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 fermentation production of chemical products using
sugars as raw materials has been used for producilng 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. However, in view of the fact that rise in the prices of food
materials is expected due to future Sincreasgiis{telarikpopulation, 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 ren&{gdisié ieoRteddiessusse liatds, 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 hhlgllé r ellulose-containing biomass include methods for producing sugar
liquids usings’sfll%%nb ac%’ , %Eﬁcﬁzgs methods for producing sugar liquids by acid hydrolysis of cellulose
and 25pemicetfjgiqse using concentrated sulfuric acid (Patent Documents 1 and 2) arid a method
wherein a cellulose-containing biomass is subjected to hydrolysis treatment using dilute sulfuric acid
and then enzymaticadhy treatetiwithicelltbse and thelikelto pRogrotgcesasudapafigGid(Non-patent
Document 1). [0004] Further, examples of disclosed methods in which acids are not used include a
method wher&fi W SENERBEEEMBIMAT biomass is hydrolyzed using subcritical water 5at about 250 to
500C to prodl%cg %&9@[)@' Ff,atent Document 3), a method wherein a cellulose-containing
biomass is subjected to subcritical water treatment and then enzymatically treated to produce a sugar
liquid (Patentggeyment 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
10prodace a sugar liGuich(Ratent Rosemeitrg)roduction 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. However,
111 view of the fact that rise in the prices of food materials is expected due to 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 liguid from a renewable nonfood resource, that is, cellulose-
containing biomass, or a process for efficiently converting an obtained sugar liquid
as a fermentation feedstock ﬁo an industrial material needs to be constructed in the
20 future,
[O003]

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

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

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



[0005] However, during the hydrolysis of a cellulose-containing biomass, at the same time with
decomposition of the cellulose or hemicellulose component or the like, decomposition reaction of
produced sugars such as glucose and xylose procgeds, 15and by-products such as flu-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
biomass contains lignin components, which are aromatic polymers, the lignin components are
decomposedmtading theiauidigreatiNentrstepr i0c20maduce low molecular aromatic compounds such as
phenols as by-products at the same time. These compounds have inhibitory actions during the
felmentation i@gBﬂsing a microorganism and cause inhibition of the growth of the microorganism,
leading to decrease_PiQ ﬂt,ge_ yield of the, f rmen?}{%ﬁjp)@duct Therefore, the{sueS %O{Q‘BSHQQS are called

i RN er.’exXamples of discios i which acids are n
fermentation-inhibiting suidstanc- S an aveebeen serlous‘K/ ¥ problematic when a

cellulose-conizinipg hipmass suaasdiduiduyas ysrdAsalerasnationieedsiock 10008l  Examples
of the method, which has been disclosed, for removing such fermentation-inhibiting substances during
the sudar liquidabsadting pfac€ss notiide thegmetihod cBHed:dverimeng (Nonmpatent Document 2). In
this method, during a step of neutralizing an acid-treated cellulose or saccharified liquid by addition of
5lime, the liqOTESSThaIRtHIHEE WA IBEIA G ABatE dsterhise o0 CURaNA e AN bEC remove
feimentation-inhibiting substances such,as furfural and HMF together with the gypsum component.
However, ovéﬂ?rf?fﬁig] %%Z rélr%ma(i%rﬁrgﬁ %(flf%) T(‘)}fhrjj(aerﬁﬁE(‘)\Sfi1 aroF%‘grai%%ﬁﬁis%ﬂ%ﬁngggmﬁgﬁcid, acetic acid
and levulinic acig whigh-nas besnRwbiematic, 1%L sunEUHNGT+35ARQIEL MELpd for removing
fermentation-inhibiting substances, a method wherein water vapor is blown into a sugar liquid
prepared fromviahceluiosesdantaining HiomassdQ semonel fermmentaticndanbibag.substances by
evaporation has been disclosed (Patent Document 6). However, since such a method by evaporative
15reriéval isidepesidentssn daei B ofimenpBirteaithe fermentation-inhibiting substances, the removal
efficiencies %&@@Dnientation-inhibiting substances such as organic acids having low boiling points are
especially low, hat a large amount of energy is required to obtain sufficient removal efficiencies,

ihich has been problemae. (09081 A0ThEIE (n g A MEOAMIRIRIN SBENIAig0-inhibiting
X ( 7). but It has

substances are removed by ion eXchange (Patent Document een problematic in view of
the cost. Furthete thewevisiadaathpdsivharsimadsapbiveoreipevalis 6a tes Rilusiigm wood-based
carbide, that is, active carbon or the like, but the subjects to be removed are limited to hydrophobic
compounds, WkichchasheereprobitmattiPdtend 26@ocement 8JuPRIAR ART:ODCEHMMENTS [0009]

1 and by-products such as furan compounds including furfural and

51

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,
feading 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-containing biomass sugar liquid was used as a
fermentation feedstock.

[0006]



4 Patent Documents [Patent Document 1] Japanese Translated PCT Patent Application Laid-open
No. 11-506934 [Patent Document 2] JP 2005-229821 A 5[Patent Document 3] JP 2003-212888 A
[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 2005-270056 A [0010] Non-patent Documents _
[Non-patent Document 1] A. Aden et al., "Lignocellulosic Biomass to 15Ethanol Process Design and
Economics UtilizingfGartplsseritilnaAaidRrehyadrobysis sad EnzymaticoHydralysis for Corn Stover”
NREL Technical Report (2002) [Non-patent Document 2] M. Alfred et al., "Effect of pH, time and
temperature gF@%%ﬁWﬁﬁg%ﬁ%@ﬁ%@%@@%é@@i&@ﬂ@iﬂzﬂ@@@@fmﬁehtaolbi;df-)r m;
Saccaromyces cerevisiasg" Process. Biochemistry, 38, 515-522 (2002) SUMMARY

INVENTIOyN 61’%?51]‘0% Caﬁefﬁ?ﬁe RSP LR RSPt ol iRt Tt rBBEGIg a sugar liquid

using 25a cellwlose-cantaining Alomass-as Adammatsrial saikneinod ¢omesising -

5 lime, the liquid is maintained while being heated to about 60°C for a certain period,
to remove fermentation-inhibiting substances such as furfural and HMF together
with the gypsum component. However, overliming has only a small effect of
removing organic acids such as formic acid, acetic acid and levulinic acid, which has
been problematic.

10 [0067]
Further, as another method for removing fementation—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
15 removal 1s 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 to obtain sufficient removal efficiencies, which has been problematic.
[6008]

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 2 method wherein adsorptive remaoval 1s 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 problemartic (Patent

25 Document 8).

PRIOR ART DOCUMENTS

[0009]



4da (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
and/or reverse osmosis membrane to collect a purifled 5sugar liquid from the feed side, while
removing fermentation-inhibiting substances from the permeate side. [0010b] In a second
aspect, there is provided a method for producing a chemical product, which method uses, as a
fermentation }f,%ge%tﬁgguﬁgﬁ{gar liquid obtained by 10the method for producing a sugar liquid as
defined above. PROBLEMS TO BE SOLVED BY THE INVENTION [0011] In the present disclosure,

methods for solvingithg-abpRuneationesMelamsislated HET BaRdNAFEMdAIEHId-open
feinientation-inhibiting substances produced in the step of 15producing a sugar from a

cellulose-conkunirigd0iePAdss are removed during the step 5 of producing a sugar liquid, and a method
for producing a purified sugar liquid containing only a very small amount of fen entation-inhibiting
substances, are proMdeat MeansFURSOLHNESTHE PROBLEMS 5[0012]  The present
inventors intensively studied to solve the above [fr %} s and discovered that, by allowing a sugar
liquid t® pass througﬁaéeﬁé}?é‘ﬁmﬁwaﬁgrggpgﬁ% &% §o$reverse osmosis membrane during a step of

producing a sugar fri%a ! t%g%ﬁ%ﬁ%@%%@ggﬁs@ the sugar to be used as a fermentation

feedstock and 10fermentation ing substances can be separated, fermentation-inhibiting
substances can be remoyed framdasugar ignidsd hat is, the present disclosure is constituted by the

following [1] to [14]. [0013] [1] A method for producing a sugar liquid using a cellulose-containing
15biomass as a raw Pagier iabdina ¢nethod DoMprEsiogo A
{Patent Document 7] Japanese Translated PCT Patent Application Laid-open
10 No. 2001-511418
[Patent Document 8] JP 2005-270056 A
[0010]
Non-patent Documents
[Non-patent Document 1] A. Aden et al., “Lignocellulosic Biomass to
15 Ethanol Process Design and Economics Utilizing Co-Current Dilute Acid
Prehydrolysis and Enzymatic Hydrolysis for Corn Stover” NREL Technical Report
(2002)
[Non-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, 515-322
(2002)
SUMMARY OF THE INVENTION
[0010a]
In a first aspect, there is provided a method for producing a sugar liquid using

25 a cellulose-containing biomass as a raw material, said method comprising:



() 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 and/or
reverse osmosis membrane to collect a purified 20$@gar liquid from the feed side, while removing
fermentation-inhibiting substances from the pelilLeate 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 lto 8. 2510015 (15| 10g pained (hdy oo SHARL gL SEcaing o (app[2) wherein 6
consisting of organic acids, furan conipounds and phenolic compounds. [0016] [4] The method for
producing a 6{1@!%@%@%@1&;};} 12431, wherein the organic acid is formic acid or acetic acid. [0017]
[5] The method for producing a sugar liquid according to [3], wherein the furan compound is
hydroxymethylfurfurél)or ftefuridilieeiglhe obtaingd]afbheomethgd tolyionl ticimgea sugar liquid according
to [3], wherein the 10phenolic compound is vanillin, acetovanillin or syringic acid. [0019] [7] The
method for prodeiltpacsugamitiig aeéordipeiteaninosie Brmprefel woltsdia Byapetified sugar liquid
in the Step (2) is a_sugar liquid containing a monosaccharide as major component. 15[0020] [8]
The méthod fHEAFSHIMhGAhGAPT Sita e IaRTT Ry 28y SRFCRGHI TP AR BT B Sueous sugar
solution obtai{%ggl1 i éh% Stgﬁ e(%% dies allowed to pass through a microfiltration membrane and/or
ultrafiltration Membrafe to remove fine particles and macromolecular components before the
treatment of t ﬁ;gp (2). 20[0021] [9] The method for producing a sugar liquid according to any
one of [1] to [8], whérein the temperature of the aqueous sugar solution in the Step (2) is adjusted to 1
to 15C and the solutiga isdBirreshirotghednaofitatoncmembianeddzzh 2ika)itiie method for
producing a sugar liquid according to any one of [1] to [8], wherein the temperature of the aqueous
sugar solutiomindtiu, Steigh 2) dthadjestedita f06:¢ot 0@ Mewdthelsawtigaribdilidreddinaligh a reverse

osmosis membrane. _ o
10 the method for producing a sugar liquid as defined above.

PROBLEMS TO BE SOLVED BY THE INVENTION
[0011]
In the present disclosure, methods for solving the above-mentioned problems,
that is, a method wherein fermentation-inhibiting substances produced in the step of

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



7 [0023] [11] The method for producing a sugar liquid according to any one of [1] to [10], wherein
the Step (2) is a step of filtering the aqueous sugar solution through a nanofdtration membrane and
filtering the obtained filtrate through a reverse osmosis membrane. [0024] [12] 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 praducing,Aisigar Liguthesrarding iqams oas @k ELitquEL2liykerein the functional

layer of the nanofiltration membrane in the Step (2) comprises a cross-linked pipc.,Tazine polyamide

as a major coypp@nent aps ke eamprsamacTIstiinga0RIBNERY feRiasenteddy Chemical
Formula 1: 15[0026] [Chemical Formula 1] [0027] (wherein R represents 44 or -Cl-13 and n
represents apintedgt. 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 2¥detdindgteRanibNaNE[THE PRSP T OF THE INVENTION 8 [0029] By the present

invention, furE@ ggg]pounds such as future.' and HMF; organic acids such as acetic acid, formic acid
and levulinic 9 7and phenolic compounds such as vanillin; which are fermentation-inhibiting

substances, can be poMAIENGNSIVENT %Pé’ﬁ%gx?‘é%% w%%%%%ﬁ%@%@%‘gﬁ%ﬁg%%&%ﬁ%g?; r‘?be

cellulose-containing biomass, and, on the o , sugars such as g

produced at highRusity e B highield. A8 resiltedyusiahe Rurifisd sugan iguiskebiained by the

present invention as a fermentation feedstock, the efficiency of fermentation production of various
chemical produdtsraanche: eninasisadeBRinE MESC R IO IHERRAVING S [0030] Fig. 1
shows an overview of a filtration device using a nanofiltration membrane/reverse osmosis membrane.
Fig. 2 shows ecHultsmatictviginedfinasaithessgiett behselishadammensetipntiredsBitkantembrane test.
Fig. 3 is a graph showing comparison of the flux quantities at different pHs during filtration of a sugar
liquidtRrougH & RENSHRFHHEH Brafances qap;ba serargiehHEmsRRCENAESh of the flux

quantities by 2,method whereln, & sudar.iquid is fifereg,iropgh & migrefiitration membrane or an

constituted by the following [1] to [14].
[0013]
[1] A method for producing a sugar liquid using a cellulose-containing
15 biomass as a raw material, the method comprising:
(1) a step of hvdrolyzing 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 and/or reverse osmosis membrane to collect a purified
20 sugar liquid 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 to 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



20ultrafiltration 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 hydrothennally treated
liquid through a microfiltration membrane. which phﬂotographs 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 diagram sltowitigeophysival midp, éiaryeaspexpiessiopheestiorcpiiRSinds, BEST MODE FOR
CARRYING QUT THE INVENTION 5[0031] The present invention will nowbe described in more detalil.
[0032] Exé%%@s of the cellulose-containing biomass used in he production method of the sugar

liquid of the present ipvention in e herbaceo.us bignaasses such aséOb gasse, switchgrass, corn
stover, rice straw anqﬂv %a %@%‘é%w%géﬁé‘) \(/5\}3%%%7%% Hagdeek sﬁ%ﬂrgjé}%rg)e Jar’fﬁlﬁfﬁg’téﬁﬁuilding materials.

These celluloge-gantaininghigmassescontain ggllulose or hemicellulose, which are polysaccharides
produced by deT1ydration condensation of sugars. By hydrolyzing such polysaccharides, sugar liquids
which rmay bg@&eqd as fermentation feedstocks can be produced. [0033] The sugar liquid in the
present invention means an aqueous sugar solution obtained by hydrolysis of a cellulose-containing
biomass Sugars arelgehet aiid darfieadmised sretiddigreswofipgymstizationiofimonosaccharides,
into monosacgparidgs suc ashgld%cose agdﬁ{l se, oligosaccharides produced by 20dehydration
condensation'6f 2 {6 8 onogacchandad g fgﬁﬁ}éﬁéﬁ Yfdes produced by dehydration condensation
of not less th%{’j@]g@ 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 inventiofs¢ ahtainstghiicase QixHRsesas:a aiercrpanentstuthesthe sugar liquid of the
2 5present invention also contains oligosaecharides such as cellobiose; and monosaccharides such as
arabindse aniélitRMiscseriitndus Nakidinamoonteidie smatindereidhe term "containing a

monosaccharﬂgglgf a major component” means that a

[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 major component.

15 100203

[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 [0021]

[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 adiusted to 1
to 15°C and the solution 1s filtered through a nanofiltration membrane.

(00221

[
o

[10] The method for producing a sugar liquid according to any one of [1] to
{8], wherein the temperature of the aquecus sugar solution in the Step (2) 1s adjusted

0 40°C to 80°C and the solution is filtered through a reverse osmosis membrane.



10 monosaccharide(s) constitute(s) not less than 80% by weight of the total weight of sugars such as
monosaccharides, olluosaccharides and polysaccharides dissolved in water. Particular examples of
the method for analyzing monosaccharides, oligos%ccharides and polysaccharides dissolved in water
include quantification by 5 HPLC based on comparison with a standard sample. Concrete HPLC
conditions are: no use of a reaction liquid; use of Luna NH2 (manufactured by Phenomenex, Inc.) as a
column: mobile phase, ultrapure water:acetonitrile=25:75; flow rate, 0.6 mUmin.; measure ent time, 45
.; detection mitbitid, RI (differential refractive index); temperature, 30C. 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 W&I}ﬁlbwlﬁ@ég%ﬁ?éﬁfq%% 2 sugpyhighig eedfufdseecmaiingtibiass is subjected

to hydrolysis, cellulose:containing biomass may be used as it is, or may, be subjected to a known
treatment su S%ﬁé%%%@? §Eﬁ% ?‘?zgﬁﬁd’ﬁe&oglﬁ?%ég B §ﬂ%%053t?8%?ﬁ§g’}ﬂ¥ﬂ?eﬂgﬁf@ ficy of the
hydrolysis cag heenhanced. J0036l.nq ke sieRAfiydralsis.of ie cellulase-containing biomass is

not restricted, and particular examples thereof mainly include 6 methods, that is, the procedure A: a
method usingreshbasiacid; 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
D: a method WHerEin hydrothermal treatment is carried out, followed by usage of an enzyme; the
procedure E: a method wherein 252Ikalin treatment is carrjed out, followed by usage of an enzyme;

and the procedure P& maTHBE ARSI SR S e tinEi fS R D BT EREWeH biP usage of an

enzyme. éﬂ@pﬁ?&;@ £ BassdisfanAs e intRIXURlals. ol ceilliose- containing

es of the aci e used include sulturic acid, nitric aci qﬁ)}ElxrigcbﬁIoric acid, and
sulfuric acid ispreferabiymused :110038]hhe censepyatign:ef the acid is not restricted, and an acid. at a
concentration of 0.1 to 99% by weight may be used. In cases where the concentration, of the acid is
0.1 to116% by[&ieight, preferably 0.5 to 5% by weight, the reaction temperature is set within the range
of 100 to 300C, preferably 120 to 250C, and the reaction time 10is set within the range of]. second to
60 minutes. The nuriber'df tRFEY of ThErE 4R ASTE NI Fektretatianiy 1ot thord tithés of the
above-descrit;?r% treatmery f[}nﬁ%cl%e carried o%ltmlgnlgl\arg?ular in_cases where the ahqve-described

s L When . mna%a T O the nanoniirandn memhbrane 1 the i )
treatment is carried outlilor more tlmes,yt%e condi onstfrort e |rg% reathr%en Fn%@/b different from

those for the sgeppdand-latenHealmeats A510039hid. FWiheh-Rsaseswhemsihgsoncentration of
the acid is 15 to 95% by weight, preferably 60 to 90% by weight, the reaction temperature is set within

the range of comprises a constituting component represented by Chemical Formula 1;

15 [0026)

[Chernical Formula 1]

e, pemerm—
E i, & ”
§

# \\’a‘ 7 " i1 f‘f i‘ A :
=N TCH o N
. ___; 5 zn &m__g J
R R

[0027]
(wherein R represents -I1 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 aceording to any one of [1] to {13].

EFFECT OF THE INVENTION



10 to 100C, and the reaction time is set within the range of]. second to 60 minutes. [0040] 20The
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] 25Since the hydrolysate obtained by the acid treatment contains acids
such as sulfuric acid, it needs to be neutralized in order to be used as a fermentation feedstock. The
neutralization[##d§]be carried out either for the aqueous acid 12 solution prepared by removal of the
solid contents from the hydrolysate or in the state in which the solid contents are contained. The

alkaline reagent to e USed P FatPRIZLAB FISROES ES Fictet ‘SR Bens a0 a monovalent alkaline
reagent. In C%%E?%{h%ﬁﬁsbs?&_@}ea&%g_g Ang %%(ﬁ!iﬂgcﬁ?mﬁr Qg{ﬂ'ggi%%ﬁ?étz%g%\éi@&.valencies of 2 or more
, t i ‘

during the Step~ these do not pass through the hanofiltration membrarie, and the salts precipitate

in the liquid deingothel pracess af-concanteation pithadigdwhichnaksause fouling of the
membrane. [0042] In cases where a monovalent alkali is used, examples of the alkali include,

but 10&dre notcbiunteblets; amymoniass ddivmoamraxis evandspbiassilemveydroxide=j00438]-  In cases
where an alkaline reagent having a valency of 2 or more is used, it is necessary to reduce the amounts

of the acid arftPHEERER GRS -SRIPIBY BeREh AATsSIE TR MGV AP SfsrssipRated e iag te Step (2), in

order to avoid precipitation of salts 2 ring the. Step (2). In.cases where an. ¢ I@i having a valency of
... Or more is 85%%1,0 Cfeagaﬁéﬁ%i)su rf){lje?é}rga%%@g%ﬁ?% h)?%sr(%)%%g j%%\yié}\%ﬁﬁf%heenggslt? ﬁ%%r, in cases where

calcium hydraxjde, istsgath tendypPSURm: CRIRNEH iscpraducad-Pyneulilization. the. gypsum needs to
be removed by solid-liquid separation. Examples of the method of separation elude, but are not limited

to, centrifugatiomandtine mbranedc20separatianheanchinecgypsunnimaynatsodie removed by carrying out
plural types of separation steps. [0044] In general, in hydrolysis using an acid, hydrolysis first

occurs in the RBANESNGRI<BIEIAMBBAENE HEVIHY e {6 erystallinity, which, is followed by 25degradation

of the ceIIqug&%cr)quonent having a high crystallinity. Therefore, it is possible, by using an acid, to
obtain a liquid'c ining a large amount of xylose derived from hemicellulose. Further, in the acid

treatment, by subjeqting; 1;3 biamass,spld gontepts: after fhe freatment faa eagtion under a higher

pressure at a higher temperature than in the above treatment, the cellulose component having a

higher crystaliinitybear:hevdeempeseetambhtain a liquid containing a large amount of glucose derived
from cellulose. By setting the two-state step of hydrolysis, conditions for the hydrolysis which are
suitable for hemicelltiipse dmeeelboloseeanite scthasditestscompbsitivh efficiendyrathd the sugar
yield can be ephanced. Further, by keeping the sugar liquid obtained under the first decomposition
conditions anHAHEEREEPRGEIH obtained under the second decomposition conditions separate from

each other, two typeg; of-sigar lighids having At FAlesl cuantivies ar different pHs
during filtration of a sugar liquid through a nanofiltration membrane.

Fig. 4 is a graph showing comparison of the flux quantities by a method
wherein a sugar higuid is filtered through a micrefiltration membrane or an

20 ultrafiltration membrane, before filtration of the sugar liguid through a nanofiltration
membrane.

Fig. 5 shows photographs of the membrane surface before and after filtration
of a hydrothermally treated liquid through a microfiliration 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, which

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



1 Omonosaccharides 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
xylose as a major component, and the sugar liquid obtained under the second decomposition
conditions as a sugar liquid containing glucose as g major component. By separating the
monosaccharide 15components contained in the sugar liquid as described above, the fermentation
can he carried out separately as fermentation using xylose in the sugar liquid as a fermentation
feedstock andtgsifedriteiitationtusingaghicosedrmthepsugar liquid as a fermentation feedstock, wherein
microorganism species which are most suitable for the respective types of fermentation can be
selected and employéd./ I ShEIEHE DORBtET PIRITR Stitars HETREEHIEHS e BB components may
also be obtair%qgigg pnce without separating the hernicellulose component/cellulose component, by
carrying out the high-pressure high-temperature treatment with an acid for a long time. [0045] In the
procedure B, #irstreataddigwd oblainedhe the pragedure iNsiyher 25subjected to enzymatic
hydrolysis of the cellulose-containing biomass. The concentration of the acid to be used in the
procedare .B lig0gidferably 0.1 to 15% by weight, more preferably 0.5 to 5% by weight. The reaction
temperature may be set 14 = ge of 100 to 300C, preferably 120 to 250C. The reaction time may
be set within the rang¥ BFEEEABHARSBY T He hambenortipes-of the treatment is not
restricted, an%%g;3 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 differentfromahasefokihe secendiand latertieatments [Q461, ., Since the
hydrolysate obtained by the acid treatment contains acids such as sulfuric acid, it needs to be
neutralized inodttlesteabéifutthetselbjected todnyidrolysisdt Breaction with-amenzymesor to be used as a
fermentation feedstock. The neutralization may be carried out in the same manner as the
neutralization e TS EERIIAS SACTODHT) Fhecerssipiand Hoerestricteardsiordy éotisza enzyme
having a cellulo§e l?ﬂecorgposiyog qléti\gt , and comfgon_ly- sed celluloses may be used. The enzyme
Is preferably & GRAGIGSE SBPAEHG AN B OB Eellul 0SE°F ERES PR BIRACEY g an activity to

G168 &0

decompose cpysialinercalluose.An s Calluose. & cellulasa pradhaed by microorganism

belonging to a genus of Trichoderma is preferred. The génus of Tric ma iS a microorganism

classified intaiihmhentausfidogiaand2Qsgeretes alans ameunkRbvarious: selisloges extracellularly.
The cellulose to be used in the present invention is preferably a cellulose derived from Trichoderma

reesei. Furthéigadsarherzpsiebouedusdefortaedy BrslyisidcRaglbegsidased which is a
cello iqse_diﬁé osing enzyme, may be added in order to enhance the production efficiency of
gluco 8, whichi13 alucosiciase may also be used together with the above- 2 Smentioned cellulose for

the hydrolysis. The ’@59'%%@%% 5 00 159&%%%%@&&%11 means an aquecus sugar solution

obtained by hydrolysis of a cellulose-containing biomass.  Sugars are generally
classified, based on the degree of polymerization of monosaccharides, into
monesaccharides 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 2 monosaccharide(s) as a
major component(s), and more particularly, the sugar liquid of the present invention
contains ghuicose or xylose as a major component.  Further, the sugar liquid of the

25 present invention aiso contains oligosaccharides such as cellobiose; and
moenosaccharides such as arabinose and mannose, although their amounts are small.

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



preferably derived from a genus of Aspergillus. The hydrolysis reaction using such enzymes is
preferably carried out at a pH of about 3 to 7, more preferably at a pH of about 5. The reaction
temperature is preferably 40 to 70C. Further, it is %eferred to carry out solid-liquid separation after the
completion of the enzymatic hydrolysis, in order to remove the solid contents which have not been
decomposed. Examples of the method of removal of the solid contents include centrifugation and
membrane 5separation, but the method is not limited thereto. Further, such methods of solid- liquid
separation maypsassharas(a) combimstiontet EplthaliBpbf thhewiethod&:Jo04yjeighimtases where the
acid treatment is followed by enzymatic hydrolysis of the cellulose-containing biomass it is preferred to

carry out hydiBREis BEhEICBAGIESRARAT TN G B ST TR ERIIG M e ReR Fedfmbrdrthe first
hydrolysis, followed *@m&mgﬁy&%@&é&%&%ﬂ&'%gl ygxé”%@é &ﬁ&ﬁ%&%‘””itv by using an
y

enzyme in the second hydrolysis. By using the enzyme in the Second rolysis, the step of hydrolysis
of the cellulosgreentaining:biamass sanhe aloweadiie Precasd meneieHicienty::Mew particularly, in
the first hydrolysis by an acid, hydrolysis of the 15hemicellulose component contained In the
cellulo$e-contdihifgbichvass apdrpartiaf decermdesitiemotligiienmain ficCurahdotie resulting
hydrolysate is separated into an acid solution and the solid contents containing cellulose. The solid
contents contiifiy BeIRliagerrditeiAHrsiy 2L 4 B Attt BB e ERAnTd camrette
separated/reggv(fred solution in ?iiuteﬂsulfuﬂc acid co taaiggg()lalst{aleng@%g.;ﬁ ponen& 50xylose. which is

£, da 4 COLUINT, ITIODHS ase, TapULe Waley: WoTRlE .
a pentose, an aqueous sugar so Utidn can be isolate %y heutralization of the acid Solution. Further,

from the hydralysiseaction-preduchef theselidicontents,coptainingealuipsepanaszaccharide
components containing glucose as a major component can be obtained. The aqueous sugar solution
obtained by thelmeutealizatiomenFayyte mixed with the solid contents, followed by 25adding the enzyme
to the resulting mixture to carry out hydrolysis. [0049] 16 that the concentration of the
celIuIéQe-con&%ﬁﬁﬂg biomass becomes 0.1 to 50% by weight, followed by treatment at a temperature

of 100 to 400C for _Isstecggid t%lﬁcg mln%tes. E}/ gr%rir ing out H’\Lﬁﬁtreatment u dlg%rg S%ls%:p ﬁ?_éemperature

L e 15 2P of I VZINE 4 ce e-coniaing by :
condition, hydrolysi§ 6f celtulose an icetitiiose oecurs. The numper 6k ti &Streatment is

not restrictedyanghihe fpaiment may he;garied AubL QL MOIEHMES i particuar, jpgases where the
above-described treatment is carried out 2 or more times, the conditions for the first treatment may be
different from{#¥68¢ for the second and later treatments. [0050] 10In general, in hydrolysis employing
hydrothermal treatment, hydrolysis first occurs in the hernicellulose component having a low
crystallinity, which isfotioaetl Bl tegnatiinion bpmiescelivlbisetedmpodent Havikgea highecrystallinity.
Therefore, it is POSSibliz"' b}é u‘sing]aab%droth rmal treatment, to obtg_"icq a liquid containing a large amount
of xylode derR/atrHFoRs ROFRSITESE BUREE! i ey drothiBIRTE RSN By4MsiEcting the
biomass solid canfeqis afier e Jeatmant e ggreaction under, 2. higher pessweALa figher
temperature than in the above treatment, the cellulose component having a higher crystallinity can be
decomposedii@ abtadyaidigaid:centaining a large amount of glucose derived from cellulose. By setting
the two-stage step of hydrolysis, conditions for the hydrolysis which are suitable for 20hemicellulose
and cellulosel€&tPbe set, and the decomposition efficiency and the sugar yield can be enhanced.
Further, by keeping_the sug%[ liquid obtained under the first decomposition conditions and the sugar

liquid obtained ur_ldg _ 8 o}?ﬁi’a’é}iﬂﬁﬁf&gﬁiﬁﬂ}E@ﬁﬁﬁ%ﬁ@‘@@ﬁdﬁfé%ﬁ@é&ﬁ%ﬁfﬁ?; two types of
suganliquids havingdifferent & ﬂ%st.lé’ r%?ﬂ%?ﬁ?qggﬁrl??% %Qé%ﬁ%'@s?ﬂng‘ {he hydroly u?éeﬁ:%f‘sr; be

produced. 25That Is, it is also possible to separate the sugar liquid obtained under the
decompositiongenditions-asya.s UgrY: igidcentalning )U0sa agadmaiercempanent, and the sugar

liquid obtained under the second decomposition conditions as a sugar
carried out, followed by usage of an enzyme; the procedure C; & method using only
hydrothermal treatment; the procedure D: a method wherein hvdrothermal 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 freatment is carried out, followed by usage of an

enzyme.



17 liquid containing glucose as a major component. By separating the monosaccharide components
contained in the sugar liquid as described above, the fermentation can be carried out separately as
fermentation using xylose in the sugar liquid as age[rmentation feedstock and as fermentation using
glucose in the sugar liquid as a 5fermentation feedstock, wherein microorganism species which are
most suitable for the respective types of fermentation can be selected and used. [0051] In the
procedure D, the treated liquid obtained in the procedure C is further subjected to enzymatic hydrolysis
of the cellulod8ddntaining biomass. 10[0052]  The enzyme used may be the same as the one used
in the procedure B heI conditions for the enzyme treatment may also be the same as those in the
procedure B. [0053iEn G Aroge T et # K ROther e YRS CiefFIBURE by hydrolysis of the

Eirl)é qut hcyagcrglynsd%)f hemicellulose

cellulose contajning HOARS.Using ARSIEYAE, 113 BIEfRled 10 carry aut

having a low crystallifity by the hydrothermal treatment in the first rolysis, foliowed by carrying out

hydrolysis of gglulese fimving:adugty caystallinity. By dsine:-thgienzyae in the second hydrolysis. By
using the enzyme in 20 the second hydrolysis, the step of hydrolysis of the cellulose-containing

biomass can B¥Hilowed to proceed more efficiently. More particularly, in the first hydrolysis by the
hydrothermal treatment, hydrolysis of the hemicellulose component contained in the

cellulose-containing BoRASE 4R Bt RO IR BESIFTH OFfigiiA MRy Bectnahatheiesulting

nydrolysate is, separaled na.an AasoYs selition,and Ihg, salid 2acontents confaining gellulose. The
llulo y e It . The

solid contents containing cell e Is then rolyzed by addition of an enzyme

separated/reGouered gy spPUSSORIIATGINIAINS @813 HaIQL SAMRORLRLXMASE.Which s a pentose.
Further, from the. 18 hydrolysis reaction product of the solid contents containing cellulose,

monosacchanidectnmpbaentsscgntdining @litCosefasiadnigjorcoponent tandetpbtdined. The
aqueous solution obtained by the hydrothermal treatment may be mixed with the solid contents,
followed by atidifig aRianysy et the sy I it cARS BERPRidToNERS. 0B84]  In the
procedure E, ttfég %Iéék%:istootﬁe_utseg i mare (g),refe,rapl sogiﬁlrp(tgydr%ide_,?r é?alqium hydroxide. These
alkalis are added to the CeIose cortaining BiomALs sl HE et SRS & ithin the

range of 0.1 tg.6Q0AV weight,and the 10tsatment may:Re calied;put ata,ipmpgratie within the
range of 100 to 200C, preferably 110 to 180C. The number of times of the treatment is not restricted,

and 1 or moretiries abthaabovkedesdiibed freabmant mayhe:camictkeliffrparieuassdn cases where
the above-described treatment is carried out 2 or more times, the conditions for the first treatment may
be different fiéfniRésensralassEceteraifd later treatments. [0055]  Since the treated product
obtaiQ%d by tn?(?o%galine 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 pyher, in cases where the concentration of the acid is 15 o 95% by weight,
preferably 60 to 90% by weight, the reaction temperature is set within the range of
10 to 100°C, and the reaction time is set within the range of 1 second to 60 minutes.
[0040]

20 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 neutralized in order to be used as a fermentation

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



20either 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 noHestricted, and preferably a monovalent acid
reagent. In cases where both the acid and alkaline Tomponents are salts having valencies of 2 or more
during the Step (2), 25these 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, F9/{0086imaadés wheretbohbnovitentsoits ifusetlk exdmipteseaf-thetiacid include, but are
not limited to, nitric acid and hydrochloric acid. [0057] 5In cases where an acid reagent having a

valency of 2 GiAfidPe 18 S E, P HERESSHAFIETERIIRE: the ritiahes strr@ bk dandietalkali, or to
O T L Bl 0 10 R, R L el B ation
salts during the Step 25" 1h cases where an acid havmgya valency oﬁf 26 mhoréds Used the acid is

preferably sufiis agigosPhesPAQHIG AL DN ILEASES Whelecalcium bydraxide s, used, the
gypsum component is produced by neutralization, the gypsum needs to be removed by solid-liquid

separation. Examplesyf theSmpiRodivfsahidatitnidssbparstidr inclofizsdighanenatlimited to,
centrifugation and membrane separation, and the gypsum may also be removed by carrying out plural
types of sepaf it SEEHEPI6E5S] Irhd BHe e e tieedTray Beahissamal dkethaitshe used in the

procedure B. The (:ond,i;[)iac{!rgcs3 %&ﬁhg enzyme trgl%'glrgent may also be the same as those in the
procedure B.‘f/ 6%’]“%m cases v%ere, Sfter the afkaline treatment. the cellulose-containing biomass is

hydrolyzed uw@ggn enzyme, the lignin component around the hemieellulose and cellulose
components is removed by mixing the cellulose-containing biomass with an aqueous solution
containing an alkali angiheatingthenresutiiagt aikdiiie vteereby-makingthe:hemiseliuloseand cellulose
components reactive, followed by carrying 25out enzymatic hydrolysis of laemicellulose having a low
crystaifinity afts eelitirseHavmgrenighesystaiiritpittendavessvnbbrdieddomposed by the
hydrothermal PrQgess during the alkaline treatment. More patrticularly, in the alkaline treatment, 20
hydrolysis of 5 pa“’r of the hemicellulose component contained in the cellulose- containing biomass and

partial decompositian elligainmalniyosey -and e eslinghvdiahieals, iy serarais o an alkaline

solution and the solid contents containing cellulose. The solid contents containing ¢ f'ose is then
hydrolyzed byiecessary to reduce the amounts of the acid and the alkali, or to employ a mechanism

for removal of precipitates during the Step (2), in order to avoid precipitation of salts
s during the Step (2). In cases where an alkali having a valency of 2 or more is used,
the alkali is preferably calcium hydroxide in view of the cost.  Since, in cases where
calcium 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 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, hydrolysis first occurs in the
hemicellulose component having a Jow crystallinity, which is followed by
25 degradation of the celiulose component having a high crystallinity.  Therefore, it is
possible, by using an acid, to obtain a liquid containing a large amount of xvlose

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



5preparing the pH and adding an enzyme thereto. In cases where the concentration in the alkaline
solution is low, the hydrolysis may be can-led out by just adding the enzyme after neutralization,
without separation of the solid contents. From hydralysis reaction product of the solid contents
containing cellulose, monosaccharide components Jcontaining glucose and xylose as major
components can be obtained. Since the separated/recovered alkaline solution contains, as a major
component, xylose, which is a pentose, in addition to lignin, an aqueous sugar solution can be isolated
by neutralizatipris e diciiesaifitole Trreamue bus isagiersokdtion lobtainedsbyrtve meutralization
may be mixeg.with the solid contents, followed by adding an enzyme to the resulting mixture to carry

out hydrolysi 1%55’65]‘“1’%%%%%théﬁ@%‘f?ﬁ?épﬁ?% 15 RIS RO RRBSHHGE4HER F are based on
JP 2008-161 . 2008- 2 le, the. trati mmonia to be added t
1ema Al 2 c%z??f?g&%é@&%%%m%g t;geu%’o%%%%ﬁ%%%%%\;\%%&%%%n? € added 1o

the cellulose-containing bioniass is within the range o y we respect to the
cellulose-contaiging hiomass aps thadreatment izRecarded Quhat 4dp 200G praferably 90 to 150C.
The ammonia to be added may be in the state of either liquid or gas. Further, the form of the ammonia
to be added wrayibewithertipuredaniyniomiok agusouslammionise g rumber b kinresuof the treatment
is not restricted, and | or more times of the treatment may be carried out. In particular, in cases where

the treatment™® Earfist Bt H e B RS HAHAEL  HHE2BKORAIIHE Yo7 tHahiig srdansmht may be different

from those fof (i se60Rd. ANd JRLer eAlMents, [Doatl, &4 . dihe leatad praduct obtained by the
ammonia treatment needsto be su ?ecte 0 neutralization of ammonia 8I’ removal of ammonia in

order to fUrth@{nﬁﬁffé(n@lah@%@b@ivﬁlf@@ﬁt&ﬂa%%ﬂgﬁ&ﬁ'ﬁéﬂ&%nﬁf&@c’&%ﬁé@ﬁ?@ﬁ@&a&@%@e carried out
either for ammonia prepared by removal of the solid contents from the hydrolysate by 5solid-liquid

separation, osdpathe state dacivhibbr thesnlid conteps lare domtainedifThenaecidaeagent to be used for
the neutralization is not restricted. Examples of the acid reagent include hydrochloric acid, nitric acid
and stiffuric aERPSALEHIE LEigrEageh il Sy dthficoadPivGiew dftavdidinig eefrosiveness to
process plplng%anglgymdlr;g [égq b|;5|on o{.fer egtatlog.él';g%ﬁlmmon a can be removed by

10maintaining the ammonia-treated product underfi FESLTES B RV PG ate the ammonia into a

gas. The remoyged ammonia, May hedesavsied apddeused: [A0GE) o, lLis kRawndhat, in hydrolysis

using an enzyme after ammonia treatment, the crystal structure of cellulose changes by the ammonia
treatment andighe! eduliing hbdrysiakstiictdee allpusiheenitoesreactomtoigeeur easily. Therefore,
by allowing the enzyme to act on the solid contents after such ammonia treatment, hydrolysis can be
carried out effR9EHBLTHECeR et sa T ATByObethe Barpasihe baenaseshisitdprocedure B. The
conditions for the enzyme treatment may also be the same as those in the procedure B. 20[0063]

In cas%)s whete &g Ue tscgﬂﬁ?‘ﬁ%?ﬁié{} iglﬁgé%é}"t AR At @n@?ﬂ‘,’%tﬂ“&jﬂ@ﬁ’ﬁ%ﬁ%‘?ﬁ&bﬁay give an

citeot simiar @ pipeeguie.C (ovoiptiermal enimenty anpkhidiolsis ol iemicelulose and

decomposition of lignin may occur. In cases where treatment with us ammonia is carried out

followed by hidredysisof aeslivbsecontainingbiomass; usinganemaywme: theuligrin. component
around the hemiceilulose and cellulose components is removed by mixing the cellulose-containing
biomass withfemragisondesdiutidn ebateiningameonia andcheatinghthe most suitable for

the respective types of fermentation can be selected and employed. It should be
20 noted that the sugars derived from the both components may also be obtained at once
without separating the hemicellulose component/celiulose component, by carrying
out the high-pressure high-temperature treatment with an acid for a long time.
10043]
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



22 resulting mixture, thereby making the hemicellulose and cellulose components reactive, followed by
carrying out enzymatic hydrolysis of hemicellulose having a low crystallinity and cellulose having a
high crystallinity which have not been decomposequoy the hydrothermal process during the ammonia
treatment. More 5particularly, in the treatment by aqueous ammonia, hydrolysis of a part of the
hemicellulose component contained in the cellulose-containing biomass and partial decomposition of
lignin mainly occur, and the resulting hydrolysate is separated into agueous ammonia and the solid
contents contaiffifyteenameses Thetsaiid Corneriesabaniainiiog 8Tl osehis mretichydratyrer by preparing
the pH and a%gin an enzyme 10t ,eretcc)arll}l%cases where the concentration of ammonia is as high as

about 100%, X155 & HURIOR BPETEAmiFsia ey BEHoved by HRGRSS G SidlidWed by neutralization
and addition gf.anehzms: vilhahteenaraton o, soll coniani=do,caity gt fydiplygls. From the

hydrolysis reaction product of the solid contents containing cellulose, monosacc arldleac"omponents
containing gliseaserracxylose @stkamaier companeaisCambe htainer:Sinee.the carried
separated/recovered aqueous ammonia contains, as a major component, xylose, which is a pentose,
in addifion to dignirprancag tisssssugmdsototdor chnibet isokatedbyaydutrifizingitheralitaliae solution.
Further, the agueous sugar solution obtained by the neutralization may be mixed with the solid
contents, follSWeB Y HUGifBH BEATEHAHE thereto, to carryout hydrolysis. 20[0064]  The aqueous
sugar solutior@{igg ined in the Step (l) can be obtained by centrifugation or membrane separation to
remove the solid contents, as mentioned above. In such cases, depending on the separation
conditions, especialfy.r theiseparationmambraneused: remeval afthe.salidicontgnts may be
insufficient, and 25fine particles may be contained in the solution. Examples of the constituting
components oflduch finé particlepihelumdeabutdare notlimiteditahlignibjadnhin, isitiesyealcium and
undecomposed cellulose. Further, the particle sizes of the fine -13 particles are not restricted. Further,
watertSoluble FREB HER EURIZEBIH Bolterairhs Ade BEHahea fedsiadditids to the fine particles,
Examples of 'H&e W?tehsolubl macrorgol&culv r components coptaine%eilg the agueous sugar solution

. . GiraliZafion may be caine n SAIMC MAanner as he F1EL 131e5 ) X .
include oligosacc arl?:ites, polysaccharides and tannin, Ands i th Fah Aqliedus sugar solution

e cas
prepared by wsiRgmR-e0zyme, 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 latgB#iBntioned continuous operation of a nanofiltration membrane and/or reverse osmosis
membrane, although 10the operation is possible. Therefore, the frequency of replacement of the
nanofiltration membfEASHIES I BVEISE G&H GsiK Rvetn Brire arayiridiedise ansdlibereases, it is
preferred to remove, in the aftgr treatment of the St pé]}% fine particles §1y allowing the aqueous sugar
solution to pagsesC ThBLGh A A Crofits %no?}nrgﬁﬂ:ﬁ‘a & saﬁe lraﬁTﬁégﬁigr tionnembfarte¥tiich can securely
remove suchyfiog.peiticles andaaiapsalils macrameleriies Examples oL Iatign include, but
are not limited to, pressure filtration, vacuum filtration and centrifugal filtration. Further. the filtering
operation is raughly iclassifieshiptecconstanhpredsive: filtratiencicopstanisdoncfltrasien and non-constant
pressure/non-constant flow filtration, but examples of the filtering operation is not limited thereto. The
filtration operatisiatdy alsoibe aransu hsiepditedtiorewherei daideofiler stior farestibrane or an
ultrafiltration embraneésgused 2 or more times for efficient removal of the solid contents. In this case.

the material & e prd Iff%’é’%?”%‘ﬁ?eﬁfﬁ?%?fé”%lﬁjé ﬂ%ﬁ%@ﬂ@tﬁ@fﬁﬂf%‘tﬂ? [BeBeT 5 The
m'croi'grat'orké&%@é? Eaﬂ?g&'%ﬁ%&ﬂttl?ﬁv&%%%Q%iﬂﬁﬁ@é%ﬁ%@eﬁ%%?? AN 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 $-glucosidase may also be used together with the above-
25 mentioned cellulase for the hydrolysis.  The p-glucosidase is not restricted, but
preferably derived from a genus of Aspergillus.  The hydrolysis reaction using such

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



24 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. Here, in the ultrafiltration membrane, the pore
size is too small to measure the sizes of the pores, on the membrane surface under the electron
microscope or the like, so that a 5value called the molecular weight cutoff is used as an index of the
size of the pore instead of the average pore size. As described "The curve obtained by plotting the
molecular weights of solutes along the abscissa and the blocking rates along the ordinate is called the
molecular weighticutoff burvestFhaanokeinariwveigivrabith4hicFotite blooking ratemedohes 90% is
called the molecular weight cutoff' in p. 92 100f The Membrane Society of Japan ed., Membrane
Experiment S&TEEYVHT ST il b Ak he RtetRIFEBRhifte s Vrenb ey Sisiikimura,
Shin-ichi Nakao, Haruhi and Tsutomu Nakagawa (1993, published.by Kyoritsu Shuppan Co.,
Ltd.), the mollggc(alg!a?v%\ﬁé(ﬁto %gt%%‘ ?%eﬁﬁﬁ%é%ﬁ%é%os‘éﬁ sriél;fllge ?n&z e art. %%ﬁan %ﬂ%lén ﬁr%Spresenting the
membrane perfernasce b arulttalitratios.merabrane ikolR08 f it g Mmateriahaf e microfiltration
membrane or ultrafiltration membrane is not restricted as long as removal of fine particles, which is an
object of the presentimvehtiomashmentionédhibove;rean bé&wattainedthergwith oénd@xamples thereof
include organic materials such as cellulose, cellulose ester, polysulfone, polyether 20sulfone,
chlorinated pER&ERABHAL BORIBIOY IR 2pB RS EEINiAVEREHST B6IHEeiAH methacrylate,
polyvinylicienl%(glﬁHiride and polytetrafluoroethylene; metals such as stainless steel; and inorganic
materials such as ceramics. The material of the microfiltration membrane or ultrafiltration membrane
may be appropriately selected-hagrd.qn thepropertiss.Hfdhe hydralysate angdias the synning 25cost,
and the material is preferably an organic material, more preferably chlorinated polyethylene,
polypropylenesipotyeirylicdene: flbarides polysulfione dropalyether isulfornes (00681celiuldsarther, by
filtering the aqueous sugar solution obtained in the Step (1) especially through an ultrafiltration
membBrane, the'dis e whichlRasbeereadd reesaeeharfieatiorhearn berecdvsred fiom the feed side.
The process of r.e[c%ver%/hof 5t e enzyme 1vviII oQow tge e%crib:ed i'.l"h_e, ng%me used in the hydrolysis
has a molecUiar WeGHTWIRIRRE PATGe B 1000046 16 ,66(3%?‘118%%' oWy tHe"Stigar liquid
obtained in the.Step {0 e Rresantinyention o prss {ﬂé%@&%ﬂ%%@t%%é?@?brane having a
molecular weight cutoff with which the enzyme can be blocked, the enzyme can bé recovered from the
fraction in therfeed side:Prefeiahbs-hyuusing abivtiratitationenbranediaving @dnolecular weight
cutoff within the range of 10,000 to 30,000, the enzyme to be used for the hydrolysis can be efficiently
recovered. TREforrilbf tHéWRradiitration methbiaiehded ysinby rastrictieddantasimay te in the form of
either a flat membr or a hollow fiber. By reusjng the recovered cellulase in the hydrolysis in the
Step (D), thenfé?ﬁ]éﬁ%{?}g?stﬁéof%ﬁ%fé’ ?@B@q@etéerﬁﬁgfuﬁ)%s?é‘iﬂ)ﬁ&aé&“%%"%@ﬁ@iIPF‘&H% of an aqueous

sugar solutiog s, GRsriad aul sing anuittalliation memang, i Aduaeys sugansplifion is preferably

preliminarily processed by being allowed to pass through a microf rane, to remove fine

particles. [00681:20kxNamplesoithe e ekprocassingwikaisaicrofiltsation aemlkane and/or
ultrafiltration membrane after the Step (1) include the procedure a: a method wherein the liquid is

filtered throughréemiseofithalven imémiadie; the! proeddure (8. theramthod. witénedrtithe liquid is
centrifuged andrthen,filtered_through a miC.[ofiItratior_] membrane; the procedure y: a method wherein
the liquid is CERITUTELE S et PE e et UG EE Hitd SR ARG R eRPARETISMNEd by being
fiIterethhroqu ult giﬂltr ' mbrane; the procedure 8: solid-liqui aration is carried out using
eIty 81 Wirgliteation .,dﬂi%eB%_ ot BTG

a filter press, and the Hitrate %errq]??l(tierg hroﬂgﬁugﬁrﬁ?tr%flﬁ}g? on"mem eran)e; and

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 is not particutarly added, and water is added such



26 the procedure c: solid-liquid separation is carried out using a filter press, and microfiltration is then
carried out, followed by further filtering the filtrate through an ultrafiltration membrane. [0070] In the
procedure a, the sugar liquid obtained in the Steplfr% is subjected to solid-liquid separation using only a
microfiltration membrane in cases where the amourits of substances which are especially prone to
block the surface of the microfiltration membrane, such as the solid components represented by
undecomposed cellulose and the gel components derived from macromolecules, are 10small. In this
case, it is possibldta-rassovetimdedbepdsbdcetiuiosmahioinesghnicmenponefis:such as silica
having particle di%m(?ft) rs of not less than several ten nanometers attached to the biomass. If such

solid contents &8 BYRY, KRS That idGTane disidd 18 Fad8iirdagh #eondifaé® of the
nanofiltration a lor. reverse osmosis membrane in the Step (2), the membrane surface
may be 15@}@%’@%%2%%%%@%8}%?? m%;t/ jeGﬁ;sidlcla\]@s %38/%%? %r%ﬁges%%%cgcﬁ%fgﬁ@may accumulate on
the surface ingdsbRIitigTRe026i0410 Kocrease, i thefux. Q7 mbe: FHEther Jhgases where the
amounts of solid contents such as undecomposed cellulose are large and the total amount of the liquid
cannotbe filtéresdmeithionty ee20nidicfilrstioremembranetkeeatise aflargedectaase inhe flux with
time, centrifugation is preliminarily carried out and the microfiltration membrane treatment is then
carried out by B BlcBltaesh hardBy dhvowirts vaRseviasrandie compdset cetialose and inorganic
components such as_ silica.havi article diameters of not less than several ten nanorneters attached
to the biomas%élr?n I%ﬁﬁﬁg é%]pf(?cga%%réﬂ%; gﬁ%ﬁo%%a%%%léén&v g HHE S Bﬁg\{’é}l{;i’ 8'd5fid components and
the gel compgnientsate smalsempenents having relatively large masses can be preliminarily
removed by the centrifugation, so that maintenance of the 27 microfiltration membrane is less
necessary, giMibigithe effect of reducing the process cost. [0072] Further, by the procedure y in which,
in addition to the procedure I, treatment 5 with an ultrafiltration membrane is carried out in the
subséduent stage, ifbigaiT-patisiebsin somatan bvingt bzesloerormorb dratysevieral ten
nanometers, which 'CatﬁQ%t be rﬁ oved with the microfiltration membrane; water-soluble macro

B ONe Rt ARTVATT TOM TIGHTT (R Y BagarsNahicH BT Hydifde &lptkdre still in the

molecular components derive

middle of the grecessidlesomRanlion- e meneaceAdrs WIlF Su03fs ale i the levels of

oligosaccharicles or polysaccharides; and the enzyme used for the hydrolysis of the sugar; can be
removed. In thedatérkmentisingd Slephe2)hdhesnsiganis aticle coamponentsaay.damage and destroy

o

the membrane, or accumulate on the membrane, leading to decrease in the flux. Further, ultrafine
particles/clustérsURading direters! dfaohamorsithiacse varahaanohetersovhichusually aggregate and
exist as partic!es/clu%t rs h%\éin_g}gl@meters of several ten nanometers, may penetrate into the inside of

the membran® and brodk TH SRETEFIANS ST Ffidss deRaReESC poksaiceharides and
enzymes ma}ﬁ}?ﬁr@%ﬁ%@}ﬁﬁ?&%‘e@% ﬁ&ﬁ‘émh‘ﬁ%&%ﬂ&h S e [tgégg%etnr}-etﬁgembrane inside the
membrane, Therefore, by additionally '

celiulose component having a higher crystallinity can be decomposed to obtain a

liguid 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

20 hemicellulose and cellujose can be set, and the decomposition efficiency and the
sugar yicld can be enhanced.  Further, by keeping the sugar liquid 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.

3

25 That is, 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



2 Ocarrying 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 hydrol¥§is is carried out, the enzyme can be recovered by
using the ultrafiltration membrane, and the enzyme blocked by the ultrafiltration membrane can be
reused by being 25returned to the hydrolysis step in the Step (1), which is advantageous. [0073]
Further, in cases where the e )rocedure 6 Therein usage of a filter press, 28 centrifugal filtration,
high-speed céig@dontanditigezlike smay bagariecputdas. furthesdmcreagathenctaritydhth liquid upon
the solid-liquid separation, is selected. the microfiltration step may be skipped from the procedure y

and the ultraffiffREBRCHE RBHIRE‘ST il Bid andan esmbef she porafermentyitgiatPeases where
the clarity of the liquid is low, that is, in cases where the turbidity of the liquid is high, membrane
fouling occuréj?%é%%q;}téeﬁgf%%y iﬁstsﬁeéq%?tl}a iitrationm gﬁ ?gﬁgléiseuﬁa{/v 1%%3%%%/ lead to increase in the
maintenance gostrlrsefosesbysalacing.fepandingan ihe sunning. cast for, the sltrallitration
10membrane, the procedure a, which is a high-clarity solid-liquid separation method by carrying out
microfiftrationfenemirame (treltméntheforervitrafiltration spembranéctreatment sinkerddhio prevent
fouling of the ultrafiltration membrane, the total running cost for the microfiltration membrane and the
ultrafihration FRBMRBREHE Py peESHBIBWEHsaR 18 tREGPEEEAURES, wherein only an ultrafiltration
membrane is 5 [0075] The Step (2) of the method for producing the sugar liquid of the present

invention, wh chis'a step of allowing an aqueous sugar solution to pass through a nanofiltration

membrane and/or reygrse,0smAsiS IMANRLANG, [IgeavRrng A Rukfied 205098 k@f&fki‘é&)m the feed side
and removing fermentation-inhibiting substances from the permeate side, will now be described.
[0076]  Theit¢emctfermentationinhibitionhOgedindhepresentinventiammeans a phenomenon
wherein the amount of production, the amount of accumulation or the 25production rate decreases in
cases-where d¢hdmical product is produced using-, as a fermentation feedstock, a sugar liquid
prepared by using a eIIquse-com(gining%bi mass containing fermentation-inhibiting substances as a

raw material, comparad- JoHE a8 ihate s FARGEN LT AEE FIhBshedharrive Ssed is a
fermentation fegdsiogks T e extent of syeh fermeniation inhibition isnot tesfricied in the present
invention since the extent to Whgi%%gthe microorganism Is ing%%léd \‘/ar{llﬁ(gs)s%3 qu%égﬁg?ﬁa on the types of the
fermentation-ihhibiting substances existing in the saccharified liquid and 5the amounts thereof, and the
extent of inhibition also varies depending on the species of the microorganism used and the type of the
chemical prodittidroduced by the microorganism.

1

@3]

In cases where the hydrothermal treatment is followed by hydrolysis of the
cellulose-containing biomass using an enzyme, it is preferred o carry out hydrolysis
of hemicellulose having a low erystallinity by the hvdrothermal 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 aqueous solution and the solid
25 contents containing celiulose.  The solid contents containing cellulose 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



[0077] Any of the aqueous sugar solutions obtained by the procedures for hydrolysis 1 Oof the
cellulose-containing biomass contains fennentation-inhibiting substances although the amounts or the
components thereof vary depending on the proce%lére or the type of the cellulose-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
15which are produced by hydrolysis of a cellulose-containing biomass and have inhibitory actions as
mentioned abvvecdistitgatestepofdferhibataliorusing a sugailiguidldbsained by the production
method of the present invention. The fermentation-inhibiting substances are produced especially

during the stePSP St fredsTEme rchie CHlitBES-8BIesH G BIBINSYNBRRERO YN classified into
organic 20acids, furan compounds and. phenolic compounds. [0078 xamples,of the organic acids
include acetiéghggféj? brrﬁ?&eagc %egﬁ%sﬁ;?&aﬁﬁigbg%}%?%ﬁepﬁ s %%%ﬁ% &rgﬁag%%ﬁ%ﬁ$§ include furfural

and hydroxymgshylfuriural (MId TanRHED RIERNE BeidsiRAbd furan ceMPeKNdS, Are.RFadUGts produced by

25decomposition of glucose or xylose, which are monosaceharides. [0079] 30 van llic acid, syringic
acid, gallic acidswsoniferiyatdehyde, dihydroconiferyl alcohol, hydroquinone, catechol, acetoguaicone,
homovanillic acid, 4-hydroxybenzoic acid, and 4-hydroxy-3-methoxyphenyl derivatives (Hibberes
ketones). Thé@%%émpounds are derived from lignin or lignin precursors. [0080] Further, in cases
where a waste building material, I%w od.or.the like is used. as the cellulose-containing biomass,
components such gsﬂa% )Isci%/%gs&agn 'p%r?t}scaﬁlsté}dbfsnutﬁg ﬁrrﬁﬁléerﬁifﬁ '5?%@@?8 ' ?ﬁbcgi%ﬁ ined as

fermentation-iphibiting sybstances Examplesof the adhesies inglide Yea.resins melamine resins,

phenol resins, and 10urcannelamine copolymers. Examples of fermentation-infibiting substances
derived from suthiadhesives iacitdeacaticadit, formigacithand timaldehyde, [9Q81d  The
agueous sugar solution obtained in the Step (I) contains at least one of the substances as a
fermentation FsAIBITHG SUD S aACEE P EAd theagtseEs-siigatsoleionoddiialy 266fitains plurality of the
substances. Thgfs_egiar e%nta§:$$5' hibﬁ%ng substances cagrg e detected and quantified by a common
analytical methad &lich as thi agt]ér chIDMAESETADHGAE B BRSSP A Or il Performance liquid

chromatograena-l[99&%}@9&@@&@99@&5@@%&%@m%%%%%%3@@@@&@@@“0“ s also called a

nanofilter (nanofiltration membrane, NE membrane), and gene as "a membrane that

allows permeationuofrmosavalentions hiklocks ivaleations'is Theisembranesis.considered to have
fine voids having sizes of about several nanometers, and mainly used to block fine particles,

molecules, iohgdnthsafeditiBatéhe [0088 atment may be different from those for the
15 second and later treatments.
[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 sotution 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.



31 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 nanometegs, and mainly used for removal of ionic
components, such as seawater 5desalination and production of ultrapure water [0084] The tenn
"filtered through a nanofiltration membrane and/or reverse osmosis membrane" in the present
invention means that a sugar liquid obtained by hydrolysis of a cellulose-containing biomass is filtered
through a nan8fid¢ation membrane and/or reverse osmosis membrane to block or separate a sugar

liquid containing dissolved sygars, especially dissolved monosaccharides such as glucose and xylose.
in the feed side, Whﬂ%cﬁSWH%‘Feﬁﬁ@rg%\ﬁgﬂﬁﬁﬁi it S HEEHRES 3 tﬁféﬁﬂgdf@lgéegﬁzérmeate or

filtrate. [0085] SThe performange(s)of the ﬂ?%%gg@giggcmembrane and/or reverse osmosis membrane

used in the present invention can be evaluated by calculating the permeation rate (%) of a subject
compound (affgsmentation-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 (%j=cpeehedatration ishsagjetbevmpoundrieypdrinsateside/sofcéentration of subject
compound in non-germeated liquid)x100(Equation 1) [0087] 25The method for measuring the

concentratior SFHHE E B EOMPETNETR Edbation 18 st Hhatidel A8 1Ry A8 the*bfcentration can
be measuredyith high.agcura: Wility,»an ferred examples of the method include
high performance‘%%d% zﬁjgorﬁ%{@éq?a%%%%%%gg%ﬁ?&%g{r({%rggp ‘S/(?Iﬁmpég%sigé%%\}ﬁ%f)ef?ﬁ?etssubject
compound is @.menasassharide 1its pesmaation Al thredgh the-pangfitiration.memirane and/or
reverse osmosis membrane used in the present invention is preferably low, while in cases where the
subject comp@unrdiisiafermentatidh:imhibiting shibgtamcedis pefmeationaatevisipreferably high. [0088]
In terms of the permeation performance of the nanofiltration membrane, a nanafiltration membrane in
whichtthe perfEEBAYBRFFatd OIEO LM E BB oG Foer et MBrHErARa AR &) 3/m2/day) at
a filtration pressure of Oa’% J[\éIPa is 0.5 10to 0.8 iiif?}g‘e ggag)_lgtused. The %@?gtion Elhoﬁ_vgi E@te per unit

LT e be rémove solid- 100, EX NG 113 .
membrane area (membrane permeat|0n¥lux or flux) can ecalculi:aﬁé according o) quation 2, by

measuring the.amauntikihe.fianid permeated. collestion time.afthepaimartadligrideand the
membrane area. [0089] 15Membrane permeation flux (M3/m2/day) = amount of liquid

permeated/mendonaine, angatiguyg ool @ction sinve renflgudiiore®) ing out plural types of

separation steps.

pt
62

[0058]
The enzyme to be 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.
(00591
20 in cases where, after the alkaline treatment, the cellulose-containing biomass
is hydrolyzed using an enzyme, the lignin component around the hemicellulose 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 hemiceliulose and celluiose components reactive, followed by carrying
25 out enzymatic hydrelysis of hemicellulose having a low crystallinity and cellulose
having a high erystallinify which have not been decomposed by the hydrothermal

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



[0090] The pH of the aqueous sugar solution to be applied to the nanofiltration membrane and/or
reverse osmosis membrane is not restricted, and preferably | to 5. 20In cases where the p1-l is less
than I, the membrane is degraded when it is used{gr long time, leading to drastic decrease in
membrane performances such as the flux and the"permeation rate, while in cases where the pH is
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 9 5and/or reverse
osmosis menityrkinky i&/ afe cheirefedic babstalcbsdonizecnintiversaiutibin dre ide@prone to be removed
or blocked than ngn-ionized substances, so that, in cases where the contents of organic acids

contained in fFRYGHRD 0L TAGHH NI SFePBRKIGA? 8F HRRSBENHERS | Hith Fémoval effect is
required, the yemeyal,efigiency. lcsgéweg%gagggislgit%agy ?Qﬂ%n%%?u?

_ _ ¥ agAH%ing tlhgcoHtofithe aqueous sugar
solution to within thé above-descri range. Another ettec of flﬂterlngethg %qtfélo%ﬂsssugar solution,

whose pH wasadjusteddm.iote. 5, throuah thebarclitration, membrane RANIQHFENSESE,P 0SMOSIS
membrane is the inhibitory effect on fouling of the membrane, in general, the initial flux value
decreases agthpepkiedeeddses abdtyespecitycitthgcast obhan atjuedis sugansalistion derived from
a cellulose-containing biomass, the stability of the membrane can be maintained longer at a pH of 1 to
5. [0091] 10Ftirther Edpscialyith i dashedrdidversaashicsisitenibr e tisia B the aqueous

sugar solution js preferably adjusted to | to 3. Similarly ta.a nanotiltration membrape, in cases where
the pH is Iess@fﬁg%mi%e}évg%gg%%grﬁ%’s?é;tmoélrir] ) fﬁ%@'cﬁ%ﬁ&é}déwcﬁle}% s EILS%&n fc{g}elong time,, leading
to drastic decreasgnsRamRiARL PRIAIMANEES sheh as da i and thespermeation rate. On the other
hand, in cases - 15where the pH is more than 3, the removal rates of organic acids may be insufficient.
This may be duadeathédiadt thatpbecausencifitihie:sthalier pote dizesofareversed@smosis membrane
than those of a nanofiltration membrane, or the like, the ion radius, which is the effective radius of an
organi€ acid, {8166 PRr§ES maiRtaif eHETERN ARt B e sivitB retsaRatafa nanofiltration
membrane without further ZQSuVRgrgs\%? of the charge dﬁerj.\/,ed from the ionicity of the eluted

components. 90971 P UL oF A o predbfeltitiaiow: predare tyfsd o vardd 68 S8 membrane with

which the operaliar REESSUS G R fediieed. AMORG,ISVEISE-QSMASIS MPMbIANES, allows
achievement of an organic acid removal rate equivalent to that of an RO 25membrane which is not a
low-pressurekuitraloviuptesshitentylie membranezeenisyoasesvahereithe asidsieddart 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 reduditlép v theditioe ar shitiaralkahivssd fowthme<adiusterent of thedpiyinisthe fermentation step
in a later pro;ggsg ﬁan be obtained, and the removal rates of organic acids are enhanced compared to
a reverse osrmo % membrane which is not a low-pressure/ultralowpressure type membrane, so that a

lowpressure/ulralowsPIRaSHIENYRE [RVELAE ASMARI MR TN JeBIR(rablYsrc n fhe present

invention. Here, the lowpressureiultralow-pressure type reverseé osmosis membrane means a reverse

osmosis membraneswiishs thedgermeations dlowaraterof sagdimg, chiaride-(RRRiHA/E) per unit membrane
area (m3/m2/day) at a filtration pressure of 0.75 MPa is not less than 0.4. [0093] 10The acid or alkali
used for adjustrEntoftive pidof thbagibdus sugaisolutiomisnotwésindtedaTirecadid is preferably
hydrochloric acid, sulfuri¢ acid, nitric acid_or phosphoric acid, more preferably sulfuric acid, nitric acid

or phosphorid AGE Y HERF SHRESTRREHFatin ARNTHOR R VR e Repia oIS [BSIMRERFTS Bccur, still more
preferaply sulfric AGld ip ¥18W RS 85908 GsHIFRREY- THE BKAlLIS RICIEADN 1y

be in the state of either liguid 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 particuiar. in cases where the treatment is carried out 2 or more times, the

3
i

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

[0061]



15ammonia, 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 ions, in view of
membrane fouling, still more preferably ammonia ipy view of the fact that inhibition during fermentation
is less likely 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 hydrolysis of the cellulose-containing
biomass, the pH malhbérsdpdsterivstnbtamerebthts Bashsraie @BRyrelsitoreastibadsarried out.
Further, in cases Wf:ﬁre the process of reusing the enzyme using an ultrafiltration membrane is

employed, th& SAHEIS HkEh AR DU HHCHTLER RAAE B HodreBEe St G HOEHTBFE 4 4, so that the

pH of the filtrgte, ajter, 32, e L ia fliration, membrang, treatment is preferably,adivsigd, [0095] The

temperature of the. aqueous sugar solution to be subjected to the treatment with a nanofiltration
membrane afg/aravearse:epmasts melmhrasens hepddpiesant tavenian isdetdesiricted, but the
temperature may be set appropriately for the purpose of enhancement of the fermentation-inhibiting
substahce-rembilifigwdpapityduring thédiltt on wrobigiv théidremibrane useda{t8d6] More
particularly, in cases where the filtration is carrie_d out through areverse 10osmosis membrane, the
fermentation-iiBRiAGEEBNhERIEMENiHG BARARHAErIHE PEVERESoSiEaRBIRbPANREIs high if the
temperature gf {pc.aqueous sHaRneOion I8 40,10 A0, Sq at e lemparale fspreferably set
within this range. This is ecause the removal ¢apacity begins to increase at a temperature of the

agqueous sugaksehitionefA400, auhighel-in Fases whers the.filatiands-carsiee esitkthrough a

nanofiltration membrane, but a temperature higher than 80C may cause degradation of the reverse

0smosis menpigraneresultiig indodstohthEimemibrame propenties- {308 be rdmeasklsywhere the

filtration is carried out through a nanofiltration membrane, the temperature of the agqueous sugar

solution is pré¥étaiisst bnmr iR Tsect 2 othe taridraitiel sripa aqiedii@dagaisolution is less

than 1C in cases where the fggrat' nis carri%d out throu%hr &nanofiltrgtiog mem(g)rane, pipes may be
ré I¢COVEIC TEUSS

. . ammonia Imlo a gas. 1E TSNoVed aiTiunonia n e 1 .
frozen inside, causing devi &rrors; Whife In cases whe eefempera?tnure iS‘more than 15C, an effect

of reducing tﬁ@d@g does not appear largely. The temperature control is based on the fact that, in
cases where the temperature is high, swelling of the 25membrane occurs, substances having larger
molecular weights aieiy @mouedaand théraiyountiof renoxahterds tminoréaseawhibe ihccases where
the temperature is low, contraction of the membrane occurs and the pore sizes of the membrane
decrease, ¢rystal structure of cellulose changes by the ammonia treatment and the resulting
15 crystal structure allows the enzyme reaction (o occur easily.  Therefore, by allowing
the enzyme to act on the solid contenis after such ammonia treatment, hydrolysis can
be carried 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 simlar to the procedure C (hydrothermal treatment),

and hydrolysis of hemiceliulose and decomposition of lignin may cccur.  In cases

where treatment with aqueous ammenia is carried out followed by hydrolysis of a

e
n

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

containing biomass with an aqueous solution containing ammonia and heating the



36 resulting in decrease in the loss of the sugar into the filtrate side, [0098] Since a nanofiltration
membrane is generally classified as a membrane having a larger pore size than a reverse osmosis
membrane, in cases where a nanofiltration membrane is used in the Step (2), fermentation-inhibiting
substances permeate through the membrane and thie weights of the substances removed are larger
compared to those of a reverse osmosis membrane, but, on the other hand, it is considered that the
weights of monosaccharides, which are the products of interest, lost into the permeate side are also
large. In partictraititia casesewherebthedugathtGeorncehtratiomis hifglpsuahatendency appears
strongly. On the other hand, in cases where a reverse osmosis membrane is used in the Step (2), it is
considered, bSREIEe BF WBSSEFHEFRSPESTIRAR#HE WaRshsIbPimmmicch susdtariess having large
molecular wejghts éys%%‘n%a”m? Jemoved are smaller com ared to thase in the case of a nanotiltration
membrane. Therefore, it is preferred to selectan dppropriate T smembraRe AnMoRY nanofiltration
membranes andJeyesse Bsmosizmemianesdependingon the weights Al the fementation-inhibiting
substances and the molecular weights of the major fermentation-inhibiting substances in the sugar
liquid obtainepabycthe abovédesoribad tyeatmentsnhen iy mbebioblypes i the membrane selected is
not necessarily one, and plural types of membranes may be selected 20among nanofiltration
membranes AREHERIBISETIRBSREM SAMFRRE SN i ueslideqar eommirabionfor thd filration. [0099] It
was discovergg E)Qgtb isq‘g)%so_ iqure a P‘yrifieq su%ai qu?ui% 5 ogt%jn;d ysing a nar]ofi,ltration
membrane, as the PUFITICAtIoN of MONOSACCHANGRS CAPHTrEa R THE 98 EonESRHAME ddf the

nanofiltration ir, ations | e, t n osing the
erphianeRinesrdsenc elconcentiatians dostrase. e eRdenm Al

monosaccha into the filtrate side sharply increases. On the other In cases where the
purification wesntanfiedcelitiasing (@h ayénerselasmesis-inegmbranestendencyofdosing the.
monosaccharides was constantly almost zero even when the monosaccharid.e concentration in the
concertrate difdfcrebiseehuthiare ewaeieiovel of 66 amenration-in hibitingabobstdnées; a nanofiltration
membrane stgowed a better perfou lance th%n a reverse 5 osmosis membrane. Thus, it was

discovered thAt ThE 0L SY G SELRRK ARG ARt e fiYats i galt hesddiressed while removing
large amounts.qf fermentationnhibiling SubsSIances ITying Quithe purification process using a

C
amo el %t %%5 the L
nanofiltration membrane, with which larger amounts of fer entatlon-ln%bltmg substances can he

removed comparedutd,airgverse OMOgis IMemhtaneate aGaneentrtinnalwhichlass 100f sugars into
the filtrate is large, followed by further continuing the purification process using a reverse o0smosis

membrane, wiighishisws kissmewhaissaialide efficismeytofremoved ghfermentativinsinhibiting
substapces than a nanofiltration membrane but can concentrate monosaccharides without loss.

Therefore, in"CAYES WHEIEREH SHbRT PR he bR Sh B3P & RRHISE GERIGIRSR IS mbrane are combined

to 5obtain a %H(H{SQQUQ&E'@%ULQ;L he present invention, the.combination is not restricted, but it is
preferred to filtrate the aqu}eo’ué srl}égﬁggﬁﬂt%oﬁ%%fﬁ%gaean%ﬁécl gfge‘rilap ‘{?lsr%tlfh%oﬁlé §5"Ranofiltration
membrane, follewedrsfutherfilieripa.ihe obiawad filtais throvah a JeNerse,asmesis; sembrane.

01001
| Further, the agueous sugar solution obtained by the neutralization may be mixed with
the solid contents, followed by addition of an enzyme thereto, to carryout hydrolysis.
20 10064]

The agueous sugar solution obtained in the Step (1) can be obtained by
centrifugation or membrane separation to remove the solid contents, as mentioned
aboye. 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 cellulose. - Further, the particle sizes of the fine



20Examples of the material of the nanofiltration membrane which may be used in the present invention
include m.acromolecular materials such as cellulose acetate polymers, polyamides, polyesters,
polyimides and vinyl polymers. The membrane is ngt restricted to a membrane constituted by only one
of the materials, and may be a membrane comprisina plural membrane materials. In terms of the
structure of the 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 fronpahecdenserayrstosietd therthsideoéthelvhémiraneor38&:themtherside of the
membrane, or a composite membrane, which has a very thin functional layer formed by another
material on tHERISHSPRYRH PR Bsyititie B embcEraniplasrieie B6msssite membrane
which may b%ol.ﬁgld include the com osite membrane %s,gribed in JP 62-201606 A, which has a

: £ Ci CromolieCular. & x%son S¢ Ptame e aoueoue sucar solution intlude
nanofilter composed 50f a polyamide fanctional [ayer on a support membrane comprising polysulfone

as a membragne; materatQl B LlacchMMONL s8I £RMRAsIe Mempbrane having a functional layer
composed of a polyamide is preferred since it has a high pressure resistance, high permeability and
10hightsolutessemavatqperfarimanteg whichymake theermembras@ i ghly potaniatafret maintenance of
durability against operation pressure, high permeability and high blocking performance, a membrane
having a struttifelin which a polyamide is used as a functional layer, which layer is retained by a
support comprising aporous rpgmbrane and a non-wo ﬁn fabric, i§ su;']table. Further, as a polyamide

5semipermeable membfgﬁg,oa Cor égé?ggssoerrﬁfabtgiﬁ%%a & Hembiane” eﬁ\ﬁ%t%lﬁ auét ort, a

functional layey, of & crossdinked-nelamide ahiained-by. Ralveandensation reaction between a

polyfunctional amine and a polyfunctional acid halide is suitable. [0102] In the nanofiltration membrane

having a funcijenaldayercemptised of a:20 potyamide-preferedxamplesof theheadoxylic acid
component of the monomers constituting the polyamide include aromatic carboxylic acids such as
trimesié acid UePROphehbrivotelbiicarbosspieracite fietige atidplagrormiitichacid, isophthalic acid.

terephthalic acid, naphthalene dicarboxylic acid, diphenylcarboxylic acid and pyridinecarboxylic acid.
i view of ot 13 T SGFRHE SBIVGAE HASIe DSmIRBan{AA S KAEF amc 8B thale acid, and
mixtures thergpf.arg i@‘&@a’?f@é%@&n&@%%]ti%%ﬁ&'%%ﬂ%ﬁ&#%@s‘%%&g?f‘g}’ lamings.baying ar,

ylene his dianiline,

aromatic ring, such as m-phenytenediamine, benzidmemet

4,40-diaminojliphenyigtharcianisicin o3& aminebipheny eideli-ation membrane
3.3',4,40-tetraarninobiphenylether, 3,3'- dioxybenzidine. 1,8-naphthalenediamine.
m(p)-monomathiiphiraiérediammeb38t Bdnomethyiaininodyvd'sdidrfimopiphdaytether,
4,N,Nt-(4-aminobenzoy])-p(m)- phenylenediamine-2,2'-bi:§4-aminc_)phenylbenzoirnidazole), 2,2'-his(4-
aminopheny BéHZEEXEY 6IBFENHS IS (4-ARARE R EH SR GHRABRY darid s¥edRary diamines such

as piperazing; piRgridineandapivRives eraehamend hese. anangliiation memrane having a

. I S
functional layer composed of a cross- 1 Olinked poiyamide comprising piperazine or piperidine as

monomers istprefrealaly usedisingerifuhas heatiasistanes angchemisalfesistianss i-addition to the
pressure resistance and the durability. The polyamide more preferably contains as a major component

the cross-linkédpiperarinengolyarnideton crossulirkedqpipesidifie p dliimtide andfurthier contains a
constituting component represented by the
of the filtering operation is riot limited thereto. The filtration operation may also be
20 a multistep filtration wherein & 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 mucrofiltration membrane used in the present invention is a membrane

having an average pore size of 0.07 wm to 5 mum, which is calied microfiltration, MF

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



15Chemical Formula 1, still more preferably contains a cross-linked piperazine polyamicle as a major
component and further contains a constituting component represented by the Chemical Formula I.
Further, preferably, in the Chemical Formula 1, n=3. Examples of the nanofiltration membrane having
a functional layer composed of a polyamide contaﬁ'ff"lng a cross-linked piperazine polyamide as a major
component and further containing a constituting component represented by the Chemical Formula 1
include the one described in JP 62-201606 A, and particular examples thereof include CITC60
manufacturedoyyriTORAY iNDUSTRIESd N @ lwich is:iz oross:-finkedipiperaginetdolyamide
nanofiltration membrane having a functional layer composed of a polyamide containing a cross-linked
piperazine 2 BRUI)aRaEae dSRlis corpbmanoakd fﬁ?ﬂ%éfﬂé‘érﬁjﬁaﬁm&@f%ﬁ%@ﬁbtirféf-‘é@mponent
represented l? 151?)6(:,‘1&:1%1%Wja(\;[lalclnn!i(]'()}r.rlrllﬂhjall%nl, ,}Qer&iensma [0104 al?'? A nanofilgation mfngbrane is
generally used as a sp‘lrall-woun membrane moddle: and the nanof FHOP HERBrang used in the
present invenfignis:alsopraferaklvused asia spiralaveund membrane mogule; Pagicular preferred
examples of the nanofiltration membrane module include GEsepa, which is a 5cellulose acetate
nanotilfrationvaemtziimtimanitactarecipp G OSNORITS;: MiFRYansk ME'99HE, whicheare nanofiltration
membranes having a functional layer composed of a polyarnide, manufactured by Alfa-Laval, NE-45,
NE-90, NE-Z%}‘%%Qﬁ]@éﬁﬁf%me,%%ich‘*ér@ﬁéﬁ@ﬂﬁrﬁ%ﬁuﬁérﬁﬁﬂé@@ﬁ@m@m thactional layer

composed of a ¢ross-linked piperazine polyamide, manufactured hy Filmtec Corporation: and SU- 1
0210, SU-ZZB?(g %6}‘ iaeﬁfygk ‘gf\gféi ! ‘%er#%ygat% ﬁ%ﬁ%ﬁﬁr%ﬁ'% 10 F%éaﬁ%ﬂ‘ﬁf&tgﬁanufactured by
TORAY INDUSTRIER NG heving LTC 0 maaufastired by-He same.manufagturer, which has a

functional layer composed of a polyamide containing a cross-linked piperazine polyamide as a major
component andifirthebokiaining aadrsitting compasent rpiesenigd bydhe Ghgroical Formula 1.
The nal-lot-titration membrane module is more preferably NF99 or NE99HF, which are nancatration
membfanes Wavibgy ddationat taecEdmposed dEarehmmitenan Gfacturéd bylAlfa-Laval: NE-45,
NE-90, NE-2§9 WOO yvhich are nanofiltration membranes having a functional layer composed of
a cross-linke Hi%‘r@ Zi %’&6@5&%‘&“Fﬁ%ﬁﬁ%@&%@@ﬁﬁ]@&%&%‘f%(%‘,“BF“C@LNQI%%SU-220, 2

0SU-600 or S04 0. WHED ale ANl o MEImiianG madhlas MATMRCIuiRd by, FORAY

INDUSTRIES, INC., having UTC60 manufactured by the same m n'u}!acturer, w %5 a functional

layer composed. pfia:pelyamide costaining & clessdinkad PiReazine-AGh/amige,asa major component
and further containing a constituting component represented by the Chemical Formula I. The

nanofiltrationi2&merntsisntadoutecis wtiltaperé preferaliiyS«2 50y 81dr2861:818r600 or SU-610, which
are nanofiltration membrane modules manufactured by TORAY INDUSTRIES, INC., having UTC60
manufacture 9?ii1e same manufacturer, which 41 has a functional layer composed of a polyamide

containing a cross-lﬁ;ﬁgeig_a%pﬁ[%%iﬂ% Eﬁ%@gfgjﬁ%&%%ﬁ%i%gopﬁgnint 1le furtrber containing a

constituting component represente emical Formula 1. he filtration through a

nanotiltrationmesibrane i the:SteR () MY B cAried oW HNIRIAressurer alad;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 memixsien pemestiond ate mayid berease;dvhile i thases avhepéethediltsation pressure is
more than 8 MPa, the membrane may be damaged. In cases where the filtration Ogressure is within

the range of B HECPMBUC theFHalhBrhes seHnestich iR wigh Pedy tiioate Rl Solution can be
e layeic olene 10 S megia e TS Al vnch s mor
polymethyl methacrylate, polyvinylidene fluoride and polytetrafluoroethylene;
metals such as stainless steel; and inorganic materials such as ceramics. The
material of the microfiltration membrane or ultrafiltration membrane may be
appropriately selected based on the properties of the hydrolysate and/or the running
25 cost, and the material is preferably an organic material, more preferably chlorinated

polyethylene, polypropylene, polyvinylidene fluoride, polysulfone or polyether

sulfone,



In terms of the material of the reverse osmosis membrane used in 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 ¢ellulose acetate reverse osmosis membrane) and a
composite membrane having a functional layer con'?posed of a polyamide (hereinafter also referred to
as a 20polyamide reverse osmosis membrane). Here, examples of the cellulose acetate polymer
include polymers prepared with organic acid esters of cellulose such as cellulose acetate, cellulose
thacetate, cellile8é triacetate, cellulose propionate and cellulose butyrate, which may be used solely,
as a mixture, or as a mixed ester. Examples of the polyamide include linear polymers and cross-linked
polymers 2 5constitits8 Gy BipHatiEaid/pr s e tialnine ﬁ%?ﬁ@ﬁ@éﬁ’sﬂmﬁm (Particular examples of
the reverse osmosis.membrane used.in the present 42 invention inclu ly-amide reverse osmosis
membrane modu é‘gj tanﬁﬂlfgctﬁ?é‘lgt rﬁf} L?%%)Rp 1@@%&@%‘“&?,@%‘8 %Els%%%%l%ﬁ%g@ssure type
modules SULsG30.aRck L2 AQuW-Rressne tipe.magies Si-£10. SWUr {20 e-f20F, SU-710E,
SU720L, SU-720LF. SU-720R, SU-710P and SU-72 OP, as well as high-pressure type 5modules
SU-816, SU-820::8\:8201 and StkE80BAlcotatning 4T CGBA dsitechravsrse @smosis membrane:
cellulose acetate reverse osmosis membranes manufactured by the same manufacturer SC-L1 00R,
SC-11200R, S€leribn vselt 20815 82r00¢ STLOH00 sOB100, BE-B32elr Sezshoe ard SC-8200;

NTR_?SQHR’E!\IT%Z)ﬁl-IeF“II}I 1R-é05g}/c,{%810;D, E520-D, E?ZO-U, ES15-D, ES15-li and LF10-D
10manufacturst By Rt DENKS CHt-poratioH: EOoBpT REGe 8RB MHtFE E4040C-30D

manufactured i AlfarAaL-L SRR MAnURRUIE by AEBYEANAQA0.TINARARMD, XLE-4040,
LP-4040, LE-4040, 5W30-4040 and SW3OHRLE4040 manufactured by FilmTec Corporation; TFC-HR

and TFC-ULRamaatfackute thbykQtittaand ACMels AEM-2andAGM-Awanufactured by TRISEP.
15[0108] In the present invention, a reverse osmosis membrane having a polyamide material is
prefefably usBE Thd sthesansen wiveh irsliulose eetdtevinembranedsusedifordong time,

enzymes used.in the previous step, especial part of the cellulase component, may permeate into
the membrang" %%&%ﬁﬁ&@ééﬂﬁl%‘é %%@% e‘?ﬁﬁi}aﬁéerﬁﬁt’é??g‘lfTb%ﬁQ?ydzOIE%éﬁﬁ?I § of the form of
the membrangyhigh.may. be lisedras appropriate,inciude.the flat membrane, spiral-wound membrane
and hollow fiber rhem’brane. [0110] 25The filtration %’rgug#@é%E%%?g%}%g?ggs?fsn'ﬂembrane in the Step

(2) may be casdedeutaades pressure fand die:filtradion pressitads pieisrablyivdthingthe range of 0.1
to 8 MPa. In cases where the filtration pressure is less than 0.1 MPa, the !=k3 membrane permeation
rate may decrezses Whiteciry cades Whereities filidtdrsipresbar@ds Mbrdthan@MPdidhe membrane
may be damaged. In cases where the filtration pressure is within the range of 0.5 to 7 MPa, the

membrane pEHRERGEHhHURTE RighPestitthe I LoftidreERH BB RIEisnty #ided to permeate
and the possigiiy of Sdamaging 106 MeIRaAR s SMAl-WhISD iRIgeRIelefiedTlig fange is
especially preferably 1 to é %a. E ©
is preferably preliminarily processed by being allowed to pass through a
microfiltration membrane, to remove fine particles.
[0069]
20 Examples of the step of processing with a microfiltration membrane and/or
ulfrafiltration membrane after the Step (1) include the procedure ¢ a method wherein
the liquid is filtered through a microfiltration membrane; the procedure B: a method
wherein the liquid is centrifuged and then filtered through & microfiltration
membrane: the procedure y: a method wherein the liquid is centrifuged and then
25 filtered through a microfiltration membrane, followed by being filtered through an

ultrafiltration membrane; the procedure 8: solid-liquid separation is carried out using

a filier press, and the filtrate is then filtered through an ultrafiltration membrane; and



[0111] In the Step (2), the fermentation-inhibiting substances are removed from the aqueous sugar
solution by being allowed to permeate through the nanofiltration 10membrane and/or reverse osmosis
membrane. Among the fermentation-inhibiting substances. HMF, furfural, acetic acid, formic acid,
levulinic acid, vanillin, acetovanillin and syringic aci 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 15membrane. The sugars contain
monosaccharibesrsushias:ghotidséaticsxylaatassmardcompane ats) angralsa.eentain sugar
components which have not been completely decomposed into monosaccharicies during the
hydrolysis proB&setilirsiep i hsncarasiisadehansd d niu aidusavchiiddsa[o 1h1tR])e20in the Step (2),
when compar(:éJj V}I.Igl Ehe aqgueoys‘ysugar solution before being passed through the nanofiltration
membrane ari oarlrer\a/e“r)?emombaé}% membrane, the purified sugar liquid obtained from the feed side of
the nanofiltratigmymembrane and/or reverse osmosis membrane has reduced. contents of especially
fermentation- inhibiting substances relative to their initial contents. The sugar components 25contained
in the purified sugartliquichare-gugarsiesived fram the.cellulese: sentaininghipmass, and, essentially,
these are not largely different from the sugar components obtained by the hydrolysis in the Step (1).
That is, the 4kAdrbsacePrAtes woraned imitiePurifisd sogardiguidatthevprastat invention
comprise glucose and/or xylose as a major compgnent(s). The ratio between glucose and xylose

varies dependifg o The SisH SRy BT SRSiPEHE SEp e oatacis e re b dm the present
invention. Th%ilfﬁﬂﬁt?ﬁ?cﬁ?n\{\gﬁ%&ﬁ@.esg z%?%%%éﬁac %CKQ“F%H%% 78 igelit\(eg%lég] ik icellulose, xylose is the

major monosaccharide component, while in cases where hernicellulose’is decomposed and only the
cellulose comppRestisibensepawpiad anghydrapsed:ausose is the.Ralgtpenesageharide
component. Further, in cases where the decomposition of hemicellulose, the decomposition of
celluldse andsthel’separtiorrsrdinopossiiédiontiglucosiandpopabectrgosontainedasidOthe major
monosaccharide components. [0113] The purified sugar liquid obtained in the Step (2) may once be
concentrated USRE S EdAEhtratica den a8 B tisla psrtsrsor et nsrifled Sagrligoid may be further
filtered throu%i%;%pofilt&adg ergg}e&%ane and/%r reverse osmosjs membrane to.increase the

concentration. In V|ev&\3/rso reducing eneﬁalgl%?the é%%cséonﬁia fglrﬁ?l%ﬁeagﬁéjﬁtgf ﬂﬁ?i’ﬁ’gr M&%asing the

concentratiorulyfiltering e Rutifissisugan diouid dvarobamanafitiatianmembyane and/or reverse

osmosis membrane is preferably employed. The membrane used in this concentration step is a
membrane filtedthatremovesionisiantlons- matectlar(Meightrnealeeulesusiagrapressure difference
larger 20than the osmotic pressure of the liquid to be treated as the driving force, and examples
theredPwhicH Ba1458 HEGHHERIBE BRHOIBLESHERBNEAR SheRolid tatainade efceluise acetate and
membranes %rlogl%ced‘by ;i)olcé/S on ﬁnsirﬁa%i}ol%ﬂénetional ai%i&e compound and a polyfunctional acid

. Surtace t1 2 short ame. ¥ Jo )
halide to provw]e a separation functiona ayeFma&élg?Sg Bb "de on a microporous support

25membranegghyprder 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 treatmerit, carsalderbehpraterablyos solid contents such as undecomposed

cellulose are large and the total amount of the liquid cannot be filiered with only a
20 microfiltration membrane because of large decrease in the flux with time.,
centrifugation is preliminarily carried out and the microfiltration membrane
treatment 1s then carried out by the procedure §, thereby allowing removal of
undecomposed cellulose and inorganic compenents such as silica having particle
diameters of not less than several ten nanometers attached to the biomass. In the
25 procedure B, also in cases where the amounts of the solid components and the gel
componenis are small, components having relatively large masses can be

preliminarily removed by the centrifugation, so that maintenance of the



45 employed, which low-fouling reverse osmosis membrane is prepared by covering the surface of a
separation functional layer made of a polyamide with an aqueous solution of a compound having at
least one reactive group reactive with an acid halide group, thereby allowing acid halide groups
remaining on the stuface of the separation functional 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
nanofiltrationmemiitenmandiobreverske asmesiameantbrankeusidtinitheliBiep (2) maybe more
preferably used. 10[0114] Particular examples of the nanofiltration membrane or reverse osmosis
membrane u$&€ét-for the concentration are the same as the particular examples of the nanofiltration
membrane org'{ss/?{se osmosis membrane described above. [0115] The water discharged as the
filtrate in the P (2) may be reused in a step of producing a sugar such as hydrolysis or sugar
purification, or in a latefistep,of producing 3 shemisatpradudt suchas.firmentation, or Lhemical
product purification. Further, the filtrate may be filtered through a nanofiltration membrane and/or
reverse osmosish membsdneonceagaiadeaforetiee seusecHvarsspietarablye the plnis 20adjusted to 1 to
5 and the liquid is purified using a nanofiltration membrane and/or reverse osmosis membrane,
followed by filtestivly giemeree theotighs i taroflitragenthre rbrandantor releesevbisihosis membrane

and carrying out the reuse. Still more preferably, the pH.is adjusted to, 1 to 5 and the liquid is purified
through a naﬁéﬁﬂ?ﬁﬁﬁ@?ﬂ%‘(ﬁ A %ﬁé}%@?@}ég%rb Y%f%#?@?ﬁﬁ?&ﬁ@’, followed by increasing the pH

agan, selectiygligmaving espesialy-oloIg Acly usne.2 nANAllEalon mepbane andior reverse

osmosis membrane, and carrying out the reuse. 6 4 The method for producing a chemical

product usingyyalsodsiementationfeedsiackda pyrifiestsugacliguidapisined Mythe method for
producing a sugar liquid of the present invention will now be described. [011-71 By using a purified
sugarliguid obaipeddyriies présentigesrtiomabal feemehtdibmaaddstbokya chemical product can be
produced. The %rified sugar liquid obtained in the present invention contains, as major components,

glucose and/BPRGRSEN KR P SHOM S A TG dratialvar MRS oTaRi SRS cultured cells, On
the other hang), the. gontents, ‘i’gtfe‘?-rl@e?nnf%%it@higﬂ]q SuBRianees sueh as 10furan ¢
ymati A s’a%f I}org,?h iffe

organic acids and aromatic compounds are vefy . Théte e purifi sugaral'runid can be
effectively usaghas-adeimentation fasdstesk, Gspecialluasa sarbemsace 4958,  Examples of
the microorganisms or cultured cells used in the method of the present invention, for producing a
chemical prodectiseludédyidasts Buchcasibakersppeastsiwhiskratercomironbycusetin the fermentation
industry; bacteria such as E. coli and coryneform bacteria; filamentous fungi; actinomycetes; animal

cells; and insBT eI FHE R CRBBRFAFTSMEISh SR desaneafsmr ey 58 PREYEREIATES from a natural
environment, or may.be those whos erties were partially modifi tion or gene

5 REOR partially ed by, 29muita
. . haYll}.(l LAMCIerS of several e 121.1101’33 ters.. m af enetrate Iﬂ the mstde oi.the . .
recombination. In particular, since a sugar liqui erived from a cellulose-containing biomass contains

pentoses SUCR aspsyiRSHdPiEERArIaRisMs, whose melabalic pathnas farprrtoses were enhanced
may be preferably used. [0119] As the medium used in the method of the present invention for
producing a .ehigrmichipiodact, cadiquid mediafzcontaining) imadditiontadhe purified sugar liquid,
nitrogen sources, inorganic salts, and, as required, organic micron.utrients such as amino acids and
vitamins is préferaERURE othew e BlSgaPHg T BrtBrane.  Therefore, by additionalty

20 carrying out the treatment with an ultrafiltration membrane, membrane fouling in the

fléret\n compounds,

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 ulirafiliration membrane,
and the enzyme blocked by the ultrafiltration membrane can be reused by being

25 returned to the hydrolysis step in the Step (1), which is advantageous.
[0G73]

Further, in cases where the procedure 8, wherein usage of a filter press,



47 present invention contains as carbon sources monosaccharides which can be used by
microorganisms, such as glucose and xylose, but, in some cases, sugars such as glucose, sucrose,
fructose, galactose and lactose; saccharified starch liquids containing these sugars; sweet potato
molasses; sugar beet molasses; high test 5 molas%%s; organic acids such as acetic acid; alcohols
such as ethanol; glycerin; and the like may be further added as carbon sources, to use the purified
sugar liquid as a fermentation feedstock. Examples of the nitrogen sources used include ammonia
gas, aqueousamiania Brmmoritgh-saits, cved fandpirnacid Saltsandothel-arganic nitrogen sources
used supplementarily such as oilcakes, soybean-hydrolyzed liquids, 10casein digests, other amino
acids, vitamir8BerinsteRys g gl yeldbesioribureeirastid tasid expeaetenpeptidesesuch as
peptones, an%@ce%% p%Ytqronus {ermgn tion micr _or%n_nisms and hydroléséates thereof. Examples of the
inorganic salts WHISH A8 AFH& AL ApERESAATETHARBE BHBSREAE et BakE #H48nesium salts
calcium salts pjran, salis.ARdNANgANES], Salis. 4. al9120] In cases where the microorganism used in
the present invention requires particular nutrients for its growth, the nutrients may be added as
preparations @cAatural products containing these. An anti-forming agent may also be added as
required. 20[01211 Culturing of the microorganism is usually carried out at a pH within the range of
4 to 8, at a temperalli¥éxuitkirtahes rabje GF 20:5:40ChTheupH of thetioultara mediumidszadjusted in
advance with an inprganic.qr qQrganic acid, alkaline substance, urea, calcium carbonate, ammonia gas
or the like to 1%?8@&%?&?%%&%%}{%%%%%@?%fﬁﬂ%?,fﬁ%lﬁ}éﬂﬁcﬁ”ﬁ FOIR THERY rheta Hie feed rate of
oxygen needs,in, e RerPARst. Amaladcan s emploved nwhich. the, Qr/gen concentration is

maintained at not less than 21% by adding oxygeén into the air; the culturing is cé}a‘l‘ﬂr;'ried out under

pressure; thestidngd aie isieraaseditheiventilaion valume is incieasedordhe like. [0122]  Asthe
method for producing a chemical product using, as a fermentation feedstock, a purified sugar liquid
obtairéd by thigiethodiaf thecpiesentibidntioriigh-pladucingdl sugardiguidpa ferthehtation culture
method known to those in the art may be employed, but, in view of productivity, the continuous culture

method disclGEEH RS WoHSHEPBFHED ReepteraraBrranplRrdercplipg ratioracenemileal product

produced by the method e piesent iavention for producing a chemical product is not restrited as
long asitis a substan’ce’ pro ucé)d in the cultare medium y {he‘%éverarlﬁkro&lag ism or cells.

Particular exannples effe:chemical predust Rredused Jndhe RiesentinyeAtioRncde alcohoals,

organic acids, amino acids and nucleic acids, which are substances mass-produced in the
15fernientationdmdastrycExamiplés: the sdbstaneésicialudly alcohel§isuchrasethanel id ,3-propanediol,
1,4-propanediol and glycerol; organic acids such as acetic acid, lactic acid, pyruvic acid, succinic acid,
maliclé“tid, itdeEhic acid and citric acid; nucleic acids such as nucleosides including inosine and
guanosine, aew): | cleotides including inosinic acid and guanylic acid; and diamine compounds such as
20cadaverine. Further, the present invention may also be applied to production of substances such as

enzymes, antibiotics and:Eg oA BFRIEINS producing the sugar tiquid of the present
nvention, which is a step of allowing an agueous sugar solution to pass through a
nanofiltration membrane and/or 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
phenemenon wherein the amount of production, the amount of aceumulation 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 cellulpse~containing

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



EXAMPLES [0124] The method of the present invention for producing a sugar liquid will now
be 25described in more detail by way of Examples. However, the present invention is not restricted to
these Examples. [0125] 49 (Reference Example 1) Method for Analyzing Monosacchande
Concentration The concentrations of monosactharides contained in the obtained aqueous sugar
solution were quantified under the HPLC conditions described below, based on comparison with
standard samples. Column: Luna NI-I2 (manufactured by Phenomenex; Inc.) Mobile phase: ultrapure
wateracetonitrilez25 7 betf overte @édn inmos) Rieaction ssiition: faoneBétedtiedstmethod: RI
(differential refractiveindex) Temperature: 30C 10[0126] (Reference Example 2) Method for
Analyzing CohReRtAlbNS B FETRereEonIRBIoRE SobstreEd in theprarrpHsantion
feimentation-inhibi%f%%%t%g§£g "}%%E&Mk furfural). and p eB&I- ased %rmg&gation-i}réhibiting

n
S1CE | & ITICTOOTE, S IS iR Varic e o1 f . .
substances (vanl?lln, acetoyan‘ﬁln, syringic acid, {evdiinic acid and 4- ffroxyﬁé]nzmc acid) contained

in the sugar ligyid ware %ﬂt@%mﬂ%&ﬂ%%@&%@ﬂ@%%%@P&gxﬁﬁ'ﬁ% haggd,pn comparison
| S

with standard samples. Column: Synergi roRP 4.6 nuns250 mm (manufactured by Phenornenex;
Inc.) 20Mobilé:phesenacétonitiile: (h8eHAROAi (lidvtirate|<b. Oards/deire ) dDetection spethad: UV (283
run) Temperature: 40C [0127] Organic acid-based fermentation-inhibiting substances (acetic acid,
formic acid) COritEREEN v RSy HFoia Weferg A ticte tHerriseuaPr Gleerbiions described below,

based on comparison with standard samples. Column: Shim-Pack SPR-H and Shim-Pack SCRIO1H
(manufactu e 1819001 CANISI.
{60771
Any of the aqueous sugar solutions obtained by the procedures for hydrolysis
10 of the cellulose-containing biomass contains fermentation--inhibiting substances
although the amouats or the components thereof vary depending on the procedure or
the type of the cellulose-containing biomass as a raw material.  Such fermentation-
inhibiting substances can be removed by subjecting the agueous 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
inhibitory actions as mentioned above during the step of fermentation using a sugar
irquid 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 pheneclic compounds.
[0078)
Examples of the organic acids include acetic acid, formic acid and levualinic
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.

10079]

Particular examples of the phenolic compounds include vanillin, acetovanillin,



50 Shirnadzu Corporation) in series Mobile phase: 5 mM p-toluenesulfon c acid (flow rate, 0.8
mL/min.) Reaction solution: 5 mM p-toluenesulfonic acid, 20 miVI Big-Iris. 0.1 mM EDTA-2Na (flow
rate, 0.8 mL/rnin ) Detection method: electric conductivity Temperature: 45C [0128] (Reference
Example 3) Step of Hydrolysis of CeIIquse-contair%fﬁg Biomass by Dilute Sulfuric Acid/Enzyme
Treatment 10In 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 sulfuricvacittiandidreenzymeid, geleried, (0129)Ad de ol ddg<bontaifing biamalss, rice straw
was used. The cellulose- 1 5containing biomass was soaked in 1% aqueous sulfuric acid solution, and
subjected to HESPABICHSING B sufselageamasUiaored By Ritfo ket thenzpia 3cid-150C for 30
minutes. After taﬁjﬁegtmenl, Solf'd-”}lllid SFIBa_ratiton was carried out to separate sulfuric acid-treated
que Lo (RETSTHARET refEi8E o as Gilute-sulfuric-acid

a X3 - INEtNoX Yl
cellulose fron the agueous'su Uric-acid o

treatment |iqgg;ﬁp%gggp@@&g%dzgyﬁ%w%g gﬁ%%}g&q@g&gjlulose was mixed with the

dilute-sulfuric-acid treatment liquid with stirring such that the concentration of the solid contents is 10%
by weight, anfhtiié]pH was adjusted to about 5 with sodium hydroxide. To this mixture, Thichoderma
cellulase (Sigma Aldrich Japan) and Novozyme 188 (Aspergillus 17 gerderived P-alucosidase
preparation, Sigma Aféifieh Taprar) Were addss: dsicdigasesi2snhovted resuitifie mixtade was mixed

s to allow hydrolysis reaction to p ocee%. Thereatfter, centrifugation (3000 G)
~ Hages i

by stirring at 50C for ay SIS | _
was carried out 10 s?%’g%PaFefr%n&?b‘%}é% P pOBBE EEILTSS GRS B OB diHqueous sugar

51 solution. Thefuraidiy:af the agusaus,sugar selition was, 709 NIkl The campositions of the

fermentation-inhibiting substances and the monosaccharides contained in"the agueous sugar solution
were as shovlxitFrbles:He aategi10130L & hahle-1hT abig:h Quantification ot Larmantation-inhibiting
Substances
i0 urea/melamine copolymers. Examples of fermentation-inhibiting substances
derived from such adhesives include acetic acid, formic acid and formaldehyde.
[0081]

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

fod
(@3]

solution actually containg a plurality of the substances. These fermentation-
inhibiting substances can be detected and quantified by a common analytical method
such as thin laver 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 mainty used to block fine particles, molecules, 1ons and salts in

water,

]
{r

[0083]

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



Dilute-sulfuric-acid treatment liquid Aqueous sugar solution Formic acid 01 g/L 0.1 g/ (Acetic acid 2.0
g/L 2.4 g/L HMI? 100 mg/L 125 mg/L 1 Furfural 560 mg/L 875 mg/L. Vanillin 60 mg/L 90 mg/L
Acetovanillin 120 mg/L 146 mg/L Syringic acid 1 1QImg/L 15 mg/L

I

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 mainty used for removal of ionic components, such as seawater

5 desalination and production of ultrapure water
[0084]

The term “filtered through a nancfiltration 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 liguid céntaining
dissolved sugars, especially dissolved monosaccharides such as giucose and xylose,
in the feed side, while allowing fermentation-inhibiting substances 1o 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 (%) of a subject compound (& 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 [C086]

Permeation rate (%) = (concentration of subject compound n permeate
side/concentration of subject compound in non-permeated liquidyx190 ... (Equation
1y
[0087]

R
&3

The method for measuring the concentration of the subject compound in
Equation 1 is not restricted ag long as the concentration can be measured with high

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



Levu' inic acid 9 ing/L ' 10 ma/L [0131] [Table 2] Table 2 Quantification of onosaccharides
Dilute-sulfuric-1 acid treatment liquid Aqueous sugar solution Glucose 3 g/L 15 g/L 25 u/L - 12 g/L
Xvlose Arabi.nose 0.8 g/L 0.9 g/L 1 g/L 1 gIL Ivlanno se

34

performance liguid chromatography and gas chromatography. In cases where the
subject compound is a monasaccharide, its permeation rate through the nanofiltration
membrane and/or reverse osmosis membrane used in the present invention is
preferably low, while in cases where the subject compound is a fermentation-
5 inhibiting substance, its permeation rate is preferably high.
{0088]
In terms of the permeation performance of the nanofiltration membrane, a

nanofiltration membrane in which the permeation flow rate of sodium chloride (500
mg/L.) per unit membrane area (m°/m*/day) at a filtration pressure of 0.3 MPza is 0.5

10 to 0.8 s preferably used,  The permeation. tlow rate per unit membrane area
(membrane permeation flux or flux) can be calculated according to Equation 2, by
measuring the amount of the liguid permeated, collection time of the permeated

liguid, and the membrane area.

(00891

Fard
4]

Membrané permeation flux (m*/m*day) = amount of liquid
permeated/membrane area/liquid collection time ... (Equation 2)

[0090]

The pH of the aqueous sugar solution to be applied to the nanofittration
membrane and/or reverse 0smosis membrane is not restricted, and preferably [ to 3.
20 In cases where the pH is less than 1, the membrane is degraded when it is used for
long time, ieading to drastic decrease in membrane performances such as the flux
and the permeation rate, while in cases where the pH is more than 5, the removal
rates of organic acids such as acetic acid, formic acid and Jevulinic acid may

drastically decrease.  Since the membrane surface(s) of the nanofiltration membrane

S
&3]

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



10[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 hydrglysis of a cellulose-containing biomass 52 using
hydrothermal treatment and an enzyme is describ&d. (0133J 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 wabigarvien ozeatdipressink efilQ MB& Aftes dheddedtnento sdlifiqendyseparation was
carried out by centrifugation (3000 0) to separate the processed biomass component from the solution
component (%@Mﬁ&-&é@%@ﬁ@%@ﬁ&ﬁ%@p R ABENGLIBGY THEEH &F tHEHydrothermally

10treated liquid was 4.0, and the turbidity of the hydrathemially treated liquid wa 800 NTU. [0134]
Thorattor MR SN ST or O e e BB At R S S 110 water was

omass C

added to the compapent sieh hatihe coneaitation ke solid.LAMENIS J5le%.byweight in terms

of the absolute dry processed biomass, followed by further adding, as celluloses, Trichodennu
cellulase (SigmadAldricidapan} ardANihazyraL88n(AsHergifusnigenidesyed pgiusasidase
preparation, Sigma Aldrich Japan) thereto and mixing the resulting mixture by stirring at 50C for 3 days
to allow hydrédysistieldttmonahdrsaftess aefififelg Ao 430006 F wasidhi i tho Oatt tbaeparate/remove
undecomposed cellulose an 1;Ijgnin, to Qbtain an %q‘étjeous sugar solution. Theg1 _of the aqueous

sugar solutioAWHEE SYEHP SR IBTI SFe SGUESH S S8 iR L6606 R “The
compositions,pf B%}{@Apggagtg%qﬂgmgmg@ 1§HQ§}%PQ%§—I%W the rnonosaccharides contained in the
DE G i 4 )

hydrothermally treated liquid and the aqueous sugar solution were as shown in Tables 3 and 4.
25[0135] [TalpheB]) Table 3 Quantification of fern en or inhibiting substances 53

10 Further, especially in the case of a reverse osmosis membrane, the pH of the
agueous sugar solution is preferably adjusted to 1 to 3. Simitlarly to a nanofiliration
membrane, in cases where the pH is 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, in cases

T 15 where the pH is more than 3, the removal rates of organic acids may be insufficient.
This may be due to thé 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 erganic acid, is {oo 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 0smosis 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



HydrothennallyAqueous sugar treated liquid solution 1.1 g/L 0.1 u/L 2.2 g/t,0.5 g/L 139 mg/L10 nag/L
8 rag/L15 mg/L 50 mg/LF3 mu/L 2 mud,13 mg/L 1 mu/LI mg/L_  Formic acid

34

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 1o a reverse osmaosis membrane which is not a low-pressure/ultralow-

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

o

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 sodinm chloride {500 mg/L) per unit

membrane area (m’/m*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 aqueous sugar sclution
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
sedivm, which are monovalent tons, in view of membrane fouling, still more
preferably ammonia in view of the fact that inhibition during fermentation is less
likely to occur,

20 10094]

The stage at which the pH adjustment of the agueous 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 uitrafiltration 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



Acetic acid HMF Furfural Vanillin Acetoyanillin Syringic acid

[

206

[
Ut

a2
L

the ultrafiltration membrane freatment is preferably adjusted.
[0095]

The temperature of the agueous sugar solution to be subjected to the
treatment with a nancfiltration membrane and/or reverse osmosis membrane in the
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
osmosis membrane, the fermentation-inhibiting substance-removing capacity of the
reverse 0smosis 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 solufion of 4G°C or higher in cases where the filtration is carried out through a
nanefiitration 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 aqueous sugar solution is preferably set within  to 15°C. If
the temperature of the aqueous sugar solution is less than 1°C in cases where the
filtration is carried out through a nanofiliration 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
membrane occurs, substances having larger motecular 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,



[0136]

15

20

25

36

resulting in decrease in the loss of the sugar into the filtrate side.
[0098]

Since a nanofiltration membrane is generally classified as a membrane having
a larger pore size than a reverse osmosis membrane, in cases where a nanofiltration
membrane is used in the Step (2), fermentation-inhibifing substances permeate
through the membrane and the weights of the substances removed are larger
compared 16 those of a reverse osmosis membrane, but, on the other hand, it is
considered that the weights of monosaccharides, which are the products of interest,
lost into the permeate side are also large. In particular, in cases where the sugar
concentration is high, such a tendency appears strongly.  On the other hand, in cases
where a reverse osrnosis membrane is used in the Step (2), it is considered, because
of the small pore sizes, that the weights of inhibitory substances having large
molecular weights which can be removed are smaller compared to those in the case
of a nanofiltration membrane. Therefore, it is preferred to select an appropriate
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 types of the membrane
selected is not necessarily one, and plural types of membranes may be selected
among nanofiltration membranes and reverse osmosis membranes, to be used in
combination for the filtration.
(00991

It was discovered that, in cases where a purified sugar liguid is obtained using
a nanofiltration membrane, as the purification of ronosaccharides captured in the
concentrate side of the nanofiltration membrane proceeds and their concentrations
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



[Table 4] Table 4 Quantificationof Monosaccharides H.ydrothermally Aqueous sugar treated
liquid.solution 2 g/L50 u/L 15 g/L 8 g/L 0.5g/L1 g/L 0.5g/L10.5u/L  Glucose Xylose Arabinose
Mannose

37
a Teverse 0smosis 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 fermemtation-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 nanofiliration
membrane, with which larger amounts of fermentation-inhibiting substances can be
removed compared 10 a reverse osmosis membrane, to a concentration at which loss
10 of sugars into the filtrate is large, foliowed by further continuing the purification
process using a reverse osmosis membrane, which shows a somewhat smalier
efficiency of removal of fermentation-inhibiting substances than a nanofiltration
membrane but can concentrate monosaccharides without loss,  Therefore, in cases

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

[
(¥

obtain a purified sugar liquid in the present invention, the combination is not
resiricted, but it is preferred to filtrate the aqueous sugar solution obtained in the Step
{1} first through a nancfiltration 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, poiyamides, polyesters, polyimides and vinyl polymers. The membrane
1s not restricted 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

[N
(&3]

membrane, the membrane may be etther an asvmmetric membrane, which has a
dense Jayer 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



[0137] 5(Reference Example 51 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 hydraglysis of a cellulose-containingbiomass using 5.0 to
100% by weight of aqueous ammonia and an enzythe is described. As 10a 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 inL), and cooled with liquid nitrogen. Into
this reactor, ahemirisgasivas flewhranddhe samppivascompleidicisbakeddry ligisd ammonia. The
lid of the reactor was closed, and the reactor was left to stand at room temperature for 15 about 15
minutes. SubBEGTieRthIatE IERG PivaROPrecesksllinmh o matac] S0 RV RRSHIC Thereafter, the

reactor was remoyed from. the qil bath, and the. ammonia gas was leaked in a.fu 100d, followed by
mcuuming B TIGE or thETRoN 1O PAPAR ECRBLR DD e By G GRare
cellulose-contgining;hiomass. Hissadprasessed sallese-cantaining bigmass was,ixed with pure

water by stirring such that the concentration of the solid contents is 150/0 by weight, and the pH was
adjusted to abowkblvwithi uliuie @eitiayer this: mistisie mErchace tmameitlase (Sigma Aldrich Japan)
and Novozyme 188 (Aspergillus niger-derived 3-glucosidase preparation, Sigma Aldrich Japan) were
added as celltiBEFGRdRBEAesulting mixture was mixed by stirring at 50C for 3 days to allow
hydrolysis rez@ig&. Thereatfter, centrifugation (3000 (i) was carried out to separate/remove
undecompos lulose and lignin, to obtain an aqueous sugar solution. The turbidity of the aqueous

sugar solution was 600 Nil, the compesiiops.abihe Halermentatananhibiing substaiges and the
monosaccharides contained in the aguieous sugar solution were as shown in Tables 5 and 6. [0138]
[Table 5] TabiexbiRuantificptior-etifarnentationhinhibring.subsiances NEkeOkSsHTaF sRiution
10 high solute-removal ;_ﬁerfonnance, 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 polyamide is used

as a fumetional layer, which layer is retained by a support comprising a porous

membrane and a non-woven fabrie, is suitable.  Further, as a polyamide

o]
(9]

semipermeable membrane, a composite semipermeable membrane having, on z
support, a functional layer of 2 cross-linked polyamide obtained by polycondensation
reaction between a polyfunctional amine and a potyfunctional acid halide 1s suitable.
[0102]
In the nanofiltration membrane having a functicnal layer composed of a
20 polvamide, 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, diphenyicarboxvlic acid and
pyridinecarboxviic acid.  In view of solubility to film-forming sclvents, trimesic
25 acid, isophthalic acid and terephthalic acid, and mixtures thereof are more preferred.
[0103]

Preferred examples of the amine compenent of the monomers constituting the



Table 6 Quantification of monosaccharides Aqueous sugar solution Glucose50 07i Xylose 25 g/L
Arabinose2 g/L Marmosel g/L [0140] 55 (Example 1) Step of Filtering: Dilute Sulfuric
Acid/Enzyme-treated Aqueous Sugar Solution through Nanofiltration Membrane or Reverse Osmosis
Membrane A step of filtering the aqueous sugdPsqution obtained in Reference Example 3 through
a nanofiltration membrane (NE membrane) or reverse osmosis membrane 5(RO membrane) and
collecting a purified sugar liquid from the feed side, while removing fermentation-inhibiting substances
from the permepntasitie isldéseribeavhiiamayeafan hxamplendthreughsack W¥DE membrane having a
pore size of 0.05 urn, 20 L of the aqueous sugar solution obtained in. Reference Example 3 was

filtered, and tHefitratensaisprovdsseediintotngha sigrvfitratidmembmhbiiae wbipberseibsmosis
Omembrane module, Intg the raw liguid tank 1 of the membrane filtration apparatus shown in Fig. 1,20
L of the aque@ 3%@@%’ go%u%gﬁ%%lﬁagi#? iﬁy&g?ﬁp:le’ vaﬁagefé%@ﬁ*ﬂ&é%ﬁf@ﬁ%@r 170t RO water was
added. Lo ined auicigo o Asid nanallialion RERANEBERSIDKaLAIRGIFEne polyaride
nanofiltration membrane UTC60 (manufactured by TORAY INDUSTRIES, INC.) was Set, or, as 5an

RO membrangcaoaressilinked-svimoliy aiaonasicRelvamids: neverse,0somesis meptirane UTCSO
(manufactured by TORAY INDUSTRIES, INC.) was set, which membrane is indicated by the symbol 7
in Fig. 2. TheMtesnpepatiteroktAe rém liguitwakead]bsted 10 @80 @and théipréssure by the high-pressure
pump 3 was adjusted to 3 MPa, thereby removi,ng the permeate. A tatal of 200 L of the permeate was

20removed, A0S TS SRR FENRI AR e FARGRRP ERIC WHEEE W kInT8as a little less than 20
L, RO water wag %egigﬂﬁ@i&@hf%%i Igigﬁ]z}e%%aggﬁldin%r?%l 1%%%?#9%%/(1”%1%9:5}? haSALf%ed as a purified

sugar liquid. [014;%% ermentation -in ng su nces u urg?, vanillin, acetovanillin 5and
syringic acid)ceptaines:inl the aokeaus-sugar selution-abiainad-inReferencs Fxample 3 and in the

above purified sugar liquids were quantified under the HPLC conditions described in Reference
Examdle 1, baskdl gnigompardsonmithestandande or piperidine as monomers is preferably
used since it has heat resistance and chemical resistance in addition 1o the pressure
resistance and the durability.  The polyamide more preferably contains as a major
component the cross-linked piperazine polyamide 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
Formula 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 particutar
exampies thereof include UTC6O0 manufactured by TORAY INDUSTRIES, INC.,
which 1s a cross-linked piperazine polyamide nanofiliration 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]



56 samples. Further, the concentrations of monosaccharides were quantified under the HPLC
conditions described in Reference Example 1., based on comparison with standard samples. The
results are summarized in Tables 7 and 8. It was shown by the analysis that, as feemation-inhibiting
substances, acetic acid, formic acid, furfural LIM ,Q/anillin, acetovanillin, syringic acid and levulinie
acid were contained. Further, in terms of rnonosaccharides contained in the respective sugar liquids,
glucose and xylose were the major components. Further, although the amounts were very small,
arabinose and manAcosewiBredlsordetbetediskurtelythe: purifieghissgas diglidswbereeconfirmed to have
largely reduced amounts of fermentation-inhibiting substances compared to the aqueous sugar
solution obtafiegiif RefdreisaEkumtisn e the SEHER RamBres e artisa BhiseRtrations of sugars were

not largely decreased in the purified sugar, liquids, it could be cgnfirmed that prqcessing of the
HPES ﬁlqi D qu %1{11 dg 3%%8

Lt 0 r
aqueous sugarcs‘gﬁj |oﬁlsthr§u§ﬁﬁﬁaé RARONItFAtion Membrane rafg\(/’%ilgs‘éj 0sMosis membrane allows

removal of fesmentatiop-nhiiting suRaiances.As e RErmeale. whils,allowingitegovery of a purified

sugar liquid, in which the concentrations of ermentation-inhibiting substances are decreased, from the
feed sitle. [014R]:[Tebie: il 20haliler 7 iQuantifieatio mof férmenifohibitng substaicBsanAqueous sugar
solution NF membrane- purified sugar liquid 0 al RO membrane- purified sugar liquid .0 g/L ! Formic
acid 0.1 g/L NRE@HE atitch are nanofiltration membranes having a functional layer composed of

a polyamide, manufactured by Alfa-Laval; NF-43, NF-80, NF-200, NF-270 and NF-

400, which are nanofiltration membranes having a functional laver composed of a

cross-linked piperazine polyamide, manufactured by Filmtec Corporation; and $U-

10 216, SU-220, SU-600 and SU-610, which are nanofiltration membrane maodules
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

oot
LN

nanofiltration membrane module is more preferably NF9S or NFOOHF, which are
nanofiltration membranes having a functional layer composed of a polyamide,
manufactured by Alfa-Laval; NF-45, NF-50, N¥F-200 or NF-400, which are
nanofiltration membranes having a functional layer composed of a cross-linked
piperazine polvamide, manufactured by Filmtec Corporation; or SU-210, SU-220,
20 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 [ The nanofiltration
25 membrane modute is still more preferably S1)-210, SU-220, SU-600 or SU-6140,

which are nancfiltration membrane modules manufactured by TORAY

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



249g/L0.2g/L120nl .-..-_6....LtI " HMF 125mg/LI18 inglL 190 mg/L ' Furfural 875 mg/L88 mg/L 240
g/L 1 Vanillin 90 mg/L2.7 mg/L 62 mg/L 1 Acetovanillin 146 mg/L 9 mg/L 103 ing/L Syringic acid 15
mg/L

4]

has a functional layer composed of a polyamide containing a cross-linked piperazine
polyamide as a major component and further containing a constituling component
represented by the Chemical Fonmula 1.
(01057

5 The filtration through a nanofiltration membrane in the Step (2) may be
carried out under pressure, and the filiration 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 where the filtration 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 flux 1s high,‘
so that the sugar solution can be efficiently allowed to permeate and the possibility of
damaging the membrane is small, which is more preferred.  The range is especially
preferably 1 10 6 MPa.

[G106]

15 In terms of the material of the reverse osmosis membrane used i the present
invention, examples of the membrane include & composite membrane having a
functional layer composed of a cellulose acetate polymer (hereinafter also referred fo
as a cellulose acetate reverse osmosis membrane) and a composite membrane having
a functional layer composed of a polyamide (hereinafter 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 celiulose such as
cellulose acetate, cellulose diacetate, cellulose triacetate, cellulose propionate and
celiulose butvrate, which may be used solely. as a mixture, or as a mixed ester.
Examples of the polyamide include linear polymers and cross-linked polymers

25 constituted by aliphatic and/or aromatic diamine monomers.

{0107}

Particular examples of the reverse osmosis membrane used in the present



0 mg/L 10 mg/L Levulinic acid L 10 mg/L 0 mg/L 3 rng/L 1 [0143] 57 [Table 8] Table 8 Quantification
of monosaccharides [0144] (Example 2) Step of Filtering Hydrothennally Treated/Enzyme-treated
Aqueous 5Sugar Solution through Nanofiltration Membrane or Reverse Osmosis Membrane In terms
of the step of filtering the aqueous sugar solution 8btained in 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 nwas obtainedrinthedsanigmahner-asdndxamplertband thelckacentndiionsdby
fermentation-inhibitin?wsubstances and monoSaccharides were quantified. The results are summarized

in Tables 9 al@ k. Yt Was 'SHEWR by ke avllysisliFae 'a8 REHERESAHHIBIthG-<UbdeiKtes, acetic
acid, formic agid, furfural HMF, vanillin, acetovanillin. angd syringic acid were ained. Further, in
terms of 15m§ qgs'égyhgoﬁé’i%lse CoRtaREd gff?‘ésr p%}c?i}ﬁéié%%rg}ﬁjgﬁgﬁcgig arid xylose were the

Gtocted. [0140) 300 8] 30T bl B e o et o B Sabeidhgag - e aise
5 modules SU-810, SU-820, SU-820L and SU-820F A containing UTC80 as the

reverse osmosis membrane; cellulose acetate reverse osmosis membranes
manufactured by the same manufactorer SC-L100R, SC-L200R, SC-1100, SC-1200,
SC-2100, 8C-2200, SC-3100, SC-32040, SC-8100 and SC-R200; NTR-759HR, NTR-
729HF, NTR-70SWC, ES10-D, ES20-D, ES20-U, ES15-D, ES15-U and LF10-D

10 manufactured by Nitto Denko Corporation; ROY8pHt, RO99, HRO98PP 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.

15 T0108]

in the present mvention, a reverse osmosis membrane having a polyamide

material is preferably used.  This is because, when a cellulose acetate membrane 1s
used for a long time, enzymes used in the previous step, especially a part of the
cellulase component, may permeate info the membrane to decompose cellulose as &

20 membrane material.
JO109}

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}

25 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 1o 8 MPa. In cases where the filtration pressure is less than 0.1 MPa, the



Aqueous sugar solution NF membrane-RO membrane- purified sugarpurified sugar liquidliquid O g/LO
g/L 0 g/L0.2 g/L  Formic acid Aceticacid 0.1 g/L 0.5g/L 58 HMF mg/b 15 mulL 1 rng/L 1

3]

10

[
£

o
i

43

membrane permeation rate may decrease, while in cases where the filtration pressure
is 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 aliowed to penmeate and the possibility of
damaging the membrane is small, which is more preferred.  The range is especially
preferably 1 to 6 MPa.

101117

In the Step (2), the fermentation-inhibiting substances are removed from the
aqueous sugar solution by being allowed to permeate through the panofiltration
membrane and/or reverse oélnosis membrane.  Aanong the fermentation-inhibiting
substances, HMF, furfural, acetic acid, formic acid, levulinic acid, vanillin,
acetovaniliin and syringic acid can be preferably allowed to permeate/removed. On
the other hand, sugars contained in the aqueous sugar sotution are blocked or
separated m the feed side of the nanofiltration membrane and/or reverse osmosis
membrane.  The sugars contain monosaccharides such as glucose and xylose as
major components, and alse 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]

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 lquid obtained from the feed side of the nanofiltration membrane
and/or reverse osmiosis membrane has reduced contents of especially fermentation-
inhibiting substances relative to their initial contents.  The sugar components
contained 1n the purified sugar liquid are sugars derived from the cellulose-
containing biomass, and, essentially, these are not largely different from the sugar

componeitts ebtained by the hydrolysis in the Step (1), That is, the



O me/L 1 6 mg/L 3 g/L Furfural  Vairiulin f 3 mg/L 0 iing/L, | I mg/L 1 Acetovanillin 13 mg/ 1 mg/L 3
mg/L 1 0 mg/S. Syringic acid 0 mg/S. [0146] [Table 101

n

10

[
L

20

25

44

monosaccharides contained in the purified sugar liquid of the present invention
comprise glucose and/or xylose as a major component(s},  The ratio between
glucose and xylose varies depending on the step of hydrolysis in the Siep (1), and is
not restricted in the present invention.  That is, in cases where the hydrolysis is
carried out mainly for hemicellulose, xylose is the major monosaccharide component,
while in cases where hemicellulose 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 hemiceliviose, the decomposition of
cellulose and the separation are not carried out, glucose and xylose are contained as
the major monosaccharide components.

[0113]

The purified sugar liquid obtained in the Step (2) may once be concentrated
using a concentrator such as an evaporator, or the purified sugar liquid may be
further filtered through a nanofiltration membrane and/or reverse osmosts membrane
to mncrease 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
than the ocsmotic pressure of the liquid to be treated as the driving force, and
examples thereof which can be used inciude cellulose membranes such as those
made of celluiose acetate and membranes produced by polyvcondensing a
polvfunctional amine compound and a polyfunctional acid halide {0 provide a
separation functional layer made of a polyamide on a microporous support
membrane. In order 1o suppress dirt, that is, fouling, on the surface(s) of the
nanofiliration membrane and/or reverse osmosis membrane, a low-fouling reverse

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



Table 10 Quantification of monosaccharides [0147] 5The respective purified sugar liquids were
confirmed to have largely reduced amounts of fermentation-inhibiting substances compared 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 purifie%Psugar liquids, it could be confirmed that processing
of the aqueous sugar solution through the 10nanofiltration membrane or reverse osmosis membrane
allows removal of fermentation-inhibiting substances as the permeate, while allowing recovery of a
purified sugaetigligein wikichithefcoheg ritatienssebiey menfationinkibiting substantesiase decreased,
from the feed side. 10148] 15(Example 3) Step of Filtering Ammonia-treated/Enzyme-treated Aqueous
Sugar SolutigtiHiirsudts Nanofiltatiowinerbrane ol ReVersdyOsidosisMomptesis  In terms of the
step of filterin%the ag eous su‘ﬁ% solution obtained in Reference Example 5 through a nanofiltration

ST S HIBUE e B Fah & ATt COIFEARYS BUHREG SHYE MU ASM the feed side,

membrane or

while removing,20fermentation. Qﬁ%@g@a%%}?ﬁ&%@%JﬁBﬁé%B%ﬁ%ﬂﬁe%@a& gy@féed sugar liquid

59 was obtained in the same manner a3 in Examplé 1, and the concentrations o

fermergation-ishibiting substances and menesacehandes werelantified (Thesesulisiare summarized
in Tables 11 and 12. It was shown by the analysis that, as fermentation-inhibiting substances. acetic
acid, formic aggtoffideiianHMEDvanilng Sacatovaitn o eylingic tadid wedectutained: Further, in
terms of monosaccharides contained in the respective sugar liquids, glucose and xylose were the

major compotBAfs B PP B LGt L AR RS We i VRASThAICE AbH S & RerFrdlinose were also
ﬂleFten‘iteergbggﬁ%@lﬁ%%ﬂe%bﬂsﬁgyaa}lﬁgﬁﬁﬁ%ﬁ Quaptification of ferihig sLBRIaNces AdHEQUS sugar solution
the Step (2) may be more preferably used,
10 [0114]
Particular exampies 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 osmosis membrane described above.
[0115]
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
0smosis membrane once again before the reuse.  More preferably, the pH is
20 adjusted to 1 o 5 and the liquid is purified using a nanofiltration membrane and/or
reverse osmosis membrane, followed by filtering the filtrate through a nanofiltration
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

[AS]
n

the pHi again, selectively removing especially organic acids using a nanofiltration
membrane and/or reverse osmosis membrane, and carrying out the reuse.

[0116]



RO membrane- purified sugar liquid 1 Formic acid Li g/L 0 g/L 0.3 g/L ' Acetic acid 0.5 g/L 0 g/L 0.2 g/L
, HMF 500 .mg/L 1.0 mg/L, 0 mg/L .120 mg/L I. mg/L | Furfural 5 mg/L Vanillin 20 mg/L 0.4 mg/L 12

mg/L8 mg/L- Acetovanillin 16

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

[0117]

5 By using a purified sugar liguid obtained by the present invention as a
fermentation feedstock, a chemical product can be produced.  The purified sugar
liquid obtained 1 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

[
(S}

present invention for producing a chemical product include veasts such as baker's
veast, which are commonly used in the fermentation industry; bacteria such as . coli
and corvneform 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 partiaily modified by
20 mutation or gene recombination.  In particular, since a sugar liquid derived from a
cetluiose-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

o
(921

chemical product, a liquid mediwm containing, in addition fo the purified sugar liguid,
mitrogen sources, inorganic salts, and, as required. organic micronufrients such as

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



18 mg/L 1 mail, , , Syringic acid 2 ung/L 0 mad, 1 ma/L a [0150] [Table 12] 60 Table 12
Quantification of monosaccharides The respective purified sugar liquids were confirmed to have
largely reduced 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 he confirmed that processing of the aqueous sugar solution
through the NF membrane or RO membrane allows removal of fermentation-inhibiting substances as
the permeatepashite iallowing cecaierysaba ptfiedsugaidiguitiaiivhichchesadroeptrations of
Ofermentation-inhibiting substances are decreased, from the feed side. [0152] (Example 5) Step of
Filtering HydiStReRTEARySTYe SHsH BidUTS b UGN IS otttk dti CATMaISFa Heeis Réveise Osmosis

Membrane In tetins of the step of filtering the hydrothermally treated liquid obtained in 15Reference
Example 4 thDUSH -t GRAE o EHBIE S Ve SOPRIS HEANBIAA G collcting & purifec

suger liquid oy e feadside, whis semouina fermentation- g substances from the permeate

side, a purified sugar Tiquid was obtained in the same manner as in Example 1, and the concentrations
of feiernationsinhibiting substancassasidanepasacthalidas weare quamified. dhe20results are

summarized in Tables 13 and 14. It was shown by the analysis that. as
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, aqueous ammonia, ammonium salis, urea and nitric acid salts; and other organic
nifrogen scurces used suppiementarily such as oilcakes, soybean-hydrolyzed liquids,
10 casein digests, other amino acids, vitamins, corn steep liguors, yeasts or yeast

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

saltg, iron salts and manganese salts.

[0120)

ia..)
o

In cases where the microorganism used in the present invention requires
particular nuirients 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 10121

Cultaring of the microorganism is usually carried out at a pH within the range
of 4 1o §, 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 to 8. In cases where the feed rate of oxvgen needs to be

N
I8

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

maeintained at not ess than 21% by adding oxygen into the air; the culturing is



fermentation-inhibiting substances, acetic acid, formic acid, furfural , HN/IF, vai acetovanillin and
syringic acid were contained. Further, in terms of monosaccbaridcs contained in the respective sugar
liquids, glucose and xylose were 61 the major components. Further, although the amounts were very
small, arabinose and mannosc were also detected' 0153] [Table 13] 5Table 13 Quantification of
fermentation-inhibiting substances Aqueous sugar solution NIP membrane- purified sugar liquid RO
membrane-purified sugar liquid 0.3 g/L Formic acid1.1 g/LO g/L PAcetic acid 2.2 g/L 139 mg/f. O
g/L 1 mg/L 0.2:6i2d 016 mgé: @englle IHdMEring rate is increased; the ventilation volume is

increased; or the like,
[0122]
Ag the method for producing a chemical product using, as a fermentation

5 feedstock, a purified sugar liquid obtained by the method of the present invention for
producing a sugar liquid, a fermentation culture method known to those in the art
may be emploved, but, in view of productivity, the continucus culture method
disclosed in WO2007/097260 is preferably employved.
(01237

The chemical product produced by the method of the present mvention for

bt
4]

producing a chemical product 1s not restricted as long as it is a substance produced in
the culture medium by the above microorganism or cells.  Particular examples of
the chemical product produced in the present invention include alcohols, organic

acids, amino acids and nucleic acids, which are substances mass-produced in the

bt
(03]

fermentation industry.  Examples the substances include aicohols such as ethanol,
1.3-propanediol, 1,4-propanediol and glycerol; organic acids such as acetic acid,
iactic acid, pyruvic acid, succinic acid, malic acid, itaconic acid and citric acid;
nucleic acids such as nucleosides including inosine and guanesine, and nuctectides
including inosinic acid and guanyiic acid; and diamine compounds such as
20 cadaverine. Further, the present invention may also be applied to production of

substances such as enzymes, antibiotics and recombinant proteins.

EXAMPLES

[0124]

The method of the present inveution for producing a sugar liquid will now be

23 described in more detail by way of Examples. However, the present invention is
not restricted to these Examples.

[0125]



Furfural 8 mg/f. 0 mg/L Vanillin 50 mg/f. 1.2 mg/L 31 mg/f. 1 1 mg/L 1 0 mg/L Acetovanillin 2 mg_/f. 0
mg/L 0 ma/l, , Syringic acid 1 mg/f. [0154] [Table 14] Table 14 Quantification of monosaccharides

Aqueous sugar 49

(Reference Example 1) Method for Analyzing Monosaccharide Concentration
The concentrations of monosaccharides contained in the obtained aqueous
sugar solution were quantified under the HPLC conditions described below, based on

comparison with standard samples.

5 Column: Luna NH; (manufactured by Phenomenex, Ine.)
Mobile phase: ultrapure water:acetonitrile=25:75 (flow rate, 0.6 mL/min.)
Reaction sclution: none
Detection method: RI (differential refractive index)
Temperature: 30°C

10 10126]

(Reference Example 2} Method for Analyzing Concentrations of
Fermentation-inhibiting Substances

Furan-based fermentation-inhibiting substances (MMF, furfural) and phenol-
based fermentation-inhibiting substances (vanillin, acetovaniilin, syringic acid,

15 levulinic geid and 4-hydroxybenzoic acid) contained in the sugar liquid were
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% HyPO4 (flow rate, 1.0 mL/min.)
Detection method: UV (283 nm)
Temperature: 40°C
(0127]
Organic acid-based fermentation-inhibiting substances (acetic acid, formic
25 acid) contained in the sugar liquid were quantified under the HPLC conditions

described below, based on comparison with standard samples.

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



NF membrane- RO membrane- solution purified sugar 1.8 g/L purified sugar liquid 2 g/L [Glucose ?)
(OIL Xvlose 15 g/L 13 g/L 15 glL Arabmose 0.5 g/L 0.48 g/L 1 0.5 g/L Mannose 0.5 WE 0.48 g/L1 0.5

WL

&

10

20

25

30

shimadzu Corporation) in series

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/min.}

Detection method: electric conductivity

Temperature: 45°C
10128]
(Reference Example 3) Step of Hydrolysis of Cellulose-containing Biomass by
Dilute Sulfuric Acid/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 0.1 to 15% by weight of dilute sulfuric acid and an enzyme is described.
[01293

As a celiulose-containing biomass, rice siraw was used. The cellulose-
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.  After the treatment, solid-liquid separation was carried out to
separate sulfuric acid-treated cellulose from the agueous sulfuric acid solution
(hereinafter referred to as “dilute-sulfuric-acid treatment liquid”). Subsequently,
the sulfuric acid-treated celiulose was mixed with the dilute-sulfuric-acid wreatment
liguid with stirring such that the concentration 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 (Aspergilius niger-
derived f-glucosidase preparation, Sigma Aldrich Japan) were added as celiulases,
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 aqueous sugar



[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
Reference Example 4. On the other hand, since the concentrations of sugars were not largely
decreased in the purified sugar liquids, it could be tbnfirmed that processing of the aqueous sugar
solution through the NE membrane or RO membrane allows removal of fermentation-inhibiting
substances as the permeate, while allowing recovery of a purified sugar liquid, in which the
concentrationgefifermertatign:inhibiting syhsiances.argdesreasetfirom theifeed 62 side. [0156]
(Example 6) Step of Filtering Model Sugar Liquids through Nanoflitration Membrane or Reverse
Osmosis Merfibrane Sis nidbefsugardituidshibiithe aigsieous suddrsolutiongrepdred by hydrolysis of
a biomass, one containing sugars at high concentrations (model agueous sugar solution A) and one
containing sUFArEEET CoAEEFRITYRL Gﬂ%@?é&ﬁ@éﬁ%@ﬁﬁhﬁ“&%ﬁéﬂ B\vere prepared. Their
compositions{aﬁ hown Tables 15 and 16. [0157] 10[Table 15] Table 15 Compositions of model sugar
liquids (monosaccha des) Glucosei Xylose 40 g/1,20 g/L 2 g/L1 g/L1

5 [Table 1]

Table 1 Quantification of Fermentation-inhibiting Substances

| Dilute-sulfuric-acid Agqueous sugar
treatment figuid solution
Formic acid 0.1 g/l 0.1 g/L |
Acetic acid 2.0 g/L 24 g/l
HMF 106 mg/L 125 mg/L
Furfural 560 mg/L 875 mg/L.
Vanillin 60 mg/L | 90 mg/L
Acetovanillin 120 mg/L 146 mg/L
Syringic acid 10 mg/L 15 mg/l.
Levulinic acid 9 mg/L 10 mg/L
[0131]
[Table 2]
Tabie 2 Quantification of Monosaccharides
Dilute-sulfuric- Agueous sugar
acid ireatment solution

, liguid

| Glucose 39/l 25 g/l
Kylose 15 g/l 12 g/l
Arabinose 0.8 g/l 1 o/l

. Mannose 0.9 o/l 1 g/L

10 10132}
(Reference Example 4} Step of Hydroivsis of Cellulose-containing Biomass by
Hydrothermal Treatment/Enzyme Treatment
Ini terms of the step of hvdrolysis of a ceilulose~containing biomass in the

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



Model aqueous sugar solution A Model aqueous sugar solution B [015_8] [Ta_ble 1_6] T_able 16
Compositions of model sugar liquids (fermentation-inhibiting substances) FormicAcetic acidacid HMF

Furfural Vanillin Model aqueous sugar solution A

n

10

20

using hydrothermal treatment and an enzyme is deseribed.
[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 180°C for 20 minutes with
stirring.  The treatment was carried out at a pressure of 10 MPa.  After the
treatment, solid-liquid separation was carried out by centrifugation (3000 G) to
separate the processed biomass component from the solution component (hereinafter
referred to as “hydrothermally treated liquid™). The pH of the hydrothermally
treated liquid was 4.0, and the turbidity of the hydrothermally treated liquid was 800
NTU.

[0134]

Thereafier, the water content of the processed biomass component was
measured, and RO water was added to the component such that the concentration of
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 (4spergillus niger-derived B-glucosidase preparation,
Sigma Aldrich Japan) thereto and mixing the resulting mixture by stirring at 56°C for
3 days to allow hydrolysis reaction.  Thereafier, cenirifugation (3000 G) was carried
out 1o separate/remove undecomposed cellulose and lignin, to obtain an agueous
sugar solution.  The pH of the aqueous sugar solution was 5.2, and the turbidity of
the aqueous sugar sotution was 900 NTU. The compositions of the fermentation-
mhibiting substances and the monosaccharides contained in the hvdrothermally
treated liguid and the agqueous sugar solution were as shown in Tables 3 and 4.

]
{Table 3]

[013

L

Table 3 Quantification of fermentation-inhibiting substances



2WI-'2g/L1g/L1gl, 1g/L Model aqueous sugar solution B 2 g/L, 2 g/L 1 g/1", 11 g/L 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"5,6o0r 7, and the liquids were filtered in the same manner as in Example 1. followed by
quantifying the concentrations of fermentation-inhibfting substances and sugars contained in the
permeates by the 20method described in Reference Example 1. The results are shown in Tables 17 to

eation rates.of.rn

nasaccharides were different betwee

20. The pern

but not different among the diffe

reft Faderuither,

the model 63 liquids A and B,

the'sanesatisiTates of fermentation-inhibiting

tween the model sugar liquids A

sugars through nanofiltration
ates of fermentation-inhibiting

As

substances Wwere different. among tﬁ@%ﬁ#&@ﬁfian but SeHHiferent b
and B. [016 %WM&W@] Table|17 (‘nmnaﬁidﬂrﬂﬁ permeation fatelo
membrane 1 r‘h@ﬁtﬁ whp 18] 10Table 18 Edfparison of pernibaidn
substances HME " 139 mg/L 10 mg/L
Furfural 8 mg/L 15 mg/L
Vanillin S0 mg/L 3 mg/L
Acetovanillin 2 mg/L 13 mg/L
Syringic acid 1 mg/L I mg/L
[0136]
[Table 4]
Table 4 Quantification of Monosaccharides
Hydrothermally AQUeous sugar
treated liquid solution
Glucose 2 g/l 50 /L
Xyloge 15 g/l & o/
. Arabinose 0.5 ¢/L 1 g/l
Mannose 0.5 g/l 0.5 o/L
[0137]
5 {Reference Example 5} Step of Hydrolysis of Cellulose-containing Biomass by
Ammenia 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.
10 a cellulose-containing biomass. rice straw was used.  The celiulose-containing

(53]

fa—

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

TVS-N2 30 ml), and cooled with liquid nitrogen.

was flown, and the sample was completely soaked in liquid ammonia.

Inte this reactor, ammonia gas

The 1id of

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

about 15 minutes.

for 1 hour,

Subsequently, the reactor was processed in an oil bath at 150°C

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-containing biomass.

This



through nanofiltration membrane at different pHs [0162] [Table 19]
penneation rates of sugars through reverse osmosis ' 5Smembrane GlucoseXylose Model
aqueous0.2%0.4% sugar solution A Model aqueous0%0% sugar solution B 64 [0163] [Table 20]
Table 20 Comparison of permeation rates of fermé‘?}]tation-inhibiting substances through reverse
osmosis membrane at different pHs FormicAcetic acidlacid HMF Furfural Vanillin I pH 0.5 Clogging of

memorane prevented permeation of liquid tot,. pH 1.0 85% '55%T25%55% pH _.0

1G

processed cellulose~containing biomass was mixed with pure water by stirring such

that the concentration of the solid contents is 15% by weight, and the pH was

adjusted to about 5 with sulfuric acid.  To this mixture, Trichoderma cellulase

(Sigma Aldrich Japan} and Novozyme 188 (Aspergillus niger-derived f-glucosidase

preparation, Sigma Aldrich Japan) were added as cellulases, and the resulting
mixture was mixed by stirring at 50°C for 3 days to allow hydrolysis reaction.
Thereafier, centrifugation (3000 G) was carried out fo separate/remove
undecomposed cellulose and lignin, to obtain an aqueous sugar solution.  The
turbidity of the aqueous sugar solution was 600 NTU.  The compositions of the
fermentation-inhibiting substances and the monosaccharides contained in the
aqueous sugar solution were as shown in Tables 5 and 6.

[0138]

[Table 5]

Table 5 Quantification of fermentation-inhibiting substances

Table 19 Comparison of

| Aqueous sugat |

sotution :
Formic acid 1.1 g/L
Acetic acid 0.5 g/l
HMF 500 mg/L
Furfural 5 mg/l
Vanillin 20 me/L
Acctovaniilin 18 mg/lL

Syringic acid 2 mg/L |

[0139]

[Table 6]
Table 6 Quantification of monosaccharides
E Agueous sugar E
: solution
i Glucose 50 /L
i Xylose 25 /L
Arabinose 2 g/l
Mannose e/

{01407



85% 52% 25%55% 115% | _p H3.0 80% 50% 25% 55% 15% | pH 4.0 50% 25% 25% 55% ,15% | pH
5.0- 30% 115% 25% 55% 115% | pH 6.0 5% 0% 25% 55% 15% | | pH 7.0

55

(Example 1) Step of Filtering Dilute Sulfuric Acid/Enzyme-treated Aqueous Sugar
Solution through Nanofiltration Membrane or Reverse Osmosis Membrane
A step of filtering the agueous sugar solution obtained in Reference Example
3 through a nanofiltration membrane (NF membrane) or reverse osmosis membrane
5 (RO membrane) and collecting a purified sugar liquid from the feed side, while
removing fermentation-inhibiting substances from the permeate side is described by
way of an Example. Through a PVDF membrane having a pore size of 0.05 um, 20
L of the aquecus sugar solution obtained in Reference Example 3 was filtered, and
the filtrate was processed through a nanofiltration membrane or reverse osmosis
10 membrane module.  Into the raw liquid tank 1 of the membrane filtration apparatus
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 liguid tank 1. Asa
nanofiltration membrane, a cross-linked piperazine polyamide nanofiltration

membrane UTCOG (manufactured by TORAY INDUSTRIES, INC.) was set, or, as

[,_.J
n

an RO membrane, a cross-linked wholly aromatic polvamide reverse osmosis
membrane UTC80 (manufactured by TORAY INDUSTRIES, INC.) was set, which
membrane is indicated by the symbol 71 Fig. 2. The temperature of the raw Hguid
was adjusted to 25°C and the pressure by the high-pressure pump 3 was adjusted to 3
MPa, thereby removing the permeate. A total of 200 L of the penmeate was

20 removed, 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 as a purified sugar liquid.

[0141]

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

N
N

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

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



0% 0% 25% 55% [0164] From the above results, it was discovered that either the nanofiltration
membrane or reverse osmosis membrane can increase the concentrations of monosaccharid.es while
removing fermentation-inhibiting substances into the "filtrate side. 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 cases. Further, it was discovered that the removal rates of organic acids
largely vary depeneding ionthiee pid cfoL66k15¢Exaimplecs)Siepiof Filtecinuaktyted thatmaily
Treated/Enzyme-treated Aqueous Sugar Solution through Reverse Osmosis Membrane (Fouling
Suppression Bftett By GoRasstRtye Refergps @Eﬂﬂ*ﬂg%&p}ﬁ%‘?&?@rﬁ%ﬁ@? piibadjustment on the

aqueous suga soluon shiainedn Reference Bxample d was nvestiated. feniers of e

20aqueous sugar soliition obtained in Reference Exan was filtered through a Microfinration

membrane (Manufactresh by MIiROre: PRIRHIAGD 454RNIRR. 65 membiang). ofhe turbidity was not
more than 1 NTU at his time. Filtration was further carried out using an ultrafiltration membrane (GE
SEPA PW sefies;rplolyBitie vsulfoneomoleatiidn. weiglicutaff: 10@00)rkheigafter, the filtrate was
aliquoted into 2-L volumes, and. each of these aliquots was prepared with sulfuric acid or ammonia 5
such that the PH'BEsamd frHes B IgFrs flIBREGsy BERG fiftdiraacthro iy PevErseUgsmosis
membrane inlthe(fa e manner a in Exar%le | until the volume Emﬁ%mng in tf}fgaw liquid tank
decreased to 0'5 S’(ﬁ-?%?&“c%nncbé‘ﬁf)rsaetigﬁ S THe KHO GRTBPREN turt ud't &8 ﬁggﬁ A'5f the permeate was
calculated baged.on. the: differences infhe£hanges.nie oial amouni.efhepermeaie with time. The
results of calculation of 10the flux are shown in Fig. 3. As a result, at a pH of', the flux was very small
and the filtratipnifodksagtongideyandcatiaph of aremadabledearaasenn dte 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
hoursfater, afféntkigajias assiieds o hegas o ncre as&atie sugaeeosdshatibiitedding to drastic

increase in the s%notic pressure. The. conce traﬂ'}on of monosaccharides and fermentation-inhibiting
Substances IV e STHSHS DB ol bR SA e g RGG WERE B SBRFin Tables 21 and
22, and it CO%1%%891@%%Ha@?@&g@d@hﬂ%%ﬁ?ﬁi%ﬂ%%ﬁ&??ﬁgﬁi ‘{‘{%%%EP@&?&H%Q%%&PG corresponding

ratio of concentration, the levels of concentration of the fermentation-inhibiting substances were low,

so that removabedsthe:20feementatios-nhibiing.substances fian fheaey eQus-sigasrsolution could be
confirmed. [0166]
reverse osmosis membrane allows removal of fermentation-inhibiting substances as

ot
o

the permeate, while allowing recovery of a purified sugar liguid, in which the
concentrations of fermentation-inhibiting substances are decreased, from the feed
side.

10142]

[Table 7]

o
[

Table 7 Quantification of fermentation-inhibiting substances

Agueous sugar NF membrane- | RO membrane-
solution purified sugar | purified sugar
liquid liquid

Formic acid 0.1 o/l 0o/l 0g/L
| Acetic acid 2.4 g/l | 0.2 /L 1.2 g/L.
HMF 3 125 mg/L | 18 me/L ! 90 mg/L
Furfural 875 mg/L 88 mo/L | 240 g/l
Vaniliin 96 me/L 2.7 mg/L 62 mg/L
Acetovanillin 146 mg/L 9 mg/l 103 mg/L
I Syringic acid 15 mg/lL Omp/L | 10 mg/L
Levulinic acid 10 mg/L 0 mg/L | 3 me/L

[0143]



[Table 21] Table 21 Concentrations of rnonosaccharides Aqueous sugar Purified sugar Purified sugar
solution liquid liquid (filtration at p1-13) (filtration atH 7) Glucose 50 g/L 200 g/L 200 alL Xylose 8 0O/L
329g/L32g/lL 66[0167 [Table 22]

£

B

<

[}

57

(Example 2} Step of Filtering Hydrothermally Treated/Enzyme-treated Aqueous

Sugar Solution through Nanofiltration Membrane or Reverse Osmosis Membrane

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

Reference xample 4 through a nanofiltration membrane or reverse osmosis

membrane and coliecting 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

{Table 8)
Table & Quantification of monosaccharides
Aqueous sugar NF membrane- RO membrane- !
solution purified sugar purified sugar
; : hquid liguid
Glucose 25 ¢/l 24 o/L 25 g/L
Nylose 12 /L 112 ¢/L 12 g/L
Arabinose 1o/l (.96 g/, Vol
Mannose I g/l (.98 g/l g/l
[0144]

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,
acetovaniliin 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 mannose were also detected.

[0145}

[Table 93

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 o/l
Acetic acid 0.5 /L Ug/L 0.2 g/l




Table 22 Quantification of fermentation-inhibiting substances | Aqueous sugar solution Purified sugar
liquid (filtration at pH 3) 0.2 glL Purified sugar liquid (filtration at pH 7) 0.4 g/L Formic acid 0.1 WI-
Acetic acid 0.5 g/L1.2 glL 2giL 1 Furfurall5 mg/L35mg/l. 35 nag/L 30 ing/L 1 HMF10 mg/L 30 mg/i. |
Vanillin 3 ing/L

HMF 10 mg/L | 1 mg/L. 6 mg/L |
Furforal 13 mg/L 0 mg/L 3o/l
Vanillin 3 mg/l. 0 mg/L t mg/L
Acetovanillin 13 mg/L I mg/L 3 mg/L
Syringio acid I mg/L 0 mga/l, 0 mg/L

[0146]

[Table 10]
Table 16 Quantification of monosaccharides
Agueous sugar NF membrane- RO membrane-
solution purified sugar purified sugar
liguid liguid

Glucose 50 g/l 4G o/l 50 g/l
Xylose & g/l 7.2 g/l 8 g/l
Arabinose 1 g/l (.96 g/ 1 g/l
Mannose 0.5 g/ 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 liguids, it
could be confirmed that processing of the aqueous sugar solution through the

10 nznofiltration membrane or reverse osmosis 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 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 aqueous 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-mnhibiting substances from the permeate side, a purified sugar liquid



9mg/- nilg/L .__.i/ 1 Acetovanillin 13 rng/L 45 ing/L 45 mg/L [0168] 5(Example 8) Step of Filtering
Hydrothermally Treated Liquid through Nanofiltration Membrane (Fouling Suppression Effect by
Mierofiltration Membrane/Ultrafthration Membrane) The fouling suppression effect by filtration
treatment, which is carried out before concentration of the hydrothermally treated liquid obtained in
Reference Example 4 through a nanofiltration membrane, was investigated by an acceleration test
using a reduced volume of the liquid. Three types of liquids, that is. a liquid prepared just by
centrifuging theshydrothé imellystipatedriquid obtained! inl ReférbncerExampled<ds it is, a liquid treated
with a microfiltradon membrane (manufactured by Millipore; pore size, 0.45 km; PVDF membrane),
and a liquid tFERRSBLHIfT APPEMETIFRRSA R A EETEI = Brides pirycerBElsdlyeliér sulfone;

molecular weight cutoff, 10000), were prepared,.and their pHs wer justed to 3. The turbidity of the
centrifugatioﬁ%réé%§§ Il%ﬁfi' \E}&é;éé %I(fb?ﬁ%{ﬁsg{n 'ﬁf}eat'urgtlaﬁ%sgﬁoqf moﬁj(a’é%!etﬁ%ac% &r rtya|c‘>ses of liquids
were not moredhandiNThnEasthliquidinanamount 2.4 was; filtered-hreugh a nangfifiration
membrane in the same manner as in Example 1 until the volume remaining in the raw liquid tank
decreased toa0cbokadtithtihvelamount efifluxeducngathedcoldetibs, 6f thenpesfmeate was calculated based
on the differences in the changes in the total amount of the permeate with time. The 67 results of
calculation of #HBNESC BAE GHRRRI RGN AbNS esvtsieidivsiibwel tbrie indhieleasevefareatment with
only centrifugation,. the turbidit Wathi h an%the@rgl_ drastically decreased during the concentration. It
was assumed thafthis WAR°Hi& 0 a g%’Foﬁ USSR TS onaTBiS TBIR idfity to the
membrane dugag the cancentration..resulting in drastic decrease in the filtration capacity of the
membrane. [0169] (Example 9) Identification of Fouling Components The hydrothermally treated
liquid obtaineid kb Reference Example 4 wa.s aerated and washed; while carrying out microfiltration,
and the resulting membrane 1 Owas dried under vacuum and observed under a scanning electron
microséope dpplialls (manufactured by Hitachi -Technologies Corporation, 5-4800), Further,
component analysis was carried out ysing an energy dispersive X-ray analyzer (manufactured. by
HORIBA" Ltz‘?%/f(- By 4H, ??éﬁ’?oof#g%&%?@'@ BIFGIE MiRTBEEBhe apparatus. As a result, on the
microfiltration membrane, many 154¢l.etlepesitarand pasticiesriaving sizeskaf thencsger of severai
mmometers to several micrometers weretahserved as shofied kugig. 5| Thessfcohipgments were
subjected tc§ analysis of dispersjon of the components, in theurapping mode of¢hig energy dispersive
X-ray analyzégranddaige quantities of Si (silidariland 0 (oxygen)Ywveére detected atlithiegfiositions of the
particles (FigA63¥1iThese particulate matters Wwegi20assumed to Bee8i02 (silica). Furtherlas the gel
components Hidiind the particles, C (carbidh)mpd.Q (oxygen) wéregbserved. Thug{ the/fel deposits
were consideredutibe undecomposed cellufose/lignin and the likeg/Edrther, the filttatezBbtained by the
microfiltrationwad filtered through an ultrafifirativh membrane{ andghe| ultraldtratidd metnhbrane was
lightly washeduwittvaRi@iavater. The ultrafiltidtiog’membrane was theh dried under aogdim and
subjected tq ophyelementary analysis by arlengligy dispersive Xsraylanalyzer using asanning
electron, mictg§§g}oe applying a voltage of 20 kV at a magnification of x100, at 3 different positions. As

[Tabie 12]



68 a result C (carbon) at a content of 72 to 77% and O (oxygen) at a content of 20 to 25% were
detected. Thus, in terms of the removed components, it was assumed that water-soluble
polysaccharides, tannin, polyphenol and the Liker?{@cumulate on the ultrafiltration membrane and
removed. [0170] (Example 10) Recovery of Enzymes An example of recovery of enzymes
fromaqueous sugar solution obtained in the above Reference Example | is described. For the recovery
of the enzymes, a polyether sulfone ultralittration membrane (diameter, 44.5 mpore) having a
ICmolecular Wetghi 2dtoffhof16,000 vasiplaceciniasStirred Cells Series 8000 (Millipore), and pressure
filtration wag carried out using a it naer et ure filtrgfip, 50 mit-ofthe sugar
liquid obtained in Example | was fe% g%%%}ggzgsié?e, %ﬁ}ﬁ%@% b% the qui%ﬁ%‘%@bveé asa
permeate. The enzyme concentration (protein con(’gentratiq in 5 mL of the sygar |i
the feed side gas,@easured. THe-"enzyme Wﬂffﬁmv@é‘cggjf ' _ g@@ [
measuremenikii,(BCA- PTotein/Assay Regeft ki, manufacturethhy, PTE
absorbance; ai-552.Jin using bovine aibuming(é/m mryasa ngpg:@r sampterAs g1gsult, taking the
initial enzyme,gopgcentration before the feeding gf the liquid-as }ap7s, the enzyme copggntration in the
liquid recovered in 20Réference Example Tcould be confirmedto be within the range ot 10-60% as a
relative value[.o[bl]ﬁl] (Example 1 1) Changes in Capacity to Remove Fermentation-inhibiting
Substances Depending on Temperature of Agueous sugar Solutian 25A step of filtering the
ammonia—treated/erc%;%g}ﬁ%%r%efa}fiegop Ea%ﬁ%%ﬁu %higlglfﬁgélﬁ |%gn088%fﬁé%qﬁr Erefence JE‘)%?’%%Ie 5 through a
microfiltration,mamirane.andan strafitiation membrans:anddhenfurthec diltering the solution through
a reverse 69 osmosis membrane, followed by recovering a purified sugar solution from the feed side
and removingdammentatiorndnhiBitiog subStangés fronbthépetimeriacsidecdsidescribed, by way of an
Example. Through a microfiltration membrane (manufactured by Millipore; pore size, 0.45 tun; PVDF
membrane), SBGHHRISHRIEBIESE AP 8olltrssibemsatrh RefeiehecmlampldBivas filtered. The

turbidity was not‘mor%tl}g 1 NTU at this time. Filtration ,aiﬁ rther carried gut using an ultrafiltration
membrane (GE SEPAS %% ries: po aéﬁé‘@'%%“ﬁ”lf“ﬁ%}%% ?a?\%}gpﬁﬁ?%ﬂi /10000). This aqueous
sugar solution,uigs:adustad.wishsuliuic.cichio;Bkt 3, afiha adb-aliguok ofiha fesuling solution was
filtered at an aqueous sugar solution temperature of 25C or 50C through a réverse osmosis membrane
in the same maiineilasimExampte df uptitihel volimeged)aningdn theravsliguid tank decreased to 0.5
L, followed by recovering the permeate. Upon completion of the filtration, RO water was ad.ded to
each liuid to'Gtumat Arapvsime b sapcetier by providimpatiufiiédisagar liquid. The
concentratiortdglaf ermentation-inhibiting sUbstances in the purified sugar liquids in the cases of
agueous sugar §8Iution temperatures of 25C and 50C were as shown in Table 23. The increased
temperature gt the,agusaus,shoarsalutisnimpioved edeun eniation NbAG stsipnce removing
capacity. This was assumed to be due to’increase in"the pore size of the membrane caused by the
increased termperatuie @f RReagueous sugandfsetution.. [0172] [Table 23]

uid remained in

o

In terms of the step of filtering the hydrothermally treated liquid obtained in

15 Reference Example 4 through a nanofiltration membrane or reverse 0smosis
membrane and collecting a purtfied sugar liguid 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 results 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,
acetovanillin and syringic acid were contained.  Further, in terms of

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



70 Table 23 Changes in fermentation-inhibiting substance-removing capacity de_pendlng on
temperature of ague s sugar solution |- Before treatment of aqueous sugar solutlon.Trea.tment of
agueous sugar solution at 25C Treatment of agueous sugar ' solution at 50C Formic aC.IC! 1.19g/L0.6
g/L 0.2 g/L | Acetic acid 0.5 g/L FO.3 g/L H 0.1 g/L 4!Furfural 5 rng/L 3 mg/L 1 mg/L Vanillin 20 mg/L

16 mg/L 10 mg/L 1 Acetovanil ' Syringic acid 18 mg/L 2 mg/L 16 mg/L

the major components. Further, although the amounts were very small, arabinose

and mannose were also detected.

[0153]
[Table 13]

5 Table 13 Quantification of fermentation-inhibifing substances
Aqueous sugar NF membrane- RO membrane-
solution purified sugar purified sugar
liquid Hquid
Formic acid 1.1 g/l 0o/l 0.3 g/l
Acetic acid 2.2 o/L. 0 g/L | 0.2 g/L |
HMF 139 mg/L 1 mg/l 6 mg/L
Furfural 8 mg/L 0 mg/L, 3 me/L
Vanillin SO mg/lL 1.2 mg/l. 31 myg/L
Acetovanillin 2 mg/L 0 mg/L 1 mg/L
i Syringic acid 1 mg/l | 0 mg/L | ¢ mg/L
[0154]
{Table 14]
Table 14 Quantification of monosaccharides
Aqueous sugar NF membrane- | RO membrane-
solution purified sugar |  purified sugar
liquid liquid
Glucose 2 ¢/l 1.8 g/l 2 g/l
Xvlose 15 g/l 13 g/ 15 /L
Arabinose . 0.5 ¢/L 0.48 g/L 0.5 o/L
Mannose | 0.5 g/l (.48 g/L 0.5 g/L
6155]
10 The respective purified sngar liquids were confirmed to have largely reduced

[y
-

(@3]

amounts of fermentation-inhibiting substances compared to the hydrothermaily

treated liquid 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 solution through the NF

membrane or RO membrane allows removal of fermertation-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



12 mo/L1,1.7rno/L" F1.9mg/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 salution obtained in Reference Example 5 through. a
microfiltration membrane and an ultrafiltration membrane, and then further filtering the solution
through. a nanofdtration membrane, followed by recovering a purified sugar solution from the feed side
and removing fermentation-inhibiting substances from the permeate side, is described by way of an
Example. Thiééigh a microfdtration membrane (manufactured by Millipore; pore size, 0.45 pm; EVD17
membrane), iogtﬁor?flthe agueous sugar solution obtained in Reference Example 5 was filtered. The
turbidity was ore than 1 NTIi at. this time. Filtration was further carried out using an

15ultrafiltratior menar, PA P ies, Gl r.sul <molecular weight cutoff, 10000;
manufacture b{)?%ﬁ O%rfﬁgﬁ(iﬁg’ﬁ@lg%}ea%g%%%zgﬁgﬁtlﬁ%%sﬁg}ﬁﬁggﬁﬁh sulfuric acid to pH 3,
and a 2-1., aligusteaftherresuiting selstipnvasfiliered at an agueous sugar solution temperature of
25C or 10C through a nanofiltration membrane in the same manner as in Example 1 until the volume
20remaining in the raswlieflistank deoredsethte@.60us folipwed bipregoperd g thie pefmeate. 'Upon
completion of the filtration, RO water was added to each liquid to attain a final volume of 2 L, thereby

providing a pHfiﬁé’bogi?ﬁéﬂ?&ﬁ?i‘?%ﬁ@gﬂ”%ﬁ@éﬁt‘l%]tmed’ft%aﬁ@&?s(m‘}ﬁ?é BuKfEtSEgar liquids in the
cases of aqug&%ﬁy 4anze %géogoﬂ‘%{a%‘?l%at%ﬁgg% of %%%%rlfdm%%g cytz\ég r(%z%ée?@%%ﬁ? s aple 24, indicating

that the decreased temperature improv e amount of loss of the'sugars." This Wae assumed to be
due to decreasaiin:He)Raie pizgetdhe membrane saused-bythedecreaseddgmperature of the
aqueous sugar solution. [0174] [Table 24] Table 24 Loss of sugars depending on temperature of
a.queou.s suff@rs§olution Before treatment of aqueous sugar solution Treatment of aqueous sugar

solution at 25C
10 [Table 15]

Table 15 Compositions of model sugar liquids {monosaccharides)

Gilucose i Xylose
Model agueous 40 g/L 20 g/l
sugar solution A
Model agueous 2¢/L: I gL
sugar solution I§ E |

[0158]
[Table 16]

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

Formic Acetic HMF Fuarfural Vanillin
acid acid
Model aqueous 2 g/l 2 g/l 1 g/L I g/l 1 g/l
sugar sohution A
Modei aqueous 2 g/l 2 g/l I g/L 1o/l 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 &s in Example 1. followed by quantifving the concentrations of

fermentation-inhibiting substances and sugars contained in the permeates by the

20 method described in Reference kixample 1.

The resuits are shown in Tables 17 to

20.  The permeation rates of monosaccharides were different between the modet




Treatment of aqueous sugar solution at 10C L: 50 tt/L 25 g/L 2 g/l, Glucose50 g/L44igti Xylose 25 g/l,
71 g/L _ Arabinose ") g/L 1.8 g/L .Mannosel glt,0.8 g/1, ,1 g/l_,, [0175] 10(Example 13) Production
Examples of Purified Sugar Liquids Using Various 3anofiltration Membranes The aqueous sugar
solution obtained in Reference Example 3 was further filtered through a microfiltration membrane
(manufactured by Millipore; pore size, 0.05 um; PVDF membrane), and 20 L of a solution prepared. by
20-fold diluting the 15aqueous sugar solution with RO water was treated. with a nanaofiltration
membrane uhtititie’vandrite BE the adiation deereabedifsren ithe SamtecmbknsragiitExample 1. As
90p nanofdtration membranes, a cross-linked piperazine, poiyarnide nanofiltration membrane IITC60
(nanotitration HEMIFARE | RN UPACI TR By TR AYIRBUS TR B TR T4 5768k ked piperazine
polyamide nanefiltration membrane 1%9%&qugl@rﬁ%\lﬂlgggp&gwgmbrane 2, manufactured by Filmtec
Corporation), a polyamide nanofiltration membrane NF99 (nanofiltration membrane 3, manufactured
by Alfa-Laval)iamdia cellulose acetate nanofiltratton membrane GE Sepa DK (nanofiltration membrane

4, manufactured by GE Osmonics) were used. The
5 [Table 17]

Table 17 Comparison of permeation rates of sugars through nanofiliration membrane

i

| Glucose
Model aqueous

sugar solution A :
Model agueous 3% 3%
sugar soluton B

[0161]

Xylose
10% 15%

Table 18}
iG Table 18 Comparison of permeation rates of fermentation-inhibiting substances

through nancfiltration 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% 08% 98% 06%
pH 5.0 50% 88% 98% 98% 6%
pH 6.0 55% 48% 100% 100% 100%
pH 7.0 30% 45% 100% 100% 100%
[0162}
[Table 19}

Table 19 Comparison of permeation rates of sugars through reverse osmosis

15 membrane

Xylose }
0.4%

| Glucose
(.2%

Meodel aqueous
sugar sohution A
Model agueous 0% 0% |

sugar solution B .




77 permeation rates of fermentation-inhibiting substances (acetic acid, formic acid, FINE, furfural,
vanillin. acetovanillin, syringic acid and levulinic acid) and the permeation rates of monosaccharides
(glucose and xylose) contained in the permeate were calculated. The results indicated that the
monosaecharides and the fermentation-inhibiting substances could be blocked with any of the
nanolittration membranes, and that, in particular, the nanolittration membranes 1 to 3, that is, the
polyamide nanofiltration membrane and the cross-linked pipera.zine, polyarnide nanofiltration
membranes, Ha¥8 low permeation rates of monosaccharides, while having high permeation rates of
fermentation-j h'kiitin substances (Tables 25 and 26). [0176] [Table 25] 74 [0177] [Table 26] Table
26 Comparisgﬁ% e|o7e¢-1neation rates of rnonosaccharides through various nanofiltratio 11 membranes
Glucose XV'O%%M%EP&'&E%Q{%%%;P éggo%fk?%?é’feislo%%%’m'\'qg%‘t%{%%%Q}h%%?&%@sbdé‘é%%e%-15% 2.0%

. 0 1. 0

Nano-filtration membrane3 1 anofiltrationi |-,
through reverse osmosis membrane at different pHs

Formic Acetic HMF Furfural Vanillin
acid acid

pH 0.5 Clogging of membrane prevented permeation of liquid

pH 1.0 85% 55% 25% | 55% 15%

pH 2.0 85% 52% 25% 5% 15%

pH 3.0 30% 50% 25% 55% 15%

pH 4.0 50% 25% 25% 35% 15% |

pH S0 30% 15% 25% 55% 15% |

pH 6.0 5% (3% 25% 55% 15% :
| pH 7.0 0% 0% 25% 559 15%

(@]

[0164]

From the above results, it was discovered that either the nanofiltration
membrane or reverse 0smosis membrane can increase the concentrations of
monocsaccharides while removing fermentation-inhibiting substances into the filirate
side. Further, it was discovered that the rate of loss of monosaccharides into the
10 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.  Purther, it was discovered that the removal rates of
organic acids largely vary depending on the pH.

10165]

15 {Example 7} Step of Filtering Hydrothermally Treated/Enzyme-ireated Agueous
Sugar Solution through Reverse Osmosis Membrane (Fouling Suppression Effect by
pH Adiustment)

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

20 agueous sugar solution obtained in Reference Example 4 was filtered through a

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



membrane 4 2.16% 4.5% 5[0178] (Example 14) Production Examples of Purified Sugar Liquids
Using Various Reverse Osmosis Membranes The aqueous sugar solution obtained. in Reference
Example 5 was filtered through a microfiltration m%rsnbrane (manufactured by Millipore; pore size, 0.45
um; PVIDE membrane). 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 cutoff, 10000). The filtrate was adjusted with sulfuric acid to pH 3, and 20-L aliquots of the
esulting liquidwestsareated T thidiEsarme mamner Gedir BXEiwleE with. reYétsgiosmesis membranes.
As the reverse osmosis membranes, a cross-linked wholly aromatic polygmide reverse osmosis

membrane UFESH (TS5 OEMER HEMBREHEA PERAC e d By T DR A IISDOSTRIES, INC.), a
membrane prepared. by soakin.g the cross:li wholly aromatic.polyamide reverse. osmosis
membrane U@@%%Ei’n%%‘éﬁg 3&5% gﬁﬁzfl%%ﬁlség}:&(;é g%N?\%%ﬁng‘lggj( %ap%r\aﬁfuaé}ll jerderved
P-giu.cosidasepreparationSiginaAlddchiiapan)ak 306 fard dav.and washing thelgsyiting

membrane with RD water (reverse osmosis membrane 2), a polyamid.e reverse osmosis membrane
DESAL-3B (revkrbetosmbsissmembrané, 3; manifacturetsbyeRE S}y daloellglosecaestate reverse
osmosis membrane GE SEPA CE (reverse osmosis membrane 4, manufactured by GE Osmonies)
(Comparative EXSHpRNEHRE QI MBIAn &S prEpate o B soakng e BEINfosaatstatiPéverse osmosis
membrane GE SEPA CE (manufactured onics) in a cellulgse enz meéi uid Novozyme
188 (Aspergilllllljs% Fl5%‘?’-ggﬁ&eﬁngﬁl%ggﬁsgggxp{?gp%%gg}r@ ?é}r%énﬁ??i@n. J%l}pea%l %¥%§ : ﬂ%ﬁi 1 day an.d

washing the tesplling.rpenebiane Wil ROhwaler {reyrise: 05 mesis memhiane Rl were,used, and each
permeate was recovered until the volume of the raw liquid decreased to one fourth of the initial

volume, [017€&}angeR@ waterinthe:samieamourbasthe pernedie wasifeds talthésdoneentrated liquid
in the raw liquid tank, and the concentrations of fermentation-inhibiting substances contained in the
raw ligtiid tarikaREtRE periedtd Were analyrestbypHRED(mMafhiafBetuned 1y Shitiladezt Corporation),

thereb I ting th tion 15rat f th tation-inhibiti b (aceti id,
formic aci, HU TGP UbIFE SERiouai BFoyr HoTe Sele) SFRIGHE BoHireion rates of the
monosaccharides (lucose and;¥ylese), The results indicajed that the mongsaccharides and the

t
fermentation-inhibiting substances could be blocked with any of the reverse osmosis membranes, and

that, in particolar thedeverse psmesis20mernby anes shand 2w thatisnihepolyamide and cross-linked
wholly aromatic polyamide reverse osmosis membranes, have low permeation rates of
monosacchatdessahilenh aving Wit perivealivairatés G fEmmentation-thhibitimgisubstances. It was
further revealed that the cellulose acetate membranes are less resistant to the cellulase (Tables 27

and 21’8[3 ZS[ﬁgﬁjuﬁ’abl hﬁﬂ}x}g&f[ﬁ@%nﬁmff‘)monosaccharides and fermentation-inhibiting

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

20 fermentation-inhibiting substances from the agqueous sugar solution could be
contirmed.
(01667
[Table 21]

Table 21 Concentrations of monosaccharides

Agueous sugar Purified sugar Purified sugar
solution liquid liguid
(Gltration at pH 3) | (filtration at pH 7)
Glucose | 50 g/l 200 g/t 200 g/L
Xylose 8 o/L 32 o/L 32 ¢/l
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EI5 gl 5,-) er: z 1,)em ta-) rr.ct- 1cElEic,--' E--114 77 [0181 [Table 28] Table 28 Comparison of
permeation rates of monosaccharides through various reverse osmosis filtration membranes

[0167]
[Table 22]

Table 22 Quantification of fermentation-inhibiting substances

Agusous sugar
solution

Purified sugar
liguid
(filtration at pH 3)

Purified sugar
hiquid
(filtration at pH 7)

Formic acid
Acetic acid
Furfural
HMF
Vaniliin
Acetovanillin

[0168]

0.1 /L
0.5 o/L
15 mg/L
16 mg/l.
3 mg/L
13 my/L

0.2 o/L.
1.2 ¢/l
35 me/L
30 mg/L
9 mg/L
45 me/l

0.4 g/L
2.0 o/L
35 mg/l.
30 me/L
% me/L
45 mo/L

T

(Example 8) Step of Filtering Hydrothermally Treated Liguid through Nanofiltration
Membrane (Fouling Suppression Effect by Microfiltration Membrane/Ultrafiliration
Membrane)
The fouling suppression effect by filtration treatment, which is carried out
before concentration of the hydrothermally treated liguid 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 Hquids, that is, a liquid
prepared just by centrifuging the hydrothermally treated liquid obtained in Reference
Example 4 as it is, a liquid treated with a microfiltration membrane (manufactured by
Millipore; pore size, .45 pm; PVDF membrane), and a liquid 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 Liguid was 800 NTU, and the turbidities of both of the
other 2 types of liquids were not more than [ NTU.

Fach liquid in an amount of 2

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

o
o

1 until the volume remaining in the raw liguid 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 {otal amount of the permeate with time.  The



Glucose 0.1% "Xylose 0% 0.1% 0% 0.2% F 1.0% 2.0% 75% 85% 5[0182] (Example 15) Comparison
of Effects to Concentrate Monosaccharides and Fermentation-inhibiting Substances To compare the
effects to concentrate monosaceharides and fermentation- inhibiting substances, the deuces of
concentration of monosaccharides and 10fermentation-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
solution obtaisedtinrRefsrdricenEkamplecite Piavdwithiagtieods ampibniavaidsufafiesacid, the
resulting solution was fil ered throug qqa mlcrofdtratlon membragjw The sol tlon was ur ther filtered

through an uFt‘?éhﬁr%’?ﬁ%ﬁ ERTBFN & FHE AT WA Froin BPE N 6% ¥idHne. The filtrate
was divided igfo.3-aiguaIS (204 5a60 ad iegted with 9%&&%@&%@&&%@@@%@@8 until, the

volume in the raw I|qU|d side decreased to 5 L (4-fold concentration); treated with a nanofiltration

membrane ugtihtsevefwre-ihihe E@wdkwwes&&&a@m@ﬁthmﬂ&ﬂeﬁ&m&@ 2Qepngentration), followed
by treatment with a reverse osmosis membrane until the volume in the raw liquid side decreased. to 5
5, (additional2+fotdicenoentrationg ia drastic decrease in the filtration capacity of the membrane.

101691
(Example 9) ldentification of Fouling Components
The hydrothermally treated liguid obtained in Reference Exampie 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 scanning
clectron microscope apparatus.  As a result, on the microfiltration membrane, many
15 gel deposits and particles 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 5i (silicon} and O (oxygen) were
detected at the positions of the particles (Fig. 6;.  These particulate matters were
20 assumed to be Si0O; {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 ke, Further, the filtrate obtained by the
microfiltration was filtered through an uitrafiltration membrane, and the

ultrafiltration membrane was lightly washed with RO water.  The ultrafiltration

)
[

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

applying a voltage of 20 kV at a magnification of x100, at 3 different positions. As



78 total of 4-fold concentration), or treated with only a reverse osmosis membrane until the 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-finked p per%ine polyamide nanofiltration membrane UTC60
(nanofiltration membrane 1, manufactured by TORAY INDUSTRIES, INC.) was used, and, as the
reverse osmosis membrane, a cross-linked wholly aromatic polyamid reverse osmosis membrane
UTCB8O0 (reverse osmosis membrane 1, manufactured by TORAY INDUSTRIES, INC.) was used.
[0183] 10Tal#ePolsHhoarteE rasuRSBIHERAIYSTS Of thasoherirativns oEmEnbeadettar des and
fermentation-%%gy'biting Cfubst%nc cgntai‘nedwin,t?e ﬁpurifie su]%ar liélu-id" which analeyésis was carried
out by IIPLC det the &biiHition ‘I;?O%Kfﬁrﬁéjfet EncEEXA 8 PPIBE v BAEATSTHE concentrations
shown in the fable, the. congentatianexpected.when . liguid.is dilited latet,sych that a glucose
15concentration of 50 g/L is attained is shown. As a result, it was revealed that the degrees of
concentrationtefthe:fermentationsinhibilingsubsiances were lower than the degrees of concentration
of the monosaccharides, and that the fermentationinhibiting-substance-removing performance per unit
glucosé conckH{rétion was highest in the case of the nanofiltration membrane treatment, followed by
th.e case of 20the nangfiltration membrane treatment and the subsequent reverse osmosis membrane
treatment, an i‘ﬁ@%%sleob%ﬁ‘fg‘f@\ye?g "58MoSis membrane treatment, that order. On the other hand,
by using the nanofilttatiQr, ne and rever 0S| i ination, loss of

16 é%%%?%%%mt&@&%%{%%%% ?@z’%&%@%‘ﬁéﬂﬁ%&%ﬁ%g@

sugars into the filtrate si lon membrane, w rema y occurs in cases where the

sugar 25concgnRkation dsraschigh-as:aablessithrecBRipi, coridheseducadandififes, a
fermentation-inhibiting-substance-removing performance was largely improved compared to the case

of treatment gnlyatith s:reve rse osingsis membranédi9:[61.84] I Table\29]Tablé29Quantification of
monosaccharides and fermentation-inhibiting substances AgqueousNE membrane- sugarTreated

solutiofl NE mHibHHeIREORS HEMbratEY tighibiarie traateddatby Series 8000
(Millipore), and pressure filtration was carried out using a nitrogen gas cylinder. In
the pressure filtration, 50 mL. of the sugar liguid obtained in Example 1 was fed to
the feed side, and 45 mi, of the liquid was removed as a permeate. The enzyme

concentration (protein concentration} in 5 mL of the sugar liquid remained in the

i
(%3]

feed side was measured.  The enzyme concentration was colorimetrically measured
using BCA measurement kit (BCA Protein Assay Regent kit, manufactured by
PIERCE) by measurement of absorbance at 562 nm using bovine albumin (2 mg/mi)
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 liquid recovered in
20 Reference Example 1 could be confirmed to be within the range of 10-60% as a
relative value.
(01717
(Exampie 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-ireated aqueous sugar
solution obtained in Reference Example 5 through a microfiltration membrane and

an ultrafiliration membrane, and then further filtering the sclution through a reverse



Glucose50 g/L 160 g/L 195 g/L200 g/L (50 g/L) (50 g/L) (50 g/L) Xylose25 g/L 79 g/L 96 g/L 100 g/L
(25 g/11.) (50 g/L)(50 glli) Arabinose g/L6 g/L 7.6 gdi8 g/L (1.9 g/L) (1.9 g/L) (2 g/L) Mannose 1 g/L
3.09/L3.2g/E3.8g/L 69

osmosis membrane, followed by recovering a purified sugar solution from the feed
side and removing fermentation-inhibiting substances from the permeate side, is
described by way of an Example. Through a microfiliration membrane
(manufactured by Millipore; pore size, 0.45 um; PVDFEF membrane), 4 L of the
5 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 SEPAG PW series; polyether sulfone; molecular
weight cutoff, 10000).  This agueous sugar solution was adjusted with sulfuric acid
to pH 3, and & 2-L aliquot of the resulting solution was filtered at an aqueous sugar
10 solution temperatore of 25°C or 50°C through a reverse osmosis membsane in the
same manner as in Example | until the volume remaining in the raw liguid tank
decreased 1o 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 hiquid. The concentrations of fermentation-inhibiting

15 substances in the purified sugar liquids in the cases of agueous sugar solution
temperatures of 25°C and 50°C were as shown in Table 23, The increased
teraperature of the agueous sugar solution improved the fermentation-inhibiting
substance-removing capacity.  This was assumed to be due to merease in the pore
size of the membrane caused by the increased temperature of the agueous sugar

20 solution.

[0172]

[Table 23]



(0.9 g/L) (0.9 g/L) (1 g/L) Formic acid1.1 g/L1.0 g/L 1.3 g/L 2.0 a/L- (0.3 g/L)(0.3 g/L) (0.5 g/L) Acetic
acid0.5¢g/L0.4a/L0.7g/L1.2g/L (0.14g/L)(0.2g/L) (0.3 g/L) HMF 0 mg/LO mg/LO ing/L 0 mg/L (O

mg/li)(0 mg/L) (0 mg/L) Furfural5 mg/L4 mg/L7 mi%_ 12 mg/L

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

on temperature of aqueous sugar solufion

Before treatment of |
agueous sugar

Treatiment of
aque(}us Sugar

Treatment of
agueous sugar

solution solution at 25°C solution at 50°C
Formic acid 1.1 /L 0.6 g/l 0.2 g/l
Acetic acid 0.5 g/l | 0.3 g/t 0.1 g/l
Furfural 5mg/L | 3 mg/L I mg/L
Vanillin 20 mo/L 16 me/l 10 mg/L
Acetovanillin 18 mg/i, 16 meg/L 12 me/t
Syringic acid 2 mg/L. 1.9 mg/L L2 mg/l |

[0173]

{Exampie 12} Changes in Level of Suppression of Loss of Monosaccharides

Depending on Temperature of Agueous Sugar Solution

A step of filtering the ammonia-treated/enzyime-treated aqueous sugar

solution obtained in Reference Example 5 through a microfiltration membrane and

an vltrafiltration membrane, and then further filtering the solution through a

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

feed side and removing fermentation-inhibiting substances from the permeate side, is

described by way of an Example.

Through a microfiitration membranc

(manufactured by Millipore; pore size, (.45 pm;, PVDF membrane), 4 L of the

aqueous sugar solution obtained in Reference Example 5 was {iltered.

was not more than 1 NTU at this time.

The turbidity

Filtratton was further carried out using an

ultrafiltration membrane (GE SEPA PW series; polyvether sulfone; molecular weight

cutoff, 10000; manufactured by GE Osmonics).

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 solution temperature of 25°C or 10°C through a

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

rernaining in the raw lguid tank decreased to 0.5 L, followed by recovering the

permeate.

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

attain a final volume of 2 L, thereby providing a purified sugar liguid. The



-1.3 ma/L)(1.8 mg/L)(3 mg/L) Vanillin 20 mg/L 18 mg/L (5.6 mg/L) 30 mg/1., (7.7 mg/L) 60 ma/L (15
mg/LH Acetovanillin1l8 mg/L18 rng/L 26 mg/L 70 mg/L ' (5.6 mg/L) (6.7 mg/L) (17 mg/L) Syringic acid2
mg/L2 mg/L 4 mg/L 8 mg/L (0.6 mg/L)(1.0 mg/L)(27(P mg/L) [0185] (Example 16) Production Examples
of Purified Sugar Liquids Using Lowpressure/Ultraiow-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 osmosiscanribraneSshaning different dOpaxrnbatich flolerates iof timsameugzanner as in
Example 6. The compositions of madel sugar liquids of the aqueous su2qar solution Prepared by

hydrolysis of W%g}éé@g@e%mqﬁgﬁ?&@ é)O‘f 1\@@]8 as shown in Table 74, 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

decreased temperature of the agqueous sugar solution.

n

[0174]
[Table 24]

Table 24 Loss of sugars depending on temperature of agueous sugar solution

Before treatment of
agueous sugar
solution

Treatment of
agueous sugar
solution at 25°C

Treatment of
agueous sugar
solution at 10°C

Glucose

)
15
Y

44 /L

50 g/l

[N
RN |

Xylose
Arabinose
Mannose

10175}

21 ¢/l 25 o/l
1.8 g/L 2 g/l
0.8 o/L 1 g/l

e t{e I i o]
-
ot Euntf ol fam

L

F—,

10 {Example 13) Production Exampiesbf?uriﬁed Sugar Liguids Using Various

Neanofihiration Membranes
The aqueous sugar solution obtained in Reference Fxample 3 was further

filtered through a microfiltration membrane (manufactured by Miliipore; pore size,
0.05 pm; PVDF membrane), and 20 L of a solution prepared by 20-fold diluting the

15 agueous sugar selution with RO water was treated with a nanofiliration membrane
until the volume of the solution decreased to 1 L in the same manner as in Exampie 1.
As 900 nanofiltration membranes, a cross-linked piperazine polvamide nanofiliration
membrane UTC60 (nanofiltration membrane 1, manufactured by TORAY
INDUSTRIES, INC.), a cross-linked piperazine polyamide nanofiitration membrane

20 NEF-400 (nanofiitration membrane 2, manufactured by Filmtec Carporation), a
polyamide nanofiltration membrane NF99 (nanofiltration membrane 3. manufactured
by Alfa-Laval} and a cellulose acetate nanofiltration membrane GE Sepa DK

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



80 [Table 30] Table 30 Composition of mode] sugar liquid Model aqueous | sugar solution [Glucose
40 c./L XyloseL Acetic acid { 20 g/L2 g/L [0]87] As the reverse osmosis membranes. BW-3 0
manufactured by Filmtec 5Corporation (reverse os;‘glosis membrane 6) and SU-700 manufactured by
TORAY INDUSTRIES, INC. (reverse osmosis mermbrane 7), which are low-pressure type membranes;
TFC-ULP manufactured by KOCH (reverse osmosis membrane 8) and SUL-G-10 manufactured by
TORAY INDUSTRIES, INC. (reverse osmosis membrane 9), which are ultralow-pressure type
membranes; BAehBESALER Srranutitiured b DESKta@resciseiosmukimestsidne 10), which is a
medium- pressure ;[‘ylﬁ?% membrane for reference; were used. The permeation flow rates of sodium

chloride (500 gLy peranit b ASRE Wt imRrieia ) ohselatizie At amsrlsressure of 0.75 MPa
atpH 6.5 for fheespactive.nPMBIANEs Al SO IL. TRl A1 It 01 Tale 4l Taple 31 Values
of permeation flow rates of respective reverse 0smosis membranes "Permeation‘tlow rate (ms/m2/D)

were calculated.  The results indicated that the monosaccharides and the

5 fermentation-inhibiting substances could be blocked with any of the nanofiltration

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

polyarnide nanofiliration membrane and the cross-linked piperazine polyamide

nanofiltration membranes, have low permeation rates of monosaccharides, while

having high permeation rates of fermentation-inhibiting substances (Tables 25 and

26).

jo
<

[0176)
[Table 25]



Reverse osmosis membrane 6 0.51 Reverse osmosis membrane 7 0.51 Reverse osmosis0.9
membrane 8 Reverse osmosis membrane 9 0.8 Reverse osmosisF0.27 membrane 10, [0189]

Model sugar liquids A and B whose pHs were adj
4.5, 6 or 7 were f||tered in the same manner as in

which is a ferm

the method dest
permeation rate;

in the low-press
From these res
membranes are
remove fermen

3.[0190] [Taple 32] |

reverse SOSrﬁo
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l,§§ted with sulfuric acid or sodium hydroxide to 2, 3,
n'Example 1, and the concentrations of acetic acid,
ce, and sugars contained in the permeate were quantified by

nple 1. The results are shown in Tables 32 and 33. The
ending on the pH, and the loss of sugars tended to be smaller
ow-pressure type, although the difference was very small.
bw-pressure/uhralow-pressure type reverse oSmosis

rmance of removal of organic acids and can efficiently
»s even in cases where the pH of the raw liquid is higher than

rison of permeation rates of acetic acid through respective
t pHs Reverse osmosis membrane 6



ReverseReverseReverseReverse osmosisosmosisosmosis!losmosis membrane 7membrane
8membrane 9membrane 10 pH 2.0 78%80% 99%99% 145% pH 3.060%65% 82%78% 45°)/(71 pH
4.045%50% 60%58% 25% pH 5.020%20% 35%33% 15% pH 6.05%5% 10% 110A 10% 1pH
7.00%0% 5% i5% [0191] [Table 33] 82 Table 33 @omparison of permeation rates of sugars through
respective reverse osmosis membranes GlucoseXylose

[0177]
[Table 26]
Table 26 Comparison of permeation rates of monosaccharides through various

nanofiltration membranes

(Glucose Xylose

Nanofiltration 0.8% ! 1.2%
membrane | | 3‘
Nanofiltration 1.15% 2.0%
membrane 2

' Nanofiliration 1.69% 1.89%
membrane 3
Nanofiltration | 2.16% | 4.5%
membrane 4

5 [0178]

{Example 14)
Production Examples of Purified Sugar Liquids Using Varicus Reverse
Osmesis Membranes
The agqueous sugar solution obtained in Reference Example 5 was filtered
10 through a microfiltration membrane (manufactured by Millipore; pore size, .45 pm:
PVDF membrane}. 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 cutoff, 10000). The filtrate was adjusted with
sulfuric acid to pH 3, and 20-L aliquots of the resuliing liquid were treated in the
15 same manner as in Example ! with reverse osmosis membranes.  As the reverse
osmosis membranes, a cross-linked wholly aromatic pelvamide reverse osmosis
membrane UTC80 (reverse osmosis membrane 1, manufactured by TORAY
INDUSTRIES, INC.), 2 membrane prepared by soaking the cross-linked wholly
aromatic polyamide reverse osmosis membrane UTCS0 in a cellulase enzyme liguid
20 Novozyme 188 (Aspergilius 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



Reverse osmosis membrane 6 0.5% 0.5% Reverse osmosis membrane 7 0.5% 0.5% Reverse
osmosis membrane 8 1..0% 1.2% Reverse osmosis0.8% m.embrane 9 1.00/0 Reverse osmosis
membrane 10 0.2% [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-l.actic acid, D-lactic acid, ethanol, cadaveri.ne and succinic acid. However, the
chemical products produced by the present invention are not restricted to the Examples below. [0193]
10(ReferencérExamplerg)iviattintsfor’Meastrcy€bnceMtiatibhs of BhemisalProducts [L-Lactic acid,
D-Lactic acid] The concentration of accumulated L--lactic acid or D-lactic acid was confirmed by

measuring theSBIBURTSH Mgt Heidh by the: P histhvts membrane 4, meanufactured by

GE Osmonics) (Comparative Example), and a membrane prepared by soaking the
cellulose acetate reverse osmosis membrane GE SEPA CE (manufactured by GE
5 Osmonics) i a cellulase enzyme hiquid Novozyme 188 (Aspergillus niger-derived p-
glucosidase preparation, Sigma Aldrich Japany at 30°C for 1 day and washing the
resulting membrane with RO water (reverse osmosis membrane 5) were used, and
each permeate was recovered until the volume of the raw liquid decreased to one
fourth of the initial volume,
10 [0179]

RO water i the same amount as the permeate was fed to the concentrated
liquid in the raw Hquid tank, and the concentrations of fermentation-inhibiting
substances contained in the raw liguid 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,
forfural, vanillin, acetovanillin 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 biocked with
any of the reverse osmosis membranes, and that, in particular, the reverse osmosis

20 membranes | and 2, that 1s, 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. [t was further revealed that the celluiose acetate membranes are less
resistant to the cellulase (Tables 27 and 28},

25 [0180]

[Table 27]



Column: Shim-Pack SPR-H (manufactured by Shimadzu Corporation) 5SMobile phase: 5 im'Vf

p-toluenesulfonic acid (flow rate, 0.8 mL/min.)

Reaction solution: 5 inM p-toluenesulfonic acid, 20

mM Bis-Tris, 0.1 niM EDT.A-2Na (flow rate, 0.8 mUmin.) Detection method: electric conductivity
Temperature: 45C 20[0194] method under the follgwing conditions. Column: TSK-gel Enantio LI

(manufactured b‘y“:FOSGh”G@‘pOI‘aHOﬁ)’M@'bI’e phase: 1 mM aqueous copper sulfate solution Flow rate:
1.0 mEirnin. De*tégztion @ethﬁ U‘%ZS F1an Temperature: 30C [0195] Further, he optical purity of
L-lactic acid Wasﬁc""’lculated By the folloWing equation. 10[0196] Op al purity (%)=1008(E-D)/(LD) In
this equation, L @presents the cancentration of L-lactic acid. and D represents the concentration of
D-lactic acid. The|optical putity of D-lactic acid was also similarly calculated. 15[0197] [Ethanol]
The concentratj&n of accumulated ethanol was quantified by the gas chromatography method. The
evaluation wgs carried-opt-bydetectionfcatculation using a Shiniacizu GC-2010 capillary GC TC-1 (CL
science) 15 meté £. x 353 rmn 281.D., %f 1.5 pm with a hydrogen flame ionization detector. [0198]
[CadaverineﬁCaE averine was evaluategby the following HPLC method. Column used:
CAPCELL PAK % 8 (manufactured by| Shiseido Co., d.) 25Mobile phase: 0.1% (w/w) aqueous
phosphoric agidy
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solution:acetonitrile=4.5:5.5 Detection: UV 360 nrn 84 Sample pretreatment: To 25 tit of the
sample to be analyzed, 25 p[1_, of 1,4- diaminobutane (0.03 M), 150 tiL of sodium hydrogen
carbonate (0,075 M) and a solution of 2,4-dinitrollugrobenzene (0.2 M) in ethanol were added as
internal standards, and the resulting mixture was i cubated at 37C for 1 hour. 5in 1 mL of acetonitrile,
50 RE of the above reaction solution was dissolved, and the resulting solution was centrifuged at
10,000 rpm for 5 minutes, followed by analyzing 10 jd., of the supernatant by HPLC. [0199] [Suceinic
acid] 10Measdi¥rdthent of the concentration of accumulated succinic acid was carried out by analysis
using HPLC (manufactured by Shimadzu Corporation; LC10A; Rl monitor: RID-10A; column: Aminex

HPX-87H). Thedh

¢ temperature was set to 50C. After equilibrating the column with 0.01. N

H2S04, thega ggrgyv éec}t&%g ap elultég O\{yaisét%gfggd ow WAEFCI:}E) OLJ( N H2804 to %erform the
analysis. [0200] (Refershcd Example 77 Preparation of YeXSt SHARHATIY KBty 1 BHduce L-Lactic

Acid

an ah|||hl to nrn

1 If‘e Tﬂg(}sﬁf‘ ar‘

iTa RV.V] nare

A yeastsirainhaving.an abilibkig-praduce lactic acid was prepared as follows. By ;inking a

human-derived-LDH-gene-in-the-downstream.of-the PDC1 2

promoter in the yeast genome, a yeast

strain having
was carried d
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nf‘n

man ufact%lle/d
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1 to-the-attache

(manufactur
cancer cell lin
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ultured, ahd fhe c

uItured

faett |rnr| |

. The polymerase chain reaction (PCR)
10 INC.) or KOD-Plus-polymerase
instructions. [0201] 2 5 A human breast

e cultured c%(f‘s
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were collected, followed by extracting

RNA using T
reaction usin
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EN) and carrying out reverse transcription

perScript Choice System (manufactured by
he respective operations. the
NA was used as a template for the

subsequent é

I
a template for%g%m]@ caiéon

U

|gonucleot és

UQII Ig |4} 2}‘
having the g:j

1 f 4

ID NO:2 as aprimer-set;-and-KODb- Plus= punynlcm.ac w.a..u

NA. obtained by the above operations as
guences shown in SEQ ID NO:] and SEQ

actured by Toyobo Co. Ltd.), PCR was

carriedfout tol8ldAé the 15-1d11 gene. Each PCR-amplified 10fragment was purified, and
at its ends with T4 Polynucleotide Kinase (manufactured by TAKARA RIO INC.),
RAOPPIGtO pUETRE SRR O WRTE IR &0 Bk igdstadaritii s Té8triction enzyme Hawn

phosphorylated
followed by li

and d.ephosph

iAot YA

Var. 2 (manufactured
To compare the effects to concentrate monosaccharides and fermentation-

E. coil D1-15a

e). The ligation was carried out using DNA Ligation Kit

was transformed with the

inhibiting substances, the degrees of concentration of monesaccharides and

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

agueous sugar solution through a napofiltration membrane and/or reverse osmosis

membrane.

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

sugar sotution obfained in Reference Example 5 to pf 3 with aqueous ammonia and

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

was not more than 0.5 NTU at this time.

‘The solution was further filtered through an ultrafiltration membrane.

The turbidity

The filtrate was divided into 3 aliquots (20

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

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

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

20

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

volume m the raw liguid side decreased fo 3 L {additional 2-fold concentration: a



1'5ligation plasmid products, and the plasmid DNAs Were recovered to obtain plasmids wherein
various L-ldh genes (SEQ ID NO:3) are subcloned.. The obtained pUC118 plasmids wherein the 154dh
genes are inserted were digested with the restriction enzymes A77c1 and Nod to obtain DNA
fragments, each of which was then inserted into th&Xilol/Notl-restriction site of the yeast expression
vector pTRS11 (Fig. 7). 20Thus, the human-derived L-ldh gene-expressing plasmid pL-ldh5 (15-1dh
gene) was obtained. The above-described pL-Idh5, which is a human-derived L-ldh gene-expressing
plasmid, was @epoditetidithrintemsdtional-RPatent Onganism Repesitary, Nationakinstitute of Advanced
Industrial Science and Technology (ANT Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, japan)
under the accb8siBI G HERKF BRI 20k rate biodepdditolbbruemy2L02008)lin thadorm of the
plasmid itseIfI[;OZOSJ éJs%ng theﬁlaf,miggjgld% %lintainin_g the human-derived LDH gene as a 86

T AhdroligondelebtiARL HAVIHG TR EEGHLN A SHoWKEH BEGHINO:4 and

template for ar%%l’fﬁca?ién‘, and-ofi
SEQ ID NO: | B lqehout | NA fragment containing the
human-derivipiﬁﬁ%%ﬁg}é%ggﬁg\ﬁr%%ﬁ%%% 1.3 kb gﬁ%g%ﬁg{}t%%ﬁ%ﬁﬁ%]rb IS%enéf::jle‘nce of a Saccharomyces
cerevisiae-dernivediddi43! Gered Further DbisiIRg e piasmigspRI42asatemplate for amplification,
and oligonucleotides having the sequences shown in SEQ ID NO:6 and SEQ ID NO:7 as a primer set,
PCR was carfig8W6ii 1sahiphty acDNA aghemtoraining mSeccharentyess cerévisiae-derived
TRP1 gene having a length of 1.2 kb. Each DNA fragment was separated by 1.5% agarose gel
eIectrophores%mz}lﬁr%fL n‘apiﬁe%g%é%frﬁﬁ?go%}&&éé}ﬁ@@%ﬁ&b matGe ey d Q\&/Mu‘?e of the thus obtained
.3-kb fragmentgnd #d:kb fragment as.a template for amplification, and oligonucleotides having the
sequences shown in SEQ ID NO:4 and SEQ ID NO:7 as a primer set, PCR was carried out to obtain a
product, whicfoas then subjected to 1.5% agarose gel electrophoresis, thereby preparing a DNA
fragment having a length of 2.5 kb in which the human-derived LDH gene and TRP1 gene are linked.
With this DNA fragmehtchitvihgves|érgisdfsibdb]thie diubding yeastiSaccharomyces cerevisiae
NBRC10505 strain was transformed to tryptophan prototrophy according to a conventional method.
[0204] 2ocOrﬁ}ﬂ%%%8‘18‘?%%%‘éﬁﬁ&?ﬁﬁ%ﬁ%ﬁ#ﬁéﬁlﬁ%ﬁ&w eelisiRaventhe husiis: derived LDH
enome was c rried out as follows,

linked t f.the PDC' promoter in, t
sen Inke 0 SV g0 20F el b s arpome s et ool

The genomic he trans e S was prepared acc

PCR was thergaisied [uhissing theawepared.ganamic NAasismplats fop,amalification, and 25
oligonucleotides having the sequences shown in SEQ ID NO:8 and SEQ ID NO:9 as a primer set, to

confirm. whetherarvaimplified DN A fraginelif hidving lartangthr ofid thkbavascobtained.. Further, whether
or not the transformed cells have an ability to 87 produce lactic acid was confirmed by culturing the
transformed EGNETHEEHRENUH (INVRTHOB S NVYEASTGENETIC $2000ERI TIaNLCSI-IL PRESS)

and confirming whether or nat the culture.supernatant contained lac acid by measuring the amount of
lactic acid byr}%%euga (f_%or%ceet?qltl)ﬁf%l[ﬁ (L)L(i’uﬁlf‘311 B W@”f'—?&% BhARSTanSTattE See & concentration of

4 9l was detgsted-and e RencentiplonoLrRcicaivasendenibe delggion mit. From the

above studies, it was confirmed that this transformant has an ability to produce L-lactic acid. The
obtained transfohiied-celisavereadesignapeddheyeast SWilsairair, Qane-thisstrain was used for the

subsequent L-lactic acid fermentation. [0206] (Reference Example 8) L-Lactic Acid Fermentation
(Yeast) highest in the case of the nanofiliration membrane treatment, followed by the case of
20 the nanofiltration membrane treatment and the subseguent reverse osmosis
membrane treatment, and the case of the reverse osmosis membrane treatment, in
that order,  On the other hand, by using the nanofiliration membrane and the reverse
osmosis membrane in combination, loss of sugars into the filtrate side of 2
nanofiltration membrane, which remarkably occurs in cases where the sugar
25 concentration is as high as not less than 100 g/L, could be reduced, and the

fermentation-inhibiting-substance-removing performance was largely improved

compared to the case of treatment only with a reverse osmosis membrane.



L-lactic acid fermentation was carried out using the yeast strain obtained in Reference Example 7
(SW-1). To the medium, glucose as a carbon source, and Yeast Synthetic Drop-out Medium
Supplement Without Tryptophan (Sigma Aldrich'. Japan, Table 34, Drop-out MX), Yeast Nitrogen Base
wio Amino Acids and Ammonium Sulfate (Dike, Yeast NTbase), and ammonium sulfate, as the other
components, were blended at the ratio shown in Table 34. The medium was subjected to sterilization
by filtration (Millipore, Stericup 0.22 pm) before being used 20in the fermentation. The concentration of
glucose was guetjfied 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 aslin®Réfeténce Example 6. [0207] 25[Table 34] 88 Table 34 Composition of L-lactic acid

fermentation rﬂ%géu;g Q%o

osjtion

oncentratior& of ¢

ITRONERL: 32 A3 Sl df k- 5 9

antification of nonodsaccharnaes af iin
Agueous NF membrane- | NF membrane/RO RO membrane-
sugar Treated membrane- treated
sohution treated
Glucose 50 g/L 160 g/l 195 g/L 200 g/L |
{50 ¢/} (50 /1) (56 g/L)
Xylose 5 25 g/L. 79 g/l 96 g/L 100 g/L
; (25 /L) (50 g/1.) (30 g/L) |
Arabinose 2o/ 6 g/l 7.6 g/L 8 g/l
(1.9 g/1) (1.vg/L) (2 gLy
| Mannose 1 g/t 3.0 g/l 3.2 g/ 3.8 g/l
{0.9 g/1) (0.9 /1) | {1 o/L)
| Formic acid 1.1 g/l 1.0 ¢/ 1.3 ¢/ 2.0 oL
' (0.3 g/L) {0.3 g/L) (0.5 g/l |
Acetic acid 0.5 g/1. 0.4 /L. 0.7 ¢/L 1.2 g/l
(0.1 g/L) (0.2 o/L) (0.3 g/Ly !
BEMF 0 mg/t. 0 mg/l 0 mg/L 0 mg/L
{0 meg/L) (0 mg/L) {0 mg/L)
Furfural 5 mg/L 4 mg/i. 7 mg/l 12 mg/L
, {1.3 mg/L) (1.8 mg/L) {3 mp/L)
Vanillm 20 mg/lL 18 mg/L 30 mg/L 60 mg/L
(5.6 mg/L) (7.7 mg/t (15 mg/l)
Acetovanillin 18 mg/L 18 mg/L 26 mg/L 70 mg/L
(5.6 mg/L} (6.7 mg/L) (17 mg/l)
Syringic acid | 2 mg/L 2 mg/t 4 mg/l, 8 mg/L |
| (0.6 mg/L) (1.0 mg/L) (2.0 mg/L) |

[0185]

{Example 16} Production Exampies of Purified Sugar Liquids Using Low-
g 4 =

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]



Glucose Drop-out MX Yeast NThase Ammonium sulfate [0208]

T

15

80

[Table 30]
Table 30 Composition of model sugar liguid

Glucose Xylose Acetic acid |
Model agueous 40 g/l 20 ¢/t 2o/l i
sugar solution ;
[0187]

As the reverse osmosis membranes, BW-30 manufactured by Filmtec
Corporation (reverse osmosis membrane 6) and 5U-700 manufactured by TORAY
INDUSTRIES, INC. {reverse osmosis membrane 7}, which are low-pressure type
membranes; THFC-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
manufactured by DESAL (reverse osmosis membrane 10), which is a medium-
pressure type membrane for reference; were used.  The permeation flow rates of
sodium chloride (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.
{0188]
[Table 31]
Table 31 Values of permeation flow rates of respective reverse asmosis membranes
Permeation flow
rate (m’/m*/D)
Reverse osmosis .51
membrane 6
Reverse osmosis .51
membrane 7
Reverse osmosis 0.9
membrane 8
Reverse osmosis (.8
membrane 9
Reverse osmosis | 0.27
membrane 10

[0189]



The SW-I strain was cultured in 5 mL of a fermentation medium (preculture medium) in a test tube with
shaking overnight (preculture). Yeast cells were collected from the preculture by centrifugation, and
the cells were washed well with 15 mL of sterile Wg;qer. The washed yeast cells were inoculated to 100
mL the media having the compositions described in Table 34, and cultured in. a 500-mL Sakaizuchi
flask for 40 hours with shaking (main culture). [0209] 10(Reference Example 9) Method of --Lactic Acid
Fermentation (Lactic Acid Bacterium) The L-lactic acid bacterium fermentation medium shown in Table
35 was autoclaved {i24€ sa&minuibshand Bsebas ithe wediunAsithethastibaciacbheterium, the
Lactococcus laths JC.M. 7638 strain, which is a prokaryotic 15microorganism was used, and, as the
medium, the TAEHE BRI BB factic:-&0H fetmEtATSH HERTATTAURTEEhe cOmFBERIBN shown in
Table 35 was uge |- gt ¢:¢id confained In the, frmeniaton iguid vagisyalualed by he same
method as in Reference xample 1. he concentration o gﬁfucose was measured using Glucose Test

Wako C (manyfegivred by WakeRuse themicalindusiiesdid 52019240kt ahle3a] 89 Table 35
Lactic acid bacterium lactic acid fermentation medium CompositionConcentration of component
Glucose 50 gReference Exampie 1. The resuits are shown in Tables 32 and 33, The

permeation rate of acetic acid varied depending on the pH, and the loss of sugars

tended to be smaller in the low-pressure type than in the wtralow-pressure type,

although the difference was very small.  From these results, it was revealed that

low-pressure/ultralow-pressure type reverse 0smosis membranes are excellent in the

10 performance of removal of organic acids and can efficientty remove fermentation-
inhibiting substances even in cases where the pH of the raw liquid is higher than 3.
[0190]
{Table 32]
Table 32 Comparison of permeation rates of acetic acid through respective reverse
15 osmosis membranes at different pHs
Reverse Reverse Reverse Reverse Reverse
0SMOsis 0SIMOSIs 0STNOS1S 0SIBOSIS OSIN0SIS
membrane 6 | membrane 7 | membrape § | membrane © | membrane 10
pH 2.0 78% | 80% 99% 99% 45%
pH 3.0 60% 65% | 82% 8% 45%
pH 4.0 45% 50% 60% 58% 25%
pit 5.0 20% 20% | 35% 33% 15%
pH 6.0 5% 5% 10% 10% 0%
' pH 7.0 0% | 0% | 3% 5% 0%
[0L91]
{Table 33]




Yeast extract5 g/L Polypeptone5 g/L | Sodium chloride5 g/L- [0211] The Laciococcus locus JCM
7638 strain was subjected to static culture inS mL of the nitrogen-purged lactic acid fermentation
medium shown in Table 35 5placed in a test tube,gﬁr 24 hours at a temperature of 37C (preculture).
The obtained culture was inoculated to 50 raL of a’fresh nitrogen-purged lactic acid fermentation
medium, and subjected to static culture for 48 hours at a temperature of 37C (main culture). [0212]
(Reference Example 10) Ethanol Fermentation (Yeast) Ethanol fermentation by a yeast strain
(0C2. Saccharanmrydes cersutibe, Wireyeast) was studigd < Theupiedispactovbecused for the fermentation
was prepared by subjecting the medium having the composition of Reference Example 8 to
sterilization by SASHFINMRSTe, Stericup 0.22 km), The concentration of 15glucose was quantified
using Glucose Test Wako (manufagtused by Wakadfure Chemical industries, Ltd.). The amount of
ethanol producegdrseaghcidture was measured by G&under the same conditions as i.n Reference
Example 7. [0243}Fhe=0C2 strain was cultured in 5 ml, of|a fermentation medium (preculture 2
Omedium) in aRkest:tehewithsshaking ovestight (prectifitire). Yeast cells were recovered from the
preculture by eentriftsgation, and the cells were washed well with 15 mL of sterile water. The washed
yeast cells wekziroeubates:to 100 m.L m@&dia havingith& gompositions described in Table 34, and
cultured in a 580milra8akaguch| 90 flask for 24 hours with shaking (main culture). [0214] (Reference
Example li) Catavetenekesmentation (C8tynebacteriuitiglutamicum As a microorganism for
production of cadhayeriné, the Corynebacterium glutamicum TR-CADI strain described in JP
2004-222569 Renasasedois study cadavésine ferméntétion by glucose assimilation. A cadaverine
fermentation meditmawd$ prepared by preparing a sugar Jiquid such that the glucose composition
shown in Tablg,36, as a carbon source, was attained and a pH of 7.0 was attained with 3 M aqueous
ammonia. Evaluation of the concentration of cadaverine, which 10is the product, was carried out by
measurement by thedBlGomethaddThe-soncentiatinnotighicase vassmeasinesiusing Glucose Test

Wako C (manufactured by Wako Pure Chemical industries, Ltd.). [0215]
5 obtained 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
and suceinic acid.  However, the chemical products produced by the present
invention are not restricted to the Examples below.
10193]
10 (Reference Example 6) Methods for Measuring Concenirations of Chemical Products
{L-Lactic acid, D-Lactic acid]
The concentration of accumulated L-factic acid or D-lactic acid was

confirmed by measuring the amount of lactic acid by 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 sokution: 5 mM p-toluenesulfonic acid, 20 mM Bis-Tris, 0.1 mM
EDTA-2Na (flow rate, 0.8 mL/min.)
Detection methad: electric conductivity
Temperature: 45°C
20 [0194]

Farther, the optical purity of L-lactic acid was measured by the HPLC



[Table 36] - Table 36 Cadaverine fermentation medium Composition 11Concentration of Jcomponent
Glucose 50 eiL Citric acid I g4_, Urea 15 g/L 0.5 g/L Potassium dihydrogenphosphate Dipotassium
hydroaenphosphate 0.5 g/1 Magnesium sulfate heptahydrate 0.5 g/L L-threonine 0.8 g/L T-methionine
0.6 elL L-leucine 1.5 g/L Iron sulfate heptahydrate 6.0 me/L Manganese sulfate monohydrate

method under the following conditions.
Column: TSK-gel Enantio L1 (manufactured by Tosoh Corporation)
Mobile phase: ! mM agueous copper sulfate solution

Flow rate: 1.0 mL/min.

(o0

Detection method: UV 254 nm

Temperature: 30°C
[£195]

Further, the optical purity of L-lactic acid was calculated by the following
equation.
10 [0196]

Optical purity (%)=100x(L-DNHALA+D)

In 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 calcuiated.

15 [0197]

[Ethanol]

The concentration of accumulated ethanol was guantified by the gas
chromatography method. The evaluation was carried out by detection/caleulation
using a Shimadzu GC-2010 capiilary GC TC-1 (GL science) 15 meter L. x 0.53 mun

20 LD., df 1.5 wm 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:acetonitriie=4.5:5.5

Petection: UV 360 nm



4.2 mg/L Biotin 1.0 mg/L Thiamine 2.0 ing/L 1 [0216] 91 In a test tube, 5 ml. of the cadaverine
fermentation medium supplemented with kanamycin (25 pg/mL) was added to the Corynebacterium
glutamicurn TRCAD1 strain, and the strain was cultured overnight with shaking (preculture). From the
preculture, the Corynebacterium glutamicum TR-CAD1 strain was recovered by 5centrifugation, and
the cells were washed well with 15 mL of sterile ater. The washed bacterial cells were inoculated to
100 mL of the above-described medium, and cultured in a 500-mL Sakaguchi flask for 24 hours with

shaking (main cultufenf02 t#lfeferente Exahwﬂeh&)uﬁpﬂeﬁﬁtibe%@%ﬁeﬁm%aﬂahl 10As the
microorganism, the yeast NBRC10505/pTIVI63 strain described in JP 2007-074939 A was used, and,
as the med|umﬂlﬁﬁ@@uraaﬁé%%@@omﬁbﬁ%@ﬁﬁ@@mmmémgﬁm@b@mﬁwdﬁ@dﬁ ShiowA 4n Table 37 was

used. Evaluati nofth centration fDIac ic wh Chl the product, was carried out by
easuroment O e TR0 R Ok HAHE s mARLT LT REFEAEE BT 1. The

1500”0(9““3%@5}1&’&8E’Eﬁé%\é’?ésmﬁm giising Glugose EPS%W?(?P& h{panufactured by Wako Pure
Chemical Industries, Ltd.). [0218] [Table 37] Table 37 D-Lactic acid fermentation med‘'un Composition
Concestration of companentik&lucesrES0 gllotiNeastNitfeagembasgion 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 accurmulated succinic acid was carried
out by analysis using HPLC (manufactured by Shimadzu Corporation; LC10A; RY
monitor: RID-10A; column: Aminex HPX-87H). The column temperature was set

to 30°C.  After equilibrating the column with 0.01 N H,SOs4, the sample was

injected, and elution was carried out with 0.01 N H>80y to perform the analysis,

[
Ln

102001
(Reference Example 7) Preparation of Yeast Strain Having Ability to Produce L-
Lactic Acid
A yeast strain having an ability to produce L-lactic acid was prepared as
follows. By linking a human-derived LDH gene in the downstream of the PDC1
20 promoter in the yeast genome, a yeast 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-polvmerase
{manufactured by Toyobo Co. Ltd.) according to the attached instructions.
102017
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 franscription reaction using the obtained



zr Ity?r/o amino acid 6.7 g/L ; Nineteen standard amino i acids excluding leucine 152 mud, t..
LeueineF760 mg/L [ Inositol152 mg/L p-Aminobenzoie acid16 mg/L Adenine40 mg/L 20[0219]
production medium in a test tube overnight with shaking (preculture). The obtained culture was
inoculated to 50 mL of a fresh D-lactic acid, produgaon medium, and cultured in a 500-mL Sakaguchi
flask for 24 hours at a temperature of 30C with shaking (main culture). [0220] (Reference Example 13)
Method of Succinic Acid. Fermentation  As a microorganism having an ability to produce succini.c
acid, the AnaBrobiespitdhurinsuee SicierSduselsATCT53488 atrailacwas used, to carry out succinic
acid fermentation. in a 125-mL Erlenmeger flask, 100 mL of the seed 10culture medium having the

composition SHOWRRRFEDIe BeTRlaspribetdatstBd by FeatstetightionsfeeaiidTable 38] Table 38

inic acid fermentation medium Composition _
Succinic a OPEralions, e manu acmrezgs mstructions were followed.  The obtained cDNA was

used as a template for the subsequent 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:1 and
SEQ 1D N(O:2 as a primer set, and KOD-Plus-polymerase {(manufactured by Toyobo

Co. Lid.), PCR was carried out to clone the L-ldh gene.  Fach PCR-amplified

ot
-

fragment was purified, and phosphorylated at its ends with T4 Polynucleotide Xinase
(manufactured by TAKARA BIO INC.), followed by tigation into pUCL18 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 TAKARA BIO INC.). E coli DHS0 was transformed with the

ligation plasmid products, and the plasmid DNAs were recovered to obtain plasmids

I_\
553

wherein various L-1dh genes (SEQ ID NO:3) are subcloned.  The obtained pUCL18
plasmuds wherein the L-1dh genes are inserted were digested with the restrict%on.
enzymes Xhol and Nod to obtain DNA fragments, each of which was then inserted
into the Xhol/Notl-restriction site of the yeast expression vector pTRS11 (Fig. 7).

20 Thus, the human-derived L-ldh gene-expressing plasmid pL-1dh5 (L-ldh gene) was
obtained. The above-described pL-1dh5, which 1s a human-derived L-1dh 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, [baraki. Japan) under the accession No. FERM

25 AP-20421 (date of deposit: February 21, 2005) in the form of the plasmid itself.
[0203]

Using the plasmid pL-Idh5 containing the human-derived LDH gene as a



Concentration of component. 50 g/L 10 g/L, I 5 g/L 1 ga, Glucose Polypeptone Yeast extract
Dipotassiutn hydrogenphosphate , Sodium chloride Magnesium chloride 15[0222]

86

template for amplification, and oligonucieotides having the sequences shown in SEQ
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 Saccharomyees cerevisige-derived TDH3 gene,  Further,

n

using the plasmid pRS424 as a template for amplification, and oligonucleotides
having the sequences shown in SEQ 1D NO:6 and SEQ ID NO:7 as a primer set,
PCR was carried out to amplify a DNA fragment contaiming a Saccharomyvees
cerevisige-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

o]

conventional method.  Using 2 mixture of the thus obtained 1.3-kb fragment and

frud

1.2-kb fragment as a template for amplification, and oligonucleotides having the
sequences shown in SEQ ID NO:4 and SEQ ID N(O:7 as a primer set, PCR was
carried out to obtain a produet, 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 LIDH pene and TRP1 gene are linked,  With this DNA
fragment having a length of 2.5 kb, the budding yeast Saccharomyces cerevisiae
NBRC10503 strain was transformed to 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 PDC1 promoter in the yeast
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 oligonucieotides having the sequences shown in SEQ ID NO:8 and SEQ 1D NO:9 as
a primer set, to 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 1o



0.2 glL,

wn

ot
a1

20

]
o

In an anaerobic glove box, I lit of 30 mfyi Na2CO3 and 0.15 mL of 180 mM
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produce lactic acid was confirmed by culturing the transformed cells in SC mediam
(METHODS IN YEAST GENETICS 2000 EDITION, CSHL PRESS) and
confirming whether or not the culture supernatant contained lactic acid by measuring
the amount of lactic acid by the HPLC method.

[0205]

By the HPLC analysts, 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 transformant has an ability to produce L-
lactic acid.  The obtained transformed cells were designated the yeast SW-1 strain,
and this strain was used for the subsequent L-jactic acid fermentation.

[02067
(Reference Example 8) L-Lactic Acid Fermentation (Yeast)

i.-lactic acid fermentation was carried out using the yeast strain obtained in
Reference Example 7 (SW-1).  To the medium, glucose as a carbon source, and
Yeast Synthetic Drop-out Medium Supplement Without Tryptophan (Sigma Aldrich’
Fapan, Table 34, Drop-out MX), Yeast Nitrogen Base w/o Amino Acids and
Armmonium Sulfate {Difco, Yeast NTbase), and ammonium sulfate, as the other
components, were blended at the ratio shown in Table 34,  The medium was
subjected to sterilization by filtration (Millipore, Stericup 0.22 pum) before being used
in the fermentation. The concentration of glucose was gquantified using Glucose
Test Wako (manufactured by Wako Pure Chemical Industries, Ltd.}). The amount
of lactic acid produced in each cuiture was measured by HPLC under the same
conditions as in Reference Example 6.

[0207]

[Table 34]



FlI2SO4 were ad.ded to the medium. and further, 0.5 inL of a reducing solution containing 0.25 g/L
cysteine.l-ICl and 0.25 g/L NanS was added thereto, followed by inoculation of the ATCC53488 strain
and static culture at 39C for 24 hours (main 20culture). [0223] (Example 17) Fermentation for
Producing Chemical Products Using Sugar Liquid58893 Purified from Dilute Sulfuric
Acid-treated/Enzyme-treated Aqueous Sugar Solution From 1 liter each of the aqueous sugar
solution and the purified sugar liquids (nanofiltration membrane-treated ated liquid and reverse
- osmosis membraine4rEatechligisid il Example disnatarvies @vaparated under reduced pressure (200
hPa) using arotary qy&ggg}gg%lj[manufa ,tl@&' i 1%/.tz,(Tiﬁi&Wf?'kakikai) to obtain an about 3-fold
concentrated solution/liquid. Using these and,,1 Igo(b%mparisson, reagent grade glucose, medium
~components ggiitable for theTespective tases o fen%:éfft on under the concentration conditions of the
respective Qﬂi&ﬁnoﬁ9w199”e“ts described-inthe feg[gl Tt ion conditions shown in Reference
Examples 8 te L3 Werg prepared:and 10the prepdrﬁ-g é}Leu'ium components were used in the main
culture. In theprecUlture Jeagent grade glucose wasysed, and each sugar liquid was used only in the
main culture: ; e ; ISes in which the membrane treatment was
carried out shOW&d better suppression of fermentation inhibition and improved concentrations of
chemical products ?ﬁuwﬂfg’ compared to the_c%ie in which membrane treatment was not carried
out. [0224] [Table 39]"94 Tabié 48 TorehHtiEtiths B HemCRBHIRIRASEHRIEEE™  In terms of
the L-lactic agid fermentation test ysing.yeast(Referance Lxamale 8), the amount of glucose in the
sugar liquid consumed during the fermentation and the yield relative to the sugar ?glucose) are shown
in Table 40. Thédceathentaf thecagueous sugai:selistionthresghithe-sranefilication membrane or the
reverse osmosis membrane resulted in better tendencies of improvement also in the consumption of
the sugar, compéafedfteieris saserin Whichatedresrenbwasmotcdmtistiout((02261c10[ Table 40] Table
40 Glucose con un%ption, and yield relative to su%ar in L-lactic acid fermentation Aqueous sugar

solution NF miefibrae e AfriERPRE e MBras I Re AYeRrgragd cutred m a 500-mL

Sakaguchi flask for 40 hours with shaking (main culture).

[0209]
10 (Reference Example 9) Method of L-Lactic Acid Fermentation {Lactic Acid
Bacterium)

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 prokaryotic

i5 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 Industries, Ltd.).

20 102107

[Table 35]



treatmentl monosaccharide Glucose consumption 31 g/L 48 g/L 48 g/L i49 g/L 1 Yields relative to the
sugar 16% 25% 24%28% : 95 (glucose) [0227] (Example 18) Fermentation for Producing Chemical
Products Using Sugar Liquids Purified from Hydrothermally Treated/Enzyme-treated Aq‘ue(.)us Sugar
Solution From about 1 liter each of the aqueous su#far solution and the purified sugar 5I|_qU|ds
(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
Tokyo Rikakikgipte .’Dblﬂﬁzaﬁca@@éﬁtérﬂmf%@i?@ﬁlﬁ@@%&@x?‘t%%%@f?@ﬂ%'d Upsgzgvtgizz :Sngf for
mparison agentgrade-glucose;-medivm-components-suitable for the res .
?eormZntatlon l?ndergtﬁgc ncer?tratlon con ﬁf&ﬁggfii}?gf’ spective medium components described in
" the fermenta[l&\llhg&éumunb :,..uw_.. in-Refe 1 A%.Qﬁg}fc 8 to 13 were prepared, and the prepared
medium corr OIENES yere used-if-the-mai -etture-intthe preculture, reagent grade glucoscla wals )
used, and ez G, ar u1 tid-was-tused-ofty-in-the mqgr gHure, As a result, as show_n in Table 41, t e
atment-was e showed better suppression of fermentation

cases in Whiulsg RAEnEane t5treatment-was &5

€
inhibition an |ll|pluvcu concentrations-of-ehemie edtiets accumulated, compared to the case in

which membréi¥e tleatment was not carried out. [0228] [Table 41]

N D
-

the Lactococcus lactis JCM 7638 strain was subjected to static culture in 5
mL of the nitrogen-purged lactic acid fermentation medium shown in Table 35
5 placed in a test fube, for 24 hours at 2 temperature of 37°C (preculture}.  The
obtained culture was inoculated 1o 50 mL of a fresh nitrogen-purged lactic acid
fermentation medium, and subjected to static culture for 48 hours af a temperature of
37°C {main culture).
10212}
10 (Reference Example 10} Ethanol Fermentation (Y east)

Ethanol fermenta{im} by a yeast strain (OC2, Saccharomyces cerevisiae, wine
yeast) was studied. The medium to be used for the fermentation was prepared by
subjecting the medium having the composiﬁcm of Reference Example 8 1o
sterilization by filtration. (Millipore, Stericup 0.22 um). The concentration 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.

[0215]

The OC2 strain was cultured in 5 mL of a fermentation medium (preculture

R
<

medium) in a test tube with shaking overnight {preculture). Yeast cells were
recovered from the preculture by centrifugation, and the celis were washed well with
13 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



96 Table 41 Concentrations of chemical products accumulated (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 (nanofiltration membrane-treated liquid and’feverse 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, fdtasbrmpardenseagesitaiagénglircosemedium components suitable for the respective
cases of fermentation under the concentration conditions of the respective medium components
described in fé ¥tmentation conditions shown in Reference Examples 8 to 13 were prepared, and the

prepared medium components v used in the main culture. In the preculture, reagent grade glucose
was used, an%%éﬁc“ng‘a%gﬁuﬁl jﬁl;}/ \?Jgjs&t%‘é%%% i é%?ﬁ#?ﬁ’ﬁm(é‘? K ’e{lf’gé%f‘%’%’ﬂ%n in Table 42,
the cases in which the memBrang:: f eAmentwascalicd. alt slowed hefer, syppression of

fennentation inhibition and improved concentrations of chemical products accumulated compared to
the case in whichifieireBRmentwas dipiiessies onti{0280] 50%able 42 Takle 4 2:G@ncentrations of
chemical products accumulated (Example 20) Fermentation for Producing Chemical Products Using
Sugar Liquids3ayifiee: fromdidotieraiapsrreatedigueobs Sayarsdlutioma0from 1 liter each of
the aqueous sugar solution and the purified sugar liquids (NE membrane-treated liquid and RO
membrane-tr&4i 18%”&8}’?8}‘@%#&5%?%&%? S8 SEPOFAEHI ST FEEER A THBSEHE (200 hPa)
using a rotangexaparatan(maniiactiied bulakva Rikalkallp obialp 2 aoul 2 feld concentrated
solution/liquid. Using these and, for comparison, reagent gra&e glucose. medium fgcomponents
suitable for theifiespaclive aasesehiermentationungderdhe cencantiation. 88 condiigns of the
respective medium components described in the fermentation conditions shown in Reference
Examples 8 to I8 werkugrepar edriaddtheypreparadmme divmhcdRigomentsdverghused in the main
culture, In the preculture, reagent grade glucose was used, and each sugar liquid was used only in the

main culture. SRECETHERA 85 ZHERNR THTABI WS Hine 48RS RRWRICINE hdmpPaRs HEstment was

carried out s%ng%(g%% ﬁ}ﬁgg}tggﬁjﬁgﬁg{r{eﬂ?ngation inhibition and improved concentrations of
chemical products accumu atedl, compared fo the case in which the treatment was not carried out.

[0232] 10[Tabie A3] Table 43 Concentrations of chemical products accumulated Aqueous sugar

[Table 36]
15 " Table 36 Cadaverine fermentation mediwn
Composition Concentration of
component
Glucose ; 50 g/l
Cifric acid 1o/
Urea 15 g/L
Potassium 0.5¢/L.
dihvdrogenphosphate
Dipotassium 0.5 g/l
hvdrogenphosphate
Magnesium sulfate 0.5 ¢/
heptahydrate
L-threonine E 0.8 g/L
L-methionine 0.6 o/l
L-leucine 1.5 g/l
iron sulfate heptahvdrate 6.0 me/l.
Manganese sulfate 4.2 mg/L
monchydrate
Biotin 1.0 mg/1,
Thiamine 2.0 mg/L

[0216]



solution NF membrane treatment RO membrane treatment Reagent grade 'monesaccharide L-Lactic
acid 0g/L19g/L 4 g/L 1.4 ¢g/L (Reference Examle 8) L-Lactic acid O g/L 6g/L]3g/ 9 u/L,

10

2C

91

In atest tube, 5 mL of the cadaverine fermentation medium supplemented
with kanamyein (25 pg/mL} was added to the Corynebacterium ghaamicum TR~
CAD1 strain, and the strain was cultured overnight with shaking (preculture).  From
the preculture, the Corynebacterium glutamicum TR-CADI1 strain was recovered by
centrifugation, and the celis were washed well with 15 ml of sterile water. The
washed bacterial cells were inoculated to 100 mL of the above-described medium,
and cuitured in a 500-mL Sakagnchi flask for 24 hours with shaking (main culture).
102171
(Reference Example 12) D-Lactic Acid Fermentation

As the microorganism, the yeast NBRC10505/pTM6E3 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.  Bvaluation of the
concentration of ID-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
concentration of glucose was measured using Glucose Test Wake C (manufactured

by Wako Pure Chemical Industries, Ltd.).

[0218]
[Tabie 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 amine acid
| Nineteen standard amino 152 mg/LL
acids excluding leucine
Leucine 760 mg/L.
Inositol 152 mg/L
p-Aminobenzoic acid 16 mg/L
Adenine 40 mg/L
[0219]

The NBRCI10505/pTME3 sfrain was cuitured in 5 mL of the D-lactic acid



(Reference.

0g/L

[@2]

bt
(83}

20

Example 9) Ethanol 12 g/L 24 g/L 14 g/L / (Reference  Example 10)

92

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 mediumn, and
cultured in a 500-mL Sakaguchi flask for 24 hours at a temperature of 30°C with
shaking (main culture).
102201
{Reference Example 13) Method of Succinic Acid Fermentation

As a microorganisim having an ability to produce succinic acid, the
Anaerobiospirillum succiniciproducens ATCC53488 strain was used, to carry out
suceinic acid fermentation.  In a 125-mL Erlenmeyer flask, 100 mL of the seed
culture medium having the composition shown in Table 38 was placed, foliowed by
heat sterilization.
[0221]
[Tabie 38}

Table 38 Succinic acid fermentation medium

Composition Concentration of
component
Glucose 50 o/L.
Polypeptone 10 o/L
Yeast extract 5 g/l
Dipotassium 1 g/l
hydrogenphosphate
| Sodium chloride ‘; 1 g/l
| Magnesium chloride 0.2 g/T. |

[6222]

in an anaercobic 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 /L cysteineHCl and .25 /1. Na,8 was added thereto, followed by
moculation of the ATCCS3488 strain and static culture at 39°C for 24 hours {main
cultare).
6223]

{Example 17) Fermentation for Producing Chemical Products Using Sugar Liquids

Cadaverine



0.5g/L0g/L 1.3 g/L (Reference Example 11) D-Lactic acid O gIL 9 g/LO g/L 9 o/E (Reference
Example 12)

83

Purified from Dilute Sulfuric Acid-treated/Enzyme-treated Agueous Sugar Sclution
From 1 liter each of the aqueous sugar solution and the purified sugar liguids
(nanofiltration membrane-treated liguid and reverse osmosis membrane-treated

liquid} in Example 1, water was evaporated under reduced pressure (200 hPa) using a

i

rotary evaporator (manufactured by Tokvo Rikakikal) to obtain an about 3-fold
concentrated solution/liguid.  Using these and, for comparison. reagent grade
glucose, medium components suitable for the respective cases of fermentation under
the concentration conditions of the respective medium componenis described in the
fermentation conditions shown in Reference Examples 8 1o 13 were prepared, and
10 the prepared medium components were used in the main culture.  In the preculture,
reagent grade ghucose was used, and each sugar lignid 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

[
82}

which membrane treatment was not carried out,
[0224]

[Table 39}



, Succinic acid 21 g/L 32 g/L 26 g/L 35 g/L [0233] (Example 21) Effect of pH of Aqueous Sugar
Solution on Production of Chemical Products 15In order to investigate the effect of the pH of the

agueous sugar solution on production of chemical
L-lactic 99 acid fermentation using aqueous suga

§)roducts using the purified sugar liquid, results of
Yolutions having different pHs were compared and

studied. As carbon sources of fermentation mediatwo types of purified sugar liquids in Example 7
(prepared by treating aqueous sugar solutions at pHs of 3 and 7 through a reverse osmosis
membrane) Wémélué@d;mdﬁa&m@@ﬁmém&agmﬁgﬂ%e@hmme was used With sulfuric acid and
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In terms of the L-lactic acid fermentation test using veast (Reference Example

8), the amount of glucose in the sugar Jiquid consumed during the fermentation and

the yield refative 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 iimprovement also in the consumption of

the sugar, compared to the case in which the treatment was not carried out.

[02263
[Table 40)

Table 40 Glucose consumption, and vield relative to sugar in L-lactic acid

fermentation
' Aqueous sugar | NF membrane RO membrane | Reagent grade
solution treatment treatment . monosaccharide
Glucose 31 g/l 48 o/l 48 ¢/L 49 o/l
consumption
Yields relative 16% 23% 24% 28%
to the sugar




100 the reagent grade monosaccharide mediumAs a result, as shown in Table 44, use of the purified
sugar liquid prepared by treating the aqueous sugar solution (pH 3) through a reverse osmosis
membrane resulted in a higher consumption, which was equivalent to the consumption observed in
case of the reagent grade monosaccharide medlur%S of glucose by the microorganism compared to the
case of the purrfred sugar liquid prepared by treating the aqueous sugar solution (pH 7) through a
reverse 0Smg aneT%husrﬂ—eeuid—beWhaﬁiermemaanhrbmmmasreduced in
the former caseé: } | hat-the-concentration-of accumulated lactic-acid in the
case of the pl[jﬁiiimj sugar I|qU|d medlum prepared by 10filtering the aqueous sugar solution (pH 3)
through a reverse osmosis membrane was equivalent to that in the case of the reagent grade

monosacchafid&ametim forselfrablerdaptapiredh resaliBrof tctattitracid derinientation (after 24
hours of cultuge 0Se.co ti onc ation o Iact acid accumulated ,Yield relative to
sugar (qucole%f;BG#] fé%f‘i E%éhﬁdﬂ%’aign%(ﬁﬁﬁé}ggw iﬁj SGOBUNTey éﬁ&%{rqlﬂqwd B medium 40
g/11.10 g/L 25%

From about 1 lifer each of the aqueous sugar solution and the purified sugar

5 hiquids (panofiltration membrane-treated liguid and reverse osmosis membrane-
treated liguid) in Example 2, water was evaporated under reduced pressure (200 hPa)
using a rotary evaporator (manufactured by Tokvo 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

E_i
)

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 liguid was used only in the main

culture.  As aresult, as shown in Table 41, the cases in which the membrane

[
o

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]



Reagent grade monosaccharide It medium1 50 g/L 14 cilL, 28% 15[0237] (Example 22) Comparison
of Performances of Nanofiltration Membrane and Reverse Osmosis Membrane in Production of
Chemical Products In order to compare performances of the nanofiltration membrane and the

reverse osmosis membrane in production of chemi&al products, results of ethanol 20fermentation 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 membrane and the
sugar liquid preparétl Gy punticationficughdheanhnofitrattenisnegmbrane and the reverse osmosis

membrane. Ascarborrsourges; thetree
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From about 1 liter each of the agueous sugar solution and the purified sugar

liquids (nanofiltration membrane-treated liquid and reverse osmosis membrane-

treated liquid) in Example 3, water was evaporated under reduced pressure {200 hPa)

using a votary evaporator (manufactured by Tokyo Rikakikai) to obtain an about 1.2~

fold concentrated solution/Hquid.

Using these and, for comparison, reagent grade

glucose, medium components suitable for the respective cases of fermentation under

the concentration conditions of the respective medium compenents 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.

reagent grade glucese was used, and each sugar liquid was used only in the main

culture.

As aresult, ag shown in Table 42, the cazes m which the membrane

In the preculture,



Table 45 Results of ethanol fermentation (after 48 hours of culture) 1 Glucose consumption
Concentration ofl ethanol accumulated _I | Purified sugar50 g/L 129 g/L liquid. C. mediunill_ Purified
sugar50 g/L 129 g/L ' liquid D mediumi Purified sugar48 g/L liquid E medium 27 g/L 1, , Reagent ‘
grade50 a/L e, 1 monosaccharide i medium 129 g i1 [0241] 15(Reference Example 14) Preparation
of E. coil for Cadaverine Fermentation In order to enhance the expression level of the lysine
decarboxylase gene existing in the E. colt chromosome to increase the cadaverine fermentation
performance, prapanationsebaristrain iwvhichdhe prepaisioaiihetrsingdasarbaxylasggene is
replaced with the promoter of the gapA gene (glyceraldehyde 20dehydrogenase gene) of E. coil was
attempted. THEPEPISESRIESEBRIsE IOt W asdantied outbisadnodifiec:tethed-efgene disruption
by homologoq&ig%%%mbination using HT recombinase. The method of preparation was as follows.

[0242] <1> CIORing of gaPA"GenE Prohister” o1t
[0230]

5 [Table 42)

Table 42 Concentrations of chemical products accumulated

| Agueous | NF f RO | Reagent grade
sugar membrane membrane monosaccharide
solution freatment treatment
L-Lactic acid &g/l I3 g/L g/l 14 g/L
(Reference
Example 8) ]
L-Lactic acid | 6 g/L. 9 g/l 7 /L 9 g/l
(Reference
Example 9)
| Bthanol 23 g/L 29 g/ 29 gf1, 29 g/l
. (Reference
Example 10)
Cadaverine 0.6 /L. [.2 g/l 1.1 o/l 1.3 g/L
(Reference |
Example 11)
D-Lactic acid 2.1 /L & g/l 6 /L. 9 g/l
i (Reference
Example 12) 1
Succinic acid 31 g/l 35 o/L 35 g/L 35¢/L
(Reference
Example 13} 3;
(02317

(zxample 20) Fermentation for Producing Chemical Products Using Sugar Liquids
Purified from Hydrothermally Treated Aqueous Sugar Solution

10 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 Tokyo Rikakikai) to obtain an about 20-fold concentrated
solution/liquid.  Using these and, for comparison, reagent crade glucose, medium

15 components suitabje for the respective cases of fermentation under the concentration



The E, coil W3110 strain was cultured and collected by centrifugation. and its 5genomic DNA was
extracted using UltraClean Microbial DNA Isolation Kit (manufactured by MO 810 Laboratories, Inc.).
For details of the operation, the manufacturer's msgguctlons were followed. [0243] Using the thus
obtained genomic DNA as a template and oligonucleotides O(SEQ ID NO: 1.0 (1CS029) and SEQ ID
NO:11 (KS030)) as a primer set, PCR was carried out to 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, KODReR{isops lyhtles asen¢nanufadiune dopyrFoyob dGoilbdd hwasfuseht s the reaction buffer
and the dNTP mix attached to the polymerase were used. Fifty 15microliters of a reaction system was
prepared sucfPiHEE B ﬁ%?wp%egrﬁ?éeg%ﬂﬁﬂ@ﬁﬁﬁlﬁr%?éﬁ%@%ﬁp@ﬁ Bi58%&9n accordance
with the manuf%?turers mstruetslons atta%he to the poﬁ(,_‘pera e,.50 ;{gg ivalceegf the.primers and 1

unit/sample of KOD-PluS p poﬁ/mergzeﬁei"(gmalr]l}u Hctured b oyobo “&?op El)f%dﬁ were ¢o Ttélne therein. The
reaction solutiopwas:asbigeted e el denaturation using.a P Fh.amplification. 2Q device iCycler
(manufactured by BIO-RAD) at 94C for 5 minutes: followed by 30 cycles of: 94C for 30 seconds (heat
denatufation)e58C forl88vsacorms(dhndalingeofthvé:pliniers)and 68C-dom30secondsi{éxtension of the
complementary strand):. and the solution was then cooled to a temperature of 4C. The gene
amplification p‘t‘ﬁﬁé‘ré’f( E@QWWGWWS@@QPWSEQl}B’INWHN(KIEEEOﬁC\Nere prepared such 25that
the sequence reco ni ed E’}f indlll | att ched to th 1 ends a Ji}ot 3 -ends. é%ff Each

PCR- ampllfleo? Qfémerﬁn\?vas %131% éjrﬁa!tleg AT éln 5 WI'[(F]mfgﬂl Iyn Hudled ase

(manufactureg.hy. LAKARA-BIGINEC,), followed by ligation into pliC11 8 vector (which had been
digested with the restriction enzyme Hinell and dephosphorylated at the site of cleavage). The
ligation was d&fied out using DNA Ligation Kit Ver. 2 (manufactured by TAK.ARA BIG INC.). E. coill
DI-15a 5 competent cells (manufactured by TAKARA BIO INC.) were transformed with the ligation
solutiéf, and [ﬁ%ﬁt@df%h an LB plate supplemented with 50 ug/l, ampicillin, which is an antibiotic,
followed by ¢ rlrllgél?e cells overni é Plas NAs were recqvered from grown colonies by
miniprep, an aved Wittt ’?H%tf@&r?gt‘f Hen Ph% Pﬁﬁcﬁﬂmfmlg%% by selecting plasmids in which the
gapA promoter is 10inserted. Theuentire series df operationsiWere carriBengut mradlccordance with the
attached manufacturer's msiructlmgs; [0245¢psb@iening BEEYEine DetarbosfzssEGene
Subsequently, PCR was_carriedadutiaising the“gf&ti8mic DNAZBIE! cail W3110 obtained in <1> as a
template and éligetiichsatides (SEQIBINO:12 (CadAF2) and SEQLID NO:13 (C4¢ARR)) as a primer
set, to carry odteleimg of the cadA genel encoding lysine decarboxylase. The PCR amplification
reaction was|catfi@fiadt under the same conditions asiin <I> except/that the extension reaction was
carried out farl2lrfiiste&dThe gene Geplification perhers (SE(PIDIND:12 (CadA? EZ) and 20SEQ ID
NO:13 (Cad/\lﬂ%)@ﬁvélaé prepared such thpt the sequerice recognized by Hindlll is attached to their
5'-ends and the*éBileRte recognized hy Xbal is aﬂarﬂed ta their the 3'-ends. The abtained DNA
frament was I| ‘nto pUC118 vEeBFin the safh&anner d4 Bil<>, to obtaiR%E118 vector in
which the caci éﬁé“‘?E inserted. The obtained vector yas cleaved with Hindlll and Xbui to confirm

insertion of tk in-the plasmid ‘
Cadaveune 0 g/l 0.5 g/l ¢ g/l 1.3g/L

(Reference -5
Example 11) f
D-Lactic acid 0g/L | 9oL O g/l 9g/L
(Reference

Fxample 12)
Succinic acid 21 g/L. 32 g/l | 26 g/L, | 35 g/l

[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 aguecus sugar solution on

production of chemical products using the purified sugar liquid, results of L-lactic



[0246] Subsequently this pUC118 vector in which the cadA gene is inserted was 105 cleaved with the
restriction enzymes Hindlll and Xbal, and the obtained DNA fragment containing the cadA gene was
ligated into the Hindlll/Xbal cleavage site of 0509. The obtained plasmid DNA was recovered and
cleaved with the restriction enzymes Hindlll and X?l%\t, thereby selecting an expression vector in which
the cadA gene is inserted. The obtained plasmid was designated pHS7. [0247] Cloning of
Chloramphenicol Resistance Gene The cat gene was cloned by PCR using, as a template, the
vector pRID3Héaiiagrheacblorainphenioa registasicagena (tat géperant B recagaitian sites in 10
the upstream and downstream thereof, and, as a primer set, oligonucleotides (SEQ ID NO:14 and
SEQ ID NO: #5Y.steepC R asiplifieater reatliomoneienmed aubatdetthes sdmeidedditions as in <1>
except that the extension.reaction w, carri%%out for. 1 minute. The gene amplification primers (SEQ
1D NO: 14 antFSECHE NI 18 Tkrd FYGBATEH SLER AP S TEAES BEOEM e by BamH s
attached to (el ? arbislaandl0e seauenesingogzsd iy atds,gtaghed RAbelt the 3ends. The
obtained DNA fragment' was ligated into pUC 11.8 vector in the same manner as . <I>, to obtain
pUC118 vectgrdtewhicksthemeatgenevisinsated. Lhe.abtainesuestarinas ceavadwith the restriction
enzymes BamHI and Sad to confirm insertion of the cat gene in the plasmid. 20[0248] <4> Insertion of
cat Gene andifaphipeémsrlintodsHsZxamp8ubsegadntisdive pUT 228 thectorinnghich the cat gene
was inserted was cleaved, with the restriction enzyme Bcanl-1l, and a plasmid was prepared by

introducing tHEIBBEANEE PRAHSGHEEICRS RS BAMENNSAT cihvAYB SDHtha 88akovEdescribed
pHS7.The obtai Vector. \ ! Nith the restriction enzymes.Barrel and Sad to ( onfirm
}Q%% &X %V:{ﬁe 1?}!%@@% Yr%%gr%%ﬂ%%gs%egl% ’Ye ale Cp}? ? . ’l;:? {TCAle %}’ LFI)

insertion of the cat gene In plasmid. us obtained. plasmic’. was designa 5. 106
[0249] <5> Iniredueiionabgaph.RremetenrcatA Geng:tasselieiipehromasome subsequently. the

pUC118 vector in which the gapA promoter is inserted was cleaved with the restriction enzyme Hindlll,

and alplasmid>wasoptépathedifuintrodecing therobtameth DNAI frag mehtdo theuHifeit Gleavage site of
the above-described pKSS5. PCR was carried out using this plasmid DNA as a template, and
oligonucleotidd@{SEAID NE16 AT By SEDHD NG LR{KSun) s 3 H#mer set. For the
PCR, Premix ExJaci manufactured by TAKARA BIQ.INC.) was used. By this PCR, a plasmid
from which a a%ﬁ%;i‘geadq%;g%tkr)r(laé% -6 %aﬁglﬁ]tl%gé%ﬁu?% be 6 %ﬁﬁ%ﬁa vsv%cslélﬂé?iec %HX 58 the plasmid of

interest. The thug-obtaingd plasmickwagdesigrated 3133 10280 in Al asademplate, p.K58
obtained as described in <4#>, and, as a primer set, oligonucleotides (SEQ ID NO:17 (KS032) and

SEQ ID NO:18wKS038)% RC R avas:1bcanigtdatde: dnydlify. aildNAnfedgmentaontaining the gapA
promoter, the cadA gene and the cat gene. For the PCR amplification reaction, KOD-Plus polymerase
(mantfacturet By by e eal IEfgdodinin ossghaite thedreaction Parerdny hendg Pfmix attached to
the polymerase were used, Fifty microliters gf a rea(flaitgfg system was prepared such that 50 ng/sample

of the plasmid DNA, 5 %%gﬁgaerﬁﬁféleoﬁi%s oW o
[0234]
Each medium was subjected to sterilization by {iltration {Millipore, Stericup

0.22 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 8, the yeast SW-1 strain

was precultured in 5 mL of the reagent grade monosaccharide medium in a test tube,

and main culture was then carried out in the purified sugar liguid A and B media and



20primers 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
device iCycler (manufactured by BIO-RAD) at 94C for 5 minutes; followed by 30 cycles of: 94C, for 30
seconds (heat denaturation), 65C for 30 secondsl&q'mealing of the primers) and 68C for 3 minutes 25
and 30 seconds (extension of the complementary strand); and the solution was then cooled to a
temperature of 4C. The obtained amplified fragment of about 3.5 kb was extracted from the agarose
“get after electhopbgresigratcordingatolaasdnuentianal A07 method, dndthe Ceheehtration was adjusted
to 500 ng/pL. [0251] A strain (hereinafter referred to as W3110/pKD46) prepared by introducing the
plasmid pKD46 thaviy Fl P et bt asaas ¢y Waino B amrasmasiaediivs BTl 3) of LB medium,
and cultured cf\l{gén{ ht at 30C FTgﬁreculture . The ob{taeicped prel%%ulture was subje%ted to 1% inoculation to

5 mL of SOB Medium Suppimentad™ ™ R arabinose), fotowed By Cultifing at 30€ until an 0D600 of

0.6 is attained {main.£Yliuie). f e Pai crlkie Mas. CeNfHtg ?&%@&Qﬂ%ﬁé theRagtaral cells, and the
bacterial cells were washed 3 times with ice-cooled 10% glycerol, foflowed by Ofinally suspending the
bacterial cellshiedblrllbiofidde glyderatictectiais:Bactetinlcell suspenasia, iBphafibe RER-amplified
fragment purified a.s described above was added, and the resulting mixture was cooled on ice for 30
minutes. Thisisushansiopriasrasnsfehredigan ateatropbratiGpftuveteyd: 2 &mirdnd electroporation

was carried out (2500 V. 25 p,F, 200 n) using GenePulser Xcell (manufactured by B10- 5RAD). After
o o BB WG TR S LR TR Te T e AR e B orial ol
suspension s colleglegallaned by GUIKIING.ALATE 95,25 9urs, T syt was appled to LB

agar medium supplemented with 25 |,tg/L chloramphenicol, and cultured at 37C overnight. [0252]
20After confirming:thatdhe:-obtained colenydiddrobgrawiivub maditmesupplemerted with ampicillin,
confirmation of the fact that it is the strain of interest in which the promoter of the cad.A gene is
replaééd withftherigapi promotegaschrtiet ptt Dy RCRhusingethe Extrattetghome wssa template
and oligonu.cleotides (SEQ Il) NO:19 (KS007) and SEQ ID NO:20 (KS008)) as primers. In the strain of
25interest prédHEE By hBIHdbETEE TeEoMbHEETH BH e P ibf &BBut 3.8 kb is obtained,

while in a strinﬁn)% 1which the insertion by homologou.s recombination did not occur at the position of
interest, an ampli i]ed product of about 2.3 kb is 108 obtained. As a result, the amplified product of
about 3.8 kb ¢cpagk hg)confirmed. This strain, in which the promoter of the cadA gene is replaced with
the gapA promoter, was designated the W311.0(gapA-cadA) strain. [0253] (Example 23) Production of
Purified Sugafdbiguiél RConlainiig XyfoseiCompementn (afks Stgamliquidsicoataining large amounts of

the xylose component; the ditute syffuric acid-treggegt tiguid-in-ReferencesExample 3 (xviose)
concentration, 15 g/L) and the hygggg{}ﬁgﬂgﬁy treated, Jiguid: in Reference E@\fg@ggﬁ (Xylose
concentration, 4 014 were adjusted to pH 3 and:pH  with,an.aqueous calcium hydroxide salution
10and Su|furiC@§1@E&%%%Ctlvaly, followeds by filtering the Tesuliing liquids through a ™ 2go,
fiquid A
medium
Purified sugar 40 g/L 10 g/L 25%
liguid B
medium ]
Reagent grade 50 /L 14 g/l | 28%
monosaccharide
medium
15 [0237]

(Example 22) Comparison of Performances of Nanofiliration Membrane and Reverse
Osmosis 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, resulis of ethanol

20 fermentation were compared and studied among the sugar liquid prepared by



microfiltration membrane. The turbidity of each liquid was not more than 1.0 NTU at this time. These
agueous sugar solutions, a total of 4 types, were treated through a nanofiltratinn membrane by the
same method as in Example 1, to obtain purified sygar liquids. Using, as the nanofiltration membrane,
a cross-linked piperazine 15polyamide nanofiltration membrane UTC60 (nanofiltration membrane 1;
manufactured by TORAY INDUSTRIES, INC.), filtration was carried. out until the volume of the raw
liquid decreased to one fourth of the initial volume. The concentrations of fermentation-inhibiting
substances amdifietiosabchatides wowtalietbinvavhreondéatrateringiie ravpliegdibtank at this time
were analyzed by HPLC 20(manufactured by Shimadzu Corporation.). The results obtained for the
fermentation '%ﬁfﬁ@%ﬂ’é@f&ﬁé@%"E‘é(@é’"t?‘c"é@ﬁ?iﬁdﬂﬁ?&bé?ﬁa,3Pﬁ\/ﬁl‘? U EH AR EC &bvaniliin and
syringic acid) and monosacch.arides cose and xylose e a.s.shown in. Tables 46 and 47. [0254]
aTable 6] D0 T G N S R P LR R
c..1cr) a1 - AEddbSulsdiried, FChiGhs oy ReloF HEI AN b ar lig A 17 Bxihple. 1B eddeC; 00 0-, (-4 az
c-Lix.:a.l-: :-,CrltrlC4H "-, c.)ii..-"L' --g =1 ,:

5 subjected to nanofiltration membrane treatment, reverse osmosis membrane
treatment, or nanofiltration fﬁembrane treatment followed by reverse osmosis
membrane treatment) were used. and, as a control, reagent grade glucose was used.
With agueous ammonia, 0.5 L each of the concentrated sugar liguids obtained in
Example 15 was adjusted to pH 5, and the resulting liguids were diluted to a glucose

10 concentration of 55 g/L, to provide the sugar liquids £, FF and G (E: treated through a
nanofiltration membrane; I treated through a nanofiltration membrane and then
through a reverse camosis membrane; G: treated through a reverse osmosis
membrane). To these sugar liquids, Yeast Synthetic Drop-out Medium Supplement

Without Tryptophan {Sigma Aldrich Japan, Table 34, Drop-out MX). Yeast Nitrogen

[
[Ed

Base w/o Amino Acids and Ammonium Sulfate (Difco, Yeast NThase), and
ammonium sulfate were blended such that the ratio shown in Table 34 in Reference
Example 8 was attained, to provide the purified sugar lquid € to E media,
respectively.  Similarly, a reagent grade monosaccharide medium was prepared by
blending of reagent grade ghucose at the ratio shown in Table 34.
20 [0238]

Each medium was subjected to sterilization by filtration (Millipore, Stericup
0.22 um) before being used in the fermentation.  The concentration of glucose was
quantified using Glucose Test Wako (manufactured by Wako Pure Chemical

Industrieg, 14d.}.  The amount of ethano! produced in each culture was measured by

e}
o

GC under the conditions described in Reference Example 1.
(02391

In accordance with the method in Reference Example 9, the OC2 sirain was
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precultured in 5 mL of the reagent grade monosaccharide medium in a test tube, and
main culture was then carried out in the purified sugar liguid C 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 nanofiltration membrane were used,

N

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 1o that in the case of the

i0 reagent grade monosaccharide medium, aithough stightly worse than C and D.
[0240)

[Table 45]

Table 45 Results of ethanol fermentation {after 48 hours of culture)

Glucose Concentration of
consumption ethano! accumulated
| Purified sugar 50 ¢/l 29 o/l
liquid C medium
Purified sugar 50 g/l 29 g/l
Liguid D medium
Purified sugar 48 ¢/L 27 g/l
iignid E medium
Reagent grade 56 g/L 29 g/
monosaccharide
medium

[0241]

15 {Reference Example 14) Preparation of E. coli for Cadaverine Fermentation
In order to enhance the expression level of the lysine decarboxylase gene
existing in the £. coli chromosome to 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 (glveeraldehyde
20 dehydrogenase gene) of £. coli was attempted.  The replacement of the promoter

was carried out by a medified method of gene disruption by hemologous
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recombination using FLP recombinase. The method of preparation was as follows.

[0242]

<1> Cloning of gapA Gene Promoter

The £ coli W3110 strain was cultured and collected by centrifugation, and its

5 genomic DNA was extracted using UltraClean Microbial DNA Isolation 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

founrd
2

(SEQ ID NO:10 (KS029) and SEQ ID NO:11 (KS0830)) as a primer set, PCR was
carried out to amplify the gapA gene promoter (560 bp in the upstream of the gapA
gene; hereinafter referred to as “gapA promoter™).  For the PCR amplification
reaction, KOD-Plus polymerase (manufactured by Toyebo Co. Ltd.) was used, and
the reaction buffer and the ANTP 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. Lid.) were contained therein.
The reaction solution was subjected to heat denaturation vsing a PCR amplification
20 device iCycler (manufactured by BIO-RAD) at 94°C for 5 minutes; followead by 30
cycles of: 94°C for 30 seconds (heat denaturation), 55°C for 30 seconds (annealing
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:16 (K8029) and SEQ 1D NG:11 (KS030)) were prepared such
25 that the sequence recognized by Hindlll is attached to their 5" -ends and the 3 -ends.
(02447

Each PCR-amplified fragment was phosphorylated at its ends with T4



[0256] (Example 24) Cadaverine Fermentation by E. coil Using Xylose Sugar Liquid A cadaverine
fermentation test by the cadaverine fermentation E. coll strain in Reference Example 14
(W3i10(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 Exaljrﬁf%le 23 and, for comparison, reagent grade
monosaccharide prepared using reagent grade glucose and xylose, were used. With sulfuric acid and
agueous ammonia, 0.5 L each of the purified sugar liquids was adjusted to pH 5, to provide the sugar
liquids F. G, Ranoki¢ht prépiaced ytraating:they Nydrothernmtly tveated ligwid: thyoah @ nanofiltration
membrane at pH 3; G: prepared by treating the hydrothermally treated liquid through a nanofiltration
membrane at'pid 7 H? prasaied 1y efebaihbeareddirstedsuitirib it é arethtiguid ol ghd
nanofiltration <Egehmbrig}ne}at_ H 3-1;1§pre§§red by t{ea ing the dilute sulfuric acid-treated liquid through a
nanofiltration Tembrane ﬁ%%ﬁtf?.e BGRESESTEEF liqirds! SARGnESI AT SHaTE 'St dMiim sulfate,
potassium dinydiagekRhosPhale A0B.ANPRRIAR R ergrblonger apig faigshown in Table 48, to

[ y. Ther

provide the purified sugar liquid F to 1. media; respective agent grade monosaccharide

mediurh was prepated byiblendingithesbove companentsaichesatio.shawndn Tahle,48 such that the
concentration of reagent grade xylose is 50 g/L. Each medium was subjected to 20sterilization by

filtration (Millipg#&oStersinn 0222 rlaybefore Beirigtuselnitizetermigntation . Eheptoitcentration of
xylose was qu gﬁtgied using a xylose concentration measurement kit (Megazyme). [0257] [Table 48]

112 Table 48 EHpOERGHBFedRINTor R GAUBHAS Rsrremation By E corseshiPosition

IConcentratiop of ¢. t S agnesium sulfate | W1 ... Ammonium sulfate , 16 g/L !
Potassium dihydro%%%@%ﬁgﬁ%f %L‘?’F%B%léé {g?wnépéﬁglglglchﬁffévﬁﬁ nt he> Hb(gapA-cadA)

strain was culkrednaail abthereagen grade menesaccharidemedium,in.aiesktube with shaking
overnight (preculture). The :
10 inserted.  The entire series of operations were carried out in accordance with the
attached manufacturer's instructions.
102453
<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 (CadAF?2) and
SEQID 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 <13 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
Hindlli 1s attached to their 5’-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 vecior in which the cadA gene is

inserted. The obtained vector was cleaved with HindlIl and Ybal to confirm

o
(64

msertion of the cadA gene in the plasmid.
[0246]

Subsequently, this pUC118 vector in which the cadA pene is inserted was



5bacterial cells were collected from the preculture by centrifugation, and washed well with 15 m.L 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 Salcaguchi flask for 24 hours with shaking. As a result, as shown.
in Table 49, use of the purified sugar liquids F and®1 treated through a nanofiltration membrane at pH
3 resulted in 10higher consumptions of xylose, compared to the cases of the purified sugar liquids CI
and | treated through a nanofiltration membrane at pH. 7. Thus, it could be confirmed that fermentation
inhibition wastededed inthe-darines:casean UG itwWAS BROWR thatthe sanpentration of
accumulated cadaverine was also equivalent to that in the case of the reagent grade monosaccharide
medium. 15[0253§Talie4oind I8 Teblesanereslinsief tadatrerined8iniéntationdgdtered® hours of
culture) INDU?@%BAL PPLICABILITY ,026§] By the present invention, fermentation-inhibiting
substances cn be VEG'BHG D&!dil}g ts EHgAF SRbA A SrRreatsih d'e entifdeontaining
biomass, and,,0n.the ﬁgﬁﬁWXﬁaEL{H%@\?@%#ﬁ% &?”J&'Qg%@&%?ga%@&“%e_% stich as glucose
and xylose can be produced at high purity and at high yie 8 S0 that use of the purifiéd sugar liquid as a
fermentation feedstocicenablasenbancement:0f the: afficiences, pkfermentative production of various
chemical products. 10DESCRIPTION OF SYMBOLS [0261] I. Raw liquid tank 2. Cell equipped
with nanofiltra#ié# Inembraneor reverse osmosis membrane 3. High-pressure pump 4. Flow of liquid
which has perme ed_throP%h membrane 5, Flow of liquid which has been concentrated with

membrane 6 ~FIBROT Culti & R A R SIEES T Bump, or permeate from nanofiltration
membrane 7. NAROTiralion Membrang, S RYRISE 25TOsis Membrang &, riyporting plate

having the chloramphenicol resistance gene (cat gene) and FLP recognition sites in

»
>l

10 the upstream and downstream thereof, and, as a primer set, oligonucieotides (SEG 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 1D NO:14 and SEQ 1D NO:15) were
prepared such that the sequence recognized by BanHl is attached to their 57-ends

15 and the sequence recognized by Sacl is attached to their the 3°-ends.  The obtained
DNA fragment was ligated into pUC1 18 vecior in the same manner as in <1>, to
obtain pUC1T18 vector in which the cat gene is inserted.  The obtained vector was
cleaved with the restriction enzymes BamHI and Sac] to confirm insertion of the cat
gene in the plasmid.

20 [0248)
<4> Insertion of cat Gene and gapA promoter into pHS7

-Subsequently, the pUCT 18 vector in which the cat gene was inserted was

cleaved with the restriction enzyme BamHI, and a plasmid was prepared by
mntroducing the obtained DNA fragment to the BamH/Sacl cleavage site of the

25 above-described pHS7.  The obtained vector was cleaved with the restriction

enzymes HSamill and Sacl to confirm insertion of the cat gene in the plasmid.  The

thus obtained plasmid was designated pKS5.



115 CLAIMS 1.A method for producing a sugar liquid using cellulose-containing biomass 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 and/or reverse &&mosis membrane to collect a purified sugar liquid
from the feed side, while removing fermentation-inhibiting substances 10from the permeate side.
2.The method for producing a sugar liquid according to claim I, wherein the pH of said agueous sugar
solution in sajd8t8p (2) is adjusted to 1 to 5, 3.The method for producing a sugar liquid accordin.g to
claim 1 or 2, wherein said fermentation-inhibiting substances comprise one or more selected from the
group consisting SEEgEieeRidsfirBrPesisp et S s predstitodomipBoitans. 4.The method for
producing a sugar liguid accoEdin to Cﬁi 3, wherein said organic acid is formic acid or acetic acid.
5.The method for pr %ﬁgﬁwuﬁnat §U§§rpll 'E%XS%%%H@"{ l‘gfaﬁ?ﬁg PR LA FHOFH EdMBobund is
hydroxymethylfufuraliey furfiucal: 208 Ths mefhndiforproducing & sugatliguig according to claim 3
herein said phenolic compound is vanillin, acetovaniilin or syringic acid. 7.The method for producing a
sugar liquid aiecorditigdeanyaneoi clainmsdite6, whereiarsaitpuiified:sugateligisickin said Step (2) is
a sugar liquid containing a monosaccharide as a major component. 258.The method for producing a
sugar liquid adserdisgb any Sh&ofetaimmsced tot Fsinhbreinisaiddhigivoassegamidelation obtained in.
said Step (1) is. allowed 10 p hrough a microfiltration membrane and/or ultrafihration membrane to
jmhe ke

remove fine 118 PRHE ACTomolec A comFBrentS et e the reSHHBAE 8f said Step (2).
9.The method, facpraducing asuear iquid ascording to.any ene-of Claims iox ar 4 1o

INC.) was used. By this PCR, a plasmid from which an amplified fragment of

o]
<>

about 500 bp can be obtained was selected as the plasmid of interest.  The thus
obtained plasmid was designated pKS8.
102501

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 (KS033). PCR was

carried out o amplify a DNA fragment containing the gapA promoter, the cadA gene

[
&1

and the cat gene.  For the PCR ampiification reaction, KOD-Plus polymerase
{manufactured by Toyebo Co. Ltd.) was used, and the reaction buffer and the dNTP
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.
Ltd.) were contained therein.  The reaction solution was subjected 1o 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 (anneaiing of the primers) and 68°C for 3 minutes
25 and 3¢ seconds {(extension of the complementary strand}; and the solution was then
cooled to a temperature of 4°C.  The obtained amplified fragment of about 3.3 kb

was extracted from the agarose gel after electrophoresis according to a conventional



8, wherein the temperature of said aqueous sugar solution in said Step (2) is adjusted to Ito I5C and
the soiution is filtered through a nanofiltration membrane. 510.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 40C to 80C and the solutioh’is filtered through a reverse osmosis membrane.
11.The method for producing a sugar liquid according to any one of claims 1 to 10, wherein said Step
(2) is a step of filtering said aqueous sugar solution through a 10nanofiltration membrane and filtering
the obtained filtréitalthrduph @revarseesmosid mehbrade ng2The method for producing a sugar liquid
according to any one of claims 1 to .herein the functional layer(s) of said nanofiltration
membrane arﬁ@%ﬂéaid reverse osmosis membrane in said Step (2) is/are poly:amide. iThe method for
producing a sugar Iiguid according to (%L%y one of cl\'a&}mﬁé tﬁhﬁn%?wherein the functional layer of said

nanofiltration membt i i S50 SIap (5 LOMpTids'a crosatinkad SHEraZne PO %itde as a major

component and further campiises A censtiuting compgnentrepresented by Ghemical Fermula 1:

[Chemical Formula 1] 20 (wherein R represents -11 or -C143; and n represents an integer of 0 to 3).
14.A nethod g praduciag a-chemicalpeo duetnwhich rirethpe:tisescas arfermestation feedstock, a
sugar liquid obtained by the method for producing a sugar liquid according to any one of claims Ito 13.
09089sequertédisting e SEQUENCE I 9TiNE 21 105> TORAYINDUSTRIESPING 20> method for

manufacturin ar Jiguid <130> 09089 <160> 20 <170> Patentin version 3,1 <210> 1 <211> 26
%/s%zj% m are%jinos@). fo?kowed by cultugng atg{}QC unti} an Oleqg of 0.6 is 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% giyeerol, followed by

10 finally suspending the bacterial cells in 50 ul. of 10% glvecerol. To this bacterial
cell suspension, 2 pl 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 fransferred to an electroporation cuvette (0.2 cm), and electroporation was

carried out {2500 V, 25 uF, 200 ) using GenePulser Xeell (manufactured by BIO-

ot
o

RAD).  After applying an electric pulse, 1 mL of SOC medium was fed to the

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 ng/l. chicramphenicol, and cultured at 37°C overnight.

(02521

20 After confirming that 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 the gapA promoter was
carried out by PCR using the extracted gerome as a template and oligonucleotides
(SEQ ID NO:19 (KS007) and SEQ 1D NO:20 (KS008)) as primers.  In the strain of

25 interest produced by homologous recombination, an amplified product of about 3.8

kb is obtained, while in a strain in which the insertion by homologous recombination

did not occur at the position of mterest, an amplified product of about 2.3 kb is



<212> DNA <213> Artificial <220> 223> Description of Artificial Sequence: primer <400> 1
ctcgagatgg caac ¢ aaa ggatca26 <210> 2 <211> 28 212> DNA <213> Atrtificial <220> <223>
Description of Artificial Sequence: primer <400> 2 gcggccgctt aaaattgcag ctcctttt28 <210> 3 <211>
999 <212> DNA <213> Homo sapiens <400> 3 at‘gggcaactc taaaggatca gctgatttat aatcttctaa
aggaagaaca gaccccccag60 aataagatta cagttgttgg ggttggtgct gttggcatgg cctgtgccat cagtatcttal20
atgaaggact tggcaaatga acttgctctt qttgatgtca tcgaagacaa attgaagggal80 gagatgatgg atctccaaca
tggcagcctt ttcottagaa. cagcaaaadt, ticteigiic24@adagaatataatglaastgssbhacteadag: efggtcatta
tcacggctgg ggcacgtcag300 caagagggag aaagccgtct taatttggtc cagcgtaacg tgaacatatt taaattcatc360
attcctaatg ttgthdiaatiricadereydad tgraayigotishtfat essiecatpacs gathttitgzedtacgtggce ttggaagata

t
aguggttc ccasasaced 1aafioqadd palqpIIgaR ALcloRalg agecouatc cotiaceiga tgggggasag

[0253]

93]

(Exampie 23) Production of Purified Sugar Liquid Containing Xviose Component
As sugar fiquids containing large amounts of the xylose component, the dilute

sulfuric acid-treated liquid in Reference Example 3 {xvlose concentration, 15 g/L)

and the hydrothermally treated liquid in Reference Example 4 {xvlose concentration,

14 g/L) were adjusted to pH 3 and pH 7 with an aqueous caleium hvdroxide solution

10 and sulfuric acid, respectively, followed by filtering the resulting liguids through a
microfiltration membrane. The turbidity of each liguid was not more than 1.0 NTU
at this time. These agueous 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 nanofiitration 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 in the raw liquid tank at this time were analyzed by HPLC

20 (manufactured by Shimadzu Corporationy.  The results obtained for the

fermentation-inhibiting substances (acetic acid, formic acid, HMF, furfural, vaniliin,

acetovanillin and syringic acid) and monosaccharides (glucose and xylose) were as

shown in Tables 46 and 47.

[0254]

25 [Table 46]



FARICEAR
[gczol
1BW T /BUE 7T S 8w 7y yRurzy 71/8W ] PIOE DIBUTIAS
8w 1AW PEICK /3 (¢ peu e /AW Oz GI[IUBAGI0Y
Hpwze 18w g T/8W g /31 g 1/3W €9 IS UI[[IUB A
g 18w L] /3 6L 8w el /B (0] AW 0] /AU 00T JINTT
g 18wy i Bug /5w g /5 (95 /3 ()98 /34 H9¢ JBIngn |
RLER B0 180 1B €0 18800 T8I0 PIOB D1
Bog T 11R0T BT TE6L 1381 80T pIOE O7120Y
{L (¢ (£ 1d) pmbyy (¢ Hd) pmby
Hd) pinby) pajeay) | fjd) piaby poyean jusLean) pior LUIRRY) pIov
AjjruniagoapAy Afeuiay)oipiy =OLmIns-2nyp -1 [RS-21n]1p pnbig
woyy paylmd (o) pagmd pinbi pajeal) wodj patfrmd woy paryund JODELIRAT pIoR
pinbi se8ng pinbif 1edng ArewsrayioapAy] pmby redng piubrp edag ~OLINJAS-AIN[I(]

tggttgagag tgcttatgag720 gtgatcaaac tcaaaggcta cacarcctgg gctattggac tctctgtagc agatttggca780 Page
1 09089sequence listing.txt gagagtataa tgaagaatdtQ%ggcgggtg cacccagttt ccaccatgat taagggtctt840

tacggaataa aggatgatgt cttccttagt gttcctigca ttztgggaca gaatggaatc900 tcagaccttg tgaaggtgac tctgacttct
gaggaagagg cccgtttgaa gaagagtaca960 gatacacttt gggggatcca aaaggagctg caattttaa999 <210> 4

tggtgtctct ctgaagactc tgcacccaga tttagggact660 gataaagata aggaacagtg gaaagaggtt cacaagcagg
<211>80 <212>DNA..<213>

cacccattaa gctgtcatgg gtgggtcctt gglagaacatg gagattccag tgtgectgta600 tggagtggaa tgaatgttge
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<220> <223> Description of Artificial Sequence: primer <400> 4 tctcaattat tattttctac tcataacctc

acgcaaaata acacagtcaa atcaatcaaa60 atggcaactc taaaggatca80 <210>5 <211>20 <212> DNA
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<213> Artificial <220> <223> Description of Artificial Sequence: primer <400> 5 aggcatatca
cgaggccctt20 <210> 6 <211> 60 <212> DNA <213> Atrtificial <220> <223> Description of Artificial
sequence: primer <400> 6 gaattaattc ttgaagacga ???ggcctcg tgatacgcct agattgtact gagagtgcac60

10256]
(Exampie 24) Cadaverine Fermentation by £ coli Using Xylose Sugar Liquid
A cadaverine fermentation test by the cadaverine fermentation . coli strain

in Reference Lxample 14 (W3110(gapA-cadA) strain) was carried out.  In terms of

(%3]

the media, a total of 3 types of carbon sources, that is, the 4 tvpes of purified sugar
liquids in Example 23 and, for comparison, reagent grade monosaccharide prepared
using reageit grade glucose and xylose, were used.  With sulfuric acid and aqueous
ammomnia, 0.5 L each of the purified sugar liquids was adjusted to pH 3, to provide
the sugar liquids F, G, H and | (F: prepared by treating the hydrothermally treated
10 liquid through a nanofiltration membrane at pH 3; G: prepared by freating the
hydrothermally treated liquid through a nanofiltration membrane at pH 7; H:
prepared by treating the dilute sulfuric acid-treated liguid through a nancofiltration
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

[
{5

sulfate, ammonium suifate, potassium dibydrogen phosphate and polypeptone S were

blended at the ratio shown i Table 48, to provide the purified sugar liquid F to I
nedia, respectively.  The reagent grade monosaccharide medium was prepared by

blending the above components at the ratio shown in Table 48 such that the

concentration of reagent grade xylose is 50 g/L..  Each medium was subjected to

20 sterilization by filtration (Millipore, Stericup 0.22 um) before being used in the

fermentation. The concentration of xvlose was guantified using a xvlose

conecentration measurement kit (Megazyme).

[0257]

[Table 48]



<210> 7 <211> 80 <212> DNA <213> Atrtificial <220> <223> Description of Artificial Sequence: primer
<400> 7 tatttttcgt tacataaaaa tgcttataaa actttaacta ataattagag attaaatcgc60 ctgtgcggta tttcacaccg80
<210> 8 <211> 25 <212> DNA <213> Artificial <§%9> <223> Description of Artificial Sequence: primer
Page 2 09089sequence listing.txt <400>8 caaatatcgt ttgaatattt ttccg 25 <210> 9

Table 48 Composition of medium for cadaverine fermentation by E. coli

Composition Concentration of
component
Xylose 50 g/
Magnesium sulfate 1o/
Ammonium sulfate 16 g/L
Potassium dihydrogenphosphate 1o/l
Polypeptone 8 10 ¢/l

[0258]
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 iquids F and H treated through a nanofiltration membrane at pI1 3 resulted in
10 higher consumptions of xylose, compared to the cases of the purified sugar hiquids G
and | treated through a nanofiltration membrane at pH 7. Thus, it could be
confirmed that fermentation inhibition was reduced in the former cases. Further, it
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]



<211>20 <212>DNA <213> Artificial <220> <223> Description of Artificial Sequence: primer
<400> 9 aatccagatt gcaaccactt

113

Table 49 Results of cadaverine fermentation (after 48 hours of culture)

Xylose Concentration
consumption | of cadaverine
. accumulated |

Purified sugar 47.5 /L1 1.0 g/l
Jiguid F medium
Purified sugar 12¢L 0.0 g/
hguid G medium
Purified sugar | 44.0 g/T 1O /L
liguid H medium

| Purified sugar 24.5 g/l 0.6 g/1. !
jiquid I medium j
Reagent grade 48.5 g/l 1.0 g/L
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 Hquid 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]

U

. Raw liquid tank

[g]

. Cell equipped with nanofiltration membrane or reverse osmosis membrane

L

. High-pressure pump

—3
e
=N

- Flow of liquid which has permeated through membrane

Lh

. Flow of liquid which has been concentrated with membrane
6. Flow of culture sent by high-pressure pump, or permeate from
nanofiltration membrane

7. Nanoefiltration membrane or reverse osmosis membrane



20 <210> 10 <211>30 <212>DNA <213> Artificial <220> <223> Description of Artificial
Sequence: prime <400>

114

8. Supporting plate



10 atgcaagctt cagoggggca tcgcagatca 30 <210> 11 <211>30 <212> DNA <213> Articial <220>

115

CLAIMS

1. A methed for producing a sugar liquid using & celiulose-containing biomass

as a raw material, said method comprising:

(O]

(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
nanofiitration membrane and/or reverse osmosis membrane to collect a purified
sugar lquid from the feed side, while removing fermentation-inhibiting substances
10 from the permeaie side.
2. The method for producing a sugar liquid according to claim 1, wherein the
pH of said agueous sugar solution in said Step (2) is adjusted 1o 1 to 5,
n

3. The method for producing a sugar liquid according to claim 1 or 2, wherein

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

5
.1

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 1s hydroxymethylfurfural or furfural.

20 6. The method for producing a sugar lquid according to claim 3, wherein said
phenolic compound is vanillin, acetovaniilin or syringic acid.

7. The method for producing a sugar liguid according to any one of claims 1 to
6, wherein said purified sugar figuid in said Step (2) is a sugar liquid containing a

monosaccharide as a major component.

P
I9:

8. The method for producing a sugar liquid according to any one of claims 1 to
7, wherein said aqueous sugar solution obtained in said Step (1) is allowed to pass

through a microfiltration membrane and/or ultrafiltration membrane to remove fine



<223> Description of Artificial Sequence: primer <400> 11 atgcaagctt atattccacc agctatttgt 30 <210>
12 <211>30 <212>DNA <213> Atrtificial

ile

particles and macromolecular components before the treatment of said Step (2).

9. The method for producing a sugar liquid according 1o any one of ¢clanms 1 to
8, wherein the tempergture of said aqueous sugar solution in said Step (2) is adjusted
10 1 to 15°C and the solution is filkered through a nanofiltration membrane.

5 10.  The method for producing a sugar liquid according to any one of claims I to
&, wherein the temperature of said aqueons 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 liquid aceording 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 liguid according to any one of claims I to

11, whereln the functional layer(s) of said nanofiltration membrane and/or said

reverse osmosis membrane in said Step (2) is/are polvamide.

bt
o

13, The method for producing a sugar liquid according to any one of claims 1 to

1

[

. wherein the functional jayer of said nanofiltration membrane in said Step (2)
comprises a cross-linked piperazine polyamide as a major component and further
comprises a constituting component represenied by Chemical Formula 1:

[Chemical Formula 1]

(wherein R represents -H or -CHj; 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.



<220> <223> Description of Artificial Sequence: primer <400> 12 atgcaagctt atgaacgtta ttgcaatatt
30 <210>13 <211>30 <212>DNA

09089%sequence Tisting.Txt
SEQUENCE LISTING

<310> TORAY INDUSTRIES, INC.

<320> sethod for manufacturing sugar Tiguid
<130> 008088

<160> 20

<170> pPatentiIn version 3.1

<210> 1

<21i> 26

<212> DNA

<Z213> Artificial

<220

<223> Description of Artificial Sequence: primer

<400> 1

ctcgagatgg caactctaaa ggatca 26
<Z210» 2

<211> 28

<212>  DNA

<213> Artvificial

<Z220>

<Z223> Description of Aartificial Seguence: primer

<400> 2

gogoccgett aaaatitgcag ctootttt 28
<210 3

<Z11> 899

<21Z>  DNA

<213> Homo sapiens

<400> 3

arggeaactc taasggatca gotgatttat aatcttctaa aggaagaaca gacccoocag 50

aataagatta cagtigttgg gotiggtgct gttuogeatgyg cctgtgecat cagiatctta 126

atgaaggact tggcagatga actigctctt gttgatgica tcgaagacaa attgaaggga 180

gagatgatgg atctccaaca tggcagcctt ttccttagaa caccaaagat tgtotctgge 240
aaagactata atgtaactge aaactecaag ctggtcatta tcacggetgg ggoacgtcag 380
caagagggag aaagccgret taatttggte cagogtaacg tgaacatatt taaattcatc 360

attcctaatyg ttgtaaaata cageccgaac tgcaagiige ttattgtite aaatccagty 420
gatatctiga cctacgtggc ttggaagata agtggtiiic ccaaaaaccg tgttatvtgaa 480
agrggtigca atctggattc agoocgatic cgttacctga tgggougaaag gotgagagtt 540
cacccattaa gotgtcatgg otgggtostt goggaacatg gagattcecag tgrgeoctgra Bo0
tggagtyggaa tgaatgttge tggtgtotet ctgaagactc tgcacccaga tttagggact 660
gataaagata aggaacagig gaaagaggott cacaageagy tggtitgagag tgettatgag 726
grtgatcaaac Tcaaaggcta cacatectgy getattggac totctgtage agattitggoa 780

Page 1



<213> Artificial <220> <223> Descri ption of Artificial Sequence: primer <400> 13 atgctctaga
ttattttttg ctttcttctt30 <210> 14 <211> 30 <212> DNA Page 3 <213> Atrtificial09089sequence listing. txt
<220> <223> Description of Artificial Sequence: primer <400> 14

$9089sequence Tisting. txt

gagagtataa tgaagaatct taggcgogtg cacccagitt ccaccatgat taagggteorr 840
tacggaataa aggatgatgt crtccttagt grtoctiigea fittgggaca gaatggaatc 900
tcagacctty tgaaggtgac totgacttet gaggaagagg cocgtitpaa gaagagogca 960
gatacacttt gggggatcca aaaggagotg caattttaa 998
<210> 4

<211> 80

<212> DNA

<213> Artificial

<220

<223> Description of arvificial sequence: primer

<4 4

toctocaattat tattttctac tcataaccte acgcaaaata acacagicas atcaatcaaa 60
atggcaacic tazaggatca 80
<210> 5

<211» 20

<217> DNA

<213 artificial

<220 . .

<223> Description of artificial sequence: primer

<400= 35

aggcgtatca cgaggococtt 20
«<210> &

<211> &0

<212> DNA

<213> Artificial

<220

<223> Description of artificial Sequence: primer

<400> 6

gaatraatitc tigaagacga aagogcctcg tgatacgoct agattgtact gagagtgoac 60
<210= 7

<211> 80

<212> DNA

<213> artificial

<220>

<223> Description of Artificial Sequence: primer

<400> 7

tatttticgt tacatadaaa tgcttataaa actttaacta ataattagag attaaatcge 60
cigrgcggta tttcacacceg 80
<210> 8

<211> 25

<212>  DHNA

<213> arvificial

<220 o

<223> Description of Artificial sequence: nrimer

Page 2



atgcggatcc tgtgtaggct ggagcetgett30 <210> 15 <211> 30 <212> DNA <213> Artificial <220> <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 ctatgacl7 <210> 17 <211> 70 <212> DNA <213> Atrtificial <220> <223> Description
of Artificial Sequence: primer <400> 17 cattttgtcc catgtgttgg gag gggcctt ttttacctgg agatatgact
cagcggggeabO tegcagatca70 <210> AHEPRRU EXIT 5 BRIARE213> Artificial <220> <223>
Descrption of Artificial Sequence: primer <400> 18 cttatgagca aaaaagggaa gtggcaagcc acttcccttg
tacgdgae st JdegGgEBb Eadtgasttc70 <210> 19 <211> 20 <212> DNA <213> Agfficial <220> <223>

Description of Artificial Sequence: primer
<210> 9
<211> 20
<212> DNA
<Z213> Arvificial

<220> o o
<223> Description of artificial Sequence: primer

<400= 9§ :
aatccagatt gcaaccactt 20

<210 10

<2il> 30

<2i2> DNA

<213> Artifticial

<220 )
<223> Description of artificial Sequence: primer

<400> 10
atgraagolt cagogyggca tcgceagatca 30

<210> 11

211> 36

<212> DNA

<213> Argificial

<2 20> o
<223> Description of Artificial Sequence: primer

<400> 11
atgcaagctt atattccace agetatttgr 30

<2i0> 12

<21i> 30

<212> DNA

<213> arvificta)

<220 ‘
<223> Description of artificial Sequence: primer

<4060> 12
atgcaagott atgaacgtta ttocaatatt 30

<210> 13

<211l> 30

<212> DNaA

<213> Artificial

<220
<223> Description of artificial sequence: primer

<400> 13
atgctctaga trattitittyg cttbottott 30

<210> 14
<21l> 30
<Z21Z2> DNA
Page 3



Page 4 09089sequence listingtxt <400>19 accgcgtcta acgcacatta20 <210> 20 <211>20 <212>
DNA <213> Artificial <220> <221>

09089sequence listing. txt
<2313> Artificial

<220> .

<223> Description of Artificial Sequence: primer

<400> 14

atgcggatee togtgtagyct ggageigett 30
<210> 15

<21il> 30

<Z12> DNa

<213> Artificial

<220 )

<223> Description of artificial sequence: primer

<400> 15

atygcgagorc catatgaata tocrccttag 30
<210> 16

«<211= 17

<Z212> DNA

<213> Artificial

<220

<223> Description of Artificial sequence: primer

<400> 16

caggaaacag ctatgac i7
<210> 17

<21l> 70

<212> DNA

<213> artificial

<220>

<Z2Z3> Description of Artificial seguence: primer

<400 17

cattrigtcc catgtgttgg gaggggectt tittacctgg agatatgact cagoggogca 60
tcgeagatca 70
<210> 18

<211> 70

<212> DNA

<213> aArtificial

<2 20>

«223> Description of Artificial sequence: primer

<400> 18

cttatgagca aaaaagggaa gtggcaagcc acttccctty tacgagctaa aaacgacyggc 60
cagtgaatte 70
<Z10> 19

<211> 20

<212> DNA

<213> Artificial

<220>

<223> Dpescriptiocn of Artificial Segquence: primer
Page 4



Description of Artificial Sequence: primer <400> 20 cacgatatag tatatcgcgc20 Page 5

<400

0%089sequence Tisting.txt
19

accgogtota acgcacatta 20

<210
<211
<212>
<213>

<220>
<223>

<400>

20

20

DNA
Artificial

Description of Artificial Sequence: primer

20

cacgatatag tatatcgege 20
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