ﬁtm é@c&iﬂﬂihm@,@&é&&{emﬁme
. cellulase- derived glucose, which has been efficiently generated outside
reactiqh 1%%*§,~is%f8{eeffa%wa»§aﬁt S0 PR IGER L (RSt Ceddhig cellulose-

deriveprgisentQuiside e yeastftrilinig statedirdbueiide the cell, is not effectively
utilized. That is, even though the glucose is present outside the yeast cell in a state in which
the glucose can contact the yeast, the glucose remains rather than being utilized by the veast,
and an amount of glucose can be confirmed in the reaction liquid. Here, the glucose amount
may be, for example, such that, after contacting an arming yeast at a concentration of 3%
(w/v) with 5 g/L. glucose in a reaction liquid for 60 hours or longer, the amount of glucose
present in the reaction liquid is 0.3 g/LL or more.

[0026]  The yeast by which the glucose is not effectively utilized is preferably a yeast of
which the glucose metabolic activity is decreased. Use of a yeast of which the glucose
metabolic activity is decreased reduces consumption of the generated glucose by the yeast,
thereby enabling effective accumulation of glucose in the reaction liquid.

[0027]  Here, “the glucose metabolic activity is decreased” means that the glucose uptake

speed of the yeast of interest is smaller than the maximum glucose uptake speed of the yeast.
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the glucose can contact the yeast, the glucose remains rather than being

utilized by the yeast, and an amount of glucose can be confirmed in the

reaction liquid. Here, the glucose amount may be, for example, such that,
The dgftesasoitabtiglpersanpine yeasd af heoregntratibn mfcf&%o(w/yv)iwitm&gﬂ_a

t f
e S L U S A e
a casethie ghich$krisaast isftattivedyiutl mdlmpcefeaabngaqf@mmﬁnmmh therces in an

0pt1mglpﬂctgﬁ Qﬁ%%%# %1 ftt %Yl Ige ﬁfﬁ%‘%ﬁg %ﬁ; 8f ayedr EOf V%hﬁg%{ct eéfor example,

UCOS metabolic act|V|ty IS ecrease ces consumptlon
a caseglenermbdrglMc@ﬁesmumweas‘fpfhere@wemabl mgtetf@ecnwmtumwﬁ ttion30°C to

35°C 8[19&’%8%&&&@1@?&{& 15'05}13%&%8%%%%1@ Iﬂg ﬁ?@ %egé%}%tf ! %f is collcctcd

activity Is decreased" means t e guco e upta e sSp e'yeast
suspenfi¢dtarestiis sm&lierrtggmﬂmemdmdmrgmm@mpmmmﬂwmwc to 35°C.

[0028Y€2Sfnds %r;‘%?%% 610 Iﬁ%@g&%%s%% 888%91Ri hff‘n Gashinay he a

emporary decrease or a semipermanent decrease. e maX|mum

encm@b@@@eemmaheeepeednwhelsﬁeemmeewe@fmnatdaﬁe:rﬂcwwrt}hmifféww is
decreﬁe‘ftf“’é gﬂ&i%@ﬁ%ﬁﬁﬁ%@@% :l.tjlfstbc Egsg%r@ﬂfcﬁo'{% %%tﬁ%gpc activity is lost

optimut temperature coridition’un er su f|C|ent aeration. a case
and glypopdhepidreakenpie oawagiealh which the yeast is cultured in YPD

{OOQQWedMEgIQS%NHE S OReLALE fle V\%f&o%@%& ﬁgbi‘? g&ﬁﬁ{gﬁ ééofﬁ&%%ed include

aeration, and the y ast that has grown sufficiently thereby i ecte
a yeassigpdrdead fswenss ioattnistagnglaboke aahﬂt@mMrb@batlednerr:rbbrfaheaetafatment

a yeasftrmp& Eodgé%aséqgéﬁéroqg 1‘?1%?%95 agﬁg{%’?% l%fem%gé%gg% treatm?]nt with a

metabolic act|V|ty in the invention encompasses not only a case’in whic

surfactpatimngte Yiegiosernetabeieractivinydiehee yeesbidicrreis ddscerppindeced by
exp()s{geaga ardinarystatesbulalsq g€ase in which the metabolic activity is lost

d glucose uptake does not occur at all. [0029] Examples of the yeast of

[003 OJNh|cﬂlm!eegmrﬁ§§e¢ﬂeiem®emngsaweagecﬁmmed alyeesstireiwhidie
activﬂ? flecreareninolueasR MEiRRAIC AGHY KGR RaRR Rouaetivnheate of the yeast.

eatment, a yeast in which a decrease in glucose metabollc activity has

A tempgeaiumsdResE et e aRERURIErav Sy par s aTpEersedsinprciaglucose
metdbgﬁgrmtéﬂcgﬂjﬁg%W@Q%%@&HVEMCH%%QE?&AWCeq{la}’e SHPOSHEGtn
IC a

an antibiotic substance or UV. [0030] The heat treatment for inducin

growth deiupraaiaive Al dras A Gt se bt whikkhe grentierie of ahe yeast of
1ntere§?f§ﬁ?§§ék{re PteRpe-Ae OPSRUD SIRWHL Lernp et e AL NeaRteMperature

emperature exceeding the optimum growth temperature is preferred since
of the grragviedstdrnetdingiehiif ipe At YR garay. deersdsagrat¥ddsraperature higher

than 3IPOPEIALEBIHEIE S GRIMEIEY than 35°C from the viewpoint of decreasing the
glucose consumption, and more preferably 40°C or higher from the viewpoint of ensuring
suppression of the glucose consumption.

[0031]  From the viewpoint of maintaining the activity of cellulase, it is more preferable
that the temperature of the heat treatment is higher than the optimum growth temperature of
the yeast, but lower than the denaturation temperature of the cellulase. This ensures
induction of a decrease in glucose metabolism, and also maintains a high enzyme activity.
Here, the denaturation temperature of cellulase means a temperature at which the cellulase
ceases to exhibit it activity due to heat denaturation.  Since the optimum temperature varies
depending on the type of cellulase, the temperature of the heat treatment may be appropriately

selected in accordance with the cellulase used; for example, in the case of the cellulase of
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growth temperature of the yeast" means a temperature at which the
growth rate of the yeast of interest is highest. The temperature condition
that exceeds the optimum growth temperature of the yeast varies

Therngpan dingomterersypeustiyeseicrdds nahmr g dnardily s terfpemathesiewpoint of
ensurfN@RERpHRAR-RAF < PER TRF bt & Lemperaty eNONSLNAP 3r(dramihe Bﬁiltérabiy

viewpoint of decreasing the glucose consumption, and more prefera
not magcthsnigHer frorn BRESrkWpRM toRiebriRG° Sumers Ssrber dfitheog mess ghan
70°C . consumption. [0031] From the viewpoint of maintaining the activity of
cellulase, it is more preferable that the temperature of the heat treatment

[0032 nigmerderan el opmiidrigionriemperataretbs e el gindhrseot in a
yeast IN3MIBE fgraiitianiennesalure Qb et Sl Bse nd R EDSIES dNHUCHRA R erable

of a decrease in glucose metabolism, and also maintains a high enzyme

that thecigipholnase offediasiuirddich teperatene vredNaiase nesans a Therefore, the
tempd@fiRestyreraLWRichihe calivlass ceasssHhinih R S IahEat

denaturation. Since the optimum temperaturé varies depending on the

tempeFaE P ERIRMESE! thi teFpschaty tBediapicl praditrbiathiemprialtseof the yeast.  Here,
the heBPRERRAIRIEDA REIGRIGHIR SEARJRNGEAIR e colaRe UseHidRNhe yeast

example, in the case of the cellulase of 8 Thermotoga sp., the
becomphipstitiomainar isblp et s ieke 1 dseiorerh dpealicairosint dhe

tempeRRSHIBORY RPALASIAMSIAC VIt ABHeRIESRE ANY GRNUASES I8 ably not more
temperature is preferably not more than 90C, more preferably not more

than 64, o6t RRSetabisreay Adhama thdremats YooRiH of¢erts gt the

morpHetiilase iR sullicientiv axeitdnaepzymedupsiemibrr ki 8cy&aghon the type
which a decrease in the glucose metabolism activity has been induced, it

of yeagd. o £ S RISa i B RBYD RO IS BE B S &R WHIthaR ¢RdagAvganass and a

cellobMRYHRINEE WRiNake [ereie R e iesnparatueof he PpalileAMRRt S ived
more preferably higher than the optimum growth tengﬁérature of the

from Apesgilfist s tia A s den dhgrtidiredasise pltthe Wioglwnaarges cerevisiae

yeast, HRI@mihe helAaRahuatianiemesaivRebasqast MRANSRC.
temperature at which the &éeast becomes unable to maintain its normal

10033 bnorBhtagy e 10 Hee dERMFFATORAT M M5 RO BF e g tion ability

that hdsertnendisdar aferakiynehmeoedhaiiite BTYR RiSABMNIIAtE7 6P more
60C, most@)referabl not mare than 50C, from_the viewpoint of ensurin

prefergby frRM AA/GHBIBYy o f il dRpie Miskrizihelomibiy ﬁotﬁ@"fénﬁ*ﬁ@?aﬂ%g on the

tempeMatiRsSrsapending Whiﬂlﬁﬁiﬂ%oﬁf}ﬁ%@-d?@h%%@dﬁﬂiﬁmigbtﬁﬁ@?ﬁﬁéﬁ aﬂﬁréi trllae
. ..arming yeast in which an endoglucanase and a cellobiohydrolase whict
activit o {5 VA PO PHEB B Potlse D 4 ENGESS RE B GURROY 15 mos

preferfspengiltisl aguieatus anecprasantethatdine:suriacefayes abteo 50°C, from the
viewpc%ggscgp éﬁ&}ﬁ%%stﬁ,f {§ Lix?:it%en of a decrease in glucose metabolism and accumulating
glucose in the reaction liquid at high yields.

Although the duration of the heat treatment for the induction varies depending on
the temperature, the type of yeast and the like, the duration may be generally from 1 to 120
hours, and may be from 3 to 48 hours from the viewpoint of ensuring the induction.
[0034]  The surfactant used for the treatment with a surfactant for inducing the yeast to
have a decreased glucose metabolic activity may be an ionic surfactant or a nonionic
surfactant. The surfactant is preferably a nonionic surfactant, which is less likely to

adversely affect biomolecules.

[0035]  The nonionic surfactant is preferably an ester-type or ester-ether-type nonionic

9



yeast, the temperature of the heat treatment is preferably not more than

50C. [0033] In consideration of the above, the yeast may have a glucose

accumulation ability that has been induced heat treatment at a )
surfactapd Setanie YepRABIMih shiesbeith tropschisribhepnsiuaom of ssieatseston
glucofOcabssil merexpiafasabi oM AddoA96x Repaasint M theny! cther,

temperature range within which the morphology of the yeast can be
PolyOXy SRS FHREAM & Aeathty BPHHD cemieant g it cthpiugiyphenyl-
polyctifiease peauamdlationabilibhisoeast pseferabhninsused-Ryheatitiaalnentiabie

at a temperature range of from 40C to 50C, from the viewpoints

f
under i ARG AABTA QoGP O R R TEERG Rk CEL €, TRITON

X-100a6uMuTiRg] gléese in the reaction liquid at high yields. Although the
duration of the heat treatment for the induction varies depending on the

[0036}e A &RtORS R PR b Yartra iR et s RelatheaiE A I % gastiabally
activiff@spietordQ thaurs.oandomay.ae fionmdtoasriaurs frem dhe viewReinhof and

ensurin tg&induction. [0034] The surfactant used for the treatment with a
¢

still mggeq RNy Yaastit ReRrEHAgE Hssed BTrssab thsciamsiration

of surfetiibiIayPemad iNa s Hiasakar-AbBamTihsugiagtante thasyfaatant be
is preferably a nonionic surfactant, which is less likely to adversely affect

. IS
Sub&e%&?oi SPGB BEFF M HoniSHE L HUHAT RN branseibiptun sstsitiypiippbove
range,esleeaibeitype Naniraie 9 swiastaotbemitie viewpaintialdhelaiient witheasing

respect to the induction, of a decrease in .glucose metabolism, and .
the actyily R he Tl S BEAYoL AR HHTRITAN BRfrained by contacting
a surfReiyOxy dibylene sorbiamnatisiaaie serbian BeINHOIRIE 20 hours, or, from the

. 4-(1,1,3,3-tetramethylbutyl)phenyl- polyethyleneglycol, and sorbitan
Vmwl’?r‘?é%%ﬁ)‘?&%‘fg%gg%lg ?fﬁ&iﬂ@l E\')én&érﬁ?n{gré%ﬂﬂf'available under the trade
[0037namagafaid reranglie aAAOINHIET R140 o TWERN 6 ARbAGRE 6,the condition

TRITON X-100, SPAN 80 and the like, [0036] The concentratjon of. ,
of UV JiTad it f5F iRty aayéé%r@aié%vﬁ]agffﬁﬁ’i%éeﬁ]él&%f%ﬁ‘?cmﬁﬁ%iﬂtl&fi%‘““"-‘y» those
usuallprefelabbd ffand 203819 he%iduiryi merehoialeriply fras &OBdamMeed as they
(w/v), and still more preferably 0.05 to 1% (w/v). The percentage used to
represent the concentration of surfactant is % by mass relative to the total
[0038famdint plathe fighidiaHee lreatediifabiditoabevisybjekiedtedie sutastant veast
. treatment. When the surfagctant,concentration is withjin the above range, it
i e e B b QT TG e T B0 RO by
combinsiseabimco thieoactivity iohvinatelfulaseost hed/gastdamprodiificiggivcoséther the

_can be obtained by contacting .a surfactant at the abave cqncentration ”
heat lrs\%ﬁl(% 1‘((_:‘ oié%g ts%"f I’E)al%t E % Df tf%ﬁ’ S‘i?’eo%?r]:rzg(rln otth?emnqu Qxltematwe?y, one of

the heat treatment or the surfactant treatment may be carried out first, followed by the other

are.

treatment.  Alternatively, the heat treatment and the surfactant treatment may be carried out
simultaneously. This enables a yeast having the cellulose degradation ability, of which the
glucose metabolic activity is decreased, to be casily obtained.
(0039]  <Glucose Production Method>

The glucose production method according to the invention includes the step of
contacting the yeast for producing glucose with cellulose in a reaction liquid (contact step);
and the step of separating and collecting, from the reaction liquid, glucose produced and
accumulated in the reaction liquid as a result of the contact between the yeast and the
cellulose (separation/collection step).

This method enables glucose to be effectively produced outside the cell from
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viewpoint of ensuring the induction, for from 3 to 48 hours. [0037] In
regard to the type and concentration of the antibiotic substance or the
condition of UV irradiation for inducing a yeast to have a decreased
cellulglocasbthegtabblicaglmiyscthosen st in ereploysd ddrqietreasingthet which
bioactjvity without Killin ast be.applied as they are. [00; 8fJ The
etuco e e A S Bl S B g cose
accunydasorninhilbighrthesitluction has been achieved by heat treatment,
urfgctant treatment, or. a_combination.thereof, from the viewpoint of the
0040 A SRR B R R PR R
preculuréattannivdatmér yeast Begoavnien eyt siegyniltdrmativety bofieobethe used in
heat treatment or the surf nt treatment may be carried out first,
the p r%ﬁ%%eﬁéogys/etﬁléo%rt Cr%e}?ntrnélg%[ﬁré%ht. Alternatively, the heat treatment and the
surfdttanttidatmefiintiaybecdiviedoyt bsicoulianeous|yhitislenabisstar
east;having the cellulose.degradation ability, of which t%e lucos
PO AT SOl & Qo ALt 1o Do Baell Hhiainad TH0MT L Chinse The
cultur@roctictiomagdibedncthenghriokecprsdiictgort mbthadractondihgtts teaerally

[ tion includes t { f tact th tf dugi ly
o ETT SR R cOMAERR 2695 2 IR 5 o
armingepashting dadmopliecting, from the reaction liquid, glucose produced and
' ion licluli It af t [ he .
oo o RO LS e
sourceyluc sy gorbeieffeutialpiprodijcedhoutsiderthencedinfroin  10xcolpliosef eartion
: . on liuid, ;

sourcetpﬁl%: duged Qéua;iﬁ%a%% %Hf%{ﬁ?%{%&?sefsﬁ%ﬁ%ﬁo%l&%q AR %H%]&ﬁiasses,

which glucose ¢ produce efficientlythan in cases in whic

OrganigeRidls mﬁmfn{glm@ ghi.;boé@i@@_iQania_iﬂ gl ard asdeds §0040} Teghanol,
ethanof G éﬁfcefgfj u %qug_qﬁ%oﬁ?b%ﬁeé%ﬁ%@ﬁ \iASI]\é%}HBQ m d?ﬁ’rl?(% %ldﬁé%gtﬁﬂg? %heap er
redetermined number,

precufture step in which the yeast is grown to a

than ghisfore peimyuseteirfithe preemseucote pradbetisedirtdd plig-derived raw
mater GRS EUANERIGHBIHEEMAY DI GRRGILQNG IRRICh the yeast for

producing glucose, such as an arming yeast, grows to have a desired
[0042},e dexeuemdgs of Benesghapebmieshurachiag vdeashsatitic rinkrebnSistingeoucrose,

xylosaRASAMAALM Jatds aepRralls GORIYESBF I OgYERSL R0 AMounts of

medium that is usually used according to the type of arming yeast may be
such cemppwygats: and cellulose hydrolysates.  Further, glycerin and fatty acids derived from

vegetable oils are also encompassed by the scope of the carbon source in the invention.
Examples of favorable plant-derived raw materials that can be used in the invention
include crops such as cereals; maize; rice; wheat; soybean; sugarcane; beet; and cotton. The
use form thereof as raw materials is not limited, and is, for example, an unprocessed product,
juice or a ground product.  Alternatively, any of the carbon sources described above may be
used in a pure form.
[0043]  Examples of nitrogen sources that are used as appropriate include inorganic and
organic nitrogen sources such as organic ammonium salts, inorganic ammonium salts, nitrate
nitrogen, ammonia gas, aqueous ammonia, and protein hydrolysates. Examples of inorganic
ions that are used as appropriate include magnesium ion, phosphate ion, potassium ion, iron
ion, and manganese ion. Examples of organic minor components that are used as
appropriate include: vitamins, amino acids and the like, and yeast extracts containing these;

peptone; polypeptone; corn steep liquor; and casein degradation products.  In a case in which
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[0041] The basal medium is not restricted as long as it contains a carbon
source, a nitrogen source, an inorganic ion, and, optionally, other minor
components. Examples of carbon sources that are used as appropriate

the prigvailiaes stegeissiadriivadegluddbe ofhettspsantienstasesde orgamodtidsise of

gluce§éJgﬂaﬁﬁgl{mg%ﬂ@gn?ﬁmﬁigfqﬂg ﬁégpn'%qaé:l%’sgkﬁoaﬁﬁhs &R is contained

methanol, ethanol and glycerol. Here, the carbon source is preferably a

in thegadbon sdutse deoatths cresaberetiangritdseo Hadeshand pres whredeoantiba culture
soluti%fl?%&Eﬁé*}ﬁé&ﬂﬂl&e&é@?%ﬁ?ﬂﬁ&ﬂé@%ﬁE-B’F&E;%rVE{ erials such as

u ackstrap molasses and cellulose raw materials. [004 _]_Examples of
[0044¢endrateentbh sdirces sdtioderayghrsconthiastibraretiifrontb sempgorasethat are

usuai1).\%19agdaﬂadcﬁi@pérlﬁé&;a\’i’&qgigfo%%gﬂﬁﬁﬁy§£ﬁ%§%ﬂ'ﬁtf?%@§&%ees, at usually-

containing large amounts of such components; and cellulose .
empliygdronesnss. Harthider ghoonreandiapadidsigaiedifomn ceddtabingikeent

may b%rgdﬁ@a‘?gﬁ%g}ﬁ%ﬁ?& hythgscope of the carbon source in the invention.

Examples of favorable plant-derived raw materials that can be used in the
[0045hveRsrplssiotidhie ropdivicksed indhsdrsy anagreingbedapét dsppdasn based on an

aqueolﬁg GHGRRG: HeelsaNd FRUAM iS58 J‘%HH&%‘B_%%Qfsé&rQWaQ%ﬁterﬁﬁﬁ% BRdia are

imited, and is, for example, an unprocessed product, juice or a groun

preferprd iy epnalfsrattival apiricaiend cabeirsd predydestribd dssdivecmalp ped
aquecHSSEEI AP WeH AT JER4RLEramPlaR AL PISAASSh SAHLCES (88T A eHSRAGER:s

_appropriate include inorganic and organic nitrogen sources such as
medivgpdan o apngohubagidi@ertiBiyanic ammonium salts, nitrate nitrogen,

ammgpia, garte OHEALS AP 2 0L R IR Py cal¥sAlesuEs@TRIes of

_ inorganic ions that are used as appropriate include magnesium ion,
partichiggyRaiacish, HitdssionsTampiomn8pLoRHtMharrfENBS MY Tl pieilbthe pH
is froR9AN VNG CODRAANISHANIAE HIE A R AP RIAYIAIR I GUFEM IR BIRS 40°C,

amino acids and the like, an%?/east extracts containing these; peptone;
and prsEHARABIERE T Kebh liqudthsndheaseivt SRR g0t ds RpArming yeast,
the arie@8€ yeaMiely dd dhgnprecHIline StapIsHadensndent ohibe QIR SIBPS that for

lucose may be used, and the use of glucose enables more efficient
no““agﬁéﬁﬁ‘f‘iﬁ of the yeast. In a case in which glucose is contained in the culture

[0046Bolutinn fasdhaiBreskiie athevaastdnoIREAhANHREERYAIEd FifethBient step
culture solution of the preculture step, and thereafter used for another

for the;pappgension Huhpaborredesrtibehuisant i nray aes s shetncoRtdr s dbricninct step.
This afOMPENSMS Hhak i rdpdigtysaddaddaciiu BunediadorpicrRYraaHisimsion

such as antibiotic substances, at usually- employed amounts. In order to

using tieysaddabssrAyeatinly crshiytan anti-foaming agent may be added
[0047Rt AT RPPFORAMEAMOWTS preferably the heat treatment, surfactant treatment, or

combination thereof as described above, and the conditions used for the production of the
yeast for producing glucose described above may be directly applicable as the conditions for
these treatments.

The pretreatment liquid used in the pretreatment step may not remove the cellulose
degradation ability, and examples thereof include water (sterile water) and various buffer
solutions such as a phosphate buffer solution (PBS), a Tris-hydrochloric acid (Tris-HCI)
buffer solution, a citrate buffer solution and a phosphate-citrate buffer solution.

[0048]  The temperature and pH of the pretreatment liquid may be appropriately selected in
accordance with the activity of the cellulase to be used. Thus, for example, a 50 to 200 mM

phosphate buffer solution (pH 4 to 7) is more preferred from the viewpoint of maintaining the
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[0045] Examples of the medium used in the invention include a liquid
medium based on an aqueous medium, and a solid medium based on a
solid phase such as agar. Liquid media are preferred in consideration of

activigyppfitetion! thaiechistiialobauction] ¥ pstiadhtreenployead raguelbersativediybg a
istil t ff i h .
cultmr%}]l'gecc‘éhu%%l? J%Aeg%%%{)egrcﬁl Fn%ersd?ﬁtrll‘# 'a_Qfﬂhg] cpe%s%si% %zg%ﬁll%goéglrjf?e%%’ohc

ium for forming the liqui he culture condi or culturing
activithel/dastdor produtingighdcose is not particularly restricted, and is, for

Bk i R R A

decre#@C, and preferably from 25C to 35C. When the yeast for producing

| . ' ) - i
004 e S Do e A A e SR e
presefthé PribduoriGrahetbiool ah@armmmease indehtionamayt hﬁ:&pdeiﬁed generally. In
generﬂ[qgﬁgen ?Qﬁ‘gf}EREIILEIEI € 1@%89%%'8%9; H%glg QR HES Qgge%?ﬁl%ta{?c{n

pfoduting glucose, before the contact'step. This allows the preparation of
capabihity yddhe forpngdiseinig ghlusecariticieghatoss piodustionlcusimgliveted from
the Vl%ggﬁiﬁpok?%@éﬁ%gﬁ%?k%c&f{ eo#tm[,%%%ﬂﬂg‘Seﬂ{ﬁ}fs%amﬁ%}nsltﬁ@ {ﬁewpoint, for

ferably eat tfreatmenit, surfactant treatment, or combination
exampharidefiasieborbedrabovere nabitdoonditioR$ bwed forthhegsroelliltichoderma-
derivdl€eygask for producing glucose described above may be directly
applicable as the conditions for these treatments. The pretreatment liquid
[0050)sedrin #ieeprebathribatasteln griwp i oftesihoverthel tetlslopes sletyestistiorthe

pretre AR 806 PfamRiesHIEEUMEN AR WAICHGIEHIE WAIGD AROYASINShe cells in
buffer solutions such as a phosphate buffer solution (PBS), a
a reactipig hgricbehitsrertned gt BICh abuthéersolaticwpaositebyiiffe seloligiorand then

use thBREIR RNARARAIR:LIAle BuUiteh SRUMIen SL%B% EQS{B%'&IR}?I IR ALGLR.Of

the pretreatment liquid may be appropriately selecCted in accordance with

presenied getiiydl siefed|ulddewensaras st thiude gerdakiampicha GdlwdrsobymM
proteog?f%@Q_Hﬂﬁ)@é;‘@ﬁ&?%;ﬂ%&&@é,dsé&g%@w9{3 Riglerredfronihe viewpoint

aintaining the 12 activity of the cellulase of Trichoderma. The
[0051 bretkeaminshtigid may alternatively be a culture solution used for normal

cultyreas ORI RS RS AR SARGIDANSGHCR NS RREHS AEIIRLBEH Gescribed

yeast is not impaired. By applying such a{loretreatment step, the glucose
aboveriscrapgfited oty dhHase inadragten liquid.  Here, the contact may be carried out

by adding the yeast into a reaction liquid containing cellulose, or by adding cellulose into a
reaction liquid containing the yeast.

{00521  Examples of the cellulose used in the invention as a raw material for producing
glucose inchude, in addition to pure cellulose, a wide range of biomass materials such as wood,
bagasse and corn, which contain cellulose as a component, and also pulp obtained from wood
or the like.

Pulp is a general term for materials extracted as fibrous materials from wood and
the like, and containing cellulose as the main component.  Pulps are roughly classified into
chemical pulps produced by removing lignin by using chemicals; mechanical pulps produced
by pulping using a mechanical force of a grinder or a refiner without removing lignin;
chemimechanical pulps produced by using both of the methods; and recycled pulps. The
cellulose that can be used as a raw material in the invention may be any of these types of pulp,

or a combination of two or more thereof.
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[0049] The duration of the pretreatment varies depending on the type of

cellulase presented at the surface layer of the arming yeast, and thus

cannot be specified generally. In general, longer pretreatment time leads
[0053tb a [Ehgeadecraase i thepgllpcose btilization neapebility Dfitnevarodingpterial.

ExamffAbeHOMEVSY 8 IPHEAITISNS S8 s ielerghlulipied (o g

i ees, and ex les of the
viewpoint of maintaining the enzyme activity of the cellulase’ From this
non-woed puireriibinevdmite, thevp retreaitsiramt, hamisep refietatolyvirorughen®s, cotton
. [ TriC - deri ase; OlLln.ac i
B T e
may hsretentbimniostep ticis prdferdibte the polieotathdcellddrohedhmiputadacnidby

bleacSASPENG. L qg%l) i action liquid as described above such as water or
cac alnﬁgppréi:)?%t)e %]fff[éﬁs% ution, and then use the cells in the pretreatment

ste pmm,t@sgﬁmm degkamdtﬁ)immw lukasenptesehfedoadimeng
glucoscee H}%J rctgﬁlea'ix;l: fﬂ§ addRibe %ot Q@ﬁ H?(?sgq%rﬁgc%ﬂ%]og%tﬂg%ig IB%'%}%%E{%. Cellulose

proteolytic enzymes, such as proteases, secret e yeast is

materiﬂlpﬁﬁéﬁ%@@b%ﬂ%@@@ﬂh%f@pﬁﬁdm omeatitep indnesghentionr thgose, can
be ﬁnXﬁ?%%%ﬁQM?%ﬁfgffﬁvﬁgt&%o‘?ﬁ@%@&g FROVEISCRNACLEHMALN in e

, cellulose in a iquid. Here, contact may be carried out by
inventagitlimgthvetyeatcinio myerdwon. liquid containing cellulose, or by adding

[0054?”%%9{4&&%& FERRHOM: !égﬂlﬁo%%r&@g;@mm i¥%%?§e[é?§§t%h XAMBIES AL yeast

he cellulose used'in the invention as a raw material for producin
accor¢jgtsthingluerdian eafoisdibtboglirdoselilsprad anonidel igndewibiondassy be water

or a bIRIELALRISHCD ARNRRL. 1RAGGSRR AN G0MR JUIB &PIIBIN. 68 EH&O&%&ﬁ)ﬂon of

component, and also pulp obtained from wood or the like. Pulp is a
the prejeprdragneptarfor materials extracted as fibrous materials from wood and

[OOSSﬁhe Iﬁ;@a@@&q@[@@ining cellulose as the main component. Pulps are
roughly classified’into chemical pulps produced by removing lignin by

usin§réherrsaien sieriaiednpempsbrodaetissy phiptdgiasnes Bulose by the yeast
accordnfgcmmw@ﬁa%@mg{m%r&rmg@esgfyamm 16MRVING 8BR4es cellulose

chémimechanical pulps produced by using both of the methods; and

outsidgsibgcsel. parbBaving the plsescthetusamaston sbtlifsthatavoratanigrinnageaction
liquidIINEBHAD MY Re_RMERHNe PR IBRES QfBUIR o PIR COMBIBAHER-2F Mt Abitity

more thereof. 13 [(_)053]kThe raw material of the pulp may be a wood
when the it eprdasbnaiib g mbaestia the xeappned Wibide wdsreastiondimmibersfor

cannofBREBES AR freadieaved tieesicand RAMP!SS @kthSe of cellulase presented at
the cell surface layer and the addition amount of the arming yeast that has been subjected to
the pretreatment. In general, the maximum glucose accumulation is attained at a reaction
time of from 24 hours to 250 houwrs in many cases.

Examples of the mode of the reaction include a batch reaction in which reaction
components are added and allow to undergo the reaction, and a continuous reaction in which
the reaction is continuously carried out while removing the generated glucose by using a UF
membrane or the like.

[0056]  Inregard to the reaction temperature and pH in the reaction step, it is preferable to
employ a reaction temperature or pH unsuitable for the growth of the yeast according to the
invention in order to prevent the glucose metabolic capability that has been decreased by the
pretreatment from being recovered in a short time.

It is particularly preferable to employ a temperature or pH similar to that employed

14



non-wood material include rice straw, wheat straw, bagasse, bamboo,

various hemps, cotton linter, kenaf, paper mulberry and Edgeworthia

chrysantha. The raw material for the pulp may be a combination of these.
in thefpuethesinbet sidp may be a bleached pulp produced by bleaching, or an

[0057 nbl&ﬁae(ig?%?ﬁiBﬂlgnJ @gﬂ%%cg{& gq[gr}??ellulose used in the invention as a raw

aterial for producing glucose may contain, in addition to cellulose,
hemiditul dserdigtimmotah s ke siedl gose shrateristenirdated iicharsugam liquid at

a hig}&g;h@ i Q&oﬁse%g%:’eégt?g}f%ﬂt&@feéﬂgn @tgéu%qggs rfm G Peaatg?eg’ﬁ liquid may

ina tained by sIs are encompassed by the scope of

be catgihlios & thiaityentiday withethoda el tarmasticiors [ooBajeThgation with a
filter, CRAGHANL AOMIL-Q iSS'éﬂ'c?éﬁrQr‘?ﬂ‘i@%Zaﬂ%.'s hot restricted as long as the

yeast according to the invention exhibit cellulose degradation ability
[0058therdircmatemiay traciiatestopria BuifbedohaivrasEascuondiog thdhechirolide can be

used rgé%ﬁa%mt%%%ﬁ%‘éeﬁlﬁg RS ARSS '183'8}51%‘?; r#lb%ﬁ’é@&rﬁ%iﬁ‘gélhﬁbes@: [08RRlis, the

‘ . eaction step In the invention, glucose is produce
produiioen oethivkeckyr dieefebe iareohdimgey thethevértlodcmsiery theoostiiiogahe

e N ol A miataar s e A

cellulgfiaérssprisalicedifrofiduiunyeasssahesittbpisucetulisecteyrddationg the
yeast AR NOED MG-¥EARLROBACE Withcelliigge in the reaction liquid. The

reaction time therefor cannot be specified generally since it varies _
(00594 epdmdingronhenytbe sogelRfiake torasainetrptated Cetinsorrasesksyeeasadn

whichilf 2491iRR-amaUNY OfinG &%@Eﬁ%ﬁ&@ﬁhﬁ?@%ﬁ@?t%?&é&lﬂ%e&%qst%ﬁ@ﬁgd is

pretreatment. In general, the maximum glucose accumulation Is attaine

collectdanpdbga ey dreffensiastgr i 258 Woarstiammrydoeegining cellulose, as
well a5 XRIGSRhDE mg@%rﬂhm&é%ﬁﬁﬁ&{ﬂtﬂ& 0. Qé‘ﬁ?&b{?@ﬁ{'}f’ﬂei%%{&%ﬁed

reaction components are added and allowto undergo the reaction, and a
cellulessrifioiale vb iisaGHWHIER- the reaction is continuously carried out while

[9060{emﬁ¥%%%&%%%93&%%?ﬂg%@ﬂ@nﬁ3& JPRPREABR:OMG IK8e of a batch

0056] In'regard to the reaction temperature and EH in the reaction step, it

reactiqy.JRsfEraB N ampioie aF Hoacer deiaplarbtigs S FppI G prRIRENS &by fifoyeast used

in the QPQW%QML’&Y?@@&:%B%QHEQ feghaidnventipnnosderthReMeRtMetion, the
lucose metabolic caFablllty that has been decreased by the

time BeXrhieht RS IS8 IRY awscorvansts ity ithahe et dhat iSRGy the initiation
of the PEGGIEDIE P €LRIAY PaleSNP LRGN PHIRITNIALIR HratsmBlnyeday be one or

more in both of the batch reaction and the continuous reaction, and there is no upper himit.
[0061]  The production method according to the invention may include collecting the yeast
in the reaction liquid after the separation and collection step. The above-described methods
in the description of the step of separation and collection from glucose are directly applicable
as the method for collecting the yeast. This enables the yeast for producing glucose
according to the invention to be stored until the time of reuse.  The step of collecting the
yeast may be carried out at any time after the reaction step, and may be carried out
simultaneously with the step of separation and collection from glucose. With regard to the
method for storing the yeast for producing glucose, conditions usually employed for storing

yeast are directly applicable.

EXAMPLES
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14 in the pretreatment step. [0057] (Separation and Collection Step) When
the reaction step is finished, glucose has accumulated in the reaction
liquid at a high concentration. Separation and collection of the glucose
[0062ffomThe ireaction [Kdedeniizyd be wayrigtvarmhple abtesually-Eowtoyedhe invention is
methogd, and examples thergof inclyde filtration itq a, Jilter, centrifugal .
not e B R r s L OEET EceHr  Post s S i based
on wdighstiedisthe yeast according to the invention can be used repeatedly for
mrgggtion steps in which glucose is produced from cellulose. That is, the
Broduction method according to the invention may further include a step of
(Decreantacighgrtihe nymabstlin theal@hiction diquithafterdreaseipagatéast ancbenting cellulase
at Sur a%lé %tigr step with newly-supplied cellulose (reuse step). This further
INcreases the yield of glucose by repeatedly using the yeast for producing
glucéseadagrdindp¢artttbad vientiobed0059]Hh Brerirove iane bivd . scapeQE),
p epeatedly” encompasses a case,in _which, in a batch
mr 2 R, e P s R el T R gotese
whichcottedtadainohefr rsdedr by being contactdepwith/ anevwheaaticie figedd-
cqontaining cellulose, as well as a casgdn which, in a continuous reacti
el T S R T B S e e R S e S
1/pB(siép/HD0E01: A Fegprd B the hsanned okdbadtinghthebnuenbenofmep etitiorigained.
in the,case of a ba reaction. the.time when a new reaction liquid :
cont T e e B RS s sotowing
manngounted as one repetition; in the case of a continuous reaction, the time
he 1l - %L d cellulose contacts with the yeast that was present at
00 3
[ 63¥\rl1e i@gﬁ)rﬁigﬁt tle)ereaction step is counted as one repetition. The number
of rdpsitigonsoinay brooneniShagerimédthrofithe datch, reactivhHhsdatha
inocuSGRTAIUENR SERCNON, 20 TR 5P UPPRLAMIL (H0Q0KThe proguetien o o
de coll
method according to the invention may include collecting the yeast in the
culturegantivmaliongi ¢ aHE Hhadse peirdtiors perd ob | ISétipmstep] The while shaking. 3 mL
of the ?Q Yﬁi}%ﬁﬁflﬂ@%ng%%at% Eg?o%ﬁtﬁ:u% %égﬁ%ﬁtﬁiﬁegfo '; gl%[]ﬁis) ina
collection from glucose are directly applicable as the method for collecting
2-L baffkeyémdt THiveddbley thoyeast fod prodemipyg agiucode Odcourdingotetine speed
of1Sd'}}éﬁp%}”}tﬁ’a%\%ﬂf@gh%ﬁm%me time of reuse. The st_ep of collecting the
yeast may be carried out at any time after the reaction step, and may be
carriedashingitiemaneously with the step of separation and collection from

glucene HYUD jRgRMLInINE yISINOL [ SIAAG NG ¥RASHIGEAOUENEy

lucose, conditions usually employed for storing
centrifugal separation at a rotation speed of 5000 rpm (using HITACHI HIMAC CR22G) at

Exa

4°C for 10 minutes, and the collected yeast was suspended in 200 mL pure water, followed by
centrifuging under the above centrifugal separation conditions, thereby washing the yeast.
The washing was carried out once again, that is, twice in total.  Thereafter, the collected
arming yeast was resuspended in 300 mL pure water.

[0064]  (Pretreatment Step)

The thus prepared suspension of the arming yeast was aliquoted in 30 mL volumes
into 50-mL flasks, and incubated at temperatures of 30°C, 35°C, 40°C and 45°C for 5 hours at
a rotation speed of 120 rpm.

(Reaction Step)

Thereafter, glucose (manufactured by Wako Pure Chemical Industries, 1.td.) was

added thereto so as to have a concentration of 2% by weight, followed by incubation for 24
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yeast are directly applicable. EXAMPLES 15 [0062] The invention is
described by way of examples below. However, the invention is not
restricted by these Examples. Unless otherwise specified, "%" in the
hoursexamples vslpabedaon iewigita (inasS) Bladpimd {Délreasetine gheteaanent step.
etabolic ca abrk sacch IRromyces arming yeast presenting cellulase
[0065it R}gcelfaéi/%eir (r}:/ir:%{rl Fr?éeto 2 Xfethod described in App!. Environ.
Micrédbiohmvoh76f 2)yicpp: 1260521124 2h20ad)ioan igend gy easti inradhickatime.
endoglucana eandacell iolrydrglase WhIC re der
The o LA 5 S SR AR T R R gy whven s
comnereiplysentéebbt ﬂws%&oé’layéﬁ@rﬁmﬂdmdmwsemde ravisiamyeast the
1gMT8 tl 6211/9%623 1 H6/, FCBH gjb L{arn scrrbe Ln the aboveT
absorbance a du arc sHowi in V% ¢ values in Table |
ocument) was obtame e glucose metabolic activity of this arming
are a@emdéﬁbeﬁ?s%mm the foIIowmg manner. [0063] (Culturing Step)
sin olon n diu (free ra anlelsz S an
{006# um precuggj)rge{ewas carrié dwc?ﬁ izrln {&Laé]ﬁ e,rél[ Tee B fj{ura
tempeanturklis)deteeasetol rteagtnpwauwm:@ﬁ%@mmhmmam sheadedf iﬁdbmm of the
o ndor qL hile shakin resulti uIture |noc ed into..
29 bt AP SR R R RIS IS TS PRIl W3
althoufgl dee&bywlmtmg’atlawﬁd r@)temp@tammm(amwacrobaa om thpesbekose
COHCqur%égnerml’I?ql‘?’e %@% 'rlge I%OQ{V L?Ctg e) ngsecgq}%lslrgu& %I’894 hOUIS
arming yeast was separated from the culture Solution by centr uga
Simllee;bpe)rdtmat afi¥iation Iarpeedr@ftwmsp}hs@nsmuhﬂﬁhmnmmws incubated at
40°c GRS &L, g%::l]?l [F& fes. g collected yeast was suspended in
mL pure Water \/\éid%% ntri ug%lrjtg under the above centrifugal
[0067$epdraltien conditions, thereby washrng the yeast The washrng was

LA L g
Inc(iPrtivedimentiStep) The thus prepargd suspension of the arming yeast
A3 Aigupiad,in 3¢ mLyvolumes, 6 9 12 24
[hrs]
30°C 1.89 1.32 0.63 0.50 0.41 0.04
35°C 1.87 1.33 0.98 0.78 0.63 0.04
40°C 1.87 1.86 1.86 1.85 1.82 1.85
45°C 1.86 1.86 1.86 1.88 1.82 1.88

{00681  Example 2
(Production of glucose from cellulose raw matenal by saccharomyces arming yeast having
decreased glucose metabolic capability)

In the same manner as in the above Example 1, the arming yeast presenting
cellulase at the cell surface layer (MT8-1/pBG211/pEG23u31H6/pFCBH2wW3 strain) was
cultured, washed, and subjected to the pretreatment step. However, the pretreatment was
carried out at pretreatment temperatures of 30°C, 40°C and 45°C for a treatment time of 3
hours. A reaction step was carried out in the following manner.

(Reaction Step)

A cellulose swollen by phosphoric acid was added so as to have a concentration of
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into 50-ml, flasks, and incubated at temperatures of 30C, 35C, 40C and
45C for 5 hours at a rotation speed of 120 rpm. (Reaction Step)
Thereatfter, glucose (manufactured by Wako Pure Chemical Industries,
0.6% btdvyeagis. adabsetheretp, sheassidthaives cantentrbdiconpp@dtuss we gL, 40°C

incubatian fs h ivel
o N RS0 20 5 BRI EERIE S g

d pretreatnent step.
phosplideasurémectt of Gllisase Aatalidt)of lveramotint péagiucdiseapdktenting the

reiac{it%b j uigl was monitored over time. The concentration of glucose was
resulf 2 Ib 1€ SAIC IAnnery as ﬁV_F . . . .
etermined by using a Glucose CIl-Test Wako kit, which is commercially

[006% vaildble tt@rnavudk&eﬁwmle}hbymhak}bhddstaie'sh_\&Bﬂ.p@pdmdeagi_wﬂingmhe 4g of
celiul.@sg ?A%E@?éﬂ% B Egﬁlé&%g %}a ﬁggﬁ V%/%énag%%lsgé]gﬁgng%f:xl'(ie-l-po%}ed

esin e 1 are absorbances-at nm. own in
H3;POT abladfzat8eChwiNichlis thegaméStémperatuzedadichesoliiigenixture was stirred
t erature, a dec i éll"o[e lucose centrati ith,time,was._ .. .
orern e s AR M WA S AR gpeouon
was shedyspénrtheicasE o0 thd. inCirbatioted 185G, vdlthoughitbefddevealseyrsiiering for 1
hour. W%%é%‘é’ﬁ&ﬁ%&ﬂﬂ{‘hf?@ﬁ%gsté)u%hé‘c%éé ?9% %odneﬁﬁ%%\?g 5 97‘3&{& Ter funnel (filter
concentration with time was observed, and most of the glucose was
paperogrminatic ozt papasNsimikdytthechse STB0CVITEONtrabthit seliglose was

e g e s e st
washingoagritiontivyoafsergilooscodguitonate 8100 timps atshSoMUi@%ed.82
v g B Rted Tt G TG D0t (0T EXdmnd 3
water (Papgusidrilepgticbsec fiomscel [Uhsgee Hatvraatbeakbspsadehardfydes! pure
water,aa[miﬂ%&f@@ﬁ%ﬁ%@%&@gﬁﬁéﬁ PS@JW?M@B&§§WB@ 200 manufactured
by BRANSON) for a treatment time of 2 minutes three times, as a result of which a cellulose.
swollen by phosphoric acid was obtained. A part of the cellulose swollen by phosphoric
acid was taken and dried in a drying chamber, dry weight was measured, and the cellulose
concentration was calculated.
[0070] (Measurement of Glucose Amount)

The amount of glucose present in the reaction liquid was monitored over time.
The glucose amount was determined by using a Glucose CII-Test Wako kit, which is
commercially available from Wako Pure Chemical Industries, [.td., and measuring the
absorbance at 505 nm. The results are shown in Table 2 and Fig. 2.  As shown in Table 2
and Fig. 2, glucose did not accumulate in the case in which the pretreatment and the reaction
were conducted at 30°C; however, glucose accumulated in the case in which the pretreatment
and the reaction were conducted at 40°C and the case in which the pretreatment and the

reaction were conducted at 45°C, and the glucose concentrations after 72 hours were 0.093%

by weight and 0.187% by weight, respectively.
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In the same manner as in the above Example 1, the arming yeast

presenting cellulose at the cell surface layer

(MT8-1/pBG211/pEG23u31H6/pFCBH2wW3 strain) was cultured, washed,
[{00714nd $abjected to the pretreatment step. However, the pretreatment was

P | +. +. + + +..%. +. £ 0N A A A f
Re ‘z:‘%ié'%%ﬁxh’é%“.“‘ e ‘c'éi!f’n‘i'&fr%'h‘itéo‘sfé aendrated (% ?\%‘ﬁ%gﬂg" .
reatment time of 3 hours. A'reactiorr' step was carried out’in llowing
nfarjer. (ReactiorsBtEp) A gellulogé’sivollen| by phésiihoric gcitlitiast yeast cells

ad%ed se-ag-to-haye-a-concentration.of -17-6.6% -by-weight—pubsequently;
the resultant was i?@LTbated at tem\%‘glratures of soé’,'gﬂgc and 45C fo@%l
hoagrs. A control gr@gp was preparediby adding thegogilulose swollenhy1

phosbhoric-acid-to0-50-ml.-of water-that-did-not-contain-.the veast celle.and
II\JU'JI TOUTTG"EAGTOUCO " OU TTTEE T OTTVVCXTOT TTAT " TOTO TTIOT " GUTTU TETCTr e A% TCTOOUTTY A\ 1A |

~ J
tregting the resultgrﬁlat 45G in the $Hme ma&nner Lhove. 0069] H Qel

thegellulose swollgm by phosphorig.acid was prepared as follows. 40naji
cellulose (AVICEL PH-101, manufactured by Fluk
of #ée-cooled H3PGA (mamfactur@rﬁ)%y Nagalai. Q&ue, 85% purity?;oalnd

thggesulting mixtuggywas stifred oyg@ight to achigygscomplete 0.01

dissolution. Thereafter, the gellulose liquid-ajter dissolution \Wwas.slowly

pomed into 1900 M0 bf ice-¢ooledWiter thle stirrpnb? followed by stfh@ﬁg

for I hour. The cellulose liquid was subjected 1o Suction filtration with a

Buchner funnel (filter paper: quantitative filter paper No. 6; manufactured
10072y ABY¢RRIFEC), and the cellulose was washed and neutralized in the
(Prodfeliew g mannerorirstitheceiuosawas s RIBLRS ) WaASHIRGESRINaMing a

byé)assmg 50 mL of pure water four times, and then subjected to
decregsagipRfidnaitbatis<sPalibadsing 50 mL of 1% NaHCO3 twice. Finally,

50 - @F RBKR: M%&Mﬁ@ﬁ%&@%&%@q?tﬂ@‘ﬁ%iﬁg%@ﬁsﬂ%Eé’gé’t%iﬁlige”

suspended in 50 mL of pure water, and treated usip[%/a omogenizer

cellulzgeaiitg ) cefcORRUMIER PEHSRIdRfF&etdted RENSONyUina was
culturieainpet lime afiddnintissthpeaimesntsidprestibRivwhich-a celRs8nt was

. swollen by phosphoric acid was optained. A part of the cellulose swollen
carried oS SIHEHEERA RBREREH ARt AriedTh R ESIMGHHHRM ) dRPieight

wasTReasMHesh sieg the eailastu ¢RMEe IR aNWRS salaulaieplO870However,
i E&/I]fasurement of Glucose Amount) The amount of glucose present in the
e ce

ot Wb ATBRRBFAF G BRTiRId cdtRd BT osnsribatipiak 1 7o by weight,

the reslelGIMIRGE R HSIAG 3 BlUGasEKe lchesb¥\ake ks whisbus. comeeneally amount

available from Wako Pure Chemical Industries, Ltd., and measuring the
measurement was conducted using a Glucose CII-Test Wako kit, which 1s commercially

available from Wako Pure Chemical Industries, Ltd., and the glucose amount was calculated
by measuring the absorbance at 505 nm. The results are shown in Table 3.

[0073]  Asshown in Table 3, 0.45% by weight glucose was produced in 24 hours.  As the
reaction time extends, 0.55% by weight glucose accumulated in 48 hours, and 0.6% by weight
glucose, which corresponds to 60% of the amount of cellulose added, accumulated in 72

hours.
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absorbance at 505 nm. The

results are shown in Table 2 and Fig. 2. As

shown in Table 2 and Fig. 2, glucose did not accumulate in the case in
which the pretreatment and the reaction were conducted at 30C,;

[0074howdeble glucose accumulated in the case in which the pretreatment and

the Teactiomwere conducte

prét@stinBiimaRe react;

at40Cand-the case in'which the )
on were CYHERGEANSERBRIRH 4h WiEiehsk

+.

~a

" ntratiane. ftar-Z72 e
CUTNCCT iIratrmsSarc T 7Z2 110Ul

weight, respectively. 18 [007

Aiera-D-00204 by rarraicrth nel-Q-1-970/,  Ja £
WTCTC U.UJOo70 Uy VVCIUOI NU"vU. Lo7r70"Uy

1] Table 2 Reaction time'gamount of glucose

generated 6 by weight] [hrs

5] 30C 40C 45C Withoutlygsst cells 0 0.01

N 01-0-01--6-0-01.-.0-01.-0-02-0.04 10{'\{'\1 001

0-01-0-01-0-031—-2-0-01-0-04
OO OTUT U O U UL UTUT

0.06 0.01 24 0.01 0.02 0.08

UL U UL VU'U. ULV, UL"U.U UTUOLITUTOL

0.01 48 0.010.06 019601 72 0.01 0.09

0.19 0.01 48072] Example 3

(Production of glucose dresn cellulose raw

material hv-Sacecharomvecas
TTTUATOTTUAT ATOTTUAT Ulll]\l\.’\l

metaboliczg;lpability) In the 4

SO TOT o

Lame manner as in the &b8Ve Example I. the

TTroUD T

arming yeast presenting ce

lulase at the cell surface layer

MT8-1/pBG211/pEG23u31H6/pFCBH2w3 strain) was cultured, washed,
(00755 nd SHB{BE¢] to the pretreatment step. However, the pretreatment was

(Decréaiptotuioat anpralrsrtragabiler pertike; 9b4aGlakadrgatmeniimeeffice layer

hours. The reaction step was carried out in the same manner as in
causeqby pfacnh BN ihe cellulose swollen by phosphoric acid was

added te-haveyacopeariaipnofhtiobpwveight (ibestadiniienpeialufiem a
was 45C, and the reaction time was 72 hours. The glugcose amount

celluliife BQU Ot 74 WO HLRTBOPIS I £ ERIESE e e tako Rt ARY g ment

with regreeney chally tiavalkab e fremseWakehitidie mbemital dasiistiiesvdstexagifed as
foll the glucose amount was calculated by measuring the absorbance at 505
OX9%3m. The results are shown in Table 3. [0073] As shown in Table 3, 0.45%

<1> Coysaighingl @Qﬁﬁ]@l&%ﬁﬂ(ﬂﬂ'ﬁfedl YE@QG’E@H[%@\E_ theinppaiiendipent the surface
layer @)%%?ﬁ Sa'n%r?:?c?/goh?ym\{\é%ngt_]lgc%ucceci?o%g} %Lérr]g)ggéew I1r(];h4§r2 %g{fde%nfgo%%c%%’erma
reesei and a p-glucosidase derived from Aspergillus aculeatus by introduction of the genes
encoding the endoglucanase and the cellobiohydrolase derived from Tricoderma reesei and
the B-glucostdase derived from Aspergillus aculeatus into the genome of Saccharomyces
cerevisiae yeast.

[0076]
the B-glucosidase gene and a 3’-half of a-agglutinin gene), pEG23u31H6 (having a fusion

In each of pBG211 (having a fusion gene cassette composed of a secretion signal,

gene cassette composed of a secretion signal, a His tag, the endoglucanase 1T gene and a 3°-
half of a-agglutinin gene) and pFCBH2w3 (having a fusion gene cassette composed of a
FLAG peptide tag, the CBH H gene and a 3°-half of the a-agglutinin gene), which are
plasmids described in Appl. Environ. Microbiol., Vol.70(2), pp. 1207-1212 (2004), the
promoter and terminator regions of the gene cassette were replaced with the PGK promoter
and the PGK terminator, respectively, according to a method similar to that described in a
document by Suihko et al. (Suihko et al., Applied and Environmental Microbiology, Vol.35,
pp.781-787 (1991)) using restriction sites.
pEG23u31H6-2 and pFCBH2w3-2, respectively.
[0077]
endoglucanase I gene, and the terminator in pEG23u31H6-2 was amplified by PCR under
20

The obtained plasmids were named pBG211-2,

A series of regions composed of the promoter, the gene cassette containing the



glucose, which corresponds to 60% of the amount of cellulose added,
accumulated in 72 hours. 19 [0074] Table 3 Reaction time [hrs] Glucose
concentration [% by weight] 0 0.00 50.15 24 0.45 48 0.55 72 0.60
norm4boms]itxempléodh Debrette ire gilisuse Ndletadwlicrtapdiititydofanmeag of the
. esemnt] I t r by surfactant,. .
e e M A ied with DNA
ligasecelfulasé Détivechirpetent cellalusecdemsimeduceokitho Ngenbimeadabe
r \ f f ith.r t tQ indugtion
e e, R were
obtained> Jdwgttantichvoisaeningryd esniNiT8 £ /G, aCB]IBGD steaminon method, as a
. ' th lucan n
e I Y 0 I WP ORSER AT o and the one
cassetg glneosita e dephedsikire Aspetgilinedaculeatus by introduction of the
engs ' I a iohyd [
T e e
transfegule s intontheagenormiziot SAEdHasuany ceeparedevigige yeasl §8876] In
i } ette f etion.
T R el oot S HEPed 0.

SD plyE cedus1 Het(@evioy @iaivhisgdie cadsetts colmedet3ore @ddm,_thereby
prepaﬁli%r?)&'e%slf'jﬁ @i e %98&%0 PR Iérﬁﬁ%ﬁ;%?e %'é&aiﬁaﬁftﬁfé' géﬂg%giﬁase

genej and pFCBH2w3Thaving a fusion gene cassette compose
gene ipeoRYgstithetelg; the CBH Il gene and a 3'-half of the a-agglutinin gene),

(0079} NS AE BRI AROEIRGRID FRR i DK A EHR Rin¥ 81 Ao R

207-1212 (2004), the promoter and terminator regions of the gene
Transigausion Were reptacsepirht e PR plsmbsiand chevtoK Rérmhifiagorent

prepar@ﬁﬂfﬁ@é%% fipge ainethod similasdg fhat fribeddn a The

document by Suihko et al. (Suihko et al., Applied and Environmental
transfoyesalsieieanpbiedso a SD plate medium that contained neither tryptophan nor

histidine, and were cultured at 30°C for 3 days, as a result of which a yeast to which three
types of enzyme — the endoglucanase, the B-glucosidase and the cellobiohydrolase — were
incorporated was obtained. This yeast was named "MT8-1/EG, CBH, BGL strain".
[0080]  <2> Induction of decrease in glucose metabolic function in arming yeast by
surfactant treatment

In the same manner as in the above Example 1, the arming yeast presenting
cellulase derived from a gene in its genome at the cell surface layer MT8-1/EG, CBH, BGL
strain) was cultured and washed. However, the culture medium used was a YPD medium.
Further, the pretreatment step was carried out according to any one of the following four types
of procedure:

(1) a surfactant (Triton X-100, manufactured by Wako Pure Chemical Industries,
L.td.) was added to the pretreatment liquid at a concentration of 0.1% (w/v), and heat
treatment was carried out at 45°C at the same time;

(2) only heat treatment at 45°C was carried out;

(3) Triton X-100 was added to the pretreatment liquid at a concentration of 0.1%
(w/v), and heat treatment was carried out at 30°C at the same time; and

(4) only heat treatment at 30°C was carried out.
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pp.781-787 (1991)) using restriction sites. The obtained plasmids were
named pBG21 1-2, pEG23u31H6-2 and pFCBH2w3-2, respectively.
[0077] A series of regions composed of the promoter, the gene cassette
contaimintgahmeriidogiweandseits gensheerdthenterimintitordonditions were the
same BE?%% 1612 was amplified by PCR under 20 normal conditions. Both
esultant DNA fragment and the downstream of the terminator
regidhofEBRBRIsIcp weysastealeut witthe yastrictionaspsymexamgdlinkeddowever,
I tr n
A i L A e R R
temp@pﬁé@eeommaim ngnanapiditlinn dhelooloniesenterie potnditedcTteopltismidayast to 20
hours! CXONEIEA AR S oSl accoring (R4 comman Meiod SSFeEIC!. e
asmid Ing the gene cassette containing the endoglucanase
resultam ﬂh@@emT@a&éue containing the (3-glucosidase was obtained. [0078]
[00811”"51 mid was cleaved at a restriction site in the llis3 marker, and used
transform a Saccharoryces cerevisiae MT8-1 strain prepared using a
Fast Yeast Transformation Klfﬂmgfammeddbynﬂ'&@}a B|o Inc.). The
transfgrma eregppled-to-a—Sbptategm Tt u dnotcontainr———————
Reabiftidine gr{%&\%lér%nc?ultured at 30C for 3 d ays% t é{% Ef/mr?repctrlng a yeast
11m60f which therfrnarie had tBe(amgdgizicanase gerfecaexmhhe 3-gléicOsigdsmt
oSS incprporale) hereip.10078) Compelent el yste Breparer oM s
obtained yeast, using g Fast Yeast ansformatlon A KIF tljﬁ e competent
cells were the#tiensformed with a DNA fragmenﬁ()ﬁfbpared by cleaving
HFCB' 2wWw3=2 1501 restriction b% m the-Trptmarker-Fhe-tra IblUlllI(ﬂgl
were applied to a SD plate medium that cpntained neither tryptophan nor
Histidine, and2ivére cultured atB0C for 3 cays, as2é.fesult of which a§/8ast

TS

to-which-three Lypca orenzyime— the-entd glucanasc, the (3-gluco:,idasc
and the cellobiohydrolase - were incorporated was obtained. This yeast
[OGSZWaSmasheWﬁMlTBaMEG JCBH fBGY $tramxhd D680 d2>aimdugtiarawfio a surfactant
e in glucese metabolig function in acta
(o A e P e R e R SR e veast
that 1sma$lapmeshaitig@6w1¢dlhséldﬂrﬁm&ﬁma4@éﬁe |dt|bsegahmwfelaﬂtﬁmtﬂ!rld: glucose
metab IE;%CO % T8 é:lal.%g;d C%QH i)OB Gle:tC ral%wasssg ur()eaq'fgpn?%qwa’? O‘{% exposure
owever, the cultute medium used m

toa supfatie powaestiéd Out accordmg to any one of the foIIowmg
[0083{OUr YRS, P procedure:

(Induction of glucose accumulation of arming yeast by surfactant and heat treatment)

In the same manner as in Example 4, the arming yeast presenting cellulase at the
cell surface layer (MT8-1/EG, CBH, BGL strain) was cultured, washed, pretreated and
subjected to a reaction step. However, Triton X-100 at a concentration of 1% (w/v) as a
surfactant was added to the pretreatment liquid, and the pretreatment was carried ount at a
pretreatment temperature of 45°C for a treatment time of 24 hours. In the reaction step, the
cellulose swollen by phosphoric acid was added to have a concentration of 2% by weight, and
the reaction was carried out at a temperature of 45°C for a reaction time of 139 hours.
Quantification of glucose was carried out in the same manner as in Example 4. A sample
that did not contain a surfactant was used as a control group. The results are shown in Table

5.
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(1) a surfactant (Triton X-100, manufactured by Wako Pure Chemical

Industries, Ltd.) was added to the pretreatment liquid at a concentration

of 0.1% (w/v), and heat treatment was carried out at 45C at the same
[OOS@meI@)a)ﬁrly heat treatment at 45C was carried out; (3) Triton X-100 was

[P |

auucu lU LI IC [JICLIUCILIIIUI IL mquid c:u con ILUIILOIEéIéJﬁ{raﬁO .L /U \VVI V), at Id
heat treatment was carried out at 30C 5t the Same trme and (4) only heat
Redremtirtent at SOC was carried out 21 The tr[garujhent trme was 3 hours |n

ch case, g he-oth uullun } ||S Were mRe-as-h
o ste WACGSR ALH B0 1 8 i Thed oL e e fion X-T00
However, g ucoseHreaswaﬁadﬂmhaﬂeca concantratremaift&aﬁ%nbm 45°C

\Alﬁlﬂhf I:||r+ a¥a¥d ha roaction _ tomnaoraturo.wac.tha.cama.ac At
I{T o1y LII\, I\.o\.&\.lll\.lllié T I.IPUITAI.UIM VVTAY UTOL OUTTTe (Y ?Mh
pretreatment step, and the reaction time was set to 20 hour
Quaatificatign of glucose was(carried out In the same manner gg in
Example 2 TFhetesults-are-shown-in-Table 4..[0081} Table-4-Glucose
concentration [g/L] 1. Addition of 3. Addition of Reaction time [hrs]

[00853urfaciantives Aniviheat s tasiantl-44 60y heatmbratdreativeniiiestsmend the
at 45C heat treatment at treatment at 30C at 45C 30C 0 24.5 24.7 24.7

case ip hichpbly ths hepbestEaninGs SRR RokAnADe 4876 i Wi htinef thetheat

treatn@ﬁl@@ﬁﬂ @OE:PBsarain g yaasKio @ susfe datied Diifom&c D SIRARIRLBE G4
fect on the glucose metabolic capabhility of the arming yeast that is
doublg %fé

ﬂ&#t% Bt gdfusatby by il thabthrerlr e st b in g arming

yeast £ag BluGaSEcANG @Ol Oyiba AnmpngYBask AEkpeserMpletefactant (Triton X-
pressed by carra/énég3 out both exposure to a surfactant and heat

100) Bt’f‘Lé bREAMEE Goes EHFTE S RIS of glucose accumulation of

[0086Armipgapaastcby surfactant and heat treatment) In the same manner as in
Exampl the ar east presenting cel uI se at
(Difference 1?11 uctl%n rP(P %r)éasedt ip1 g?ucose gneta olic capa%hﬁty of arming yeast between

types of surfactant)

n-tha
ILI\r

In the same manner as in Example 5, the arming yeast presenting cellulase at the
cell surface layer (MTS8-1/EG, CBH, BGL strain) was cultured, washed, pretreated and
subjected to a reaction step. However, each of the following surfactants was added ata
concentration of 1 % (w/v) to mutually different pretreatment liquids. The surfactants used
were: (1) NONIDET P-40 (polyoxyethylene nonylphenyl ether, manufactured by NACALAI
TESQUE), (2) TWEEN 85 (polyoxyethylene sorbitan trioleate, manufactured by Tokyo
Chemical Industry Co., Ltd.), (3) ARLACEL C (sorbitan sesquioleate, manufactured by
Tokyo Chemical Industry Co., Ltd.), (4) TWEEN 20 (polyoxyethylene sorbitan monolaurate,
manufactured by Junsei Chemical Co., Ltd.), (5) TWEEN 80 (polyoxyethylene sorbitan
monooleate, manufactured by Kishida Chemical Co., Ltd.), (6) TRITON X-100 (4-(1,1,3,3-
tetramethylbutyl)phenyl-polyethyleneglycol, manufactured by Wako Pure Chemical
Industries, Ltd.), (7) SPAN 85 (sorbitan trioleate, manufactured by Tokyo Chemical Industry
Co., Ltd.) and (8) SPAN 80 (sorbitan monooleate, manufactured by Kishida Chemical Co.,
Ltd.). The pretreatment was carried out at 45°C for 3 hours in all cases.  After the
pretreatment, the reaction liquid was incubated at 30°C for 30 minutes, and then the reaction
step was conducted. In the reaction step, glucose was added to have a concentration of 0.5%

by weight, the temperature was set to 30°C, and the reaction time was set to 44 hours.
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Quantifaidiocand tHacpretrestmentdvas tatinctoatatmcpratisdimentle 4. A sample
that d} rlllq(ﬁecrar%rar;% %fsﬁ?ﬁ%ctgrta\/\;[ r?%ts@ zrilst etll A r5124rgﬁzﬁl;§'fﬂet1hees&ﬁsa%pg91%t\%8 'tn Table

6.

cell surface layer (MT8-1/EG, CBH, BGL strain) was cultured, washed,
pretreated and subjected to a reaction step. However, Triton X-100 at a
concentration of 1.% (w/v) asa surfactant was added to the pretreatment

the cellulose swollen by phosphoric acid was added t0 have a
concentration of 2% by weight, and the reaction was carried out at a
temperature of 45C for a reaction time of 139 hours. Quantification of
glucose was carried out in the same manner as in Example 4. A sample
that did not contain a surfactant was used as a control group. The results
are shown in Table 5. 22 [0084] Table 5 Glucose concentration Reaction
time [g/L] [hrs] Without addition of Triton X- 100/ Addition of 1 % Triton X-
100/ Heat treatment at 45C Heat treatment at 45C 0 0.1 0.14 139 6.0
11.7 [0085] As shown in Table 5, the concentration of accumulated
glucose was 6 g/L in the case in which only the heat treatment was
carried out; in the case in which both of the heat treatment and the
exposure to Triton X-100 were carried out, the concentration almost
doubled to 11.7 g/L. Thus, it was found that the glucose accumulation
ability of the arming yeast can be drastically enhanced by carrying out
both of exposure to a surfactant (Triton X- 100) and heat treatment at 45C
in the pretreatment step. [0086] Example 6 (Difference in induction of
decreased in glucose metabolic capability of arming yeast between types
of surfactant) In the same manner as in Example 5, the arming yeast
presenting cellulase at the cell surface layer (MT8-1/EG, CBH, BGL
strain) was cultured, washed, pretreated and subjected to a reaction step.
However, each of the following surfactants was added at a concentration
of 1 % (w/v) to mutually different pretreatment liquids. The surfactants
used were: (1) NONIDET P-40 (polyoxyethylene nonylphenyl ether,
manufactured by NACALAI TESQUE), (2) TWEEN 85 (polyoxyethylene
sorbitan trioleate, manufactured by Tokyo
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Table 6

[0087]

Chemical Industry Co., Ltd.), (3) ARLACEL C (sorbitan sesquioleate,
manufactured by Tokyo Chemical Industry Co., Ltd.), (4) TWEEN 20
(polyoxyethylene sorbitan monolaurate, manufactured by Junsei

Chemi

Ical Co., Lt
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V H"C)/ w 00 0 25 [0088] As shown in Table 6, it was found that various

surfactants induce a decrease in the glucose metabolic capability of the
[0088armiAg srearst. itn Tadndtich) | aryék) D QN VaFodG, (@ ¥adMiEsHNIBE: §3)ecrease in the

ARLA C, (6) . TRITON X-100 and (8) SPAN. 80 were f e
elucofaebecap B I Lol RATELE) S pl el RSB R tE10. )
TWEENdIctivndt da€rEAsE, iy IlR bEeMEtabolan AP pB R/ nmrireg yaabtdlyave high

effectefrp%%%rseotpsuantigsigli(i)% %L%bitlz(;}(r)lce?ll Ipa}t(r%e same manner as in Example 5,
the arming y 1 presentifig CelfulBse &t the cell surface layer (MT8-1/EG,

(0089 BHB@L/strain) was cultured, washed, pretreated and subjected to the

reaction step. However, ZE _arcbl manufactured by Invitrogen:
(o O e PR Srpasis e
antibisubst&seeceffective in eukaryotic organisms, was added to the

e LA AT 200 et
cell surface layer (MT8-1/EG, CBH, BGL strain) was cultured, washed, pretreated and
subjected to the reaction step. However, ZEOCIN (manufactured by Invitrogen;
recommended concentration for use: 5 to 300 pg/mL), which is an antibiotic substance
effective in eukaryotic organisms, was added to the pretreatment liquid at a concentration of
200 pg/mL instead of a surfactant, and the pretreatment was carried out at a pretreatment
temperature of 30°C for treatment time of 24 hours. In general, yeast cannot grow at this
concentration. In the reaction step, glucose was added to have a concentration of 0.5% by
weight, and the reaction was carried out at 45°C for a reaction time of 6 hours.
Quantification of glucose was carried out in the same manner as in Example 4. A sample
that was not subjected to the pretreatment step was used as a control group. The results are
shown in Table 7.

As shown in Table 7, it was found that addition of ZEOCIN in the pretreatment
step cannot induce a decrease in glucose metabolic capability of the arming yeast at all.
Thus, it was found that exposure of the yeast to a lethal amount of an antibiotic substance

cannot induce a decrease in glucose metabolism

[0090]  Table 7

Glucose concentration
Reaction time o
[hrs] :
Without pretreatment ZEQOCIN added
0 5.0 52
6 0.0 0.0

[0091]  Example 8
(Heat Resistance Test of Arming Yeast)
With regard to the arming yeast catalyst according to the invention, it is important

that the shape of the yeast, which is a carrier for presenting the cellulase, be maintained in
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temperature of 30C for treatment time of 24 hours. In general, yeast
cannot grow at this concentration. In the reaction step, glucose was
added to have a concentration of 0.5% by weight, and the reaction was
order ¢carnadlothatdbGifopecreattiomtintesofféch oo iSndiuantficapindf ghitoserder to
use the ISR %?gga tel t,he' i ettlgg Ay {re?a rilnenl':t)%g elgaﬁiréa a\%‘i"éﬁ tf}réaat Wia}]sg yeast
not subjec 0 thé pretreatment step was used as a control group. The

can nresulis asecshalwhipdablecYasshewnfolio@able 7, it was found that

ddition of ZEOCIN in the trea nt, step cannot induce a decrease in
100902 e A o R Y P TR ) e
cell sthfatekpesyhd if-thHe et siHo BdéthahawantoftarcdatibivtishsdbstHoeever, the

cannet induce a de e inglucos etaboli 0090] Tahle 7 Glu
cultur g B e T & B G Fimt. of
pure walded et di6Rin6 0 0.6 .0 MPthExdiudle SHbatrBedistandstiestef stirred
Arming Y.east) With regard to the armin ast catalyst according to the _
and R LGB R e A R e TS R P treated
at 30, priesehtiiilg thedbelhd X8 (hecpaintadhe diid @6 lertier 46(&nablethdtee itasenber

of ceﬂ%r{;hs?%t%%t%f‘n“ae Sufacs fo nction aE’E’éBH{é%tE'Q{na”QHQH%{dﬁr }83%‘3{59 the
cata which the

3Iys repea e&?f“i‘%d’s’? é(ﬂ%% freatment empetature a
(manwthetimgd/badecamenaliaihitsfiohihdnshalsptivas Stemineshasifollovishe cell
092] In.the s nner.as in-Example 3, the.armj east presentin
bld 8 58 0 AR : %
S a ot e coll Surace 1oyl (VIS DAL Cak, L Sl hag -
therecdubtesr ed e digdash darplyehvar pviren guitbpectad diuneai s wastavyPBed as a

. G 3 gl
e ier S S e S A T S
tempeggidrtisensatidivoted dnsominglthrolumesrtofGdinplassonpbedaThesalivjuotyected

to healVELE NeAI-Les da;%tﬁgwffﬁnﬁoa& g 70, 80 and 90C, respectively, and
cooled to 4C. Thereafter, the number of cells that maintained normal

morptiaiberywias eblinted usinfpandehradhyeonmatng yeast gradually becomes unable

to maintain its normal morphology at heat treatment temperatures of 60°C or higher, and the
proportion of cells having normal morphology 1s 22% or lower at temperatures of 70°C or
higher.

[0093] Table 8

Heat treatment temperature

Proportion of cells with [°C]
normal morphology No heat
o 30°C | 45°C | 50°C | 60°C | 70°C | 80°C | 90°C
[%] treatment

100 86 88 89 62 22 15 10

[0094]  Example 9
(Effect with respect to recovery of glucose metabolic capability of arming yeast of which
glucose metabolic capability was decreased by heat treatment)

The arming yeast catalyst according to the invention aims at accumulating glucose
in a reaction liquid. Therefore, recovery of the glucose metabolic capability, which is once
decreased by heat in the pretreatment step, during the reaction step is inconvenient from the
viewpoint of glucose productivity. Therefore, the temperature range in which the glucose

metabolic capability of the pretreated arming yeast is not recovered was examined as follows.
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(manufactured by Neubauer, 1/400 mmz2; 1/10 mm depth). The

measurement of the cell number was carried out at 160 areas each

having an area of 1/400 mm2, and the average thereof was calculated. A
[0095dampiehbaewas Aotausjecietomheat theatman Vast ipsettnisng whimesk at the
cell sSHBUP1aL DR AR RIS ARIMA SIS RNG SADRES I RASH A cated and

respective temperatures as indicated assuming thé number of cells in the
subjegfasniléheheseorn starsubjiisderothe aviwa maehnasusod wasasHBlmedium.
The J&M&ﬁeﬁ%&@%‘é&%& Eﬁpé? §pfgﬁ@a§rﬁgﬁ%%£%@5mm o4 ?&S{r%ﬂ’g%l ltYme of

becomes unable to maintainits normal morphology at heat treatment
24 howesnpdratireltcaf isoG ditigher camgdalt gioporibisobesitvraavingSriormalC, 45°C
and 55PERNQIQGYY &qu{f'e‘ﬂs{i@b?ﬂb%% ayres of 1078 hg'l!lgp %E]({Qf?gﬂaach sample
Table 8 Heat treatment temperature Proportion of cells with [C] normall
was sphinghdlogy N imsepC 48¢hs0060a FOIG $eCHd>se waléatiephdghoric
acid véé 88483 £8¢c bR d0RRdL FxpaRlEy %CBM&&%B@&&M&&%%%% at

~ glucose metabollc capability of arming’yeast of which glucose metabolic
varledcepmnwwasa%%r@a%édib%"éémﬁbéiﬁ{ém; T reagiipingnpeeist thelyst
Quan@ﬁ&ﬁﬁ%&f@ﬁ@@s%5‘Eth@%@ﬁﬂﬁ%‘éﬁ%%ﬁ%%ﬁ?e%%&%t'O'Tfhe
liquid. Therefore, recovery of the glucose metabolic capability, which is
Conceeﬁeeoeﬁeefeaeea%yt%atquméh@aﬁrﬁeﬁﬁbte;9 during the reaction step
0096!2 INGANYRRIATH f”f%le“@ent%‘é’@&hﬂmfa&'%@gﬁl&{?@ﬂl@i%% A6 Shehe

mperature range in which the é%%cose metabolic capability of the
arming petpsiaitete eatisnsg Ve dsersasstg dedonparoiase dxamihed a8 folidivsthe7

pretreﬁ%gﬂ Mtibﬁe%@%l?tﬂ%%’i@&@a%t'@tm Bl shiifd ggBRfEBHelg YRASLREESENIRE found

cellulase at the cell surface layer (MT8-1/EG, CBH, BGL strain) was

that the fipeidy Whereacrthealenane ik ahjeote dnpiabrliceernib istelp maintained by
maintAIRWE YR (RS SE e UREHWASR KPR REsiiE The pretreatment

was carried out at a pretreatment temperature of 45C for treatment time of
[0097h4 nhilrs Fhereafter, incubation was carried out at varied temperatures of

25C. 3O, 45 a0 oS o v B S R 22 B o
A LG RTP AR g each 58
25 35 435 55
0 0.2 0.2 3.3 4.7
22 0.1 0.6 3.7 3.6
47 0.0 0.1 3.8 2.9
76 0.0 0.1 3.0 24

[0098]  Example 10
(Recycling Test of Arming Yeast)

The following test was performed to examine whether the arming yeast catalyst
according to the invention can be recovered and recycled after the arming yeast catalyst was
used for saccharification of cellulose.

In the same manner as in Example 3, the arming yeast presenting cellulase at the
cell surface layer (MT8-1/EG, CBH, BGL strain) was cultured, washed, pretreated and
subjected to the reaction step. However, the culture medium used was a YPD medium.
The pretreatment was carried out at 45°C for a reaction time of 24 hours, In the reaction

step, the cellulose swollen by phosphoric acid was added to have a concentration of 2% by
28



was subjected to a reaction step. In the reaction step, the cellulose
swollen by phosphoric acid was added to have a concentration of 1 % by

_weight, and the reaction was carried out at varied temperatures of 25C,
weighg5mdABTrenndl 5 @ 9d e aiTied oo AttenafeaB o wsd LGt ficetohosf time of 24

hours JIUSPRE WARRAILILHHL AN AME MANEERTIRE XA El“ﬁlﬁl%%gast was

concentrations of accumulated glucose are shown in Table 9. 6] As.
collecspibncippriblaloscpareitofolinel T thadbe seBesiedatnalit wapatitendidhie a

reacﬁ@;'ifﬂiﬂﬂd@&ﬁ%ﬁﬁi@%ﬂ%?ﬁ&ﬁo%ﬁ&%&% G LMAGLAERIhARHY AR amount
afterthe pretreatment with heat, so that the yeast starts to consume
of glugnsedséhtaunmast, shuas iadgceddvtitecd it witsties st @rthiie reaction step
was c§leRiaaeRAUcsaHSIARAlG Ganalilit R MRIREINAY Mt MAIRINIAG fe
temperature at 45C or higher after the pretreatment. [0097] Tdble 9
reactipficlieraticncternpdedusehfhat prevdimment (afimdcubdtionttngs fmtej25 35
QuandRFBR B2ORI T TR0 B I ALALOLT B HR(60001
3.0 2.4 [0098] Example 10 (Recycling Test of Arming Yeast) The
[0099olloWig tesi v e iR 4G aRarAlpsoRtith atethe 2 ARleg lgteglsrs follows.
The gRRIAYELARCAAIDAR: BEJDVERTSN AR bSSEavRIRA APdds VG ethaliGred, and

the arming yeast catalyst was used for saccharification of cellulose. In the

the amgymohglivserasciicRighiprad: evalerivigtjemstopresestivgletsiblasdaamount
of glull8e GBH SHIEACE YR, (M TR UES 1r&@ﬁbxﬁ%§{ﬁ@@%¥v@aﬁé{HMEQh¥V@§}38§E

pretreated and subjected fo the reaction step. However, the culture
produghediias psedwas @b yanegitided phébsratd stinaptiviisieaatbost atlhe

catalyfie GV igaciandimeafZshaurs, i dhe JeraiRMleR1he &%M@ggglﬁt the

swollen by phosphofic acid was added to have a concentration of 2

catalytig 4Gkt iBketHE catibasiEe- ity abtained telapueatihe orass apled as the
remaihGAFHANITE Gfdheours cATIRICOMRIHPR QMRS ERICMBIRmID Ihe ffRl

round, the arming5 east was collected by centrifugal separation

cellulape Afhhdritlddeleh e Eomasidaciusditvddcanapendéa seaeentration of 0.1% (w/v)

instead of the arming yeast. The results are shown in Table 10.

[0100]  Table 10

Remaining activity [%]
Number of Recycling cycles [times]
Arming yeast ACCELLERASE
0 100.0 100.0
1 584 15.8
2 68.3 8.8
3 70.3 1.3
4 48.6 1.5
5 48.3 0.0

[0101]  Asshown in Table 10, the arming yeast maintained at least 48% of its catalytic
activity even after five times of recycling. In contrast, the catalytic activity of
ACCELLERASE drastically decreased as the number of recycling cycles increased, and
hardly any activity remained in the third and subsequent cycles. From these, it was
confirmed that a purified enzyme cannot be recycled whereas the arming yeast catalyst can be

recovered and used for the saccharification reaction from cellulose to glucose many times.
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reaction liquid containing the phosphoric-acid-swollen cellulose containing

the same amount of glucose as the amount of glucose produced by the

initial reaction step, and the reaction step was carried out again. In the
[01028améxeranitet! the collection of the arming yeast and the reaction step
(RecyMHiE ﬁg@@ﬁ%ﬂgh@@ Ke@yeting was carried out five times in total.

Quantification of glucose was carried out in the same manner as in

Examletier 50 op sl ¢ épriammigiasivmpennledenyrebfitey pasiciohstage of
recycmstﬁém?ﬁg%%;eﬁ&w 2EBS:GHE S FEARCEMRLIAHAEQNOUL AN adin the

hours in each reaction step were measured, and the amount of glucose
follovgaa&raradtin each recycle reaction step was calculated. The amount of

9'UthSﬁhS%&%@E‘?ﬂ]ﬂ@%@ﬂﬂiéﬁgnﬁﬁﬂ@@%é%@ﬁﬂﬁg Himg Jheraby CAlSHIALRG: the

the glucose production rate per hour, which was regarded as the catalytic

cell syEaRAdp AR S Or ke Babifijhic eminamcalisr debytsastqd was | mL of 2300
/L ya@J@ﬁ?@ﬁﬁ%@tﬁ%@%@@%&%@w@mg@%@s 2GRIAY G, AGHYIR BB &nd

first round as 100, and the obtained relative value was regarded as the

incubgishatriRg-aviikeystirting ar adstatishirsehodinl i tewy was CHASHAHER, M-BR-
ozzu#ﬁﬂ&@@&ﬂi@%ﬁ!&i@ﬁ%&&%%ﬁﬁﬁéﬁmmﬁi@gd@m@%@ﬁs and

_at a concentration of 0.1% (w/v) instead of the arming yeast. The results
subjecird ShesnHikeisnR tentoamoarhiie Lo RNty BBy doe) T Rermaser.ghe

resultdREGHRIRGRYelRR flimeshAwp -&f\.gfé’ SRt AL ELHERASECO 190.0:10@8 oF cells
58.415.8 2 6838.8 370.31.3 448.6 1.5 5 48.3 0.0 [0101] As shown in

that mpgyiianed nefenalmprgRRIasY arRsRBd sk Yeks 2bomasteaatenytiransticityed by

Neubz2¥eM aftry fve timas Qi1 acyaling. Theortragh g catalyic AciviePivas carried
ACCELLERASE drastically decreased as the number of recycling cycles

out at jHoQ SERASF AN KB BPgAdV NP Periminaieithay erner anbie digeqliene
calculgieles AEQmpibess, Wavas: senficreadsnakeRuiified 22PRe &AL trol

recycled whereas the armin? yeast catalyst can be recovered and used
groupsor the wselip avitie spactdache myrahscelinmapksdisdp de sesngl ersale,

assuming that the number of cells in the sample that was not subjected to heat treatment is
100, are shown in Table 11.

As shown in Table 11, in the case in which the arming yeast was recycled at 60°C,
the proportion of yeast cells maintaining normal morphology after the fifth recyeling cycle
was 26% .

[0103] Table 11

Number of recycling cycles [times] | Proportion of cells with normal morphology [%]
0 100
1 72
2 44
3 40
4 30
5 26

[0104]  Example 12
(Recycling Test of Arming Yeast at 50°C)

Whether it is possible to maintain the morphology of the yeast in the case of
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[0102] Example II (Recycling Test of Arming Yeast at 60C) Whether it is

possible to maintain the morphology of the yeast in the case of recycling

the arming yeast catalyst according to the invention at 60C was examined
recychmgibe followinyeasapatelvdnatirordamgd ntnimoreaion ExXHINMPleS, ¢chananuing the
fOHO"y%%?% grentlng cellulase at the cell surface layer (MT8-1/EG, CBH, BGL

str was cultured and washed. 0.1 mL of a 300 g/l, yeast liquid and 0.9

mL & prreawateraveseadddkamola PlothelaFpipendost fubssraing cellulase at the

e R

recyclalig gopsviascod hedietaevany 2esouns %‘deém}emehhtsﬁmduga‘[mhn Example
. Hsaimenmensie sypempianiias Jesered, Jherealian. e ceaylian
was resispen ed in1 mL%g?purea\\/%isfegp a&ﬁe(gcog‘? § (}8(}? icq (t’rvo o8 was
7. Agelleonthrat graimtadrrachnbrthal wisrpbiotobigstebtmbetureatusiigvas prepared.  The
bay )
el R A I Yl somine e
the nugdst dlasshlg ertlareanufle MODWaRRtant tats d e fage tvalrectitaseldfOvas shown in
Table qglculated A sample that was not subjected to heat treatment was
prepared as a control group. The results with respect to the number of
normalsbelien mtHebiecltl e tbasgsiein adyamihe atmirth e qashirsrrot paid i 50°C,
56% o%é?@%g’f!%éﬁ@%ﬁﬁfﬁéék&?ﬁcﬁ%ﬁglﬁ%&%ﬂ% fetment 'ﬁerlgg n?fgtl%go(yf* '?henseventh
Tablé 11. As shown In Table 11, in the case WhICh the arming yeast
recyclipgsyelsycled at 60C, the proportion of yeast cells maintaining normal
[Owsmor@mﬁggz after.the fifth recycling cycle was 26%. [0193] Table 11
umber of recycling cycles [times] Proportion of cells with normal

morphology [%] 0100 172 244 ﬁé@)rﬂo% o el [Qi]rﬁﬁl)ﬁffﬂrﬁpd?pﬂlglogy
Nuiseayeling fietiicoé vateingnéepst at %]
0 100
i 90
2 69
3 67
4 77
5 67
6 62
7 56

[0106)  Example 13
(Production of Glucose by Arming Yeast from Raw Pulp Material)

Glucose was produced from kraft pulp in the following manner, using the arming
yeast according to the invention and a yeast produced by allowing the arming yeast according
to the invention to further express a cellobiohydrolase derived from Cellulomonas fimi (Cex).
[0107]  <I> Construction of arming veast obtained by allowing the MT8-1/EG, CBH, BGL
strain to express cellobiohydrolase derived from Cellulomonas fimi (Cex)

The base sequence of cellobiohydrolase derived from Cellulomonas fimi (Cex) has

already been reported (GenBank accession number M15199).  Two types of primers,
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Whether it is possible to maintain the morphology of the yeast in the case
of 30 recycling the arming yeast catalyst according to the invention at
50C was examined in the following manner. In the same manner as in

CGCEREMHIA AN GREAIINYAS At Pregdrting CBIRGIEE2 MO e asdll surface
AGAW?&@A%H@@C&E&C%@E%&%@W @H ?ﬁ%v%isﬁ)?%m q@?‘?mge & vector

a recycling experiment on the arming yeast was carried out in the

regiondmhEs 311 Egddvpteibed imbwiost ahe/inplibduod tampenatemealveécrobiology,
V01.6§?E)) 5??605112??5%1%9 ﬁ?g F(]éyac SNES e 1%&?1%%'1 gﬁ%ﬁ%‘ S\rotein, were

sample that was not subjected to heat treatment was prepare
constijgedts \itkithespaat toptiseohpribersof normal cells in the sample after

TACT?‘iﬁ‘tﬁ@@ﬂ?@?@@ﬁﬂ@%m@%@@&@Eéﬁ@?@&ﬂ’é R&EHLL SEQ D

subjected to heat treatment is 100, are shown in Table 12. As shown In
NO:3)ramsle 12, in the case in which the arming yeast was recycled at 50C,

GCTW@@E&WE@A%QW@MM%@%@% Y Exeneles TG (SEQID

completion of the seventh recycling cyc able 12 Proportion o
NO:4petkicliterroratal raetpHoiongy. MNansbessofapyeieg eyclesiitmes]dpahors and
have, %{pﬁ} —gngg) tl‘?ex%%f,?%ggue%c%g h%lgglofé@?s il LQE}[QQ %%%?é%r]a% of Cex were

Production of Glucose by Arming Yeast from Raw terial) Glucose
constriggdgdoroduced from kraft pulp in the following manner, using the arming

[0108Y €2 AEGRILING, 040G DYEALAN ARC.BERSE P IRANCEA DY AW W mplate

arming yeast according to the invention to further express a

and theaigpRsRydri4s éld Ve rad MEQIR M ehaletphy(cigining a DNA fragment of
about 10 kbp (hereinafter referred to as "pEG23u31H6 fragment"). Further, PCR was

carried out under normal conditions using a genomic gene of the Cellulomonas fimi
ATCC484 strain as a template and the primers of SEQ ID NO:3 and SEQ ID NO:4, thereby
amplifying a DNA fragment of about 1.3 kbp (hereinafter referred to as "Cex fragment™).
Using a mixed solution of the pEG23u31H6 fragment and the Cex fragment obtained, the
MT8-1/EG, CBH, BGL strain prepared using a Fast Yeast Transformation Kit (manufactured
by Takara Bio Inc.) was transformed, and the resulting transformants were applied to a SD
plate medium that does not contain uracil, and cultured at 30°C for 5 days. The obtained
transformants were named MT8-1/EG,CBH.BGL/pCex strain.

The Cellulomonas fimi ATCC484 strain can be obtained from American Type
Culture Collection, which is a cell/microorganism/gene bank.

[0109]  <Z> Test of Glucose Production from Kraft Pulp by MT8-1/EG,CBH,BGL Strain
and MT8-1/EG,CBH,.BGL/pCex Strain

First, kraft pulp was prepared as follows.

A sheet-shaped kraft pulp with a content of 50% (dry w/w) (derived from
hardwood; bleached; manufactured by NIPPON DAISHOWA PAPERBOARD Co,. Ltd.) was
torn into small pieces, and added into a blender so as to be suspended at a concentration of
7% (dry w/w) in sterilized water. This was subjected to sterilization treatment using an
autoclave, and a portion thereof was collected, and dry weight thereof was measured. The
pulp after autoclaving was further diluted with sterilized water to a concentration of 3% (dry

w/w) and suspended, and the pH was adjusted to 4.8 with a 100 mM citrate buffer (pH 4.8)
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[0107] <1> Construction of arming yeast obtained by allowing the
MT8-1/EG, CBH, BGL strain to express cellobiohydrolase derived from
_Cellulomonas fimi (Cex) The base sequence of cellobiohydrolase derived
solutipiprih ey pwodms firpi{ceidrkas already been reported (GenBank
01108 RO TR A ST U YRR OB . _
E @GCGGCSAGAAACGAGCA_AAaG%«AAiAGTAAG% R R Qg ashed.
pretreptagivind FOBATRS GCTOGKRBOGEE AARACCET.CYS BRaD N gorast, MT8-
1/EG. SBRBIO e aRlek 100N @ PRI AR ARaRIRAd VIR Bhurtrer
Applied ansgPEn\%frionmental Micro§6 ogy/,]p VO)F.68 10), pp?%f%%%&?b urther, as a
contrqR@dwyy, whit INETE pldwaiid dor esquresssiigelintascho tprstefageayer was prepared.
To th& féﬁéﬁﬁﬁ% E#ﬁﬁlaerl’"ﬁ%?l YRR Q}H%rﬁa'(%& as a surfactant at a concentration of 0.1%
ACTTTICTTTGCTCGTTTCTGCCGCGGGAGCGACCACGCTCAAGGA
(W/v).GBUIBROIBaNGMvasdarried out at a temperature of 45°C for treatment time of 24
hours CGd MEFERGT 91&%%%@3@ GASRAIQ ORGSR B35y
~ GTG(SEQID NO:4), which have, at 5'-ends thereof, sequences
weighgomplémeagiign tieabedoprithe tsraperahave 253 Cend ¢ thesbon time of 216
hours SCBHERRASRAMBIOAUSIOINE AU S R RIRHE BAHOR A CEX WM Mample 4. The
constructed. [0108] PCR was carried out under normal conditions us@g
resultpyresgyd1 el abla témplate and the primers of SEQ ID NO:1 and SEQ ID

[011 I]\IO%’S%@QXW%WQ & RNAIRAIMERE RS tﬁﬁcﬂﬁé&c}f@&(ﬁg ﬁ ) dEgEi tfrom kraft

referred to as "0EG23u31H6 fragment"). Further, PCR was carried ou
pulp byrilie prpirgdceshertps agwgdangéﬁélﬂﬁie_lg@:ﬁ@@f the'@elietothons deunhibat the
gluco%E%@ﬂéﬁﬁ?@éﬁﬁ&&@@@%%ﬁﬁg% BH&’@%&%@E@JQIH%&%&?&% el;a,

ID NO:4, thereby amplifying a DNA fragment of about 1.3 kbp (hereina
cellobjahyisdians derrcedivay ehthymusing aitiked) somondrepdayer of the arming
yeast REGEBIBLHE fiagment and the Cex fragment obtained, the MT8-1/EG,

‘ CBH, BGL strain prepared using a Fast Yeast Transformation Kit
[01 izkmaﬁ@%ﬁﬁred by Takara Bin Inc.) was transformed, and the resulting
transformants were applied 10 a g, LR METE Jat does not contain
uracil, and cultured at 30C for 5 days. The obtained transformants were
Regedigfed MT8-/EG,CBH,BGL/pCex strain.[¥hd Cellulomonasfimi ATCC484

timS{igy) Can PR VRINEBIIGGLRENcan TyRg- HedIEEoHienton; whichisa
ceII/m|C'oorgan|sm7ger]e bank. [0109] <2> Test of Glucose Proddctien strain
from Kraft Pulp by MT8M/EG,CBH,BGL Strain S#8MT8-1
I§G,CBH,BGL/pCex, giyain First, kraft pulp was pigpared as fo
72 0.18 0.10 0.00
%6 0.29 0.14 0.00
120 0.32 0.19 0.00
144 041 0.22 0.00
168 0.50 0.41 0.00
216 0.69 0.44 0.00

[0113]  As described above, according to the invention, the glucose metabolic activity can
be easily decreased by subjecting the arming yeast to pretreatment at a predetermined
temperature condition or pretreatment by exposure to a surfactant.  Use of the pretreated
arming veast enables glucose to be accumulated in a reaction liquid at high concentrations.

Further, the arming yeast according to the invention can be easily recovered from the reaction
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A sheet-shaped kraft pulp with a content of 50% (dry w/w) (derived from

hardwood; bleached; manufactured by NIPPON DAISHOWA

PAPERBOARD Cao,. Ltd.) was torn into small pieces, and added into a
liquidsleriderisplaenso bas Saspepdedwbriabandaneatioh fof I9thednsw/w) in

steriged el WA SUBIREIEH O HETIRFIORIEAMRILASING Allas by

autoclave, and a portion thereof was’collected, and dry weight theréof wa
repeaigidasisteg sTHepim Bigorcasitotatinl hasliirose nuilabod wvithi gterilizegreased.
at '
O T 2 Lo o s e R S o P e by
referepeeiging anptagmtetk. [0110] In the same manner as in Example 5, the
armifg yeastwas cultured, washed,s Aretreaiea.and SIRREA ARG in this
reaction step. However, two types of arming yeast, MT8- 1/EG,CBH,BGL
specifigpsiinaaie IMTS: HEGTORK BB peenstiaithaverecpreisatad ifeachéndaddual
public%%ﬁ{%a?eﬁ%ﬁf&%ﬁ%(h"ﬁ&hmél%%%1Md@é&‘%f@&%%ﬁ‘ﬂk?ﬁﬁﬁ%@idual1
surface layer was prepared. To the pretreatment liquid, Triton X-100 ways
indicagybiedba drs Yerededrivatedeedigentration of 0.1% (w/v), and the
pretreatment was carried out at a temperature of 45C for treatment time of
24 hours. In the reaction step, the kraft pulp was added to have a
concentration of 0.5% by weight, and the reaction was carried out at a
temperature of 45C for a reaction time of 216 hours. Quantification of
glucose was carried out in the same manner as in Example 4. The results
are shown in Table 13. [01111 As shown in Table 13, it was demonstrated
that glucose can be produced from kraft pulp by the arming yeast catalyst
according to the invention. Further, it was found that the glucose
productivity is increased by presenting a different type of cellulase (for
example, cellobiohydrolase derived from Cellulomonas fimi (Cex)) at the
surface layer of the arming yeast according to the invention. [0112] Table
13 Glucose concentration Reaction [g/L] time [hrs]
MT8-1/EG,CBH,BGL/pCex MT8-1/EG,CBH,BGL MT8-1 strain strain
strain 0 0.01 0.00 0.00 72 0.18 0.10 0.00
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96 0.29 0.14 0.00 120 0.320.190.00 144 0.41 0.22 0.00 168 0.50 0.41
0.00 216 0.69 0.44 0.00 [0113] As described above, according to the
invention, the glucose metabolic activity can be easily decreased by
subjecting the arming yeast to preltleaiident at a predetermined
temperature condition or pretreatment by exposure to a surfactant. Use of
the pretreated arming yeast enables glucose to be accumulated in a

1. reacﬁq‘fﬁﬁﬁé‘}d{@lvmgwm&me g atislagorather ;hhbdamﬁ@ yeﬁ_stcgec_mﬂdidg a cell
theredPAREd '%Yl?{gég %&%‘%laﬁaﬁgﬁ 'é%iﬁ?t?i%%{ %gcﬁf%lyfé% rf?ﬂ%:@ Y f?(%l %e ',r].giucose

which glucose has been accumdulated, and recycle rther

produttbfatorecfjileisse eansbl effibieethubsrilretetamcelilioswhbehibh yieids

contadY WERSAIE SN USINGLSUER AN AHRRg yeast of which the glucose metabolic

activity is decreased. [0114] The disclosure of Japanese Patent
Application No. 2008-105050 is incorporated by reference herein in its

2. entirgfy. ﬁﬁya@é&%ﬂﬁqgﬁo RRIGNY 9&&1@9&1&%&@@%@%@9@%& sy is based

mentionéd in this spécification are herein inCorporated by reterence to t
on deggpsedesadnitaghipbisenamamagalibipublication, patent application, or

technical standard was specifically and individually indicated to be

incorporated by reference. 34 CLAIMS 1. A yeast having a cellulose

3. deg@letﬁﬁwdtiﬁﬁtt@l@Qﬁ'@@és)ééuu%g@i@diﬁc@l@@@@qwm@imy is
induc&i%@a?ﬁ@%&ﬁ%@@ ?eh&'ﬂé’r&*&%%%&%‘ |3tes dnade Qﬁﬂﬂﬂlﬁg gfg v\gﬁ'l%ﬂﬁ?erature

produced from cellulose as a result of the cellulose degradation ability

of the yersh ithiesrcthan epratisiiom teammesarhofe adBbabriifiguierme e iepasts the

cellul R ARG IR €131, wherein the glucose accumulation ability is based
on decreased activity of glucose metabolism. 3. The yeast according to

claim 1 or 2, wherein the glucose accumulation ability is induced by heat

4, lreaffpentala iR P HIOBY MARNAE ANRIMVMIEANRe accumulation

temperature of the yeast to less than a denaturation temperature of a

abilityds|ibighe Bhhomh & AasRiphad P BRI s eayiidatien 8fiity.

5. The yeast according to any one of claims 1 to 4, wherein the glucose accumulation

ability is induced by a treatment using a surfactant.

6. The yeast according to any one of claims 1 to 5, wherein the glucose accumulation
ability is induced by a treatment of contacting the yeast with a surfactant solution at a

concentration of from 0.015% (w/v) to 10% (w/v).

7. The yeast according to any one of claims 1 to 6, wherein the yeastis a

Saccharomyces yeast.

8. The yeast according to any one of claims 1 to 7, wherein the yeast is yeast

comprising a cellulolytic enzyme in a surface layer thereof.

9. A glucose production method of producing glucose from cellulose, the method
comprising:

a step of contacting the yeast according to any one of claims 1 to 8 with cellulose in
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4. The yeast according to any one of claims | to 3, wherein the glucose
accumulation ability is induced by heat treatment at a temperature of from
40C to 70C. 5. The yeast according to any one of claims 1 to 4, wherein
a readtendigoaakeatcumulation ability is induced by a treatment using a
surfactant. 8. The yeast accqrding to.any gne of claims 1 {o 5, wherein, the
ohuch S RIS SR o SR B shSETr thaeS and
accunydasidrithha stafdotalitysdutianaul adaheentratiobeok tonhe. PdsvmfdAh:to
10% (w/v). 7. The yeast according to any one of claims | to 6, wherein the
cellulose. . *. )
yeast is a Saccharomyces yeast. 8. The yeast according to any one of
claims 1 to 7, wherein the yeast is yeast comprising a cellulolytic enzyme
10. na %Jﬂg?ﬁ:&ﬁgx%rc%g%%otmg " ait%l'fé)cgﬁg 182%90%{’&%2?%%?%%2@ roc?o%%“&ﬁng the
glucose from cellulose, the method “comprising: a step of contacting the
yeast yedst @acoochihigial afiyahe abglaimgarsa @ with cdliedtsg initBDemigaciphied
liquid; and a step of separating and collecting, from th react'ong' id, .
cet R O B e A e R A R e
repeaiedhtattidstween the yeast and the cellulose. 10. The method according
to claim 9, the method further comprising contacting the yeast in the
reaction liquid after the step of separating and collecting with
11.  newljhsuppiied cebuloseiwdiareid thd §eastieor themaadtigrdidedd mftée thenst in
the re SRR AL CplleUNG Js usedreneatediy af east once. 1L The
method according to claim 9%or 10,Further compfising collecting the yeast
in the reaction liquid after the step of separating and collecting. 12. The
method according to any one of claims, 9 to further comprising.carryin
12, Methy | 2
out SRR R R TR o R Y e o
a prettbwdrstey of cottactingewitiveslladosend 8idhmbhsthptoaccohdingie Clammecting
with C%&y(\‘hereln the pretreatment is a heat treatment at a temperature of from

(5] .
t(S) 70C or a treatment with a surfactant. 36

13. The method according to claim 12, wherein the pretreatment is a heat treatment at a

temperature of from 40°C to 70°C or a treatment with a surfactant.
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