DESCRIPTION Method for Producing Sugar Liquid TECHNICAL FIELD 5[0001] The present
invention relates to a method for producing a sugar liquid from a cellulose-containing biomass.
BACKGROUND ART [0002] 10The process of ferméntation production of chemical products using
sugars as raw materials has been used for producing various industrial materials. At present, as the
sugars to be used as fermentation feedstocks, those derived from food materials such as sugar cane,
starch and sugar beet are industrially used. Howeverpinmigw of the fact that rise in the prices of food
materials is expected due to future 15increase in the world population, or in an ethical view of the fact
that sugars as industrial materials maytsompeterwith:sugaisdor fegd, a process for efficiently
producing a sugar liquid from a renewable nonfood resource, that is, cellulose-containing biomass, or
a process for efficiently converting an obtained sugar liquid as a fermentation feedstock to an industrial
material needs to be constructed in the 20future. [0003] Examples of disclosed methods for
producing a stigaFibid frda ellulose-containing biomass include methods for producing sugar
liquids using éjf ric acid, such as methods for producing sugar liquids by acid hydrolysis of cellulose
and 255?1emic£(|[)|J (;jéie using concentrated sulfuric acid (Patent Documents 1 and 2) arid a method
wherein a cellulose-g¢Qntaini ' i i€ lysis tr. LS il Ifuric acid
and then enzymatic;%/e %%f%% %ﬁ%@éﬁuﬁ%ﬁ%ﬁ%ﬁﬁéﬂ@g %}(}%ﬁ %)%%Cg%‘g%%g E‘i éﬁ#%ﬁ?c# I(Eiﬁllrr;%-pate nt
Document 1) ¢ [9Q@4e- confatithebigxamples of disclosed methods in which acids are not used include
a method wherein a cellulose-containing biomass is hydrolyzed using subcriticat water 5at about 250
to 500C to praduCE @Bugailiqhiii(Patent Document 3), a method wherein a cellulose-containing
biomass is subjected to subcritical water treatment and then enzymatically treated to produce a sugar
liquid (Patent[B¥Elment 4), and a method wherein a cellulose-containing biomass is subjected to
hydrolysis treatment with pressurized hot water at 240C to 280C and then enzymatically treated to
10proldtice a sugar @R BTEHRGHPB)PTRBEEI O SBwRIEr RIBTHSHE RS Fr8R/SiE%of a
cellulose-containin tgg)qg%sass,b%teg}gsgg%? tirrgg with decompo ti?rqa?f the celllulogg or Qelpicellulose

i
I I UCING VArious 11agis maiterials. reselit.,
component oratWe }I €, decomposition reaction o p?’oaalJcec? sugars sucn as g?ucosepang xylose

proceeds. g the sugars to be used as fermentation feedstocks, those derived from food

materials such as sugar cane, starch and sugar beet are industrially used. However,
in view of the fact that rise in the prices of food materials is expected due te future

15 increase in the world population, or in an ethical view of the fact that sugars as
industrial materials may compete with sugars for food, a process for efficiently
producing a sugar liquid from a renewable nonfood resource, that s, cellulose-
containing biomass, or a process for efficiently converting an obtained sugar liquid
as a fermentation feedstock to an industrial material needs to be constructed in the

20 future.
{0003]

Examples of disclosed methods for producing a sugar liquid from a cellulose-
containing biomass include methods for producing sugar liquids using sulfuric acid,
such as methods for producing sugar liquids by acid hvdrolysis of cellulose and

25 hemiceliulose using concentrated sulfuric acid (Patent Documents | and 2) and a
method wherein a cellulose-containing biomass is subjected to hydrolysis treatment

using dilute sulfuric acid and then enzymatically treated with cellulase and the like to



1 5and by-products such as fm-an compounds including furfural and hydroxymethylfurfural; and
organic acids including formic acid, acetic acid and levulinic acid; are produced, which have been
problematic. Further, since a cellulose-containing biémass contains lignin components, which are
aromatic polymers, the lignin components are decomposed during the acid treatment step to 2
Oproduce low molecular aromatic compounds such as phenols as by-products at the same time.
These comp%gg&ggvﬁggpilt?gitﬁrcy(Mgggtg&rjﬂ&mget&rm_entation step using a microorganism and
cause inhibition of the growth of the microorganism, leading to decrease in the yield of the
fermentation pregiict. Therefore, these compounds are called fermentation-inhibiting substances and
have been seriously 2 5problematic when a cellulose-containing biomass sugar liquid was used as a
fermentation feedstdecki{O088hmpleExbinplesaf thalmétodyhadiichifasbeen distloséd{dar removing
such fermentation-inhibiting substances during the sugar liquid-producing process include the method

called overlinisPadorbpesirit oelpRenePRIRRR PO, gEPIg ZE S HspefsHB kAR N A

id-treated cellul ified liquid by addition of 5li he liquid i intained while bei
Peated 10 abAUE SO 100 X ol FLPIBHS PHEke R R ERE HEHio bUbBIBNEds such as furfura
and HMF toggiher yith e, Guesum SRmpanSnt. Howayen averiing: has il & sial efect of

removing organic acids such as formic dctid, acetic aci evulinic acid, which has been

problematic. MQQ&&M%IE%&% asAaetheRsmethorfon Femevnofermeptatiam inhibiting

substances, a method wherein ater vapor is blown into a sugar liquid prepared from a
cellulose-contaiiing binmAass: te:lemoeyve detndntaliominkibitng substancesdlytvapatation has been
disclosed (Patent Document 6). However, since such a method by evaporative 15removal is
dependent onviHesesingJsdiheg vithedeiriShtéaeidhlnhividrigeubstametsathdsindval efficiencies of
fermentation-inhibiting substances such as organic acids having low boiling points are especially low,
so thaPa largBr 6B ASTEBHEAY §haGTifeactdsBain sufficient removal efficiencies, which has been
problematic. |£ 88 20There is also a method wherein feiientation-inhibiting substances are removed
by ion exchange (Patent Document 7), but it has been problematic in view of the cost. Further, there is

a method wherein agisorpiive SEmQVAli% caRied oy Lsing A wastkhasedisarhide ks, active carbon

or the like, hut the subjects to be removed aré limited to hydrophobic compounds, which has been

problematic (RatenindReeupeith s HRIQRNREI RV ENT &{R0OR] céniatemBeawments
[Patent Document 1] Japanese Translated PCT Patent Application Laid-open No. 11-506934 [Patent
Document 2]l . 26056:208884nA SiRate of Documert@hdP:2008s 212888 #Aud xylose proceeds.
15 and by-products such as furan compounds including furfural and
hydroxymethylfurfural; and organic acids including formic acid, acetic acid and
levulinic acid; are produced, which have been problematic. Further, since a
cellulose-containing biomass contains lignin components, which are aromatic
polymers, the lignin components are decomposed during the acid treatment step to
20 produce low molecular aromatic compounds such as phenols as by-products at the
same time. These compounds have inhibitory actions during the fermentation step
using a microorganism and cause inhibition of the growth of the microorganism,
leading to decrease in the vield of the fermentation product. Therefore, these
compounds are called fermentation-inhibiting substances and have been seriously
25 problematic when a cellulose-coniaining biomass sugar liquid was used as a

fermentation feedstock.

[0006]



[Patent Document 4] JP 2001-95597 A [Patent Document 5] JP 3041380 B [Patent Document 6] JP
2004-187650 A [Patent Document 7] Japanese Translated PCT Patent Application Laid-open 10No.
2001-511418 [Patent Document 8] JP 2005-2700563A [00 10] Non-patent Documents [Non-patent
Document 1] A. Aden et al.,gnocellulosic Biomass to Ethanol Process Design and Economics Utilizing
Co-Current Dilute Acid Prehydrolysis and Enzymatic Hydrolysis for Corn Stover" NREL Technical

Report (2002) INor-palgih ROGUENLALM. (Hfted ot al JElfest of ok, Uime and teperature of
overliming on detoxification of di Ute-acid \ydrolyzates tor Ofermenta iorrf)by adt omyces

cerevisiase" Ringes fachAinky 8:18:542(2000) SUMMARYOETHE INVENTIQN,PROBLEMS
TO BE SOLVED BY THE INVENTION [0011] 25In"the present invention, methods for solving the

above-mentiahechptiatiernis: dhatidirmimeatios pheareintermentafionnhib kirghsubstanges produced in
the step of producing a sugar from a cellulose-containing biomass are removed during the step of
producing a stigraefigeidadintha anegidd it odiicing aparifiea Sigdidigditycohtiiningfonly a very
small amount of fermentation-inhibiting substances are provided. MEANS FOR SOLVING THE
PROBEEMS HjBd15¢ lauhis prastnetdvabtsrasine Reiel e akastol Sdiveatheraborerinéblems and

osmoss meribTEHS ol RO L B BHBOL o i e LEN AL GG Hemase, tne sugar

. ! 1
osmosis mem%rane uring a step o ucin d

to be used as,g fepegiaon erdsiocl and0leImentaions PRIRING SUbSIANGes £ap be separated,
gar liquid.

fermentation-inhibiting’ Substances can be removed from a s at |s,'?ﬁe present invention
is constitutedrbythenfoliowing 14140514l af08%3le acid, acHibAdmeihelanRiedusing & ygay liquid using

a cellulose-containing 5biomass as a raw material, the method comprising: (1) a step of
hydrolyzing abeeflylodgeeomitaining biomass to produce an aqueous sugar solution; and
10 10007}
Further, as another method for removing fermentation-inhibiting substances,
a method wherein water vapor is blown into a sugar liquid prepared from a cellulose-
containing biomass to remove fermentation-inhibiting substances by evaporation has
been disclosed (Patent Document 6). However, since such a method by evaporative
i5 removal is dependent on the boiling points of the fermentation-inhibiting substances,
the removal efficiencies of fermentation-inhibiting substances such as organic acids
having low boiling points are especially low, so that a large amount of energy is
required 1o obtain sufficient removal efficiencies, which has been problematic.
[0008]

20 There is also a method wherein fermentation-inhibiting substances are
removed by ion exchange (Patent Document 7}, but it has been problematic in view
of the cost.  Further, there is a method wherein adsorptive removal is carried out
using a wood-based carbide, that is, active carbon or the like, but the subjects to be
removed are limited to hydrophobic compounds, which has been problematic (Patent

25 Document 8).

PRIOR ART DOCUMENTS
[0009]



(2) a step of filtering the obtained aqueous sugar solution through a nanofiltration membrane
and/or reverse osmosis membrane to collect a purified 20sugar liquid from the feed side, while
removing fermentation-inhibiting substances from thé permeate side. [0014] [2] The method for
producing a sugar liquid according to [1], wherein the pH of the aqueous sugar solution in the Step (2)
is adjusted to 1 to 5. 25[0015] 6 consisting of organic acids, furan compounds and phenolic
compounds. [9%]%91 Do cﬂi‘qe method for producing a sugar liquid according to [3], wherein the
organic acid is folinic acid or acetic acid. [0017] [5] The method for producing a sugar liquid
according to [3], wharejhe duancompgyadis Rydianmebyiuel oriural 0018l [6] The
method for producing a sugar liquid according to [3], wherein the p enoiic compound i1s'vanillin,
acetovanillin dfsyringiearid. [0019] [7] The method for producing a sugar liquid according to any
one of [1] to [6], wherein the purified sugar liquid in the Step (2) is a sugar liquid containing a
monosaccharide as Hajortdomporent.| 15[0020]22988] Ahe method for producing a sugar liquid
according to any one of [I] to [7], wherein the aqueous sugar solution obtained in the Step (1) is
allowed to pass throllicatRessmmeRtidn ePRBrahdS8Rdior uttrafiltration membrane to remove fine
particles and macro o!tec%JBr com Q%i%}%s ﬁ fore the treatment of the Step (2). 20[0021] [9] The
method for producin@% %%ga?‘ﬂﬂﬁ? A &I %ltc?%éﬁvoé‘ne of [1] to [8], wherein the temperature of the

agueous sugar SO'u%?ﬁéﬂﬂﬁ%e%ﬁﬁ@nﬁé@f%%?{ﬁ)t% 1 to 15C and the solution is filtered through a
10] The metho

nanofiltration membrane. [0022] 2 5 for producing a sugar liquid according to any one

of [1] to [8], whereinfthedampeiaidie of theaguequsssugar solution in the Step (2) is adjusted to 40C
to 80C and the solution is filtered through a reverse osmosis membrane. 7 [0023]

[Patent Document 7] Japanese Translated PCT Patent Application Laid-open
10 No. 2001-511418
[Patent Document 8] JP 2005-270056 A
(00107
Non-patent Documents

[Non-patent Document 1] A. Aden et al., “Lignocellulosic Biomass to

}u
o

Ethanol Process Design and Economics Utilizing Co-Current Dilute Acid
Prehydrolysis and Enzymatic Hydrolysis for Corn Stover” NREL Technical Report
(2002)
[Nen-patent Document 2] M. Alfred et al., “Effect of pH, time and

temperature of overliming on detoxification of dilute-acid hydrolyzates for
20 fermentation by Saccaromyces cerevisiase” Process Biochemistry, 38, 515-522

(2002)

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0011]
25 In the present invention, methods for solving the above-mentioned problems,
that is, a method wherein fermentation-inhibiting substances produced in the step of

producing a sugar from a cellulose-containing biomass are removed during the step



[11] The method for producing a sugar liquid according to any one of [l) to [10], wherein the Step (2) is
a step of filtering the aqueous sugar solution through a nanofiltration membrane and filtering the
obtained filtrate through a reverse osmosis 5membrane. [0024] [ 2] The method for producing a
sugar liquid according to any one of [1] to [1]]. wherein the functional layer(s) of the nanofiltration
membrane and/or reverse osmosis membrane in the Step (2) is/are polyamide. 10[0025] [13] The
method for prodygi liquid accordin one of [l] to élz .wherein the functional layer of
the nanofiltrat?gm%gkﬁ I‘g’a%r%qllrﬁé?h%géte’p%ﬁg)ac%rénaﬁﬁasggrg lg%%[:sll}ﬁﬁ & 6}%‘9%" aéwb%ﬁ/cgmide as a major
component angfiither cAmRrises meanstivind.cempenantrericsantied i Ghemical Formula 1:
15[0026] [Chemical Formula 1] [0027] (wherein R represents -H or -CH3; and n represents an integer
of 0 to 3). 20[pARBjled. [14] A method for producing a chemical product, which method uses, as a
fermentation feedstock, a sugar liquid obtained by the method for producing a sugar liquid according to
any one of [IME[YS) EPREOT ORTHEINVRRGIGNIS [0029] By the present invention, furan
compounds such as furfural and HMF; organic acids such as acetic acid, formic acid and levulinic acid;
and phenolic %unds such as vanillin; which are fermentation-inhibiting substances, can be
5comprehensively re[rgoved fr?rin an aqueous su artag]lluéi?gnd?riv d frgm a ce!f! lose- containing

biomass, and, on the OIHEF Hand. SUGArs SUSH B8 gikass S fﬁ?é%acé)ﬁf bEBroatieaat high purity

and at high vigigkcAe:ad ekl D isingthe RiRd g Lauidabinines by the Arssen inyention as a
fermentation feedstock, the efficiency of felinentation production of various chemical products can be

enhanced. BRIBHDESERIRHEN QEnTirs ORMAWINGS [9080kiucidsig-shshomsan overview of a
filtration device using a nanofiltration membrane/reverse osmosis membrane Fig. 2 shows a

schematic view!bfltse-stainless Steeheell tvhinlyavas bsestinadhe Rbflatmgmifeadedeltand  Fig. 3 is a
graph showing comparison of the flux quantities at different p1-Is during filtration of a sugar liquid
through a nan&ftFais MRbBHIAE substmgenqandg rephralsowirrpestnparidaiiBtitte flux quantities by a
method wherein a sugar qugid iS filterag through a microfiltration membrane or an 20ultratiltration
membrane, bSelfg%wﬁﬁg%ﬁ% oefli?fgosvféF ﬁ’.’&ﬁ&‘fﬁ%éﬁﬂl -nantfiltraiS P FrERpaTsation 1

constituted by the following [1] to [14].
f0013]

{1} A method for producing a sugar liquid using a cellulose-containing

[
{5

biomass as a raw material, the method comprising:
{1) a step of hydrolyzing a cellulose-containing biomass to produce an
aqueous sugar solution; and
(2) a step of filtering the obtained agueous sugar solution through a
nanofiltration membrane and/or reverse osmosis membrane to collect a purified
20 sugar Hquid from the feed side, while removing fermentation-inhibiting substances
from the permeate side.
[0014]
(2] The method for producing a sugar liquid according to [1], wherein the pH
of the aqueous sugar solution in the Step (2) is adjusted 10 1 to 5.
25 [0015]
[3] The method for producing a sugar liquid according to [1] or [2], wherein

the fermentation-inhibiting substances comprise one or more selected from the group



Fig. 5 shows photographs of the membrane surface before and after filtration of a hydrothennally
treated liquid through a microilltration membrane. which photographs were taken under a scanning
electron microscope. 25Fig. 6 shows results of measurement of distribution of elements during
observation of the scanning electron micrographs shown in Fig. 5, which measurement was carried out
with an energy dispersive X-ray analyzer which is 9 attached to the electron scanning microscope.
Fig. 7 is a dia s W} hysical map of a yeast expression.vector pTRS11. BEST MODE FOR
CARRYING Ogéﬁr@%%gg PI\W@%%%%%O%&% négf))r%ns&ésn %@éﬁﬂé}rﬁcﬁﬁﬁ %bﬂl]?es ‘described in more
detail. [0032] og1E)amples of the cellulose-containing biomass used in the production method of the
sugar liquid o%; the present invention include herbaceous biomasses such as 10bagasse, switchgrass,
corn stover, rice strgw]an wheaidsiaw;andinoedydiomasses-suth @ [egsareaste-building
materials. These cellulose-containing biomasses contain cellulose or hemicellulose, which are
polysaccharid&ggmedusbs hyraehyedidtioncebndensation of sugars. By hydrolyzing such
polysaccharides, sugar liquids which may be used as fermentation feedstocks can be produced.
15[0033] Q.Jgar liquid in the present invention means an aqueous sugar solution obtained by

hydrolysis of a cellulase-contajping.biomass. Sugars are geperally classified, hased on the degree of
patymenization of movboLE AT LCT D A R BaL R e LOEFP AL ChIEos AMSORONE
oligosaccharigg%pggg%%q(p;é %%F&nggﬁfﬁ%%%ﬁﬂggﬁ-z to 9 monosaccharides, and

polysaccharides produced by dehydration condensation of not less than 10 monosaccharides. The
sugar liquid ofcthegpresent invention means a sugar liquid containing a monosaccharide(s) as a major
component(s), and more particularly, the sugar liquid of the present invention contains glucose or
xylose as a major cafiipdrent:tkuitierpthéusitgas liggid afithiea2cbpiegent il entiovialge contains
oligosaccharides such as cellobiose; and monosaccharides such as arabinose and mannose, although
their aMountBFBYIRSRTHEHB e R ncasrEIRMG dnmbRotasereifle as a major component” means
thata TO m%@ﬁiaﬁ(:ha de(s) constitute(s) not less than 80% by weight of the total weight of sugars
such as mon charides, oligosaccharides and polysaccharides dissolved in water. Particular

examples of the m?ﬂoﬁ for apalyzing monosaccharides, oligosaccharides and pa cc{;@rides
U éle meﬁlo}ffloz. ]I:? umggl &ﬁué%(zlggad%ccor NG 10 any (}][ £ gqjsﬁgﬁ%)a

dissolved in water i e quantificati y on comparison-wi 'sample.

Concrete HPLGSonAiops:#ie: RRUSE QA feartionyavids Yse ok kinanikz (mapufactured by

Phenomenex, Inc.) as a column; mobile phase, ultrapure wateracetonitrilc=25:75, flow rate, 0.6
mL/min.; measuremecidiitie 24 majon.;slaieetian method, RI (differential refractive index); temperature,
30 15 [0020]
[8] The method for producing a sugar liquid according to any one of [1] to {71,
wherein the aqueous sugar solution obtained in the Step (1) is allowed to pass
through a microfiltration membrane and/or ultrafiltration membrane to remove fine
particles and macromolecular components before the treatment of the Step (2).
20 (00211
[9] The method for producing a sugar liquid according to any one of [1] to [8],
wherein the temperature of the aqueous sugar solution in the Step (2) is adjusted to 1
to 15°C and the solution is filtered through a nanofiliration membrane.
[0022]
25 [10} The method for producing a sugar liquid according to any one of [1] to
[8], wherein the temperature of the aqueous sugar solution in the Step (2} is adjusted

to 40°C to 80°C and the solution is filtered through a reverse osmosis membrane,



10[0034] Step (1), which is a step of hydrolyzing a cellulose-containing biomass, in the method for
producing a sugar liquid of the present invention will now be described. [0035] When a
cellulose-containing biomass is subjected to hydroly3is, the cellulose- 1 5 containing biomass may be
used as it is, or ay be subjected to a known treatment such as steaming, pulverization or blasting. By
such a treatment, the efficiency of the hydrolysis can be enhanced. [0036] The step of hydrolysis of the
cellulose-con@' jng biomass is not restricted. 20and particular examples thereof mainly include 6
methods, that is, the procedure A: a method using only an acid; the procedure B: a method wherein

acid treatment is car{rjq? ﬂ%ﬂﬁ%@%&‘é&gﬁ 5%&“@@3%&% gggqg%% g{fgﬁﬂ?%d using only

hydrothermal treatment; the procedure D: a method wherein hydrothermal tre carried out,
followed by usagewhasignayHepttg preceguse Fiaimeathoshwhereinghalkaling treatment is carried
out, followed by usage of an enzyme; and the procedure F: a method wherein ammonia treatment is
carried out. followBdrbyamsagebfar entyieinkkj0@8Hined fiithe pronedixeAean agitbissused for the
hydrolysis of a cellulose-containing biomass. Examples of the acid to he used include sulfuric acid,
nitric a¢id and“ﬁ?ﬁ?@éﬁ}oric acid, and sulfuric acid is preferably used. [0038] The concentration of
the acid is no{ rgﬁ icted, and an acid at a concentration of 0.1 to 99% by weight may be used. In
cases where K concentration of the acid is 0.1 to 15% by weight, preferably 0.5 to 5% by weight, the
reaction temperature;i ithin the range of 100 to 300C..preferably 120 to 250 i the reaction
time 10is set within Tﬁ@ﬂa\l\é’%ﬁﬂf @e?%zo rﬁ%%&rﬁi%‘ﬁﬁ%sﬁ%ﬁeg Aum Cglry%]ﬁifaﬁﬂgsog? t?%éﬁlj:a%)tment is not
restricted. angh 1jormoeentimes Al the.anavedeseribed freatmant Manbesariar Pyt dpparticular, in
cases where the above-described treatment is carried out 2 or more times, the conditions for the first
treatment mayshe differenbfsomithassfor theisecopd anditater treatments. [0039] Further, in cases
where the concentration of the acid is 15 to 95% by weight, preferably 60 to 90% by weight, the
reactioh tempdé&fattire is set within the range of 10 to 100C, and the reaction time is set within the range
of 1 second to 60 minutes. [0040] 20The number of times of the acid treatment is not restricted. and 1

or more times of thel %@E%E%@‘?GJBT&E%%HE r%é&‘(gﬁélt‘ﬁﬂﬁie%?%éﬁ?%ﬁ%%u%‘?_ ff this®s where the
above-descn?g%tr arment is f%%[:rtl%%aq t 2%&% @g{gen g&ngﬁégﬁe} ﬁ%‘%%%?ggﬁﬁé %%{1;% g%iatment may be

different from-those ftor the second and r treatments. e obtained by

the acid trealmen’,cantains, adifs supthas sylisaciddLosesis e bsneylialized inarder to be used

as a fermentation feedstock. The neutralization may be carried out either for the aqueous acid 12
solution prepasgehliyeramevatiafithe solidsentertsdiemethesnydalysate g the state in which the
solid contents are contained. The alkaline reagent to be used for the neutralization is not restricted,
“and preferablj)@2monovalent alkaline reagent. In cases where both the acid and alkaline components

are salts havir&%valencies of 2 or
[Chemical Formula 1]

;,-!""“'g_b r—,
7 "’-,} .*I %E .jr‘f \\
s N«x r}_,.‘ i {:: H 2 ; *{\L : !M
S S | I — .__.f'r
R R
{00277

{wherein R represents -H or -CHs; and n represents an integer of 0 to 3).
20 [0028]
[14] A method for producing a chemical product, which method uses, as a
fermentation feedstock, a sugar liquid obtained by the method for producing a sugar
liquid according to any one of [1] to [13].

EFFECT OF THE INVENTION



5more during the Step (2), these do not pass through the nanofiltration membrane, and the salts
precipitate in the liquid during the process of concentration of the liquid, which may cause fouling of
the membrane. [0042] In cases where a mohovalent alkali is used, examples of the alkali
include, but 10are not limited to, ammonia, sodium hydroxide and potassium hydroxide. [0043] In
cases where an alkaline reagent having a valency of 2 or more is used, it is necessary to reduce the
amounts of thgpaeid and the alkali, or to employ a mechanism for removal of precipitates during the
Step (2), in order to avoid precipitation of salts 15 during the Step (2). In cases where an alkali having
a valency of 2 or maxe isdisedetbenadisaibis Areletablyealaimdiysdoxitdednayiewfithe cost. Since, in
cases where calcium hydroxide is used, the gypsum component is produced by neutralization, the
gypsum needsgerbeaadionet by selid-licdid separatidranExamples afithemiethowbé solid-liquid
separation include, but are not limited to, centrifugation and membrane 20separation, and the gypsum
may also be rermovsEdsysedrfingoUtp utartyped shaspaiationtskapsg poignces. ppgdieral, in

hydrolysis using an acid, h)é(?rolysis first occurs in the hemicellulose component ha\ﬂqf?a low

crystalfinity, WRIBRTRFBROE T BR 2ttt PR AR G BTt LRSS BT e h ARV g AHHRSH- crystallinity.
Therefore it is sible, by usin id, to obtain a liquid containing a lar mount of xylose derived
from nemicel R e e A B R R B e ater

the treatmen&aﬁ%&&%é%@@:’i‘gﬂ'}ﬂ&ﬁﬁMQQ@E@?*}'{%E@ aha Q@%QH}%W@@F@%@ ﬁlﬂﬁﬁéﬂ E'ﬂ!%eﬁbOV_e o
treatment, the cellulose component having a higher crystallinity can he decomposed to obtain a liquid

containing a kgl amatidafolhepsadernvechitomucellitlosen Byosckisigthe twe-stfigestep Of
hydrolysis, 5conditions for the hydrolysis which are suitable for hemicellulose and cellulose can be set,
and the decorfepositisnosffividncyamel treisugahsialicpryecersaricedhiRaetier, by keeping the sugar
liquid obtained under the first decomposition conditions and the sugar liquid obtained under the

second decoﬁ%&%ﬁi%g%ﬁigﬁgbé ardte o dabiother, two types of sugar liquids having different

ratios of 1 0288?§fccharides contained in the hydrolysates can be produced. That is, it is also
possible to separate the sugar liquid obtained under the first decomposition conditions as a sugar

liquid containing xylage g3, Maier FAMRANEH, ANd.16, sHeaLliquid ghiaingd updar the second

decomposition conditions as a sugar liquid containing glucose as a'major component. By separating

the monosacghasiste dbeamrenentistontameshin the sugar liquid as described above, the
Teixnentation can be carried out separately as fermentation using xylose in the sugar liquid as a

fermentation feedstdck. andhas fermbatationvirsing! glucosalies théesucral Yiduid asaufidnertation
feedstock, wherein microorganism species which are most suitable for the respective types of
ferménitation Bahrpedems@étiand employed. It should be 20noted that the sugars derived from the

both components may also be obtained at once without separating the hemicellulose .
componentcellutost HomBoh&HD b CAH i DU PN Jo0L A GHEr P BISRERE  tment with an

acid for a 'O”Qz}}fﬂg filtration of a sugar hiquid through a nanofiltration membrane.

Fig. 4 1s a graph showing comparison of the flux quantities by a method

wherein a sugar liquid is filtered through a microfiltration membrane or an
20 ultrafiltration membrane, before filtration of the sugar liquid through a nanofiltration
membrane.

Fig. 5 shows photographs of the membrane surface before and after filtration
of a hydrothermally treated liguid through a microfiltration membrane, which
photographs were taken under a scanning electron microscope.

25 Fig. 6 shows results of measurement of distribution of elements during
observation of the scanning electron micrographs shown in Fig. 5, whickh

measurement was carried out with an energy dispersive X-ray analyzer which is



[0045] In the procedure B, the treated liquid obtained in the procedure A is further
25subjected to enzymatic hydrolysis of the cellulose-containing biomass. The concentration of the acid
to be used in the procedure B is preferably 0.1 to 1596 by weight, more preferably 0.5 to 5% by weight,
The reaction temperature may be set 14 within the range of 100 to 300C, preferably 120 to 250C. The
reaction time may be set within the range of | second to 60 minutes. The number of times of the
treatment is nat ar%stri(%tetgé%?d 1 or more times of the above-described treatment may be carried out.

. ched 10 clrop scannine Microscope. . . .
In particular, in cases where the above-de chibbed trditment is carried out 2 or more times, the

conditions for the firgt: tr ; if r reatments.
[0046] Since the%%gﬁ)ﬁgfﬁg%}%%ﬁé%% ﬁ%@%@%&g%ﬁé%%}%ﬁn égtsz%%gsll%%ggs sulfuric acid, it
needs to be neDialized in order to be further subjected to hydrolysis 10reaction with an enzyme or to
be used as a fermentation feedstock. The neutralization may be carried out in the same manner as the
neutralizationi: el fdicEdi R A A00AY [T e 8 RZyihE: iBNoE réEtfitted as long as it is an enzyme
having a cellulose 15decomposition activity, and commonly-used celluloses may be used. The enzyme
is prefer’rably 40%%ldIose comprising an exo-type cellulose or endo-type cellulose having an activity to
decompose crystalline cellulose. As such g cellulpse, a cellulose produced by a microorganism
belonging to a genus B FicHOdE AL L PAeR PrrESgaRES BrRthdddima is a microorganism
classified intorfjlamentous fungi, and 20secretes a large amount of various celluloses extracellularly.
The cellulose to be used in the present invention is preferably a cellulose derived from Trichodernw
reesei, Further, as %@Hﬁﬂ@%ﬂlﬁ%é‘%i@fcmﬁahﬁﬁWéﬁﬁd&’sﬂg&%i@lﬁsﬁ-o‘%@%ﬂ%ﬁe{hod
cellobiose-decomposing enzyme, may be added in order to enhance the production efficiency of
glucose, whickfiikglugasiitase ofalcatsesbe isedtogethardyithithe ahougo brrentiened cellulose for
the hydrolysis. The p-glucosidase is not restricted, but preferably derived from a genus of
Aspetdillu, sy TSy arolyBiE rea cooh Usisy suclremyymésvizeprsfenabiy ¢ arriedydubeiraspH of about 3
to 7, more preferably at a pH of 15 about 5. The reaction temperature is preferably 40 to 70C. Further,
it is preferredsllbd&é‘?r?‘?ﬁitaé"éili}fi’f’rﬁﬁ%mlggﬁ’éﬁ%ﬁrﬁfer thESEif Rt -6 PR TERG RIS TRdrolysis, in
order to remoye the Selli contents whigch, have othbeen qecoml[gos d. Exg%% s of the method of

removal of the sioz?lltlzl1 contents inclu éc%f(ia%lt?ﬁ%gvg ion and mermbrane g%B‘é(F t the method is not

Limited theretpGurthep syeimethads of splid- @um%@%g%@ﬂ%gmﬁ%%g @h@;binaﬂon ofa

plurality of the methods. [0048] In cases wheré the acid treatme followed by ehizymatic
hydrolysis of theideluloseraantaining biomassa s prefamedidioearry priduydrolysis of hemicellulose

10having a low crystallinity by the acid treatment in the first hydrolysis, followed by carrying out
hydrdlysis of Bélliidbse having a high crystallinity by using an enzyme in the second hydrolysis. By
using the enzyme in the second hydrolysis, the step of hydrolysis of the cellulose-containing biomass
can be allowed to proteBtEm SIS BB BB RIS PARIETIANSAHH RATHSORY B siel Bjcan acid,
hydrolysi of o NSiceuiRes compoRsal cnianed n he celuigee containng bjomass and partial
classified, based on the degree of polymerization of monosaccharides, into
monosaccharides such as glucose and xylose, oligosaccharides produced by
20 dehydration condensation of 2 to 9 monosaccharides, and polysaccharides produced
by dehydration condensation of not less than 10 monosaccharides.  The sugar liquid
of the present invention means a sugar liquid containing a monosaccharide(s) as a
major component(s), and more particularly. the sugar liquid of the present invention
contains glucose or xylose as a major component.  Further, the sugar liquid of the
25 present invention also contains oligosaccharides such as cellobiose; and

monosaccharides such as arabinose and mannose, although their amounts are small.

Here, the term “containing a monosaccharide as a major component” means that a



decomposition of lignin mainly occur, and the resulting hydrolysate is separated into an acid solution
and the solid contents containing cellulose. The solid contents containing cellulose is then hydrolyzed
by addition of the enzyme. Since the separated/recdVered solution in dilute sulfuric acid contains, as a
major component, 2 Oxylose. which is a pentose, an aqueous sugar solution can be isolated by
neutralization of the acid solution. Further, from the hydrolysis reaction product of the solid contents
containing cejlulose. mon chari nts.coniaining glucese as a major ¢ nent can be
obtained. The é)queocus %l%s?ﬁs%?ﬁﬁ%ﬁl%%%?@gge B@t%agn%%e%}ﬁi%a% %?r%i@ %té)tr%i%ed%?tﬁahe solid
contents, follwedJdy,dpadaipgcihe gazvme indbe.ressiing MbUNS dQ-cRtnpouERYGralySiS. [0049] 16
that the concentration of the cellulose-containing biomass becomes 0.1 to 50% by weight, followed by

treatment at axtesnperaiieuof H0ipKre0C fermicsiendnd 1080 Minuieso By Caryng out the treatment
under such a temperature condition, hydrolysis of cellulose and hemicellulose occurs. The number of
times of the Stfeztsaedhaisdssarssnotteachad dhe dissatmrdritmaseberchidieguauti ficetiondre times. In
particular, in cases where the above-described treatment is carried out 2 or more times, the conditions

for the First tréime Bt BE URIEHTSH thesadsidpngdeond ard sdiFcatinediéonoos0] 10in

[, in hydrolysi loying.h the | t , hydrolysis first in the hemicellul
omponent nATHE AT eIy TG SO Ea by HEgT AR Dh e CEAIGRE component
having a highlﬁé)ﬁ%é"é@EEKuKEf;%ﬁIBI%5%’,%&%&%&@%&@F&%&Xﬂf&fﬁ%?ﬁ‘fﬂ%@‘ﬁ% tpeobtain a liquid

containing a large amount of xylose derived from hemicellulose. Further, in the hydrothermal
treatment, by:subjaetingdheRiomnass:solid eontents-afier thematment fedfeacignunder a higher
pressure at a higher temperature than in the above treatment, the cellulose component having a
higher crystallimity caemedeoeniidGsed to obtain a liquid containing a large amount of glucose derived
from cellulose. By setting the two-stage step of hydrolysis, conditions for the hydrolysis which are
suitable for 2[6Retdicellulose and cellulose can be set, and the decomposition efficiency and the sugar
yield can be enhanced. F r keeping the sugar liquid gbtained under the first decomposition

rther, by
conditions and the sti§RIh u‘i‘a]’(?gtéﬁﬁes ARV RSO aBE S b SRBR BS ABRBHS <8 4Fate from
each other, o, fypes ot sugat iauids hving ifisrent tatios ef monosaseharides confained in the
Ee prop(fuce : é[IS,C{ \ 3 the Sug. eﬁam )

hydrolysates can It'1s also possible to separate the sugar Uid Obtained under
the first decomggg'tion conditions as a sugar liquid containing xylose as a major component, and the
sugar liquid obtained under the second decomposition conditions as a sugar 17 liquid containing

glucose as a major dohepenentuBy-sepasnating thenmonesatghasitie componsgnthconliaingd in the sugar
liquid as described above, the fermentation can be carried out separately as fermentation using xylose
in thetSugar lijuitkiasia kepmerationtfeessicek andas forimenthticred sing lglososecitatsugar liquid as
a 5fermentation feedstock. wherein microorganism species which are most suitable for the respective
types of fermSHiAHS A EAR B SMBERAUAY Yiddasipes 1Py suihéproeadutees s waatéd liquid

obtained in t rog%c]iur% gagfgggfﬂ%fn%% jected to enzymatic hydrolysis of the cellulose-containing
biomass. 10[ The enzyme used may be the same as the one used in the procedure B. The

conditions fof#agganzyme treatment may also be the same as those in the procedure B.

The step of hydrolysis of the cellulose-containing biomass is not restricted,
20 and particular examples thereof mainly include 6 methods, that is, the procedure A: a
method using only an acid; the procedure B: a method wherein acid treatment is
carried out, followed by usage of an enzyme; the procedure C; a method using only
hydrothermal treatment; the procedure I): a method wherein hyvdrothermal treatment
is carried out, followed by usage of an enzyme; the procedure E: a method wherein
25 alkaline treatment is carried out, followed by usage of an enzyme: and the procedure
F: a method wherein ammonia treatment is carried out, followed by usage of an

enzyme.



[0053] In cases where the hydrothermal treatment is followed by hydrolysis of the
cellulose-containing biomass using an enzyme, it is preferred to carry out hydrolysis of hemicehulose
having a tow crystallinity by the hydrothermal treatmént in the first hydrolysis, followed by carrying out
hydrolysis of cellulose having a high crystallinity by using the enzyme in the second hydrolysis. By
using the enzyme in 20 the second hydrolysis. the step of hydrolysis of the cellulose-containing
biomass can he,allowed to proceed more efficiently. More particularly, in the first hydrolysis by the
hydrothermal treatment, hydrolysis of the hemicellulose component contained in the
cellulose-containing figmass-aag:paltial degompesition:nl kk%&%g@m PECH AR the resulting
hydrolysate is separated into an aqueous solution and the solid Z5contents containing cellulose. The
solid contents:eeniainingicelhdtosdisherhydalyzed byhaddiipmatan enanectheiric
separated/recovered aqueous solution contains, as a major component, xylose, which is a pentose.
Further, from e a8 hydtrohy/sidyeactionpsoliuct ekilesgokdoonientsdcontaining cellulose,
monosaccharide components containing glucose as a major component can be obtained. The
aqueo&s solutiéi ®btained by the hydrothermal treatment may be mixed with the solid contents,

followed by adding an enzyme to the resulting. mixture 5to carry out hydrolysis. [0054] . In the
R CRTE AT BRIy SSERIns ot SReE SPCARHAT OISR, These

procedure LI, the alkalrto be“us
alkalis are adged 19 the.eelivioses-rontaining igmass. such that their.consentrations,pre yithin the

i
range of 0.1 to 60% by weight, and the” 10treatment may be carried out at a temperature within the

range of 100 {0@0QC preferakipdl 849::80¢ 0 e RumReneftimes ot thedraalimentisnpt restricted,

and 1 or more times of the above-described treatment may be catTied out. In particular, in cases
where the abestesdésoribedteati Bt is dafEd pat2:biymareitimes’thenciothditioing dorie first
treatment may be different from those for the 15second and later treatments. [0055] Since the

treated’produtshisites thy thecsIRbirnspadtmofteontains dikaliathen etiodiwnthydroxide, it needs
to be neutralized in order to be further subjected to hydrolysis reaction using an enzyme. The

neutralization AP B CaPRLEF I 56Rither 1OF PRE RS HikaME SERTEERPrEFaraaByBmoval of the
solid contents_from the hydral solid-liquid separation, or in the state in which the.sqlid contents
are containe}.éT %]na%% %aggrﬁ%%ﬁ%ﬂéé%%gre%i\gﬁr?gﬁﬁaﬁlglﬁa i\f)eﬁcl%sﬁro%?gs{{ﬁa%ﬁ?gﬁop %?éffgrably a

monovalent agigl TeaggN: InRasas whsimbthdhe asidand.alieling.comapnsnls argsalthaving

valencies of 2 or more during the Step (2), 2 5these do not pass through the nanofiltration membrane,
and the salts foedipiaient the haetd-eluragithe process of concentration of the liquid, which may cause
fouling of the membrane. 19 [0056] In cases where a monovalent acid is used, examples of the
acid irelude, Bi#3&de not limited to, nitric acid and hydrochloric acid. [0057] In cases where an acid
reagent having a valency of 2 or more is used is necessary to reduce the amounts of the acid and the

alkali, or to employ & W&Eﬁdﬂi%ﬁ%WF@ﬁ%@élWﬁ?é@?ﬁiﬂ%@ @Er?r?éjdti_‘?elét@p‘}&f’, by Bigiakto avoid
prectaton ol SIS TR SR 21 1 eeesleie sl o legy o2 g mre s oo
10 to 100°C, and the reaction time is set within the range of 1 second to 60 minutes.
[0040]
290 The number of times of the acid treatment is not restricted, and 1 or more
times of the above-described treatment may be carried out.  In particular, in cases
where the above-described treatment is carried out 2 or more times, the conditions
for the first treatment may be different from those for the second and later treatments.
{0041]
25 Since the hydrolysate obtained by the acid treatment contains acids such as

sulfuric acid, it needs to be neuiralized in order to be used as a fermentation

feedstock. The neutralization may be carried out either for the aqueous acid



10calcium hydroxide is used, the gypsum component is produced by neutralization, the gypsum needs
to be removed by solid-liquid separation. Examples of the method of solid-liquid separation include,
but are not limited to, centrifugation and membraneigeparation, and the gypsum may also be removed
by carrying out plural types of separation steps. 5[0058] The enzyme to he used may be the same as
the one used in the procedure B. The conditions for the enzyme treatment may also be the same as

those in the procedure B. [0059] 2 0In cases where, after the alkaline treatment. the
ceIIulose-con%gc?ﬁ?ﬁ%nﬁjlge%%gg% ﬁ?glr%‘fyg/%zgdtetzlgi%% lé?r? %ﬁ%}%&oﬁeﬁhegn?ﬁl r(:C?Io S%tgnoerﬁpélr]gund the

hemicellulose,and; celitlas e.cQBIRPORALSIS SRGVESHEY, m%ﬁ@%m%_%'%@%%ﬂ%@m@ fBlomass with

an aqueous solution containing an alkali and heating the resulting mixturée, thereby making the

hemicellulosetansbeelulose compoRants renekivesfotewsdoy asivieg: 2ImbHt enpmatigihydrolysis of
hemieellulose having a low crystallinity and cellulose having a high crystallinity which have not been

decomposed dapdhe/ yrdrottie theal poress ki ing: thepaliclinetr e atimbatitordepaiticuldtlyy in the
alkaline treatment, 70 hydrolysis of a part of the hemicellulose component contained in the cellulose-
containing bidReASSHHE PhFtEFBéLbilisss o AGMShITIRIERAITIS ceae (HHE tHe mssoliReehyafolysate is
separated inthan ef\tlkaline soltutior{hanld th o[idgc?}r%tents containing cellulose, The salid contents
containing celSIS8e 1S AR Ry PRIV P Sl Paba HIfPIRESSR CARITSERIFRT S Aribs HiaWfereto. In cases
where the CO%ﬁE‘NﬁI&%ME%& '%g ﬁ%IHEQHH&L%W’ the hydrolysis may be carried out by just adding
the enzyme after neutralization, without separation of the solid contents. From the hydrolysis reaction
product of theggiig contents containing cellulose, monosaccharide components containing glucose
and xylose as major components 10can be obtained. Since the separated/recovered alkaline solution
contains, as a majotconsponéate: xytosey whichakk @ ipentede ciragdition de: liginil, iantaiuequs sugar
solution can be isolated by neutralization of the alkaline solution. The aqueous sugar solution obtained
by thé heutrafikationmaybe mirahnkhsteuse iy dsridarndaivastbyhaddiriian enzyme to the
resulting mixture to carry out hydrolysis. 15[0060] The conditions for the ammonia treatment in the
procedure F 478%bAsed on JP 2008-161125 A and JP 2008-535664 A. For example, the concentration

of ammonia to be a(ilge to the cellul §e-containin biomass iﬁ within.the range .of 0.1 to 15% by
cas llﬁ |

. . oS te an alkaline reacent Having a valency of 2 O1, Mote.1s Use 111
weight with respect to the cellulose-con aining Biomass, and fhe tr%aifment i15’Docaed ot at 4 to

200C, preferahbe 90104 30%ucd G- ammRiaiae-alden mavhein she, staiagf githerliguid or gas.

Further, the form of the ammonia to be added may be either pure ammonia of aqueous ammonia. The

number of tinfes:ofithe:reaireht isaolugsiiictedand | orénaredimesdpthagreatmentamay be carried
out. In particular, in cases where the treatment is carried out 2 or more times, the 25conditions for the

first tigatmendyniag be differeht fromrisesefiordhe sbebdridrang fateldrentmi@nis njog6kuRd.

the alkali is preferably calcium hydroxide in view of the cost.  Since, in cases where
calcium hydroxide 1s used, the gypsum component is produced by neutralization, the
gypsum needs to be removed by solid-liquid separation. Examples of the method of
solid-liquid separation include, but are not limited to, centrifugation and membrane
20 separation, and the gypsum may also be removed by carrying out plural types of
separation steps.
[0044]
In general, in hydrolysis using an acid, hydroivsis first occurs in the
hemicellulose component having a low crystallinity, which is followed by
25 degradation of the cellulose component having a high crystallinity, Therefore, it is
possible, by using an acid, to obtain a liquid containing a large amount of xylose

derived from hemiceliulose. Further, in the acid treatment, by subjecting the



The treated product obtained by the ammonia treatment needs to be subjected to neutralization of
ammonia or removal of ammonia in order to further carry out hydrolysis reaction using an enzyme. The
neutralization may be carried out either for ammonidJrepared by removal of the solid contents from
the hydrolysate by 5solid-liquid separation, or in the state in which the solid contents are contained.
The acid reagent to be used for the neutralization is not restricted. Examples of the acid reagent

include hydroghlc rig acinnitrigeralgid nqhset{llfggc acg%ib and ttle acid rea en} IS %referably sulfuric acid in

. . asSs 50 COoIl aiter el a re%p 1013 11%3{. ad ll(%]Ff I’GSStLile at ELI_ .
view of av0|d|ng corrosiveness to process piping and avolding inhibition ermeéntation. The ammonia

can be removiadiy Hmaintaining the anmeniasieated prdugtHpder Jeduges: @5%?&55& to evaporate
the ammonia into a gas. The removed ammonia may be recovered and reused. [006 It is known
that, in hydrolyigiseusingtani sinz yaehaftet anpneniadiaatmentiding enysiabisuctue afeallulose changes
by the ammonia treatment and the resulting crystal structure allows the enzyme reaction to occur
easily. Thereforeluppsilidwinedthemrnzymeto adtonathiestldtvoniegs afteo Supfralymsonia treatment,
hydrolysis can be carried out efficiently. The enzyme used may be the same as the one used in the

procedure B. SRS ESRAitSHAG oY theleisyre ram iR dyrdisarise! o samnd eddiHesedmithe
procedure B. 20[0063 In cases where aqueous ammonia is used, the water component. other
than ammoniac r%]eéyaak/ghg# e g&%ﬁmg&{f@g&aggﬁﬁ%@@%;;beﬁﬁﬁgwamé%qéﬂt), and hydrolysis
of hemicellulasg A0 fegamAReOn AL IGNIR MAYBFEHT IaRe R ANRIE HEAMEN! With adqueous

ammonia is carried out followed by hydrolysis of a 25cellulose-containing Biomass using an enzyme,
the lignin compaarnimraunthihe hemisslWpseand.celulose-coMPARSMS dsiremeysd fynmixing the
cellulose-containing biomass with an aqueous solution containing ammonia and heating the 22
resulting mixtemegrthefelyy nraking:thet emipedlufosaandorlulasingaliffiwaentskeadtive, followed by
carrying out enzymatic hydrolysis of hemicellulose having a tow crystallinity and cellulose having a
high éfystallifity WhichHaae sstBEenddachammobedy byieheamirotednertl. prddesssdiring the ammonia
treatment. More %Egrticularly, in the treatment b%aqueous ammania, hydrolysis of a pan of the

hemicellulos® SSHIDHE PRSI AR AHFAHE LI OIS RB HART N BIEThARLHIE BHE¥al decomposition of
lignin mainly 9 - and the resulting hydrolysate is,separated into agueous ammonia and the solid
contents contaglﬁﬁg(%%llﬁ%gssé fe;qs‘%ﬁg %gﬁéaﬁq Xc}ﬁf;é?ﬁ?nag%@ﬁﬁl%%e e %%h %Ii/%][r%fyszué’&rby preparing
the pH and agding a&ﬁﬁar&%@m@g@&%nmﬁéﬁﬁg@éﬁ%ﬁ 9&%&9%@Q&f&%ﬁga&)ﬁ%mmoma is as high as
about 100%, a large portion of the ammonia may be removed by degassing, followed by neutralization
and addition obanienzypiecvithout separationaidhe salidsepntants thecanycautdnydlysis. From the
hydrolysis reaction product of the solid contents containing cellulose, nonosaccharide components
contaifiing glueos®asit xsdosarms ishajceohpodentdecantiod abtamet: Simeenthegon can be
separated/recovered aqueous ammonia contains, as a major component, xylose, which is a pentose,

in addition todfgFiTT AW AFRAEBES tigaFEBNHoMP A B B EY By Featrifizifgitie alkaline solution.

Further, the agueous t%%?reggggq?gn%bat?ifg?d b% a’g{hg neutrali ation.m@/ be mixed with the solid
contents, follWad by AdItion oF & Shayme tHeratd” (6 & BTtABIS SREBdIBUEA 2 The aqueous

sugar solution. giRGTALE.SIED (160 e ARIAIGARY SERTARIONOLMEBrANe separation to

remove the solid contents, as mentioned above. In"such cases, depending on the separation

conditions, espegiaycondhepseparatiasnagmpranedsacskerayahalitie solit gantenis may be
insufficient, and 25fine particles may be contained in the solution. Examples of the constituting

compdhents vdsddhdinbepagiciescinchddeoduhartetiot dimited:tos tigyin]dabaiohsilied, caleiem and

undecomposed cellulose. Further, the particle sizes of the fine 73 particles are not restricted. Further,

water-soluble*HaerbRsBREE U BEMpBIEHIE tHay s B Corlizinaidprapiditnh ko taefive particles.

Examples of the ggher-soluble mglcromolecular componentsﬁ&ct)ntained in the aq[lijeous sugar solution
a

include oligoS3E & aRtEsPISSR/AS A TIRESHE TaH AR SR T tAB AL d B iBSus sugar
[0045]

In the procedure B, the treated liquid obtained in the procedure A is further
25 subjected to enzymatic hydrolysis of the cellulose-containing biomass. The
concentration of the acid to be used in the procedure B is preferably 0.1 to 15% by

weight, more preferably 0.5 to 5% by weight. The reaction temperature may be set



5solution prepared by using an enzyme, a large amount of the enzyme is contained. [0065]

Existence of fine particles or water-soluble macromolecules contained in the aqueous sugar solution
may cause fouling during the later-mentioned contiddous operation of a nanofiltration membrane
and/or reverse osmosis membrane, although 10the operation is possible. Therefore, the frequency of
replacement of the nanofiltration membrane and/or reverse osmosis membrane may increase. In such
cases, it is pr : OVe, | treatment. ), fine. particles by allowing the
aqueous sugg@éﬁﬁé%rto %Xs?slt%g%egﬁgﬁﬁi%?%%ﬁ%%o%fzgg??gr‘(gr% ar%/%?eu }g%ﬁt%%(l%ﬁn‘rﬁembrane
which can segirelyemavasHeRdipe particlasand hawater-selble macramelecdles,.Examples of the
filtration include, but are not limited to, pressure filtration, vacuum filtration and centrifugal filtration.
Further, the filtesing-nperadiordsivoughlydclassified into:-constrnihpresswe filtmtion-eanstagt flow
filtration and non-constant pressure/non-constant flow filtration, but examples of the filtering operation
is not limited Beretded petfiltlationioperationamsyvdist bee 200 veudtistapefiltrationavhisreirriad
microldtration membrane or an ultrafiltration membrane is used 2 or more times for efficient removal of
the solid cont&tits. FhIRECHEEStHis Adiians fer dhe Proiperneacst mevrhediblanaiee tesdl are not
restricted. [OO@@L%ES;I;:}%e micrgfjg{atioga{nen%brane used in the present invention is a membrane having
an average pore size o?lbq um %6% rarr%ejnwshich is called microfiltration, MF membrane or the like for
short. The ultrgfiliration membrane used in the present 94 invention is a membrane having a
molecular weight cutoff of 1,000 to 200,000, which membrane is called ultrafiltration, UF membrane or
the like for short. Hesendn thehitralivationmasirans: tainare size isioa:smalitanagasure the sizes
of the pores on the membrane surface under the electron microscope or the like, so that a Svalue
called the motetiskae aedg it medffiistusetagiandndexdef thésizetbétheparednstead-afithe average
pore size. As described The curve obtained by plotting the molecular weights of solutes along the
abscis8a and 86 HIBCKIRYAHREBSATS Y thdorsihtes isfenmeataHemierdsiorls weiht cutoff curve. The
molecular weight with which the blocking rate reaches 90% is called the molecular weight cutoff" in p.
02 0of The MEFIFAKA SEAEY Bt SABAH BH ABFBFARCERBE: findit SEHELZYAMIR Rificial
Membrane, editorig) committee members: Shoji Kimura. Shin-ichi Nakao, Haruhiko Ohya and Tsutomu
Nakagawa (1993, published by Kyoritsu Shuppan Co., Ltd.), the molecular weight cutoff is well-known
to those skillgdda-the art as an index representing the membrane performance of an ultrafiltration
membrane. 15[0067] The material of the microfiltration membrane or ultrafittration membrane is
not restricted as longlascemavak obfineparticles] whiehiis amabjenhofitheprasenuinvention as
mentioned above, can be attained therewith, and examples thereof include organic materials such as
cellulbse, celifieepasBiopalysiilionsd solpethely2asdlfshel cisionnatbe wellethileriszpokipropylene,
polyolefin, polyvinyl alcoho], polymethyl methacrylate, polyvinylidene fluoride and _
polytetrafluorﬁmﬁ}é?ﬁfélﬁ*?gﬁa‘fﬂﬁgﬁﬁﬁ%ﬁ%ﬂéﬁ < ﬁﬂlﬂﬁﬁﬁﬁ@%ﬁi’éﬁ’&‘ﬂé”é%ﬁ%ﬁé‘é”é%ramics. The
material of thgﬂrgé erQl;:i‘l\;rt%ti n (gpergberap% .pﬁynléra& trzggs%n n}gsmbr ne may be ap%{gg?riately selected
based on the properhes 0 ?ﬁe%dgrofyga% and/or the r'unnlngS co%?, ard the Tatenial is preferably an
organic matepialfRese,preiaIakly chierinaadHalEthyeng . PAORYIERS, PO prinvidene fluoride,

polysulfone or polyether sulfone.
The genus of Trichoderma is a microorganism classified into filamentous fungi, and

20 secretes a large amount of various cellulases exiracellularly. The cellulase to be
used in the present invention is preferably a cellulase derived from Trichoderma
reesei. Further, as an enzyme to be used for the hydrolysis, B-glucosidase, which is
a cellobiose-decomposing enzyme, may be added in order to enhance the production
efficiency of glucose, which f~glucosidase may also be used together with the above-

25 mentioned cellulase for the hydrolysis. The B-glucosidase is not restricted, but
preferably derived from a genus of Aspergilius.  The hydrolysis reaction using such

enzymes is preferably carried out at a pH of about 3 to 7, more preferably at a pH of



25 10068] Further, by filtering the aqueous sugar solution obtained in the Step (1) especially
through an ultrafiltration membrane, the enzyme which has been used for saccharification can be
recovered from the feed side. The process of recoviry of the enzyme will now be described. The
enzyme used in the hydrolysis has a molecular weight within the range of 10,000 to 100,000, and, by
allowing the sugar liquid obtained in the Step (1) of the present invention to pass through an
ultrafiltration ang-haying.a molecular weight sut ith which the.enzyme can blocked, the
enzyme can Eé%r%%ve%ﬁ {Fgr% l%ng%%ggﬁ%%ufﬁ %ﬁ%r e%lé?%fil%vé.ﬁg?e?grgbly%gy %ééfnlg Bl rﬁ%e‘regfelt ration
membrane hayipg. melesuarn yeiahbsrefwithinthe sangeieh 12.800.10,30:00@, theggzyme to be
used for the hydrolysis can be efficiently recovered. The form of the ultrafiltration membrane used is
not restricted;randimay bminthadesidofgithers afiahmerbraneer é&beligosfiber. IByrgusing the
recovered cellulase in the hydrolysis in the Step (1), the amount of the 15enzyme to be used may be
reduced. Wheh sachefiedtiviroharebglidous Bdganisolstior idcaeried gt iosiagdanarthaditteation
membrane, the aqueous sugar solution is preferably preliminarily processed by being allowed to pass
through a mié%ﬁﬁ%i%n%‘é‘gﬁo%é?@d?é‘ﬁw%ifﬁﬁje%ﬁ%ies}f[@@‘89]%E%§‘r%é%®fsﬂiéistep of
processing wjth a microfiltration membrane and/qr. ultrafiltration membrane after the Step (1) Include
the procedurd 44 RERA WAL S s A TR oo B DA RIS B brane; the
procedure 3: gygethod wherein the liquid is centrifuged and then filtered through a microfiltration
membrane; the procedure y: a method wherein the liquid is centrifuged and then 25filtered through a
microfiltration memburangcfoliawediRy.bring fiterad diradahan ulkafiltrationymembianethe procedure
6: solid-liquid separation is carried out using a filter press, and the filtrate is then filtered through an
uttrafiltration nefimbservenamdinthbipnocadiiie predotiddiguidrse patatydroiy carrfeamitelisingaa filter press,
and microfiltration is then carried out, followed by further filtering the filtrate through an ultrafiltration
membfane. [HOVHE & Loy gREsEidEadUrs diethr dHigatmiguith dbtdinad e Stetplioyiadstibjected to
solid-liquid separation using only.a micr fig%a?tion membprane in cases where the amounts of
substances Hﬂé&’»@&%ﬁ}é\%&aﬁgfﬁ R SORAHB ST b 61 HHL P BRI A ABAAERAHB, such as

the solid co ‘8%896%{3@%8@%&%@ %”Hgﬁg%‘%%%?

_ geslose.and the, o components.derived from
macromolecules, are all. In this case, it is possible to remove undecomposéd cellulose and

inorganic compangiia skeh-assilicatavingastislsdiansters afnetdessthangeysral ten nanometers
attached to the biomass. If such solid contents are not removed, when the liquid is allowed to pass
through the stiifiacerof thevhanofitriaticnlmemibans dndien reersarosmisisdngembranein the Step (2),
the membrane surface may be 15damaged and the membrane may be destroyed, or the solid
contents mayhaaertiulase epnthensoifesetdmedsiichctirnldyllesdiog tondecreasesdn ahé fhnkia[0071]
Further, in cases where the amounts of solid contents such as undecomposed cellulose are large and
the total amotiFiCSIRA ReTi Aehid PR ItERsH Wi SRy S DbIRSr TR ATBIS M SRmBFald Bdeause of
large decreasé% iarg:ithle Elllin with (}irHe, ce trifugation is prelimin ri{ carried ouE. nd the m crofiltration
ﬂg‘m and the soli E%ré S cont a

Q. o1} N1 20 S6, £ SO11d CONTeTS
membrane treatmenst IS then carried ou By proceéuré’f&. H‘ereeby allowing reomtc?v%ﬁ of

undecomposggheefliase ANdPRrgANS FAmRoRFRIS AU AL SHikA.Naving Paticlefiameters of not

less than several ten hanometers attachied to the biomass. In the 25procedure |il, also in cases where
the amounts gfpie:solid-cospoRehisoand Hreehtampanenisaimsraall. fempenspiahaying relatively

large masses can be preliminarily removed by the centrifugation, so that maintenance of the 27
20 xvlose, which is a pentose, an aqueous sugar solution can be 1solated by
neutralization of the acid solution. Further, from the hydrolysis reaction product of
the solid contents containing cellulose, monosaccharide components containing
glucose as a major component can be obtained. The agueous sugar solution
obtained by the neutralization may be mixed with the solid contents. followed by
25 adding the enzyme to the resulting mixture to carry out hydrolysis.

[0049]

In the procedure C, the acid 1s not particularly added, and water is added such



microfiltration membrane is less necessary, giving the effect of reducing the process cost. [0072]
Further, by the procedure y in which, in addition to the procedure [3, treatment 5 with an ultrafiltration
membrane is carried out in the subsequent stage, ifiérganic particle components having sizes of not
more than several ten nanometers, which cannot be removed with the microfiltration membrane;
water-soluble macromolecular components derived from lignin (tannin): sugars which were hydrolyzed
but are still in [adl he pr of decomposition into 10monosaccharides, which sugars are
in the levels o{%Ti%@o‘iﬁ?ﬁﬁ&é@o@%@%@%ﬁ%‘é Vanic egg?%érrlllg %r?)eloei%%sfrggcﬁgéeg (?}' fﬂe? P\%Péflysis of the
sugar; can bewemavedidndis atesmenianed siRa(e). the eioaniepafida.sompengpts may
damage and destroy the membrane, or accumulate on the membrane, leading to decrease in the flux.
Further, ultrafmiepasticlBs/chsters baving eiametersmatnatckomers thanseveralipanometers, which
usually aggregate and exist as particles/clusters having diameters of several ten nanometers, may
penetrate intdiifeakiside ofahel pseabranmzaldubeck thecme Mbeanen Simifaity e tariie
oligosaccharides, polysaccharides and enzymes may be factors that gel and accumulate on the
membrane orBFEEI &SRB hatd SeTrimpraney Tiserarord, By hadinoraliysocdrrying out the

treatment with EiarpCuIlt&rn:;ltgltrgtion mﬁzmbtran% membrane éoulin% in the Step (2) is suppressed, and the
maintenance ROSTTOF the FASMBIANS CAn e Iargaf RS UL ERHI T the% asd BF%Step in which an
enzyme is used.wh VSIS 4S,.GALr | he recovered hy using the
ultrafiltration g%%b?%g{%%%i@nqz%n%%ﬁoc tﬁgg%%r% [ ﬁ‘raeﬁo%r(ﬁ%ne?é Sf%%é (%% be reused by
being 25returpedie fhe hysdralysisstep in the Step (1), which is advantageous. [0073] Further, in
cases wWhere the procedure 6, wherein usage of a filter press, 28 centrifugal filtration, high-speed
centrifugation @felthe like may be carried out to further increase the clarity of the liquid upon the
solid-liquid separation, is selected, the microfiltration step may be skipped from the procedure y and
the uftfafiltration meiBiEsEstEP P sl s reetyyingivdiotiie B{E0 T4ptmerEuiven) jisicdses where the
clarity of the liquid is low, that is, in cases where the turbidity of the liquid is high, membrane fouling
occurs more 8%t8Rs0&R; i}ﬁefﬂg?}m%ﬁ?ré‘f’%ﬁ%@?%?éiﬁg SV iR HED 109 4b ihEslazEdh the

maintenance - fore, ting, dependi on(;heri ning cost.for the ultrafiltration
| lﬁpﬁ&ﬂzﬁ%?&tgx %‘ghﬁ?olsegﬁ%’l%qCﬁ ig-f hu‘l%g' é@ééargﬂgﬁ me (%IE? Iecé?;ying out

10membrane, the procedure ¢, which is'a clarity solig-fig

microfiatior memiiane e 0k Ricie:laliralion RN EAIelyIn st o prevernt

fouling of the ultrafiltration membrane, the total running cost for the tnicrofiltration membrane and the
ultrafiltration amembraiie yhay becomdiawaeihianintee procriueSnvheminRMy-an ultrafiltration
membrane is 1 5used. [0075] The Step (2) of the method for producing the sugar liquid of the
preserit inveATRMDEHIdY isulistéoflbwnesanddigueois sugier sbiuticr e passithraugh a
nanofiltration membrane and/or reverse osmosis membrane, recovering a purified 2 Osugar liquid from
the feed side M98 MU IeTHEMAACRSIHRITRGTaIBSHIREeS thsmtmecptetaene dide, will now be

ri . 7 : . ..
described [09’319.11036 component having a higher crystallinity can be decomposed to obtain a

liguid containing a large amount of glucose derived from cellulose. By setiing the
two-stage step of hydrolysis, conditions for the hydrolysis which are suitable for

20 hemicellulose and cellulose can be set, and the decomposition efficiency and the
sugar yield can be enhanced. Further, by keeping the sugar liguid obtained under
the first decomposition conditions and the sugar liquid obtained under the second
decomposition conditions separate from each other, two types of sugar liquids having
different ratios of monosaccharides contained in the hydrolysates can be produced.

25 That 1s, it is also possible to separate the sugar liquid obtained under the first

decomposition conditions as a sugar liquid containing xylose as a major component,

and the sugar liquid obtained under the second decomposition conditions as a sugar



The term "fermentation inhibition" used in the present invention means a phenomenon wherein the
amount of production, the amount of accumulation or the 25production rate decreases in cases where
a chemical product is produced using, as a fermentafion feedstock, a sugar liquid prepared by using a
cellulose-containing biomass containing fermentation-inhibiting substances as a raw material,
compared 29 to cases where a reagent grade monosacchar de is used as a fermentation feedstock.
The extent of ion. inhibition is.not restri inthe present invention singe the extent to
i the i e Y R oS g
substances existipgithibecsaanbanifiec: liquid andiatheamayais:triedi-andihefugrhetinhibition
also varies depending on the species of the microorganism used and the type of the chemical product
produced by therimicsaosganisay BOZARANyGfitheiaguenys sugarsphitidmddhltained by the
procedures for hydrolysis 100f the cellulose-containing biomass contains fermentation-inhibiting
substances afthBggketive Hndunts endrs Compohdntsittisredivesy tepending baidesprocedure or the
type of the cellulose-containing biomass as a raw material. Such fennentationinhibiting substances can
be removed B EBEEMRG tHETGHe DS SHY AT SORMAH i e procatini BF thesstegaQly, ke
fermentation-{HQiE%istin nsy@bga@r;cg are c¢ ne.pound%15whi%hdaredprg%uced by hydrolysis of a
cellulose-con alnlnd3 iomass an ﬁave In |()|Ifo(f§1/nac iONS a5 mentioned above during the step of
fermentation ygigg;a sugar liquid obtained by the production method of the present invention. The
fermentation-lnhibiling substances are produced especially during the step of acid treatment of the
cellulose-containingihigiass: ngeroughly-elassifigdiinteerganis gRagidsdwran eompapnds and
phenolic compounds. [0078] Examples of the organic acids include acetic acid, formic acid and
levul nic acid siixaenplds ofthe furdrnydompounitdinalide fenrdfunadiand: fydresgmethylfurfural (MITF).
Such organic acids and furan compounds are products produced by 25decomposition of glucose or
xylosé,Owhich[%(?é%onosaccharides. [0079] 30 vanillic acid, syringic acid, gallic acid, coniferyl

aldehyde, dihydrocaniferyl alcohol,§1 droguinone, catechot, acetoguaicone, homovanillic acid,
4-hydroxybenzoic a%? ahd A%y %{ﬁé-F’r‘?etg?o%ﬁﬁéﬁg}fed%‘?/ﬁﬁ%gl(éﬁb@é}‘fig%ﬁ&es)m?hese
compounds af ﬂﬁgé}{}%dfgﬁﬁé '%%Q{{%%&l’%ﬁe%ﬁ%%sﬁéﬁ-J?%?eolame Eé%&%%é’i{{‘tﬁé‘??éc‘évcl‘u%e a waste
building material, plywood or the like is used as the cellulose-containing biomass, components such as
adhesives ang paints used in the lumbering process may be contained as fermentation-inhibiting
substances. Examples of the adhesives include urea resins, melamine resins, phenol resins, and
10urea/melaniifg3¢opolymers. Examples of fermentation-inhibiting substances derived from such
adhesives include acetic acid, formic acid and folinaldehyde. [0081]
15 In cases where the hydrothermal treatment is followed by hydrolysis of the
cellulose-containing biomass using an enzyme, it is preferred to carry out hydrolysis
of hemicellulose having a low crystallinity by the hydrothermal treatment in the first
hydrolysis. followed by carrying out hydrolysis of cellulose having a high
crystallinity by using the enzyme in the second hydrolysis. By using the enzyme in
20 the second hydrolysis, the step of hydrolysis of the cellulose-containing biomass can
be allowed to proceed more efficiently.  More particularly, in the first hydrolysis by
the hydrothermal treatment, hydrolysis of the hemicellulose component contained in
the cellulose-containing biomass and partial decomposition of lignin mainly occur,
and the resulting hydrolysate is separated into an agueous solution and the solid
25 contents containing celinlose. The solid contents containing celiulose is then

hydrolyzed by addition of an enzyme. The separated/recovered aqueous solution

contains, as a major component, xylose, which is a pentose.  Further, from the



The aqueous sugar solution obtained in the Step (1) contains at least one of the substances as a
fermentation-inhibiting substance(s), and the aqueous sugar 15solution actually contains a plurality of
the substances. These fermentation- inhibiting substénces can be detected and quantified by a
common analytical method such as thin layer chromatography, gas chromatography or high
performance liquid chromatography. [0082] 20The nanoliltration membrane used in the present
invention is alsoiealied ananafierananeiraisn memprans, NF membrane). and generally defined as
"a membrane that allows perméjatlon oPmonova entions, u% blocks GivaIRHt ions”. The membrane is
considered taiaua fineanids haying sizesiabout seyveraknangeterspanchmainty used to block fine
particles, molecules, ions and salts in 25water. [§O§3] 3 1 RO mémbrane, and generally defined as "a
membrane havingnadesalinatjosiunationdbabeanalse temgevieomenayaientiens miiedanembrane is
considered to have ultrafine voids having sizes ranging from about several angstroms to several
nanometers, Bntedhaiilythsed fdceatanizaldidonié comblonents;sycheds Seamwatbmedesdlination and
production of ultrapure water [0084] The term "filtered through a nanofiltration membrane and/or
reverse osmd8iSaREMBr A& R tie present invention means that a sugar liquid obtained by hydrolysis
of a cellulose-ggg ining biomass is filtered through a nand-ligation membrane 10and/or reverse
0smosis meng rane to block or separate a sugar liquid containing dissolved sugars, especially

dissolved monosacqiafides sush-2¢ HHEaRs AR g@{gés-iémm%fﬁ%%?%ggr[ gg%%gqg%ggde

fermentation-inhibiting substances to permeate as a permeate ofr filtra e performance(s)

of the nanofiltratigiimemaianedand/prdeyaIsei oS AligMe Mkl ARE Hs8d Pt RIe SRR RYention can
he evaluated by calculating the permeation rate (%) of a subject compound (a fermentation-inhibiting

substance, morasaetHetide vrdhrealicek contaitied ihethe@gubblisis vgas solutiarhi Thel thethod for
calculating the permeation rate (%) is as shown in Equation 1. 20[0086] Permeation rate (%) -

(coné&tratioﬁf'@f@ﬁﬁ}é@%@m%ﬁﬁé_ fripretteesiter bidanthaion of elibféceciifound in
Sutie compBtH TR E A Ao 1 ot A HBTAA 4 (G 4e e BOHEBRER S8 heasurod wih
high accuracy, gl (ERIGAYERII AR BL RIS RAMRIGS S R nethadinglide high 32

particular, in cases where the above-described treatment is carried out 2 or more

times, the conditions for the first treatment may be different from those for the

second and later freatments.

-
1

[0055]

Since the treated product obtained by the alkaline treatment contains alkalis
such as sodium hydroxide, it needs to be neutralized in order to be further subjected
to hydrolysis reaction using an enzyme. The neutralization may be carried out

20 either for the aqueous alkaline solution prepared by removal of the solid contents
from the hydrolysate by solid-liquid separation, or in the state in which the solid
contents are contained. The acid reagent to be used for the neutralization is not
restricted, and preferably a monovalent acid reagent.  In cases where both the acid
and alkaline components are salts having valencies of 2 or more during the Step (2),

25 these do not pass through the nanofiltration membrane, and the salts precipitate in the
liquid during the process of concentration of the liquid, which may cause fouling of

the membrane.



performance liquid chromatography and gas chromatography. In cases where the subject compound is
a monosaccharide, its permeation rate through the nanofiltration membrane and/or reverse osmosis
membrane used in the present invention is preferaﬁl% low, while in cases where the subject compound
is a fermentation- 5inhibiting substance, its permeation rate is preferably high. [0088] In terms of
the permeation performance of the nanofiltration membrane, a nanofiltration membrane in which the
penneation flgymg e of sodium chloride (500 mg/L) per unit membrane area (m3/m2/day) at a filtration
pressure of 0.3 MPa is 0.5 to 0.8 is preferably used. The permeation flow rate per unit membrane area
(membrane permeatiptafieididtex)eanchel eadeuldtBoaatanding Ies bauatien Rideyumeasuring the
amount of the liquid permeated, collection time of the permeated liquid, and the membrane area.
[0089] 15Memsramid putadationtiiuxc{didtn2idagyHaimedidt of liquid peuneatedimembrane area/liquid
collection time ... ?Equation 2) [0090] The pH of the aqueous sugar solution to be applied to the
nanofiltrationl rane and/or reverse osmosis membrane is not restricted, and preferably | to 5.

201 here the pH is less than 1, th brane i ded when it i for long time,
eacing 10 drastc deliSASS TINEAbIAHE BAMIACBE SHLH oG the AL e e ization rate, whi

in cases Wheﬁ%é&%af?{?'t@&lﬂ[&%ﬁ@rﬁrﬁoﬂ?ﬁs@mﬂé’ Q&f@%‘?@\%é’éﬂ?ﬂf?&‘%@éﬁ (R 35,AC5lGggld, formic

acid and levulinic acid may drastically decrease. Since the membrane surface(s) of the nanofiltration
membrane 2 pangierraverseopmasiimainhrnads/arg ehai@eds svbataneesianizediinahe solution
are more prone to be removed or blocked than non-ionized substances, so that, in cases where the
contents of odgamig deidscpditaineddamthevagueouscslibarisglatioleare 033 bighoot incases where a
high removal effect is required, the removal efficiency can be drastically enhanced by adjusting the pH
of the aqueolesisid issaletisdly suithiriabel doe vhaseseribadifangelh dthEseffebesT filtering the
aqueous sugar solution, whose pH was adjusted to 1 to 5, through the nanofiltration. membrane and/or

reversa 5 osFAURIETHIBIHIFEAR 75 e itbisH ol BHe BRI G SHE h R FEZ i GferiBFal, the initial
flux value decreases as the pH decreases, but, especially in.the case of an agueous sugar.solution
derived from B Lo IR N e P e e A B onger
at a pH of 1 texql@QaH IQGuItherRERECiBY R the: fRseak8 1RYe9E.a8MPsiR membrane, the pH of
the aqueous sugar solution is preferably adjusted to 1 to 3. Similarly to a nanofiltration membrane, in
cases where dheapitldga, les8 thapybsanieverse oshaesiadneiTirane,ih degradeawhes isfis used for long
time, leading to drastic decrease in membrane performances such as the flux and the permeation rate.
On the other $f@athtinrceises - 15where the pH is more than 3, the removal rates of organic acids may
be insufficient. This may be due to the fact that, because of the smaller pore sizes of a reverse
osmasis men®ahé than those of a nanofiltration membrane, or the like, the ion radius, which is the
effective radius of an.organic acid, is to Iar?%Z to maintain t}He removal perggrmancgu?g valent to that

. . e enzyvme.to be used m e ihe same as ne ysed i the .pro . .
of a nanofiltration mefibrane WitRGtt fiitHa sSuppression of the ¢ arge rived from the ionicity of

the eluted componenis; JA0RRTie ohi36:h A IPMERIGSSURL algW-RIeSSUTR yPR, fRyerse osmosis

membrane with which the operation pressure can be feduced, among reverse osmosis membranes,
allows achie\{ﬂa&ﬂhﬁf BN organic acid removal rate equivalent to that of an RO

[0059]

20 in cases where, after the alkaline treatment, the cellulose-containing biomass
1s hydrolyzed using an enzyme, the lignin componeni around the hemmicellulose and
cellulose components is removed by mixing the cellulose-containing biomass with an
aqueous solution containing an alkali and heating the resulting mixture, thereby
making the hemicellulose and ceflulose components reactive, followed by carrying

25 out enzymatic hydrolysis of hemicellulose having a low crystaliinity and cellulose
having a high crystallinity which have not been decomposed by the hvdrothermal

process during the alkaline treatment. More particularly, in the alkaline treatment,



25membrane which is not a low-pressure/ultralow-pressure type membrane, even in cases where the
adjusted pH of the raw liquid is more than 3. Therefore, the effects of reducing the amount of the acid
used for the adjustment of the pH and reducing 343Ae amount of the alkali used for the adjustment of
the pH in the fermentation step in a later process can be obtained, and the removal rates of organic
acids are enhanced compared to a reverse osmosis membrane which is not a

low-pressurelyRIQNRIGE IR PR, RAIANGHS0 JIRLAION BiSSSIE A TRlowRTgsSUre type reverse

50smosis membrarie Is preferably used in the present invention. Here, OoW-

pressure/uItrwamw@ﬁmeafwﬁ%p@és@%dmmbéan%maﬁaﬁ/r@@ﬁ%%lgﬁmgsis membrane in
which the permeation flow rate of sodium chloride (500 mg/L) per unit membrane area (m3/m2/day) at

a filtration pressuittnaf}.#biViRa is potdessithan £h4fA0A3FANTbe acidier alkaltssed:for adjustment of
the pH of the aqueous sugar solution is not restricted. The acid is preferably hydrochloric acid, sulfuric
acid, nitric acf9BeHesphoieEcid [ioselisreterably sultaricngaidl niede toibohphogpbwtibyacid in view
of the fact that inhibition during fermentation is less likely to occur, still more preferably sulfuric acid in

view ofthe e&STSHTIEShRTRNE)T FABBAAN SaTaRTABRIL 5 ath AisRtaY Redithh FRRAGHAESY calcium

hydroxide or 1 qyRoSSolien conanngL e ol the Scanomis eiciency Mmorg preferably
ammonia or sodium, which are monovalent ions, in view of membrane foul g, sull'more preferably

ammonia in vigwofthedactihat inhibiionduring fermentaion i, |essdilelyo aeeH-#0[0094]  The

stage at which the pH adjustment of the aqueous sugar solution is carried out may be before the

nanofiltrationimemiyane:ant/enHrevesse asmasia membrasenteatmentfusther, in cases where an
enzyme is used for hydrolysis of the cellulose-containing biomass, the pH may be adjusted to not more
than 5 when them2 Blaybizolsis reaetionsis cdafisd oghEarthed, iplosses wderesheprosess of reusing
the enzyme using an ultrafiltration membrane is employed, the enzyme is likely to be deactivated if the
pH détreasesdd Mot R dhart Bce dhthar e pilirererer alte o B ohe oMigiARration membrane eat

entis preferablg/. adéusted. OOQSVLThe temperature of the aqueous sugar solution to be subjected to the
treatment with 3 RanoHRraion m ?ﬁ%rgﬁggﬁsd%}?eﬂg\%?s@& 8??%%% Brafie $4HE 5 predent invention

is not restrictg(gimg%tp&tgg}g&%q&rgﬁfﬂg%gﬁgﬁ O%ngﬁ?:%%}é ggﬁrT gﬂﬁigﬁrpﬁegﬁﬁgg%ncement of the

fermentation-inhibiting substance-removing capacity tration through the membrane used.

[0096] More pagticulaiiointasasihels the fitBliasisrariedoudhrangh-asayaisaHRosmosis

membrane, the fermentation-inhibiting substance-removing capacity of the
followed by adding an enzyme to the resulting mixture to carry out hydrolysis.

15 10060]
The conditions for the ammonia treatment in the procedure F are based on JP

2008-161125 A and JP 2008-535664 A.  For example, the concentration of
ammonia to be added to the cellulose-containing biomass is within the range of 0.1 to
15% by weight with respect to the cellulose-containing biomass, and the treatment is

20 carried out at 4 to 200°C, preferably 90 to 150°C.  The ammonia to be added may
be in the state of either liquid or gas.  Further, the form of the ammonia to be added
may be either pure ammonia or aqueous ammonia. The number of times of the
treatment is not restricted, and 1 or more times of the treatment may be carried out.

In particular, in cases where the treatment is carried out 2 or more times, the

]
S

conditions for the first treatment may be different from those for the second and later
treatments.

[0061]



reverse osmosis membrane is high if the temperature of the aqueous sugar solution is 40 to 80C, so
that the temperature is preferably set within this range. This is because the removal capacity begins to
increase at a temperature of the aqueous sugar sofiition of 40C or higher in cases where the filtration
is carried out through a 15nanofiltration membrane, but a temperature higher than 80C may cause
degradation of the reverse osmosis membrane, resulting in loss of the membrane properties. [0097]

In cases where the flation, I3 Garred 88&&*11@!%%&%%@%@@%1%@%%%@? 1415 1GIBRErafure of the

aqueous sugar solution is preferably set within 1 to 15C. If 2 Othe temperature of the aqueous sugar
solution is less thardizdAGaseenvhere hiedii@lion faeaioe aubibeoughaimanalgiration membrane,
pipes may be frozen inside, causing device errors, while in cases where the temperature is more than
15C, an effediwfrrérhicingdihen oss deesmotappedhdargaipliThiectempe batonercdntrlestsased on the
fact that, in cases where the temperature is high, swelling of the 25membrane occurs, substances
having largerfficiesnmariasriesary ismeveldidhe hidaaoisator paniboarnbsariitrease, while in

cases where the temperature is low, contraction of the membrane occurs and the pore sizes of the
membrane dSEHAALELS SRR B 64 %‘f&@%&?&ﬂi{g“&%ﬁ?ﬁ% AR side. 0098

Since a nanofiiralion MeMrang.i3 aanerally ﬁéﬁﬁ%ﬂﬁ%gﬁ a rr‘l‘o‘?rpe@{%ﬁ‘t%cha_vﬁ‘&% gsE Pg%re size than
areverse osmosis memaﬁrane, INn cases wnere a nano |1trat|on membprane Is USGCPII’] the tep (2),

fermentation-jahikiting substancesRermeatatvonghdhs mambrang and thenlweighis of the
substances removed are larger compared to those of a reverse osmosis membrane, but, on the other

hand, it is consigened thattheiyeaigiitsi ohthbirosacchardeslinghichare dhesproductef interest, lost Into
the permeate side are also large. In particular, in cases where the sugar 10concentration is high, such
a tendency appebgsstergldir@nnihbibtnerHantcitatases Whiersmpaierse bemsozis eddmbrane is used
in the Step (2), it is considered, because of the small pore sizes, that the weights of inhibitory

substahces hAFHAGIaHE HoTSEuRiivERtE RIS EERISEE SRS TAIRSTESHISIE to those in

the case of a nanofiltration membtﬁne. ThereJore it isapreferred to sele&;t a aBgrgpriate 15membrane
11{[011}& 1110 %r%as. he femoved aminoni m%‘_}fﬂ%e I'SCOVE:C}‘G ang.reused, .

among nanofiltration mempranes and reverse osmosis m rahes depending on the weights of the

fermentation-m@@i}ing substances and the molecular weights of the major fermentation-inhibiting

substances in the sugar liquid obtained by the above-described treatments. The number of types of

the membrane selegtad itsnoh fiRGeESatilyIRas anic PUH ahiypes Sfdnambranesamy-be selected
20among nanofiltration membranes and reverse osmosis membranes, to be used in combination for

the filtration. [99€9] strudtunasidisitoverethithatsimcasesnwhene agurifiedasdghe tigpndiigzobtained using
a nanofiltration membrane, as the purification of monosaccharides captured in the 25 concentrate side
of the-Ranofil6H FHEMMTRRABYYS etz ang thatHenreostatitsincréaseite Bhaldpwi sf losing the
monosaccharides into the filtrate side qu ly increases. On the other hand, in cases where the
purification wi SRR SUF e S # IS BER bRt BN HU PSR TGS the

monosaccha@g%gr\p@& out efficiently. The enzyme used may be the same as the one used in the
procedure B.  The conditions for the enzyme treatment may also be the same as
those in the procedure B.
20 [0063]

In cases where aqueous ammonia 1s used, the water component, other than
ammonia, may give an effect similar to the procedure C (hydrothermal freatiment),
and hydrolysis of hemiceliulose and decomposition of lignin may occur.  In cases
where treatment with aqueous ammonia 1s carried out followed by hydrolysis of a

25 cellulose-containing biomass using an enzyme, the lignin component around the
hemicellulose and celluiose components is removed by mixing the cellulose-

containing biomass with an agueous solution containing ammonia and heating the



constantly almost zero even when the monosaccharide concentration in the concentrate side
increased, but. in view removal of fermentation-inhibiting substances. a nanofiltration membrane
showed a better performance than a reverse 5 osmbsis membrane. Thus, it was discovered that the
loss of monosaccharides into the filtrate side can be suppressed while removing large amounts of
fermentation-inhibiting substances, by carrying out the purification process using a nanofiltration
membrane, M&%WIH%‘M&EQ%, FmpuRts of fermentationsphiil Qﬁf&%ﬂ%ﬁ‘%%%faﬂ heremoved
compared to a reverse osmosis mefn rane; to a concentration at whic Toss 180t sugars into the
filtrate is largefolowesh Ry i thes £oRHDWNGNS RUANGRHOR QGRS MG A JEVRISHOSMOSIS
membrane, which shows a somewhat smaller efficiency of removal of fermentation-inhibiting
substances thaw erpanitfiliration caEnibranevbut cancbancentiataymanosaacharidasewithout loss.
Therefore, in cases where a nanofiltration membrane and a reverse osmosis membrane are combined
to sobtain a pl¢hatresrsablithid iidtidpresanvirise diongtHe eombinatioraisinot redfricted, but it is
preferred to filtrate the aqueous sugar solution obtained in the Step (1) first through a nanofiltration
membrane, fOIBWEEBY e TG R StERte AR aRaHrolgh a s &bersarbehibsis membrane.
[0100] 20Exam I%%l?lglthe material of the nanﬂilt{ tion membrane .which. be used in e present

ma
invention include Macromoiectlal materiale such As CelidSe aLAR LRI ST oRAHtes,

polyesters, palyinydRsians YindRRNRSSS-Lhe: MemBARR iRnatieslicied.to Qerga%?&{ g constituted

by only one of the materials. and may he 'a membrane comprising plural membrane materials. In terms
of' the structuguebthendbdnembiane st menebranenmayecsithrsan agwnmetticmembrane, which
has a dense layer on at least one side and micropores having pore sizes that gradually increase in the
direction fronvthétens eclbylestowtieh thedmdidedof theaprennlgrare Br 288 thénather sidenaf the
membrane, or a composite membrane, which has a very thin functional layer formed by another
matefial on tHBeHERAse yerest uheas s st b el e mRainpias bigheascmposie’membrane

which may b? used includ ti1e compasite membrane descrjbed in JP.62-201606 A, which has a
nanofilter confpBsdBoF S tl@ﬁ%%@%‘ﬁ%ﬁ%ﬁﬁfﬁ%}w X éﬁ%ﬁﬁﬂl‘fméﬁuﬂﬁ%k@bmprising polysul lone

asa membraﬂ&f.&%‘e@n @%@ﬁ?]tloﬁg}%ﬂ%ﬁgﬁﬁ% Jigmposiiemem otfrt%[c]eso ?a\ﬂcn t%ﬁ’f‘s'f‘%'on.‘?" layer
composed of a polyamide Is preferred since it has a hlgoh pre%sure resistance, high peimeability and
10high solute-ignevahpadermance whish riaks,the mermbiansdighly petentiak fkpaintenance of
durability against operation pressure, high permeability and high blocking performance, a membrane
having a structureiinnghidhpolyamidecishuseel asrpduactionaltlayer whichdayenisitetained by a
support comprising a porous membrane and a non-woven fabric, is suitable. Further, as a polyamide
15semipermdadiid AABIIBrERE, Qe bmpbisies e mipereribalskpanembreate ¢radingueona support, a
functional layer of a.cross-linked polyamide obtained by polycondensation reaction between a

polyfunctional BME £0G & Bd FI R HERP Rl D SerithBIeh 6 foEpiRthahadtbtiRmation membrane
having a fuangijonal Ia)ygrucomposed S%f] a 210 o!%/amiggé P eferredaﬁégp%%s Iatlrileecaibox lic acid

i, dr COUS Sl a%‘. OIhC 11 5C 150, IE)V =Ty S HJ é] .
component of the monomers constituting the polyamide inctude aromatic car OoXylic uch as

trimesic acid,Fla@mégnla@aeu%tﬁtgagafgaml&%%&msyiti%f}f‘é%%%ﬁ'Uﬁ%@s‘é%&@@b&&ﬂ”c acid,

terephthalic acid, naphthalene dicarboxylic acid, diphenylcarboxylic acid and pyridinecarboxylic acid.
In view of sokibikityitocfiliederniinig selventaidripesic2 Sacididsaphibalic asidandjarephibalic acid,
and mixtures thereof are more preferred. [0103] 39 polyamide include primary diamines having an
aromatic ringl%@dth as m-phenylenediamine, benzidine. methylene bis dianiline,
4,4'-diaminobiphenylether, dianisidine. 3.3',4-triaminobiphenylether, 3.3',4,4'-tetraaminobiphenylether,
3,31- dioxybenzidinyéhi%lﬁ‘%bﬁtﬂé@h%i&iﬁih@%(ﬁﬂﬁﬁ‘dhé Bhyipisenyeabaiasiiy, 3,3

centrifugation or membrane separation to remove the solid contents, as mentioned
above. In such cases, depending on the separation conditions, especially on the
separation membrane used, removal of the solid contents may be insufficient. and
25 fine particles may be contained in the solution. Examples of the constituting
components of such fine particles include, but are not limited to, lignin, tannin, silica.

£

calcium and undecomposed celludose. - Further, the particle sizes of the fine



5monomethylamino-4.4'-diaminobiphenylether, 4,N.N.-(4-aminobenzoy1)-p(m)-
phenylenediamine-2,2%bis(4-aminophenylbenzoimidazole). 2,2'-bis(4- aminophenylbenzooxazole)
and 2,21-bis(4-aminophenylbenzothiazole); and seédndary diamines such as piperazine, piperidine
and derivatives thereof Among these, a nanofiltration membrane having a functional layer composed
of a cross- 1 Olinked polyamide comprising piperazine or piperidine as monomers is preferably used

since it has healtesisiancs and chemical [Rsistans inaddlian o ins Rrgssurs fesisiance and the

durability. The polyamide more preferably contains as a major component the cross-linked piperazine
polyamide orsEQsgsinkechpinalidine LRiyamide andduphercentaing asenstitying.camponent
represented by the 15Chemical Formula 1, still more preferably contains a cross-linked piperazine
polyamide assalubgjonaampoisentzandifyrthercentais:d totistiigtivguecmponent kepiedadted by the
Chemical Formula I. Further, preferably, in the Chemical Formula 1, n=3. Examples of the
nanofiltrationagemirelifaiRevinglusfenbaone faydesoitmposedndha golyahidemsataininga cross-linked
piperazine polyamide as a 2 Omajor component and further containing a constituting component
represented BY WEENERMES BORTORAE RS thi e BRSEh e din STB3622 20 1808 A hnd particular
examples therepf.include LIFC60 manufactured by 'FORAY INDUSTRIES. INC., which is a
cross-linked piperazine polyamide nanofiltration membrane having a functional layer composed of a
polyamide containing, &HAssy {PRIBZBIGv2RROYAINAG RS ABIAIQSABRANRAL AR further
containing a constituting component represented by the Chemical Formula 1, wherein n=3. [0104] 40
A nanofiltratiaguanembrgnesisgenerally sised RsiRnspitalnyatadmembrangsmoshiianand the
nanofiltration membrane used in the present invention is also preferably used as a spiral-wound
membrane muzniéoP arfticolaopiefsirecestampesuod the mansfittsation membrare atibdugd include
GEsepa, which is a 5cellulose acetate nanofiltration membrane manufactured by GE Osmonics; NF99
and NE9OHFIW RIS A mettiiton Fherm B S HERANGRS T caplar TSR ddhtposed of a polyamide,
manufactured by Alfa-Laval, NF-45, NE-90, NE-200. NE-270 and NE-400, which are nanofittration
O R D0 oY s e B By abie manfactured

membranes K

by Filmtec Cargoragion, 1%@81%8’%91%%%.%Hfﬁ@%‘té‘{f@a%é\ﬂ%?&é‘%@\gr‘@gﬁ{‘#gé%ﬂ?c@é’ﬁ (ation

membrane modules manufactured by TORAY INDUSTRIES. INC. manutfactured by

the same manufagturare whichdas @ fusriionaldaves eampgsed af-amelamigraeniaining a
cross-linked piperazine polyamide as a major component and further containing a constituting
component repdésentediby:tie: Ghentical-Roimblead sdhed Hnanofiiratibrnimepabiaize snddule is more
preferably NF99 or NF991-IF, which are nanofiltration membranes having a functional layer composed
of a polyamideaigiziglbtaumesr oy alFauicsyal Eeps: s\t 1bo INFRQDBe NEE-400 aithich are
nanofiltration mer%franes haying a functional layer composed of a cross-linked piperaztne polyamide,
manufactured By Ifﬂté’ée@%?ﬁgﬁéfﬁfﬂ% MaqyBY AL NG SEUEER SHEBL 0, Wik are

eﬂhbrane modules many}f]?ctlfred e}é‘{rgRAY IN USTRIE%RIINC. havi&r;]{gllfJTCBO

nanofiltration [
t B 1 ellﬂ%r%pe}‘a’tlon %S I‘OL'%e Y qhas 111 ?CO 1Ay }Fl‘SSSUI‘E: 'aii()]’l, 1, ll .
manufactured by the same manufacturer,”which has a functional Tayer composed of a polyamide

containing a ﬂ%%ﬂ%ﬁ%I%EE’@%%JQ%;E’&&)(@551@%@é/ﬁo@%@ﬁ%ﬂ*ﬂ%@?ﬁﬂ%@z@ﬁﬁ%&ﬁﬂgﬁ@ing a
me

constituting component represented by the Chemical Formula 1. The nanofiltration 2 mbrane
module is stilhihies e peeiier aipkytSldrikGoblin22) het600 orisiiihildionkish-arernanptiliatien membrane

modules manufactured by TORAY INDUSTRIES, INC., having UTC60 manufactured by the same
manufacturet whiikiep filtration wherein a microfiltration membrane or an ultrafiltration
membrane 1s used 2 or more times for efficient removal of the solid contents. In
this case, the material and the properties of the membrane to be used are not
restricted.
[0066]
25 The microfiltration membrane used in the present invention is a membrane

having an average pore size of 0.01 wmn to 5 mm, which is called microfiltration, MF

membrane or the like for short.  The ultrafiltration membrane used in the present



41 has a functional layer composed of a polyamide containing a cross-linked piperazine polyamide as
a major component and further containing a constituting component represented by the Chemical
Formula I. [0105] The filtration through a nanofikéat on membrane in the Step (2) may be carried
out under pressure, and the filtration pressure is preferably within the range of 0.1 to 8 MPa. In cases
where the filtration pressure is less than 0.1 MPa, the membrane permeation rate may decrease, while
in cases whe :filtratio IS more than 8 MPa, the memb, a aged. In cases
where the filtr{éggi;(é}r{? %gpgfegs@lﬁ{e%?é{vﬁ%% 1 ararﬁnog%cﬁ% VSV%?% %ﬁ@%@r‘@%éﬁ@ %zd?m eation flux is
high, so that thgigvarmsakition san-herfficientiv.alowed iopaimeate and thespgasibilityof damaging
the membrane is small, which is more preferred. The range is especially preferably 1 to 6 MPa. [0106]
15In terms ofithédmatediad:-afi therreverae-0smesis: Rigaibrane st ddnife pragent ipyentian, examples
of the membrane include a composite membrane having a functional layer composed of a cellulose
acetate polyriergthendirafierdisoseiofred tods theslkdose auvetatecrsversecddmosisimiembrane) and a
composite membrane having a functional layer composed of a polyamide (hereinafter also referred to

as a 20polyariths (UsrsBoSbssieiharmisiireyofidraised arpldadsrne themine S8 BEatate polymer
include polymers prepared with organic acid esters af cellulose such as cellulose acetate, cellulose
diacetate, ceﬁ%?%sﬁ%[ t#a%égt%‘fgagglfgcféesél%eropl‘%?\és?escar%bﬁ S}ceLIhlu 0S8’ %Py%ﬁtlg? éth}fc ?ﬁénﬁztéeused solely,

as a mixture, g s amixediester. FATRIES, ohthe olamideindiude;insar.palymess.and cross-linked

polymers 2 5constituted by aliphatic and/or aromatic diamine monomers. [0107] Particular examples of
the reverse osraRsis emb@BNe usaddaihe gesentomvention MELER PelYAMIdR e VEIEe 0SMosis
membrane modules manufactured by TORAY INDUSTRIES, INC., such as ultralow-pressure type
modules SULGED thedBllin@ 20 el owapres¥iirel typdl e dou les 18171 8 B 720, SUsV20%F, SU-710L.
SU720L, SU-720LF. SU-720R, SU-710P and SU-720P, as well as high-pressure type 5Smodules
SU-816, SU-850heMlgnblasidosigis 2Ok b At AHEIDTES O s tiecrtvirdes o¥rlosis membrane:

cellulose acetateﬁg\éfz e osmosis membranes manufactured li)y the same manufacturer SC-L100R,

SC-L200R, SCYH08" ¥MEman:-SEloT8hc &SRS IH s gt Asehssd vk aE-8200:;
omaniae R Ry e SR oy s Eop

10manufactured by Nitto 'Denko Corporation; 30D

manufactured fay) Alfa-4a¥ak GE.SRA MATHTaGIIELIWGEE BWS0A04G, TNVZ0-4040, XLE-4040,
LP-4040, LE-4040, SW30-4040 and SW30OHRLE4040 manufactured by FilmTec Corporation: TFC-HR

and TFC-ULknhanufactureia ihK@GHhant AGKMrhACM2ianttATMadonanufactneed by TRISEP.
'510108] In the present invention, a reverse osmosis membrane having a polyamide material is
prefetably usBSThis is because, when a cellulose acetate membrane is used for a long time, =~
enzymes used in the previous Ste‘[ﬁ especially a part of the cellulase component, may permeate into

the membrane to dedsniHsEAS hrs@igeodl MBI RHR I 8100 MERRFAPBRES of the form of

the membrane which may be used as ap roEr?ate m%g@e thﬁigﬁﬂi Sma%rggreacg%,f%glral-wound membrane

and hollow fiber membrane. f&fﬁﬁ]rﬁglf}hg filtration %ﬁroua’h“é reverss 0eihosis Metbrane in the Step
(2) may be

invention as mentioned above, can be attained therewith, and examples thereof
include organic materials such as cellulose, celiulose ester, polysuifone, polyether
20 sulfone, chiorinated polyethylene, polypropylene, polyolefin, polyvinyl alcohol,
polymethy! methacrylate, polyvinyhidene fluoride and polytetrafluoroethvlene;
metals such as stainless steel; and inorganic materiais such as ceramics. The
material of the microfiltration membrane or vitrafiltration membrane may be
appropriately selected based on the properties of the hydrolysate and/or the running
25 cost, and the materiai is preferably an organic material, more preferably chiorinated
polyethylene, polypropylene, polyvinylidene fluoride, polysulfone or polyether

sulfone,



carried out under pressure, and the filtration pressure is preferably within the range of 0.1 to 8 MPa. In
cases where the filtration pressure is less than 0.1 MPa, the 4:3 membrane permeation rate may
decrease. while in cases where the filtration pressufe is more than 8 MPa, the membrane may be
damaged. In cases where the filtration pressure is within the range of 0.5 to 7 MPa, the membrane
permeation flux is high, so that the sugar solution can be efficiently allowed to permeate and the
possibility of ?@@6@ ging the membrane is small, which is more preferred The range is especially
preferably | to 6 MPa. [01 | 1] In the Step (2), the fermentation-inhibiting substances are removed
from the aqueous sugafseluticiykeins allewed Jo-peipreate trauah thaianetiltngtion 10membrane
and/or reverse osmosis membrane. Among the fermentation-inhibiting substances. HMF, furfural,
acetic acid, fospiciaBid{iewyinio: atichilaniliin, meatoranilline and syeindic:Acisk caprbespidierably allowed
to permeate/removed. On the other hand. sugars contained in the aqueous sugar solution are blocked
or separated FAHBFEEG ST Bt Hanstittdtion hefsbianécand/be PsvessecdsnsosisylBmembrane.

The SL:gars c%gtain monosaccharides such as ﬁ[ucose and xylose as major components, and also

contain sugar CorBORENE T BR N AT REBeer BoMBERAREBMBORE AS Pt Ssaccharides during
o o e L R e R B e i O
' L e p e

WINg,
Step (2), when compared With the agueous sugar ‘solution béforé bein assedlfhroug
nanofiltration emIRARANH ¥ J QYEFSE QSMOSIFMGIRRAAGHIS RUfliad sHeAL]iquid obtained from

the feed side of the nanotiltration membrane and/or reverse osmosis membrane has reduced contents
of especially {etraghtationninhibitingisibstaneesselpiivecigiheitdnitatEeriemshl e swugar
components 25contained in the purified sugar liquid are sugars derived from the cellulose- containing
biomass, and:aissehtimliediibs sraramotdargelydiffershi fronhthéstigaricsmpontrig:obtained by the
hydrolxsis in the Step (1). That is, the 44 monosaccharicies contained in the purified sugar liquid of

the present ifVEfIBRIGOMpHEE Gl dYseiiRaTS R BRR AR A ATHIsracBRIsBHEnts et aliafio between
I d xyl ies d ' f hydrolysis in the St arjd | t restricted i
the present ing AT TR T L s B SRS B CHHCAT o RN 0 (R fEellutose.

. WY
the present invention. is, in"cases where the Cellulose.

xylase is the ralgEMONesARGLANde gomRANETh NG GRSE S ahieRafmlaelyigse 1s decomposed

and only the cellulos€ component is then separated and hydrolyzed, glucose is the major

monosaccharigig-rarapanenta Fthemdnaases wirere the desempesiiontefipemisellutese, the
decomposition of cellulose and the separation are not carried out, glucose and xylose are contained as

10the major monwsabeharidecompdnentsn[GE13]drhy purifiee Sugar ligtid ahtainedith¢he Step (2)
may once be concentrated

15 enzyme to be used may be reduced.  When such filtration of an aqueous sugar
solution is carried out using an ultrafiltration membrane, the aqueous sugar solution
is preferably preliminarily processed by being allowed to pass through a
microfiltration membrane, to remove fine particies.

{0069]

20 Examples of the step of processing with a microfiltration membrane and/or
ultrafiltration membrane after the Step (1) include the procedure a: a method wherein
the liquid is filtered through a microfiliration membrane; the procedure B: a method
wherein the liquid is centrifuged and then filtered through a microfiltration
membrane: the procedure y: a method wherein the fiquid is centrifuged and then

25 filtered through a microfiltration membrane, followed by being filtered through an

ultrafiltration membrane; the procedure &: solid-liquid separation is carried out using

a filter press, and the filtrate is then filtered through an ultrafiitration membrane; and



using a concentrator such as an evaporator, or the purified sugar liquid may be further filtered through
a nanofiltration membrane and/or reverse osmosis membrane to increase the concentration. In view of
reducing energy for the concentration, the step of fulther increasing the concentration by filtering the
purified sugar liquid through a nanofittration membrane and/or reverse osmosis membrane is
preferably employed. The membrane used in this concentration step is a membrane filter that removes

ions and low-{ -weig C 5. USI pr re difference Jarger 20than the osmotic
pressure of th%%?&%%ﬁg tr%é?gg*ggﬁﬁgﬁﬁﬁggfgéﬁgfg (ii(letx%srlr%l(5}5i 1tfileegr%!(r)efg\S/\’/ﬁlnc can be used
include cellulosemerhianessushasdhose made.of selluless asgiale andimembranesreduced by
polycondensing a polyfunctional amine compound and a polyfunctional acid halide to provide a
separation fumnttisfatdayemmadesota polyamide on a microporous support 25membrane. In order to
suppress dirt, that is, fouling, on the surface(s) of the nanofiltration membrane and/or reverse osmosis
membrane, a{W%uling reverse osmosis membrane, which is mainly for sewage treatment, can also
be preferably 45 employed, whjch low-fouling reverse osmasis membrane is prepared by covering the

surface of a separatiSrittRERGHET falre rida of B b A e WithcaH e 608 4aHeHOf a compound
having at lea g§.reactive group reactive with an acid halide group, thereby a\l}gwi 1g acid halide
groups remai%l)rfl)lgH %Iﬁ%tlhgesgaﬁ?gggr%ﬁhné 8@&&5}5 |160r?%%1&815r%% gg%@fg?o”?ocﬁ‘ﬁeéév ef@%r{]%onds with the
reactive grouas A RARGAHERl AR MEOENE. MK FdRVRI AR TRS MEMIrae to be used i the
present invention, one having higher blocking rates of monosaccharides such as glucose and xylose
than the nandfilvatitinamembeanie andL reveIseOEMasIsHMeMRRPeUsaddn the Step (2) may be
more preferably used. 10[0114] Particular examples of the nanofi nation membrane or reverse
osmosis memriserngest forelhid corceltirageh @reivesanderas dheopartisolamekamiplesref the
nanofiltration membrane or reverse osmosis membrane described above. [0115] The water

dischhfged asH38 filttEin 4pis Stdp Rosslsy b écrense Brifeacsnds SHpdHeguaddogeasich as

hydrolysis or sugar eulrtificat#n, or.in %ateg s%ehg T roducing ch.eién?ical product such as fermentation
or chemical product purification. Fner 88%’?&9%%%& PGB 0 4R 3 YEAbFration membrane
andjor reverseRSMARIS MEMRANGNGRANAN DRSS (LS MOIRIEIoARY G P12
Oadjusted to 1 to 5 and the liquid is purified using a hano ﬂtratlon membrane and/or'reverse osmosis

membrane, fellowge Py filtering toe filtrate, tyouahsa-nrReHRlOR SIeMBIANG AREQrdeverse osmosis

membrane and carrying out the reuse. Still more preferably, the pH is adjusted to 1 to 5 and the liquid
is purified threagfhrananefittsation membrane arid/Gidpverseosmosismienitiane follewed by
increasing 25the pH again, selectively removing especially organic acids using a nanofiltration
membrane aféyBrielensdlssmesiy e merabrederit retryinthostlide sotises [041 6fcudrulateThe method
for producing a chemical product using, as a fermentation feedstock, a purified sugar liquid obtained
by the methoﬁnfg?epsr‘ggﬁ%ﬁm@ & VgL uiGPO IR e ERY ARSIl now be described. [0117] 5By
using a purifiﬁ%g&cljgar liquid obtained by the present invention as a fermentation feedstock, a chemical
product can be produced. The purified sugar liquid obtained in the present invention contains, as major

components, glucose,aRg/omxase whichate-cRronSQuees fRRarawh.Qf misraaganisms or

cultured cells. On the other hand, the contents of fermentation-inhibiting substances'such as 10furan
compounds, etfjanisacideqpdatomatiecempaindsiaraqeny:emal -Eherefareviepurified sugar liquid

can be effectively used as a fermentation feedstock, especially as a carbon source.

20 microfiltration membrane because of large decrease in the flux with time,
centrifugation is preliminarily carried out and the microfiltration membrane
treatment is then carried out by the procedure p, thereby allowing removal of
undecomposed celiulose and inorganic components such as silica having particle
diameters of not less than several ten nanometers attached (o the biomass. In the

25 procedure B, also in cases where the amounts of the solid components and the gel

components are small, components having relatively large masses can be

preliminarily removed by the centrifugation, so that maintenance of the



[0118] Examples of the microorganisms or cultured cells used in the method of the 15present invention
for producing a chemical product include Yeasts such as baker's yeast, which are commonly used in
the fermentation industry; bacteria such as E colt aRd coryneform bacteria; filamentous fungi;
actinornycetes; animal cells; and insect cells. The microorganisms or cultured cells used may be those
isolated from a natural environment, or may be those whose properties were partially modified by
20mutation of gene feeeminAlions PRticasince @;sHgAL liadid dervediioMdoocess
cellulose-containing biomass contains pentoses such as Xylose, microorganisms whose metabolic
pathways for pentoses were enhanced may be preferably used. [0119] As the medium used in the
method of the present invention for producing a 25chemical product, a liquid medium containing, in
addition to thgpirified sugar liquid, nitrogen sources, inorganic salts, and, as required, organic
micronutrients such as amino acids and vitamins is preferably used. The purified sugar liquid of the 47
present invention comitélii-ds cheivnAcseureds e atthddides wHithreareBeradedrgsyment

microorganisms, such as %Iuc,ose and xylose, but, in some cases, sugars such as glucose, sucrose,

fructose, gala‘?ﬁgb%naﬂm NIARRREFfet SEAREH Ralidd Ro MRt HE h 888 SURAEEWeet potato
molasses; su rrtiQFeeéomOIaﬁg’%?;hgigH test.omolasses..qraanic acids such as acetic aqid: alcohols such
Hhe | ybe further added ‘

1 ‘e
as ethanol; glycerin; an e like ma rther a as carbon sources, to usé ﬁ1e purified sugar

liquid as a fermeniationdasdsiocknExampies AlNeNIRgeRSoUGRS UsrEinclude ammonia gas,

agueous ammonia, ammonium salts, urea and nitric acid salts; and other organic nitrogen sources
used supplemeniatilyisuchasoaileakess seybean-hydighyagdhligiigsugaseimdigests; other amino acids,
vitamins, corn steep liquors, yeasts or yeast extracts, meat extracts, peptides such as peptones, and
cells of variouy fepfnesdativannicroorghnisnddiand thyedrolyssies deevenfoExamiples of the inorganic salts
which may be added as appropriate include phosphoric acid salts, magnesium salts, calcium salts,

iron selits and MEMsABEREs I MAIo12TT ar¢ Ip Bsdersharalinesaskrgitgansm used in the present

invention requires particular nutrients for its growth, the nutrients he added as preparations or
natural produb LG SO LG AT AN Ao A A1 o ot 581 v 2010121

Culturing of the, RIGKOOrgANSML IS USUAIIY,CArdGRT ovf 2l RELININ NG 12098 1R Sndt a

temperature within the range of 20 to 40C. The pH of the culture medium is adjusted in advance with

an inorganic ga@ganisEsdiralkalingHbSINGE, deandaleivmEarhansten@mmania:gas or the like to a
predetermined pH within the 25range of, usually, 4 to 8. In cases where the feed rate of oxygen needs

to be increasde;raamethdd ¢ be famtployeld-iiinhpeht itlesodygers tanoentnationes riaintained at not
less than 21% by adding oxygen into the air, the culturing is 48 carried out under pressure; the stirring
rate i$ increa8¥C e it VRIS iSvichebsedhorape Iie ol 09Tt as pEURETbtRGEfor
producing a chemical product using, as a fermentation feedstock, a.purified su a{)ﬁi uid obtained by
the method oFES SBIHSVRNTON For BROUICHHG & SUBRY RGURT-IS A MM CLAtIFe method known

fo those in th\iﬁ\}gé{gg% ggfég&émﬁé’n%gbiﬂp){ai?ws%ﬁf&%&f%H}{i%,%‘ﬁg%%é%%‘d%s?“'t“re method

disclosed in is preferably employed.
polysaccharides and enzymes may be factors that gel and accumulate on the

membrane or block the membrane inside the membrane. Therefore, by additionally
20 carrying out the treatment with an ultrafiltration membrane, membrane fouling in the
Step (2) is suppressed, and the maintenance cost for the membrane can be largely
reduced. Further, in the case of a step in which an enzyme is used when hydrolysis
is carried out, the enzyme can be recovered by using the ultrafiltration membrane,
and the enzyme blocked by the ultrafiliration membrane can be reused by being
25 returned to the hydrolysis step in the Step (1), which 1s advantageous.
[0073]

Further, in cases where the procedure 6, wherein usage of a filter press,



[0123] 10The chemical product produced by the method of the present invention for producing a
chemical product is not restricted as long as it is a substance produced in the culture medium by the
above microorganism or cells. Particular examples 8% the chemical product produced in the present
invention include alcohols, organic acids, amino acids and nucleic acids, which are substances
mass-produced in the 15fernientation industry. Examples the substances include alcohols such as
ethanol, 1,3-propan; 'Pﬁ1&a‘%fé’f&?ﬁ’%ﬂ?s‘ﬂa'94@9%%‘&0%85 LA %?gég%%“%% a3-Acglir agd, lactic acid,
pyruvic acid, succini€¢ acid, malic acid, itaconic acid and citric acid; nucleic acids such as nucleosides
including inosinenanshaanogineiand M@ggqﬁﬁdaswm@gdngﬁiam@gégﬁak%gy%%&@e"dg; and
diamine compounds such as 20cadaverine. Further, the present invention may also be applied to
production oftsubstanéés:sitchsap enzy mesippiibiptiesiangriveanbinant protainsi EXAMPLES [0124]
The method of the present invention for producing a sugar liquid will now be 25described in more
detail by way b EReFRDiEED HelEoel theyprasedtittention is not restricted to these Examples. [0125]
49 (Re;erence Example 1) Method for Analyzing Monosaccharide Concentration The
concentratiortd'6f thonosaccharides contained in the obtained agueous sugar solution were quantified
under the HPLC corﬁq}jlt{ggs describe bekghvg, k?ased %‘wl}?gcf{ng eigqn with standard sanlﬁ)les. 5Column:

Luna NI-12 (manufactured’by Phenomenex. ihe) Mobits pRESeSutfplrs Waterscetdiitiie=25:75

(flow rate, O-QH@Mmia@w&iem%eiatiQﬁ;gm?e?e&s;&ﬁéi%h ody Rl (differantigl tiractiye index)
Temperature: 30C 10[0126] Reference Example 2) Method for Analyzing Contentrations of

Feentation-inhibifing Suwbsianeesne skprambased Runentaien<phibiting swhstances.d:IMF, furfural)
and phenol-based fermentation-inhibiting substances (vanillin, acetoyanillin syringic acid. 5leyulinic
acid and 4-hydragybren beicchoithgotitaimeeh nahehsuganiiguidsivinedaquantifidd-auder the TIPLC
conditions described below, based on comparison with standard samples. Column: Synergi HidroRP
4.6 mimx250 M FRARURRIRSEBY Pherbrhen i fc) 2oy spilé- haridecastimmetbotdsH3PO4
(flow rate, 1.0 mL/mir . . )
carrying out microfiltration membrane treatment before ultrafiliration membrane
treatment, in order to prevent fouling of the ultrafiltration membrane, the total
running cost for the microfiltration membrane and the ultrafilration membrane may
become lower than in the procedure &, wherein only an ulirafiltration membrane is
15 used.
[0075]
The Step (2} of the method for producing the sugar liquid of the present
invention, which is a step of allowing an aqueous sugar solution to pass through a
nanofiltration membrane and/ot reverse osmosis membrane, recovering a purified
20 sugar liquid from the feed side and removing fermentation-inhibiting substances
from the permeate side, will now be described.
[0076]
The term “fermentation inhibition™ used in the present invention means a
phenomenon wherein the amount of production, the amount of accumulation or the
25 production rate decreases in cases where a chemical product is produced using, as a

fermentation feedstock, a sugar liquid prepared by using a cellulose-containing

biomass containing fermentation-inhibiting substances as a raw material, compared



Detection method: UV (283 nm) Temperature: 40C [0127] Organic acid-based
fermentation-inhibiting substances (acetic acid, formic 25acid) contained in the sugar liquid were
quantified under the HPLC conditions described bef&v, based on comparison with standard samples.
Column: Shim-Pack SPR-H and Shim-Pack SCRIOITI (manufactured by 50 Shimadzu Corporation) in
series Mobile phase: 5 mM p-toluenesulfon c acid (flow rate, 0.8 mL/.) Reaction solution: 5 mM

p-toluenesulfanic asid 20 MY BiSTHS 0 hAMERTARNR (ow,ate. 0, &,mk/min d ERgfection

method: electric conductivity Temperature: 45C [0128] (Reference Example 3) Step of Hydrolysis of

Cellulose-cortaining:-Biomass By-RiuteiSulivieiAcioiEnzae-eatmeant JQkterms:afdhe step of
hydrolysis of a cellulose-containing biomass in the Step (I ), an example of the method of hydrolysis of

a cellulose-comairingebionas svhisihgi@:. tniordStabisnveighb tfididuter sulflsieratic: andian enzyme is
described. [0129] As a cellulose-containing biomass, rice straw was used. The cellulose- 1 5containing
biomass was¥Bakebtys forgidsussbitineawasIaoniahasujeceechnibedriantdaidg an
autoclave (m&nufactur@_b@y NiI)[tto }%o tsu Co,, Igtd at 150C for 30 minutes, After the treatment,
solid-liguid separimoH i Aa Lt b6 dep A LB LGd HESEEPERT IS8 fidnifdSSqueous

sulfuric acid ion - i r as. "dilute-sulfuric-acid treatment liguid™), Subsequently.
20the sulfurig) %@%ﬁé%%géc%g%ﬁggggag%grr{\%:tg’%vitvﬁ%%ﬁe???ﬁgﬂ(?g% |§§%§?¢an n)m?quid with stirring
such that the,ganresntsation of the solid contents is 10% by weight, and the pH was adjusted to about 5
with sodium hydroxide. To this mixture, Trichoderma cellulase (Sigma Aldrich Japan) and Novozyme
188 (Aspergilli8higerderivedri-glucosidase preparation, Sigma Aldrich Japan) were added as
cellulases, 25and the resulting mixture was mixed by stirring at 50C for 3 days to allow hydrolysis
reaction to proceed ATHe?EHTtetgeetitfifligation (B000Binad bailied vytduwsepardtelreinove

undecomposefl cellulose and lignin, to obtain an aqueous sugar =
10 ol the cellulose-containing biomass contains fermentation-inhibiting substances

although the amounts or the components thereof vary depending on the procedure or
the type of the celiulose-containing biomass as a raw material.  Such fermentation-
inhibiting substances can be removed by subjecting the aqueous sugar solution to the
procedure of the Step (2).  The fermentation-inhibiting substances are compounds

15 which are produced by hydrolysis of a cellulose-containing biomass and have
mhibitory actions as mentioned above during the step of fermentation using a sugar
liquad obtained by the production method of the present invention. The
fermentation-inhibiting substances are produced especially during the step of acid
treatment of the cellulose-containing biomass, and roughly classified into organic

20 acids, furan compounds and phenolic compounds.
[0078]

Examples of the organic acids include acetic acid, formic acid and levulinic

acid. Examples of the furan compounds include furfural and hydroxymethylfurfural
(MHF). Such organic acids and furan compounds are products produced by

25 decomposition of glucese or xylose, which are monosaccharides.
[6079]

Particular examples of the phenolic compounds include vanillin, acetovanillin,



51 solution. The turbidity of the aqueous sugar solution was 700 NTU. The compositions of the
fermentation-inhibiting substances and the monosaccharides contained in the aqueous sugar solution
were as shown in Tables 1 and 2. [0130] 5[Table 1]3Pable 1 Quantification of Fermentation-inhibiting
Substances Dilute-sulfuric-acid treatment liquid Aqueous sugar solution Formic acid 0.1 g/L 0.1 g/L
Acetic acid 2.0 g/L 2.4 g/L HMF 100 mg/L 125 mg/l., Furfural 560 mg/L 875 mg/L Vanillin 60 mg/L 90

mg/L Acetova&yﬂiﬂﬂx%%,@ﬁ/héié%‘cﬂl éaﬂic acid, coniferyl aldehyde, dihydroconiferyl alcohol,

hydroquinone, catechol, acetoguaicone, homovanillic acid, 4-hydroxybenzoic acid,
and 4-hydroxy-3-methoxyphenyl derivatives (Hibbert’s ketones). These
compounds are derived from lignin or lignin precursors.

5 [0080]

Further, in cases where a waste building material, plvwood or the like is used
as the cellulose-containing biomass, components such as adhesives and paints used
in the lumbering process may be contained as fermentation-inhibiting substances.
Examples of the adhesives include urea resins, melamine resins, phenol resins, and

10 urea/melamine copolymers.  Examples of fermentation-inhibiting substances
derived from such adhesives include acetic acid, formic acid and formaldehyde,
100817
The agueous sugar solution obtained in the Step (1) contains at least one of

the substances as a fermentation-inhibiting substance(s), and the aqueous sugar

ot
€N

solution actually contains a plurality of the substances. These fermentation-

inhibiting substances can be detected and guantified by a common analytical method

such as thin layer chromatography, gas chromatography or high performance liquid
chromatography.

[0082]

20 The nanofiltration membrane used in the present invention is also called a
nanofilter (nanofiltration membrane, NF membrane), and generally defined as “a
membrane that allows permeation of monovalent ions, but blocks divalent ions”.
The membrane is considered to have fine voids having sizes of about several
nanometers, and mainly used to block fine particles, molecules, ions and salts in

25 water.

[0083]

The reverse osmosis membrane used in the present invention is also called an



Syringic acid 10 mg/L F15 mg/L Levulinic acid 9 mg/L 10 mg/L [0131] [Table 2] Table 2 Quantification
of Monosaccharides Dilute-sulfuric- acid treatment liquid Aqueous sugar solution Glucosel 3 g/L 15
g/L 25 g/L 12 g/L Xvlose Arabi.nose 0.8 g/L 1 g/L Mani-loseF 0.9 g/L 1 g/L

RO membrane, and generally defined as “a membrane having a desalination function
that can also remove monovalent ions”.  The membrane is considered to have
ultrafine voids having sizes ranging from about several angstroms to several
nanometers, and matnly used for removal of ionic components, such as seawater

5 desalination and production of ultrapure water
[0084]

The term *filtered through a nanofiltration membrane and/or reverse osmosis
membrane” in the present invention means that a sugar liquid obtained by hydrolysis
of a celtulose-containing biomass is filtered through a nanofiltration membrane

10 and/or reverse osmosis membrane to block or separate a sugar liquid cdntaining
dissolved sugars, especially dissolved monosaccharides such as glucose and xylose,
in the feed side, while allowing fermentation-inhibiting substances to permeate as a
permeate or filtrate.

[0085]

15 The performance(s) of the nanofiltration membrane and/or reverse osmosis
membrane used in the present invention can be evaluated by calculating the
permeation rate (%o} of a subject compound (a fermentation-inhibiting substance,
monosaccharide or the like) contained in the aqueous sugar solution. The method
for calculating the permeation rate (%) is as shown in Equation 1.

20 [0086)

Permeation rate (%) = (concentration of subject compound in permeate
side/concentration of subject compound in non-permeated liquid)<100 ... (Equation
1)

[0087]

25 The method for measuring the concentration of the subject compound in

Equation 1 is not restricted as long as the concentration can be measured with high

accuracy and reproducibility, and preferred examples of the method include high



[0132] (Reference Example 4) Step of Hydrolysis of Cellulose-containing Biomass by Hydrothermal
Treatment/Enzyme Treatment In terms of the step of hydrolysis of a cellulose-containing biomass
in the Step (1), an example of the method of hydroly&ls of a cellulose-containing biomass 57 using
hydrothermal treatment and an enzyme is described. [0133] As a cellulose-containing biomass,
rice straw was used. The cellulose-containing biomass was soaked in water, and subjected to

treatment using an autoclave (manufactured by Nitto Koatsu Co., Ltd.) at 180C for 20 minutes with
stirring. The treatment w%azi %%fgoga%%gglg%f;g?gérgagfc MBRERREY the Hrehkn M Sdhg-liquid
separation wassagied:AHbIKGeRIYIAIORBAN0B)IRseRasAe ing e Biomass component
from the solution compr(?r?ent (hereinafter referred'tlo ;ps '%hydrothermaﬁlts)i%i%g%%%{g%@ﬁﬁ% pH of the

hydrothermalipd@beatednkiduidewaschtmand therturbiditsafl therydathermallyitieated liquid was 800
NT U. [0134] Thereafter, the water content of the processed biomass component was measured,

and RO watePV#ay ddtéevtowhd componentsechdsabite canpentrhtion fefitherselid-contents is 15% by
weight in terms of the absolute dry processed biomass, followed by further adding, as cellulases,
Trichoderma SHHMALE FERFHARCAINS QRTIRERRE NoVe BT 188 Aspergillus niger-derived
p-glucosidasiﬁggﬁration, Sigma Aldrich Japan) thereto and mixing the resulting mixture by stirring at
50C for 3 days to allow hydrolysis reaction. Thereafter, centrifugation (3000 G) was carried 20out to

separate/remove ungegomposad 5@%@&&&“% i‘%@é}liﬁh}é%tﬁﬂ%nn%ﬂo?ﬁ%38&? 1%% ar solution. The pH of
e tur

the aqueous sugar solution was 5.2, and Idity of the aqueous sugar solution Wds 900 NTU. The

compositions efibiet feremationinhibitingsuhstanaesand e Menesacehardes santained in the

hydrothermally treated liquid and the aqueous sugar solution were as shown in Tables 3 and 4.
25[0135] [Tabted] Teblen8 Quabtification oheandeninhiliingsyhsiancess 63 Mydrothermally
treated liquid A%ueous sugar solution Formic acid 1.1 gILO.1 g/L Acetic acid 2.2 g/L
10 to U.8 is preferably used. The permeation flow rate per unit membrane area
(membrane permeation flux or flux) can be calculated according to Equation 2, by
measuring the amount of the liquid permeated, collection time of the permeated

liquid, and the membrane area.

10089]

}.-.J
%%

Membrané permeation flux {nlsfmz/day) = amount of liguid
permeated/membrane area/liquid collection time ... (Equation 2)

[0090]

The pH of the aqueous sugar solution 1o be applied to the nanofiltration
membrane and/or reverse osmosis membrane is not restricted, and preferably [ to 5.
20 In cases where the pH is less than 1, the membrane is degraded when it is used for

long time, leading to drastic decrease in membrane performances such as the flux

and the permeation rate, while in cases where the pH 1s more than 5. the removal

rates of organic acids such as acetic acid, formic acid and levulinic acid may

drastically decrease.  Since the membrane surface(s) of the nanofiltration membrane
25 and/or reverse osmosis membrane is/are charged, substances ionized in the solution
are more prone to be removed or blocked than non-ionized substances, so that, in

cases where the contents of organic acids contained in the aqueous sugar solution are



0.5 g/L HMF 139 mg/I. ;10 mg/L Furfural8 mg/L 15 mg/L Vanillin 50 mg/L 3 mg/L Acetovanillin .-) ma/L
13 mg/L Svringic acid 1 nu/IL [I mg/L [0136] [Table 4] Table 4 Quantification of Monosaccharides
[0137] 5(Reference Example 5) Step of Hydrolysis of Cellulose-containing Biomass by Ammonia
Treatment/Enzyme Treatment In terms of the step of hydrolysis of a cellulose-containing biomass
in the Step (1), an example of the method of hydrolysis of a cellulose-containing biomass using 5.0 to

100% by Weiﬁmh%(f%’%?&’s‘& MoDjAANE.ADLN2HDG i%;%?ﬁ‘g%ﬁ %e@&%o%ﬁl'%l%%‘?éﬁé?ﬁ&%@mg biomass,

rice straw was Used. The cellulose-cofitaining biomass Into a small reactor (manufactured by

Taiatsu Techpo (=RRQUIAIOA V.S NE 3Rt #dfoled Withliswiduyliogen: sate thigHigactor,

ammonia gas was flown, and the sample was completely soaked in liquid ammonia. The lid of the
reactor was clasgith and-the sehetap ywasAefitterstdiad: at fbiomitgmperatucefonchd @baitl 5 minutes.
Subsequently. the reactor was processed in an oil bath at 150'C for 1 hour. Thereafter, the reactor was
removed fronwitsscoiltbaithr ahidstiad W riohidhgasalvaielsakeldliraoiumerhuede follbwed Isyseacuuming
the inside of the reactor to 10 Pa with a vacuum_pump, thereby drying the cellulose-containing
biomass. Thigs@@%%’é%@é’é%“ﬁéﬂﬁh’éé@%@ﬁ?&’n‘?ﬁ’éﬁBH@é‘%I%%fﬁh%@beWﬁF?Bﬁre WAeRBY stirring such
that the conc ntrat{oarll Hf }t(h\gaﬁol_ig contents iﬁ 15% 5{%’ wel Sht. and the ) lﬁwgihg%ssét%g gg about 5 with

sulfuric acid. T6 thigmix ure, fichoderma cellutase (g?é%a’,k%ﬁ%?%ca}pa ovozyrne 188

(Aspergillus nigetsdetved psglueasidasenteparation, RIoma aldich-Japan) were adged.as cellulases,

and the resulting mixture was mixed by stirring at 50C for 3 days to allow hydrolysis reaction.

Thereafter. centrfugation (@006:-Grliwameandagd-eut topsepanateemove undecomposed cellulose and
lignin, to obtain an aqueous sugar solution. The turbidity of the aqueous sugar solution was 600 NTU.

The compositi#its bf the 10feentation-inhibiting substances and the monosaccharides contained in the
aqueous sugar solution were as shown in Tables 5 and 6.
10 Further, especially in the case of a reverse osmosis membrane, the pH of the
aqueous sugar sotution is preferably adjusted to 1 to 3. Similarly to a nanofiltration
membrane, in cases where the pH 1s less than 1, a reverse osmosis membrane is
degraded when it is used for long time, leading to drastic decrease in membrane
performances such as the flux and the permeation rate.  On the other hand, 1n cases
© 15 where the pH 1s more than 3, the removal rates of organic acids may be insufficient.
This may be due to the fact that, because of the smaller pore sizes of a reverse
osmosis membrane than those of a nanofiltration membrane, or the like, the ion
radius, which is the effective radius of an organic acid, is tco large to maintain the
removal performance equivalent to that of a nanofiltration membrane without further
20 suppression of the charge derived from the ionicity of the eluted components.
[0092]
Use of a low-pressure/ultralow-pressure type reverse osmosis membrane with
which the operation pressure can be reduced, among reverse osmosis membranes,
allows achievement of an organic acid removal rate equivalent to that of an RO
25 membrane which is not a low-pressure/ultralow-pressure type membrane, even in

cases where the adjusted pH of the raw liquid is more than 3. Therefore, the effects

of reducing the amount of the acid used for the adjustment of the pH and reducing



[0138] [Table 5] Table 5 Quantification of fermentation-inhibiting substances Aqueous sugar solution
Formic acid 1.1 g/L Acetic acid 0.5 g/L I-IMF 500 nag/L Furfural5 mg/L Vanillin 20 mg/L Ace vanillin 8
mg/ Syringic acid 2 mg/L 15[0139] [Table 6] Table BQuantification of monosaccharides Aqueous
sugar solution

the amount of the alkali used for the adjustment of the pH in the fermentation step in
a later process can be obtained, and the removal rates of organic acids are enhanced
compared to a reverse osmosis membrane which is not a low-pressure/ultralow-

pressure type membrane, so that a low-pressure/uliralow-pressure type reverse

(&2

osmosis membrane is preferably used in the present invention. Here, the low-

pressure/ultralow-pressure type reverse 0smosis membrane means a reverse osmosis

membrane in which the permeation flow rate of sodium chloride (500 mg/L) per unit

membrane area (m3/m2/day) at a filtration pressure of 0.75 MPa is not less than 0.4.

[0093]

10 The acid or alkali used for adjustment of the pH of the agueous sugar solution
is not restricted.  The acid is preferably hydrochloric acid, sulfuric acid, nitric acid
or phosphoric acid, more preferably sulfuric acid, nitric acid or phosphoric acid in
view of the fact that inhibition during fermentation is less likely to occur, still more
preferably sulfuric acid in view of the economic efficiency. The alkali is preferably

15 ammonia, sodium hydroxide or calcium hydroxide, or an aqueous solution
containing it in view of the economic efficiency, more preferably ammonia or
sodium, which are monovalent fons, in view of membrane fouling, still more
preferably ammonia in view of the fact that inhibition during fermentation is less
Iikely to occur.

20 [0094]

The stage at which the pH adjustment of the aqueous sugar solution is carried
out may be before the nanofiltration membrane and/or reverse osmosis membrane
treatment. Further, in cases where an enzyme is used for hvdrolysis of the
cellulose-containing biomass, the pH may be adjusted to not more than 5 when the

25 hydrolysis reaction is carried out.  Further, in cases where the process of reusing the

enzyme using an ultrafiliration membrane is employed, the enzyme is likely to be

deactivated if the pH decreases to not more than 4, so that the pH of the filtrate after



Glucose50 g/L] Xylose25 g/L Arabinose ML- Mannosel g/L , [0140] D) (Example 1) Step of Filtering
Dilute Sulfuric Acid/Enzyme-treated Aqueous Sugar Solution through Nanofiluation Membrane or
Reverse Osmosis Membrane A step of filtering #}e aqueous sugar solution obtained in Reference
Example 3 through a nanofiltration membrane (NF membrane) or reverse osmosis membrane (RO
membrane) and collecting a purified sugar liquid from the feed side, while removing

fermentation-{nihijingiSRSIARERS (1AM DS AERTIERIS 6ide S fesstibed by way of an Example.

Through a PVDF membrane having a pore size of 0.05 um; 20°L of the aqueous sugar solution
obtained in Refesence Example 3 was filtered, and the filtrate was processed through a nanofittration
membrane or reverse osmosis 10membrane module. Into the raw liquid tank 1 of the membrane
filtration apparatus The temperature of the aqueous sugar solution to be subjected to the

treatment with a nanofiltration membrane and/or reverse osmosis membrane in the
5 present invention is not restricted. but the temperature may be set appropriately for
the purpose of enhancement of the fermentation-inhibiting substance-removing
capacity during the filtration through the membrane used.
10096]
More particularly, in cases where the filtration is carried out through a reverse
10 osmosis membrane, the fermentation-inhibiting substance-removing capacity of the
reverse osmosis membrane is high if the temperature of the aqueous sugar solution is
40 to 80°C, so that the temperature is preferably set within this range.  This is
because the removal capacity begins to increase at a temperature of the aqueous
sugar solution of 40°C or higher in cases where the filtration is carried out through a
15 nanofiltration membrane, but a temperature higher than 80°C may cause degradation
of the reverse osmosis membrane, resulting in loss of the membrane properties.
[0097]
In cases where the filtration is carried out through a nanofiltration membrane,
the temperature of the agueous sugar solution is preferably set within 1 to 15°C. If
20 the temperature of the agqueous sugar solution is less than 1°C in cases where the
filtration is carried out through a nanofiltration membrane, pipes may be frozen
inside, causing device errors, while in cases where the temperature is more than 15°C,
an effect of reducing the loss does not appear largely.  The temperature control is
based on the fact that, in cases where the temperature is high, swelling of the
25 membrane occurs. substances having larger molecular weights are removed, and the
amount of removal tends to increase, while in cases where the temperature is low,

contraction of the membrane occurs and the pore sizes of the membrane decrease.,



shown in Fig. 1, 20 L of the aqueous sugar solution obtained in Example 2 was fed. Thereafter, 200 L
of RO water was added to the raw liquid tank I. As a nanofiltration membrane, a cross-linked
piperazine polyarnide nanofiltration membrane UTCB0 (manufactured by TORAY INDUSTRIES. INC.)
was set, or, as 5an RO membrane, a cross-linked wholly aromatic polyamide reverse osmosis
membrane UTC80 (manufactured by TORAY INDUSTRIES, INC.) was set, which membrane is
indicated by the symbol 7 in Fig. 2. The temperature of the raw liquid was adjusted to 25C and the
pressure by the' |éﬁ§ﬁ%le%esﬁfe3‘ %ul%ég?ﬁ%ssoggj‘ﬁs%ﬁ%én%ol\}}ﬁa\g hafel %moving the permeate. A total
of 200 L of thepperneate was 20removed, and, to the solution remained in the raw liquid tank, whose
volume was a little less than 20 L, RO water was added to attain a final volume of 20 L. The resulting
dilution was used assapurifiessaganiguitiRt4dd Femantationdahnikiting sshsiances M, furfural,
vanillin. acetovanillin 25and syringic acid) contained in the aqueous sugar solution obtained in
Reference Exahder 3@ndiie thembove purifie sugaetiuids, weresquadtified nunaet the d4PLC
conditions described in Reference Example 1, based on comparison with standard 56 samples.
Further the cBifE&hiEatisHs 8t Hche Shehakideswars quirhifiéranubitinessiPE@evnditions described

in Reference xamglsll, basgd on cgﬁ)arison with standard samples. The results are summarized in

t
Tables 7 and 8 TtvhS SASUN R tHE A AT SSRGS fe PR SRS A St g sdb&tances, acetic acid,

formic acid, Tl -UMB walin, aceipianilin, syrngic acidand Iewinie agid were contained.

Further, in terms of monosaccharides contained in the respéctive sugar liquids, glucose and xylose

were the majobeampananisiEurtienaihuabheRMaUNt NGl a e siall-_rabinpseand mannose
were also detected. Further, the purified sugar liquids were confirmed to have largely reduced

amounts of 10fermentatipernkibiting:substantegconpareddaihaaeuieoussgat saliwion obtained in

Reference Example 3. On the other hand, since the concentrations of sugars were not largely

decre&ded in ¢RBCpUkifieenss daghiciels 2iteodait berpsafirsiedighat processiteohtine dguestss sugar

solution through the nanofiltration membrane or reverse osmosis membrane allows removal of

fermentation-TihiBithEy SUBSRed HOaBmatsditisstdr DRiliaNoing teeaskls sk desanred sugar

liquid, in whic tttﬂgﬁon entrations %E%I‘?{mentaq#naiphigjg%g substances are.decreased, from the feed
antifi

side. [0142] [able 7] 20TablE 7Ot Rt e R RBST [AHBRING Sthe “ Aqueous sugar

solution NE membranes pytified suganliaid.RQ membraner. . compared to those in the case

of a nanofiltration membrane. Therefore, it is preferred to select an appropriate

15 membrane among nanofiltration membranes and reverse osmosis membranes
depending on the weights of the fermentation-inhibiting substances and the
molecular weights of the major fermentation-inhibiting substances in the sugar liquid
obtained by the above-described treatments.  The number of tvpes of the membrane
selected is not necessarily one, and plural types of membranes may be selected

20 among nanofiltration membranes and reverse osmosis membranes, to be used in
combination for the filtration.
10099]

It was discovered that, in cases where a purified sugar liguid is obtained using

a nanofiltration membrane, as the purification of monosaccharides captured in the

25 concentrate side of the nanofiltration membrane proceeds and their concenirations
increase. the tendency of losing the monosaccharides into the filtrate side sharply

increases. On the other hand, in cases where the purification was carried out using



purified sugar liquid Formic acid0.1 g/L 0 g/L 0 g/L Acetic acid14 g/L 0.2 g/ 17 g/L . HMI:125 mg/L.18
mg/L 90 mg/L Furfural875 mg/L 188 mg/L 1240 g/L Vanillin90 mg/L 12.7 mg/L 62 mg/L Acetovanillin
146 mg/L9 mg/L 103 mg/L Syringic acid 15 mg/L 0 &¥g/L 10 mg/l, Levulinic acid10 mg/L 0 mglL 3 ma/L
[0143] 57 [Table 8]

a reverse osmosis membrane, the tendency of losing the monosaccharides was
constantly almost zero even when the monosaccharide concentration in the
concentrate side increased, but, in view removal of fermentation-inhibiting

substances, a nanofiltration membrane showed a better performance than a reverse

@3]

osmosis membrane. Thus, it was discovered that the loss of monosaccharides into
the filtrate side can be suppressed while removing large amounts of fermentation-
inhibiting substances, by carrying out the purification process using a nanofiltration
membrane, with which larger amounts of fermentation-inhibiiing substances can be
removed compared to a reverse osmosis membrane, {0 g concentration at which loss
10 of sugars into the filtrate is large, foliowed by further continuing the purification
process using a reverse 0smosis membrane, which shows a somewhat smaller
efficiency of removal of fermentation-inhibiting substances than a nanofiliration
membrane but can concentrate monosaccharides without foss.  Therefore, in cases

where a nanofiltration membrane and a reverse osmosis membrane are combined to

!_I
e

obtain a purified sugar liquid in the present invention, the combination is not

restricted, but it is preferred to filtrate the aqueous sugar solution obtained in the Step

(1} first through a nanofiltration membrane, followed by further filtering the obtained

filtrate through a reverse osmosis membrane.

[0100]

20 Examples of the material of the nanofiltration membrane which may be used
in the present invention include macromolecular materials such as cellulose acetate
polymers, polyamides, polyesters, polyimides and vinyl polymers. The membrane
1s not restricied to a membrane constituted by only one of the materials, and may be a
membrane comprising plural membrane materials. In terms of the structure of the

25 membrane, the membrane may be either an asymmetric membrane, which has a

dense layer on at least one side and micropores having pore sizes that gradually

increase In the direction from the dense layer toward the inside of the membrane or



Table 8 Quantification of monosaccharide Aqueous sugar solution NF membrane-RO membrane-
purified sugarpurified sugar liquidliquid Glucose25 g/L 24 g/L i25 g/L Xylose 12 g/L 11.2 g/L 1112 IL
Arabinose 1 g/L j0.96 g/L 11 g/L . Mannosel g/L0.98&/L1 g/L [0144] (Example 2) Step of Filtering
Hydrothermally Treated/Enzyme-treated Aqueous 5Sugar Solution through Nanofiltration Membrane
or Reverse Osmosis Membrane In terms of the step of filtering the aqueous sugar solution
obtained in Rt@feeg) nce glé%w%le 4 th %{;{Q rr;anoﬁltra}j[gn melg}brane ar reverse osm?g,is membrane

. et S me COTDO gmibrance, which has a very thinn = . .
and coIIectlngapurlﬁe sugarﬁlqufgﬁ?romt eteed 8 e, vI\I/hleremévmg ermentat?on-lnhlbltlng

substances from:the.nermeatsside, ARwilied.sHaak igHd-10uas ebtained inthe.same manner as in

Example 1, and the concentrations of fermentation-inhibiting substances and monosaccharides were
quantified. Theetebtiis are:sumpharizatdrdraptesOrand tkondtwashshawboystie anadysisthat, as
fermentation-inhibiting substances, acetic acid, formic acid, furfural HMF, vanillin, acetovanillin and
syringic acid wergeoistainad: Fgrtveeribeteimy’ of2 L6l indsadebatides comébitedimihesdspective
sugar liquids, glucose and xylose were the major components. Further, although the amounts were
very small, afé?b?ﬁ%?éé%é HHIGSE RTRY Q188 BlETBeIEHC RIS TABIIIOTE 0TaBEo O adAtification of

fermentation-inhibti’tinl%substa ces
membrane material.

[0101]
Among these, a composite membrane having a functional laver composed of

a polyamide is preferred since it has a high pressure resistance, high permeability and

10 high solute-removal performance, which make the membrane highly potential.  For
maintenance of durability against operation pressure, high permeability and high
blocking performance, a membrane having a structure in which a polvamide is used
as a functional layer, which layer is retained by a support comprising a porous
membrane and a non-woven fabric, is suitable. Further, as a polvamide

15 - semipermeable membrane. a composite semipermeable membrane having, on a
support, a functional layer of a cross-linked polyamide obtained by polycondensation
reaction between a polyfunctional amine and a polyfunctional acid halide is suitable.
[0102]

In the nanofiltration membrane having a functional layer composed of a

20 polyamide, preferred examples of the carboxylic acid component of the monomers
constituting the polyamide include aromatic carboxylic acids such as trimesic acid,
benzophenone tetracarboxylic acid, trimellitic acid, pyromellitic acid, isophthalic
acid, terephthalic acid, naphthalene dicarboxylic acid, diphenyicarboxylic acid and
pyridinecarboxylic acid.  In view of solubility to film-forming solvents, trimesic

25 acid, isophthalic acid and terephthalic acid, and mixtures thereof are more preferred.
[0103]

Preferred examples of the amine component of the monomers constituting the



I LAqueous sugar !solution 1 NF membrane- purified sugar liquid RO membrane- purified sugar liiuid
Formic acid 0.1 g/L 0 g/L 0 g/L Acetic acid 0.5 g/LO g/L 0.2 g/L 58 HMF10 mg/L 11 mg/L 16 mg/L
Rulurall5 mg/L 0 mg/L '3 g/L Vanillin 3 mg/L 39

polyamide include primary diamines having an aromatic ring, such as

m-phenylenediamine, benzidine, methylene bis dianiline, 4,4’ -diaminobiphenylether,

P

dianisidine, 3.3° 4-triaminobiphenylether, 3.37.4,4"-tetraarminobiphenylether, 3,3°-

2

dioxybenzidine, 1,8-naphthalenediamine, m{p)-monomethylphenylenediamine, 3,3’-

[ 82}

monomethylamino-4.4°-diaminobiphenylether, 4 N.N'-(4-aminobenzoyl)-p(m)-

phenylenediamine-2,2’-bis(4-aminophenylbenzoimidazole). 2,2°-bis(4-

aminophenylbenzooxazole) and 2,27 -bis{(4-aminophenylbenzothiazole); and
secondary diamines such as piperazine, piperidine and derivatives thereof. Among
these, a nanofiltration membrane having a functional layer composed of a cross-

10 linked polyamide comprising piperazine or piperidine as monomers is preferably
used since it has heat resistance and chemical reststance in addition to the pressure
resistance and the durability. The polvamide more preferably contains as a major
component the cross-linked piperazine polvamide or cross-linked piperidine
polyamide and further contains a constituting component represented by the

15 Chemical Formula 1, still more preferably contains a cross-linked piperazine
polyamide as a major component and further contains a constituting component
represented by the Chemical Formula 1. Further, preferably, in the Chemical
Formla 1, n=3. Examples of the nanofiltration membrane having a functional
layer composed of a polyamide containing a cross-linked piperazine polyamide as a

20 major component and further containing a constituting component represented by the
Chemical Formula 1 include the one described in JP 62-201606 A, and particuiar
examples thereof include UTC60 manufactured by TORAY INDUSTRIES, INC.,
which is a cross-linked piperazine polvamide nanofiltration membrane having a
functional layer composed of a polyamide containing a cross-linked piperazine

25 polyamide as a major component and further containing a constituting component

represented by the Chemical Formula 1, wherein n=3.

[0104]



0 mg/L 1 mg/L Acetovanillin 13 mg/L 1 mg/L 13 mg/L jO mg/S. Synngic acid mg/S. 0 mg/S.
[Table 10] Table 10 Quantification of monosaccharides Aqueous sugar solution NF membrane-
purified sugar liquid RO membrane- purified sugar4iguid Glucose

@3

10

20

A nanofiltration membrane is generally used as a spiral-wound membrane
module, and the nanofiltration membrane used in the present invention is also
preferably used as a spiral-wound membrane module.  Particular preferred
examples of the nanofiltration membrane moduie include GEsepa, which is a
cellulose acetate nanofiltration membrane manufactured by GE Osmonics; NF99 and
NF99HE, which are nanofiltration membranes having a functional laver composed of
a polyamide. manufactured by Alfa-Laval; NF-45, NF-90, NF-200, NF-270 and NF-
400, which are nanofiltration membranes having a functional layer composed of a
cross-linked piperazine polyamide, manufactured by Filmtec Corporation; and SU-
210, SU-220, SU-600 and SU-610, which are nanofiltration membrane modules
manufactured by TORAY INDUSTRIES, INC., having UTC60 manufactured by the
same manufacturer, which has a functional layer composed of a polvamide
containing a cross-linked piperazine polyamide as a major component and further
containing a constituting component represented by the Chemical Formula 1. The
nanofiltration membrane module is more preferably NF99 or NFO9HF, which are
nanofiltration membranes having a functional laver composed of a polyamide,
manufactured by Alfa-Laval; NF-45, NF-90, NF-200 or NF-400, which are
nanofiltration membranes having a functional layer composed of a ¢ross-linked
piperazine polyamide, manufactured by Filmtec Corporation: or SU-210, SU-220,
SU-600 or SU-610, which are nanofiltration membrane modules manufactured by
TORAY INDUSTRIES, INC., having UTC60 manufactured by the same
manufacturer, which has a functional layer composed of a polyamide containing a
cross-linked piperazine polyamide as a major component and further containing a
constituting component represented by the Chemical Formula 1. The nanofiltration
membrane module 1s still more preferably SU-210, SU-220, SU-600 or SU-610.
which are nanofiltration membrane modules manufactured by TORAY

INDUSTRIES, INC., having UTC60 manufaciured by the same manufacturer, which

[0146]



50 g/L 49 g/L 50 g/L Xylose 8 g/L 7.2 a/L 8 g/L 1 g/L Arabinose 1 g/L 0.96 a/L Mannose0.5 g/L 0.48
g/L0.5 g/L [0147] 5The respective purified sugar liquids were confirmed to have largely reduced
amounts of felmentation-inhibiting substances compéred to the aqueous sugar solution obtained in
Reference Example 4. On the other hand, since the concentrations of sugars were not largely
decreased in the purified sugar liquids, it could be confirmed that processing of the aqueous sugar

soluton through e AMADPIINAUMENIDING OF EYEISE AAMARIS MELIARE A sepoval of

fermentation-inhibiting substances a while allowing recovery of a purified sugar liquid,
in which the cpneentrations:elifarsieniation-inaikiting substanses.ad deciaasesiionathe feed side.
[0148] 15(Example 3) Step of Filtering Ammonia-treated/Enzyme-treated Aqueous Sugar Solution
through Naneéfiratian:Membraieeari ReVerse:@smosis Membrane In terms of the step of filtering
the aqueous sugar solution obtained in Reference Example 5 through a nanofiltration membrane or
reverse osmad8id’ilembrane and collecting a purified sugar liquid from the feed side, while removing
20fermﬁentation-inhibitin%]sub_stances from the permeate side, a purified sugar liquid 59 was obtained

in the Same manner'@$ M E3GAIEIUEha PRELIHREAHTALBR TN BIER AEHABIthT substances and

monosaccharlgle{se gvgr}gu%l.éaentlfled. The rg%Jét%l%re%isummarlzed in 'Iie;rb nd.12. It was shown by

e amalysis AL AT AR AT S Lt S e e SV e vamitn
0f 0.1 to 8 MPa. In cases where the filtration pressure is less than 0.1 MPa, the
membrane permeation rate may decrease, while in cases where the fiitration pressure
is more than & MPa, the membrane may be damaged. In cases where the filtration

10 pressure is within the range of 0.5 to 7 MPa, the membrane permeation {lux 1s high,
so that the sugar solution can be efficiently allowed to permeate and the possibility of
damaging the membrane is smali, which is more preferred. The range s especially
preferabiv 1 to 6 MPa.

[0106]

15 in terms of the material of the reverse osmosis membrane used m the present
invention, examples of the membrane include a composite membrane having a
functional layer composed of a cellulose acetate polymer (hereinafter also referred to
as a celiulose acetate reverse osmosis membrane) and a composite membrane having
a functional layer composed of a polyamide (hereinatter also referred to as a

20 polyamide reverse osmosis membrane). Here, examples of the cellulose acetate
polymer include polymers prepared with organic acid esters of cellulose such as
cellulose acetate, cellulose diacetate, cellulose triacetate. cellulose propionate and
celtulose butyrate, which may be used solely, as a mixture, or as a mixed ester.

Examples of the polvamide include linear polymers and cross-linked polymers

R
Crt

constituted by aliphatic and/or aromatic diamine monomers.
[0107]

Particular examples of the reverse osmosis membrane used n the present



5acetovanillin and syringic acid were contained. Further, in terms of monosaccharides contained in the
respective sugar liquids, glucose and xylose were the major components. Further, although the
amounts were very small, arabinose and marmose4iere also detected. [0149] 10[Table 11] Table 11
Quantification of fermentation-inhibiting substances 'Aqueous sugar solution NF membrane- purified
sugar liquid RO membrane- purified sugar liquid Formic acid 1.1 g/L 0.5 ci/L 0 g/L 0 g/L 10.3 g/L 0.2

g/L Acetic aCi%ver'fl[%l;Ii: i%@%@é%&l%@m%/ Loverse osmosis membrane modules manufactured by

10

15

20

10108]

TORAY INDUSTRIES, INC., such as ultralow-pressure type modules SUL-G10 and
SUL-G20, low-pressure type modules SU-710, SU-720, SU-720F, SU-710L, SU-
7201, SU-720LF, 8U-720R, SU-710P and 5U-720P, as well as high-pressure type
modutes SU-810, SU-820, SU-820L and SU-820F A containing UTC80 as the
reverse osmosis membrane; celiulose acetate reverse 0smosis membranes
manufactured by the same manufacturer SC-L100R, SC-L200R, 5C-1100, SC-1200,
SC-2100, SC-2200, SC-3100, SC-3200, SC-8100 and SC-8200; NTR-759HR, NTR-
729HF, NTR-70SWC, ES10-D, ES20-D, ES20-U. ES15-D, ES15-U and LF10-D
manufactured by Nitto Denko Corporation; RO98pHt, RO99, HRIEPP and
CE4040C-30D manufactured by Alfa-Laval; GE Sepa manufactured by GE; BW30-
4040, TW30-4040, XLE-4040, 1.P-4040, LE-4040, SW30-4040 and SW30HRLE-
4040 manufactured by FilmTec Corporation; TFC-HR and TFC-ULP manufactured
by KOCH; and ACM-1, ACM-2 and ACM-4 manufactured by TRISEP.

In the present mvention, a reverse osmosis membrane having a polyamide
material is preferably used. This is because, when a cellulose acetate membrane 18
used for a long time, enzymes used in the previous step, especially a part of the
cellulase component, may permeate into the membrane to decompose cellulose as a
membrane material.

[6109]

Examples of the form of the membrane which may be used as appropriate
include the fiat membrane, spiral-wound membrane and hollow fiber membrane.
{0110]

The filtration through a reverse osmosis membrane in the Step (2) may be
carried out under pressure, and the filtration pressure is preferably within the range

of 0.1 to § MPa. In cases where the filtration pressure is less than 0.1 MPa, the



,,2120 mg/L Furfural 5 mg/L 0 mg/L 1 mg/L Vanillin 20 mg/L 0.4 mg/L j12 mg/L L8 mg/L Acetovanillin 18
mg/L 1 mg/L _., Syringic acid 2 mg/L 0 mg/l, 1 ma/L [0150] [Table 12] 60 Table 12 Quantification of
monosaccharides Aqueous sugar solution NF mendBrane-

membrane permeation rate may decrease, while in cases where the filtration pressure
18 more than 8 MPa, the membrane may be damaged. In cases where the filtration
pressure 1s within the range of 0.5 to 7 MPa, the membrane permeation flux is high,

so that the sugar solution can be efficiently allowed to permeate and the possibility of

3]

damaging the membrane is small, which is more preferred.  The range is especially
preferably 1 to 6 MPa.
[0111]

In the Step (2), the fermentation-inhibiting substances are removed from the
aqueous sugar solution by being aliowed to permeate through the nanofiltration
10 membrane and/or reverse oéinosis membrane. Among the fermentation-inhibiting
substances, HMF, furfural, acetic acid, formic acid, levulinic acid, vanillin,
acetovanillin and syringic acid can be preferably allowed to permeate/removed. On

the other hand. sugars contained in the aqueous sugar solution are blocked or

separated in the feed side of the nanofiltration membrane and/or reverse osmosis

15 membrane. The sugars contain monosaccharides such as glucose and xylose as
major components, and also contain sugar components which have not been
completely decomposed into monosaccharides during the hydrolysis process in the
Step (1), such as disaccharides and oligosaccharides.

[0112}

20 In the Step (2), when compared with the aqueous sugar solution before being
passed through the nanofiltration membrane and/or reverse osmosis membrane, the
purified sugar liquid obtained from the feed side of the nanofiltration membrane
and/or reverse osmosis membrane has reduced contents of especially fermentation-
inhibiting substances relative to their initial contents.  The sugar components

25 contained in the purified sugar liquid are sugars derived from the cellulose-

containing biomass, and, essentially, these are not largely different from the sugar

components obtained by the hydrolysis in the Step (1).  That is, the



purified sugar liquid RO membrane- purified sugar liquid Glucose 50 g/L 49 g/L 50 g/L Xylose 25 g/L
21 g/L 25 g/L Arabinose 2 g/L 1.8 g/L 2 g/L Mannose 1 g/L ,0.9 g/L 1 g/L [0151] The respective
purified sugar liquids were confirmed to have largel§4educed amounts of fermentation-inhibiting
substances compared to the aqueous sugar 5solution obtained in Reference Example 5. On the other
hand, since the concentrations of sugars were not largely decreased, it could be confirmed that

processing O‘Eﬁﬁﬁﬁ c%%%%ie?“&ar{t%%gi%”kﬁgrgHgﬁet@?uNﬁhw I 5?%%?@8@%@@&%96 allows removal

of fermentation-inhibiting substances as t ermeate, owing recovery of a purified sugar
liquid, in which the-cengeritationsekissnentatianirhibiting.sipstanges are.decigased, from the feed
side. [0152] (ExampIeDS) Step of Filtering Hydrothermally Treated Liquid through Nanofiltration
Membrane opReversedsmssisdiembanding on the step of hydrolysis in the Step (1), and is

not restricted in the present invention. That is, in cases where the hydrolysis 18

L

carried out mainly for hemicellulose, xylose is the major monosaccharide component,
while 1n cases where hemiceliulose is decomposed and only the cellulose component
is then separated and hydrolyzed, glucose is the major monosaccharide component.
Further, in cases where the decomposition of hemicellulose, the decomposition of
cellulose and the separation are not carried out, glucose and xylose are contained as
10 the major monosaccharide components.
[0113]

The purified sugar liquid obtained in the Step (2) may once be concentraied
using a concentrator such as an evaporator, or the purified sugar liquid may be

further filtered through a nanofiltration membrane and/or reverse osmosis membrane

et
[

1o increase the concentration.  In view of reducing energy for the concentration, the
step of further increasing the concentration by filtering the purified sugar liquid
through a nanofiltration membrane and/or reverse osmosis membrane is preferably
employed. The membrane used in this concentration step is a membrane filter that
removes ions and low-molecular-weight molecules using a pressure difference larger
20 than the osmotic pressure of the Hquid to be treated as the driving force, and
examples thereof which can be used include cellulose membranes such as those
made of cellulose acetate and membranes produced by polycondensing a
polyfunctional amine compound and a polyfunctional acid halide to provide a
separation functional layer made of a polyamide on a microporous support
25 membrane. In order to suppress dirt, that is, fouling, on the surface(s) of the

nanofiltration membrane and/or reverse osmosis membrane, a low-fouling reverse

osmosis membrane, which is mainly for sewage treatment, can also be preferably



In telins of the step of filtering the hydrothermally treated liquid obtained in 15Reference Example 4
through a nanofiltration membrane or reverse osmosis membrane and collecting a purified sugar liquid
from the feed side, while removing fermentation-inhiiting substances from the permeate side, a
purified sugar liquid was obtained in the same manner as in Example 1, and the concentrations of
feaentation-inhibiting substances and monosaccharides were quantified. The 20results are
summarized ian:iabl%a 13@810!1 14. fIt as shown béﬁhe. anall){]%is that. as ferrg%n}ation-.inhi iting

substances, acetic acid, formic ac ﬁ&ﬁﬁ?glefﬁl\% Vanimin. acetovahiiin and %y??ﬁ&f&ngct were

contained. Fusthern ters,ofpRrasasshanides sontainedn the ieskestiye sHar lauids, glucose

and xylose were 61 the major components. Further, although'the amounts were very srr_]all,_arqhirjose
and mannosewerealst:detagtesdhi a3k lakledsldable huantficationoffelaptation-inhibiting

substances Aqueous sugar solution NF membrane- purified sugar liquid RO membrane- purified
sugar liquid Pehwiczaoig. Itghy allowing acid halide groups remaining on the surface of the
5 separation functiopal layer to form covalent bonds with the reactive groups. As the
nanofiltration membrane and/or reverse osmosis membrane to be used in the present
invention, one having higher blocking rates of monosaccharides such as glucose and

xylose than the nanofiltration membrane and/or reverse osmosis membrane used in

the Step (2) may be more preferably used.

ot
[

[0114]

Particular examples of the nanofiltration membrane or reverse osmosis
membrane used for the concentration are the same as the particular examples of the
nanofiltration membrane or reverse osmosts membrane described above.,

10115]

15 The water discharged as the filtrate in the Step (2) may be reused in a step of
producing a sugar such as hydrolysis or sugar purification, or in a later step of
producing a chemical product such as fermentation or chemical product purification.
Further, the filtrate may be filtered through a nanofiltration membrane and/or reverse
osmosis membrane once again before the reuse.  More preferably, the pH is

20 adjusted to 1 to 5 and the liquid is purified using a nanofiltration membrane and/or
reverse osmosis membrane, followed by filtering the filtrate through a nanofiliration
membrane and/or reverse osmosis membrane and carrying out the reuse.  Still more
preferably, the pH is adjusted to 1 to 5 and the liquid is purified through a
nanofiltration membrane and/or reverse osmosis membrane, followed by increasing

25 the pH again. selectively removing especially organic acids using a nanofiltration

membrane and/or reverse osmosis membrane, and carrying out the reuse.

[0116]



0g/L0.3g/L0.2g/L Acetic acid2.2g/L0g/L HMF 139 mg/L 1ing/L O mg/L mg/L 0 mg/L | 6 mg/L
3 mg/L 31 mg/L 1 mg/L Furfura] 8 mg/L Vanillin 50 mg/L 2 mg/L  Acetovanitlin
46

The method for producing a chemical product using, as a fermentation
feedstock, a purified sugar liquid obtained by the method for producing a sugar
liguid of the present invention will now be described.

(01173
5 By using a purified sugar liquid obtained by the present invention as a
fermentation feedstock, a chemical product can be produced. The purified sugar
liquid obtained in the present invention contains, as major components, glucose
and/or xylose, which are carbon sources for growth of microorganisms or cultured
cells.  On the other hand. the contents of fermentation-inhibiting substances such as
10 furan compounds, organic acids and aromatic compounds are very small.  Therefore,
the purified sugar liquid can be effectively used as a fermentation feedstock,
especially as a carbon source. |
[0118]
Examples of the microorganisms or cultured cells used in the method of the
15 present invention for producing a chemical product include yeasts such as baker's
yeast, which are commonly used in the fermentation industry; bacteria such as . coli
and coryneform bacteria, filamentous fungi; actinomycetes; animal cells; and insect
cells. The microorganisms or cultured cells used may be those isolated from a
natural environment, or may be those whose properties were partially modified by
20 mutation or gene recombination. In particular, since a sugar liquid derived from a
cellulose-containing biomass contains pentoses such as xylose, microorganisms
whose metabolic pathways for pentoses were enhanced may be preferably used.
[0119]
As the medium used 1n the method of the present invention for producing a
25 chemical product, a liquid medium containing, in addition to the purified sugar liquid,
mitrogen sources, mnorganic salts, and., as required. organic micronutrients such as

amino acids and vitamins is preferably used. The purified sugar liquid of the



Syringic acidl mg/L 0 mu/L 0 mg/L [0]54] [Table 14] Table 14 Quantification of monosaccharides
Aqueous sugar Frsolution NF membrane- purified sugar liquid RO membra ae- purified sugar liquid
Glucose 2 g/L 1.8 g/L, 2 ga, Xvlose ,- 15g/L F13 &/L 15 g/L 0.5 g/L 5 O-/T, Arabinose0.5 g/L

present invention contains as carbon sources monosaccharides which can be used by
microorganisms, such as glucose and xvlose, but, in some cases, sugars such as
glucose, sucrose, fructose, galactose and lactose; saccharified starch liquids

containing these sugars; sweel potato molasses; sugar beet molasses; high test

|63

molasses; organic acids such as acetic acid; alcohols such as ethanol; glvcerin; and
the like may be further added as carbon sources, to use the purified sugar liguid as a
fermentation feedstock. Examples of the nitrogen sources used include ammonia
gas. aquecus ammonia, ammonium salts, urea and nitric acid saits; and other organic
nitrogen sources used supplementarily such as oilcakes. soybean-hydrolyzed liguids.
10 casein digests, other amino acids, vitamins, corn steep liquors, yeasts or veast
extracts, meat extracts, peptides such as peptones, and cells of various fermentation
microorganisms and hydrolysates thereof. Examples of the inorganic salts which
may be added as appropriate include phosphoric acid salts, magnesium salts, calcium
salts, tron salts and manganese salts.
15 [0120]

In cases where the microorganism used in the present invention requires
particular putrients for its growth, the nutrients may be added as preparations or
natural products containing these.  An anti-forming agent may also be added as
required.

20 [0121]

Culturing of the microorganism is usually carried out at a pH within the range
of 4 to &, at a temperature within the range of 20 to 40°C.  The pH of the culture
medium is adjusted in advance with an inorganic or organic acid, alkaline substance,
urea, calcium carbonate, ammonia gas or the like to a predetermined pH within the

range of, usually, 4 t0 8. In cases where the feed rate of oxygen needs to be

D
N

increased, a method can be employed in which the oxygen concentration is

maintained at not less than 21% by adding oxygen into the air; the culturing is



0.48 g/L1 0.48 u/L r Mannoser0.5 g/L r [0155] 10The respective purified sugar liquids were
confirmed to have largely reduced amounts of fermentation-inhibiting substances compared to the
hydrothermally treated liquid obtained in Referenced&xample 4. On the other hand, since the
concentrations of sugars were not largely decreased in the purified sugar liquids, it could be confirmed
that processing of the aqueous sugar solution through the NF 15membrane or RO membrane allows
removal of fermentetionsinhibiing, substances, as the permeate, while allowing regguery of a purified
sugar liquid, in which the conbentrations of fer en%a lon-In Eﬁ%ltlng substances are Hecreased, from the
feed 62 side; Q430 {Examplg.6) Step of Filtering Model Sugar Liquids through Nano filtration
Membrane or Reverse Osmosis Membrane 5As model sugar liquids for the aqueous sugar solution
prepared by Hgdrolysis of a biomass, one containing sugars at high concentrations (model aqueous
sugar solution A) and one containing sugars at low concentrations (model agueous sugar solution B)
were prepared. Theitetmposiioh&areshomy mchablies! 15@hat t161§0157} 18fTalleids] Table 15
Compositions of model sugar liquids (monosaccharides) GlucoseXylose Model aqueous 40 g/L 20 g/L

sugar solutiofAIRidde P& P e 0 gA Siigarddutioneetbed sl thapbreses) invention for

producing a sugar liquid. a fermentation culture raethod known 1o those in the art
may be employed, but, in view of productivity, the continuous culture method

disclosed in WO2007/097260 is preferably employed.

10 The chemical product produced by the method of the present invention for
producing a chemical produet 1s not restricted as long as it is a substance produced in
the culture medium by the above microorgamism or cells.  Particular examples of
the chemical produet produced in the present invention include alcohols, organic
acids, amino acids and nucleie acids, which are substances mass-produced in the

fermentation industry.  Examples the substances include alcohols such as ethanol,

oot
ol

1,3-propanediol, 1,4-propanediol and glycerol; organic acids such as acetic acid,
lactic acid, pyruvic acid, succinic acid, malic acid, itaconic acid and citric acid;
nucleic acids such as nucleosides including inosine and guanosine, and nucleotides
including inosinic acid and guanylic acid; and diamine compounds such as
20 cadaverine. [‘urther, the present invention may also be apphed to production of
substances such as enzymes, antibiotics and recombinant proteins.
EXAMPLES
[0124]
The method of the present invention for producing a sugar liquid wili now be
25 described in more detail by way of Examples. However, the present invention is
not restricted to these Exampies.

[0125]



Table 16 Compositions of model sugar liquids (fermentation ibiting substances) FormicAcetic acidacid
HMF Furfural Vanillin Model aqueous sugar solution A2 g/L 2 g/L 1 g/L 1 g/L 1 g/I. Model aqueous
sugar solution B2 g/L 2 g/L 1 g/L 1 g/L1 g/L 15[0 1%9] The pHs of the model sugar liquids A and B
were adjusted using sulfuric acid or sodium hydroxide to 0.5, 1, 2, 3, 4. 5, 6 or 7, and the liquids were
filtered in the same manner as in Example 1. followed by quantifying the concentrations of

fermentation-|giupliag.Hsiangas SHORIS £RniaNed n e parmeales by e 2gmethod described

in Reference Example 1. The results are shown in"Tabies 17 to 2 e permeation rates of

tnonosaccharides wete diffeeentewesnibicnedekies idwdsAdandiR. Jtinot differsnt among the
different pHs. Further, the permeation rates of fermentation-inhibiting substances were different among
the different pidsaut mot:diferegtbetiveenrthe hoddtisUgankidiigs deanth& 1BLE0] based on
comparison with standard samples.
5 Column: Luna NH; (manufactured by Phenomenex, Inc.)
Mobile phase: ultrapure water:acetonitrite=25:75 (flow rate, 0.6 mL/min.)
Reaction solution: none
Detection method: RI (differential refractive index)
Temperature: 30°C
10 [0126]
(Reference Example 2) Method for Analyzing Concentrations of
Fermentation-inhibiting Substances
Furan-based fermentation-inhibiting substances (HMF. furfural) and phenol-

based fermentation-inhibiting substances (vanillin, acetovanillin, syringic acid,

levulinic acid and 4-hydroxybenzoic acid) contained in the sugar liquid were

}._‘L
n

quantified under the HPLC conditions described below, based on comparison with
standard samples.
Column: Synergi HidroRP 4.6 mm=250 mm (manufactured by Phenomenex,
Inc.)
20 Mobile phase: acetonitrile-0.1% H;PO, (flow rate, 1.0 mL/min.)
Detection method: UV (283 nm)
Temperature: 40°C
[0127]

Organic acid-based fermentation-inhibiting substances (acetic acid, formic

[N
£

acid) contained in the sugar liquid were quantified under the HPL.C conditions
described below, based on comparison with standard samples.

Column: Shim-Pack SPR-H and Shim-Pack SCR101H (manufactured by



[Table 17] Table 17 Comparison of permeation rates of sugars through nanohltration membrane 1
[0161] [Table 18] 1 OTable 18 Comparison of permeation rates of fermentation-inhibiting substances
through nanofiltration membrane at different pHs [ii62] [Table 19] Table 19 Comparison of
permeation rates of sugars through reverse osmosis 1 5membrane 64 [0163] [Table 20] Table 20
Comparison of permeation rates of fermentation-inhibiting substances through reverse osmosis
membrane atgqiffergnt @45 Fotr.mi%acid Acetic acid HMF Furfural Vanillin pH 0.5 Clogging of

1 RS b e

nimadzi Lo
membrane preven?t\eé permeatio
Mobile phase: 5 mM p-toluenesulfonic acid (flow rate, 0.8 mL/min.)

Reaction solution: 5 mM p-toiuenesuifonic acid, 20 mM Bis-Tris. 0.1 mM

EDTA-2Na (flow rate, 0.8 mL/min.)

&3}

Detection method: electric conductivity
Temperature: 45°C

[0128]

(Reference Example 3) Step of Hydrolysis of Cellulose-containing Biomass by

Dilute Sulfuric Acid/Enzyme Treaiment

10 In terms of the step of hydrolysis of a cellulose-containing biomass in the
Step (1), an example of the method of hydrolysis of a cellulose-containing biomass
using 0.1 to 15% by weight of dilute sulfuric acid and an enzyme is described.
10129]

As a cellulose-containing biomass, rice straw was used. The cellulose-

15 containing biomass was soaked in 1% aqueous sulfuric acid solution, and subjected
to treatment using an autoclave (manufactured by Nitto Koatsu Co., Ltd.) at 150°C
for 30 minutes.  Afier the treatment, solid-liquid separation was carried out to
separate sulfuric acid-treated cellulose from the aqueous sulfuric acid selution
(hereinafter referred to as “dilute-sulfuric-acid treatment liquid™).  Subsequently.

20 the sulfuric acid-treated cellulose was mixed with the dilute-sulfuric-acid treatment
liquid with stirring such that the concentration of the solid contents is 10% by weight,
and the pH was adjusted to about 5 with sodium hvdroxide. To this mixture,
Trichoderma cellulase (Sigma Aldrich Japan) and Novozyme 188 (4dspergilius niger-
derived f-glucosidase preparation, Sigma Aldrich Japan) were added as cellulases,

25 and the resulting mixture was mixed by stirring at 50°C for 3 days to allow

hydrolysis reaction to proceed. Thereafier, centrifugation (3000 G) was carried out

to separate/remove undecomposed cellulose and lignin, to obtain an agueous sugar



1 pH 1.0185%55% 25% 55%15% pH 2.0 85% 52% 25% 55%15% pH 3.0 80% 50% 125% 55%15%
pH 4.0 50% 25% 25% 55%15% pH 5.0- 30% 15% 25% 55%15% 1 pH 6.05%I0% 25% 55%15% pH
7.00% '0% 25% 55%.15% 51

solution. The turbidity of the aqueous sugar solution was 700 NTU. The
compositions of the fermentation-inhibiting substances and the monosaccharides

contained in the agueous sugar solution were as shown in Tables 1 and 2.

(01307
[Table 1]
Table 1 Quantification of Fermentation-inhibiting Substances

Dilute-sulfuric-acid Agqueous sugar

treatment liquid solution

Formic acid 0.1 gl 0.1 gL |
Acetic acid 2.0g/L 24 g/L
HMF 100 mg/L 125 mg/L
Furfural 560 mg/L. 875 mg/L
Vanillin 60 mg/L 90 mg/L
Acetovanillin 1206 mg/L 146 mg/L
Syringic acid 10 mg/L 15 mg/L
Levulinic acid 9 mg/L 10 mg/l.
10131]
[Table 2]
Table 2 Quantification of Monosaccharides

Dilute-sulfuric- Aqueous sugar

acid treatment solution

higuid
Glucose 3 g/l 25 o/l
Xylose i>g/l 12 /L.
Arabinose 0.8 g/l 1o/l
| Mannose i 0.9 ¢/LL 1o/l

[0132]
(Reference Example 4) Step of Hydrolysis of Cellulose-containing Biomass by
Hydrothermal Treatment/Enzyme Treatment

in terms of the step of hiydrolysis of a celluiose-containing biomass in the

Step (1), an example of the method of hydrolvsis of a cellulose-containing biomass



[0164] From the above results, it was discovered that either the nanofiltration membrane or reverse
0smosis membrane can increase the concentrations of monosaccharides while removing
fermentation-inhibiting substances into the filtrate sifie. Further, it was discovered that the rate of loss
of monosaccharides into the 10filtrate side increases in the nanofiltration membrane in cases where
the sugar concentration is high, while loss of sugars hardly occurs in the reverse osmosis membrane
even in such ¢g Further, it was discovered that the Cr,oval rates of organic acids largely vary
depending onﬁt%?é%}ﬁ#(gtilgé? 1fg¥§>%glrlﬁagled9 g?e%l Zc')}fl}i’ﬁtlérﬂ?acﬂt/’ othermally Treated/Enzyme-treated
Aqueous Sug@y@@jution through Reverse Osmosis Membrane (Fouling Suppression Effect by pH
Adjustment)  The fouling suppression effect by pH adjustment on the aqueous sugar solution
obtained in ReferencesExampled wasinvestgatac, Tep diteks ahtha0agyequs sigar solution
obtained in Reference Example 4 was filtered through a microfiltration membrane (manufactured by
Millipore; poré®izantidbiomaR Rk sGiedembrase aitihe Hinbidity wastmehmesedhan 1 NTU at this
time. Filtration was further carried out using an ultrafiltration membrane (GE SEPA PW series;
polyethier sulfBHECHEsIsaa irigRd butditia doasy fiserbidien tHO i AN asinlisotdd into 2-E
volumes, and each of I?%g? aligéjots was prepared with sulfuric acid or ammonia such that the pH
fo § bRyt

became 1, 2,3 5'0F7. folfowed AP S evetseb¥thasistsmbiane in the same
manner as inExample L yntil: 3/94 me.rem Ining in the raw liquid. tank decreased to 0.5 L (4-fold
concentration). The amount é flux d%r}inéo?hf aéso aeg(gieootnog t ecgﬁﬁﬁ%%r}el%;é’ O(?%%c%(l;att%d based on the

differences instherehamgesdctiiedaiahamaunt af b PRt it gy, Ihe.resHlts of gajculation of

10the flux are shown in Fig. 3. As a result, at a pH of 1, the flux was very small and the filtration took a
long time, and;fatrachld of Thydmiarkabiiydecreasegindhe fliheseuneddmn thiesmiddiaiof the operation.
Also at pHs of 2, 3 and 5, decrease in the flux was observed from about 1.5 hours later, and this was
assurhied to BEdige tlineraasé.th sne dugaridhzertiatibng tetdimptty drastid inprebsesthe osmotic
pressure. Thiﬁ?gcentrations of monosaccharides and fermentation-inhibiting substances in the
agueous sugar solution and purified sugar liquids were as shown in Tables 21 and 22, and it could be
confirmed thrilxb %Ig?ough monosaccharides were concentrated at the corresponding ratio of
concentration, the levels of concentration of the fermentation-inhibiting substances were low,so that

coniitmed. [0166] [Table 311 Table 1 Coneant b of Mo Y ar sotution
Purified sugambggiiekd, and RO water was added to the component such that the concentration of
15 the solid contents is 15% by weight in terms of the absolute dry processed biomass,
followed by further adding, as cellulases, Trichoderma cellulase (Sigma Aldrich
Japan) and Novozyme 188 (Aspergillus niger-derived p-glucosidase preparation,
Sigma Aldrich Japan} thereto and mixing the resulting mixture by stirring at 50°C for
3 days to allow hydrolysis reaction.  Thereafter, centrifugation (3000 G) was carried
20 out to separate/remove undecomposed cellulose and lignin, to obtain an aqueous
sugar solution.  The pH of the aqueous sugar solution was 5.2, and the turbidity of
the aqueous sugar solution was 900 NTU.  The compositions of the fermentation-
inhibiting substances and the monosaccharides contained in the hvdrothermaliy
treated liquid and the aqueous sugar solution were as shown in Tables 3 and 4.
25 [0135]
[Table 3]

Tabie 3 Quantification of fermentation-inhibiting substances



(filtration at pH 3) Purified sugar liquid (filtration at pH 7) Glucose 50 g/L 200 g/L 200 g/L : Xylose 8 g/L
32g/L 32 g/L! 66 [0167] [Table 22] Table 22 Quantification of fermentation-inhibiting substances
Agueous sugar solution Purified sugar liquid (filtratian at pH 31 Purified sugar liquid (filtration at pH 71
Formic acid i0.1 g/L0.2 g/L

Hydrothermally Agqueous sugar
treated liquid solution
Formic acid 1.1 g/L 0.1 g/
Acetic acid 22 ¢/L 0.5 o/L.
HMF 139 mg/l. 10 mg/L
Furfural 8 mg/L 15 mg/L
Vanillin 50 mg/L 3 mg/L
Acetovanillin 2 mg/L 13 mg/LL
Syringic acid 1 mg/L | 1 mg/L

[0136]

[Table 4]

Table 4 Quantification of Monosaccharides

Hydrothermally Agueous sugar
treated Hiquid sohution
Glucose 2 g/l 50 g/l
Xylose 15 g/l 8 g/l
Arabinose 0.5 g/L. 1 g/l
Mannose 0.5 g/l 0.5 g/L
[0137]
5 {Reference Example 5) Step of Hydrolysis of Cellulose-containing Biomass by

Ammonia Treatment/Enzyme Treatment
In terms of the step of hydrolysis of a cellulose-containing biomass in the

Step (1), an example of the method of hydrolysis of a cellulose-containing biomass

using 5.0 to 100% by weight of agueous ammonia and an enzyme is described.  As
10 a cellulose-containing biomass. rice straw was used. The cellulose-containing

biomass was fed into a small reactor (manufactured by Taiatsu Techno Corporation,

TVS-N2 30 mL), and cooled with liquid nitrogen. Into this reactor, ammonia gas
was flown, and the sample was completely soaked in liquid ammonia. The lid of

the reactor was closed., and the reactor was left to stand at room temperature for

about 15 minutes,

[
ot

Subsequently, the reactor was processed in an oil bath at 150°C
for 1 hour. Thereafter, the reactor was removed from the oil bath, and the ammonia
gas was leaked in a fume hood, followed by vacuuming the inside of the reactor to 10

Pa with a vacuum pump, thereby drying the cellulose-coniaining biomass.  This



0.4 g/L Acetic acid 0.5 g/L1.2 g/L 2.0 g/L Furfural 15 mg/L35 mg/L 35 mg/L LIMF10 mg/L 30 ing/L 30
mg/L Vanillin3 ing/L 9 mg/L 9 mg/L Acetovanillin13 mg/L 45 mg/L 45 mg/L [0168] 5(Example 8) Step
of Filtering Hydrothermal"), Treated Liquid through Nanofiltration Membrane (Fouling Suppression
Effect by Microfiltration Membrane/Ultrafiltration Membrane) The fouling suppression effect by
filtration treatment, which is carried out before concentration of the hydrother ally treated liquid
obtained in Reference Jfxample .ol anenofitation membrane, was investigated by an
acceleration fest using a reduced volum of the ﬁqwa.nllﬁree typéjs of‘ﬁqwds‘, {l aqlszi’ aullquid prepared
just by centrifugingtheRydroifstnet teated iguid Rbtained inReference. Example 4 as itis, a liquid
treated with a microfiltration membrane (manufactured by Millipore; pore size, 0.45 um; PVDF
membrane), agidaciguiddeated ithuandsutiafiltiation membrane (GR/SERARW series; polyether
sulfone molecular weight cutoff, 10000), were prepared, and their plls were adjusted to 3. The turbidity
of the centrifi§ationAdatduigaid wak8o0NTY, l&8d theaurbiditiegof doilof ihd witrd&types of
liquids were not more than 1 NTU. Each liquid in an amount of 2 L was filtered through a nanofiltration
membrane inPI582aNE- miHRe dSTIR EXEHPIE IO P4 VORI rarddiifAgsIHERS raw liquid tank
decreased to 0.5 L. and the amount of flux %g@% the C(i:ollectioln of %h% r]%?rmeate was calculated based

on the mixture was mixed by strrmg at or 3 days to allow hydrolysis reaction.
Thereafter, centrifugation (3000 ) was carried out to separate/remove
undecomposed cellulose and lignin, to obtain an agueous sugar solution.  The
turbidity of the agueous sugar sotution was 600 NTU.  The compositions of the
10 fermentation-inhibiting substances and the monosaccharides contained in the
aqueous sugar soiufion were as shown in Tables 5 and 6.
[0138]
ITable 5]
Table 5 Quantification of fermentation-inhibiting substances
Aqueous sugar
solution
Formic acid 1.1g/L
Acetic acid 0.5 g/T.
HME 500 mg/L
Furfural Smg/L
Vanillin 20 mg/L
Acetovaniliin 18 mg/L
Syringic acid 2mg/L
15 [0139]
[ Table 6]
Table 6 Quantification of monosaccharides
Aqueous sugar
solution
Glucose 50 g/L
Xylose 25 g/l
Arabinose 2 g/l
Mannose 1 g/l

[0140]



differences in the changes in the total amount of the permeate with time. The 67 results of calculation
of the flux are shown in Fig. 4. As a result, it was shown that, in the case of treatment with only
centrifugation, the turbidity was high and the flux drastically decreased during the concentration. It was
assumed that this was due to adhesion of components responsible for the turbidity to the membrane
during the concentration. resulting in drastic decrease in the filtration capacity of the membrane. [0169]
(Example 9) )I{,t:e,ntifi ti f Fouling Co ent . The rothermally treated liquid obtained in
Reference E ar%ebrflég% ﬁg?%%g%ﬁ%ﬁg q(%(%%fﬁﬁié: é%ﬁf?/,%%zgu er'r%lf%?é [ tra{ill(l)er(l).ug?‘l%l e resulting
membrane 10 was-diieddnderyaguamangahaened Hadera scanrirgLlegipR microscope
apparatus (manufactured by Hitachi High-Technologies Corporation, S-4800). Further, component
analysis was carriedsosibpsinglani energy.ispes sivenXssaytianalyzandmarriasired by @RIBA. Ltd.,
EX-250) attached to the scanning electron microscope apparatus. As a result, on the microfiltration
membrane. mahyosgkladeposits anth pacticiemhédingnsinbsaotthe orderobseveralraronmeters to
several micrometers were observed as shown in Fig. 5. These components were subjected to analysis

of dispersion GHthBTBRIFHNEMS chilgsars AopirdiPH cHEB LAl & Hevgylidpet sigsykdlf analyzer, and
large quantities of Si (silicon) and O, igen) were detected at the positions of the particles (Fig. 6).
These partoU T A A B R 1 GRCion CATeAy: BArFeR AL the GBI LA onts around
the particles. G, (c ng (oxpgﬁ 8.9bs o e it € consjdered to be
unde(:omposeél “cgﬁgi%?e, I n%i and t %)gmigeﬁ Furth%%%%éaﬁ%ﬁ%g%ﬁéﬁ(gg %%%tr%gwﬁérgﬁfréﬁon was
filtered throughanndlualitsation.meimhianc. Rathibe L adirationmembrangwaslighthhwashed with
RO water. The ultratiltration 25membrane was then dried under vacuum and subjected to only
elementary atielygisalyy veus @nereyscisherspleatayfatratizre resiibgaascarmingealestosis microscope
applying a voltage of 20 kV at a magnification of >100, at 3 different positions. As 68 a result, C

(carbon) at aehternefTadtge7 70 Enthooxige) Bl tortdist ot RO 250 sliereatetsated. Thus, in
terms of the removed components, it was assumed that water-soluble polysaccharides, tannin,

polyphenol afteiB kbl &cturiutats B HESATREARHIMRR R aRed i FERRRISE. BRT1IP81 (Example
10) Recoveryﬁ)f E%%;ng 0L o’?‘?{@%@%@%% 01; %‘ae%ge[r t%‘ ?n%%%gﬁg%f{a%qg }heogt%%eous sugar solution

. . NCTEC R
obtained in the ‘above Reference ample 1'is described. e recovery of the enzymes, a

polyether SU'E%ﬂl%fﬂﬂ%{&@ﬁ@ﬂQﬁ';5‘?&?@?&%‘?@3§Qﬁ%‘[&%‘%‘ipér%z§1{é‘l\}%_®@ﬂE@Eﬁﬁlﬁﬁk’?&i@ril Omolecular weight
cutoff of 10.000 was placed in a Stirred Cells Series 8000 (Mill

ipore), and pressure filtration was
carried out usigdmECIEN gat-exinter.drithe prassurediivatiark G ki of, thessigad:liguid obtained in
Example 1 was fed to the feed side, and 45 mL of the liquid was removed as a permeate. The enzyme
concéhtratiorfpréteicwbnosntatioss- imBemhiviofithessugirdigoideremained i thedSfeed side was
measured. The enzyme concentration was colorimetrically measured lﬁ%g BCA measurement kit

(BCA Protein X888 redg é htif aaHreieisrer bl BIRR CE Uy ThBaSoréifent visalséordatite at 562 nm
ing bovi lbumin (2 | tandard . esult, taking the. inpitial ;
concentration BEISREHE FELAH DF e R Sb A B0BE he o1 FECEREATLdN e Wi
recovered in gORed ﬁ@&%@@'@F?i'r‘?(;%@ﬁ'&&ﬁ&%@ﬁ@‘ﬁ%@ﬁ&%@&uﬁg ﬁw%eaﬁflfs?éﬁ%)%as a
I e Fer

relative value. 101711 (Example 11) Changes in Capacity to Remo mentation-inhibiting

Substances Repengingonehemper atdrseahogdieousSuoar BolutienRodcsterefiliering the

ammonia-treated/enzyme-treated aqueous sugar
20 removed, and, to the solution remained in the raw liguid tank, whose volume was a

little less than 20 L, RO water was added to attain a final volume of 201, The
resulting ditution was used as a purified sugar Hquid.
[0141]

Fermentation-inhibiting substances (HMF, furfural, vanillin, acetovanillin

0]
{3

and syringic acid) contatned in the aqueous sugar solution obtained in Reference
Example 3 and in the above purified sugar liquids were quantified under the HPLC

conditions described in Reference Example 1, based on comparison with standard



solution obtained in Reference Example 5 through a microfiltration membrane and an ultrafiltration
membrane, and then further filtering the solution through a reverse 69 osmosis membrane, followed
by recovering a purified sugar solution from the feeéiide and removing fermentation-inhibiting
substances from the permeate side, is described by way of an Example. Through a microfiltration
membrane (manufactured by Millipore; pore size, 0.45 m; PVDF membrane). 4 L of the 5aqueous
sugar solutiogahtainedip.Refergncs Examnisd was flisrechrne dbidiuues netmereihan 1 NTU
at this time. Filtration was further carried out using an ultrafiltration membrane (GE SEPAG PW series;
polyether sulfarermelestlarsweighbedofi 4000Q) TisagueaussugaLsplpdiomwasiadjusted with
sulfuric acid to pH 3, and a 2-L aliquot of the resulting solution was filtered at an aqueous sugar
10solution tentpetattireropR5C dMs0Csthroughrareverss osmasissmaembiandtinihelsamemanner as in
Example 1 until the volume remaining in the raw liquid tank decreased to 0.5 L, followed by recovering
the permeateti®) g cohiprétisn o IRE AtPRHBR RO/ aHBF NS A dairtecEhdATRiGiaS-attain a final
volume of 2 Lf tliereib Rraviding a purified %i%ar quéjid. Theﬁico%ics?ntr tions of fermentation-inhibiting
5sUbstances i th& pdritied SaridiidS 1Athe e SE888F A58 g\ﬁ‘ﬂ;?éﬁj‘%gﬁi ontémperatures of 25C

and 50C werg g3 shown i;?ﬁ I%QJ.%1??egﬂé%%6%%%8&5%%%@&%%%{&% AAYEQUS BH0gSplution

improved the feentation-inhibitina substance-removing capacity. This was assumed to be due to

increase in the,pei¢ sizeset the: manbrase: cavsedPY.thsiereased temperatiresafithe aqueous sugar
20solution. [0172] [Table 23] 70 Table 23 Changes in fermentation-inhibiting substance-removing

capacity dependingtowvienpeyaiurd! ofrabjuestiasugansadtioncBéfore teatmefuofagueous sugar
solution Treatment of aqueous sugar solution at 25C Treatment of aqueous sugar 1 solution at 50C
Formic acid IPurgiedosseg/iiyzgiercetidiaeiddoszie Bragy reduced amounts of

10 fermentation-inhibiting substances compared to the agueous sugar solution obtained
in Reference Example 3. On the other hand, since the concentrations of sugars
were not largely decreased in the purified sugar liquids, it could be confirmed that
processing of the agqueous sugar solution through the nanofiltration membrane or

reverse osmosis membrane allows removal of fermentation-inhibiting substances as

et
i

the permeate, while allowing recovery of a pwified sugar liquid, m which the

concentrations of fermentation-inhibiting substances are decreased, from the feed

side.
[6142]
[Table 7]
20 Table 7 Quantification of fermentation-inhibiting substances
Agueous sugar NF membrane- RO membrane-
solution purified sugar purified sugar
liguid liquid

Formic acid 0.1 g/1 0 g/l 0 g/l
Acetic acid 2.4 o/l 0.2 g/L. 1.2 /L
HMF 125 mp/L 18 mg/L 90 mg/L
Furfural 875 mg/L. 88 mg/l 240 g/L
Vanillin 90 mg/L. 2.7 mg/L 62 mg/l
Acetovanillin 146 mg/L 9 mg/LL 103 mg/L
Syringic acid 15 mg/lL 0 mg/L 10 mg/L
Levulinic acid 10 mg/L 0 mg/L 3 mp/L

[0143]




0.1 g/L Furfural 5 mg/L3 mg/L 1 mg/L Vanillin 20 mg/L 16 mg/Li 16 mg/L 10 mg/L Acetovanillin 18
mg/L 112 mg/L | Syringic acid 2 mg/L 1.9 mg/L 11.2 mg/L | [0173] (Example 12) Changes in Level of
Suppression of Loss of Monosaccharides Depending/on Temperature of Aqueous Sugar Solution

A step of filtering the ammonia-treated/enzyme-treated aqueous sugar solution obtained in Reference
Example 5 through a microfiltration membrane and an ultrafiltration membrane, and then further
filtering the s LHti %urough a nanofiltration membrane, followed by recovering a purified sugar
solution from th&"10feed side and removing fermentation-inhibiting substances from the permeate
side, is descrrpaqg)g @%aﬂéﬁgm%gm%gnaﬁ&gcroﬁItratlon membrane (manufactured by Millipore;
pore size. 0.45 km; PVDE membrane). 4 | of t e aqueous sugar solution obtained in Reference
Example 5 was filtered. The turbfidit): W& Wot¥#iie tharlt NFULas time. Filvatonwes fufther
carried out using an ultrafiltration memBREREIGE SE PAW@ér@ﬁ&poly=thé?@lﬁf@h@i8ﬁolecular
weight cutoff,-10000; manufactured by GE Osmonics). This ¥{i€ous sugar solutieRidvas adjyisted with
sulfuric acidt&}03€ and a 2-1_aliquot of the ASsgffing solution wasfittéred at an aquedbis’ugar
solution temp&dftife of 5C or 10C through a Aarigfiltration membtahe'In the same mahheflas in
Example 1 untifghi@eslume 2 Oremaining in the @l liquid tank de@fesded to 0.5 L. followsl by
recovering thédsanefsate. Upon completion of the/filtration, RO Wék&eias added to eachdiuid to attain
a final vqumet@fLL%]L, thereby providing a purified sugar liquid. The 71

(Example 2) Step of Filtering Hydrothermally Treated/Enzyme-treated Aqueous
5 Sugar Solution through Nanofiltration Membrane or Reverse Osmosis Membrane
In terms of the step of filtering the aqueous sugar solution obtained in
Reference Example 4 through a nanofiltration membrane or reverse osniosis
membrane and collecting a purified sugar liquid from the feed side, while removing
fermentation-inhibiting substances from the permeate side, a purified sugar liquid
10 was obtained in the same manner as in Example 1, and the concentrations of
fermentation-inhibiting substances and monosaccharides were quantified. The
results are summarized in Tables 9 and 10. It was shown by the analysis that, as
fermentation-inhibiting substances, acetic acid, formic acid, furfural , HMF, vanillin.
acetovanillin and syringic acid were contained. Further, in terms of
15 monesaccharides contained in the respective sugar liguids, glucose and xvlose were
the major components. Further, although the amounts were very small, arabinose
and mannose were also detected,
10145]
[Table 9]

R
s}

Table 9 Quantification of fermentation-inhibiting substances

Aqueous sugar NF membrane- RO membrane-
solution purified sugar purified sugar
liquid liquid
Formic acid 0.1 g/L 0 g/l | 0 g/l
Acetic acid ‘ 0.5 o/L. 0 g/l 0.2 g/L.




concentrations of sugars in the purified sugar liquids in the cases of aqueous sugar solution
temperatures of 25C and 10C were as shown in Table 24, indicating that the decreased temperature
improved the amount of loss of the sugars. This wa&%assumed to be due to decrease in the pore size
of the membrane caused by the decreased temperature of the aqueous sugar solution. [0174] [Table
24] Table 24 Loss of sugars depending on temperature of agueous sugar solution Before treatment of
aqueous sugatidolution Treatment of aqueolisrsgdar solution at 25@¢Treatment of aqhiegus sugar
solution at 1081Glumose50 g/L 44 g/L 50 g/ll Xyle8e 25 a/L 21 g/lo 2d/L Arabinose 2 d/le/1.8 g/L 2 g/l,
: Mannosel g¥lzii8g/L 1 g/L1 [0175] 10(Exampld.13) Production axdmples of Purifiech§dgar Liquids
Using Various\MNaoofilittition Membranes  13Tiag/aqueous sugariseigtion obtained in2Rgf¢rence
Example 3 wasfukthesdiltered through a microfilfration membrane fmaanufactured by Millipore; pore
size, 0.05 um; P}({JJZ}F membrane), and 20 L of a solution prepared by 20-fold diluting the

P01
[Table 10]
Table 10 Quantification of monosaccharides

Agueous sugar NF membrane- RO membrane-

solution purified sugar purified sugar
liquid hquid
Glucose 50 g/L 49 o/L 50 g/l
Xylose & g/l 7.2 g/, 8 g/l
Arabinose 1o/l .96 ¢/L 1 g/l
Mannose 0.5 g/l 0.48 ¢/L. 0.5 ¢/l
[0147]
5 The respective purified sugar liquids were confirmed to have largely reduced

amounts of fermentation-inhibiting substances compared to the agueous sugar
solution obtained in Reference Example 4. On the other hand, since the
concentrations of sugars were not largely decreased in the purified sugar liquids, it
could be confirmed that processing of the agquecus sugar solution through the

10 nanofiltration membrane or reverse osmosis membrane allows removal of
fermentation-inhibiting substances as the permeate, while allowing recovery of a
purified sugar liguid, in which the concentrations of fermentation-inhibiting
substances are decreased, from the feed side.
[0148)]

15 (Example 3) Step of Filtering Ammonia-treated/Enzyme-treated Aqueous Sugar
Solution through Nanofiltration Membrane or Reverse Osmosis Membrane

In terms of the step of filtering the agueous sugar solution obtained in

Reference Example 5 through a nanofiltration membrane or reverse osmosis
membrane and collecting a purified sugar liguid from the feed side, while removing

20 fermentation-inhibiting substances from the permeate side, a purified sugar liquid



15aqueous sugar solution with RO water was treated with a nanofiltration membrane until the volume
of the solution decreased to 1 L in the same manner as in Example I. As 909 nanofiltration
membranes, a cross-linked piperazine polyamide nafiofiltration membrane UTC60 (nanofiltration
membrane 1, manufactured by TORAY INDUSTRIES, INC.), a cross-linked piperaz ne polyamide
nanofiltration membrane 2 ONE-400 (nanofiltration membrane 2, manufactured by Eilmtec
Corporation). Vi;,lagole/ami : 1Q%%ogiltrationlmembra%e &'ﬁ% fp%rllg fltration géeﬁlpbran? 3, manufactured

La1n diie manner as 1. Bxar nce - .
by Alfa-Laval) and a cellulose acethte nanofiltration menbrans Ge %’epa 1()nnasn(%)flltratlon membrane

4, manufactusegy, Gk Qsmanies) wete:Hsed: TheoAdRermBaton cates affgumentagion-inhibiting

substances (acetic acid, formic acid, 1-IMF, furfural, vanillin. acetovanillin, syringic acid and levulinic

acid) and theparmeaticnratasafmoTasrschasiste s(glucess: snehey IDsecanianiedin the permeate
were calculated. The results indicated that the monosaccharides and the fermentation-inhibiting
substances ctutdepébloeked hititheeswpofithes nenstfittcit ofome mibrian és;famad tFRYinpaiticular, the
nanofittration membranes 1 to 3, that is, the polyamide nanofiltration membrane and the cross-linked
piperazine pdtyamigs harsilrivsimeitbrsresopmectbw barh&ativfatesiof monosaccharides, while
roing D S tEs S A sblncgs (sles R 29017 bl

the major components. Further, although the amounts were very small, arabinose
and mannose were also detected.
[0149]

10 {Table 11]

Tabie 11 Quantification of fermentation-inhibiting substances

Aqueous sugar NF membrane- RO membrane-
solution purified sugar purified sugar
liquid liguid

Formic acid 1.1 g/T. 0 g/L. 0.3 g/L
Acetic acid 0.5 g/ 0 ¢/ 0.2 g/L
HMF 500 mg/L 10 mg/L | 120 mg/L
Furfural 5 mg/L 0 mg/lL 1 mg/L
Vanillin 20 mg/L 0.4 mg/L 12 mg/L
Acetovanillin 18 mg/1. I mg/L & mg/L
Syringic acid 2 mg/l 0 mg/L 1 mg/L

[0150]
[Table 12]




*0-ct1.)?- a)c-, NONO;"9-0,0,Cc” 0,C,C, e----,0IC.2rc rl-caOctOct0cz07.rci}-tC-1}e777
:Ctdcd trz? Is,cr". s L.L... s 2-. cr-cm- t-, -- c c ¢ Cr..? cLi031)0;3 el)tt .1) ZEZE.4.ZEZE 74 [0177]
[Table 26] Table 26 Comparison of permeation rate§lof monosaccharides through various
nanofiltration membranes Glucose Xylose Nanofiltration membrane 1 0.8%

Table 12 Quantification of monosaccharides

Agueous sugar NF membrane- RO membrane-
solution purified sugar purified sugar
liquid liguid i
Glucose 50 g/l 49 o/l 50 g/,
Xvlose 25 g/L 21 g/L 25 g/l
Arabinose 2 g/l 1.8 g/l 2 g/l
Mannose 1 g/L 0.9 o/l 1 e/l
[0151]

The respective purified sugar liquids were confirmed to have largely reduced

amounts of fermentation-inhibiting substances compared to the agueous sugar

{5

solution obtained in Reference Example 5. On the other hand, since the
concentrations of sugars were not largely decreased, it could be confirmed that
processing of the aqueous sugar solution through the NF membrane or RO
membrane allows removal of fermentation-inhibiting substances as the permeate,
while allowing recovery of a purified sugar liquid, in which the concentrations of
0 fermentation-inhibiting substances are decreased, from the feed side.
[0152]
(Example 5) Step of Filtering Hydrothermaliy Treated Liguid through Nanofiltration
Membrane or Reverse Osmosis Membrane
In terms of the step of filtering the hydrothermally treated liquid obtained in
15 Reference Example 4 through a nanofiltration membrane or reverse osmosis
membrane and collecting a purified sugar liquid from the feed side, while removing
fermentation-inhibiting substances from the permeate side, a purified sugar liquid
was obtained in the same manner as in Example 1, and the concentrations of
fermentation-inhibiting substances and monosaccharides were quantified. The
20 resuits are summarized in Tables 13 and 14. It was shown by the analysis that. as
fermentation-inhibiting substances, acetic acid, formic acid, furfural , HMF, vanillin,
acetovamllin and syringic acid were contained.  Further, in terms of

monosaccharides contained in the respective sugar liguids, glucose and xylose were



1.2% Nanofiltration membrane 2 1.15% 2.0% Nanofiltration membrane 3 1.09% 1.89%
Nanofiltration2.16%4.5% membrane 4 5[0178] (Example 14) Production Examples of Purified
Sugar Liquids Using Various Reverse Osmosis Membranes The agueous sugar solution obtained in
Reference Example 5 was filtered 10through a microfiltration membrane (manufactured by Millipore;
pore size, 0.45 fun: PVDE membrane). The turbidity was not more than 1 NTU at this time. Filtration
was further ca réel%aog} uosin an ultrafiltrgtion membrane (GE SEPA PW series; polyether sullone;
molecular weight CUtOf, B i he FPARE-HHES ﬁj&%&%ﬁ“&ﬁﬁ%‘%bﬂ%%%@@ﬁ@%O-L aliquots
of the resulting,ligyid were treatad.in the, same manner as in Example 1 with reverse osmosis
membranes. As the reverse osmosis membranes, a cross-linked wholly aromatic polyamide reverse
osmosis memforeiie UTC80 (reverse osmosis membrane 1, manufactured by TORAY INDUSTRIES,
INC.). a membrane prepared by soaking the cross-linked wholly aromatic polyamide reverse osmosis
membrane UTE80:in ¥ cellulase enzyme liquid 2 ONovozyme 188 (Aspergillus niger-derived
f3-glucosidase preparation. Sigma Aldrich Japan) at 50C for | day and washing the resulting

membrane with RO\ AtsrHdiretie odfasisnimsmbiah®izlapblyamide reverse osmosis membrane
DESAL-3B 75 (reverse osmosis mefghiane siig%am"Ta%#‘?{?eH%BﬁéAL)’ aggtiios _at..c"ta;ﬁ reverse
osmosis membrane GE SEPA CE (rev%ﬁigﬁmosisgmemﬁgg ého%anu[ac?) ergr‘%%é{ Suﬁ;bs Jonics)
(Comparative Example), and a membrane prepared ;by soalﬂtagigng cellulos aC%ta 1edréversé 0smosis

membrane GEpERALE (Manufactured by G %y&s;monics) ma uﬂ'i 'Ebc cumym%uh“"@o.“ﬁo‘ jozyme

188 (Aspergillyseniogtrgerived [3- glucosidasg_@réggaﬂration, Sign_na {)‘E)L"g' Japarn)-at 50{5,2[2.' 1 day and

washing the ing membiarne with RO VETSE 0SMOS inste; —and each
g the TeRgHing i WRELIR 'S e gyt Mk

permeate wasg [ggevered until thevotume of the rawliquid-decreasedto-one-feurth-ot: ]
volume. [Ol'Q]ﬁ%'{U‘WHFET‘TH‘nEEe same drslg;lg;%%a the pci‘me"%fl:\},}v%‘/tfed to-the cg.c’énr%at d liquid
in the raw liqUA IRk, ARdtheT rl(,entloltiunazuﬁ i thi S clrﬁ%éred in the
raw liquid taf e > =-angs ed-by Shimad%'mr‘lfroration),
thereby calcutating the-permeation-t5rate BFY g ances-(dB8tic acid,
formic acid, HNMF#urfural, vanillin, acetovanillin and syringic acid) and the permeation rates of the
monosaccha—rcifes (glucose and xylose). The results indicated that the monosaccharides and the
fermentation-i ﬁ%ﬁﬁf& substances could be blocked with any of the reverse osmosis membranes, and

that, in part|CL[L!,iaDrl,etli1g {ﬁl\é%[tﬁcggg?logﬁnonosacch_arides

Aqueous sugar NF membrane- | RO membrane- |
solution purified sugar | purified sugar
iiquid liquid

| Glucose ‘ 2g/L 1.8 o/L. 2g/l
Xylofse 15 /L 13 g/L 15 g/l
Arabinose | 0.5 g/ (.48 g/L 0.5 ¢/L
Mannose 5 0.5 g/ 0.48 o/L. 0.5 g/L.
[01551

10 The respective purified sugar liquids were confirmed to have largely reduced

amounts of fermentation-inhibiting substances compared to the hydrothermally
treated liquid obtained in Reference Example 4.  On the other hand. since the
coneentrations of sugars were not largely decreased in the purified sugar liquids, it
could be confirmed that processing of the aqueous sugar solution through the NF

15 membrane or RO membrane allows removal of fermentation-inhibiting substances as
the permeate, while allowing recovery of a purified sugar liquid, in which the

concentrations of fermentation-inhibiting substances are decreased, from the feed



20membranes 1 and 2, that is, the polyamide and cross-linked wholly aromatic polyamide reverse
osmosis membranes, have low permeation rates of monosaccharides, while having high permeation
rates of fermentation-inhibiting substances. It was féther revealed that the cellulose acetate
membranes are less resistant to the cellulase (Tables 27 and 28). 25[0180] [Table 27] mop ot8uilics _
%0 %0[ %S8 %0 %01 --- Acetovanillin %0 1 0/001 VOZ6 %0 %01 UHLMA %Sl %Sl %So %S

VOS ipmjind 348S %SS %66 VoS %SS :Miff

[0156]
(Example 6) Step of Filtering Mode! Sugar Liquids through Nanofiltration
Membrane or Reverse Osmosis Membrane

5 As model sugar liquids for the aqueous sugar solution prepared by hydrolvsis
of a biomass, one containing sugars at high concentrations (model] agueous sugar
solution A) and one containing sugars at low concentrations (model aqueous sugar
solution B) were prepared. Their compositions are shown in Tables 15 and 16.

[0157]
10 [ Table 15]

Table 15 Compositions of model sugar liguids (monosaccharides)

Glucose | Xylose
Model aqueous 40 g/L 20 g/L.
sugar solution A
Model aqueous 2 g/L, 1 g/l
sugar solution B |

[0158]
[Table 16]

Table 16 Compositions of model sugar liquids (fermentation-inhibiting substances)

Formic Acetic HMF Furfural Vanillin
acid acid
Model aqueous 2 g/l 2 ¢/l 1 g/l 1 g/l 1 ¢/l
sugar solution A
Model aqueous 2 g/L. 2g/L 1 g/l 1 /L 1 g/l
sugar solution B

15 [0159]

The pHs of the model sugar liquids A and B were adjusted using sulfuric acid
or sodium hydroxide to 0.5, 1,2, 3, 4, 5, 6 or 7, and the liquids were filtered in the
same manner as 10 Example 1, followed by quantifving the concentrations of
fermentation-inhibiting substances and sugars contained in the permeates by the

20 method described in Reference Example 1. The results are shown in Tables 17 to

20.  The permeation rates of monosaccharides were different between the mode!



%Sit" cl/oSZ %66 .. _ %c Formic acid 80% 80% %66 %0S %SL FI Nov orlaiw 50% 50% 45% 30%
99% Reverse osmosis membrane 1 Reverse osmosis membrane 2 Reverse osmosis membrane 3
Reverse osmosis membrane 4 Reverse osmosis ntémbrane 5 77 [0181] [Table 28] Table 28
Comparison of permeation rates of monosaccharides through various reverse osmosis filtration
membranes Glucose

Iiquids A and B, but not different among the different pHs.  Further, the permeation
rates of fermentation-inhibiting substances were different among the different pHs,
but not different between the model sugar liquids A and B.
{01601

5 [Table 17]
Table 17 Comparison of permeation rates of sugars through nanofiliration membrane

I

Glucose Xylose |
Model aqueous 10% 15%
sugar solution A
Model aqueous 3% 5%
sugar solution B

[0161]

Table 18]
10 Table 18 Comparison of permeation rates of fermentation-inhibiting substances

through nanofiltration membrane at different pHs

Formic | Acetic HMF Furfural Vanillin
acid acid
pH (0.5 Clogging of membrane prevented permeation of liquid
pH 1.0 100% 100% 98% 98% 96%
pH 2.0 100% 100% 98% 8% 96%
pH 3.0 100% 100% 98% 98% 96%
pH 4.0 99% 99% 98% 98% 96%
pH 3.0 90% 88% 98% 98% 96%
pH 6.0 55% 48% 100% 100% 100%
pH 7.0 50% 45% 100% 100% 100%
[0162}
[Table 19]

Table 19 Comparison of permeation rates of sugars through reverse osmosis

15 membrane
| Glucose Xylose |
Model aqueous 0.2% 0.4%
sugar solution A
Model aqueous 0% %
sugar soiution B




Xylose Reverse osmosis membrane 1 0.1% 0% Reverse osmosis0.1% membrane 2 10% 1 Reverse
osmosis membrane 3 F0.2% 10.1% [ Reverse osmosis membrane 4 1.0% 1 2.0% Reverse
0smosis75% membrane 5 85% 5[0182] (Example &%) Comparison of Effects to Concentrate
Monosacchar des and Fermentation-inhibiting Substances To compare the effects to concentrate
monosaccharides and fermentation- inhibiting substances, the degrees of concentration of
monosacchakigigs;and 10 fermentation-inhibiting substances were compared among cases of filtration
of the aqueous sugar solution through a nanofiltration membrane and/or reverse osmosis membrane.
After preparing 43c.20f the ammonia-treated/enzyme-treated aqueous sugar solution obtained in
Reference Example 5 to pH 3 with aqueous ammonia and sulfuric acid, the resulting solution was
filtered throughlaeiitrofdtaticmmembnanetidb Thessdlfitiorewasdwithebfiltereduiaough an ultrafiltration
membrane. The turbidity was not more than 0.5 NTU at this time. The filtrate was divided into 3
aliquots (20 LIEgEEY. sHer treatdgWith AR paheiessbRiAfembrane until the volume in the raw liquid

side decreas
the raw liquid

&

20

ed to 5 L (4-fold gemeentratigpli;treated wih-a nanofitiatien membrahe piptil t
side decreased;tq0 L| (2-fglghy
pH 0.5 Clogging of membrane prevented permeation of liquid
pH 1.0 85% 55% 25% | 55% 15%
pH 2.0 85% 52% 25% 55% 15%
pH 3.0 80% 50% 25% 55% 15%
pH 4.0 50% 25% 25% 55% 15% |
pH 5.0 30% 15% 25% 55% 15%
pH 6.0 5% 0% 25% 55% 15%
pH 7.0 0% 0% 25% 55% 15%
[0164]

From the above results, it was discovered that either the nanofiltration
membrane or reverse 0smosis membrane can increase the concentrations of
monosaccharides while removing fermentation-mhibiting substances into the filtrate
side. Further, it was discovered that the rate of loss of monosaccharides into the
filtrate side increases in the nanofiltration membrane in cases where the sugar
concentration is high, while loss of sugars hardly occurs in the reverse osmosis
membrane even in such cases. Further, it was discovered that the removal rates of

organic acids largely vary depending on the pH.

[0165]

-

Sugar Solution through Reverse Osmosis Membrane (Fouling Suppression Effect by

pH Adjustment)

The fouling suppression effect by pH adjustment on the agueous sugar
solution obtained in Reference Example 4 was investigated. Ten liters of the
agueous sugar solution obtained in Reference Example 4 was filtered through a

microfiltration membrane (manufactured by Millipore: pore size, 0.45 um; PVDF

e volume in



2 Oconcentration), followed by treatment with a reverse osmosis membrane until the volume in the raw
liquid side decreased to 5 5 (additional 2-fold concentration: a 78 total of 4-fold concentration), or
treated with only a reverse osmosis membrane untifthe volume in the raw liquid side decreased to 5 L
(4-fold concentration); in the same manner as in Example 7. As the nanofiltration membrane, a
cross-linked p perazine polyam de nanofiltration membrane UTC60 (nanofiltration membrane
manufactured By TORAY INDUSTRIES: NG, s sech Al a8 e gyerss aamosis,embrane, a
cross-linked wholly aromatic po yamlae reverse osmosis membrane LBLPESBO reverse 0Smosis
membrane |. fandiactHEac By s ARAY INBHSARIER. NG was used (01831 10T ahle 2Q.shows the
results of analysis of the concentrations of monosaccharides and fermentation-inhibiting substances
contained in théfpuified stgar Weiit: winidh analysis Wasreafriedautiisatd Ri=C Angeidhengonditions
shown in Reference Example 1. Below each of the concentrations shown in the table, the
concentratior? dxpebtotwheh s liuless dilgteds wter maphrtdardigiutose a&domcentration of 50 g/L is
attained is shown. As a result, it was revealed that the degrees of concentration of the
fermentation-THARRIGUBERREEE Were owe thaR HRE ebradnss Lopseritrtinh srgsrse
monosacchaggeg %r}getlg%% the.fe{ entationinhibitin%iubstaTc?-renﬁvin‘g Perfonmance per unit
glucose concehtiation AR RigHasP i e BAEESF Hrdhanamb Ston He by e SHASHE S ollowed by

the case of 20fhe.nanofiirationmembrane freatment and dhe SUbsEgeNt FRVerSe, g3MeR(s membrane

treatment, and the case of the reverse osmosis membrane treatment,’in that order. On the other hand,

by using the nanefiltrationsassans pachibad everse asmasisaagmbranaiifcenbinatian, loss of
sugars into the filtrate side of a nanotiltration membrane, which remarkably occurs in cases where the

sugar 2 5condentgation isasthigmasmaotf lésspttrare 4106vath tioould Decreducedf anlditheion of
ferme‘ntation-inhibiting-substar]ce-rerqoving performance was largely improved compared to the case
of trehtment Iy WitA™s FeVRIsE ddkdsis fieriBialiedt 790284 rabix 2osTublespoiOinthtification of
ionosacchariq?sfqnd ferme tatlon-inhibiting substances Aqueous sugar solution ' NF membrane-
Treated the filtration took a long time, and, at a pH of 7. remarkable d&crease 1n the flux

occurred in the middle of the operation.  Also at pHs of 2, 3 and 5, decrease in the

flux was observed from about 1.5 hours later, and this was assumed to be due to

increase in the sugar concentration, leading to drastic increase in the osmotic

N

pressure. The concentrations of monosaccharides and fermentation-inhibiting

[

substances in the aqueous sugar solution and purified sugar liquids were as shown in
Tables 21 and 22, and 1t could be confirmed that, although monosaccharides were
concentrated at the corresponding ratio of concentration, the levels of concentration
of the fermentation-inhibiting substances were low, so that removal of the

20 fermentation-inhibiting substances from the agueous sugar solution could be
confirmed.
[0166]
{Table 21]

Table 21 Concenirations of monosaccharides

Aqueous sugar Purified sugar Purifted sugar
solution liquid liquid
(filtration at pH 3) | (filtration at pH 7)
Glucose S50 g/l 200 g/l 200 g/L
Xylose 8 o/l 32 g/l 32 ¢/L




NF membrane/RO membrane- treated RO membrane- treated Glucose 50 g/L 160 g/L (50 g/L) 195
g/L (50 g/L) 200 g/L (50 g/L) Xylose 25 g/L 79 g/L (25 g/L) 96 g/L (50 g/L) 100 g/L (50 g/L)
Arabinose /L 6 g/L (1.9 g/L) 7.6 g/L (1.9 g/L) 8 @t (2 g/L) Mannose 1 g/L 3.0 g/L (0.9 g/L) 3.2 g/L
(0.9 g/L) 3.8 2/L (1 c.t/L) Formic acid 1.1 g/L

[0167]
[Table 22]

Table 22 Quantification of fermentation-inhibiting substances

Agueous sugar Purified sugar Purified sugar
solution liquid Hquid

(filtration at pH 3) | (filtration at pH 7}

Formic acid 0.1 o/L. 0.2 ¢/L. 0.4 g/l

Acetic acid 0.5 g/L 1.2 g/l 2.0 g/l

Furfural 15 mg/L 35 mg/l. 35 mg/L

HMF 10 mg/L 30 mg/L 30 mg/L

Vanillin 3 mg/L 9 mg/L 9 mg/L

Acetovanillin 13 mg/L 45 mg/L. 45 mg/L
[0168]

5 (Example 8) Step of Filtering Hydrothermally Treated Liquid through Nanofiltration

Membrane (Fouling Suppression Effect by Microfiltration Membrane/Ultrafiltration
Membrane)
The fouling suppression effect by filtration treatment, which is carried out

before concentration of the hydrothermally treated liquid obtained in Reference

10 Example 4 through a nanofiliration membrane, was investigated by an acceleration
test using a reduced volume of the liguid. Three types of liquids, that is, a liquid
prepared just by centrifuging the hydrothermally treated liquid obtained in Reference
Example 4 as it 1s, a higuid treated with a microfiltration membrane (manufactured by
Miliipore: pore size, 0.45 nm; PVDF membrane}, and a liguid treated with an

15 ultrafiltration membrane (GE SEPA PW series; polyether sulfone; molecular weight
cutoff, 10000), were prepared, and their pHs were adjusted to 3.  The turbidity of
the centrifugation-treated lquid was 800 NTU, and the turbidities of both of the
other 2 types of liquids were not more than 1 NTU.  Each hquid in an amount of 2

L was filtered through a nanofiliration membrane in the same manner as in Example

(R
]

1 until the volume remaining in the raw liquid tank decreased to 0.5 L, and the
amount of flux during the collection of the permeate was calculated based on the

differences in the changes in the total amount of the permeate with time. The



1.09g/L1.3 g/L (0.3 g/L)(0.3 g/L) 2.0 u/L (0.5 g/L) Acetic acid 0.5 g/L 0.4 u/L (0.1 g/L) 0.7 g/L (0.2 g/L)
1.2 g/L (0.3 g/L) HMF 0 mg/L 0 mg/L (0 mg/L) O mg/L (0 mg/L) 0 mg/L (O mg/L) Furfural 5 mg/L 4
mg/L (1.3 mg/L) 7 mg/L (1.8 mg/L) 12 mg/L (3 mé/L) Vanillin 20 mg/L18 mg/f. (5.6 mg/L) 30 mg/L
(7.7 mg/L) 60 mg/L (15 mg/L) Acetovanillin18 mg/L18 mg/L26 mg/L (5.6 mg/L)(6.7 mu/L) 70 mg/L (17
mg/L) Syringic acid 2 mg/L

results of calculation of the flux are shown in Fig. 4. As a result, it was shown that,
in the case of treatment with only centrifugation, the turbidity was high and the flux
drastically decreased during the concentration. It was assumed that this was due to

adhesion of components responsible for the turbidity to the membrane during the

n

concentration, resulting in drastic decrease in the filtration capacity of the membrane.
{0169]
(Example 9) Identification of Fouling Components

The hydrothermally treated liquid obtained in Reference Example 4 was
aerated and washed, while carrying out microfiltration, and the resulting membrane
10 was dried under vacuum and observed under a scanning electron microscope
apparatus (manufactured by Hitachi High-Technologies Corporation, 5-4800).
Further, component analysis was carried out using an energy dispersive X-ray
analyzer (manufactured by HORIBA, Ltd., EX-250) attached to the scanming

electron microscope apparatus.  As a result, on the microfiltration membrane, many

o

gel deposits and particies having sizes of the order of several nanometers to several

[

micrometers were observed as shown in Fig. 5. These components were subjected
to analysis of dispersion of the components, in the mapping mode of the energy
dispersive X-ray analyzer, and large quantities of Si (silicon) and O (oxygen) were
detected at the positions of the particles (Fig. 6).  These particulate mattets were

20 assumed to be SiQ; (silica). Further, as the gel components around the particles, C
(carbon) and O {oxygen) were observed. Thus, the gel deposits were considered to
be undecomposed cellulose, lignin and the like.  Further, the filtrate obtained by the
microfiltration was filtered through an ultrafiltiration membrane, and the

ultrafiltration membrane was lightly washed with RO water.  The ultrafiltration

02
n

membrane was then dried under vacuum and subjected to only elementary analysis
by an energy dispersive X-ray analyzer using a scanning electron microscope

applying a voltage of 20 k'V at a magnification of *100, at 3 different positions. As



2 mg/L4 mg/L (0.6 mg/L)(1.0 ma/L) 8 mg/L (2.0 mg/L) [0185] (Example 16) Production Examples of
Purified Sugar Liquids Using Lowpressure/Ultralow-pressure Type Reverse Osmosis Membranes

To compare the effects to concentrate monosacchdrides and fermentation-inhibiting substances
among different types of reverse osmosis membranes, a model sugar liquid was filtered through
reverse osmosis membranes having different 10permeation flow rates in the same manner as in

Example 6. The campagiliens ofimedilavgariqyidsohied Tfé{%oﬁ%{ﬁ%@ prgpared by
hydrolysis of biomass are shown in Table 30. [0186] 80 [Table 30] Table 30 Composition of model

sugar liquid [0}37]vAsdlereverse namasi smenpianesx:BYad-3ohmansdactiress byduititec 5Corporation
(reverse osmosis membrane 6) and SU-700 manufactured by TORAY INDUSTRIES, INC. (reverse
osmosis menirawet#):suihidh pot lencpressaretype podmbeanesnd BE-iMcRenamufactored by KOCH
(reverse osmosis membrane 8) and SUL-G10 manufactured by TORAY INDUSTRIES, INC. (reverse
osmosis merit aHEad) B ES UiRs 6 fESRRYE type membranes; and DESAL-3B 10manufactured
by DESAL (rigge?@losmosis membrane 10), which is a medium- pressure type membrane for
reference; w d. The permeation flow rates of sodium chloride (500 ing/L) per unit membrane

area (nriZIm%lg%gf%Sﬁa/gg% 3 filtrat \Qﬁﬁsure of 0.75 MPa at pH 6.5 for the respective
wninT

membranes are s a% e 31. 15[0188] [Table 31] Table 31 Values of permeation flow rates of
respective reverse osmesis,prembanes-ylirermneationdiawntale (A 6/ m2dPIIRRNEI 8818810 0SIS

membrane 6

in the above Reference Example 1 is deseribed.  For the recovery of the enzymes, a
polvether suifone ultrafiltration membrane (diameter, 44.5 mm; Millipore) having a

10 molecular weight cutoff of 10,000 was placed in a Stirred Cells Series 8000
(Millipore), and pressure filtration was carried out using a nitrogen gas cylinder. In
the pressure filtration, 50 mL of the sugar liquid obtained in Example 1 was fed to
the feed side, and 45 mL of the liquid was removed as a permeate. The enzyme
concentration (protein concentration) in 5 mL of the sugar liquid remained in the

15 feed side was measwred. The enzyme concentration was colorimetrically measuared
using BCA measurement kit (BCA Protein Assay Regent kit, manufactured by
PIERCE) by measurement of absorbance at 562 nm using bovine albumin (2 mg/ml.)
as a standard sample.  As a result, taking the initial enzyme concentration before the
feeding of the liquid as 100%, the enzyme concentration in the iiquid recovered 1n

20 Reference Example 1 could be confirmed to be within the range of 10-60% as a
relative value.
[0171]
{Example 11) Changes in Capacity to Remove Fermentation-inhibiting Substances
Depending on Temperature of Aqueous Sugar Solution

25 A step of filtering the ammonia-treated/enzyme-treated aqueous sugar

solution obtained in Reference Example 5 through a microfiltration membrane and

an ultrafiltration membrane, and then further filtering the solution through a reverse



0.51 Reverse osmosis membrane 7 0.51 Reverse osmosis membrane 8 0.9 Reverse osmosis
membrane 9 0.8 Reverse osmosis membrane 10 0.27 [0]89] 81 Model sugar liquids A and B
whose pHs were adjusted with sulfuric acid or sodi&fh hydroxide to 2, 3, 4, 5. 6 or 7 were filtered in the
same manner as in Example and the concentrations of acetic acid, which is a fermentation-inhibiting
substance, and sugars contained in the permeate were quantified by the method described in

Reference EXampig| Eﬁl%ireﬁiSeUIf’glﬁ)x%e%]va}[léBveﬁBlg% g&ﬁﬁ%hﬁai IRRITeANlon ke gt acetic acid

varied depending ont e pH, and the lossof sugars fen er In the low-pressure type than

in the ultralowrgressu@dyPrcathauaiibe-diffarencevamresy shalnEmRmihesedesults, it was
revealed that low-pressure/Mtralow-pressure type reverse osmosis membranes are excellent in the 1

0 performancé:airieeddwakal efanickacigs and cam gificienityfiemove fermientation-inhibiting
substances even in cases where the pH of the raw liquid is higher than 3. [0190] [Table 32] Table
32 Comparisbﬁ@’ﬂ}ﬁ@?‘fﬁ@éth)h%kb@%flH@f@ﬁcﬁ@@i&tﬁﬁdﬂghﬁgﬁi@mméhmbsé E@drifssis membranes at

dlfferent pHs Reverse osmosis membrane 6 Reverse Qsmosis o
aqueous sugar solution obiained in Reference Example 5 was filtered. The turbidity

was not more than 1| NTU at this time. Filtration was further carried out using an
ultrafiltration membrane (GE SEPAG PW series; polyether sulfone; molecular
wetght cutoff, 10000).  This agueous sugar solution was adjusted with sulfuric acid
to pH 3. and a 2-L aliquot of the resulting solution was filtered at an aqueous sugar
10 solution femperature of 25°C or 50°C through a reverse osmosis membrane in the
same manner as in Example 1 until the volume remaining in the raw liquid tank
decreased to 0.5 L, followed by recovering the permeate.  Upon completion of the
filtration, RO water was added to each liquid to attain a final volume of 2 L, thereby
providing a purified sugar liquid. The concentrations of fermentation-inhibiting

substances in the purified sugar liquids in the cases of aqueous sugar solution

I
N

temperatures of 25°C and 50°C were as shown in Table 23.  The increased

temperature of the agueous sugar solution improved the fermentation-inhibiting

substance-removing capacity. This was assumed to be due to increase in the pore

size of the membrane caused by the increased temperature of the aqueous sugar
20 solution.

[0172]

[Table 23]



membrane 7 Reverse osmosis membrane 8 Reverse osmosis membrane 9 Reverse osmosis
membrane 10 pH 2.0 78% 80% 99%99%45% pH 3.060% 65% F.82% 78% 45% pH 4.0F45%
50%60% 58% 25% pH 5.020% 20% F,35%33% 15% pH 6.05% 5%10% 10%0%

10

20

Table 23 Changes in fermentation-inhibiting substance-removing capacity depending

on temperature of aqueous sugar solution

Before treatment of
agueous sugar

Treatment of
agueous sugar

Treatment of
aqueous sugar

solution solution at 25°C solution at 50°C
Formic acid 1.1 g/l 0.6 /L 0.2 g/
Acetic acid 0.5 g/L. 0.3 g/ 0.1 o/L.
Furfural 5 mg/L 3mg/L 1 mg/L
Vanillin 20 mg/L 16 mg/L 10 mg/L,
Acetovanillin 18 mg/L. 16 mg/L 12 me/t
Syringic acid 2 meg/L 1.9 mg/L | 1.2 mg/L |

[0173]

(Example 12} Changes in Level of Suppression of Loss of Monosaccharides

Depending on Temperature of Agueous Sugar Solution

A step of filtering the ammonia-treated/enzyme-treated agqueous sugar

solution obtained in Reference Example 5 through a microfiltration membrane and

an ultrafiltration membrane, and then further filfering the solution through a

nanofiltration membrane, followed by recovering a purified sugar solution from the

feed side and removing fermentation-inhibiting substances from the per'meai'e side, 18

described by way of an Example.

Through a microfiltration membrane

{manufactured by Millipore; pore size. 0.45 um; PVDF membrane). 4 L of the

aqueous sugar solution obtained in Reference Example 5 was filtered. The turbidity

was not more than 1 NTU at this time.

Filtration was further carried out using an

ultrafiltration membrane (GE SEPA PW series: polyether sulfone; molecular weight

cutotf, 10000; manufactured by GE Osmonics).

This aqueous sugar solution was

adjusted with sulfuric acid to pH 3, and a 2-L aliquot of the resulting solution was

filtered at an aqueous sugar solution temperature of 25°C or 10°C through a

nanofiltration membrane in the same manner as in Example 1 until the volume

rematning in the raw hquid tank decreased to 0.5 L, followed by recovering the

permeate.

Upon completion of the filtration, RO water was added to each liquid to

attain a final volume of 2 1., thereby providing a purified sugar liquid. The



p7.0 0% 0%5% 5%F0% [0191] [Table 33] 82 Table 33 Comparison of permeation rates of sugars
through respective reverse osmosis membranes Glucose Xylose Reverse osmosis membrane 6 0.5%
0.5% Reverse osmosis0.5% membrane 7 0.5% ReVérse osmosis1.0% membrane 8 1.2% Reverse
osmosis membrane 9 0.8% 1.0% Reverse osmosis membrane 10 0.2% 0.1/0

concentrations of sugars in the purified sugar liquids in the cases of agueous sugar

solution temperatures of 25°C and 10°C were as shown in Table 24, indicating that

the decreased temperature improved the amount of loss of the sugars.

This was

assumed to be due to decrease in the pore size of the membrane caused by the

L

[6174]

[Table 24}

decreased temperature of the aqueous sugar solution.

Table 24 Loss of sugars depending on temperature of aqueous sugar soiution

Before treatment of | Treatment of Treatment of
aqueous sugar aqueous sugar aqueous sugar
solution solution at 25°C solution at 10°C
Glucose 50 g/L 44 o/l 50 g/L
Xvlose 25 o/l 21 g/l 25 g/l
Arabinose 2 g/l 1.8 g/l 2 g/L
Mannose 1 g/L 0.8 g/l 1 g/l
10175}
10 (Example 13) Production Examples of Purified Sugar Liguids Using Various

Nanofiltration Membranes
The aqueous sugar solution obtained in Reference Example 3 was further
filtered through a microfiltration membrane (manufactured by Miliipore; pore size,
0.05 um; PVDE membrane), and 20 L of a solution prepared by 20-fold diluting the
15 aqueous sugar solution with RO water was treated with a nanofiltration membrane
until the volume of the solution decreased to 1 L in the same manner as in Example 1.
As 900 nanofiltration membranes, a cross-linked piperazine polyamide nanofiltration
membrane UTC60 (nanofiltration membrane 1, manufactured by TORAY
INDUSTRIES, INC.), a cross-linked piperazine polyamide nanofiltration membrane
20 NF-400 (nanofiltration membrane 2, manufactured by Filmtec Corporation), a
polyamide nanofiltration membrane NF99 (nanofiltration membrane 3. manufactured
by Alfa-Laval) and a cellulose acetate nanofiltration membrane GE Sepa DK

(nanofiltration membrane 4, manufactured by GE Osmonics) were used.  The



[0192] Production methods of chemical products using the purified sugar liquid 5obtained by the
present invention as a fermentation feedstock are now described in more detail by way of Examples
for L-lactic acid, D-lactic acid, ethanol, cadaverine afd succinic acid. However, the chemical products
produced by the present invention are not restricted to the Examples below. [0193] 10(Reference
Example 6) Methods for Measuring Concentrations of Chemical Products [L-Lactic acid, D-Lactic acid]
The concentration.of. mulated [-lactic acid or. D-lactic acid w onfir. by measuring the
amount of |ac%%:8§g%‘§§%%%%%§ rﬁgf {(1)(()13— %%)%;%1 ;cgi%h%?ﬁg%ﬁ(%%ﬁ?ff%ﬁg’ﬁﬁg&ﬁlﬁgd by Shimadzu
Corporation) L3MoRite:pnaseimmMRdelgnsswianicacid dRvsalen 2 8mb-ininge  Reaction
solution: 5 inM p-toluenesulfonic acid. 20 mM Bis-Tris, 0.1 mM EDTA-2Na (flow rate, 0.8 mL/min.)
Detection methat:slieatriasontuctivitycfeamperaliiieo 454 20{Qd 4] c &lanethed ungemtbafollowing
conditions. Column: TSK-gel Enantio LI (manufactured by Tosoh Corporation) Mobile phase: | mM
aqueous coppersaifiatd asefutiohhElswitéténdi @il fhairthDetentitnednetdotdatdMIR54 nm Temperature:

30C [0195] Further, the optical purity of L-lactic acid was calculated b%: the following equation.
10[0196] fermentation-inhibiting subsfances could be blocked with any of the nanofittration

membranes, and that, in particular, the nanofiltration membranes 1 to 3, that is, the

polyamide nanofiltration membrane and the cross-linked piperazine polyamide

nanofiliration membranes, have low permeation rates of monosaccharides, while

having high permeation rates of fermentation-inhibiting substances (Tables 25 and
10 26).

[0176]

[Table 25]



Optical purity (%)=1008(L-D)/(1_,-

O) |

n this equation, L represents the concentration of L-lactic

acid. and D represents the concentration of D-lactic acid. The optical purity of D-lactic acid was also
similarly calculated. 15[0197] [Ethanol]
by the gas chromatography method. The evaluation was carried out by detection/calculation using a

Shintadzu GC-2010
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Table 25 Comparison of permeation rates of fermentation-inhibiting substances through

Nanofiltration
membrane |

#

membrane 2
Nanofiltration
mentbrane 4

The contentration of accumulated ethanol was quantified

science) 15 meter L 0.53 mm 20I.D.. df 1.5 um with a
[Cadayerinel Cadaverine was evaluated by the following
PAK Cl 8 (manufactured by Shiseido Co., Ltd.) 25Mobile

tid solution:acetonitrile=4.5:5.5 Detection; UV 360 nm 84
Dle to be analyzed. 25 gL of 1,4- diaminobutane (0.03 M),

75 M) and a solution of 2,4-dinitrolluorobenzene (0.2 M) in
and the resulting mixture was incubated at 37C for 1 hour.
P reaction solution was dissolved, and the resulting solution
es. followed by analyzing 10 uL of the supernatant by HPLC.
he concentration of accumulated succ n ¢ acid was carried

d by Shimadzu Corporation; LCI OA; Rl monitor: RID-10A;

emperature was set to 50C. After equilibrating the column
led, and elution was carried out with 0.01 N FESO4 to
Example 7) Preparation of Yeast Strain Having Ability to
aving an ability to produce L-lactic acid was prepared as
jene in the downstream of the PDC1 20promoter in the yeast
produce L-lactic acid was prepared. The polymerase chain
aq (manufactured by TAKARA BIO INC.) or
Toyobo Co. Ltd.) according to the attached instructions.

Nanofiltration
membrane 3
Nanofiltration




25A human breast cancer cell line (MCF-7) was cultured, and the cultured cells were collected,
followed by extracting RNA using TRIZOL Reagent (manufactured by 1INVITROGEN) and carrying out
reverse transcription reaction using the obtained 854RNA as a template and Superscript Choice
System (manufactured by INVITROGEN), thereby synthesizing cDNA. For details of the respective
operations, the manufacturer's instructions were followed. The obtained cDNA was used as a template
for the subseﬂljj]ep} amplification by PCR. 5[0202] Using the cDNA obtained by the above
operations as a template for amplification, oligonucleotides having the sequences shown in SEQ ID
NO:] and SE@I@)@% as a primer set, and KOD-Plus-polymerase (manufactured by Toyobo Co.
Ltd.), PCR was carried out to clone the L-Idh gene. Each PCR-amplified 10fragment was purified, and
phosphorylatadist its ergispatithod 4 Pelnusieatide-KiTasenmanutaciuiedrby . hAKARA BIO INC.),
followed by ligation into pUC118 vector (which had been digested with the restriction enzyme Hindi
and dephospherylatedianthiesiteaoteleavage). The ligation was carried out using DNA Ligation Kit Ver.

At LA

2 (manufactured by TAKARA BIOING; L. E- coil DHSg was transformed with the .5ligation plasmid

products, and Wﬂgrﬁl (As WereTerny red-to UUtd'kIIdd/'LdﬂnidS wherein various L-IdIt genes (SEQ
pRgd. The
an

ID NO:3) are sy obtained pUCiJLS plasmids wherein the L-ldh genes are inserted were

digested with e IEsGHo enzymes /‘lu |P5i%I d-Nod-to u'atﬁ'% DNA fragments, each of which was then
inserted into %%éﬁ?!/{_ at -restriction site of the yeast expressijon vector pTRS11 (Fig. 7). 20 Thus,

1 Aa

the human-d eHvedLe hgene-expressing;ptasmid-pt=1dhS;(L-1dh gene) was obtained. The
above-describg](iﬁ%ﬁ(g%%, which is a hﬁff%ﬁ?derived L-Jlidé%o)e& e-expressing plasmid, was deposited

with Internatiogy fent gﬁ.gauimn Bep ;ggg. ~Nationalnsgittite of Advanced Industrial Science and
Technology (AI\H:l sukuba Central 6, H-f‘)Higashi, Tsukiiba, Ibaraki. Japan) under the accession No.
FERM 25AP-2042 {éﬁ?e of-deposit—+ebruary-21,-2005)-i-the form of the plasmid itself. [0203] Using
the plasmid pl¢1d85 containing the human-derived LDH gene as a 86 template for amplification, and
oligonucleotides having the sequences shown in SEQ ID NO:4 and SEQ ID NO:5 as a primer set.
PCR was cartethos %}mplify a DNA fragment containing the human-derived LDH gene having a
length of 1.3 kb and.the, terminator s quep e of a Saccharomyces cereyisiae-der ved TDH3 gene.
Further, 5using the FRSHHPRSBP S S-tgﬁ%ﬁﬁa?e (o1 b‘il’ﬁ‘git?(fﬂ?gnoa’aﬁﬁﬁ ¢fdétides having the
sequences shawn in SEQID NO:6 and SEQ ID NO:7 as a primer set, PCR was carried out to amplify
a DNA fragment containing a Saccharomyces cerevisiae-derived TRP1 gene having a length of 1.2 kb.
Each DNA fragmentiwasfepatajechbyolua¥n againee gekeleelipphoresisi and,punifigdgccording to a
conventional method. Using a mixture of the thus obtained 1.3-kb fragment and 1.2-kb fragment as a
templdte for amplification;rahtietigonuetenticie sohavifigihe seguentesshowa iir&SBEQIDMNO:4 and
SEQ ID NO:7 as a primer set. PCR was carried out to obtain a product, which was then subjected to
1.5% agarosé y&lieleemdphicresid thardhy prepamey amNAdragheht fiabingadendihetiae kb in
15which the human-derived LDH gene and TRP | gene are Iinked/With this DNA fragment having a
length of 2.5 RS BRI @45 PSR A BB QBB BIEARTEIRE 10505 Bifaiv s transformed to

tryptophan pr. h cording to a conventiona %[0 4].20Confirmation of the fact that the
e e R 0 PRVEH T CRRALAT

obtained transforme 0 r?s(fream of the PDC1

promoter in theyRRSIGEROME WasFaied oS &@ugé!vl%smﬁlg%qgmiev%éegfe@ﬁqt{ﬁysformed cells
was prepared according to a conventional method, and PCR was then carried out using the prepared

genoniic DNAzas-atemplateifor amplification, ranets22 oligapucteaiidasshavingiibe:seguences shown in
SEQ ID NO:8 and SEQ ID NO:9 as a primer set, to confirm whether an amplified DNA fragment having
a length of 0.7sRiywwasobiairned. Fordserdivhdthbr by aotnthitramistomied celtschaveoars ability to
membrane UTC80 (reverse osmosis membrane 1, manufactured by TORAY
INDUSTRIES, INC.). a membrane prepared by soaking the cross-linked wholly
aromatic polyamide reverse osmosis membrane UTC80 in a cellulase enzyme Hquid
20 Novozyme 188 (Aspergillus niger-derived B-glucosidase preparation, Sigma Aldrich

Japan) at 50°C for 1 day and washing the resulting membrane with RO water

(reverse osmosis membrane 2), a polyamide reverse osmosis membrane DESAL-3B



87 produce lactic acid was confirmed by culturing the transformed cells in SC medium (METHODS IN
YEAST GENETICS 2000 EDITION, CSHL PRESS) and confirming whether or not the culture
supernatant contained lactic acid by measuring the @mount of lactic acid by the 1-IPLC method.
5[0205] By the HPLC analysis. L-lactic acid at a concentration of 4 g/L was detected, and the
concentration of D-lactic acid was under the detection limit. From the above studies, it was confirmed

that this transfouiant s an Bl I8.PIOAUg A fAsLs ACidThe pbtained Wensfonmed cells were

designated the yeast SW-1 strain, 1 and this strain was use ‘ sequent L-lactic acid

fermentation. 4206} (RefereneeEammplecd) belaplichnid kermantation. (¥eastlerurchactic acid

fermentation was carried out using the yeast strain obtained in Reference Example 7 (SW-1). To the
medium, glucose amarntiashDosopues; itk iprgstGynthetit:Brep-eutMe dusafupplpment Without
Tryptophan (Sigma Aldrich Japan, Table 34, Drop-out MX), Yeast Nitrogen Base w/o Amino Acids and
Ammonium Swifate (Difstaty east N Thvase)s andrmamo il migidté, @sathdaotharddonipbnents, were
blended at the ratio shown in Table 34. The medium was subjected to sterilization by filtration

(Millipore. StEAEBEREEBLIBMTBRIGHE Boemigiadeds dinveramshehidisn crive cowcattratfishPof glucose

was quantified using Glucose Test \Wako (manufactured by. Pure Chemical.Industries, Ltd.). The
amount of |aC%8C§CSI aﬁgopcfgg%r Tilr(lnr(la?ac %&Itﬁglrel @éga%dél g“giéeeéy%éo%ﬁééyuaﬁl er %%%}ﬁ% conditions as

in Reference Example, br{AZAT 230, 34l 86, Tablesih GomPABIER ofk-lpetic:ac fermentator

medium Composition Concentration of componen
each permeate was recovered until the volume of the raw liquid decreased to one

fourth of the initial volume.
10 [0179]

RO water in the same amount as the permeate was fed to the concentrated
liquid in the raw liquid tank, and the concentrations of fermentation-inhibiting
substances contained in the raw liquid tank and the permeate were analyzed by
HPLC (manufactured by Shimadzu Corporation), thereby calculating the permeation

15 rates of the fermentation-inhibiting substances {acetic acid, formic acid, HMF,
furfural, vanillin, acetovaniliin and syringic acid) and the permeation rates of the
monosaccharides (glucose and xylose).  The results indicated that the
monosaccharides and the fermentation-inhibiting substances could be blocked with
any of the reverse osmosis membranes, and that, in particular, the reverse osmosis

20 membranes 1 and 2, that is, the polvamide and cross-linked wholly aromatic
polyamide reverse osmosis membranes, have low permeation rates of
monosaccharides, while having high permeation rates of fermentation-inhibiting
substances. [t was further revealed that the cellulose acetate membranes are less
resistant to the celiulase (Tables 27 and 28).

25 [0180]

[Table 27]



Ammonium sulfate

50g/L .8 g/L1.7/L 5g/L Drop-out MX 1 Yeast NThase

Glucose

[0208]
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The SW-1 strain was cultured inS mL of a fermentation medium (preculture medium) in a test tube with
shaking overnight (preculture). Yeast cells were collected from the precutture by centrifugation. and
the cells were washed well with 15 mL of sterile waféf. The washed yeast cells were inoculated to 100
mL the media having the compositions described in Table 34, and cultured in a 500-mL Sakaguchi
flask for 40 hours with shaking (main culture). [0209] 1 O(Reference Example 9) Method of L-Lactic
Lactic Acid Bacterium) The L-lactic acid bacterium fermentation medium shown in
Table 35 was” auto laved (121C, 15 minutes) and used as the medium. As the lactic acid bacterium,

Acid Ferment

the Lactococ
the medium,

i

ganactig)JCM 7638 strain, which is a prokaryotic 1 5microorganism, was used, and, as
e lactic acrd bacterium lactic acid fermentation medium having the composition shown

in Table 35 washiisek [dlaetisaaicich contpinedifidherfermentation lguitvas evaliated by she same
method as in Reference Example 1. The concentration of glucose was measured using Glucose Test

Wako C (manefsttaetioyiWdkePore:@hariieal industries, Ltd.). 20[0210] [Table 35] 89 Table 35

Lactic acid b

cterlum factic aCI
strain was su UITCITE""TTTB

shown in Tah

'%@E’l&%t?ec?d i

o rer@gg&g&ron

eallj{{hbkgéllj

AL

)I ure IIILIUngI
a test tube, for 24 hours at a ten

obtained CU'“E&\&@%'%‘Q{}-&S&? to 50 IIILOLjIG/d fresh rnuugﬁbr-
and subjected o static cylture for 48 hours at

10(Reference

(ocz2. Saccharlplg}xg%%gerewsiae wine ye'ast) was studred1 Tr

The Laciococcu.s! locus JCM 7638
purged lactic acid fermentation medium

nperature of 37C (preculture). The
urged lactic acid fermentation medium,

temperature ‘of 37C (main culture). [0212]

fermentation
to sterilization

Ethanol fermentation by a yeast strain
e medium to be used for the

ﬂhe composition of Reference Example 8
oncentration of 15glucose was

guantified us

membrane 5

Té’é'é”&ée“ U ubjecting;th A reditm ||
E ﬁtrgltlron pore Sterlcup( 22 p m) T e C
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[0182]

ure

(Example 15) Comparison of Effects to Concentrate Monosaccharides and

Fermentation-inhibiting Substances

To compare the effects to concentrate monosaccharides and fermentation-

inhibiting substances, the degrees of concentration of monosaccharides and

o

e

fermentation-inhibiting substances were compared among cases of filtration of the

aqueous sugar solution through a nanofiltration membrane and/or reverse osmosis

membrane.

After preparing 60 L of the ammonia-treated/enzyme-treated aqueous

sugar sotution obtained in Reference Example 5 to pH 3 with aqueous ammonia and

sulfuric acid, the resulting solution was filtered through a microfiltration membrane.

15

was not more than ¢.5 NTU at this time.

‘The solution was further filtered through an ultrafiltration membrane.

The filirate

The turbidity

was divided into 3 aliquots (20

L. each), and treated with only a nanofiltration membrane until the volume in the raw

liquid side decreased to 5 L (4-fold concentration); treated with a nanofiltration

membrane until the volume in the raw liquid side decreased to 10 L (2-fold

concentration), followed by treatment with a reverse osmosis membrane until the

volume in the raw liquid side decreased to 5 L (additional 2-fold concentration: a



Chemical Industries, Ltd.). The amount of ethanol produced in each culture was measured by GC
under the same conditions as in Reference Example 7. [0213] The 0C2 strain was cultured in 5 mL of
a fermentation medium (preculture 2 Omedium) in a#gst tube with shaking overnight (preculture).
Yeast cells were recovered from the preculture by centrifugation, and the cells were washed well with
15 mL of sterile water. The washed yeast cells were inoculated to 100 mL media haying the

iti ! in Table 34..and cultured in.a 500-mL Sakaguchi 90 flask for 24 hours with
Shaking Ionst%%ﬁ%%gﬂ)ﬂzi%ce grfg}gﬁéeo BEEhpe ﬁ)()&?é’aad SFHE PERRER GBI @6 Ebacterium

shaking (main cu

glutctmicum) A& aJRIGIORGANIS fof RIQGCiRn . caday rineglfe. GRNMERAGIRTT, ealytamicum

TR-CAD | strain described in JP 2004-222569 A was use study cadaverine fermentation by

glucose assinikatinn. -A ieatkavaprerfermematannediue Wasmbrerared:Rysnigparing.a-shgar liquid
such that the glucose composition shown in Table 36, as a carbon source, was attained and a pH of

7.0 was attairfsdvwithds Mradileeusrammdniac EVElLa@tionef ileadonceatiation of cadaverine, which is
the product, was carried out by measurement by the HPLC method. The concentration of glucose was
measured usfigriacysethest Whke ENRIRLRGS N By WeskesplirnChienicad inthustries, Ltd.).
[021511 [Table 36;.15- Takl)ale 36 Cadaverine fe mﬁntation medium CompositionConcentration of

5t i laﬂﬁtaa%ﬁfslhﬁk?dl‘@ 1 BFRRABE RUSRIM I Ry BrsgeTpABEphate 0.5 g/L

component GliCoses eg
Dipotassium m’é?ﬁggﬁﬁﬁh?é%aﬁ%veme osmosis membrane 1, manufactured by TORAY

INDUSTRIES, INC.) was used.
[0183]

10 Table 29 shows the results of analvsis of the concentrations of
monosaccharides and fermentation-inhibiting substances contained in the purified
sugar liquid. which analysis was carried out by HPLC under the conditions shown in
Reference Example 1. Below each of the concentrations shown in the table. the
concentration expected when the liquid is diluted later such that a glucose

15 concentration of 50 g/L is attained is shown. Asa result, it was revealed that the
degrees of concentration of the fermentation-inhibiting substances were lower than
the degrees of concentration of the monosaccharides, and that the fermentation-
inhibiting-substance-removing performance per unit glucose concentration was
highest in the case of the nanofiltration membrane treatment, followed by the case of

20 the nanofiltration membrane treatment and the subsequent reverse osmosis
membrane treatment, and the case of the reverse osmosis membrane treatment, in
that order.  On the other hand, by using the nanofiltration membrane and the reverse
osmosis membrane in combination, loss of sugars into the filtrate side of a
nanofiltration membrane, which remarkably occurs in cases where the sugar

25 concentration 1s as high as not less than 100 g/L, could be reduced, and the
fermentation-inhibiting-substance-removing performance was targely improved

compared to the case of treatment only with a reverse osmosis membrane.



0.5 g/L Magnesium sulfate heptahydrate 0.5 g/L L- hreonine0.8 g/L L-methionine0.6 g/L L-leucinel.5
g/L Iron sulfate heptahydrate 6.0 mg/f. Manganese sulfate monohydrate 4.2 mg/L Biotin1.0 mg/L

Thiamine2.0 mg/L [0216] 91

In a test tube, 5 ME of the cadaverine fermentation medium

supplemented with kanamycin (25 ug/mL) was added to the Corynebacterium glutamicum TRCAD1
strain, and the strain was cultured overnight with shaking (preculture). From the preculturc, the

Corynebacte

washed well

above-descri

o

Kglutamicum TR-CADL1 strain was recovered by 5centrifugation. and the cells were
15 mL of sterile water. The washed bacterial cells were inoculated to 100 mL of the
peghpedium, and cultured in a 500-mL Sakaguchi flask for 24 hours with shaking (main

culture). [0217] (Reference Example 12) D-Lactic Acid Fermentation 10As the microorganism, the
yeast NBRCIDEOS AT GA sfiain«desCribedsn JR 206707 4938:-Aiias iseit ands asthesnedium, the

D-lactic aci pl_uductiun medium i‘ég.vé!lg t_hﬁ Compositionrsh V;(!I}Imij!}b-‘;l%g/l_ T wasused Evalua
the concentration of D-lact|c ac ol ichiis the product, was %Eﬁﬁ»‘ia%lt y measug%g@tnby th
method in the same mannér ag,inRgference Example 1. The 15cgncentration of glucose was
measured usipg;Lliicose Test Wakq, & (manufagigised; by Wako Puie {fyemical Industigs hid

[Table 37] Table 37 D-Lactic acid fermentation W@AE} (50 g/L) (50 g/L)

Xylose 25 ¢/l 79 g/l 96 g/L 106 g/L

(25 g/l) (50 /L) (50 g/L)

Arabinose 2o/l 6 g/l 7.6 g/ 8 g/l
(1.9 g/L) (1.9 g/L) (2 g/Ly |

Mannose 1 g/l 3.0 g/l 3.2¢g/L 3.8 g/

(0.9 g/L) (0.9 g/1) {1¢/1)

Formic acid 1.1 g/ 1.0 g/ 13 g/l 2.0 g/l

(0.3 g/l) (0.3 g/L) (0.5 g/

Acetic acid 0.5 ¢/L 0.4 g/ 0.7 g/L 1.2 ¢/L

(0.1 g/L) (0.2 ¢/1.) (0.3 g/l

HMF 0 mg/L 0 mg/L 0 mg/L 0 mg/L.

(0 mg/L) {0 mg/L) (0 mg/L)

Furfural 5 mg/L 4 mg/l. 7 mg/L 12 mg/L

(1.3 mg/L) (1.8 mg/L) (3 mg/L)

Vanillin 20 mg/L 18 mg/lL 30 mg/L 60 mg/L

(5.6 mg/L) (7.7 mg/L) (15 mg/L}

Acetovanillin 18 mg/L 18 mg/L 26 mg/L 70 meg/L

(5.6 mg/L} (6.7 mg/L) (17 mg/L)

Syringic acid 2 mg/l 2mg/L 4 mg/L 8 mg/LL

(0.6 mg/L) (1.0 mg/L) (2.6 mg/L)

[0185]

{Example 16) Production Examples of Purified Sugar Liquids Using Low-

pressure/Ultralow-pressure Type Reverse Osmosis Membranes

To compare the effects to concentrate monosaccharides and fermentation-

inhibiting substances among different types of reverse osmosis membranes, a model

sugar liquid was filtered through reverse osmosis membranes having different

permeation flow rates in the same manner as in Example 6.  The compositions of

model sugar liquids of the aqueous sugar solution prepared by hydrolysis of biomass

are shown in Table 30.

[0186]

ion of
e HPLC

). [0218]



20[0219] 97 production medium in a test tube overnight with shaking (preculture). The obtained
culture was inoculated to 50 mL of a fresh D-lactic acid production medium, and cultured in a 500-mL
Sakaguchi flask for 24 hours at a temperature of 330 with shaking (main culture). [0220] (Reference
Example 13) Method of Succinic Acid Fermentation As a microorganism having an ability to
produce succinic acid, the Anaerobiospirillum succin ciproducensATCC53488 strain was used, to carry
out succinic %efigo[g@’@ ntation. In a 125-mL Erlenmeyer flask, 100 mL of the seed 10culture medium
having the composition shown in Table 38 was placed, followed by heat sterilization. [0221] [Table 38]

Table 38 Suctinie a0id ferprantatiot megivsae&amprsition Glucose Polypeptone Yeast extract
Dipotassium-hydregenphosphate -Concentras i%“. of-compenent-50 9/L 10 g/155 g/T 1 oft

Glucose ylose - Acetic ac
Model agueous 40 ¢/L. 20 /L 2 o/l
sugar solution
[0187]

As the reverse osmosis membranes, BW-30 manufactured by Filmtec

Corporation (reverse osmosis membrane 6) and SU-700 manufactured by TORAY

{5t

INDUSTRIES, INC. (reverse osmosis membrane 7}, which are low-pressure type
membranes; TFC-ULP manufactured by KOCH (reverse osmosis membrane 8) and
SUL-G10 manufactured by TORAY INDUSTRIES, INC. (reverse osmosis
membrane 9), which are ultralow-pressure type membranes; and DESAL-3B

10 manufactured by DESAL (reverse osmosis membrane 10), which is a medium-
pressure type membrane for reference; were used.  The permeation flow rates of
sodium chioride (500 mg/L) per unit membrane area (m*/m*/day) observed at a
filtration pressure of 0.75 MPa at pH 6.5 for the respective membranes are shown in
Table 31.

15 [0188]
[Table 31]

Table 31 Values of permeation flow rates of respective reverse osmosis membranes

Permeation flow
rate {m’/m~/D)

Reverse osmosis .51
membrane 6
Reverse osmosis 0.51
membrane 7
Reverse osmosis 0.9
membrane 8
Reverse osmosis 0.8
membrane ¢
Reverse osmosis 0.27
membrane 10

[0189]



In an anaerobic glove box. | mL of 30 mM Na2CO3 and 0.15 mL of 180 mM H2S0O4 were added to the
medium, and further, 0.5 mL of a reducing solution containing 0.25 g/L cysteine.1-1C1 and 0.25 g/L
Na2S was added thereto, followed by inoculation ofthe ATCC53488 strain and static culture at 39C for
24 hours (main 20culture). [0223] (Example 17) Fermentation for Producing Chemical Products Using
Sugar Liquids 93 Purified from Dilute Sulfuric Acid-treated/Enzyme-treated Aqueous Sugar Solution

From 1 liter each of{heaAueapAqHderSalien AN A Aufied sigar lGHdainapaliration

membrane-treated liquid and reverse osmosis membrane-treated liquid) in Example 1. water was
evaporated updinresiugediprassure (260 hba) usingradttanievapesaiphimanutacturegiby Tokyo
Rikakikail to obtain an about 3-fold concentrated solution/liquid. Using these and, for comparison,
reagent gradeé, ghutdsecanediumicomyfcnetitsasidiatiéctors thécrespeaiive-casesiof fetmantation under
the concentration conditions of the respective medium components described in the fermentation
conditions shoWrsiigdRetersrseErdhiples g aeT8owetBaptd b thh s sdwe srsparsdedium
components were used.in the main culture. In the preculture, reagent grade glucose was used, and
each sugar liGGIGNAES GBIy in Jﬁéﬁﬁ?&ﬂ%&ﬁ%ﬁ&% 2 rE20lfS ¢ 8RBwir in Thble 39, the cases in
which the memprane ffeaimentwas carried vt showed better suparession of fermentation inhibition
and improvecifconcentratlons o] chemlt:aYpro Gcts Accamulate , C'ompareoP%o th8'&se in which

membrane treajagnt Wasalsaried RHE- 102t Talenddl Od I ahlg 39.Heageatgiions of chemical

products accumulated [0225] In terms of the L-lactic acid fermentation test using yeast (Reference
Example 8), thehampauht affgluseseqnsthersugailliguitogonsssmachdisringrvibesfesmentation and the yield
relative to the sugar (glucose) are shown in Table 40. The treatment of the aqueous sugar solution
through the namofilestios wHerltbvaresorih e reversesosmosissmemibrane resuited ienbetttetendencies
of improvement also in the consumption of the sugar, compared to the case in which the treatment
was Rét carriBeF U090 6] 10TPABICL0ICra S LB BN EBRSHRP IR ¥h EFYRIB IRV to sugar in

L-lactic acid fermentation Aqueous sugar solution NF memprane .. . . .
inhibiting substances even 119 cases where tlegﬁ OP tl?e raw liquid is higher than 3.

[0190]
{Table 32]

Table 32 Comparison of permeation rates of acetic acid through respeciive reverse

15 osmosis membranes at different pHs
Reverse Reverse Reverse Reverse Reverse
0SImMosis 0SMOsis 0SIMOSIS OSMOsis 0SIMOSis
membrane & | membrane 7 | membrane § | membrane ¢ | membrane 10
pH 2.0 78% 80% 99% 99% 45%
pH 3.0 60% 65% 82% 78% 45%
pH 4.0 45% 50% 60% 58% 25%
pH 5.0 20% 20% 35% 33% 15%
pH 6.0 5% 5% 10% 10% 0%
pH 7.0 0% | 0% 5% 5% 0%

[0191]

[Table 33]




treatment RO membraneReagent grade treatmentmonosaeeharide Glucose consumption 31 g/L 48
g/L 48 g/L49 g/L Yields relative to the sugar 16% 25% 24%28% 95 1 (glucose) [0227] (Example 18)
Fermentation for Producing Chemical Products Usifig Sugar Liquids Purified from liydrothermally
Treated/Enzyme-treated Aqueous Sugar Solution From about 1 liter each of the aqueous sugar
solution and the purified sugar 5liquids (nanofiltrationmembrane-treated liquid and reverse osmosis
membrane- tigalpdsHqHid) Bﬂ%é%’@%%%gégﬁ&%r Rz 8{&%%&%%%&%&4%%9&&%%@ gure (200 hpal
using a rotary evaporator (manufactured by Tof<yo Rikakikal) to obtain an about L2- fold concentrated
solution/liquidyskdsing these-and, for comparison, reagent grade glucose, medium components suitable
for the respective-cases-of-fermentation-under-the-concentration conditions of the respective medium
components described-in-the fermahison conditiits shown in Reference Examples 8 to 13 were

prepared, angtHEPiepaTEF hedium coipdhents werl-tiged in the main culture. In the preculture,
reagent grade’ L Lan@eachsuga::hqwdwas used only in the main culture. As a result,
as shown in TRBEHE, 2HBWESes in which e membrahé”5treatment was carried out showed better

suppression prt HERGion inhibition and. improved concentrations of chemical products accumulated,

compared to tRE Y88 FsiEn membranéteatment weshot carried out. [0228] [Table 41] 96 Table
41 Concentr'atm?ﬂ@bﬁapﬁcgmir‘nl products accumulated

Reverse gSmosts 6.8% 1.0%
membrane 9
Reverse osmosis 0.2% (.1%
membrane 10

[0192]

Production methods of chemical products using the purified sugar liquid
5 obtained by the present invention as a fermentation feedstock are now described in
more detail by way of Exampies for L-lactic acid. D-lactic acid, ethanol, cadaverine
and succinic acid.  However, the chemical products produced by the present
invention are not restricted to the Examples below.
10193]
10 {Reference Exampie 6) Methods for Measuring Concentrations of Chemical Products
[L-Lactic acid, D-Lactic acid]
The conceniration of accumulated I-lactic acid or D-lactic acid was
confirmed by measuring the amount of lactic acid bv the HPLC method.

Column: Shim-Pack SPR-H (manufactured by Shimadzu Corporation)

15 Mobile phase: 5 mM p-toluenesulfonic acid (flow rate, 0.8 mL/min.}
Reaction solution: 5 mM p-toluenesulfonic acid. 20 mM Bis-Tris, 0.1 mM
EDTA-2Na {flow rate, 0.8 mL/mn.)
Detection method: electric conductivity
Temperature: 45°C
20 (01947

Further, the optical purity of L-lactic acid was measured by the HPLC



[0229] (Example 19) Fermentation for Producing Chemical Products Using Sugar Liquids Purified from
Ammonia-treated/Enzyme-treated Aqueous Sugar Solution 5From about 1 liter each of the aqueous
sugar solution and the purified sugar liquids (nanofitfation membrane-treated liquid and reverse
osmosis membrane-treated liquid) in Example 3, water was evaporated under reduced pressure (200
Oa) using a rotary evaporator (manufactured by Tokyo Rikakikai) to obtain an about 1.2- fold

concentratedrﬁg{ﬂg?[aéj‘i iﬂ]e%irp&,m%sgog&%,o comparison, reagent grade 10glucose, medium
components suitable for the respective cases of fermentation under the concentration conditions of the

respective medium eampeRentdesaribes i thedemmentationsondiinns,shawmn.in Reference
Examples 8 to 13 were prepared, and the prepared medium components were used in the main
culture. In the precultineilteagent gralieaglucese was:uselhiandweach sugar liquid was used only in the
main 15culture. As a result, as shown in Table 42, the cases in which the membrane 97 treatment
was carried out showkvetter: suppression of fermentation inhibition and improved concentrations of
chemical products accumulated which the treatment was not carried out. [0230] 5[Table 42] Table 42
Conceritrations of cHEHREAPBFBEReE Xotdmitited compared to the case in (Example 20)
Fermentation for Pr(;}%lflgin gpee@éggimoducts Using Sugar Liquids Purified from Hydrothermally
Treated Aqueous Sugar%o utiéh2.0From 1 liter each of the agueous sugar solution and the purified
sugar liquids ﬁmgﬂembrane-treated liquid and RU membrane-treated liquid) in Example 5, water was
evaporated under reduced pressure (200 hPa) using a rotary evaporator (manufactured by Tokyo

Rikakikai) to obtain anaheuii-felchconsentatetaaluiianiiguic ddsing: theae: aptofangomparison,
reagent grade glucose. medium 15components suitable for the respective cases of fermentation under
the concentratipnti®s. conditions of the respective medium components described in the fermentation
conditions shown in Reference Examples 8 to 13 were prepared, and the prepared medium
comp]o[ﬁents Weélised in the main culture. In the preculture, reagent grade glucose was used, and

each sugar liquid was used only in the main culture. As a result, as shown in Table 43, the cases in
whic_h the membran Wé‘%frﬁ#?&ﬁ%f%%ﬁ@é@ﬁé%ﬂ d better suppression of fermentat?on in_hibition
and imbroved concaat R AlansTisaALaRAE AEUUREGCompRIad D M fhse I wiich the

treatment was not carried out. [0232] 10[Table 43] 3 Concentrations of chemical products
accumulated represents the concentration of D-lactic acid.  The optical purity of D-lactic acid

was also similariy calculated.
15 [0197]
[Ethanol]
The concentration of accumulated ethano! was quantified by the gas
chromatography method. The evaluation was carried out by detection/calculation
using a Shimadzu GC-2010 capillary GC TC-1 (GL science) 15 meter L. = (.53 mm
20 LD. df 1.5 pm with a hydrogen flame ionization detector.
[0198]
[Cadaverine]
Cadaverine was evaluated by the following HPLC method.
Column used: CAPCELL PAK C18 (manufactured by Shiseido Co., Ltd.)
25 Mobile phase: 0.1% (w/w) aqueous phosphoric acid
solution:acetonitrile=4.5:5.5

Dretection: UV 360 nm



Aqueous sugar solution NPROReagent grade membranemembranemonosaecharide
treatmenttreatment L-Lactic acidO g/L (Reference Example 8) 9 g/L 4 g/L 14 g/L L-Lactic acid
(Reference Example 9) 0 g/l 6 g/L 3 g/L9 g/L Ethan®t (Reference Example 10) 12 g/L 24 g/I. 14 g/L 129
g/ Cadaverine (Reference Example 11) 0 g/L 0.5 g/L 0 g/L 1.3 g/L D-Lactic acid (Reference Example
12) 0 g/L9 g/L

Sample pretreatment: To 25 pul of the sample to be analyzed, 25 pl. of 1.4-
diaminobutane (.03 M), 150 uL of sodium hydrogen carbonate (0.075 M) and a
solution of 2.4-dinitrofluorobenzene (0.2 M) in ethanol were added as internal
standards, and the resulting mixture was incubated at 37°C for 1 hour.

5 In 1 mL of acetonitrile. 50 uL. of the above reaction soiution was dissolved,
and the resulting solution was centrifuged at 10,000 rpm for 5 minutes, followed by
analyzing 10 pL of the supernatant by HPLC.

[0199]

[Succinic acid]

10 Measurement of the concentration of accumulated succinic acid was carried
out by analysts using HPLC (manufactured by Shimadzu Corporation; LCI0A; RI
monitor: RID-10A; column: Aminex HPX-87H). The column temperature was set
to 50°C.  After equilibrating the column with 0.01 N H,S0,, the sample was

injected, and elution was carried out with 0.01 N H,SO4 to perform the analysis,

[
%3

10200]
(Reference Example 7) Preparation of Yeast Strain Having Ability to Produce 1-
Lactic Acid
A yeast strain having an ability to produce L-lactic acid was prepared as
foliows. By linking a human-derived LDH gene in the downstream of the PDC1
20 promoter in the yeast genome, a veast strain having an ability to produce L-lactic
acid was prepared. The polymerase chain reaction (PCR) was carried out using La-
Taq {manufactured by TAKARA BIO INC.) or KOD-Plus-polymerase
{manufactured by Toyobo Co. Ltd.) according to the attached instructions.
[0201]
25 A human breast cancer cell line (MCF-7) was cultured. and the cultured cells
were collected, followed by extracting RNA using TRIZOL Reagent (manufactured

by INVITROGEN) and carrying out reverse transcription reaction using the obtained



I 10 g/L9 g/L Succinic acid21 g/L 132 g/L 26 g/L35 g/L [0233] (Example 21) Effect of pH of Aqueous
Sugar Solution on Production of Chemical Products 5In order to investigate the effect of the pH of the
agueous sugar solution on production of chemical gtoducts using the purified sugar liquid, results of
L-lactic 99 acid fermentation using aqueous sugar solutions having different pHs were compared and
studied. As carbon sources of fermentation media, the two types of purified sugar liquids in Example 7

ey LR A0S SHIS REINHARe Al B A IR S oo oot

membrane) were used, ard, as a con reagent Sgrade glucose was used. With sulfuric acid and
aqueous ammmﬁvmm%&%ﬁfspﬁ{mgﬁﬁgwmwd%m Fxample . ovag,adiysted to pH 5, and the
resulting liquids were diluted to a glucose concéntration of 55 g/L, to provide the sugar liquids A and B
(A: treated thopughi enre verseeasosis-membianeal petSiBidvaated theough @-0eVerse QsR0Sis
membrane at pH 7), To these sugar liquids, Yeast Synthetic 10Drop-out Medium Supplement Without
Tryptophan (Sigfes Algrigh dapantiTailes8seDrepyolifi M) ¥eadt Nitrogen Base w/o Amino Acids and
Ammonium Sulfate (Difco, Yeast NTbase), and ammonium sulfate were blended such that the ratio
shown"Table 8446} the L-lactic acid fermentation medium in Reference Example 8 was attained, to

provide the purified sugar liquid A and B media, respectively. Similarly, a reagent grade

monosaccharide méadsu%r% é@%g%ﬁeﬁﬁé)r%falg(f/deb%ér;[g?n%ggﬁé? SRR JRIBBEE 4P the ratio shown in

Table 34. [023)i6c&ach Medimumsauhientedlostarlizatan . filraen (lligr, Stericup 022
t glucose was 20quantified using

um) before being used in the fermentation. The concentration o
Glucose TestsWakp (manufaatpraddydVake Pare-Shemigaklndustries Jidd, Iheamguntof lactic acid
produced in each culture was measured by HPLC under the same conditions as in the measurement
of organic acids bydHPECRmReferendeExamipie:2h§0238] 26he. acBactdrCR-withlthednethod in
Reference Example 8, the yeast SW-1 strain was precultured in 5 inL of the reagent grade
mongsacchafig&msaditing ryalied: ansebaneharaiatednuit wads thish T4rhiely o entife Kuried sugar
liquid A and B medja and QQEthe reagent grade monosaccharide medium. As a result, as shown in
Table 44, us ”8?%@3%”% ’s %}i‘i&ugo% pared ) HE5AHRY LRSS igRSSHIRSN (pH 3)
through a reverise PRIMORIS MMLIANG RIHICINS Biolier sonshmplion, WIlE Az alyalent to the
consumption observed in case of the reagent graae monosaccharide medidinm, gmcosezby the
microorganisii.campatediadbe case okl Rwiied suaanliad prerared.oy dregiingdhe aqueous
sugar solution (pH 7) througﬁ a reverse osmosis membrane. Thus, it could be confirmed that
fermentation (miathitionunasby TAKARA BIO INC.).  E coli DH3a was transformed with the

f—

5 ligation plasmid products, and the plasmid DNAs were recovered te obtain plasmids
wherein various L-1dh genes (SEQ ID NO:3) are subcloned.  The obtained pUC118
plasmids wherein the L-1dh genes are inserted were digested with the restriction
enzymes Xhol and Notl to obtain DNA fragments, each of which was then inserted
into the Xhol/NotI-restriction site of the yeast expression vector pTRS11 (Fig. 7).

20 Thus, the human-derived L-idh gene-expressing plasmid pL-1dh5 (L-ldh gene) was

obtained. The above-described pL-ldh3, which is a human-derived L-idh gene-

expressing plasmid, was deposited with International Patent Organism Depositary,

National Institute of Advanced Industrial Science and Technology (AIST Tsukuba

Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan) under the accession No. FERM

[
N

AP-20421 (date of deposit: February 21, 2003) in the form of the plasmid itself.
[0203]

Using the plasmid pL-1dh5 containing the human-derived LDH gene as a



reduced in the former case. Further,as also shown that the concentration of accumulated lactic acid in
the case of the purified sugar liquid medium prepared by filtering the aqueous sugar solution (pH 3)
through a reverse osmosis membrane was equivaléft to that in the case of the reagent grade
monosaccharide medium. [0236] [Table 44] Table 44 Results of L-lactic acid fermentation (after 24
hours of culture) Glucose consumption Concentration of lactic acid accumulated Yield relative to
sugar (glucosg) Furifigd %33'&%'&5&{{}?%% dﬁ&&!ﬁdﬁé‘ ﬁ%ﬁ%%ﬁ%e%%%ﬂﬁ%%‘%&? ‘ﬂéds%@‘ed'“m 40

g/L 10 g/E 25% ‘Reagent grade monosacchari de I medium 507g/L 14 % 15[023
ID NO:4 and SEQ ID NO:5 as a primer set, PCR was carried out to amplify a DNA

fragment containing the human-derived LDH gene having a length of 1.3 kb and the

terminator sequence of a Saccharomyces cerevisiae-derived TDH3 gene,  Further,

[

using the plasmid pRS424 as a template for amplification, and oligonucieotides
having the sequences shown in SEQ ID NO:6 and SEQ ID NQ:7 as a primer sel,
PCR was carried out to amplify a DNA fragment contaiming a Saccharomyces
cerevisiae-derived TRP1 gene having a length of 1.2 kb. Each DNA fragment was

separated by 1.5% agarose gel electrophoresis and purified according to a

E....,.\
o]

conventional method. Using a mixture of the thus obtained 1.3-kb fragment and

1.2-kb fragment as a template for amplification, and oligonucleotides having the

sequences shown in SEQ ID NO:4 and SEQ 1D NQ:7 as a primer set, PCR was
carried out to obtain a product, which was then subjected to 1.5% agarose gel
electrophoresis, thereby preparing a DNA fragment having a length of 2.5 kb in

15 which the human-derived LDH gene and TRP! gene are linked. With this DNA
fragment having a length of 2.5 kb, the budding veast Saccharomyces cerevisiae
NBRC1I0505 strain was transformed {o tryptophan prototrophy according to a
conventional method.

[0204]

20 Confirmation of the fact that the obtained transformed cells have the human-
derived LDH gene linked to the downstream of the PDCI1 promoter in the veast
genome was carried out as follows.  The genomic DNA of the transformed cells
was prepared according to a conventional method, and PCR was then carried out
using the prepared genomic DNA as a template for amplification, and

25 oligonucleotides having the sequences shown in SEQ ID NO:8 and SEQ 1D NO:9 as

a primer set, 1o confirm whether an amplified DNA fragment having a length of 0.7

kb was obtained. Further, whether or not the transformed cells have an ability to



(Example 22) Comparison of Performances of Nanofiltrat on Membrane and Reverse Osmosis
Membrane in Production of Chemical Products In order to compare performances of the uanofiltration
membrane and the reverse osmosis membran®/in production of chemical products, results of
ethanol 2 Ofermentation were compared and studied among the sugar liquid prepared by 101
purification through the nanofiltration membrane, the sugar liquid prepared by purification through the

reverse oSmOSis MEMAANG ANAe ORI ERAISA P usisaln v anal e agpofitration

membrane and the reverse osmosis m rane. As carbon sources, the three types of purified sugar

liquids in Exampte kS {ihase spbjested:tornansfitpatiorpnamyaneriieatanesy, kayerse osmosis
membrane treatment, or nanofiltration membrane treatment followed by reverse osmosis membrane
treatment) werenfisethawtleéisaocantrile redgentgrade ghicoseainas sed WMith-agueauss@mmonia, 0.5
L each of the concentrated sugar liquids obtained in Example 15 was adjusted to pH 5, and the
resulting liquidhs waeauileitéarte acefueode THtehcaathation of 55 g/L, to provide the sugar liquids E. F
and G (E: treated through a nanofiltration membrane; F: treated through a nanofittration membrane
and then thro@&ﬂ%{ reverse osmosis membrane; G: treated through a reverse osmosis membrane). To
these sugar liquids. Yeast.Sypthetic, Drop-out Medium Supplement Without Tryptophan (Sigma Aldrich
Japan, Table 34. Dbt Aot 0, GAAet R oek AL S A T KRB it (Do,
Yeast NTbasg)japd ammoniuen siifate were-hlendedsich,thatithe satigshown dp Tible 34 in
Reference Example 8 was attained, to provide the purified sugar liquid C to E media, respectively.
Similarly, a reagestgrade manesaachaidennedivmanveas:pieparedhy.blandiogeiiieagent grade
glucose at the ratio shown in Table 34. 20[0238] Each medium was subjected to sterilization by
filtration (Millllpote, StariclpOdPaum) befoferbeidgabededrn thesiformehtationasT Rd\concantration of
glucose was quantified using Glucose Test Wako (manufactured by Wako Pure Chemical Industries,
Ltd.). Fhe aniBuinibsy Stadnsrprsaddedths salets dutiireadoess s BiS6 C under the conditions
described in Eﬁf@é nce Example 1. [0239] In accordance with he method in Reference Example 9, the
0C2 strain w precultured in 5 mL of the reagent grade monosaccharide medium in a test tube,

and main Cu'M&%@rﬁ:& lré‘%ﬂ gyﬂgﬁ@%@giﬁggﬂ%g%%%o@ga (tj)to E media and the reagent grade

monosaccharide medium. As a result, as shown in Table 45, C and D, in which the sugar liquids

purified with the nanofii¢atiap; mMeARE Meke Usad -2 SNeWad Amoyats of G ePsa censuMption and
concentrations of accumulated ethanol equivalent to those in the case of the reagent grade

monosacchakdé&meditimahhles? t:0ould. belcomiirmetl thatiermeniatianinhibition svasdeduced in
these cases. E. in which the sugar liquid purified with the reverse osmosis membrane was used, was
also éénfirmeteasishoiifdipdaratsh mosneriumiisrntoritei theraskasf tharsagkhtdrade
monosaccharide medjum, although slightly worse than C and D. [0240] [Table 45] Table 45 Results of
ethanol fermémation & fter 48 HENY Y ettt redSaBATISR HEFENEE EBRIHIRY) Bibparation of E colt

for Cadaverm Eementalion... rJnordecia griance the expressionayelof e ysine decarboxylase

.. THRO! L . . L
gene existing In {]he . CO osome 1o Increas Tﬁlé ca%*averme fermentation perrormance,

preparation of asfsain i which the:prometerebibsolysine dagaroxylase-gengdsygplaced with the
promoter of the gapA gene (glyceraldehyde

subjected to sterilization by filtration {Millipore, Stericup 0.22 um) before being used
20 in the fermentation. The concentration of glucose was quantified using Glucose

Test Wako {(manufactured by Wako Pure Chemical Industries, Ltd.). The amount

of lactic acid produced in each culture was measured by HPLC under the same

conditions as in Reference Example 6.

10207]

25 [Table 34]



20dehydrogenase gene) of E. colt was attempted. The replacement of the promoter was carried out by
a modified method of gene disruption by homologous 103 recombination using FLP recombinase. The
method of preparation was as follows. [0242] <1> C3&ning of gapA Gene Promoter The E. coll
W3110 strain was cultured and collected by centrifugation. and its 5genomic DNA was extracted using
UttraCtean Microbial DNA Isolation Kit (manufactured by MO BIO Laboratories, Inc.). For details of the
operation, th nyfacturer's .instructions were followed. &%@94% sing the thus obtained genomic DNA
as a templa ?Ek%ﬁoglﬁg%l ot 85%%3%8%[? \ :e%?ﬁg })n (rglJ%ugEQ ID NO: 11 (K5030)) as a
primer set. PCR was(éameditar to amplify@eeagapatigend gromoter (500 bp in the upstream of the
gapA gene; hereinafter referred to as "gapA promwetarl). For the PCR amplification reaction. KOD-Plus
. polymerase (fksgfactured by Toyobo Co. Ltd.) was &sed, and the reaction buffer and the dNTP mix
attached to therpolymierBse were used. Fifty 15micrdliferd of a reaction system was prepared such that
50 ng/sampletfahélgéasmic DNA prepared as desdr.i’bgdeﬂbove in accordance with the
manufacturersinstruictionsifittached to the polymerasg ¢G0 pmoUsample of the primers and 1
unit/sample c:{dﬁ -Plus polymerase (manufactured by Toyobo Co. Ltd.) were contained therein. The
reaction solution was subjected to heat denaturation using a PCR amplification 20 device iCycler

(manufactured by BIR:R&R)ALAKCIQL eUmipUiGs- Jollewed RYA0.eYeles Al RAC L 3Q seconds (heat

denaturation). 55C for 30 seconds (annealing of the primers) and 68C for 30 seconds (extension of the
complementarystand); anshtherselutiomuastbentroleglaatemperatug efifGycthe gene
amplification primers (SEQ ID NO:10 (KS029) and SEQ ID NO:11 (K5030)) were prepared such 25that
the sequencecrécognidaarbip¢timetililisrattaohedr it theing reddscant thve3-ends:d0244vEaAch
PCR-amplified fragment was phosphorytated at s ends with 14 104 Polynucleotide Kinase

(manufacturetdy TAKARS Bt C Y IR Nowert pariaabh Wi procaiagdictdidwhichehad been
digested with th%.[elstrjctpn enz%llme Hinel gn%d;ph s&%g%lateé a th;iite of cleavage). The
ligation was Caried 10%?&5}%@ ROCIGHOARTAES. B ﬁﬂ ctth ‘dliﬂ'}r RARREBIY INC.). E. coli
DH5a 5 com I f JAKARA BIO NC.) were transfomted with the ligation
solution, and%r%ggf%ﬁl%%%gng%aéa%g%%srﬁ%p%}g%?ggl\%{tﬁ%B %%I)}L_Ugiﬁpicillin, which is an antibiotic,
followed by cpituring the cells overnight. Plasmid DNAs were recovered from grown colonies by
miniprep, and cleaved with the restriction enzyme Hindlll, followed by selecting plasmids in which the

gapAlgromotéR iscifinsértachplhe) evititeosiesids-bhaperatio e mense carniedaett in@gcordance with the

attached manufacturer's instructions. [0245] <2> Cloning of Lysine Decarboxylase Gene
Bactertum)

The L-lactic acid bacterium fermentation medium shown in Table 35 was
autoclaved (121°C, 15 minutes) and used as the medium. As the lactic acid
bacterium, the Lactococcus lactis JCM 7638 strain, which is a prokarvotic

15 microorganism, was used, and, as the medium, the lactic acid bacterium lactic acid
fermentation medium having the composition shown in Table 35 was used. L-lactic
acid contained in the fermentation liquid was evaluated by the same method as in
Reference Example 1. The concentration of glucose was measured using Glucose
Test Wako C (manufactured by Wako Pure Chemical Indusiries, Ltd.).

20 [0210]

[Table 35]



Subsequently, PCR was carried out using the genomic DNA of E. coil W3 110 15 obtained in <1> as a
template and oligonucleotides (SEQ ID NO:12 (CadAF2 ) and SEQ ID NO:13 (CadAR2)) as a primer
set, to carry out cloning of the cadA gene encoding Bsine decarboxylase. The PCR amplification
reaction was carried out under the same conditions as in <1> except that the extension reaction was
carried out for 2 minutes. The gene amplification primers (SEQ ID NO:12 (CadAF2) and 20SEQ ID
NO: 13 (Cad were prepar g)such that the sequence recognized by Hindlll is attached to their
5.-ends and t;\AIEa %é%q”’uaeﬁﬁ?:%lf}e%%g &%8%?538%\‘11%&5‘[ CHEAME H08iFtHE B ends. The obtained DNA
fragment Waﬁ ligated Gistoypldi@iet8 vector| irihesamednatiner as in <I>, to obtain pliC118 vector in
which the cadA _gene is inserted. The obtainedorestaenvas cleaved with Hindlll and Xbal to confirm
25insertion gfdeccadA gene in the plasmid. [0246] Stdbsequently, this pUC118 vector in which the
calLlA gene isYrsertedrivas 105 cleaved with the restriciion:enzymes Hindlll and Xbal., and the
obtained DNAfragm@nteontaining the cadA gene was ligated into the Hindlll/Xbal cleavage site of
pUC19. The|chtdinedchlasmid DNA was recovered angl g/]@qved with the restriction enzymes Hincllll
and Xhat, the 819}lljelecting an expression vector in which the cadA gene is inserted. The obtained
plasmid was designated pHS7. [0247] <3> Cloning of Chloramplienicol Resistance Gene The cat
gene was cloned by Ing,.as. : , vector pKD3 having the chloramphenicol
resistance gene (cat%%r%%iﬁr?g?@?r%%@gr%rﬁ;}%eg?ﬁ%ml at%se% esc\#:ear% She &3@%@t}8§m thereof,
and, as a primer. s¢theligiRnueleRiitesitSRQIR NOWLA ARt SRR NQLR):-The,RGR amplification
reaction was carried out under the same conditions as in <1> except that the extension reaction was
carriedout foplaeninute. [Fheupentoaitvgifieation primersiiGEQ ID°NQiA4andSEQrH2 NO:15) were
prepared such that the sequence recognized by BamHI is attached to their 51-ends 5and the sequence
recognized by Waiddd< aktashses s enrintiea S8k, heublaiieckBNpufagmenicwei! ligated into pUC
118 vector in the same manner as in <1>, to obtain pUC118 vector in which the cat gene is inserted.
The obtained VEEfSFIVLL CIESEE: {ith THY FeStHiGTA A mEs RatSHoaRRS g Mpcsorfmiinsertion of
the cat gene B“?ﬂﬂ?(ﬂl@@ ' 1,%9{0248] <4> Insertion of cat Gene and gapA promoter into pHS7
Subsequently, the pUC118 vector in which the cat gene was inserted was cleaved with the restriction
enzyme Bum|i#gind a plasmid was prepared by introducing the obtained DNA fragment to the
BamH118acl cleavage site of the 25above-described pHS7.The obtained vector was cleaved with the
restri¢tion enzRefes:Banikinasid BpEaconiwmissemtionofide cat gene in the plasmid. The thus
obtained plasmid was designated pKS5. 106 [0249] <5> Introduction of gapA Promoter-cadA Gene
Cassette to Chromostaie Slgbsegasntiythe psCLESMERLEY, ifvttichuihecgapipremataniis inserted
was cleaved with the restriction enzyme Hind111. and a plasmid was prepared by introducing the
obtained DNASEgMahF RS Hikbrershvage Sreisrtier s lerdesetibadvek S5pRERwas carried out
using this pI%s igc _Hl;l%haesn? tCFm ate, anﬁg oéiégonuc.leotid %( EQ ID NO:16 (M13 RV) and SEQ ID
NO:11 (1(5030 ¢ CEOTBREHIT 44 EX PRS- iAaRGradtured by TAKARA BIO

I 1avVIng
as aprimer set For the

INC.) was usgd;iBy-this B@Bt&x@ﬁ%ﬁlﬁu@% ‘@t‘e'ﬁ@u%%aj@ Etlgll?d fﬁ%@&?&e%ttmtion of
15 glucose was quantified using Glucose Test Wako (manufactured by Wako Pure

Chemical Industries, Ltd.).  The amount of ethanol produced in each culture was

measured by GC under the same conditions as in Reference Example 7.

[0213]
The OCZ strain was cultured in 5 mL of a fermentation medium (preculture
20 medium) in a test tube with shaking overnight (preculture).  Yeast cells were

recovered from the preculture by centrifugation, and the cells were washed well with
15 mL of sterile water. The washed yeast cells were inoculated to 100 mL  media

having the compositions described in Table 34, and cultured in a 500-mL Sakaguchi



10about 500 bp can be obtained was selected as the plasmid of interest. The thus obtained plasrnid
was designated p/(38. [0250] Using, as a template, pKS8 obtained as described in <4>, and, as a
primer set, oligonucleotides (SEQ ID NO:17 (KS032pand SEQ ID NO: 18 (KS033)). PCR was carried
out to amplify a DNA fragment containing the gapA promoter, the cadA gene and the cat gene. For the
PCR amplification reaction. KOD-Plus polymerase (manufactured by Toyobo Co. Ltd.) was used, and
the reaction hyfferand the dNTE mix attached to the polymcrase were used. Fifty microliters of a
reaction syst%‘rlr%S&\e;v](a%ls1 gﬁe%%e{flesd“slbhcﬁht aiil‘scég?lagl?sglr}rq[ﬁfeg%f the plasmid DNA, 50 pmol/sample of the
20primers angjémqurit/sample of KOD-Plus polymerase (manufactured by Toyobo Co. Ltd.) were
contained therein. The reaction solution was subjected to heat denaturation using a PCR amplification
device iCycleflafarutadtseeaihy BIQ-RARYatHeon b ninutes; tolowead.by 39:6yslesof. 94C for 30
seconds (heat denaturation), 65C for 30 seconds (annealing of the primers) and 68C for 3 minutes 25
and 30 seconds (extengioncodehencomplementary strahd)ianditive tholGhopw/as:theémcooled to a
temperature of 4C. The obtained amplified fragment of about 3.5 kb was extracted from the agarose
gel after electopHEiess TReorithg Y6ean hsvERed Mar L0 hetia Y dh v aseresshéentrsion was adjusted
to 500 ng/p.L. [0251 ; A str i? (g%rgirllafter referr%%éo as W3110/pKD4 Engre ared by introducing
the plasmid pRDAG WAVITG FLP TEom BT S8 B B V4T 0 <tr& WAL IR JEURSRE S smL of LB
medium, and,gulitiad,0v I'Ar#%le}éé‘%% fe m&#&%&%};ﬂ%‘%f&b&?&ﬂ%ﬁa@.‘%ﬁ&%‘ﬁ&‘%&é&zyy Igled to 1%

inoculation to 5 mL of SO dium (supplermente 1 mM arabinosg), followed by cu]fturing at 30C
until an ()DowieivikGrisrarRined4nainsuidrelcd Neanainisuliuie wasicantrifugediacellect the bacterial
cells, and the bacterial cells were washed 3 times with ice-cooled 10% glycerol, followed by 10finally
suspending thetbackérigheells ambMtitaof %4 \gliicerof.tHodis hactesiabl el BuspersionicB uL of the
PCR-amplified fragment purified as described above was added, and the resulting mixture was cooled
on ice for 30 HihatedrRis SasparsidRIas renstesreentd athelBdttéparetiod. G ette (0.2 cm), and
electroporation was carried oyt (2500 V. 25 !IF, 200,Q) using GenePulser Xcell (manufactured by BIO-
5RAD). After GPISRAHGHAH Qi%éi[’l‘f‘coﬁ?li‘g@? TS BES S EIGRT WHS U the Ba0E{Rs Kd the bacterial
cell suspensign collec foll eg by.culturing at 37C for 2.5 hours. The culture was applied to
LB agar med?ljvmws%ﬁgp élr%e?}t%' W%n p. “ﬁ%ﬁ% fé?)gmphenicol, and cultured at 37C overnight. [0252] 2
OAfter confirrfmggtpat the obtained colony did not grow in LB medium supplemented with ampicillin,
confirmation of the fact that it is the strain of interest in which the promoter of the cadA gene is
replaced with thd@lga&aA promoter was carried out by PCR using the extracted genome as a template
and oligonucleotides (SEQ ID NO:19 (K5007) and SEQ ID NO:20 (KS008)) as primers. In the strain of
25intéfest practibedtoyaterteiog bersresambineidwpan amplified product of about 3.8 kb is obtained,

while in a strain N WiRIgH, g insertion by eRIggREE fesombination did not occur at the position of
interest, an amplified product of about 2,3 kb(j%ggeglptained. As a result, the amplified product of
about 3.8 kb [cgyid Re confirmed. Thisstrain, im whickjiig promoter of the cadA gene is replaced with
the gapA promIgr, Yigs designated the V3110(gapAIe§gﬁ) strain. [0253] (Example 23) Production of
Purified Sugar [jguid-Contaimning )(yiuaegCumpunent15 s

Potassium 0.5 ¢/L.

dihydrogenphosphate

Dipotassium 0.5 g/L

hydrogenphosphate 5

Magnesiun: sulfate 0.5 g/

heptahydrate

[-threonine 0.8 g/

L-methionine ‘ 0.6 g/l

L-leucine ‘ 1.5 g/l

Iron sulfate heptahydrate 6.0 mg/L

Manganese sulfate 4.2 mg/L

monohvdrate

Biotin 1.0 mg/L

Thiamine 2.0 mg/L

(0216}



As sugar liquids containing large amounts of the xylose component, the dilute sulfuric acid-treated
liquid in Reference Example 3 ( xylose concentration. 15 g/L) and the hydrothermally treated liquid in
Reference Example 4 ( xylose concentration, 14 g/&)were adjusted to pH 3 and pH 7 with an aqueous
calcium hydroxide solution 10and sulfuric acid, respectively, followed by filtering the resulting liquids
through a microfiltration membrane. The turbidity of each liquid was not more than 1.0 NTU at this

ime. ' . ! cadav 19 e IO Tiediuny, lemie -
time. These aqueoug, sugay sQUtoNs, A-9ta| éﬁ“ Wpes.ets Mheated thro 9&[}? S”%”%(%'H ation

membrane by the same method as in Example 1, to obtain purified sugar lig Using, as the
nanofiltrationymemarang:enqressdinkedpiparazing tepolyamide Nanetitation membrane UTCE0
(nanofiltration membrane 1; manufactured by TORAY INDUSTRIES, IN&.). filtration was carried out
until the voluiiig. bf theatavatid uie desieaseditnoné fourthedf thehnitialivplumeulihe conesntrations of
fermentation-inhibiting substances and monosaecharides contained in each concentrate in the raw
liquid tank at #higtivael Wesalemalyzed oy T Zogmanufadtuketi by Shimadz ueCorpedtivn). The
results obtained for the fermentation-inhibiting substances (acetic acid, formic acid. HMF, furfural,

vanillin’ acetSvaHfireaRePsprAdRe selth Wrg Wohsdateharided Tnices8dHE ¥isse) Wate as shown in

T%b;erf_foq%"é’m‘g@?%ilﬁf [{%_ﬁ’s&@ ]i_n%zjm'ag%a &6568'11'19 o 2 o dC %R PR Rk 00~ 01)

and cultured in a 500-mL Sakaguchi flask for 24 hours with shaking {main culture).

10217]
(Reference Example 12) D-Lactic Acid Fermentation

10 As the microorganism, the veast NBRC10505/pTM63 strain described in JP
2007-074939 A was used, and, as the medium, the D-lactic acid production medium
having the composition shown in Table 37 was used. Evaluation of the
concentration of D-lactic acid, which 1s the product, was carried out by measurement
by the HPLC method in the same manner as in Reference Example 1. The

15 concentration of glucose was measured using Glucose Test Wako C (manufactured

by Wako Pure Chemical Industries, 1td.).

10218]
[ Table 37]
Table 37 D-Lactic acid fermentation medium
Composition Concentration of
component
Glucose 50 g/l
Yeast Nitrogen base 6.7 g/l
w/0 amino acid
Nineteen standard amino 152 mg/L
acids excluding leucine
Leucine 760 mg/L.
Inositol 152 mg/L
p~Aminobenzoic acid 16 mg/l
Adenine 40 mg/L.

20 [0219]

The NBRCI10505/pTM63 strain was cultured in 5 mL of the D-lactic acid
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production medium 1n a test tube overnight with shaking (preculture), The obtained
culture was inoculated to 50 mL of a fresh D-lactic acid production medium, and
cultured in a 500-mL Sakaguchi flask for 24 hours at a temperature of 30°C with
shaking (main culture}.
[0220]
{Reference Example 13) Method of Succinic Acid Fermentation

As a microorganism having an ability to produce succinic acid, the
Anaerobiospirillum succiniciproducens ATCC53488 strain was used, to carry out
succinic acid fermentation.  In a 125-mL Hrlenmeyer flask, 100 mL of the seed
culture medium having the composition shown in Table 38 was placed, followed by
heat sterilization.
[0221}]
[Table 38]

Table 38 Suceinic acid fermentation medium

Composition Concentration of
component

Glucose 50 g/L
Polypeptone 10 g/
Yeast extract 5 g/t
Dipotassium [
hydrogenphosphate
Sodium chloride 1o/l
Magnesium chloride 0.2 g/l |

[0222]

In an anaerobic glove box, I mL of 30 mM Nap;COs and 0.15 mL of 180 mM
H)SO, were added to the medium. and further, 0.5 mL of a reducing solution
containing 0.25 ¢/ cysteine MCl and 0.25 g/L. Na,S was added thereto, foliowed by
inoculation of the ATCCS53488 strain and static culture at 39°C for 24 hours (main

culture).
[0223]

(Example 17) Fermentation for Producing Chemical Products Using Sugar Liquids



- _00c\inS-__000;1-4--_00,10r-"cc?-S?--__00...,Crl,--?1 52mg/l. 2.3 mg/L 1.2 ing/L --
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Purified from Dilute Sulfuric Acid-treated/Enzyme-treated Agueous Sugar Solution
From 1 liter each of the aqueous sugar solution and the purified sugar liquids
(nanofiltration membrane-treated liquid and reverse osmosis membrane-treated

hquid) in Example 1, water was evaporated under reduced pressure (200 hPa) using a

83

rotary evaporator (manufactured by Tokyo Rikakikai) to obtain an about 3-fold
concentrated solution/liquid.  Using these and, for comparison, reagent grade
glucose, medium components suitable for the respective cases of fermentation under
the concentration condifions of the respective medium components described in the
fermentation conditions shown in Reference Examples 8 to 13 were prepared, and
10 the prepared medium components were used in the main culture.  In the preculture,
reagent grade glucose was used, and each sugar liquid was used only in the main
culture. As aresult, as shown in Table 39, the cases in which the membrane
treatment was carried out showed better suppression of fermentation inhibition and
improved concentrations of chemical products accumulated, compared to the case in

which membrane treatment was not catried out,

[
[

[0224]

[Table 39]



OOLNnOOOEOO.-,SOEO01"™50mg/L2mg/L 1ing/L 1tE .5"I)-5T,.."---. -0a-v- i=, =r.:p.ri -1.-J-?
----/-.., cocnp "ce't.:?c.,,-abo.__,0--? -"07,--.n0.-- -0- V)c-, 7.2,0 n--1-0.,0 -- ? i-4 -tin 0-, t----
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Table 39 Concentrations of chemical products accumulated

Aqueous NF RO Reagent grade |
sugar membrane | membrane | monosaccharide
solution treatment treatment
L-Lactic acid 5¢g/L 12 g/L 11 g/L 14 g/L
(Reference
Example 8)
L-Lactic acid 5¢g/L 8 o/L 7 g/l 9o/l
(Reference
Example 9)
Ethanol 22 g/L. 29 g/L 28 g/l 29 g/l
(Reference
Example 10)
Cadaverine 0.4 g/l 1.1 g/l 1.0 g/ 1.3 g/
{Reference
Example 1 1)
D-Lactic acid 1.2 /L 7 g/l 5¢/L 9 g/l
{Reference
Exampie 12)
Succinic acid 30 ¢/L 35 g/l 35 ¢/L 35 ¢/l
{Reference
Example 13)
[0225]

In terms of the L-lactic acid fermentation test using yeast (Reference Example
8), the amount of glucose in the sugar liquid consumed during the fermentation and
5 the yield relative to the sugar (glucose) are shown in Table 40. The treatment of the
aqueous sugar solution through the nanofiltration membrane or the reverse osmosis
membrane resulted in better tendencies of improvement also in the consumption of
the sugar, compared fo the case in which the treatment was not carried out.
10226]
10 [Table 40]

Table 40 Glucose consumption, and yield relative to sugar in L-lactic acid

fermentation
Aqueous sugar | NF membrane RO membrane | Keagent grade
solution freatment treatment monosaccharide
Glucose 31 /L 48 o/l 48 g/l 49 g/L
consumption
Yields relative 16% 25% 24% 28%
to the sugar




1111-4onre’) o -onc)tr.,.CC 100 mg/l. 63 mg/l. 130 mg/L mg/l. .65, .---- -0:...,v rn S.00=...-,

0-"0".cn,a-: - -7.2,--S-'....-, Itas-,0vsP,.,., 14,0 -" _...-i,c.r,---0 -r.--act.,. ,al,--1:.oo0cC.
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| (glucose) | | | | |
[0227]

(Example 18) Fermentation for Producing Chemical Products Using Sugar Liquids
Purified from Hydrothermally Treated/Enzyme-ireated Aqueous Sugar Solution
From about 1 liter each of the aqueous sugar solution and the purified sugar
5 liquids (nanofiltration membrane-treated liquid and reverse osmosis membrane-
treated liquid) in Example 2. water was evaporated under reduced pressure (200 hPa)
using a rotary evaporator (manufactured by Tokveo Rikakikai} to obtain an about 1.2-
fold concentrated solution/liquid.  Using these and, for comparison. reagent grade

glucose, medium components suitable for the respective cases of fermentation under

10 the concentration conditions of the respective medium components described in the
fermentation conditions shown in Reference Examples 8 to 13 were prepared, and
the prepared medium components were used in the main culture.  In the preculture,
reagent grade glucose was used, and each sugar liquid was used only in the main
culture.  As a result, as shown in Table 41, the cases in which the membrane

15 treatment was carried out showed better suppression of fermentation inhibition and

improved concentrations of chemical products accumulated, compared to the case in
which membrane treatment was not carried out.
[0228]

{Table 41]



-4 ,-4nip00 A --0...,41t0,...,aCOt)112mg 100 mg/L 63 mg/L 130 mg/l./Li..1;-"IE2 ¢, 8-,
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Tabie 41 Concentrations of chemical products accumulated

Agueous NF RO Reagent grade
sugar membrane membrane monosaccharide
solution treatiment treatment

L-Lactic acid 7 g/L 14 o/1 13 g/l 14 g/l
(Reference

Example 8)

L-Lactic acid 7 g/l G g/l &g/l 9 g/l
(Reference

Exampie 9)

Ethanol 25 ¢/L 29 g/l 29 o/L. 20 o/L
(Reference

Example 10)

Cadaverine 0.7 g/L 1.3 g/L 1.2 g/l 1.3 ¢/L
(Reference

Example 11)

D-Lactic acid 2.8 g/l 8 g/l 7 g/l %o/l
{Reference

Example 12)

Succinic acid 32 g/l 35 g/l 35 /L 35 g/L
{Reference

Example 13)

[0229]

(Example 19) Fermentation for Producing Chemical Products Using Sugar Liquids
Purtfied from Ammonia-treated/Enzyme-treated Aqueous Sugar Solution
5 From about 1 liter each of the aqueous sugar solution and the purified sugar

liquids (nanofiltration membrane-treated liguid and reverse osmosis membrane-
treated liquid) in Example 3, water was evaporated under reduced pressure (200 hPa)
using a rotary evaporator (manufactured by Tokyo Rikakikai) to obtain an about 1.2-
fold concentrated solution/liquid.  Using these and, for comparison, reagent grade

10 glucose, medium components suitable for the respective cases of fermentation under
the concentration conditions of the respective medium components described in the
fermentation conditions shown in Reference Examples 8 to 13 were prepared, and
the prepared medium components were used i the main culture.  In the preculture,
reagent grade glucose was used, and each sugar liguid was used only in the main

15 culture. As a result, as shown in Table 42, the cases in which the membrane



-So to, E 1 0jo,n 1100 mg/L 60 mg/l. 120 mg/L 10 mg/l. -0 t1<;' ct-- 0. Oct -;-:.at;=(...., 0 8 8 <...,
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treatment was carried out showed betier suppression of fermentation inhibition and
improved concentrations of chemical products accumulated, compared to the case in
which the treatment was not carried out.

[0230]

[ Table 42}

Table 42 Concentrations of chemical products accumulated

Agueous | NF RO | Reagent grade
sugar memtbrane membrane monosaccharide
sotution treatment treatment
L-Lactic acid 6 g/l 13 g/l i1 g/l 14 g/l
(Reference ,
Example 8) ] ]
L-Lactic acid | 6 /L | 9 g/l | 7 /L 9 g/L
(Reference |
Example 9)
' Ethanol 23 ¢/l 29 g/ 29 ¢/ 29 g/l
(Reference
Example 10) N
Cadaverine 0.6 g/L. .2 g/L [.1g/L 1.3 g/L
(Reference |
Example 11)
D-Lactic acid 2.1 g/L | 8 ¢/L 6 g/L 9 g/L
. {Reference ‘
Example 12} ‘
Succinie acid 31 g/L 35 ¢/L. 35¢g/L 35 g/l
(Reference
Exampie 13)
[0231]

(Example 20) Fermentation for Producing Chemical Products Using Sugar Liquids
Purified from Hydrothermally Treated Aqueous Sugar Solution

From 1 liter each of the aqueous sugar solution and the purified sugar liguids
(NF membrane-treated liquid and RO membrane-treated liquid) in Example 3, water
was evaporated under reduced pressure (200 hPa) using a rotary evaporator
(manufactured by Tokve Rikakikai) to obtain an about 20-fold concentrated
solution/liquid.  Using these and. for comparison, reagent grade glucose, medium

components suitable for the respective cases of fermentation under the concentration



0C)6 -,-L1 -,-- ,iLl-"...,bb c.0't.01 tO ....." ....." ...... "10 .---? Jp44.0 0,...,(.40r,10 .-=="F" --
,blce,m- LP-7,cc; 1. [0256] (Example 24) Cadaverine Fermentation by E. coil Using Xylose
Sugar Liquid A cadaverine fermentation test by #8e cadaverine fermentation E col/i strain in
Reference Example 14 (W3110(gapA-cadA) strain) was carried out. In terins of the media, a total of 5
types of carbon sources, that is, the 4 types of purified sugar liquids in Example 23 and, for
comparison, reagent r%rg{al .monosaccharig}% pre ared ustingeirg%%ai%g’:rgt]L ( _{.ﬁ\g?eglgecose and xylose, were

. © TeSpeClive : .
used. With SUCIPUI’IC acid and aq ous ammonia. 0.5 'L 6a¢ e purifie sugarn ﬁgfﬁas was adjusted to

pH 5, to provigde,the-saaslauidRErRakb and LT Piqpared by (gs&%?&i}@ﬁd%%rg}%&%a"y reated
10liquid through a nanofiltration membrane at pH 3; G: prepared by treating the hydrothermally treated
liquid throughrectiano iliragien-membrane aiptheinhid corepared byhrgating the Aillutesutfuric
acid-treated liquid through a nanofiltration membrane at pH 3: I: prepared by treating the dilute sulfuric
acid-treated ligjuihshroaghsadaandfitcdtiormamnbiawesatspi of)lyTo thesesuganiiguidssmagnesium
sulfate, ammonium sulfate, potassium dihydrogen phosphate and polypeptone S were blended at the
ratio shown iRSFRI8UB Ay it ViakieHE plisfescsdgarigid Fis niemdrrespativencatiedreagent

grade monosaccharide medium was prepared by blending the above components at the ratio shown in
Table 48 sucfthitthet %%%rn%}lgﬁ&??%f’ F%ﬁ?@ﬁ?ﬁ%%@?{ﬂ%ggl}?%‘ I"BREF Pedium was subjected to

2 Osterizatioppy i (Y Ute. SRURIR 2N before feing o i tns femepigton. The
concentration of xylose was quantified using a xylose cohcentration measurement kit egazyme).
[0257] [Tableid3}dk? Fable d8:&rmpgsition of mediumcadaverine fermentation by E colt Composition
Concentration of component

[0232]

10 [Table 43]

Table 43 Concentrations of chemical products accumulated

Aqueous NF RO Reagent grade
sugar membrane membrane monosaccharide
solution treatment treatment
L-Lactic acid 0 g/l 9 g/l 4 o/L 14 g/L
{Reference
Example 8) _
L-Lactic acid 0g/L 6 g/l 3¢/l 9 g/l
(Reference
Example 9}
Ethano] 12 g/L 24 g/l 14 /L 29 g/l
(Reference
Example 10)
Cadaverine 0 g/L .5 g/l 0 g/L 1.3 g/L.
(Reference
Example 11)
D-Lactic acid 0 g/l 9 p/L 0 g/l 9 g/l
(Reference
Example 12)
Succinic acid 21 ¢/L. 32 ¢/L 26 g/l 35 gofl.
[0233]

(Example 21) Effect of pH of Aqueous Sugar Solution on Production of Chemical
Products
15 In order to investigate the effect of the pH of the aqueous sugar solution on

production of chemical products using the puritied sugar liquid, results of L-lactic



Xylose 50 g/L Magnesium sulfate 1 g/L, Ammonium sulfate 16 g/1_, Potassium dihydrogenphosphate
1 g/L Polypeptone S 10 g/L [0258] The W3110(gapA-cadA) strain was cultured in 5 mL of the
reagent grade monosaccharide medium in a test tuBeé with shaking overnight (preculture). The
5bacterial cells were collected from the preculture by centrifugation, and washed well with 15 mL of
sterile water. The washed bacterial cells were inoculated to 100 mL each of the media described in
Table 48, and cultured in a 500-mL Sakaqguchi flask for 24 hours with shaking. As a result, as shown in
Table 45, uocoF R S GORF AR SHe SO RaU R S o AR AR L pr 3

resulted in 105jigher fENSURPLLNS Ot XYESE. CRTRAIRAIA HEFASRS &@Ah&&%@@%@@r liquids G and

| treated through a nanofiltration membrane at pH 7. Thus, it could be confirmed that fermentation
inhibition wassteditigdiis thesiomae casespdredther-dhwassshewn: thabthecengeatrationof
accumulated cadaverine was also equivalent to that in the case of the reagent grade monosaccharide
medium. b[0288] [Thisles49] rauSstaiimd9sResultsiof cadavesine fedmentationdhfterct8thours of
culture) XyloseConcentration consumptionof cadaverine . accumulated Purified
sugar £7.5 g/Erage g oves vedium Vil irdp gaid 2 GAD D BanTRaIG hédisasPafified

sugara4.0 glltflxéop%{‘%éd sugar liquids in Example 7 was adjusted to pH 3, and the resulting

liquids were diluted to a glucose concentration of 55 g/L., to provide the sugar liquids
A and B (A: treated through a reverse osmosis membrane at pH 3; B: treated through
a reverse osmosis membrane at pH 7). To these sugar liguids, Yeast Synthetic

10 Drop-out Medium Supplement Without Tryptophan (Sigma Aldrich Japan. Table 34,
Drop-out MX), Yeast Nitrogen Base w/o Amino Acids and Ammonium Sulfate
(Difco, Yeast NTbase), and ammonium sulfate were blended such that the ratio
shown in Table 34 for the L-lactic acid fermentation medium in Reference Example

8 was attained, to provide the purified sugar liguid A and B media, respectively.

[
(911

Similarly, a reagent grade monosaccharide medium was prepared by blending of
reagent grade glucose at the ratio shown in Table 34,
10234]
Each medium was subjected to sterilization by filtration (Millipore, Stericup
(.22 um) before being used in the fermentation. The concentration of glucose was
20 quantified using Glucose Test Wako (manufactured by Wako Pure Chemical
Industries, Ltd.). The amount of lactic acid produced in each culture was measured
by HPLC under the same conditions as in the measurement of organic acids by
HPLC in Reference Example 2.
[0235]
25 In accordance with the method in Reference Example &, the yeast SW-1 strain
was precultured i 5 mi of the reagent grade monosaccharide medium in a test tube,

and main culture was then carried out in the purified sugar liquid A and B media and



liquid H medium Purified sugar24.5 g/1,0.6 g/L liquid 1 medium Fr Reagent grade48.5 u/L1.0 g/L
monosaccharide medium INDUSTRIAL APPLICABILITY [0260] By the present invention,
fermentation-inhibiting substances can be removed from an aqueous sugar solution derived from a
cellulose-containing biomass, and, on the other hand, a purified sugar liquid containing
monosaccharides such as glucose and xylose can be produced at high purity and at high yield, so that

use of the purified sugar liguid as a fermentation feedstock enables enhance of the efficiencies of
formentacve BiocHEran SFUARDU SheMEAr HeHUer. 1Ot SCmo O L UM Spzer] 1.
Raw liquid tapk ¢ Gell @gHinped it W&B&%’pE}é&ﬂ@tﬁ?@rﬁ@w@@g&r%méﬁ@%wme 3.

High-pressure pump 4. Flow of liquid which has permeated through membrane 5. Flow of liquid which

has been congenisdtadaviRdReMmBRNBembréhdreelicyllre.sent HysHER-PFESShite PP, Or
peinleate from nanofiltration membrane 7. Nanofiltration membrane or reverse osmosis

membrane 8c@uppontingthtatendibrCoAMS 1A metisod fahprodimingradsugandiguithusiteg a
cellulose-containing biomass _ . .
5 medium, of glucose by the microorganism compared to the case of the purified sugar
liquid prepared by treating the aqueous sugar solution (pH 7) through a reverse
gsmosis membrane.  Thus, it could be confirmed that fermentation inhibition was
reduced in the former case. Further, it was also shown that the concentration of
accumuiated lactic acid in the case of the purified sugar liquid medium prepared by

10 filtering the aqueous sugar solution (pH 3) through a reverse osmosis membrane was

equivalent to that in the case of the reagent grade monosaccharide medium.

10236]

[Table 44]

Table 44 Resulis of L-lactic acid fermentation (after 24 hours of culture)

Glucose Concentration of Yield relative to sugar |
consumption lactic acid glhucose)
accumulated
Purified sugar 50 g/l 14 g/l 28%
Iiqud A
medium
Purified sugar 40 g/ 10 g/l 25%
Iiqud B
medium |
Reagent grade 50 g/L 14 g/l 28%
monosaccharide
medium
15 [0237]

(Example 22) Comparison of Performances of Nanofiltration Membrane and Reverse
Osmosts Membrane in Production of Chemical Products

In order to compare performances of the nanofiltration membrane and the
reverse osmosis membrane in production of chemical products, results of ethanol

20 fermentation were compared and studied among the sugar liguid prepared by



as a raw material, said method comprising: (1) a step of hydrolyzing a cellulose-containing
biomass to produce an aqueous sugar solution; and (2) a step of filtering the obtained aqueous
sugar solution through a nanofiltration membrane dfd/or reverse osmosis membrane to collect a
purified sugar liquid from the feed side, while removing fermentation-inhibiting substances from the
permeate side. 2.The method for producing a sugar liquid according to claim 1, wherein the pH of said
aqueous sugar selution i i } just BT r ing a sugar liquid
according to ?P&?r%%%% gﬂr ?v%’%ﬁl}r%} Rslél%(} %ﬁ%ﬁa%%%%ﬁ%gﬁ% %%Dégt%%gé g%%{gﬁ;ég one or more
selected from,thasgraeR 6e03ING af\iganigREidsH e cOTHROURAS B Y phianelisceMmpounds. 4.The
method for producing a sugar liquid according to claim 3, wherein said organic acid is formic acid or
acetic acid. Splihéimethodifargrdducing@sugar figuidaccardingete:clain Gnwhereiansaighturan
compound is hydroxymethylfurfural or furfural. 206.The method for producing a sugar liquid according
to claim 3, wheretsaidphesrolibecdmpovprs ishranifiied sceaolignilinio Fsyimrlic ladithoBeThe method for
producing a sugar liquid according to any one of claims | to 6, wherein said purified sugar liquid in
said Step (2) T8AStERORAIB EBALARIRG E MBI JSERIENRHdE 4558 )BT ESRBLIEME. 258.The method
%r ing to any one of claim? to 7,.wherein said agueous sugar

for producing a sugar liquid a _ ( .
. freatment. o agio atlon, mem 1tane tlea%qent % lowed %¥ IEVEISE osmo%s
solution obtained In sai ep ( IS allowed to pass through a microffitraiion membrane and/or

ultrafiltration membraneto remeye.fine.L46.Rarticles anf Mackemolesylan compenents before the

treatment of said Step (2). 9The method for producing a sugar Tiquid according to any one of claims |

to 8, whereinthgitampeatueafisaid aquegussugar selution:da said:Sigpifisadidsted to Ito 15C
and the solution is filtered through a nanofihration membrane. 5 10. The method for producing a sugar
liguid accordingaioEny dreohidiaims fotpl8, Swhetehs theutempbaaidresof sditdbeguecusisugar solution in
said Step (2) is adjusted to 40C to 80C and the solution is filtered through a reverse osmosis

membfane. FINTHEAHOIMOE o FrolLRTAY detig ar Hgfuit Hesdrding b Any oFa6f diamuen fo 10,

herein said Step.(2) is a step of filteyi i lution through a 10panofiltrati
membrane aRETIEAAL A GELATHED T8 HrOUENE Terd BEHGoR HEIARTARE. K2, The method for
producing a sygariapid according te iy, ane, of §laims 4 E%HM{‘EE%%&GJ&H?&QM' layer( s) of said

nanofiltration menibrane and/or said reverse osmosis membrarie in said Step (2) is/are polyamide.
membrane). To these sugar liquids, Yeast Synthetic Drop-out Medium Supplement

Without Trypiophan {Sigma Aldrich Japan, Table 34, Drop-out MX). Yeast Nitrogen

o
(ot

Base w/o Amino Acids and Ammonium Suifate (Difco. Yeast NTbase), and
ammonium sulfate were blended such that the ratio shown in Table 34 in Reference
Example 8 was attained, to provide the purified sugar liquid C to E media,
respectively.  Similarly, a reagent grade monosaccharide medium was prepared by
blending of reagent grade glucose at the ratio shown in Table 34.
20 [0238]

Each medium was subjected to sterilization by filtration (Millipore, Stericup
0.22 pm) before being used in the fermentation. The concentration of glucose was
quantified using Glucose Test Wako (manufactured by Wako Pure Chemical

Industries, Ltd.). The amount of ethanol produced in each culture was measured by

B
o

GC under the conditions described in Reference Example 1.

In accordance with the method in Reference Example 9, the OC2 strain was



513: The method for producing a sugar liquid according to any one of claims 1 to 12 wherein the
functional layer of said nanofiltration membrane in said Step (2) comprises a cross-linked piperazine
polyamide as a major component and further complisies a constituting component represented by Che
cal Formula I: [Chemical Formula 1] 20 (wherein R represents -H or -CH35, and n represents an
integer of O to 3). 14.A method for producing a chemical product, which method uses, as a

fermentation f?ggﬁttoo 1%%11 r I| gelgu% the met §d fgrgg%ucma&&u Ilqu%accordlng to

any one of cliims 1 t |st|ng

|NDUSTR'E%&N&uﬁ%@@%ﬁ@%@ﬁ’@Jﬁfé@eﬁyfﬁ%lé ﬁ@@%ﬁﬁ%@ﬁé@%@?%ﬁ%ﬁ@%@ <170>
Patentin version 3.1 <210> 1 <211> 26 <212>D <213> rtificial <220> <223> Description of

Artificial sequeageniprinter séfincticicdagatgiieaaciotasa guatcadh w2 10T 21244, X 26421.2> DNA
<213> Artificial <220> <223> Description of Artificial Sequence: primer <400> 2
in which the sugar liquids purified with the nanofiltration membrane were used,

5 showed amounts of glucose consumption and concentrations of accumulated ethanol
equivalent to those in the case of the reagent grade monosaccharide medium.  Thus,
it could be confirmed that fermentation inhibition was reduced in these cases. E,in
which the sugar liquid purified with the reverse osmosis membrane was used, was
also confirmed to show fermentation almost equivalent to that in the case of the

10 reagent grade monosaccharide medium, although slightly worse than C and D,
(02401
[Table 45]

Table 45 Results of ethanol fermentation (after 48 hours of culture)

Glucose Concentration of
consumption ethanol accumulated

Purified sugar 50 g/l 29 ¢/L.
liquid C medium

Purified sugar 50 g/l 29 g/l
liguid D medium

Purified sugar 48 o/1 27 g/l
liguid E medium

Reagent grade 50 g/l 29 g/l
monosaccharide

medium
[02411]

15 (Reference Example 14) Preparation of E. coli for Cadaverine Fermentation

in order to enhance the expression level of the lvsine decarboxylase gene
existing in the £. coli chromosome fo increase the cadaverine fermentation
performance, preparation of a strain in which the promoter of the lysine
decarboxylase gene is replaced with the promoter of the gapA gene (glyceraldehyde
26 dehydrogenase gene) of £. coli was attempted. The replacement of the promoter

was carried out by a modified method of gene disruption by homologous



gcggccgctt aaaattgcag ctectttt28 <210> 3 <211> 999 <212> DNA <213> Homo sapiens <400> 3
atggcaactc taaaggatca gctgatttat aatcttctaa aggaagaaca gaccccccag60 aataagatta cagttgttgg
ggttggtgct gttggcatgg cctgtgccat cagtatcttal20 atgastjgact tggcaaatga acttgctctt gttgatgtca tcgaagacaa
attgaagggal80 gagatgatgg atctccaaca tggcagcctt ttccttagaa caccaaagat tgtctctggc240 aaagactata
atgtaactgc aaactccaag ctggtcatta tcacggctgg ggcacgtcag300 caagagggag aaagccgtct taatttggtc

cagcgtaacy tgaacatait taaaticatc360 attcctaatg ttgtaaaata cagecegaac t caa%%q ttattgtttc
aaatccagtg4?0 gatatciiga cetacy ggg%: Ii?a(érg}g%gtsaea;?g%%t?tlggﬁzggcag i&%@%r Attdya Eg%‘fﬁgttgca

atctggattc agggsgaitc cgttacctga tgggggaaag getgggagits540 cacceattaa getgteatgg gtgggtectt
ggggaacatg gagattccag tgtgcctgta600 tggagtggaa tgaatgttge tggtgtctct ctgaagactc tgcacccaga

tttagggact660-gataragalocdggpacadia gaaagaggtt cacaagcagg tggttgagag tgcttatgag?zp gtgatcaaac
tcaaaggcta cacatcctgg gctattggac tctctgtagce agatttggca780 Page 1 09089sequence listing.txt

gagagtataa tgaagaatdtedygedgiylddcteagttascadoatgadndaggicttBU0 tacgiaptaamagadtgatgt
cttccttagt gttccttgca_ttté%%%aca gaatggaatc900 tcagaccttg tgaaggtgac tctgacttct gaggaagagg cccgtttgaa
gaagagtgcaosergatichett ghiggdatac e haayg et daattitisoggai PIoS lolation Kit

(manufactured by MO BIO Laboratories, Inc.}.  For details of the operation, the
manufacturer's instructions were followed.
[0243]
Using the thus obtained genomic DNA as a template and oligonucleotides
10 (SEQ ID NO:10 (KS029) and SEQ ID NO:11 (KS030)) as a primer set, PCR was
carried out fo amplify the gapA gene promoter {500 bp in the upstream of the gapA
gene; hereinafter referred to as “gapA promoter™). For the PCR amplification
reaction, KOD-Plus polymerase (manufactured by Toyobo Co. Ltd.) was used, and
the reaction buffer and the NTP mix attached to the polymerase were used.  Fifty
15 microliters of a reaction system was prepared such that 50 ng/sample of the genomic
DNA prepared as described above in accordance with the manufacturer’s instructions
attached to the polymerase, 50 pmol/sample of the primers and 1 unit/sample of
KOD-Plus polymerase (manufactured by Toyobo Co. Ltd.) were contained therein.
The reaction solution was subjected to heat denaturation using a PCR amplification
20 device iCycler (manufactured by BIO-RAD) at 94°C for 5 minutes; followed by 30
cycles of: 94°C for 30 seconds (heat denaturation), 55°C for 30 seconds (anncaling
of the primers) and 68°C for 30 seconds (extension of the complementary strand);
and the solution was then cooled to a temperature of 4°C.  The gene amplification
primers (SEQ ID NO:10 (KS029) and SEQ ID NO:11 (KS030)) were prepared such
25 that the sequence recognized by Hindlll is attached to their 5°-ends and the 3’-ends.
[0244]

Each PCR-amplified fragment was phosphorylated at its ends with T4



<211>80 <212>DNA <213> Artificial <220> <223> Description of Artificial sequence: primer
<400> 4 tctcaattat tattttctac tcataacctc acgcaaaata acacagtcaa atcaatcaaa60 atggcaactc
taaaggatca80 <210> 5 104

Polynucleotide Kinase (manufactured by TAKARA BIO INC.), followed by ligation
into pUC118 vector (which had been digested with the restriction enzyme Hincll and
dephosphorylated at the site of cleavage). The ligation was carried out using DNA
Ligation Kit Ver. 2 (manufactured by TAXARA BIO INC.). E coli DH5¢

competent cells (manufactured by TAKARA BIO INC.) were transformed with the

{5

ligation solution, and plated on an LB plate supplemented with 30 ng/L ampiciliin,
which is an antibiotic, followed by culturing the cells overnight. Plasmid DNAs
were recovered from grown colonies by miniprep, and cleaved with the restriction
enzyme Hindlll, followed by selecting plasmids in which the gapA promoter is
10 mmserted.  The entire series of operations were carried out in accordance with the
attached manufacturer's instructions.
[0245]
<2> Cloning of Lysine Decarboxylase Gene
Subsequently. PCR was carried out using the genomic DNA of E. coli W3110
15 obtained in <1> as a template and oligonucleotides (SEQ 1D NO:12 (CadAF2) and
SEQ ID NO:13 (CadAR2)) as a primer set, to carry out cloning of the cadA gene
encoding lysine decarboxylase. The PCR amplification reaction was carried out
under the same conditions as in <1> except that the extension reaction was carried
out for 2 minutes. The gene amplification primers (SEQ ID NO:12 (CadAF2) and
20 SEQ ID NO:13 (CadAR2}) were prepared such that the sequence recognized by
HindlI1 1s attached to their 57-ends and the sequence recognized by Xbal is attached
to their the 3’-ends.  The obtained DNA fragment was ligated into pUC118 vector
in the same manner as in <1>, to obtain pUC118 vector in which the cadA gene is

inserted. The obtained vector was cleaved with Hindlll and Xbal to confirm

o
8}

insertion of the cadA gene in the plasmid.
[0246]

Subsequently, this pUC118 vector in which the cadA gene is inserted was



<211>20 <212>DNA <213> Artificial <220> <223> Description of Artificial Sequence: primer

<400>5 aggcgtatca cgaggccctt20 <210>
105

cleaved with the restriction enzymes HindIll and Xbal, and the obtained DNA
fragment containing the cadA gene was ligated into the HindlIl/Xbal cleavage site of
pUCI19.  The obtained plasmid DNA was recovered and cleaved with the restriction

enzymes Hindlll and Xbal, thereby selecting an expression vector in which the cadA

o

gene is inserted.  The obtained plasmid was designated pHS7.

[0247]

<3> Clomng of Chloramphenicol Resistance Gene

The cat gene was cloned by PCR using. as a template, the vector pKD3

having the chloramphenicol resistance gene (cat gene) and FLP recognition sites in

10 the upstream and downstream thereof, and, as a primer set, oligonueleotides (SEQ ID
NO:14 and SEQ ID NO:15).  The PCR amplification reaction was carried out under
the same conditions as in <1> except that the extension reaction was carried out for 1
minute. The gene amplification primers (SEQ ID NO:14 and SEQ ID NO:15) were
prepared such that the sequence recognized by BamHI is attached to their 53" -ends

15  and the sequence recognized by Sacl is attached to their the 3°-ends.  The obtained
DNA fragment was ligated into pUC118 vector in the same manner as in <1>. to
obtain pUCT18 vector in which the cat gene is inserted.  The obtained vector was
cleaved with the restriction enzymes BamIl and Sacl to confirm insertion of the cat
gene in the plasmid.

20 [6248}
<4> Insertion of cat Gene and gapA promoter into pHS7

Subsequently, the pUC118 vector in which the cat gene was inserted was

cleaved with the restriction enzyme BamHI, and a plasmid was prepared by
introducing the obtained DNA fragment to the BamHI/Sacl cleavage site of the

25 above-described pHS7.  The obtained vector was cleaved with the restriction

enzymes BamHI and Sacl 1o confirm insertion of the cat gene in the plasmid. The

thus obtained plasmid was designated pKS5.



6 <211>60 <212>DNA <213> Artificial <220> <223> Description of Artificial sequence: primer
<400> 6 gaattaattc ttgaagacga aagggcctcg tgatacgcct agattgtact gagagtgcac60
106

[(G246]
<5> introduction of gapA Promoter-cadA Gene Cassette to Chromosome
Subsequentiy. the pUCI 18 vector in which the gapA promoter is inserted was
cleaved with the restriction enzyme Hindlll, and a plasmid was prepared by
5 introducing the obtained DNA fragment to the HindIIT cleavage site of the above-
described pKS5. PCR was carried out using this plasmid DNA as a template, and
oligonuclectides (SEQ ID NO:16 (M13 RV) and SEQ ID NO:11 (KS030)) as a
primer set.  For the PCR, PremixTaq ExTaq Ver (manufactured by TAKARA BIO
INC.) was used. By this PCR, a plasmid from which an amplified fragment of
10 about 500 bp can be obtained was selected as the plasmid of interest.  The thus
obtained plasmid was designated pKS8.
[0250]
Using, as a template, pKS8 obtained as described in <4>, and, as a primer set,

oligonucleotides (SEQ ID NO:17 (KS032) and SEQ ID NO:18 (KS8033)), PCR was

|._,_!
st

carried out to amplify a DNA fragment containing the gapA promoter, the cadA gene
and the cat gene. For the PCR amplification reaction, KOD-Plus polymerase
(manufactured by Toyobo Co. Lid.) was used, and the reaction buffer and the AINTP
mix attached to the polymerase were used.  Fifty microliters of a reaction system
was prepared such that 50 ng/sample of the plasmid DNA, 50 pmol/sample of the
20 primers and 1 unit/sample of KOD-Plus polymerase (manufactured by Toyobo Co.
itd.) were contained therein. The reaction solution was subjected to heat
denaturation using a PCR amplification device iCycler (manufactured by BIO-RAD)
at 94°C for 5 minutes; followed by 30 cycles of: 94°C for 30 seconds (heat
denaturation), 65°C for 30 seconds (annealing of the primers) and 68°C for 3 minutes
25 and 30 seconds (extension of the complementary strand); and the solution was then
cooled to a temperature of 4°C.  The obtained amplified fragment of about 3.5 kb

was extracted from the agarose gel after electrophoresis according io a conventional



<210>7 <211>80 <212>DNA <213> Artificial <220> <223> Description of Artificial sequence:
primer <400> 7
107

method, and the concentration was adjusted to 500 ng/pl..
[0251]
A strain (hereinafier referred to as W3110/pKD46) prepared by introducing
the piasmid pK D46 having FLP recombinase to the W3110 strain was inoculated in 3
5 mL of LB medium, and cultured overnight at 30°C (preculture). The obtained
preculture was subjected to 1% inoculation to 5 ml of SOB medium (supplemented
with 1 mM arabinose). followed by culturing at 30°C until an ODgg of 0.6 15 attained
(main culture).  The main culture was centrifuged to collect the bacterial cells, and
the bacterial cells were washed 3 times with ice-cooled 10% giycerol, followed by
10 finally suspending the bacterial cells in 50 uL. of 10% glycerol.  To this bacterial
cell suspension, 2 ul. of the PCR-amplified fragment purified as described above was
added, and the resulting mixture was cooled on ice for 30 minutes. This suspension
was transferred to an electroporation cuvette (0.2 cm), and electroporation was
carried out (2500 V, 25 pF. 200 Q) using GenePulser Xcell (manufactured by B1O-

RAD).  After applying an electric pulse, 1 mi of SOC medium was fed to the

fed
51

cuvette, and the bacterial cell suspension was collected, followed by culturing at
37°C for 2.5 hours.  The culture was applied to LB agar medium supplemented with
25 pg/L chloramphenicol, and cultured at 37°C overnight.
10252
20 After confirming that the obtained colony did not grow in LB medium
supplemented with ampieillin, confirmation of the fact that 1t is the strain of interest
in which the promoter of the cadA gene is replaced with the gapA promoter was
carried out by PCR using the extracted genome as a template and oligonucleotides
(SEQ ID NG:19 (KS007) and SEQ ID NO:20 (KS008)) as primers.  1n the strain of
25 interest produced by homologous recombination, an amplified product of about 3.8
kb 1s obtained, while in a strain in which the insertion by homologous recombination

did not occur at the position of interest, an amplified product of about 2.3 kb is



tatttttcgt tacataaaaa tgcttataaa actttaacta ataattagag attaaatcgc60 ctgtgcggta tttcacaccg80 <210> 8
<211> 25 <212> DNA <213> Artificial <220> <223> Description of Artificial sequence: primer Page 2
09089sequence listing.txt <400>8 caaatatcgt ttgaafdit ttccg 25 <210>9 <211>20 <212> DNA
<213>

obtained. As a result, the amplified product of about 3.8 kb could be confirmed.
This strain, in which the promoter of the cadA gene is replaced with the gapA
promoter, was designated the W3110(gapA-cadA) strain,

10253]

Crt

(Example 23) Production of Purified Sugar Liquid Containing Xvlose Component
As sugar liquids containing large amounts of the xyiose component, the dilute

sulfuric acid-treated liquid in Reference Example 3 (xylose concentration. 15 ¢/L)

and the hydrothermally treated liquid in Reference Example 4 (xylose concentration,

14 g/L) were adjusted to pH 3 and pH 7 with an aqueous calcium hydroxide solution

10 and sulfuric acid, respectively, followed by filtering the resulting liquids through a
microfiltration membrane. The turbidity of each liquid was not more than 1.0 NTU
at this time. These aqueous sugar solutions, a total of 4 types, were treated through
a nanofiliration membrane by the same method as in Example 1, to obtain purified
sugar liquids. Using, as the nanofiltration membrane, a cross-linked piperazine

15 polyamide nanofiltration membrane UTC60 (nanofiltration membrane 1:
manufactured by TORAY INDUSTRIES, INC.), filtration was carried out until the
volume of the raw liguid decreased to one fourth of the initial volume. The
concentrations of fermentation-inhibiting substances and monosaccharides contained
in each concentrate i the raw liquid tank at this time were analyzed by HPLC

20 (manufactured by Shimadzu Corporation). The results obtained for the

fermentation-inhibiting substances {acetic acid, formic acid. HMF. furfural, vanillin,

acetovanillin and syringic acid) and monosaccharides (glucese and xylose) were as

shown in Tables 46 and 47.

[0254]

25 [Table 46]
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<213> Artificial <220> <223> Description of Artificial Sequence: primer <400> 10 atgcaagctt

cagcggggca tcgcagatca 30 <210> 11 <211> 30
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<212> DNA <213> Artificial <220> <223> Description of Artificial Sequence: primer <400> 11
atgcaagctt atattccacc agctatttgt 30 <210> 12

o

106

fd

2]

20

111

[0236]
(Example 24) Cadaverine Fermentation by E. coli Using Xylose Sugar Liquid
A cadaverine fermentation test by the cadaverine fermentation £. coli strain

in Reference Example 14 (W3110(gapA-cadA) strain) was carried out.  In terms of
the media, a total of 5 types of carbon sources, that is, the 4 types of purified sugar
liquids in Example 23 and, for comparison, reagent grade monosaccharide prepared
using reagent grade glucose and xylose, were used. With sulfuric acid and aqueous
ammonia, 0.5 L each of the purified sugar liquids was adjusted to pH 3, to provide
the sugar liquids F, G, H and I (F: prepared by treating the hydrothermally treated
liquid through a nanofiltration membrane at pH 3; G: prepared by treating the
hydrothermally treated liguid through a nanofiltration membrane at pH 7; H:
prepared by treating the dilute sulfuric acid-treated liquid through a nanofiltration
membrane at pH 3: [: prepared by treating the dilute sulfuric acid-treated liquid
through a nanofiltration membrane at pH 7). To these sugar liquids. magnesium
sulfate, ammonium sulfate, potassium dihydrogen phosphate and polypeptone S were
biended at the ratio shown in Table 48, to provide the purified sugar liquid I to [

nedia, respectively.  The reagent grade monosaccharide medium was prepared by
blending the above components at the ratio shown in Table 48 such that the
conceniration of reagent grade xylose is 50 g/l..  Each medium was subjected to
sterilization by filtration (Millipore, Stericup 0.22 pum) before being used in the
fermentation. The concentration of xylose was guantified using a xylose
concentration measurement kit (Megazyme).
[0257]

| Table 48]



<211> 30 <212>DNA <213> Artificial <220> <223> Description of Artificial sequence: primer
<400> 12 atgcaagctt atgaacgtta ttgcaatatt 30 <210>
112

Table 48 Composition of medium for cadaverine fermentation by E. cofi

Composition Concentration of
component
Kylose 50 g/l
Magnesium sulfate 1 /L
Ammonium sulfate 16 o/L
Potassium dihvdrogenphosphate 1 /L
Polypeptone S 10 g/l

10258]
The W3110(gapA-cadA) strain was cultured in 5 mL of the reagent grade
monosaccharide medium in a test tube with shaking overnight (precuiture). The
5 bacterial cells were collected from the preculture by centrifugation, and washed well
with 15 mL of sterile water. The washed bacterial cells were inoculated to 100 mL
cach of the media described in Table 48, and cultured in a 500-mL Sakaguchi flask
for 24 hours with shaking. As a result, as shown in Table 49, use of the purified
sugar liquids F and H treated through a nanofiltration membrane at pH 3 resulted in
10 higher consumptions of xylose, compared to the cases of the purified sugar liquids G
and I treated through a nanofiltration membrane at pH 7. Thus, it could be
confirmed that fermentation inhibition was reduced in the former cases. Further, 1t
was shown that the concentration of accumulated cadaverine was also equivalent to
that in the case of the reagent grade monosaccharide medium.
15 [0259]

[ Table 49]



13 <211>30 <212>DNA <213> Artificial <220> <223> Description of Artificial Sequence:

primer <400> 13 atgctctaga ttattttttg ctttcttctt30
113

Table 49 Results of cadaverine fermentation (after 48 hours of culture)

Xylose Concentration
consumption | of cadaverine
accumulated
Purified sugar 47.5 ¢/L 1.0g/L
liquid F medium
Purifted sugar 1.2 ¢/l 0.0 g/L
liguid G medium
Purified sugar 44.0 /1. 1.0 g/L
liquid H medium
- Purified sugar 24.5 /L. 0.6 g/L
liquid [ medium
Reagent grade 48.5 g/L. 1.0 g/1
monosaccharide
| medium

INDUSTRIAL APPLICABILITY
[0260]
By the present invention, fermentation-inhibiting substances can be removed
5 from an aqueous sugar solution derived from a cellulose-containing biomass. and, on
the other hand. a purified sugar liquid containing monosaccharides such as glucose
and xylose can be produced at high purity and at high yield, so that use of the
purified sugar liquid as a fermentation feedstock enables enhancement of the
efficiencies of fermentative production of various chemical products.
10 DESCRIPTION OF SYMBOLS

[0261]

oy

. Raw liquid tank

2

. Cell equipped with nanofiltration membrane or reverse osmosis membrane

. High-pressure pump

Ll

i_\
N
I

. Flow of liquid which has permeated through membrane

LN

. Flow of'liquid which has been concentrated with membrane
6. Flow of culture sent by h.ig11~préssm'e pump, or permeate from
nanofiltration membrane

7. Nanofiltration membrane or reverse osmosis membrane



<210> 14 <211> 30 <212> DNA <213> Atrtificial09089sequence list ng.txt <220> <223> Description of
Artificial Sequence: primer <400> 14 atgcggatcc tgtgtaggct ggagctgett 30 <210> 15 <211> 30
<212> DNA <213> Artificial <220> 114

8. Supporting plate



<223> Description of Artificial Sequence: primer <400> 15 atgcgagctc catatgaata tcctccttag30 <210>
16 <211> 17 <212> DNA <213> Atrtificial <220> <223> Description of Artificial Sequence: primer
<400> 16 caggaaacag ctatgac 17 <210> 17 <211*30 <212>DNA

CLAIMS

I A method for producing a sugar liquid using a celiulose-containing biomass
as a raw material, said method comprising:
5 (1) a step of hydrolyzing a cellulose-containing biomass to produce an
agueous sugar solution; and
(2) a step of filtering the obtained aqueous sugar solution through a
nanofiliration membrane and/or reverse osmosis membrane to collect a purified

sugar liquid from the feed side, while removing fermentation-inhibiting substances

[
&

from the permeate side.
2. The method for producing a sugar liquid according to claim 1, wherein the
pH of said agqueous sugar solution in said Step (2) is adjusted to 1 to 5.

3. The method for producing a sugar liquid according to claim 1 or 2, wherein

said fermentation-inhibiting substances comprise one or more selected from the

i
|83}

group consisting of organic acids, furan compounds and phenolic compounds.

4. The method for producing a sugar liquid according to claim 3, wherein said

organic acid is formic acid or acetic acid.

5. The method for producing a sugar liquid according to claim 3, wherein said

furan compound is hydroxymethyifurfural or furfural.

20 6. The method for producing a sugar liquid according to claim 3, wherein said
phenolic compound is vanillin, acetovanillin or syringic acid.
7. The method for producing a sugar liguid according to any one of claims 1 to
6. wherein said purified sugar hquid in said Step (2) is a sugar liquid containing a
monosaccharide as a major component.

25 8. The method for producing a sugar liquid according to any one of claims 1 to

7, wherein said aqueous sugar solution obtained 1 said Step (1) 1s allowed to pass

through a microfiltration membrane and/or ultrafiltration membrane to remove fine



<213> Artificial <220> <223> Description of Artificial Sequence: primer <400> 17 cattttgtcc
catgtgttgg gaggggcctt ttttacctgg agatatgact cagcggggca60 tcgcagatca70 <210> 18 <211>70 <212>
116

particles and macromolecular components before the treatment of said Step (2).

9. The method for producing a sugar liguid according 1o anv one of claims 1 to
&8, wherein the temperature of said aqueous sugar solution in said Step (2) is adjusted
1o 1 to 15°C and the solution is filtered through a nanofiliration membrane.

5 10.  The method for producing a sugar liquid according to any one of claims 1 to
8, wherein the temperature of said aqueous sugar solution in said Step (2) is adjusted
to 40°C to 80°C and the solution is filtered through a reverse osmosis membrane.

11, The method for producing a sugar ligquid according to any one of claims 1 to

10, wherein said Step (2} is a step of filtering said aqueous sugar solution through a
10 nanofiliration membrane and filtering the obtained filtrate through a reverse osmosis

membrane.

12, The method for producing a sugar liquid according to any one of claims 1 to

11, wherein the functional laver(s) of said nanofiltration membrane and/or said

reverse osmosis membrane in said Step (2) ts/are polyamide.

[
@]

13, The method for producing a sugar liquid according to any one of claims 1 to
12, wherein the functional layer of said nanofiltration membrane in said Step (2)
comprises a cross-linked piperazine polyamide as a major component and further
comprises a constituting component represented by Chemical Formula 1:

[Chemncal Formuia 1]

20

(wherein R represents -H or -CHjs: and n represents an integer of 0 to 3).
14. A method for producing a chemical product, which method uses, as a
fermentation feedstock. a sugar liquid obtained by the method for producing a sugar

liquid according to any one of claims 1 to 13.



DNA .<213> Artificial <220> <223> Description of Artificial Sequence: primer <400> 18
cttatgagca aaaaagggaa gtggcaagcc acttcccttg tacgagctaa aaacgacggc60 cagtgaattc70 <210> 19
<211> 20 <212>

09089sequence Tisting.txt
SEQUENCE LISTING

<110> TORAY INDUSTRIES, INC.

<120> Method for manufacturing sugar liguid

<130> 09089

<160> 20

<170> PatentiIn version 3.1

<210> 1

<211> 26

<212> DNA

<213> Artificial

<220

<223> Description of Aartificial Sequence: primer

<400> 1

ctegagatge caactctaaa ggatca 26
<210> 2

<211> 28

<212> DNA

<213> Artificial

<220> _ _

<223> Description of Artificial Sequence: primer

<400> 2

gcggecgett aaaattgeag ctectttt 28
<210> 3

<211> 999

<21Z2> DNA

<213> Homo sapiens

<400> 3

atggcaacic taaaggatca gotgatttat aatcttciaa aggaagaaca gaccoccocag 60
aataagatta cagttgttgy ggttggtgcet gtiggeatgg cctgtgecat cagtarctta 120
atgaaggact tggcagatga acttgctett gttgatgica tcgaagacaa attgaaggga 180
gagatgatgg atctccaaca tggcagectt ttccttagaa caccaaagat tgtetoigge 240
aaagactata atgtaactgc aaactccaag ctggtcatta tcacggcetgg ggcacgtcag 300
Caagagggag aaagcecgtet taattitggtc cagogtaacg tgaacatatt taaattcatc 360
attcctaatg tigtaaaata cageccgaac tgcaagttge ttattgtitc aaatccagtg 420
gatatctiga cctacgtgge ttggaagata agtggttitc ccaaaaaccg tgttattgga 480
agtggttgeca atctggattc agcccgattc cgttacctga tgggggaaag gotgggagtt 540
cacccattaa gctgteatgg gtggotcctt ggggaacatg gagattccag tgtgectgta 600
tggagtggaa tgaatgitgc tggtgtctct ctgaagactc tgcacccaga tttagggact 660
gataaagata aggaacagtg gaaagaggtt cacaageagg tggttgagag tgettatgag 720
gtgatcaaac Tcaaaggcta cacatccigg gotattggac tctctgtage agatttggea 780

Page 1



DNA <213> Artificial <220> <223> Description of Artificial Sequence:primer Page 4
09089sequence listing.txt <400>19 accgcgtcta acgcacatta 20 <210>20 <211> 20

09089%sequence Tisting.txt
gagagtataa tgaagaatct taggegggtg cacccagttt ccaccatgat taagggtctt 840

tacggaataa aggatgatgt cttccttagt gitccttgea ttttgggaca gaatggaatc 900

tcagacctig tgaaggtgac totgacitct gaggaagagg cccgittgaa gaagagtgea 960

gatacacttt gggggatcca aaaggagcetg caatttitaa 989
<21i0> 4

<2il> 80

<212> DNA

<213> Artificial

<220>

<223> Description of artificial Sequence: primer

<400> 4

tctcaattat tattttctac tcataacctc acgcaaaata acacagtcaa atcaatcaaa 60
atggcaactc taaaggatca 80
<210> 5§

<211> 20

<212> DNA

<213> Artificial

<220>

<223> Description of Artificial sequence: primer

<400> 5

aggcgtatca cgaggcecctt 20
<210> &

<2il> 60

<212> DNA

<213> Artificial

<220>

<223> Description of Aartificial Sequence: primer

<400> 6

gaattaattc tigaagacga aagggcctcg tgatacgcct agattgtact gagagtgcac 60
<210> 7

<21l> 80

<212> DNA

<213> artificial

<220>

<223> Description of Artificial Sequence: primer

<400> 7

tatttrtcgt tacataaaaa tgcttataaa actttaacta ataattagag attaaatcgce 60
ctgtgcggta tttcacaccy 80
<210> 8

<211> 25

<21Z> DNA

<213> artificial

<220
<223> Description of Artificial Seguence: nrimer
Page 2



<212> DNA <213> Artific al
cacgatatag tatatcgcgc20

<400

8

Caaatatcgt trgaatattt

<210>
<21i>
<212>
<213>

<Z220>
<223>

<400>

9

20

DINA
artificial

Description of

9

aatccagatt gcaaccactt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

10

20

EINA
Artificial

Description of

10

atgcaagctt cagcggggea

<210>
<211>
<212>
<213>

<220>
<223>

<400

11

30

DINA
Artificial

Description of

11

atgcaagctt atattccacc

<210>
<211
<21i2>
<213>

<220>
<223>

<400

12

30

DNA
Artificial

Description of

12

atgcaagCtt atgaacgtia

<210>
<Z211>
<212>
<213>

<220>
<Z2723>

<400>

13

30

DNA
Artificial

Description of

i3

atgctctaga ttattttttg

<Z210>
<211l>
<212>

14
30
DNA

<220> <223> Description of Artifical Sequence: primer <400> 20

09089sequence Tisting.txt

ttceg

Arvificial sSequence: primer

Artificial Sequence: primer

tcgcagatca

Artificial Seguence: primer

agctatitgr

artificial Sequence: primer

ttgcaatatt

artificial Sequence: primer

ctttcttctt

Page 3
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30

30

30



<213>

<220>
<223>

<400>

Artificial

bescription of

14

atgcggatcc tytgtaggcet

<210
<211>
<212>
<213>

<220>
<223>

<400>

15

30

DNA
Artificial

Description of

15

atgcgagetc catatgaata

<210>
<211>
<2iZ>
<213>

<220
<223>

<400

16

17

DNA
Artificial

Description of

16

caggaaacag ctatgac

<210= 17

<21l> 70

<212> DNA

<213> Artificial
<220>

<223> Description of
<400> 17

catttigtce catgtgttgg
tcgcagatca

<210> 18

<211> 70

<212> DNA

<213> Artificial
<220>

<Z223> Description of
<400> 18

cttatgagca aaaaagggaa
cagtgaatrtc

<210> 19

<211> 20

<212> DNA

<213> Artificial
<220>

<223> Description of

09089sequence listing.txt

artificial Sequence: primer

ggagctgett

Artificial

tcctocttag

Artificial

Artificial

gaggggecert

Artifticial

gtggcaagec

artificial

Sequence: primer

seguence: primer

Sequence: primer

ttttacctgg agatatgact cagcgggyca

Sequence: primer

acttcoccttg tacgagctaa aaacgacggce

Seguence: primer
Page 4
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09089sequence listing.txt

<400> 1%
accgogtcta acgcacatta

<210> 20

<21i> 20

<Z2172> DNA

<213> Artificial

<220

<223> Description of Artificial Sequence: primer
<400> 20

cacgatatag tatatcgege

Page 5



