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 samesBAGKEREUND ART [0002] Isopropyl
alcohol produced from a plant-derived material can be converted to

ISOPpropyensithoHgh. dahgtration G that R prdmisinghval BHEarb of-Reuial CING
raw material for propylene. Since all the developed countries are currently

required by Kyol§®EPRIOTH 1toA I&COTEh &S AN IS of geiBon 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
TECHoGudeisbpropyl alcohol (e.g., see Chinese Patent Application

Publication No. CN 1043956 A and Japanese Patent Application
[0001/pid-Openpidked)iiNenfdnGétad) taleadypexistlinladivrerbinuieydradtielmrand a

known to have low productivity of isopropyl alcohol and to generate
methealedhotsisciel ashuianalandlethianahasaty-products. Since the

azeotropic temperatures of butanol and ethanol are close to that of water,
BACHRGRAIffidlR rdkSeparate isopropyl alcohol from butanol and/or ethanol by

easy methods such as simple distillation. Therefore, it is thought that
[0002¢olleclsopropidajiralpyll paddabel fiom tepiastationdnedtetinbdaichdudanated to

and/or ethanol coexist(s) with isopropyl alcohol requires distillation using
propyiecittentalgiadiliiel sivch asthatactfyingrédhmas, ssathad-thert plitifieatiorrial for

process is expected to be complicated. [0004] CN 1043956 A describes a
propyhaethodb focaprd due iy doped el etharsolracetand and;udriddprdpanolfrmtocol to

which Clostridium Butanoiacetonicus G.V is cultured in a culture medium,
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 plani-derived materials to produce isopropy! alcohol {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, 1t 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
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which has been supplemented with maize and molasses, and subjecting
the thus-obtained culture to distillation redistillation and fractional
distillation. However, in Examples described in the literature, yields of

isoproRdiRN9h SHhanehCRIARE BN SERPARBA i} e LS Medivm ALe R um,

described at all, and the amount of each of these components which

whichsilﬂc%"ﬂgerh @Y%%@éhﬂ‘é’&%ﬁ? Qfgi-%e&@HQ&%@Q%@%@&%&H@%btained

described. Thus, the actual production of isopropanal, butanol, ethanol

cuuurg@@' RERIORS LML PBSESU TR N IEAIM OOl R A BLEG749%:

escribes that the culture medium obtained by culturing a bacterium of

descril® Q?E}fésh?ek%%ﬁ'?&i9@&9&1‘%&5&%@}%6%6‘1‘,%@5@%%@ W%}Jﬁ%r&e&e culture

than. that of isoprdpyl alcohol, and small amounts of ethanol an

mediATRIONR BRISARCHRIHIR d6GHRSH SNAL GreaprTe %@%@m{ip%ﬁaéﬁgl%ﬁ@should

and purification to obtain isopropyl alcohol from the obtained culture

have bR&OIMIIS aumGibedymwhishihe coltiipmediuyis flteisd: distllRdie actual

several times, concéntrated and subjected to separation by salting out to

produlRERIR BRAFARRNEWRIN.iR.38PseaYERHY SHRIGGIe RJFATHRNAL literature.

distillation by an apparatus having a fractionating column. [0006] On the

fooospther fiande {L bARBRRR KRR INALALRINRG LS AFRHES Rituring a

introducing, to E. coli, genes of acetoacetate decarboxylase, CoA

bacteliEIRSEARY thilase. whishiane siakved fremhabacterivmpidng Q8w tat

Clostridium (Clostridium Acetobutylicum) and culturing the obtaine

of isoE&@F hiRa FarPl S CanteRidI8 S daBRIMBIQ SLabndPPHEY Bidhture describes
nvironmental Microbiology, Vol.64, NO.3, p.1079-1085, (1998)).

that 2 RéRfrldASMBREIQR sEhtFANY EMTHANEREOBIFEMEI RBPRPEYGRBYGMm the
THE INVENTION [0007] As described above, the existing isopropyl

obtairi@eNRLIRr aducing BaciatibaN &L BIOJUGHVI e iSRPEORNL RIS 8BE several

in addition, produce a large amount of alcohols such as 2 butanol and

times S4HACQIARQAYZRIAURISEA theultis LA Sodhat alacinn®tontent, which

isopropyl alcohol from the culture medium is difficult, which has been
is subRégiamatichin e todrRiiidlal 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 Acetobutﬁicum) and
culturing the obtained recombinant £. coli (e.g., Lourdes L. Bermejo et al.: Applied and

Environmental Microbiology, Vol.64, NO.3, p.1079-1085, (1998)).

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] As described above, the existing isopropyl alcohol-producing bacteria have low
productivity of isopropyl alcohol and, in addition, produce a large amount of alcohols such as
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production of isopropyl alcohol. [0008] The present invention was made
under the above-described circumstances, and aims to provide: a
bacterium which generates less by-product alcohols and is capable of

butanrRLHERGH SRRV 8RR RO WIIGH: It FRKe R Putiliedi vithawWrREpIpY
a special step for separating the by-product alcohols; a method for

alcohdITREMGIRY JSRRFORM RIGR RO UEING: Ri%: BPRIQBIRY AW RMARPA 8l $n@lstrial
producing isopropyl alcohol. MEANS FOR SOLVING THE PROBLEMS

produdB80A The Msi1agpsicsiof the present invention is an isopropyl
alcohol-producing bacterium to which an acetoacetate decarboxylase

[0008RCtiVityh APrISERr R SR RAk ARAYANRUSNRSAIRRINHY @i bR HANSIRIASS, and
activity and a thiolase activity have been imparted, and which can

aims (AAMVEER: ISORIaRM RICRRRERMARlAREIsY Iy matetishdROk@liitapable of
preferable embodiments of the first aspect of the present invention, each

produ@hihBoprgicaaetis desarhoxdassi fetiviysitheliSorreaytIGRIY a special step

dehydrogenase activity, the CoA transferase activity and the thiolase

for seRFtMitY BHe esRegtively-oRiaINg thbh it Tod elion B 66 B REQHBDBMg this

enzyme derived from at least one selected from the group consisting of a

bacterRagtQHEMQfIRE AENES GlosktinizMoprbadtariamef the genus Bacillus and
a bacterium of the genus Escherichia. [0011] The second aspect of the

present invention is a method for producing isopropyl alcohol, the method
comprising producing isopropyl alcohol from a plant-derived material

MEANSIF® 8 dsoprspy agohriompaneing bacterium. [0012] Preferable
embodiments of the second aspect of the present invention comprises:

[0009¢ulturing thedsepremft micphabiradueinenbacie i vl el soipyiRga: Bas
to the mixture 3 comprising the isopropyl alcohol-producing bacterium and

bactering plawhi@rivesk saedesial: dschrooleciingdsepropyl Blgabplpikduckd by

the culture [0013] The third aspect of the present invention is an isopropyl
dehydadgeh@ddoiiiong CoA transferase activity and a thiolase activity have been imparted,
and which can produce isopropyl alcohol from a plant-derived material.
[0010] In preferable embodiments of the first aspect of the present invention, each of the
acectoacetate decarboxylase activity, the 1sopropyl aleohol 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.
[0011] The second aspect of the present invention is a method for producing isopropyl
alcohol, the method comprising producing isopropyl alcohol from a plant-derived material
using the isopropyl alcohol-producing bacterium.

[0012] Preferable embodiments of the second aspect of the present invention comprises:

culturing the isopropyl alcohol-producing bacterium while supplying a gas to the mixture
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apparatus comprising: a culturing unit comprising a mixture comprising the
isopropyl alcohol-producing bacterium and the plant-derived material; a
gas-supplying unit which is connected to the culturing unit and opens at a

comprR@SIIRR B8 PN SRR INE SUIUIRO LR SURRD: the 9351 19nd

the mixture; a capture unit comprising the capture liquid which captures

collectSRPIQRYL AlEahQlhang igeRNEF gL Which connects the culturing unit
i ) )

ith the capture unit'and allows isopropyl alcohol evaporated in the

[0013PUUFRG HRALIOMAVE G PR SRR ML E%lﬁ%o@ﬁﬁﬁ %ﬂ&ﬁ@%’r&&ﬁeﬁé‘f

RAWING [0014] Fig. 1 is a conceptual diagram showing an exemplary

R s T

alcohoTQﬁd&Q&F%%@&g}ﬂﬂﬂléﬂmg‘B%@@&E@Q&fmz@&mﬁ ﬁ‘#%l - é&?;/ig*ﬂﬁﬁ fMich is

acetoacetate decarboxylase activity, an isopropyl alcohol rogenase

conneBEHUIDHA gﬁ%riﬁ%@?ﬁ? %ﬁ%ﬁwy AnigsRiaase AEMIRY DAUSREER, the

imparted, is capable of pro ng isopropyl alcohol from a plant-derived

culturfR@tEfia 't&@%i;glﬂﬂé? g&e{@ afk Qfthernventen-fospr Qgﬂfﬂﬂgixh%f\(?%ure liquid

alcohol includes production of isopropyl alcohol from a plant-derived

which BRIl LN IHERARIPY R IrohalRIRdUG IR0 RRACHHRADRE Tulilfing unit

isopropyl alcohol-producing apparatus of the invention has at least: a

with t5&/ S Wik GRAAITIRY AbILEST I [MIKMe.saBainiNg aldeastiie iseRieRbve o
alcohol-producing 4 bacterium and plant-derived material; a

the caPR3eSHARIYING 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 containing at least the capture liquid which
captures isopropy! alcohol; and a connecting unit which connects the

BRIEPUbESOg uritostuhe caphira wiikiend allows isopropyl alcohol

evaporated in the culturing unit to move to the capture unit.
[0014] Fig. 1is a conceptual diagram showing an exemplary embodiment of the

isopropyl alcohol-producing apparatus of the invention.

BEST MODE FOR CARRYING QUT THE INVENTION

[0015] The isopropyl alcohol-producing bacterium of the invention, to which an
acetoacetate decarboxylase activity, an isopropyl alecohol 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 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 isopropyl alcohol-producing apparatus of the invention has at least: a

culturing unit containing at least a mixture containing at least the isopropyl alcohol-producing
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[0018] When a range of numerical values is shown in the present
specification, unless specifically indicated, the first and second values of
the range represent minimum and maximum values, respectively.

bacterftd{HR] pRINERIESERLREATICaHON, &I THEP LAIERAR B RiagS alphisNi ulturing

expected effect of this step is attained, and the concept of the step in this

unit aRPEGECAAN AFRINGIULES SBSRLYIRSR IR HER MAYNOLRE HegiNly the gas to

distinguished from others, such. as cases where a plurality of stages

the miﬁ{&%?g%aimw@m%fﬁlxiw@% RISEE SPECiaRlen R cindicates igpyl

ratio of the volume of a gasto be supplied, per minute, relative to a

alcohdf{ONg &ﬁﬁé@%%ﬁﬁ% SAMRISIESMD QliaHAS [HhitURRIRd Ll Gfifand

culture medium, 20 L/minute of the gas is to be supplied. The invention

allowdVUh PR P dsariRad 1001 9] sopirnvhA sahab Redu ena BagtariumiT he

isopropyl alcohol-producing bacterium of the invention is an isopropyl

[0018Rlcoh@tEpduGing DAGIRTILILIQ MG AR ACRIRAERIBLES QONYRRR:, unless
activity, an isopropyl alcohol dehydrogenase activity, a CoA transferase

specifRAHVITY: R4 & thiQlase ash\ily haveheenr mpaiied andig capablerh and

producing isopropyl alcohol from a plant-derived material. [0020] All of the

maxinf@H ¥inds qbisepreeyl alcohol-producing enzymes, that is, acetoacetate
decarboxylase, isopropyl alcohol dehydrogenase, CoA transferase and

thiolapgias hean frepariagddabaiserropkalsahak Braducing Bag RS pected

of the invention. The present inventors discovered that production of

effect SOMORY PISANAMIING thisciSORERYS AR BRLE PIRAUSRGRAGISI Wb agsdes

not generate alcohols such as butanol and ethanol as by-products.

cases wherey aefestipnafiseprapyaleabekaad hermateriefarkallyssimalere a

compared to uses of a conventional isopropyl alcohol-producing

pmramyqp@g@@gmempgydnaﬁ@@umyention, the plant-derived material is not
particularly restricted as long as it is a carbon. source obtained from a

plant gng caRable g-bainginetabehzetit@ PRt S the volume of a gas to be

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 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
imparted and 1s 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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and converted to isopropyl alcohol. In the invention, the plant-derived
material may refer to an organ such as a root, stem, stalk, branch, leaf,
flower or seed, a plant body containing these, or a degradation product of

produ8REHRLIRERE RIANE Qrgans . aNd M AddifianANengtheicaaan! SOWSSS ducts.

obfained from plant bodies or plant organs or degradation products

Therether8bRNSEr £8pARIS Al REING 1S 8d RYNICRAIIANSITAR S8R ed to uses of

sources for culturing are also included in the plant-derived materials.

a comlARZALEXBMBIRS QEHE%ICW&R&%%%&%WM% in. the plant-derived

materials generally include saccharides such as starch, glucose, fructose,

10021 PUCTOSERXYIRSS @0 Aabinase: Mlantdegradation Rrerusta CAMERDas long as

arge amounts of these components; and hydrolysates of cellulose.

it is a Gieerd @d SR RAIMR AISOERITespeRchinle %{%q&a%ﬁ%mgwmrmm

to the invention. Preferable examples of the plant-derived material used

and cdVREINVERIBR IS IMEAEnSTOPE:SHER RS ARIE AR MAARIdISeWNRALal may refer to
soybean, sugarcane, beet and cotton. Examples of the forms of their

an orgdRAYEHAS MY ateriglsdncludechui-areReidinited:to, Lrude psadeeifaining these,
juices and ground products. The form of the plant-derived materials may

orad %Q%ﬁ%mls@o@@%oﬂmé%%p&rga@,%q% A@@%%hmﬁdﬁ%@m@wbon

alcohol-producing bacterium of the invention may be any one as long as it

sourcdiahamaliibrid REadeRs PR @laphel frem-dhesenianiderieetof, those

materials, and examples thereof include bacteria which utilize

capab]@'%&‘b%@%@&@tﬁ{ié\ﬁédﬂgﬁﬂsﬁwM@Qf&nﬁs&ﬁ@@tﬁﬂﬁﬁﬂf@@ﬂ%@l@mﬁ iAtPuded in
the culture medium after certain time periods. 6 [0024] Four kinds of

the pliseRERRMaleabekRroducing activities, that is, an acetoacetate
decarboxylase activity, an isopropyl alcohol dehydrogenase activity, a

[0022F0A traasiprass: detbdiyandathiclasedetinthapeimperiedittingials generally
isopropyl alcohol-producing bacterium of the invention. [0025] In the

includ@ VeI dPaRttn ke artbaty, fauetdiiendmiptrodusinga gebRose; 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 isopropyl 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.
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encoding an enzyme from the outside of a host bacterium into the inside
thereof, also includes enhancing the activity of a promoter an enzyme
gene retained in the genome of a host bacterium, and replacing a

10024 Prompleg il RS RromAleKJR AL QY BLEXAIESSIAN A 3R LLLRYEIE

gene. [0026] Acetoacetate decarboxylase referred in the invention is the

decarm&qgéiygcﬂ%eﬁi ¥RESedich 58 Glagsiind a5ih8 ENBURE SRR ase

4.1.1.4 according to the réport by International Union of Biochemistry
acﬁmg-&ﬁ@a)gﬁfayg@gc% issiapand cAtRbRELASHANS HIIQILAING ACSIONG um of
rom acetoacetic acid. Examples of such enzymes include those derived
the inti@m,pacteria of the genus Clostridium such as Clostridium
acetobutylicum and Clostridium beijerinckii; and those derived from

[oo25PacteriaQl g gequs i?&%ﬁ‘gﬁqgﬂ% %%tﬁif?ctﬁ,' IS RT3 1888 LAS Hene

gene of acetoacetate decarboxylase w is introduced into the host

encod RRCIGTHA AL RS ANVRNTIOG:R INA DR WA BASEREAUSRGALHNESES includes

encoding acetoacetate decarboxylase obtained from each of the

enhan@%ﬂ%“aﬁéﬁ‘é‘—ﬁ‘@i‘?%@@Eﬂﬁﬁlﬁ@%%n%&ﬁﬁ@%&ér@c%ﬁbcﬁﬁﬂ%%&%@@?& ig&d

based on a known base sequence(s) gene may beused.

bacter i SIRPIR xaMPIes hihe: 9aneinsiude thergd %i‘éﬁ'ﬁjng%IQQﬁI'@&?oﬂfof an

the genus Clostridium or bacteria of the genus Bacillus, and examples
enzynip@&Rf include DNAs having a base sequence of the gene derived from
Clostridium acetobutylicum or Bacillus polymyxa. A DNA having a base

[0026?6(1u%&EébﬁegféagrggiggQeffei%gmﬂﬁil&maﬁ%ﬁtik%@%mei&ive name of

especially preferable. [0028] The isopropyl alcohol dehydrogenase

enzyrﬁ@i%’ﬁ&ﬂ RA:thadoyanyan igdhg callectye 4 lr.‘ﬁ.mﬁc%ﬁﬁﬁg mesvRIchase
classified as the enzyme code 1.1.1.80 according to the report by

InterntiieRARLIANA binNioAaEBIechemistsy ¢idBa) EnzymRCAMiSaaR 80 kactions

catalyze reactions producing isopropyl alcohol from acetone. Examples of
produsH LeBeYINEs includn.tbesederived from bacteria of the genus

Clostridium such as Clostridium beijerinckii.

Examples of such enzymes include those derived from bacteria of the genus
Clostridium such as Clostridium acetobutylicum and Clostridium beijerinckii; and those
derived from bacteria of the genus Bacillus such as Bacillus polymyxa.

[0027] As the gene of acetoacetate decarboxylase which is introduced into the host
bacterium of the invention, a DNA having a base sequence of the gene encoding acetoacetate
decarboxylase obtained from cach 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 include those derived from bacteria of the genus Clostridium
or bacteria of the genus Bacillus, and examples thereof include DNAs having a base sequence
of the gene derived from Clostridium acetobutylicum or Bacillus polymyxa. A DNA having

a base sequence of the gene derived from Clostridium acetobutylicum is especially preferable.

[0028] The 1sopropyl alcohol dehydrogenase referred in the invention is the collective
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[0029] As the gene of isopropyl alcohol dehydrogenase which is
introduced into the host bacterium employed in the invention, a DNA
having a base sequence of the gene encoding isopropyl alcohol

name SEYRAENASEONIANAT; oM, eagh.ql the above-m ?.%%%968{93%%@{3011 by

a synthetic DNA sequence synthesized based on a known base

In’remﬁﬁgﬂﬁ%ﬁ@ 8% mg&g&?smaé.@ﬁfgﬁ% n‘i@@ﬁﬁ%ﬁ@&@ﬂl& %zﬂg%% 98l ons

include those derived from’bacteri e genus Clostridium, a

produg' g dgﬁ)ﬂ}%efggﬂgpm g%léltgﬁtj]aving a base sequence of the gene

efived from Clostridium beijerinckii. [0030] The CoA transferase referred

in theﬁ?&%ﬁ@‘ﬂ@sﬂoﬁs&ﬁ% CRISHING AIAME EENAXMES MIIFBRIE T %%%H@Qeﬂ%s

the enzyme code 2.8.3.8 according to the report by International Union o

Clo szﬁiz‘?&;ﬁ%ﬁﬂﬁtﬁ)! @lHﬂ%&i%ﬂﬂ?&ﬁ?@miSSion and catalyze reactions

producing acetoacetic acid from acetoacetyl-CoA. Examples of such

[0029§NZYMES IR &E’&@“@é@@ﬁé&@%ﬁ%ﬂ&%&%ﬁ‘%&81‘1'&@;11@&55@9&%19 the host

Such as Clostridium acetobutylicum and Clostridium beijerinckii, bacteria

bacte@iANE FEWR Bl%%l?ﬂﬁ@ﬁHﬁha%ﬁfQ%%QH%aai%E%étyéa“&&agﬁﬁi@gn@&coding

genus Faécalibacterium such as Faecalibacterium prausnitzii, bacteria of

isoprd€l ARSI GORYARAEEHS. IYRANGPAMAS SUCHAG: TRRANASATALN YAELARs or a

bacteria of the ‘genus Escherichia such as Escherichia coli (E. coli).

synth¢HOIPAS NG ARG Atifc Qo HMASIRTESS WICH IBIEIQAUERLITIO MENRSE may be

bacterium of the invention, a DNA having a base sequence of the géne

used. NGRAIRG RIFMSIBERE DRt AL LR QLS AP BUEHRE HIRETenus

organisms or a synthetic DNA sequence synthesized based on a known

Closx@éﬁﬁn?%ﬂ&!%?% l@f%@&@ﬂﬁ&ﬂ@bﬂ@x@%@h@ Q@a@@&%aﬁ?&%&%@%@fﬂ% derived
gene 8 include DNAs having a base sequence of the gene derived from

from PASIEIA0, Mg geaus:. Clostridium such as Clostridium acetobutylicum,
bacteria of the genus Roseburia such as Roseburia intestinalis, bacteria

[00309f thegenus A aeralibACI UM gUENIRS FRAGRIDRGIRI LoMe R AUEANE b T enzymes
bacteria of the genus Coprococcus, trypanosomes such as Trypanosoma

whiclPEuCBla @b Racterda phthe gsnus Esahgrichi.suers Escherohidsalional Union

More preferable examples
of Biochemistry (LU.B.) Enzyme Commission and catalyze reactions producing acetoacetic
acid from acetoacetyl-CoA.

Examples of such enzymes inciude those derived from bacteria of the genus
Clostridium such as Clostridium acetobutylicum and Clostridium beijerinckii, bacteria of the
genus Roseburia such as Roseburia infestinalis, bacteria of the genus Faecalibacterium such
as Faecalibacterium prausnitzii, 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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thereof include those derived from bacteria of the genus Clostridium and
bacteria of the genus Escherichia. A DNA having a base sequence of the
gene derived from Clostridium acetobutylicum or Escherichia coli is

includ€IPRAMAIEIGraRle {003k Urerbiglasadairisrhin Haednveation e

collective name of enzymes which are classified as the enzyme code

Clostréimn QRECY ARG, 10708 IRPRIARY/IPISINGena) HUrign L BIRCheMIS ¥uch as

(1.U.B.) Enzyme Commission and catalyze reactions producing

RosehPFRIPACEE b Etom BERNYICRRA. FRmRlgs: Sl shcheNZyY MEs NYHLE 1um

those derived from bacteria of the genus Clostridium such as Clostridium

prausAFSORARAICUDT R4 Glestrigium Relisrineki hacteua RhtRe T88IMS soma brucei

Escherichia such as Escherichia coli, bacteria of Halobacterium sp.,

and bé%@é}%%riff ﬁfetﬁémﬂﬁﬁ}é%m&oﬁéﬂ@@ﬁ%@@%@@cﬁfﬁa%%r@?&%ﬁ@&&nples
Rhizobium sp., bacteria of the genus Bradyrhizobium suchas

thereoBIRAYIERIZRRILAL-IARANIGITL RAGAF AfDE9RRYS HAMIPRARIEE R4EHA 88 the genus
Caulobacter crescentus, bacteria of the genus Streptomyces such as

EscheHRROMY SRS COUiS. » Basiada ohthe, pRRUS FORIQROC RS SURR RSium
Enterococcus faecalis, yeasts of the genus Candida such as Candida

acetoMIQPIRANS othes grMug: i elianthus ébialeraserelsttich as Helianthus annuus,
the genus Gallus (Phasianidae) such as Gallus gallus, the genus Rattus

[0032{Muridag)iiss1eheas RattHm MREVB JickRn eSS By ISc S (RHRAD) S haS which are

Sus scrofa and the genus Bos (Bovidae) such as Bos taurus. [0033] As

classitha GepR ehihialaseuwhich s lpbaduced o ek Pasiariumsaadiihg

invention, a DNA having a base sequence of the gene encoding thiolase

Biochebiaiped iopgach gt 8dheahove-meniianed arganismsanrisytbatiscetyl-

DNA sequence synthesized based on a known base sequence(s) of the
CoA BemenmRa)-te ysed. Preferable examples of the gene include DNAs
having a base sequence of the gene derived from bacteria of the genus

Clostnigisnp R4cT ascidpstridivmaegiabely lituniaingdal ostreiia f the genus

beijerinckii, bacteria of the genus Escherichia such as Escherichia coli,
Clostbagieradf Halohacteriwmg e shaciena aidhe gendsLoeglaeacstiChacteria of the
genus Escherichia such as Escherichia coli, bacteria of Halobacterium sp., bacteria of the
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 Strepromyces such as Streptomyces collinus,
bacteria of the genus Enferococcus 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 Rattus (Muridae)
such as Rattus norvegicus, the genus Sus (Suidace) such as Sus scrofa and the genus Bos
(Bovidae) such as Bos faurus.

[0033] 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

9



as Zoogloea rarnigera,, bacteria of Rhizobiurn sp., bacteria of the genus
Bradyrhizobium such as Bradyrhizobium japonicum, bacteria of the genus
Caulobacter such as Caulobacter crescentus, bacteria of the genus

the abSHEERIQINYRES &%%Bié%ﬁf%@ﬁ%ﬁ?&@i%u@ﬁ@é%ﬁtﬁééﬁﬁd%E&Jﬁon a known
Enterococcus such as Enterococcus faecalis, yeasts of the genus

base sGRRAASUEMAS Fandidatiapicalisdhe.Benps Helianthus (ASterRceaeDNAs

such as Helianthus annuus, the genus Gallus (Phasianidae) such as

havinGAUS Salusidbe aRaYS Rty Mpsidan) sYeh AR UHSs ROSVEHISHS 0% as

genus Sus (Suidae) such as Sus scrofa and the genus Bos (Bovidae)

Closn«‘?&&%ﬁﬁe%%t ié‘LHﬁ_-aMPC‘?a@fﬁEﬁ%PFeﬁé@ﬁ&@l@%ﬁ%@é‘?%mwQ@nﬂloﬁﬁ‘cherichia
derived from bacteria of the genus Clostridium and bacteria of the genus

such a5 $GDREIGDIR: BPH, BJNARAVIRGB PR35S 529 BEEALHEReREdS BE/0ea such
from Clostridium acetobutylicum or Escherichia coli is especially

as Zod¥RRI akieit003d] AR MesRiAach obibr akayeniobE KInds LhARZYMLS such

is preferably derived from at least one species selected from the group

as BrRPBISInG Rt hasieta. of be:enus Cleatidiums, hasteriadf dhe gepbscrer

Bacillus and bacteria of the genus Escherichia in view of the enzyme

cresceEIN DA I DRIEEKIRISMPFERrefesable.arey WHIBIE:s, bacteria of the
acetoacetate decarboxylase and isopropyl alcohol dehydrogenase are

genus §8HveLdm abaderupybasialia e grnus Glartidiim@ndithe Gofas

transferase activity and thiolase activity are derived from a
CandBoiopuRagietdenat theraemis Esabriichia.sapsl therersesvhera.all e genus

these four kinds of enzymes are derived from a bacterium/bacteria of the

Gal NS GIQEIEiiU. JO03B)Mehaiticualseachrofthe fouw keysueh enRanes

according to the invention is 10 preferably derived from any of Clostridium

norve SeRt0BIGUNS Ll oStitdiedeaieringkicane fmaaherehia ool Myiewsof dieh as

enzyme activity. More preferably, acetoacetate decarboxylase is the

Bos rehzymeviadyeerfianicGlashiiivmasefohtbdic uimseashvell Go bacteria of the

transferase and thiolase is the enzyme derived from Clostridium
genusaCkRiohdtylicand ehclesieharibbigeaol RokisopiopdicON detiydroganaseuence

is the enzyme derived from
of the gene derived from Clostridium acetobutvlicum or Escherichia coli is especially
preferable.
[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 acetoacetate decarboxylase
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

enzymes are derived from a bacterium/bacteria of the genus Clostridium.

[0035] In particular, each of the four kinds of enzymes according to the invention is
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Clostridium beijerinckii. Especially preferably, in view of the enzyme
activities of the above-described four kinds of enzymes, the acetoacetate
decarboxylase activity is derived from Clostridium acetobutylicum; the

prefer%i)%?gpﬁémeﬁlﬁm Ldehydrogenans, acivibgisisleryadfom; GIostigiwei and

eijerinckii; and the CoA transferase activity and thiolase activity are

EscheAERYESD [T ESEBLINIALMME [O09R) The@eliviRy il eRch Qlidhiess e

enzymes in the invention may be introduced from the "outside of the host

decarPRAGELD dQ e inside fithshesh brmigim. L5 Alisroaiivehsthe Coa

acftivity of each of these enzymes in the invention may be realized by

transFQYSTEXRIESSIAN f theLRZYMRGENER B eNhangement ol aekivityAfa
promoter(s) of the enzyme genes retained in the genome of the host

EschePREISUHIM QL SRIBRETENEAIINERIAMELEHS) Wih-anolhes BEAMQLeHS) tO

cause overexpression of the enzyme gene. [0037] Introduction of the

Clost/SIENTR ASHYIHES W}%\p&@aﬁg&%@e%}{%%{vekech@xénwﬁ@@y&mﬂ&f&haw

genes encoding those four kinds of enzymes from the outside of the host

above RRSIEIHAN NP hRIINHAR QfThe MoskbRAIQEME SN SENRIREAMRINAHSAVed

technology. In this case, the introduced enzyme genes may be either

from NOSFiHAM Le SR OnAHRr theospesies abthe heskaelly is derived
Preparation of the genomic DNA, cleavage and ligation of a DNA,

from RRSINMANED. iR ARalReEase FhARARALtIANy dagighiand syiNhesise

of oligonucleotides used as primers, and the like may be carried out by

derivdde-&@wvenienalmethods well-known by persons skilled in the art. These
methods are described in, for example, Sambrook, J., et al., "Molecular

[0036€1oniNGAbabeyapridanurk29cond Seitionn kb RERobEatkeuced from the
Laboratory 11 Press (1989). [0038] Any promoter may be used as the

outsiderenmtelusesiananhancempridf dhepramotast@aiiMityQllternatively, the
overexpression of the enzyme gene as long as it can be expressed in a

activiROst &G bashdse eally Mok BXAN SO OIS e esNEAJopbiareir®ision of the
phages, such as the up promoter, lac promoter, PL promoter and PR
enzyni QEHASH REQNSRENRHO TR S ardiciphydesigRpdiakc enzyme genes retained in
the genome of the host bacterium or replacement of the promoter(s) with another promoter(s)
to cause overexpression of the enzyme gene.
[0037] Introduction of the enzyme activities may be carried out, for example, by
introduction of the genes encoding those four kinds of enzymes from the outside of the host
bacterium into the inside of the host bacterium using gene recombination technology. In this
case, the introduced 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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modified, such as the tac promoter may also be used. And, as described
in Examples of the invention, the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) promoter, glutamate decarboxylase A (gadA)
Press @r@gf;ter and serine hydroxymethyltransferase (glyA) promoter may also
e used. These may be appropriately selected depending on the origins

dt . F t ,
[003 Sﬁ]ne a)égl\?@?éf t%eﬁ%ﬂﬁ? ﬁsléﬁ%q t{w%%?gilsneo?%r%m £ eﬂ%&?&yﬁ?&ﬁ%ﬁ% Fqgmoter

iolase or CoA transf erived from. Escherichia colti,

activitd ¥ W@@Qﬁ?&é??o@@%’ tﬁ? H55Hh854009.83 Uthey @%ﬂéﬁ&&é@é@&%oe{‘h%fs{%ﬁch as

eénzyme In"a host such as E. coli, and one or more of the promoter may be

E. colﬁprS’Péi%%gi ,eé?&ﬁ‘?&é??&%rﬁ@@dgﬁ%HPEfc%%?HEgJ%%eEf QRARLRORS S Moter, lac

e
of the trp promoter, lac promoter, PL promoter, PR promoter, tac

prom_o‘?éﬁ@9@6%&#&3@??%@&%@Qr%p&%%ﬁ delydredenasEsan R ned or

promoter, glutamate deearboxylase A (gadA) promoter and‘serine

modifIYCQYYREYIANSISIARE (GlYA)BOMALE- PIAMOIE R YA ARG Mibles of the

promoter, lac promoter, PL promoter, PR promoter, tac promoter,

inventﬂ%cﬁ{@%{?@é@ﬁi&i%@%pﬂ%?{)ﬂ?@ng&%é%ﬁgs(%@ﬁ@ﬂmEﬂmﬁg%r, glutamate

glutamaté decarboxylase A (gadA) pfomoter and serine

decartfYJIQRY MM ARRIGIASE a(&iys%?iﬁéq{{z‘&f&[gﬂ@(h%ﬂdﬁ%?&é eRIRS IBIi]@lrlnoter may

promoter for thiolase or CoA transfefase derived from Escherichia coll.

also bEAQAE] THESG %9@9&%?9%3%5%&%’%%%&?&%&5@9&&% BH%B@%U@&E%E’&'}Q;JQS of the

a conventional method such that the target enzyme gene may be
enzynfO$RI&SSEd 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

roo3ointrodugtion ofiRervpEton iRl heslerlitqaetrerwitbbe @NEYME- a8 A&

2 [0041] In the invention, the host bacterium is a prokaryote which is
derivedSRoHIOE AR AYEHRR7 05 b e QRNRS &Y cRAING the dolnkinds o #R7UNEeR @

acetoacetate decarboxylase, isopropyl alcohol dehydrogenase, CoA

expredsaisigrase AR biglaseChRIPkAYSIC WAIGH:IS thtotargethef RItheEr may be
enhancement of activity of promoter(s) of these enzymes or replacement

approffithey REpPRIEH S FaiiRis D PEausPIA-PasteRkmdReludRiRaciea @b hiemoter,
genus Escherichia,
lac promoter, Py, promoter, Py promoter, tac promoter, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) promoter, glutamate decarboxylase A (gadA) promoter and serine
hydroxymethyltransferase (glvA) 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.
(00401 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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bacteria of the genus Bacillus and bacteria of the genus Corynebacterium;
and Escherichia eoli, which is especially convenient and has yielded
plenty of results in industrial uses, is preferably used. [0042] Method for

10041 Prodygtionip{dsapromd Alcphaldihemethad IorRIRANEHIN Of S@REPRMkoduction

alcohol of the invention includes producing isopropy! alcohol from a

of the %@ﬁ%@ﬁéh@ﬁg‘?ﬁé%é} K309 dhenSORERY!;RIGE Rk REQRUSPE-RARIE IR Ghy]

e invention. Thereby, it is possible to produce isopropyl alcohol having

alcohdVEEhPUREYWALROET, QeRGERIRAG OIE T ATAROIS A5 PYRRFOSGIT i 4She target of

according to the invention, it is possible to produce isopropyl alcohol

either %ﬁﬁgﬂc@ﬂﬁrﬁfgf’@ﬁﬁz}@’g{ﬁﬁf&ﬁ%%@r& aeomplisried Aregassct@bnt of the

separation of by-product alcohols. [0043] This production method includes

promAcRethog includingragsimiiaing A RlarkHRr vedemaetrl BheyIERG 18a,

isopropyl alcohol-producing bacterium in a mixture containing the

bacterdBQRTORYI RGO RALRIRdMEING hagtesium ardube plant erived materab/anhia

after a certain period of time, purifying iIsopropyl alcohol secreted in the

coli, WHR BIRAINMUSING:AiKROWMR HECHRIGUE (ShanchrassdisfillatiRmstrial uses, is
membrane separation and extraction. [0044] The mixture in the production

preferiiihadof isopropyl alcohol may contain mainly a basal medium
generally used for culturing bacteria, and any medium may be used as

[00420N9 agdinis aomedismmarealyses dapgrging on the type of the
iIsopropyl alcohol-producing bacterium. 13 [0045] Such a basal medium is

not parEcUiaisdmites Rmend 85iHbis QUi GANRINRERi SR tRRdes
source, nitrogen source, inorganic ions and, as required, other minor

produCRIPRIPEEIISE ASIRE! ERIRQTHAHIEE: SALERABE SIS SHENRS 9leesa.- betose

and/or molasses; organic acids such as fumaric acid, citric acid and/or
produSHECHIQARIE: alcabalsauaihas methanol, ethanol and/or glycerol; and/or

the like may be appropriately used.

Thereby, it is possible to produce isopropy! alcohol having high purity without
generating other alcohols as by-products.  Thus, according to the invention, it is possible to
produce isopropy! 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
technique(s) such as distillation, membrane separation and extraction.
[0044] 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

bacterium,
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As the nitrogen source, inorganic or organic nitrogen sources such as
organic ammonium salts, inorganic ammonium salts, nitrate nitrogen,
ammonia gas, aqueous ammonia and/or protein hydrolysates; and/or the

[004511ke magyibe ARRrRIIEIMUSSD A% S NASRNIG 1A0R . ERNESHITHIORS.

phosphate ions, potassium ions, iron ions, manganese ions and/or the

contaillkf D% DS, RBRIOPHARIYHSELRS aaHirgs (00401 S R ATEaRISIIPHinor

component(s), vitamins, amino acids, and/or yeast extract, peptone,

compo‘h%h‘@?PEQQﬁxe%%fﬂiB&S%%&Jég UL GASRIK, g&‘ﬁ%@@@@fs&b E-ike Comainingolasses;

vitamins, amino acids, and/or the like may be appropriately used.

organit QYRERIPREI S AEERUAART ARRINEH RYIWMAQNERI REQIGH NG AV EIZY e thanol,

or acid, and all of its nitrogen source may be regarded as those derived

ethandT QR SERFQIRIN. AlRqugh 11%?@5%9%%@3@%@ gssmall amount of

ammonia nitrogen measured according to the analytical value of

PolypgRiaR&iLeR36A fromNnaR BharaceMticRlt Qoukidis Baneraiesthic

The components of polypeptone include, for example: 12.5% by mass to

ammonfhin Y, Massfic ﬁiﬁ%ﬁﬂlﬁ?Eﬁﬁﬁtﬁﬁﬂéﬂié@%%ﬁ,matga@;5@10 abYs

mass of amino nitrogen; 4.0% by mass to 7.0% by mass of superheat

ammo?ﬁ§iMBr%gtaéP@&)ﬁ%&%}91%@%@!@@%9@9%;&9%1@(@?@@&1. basege

on the total mass of the polypeptone. Normally, the content of the

inorgaRRMBRLIRAS R Al 1&%5%6%‘,@@&%&9% 2 12 Yoriyvinin BRse ions

preferably in the range of from 0.1 to 1% (w/w). Corn steep liquor is

and/o0BtRINRARY, 6eRERRS m%%@ﬁsié&lﬁhe{&ﬁﬁélﬂid which contains soluble
components eluted during soaking of maize and components produced by

[0046lactic acidy 4 LermBRStIAMMAGRIANG IMigsoRIRInMREdBIah A W-edaB6xtract,
1948; Vol.12: pp.297-311, its components are, for example: 45% by mass

peptod®, pedPrRYBIRSERh WY 1idubto Adnassda 4mlbr Bemrse@tthatetakamins,

nitrogen content; 1.0% by mass to 1.8% by mass of amino nitrogen;

amindadia¥0 AR Mass 100 AQYbYppassatarplalée. nitrogen; 0.1% by mass to

11.0% by mass of reducing sugars; 5% by mass to 15% by mass of lactic

acid; Pibvhypaasssta ARy BReRE@f 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 nifrogen; 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 ash content; 0.1% by mass to 0.3% by mass of volatile acids; and
0.009% by mass to 0.015% by mass of sulfur dioxide, based on the total
mass of the corn steep liquor. According to the above components, there

fermendSaBPOSSIILY DAL INAGRRCO NARIRG SORROUAES 194 &WS}Q-&%@’M} 1, its

which may produce ammonium ions in water are contained as the volatile

compdHIRISHY, ?%%Xﬁ{pi@’_ﬁﬁ%b%ﬁ%s“%’@%%tﬁggﬁa%%?%%@ly ARMONMN 16 4.5%

ions, the’ ammonium ion content is only 0.008% in a medium containing

by mags%iQElg%@aﬂﬁ@leég%rntgﬁf 1 ﬁ'&%q%l}g%rtbs ﬂgmﬁgﬁgﬁ%no nitrogen;

concentration within the range of 0.1 to 20% (w/w), and preferably used

0.15% A AELNGE AN WIHAN 18, [N AhORH0 d Yo Wik YERST LSRG RASs of

been disclosed as‘containing amino acids, polymers thereof, nucleic

reduciﬁgg@éfgﬁg% Qroanic geids.andngrganic §a|&?9%gy%§§§rgm@‘;@59qnass of
analysis data {Catalog # 211929, 211931, 211930) of'the yeast extract by

the asBRARGEIAN D fﬂ§%’%@ﬁ%%8ﬂﬂ§§w)f inareapic. RS inglukhiog, %lﬁix'é@’to

magnesium, potassium, sodium, chloride, sulfuric acid or phosphoric acid

0.015A' 6,686 BEL RIHIKEAISHACHSRCHRUBR OLCOMARHIES WHIIEL, R,

produce ammonium ions. Components of yeast extract are, for example:

Accordinf 8 A% MRS QPSR BIFROSN COMERE S A% R 5RRESBAAMING compounds

nitrogen ; 13.1% by mass of the ash content ; 1.0% by mass of loss lost

of up RYINGLHA R REMASS Hoaadium rRIRRde: AdnL0.R¥.RY Mass el ehe

total inorganic salts, based on the total mass of the yeast extract. [0047]

volatilERgARAHNLAkNe Riantderived materal i dhe-mixtweyaligs HeRanding

on its type and the activity and number of isopropyl alcohol-producing

ammoPAGIENIA cORAIPRLIN MLy RS, I gRneEBh NS SETINE YR eep liquor.
concentration may be 20% by mass or less in terms of 15 glucose, and

Corn dR2Y H@LBE%E%@Q%Q Yk npssHestA8AING RS Rt d0aesIabthevs (wiw),
mixture, in view of the sugar tolerance of the bacteria. Each of other

and pRARAIPERIE May-Headdacatamianeuahal which imposmally added to

media for microorganisms, and there is no limitation thereto. [0048] A
compyyRd saniaimngbRitiagen saa hedpreisabluiwiberrddes fmthe hereof,

mixture
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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containing the isopropyl alcohol-producing bacteria and plant-derived
material, in view of improvement of productivity of isopropyl alcohol.
"Further added" means that a nitrogen- containing compound which may

glucode® %&%@B&W‘?&Bm i H}_W@E@Qé&??&%ﬁk@@%i ARSI IR mixture, in

content higher than that contained in a common culture medium. Thereby,

view 3?%&%@@599&4!3%9@8# &@QH&E}%W%%WF%%Q?%E&@ ﬂi%‘ggrzﬁidgzd at an

medium containing a nitrogen-containing compound(s) other than amino
a1n.0u1?tcég§yﬁltcﬁ H'ghﬁﬁﬁﬁﬂﬁeﬂﬁgﬂqg Ma EB?HH&%S&M §h&e BRAMALEYHER imitation

condition. The timing'when the nitrogen-containing compound other than
theret@Mino acids is added to the culture medium may be either before starting

the culture or during the culture. [0049] Examples of the

[0048?itrogﬁ%‘&ﬂ(?&%!ﬂ&%&ﬁmﬁ%ﬁ@ré@&%éﬁ‘ BY PrORIRASAR: AT 18R ixture

water include: inorganic and organic compounds having ammonium salts

contaiGAS ROPRNUR SHHaIR 30 AN LR ARNQNIREa %1 3 icw of

aqgueous ammonia. The nitrogen-containing compounds which may

impro%%ﬁ‘f%iaﬂm&lgﬂw& i%?i%ﬂ\ﬁteﬁ&ﬁ{& comaingd ARO2H MY, Mi%’ogen-

that is a common medium for bacteria, and at 0.02% (w/w) in MS, that is

comaiaﬁ}rfgg%h%%mm%m@qwgéﬂe%@eia!,y%.mmm COHH SMECIMBMAYed in the

contain the nitrogen-containing compound at a higher amount than these

mixtuld HILLIRNUNEASEING Yield RSeRIpYl JGehok Jnithe IRKERHAN. ITHHIRWY, the

of enhancement of the productivity of isopropyl alcohol, the

isoprdPYIogEsERPIAINNG LOMRAUNGNIICH MAYIREPHUGR AR ABURAN KRN
water is preferably added before culturing such that the total mass of the

nitrogRITESRR ALAMS i dDEIErBRAY L. RRIMES 00474 19 AR A% MM FRIRtR:

to the total mass of the culture LL6 medium at the beginning of the

that/(ESNEUTREOf HheMPduig TS RhMass Ofithe D FREhAIARSd8-RRAIgining
preferably 0.04% to 5.30% (w/w), especially preferably 0.04% to 4.24%

comp&YAN LB HHSCRASR0Tabs O Hasd is arsumeektoigh th-g- 10RRAk before

addition, the culture medium may contain other additive components
startipd¥Righcargrdsvallyiprddrdtaupedia for microorganisms, such as antibiotics,

at concentrations at which
[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 suifate and ammonium nitrate; ammonia gas; and aqueous 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 0.062% (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
isopropy! alcohol, the nitrogen-containing compound 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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they are usually used. An antifoaming agent is preferably added to the
culture medium at an appropriate amount for suppressing foaming.
Examples of the medium used in the invention include: liquid media based

mediuﬁ{‘a@%@&%ﬁ%ﬁﬁb@qimﬁm&%@tﬁ@%@t@?ée%@ %ﬁ?%@?&?&éﬂ?@o@@n

agarose. The medium is preferably a liquid medium, considering that it is

atoms3Y %‘Pé%ﬂéf%ﬂélﬁy%MWEQ%%%'{WJT&Q}L%&QTM%Q% 8.00edim 40 {(wiw).

which forms the’liquid medium includé those usually used, such as

n thisdcl%ié',efjﬁ’x‘@?ﬁ@ﬁ{ﬁ%t%%%&nm&ﬁﬁr?é? no particular limitation to the

culture condition employed for the culturing in the invention. In

{0050 MbOdinERSNNELYIIHED G DAY PGSR LU HAR RRORIH FONDIHBR b are
i

with appropriately controlling pH and temperature so that the pH becomes

usuall PANEEADIEQTARLP i MIUE iﬁﬂ?,fgﬁ"a‘ﬁ'é{siQﬂﬁﬁiéﬁ@Q%P@&&@xﬁra%ﬂsﬁ%ﬁwhich

emperature becomes in the range of 20C to 50C, which is preferably in

they af0@.{8N8EREZSCAR A2 d00n2h b MelhedLiat caleatignfisRFORM dium at an

alcohol accumulated in the culture medium is not particularly limited, and

appro??@t@@i'@&ﬁﬁ%%kﬁ}ﬁ@gﬁr% methed in which bacterial cells are removed
rom the culture medium by centrifugation or the like and isopropyl alcohol

is thep sepALRLSERY AN M AL AL BIRINRhsHeR AR diatiRHANLed on an

membrane separation. [0053] The method of the invention for production

aqueoRf I$QBIARY halcahel Mmaydnaiudeo PracHiiping o atialn AnRRPIORIR edium is
bacterial cell number and/or an appropriate level of the active state of the

preferBIPORYLRAIGRAALRIQIKSIAS: 1311R bepjseth Refugsipaiguringfor

producing isopropyl alcohol. The preculturing may employ a culture

ExamBRAGHQR whiehus hdanammealiuaachanck dRRaR deentnen BIit@QhR8 usually used,
Isopropy! alcohol-producing bacteria. [0054] The method for production of

such 45apyomP alsebhahotthe-lvention preferably includes: culturing the
isopropyl alcohol-producing bacterium with supplying a gas to a mixture

[005 1§oNntairiBg: e dsppinpyiaicehalnl esuaing pacteimidAd 8oyed for the
plant-derived material; and collecting isopropyl alcohol produced by the
culturfti €he invention. In embodiments, the culturing may be carried out under an
aerobic condition with appropriately controlling pH and temperature so that the pH becomes
in the range of 4 to 9, which is 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.
[06053] 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 1sopropyl 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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[0055] According to this method, the producing bacteria are cultured with
the supplying of a gas to a mixture (aeration culture). Due to the aeration
culture, produced isopropyl alcohol is released into the mixture and

norma%‘{ﬂ?s%%%%ﬁ %Sgnﬁkeoﬂ‘iﬁ“{ ¢ h@?s%%w}'aﬁQSlzﬁ'é%c?&ﬁ&%ig%BE?t%}g.

cohol can be easlly separated from t ture ium). Since

[0054 rw“f}‘?é’dfeﬁ%%%# @l%ﬁﬁ?ﬁié%%‘%’il‘és'%gbg%@?élﬁ?gﬁﬁ?%ér&%ﬁ%%ﬁrﬂ%%%%gﬂp

ncrease o entration o a In the mixture can

S ek RN R e e
mixtu%aéoﬁ'éﬁgﬂl%dtﬁg f%%%f?%@él&gﬁﬂﬁk‘ﬁ&g%%%ﬁ%%&?ﬁé Hgﬁ{rﬁggved material;

oxygen. Examp e Oxyg e air, and a mixed gas

and ccﬁ?é}@%i%g?aﬁﬁf#%ﬁ& ﬁp&ﬁl&d%%r&%ic f5). These gases are preferably

sterilized. mples of the inert gas w may be used include N2 gas

[00s5¢nd f%@cgﬁﬁﬁg {5UGR 28108, R gﬁ&&%&g%&&&% ANANINGREHD supplying

view of handling, N2 gas and Ar gas are preferable, and N2 gas is mor

of a g eleI ARG, IA05LLMNeR R pixed Yasisitised g TG A0 MAY 06mropy1

arbitrary as long as the bacteria to be cultured do not lose their

alcohAMNYFQI09LGALACWYILGSR: (R EMAWUDSAS e miing; LRHO AhiNGdN8tult, the

gas(es) is preferably in the range of from 10 to 90% based on the total

produ@%ﬁ%oﬂgo Mxed19a3 12 @z&kq}@’r Qéﬁﬁ%%irfgof&rtﬁé AR RR i@f’e@ﬁm). Since the

appropriatély suppressing the "activity of the isopropyl alcohol-producing

produPafiEsEuI AR AR R SYER a@eﬁ%ﬁliﬁ%*?ﬂﬁ%%aé{ﬁgﬁd?@%@%#%e

a specific mixture to 18 ensure deration in the mixture. [0059] The

conceRIPRIA QiS85 LA QRIAE 1R MiXIUFe i oL ! IEQSSWhe@Qﬁg¥§U&ﬁSE here is

used as the gas, aeration is generally carried out at 0.02 vvm to 2.0 vvim

no neé\PcARRIPH MRS (L HMIRUIL, VR ng@l'rM%?@dQ%ﬁ%%&@Hﬂ#?@ isopropyl

preferably at 0.1 vwvm to 1.5 vvm in view of suppressing physically
alcoh§@maging the bacteria.

[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 Ny 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. [n embodiments, the mixing
ratio of the inert gas(es) 1s preferably in the range of from 10 to 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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[0060] The culturing is preferably carried out with stirring the entire
mixture. Thereby, the isopropyl alcohol-producing bacteria and the
plant-derived material are well mixed with each other, and the gas

ensurcSHRRMied intg the mixture is allowed to efficiently diffuse to the entire
~ mixture. fo_0611 The cUItur_ing may be_ cc_)ntinued from the be_ginning _of_ the
[005 9{#“9%@ %%_c?*&aﬁté%ﬁg}fzé g&f ived. matgrialis ceOsUMe drarddnt Wﬁeﬁ%\r{gm“ air is

e isopropy producing bacteria is lost. The time period of the

used a@fﬁé‘g g X&gﬁ%&ﬁ%%ﬁg%ﬁﬁyo&ﬁt}@dwa%éﬁ'@@ﬁt%@/@@%‘? &\if%ﬂprﬁ’&dﬂion

E

alcohol-producing bacteria as well as the amount of the plant-derive

volum@ﬁ@ﬁ%ﬁ’qgﬂgv%é’ﬁﬁﬁﬂﬁﬁ%' %%J&ggﬁ%@ e BfLLBE RISETRY & RS m in

or more. On the other hand, a the culturing period may be

view Mg%g%l ‘ﬁﬁ?ﬁ@ﬁi?ﬂ&%ﬁ%ﬁ{é){&v. i&gr}g_e plant- derived material and/or

the isopropyl alcohol-producing bacteria, it may be generally 5 days or

{0060} S, @fa%f‘é‘ﬁﬂfab{ngﬁmléfér%lk‘?éérrm’&“e’\ﬁftm‘%ﬂﬁﬁ RESIGATTIGISRRY: Thereby.

es
0062] In the collecting, I1sopfopyl alcohol producedin the culturing and

the 1so§§8ﬁ‘%?5?90f{81%r$%m %&éﬁe?%@%%%lﬂ’&l@%@@ hir e coURaIRGxed with

may be generally one by which isopropyl alcohol which is in the form of

cach 38§ ARG £ PRI eHRLARIHENG AR RS, (TP Ql A APRIS: 68 ntire

collected. Examples of such a method include collection intd a collecting
mixtyHNit such as a generally-used closed container. Particularly, in view of
ability to collect isopropyl alcohol solely at a high purity, the method

[0061 PreferaRIvINGIHAR S GOHAEHRGN AR GRRIERYAGOROL BERACAIRATTRRM A8 plant-

mixture, a capture liquid which captures isopropyl alcohol. 19 [0063]

derivePAMRES 0L IR GARIVER LIAKIGHOLGRRIYIRGHS RS laebRd BRI Ing bacteria

water and organic solvents. The organic solventas the capture liquid is

is lostNOtiited-a% IRR0-29HE &liRWshdseprapytaleah) ta disselva&asily activity of the

thereinto and it has a boiling point with which it can be separated from

isoprdpPRERRYLARRL AR dds digtiled IR the AAUEAUS AlANSRILIERANYYBIRE], and
containing) state. Examples of such an organic solvent include toluene,
may HRetlorMamidemore, 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 alcohol-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 liguid which captures isopropyl

aleohol.
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and dimethyl sulfoxide. The organic solvent as the capture liquid may be
used with being mixed with water as appropriate. [0064] The capture
liquid is preferably water. Since volatile impurities expected to be

10063 Prodysedingethier Wit iseRigrY AlColal AIGIESS SAVIE Iyt i@ ater and

isopropyl alcohol, water may enable t0 efficiently separate isopropyl

organi_@l&ﬂbé’xlﬂfsr.o Wa@&ﬂ@@%@%&ﬂll?&éﬁhﬁe iﬁagf&’ f?syh@'! GRheLGe %ﬂgtgﬂgt%fﬂows

isopropyl alcohol with the capture liquid may be carried out for a length o

isoproPW%M‘ﬂH&f‘t&scﬁéggﬁjg RLIAY IQRaRY EﬂilFRfi%'stQ b isSAMRdIRHRG RIS be

iquid. Dissolution of isopropyl alcohol into the capture liquid is not

separa%@?f&ﬁ’ﬂ%gﬁ?miaﬁdm_ %&l}{‘?t féatﬁ‘é"r.'ﬁ?eﬁqﬂiql-bga @égﬁ@&té@solute {non-water

above-mentionéd organic solvent, and usually sufficiently attained in

contaif[i‘f‘ﬁ%%l%t_@pu @xéﬂ?%ﬁ’e@ R Aissaltinn ofisanaRYLAlag H%&tQiH?&lﬁ?ﬁFH{%mide

iquid, it is preferable to directly inject, to the capture liquid, isopropy

and diRlc@RPLWRichvasspRAalad frerdhe MXLFRANA]S: NGRS frm&f 9AR Bling

droplets. This injection causes bubbling, which accelerates dissolution of

mixed SARIARXLAISARL R4k capture liquid. [0065] The method of the invention
for producing isopropy! alcohol preferably includes liquefying isopropyl

[0064?'Cohﬁégm@@ﬂqﬁm&;ﬂ%}iﬁw%&fprem@mﬁaalm%haggﬁepxkpmd to be
| ecl

alcohol with the capture liquid, in order to increase the co on

produ&ifiGignayer thenmethed oslighgfactinnalisppearylalgahgh @@grgﬁy‘?ﬁbéohol,
Cc

method as long as'it enables to liquefy isopropyl alcohol which is in the

water [RENSEBRS QEHIORIRTS aps-AXUDPIEs 2 AiteraqtRciudepRiNes Ahd collect the

isopropyl alcohol to an extent sufficient for a phase change of isopropyl

isopropligeii@inExamples of the cooling method include air cooling and methods
using cooled water or alcohols. [0066] Isopropyl alcohol separated from

the Mgk Mm@ Pasaligsied Using.am adsespant EHRMMeHOLEHEN AR for a
adsorbent include porous bodies such as zeolite and silica gel, which are
length of time which is sufficient for isopropyl aleohol to be dissolved in the capture liquid.
Dissolution of isopropyl alcohol 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 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 1s 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
liguefying 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 isopropy! alcohol which is in the form of gas or droplets, and examples

20



normally used for adsorption of liquid or gas. [0067] According to this
method for producing isopropyl alcohol, isopropyl alcohol can be
coIIected in the state dissolved in the capture liquid or in the mixture. The

1he¥eo§9{L?]ﬁ %‘NEG@Q{}B&' FR0,BESARIma UstAg;a PAIMANERIEGR. of

met suc HPL collected isopropyl alcohol can be further

isoprogﬂt%ggh% reﬁ)&‘é 1e'§%?@ﬂ9'9§o% Yot Piaon EBSH?] He&ods using

ation. In cases where the coI ected isopropyl alcohol is'in the state of

cooled%a?&%%%ﬁ'(?o?oq tion, this method for producing isopropyl alcohol may
further inclu (J ehydrating in addition to the collecting. Dehydration of

[0066 509&9@!@%&%9&%9 a?&éﬂ%’o%’{@nﬁxﬁ%vﬁ%%%dﬁ@&’[&%iﬁ%@%] adsorbent.

a conceptual lagram showing an example of the production

ExamSP @f%% 10 -A0Ricablg .4 (?359&59 %ga%s“%%dﬂ\ég RO, Y Qﬁiiléﬁtm Qhich are

isopropyl alcohol. This method™ for production of isopropyl alcohol will be

norma 9%@9%%%@8%@ Iﬁgﬁ@o} g€ production apparatus 10 has a

culture vessel 12 and a trap vesSel 40, and the culture vessel 12 and trap

{0067]"655%&%1%5%’1?'31%‘12?50&‘?&1&8(%9%‘&lﬂygﬁ&ﬁﬂ%‘?%@ﬂl&u% Qogi8icohol can

culture vesse nd trap vessel 40 are capable’of being sealed So as not

be collQ RO Irakage QLG INRRRLAIMOSARGLE 4o the,owiside of th%é’ ESREEed

[0069] In the culture vessel 12, a mixture 14 containing isopropyl

isopro?gﬁm}m%%@gzogﬁ%é%ﬁgg RoRipNdRYRY MatesiAkMHS PIRERE:  The

amount of the mixture 14 placed may be about a half of the capacity

collecRUNG SRV G MERSEL AL bWRIRRARAHAL MY LG ﬁ‘g&UStﬁ‘}éngl%g of such a

appropriate depending on the capacity of the culture vessel 12 and/or the

pun{'&&ﬁlﬁ Qtthes production;apparatus 10. The culture vessel 12 may be

formed from substances normally used for industrial production of

materi|s usi %S@écﬁﬁk%gﬁ&{%&%s@&gﬂil ARSI Jimied al Rgueous
Y

production apparatus 10 may be capable of performing processing at a
solutiiaPFarHeARTMRET AUIRANG RIPISHIE aRBHINEN P, Uit eF GGMRRET WAL in

heatlng device and/or a

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 isopropyl 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 contaimng 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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pressurizing device as required to allow heating and/or pressurizing.
[0070] An injection duct 16 for injecting a gas from the outside of the
apparatus is connected to the culture vessel 12. One terminal of the

appm;‘5@1‘&%t%&ﬁﬁ%@@&%ﬁgﬁﬁ%@@@c&%'k%gée@ria_rmﬁorvvﬁémw%ged

In the outside e production apparatus 10 and is not shown in the

pmdué@bﬁ%ﬁéﬂ%ﬁéerrﬁiﬁékﬁftﬁ?s Iniection duct Le.onensmt A RRSHARWRiShary

IS In the vicinity of the bottom of the culture vessel 12 and is inside the

T I f ' iS.adj ' ,
used fgﬁgﬂﬁﬁgﬁﬁgﬁﬁ% le‘f/oef"ll%é{t%}gxﬁ RIS b I Jéiﬁieigﬂﬂte]a‘l}‘ﬁalﬁ%%y

mixture 14 placed In the culture vesse

limitelP 2A9USIDE.CREN igt%ﬁfaiﬁ? 1AGEHORYBEAG. J‘I??@%%%%M@sé’ﬁz@%‘% lylZandard

has a motor unit 22 provided in the outside of the culture™vessel 12 and a

tempe?éﬁ{f@z%lg%%fggsgk% REQY iﬂﬁg Mt sp reréﬁl%ﬂ&'f chramssiedio e, mptor,

uni e stirring unit 24 is in the shape of propeller blades or the like,

pressShBIAcd R dhe viciniy Qidhebatinm.of the,rultke ygssel 12. [0072] A

drive control device, which is not shown in the figure, is‘connected to the

[0070P9t0%H%i&%&99&?@H‘?1§ dijving o DR MO A2 RUNEPAL R s is

stirring unit 24 is rotated at a “certain rotation speed. The rotation speed of

connegi]c?d%gr{ﬂég;ﬁﬁ%}g{}éﬁgloﬁfarw%%1%“8?’111@i §§H5iﬂgd§tqm§r&%%ected to an
carried out at 100 rpm to 1,000 rpm, preferably 200 rpm to 800 rpm.

aerati(g%oaz) AdiaRiauld A AR b8 CAREGIID ATHRIBRGH IRRIAG SRS HAP MPSSEls not

. On the top of the trap vessel 40, an exhaust duct 44 for exhausting

showi @RS REHAP YeR3RLARAQINE PUISIARCHLIeMEPESREIAR ISyeRRNECiafeh is in

[0074] One terminal of the connecting duct 30 opens in the upper section

the vi&ffﬁﬂe&tﬂﬂy %tt%%&ﬁ%%'_céﬂ% ingstoe1gas placadiin the &HMEE%@_&?Q'# The
to be guided to the outside of the culture vessel 12. Another terminal of

volun{P8GARRESSING dyet §&5 ielongaiediia ang %Qﬁ@ﬁqﬁh@ MGLILY Bfthexture 14

bottom section of the trap vessel 40, and the liquid level of the capture

placediGvid Placsetinetiel 1anvassel dQ ipadiysiadie atanseaehdhat itis

above the opening section of the connecting duct 30.
[0071] The culture vessel 12 has a motor unit 22 provided in the outside of the culture

vessel 12 and a stirring device 20 provided with a stirring unit 24 connected to the motor unit
22. The stirring unit 24 is in the shape of propeller blades or the like, and placed in the
vicinity of the bottom of the culture vessel 12.

[0072] A drive control device, which is not shown in the figure, is connected to the motor
unit 22 and controls driving of the motor unit 22 such that the stirring unit 24 is rotated at a
certain rotation speed. The rotation speed of the stirring unit 24 is not particularly limited,
and stirring is generally carried out at 100 rpm to 1,000 rpm, preferably 200 rpm to 800 rpm.
[0073] A trap liquid 42 as the capture liquid is placed inside the trap vessel 40.  On the
top of the trap vessel 40, an exhaust duct 44 for exhausting gas in the trap vessel 40 to the
outside of the trap vessel 40 1s connected.

[0074] One terminal of the connecting duct 30 opens in the upper section of the culture
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The connecting duct 30 may have a cooler which positively cools the
inside of the connecting duct 30. Thereby, when the gas passes through
the connecting duct 30, the gas can be positively liquefied. [0075] The

Vessei,egl(fc?\tyﬁ{%[%% ga%%&%&m%&%a%&%km pescripedielow- g@mia%? thé

containiing thé isopropyl alcohol-producing bacteria B and the

cultur® k%é%‘éﬁ@ve%mﬁ%ﬁl %Mtﬁaﬁ%‘?%@%&%éﬂﬁﬁﬁﬁ% {14 I%Secighé%&f H&nd opens at

production apparatus 10 such that the liquid level of the mixture 14

the viéﬁr?ﬁh%ﬁe%%ﬂlﬂﬂ sufficientiy,ahaye e rapmingl of theniRCteBaNCtAbure

The 'motor section 22 of the stirring device 20 is powered on to rotate the

liquidzﬁgé@ iH’%ﬁe%f'%B’v%s‘égﬂ?érlsr QAHQ0sSRSRd AdAion ALine MisIEAS PaYng

so be carried out after placing a certain amount of the medium in the

sectiokWHYEE yg&%ﬁ% and agjusting its temperature appropriately in advance,
such that a certain total amount is attained. [0076] A certain amount of the

mixtuig, 1445 RIRGRAILING GHIUEENESSE A2 nANEHIRE AR EIRDAPRRY HYSe of the

which is not shown in the figure, is powered on to inject thé gas into the

conneFHIHGVESEE! FhcBE! %ﬂ'ﬂh@%a@lﬂgég@s\f et BE9RSHRIUEGI8E, the gas

into the mixture, and "aeration culture starts. [0077] When the aeration

can b@yggggat?q;iuéﬁgdsopropyl alcohol-producing bacteria B begin.
production of isopropyl alcohol by assimilating the plant-derived material.

100757 he preduegd: ISQRIOpMAleaboLis released fiumdig bagissgheells into

he mixture, and a part of the isopropyl alcohol is dissolved into the
mixture, Wl S| D et RYAP A, @E@épﬁfﬁ%?\ he JAIPFSdul PR BN ISORMARY the

alcohol is separated from the mixture. The isopropyl alcohol separated 23

plant-HAM BSAPHH & MONESHRMMID]IRRELRECHAR 0f he G RIVasSE b Batatus 10
.enter into the connecting duct 30 as exhaust, to further move into the trap

such (18saR! HQwMeen Bassing: threyah the LQNssHNt AUt dPn@RAERf theterminal of
isopropyl alcohol in the exhaust is cooled and liquefied. [0078] The

the il}jfgl%ﬁﬁbdc@?@hoﬂﬁ@fﬁbtbﬁ beinsrexhapsiedand mrved totheliapvessab rotate

the stirring unit 24 at a certain rotation speed. Addition of the mixture 14 may also be

carried out after placing a certain amount of the medium in the culture vessel 12 and adjusting

its temperature appropriately in advance, such that a certain total amount is attained.

[0076] A certain amount of the mixture 14 is placed in the culture vessel 12, and the

aeration apparatus, which is not shown in the figure, is powered on to inject the gas into the

culture vessel 12.  Thereby, in the culture vessel 12, the gas is injected into the mixture, and

aeration culture starts.

[0077} When the acration 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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enters into the trap vessel 40 from another terminal of the connecting duct
30 which opens in the bottom section of the trap vessel 40, and is
injected into the trap liquid 42. At this time, bubbling occurs in the trap
the injectign of the e aust tthl time, th ropyl al o 0I
fom AN B0 RA 0 O th Sl e Shiang e S
hICh are.in the moved wi h e |s } {}ohol from the
Comey rdeu thsQefﬁ%tau&hiot%# \(/ﬂesﬁé{)YdSl areﬁes sglsp% 2othe trap liquid
42, sq.that they are released from the tr |d 42 an xhausted
outs.é"é’% RV SRR et B RS e n
uct,44 %p?ergrég dqithe da section of the trap vessel 40. [0079] The

tl 9 {
1 X Emountof Isopropyf alcohol produced in the culture vessel 12 is confirmed

y collection using a ¢ chlne W |é\1 ot sh
CUl eyt ol S R SRR .olﬁ%‘%ﬂ.é’é“p%gyﬁ%efgﬁ%eﬂ 0
firmed 1o b edord cre ased er.a certain tim r
et B R b 48 e T et BB e ﬁ%é%%i%?ra i gpens i
the boR SR/, r"%l"cf’!‘%'t%!}%sx%é’s%ﬁ’ mere 1sT1£'%(: e%reiig 21,9 %p OHf (160 88 Al ime,

|sopropy “Glcohor sofuti tracb iquid 4

on at a centration. may
llected t |.alcohol d.
bubord SCUERELR & [”rﬁ.fﬁ @%ﬁ%%ﬁ)ﬁ”% it %{f‘n‘?*té iy
isoprogélrﬁ Sy ?&’? tH‘l%érl #%‘% r?ﬂl'e%&‘i? late.and 1m urities,
rify” isopropyl a I'as requfred. [0081 y using the producti

whichaﬁ%% T{ﬁﬁésa%ﬁj é%%ﬁ)rgg QX(L%(&QD% %QQ%SJE%%T’ fﬁgg fﬁgg If yJuiture vessel 12 to

pro acteria may be se at an ordinary

the tr %%g%@%agf &@%@ﬁ%&swﬁa@&gg a3t 25 %a%%%%?fééa%@a from the trap

ccordingly, t e production appa can have a simple structure, an

liquid 3P PECEATALY 10 REOVIAS R cﬁ‘l‘ﬂb"!&g@%s%q DRy AUAML S16R A0RIAL, through the

purification step. [0082] Symbols in Fig. | will be described. The number

exhautPAI52 65 NEIPALCHAN ARGAYS (agRi0RY alpohol-producing

apparatus), the humber 12 indicates the culture vessel

[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 high concentration of isopropyl
alcohol dissolved therein. Therefore, it can be collected as an isopropyl alcohol solution at a
high concentration.  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

isopropy! alcohol-producing bacteria may be separated and collected at an ordinary

24



(culturing unit), the number 14 indicates the mixture, the number 16
indicates the injection duct (gas-supplying unit), the number 20 indicates
the stirring device (stirring unit), the number 30 indicates the connecting

ct (co nectin the % 0in rF rap, ves el apfure
temperal%l.ge REGHES elﬁ% ?e a éprhqu %3 APt e i é\u'%r ¥he
plOdUCHO 1 a 4&%11”9:2&1 1e§et ge eﬁ( au t ule 1]%8 %LTQ& %Qgé)s% ?f (63 e%%&éea
arts gﬁ%rum SAUA AP Cuitlrs Vesst rap Vessar A0°dnd

con ﬁoaqgoegémaqa%%%ts 0 propded n grofluction apparatus 10 may be
Pangedas appr riate aglfong as Its iftended effect is not impaired. An

10082 nJeCtg) nl‘t an?lor ?Xh L{?télensltr& r&on&xl]tuciﬁs f“le&tfrr}% ta‘a S?E)%ﬁggd%ctlon
r |soﬁnopy alcomo |-producing bacteria into the culture vesse
rovided tot uctl aratu thls 9I emb
ap pa}# is allBwe conﬁ[ﬂ% s pér)% gﬁar gprgp?/ corr?o“l féﬁ)‘%ﬁﬁ %Cl%mre vessel
nventl smentlon d above, | ro IaI ohol hICh S
(Cuimrm%f‘l oy Can Blélmpoea&ge i ¥e éi%% prodﬁ%ﬁ a?cmiﬂolséw 3)Cl§1terseqU|r|n’eCtmn

step for arau theb %uctalcoh Is. | ferabl embod
et R A P R R g e

numbBr9g4554.Go0H ”U%'xb? F20Y eogﬁ%gg EXA@ R 08% %%‘aana%gﬁqe rap

ei nventlon will how scrlbe e |nvent|on IS
tI| ited t er b¥1 O/B
{1l er

vessel cap Mg quC S[%I%IO{} ?Cat t%%' P ézrg?l% ¢ number
s Unless” otherwise speciiie d xamp “Eonstr ctlon ctor for
flso ropyl Alcohol-producing Enzyme Genes Derived from
44 a‘é L R4 ISCRIGD
M Bac erlu?ne}c()f%)a(%enus Clostridium and Transforniant with the Expression

[0083 ect%}éﬁ%&% AL SRAGOGERAANOATE SRIMGNGRS QlHhe 9608F O 1S vessel

our kin

40 and connecting duct 30 provided in the production apparatus 10 may be changed as
appropriate as Jong as its intended effect is not impatred.

An injection unit and/or exhaust unit for continuously injecting the mixture 14 or
isopropy! 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 isopropyl 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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isopropyl alcohol-producing enzymes in bacteria of the genus Clostridium
have been already reported. That is, thiolase is described in
3005963-3007364 of the complementary strand of the genome sequence
noulifESEiiRedin CanBank agcession nUmber ACOORTT, COALANSICIasRi3
escribed i GenBank ac&eddion himber-x 7283 Stéldatétats
Othemglgggrg&?% se is described in GenBank accession number M55392, and
Isopropyl alcohol dehydrogenase is described in GenBank accession
Examr}%nl’lber AF157307. The sequence of the thiolase promoter existing in the
BiSove base sequence of thiol.ase may be used as the sequence of a
romote ired for expression of these, four kinds of genes. [0086] To
Cons O R s e e e e Ry e
De}_iV%_?fs caried out with TTT GAATIC CATGAT TTT AAG GTT AG
SRR oS St A e B E R A RO Veetor
TAG CAATATTCC TGT TCG (5E0, 1D NO: 2 ising log agnoimic DA o
Clostfidiun acéjto%ﬁy]ﬁcum C854'58% etempl% & Phe'thuslobtained
. DNA. fr ent was digested with the restriction enzymes EcoRl and Kpzl
oo R R Iaet Rt o4 T R R reaay

dina the fhi . btai i

oo LA TSR S i o e P TS ARG S
ACC CAACCT TAAACCITCATATIT.CAA CTA 1D :

the g S LIORAER CHB AL R AR RERRAR T AN hsferase

| o b . . oo

18 descl\lnf'g?.| }1u ng%t?él. %@%ﬁ%‘r‘f n%%’%ecr) ?\1 é%@o%%%%gt%%gygr g}é@t%%c\i\%t é"sm thed

as the templa us-obtained fragment was

T e
B L

the bBIEWBIALON LT BEALES 10 SR t'f?(es'\é%ék@9&%&%&?&9&@ for

CCA'ATG AAC TTA GAC CCA TGG CTG 1D NO: 6) using the
expreSENPHERNAGH GipRtidiim.acetobutylicum

[0086] To obtain the thiolase promoter and the thiolase gene, amplification by PCR was
carried out with TTT GAA TTC CAT GAT TTT AAG GGG GTT AGC ATA TGC A (SEQ
IDNO:1)yand TTT GGT ACC CTA GCA CTT TTC TAG CAA TAT TGC TGT TCC (SEQ
1D NO:2) using the genomic DNA of Clostridium acetobuiylicum 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 CCT TAAACCTIC 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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ATCC824 as the template. The thus-obtained DNA fragment was digested
with the restriction enzymes BamHI and Sall to obtain an acetoacetate
decarboxylase fragment having a size of about 880 bp including a DNA

DNA fagieghw es“&?gée's?g%t\ﬂ%ﬁ‘?é@@%‘}?rfié%‘?é?? Gosd, E‘q“?%’?ﬁ%ﬁ%ﬁgﬁé’ta CoA

a.
can tained from AmericanType Culture IS

kga k of ce{l L microor an}sa@su?li\q#%%nes. [0090] To obtain the isopropyl

a
tmmfear cgh(rﬁ%%%ri/ ro‘f;lé1 dse Sé’ne, %mpli ication by PCR was carried out with

o] SRR R TR KA RREARRERIRNG
o TR B R e o
1A GRS SO Ll SO BriseRoplpish SepgaRt s o
roo B A BRI
reETeR RS > ASTen 18 B AU i EreR g

restricgfl}_}isﬁa‘}gonrpeg eaelhdragen %%lgfn%%ﬁ%%@%@‘g&;‘i}%rexng%eTthg"n%nt having
0. 7)) was transformed with the resulting ligation product to obtdin

a0 SEASIOAMAESIS oI oD B OMIE MM Broi Ml (rade

name: ar plate which contains [tg/mL of ampicillin

{00892”0' h@)’oig%it 918 %E'?ﬁizt%%c%%/ gjgg@i‘& and @é’%éﬁﬁre% ﬁBHJiﬁ%QQE%r?gype

urface ereof. The obtain onies were cultured in an LB liqui

: g ¢ amoicil aht. and th
Cuituﬁé;gzgnﬂ%t% 1“%2[{'&%%%196@&?;8, HE&P&%& Bif &%Z%C?V Lght, and the

pIPA was collected from the thus-obtained bacterial cells. [0093]

[0090 n E%‘%‘Sﬁ'&%aaﬁeo J[ E?é%@ﬁaf&ﬂ&%ﬁig@gﬁ%%% %(%?l{% %%!hgﬁ&rﬁggis%ﬁ%}{ was

ransformed wit smid pIPA and c

carrie&%u@%ﬁ W@WW%&Q@E@@K‘Q‘A@ %@9@1{@% Q@RI%@@?%C@%QEQ ID NO:
overnight to obtain the isopropyl alcohol-producing enzyme

7yand TTT GGT ACC GCA GAT TTT GCT ACT CTT GGA GC (SEQ ID NO: 8) using the

genomic DNA of Clostridium beijerinckii NRRL B-593 as the template.  The thus-obtained

DNA fragment was digested with the restriction enzyme Kp#l to obtain an isopropyl alcohol

dehydrogenase fragment having a size of about 1.4 kbp.

[0091] Clostridium beijerinckii NRRIL 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 Sall were mixed and ligated using a ligase, and the Escherichia coli

Strain DHS5a 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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genes expression vector transformant strain pIPA/B. [0094] The
Escherichia coil strain B (ATCC11303) can be obtained from American
Type Culture Collection, that is a bank of cells, microorganisms and

095 & le2 Prod tlo of Is Icohol by Escherichi
thereofo ’Eﬁua.nf% AR GO T FOH COAH R G e/t

of am%lgg Lﬁ%OtheMég%as cfll%fe mg_‘ dlum ?Q;t%%e%ﬁectgélﬁom%ﬂ% Cliflré_btamed

of gluc acel A p aving a capacity 0
ﬁ;ade name: 2057, manufactured by FALCON), and the Escherichia

bamel%:ao#(:% rain pIPA/B obtalned in Example 1 was inoculated thereto, followed

y Cu ver cul ure _of 37C ths Kin
10093 A S S BeR AR R  Bhed witn
a medium Iéavm e same, form C hat it di
this pESR a?ial”%p.c L SO M TR SRR et qosgining
of the precult edlaw tra ferr dto an Er enm
100 1 A A S A B PR Sin enzyme
culture medium /L of amplﬁgIAr)Ef;\nd 20 g/L of glucose, to carry

€Nes ex I'BS OI’I Vi 01‘V¥ &Orlg&lt Strain
& itte STHE &b uring' was Caified’ St at a stirring rate of 120 rpm and

[0094 Cultl;[l%% P eyqatucrghosfh;%azn r%&%ﬁ%g?gﬁ Ce” U|t antl)eedd rIaI lefrlcan Type

h6urs arter beginni re and

ce tn[}u tign, followed by measurement of
CultuEleccum rgz:\tec(iat %#)t{aquntg% ‘u%%ﬁ?gspﬁ alcotot, )Lu gr?gfyg%anol and acetone

[0095;E 28 gwe thul btained culture supernatant according to a conventional

ethod wit LC. The results are shown in Table 1. Accumulation of
opropyl al n ri

Produ%ilo% EJO 391 X C%Em\(é%?]é Allz; ¢ sgtllln%(%%t ﬁg&iﬁs al%l %{J}H rqgh% Coli

Wild- lérgpgiaﬁon of butanol and ethanol. [0096] Table 1 Results of
asurement by HPLC

As preculturing, 5 mL of LB Broth Miller culture medium containing 0.1 g/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 obtained in
Example 1 was inoculated thereto, followed by culturing overnight at a culturing temperature
of 37°C with shaking at 120 rpm.  The Escherichia 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 mlL and containing 60 mL of LB
Broth Miller culture medium with 0.1 g/ 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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Strain pIPA/B Wild-type strain Isopropyl alcohol 2.1 g/L 0.0 g/L Butane]
0.0 g/L 0.0 g/L Ethanol 0.0 g/L 0.0 g/L Acetone 0.1 g/L 0.0 g/L [0097]
Example 3 Production of Isopropyl Alcohol by Escherichia Coli Strain
the th Qo AB PG L LCllre. vessel 1) The processingin (s EXAmPIBNES e
carried out using production apparatus shown inFig. 1. The
cultute vesseé. had a, capacity.of 1 nd.the.trap ves e1 had.a
resote R e TSRt I Bt R BRI A s gmrmed
oher 4353 ORESHNG e 0 200 xSt feu1ETe RIARE RERIAR% s no
mL of water (trap water) as the trap liqui was injected in the trap
v?sfsel 49 %QOQQ] A g[ecu&turing, 4 mL of LB Broth Miller culture medium
accumulatjon of' b ?10 ani Nanel.. . .
containing g/L of ampicillin and 2 g/L of glucose was placed in a test
{OO%bee’f (f the Escherichia coli strain pIPA/B obtained in Example 1 was
noculate %hereto, followed by culturing for 18 hours at a culturing
te rature of 37C }% haking at 120 rpm. The entire of the preculture
Result%%m%s%%%n%%%&fﬁé ?o a 1 L-culture vessel containing 500 mL of LB
-Mitlter-c s it 9"5":""5%6 of ampicillin, 20 g/L of
ring was carried out. This
Teooguliure was 3 } and culturing
p f)é)ﬁ%pera ure of 37C; ahd pH of th medium was controlled to 7.0
using 12.5%- ammgnija solution. 20 of.glucose at a concentration of
Bma}@s g/mL was adde%@gkf“ours after t@giﬁ%’l‘ng of the culture. Samples
were taken from the hacterial cell culture 48 hours after beginning of the
Etha%cfﬁturing, and the bSalgt%ﬁal cells WereBL':(?eﬁw/{oved by centrifugation, followed
Acet(%\f/emeasurement oBFli\eg &ccumulated&wgﬁnts of isopropyl alcohol,
utanol, ethanol

[0097] Example 3
Production of Isopropyl Alcohol by Escherichia Coli 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 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 liqguid 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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and acetone in the thus-obtained culture supernatant according to a
conventional method by HPLC. The results are shown in Table 2.
Accumulation of 3.0 g/L of isopropyl alcohol was confirmed after 48 hours

Comamm LBtlIII‘CIy o{theE hel hlfi li l}(rzglsn %)PA/B t thi tlme tfiere trm
cchnuIa |onpoF’b Iilanoléa anol. Rmeaéju ue| bPeE £

f h f | alcah
was cf sy traé&%ﬁp%%ﬁ%@rﬁﬁ}y e %ep?@éém e

asur trai IPA/ Iso l /L B |
tempeﬁa@' gha p(?IL (}% %ce {c])Lr{l%e 1%31 %ﬁr@r ampe X q%)ns EZ%%
r Express lolase Gene Der|v dfro E rlchla |
amimo r%%%%é%glée ﬁr%”%er%@eap o ESSHAToA S o ac‘éff‘ast% R Yo
Decarbox gne D r|ve from ctertLu enys C |d| magl )
after bes%mnm H es We ce rom 63 erig ure 48 hours
pro ehy rog nase ene erive rom ac erlumo
ILﬁanI(%'ﬁnrld|um‘ﬁand Tr(?{}lsf%mla%iwn the Ex reSS| \g/ect
uences andl Se sequences OF? e eneso t |oIa

fouoweé%ggﬂa%ﬁ‘é%rc%g%ﬁﬂf %OA HANSHESS AN ER Ch@”%%‘r%é%@"%!‘ D3 bggtano} ethanol

alre yrepor egene enco escribe

after begli (%rﬁ%ge! on,

2413 531 nomic sequence of the scherlchl 0
oo B ST L BB B A o

HPLCE nCPQ s&?&%@%@% alsrlefg'b?e? §C”9\ %l’h@?éﬁo%& g%zﬁ ﬁf }}%pyl alcohol

above-described genomic sequence 0 erichi

was cMﬁ’%%??aﬁe 9&‘588& %ﬁ"'éﬂﬁ(ﬁﬁg oﬁ"ﬁaozgcar P‘%ﬁ%@&%ﬁﬁ?g@fw At this time,

together Wlt se, the acetoacCetate oxylase gene a

there was no accumulation of butanol and ethanol. Each measured value in Table 2 is 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 HPL.C

Strain pIPA/B
Isopropyl alcohol 3.0 g/
Butanol 0.0 g/L
Ethanotl 0.0 g/L
Acetone 0.9 g/LL

{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 Alcohol Dehydrogenase Gene Derived
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isopropy! alcohol dehydrogenase gene derived from a bacterium/bacteria
of the genus Clostridium. The promoter sequence of
glyceraldehyde-3-phosphate dehydrogenase (which may be hereinafter

from éef glrl%d to{aé AR ITQ d E%e”%% 1ans fﬁA{O vg%% I‘E%SlOl ector
nformation OF@EH acce’55|on num can % used as the

sequence ofa omoter re {red for exp ess%otp] of the a? edesc&?ec%emhm

genes 0L r6 SbTaT the GAPDHI promoter, arﬁ‘pﬂi icati on%laslg

ot BN G LB LR PO DA (s e
encod e i) %s" e A e B SRR '%V%%ﬁgcé’%gsé{%"”w.%a%ﬁ?
Eschmgr%féé%ondmg e E%“’é‘&é SRR AR g e
o SRR AR R e et
oL 5@5@@ AR

is possDebI!leJ |}E¥I eﬂng]%ﬁ#;rcwr V¥1J OE 89%0 (ls‘é (N ecg.ztg gsgv%'nglgnd

gatio A trans ormants growmg o agar

1sopr0§>§?t S16S ntﬁd&hﬁg /%scril;éf arHer?\lflelzﬁl fr-lc;zhneaé%%%rﬁ%%y &ecfgji%rl}l%sé \%8{§7C

uréd in an iIum containing 1 ampicilli

cos PR 5%%&?&9%@.59@5%%&&%@ S
ey S AP S R s umpese o
mfmgg%?éi%%é@%&r PR RO TR ANERE eg oo
R s ot
[01015“9 VG?H'%Q&%H@M%%PH‘&M@,%‘HH&Q%'By PCR was carried out with
CGAGCTACATATGCAATGATTGACACGATTCCG (SEQ ID NO: 9) and
CGCGCGCATGCTATTTGTTAGTGAATAAAAGG (SEQ ID NO: 10) using the genomic
DNA of the Escherichia coli Strain MG1655 as the template.  The thus-obfained 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 JO1749) with the restriction enzymes Ndel and Sphl were mixed and ligated
using a ligase, and the Escherichia coli strain DHSa 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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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

o RS 2 st e oo 91 YD PSR

bact 2 tlransformed with the resulting Ilgatlon product to obtain
ACteli ﬁg ofmants growing on an LB agar plate contalnlng 50 pg/mL of

10 S O PO NS M L2 SR
carrie Qg A e O AR %?g?eﬁn% K ayiseati iGN
(SEQ ﬁs\]éAiljg gg'l\'/\ggTGGAACATATGAAAAATTGTGTCATCGTCAG
GCG@ﬁ%ﬁﬁé%—#ﬁﬁ%%&w&%ﬂew%‘éméﬁ@ég@%@&%: 12)
using I{%e Bm trﬂ%\{r% él?@le%e%ceh}lﬂ%ffggmen Illgitsrtelgilr1 \I\R//ll%lawltis?he thus-
s GRS %feﬁﬁawwﬁw
oS LI %ggm

obtam& Eg%@g lfll%a 1&? nqélt(?g 1Es%tclrex N {a’ COCIIB%L({? 10510 féﬁe g%e{]l;[ic gapP with

nam manu ac?ure

the I‘GS{Ia'iQ lg%rg}lezqr\rl;véﬂgpbﬁ &EE acyr% ag Ct to btgslg téairf for erzchza coli
growing oranL agar p ate contamin mf)lc

suaind ?%%?p.c e DL &@%ﬁ?ﬁ@ﬁ? .%&Qﬁ ol was
wansAR SUBERE romme s satipin M%%&%f@ SEURINOTO A e 5 oge

erlc la COlI ans erase gene, ampl atIO was
plate &%{é%%l%' g% mL of am icillin. __ The obtained colonies were cultured inan LB
GCTCT T

GGTG AACATATGAAAACAAAATTGATGACATTACAA
quuid%gi&%Echammg 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 HindlIl to obtain a thiolase fragment having a size of about 1.2 kbp.  The thus-
obtained DNA {ragment and a fragment, which was obtained by digestion of the plasmid

pGAP-IP Adh with the restriction enzymes BamHI and HindIl, were mixed and ligated using

a lgase, and the Escherichia coli Strain DHS50 competent cell (trade name: DNA-903,
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ID NO: 15) and
TAGCAAGCTTCTACTCGAGTTATTTGCTCTCC'rGTGAAACG (SEQ ID
NO: 16) using the genomic DNA of the Escherichia coli Strain MGI655 as

manuglc? eﬁ]eaf en%(-)lhb)edoxugt t@é@g %l?ﬁ r];Irl% Wgsiisj %?t?le &tohlglgroduct to

restrictio ymes to o taln a ase
.. subunit fragment having a of ab t6OO b ined DN
o S R A SR AR UBBAAEECE
Obtam%g’pb igﬁASd\ftf]erato%urgg the r%% Cth% rTr‘r?%ox aaftl?‘ n% In Uiy I atrlr%ralwllhn at
was carrled ou using a |gase and er|c la co 5&1%%—!
37°C 8%?19 gr(:} sf%n SJEAP% %1 atgfi? wu 5 re%qeg)g g‘ygl%qihqig 0l5t[cdll)1€d
was t né ormed It resulting ligation pro uct to obt

bactert @3%[ mants growing on an LB agar plate containing 50 pg/mL of
ampicillin. The obtalned colonies were cultured in an LB liquid medium

[ 0104g0nta'p3n&)§?nq{1% 'zealllclg 3{?%? gyntus O(%)tg,%{%l Hﬁcat on by

GAP-IPAdh-atoB-ato WaS CO cted neél terla

PCR &,gg a;g %{: er, amplification by PCR was carried out with
é l {’é{ GGTGGAACATATGGATGCGAAACAACGTATTG

GCTé%K@A%&‘R}é%bﬁe ACRHAANOEUICRIAMITAGERERTTREARERC (sEQ

NO: 18) using the genomic DNA erichia coli Strain MG1655

D NESIHE, LW@@A@Q@&H%‘%&@?@@MﬁWWW WIWRE; (sEQ

restriction enzymes Xhol and Hindill, to obtain a CoA transferase 1 33

1D NGUPSITragment iy ﬁ n%ﬁﬁ'%?t% %@9}’%’99%5’90%‘&51@ 109 458 QRINGH plate.

DNA fragment “and fragments obtaine igestion of eplasmld

The tlﬂg’ %B‘&{F AHRR %@é&@n‘f"&ﬁsﬂa IgJ§§H %‘&Wﬁ@@gﬁ]ﬁ%g@&{%y R} and 7 indHI,

ligation was carried out using a ligase, and the Escherichia’coli Strain

to ostl" ¢ cAMRGEALeel drade name INAADS iRRRaiIeddY o OYPRO thus-

Co. Ltd.) was transformed with the resultlng ligation product to obtain

obairASTONTADIS SO AR BASAL P RRNIAINIBE RO ki b AP-P A

ampicillin. The thus- obtalned colonies weére Cultured in an LB liquid

atoB MBAIHEY CORLRNING S 10 A tAmPislitat 316 PYeINighte AH8 thena a ligase,
plasmid pGAP-IPAdh-atoB-atoD-atoA was collected from the obtained
and tHRACIEHAERNS 077 Strain DH5w 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/mlL of ampicillin.  The obtained
colonies were cultured in an LB liquid medium containing 50 png/mL of ampiciilin 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 HindITl, to obtain a CoA transferase f3
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[0106] To obtain the acetoacetate decarboxylase gene, amplification by
PCR was carried out with

CAGGTACCGCTGGTGGAACATATGTTAAAGGATGAAGTAATTAAACA

Subun@%%zﬁfﬂ%é?ﬁ% 3 N%@%&#ﬁg‘%xTﬁi\%}W%8&8@?&?@%&8@6“
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temp ate us obtainet ragment was glges?ed
estriction en mH| to obtain.an acetoacet

restricion g pmes o1 G ﬁ?ql R We rrled Pl ng e and the
50s F f‘h

ecarpoxy ase ragmen avin aSIZGO OUt Us-obtained

Eschert '\ﬁ;ﬁgféaﬁ aﬁggﬁfra &0k Al &%%%W%@'Tfﬁz?ﬁé@'égﬁ%ﬁ%?a% %by

asml ato W|th e restriction enzymes
HI were mixed ate
TOyOb%o Straln) gﬁl%éaé}gn%né envt\ c%l frade 53%%\’]% rggg&r?]%r% act({Jﬂrgenéﬁb)mEmtg
erowi@¥RR8 £8 ?Lta‘%' e escéﬁ%gﬁi% "gvﬁg 'tiﬂ% "g?ﬂ%%% Jlg)%t b0 d colonies

optain trans nts growmg n an agar p ate containing

were c%{p&lg&“ﬂ aggJ btal e&eg&%n %t\gl%@% é"ég e/ﬂaﬁ‘ ?t quldaW 'gvermght,

contamlng ampicillin at rnlght and the plasml

and th%%% %WA‘&F@%&%@ a‘?{ogbﬁp%glp%%gr@[ﬁ%ﬂé JQtJagZ bac‘éf:nai cells.

erlc a colt'strain 11303) competent cell was transforme

{01 Oﬁg'th tlT‘(? oBl%ﬁ{%% g 4. /m i 0? @&%r%l(‘) g”ﬁ% %&%é‘r?eﬁf%ﬁﬁ%‘ I!g,r Mwas carried

late containing 5 4 ampi ernight to obtain
out Wl%TChel’lChla coli Strain pGAP-laaa/B. The Escherichia coli Strain MG1655,
ostridium acetobutylicum ATCC824 and Escherichia coli strain B can

CAG@?&@@dﬁ@f’é@%@ﬂ%@&M*r‘@er?HA%%@R‘F@%%@“&M?AR%%A/KATTAGc

cells, microorganisms and genes. [0108] Example 5 Production of

(SEQ F9RBPY RGNl RYESeherenia S AR RGAT AGSR(R PRING E1 CAGC (SEQ

L-Culture "Vessel (1) Production of isopropyl alcohol using a 1 L-culture
D Nd%ﬁ&é’i’ﬁg“tﬁ@&éﬁgﬂﬁ URS@BY&he Clostridium acetobutylicum ATCC824 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-IP Adh-atoB-atoD-atoA with the restriction enzymes Kpnl and BamHI, were
mixed and ligated using a ligase, and the Escherichia coli Strain DHSo 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 obtained colonies were cultured in an LB hquid 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 LB Broth Miller agar plate containing 50 pg/ml. of
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mariner 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
Erlemneyer flask was used, and the Escherichia coli Strain pGAP-laaa/B

X tal Exam in Iatéfgthert foIIo ‘QP% turing for 16
ampic ST CRTIG (GH AR AT 26 SR SHAy A 20 i, The

entir recylture, mediu ogylated.to a | ure v &;

contel G 78 L bt L BV Faod e reeian rﬁfﬁg@SF Fig# ond
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0108f3a0t91§'a| cell Iture 24 hours after beginning of the culturing, and the
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of the cumul ted a nt |so tha
produgh g T e b B o g B Qe
C Accumulation. of 5.5 g/I, of |sopropyl alcohol was conflrmed after
ours of culturing. At this time, there was no accumulation of butanol
and ol. The ccumul ount of isopr Ialco ol after u
as SO R Gh S R e sémgo?t?%e%%a DAL e same
acoho#m the ¢ Iture egi nd that.in the t (gkg?l egd 200,
e e ing 35 U08] Exdple & Prgct t.on o’ o onroy AlaRal e

medm ES helrlllc 91' c%t ralnlpc)(i:‘]AP llz‘:.ic% ri%? enme & Vf S5 lc£ éznd the

UC 1on ropy aico O smg a ture ess was StU

Eschm zc acrp)F é&gﬂlneg}%% %nggn de)rgﬁ%@g '«5)‘%& %léﬂfgtérd ﬁléreto followed

Ultdre vessel” he cu ture me m with the composition

by culku%ggtt%Q 1% ES‘LW? a% &ﬁtﬁﬁﬁg tenpefiied %%% H@Wﬁ%%aqsa tgmzéi?é%ed The

m-ammonium suI ate at this t| elis 0. 04% y mass ont otal

entire \gv}t?t\f}? O}gietaﬁtﬁwétg{@dm&%@;e&éﬁ%@aqm g QG CHNE SHIRSE s mL of

LB Broth Miller culture medium containing 50 g/1. of glucose and one drop of adecanol, and

Vesse

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/L..  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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agueous glucose solution was added at a flow rate of 10 g/L/hour. As a
result, accumulation of 7.4 g/L of isopropyl alcohol was confirmed after 24
hours of culturing. At this time, there was no accumulation of butanol and
thanol. Th cumulated amount of isopropyl alcohol after 48 hours was
[01092.2 g %zﬁggﬁ%rcneasured value is the sum of the content of isopropyl

Prods i ECTD] 0 ARt IGHHER, ool e S A - Culare

Vesse f504.7H20 0.09 g/L K2HPO4 2 g/L KH2PO4 2 g/L MgS0O4-7H20 2
g/L” (NH4)2S04 2 g/L (the remainder: water) [0111] Example 7

Produgctign af Isopropyl Alco olgb Escherjchia Coli Strain pGAP-laaa/B

e R A RNt o e T AR O R R tpe same

L-cultuye vessel was studied in.the same _manper as in Exa 6, except
mans g G EHRE corareh i T VLAl 0390 B NEe (o e B

NH }2804 W%% %dded after 3%@3%5%33&% ) of the mOH_rPt of the

Cu}m}'nfﬁ%ggﬁi \ayt%}?ns deTvRa oM Bmmonitm S0ffate i TS XamIi'?'(g—‘lm''30BI-)(T)Q&T/O&le

oY J185% s o0 the total mass o6 the gultyre medium 2t the beginning,
of the culttire.”As a result, accumutation of 7.2 g/L of isopropyl alcoho

was confirmed after 24 ho f culturing..At this time, there was.. n o
Gk T s S e e

aqueolﬁ%;o R;Ocpo)éle %l? 9 ‘181"1%2%%&?6 2 gsﬂv(\)l\?vsfgts'é q/b 'g%%gumeagg %eldeglu ][ygcl(?umuiation
sum of the content of Isopropy!l alcoho

of 7.4 ¢/I. 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 isopropy! 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

Formulation of Medium

Polypeptone 2 g/l
FeSOqs* 7TH,O 0.09 g/L.
KoHPO, 2 g/L.
KH,PO4 2 ¢/l
MgSO,- 7H,0 2 ¢/L
(NH4)2S04 2 g/L.

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

Vessel (3)
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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

s UE VRLSE ) PROHERer o abMosT SR AruSg e 1 e sme
a1 SRR oA o R ATAEA S A AT Vb oF s
&P e T GLA ATONE Hory L ) S PRAT LR PR
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propv alconol was confimed after 24 houts ot culiuring. Thee ¢
measured value'is the sum € ‘content of 1sopropyl alcoholih the

culture mediu nd_that.in the trar ter SOEO after cultyring. It was
oL SO N o A ETBRACe! VBL AL ST Ffoge ot Bl e ves
as ammoni ulfate increases t roductiyity.,[0113] Example 9
no s R TRyt SUCOD by b A LGS e PuAghol aftr
35 holiSA LsGUire 37 Vessel (6) Production ot isanronyl glogholusing & Loohol
_ Etiitiire' veSsel was studied 1 the same manner as m xamp}e 3 fcep?
. that in the({ormul ion.of the medium f e cultyre in a | L- cultyre vessel
i e R SRS BT A Rl SRiGan e
-.amount of the nitrogen atoms derived from ammaonium sulfate in.this .
s B B O e T LRI B rcreaes
the prl} d'_urq at the beginning of the culture. As a result, accumulation of 11.2
i

Pﬁégioropyl alcohol was confirmed after 24 hours of culturing. Further,
[01 IZZ?CU'E’(%{SI’% gf 21.3 g/L of isopropyl alcohol was confirmed after 55 hours

Production of Isopropyl Alcohol by Escherichia Coli Strain pGAP-laaa/B Using 1 L-Culture
Vessel (4)

Production of 1sopropyl 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 culture ina 1 L-
culture vessel, the amount of (NIH4),SO4 was changed to 0.4% by mass (4 g/L). The amount
of the nitrogen atoms derived from ammonium sulfate in this Example is 0.08% by mass
based on the total maﬁs 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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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] Example 10 Production of Isopropy! Alcohol by
VesseE{rséherichia Coli Strain pGAP-laaa/B Using | L-Culture Vessel (6)
duction of isopropyl alcohol using a 1 L-culture vessel was studied in
e mann asin Exa e 6, exce é{hat 12. 5% mass a% us,
f‘ ¢ same

the
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Sho n Kako Co., Lt oun of NH4)2S04 was changed to
medugn?ﬁ hhsareﬁslu% ccumu hﬁ)fgﬁ g171 fl(ngopropyl alcohol was

(0114 onflr@X a}fter 24 hours of culturlng Further, accumulation of 17.8 g/L of
oprop araijcohol was confirmed after 55 hours of culturing. The sum of

o R S 1)) AR
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
pii adjuster.  As a result, accumulation of 13.3 ¢/L of isopropyl alcohol was confirmed after
24 hours of culturing.  Further, accumulation of 28.4 g/L of isopropyl alcohol 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 0.73% 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) afier culturing.
[0115] Example 11
Production of Isopropyl Alcohol by Escherichia Coli Strain pGAP-laaa/B Using 1 L-Culture

Vessel (7)
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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. It was shown that a wide variety of

compenants; GRBMEURSH A AMIDENG S Hrf?rs’—c{{?ﬁﬁlé%‘@?éﬁ% {Q4A8] in the same

Example 12 Production of Isopropy! Alcohol by Escherichia Coli strain

mmn&'?ﬁ@zﬁjﬁ}ﬁéﬁ'ﬁ%‘%{%a\{ 53R AphhANG: 1RL IRCRIARM ISR G 2 1 1-

a | L-culture vessel was studied in the same manner as in Example 3,
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was added. The arhount of the nitrogen atoms derived from ammonium
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culture médium at the beginning of the Culture. As a result, accumulation

chan g&ﬁ 3 %/IL.O figo Brﬁwfz%%eﬂ%%%n%‘fﬂ@ﬁa&%&ﬁ S QNG firmed
[0117] c

xample 13 Collection of Isopropyl Alcohol from Culture Medium

after 2VHBiSEIBUANMEIhod TR Stain AIRAB S eultlred ALearding AR R8T was

method in Example 3 to obtain 1.80 g of a culture medium to be

cozlﬁrﬁ*é@%ﬁﬁ%g%giﬁ@@mtﬁmg. is feferied o8 ALUEr 32 med %égf‘ eﬁ\ams derived

78.6 g of the culture medium A was placed in a collection flask having a

from SARRGNRLEAAML ﬁﬁkdé?;%ﬂ{dﬁ}% yehile joeing agitaad.in anell B e fhe

out simple distillation according to a conventional method. The overhead

cultur STREHAIUG IR JGHIG, AP AL AR dhe coiture madim AdDieach SiaR Alke

shown in Table 4. The contents of isopropyl alcohol, butanol and ethanol

conteFOMARGE I the sHfurarpedium: belarendisiliation Agwelh awin gk %%ﬁﬁer

the liquid collected by distillation and in the residual liquid were measure

culturff£0 rging. Qi GAnvenyenak %ﬁ@@&)ﬂd}ﬁ?ﬂa‘ﬁeﬂ%@%ﬁ?% ltR&y @ssik!ﬂWﬁl{rbources
Table 5. From the culture medium obtained by culturing the strain pIPA/B

for th@hihis sxample, almost all

[0116] Example 12

Production of Isopropyl Alcohol by Escherichia Coli strain pIPA/B Using 1 L-Culture Vessel
2)

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);S0, 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.

{01173 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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of the contained isopropyl alcohol could be collected with an overhead
temperature of 99.1 C to 99.5C. At this time, butanol and ethanol were
not detected in the collected aliquots. [0118] Comparative example 1
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distillation as well as in aliquots quid collecte istillation and in
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LC. The results are shown in Table'5. It is remarked that among the

From Eﬁ[ée ANl %ﬂi%?lfg%ék'lg? E%ﬁﬁggﬁeﬁ%%‘é%}fﬁ%@Pﬁ{ﬁtﬁ’%lrg#fEr‘ij Hmost all

ium B, Isopropyl a the same distillatio

of the REAAYIRG E‘Bﬁ%i?ﬂ%?&ﬁ?cﬁ%o%!ﬁ?@@k&%ﬁ%@ Qbibe septes andeollected 09 1o¢

solely. 40 [0119]'Based on the results in Example 13 and Comparative

t0 99.9%AMPAG diltisUnplarsioed dtiakiRaRiRY halcahol €At LaTHYRRlISERE .

from the culture medium of the invention since it does not contain

{Oilg?lcohglén%gpaﬁ%a&ggﬁr@pyl alcohol as by-prpducts. Thqs, isopropyl
alcohol can be collected from the culture medium according to the

invenyan:by;a &Ml RUHLCRHON RIPCERSBUAR A% PR LIS sp.

[0120] On thé other hand, it was understood that collection of isopropyl

172C lephalfrom seubismpdicpiopessed Wilk@Xisiad PRGEHRIFMOLIITINGS 9 o1,

because separation of isopropyl alcohol from by-product alcohols is

of n-teifficilto Glectionebisopreryl aleahakiam, 1 IS 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 alecohol, butanol and ethanol contained in the liquid betfore distillation 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 5.
[t is remarked that among the three kinds of the mixed alcohol components in the comparative
culture medium B, isopropyl alcohol and butanol showed the same distillation behavior, so

that isopropyl alcohol could not be separated and collected solely.
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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. [0121] In

considera fthes |so alc roducm bact ri of the
0119 e B SO R DAV D PoLDee o s ood

o TR %%:% et% AR T

Com arative, Culture Medium B Cultyre mediju AComparat culture
i doe%ﬁlga.um B S lsor%mgeﬁu%& LGP ERead [iutaoProPy

m ure temperature Fra tlon 199.1- 99 5 10.
aleob LB SIS ST o 00 & S TR o s BB S 88 Bmpte
6 9 A4 Fractlon 4 99.8 2%)&31 a 3 Fraction 5 99.8 21.9 99.9 18.8
pun ‘ﬁé%?dﬁ%ﬁ?&%%‘ %6351 attet distillation [0123] Table 5 41 Results of

{012{)@5 I?j e'me h}ﬁ HP fgrgV %%) %%(gi g%%(ﬂg% gé%?grac§% %E%!gggér om
cu}turg irolgdia processed with existing bacteria is not simple because separation of isopropyl
alcohol from by-product alcohols is difficult.  Collection of isopropy! 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.

[0121] In consideration of these, the isopropy! 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
Distillation step Overhead Liguid amount Overhead Liquid amount
temperature (°C) (2) temperature (°C) {g)

Fraction 1 99.1-99.5 10.1 96.0-98.0 9.4
Fraction 2 99.5 10.0 99.4 9.6
Fraction 3 998 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 distilia?tien 100.9 1075

[0123]  Table$
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Fraction 2 0.02 0.00 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 0.00 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
Resultﬁﬁi%ﬁsﬁf&%@b%g%sgg Fraction 5 0.00 0.00 0.00 Residual liquid 0.00
0.00-0.00--{0124] Example-14-Test-Example-Processing-in-this Exampl
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was carried out using the productio#ﬁ%ﬁ‘ﬁ‘é’bﬁtus; Hushaws in Fighadollhs
culture vessel 12 had a capacity bfelcPhakh@ihe trap vessel 40 had a

Culteapacitinof A00 Bufomliotifeiculture Vie$8el 12, trapvissel 40, injdition
duct 16, connectingdues30 and exhauss duct|44 were made of glass. ,

400 mL of water (trapwalgr as the trgpdiquid 42 wagdnjected ingqythe
Frgp vessel 40 [0121§I]a31§) ﬁ/k aqueous '.gboropyl alc%w solytion W

injected to the 500 mL culture vessel s the pro ing liquid
processing was car%}éa& it t a stirring Tate of 500 ﬁpq?and a prcg)cessmg
temperature of 37CIAFRAS subsequétly introducdd®fom tLe ion-duct 16
into the aqueolis ResistaByliqsidohol sofdn at a rat® 800.5 LW/mind@vvm
Canghiheipeocesshugonadi statseh The ekBaust from thédculture vessél 12

cultivasnadhller into thertagdiquid 42 in theirap vessel 48. The exhagist
from the trap vessel:AQyasreleased {the atmospheye outside Hhgs
apparatus system. . tion 3 0.01 0.02 0.01
Fraction 4 0.00 0.00 0.00
Fraction 5 0.00 0.00 (.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. Al 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 112 as the processing liquid. The processing was carried out at a stirring rate of 500
rpm and a processing temperature of 37°C,

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
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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42 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

Fach #ﬁt@@%@*%@% HHR LTI ORTI55] BOR R RAE A REresse]
by Shinwa Chemical Industries Ltd,; ID: 8.0 mm, L: 300 rmn) using.0,1%

40 wapaRBFAS-an SIGSHE at BOHEVF td 5t MDA h NEREPSEIE AT the

o SR Sl e e ety
s S T RO PR ORI GRS My
S A R A B O
e R B A S R e BT R e S
IS vt S 2 o e

0126 ater@%a:l;nce was almost consistent therewith. Therefore, it was
L evea t, by bubbling the exhaust from the aeration culture in the
eulture-vessel-12-inte-the-trap-liquid-42-in the trap vessel 40, isopropyl
alcohal Arteerulated amount of [sopropyl
Processing alcohol (g/L)
time
(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 Alcohol
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processing liquid can be separated from the processing liquid and
dissolved into the trap liquid 42. [0128] Example 15 Production of
Isopropyl Alcohol 43 In this Example, isopropyl alcohol was produced

using (e, Production.apparatus, 10, which sithe same 8 At eed N aratas
B ?a%p et

AT
Exa cottained Water rap

cted nt of 400 0129 r ultu in 4 mL o
10, wiigh i i s ool %Tl. R Ral i 6. LB oS aﬁ%&p.c. e
ucose was,p cedin test tube hav d| meter of 19 mm. and
W‘T‘e]f)l asq %RL% Eﬁr%aaﬁﬁcttﬁe SLAATS p 5? p%tame% in Example 1 was

oculat dther o foII W % uri cuI rin erat re of3
01290y Sl S35 6 HELTS 0L T et LG R s
ofam'%)ﬁﬂlaatn 'I%B%evesge F2gonan ﬁbéé’f TSR BN
Rhdre?ifeat o%flalnlng g% dﬁ_ amp|C| 0} /‘E’gfg ucose and one
lengthc;[ %f adecan ’?srgr%g ‘rﬂ%}ﬂﬁ %Suss t%rm The Pe turlnq]%%?}%ad’ %grgfm

|rr|ng I‘éjt man a culturing e eratureo

followeci3 CUIt {grurxggg{uar%z\{r %gua USt%ga OrZ: €9f U§Uf@ Wilhh ’%1%% a%"ﬁ@ %ram hours.

solu ion. quen y Reration CiitGré' was started ylrﬁ‘ectmg e ar

gmso{rom %'15‘%&&&19%%‘%0551%1%'“%% he ciifute gmed d'” G388 2 con%%nmﬁ 500 mL
1vvm & exnaust from the culture vessel 12 was Into

the rap ve sel 40, tthe 23.h Pgs
of LB S AL 08 RPNETRE dan ALS TS *"?&eé“gvem‘fﬁcdse £ ISR and

one dr%%d &o %]%}C%gg }elISI%eI 153[&]‘[9(16 te"ﬁla cu 11'1%%3 r%%'e%%%%ao' ' a stirring
e bacterl ure mediumin t ure vesse a er

rate O%QEEP{OI%eaS}lSdnagC qurlil:lhe i ||C][U|d ?&I g] ?%‘g%ﬁg!‘i%g ﬁlfltg Eﬁggmm was

processing were sam Ie ours a ter the

A W%a%e%%%m% 4 GHiire medium was subjected to

Subsequently, aeration culture was started by injecting the air from the mmjection
duet 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 mL
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 1 each of the sampled culture
medium and water was measured by HPLC. The results are shown in Table 7.

Further, with respect to the cultare medium and trap water obtained 47 hours after
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centrifugation to remove solids such as bacterial cells in the culture
medium. [0132] The accumulated amount of isopropy! alcohol in each of
the sampled culture medium and water was measured by HPLC. The

7 results are shown in Table 7. Further, with respect to the culture medjum
the begaing S\HREHHHIS RS %??é%g‘ﬁ%%ﬁ&ﬁﬁiﬁ%f‘fﬂ%%ﬂﬁ%?wes
number of peaks, Rt times (Retention times) and the names af
of CGH&%?HBM%}E%@&&WEB j tm@wﬁ%l’ea B B RBERU R Ghtre
by HPLC are shown.in Table S. and those detected by subjecting the tr .
shown kil %@3&&?@%%%4 S Wl i AR TR bR A
and 9, "IPA"éndicates isopropyl alcohol. In Table 8, the compound names
are shpRR A% *Unknown" are assumed to be impurities generated by the

. ~aeration culture of isopropyl alcohol. 45 [0134] Tgble 7 Culturing time In
10133 g S L) (L) BRI GRS D 0 0Tl 3 e mpound
names%%#}%é%ﬂ%sﬁ #lgliv&%' fé%?gﬁﬁg?fﬁg?é%glﬂg?@ﬁ.eﬁ% BF\%%%'&Q%%& Fl%f “Pel rz]igration culture
of isopropyl alcohol.
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3 6.7 Unknown 4 7.33 Glucose 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.)

Com
(0134 o

aleaohol-nroducina.-bacteria.is.accumiilated.in. th
A L) B AU TGO TTUU T O CA TITTTOUTAATC U 1ITT LT

roYrrost
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CW&?@}%@?& aergtighicéﬁmﬁf;e. 11

g

nhfnirqa 47 hou

| peakgassuime
| ) "

;

s afan'gnlp beaqi

thprg Wwas-no.y

eak nfqug than.t

wa<found fron

46 th9-$rap wat

oY

r.at fh@@gtimp T

accéfding to tH

is prodth@tion me

hod, ifhpurities

qr%g%d name 1 1.8.76 IPA [0137] As shown in Table 7 to Table 9, it is
r that isopropyl alcohol produced using the isopropyl

culture medium and trap

1 to be derived from

were found from the
nning of the culture, but
ding to isopropyl alcohol
us, it is revealed that,
nd isopropyl alcohol can

be édsily sep

rated frérh each

ther byl Hubblin

cultéfe vessel

2 into iHeé trap i

Juid 422{9138] T

the exhaust from the
hereby, isopropy! alcohol

can be collected efficiently by performing simple operations in the steps

from the beginning of the culture to the collection of isopropyl alcohol.
[0135Furthdrbieid revealed that an aqueous isopropyl alcohol solution having no

impurities_can be

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

using the isopropyl alcohol-producing bacteria is accumulated in the culture medium and trap

water by the aeration

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

culture.

4%

As shown in Table 7 to Table 9, it is confirmed that isopropyl alcohol produced



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

o e SRSABTR e Beod e alovion otsyeienof 3, rodutin,

. 2.Constructi f pIPA PI id Lacking Thi G d ti

. T R
truct f the pl id pIPA ibed i le 1 with ing th
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‘o dufra mergéergg\{\iﬂg aa% sé%le %&Q&g}l :1Lr14 51199..&0_141] The above-described two
P 8 LFragmen $'ahd 48K pa ragm%nt1 obtained by digesting the plasmid

[OE39F1PA Olrtllil %@gﬁreség%lloqleepzymes EcoRI and Kpnl were mixed and

igated usfng aYFgase, nd Escherichia coli Strain DH5a competent cell
Constf?ﬁ%%%%%@%vﬁ%;nggj%% tﬁ;}%{’ Ilg??iéﬁgp% %?:trpcp 80%Qt'rllz‘égc)n\'\(l)?rﬁansformant 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 plPA, amplification by PCR was carried out
with TTT GAA TTC CAT GAT TTT AAG GGG GTT AGC ATA TGC A (SEQ 1D NO:21)
and TTT TCT AGA TCT AAC TAA CCT CCT AAA TTT TGA TAC GGG (SEQ ID
NQO:22) using pIPA .as the template, and the thus-obtained DNA fragment was digested with
the restriction enzymes EcoR1 and Kpnl to obtain a thiolase promoter fragment having a size
of about 240 bp.

[0140] 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

ID NO:23yand 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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to obtain transformants growing on an LB agar plate containing 100 g/mL
of ampicillin. The thus-obtained colonies were cultured in an LB liquid
medium containing 100 g/mL of ampicillin at 37C overnight, and the

S T e T e T T

g the ﬁ&aquences of the thiolase promoter and isopropyl alcohol
asize QL ADARL d b gene were confirmed as including no error. [0142]

h hi li stra T ten t f d
(0141 ﬁ'%% 2 3%%' AN N e A B S G
mL f Il t37C
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One rOpO adecC 01 an Urlng as carrie ECU Urlng was

bacteré%meﬁisoutlﬁt %Stll’rln rate O f&)tr}’rﬁ(a\q%qad% %’i{in 8 temopera ug;ga Inethod,
and ure m ium was COI’]UO O usmg

and thfe’?gﬁ%"a Sognj%onﬂf%geq}% '“Cos%t%% B &E,er”(}ra‘i'%ﬂ;&{o? geﬁl{hr&ll%gveggse gene
he 6'the' Cufturé ours arter the*beginning o
rlngd Sam es were taken from the bacterial cell culture with time
a pse rom he be ﬁnmg o?the culture, and the bacterial cells were

[0142 em%e zgﬁ{‘c}%‘ifﬁf‘)l% ﬂ?@ %6“?98}{1"6%1? 9t 0 ACEUPMUIRAE D 11 i
moun |sopropy alco oI btained cultlre supernatant according

plasmtl% %I%g\ni\/t%? I,Oarrll cuﬁﬁ?é)cfjol?yan LB Broth Miller agar plate containing 100 pg/ml. of

Were

ampicillin at 37°C overnight to obtain the transformant strain p[PAAthio/B.
[0143] Production of Isopropyl Alcohol by Escherichia Coli Strain pIP AAthio/B Using 1
L-Culture Vessel

A production test of isopropyl alcohol using a I 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 pIP AAthio/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
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HPLC. 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. [0144] Each of the acetoacetate
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RS e o, s R (L TR PR e 190 o
the comtoat SIS RN Andiiaated i each SHer fodawed By dranslormation
culturing.

[0144] Each of the acetoacetate decarboxylase, isopropyl alcohol dehydrogenase and
CoA transferase genes is introduced, but the thiolase gene is not introduced in the Escherichia
coli strain pIPAAthio/B. Therefore, the activity of the thiolase of this strain 1s inherent one
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 0.0 g/L
54 0.0 ¢/L.
7 0.0 g/L

[0146] Comparative example 3
Construction of pI[PA Plasmid Lacking 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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of Escherichia coli Strain DH5a competent cell (trade name: DNA-903,
manufactured by Toyobo Co. Ltd.) with the plasmid to obtain
transformants growing on an LB agar plate containing 100 ghnL of
X ampicillin. The thus-obtajned colonies were cultured in an LB _liquid _
in EXaifidny UBAEANGL6 BANEGRSRTNIH 4t SAESETarRIgII LR s prepared.
lasmid pIPAAthioActfAB was cqllected from the obtained bacterjal cell
[0147F01 48y bertrantishwan i pre ﬁf&ﬂé&?&%%%@%fﬁ?ﬁéé“@ﬁm > and
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beginning.of the cultu 1$Oc[1 150H’ bacterial cell culture medium was

i |
plate Csoé“?%ti‘é V\I/ﬁR 't'i%%ﬂ‘a%sael B IRE" Béginfing oFthe culture, and the

e RIS M e sl oloned B KR
Usingcluﬁ%%lture Vessel

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 pIP AAthioActfAB/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/1. 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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supernatant according to a conventional method by HPLC. The results are
shown in Table 11. The amount of isopropyl alcohol in Table 11 is the
sum of the content of isopropyl alcohol in the culture medium and that in
the trap water after culturing. [0151] The genes for. acetoacetat
0150 ecaritxipabaahtr IS optspy méma%&n‘ﬁ%% pe RrbiRBdbut
. the thiolase gene and CoA transferase gene are not introduced jn the
beginnig AE Hih FAIEWIF <M AS PRICHRD ATBARTES "PRENAGRY tRBHLIRABS b ke wed by
thiolase gene and CoA transferase gene of this strain are inherent one
measugateio HoR AL TIHaIE A0 e&wﬁ%ﬁé{h&%ﬁ?@'&bmﬁw%ﬁ%ﬂn&&éﬁiwm
after 72 hours of culturing of the Escherichia cqlt strain ,
superiBX AT RSB 1B 8D oPablae ﬁ@%&f@%‘?mi@%ﬁmwﬁﬂs‘ﬁbn Table
Culturing timeg Isopropyl alcohol 0 0.0 g/l. 9,0.0 g/L 24 0.0 g/l, 30.0.0 g/L
1. Heae sawgn 550 PORSLE ] ot H}?scﬁ%lgi?}?éﬂ?ﬁi;é’grf?ﬁl
nd 3 and Comparative examples 2 and 3, it can be seen that E. colt
stcohdlihes f&&%faﬁ%usa e g [PBARE Y optoy P &icohol when it
fails to be provided thereto the activities of thiolase and CoA transferase
0151k ncodéd 5@1@@5@%@%&%@@&2& B8\ RS SRLeRY) i Gogenase

enor%g of E, calt, ip addition t (éhe activities of acetoacetate
C

are inaguy 5L ANG S S OI5  CoR O ER S G STRE AT RS A S st du e

Esche?i%*hia coli strain pIPAAthioActfAB/B.  Therefore, the activies of the thiolase gene
and CoA transferase gene of this strain are inherent one thereof. However, there was no

accumulation of isopropyl alcohol even after 72 hours of culturing of the Escherichia coli

strain pIPAAthioActfAB/B.

[0152] Table 11

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 0.0 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 genes for
these enzymes, which inherently exist in the genome of £, coli, in addition to the activities of

acetoacetate decarboxylase and isopropy! alcohol dehydrogenase.

[0154] Example 16



Construction of Vector for Expression of Thiolase Gene derived from
Escherichia Coli, CoA Transferase Gene derived from Escherichia coli,
Acetoacetate Decarboxylase Gene derived from Bacterium of Genus

strld and IAIcrr%J1 Deh dfg ase derived f ,
Const i e SR I Pty e Crehaf g CoA
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Trans R Cons ?waﬁa e bR By e B abanylas el .nsvgeﬂved
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B\ank accession number V00283. The genes required for productlon
on
|sopropyl alcohol can be expressed using its promoter. [0155] To

_?_kgg' the glyA r%‘rﬁ,ﬁ#gg%@gm I;;é?l B2,58 gé%% Pglf &m Qerwed from

CTGTC CATGCTGACTCAG% ATTTTTG SEQ ID NO:
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template, and the.qbtained D fragm ntwas ste

it e e B b e U
850 hp corre 0 Lo tlaé | omoter Th thus-gb mef‘ A})

wd %asrﬁesﬁ e SO R oriie %?im T Eagm

enBan cessm n mb JO 17 95)C ith,the.re on enz me Nde
encod 11 611 e ‘ﬁf Tars 61‘?.5468 X 11 ed 11 el acce 01num
auen unting with olymerase rea men ollowe

gestion with S hlw m|x t d u3|

Vo2 scr?é*e.c A e R TS ] X%ﬁsed using it
%anufactured by Toyobo Co. Ltd.) was transformed with the resulting
(ilgatlon product, to obtain. transformants growing on an LB agar plate

[0155 ionta&rg%é%g{@? % dli!é? a 1@&%1(9 ti) Egﬁf‘@f&%)&%?n 5&‘{ with

ultured inan LB I ium co taining 50 ghmL of ampicillin at 37C

TCGABIES RAGTTCG (SEQ ID NO: 25) and

Expressfl

CTGTCGCATGCTGACTCAGCTAACAATAAAATTTTTGG (SEQ 1D NO: 26) using the
genomic DNA of Escherichia coli Strain MG1655 as the template, and the obtained DNA
fragment was digested with the restriction enzyme SPAI 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 DHS5a 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 S0 pg/mL of ampicillin at 37°C overnight,
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and the plasmid pBRglyP was collected from the thus-obtained bacterial
cells. [0156] Thereatfter, in the same manner as in Example 4, the genes
encoding each of thiolase, CoA transferase, isopropyl alcohol

and L RA 8 S SaH R Cavr}?gf’gxﬁé APEEHLRENR con
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decarboxylase A of Escherichia coli and the base sequence of the gene
overnigillieof have been already reported. That is, the gene encoding glutamate
mls,},ﬁecart)o alse,]A is described in GenBank accession number M84024.
he gene;@ required for production of isopropyl alcohol can be expressed

o ERHS TR, 194581 chiaashe g4t ot el by o
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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 glutamate 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 isopropy! alcohe! can be expressed using its promoter.
[0158] To obtain the gadA promoter, amplification by PCR was carried out with
CGACTCGCATATGTCGTTTTTCTGCTTAGG (SEQ ID 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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having a size of about 1.30 bp corresponding to the gadA promoter. The
thus-obtained fragment and a fragment obtained by digesting the plasmid
pBR322 (GenBank accession number 701.749) with the restriction

Sphl were |xed d I| ed usm
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By transformation of the Escherichia coli strain B (ATCC11303) competent cells
with this plasmid pGad-laaa, followed by culturing thereof on an LB Broth Miller agar plate
containing 50 nug/mL of ampicillin at 37°C overnight, the Escherichia coli strain pGad-Jaaa/B
was obtained.

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

Production of isopropy! alcohol by the Escherichia coli strain pGly-Taaa/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 concenfration
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-
laaa/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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Example 19 Isopropyl Alcohol Productivity in Culturing Strain
pGAP-laaa/B at Aeration volume of | vvm or 2 vvm In this Example,
isopropyl alcohol was produced using two apparatuses, each of which is
Fcam lqe %ame as the the apparatus 10 used in Example 5 except the capacity
B t e trap vessel. Each of the trap vessels 40 herein had a capacity of

ntained w tra water the uid 42 at
IsopreG Sl BB DBUE L 918 A PRI S L o S e of 1 vwen
culture medium containing 0.1 g/L of ampicillin placed in an Erlenmeyer
¥i&sk was used, and the Escherichia colt Straln pGAP laaa/B was
mocuéat d ?ereto followed 1gu{lulr for %urs at{a cultur in hof
temp Bat lsotl?‘ur% King ait Pprﬁw ufﬁ Bhifre 0f HED) prec Cuitare " ©

um was i oc Iated toal cuI g\é)‘esse ntalnln%475 mL.o E.lﬁle

t
WthhéSt éeraéut ure m lr,lal”tnu% t%?ﬁ ng Giﬁ%%)se ael"lcé1 %am}aro Of rap

d cult t, The.cult d out
ey ST L8 BPBOD T e L A Ee Acr P e vt
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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. FEach measured value is

the sum of the content of isopropyl alcohol in the culture medium and that in the trap water
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after culturing. The amount of isopropy! 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

medjum. [0163] Exam e 20 Iso | Alcohol Productivit ulturin
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CO}resﬁo B&W%‘f‘%ﬁ% H’He&’)?ﬁﬁmjed water (trap water) as the trap liquid

42 atan a t of 500 mL. The air was used as an aeration gas, and the
Ol63]aerat§f?@£ﬁr% threof was adjusted to 1 vvm or 0.75 vwm. As a result,
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0.75 and that at a concentration of 2.8 g/L by the sample with the aeration
-2 WBlume of 0.75 vvm were confirmed. Each measured value is the sum of
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oo SR AT R,
result W gg%&%@; QF cuﬁgllﬁ%,f%c\iﬁ?ﬂlqué on Sefs 1soprogy 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 0.75 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 isopropyl alcohol which is 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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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

terature pat I|c tions and techn Ista ardsd scrib dln the
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Clostridium, a 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
respectively 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
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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 beijerinckii, and ég[e ﬁ\gé« transferase 58 activity and
thiolase activity are respectively 5\ by introduction of genes
encoding enzymes derived from Escherichia coll. 5. The bacterium
according to claim 1, wherein each of the acetoacetate decarboxylase
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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 respectively 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
acetobutylicum, the isopropyl 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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mixture comprising the isopropyl alcohol-producing bacterium and the
plant-derived material; and collecting isopropyl alcohol produced by the
culture 11. The method for producing isopropyl alcohol according to claim
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according to claim 10, Wherein the collecting comprises contacting, with a

t hich I hol, t I Icohol
cvapORSEHFSH T CORUHE DAL RE-ALALHNG: 05 PR EERbd for
| al h to, cl 10, wh th I ti
decariRHEn f'éﬁgegi%lg&%gr%%%ﬁ%?afg gg,,égpg%%';gaﬁ sunsie e collestiog.

rses lig

t tin I f d. [ wit I id. 16.
s G i ;f;; Byl Sleohotuiin capu i 16: A coding

com%ré e% mixtuy risy)[g the IS0 IOFIa cohol -producing 60 10.

an 6HZ¥H’1€ om [} C 61’11} 1 O Ig
f8ptodicing Ts8prop§t aico &&8ding to claim 7,

comprismg. culturing the isopropyl alcohol-producing bacterium while
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coli.
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according to claim 10, Wherein the gas comprises oxygen. 12. The
method for producing isopropyl alcohol according to claim 10, wherein the

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

bacterium according to any one of claims 1 to 6.

8. The method for producing isopropyl alcohol according to claim 7, the method
comprising further adding, to a mixture comprising the isopropyl alcohol-producing

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

9. The method for producing isopropyl alcohol according to claim 7, 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.



amount of the gas supplied is 0.02 vvm to 2.0 vvm. 13. The method for
producing isopropyl alcohol according to claim 10, wherein the amount of
the gas supplied is 0.1 vvm to 1.5 vvm. 14. The method for producing
isopropyl alcohol according to claim 10, wherein the collecting comprises
contalp%ﬁae%aﬁi KE RIS RGURPRIARY Caphrercraspipin sleiondt aprprising:
isopropyl alcohol evaporated from the culture obtained in the culturing. 15.
The ﬁﬁﬂ&&%ﬁlﬁ%&%ﬁé HEHOpICSIIRS PRCEI UMy € sp g 4 gas to the
. wherein the collecting comprises liquefying the evaporated isopropyl .
mixtuLg CORMISIS R BRPEOMtA Y e st RS prEBIkIEBhBlaRitHca ved material;
capture liquid. 16. An isopropyl alcohol-producing apparatus comprising: a
culturing unit comprising a mixture comprising the isopropyl
alcohol-producing 60 bacterium and the plant-derived material according
to an§ BIFE BERIRErY 16160 R0 ROl GGt IHIEh 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
wiich BERRRERS e Eiﬂﬂﬂ?ﬁ&d?ﬂPWEﬁitﬁE%tﬁ%oﬂ?ﬂFﬁ%%cﬁl@v&Q’ wherein the
isopropyl alcohol evaporated in the culturing unit to move to the capture
848 COBRSF? °FHE%Sopropy! alcohol-producing apparatus according to claim 16,
wherein the connecting unit is a liquefying unit which liquefies isopropyl
alcohol evaporated in the culturing unit and supplies it to the capture unit.
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10.

and
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13. The method for producing isopropyl alcohol according to claim 10, wherein the

amount of the gas supplied is 0.1 vvm to 1.5 vvm.

14. The method for producing isopropyl alcohol according to claim 10, wherein the
collecting comprises contacting, with a capture liquid which captures isopropyl alcohol, the

1sopropyl alcohol evaporated from the culture obtained in the culturing.

I5. The method for producing isopropyl alcohol according to claim 10, wherein the
collecting comprises liquefying the evaporated isopropyl alcohol followed by contacting the

liquefied isopropyl alcohol with a capture liquid.

16. An 1sopropyl alcohol-producing apparatus comprising:

a culturing unit comprising a mixture comprising the isopropyl alcohol-producing
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10. The method for producing isopropyl alcohol according to claim 7, comprising:

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

collecting isopropyl alcohol produced by the culture.

11. The method for producing isopropyl alcohol according to claim 10, wherein the

gas comprises oxygen.

12. The method for producing isopropyl alcohol according to claim 10, wherein the

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

13. The method for producing isopropyl alcohol according to claim 10, wherein the

amount of the gas supplied is 0.1 vvm to 1.5 vvm.

14. The method for producing isopropyl alcohol according to claim 10, wherein the
collecting comprises contacting, with a capture liquid which captures isopropyl alcohol, the

isopropyl alcohol evaporated from the culture obtained in the culturing.

15. The method for producing isopropyl alcohol according to claim 14, wherein the
collecting comprises liquefying the evaporated isopropy! alcohol followed by contacting the

liquefied isopropyl alcohol with a capture liquid.

16. An isopropy! alcohol-producing apparatus comprising:
a culturing unit comprising a mixture comprising the isopropyl alcohol-producing
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bacterium and the plant-derived material according to any one of claims 1 to 6;
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 and

allows 1sopropyl alcohol evaporated in the culturing unit to move to the capture unit.

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

culturing unit and supplies it to the capture unit.

18. The isopropyl alcohol-producing apparatus according to claim 16, further

comprising a stirring unit which stirs the mixture contained in the culturing unit.



