DESCRI PTI ON | SOPROPYL ALCOHOL- PRODUCI NG BACTERI UM AND METHOD FOR PRODUCI NG
| SOPROPYL ALCOHOL Technical Field [0001] The present invention relates to
an isopropyl. al cohol - produci ng bacterium and a nethod for producing

i sopropyl al cohol. Background ArtEgO%RZ Propyl ene is an inportant basic
raw material for synthetic resi nBESGERP I§)I?50I ypropyl ene and for

petrochem cal products, and is used widely such as for autonobile bunpers,
food containers, filnms, and nedical instrunents. | sopropyl al cohol
produced f riSMARGIY E A&GQHROLFRRODPAIENGABACIARIDM ADHY BHTBIODE PR opyl ene

t hrough a dehydration prQc Ther ef j al cohol is a promsin
carbon-neutral raw nat erPﬁsﬁﬁﬁgN&@ﬁ%@%Ymeﬁ%Lot ocol called 1I‘Oor °
industrialized nations to reduce their total carbon di oxide em ssions from
1990 level s by 5 percent by 2008-2012. Therefore, carbon-neutral propyl ene
i s curYeehicsl lagdtdr emel y i nportant due to its versatility, in view of the

gl obal i ronnment. [0003] teria.that si,m | at | ant.-derived raw

ot o AP0 o e g S e L shBref B e Be e B 8 Rarpl e, v
2009/ QRGRAT [ HippsduRaRS séhroRAtlafdohsIn t hat has been nodified so as to achieve
hi gh producti on of i'sopropyl alcohol fromglucose as a raw material, and

descr iBaskgtohad Arhe bacteriumis an excell ent biocatalyst for industrial

pr odugt,j i.sopr-opyt _al cohol .. 4} erichia coli
cannoﬁbg@gi %fr?%?’tﬁ% eslﬁ%{ 6%%9’9%\%35\}%3“] F]tate\f\%h{og Sﬁ{elf?%%r%cfégﬁgrfa I%% advant ageous
i f sugiodgRepyMiieCdndifsr paiexhemnRalerodi®s Gng i euted deddly esthratier abmobioul d be
utilized. [0004] According to conyentional know edge, the nechani sm of

sucr odBmpsE, fRqdaontinessy: Hins rampedicad prstiugieatsughl y cl assified into two
tems, i. h :
systems, | ??og%g a%yfsiélgﬁn?dtgc}%g ﬁ&ﬂﬂﬁﬂp&’&ﬂ%h RYL Hé%ﬁZs RN Rlgg A Mo

Phosphot r ans sucr ose non- For exanple, JP-
2001- 3A6BI&e. thidugh auchypdratioropeoldsS. | Themtne itoprdyy] ekopdsed pofmiimgr f act ors,

i.e., cscB (which incorporates sucrose), CSCA (Wi deco ses sucrose in
M cr oSRERORIEHES rapgRateri P&W%ﬁ@gﬁh oﬁﬁtatl’é%m?ql&%%ﬁgy ,mdilﬁ‘gﬁ@é%‘%wmm ch

cont r%?ecfu'@@tﬁ%i‘ﬁﬁﬁf&irﬁ didkideSaRssidhs PR 1590 1e&19%§%mepéeﬁguy beigenm, Vol .
27, pp. 1891-1896 (2005 escribes that genes of these four factors were

i nt r oditesdoientasb@-hewtal propyicie py autently gxEsotlg iinphitznt dot to Usvarsptiditasmi ds,
t her eb‘y Lre uci %%ID l.actic acid from sucrose.
1ew 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 has been

modified so as to achicve high production of isopropyl alcohol from glucose as a raw material,
and describes that the bacterium is an excellent biocatalyst for industrial production of
isopropyl alcohol.

It is known that Escherichia coli cannot assimilate sucrose. However, it would be
industrially advantageous if sucrose, which is inexpensive among plant-derived matenals,
could be utilized.

[0004] According to conventional knowledge, the mechanism of sucrose assimilation by
microorganisms is roughly classified into two systems, i.e., the sucrose PTS
(Phosphoenolpyruvate: Carbohydrate Phosphotransferase System) and the sucrose non-PTS
(For example, JP-A No. 2001-346578). The sucrose non-PTS is known to be composed of
four factors, i.e., cscB (which incorporates sucrose), cscA (which decomposes sucrose in
microorganisms), cscK (which phosphorylates fructose), and cscR (which controls the
expressions of cscB, A, and K). Biotechnology Letters, Vol. 27, pp. 1891-1896 (2005)
describes that genes of these four factors were introduced into D-lactic acid-producing

Escherichia coli using plasmids, thereby producing D-lactic acid from sucrose.
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In addition, the sucrose PTS is known to be conposed of five factors,
i.e., scrA (which incorporates sucrose); scrY (which phosphoryl ates
sucrose); scrB (which deconposes sucrose in mcroorgani sns); scrR(which
controls the expressions of scrA,_ Y, and B), and scrK (which

phosphor ylI at/@@dditiga; e eycrosq D sy knppaio ks cpmpgsedpd fivg BatE-dSHg8Ht sm does

not h - i u i ]{g,ﬁ .S : I f a
gene e¥ p r“gﬂs?@?é]‘g"?ﬁ%s Sggliroﬁ)%f §§?s("’d§t§2‘eﬁrﬂ§’?ﬁ’ AR "tlél %g F%&e?rr?c¥ lglgg ggégltnﬂisa El%r ose
assi mduatdsein mibirborgynismbe séidRfwhioh coeolatimweapfeasditny of seev, €Y, snd 83, anfl sExkom 900
to 1500 .bp, .and the total size required for expressing genes of four
.enzyne(é"’h(‘ﬁ’rﬁ}&sﬁl%‘gﬂa@ﬁ“{c};‘)é ferase, acetoacetate decarboxyl ase, and

| sopr opghsal wakehbifl R LORDEREAniERUES S hhOL st bPhRUEdl 9o e | SOPT OPYI
al cohgq@ ?s] appr oxlfinrrgpe{l y 480%§Igp.1 I n ot her vvo? ds, intnr oducti og oei‘ a

havi ngnirsirzaioh, iappdwtionef elggnd8@dessipgwneistdlityss gewedbastydieds  dndley case

i t th the. s, . | m ti ilit the | PA- j bilit
o, BscHORON SSEBiAionBBRR T BAEvL &R (S have Heseat deos o riaolor
into Bsehgd iehb@l DNIA sikSreqitré €IR Y pdididd Sdiel 0BT BndyiRs$iMdaRf CbRe DNA to

be introduced woul d exceed the upper limt of the DNA size which the
pl as mitthos Eemasacasetmrociate dlecaEbexylase, andosiiropld atpohel debirilggoraseloegwieaddotsed so

as to ,.educe the Si z f ch plasm.d. t 10000, bp. o smal | er.

o1 t her i PGBy TR fRoniEs SeftaRiliely Sal P R bl Wik Rlion .

coi | veFul TONUHagidgs e &1l dpplokiteteBEIIV0ILE Rlle e dedes gy reqdér (hiiMpargbomt h.
The Escherichia coil would need to be continuously exposed to an expensive
ant i bithe pecresstassipnlation abilitysaiddbe Rrpraguriag apiity herschig 69%d- t he above

pr obl n i | . S UK e far,indu i al ction.
Accor iﬁp\g@y%@%‘%g ﬁ%ﬁ%ﬁlfe {):% 1%' &?%&tstlloﬁru e%%ﬁ?%ﬁs §hé|r%g£?'%&{)§teﬁﬁ%’ﬂ% ability to
assi mdifficaltsiiee dsesizosl theDNabid bd iyitrbduded ghhyd eroeedithe vppapimipyf thalldéhol to
Escherichig coil. [0Q07] Can. J, M robi_gl .,,.Vol . 45, ,Hp. 18- 422 &999)

di scl c¥sswiigh fheplasinid cap pecogimedats. o direnibivadrinds edrrlasmnid yarter wers usedson)

al one j nGRi [ ] i b6y | Witk crose
as a ralg\?v6 g%cfﬁg‘??lglnﬁag\%g&gf Lcht#]lgﬁléurﬁﬁ ?@?ébgﬂ@” glggrrrﬁoar%%'g tézkatggg&?) hat \}Hgtn&(gscA
gene \asdshifgitdsynie xpreeesatinty Eschgrecist iceli meabhisualy bohkdle ¢hbotlogipated| nost

all of cscA wer.e present_in _the cells.. Th scC i nvertase) works inside
the celFQErseRtve BraiouT b BeeHEneanl oot Ds AR bREERE Thau
CSCA QRpONPRSETbRINE ABRaRY LS W ABlcbitth melkkSin QA8 hvéid tRX AW ?rcﬂﬂeri_i{%ﬁr i al
production from sucrose using Escherichia coil, which cannot assimlate
sucr osech hecepsiyde oot witable for pdusplamodustiog sucrose as a raw material (for
exanple, JP-A No. 2001-34 8).. Ho er, Ln.thi | Lt 1S .
Gomonst 1 at edeRaEndtaa it Rt o PEEowt b gl e ARy i it oo
CSCA, s060F: amthlle GBS toShiplg886dIcY idoprapyligicohdl tb MpeHekickiagofibi 1 ity to
produce am no acids from sucrose to Escherichia coil. SUMMARY OF | NVENTI ON
TechnilB897Ipemt &ivliceotiel.. Sl \/Bd PPyl 8- R PPVrflijaberon thanas areseltieEed above, it
has b . RN [ . ' t izl Ly:to
nasi riifapeLEE e krl vtk L RAToTTHE AR R TRAS e BERERMA L Dot 1o
Escherdoalil @o®alsing sobiosdhacaravomagsial. mllateres uly asiele alboelehmntitaeethatessi vel y

| arge size of the DNA to be introduced., . An object of the present
i nventWisR GseA geng ey nighlygxpressidr by genstic sirembaalan &cpelege RERE AN &1 col

and a el W%g? SEenP PRGNS iﬁf?ﬂ@,ﬂ%?%'f%n@l&ﬁ%@?lmfﬂ\%@x}siﬁé e S8 Mbnet Blanef f i cient

producti on i sopropyl al coho sucr ose, ch 1's 1 nexpensive and has
hi gh ioutkidst thi abllsitnd itteynnod ba expdeBRiltdit ciove dpeomgees sweuwsnbutilephosdlldes an

i sopr al cohol - produci ng. Escheri chia coli and thod for producing

| sopr BUISIa oGS SRR P B e a s S el Bt e bl 0011 f 1
AN i sQRhRYLsiRiIGRAALRE, QEbGIIN& SRt dRhR USRS budrB&el MU BE Rdteli@AR: 2
sucrose hydrol ase gene 't hat bel ongs tpp a sucrose non-PTS gene group, and
an i npaanpkt, d-ANGaNOEB 408D oploweakr ohibis granule: itiip dAerngustrared that

introduction of a group of genes including at least cscA, cscB, and cscK is necessary in order

to impart the ability to produce amino acids from sucrose to Escherichia coli.

SUMMARY OF INVENTION
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[2] The isopropyl al cohol -producing Escherichia coli according to [1],

i ncluding only the sucrose hydrol ase gene from anong genes belonging to
t he sucrose non- PTS gene group. , [3] The i sopropyl

al cohaol -E][lodum ng Escher| Chl a_coli. according to [1] or [2], wherein the

i sopr OB“;? igplgyaRIFIgP 8 selivRg PESREEHPR hi a coli is an Escheri chia coli to
whi ch Dogf ALFCERAEHICE AR p%ek&% ];é}ﬁély\ﬂiﬁibfult mlmﬁﬁmegaaay iRb&PHR!
dehydrogenase activity, a transterase activity, and a’thiol ase
activi etbyhﬂyauv essireidate smnaseieeld the ability to Highily preducsioppropyll aledhobtolscperadhici ng

Escheri chi oli accaor 3 erein the acetopacet at ecar boxyl ase
net 1 v Wisd e A S LSt B B GOERSED EEF e LA OIACE
transfgraggeactivity, and the thi ol ase activity are obtained by

i ntroduction of genes encodi ng respective enzynmes which are derived from
at | east oneAiseH)jecitOémefprom yegtiguis t@pmi@t@dgﬂm@py&a@b‘vli-mowcimme genus
C ostrjdium, .bact erl us Baci | nd..bact er | e_genus
Escher Pt 251 S5d £pinogle ATTae Ropiapt b el Al a cor
accor dirp8udiien b@lsopi%gr fAbohol BRnR&RkQBCRhRE & MeGRNHIoY Yh@ks 1aeh indutiand t he

i sopropyl al cohol ydr ogenase act|V|ty are obtained by introduction of
genes léﬂléb&ﬁthg respective enzynmes which are derived froma bacterium or
bact er enus Clost r| di,uy ty.and
the ¢ HOBI L s v Rk Ssiln B RGO M ROTbE EE R Pl cblintg
respe(‘dmmo@mzrmmmi‘g iebprapd ad@hioy addserdbadebelaect eri um or bacteri a of t he
genus Escherichia. [ 6] The isopropyl alcohol-producing Escherichia
col i devrdpniolvoelspblesiherein the acetoacetate decarboxyl ase activity is

obt al y t -
& oot M08! A PSR oRon ARG E SOk A AT TR SR AL Sh88 1 v 1y
is obtlgndﬂﬂalsetgme th‘at belongsiton sotrose gane TS pendgrogp.amdenzpertetbod andandedom

Cl ostr.idi um b&O{lerl n(@_‘kl i, and the CoA transferase activity and the
t hi ol dseprep jlsehgl prpdlcligh sYH8- by i ntroduction of genes encodi ng

respective gpzyiRs 1sg§foh¥le£c$ﬁ -gﬁhﬁﬁféﬁl%rﬂ’.s%ﬂéﬁch%%dh accordm% to [[lg]mc

i sopropyl alcohol - Cing Escherichia coil accordin mhereln a
gene emd:;oﬂlle mgcmkﬂah)ab@asragmt ditcan dwmong beney lbaloeging ttgéw@uen@sz)mmgTS lgene

i sopr ggé al cohol dehydrogenase, and the gene encodi ng the sucrose

hydr ol28®-have been introduced using at |east one plasmd, and the CoA

transferase [aﬁt THé tsyprdpe at}&qldlli@mh@ﬁ@ Bxehéridhidy el fecordigd trae{ql] (f)ﬂ' @M genonmi ¢
genes in the host Escherichia coil 8] The isopropy

al co gonfhepfrloamsmgomd@&@hpbmodu@@g \Eselecesishii el is an [quhermh@rceﬁ ﬁo abifdre |
encodi ngtgg%e?%g ﬁgctaﬂ? Sf a%é g%}lvqﬁrg&p %ﬁéljogilealcaﬁlogg{lﬁrd?o %82%'3 Qig‘[lﬁ %r § APr opy

al cohdf*'qe F ogenas crose ase have

been itﬁh&i@ﬁhseadnﬂma&giaathma@mcdmﬁnﬂzetmn@ﬁﬁmddansferase activity and the
t hi ol ase act.ivi t’\{ are obtained from genom ¢ genes in the host Escherl chia

coil . [4] [ Bhe IFHBYOP%EB?‘H}S’%PY%“&%OES?WM%?%’QWE%@H&‘ioc[?ﬂ hegin the

accor di, gﬁﬁﬁ L.as i t he
i sopr g‘py afl?%%ﬁ ﬁar%ﬂﬁfagér g%te égl%ggc?s tgﬁ&(ﬂ%@)‘ﬁggéﬁans er a etﬁgg%sl vity and
t he t hianbfasre activityi zmd the ehialabe aditvity ramjolhganemby dodbétm cd‘fgegmmo@ng odi ng

respective enzynmes derived froma bacterium b ter a of the enu
Of oSt FFHFENe Szymes Wﬁ{cb@fe derhied e floleass PBRISRYS ‘ijla %glgﬂupap

i ncl U‘Hg@t@n@ bPAGICRGs EROPIAIN LAtERRTIhd fRM BaéH&.sf %@b&&&’i@bﬂ'\h@ genus
pl ant-derived raw material using the 1sopropyl alcohol-produci g

Escherfschirachéoi | accor di ng to any one of [1] t o [9] . BRI EF DESCRI PTI ON OF
CRAN NS {00421 151 Sl SR 6 PR SR
cul t ursgghohQfatd BeAPBHG14S haAB/iG! aﬁh@q%sampwmgp@e@a@@ﬁ@@ aSOHGCAS -
obtained by introduction of genes encoding respective enzymes which are derived from a
bacterium or bacteria of the genus Clostridium, and the CoA transferase activity and the
thiolase activity are obtained by introduction of genes encoding respective enzymes which are
derived from a bacterium or bacteria of the genus Escherichia.

[6] The isopropyl alcohol-producing Escherichia coli according to [3], wherein the
3



DESCRI PTI ON OF EMBODI MENTS [0013] An i sopropyl al cohol - produci ng
Escherichia coil according to the present invention is an isopropyl
al cohol - produci ng Escherichia coil which includes at |east a sucrose

hydr ol ase gene bel onging to the sucrose .non-PTS gene group,. and an
i npar tasetoasctan HasRERKYIass peib 1s aPkskd bygnbedretipp AL & geicepcoding an enymget hod

for pr I j . ; ] | AL is an
| sopr St A B R R o A e M L )

al cohalbtdinahby atroducionsd-agent andidivg: Pl anymdeetivedromWiowtidivimabeijiasinigi,t he
above-descri bed i sopropyl .al cohol - prooduci.ng Escherichia coli .. 014] The
i sopr opdithaledrsnsisrse acihy 200 Chio el RTCACHEHY 13 CbGiRR 1pgodrEop kg SE‘T‘F]P

| nvente,0gihpElydas b, L asiered fiohPBE NEAAlaRe gene that is a member of
t he sucrose~non- § gene group in order to assimlate sucrose, and al so
has an i sopr{@pyTheksophplyl Pradiigrodrimysicsenichihod achsliisoHélivdreneol i

whi ch | acks innate abilit 0 assim |l ate sucrqgse,. simlt oysly exerts
e atsient £geoBEbe ptarelte drendOS e Bidha® Bt e LOBPBRLIE R opr opy|

al cohqQiehy@@cthtat, dnd AR ¥ lendl i e sGERBsORy@bhECHA8bedn REBHNGAs N
sucrose.”  So far, there has been no report” on a case in which the sucrose

non- PT&stemeplgsmidp aidthe iodotansétaseract vits smbthie diplascaitivity whi ebtained kemt he
sucrose _assiml ation q%k%ih¥ to(groduce i sopropyl al cohol using sucrose
as a CAPRBIF &TGF tethe oY f8Feritli U, ent i nvention has found that, as a
result of i BT 0dUE idopryPIT alddhdl§asducthoSHChOsEHiMYSIT QcBfknORIT8], Wticedinbs a
menber of the group of genes constituting the non-PTS gene group into an
i sopr @t ergasigteche peatenseiatrdacepsylaehiagcad prcodingdhoisepopn Beohwbsi ni | at ed

wWth hah.effici . i chi . . .
sopr oGt AR fad doob Sy e R bV bR LIRS

i nt r oddgeddf O1d thePanttangletdie astisdtyase ths fiidlhseadctioity adeiobtdiyedcfaom lgenomic
remar kably reduced, whereby it is nmade possible to sinmultaneously connect
a DNA 26868 inthahest dgchenishaféliose assinilation ability and a DNA for

i nparting apgjs ' b QNerBlid b1V adcBrainglona), Stk Med
vector. The:lg]oy?H% Esg&soggir%gﬂwzlaggﬁgcﬁ? %a%ne’gt%{“% |bt ya anrcjﬂx%%gr[lggopr opyl

al cohaicetpnadate Hecnbadyldse hgtivignthisasapropil blobdulshydrogpmst adivity, thes €oér i chi a
coil, which cannat assjm,late sucrose, t.hat, i sopropyl al cohol can be
of 11 CitBRENGPsE Bt A NGBOR PO A apERaY o8 LRy opibdettion shesti snedfite of
sugar BeRbtivellzGihes 88 RA R RLLEEIR drda8eriRBPMNBLenusl@BBlilm particul ar,
. the isopropyl alcohol-producing Escherichia coil according to the present
i nvention i §1@bl 4 mahedbi pradarimggsapsepsd aloabiolf mghdingeprodedeivpropyli on
products.,of .sucrose - alnmpst sinultaneousl and .t o..pr.oduce .i sopr opyl

D) ongieonsh P PE ks B Pon e BaT Pl s B Ry P EURIRPSRent fon has

hi gheral@hbi- to@ﬁ@iﬁ% Escherichid sb1020861dag toiaRy b€ bEfI| ehfe. col i, it is known
that the uptake of glucose usually has priority over the uptake of
fructose, and fructose is not sufficiently netabolized in the presence of
gl ucose. Accordingly, ityg h &) t_%§@@ﬁ yl al cohol could be
efficiently produced mﬁ&%gﬁfﬁggﬁﬁ%ﬁgﬁggicg&) y ca?ﬁbolite repressi on by
gl ucoge012] Fig. 1 kA driph poasenihe amoant sfavdudtie it argars'inisd culmBasnpernatant
Escherichia colt that will becone the isaopropyl alcohol-producing
Escherviamia fssericie enlaBrtyamngs cplgirgd dardhqups ising glicoss and fruglops agiisthe

i ntrodygtion of one or nore genes fromoutside the cell thereof The scope
of thé term "process" as used herein includes not only a discrete process,
but al so a process that cannot be clearly distinguished from anot her

process as long as the efﬂﬁﬁﬁﬁgTﬁSﬁﬁﬁﬁEﬁ&&BBﬁwﬁ&%%?ss of interest is

achi eved.
[0013] An isopropyl alcohol-producing Escherichia coli according to the present invention

is an isopropyl alcohol-producing Escherichia coli which includes at least a sucrose hydrolase
gene belonging to the sucrose non-PTS gene group, and an imparted or enhanced isopropyl
alcohol production system.

A method for producing isopropyl alcohol according to the present invention 1s an

isopropyl alcohol production method that includes producing isopropyl alcohol from a
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In addition, any nunerical range expressed herein using "to" include the
nuneri cal val ues before and after "to" as the m nimum and maxi nrum val ues,
respectively. In the followng, the present invention is described. [0017]

The sucrose non- PTS gen roup in th resent inyentjon refers to a group
of f outicHEFEenINg mgw-fw%ﬁﬁéf%mtwgug% f‘f@rﬂkaﬁ%ﬁf’g%e{a@%%wa%‘si mi | ation
pat hways,1ai- ﬁmﬁbﬁgg&&@@%wozﬁpeci fically, sucrose non-PTS gene group is a
gene group gonpos of a repressor protein (cscR), a sucrose hydrol ase

( cscA)[00# ] ritetiodiromd eldpbsleptpduang Esc/zuichioselipecargiag ¢o (legedent inmertthoa
present Jinvention, at |east one thereof, ingcluding at |eas scA, may be
Csed. el st THopSe Zeuomal RAmORDuI CEoASioruRa oS Fnt

combi nabiPmh GHecd GhsiAMNdieGheBse, and ARBIHAR KA gep%%ypai@@oamdﬁafdﬁ sy@tem.

combi nation of cscA cscR and cscK, or a combination of cscA cscR and

cscB, T, the Hsslmtichiacapamhichlhcks infiatoabilihelovissuaierstciose, spndtaeoust ent | y

roduci ng i,Sopt | alcohol, it i r ef. bl e that onl ene odi n
Coon | ortn ety Yo il susrne ] RS P foduddsoBRrli e BRE 9 RE g1 ou
ar e nqkoprHsyl Witete] dMBLRITdBRISpE80%E Fomk@irase CoTeiheasirs beBICAY rdportt he:
present invention refers to aéggnerlc nanme of enzynes_which are classified

as enzymecase tiewhishitks sucgsg nondd Speesie @re is perqdaprsk intogkscherdcin ggliavhich
Comm ssi,on,. of t I rnpat i i j . St i ch
oot a1 ULtk 18 AL BAARARL HORE, 1o OB horkb BT AR NS ielords Pl B0,

This epayee 1S an enzyne that Escherichia coli such as K12 strain and B
strain does not naturally possess,. and is one_of the en%ymes of the

non- P80 Kt ditsinresepainteiips hap &undithel> 25 preselonl wirndestion of alkast asueoske, a
f ety PReT e _ _ f
ruct C}E‘dﬂiﬁs;%;,ge?éig@ hIYG R ngie ferGus 6 egélégans@agg HRNRALRTS g&wg}aﬁp 0

M crobrol o vol . 45, t esent I nvéntion, as a

r esul tintofani isqaopyl atpobskprodpang Ecthesichiy cadi, sucrass ahi bodssimgieted with bagc A onl y,
extracel l.ul ar. sucrose .is dego ed into, glucose and fructpse on the cell
ey GBS CBR I HeE e T EE By S er BB RBa s o T AESEher cel |
and phespResytarad BRA tbBe MRRRBEEHr o hE ehelsibRRE as%mlﬂatﬁtmaabghg ¢QsBe PTS
and a fructose PTS. As a result, fructose I's supplied to a fructose

met abokinerksylytreduded, whaehai iemadmpassibld toimildancasdy pgringet oliNdslong a

gl ycol.ytic. system [0019], A .gene .of e. sucrose hydrol ase,(ihnyertase,
CscA) I%Qa‘glé‘gi%ﬁ? e éﬁmfrﬁfl@g’} %’éHWc?g’fi ab%]g?‘eﬁof ol ar“i“‘c{ ?%IS rggérﬁlc(qhﬁgenti on, a
DNA hgytbhdi@tibh abilies ® S8Ae phemid véettaie NTheRrbodhdgickdie asdigilons dhikifyendse
(invertase, CscA) obtained from an organi Sm possessi ng t he enzglma, or a

synt heh¢ sopRaysdeplwhdrodugaen ibjlisyganhe sipagnsawdyingrigd khBihersdia cequence

of th . - Pref X j.nel : kved from
bact es?/lgglg?anﬂjﬁgysgsgﬁ%%é A % %ﬁéglg‘%éf)ﬁ Q@A%%E%%é%neﬁ&&é@? %ﬁg@g%gré eria of
t he ganempeMibs hikrodealetiesd Rodfsupfireargeiusghr bedy nwbihaiaabe yopplleddn &rga of t he
genus Rhi zobium bacteria of the genus Staphyl ococcus, bacteria of the

genus 3PFPHobact eri um and bacteria of the genus Escherichia. An exanple

is a ay] ; ENSHof : | TAs geherichia
colt sﬁglglﬁllkt}%’g???%ﬂ@gp#y lpr 8? éﬁd@%n#?ﬂﬁh%ﬁﬁ%& r?g&ﬂlglgase seqguence
of t hegrgeneindartiondsl able cornssimikse phcoshing foaltose 01 SEcahpaitmn groducss @ ef er abl e

that a signal sequence for transferring.cscA to the periplasmof the
bact eysi‘l‘érlog%ér Flr‘H)@gES‘B%’_g‘ﬁn%a]é' od8 Cg[‘%’@%ﬂyi ﬂﬁoréfﬁggﬁéerg‘%ﬂr r epr essor
pr ot ei py ALHGR) c31PadkkBrdifd 1oQH GRANiGH Rastlighdi@EtcikRgt erium in the present

invention, a DNA having the base sequence of a gene encoding the repressor
prot ei n ( CsdRgemdslaimeathémahin asli,ot gdmowmtha seesikepltgheosnuspay hay a

of "t h GRS B et A4 St L TP QRGO vea Fr om.

bact ergraefée 4MBu@RBU SAEédMiﬁ;lg?; it idifg fat tsb%xogﬂmher QhBdBe effRedngyi a of

the genus Vibrio, bacteria of the genus il grobacterium bacteria of the
genus mRuced witpubhkesneafiestast byt ¢atabgatnispSsaph Yy elbserus, bacteria of the

genus Bifidobacteriu and bacteria of.. t he nys.. Escheri chi a.. An npl e
72" ona hadt 1 1k Dl B A S B e PN BB B
coi | Gddpfosll aRoRel-procudNAERG¥HBRiatchE abeseingas Rt esenl inthiopena reaili ofed

froman Escherichia coil 0157 strain is particularly preferable. [0021] As
a gendhentiofuction tosR ionaoEe ganse Kpm eutpide e el dire’f- i nt o t he host bacterium

Cnth . . havi
:agcodsngrte?lg%rslﬁ \égmé;{ségn?&gg%s %%kgﬁ%nﬁeeg&?r O%ﬁig?\ﬁ%&f?gﬁ%&@ggﬁhg t he

enzyme, or a synthetic DNA sequence that is synthesized based on a known
base sequence of the gene, nay be used. Preferabl e exanples include those
derived frombacteria of the genus Erwi nia, bacteria of the genus Proteus,
bacteria of the genus Vibrio, bacteria of the genus Agrobacterium



[0022] As a gene of the sucrose pernease (CscB) to be introduced into the
host bacteriumin the present invention, a DNA having the base sequence of
a gene encodi ng the sucrose pernease (CscB) obtained froman organi sm
possessi ng the enzgjge, or a synt hée,t ic [ guence that is synthesized

EC 1

DNA se
based 1Bt a0 gasoseshihabcaaguihelearkt ﬁ%ﬂ&bﬁ%i@%@%f@%ﬁs Prletersdhf e
exanpl i | ria of the genus Envinia,
bact eri G%E&%jﬁ%%ggﬂﬁgﬁ%%g% gﬁgﬁ%r %ggec?%g&%f the genus Vibrio, bacteria of
t he genus Adnabditiberdnymuntzachiennge ofprashal geainsisiRgi"sobndnde thacvmeriealof t he
genus St aphyl ococgcus, bacteria, of the genus Bifidobacterium and bacteria
of the fL E"I‘fg?g%hfod.asﬂlﬁ”@%w %E“ﬁ\‘lﬁi’%\‘;‘?snﬁs?q‘f&véy' base sequence

of the gene jfekd BB MR ERERGEAR 18 dEQIbe®157 strain. The DNA havi ng
t he base sequence of the gene derived froman Escherichia coli 0157 strain
i s parfODEY diticysuproed eoraBIS gepO9@8P 1Mthe presopt iopsritioalreisrsdb agropuet tnyr

Escheri chi a col%.i n the se{‘}t i hvention ref.erst.to%ﬁ?cheri chia coil that
poss e<S8ES IKRAVER 1 the DOPFLS HElTELPUBHISIYF 2HURN" RATEH 51948 been

i nt r oduefshr@hidRdi §hRiidty 8BRkE Ror-PTHBh Bldup s a BUR gr@ud;s AfnpoxeP6oPy|

al cohol - produci ng Escherichia coil possessing the introduced or nodified

i sopr apytesser puhan (preBiuctuctse Apdiofasy (dspAd arfibictainasa (wicKh anda seee activity

menti oned above,.ev Escheri.chia caoli, whi does . h i t ucrose
Rosi miTRTFOR P 1 o Beormafytpl Hdies s Uerp Ol Pl B 6l OR; B8 L0
al cohde Jse@M Botekample, ERO2y, B@nieniion off cidreariiysak ga tdnibigatigt dficscA

reconbi nati on" as used in the qpresent i nvention includes any change in a

base Fadgsbe combinaionypficprbind eRot canbmabon ohgacinessRs ard 55k e0isquence of

a nati [ [PLRT) & et} _ i f] [ of a
gene, C\ér b%%ﬁgﬁf?g%é%ic;g\%gf%ﬁ CF %Iéé?lgaﬁ eli‘%r%h'ex%ﬁ%ﬁg%ulfﬁh%&g@r}éeh%g%rg%ggirqrbi nation
nay r assteteffidiamymptbaidianisopdpREdicdhol tihie ppefembletthitronbynd pare, entbiting uwrose

assim lation refers to the ability to inc orate into a |iving organism
sucr oge Ngluded whiledhe at_ﬁ%gﬁwwhhﬁaugraierwégf BEPSHIHYR AT tslHeRd a i gher
or | Oﬁ?ﬁlﬂnlﬁgﬁkéﬁsm& hse Gﬁ@r@%@@s&f&? tBe ?%éﬁtqmltibﬁ%%f&g t1&a lONBIC

nol ecul ar "wel or Tefers to the ability to netabolically convert

sucr osanmentf@enaymoesehich alystlanded aThezmoopeeofundssidd. | 26 besedam thewgpoitn t he

present. i nyenti on i ncl udes. de osi tjon. by i gh sucr (S converted to
B bt Ahck s om e (o pee e st i eait R ER T aes
decomQtile Atetion WE pRERICIIME ghrcBbdiRITe- ARbsPonbiGicase. [ 0026] The

i sopropyl™ al cohol - produci ng systemin the present invention nay be any

syst em t hat Thid owsmeas geenayoutibat Bkherichin calbsyshad ide straimng gy straam dedsol .

h [ i QF he. i h j |
or odudth BOEYL PR BrEr e g 5 A RRE of s TRRENT e b PR AR G8l8ke

al cohal prefoadyeipbaer, alidviettysel b @luclodmakis and hRtdrosbigrifiereprogdiof (sed by genetic
reconbi nation. The isopropyl alcohol_ production system nay bhe any

i sopr dpyrdign dowmsn! gfMistehieloay.dJ 8118 vpt Hat PR AES-488es [n Y prespn IKGnEgRAS

pr oduct j . t C i chi i C L L @i

i sopr gpgﬁﬁﬁ%%gﬁgﬁgl r% Z&é? ?{Sfﬁﬁﬂﬂ?ea% gIrr%uﬁz)fgrggﬁngﬁggséﬁg%l}lﬁ}?g&%&nact I vation,

r eductsuoiase Brdeemhposed o tghajosenrl/frectesetdnviht yell meolbved, addt the ghopsecimd|

al cohol production activity, or_a copbination thereof. Due to the

i sopr (fﬁ}?f‘osﬁlaﬁeo‘ﬁ@ﬂasiﬂ'@d\%?éeoﬁ?§91§ta§§rpggsﬁ?8ﬁﬂ?tﬁ%?li‘ HCQPPHIE t".éé“(’:A activity
ment | Q:?ﬁ)?p la%ﬁpyigza %ﬁﬂc%ge E“Fg RRE LG SE B,  WRI GBSO 89 8L ishayRidinpat e sucrose
assimlPation ability, becones to be able to effectively produce isopropyl
al cohdiuctase mesatmiio sgstefnGO 2% babtepivef teratloivefoe amipil @iongismpgavglg¢adytiof enhanced
enzyne activity involved with the production of isopropyl alcohol. A nore
pr ef er’¥BFB- exanpl e i s enhancenment of the enzyne 8 activity of thiolase,
CoA t rapfd erasteeRTHRAGRIAL ByASEAL BAYMARS T scaAl) &b hS RRCAREd iAloGRORbst
dehydrogenase. %n ot her words, four kinds of enzyne activity, i.e.,

acet odwetertun idéleapriossny invsetiers RiMN Ayaving dhe basy lseqieoehel a ghokwde dse

activity, transferase activity, .and thiol ase activity are preferably
" par ceors RS ORTORST. G conbrise Hi i teliRaPiinht st Srd ng 1o
t he prs?meﬁc DRvefquibe thAQ2 Sinthdided BafideseknovwiVieiRE k@liendd tRECQHR, Mhyt he
"inpartnment” of activity includes introduction of an enzyne-encodi ng gene

f r om dutusedie Rybforshde prampdes mciude those fleni vrd s bagerda ek the gEnustidwinie. i nsi de

of the bacterjal cel and, furth i ncl . hi i of an enzyne
gene E@C%ﬂﬁgﬁ@@,%mw o?OI?lﬁeb%c %’r‘?‘ocﬁreﬂrlé gef: ulg\(?/l? [fsrflo’lgg Qgr;fﬁ(gf;@g%éﬁiglene that the
host bacteri um possesses on the genong thereof or by substitution with

anot her pronoter,



[0029] In the present invention, the acetoacetate decarboxylase refers to
a generic nane of enzynmes which are classified as enzyne code nunber:
4.1.1.4 based on the report of the Enzyme Conm ssion of the International

Uni on of Biochem stry (1. U B) d whi ch catalyze a reaction of producing
acet o PPeisragbthesicER Qf the genus lz@%ﬁ’ﬁpgaééer@f"fttﬁf‘eg% sﬁ’é’%ﬂ?’ ft¢tte t hose

derivegd fd A C%]gttds g%b&é}%%%ﬁ tak@sih 'ng'leLgEhusSEﬁ]ﬂeﬁé;htg ORh Ik ShPis
acet obuty Icum a tridiumbeijerinckii, ‘and bacteria of the genus
Baci | I@NMl@thBhaxel seqeenpo by thexgane {i@@@@]frm awm Egemeichin colid) idetraacet at e

decar to be .i.nt ed intq the host ct eri um.of resent

i nven'?l?O ac‘iﬁc‘ﬁl%t fered iy bﬁlﬂgﬁf)‘ﬁg% HEESE © eg?éle ﬁ%%fiﬂtﬁi

acet 086k @A esRORIXYrARE RBE BlcRSSbIE 1R 3RYaldkqbdiRe Wsﬂetr&igedicﬁm@ yme
origin organisns, or a synthetic DNA sequence that is synthesized based on

a knowhe pmamqﬁ@nbect@flaltdtré hgeheen addpd becsaded. Preferabl e exanpl es

inclu osg deri v from bact of, nu i_di -hacteria
of thiBB%(ﬂusAsBaa%‘?nlel erﬁﬂreéwér%? a(g S%B)ESR& %%%?drsﬁw% t%l%o 531851‘seq68‘r%"c“e1 of the
gene d4gé Rﬁé@éhtfxﬁ\ﬁéﬁh&h QIDNAdiagahie badelebyddnes 6T @gexﬁae@tbdlﬂg tHeakyraysea. A DNA
havi ng the base sequence of the gene derived from C ostridium

acet oluetgin (§isaR) ebtpiaed fronl mq»rgalpﬁréfp@ssmleg thegozne, |08 sl DRy
t hol f
oy meignet SO RERY BLERURL LGN ERAIEIATR: LEDEBnl TyBBAREHL S On T he

repor tPr@feriH[@eﬁﬁi}ﬂéﬁﬁn@Qﬂéﬁ}md: aarinel ﬁdmebdamr&rusfahe panls Honigo, tatteBaofttem stry
(I.U.B), and which catal yze a reaction ofﬂg@odum n%éagopropyl al COhtO from
acet orﬂ@nuelzms&actﬁrlatqt Y 147G Peclera plode semsi G5 b LREERR &F of t he

genus ¢ %gopyl ;J]zsco 3 eﬁ%gﬁh@}‘eﬁﬁsd& 5'5'015&[5' f[tﬂ@%&ttﬁ/%s a gene of

the isop rogénase to"be |ntr uce i nt e host
bact erBifidelaicterhen, pndbartérid aftha e, Esah@mm avAmexdnirge basBNgdguangbe of a

bovo TRRSEaHIA) e BRP GV, B R CR I i hORST {E DAl SN Ehat |5

synt h%ﬁ%F (gﬁ‘ﬁge Ofthd Eﬁp&h&a%ﬁﬁgyﬁoﬁncﬁ@fcohraﬁsq%&sm i9p¥tibalatg ed.
Pr ef er e exanpl es |ncI ude those derived from bacteria of the genus

Cl ost mirefetabrle. such as a DNA havi ng the base sequence of the gene derived

tr ans R0 A% B8 S g ripise Gk oS OB T o ekl Sl i "o
eNnzy Mgyr&RALMEHTRA! 4 DN Bhavife BRING SJubhe Jrapent eﬁoﬁ@&h&ﬁﬁmnﬁ‘éﬁﬂﬂ ssion

of the International Union of Biochemistry (I1.U.B), and which catalyze a
r eact i(6aclof opiveliEPMnaBIB B FPERCESING Bmeatens 2t asydthetnDNA sequenceibgip| es

O o SNk LR o RS G18E Sfald AORGKORIG bl 9B DI

d OStI’I um Suc ostri | Cf.lm OStI’ um

bei j erdxag lers indbedet tBbdealegifved ﬁenﬂﬁ&ttslalaﬁsl&bgunua]zrwm&b basteiRosethu bmus
i ntestina bacteria of the genus, Faecal i bacterium suc

Faecalf ”Bﬁ*é‘f é}aF‘i?W Bf Hggsnys [ior wbla%%f'én th seme Ageatas’eCypr g%fd‘?sf&%f thgacteria
f th h
o L NG R HARRIAMIL O DoRR SIWQB?%/&?{?BD[;A HE OF (hA 0BG BhAS Ol D

genus “Escherichia’ suc eric 034] As a gen t he Co
t r ansfaat daetetia obtheignbusokiuherdchint 0Ah legarnpletis tnﬁ)rl\t!ehammg e babesegnewe of

t DNA h t he bas f i t he CoA
Lt anoftbs & B Pl A B noros Ra>assve: 18s BELERETRE M #ourgani s,
or a %Wﬁéﬁgérkee% ﬁ&ﬁ%%@héxﬁta Eoti Y 5T Besih Z60hrihasAY, fefatiiown base

sequence o he gene, be used. Preferable exanpl €s include a DNA
havi nd062i lﬁa&’egm@rﬁ &rmlcu:fse phrn@enEsdB) to/kinfroduned itfadhekdstbratérivane genus

Clostrjdium such tridiu et obut lic um of the genus
Rosebult SR Hraaten 2dia e iebE P arsiehed St kerl PRHEE EkCigat e
Faecaldehagdse (€ 4B)DBEihn S8 Q6 dhd DA gégsemrrgrtﬁ@amyh@ bs a yriaticeyNam of the
genus Coprococcus, a bacterium of the genus Trypanosoma such as

Tr y parsogesmae Bratiseynthesized brsed en ratkm)‘dfl bagresegungs OERergene.apiyabsie: as

Escher. vin bas e of t from
a bactﬂéf’thf?rapil ?Xwéesdg?w‘? 03 g‘? Ea&erbact %nn‘%sglt}w S%%CQ?IQ oY i
Escherdeiid BrdrdusBiceeridoFies adrue Vza:rwl bactalitéomu gamst@omzm cwanﬁe obf the

gene derived from O ostridi um acet obut yl i cum or Escherichia coli is
par t i db¢ apivp Rbrzepermibneterip obtisizenys Ymenceserit badRiemiitengehe thi ol ase
refers enerl re a§®! code
nunberB l}ﬂg % %r aseg%‘“*{ %fetﬁ%%%{ﬁ% %6 é (Ir%'éC?E Ai&ll?re I%r%ste&{sjgﬁ%\n 0

I nternational Union of Biochemstry (T.U. B), and whi ch catalyze a reactl on
of produci ng acetoacetyl CoA from acetyl CoA. Exanples of the enzyne

i ncl ude those derived frombacteria of the genus C ostridi um such as
Clostridium acetobutylicumand C ostridiumbeijerinckii, bacteria of the



genus Escherichia such as Escherichia coli, bacteria of the species
Hal obacterium bacteria of the genus Zoogl oea such as Zoogl oea ram gera,
the genus Gallus such as Gallus gal/us, bacteria of the species Rhizobium

bacteria of the gen of . Bradyr hi zohi um.such a r.adyr hi.zohi um j aponi cum
bact erfide GraupHE G ErRdErtel KOR DRI oDy TErens  Bae N bR e
genus GapsliedaqrinedoPldic GARdida el Rid 6RIE Sher PRSI 9 strhites gaMMEladYS such

as Sus scrofa, bacteria of the genus Caul obacter such as Caul obacter
cr escamtlgmbldhact eri a of the genus Streptonyces such as Streptonyces

|1 bact er | h .Heli ant h h Hel j.ant :
bact en23r thisdtisintd alshBo SeToite EudRhap (2! Shns Te bl LMD REYenus
Ent er og@B&64&is Hsinhat pdstéseé OBe GBSy foReahdeSsopr&8aicohsl whitlehss knt he

thiolase to be introduced into the host bacterium of the present .
i nventinweducgd prmoHifigd by senetidresembimgtion c Dwt toghgyispproprcdenhel pradiicingi ol ase

obt ai ned, frgm a of the abave-l|ste L.OIR. er i 1@

oynt heg i R el Br R tall &l Rokb oo AR Ron B n

s equengmbilation evigethe Csomychdtusestiondd abeveable Bxxami/es colnothicdedses DA

havi ng the base sequence of the gene derived from a bacterium of the genus
O ost rhiayF iAAtEURIRTOSS asiBEatqnabilihy decspst ioyhe ablmtositicelivdy progugsisopropyl

bei j er} i} erium of the genus Escherichia such as Escherichia
coli, a{é&glglc gp‘lasbl%%g%' t he speci es Hal obacterium a bacterium of the genus
Zoog! qeez4udtheasoptast thd plerase @iy gaek; reclveboetus’ Balstdim the ptesars iBaintios

gal /us, a_bacterium.of the species i,.zabi um bagt eri um of 't he genus

Br ady rR¢13dasi anncaangs 188 bRsSRRIPERCS SBYSS Hya‘%ﬁﬁ’%lf%anaﬁ‘ﬁé@ jnieibsPathe genus
Rat t s SHele §8a RaVeURnbUr b5 HbHRutish i @loh Wi QpedifiCra3filisy LRE] Haysuch as
Candi gig tI’O%IaC%.F?S, L%ng’aét zrg“:uum of the genus Suée_s-ucrhe%as Sua?gcr of ;3{, a
bact eranyrombirtation genes. Chot obapie thegankiiasecGabiretion mey revudisioen rusatioa.

bact er | of the genus Strept,omyces such..as Strept es, col.linus,. a

bact e r[b%}of[n %‘}H’é’ T m,glvyz}g}qrﬁneﬂ%groga 8’?‘?113@&}9& fF%HﬁH?}@%ﬂﬁU&S TN er i um
of t hgn@eNuinBeSafidmN sRoBas if B6F 14? coVer@ndaRERE td i HstanbehS8RLIS higher

Ent erococcus Such as Enterococcus faecalis. A DNA having the base seguence

of t heordewer neletulanvéightnpreftrablyde pynbsidnce havigs alewe raeleeylan wierehls on

bact erium of . t he..genus Escherichia i er nd vi ng

t he ba{gfér t@&%%%égggP nﬁ%ag’oglé:%l«i;y (goenrvf%{/tg Crg?%%t(%{@g & i?wgl%sﬁarrﬁcg'c e?@%%gﬁf ?gum or
Escherdsghiiatienhd uded i tetprésehpinkyntnaheluady decomhpO3Tdn Wywhightshessse fsr om t he

vi ewpoi nt of enzyne activity, it is preferable that each of the four kinds
of enzpreeried tag sibsignee bendpeadewer Baicsular waight, gpdsresifsatla énalydss t he group
consi st " i i 5. ridium a bacteriumof the
genuss(%géélgﬁ%%& %ﬁg&@%g@% ?;%lhg&g%ﬁt@lgﬁggﬁgi Escherichia. In particular, a
case i[00X4]i dhetitvprapt hlbabdtabéuder systvax i ths preaad inveatios opy dpyhy aytahol
dehydr pgenase areﬁgg);i ved froma (gzcct.eri um oy cteria of the genus

Ol ost tPeHAAYs HEelIE <t R4 ¢ U OMIPALE ISP oRY; gleobdly the thi ol ase activity
are derived 1{;%@@5&@% AR inhRARLE6I éhhheddSortinialcERSIRbARbA, and a
case in which the four kinds of enzyme are all deri'ved froma bacterium or
bact ersiystemfrefenetogestustu@ s tdeindnstmatingrtee isoprepyraééobohpioductjcdcddjty that has

particular, fromthe viewoint of the.enzynme.activit it is ef erabl e
bhat deh msrodured rdtpdi e B sgreng rosombinatiabng 1B solia?] el PERVFEOher | ved
from ap¥ieRfmé Bsiiy idbptopyat@hePHornhtion By stehahitihetbatey Repiopyi A16didl, or
Escher?cﬁi amgo/i . 3JI\}brljeirmf)}; ef er agﬁ%, the@g?:_et oac.elt ate decgroggx | ase is an
enzy mpradrctive df faganES ivsichiadiodimsaoupetsdity its etimnakisepropy! algpdoGeraduction.

transf.erase,and the .thiolase.is. an enzyne derived from Cd ostridium
oor oEbrRIE et ihelufs BRFuRigh roBRGNN il Eihehl AR iy
dehy drige@0abRith Ssopfops NIYoRb] Gedducasn hetity GhrasdomtdhatitnaBirk6f. | Mikitb thd n
regard to the four kinds of enzyne, particul arlg preferably, the

acet odearemy altebelriyaduetias sygemiin cembingtioe with dhe ¢ yednictives mmangpigd above,
acetohut vld cum .t he .. I r $,0- YA ri.ved
From QYGE ErTHTeiangr SRRRY nd RS0 RaH RO AR koSl ey e
t hi ol apk: @eiHeviiiely plodusteisbpegylf dleshoESohesucakéa coli, fromthe viewpoint of
the enzynme activity. [0039] When the CoA transferase actiyity . n% t he
t hi ol d882Hcth prefsyatile exaranle VeRroyisinn A sahaiced ﬁmwcrlyﬁbrréfpéieaw@sf fhe gene
encodi ecar t j j opyl
s B R e S S AR L TR ek

i ntroduced by at |east one plasmd, afd the CoA transferase activity and
the thiolase activity are obtained from genom c genes in the host
Escherichia con, fromthe viewoint of the isopropyl alcohol production
ability. [0040] In the present invention, an exanple of Escherichia col



In view of the above, when the CoA transferase activity and the thiol ase
activity are obtained fromthe genom c genes of the host Escherichia coli,
it is preferable to enhance the 12 expression of both enzynme genes by,
for exanple, replaci ng the pronoter responsible for the expression of both
enzyneacsiie 8f yolassoEnd iragpigase.cicctopecitie dprrbaxalaseiand premt alcanelg

sufficj i opy.l i L ] t he pronoter
o be SoRiroRRBE GEl iSRRI R ey S R ERe % P

t hi ol adeeardokylusctactivitg lisegeopyhalcahalviehgddgeiabestifsigh@sA ahndeasd actisiy,i ved
GAPDH pronoter. [Q043] The activity of those enzynes in the present

i nventandihiglage pRTBY G Bierably iimpmﬁsiiei%w?lpr@pﬂrﬁ@ﬂ?ﬁ{-wdawsﬁf’gﬁrr#@m t he
out si f i :into the inside of the bacterial cell, or by
hi gh g%g%ggir?glﬁqg?ﬁﬁﬂg@gﬁfz@lﬁ}éﬁ%rgnes that the host bacteriumhas on its
genong 0038 e nh #rcensent invEntidie thersoopd eff the EinpartmendT oftdotvienmyhelegenes or

substitution w th another pronoter 0044] The introdquction of the enzyne
act i viLPSVO‘%’&HO’bQ% AP B PP Befofoaeot tﬁﬁ{?%‘ﬁ S of Wg?ﬁétn_es
encodifgretif ihHhe ksl e BREHE &I, AR Fldehe? Hchidde hith dbrRshasbesd al cel |l

of the host bacteriuminto the inside of the bacterial cell using a
genet iepzyree gary yatribencenenih nf thaeromieicpactivify of ar pnaympegens thay thsehdsht r oduced
may be conspecific or heterospecific to the host .cell . Mthods for the
o1 par RO RGeS BB PR o s B PP B ioR & SRR Oeh P8Rt | on 1 rom
the oybeirgle 1Rt fiscRRvEIticH, tHellcktohfttfe UBRIrbASAHME réltrsith 8 gefdric nablteof

cl eavage and | |gat| on of DNAs, transformation, PCR (Pol ynmerase Chain

React icomymes whicHar gJassified asgneyme fadegiumbiss bl .1l gdnsed epthiedenpriefdhe as

[ he. | k b i . ' -
o' 1 ndaiBRtfishil B =GR AR RAL0 fln RE hiotte BN TED VIR RHRRIRALETDYE

Sanbr eakactibn,of produding acctvhe 6ot @ktoatemeng A | aboratory Manual, Second
Edition", Cold Spring Harbor Laboratory Press, (bjé989). 0045] The scope of
the "inpart m%pf%ﬁﬁﬁé_ woenistude dhosgderived from byeteda phthe1genisy esent

i nventiqp,.i i JCT | VAR 2060 1t s de of
the. bdp ar K. S ol R iizh o Bl B s R P bR DS il B o
cel |, thangerus Bobidhs bwl asdegihisglohepuessi on of an enzynme gene by
enhancenent of the pronoter activity of an engz ne that the host

bact erl Qﬁﬁ]pobsssae%eéléé’?g}? RS ﬁl_ﬁcalr ‘é?‘ry_i"&fe t‘bge B%‘rgg 2 ftOL}_F? g?lst%‘ftﬁmﬁﬂo_t her
pPr omot@ihe hOQABInvERd)§ N ASERhg HVERE sQfhend St F85B AESIMANE Abdiod R Ch
enzyme activity has been inparted refers to Escherichia coil to which the
enzy melearboxsilase dbvgsnddefermianp af thedbbyohisied engutesirgen ofganismsperct smihglic cel |

to the,j,nside of ,the bacterial cell using,a certain t hod. Such

o chol SR Red s by sBabE e st o p KEORR B el oF T hee mp bt used.

i Nt r 0QY&feNB]efe AR N8R 08 1hDsd BQivRAAURE batelidsfahe bdhub (ORI ilRnat@da of t he
bacterial cell into the inside of the bacterial cell using the genetic

r ecomtsif et geons BaeHni-quin exaraels it 2 DA ivonmthe bagusefiugnge of thepgens derived
. o e A PReraie R
o or B TP fiplaP il B AR poRlg ST YAPROEM N the o NRDEE D)

cert aithe sa@ichiRfvedSttoin Eashelig btaokma)licuais pheicpladd pedeabki ng a net hod of ,
for exanple, introducing a gene 13 encodi ng the enzyne and protein from
the oub@ilde Inthensesepbiavention, thedsqpropitl gloohel Jehxdrgaenssd rlgrs g €eNstisl cel | by

uST NG Bl R 3 kil Ll%%lééa@eael@@ﬁ%gné&fd@m?&imm.%@%mm%@&ﬁsne

descri abové, or causing high expressions of an enzyne gene that the
host fcivcFnayhicaC @pinissippsdebshsernatidnabUgenafBisdheméefy (by).Bhhadedmdbnt of
the pronpter activity of the enzyne %ﬁrie or substitution with another
pr onotcatalyze a reaction of producing isopropyl alcohol from acetone. Examples of the enzyme
include those derived from bacteria of the genus Clostridium, such as Clostridium
beijerinckii.
[0032] As a gene of the isopropyl alcohol dehydrogenase to be introduced into the host
bacterium of the present invention, a DNA having the base sequence of a gene encoding the
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
9



[0048] In the present invention, Escherichia coil means Escherichia coli
that can be made to have the ability to produce isopropyl alcohol froma
pl ant-derived raw naterial by using a certain nmeans, regardl ess of whether
or not the Escherichia coli_originally has the abili to produce

i sopr sByhe gancomay be pessh a Ppiigimplefanmpds 1?‘"&9\?191@9%4‘3&‘1"?‘5 F‘@EM@]“W thg he
Escherj.chi B, 1 O WA ' s LB £9guced nmay
not h eieiml g@%&%‘}é@’ﬁ S%%ﬁ%?%?%éﬁgg?ro%ga\éﬁls Eﬁ'%(gnd ;3 bre1 any Escherichia
coi | t@¥asriaidnobsjdrivekii.nt roducti on or nodification of the respective genes.
The Escherichia coil pay pore preferably be Escherichia coil. to which
isppr([B%ﬂ&%é‘?ﬁﬂrﬁf%%‘é‘i‘t?% : "P@Fﬁnslr%%\‘és%@gqﬁs T%Wﬁﬁnmegam.s By

usi ng ﬁ?g&‘ﬂe%%m%@]eﬁ'aé @n@@dé code SORILEPY! 8 2B GARA orGRAd rdPRrRrehd Rty | v be
produced. Especially, according to the present invention, sucrose

assi mahinosioalif ithe Mtarsational Unjoaof BiodhemiEggH@ . Bhiand whidh datsdtzedoes not
have innate sucrose assimlation abjlity, ereby isopropyl al cohol can be
ef fi ci"8ry 0%?’696]138188 aF‘?tB?ﬁe%‘f:{f%g’eqce gﬁ%li %‘\é‘%'of the Escherichia coil that

does not haygaipRalee tRUGEP9e iRdeddhbad dd@ired ol BattarR G udedhb? strain, B
strain, Cstrain, and strains derived therefrom [0050] An exanple of such
i sopr dpyitridiugnisath oy Gasreidingn BeatWetylimansdi Jostrigdivan beikzsipe bp Jpacteria of the

al cohol - produci ng bacteyi um t.o.whi ch,acet oacelate decarbho kvity,
sopr G5y SPEBHER. UryaPeEAd S BARTG R B BedRPLLIM PR TI

t hi ol agFaRedlindlicyiuhpraudgen, batRaiatsf thesgenas Copriascaatablegia of thprgeduci ng

i sopropyl al cohol froma plant-derived raw material, and which js

descr ilxErimosoneshes Toaesrsonabiisrie tnd bastam of shaygams ds¢hst ichiaslk phg

i sopr %os)é%ler?lhgaohog{ according to the present invention includes producing

i sopr opy AEORGE from a sucrose-containing plant-derived raw material by
usi ng [Dbmtjabomesdhe HE Hidlesh angeapylo el ianbdiced irnd te gt ksednmni oftha coi | .
More specifjically, the nmethod includes aq%r ocess i H V\hdécg t he

abov e-RIessBt inkenfions s PRub javing thshase srayerrsi g eeae rsofingthe £614ransicRsg yght
into : 1 . j i ng = i AN [

Ul £ ur B B B T A s e o
a r esuhdt iofyritlesized based toniaskmoehl st edjuch@0F2he Fine, phuhe vskek | \Peelerable

material used in t ove-descri bed isopropyl al cohql. production t hod
oy DI R G5 DN FRPER R OHETCA R TE fEPORENE BN APtigen of

pl ant 4HepdNQE763Mimt fh 84 CIRBidilm R cRBLDABA LR riaR & thegerdusom a pl ant .
In the present invention, the plant-derived raw naterial refers to organs

such d®selpoissuchiaaRksebusinantestinabis smbeastsiun ebthe genus| fageq/dackeniymsaelgs pl ant

bodi i ncludi h |.ar d d Lt I
or gand “eaiip e P s BB i F I SERPCRES L ORGSR 08P ST

SOUT C ey ioRdkd QUGB Mo shihd Filice bt & badtériuin bf QBN gRATY s cRMEINN sEDUISC eS
obtained fromthe plant bodies, the plant organs, or deconpqgsition

pr odudissharfrdvaetli. [ADDDB} havieg tertsensegueread tharme dedvidiranahapicantder i ved
aw e eELRLTIATNENA] drh Badfirtilor B SLARTERMGFARFis r0BlcTerdtie ot BARY O

gl ucose; “frictose, xylose, and arabfnose, or &rbaceotis and 11 gneous pl ant
deconm@singitbdbae eeiehse of the gbhall@bed iyoah GYossaties acaabiryiddumbi Eftheddhiai ns

t he above i%gr edients in |arge amobunts, and conbi nations thereof The

car bor?o_éldﬁlp §“1F1W%Y?W§erﬁl?1§sent invention may further include vegetable

oi | - de[gbfyfﬂd Ig It%;[%:éeﬂt ﬁ%ﬁtfotj{ ﬂlea\;ﬁio‘ija%e rd0Q34h BRGIEAR F AXANR whicRErd NE

pl ant --derived r matertal n the present invention include agricultural

pr oducimsitiad s aszygreaiode nomber: 2r3. T8 bavddeat the sappiiedithe EnayarccGomemitsmatof

cotton, and the |jke, qr..cqnbi.nat] t hereof. The formthereof as.the raw
mat er itBf h]“’s‘nﬁ%n%pékf’infq%c%?? Tty 4133?*)%@ ‘ﬁﬁ%ﬁ %ﬁgzecar TFaEH Yy ‘gtodﬁ‘& WClgueezed
j Ui ce,,egoaldisitarh RoRAKEeR1 c8l the ike. Alternatively, the plant-derived

raw material” may be in a formthat consists of the carbon source al one.
[ 0055] | n t Hixaopleswd éhepmopme sncludrethossndegioed fromlssteriated thesggpiopy |

| cohal,- pr ¢ i Esgher.i.chi | i d t.-deri ved teri i
Genor S11P Y HEIESEY SOOI T eURPE s AP OHBT Y BT b RN o
col t idanRs E4HEMER o TR AW CABEHif cb¥E HabRriR bRiMe sP&ids VSl obdole rimh Hactia of 0056]

The density of contact between the plant-derived raw material and the
i sopr dby kerais dohgloep sustiusiZrgeiose hemiger. shecganus fraffupwich ap Cedug g@érdi ng on

he activity.of the isporopyl, alcohal: produci her.i chia co/i. |
gener dreictind B seeties BERURTYr bRRERST AT RN L B RN 87 e

culture nmedium may be such that the il@itial sugar concentration in terns
of glucose may be set to be 20% by nmass or lower relative to the total

mass of the mixture. Fromthe viewpoint of sugar tol erance of Escherichia
coli, the initial sugar concentration is preferably set to be 15% by nass




[ 0057] The content of the isopropyl alcohol-producing Escherichia coli in
the culture mediummay be varied with the kind and activity of Escherichia
coil, and the armount of a preculture bacterial liquid to be added when
starting cultivation may generally be set to be fromO0.1 to 30% by nass

r el at i Redyihizohéme [apoticem) bagtsre of dhrigenus fagme ueh)ay Regys vy veEcys: BaftH%d 10%
by mas j t . I qull . i } f i ng
oot tur D BEkGHS koD iy il il QR DY BRI Lo B SORAEOH o

t he i staptepipyof tld geahe Caploddarer sugh Bs Claeldbobicacesdeniurplyactreiaaf yhecgenusir e medi um
that includes a carbon source, ?} ni t.r ogen source, 'porgani c, ions, and

or gani ¥TePIHBEe L USSR DECPIRIR F4i co s Ractepiay Bhereniy, e igehiys Jugh Aequired by
m cr oo q 0 ; r

i ¢ oAy P BAHEEof BOREARMosH R s Mo RoMia BECHLSHREIS . and
nol as seserooogan suchasifgersasdtuaetalivar i ¢ acid, citric acid and succinic

aci d, al cohol s ch.ag net hanol ,, et hanol. an | ycerol.,., and the |ike
are u 696015 o B Ogglﬁf‘r T@é(g?seég S_ﬂiﬁfclﬁlﬁf:‘? o’ the %%d%ﬁﬁ%ﬁmﬁ‘l PGS ur ces
such 3AvaHtBaNs P)Wﬁé‘iﬂe?tﬁké Squédtelofadefe a{%ﬂﬂigliﬁé #0152 obB AN rén @a§, and

aqueous ammoni @, organic nitrogen sources such as protein hydrol ysates,
and t hd the dwvarlistadspdyme origragamsms wr ¢ exnthegzedd PN dequenes that iwagnesi um

ion, a osphat e ion, .a potassiumion,..an iron ipn nganese._ion, and
the | RBOEIECoBet L kRePa A e e ks oy Bl TPRAGARE SebPsp {1
t he naggssé h PNA BXERE (hé HaddbddiBencRIBf R StiedRrivaéBlofhebacicli@m @be yeast
extracts, peptone, corn steep liquor, casein deconposition products, and

ot her Slogiidétn seshtaaiCHosiridiam gestobweyliswings esiidinmdedetiseld. adagedunio trace
el ene L ) . . The;c i i . r

adar 11 DEee R BRERRR Sl pucherichl G HOERuTRE L TR AEh A 0. P

M Ccr oagrfiusiofabt petive Avegdiodasuchi 43 Aol yamigprd yiedscam® (rat/ss such ak Sallus
preferable to add an_appropriate anmount of, anttj -foam'g{g gent_in order to
suppr &uf.GehACHEELYS the SPesis g biumh @ Hinsofdhe pews ”%‘%’n’f%éﬂféﬁ’f’ssuf’fh t he
cul tur [ -nart.j "Nag | are
it (e CRE UL RS BObnipoh. LGB of HE D s S0th B naRL S o

The cWHatteriemnadhel pertus (hadideedch as Covadige eopictiis, avecieriom of shepgeabe Sabiugha
liquid B:edi u in consideration g,f A plicat 'bon 0 ibndust rial production.

[ 006.L]2SPHS 418/ DaSIRTURE FREeHS GBI BBYHaMED RO Ao e SPHEIY bl | ect ed i n
the stt@ridh d8hOGerils SHeb¥BGcdstueh B XhehiEm@k bbiiAls, AfbabBBuG Wity &oedi UM
and the plant-derrved raw material, or in the state of being dissolved in
a t r apddintivissnch dx Behiaries\dnewpo b bacteoimad plag genve Roasghe@s Boestirvn orat i o.

Th | utd f I ' I h |
or i RER i RATD AGrouiu R Ry PheaRp T o DR B e B8 e

pref ersafhehc¥ot Bie.gehd BérivekifEdin ¥ Obhatbiil oF @i @iiud Vi Fen e atbaeteAdm of the
by- products during production of isopropyl. alcohol and isopropyl alcohol

can edshiyEwdesepdismers Presestht aad sfDNAdagipe tachase seqvenssrf thhigingde t he

nmet ho e i bed; in. 7 .of. ) of
appar ﬁeﬁgi@ﬁg@pﬁog@ﬁa@ % %9‘?4{@39'?%‘%’;)‘? opy| wé%%ﬁ%?ggﬂ}gécm{ mé@n%at%heéd i n which
i sopr gpgi7]alcabed themn fiom o viewgload of Bntyne: sitiaite, iofs phefenpledhsisativefithen t he
trap solution or the mxture is the_produyction aggarat us shown in Fig. 1

of WO lowddrdoaiznyypa i @zyme derived fram; gy deast ngipeiertsd ligpp e &I, an

o o o et e e B B 8 propy
al cohdacteriothusdithe gdras tFechariohand Ih pertiphlanta chse inveldch dw avetbecdtat , t her eby
enabl id?agmbgg;lgstei a?l tltle? isglg]r%p}gluallgo%%?d%%i’oug@nase are derived from a bacterium or

bacteria of the genus Clostridium, and the CoA transferase activity and the thiolase activity

~ are derived from a bacterium or bacteria of the genus Escherichia, and a case in which the

four kinds of enzyme are all derived from a bacterium or bacteria of the genus Clostridium,

are more preferable.

[0038] In particular, from the viewpoint of the enzyme activity, it is preferable that each of

the four kinds of enzyme in the present invention is derived from any of Clostridium
11



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 liquid that
has noved to the trap tank contacts the trap solution, and bubbling

occurs. . As result, . isopro | cohol ,.. whi.ch h e roduced in
the culcePEMigH %@Sﬂ@’?w %Wﬁ%ﬁ%ﬁi%ﬂ%ﬂ e %Of&va%%ﬁﬂﬁﬁ’eﬂwg ue to
aer at i QPoa@ife HBUSHERBIsE Vs SPRBY AL Qi E LM NS0 Skt Bc Bk HRmdERhI0F

trapped in the trap Solution in the trap tank As a result, isopropyl
al cohdhe €aA tiasforasd aud thejthiolaseriy an grayingidedvet &om Glpsteidisimasetobapidicum or

ti . 3 NPLES [,006 i naft er | es .0f 4 4D t
vent G G apT ROy AR h BB St e CREHPBe b i the
descr i @¥biPium BeijdrS:chRS e r@gbrmmemﬁdmmm@,q)a&mwﬁ R eferdh0g @]

[ Exanpl e 1] (Construction of Expression Vector for Thiol ase Gene Derived
f r om Esetestah decabyixy lasCantivityan d¢rdyeddeoncd des maiumeagidbrovic s che isoetipal col |

Acet oacet a carboxyl ase Gene Y from Bact eri ptm

Cl ost rf’i‘f(i?ﬁlﬁtﬁ?e]ﬁ?g{)o&?%)sﬁ%cAYlﬁoﬁ&erlﬁlﬁ%%%gﬁgs leuntg&ee%l%g}réf’\?g% tkf%??)é# Bacterium
of GenumsfehRs hetidiyldid tadthidlaseaictiai e alcaleeive® frowelkche ik sdll €foncthiea Ccoi |
0157, and Transformant with the Expression Vector) The am no acid
sequenta¥pant effhoemmedectidétheri chi a coli and CoA transferase of
Escherjghi,a i i | : ve al ready
been 1B B B e R e o o L B o e ot
23241 Jscharichd2 bl prafbrablyetheehecncoling thohdctddctbiblestrbakylagethoens equence

regi stered wi.th GenBank accessi on nunber U00096. In addition he CoA
t r ansfeBFedBe BisdernreRy] &lé?ﬁg"]i D ORF TSR a1 (1254 Misgdihs (bamisrans Tléf%‘f %6

Escherg cf@qtQd bgi\ég}é@o tgﬂlﬁéﬁd%ﬂ%ﬁ@ CHAAHBRETBAGVIRNGM tBOBYRasel 0065] The

pronoter sequenc an Escherichia co/i-derived glyceral dehyde
3- phospheiteard @hyednclgena sendrhergenesihttes hes dst/hermiegiaralicfromdh¢ viewpo@APDH)

that is described at 397 to 440 in the base sequence information of
GenBaﬁﬁe QBB@QE?%?P%HWZ‘PC%?%%%me be used as the base sequence of a

pr onDi[H4()e §L ARA¥sehPinvEXRIE &S 1B of TENRPichLABER) whithahél 8lizyn fkayn the
GAPDH pronoter, anplification by a PCR nethod was carried out using the

genoniiovdbial with Bsirediction af dopropyizled®] 8¢ endianceddo graduppisap@pahcahsl ig

Cocoodar bA A PEnes M BAay At e it RO, ocut tant owa

f r agmgpb4 Ma s hdige s pehotrlin theivl ntivinl rody BNy smbitte kha Dbabghlt of as a resul t
of which a DNA fragnment of about 100 bp corresponding to the GAPDH
pr onotcentrolisg dhst expression Pha gept Hpeamnaygahe pbeyvespesa d DRISRBGPIRIMOCT 09 agment

bt ai i | . ] ; i 3 1749
wth requerhOERide 8 Bh BRI e B I RAGAREA. Al SATRRE nll 24
| i gat edsdepiiblg tardprgaina of Ehaesddit eren ia tleqnpebendt gaddseof Sfesifiverdaniples col i

DH5a strain (DNA-903: Toyobo Co., Ltd.) was transformed with.the ligation
pr oducheregtinclyde thegpmeichA gltyﬁ%"ﬁldﬁ%%'%ﬁh%ﬁﬁ’hﬁ% aém?O%ﬂnaie\é%her&ma Wy s0

09/ L appi.gid Ad ARSI | B8 hotel 38 sQeAlyagsk kiR Ma¥asagul tured overni ght
at 37¢In g'rtld %B@ i qul gﬂrrtrlgédﬁ:cmoceont g.l ni ng}JaSO gg/ L anpi %i l1in, a plasmd
was recover diefpranvtehm thaptaentahvandibh sneabs arazeeh toawdch én Rdlé\ pdyrheraped t hat

t he GAPDH pr onot er S properly inserted. The plasm naned ,pBRgapP.
| 006 7 M eg s (a5t gl sty BPeonaaanyar hmasakydRE
ampl i i SRR RBYiPeoIGRIERE DA at Bk e BRI 38440 (HS bAG sbhRnEEHBIThAtIBNOS Of
Clostridiumbeijerinckii NRRL B-593 as a tenplate and using

aat at déaBaok gotegtiamonnhergddHWgt t t t gcaat gctagg (SEQ I D NO 3) and
t t {tat aat at t actgat te.(SEQ | D 4) .. T . | t ant
o A e el SRS AR AL B ARSh Tt oS b B SRR

resul tdeﬁized\ﬂb&m@neﬂf@@@E&Q)&buﬁbﬁDﬁg@bn defivdsaoaiRat EstARUARIYolidh dabeder 1. 1
kbp was obtai ned. The obtai ned fragnent was m xed with a fragnent

obt ai rmdatady athAyeodiataB Ueemst el BangtariplogyeYsdy K9 nreRgabbawiee fallussiepkias.idhn

enzynmes. Sphl _and BanHl, and t ] j i a
1 gnodt) TP Wbres i it ChX fiuRETREIS aliF i chjoHRh Bphe o, B
( DNA- 98dultateyeddp céitrollel e modiBisnd thapsdrasteedf mbDh the |igation product, and

a transformant that grew on_an LB agar plate containing 50 gg/m.

anpi cillin \thl%‘b@bﬁhﬁé@VqWé%Blea@Qnga%?@Fﬁ qedivige pad Bighiglse ey fght  at
37C | Mg : ar’ G0 s AT CL AL i | ASHid was
r ecov&b@%nﬁ%?ﬁ%@@%@ﬁ &eg%%%?e IHS?)ISQ %%?ﬁe@?gglﬁ’gp%grp? %Aﬂ/g]lsah%c}ﬁ? Ir rregmteﬁat t he
i sopropyl al cohol dehydrogenase was pd2operly inserted. The plasm d was
naned pGAP- | PAdh. In order to obtain the Escherichia co/i-derived

t hi ol ase gene, anplification by a PCR nethod was carried out using the
genom ¢ DNA of Escherichia coli M3L655 strain as a tenplate and using




[0068] In order to obtain an Escherichia co/i-derived CoA transferase a
subunit gene, anplification by a PCR nethod was carried out using the
genom ¢ DNA of Escherichia coli M5 1655 strain as a tenplate and using

ct ct agagct.ggt ggaacat at gaaaacaaaat t gat,gacat t.acaagac EQ I D NQ .7)., and
e RO R B o B B P R R R oo 4 o
DNA f ragpRbn WaBotH ASFhE Bert¥s b dnbF hohlodt, BHRWARSie¥Baint 8Rcbtiihid | |, as a
result of which a CoA transferase a subunit fragnment of about 600 bp was

obt ai rrefficidiésopbipgi alsdhadeoductigmabilityna dixampdas ofithdprampiclgnbhusedbe ardsed by

di gest,ing, t he .orevjously-prepated pl.asm P-.] PAdh-.at,oB,.wi th_r iction
sy 2 SSAneE Sl C R B FERER oS P S GRS gt Ll 58BN, &

| i gasepscAhesrgatsieleri®d@APPIERon®&r! of Escherichia coli DHS5a strain
(DNA-903: Toyobo Co., Ltd.) was transformed with the ligation product, and
a trarl§p4i] actiwity of basesnzames B thg arespitdpeention maydiergordded b/ nL of

anpi ci.llin was.obtained. Th i | oni .y i ght at
376 1 ekl S s P AR R el e B A s

r ecov efaetrihl @M by hightepicadion of the cobingd fads tian theiiosviastegiont hasmadtst hat t he
CoA transferase a subunit gene was properly inserted. Th | asm d was
nanmed g5APe bpAahaseRpLtRidhs proprdg achyity plethe epsyeg gdes Pbﬂ@ﬁ&&ﬁﬂn ¥pth
Escheraing{hiﬁﬁ]ar%% s derived CoA transferase p subunit gene, anplification by
a PCR nethod was carried out using the genom c DNA of Escherichia coil
MGL6550844]aiTheadstradvcdopbfithe cangmeisitivity can be catried out by, for example,

aagt et.cgagct ggt ggaacat at ggat gcgaaacaacgt at t SEQ I D r 9) and .
ggccadBEPTUHCHIEAASE Eelke CBES 1?@@6(%?%% 231G .ff(Oﬁ*ht_Se ouisiiedthe G} SBhent
vas di Gesd ekt Whdidhifif $ieb i iniBe 8PAY MRSeriifel1aRfhetd RELHd rec@BbRati@sul t Of

which a CoA transferase 13 subunit fragnment of "about 600 bp was obtai ned.
The obiecinipd. DNArd, tegemepme\gasestobe dntvidukedimby hgverspealbt ar heldrobpectligiost i ng

t he prevjousl.y-pr.epare asm d pGAP: | PAdh-at QBR-atoD with restriction
A e A R e L A S R

| i gasqperdIRHERAHOS! the JuBRIMEBNback@lal cAf inks BReAJiEdRNE Bdli, thd-Eleavabe ad

( DNA- 903: Tof\-/lgbo Co., Ltd.) was transformed with the |igation product, and

a t r adigatemahbNAsatranpiemasionaPCRBPelymerase Shaindtascaem; tg dsggyan
anpi ci | | in.was..aobt.ai ned. .Th tai ned c ' re.C r .ni.ght at
37 ¢ vt P g A Ak o RS e e bl R bR 2

r ecov en@Bodsrvdll-khewh acthesd alillaehltse st aflined malndisiate dasribaiihj fofrechrhpia; t he
CoA transferase {3 subuni t. gene vvasbl%roperl i nserted. The plp%f(géd,was

naned S5eAroqkpAdiL at-o BMaleeant waing Aytrporatory Nk hseeond Bditienje BB n

Escheryir chi | StilgabN- deri ved cscA, anplification by a PCR nmet hod
was cﬂ#?%lg‘ao%ﬁ%dt%&]lﬁéssf i}lggggnon‘i c DNA of Escherichia coli 0157 strain as a

t enpl d04Jndhescog dehgtinggaacat airfadignaahettt ghthibgatsgis¢dSbdht prebidt 11) and
ttaacccagttgcc tgc (SEQ ID NO 12). The resultant f r agnent
phosprBigtiat e des tiodhelioh i ey g racsioe pr B orsBegn e el 8 oqy
of whig %@h(ﬁ?ﬁ&t&%@ Hﬁﬂrtheqilsiﬁpgflihe%ﬁZt@ﬁQR:eﬂ@&@&}tﬁéﬂﬁQudéEﬁﬁgl@&Eﬁéé@% DNA
fragnent was m xed wth a fragnent obtained by digesting the

pr evi afshgapmepgeredypGhRadeRrdhetthe Bran @B ativAy wl a cazynesgent diat the hoszyne
Hindl L1, f.ollowed by conversion to.blunt termnal.s usjng T4

ol y mipSH I R ge B B Pgirober BrarteEppRrE AR abbeine
phosphabfse In RSBk RvERAGTER SschBi@id EaIatRIhidB eRfmie dJiGRS Bas BreRONMpPEt ent
cel | of Escherichia colt DH5a strain (DNA-903: Toyobo Co., Ltd.) was

t r ans fimpamsetl xefarh to Reheiigsvicofi tpwbibhdhe engyeeactivianBisdraep mpartedtirgm dw on an

LB agar at.e, containi 50 agl/ pcillin s _obt ai ned. pl 1 d was
oo e PR o e T P b i Qe B8 R BIAR Prcod? SR E B
3' - endesghdechid colhanGAprbdwded ueing SendiBod Uk i dxa@phe indgutingateedse to the

5' -end side of cscA, and that cSscA was 1?erl y inserted. The plasm d was

! S Pro !
named epcing hsenzare Brdpwiriafiom deeatside of the bagigsiale¢lbinio Hie ipsidadithe nj a
colt Q157 .S il . J nsti f . Materi al s and
Meas u(r)beEl rf(gﬁ%lsgeﬁ\[{%h"ig?‘ﬁé E%Je(%lgg&eéog?%ﬁ%%bat%%g%e% (ejtg%ié@%‘?a 0g’edec ar boxyl ase
gene, [a0pi]i fih datprodenbinventRER FvEichediowadd of avliitlethe entynusaanyity ieerdendaai ¢ DNA
of Clostridiumacetobutylicum ATCC824 as .a tenplate and using
caggt delercedaemichéntal of Vhish Jirarguag nahtibala s8Ransed Bya cesrmnethado 13) and
gcggat t ﬁ\g&a . A=} ): . nt DNA
frag nesﬁllﬁhmﬂggﬁetél?cggg% e \ﬁm%%%&%@tg% P%:ltﬁg g?ln enzyr?égarggﬁlnﬁlghlg trégﬁlllﬁg,eé géﬁeg result
of which an acetoacet ate decar boxyl adé fragnent of about 700 bp was
obt ai ned. The obtai ned DNA fragnment was m xed with a fragnment obtai ned by
di gesting the previously-prepared plasm d pGAP-1 PAdh- at oB- at oD- at 0A- cscA
with restriction enzynes Kpnl and BanHl, and the m xed fragnents were



in Fig. 1 of the WD 2009/ 008377 panphlet. The culture tank used was a tank
havi ng a capacity of 3 L and the trap tank used was a tank having a
capacity of 10 L. The culture tank, the trap tank, the injection pipe, the

connection pipe, and the discharge pipe were all nade of gl.ass. |Into the
trap toasRdingdiceqnzzmie angd pryeis dog 819&%%@%@ e bagtgrigl ﬁeléwf%%uml WPt eL was

i nj ect thet he cul ture
i qU| %?tﬁg%ﬁ%éﬁ%’ '%)S%gfe é%l ng gﬁ ggndéﬂ ctrgceoﬁr%l?ﬁﬁogetéuhﬂﬁg %I scharged to
out si dizséritedaibbielioe chainig higls egppesapisiofibe enfydi/Sne Aisat (tiiedtmst Extrerickieoli
pGAP- | aaa- cScA/ B straln obt e n Exa le 1 was inocul ted into an

Er | enrR9yeesesondhe gerpmgth sree eqﬂwcwe% they Pramgtes BHEAYA ﬁlge IEYRE 56R€ an LB
Br ot h’or%ﬂﬂtﬁﬁtlcgwﬁqr'ﬁﬁothé PbflofePi f co 244620) containing 50 jig/nl

anpicillin tured overnight at a culture tenperature of 35C while
stirri[Agd&dt a2 prpsant Fventeon, Emﬁeambmdnfle&rhisdm&cbr@dlzlthatlcdn\baslade to

transferred into a culture tank ac of 3 | t
appar ahaugqﬁl\ﬂi’ RIS APERY i@l%g@oapﬁﬁ HYHélrlgﬂ?S g of

a cul tpgintREind %Qﬁ‘&le@goﬁ WEethQ! drot 18 KenBHasis edszngmdlyvm ity b ed
The Cultivation was carried out at an aeration anmpunt of 1.5 L/mn,

sti rripmgduspessprayl 8B0holdmm a pbunt-derieed rampmgigtigh e of 35C, and pH of 7. 0

dj | t d t .
Cacr odaoa e bR B e h W e LEPRYS ek Bes i RS Riro st ol g ¢ e
peri othalé pdbidpe] hIBbRd] prddeBtied aBiliey, sad inhy Bk kBN Kbheickiaebh tiak bRswE e
initiation of the cultivation, and, thereafter, the addition of the 40

wt / wt 9esedichige onmedtisgtienp U sespagitveeenes.ed out at a flow rate of 15

g/ L/ hour. Tbﬁae@% ;leergcih?c{r%/ogfl!r%ﬂ h%a%] Eérglglg%? :ﬁs * 91 cé})% tg QHfich ﬁé}%@%{/ﬂ he

initiation of the cu SV\BI’E renov

cent ridldohal progestisn ability Thebeafitnpbrted headvameent B3fusirgomth Bythedichiaholi,
accurrul ated in the resultant culture super nat an asured by HPLC

accor dFaRgoRyd alsrhel @n ety chrpadly bejrmpduse (0@?&?6@51%.9{9&0 200 e presak di um

Corn %ﬁ'% 0 g/ L
Fezsol TBek SBhe STERARAUIIRG < pUPBRGT O OPie AR Bilgt ot
[88)375 fmgitd:.sd@l:‘s@/ﬁ&@nilhﬁiﬁ &)i(it&dwlhare?p i @ratyl ahyhol(ﬁalﬁbgbﬁ';c(eﬁﬁg prcefm:ed vvat er )
aresult, a 0 af ter initiation of the cultivation
accumﬁ‘)ért1 PYAOSF é"@m@;@ﬁ ogfh %6%‘? %{L%ﬁg‘i’“\ﬁé’ %V(S’r’rf“ilq‘?‘rﬁ'ﬁms?ﬁe n;gs:J?ed
val ue absﬁnﬁliaﬁ&ﬁrhﬁw ineluasRY QtsﬁainnBtsﬁalrpw ditdif ahd GhHifs @Rl RRrdftaR. water (6

L) after the cultivation.
[0050] An example of such isopropyl alcohol-producing Escherichia coli is an isopropyl
alcohol-producing bacterium to which acetoacetate decarboxylase activity, isopropyl alcohol
dehydrogenase activity, CoA transferase activity, and thiolase activity have been imparted so
as to be capable of producing isopropyl alcohol from a plant-derived raw material, and which
is described in WO 2009/008377 pamphlet.
[0051] A method for producing isopropyl alcohol according to the present invention includes
producing isopropyl alcohol from a sucrose-containing plant-derived raw material by using
the above-described isopropyl alcohol-producing Escherichia coli. More specifically, the
method includes a process in which the above-described isopropyl alcohol-producing
Escherichia coli is brought into contact with a sucrose-containing plant-derived raw material
and cultured, and a collection process in which isopropyl alcohol generated as a result of the
contact is collected.
[0052] The plant-derived raw material used in the above-described isopropyl alcohol
production method may be, without particular limitation, any sucrose-containing

plant-derived raw material that is a carbon source obtained from a plant.  In the present

invention, the plant-derived raw material refers to organs such as roots, stalks, stems,
14



The results denonstrated that the introduction of cscA from anong the
sucrose non-PTS gene group resulted in deconposition of sucrose, and

gl ucose and fructose, which are deconposition products, were quickly
incorporated into the cells, and converted to isopropyl alcohol. [0076]

[ Exanplirancdies, leaves, floprest aad sendsaplanidwdics pialuding Beatlant pEdns #fose was t est ed

in a case in.whi r i r d

at o) BngmaCyih Fedhig oE BT RS Y BRI AR RO AL A BT
coi | viergedabhasrbedsoridds dytoherdafarsdnzedipingtduttivation frempdracty drbengidenas
reduced by ligating only an acetoacetate decarboxyl as ene, Fn i sopropyl
al cohabiaider, Hpwghnnkaat byies, theidant organs.pridgeomposdipngrodictoiherest-pe

intro ) ( : | el I | B
st ai roCeor s s RN P uch o e RURE i ARCERE RELCAN Akl e
genom tesiddidsulrosesatparsisabh as staich, dMicdsé Shudbdseakyloses akhambinOGe nBherkadouessi on
nunmber UO00096), .and the base sequence of a ﬂgﬂpe gherei after. sonet.i nes
abbr evAndiligdeeus RIH Bpeampas iy aductyonssAvioss firalyaales. sad g whiph ggntains
Escherih¢ 9%& Ciﬁ%ﬂedi'é’ﬁ% @éérgé ArbihcD 38 RbRGiMAREH: theRef. t Sthe RRRGI sblnedd Inkthe at 0D

i s descri eg at 2321469 1o 2322131 of the Escherichia coil Mil655 strain
genongreequimmerionagas fuethedineludh vegetBaa kilakvssbglyeeriuotfetty 6d996. [ 0078]

The pr er.s nce of an Escherichia coil-derived gl yceral dehyde

3 phodBitle PR e Rl S ar SR o d st aiared in B el 6 Sapory

t hat iigcides gsiddRtralbroddis s@cifi4loralh, bHR, RAS SyIREQ YSMHREn, IsUEatARL bed, &hton,
GenBank accessi on nunber X02662 may be used as the base_sequence of a

pr onotasd thelks oacymbioatiansghersef. ng hetferng dieeent as thegawenatersal gpmeti n t he GAPDH
pronoter .. .anplification by a PCR nethqd was car.ri i . om ¢
P o PRIERAD ki b Phappae Bt PRI lBef KL etk Bl b fiedRR
cgct comlidrimaatyg dicl Hagaraaéd £RgmaiERl nky NPin 4 Bjrmahsk consists of the carbon
acagaattcgctatttgttagt gaataaaagg (SEQ ID NO 16). The resultant DNA

f r agmesAtroRabongi gested with restriction enzymes Mel and EcoRl, as a result

of whi f i D, ter was

obt a 1205l e o AARER b P Setrack BT RAER CHEPEINORE BT 1024 by
di gesthsagerachih asdiviud ppIaiisddrived Bavw kn et $sgemaratly micele bX@2ABA)g thietiopropyl
restriction enzyne EcORlI foll owed by al kali ne phaosphat ase tr.eat nent, and
the miskedol-pagnene Esoler €hia whiad Wﬁcﬁmngcaggum E&@iﬁfﬁ@?l}@t ©3hpet ent
cel | qf,Esgherichia coil DHSa strain (DNA-903: Toyobo Co., Ltd.) was

transforned with the ligation product, and a transformant that grew on an
LB agdfofd]atkheaientiti oficogtabObaygter thambantidetived mesnabtialiand the iFepropf! t he

bt ai ned, col oni i ndi vi dual | tured.at 37C i ght . | LB
i qui uoRaDRRUORE iens e o b PP o B RS B0l oa,
and plAsiRoAprddneif: WhkAN; chRec SFAPR cBRQAD IR IcoNBLrARin Stthe Blant-ubereddhgest ed

I
with 22 restrictron enzynmes EcoRl" and Kpnl were selected. Further, the
DNA sguateridds theramltorst modipe mmebk suth thaidhainyiah sygad correppteon nHemGARDH

LY, d P P i ned
G gestudti Y S pbe BB it e R R e R ool BB OB or £, 1

or der HremGhé ficipain® B sapldlérasdd o fakchyrichiPEd%, et inhid] wagr cadceheglionut usi ng
t he genom ¢ DNA of Escherichia coil M3L655 strain as a tenplate and using
cgaat tregferabl il it 6 G anass aa lowarg aOiies sewpensatsdeay wpedded impsual 7)  and
geggt t s NQ -118) . T :ant DNA fragnent
nas ar S H IR AIRIEN ARER RN purhiRat FRHAAL I of " oh
an at qDosTjagmenbneht alibeisopRQybal colas-pobduaingelthchdiivdi DN frtagowintre was mi xed
with the_pUCgapP, which _had previ.ously been di_&est e[d wWith restri ﬁti on

enzy nmdBediBmmRayabrovaksA Withatie kideand; acBuity phigtrértic qer’e and (g ¥ROYL R a

| i gas "iht?f A I : oG ' nal N

( DNA- 336?30 : oe%%g&ir&)].@ﬂﬁ? (gg Bﬁ}tg f@gnss%?%eaghﬁt%oﬁ%%egﬁeg% i o%et;groot%uct , and
a tr arsdmOntetot30thay myseniaive am tHeBoliger liquid taed comefzirablnget 5@beifrginn_to
anpicillin was obtained. | asm.d was_ recovered.fromthe hacterial cells
b & it Pyt s Lo irenl B e FOR: B PO GpET TP RSB EEs . The

pl asm g ghfai ned was named pGAPat oD. The Escherichia coil M3L655
strain 1s available fromthe American Type Culture Collection. [0080] As
descr i[pei8labiheeplttirenditise ts bguenk®r ofltut obxhiensaphepyd eleohdleprOiving

Escherjchi a ,coil  MGL655 strain has al.so.been reported. PCR.was carried out
ot g e o AT EKRC AP EBHE FIeERT 1 e s 4 SR80 e, Sau ik e,
and using gctetagat gctgaaatccactagtetitsgtc (SEQ ID NO 19) and

tact gcanttccagcaccttatcaacc (SEQ I D NO 20) prepared based on the gene
information of a near-5" region of atoD of Escherichia coil M3l655 strain,
as a result of which a DNA fragnent of about 1.1 kbp was anplifi ed.



[0081] In addition, PCR was carried out using the previously-prepared
expressi on vector pGAPatoD as a tenpl ate and using

ggt ct agagcaat gatt gacacgattccg (SEQ I D NO 21) prepared based on the
sequence information of the PDH prompt er, of . Escheri chi g coi l. 655
st rai INYBANE pRNSpaRdrganje trapeglpmenis; nuciein pcids, Mitgmps ang %Wla[?eﬁ@q‘g nce

i nfor i : ) o} B@JPQQ Aline,AS a result of

whi chr@%%‘g@f}%@gﬁ@%g%%ﬁgg%%ﬁﬂ ”%g’é’@}%‘g’ aﬂ\}l ng t%g%le%i[l)ﬁugl?'onot er and atoD
was ol0as¥eBes]ded8RrosEhaughrsaguieng gluoticafrnetdscabod molussas, diggs ieids wichh
restriction. enzynes, Pst] and Xbal,.and, Xbal .and.Kpnl, respectively. The

di ges A MALG oM Gt AR kiR opd gl Sghe mitens] Slrpeithg

t enperald4r Q- SRNSE kY Gralls8s At chrBdd SResek a(s(q;‘)go )%’[e@CQﬁﬁ RO EouR19610)

[ Hahi ot o- Got oh, T., Gene, 241, 185-1901 ( ] with Pstl and Kpnl, and
t he mnisxeldas orggme atenanyre shlitsy atoeghnicammoniuni sfis camDpBia 295, eail AqUepys

transfornmed with.the ligation roduct . an transftqrmant that, grew at
30 ort poiie e pitaes? Suehih 6 o i RrroBatee anp fTor’ Ral Bhr ai ned.
The ol@bRBdotREONY ap@dphstt! UAGE SR iBhla flosgiife ioh, @Potaki@fadn, phat e
contai ning 10 ug/ ml chl oranpheni col, and a plasm d was recovered fromthe
bact eritoslion.ed ingngsnese inncdindbe heg arehised S0NPIEBLSHPRS AS IDRTATISBOB) was
transfornmed w t. %hhe obt.ai ned plasm d, and was cul tured overnight at 30C
in an af%)r}gzé%cre“ﬁlf 3ng%er§§1§f'ni ng 10 pem chl oranphenicol, and a transfornant
was oljp@éole ditahlifs, bt aedk, ahdneflkcnaml yeassextaas, eptond, dofit stegnlidubragar

pl ate containing 10 jig/m of_ chlorapphenicol, and cultured gverni ght at

! g )
30C. TAEiR deqommgitivagreducks ardothersowhich septaliey BypHIdnign Aeidg e Bedgar
pl ate t N 1tol npheni col, and were cultured at 42C, and
col Oniﬂ%@%@%@%&@%@?f}%ﬁﬁa% I?ég‘?'ned colonies were cultured at 30C for 2
hours in an ThB cultauimedimdinuy indude otteaadditig: @mppntnts) soth es artibdotapphaed

onto an LB agar  plate not containin n antibiotic, as result of which
ol onezuRY DRt REPECUBYa Y DB PR RO BNt afes
col On'p?éfera%féoto%ﬁh%ﬂ'ag‘?rg}ﬁgét? A RNHOSE MtiPfoa kSt dRnt BRRNered sWPr&S lf(\lﬁﬁintg hen

grown i n an LB agar ree of antibiotic and an LB agar plate
cont aidaring ré&@tipendlochinemtpokthessaiompontns anthlkenitersimesiymiatd 8aé ¢l ones wer e

7o o, S 05, SORBTRERAR PR She HOEGTSER) TR ion

anpl i fgredemricRiFsoiand a strain in which an atoD pronoter regi on was

repl aced by the GAPDH pronoter was selected. Then, a clone satisfying the
above condi Thoadturamedumetd baused énthei reeicat iegention is pressrablyad muirbmetliza,
GAPp- at oD gengne- i / radn. . . The Escherichia coli B strain
(ATCCi]_lLﬁ &lr%loanv%ia%ﬁ%‘%ag%ﬁ%ﬁﬁuﬁga%ﬂ%gﬁ Type Culture Collection, which
i s a haod |ofin @Rl frEsentrinethod) igabpyimlcohotlisgreresbly Q0BdEd ibtta spkeofAiking
(Construction of Expression Vector for Acet oa&et te Decar boxyl as? Gene
Der i vékissphigthipa grisiurasalronaiihacuivgs Mef i, prding P %Sﬁﬂb‘ﬁ%ra‘}m%ﬂ@ > Of

Dehydr. i - f i el and

T S RARIGRE o Billy PRLIVEEIn d ) SRS KidH b ViR Eb ARpi bkl

decar koRydtmneaidd. allaeipesolwtionahay be fogesxasmpll, es braadicuolveat diebas idhecheat
GenBank accessji on nunber Mb5392 and . an isopropyl. al.cohal .dehydroggnase

t her e®F _difge @STLQFIP% Pt WlRRa ikNaRE: thew, tFﬁ?r%ﬁFmﬂliﬁBr?%éﬁbﬂ? “%96_1” ‘gl%i‘ n order
to obtafin, {f&gﬁre%agfaﬁﬁa(dn@&l@&%d Mwﬁroagaga&@%%gﬁgam@mﬂﬁdp%tyl oy a PCR

met hod was carried out using the génom c DNA ostridium béijerinckii
NRRL Bn8$®paspyhalcelgican easliydbewsspargted. Examples of the collection method include

AATAT T GGAACAT GCAA AGG (SEQ ID NO 3 d
gegga%@%ﬁ%@gﬁ%ﬁ-@mépgfﬁn@ EQ | D( NO 22). The) rggul tant DNA
fr agngpie e Pbaasieor éﬂplbﬁfﬁs% ﬁggjlﬁzhi)l@'i‘o eHezYspRSpyPRltbhal o Raiibh melifodanr esul t

of which “an isopropyl "al cohol dehydrogenase fragnent of about 1.1 kbp was
obt ai rvddch ishpropist aiehed coNg ¢alkegivd i theesdateriok baingvilissoleedf indbgrean sAdpficl ¢fed by

di ti .t he . i l.y- | .d pB 1 i cit i
Sph dhrhetaitG U S PR BB RDS SRR POhg. PEFFRE DM dhayagbfibl o0 °" Y S
Thereafter, 12t @iigioh apparhtuefanBaoa6h pil'%b'b @l)ﬁﬁjebt_i@'@gaﬁﬁcﬁrﬁioms(d@l‘ﬁﬁc 903:

e |

Toyobo Co., Ltd.) was transfornmed with t ation product, and a
t r ansfapparatvs it epnmeefedio veriame Bk dbgicoplaisdhevntuz medgroocydmgthemicil lin

bt ai 1T bt, ai- } . . j i LB
e R T PR 5 Bl BBl 1B

fromthe bacterial cells obtained, ar# it was confirned that the |PAdh was
properly inserted. The plasm d was named pGAP-1 PAdh. [0085] In order to
obtain the acetoacetate decarboxyl ase gene, anplification by a PCR net hod
was carried out using the genom c DNA of C ostridiumacetobutylicum



The C ostridium acetobutylicum ATCC824 and the Escherichia coli B strain
are avail able fromthe Anerican Type Culture Collection, which is a bank
of cells, mcroorgani snms, and genes. The C ostridiumbeijerinckii NRRL
B-593 is avail able fromthe VIT Culture Collection, which is a bank of

cel |'s agFilon;te tsorWF WR¥IUM: 0087] [ Exanpl e 5] (Construction of Expression
Vect or Aceto I i : i f. Genus
Clostridi umﬁﬁg%gérnggﬁcé% %ét?%&ﬁ%@%g%ﬁ%éﬁéﬁ%@&%ﬂi&?i ve er!rigamﬂleBact erium
of Cenudtufd sk viadi compectivd pipe erd gseorGamid (hat hasedoved donttiescipaanlcénngactol |
0157, and Tralnsf or r’rgﬁJ inth t he Expression Vector) The entire base
sequert@e T3P selEoRnd B RblRgOCSHSEScheri chia coil 0157 strain is known
(GenBank access il &Sy ARSI thlch BRBeLDBroRAGE if BRSNS @hk By 9ene
(hereinafter sonetinmes abbreviated to cscA) that encodes the iInvertase of
t he Esuiigvdtiohiuadegcietation 53 esapoaited Has toedesioneanl thepenasily depagpet frbinghe | v,
cscA is.descri.bed at. 3274383 to,6 3275816 of ,the Escher,i chia,coli 0157

st rai FUgEHOHE S8y A% ’ég‘aPB‘g‘?@ttb? gBPWS'P O%%SHQPEB’%%&S&H@%WSPTORE 05174.
[ 0088]a1ddhoPEAlEbe frodedtian B ntsts furiBePhthiclif alsirAfle BYd softeion®hhatrwas carri ed
out using the genom c DNA of Escherichia coil 0157 strain as a tenplate
and usi ng ATGGTACCGCTGGTGGAACATATGACGCAATCTCGATTGCATG (SEQ I D NO 25) and
CGAATTCTTAACCCAGT TGCCAGAGTGC (SEQE#QI\%% %6). The resultant DNA fragnent
was digested with restriction enzyfmes p% and EcoRI, as a result of which

a CcscA0b63g miktinefterabQuipldsdolGhdprev@s iplhebi ed. deddtbeDNA tHedigv@itionWasotm xed
with a fragnent obtained by di géag,t-i ng the pGAP-la, which had _previously
been pf barety  Brdhgoiescraptiang e’y besgd op Anape Balgss gtherwisgespgeiitdbacet at e

decar derived fromthe bacteriumof the genus C ostridi um and
the i 3@%%3??“%?@?#\0| dehydr ogenase gene derived fromthe bacteriumof the

genus (Coasitudiidh oMExpiékdidh Ve o Thivtase e eRriked fromnkkckaodlia CalidCoAe m xed
fragments were |igated usi n%a Iigase. Thereafter, a conpetent cell of
S

Es c herframsferagopenepeavestiram ds¢/pris20Ge /i Pplisectas Decpibgxylasgfgene Idgravedr med
ith t j i t
o at o o FPRHBI RGN osy B2 1{op R AR DURRNoSEEY AR BB

from tBhwetdvaed ef Gahusa@biisidhlat, and &therandGeiic Wasveddidm theerichiat coliSe S Avas

properly inserted. This plasm d was naned pGAP-I|a-cscA [0089] A conpetent
cel | ondtTansfararet withthe BaresspnsYacirn at oD- del et ed GAPp- at oD

genore- i nser hl%%nﬁ}l(g %1& S %ngs%q'tqugla's:%( gﬁg%c%gagﬁ%%oﬁ Wﬁ%&%&e .. %Bf the

pl asm d pGAP-Ta-csc and was culture verni g in an agar

pl at e Ksonéradhia bgi oY thgbade seqidnctd of the gasesahdresitate alreadlyibebn sapofisdéheri chi a
coli pGAP-| a-cscAl GAPp- at oD genone-inserted_strajin was. obtained.

The Estreiically. sicihiqlasgenoodjas gene is despy @ab%@“ﬂ?bm %%%Sﬂmﬁhtﬂ ute for

Ref er egx%ﬁe,%@;gggaoszﬁl%eg gﬁfsﬁ?&ég y@%@gﬁéggg%éﬁm@eg%%k Leegslyct i on of

| sopr opyl om Sucr hia Col1 pGAP-1a-cscAl GAPp- at oD
Genomerintee 0089Et rlaiaddiiennde EolA t@dstannse-chankhg eieng detva b et 32il 461 @ Col i

b oduce et b9l P o P LOGH Do AT Ot A G
[0065] The promoter sequence of an Escherichia coli-derived glyceraldehyde 3-phosphate
dehydrogenase (hereinafter sometimes referred to as GAPDH) that is described at 397 to 440
in the base sequence information of GenBank accession number X02662 may be used as the
base sequence of a promoter necessary for expressing the genes.

[0066] 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
cgagctacatatgcaatgattgacacgaticeg (SEQ ID NO: 1) and cgegegeatgctatitgttagtgaataaaagg
(SEQID NO: 2). The resultant DNA fragment was digested with restriction enzymes Ndel
and Sphl, as a result of which a DNA fragment of about 100 bp corresponding to the GAPDH
promoter was obtained. The obtained DNA fragment was mixed with a fragment obtained

by digesting a plasmid pBR322 (GenBank accession number J01749) with restriction
17



as in Example 2. I n addi tion, the amounts of sucrose, glucose, and
fructose accunul ated in the culture tank were neasured, and the results
are shown in Table 1. [0091] As a result, at 48 hours after the initiation

of the cultlvatlon | ation of 31.4 h
obser vagymesyAeland; gu dragmenisgvere l‘é&?ﬁe‘é):uglggé‘q gfeo ?r\h(\lgs

L ol DB SNt T
transformed with the ligation product, and a transformant that grew on an LB agar plate
containing 50 pg/mL ampicillin was obtained. The obtained colony was cultured overnight
at 37°C in an LB liquid medium containing 50 pg/mL ampicillin, a plasmid was recovered
from the bacterial cells obtained, and it was confirmed that the GAPDH promoter was
properly inserted. The plasmid was named pBRgapP.

[0067] In order to obtain the isopropyl alcoho! 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 aatatgcatgctggtggaacatatgaaaggtttigcaatgetagg (SEQ 1D NO: 3) and
geggatceggtaccttataatataactactgcetttaattaagte (SEQ ID NO: 4).  The resultant DNA fragment
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 obtained DNA
fragment was mixed with a fragment obtained by digesting the previously-prepared pBRgapP
with restriction enzymes Sphl and BamHI, and the mixed fragments were ligated using a
ligase. Thereafter, a competent cell of Escherichia coli DH5a strain (DNA-903: Toyobo Co.,
Ltd.) was transformed with the ligation product, and a transformant that grew on an LB agar
plate containing 50 pg/ml. ampicillin was obtained. The obtained colonies were cultured
overnight at 37°C in an LB liquid medium containing 50 ng/ml. ampicillin, a plasmid was
recovered from the bacterial cells obtained, and it was confirmed that the isopropyl alcohol
dehydrogenase was properly inserted. The plasmid was named pGAP-IPAdh.

In order to obtain the Escherichia coli-derived thiolase gene, amplification by a PCR
method was carried out using the genomic DNA of Escherichia coli M(G1655 strain as a
template and using atggatccgetggtggaacatatgaaaaattgtgteategteag (SEQ ID NO: 5) and
geagaagcttgtetagattaattcaaccgttcaatcaccate (SEQ ID NO: 6).  The resultant DNA fragment
was digested with restriction enzymes BamHI and HindIIl, as a result of which a thiolase
fragment of about 1.2 kbp was obtained. The obtained DNA fragment was mixed with a
fragment obtained by digesting the previously-prepared plasmid pGAP-IPAdh with restriction
enzymes BamHI and HindIIl, and the mixed fragments were ligated using a ligase.
Thereafter, a competent cell of Escherichia coli DH5a strain (DNA-903: Toyobeo Co., Ltd.)
was transformed with the ligation product, and a transformant that grew on an LB agar plate
containing 50 pg/mL ampicillin was obtained. The obtained colonies were cultured
overnight at 37°C in an LB liquid medium containing 50 pg/mL ampicillin, a plasmid was
recovered from the bacterial cells obtained, and it was confirmed that the thiolase gene was

properly inserted. The plasmid was named pGAP-IPAdh-atoB.
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[0068] In order to obtain an Escherichia coli-derived CoA transferase a subunit gene,
amplification by a PCR method was carried out using the genomic DNA of Escherichia coli
MG 1655 strain as a template and using getctagagetggteggaacatatgaaaacaaaattgatgacattacaagac
(SEQ ID NO: 7) and tagcaagcttetactcgagttatttgetetectgtgaaacg (SEQ ID NO: 8).  The
resultant DNA fragment was digested with restriction enzymes Xbal and HindIll, as a result
of which a CoA transferase o subunit fragment of about 600 bp was obtained. The obtained
DNA fragment was mixed with a fragment obtained by digesting the previously-prepared
plasmid pGAP-IPAdh-atoB with restriction enzymes Xbal and HindIIl, and the mixed
fragments were ligated using a ligase. Thereafter, a competent cell of Escherichia coli
DH5o, strain (DNA-903: Toyobo Co., Ltd.) was transformed with the ligation product, and a
transformant that grew on an LB agar plate containing 50 pg/mL of ampicillin was obtained.
The obtained colonies were cultured overnight at 37°C in an LB liquid medium containing 50
ng/mL ampicillin, a plasmid was recovered from the bacterial cells obtained, and it was
confirmed that the CoA transferase a subunit gene was properly inserted. The plasmid was
named pGAP-IPAdh-atoB-atoD. '

[0069] Further, in order to obtain an Escherichia coli-derived CoA transferase p subunit
gene, amplification by a PCR method was carried out using the genomic DNA of Escherichia
coli MGG1655 strain as a template and using aagtctcgagetggtggaacatatggatecgaaacaacgtattg
(SEQ ID NO: 9) and ggccaagettcataaatcaccecgttge (SEQ ID NO: 10).  The resultant DNA
fragment was digested with restriction enzymes Xhol and HindIII, as a result of which a CoA
transferase B subunit fragment of about 600 bp was obtained. The obtained DNA fragment
was mixed with a fragment obtained by digesting the previously-prepared plasmid
pGAP-IPAdh-atoB-atoD with restriction enzymes Xhol and HindIIl, and the mixed {ragments
were ligated using a ligase. Thereafter, a competent cell of Escherichia coli DHS5q strain
(DNA-903: Toyobo Co., Ltd.) was transformed with the ligation product, and a transformant
that grew on an LB agar plate containing 50 pg/mL ampicillin was obtained. The obtained
colonies were cultured overnight at 37°C in an LB liquid medium containing 50 pg/mL
ampicillin, a plasmid was recovered from the bacterial cells obtained, and it was confirmed
that the CoA transferase § subunit gene was properly inserted. The plasmid was named
pGAP-IPAdh-atoB-atoD-atoA.

[0070] Furthermore, in order to obtain Escherichia coli O157 strain-derived cscA,
amplification by a PCR method was carried out using the genomic DNA of Escherichia coli
157 strain as a template and using getggtggaacatatgacgeaatctegattgeatg (SEQ ID NO: 11)
and ttaacccagttgecagagtge (SEQ ID NO: 12).  The resultant DNA fragment was
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phosphorylated at its terminal using T4 polynucleotide kinase, as a result of which a cscA
fragment of about 1470 bp was obtained. The obtained DNA fragment was mixed with a
fragment obtained by digesting the previously-prepared pGAP-IPAdh-atoB-atoD-atoA with a
restriction enzyme HindlII, followed by conversion to blunt terminals using T4 DNA
polymerase, and dephosphorylation of the terminals with alkaline phosphatase. The mixed
fragments were ligated using a ligase. A compétent cell of Escherichia coli DHSa strain
(DNA-903: Toyobo Co., Ltd.) was transformed with the ligation product, and a transformant
that grew on an LB agar plate containing 50 ug/mL ampicillin was obtained. A plasmid was
recovered from the bacterial cells obtained, and it was confirmed that the 3’-end side of the
CoA transferase P subunit gene was ligated to the 5’-end side of cscA, and that cscA was
properly inserted. The plasmid was named pGAP-IPAdh-atoB-atoD-atoA-cscA.

The genome of Escherichia coli 0157 is available from the Institute for Reference
Materials and Measurements.
[0071] In order to obtain an acetoacetate decarboxylase gene, ampﬁﬁcation by a PCR
method was carried out using the genomic DNA of Clostridium acetobutylicum ATCC824 as a
template and using caggtaccgetggtogaacatatgttaaaggatgaagtaattaaacaaattage (SEQ ID NO: 13)
and geggatcctiacttaagataatcatatataacttcage (SEQ ID NO: 14).  The resultant DNA fragment
was digested with restriction enzymes Kpnl and BamHI, as a result of which an acetoacetate
decarboxylase fragment of about 700 bp was obtained. The obtained DNA fragment was
mixed with a fragment obtained by digesting the previously-prepared plasmid
pGAP-IPAdh-atoB-atoD-atoA-cscA with restriction enzymes Kpnl and BamHI, and the
mixed fragments were ligated using a ligase. Thereafter, a competent cell of Escherichia
coli DH5a strain (DNA-903: Toyobo Co., Ltd.) was transformed with the ligation product,
and a transformant that grew on an LB agar plate containing 50 pg/ml ampicillin. The
obtained colonies were cultured overnight at 37°C in an LB liquid medium containing 50
ug/ml ampicillin, a plasmid was recovered from the bacterial cells obtained, and it was
confirmed that the acetoacetate decarboxylase gene was properly inserted. The plasmid was
named pGAP-laaa-cscA. Escherichia coli B strain (ATCC11303) was transformed with the
plasmid, and was cultured overnight at 37°C in an LB agar plate containing 50 pg/mL
ampicillin.  The resultant transformant was named pGAP-Iaaa-cscA/B strain.
[0072] [Example 2]
{(Production of Isopropyl Alcohol from Sucrose by Escherichia Coli pGAP-laaa-cscA/B
Strain Using 3 L Culture Tank)

In this example, isopropyl alcohol was produced using a production apparatus shown
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in Fig. 1 of the WO 2009/008377 pamphlet. The culture tank used was a tank having a

capacity of 3 L and the trap tank used was a tank having a capacity of 10 L.  The culture tank,

the trap tank, the injection pipe, the connection pipe, and the discharge pipe were all made of

glass. Into the trap tank, water as a trap solution (trap water) in an amount of 6 L was

injected. 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.

[0073] As preculture, the pGAP-Taaa-cscA/B strain obtained in Example 1 was inoculated

into an Erlenmeyer flask having a capacity of 100 mL and containing 25 mL of an LB Broth,

Miller culture liquid (Difco 244620) containing 50 pg/mL ampicillin, and cultured overnight

at a culture temperature of 35°C while stirring at 120 rpm.  The entire amount of the culture

liquid was transferred into a culture tank having a capacity of 3 L (culture apparatus BMJ-01

manufactured by ABLE Co., 1.td.) and containing 1475 g of a culture medium having the

following composition, and was cultivated.

The Cultivation was carried out at an aeration amount of 1.5 L/min, a stirring speed

of 550 rpm, a culture temperature of 35°C, and pH of 7.0 (adjusted with a NH3 solution)

under atmospheric pressure. A 40 wt/wt% sucrose aqueous solution was added at a flow rate

of 5 g/L/hour during the period from the initiation of the cultivation to 8 hours after the
initiation of the cultivation, and, thereafter, the addition of the 40 wt/wt% sucrose aqueous

solution was carried ouf at a flow rate of 15 g/L/hour.  The bacterium culture liquid was

sampled 48 hours after the initiation of the cultivation, and bacterial cells were removed by

centrifugal operation. Thereafter, the amount of isopropyl alcohol accumulated in the
resultant culture supernatant was measured by HPLC according to an ordinary method.
[0074] (Composition of Culture Medium)

Corn steep liquor (manufactured by Nihon Shokuhin Kako Co., Ltd.): 20 g/L

Fe,S04-7H,0: 0.09 g/L

K;HPO,4: 2 g/L

KH;PO4: 2 g/L

MgS0O,47H,0: 2 g/L.

(NHy)z SO4: 2 g/LL

ADECANOL LG126 (Adeka Corporation): 0.6 g/L.

(The rest: water)

[0075] As aresult, at 48 hours after the initiation of the cultivation, accumulation of 5.9 g/L.

of isopropyl alcohol was confirmed. The measured value is a sum of the amounts in the

culture liquid and the trap water (6 L) after the cultivation.
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The results demonstrated that the introduction of cscA from among the sucrose
non-PTS gene group resulted in decomposition of sucrose, and glucose and fructose, which
are decomposition products, were quickly incorporated into the cells, and converted to
1sopropyl alcohol.

[0076] [Example 3]

Production of isopropyl alcohol from sucrose was tested in a case in which the
expressions of CoA transferase genes (atoD and atoA) and a thiolase gene (atoB) on the
genome of the host Escherichia coli were enhanced while the DNA size of the entire plasmid
length was reduced by ligating only an acetoacetate decarboxylase gene, an isopropyl alcohol
dehydrogenase gene, and cscA to the plasmid vector to be introduced.

[0077] (Replacement of atoD Promoter on Escherichia Coli B Strain Genome by GAPDH

Promoter)

The entire base sequence of the genomic DNA of Escherichia coli M{31655 strain is
known (GenBank accession number U00096), and the base sequence of a geﬁe (hereinafter
sometimes abbreviated to atoD) that encodes a CoA transferase o subunit of Escherichia coli
MG1655 strain has also been reported.  Specifically, atoD is described at 2321469 to
2322131 of the Escherichia coli M(G1655 strain genome sequence registered with GenBank
accession number U00096.

[0078] The promoter sequence of an Escherichia coli-derived glyceraldehyde 3-phosphate
dehydrogenase (hereinafter sometimes referred to as GAPDH) that is described at 397 to 440
in the base sequence information of GenBank accession number X02662 may be used as the
base sequence of a promoter necessary for expressing the genes. In order to obtain the
GAPDH promoter, amplification by a PCR method was carried out using the genomic DNA
of Escherichia coli MG 1655 strain as a template and using cgetcaattgcaatgattgacacgattccg
(SEQ ID NO: 15) and acagaattcgctatitgitagtgaataaaagg (SEQ ID NO: 16).  The resultant
DNA fragment was digested with restriction enzymes Mfel and EcoRI, as a result of which a
DNA fragment of about 100 bp encoding a GAPDH promoter was obtained. The obtained
DNA fragment was mixed with a fragment obtained by digesting a plasmid pUCI19 (GenBank
accession number X02514) with restriction enzyme EcoRI followed by alkaline phosphatase
treatment, and the mixed fragments were ligated using a ligase. Thereafter, a competent cell
of Escherichia coli DH5a strain (DNA-903: Toyobo Co., Ltd.) was transformed with the
ligation product, and a transformant that grew on an LB agar plate containing 50 pg/mL
ampicillin was obtained. Ten of the obtained colonies were individually cultured at 37°C
overnight in an LB liquid medium containing 50 pg/mL ampicillin, plasmids were recovered,

and plasmids from which the GAPDH promoter was not cut out when digested with
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The Escherichia coli M(G1655 strain is available from the American Type Culture

Collection.
[0080] 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
Escherichia coli MG16535 strain as a template, and using getctagatgctgaaatceactagicttgte
(SEQ ID NO: 19) and tactgcagegttecageaccttatcaace (SEQ ID NO: 20) prepared based on the
gene information of a near-5’ region of atoD of Escherichia coli M(G1655 strain, as a result of
which a DNA fragment of about 1.1 kbp was amplified.
[0081] In addition, PCR was carried out using the previously-prepared expression vector
pGAPatoD as a template and using ggtctagagcaatgattgacacgattecg (SEQ ID NO: 21) prepared
based on the sequence information of the GAPDH promoter of Escherichia coli M(G1655
strain and the primer of SEQ ID NO: 18 prepared based on the sequence information of atoD
of Escherichia coli M(G1655 strain, as a result of which a DNA fragment of about 790 bp
having the GAPDH promoter and atoD was obtained.
[0082] The fragments obtained above were digested with restriction enzymes Pstl and Xbal,
and Xbal and Kpnl, respectively. The digested fragments were mixed with a fragment
obtained by digesting a temperature-sensitive plasmid pTH18cs1 (GenBank accession number
AB019610) [Hahimoto-Gotoh, T., Gene, 241, 185-191 (2000)] with Pstl and Kpnl, and the

mixed fragments were ligated using a ligase. DHS5a strain was transformed with the ligation
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The Escherichia coli B strain (ATCC11303) is available from the American Type
Culture Collection, which is a bank of cells, microorganisms, and genes.
[0084] [Example 4]
(Construction of Expression Vector for Acetoacetate Decarboxylase Gene Derived from
Bacterium of Genus Clostridium and Isopropyl Alcohol Dehydrogenase Gene Derived from
Bacterium of Genus Clostridium, and Transformant with the Expression Vector)

An acetoacetate decarboxylase of a bacterium of the genus Clostridium is described
at GenBank accession number M55392 and an isopropyl alcohol dehydrogenase thereof s
described at GenBank accession number AF157307.

In order to obtain the isopropyl alcohol dehydrogenase gene, amplification by a PCR
method was carried out using the genomic DNA of Clostridium beijerinckii NRRI. B-593 as a
template and using AATATGCATGCTGGTGGAACATATGAAAGGTTTTGCAATGCTAGG
(SEQ ID NO: 3) and gcggatccttataatataactactgetttaattaagte (SEQ ID NO: 22).  The resultant
DNA fragment was digested with restriction enzymes Sphl and BamHI, as a result of which
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an isopropyl alcohol dehydrogenase fragment of about 1.1 kbp was obtained. The obtained
DNA fragment was mixed with a fragment obtained by digesting the previously-prepared
plasmid pBRgapP with restriction enzymes Sphl and BamH]I, and the mixed fragments were
ligated using a ligase. Thereafter, a competent cell of Escherichia coli DH5a strain
(DNA-903: Toyobo Co., Ltd.) was transformed with the ligation product, and a transformant
that grew on an LB agar plate containing 50 pg/mL ampicillin was obtained. The obtained
colony was cultured at 37°C overnight in an LB liquid medium containing 50 pg/mL
ampicillin, and a plasmid was recovered from the bacterial cells obtained, and it was
confirmed that the IPAdh was properly inserted. The plasmid was named pGAP-IPAdh.
[0085] In order to obtain the acetoacetate decarboxylase gene, amplification by a PCR
method was carried out using the genomic DNA of Clostridium acetobutylicum ATCC824 as a
template and using caggatccgetggtggaacatatgttaaaggatgaagtaattaaacaaattage (SEQ ID NO: 23)
and gpaattcggtaccttacttaagataatcatatataacttcage (SEQ ID NO: 24).  The resultant DNA
fragment was digested with restriction enzymes BamHI and EcoRlI, as a result of which an
acetoacetate decarboxylase fragment of about 700 bp was obtained. The obtained DNA |
fragment was mixed with a fragment obtained by digesting the previously-prepared plasmid
pGAP-IPAdh with restriction enzymes BamHI and EcoR], and the mixed fragments were
ligated using a ligase. A competent cell of Escherichia coli DH5a strain (DNA-903: Toyobo
Co., Ltd.) was transformed with the ligation product, and a transformant that grew on an LB
agar plate containing 50 pg/mL ampicillin was obtained. The colony obtained was cultured
at 37°C overnight in an LB liquid medium containing 50 pg/mlL ampicillin. A plasmid was
recovered from the bacterial cells obtained, and 1t was confirmed that ade was properly
inserted. The plasmid was named pGAP-Ia.

[0086] A competent cell of the Escherichia coli B strain atoD-deleted GAPp-atoDd
genome-inserted strain prepared in Example 3 was transformed with the plasmid pGAP-Ia,
and was cultured at 37°C overnight in an LB agar plate containing 50 pg/mL ampicillin, as a
result of which an Escherichia coli pGAP-1a/GAPp-atoD genome-inserted strain was
obtained.

The Clostridium acetobutylicum ATCC824 and the Escherichia coli B strain are
available from the American Type Culture Collection, which is a bank of cells,
microorganisms, and genes. The Clostridium beijerinckii NRRL B-593 is available from the
VTT Culture Collection, which is a bank of cells and microorganisms.

[0087] [Example 5]
{Construction of Expression Vector Acctoacetate Decarboxylase Gene Derived from

Bacterium of Genus Clostridium, [sopropyl Alcohol Dehydrogenase Gene Derived from
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Bacterium of Genus Clostridium, and Invertase Gene Derived from Escherichia Coli 0157,
and Transformant with the Expression Vector)

The entire base sequence of the genomic DNA of Escherichia coli 0157 strain is
known (GenBank accession number AE005174), and the base sequence of a gene (hereinafter
sometimes abbreviated to cscA) that encodes the invertase of the Escherichia coli 0157 strain
has also been reported.  Specifically, cscA is described at 3274383 to 3275816 of the
Escherichia coli 0157 strain genome sequence registered with GenBank accession number
AE005174.

[0088] In order to obtain cscA, amplification by a PCR method was carried out using the
genomic DNA of Escherichia coli 0157 strain as a template and using
ATGGTACCGCTGGTGGAACATATGACGCAATCTCGATTGCATG (SEQ ID NO: 25) and
CGAATTCTTAACCCAGTTGCCAGAGTGC (SEQ ID NO: 26). The resultant DNA
fragment was digested with restriction enzymes Kpnl and EcoRl, as a result of which a cscA
fragment of about 1470 bp was obtained. The DNA fragment was mixed with a fragment '
obtained by digesting the pGAP-Ia, which had previously been prepared in Example 4 (the
expression vector for the acetoacctate decarboxylase gene derived from the bacterium of the
genus Clostridium and the isopropyl alcohol dehydrogenase gene derived from the bacterium
of the genus Clostridium), with restriction enzymes Kpnl and EcoRI, and the mixed fragments
were ligated using a ligase. Thereafter, a competent cell of Escherichia coli DHSo, strain
(DNA-903: Toyobo Co., Ltd.) was transformed with the ligation product, and a transformant
that grew on an LB agar plate containing 50 pg/ml ampicillin was obtained. A plasmid was
recovered from the bacterial cells obtained, and it was confirmed that cscA was properly
inserted. This plasmid was named pGAP-Ia-cscA.

[0089] A competent cell of the Escherichia coli B strain atoD-deleted GAPp-atoD
genome-inserted strain prepared in Example 3 was transformed with the plasmid
pGAP-Ta-cscA, and was cultured at 37°C overnight in an LB agar plate containing 50 pg/mL
ampicillin, as a result of which an Escherichia coli pGAP-la-cscA/GAPp-atoD
genome-inserted strain was obtained.

The Escherichia coli 0157 genome is available from the Institute for Reference
Materials and Measurements.

[0090] [Example 6]
(Production of Isopropyl Alcohol from Sucrose by Escherichia Coli
pGAP-Ia-cscA/GAPp-atoD Genome-Inserted Strain Using 3 L Culture Tank)

Using the Escherichia Coli pGAP-la-cscA/GAPp-atoD genome-inserted strain

obtained in Example 5, the production of isopropyl alcohol was examined in the same manner
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NaCl (g/L) 0.5 0.5 0.5 0.5 MaSO4-7H20 (ng/L) 490 490 490 490

as in Example 2.

In addition, the amounts of sucrose, glucose, and fructose accumulated in the culture
tank were measured, and the results are shown in Table 1.
[0091] As aresult, at 48 hours after the initiation of the cultivation, accumulation of 31.4 g/L.
of isopropyl alcohol was observed. Each of the measured values is a sum of the amounts in
the culture liquid and the trap water after the cultivation.

[0092] [Table 1]

Residual sugar Accumulation
Added amount
amount of
Time of
Sucrose Glucose Fructose isopropyl
hr 40% Sucrose
g/L. g/L g/L alcohol
g
/L.
0 0.0 0.00 0.00 0.00 0.00
3 23.6 22.07 0.00 0.00 0.00
6 67.2 46.05 0.02 0.03 0.43
10 152.1 78.28 0.76 0.00 6.43
24 384.6 0.00 0.00 0.00 11.87
30 536.0 0.00 0.00 0.00 18.28
48 1011.9 0.00 0.00 0.00 31.38

[0093] The results demonstrated that, when genes derived from a bacterium/bacteria of the
genus Clostridium were selected for acetoacetate decarboxylase activity and isopropyl alcohol
dehvdrogenase activity, and these genes are introduced with only cscA from among the
sucrose non-PTS gene group, sucrose was decomposed, and glucose and fructose as
decomposition products were quickly incorporated into the cells, and converted to isopropyl
alcohol. Further, in the results, although glucose and fructose must have been produced in
equimolar amounts by the decomposition of sucrose, fructose did not accumulate in the
culture medium, and it was observed that isopropyl alcohol was efficiently produced without
being affected by catabolite repression by glucose.
[0094] [Example 7]
{Production of Isopropyl Alcohol from Molasses by Escherichia Coli
pGAP-Ia-cscA/GAPp-ato]) Genome-Inserted Strain Using 1 L Culture Tank)

Production of isopropyl alcohol was tested in the same manner as in Example 6,

except for using 80 wt/wt% molasses {(manufactured by Dai-Nippon Meiji Sugar Co., Ltd.} in
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CaCl2-2H20 (mg/L) 14.7 14.7 14.7 14.7 FeSO4-7H20 (111g/1) 2.8 2.8 2.8 2.8

place of the 40 wt/wt% sucrose aqueous solution. At 48 hours afier the initiation of the
cultivation, accumulation of 29.4 g/L of isopropyl alcohol was observed. The measured
value is a sum of the amounts in the culture liquid and the trap water after the cultivation.
[0095] [Comparative Example 1]

{Production of Isopropyl Alcohol by Escherichia Coli pGAP-1a/GAPp-atoD Genome-Inserted

Strain Using 3-L Culture Tank)

Cultivation with isopropyl alcohol was tested with respect to the
pGAP-Ia/GAPp-atoD genome-inserted strain prepared in Example 4, under the same
conditions as in Example 2.  As a result, the production of isopropyl alcohol was not
confirmed even after 48 hours, and the added sucrose remained in the culture supernatant in
almost the same amount.

This demonstrates that isopropyl alcohol cannot be produced without introduction of
CscA even when isopropyl alcohol production ability has been imparted, .

[0096] [Comparative Example 2]
{Production of Tsopropyl Alcohol by Escherichia Coli pGAP-Ia-cscA/B Strain Using 3 L
Culture Tank)

Escherichia coli B strain (ATCC11303) was transformed with the plasmid
pGAP-Ta-cscA prepared in Example 5, and was cultured at 37°C overnight in an LB agar plate
containing 50 pg/mL ampicillin. The resultant transformant was named pGAP-la-cscA/B
strain.  Cultivation with isopropyl alcohol was tested with respect to the prepared
pGAP-Ta-cscA/B strain, under the same conditions as in Example 2. At 48 hours, production
of isopropyl alcohol was not observed.

This demonstrates that isopropyl alcohol cannot be produced unless isopropyl
alcohol production ability is imparted, even when CscA alone is introduced into the
Escherichia coli B strain.

[0097] [Comparative Example 3}
{Confirmation of Catabolite Repression by Glucose in Escherichia Coli B Strain)

The B strain, which is the host of an isopropyl alcohol-producing Escherichia coli
according to the present invention, was confirmed to be Escherichia coli that is intrinsically
influenced by catabolite repression by glucose.

As preculture, Escherichia coli B strain (ATCC11303) was inoculated in a plastic
tube having a capacity of 14 mL (2057 manufactured by FALCON Co., Ltd.) and containing 5
mL of LB Broth, Miller culture liquid (Difco 244620), and was cultivated at a culture
temperature of 37°C while stirring at 120 rpm.  Then, 0.3 mL of the preculture liquid was
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Thi am ne-HCL (ng/L) 10 10 10 10 Sugars glucose (g/L) 0 9 18 0

transferred into each of baffled flasks having a capacity of 100 mL and containing 30 mL of
culture media of the compositions of 1 to 4 shown in Table 2, respectively, and cultivated.
The cultivation was carried out at a stirring speed of 120 rpm and a culture temperature of
37°C.

[0098] At0,2,4,6,8, and 10 hours after the initiation of the cultivation, the culture liquids
of the bacterial cells were sampled, from which the bacterial cells were removed by
centrifugal operation. Then, the contents of glucose and fructose in the resultant culture
supernatant were measured by a F-kit glucose/fructose (product number: 139106
manufactured by J.K. International Co., Ltd). Fig. 1 shows the results. In Fig. 1, the black
circles represent the amounts of reduction of glucose and the white circles represent the
amounts of reduction of fructose, respectively. Furthermore, the degree of reduction of
glucose or fructose was calculated for each culture time starting from O hour of cultivation.
Table 2 shows the amounts of reduction of glucose in the respective media after 10 hours.

[0099] [Table 2]

No. 1 2 3 4
NH>Cl4 (/L) 10 10 10 10
Na;HPO,-12H,0 (g/L) 17.1 17.1 17.1 17.1
KILPOy (g/1) 3 3 3 3
MO NaCl (g/L) 0.5 0.5 0.5 0.5
MaS0,4-7H,0 (mg/L) 490 490 490 490
culture
. CaC12-2H20
medium 14.7 14.7 14.7 14.7
(mg/L)
FCSO4-7H20
2.8 2.8 2.8 2.8
(mg/L)
Thiamine-HC1 (mg/1.) 10 10 10 10
glucose (g/L) 0 9 18 0
Sugars -
fructose (g/L) 0 9 0 18
(The rest: water)
Amount of Reduction of glucose (g/L) - 4.4 5.1 -
Amount of Reduction of fructose (g/L) - 1.0 - 34

[0100] As shown in Table 2, when comparing the amounts of reduction of fructose and
glucose after 10 hours, the value is 3.4 g/L in the case of culture medium No. 4 of which the

sugar source includes only fructose, whereas the uptake of fructose is suppressed in the case
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fructose (g/L) 0 9 0 18 (The rest: water) Anmount of Reduction of glucose
(g/L) 4.4 5.1 Anmount of Reduction of fructose (g/L)

of culture medium No. 2 of which the sugar source includes both glucose and fructose. This
confirmed that, when the sugar source is fructose alone, the B strain incorporates fructose
similarly to incorporation of glucose, whereas the incorporation of fructose in the B stramn 1s
suppressed when glucose and fructose coexist.
[0101] Thus, according to the present invention, there can be provided an isopropyl
alcohol-producing Escherichia coli-and a method for producing isopropyl alcohol that are
useful for efficient production of isopropyl alcohol from sucrose, which is inexpensive and
has high industrial utility value.
[0102] The disclosure of Japanese Patent Application No. 2009-214694, filed September 16,
2009, is incorporated herein by reference in its entirety.

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

indicated to be incorporated by reference.
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1.0 3.4 [0100] As shown in Table 2, when conparing the amunts of
reduction of fructose and gl ucose after 10 hours, the value is 3.4 g/L in
the case of culture nmedium No. 4 of which the sugar source includes only
fructose, whereas the uptake of fructose is suppressed in the case of

cul ture nmedium No. 2 of which the sugar source includes both glucose and
fructose. This confirned that, whegptdigggugar source is fructose al one,
the B strain incorporates fructose simlarly to incorporation of glucose,
whereas the incorporation of fructose in the B strain is suppressed when

gl ucose and fructose coexi St 0101] Thus, ~according. to the present
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as i f cemphisingdinly the ahcrpsshydselpscogene frone pmond gitics Belopging d thesuprep al
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3. The isopropyl alcohol-producing Escherichia coli according to claim 1 or 2,
wherein the isopropyl alcohol-producing Escherichia coli is an Escherichia coli to which an
acetoacetate decarboxylase activity, an isopropyl alcohol dehydrogenase activity, a CoA

transferase activity, and a thiolase activity have been imparted.

4. The isopropyl alcohol-producing Escherichia coli according to claim 3, wherein
the acetoacetate decarboxylase activity, the isopropyl alcohol dehydrogenase activity, the CoA
transferase activity, and the thiolase activity are obtained by introduction of genes encoding
respective enzymes which are derived from at least one selected from the group consisting of
bacteria of the genus Clostridium, bacteria of the genus Bacillus, and bacteria of the genus

Escherichia.

5. The isopropyl alcohol-producing Escherichia coli according to claim 3, wherein
the acetoacetate decarboxylase activity and the isopropyl alcohol dehydrogenase activity are
obtained by introduction of genes encoding respective enzymes which are derived from a
bacterium or bacteria of the genus Clostridium, and the CoA transferase activity and the
thiolase activity are obtained by introduction of genes encoding respective enzymes which are

derived from a bacterium or bacteria of the genus Escherichia.

6. The isopropyl alcohol-producing Escherichia coli according to claim 3, wherein
the acetoacetate decarboxylase activity is obtained by introduction of a gene encoding an
enzyme derived from Clostridium acetobutylicum, the isopropyl alcohol dehydrogenase
activity is obtained by introduction of a gene encoding an enzyme derived from Clostridium

beijerinckii, and the CoA transferase activity and the thiolase activity are obtained by
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1. An isopropyl alcohol-producing Escherichia coli conprising at |east a
sucrose hydrol ase gene that belongs to a sucrose non-PTS gene group, and

an inparted or enhanced isopropyl alcohol production system 2.
The i sopropyl al cohol-produci ng Escherichja coli cording to claim1l,
conpr i1BTREPCHAN Pf EERSS SHCAMETCRREGHYE ﬁ%@’nﬁéﬁlﬂéﬂf"?"gﬁl‘ﬁnﬁﬁﬁ?f" éffg@l’oel onging to

t he sucrose non- PTS gene group. 3. The isopropyl al cohol -producing

Escherichia coli according to claim1 or 2, wherein the isopropyl

al cohol - pr oduciTig ifpedpil blchha-proflicing Eankesherii ebioading itd claipn dfwhdreian

acet oacet ate decar boxyl ase activit an i sopropyl al cohol hydr ogenase
act i vid§ene gneshing Fhﬁﬁ’é%/t@fi‘%“?ée @@{\ﬁ;ﬂnggﬁe,mng elefrﬁ%ﬁ}gggglsgg{qp\yﬁflggl}%ve been

| mpar ?ﬁydrogenase,_anﬂ thel S 'eﬁ&ﬁf‘u?%%le Bt MR drRa QIS BeeEREDRaNda s Ge! |
according to claim3, Wherein the acetoacetate decarboxylase activity, the
i sopr deast oud plasrold, dehtpd Codetmanséerasstactivity and the tidolase aciivey ereadiained fromt v,

and the thiol ase. activit re.obtgined by introduction of genes encoding

r esped P HATHES P%f{%ﬁélc&@?‘@%d fromat |east one selected fromthe
group consisting of bacteria of the genus Costridium bacteria of the
genus Bacillus, and bacteria of the genus Escherichia.

5. The
i sopropyl alScoHdk-igspethyt pleghBsuhdydinthEgcherirhia sei eecgrdins toclaimy nviereipher ei n

t he acet oacet at e decar boxyl ase gct i yi [ r : |
denyaropenate Meeerirape s B iRaR et Lo AR slslSe pACRERRYasBRERR, 41 ng

I espechio¥e &N YERSonM UG ] fdeal detyide Sdplidsphate ddladiiehasd ppsmbRe bed sainef t he
genus Clostridium and the CoA transferase activity and the thiol ase

act i vihygraxymegplganstegassypromeiebduct i on of genes encodi ng respective enzymes
whi ch are derived froma bacteriumor bacteria of the genus Escherichia.

6. The isopropyl al cohol-producing Escherichia coli according to claim 3,
wher ei n t he 9ac dtheaegtatyealdelbd rppodydims Eschetithii tyli hecoodihgtanedinbdy, wherein

i ntroduction of a gene encodi.ng an enzyne deri from C ostr.idi.u

acet otbbg %q%‘ﬁ?ﬁﬁtqq?éaﬁbgﬁgﬁsﬁﬁfflv&v g‘%’é?”é@)ﬁ‘f%%‘@ﬁ%@@ O£ER3SG ia’ES‘/“iys th(‘?[)&% ned
by in il _ - . haaty

b ] o1 e B R B e o e A e 1y
ar e olrespectid: dngymenderocddtdnoa bedtejemes beetendphie genpddvimidivgnzymes deri ved
from Escherichia coli. 7. The isopropyl al cohol -producing
Escherichia coli according to claim3, wherein a gene encoding the

acet oacet at qdepahbayy ki $RediRiSBEHBPEIIEINS], thRpiisiap pRytingisphalyl
dehydrogenase, and the gene encoding the sucrose hydrol ase have been

i nt r ocaobdl fieinragsustost-seripingraeppntdarivad raw matdiial Gong theasppremyhse activity
and th hi ol ase acgtivity. are i 1 es in the host
EscherT C@ﬁ?f"ép%)g}l?lpg %ISChemxmg.O%f%g&lﬁlsn%g S 3%5/’ ﬁ%ﬁ%@%ﬁ S-Clptr%?(; uci ng Escherichia
colt according to claim?7, wherein a pronoter for expressing a gene
encodi ng the CoA transferase and a gene encoding the thiolase is at |east
one of a gl yceral dehyde- 3- phosphat e dehydrogenase pronoter or a serine
hydr oxynmet hyl t ransf erase pronoter. 9. The i sopropyl

al cohol - produci ng Escherichia coli according to claim3, wherein the

acet oacet at e decarboxyl ase activity, the isopropyl alcohol dehydrogenase
activity, the CoA transferase activity and the thiolase activity are al
obt ai ned by introduction of genes encodi ng respective enzynes derived from
a bacteriumor bacteria of the genus C ostridium 10. A method for
produci ng i sopropyl al cohol, conprising producing isopropyl alcohol froma
sucrose-contai ning plant-derived raw material using the isopropyl

al cohol - produci ng Escherichia colt according to any one of clains 1 to 9.
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