DESCRIPTION ISOPROPYL ALCOHOL-PRODUCING BACTERIUM AND METHOD OF
PRODUCING ISOPROPYL ALCOHOL USING THE SAME TECHNICAL FIELD [0001]The present
invention relates to an isopropyl alcohol-producing bacterium and a method of producing isopropyl
alcohol using the same. BACKGROUND ART [0002]Isopropyl alcohol produced from a plant-derived
material can be converted to propylene thro]ggg H%Byﬂa&on so that it is promising as a carbon-neutral
raw material for propylene. Since all the devéloped countries are currently required by Kyoto Protocol

to reduce el AoYNLs PLAAROPRINILR ARISSIOPT PI FHDRSEIR 11RSH BiLBRY sAkRINeutral

propylene is extremely important due to its versatility in view of the global environment. [0003]Bacteria

that utilize plant-derived mateyigip Q- profuce is9REPYhalcah e (e 9.4 8pe Chinese Patent Application
Publication No. CN 1043956 A and Japanese Patent Application laid-Open (1P-A) No. 61-67493)

already exist in nature. However, they are known to have low productivity of isopropyl alcohol and to
generate alcohols such as butanol and ethanol as by-products. Since the azeotropic temperatures of
butanol apg-athanel areglese to that of water, it is difficult to separate isopropyl alcohol from butanol
and/or ethanol by easy methods such as simple distillation. Therefore, it is thought that collection of

isopronyispnol from fetmentaion ot uiich iaaol eadler eiianel spexisiElaiispprony

alcohol requires distillation using incidental facilities such as a rectifying column, so that the purification

process1%&&&@&%%@1@&@%%@@0&999@&%tglggc%%gﬁ A describes a method for producing

butanol, ethanol, acetone and isopropanol in which Clostridium Butanoiacetonicus G.V is cultured in a

culture megdiyrypvhisihasgeen supplemented with maize and molasses, and subjecting the
thus-obtained culture to distillation redistillation and fractional distillation. However, in Examples

describz%@@j e litgLahieyyialdn of Rutaleh £HARgN ArIanGARchiSART eRARel L hegyliire medium

- are not described at all, and the amount of each of these components which should have been finally

obtained,fyphey i aciianal dssaion s wheRserhadiciu, Maagabeiadusion:atispRippanol

butanol, ethanol and acetone carmot be seen from the literature.
propylene. Since all the developed countries are currently required by Kyoto Protocol to

reduce their amounts of carbon dioxide emissions by 5% based on those in 1990, carbon-
neutral propylene is extremely important due to its versatility in view of the global
environment.

[0003] Bacteria that utilize plant-derived materials to produce isopropyl aleohol (e.g., see
Chinese Patent Application Publication No. CN 1043956 A and Japanese Patent Application
laid-Open (JP-A) No. 61-67493) already exist in nature. However, they are known to have
low productivity of isopropyl alcohol and to generate alcohols such as butanol and ethanol as
by-products.  Since the azeotropic temperatures of butanol and ethanol are close to that of
water, it is difficult to separate isopropyl alcohol from butanol and/or ethanol by easy
methods such as simple distillation.  Therefore, it is thought that collection of isopropyl
alcohol from fermentation broth in which butanol and/or ethanol coexist(s) with isopropyl
alcohol requires distillation using incidental facilities such as a rectifying column, so that the
purification process is expected to be complicated.

[0004] CN 1043956 A describes a method for producing butanol, ethanol, acetone and
1



[0005]JP-A 61-67493 describes that the culture medium obtained by culturing a bacterium of the
genus Clostridium contains butanol, the amount of which is larger than that of isopropy! alcohol, and
small amounts of ethanol and acetone. This literature describes that a common method of separation

and purifigation {6) oRtain JpeRIpYliRliRaRakilom themRRiamad;culiviganadimiis- methed, in which the

culture medium is filtered, distilled several times, concentrated and subjected to separation by salting

out to ol an,of, £iahiSdS SHEReIY SuRiSelede diriend! distialion:yan apparatus

having a fractionating column. [0006]On the other hand, it has been known that acetone can be

produced, by, INOGUEI NG 1P, Edi SRl SGD SRt ASRIRACE AR ABGaroXWass, (aA MapRierase and

thiolase Wﬁlch are derived from a bacterium of the genus Clostridium (Clostridium Acetobutylicum) and

culturing (b Qbiained ecombinani s cokdeity, Lavidasd Aemelo s alpAplisdiandfeawironmental
Microbiology, Vol.64, NO.3, p.1079-1085, (1998)). DISCLOSURE OF THE INVENTION PROBLEMS

TO BE SOLVED,BY THEMENTION 0007 dessribes abauee i psting isorombuld

alcohol-producing bacteria have low productivity of isopropyl alcohol and, in addition, produce a large

amount g%'B@E‘x‘?lﬁrﬁa‘t‘ﬁ%ﬂ%ﬂ?&ﬁ%@%@%éﬁBﬁQP&i@ﬁlPaXi&ng‘HB%%&@&H@&U|tufﬁd§1%gébﬁ&u§9 that

collection of isopropyl alcohol from the culture medium is difficult, which has been problematic in the

industrigh dEloR a1 150RsARY el AQATe PIRSRIRGOR WA RS HIASLIDe

above-described circumstances, and aims to provide: a bacterium which generates less by-product

a'cohO';@&%'S capghle of Bradycing ianprary halcofokvRich isnmere g8l Ruifieg, avithout requiring

a special step for separating the by-product alcohols; a method for producing isopropyl alcohol using

this bacierinm: andr-a0. aRRALAS 0L RFRURING iSRR5ABY! BICARBLMEANR F QRS QLNING T HE
PROBLEMS [0009]An eémbodiment of the present disclosure is an isopropyl alcohol-producing

 bacteriugy }&ﬁ@ﬁﬂ anacateageiate derarhovrageantiuily .andsorranyt aleeheldebysinegenase
an

activity, a Co sterase activity and a thiolase activity have been imparted, and which can produce

isopropy} alconal from AdlRatderyaddnateiburification to obtain isopropy! alcohol from the
obtained culture medium is a method in which the culture medium is filtered, distilled séveral
times, concentrated and subjected to separation by salting out to obtain an oil content, which
is subsequently subjected to fractional distillation by an apparatus having a fractionating
column.
[0006] On the other hand, it has been known that acetone can be produced by introducing,
to E. coli, genes of acetoacetate decarboxylase, CoA transferase and thiolase which are
derived from a bacterium of the genus Clostridium (Clostridium Acetobu.tﬂicum) and
culturing the obtained recombinant £. coli (e.g., Lourdes L. Bermejo et al.: Applied and

Environmental Microbiology, Vol.64, N(.3, p.1079-1 083, (1998)).

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
(0007} As described above, the existing 1sopropyl alcohol-pfoducing bacteria have low

productivity of isopropyl alcohol and, in addition, produce a large amount of alcohols such as
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[0010]In preferable embodiments, each of the acetoacetate decarboxylase activity, the isopropyl
alcohol dehydrogenase activity, the CoA transferase activity and the thiolase activity are respectively
obtained by introduction of a gene encoding an enzyme derived from at least one selected from the
group consisting of a bacterium of the genus Clostridium, a bacterium of the genus Bacillus and a
bacterium of the genus Escherichia. [0010a]ln a first aspect, there is provided an isopropy!
alcohol-producing bacterium to which an acetoacetate decgrboxylase actjvity, an iSopro rJtalcohol
dehydroge PSR IARAGTAREHA REIERELS B AGIRy UHg @fﬁ?&fﬁs@oégﬁ(/ﬁ lﬁﬁ ﬁrb%gelﬁoﬁﬁ?@; ed, and
which can piedudeiisaphepyllalcohelifiamsaljjianiideivedimabe ciahroliiensiticthe thadtdnitinuis

Escherichia COJ‘-CLQO%%#%QO& secpggo%%ﬁqect, there is provided a method for producing isopropyl alcohol,

the methodpégrﬁprlsmg prc%ﬁ%?’ng Isopropyl alcohol from a plant-derived material using the isopropyl
alcohol-profitly backbeimmegatinedaiboyerf001RkPreder dbke dasodinahes chigienséaasad aspect

comprises: giititting She JspirramdaleahplpiodueintRactetymNhile SHERIRGRI Gastathe mixture 3

comprising the isopropyl alcohol-producing bacterium and the plant-derived material; and collecting

isopropy! aROHSIHFRE SR B HEcClRLPEIFEGE BRI L BB SH TSP IHEIBERE A W sure is an

isopropy! algehabrpygaiueing appasefusicomylsiging; a ewthtdFaumretripdsingapyixtlizehobmprising
the isoprop IalcapoFgroducingn%acterium and. the plant-derived nlaatﬁgﬁ\gga gas-supplying unit which is

S1 1S cterim;, 1 apparatus 1Ior proaucing 1Sopro .. . . .
connected {6 tie" ¢l uring unit and opens att'fa po%| lon INthe mhixture contained in the culturing unit, to

supply the gas to the mixture; a capture unit comprising the capture liquid which captures isopropyl

alcohol; ang g SRRNEEINGMNHWRIch.5OPRERS fgculturing unit with the capture unit and allows

isopropy! alcohol evaporated in the culturing unit to move to the capture unit. [0013a]in a third aspect,
there is proli8&8l an isbprapYP&IRsAbRPIBERERERATSIAtHES do b iRIRE P RIRFHP LT CBRprising a
mixture corgpgisigdheiseprapyhalcrbrlpsotticiglancierivn atdithe plantseoyed maiesial as

defined aboye; a gas-supplying unit whjch is connected to the cultyring unit an ens.at a position in
the mixture%@ﬁ%ﬁ%&%ﬁﬁ lggﬁrian?%itni%n%ueﬁapﬁ?/ ﬁ(ftewglgs %8(1thae i &r@e;a1 (éugéﬁturaev ?Jriﬁ?eé}omprising
the captureifiquided;hich whpiures isoguopideplopbdhlerit afcon nedtinedemitdelvcdinnects the culturing

unit with the agi.re gt 10 Bllan. SARRRMLALObRLeYPARrAIRTIL A CHILINA HALIQUgHS (o the

capture unit, wherein the connecting unit opens at a bottom section of the capture unit and a liquid
level of the ®&pterEriRuidaisahe bk emitss sajitsd S5k MattiersBrsseai dpe ity $&ction of the

connecting ﬂh%‘lam@ﬁi@my@%&ﬁh@ BRI ion of a gene encoding an enzyme

derived from at least one selected from the group consisting of a bacterium of the genus
Clostridium, a bacterium of the genus Bacillus and a bacteriom of the genus Escherichia.
[0010a] In a first aspect, there is provided an isopropyl alcohol-producing bacterium
to which an acetoacetate decarboxylase activity, an isopropyl alcohol dehydrogenase
activity, a CoA transferase activity and a thiolase activity have been imparted, and which
can produce isopropyl aicohol from a plant-derived material, wherein the bacterium is
Escherichia coli.
(00111 In a second aspect, there is provided a method for producing isopropyl
alcohol, the method comprising producing isopropyl alcohol from a plant-derived
material using the isopropyl alcohol-producing bacterium defined above.
[0012] Preferable embodiments of the second aspect comprises: culturing the isopropyl
alcohol-producing bacterium while supplying a gas to the mixture
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[0014]Fig. 1 is a conceptual diagram showing an exemplary embodiment of the isopropyl
alcohol-producing apparatus of the invention. BEST MODE FOR CARRYING OUT THE INVENTION
[0015]The isopropyl alcohol-producing bacterium of the invention, to which an acetoacetate
decarboxylase activity, an isopropyl alcohol dehydrogenase activity, a CoA transferase activity and a
thiolase activity have been imparted, is capable of producing isopropyl alcohol from a plant-derived
material. [0016]The methad of the invention for producing isopropyl alcohol includes production of
isopropyl alt BT B ApIAARARH, Bl ABIRA g R Ay e BTG Beetbrium. 0017
The isopropyidatebedingroancingl apehrredictebintertidmttas at least: a culturing unit containing at
least a mixturel spntainingidleasbidadsepaplalsehehpiadiicig: Daciariwapangplassidarived

material; a lyj ' lch.is. conn the culturing unit and opens at.a position in the
mixture corﬁgﬁgggg %ﬁ% r:%’/l%&%g}:lﬁ%nt% %u%%ﬁé%#g 5%‘& tco% t egr%? uélré%;l 1535%%8 Felpﬁlr?ftrp go%lieaining at
least the calSHEFERI A RICAredtine bastprapyindl BRdHad S ieehmRefRE uiEHIEARSRects the
culturing uninwithbtb captumeecnit tndhallowsisgpropyhadcohabewhpopatédbin theleultusigeunit to move
to the captugniiiied 00 1 Winan:a: iangecah,pperical vl ues {5 .80RWR iR REeseRhaRERification,
unless spegfically indicgiecy e ffst.andscceng valies offhe [ande represent nnimym and
maximum values; respegtlvely. . fﬁpur er, mpﬁ@}fo_resen Specitication, a's " Hiedns a stage at
which the eSEEEs B esBrigyateyih hehreyranredceitupieptaersiporrtespetmcation also
includes cagsethwheneitheustie pommay et the elpary wdigtinguished from others, such as cases where a
plurality of $tRags)Progeed siru ; 8OUEkYe is prd%‘&'@@_Qﬁeé‘é&%ﬁ?ﬁ&!&ﬁ%‘l‘-‘ﬁ%di}& "aﬁ!;ﬂlﬁﬁ}ses th_e ratio
of the volume of a gas to [ie sup |ed,£er minute, relative tqQ a volume of a1|I%UIg%; or example, if 2 vvm
of a gas is SOPBIETHo*1T 1 BPR CLiCrRRHEMUAT SE 1 FIRIL BEHE HET Yo B WIBHIRE  Fhe invention

will now be ts&iisagnd the plant-derived material as defined above; a gas-supplying unit which is

comnected to the culturing unit and opens at a position in the mixture contained in the
culturing unit to supply the gas to the mixture; a capture unit comprising the capture
liquid which captures isopropyl alcohol; and a connecting unit which connects the
culturing unit with the capture unit to allow isopropyl alcohol evaporated in the culturing
unit to move to the capture unit, wherein the connecting unit opens at a bottom section of
the capture unit and a liquid level of the capture liquid in the capture unit is adjusted such

that 1t is above an opening section of the connecting unit.

BRIEF DESCRIPTION OF THE DRAWING
[0014] Fig. 1 is a conceptual diagram showing an exemplary embodiment of the
isopropyl alcohol-producing apparatus of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] The isopropyl alcohol-producing bacterium of the invention, to which an
acetoacetate decarboxylase activity, an isopropyl alcohol dehvdrogenase activity, a CoA
transferase activity and a thiolase activity have been imparted, is capable of producing
isopropyl alcohol from a plant-derived material. )

[0016] The method of the invention for producing isopropyl alcohol includes
production of isopropyl alcohol from a plant-derived material using the isopropyl
alcohol-producing bacterium.

[0017] The isopropy! alcohol-producing apparatus of the mvention has at least: a
culturing unit containing at least a mixture containing at least the isopropyl alcohol-

producing



[0019]Isopropyl Alcohol-producing Bacterium The isopropy! alcohol-producing bacterium of the
invention is an isopropyl alcohol-producing bacterium to which an acetoacetate decarboxylase activity,
an isopropyl alcohol dehydrogenase activity, a CoA transferase activity and a thiolase activity have

been i%@%ﬁ%@ﬁ%ﬁg@éﬁ%&%@&‘%&ﬂ%ngﬁEﬁBﬁiﬁ%ﬂﬁkWﬁE@%@&@M‘%&' matgialhigo20]JAll of

the four kinds of isopropyl alcohol-producing enzymes, that is, acetoacetate decarboxylase, isopropyl

alcohol GERVIORRARSE - COMIANAIEERR AN IiRlEsRL RS RECHIRRRIIGH 19 UG HORKIRKL o

alcohol-producing bacterium of the invention. The present inventors discovered that production of

isopropyhalgahalusing ik isspianvtalsahehRiaduelpa besipruTiaes ARl aeeaisploohols such

as butanol and ethanol as by-products. Thereby, collection of isopropyl alcohol can bé made

remarkapply simple compaiashipMses bR cameRtianeliseRreRYliRlcARolPiasiicing Migrporganism.

[0021]In the invention, the plant-derived material is not particularly restricted as long as it is a carbon

source QhiaRed o, AIARLARE: aRARlS Ohbeing Meahalize A hacteriim And converted to

isopropyl alcohol. In the invention, the plant-derived material may refer to an organ such as a root,

stem, St@]l;as é;fanciwh@ai, flowsr oF sE6d: S Planiledyeoniaining thask: Ql-aifeaisaaligaseroduct of

each of plant organs, and, in addition, among the carbon sources obtained from plant bodies or

plant organsar.degradation progats therenfathasescanabiaaihringuser Ay misrogiganisms as

carbon sources for culturing are also included in the plant-derived materials. [0022]Examples of the
carbon saurgesinciuded-nhgiplapt-derived materials generally include saccharides such as starch,
glucose, fructose, sucrose, xylose ‘and arabinose; plant degradation products containing large

amounts of these ¢oMRGNENIR. IR URYSRIGHAT FeliioskGy aasinanthiaib acidsgleegorrespond

. to the carbon sources according to the invention. referable examples of the plant-derived
materialsed jpihe Jayatian;naludf eRRS RUGh ASIREIRGtn MAZBHiERMIEASHXARRR, Sugarcane,

beet and cotton. Examples of the forms of their usage as raw materials include, but are not limited to,

crude prodeiciendricae aBg graund Bméé&i?dmﬁlg%m&i thelantrdeivadmatetialsdnay also be solely

the above-described carbon source. [0023]The isopropyl alcohol-producing bacterium of the invention

may be giy.QnRe A% R H-pasianrRRlLEpProduce isopropyl alcohol from these plant-derived
materials, and examples thereof include bacteria which utilize plant-derived materials when cultured

and secrete isopropyhirlephehiniguhaculiure Foedium afies eRMAIN IMBPesiedR Jd0P24IkouE kinds of

isopropyl alcohol-producing activities, that is, an acetoacetate
supplied, per minute, relative to a volume of a liquid; for example, if 2 vvim of a gas is

supplied to 10 L of a culture medium, 20 L/minute of the gas is to be supplied.

The invention will now be described.
[0019] Isopropyl Alcohol-producing Bacterium

The isopropyl alcohol-producing bactertum of the invention is an isopropyl
alcohol-producing bacterium to which an acetoacetate decarboxylase activity, an isopropyl
alcohol dehydrogenase activity, a CoA transferase activity and a thiolase activity have been
imparted and is capable of producing isopropyl alcohol from a plant-derived material.
[0020] All of the four kinds of isopropyl alcohol-producing enzymes, that is, acetoacetate
decarboxylase, isopropyl alcohol dehydrogenase, CoA transferase and thiolase has been
imparted to the isopropyl alcohol-producing bacterium of the invention. The present

inventors discovered that production of isopropyl alcohol using this isopropyl alcohol-
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decarboxylase activity, an isopropyl alcohol dehydrogenase activity, a CoA transferase activity and a
thiolase activity are imparted to the isopropyl alcohol-producing bacterium of the invention. [0025]In
the invention, "impart(ing)" an activity, in addition to introducing a gene encoding an enzyme from the

outside Gf 3, hgst BAGIRIHAINE Abedasidanrraph-alsg,inckidas eahanaing dhs 8etyityafa promoter

an enzyme gené€ retained in the geffiome of a host bacterium, and replacing a promoter with another

promotefiQ GUSE IVEIGXBISSHINEL9T AR GIANEIshsdQ0r0lRaRIansIe desaayiase Jeferred in

the invention 15'the collective name”of enzymes which are classifiéd as'the enzyme code 4.1.1.4

accordir&g&g%@&g&gpgg&%gggrﬁggg : 1138&'111@11%3}85%%{.('“-5-) Enzyme Commission and

catalyze reactions producing acetone from acetoacetic acid. Examples of such enzymes include

those dexjyed fromybacteria.of; the genys, Cloatridivm sHeh aa rlostidium acetehutyicumand

Clostridium beijerinckii; and those derived from bacteria of the genus Bacillus such as Bacillus

polymyxa; [002 A4S ig Qe5ik0f AFRINACS e dRsthanase,which s RdHeshipiedhgfost

bacterium of the invention, a DNA having a base sequence of thé gene encoding acetoacetate

decarbaxylasg ohfaingddipmsachafdne ahoyementioned LFaRRIamR QAN A-SHUNRLS RANA sequence

synthesized based on a khown base sequence(s) of the gene may be used. Preferable examples of

the gengjnclude.thnse desiveddigmybactsriadgf ey aenws Glasiidiym o1 Baglesin i the 9enus

Bacillus, and” examples thereof include DNAs having a base sequence of the'gene derived from

Clostridiym @&@m%ﬁi@%a& BAciMS, PAlYIEYE A RN having bars Saausnas.ehibsgene derived

from Clostridium acetobutylicum is especially preferable. [0028]The isopropy! alcohol dehydrogenase

referredgn the;invantiangdsiha salissdive o naneehensymeswhich presciassiied,asibe.enzyme code

.1.1.1.80 according to the report by International Union of Biochemistry (1.U.B.) Enzyme Commission

~and Cat%%i?a%i’@@ﬁﬁ%% RELAUGIRY dRARARWRICRNOL-BAMAGEIRNS! culrurifp@RRIRSiREBHEH Bnzymes

include those derived from bacteria of the genus Clostridium such as Clostridium beijerinckii. [0029]As
the geng efjsopRiRRYRIGeNelidghydrogenase which is introduced into the host

[0022] Examples of the carbon sources included in the plant-derived materials generally
include saccharides such as starch, glucose, fructose, sucrose, xylose and arabinose; plant
degradation products containing large amounts of these components; and hydrolysates of
cellulose. Glycerin and fatty acids also correspond to the carbon sources according to the
invention.

Preferable examples of the plant-derived material used in the invention include
crops such as cereals, maize, rice, wheat, soybean, sugarcane, beet and cotton.  Examples of
the forms of their usage as raw materials include, but are not limited to, crude products, juices
and ground products. The form of the plant-derived materials may also be solely the above-
described carbon source.

{0023] The isopropyl alcohol-producing bacterium of the invention may be any one as
long as it has an ability to produce isopropy! alcohol from these plant-derived materials, and
examples thereof include bacteria which utilize plant-derived materials when cultured and

secrete isopropyl alcohol into the culture medium after certain time periods.

)



bacterium employed in the invention, a DNA having a base sequence of the gene encoding isopropyl
alcohol dehydrogenase obtained from each of the above-mentioned organisms or a synthetic DNA
sequence synthesized based on a known base sequence(s) of the gene may be used. Preferable

exampleglihe dengEe AR ISR nbastallreh e aceiCiapidium. agd examples

thereof e DNAs having a equence of the gene derived from Clostridium beijerinckii.

[0030]T 3 sf r | ' on s, [ f which are
classifieB a%%ﬁé%%?fy%@%%d%%{%%@ﬂ%&%ﬁg%o r?(le&%e%%?g %%Elﬁ\r({? r’%ga}?f%%%%f Biochemistry

(.U.B.) Frrymecommissionand catalvaraeactions RIsueng Reeleasslicand fam agapacetyl-Coa
Examples @@Lﬁé& enzymes ?ﬁcl‘ﬁcfg t osesé{’e?rived’%rom a(ggiria ofﬁt%ue%gehucs C‘Iostridlium such as
Clostrid%gwi}q&&tgg tylicum and Clostridium beijertnckii, bacteria of the genus Roseburia such as
Roseburia intestinalis, bacteria of the genus Faecalibacter um such as Faecalibacterium prausnitzii,

pactenayGii3p 9o AIRRERG “%gé?’é?ﬁﬂl%?g'%gﬁ SUED 8% JYPRACRAMA RG] 2adRacteria of the

<
genus chia such as Escherichia co ). [0031]As the gene of CoA transferase which is

intfoduca{ié)ﬁsﬁé% RosLRasisRum: of fordnvenion A ANGAVD 9,8 hake segusnaRoiibeasne

encoding CoA transferase obtained from each of the above-mentioned organisms or a synthetic DNA

sequencgsyIeszer hased A0 A NOWNHA%E SROVEACRI) AIdHe GRS AL Dediaed. Preferable

examples of thegene include DNAs having a Bbase sequence of the gene derived from bacteria of the
genus GAQ&%}M%ﬁ?%@%&éoasmgms@eﬁ&%{ﬁ%Hafheygao%%?E@&h&%%@yﬁrg&@ﬁw igsuchas
Roseburia intestinal is, bacteria of the genus Faecalibacterium such as Faecalibacterium prausnitzii,
bacteriaegg% pus Coprococcus, trypanosomes such as Trypanosoma brucei and bacteria of the
.genus Escherichia such as Escherichia colt More preferable examples thereof include those derived

from ba‘fé%ﬁ'@gf’f the, gapuis Glosiidiwnand Haetera of e genis Escherichia. A ONAbgying a base

sequence of the gene derived from Clostridium acetobutylicum or Escherichia col//is especially

preferaile, {00321The thiclassiiienedinhe. invention is the cAlleRtY & ReMe RkeRzymes which are

classified as the enzyme code 2.3.1.9 according to the report by International Union of Biochemistry

(1.U.B.) ERaymeGADmissianand caidlyg e e as ans predusing Aceirare tdfaRAem RaRtyl-CoA.

Examples of such enzymes include those derived from bacteria of the genus Clostridium such as

Clostridiynyaegiohundicum,ansk Glastidiymdoeijerinckii, bacteria of the genus Escherichia such as
Escherichia coli, bacteria of Halobacterium sp., bacteria of the genus Zoogloea such as Zoogloea

ramigera, bacteria pf fizab, R SPenbaste R QlHaaigre s Braidiz ehium sychagd@dyrhizobium
japonicum, bacteria of the genus Caulobacter such as Caulobacter crescentus, bacteria of the genus

Streptomysas;sueh RS lapiamyges cRUBYS/ hasia P IDe98Ms FeDIPIRERECHE Shel as

Enterococcus.faecalis, yeasts of the genus Candida such as Candida tropicalis, the genus Helianthus

(Asteraceagkausthasdoelianihus aenw B.the.genus s alls MRhasianidae) such as Gallus gallus, the
genus Rat/us (Muridae) such as Rat/us norvegicus, the genus Sus (Suidae) such as Sus scrofa and

the genygBos (Bowdag) suehhasBamndauibslistalfaihemienesahihiolrse whichdsdstroduced into a
host bacterium used in the invention, a DNA having a base sequence of the gene encoding thiolase

- obtained,fross @Al ofe thecabereamRNlonethergBNs Mg YR syNthetied N setidenes syuthesized
based on a known base sequence(s) of the gene may be used. Preferable examples of the gene

include BNAShaviRg sohaseiseavencs of the grre-griveddion:hastesiact thatenupClostridium
such as Clostridium acetobuty/icurn and Clostridium beijerinckii, bacteria of the genus Escherichia
such as f&gabesichia:Eellzhpsiesianf Halehactasiumgiendeantefithobthe gaRUs Zeayloea such as
Zoogloea ramigera, bacteria of Rhizobi urn sp., bacteria of the genus Bradyrhizobi urn such as
Bradyrhizelpivip ppemnisivs o dcedaohhedganus Gatlebaatal sugbrasoCadobacier/crasgrmius,
bacteria of the genus Streptomyces such as Streptomyces collinus, bacteria of the genus
Enterocegeeuststgh s EnigiomnecssiagdalisprsisatiterganissiSandidasigchtaseGandigectropicalis,
the genus He/iambus (Asteraceae) such as Helianthus annuus, the genus Gallus (Phasianidae) such
as Gallusfgad/ usnéhrgerus dRatussNiTisaR)kseh A Rati Bove gisksHthe genDNSUs(Sigdae) such
as Sus scrota and the genus Bos (Bovidae) such as Bos Taurus. More preferable examples thereof
include thpse defived drommbaeterigeal Hiehgenusdssiogiidivn angdiiacteria eptheafepusitrabherichia;
and a DNA having a base sequence of the gene derived from Clostridium acetobutylicum or
Escherigbi@gplt is gspesiplyrptefetddledehydrogenase referred in the invention is the collective
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[0034]Among these, each of the above four kinds of enzymes is preferably derived from at least one
species selected from the group consisting of bacteria of the genus Clostridium, bacteria of the genus
Bacillus and bacteria of the genus Escherichia in view of the enzyme activity, and, in particular, more
preferable are the cases where acetoacet carhoxylas d,i | l qg%g%ﬁé Igenase are
derived ffom g%gggyenﬁﬁsrmvégctgﬁaco ﬁ%%eé%ér?t}%%%z %llc%/ 1%1(%22} t %%g%%%fr%%gferase a tg/ityg and
thiolase activity ar rived frpm a bagcteri /% cteri r'{:# qggcgé gases where
all of thég%%%}%%ﬁd%%&? Iér?gﬁ%g 'eal}lé%gr@’gj ?&r%?ﬁ%%:g%ﬁrﬁﬁé%{ignﬁag %# t é@ genus ?’ostridium.
[0035]In p&{ggular each q.f 5@&113% kinds ?J enzymes according to the invention is 10 preferably

derived from'an %]p lo&triditim aceto ﬁ%ﬁ} |clb€m, Clostridium beijerinckii and Escherichia cob in view of

the enzyme activity, M QielaRly AsELesraale discoimmapss it (e aneYMAIRINRT from

Clostridium acetobut)?llln' m; each transterase and thiolase is the enzyme déerived from

Clostridi{jlmsg%?&%%%ig nb?ors};%ﬁgerigpzj% ﬁ}g'lkﬁnd isopropyl alcohol dehydrogenase is the enzyme
derived from Clostridium %ejerlnc il. Especially preferably, in view of the enzyme activities of the

bove- ibed f inds of t t t I [Vity, is '

Clostiol e abetob e e B B i
beheringkii; and t 4 , 'vigyD'%@ i \Y! I r richia col/i.
[0036]T %Cgegtﬁl\l/?%y%o e%@%ggg ﬁgs%%’egﬁ?z%%es In %g}ﬂ@%gﬁ%ﬁg %éeg ?%?r{%%gcé&g%gﬁné?@gl %utside of the

nost asteRH "yf‘ém%ﬂeéh%%yf%f%gﬂ%;%%%&@%erﬁ;m <RUPUPIRALSIL e aGHI RLARAR of Inese

enzymes | Invention m realized by overexpression of the enzyme genes by enhancement of

activiy of A RIBIYeH(SLAIANE Sppus deneseged i he.enome ol (e Past A Rrlyor

replacement of the promoter(s) with another promoter(s) to cause overexpression of the 'enzyme gene.

- [0037lineguctapfiie SupHiR eliEnoiRvbe.CAHEd AN . dot axamalg; PYHIEglon of the

genes encoding those four kinds of enzymes from the outside of the host bacterium into the inside of

the hostbacianim UsIng.9anReemBINaloRdssRAIA:D fi%cass.dR& Bireducsd gazvie genes

may be either those from the same or different from the spécies of the host cell. Preparation of the
genomig,DNAcleavage and ligation of a DNA, transformation PCR (Polymerase Chain Reaction),
design and synthesis of oligonucleotides used as primers, and the like may be carried out by the

conventignahmethads wel-knau: by Rersonsiskiliechinhe At dThese.Bisthads e deseribed in, for

example, Sambrook, J., et al., "Molecular Cloning A Laboratory Manual, Second Edition", Cold Spring

Harbor Lahorafory; Rrgssi (kA82k 1003814ax Prometel-ma be.usedps e niameiasvsadion

enhancement of the promoter activity or overexpression of the enzyme gene as long as it can be

expressgdnn iaskaYeh aRE-meAFor sxamRisaRIematars Aerive SOM B RAMNOIPRAGES: Such as

the trp promoter, lac promoter, PL promoter and PR promoter are used. Promoters artificially designed
or modified; g4ch RsHeIR¢-Brgmoter may also be used. And, as described in Examples of the
invention, the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) promoter, glutamate

decarboxylase A (qadMMOBIIRTARSRENG YdOmetbyansisrase (GIYAY Riomaier may also be
used. These may be appropriately selected depending on the origins and types of the enzymes used.

- [0039]Fersxampis. famerhapsement ofths astivity.ofthiolaseigh maRiansiarasseria of the

genus Roseburia such as Roseburia intestinalis, bacteria of the genus Faecalibacterium such
as Faecalibacterium prausnilzii, bacteria of the genus Coprococcus, trypanosomes such as
Trypanosoma brucei and bacteria of the genus Escherichia such as Escherichia coli (E. coli).
[0031] As the gene of CoA transferase which is introduced into the host bacterium of the
invention, a DNA having a base sequence of the gene encoding CoA transferase obtained
from each of the above-mentioned organisms or a synthetic DNA sequence synthesized based

on a known base sequence(s) of the gene may be used. Preferable examples of the gene
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derived from Escherichia co/i, any promoter(s) may be used as long as it/they allow(s) expression of
the enzyme in a host such as E. coli, and one or more of the promoter may be appropriately selected
from the group of exemplary promoters consisting of the trp promoter, lac promoter, PL promoter, PR
AR heetaidenie AnloRale delaiogenase (RRPDIL pramoter, gutamate
decarboxylase %aé—é} pr%mo?tler and serine ﬁyd%oxyme%hyﬂrans erase fig?y/& promoter. Promoters
such asét}e rp promoter, | romoter, PL promoter, PR promoter, tac prpmaoter,
olyceral Ry e S Aot S e T i A sy e A (gaamy
promotey, and serine hydroxymethyltransferase (glyA) promoter may.be ysed ta replace the promoter
ot B A (o e ol e e T St e LS ey e
introduced into. the host cellfat%cording &o a conventional method su%h thf\t the target gnzyme gene
prausmtzn Bac ?1‘1&0 C enl[l e FO%OCCTJS '[I‘EP OIMESs Ssuc %a 8 ! DrUcel .
may be ‘expressed by, for exampie, ligating the prom érm(gj with a vector which is the same one with
which the [rget snzme dene inlgaied ollowed by intodetion of (e vector lnfo the fgst cel
together wit he enzyme%gene. T Ziﬁln the invention, {fe' A5St bacterium is a proﬁarycﬁe which is
used for 'ntrO(#Jcti of.the genes.encoding the four kinds of.enzymes of acetoacetate decarboxylase,
sopropy L s R R e P B R R B T et o
either enhiancement ohaguly, ofpromaler(s) ol inese, enzymen. oL LgRiagemen) of fhe promoter(s).
Examples of such a bacterium include bacteria of the ger‘?Us scherichia, bacteria of the genus
Bacillus angoga{;tﬁrla ofrt%%dcglpenu .Corynebacterl : 1aer1}draED§g_herlchla colt, which is especially

N . m
conveniént and }ﬁa('su)’;’l‘e(ide féﬁctyl%F ?elsﬁlgsslfﬁcllr?l(r}afﬁrlaiiuses, is preferably used. [0042]Method for

P rOdUCtiﬁ%%ﬂSQp”fﬂéf h’ﬁ%‘iQFeo'ef e %ht%e”?ﬁé‘éﬁf? ford EOdé‘o‘iﬂa%%YOJ ey %Waln : QSO\'T%E# Jpvention
_includes producing isopropyl alcohol from a plant-derived material using the isopropyl-alcohol

:prOd“Ci@a?ﬁt?ﬁeJ‘&H?h%fe Eﬁ‘é’%iﬁi@ﬁ:f% ﬁoﬁCm%E)S ¥oi{gié1 g%ﬁ}%fﬁ%ﬁ%ﬂ%ﬁ&ﬂ%%ﬁ&ﬂ% alcohol having

high purity without generating other alc s as by=product s, according to the invention, it is

possibledn produce, isoprg g%obg ily.and sfficiently, witha Viring;a.complicated process for
separation %%y-p%ﬁg'a%%% 004:@;?1&%%5 proétgctfgon%%%%%c;{ %:%I%d%s alngetﬁyot%éinc uding
as_simiIa&ggqﬁ__g}ﬁ%ggii_&q%material by culturing the isopr_opyl alcohol-producin_g bacteriur_n ina
mixture containing the isopropyl alcohol-producing bacterium and the plant-derived material, and, after

a certain period of fime, putfyingizeprony-aicanel serrelackindhe Grike mediym 4sing a known

technique(s) such as distillation, membrane separation and extraction. [0044]The mixture in the

productipf,mahng of (BORERYAIBANPL DAY FOMEIR MRy, 2hasa) WﬁﬁHH&Q%%@é%“éﬁﬂJ or

culturing bacteria, and any medium may be used as long as it is a medium normally used depending

on the tyns,af ey SODiRPY ISR REpANEING RAsteaIARARRASh Aol merlen fnonot

particularly limited as long as it is a medium

genus Zoogloea such as Zoogloea ramigera, bacteria of Rhizobium sp., bacteria of the genus
Bradyrhizobium such as Bradyrhizobium japonicum, bacteria of the genus Caulobacter such
as Caulobacter crescentus, bacteria of the genus Strepfomyces such as Streptomyces collinus,
bacteria of the genus Enterococcus such as Enterococcus faecalis, yeasts of the genus
Candida such as Candida tropicalis, the genus Helianthus (Asteraceae) such as Helianthus
annuus, the genus Gallus (Phasianidae) such as Gallus gallus, the genus Rartus (Muridae)
such as Rattus norvegicus, the genus Sus (Suidae) such as Sus serofa and the genus Bos
(Bovidae) such as Bos taurus.

16033] As the gene of thiolase which is introduced into a host bacterium used in the

mvention, a DNA having a base sequence of the gene encoding thiolase obtained from each of
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containing a carbon source, nitrogen source, inorganic ions and, as required, other minor components.
As the carbon source, saccharides such as glucose, fructose and/or molasses; organic acids such as
fumaric acid, citric acid and/or succinic acid; alcohols such as methanol, ethanol and/or glycerol;

andior 1 s FOR DR AR BRIIRIEH 3k uniheri 1NDE ATIRACD OIS, MAYHRNIGOL RIARIC nitrogen

sources such as organic amnionium salts, inorganic ammonium salts, nitrate nitrogen, ammonia gas,

aq“ec’“%%@E@Efgéﬁ&g /OF BIOIRIN: ‘PX%F QYTRLES: AIOLINE LK IPRY BEAPPLARTRIRINUSRA AS the

inorganic ions, magnesium iofis, phosphate ions, potassium ions, iron ions, manganese ions and/or

the ke MYR% %Jggg@és& upac asdeauired: NMASIA5A1 SFaRNIE MINeT SAMPONSNKS)s vitamins,

amino acids, an st extract, peptone, polypeptone, corn steep liquor, casein digest and/or the

ike containinaaIaInG, AN Arits RRipLNR i maYihe GRARRUPIEYINGS che i filypeptone is

a resultant obtained by hydrolyzing protein by an enzyme or acid, and all of its nitrogen source may be

regarded ap ihose lefiyed am.(Repraiein, AoNsh ihese ale Cazes HOBER A smallamanat of

ammonia nitrogen measured according to the analytical value of polypeptone Lot0586A from Nihon

Pharmagelenl o rdfil JANRIBEL IR AMACTISALEP ARG NOWAGI0f AKprORle: 12.5% by

mass to 14.5% by mass of nitrogen content in total; 5.0% by mass by mass of amino nitrogen;

4.0% by, mass 10.7-0%0by 55 5= Reheatfesidiakand 3 a7 LY DASSLe 2R3k Ry,mass of loss lost

by drying, baseéd on the total mass of the polypeptone. Normally, the content of the polypeptone in a

mediumci,sejlae%zm%‘eﬂsf&@meogggu@s%%wﬁwe@mcﬂa%f_gm%ww@ 1BNER. LW Jrtac % (wiw).

Corn steep liquor is obtained by concentrating an immersion fluid which contains soluble components

eluted cuiig soaklng,Lmaiks 309 GOMPANESIEAIASRIRVIARICRAIA L, fRgmentatian. According to
“Microbiol. Mol. Biol. Rev., Dec 1948; Vol.12: pp.297-311, its components are, for example: 45% by

“mass to 5596 by mass ok Walsledud %%mg&é&é’@a@ym&&ﬁ@%ﬁ% Riragemropiend; 1.0% by

mass to 1.8% by mass of amino nitrogen; 0.15% by mass to 0.40% by mass of voiatile nitrogen; 0.1%

by massioi,1- %ty Qfedueing sugais, 396 Bninassies 1ofbidnassh ok Irphe.acid; 9% by

mass to 10% by mass of the ash content; 0.1% by mass to 0.3% by mass of volatile acids; and

0.009% M@%&%&tﬁge%ﬁ% kysasaeh sulvndiaxide.Hased oR hedotghmassehtherarassteep liquor.

According to the above components, there is a possibility that nitrogen-containing compounds of up to

0.40% (whw)ywhigh mayRraducsammeniim iphsip walrleam containedrshavalatie mirogen;
however, even in cases where these are entlrely ammonium ions, the ammonium ion content is onIy

0.008% ja Ry mediym/anntalai D21 raREN SRS MR A9t aapNiguRk iad purallycHeestat a
concentration within the range of 0.1 to 20% (w/w), and preferably used at a concentration within the

range o9 Ao WO from CYRASHEHact bBsPRaN IS0k 85:6QDIAINNGmING acids, polymers

thereof, nucleic acids, vitamins, organic acids and inorganic salts, and, according to the analysis data
(Cataloqﬁé?e;{;@g‘& 211931, 211930) of the yeast extract by BD (Becton, Dickinson and Company),
inorganic salts including calcium, magnesium, potassium, sodium, chloride, sulfuric acid or phosphoric

acid arerdesg[ibed AHbHpareds BacHRIGHOHBRR! BANRRYNGIS WG Ma Y RIPEHICE @mnmaniem ions.
Components of yeast extract are, for example: 11.4% by mass of the total nitrogen content; 6.9% by

-mass of AMNY A epeNss F31dde b chaask ok thp ashsRaRtent bdcRWuhif assflossdestiy drying;

0.2% by mass of sodium chloride; and 10.5% by mass of the total inorganic salts, based on the total

mass ofihaeraast extae {04717 hendrmaust obthaiantrd exivae PraidralvibeRrximevaries
depending on its type and the activity and number of isopropyl alcohol-producing bacteria contained in
the mixtuegs 1ty ganeral pthesiaring sugarconeent aliomsaywher2006tby srassieraless itaterms of

and isopropyl alcohol dehydrogenase are derived from a bacterium/bacteria of the genus

Clostridium and the CoA transferase activity and thiolase activity are derived from a

bacterium/bacteria of the genus Escherichia, and the cases where all of these four kinds of

énzymes are derived from a bactertum/bacteria of the genus Clostridium.

[0035] In particular, each of the four kinds of enzymes according to the invention is
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glucose, and may be preferably 15% by mass less, relative to the total mass of the mixture, in view of
the sugar tolerance of the bacteria. Each of other components may be added at an amount at which it
is normally added to media for microorganisms, and there is no limitation thereto. [0048]A compound
Con i IRACAFARDRAICIRARY iHon AREAIR RIS CONANNG e oniney.
alcohol-producing bacteria and plant-derived material, ih view of improvement of productivity of

isopropyl algohol,,, Earer adderimeans. hak & fifrodqn:containing compaund which may generate an

ammonium ion in water is contained in ﬁle mlxturé;at a con%gnt higher than that contained in a

A T : cohal- - - ltured i
common gl Medh T UistEhy bR sapiaP Aol PRdusig asleta fan eg Lullred it &

culture medium tontaining a nitrogen-containing compound(s) ot

concentration than,ihaiihose Knfet.a, el Sy, sandiions The dming when the

nitrogen-containing compound other thian amino acids is added to the cultdre medium may be either

before siari e, CHBIG e uTing e e [04SIEXeRIRIES Af e IRgETGANtaining compound

which may produce an'ammo on in water include: inorganic and organic compounds having

ammoniup 5alis SHE, B ATMoniuR skfals aad ammeniumdrtate; ARMANR;gEs, fk aqueous

ammonia. The nitrogen-containing compounds which may produce an ammonium ion in water are

containegl A1 012 v R, hat s, A.commapmsdinm tr-hagierias and; a4 0,03%; (edw) in MS, that

is another common medium. In the invéntion, the culture medium may contain the nitrogen-containing

compoung.a‘aionsrAnRHRbINAR TR IS fabgreRsein el el spprenYalsaliol In the

invention, in view of enhancement of the pro vity of isopropy! alcohol, the nitrogen-containing

compouRd-WRIER MY ARG S AR AN AR R AR WAL I3 Ri{eAPinatded ulturing such

_that the total mass of the nitrogen atoms in the compound becomes 0.04% to 10.6% (w/w) relative to
 the total yassiof thegukyre.mediym at the beginning of the culturing of the mixture. The total mass of
the nitrogen atoms is more preferably 0.04% to 5.30% (w/w), especially preferably 0.04% to 4.24%

(wiw). Inghigsease. ol @fig Wit iz RSPUed40, WRISh [0R2Q1BAddign ithecittyrghegium may

contain other additive components which are usually added to media for microorganisms, such as

antibiotigs, qcapARMIAens AL WiEh Ry AR ISPl d. AD-ARTITeARING ABRIY igpreferably added

to the culture medium at an appropriate amount for suppressing foaming. Examples of the

medium ygedJnthednvemtion eiides tiauid mediahased anen 204 80U magidiangrsplid media

based on a solid phase such as agarose. The medium is preferably a liquid medium, considering that it

is subjecied i ipdustralpeideipn: Erampigs?hipr AMaes o madilimywhichlarpatheadliquid medium

include those usually used, such as distilled water and buffers. [0051]There is no particular limitation to

the cultyrg cendlitionrapuieyeshiosthe erltbrinsciidhesinetiom e hegiments: hewdlining may be

carried out under an aerobic condition with appropriately controlling pH and temperature so that the pH

becomeg,ipsthe FREAS Q410 Whickh] @eé@f@_bly in the range of 6 to 8, and the temperature
becomes in the range of 20C to 50C, which is preferably in the range of 25C to 42C. [0052]The

method fonepllectipneiisareRYkRicabohacsuialad i the sHtdreumesivrdisonotRarticularly limited,

and examples thereof inclide a method in which bacterial cells are removed from the culture medium

by centrifugatiead drenikeandisinapyhaleabet isthensapsiated:-b anomalisopaiatios method
such as distillation or membrane separation.

bacterium into the inside of the host bacterium using gene recombination technology. In this

case, the infroduced enzyme genes may be either those from the same or different from the

species of the host cell.  Preparation of the genomic DNA, cleavage and ligation of a DNA,
transformation, PCR (Polymerase Chain Reaction), design and synthesis of oligonucleotides

used as primers, and the like may be carried out by the conventional methods well-known by
persons skilled in the art.  These methods are described in, for example, Sambrook, J., et al.,

"Molecular Cloning A Laboratory Manual, Second Edition", Cold Spring Harbor Laboratory
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[0053]The method of the invention for production of isopropyl alcohol may include preculturing to attain
an appropriate bacterial cell number and/or an appropriate level of the active state of the isopropyl
alcohol-producing bacteria to be used, before the culturing for producing isopropyl alcohol. The
precultup{é%srf?%§ _ ploy a culture condition which is normally used and depends on the type of the
isopropyl alcohol-producing bacteria. [0054]The method for production of isopropy! alcohol of the

inventiory,pig erab.'xﬁ%ﬁa%&e%%fﬂ% Hessonopu AlsepalpIogHEa-RBRIYR I, SHRRlying a gas

to a mixture containing the isopropyl alcohol-producing bacterium and the plant-derived material; and

collecti ”&4%98{{8&’)5%?\%%?%%&599%@% By Ahe.chltyres w&gt%lgfgm@wé@g@mm&t%p rqducing

bacteria are culture e supplying of a gas to a mi aeration culture). Due to the aeration

cuture, progyced.isapinnylaloannlissleasadine e e A0 EvanarRIER Mg ixture, and,

as a result, the produced’isdpropyl alcohol can be easily separated from the mixture (medium). Since

the produesithizpopul alsanaliraantinkaLsliSRRAr A RN MiHIe Al lactegpe of the

concentration of isopropyl a the mixture can be suppressed. Consequently, there is no need to

consiler {0 fea SR e SonieRA AlEoIRbOILANO Ragiatade iraprapYalagielofdpoclThe gas

supplied to the mixture in the culturing may be a gas containing oxygen. Examples thereof include

oxygen,;the alr,and %1.%%&%%93?&%@8l!i&%é‘ﬁe%ﬂ?@%&n@@@'(@h@-‘*‘ﬁﬁﬂ&%ﬁﬁaeﬂ fRggases are

preferably sterilized. Examples of the inert gas which may be used include N2 gas and rare

gases (SHEh S A% NG K9 RbriGkand. 2 H}8§§MQHMMQQU§§~AN%@%?&%%§ gas are

preferable, and N2 gas IS more preferable. [0057]When"a mixed gas is used, the mixing ratio may be
arbitrary, 3 19ngkgs the RACtES 18 B auliies daiBgklpse R RSIRINGIAh G eRs b the
~embodiments, the mixing ratio of the inert gas(es) is preferably in the range of from 10 to 90% based
~on the tg@mgﬁsgfdthe mixed gas to allow processing for a long period by appropriately suppressing
the activity of the isopropyl alcohol-producing bacteria. [0058]A porous body such as a ceramics body

may be plagef in a3PeCiif X e iRancement of the activity of thiolase or CoA transferase

derived from Escherichia coli, any promoter(s) may be used as long as it/they allow(s)
expression of the enzyme in a host such as E. coli, and one or more of the promoter may be
appropriately sclected from the group of exemplary promoters consisting of the trp promoter,
lac promoter, Pi, promoter, Pr promoter, tac promoter, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) promoter, glutamate decarboxylase A (gadA) promoter and serine
hydroxymethyltransferase (glyA) promoter, Promoters such as the trp promoter, lac
promoter, Py, promoter, Pr promoter, tac promoter, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) promoter, glutamate decarboxylase A (gadA) promoter and serine
hydroxymethyltransferase (glyA) promoter may be used to replace the promoter for thiolase
or CoA transferase derived from Escherichia coli.

[0040] These promoters may be introduced into the host cell according to a conventional
method such that the target enzyme gene may be expressed by, for example, ligating the
promoter(s) with a vector which is the same one with which the target enzyme gene is ligated,

followed by introduction of the vector into the host cell together with the enzyme gene.
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ensure aeration in the mixture. [0059]The amount of the gas to aerate the mixture is not limited. When
only the air is used as the gas, aeration is generally carried out at 0.02 vvm to 2.0 win (vvm; aeration
volume [mUliquid volume [mUtime period [minute]), preferably at 0.1 vvm to 1.5 vvm in view of

hysigally d ' teri 60 ing. i I ' ith stirri
e ot e, T ey o] RO S e Bt e e e il are

[I'mi it ied | ' | f iffuse to th
entire Ly O TR A gy e Ar LS s B SR e it th lant.
entre mixtute [006I]The Chlting may be cortinled o ultre'tnl the pler
o i S A S R s

a'COho"B{f%%}r’Slﬁ%%%ﬁgﬁfo?%%ﬁ'tﬁoﬁf‘jﬂ%ﬁf&%ﬁ% 8Of g P 'gr %@‘6‘?%&@%&%%&1&%{9” be generally 1

hour or more, and be prefera urs or more. the ot and, although the culturing period may

hour or mofe, and be X the , dnGLGR the cllfuring
aleohol AL g bAG iy Be SoPSran ] e e AT S S LERER i view o

the processing,effgiency. (90AZIIN. e aollesiing: IreRiaRM Alsonol piasleed.i e eylipipg and

separated from the mixture is collected. The met or the cdllecting may be generally one by which

SoProPY oIRGBl N et gf i A URAIERM e BPHMIA D HItIG A4 the form of

droplets can olle amples of such a method include collection into a collecting unit such as
a gener}ugf&%%%ql%%d container. Particularly, in view of ability to collect isopropyl alcohol solely at a
high purity, the method preferably includes contacting, with isopropy! alcohol separated from the

mixture,[@g;?jture W%Wﬁi?@%%{f&? (lﬁ_qp(; @Qﬁlﬁ@&qﬁorganic solvents. The organic solvent as

.the captur uid is not limited as long as it allows isopropyl alcohol to dissolve easily thereinto and it

*has a boiling point yith which it can e seraRied fiom iseprapyrAaRokIhEn,bisistiled in the

aqueous or absolute (non-water containing) state. Examples of such an organic solvent include

toluene. dimetiapamide eoskyimeiiy L Rulioxecd hie erRUIG: PN ARG, SRR flauid may be

used with being mixéd with water as appropriate. [0064]The capture liquid is preferably water. Since
volatile iHi‘BB':E@i’E gxnested fe he praduced together with isopropyl alcohol are less soluble in water

than isopropyl alcohol, water may enable to efficiently separate isopropyl alcohol from the impurities

and collect the isopFARKRIGPRObssible (S HNARIDSSSEProRYRIopRSh W A% GRPHEgdiAUId may be

carried out for a length of time which is sufficient for iIsopropyl alcohol to be dissolved in the capture

liquid. Dwm@ efisoptenyl @lcahohiptihne captwre ligiidds RRHIMECANSUMING88:I8RAAS the
capture liquid is water or the above-mentioned organic solvent, and usually sufficiently
produce isopropyl alcohol easily and efficiently without requiring a complicated process for
separation of by-product alcohols.
[0043}] This production method includes a method including assimilating a plant-derived
material by culturing the isopropyl alcohol-producing bacterium in a mixture containing the
isopropyl alcohol-producing bacterium and the plant-derived material, and, after a certain
period of time, purifying isopropyl alcohol secreted in the culture medium using a known
technigue(s) such as distillation, membrane separation and extraction.
10044 The mixture in the production method of isopropyl alcohol may contain mainly a
basal medium generally used for culturing bacteria, and any medium may be used as long as it

is a medium normally used depending on the type of the isopropyl alcohol-producing

bactertum.
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attained in about 2 hours. To promote dissolution of isopropyl alcohol into the capture liquid, it is
preferable to directly inject, to the capture liquid, isopropyl alcohol which was separated from the
mixture and is in the form of gas or droplets. This injection causes bubbling, which accelerates

cissoluig o jsoorop) ool e It O98SITNS el 6 e yepon for producing

isopropyl alcchol pre y includes liquetying isopr cohol separated from the mixture before

vt acchol preferably ncludes el [Soprcby _
The metkBu ol T ST A oy Iearer A e Sy ol et S LR o Ty

[ | alcohal which is,in the I h j )i
sopropyisehel unich s i oot gasendronlels,pnd suanpies terestnelydagaaing o

isopropﬁ alcohol to an extent sufficient for a phase ¢ isopropyl alcohol. Examples of the

cooling %}%5'}1?93 E}Lﬁé&lﬁclﬂiﬁ%ﬁﬁ}%%%%F%%E‘@%’ﬁ&‘iﬁ%gg%%ﬂ%%&&-051é‘&%%@soé%cko%f’ﬁl!ﬁl%ﬂé‘?,py'

alcohol separate the mixture may be collecte ing an adsorbent. Examples of such an

adsorbe&hg}l%lfj%gd&?;i%&?&dizﬁ?d?o%ﬁeﬁ?k%i%ﬁﬁb%’h&@ﬁﬂaqalgr \ﬁ@&h are normally used for adsorption

of liquid or gas. ccording to this met 0 cing isopropyl alcohol, isopropyl alcohol can

be collected n the state.diapplvaddntue aptuie. uiarin e mixtue. he gellecled, opropy

alcohol can be confirmed using a normal detection method suclt as HPLC. The collected isopropy!

alcohol ga e {yither purified ae deauiisdh AT AIRS O D4 Auicatipnmathad gclude distilaton.

In cases where the collected isopropy ol Is In the state of an aqueous solution, this method for

pfoduci%%iﬁg@g@g{lhggg&%m%ﬁ&%&%@%ﬁ%?ﬁl&%@%@gﬁ&%ﬁ}h@&ﬁ%&@%&émecﬂgghpehydration

of isopropy be carfied y a conventional method. [0068]Fig. 1 is a conceptual

diagram; s OWIRG;BREXA "ﬁ&ﬁﬁ%ﬁs"?ﬁ%‘égﬂ% anparats1A:appicable:iadhameihod gifbe invention

for production of isopropyl alcohol. This method for production of iSopropyl alcohol will be described by

: referencg 10 Kl dike maé/ EQ%@E%SH&%@Q Ma@ltg&uﬁgdjas a culture vessel 12 and a trap vessel 40,

and the culture vessel 12 andtrap vessél 40 are connected to each other via a connecting duct 30.

[0046] As an organic minor component(s), vitamins, amino acids, and/or yeast extract,
peptone, polypeptone, corn steep liquor, casein digest and/or the like containing vitamins,
amino acids, and/or the like may be appropriately used.

Polypeptone is a resultant obtained by hydrolyzing protein by an enzyme or acid,
and all of its nitrogen source may be regarded as those derived from the protein, although
there are cases where a small amount of ammonia nitrogen measured according to the
analytical value of polypeptone LotO586A from Nihon Pharmaceutical Co., Ltd is generated.
The components of polypeptone include, for example: 12.5% by mass to 14.5% by mass of
nitrogen content in total; 5.0% by mass to 6.5% by mass of amino nitrogen; 4.0% by mass to
7.0% by mass of superheat residual; and 3.5% by mass to 5.5% by mass of loss lost by drying,
based on the total mass of the polypeptone. Normally, the content of the polypeptone in a
medium is in the range of from 0.02 to 2% (w/w), and preferably in the range of from 0.1 to
1% (w/w).

Corn steep liquor is obtained by concentrating an immersion fluid which contains

soluble components eluted during soaking of maize and components produced by lactic acid
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The culture vessel 12 and trap vessel 40 are capable of being sealed so as not to allow leakage of the
internal atmosphere to the outside of the vessels. [0069]In the culture vessel 12, a mixture 14
containing isopropyl alcohol-producing bacteria B and a plant-derived material M is placed. The

amount ofine MiATe A4RAGEAMONAS A0V Rl ORiNe saRarieolifie Sullli VoPpPlA2, which
juste de the cul

amount may be a as appropriate depending on the ‘capacity of re’'vessel 12 and/or the

scale of the production apparatus 10., ?}e cultur ssel 12 may.be for. fr, s normally
used for g %ﬁgfspar%edf%%i%)ﬁa%lpfﬁa%gr% ol unélgxr?gsg %:%\lﬁc%ré%?r) anr}flssr%g?gﬁt fé@n?gﬁp%?%l%ﬁgﬁéqﬁr%%ed. The

production appaais 40, may.be canable. gfperonming @reqsssing ata andard femperature and

pressure; and may be further egquipped with a ng device and/or a pressurizing device as required

fo allow eafing Aot preaseINg. L007 AR 0ieCion fet 46, (oL eeig 798 fam (e outside of

the apparatus is connected to the culture vesse ne termin e injeéction’duct 16 is connected

lo an acrgiion.anmaralus,wyshis praused n he ouisite el eradyean RARIAAQ and s no

shown in ur otherten-nina Injection duct 16 opens at a position IS in the vicinity

ofthe boglomel e sl YesselIh andisinside e sylce yassel i e splymepine mixure 14

is adjus ed ih advance suc Iquid level of the mixture laced In the culture vessel 12 is

s ot oI B VL e T e o e D0 Sr et i CUANRG unit 24 connocted

with a‘stirring unit 24 connected

lo the meler il 2% Toesiitingunhadisindbe sana faronaler biades ot ke, g plgoed I

© . Actor )
the vicinity 01l bottom o ure vésse 2 ive control device, which is not shown in

the figurgy {5, ¢ORNRRIEA 10 INEAIRIALY AL A8 ANEhAANRIR ARGl ASMOALHANLZR aicn that the

stirring unit 24 is rotat a certain rotation spee e rotation speed of the stirring unit 24 is not

* particul imi ng. stirring. s j t , : eferably 200 rpm to
300 rorm T e B 2 b A e e A ad e e e e op of

the rep AERREI A A0 SRt Mo XhauRNG ASS RGP EISENARIR INpAuTSide of the
trap vessel 40 Is connected. [0074]One terminal of the connecting duct 30 opens in‘the upper section
of the Cl&%frr?s%e%p liguor is normally used at a concentration within the range of 0.1 to 20% (w/w),

and preferably used at a concentration within the range of 0.5 to 7% (w/w).

Yeast extract has been disclosed as containing amino acids, polymers thereof,

nucleic acids, vitamins, organic acids and inorganic salts, and, according to the analysis data

(Catalog # 211929, 211931, 211930) of the yeast extract by BD (Becton, Dickinson and

Company), inorganic salts including calcium, magnesium, potassium, sodium, chloride,

sulfuric acid or phosphoric acid are described, but there is no description of compounds which

may produce ammonium ions. Components of yeast extract are, for example: 11.4% by

mass of the total nitrogen content; 6,9% by mass of amino nitrogen ; 13.1% by mass of the

ash content ; 1.0% by mass of loss lost by drying; 0.2% by mass of sodium chloride; and

10.5% by mass of the total inorganic salts, based on the total mass of the yeast extract.

[0047] The amount of the plant-derived material in the mixture varies depending on its

type and the activity and number of isopropyl alcohol-producing bacteria contained in the

mixture. In general, the starting sugar concentration may be 20% by mass or less in terms of
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vessel, allowing the gas placed in the culture vessel 12 to be guided to the outside of the culture
vessel 12. Another terminal of the connecting duct 30 is elongated to and opens at the vicinity of the
bottom section of the trap vessel 40, and the liquid level of the capture liquid placed in the trap vessel

40 is adjysted | d%% 3 %3@%@&9& I %%/399 A8.90eRing SE10N RfiinG,CNNERINg AL 30-

The connecting ave a cooler'which positively cools the inside of the connecting duct 30.

Thefebvﬂw?@m&g :RERSES. TPHAN e, AaNNeGing, HuGH3Q, e das AR PRPoRityel.liquefied.

[0075]The effect of this production apparatus will be described below. The mixture 14 containing

the isoigplaiceharaaduang.Racein e Rtkine RIRAeINen mAleHR M RsiahiRiRne culiure
vessel 12 of the production apparatus 10 such that the liquid fevel of the mixture 14 reaches a portion
sufficienfly, ahove the terminal of the injection duct 16. The motor section 22 of the stirring device 20 is

powered on to rotate the stirring unit 24 at a certain rotation speed. Addition of the mixture 14 may also

be carriggay ater,placing SR AMPHALALING,TRCHIIN e EHIUIS VRSP B2 Andiadusting it

temperature appropriately in advance, such that a certain total amount is attained. [0076]A certain

amount of. I MXMLE 3 isNaaeshin S FliEeYessa! A Aad 186 3eHalian ARPRI R4S yyhich is not

shown in the figute, is powered on to inject the gas into the culture vessel 12. Thereby, in the culture

vessel %éb&%@ﬂ% JGSIREL NG IDe; 0'553@5?1 Angiperation eHile SIS I00 i hendhs, aeration

culture starts, the isopropyl alcohol-producing bacteria B begin production of isopropyl alcohol by

assimilaling fisRie0kgsved matsrial Jhe HodNsERIseRiaNdhaleahRli (Waasrt iofhe bacterial

cells into the mixture, and a part of the isopropyl alcohol is dissolved into the mixture while it is mostly

evaporafgs from the MK AdSIeMM RUREARMA R hS SRRAAGH fham;He. MiKiure, T hgsisopropy!

alcohol separated 23 from the mixture moves from the upper section of the culture vessel 12 to enter

“into the conpecting Aot 30 asSHBUSER MtheLMEYEIHG Mg HaANEESH! Ahiaining ¥Vhen passing

through the connecting duct 30, a part of the isopropyl alcohol in the exhaust is cooled and liquefied.

[0078]T%ﬁﬂé%&(%kéﬁﬂ@@o%&mﬁg%%%ﬁ%ﬁ%@o%ﬂ’dm\éﬂﬂéﬁe&h&H@e‘h@f%%'tﬂﬁlenters into the

trap vessel 40 from another terminal of the connecting duct 30 which opens in the bottom section of

the trap yeseel 40, and i inggiediie &Jaﬁ&fﬁmiqui%éanﬁﬁ%hi&&mﬁe bibtling ReeAEs R the trap liquid

42 by the injection of the exhaust. At this time, the isopropyl alcohol is dissolved into the trap liquid 42.

On the QihiahhandoRlaie. mpiities whiciasadnibe sxhaust Ans mayed witkthedsepropy! alcohol
from the culture vessel 12 to the trap vessel 40, are less soluble to the trap liquid 42, so that they are

releasedffamdhe-rap/idwd Airne.exhaugted to the outside of the trap vessel 40 as the final exhaust,
through the exhaust duct 44 opening in the top section of the trap vessel 40.

[0049] Examples of the nitrogen-containing compound which may produce an
ammonium ion in water include: inorganic and organic compounds having ammonium salts
such as ammonium sulfate and ammonium nitrate; ammonia gas; and aquecus ammonia.

The nitrogen~containing compounds which may produce an ammonium ion in water are
contained at 0.02% (w/w) in M9, that is a common medium for bacteria, and at 0.02% (w/w)
in MS, that is another common medium. In the invention, the culture medium may contain
the nitrogen-containing compound at a higher amount than these in order to increase the yield
of isopropyl alcohol.  In the invention, in view of enhancement of the productivity of
isopropyl alcohol, the nitrogen-containing compqund which may produce an ammonium ion
in water is preferably added before culturing such that the total mass of the nitrogen atoms in

the compound becomes 0.04% to 10.6% (w/w) relative to the total mass of the culture
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[0079]The amount of isopropyl alcohol produced in the culture vessel 12 is confirmed by collection
using a collection machinery, which is not shown in the figure, and the process is terminated when
production of isopropyl alcohol is confirmed to be ended or decreased, or after a certain time period.
[0080]The trap liquid 42 after the.processing has,a hi fﬁcqnc tration of isopropyl.alcohol dissolved
therein, THATLTLAA F Cor B et ATt Lt S R aon. Thi
trap liquid 42 may be collected to.further.isglat ng urify. isopropyl alcohal as re i?d Since a
pattil PSR O SOy e S e T A P e 14
can be collected to jsolate.and.purify isoprppyl alc gol as required. [0081]Thus, by using the
product%lnlt%lﬁﬁg?g’u}snl%? ;fs% %@pﬁ%cu(ﬁ)é)gorygvdﬁd%% l%’sing the isopropyl alcohol-producing bacteria
102 37505 Aoool . e b el o S UL o v RS
il be B e e e g
e TR et o e R s the
umber DL ALk SORLE AT tne rurmber 42 maicates th rap hauid (capture
liquid), and the number 44 indicates the exhaust ’uct.‘;OO, 3 Thel s@aﬁ;e of.respective parts and units,
Such ns the cultord S B S L L S R
apparatys L3 MY be, 61anget 35 ARRIGRUAI A3 o0 ARdLS iandedclicet ismotimpaiierk  An
injection unit and/or exhaust unit for continuously injecting the mixtur or isopropy

aloonol profueing. SARtEr AR SR 3R 12 makbesipvdadias piadugtion apparatus 10

of this e iment. This allows Continuous uction of isopropyl alcohol. [0084]In the

et LA Sonr o s B e g i
such as distilled water and buffers.
[0051] There is no particular limitation to the culture condition employed for the
culturing in the invention. In embodiments, the culturing may be carried out under an
acrobic condition with appropriately controlling pH and temperature so that the pH becomes
in the range of 4 to 9, which 1s preferably in the range of 6 to 8, and the temperature becomes
in the range of 20°C to 50°C, which is preferably in the range of 25°C to 42°C.
[0052] The method for collection of isopropyl alcohol accumulated in the culture
medium is not particularly limited, and examples thereof inclide a method in which bacterial
cells are removed from the culture medium by centrifugation or the like and isopropyl alcohol
is then separated by a normal separation method such as distillation or membrane separation.
[0053] The method of the invention for production of isopropyl alcohol may include
preculturing to attain an appropriate bacterial cell number and/or an appropriate level of the

active state of the isopropyl alcohol-producing bacteria to be used, before the culturing for

producing isopropyl alcohol.  The preculturing may employ a culture condition which is
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In a preferable embodiment of the invention, isopropyl alcohol which is more highly purified can be
produced continuously and conveniently. EXAMPLES [0085]Examples of the invention will
now be described below, although the invention is 25 not limited thereby. "%" in the description

indicates guantity interms of mass unless ot ise specified..Example 1 Construction of Vector for
Eoesd S BB L R o o

Clostridi d Transformant with t xpression Vegtor ino acid se neces and base
sequenctes (?T? the g%é%eeigé%ﬂ%eﬁé FKin %Og (ff(l)spo ch; Wg%(c)ﬁ%?}p?%cﬁ%‘éeéﬁ%I%%Lg%ﬁ%‘écteria of the

genus CIo§gé%;Surpuﬂave béehen alreao}lg)( gﬁ%ggﬁd- That is thlilase is described. in 3005}86213-3007364 of

the comlﬁllcementary Strand of th rSE ome seﬁgﬁg(él%‘ge’g%ﬁ sed Ih GenBahk atcession humber

AE00L43 Gon insterase is descripad . BenBank acoassion number 7824, arslonelate

decarboxylase'is described in GenBank accession number ISopropy

dehydrog}edwg(i?egiggta&r]ijatr)g&iln %gﬁgagg d%ggg%osviiﬁergi%ﬁp@%r AF157307. The sequence of the thiolase
promoter existing inthe ‘above base sequence of thiolase may be used as the sequence of a promoter

i i f these, f inds of .-[0086]T i i dth
helvidtisctinaertic b ort L S I R Ny S iy
OTT AGGC ATA T A(SEOQ ID.NO:1).and T ( A M) T.TTG. A TAT TGC
ot ot LRSS R IR AN TR e S At ol o T e
templat%lc'l(')rﬁ%lt

0 obtaif S8 Ioﬁl‘{%lg?stg&r}ﬁgo %@%ﬁ&%&r@%ﬂﬁ ‘%‘4%%91!9(%1??&6}4\/{}{@ %&ﬁ%ﬁ%{@g%@gms&com and Kpnl

ase fragment having a size of about p including a DNA sequence encoding the
thiolase pr ter T in ificati CR: rried out
with TP B e B e B e G
TCCCT, &ﬁ&‘ﬁ%&i 8%%9@% ﬁ?&ﬁ\gh%oﬂ gth 8 NG UG Re.g8AADICBNALT Clostridiuni

acetobutylicum AT 4 as the template. T s-obtained

concentration of isopropyl alcohol in the mixture can be suppressed. Consequently, there is
no need to consider the resistance of the isopropy! alcohol-producing bacteria to isopropyl
alcohol.

[0056] The gas supplied to the mixture in the culturing may be a gas containing oxygen.
Examples thereof include oxygen, the air, and a mixed gas containing one of these and an
inert gas(es). These gases are preferably sterilized.

Examples of the inert gas which may be used include N; gas and rare gases (such
as Ar, He, Ne, Kr, or Xe), and, among these, in view of handling, N, gas and Ar gas are
preferable, and N, gas is more preferable.

[0057] When a mixed gas is used, the mixing ratio may be arbitrary as long as the
bacteria to be cultured do not lose their physiological activities. In embodiments, the mixing
ratio of the inert gas(es) is preferably in the range of from 10 fo 90% based on the total mass
of the mixed gas to allow processing for a long period by appropriately suppressing the
activity of the isopropyl alcohol-producing bacteria.

[0058] A porous body such as a ceramics body may be placed in a specific mixture to
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DNA fragment was digested with the restriction enzymes Kpnl and BamHI to obtain a CoA transferase
fragment having a size of about 1.4 kbp. [0088]To obtain the acetoacetate decarboxylase gene and a
terminator sequence, amplification by PCR was carried out with TTT GGA TCC AGC TAAACA TTA
TTA AAT TTA GGﬁA A%.g} go&g}g ID NO: 5) and ITT GTC GAC CCA ATG AAC TTA GAC CCATGG
CTG (SEISL}B (o} 8?using the genomic DNA of Clostridium acetobutylicum ATCC824 as the

templats T thusygbiained NVA ragment was gloested M DR Leslfiction enzyss Bl and Sal

to obtai cetoace ecarboxylase fragment having a size ot about p including a DNA

sequence co%n the terminator, %OO 9]Clostridium Qbutyli ATCC824 can. obtained from
e e e s R S e B 001 obtain

B A B R S R e R e S T K B T e
ACT CTT. GGA GC (eSE%tlgqlll\ISO%ﬁ%gsing the %ee%%n%iciQNA of Clostridium bedermcku NRRL B-593 as

the temp\)lllgtvg. REthUL 0 ed raggﬁ%nt WasctﬁaeSted with the restriction enzyme Kpnl to obtain

an isoprapyglcohal deliydiogenase IANLAAYING 8917806 abA!h R 0RO

> ! L%ﬁ%@glgum
beijerin can aine ulture Collection, that is a bank of cellsand

e SPRITI o O (Il 0 A eI ORIy il e i

pUC19 wi ere mixed and ligated using a ia coll Strain

DH5a com et%nt_celld({tﬁ de name: DNA-9Q ’nﬁ“ﬁﬂi‘g%gﬂ&g %ytTQﬁ?JfQ (04 Q g%{grmed with
the resu?tflirc]% ?igz;cl%foaﬁl pro%ég% fo %%%g%nl?rgns?orr%ants growina or? acu tl?resg)me |u?n%§]LB 1Broth Miller
((trade {p&:g?ifc0244620) agar plate which contains 100 ag/mL of ampicillin and having 40 al each

of 40 mg/mL X-gal and 20% IPTG applied onto a surface thereof The obtained colonies were cultured

inan el medumGaniang. 80 4 ﬂﬁheaffmpiﬁw%bg{é%% SyarpidhtuANch G RIBRRId PIPA was

collected from the thus-obtain ‘cter!a cells. 0093JAn ch.a coli strain B (AT C11303)
compelei Rl HARNANSIIMErh i (U RBS T RID AGROCYINIRT ARG CHINIEEEHINOLLS Broth

Miller agar plate containing 100 ug/mL of ampicillin at 37C overn to obtain the isopropyl

alcohol-preducing,enzyme A5AST SXIGRIING YRR JA0RIA e tRIABL M Pactivity of the

isopropyl alcohol-producing bacteria as well as the amount of the plant-derived material, and
may be generally 1 hour or more, and be preferably 4 hours or more. On the other hand,
although the culturing period may be unlimitedly extended by further providing the plant-
derived material and/or the isopropyl aleohol-producing bacteria, it may be generally 5 days
or less, preferably 55 hours or less, in view of the processing efficiency.

[0062] In the collecting, isopropyl alcohol produced in the culturing and separated from
the mixture is collected. The method for the collecting may be generally one by which
isopropyl alcohol which is in the form of gas distilled from the mixture by culturing or in the
form of droplets can be collected. Examples of such a method include collection into a
collecting unit such as a generally-used closed container. Particularly, in view of ability to
collect isopropyl alcohol solely at a high purity, the method preferably includes contacting,
with isopropyl alcohol separated from the mixture, a capture liquid which captures isopropyl

alcohol.
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[0094]The Escherichia coli strain B (ATCC11303) can be obtained from American Type Culture
Collection, that is a bank of cells, microorganisms and genes. [0095]Example 2 Production of Isopropyl

Alcohol by Escherichia Coli Strain pIPA/B and Escherichia Coli Wild- Type Strain As preculturing,
5 mt., of [ﬂl |IIer uItur N rgegi n pntair%ioqg% /IA of a éaga]l }%[ e was
placed |h stic tul5e" Havugig aca a%r o) 0 manu}a cture LCON),

and the Eschenciina colr Sﬂﬁ IPAlt(/;BSO \hta ned,in Exaur Lyas ir culatgdt ereto, [ol{pwed by
culturing (%/ernrgcht a unng"?lempera ré ot 378 Wit s(h ing a rpm he fIiissc enchia coli B

wild- type strain Sy t%ire wi h sha mgﬂin a medréirP havr ihe sam E{n‘?] ati n exc%%t that it did

not cont S?Pmrﬁ ifn un Oe"rseaer%se1 ﬁrr‘ih‘&%%‘hd s ofi%i’é)ii%oﬁ‘% each octa%he preculture

media was tr nsferred to an rlen e er. flas havi acit of 300 ontaining 60 mL of LB
Brot MR t%faoae%oampvr RS aﬁlﬁéaii%eana% L it

culturin%waasmclarne;gat out at a sti ring Sughof 120 r i Sopveratculﬁ] ltu‘m{:?)e(rlaturt q%O%%%mT e bacterial
cell cultlre me(%ht Was samBigoh hours ai%e% eginning of the cu Ure, and the bacternal cells were

removed b Lf%a ni({ "OWF" O%éa%%as \rg&ten]&%ofc%% umy Iat Cgr?ag un? 8f |38pbo%)€ alcohol,
butanol, e ano d ace ONeé in us- o aine culture'sup er ccording to a conventional
method wrth%l-l j{g ee results are shown in Table 1. Accumulation of 2.1 g/L of isopropyl alcohol was
confirmc—%}(]j1 aff er ‘hvo

urs OFBBWLPI’IH(S of the Escherichia coil strain pIPA/B. At this time, there was no

accumu ofb nol a than bIe Its of sureme ain
AW Rloe ot e b e S MR DR R0 0 o1

Acetonqudgélég gééhiggv% ll_:so%rr%%ﬁ 3]cohoi are less soluble in water than isopropyl aleohol,

water may enable to efficiently separate isopropyl alcohol from the impurities and collect the
1sopropyl alcohol.

Contacting of isopropyl alcohol with the capture liquid may be carried out for a
length of time which is sufficient for isopropyl alcohol to be dissolved in the capture liquid.
Dissolution of isopropyl alcoho! into the capture liquid is not time-consuming as long as the
capture liquid is water or the above-mentioned organic solvent, and usually sufficiently
attained in about 2 hours.

To promote dissolution of isopropy! aleohol into the capture liquid, it is preferable
to directly inject, to the capture liquid, isopropyl alcohol which was separated from the
mixture and is in the form of gas or droplets.  This injection causes bubbling, which
accelerates dissolution of isopropyl alcohol to the capture liquid.

[0065] The method of the invention for producing isopropyl alcohol preferably includes
liquefying isopropyl alcohol separated from the mixture before contacting the isopropyl
alcohol with the capture liquid, in order to increase the collection efficiency.

The method for liquefaction of isopropyl alcohol may be any method as long as it

enables to liquefy isopropyl alcohol which is in the form of gas or droplets, and examples
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Production of Isopropyl Alcohol by Escherichia Coil Strain pIPA/B Using 1 L-Culture Vessel (1)

The processing in this Example was carried out using the production apparatus 10 shown in Fig. 1.
The culture vessel 12 had a capacity of 1 L, and the trap vessel had a capacity of 500 mL. All of the
culture ¥gssel 12 tr(?ﬁfve sel 40, in ectl?n]d&%E 6, connectlglqjduct an exhal?st ducft 44 were

made o g?léeé)sﬁlﬂga b lvl\l/%t%frqﬁ? pOWat%r as t'Oeat?ggtﬁaaf flvevtgs?rlijaeg &ain ﬁ%g[eré)p vessel 40.

[0098]As preculturing, 4 mL of LB Brqth Miller.culture medium, containing 0.1 g/L of ampicillin and 2 g/L
of oL DB T ASEP 5o A 4 L e S b e R e 1 was
inoculated ﬁ]hgret?é follonéegoli)gl culturing for 18 hours at a culturing temperature of 37C with shaking at

120 rpmc.o? & entire Grihve preculture medium was inoculated to a 1 L-culture vessel containing 500

mL of L h Miller cultyre medium containing 0.1 g/L. of ampicillin, 20 giL of glucose and one drop
o acecdNET oA CLREIRG s o GUR TR L s B S RSB o

and culturing temperature of 37C, and pH,of the ¢ Ituemei&umw controlled to .7.0,using 12.5%-
ammonts S oL s B Rt R L B AR S e

begirmin% of tﬁe culctju,e. am ,[Ies were tacren from the bacterial cell culture 48 hours after beginning of
nmorima. Xdl% OF aasorption O 1(1}.11 or %as. . .
the culturing, a e bacterial cells were removed by centrifugation, followed by measurement of the

accumuied amounts ofisRiopy alcqng! hutangl. sibangland aestare i s s gpfaingd culre

CCO
superna ccording to aconvenuonal me Yy results are nin

Accumulation, of, 3.0 g/L of iSopro Iaclco_ | was confirmed after 48 hours of% ulturing, of the
Eecher R R R P L R IR ol £

eese e DS A A e S s depee ped
PIPA/B Ics’oq%rcqga, li%g?&%?a%%%l%%%‘@ %1%19('735"&%8%9 fgq%%eé‘.ce‘rgpaengp?eggf L%%Q%] Example 4
purification method include distillation.
In cases where the collected isopropyl alcohol is in the state of an aqueous
solution, this method for producing isopropyl alcohol may further include dehydrating in
addition to the collecting. Dehydration of isopropyl alcohol may be carried out by a
conventional method.
[0068] Fig. 1 is a conceptual diagram showing an example of the production apparatus 10
applicable to the method of the invention for production of isopropyl alcohol.  This method
for production of isopropy! alcohol will be described by reference to Fig. 1.
The production apparatus 10 has a culture vessel 12 and a trap vessel 40, and the
culture vessel 12 and trap vessel 40 are connected to each other via a connecting duct 30.
The culture vessel 12 and trap vessel 40 are capable of being sealed so as not to allow leakage
of the internal atmosphere to the outside of the vessels.
[0069] In the culture vessel 12, a mixture 14 containing isopropyl! alcohol-producing

bacteria B and a plant-derived material M is placed. The amount of the mixture 14 placed

may be about a half of the capacity of the culture vessel 12, which amount may be adjusted as

-
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Construction of Vector Expressing Thiolase Gene Derived from Escherichia Colt, CoA Transferase
Gene Derived from Escherichia Coll, Acetoacetate Decarboxylase Gene Derived from Bacterium of
Genus Clostridium and Isopropyl Alcohol Dehydrogenase Gene Derived from Bacterium of Genus
Clostridium, and Transformant with the Expression Vector Amino,acid se ces and base
sequen S R e e T e, o A e B ol have
been already eported, Thatis. the oene encodin thiglaseis desqribed In 2241318820015 of the
genomic?sequence Br e Escherichia cott SHain 1685 Gescribed in Genbank accession number
U00096, T}ae:\%g%%%i%%%dm C Atra_tnsf rase is described in 2321469(-%3222819ft e

above-describe genom|81§euﬁé(r)1%g ol the Escherichia coll Etrain ME& 1655, Pro cd%lpt?cr)ir}{ of isopropyl

q
aloohol i posibla by SXRLESSg, ausian U ess. e acslonceinte decarbalase gens and

. U .
isopropy! alcorol rogenas e derived’from a bacterium 0 enus Clostridium.
f
S

0
The promoter sequenge of glyceraldeh ef-l%ms hate dehydrogenase (which be hereinafter
referredt'fa“cl)][1 gglgﬁ%ﬁi}ﬁ %Ygsghgéglé] @%%f 0'o etﬂqug?g%fg]q}ﬁjle%cgarﬁlﬁ? r(r%g{%nmé?@ée%Bank accession
number X02662.can be used as th%§egﬂenc§ of a Rrometer.re Li|ir.ed for expression of the

above-d%léegﬁ%réﬁnggé%%\gﬁe[ai6%"1‘1560b am the &%ﬁ%ﬁlpr@or }f)qtsesrl,l amplification by PCR was carried out

ith CG ACATATGCAATGATTGACACGATT IDNO: e
CacadtbRt e PRE AT AR EEBE WO e L Fibbatinds o of the
Escherichia coll %Bat'ffeM%gLr%;vg%dsaségl t;e(%‘i’e"?t%‘%m&‘@é Ussqpiainse RNA Hj@@%ﬁﬂéé’t"&ﬁﬁ@éﬁted with

the restriction enzymescﬁlI tain a ragment corresponding to the G

t ' ize of t. - ' tained b
geston N B S R WA e e
Ndel I ixed ' ' | ad.t ichi li | - tent
col (1 e BN 03, Ty o L B e N g

igation pradughie SBARMROSIQIMAES Towg o 8P CORIRIBIE CANIAINIEAQ 20/ Of ampicilin.

The thus-obtained colonies were cultured in an LB liquid medium containing 50 Jtg/mL of ampicillin at

37C overpight. 3pd INGRIARTYY RBRAER i‘H%ﬁ&d%'é%%tS&f{%ﬁ%qiﬁgi‘&%%%‘ﬁﬂ@ﬁ%%ﬂ%' fglls.

[0102]To obtain the isopropyl alcohol dehydrogenase gene, amplification by PCR was carried out with

AATATGEATGETOGTRAMCATATGAMGETERGCMIGHIAGR SEQ 1D NO: 11) and

GCGGATCCGGTACCITATAATATAACTACTGCTTTAATTAAGTC (SEQ 1D NO: 12) using the
genomig dapify of Clastridipp Rriternekii NRRI 8283 38 g-ismaplale ilNG.aus oPfAindINA fragment

was digested with the restriction enzymes Sphl and BamHI to obtain an isopropyl alcohol

dehydrogenasefiagmenthay 'Hilsgzi%éiﬁ?ﬁ%@lagﬁﬂ%tﬁ E@H:JJ#‘?&W%&H&H&%%@M%HW%&N a

fragment obtained by digestion of the plasmid pBRgapP with the restriction enzymes Sphl and BaniFll

were ligated %%@Qtﬁa‘?ﬁgﬁﬁi@lﬁéﬁﬁt%%ﬁ?g%i@p LRI RE R ro MRS Eﬁé&&rﬁ%@ame:

D1\A-903, manufactured by Toyobo Co. Ltd.) was transformed with the resulting ligation product to

obtain trapsformants arwing o kBragatselate containing 50 Rg/mL of ampicillin. The obtained
colonies were cultured in an LB liquid medium containing 50 fig/mL of ampicillin at 37C overnight, and

the plasqighp EAPIRAGR wass callaeted remdhe thusehiainedbagierial celisnJ0La3LTaohiais the

Escherichia colt-derived thiolase gene, amplification by PCR was carried out with

ATCCATGESGREG HAGARMALAT BAAM I S DGIMARHC AR BRI NQo dddand _
GCAGAAGCTTG f CTAGATTAATTCAACCGTTCAATCACCATC (SEQ ID NO: 14) using the genomic

DNA of thedrachernichia el Straip Miatenpasl betempaie. dhethusiebiainrd BNAifmgaent was

digested with the restriction enzymes BamHI and Hindlll to obtain a thiolase fragment having a size of

about 1.2-dp;fhe gia@m ineg-laNAfragmenhand & bagment.rakichvaseiaineddhy gigestion of

the plasmid pGAP-IPAdh with the restriction enzymes BamH1 and Hind111, were mixed and ligated

using a |EQ@$§ and the Eschetichiasaal eifainclider copretesaellisanp Rame: ANAROG.

manufactured by Toyobo Co. Ltd.) were transformed with the resulting ligation product, to obtain

transformants Gomipg QR204. Bragal-nlatecomaiping o 4l of pimpisiilincIhe aptaimed colonies

were cultured in an LB liquid medium containing 50 ng/mL of ampicillin at 37C overnight, and the

plasmid ggAR: Ak mae B.wapaollecgskiiem the thus-obtained bacterial cells.

[0074] One terminal of the connecting duct 30 opens in the upper section of the culture
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[0104]To obtain the Escherichia coil-derived CoA transferase gene, amplification by PCR was carried
out with GCTCTAGAGCTGGTGGAACATATGAAAACAAAATTGATGACATTACAAGAC (SEQ ID NO:
15) and TAGCAAGCTTCTACTCGAGTTATTTGCTCTCCTGTGAAACG (SEQ ID NO: 16) using the
genomic DINA OBB*%?nES&Q%{ %@%&Q L SHAR MG 655%?51 g %%]Hﬁﬁw& etE‘b‘éi%é’%%'ﬂ%d DNA
fragment was’digested witlT the restriction enzymes Xbal an ill, to obtain a CoA transferase a

bunit f havi ' f ab 0 T IS~ ined DNA f f
subunit BNt aving 2 sizerat abedh 400 b TS ANE-oblalnsd DA faament apd g iaament

obtainedwl})y digestion of the p(iasml ato e restriction enzymes and Hindfil,

name: DHm SO ] S e S e o
ne: DA | d ton
product o P RASIRTIRIIR IRYING 90 A8 BQRLRAIS AN SRPIYIDE l gl The

obtaine les were cultured inan L medium containing mL o at 37C

overnig %ﬁé% gﬁk@%%mg?g%ﬁ%g h-atoB-atoD was collected from the thus-obtained bacterial
ur plification

cells. [0 ther, am y PCR was carried out with

AAGTCTCGAGCTGGT ; G : 17
GGOCAAGCTTCAT AR TN AT (S0 NG THY bing e Cerame DR e
Escherichi i| Straj 1 t | | : t igested with
the res'::‘:?iczz)lt%%gﬁr? y%&%olﬁﬁr%%ih%ﬁ@%%%ﬁ% %&%&%&@gé%ég%%ﬁﬁﬁ f%gg%% thavinvg\j"a
%g{yﬁggg the obtained DNA fragment and fragments obtained by digestion of

size of ahout 600.bn, ﬁﬁﬁ]
the plasmdl?é pedgAl%-lPeAd toB-atoD with the restriction enzymes Xhol and Hindlll, ligation was carried

out using g jigase, ad éﬁ%a’?ﬁ%ﬁ&i%ﬁ’&%&&lbﬁr’éﬁ#}@ﬂ?%ﬁ%89&9&5&?@4%@99 hame: DNA-903,

~manufactured by Toyobo Co. Ltd.) was transformed with the resulting ligation product to obtain

ransformants growiqg 3L BiagarRIAle aaralnioepatalmb ol amieiR. Thehys plteined

colonies were cultured in an LB liquid medium containing 50 ug/mL of ainpicillin at 37C overnight, and

the plasgyid, pEAREIPANLACE- AR WS CUBRIRA LA he phidiprdharis %@Lﬁ%ﬁs [QL06]To

obtain the acetoacetate decarboxylase gene, amplification by PCR was carried out wit

CAGGT&EE@&Y&%C%@%&%F Al AL ARASGATCAAG TN TIAGRGAABIARGIRERI NO: 19)

and GCGGATCCTTACTTAAGATAATCATATATAACTTCAGC (SEQ ID NO: 20) using the genom ¢
DNA of e Glestidium erstohylylicum AL46824 Asibedsmpale icths faysrebiaingd DNadragment

was digested with the restriction enzymes Kpnl and BamHI to obtain an acetoacetate decarboxylase

fragmentihayingg sieof aﬁ%%%%@r@&t%ﬁ%é@é’&o@Eahlﬁgz%ﬁléfﬁﬂﬁi‘ﬂ&%t@‘B:ﬁ;fé_%%@”t which was
obtained by digestion of the plasmid pGAP-IPAdh-atoB-atoD-atoA with the restriction enzymes Kpnl

and Bambiliwese mingdand igige psingadigasse andiths ESeherchia calkstiain,RHapgappetent

cell (trade name: DNA-903, manufactured by Toyobo Co. Ltd.) was transformed with the resulting

ligation W@QH%&&{%P&%M&&M%@QP&%@MI%&H&@ 4 Bopagy @k@}%ﬁ%}ﬁiﬂ"ﬁ&é&ﬂg/ mL (_)f_ampicillin.
The obtained colonies were cultured in an LB liquid medium containing 50 ug/mL of ampicillin at 37C

overnighty@nd the plagmishizdislaaanvas colleated romethe aktaingddacietabealis the
[0107]Escherichia coil strain B (ATCC11303) competent cell was transformed with this plasmid

' PGAP-lag2.80H epiResORaenLB Bl MHIBT RgaTRIRle CHMNRIRING DR uguBLuel Ampieifir at 37C
overnight to obtain Escherichia coil Strain pGAP-laaa/B
culture vessel 12.  Thereby, in the culture vessel 12, the gas is injected into the mixture, and
aeration culture starts.
[0077] When the aeration culture starts, the isopropyl alcohol-producing bacteria B begin
production of isopropyl alcohol by assimilating the plant-derived material. The produced
isopropyl alcohol is released from the bacterial cells into the mixture, and a part of the

isopropyl alcohol is dissolved into the mixture while it is mostly evaporates from the mixture.

Thereby, isopropyl alcohol is separated from the mixture. The isopropyl alcohol separated
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The Escherichia coli Strain MG1655, Clostridium acetobutylicum ATCC824 and Escherichia coli strain
B can be obtained from American Type Culture Collection, that is a bank of cells, microorganisms and
genes. [0108]Example 5 Production of Isopropyl Alcohol by Escherichia Coll Strain pGAP-laaa/B
Using s MARSGh UL srom BIAIHEIQRALFBPIRPUAIGRNALNSIG @ Lice iy guessel was

studied In t%e same manner as in Example 3, except that in the preculturing, 25 mL of LB Broth Miller

culture ié!éﬂn%@&%@@%soehﬁ{h{?ft@m%%ui&@f)@‘iﬁ%%@ﬂ%ﬂ@é@@%ﬂ@f flask was used, and the Esche

chia colt Strain pGAP-laaa/B obtained in Example 4 was inoculated thereto, followed by culturing for

16 h t ltug . ' i thh2 i et
1 our ot o cupg B RLSSE b S 2 T Sl e

containing 475 mL of LB Broth Miller culture medium

containiH% %911%{&%%{98&%&[‘9 ngdrop of adecanol, and culturing was carried out. The culturing
was carried out at a stirring rate of 500 rpm and a culturing temperature of 35C, and pH of the culture

mediumy e pontraied dg fBuisig t Wit sedlmAdinidg salion, SAMBIES wetpdgken from

the bacterial Cell culture urs after beginning of'the culturing, and the bacterial cells were removed

by centrifydatian, EBHQ}%QQ/&%@E@%E%%?&LQF s acapHlatad ALeMnR.of 1soRFeayLalcahgl, butanol,

and ethanol in the obtained culture supernatant according to a conventional method by HPLC.

Accumuiatign, of 2 80 ispIapyl algahel ngg@@@@@aqrﬁ%t%@éﬁaqwa@hgu't%miﬁhﬁei,s time,

there was no accumulation of butanol and ethanol. The accumulated amount of isopropyl alcohol after

48 hourg,yas» O ll-FAHLMEAYGE Yalhe s he.sH0 Bk ine capieqt oldsansapykalgehol in the

culture mediunt and that in the trap water (changéd to 500 mL) after culturing. [0109]Example 6

Production of ISpRIomdI AR PYESENREGHIA GRISHAIN OEA JaRMBIS kil triig essel (2)

_Production of‘iSopropyl alcohol using a | L-culture vessel was studied in the same manner as in

Example, 7; §xaeRh BAlOLNR CHItHAG @ il et MaRaelicA e B i tRe ol emediam,with the

composition indicated in Table 3 was used. The amount of the nitrogen atoms derived from ammonium

sulfate gfthisfimeds A94% RimasbRASHALIERRINasS L e cHiugnedipah b aheginning

of the culture. Further, 50 wt/w0/0 aqueous glucose solution was added at a flow rate of 10 g/L/hour.

As a reaﬁhiawm'@ﬂﬁmfez £ 9k Shisapmmyt %1%9 helwescanfitmad alter.d4 hanrsafaulturing. At

this time, there was no accumulation of butanol and ethanol. The accumulated amount of isopropy!

alcohol afterABHRUIS WASHEhE g{%@@g@g&@@%ﬁge@?ﬁv@me@um of the content of isopropy! alcohol
in the culture medium and that in the trap water (500 mL) after culturing. [0110]Table 3 Formulation of

MediumBefgpeptonge 4Hefig S OdopitRP 4896 KR R ahk KMERQ4LA/L MoSRALAEPO2 g/l

by collection using a collection machinery, which is not shown in the {igure, and the process
is terminated when production of isopropyl alcohol is confirmed to be ended or decreased, or
after a certain time period.

[0080] The trap liquid 42 after the processing has a high concentration of isopropyl
alcohol dissolved therein. Therefore, it can be collected as an isopropyl alcohol solution at a
high con.centratiOﬁ. This trap liquid 42 may be collected to further isolate and purify
isopropyl alcohol as required.  Since a partial portion of isopropyl alcohol is dissolved in the
mixture 14 in the culture vessel 12, the mixture 14 can be collected to isolate and purify
isopropyl alcohol as required.

[0081] Thus, by using the production apparatus 10, isopropyl alcohol produced using the

isopropyl alcohol-producing bacteria may be separated and collected at an ordinary
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(NI1-14)2S042 g/L (the remainder: water) [0111]Example 7 Production of Isopropy! Alcohol by
Escherichia Colt Strain pGAP-laaa/B Using 1 L-Culture Vessel (3) Production of isopropyl
alcohol using a 1 L-culture vessel was studied in the same manner as in Example 6, except that during
the culture in a 1 L-culture vessel, 0.2% by mass (2 f(NI-14)2S04 w. dded after 30 hours.
T surt B SR S PR o o b 2 A0 T ot S MR b Exemple 1 0.089%
by mass based.on fhe.total mass, of the culture medium 2t the beginningof e culture. As a resutt
accumufation of”}‘épgﬂ_ 0 |sopropyeI alconol was conTirmeél arter Ja°Rours ot I():Lﬂturlng. At this time,
there was no.ac ljf[nulation ofsl%utangy and eylﬁc%ﬂol. The accumulated amount of isopropyl alcohol after

48 hours W shf%.e gsﬁga 51&111 meadired Vaiue ts ﬂll}eStsel?r'n of the content of isopropyl alcohol in the

culture '[gﬁ%‘l[: and fhat 10 the:frap wafer (A0 mky 2 re‘?}%n'at#q%%?ﬁﬂ %&E‘s"&{%’@éu% %'}l't?r.‘ of an
appropriate'amount-of a nitrogen source such as ammonium sulfate increases the productivity.
[0112]Example 8 Production of Isopropyl.Alcohol 5 herichia Gali. Strai AP-laaa/B Using 1
Lot R, G T P T G D e e e
same manper s I Exemnle . exceptiaringns fomulation ghihe medimferins, culirg in a 1
L-cultur vesséjl,gt]ﬁe mount o ?r\l 4%%(3fwas%’hangé oO. /o]by mass {E g}te).nllﬁe amount of the
nitrogen atoms derived.from nium. s in this Example is 0.08%.b .massz, d on the total
ass ot e Tt e S e AR SR TG 6 g of
isopropyl alcohalwas confirmed after.24 hours of culturin lqﬁ measured-value is t e.sum of the
coment B B R B B R D g,

eroaseb T DALl 1T aard 8 Brausan o T ooy et £ RS2 o v

: pGAP-I<94343{Il?>d1 d&{'%gt&eleﬁ%wgué{essel (5) Production of isopropyl alcohol using a 1 L-culture
vessel was studied in the same manner as in Example 6, except that in the formulation of the medium

for the Cgl;}ﬂ,f% ina %x%‘ﬁﬂé%ﬁ%f‘ﬁ%% E&i%ip%{%ko RN %%§Qﬁe%ﬁ§&%%9§e‘? 59,%%%%@%%5?355 (5

g/L). The amount of the nitrogen atoms derived from ammonium sulfate in this Example is 0.11% by
MasS 40 and connecting duct 30 provided in the production apparatus 10 may be changed as

appropriate as long as its intended effect is not impaired.

An injection unit and/or exhaust unit for continuously injecting the mixture 14 or
isopropyl alcohol-producing bacteria into the culture vessel 12 may be provided to the
production apparatus 10 of this exemplary embodiment.  This allows continuous production
of isopropy! alcohol.

[0084] In the invention, as mentioned above, isopropyl alcohol which is more highly
purified can be produced with less by-product alcohols without requiring a step for separating
the by-product alcohols.

In a preferable embodiment of the invention, isopropyl alcohol which is more

highly purified can be produced continuously and conveniently.

EXAMPLES

[0085] Examples of the invention will now be described below, although the invention is
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based on the total mass of the culture medium at the beginning of the culture. As a result,
accumulation of 11.2 g/L of isopropy! alcohol was confirmed after 24 hours of culturing. Further,
accumulation of 21.3 g/L of isopropy! alcohol was confirmed after 55 hours of culturing. The measured

value is the,su the .contept.of i | al inth I medi that inthe trap water
(500 lelea?f[tlélr1 %ﬁ&ﬁﬁ%ﬁ%ll% Eli%ﬁrﬁ%?e‘q%@%%mﬁc%%ieog%}é@)@% ?ﬁggﬁi t%sc %Srtlg::hia Coll Strain

pGAP-I%?ﬁérBW%%inﬁéifﬁguIture Vessel (6) Production of isopropyl alcohol using a 1 L-culture

S . .
vessel was studie e same manner as in Example 6, except that 12.5% by mass-aqueous

ammonigx%cr)rliutlié)@ was used as a pH adjuster. As a result, accumulation of 13.3 g/L of isopropyl
alcohol Was confirmed after 24 hours of culturing. Further, accumulation of 28.4 g/L of isopropyl

oo B B T e clrved fiom
the aquegys ATIANASONIRNP QeASE by AR5 PaRes A EIRUTASR.OLE Yo Jugium at the
ture. ueist alc

beginning of the cu e measured va e sum of the content of isopropyl alcohol Iin the

cultre medum and gt ne RNAISH ALY Al NG (SR AT A froducton of

Isopropyl Alco_hol by Escherichia C_20|I train pGAP 1_L-C_u|ture Vessel (7) _
PrOd“C“i%gp%i;?i’Qf@ﬁ%ﬂt?é?ﬁ&f?iﬂc?'&?z?:ﬁés‘ﬁ%‘ﬂéﬂé%ﬁ%?%&’ MGG FARSRANELRS In
, except that in the

Example orfulation of the medium for he culture in a 1 L-culture vesseél. 2 g/L of

po'ypepll%&ég@s r‘?H&%‘f&‘!h‘é@E(t}s@QsQ!és%ﬁéjd %%68?9'&%%6%%@%&9%%%@%&1@%% hokihip Kako
Co., Ltd.), and the amount of (NH4)2504 was changed to 5 g/L. As a result, accumulation of 10.9 g/L

of iSOPr‘?ﬂé/'%%&?ﬂ%é%%%x&%rﬁwﬁﬂeéf{ﬁr(?e%@é?ﬁi{%&fe%i'cﬁ&{riﬂgn@frﬁ@éo peormuigtion. ala ¢ 8/l of

isopropy! alcohol was confirmed after 55 hours of culturing. The sum of the amount of the nitrogen

atoms derjyed,from: Ammeniim, sultals i (hisempls isQbi% by MasHhRedqn dbs.taja mass of

the culture medium at the beginning of the culture. The measured value is the sum of the content of

isopropyl, aicalolin the culture medinm and that indhe itan watsr (50MmLYaltes culiuringq i was

shown that a wide variety of components can be used as nutrient sources for the medium.

(OLL6IEUmpIf 2 Lo oLISOPTOPY) Alconaly Eseherishia Al Ui HRA/B Haingih L-Culure

Vessel (2) Culturing for Isopropyl alcohol using a 1 L-culture vessel was studied in the same

manner @s i, FXARRIE 3 RXCERY AN AR, PUIRY OHINS. GUUNE oP PR (U LRLNE- A 2S04 was

added. The amount of the nitrogen atoms derived from ammonium sulfate in this Example is 0.11% by

mass based.efJhe fatalmassahiie euliwe medium at the beginning of the culture. As a resul,
accumulation of 4.5 g/L of isopropyl alcohol was confirmed after 48 hours of culturing. [0117]Example

13 Collegfima pf IsopiyhA!aRNBINAE SeatHde-MedHauDY NSUIAORMEIOf on by pTIEWHAIN PIPA/B

was cultured according to the method in Example 3 to obtain 180 g of a culture medium to be

subjected todistiatignTTHigia feferred foras /ICHItra AG GGG GTT AGC ATA TGC A (SEQ
ID NO:1) and TTT GGT ACC CTA GCACTT TTC TAG CAA TAT TGC TGT TCC (SEQ
ID NO:2) using the genomic DNA of Clostridium acetobutylicum ATCC824 as the template.
The thus-obtained DNA fragment was digested with the restriction enzymes EcoRI and Kpnl
to obtain a thiolase fragment having a size of about 1.5 kbp including a DNA sequence
encoding the thiolase promoter.
[0087] To obtain the CoA transferase gene, amplification by PCR was carried out with
TTT GGT ACC CAA CCTTAA ACCTTC ATATTT CAA CTA CTT (SEQ ID NO: 3) and
TTT GGA TCC CTA AAC AGC CAT GGG TCT AAG TTC (SEQ ID NO: 4) using the

genomic DNA of Clostridium acetobutylicum ATCC824 as the template.  The thus-obtained
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39 medium A. 178.6 g of the culture medium A was placed in a collection flask having a capacity of
200 ml, and heated while being agitated in an oil bath to carry out simple distillation according to a
conventional method. The overhead temperature and liquid amount of the culture medium A in each
step ar m in Table 4..The, cont of isopropyl alcoh II#U n cont 'di in the
cutare o B S B T A i the
residual li uSi% were. gneas%%g].gc%ogdngfta au(%qn¥%gtional method by HPLC. The results are shown in

Table 5.t rom the cufture medium obfaine %y cu tun%g the strain pIPA/B of this Example, almost all of

th | [ I I I collected wij £99.1C to 99.5C. At
s e b ap e B RS ratve evample
1 Similatly to the position of the. j stridivp,Spa-L7 -P2 strain
descri btaaéjﬁ);i%%éx%ﬂoy%%g%k%%% Oﬁft?ﬁﬁmmﬁega%%?gé%/% %]?n@g%ﬁjr%% g%%/ L Iof _
ethanol 274 664/ BiPRAM A5G 3dsd 19 FR Brol Aler Aulyie RET anpregated, wich
culture medium was referred to'as a comparative culture medium B. 177.9 g of the comparative culture
dium-B- j [ : ing. ' ! ted while bei itated
i an o B e e T SRR svernond

lemperajure e, g ameuol e ameaiye G eI By saGh igR e shown n Table

4. The contents of iIsopro ohol, butanol an tained In the liquid before distillation as

well as i afggle st the. Lo aplssied by disiistianand in e sesivallauichorsie easyed

according to a conventional method by HPLC. The results are shown In s remarked that

amon ree. ki e ' @k G i | L C [ture medium B,
9 %f_fe‘ ﬁ%@%%ﬁ GIIJ% Isae 2leoeh campanes iy the comparative cultu u

isopropyl alco ol showed the same distillation b&havior, so that isopropyl alcohol could

ot be spaggied ang collagted.onial, 011918 RReboRINS (SR FuaAlRA3,And omparative

exampl s understood that isopropyl alcohol can be easily collected from the culfure medium of

the inveption,3ioce L AGES AALCIHAN MJ%HEP&&Q&%IEQQB%%’A@&OhO' as by-products. Thus,

isopropy! alcohol can be collected from the culture medium according to the invention by a simple

purificalionaypoess sy aeairals Iatan GAR0IARINE StRE hand fash wnderstagdd that

collectioh of iSopropyl alcohol from culture media processed with existing bacteria is not simple

because, seRarAIoRS! sppraeyt aleeneldtom Ly predustalcshasie et Gollsstomalisopropy

alcohol from a culture medium processed with an existing bacterium is expected to require distillation

using ineiflental faciitigs SUehas R AeChTying Gelym e hatiha RuHlSalPIPIAGEsS isifXpReted to be

complicated. [0121]In consideration of these, the isopropyl alcohol-producing bacteria of the invention
may be supeHRriNRQSe 1B HERIPE ATV IESRE]L 19-Praclicakapplitalions ot predustion.af

plant-derived isopropyl alcohol. [0122]Table 4 Overhead Temperatures and Liquid Amounts of Culture

Mediumpna(d LamBpaialiveLyltyreMedium B BISUANER SYMI to obtain an isopropy! alcohol
| dehydrogenase fragment having a size of about 1.4 kbp.
[0091] Clostridium beijerinckii NRRL B-593 can be obtained from VTT Culture
Collection, that is a bank of cells and microorganisms.
[0092] The four DNA fragments and a fragment obtained by digestion of the plasmid
pUC19 with EcoRI and Sal/l were mixed and ligated using a ligase, and the Escherichia coli
Strain DH5a competent cell (trade name: DNA-903, manufactured by Toyobo Co. Ltd.) was
transformed with the resulting ligation product to obtain transformants growing on a culture
medium of LB Broth Miller ((trade name: Difco244620) agar plate which contains 100 pg/mlL

of ampicillin and having 40 pl each of 40 mg/mL X-gal and 20% IPTG applied onto a surface
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Culture medium A Comparative culture medium B Overhead temperature (C) Liquid amount (g)
Overhead temperature (C) Liquid amount (g) Fraction 1 Fraction 2 Fraction 3 Fraction 4

thereof. The obtained colonies were cultured in an LB liquid medium containing 100 pug/ml.
of ampicillin at 37°C overnight, and the plasmid pIPA was coliected from the thus-obtained
bacterial cells.
[0093] An Escherichia coli strain B (ATCC11303) competent cell was transformed with
this plasmid pIPA and cultured on a culture medium of L.B Broth Miller agar plate containing
100 pg/mL of ampicillin at 37°C overnight to obtain the isopropyl] alcohol-producing enzyme
genes expression vector transformant strain pIPA/B.
[0094] The Escherichia coli strain B (ATCC11303) can be obtained from American Type
Culture Collection, that is a bank of cells, microorganisms and genes.
10095] Example 2
Production of Isopropyl Alcohol by Escherichia Coli Strain pIPA/B and Escherichia Coli
Wild-Type Strain

As preculturing, 5 mL of LB Broth Miller culture medium containing 0.1 ¢/L. of
ampicillin and 2 g/L of glucose was placed in a plastic tube having a capacity of 14 mL (trade
name: 2057, manufactured by FALCON), and the Escherichia coli strain pIPA/B obtamed in
Example 1 was inoculated thereto, followed by culturing overnight at a culturing temperature
of 37°C with shaking at 120 rpm. The FEscherichia coli B wild-type strain was cultured with
shaking in a medium having the same formulation except that it did not contain ampicillin,
under the same culturing condition.  The total amount of each of the preculture media was
transferred to an Erlenmeyer flask having a capacity of 300 mL and containing 60 mL of LB
Broth Miller culture medium with 0.1 g/L of ampicillin and 20 g/L of glucose, to carry out
culture. The culturing was carried out at a stirring rate of 120 rpm and a culturing
temperature of 37°C.  The bacterial cell culture medium was sampled 48 hours after
beginning of the culture, and the bacterial cells were removed by centrifugation, followed by

measurement of accumulated amounts of isopropyl alcohol, butanol, ethanol and acetone in
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Fraction 5 Residual liquid after distillation 99.1-99.5 99.5 99.8 99.8 99.8 10.1 10.0 11.0 20.6 21.9
100.9 96.0-98.0 99.4 99.5 99.5 99.9

the thus-obtained culture supernatant according to a conventional method with HPLC. The
results are shown in Table I.  Accumulation of 2.1 g/LL of isopropy! alcohol was confirmed
after 48 hours of culturing of the Escherichia coli strain pIPA/B. At this time, there was no
accumulation of butanol and ethanol.

[0096] Table 1

Results of Measurement by HPLC

Strain plPA/B Wild-type strain

Isopropyl alcohol 2.1g/L 0.0 g/L
Butanol 0.0 g/L. 0.0 g/LL
Ethanol 0.0 g/L 0.0 ¢/
Acetone 0.1 g/L 0.0 ¢/T.

[0097] Example 3
Production of Isopropyl Alcohol by Escherichia Coli Strain pIPA/B Using 1 L-Culture Vessel
()

The processing in this Example was carried out using the production apparatus 10
shown in Fig. 1. The culture vessel 12 had a capacity of | L, and the trap vessel had a
capacity of 500 mL. All of the culture vessel 12, trap vessel 40, injection duct 16,
connecting duct 30 and exhaust duct 44 were made of glass. 400 mL of water (trap water) as
the trap liquid 42 was injected in the trap vessel 40.
[0098] As preculturing, 4 mL of LB Broth Miller culture medium containing 0.1 g/L of
ampicillin and 2 g/L. of glucose was placed in a test tube, and the Escherichia coli strain
pIPA/B obtained in Example 1 was inoculated thereto, followed by culturing for 18 hours at a
culturing temperature of 37°C with shaking at 120 rpm.  The entire of the preculture medium
was inoculated to a 1 L-culture vessel containing 500 ml of LB Broth Miller culture medium
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9.4 9.6 10.4 20.3 18.8 107.5 [0123]Table 5 Results of Measurement by HPLC Isopropy! alcohol (g)
Butanol (g) Ethanol (g)

containing 0.1 g/L. of ampicillin, 20 g/L of glucose and one drop of adecanol, and culturing
was carried out.  This culture was carried out at a stirring rate of 500 rpm and culturing
temperature of 37°C, and pH of the culture medium was controlled to 7.0 using 12.5%-
ammonia solution. 20 mL of glucose at a concentration of 0.5 g/ml. was added25 hours
after beginning of the culture. Samples were taken from the bacterial cell culture 48 hours
after beginning of the culturing, and the bacterial cells were removed by centrifugation,
followed by measurement of the accumulated amounts of isopropyl alcohol, butanol, ethanol
and acetone in the thus-obtained culture supernatant according to a conventional method by
HPLC. The resuits are shown in Table 2.  Accumulation of 3.0 g/L of isopropyl alcohol
was confirmed after 48 hours of culturing of the Escherichia coli strain pIPA/B. At this time,
there was no accumulation of butanol and ethanol. Each measured value in Table 2 1s the
sum of the content of isopropyl alcohol in the culture medium and that in the trap water (400
ml.) after culturing.

[0099] Table 2

Results of Measurement by HPLC

Stramn pIPA/B
Isopropyl alcohol 3.0¢g/L
Butanol 0.0 ¢/L.
Ethanol 0.0 g/
Acetone 0.9 g/L.

[0100] Example 4

Construction of Vector Expressing Thiolase Gene Derived from Escherichia Coli, CoA
Transferase Gene Derived from Escherichia Coli, Acetoacetate Decarboxylase Gene Derived
from Bacterium of Genus Clostridium and Isopropyl Aleohol Dehydrogenase Gene Derived
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Culture medium A Before distillation 0.48 0.00 0.00 Fraction 1 0.43 0.00 0.00 Fraction 2 0.02 0.00

0.00

from Bacterium of Genus Clostridium, and Transformant with the Expression Vector

Amino acid sequences and base sequences of the genes of thiolase of Escherichia
coli and CoA transferase of Escherichia coli have been already reported.  That is, the gene
encoding thiolase is described in 2324131-2325315 of the genomic sequence of the
Escherichia coli Strain MG1655 described in GenBank accession number U00096.  The
gene encoding CoA transferase 1s described in 2321469-2322781 of the above-described
genomic sequence of the Escherichia coli Strain MG1655.  Production of isopropyl alcohol
is possible by expressing, together with these, the acetoacetate decarboxylase gene and
isopropyl alcohol dehydrogenase gene derived from a bacterium/bacteria of the genus
Clostridium. The promoter sequence of glyceraldehyde-3-phosphate dehydrogenase (which
may be hereinafter referred to as GAPDH) described in 397-440 of the base sequence
information of GenBank accession number X02662 can be used as the sequence of a promoter
required for expression of the above-described genes,.
[0101] To obtain the GAPDH promoter, amplification by PCR was carried out with
CGAGCTACATATGCAATGATTGACACGATTCCG (SEQ ID NO: 9F and
CGCGCGCATGCTATTTGTTAGTGAATAAAAGG (SEQ ID NO: 10) using the genomic
DNA of the Escherichia coli Strain MG1655 as the template.  The thus-obtained DNA
fragment was digested with the restriction enzymes Ndel and Sphl to obtain a DNA fragment
corresponding to the GAPDH promoter having a size of about 110 bp.  The thus-obtained
DNA fragment and a fragment obtained by digestion of the plasmid pBR322 (GenBank
accession number J01749) with the restriction enzymes Ndel and Sphl were mixed and ligated
using a ligase, and the Escherichia coli strain DH50 competent cell (trade name: DNA-903,
manufactured by Toyobo Co. Ltd.) was transformed with the resulting ligation product to

obtain transformants growing on an LB agar plate containing 50 pg/mL of ampicillin.  The

‘thus-obtained colonies were cultured in an LB liquid medium containing 50 pg/mL of
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Fraction 3 0.00 0.00 0.00 Fraction 4 0.00 0.00 0.00 Fraction 5 0.00 0.00 0.00

ampicillin at 37°C overnight, and the plasmid pBRgapP was collected from the thus-obtained
bacterial cells.

[0102] To obtain the isopropyl alcohol dehydrogenase gene, amplification by PCR was
carried out with AATATGCATGCTGGTGGAACATATGAAAGGTTTTGCAATGCTAGG
(SEQ IDNO: 11) and
GCGGATCCGGTACCTTATAATATAACTACTGCTTTAATTAAGTC (SEQ ID NO: 12)
using the genomic DNA of Clostridium beijerinckii NRRL B-593 as a template. The thus-
obtained DNA fragment was digested with the restriction enzymes Sphl and BamHI to obtain
an isopropyl alcohol dehydrogenase fragment having a size of about 1.1 kbp.  The thus-
obtained DNA fragment and a fragment obtained by digestion of the plasmid pBRgapP with
the restriction enzymes Sphl and BamHI were ligated using a ligase, and the Escherichia coli
Strain DH5a competent cell (trade name: DNA-903, manufactured by Toyobo Co. Ltd.) was
transformed with the resulting ligation product to obtain transformants growing on an LB agar
plate containing 50 ug/mL of ampicillin.  The obtained colonies were cultured in an LB
liguid medium containing 50 pg/ml. of ampicillin at 37°C overnight, and the plasmid pGAP-
IPAdh was collected from the thus-obtained bacterial cells.

[0103] To obtain the Escherichia coli-derived thiolase gene, amplification by PCR was
carried out with ATGGATCCGCTGGTGGAACATATGAAAAATTGTGTCATCGTCAG
(SEQ ID NO: 13) and GCAGAAGCTTGTCTAGATTAATTCAACCGTTCAATCACCATC
(SEQ ID NO: 14) using the genomic DNA of the Escherichia coli Strain MG1655 as the
template. The thus-obtained DNA fragment was digested with the restriction enzymes
BamHI and Hindlll to obtain a thiolase fragment having a size of about 1.2 kbp. The thus-
obtained DNA fragment and a fragment, which was obtained by digestion of the plasmid
pGAP-IPAdh with the restriction enzymes BamH] and Hindlll, were mixed and ligated using

a ligase, and the Escherichia coli Strain DHS5a competent cell (trade name: DNA-903,
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Residual liquid 0.00 0.00 0.00 Comparative Before distillation 1.20 1.69 0.10 culture medium B
Fraction 1 0.93 1.35 0.06

manufactured by Toyobo Co. Lid.) were transformed with the resulting ligation product, to
obtain transformants growing on an LB agar plate containing 50 pg/mL of ampicillin,  The
obtained colonies were cultured in an LB liquid medium containing 50 pg/mL of ampicillin at
37°C overnight, and the plasmid pGAP-IPAdh-atoB was collected from the thus-obtained
bacterial cells.

[0104] To obtain the Escherichia coli-derived CoA transferase gene, amplification by
PCR was carried out with
GCTCTAGAGCTGGTGGAACATATGAAAACAAAATTGATGACATTACAAGAC (SEQ
ID NO: 15) and TAGCAAGCTTCTACTCGAGTTATTTGCTCTCCTGTGAAACG (SEQ
ID NO: 16) using the genomic DNA of the Escherichia coli Strain MG1655 as the template.
The thus-obtained DNA fragment was digested with the restriction enzymes Xbal and Hindlll,
to obtain a CoA transferase a subunit fragment having a size of about 600 bp.  The thus-
obtained DNA fragment and a {fragment obtained by digestion of the plasmid pGAP-IPAdh-
atoB with the restriction enzymes Xbal and HindIll, ligation was carried out using a ligase,
and the Escherichia coli Strain DHSa competent cell (trade name: DNA-903, manufactured
by Toyobe Co. Ltd.) was transformed with the resulting ligation product, to obtain
transformants growing on an LB agar plate containing 50 ug/ml of ampicillin. The obtained
colonies were cultured in an LB liquid medium containing 50 ug/mL of ampicillin at 37°C
overnight, and the plasmid pGAP-IPAdh-atoB-atoD was collected from the thus-obtained
bacterial cells.

[0105] Further, amplification by PCR was carried out with
AAGTCTCGAGCTGGTGGAACATATGGATGCGAAACAACGTATTG (SEQ ID NO: 17)
and GGCCAAGCTTCATAAATCACCCCGTTGC (SEQ ID NO: 18) using the genomic
DNA of the Escherichia coli Strain M(G1655 as the template, and the obtained DNA fragment

was digested with the restriction enzymes Xhol and Hindlll, to obtain a CoA transferase p
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Fraction 2 0.22 0.30 0.03 Fraction 3 0.01 0.02 0.01 Fraction 4 0.00 0.00 0.00

subunit fragment having a size of about 600 bp.  After mixing the obtained DNA {fragment
and fragments obtained by digestion of the plasmid pGAP-IPAdh-atoB-atoD with the
restriction enzymes Xhol and HindllIl, ligation was carried out using a ligase, and the
Escherichia coli Strain DH50 competent cell (trade name: DNA-903, manufactured by
Toyobo Co. Ltd.) was transformed with the resulting ligation product to obtain transformants
growing on an LB agar plate containing 50 pg/mL of ampicillin.  The thus-obtained colonies
were cultured in an LB liquid medium containing 50 ug/ml. of ampicillin at 37°C overnight,
and the plasmid pGAP-IPAdh-atoB-atoD-atoA was collected from the obiained bacterial cells.
[0106} To obtain the acetoacetate decarboxylase gene, amplification by PCR was carried
out with
CAGGTACCGCTGGTGGAACATATGTTAAAGGATGAAGTAATTAAACAAATTAGC
(SEQ ID NO: 19) and GCGGATCCTTACTTAAGATAATCATATATAACTTCAGC (SEQ
ID NO: 20) using the genomic DNA of the Clostridium acetobutylicum ATCCE824 as the
template. The thus-obtained DNA fragment was digested with the restriction enzymes Kpnl
and BamHI to obtain an acetoacetate decarboxylase fragment having a size of about 700 bp.
The thus-obtained DNA fragment and a fragment, which was obtained by digestion of the
plasmid pGAP-IPAdh-atoB-atoD-atoA with the restriction enzymes Kprl and BamHI, were
mixed and ligated using a ligase, and the Escherichia coli Strain DH5a competent cell (frade
name: DNA-903, manufactured by Toyobo Co. Ltd.) was transformed with the resulting
ligation product to obtain transformants growing on an LB agar plate containing 50 pg/mL of
ampicillin.  The obtained colonies were cultured in an LB liquid medium containing 50
ug/mL of ampicillin at 37°C overnight, and the plasmid pGAP-laaa was collected from the
obtained bacterial cells.

[0107] Escherichia coli strain B (ATCC11303) competent cell was transformed with this

plasmid pGAP-laaa and cultured on an L.B Broth Miller agar plate containing 50 ug/mL of
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Fraction 5 0.00 0.00 0.00 Residual liquid 0.00 0.00 0.00 [0124]Example 14 Test Example
Processing in this Example was carried out using the production apparatus 10 shown in Fig. 1. The
culture vessel 12 had a capacity of 1 L, and the trap vessel 40 had a capacity of 500 mL. All of the

culture \flfr)r?gszech é@g Y;es§€elj4 mAect;[{ P%)uc 1?5 gr}%Tcéla(%ﬂfggpland xhaust duct 44 were
made o er) as

ML of Water trap wa he't rep liqui was injéected into the trap vessel 40.
[0125]10 g/L aquegys }%.39 ?r}ﬁﬂglgo %Itrsa%llul{/ﬁﬁ]l\gﬁ I gag r%%ﬁ?n@%?o%ufﬁ:%z?%%ﬁ%t@éi and

Escherichia coli strain B can be obtained from American Type Culture Collection, that is a
bank of cells, microorganisms and genes.

[0108] Example 5

Production of Isopropyl Alcohol by Escherichia Coli Strain pGAP-Iaaa/B Using 1 L-Culture
Vessel (1)

Production of isopropyl alcohol using a 1 L-culture vessel was studied in the same
manner as in Example 3, except that in the preculturing, 25 mL of LB Broth Miller culture
medium containing 0.1 g/L. of ampicillin placed in an Erlenmeyer flask was used, and the
Escherichia coli Strain pGAP-laaa/B obtained in Example 4 was inoculated thereto, followed
by cuituring for 16 hours at a culturing temperature of 35°C with shaking at 120 rpm.  The
entire of the preculture medium was inoculated to a 1 L-culture vessel containing 475 mL of
LB Broth Miller culture medium containing 50 g/ of glucose and one drop of adecanol, and
culturing was carried out.  The culturing was carried out at a stirring rate of 500 rpm and a
culturing temperature of 35°C, and pH of the culture medium was controlled to 7.0 using 24
wt/wt% sodium hydroxide solution. Samples were taken from the bacterial cell culture 24
hours after beginning of the culturing, and the bacterial cells were removed by centrifugation,
followed by measurement of the accumulated amounts of isopropyl alcohol, butanol, and
ethanol in the obtained culture supernatant according to a conventional method by HPLC.
Accumulation of 5.5 g/L of isopropyl alcohol was confirmed after 24 hours of culturing. At
this time, there was no accumulation of butanol and ethanol. The accumulated amount of
isopropyl alcohol after 48 hours was 5.0 g/I.. Each measured value is the sum of the content
of isopropyl alcohol in the culture medium and that in the trap water (changed to 500 ml.)

after culturing.
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vessel 12 as the processing liquid. The processing was carried out at a stirring rate of 500 rpm and a
processing temperature of 37C. Air was subsequently introduced from the ion duct 16 into the
aqueous isopropyl alcohol solution at a rate of 0.5 L/min. (1 vvm) and the processing was started. The
exhaust{p%g the cglgure ye sel 12 was bubbled into the trap liquid 42 in the trap vessel 40. The

r

exhaust m]the trap vesSel 40 was released to the atmosphere outside the apparatus system. Each

of the processing liquid in th lture,vessel 12 and the trap liquid 42 in t % 911‘4 was
sample(f ﬁj%écﬂgg (g}:ljll& %4%3%%1% eorit e Sgé%cﬁﬁﬁﬁlgczo %ﬁﬁﬁ%&%g?&%?ﬂgﬁr@tﬁ@% ?jlr%nu ated amount of
isopropxlo%lg%@in each sample was measured by HPLC. The measurement by HPLC was carried

out with PS-80H (trade name, manufactured by Shinwa Chemical Industries Ltd.; ID: 8.0

mm, L: 300 mm) usjng,0.1% HC104 as an eluent, at a flow rate of 1.0 mL/min., and.a column
temperature of 50 ,}(gri%égﬁw%%%ﬁ?g%rﬁ@a O#eelréléhn alrﬁgf %e eetor i?TI‘fV%Ss Sgdg?e(iéjé c}r.Qﬁ%n Fesults are

shown iy Table 210120115018 & EAPRRESINA. IR (R ACFTHIASL ATowS gftsgrjgpy aloohol
culture medium with the composition indicated in Table 3 was used. The amount of the
nitrogen atoms derived from ammonium sulfate at this time is 0.04% by mass based on the
total mass of the culture medium at the beginning of the culture. Further, 50 wt/wt%
agueous glucose solution was added at a flow rate of 10 g/L/hour.  As a result, accumulation
of 7.4 ¢/L of isopropyl alcohol was confirmed after 24 hours of culturing. At this time, there
was no accumulation of butanol and ethanol. The accumulated amount of isopropyl alcohol
after 48 hours was 6.2 g/l..  Each measured value is the sum of the content of isopropyl

alcohol in the culture medium and that in the trap water (500 mL) after culturing.

[0110]  Table 3

Fornudation of Medium

Polypeptone 2 g/l
FeSO4- 7TH,0 0.09 g/LL
KyHPO, | 2g/lL
KH,PO, 2 g/
MgSO, - TH,O 2 g/l
(NH4),804 2g/L

(the remainder: water)
[0111] Example 7
Production of Isopropyl Alcohol by Escherichia Coli Strain pGAP-Iaaa/B Using 1 L-Culture

Vessel (3)
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water Total amount 10.10.010.129.81.211.04852.410.9

Production of isopropyl alcohel using a 1 L-culture vessel was studied in the same
manner as in Example 6, except that during the culture in a 1 L-culture vessel, 0.2% by mass
(2 g/1.) of (NH4)2504 was added after 30 hours. The sum of the amount of the nitrogen
atoms derived from ammonium sulfate in this Example is 0.08% by mass based on the total
mass of the culture medium at the beginning of the culture.  As a result, accumulation of 7.2
g/L of isopropy! alcohol was confirmed after 24 hours of culturing. At this time, there was
no accumulation of butanol and ethanol.  The accumulated amount of isopropyl alcohol after
48 hours was 13.4 g/L. Each measured value is the sum of the content of isopropyl alcohol
in ;the culture medium and that in the trap water (500 mL) after culturing. It was shown that
addition of an appropriate amount of a nitrogen source such as ammonium sulfate increases
the productivity.

[0112] Example 8
Production of Isopropyl Alcohol by Escherichia Coli Strain pGAP-Taaa/B Using 1 L-Culture
Vessel (4)

Production of isopropy! alcohol using a 1 L-culture vessel was studied in the same
manner as in Example 6, except that in the formulation of the medium for the cultureina 1 L-
culture vessel, the amount of (NH4),S04 was changed to 0.4% by mass (4 g/L.). The amount
of the nitrogen atoms derived from ammonium sulfate in this Example 1s 0.08% by mass
based on the total méss of the culture medium at the beginning of the culture. As a result,
accumulation of 11.6 g/L of isopropyl alcohol was confirmed after 24 hours of culturing.

The measured value is the sum of the content of isopropyl alcohol in the culture medium and
that in the trap water (500 mL) after culturing. It was shown that addition of an appropriate
amount of a nitrogen source such as ammonium sulfate increases the productivity.

[0113] Example 9

Production of Isopropyl Alcohol by Escherichia Coli Strain pGAP-laaa/B Using 1 L-Culture
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873.810.9243.17.010.1 [0127]As shown in Table 6, the concentration of isopropyl alcohol in the
culture vessel 12 decreased over time, and the isopropyl alcohol concentration in the trap liquid 42

gradually increased. It was revealed that 70% of isopropyl alcohol in the culture vessel had moved to
the Wate\r/ebsogllzl hen 24 hours passed. At this time, the total amount of isopropy! alcohol was 10.1 g,
and the materi ? alance was almost consistent therewith. Therefore, it was revealed that, by

bubbling the exhaust fiom, the aeration pulluie. in (e cultire viessel A2 o 106, trap llayid 4a,in the trap
vessel 40, isopropyl afconorin the %rd’c,yessmg(flquu?%an be separateci rom the processing liquid and

dissolved into e f1anlgin 42 10l A8l aMRIe 2 LIl R GRIARYE e W ire in a 1 L-
culture vessel, the amount of (NH4);S04 was changed to 0.5% by mass (5 g/l.). The amount
of the nitrogen atoms derived from ammonium sulfate in this Example 1s 0.11% by mass
based on the total mass of the culture medium at the beginning of the culture. As a resuit,
accumulation of 11.2 g/L of isopropyl alcohol was confirmed after 24 hours of culturing.
Further, accumulation of 21.3 g/L of isopropyl alcohol was confirmed after 55 hours of
culturing. The measured value is the sum of the content of isopropyl alcohol in the culture
medium and that in the trap water (500 mL) after culturing.

[0114]} Exampie 10
Production of Isopropyl Alcohol by Escherichia Coli Strain pGAP-laaa/B Using 1 L-Culture
Vessel (6)

Production of isopropyl alcohol using a 1 L-culture vessel was studied in the same
manner as in Example 6, except that 12.5% by mass-aqueous ammonia solution was used as a
pH adjuster.  As a result, accumulation of 13.3 g/L of isopropyl alcohol was confirmed after
24 hours of culturing.  Further, accumulation of 28.4 g/L. of isopropyl alcoho! was confirmed
after 55 hours of culturing. The mass of the 12.5% by mass-aqueous ammonia solution
added by 55 hours was 69.0 g, and the sum of the amount of the nitrogen atoms derived from
the aqueous ammonia solution is (.73% by mass based on the total mass of the culture
medium at the beginning of the culture. The measured value is the sum of the content of
isopropyl alcohol in the culture medium and that in the trap water (500 mL} after culturing.
[0115] Example 11
Production of Isopropyl Alcohol by Escherichia Coli Strain pGAP-1aaa/B Using 1 L-Culture

Vessel (7)
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In this Example, isopropy! alcohol was produced using the production apparatus 10, which is the same
as that used in Example 3. The trap vessel 40 contained water (trap water) as the trap liquid 42
injected at an amount of 400 mL. [0129]As preculturing, 4 mL of LB Broth Miller culture medium

containing 0.1 o/L gl ameicilineang 2t 8L Glueoss s plagRdinAdestibe having a diapeter of 19

mm and length of mm, and t in pIPA/B obtained in Example 1 was inoculated thereto,

followed e NG:24A IR INOSTACTRAE Bltd M PRKINGARA £ TRV (BN AB LTS

[OlSO]THle preculture medium’was inoculated to the culture vessel 12 containing 500 mL of LB Broth

iler g medi Cotaine, B ol o aTAIn, 200l afolcase gudane o of adecanal,and

culturing was started. as carried out at a stirring rate o pm and a culturing

emperyc A7 et o e e el Wes agBIeA in QS 136 aqueots

tly, aeration culture was started by injecting the air from the

injection glelHa Q. e CHUUE.MRIMMALBHRIPA1 LMIT gl s eriaustiam,fie culture

vessel 12 wds into the trapliquid 42 in the trap vesse At the time when 23 hours

have paggg e%%}é@%f’&ﬁ{ﬂm&‘g OB IE.RAM N5 B OlyeRaESplIRN WA added (O the

culture vess 1]Detection of Isopropyl Alcohol in Samples he bacterial cell culture

medium i the cyliyre. ‘é%%ﬁoﬂéé%@é@{éﬁ?éﬁ?gpmﬁﬁéﬁﬂﬂ anddhe.ran liguid 42..the AR veRseh40 after

the processing were sampled 0, 7, , 47 and 52 hours after the beginning of the culture. Each

sampled, t@}gﬁ%{@%@&%%&% fenthfugatian o emove SelidssushasRagirrial cells in the

culture mediu ]The accumulated amount of isopropyl alcohol in each of the sampled culture

medium e aHesiwaS MRARULAM A IR C ol esuyls Are:sfiawddnd R CuffHEIfRL with respect to

the culture medium and trap water obtained 47 hours after the beginning of the culture, the number of

peaks, '%Bﬁi{%}ﬁ%%ﬁ%%&ﬁ%%?[‘a%ﬁéi anddhemanesahremacknds drtasied Ry subiprting.the culture

medium to measurement by HPLC are shown in Table 8, and those detected by subjecting the trap

Water 1 ESHICMEN! NGRS SRR ATANE SRR ERRISS &30 el IRAD pelsates

isopropyl alcohol. In Table 8, the compoun

for the medium.

[0116} Example 12

Production of Isopropyl Alcohol by Escherichia Coli strain pIPA/B Using 1 L-Culture Vessel
®)

Culturing for Isopropyl alcohol using a 1 L-culture vessel was studied in the same
manner as in Example 3, except that at the beginning of the culture, 0.5% (5 g/L) of
(NH;):SO, was added. The amount of the nitrogen atoms derived from ammonium sulfate
in this Example is 0.11% by mass based on the total mass of the culture medium at the
beginning of the culture.  As a result, accumulation of 4.5 g/L. of isopropyl alcohol was
confirmed after 48 hours of culturing.

[0117] Example 13
Collection of Isopropyl Alcohol from Culture Medium by Distillation Method
The strain pIPA/B was cultured according to the method in Example 3 to obtain

180 g of a culture medium to be subjected to distillation. This is referred to as a culture
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names indicated as "Unknown" are assumed to be impurities generated by the aeration culture of
isopropyl alcohol. [0134]Table 7 Culturing time (Hrs.) In culture medium (g/L) In water (g/L) 0 0.0 0.0 7
0.00.0 23

meditm A, 178.6 g of the culture medium A was placed in a collection flask having a
capacity of 200 mL and heated while being agitated in an oil bath to carry out simple
distillation according to a conventional method. The overhead temperature and liquid
amount of the culture medium A in cach step are shown in Table 4.  The contents of
isopropyl alcohol, butanol and ethanol contained in the culture medium before distillation as
well as in aliquots of the liquid collected by distiliation and in the residual liquid were
measured according to a conventional method by HPLC. The results are shown in Table 5.
From the culture medium obtained by culturing the strain pIPA/B of this Example, almost all
of the contained isopropyl alcohol could be collected with an overhead temperature of 99.1°C
t099.5°C. At this time, butanol and ethano! were not detected in the collected aliquots.
[0118] Comparative example 1

Similarly to the composition of the culture medium for the Clostridium sp.
172CY-02 strain described in JP-A No. 61-67493, 180 g of a culture medium having 9.9 g/L.
of n-butanol, 0.6 g/L. of ethanol and 7.2 g/L of isopropyl alcohol added to LB Broth Miller
culture medium was prepared, which culture medium was referred to as a comparative culture
medium B.  177.9 g of the comparative culture medium B was placed in a recovery flask
having a capacity of 200 mL and heated while being agitated in an oil bath, to carry out
simple distillation according to a conventional method. The overhead temperature and
liquid amount of the comparative culture medium B in each step are shown in Table 4. The
contents of isopropyl alcohol, butanol and ethanol contained in the liguid before distiliation as
well as in aliquots of the liquid collected by distillation and in the residual liquid were
measured according to a conventional method by HPLC. The results are shown in Table 3.
It is remarked that among the three kinds of the mixed alcohol components in the comparative
culture medium B, isopropy! alcohol and butanol showed the same distillation behavior, so

that isopropyl alcohol could not be separated and collected solely.
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0.80.3 301.30.7471.41.7521.02.0 [0135] Table 8

{0119} Based on the results in Example 13 and Comparative example I, it is understood
that isopropyl alcohol can be easily collected from the culture medium of the invention since
it does not contain alcohols other than isopropyl alcohol as by-products.  Thus, isopropyl
alcohol can be collected from the culture medium according to the invention by a simple
purification process such as simple distillation.

[0120] On the other hand, it was understood that collection of isopropyl alcohol from
culture media processed with existing bacteria is not simple because separation of isopropyl
aléohol from by-product alcohols is difficult. Collection of isopropyl alcohol from a culture
medium processed with an existing bacterium is expected to require distillation using
incidental facilities such as a rectifying column, so that the purification process is expected to
be complicated.

[6121] In consideration of these, the isopropyl alcohol-producing bacteria of the
invention may be superior to those in the prior art with respect to practical applications of
production of plant-derived isopropyl alcohol.

[0122] Table 4

Overhead Temperatures and Liquid Amounts of Culture Medium A and Comparative Culture

Medium B
Culture medium A Comparative culture medium B
Distiliation step Overhead Liquid amount Overhead Liquid amount
temperature (°C) {g) temperature (°C) (2)

Fraction 1 99.1-99.5 101 96.0-98.0 9.4
Fraction 2 99.5 10.0 99 4 9.6
Fraction 3 99.8 11.0 99.5 10.4
Fraction 4 99.8 ' 20.6 99.5 20.3
Fraction 5 99.8 21.9 99.9 18.8

Residual liquid

after distﬂlgﬁon 100.9 107.5

[0123]  Tables
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Peak No. Rt (min.) Compound name 1 5.15 Unknown 2 6.24 Unknown 3 6.7 Unknown 4 7.33 Glucose

Results of Measurement by HPLC

éi%%slpggl ) Butanol (g) | Ethanol (g}
Culture medium A | Before distillation (.48 0.00 0.00
Fraction 1 0.43 0.00 0.00
Fraction 2 0.02 0.60 0.00
Fraction 3 0.00 0.00 0.00
Fraction 4 0.00 0.00 0.00
Fraction 5 0.00 0.00 0.00
Residual liquid 0.00 0.60 0.00
Comparative Before distillation 1.20 1.69 0.10
culture medium B Fraction 1 0.93 1.35 0.06
Fraction 2 0.22 0.30 0.03
Fraction 3 0.01 0.02 0.01
Fraction 4 0.00 0.00 0.00
Fraction 5 0.00 0.00 0.00
. Residual liquid 0.00 0.00 0.00

[0124] Example 14
Test Example

Processing in this Example was carried out using the production apparatus 10
shown in Fig. 1. The culture vessel 12 had a capacity of 1 L, and the trap vessel 40 had a
capacity of 500 mL. All of the culture vessel 12, trap vessel 40, injection duct 16,
connecting duct 30 and exhaust duct 44 were made of glass. , 400 mL of water (trap water)
as the trap liquid 42 was injected into the trap vessel 40.
[0125] 10 g/L aqueous isopropyl alcohol solution was injected to the 500 mL culture
vessel 1:2 as the processing liquid.  The processing was carried out at a stirring rate of 500
rpm and a processing temperature of 37°C.

Alr was subsequently introduced from the ton duct 16 into the aqueous isopropyl
alcohol solution at a rate of 0.5 L/min. (1 vvm) and the processing was started. The exhaust
from the culture vessel 12 was bubbled into the trap liquid 42 in the trap vessel 40.  The

exhaust from the trap vessel 40 was released to the atmosphere outside the apparatus system.
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5 7.98 Unknown 6 8.89 Unknown 7 9.52 Unknown 8 10.19 Unknown 9 11.91 Acetic acid

Each of the processing liquid in the culture vessel 12 and the trap liquid 42 in the trap vessel
40 was sampled 0, 2, 4, 8 and 24 hours after the beginning of the processing, and the
accumulated amount of isopropyl alcohol in each sample was measured by HPLC. The
measurement by HPLC was carried out with ULTRON PS-80H (trade name, manufactured by
Shinwa Chemical Industries Ltd.; ID: 8.0 mm, L: 300 mm) using 0.1% HCIO, as an eluent, at
a flow rate of 1.0 mL/min., and a column temperature of 50°C, and using a differential
refractive index detector (RI) as a detector.  The results are shown in Table 6.

[0126]  Table 6

. Accumulated amount of Isopropyl
Processing alcohol (/L)
fime
(Hrs.) Processing Trap Total
liquid water amount
0 10.1 0.0 10.1
2 9.8 1.2 11.0
4 8.5 2.4 10.9
8 7.1 3.8 10.9
24 3.1 7.0 10.1
[0127] As shown in Table 6, the concentration of isopropyl alcohol in the culture vessel

12 decreased over time, and the isopropyl alcohol concentration in the trap liquid 42 gradually
increased. It was revealed that 70% of isopropyl alcohol in the culture vessel had moved to
the water bottle when 24 hours passed. At this time, the total amount of isopropyl alcohol
was 10.1 g, and the material balance was almost consistent therewith.

Therefore, 1t was revealed that, by bubbling the exhaust from the aeration culture
in the culture vessel 12 into the trap liquid 42 in the trap vessel 40, isopropyl alcohol in the
processing liquid can be separated from the processing liquid and dissolved into the trap
liquid 42,

[0128] Example 15

Production of Isopropyl Alcohotl
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10 14.07 Unknown 11 17.42 Unknown 12 18.77 IPA [0136]Table 9 Peak No.Rt (mm.)Compound
name 118.761PA [0137]As shown in Table 7 to Table 9, it is confirmed that isopropyl alcohol produced
using the isopropyl alcohol-producing bacteria is accumulated in the culture medium and trap water by

the aeration cultu r%} this Example, isopropyl alcohol was produced using the production apparatus
10, which is the same as that used in Example 3. The trap vessel 40 contained water (trap
water) as the trap liquid 42 injected at an amount of 400 mL.
[0129] As preculturing, 4 mL of LB Broth Miller culture medium containing 0.1 g/L
of ampicillin and 2 g/L. of glucose was placed in a test tube having a diameter of 19 mm and
length of 175 mm, and the strain pIPA/B obtained in Example | was inoculated thereto,
followed by culturing at a culturing temperature of 37°C with shaking at 120 rpm for 18 hours.
[0130] The preculture medium was inoculated to the culture vessel 12 containing 500 mL
of LB Broth Miller culture medium containing 0.1 g/L. of ampicillin, 20 g/L of glucose and
one drop of adecanol, and culturing was started.  The culturing was carried out at a stirring
rate of 500 rpm and a culturing temperature of 37°C, and pH of the culture medium was
adjusted to 7.0 using 12.5%-aqueous ammonta solution.

Subsequently, aeration culture was started by injecting the air from the injection
duct 16 into the culture medium at a rate of 0.5 L/min. (1 vvm). The exhaust from the
culture vessel 12 was bubbled into the trap liquid 42 in the trap vessel 40.

At the time when 23 hours have passed from the beginning of the culture, 20 mf.
of 0.5 g/L. glucose solution was added to the culture vessel.

[0131] Detection of Isopropyl Alcohol in Samples

The bacterial cell culture medium in the culture vessel 12 after the processing and
the trap liquid 42 in the trap vessel 40 after the processing were sampled 0, 7, 23, 30, 47 and
52 hours after the beginning of the culture. Each sampled culture medium was subjected to
centrifugation to remove solids such as bacterial cells in the culture medium.

[0132] The accumulated amount of isopropyl alcohol in each of the sampled culture
medium and water was measured by HPLC. The results are shown in Table 7.

Further, with respect to the culture medium and trap water obtained 47 hours after
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11 peaks assumed to be derived from impurities in addition to glucose and acetic acid were found from
the culture medium obtained 47 hours after the beginning of the culture, but there was no peak other
than the one corresponding to isopropyl alcohol was found from the trap water at this time. Thus, it is

led, that, ding, to thi ti d,i iti di | a b il
coperotdi SR LA S ) BEBIOHEIE Biiet g G RIS GoBABr g 1K i W2 e 42
0138]Thereby, i | al I b llected efficiently b formi [ ti in th
stops i T BRDIRHIRG O CRLRE 5 RS CEIBEHR O R g9 TGRS T, R revealed tht

' | alcohp] solution havj | iti b tained by usi f
an agquegus Isopiopyl gicaniol solutan faving, o mpLries can be. oblained by using e for

collection %%opropy?a e nven refore 16084 groun g method in
the practical,im Iem;]a%%ign of isopropy! alcohol production through culturing microorganisms, the

method Efﬁeesf}el% glfgwing construction of a production process with a reduced burden in purifying.

[0139]C ative e le,2 struction of pIPA Plasmid,Lacking.Thiolase Gene and Cgnstruction
of Trend it with bR, TPy RS SYDAOHIA T o S ot tE Bidimid P

descrlbencé1 Ilﬁ]@?f(&}j{pg{g dl'a\ﬁN" remow_mgrthe thml%sté ene the{efrom W%S repared To isolate the

thiolase promo &r'from pIP ?létﬁgﬁl |cat?oar§sb1§/n Was carfied sut wit &KMII’]D& @AUF%AT TTT
AAG GGG.OTT A TATGC A (SEQ ID NO:21) and TTT TCT AGA TCT AAC TAA CCT CCT AAA
1"FT TG %Oéygéc(éshﬁ ID NO:22) using pIPA as the template, and the thus-obtained DNA
fragment was digested with the restriction enzymes EcoRI and Kim' to obtain a thiolase promoter
fragment having a size of about 240 bp. [0140]To isolate the isopropyl alcohol dehydrogenase gene
from plPA, amplification by PCR was carried out with TTT CTC GAG GCA GAT TTT GCT ACT CTT
'GGA GC (SEQ ID NO:23) and TIT GGT ACC GCA GAT TTT OCT ACT CTT GGA GC (SEQ ID

- NO:24) using pIPA as the template, and the obtained DNA fragment was digested with the restriction
enzymes EcoRI and Ibal to obtain a isopropyl alcohol dehydrogenase gene fragment having a size of
about 1.4 kbp. [01411The above-described two DNA fragments and 4.9kbp a fragment obtained by
digesting the plasmid pIPA with the restriction enzymes EcoRI and Kpnl were mixed and ligated using
a ligase, and Escherichia coli Strain DI-15a competent cell (trade name: DNA-903, manufactured by
Toyobo Co. Ltd.) were transformed with the resulting ligation product to obtain transformants growing
on an LB agar plate containing 100 flg/mL of a picillin. The thus-obtained colonies were cultured in an
LB liquid medium containing 100 pig/mL of ampicillin at 37C overnight, and the plasmid pIPAAthio was
collected from the obtained bacterial cells. The base sequence of pIPAAthio was determined by a
conventional method, and the DNA sequences of the thiolase promoter and isopropyl alcohol
dehydrogenase gene were confirmed as including no error.
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[0142]Escherichia coil strain B (ATCC11303) competent cell was transformed with this plasmid
pIPAAthio, and cultured on an LB Broth Miller agar plate containing 100 ug/mL of ampicillin at 37C
overnight to obtain the transformant strain pIPAAthio/B. [0143]Production of Isopropyl Alcohol by
Escherl ??é%on Stf@gﬂfg PAAthio/B Using 1 L-Culture Vessel A production test of isopropyl
alcohol e vessel was carried out in the same manner as in Example 3. As
prccu|tur|nn 4. ml of I B-Broth-Miller-culture-medium r-nnf:nnlng 0.1 g/l_ of amp|c|”|n and 2 g/l_ of
glucose wa f)lltélr@@ W%eteg tubén ﬁHI(ﬁ”ﬁ‘?e Escheretia coil strain p1LPAAthio/B was inoculated thereto,
followed-by r~||l'r( er) for18 hn.WQd:Urﬂ;ﬂl £gm'1)rmg temperature.of 37C with shaking at 120 rpm. The
entire o fhﬂ nmr‘IQ!tu.m medium wn&ﬁnr‘nlmﬂd to.a ¢ -culture vessel containing 500 mL of LB Broth
Miller culture mprﬂum conta nlnn ?ﬂOnQI of nll cose. 2l one d op of adecanol, and culturing was
carried aut.The Qﬁlturmn WAas rarruﬂ’lgnut af stirrind-Aate of 00 rpm and a culturing temperature of
37C, and pH of th& culture medium Whs controlled t&7.0 using 12.5%- ammonia solution. 20 mL of
glucoselat a condentration af 0.5 g/fnf was fﬂnhﬂmﬁded_to_the culture by 72 hours after the beginning
of the culturing. S@mples were takeh-from the bactedd! cell culture with time lapse from the beginning
of the culture, and the bacterial cells were removed by centrifugation, followed by measurement of the
accumulated amount of isopropyl alcohol in the obtained culture supernatant according to a
conventidnabmethdady $1PI,C. The results are shown in Table 10. Each measured value in Table 10
is the sum_of the content of isopropyl alcohol in the culture medium and that in the trap water after
culturing. [Bdddieach oftheracetoadetatpededariborylase, isopropyl alcohol dehydrogenase and CoA
transferase genes is introduged, but the#kgdase gene is not introduced in the Escherichia coli strain
pIPAAtItio/B. Therefore, theractivity of theithiQlase of this strain is inherent one thereof However, there
- was no aCCUF%LJHatIOFI of |s%pfopyl alcoqglllﬁy after 72 hours of culturing of the Escherichia coli strain

pIPAAthio/B 145]Tab|e719 Results of&[{easurement by HPLC Culturing timelsopropyl alcohol 00.0
3

g/L 90.0 g/L 240.0 g/L
5 7.98 Unknown
6 8.89 Unknown
7 9.52 Unknown
8 10.19 Unknown
9 11.91 Acetic acid
10 14.07 Unknown
11 17.42 Unknown
12 18.77 IPA

[0136]  Table 9

Peak No. Rt (min.}  Compound name
1 18.76 IPA

[0137] As shown in Table 7 to Table 9, it is confirmed that isopropyl alcohol produced
using the 1sopropyl alcohol-producing bactena is accumulated in the culture medium and trap
water by the aeration culture.

11 peaks assumed to be derived from impurities in addition to glucose and acetic
acid were found from the culture medium obtained 47 hours afier the beginning of the culture,

but there was no peak other than the one corresponding to isopropyl alcohol was found from
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300.0 g/L 480.0 g/L 540.0 g/L 720.0 g/L [0146]Comparative example 3 Construction of pIPA Plasmid
Lacking Thiolase Gene and CoA Transferase, and Construction of Transfonnant with the Plasmid A
plasmid pIPAAthioActfAB, that has a structure of the plasmid pIPA described 49 in Example 1 with

removing the thiolase gene and CgA transferase therefrom, was prepared. [0147]The pIPAAthio was
Cigoatod RS ESHHHOH Bfeyn Lt N - BREP LD A BT e BRI bunted anc

ligated to each, other, followed hy transformation of Escheri¢hia coil Strain DEI ompetent cell (trade
name: DRAYHSS ﬁ‘i‘gﬁﬁ?ﬁ&?ﬁ}'iéiﬁéﬁf’g%% e(?&?’%ﬁﬁ%ﬁtle %S?ﬁm@ b%ﬁ%%agﬁggo ants growing

on an LB agar plate gontajning 100 ug/mE of ampicillin., The thus-obtained colonies were cultured in
an LB liG et %ﬁ@iti?ﬁ?léfef%b e g’lﬁefﬁ%(féﬂmfia 37C overnight, and the plasmid

pIPAAthioActfAB was collected from the obtained bacterigl cells. [0148]The transformant strai
1P ANNUARIARIE B SOrHER N FaH RIS ELE NN S (AT EC TR sompetent
cell with the pJaswdég%PAAt oActtéA%, foIIo.we%ég{)é 6(\(}:ul urln%égﬁreo on an LB Broth I\ﬂ%er cuﬂture

mediumCRSHEEIRABI Sighs BB RESTHGE FUBF KRR SE 9 & SR 2 coho

0149]Prodycti fl ichi [ Athi ' -
[01451Ppayction of isoryopy] Alcohol iy Excherichin Col SR AIPAAQAGHABIE Using 1 L-Culture

obtained by using water for collection of isopropyl alcohol.  The invention can therefore be
said to be a groundbreaking method in the practical implementation of isopropyl alcohol
production through culturing microorganisms, the method thereof allowing construction of a
production process with a reduced burden in purifying.

[0139] Comparative example 2

Construction of pIPA Plasmid Lacking Thiolase Gene and Construction of Transformant with
the Plasmid

A plasmid pIPAAthio, that has a structure of the plasmid pIPA described in
Example 1 with removing the thiolase gene therefrom, was prepared.

To isolate the thiolase promoter from pIPA, amplification by PCR was carried out
with TTT GAA TTC CAT GAT TTT AAG GGG GTT AGC ATA TGC A (SEQ ID NO:21)
and TTT TCT AGA TCT AAC TAA CCT CCT AAA TTT TGA TAC GGG (SEQ ID
NO:22) using pIPA as the template, and the thus-obtained DNA fragment was digested with
the restriction enzymes EcoRI and Kpnl to obtain a thiolase promoter fragment having a size
of about 240 bp.

01401 To isolate the isopropyl alcohol dehydrogenase gene from pIPA, amplification by
PCR was carried out with TTT CTC GAG GCA GAT TTT GCT ACT CTT GGA GC (SEQ
IDNO:23)and TTT GGT ACC GCA GAT TTT GCT ACT CTT GGA GC (SEQ ID NO:24)

using pIPA as the template, and the obtained DNA fragment was digested with the restriction
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Production of isopropyl alcohol using a 1 L-culture vessel was studied in the same manner as in
Example 3, except that in the preculturing, 4 mL of LB Broth Miller culture medium containing 0.1 g/L
of ampicillin and 2 g/L of glucose was placed in a test tube, and the Escherichia coli strain

pIPAAthioActfAB/B was inoculated theretq, followed by ¢ I(%urin for 18 hours at a culturing
temperafilfd BFS PEWHAPEHEII L OIDE ﬁdﬁ%ﬁ%’iﬂﬁ@%ﬂ R Bregeiesmsdiiieivas 1hvbfiated to a

1 L-culture vesse| containing 500 mL of LB Broth Miller culture medium containing 20 g/L of glucose
and one®ftdp &n‘bi‘bé’hd culturing was carried out. The culturing was carried out at a stirring rate

of 500 rpm and a culturing temperature of 37C, and pH of the culture medium was controlled to 7.0
using 12.8b6tammoniia SEUGS e 26 Mtk ﬁﬂgﬁﬁ%@%ﬂ %-%%éﬁgﬁﬁmb?%ﬂaﬂ Y was added to

the culture by.72 hours after the begjnning of the culture. [015Q]The bgcterial cell culiure, medium was
sampledVetA R BRSEHOM he H@% ' m%?aﬁ@%m?é{eam%&f@w | KETRTNERE PBfhoved by

- obRLHTGH ORI CE AP SREAFAIN 90 § EUVCH B Y REIUEPE) TPACofis R are
Sioohol P G PE ORI SIRPT AP LU A GERS) AREA LA e TOLSTFI GREO L
Rt 0 e eP oo Sl ehenee i gt s e
ore e/ EHEAREIE6! FORLGRF oA WA b LA LR KBS SioD] GGeR e 72 houre
of g S o pACAMIOHIAR, LIS Tane 4 st fessreen
| bacterial cells. The base sequence of pIPAAthio was determined by a conventional method,
and the DNA sequences of the thiolase promoter and isopropyl alcohol dehydrogenase gene
were confirmed as including no error.
[0142] Escherichia coli strain B (ATCC11303) competent cell was transformed with this
plasmid pIPAAthio, and cultured on an LB Broth Miller agar plate containing 100 pug/mlL of
ampicillin at 37°C overnight to obtain the transformant strain pIPAAthio/B.
[0143] Production of Isopropyl Alcohol by Escherichia Coli Strain pIPAAthio/B Using 1
L-Culture Vessel

A production test of isopropyl alcohol using a 1 L-culture vessel was carried out
in the same manner as in Example 3. As preculturing, 4 mL of LB Broth Miller culture
medium containing 0.1 g/L of ampicillin and 2 g/L. of glucose was placed in a test tube, and
the Escherichia coli strain pIPAAthio/B was inoculated thereto, followed by culturing for 18
hours at a culturing temperature of 37°C with shaking at 120 rpm. The entire of the
preculture medium was inoculated to a 1 L-culture vessel containing 500 mL of LB Broth
Miller culture medium containing 20 g/L of glucose and one drop of adecanol, and culturing

was carried out.  The culturing was carried out at a stirring rate of 500 rpm and a culturing

48



480.0 g/L 540.0 g/L 720.0 g/L [0153]From the results in Examples 1, 2 and 3 and Comparative
examples 2 and 3, it can be seen that El coli obtained according to the invention produce no isopropyl
alcohol when it fails to be provided thereto the activities of thiolase and CoA transferase encoded by
genes for these'enzygne§ which inherently exist in the genome of E. c;oli7 in additign_ o the activities of
acetoaclRTHIRE SOy I4se MhH B HIH§Y A6 HT HRY A5 FORHSY b4 %Al 16 Construction of
Vector for Expression, of Thiglase Gene derived from Escherichia Cgll CoA Transferase Gene derived
from EsCHERCAIA TRk etodiBlatd BIEATHAkHISLREERY HeAldd #OR-BER AU SrEuhiadhe
Clostridium and Isgpropyl Aégﬁ)hol Dehydrogepase Gene deriyved from Bacterium of Genus Clostridium
Using glyABHoRo plinn Rt el s @%}geg%n JaBBIES Were AESB ARBEF for the serine
hydroxymethyltransferase gene (glyA) derived from Escherichia coil was heyein used instead of the
GAPDH%faFﬁ@feﬁﬁﬁn HHipteh 1 1apsdramits Serredtehtls 6F af?n&t@%kmw hsferase of

Escherichia coli and the base sequence of th %(?ne thereof havfe been already reported. That is, the
[

gene entSTiGrRaY e RyURY Hat iSRRG sERBEY it CunEsSHI HEdes 8iBR R Hber V00283
The genes required for production. of jsopropyl alcohol can be expressed using its promater. [0155]To
ot (BTG R AT By PeF ARGl SO+ EEAE T UCAB 1o
(SEQ ID : 25) and CTGTCGCATGCTGACTCAGCTAACAATAAAATTITIGG (SEQ ID NO: 26)
using thé%gﬁom)}@ﬁf'\?ﬂ“l}? BECHENER é%??lgﬁgin TS AREHE G %%iﬁb‘?a é, Ehbgtlg?et%o%&‘iﬁ@f DNA
fragment was di%r(tas d with tTe r%éﬁtrictio enzyme SPhl to Ogtzﬁg a DINA fragment having a size of
about 830°6 USSRt IR Gy A BrotHBEEF. S LA 6 BB S N APR AN And fragments

obtained hy treatment of the plasmid pBR322 (GenBank accession number J01749) with the
restriction efiZYfe Ndel and subsequent blunting with T4 DNA polymerase treatment followed by

- digesti ith, Sphl ixed and ligat [ li , and herichi il Strain DH5 tent
Ggestop il o e kel A el o alaese TGN el St D competn
aton gl SR LG AT oY G5 AL 200 S sonania BT pfamorit

The thu ultured in u kg 50 U ericiIIin at
37C overnight, .and the plasmid pBRglyP was collected from.the thys-obtained bacterial cells.
i RS e e o e SO B

thereof. However, there was no accumulation of isopropyl alcohol even after 72 hours of
culturing of the Escherichia coli strain pIPAAthio/B.
[0145] Table 10

Results of Measurement by HPLC

Culturing time  Isopropyl alcohol

0 0.0 g/L
9 0.0 g/L
24 0.0 g/L
30 0.0 g/L
48 0.0g/L
54 0.0 g/L.
72 0.0 o/L

[0146] Comparative example 3
Construction of pIPA Plasmid FLacking Thiolase Gene and CoA Transferase, and Construction
of Transformant with the Plasmid

A plasmid pIPAAthioActfAB, that has a structure of the plasmid pIPA described
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thiolase, CoA transferase, isopropyl alcohol dehydrogenase and acetoacetate decarboxylase were
sequentially introduced, and the plasmid pGly-laaa was collected. Escherichia colt strain
pGly-laaa/B was obtained by transforming the Escherichia colt strain B (ATCC11303) competent cells
with this plasmid pGly-laaa, followed by culturing thereof on an LB Broth Miller agar plate containing
50 ug/mit Exampleillini @@erfh@ﬁ%/-]([@f?sﬁ]@ﬁa?r%@%t@é‘ﬁ@ﬁ%ﬁ?ﬁéﬁ%ﬁ%@fﬁ?ﬁ‘é’?@ﬁﬁ%ssion of
Thiolase Gene derived from Escherichia Coll, CoA Transferase Gene Derived from Escher.chia coil,
Acetoaddtité IDecatbepyiase e eaditrstoriabetsstirtioraapiase badnPant Hsapfopy!
Alcohol Dehydrogenase Gene derived from Bacterium of Genus Clostridium Using gadA Promoter and
TransforhtaSiRala Eagirdddisrerpddtpied and %%&ﬁ@fé‘r%ﬁfh@ﬂﬂﬁ&%%é@@%?ﬂ%ﬂ&se A gene
(gadA) derived from Escherichia_coil was herein used instead of the GAPDH promoter in Example 4.
The amiMofaeldetigeindeSsragiinsecausirpb ssihdede srmseAavicnid SonardaHEBA8s sequence of
the gene thereof have been already reported. That is, the gene encoding glutamate ciecarboxylase A
is describBtPRp GanBEhk HE SXS IR RUMIBEANAGL TEASTHE R S5 TEHE LD B 88RCRIBHF of isopropy
alcohol can be expressed using its promoter. [0158]To qbtain the gadA promoter, amplification by

PCR wakBEiEE GO oA erpie AT AT s PPPInee telentesatses sleabine: 12%) and
CAGTCGCATGCTTCGAACTCCTTAAATTTATTTGAAGGC (SEQ ID NO: 28) using the genomic DNA

of the ESGHEtEMA wBicenaingg Yhse Bl plrtapipiiie abnd thevshriahb d ke pisihiht was digested
with the restriction enzymes Ndel and Sphl to obtain a DNA fragment having a size of about 130 bp
correspdhRig e gHA A B RisEF HFrEiR itare 83T Bnd a fragment obtained by
digesting the plasmid pBR322 (GenBank accession number J01749) with the restriction enzymes Ndel
and Sp %‘éfﬁg mixedSHAP IR SPGB BB AT £ RBAed Bin SPHERE S petent cell
(trade name: DNA-903, manufactured by Toyobo Co. Ltd.) was transformed with the resulting ligation
product Gt ar&istHAHS Orowing th ArPPB g S Eb R SOEAN S Spicillin. The
thus-obtained colonies were cultured in an LB liquid medium containing 50 ttg/mL _of ampicillin at 37C
overnigHE Rt S SR L EOHEo i B O WP G
[0159]Thereatfter, jn.the same manner as in _Exar%nﬁl(%é theg?fnes encoding each of thiolase. CoA

a

transferRS4S SOHFOMACl COrY Beng HrBYRRATR 4 8i54tERke decarboxylase were sequentially
introduced, and the plasmid pGad-laaa collected. ., By transformagjon of the E. richia colt
strain B@ﬁ%%lﬁ&%?%&ﬂ% rﬁs%@ﬁ’??/’\m%ffﬁi@og@égﬁ@ﬁ@%ﬁﬂ&é&%ﬁ?&%ﬁ%&éﬂﬁ& g thereof on an
LB Broth Miller igéwlate ontaining 50 tig/mL of ampicillin at 37C overnight. the Escherichia colt
strain pGadiah “btafed. [0160]Example 18 Production of Isopropyl Alcohol by Escherichia

coil Strain pGIy-Iaa}g\{(l)Bdet(ilogtg?ilrSIO%%%g %?%Eoygéﬂgg]é %_ﬁggﬂa?e\é%gssglwas studied in the same
manner as in Example 3, except that in the preculturing, 4 mL of LB Broth Miller culture
medium containing 0.1 g/L. of ampicillin and 2 g/L of glucose was placed in a test tube, and
the Escherichia coli strain pIPAAthioActfAB/B was inoculated thereto, followed by culturing
for 18 hours at a culturing temperature of 37°C with shaking at 120 rpm.  The entire of the
preculture medium was inoculated to a 1 L-culture vessel containing 500 mL of LB Broth
Miller culture medium containing 20 g/I. of glucose and one drop of adecanol, and culturing
was carried out.  The culturing was carried out at a stirring rate of 500 rpm and a culturing
temperature of 37°C, and pH of the culture medium was controlled to 7.0 using 12.5%-
ammonia solution. Further, 20 mL of glucose at a concentration of 0.5 g/ml. was added to

the culture by 72 hours after the beginning of the culture.
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Production of isopropy! alcohol by the Escherichia coil strain pGly-laaa/B and strain pGad-laaa/B using
a 1 L-culture vessel was studied in the same manner as in Example 5. As a result, after 24 hours of
culturing, accumulation of isopropyl alcohol at a concentration of 3.1 g/L by the strain pGly-laaa/B and
that at a concentration of 2.6 g/L by the strain pGadlaaa/B were confirmed. Each measured value is
the suml8f thé contEht BA5L6 alERoMAdNE Rt P TR A HENEaPTS TS water (500 mL)
after culturing., Example 19 Isopropyl Alcohol Productivity in Culturing Strain pGAP-laaa/B at Aeration
volume BfaiRREST Shpsrlture, and HhsbessriiecksoprspiaRedd s Hibgaten delyveddy
apparatuses, each of which is the same as the the apparatus 10 used in Example 5 except the
capacity"dfaHBERERleELE AegEpbtiase ey Vedss u Herkiphrhir she 4putpP Bieotiitand
contained water (trap water) as the trap liquid 42 at a volume of 2000 mL [0161]As preculturing, 25 mL
of LB BrotAchaeR e @i oisiinig oo Bt Hinbicilid pracsdinatn Brsfeyebask was
used, and the Escherichia coli Strain pGAPlaaa/B was inoculated thereto, followed by culturing for 16
hours at'd cu E@ﬁﬁ@%‘p‘é‘?éﬂ?@ﬁ@@&ﬂ%ﬁ%ﬁéﬂﬁd his1the s of e spiRnbeiieepraRiture medium
was inoculated to a 1 [-culture vessel containing 475 mL of LB Broth Miller culture medium containing
50 g/L ofi§Ridde %W&%@%%@%&E@é’h%l%?% BaRUNHGFES CAHiEE8ut. The culturing was carried
out at a stirring rate of 500 rpm and a culturing temperature of 35C, and pH of the culture medium was
adjusted ¥952.b usiddeRvrE orssietnsiinderthporyine sidneopreclcionappaitlisee 4Eration
culture was started by injecting the air from the injection duct 16 into the culture medium such that 1
wrn is a‘l‘fﬁiﬁgﬁ?qw&i% Rthihieshilassishrapparands s irrcaaaee ot erti Bid aeration
culture was started by injecting the air and nitrogen gas such that 1 yvm for each gas is attained to
have for i SIS A SHUBITR DI WA 6 exHASEE B M CENtETe VSS9 %28 Bubbled into
" the trap liquid in the trap vessel 4Q. . As a result, after 24 hours of culturing, accumulation of

isopropyl Mool S RERESSTHA RO AT BB YA DI HSEBARGIEHRR the! HaYatith VSTaME WL vwm and
that at a concentration of 3.3 g/L by the sample with 2 vvm were confirmed. Each measured value is
the sumFHIR"EHHBIAY GTIBHHk D e Zal{%'%?géﬂﬂ#%%ﬁ%ﬁ%?@ﬁ%%ér after
culturing. The amount of isgpropy! alcohol in the trap water was calculated by multiplying the isopropyl
alcohol égﬁﬁbﬁ{?ﬁ%ﬂlﬁﬂﬁm@%ﬂ T by 4 to convert the value into the corresponding amount in the

culture Tedﬁ . [0 G%ﬁample 20 Isopropyl Alcohol Productivity in Culturing Strain pIPA/B at
Aeration Ybtarne of % br 0.75 vwwm

Results of Measurement by HPLC

Culturing time  Isopropyl alcohol

0 0.0 g/LL
9 0.0 g/'L
24 0.0 g/l
30 0.0 g/L
48 0.0 g/L
54 0.0 g/L
72 0.0 g/L.
[0153] From the results in Examples 1, 2 and 3 and Comparative examples 2 and 3. it can

be seen that £. coli obtained according to the invention produce no isopropyl alcohol when it
fails to be provided thereto the activities of thiolase and CoA transferase encoded by ge.nes for
these enzymes, which inherently exist in the genome of . coli, in addition to the activities of
acetoacetate decarboxylase and isopropyl alcohol dehydrogenase,

[0154] Example 16

51



Culturing of the strain pIPA/B was studied in the same marmer as in Example 3, except that the
glucose concentration was changed to 40 g/L, and an aqueous ammonia solution was used as the pH
adjuster. Each trap vessel 40 had a capacity of 500 mL, and contained water (trap water) as the trap

liquid 42 _at an amount, of 500 mL _The air was used as an aeration gas, and the aeration volume threof
ettty sl ds M im ittt AR arhad A atiitect Wi

alcohol at a concentration of 2.8 g/L b Gt\l/;ftla‘ifsf%mple with the aeragi[$ vQlum vvm and that at a

n vql of
concentrdfiBHBRE S G BRI IE GAEA L £8F atioFFURRAEHESOP 675 SR E oM. Each
measured value is the sym of the content of isopropyl alcaohal in the culture medium and that in the
trap watBPANERCOHETHG, RTBATEIGH A S BRI 500 TBEHE 8B vsHiors found
that an eratiﬁ%volume n be g timj%géﬁ rod%g ion of iso roa;%alco ol. We fo r}d that the total
eration UUTLHS FHEERER! G QLRI ALda! b prEtEia 075 45 SHATEHBeTRg to 2 wm for
productign of isopropyl alcohol. [0165]Thus, according to embodiments of the invention, less
by-prodticPLEHBIY S8 henerated, and isopropyl alcohol which is more highly purified can be

evproduetatoohole! ETRRPYIESHOF Ok AR AT AN T VAT G e For
of pertS L AL TR R S0u7 HSST T HEL DY ICBINBI A B Pfcrence s ontrety,
are ncorporatod g S HTRSAL SOBEIRE HoPEBy TR AE CATRE b AL T ALE ere the
doseriogH e BRI by TR KNG A KApYOPY) ALBHOF RSing bacterum o
o SUbC Sty A A TORACE AR AV BB A A rHen S oIGHCES eopropyl

alcohol %%gﬁgilr?] -derived maten(? WhercFln the tgcterlum is E?Acherlchla colt 2. The.bacterium

according to BRI &4 CH of tHE Bistoace §8p(§8€¥11r I('?)? (e)ilscea%gt?v{?f( ,rﬁéelsgﬁlrno%ﬁ alcohol

dehydro enﬁatseractivity, the CoA transferase activity and the thiolase activity are respectively obtained
by intro Uetionorf a gene encoding an enzyme derived from at least one selected from the group

consistiggl%i bactlte(lgci:% B %3 {H.? ﬁqgegg}g (%1'1% gid&g}ml,agcggc%i?uim w% grr%lu?ﬁ %&cwl%g and a bacterium

O
of the genus Esche erium according 1o , wherein & dcetoacetate

decarbo»M%s C@&@Qha@g %8@%%@% yc}j}rggenase activity are respectively obtained by

. A . .
introduction of genes encoding enzy erived from a bacterium or bacteria of the genus

roductn dertved from @ bacteri of the genus
it st ig i E R R S S R

ESChean%lr?dmic DNA of Escherichia coli Strain M(31655 as the template, and the obtained DNA

fragment was digested with the restriction enzyme SPhl to obtain a DNA fragment having a
size of about 850 bp corresponding to the glyA promoter.  The thus-obtained DNA fragment
and fragments obtained by treatment of the plasmid pBR322 (GenBank accession number
J01749) with the restriction enzyme Ndel and subsequent blunting with T4 DNA polymerase
treatment followed by digestion with Sphl were mixed and ligated using a ligase, and
Escherichia coli Strain DH5a competent cell (trade name: DNA-903, manufactured by
Toyobo Co, 1.td.) was transformed with the resulting ligation product, to obtain transformants
growing on an LB agar plate containing 50 pg/ml. of ampicillin.  The thus-obtained colonies

were cultured in an LB liquid medium containing 50 pg/mL of ampicillin at 37°C overnight,

52



4. The bacterium according to claim 1, wherein the acetoacetate decarboxylase activity is obtained by
introduction of a gene encoding an enzyme derived from Clostridium acetobutylicum, the isopropyl
alcohol dehydrogenase activity is obtained by introduction of a gene encoding an enzyme derived from
Clostridium beijerincku, and the CoA transferase activity and thiolase a_cti\éi% are respectively

obtained"i HtilatiBioRRR gt asradrigldiountis theriobtrmsbederatieftia coll. 5. The bacterium

according to claim 1, wherein each of the acetoacetate decarboxylase activity, the isopropyl alcohol
dehydro@éééée acttAHEr B ADf AHER PRSI SV Ity TarNPlé thitiagense ity 4 %eetibctilely obtained
by introduction of a gene encoding an enzyme derived from a bacterium of the genus Clostridium. 6.
A methodiRpSréeRiCiHESBEShyF pEomdIattrh b SR d esmsRs fRy! SrstRRSHE RSiaBgraleshol from a
plant-derived material using the isopro%l alcohol-producing bacterium according to any one of claims

1t05. 7V¥HS ARG AFedUE AR he PSR EdeaAdiVS t9'451R%, the method comprising

further adding, to a mixture comprising the isopropyl alcohol-producing bacterium and the
plant-derived matefisf/4 EtifpetintireBhRSNRGARtrbYEn O aHRS PHERBHISP B GCinGAeEE by 1
alcohol according to claim 6, the method comprising adding, to a mixture comprising the isopropyl
alcohol-PciaRGFbE triufd 3 AReBRiFRIGEH S ritispismiciipbgeraeantalitifg tBipound which
may produce an ammaonium ion in water, such that a content of the nitrOﬁsn-con,taining compound is in

a range OHHEIREGTSASR M H1des RIRKY IHHESEIYAEy HELLIRE tHEHS R - SHBR IS With respect

to the total mass of the culture medium in the mixture at the start of culturing. 9. The method for
producirf&‘?%‘ygmpyl alcohol according to claim 6, comprising: culturing the isopropyl alcohol-producing
bacterium while supplying a gas to the mixture comprising the isopropyl alcohol-producing bacterium
and the méﬁ@derivgﬁaﬁ?ﬁ%&}gl; and collecting isopropyl alcohol produced by the culture. 10. The

Rt e R R e S e
O o 2T R L gy epiop ol s o cim
from Bacterium of Genus Clostridium and Isopropyl Alcohol Dehydrogenase Gene derived
from Bacterium of Genus Clostridium Using gadA Promoter and Transformant with the
Expression Vector
The promoter for the glutamate decarboxylase A gene (gadA) derived from
Escherichia coli was herein used instead of the GAPDH promoter in Example 4.
The amino acid sequence of ghutamate decarboxylase A of Escherichia coli and
the base sequence of the gene thereof have been already reported. That is, the gene encoding
glutamate decarboxylase A is described in GenBank accession number M84024.  The
genes required for production of isopropyl alcohol can be expressed using its promoter.
[0158] To obtain the gadA promoter, amplification by PCR was carried out with
CGACTCGCATATGTCGTTTTTCTGCTTAGG (SEQ 1D NO: 27) and
CAGTCGCATGCTTCGAACTCCTTAAATTTATTTGAAGGC (SEQ ID NO: 28) using the
genomic DNA of the Escherichia coli Strain MG1655 as the template, and the obtained DNA

fragment was digested with the restriction enzymes Ndel and Sphl to obtain a DNA fragment
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1 3 .The method for producing isopropyl alcohol according to claim 9, wherein the collecting comprises
contacting, with a capture liquid which captures isopropyl alcohol, the isopropyl alcohol evaporated
from the culture obtained in the culturing. 14. The method for producing isopropyl alcohol according to
cla 9, wherein the collecting comprises liquefying the evaporated isopropyl alcohol followed by
contactifg“ihé ﬁc}t?@rféfo%%rbmaﬁ%ww TR €AY O (B isﬁmw—ah?@wsépmducmg
apparatus comprising: a culturing in it comprising a mixture comprising the isopropyl alcohol-producing
bacteriuﬁ?&‘ﬁ&%@‘ﬂl%ﬁ@ﬁ%&gﬁé’ﬁﬁﬁy PGS Bl BitkPbaimS gk accessighs supplying
unit which is connected to the culturing unit and OR[ens at a position in the mixture contained in the
culturing 8P o KU g thidhghs t6StHS Rk firames Nagl g GREWRTESRRTS Y R C4pting fquid which
captures. isopropyl alcohol; and a connecting unit which connects the culturing unit with the
capture {i#to ‘i’éSﬁF&ﬁfi/Fﬁ(&é%%@%é@ﬁﬂ?ﬁ%c@wmﬂﬁ RS-V ¥ the capture unit,
wherein the connecting unit gpens at a bottom section of the capture unit and a liquid level of the
capture WEEHY 3R WRA R LR BRI ddfuktits SRBRORTRCR 18 Hbthvd SH'GBENIRY SBARIBAYT the connecting
unit. 16. The isopropyl alcohol-producing apparatus according to claim15, wherein.the connecting unit
is a liquak/Hg GRS RRIPIREOTID & Oh Ay P AETHIF S PRI Nk Bilie i RIS Hhd ddiplies it to

the capture unit., 17. The isopropyl alcohol-proi

| cing apparatus according to claim 15, further
compristig*aCSHRTY ERRUA TR HE iR Boliik SBGH HHL MR ot e ™ of

SEQUENCE LISTING <110> Mitsui Chemicals,.Inc.. <120> Isopropyl alcohol-producing bacteria and
Q icily &P R ﬁéygt&g {gom t%e t%us-ogtb

Method f5PBFIdaERY iSoMEsRc SRBILS MG THY SiRe L3035k ained

bacterial cells.

[0159] Thereafter, in the same manner as in Example 4, the genes encoding each of
thiolase, CoA transferase, isopropyl alcohol dehydrogenase and acetoacetate decarboxylase
were sequentially introduced, and the plasmid pGad-Taaa was collected.

By transformation of the Escherichia coli strain B (ATCC11303) competent cells
with this plasmid pGad-Iaaa, followed by culturing thereof on an LB Broth Miller agar plate
containing 50 pg/mL of ampicillin at 37°C overnight, the Escherichia coli strain pGad-laaa/B
was obtained.

[0160] Example 18
Production of Isopropyl Alcohol by Escherichia coli Strain pGly-laaa/B and Strain pGad-
laaa/B Using 1 L-Culture Vessel

Production of isopropyl alcohol by the Escherichia coli strain pGly-laaa/B and
strain pGad-Jaaa/B using a 1 L-culture vessel was studied in the same manner as in Example 5.
As a result, after 24 hours of culturing, accumulation of isopropyl alcohol at a concentration
of 3.1 g/L. by the strain pGly-laaa/B and that at a concentration of 2.6 g/L. by the strain pGad-
lTaaa/B were confirmed. FEach measured value is the sum of the content of isopropyl alcohol

in the culture medium and that in the trap water (500 mL) after culturing.
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<150> JP2007-181571 <151> 2007-07-11 <160> 28 <170> Patentln version 3.3 <210> 1 <211> 37
<212> DNA <213> Artificial Sequence <220> <223> primer DNA <400> 1 tttgaattcc atgattttaa
gggggttagc atatgca37 <210> 2 <211> 39 <212> DNA

Example 19
Isopropyl Alecohol Productivity in Culturing Strain pGAP-Iaaa/B at Aeration volume of | vvm
or 2 vvim

In this Example, isopropyl alcohol was produced using two apparatuses, each of
which is the same as the the apparatus 10 used in Example 5 except the capacity of the trap
vessel. Fach of the trap vessels 40 herein had a capacity of 2000 mL and contained water
(trap water) as the trap liquid 42 at a volume of 2000 mlL..
[0161] As preculturing, 25 mL of LB Broth Miller culture medium containing 0.1 g/IL of
ampicillin placed in an Erlenmeyer flask was used, and the Escherichia coli Strain pGAP-
laaa/B was inoculated thereto, followed by culturing for 16 hours at a culturing temperature
of 35°C with shaking at 120 rpm.  The entire of the preculture medium was inoculated to a |
L-culture vessel containing 475 mL of LB Broth Miller culture medium containing 50 g/L. of
glucose and one drop of adecanol, and culturing was carried out.  The culturing was carried
out at a stirring rate of 500 rpm and a culturing temperature of 35°C, and pH of the culture
medium was adjusted to 7.0 using NaOH.
[0162] Subsequently, in one of the production apparatuses, aeration culture was started
by injecting the air from the injection duct 16 into the culture medium such that 1 vvm is
attained. In the other production apparatus, two injection ducts 16 were used, and aeration
culture was started by injecting the air and nitrogen gas such that 1 vvm for each gas is
attained to have for the total aeration volume be 2 vvm. The exhaust from the culture vessel
12 was bubbled into the trap liquid in the trap vessel 40.

As a result, after 24 hours of culturing, accumulation of isopropyl alcohol at a
concentration of 5.5 g/L by the sample with the aeration volume of 1 vvm and that at a
concentration of 3.3 g/L by the sample with 2 vvm were confirmed. Each measured value is

the sum of the content of isopropyl alcohol in the culture medium and that in the frap water
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<213> Artificial Sequence <220> <223> primer DNA <400> 2 tttggtaccc tagcactttt ctagcaatat
tgctgttcc39 <210> 3 <211> 39 <212> DNA <213> Artificial Sequence <220> <223> primer DNA <400>
3 tttggtaccc aaccttaaac cttcatattt caactactt39 <210> 4 <211> 33

after culturing. The amount of isopropyl alcohol in the trap water was calculated by
multiplying the isopropyl alcohol concentration in the water by 4 to convert the value into the
corresponding amount in the culture medium.
[0163] Example 20
Isopropyl Alcohol Productivity in Culturing Strain pIPA/B at Aeration volume of 1 vvm or
0.75 vvin

Culturing of the strain pIPA/B was studied in the same manner as in Example 3,
except that the glucose concentration was changed to 40 g/L, and an aqueous ammonia
solution was used as the pH adjuster. Each trap vessel 40 had a capacity of 500 mL, and
contained water (trap water) as the trap liquid 42 at an amount of 500 mL. The air was used
as an aeration gas, and the aeration volume threof was adjusted to 1 vvm or 0.75 vvm. Asa
result, after 54 hours of culturing, accumulation of isopropyl alcohol at a concentration of 2.8
g/L by the sample with the aeration volume of 1 vvm and that at a concentration of 2.8 g/L by
the sample with the aeration volume of .75 vvm were confirmed. Each measured value is
the sum of the content of isopropyl] alcohol in the culture medium and that in the trap water
after culturing.
(0164} From the results in Examples 19 and 20, the present inventors found that an
aeration volume can be optimized for production of isopropyl alcohol.  We found that the
total aeration volume injected to the culture vessel can be preferably 0.75 to 1 vvm comparing
to 2 vvm for production of isopropyl alcohol.
[0165] Thus, according to embodiments of the invention, less by-product alcohols are
generated, and 1sopropyl alcohol which 1s more highly purified can be conveniently and
efficiently produced only by simple purification without requiring a step for separating by-
product alcohols.

Isopropyl alcohol obtained by the invention can be applied for various uses.  For
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<212> DNA <213> Artificial Sequence <220> <223> primer DNA <400> 4 tttggatocc taaacagcca
tgggtctaag ttc33 <210> 5 <211> 38 <212> DNA <213> Artificial Sequence <220> <223> primer DNA
<400> 5 tttggatcca gctaaacatt attaaattta ggaaggtg38

example, it can be preferably used as a raw material for production of propylene.
[0166] The disclosure of Japanese Patent Application No. 2007-181571 is hereby
incorporated by reference in its entirety.

All the literatures, patent applications and technical standards described in the
present specification are incorporated into the present specification by reference, to the same
extent as in cases where the individual literatures, patent applications and technical standards

are concretely and individually described to be incorporated by reference.
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<210> 6 <211> 33 <212> DNA <213> Atrtificial Sequence <220> <223> primer DNA <400> 6

tttgtcgacc caatgaactt agacccatgg ctg33 <210> 7 <211> 32 <212> DNA <213> Atrtificial Sequence
<220> <223> primer DNA <400> 7

CLAIMS

I. An isopropyl alcohol-producing bacterium to which an acetoacetate decarboxylase
activity, an isopropyl alcohol dehydrogenase activity, a CoA transferase activity and a thiolase
activity have been imparted, and which can produce isopropyl alcohol from a plant-derived

material, wherein the bacterivmn is Escherichia coll.

2. The bacterium according to claim 1, wherein each of the acetoacetate
decarboxylase activity, the isopropyl alcohol dehydrogenase activity, the CoA transferase
activity and the thiolase activity are respectively obtained by introduction of a gene encoding an
enzyme derived from at least one sefected from the group consisting of a bacterium of the genus

Clostridium, & bacterium of the genus Bacillus and a bacterium of the genus Escherichia.

3. The bacterium according to claim 1, wherein the acetoacetate decarboxylase
activity and the isopropyl alcohol dehydrogenase activity are respectively obtained by
introduction of genes encoding enzymes derived from a bacterium or bacteria of the genus
Clostridium, and the CoA transferase activity and thiolase activity are respectivety obtained by
introduction of genes encoding an enzyme derived from a bacterium or bacteria of the genus

Escherichia.

4. The bacterium according to claim 1, wherein the acetoacetate decarboxylase
activity is obtained by introduction of a gene encoding an enzyme derived from Clostridium
acefobutylicum, the isopropy] alcohol dehydrogenase activity is obtained by introduction of a

gene encoding an enzyme derived from Clostridium beijerinckii, and the CoA transferase
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tttggtaccg cgaaqtagcg atgaacaggc ag32 <210> 8 <211> 32 <212> DNA <213> Artificial Sequence
<220> <223> primer DNA <400> 8 tttggtaccg cagattttgc tactettgga gc32 <210> 9 <211> 33 <212>
DNA <213> Atrtificial <220> <223> primer DNA

activity and thiolase activity are respectively obtained by introduction of genes

encoding enzymes derived from Escherichia coli.

5. The bacterium according to claim 1, wherein each of the acetoacetate
decarboxylase activity, the isopropyl alcohol dehydrogenase activity, the CoA
transferase activity and the thiolase activity is respectively obtained by introduction of 4

cene encoding an enzyme derived from a bacterium of the genus Clostridium.

6. A method for producing isopropyl alcohol, the method comprising producing
isopropyl alcohol from a plant-derived material using the isopropy! alcohol-producing

bacterium according to any one of claims 1 to3.

7. The method for producing isopropyl alcohol according to claim6, the method
comprising further adding, to 2 mixture comprising the isopropyl alcohol-producing bacterium

and the plant-derived material, a compound containing nitrogen.

8. The method for producing isopropy! alcohol according to claim 6, the method
comprising adding, to a mixture comprising the isopropyl alcohol-producing bacterium and the
plant-derived material, a nitrogen-containing compound which may produce an ammonium ion
in water, such that a content of the nitrogen-containing compound is in a range of from 0.04% to
10.6% (w/w) in terms of % by mass of the total nitrogen atoms, with respect to the total mass of

the culture medium in the mixture at the start of culturing.
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<400> 9 cgagctacat atgcaatgat tgacaogatt cog33 <210> 10 <211> 32 <212> DNA <213> Atrtificial
Sequence <220> <223> primer DNA <400> 10 cgcgcgoatg ctatttgtta gtgaataaaa gg32 <210> 11
<211> 45 <212> DNA <213> Atrtificial Sequence <220> <223> primer DNA <400> 11 aatatgcatg
ctggtggaac atatgaaagg ttttgoaatg ctagg4s

9. The method for producing isopropy! alcohol according to claim 6, comprising:

culturing the isopropy! alcohol-producing bacterium while supplying a gas to the
mixture comprising the isopropyl alcohol-producing bacterium and the plant-derived materiai;
and

collecting isopropyl aleohol produced by the culture.

10. The method for producing isopropyl aleohol according to claim 9, wherein the gas

comprises oxygen.

11. The method for producing isopropyl alcohol according to claim 9, wherein the

amount of the gas supplied is 0.02 vvm to 2.0 vvm.

12. The method for producing isopropyl alcohol according to claim 9, wheremn the

amount of the gas supplied is 0.} vvm to 1.5 vvm.

13. The method for producing isopropyl alcohol according to claim 9, wherein the
collecting comprises contacting, with a capture liquid which captures isopropyl alcohol, the

isopropyl alcohol evaporated from the culture obtained in the culturing.
14. The method for producing isopropy! alcohol according to claim 9, wherein the
collecting comprises liquefying the evaporated isopropyl alcohol followed by contacting the

liquefied isopropy! alcohol with a capture liquid.

15. An isopropyl alechol-producing apparatus comprising:

a culturing unit comprising a mixture comptising the isopropyl alcohol-producing
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<210> 12 <211> 44 <212> DNA <213> Atrtificial Sequence <220> <223> primer DNA <400> 12
gcggatccgg taccttataa tataactact gctttaatta agtc44 <210> 13 <211> 44 <212> DNA <213> Atrtificial

<220> <223> prime <400> 13 atggatccgc tggtggaaca tatgaaaaat tgtgtoatog tcag44 <210> 14 <211>
42 <212> DNA <213> Atrtificial <220> <223> primer <400> 14

bacterium and the plant-derived material according to any one of claims 1 to5;

a gas-supplying unit which is connected to the culturing unit and opens at a
position in the mixture contained in the culturing unit to supply the gas to the mixture;

a capture unit comprising the capture liquid which captures isopropyl
alcohol; and

a connecting unit which connects the culturing unit with the capture unit to
allow isopropyl alcohol evaporated in the culturing unit to move to the capture unit,
wherein the connecting unit opens at a bottom section of the capture unit and a liquid
level of the capture liquid in the capture unit is adjusted such that it is above an opening

section of the connecting unit.
16. The isopropyl alcohol-producing apparatus according to claim15, wherein
the connecting unit is a liquefying unit which liquefies isopropyl alcohol evaporated in

the culturing unit and supplies it to the capture unit.

17. The isopropy! alcohol-producing apparatus according to claim 15, further

comprising a stirring unit which stirs the mixture contained in the culturing unit.
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gcagaagott gtctagatta attcaaccgt toaatcacca to42 <210> 15 <211> 51 <212> DNA <213> Artificial
<220> <223> primer <400> 15 gctotagagc tggtggaaca tatgaaaaca aaattgatga cattacaaga c51 <210>
16 <211> 41 <212> DNA <213> Artificial <220> <223> primer <400> 16 tagcaagctt ctactcgagt
tatttgctct cctgtgaaac g41 <210> 17 <211> 44 <212> DNA <213> Artificial <220> <223> primer <400>
17 SEQUENCE LISTING

110> MWitsui Chemicals, Inc

120> lsopropy! alechoi-producing bacteria and Method for producing
isopropyl alcchol using the same

<130>  F000845

<160>  JP2007-1815671
151> 2007-07-11

160> 28

<170> Patentln version 3.3

1 1

211> 37

<212> DNA

213> Artificial Sequence

220>
223> primer DNA

<4005 1
tttggattoe atgatittas gegeettage atatgea 37

Q10> 2

211> 39

<212> DNA

<213> Artificial Sequence

2200
<223> primer DNA

<400> 2
tttgegtacce tageacttit cfagcaatat tgetgttce 38

Q210> 3

211> 38

212> DNA

<213> Artificial Sequence

220>
223> primer DNA

400> 3
tttggtacoe aaccitaaac cttcataitt ceactactt 39

Q210> 4

211> 33

212> DNA

213> Artificial Seguence

<220%
{223> primer DNA

<400> 4
tttggatcoe tasacagcca tpggtotaag tte 33

<2100 b

211> 38

<212> DNA

213> Artificial Seguence

220>
223> primer DNA

<d0D> 5
tttggatcca getasacatt attasattia ggaagetieg 38

n



aagtctcgag ctggtggaac atatggatgc gaaacaacgt attg44 <210> 18 <211> 28 <212> DNA <213> Atrtificial
<220> <223> prime <400> 18 ggccaagctt cataaatcac ccogttgc28 <210> 19 <211> 54 <212> DNA
<213> Artificial <220> <223> prime <400> 19 caggtaccgc tggtggaaca tatgttaaag gatgaagtaa
ttaaacaaat tagc54 <210> 20 <211> 38 <212> DNA <213> Artificial <220> <223> primer

210 6

21> 33

<212> DNA

213> Artificial Sequence

{2200
223> primer DNA

400> 6
ttteicgace caatgaactt agaccoatgg cig 33

210> 7

21ty 32

<212> DNA

(213> Artificial Segquence

Q20>
<223> vprimer DNA

400> 7
tttgegtaccg cgaaatagog atpascagssc ag 32

210> 8

211> 32

<212> DNA

<213> Artificial Seguence

L2200
<223> primer DNA

<400> 8 :
tttgetacog cagatttige tactcttgea g¢ 32

210> 8

Q11> 33

<212> DHA

213> Artificial

{2207
223> primer DRA

<400> 9
cgagotacat atgeaatgat tgacacgatt cog 33

210> 10

Q1> 32

212> DNA

<213>» Artificial Seguence

220>
223> orimer DNA

400> 10
cgogogeaty ctatttgtta gteaataaas gg a2

Q210 11

211> 45

<212> DNA

213> Artificial Sequsnce

<220>
223> primer DNA

<400> 11
astatgoatyg ctggtggaac atatgaaagg titttgeaate otagg 45

Q> 12

Q211> 44

212> DMA

213> Artificial Sequsnce



<400> 20 geggatcott acttaagata atcatatata acttcagc38 <210> 21 <211> 37 <212> DNA <213> Artificial
<220> <223> primer <400> 21 tttgaattcc atgattttaa ggggattagc atatgca37 <210> 22 <211> 39 <212>
DNA <213> Atrtificial <220> <223> primer <400> 22 ttttctagat ctaactaacc tcctaaattt tgatacggg39 <210>
23 <211> 32 <212> DNA <213> Artificial <220> <223> primer

220>
223> primer DNA

400> 12
goggatcogg taccttataa tataactact geotttaatta agic 44

210> 13

Q211> 44

{212> DNA

<213> Artificial

<2200
223> primer

<400> 13
atggatecge tggiggaaca tatzaasaat tgigtcateog toag 44

2100 14

Q211> 42

<212> DNA

<213> Artificial

220>
£223> primer

<400> 14
geagaagett gietagatta atfcaaccet tcaatcacca tc 42

210> 16

<2113 51

<212> DNA

213> Artificial

<2267
<223> primer

<400> 15
gotctagage tggtggaaca taipasaaca aaattgatga cattacaaga ¢ 51

<210> 16

<L 4

<212> DNA

213> Artificial

{2200
223> oprimer

<400> 18
tagcaagoett ctactogagt tatttgotet cotetgaaac g 41

ALV

<1 44

212> DNA

213> Artifictal

{2202
<223> primer

400> 17
aagtotogag cigeiggaac atatggatge gasacaacgt attg 44

210> 18
211> 28
212> DNA
Q213> Artificial

220>
<223> primer

3



<400> 23 tttctcgagg cagattttgc tactcttgga go32 <210> 24 <211> 32 <212> DNA <213> Atrtificial <220>
<223> primer <400> 24 tttggtaccg cagattttgc tactcttgga gc32 <210> 25 <211> 18 <212> DNA <213>
Artificial <220> <223> primer <400> 25 tcgaccggct ccagttcgl8 <210> 26 <211> 38 <212> DNA <213>
Artificial <220>

<400> 18
geccaagett cataaatcac ogogtitge 28

210> 18

211> 54

212> DNA

213> Artificial

220>
223> vprimer

<400> 19
cagetacege tggtegaaca tatpttasag gatgaagtaa ttaaacaaat tage 54

210> 20

<211> 38

<212> DNA

<213 Artificial

<220
223> primer

<400> 20
gogegatoott acttaagata atcatatata acticage 38

Q10 A

211> 37

212> DNA

213> Artificial

220>
223> primer

<400> 2
tttgaattce atgattttaa ggggettage atatgea 37

10> 22

211> 39

<212> DNA

213> Artificial

{2205
223> nprimer

400> 22
tittctagat ctaactaasc tcctaaattt tgatacegs 39

210> 23

211> 32

212> DNA

213> Artificial

<2200
<{223> oprimer

400> 23
tttotogage cagattttge tactettgza go 32

210> 24

211> 32

212> DNA

213> Artificial

2200
223> primer

400> 24
tttgptacce cagattttge tactettgea gc 32

ey



<223> primer <400> 26 ctgtcgcatg ctgactcagc taacaataaa atttttgg38 <210> 27 <211> 30 <212> DNA
<213> Artificial <220> <223> prime <400> 27 cgactcgcat atgtcgtttt tctgottagg30 <210> 28 <211> 39
<212> DNA <213> Artificial <220> <223> primer <400> 28 cagtcgcatg cttcgaactc cttaaattta

tttgaaggc39

<210y 25
211> 18
212> DNA
213> Artificial

Q20>
223> primer

400> 25
tcgaccgget ccagtics 18

210> 26

11y 38

<212> DNA

<213> Artificial

Q20>
223> primer

<400> 26
ctgtopoatg cltgactcage taacaataaa atttttpg 38

210> 27
21130

212> DNA

213> Artificial

220>
223> primer

400> 27
cgactogoat atgtogttit tetgcttase 30

210> 28
211> 38
212> DNA
213> Artificial

220>
<223> primer

400> 28
cagtogeatg cttegaactc citaaattta titgaagge 3¢

(5)



