DESCRIPTION ISOPROPYL ALCOHOL-PRODUCING BACTERIUM HAVING IMPROVED
PRODUCTIVITY BY GNTR DESTRUCTION Technical Field [0001] The present invention relates to an

isopropyl alcohol-producing bacterium and@%rg(eaigl?ﬁ (éﬁroducing isopropyl alcohol using the
bacterium. Background Art [0002] Propyle E()) ant basic raw material for synthetic resins

such as polypropylene and for petrochemical products, and is used widely such as for automobile

bumpers, foo?%co i , fiL io gg?l a% ru [ &l lco ced from
plant-derived Q,I%aé%?;é ggjﬁeg rﬁ é @?\é o%égjg%%%%éqge é;/grr\g i%gr(?g?boqgess. Therefore,
isopropy! alcohol is a promisimgaroniveutral vasNh &t eies T peapylahe. Acetone is also widely used
as solvents and raw materials for plastics. Kyoto Protocol called for industrialized nations to reduce
their total carbon dioxide emissions from 1990 levels by 5 percent by 2008-2012. Therefore,
carbon-neutrkhpraglene is currently extremely important due to its versatility, in view of the global

environ [0003] Bacteria that assimilate plant-derived raw.materials and produce jsopropyl alcohol
are alre@(i{)1 {gno _}gg}@g%}ﬁﬁ& %b@ééé?ﬁoéalﬁc?g%?&a}%og %ggygﬁfﬁ)%%{ 8ot |f?eg topgrod uce
isopropycateahns psing alktase s kalasishatarialhabskdesatibes that the bacterium has excellent
propert'ﬁs S a biocatalyst for industrial production due to its high selectivity for isopropy! alcohol.
[0004] | E}%%%%B@ W:ohol-producing Escherichia coil, because the raw material for isopropyl alcohol
is glucogmoajgreaspylenber of topopauntssioravechby giy dolysisthaatt casabalismasan all be by-products.

However, these compounds are essenti Isuﬁtance for the growth of Escherichia cpli in some cases,

and, th@%V@F@P?ﬁ%ng%%?ﬂrﬁﬁ&%%%“é@ﬁgﬂ St ’beg}ilésueses‘%%ér)éy c%}lc?r%lsaséa%}n%%{] & (?:%rfﬁpletely

eIiminaﬂﬁdnlﬁ@goﬁf(diﬂglynw&rd:wsmmiasdhavéimmtramiﬁﬂsout with a view to minimizing the

by-products ang inereasing the amaunt of senopyhaloonal roduced (0003 Fer.example. WO
PRt disdidsed Palcohor ac o-which

2009/008377 p an‘isopropyfa ol-produciing eriumtow acetoacetate
decarbexyladendsbprogyhalcohbhdehydooganasih«Gddrdrangferpgenboddhiolapegesieg have been

rioduceh AN SRS Lt ooy SEple fan pPILSGN A el

0.6 g/L/hraanclafcagtanicdatidyamduntoobP8ileg/for industrialized nations to reduce their total
carbon dioxide emissions from 1990 levels by 5 percent by 2008-2012.  Therefore,
carbon-neutral propylene is currently extremely important due to its versatility, in view of the
global environment.
[0003] Bacteria that assimilate plant-derived raw materials and produce isopropyl alcohol
are already known. For example, WO 2009/008377 discloses a bacterium that is modified to
produce isopropyl alcohol using glucose as a raw material, and describes that the bacterium
has excellent properties as a biocatalyst for industrial production due to its high selectivity for
isopropyl alcohol.
[0004] Inisopropyl alcohol-producing Escherichia coli, because the raw material for
isopropyl alcohol is glucose, a great number of compounds formed by glycolysis and
catabolism can all be by-products. However, these compounds are essential substances for
the growth of Escherichia coli in some cases, and, therefore, the amount of glucose consumed
by these side reactions cannot be completely eliminated.  Accordingly, various studies have
been carried out with a view to minimizing the by-products and increasing the amount of
isopropyl alcohol produced.
[0005] For example, WO 2009/008377 pamphlet discloses an isopropyl alcohol-producing
bacterium to which acetoacetate decarboxylase, isopropyl alcohol dehydrogenase, CoA
transferase and thiolase genes have been introduced, and which is capable of producing

isopropyl alcohol form a plant-derived raw material. It is described that the capacity of the
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[0006] WO 2009/049274 and Appl. Environ. Biotechnol, 73(24), pp.7814-7818, (2007) disclose an
Escherichia coli variant to which acetyl-CoA acetyltransferase, acetoacetyl-CoA transferase,
oxylase and econdary alcohol deh dro enase e I%een introduced, and

acetoacetate dj ?fog H}'] gﬁ esfg%
which proBURIEE HEBIEHDIIERS)! ﬁcgr&ggéﬁgg NE %ébé’dﬁ} AR, 4'bibVides a production
rate of Gedigiulation yieldhof £285%gdnd an accumulation amount of 4.9 g/L. [0007] WO 2009/028582

deycr oo R B A Gor BB Gt BB T ANt 08 gemes have
been intieducedn ERdwiithpradusesHiseprapyh aleoriol dhisdedorihefttvat thetcapadiy ot the

bact id lati tqf 9.7 biol. Biotechnol., 77(6),
o1 e A B AL B VA AT RS A SRR S i Sor

acetoacetaiéntiedarhdxyldseritld poduaey- separlf;arga@lmhol dehyehatienatatgeneshave dieen
introduced, and which produces isa oI It,is des t the capacity of the bacterium
prowde@%%%%ﬂ?&%‘/r%?é %Pf?%u&g r’p g fecf% %i% N a‘noe%a%éﬁ U1 fgnﬁa%ﬁ%éénwart 3 6 g/L.
[0009] WQ;@QQH/MQ?EOEES discloses an Escherichla colt variant to which acetoacetate decarboxylase,
acetyl ace Itr sfera ohol

dehydr (g Q%Egréog)?éaag%?cﬁ“ﬁ%e&u e}é{: ﬁ% Wik @aﬁla% 0 b%&‘(%g%%gpropyl alcohol. It is

descrlb&d:hhmipm@am@ﬁmpyiaiemhebmgdrhgmmaammgzirt&dhaiqaramdﬁsﬂxa@aehﬂezﬁ%@w a production
rate of O. 43 L((/Shr and f|naI roduction gg} nt of OOl%]W\%/% 200 (247217 dlseloses an
r

EscherfSit 3?%1?4 th f@ﬁea%&oacetatee%car oxy a’s%n ans elrggselsﬁ?&%e and 2-propyl

alcoholaiedhydrode inada géndsihavkeehepndinrodtecshcanimhobvis capailevnfyroducimgisopropyl

alcohol. P? d cribed that the capacity of the bacterium provides a final production amount of 2 g/L.

[0011] €, isopropy! alcohol dehydrogenase, secondary alcohol dehydrogenase, primary-secondary

alcohol{debgq roggﬂabﬁcaﬁﬂdcﬂ-mmmd}alobh@V@%hwn@gén%a(rﬁ)é&)zﬁmethﬁvézdif@émnt names

but catala/lze the same reEi |on Co Aapsfe se, ace oac goA ran ferase acetyl CoA:acetate
ave

10 W 11014 ransferase. ac
CoA- trans’ferase and rans?erase are enzymes t eren names Ut catalyze the same

reactromﬁm@e&m&ﬁﬂwdldﬁmﬁr&@gﬂa@eﬁm gemeaaeeateedenamblxylhwérddmwmﬂaat have
drfferent names but cataly e sa ction, Thiglase .an I CoA. a Itran Fase are
enzymes ERar ﬁlavfe (§ ﬂ} reﬁt na"rﬁ%%@%% Ec:8<'}1t %Pt%"q ar%gerggc%on cor§|ng¥T ﬁl{%ugg the
productrmWocEfOtlﬁebJBﬂpr(agyhhiGﬂ]’ﬁdl%mxdtmlmy@snﬁencmamnmmf abs gfkclosed in these documents
varies, roducin aIc ivalent to the types of
enzymet O?ﬁcelﬁg?ebt%a% ?c)iqe((g:%grt%&% é%égﬁ?ﬁfﬁif}?ﬁ c ﬁr%crlgg}ﬁf\%a%e é%(35{0&,0(\:gt%%sferase and
thiolasdemmrmde@ﬂbbéd)m W@aﬁoﬁgmmifbramaacaeé wamcﬂytlm@mﬁswed asdimprove the
productrvr |e d th f es of enz Vv ] Japanese
Patent Kpgﬂ i %ah%r %\S)elé gg 533 eaﬁle‘z‘icrgb&e% tﬁ}i@ﬁ]\% achll#t?sé ﬁégdlsruptlon of
GntR gerreipcxsgesswrw ttie)E@chelltlchr&mlbﬂn[ﬁn@t\/é@ brotinistionsefDetiisdde h[&)@l&%@@mﬁer with
regard meth or.cony, r t C used as a
solid cat[tg a[yg{ ?gr%crgo%jﬂlgt%n@gﬁ;}get 1% ougﬁgg éry%r%gyizfa%%%d%f?s%gg 8[89@‘2%%%@{ IEEP&?A
No.7-53438land JP-A No.11- 335315 Moreover a catalyst obtained by physical mixing of zinc oxide
fine parfiges Ang iy (6 perticies s HaRg I RRISR IR BROR3A/E:I 1s known that

impurities ar generally contalne en a substance Is produced using a microorganism. In this

regard, dmnebokrhﬁse@eérimwa@sa@atb@dmmmm&a!remglrdﬂtmbrwnmgewaﬂ‘mefore does

td t il
e come e T e,
JP-A NdlE@ZAEBYPﬁﬁﬂlmhaﬁcmMBsmb@mr@gfmﬁém@ﬁlélfmrﬂ@@%@ﬁ?og{énol via a dehydration
reaction il IAISEEL SRIBING EHMERRIYBHOWINA MR APRIENS RfeacMifibenzene, that s, &

process in w aceto reused as a raw material for the’ Cumene méthod by being converted into
propyIeplemmmg:et@prbe@ieﬂbnlsdehydfmeth@*?m&g@@é’h@%h@é&bﬁbvee@ﬁeﬁréf@%1me%5for .
estabisingvel aadaaialand ey fralpeihnd foe pipdueind RipRyene om.acgiane with high
selectivity. met nown (see, for example, East Germany Patent No. DD84378) which
|nc_ludeg@mfwm@mwwh%mgeﬁatm@qéa@mmmt@ﬁ@éﬁ@@@fﬁﬁ@l@é@pﬁ@@éﬁ@%ﬁbﬁé@e (25%) - zinc
oxide (it HITHAN B eI A s%&%'ract@oabtamcpr@a%mah*arrer@axﬁﬁbem the reaction

temperature In t Is method Is high (400 C), the conversion rate of acetone is low (89%). In addition,
since a@d@&e@@tmﬁﬂﬂmtgaﬁ@fa@e%WM%W@@@%&W@%@WﬁQ&%@ﬂm&he method, the

pro pylepe%gt%%qivf%(iﬁagés&.ﬁ]§%€%L%A%%gf}it§y%¥egﬁz%\é§ MEHENe different names
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Technical Problem [0015] However, none of the above-described Escherichia colt variants capable of
producing isopropyl alcohol has a fully satisfactory production capacity. Improvement of 3 efficiency in

productjon of isoprgpyl alcohol in isopropy! alcghol-producing Escherichia has been a major target to
e ach BRSO AR AT A of A A o CHOL CATSRHEN OF COmToRy PSRl obtained has
also beehdrsiredducingAty Ohjechof the prasentdiyanidinsiespriodicednschefichihcalizimeng

significantly efficiency, of. praduction of isppropyl alcohol, an isopropyl alcohol production method and
an acet%#éﬁ#okg’ b@ﬁ%%uﬁﬁggﬁg%p{ﬁﬁ p@ﬁﬁ}gggﬁgp %E%ngii] C I%ta?%ﬁﬁ? g%“%?/ 4% %}&%ﬁ %if producing
propylene fsacetigodeapyialchhel wdjiakpebalieihsl akbtahesandswition isobfainedangitigaiascEscherichia
colt. Solytion to Problem [00 invention was made. in view of the above-described
circums i‘ﬁ%%g?‘ﬂ??gg ?86%%@%@%@%@?@@5%@% 1iévr§%ﬁ étclgodr%isllnré%{éotﬁn |1ﬁ)\7él'ntg8n, an
isopropyt@iacfivipraduetioheethod peordingzaortehinuention: an sl doetdne production method
accordi he present.invention are. as described bgl 1]An,j opyl alcohpl-producing
Escheriﬂ%ﬁiol?iﬁ?@ﬂf&ﬁ] aé%%é&d#’:lé%%ioa CO%(%T%?S&Q%(%\?/ 5\3;/%' é%égvgﬁérdg%c hL§ Sgcpﬁﬁff} of transcriptional
repressBn MR sishivdictivategiand tkimiBopreppbadeohdlprodubingcbséherichianpedviercludes a group of

auxiliagé e Zﬁgmes h?éliln an enzyme activity pattern with which isopropyl alcohol production capacity

achiev d%;}" & TEctvVation of the GntR activity is maintained or enhanced. [2]The isopropy!

alcohol{ptadycifgrthscheiichiaedit@acoeding for[ddnwirenginstipeopnkymehattntibya@atternaof the group of

auxiliarxoeprll)y_ a%%és castteall%f(s:ﬁg Jggcrln aghaesg[%j é’at%‘i’{f‘s?i%;” &Iﬁction of acetone through
dehydrogenation of isopropyl alcohol in JP-A No.7-53433 and JP-A No.11-335315.
Moreover, a catalyst obtained by physical mixing of zinc oxide {ine particles and zirconium
oxide fine particles is used in UK Patent No. GB665376. It is known that impurities are
generally contained when a substance is produced using a microorganism. In this regard,
none of these techniques is a production method using microorganisms, and, therefore, does
not describe that impurity-containing isopropanol is used as a raw material
[0014] Acetone can easily be converted into isopropanol by hydrogenation. A process has
been proposed (see, for example, JP-A No.2-174737) which includes obtaining propylene
from the isopropanol via a dehydration reaction, and thereafter obtaining cumene by allowing
the propylene to react with benzene, that is, a process in which acetone is reused as a raw
material for the Cumene method by being converted into propylene via two-step reactions.

In the re-usage as described above, there is a need for establishment of an industrial
and practical method for producing propylene from acetone with high selectivity. A method
is also known (see, for example, East Germany Patent No. DD84378) which includes carrying
out a hydrogenation reaction of acetone at 400 °C in the presence of a Cu (25%) - zinc oxide
(35%) - aluminum oxide (40%) catalyst to obtain propylene. However, although the reaction
temperature in this method is high (400 °C), the conversion rate of acetone is low (89%). In
addition, since a side reaction that generates propane via hydrogenation of propylene occurs

in the method, the propylene selectivity is also insufficient {89%).

SUMMARY OF INVENTION
Technical Problem
[0015] However, none of the above-described Escherichia coli variants capable of

producing isopropyl alcohol has a fully satisfactory production capacity. Improvement of
3



(1) maintenance of wild-type activities of glucose-6-phosphate isomerase (Pgi) activity,
glucose-6-phosphate 1-dehydrogenase (Zwf) activity and phosphogluconate dehydrogenase (Gnd)
activity;

inactivation of lucose- ate isomer activit ncement of
glucose® %‘lf)‘ﬁéggbﬂ};\?é ‘6%1%}09 HERLEY %TX/?%@%{NWP&%%& aIsCO %F%é’éff’]\?g} A o%%’iﬁ'cosgoé’ phosphate
isomerasge 69@1)aaﬁu)kbmaegm@be memxm‘dgIun@séd&php@mamﬂfdemdm@eﬁaséﬁmﬁﬁ activity and
|nact|vat|on of as ctivity. [3]The isopropyl alcohol-producing
Eschen‘&ﬂ Iﬁ:t 8?(5’ %fm@ ?gﬂ? %ﬁ@i%’eé é Sgﬁ ate 1-dehydrogenase (Zwf) activity is
derived from a geﬂﬁaﬁmetﬂlﬂig glmenﬁeptmﬁph&teyﬁ}ddhﬂiw@elaasec(ma\deglvegﬁﬁaam@bacter|um
of the genus Esch richja. [4]Th ro yl.alco roducm rlch oli acc rding to any one of
1) 0 (0 UG LBy IR SRE R Ly S EBHOHAB G G e et 4
acetoaeetﬁt@;edpﬁ&rmmﬂaﬁetm@mmpylla&m&éhydﬂagenases @%ﬁansfnhaémﬁpd)ﬂnmi@e [5] The
isopropyl alc hoI roducin t according to an n 1 her the isopropyl
alcohol Pc%ge&ﬁ) 0§§}sltgé)ﬁ11$§%? ﬂr%?ﬁiﬁr \%l ‘31 Cﬁ?yames aeer%g%eo nzgi%ce oa}ée%é)t%etgd]lé 4! ase isopropyl
alcoholﬂﬁhydﬂiﬂg@raase CoA transferase and thiolase, and each of the enzyme genes is
indepe T‘Jr‘] #/ % rom at least one prokaryote selected from the group consisting of a bacterium
of the g A d) "a bacterium of the genus Bacillus and a bacterium of the genus Escherichia.

[6] The | Sompmelmhprm@hmag scherdeliaviol af dording tadpibab¢B]cinduereimtiee. acktoacetate

decarboxylase activity js de |ved me-enc din ne derived from Clost

acetobd 68%%/?% i%/(i’)fp"?%odr %)E??éelﬁy rogenaé:ggralc: 9?3 |%s é‘?f’\}’é‘ frdm’arPenz, |ir’2r111é:(rﬁe1}ncod|ng
gene deiweﬂtfmmr@mem@bumdn@earlmzlqnvanddh,ea@béntaaemﬁwas@dacuvityrwdd)ﬂwmdm«ﬂmgetcact|V|ty are
derlved rom enzyme encodln%Sg(fnes d%rg/ed from Escherichia coll. [7] The isopropyl

alcohol- pr&jc{ﬁ%?ﬁglg ?rlilc ia"Colt %Cé%:%rdlng to'[4], wherein at least one selected from the group

consistifig of thexistpropylbidaliall dehydeogefiadeachivity dnddindiagetoaoptate décahbbxylase activity
s de”VEd Hucr:‘{}on %?thgrgggr%§nlggoa%%%ﬁg SF iRt ;i:‘; ‘iaoql erggrgsrsg} 1ﬂﬁ Afn&Tvated, and

the isopropyl alcohol-producing Escherichia coli includes a group of auxiliary enzymes

having an enzyme activity pattern with which isopropy! alcohol production capacity achieved

by the inactivation of the GntR activity is maintained or enhanced.

21 The isopropy! alcohol-producing Escherichia coli according to {1], wherein the

enzyme activity pattern of the group of auxiliary enzymes is selected from the group

consisting of:

(1) maintenance of wild-type activities of glucose-6-phosphate isomerase (Pgi)
activity, glucose-6-phosphate 1-dehydrogenase (Zwf) activity and phosphogluconate
dehydrogenase (Gnd) activity;

(2) inactivation of glucose-6-phosphate isomerase (Pgi) activity and enhancement of
glucose-6-phosphate 1-dehydrogenase (Zwf) activity; and

(3) inactivation of glucose-6-phosphate isomerase (Pgi) activity, enhancement of
glucose-6-phosphate 1-dehydrogenase (Zwf) activity and inactivation of phosphogluconate
dehydrogenase (Gnd) activity.

[3] The isopropyl alcohol-producing Escherichia coli according to [2], wherein the
glucose-6-phosphate 1-dehydrogenase (Zwf) activity is derived from a gene encoding
glucose-6-phosphate 1-dehydrogenase (Zwf) derived from a bacterium of the genus
Escherichia.

[4] The isopropyl alcohol-producing Escherichia coli according to any one of [1] to [3],

wherein the isopropyl alcohol production system is constituted by enzyme genes of
4



[8] The isopropyl alcohol-producing Escherichia coil according to [7], wherein the modified gene of the
isopropyl alcohol dehydrogenase has a base sequence represented by SEQ ID NO: 40, and the

modified gene of th toa etate decar base sequence represe by SEQ ID NO:
gt AT e Rt A ARG R
including at leagta ﬁugmggl h%ihlﬁlb&’@@c@lﬁﬂmérﬁmiﬁmﬁm sokraseman:Rrmgenest [1DfA4hethod of
producing isqpropyl alcoh ?j ij (Egcducm |so Ialcog Ifrom a plant-derived raw material
using th W%FSBR(S i %’&%‘rﬁ’é’ B% itelty ‘g’ &?élrF IHPES PP ISE T £ A method of
producim@@@e&medmhu@ﬂgase zschﬂ@@lﬂlﬁ@mpﬂ&ﬁlyﬁ&kg@h@e‘lﬂmmwmed ttawlazwaterial using
the isopr Icohol-producing Escherichia colt.of any and ontacting the
obta|neﬁ’f%ﬁ‘%Bxﬁltg?c%}%mﬁﬁ%%eéd?ﬁﬁé &ggg%s%lrcaefgﬁ/ [ﬁ}g %m‘&%& z%ﬁ%%ogﬁiseegﬁ%(gt least one
oxide cmﬁﬁlmﬁgl@@rwﬁéteigmﬁmbaarwzﬂmb&mﬁg@ated?bmmpmlputattmmufﬂzrﬁhmmd of
produuge%éﬁ]opy including: (:ontgpgytln%r > ropyl alcohol that is obtained from a plant-derived

raw ma ﬁw%a%SB}lgbwgf&ﬁ%flE) scherichia coil of any one of [1] to [9] and that
containgslacetoiige Mbrﬁ;@ﬂlﬁlcﬁﬁtﬂl@&dﬂ&ﬁiﬁgl&ﬂ@dxd@w@b atainidigdydrépenitjonleatalysicas

catalysts, at a reac 0 rature. W|tp|n 1 of from 50 to 300 (c:ﬁn mgéh d of producing
propylefe 3888%%@ f&rﬁﬁg el thid ré r& g hydrdgenation é ‘CT]"st iS'8 Catalyst that further
includes aisleasiane element sel aﬁtedcfpmsp}thelgmmlpiebmsg'a@m L5101y 6 @rqu f2warh Group 13
et LT et ol reend rOnens SRR il Y e sod cide
activity and the thiolase activity are derived from enzyme-encoding genes derived from
Escherichia coli.
(71 The isopropyl alcohol-producing Escherichia coli according to [4], wherein at least
one selected from the group consisting of the isopropyl alcohol dehydrogenase activity and
the acetoacetate decarboxylase activity is derived from a gene or genes introduced as a
modified gene or modified genes.
{8] The isopropyl alcohol-producing Escherichia coli according to [7], wherein the
modified gene of the isopropyl alcohol dehydrogenase has a base sequence represented by
SEQ ID NO: 40, and the modified gene of the acetoacetate decarboxylase has a base sequence
represented by SEQ 1D NO: 43,
9} The isopropyl] alcohol-producing Escherichia coli according to any one of [4] to [8],
further including at least a sucrose hydrolase gene from among sucrose non-PTS genes.
[10] A method of producing isopropyl alcohol, including producing isopropyl alcohol
from a plant-derived raw material using the isopropy! alcohol-producing Escherichia coli of
any one of [1] to [9].
[11] A method of producing acetone, including:
obtaining isopropyl alcohol from a plant-derived raw material using the isopropyl
alcohol-producing Escherichia coli of any one of [1] to [9]; and
contacting the obtained isopropyl alcohol with a complex oxide as a catalyst that
includes zinc oxide and at least one oxide containing a Group 4 element, and that is prepared
by coprecipitation.
[12] A method of producing propylene, including:
contacting isopropyl alcohol that is obtained from a plant-derived raw material using

the isopropyl alcohol-producing Escherichia coli of any one of [1] to [9] and that contains
5



[0017] According to the present invention, an Escherichia coil having significantly efficiency of
production of isopropyl alcohol, an isopropyl alcohol production method and an acetone production

method which usg the Escherjchia coli, as well as a method of producing propylene from isopropyl
mlcono RO LR AHE AN TS Sttt RGP NTA At o BEp b et
DESCRiRHQN: R dnig B MMERNT:SA €0ib8 oA frisp pibpys édchol-producing Escherichia coil of the
present invention is an isopropyl alcohol-producing Escherichia coil including.an isopropyl alcohol
brodchon aystOH PR P SRE PoTAT AT S boh H SR OB ng the
isopropyl étcgheltprocitaing Escbatishialeoilindkides] adgsai peafiaind lidey emnzykes havimglan enzyme
activity pattern with.whic jso}yr(g#élI alcol?ﬁ)l ngauctio?qcalgacin{ achieved by the inactivation of the
GntR a8t SERISIHB M SR A SACHR 1~ 419 IRERSspF ST Rikohol-producing Escherichia coil
accordifigito the evestiod, dherinhctivatierpolcieaGuiRiactivify Ihadiijinaliariwitke tfidipossession of a
group of auxiliary enzymes Eaving the specified enzyme activity pattern enables high production of
isoprop?ﬁ1 [ESh %E)%&]ZFH fel's, as a result of various studies aiming to improve the efficiency of
productiodveftisapiepyffatcelfahwhaitivention has found that inactivation of the activity of GntR, which

is a negatiye.requlataor of gluconate metabolism, imprgves the efficiency af preduction of isopropyl
lconol 0y b KRR AR Prese TR F LAa 4 focrid AL eHe AT b symes tha afect
the impetvadrisppropyt attoinod Hiroguetidriicapakity achimyed dydind pradtivatiomeflGatiRdativity. The
improved isopropyl alcohol production capacity achieyed by.the inactivation,of GntR is maintained or
enhanc%%a,tO 5 Irr)ﬁyll}%l%%%e éf(:tiv\\/?llhl/cpz§1l g}%eo%ﬁeegécyéﬁzz@%ég ggfﬁ A ﬁqsheog f?? e |H%}§tion, the
term "groupybinauxiiaiygnaymedidesbrehiiohonaehrymepoe twd shivioie dnayribssiwhith affect(s)
isoprop&?)l%%rg% pro ,%%ti%% C%§%ﬁitx. Further, the 6 activity of enzymes included in the group of
auxiliary'enzymes is ingctivate . dctivated or enhanced, and the phrase "enzyme activity pattern of the
group of auxiliary enzymes" as used in the invention refers to an enzyme activity pattern of the

enzymes that is capable of maintajni i %' ;ﬁfd' reueddsopropyl alcohol production
amount achieved by inactivation%e @n@aﬁ:tlvity alone, ang eﬁéompasses one enzyme or a
combintivir bf wadsapropye dnahoheso 00RE] Aséagioip of/aukiferyrernynmeshay isera group of
enzymes com d.only of native mes except that an isopropyl.alcohol pr tion system is
provide%io Sha %gg%{% ﬁg%t Hetivi yg?é%%llgg va gldl%#ut%g %na\?e}rﬁtgl) %&%gc%g%%%fﬁﬁrggﬁ%ﬁlgo enzyme
activity bysthendelues treisa inoldadinhiestope ohde Ay esinaniess dpadificalyoindivdted to be

excluded). . . The scopg of the isoprapyl aleohol-pr ing Escherichia coli i ve
encoma e e
alteraticntisityadgenceih twhickn ssppmp vl etbohpthedisticapayisterehaxedihy dheipredetéomined
isopropxk‘ﬁillgq?& ggg%%g;?/?% ﬁ(@i%%ﬁ!d%?é%ﬁé%%gd.a”d that GntR was inactivated by gene

recombination technolo
In the isopropyl alcohol-producing Escherichia coli according to the invention, the

inactivation of the GntR activity in combination with the possession of a group of auxiliary
enzymes having the specified enzyme activity pattern enables high production of isopropyl
alcohol.

[0019] That is, as a result of various studies aiming to improve the efficiency of production
of isopropyl alcohol, the invention has found that inactivation of the activity of GntR, which
is a negative regulator of gluconate metabolism, improves the efficiency of production of
isopropyl alcohol by the Escherichia coli.

In addition, it was also found that there are enzymes that affect the improved
isopropy! alcohol production capacity achieved by the inactivation of GniR activity. The
improved isopropy! alcohol production capacity achieved by the inactivation of GniR 1s
maintained or enhanced, depending on the activity pattern of these enzymes.

[0020] As used in the invention, the term "group of auxiliary enzymes" refers to one enzyme,

or two or more enzymes, which affect(s) isopropyl alcohol production capacity. Further, the
6



isopropy! alcohol-producing Escherichia coli to which no artificial alteration is made except that an
isopropy! alcohol production system modified to improve isopropyl alcohol production capacity is
provided, and that GntR is i ate geneseca bination technolo am les of
preferane“élh%)(? RS TIAYAS) r}é{% %1?5 ?t%/é grob agfgnt?)(ﬁlgwyéﬂ%%hééacr%\gﬁ tfaﬂc lt‘/o>?160W|ng patterns:
(I)mamt@rtaneejpttlthehmjﬁntgqee actmﬁtescatrgwpﬂs@fﬁeﬁ Hesphaie a$emerase dl2ginactivitysed
glucose- 6 hate 1- dro enase vz actl e¥ ’}quhos hogl onate d gdpgenase (Gnd)
activity; mt A Bsn oo [.)5“/ e1?5%me‘?é?éley(rlB acttlwﬁf1 enhancement of

glucose@ﬁm@mlﬂcf&bmdgﬂmmx(maopmwtaﬂdﬂ proc{@tmﬁemmtmra@ﬁ@\tm@se -6-phosphate
|somerase gg actglﬁtgie ncemen of gluc se-6-phosphate 1-dehydroge COI ngtZWf)o?(ft'V'ty and

inactivafigh of phds [N A8 \dehy P(%g%‘%a%é"? ) Se i S M AMS the’enzyme activity
pattern @f ithegearmetauxiliary enzymes described in the item (3) is more preferable from the

viewp | alcohol By oduction capacity. [0023] The group of auxiliar accordlng to
the |nve&8%hl]s rﬁ ‘ft% et?zgfﬁgkécﬂ\ﬁtgnngttleer&nl?ﬁexrteo re Ho?ﬁ‘%ﬁ%ﬁ?oCthlngﬁ%esaeo&e%crﬁ %S[ Sbove. Any
group oér&ymlma@{efmymanaﬁq»mm&mtemwydmﬁeﬂsyhmmoﬁ whichlédchidiethmatdteatdd of the GntR
activity, and. W|th .which th unt of isopr I aI roduction amoun & [2opro I
alcoholaﬁtbvdg nbnﬁ% r&cﬁ%‘%gfléfaeﬁ tf tr%%)artsée a?iepj v%%hln 53%%%%% otg th% mvergrlt Fgg ﬁ:urther the
group oiraui@:bary:ledeynmﬁmdﬁcesBaMyscmmmdaﬁmusak@mm tanckehalede constituted

by one enzyme.. 0024] A ed in the iqn th term inactivation” fers ondltlon in which
RTRIE elso rop grlg Escﬁerzc oIl desen %)
the activity of the A0 or enz m measure y anyexis INg measuremen sys emis not higher

than 1/bﬁamtatbesaam\t“ﬁyamathelt§scherlchla coli before mactlvatlon assumlng that the activity in the

Escherichia coil before mi';\cthvzittl A%usec%m th ventlo‘h hra e"h gdene

u01 e%Escher I COLLL W 16 nio artifi ma tera 101 }{)
recombination tecﬁn&%gy enc mpass any alteration to the base sequence caused by insertion of
anothereRidpx ihto antiephasd ségehpeodfictinatiystgensesilstiutordotedelatidisopapdrtain site of a

gene, Orl%o%onqlonGa %’3&@%;5%8&}'3 N E%,)(()%rg&lf ’a;[lr(]lethaa& %ng&fgnsa}xa&ls\yal efci%y gete %tga%ination
technology; and

isopropyl alcohol-producing Escherichia coli to which no artificial alteration is made
except that an isopropy! alcohol production system modified to improve isopropyl alcohol
production capacity is provided, and that GntR is inactivated by gene recombination
technology.

[0022] Examples of preferable enzyme activity patterns of the group of auxiliary enzymes
include the following patterns:

(D maintenance of the wild-type activities of glucose-6-phosphate isomerase
(Pgi) activity, glucose-6-phosphate 1-dehydrogenase (Zwf) activity and phosphogluconate
dehydrogenase (Gnd) activity;

(2) inactivation of glucose-6-phosphate isomerase (Pgi) activity and
enhancement of glucose-6-phosphate 1-dehydrogenase (Zwf) activity; and

(3) inactivation of glucose-6-phosphate isomerase (Pgi) activity, enhancement
of glucose-6-phosphate 1-dehydrogenase (Zwf) activity and inactivation of phosphogluconate
dehydrogenase (Gnd) activity.

Among them, the enzyme activity pattern of the group of auxiliary enzymes
described in the item (3) is more preferable from the viewpoint of isopropyl alcohol
production capacity.

[0023] The group of auxiliary enzymes according to the invention and the enzyme activity

pattern thereof are not limited to the those described above. Any group of auxiliary enzymes
7



[0025] In the invention, Escherichia coli in which the activity of a factor or enzyme is inactivated refers
to a bacterium in which the native activity is impaired by some method applied from outside the

bacterial cell to the inside of the bacterjal ce\IE .queibactertiuntcan Peﬁ %n atetd bE , forde mple,
disrupti a@%ﬁ%eeaﬁggg?ﬁaafﬁeérb SR 6?"%?1 )Wﬁ 3! §e1 &S I%Ii‘ignf. ?O D6] Examplasorthe gene
disruptiafiichthe inveniiasT ischuceyhdditios pialmttationdmthie besegeqpendechd hgedesiinsertion of
another IEA iNfQ thﬁbas%seq:uenc , and dg{eti&n of a ce%tain Part gf a gelgem\}/vhi h are carried out
with a '@\‘fv'%lfﬁ‘&/‘é fiﬁ@n[ & ALY ’o%th‘glgé%e rOm ee(i)nglﬁer ormed: As 4 rédu %g{ﬁlépgene
disruptiehadetl 2xamplenthdsgenadesaribsconaliledd befranderibeddntam RNAbandntgustrlictural
gene ceases to be translated. Alternatively, due to incompleteness of transcribed mRNA, mutation or
deletiorappe&r¥ i the amino acid sequence of the translated structural protein, and thus the intrinsic
functiongaif4the strueidiialtbeateimbespthe s:tméhlecto btope thofmead. { Q62T iAnynméthbdimay be

employed far th 1&)érefa_ratio_n of a gene disru%?gt as lon asa disru‘tarét j[n V\S(eicpitr}]% enzyme or
protein ?&t%fyeﬁ) SIS %‘ﬁé“ﬁggﬁ}'} arl%ﬁrsiyg%xn%%\%r}ﬁﬁ BhMhethods (?1atgur‘af breeding,
additiorhigharmsiagaio Bgenttiitawolkt Fradiatidng expdstisectmaadiation, sandoimgtiatagenesis,
transposon,.{s,ite- ire tef ?e?e diso[.l.%g)t%'one) have been.reported. Gene disruption by homologous
recombiiatith 18 Prefarable dife ' sec%pé%‘fﬁ&/vgtflcc’ﬁlslrsup 1on of only a specified gene. Techniques by
homologous recaombédatiahedre cesaribrdihrdsBécteriot. ko HiRd@et 220 (088%), J. Bacteriol., 177,
1511-1519 (1995) and P{toc. tNat{. t ag. Scié %‘S'c%'c%ZsQ%%O'%%é‘ ig%o(%oz)ﬁ (ﬁﬂgrﬁ]&%isﬁlled in the art
can reaﬂ?ﬁ/océ)r?ys/so%?l%ﬁg geerﬁe}(}&is?upﬁoﬁsﬁssm% thess Methodd an applications thereof. f?3028] In the
inventiahg thed ephance mentadf taemdiylibroadiynne delstthateda eerzymesimativitydéncsepropy|
alcohol-producin cherichja coil becomes hjgher after enhancement as compared to the enzyme
activity é))el}]ogrlga(ﬁn%langgr%%nt?%r M VTS eg%cﬁse gég{ralgoennlﬁlg E%Sr%algr% Oar?ear%}%%?’t?éularly restricted as long
as the 4662y dhaheinzymepossdssadioyigopropythlitehokprodoCmn@Esoesichimeoil is enhanced.
Examples (heredf inciude ennatssmant iy aAnenzyine gens intoduzsd fiomoniside i bacterial cell
enhancement yaugmentaedaexpressmn of an enzyme gene InSidelthe bacterial ce ,and a
combinatipiicthBren b GoRohE Yampies of kHhncemienthedmenppheijenélinradaeced ftem outside

the bacterial cell. include, specifically: introducin ene. engoding, ¢ ving higher activity
than theg eeﬁ%@%aeteoﬂfﬁm’eﬁ 'roes%aft%r% ’ocl)l{tgsr}J eﬂiﬁeak%%'?eergila Ogélﬁé:)%ﬁw%r%tgls% ggfg:%(eggi%lrgﬁ%é'[%ginside the
bacterialiseifitttvereby adding the enzyme activity of the introduced enzyme gene; substituting the
introdu zyme activity for an intrinsic.enz ivity that - originall ; dncreasing
tne copl e Moo BT B B B A e
bacteridjaselkaq®1m§mﬁa@eandlw¢yterlﬁmbﬁ ﬁ&@@l@@b@@ﬁm@e@oﬁ@h@nﬁem by
ugmenlE PR alan RBAReARne A5 e Beclepk Al inglire sspegica i lfducing o
base sequence that erthances the expression of an enzyme gene from outside the bacterial cell of the
host baGteriumingodrioidethe Bactermiitefl lsubetttingivother px@mpkertmrw prsaosr of an
enzyme, e {03k Q0T AT HRIPRSHAT 3RS ANUIGAPAAID e 0Er oY SRIANAIRG the expression of
the enzyme gene; and any combination thereof In the invention, the term "host" means
'Esche.riélﬁi@rwﬁvﬁiatwmbépmth@ﬂsmm%&?élerd‘ﬂﬁcmgiEé@heriéhﬁ%ti@@iBmﬁdilhg to the
inventio ag, Skt e IBaEULIBn ok AR ALANAIE 4605 IRIAAG R Gelhheisal cthe
invention Is describe ow. [0031] GntR in the invention refers to a transcription factor that
negativély sogatatespariapérsepestisiphitirig e ghutonmé metabolism via the Entner-Doudoroff

pathwa IS i Ll ctions of two
gene gr{)ol?gsﬂ(Gﬁ%%%qggn{gﬁ%%%%ﬁﬁ%%%%%@%%ﬁ%ﬁéﬁééggg I:Snlﬂe aboli%sgrz&glg éilélj?:onic acid.
Glucosalisrppiospirareiisbiihereise Ryl iprekannyentiorrefed wabigirmsribaabie oY &iyngeswhich are
?Bﬁyﬁ%?h%ﬁgingﬂm%e%ﬁﬂ%g)aﬁ@ﬁﬁ% ap 4%&@g&[&%§&ﬁ,%mme@9m@é%@9,n of the

classifiecgs?ﬁ, )
InternatlonaPUnlon of Biochemistry (1.U.B), and which catalyze a reaction of producin

D-fructose@®phdephditsi frorrnbley soge Brshiss prate0§003ieaiiedss-ephostizien) drogenase
(Zwe i“ﬁ@&%‘{:ﬁﬂ&%ﬂ rRigrR %Hs?u%ﬁ@ﬁ rﬂﬁf homologous recombination is preferable due to its

capability of disruption of only a specified gene. Techniques by homologous recombination

are described in J. Bacteriol., 161, 1219-1221 (1985), J. Bacteriol., 177, 1511-1519 (1995)

and Proc. Natl. Acad. Sci. U.S.A, 97,6640-6645 (2000), and those skilled in the art can readily

carry out the gene disruption using these methods and applications thereof.
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9 name of enzymes which are classified as enzyme code number 1.1.1.49 based on the report of the
Enzyme Commission of the International Union of Biochemistry (1.U.B), and which catalyze a reaction
of producing D-glucono-1,5-lactone 6-phosphate from D-glucose-6-phosphate. Examples of such
enzymed a%ﬂud% fﬁSé%%%%&h?oﬁPBﬂ&%’??ﬁ%f ?féﬁ]ﬁ& Dgerl??éj& FR M &8 BEMSEoccus
radiophilisyibagtetisafife Be RS ASHAIGEH US Sush-Af Ash ergitius NigehandAspargiitisaculeatus,
bacteria of the genus Acetobacter ,sug)h Aas Ac?tobacterhansenii, bacteria of the genus Thermotoga
such a$HERRTGHY L RIARIMS SRS RS SFS 8 JESE &Yy ptococcus such as Cryptococcus neoformans,
bacteria of the ggntsdoitlyosieliumauekhasDicty pstebivindiscaitieednsthe gants Rsgvidoatonas such
as Pseudomonas fluorescens and Pseudomagnas aeruginosa, the.genys Saccharomyces such as
Saccha?BﬁWéEec%‘?ﬁﬁ%?S‘é%é%cﬁ@’f?é’%iarf?@%g"rﬁfg%%}gt%ggef ‘Cgé‘gﬁﬁgﬁﬁgﬁiaéﬁgérium, and bacteria
of the gerugfischesiefiamslch ashescheciaie 60ibn0033} A% ghucdse«d-poasphaidelidehydrogenase

(2wt) gene used in the invention, a DNA having the hase sequence of a gene encoding a thiolase
ootana P HSHELFS o ENR T S S I AL gt SEBIE B10% SRale R

sequence that
is synthesizeddhased b dhdirdiase sequence of the gene, may be utilized. Preferable examples
include a D aving the pase sequence of a gene derived frgm cterium of the genu
DeinochL A s T S SCURB T HRN B KA B8 e A SRS SR C AL R G R s
AspergiisinigedQspapiegillusmaeideais: ahrciatuinghthengemuh Adefobigbterastichyah#cetobacter
hansenij, a bacterium of the genus Thermotpga such rmotoga maritima, a bacterium of the
genus 95{}?@6’&%8? b d %ﬁ&ﬁ/ﬂ%% diis EI%%?(S%%%@?E%%@P@Hl@ﬁ%‘tg}flfhr% 1éleonltflss%?fc%/%steIium such
as DiayesigliuncdisabidebmdiliegbpusRsetdaintnas sikdhiasiPselidomonasilycrdsdanmor
Pseudomonas geru&inosa, the enL;;s Sacc?aromgces sucht.ast St c?tﬂ?r%msy(ces ceﬂevisiae, a

bacteridi¥ SR ‘58 GRS L SRR BAG usécmré?éyé{leer?ﬁnl]\,“&/r a bacterim orthe Jenus Escherichia
such agpEsekeriabiaasnly AdNAY havibgrtbEdnase gaquenceitha genedarined fiorgeacprokaryote such
as a bacteriym of the genus Deinococc acterium of the genus Asperaqillys , a bacterium of the
genus A%té?gﬁg%?{e%ﬁogl&? %Iegr?lf rgne of %%léﬁg%el?% l(;ze?lfnné?éegjéi,llag é]é‘ét%orllﬁlr)ﬁgg ! eﬁé%%%fg Pseudotnonas, a
bacteriy60dh th&ganpk Battiiiseeadadteiupmehtbé gpnissibscierichizyisapore praferdile, and a
DNA haying the base seguence of g dene derlyed fiom Escherichiacal s paricular preferable. (0084
Phosphoagﬁuf:bangf:e é%%lf/ rbséjgﬁéé%?& nd) in e myention refers to a generic name 8 enzymes which
are classifiad:asyenzyme itogeontsidbehncl bhctedidhatied dre therbparrohthetE nzydegi@ommission of the
International Union of Biochemistry,(1.U.B), and whijch catalyze a-reaction of producin

LIS B e L S I e L IR A M o
alcoholipradtning&setwesiohidcgihaseotdingtp theainveptionadspiessshrerichibecoithavipepan isopropyl
alcoholgggll{ctéorrln%}{%g(r)n,t Qr% hfas isopropyl alcohol production capacity that is introduced or altered
by a gene racbmbination tec n(ﬁdgy. The isopropy! alcohol production system may be any system that
enables the tardetkstiventhia twit¢optbdsCarisapr dpyhalcdhmkol/i tha wrbfecadiecakample is
enhancement,of A0 SnEYma actlvib,nvolved n jsopronrl Aloahe radiian L isepcopy!
alcohol-prgdotpéfng Eschérichia coif accor ing to the invention, four types of enzyme activities of
acetoadetatéwdticarbbaytasenastivityicis tpropyitsidoticl dddrogenase activity, CoA transferase activity
and the above-q%%ct}ilggﬁiﬁtéﬂ%aﬁ(% ﬁ%i&% e?g)%vimparted from outside the bacterial cell, or expression of
the activities are enhanced In"the bacterial cell, or, more preferably, both the impartment and the
enhancgifigh} aténtRinebiccutodsslelithie mtsntiomtihioflager dfersdpat yenesisganerof enzymes
which are classified.as enz Q h 2e301.,9 I yme Commission
of the Internati %Iﬁlgt?ﬁ%rlgé}érglﬁég ]g‘%i%{#ry I%LIJl.%S‘,Vi?]%ﬁ@ﬂ%%%?ﬁ%é&%&%@éé%ﬁdng
acetoacstytBotafrerfratetil Copcriptional repressor that suppresses the functions of two gene

groups (Gntl and Gntll), which are responsible for the uptake and metabolism of gluconic
acid.

Glucose-6-phosphate isomerase (Pgi) in the invention refers to a generic name of
enzymes which are classified as enzyme code number 5.3.1.9 based on the report of the
Enzyme Commission of the International Union of Biochemistry (1.U.B), and which catalyze
a reaction of producing D-fructose-6-phosphate from D-glucose-6-phosphate.

[0032] Glucose-6-phosphate [-dehydrogenase (Zwi) in the invention refers to a generic
9



Examples of the enzyme include those derived from bacteria of the genus Clostridium such as
Clostridium acetobutylicum and Clostridium beijerinckii, bacteria of the genus Escherichia such as
Escherichia calil, bacteria of the species Halobacterium, bacteria of the genus, Zoogloea such as
o000 T BE R G SPGB A BACIEHE o el urO o RS Hhum such
as Bradghizehit japonicton bagieriacphttergenusds andittaisiehyas Candidaddopidalis, bacteria of
the genus Caulobacter sugh ag Caulgfg;:ter creg%e}?til%s, bgc ria of the genus Streplomyces such as
StreptofiVESESAIMGLOR R BRLHSTER It #EGESuL ERERSE RIS 6heI terococcus [0037] As a
gene ofhgibislaseptwichased in the invention, a DNA having the base sequence of a gene encoding
a thiolase obtained from any of the above-listed enzyme. origin organisms, or a synthesized DNA
sequence that i @H&féss&geg& L Reiie-. :f%%nt Oggég]%r &?ﬁﬁe&ég‘@ﬁﬁ%ﬁe"&%@%&%% used. Preferable
examplgrincludea DdPahddng dhe-hosaisaiukiceoiaigenadesvedrpenga/baciatium of the genus

Clostridium such as, Clostridium acetobutylicum or Clastridium bey- erinckii, a bacterium of the genus
EonertA SLH ALESRUATIA AU 4B S T LRSS A A e Sl Hetertum of the
genus Zoegloea sukhvaenZooginga sdnigecand HacieruwyuchtheispéeiosRigizohivinma, bacterium of the
genus Brad r.hiz? ium such.as B(adé/rhizotl)iumcjaponicum, a b?cterium of ihe,?‘g?f]é‘s Candida such as
Candid ?{?6%%&] S5 BHBtR T 6F thE G SRER C aulHBEEESH SULHP AL BEliobEEEF e Seentls, a
bacteriubicofdre/genuscbie Plomyaes: su el as Gneptbmyaes collniisyoanadnabtesium of the genus
Enterogpcaés such a Er)t‘e_roc‘oc?#; Ipz{palis. More preferable examples include a DNA having the
base s qi‘fé‘ CR O Y JERE H&HOER ¥ oI 'Oﬁlzgggfy%et'eugﬁqéﬁaas 8 BAtEntRS o‘?%”éya%vnsﬁlsc dstridium or a
bacteriuncohtinergearsdeagkierichiateaiadh AthiNAhaviagithe badessdtyueihenafagene derived from
Clostri 'un? acetgtﬂ%ylicum r Eesq erichi% coli.is ar.tigularly. preferable. [0038] In the invention,
acetoacdtate decar c%?y%ssebfe ars %zguﬁer?éncfﬁaerﬁé of é%ﬁ'ymes which are classified as enzyme
code nyeiizan 44k klddoasedphnsiierepeitlofithedonzy (fev0 eamaissio inohthevaterrationlAUnion of
Biochemistry (J,U.B), and which catalyze a reaction of producin etone frop),acetoacetate.

Exam p:g%V6'¥ (r%i}éeebrgzgﬁ%ee SYTiie eatﬁ%}éeeeag?ﬁvlgé flrrtc;l?’ﬁ) Eggt%gn%}r(%iﬁgreo@ne%ndéo Iggtridium, such as
Clostridémmay acetotpiydician sandd€lastridiabo Beijerangkithemdbid dt e ciquofith ehge musBhesiest such as
Bacillus polymy(e, (00391 4.3 gene.ofhe acelonceiate droaiboniase (9.8 Infrgduged jntg the host
bacteriufii I the invention. a aving the base syequence of a gene encoélngpan acetoacetate
decarbdxylAadevintathe bdroe@nyof tie ghoyvdelisted fempynbecrigimargdrigmsisdParsyntiietic DNA
sequence that is synthesized ba on a known b sequence of ene, m e ysed. Preferable
eI e B R e
Bacillusuifer exahyplesid s DNdediayingd tihehasedaebe eaos dical genecdsriviedsfrory@logtridium
acetobutylicum. or ,Bacillus polymyxa, A-BNA having t erz%) e sequence of a ge ri m
st B ey L DS I
dehydrabegasesréfergdoacge nevicandmer ticengymeswhich sarebeldssifimcbhthergzypnse code number:
1.1.1.8 ed gn the repor . ISSI I lon ign of Biochemistry
(I.U.B),qg?l%%v(\)/dlfg ugqa%@g%s gﬁég?é%@nﬁ%’% L%%{rgiis%g%%% a’iéé%%%%%!ﬁ%éa@iﬁg%%_ Examples of the
enzymefnclddedhosd derived siom wadeerizof theugdmse.Chesteiiv fredohoas Glostibigim beijerinckii.
100411 Ae, 2 asns ot hedsopioy) sleeliflAMAsIRE MRS NliPdBRAMIoMEaRLRagterium in

the invention, a having t ase sequence of a gene encoding an isopropyl alcohol
dehydrogessasiuobtdi Hedefrom Bryofchi abovesliBtebesianimmebrigin DhgAlisning tedasmnthetic DNA
sequen tci g [ 0, h@ﬁ)jm t Preferable
examplggq‘r%ql'uese?ﬁcggg%ae%ﬁ/‘é%g ?r%)qr%l ggqéterl ofet e%§e§§ l%sB %&}gsﬁt% l?lf]t gégl%} dgs%%?\l%%ﬁg%ing the
base segbaneauwh a@éﬂ@mmqmﬁﬂ@ mhmmﬁumﬁﬁmmm{@@@rﬁwxm,i FERSHRITLICOA
ransferre: SR T 10,3, 9060 aNA gh e Wb A lasslsdas s Rpcade pumber: 2.8.3.8

C L
based on the report of the’'Enzyme Commission ot the International Union of Biochemistry (1.U.B), and

which céati/ze aredeitniohprdthecinguadewatétaie fromracetdeblyl @da DNA Evamgphss of the
enzyme edn, ase FeNee JIRTLRACIRTIA O AR YA %Bi&‘iﬁi&é{{“gfe%%.c'os”idium

acetobutyli nd Clostridium beijerinckil, bacteria of the genus Roseburia, such as Roseburia
intestindPl&4adtenspbd ghes gramie debadvatitiasteliond )Sudhedy Tatieal s s teldung pretiss nitzie, Wacteria of

the ge”.Eﬁfg&gé%ﬁ&%“eﬁeﬁx&‘?ﬂ@&gﬁé%%g &l HRAPGSCNA A YaelaANARARIESR & e genus

Escherichia such as Escherichia coll.
Enzyme Commission of the International Union of Biochemistry (1.U.B), and which catalyze

a reaction of producing D-ribulose-5-phosphate and CO, from 6-phospho-D-gluconate.
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[0043] As a gene of the CoA transferase to be used in the invention, a DNA having the base sequence
of a gene encoding a CoA transferase obtained from any of the above-listed enzyme origin organisms,
or a synthetic DNA sequence that is synthesized based on a known base sequence of the gene, may
be useqVBrelerAbie SHANTHELSHRRAE S HSA RRAG HE HHLA R IaRde P AYERE Heived from a
bacteriumgatthe: gevushelasirici wrh sy AsoGt0 Fridivet cxcetabhiylicd hsdsopetgrilutcolhidhe genus
Roseburia such as Rosebyria intestinalis, a bacteriym of the %enu _F'aecalib%lct rium sych as
FaecaliBSRABFIAR HHRARRIR ASdERsHGRT OF s 5e s CoRrdtEaRb Y b LsBuBIRE such as
Trypanesspia fruicehdrpaddacteiiivsehineganum i schenichia sughl aslizsehgsiohianealt/More
preferable examples include tjg)ks?e dzrived from a bacterium of the genus Clostridium or a bacterium of
the gentfd EEREPRHASURARY BRA R ving the base sequence of a gene derived from Clostridium
acetobutylicum apEsehanicbiaegleis pariautaibhpegiaiable R4} yarthecdianpeiasoflenzyme
activity, it is preferable that each of the four kinds of enzyme.is an enzyme derived from at least one
celocted O PR cor G SF AP AP OP e e TS BACREr QT of the genus
Bacillusinaestiahasterivipesoi tha-genusfhaabedchiztdncparticldanta casecincntigh iteaggtoacetate
decarboxylase and the isopropyl alcoho deh%o enase are derived from a hacterium or bacteria of
the gentIe BRI ESTRT T o O IR 00 BT S A YA HSS BEAUIS are derived
from a bagterivare empaatelifcah thegenis Erchesichul, i merespikefemiblead004bklarparticular, from the
viewpoint of the en e actjvjty, it is preferabl g%t ach of the four kinds of enzyme in the invention
comes ORISR} B EAORHHAIHh el BE T St U SRR I iR SPERISART A case in
which thecagetedcetate decarboxylase is an enzyme derived from Clostridium acetobutylicum, and in
which mﬁrﬁeé@A transfer & and the tthiolase IS an enz%/{ne derivedff.rqm Clcistri1 ;gcrln S
acetobutyli Or _ghveef?gﬁ)i%\’ o BRASTY Wiich& %eflscolf)af%lﬁy a‘f%w&eé%%r]oadgﬁfgg I§8A enzyme
derived dropmo€lastedivnbbe - 2iifdkikds mahe prpferabtee rnggar dtariésfnir &dnbls of enzyme, a case
in which the acetoacetate arthox lase activjty is derived from Clostridium gcetoputylicum, and in
which t1E TEBIGY] GBS ders RS AN A R CH e CStH e BESRHREci and n
which thedGabctsdnisiaraseaaitvityand the thiolase activity are derived from Escherichia coil, is
particularly preferable.fro e viewpoint of.the enzyme 13. activity. [0046] Each of the activities of
these enzymes%}f Hhe %ﬁ%gn%l%nmrlnzg?? Béngiﬁl%%ql?\lﬁtgf ntroc égfé%?rgan?{%% s?ﬁi%%egg%terial cell into inside
the bactéhalrééllyorah astiVity obiaimedemphighcexpredidmsofdhendnzjpmedgéneathat thd thest
bacterium possesses,an its genome via.enhancement of H?e romoter activity for the enzyme gene or
roplace R T e A A b e e P N e
carried tht geynfolexdnypleydhtre ducioly ar gemézencddirigrthe lehzymeifrofhioutside, thretodatefial cell of
the hosy bacterium into inmidehe Raclerish el yeing a gene Tesomhinalion egnolagy. Here. the
enzyme gene 16 be'in royduceg may be erived from eithér the sarie species as thiat of the host cell or
a differetspideies frem tvatiof thephodtscblic et dscfgepre pardtibm 6f s gdrmniicbNAcecessary to
introduce a gene from outside the bacterial cell into ips he bacterial ¢ell, cutti .ligation of
DA, B D (R e S A T AR AR cotictes
to be usbd @ psimersysiccmaydbesdrriedoutcby fasualimethods well known to those skilled in the art.

These S Cri iR [ 2 al., i I |§? A ry Manual,
Secondrr@d?ﬁ?fn“@Sé%o?c?%p?ﬁ%%ﬁ}%%?éﬁgg%:ggg?y%é’%%ﬁg%%%%’2%0%%% ] llnétﬁge?%%gegntion, Escherichia
coli in wivipheaee e z2ypaecautividing @ thakscediieioes fooEseherittia dodivierhvhidiethpnemeyme activity is
enhanceg by same:meshad PuaIHRecheriehia. el san e proparedising, for expmale, amethod in
which a g%ne enéodingyt?fﬂle enzyme or protein Is intro ceg rom outséeg?he gactena cell to inside the
bacteriaieguiinusing thgpimsmithanbeagmhe Rectmibisatiompdehnulody sibiidr hevinggbedeseribed above,
a method in which-hi ressj f e t S ichi ' esses on its
aenome B e 8?’?%%%3%%%?@9%5@% acoment of
the promoteriwith amother jpsomitter HOG4BY The dant pronadtdeipethis ibvdrtizhimaychesany promoter
that is capaRin ahconiolng (R GXpraRe AL ANO IR 0RACS HRREHRRCLENAYEerlie dene promoter
is prefera ?fla powerful promoter W%i%fw (%%nstltutlvely works in the microorganisi, and which is not
;uscept%iegzbaepuebsi&ﬁmﬁamegmmiwemmtm@meéém:@gﬁgdiu%biseb@peeiﬁ@@@émp@s thereof
nlude fe R ol Al aLvaaIshyde A pnRhale e ie0R2se MARNAMSL Sompimes eferred

to as "G or the promoter of serine hydroxyrnethyl transferase. The promoter in the
present diaveiio sunezms ardedidrroondich e RN Yl imeass havingaisigmehfastor binds to start

transcrigggg%f&gﬁx%m%&,%%’Ré;!swm%%gﬁ%?%{1%%%&%9@%'A'kas?%é&%‘%%?%%%Base

Nos. 39 In the base sequence informatio



GenBank accession number X02662. [0049] CoA transferase genes (atoD and atoA) and a thiolase
gene (atoB), each of which is derived from Escherichia coli, form an operon on the genome of
Escherichiah%oli in thefo&ger of ath,)gtpA, and gtoB (t)urnal of I(_?acet .riolofgfy Vol. 169 Q42'52
Lauren 4l C?é%h%,t a%?‘)“ﬁ"?] Féfé?é?%ﬁ%s&ﬁ SSsidh O the LR Granbterase génes and the thiolase
gene cardepiiminktanieouSy sdnivollethdyasodifying ¢he promoteriobatobn a protaryiewsotthe above,
when the CoA transferase activity, and the thiolase activity ar obtain%gj from the genomic genes of the
oot ESEnbREERETIoh i Ot LA B Eh S eoh B U e bty o
examplaavepldeingdbecpremeter reepenkibiedoithe@xpregaioncotbiodiménnyme Farkesibyanother
promoter, from the \{ieév%vqui%t _oéfbtaining sufficient isopropyl alcohol production ability. Examples of
&UTHE 678 Yo enhance the expression of the CoA transferase activity and the

the profffdtet B8TBEYS
thiolase @uaRfitylintle de/the @hovetceseribedckdehstickiae tol-deriyatGARDE q@rampters [0050] In the

present invention, examples of isopropyl alcohol-prodycing Escherichia coli having an isopropyl

B ool PGSy L A e PRI et G e e Jbt Hosch i in WO
2009/0@83rhiskhe s€opel ofesuaivhscheichid Baltirchides (& Vadiprhihwiisbhafrdmamong enzymes
involved in the gofodu(%}ion of istoOproP%(I alco 0qc)lldE:%:rljigancement of CoA transferase activity and thiolase
activity TSRy B )91%??5%03 entof the expression of the respective genes on the genome of the
Escherichia collj-amehiesvditie enbhaneementioflisepropircd Gamo bdetyidrodnasewctivity and

acetoac thglte_ ecarboxylase,activity is carri ut by enhanced,expression of.the yes ectivefgenes
using a | asst]fﬁgl ‘B 5 gsrﬁ?d@ gérﬁ'ﬁ}é i%%cse{%%q ?el ut’gyaa%d"p g/%ﬁ%%’@é@%ﬁ%ﬁb.a[%%ﬁ% hthe invention,
inactivafedg@ntikFaciivity sschrese?abiinplideddfrom the viewpoint of more effectively improving the

efficien isopropy! alcghol production. It is more. preferable that inactivated.glucose-6-phosphate
isomerzig{g(g gi)Rch{)i%v/? yea?n gn%ﬁ%@éca%lsué%%agrgg}pyﬁ%sgp Oag':eé 1{}’38 L)I/%er%g};%%{r}légfé Iﬁf:/ltv%ag?: f\%%/l are
includedhithadiditionoig thelinvabtivatehGbiR: deimenostprefenalsiectivan gracindede@GiR activity,

O ORI S S are, L gl ACt b AR ALRH R OSBRI AN R

- S
dehydrogenaséyégr?cﬁ A0 Ivity and enhanced glucose-6-phosphat ydrogénase-(Zwe activity are

include@NAhesgucombilmations:dnableldrastioingirovembatecfcnertticibicyzohis oprp pylwisbhol
pro‘?'”“i%’é‘feaa%fg ”%%%rel‘g with ofher cemi ‘1%‘3‘%”o%aolgaféé%tﬁéso?fh%”%@ﬁ'ﬂse@hl?@?ﬂdﬁ‘ Breleiaple aspect of
the isopropy! alcohol-producing Escherichia coll according to the invention is a variant obtained by
inactivating¢he@niRiadtivity dfntheapiPia /B vBibhhdhe plhadBosdantor the ptaBicate®AB variant. A

more preferable aspect thereof.is.a v (r)i ) in ) activati . \Y/ t
g::chse%-aiﬁ?gai%j%éf%%%%ﬁ? a’iiégﬁ% ?ﬁ%ﬁ %ﬁ%@ﬁ%%%g%%%%ﬁ%ﬁ
pla/B::ataRABlvariahfrand émrddting e giurbsex viprighipiifegenase (Zwf) activity
thereof. {308 ]%\%téﬁ%%ﬂ%ﬁ?rﬁf) & k;—i BRSHIRR YASANLAPIained Py Jnagiivating. e GntR activity,
the gluc[ose- -phosphate |sorﬁerae‘§rei% ggll?actlvity%n%g%e phosphogluconate dehydrogenase (Gnd)
activity ofzjisePA¢B seridartsified poeryBregiastomberplalB:3i0DRB vatizncrmt drihancing the

9'ucosez%aﬁ)agese%ﬁ%%a%%%%?&ﬁ%&%%ﬂibf@%&%@M&Q&éﬂﬁ%b&cd%ﬂ% &N5R9ing sucrose

assimilation enzymes may be introduced into the isopropyl alcohol-producing Escherichia coli
accordingestioe fventoangheoprpriudtohobfronthogtmss eHabier! grofithsionyphisomlopy! alcohol

from SURIOREderived from bacteria of the genus Clostridium, such as Clostridium beijerinckii.
[0041] As a gene of the isopropyl alcohol dehydrogenase to be introduced into the host
bacterium in the invention, a DNA having the base sequence of a gene encoding an isopropyl
alcohol dehydrogenase obtained from any of the above-listed enzyme origin organisms, or a
synthetic DNA sequence that is synthesized based on a known base sequence of the gene, may
beused. Preferable examples include those derived from bacteria of the genus Clostridium,
such as a DNA having the base sequence of a gene derived from Clostridium beijerinckii.
[0042] In the invention, CoA transferase refers to a generic name of enzymes which are
classified as enzyme code number: 2.8.3.8 based on the report of the Enzyme Commission of
the International Union of Biochemistry (1.U.B), and which catalyze a reaction of producing

acetoacetate from acetoacetyl CoA.
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The genes encoding sucrose assimilation enzymes include genes encoding enzymes involved in the
PTS system and the non-PTS system among sucrose assimilation pathways of microorganisms.

Specifically, examples of genes encoding enzymes involyed in the sucr PTS include genes
encoding ScrA%fffﬁ)Péﬁ%ggF %Fé’r@’é%eu%‘rcg%%?%ﬁ Eﬁﬁ?&i%%%&ﬁﬁ%eﬁs}azz% err(i)i‘lsse), ScrB (which
degradessuciase, nsibadlidaniciorganistnnSerk: anbicYoregulate s dhier expie baideraf gehes encoding
ScrA, Y, and B), and.ScrK.(which phosphorylates fructose). [0055] Further, a group.of sucrose

on P T A s e CRR L R B LR o B BBk grou o
genes eefpasédal geneyenceding GiaeBifsefiaseeperepae;onhichlingorpotetes sticaese), CscA
(sucrosgh drolase , which dggargu%es sucrose insi t};eﬂ icroor ani?njc) Cs%iéz(g[)lzllctokinase, which
phosph Rgfygf“e"g%%%géif A BT QRS S8 S GeS R e S FSE ale B R Sion of genes
encodifgig3tBAAa andeK) (RO66AMmTaribe m, example shef iasutiase dsSiilatiop éiredyswe gene to
be introduced inta the isopropy! alcohol-producin cherichia cail according to,the jnvention include
genes SRS SAATEET e M TS A TR AR R,
combinatigin of emésmis oo esgntemie D alseingnat ibastsGsaekxadriples! e rdofdnabdsecscA alone, a
combination of ¢ Ctﬁ and cscK, a comg)in?iop %ggcAal%nii cs&%g@c&gﬁm g%rll] o{ %sgébé and cscR, a
combinStBI S EECAS S8R A &K Gnd &°¢om iNation of cS¢ , CSCR and csc .]?n paﬁicular, it is
possiblectieheostatgeintrbdicel dniy a Escdiemcoting gene CHonithéviewboant(dbeflidient production

of |soprg£%g?![cé%%l. 0] a7 eAﬂsma %%QEGOfetIPu% ucrgts”g.ggdrgl%s Cgre]yertase Csh(.:ﬁ. 2 a DNA having the

a At L UEIA 11LESEL .
base sequence of a gene encoding a sticrose ?’ly rolase 'ilnver ase, 6305’5 obtained from an organism
possessing:therenzym esorsaFeyniigtic /BN A saquendedhal ks synire sized bascd baceeknown base
sequenge,of (e deng, may be used Ereferable xamples Jnclrls hose deyed fiom bagteria of the
genus Enwin/a bactefia of the ger%}ﬁ)s@r‘ot”éus, balteria’sf the genus Vibrio, 8 bacteria of the genus
Agrobagienisfisdiacieria ofcthesgesrirsrRhizebilim, Mactgriel ohitle gemd<Staphye doceus, bacteria of the
genus Bifidobacteriu nd bacteria of the genus,Escherichi ne i ing the base
sequen%c%”g]? %afcé(érﬁlea?gf‘?\%}&‘??ooﬁ g% ¥ESeh é“?’i‘éﬁfédé%’ﬁ’ gié?%‘%?%@%@f %é\%ssggt%b%%éwsequence of
a gene aetivEdiNitdmvang Fsc hesichigueol 45 straideisvied dicnlatip préferabtecitiisipliefenatsle that a
signal sgguence.for transferrin CA 1o eriplasm of the bacterial cell has been added to cscA.
[0058] g aeéﬂécnéaocfo tlésiéarg?gg%ﬁl%]p%%&é i:é;cR), a DNA having the base sequence of a gene
encodif§e4¢plassotiproteip (G ek sohtainedifrop s orgtmidie fusseskinitisd@nqnds, dr a
synthetic DNA sequence that i S f gene, may be
used. Preférable aglx%% egs?r%%ﬁﬂ%gﬁ@sgg?fg#v%eaggré?r%%gg%ﬁ?g?%%ﬁ e%nguﬁsﬁég\?%nég?bacteria of the
genus Preteusirbelclarigeofisie gendantioyiodbaierial dheisgente grobad e lissrerbaeteriiof the
genus Rhizohiur, teria, M%&%Hg pqug%g% gf&&e(ﬂ%ggg Egtgg&)g%cterium, and
bacterif%qut ?&@%ﬁ?ﬁ%ch@%ﬁ&gﬁy&%&ae Isa DNAahav_ing thte base seqyuence of a gene derived
from ariEepobrrichiatedlioBirateaise Pre@EhEVING hrstsasesaduetisir of shganaiderived from an
Escheriehig ol 07 2l ERALCYRI RIS AIR RO A% agans oL Rrddkinase (Csck). a
DNA having the base sequence of a gene encoding a fructokinase (CscK) obfained from an organism
posseséing thbaetezipmeqidragisyiathbthe DARsseyherichith it Bosypisésizdld based on a known base
sequen %}fh?ggﬁ%ﬁamy@&rp&f‘e%@ SraRIeRXempIes lnalude mgsg%&&rag%dtﬁm%a@sﬁe“a of the
genus Erwin/a, bacteria of the genus Proteus, bacterid of the genus Vibrio, bacteria of the genus
Agrobatiefivin kibalstefienat te igéhe snRtidopicamep draeriznpiahel/genid StaspibeoFeuss bacteria of
the gengi, BifigonARIS I ANd RGO 06/ 0e WS S EhGHE HIALA D BHATRIE S @ DNA having the
base sequence of a gene derived from an Escherichia coli 0157 strain. The DNA having the base
sequendecaftadns derlvenriiom dasiRscRerchiaseoiliomsr gl koyarisuldny biekeape[0060] As a
gene of {he SUCIOSERAUNLAPMCRR R A DNADAWRUIS RARSRRGUSHES A BRNE.SNCOMIDE a

sucrose permease (CscB) obtained from an organism possessing the enzyme, or a synthetic DNA

sequenéedeatdsisyathasic de WhisddlonisoRivahabiade ket gesezynsm/dse (ised. Preferable
examples, Inghicle. Iose-fledvediiron hacteriaghihe gem9@@&%9/@&%ﬁ}%iﬁdgfo%gﬁﬁasaProteus,

bacteria of the genus Vibrio, bacteria of thé genus Agrobacterium, bacteria of the genus Rhizobium,
bacterizaftievdupiyshe g eciobcdeshherstacoime gepdsrBieddopactentmdiamd bacteria of the

genus Escharichia, Anexampiads sPNRRINA DR PASE Sespianseafiigenaderivedfrpm an

Escherichia coli 0157 strain. .
Clostridium beijerinckii, and in which the CoA transferase activity and the thiolase activity

are derived from Escherichia coli, is particularly preferable from the viewpoint of the enzyme
13



The DNA having the base sequence of a gene derived from an Escherichia coil 0157 strain is 17
particularly preferable. [0061] In the isopropyl alcohol-producing Escherichia coli according to the
inventi%rg lm? activity of an enzyme of the isopropyl alcohol production system, preferably the activity
of at Ieaslf one of isopropyl alcohol dehydrogenase or acetoacetate dehydrogenase among the
enzymésaithelisdpedpy attoiiodprdthuctienzysteny, tainbendenved frermagévity inttoduced as a
modified gene. . used.in the .invention, th rase "modified ! MRS/ ANY product
obtaine%(%!)]/ %ﬂ%}g%tﬁ@%bt%ceeﬁlgéggs?eﬁ uoehnéé%%ftit]ﬁeebgecn%}?ngggé g(re o #ggﬁycgﬁ%ﬁ , suc?ﬁ a% deletion,
substitutipnessianlditibn cBpevifigaly fletaejiest iveteofin glorhe sacpraduszimahichianodification is made
only to cadons ofépe se sequence.of the enzyme i QSH&Q? @m’g %ﬁ{gt equence
synthesﬁrgé%}lﬁ%rggl 8?1 %’ep %Hslqé%%lé%]%gﬁt ﬁé%%f%% }6%%%%%2%(%@8 ﬁl's not ¢ anggé, and a product in
which madification jsonmadea.only to the promoter region of an enzyme gene and in which the amino

acid sequence T% tptgesized P sed on the l%a?{a scggl,égg%%i@(?gm%@ %Ly&%l%qe é)qg{}b%tg&ﬁgggon is not

oduction o ﬁle ENZyme ac d1¥ V.
changed. e enzyme gene to be modified may be an innate gene o host or an Enzyme gene

derivedgfroereacmiorg drganismofrardifferedt Spepietrial celFaftherhovyaateenayinie geide dicoding
isopropy! alcohol dehydrogenase or enly.an acet te y ene may be
genetiggﬁerﬁqu?ﬁg ,S(})/n 0 e%eeﬁggzﬁéydb?gngqe%%%@gﬁy%mcl)gd‘igﬂée’gﬁ é%gtﬁ%%%gn%}%yn@.gfgow] The modified
gene may bdwedmayrisditcatidriraseicasthengenpaviodifictionfithahpwictiboe nAifgénes
described ahove resulis in.enhancement,of t i .produc through
pI’OViSiOSII? of ?ﬁ(\e‘r%%}z%lr#g g(}i ?\%?/Sg?%?;o%%%g(r%?ﬁg%% yr%?égfﬁ)%gg?éﬁ%%ﬁé E%%}%%éz{rﬁent of the
enzymeragctility. a gencThemmodsfidotyehecisrpriefelably isiibuifiedagenmbielihistittheasthployed codons
have been modified.in a n [ p ' tichia coli.
Soh R e B T o wodiiion, 0053 As
used inahelipventlontdbetptaseedmodifytite employett cotdedowbansyabaitibateved codons, which

are Sequ%l%g%é%%?é%i%eﬁ? §RIEESPORCING fadesREerlieAIRg Acds RDdhe base sequence

encoding and defining an amino acid sequence. As used in the invention, the expression "codon
modificAlirteneatiomodifidation aoniamenbases seudition WithbliBaaskierbes Habemmin acid
sequenﬁ%sgo %]))ng modified gene of isopropyl alcohol dehydrogenase preferably has a base
sequence represented by SEQ ID NO: 40. The modified gene of acetoacetate dehydrogenase
preferab4idls arbhsdnsiegtiencsseépradentsd by SEC I NOYHS aFhe dniRhatedchiesiéopropyl

alcohol dehydiongnaasANHiaraioaasiale SateresanasecaR RiniRraRinbe ethirpced
Escherichia coli can be prepared using, for example, a method in which a gene encoding the
enzyme or protein is introduced from outside the bacterial cell to inside the bacterial cell
using a plasmid and a gene recombination technology similar to those described above, a
method in which high expression of an enzyme gene that the host Escherichia coli possesses
on its genome is achieved by enhancement of the promoter activity for the enzyme gene or
replacement of the promoter with another promoter.
[0048] The gene promoter in the invention may be any promoter that is capable of
controlling the expression of any of the genes described above. The gene promoter is
preferably a powerful promoter which constitutively works in the microorganism, and which
is not susceptible to repression of expression even in the presence of glucose.  Specific
examples thereof include the promoter of glyceraldehyde-3-phosphate dehydrogenase
(hercinafter sometimes referred to as "GAPDH") or the promoter of serine hydroxymethyl
transferase.

The promoter in the present invention means a region to which an RNA polymerase

having a sigma factor binds to start transcription. For example, a GAPDH promoter derived

from Escherichia coli is described at Base Nos. 397-440 in the base sequence information of
14



by using the modified genes. [0065] In the present invention, Eycherichia coil means Escherichia coli
that can be made to have the ability to produce isopropyl alcohol from a plant-derived raw material by
using § in. means, reﬁh‘ ﬁé/%t}ether or not the Escherichia colt originally has the ability to
produc f& ar%lf)%%ﬁé%% ant derived raw material. [0066] Here, the Escherichia coil which is

to be s@b@&pd@e@aﬁﬂﬁfeme@m’@me&toﬁ malyahesl sl eribhiasojictiatatades esthhavelisdprsopyl alcohol

production capac Escherlchla coI that allows introduction or modification of the
respect e‘é(gqle@gn}/zza qﬁ{“ §c er’inéélac i %{y more’ prgef%rnblyti)%e sec’:tzlcgqulgtﬁ%ﬂcon {6 which isopropyl

alcoholcﬂmdul;tmmpakmhhttyahﬂs (beemaﬂmf@teetmam@znw Mn@siﬂchzﬁm}hﬁaﬂd:hnaarwnﬁepropyl

alcohol ffICI ntI rodu exam le of s 0 yI alcohol-producing
Cscheritta QIR PSRy SCBAOTS ca A eheHe oy T TR e pesaite
decarb@xyla&e}ammﬁpommiﬂe@ﬂyatwh@idghhdgﬂgemeuﬁamﬂ’ty, CoA transferase activity, and thiolase

activity have beIen lmwgafteld 23 t%l_?e% gebtgo 1? j%d{/% 25(?8@{}%& %f;’ Ifro C{%ﬁé%am -derived
083

raw material, and Whic &s&ribed A, for examp pamp%?et ]31,& method of

producioigraaogl Goyh attecgmbanccgﬁtngdbtﬂeétméhubmdehmek pireciureifegaisio propylaatcothel from a
plant-derived raw r?%teﬁlal usm the apov descntted |s ro y alcohol- roducm%ﬁg,cf: IiIChICt coil,

and spéeéﬁ“regﬁﬁln% des Tuitdh unn t géprgs}ﬁ AShoN pro cmgp EsCherichia coltin a s ate in which
the isoprgpykdleohdbaiocucing Escdrichiatbeil montatts fwith ehplantgerived rdwaimagerial (hereinafter,

culture S), and co Ie tin |so | al o | o |ne b %E contact (her |nafte collection
process% Efcb% ]‘?‘?‘P an e er%\} ravé)t }rlngtzerla&o lk:))jtez}aéﬁ‘s Syo t%en?e?m?&éof%roedtfjs(g(r%nlgggropyl
alcoholtm@hmb@mse&pmesmbtaufehhfﬁmnaq:ltafﬂ:r,asmdciwrt@tam‘sthctedamd@ng\asf|tnsiadplﬁmt derived
raw mat%nal H‘I eblnalgn ??o tp Po{?‘ DY é]llerl 3 é{tatena refers to organs such as roots, stalks,

I
sterns, %ranches Ieaves SW%rs and seeé:s plan es mc’iudmg the plant organs, and

decomp68itign probiuiotssofitiephaivno ryanmend furreperdoniphesedicarp dndwuides thét can be
used as_carbon surces by microor ri es obtained
from th§ei plar{f’[ebn ﬁlo Plearillt PPg(glr@: Egé dgg({:ogrﬁggisll}ﬁ/oar@%?é%uc sa\tf ereo% ?%7801? %carbon
sourcesmizloteinsutin Mﬂd%&é&&é’ﬂv nﬁema@geﬁm@ﬂﬁmbﬂdﬁt&@dm@u@ha@ starch, sucrose,

glucose fruc 0s&,, tylgs&) nd ar %ggl%egr 8'1;’1% gd{%ﬂgglﬁg gepgmgfltlon products or

ceIIquseath}Hro ysates, eac ontains the a ove ngredlents |nI amounts, and
com bmaﬂihms:tlnmﬁotff \Tlhé m&rmmestmm@mgﬂmveammmwmﬁemm webayegeitle

O Qe aANCEIN AN PN Ace d00 LU EBIRiAbIR AR e Plak deiued (R majeral n the

invention include agricu tura products Such as graif, corn, rlce wheat, soybean, sugarcane, beet,
cotton, emfvhtivertikey, Qﬁlmﬁmmh&ban}'@bmlm&wmﬁ%m@mmlmétémﬁﬂ%specmcally

imited. A4 M3 b S PUUGLaERARI N2 EUelied R chil D pllig fermatively, the

plant- derlve raw material may be in a form that consists only of the carbon source described above.
plasmids (sometimes referred to as "pla/B::atoDAB variant").

[0051] In the invention, inactivated GntR activity is preferably included from the viewpoint
of more effectively improving the efficiency of isopropyl alcohol production. It is more
preferable that inactivated glucose-6-phosphate isomerase (Pgi) activity and enhanced
glucose-6-phosphate 1-dehydrogenase (Zwt) activity are included in addition to the
inactivated GntR. It is most preferable that inactivated GntR activity, inactivated
glucose-6-phosphate isomerase (Pgi) activity, inactivated phosphogluconate dehydrogenase
{Gnd) activity and enhanced glucose-6-phosphate 1-dehydrogenase (Zwf) activity are
included. These combinations enable drastic improvement of the efficiency of isopropyl
alcohol production, as compared with other combinations of factors or enzymes.

[0052] A preferable aspect of the isopropyl alcohol-producing Escherichia coli according to
the invention is a variant obtained by inactivating the GntR activity of the pIPA/B variant, the
plaaa/B variant or the pla/B::atoDAB variant.

A more preferable aspect thereof is a variant obtained by inactivating the GntR
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[0072] In the culture process, the contact between the isopropyl alcohol-producing Escherichia coli and
a plant-derived raw material is generally made by culturing the isopropyl alcohol-producing Escherichia

coli in a culture medium containing the plant-derived raw materigl..[00 e density of contact
betwee?lcfhvé%lﬁfr?ﬁ- 5@8‘&%&%@?@\&@3&%%1&6&% r%%f/’f: gl\gt[ (cﬁj-%{r%gﬁijll‘r%q Eagé%leift[cgrﬁzia coli may be
varied géperdingantthetacipuilBohikie Ao paopyt alodkakpiodyainggireherdchimairitén general, the
concenﬁr%%gnqof the plaé]#-dﬁrived. ray matierial in the culture medium may be such that the initial sugar
concentrafiGATH &HE Eﬁ BB set to be 20% by mass or lower relative to the total mass of

the mixjoos3Framdheviawppiakefitugasdalérancei aftbbbeliedc biaioatii therpitlad Sugdmconegntration is

preferaQly set to be 15% by mass or lower. Other. components m e added, i ual addition

B roun G O B RS CE Wb Ao R TR {BB e BB of the
isoprop&?ﬁ?@&ﬁhﬂ@dﬁ?@g[&&ﬁhiﬁﬁmﬂ, cha pﬁaﬂ?&u&ﬁﬁmt maﬁfﬁhaﬁﬁhﬁﬁa@ﬁieatmm the kind ant;l
activity of the Escherichia coli, and the ampunt, of a precujture bacterial liguid (OD 660 am = 4 to 8) to
be addgﬂimﬂéﬂgsf%?t ac&ﬁﬁ|€§%ﬁprﬁﬁ§§aéé(%&é?]gﬁ§)/%§assgt 0“5{29 rtg‘rﬁ%t%&o%ﬁ mass to 30% by mass
relative[t@fiag chiitihediguics andoidipreienablysseiidbeframylfoshyanassitoddtedinmaks relative to
the culture liquid from the viewpoint aof controlling culture conditions. [0075] The.cultyre medium to be
et ol CETTIRE BT SR e DR e R A T e s LA oyed
culture afedipdhat ¢nehldesradeathomsmpepalrittogenfisousverdsarganic ions, and organic trace
elements, nucleje acids, vitamins, efc. required by microorganisms to %&dg&&iﬁlcti%gc;d without
particular limita ﬁ_%&f’?é‘]‘l&b tlre Conaftione Tor c‘ufturlrrg in the invention are noquarﬁ%%ii%rly
restrictedy @nddcul i Y faysteen candite oob-FiiSexaneplenundenaesrsbic condiiiongal amyappropriately
controlledc[r)H and.temperature within a range of from pH 4 to 9, preferably from pH 6 to 8, and within a
range o’flfro(r)r?%?ﬁrg%oc, preferably from 25 C to 42C. [0077] The aeration volume of gas into the
mixture describBpealindlys nanpdeticllachesesiristan, Mvhamcainaidnelisiubedwmsaireldas, the aeration
volume.is generally from 0.02.vvm, t9.2,0.vvm (vvm:; aerati 0 iqui e [mL]/time
i, A e e S O T eration
preferably caricScodit(athich degradesistovesn ifid@EShT heccubganisrok ésshriayhbd centlnigedhfrom the

beginning of culturipg until the plant-derived raw.mateu { IXture s ¢ until the
activity %g%eessllsoc?p(r}g 9?%75%8@6 ﬁlc%ﬁé% gg]%ﬁéﬁ‘i%%#&@ﬁéﬁe@%s%ﬁy ﬁ%gt%%&gg SEI e culture
procesq#fiagibe vetied aitlvtheherioee anc Bttvines the isoprspyhaloohoigsroduting Esbherichia
coffin the mixture apd.the amount of the plant-deriv terial, | ' ay be at
Lot oS T g e T B e sy
continueckingaaewtadditionrpfieies plamosteriVedy énamatdiialrolative isbistopsrakeshvicpretucing

Escherichia cqil. Howev. [ f.pr iCl \ i erally be set
to5 da;}gstl)%rﬁeses HS% eoééﬁqjggg]’h%]s&r% %%’ggv%lst ’?‘gggl?ftég %&%@c%%%ﬁ%%g%%%%%%%@emponed for
usual céitvation pay-be %@b@&é&t@ylwexmmﬂwéﬂmds foecsbiiedtirdisbpropialcohol
accumyigiedin g MR A Rce RN et ol xamplSuBaLbadhinay be

employed which includes removirig bacterial cells from the culture liquid by, for example, centrifugal

separatfbn immmnmlmd@tmﬁsdmmebww@ éﬂdbﬁ éﬂ?;@ﬁéﬂ&ﬁ@ﬁ%‘é&ﬂﬁé%u ch as

distilatign.grMPEIDANG Sepalalan JAARA The Delhpdaf pducg aRIRYAIaNE! according to the

invention may furthér include a preculture process before the culture process for producing isopropyl

glcohol,cwmhiaaﬁewqﬁcmc_memﬁge&n?afpmbnaeéi@smhi@ﬁsb@s@%-apﬁmmﬁeé detciterrBidte of the

'SOPfOpxkg&cggﬁkpé%%ﬂﬂﬂ%@%%maaﬁ@'&g&b% USSR TRRPEFCUILNTE, ATQRESS AN HhR.ADY cultivation
u y-employe

conducted under usually- culture conditions suitable for the type of isopropyl
alcohol-gfresheny sackeriuerenmplayed! (0081} FReabeses. @ﬂé@@l@i@i‘ﬂ@%@bl‘éfﬁﬂ%@éﬁ@ according to
the nveplionaereiabixineltifas:2 iR R osgEsI RMITAIbe JAPIAR RleplRlREQdE NG
Escherichia coli is cultured while gas is supplied into the mixture containing the isopropyl
alcoholdprotisingebasteviohr Erdctiepidwtider vegaaanyialetbeland a collection process in which
'sopropyhisghal pradcest B e cultyRg ineepaalad and AqlieRAIATIID A Bk e. [0082]
According to this method, the productive Escherichia _coﬂ' is cultured while gas is supplied into the
mixture s(mméalgme)ﬁmqﬁigmgaﬂmeshmwﬁmwmwﬁmbﬂbwe@@ fgppershsed into the _
mmtur%@%ﬁ%@ﬁ&é@é&%@%@ theymiKtyre, g&ﬂtﬁe‘i@ékﬂkﬂ‘%ﬁ%@ﬁ%@RML@'&%%%%H@%@@% he easily

separate e mixture. Further, since the isopropyl alcohol produced is continuously separated
from themisaubasarciteresse! ihensromeshbatientof BEbreiye steompeminskidsidare deivee regulated.
Therefope, it

].ijsd(gg}ia of the genus Erwinia, bacteria of the genus Proteus, bacteria of the genus Vibrio,
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21 necessary to pay particular attention to the tolerance of the isopropyl alcohol-producing
Escherichia coli against isopropyl alcohol. The mixture in this method may be mainly composed of

a basic medium generally used.in culture of Eschetrichia coll. With regard to culture conditions, those
describgﬁgﬂ&ﬁg&ﬁ%ﬁeﬁﬁé@ggg%@?gf& ﬁ?ﬁ%%ﬁﬁ{ﬁe(%ﬁ@é cBRGe 'ngl%%}&c())pﬁlg Bho!l produced in
the ﬁuzw@mbl fz@ﬁﬁa@&pwaﬁdém@hmb@ul fﬁeigm,llameﬂcféﬁe chllectionumEthbd iy, be any
method capable of collecting isopr alcohol in the gaseous or draplet state evaporated.from the
ixture B R BN, B B SRR S LA TR 5 R GE B SHEETig ko a
collectioyn Membiar suchsaeommbnbaesployackaiftightneatddirdr (thnpattiCulas; tiénethod
prefera%lﬁ?cludes contacti'gﬁ a tr%%%%utio ) for trggﬁ%tg? Eotprofoq%l ?Icohol wi i§oﬂpr%glr¥l alcohol
separated oA SRR SR tha hsvpoint BELOIRECtNg bARISSBpop SfcSHof Wi RIgR purity.
[0084] Ins¢haprespsti prathosk, isopiopylahleohbd chrebediiectestin. a state in which isopropyl alcohol is
dissolved in a trap solution or the mixture. Examples of a collation method include a method
describz%)gﬁivggz'bﬁﬁ?ﬁﬁg TS RIAY THE @gﬁ%p%l%h{ggf}{‘g%ﬁ@c% S&an ug%cgn%fﬁw%%]%sing a
usual detestinn mepassuch-@sikl RICR T betasopr dpyh alcohphtoliquiedsyiay e tutheweporidied, if
necessary., Exagﬁg(ﬁls of the gu}rification 1gnettj incl§1de d'stillati%n etc. In a gase in which the
isopropS MRS SRS A ST BT A LRdY 88@[[%‘8}” a;%?esgghl??§gﬁ)rop§| Bicohol production
methodvmnagefurtires facbide eadehyditatiode phose deriivatiftitiarbtottihe obliectiomprtcessa,.The

dehydration of isppropyl alcohol can be carried out using an ordinary method. [0085] An example of
appara idg |f§5l§%‘ﬁ§ ?ﬁ"é) I’i%%i?l%ﬁ?f%%%i?ﬁf&r%}élﬁc%%ﬁorh%?ﬁgg %Og]vﬁféﬁﬁ%‘gspropyl alcohol can be

collectgdg@bhetstm,dfda&iﬁg diskelyadisintthecap sbhtiamarfithe peixts g ds/teqraduction apparatus
S R PR bl RSB0 pppIaUS ANIgEIOR Pipe for

injectin e apparatus is connected to a fé tank that contains a cu
mediuna insludingian tisopaepyt @aleobrobrqducide badtériunuahscagplahivderivied Yasirmaterial, thereby

enabling,aeration to.the culture medijum. A trap tankthat 'cc/;rhﬁai S ajtrap solution as the trap
coluon RNt R i them ok 50 R P PR R PR 6 e
trap tanjaodnielg piefdrajplsolution, and bubbling occurs. As a result, isopropyl alcohol, which has

boen PHANGE I e Sy ABhY RUVAIOR SR aeratR IR fYRpaLglRA g agEaton. and
encoding a fructokinase (CscK) obtained from an organism possessing the enzyme, or a
synthetic DNA sequence that is synthesized based on a known base sequence of the gene, may
be used. Preferable examples include those derived from bacteria of the genus Erwinia,
bacteria of the genus Proteus, bacteria of the genus Vibrio, bacteria of the genus
Agrobacterium, bacteria of the genus Rhizobium, bacteria of the genus Staphylococcus,
bacteria of the genus Bifidobacterium, and bacteria of the genus Escherichia. An example is
a DNA having the base sequence of a gene derived from an Escherichia coli O157 strain.
The DNA having the base sequence of a gene derived from an Escherichia coli 3157 strain is
particularly preferable.
[0060] As a gene of the sucrose permease (CscB), a DNA having the base sequence of a
gene encoding a sucrose permease (CscB) obtained from an organism possessing the enzyme,
or a synthetic DNA sequence that is synthesized based on a known base sequence of the gene,
may be used. Preferable examples include those derived from bacteria of the genus Erwinia,
bacteria of the genus Profeus, bacteria of the genus Fibrio, bacteria of the genus
Agrobacterium, bacteria of the genus Rhizobium, bacteria of the genus Staphylococcus,
bacteria of the genus Bifidobacterium, and bacteria of the genus Escherichia. An example is
a DNA having the base sequence of a gene derived from an Escherichia coli O157 strain.

The DNA having the base sequence of a gene derived from an Escherichia coli O157 strain is
17



culture medium, and is trapped in the trap solution in the trap tank. As a result, isopropyl alcohol can
be produced in a more purified state in a simple and continuous manner. [0086] The isopropyl alcohol
production method according to the invention enables high production of isopropyl alcohol, and the
product%ﬁ‘ﬁm@%ﬂfg%weobtained by employing the method according to the invention is greater

than thegqeeidualiaR-aRIPUGS IUSHEilyl Phtaineays shaploying.simitar ahatho dstmvdnghithadnvention is
not applied. Although the pr??éi ctjvity varies with the conditions of the productjon method and the state
of o B O SFORE T EEHOMRESD B S8 ERSdb Ao ) et O 50 e B 175
preferaiplystrons 5bito0giL{E3 ki ¢aivhe ashievec:da0sdAs éxplaingehaliomothedisopropyl
alcohol-producing Escherichig coli according.to the invention is capable of high production of isopropyl
P ool TRPEIHb o RERY ) EIGHIHRS RSOH At soh S £ A AR SIBEEAREY cutring
for 72 hgursipdifiecase:of isopropyl alcohol production using the Escherichia coli catalyst according to
the invention, whereby much, higher productivity than. achieved by conventional catalysts can be
obtained. (00881 R3BTOByY B IS G B bCHG SO REET AT vendon
acetongsbuhieh s 3udiectingothohiseiapyhatcohdk isprogueed at thelsamedinach he adefione
obtained is preferably canverted into jsqpropyl alcohol by using a known method. (for example, a
methodsal%igﬁﬂgﬂ iy ?J‘gcﬁgﬂ@se %’ﬁﬁﬁfgﬁbﬁ%éﬁ%?ﬁﬁ’m&ﬁ@%é%%?%ﬂé’wp%ﬁ ié‘éﬁv&ﬁ#ﬁereof using a
known methfichtibhissfaribewiiigreasek ke efficieney aficaoversiondioymsygat asdhinavhivaterial to
isopropyl alcohol. [0089] The acetone praductjon method according to, the.invention is, an acetone
ot SRR ARG > IR R BRSO O ALl R P dEral weing
the isoptepyi-algahahproguaing: Rsoherlchiadifiiathereinafigr ordfentthagisoprepydgleohioiproduction
process); and confacting the obtained isppropyl alcohol with.g complex oxide as a catalyst that
e A HR 496 AN LR e AT TS o 2 LD G S S e by
coprecipitatified(bekeinakieprefesto agiaaetone draditction process). The isopropyl alcohol
obtained using the isopropy! alcohol-producing Escherichia coli is b t into contact with the
complex oxide gp%lé{drfgygggﬁl%c%iﬁéﬁgﬁ N \?{]/&’eal}ésg? 35131%‘}%}8,%eélgn"éﬁg‘%ggg&fﬁ%&%ﬂ%‘? and acetone
is prodyged femdd drnepyhdteohalahisthisf mditfeeenisprdgy| alcohol produced using the isopropyl
alcohol-produci{;g scherlichia coli can bﬁae %ﬁ%&(ﬁiﬁ‘ﬁe' Sgti}[i)zeq g 5%%“%‘% efgir%iegﬁ ssu%_?tgn ce é)roduction.
[0090] With regara Se | 3Br%lbz))1né?c% ol-pro uc%ng EStherichia co |,hﬁ1e ant-derived 23 raw
materialictheacemditiehs b isopropylzalooohprodybigrpetcamploydedn dhbdgopropyiralcbhol
production process, t described above for the production of isopropyl alcohol shall apply as they
are. [Oo%eﬂe?ﬁc?%% glé)é{igsﬁg 6?5%%%%%%@33, a complex oxide that includes zinc oxide and at least
one oxifl#6dhtaihinmad Fralipedeaierpdatcamd thadis qreparetbby soheghuitatiodiisesedtas a catalyst.

any of the enzyme genes described above results in enhancement of the capacity to produce a
target substance through provision of the enzyme activity of a corresponding enzyme to a host
or through enhancement of the enzyme activity.

The modified gene is preferably a modified gene of which the employed codons have
been modified in accordance with the frequency of the usage of the codons in Escherichia coli.
Such a modified gene enables an increase in the efficiency of isopropyl alcohol production.
[0063] As used in the invention, the phrase "modify the employed codons” means
modification to codons, which are sequences of base triplets corresponding to respective
amino acids, on the base sequence encoding and defining an amino acid sequence. As used
in the invention, the expression "codon modification" means modification to only the base
sequence without alteration to the amino acid sequence.

[0064] The modified gene of isopropyl alcohol dehydrogenase preferably has a base
sequence represented by SEQ ID NO: 40.  The modified gene of acetoacetate dehydrogenase
preferably has a base sequence represented by SEQ ID NO: 43.  The activity of each of

isopropyl alcohol dehydrogenase and acetoacetate dehydrogenase can preferably be enhanced
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A Group 4 element means an clement of Group 4 of the periodic table, and examples thereof include
titanium, zirconium, hafnium, etc. Zirconium is preferable from the viewpoint of highly selective
acetone productjon. LOO&%] Examples of complex oxides that can be used as a catalyst include
ZnO:Zr%%,ui%F 0B OBHES 2L5AI203, etc. Zn0:Zr02 is preferable in terms of catalytic activity and
acetongsrertivitihe prestheinatiotohzine bxideitoddie atieadisone hide chntaininglte Groepsd element

is not particularly restricted, and. is preferably from 50:50 to 99:1 from the viewpoint of catalytic activit
and ac? ) gﬂ?e%’b]ﬁmtt)?, %ﬂa%%%oéif%‘?g}%%?fﬁ)&%é%t' :%Y?/g e HEDroportion‘of zin)(/: oxide isy
50 or higheiinarkighercpatalytic @ciiliftheaor betekbibied - Whendhepeopdividasahzitdltxide is 99 or
lower, a higher.aceton(?C el ctt/ijtgg%an e exhibited. Therefor?, a ratio within the above range is
preferabl8 B SPTHE ??fff& & ¥ aﬁ}e% &4 by c8Petibitation. Since the complex oxide that can
be used(as & catalysths prefparedlby dopiacipitatidr, shig cordplexcaxiiterbasrmadvantagdsuch as

uniformity of the catalyst camposition or. ease of contral over the preparation of catalyst.
Coprec fgﬁblﬁ?lglef@é%%ﬁra‘ﬁ%%nﬁﬁ ‘6%1%%%‘6%%1(}% %E’f?%) 19%8%%%%%%% ?&gttﬁgyp%roéﬁgtion of a
multicompaaenkicuapldxioxidesahd iaddiienf erpredifitatib suwchhasapatkadinenagueous solution to a

mixed aqueous_solution of two or more types of. metal sa llows.unifar ecipitation gf the complex
Oxide a6 a solid TBAOHT A LSS BrSbAl g thACALA St At AR RN on of a
water-sgkdiel pncsalbguthliag Zinbaitratepanedidn ateons sBiutisngfanweEtekesdlibledirconium salt
such as zirconit\%n ni}tjlrg\te; are mix%j SO $s {)o att%jn addesired metal oxide composition. This aqueous
solutiorfsi%p(ﬁ?gﬁ gcé) HU 588 BRLS Sn'ER meea%rl?egﬁ% Solution such as sodium carbonate for
alkalificpimT)] so\as tamppecifditatehaseplicpyl theofoilnpoftiadiygl ioxibiei dhie génsratesbpregjpitate is
filtered, \géa hed with .wa%er %nd. %rjed, Fnd trilerfaafteetg ggel e{ eaé%gl s a fgs%ugtc t%i hiiclg trr(l)e rlatalyst IS
producé‘ s 9@? e smount of égt%(fy’s Puged when practicing %ﬁe vention 18 Tiot ﬁ)artPgularly
restrictedtdhot éxtantplecnabencd readiioA isaasfitiest autiusingral finedhbedcfiowyrbactdgethe 24 value
obtained by dividing the amount (mass),of.the. raw material (isepropy! alcohol) supplied per hour by the
mass of elg%ﬁasﬁ/s ,tt-o &ﬁf@i? gff:sopr%ﬁ%rggln inara 61ea'cfa }}%ﬁ?‘%’ﬂfl t%%élé§ r,llfé:nc? ér)}lvo?]ea%rré?%—:’-rably ina
range ofrfdowhRIDR teLobl {0006 Thedenydogeadiidi Té aetigrhiatthe invention may be carried out
in a reagtj nner,such.as a batch manner gr a continugus manner. In.the case;of the continuous
Al O A L A AT TR ot ED o oo SR RS Cotalyst, and
reactiopprddicts cpmipg elsvbbiimneagtbnare coliéctednaterial heingdlotiehaesmissrahed for carrying

out the dehydragenation reaction may usyally be from 1, t CiRreferanl m 150C to 450 C
! N3y USually 1 RTEIRIARY & ’
and furfﬁ%?%?gﬁgd?%g yo?rglfﬁ@gw%:%C%ffd%{aﬁﬁ%femﬁg%%%ﬁgxﬁgp o?geau!?l%rigm getween acetone,
isopropidoglcplybkEntidymrdgeimgAlhighot kéactio mte miperatwbicbshitssopwhigher acetone composition
at equilibrium, Therefore,.a reaction tempe, af,109.G.9r. Iﬁig&elri\%ﬁ{ feral §é’ﬂ%m§opropyl
alcoholagg%ﬂé%gfor%e%g% "ﬁﬁg%?fg;%)gaa?ﬁ)&%tn?t‘%i%h a tégr]ﬁ'peréeture. Aareac%on ttet_rl%peratwe’ of 500 C or
lower iscplefierptiecsihcerdnddsiten sivengad ibndooohttmedrbadecaosish Gemmoéesture. The reaction
pressurgo'hsegpt E%{QE&‘J rly restricted. Although the reaction pressure depends on the reaction

temperature, the reaction pressure is preferably set to be from 0.1 MPa to 1.0 MPa., After the
reactioretluct is pbildetedyplrificationrietdo hraysed ditibaatiythedcxrimdwungascapprvbriate, in

accordapee,With INe.Beresalte WI1eeAKh' e AcRPn BHGHIe EHRY: fifs.Puriication

methods known or well-known in the art may be applied.
plant-derived raw material. In the invention, the plant-derived raw material refers to organs

such as roots, stalks, stems, branches, leaves, flowers, and seeds, plant bodies including the
plant organs, and decomposition products of the plant organs, and further encompasses carbon
sources that can be used as carbon sources by microorganisms during cultivation from among
carbon sources obtained from the plant bodies, the plant organs and decomposition products
thereof.

[0070] The carbon sources included in such plant-derived raw materials generally include
sugars such as starch, sucrose, glucose, fructose, xylose, and arabinose, or herbaceous and
ligneous plant decomposition products or cellulose hydrolysates, each of which contains the

above ingredients in large amounts, and combinations thereof.  The carbon sources in the
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[0097] The propylene production method according to the invention includes: obtaining
acetone-containing isopropyl alcohol from a plant-derived raw material using the isopropyl
alcohol-producing Escherichia.cqli (hereipafter referred to as "isopropyl alcohol production process");
and  NFBUARGRESIHEHREH ﬁroeﬁg}?gé)aer@ “&%ﬁ%‘g{&i&ﬁe&l{h%ﬁ# g%crl dence of, as catalysts, a
Cu-con{aiiing Idragenasicmedialysitand-asaidvadidio sulnstande ihedreaationitemperature range of
from 50 t0.300C #s_i‘n%the obtained acetone-conm%igngnisogr%gyl alcohol (hereinafter referred to as
"catalyREFSHEHEH Brotidd 515h e BHeEH sHEwfEAH P ESAtE g fyar8geiation Catalyst is
hereinafies, alscorefenteidie Bunrply as Hyyfling énatioiucdialyst. materidhithe pspgyiénélproduction
method,. the isopropyl alcohol gbtained by the isqpropyl alcohol-producing Escherichia coli is
ey or ) T8 TP DL TSRy R R HITOBSBT U regard to the
isopropyliaieohiokprekkieing-Bschedichva ealirthenplant: detiechrahamoateliad, dhi obdditiarisof isopropyl
alcohol production, etc., employed in the isopropyl 25 alcohol production process, those described
above f§3rlﬁ?5 %‘F%‘iﬂ])ceﬁ%ﬂ)a{%opropyl alcohol can be applied as they are. In the catalytic reaction
procesgpazeiona avd ilystogerareiteaciedunderqretdetewpioed] cdnditibpsodsimathe
acetone-containing isopropyl alcohol obtained in the isopropy| alcoho roguction rocess as a raw
ateri S I 4 AP BRI B B SR T e At L e tobba) The
hydrogeicthdiepusheinctiie datalyiic reactiar gtocessdnay cenmolegulsr piydraervgiasvor may be
hydrogen derived from a hydrocarbon, such as cyclohexane, that generates hydrogen, depending on
the rea®idi E8nditions. The amount of hydrogen may be, in principle, any amount that is not less than
an amopit78quiiheldede @cetonetabiroamvtbenvievpbhsdparationvandeolié ctdrihthsomolaylamount of
hydrogen is preferably from 1 to 10 times that of acetgne, and more preferably.from | to 5 times that of
acetonea‘.[il‘ff)j)lr8 ({a'%%%?é ‘%rgesce{tlr%ﬁ;}nl ocfgtzfy%lraa/(_?éenvglﬂlg%hggg éﬁlermﬁﬂntit%esa%}g{%e%g} &% rln%)gtrflt of acetone
suppliedipetaimitdineg npdis desebio dod withirgthe shnpe cdesenibadbaldvbe Ilatedegevini which a
conversion faie. of acelgne of LAQYo,orqwer is desited. e panversion lig,can e achipved by
reducinlgnfﬁ%lgrﬁ%urﬁ 0 y%rogenrf]rom%he amoun eqwmofiar té Acetone. l%]’ln the catalytic
reactionzprasessaitie supjplisd20ydingendindotecthelattygenthtandhacstohdb¢ofotmravater, which can
be discharded rom.a teactor aullet, buriher hydiogenn xcess olie AMOUR qyimgla; to acetone
will not essen |aIYy B Consunied unless unexpecte side feactions proceed. he supply of
hydrogemegiasity the tebetti’is ysualy calviect.ouOecomiproastsupplpe bdtlisi noupsaticularly limited
thereto. With regard to the manner of.-hydrogen supply, # I be.intermittent supply which
includegylgéﬁg(ﬁ?y%?ﬁ?%r%éﬁlggg rﬁ%%%nﬁ%?n%ﬁ%éﬁﬁf&ﬁigﬁ%ﬁ%@gggﬁé%lg%%%%ing the supply during
the readfioid anthestattmgptttbesisppiyaitet@bdraini parp dof temehitnaivé ivdbe ofitutiguid phase
reaction, Dydiaden 9as ma %eit&gﬁ@l&%&%g&ﬁqiﬁjﬁﬁqy@%@haﬂfg,ep O EiBSH Brdrogen can
be recovered fromthe reactor and reused. The recycle process for hydrogen may include, for
examplersearatingttnielrbactiorsd ftfonnardHiveSidadtionided om sadingtheiatibe westerior part of
the rea%;{e%u Qs%"f‘%é'\:?éjff’o%eﬁﬂ%t%; &%Esa{ﬁ%% SRIAR IrRMHDERACI ARSI a
separation membrane, etc.; and re-supplying the hydrogen gas to the inlet of the reactor. In the case
of this rpsyfetetpyose ss bhydrogkh hasmesotdetEelfrommthss ssletivedd toyesharalitvigirdaitiig fraction

can be SURP, i&gttgftg&{%%}%gé}%%g%gﬁaﬂggngf hydrogen to be supplied is generally equal to the

pressure of the reactor, but changed, as appropriate, in accordance with the hydrogen supply
method[0075] The culture medium to be used for culture of the isopropyl alcohol-producing

Escherichia coli may be any usually-employed culture medium that includes a carbon source,
a nitrogen source, inorganic ions, and organic trace elements, nucleic acids, vitamins, etc.
required by microorganisms to produce lactic acid, without particular limitation.

[0076] Culture conditions for culturing in the invention are not particularly restricted, and
culturing may be carried out, for example, under acrobic conditions at an appropriately
controlled pH and temperature within a range of from pH 4 to 9, preferably from pH 6 to 8,
and within a range of from 20 °C to 50 °C, preferably from 25 °C to 42 °C.

[0077] The aeration volume of gas into the mixture described above is not particularly

restricted.  When air alone is used as the gas, the aeration volume is generally from 0.02 vvm
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[0102] When the invention is practiced, the reaction may be carried out in a diluted state obtained by
supplying a solvent or gas that is inert to catalysts and starting materials (acetone, isopropy! alcohol

and hydro %int the reaction system. The reaction t erature applied in the catalytic reaction
proceséngfﬁo BT B en V\‘%&W@%ﬁ%ﬁgﬁ%ﬁ&?&%ﬁ%%egg&ﬁfﬁﬂ%iefﬁ?lgoﬁln%rsion ratio of
acetoneemisemiaaydipieebohis ot phiaineds Wik Bsréactibiy epéraiurs iaboyer8f0-Glyunexpected
side reacti%léf, §§%yr{)1§rization o%pror{)ylene, etc. occur, as a result of which a sufficient selection ratio
for progietie C3hAbYHe WARAIREI Erom the viewpoint of economic efficiency, the reaction

tempergtarsis miefecabiy ifrecsangebéoonilini:Citon2 56k Ge gindimoré quieicrablyin tieange of from

150 to 200 C, [Q103] In a case in which.the reaction is carried other methads.and conditions are
ot parGHIAfl TESH AR AFE T CHABIG e CORES S SR MG R R BBty may be
employedoRblepeomiaticof adetarsandiidoprpeytalcdhel dwhitmarktistaningaaterisd spayitte hydrogen,

and the hydrogen supply method, may be.any.of gas-liquid, countercurrent flow. or.gassliquid cocurrent
ow. THE G Wb UFT RS st 0y o CLSE BN Tt gy e
ascendinxtiquignddeseenrding gds: plaaedding:ticuvd masdehdirig gas;ralnchdescaieingaljchsct-
descending gas, Further, the pressure applied, is preferably from 0.1 atm to 500 atm and further
prefera&ﬁrgﬂg B%lraﬁﬂc[tgri%ga iﬁn?&géféﬁ? fla]%up?rgésegtﬁ%gué% |%na%¥i(§?lc%b]g§tranr%e%ﬁqclude metal
oxides sutimasdie kit siidayaduevnaldsilicacd] tmiplapdatinmihaswitanicnalaxide; Bmoaxide, and
zirconium gxide, which are grdinary salid acids. Amang these, zeolite is preferable from the viewpoint
of high ?r:];?fgh?ﬂ"é’%’ ﬁ{?ﬁ?ﬁﬁ&%’a %s%|Ce%{i'vi@gf’o‘?’ep‘?%rp%%%e&’fo‘i‘B%jp}i”%?e%?ii{?emt A i%%%%/%“r" %‘?n view of
the moléatdaosizas génsepippylsatcotioflayhictdsstpoeighily B2 present lassa ravitmaigmniditand an

intermediate in the reaction.described ab and propylene, which is the target substance, may be
chosen%%%‘é%%iﬁ?t& %%&hgsoen&.emp%%ee%\fﬁgg ug\f/)l%%ﬁ}l(&lr?rﬁigl &1 r"]‘ﬁ% lﬁfﬁaégs,%é% aE)rr'eéferable because
their moEdpr Szdsdsdsimilaetnghsomoiedubrosices ofiisdprapyl diechblandphopylenaecExamples

of zeolites having 10-rin 12-ring pores include ferrietite, heulangit SM SM-11, ZSM-12,
NU-57 TP e e RIS e B M A RN Bl
mordenite; t3ideelite iME M2 ME Mg 55| etcf @ taegde IS medlite lisqpeettiablend0hoshite

composition ratio of silicon to aluminum (silicon/aluminum).in zeolite is preferably m of from
e, il AR R e e e e e
from theeyiewiamts of activity and heat stability. Further, a so-called isomorphous-substituted zeolite

may be inwhich aluminum contained.in zenlite fr. Irk.iS. , other than
aluminﬁégsﬁhch@g eg@g@hﬁflﬁeﬁ}#ﬁgﬁ%& 2eazlééﬁ?g%%gggga%gégc?kr‘%%;}gjés%%%% g%z%%@r%hodiﬁed with
metal iansl 04 6 P} Fndshapecefthefsolithacidicsurstase éoisprodypangosiamgmdstlicted, wrd may be
any of spherical, cylindrical, extru - The parti jze thereqf | particularly
restricte‘%?vé/ii[ éar{f%%v th g}}sgﬁ%r%%ﬁqﬁ ((:g su gsk’%%%gﬁg5?%2%2‘%&%#?%%%%%%&%&5%5 é%%liin a range of
from 0.@lcnhwltord D0 mer;sieavcbidantdolithutied sizBhe thewleaetpro@pfersaliic@idic substance may

be usedcéfﬂgg{w%ré%%@&@ﬁ‘{{ﬁdé?liguﬁﬁ' Gl aRRDaNRA e, [Pl rples pf the

Cu-containi ydrogenation catalyst include those containing metallic Cu, and those containing Cu in
the formsoproprakhbmnpepmdssise bEteamplesnyfithigdnetal compounds include metal oxide such as

CuO angh£420./Retal HHIRUFES SHEM AR GHEHA -Bi6ndNR &RlASIIMRAY e friginsd epa carer.

includes a culture process in which the isopropy! alcohol-producing Escherichia coli is
cultured while gas is supplied into the mixture containing the isopropyl alcohol-producing
bacterium and the plant-derived raw material; and a collection process in which isopropyl
alcohol produced by the culturing is separated and collected from the mixture.

[0082] According to this method, the productive Escherichia coli is cultured while gas 1s
supplied into the mixture (aeration culture). In this aeration culture, isopropyl alcohol
produced is released into the mixture, and evaporated from the mixture. As a result, the
isopropyl alcohol produced can be easily separated from the mixture. Further, since the
isopropy! alcohol produced is continuously separated from the mixture, an increase in the

concentration of isopropyl alcohol in the mixture can be regulated.  Therefore, it is not
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[0109] It is preferable that the Cu-containing hydrogenation catalyst further includes at least one
element selected from the group consisting of Group 6, Group 12 and Group 13 elements in the
periodic table from the viewé) int of c%btaitnir%t% hi(gher sele tE%VitPé or Iongelr cgtfi%?t ife. Preferable
elementSSFETSUR BHNRIGHECEE, TSR OrErdPAbTE Sidm RS SF SRUD Lo IREGE ZPE etc., and
preferalfle-Riemiantsonf £guonsp idSpiopluiddcAhdn, etc. Examples of such a hydrogenation catalyst include
a copper-based catalyst such as copper-chrome, Raney coppey, and copper-zinc. A metal salt
such as PbSOjf? e ﬁ%’i%‘ﬁ@f,%%%ééﬂ%og aﬁnsalﬁ@ﬁ g% %Er)eléé)%ar aar?lgl & flirﬁré]tgf gféllﬁﬁéa804, or the
like mayded addeadito sid Cl-eantainig hydithgepation caltalystoddidraandecasésdnbeliebotre addition
improves the agtivity of the Cu-containing hydrogenation catalyst and the selection ratio for propylene.
The am ?Hea B 4Sit, alkali metal or alkali metal salt to be added to the hydrogenation catalyst
is not partigaiarly rasttidted; @npris preiccabiy fiaik oo bycamibisstiio d0i008ployaxnass] mainly from the

viewpoint of selectivity. . Examples of co erciall availat%le u-cqntaining hydrogenation
catalyst??ﬁé%ﬁﬁ% 1%82{&?2%55, %ﬁ%ﬁ%ﬁzo -ﬁaﬁﬂgégf%ﬂ% ﬁ‘ﬁé‘ ¢ qé%%ngfﬁ% }r/?fl{dcr gaezrileation
catalystiscotibpattidadpeypre siioted ardd mayda anygroplepbricalapylitdd cadpesteudeduantycrushed
shapes. Th rticle size thereqf is not particularly restricted, ejther, and the hydrogenation catalyst
may beué%igﬁthvsaﬁ@@ frg“:;ﬁa{ﬂ@g% %as\ﬁ%aslfrz%??r%{ elitnr(ﬁa%ég%eacﬂgl ﬂ%(r)n B%f ijrlr‘T‘rCr%}lﬂ%y R}B%nm in accordance
with thecslzetdthecabetanclddd pomiheryepyidngedraciigiiornmetivad dogendingidn the invention, the
acetone and hydragen may,be supplied into a reactar filled with the .hydrogenation catalyst and the
o AR LD i e SR P e R e TR b er The 26
total amsymbpef thibiydregenatio i cat diysbandrthérsolithacidiersutistbncdilied imity tsemeagtor
(hereinaYteliﬂlais‘(}i)fi {ﬁtﬁrrﬁ:‘d l}roltas "catalyst amount") is not particularly restricted. For example, in a case
in whicli e Teaction s Eartied out using a fixed bed flow device equipped with a fixed bed reactor, the
value obaB¥§d hytbividingrtheahodurst fmass psfohottand{stalitingdntesialy supglied per unit of time by
the catalyst amount (weight), which is WHSV, is preferably in a ra f i 0 /h, and further
oreforaB A o M D o
the hydrogiendtiorhwadtalysttisddepaiticd farky (2 StHGEI SARt pitip pletferdbleishatdhel rdtichdolid acidic

substance, : hydrogenation.catalyst (mass ratip)..is. u ly fr X to 1:1Q90, . elferablyfrom
1:0.05 t%o(i]%%g.glﬂagfgﬁsc %HIEIF}H éjri{&}riﬁg’tuaguqaﬁéf)r%ﬁ(%i%@%ﬁ%go%@#&o Iﬁc%&i%'su s%afr%g (:péﬁ/d rogenation
catalystabifol@.0d lertebredydroVivts mpsufficie nf asetonty coRversides kitibe Pholécitiatsmeitethdency that

a quantitatiil\l/gerglisiglfgt%%lid,t%cidic substance : hydrogenation catalyst of 1(100 or less) allows the

dehydréﬁ%n reaction to é&eq’uately proceed to afford a sufficient propylene yield. [0112] In a case in
which the activity efctise tatdiydisidasrpaced aftehtheakenitibis i chatiatredforsosrtalipariod of time,

regenerglonnay Rscaried aykaing knayn melheds, helEIeGAYS AR AGHNALDS

hydrogenaﬁon catal e so IC substance. In the invention, the two ’components - the
solid acididisubstaheedgtine Mydesgenatiod dutdiysontdyberuged asdutbdpstbe Mrrinémibf usage of
the catqlgg}rg g{%mﬁggﬁ%ﬁl‘%y restricted. For example, the solid acidic substance, which is an acidic
catalyst component, and the hydrogenation catalyst may be physically mixed on the level of
centimei¢¥$éized eatalystipafticipyasrstiepplicehtd dictbaropnoosaheptied mpdisgenatiohehialyst may

be fine'xvﬂlxiﬁgggmE;g%m%;ﬂeﬁ{%%fa%ﬁl@%fwm%qe? R NSRS LA AALRIRSA O the

hydrogenation catalyst may be retained on the solid acidic substance serving as a carrier, or the solid
acidic stsstintemahberetaitied sppiietindroganatoa datbN$? S8pAMY &5’ d pamidiehlternatively, the

hydrogenation %3%8%8@&%% EBH%QE'@,'i&%@é&é&&%iﬁ@%xb&jiéﬁi}@bﬂ%ﬂx from outside the
apparatus is connected to a culture tank that contains a culture medium including an isopropyl
alcohol-producing bacterium and a plant-derived raw material, thereby enabling aeration to
the culture medium.

A trap tank that contains a trap solution as the trap solution is connected to the
culture tank via a connection pipe. A gas or hquid that has moved to the trap tank contacts
the trap solution, and bubbling occurs.

As a result, isopropyl alcohol, which has been produced in the culture tank by

cultivation under aeration, is evaporated due to aeration, and thus easily separated from the
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used without being, for example, mixed with each other. [0113] In particular, from the viewpoint of high
activity, high selectivity and industrial availability, it is preferable to use the hydrogenation catalyst and
to use 13-zeolite as the zeolite for constituting the solid acidic sub tance. For example, the

hydrogEHEHBREHEITSARAY PRkt 1%H%tﬂh8%&ﬁﬁlé@%f% BN SHE R efor include:

a meth@&&@'&&ﬂﬂ%éfﬁﬂf@mmZﬁ@lﬂgwﬂ&@ﬁﬁawauﬁ@ﬂwﬂﬁm@anarmtr@eterﬁaﬁe@f Cu and calcinating
the resultant; a method |ncI ??‘} dding a comP T}‘Vén whic anlc molecules c igand are
& Bﬁl%

attached¥8Bu T&?tﬁ@ﬁfﬂﬂé’ SO RIORIAL ith'sd N vc(::‘S an 29
Ofganle?@&t@ﬂbﬁ%ﬂﬁsé@xﬁfﬁ@@[@oﬁcﬁ%&iﬂQﬂe aptegnating aealileualith dhﬁ;ﬁewblphnmﬁ@cinating the
resultant; a method inc tg%%)wlng the complex to be retained on zeolite b gg folex m Ie vapor
st A i e b S bR e T R R

[0114] Thehytrpgenation.catalysismayikienr eiained v aisamienpther thattlﬂﬁ@liiehdixamples of
carriers capable, of retalnln Q& hydro en %or%cata st mdUd(j%PéJd umlqa ilica-alumina, titania,
magne e SN XEHesIT 12 R RS 8H0(]<):18?ﬁ} aBQ r’?)tagc(i) ERY  Hiatomaceous
earth. eatzso@éitlpmdtﬂg Eﬁ@t@t@m@xt@setebt atddastponsuselested from theogh0hR/EoTBiating of silica,
alumina, silic all% Jitania, esia, Ilca magnesia, zirconia, zinc oxide and carbon (activated
carbon)prﬁtﬁ’i% Reltf fﬂtg&m SRR Ger selectivity, [0115] Examples of the reactor
used in [th:emveftﬁlegpteﬁtudetﬁ)ﬂegeﬂéaedpieegtencahmﬁizeabb@ﬁﬁmmhmeommedtixé‘m@ed reactor is
preferable from the viewpoint of preventing .the earl |nte of ca tal sts In the
inventioh® MSET54E fércglga&ﬁ‘goét@%% 13t t,sgfgfa@?]éﬂ g}[ %eam%r% surbe;E PNt the
reactor g$m§tt @afaam@tdpﬁtﬁmeﬂbl\wie&ao‘v(eﬁhheeﬁreﬁet@niemsgcfcasmﬂe;teautahetbamﬁthod for
adding the hydrogenati on lyst and the solid acidic St bst ce may significantly aff ct the reaction
performAMREPALY %’é) é uﬁlﬁlsggﬁ‘l%o gﬁrfh ?86@ as’ﬁgﬁcéha (go %ﬁ/d%é\ho?] féaction occur
ste lese;h@rtht@ inventioghel tpedsétmiam@ thethibet |mﬂiw:ua@ Isecuertiaiin ziddinty satalydiespecies
appropri te for the respective stages of the reaction into the reactor is a preferable tilling method, in
terms of &ft nt usage of the catalysts and suppression of undesired side reactions. [0116] It is a
behawqt)ﬁwudhtth@beemegﬂ inl g@dobrabdheimicBl deadtion s thiatcanekpe ctetisideergaations not
observed at low rogen p ressurefor Iovy) re tIOP mper ucrec'ed(g1 g} ¥artleularly lgcru]hthe case of
mcreasﬁ‘% & nydic rogen PSEETE B e Tdaction en’tpePa(t)ure in or 0 Increase the reaction rate. In
such a easenthshtmiethbid tﬁetftltmgythematadgtstso irsquartol lapolhaistaz possikilityooisignificditly affecting
the reaction erform nc rdin catal the r ctive stages of
the reactibn M e%?ﬁ%énsﬁé y adlg"o an?% %&ﬁﬁ%r he hydr ogekr?;?n)on ca ar;etsstg;%nd the solid
acidic sﬂhséahnelrgayldae\addmtlm thithrefetbersuchethat the afiiingcratibeofitieeshyydiogenation catalyst
and the solid ac:|d|ac s%% algf:{a{)fgrms a r?d'ﬁnlt Examples of methods for adding the hydrogenation
catalyst SERd the SN ACIdIE SIS IRt the reactor include (1) a method in which the
hydrogdfiasion dﬁtebtstlamptm@wlrdlacedlwéabstahug wréhanirechting laddeddtitecthedeaitor ; (2) a
method |n hCllCh r%addltlon into the reactor is carried out so as to form a layer formed by the
hydrogena lon cata stg(at the upstream side, i.e., the inlet side) and a layer 30 formed by the solid
acidic substancebfairting dopnstybalrokiddidre. aﬁWsﬁW(@)ﬂ@méﬂwwlﬁlMM@sbhd acidic
substange on,whi the enafi e t .{4) a method in
which thﬁe a%%l fon into the rea%t%’ﬁs%:% %Qéﬁuat%é E@% f%é?n?sa%% (% foaréﬁggﬁﬁ?}gtﬁgh%%rogenation
catalystptatthe)upstream side, i.e., the inlet side) and a layer formed by the solid acidic substance and
the hydrogenation catal atihe down i | which the
addition into the regcttoré?}:ga?ﬁga gﬁt sg) 'ir‘;f%ﬂ@rgrﬁoé a};}%}%fo lr%%%’i&%e%%aﬁ%e atlo'cr{t][catalyst (at
the upsirehmesidinei exjdhanidlet lsisePandxalayerttoningd byapsdlid anidic subttansewnantich the
hydrogenation cat I b tlet side); (6) a method in which
the addq%n fnto %%%Zac %SI}IS c%?#e(l; F%?%%%%%Eoﬁ%%§ﬂ&t§gﬁ ﬁr?teegcsilj by the hydrogenation catalyst
and the solid acldic isupsipyicd(eltchehtmsedasingithe, isepronslinlessitieyahgiaddyehéoirhad by the solid
acidic substanc th do ethe RH the addition
into the rke)lztc %IF s atrﬁleg %Ou\ﬁt%%ttrg‘?@oﬁgrggigs ayer orn!ig I%B%qga @]fq)dé Hg%ugk%?\é&ﬂg\{e@é%awhlch the
hydrogefatidrogaiatist iswetiainect (as. thslupstooars srd»éucei fthe nﬂmrgmé)aésmﬂl@ laylarthémed by the
solid aC|d|c substance (af ers to the
inlet side of the react ﬁ%&%&:{a 5 ?(?l% %éﬁq#pﬁgrt%r%) %qetgrﬁg%a sﬁﬁ?{ﬁﬂgﬁ%@: stage of the
reactiorgzarig ﬂféed@w&tstrehmtéideaaalfewfﬁmhet(suhe‘tﬂsﬂieﬂtﬁdh@mctor i.e., a layer through which
the staring matgrials, | Fcf %%Héa‘ﬁérﬁ%}a 5%%?%%&%9&#8@%@ Dhe. el Siaag qbiRgeaction. The
starting ‘matetials meah acetone an rogen. In a case’in w acetone and hydrogen are supplied
into the reactor by gas-liquid countercurrent flow, #he upstream side (inlet side) means a layer through
which acetone passes in the former stage of the reaction.



[01181 In order to maintain the propylene production amount, a merry-go-round method may be
adopted in which two or three reactors are arranged in parallel, and, while the regeneration of catalysts

is carried out in one of the reactors,.reaction is carried qQut in the remaining,one, or.two reactors.
Further @ PSSR NGRS 8? SW@@&%%&@)ST, %#3%‘83’%53/%@80 e‘%‘ in %ﬁi@%ﬁ%}ﬁemaining two
reactorgjasadlona@eigan peeses tHiesehydtisidcibgh éovariafiontintibe pf tdpetioyl almdurit. In a case in

which the jnvention is carried out using a fluidized bed flow reaction system or a moving bed reaction
system,Sléa &R&gr‘?ﬁ é%?r‘{/@ec:an be maintained by continuously or intermittently removing a part or all of
the cataly®ts|framitibeeaatopadd aepignisikingareglivale detnountlodtheisatatydkisnid XAMPLES
[0119] Examples oéthe invention are de4sc]ribed bel%whHowevertt invention.j[s by no means limited
to theseBXaMpRYIASULH RE A NF" DR W< BTRUS bR erise BEetiidd “(Breparation of
Isopropyd AteatipdtProducing Variant) Lists of the Escherichia coil variants and the plasmids used in the
present exampl)glg are shown in Table 1 anij Tabg-:-?f Table 1%;?smid(l): a gg?ggggﬁeor Relferenced

Description p QBB)[?BC%E‘?%%?&WH@: EAD %FS‘rlr?o?e? & E)]IeC%C ’ XAMPAEs
thereof include titanium, zirconium, hafnium, etc.  Zirconium is preferable from the
viewpoint of highly selective acetone production.

[0092] Examples of complex oxides that can be used as a catalyst include Zn0:Zr0O;,
Zn0:Ti0,, Cu0:ZnO:ALOs, ete.  ZnO:7r0; is preferable in terms of catalytic activity and
acetone selectivity.

The ratio of zinc oxide to the at least one oxide containing a Group 4 element 1s not
particularly restricted, and is preferably from 50:50 to 99:1 from the viewpoint of catalytic
activity and acetone selectivity, and more preferably from 65:35 t0 95:5.  When the
proportion of zinc oxide is 50 or higher, a higher catalytic activity can be exhibited. When
the proportion of zinc oxide is 99 or lower, a higher acetone selectivity can be exhibited.
Therefore, a ratio within the above range is preferable.

[0093] The complex oxide is prepared by coprecipitation.  Since the complex oxide that
can be used as a catalyst is prepared by coprecipitation, the complex oxide has an advantage
such as uniformity of the catalyst composition or ease of control over the preparation of
catalyst.

Coprecipitation is a preparation method commonly employed as a method for the
production of a multicomponent complex oxide, and addition of a precipitant such as an
alkaline aqueous solution to a mixed aqueous solution of two or more types of metal salts
allows uniform precipitation of the complex oxide as a solid.

[0094] In a specific method for preparing the catalyst, an aqueous solution of a
water-soluble zinc salt such as zinc nitrate and an aqueous solution of a water-soluble
zirconium salt such as zirconium nitrate are mixed so as to attain a desired metal oxide
composition, This aqueous solution is dropwise added onto an alkaline aqueous solution
such as sodium carbonate for alkalification, so as to precipitate a solid in the form of a
hydroxide. The generated precipitate is filtered, washed with water and dried, and thereafter
calcinated, as a result of which the catalyst is produced.

[0095] The amount of catalyst used when practicing the invention is not particularly

restricted.  For example, when a reaction is carried out using a fixed bed flow reactor, the
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plapBRgapP-IPAdh-adc plazpBRgapP-1PAdh-adc-zwf plaaapBRgapP-IPAdh-adc-atoB-atoD-atoA
pTHI 8cs1 Temperature-sensitive plasmid Example 2 Example 2 Example 4 GenBank AB019610

value obtained by dividing the amount (mass) of the raw material (isopropyl alcohol) supplied
per hour by the mass of the catalyst, - WHSV — is preferably in a range of from 0.01 to
200/h, and more preferably in a range of from 0.02 to 100/h.

[0096] The dehydrogenation reaction in the invention may be carried out in a reaction
manner such as a batch manner or a continuous manner.  In the case of the continuous
manner, raw materials are, for example, flowed through a tubular reactor filled with a catalyst,
and reaction products coming out of the reactor are collected.

The reaction temperature for carrying out the dehydrogenation reaction may usually
be from 100 °C to 500 °C, preferably from 150 °C to 450 °C, and further preferably from 200
°C to 400 °C. There are a relationship of equilibrium between acetone, isopropyl alcohol and
hydrogen. A higher reaction temperature results in a higher acetone composition at
equilibrium. Therefore, a reaction temperature of 100 °C or higher is preferable since
isopropyl alcohol does not remain in a large amount at such a temperature. A reaction
temperature of 500 °C or lower is preferable since undesired side reactions do not increase at
such a temperature.  The reaction pressure is not particularly restricted.  Although the
reaction pressure depends on the reaction temperature, the reaction pressure is preferably set
to be from 0.1 MPato 1.0 MPa.

After the reaction product is collected, purification, etc. may additionally be carried
out, as appropriate, in accordance with the necessity. With regard to the acetone purification
method, ete., purification methods known or well-known in the art may be applied.

[0097] The propylene production method according to the invention includes:

obtaining acetone-containing isopropyl alcohol from a plant-derived raw material
using the isopropyl alcohol-producing Escherichia coli (hereinafter referred to as "isopropyl
alcohol production process”); and

allowing acetone and hydrogen to react with each other in the presence of, as
catalysts, a Cu-containing hydrogenation catalyst and a solid acidic substance in a reaction
temperature range of from 50 to 300 °C using the obtained acetone-containing isopropyl
alcohol (hereinafter referred to as "catalytic reaction process”). In the present specification,
the Cu-containing hydrogenation catalyst is hereinafter also referred to simply as
"hydrogenation catalyst."

In the propylene production method, the isopropy! alcohol obtained by the isopropyl
alcohol-producing Escherichia coli is dehydrated by the solid acidic substance to yield
propylene and water,

[0098] With regard to the isopropyl alcohol-producing Escherichia coli, the plant-derived

raw material, the conditions of isopropyl alcohol production, ete., employed in the isopropyl
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[0120] Table 2 Escherichia coltFeatureOrigin or Referenced Description wild typeATCC11303 MG
1655wild typeATCC B::atoDABB strain, the promoter for atoDAB is replaced Example 1 by GADPH

promoter BApng train, A iExample 3 B: stral the oter fo is replaced
Exampfe8 i) BIR ’I%—P?)#H otér, %ﬁ dﬁq%@@A %%51&,%{% L{%té"ﬁ mioter for a gf ??§§ 'replaced
Examptﬁg@@m@ﬁ@melym@moter AgntR B::atoDABApgiIAgntRB strain, the promoter for atoDAB is
replaced ExamP the catalytic reaction process, acetone and hydrogen are reacted under
predetermined conditions using the acetone-containing isopropyl alcohol obtained in the
isopropyl alcohol production process as a raw material and using a Cu-containing
hydrogenation catalyst and a solid acidic substance.

[0099] The hydrogen to be used in the catalytic reaction process may be molecular hydrogen
gas, or may be hydrogen derived from a hydrocarbon, such as cyclohexane, that generates
hydrogen, depending on the reaction conditions. The amount of hydrogen may be, in
principle, any amount that is not less than an amount equimolar to acetone. From the view
of separation and collection, the molar amount of hydrogen is preferably from 1 to 10 times
that of acetone, and more preferably from 1 to 5 times that of acetone.  For example, the
amount of hydrogen supplied per unit time relative to the amount of acetone supplied per unit
time may be set to be within the range described above. In a case in which a conversion rate
of acetone of 100% or lower is desired, the conversion ratio can be achieved by reducing the
amount of hydrogen from the amount equimolar to acetone.

[0100] In the catalytic reaction process, the supplied hydrogen binds to the oxygen atom of
acetone to form water, which can be discharged from a reactor outlet.  Further, hydrogen in
excess of the amount equimolar to acetone will not essentially be consumed unless
unexpected side reactions proceed.

The supply of hydrogen gas to the reactor is usually carried out by continuous supply,
but is not particularly limited thereto. With regard to the manner of hydrogen supply, the
supply may be intermittent supply which includes supplying hydrogen gas at the initiation of
the reaction, thereafter stopping the supply during the reaction, and restarting the supply after
a certain period of time. In the case of a liquid phase reaction, hydrogen gas may be
supplied by being dissolved in a solvent.

[01017 Further, hydrogen can be recovered from the reactor and reused.  The recycle
process for hydrogen may include, for example: separating the reaction solution and the
reaction gas from each other in the posterior part of the reactor using a gas-liquid separator;
separating hydrogen gas from the reaction gas using a separation membrane, etc.; and
re-supplying the hydrogen gas to the inlet of the reactor. In the case of this recycle process,
hydrogen gas collected from the overhead together with low-boiling fraction can be supplied
to the reactor.  The pressure of hydrogen to be supplied is generally equal to the pressure of
the reactor, but may be changed, as appropriate, in accordance with the hydrogen supply

method.
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by GADPH promoter, Apgi, AgntR B::atoDABAgndB strain, the promoter for atoDAB is replaced
Example 12 by GADPH promoter, Agnd B::atoDABApgiAgndB strain, the promoter for atoDAB is

replace mple 15 py GADPH promoter, Apgi, Agnd B::atoDABAgndAgntRB, strain, the promoter for
oAl T B e ey SR RO ART B, R G DA G agnts 5
strain, thigrembieanign ataDABlieneplagediaxampe 21 duGADR protingteratdigs GoednégntR
[0121] [iExam§I£%<Pripar tion of B':atoDQB variant> The entire base sequence of the genomic
DNA of ESERBHcHEL A ERLERLINRS! REWR (SR EERk accession number U00096), and the base
sequence of a gere«endodirgceiiirangidiadamalasubimiit{beretnaftersaeiimnemaiii@viated to

oD Sl e S5s it hes g pesngeneed It gD koo n

GenBaidopegassiotvisber L0086. 101223 Fthetipromotersesusnce 319 Ceratdebydé 3-phosphate

dehydr(g?deenr%ésweti hnes[epio y]::[r?eﬁfization of propylene, ete. occur, as a resuit of which a sufficient
selection ratio for propylene cannot be maintained. From the viewpoint of economic
efficiency, the reaction temperature is preferably in a range of from 150 °C to 230 °C, and
more preferably in a range of from 150 to 200 °C.
[0103] In a case in which the reaction is carried out, other methods and conditions are not
particularly restricted, and, for example, the conditions and methods mentioned below may be
employed. The contact of acetone and isopropyl alcohol, which are starting materials, with
hvdrogen, and the hydrogen supply method, may be any of gas-liquid countercurrent flow or
gas-liquid cocurrent flow.  The flow directions of liquid and gas may be any of: descending
liguid - ascending gas; ascending liquid - descending gas; ascending liquid - ascending gas;
and descending liquid - descending gas. Further, the pressure applied is preferably from 0.1
atm to 500 atm and further preferably from 0.5 atm to 100 atm.
[0104] Examples of the solid acidic substance include metal oxides such as zeolite, silica,
alumina, silica alumina, y-alumina, titanium oxide, zinc oxide, and zirconium oxide, which
are ordinary solid acids. Among these, zeolite is preferable from the viewpoint of high
catalytic activity and high selectivity for propylene.
[0105] A zeolite that is favorable in view of the molecular sizes of isopropyl alcohol, which
is thought to be present as a raw material and an intermediate in the reaction described above,
and propylene, which is the target substance, may be chosen as the zeolite to be used.

Zeolites having 10-ring to 12-ring pores are preferable because their molecular sizes

are similar to the molecular sizes of isopropyl alcohol and propylene. Examples of zeolites
having 10-ring to 12-ring pores include ferrierite, heulandite, ZSM-5, ZSM-11, ZSM-12,
NU-87, theta-1, weinebeneite, zeolite-X, zeolite-Y, USY zeolite, mordenite, dealuminated
mordenite, B-zeolite, MCM-22, MCM-56, etc.  Of these, B-zeolite is preferable.
[0106] The composition ratio of silicon to aluminum (silicon/aluminum) in zeolite is
preferably in a range of from 2/1 to 200/1 in order to obtain high activity, and particularly
preferably in a range of from 5/1 to 100/1 from the viewpoints of activity and heat stability.
Further, a so-called isomorphous-substituted zeolite may be used in which aluminum

contained in the zeolite framework is replaced by a metal, other than aluminum, such as Ga,
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sometimes referred to as "GAPDH") from Escherichia coil, which is described in 397 to 440 33 in the
base sequence information with a GenBank accession number X02662, can be used as the base
sequence of a promoter necesslar to, express thelab?%ve-merlltione%%e e. In order to obtain the
GAPDH britmblBrBhp HEATOAIE & PORIMBIRO ot RH SR IR He g BNA o
Escherighia7golTMGhasdStiaindsdatamplatsianc: using pgeicaattgcasigatigacaiogatttegut$EQ ID NO:
1) and agagaattcgctautgliagtgaataaa SEQ ID NO: 2), and the DNA. fragment obtained was
di)gestea‘%\ﬁf%lfhef il ﬁ%@?ﬁ%ﬁ%@%&%@&%@?%?&@%ﬁ% %Sﬁﬁlﬁl?ﬁ %Iﬁ(fatof about 100 bp
encodingthenGAY Rtiredeigie] helabiained NA Fagmen: ang afagmedtiabtained by digesting

plasmid pUCI9 (GenBank accession number X02514) with a restriction enzyme EcoRl followed by
Kaling BHOGTEEALE RS S W B GO b PR @ WP IDie TR

IiyAted USing a Tigase.
Thereaftels seinapeiant adlis-at EsehesiohiadedtidD); boavairaimokeyobio £alid $dbDNA-OR3) ere
transformed with the ligation product, and transformants that grew on an LB agar plate containing 50
aghnl alfipicillin were obtained. Ten of the colonies obtained were individually cultured at 37 C
overnig[ulingan ERalighlig oreniutm containing Ibagimitampiciling anthplagimids menmirecovered, and
plasmids from \?ﬁgh EE QAPD"_%%%ﬁOter' as not %ut ouf when d}%estgd with restricti n enzymes
EcoRl dRTFHRPH MR sQni AR BRIRTEAGLEREE H8REF Vas Erieckdd R & plismid in
which the:fARRIdN oiekwas @ peity nstried wasnaedpliCgbglorha pdEgaprR@ptained was
digested with restriction enzymes EcoR1 and K_Pnl. [0123] Furthermore, in order to obtain atoD,
amplifiction by £ ﬁg}ﬁ]@tﬁ%’g {FR&EE A BT &ing the genomic DNA of Escherichia colt MG 1655

strain aglagemptatepasidrbiohepaatgetgtidgaatathiganatcazaaiigatiatatacdadacy(EQ ID NO: 3)

and geggtaccttatttgctctcctgtgaa SEQ 1D NO: 4). and the DNA fragment obtained was digested
ot red R B HE R e I i e AHS ok ot 698 by, This
DNA fragnhenienadimixied it pld Cgapiaithatflvddthpreyidiglyrbekntdigestetbugth cestystibfe.enzymes

EcoRI gnd { The mixed.fragments re#i d using a ligase, Thereafter, compgtent cells of
Escheriqé]ﬁeigécgca Trbat ﬁé)lﬁgﬁ%ufo (l)ngyé%,eL dlg %ﬁ?ﬁﬂﬁcﬁg‘ggfﬁg% g}lrﬁeocge v@f&uﬁ]gﬁféléh}bgﬁ product,
and trafsformants! thatfgedle olzamitBodgaoyiatéd cahtdinivigli0cay/miampiditiro e ebtained. A
plasmid was recovered from the bacterial cells obtained, and it was confirmed that atoD was properly
oorted AL A e el S e e T RO e
availablasfrenppanenican Type Culture Collection. [0124] As described above, the base sequence of

atoD in the gengmic DNA of Escherichja cojt,MG 1655 strain has been reported. PGR was carried
out using the gghglr%ﬁ%l E)% utgh Es%h%@éh%%l |I0M%9§ e éﬁ%lgg%%%%%g?e%%fﬁasﬁg
gctctagatiatigaeaiceactBgfsitgte (BEDNOCHS)divd tadigddyegutingedoitatsaato(SEGWM NO: 6),
which wgre prepared based on.the gene information of the. 5' flanking region of atoD of Escherichia
coil Mo L A S e e o125
additiorhyREeRenvasocarately suthdgingsthes esxpretsidrr vectotepG APdto Bnprepgarethaboid sata template
and usin tct caatgartgacaegat I e ce

- (e
orma A e IR B S S e TS B R RS 10 o 0
prepareddased, amdHe wedreblydinfo thid o orawsDoofE¥hdrichizscoitawdy 1885 ain, as a result of
which a DNA fr%_gga 3 ut 790 bp having the GAPDH promoter and atoD was obtained. [0126]
The fragﬁ%gﬁjt%} obta?r%atec? t1[1r\?)i ' the above were digested with restriction enzymes Pstl and Xbal, and
Xbal and Kpnl, tespectivel camd the sbsakariaflagrentsaveng hidudonttienfeaipivetstiotitained by
digesting aytlemperatiye-sensitive Plasinig pTHI8cs1 (GenBank accession number AB019610)
[Hashim%%@-zg%éﬁf%(}éﬁ%,&23?.? 185-191(2000)] with Pstl and Kpnl, and the mixed fragments were
ligated (8lAgla iJesthaphefchétby Didbeatraicntalstiansiaarianinith wrriigediomd e o and
transformapis. thaf ARk QLA L. A0ar Rinls. cRoINING 10 Je/mi chiergnnhgnigalalg0C were
obtainegl.i‘%%%3 égﬁo’r% S0 1[%%1’5 were cu turgdgat 30 oi/erﬂr%g tinan LB liquid mgdi%m containing 10
jig/ml chloréampbniesticind ai s mid hadyéumearsidfrornlit bartbeiahesds wheiRéwnEscherichia coil
B strain Al i vas analatmed i (PR Oihanth s aufued gt 30Giaverght on an LB
agar plate containihg 10 ug/michloramphenicol, as a result of which transformants were obtained. The
transforrertits. obtained were inoculated into an LB liquid medium containing 10 jig/m1
chloramgheryc RCuAvsHYian, The alikiedbasteriabreliz abtaiedere applied to
an LB ;Eg?ma%ﬁc%qgtgﬁﬁ%&f%%{g(;/%r%%@hloramphenipol, z%fld caltured_ at 42C, as a result of which
coloniedwirpgwbtadnde: STnelsoldries vitamdd lnkvd buhefedzestaton e R dpiirgih tha whidbiotic-free
LB liquid medi i pURIPHiCAISS - B-29RLRIAS, A5 (et ebwihich calppies that grew
at42C %%@E%%%r%%%%%%ﬁg%%%ﬁwe col%iﬁesgetehatrappeared,oloo colonies were randomly picked up,
and each individually grown on an antibiotic-free E8 agar plate and an LB agar plate containing 10
jig/m1 chloramphenicol, and chloramphenicol-sensitive clones were selected. Furthermore, a fragment
of about 790 bp that contained the GAPDH promoter and atoD was amplified, by PCR, from the

chromosomal DNA of these clones, and a variant in which an atoD promoter region was replaced by
the CAPDH nromontaer wac calecrted Then a clone eatiehv/ina the above conditinone wace named



Culture Collection, which is a bank of cells, microorganisms, and genes. [0128] [Example 2]
<Preparation of Plasmid plaz> Acetoacetate decarboxylase of bacteria of the genus Clostridium is
described in GenBank accession number M55392, and isoprapyl alcohol dehydrogenase of the genus
Clostriditi# Wé@&ﬁ’é(él&e ih@&%@%ﬁﬂ?&&&@é&% ﬁ“ﬁffrtheo%qjﬂl’%@%ﬁ%mmﬁ%i%r%ﬁ%%& S8 %nce of
glyceralgehydgri3rphasphisie dehysdrogenasaenfbereinaltesigomeiings refefcedito as: " GARPIE") from
Escherichia colt, wvr;g%g is described.,in 397 to 440 in thegbagrs %e{g{uen e.informatio§ wjtt@a GenBank
accessiBIPFARIBRrEEEEY [EAMAB [iSHAE i WiLe $546RAEE BPY SrSMBEHEEEELR 4o express
the abofiesadienrthgane GodRHLRA]HN dikdemhtotbbtain the(@ARDIH prametataainplification by a
PCR method was carried out ysing.the genom;{cé][éNA of Esc er.igu'? C liEJ'\élGi%ingtrain as a template
and usiﬁbﬂfgﬁvé&% S B%&‘B&éfdﬁ%ﬁ%%&é&'&%ﬁ_ & ?51% 18} H 3&& bhcatgctattyttagtgaataaaagg
(SEQ IDdGab8) iinnddie BNAfragment tittainetiwasdigested with sesthetidrrenzges Ndel and
Sphl, asg rﬁsult of which a DNA fragment of about 110 bp corresponding to the GAPDH promoter was
obtained"¥Re DNA fragment obtained was mixed with a fragment obtained by digesting plasmid
PBR322 (GenBank geaassion: namobatdO 104D)siitk sebirictienenzyimes hdatiandSgiistand the mixed
fragments were ligated using a ligase. Thereatter, competent cells, of Escherichia coil DH5u strain
(Toyobd"éé).?‘flfd‘.%é A@Mﬁe{? %gﬁgﬁﬁﬁé \%iﬁlil%qlpié%{%r? %&ﬁ’gl,cas YlSformants that grew
onI an :@a@e@w@m@mm@@ ﬂgln);éiﬁm?jkﬂmlﬁrmr&@blaimdl(;Dbemwi@sl mptﬁémid We:je

cultured at 37 C oyernight in an LB liquid medium containing, 50 ji icillin, and plasmi
pBRga;}@ﬁgéoréc Slergg‘??&lﬁ m&‘@g&[@’rfg?&8|@%r§féﬁ%8? %ﬁ@g}%ﬁﬁ%@ Ff)os%éf) %%CFsbpropyl alcohol
dehydragerasaganecanpiificarion dlyca REGR) metideswas taitecdonbusing thesganatiuc DNA of

Clostridiym beijerinckii NRRL B-593 as a template and ysjng. .. _ ) ’
AR A A A TR A (S AN sgtance :hydrogenation
geggatetidiaatdths clEciy datoaiipagtd(SERY dxiNG 183 cdnd tthadBNAtdhagmentdltaiified was digested
with restriﬁlion ?nzgmis Sg,hllgmd BainHI, as a result of which an isopropyl alcohol dehydrogenase
fragmerit'of O LRE KBS WS obtained. The DNA fragment obtained was mixed with a fragment
obtainegoibyjigéstingsplasmidchBiRgapRiwith tiestrictigatedeymsesSflet #rdrBamidljsand the mixed
fragments were ligated using a ligase,. Thereafter, competent cells of Escherichia coli strain
(Toyotd S A POmia oo et G e 3 o BB P heth ot grew
on an LBagsy platecontairing boyigtit ampigitimiereoitainedi hedolenids:cbiainecwere
cultured at 37 C overnight in an LB liguid medium coptaining 50 jig/m1 ampicillin, and plasmids were
recovered fromCI (ta lggteenrtl%l ncré}ﬁ%%o %g%né ?Iéerll]ég}t wg}seggﬁﬁr?ﬁ%d%ﬁ%sf%]}l\%hmﬁgg%roperly inserted.
The plabmich ghtatinec-waly siamedpGARePada {3581 ] Iivierderstofolstain cfobtoselate decarboxylase
gene, amplific ti@n? a PCR method was carried aut using the genomic.-DNA of tridium
acetob u}%)#l gﬁt rr%c gégggsﬁeéqeﬁrgagl gi(éﬂgﬁ? ,u{ls‘xlen%&lé S3e {06 nce, which 15 an a%g%c
caggatoegtgyiggapoatatgitabtgdoibaggtatitia sachsma itegchSERs BUINOR kY andhe level of
ggaancggtaccuacttaagataatcatatataacttc : X _ r t ined was
Cigestod Ay Bl BRSPS (RS e A AT apian
decarboxyiabe fuagméini dfdabout & 00b frovealebiaitednThaD N fragierenitabtalinbdtwaginidted with a
fragment obtain jgesli [ - r Qv with (esyriction. enzymes
BamHI an %c%% ,%é%g%%éﬁ%%ég{s{r‘%gjégr%égb%gg}#;@%%ﬁ%%%gﬁgse. 'Iq\gerea_ﬁgr, compéte’nt cells of
Escheriohihcallid HEdistsabstiToyoly GorelaideDhnigoR)dnegentamstotaied withngadigatoreproduct,
and trangformants that grew \ gar.plate soniaining /O Anpicilinwereohtained. The
colonies'./j?tlift;e glanggﬁ ef%%f%%%%%ﬁ% ofyser%?ilgn inan LB&I?gu??jlgn%g}ium clgnt%}\%ﬁg 50 t@l
pg/mlampidilithantisiasmidsenere ke covedediffopadhethercterial cells obtained, and it was confirmed
that ad properly.inserted. T id p?ﬁi e, W Dl {01321 in Qrdsr;fe obtain

C[g\i%% S%Ega%cuj%h %g>m H}% QJ@\%@H ¥ ZW% tgc,}aq{tll g%n I 1

glucose- te 1-dehydrogenase gene , amplifi y a PCR method was carried out
using theveiéaiolitic DN AefEsthdnichiaticohyBregennt{GeeiBarK andéssitsPNedrROB0BE gydga template

d usi tec t ; , '
gt T e BRIt SHOMBNE igested

with restrigtion! enzevks Bahxbagleavnf Msahrakon resthods trbichraigtlsbse-aphod preliwling
-aehydiRgRIRsRAAmARLalinbou 4800 ba.as oPIAINed. THeDNA Ipamerphiniped was mixed
obtaine % igesting the p

with a fra t y asmid pla prepared above with restriction enzymes BamH|
and Xbatsahanthe miteetifragmingsdding igatadlesingvdirfameatienekitalc e omipd tegrrsbirs of
Escherighia eoli D53 5ra Gdvikid BA-9QRwers ransformad with e figation, product,
and trar%s%ﬁrﬁgﬁgsﬁtggt%ig%g?gﬁﬁ%ga%glr gggte conté%%%%g 50 ug/m1 ampicillin were obtained. The
colonies obtained were cultured at 37 C overnightih an LB liquid medium containing 50 pgfrift
ampicillin, and this plasmid was named plaz.



[0133] Competent cells of Escherichia coli B::atoDAB prepared in Example 1 were transformed with
the plasmid plaz, and was cultured at 37 C overnight on an LB Broth, Miller agar plate containing 50
pg/m1 ampicillin, as a result of which Escherichia coli plaz/B:: toDA%t as qbtained. 0134] [Example
5] <PraBARAIToH B ESthEHA ORI E SHAHD A GIVARRHISE 2O LRI FALEYhdidnce of the
genomigaRMA L EsEherithia;coth M d bhhisiraialis kigwhe(GenBant aecession pumbditt/PR096), and
the base sequence of a gene encoding phosphoglucose isomerase (hereinafter sometimes referred to
as "pgi"%&?ﬁ%ﬁﬁ@rigﬁ]i’é’% Wﬁ@ﬁ%dﬂb%}é’ﬁifig W%&%&%rf@%ﬁk%&? s?8ﬁlﬂf%€f§é:ra&r¥§196). In order to
clone avggignHankiagvia thesbase sequence of the gene encoding pgi (1,650 bp), four types of
oligonu tide primers represented py caggaattcgctatatctggctctgcacqg (SEQ I1D.NO: 14),

cag et g e S ARG S B S5 A Rt B R SEQ 1D NO: 16) and
gacctggagaigiscgicagetgiaggoISHRARMNQ tHo hvesesynithesizadsiihe piimgicaf SmQidl NO: 14 has
an EcoR] recognition site in the 5'-tem'ii.nal side thereof, each of the.é)rimerg of{S%%ID NOs: 15 and
16 has SHRERTTERBYRTHYA SREERCHR BUESF MRS St tHEE Bt “HIf tHE o TSP B 9 NO: 17 has a
Pstl recagbitignasitedniheidistansiog sigd, thereoh[0E36]Thepgsaairictd hieaf 4 seketinhia coli
MG1655 strain (ATCC700926) was pre r_?_c%;ag%d PCR 5gasc rried o usin%the obtained genomic
DNA aS SIEPILGE APEISTHR R HIHEF Bol PSRN P HE S T NBEEE 2 2 result of which
a DNA fiaigmenpedsadotiicbikbithereitafiet soinetimedteddreethn asrbpyite fragymeint pvas amplified.
In additjon, PCR was al ?.Ié&rrie out using a primer pair of SEQ ID NO: 16 and SEQ ID NO: 17, as a
result o‘a ?Eﬁcépﬁw,&lﬁgé' HE6FEB8W 1.0 kb (hereinafter sometimes referred to as "pgi-R fragment”)
was amjplifisyl. FrespNA fhegmenisusel ensbpanated byiagatesefeledisop harasis aghddivtiected. The
pgi-L fr ent was digested with EcoR| and Xbal, and the pgi-R fragment was digested with Xbal and
Pt THE GBSt oA B R e L e e
temperatusgmgensitiie plagmidpdFth8dsdt{GenBank accession number AB019610) with EcoRI and
Pstl were mixed, and.allowed to react using, T4 DNA ligase. Thereafter, co tent.cells of Escherichia
coli DH5a. (man KRS TOYEU8 o EHL S e S 10 AL e
transforsabsitsitbaiitgrew @acanr [Bragparplatiarcestaiedg 19/ hgim Tisbdoramphanicelmt30Cheere
obtained. Plasmids were recovered from the transformants obtained.,and it,was,confirmed that the two
Sl N AR S R S e
the geng@rificalinly pdeciwlerecpropeneifiseriackin pHit8oshelhbplastitsubtaeddhatis digested with
Xbal, and then subjected tq blunting treatment with T4 DNA. polymerase. The.te nt DNA fragment
s T R R A QAT i e K T AR BT Son number

X 06404 ¢Rtdrmaleidipitty BouR]and dunghetdujeptnes theoipante bk drareymickimesistact ¢fene to
luntingeament wiin . HEONALONeIARe ARt hie M Tagspiaiee: (daled pipo 14 DIVA
ligase. l?bsequenﬁly, compe?ent &I of Escheric acolll 1-15a were transformed with the ligation
producteaaly tramsionparisitab 88ndpevedsidareBtagar plate containing 10 ug/michloramphenicol and
50 jig/ ¢in at 30 C were abtai smi rer f nts obtained,
and B e B A R
5'-upstreidmréaniing reigibsenaginehtvahpdiegcd rossnstreralonflegakingnregivar fitagnoesitof the

pgi-encQdi ene. T lasm i Jol ichja coil B strain
ATeC R e et a
30C ovendight arcemseBhaganplaterasntaining 10 ggimibhioedhgdHenidbingriissaigysts. kanamycin, as a
result of which_transformar: | t far i re inoculated into an LB
liquid rr%%ﬁfrlr? %ré%]l?glglé%%%}fyrﬁ%g%?gfr}n%qggga&ﬁéaggﬁrégggﬁ ??0%%%%1%%? Next, part of this culture
liquid ws EppliddtordinglB agabplagecontaining BO:jigitte kespaatiaistais aodebaltestiidtich colonies
hat grey Apiate %%’E%ﬁéb%l&? ipheealaaies staingtuee luad Al D&l ghdiaiinin an L8
liguid medium cohtaining 50 jig/m1 kanamycin, and was applied to an LB agar plate containing 50
jig/m1 keubatmycinnas t ekled oftwHichaotfoniesithibrighewating Crieeé Gbthjdeegenation

catalyst and the solid acidic substance forms a gradient. Examples of methods for adding the
hydrogenation catalyst and the solid acidic substance into the reactor include (1) a method in
which the hydrogenation catalyst and the solid acidic substance are mixed and added into the
reactor ; (2) a method in which the addition into the reactor is carried out so as to form a layer

formed by the hydrogenation catalyst (at the upstream side, i.e., the inlet side) and a layer
30



[0137] From the colonies that appeared, 100 colonies were randomly picked up, and each individually
grown on an LB agar plate containing 50 jig/ml kanamycin and an LB agar plate containing 10 jig/ml
chlora ph oI and %}oa nlcol s sitive clo nes that rew oply on, the. r plate containing
kanam B{Hl g@@lég clicglgiﬁg rsf]i?)%e !éhf%w{g%o?ﬁﬂﬁ AL OF e%uet arsde i?rfswere amplified
by PCRn&hddeivariagi érgum&\dmhcasﬂlamnwbmfm@ﬁut}ﬁ B}kbpgmhtiahmgtﬂéyﬂaxsamemm&me pgi gene
go %ﬁd The variant.o ta| ed was named

with the kan reS|sta ene C (ﬁl tﬂ‘led‘ﬁlas se iant. o

B stralr?ﬁgﬁ‘gmh%t %ﬁ?ﬁ%‘h”if ?\P(ﬁt e ﬁgﬁ" Somefimed Anbréviated 16 "BARG! varlanf'cﬁ Ho138] Here,
ESChert@m@rﬁpiliM/Gr I@Ex&stb&l mam@&sga@mmmmwa @nrdm apet&\amlaiaile framlﬁméetcadﬁ]'ype
Culture C tlon 0139 s4 <Pr aratlon varla The amino acid
sequen%:1 ?ﬁcfht(? Qs%}lé[ Eg %gsa%lfllbcesﬁle %]ﬁhlorfas o%/ ans?erag {SFE erichia colt have
alreadydbeentrepareld, Thatlis oﬁh&gﬁﬂe);a(riq@dﬁnjﬂdfdalas&us}désmﬂdad)m12@2&&&3&3@02&5315 of the
Escherichia ¢coli MG1655, strain. genomic s nce escribed in accession number U00096.
I e @ bRCbg LR JH o G i SN 5SS ot e
above-mentienaldisiahenidhiagel Mﬁibﬁﬁfyﬁmﬁdge@molmmmmw&wbrﬁ@wﬂmgmwe}genes
together wi h the later-descr acetoacetate decaybox a nd.i yI Icoho

dehydr&88 ﬁgésé%tﬁg’?g) cf%na ?ﬁ%’ﬁleﬁulsecﬁglsmgéuri enibg pro?ig %00% oﬁlﬁgropyl alcohol.
39 [0140ftnoariies tﬁeobbathﬂsomﬂmd alechaisdeydrogbiyasdogené bartiplfigdtigarnayienPCR method

was carrle out u mch A of Cl strldl m beijerinckii NRRL B-593 as a,template and
g L G AR R g A A BT N S e 68 £1iSP
geggat(fﬁggéﬂdﬁgtt&tamataamtﬁctgﬂﬁmaawa@gtthcﬁﬁE@lh‘Bdﬂﬁ sRik), 1mdhhetmhlwsrﬂajg mreh{oktained was
digested wijth restr ctl nen?y esS hI erdech Orpl—slléaaltlaarestult ofx/ lt}naylg,o rf%??(l I% oI
dehydrgbé %% fragmen pwaso talnecfiqlh DN fragmento tained was mixed with
a fragme;rm‘ﬁcmamedtmanbgeﬁtm@lplamiwpﬁgfgmpﬁxmapamds meEcaatl oh¢ Panitstrestmistibn enzymes
Sphl and BgmH ent re ligated usm li tent cells of
ﬁ lﬁg 4%? {}%}%Fﬁ gyV\{E lﬁfia&f}é‘j SuB s?aﬂ%@?é%l t-lil:]% %&W&ﬁ% NRE

Escheritctita coll re tra orme with the ligation product,
and tramsfpﬂmml&thadegrevv‘ m@stt@ragaieplai@mntmmmg Smiugﬁtheaﬁmioﬂumwvar@ﬁbtamed The

colonieg obtaj ere cultured at 37 overnl edi ining 50 jig/m1
ampmll?h o Walé’r}]%e ) ET&A&! ' wa arlg%:glvere rom t %g%)a%%‘rl% cells %?a%%d [0141] In order to
obtain tﬂmlzasﬁegﬂnﬁdmfe&smmmu&@dld@hfﬁhﬁ@é@l@nrblyea PBRenibtheghwdsabairedasingising the
genomlc DNA of E che ichia coli MG 1 S i Th
atggatccgc%gg gg‘*éé*é 4gg%sélg.gt gtcatlg téggc%%%% ﬁ‘?'{ﬂ%ﬁ%?z?gﬂgé Hhe reaction. ©
gcagaageﬂgighag&ﬂtaﬁtmaan@gmwa@d}at&(%Q I NOs2B), varidhthecDRARA GivisaEobianed was
digested with res on en Jesult afwhich gy thiglase fragment of about
1.2 kbp Wpaé1 t}allr?e ‘ﬁ?c%%] agalrrh%gh%% gﬂﬂalneg%{%ﬂjﬁxed with a 1‘rag?nerr1¢l obtallng% by digesting
the plasm:ehp@h@t@h&dhghre@mbdcampmshsresth@ﬁ@m@nzmgf@mmtam HindlIl, and the mixed
fragme liga etent cells ot Escherichia seliRii5a strain
(Toyob 62%? td. %[S%th%%%ﬁélr%aﬁaﬁ Eg med Itﬁ%‘%lg&t@ﬂ product§(§r|% transformants that grew
on an Ldager plaptedontainiiytd0 ayhiamgsiciilin e rsrakgathisdparideboiohied dpthhed were cultured
at 37 C oyemn D | £oniainigR0eRRL a0RIGHIRs endi RS

pGAP %é%ﬁ%ga%énov?gg r ggﬁ/iggé} ?r%ﬁrlng]lhe bacterial cells obtained. [01$42] Ih order to gbtaln CoA
transferaseayeng dromr Esohetichis. colivetheplificatase by whixbrhase gre dhirss wasiied butetiidg the
genomig, [ age'ﬁ%ﬁhsﬁk%n'?n&‘?@l%&gj&a%aa§ Adepplate.and Wsing thereby reducing the
goctagagetggtggaacatatgaaaacaaaattgatgacattacaagac (SEQ ID NO: 24) and
tagcaagamaa@nega@ﬂamg@m@@tgtg@}aacg [SEIDINGhioh Yhanaves ONACHaH%h eHt BHidided was
digeste Al apd HiRgIl 123 AiesUl Qhich A RAATRRRIRIASE Bsubunit
fragmer?% o%géout Eé\fh\g{i&(ﬁg ained. The DNE fragment ob%;usned was mixed with a fragment
obtaunemwme@m@malmasﬁwwp@mmw&mmvmm apelleivits radystidioshBines Xbal
and Hin %1 &n% ﬁ(ﬁzﬂﬂ@gﬁn yyerelgated tsing.a.ligage. Thereafter, competent cells of
Escherichia coli a straih (Toyobo Co., Ltd. 40 DNA-903) were transformed with the ligation
product, and transformants that grew on an LB agar plate containing 50 jig/m1 ampicillin were
obtained. The colonies obtained were culturggahdpiGgvernight in an LB liquid medium containing 50

ughnl ampicillin, and plasmid pGAP-1PAdh-atoB-atoD was recovered from the bacterial cells obtained.
[0119] Examples of the invention are described below. However, the invention is by no

means limited to these examples.  As used herein, "%" is based on mass unless otherwise
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[0143] Amplification by a PCR method was carried out using the genomic DNA of Escherichia coli
MO1655 strain as a template and using aagtctcgagctggtggaacatatggatgegaaacaacgtattg (SEQ ID NO:
26) and ggccaagettcataaatcaccccgttge (SEQ ID NO: 27), and the DNA fragment obtained was
digeste?f’ﬁﬁfﬁer%striction enzymes Xhol and Hind111, as a result of which a CoA transferase p subunit
fragmeqp.@bakeuh 600:bpr¥as ahiginedJhribNaftagment obtained was mixed with a fragment
obtained by digesting the plasmid pGAP-IPAdh-atoB-atoD prepared above with restrictipn enzymes
ol Ak TIRAES £ S b FABIA BRI T AL L g o B PO T dront colls
of Eschgriciia ¢alhPifdaestrain (Toyobo Co., Ltd. DNA-903) were transformed with the ligation
product, and transformants that grew on an LB agar plate containing 50 jig/m1 ampicillin were
obtained. The colonies obtained were cultured at 37 C overnight in an LB liquid medium containing 50
pa/mlamgigillin, and plasmid pGAP-1PAdh-atoB-atoD-atoA was recovered from the bacterial cells
obtained.-[0144] In-order-to-obtain-acetoacetate-decarboxylase-genre—amplification-by-a-PER method
was cafieetFBit using & §enomic DNA of Clo 7 E'R¥8Mplate and
using caggtaccgctggiggaacatatgttaaaggatgaagtaattaaacaaattagc (SEQ ID NO: 28) and v%/

as

geggatcat3B e atapitdbtalarmacticaye (SEBDPNORY), ahyRBIONA fragment obtained

digested with restriction enzymes Kpnl and BamHl, as a result of which an acetoacetate |
decarbpyidase fragnp@iit gip@tblduwdrR@ibp was obtained. Thé&RBAlragment obtained was mixed with a
fragment obtained by digesting the plasmid pGAP-IPAdh-atoB-atoD-atoA prepared above with
restrictiopt:ghzymes KpReape- Bamidhdanesthe mixed fragmentswpdee ligated using a ligase. | Thereafter,
competent cells of Escherichia coli DI-15a strain (Toyobo Co., Ltd. DNA-903) were transformed with
the ligatign. product, gad JransfeRaraisthalgeynona LB agamplate containing 50 jig/ml ampicillin
were obtained. The Coloniés obtained were cultured at 37 C overnight in an LB liquid medium
containin mi icillin, an [ -IPAdh-Ade- was recovered from the
obtain dl%faﬁgtgl?%aﬁl c:ﬁ aﬁ%@v%%r%%%%ﬁa?%%l Comnﬁ%ﬁhgf)%gﬁ}sﬂgj?&@erichia coli BApgi
prepared in Example 3 were transformed with the plasmid plaaa, and was cultured at 37 C overnight
on an LB Broth, Miller agar plate containing 50 jig/m1 ampicillin, as a result of which Escherichia coli
plaaa/BApgi variant was obtained. [0146] [Example 5] <Preparation of B::atoDABApgi variant >
B::atoDAB prepared in Example 1 was transformed with pTH18csl-pgi prepared in Example 3, and
cultured at 30C overnight on an LB agar plate containing 10 jig/m1 chloramphenicol and 50
ug/mlkanamycin, as a result of which transformants were obtained. The transformants obtained were
inoculated into an LB liquid medium containing 50 jig/m1 kanamycin, and cultured at 30C overnight.
Next, part of this culture liquid was applied to an LB agar plate containing 50 jig/m1 kanamycin, as a
result of which colonies that grew at 42 C were obtained. The colonies obtained were cultured at 30 C
for 24 hours in an LB liquid medium containing 50 ug/mlkanamycin, and was applied to an LB agar
plate containing 50 jig/m1 kanamycin, as a result of which colonies that grew at 42 C were obtained.
[0147] From the colonies that appeared, 100 colonies were randomly picked up, and each individually
grown on an LB agar plate containing 50 gg/mlkanamycin and an LB agar plate containing 10 mg/m1
chlorarnphenicol, and chloramphenicol-sensitive clones that grew only on the LB agar plate containing
kanamycin were selected. Furthermore, the chromosomal DNAs of these target clones were amplified
by PCR, and a variant from which a fragment of about 3.3 kbp indicating replacement of the pgi gene
with the kanamycin-resistant gene could be amplified was selected. The variant obtained was named
B strain atoD genome enhanced - pgi gene deletion variant (hereinafter sometimes abbreviated to
"B::atoDABApgi variant"). [0148] Here, Escherichia coil MG 1655 strain and Escherichia coil B strain
are available from American Type Culture Collection. [0149] [Example 6] <Preparation of
B::atoDABAgntR variant > The entire base sequence of the genomic DNA of Escherichia coil B
strain is known (GenBank accession No.CP000819), and the base sequence encoding GntR is
described in 3509184 to 3510179 of the Escherichia coli B strain genomic sequence, which is
described in GenBank accession No.CP000819. In order to clone a region flanking to a base
sequence encoding GntR(gntR), four types of oligonucleotide primers represented by
ggaattegggtcaatatcaccctctatc (SEQ ID NO: 30), gtgggccgtectgaaggtacaaaagagatagattctc (SEQ ID NO:
31), ctatttgtacclicaggacggcccacaaatttgaag (SEQ ID NO: 32) and ggaattcccagccccgcaaggccgatggce
(SEQ ID NO: 33) were synthesized. Each of the primers of SEQ ID NOs: 30 and 33 has an EcoRI
recognition site in the 5'-terminal side thereof. [0150] The genomic DNA of Escherichia coli B strain
(GenBank accession No.CP000819) was prepared, and PCR was carried out using the obtained
genomic DNA as a template and using a primer pair of SEQ ID NO: 30 and SEQ ID NO: 31, as a result
of which a DNA 32 ,




fragment of about 1.0 kb (hereinafter sometimes referred to as "gntR-L fragment") was amplified. In
addition, PCR was carried out using a primer pair of SEQ ID NO: 32 and SEQ ID NO: 33, as a result of

which a DNA fragment of about 1.0 kb (hereinafter sometimes referred to as "gntR-R fragm
amplifie[a.l%WesZ A fragments were separated by agarose electrophoresis, and recovere
was carmsghouiising the gntR-L aadugntR-R fragments as templates andigingraRpfimeereps
ID NO:{30 and SEQ ID NO: 33, as a result of which a DNA fragment of a@&ggaignkb (herein
sometimes referred to as "gntR-L R fragment”) was amplified. This gntR-LR fragment was s

ent") was
d. PCR

ir of SEQ

after
parated

by agargge electrophoresis, recovgged, digested with EcoRI, and mixed with figgment ob
digesting a temperature-sensitive plasmid pTH18cs1 (GenBank accession number AB0196
EcoRl. [The mbsed fragments wer%uqy}ggd to react using 14 DNA ligase. Jiereafter, compe
of Escherichia coil DH5a (manufactured by Toyobo Co., Ltd.) were transformed with the lig
product, @ng,fsapsformants that grew.oR ap hB.A%a"miatsoeantainingo kg/muichloramphe
were obtained. Plasmids were recovered from the transfonnants obtained, and it was confir
the gntLR fragment was properly SenBEHPE9%8cs!. The plasmid obtained was named
pTH18¢sl|-gntR. [0151] Escherichia coli BA:atoDAB variant prepared in E)éamlplp %was trans
with the Htk&lobtained plasmid pTHISESISYRR, and was cultured at 30C 6Vamight on an LE
containing 10 f 1 chloramphenicol, .as a result of which fransformants were obtained. Th
transfo rqﬁga?lt Y (%gﬁ}ﬁéd were inocrglattlgal’iH{%parﬁrfgrh%ﬁla&’ %%%iﬁﬁ%%%ﬁ%i?ﬁﬁ%n% jg?g/ml chlorg
and cultured at 30C overnight. Nelt, (pepPof nisis¢eitapei liquid was applied to an LB agar pla
containing 10 jig/m1 kanamycinan chloramphenicol, as a result of which colonies that grew
were obfiae® FHeeBlonies obtaibétiitetts etntFet e 3PE Rt PRHSHrsTHAR'EB liquid me
was applied to an LB agar plate, as & sesultpimducrgatonies that grew at 42 C were obtain
From the colonies that appeared, 100 colonies were randomly picked up, and each individu
on an LB agappiategang:@n LB agasplateteontainingd Quighiftichgraed phisnicgk @nd
chloramphenicol-sensitive clones t‘g‘?ﬁﬁéﬁﬂ?%ﬁot@l&%fﬂ%’ﬁ@ the chromosomal DNAs of tt
clones were amplified by PCR, and a variant from which a fragment of about 2.0 kbp indica
deletion f the,gatR gene could besamplifigdwas selectamb Aie uariral oblainged was name
atoD genome enhanced - gntR gene deletion varian£ hfreinafter sometimes abbreviated ta
"B::atoDABAGNR variant"). [0153F]EARHIE 1A?T‘Qfg’reé"aration of pGAP-la/B::atoDABAgNtR

Competent cells of Escherichia coli B::atoDABAgNtR variant prepared.in Example 6 was tra
with th BI&‘%‘??%%B&B%%%Sared in Example 2, AR cultiree %arf]t‘ﬁo?ggo{?feeﬂnig Y¥OR an'LB Broth,

plate containing 50 p.g/m1 ampiciPh$/d2PAl rasuntesf dpicheEScherichia coli pla/B::atoDABAG
was obtained. [0154] [Example 8] <Preparation of plaz/B::atoDABAgntR variant> Comy
of Eschebichi® di BrédesRaBAgniRsiarathe preparadorreRam et e tEaasrRiied with th
plaz prepared in Example 2, and ayltanesatamceveaninighinan an LB Broth, Miller agar plat
contain(EmEg 50 n/mlampicillin, as a result of which Escherichia coli plaz/B::atoDABAgntR vari
[QbBH B Exanypta R Prap araiio hofrBivieto DA BApgBAg ntRavariakitample 21

by GADPH promoter, Apgi, Agnd, AgntR

obtaine

ained by
10) with

vtent cells
ation
nicol at 30C

med that

formed

3 agar plate
e
amphenicol,
te

at42 C
dium, and
ed. [0152]
ally grown

lese target
ling
1 B strain

variant>
ansformed
Miller agar
ntR variant
etent cells
e plasmid

a)

-

ant was

(0121} [Example 1]

<Preparation of B::atoDAB variant>

The entire base sequence of the genomic DNA of Escherichia coli MG16355 strain is

known (GenBank accession number U00096), and the base sequence of a gene encoding CoA

transferase o subunit (hereinafter sometimes abbreviated to "atoD") of Escherichia coli

MG1655 strain has also been reported.  That is, atoD is described in 2321469 to 2322131 of

the Escherichia coli MG1655 strain genomic sequence, which is described in GenBank
accession number UD0096.
[0122] The promoter sequence of glyceraldehyde 3-phosphate dehydrogenase (hereinafter

sometimes referred to as "GAPDH") from Escherichia coli, which 1s described in 397 to 440
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Escherichia coli B::atoDABApgi variant prepared in Example 5 was transformed with the plasmid
pTH18csl-glitR prepared in Example 6, and cultured at 30 'IC overnight on an LB Broth, Miller agar

plate containing 10 g!ml chloratnphenicol, as_a result of whjch transfo ts.were obtained. The
transformdHS BEETHBERGRRE HOCHRREY thio S PRSI TG BHY 8}5@%@16&&%{?3 as
chloramphemieatRARUMULA A6 Geovartighs dNexksnast-obiisrultive iguicwak applied to an LB

agar plate containing, 10 pg/tnl kanamyc chIorampF icol, as a result of which colonies that grew at
42C werBBIRGH T HE CEIRRIAS GERRP R L e BRUS0C15/3 RAGH 1728 1S fiquid medium,
and wagapplied e A LB agaipiatesAsanasulsahwhich ealpnies:fiaigigw at 42C were obtained.
[0156] From the colonies that appeaéeg jﬁO@@!onieS were randomlki picked up, zatndg-zﬁc(?1 individually
grown GHAFEERERRHaRS ARAtGSE BRI LORRLATRE b RgIA e RRIRANTEIAS Y and
chlorampheicol-seasity ®slareswene selestddyiudibenmbre ihesahrasmasomatDNAS sidhese target
clones were amplified t])% PCR, and a yariant from Whic{Q fragment of ab ;};‘[ﬁﬁ) bp indicating
deletior6PtHe BRIEYYE ){?I&J‘Eﬁ&‘ l?é\laﬁr{fﬁﬁigﬁl\’v%a?@fgc @bﬁ’ﬁ%‘v i fht?b% i SR%ied B strain
atoD genandeiRacEd fhghgenarielaiigmregntiRgene selationivanenhihepeitdReCratatimes
abbreviated to "B::atoDABARJIA ntﬁ? variant%.éOlS? H r%ali cBericcai C Hlﬁ qué55 train and
Eacher CHHEPEOR B SIS A AT G RS VS BE AR 5% S8 1A 20
<Preparaiionoft pafBiidieRABAPGAGRER vagiastes were Gounelenioeellg st EBchetiftbda coi
B::atoDABApgiAgn %v iant pr ar%(ilé_i ample 9 were tr nst{l'c;r itg? %lge lasmid pia prepared
in Exan‘fﬁf@@%ﬁﬁ&% tﬁ?gﬁ(%%‘?}%fi ﬁﬂgﬁ?g 4h (Lﬁ/él}@g&éol\ﬂ' 5?? \gb g g}éﬁ‘faining 50 Jtg/m1
ampicillipasoareswibitdd liwhioh fedherjahitenikfiaiBratdRABApoIAgniBwas gidained. [0159]
[Example }]_if'}]ﬂ <Pr 5@@“ of g%ﬁf/B::atoD BApgiAgntR ﬁ%ﬂan > &omé)ftent cells of Escherichia
colt B::&t8 ’ﬁ%g A FHRAAL B epAreT IR am P § W& U aNSTormad With e plasmid plaz
preparegdivixampieiZaddiitited andhGroyelniphtod ardiBrBeothailiite sgarplate containing 50
ugiml ampicillin, as a result.of which Escherichia cpil plaz/B::atoDABApgi variant was obtained.
10160] [EREILAS £30 SABASH O B RS ABA GV e v the L LS SOOI SRS

not cut out when digested with restriction enzymes EcoRI and Kpnl were selected.  Further,

the DNA sequence thereof was checked, and a plasmid in which the GAPDH promoter was

properly inserted was named pUCgapP. The pUCgapP obtained was digested with

restriction enzymes EcoRl and Kpnl.

[0123] Furthermore, in order to obtain atoD, amplification by a PCR method was carried out

using the genomic DNA of Escherichia coli M(G1655 strain as a template and using

cgaattcgetggtggaacatatgaaaacaaaatigatgacattacaagac (SEQ ID NO: 3) and

geggtacettatttgetetectgtgaaacg (SEQ 1D NO: 4), and the DNA fragment obtained was digested

with restriction enzymes EcoRI and Kpnl, thereby obtaining an atoD fragment of about 690

bp. This DNA fragment was mixed with pUCgapP that had previously been digested with

restriction enzymes FEcoRI and Kpnl. The mixed fragments were ligated using a ligase.

Thereafter, competent cells of Escherichia coli DH5a strain (Toyobo Co., Ltd. DNA-903)

were transformed with the ligation product, and transformants that grew on an LB agar plate

containing 30 pg/ml ampicillin were obtained. A plasmid was recovered from the bacterial

cells obtained, and it was confirmed that atoD) was properly inserted. The plasmid obtained

was named pGAPatoD.

Here, Escherichia coli M(G1655 strain is available from American Type Culture
Collection.

[0124] As described above, the base sequence of atoD in the genomic DNA of Escherichia

coli M(G1655 strain has also been reported.  PCR was carried out using the genomic DNA of
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In order to clone a region flanking to the base sequence of a gene encoding phosphogluconate
dehydrogenase (gnd), four types of oligonucleotide primers represented by

cgccatatgaatggcgcgge ccgatgg (SEQ ID NO: 34), tggagctct tttactcc tca NO: 35),
tggagetfé? A it SES IBREE éﬁ&’%éﬁ&ﬁ?gé‘fc%ﬁ% EE\ %ﬁﬁé@%@@ SEQID
NO: 37)1wewe: W%@%&%E&ﬂt@wﬁ@fo@iﬁﬁ@@:@m BArhes @nWNdet resegnitiorcgitadadbe
51-terminal side thereof, and each of the primers of S Q 3 NO: 36 has a Sad
recognlﬁ’é’nggﬂfelm?ﬁ@%??e?mﬁa? 5%8 Brsgi ELHEP H’i%?ﬁ%???f %E‘é‘sl%%\#gs 2L 5 BamH
recognifignisiieWmifieSbNerminahsidethieseot [DE@;&MBargpnﬂmlc DNA of Escherichia colt B strain

(GenBank accession.No.CP000819) was prepared, and PCR was carrie er pair of
SEQ 1IN BABAREEE s RO B8 LR B WREHE DIVA TGN ST S TRD (nereinatier

sometinggs/tefew eshiplas aﬁﬂd&ﬂﬁ%@i@héd&aﬁgzﬁ@&ﬁ@dﬁ&ﬂSEQRD@&@C&)’WQ@HU&H@ a primer
pair of SEQ ID NO: 36.and SEQ ID NO: 37 a result of NA fra out 1 0 kb
(herelngﬂé?‘esé?ﬂg‘?ﬁﬁ%é“rf@fé??é‘&?@g 6995‘31 éﬁﬂ\’éﬂﬁ nga(ggfjj?ﬁ’ﬁl%gﬁc%%%ﬁA aa&r%ents were
separategrif 2 eaI0se emmmphpfm@méemmmqﬁa@gﬁwfd:ﬁrag;memamdgested with Ndel
and Sad, and the gnd-R fragment was digest amHI T se tw es of.digested
agmert WeTe el N Goh e o G by B by A LA S o T
pTH18a5d (Remiapkacaessiananumies ARAKEE10) with Ndel and BamHI, and the mixed fragments
were allowed to react using T A ligase, Thereafter, c ells of Escherichia DI-15a
(manufadl 3pid @%@%‘HS% %ﬁ’ﬂ?ﬁ%% §8Vﬁ1‘é’§%$ﬁfﬁ ﬁ ‘ﬁbhef)%&}?&,m%?ransformants that
grew OWX@I@gﬁﬂ plate santapaingedfevginichlal ampbanian! AbJOGitwerechiameditRlasmids were
recover fromt tra sformants obtained, and it was. con |rmeg *ﬁ‘HQCS V\@fr ml?nts of a

51-ups H’i%ﬂ g gﬁéﬁ lﬁaam%ﬁtt%‘?%a%aé“fao%%{ eamHtankiRg region fragment of the
gnd- en@edengcgﬂmﬁmef%ﬂmmwmﬁeﬁtﬁdlmwa}btbapﬂ Ghﬁepmsmlﬁﬁbﬁﬁlmémgmmﬁed

pTHISCSH&giCS@ #ge 62 Esfg rlchla oli B:: I? Bvarla repar rﬁ%i was transformed
with the"tusEaheaf %P’%% SHGWHE & aae at Bverighton an LB Agar plate
contaunmafalﬁtgimd@iﬁllomm@aentcpma&a aaéuimsﬁfmmmm&mfgrmmawéﬂb a:gatanﬁmd The
transforrnants.obtaine wle |nocu ated i to B Iig%ul F{J onta %|1n1 mdlW
chlorarﬁﬁﬁgar%%, and®ihtrEd ars eBlovernlght NS par this cultare |qU| Was appﬁed to an LB
agar plaﬁﬁtomﬁaﬁﬂﬂ@ﬂ@?@ﬁr@kﬁmﬂyﬁm@mctmwampb@ﬂmningé @presultcbiwdigiheolanjes that grew
at 42 C were obtained. The coloni sor%tﬁ?megtg%eccwtu% d at 30 gw?;e”élhpo% zhg anLB liquid
mediuni" naopvgﬁguappf%de%“éer{ agar pI as a result of Which colonies that grew At 42 C were
obtalnedAI@IBH]BIB&)mibarm;lm‘rresdhat}mhp@am;d,@(ﬁcb@lmwitwedewaﬁdﬁmIxyepug&ﬁ,@!mpnand each
indiV|d rown.onan LB a te a nLB a ar plate co %l henicol, and
chloram {%/% %teencﬁ Ve ol %Z[SSB Zr% sHeFI %E ?L%%é??n%rr{és qr%#llg[éac%ma X these target
clones wieterarhplifiéd ipynﬁ’mﬁnaamdcﬁnwmdm&onnmiblmé Iﬁnagmelrﬁ ézkiabbuteglemt@pnmmwng

deletion, of th ene could be a fled ected. The vayi ed

B::atoD %’ﬁgﬁ g T/gl?%am?p[%féﬁp erdg %l[ erlc :?:io?v rgi-g]?n afég\r}glﬁpﬁﬂr%rog%\l %?n%"?l%an Type
Culture @otiectioner[o4§8] dEscamdld b3jPacparationad playB/atobaBmghameriamd culiurgbompetent
cells of S |ck§|% 1(;OSI‘|1 Eo%?lD%BA%%d arl c? %%idec lﬂ1 191';% %%txx%%g%%%s 1%9 }Q{Ith the

plasmldapla prépare xamp e’ ecdfture overnlg t on an er agar plate
conta|nlhg°5G@tglmlanmmmmara§3wms&medfﬁvhmhﬁscﬂmmact@ﬂbl®imo atoDABAghEvAfant was

obtained [930l (xamula 1L sPreeeraton ot plnalPicioRARagaugianc  Competent cels of

Escherlc% B¥ato variant prepare xample 12 were transformed with the plasmid
plaz prepasdd |ﬁﬁmmpleommmhaﬂupmmﬂ3m avenmightasn andoB Brptekad ilipr angagapltate

containig 50 P bAWRSH Iy ARG ERAL IS FRRSENR £/ AR AGRARAgNG variant was

obtai
pg/ml chloramphenicol, and chloramphenicol-sensitive clones were selected. Furthermore, a

fragment of about 790 bp that contained the GAPDH promoter and atoD) was amplified, by
PCR, from the chromosomal DNA of these clones, and a variant in which an atoD promoter
region was replaced by the GAPDH promoter was selected.  Then, a clone satisfying the
above conditions was named Escherichia coli B:zatoDAB.

Here, Escherichia coli B strain (ATCC11303) is available from the American Type
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[0167] [Example 15] <Preparation of B::atoDABApgiAgnd variant> Escherichia coli B::atoDABApgi
variant prepared in Example 5 was transformed with the plasmid pTHI8csl-gnd prepared in Example

12, and cyltured at 30 'C. qvernight on an. LB agar plate containing 10 [tg/mIchloramphenicol, as a
result o?b\tiﬂfﬁ%q 15t ?ﬁ%@%ﬁ?&&%ﬁ’ﬁ@lﬁ%ﬁ%ﬂﬁg}?@%@%ﬁﬂ d were inoculated into an LB
liquid mednagn ¢erkalire 10 ug/michloramphenicol, and cultured at 30C overnight. Next, part of this 46
culture Iiﬁ;id was ap@'s?d ta an LB agar plate containing 10 ughnl kanamycin chloramphenicol, as a

result of WRRSFRESILRIds 3 GP&Kat 42 C were obtained. The colonies obtained were cultured at 30 C
for 24 hours in AR digtuid deegivuinyasd ovascappliedite aanuB @lan plate, iadaedbult iof which colonies

that gre 42C were. obtained. [O rom the colopies that appeared, 100.colonies were randomly
pioked L BACHGFE TGN AN SO Sroah LB S ISCE A A L S i E8MBining 10 pigim.
chlorampbenigalydpnd«sbitsadiprenitahiensiiveclonabavael seigted. Furthermore, the chromosomal

DNAs of these target clones were amplified by PCR, ' f hich a.f t of about 2.0
(b incicating ARG GHATSEHE ESGRELL B TEH Y CeHEBAUOAHE b Pt BBied wa

I5ht obtained was
named BiatoRABApgAgRGYaGatDILE9) HE Xanhpler k6] «PrepsttioniekpleBiretoDABKHgIAgnd

variant> Competent cells of Escherichia coli B::atoDABApgiAgnd. vari dinE le 15
were trah 16 AR RIS BIRLTH Sl o PR SRS ARt ok 40 B SoehSht on an LB

Broth, Millénageasplaie: conipiningbirpighhampiqitiss dsabeselehtidiel fxaehetichia coll
P R SR S DT ) T st (e g oo
were tr@nstgﬁngeaimgﬁméhecpmmidfmmewedli‘rimmﬁﬁlet@iramdaaammm ahd@nighgvernight on an
o et Mt et e SEIODPIRGn, 3 el SN Sesheelg o
(SEQ ID NO: 19), and the DNA fragment obtained was digested with restriction enzymes
Ndel and Sphl, as a result of which a DNA fragment of about 110 bp corresponding to the
GAPDH promoter was obtained. The DNA fragment obtained was mixed with a fragment
obtained by digesting plasmid pBR322 (GenBank accession number J01749) with restriction
enzymes Ndel and Sphl, and the mixed fragments were ligated using a ligase. Thereafter,
competent cells of Escherichia coli DH5a strain (Toyobo Co., Ltd. DNA-903) were
transformed with the ligation product, and transformants that grew on an LB agar plate
containing 50 ug/ml ampicillin were obtained. The colonies obtained were cultured at 37 °C
overnight in an LB liquid medium containing 50 pg/m! ampicillin, and plasmid pBRgapP was
recovered from the bacterial cells obtained.
[0130] TIn order to obtain isopropyl alcohol dehydrogenase gene, amplification by a PCR
method was carried out using the genomic DNA of Clostridium beijerinckii NRRL B-593 as a
template and using aatatgcatgetggtggaacatatgaaaggttttgcaatgetagg (SEQ ID NO: 8) and
geggatecttataatataactactgetttaattaagte (SEQ ID NO: 9), and the DNA fragment obtained was
digested with restriction enzymes Sphl and BamHI, as a result of which an isopropyl alcohol
dehydrogenase fragment of about 1.1 kbp was obtained. The DNA fragment obtained was
mixed with a fragment obtained by digesting plasmid pBRgapP with restriction enzymes Sphl
and BamH]I, and the mixed fragments were ligated using a ligase. Thereafter, competent
cells of Escherichia coli DHS5a strain (Toyobo Co., Ltd. DNA-903) were transformed with the
ligation product, and transformants that grew on an LB agar plate containing 50 ug/ml
ampicillin were obtained. The colonies obtained were cultured at 37 °C overnight in an LB

liquid medium containing 50 pg/ml ampicillin, and plasmids were recovered from the
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<Preparation of B::atoDABAgndAgntR variant> Competent cells of Escherichia coli
B::atoDABAgnd variant prepared in Example 12 were transformed with the plasmid pTII18csl-gntR

prepared in Example 6, and cultured at 30 C overnight on an LB agar plate containing 10 .
oI IR EBT 6% PO PR IBHLAE N SN oGk QU obtained
were ingigidiatedrisdaanddB dguidipradium containing 10 ttg/michloramphenicol, and cultured at 30C

overnight, Next, part of this culture liquid was agplied to an LB agar_plate cont 10

oAk o T I 858 P BT O C S AL A S Bt Wilained. The
colonieg;g@biairied weigiadliteecab30: Ofos 34 MossdnanitBJiquidimediIa80d was applied to an LB
agar plate, ?s a result of which colonies that grew at 42C were obtained. g%ﬁ@w@e %(;Ionies that
appearldRHG &B?o?ﬁ@“ﬁﬁ%&%ﬂ%&?&f&%%&%ﬁ&%%t%%?aé‘ﬁaaé%%ﬁ%%?&ﬁ%ﬁ%}% SWH Oh i LB dGAr plate
and an 43 pganplatecontainingdfqigiadacthigraspiaenicslOand)chidrampheaitaksensitive clones
were selected, Furthermore, the chromosomal DNAs of thesg target clones were amplified by PCR,
B 2 TR O IRENGS SO G BFSh SEE2 B AR OBleto B e b Ko coul be
amplifiedaras seledted bbrelvasinatobiaintsbuias’ oamed B: @nDABAJNAINIR arianit [0173]
[Example 19] <Preparation of pla/B::atoDABAgndAgntR variant> .Compet lls of Escherichia
ool B ST R ARG A ST R T e L Ao & S ol
preparegindExamplerdiandaiutedatdl ehovesightahian hB&rGdynditiervagadiptate containing 50
pg/mlampicillin, as a result of which Escherichia cali pla/B;:atoD/ ndAgntR.variant,was qbtained.
(01701 e 36) <PE IO BH RIS R AR HEAG R A ahern (g B e of
Escheriohia <ol Brato RABAgndAgritik thaligot prepadadt jakixampieriBnvetetrarnsfanmed with the
plasmid plaz.prepared in Example,2, and.cultured gt 37 G overnight on an,L B Broth, Miller agar plate
Contain g ST BB R AL P BN oh RS S RSB AS dAqni variant
was obtainedd [R175)(kxamiiat 24 ha P pigrat oncdfud: ate 2 B AN AghdAgnpr Vanizatd

Competent cells of Escherichja coli B::atoDABApgiAgnd variant prepared in Example .15 were
renatoR B RS T AU P SH R, SO S e M e o S vermight
on an LBagdy piatetedntaihingl d0npd tivtadddramyplenidgl]zas a result of which transformants were

obtained. transformants obtained were ingculated into an LB liguid medium containing 10 pg/m1
chloran&ﬁh-%grﬁcé ,%r?ar%ﬁ":?fé‘a“ z%?%%?ée(\;%/ rﬁrﬂS q}#ﬁagx?d?gﬁr‘é(ﬁoﬁeﬁée%ﬁ?ﬁrgﬁ/&ialwgg 3?)ﬁ) led'to an LB
agar plateCRntathint«l:G pgiied kahashycihecidocamphéiool fas/zrediltof WwhidhaicolOrigsattat grew at

42C wegeceostgtghnﬁ%:g]};@ﬁ%ges obtaiq&etd were cultured at 30 C for 24 hours in an LB liquid medium,

t . . :
and wascapphed to ag raSIgtg,n?s a result of which colonies that grew at 42 C were obtained.

caggatcecggagaaagicttatggeggtaacgeaaacageceagg (SEQ 1D NO: 12) and
cgtetagattacteaaactcatteccaggaacgac (SEQ ID NO: 13), and the DNA fragment obtained was
digested with restriction enzymes BamHI and Xbal, as a result of which a
glucose-6-phosphate 1-dehydrogenase fragment of about 1500 bp was obtained. The DNA
fragment obtained was mixed with a fragment obtained by digesting the plasmid pla prepared
above with restriction enzymes BamHI and Xbal, and the mixed fragments were ligated using
aligase. Thereafter, competent cells of Escherichia coli DH5a strain (Toyobo Co., Ltd.
DNA-903) were transformed with the ligation product, and transformants that grew on an LB
agar plate containing 50 pg/ml ampicillin were obtained. The colonies obtained were
cultured at 37 °C overnight in an LB liquid medium containing 50 pg/ml ampicillin, and this
plasmid was named plaz.

[0133] Competent cells of Escherichia coli B::atoDAB prepared in Example 1 were
transformed with the plasmid plaz, and was cultured at 37 °C overnight on an LB Broth,
Miller agar plate containing 50 pg/ml ampicillin, as a result of which Escherichia coli
plaz/B::atoDAB was obtained.

[0134] [Example 3]
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[0176] From the colonies that appeared, 100 colonies were randomly picked up, and each individually
grown on an LB agar plate and an LB agar plate containing 10 pg/m1 chloramphenicol, and
chloramJ:)henicol_-sensitive clones W[ere selected. Furthermore, the chromosomal DNAs of these target

clones Werd &R IIGH By BE R AGA R SHAM MRS RGO a fragment of about 2.0 kbp indicating
deletion of the gntR-geR:eauidRermplitiedlsasaeBoiec The vardant eblavied §sassnaimed

o aoDASApa AT S (LT GO AL P i
B::atoDARANGAGRIA gRiRcyaiant b fiepared imExampleddd wensiransiormedakithdieptasmid pia
D g AFGHE RS OGRS HTES ESEREHEITE Col AT Ao DARADSIADHAAGHER varant was.
obtainefai@ivBllExameciaksireparationehplan paiaDABAPgIAoucAgaiRvariant>
O oo o o S et PP i 2 v
Broth, MillesagaiplalecantainingH&pe/mb ampicilinaaska sasakcofohichirachadeia bal O:
sy e e Do e,
ExampleEwersl ansfarmed wiikithe alasividspiaipraparacriniiciaidpltdeandalliviad at 37 C
overnight.on an r iller a te containing 50 ug/ml ampigillin, as a. result of, whic
Escher PO IR WA Saiiah QLGB a G MO S L 251 CE R eree
plaz/B::ata RABARGINAFHPID NO: 17 has a Pstl recognition site in the 5'-terminal side thereof.

[0135] The genomic DNA of Escherichia coli MG1655 strain (ATCC700926) was prepared,

and PCR was carried out using the obtained genomic DNA as a template and using a primer

pair of SEQ ID NO: 14 and SEQ ID NO: 15, as a result of which a DNA fragment of about

1.0 kb (hereinafter sometimes referred to as “pgi-L fragment”} was amplified. In addition,

PCR was also carried out using a primer pair of SEQ ID NO: 16 and SEQ ID NO: 17, as a

result of which a DNA fragment of about 1.0 kb (hereinafter sometimes referred to as "pgi-R

fragment") was amplified. These DNA fragments were separated by agarose electrophoresis,

and collected. The pgi-L fragment was digested with EcoRI and Xbal, and the pgi-R

fragment was digested with Xbal and Pstl. The two types of digested fragments and a

fragment obtained by digesting a temperature-sensitive plasmid pTH18cs1 (GenBank

accession number AB019610) with EcoRI and Pstl were mixed, and allowed to react using T4

DNA ligase. Thereafter, competent cells of Escherichia coli DH5a (manufactured by

Toyobo Co., Ltd.) were transformed with the ligation product, and transformants that grew on

an LB agar plate containing 10 pg/ml chloramphenicol at 30 °C were obtained. Plasmids

were recovered from the transformants obtained, and it was confirmed that the two {ragments

— a 5'-upstream flanking region fragment and a 3'-downstream flanking region fragment of

the gene encoding pgi — were properly inserted in pTH18csl. The plasmid obtained was

digested with Xbal, and then subjected to blunting treatment with T4 DNA polymerase. The

resultant DNA fragment was mixed with a DNA fragment obtained by digesting pUC4K

plasmid (GenBank accession number X06404) (Pharmacia) with EcoRI and further subjecting

the obtained kanamycin-resistant gene to blunting treatment with a T4 DNA polymerase, and

the mixed fragments were ligated using T4 DNA ligase. Subsequently, competent cells of

Escherichia coli DH50 were transformed with the ligation product, and transformants that
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Competent cells of Escherichia coli B::atoDAB variantApgi prepared in Example 5 were transformed
with the plasmid plaz prepared in Example 2, and cultured at 37 'V overnight on an LB Broth, Miller

agar plate containjng 50 1g/m1 ampicillin, as a result of which Escherjchia cali plaz/B:.atoDABApgi
variant /8% 8B4 aﬁi@%ﬁ*ﬁ@&é%&%dfgpﬁ%@%@ﬁ% 181;11%%?&%%@&'%@0%1@%%rﬂﬁts example,
isopropyt alcehet Waaipeadutethusing.apreducted appanaiusshovwnain gt dioédhentMOw2809/008377

pamphlet. The culture tank used.was a tank having a capacity of 3 L and made gf glass, and the trap
tanks USHYWEFE RHHEH ARG S EPRE %fgfﬁq_wi%d”i%%& d%{%e&%ro%‘f/vleé%ﬁg n%‘t%(%lﬁ%l tanks, water
as a trapaslvtiongitrapaien) ihamhamodniedtf-inpaatlbic wasdnjdeatetkmnd thepgwetapianks were

foeding 8T Sug AT N AHENAED VAR HGCHLR O 1 Sl he cultore ank a5 approprate. A it of
variantgused in fie/evakiiation of isopigpglGitaboBpreductioidmsiibwinhinhE ahbile-8b140482] Table 3
eSS DSl e AeBASOMBIB AP e o o
zwf 10 pg/ml chloramphenicol and 50 pg/ml kanamycin, as a result of which transformants were

obtained. The transformants obtained were inoculated into an LB liquid medium containing

50 ug/ml kanamyecin, and cultured at 30 °C overnight. Next, part of this culture liquid was

applied to an LB agar plate containing 50 pg/ml kanamycin, as a result of which colonies that

orew at 42 °C were obtained.  The colonies obtained were cultured at 30 °C for 24 hours in

an LB liquid medium containing 50 pg/ml kanamycin, and was applied to an LB agar plate

containing 50 ug/ml kanamycin, as a result of which colonies that grew at 42 °C were

obtained.

[0137] From the colonies that appeared, 100 colonies were randomly picked up, and each

individually grown on an LB agar plate containing 50 ug/ml kanamycin and an LB agar plate

containing 10 ug/ml chloramphenicol, and chloramphenicol-sensitive clones that grew only

on the LB agar plate containing kanamycin were selected.  Furthermore, the chromosomal

DNAS of these target clones were amplified by PCR, and a variant from which a fragment of

about 3.3 kbp indicating replacement of the pgi gene with the kanamycin-resistant gene could

be amplified was selected. The variant obtained was named B strain pgi gene deletion

variant (hereinafter sometimes abbreviated to "BApgi variant™).

[0138] Here, Escherichia coli MG1655 strain and Escherichia coli B strain are available

from American Type Culture Collection.

[0139] [Examples 4]

<Preparation of plaaa/BApgi variant>

The amino acid sequences and the base sequences of genes of thiolase and CoA

transferase of Escherichia coli have already been reported. That is, the gene encoding

thiolase is described in 2324131 to 2325315 of the Escherichia coli MG1655 strain genomic

sequence described in GenBank accession number U00096.  In addition, the gene encoding

CoA transferase is described in 2321469 to 2322781 of the above-mentioned Escherichia coli

MG1655 strain genomic sequence.  Expression of these genes together with the

later-described acetoacetate decarboxylase gene and isopropyl alcohol dehydrogenase gene

from bacteria of the genus Clostridium enables production of isopropyl alcohol.
39



plaaa/BApgiContaining IPA production system, ApgiExample 4 plaz/B::atoDABApgiContaining IPA
production system, highExample 25 expression of zwf, Apgi pla/B::atoDABAgntRContaining IPA
production system, AgntRExample? plaz/B::atoDABAgntRContaining IPA productio tem,
high_Exéﬁ)ﬁﬁfﬁ8I@)@t‘&&ﬂ)ﬂbﬁlmlﬂﬁm’hﬁﬂ:ﬁ%!zQ’fg}ﬁ‘}i@aﬂ}@?ﬁ&’tﬁ@gma qa@%ﬁy&% tion system,
Apgi, Aﬂﬁt&ﬁf%@%@%ﬁ@dﬁi@l@i@@ﬁ%&%&%ﬁ@@%MHM&%%@]@GH&%NR}GL&B%‘,#B'giélﬁxamp|e I
expression of zwf, Apgi, AgntR pla/B::atoDABApgiAgndContaining IPA production system, Apgi,
AgndE)E%‘ﬁ’ﬁf]Péefﬁ}ﬁI%@ﬁ%ﬁﬁ@%ﬁ%ﬁé@%%‘fﬁ%ﬁ%%i@@ﬁ’e 0 d’,“ggntR Example
19 plaz B aaRABAGAHBANR AN @NIRGHIEA R IO SYS BN, 4ig Hlxpmple-Zhexpression of zwf,

Agnd, A(\)%?aﬁed was digested with restriction enzymes Sphl and BamH], as a result of which an
isopropyl alcohol dehydrogenase fragment of about 1.1 kbp was obtained. The DNA
fragment obtained was mixed with a fragment obtained by digesting plasmid pBRgapP
prepared in Example 2 with restriction enzymes Sphl and BamH]I, and the mixed fragments
were ligated using a ligase. Thereafter, competent cells of Escherichia coli DH3a strain
(Toyobo Co., Ltd. DNA-903) were transformed with the ligation product, and transformants
that grew on an LB agar plate containing 50 pg/ml ampicillin were obtained. The colonies
obtained were cultured at 37 °C overnight in an LB liquid medium containing 50 pg/mi
ampicillin, and plasmid pGAP-IPAdh was recovered from the bacterial cells obtained.

[0141] In order to obtain thiolase gene from Escherichia coli, amplification by a PCR
method was carried out using the genomic DNA of Escherichia coli M(G1655 strain as a
template and using atggatccgetggtggaacatatgaaaaattgtgtcategteag (SEQ ID NO: 22) and
geagaagctigtctagattaattcaaccgticaatcaccate (SEQ 1D NO: 23), and the DNA fragment obtained
was digested with restriction enzymes BamHI and HindIIl, as a result of which a thiolase
fragment of about 1.2 kbp was obtained. The DNA fragment obtained was mixed with a
fragment obtained by digesting the plasmid pGAP-IPAdh prepared above with restriction
enzymes BamHI and Hind[ll, and the mixed fragments were ligated using a ligase.
Thereafter, competent cells of Escherichia coli DH5q strain (Toyobo Co., Ltd. DNA-903)
were transformed with the ligation product, and transformants that grew on an LB agar plate
containing 50 pg/ml ampicillin were obtained.  The colonies obtained were cultured at 37 °C
overnight in an LB liquid medium containing 50 pg/mi ampicillin, and plasmid
pGAP-IPAdh-atoB was recovered from the bacterial cells obtained.

{0142] In order to obtain CoA transferase gene from Escherichia coli, amplification by a
PCR method was carried out using the genomic DNA of Escherichia coli MG1655 strain as a
template and using getctagagetggtggaacatatgaaaacaaaattgatgacattacaagac (SEQ 1D NO: 24)
and tagcaagctictactcgagttatttgeteteetgtgaaacg (SEQ ID NO: 25}, and the DNA fragment
obtained was digested with restriction enzymes Xbal and Hindlll, as a result of which a CoA
transferase o subunit fragment of about 600 bp was obtained. The DNA fragment obtained
was mixed with a fragment obtained by digesting the plasmid pGAP-IPAdh-atoB prepared
above with restriction enzymes Xbal and HindIl, and the mixed fragments were ligated using

aligase. Thereafter, competent cells of Escherichia coli DH5a strain (Toyobo Co., Lid.
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pla/B::atoDABApgiAgnclagntRContaining IPA production system, Apgi, Agnd,Example 22 AgntR
plaz/13::atoDABApgiAgndAgntR Containing IPA production system, highExample 23 expression of
zwf, Apgi, Agnd, AgntR IPA refers to isopropyl alcohal [0183] As preculture, each of the variants to be
evaluat M%sﬂmdmmﬂwma&%t@&ﬁms B EORAEYEY A &f%i{ma’%%@ﬁ&%ﬁ&f FHFNt and
containjagy0anel a0 1B Bty MilerseiltaedigyichiRiico. 244620 centaiptag &Dwgiml ampicillin, and
cultured qvernight at a culture temperature of 30C while stirring at 120 rpm. 45 ml of the preculture
was traPSfEFrReFintd & QIRRAEAR @&@J@H%ﬁ%ﬁtmﬂg %ﬁﬁ/é%q BPRETE c¥oration) having

a capagitysafidlb @At IPABHNRGRSREIY Wharctdivie drectiv fdendg she-following:composition, and was
cultivated. The culti t}tion W§s carr%d out‘La%an aeratiop volume of 0.9 L/min ﬁstirr'ng rate of 550 rpm,

a culturd {8miper Rt 6TAECE Ad SIS ‘Yﬁﬁﬁ%féfiﬁp\?ﬁ‘fhuﬁip%t%%‘b%lgg? 101 under atmospheric

pressurgsAdRwi \wivh aiocess agueats calutian ydsuasided at a flow rate of 10 g/L/hour during the
period from the initiation of the cultivation to 8 hougﬁﬁjgﬂf i‘nﬁ';(%?tio% of the cultivation, and,
B2 at

thereaffSe e aerisalraRrgiNs A aiase sl w rate of 20 g/L/hour, as
apffOD@g&a@&&ét@hth&mg@gﬁ ofraiugosedel7y) the adiDreAdnicwas sinimizedad tigdhaderial
culture liquid was sampled several times.duyring the period.from the jnitiation of the, cultivation to 72
ours aRLP AFETIRHERGTGFIRG SORNAYCHN: AHEA R Ol LR WEIR TS By Eenirfugal
operatigagsthenaotbiis ahsopropybaisebol antatetongaestinulaigeinvibemiitide sbpernatants and

oD vl O o e LG e o eps e e
cultivatieerithienesuitmes XabDurd iHitablehd<iompeditiapgratdiuliure Madidmsingarigteep liquor
(manuigetyren by NIOD SR 5240, 9 S AR IRASHBD: P BIRIB0% 2 01

were transformed with the ligation product, and transformants that grew on an LB agar plate

containing 50 pg/ml ampicillin were obtained. The colonies obtained were cultured at 37 °C

overnight in an LB liquid medium containing 50 pg/ml ampicillin, and plasmid

pGAP-1PAdh-atoB-atoD-atoA was recovered from the bacterial cells obtained.

[0144] In order to obtain acetoacetate decarboxylase gene, amplification by a PCR method

was carried out using the genomic DNA of Clostridium acetobutylicum ATCC824 as a

template and using caggtaccgctggtegaacatatgttaaaggatgaagtaattaaacaaattage (SEGQ 1D NO: 28)

and gcggatecttacttaagataatcatatataacttcage (SEQ ID NO: 29), and the DNA fragment obtained

was digested with restriction enzymes Kpnl and BamHI, as a result of which an acetoacetate

decarboxylase fragment of about 700 bp was obtained. The DNA fragment obtained was

mixed with a fragment obtained by digesting the plasmid pGAP-IPAdh-atoB-atoD-atoA

prepared above with restriction enzymes Kpnl and BamHI, and the mixed fragments were

ligated using a ligase. Thereafter, competent cells of Escherichia coli DH5a strain (Toyobo

Co., Ltd. DNA-903) were transformed with the ligation product, and transformants that grew

on an LB agar plate containing 50 pg/ml ampicillin were obtained. The colonies obtained

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

plasmid pGAP-1PAdh-Adc-atoB-atoD-atoA was recovered from the obtained bacterial cell,

and was named plaaa.

[0145] Competent cells of Escherichia coli BApgi prepared in Example 3 were transformed

with the plasmid plaaa, and was cultured at 37 °C overnight on an LB Broth, Miller agar plate

containing 50 pg/ml ampicillin, as a result of which Escherichia coli plaaa/BApgi variant was

obtained.
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MgS04.7H20: 2 g/L (NH4)2S04: 2 g/L ADEKANOL LOI 26 (ADE1CA Corporation) 0.1 g/L (Balance:
Water) [0184] Table 4 Variant NamelPA Production AmountAcetone Production Amount
(g/L/7210(g/L/7211) pla/B;:atoDAB (negative control)48.727.6 plaz/B::atoDAB39.420.2
p|aaa/éﬁb%%.d@.@mﬁ%/é}:atoDABApgi41.13.0 pla/B::atoDABAgNtR57.323.7

<Preparation of B::atoDABApgi variant >

B::atoDAB prepared in Example 1 was transformed with pTH18cs1-pgi prepared in
Example 3, and cultured at 30 °C overnight on an LB agar plate containing 10 pg/ml
chloramphenicol and 50 pg/mi kanamycin, as a result of which transformants were obtained.
The transformants obtained were inoculated into an LB liquid medium containing 50 pg/ml
kanamycin, and cultured at 30 °C overnight. Next, part of this culture liquid was applied to
an LB agar plate containing 50 pg/m! kanamycin, as a result of which colonies that grew at 42
°C were obtained. The colonies obtained were cultured at 30 °C for 24 hours in an LB liquid
medium containing 50 wg/ml kanamycin, and was applied to an LB agar plate containing 50
ug/ml kanamyein, as a result of which colonies that grew at 42 °C were obtained.
[0147] From the colonies that appeared, 100 colonies were randomly picked up, and each
individually grown on an LB agar plate containing 50 pg/ml kanamycin and an LB agar plate
containing 10 pg/ml chloramphenicol, and chloramphenicol-sensitive clones that grew only
on the LB agar plate containing kanamycin were selected. Furthermore, the chromosomal
DNAs of these target clones were amplified by PCR, and a variant from which a fragment of
about 3.3 kbp indicating replacement of the pgi gene with the kanamycin-resistant gene could
be amplified was selected.  The variant obtained was named B strain atoD genome enhanced
- pgi gene deletion variant (hereinafter sometimes abbreviated to "B::atoDABApgi variant”).
[0148] Here, Escherichia coli MG1655 strain and Escherichia coli B strain are available
from American Type Culture Collection.
[0149] [Example 6]
<Preparation of B::atoDABAgntR variant >

The entire base sequence of the genomic DNA of Escherichia coli B strain is known
(GenBank accession No.CP000819), and the base sequence encoding GntR is described in
3509184 to 3510179 of the Escherichia coli B strain genomic sequence, which is described in
GenBank accession No.CP000819. In order to clone a region flanking to a base sequence
encoding GntR(gntR), four types of oligonucleotide primers represented by
ggaattcgggtcaattttcaccetetate (SEQ ID NO: 30), gtgggecgtectgaaggtacaaaagagatagattete (SEQ
ID NO: 31), ctettttgtaccttcaggacggeccacaaatttgaag (SEQ ID NO: 32) and
ggaattcecageecegeaaggeegatgge (SEQ ID NO: 33) were synthesized.  Each of the primers of
SEQ ID NOs: 30 and 33 has an EcoRI recognition site in the 5'-terminal side thereof.
[0150] The genomic DNA of Escherichia coli B strain (GenBank accession No.CP0O00819)
was prepared, and PCR was catried out using the obtained genomic DNA as a template and

using a primer pair of SEQ ID NO: 30 and SEQ ID NO: 31, as a result of which a DNA
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plaz/B::atoDABAgntR33.325.0 pla/B::atoDABApgiagntR9.60.8 plaz/B zatoDABApgiAgntR70.210.6
pla/B::atoDABApgiAgnd2.60.2 pla/B::atoDABAgnclagntR28.628.4 plaz/B::atoDABAgndAgntR33.925.3

pla/B::atoDABApgiAgndAgntR0.80,0 plaz/13::atoDABApPgiAgNdAgniR75.614.1 [0185] As result of the
evaluati&Eat Wdf%&bﬁ%ﬁﬁ” @Bhﬁqlﬁfegﬂ‘ﬁfée‘&t%f%‘iﬁ@é‘éti\%tgiﬁ%g(ﬁ } ‘éfﬂSJDAB) was 48.7

g/LI72 hanqﬂmélhe amaad?mﬁgdﬁmd@y @@@%dtaauﬂ@@bfmwp@m%%gmmm&s 5W3BQ/72 h.
From this result, it was found that the disruption of gn rovi increased productivity that is
about 12 t¥Hed i &f¢ tﬁ@dﬁ%\?gécﬁf%l.mgm%%’él%‘ﬁ, h%g%r r@ﬁBﬁeé Hﬁtﬂrggﬁie\yed by a
variant jgfwhighontRoand Raiwerendisiupiec gingkin winighexpressigmehrwiwascpahantied
(plaz/B::atoDABApgiAgntR) was, 70.2 g/L/72 hich indicates a productivity that is abguf 1.4 times
that of HETSGELRE ITGH SEASM T &L, it WA BTt Paﬁémﬁ%ﬁe i a'ﬁfpslg giin
combingatigmithaerfiapeessant akthe expressian of 2w UNhepirBproNESHE Prodyciiity as compared

o e cece o Sanpon QL e oo ptac s cace plcruplon of p s plecisnog),
the produeffon RmawRbwaswaS 4:gAlitied.h, ahid fheRpradaciiviiyniassdepeasadyaifeniban increased.
The production amounts in the case of disruption of gntR in combination with high expression of zwf
(Pl B E ISR AGTRR G LAGh S UrSH DUt B S G R UR Lol Gecion of 2w
(plaz/B datoAB ARGy and s dhestbsepbisdis yItiorgos 1@%@@@&@@%@@@;@@@&%@9}% ntR)
vere S glia S AL o gl spechel, AR o LRI

competent cells of Escherichia coli DHS¢ (manufactured by Toyobo Co., Ltd.) were

transformed with the ligation product, and transformants that grew on an LB agar plate

containing 10 ug/ml chloramphenicol at 30 °C were obtained. Plasmids were recovered

from the transformants obtained, and it was confirmed that the gntL.R fragment was properly

inserted in pTH18¢cs1l. The plasmid obtained was named pTH18cs1-gntR.

[0151] Escherichia coli B::atoDAB variant prepared in Example 1 was transformed with the

thus-obtained plasmid pTH18es1-gntR, and was cultured at 30 °C overnight on an LB agar

plate containing 10 pg/ml chloramphenicol, as a result of which transformants were obtained.

The transformants obtained were inoculated into an LB liquid medium containing 10 ng/ml

chloramphenicol, and cultured at 30 °C overnight. Next, part of this culture liquid was

applied to an LB agar plate containing 10 pg/ml kanamycinan chloramphenicol, as a result of

which colonies that grew at 42 °C were obtained. The colonies obtained were cultured at 30

°C for 24 hours in an LB liquid medium, and was applied to an L.B agar plate, as a result of

which colonies that grew at 42 °C were obtained.

[0152] From the colonies that appeared, 100 colonies were randomly picked up, and each

individually grown on an LB agar plate and an LB agar plate containing 10 pg/ml

chloramphenicol, and chloramphenicol-sensitive clones were selected.  Furthermore, the

chromosomal DNAs of these target clones were amplified by PCR, and a variant from which

a fragment of about 2.0 kbp indicating deletion of the gntR gene could be amplitied was

selected. The variant obtained was named B strain atoD genome enhanced - gntR gene

deletion variant (hereinafter sometimes abbreviated to "B::atoDABAgntR variant").

[0153] [Example 7]

<Preparation of pGAP-la/B::atoDABAgntR vartant>

Competent cells of Escherichia coli B::atoDABAgntR variant prepared in Example 6
43



[0187] Therefore, in a case in which disruption or high expression of other factors is carried out in
addition to the disruption of gntR, the effect in terms of improvement of productivity achieved by

plaz/B::atoDABApgiAgntR variant is considered to, be obtained when both of r:}t[%eand pgi.are
disruptSERSHAoReHi gAY Bigorkstag pla Pfﬁﬂ?fﬁ‘éﬂ?iﬁ%’&’a‘i’f% InARATH Y 2 PYiEMRNed in
plaz/B: ateRABARGIAGMRyaianbpxbikitinghingreaserhirady iy, 4se riteaseniahwhich pgi, gntR,
and gnd_ are disrupted and zwf is highly expressed (plaz/B::atoDABApgiAgndAgntR), the amount of
isoprop§ P HIEHRBIAFAARGES vidalrs! HH?%}%&W@%&? a high productivity that is higher than
that achigweq byEplazii: gtoDABApPgIAgNtR variant. [0188] In the case of disruption of gnd alone, the
amount of isopropyl alcohg| produced was 45.5 %/L/72 h, which is lower than that achieved by the

negative' ORI L2 e LlidHos SR i &iln

ne did not exhibit an effect in terms of improvement
of isopropy! alcobeliesiualinneficienaysthe pRdyctiorpapetRisiniieepse Ol distupiitnof gntR
and gnd (pla/B::atoDABAgndAgntR), in the case of disruption of pgj and gn la/B::atoDABApgiAgnd)
and in tWéSéé@E%f"‘&}%Mﬁf%H’Sgﬂ)ﬁi‘?}@%f&aéﬁ&ea?f& ﬁﬁé%@%&ﬁé@%ﬁ%ﬁéﬁi%ﬁmre 28.6 g/L/72 h,
2.6 g/LiF2mignd P £ 9/B/R2okh resplectvelynlindicatingiias thesevanpiiaxhibiieddeoreased
isopropyl alcohol production efficé%_ngg rather than increased i o&r{g yl alcohol production efficiency.

p

The effitiEHtySHIRBRrERSTARBHOP pPOdCRt AN RS dREPL A LA than increased also in a case in
which qiod 38as [dssupirdand zwf was highly expressed (plaz/B::atoDABAgnd), in a case in which

gntR and gnd were disrupted zvivé)év highly expressed (plaz/B::atoDABAgndAgntR), and in a
case infl\?ﬁ?&qrﬁﬁ?%ﬂé%nﬁﬁv)&agg%g gﬁ%avﬁ was highly expressed (plaz/B::atoDABApgiAgnd),

and the produchyiiies;ihsuel (asas ERN4Qi & ikl lap 33D ig/Ektdblahe 3ddhgioiizel, respectively.
Therefore, the effect.i of productivity improvement achieved by plaz/B-atoDABApgiAgndAgntR
variant ﬁl'ﬂb%iam%w&f&%ﬁ%ﬁ%&%ﬁﬂ%’%ﬁ c %%}ﬂweh C %Ihcflﬁ?%riéér?&a%éw&Z?geéﬁ]ﬁ%%g%eously
disrupted amd3rowhidh iznd darstiarglyexipiegsddig/m! cli@ddifiimitod, acetenelobiaihad can be used
as a raw material for isopropyl alcohql production, after purification thereof.,[0189 ufacture of
Aceton eI 6 SRRty o tESpTORyOn T A Aeterpac rredrpls oh CHET orame
when thecdiliureoewaiation of/phziBoataphABidpdgrndigriRardiant (Exammple 2Sywgndarried out
was analyzed by gas.chromatography (GC), and, as a result, it was found that 1.2 g/L of acetone and
4.3 g/L %@%‘\‘f ?gﬁbﬂgz ué(%gﬁso %ygf%gégn ;])F%&%?F 213%1805%&11{3%1 @&éféﬁggﬁ{%ﬁﬁg isopropyl alcohol
and acefgneafifgpniaie hsamplddof2nhatirs@fteretheangiatian 62 fliveeitivationgdisophepyl alcohol and

aceton%o (()—:;[neesr%% ‘Q{ggg%%}feh(i:% t%ge%gtcﬁggygr%%l%gilg Elxlalaatlll% liquid medium, and was

applied to an LB agar plate, as a result of which colonies that grew at 42 °C were obtained.
[0156] From the colonies that appeared, 100 colonies were randomly picked up, and each
individually grown on an LB agar plate and an LB agar plate containing 10 pg/ml
chloramphenicol, and chloramphenicol-sensitive clones were selected. Furthermore, the
chromosomal DNAs of these target clones were amplified by PCR, and a variant from which
a fragment of about 2.0 kbp indicating deletion of the gntR gene could be amplified was
selected. The variant obtained was named B strain atoD genome enhanced - pgi gene
deletion - gntR gene deletion variant (hereinafter sometimes abbreviated to
"B:atoDABApgiAgntR variant").
[0137] Here, Escherichia coli MG1655 strain and Escherichia coli B strain are available
from American Type Culture Collection.
[0158] [Example 10}
<Preparation of pla/B::atoDABApgiAgntR variant>

Competent cells of Escherichia coli B::atoDABApgiAgntR variant prepared in
Example 9 were transformed with the plasmid pla prepared in Example 2, and cultured at 37

°C overnight on an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a result of
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Specifically, 2 L of the aqueous solution described above was first passed through a column filled with
250 ml of cation exchange resin (AMBERLYST 31 WET manufactured by Organo Corporation) at a

flow rate of 500 ml/h, whereby residu onia etc. were remoyed. The resultant solution was
distilledwaﬁlﬂb%ﬁ C{)Fﬁ@gtfroeg ﬁi‘?{ é%ﬁ&é%%%gﬁ%{} mﬁﬁ%éﬂwg%f from 53 to 81.6C was sampled, and
analyzgd by GQrandrfleund to contain 18.7% by mass of acetone, 62.6% by mass of isopropyl alcohol,
0.2% by mass of un%ge tif'}gq corl[g entéan the balance water. The fraction was used as a raw
materiaf]fgg?ﬁﬁléﬂﬂ?ﬁo ﬁ%zé H{E §§%‘f% $BEL8R15190] <Preparation of Dehydrogenation Catalyst
Zn0:Zr02 (94:6»mpetedbeOdsd Qi emni}iofsdiddin canidnate Rl Sfrimitgfreyated were added into a
500 ml round-battom flask equipped with stirrer.hlades, to form a.solution., To the resultant aqueous
solutiorf:,’ﬁar’flg&%%&%es%‘ri’ﬁ}ﬁgog”d%?a‘mg%&&p ?gélgﬁ/ﬁ&%%.%ﬁa o™ Xr%%ﬁq%? Zine ﬁﬁg & %3{;% ydrate and
1.30 g (@ Qvd¢nahhobaieonBiBrainitvéiéoxide sy drataiidb0mahivateicilbis addeddtopivise over
one and half hours. The resultant was left to, stand for maturation for 5 days, and then filtered, and
washed¥ 1\%%#\‘?\% Wﬂ?érfﬁe% aﬁjto\ﬁﬁ}?%ge%ﬁ%]t? “6%%%’&8‘&88"&%51 él}%(?Z hours, and at 400 C for 1
hour, afl dastlyFealeiatey] at 600 C for 2 hours. 9.50 g of a complex oxide catalyst, ZnO:Zra) (94:6),
was obtgined as.whigf%)owg)erég[ ég ]H<F?ro uction of Acetone> 1.0 g of the complex oxide

catalyst ZFBF05"(84 6% 2Hiblded at 20 MPa and thereafter classified to be from 250 to
500 um) was addeetintm alreacioe ghadBaak 5ig & havingascipretenDi eomeaanddniength of 40 cm, and

the distillate pbtained above (acetone: 18.7% by mass, isopropyl alcohol:.62.6% by mass, unidentified
compoleReT YRy e e e BB R P e R e T
rate of ¢Q-gihraangereapitragertsireanBoLIDMIMIB e gaitiet igurhat the cantor (HaS)dbdled,

thereby, trapping the reaction sojution and the i S..[he product sampled at 5 hours after the
initiatiofww\tI § tﬁge?’%%gﬁgi‘%\?v% %tgan% f?gédﬁ@aﬁla§£§%%%$o%§a§wgaaé%;d, as a result, it was found that

acetonegyastpracicestactighcgenge (REATID 285V ene FabtbcSized Tablee pritRALfSpi@déhts

isopropy] alcghol (th e shall apply hereinafter). [0192 ample 2 Ry cedures
asin E)i%(r%p%% V%ﬁ‘%@r?ﬁa{) %]EJ ?%ei}é%f)l% ﬁ*]n% tt?eel)%g’g%isolé‘[i%%rpeé&étadlr%]ev%%%%fet? tgog ?(%&g&?he results
are showpChiTFable 35 Asisti@nDnEalé babd Sacktoremwaspsodicd & -dghicehadatiztiorn. [0193]

[Examplkem%glrf&e r%'rnaetxi"%? %B%Eﬁ%@%ﬁ‘ﬁ&'g’ D &AK %c%ng% 168231@ ?ﬁ]t%g%'-terminal side
thereof.
[0161] The genomic DNA of Escherichia coli B strain (GenBank accession No.CP000819)
was prepared, and PCR was carried out using a primer pair of SEQ ID NO: 34 and SEQ ID
NO: 35, as a result of which a DNA fragment of about 1.0 kb (hereinafter sometimes referred
to as "gnd-L fragment") was amplified. Also, PCR was carried out using a primer pair of
SEQ ID NO: 36 and SEQ ID NO: 37, as a result of which a DNA fragment of about 1.0 kb
(hereinafter sometimes referred 1o as "gnd-R fragment") was amplified. These DNA
fragments were separated by agarose electrophoresis, and recovered. The gnd-L fragment
was digested with Ndel and Sacl, and the gnd-R fragment was digested with Sacl and BamIL
These two types of digested fragments were mixed with a fragment obtained by digesting a
temperature-sensitive plasmid pTH18cs! (GenBank accession number AB019610) with Ndel
and BamHI, and the mixed fragments were allowed to react using T4 DNA ligase.
Thereafter, competent cells of Escherichia coli DH5a (manufactured by Toyobo Co., Ltd.)
were transformed with the ligation product, and transformants that grew on an LB agar plate
containing 10 pg/ml chloramphenicol at 30 °C were obtained. Plasmids were recovered
from the transformants obtained, and it was confirmed that the two fragments of a 5'-upstream
flanking region fragment and a 3'-downstream flanking region fragment of the gnd-encoding

gene were properly inserted in pTH18csl. The plasmid obtained was named pTHI18c¢s1-gnd.
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15.94 g (0.15 mol) of sodium carbonate and 130 ml of water were added into a 500 ml round-bottom
flask equipped with stirrer blades, to form a solution. To the resultant aqueous solution, an aqueous

solution obtained by dissolving 32.8 0.11 mol) of zinc njtrate hexahydrate and 2.66.q (0.10 moll of
zirconidfH %itrgfé}@ffa@‘ﬁﬁ?gﬁgﬁa' #91 Vl’?ﬁ%?Wé?B?RﬁgglaEdﬁé%p%ﬁpﬁ%rW& R Xﬁgjfil%?f hours.
The resulianbwastefliensiapdiog satprdliondors dayscandIne flteredhand awdshadavell with water.

The resuyltant white, matter was qried at 12QC for 2 hours, and at 400C _for 1 hour, lastly,
caloinafid BE SO0 B, 1§ HE LB G GIOF e SHE AN NBTT: (s 57 i

VA€ obtained as
white powdeaniidIdhsPooduction akAcaiones into dh 01§ Bithe medpiexmoxide gatalyst/AanO:Zr02

(88:12) (compression-molded. at 20 M d th fter classified tq be f 50 10 500 k
added iﬁl@?@gﬁ%ﬁcﬂkaﬁ Sf‘%lat‘j ﬁ&gﬂ%égoﬁﬁﬁ%%%a'r iﬁ}%ﬁ%ﬁf} ﬁ}gﬁ%g{ﬁ% atgé)]was m) was

, and the distillate
obtaineghpheye(acemng:d Slaivacbytahdss, Isqpropykaleoholn 2 Glohynhass;diradentifiddof

components: 0.2%, by mass, the balance: water) was allowed to flow through the reactor at.350 C at a
rate of Iveg’(‘ﬁbfﬁ %B%ngtﬁ%‘grﬂ gf nﬁsgﬁé%%ﬁ%eﬁﬁ/m%?,&ﬂp%ﬂﬁgf) SHS t%fé‘r?ec it(t-:{f)rr"3 %%Lts% rgooled,
therebytrappinghihe s @astiomdajutibmanidithernéactiopgas! bhe prdddat sameplac atlhotirs after the
initiation of the reaction was anal%%gézﬁl?/ %a%chrogpatography, and, as a result, it was found that
acetond' W48 FRERHERH % Hiigh TdicentStoR A4 &bwn in Table 5. [0195] [Example 29] The same
procedyifes Hs ifrlnxaniel 2@ et capiactut (xcepiitiatdhernadotion perkpdatuedrashset to 400 'C.

Th I h in Table 5. A in, Tablg 5, acet d at high rafion.
e Y L Ty

chloramphenicol, and chloramphenicol-sensitive clones were selected. Furthermore, the
chromosomal DNAs of these target clones were amplified by PCR, and a variant from which
a fragment of about 2.0 kbp indicating deletion of the gnd gene could be amplified was
selected. The variant obtained was named B::atoDABAgnd variant.
[0164] Here, Escherichia coli B strain are available from American Type Culture Collection.
[0165] [Example 13]
<Preparation of pla/B::atoDABAgnd variant>

Competent cells of Escherichia coli B::atoDABAgnd variant prepared in Example 12
were transformed with the plasmid pla prepared in Example 2, and cultured at 37 °C overnight
on an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a result of which
Escherichia coli pla/B::atoDABAgnd variant was obtained.
[0166] [Example 14]
<Preparation of plaz/B::atoDABAgnd variant>

Competent cells of Escherichia coli B::atoDABAgnd variant prepared in Example 12
were transformed with the plasmid plaz prepared in Example 2, and cultured at 37 °C
overnight on an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a resuit of
which Escherichia coli plaz/B::atoDABAgnd variant was obtained.
[0167] [Example 15]
<Preparation of B::atoDABApgiAgnd variant>

Escherichia coli B::atoDABApgi variant prepared in Example 5 was transformed
with the plasmid pTH18cs1-gnd prepared in Example 12, and cultured at 30 °C overnight on
an LB agar plate containing 10 pg/ml chloramphenicol, as a result of which transformants
were obtained. The transformants obtained were inoculated into an LB liquid medium

containing 10 pg/ml chloramphenicol, and cultured at 30 °C overnight. Next, part of this
46



Methyl Isobutyl Ketone 0 0'0 7 10 Mesityl Oxide CE 9.t'

culture liquid was applied to an LB agar plate containing 10 pg/ml kanamycin
chloramphenicol, as a result of which colonies that grew at 42 °C were obtained. The
colonies obtained were cultured at 30 °C for 24 hours in an LB liquid medium, and was
applied to an LB agar plate, as a result of which colonies that grew at 42 °C were obtained.
[0168] From the colonies that appeared, 100 colonies were randomly picked up, and each
individually grown on an LB agar plate and an LB agar plate containing 10 pg/ml
chloramphenicol, and chloramphenicol-sensitive clones were selected.  Furthermore, the
chromosomal DNAs of these target clones were amplified by PCR, and a variant from which
a fragment of about 2.0 kbp indicating deletion of the gnd gene could be amplified was
selected. The variant obtained was named B::atoDABApgiAgnd variant.
[0169] {Example 16]
<Preparation of pla/B::atoDABApgiAgnd variant>

Competent cells of Escherichia coli B::atoDABApgiAgnd variant prepared in
Example 15 were transformed with the plasmid pla prepared in Example 2, and cultured at 37
°C overnight on an LB Broth, Miller agar plate containing 50 pg/mi ampicillin, as a result of
which Escherichia coli pla/B:.atoDABApgiAgnd was obtained.
[0170] [Example 17]
<Preparation of plaz/B::atoDABApgiAgnd variant™>

Competent cells of Escherichia coli B::atoDABApgiAgnd variant prepared in
Example 15 were transformed with the plasmid plaz prepared in Example 2, and cultured at
37 °C overnight on an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a result
of which Escherichia coli plaz/B:.atoDABApgiAgnd variant was obtained.
[0171] [Example 18]
<Preparation of B::atoDABAgndAgntR variant>

Competent cells of Escherichia coli B::atoDABAgnd variant prepared in Example 12
were transformed with the plasmid pTH18cs1-gntR prepared in Example 6, and cultured at 30
°C overnight on an LB agar plate containing 10 pg/m! chloramphenicol, as a result of which
transformants were obtained. The transformants obtained were incculated into an LB liquid
medium containing 10 pg/ml chloramphenicol, and cultured at 30 °C overnight. Next, part
of this culture liquid was applied to an LB agar plate containing 10 pig/ml kanamycin
chioramphenicol, as a result of which colonies that grew at 42 °C were obtained. The
colonies obtained were cultured at 30 °C for 24 hours in an LB liquid medium, and was
applied to an LB agar plate, as a result of which colonies that grew at 42 °C were obtained.
[0172] From the colonies that appeared, 100 colonies were randomly picked up, and each

individually grown on an LB agar plate and an LB agar plate containing 10 pg/ml
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chloramphenicol, and chloramphenicol-sensitive clones were selected. Furthermore, the
chromosomal DNAs of these target clones were amplified by PCR, and a variant from which
a fragment of about 2.0 kbp indicating deletion of the gntR gene could be amplified was
selected. The variant obtained was named B::atoDABAgndAgntR variant.
{01731 [Example 19]
<Preparation of pla/B::atoDABAgndAgntR vartant>

Competent cells of Escherichia coli B::atoDABAgndAgntR variant prepared n
Example 18 were transformed with the plasmid pla prepared in Example 2, and cuitured at 37
°C overnight on an LB Broth, Miller agar plate containing 50 pug/ml ampicillin, as a result of
which Escherichia coli pla/B:iatoDABAgndAgntR variant was obtained.
[0174] [Example 20}
<Preparation of plaz/B::atoDABAgndAgntR variant>

Competent cells of Escherichia coli B::atoDABAgndAgntR variant prepared in
Example 18 were transformed with the plasmid plaz prepared in Example 2, and cultured at
37 °C overnight on an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a result
of which Escherichia coli plaz/B::atoDABAgndAgntR variant was obtained.
[0175] [Example 21]
<Preparation of B::atoDABApgiAgndAgniR variant>

Competent cells of Escherichia coli B::atoDABApgiAgnd variant prepared in
Example 15 were transformed withe the plasmid pTH18cs1-gntR prepared in Example 6, and
cultured at 30 °C overnight on an LB agar plate containing 10 ug/ml chloramphenicol, as a
result of which transformants were obtained. The transformants obtained were inoculated
into an LB liquid medium containing 10 pg/ml chloramphenicol, and cultured at 30 °C
overnight. Next, part of this culture liquid was applied to an LB agar plate containing 10
ug/ml kanamycin chloramphenicol, as a result of which colonies that grew at 42 °C were
obtained. The colonies obtained were cultured at 30 °C for 24 hours in an LB liquid medium,
and was applied to an LB agar plate, as a result of which colonies that grew at 42 °C were
obtained.
[0176] From the colonies that appeared, 100 colonies were randomly picked up, and each
individually grown on an LB agar plate and an LB agar plate containing 10 pg/ml
chloramphenicol, and chloramphenicol-sensitive clones were selected. Furthermore, the
chromosomal DNAs of these target clones were amplified by PCR, and a variant from which
a fragment of about 2.0 kbp indicating deletion of the gntR gene could be amplified was
selected. The variant obtained was named B::atoDABApgiAgndAgntR variant.

[0177] [Example 22]
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<Preparation of pla/B::atoDABApgiAgndAgntR variant>

Competent cells of Escherichia coli B:atoDABApgiAgndAgnitR variant the prepared
in Example 21 were transtormed with the plasmid pla prepared in Example 2, and cultured at
37 °C overnight on an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a result
of which Escherichia coli pla/B::atoDABApgiAgndAgntR variant was obtained.
[0178] [Example 23]
<Preparation of plaz/B::atoDABApgiAgndAgntR variant>

Competent cells of Escherichia coli B::atoDABApgiAgndAgntR variant prepared in
Example 21 were transformed with the plasmid plaz prepared in Example 2, and cultured at
37 °C overnight on an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a result
of which Escherichia coli plaz/B::atoDABApgiAgndAgntR variant was obtained.
[0179] [Example 24]
<Preparation of pla/B::atoDAB variant>

Competent cells of Escherichia coli B::atoDAB variant prepared in Example 1 were
transformed with the plasmid pla prepared in Example 2, and cultured at 37 °C overnight on
an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a result of which
Escherichia coli pla/B::atoDAB variant was obtained.
[0180] [Example 25]
<Preparation of plaz/B::atoDABApgi variant™>

Competent cells of Escherichia coli B::atoDAB variantApgi prepared in Example 5
were transformed with the plasmid plaz prepared in Example 2, and cultured at 37 °C
overnight on an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a resuit of
which Escherichia coli plaz/B:.atoDABApgi variant was obtained.
[0181] [Test Example 1]
(Production of Isopropyl Alcohol)

In this example, isopropyl alcohol was produced using a production apparatus shown
in Fig. 1 of the WO 2009/008377 pamphlet. The culture tank used was a tank having a
capacity of 3 L and made of glass, and the trap tanks used were tanks having a capacity of 10
L and made of polypropylene. Into the trap tanks, water as a trap solution (trap water) in an
amount of 9 L per tank was injected, and the two trap tanks were connected for use. The
culture tank was equipped with a drain pipe, and the culture liquid increased by feeding of
sugar and a neutralizer was discharged to outside the culture tank, as appropriate.

A list of variants used in the evaluation of isopropyl alcohol production is shown .in

Table 3.
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[0182] Table 3

expression of zwf, Apgi, Agnd, AgniR

Variant Name Feature Referenced
Description

pla/BiatoDAB Containing IPA production system Example 24

piaz/B:atoDAB Containing 1PA production system, high Example 2
expression of zwf

plaaa/BApgi Containing IPA production system, Apgi Example 4

plaz/BratolDABApgi Containing IPA production system, high Example 25
expression of zwi, Apgi

pla/B:atoDABAgmR Containing IPA production system, AgntR Example 7

plaz/BatoDABAgntR Containing IPA production system, high Example 8
expression of zwf, AgntR

pla/B:atoDABApgiAgniR Containing [PA production system, Apgi, AgntR~ Example 10

plaz/BratoDABApgiAgntR Containing [PA production system, high Exampie 11
expression of zwf, Apgi, AgntR

pla/BatoDABApgiAgnd Containing IPA production system, Apgi, Agnd Example 16

pla/BatoDABAgndAgntR Containing IPA production system, Agnd, AgntR  Example 19

plaz/B:atoDABAgndAgntR Containing IPA production system, high Example 20
expression of zwf, Agnd, AgntR

pla/B:atoDABApgiAgndAgntR  Containing IPA production system, Apgi, Agnd, Example 22
AgntR

plaz/B::atoDABApgiAgndAgntR  Containing IPA production system, high Example 23

IPA refers to isopropyl alcohol

[0183] As preculture, each of the variants to be evaluated was individually inoculated into
an Erlenmeyer flask having a capacity of 500 mL and containing 50 ml of an LB Broth, Miller
culture liquid (Difco 244620) containing 50 pg/ml ampicillin, and cultured overnight at a

culture temperature of 30 °C while stirring at 120 rpm. 45 ml of the preculture was

transferred into a culture tank (culture device BMS-PI manufactured by ABLE corporation)

having a capacity of 3L and containing 855 g of a culture medium having the following
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Example 27 Example 28 Example 29 [0197] (Codon Modification of Gene Contained in Isopropyl
Alcohol-Producing Escherichia coil) The codon sequences of the isopropyl alcohol

dehydrogenase.gene and the acetoacetate dehydrogenase gene contained in isopropyl

alcohol® Wdﬂ%”@é@l‘@ﬁ:ﬁwlgﬁfﬁzc%{%?nc T%‘%%eo|n\)/vg%ﬁ%ih%\?ve?gtrﬁqo%’?f%(ﬁ?%(ﬁbvt%g e ﬁocflency in
productioniohigQpreylalceteal il apeionenivas chepkedhas dfesiibeddreidivo{EXafugies 0]
<Preparatjop of plasmid pra*z> An acetoacetate decarboxylase gene, (adc) of Clostridium
bR e RO R ket S IR S
dehydregeriage ae aedg® Adhflissdascrib et il GenBdmknaabegsidndimbencARLIBABA DS the The
promoter sequence {él ceraldehyde.3-phosphate dehydrogenase (hereinafter. s imes referred to
as "GA%W%tW%Oé?s %%?i%ﬁ%% %Ifnﬁhﬁgﬁ%ﬁcﬁg&?}b%v |ﬁ°§9g/nfjda§lfégﬁntﬁ§’et ea%@a ‘%%@?énce information
with a GerBankjaccessidniouMmhenXRAGH2, ftan kecused adl thebase gequenae, ohehphanibter
necessa)?/ to exFrEss th ene&%ro p.m nt'or\;\%d 1%?1%\4%.2%g1981]ﬁnb%rcqg{ié?c%?ttaig the. (E@\PDH
promot% ,%%bﬂ i€ I‘ffgﬁebff' 'BPER Method Wal taréd ot using theé genomic BTN,RGOL? SERerichia coil
MG 165anspiainsasceateimplaierandibsipgioddgetatataigtamtygatidacadyattcog (SEWDrNGe88) and
cgcgcgcatgctatttgttagtgaatgaa (SEQ IL : 39), and the DNA fragment obtained was digested
hehgm ik A R e T R o i e
correspgrdin@itottrer@ARBH {iroproterd wlashobtaidedetthe DN friagniémtlebtalhed was mixed with a
fragment obtained by digesting pl id pBR322 (Gen nlﬁfﬁg ssion humber J01,749) with restriction
ey S P e e S petent
cells ofmstldrichiachail Diel heestraimEhoyobe:Go s Litch GK%A-208)meie thansiormédwidhrtie ligation
product, and transforinants that grew on an LB agar plate containin /mlampicillin were obtained.
The col%lﬁi%‘%()o r?giﬁae Wé%r%r @aitgﬁga"%l%”z C ov%%slléﬁ f"lrrleasrg (ﬂ%nlilé]lu%%r%éhgium containing 50
gg/mlamPieitpusiinoh plaSmidrpBRJapR-was recovered from the bacterial cells obtained. In order
to obtaip 8 coclanmodtisd, seRIoRY iRl deRydiRnase AFne (FARN) a codon modified
|sopropyloa1ilco i dé ydrogenase gene was designed based on the amino-acid sequence of the
isopropytaicbhd dehydrodenase gene of Clostridium beijerinckii NRRL B-593, and the following DNA
fragmer%é%ﬁ%l? O: 40) was prepared by DNA synthesis. The sequence thereof is shown below.
ATGAA ECAATGCTGGGTATTAATAAGCTGGGCTGGATCGAAAAAGAGCG
CCCGBMGTGCETTCGTATGATGCGATTGTGCGCCCACTGGCCGTATCTCCGTGTAC 57

MgSO47HO: 2 g/L

(NH4)2804: 2 /L

ADEKANOL LG126 (ADEKA Corporation) 0.1 g/L
(Balance: Water)
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CTCAGATATCCATACCGTTITTGAGGGAGCTCTTGGCGACCGCAAGAATATGATTTT
AGGGCATGAAGCGGTGGGTGAAGTTGTGGAGGTAGGCAGTGAAGTGAAGGATTT
CAAACCTGGTGACCGTGTTATCGTCCCTTGCACAACCCCGGATTGGCGGTCTTTGG
AAGTTCAGGCTGGTTTTCAACAGCACTCAAACOGTATGCTCGCAGGATGGAAATTT
TCCAACTRECARBIGATGGCGTCTTTGGTGAGTAT " TTTCATUTGAATGATGCGGATATG

AATCTT(‘(‘(“ATT(‘T(“(‘(‘TAAAP ACATCCCCCTCCAAANAACCCTCTTIATCATCACACA
T, 7 LI B | A |

TATGATRRETREG GGCTICCACGOAGUR CRAETIT ARREAT ATTE AL AT CUEHPARR
GTGTAGTGGTCATTGGCATTGGCGCGGTTGACENGATGGGGATAGCEBBREICTAAA
TTACG TG ARBAB GIEGATRA T TGGCGTGGEGAGCCGCCCGATTTGTHFCGAGG
CTGCCA?A%TT'&%%GGGGCCACCGACATTTTCjéAéATTATAAAAATGGICATﬁégGTTG
ATCAARTEATERAACTGACGAACGGAAAAGGTCETTGACCGCGTGATTATGGCAGG
CGGTGEFABEGAAACACTGTCCCAGGCCGTATCTATGGTCAAACCAGGEAEGGATC
ATTTCGAABATAMREFATCATGGAAG TGGCGATGCGTTATTGATCCCGCGIGTGGAA
TGGGGGTGEC TGGCTCACAAGACTATCAAAGGCGGTCTITGTCCC GGAC
GTTTG;/R%{gGa&C%% }%PSE;CTGCGAGATATGG?A‘%TGTACAACCGTGTTG%?‘(?TCAGc

AAACT G AC A e ATATCATGGGTTCGATEACATCGAAGAAGCCCTETTACT
GATGAAABACAABSEAMIGACCTGATTAAAGBAGTAGTTATATTATAA [0199] Amplification by a

PCR m%ﬂg&y@@g@gﬂgg&gwgng the prepared BNA fragment as a templatg @nd using
acatgcatgcatgaaaggtthgcaatgctg (SEQ ID NO: 41é and acgcgtcgacttataatataactactgattaa (SEQ ID NO:
42), an %@WR%@@&P%bwined was digeste With restriction enzymes ngﬁl and San, as a result
of whichpéedbdem:Aidtifieskisdpropyl alcohol dehy&$bgenase fragment of abod 2.1 kbp was obtained.
The DNA;fragmepiaiainedwas mixed with a fragment obtained by digesting ptasmid pUC119 with
restriction en%/n"[l)es Sg !Aan#ASa}Q, and the mixed rgagments were ligated usin(goa ligase. Thereafter,
compe M Bty BALSRREHRIEESIi DH5a strain (Toyobo Co., Ltd. DNA-903) were transformed with the
ligation| ptedBetidntBiandindhants that grew on dA 4B agar plate containing %6 jig/m1 ampidillin were
obtainedThe colonies obtained were cultured at 37 C overnight in an LB Tiquid medium containing 50
ng/mlampicillin, and plasmids were recovered from the bacterial cells obtained, and it was confirmed

that codBRSoditedIBheithome isisaHihmaBteEat Thisoprasea ephalisadierd A HUES 1%, [0200] A
IPAdh* comtaining i agms Rizgkiaingn-by dige stindPirs mid il Groaudth mesirisirnugpgymas Sphl and
EcoRI was mixed with a fragment obtained by digesting, plasmid pBR%apP with restriction enzymes
Sphl arf@EESRICRAPBHEHRIk TGS Were figpediiditylh Hgxasiomnd batihe dbmBERht cells of
Escher@h@ﬁ%@ﬁé@s%@%&B@y@%ﬁmﬁﬁ RNA-9QR): wera ansiarareswithahe ligatien product,
and transformants that grew on an LB agar plate 58 caontaining, 50 jig/m1 ampicillin were obtained.

The colonies oBfaidiierdenisadian aneupbashigrrd b an VBRI Wth s BAMARsi §'YS jig/ml

amIOiCi“iﬁ‘srﬁ?fé@@ﬁmiﬂﬁzwﬁ{%iﬁ&%%ﬁﬁgfffwmg hacieialeellsebiaineds apgi K aes)genfirmed that
codon-moditied IPAdh* was properly inserted. The plasrnid obtained was named pGAP-1*. [0201] In

order to/8bt&it-4 ¢ badirvafisa s rsadReLE dRat kAUt L Game T At DedisAtiviodified
acetoacgiate deqahaxyiase gene wasslesignadiRasesh o LheRmiR aidseqlenssiftibe

acetoacetate decarboxylase gene of Clostridium acetobutylicum ATCC824, and the following DNA
fragmenti{ B EEHIns Ries 485 Has HEpHRIP by HINA B HIFUERY SPhRe UG HRHEE thit SETIBFbIN below.
ATGCTGAMGATRAPERGATFAAAGAGATTAGCACGCCATTAACTTCGCCTGCATT

TCCGCGCGGTCCGTATAAATTTCATAATCGTGAATATITTAACATECIATACCGTACC
GATATEERE e de pase el EARRE Tt PECEAB REETPEE CHRIOPT G PER BBCET T

AGTCCRGIILAGANATGATEG AN IhaR Tt AESAG TR GLTS GO ABS: TR RS on
AATCAGGTCAGGCTATTCCCGTGAGCTTTAATGGTGTTAAGGGCGACTACCTTCAC

ATGATERARPETSEAT AACRACHEHB AN FREB CETACEFeEEEA Nrt ANEREEATA

CCCTAAAAAGREGRRAGTAT SEAM GORCTIT S TSGATICAGAR ACTSTHETH GHIOHgh
CGTTAGACTATGGAAAACTGCGTGTTGCGACCGCGACAATGGGGTACAAACATAA

AGCCCTERPB AR TRIRAL CRRABAHTEARATFETE SEERIARTEA AP T Ek o

TOACC AT LA O AT OAAGCT T GCACASGACCOACTCPACTOCAGTTATTC

TCA ATGTTA TACATGAAGCTTGGACA T AGTTAT

CATCABR TRl B A RATOR B S AN AB A TGO e Tt
TCACAESI T RECHATA ARTGTY 3G me CRFEADGIT EMTRRACEATIATEGHCHA GTAA [0202]
Amplification by a PCR method was carried out using the prepared DNA fragment as a template and
using aé’é‘ifﬁ?éﬁgcgctggttggtggaacatatgetgaaagatgsaagtgatta (SEQ ID NO: 44) and
getctagattacttgagataatcgtatatga (SEQ ID NO: 45); And the DNA fragment obtained was digested with
restriction enzymes San and Xbal, as a result of which a codon-modified acetoacetate decarboxylase

fragment of about 700 bp was obtained. The DNA fragment obtained was mixed with a fragment

obtained by digesting the plasmid pGAP-I* prepared above with restriction enzymes San and Xbal,
and the mived franmente were linated 11ecina a2 linace Thereaaftar compneteant calle nf Fecharichia enli




[0203] In order to obtain glucose-6-phosphate 1-dehydrogenase gene (zwf), amplification by a PCR
method was carried out using the genomic DNA of Escherichiu coil B strain (GenBank accession

No.CP 9).as a template and. usi ctagacggagaaagtettatggeggtaacgcaaacagcccagg (SEQ ID
NG 46) CH g LBt Bt A S e (SRR N, e A oG obtained
was digestadaddi sastrigiiofi enzymes BatHhastfosbal tama o€ duliofwhich f fraghnentinf the
glucose-6-phosphate 1-dehydrogenase of about 1500 bp.was pbtained. The DNA fragment obtained
o miZEGA] ARG U RBeby R LCSHG e PRI e prEAPEa SBELE SR osticton
enzymesiikbaldpgi Bandistugted the miredchigdgmentssvede ligated using a ligase. Thereafter,
competent cell scherichia coil {I)hCZS rmed with the

of Es a strain (Toygbo Co., Ltd, DNA-903), were tran
ligation product: SnaCtraR&EiiTan that grew 8?‘}1( ﬁyl_gésglé)éerdp]l%ﬁjel% ntﬁ%)?]r?& gg R Smpicillin were
obtainedarTdne ealiniasohtained peduciniyedeatil a CravirnigithipgnehRliguitemeaiem containing 50
jig/ml ampicillin, and plasmid pl*a*z was recovered f the bacterjal cells obtained. [0204] [Example
) <P AR B P B A TR oD i AR EAC o ELERATA coil
B,:atoDid@AgntRiailiahprrdpareddn Bxamiple Bhyerd dhandfostaed higfh thelptasiydlplt s prepared in
Examp:l%g?lo, ind c%tllttureﬁi a%é?é é)rg/ey%i_gt%t Br}';gréLB rﬁp Mille{ agar plate containing 50 ng/tnl
ampicil >4 Q'PEsuft SFWh {Efichia coi p B¢} %attolg rIé%&gntR variant was obtained. [0205]
[Example138] <PRrepacationf of plipiziBifateDABApgiAgniRinafanipropy! Goshpepeodweitsvafs
Escherichi i B::atoDABApPQIAgntR variant prepared.in Example 9 were transformed with the
plasmid%ig*g(}pgf)e‘ézaIFeg%c )1(%%3 %n éﬁ%} 88%%3?765{1‘ é?’ %]?eeec%?gr‘%igcﬂ?%ﬁ'antﬁ@%% ? Miller agar plate
containitigsifijig/ ol @ndpicitiind id st keduliioinditebt s ahrerichiingoib preven/BrfatoDABA phidigntR was
obtained. [0206] [Example 33].<Preparation of pl*a*z/B;:atoDA IAgndAgntR, Varjant
Compe{)er(r)l %‘gfs offgg(sﬁc 8¥|‘chi]£1hg(§)|f :Pa%%h%ﬂ%&?ﬂé?%&ﬁﬁﬁ%a&%%ﬁ %?gﬁ)apr%%ﬁﬁﬁ é( n%Ie 21 were
transforipia@uvitto IveElasaid pi) 2 prepersddndestapiple @y@anddpitdred at 37 C overnight on an LB

o A O P e
pl*a*/B {gtoBABN BkiBApeiAgndBgmBeteae s gflE32hedchiE ¢l B:atb AR/ LAflaht prepared in
Cremlt AN S e L epechly Bl A sl o
Eschericffici ooil phtatiBhatoDadaedriamiwad oltatinedroduction efficiency.  The efficiency of
isopropyl alcohol production was decreased rather than increased also in a case in which gnd
was disrupted and zwf was highly expressed (plaz/B::atoDABAgnd), in a case in which gntR
and gnd were disrupted and zwf was highly expressed (plaz/B::atoDABAgndAgntR), and ma
case in which pgi and gnd were disrupted and zw! was highly expressed
(plaz/B::atoDABApgiAgnd), and the productivities in such cases were 40.7 g/L/72 h, 33.9
2/L/72 h, and 34.9 g/1./72 h, respectively.
Therefore, the effect in terms of productivity improvement achieved by
plaz/B::atoDABApgiAgndAgntR variant is considered to be obtained only in a case in which
entR, pgi and gnd are simultaneously disrupted and in which zwf is strongly expressed.
In addition, the acetone obtained can be used as a raw material for isopropyl alcohol
production, after purification thereof.
[0189] (Manufacture of Acetone)
{Example 26]
<Recovery of Isopropyl Alcohol and Acetone>
The trap water obtained when the culture evaluation of
plaz/B::atoDABApgiAgndAgntR variant (Example 23) was carried out was analyzed by gas

chromatography (GC), and, as a result, it was found that 1.2 g/L. of acetone and 4.3 g/L of
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[0208] [Test Example2] (Production of Isopropyl Alcohol) Evaluation of isopropyl alcohol
production was carried out in the same manner as in the [Test Example 1] described above. A list of
the variants used in the evaluation is shown in Table 6. In a@ci‘dition, the evalyation reﬁélts are shown in

Table 75300y FABIBG YA kstBinedsopFSPpi HIRAABFTHS IBFABIE S 12inE8 1S REAMBHALBN of the
results showitione ablg huithdhepesultshsheyarin thablgthtidampnstates dhiak neeiceatipn to the

codons of the isopropyl alcohol dehydrogepase gene and the acetoacetate dehydrogenase gene
cToniTo A OO PECTAHE BATEEHEY BF LAY AR SHOA T aon

Specifically, 2 L of the aqueous solution described above was first passed through a
column filled with 250 ml of cation exchange resin (AMBERLYST 31 WET manufactured by
Organo Corporation) at a flow rate of 500 ml/h, whereby residual ammonia etc. were removed.
The resultant solution was distilled at normal pressure. A fraction obtained at boiling points
of from 53 to 81.6 °C was sampled, and analyzed by GC, and found to contain 18.7% by mass
of acetone, 62.6% by mass of isopropyl alcohol, 0.2% by mass of unidentified components
and the balance water. The fraction was used as a raw material for the following
dehydrogenation reaction.

[0190] <Preparation of Dehydrogenation Catalyst ZnO:ZrO; (94:6)>

15.94 ¢ (0.15 mol) of sodium carbonate and 130 ml of water were added into a 500
mi round-bottom flask equipped with stirrer blades, to form a solution. To the resultant
aqueous solution, an aqueous solution obtained by dissolving 34.36 g (0.11 mol) of zinc
nitrate hexahydrate and 1.30 g (0.05 mol) of zirconium dinitrate oxide dihydrate in 150 ml] of
water was added dropwise over one and half hours. The resultant was left to stand for
maturation for 5 days, and then fiitered, and washed well with water.  The resultant white
métter was dried at 120 °C for 2 hours, and at 400 °C for 1 hour, and, lastly, calcinated at 600
°C for 2 hours. 9.50 g of a complex oxide catalyst, Zn0:ZrO, (94:6), was obtained as white
powder.

[0191] <Production of Acetone>

1.0 g of the complex oxide catalyst Zn0O:Zr0; (94:6) (compression-molded at 20
MPa and thereafter classified to be from 250 to 500 um) was added into a reactor made of
SUS having a diameter of 1 cm and a length of 40 cm, and the distillate obtained above
(acetone: 18.7% by mass, isopropy!l alcohol: 62.6% by mass, unidentified components: 0.2%
by mass, the balance: water) was allowed to flow through the reactor at 350 °C at a rate of
1.50 g/hr under a nitrogen stream of 10 ml/min.  An outlet port of the reactor was cooled,
thereby trapping the reaction solution and the reaction gas. The product sampled at 5 hours
after the initiation of the reaction was analyzed by gas chromatography, and, as a result, it was
found that acetone was produced at high concentration as shown in Table 5. In Table 5,
"IPA" represents isopropyl alcohol (the same shall apply hereinafter).

[0192] [Example 27}
The.same procedures as in Example 26 were carried out, except that the reaction

temperature was set to 400 °C.  The results are shown in Table 5. As shown in Table 5,
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[0212] [Example 35] (Production of Isopropyl Alcohol from Sucrose) A gene of invertase (cscA),
which is an enzyme that degrades sucrose, was further introduced into
pratz/B;:atoDABApgiAgndAgntR variant, and fermentative production of isopropyl alcohol from sucrose
was caﬁﬁgﬁ%eugaﬁtﬁt@(fﬁgr%?gggt%oﬁg%ﬁrtrsgggylene was produced from the resultant fermentation

liquid. {PreppriiomoilpZ&tz-cscA/B::atoDABApgiAgndAgntR variant> The entire base sequence

of the genomic DNA scherichia cojl. 0157 sftrain.is 1 §enBank accession number AE005174),
and the 5%%“5%183&%56?7 ala%%nea%%%oéltﬁls ?ﬁ?&?éané]e (%r@r%iqnéfter sometimes abbreviated to "cscA") of

Escherichia coil §25% strathrhal afsodesncrepariedakhatisnéstAvisedesuriladdeh i8274 3883 to 3275816

of the Escherichia coil Q157 strain genomic. sequence, which is described.in GenBank accession
numbeﬁ‘ﬁ%@ghﬁ?%&%l%ﬁklﬁcﬁlgg?gﬁ)wéﬁg%ﬁ!ﬁ%ﬁggii,igrr%ﬁ%i8’5&0‘%’1 r)} adgﬁgen%%ﬁé gvas carried out
using thegenomiuiiNAsofgseherichiaicoibBhbiz dtraiti as!aiteniplétegid Usimd) of zinc
gctggtggaacatatgacgcaatct C EQ.ID.NO: 48) and ttaacccagttgccagagt EQ ID NO: 49),
and the %rar%?lrt%flé?mel&e%%‘ft%%%ﬁi@rlg%%m Wé?‘é"&h‘%‘égﬁ%‘%}i‘? et llﬁ%if%g% i%%glﬁﬁuﬁe%%ag kinase, as
a resultvaftevhick aldsdArfragine ot af alxoartdli4ilOliopiwas Bistaiseldak s DAL aigmEefrwas mixed with

a fragment obtained by, digesti f*axz prepared in Example. 30 with a rgstriction enzyme BameEll,
PG R Ry S DR R e W R RN, g
alkalinenphiesphatdsed antRtheCniixetifvagnredtstiWeid (idatedhusingralligats. cBhere&fter; ¢dinpetent
cells of Esgherieia, cob biiaa srall (10 8bA Cowie. PRAGD e [ranstarmadanin g, igation
product, and transformants that grew'on an LB agaf plate conta%nlng ug/mlampicillin at 30 C were
obtainepbRlasmids were recovered from the bacterial cells obtained, and a plasmid which was
conflrmefpg_égﬂga > droper insertion of the cscA by binding between the 3'-terminal side of

glucos sphate -iaéhy rogeﬁgse gene (zwf) and the 51-terminal side of cscA was named

pl*a*z-cscA. 1.0defahtheoggniomesikcEstiierichie) doDo (% ig)dvaitabkshanmthislddstitife for

Refere Materials a r 1t fiE ichi '
B::atoD%g%\%%%%ﬁg%gt %ﬁ%ﬁﬁ%ﬁ%%%?ﬁ%‘gﬁn%g@% vggrﬁea #éﬁg ormgeL \Ig?lﬁat dee&%smid
pl*ez-cS8ASprepageddabosier ahd culturéd kngth CicheenigmdmadisHE Beothtauitiéabeyar plate containing

o oATaES 5 S R RS s st annarg o

by mass, the balance: water) was allowed to flow through the reactor at 350 °C at a rate of
1.50 g/hr under a stream of nitrogen of 10 mi/min.  An outlet port of the reactor was cooled,
thereby trapping the reaction solution and the reaction gas. The product sampled at 5 hours
after the initiation of the reaction was analyzed by gas chromatography, and, as a result, it was
found that acetone was produced at high concentration as shown in Table 5.
[0195] [Example 29]

The same procedures as in Example 28 were carried out, except that the reaction
temperature was set to 400 °C.  The results are shown in Table 5.  As shown in Table 5,

acetone was produced at high concentration.

55



Production of isopropyl alcohol and acetone was carried out in the same manner as in [Test Example
1] described above, except that Escherichia coli pl*a*z-cscA/B::atoDABApgiAgndAgntR variant was
used, and that 40 wt/wt% sucrose agueous solution was used as a culture medium instead of the 50

wt/wt% glu
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n as shown in Table 8 even when a large amount of water,
ng impurities from organisms were used. In Table 8, "IPA"
Il apply hereinafter). [0219] [Example 37] The same
out, except that the reaction temperature was set to 400 C.
n in Table 8, acetone was produced at high concentration.

Reaction

Temperature

350°C

400 °C

Catalyst

ZnQ : ZrO; (94:0)
Zn0 : 710, (94:6)

[0196] 'Table 5

Example 26

Example 27

Example 28 | ZnO : Zr0- (88:12)

Example 29 | ZnO : ZrO, (88:12)
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[0220] [Example 38] <Preparation of Dehydrogenation Catalyst ZnO:Zr02 (88:12)> 15.94 g (0.15
mol) of sodium carbonate and 130 ml of water were added into a 500 ml round-bottom flask equipped

with stirrer blades, to form a solution. To the resultant agueous, splutjon,.an aqueous solution obtained
by ias B 360 G DROCBH et ISy HL v S e 20 A R EEn dinirate
oxide dilgygrate in 150 ml of water was added dropwise over one and half hours. The resultant was left
to stand for mafyration for 5 d%‘a%s, arg then filter?d agdl\gaﬁ?d well with wat%r:t The resultant white
matter was drie gtcg%)ts%]'u Bur: ,t hEH28Y @,‘I(I"S 9 Ao ,’éﬂ%ﬁfl?&%tﬁin&ﬂ‘& e;’teed at 600 C for 2
hours. 9@ gacoft:complee axise eatatysiainQ BR2pB8:11 2) cwad-phidinad: &S vithite/powder. [0221]
<Production of Ace one> . 1.0 %oft ?cé?mﬁéeg oxgje catagst ZgO:ZrOZ 88:12 |
(compraS&SSENARATHEE S 0T Y AR (B S ET LIRSS HEA T b &R SE T B 68 BT Was added into a
reactorditatlel ah S blStbayingsaltiakedtsr dfstriaddndoaylength of 40 cm, and the distillate obtained
above (aceton :Jﬁ.l% by mass, isopropyl alcohol: 60.5% by mass, unidentified components: 0.5% by
'@‘%@%C’e:

mass, t water) was allowed to flow through the reactor at 350C at a rate of 1.50 g/hr under
a strearPednitaoigan Opkehid/piim AR outlet port of the reactor was cooled, thereby trapping the

eacion oo aud e eacion o The Badhe PR 7 a8 e e gifron of e
produce€itsid g cansentratitre as1SH9) and ableodrdpA2a} fhxhdeplelRBenase Theeséiaaiprocedures
as in Exa Ie. 8 were ¢ rriﬁqcl1 out, exce t@eart I}}? ggﬁﬁion temperature was set to 400 C. The results
are sho’\?\/gél%crf' %qéré. ﬁég owR i TablE %’ aceAtone was produced at high concentration. Composition
of products (in Erngehmel%edquBiip of glyceraldehyde 3-phosphate dehydrogenase (hereinafter

sometimes referred to as "GAPDH") from Escherichia coli, which is described in 397 to 440

in the base sequence information with a GenBank accession number X02662, can be used as

the base sequence of a promoter necessary to express the gene group mentioned above.

[0198] In order to obtain the GAPDH promoter, amplification by a PCR method was carried

out using the genomic DNA of Escherichia coli MG1655 strain as a template and using

cgagctacatatgeaatgattgacacgatteeg (SEQ ID NO: 38) and cgegegeatgetatttgttagtgaataaaagg

(SEQ 1D NO: 39), and the DNA fragment obtained was digested with restriction enzymes

Ndel and Sphl, as a result of which a DNA fragment of about 110 bp corresponding to the

GAPDH promoter was obtained. The DNA fragment obtained was mixed with a fragment

obtained by digesting plasmid pBR322 (GenBank accession number J01749) with restriction

enzymes Ndel and Sphl, and the mixed fragments were ligated using a ligase. Thereafter,

competent cells of Escherichia coli DH5a strain (Toyobo Co., Ltd. DNA-903) were

transformed with the ligation product, and transformants that grew on an LB agar plate

containing 50 pg/ml ampicillin were obtained. The colonies obtained were cultured at 37 °C

overnight in an LB liquid medium containing 50 pg/ml ampicillin, and plasmud pBRgapP was

recovered from the bacterial cells obtained.

In order to obtain a codon-modified isopropy! alcohol dehydrogenase gene (IPAdh™),

a codon-modified isopropyl alcohol dehydrogenase gene was designed based on the amino

acid sequence of the isopropyl alcohol dehydrogenase gene of Clostridium beijerinckii NRRL

B-593, and the following DNA fragment (SEQ [D NO: 40) was prepared by DNA synthesis.

The sequence thereof is shown below.

ATGAAAGGTTTTGCAATGCTGGGTATTAATAAGCTGGGCTGGATCGAAAAAGAGCG

CCCGGTTGCGGGTTCGTATGATGCGATTGTGCGCCCACTGGCCGTATCTCCGTGTAC
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CTCAGATATCCATACCGTTTTTGAGGGAGCTCTTGGCGACCGCAAGAATATGATTTT
AGGGCATGAAGCGGTGGGTGAAGTTGTGGAGGTAGGCAGTGAAGTGAAGGATTT
CAAACCTGGTGACCGTGTTATCGTCCCTTGCACAACCCCGGATTGGCGGTCTTTGG
AAGTTCAGGCTGGTTTTCAACAGCACTCAAACGGTATGCTCGCAGGATGGAAATTT
TCCAACTTCAAGGATGGCGTCTTITGGTGAGTATTTTCATGTGAATGATGCGGATATG
AATCTTGCGATTCTGCCTAAAGACATGCCCCTGGAAAACGCTGTTATGATCACAGA
TATGATGACTACGGGCTTCCACGGAGCCGAACTTGCAGATATTCAGATGGGTTCAA
GTGTAGTGGTCATTGGCATTGGCGCGGTTGGCCTGATGGGGATAGCCGGTGCTAAA
TTACGTGGAGCAGGTCGGATCATTGGCGTGGGGAGCCGCCCGATTTGTGTCGAGG
CTGCCAAATTTTACGGGGCCACCGACATTTTGAATTATAAAAATGGTCATATCGTTG
ATCAAGTCATGAAACTGACGAACGGAAAAGGCGTTGACCGCGTGATTATGGCAGG
CGGTGGTAGCGAAACACTGTCCCAGGCCGTATCTATGGTCAAACCAGGCGGGATC
ATTTCGAATATAAATTATCATGGAAGTGGCGATGCGTTATTGATCCCGCGTGTGGAA
TGGGGGTGCGGAATGGCTCACAAGACTATCAAAGGCGGTCTTTGTCCCGGGGGAC
GTTTGAGAGCAGAGATGCTGCGAGATATGGTAGTGTACAACCGTGTTGATCTCAGC
AAACTGGTCACGCATGTATATCATGGGTTCGATCACATCGAAGAAGCCCTGTTACT
GATGAAAGACAAGCCAAAAGACCTGATTAAAGCAGTAGTTATATTATAA

[0199] Amplification by a PCR method was carried out using the prepared DNA fragment as
a template and using acatgeatgcatgaaaggttttgcaatgetg (SEQ ID NO: 41) and
acgcgtcgacttataatataactactgetttaa (SEQ 1D NO: 42), and the DNA fragment obtained was
digested with restriction enzymes Sphl and Sall, as a result of which a codon-modified
isopropyl alcohol dehydrogenase fragment of about 1.1 kbp was obtained. The DNA
fragment obtained was mixed with a fragment obtained by digesting plasmid pUC119 with
restriction enzymes Sphl and Sall, and the mixed fragments were ligated using a ligase.
Thereafter, competent cells of Escherichia coli DH5a strain (Toyobo Co., Ltd. DNA-903)
were transformed with the ligation product, and transformants that grew on an LB agar plate
containing 50 pg/ml ampicillin were obtained. The colonies obtained were cultured at 37 °C
overnight in an LB liquid medium containing 50 pg/ml ampicillin, and plasmids were
recovered from the bacterial cells obtained, and it was confirmed that codon-modified IPAdh*
was propetly inserted. The plasmid obtained was named pUC-I*.

[0200] A IPAdh*-containing fragment obtained by digesting plasmid pUC-T* with restriction
enzymes Sphl and EcoRI was mixed with a fragment obtained by digesting plasmid pBRgapP
with restriction enzymes Sphl and EcoRI, and the mixed fragments were ligated using a ligase.
Thereafter, competent cells of Escherichia coli DH5a strain (Toyobo Co., Ltd. DNA-903)

were transformed with the ligation product, and transformants that grew on an LB agar plate
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containing 50 wg/ml ampicillin were obtained. The colonies obtained were cultured at 37 °C
overnight in an LB liquid medium containing 50 pg/ml ampicillin, and plasmids were
recovered from the bacterial cells obtained, and it was confirmed that codon-modified IPAdh®
was properly inserted. The plasmid obtained was named pGAP-I*. |

[0201] In order to obtain a codon-modified acetoacetate decarboxylase gene (adc*), a
codon-modified acetoacetate decarboxylase gene was designed based on the amimo acid
sequence of the acetoacetate decarboxylase gene of Clostridium acetobutylicum ATCC824,
and the following DNA fragment (SEQ ID NO: 43) was prepared by DNA synthesis. The
sequence thereof is shown below.
ATGCTGAAAGATGAAGTGATTAAACAGATTAGCACGCCATTAACTTCGCCTGCATT
TCCGCGCGGTCCGTATAAATTTCATAATCGTGAATATTTTAACATTGTATACCGTACC
GATATGGACGCCCTGCGTAAAGTTGTGCCAGAGCCTCTGGAAATTGATGAGCCCTT
AGTCCGGTTCGAAATCATGGCAATGCATGATACGAGTGGCCTGGGTTGCTATACAG
AATCAGGTCAGGCTATTCCCGTGAGCTTTAATGGTGTTAAGGGCGACTACCTTCAC
ATGATGTATCTGGATAACGAGCCGGCAATTGCCGTAGGTCGGGAATTAAGTGCATA
CCCTAAAAAGCTCGGGTATCCAAAGCTGTTTGTGGATTCAGACACTCTGGTGGGCA
CGTTAGACTATGGAAAACTGCGTGTTGCGACCGCGACAATGGGGTACAAACATAA
AGCCCTGGATGCTAATGAAGCAAAGGATCAAATTTGTCGCCCGAACTATATGTTGA
AAATCATCCCCAATTATGACGGCTCCCCTCGCATATGCGAGCTTATCAACGCGAAAA
TCACCGATGTTACCGTACATGAAGCTTGGACAGGACCGACTCGACTGCAGTTATTC
GATCACGCTATGGCGCCACTGAATGACTTGCCGGTCAAAGAGATTGTTTCTAGCTC
TCACATTCTTGCCGATATAATCTTGCCGCGCGCGGAAGTCATATACGATTATCTCAA
GTAA

[0202] Amplification by a PCR method was carried out using the prepared DNA fragment as
a template and using acgegtegacgetggttggiggaacatatgetgaaagatgaagtgatta (SEQ ID NO: 44)
and getetagattacttgagataategtatatga (SEQ ID NO: 45), and the DNA fragment obtained was
digested with restriction enzymes Sall and Xbal, as a result of which a codon-modified
acetoacetate decarboxylase fragment of about 700 bp was obtained. The DNA fragment
obtained was mixed with a fragment obtained by digesting the plasmid pGAP-I* prepared
above with restriction enzymes Sall and Xbal, and the mixed fragments were ligated using a
ligase. Thereafter, competent cells of Escherichia coli DH5a strain (Toyobo Co., Ltd.
DNA-903) were transformed with the ligation product, and transformants that grew on an LB
agar plate containing 50 pg/ml ampicillin were obtained. The colonies obtained were
cultured at 37 °C overnight in an LB liquid medium containing 50 ug/ml ampicillin, and

plasmids were recovered from the bacterial cells obtained, and it was confirmed that ade® was
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properly inserted. The plasmid obtained was named p[*a*.
[0203] In order to obtain glucose-6-phosphate 1-dehydrogenase gene (zwf), amplification by
a PCR method was carried out using the genomic DNA of Escherichia coli B strain (GenBank
accession No.CP000819) as a template and using
sctetagacggagaaagtcttatggeggtaacgcaaacageecagg (SEQ ID NO: 46) and
cgggatecttacteaaactcattecaggaacgac (SEQ 1D NO: 47), and the DNA fragment obtained was
digested with restriction enzymes BamHI and Xbal, as a result of which a fragment of the
glucose-6-phosphate 1-dehydrogenase of about 1500 bp was obtained. The DNA fragment
obtained was mixed with a fragment obtained by digesting the plasmid pi*a* prepared above
with restriction enzymes Xbal and BamH]I, and the mixed fragments were ligated using a
ligase. Thereafter, competent cells of Escherichia coli DH5a. strain (Toyobo Co., Lid.
DNA-903) were transformed with the ligation product, and transformants that grew on an LB
agar plate containing 50 pg/ml ampicillin were obtained. The colonies obtained were
cultured at 37 °C overnight in an LB liquid medium containing 50 pg/ml ampicillin, and
plasmid pI*a*z was recovered from the bacterial cells obtained.
[0204] [Example 31]
<Preparation of pl*a*/B::atoDABAgntR Variant>

Competent cells of Escherichia coli B::atoDABAgntR variant prepared in Example 6
wete transformed with the plasmid pI*a* prepared in Example 30, and cultured at 37 °C
overnight on an LB Broth, Miller agar plate containing 50 pg/m! ampicillin, as a result of
which Escherichia coli pl*a*/B::atoDABAgntR variant was obtained.
[0205] [Example 32}
<Preparation of pl*a*z/B::atoDABApgiAgntR Variant>

Competent cells of Escherichia coli B::atoDABApgiAgntR variant prepared in
Example 9 were transformed with the plasmid pla* prepared in Example 30, and cultured at
37 °C overnight on an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a result
of which Escherichia coli pl*a*z/B:.atoDABApgiAgntR was obtained.
(0206} [Example 33]
<Preparation of pI*a*z/B::atoDABApgiAgndAgntR Variant>

Competent cells of Escherichia coli B::atoDABApgiAgndAgntR variant prepared in
Example 21 were transformed with the plasmid pI*a*z prepared in Example 30, and cultured
at 37 °C overnight on an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a
result of which Escherichia coli pI*a*z/B::atoDABApgiAgndAgntR variant was obtained.
[0207] [Example 34]
<Preparation of pi*a*/B::atoDAB Variant>
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Competent cells of Escherichia coli B::atoDAB variant prepared in Example 1 were
transformed with the plasmid pI*a* prepared in Example 30, and cultured at 37 °C overnight
on an LB Broth, Miller agar plate containing 50 ug/ml ampicillin, as a result of which
Escherichia coli pI*a*/B::atoDAB variant was obtained.

[0208] [Test Example2]
(Production of Isopropyl Alcohol)

Evaluation of isopropyl alcohol production was carried out in the same manner as in
the [Test Example 1] described above. A list of the variants used in the evaluation is shown
in Table 6. In addition, the evaluation results are shown in Table 7.

[0209] Table 6

Variant Name Feature Referenced

Description

pl*a*/B:ratoDAB Containing IPA production system (the codons ~ Example 34
of IPAdh and adc being modified)

pl*a*/B:atoDABAgniR Containing IPA production system (the codons  Example 31
of IPAdh and adc being modified), AgntR

pl*a*z/BatoDABApgiAgntR Containing IPA production system (the codons ~ Example 32
of IPAdh and adc being modified), high
expression of zwt, Apgi, AgntR

pi*a*z/B:atoDABApgiAgndAgntR  Containing IPA production system (the codons  Example 33
of IPAdh and adc being modified), high
expression of zwf, Apgi, Agnd, AgntR

IPA refers to isopropyl alcohol

[0210] Table 7

Variant Name IPA Production Amount Acetone Production Amount
(g/L/72h) (g/L./72h)

64.1 36.3
pl*a*/B::atoDAB

75.5 31.2
pl*a*/B:atoDABAgntR

) 92.5 14.0

pira*z/BatoDABApgiAgntR

99.7 18.6

pl*a*z/B:atoDABApgiAgndAgntR

[0211] Comparison of the results shown in Table 7 with the results shown in Table 4
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Example 39 [0224] [Example 40] (Production of Propylene) A pressurized liquid phase flow

tion by a d flo d thdtlltb f Ilture liquid d ibed i
et EAAE A0 S5 0 AN R HERar AAD GO BB TAeF S with 8

high-pressure feedpump, caﬁygfhgfﬁawgelhmgﬁg‘mmasmﬁmeathag&f-fﬁrreﬁsyr@f mitregernimass flow,
an electric furnace, a.reactor having a catalyst filling portion, and a back pressure valve. First, 1.0
g of poRid8reLRie & hto 250 to 500 pm) of a copper-zinc catalyst (manufactured by SudChemie,
producﬂmm@ SHHNIIWAX]210, having the following element mass A: from 32% to 35% of Cu, from
35% to 40% of Zn, d from an upstream side catalyst layer was filled into a
reactor@ Cdll‘)gﬂ %ﬂ?&%@n‘%@ ﬁ )3\ @ of 1 cni, from the outlet side of the reactor. After
quartz wool for ﬁg@ﬁé&tﬁgx&&t@dyst@yerwmaﬁ i) Eﬂﬂemfsﬂed ihto dbgméas:tocxdsa, ng fiddzeolite

(manufact red by. Catalysts sln o Ltd ared comp on olding at 20
Wi e/ St A e ARl )

2SR O SteEn Sid afys({nlayer was filled
into thexﬁe@@pyl alcohol from sucrose was carried out.  Furthermore, acetone or propylenc was

produced from the resultant fermentation hiquid.
<Preparation of pl*a*z-cscA/B::atoDABApgiAgndAgntR variant>

The entire base sequence of the genomic DNA of Escherichia coli O157 strain 1s
known (GenBank accession number AE005174), and the base sequence of a gene encoding
invertase (hereinafter sometimes abbreviated to "cscA") of Escherichia coli 0157 strain has
also been reported.  That is, cscA is described in 3274383 to 3275816 of the Escherichia coli
(0157 strain genomic sequence, which is described in GenBank accession number AE005174.
[0213] In order to obtain the cscA, amplification by a PCR method was carried out using the
genomic DNA of Escherichia coli O157 strain as a template and using
gctggtggaacatatgacgeaatetegattgeatg (SEQ ID NO: 48) and ttaacccagttgecagagtge (SEQ ID
NO: 49), and the termini olf the resultant DNA fragment were phosphorylated using T4
polynucleotide kinase, as a result of which a cscA fragment of about 1470 bp was obtained.
This DNA fragment was mixed with a fragment obtained by digesting pI*a*z prepared in
Example 30 with a restriction enzyme BamH]I, blunting the termini thereof using T4 DNA
polymerase and dephosphorylating the termini using alkaline phosphatase, and the mixed
fragments were ligated using a ligase. Thereafter, competent cells of Escherichia coli DH5a.
strain (Toyobo Co., Ltd. DNA-903) were transformed with the ligation product, and
transformants that grew on an LB agar plate containing 50 pg/ml ampicillin at 30 °C were
obtained. Plasmids were recovered from the bacterial cells obtained, and a plasmid which
was confirmed to have proper insertion of the cscA by binding between the 3'-terminal side of
glucose-6-phosphate 1-dehydrogenase gene (zwf) and the 5'-terminal side of cscA was named
pl*a*z-cscA.

Here, the genome of Escherichia coli O157 is available from the Institute for
Reference Materials and Measurements.
[0214] Competent cells of Escherichia coli BratoDABApgiAgndAgntR variant prepared in
Example 21 were transformed with the plasmid p[*a*z-cscA prepared above, and cultured at

37 °C overnight on an LB Broth, Miller agar plate containing 50 pg/ml ampicillin, as a result
62



[0225] After the reactor was pressurized to 2.5 MPa with hydrogen, the distillate described above
(acetone: 19.1% by mass, isopropyl alcohol: 60.5% by mass, unidentified components: 0.5% by mass,

the balance: wa ﬁ? was, allowed to flow from the reactor inlet side at 180 C at a rate.of 0.60 g/h under
a hydro%?e??lg\é}éf TSt G RERRR Ifr%%“fﬁ@‘%%‘cﬁ%?ﬁ)r{% s?&gx ﬁ}aréj%%tn WA Thtrog u(():%ett 5200 ml/min,
betweefthe putiesof e pdagior and the back pressure valve, using the high-pressure nitrogen mass

flow. A gas-liquid separation e was installed in a line just downstream the back pressure valve, and
the col A S HSR DL C A ee AT g o

component were each individually analyzed by GC to
quantify the proptedisstibheféagtiopyiedulischtedhowwminwahlerfcAsishinwr nable®eit was found

bt oIS MR TES ) A e i e g v s lerge anourof vt
represesitstiisepropylaineyBlO2d6khdahiemRResationakime R esithhat Ratio/ v{catonset IPA)
Compog(iit‘il%gé)sfs%rl%gggt%gnuggg‘gg £ I:u t(l)}ll?é)lélé:%iAuzn '?igs égg (e)fl I‘ﬁé 50 wt/wt% glucose aqueous

solution.  As a result, production of 82.0 g/L of isopropyl alcohol and 23.7 g/L of acetone

was observed 72 hours after the initiation Qf the cultivation. HPLC analysis of trap water

from the first tank revealed that 0.14% by mass of acetone and 0.55% by mass of isopropyl

alcohol were contained.

[0216] (Recovery of Isopropyl Alcohol and Acetone)

From the trap water containing isopropy! alcohol and acetone, isopropyl alcohol and
acetone were recovered at high concentrations by distillation.

Specifically, 9 L of the aqueous solution described above was first passed through a
column filled with 250 ml of cation exchange resin (AMBERLYST 31 WET manufactured by
Qrgano Corporation) at a flow rate of 500 ml/h, whereby residual ammonia etc. were removed.
The resultant solution was distilled at normal pressure. A fraction obtained at boiling points
of from 53 to 81.6 °C was sampled, and analyzed by GC, and found to contain 19.1% by mass
of acetone, 60.5% by mass of isopropyl alcohol, 0.5% by mass of unidentified components
and the balance water. The fraction was used as a raw material for the dehydrogenation
reactions in the following Examples 36 to 39, and for the propylene production in Example
40.

[0217] [Example 36]
(Manufacture of Acetone)
<Preparation of Dehydrogenation Catalyst Zn0:ZrO; (94:6)>

15.94 g (0.15 mol) of sodium carbonate and 130 ml of water were added into a 500
ml round-bottom flask equipped with stirrer blades, to form a solution. To the resultant
aqueous solution, an aqueous solution obtained by dissolving 34.36 g (0.11 mol) of zinc
nitrate hexahydrate and 1.30 g (0.05 mol) of zirconium dinitrate oxide dihydrate in 150 m] of
water was added dropwise over one and half hours. The resultant was left to stand for
maturation for 5 days, and then filtered, and washed well with water.  The resultant white
matter was dried at 120 °C for 2 hours, and at 400 °C for 1 hour, and, lastly, calcinated at 600
°C for 2 hours.  9.50 g of a complex oxide catalyst, ZnO:ZrO; (94:6), was obtained as white

powder.
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[0218] <Production of Acetone>

1.0 g of the complex oxide catalyst ZnO:Zr0; (94:6) (compression-molded at 20
MPa and thereafter classified to be from 250 to 500 pm) was added into a reactor made of
SUS having a diameter of 1 cm and a length of 40 cm, and the distillate obtained above
(acetone: 19.1% by mass, isopropy! alcohol: 60.5% by mass, unidentified components: 0.5%
by mass, the balance: water) was allowed to flow through the reactor at 350 °C at a rate of
1.50 g/hr under a nitrogen stream of 10 mi/min.  An outlet port of the reactor was cooled,
thereby trapping the reaction solution and the reaction gas. The product sampled at 5 hours
after the initiation of the reaction was analyzed by gas chromatography, and, as a result, it was
found that acetone was produced at high concentration as shown in Table 8 even when a large
amount of water, and acetone and isopropyl alcohol containing impurities from organisms
were used. In Table 8, "IPA" represents isopropyl alcohol (the same shall apply hereinafter).
[0219] [Example 37]

The same procedures as in Example 36 were carried out, except that the reaction
temperature was set 1o 400 °C.  The results are shown in Table 8. As shown in Table 8,
acetone was produced at high concentration.

[0220] [Example 38]
<Preparation of Dehydrogenation Catalyst Zn0:ZrO; (88:12)>

415.94 g (0.15 mol) of sodium carbonate and 130 ml of water were added into a 500
ml round-bottom flask equipped with stirrer blades, to form a solution.  To the resultant
aqueous solution, an aqueous solution obtained by dissolving 32.86 g (0.11 mol) of zinc
nitrate hexahydrate and 2.66 g (0.10 mol) of zircomum dinitrate oxide dihydrate in 150 m] of
water was added dropwise over one and half hours. The resultant was left to stand for
maturation for 5 days, and then filtered, and washed well with water. The resultant white
matter was dried at 120 °C for 2 hours, and at 400 °C for 1 hour, and, lastly, calcinated at 600
°C for 2 hours. 9.94 g of a complex oxide catalyst, ZnO:7r0 (88:12), was obtained as white
powder.

[0221] <Production of Acetone>

1.0 g of the complex oxide catalyst Zn0O:ZrO; (88:12) (compression-molded at 20
MPa and thereafter classified to be from 250 to 500 pwm) was added into a reactor made of
SUS having a diameter of 1 cm and a length of 40 cm, and the distillate obtained above
(acetone: 19.1% by mass, isopropyl alcohol: 60.5% by mass, unidentified components: 0.5%
by mass, the balance: water) was allowed to flow through the reactor at 350 °C at a rate of
1.50 g/hr under a stream of nitrogen of 10 mi/min.  An outlet port of the reactor was cooled,

thereby trapping the reaction solution and the reaction gas.  The product sampled at 5 hours
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0.5 [0227] The disclosure of Japanese Patent Application No. 2010-181150, tiled August 12, 2010,
and the disclosure of Japanese Patent Application No. 2011-049531, filed March 7, 2011, are
incorporated herein hy reference in their entiret Alleéiubllc tions ate%[ agpégllcatlltoriltswand

technicASTAAEAPUE B TOHEAT LIS SBANAANh & ReTu LA Se Al by rerere

erence to the same
extent geiheaeh indivistiakpphlidatidnst paganicapplication aosiechnicdkstatdard was specifically and
individu&%& dicated tqQ be j'ncorporated by reference. CLAIMS |.An isopropyl alcohol-producing
Escherichiaeoli co gi%% an isopropy! alcohol production system, wherein an activity of
transcriptional repeesset fzoRiisdnactiv@ietnpld thedsopramd altphalepraobhiaingré&scierichia colt

comprises a group of auxiliar ymes having an enzyme actiyity expression pattern with which
isopropﬁﬁ%?@gﬁBF PSRN @a@gécitygliﬂg%@ Blf/etﬁgoiér{ﬁgéli\a/};a%en)é()f tﬁg %’Htvﬁl Eléttllt\ﬁ )?ei\g’maintained or
enhancesbt@nd hexisaphrytalchilqpregdusingEscherichia coli according to claim 1, wherein the
enzyme activity expression pattern of the group of auxiliary enzymes is selected from the group
consisting of: (1) maintenance of wild-type activities of glucose-6-phosphate isomerase (Pgi)
activity, glucose-6-phosphate 1-dehydrogenase (Zwf) activity and phosphogluconate dehydrogenase
(Gnd) activity; (2) inactivation of glucose-6-phosphate isomerase (Pgi) activity and enhancement
of glucose-6-phosphate 1-dehydrogenase (Zwf) activity; and (3) inactivation of
glucose-6-phosphate isomerase (Pgi) activity, enhancement of glucose-6-phosphate 1-dehydrogenase
(Zwf) activity and inactivation of phosphogluconate dehydrogenase (Gnd) activity.
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3.The isopropyl alcohol-producing Escherichia coli according to claim 2, wherein the
glucose-6-phosphate 1-dehydrogenase (Zwf) activity is derived from a gene encoding
glucose-6-phosphate 1-dehydrogenase (wa) derived from a bacterium of the genus Escherichia.
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Acetone
792

90.0

81.2

IPA Conversion
Ratio (%)
95.9

99.9

81.1

98.5

Reaction
350 °C

Temperature

400 °C

350°C

400 °C

Catalyst

700 : 7105 (94:6)

[0223] Table 8

Example 36 | Zn0 : ZrO; (94:6)

Example 37

Example 38 | ZnO : ZrO, (88:12)
Example 39 | ZnO : ZrO; (88:12)
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11. A method of producing acetone, comprising: obtaining isopropyl alcohol from a plant-derived
raw material using the isopropyl alcohol-producing Escherichia coil of any one of claims Ito 9; and
contactjng the ohtained isopropyl alcohol with a complex oxide as a catalyst that includes zinc oxide
and at I@ggﬁ%nMBiﬁérqgining a Group 4 element, and that is prepared by coprecipitation. 19.A
method PioaiReuaing mwnyieRe, comprising: contacting isopropyl alcohol that is obtained from a

plant-derived raw material using the isopropyl alcohol-prqducing Escherichia,con of. any one of claims
lto 9 and that ct%‘rﬁéﬁiﬁ%“gf?é&:gﬂgl ?F?Sﬁ 58%%%?&1%“3 %’[%?1‘58 'Qgﬂa, & %f’lﬁ%r{)ﬁ%ﬂ%‘ésﬁ%ﬁegenation |

catalystiasigatalystsnal adepgitionliemperalitewithid arénge odfrpin HONOx30ME .3 13s I hevmethod of
producing pri(éfylene ,accordi%$ to claim 12, wherein the Cu- ontainin%réydro%enation catalyst is a
u

catalysPREFRIARS PR AAS o Reddrarer St S LAY SRR E g S RdBisting of Group 6,
Group hZ:anddaraupldalemeats N1d¢, 4 hglnethet-ohirodecingspropylenereadtdingdea claim 12 or

13, Wh?g%i(gotlh gagglligdaaccaigj]%/sstut?lﬂgg %grl[?og?aoll}i eei back pressure valve.

First, 1.0 g of powder (classified into 250 to 500 um) of a copper-zinc catalyst
(manufactured by SudChemie, product name: SHIFTMAX 210, having the following element
mass %: from 32% to 35% of Cu, from 35% to 40% of Zn, and from 6% to 7% of Al) as an
upstream side catalyst layer was filled into a reactor made of SUS and having an inner
diameter of 1 cm, from the outlet side of the reactor.  After quartz wool for separating
catalyst layers was further filled into the reactor, 1.0 g of B-zeolite (manufactured by Catalysts
& Chemicals Industries Co., Ltd., prepared by compression molding at 20 MPa and
subsequent classification into 250 to 500 nm) as a downstream side catalyst layer was filled
into the reactor.

[0225] After the reactor was pressurized to 2.5 MPa with hydrogen, the distillate described
above (acetone: 19.1% by mass, isopropyl alcohol: 60.5% by mass, unidentified components:
0.5% by mass, the balance: water) was allowed to flow from the reactor inlet side at 180 °C at
a rate of 0.60 g/h under a hydrogen stream of 20 m/min from the reactor inlet side.

Nitrogen was introduced, at 200 mi/min, between the outlet of the reactor and the back
pressure valve, using the high-pressure nitrogen mass flow. A gas-liquid separation tube was
installed in a line just downstream the back pressure valve, and the collected gaseous
component and liquid component were each individually analyzed by GC to quantify the
products. The reaction results are shown in Table 9. As shown in Table 9, it was found that
propylene was produced at high conversion ratio even in a case in which a large amount of
water, and acetone and isopropyl alcohol containing impurities from organisms were used.

In Table 9, "DIPE" represents diisopropy! ether.

[0226] Table 9

Residual Ratio / Composition of products
Reaction | (Acetone + [PA) (in terms of mol% / IPA)
Time Propylene
Acetone | IPA | Propylene | Propane _ DIPE | Others
Dimer
10 1.0 1.2 98.1 0.3 0.1 1.0 0.5
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[0227] The disclosure of Japanese Patent Application No. 2010-181150, filed August 12,
2010, and the disclosure of Japanese Patent Application No. 2011-049531, filed March 7,

2011, are incorporated herein by reference in their entirety.

All publications, patent applications, and technical standards mentioned in this
specification are herein incorporated by reference to the same extent as it each individual
publication, patent application, or technical standard was specifically and individually

indicated to be incorporated by reference.

68



CLAIMS

I. An isopropyl alcohol-producing Escherichia coli comprising an isopropyl alcohol
production system, wherein an activity of transcriptional repressor GniR is inactivated, and
the isopropyl alcohol-producing Escherichia coli comprises a group of auxiliary enzymes
having an enzyme activity expression pattern with which isopropyl alcohol production

capacity achieved by the inactivation of the GntR activity is maintained or enhanced.

2. The isopropyl alcohol-producing Escherichia coli according to claim 1, wherein the
enzyme activity expression pattern of the group of auxiliary enzymes is selected from the
group consisting of:

(1) maintenance of wild-type activities of glucose-6-phosphate isomerase (Pgi)
activity, glucose-6-phosphate 1-dehydrogenase (Zwf) activity and phosphogluconate
dehydrogenase (Gnd) activity;

(2) inactivation of glucose-6-phosphate isomerase (Pgi) activity and enhancement of
glucose-6-phosphate 1-dehydrogenase (Zwf) activity; and

(3) inactivation of glucose-6-phosphate isomerase (Pgi) activity, enhancement of
glucose-6-phosphate 1-dehydrogenase (Zwf) activity and inactivation of phosphogluconate

dehydrogenase (Gnd) activity.

3. The isopropyl alcohol-producing Escherichia coli according to claim 2, wherein the
glucose-6-phosphate 1-dehydrogenase (Zwf) activity is derived from a gene encoding
glucose-6-phosphate 1-dehydrogenase (Zwf) derived from a bacterium of the genus

Escherichia.

4, The isopropy! alcohol-producing Escherichia coli according to any one of claims 1 to
3, wherein the isopropyl alcohol production system is constituted by enzyme genes of

acetoacetate decarboxylase, isopropy! alcohol dehydrogenase, CoA transferase and thiolase,

5. The isopropyl alcohol-producing Escherichia coli according to any one of claims 1 to
4, wherein the isopropy! alcohol production system is constituted by enzyme genes of
acetoacetate decarboxylase, isopropyl alcohol dehydrogenase, CoA transferase and thiolase,
and each of the enzyme genes is independently derived from at least one prokaryote 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.
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6. The isopropy! alcohol-producing Escherichia coli according to claim 4 or 5, wherein
the acetoacetate decarboxylase activity is derived from an enzyme-encoding gene derived
from Clostridium acetobutylicum, the isopropyl alcohol dehydrogenase activity is derived
from an enzyme-encoding gene derived from Clostridium beijerinckii, and the CoA
transferase activity and the thiolase activity are derived from enzyme-encoding genes derived

from Escherichia coli.

7. The isopropyl alcohol-producing Escherichia coli according to claim 4, wherein at
least one selected from the group consisting of the isopropyl alcohol dehydrogenase activity
and the acetoacetate decarboxylase activity is derived from a gene or genes introduced as a

modified gene or modified genes.

8. The isopropyl alcohol-producing Escherichia coli according to claim 7, wherein the
modified gene of the isopropyl alcohol dehydrogenase has a base sequence represented by
SEQ ID NO: 40, and the modified gene of the acetoacetate decarboxylase has a base sequence
represented by SEQ ID NO: 43.

9. The isopropyl alcohol-producing Escherichia coli according to any one of claims 4 to

8, further comprising at least a sucrose hydrolase gene from among sucrose non-PT5 genes.

10. A method of producing isopropyl alcohol, comprising producing isopropy! alcohol
from a plant-derived raw material using the isopropy! alcohol-producing Escherichia coli of

any one of claims 1 to 9.

11. A method of producing acetone, comprising:

obtaining isopropyl alcohol from a plant-derived raw material using the isopropyl
alcohol-producing Escherichia coli of any one of claims 1 to 9; and

contacting the obtained isopropyl alcohol with a complex oxide as a catalyst that
includes zinc oxide and at least one oxide containing a Group 4 element, and that is prepared

by coprecipitation.

12. A method of producing propylene, comprising:
contacting isopropyl alcohol that is obtained from a plant-derived raw material using

the isopropyl alcohol-producing Escherichia coli of any one of claims 1 to 9 and that contains
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acetone, with a solid acidic substance and a Cu-containing hydrogenation catalyst as catalysts,

at a reaction temperature within a range of from 50 to 300 °C.
13. The method of producing propylene according to claim 12, wherein the
Cu-containing hydrogenation catalyst is a catalyst that further includes at least one element

selected from the group consisting of Group 6, Group 12 and Group 13 elements.

14. The method of producing propylene according to claim 12 or 13, wherein the solid

acidic substance is zeolite.
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