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PCT/ SG00/ 00023 BACTERI AL | SOLATES OF THE GENUS KLEBSI ELLA, AND AN 004
| SOMALTULOSE SYNTHASE GENE | SOLATED THEREFROM BACKGROUND OF THE | NVENTH ©N
1. Field of the Invention 5 This invention relates to the fields of
bacterial nol ecul ar biol ogy and reconbi nant DNA technol ogy. 2. Description
of the Related Art Isomaltul ose (6-0-a D gl ucopyranosyl -D-fructof uranose)
is a reducing sugar 10 with physical properties and taste very simlar to
sucr oseWopL/6% a structural isomer of sucrose foundensdowioadsl y i n honey
(Sporns et al., 1992). Isomaltul ose has been regarded as an alternative to
sucrose with several attractive features: (1) it resists nmetabolism 15 by
cariogenic oral streptococci and does not cause dental decay (M nam et
al., 1990); (2) its ingestion leads to very snall effects on the
concentrations of glucose and insulin in blood, indicating potential as a
parenteral nutrient acceptable both to diabetics and 20 non-di abetics
(Kawai, et al., 1989): (3) unlike sucrose, it is not fernmented by nost
bacteria and yeasts and is nore stable in acid solutions -- these
properties of isomaltulose facilitate the nmaintenance 16 AUG 2004 WO

01/ 60993 2 PCT/ S@0100023 of sweetness and taste in fernmented foods and
beverages (Takazoe, 1989; Schiweck et al., 1991); (4) it does not possess
hydr oscopi c properties |like sucrose or |actose -- isonaltul ose-containing
foods are nore stable than 5 those contai ning sucrose (Takazoe, 1989): (5)

it selectively phot®ies bhbigieRaskofim cao¥MH.RRPAGLAURRY ANt esti nal
m croflora (M zutani Evi dence i s accumul ati ng that

T. 1989).
bi fi dobacteri a aréSﬂgﬁfﬁqﬁospo%YWEﬂ%%FeﬁQﬁ%éEBPATﬁHngﬁEﬁ and sl ow ng the
aging 10 process (Mtsuoka, T. 1990). In Japan isomaltul ose has been w dely
used as a su it b NS Jakazoe, 1989). Biochenical conversion
of sucrose f T | tul ose has reached a scale of nore
than 10, 000 tons annually worl dwi de (Kunz, 1993). 15 Isonaltulose is also a
raw material {for theiswi hgsi s@hisyyfactants and polymers. Wth an annua
production of aroupnd 110 m|lion_tons, sucrose _is the world' s nost
abundant I*y pr oducéd'? eTEREbI Y drgahte ‘QoipduhidldfioteRectebEtlause of the
aci d i nst abi Ihdédecota?bidlegy ey sacetiaimad codordcansidgys | acki ng of
specific chem cal reaction possibilities, the utility of sucrose as a raw
material for the chemcal industry has been very ,limted (Kunz, 1993).
| somal t ul ose, 2t he Deeguirtigni aDridye Belanssk dse, on the ot her hand, can be 25
speci fically oxidirgedaidoder jaf,sed for production of different chem ca
products. |sonaltul ose has_been successfully used for the production of
pol yani des ant POISyBRY BV KURZA Turs98y rangsger bt apagtesing segici es are known
to be ahlce towBth phgverdl pucpasdeisnked itaeral $4dy0sEmildH ted States patent
No. 4,359,531 describféi% Br 9g€s f0£ 1 he Qrgpuction %%ukgonaltulose,

i i Sucrose. . striuctura som
consi sting of |nnn§|I|2|ng 1some sucrose

naturally in honey (Sporns et al., 1992). Isomaltulose
has been ;eqarded as an alternative to sucrose with
several attractive features: (1) it resists metabolism
15 by cariogenic oral streptococci and does not cause
dental decay (Minami et al., 1990); (2) its ingestion
leads to very small effects on the concentrations of
glucose and insulin in blood, indicating potential as a
parenteral nutrient acceptable both to diabetics and
20 non-diabetics (Kawai, et al., 1989); {(3) unlike
sucrose, it is not fermented by most bacteria and
yeasts énd is more stable in acid solutions ~-- these

properties of isomaltulose facilitate the maintenance



;1 6 AUG 2004 WO 01/6D993 - 3 whole cell or solvent extracts of waosey@r g,
di srupted cells of Erwinia rhapontici. About 70-95% of sucrose wa
converted to isonmaltul ose products. United States patent No. 4,390, 627
describes a nethod for 5 imobilization of the sucrose nutase enzyne from
Pr ot am nobacter rubrum for production of isomaltulose. United States patent
No. 9,670, 387 describes a fernentation process to produce isomaltul ose

usi ng | WBKIM%B zed cells of Erwinia rhapontici, 10 ¥¥T&GAMAMBbact er rubrum
Serratia plymuthica, Esevinia carotovora var atroseptica, Erwinia

di ssol vens, Serratia nerscescens. Agakn about 70-95% of sucrose was
converted. United States patent No.9, 857,461 discl oses a continuous process
for the enzymatic preparation of 15 isonaltul ose by i mobilized crude
enzynme from Protam nobacter, rubrum erratig g%jydgut hi ca, and Erw ni a

car ot ovor a. WGP eT e SOFat &S RoteETeISE§9 ) n8" NG ¢VEX33%° 617 descri be
a process for (Taiepae; NPAX;ehahiveaseeandl ., safBl t;ul{@aseimidolsi maobi | | zed cel | s
of 20 Pseudo S i hj | teri r adi r. Asingle
enzyne, isorran? ueggggg%lcis%ggg&(%e%g.ga%g?%%S{dsr%r%s%gn%t&gﬁgegf or converting
sucrose to i sondlscnebtelosachpirjiniggveeeds groupsreoftdle éhba can 25 convert
sucrose t i sopdd UbAsLinigehtsre i(99k@Bdell 9580)i;N (5N converted products
were variable, ranging from8%tao 86% (Tsuyuki et al., 1992: Nagai et al.,
1994; Huang efefictive 8?0%?%M9°%Wl%wtpu%%@ gP’Bﬂi’Jci ng strains
not only transhogsoisbtrmiseofdodd (Manediiyl aselzdtd .t Eetudndkose but al so
produce about _2-7%.0f . e,.as. hy- LLC (MALLES et al., ~._ _ -
D~ U adenitidba %%fé?ﬁ%&%&%&%%&%%ﬁ% b 60003 4

PCTI SG00/ 000282 1r1980anTs u3fukjumae halth 199D slpmbg tée aging 1998). This is a
consi dergpl e Lagdusts i@l e AUl em berayserelapen alRrRvtildseahhon procedures
are necessary to renove these contam nating conpounds (Sugitani et al.,

1993, U.S. 5 PapRertidRdY §5e5hgs o U938t atfis"af@°%ven capabl e of

hydrol ysi s of (Tsedmlet ul 958 .i Bioclgnieasecand rkiorctodseuchaeeroecently, U. S.

Patent No. 5, 780,90, d1 561 osed healaiion of deNgaof sugLose | somerase from
y O

several organi ST " Sing a probe” based on the amno acid 10 sequence
deduced from whes Nhaar k9 ) sPnpanintipelly worldwide (Kunz, 1993).

15 Isomaltulose is also a raw material for the

synthesis of surfactants and polymers. With an annual
production of around 110 million tons, sucrose is the
world's most abundantly produced renewable organic
compound. However, because of the acid instability of

20 its intersaccharidic bond and its lacking of specific
chemical reaction possibilities, the utility of sucrose
as a raw material for the chemical industry has been
veryllimifed (Kunz, 1993). Isomaltulose, the reducing
isomer of sucrose, on the other hand, can be

25 specifically oxidized and derivatised for production of
different chemical products. Isomaltulose has been
successfully used for the production of polyamides and
polyureas (Kunz, 1993).

Several bacterial species are known to be able to

30 convert sucrose into isomaltulose. United States

patent No. 4,359,531 describes a process for the

production of isomaltulose, consisting of immobilizing



sucrose isonerase, the genes for sucrose isonerase were cloned fro? AUG 2004
Prot am . nobacter rubrum and Enterobacter sp. Partial DNA sequence Qor
sucrose i sonmerase were further isolated fromE. rhapontici and P. 15
mesoaci dphila by utilizing PCR BRI EF SUVWARY OF THE | NVENTI ON Bact eri al

i sol ates and enzynes capabl e of high efficiency production of isomaltul ose
are of considerable interest for biotechnology applications 20 and for

f urt herW@QW#8P3t andi ng of enzymatic nmechani sns. | n PCREGH08BENt i nvention a
pure culture of a new bacterial isolate is provided, identified

taxonom cally as Kl ebsiella.singaporefnsis. This bacterial isolate is
capabl e of high efficiency enzymatic conversion of 25 sucrose to

i somal tul ose. The present invention further enconpasses a process for the
production of isomaltulose using imobilized cells of K singaporensis. In
contrast to tHWSE BFLlcIPEsEU YRt BELIRGEST ohrtholenher pHEguBEed s hi ghly 30
efficient, camest bhEMhea tHAaPoNBYenf AWSEOTS-b9: KIOBUSESsavhi ch consi st of
nore than 87% of iso Itngos.e i 6, AUG 2004 WD 01/60993 5 PCTI SGOQO O0OZ3
and | ess than""afo/oc8f“’%q%ﬁgo 2 LSRMALMPETe PEATFEn gV R G0 8E2 F ¥bner ase from K.
si ngapor ensi sdtastbiden 4¢cBdheait 7byeactfilret b amedhodl Ben Ng appr oach, whi ch shows
a high | gvel LmiJ.arniti , i i amno 5 acids from
t he sucrgse i%%nr?é%glsieaacflﬁgm rﬁhgr% %j%:%s%r &égg%ﬁpéﬁ%%é%hl PTI ON OF THE

DRAW NGS Fi gufzetemisokaster etthryn APl megraphicnf of hesaredariead.y stained cell
of strain Kl ehsicehl faUeRIBPURNELS HIAWN3ON LUYeLOses edi um 10 Figure 2
shows the phyl ogenetic tree derived from 16S rRNA sequence data anal ysis,

showi ng t he TERBA ST BEPHHST KP abRQBICE al WRGEPH? ¥ $S429 The br anchi ng
pattern was gienebaletbdyelhe afeEghhois jrakpémgcipt hod. The nunbers shown

next to.the nodes i.ndicate rcent age 15 boptstrap val ues from 1000 data
Cors  Rhe "G kB BRET 8052, DR Eh e otk er e |
Si ngapor ens. i s2utongr s slaect bcbdppctieri drpéhimgiingoleentshe fam |y of

Ent er obact eri : tpal. 2,88 nal ysis. The
tree was 20 g%\%%gfg?%%?tgﬁ%&%gié 1011; gﬁjg}lﬁﬁ?ﬂg 9%%%@&?%2‘?%9 shows
i somal t ul ose PrOGEEEE oiYRaReH IKRtStenAaREnACHe Vi BY 71 HOIK disEhefgsor ensi s cel |

culture. The aiid@&i&i@@hpr&egerfai_-lﬁaeb@ﬁaﬁagq%gf@;ymt%ﬁ{q@_ t24 _hOU{ hti e
enzyne activity 1 n e sane

period. The secon aph, B, details, the
ti me period. ﬁﬁ?@‘ard"ﬁ‘g{"%r Bﬁh:';m@}eng%%% HES | LGHBPt tTWse detected in the
cul ture nedi urrasaeindieeteaneninung Pefta@da plymuthica, and

Erwinia carotovora. United States patents No. 5,229,276
and No. 5,336,617 describe a process for preparing
trehalulose and iscmaltulese with immobilized cells of

20 Pseudomonas mesoacidophila and Agrobacterium
radiobacter.

A single enzyme, isomaltulose synthase (EC
5.4.99.10), is responsible for converting sucrose to
isomaltulose. Although several groups of bacteria can

25 convert sucrose tce isomaltulose, yields of isomaltulose
in the converted products were variable, ranging from
8% to 86% (Tsuyuki et al., 1992; Nagai et al., 1994;
Huang et al., 1998). Moreover, these isomaltulose
producing strains not only transform sucrose to

30 isomaltulose and trehalulose but also produce about

2-7% of glucose as by-products (McAllister et al.,



Figure 5 maps the cloning strategy for the KIS gene from Kl ebsi el 1§ AUG 200k
si ngaporensis. The selected clones 30 are incubated for 18 hrs in the LB
broth contai ning So ~9 ~ AUG 200h WD 01/60993 6 PCT/ SC00100023 sucrose at
37C and 200 rpm The reducing sugar in the broth was determ ned by the DNS
method (M Iler, 1959). The insert sizes cloned in the pBluescript Il SK(+)
are provided in brackets. 5 Figure 6(A) is the nucl eotide sequence of the
KIS geM® BBI9R ebsi el | a si ngaporensis. The DNA seqB€H@Y0WI upstream and
term nator regions are shown in initialized fonts, while the DNA sequences
in the ORF are indicated by normal fants. The putative potential 10

ri bosone binding site (SD) is underlined. The putative sucrose inducible
region in the upstreamis indicated by doubl e underlines. A sequence

honol ogous to_ fhe helix-Ioop-heljx binding site i ed, Bold fonts

i ndi cate thelpét%’t IrUYREE pendént {%%zm H‘a\?r?‘ig)ﬁts?%'(afssligﬁgii's tthé&S downst r eam
Fi gure 6(B) sboascdnseddeshicedndnsindaacproldegubasmasef ekdi®rapteot ein. The
utative suc e: bindi ' ' erLi Fi [ e honvol ogous
P £02Lr AlAALAG Al defyLas WHChELAL: FLOWeRode | chelsl g

sequence associ ate _ sequenc e putative 20
sucr ose- i nduePbtraninasipg ezonpeupfe (Qugifamie etkps- i 4%Phe béne for

i somal t ut ose pgypthage b1 9Mm Khehsi flnled s8R ROE &Sieh Baghpibuperal s are
di st ance (bpgﬁf romthe transcription site, excep i s where the nunbers

. t the
are the di st 4EEYHFP PF obitTRet Jr?ﬁ?sllaf?MCOFW%%?F‘&H%@Q te ATG Figure
8 details a conpatdz0Omeoéntaiy,N0. HCiThteatjUENCS, 185,1146 gidcdiised sucrose

bi ndi ng site between Kis h enzy I e guﬁr se as a
substrate. Tﬁgo%% Og)r gfr%%%ceésgﬁtg%%rggéoggﬁe\éﬁkg%%ﬁt ﬁe‘ ater_m' ni 30 of the
enzynes. , 9reanB208% WIG Y1 k60D PrebORseLEr DRSCRMM GRLOE THE

I NVENTI O\ TwQBHESed $Rhates oSt A-k&Zdnust Batpzarig@nvert sucrose into
i somal tul ose, were isolated fromsoil npl es of the Respubl i ¢ of Singapore

a .
and from t he SUGEPS%E FORE- TS s 1Gar FHIFS. %%c%’rc&Pﬁ@ PR HEEEFi ption of the
genus Kl ebsi eibaeqrinamowsb yamtbbi shed (b sV and WHerobéidsergenus has t he
fol Il ow ng norphol ggi.cal racteristics: negative r ion_in Gamstain
and oxi dase, 5%0 f %ﬂ'ﬁa tﬁ@glsfqél ?%%Se,fofso%i‘f% gsefsoﬁﬂgﬁg%t‘%gﬁ, positive
reaction in \fuPcthé¢esitscdntdepriodacEngrizappstiat endThese characteristics are

consistept with th qf. £he. .. f the present invention, suggesting
t hat str?[gi n Iﬁfoéﬁ%;{f % gluﬁlg%gﬁgg%ggﬁfo t he genus

BRIEF SUMMARY OF THE TINVENTION

Bacterial isolates and enzymes capable of high
efficiency production of isomaltulose are of
considerable interest for biotechnoclogy applications

20 and for further understanding of enzymatic mechanisms.
In the present invention a pure culture of a new
bacterial isolate is provided, identified taxonomically
as Klebsiella singaporensis. This bacterial isolate is
capable of high efficiency enzymatic conversion of

25 sucrose to isomaltuloese.

The present invention further encompasses a
process for the production of isomaltulose using
immobilized cells of K. singaporensis. In contrast to
those disclosed in the prior art, the process is highly

30 efficient, converting more than 99%% of sucrose to

products which consist of more than 87% of isomaltulose



15 Kl ebsiella. The isolates of the present invention can be disti ngu'i §Q\% 2004
fromall of these known species of the genus Klebsiella by its phenotypic
characteristics, including indole production, growh at 10C, gas 20
production from |l actose, and nethyl red test (Table 1). The difference of

the isolates fromthe closely related species Klebsiella pneunoniae is that
the latter can produce gas fromlactose at 99.5 C but can not grow at 10C

1 6 AUGYQDEEHNO 01/ 60993 PCT/ S@0/ 00023 _ 8 Tabl e PETSGHMIBEE i son of

phenotypi ¢ characteristics of the two new isolates and rel ated species. LX3
LX21 K K K K S 5 liquelsolates pneum oxytoca ozaenae rhino- faciens

oni ae schlero matis 10l ndole - - - -t - -productionGs productionfrom
Lactose at44.5 - - + -+ +15Gowth at10C + + - + - +MR - - - -+ + +'r,p.
+ + + + - -Gowth on20ce|l]ob- + + + ++ + -io0seAcidfrom+ + +(+) -

-l act ose' 25A Ky LBFR AR C Jﬁrﬁaq FLPEOS1dPC AT B Rat T Gt r ai nof the present
i nvention cl usicebsyi idomgeass Kirelskel diamgapbeealiesrss deehatioupsiare K
pneunoni ae, I%rrhi Qx§cctli%r ggact;ios,inK.aozr%%gge a}lnlg:% | i %uef gci ens. |t30has been
proposed t hat¥sfr AP *SRAT | A T BE SPRHFSR 87 ot 8PTS 2ultdl 1y do not

bel ongt 0 t he l=awd shevimaséSithcitebeartiit dhfif<@sebnl sevid@9) afime sim larity of
16s 1 A - 0 0} P (#}(%3 S between
strain L)§(3 gﬁ%ﬁ%%gﬁs%él %ggp%%jrﬁtg)ﬁi%&%a%gén y 955%%%%2?@%3& many simlar
phenotypi c properties anong the classified species of genus Klebsiella. To
overconme 5 this classi farzat rehrexmomhyk osreeice anal ysi s based on rpoB
gene sequences was, al So.car rEimedlou . 1t .has besn %o nd that |evels of

di vergence bet wee LT rpo% se&u%ﬁ%reosf’ St Er e Sains in the fanil y
Ent er obact er i mepadveky etaankbdieylhofharathaildbdsds@id0 between their 16s

r RNA genes (Ml | | . 7). i.n eci es conparison exhibited

98- 100% of s:\%qg%%f)?%/n%ﬁnﬁa&%ﬁtoér Fl(]:-é%srea&%gﬁﬂnvmg eas a 2-21.9%difference
occurred® nt er spe€igare AssBewavthenPiRlpgeeeBic anapydesivel F9B gene
sequences enadLdrAf deyuRats MRithoAnOfydike phvliagenst ifospPesdd i on of the
strains of the present mvenil on., Although th;{ergoB ene anal ysis showed
the simlar phylStgenetfieP5ost13 GArETPRITE> T Lol AR ¥Rt of 16s r RNA
sequence anal ysiterni tad Senetevar bhytidhakigiierPoBngenaedhy®r gence of the 20
strains of t resent_inventiqn fromthe other..rel ate rains is higher
than that of 1bs™ rssesaﬁgrﬁc%e%F IﬂquetrHreaHg%esoflnéiﬁfng#%ﬁetqf%}ét%%ng strains
tested il$ frope@8t3rtrlessofsom 1000 data sets.

Figure 3 details the phylogenetic position of

Klebsiella singaporensis among selected bacteria

belonging to the family of Entercbacteriaceae based on

partial rpoB gene sequence data analysis. The tree was
20 generated by the neighbor-joining method.

Figure 4 shows isomaltulose production and KIS
enzyme activity in K. singaporensis cell culture. The
first graph, A, details bacterial growth owver a 24 hour
time period. The second graph, B, details the KIS

25 enzyme activity in the same time period. The last
graph, C, shows the isomaltulose detected in the
culture medium over the same time pericd.

Figure 5 maps the cloning strategy for the KIS
gene from Klebsiella singaporensis. The selected clones

30 are incubated for 18 hrs in the LB broth containing 5%



According to the physiol ogi cal and phyl ogenetic 25 characteri sti csg'g
strains LX3 and LX21, it is apparent that these strains cannot be
to any previously recogni zed bacterial species. It is therefor proposed
that strain LX3 and LX21 should be placed in a new species, Klebsiella

si ngaporensis sp. nov. The type 30 strain for this new species is

desi gnated LX3T. |sonaltul ose synthase catal yzes the conversion cf sucrose
into bo¥AW&E¥Wdal t ul ose and trehalulose ' 6 AUG BIGS0040929| / 60993

PCT/ SG00/ 00023 10 (Cheethamet al., 19B2). The K singaporensis strains
LX3T (type strain)and LX21 convert suagose into isonmaltul ose (87.30), a
smal | anmount of trehalul ose (11.60 and trace anount of glucose (< 1 0). In
5 conparison to other isonaltul ose-producing strains (MAllister et al.,
1990; Tsuyuki et al., 1822' aad é—&an et al., 1998), the isolates of the
present i nventi*6h°HT Gdu & P21 Rl t RO LEUFPY SLY3T r8ha&PEl ose from
sucrose nedi umroandvaas pecealingdnbg thk) Dg s t@bdc asia.leTheldsponal t ul ose

synt hase enzy actiMity. 4 ~SL N0, S i.gni-fj t Iy _hi gher than
That of Ervi ey paasin Fifeeonted SR pEr RO RPN el 0% ot
two strains kmpoemides insbrgdhaisese 15 production (Bucke and Cheet ham 1987,

U.S. pategt No. 9, i 387 (a U8 ehe Buclotidd8Iqubhd oRaLNtkINO. 4,857, 461).
Under the same growth conditjons, the isomaltulose synthase activity of K

si ngapor ensi s 9ege4at fgﬁﬁsi%/{)%iséﬂ%ﬁ'ﬁorreé@b%ct iTP&| DNA SRIHeRFRS ©6f Erwini a 20
rhapontici ATGps292:53 aardtéhtiha0br Sedgiahk aafd yAudhiiga ATCC 15928. This

explains the veryDl gl sugiose LONVELS! g rALR QL K SLngaper ensi s, The
i mobi 1i zed celr's™® . SIngdporensi s provi 0e 8l nost conplete conversion of
sucrose (99. 7%re whdkadsdtbie roonakr&inds . 2Bhe ausabiveorheentdsdwn strai ns was

up to 953,0nl y.;6BuGke ARd: e8thanep)l 987 undd S1n0at eMe DOrari§20387). This
novel bacterial strain, K singaporensis, could have a significant industry
potential for RFFPEF SMFHRHCEPSAN of tEBNERYERPBRetS 309 A %st i ngly, the

i somal tul ose ynubaise: UAHSY1inesSt R addyukéncsi @dPOOSIES tiSe NOt

constitutively ..4 6 auc 2004 WO.01l 60993_PCIl SQ00/.00Q023. 11 expressed. It
is signifi cantqeﬁlf(nd?ﬁpec?i’eéi‘/x ﬁl\é\gtl%%eﬂggntlséi bncixr?é'c%?lb%%?g?%t es, including
fruct ose, sucrigsécataftfienfsetomnddemoment ttogdnahongithemn sucrose is the

most ef fggti vendpesiorehf! | PRI DY (f2fhbPOS%e@Rbduced amino
acid sequence of KIS protein. The putative sucrose
binding site is underlined.

Figure 7 is the homologous segquence associated
with the AT-rich sequence of the putative

20 sucrose-inducible promoter in the KIS gene. Kis is the
gene for isomaltulose synthase from Klebsiella
singarporesis LX3. Numerals are distance (bp) from the
transcription site, except the kis where the numbers
are the distance (bp) from the translational initiation

25 site ATG.

Figure 8 details a comparison of amino acid
sequence in the putative sucrose binding site between
kis and other enzymes which use sucrose as a substrate.
The numbers represent the position from the N termini

30 of the enzymes.

& A B



5 fructose. Only low, or no enzynme activity has been detected when $6haUG 2004
sugars were used as a carbon source. This is different fromthe previously
reported isomaltul ose synthase, which is basically constitutively expressed
(Huang et al., 1998). 10 The kis gene encoding isonaltul ose synthase from
Kl ebsi el | a singaporensis has been cloned and characterized and found to
have the nucl eic acid sequence shown in Fig. 6A (SEQ ID NO. 1). The present
i nvent | evo opg@mnpPasses nucl ei ¢ aci d sequences w t hi pefdiRoddmascope of the
degeneracy of the genetic code that encoded essentially the sane am no acid
sequence encoded by SEQID NO. 1 (SEQJ1D NO. 2). The gene encodes a peptide
of 59B ami no acids with a cal cul ated nol ecul ar mass of 69.94 kDa. Sequence
conmparison 20 indicates that it is highly simlar to but different fromthe
sucrose i sonerase cloned from Enterobacter sp. strain SZ62. There are 3

amino acid differencesDEIAILAR TEICRTATICGN OFeQHDIINVANEFIMICti onal cl oning
nmet hod for isol atl t KI'S ot can be stated as
}l:ll?eq\%blzc;&e gﬂgj Q’go £5€2 8 t}pa(t C%bha nv l%

fol |l ows: (a)prepare a gene nor "organit s Cont ai ns a DNA
sequence codi fgcrese gp Psé?r%wathﬂlégéerblmyntmgutsda@tqrrvrwyl| n a suitable
host organi Smsaﬁ91§§rﬁe@héhﬁeﬁb@ﬂgsoﬁf&.had&h%ﬁan&r%mt Rge 9P bank by 30
their enhanced reducin ar content (c)isolate the clones which
contain a”DNA 2088 ﬂé Sf"%ra Bfotein with i somal tul ose biosynthesis activity.

In a ,.9 6 AUG ZE@zbr\dﬁ)naltcBOihQBdéﬁcﬂﬁh&mmaﬁQ@ermrsef erred enbodi nent,
E. coli is “S%%e%ﬁl%fﬁ ?93%1 ls% 35‘1’65 enelggﬁ Kk Qf step (a), nost
preferably an E. rai n es not ~pr oduce si gm Ttant amounts of

reduci ng sugargepishhahdahei ﬁ@llquaﬁﬁ rededog - phafanteriteiostieps (a) - (c),

above. A put atde\g%tm@mtaehéﬁ%eaesml&alheaﬁtp%&m@ge of ORF of the kis gene
has been identjfi ed. promoter activity has been confirmed in E. coli,

where it *di recﬁaé:ullﬁi'i‘ifc e‘c}lye 5 s EPSTEIGP e HePTRPS L Hdhe PPRLEHTE 10 presence of
sucrose or frusdaeseon e vpat atdsteadd - gﬂo@bcsmg:rcaﬁeuleﬁﬁpommsee regi on

(- 5TTTTCTTTAATAA CAA||T 3] _js found -10. regi on by conpari son
Wi th other suct oggcr%%l%ﬁ[é?\%er eQOPSlSte(n\t( ]"('lt[’h f 05? %G tEg1999) The

i somal tul ose syanlhase Qfertbﬁglsrets(@nthemf@mubyf cfugyBsingc b8yt t r ansf er ases.

Conpari son of 4he;detteedqaiko saph i SRAVEHCS, het sl S gene suggests the
exi stence of afotentl al sucrose-binding site, szi+ DL-1-RL-DDRD S NE"2

[SEQ I D N@. 4]Kigbsigkk2-been established that aspartic acid residues are

idrrpprta_nt 20 for threbisedebgs off the ﬁﬁd&ﬂﬁ)/in@n@%@n gansu@r ose and its

erivatives in.the sucrose-binding_site in

gl ucosyl transfc%ﬁgg ‘%rs&egil %E%lml L 8luEETSo “%%P%‘E’eﬁ%/anfrﬁ%. ted enzyne

activity, indigatusngléieialdkebwfitcaplmorlype atipsactedikeicat al ytic 25 site

(Mooser et al. t 2: i 1996, 1997). It
%nc{l%%%ng Kald1 8! pJ?chuct%gr? r@@éﬁ?@% ?gﬁcté %\% .

seens |ikely t conpari‘son, nzyme is
responsi A% f o@rctqtﬂété%ft dirpm La¢fi05ai n@ﬂcbﬁnef,milr gsd test ddpble Ullose

bi osynt hesis. The digkerdfceaoseandshi Hsy £36m GoRseIYRd yapdn@eaci d, i.e.

Arg-325, in the substrate binding and catal ysis, has not yet been
est abl i shed. species Klebsiella pneumoniae is that the latter can

produce gas from lactose at 44.5 °C but can not grow at
10°C.



9 6 AUG 2004 WO 01160993 13 PCT/ S0/ 00023 The isonal tul ose synt haseg afyct 08+
present invention can be expressed in any nunber of cell types, such as
bacterial, plant, manmalian, insect or fungal cells, and the present

i nventi on enconpasses prokaryotic and 5 eukaryotic cells transforned to
express KIS. In one preferred enbodinent, the kis gene is transferred into
a bacterial cell, such as E. coli, by conventional nethods, and the KIS
enzyne ¥X{6e8sed t herein. Such a transfornmed bact ETEGIEMRI | i ne can be
used to produce 10 isomaltulose in fernentation culture. In another
preferred enbodi nent, the kis gene isgtransferred into a plant cell. Such a
transforned plant cell could be used to produce isomaltulose in culture, or
regenerated by conventional nmethods into a transgenic plant 15 expressing
the kis gene in its tissues, |leading to the production of isonaltul ose

t hrough the cEblet-si orCastpadses pbrhenoticcdhatactpsisiestof the Brameyeisdatesi ch source of

i somal t ul ose. plants for use in this enbodi nent are sugarcane,

mai ze, materﬁgE%%Lgﬁ%ggﬁ'sugarbeet. Cell transformation can be acconpli shed
usi ng conventional neans, such as transforpation by an appropriate
expressi on vepXdr tha2ls Mopagat& in ti&e hosK.cell (Such as a plasmd),
by nechars cal neans 25 (e~a., particle bonbardment, m cradigagection), or by
other means kmelwds i N the art, gadh a dxyfe6s onRadnbiSi thihoor fikiewt roporation. A
preferred enbodi nent for the troanasfornmati on of pl artigerand pl ant cells is an
Agrobacteriumtunmefaciens Ti plasm d vector, of whigdss30 there are numerous
exanples in the literature (e. g., US. Patent Nos. 4,940,838, 9,762,785
and 5,0 193} qod T @anstormation wth a Ti. plasnmd vector can_be achieved 1
6 AUG 2004 Vmﬁﬁ&kﬁ 93 14 PCT/ S0/ 00023 vi a Agrobacterium nedi at ed
transformation, or by any other neans that effects the transferral of Ti
plasmd into &he{%£%ﬁ§¥ cell. In a preferred enbodi nent, the kis gene is

i ncor por at ed hﬁ?’ an ggpression vector that 5 propagates in a prokaryotic
or eukaryotic %?ﬁffmﬁnd the present invention ﬁnconpa§ses t r ansf or ned
prokaryotic afi eukaryotic cells harboring such vectors. An appropriate
expression vector would conprise the kis codi ng sequence and a pronotor
active i%ﬁthe6ﬁ§§¥mcell 10 that causes expression of the kis coding
sequence, as WG tas sequerites necessary' for the mai nt enance and/ or
propagation of the vector in the host cell. Additionally, the vector may
conprise sequblBes that lead to the stable instrtion df the'kis gene into
the 15 host cell genone, for exanple the Ti plasm d border regions (c.f.
U S. Patent N¥P. 4 7.62, 785 and 5,068, 198), or -any regi on of- honol ogy t hat
can lead to cross-over or insertion events with the host genone. In another
enbodi nent, tlegowhsngene is fused to a 20 signal peptide sequence. Signal
pepti deszef f egéliobhe targetiing of +t he expressed+peptide to a-particul ar

cel lul ar | ocaksgesuch as the vacuol e (Bednarek and Rai khel, 1991: WMatsuoka
and Nakamura, 1991), the chloroplast (Van den Broeck et al., 1985), the

Acid _
from + + + (+) - .
lactose
25
A phylogenetic analysis indicated that the strain
of the present invention clusters with genus
Klebsiella. The closest relatives are K. pneumoniae, K.
rhinoscleromatis, K. cozaenae and S. liguefaciens. It
30 has been proposed that strains sharing less than 97%

similarity usually do not belong to the same species
{Stackebrandt and Goebel, 1994). The similarity of 16s



25 endopl asmi ¢ reticulum (Borisjuk et al., 1999), or the cell memprganes 2004
(Ckanoto et al., 1991). In a preferred enbodinent, the kis gene is fused to
a vacuol etargeting signal peptide sequence. In still another enbodi nent,
the kis gene is linked to a nenbrane 30 attachnent domain codi ng sequence,
whi ch woul d be 9 6 AUG 2004 WD 01160993 PCT/ S0/ 00023 15 inportant for
enzyne stability (HSU et al., 1993 Ckanoto et al., 1991). EXAMPLE 1

| sol ati 899888 fi cati on and Characterization of 5 PEH#NMI30se Produci ng
Bacteria Kl ebsiella singaporensis sp. nov. Soil sanmples collected at Wods
Park of C enenti, Singapore, or fromtshe root zone of sugarcane, and the

ti ssue of various over-ripe tropical fruits and 10 sugarcane were suspended
in sterilized saline water and spread over sucrose agar plates in different
di lutions. The i#crose agar__nmedi um used faor the screening of bacteria

produci ng i soRBIt UIPGRENCTOMEAMARY SEpatD Yoo 2Rt Klals1§1L3icr ose, 5 g yeast
extract, 0.5 gndiySaakliGs tR1. ¥4 $3KNO3, 1 g KZHPO' 0.5 g NH4CLl, 1 g Nad,
20 g agar, adjust . ith-1 N NaOH. |solatiop. and purification of
i sonal tul ose pr odﬁlglleﬁg g%&é??ﬁ%l%lﬁrp?%?nggy%? eprioﬁ’gﬁgh Sed‘mgf‘gBOC for 29 h.
A portion of &helrisisagfestsipenjeomit bend) Kebsbsklaaglo pleatempas

transferred tenfs NAWsSYE] QR8 0RYH ol kAl ‘yfﬁr gbHLLNeL RUrd £ cation, and
d SPY red

anot her portion was inoculated into ium over ni ght. SPY nedi um was

conposed of (PBFEAGHOTRPY WHegSAINIEESE, WA a4 peridhedadiF -4 1§ yeast extract
(pH 7.0). 25 Bastm¥enakousdltabesldvea® of fdivkentnsamrkfsen@he purified into

honogeneous single-colony cul tures by repeatin treakjng on the SPY
pl ates. The pﬁ??‘%isee s ac serol%afhftge(ﬁe ¥e§t’\%é‘rn§ é‘%r%‘@ngam* r production of
reduci ng sugafstexsihagtsntrcze werea mgsokedlahbghesaaoethd@ The bacteri al

i sol at es;gapa Gi g0 [ LS U i gh,yd-el d were further
tested f%)f ?ng%&ﬁgggﬁ 1Vs\l%) 6%&%&%@%9P@#&£0§€§g£ ]_’L%é—]ﬁs'omal tul ose and
gl ucose produlhf oErrRBePFE EPTRAL 5o tlePiteXPeid0EXP) capabl e of

efficient produsiifatof ansyrahtsdiesachids,t AL AMUPLS @k gl ucose
by- product we el ected for further st,ud%. These twp 5 isol ates were
| o

re
originally i sgllgfeé’if“f:?o?ﬁ‘f%gegoﬂt%éﬁﬁ?%e 82 $WYhi" (9B sugar cane and
fromsoil sanplesnzlysWoods dBaBkgafe Geeuardes ofialBiadgapore, respectively.

15 estimation of the phylogenetic position of the strains
of the present invention. Although the rpoB gene
analysis showed the similar phylogenetic position of
the isolates to that of 16s rRNA sequence analysis, it
is noteworthy that the rpoB gene divergence of the

20 strains of the present invention from the other related
strains is higher than that of 16s rRNA sequences. The
range of similarities among strains tested is from
§8.3% to 94.9%,

According to the physiological and phylogenetic

25 characteristics of strains LX3 and LX21, it is apparent
that these strains cannot be assigned to any previously
recognized bacterial species. It is therefor proposed
that strain LX3 and 1LX21 should be placed in a new
species, Klebsiella singaporensis sp. nov. The type

30 strain for this new species is designated LX37.

Isomaltulose synthase catalyzes the conversion cf

sucrose into both isomaltulose and trehalulose



Preparation of crude isomaltul ose synthase and enzyne assay: After 16 AUG 2004
i ncubation overnight in SPY 10 nedium the cells and supernatant were
col l ected respectively by centrifugation at 19000 rpmfor 10 m n. The
supernatant was kept at 9 C for the detection of reducing sugars by the DNS
method (MIler, 1959), and isomaltul ose by thin-layer chromatography

(Schwi mer 15 and Bevenue, 1956), assays described infra. The cell-pellet
was waswed/asee tinmes with deioni zed water and susfages@dosn ori gi na

vol une of 0.1Mcitrate-phosphate buffer (pH 6.6). The resuspended bacteri al
cells were divided into two aliquots. &he 20 aliquot was used directly for
enzyne assay as a whole cell fraction.” The cells of the other aliquot were
broken by sonification, the crude protein extract and the cell-debris
fractions were separated by centrifugation at 14000 rpm The cell-debris
fraction 25 whesablrecett hiee 19a28s and R.esuspandedsis dthaigsame buffer for

enzynme assay. e ti vt s. determ ned by incubating a m xture of
Sho W of S ay e ERAY TR Al Lx g oy RACEORUTPEP (pH 6. 6) and SO ul
of enzyne 30 brapatai¢sn (87 - Bhlot @r smabuspenst mf arelByl@lbee 15 nin. The

reduci ng sugags: fe@h NBgh Wehee dgi Rk di%lgﬁaégebp@s%pet od. One unit of

i somal tul ose synt hase acti vj 2004 WO 01/ 60993 17

vity is _ ,
PCTI SG00/20002%°R&{ - Ak t&sof:ﬁ%’}/ BAt Do¥osenpIRANaiRgt Ste@ingonvert sucrose
i nto one )unolMaflltetkicicngasugarodion Bsupuktt € afl .t hesgnndinki ons specified

above. For de ] nation e y4 ctivity in_ E coli host cells,
t he sane cond%h%alrn?nsg@véelgé g%%%?’e&%gx%g%taacteﬁa?% t%& Bt %i a were grown in LB
medi um suppl elEmnédoni reddred aranst igomlanipat iamdsle$s sucrose as i ndi cat ed,

bacterial suspansiQosd!!drdhes Was sdombh figh, t 9nd WpbL;-2nd, fUEK 0se sol ution was
reduced 10 correspondingly to 900 pl and the reaction’tinme was increased to

30 ni nut’ds. DEYBCORBACYT bacteria introducing i somaltul ose by thin-Iayer

chr omat ogr aphy: Th@e 0ionill t 0f o SdIRGEBRE AN en@fm& Wck i £xy i0 whi ch reduci ng
sugars can be_det ected by .15_t he thod, was spotted_on TLC pl ates
(5711 ca ol oR HFSESTSY 5, =tHRarar bt bodher APar| IRt Ghd devel bped. The
sol vent syst eBrmagaetrimpancétat AFCACPRE3 anddsaetaat a (Ol ydiudhBcdy vol une). The

spots were Vi i Wi di_p i.ne- ani.L.i. he- phosphoric 20 acid
reagent (Schwﬁtbmeréerlgg%%’ Iggee%%&ﬁgﬁ&%&%o%%&%ﬂoﬁeﬁ. The presence of
i somal t tose Predusgient @gcky apd ywheebhamyr d8H1.y 8- Boveatsingr Ngpot , t he

i somal tul ose fiom,Segmegaesrusediias aggd andar ﬁ;a‘%@ﬂé ngl.. After sonication no
i somal tul ose synthase activity 25 was detected in the supernatant fraction

and the acti vFt8? a8 bnIUPREUTF iISATE - sh| culitdens s £8€i on, which was not
changed by protangedlsanisyneniscorctThery 9EGNRI tailngsposaHiiBase activity of

cell-pellet fp ta! nrlﬁg)c19n..2 'LaJ{:mle's gl mst 'ﬁ:len 'g I%It%that of whol e cell
30 fraction (58"‘.’;1“%/ 5 BIPRET ¢ SSTPFS %ﬂ&des% th b ?h i"S8HB11 ul ose synt hase
is a cel10 wal Fhigpurtd ceriii®e29283 and that of Serratia plymuthica
ATCC 15928. This explains the very high sucrose
conversion rate of K. singaporensis. The immobilized
cells of K. singaporensis provide almost complete
conversion of sucrose (99.7%), whereas the conversion
25 rate of other known strains was up to 95% only (Bucke
and Cheetham, 1987, U.S. patent No. 4670387). This
novel bacterial strain, K. singaporensis, could have a
significant industry potential for efficient production
of isomaltulose.
30 ' Interestingly, the isomaltulose synthase (KIS) in

strain K. singaporensis is not constitutively



‘1 6 AUG 2004 WO 01160993 18 PGTI SC00/ 00023 Mor phol ogy: The cul t urk8 AT @004
grown on sucrose agar for 24 h at 30C and exam ned wth a phasecontrast

m croscope and transm ssion el ectron mcroscope (TEM. For transni ssion

m croscopy, a 5 centrifuged cell pellet was fixed with 5~ (wt/vol)

gl ut aral dehyde and to (wt/vol) osmumtetroxide. Utrathin sections of the
sanpl e enbedded in epoxy resin were prepared with an ultram crotone,

st ai nedvWHeR9r anyl acetate and | ead citrate, andPpexaaimeds with 10 a nodel
JEM 1200 EX transm ssion el ectron mcroscope. Cellular norphol ogy after

G am stai ning was al so checked by lig{4 mcroscopy, and the norphol ogy of
fi xed speci nens was conpared to that of living cells. Strains LX3 and LX21
are G-amnegative, 15 non-notile, straight rods with round ends, appearing
singly and sonetine in pairs. The.cells are of 0.6-0.8 umin dianeter and
0.9-2.0 dun i AxPeerpee- Ehdospégeitivapblnoindyieed bgervkae The size and

shape of cell %oﬂf&%n@nc§ﬁh§3’h@89a{@§“ uﬁamnqom&rogé af\hdoge20 il lustrated
in Fi gure 1. ni es of hese L i sol at es re CII‘CU| ar,, sm)oth

pul vi nat e, entriaF mocf‘ﬁaqﬁ'é Jv'ﬁﬁi“? Govi ‘SBGs PRFen SEEEPRR 1Ri FRE needl e.
Physi ol ogi cal mand &ifechéns c:uaaldueéua,r &@ﬂ.é@wa:albyomfﬂamab aeddi um used for

physi ol ogi cal Lochgn . cal r J cterlal isolates in
t axonom cémrkgg%‘h% stegﬁr':l'o)?81 ut 81%03%@{ OZ\%H I%QS%Q 0.7 g KNG3, 1 ¢
KZHPO' 0.5 g NPIt@tEdlwéel\laFGheraﬁ‘éﬂqﬂsl 7exe usgd @%lrab@ﬁrE@Ur ce was added as

speci fied. Thachieul dneyl tdir@srofedtacted itde HbsoOFRNRIyWBIRrikBgubated at 30C

30 with reciprocal akin am st ai ning characteristics were detern ned
using the HucI%éPm?'r]ett‘H‘(? gyf&gééﬁ B‘é’d £eshcakigg1) . 1 6 AuG 2004 WO

011 60993 PCTI S8t DH02319 e@prelam aetm:vg ter was, dewerm ned by oxi dati on of
1% (Wt /v !)) tetra hwlsp%g%bg}(c 9Qnar3.%u995%:%y%nmh I%)% Hyand cat al ase

activity was detec ed by tTon dr ogen
per oxi de sol utilehsbealfat erlnqlfambaﬁu)rlnasnb@lwcmememrﬂnﬁox 18-98 h (Sm bert and

Krieg, 198l). _Jhe.oEdi;3.HSE&0 tfguga/acl ugg@e Lghl I h algnagi various substrates

for gromh were prepared by ad . each substrate to the
basal medi um SGER&RFH Sﬁyu?o}ryé“ﬂg (Eﬁ’et(ﬁﬁ‘?j IB NOrn | e ThE RAFEERBN 10 (et hod

2), hydrogen &Inyéhﬂﬁrpreaduﬁﬁas@@s(mlla@e 2)id Bbllidic@ s @diahi @ne and
hydrol ysi g of starch in and r.were t stedCOFey sing the nethods
previ ousl1§ deSEPPB Y (%Fh ARG %% 5g° gf§§ E?foductl on from
car bohydr at es azvasde@t@sanheﬂhyntbamlmemdlwmmd sequence
encoded by SEQ ID NO. 1 (SEQ ID NO. 2). The gene
encodes a peptide of 598 amino acids with a calculated
molecular mass of 69.94 kDa. Sequence comparison
20 indicates that it is highly similar to but different
from the sucrose isomerase cloned from Entercbacter sp.
strain SZ62. There are 3 amino acid differences at the
C-terminal region.
A functional cloning method for isolating the DNA
25 encoding the KIS protein can be stated as follows:
(a)prepare a gene bank from a donor organism that
contains a BNA seqguence coding for an isomaltulose
biosynthesis activity in a suitable host organism,
{b)screen the clones of interest from the gene bank by
30 their enhanced reducing sugar content, and {(c)isolate
the clones which contain a DNA coding for a protein

with isomaltulose biosynthesis activity. 1In a



15 suppl emented with various carbohydrates as described (Sm bert ardg iuicegns
1981). G owth of bacterial isolates from5C to 60C was determ ned by

i nocul ation of fresh cultures of isolates onto sucrose agar plates and

i ncubation at different 20 tenperatures respectively for 10 days. The
physi ol ogi cal and bi ochem cal properties are shown in Table 2. The two
strains show catal ase and urease activities but do not have oxidase,

ni trat A WEYEX ase and | i pase activities. Both str&CHECHENhot 25 hydrol yze
gel atine, starch and cellulose. Strain LX3 cannot hydrolyze casein, while
LX21 can degrade casei n.. The Voges- Proskauer test is positive but Methyl
Red reaction is negative. LX3 and LX21 were facultative, anaerobic and
capsul ated. They both can use citrate and 30 glucose as a sol e carbon
source and produce acid and gas fromall the tested carbon, sources,

i ncl udi ng gl UBBREETTEACPIRVSIMERLt dse €Ot ShfallGPOE 'REIEYYe, r~ 6 AUG 2004
WO 01/ 60993 PeAdHE00/ 660 XRhe20eid WGRSEE JTMNIED] moghymesrferabinosit ol ,

mannose, gal actose azd sorbit&léé The nitrogggusour.ces such as peptone,
& I'n

tryptone, yea8F ExtFactS a8 FREF, "a 5 arOPVEREE" KNG, (NH,)zSO

can support theogrewh ofdusinfesucsel aiehy thleet bms firewa we@dedote There are no

speci al ow ;ﬁ%_tmoq:héeggp' ceppnts @f thedesol ates. Table 2.
Char act e% sti g% 0 acteri al ?@(n)l at(eES LX3 gnd LXZ1l sol at esLX3LX2110St r ai ght

Rod++Round- end++DiZamet &k tye6 POOBIL B §eBEeRfft AD. h® W§tBRa™ §i50ccur renceSi ngl
e++Pai r Sonet i gREAEithEEEAD FeheShatheshi Mderta¥ eéd+@hanprahddeyst and

M crocyst - - Coccoi d, _body--Endospore--Nbtility--Facultatjve

anaer obi c++25e5F e’ bﬁ?&s@&’é’a@@&t%c#'t l‘ff’rllé’sé"-%-eEFpJaEe- -30Citrate
utilizati on++dydeodsy snduaitlel akpiressiShas £ theCili s uladsein 3FE@asei n- - 1 6 AUG
2004 WO 011 60993 21 PCI/ S3)0/00023. G e ST + + Catabolism
Fer ment a?&on Pé?ﬁ%%cteatgl}-o?\uﬁflfégp?% uréltclgg“%g’f r@% @{333%@? @ifigthS Thi osul fate -
TSI - MR - sVcPoset resphpngigeereahrct(i 6 TICTITAATMAGPRT Hr 0dUHY on - Gas

producti on *"inécﬁﬂ it found at -10 region by comparison with other
sucrose-responsive regions (Yokoyama et al., 1994).
The iscmaltulose synthase belongs to the family of
15 glucosyltransferases. Comparison of the deduced amino
acid sequence of the kis gene suggests the existence of
a potential sucrose-binding site, ‘
2p..p-L-I-R~-L-D~R-D-S-N-E** [SEQ ID NO. 4]. It has been
established that aspartic acid residues are important
20 for the binding of the glucosyl group of sucrose and
its derivatives. Changing Asp to Asn in the
sucrose-binding site in glucosyltransferases resulted
in reduced or completely inhibited enzyme activity,
indicating the role of carboxyl groups in the catalytic
25 site (Mooser et al., 1991; Kato et al., 1992; Monchois
et al., 1996, 1997)}. It seems likely that, by
comparison, the Asp-327 in the KIS enzyme is
responsible for the catalytic binding of sucrose in
isomaltulose biosynthesis. The role of a second highly
30 conserved amino acid, i.e. Arg-325, in the substrate

binding and catalysis, has not yet been established.



These characteristics allow grouping of strains 15 LX3 and LX21 to §l§eAUG 2004
genus Kl ebsiella. The closest nenbers are K oxytoca and K. pneunoni ae. But
strains LX3 and LX21 differ from K. oxytoca in indole production and differ
from K. pneunoniae in their abilities to grow at 10 C and to produce gas
from20 | actose at 94.5C (Table 1). The distinct physiological, biochem cal
properties, and as well as DNA sequence differences exam ned in Exanple 3,

i ndi cat ¥OPA3 | sol ates shoul d be classified as a MREHSEMNBE| al speci es
within the genus 25 Klebsiella, i.e. Kl ebsiella singaporensis. The type
strain is LX3T. Description of Klebsi®lla siagaporeasis sp. nov.:

Kl ebsi el |l a singaporensis (sin.ga.po.ren'.sis ML. gen. n. singaporensis of
Si ngapore; pertaining to Singapore, 30 a nanme of a country in Asia).

Gram negative facyltativel naerobic straight rod with round ends.
Non- noti | e and cagéﬁl %1?%“&13&@?5%15&'8%%%?% Q%ogﬁ’? Ag S SeRt 1 ERAYR from 0. 6-0. 8

um in a s aod Maxmmm%wmme@m_@aedj aeheasto 0.9-2.0 um
in length anqbgg@yigls!mnx,aﬁgm&qqahl Pﬁ%e‘cg W'{uﬁaaf:ové]eqri'ses are circular,
[ S

snooth, pul vinate, entite, oOpaque, e and Vi sco 1EN gr own on sucrose
agar plates. @21 HA'EsBrafRituABESR oneeBCRRIgaRR PTOSRF Risle, 2add | i pase are

not produ;:ed.eMﬁ@:@&tEtoﬁéQﬂlsetr&Morinédp@ﬁb&%ﬂ&éﬂms%tmbnged reaction is
negati ve. Nitratfcse i.s ,not. reduced. Dogz%_not erment gelatjn, starch,
[

cel | ul ose andPtEEERY THGE 5Py fdCs ot ORI FBYRi renent s.
Citrate and 18 lgdareosel callbesusedsas. acsldl, ebgvednoent soiance. Lack of

production of nti3-Ackhly ARdxeas.AlsePLASCEd) [hamLgl icase, gucrose,
| act ose, trehalulose, naltose, fructose,”™ manni t(?l, gl'ycerol’, "inositol,
mannose, gal attywEcangd Sadserdel agddi himm tcenpesy atsedet 3@Codnde 15 opt i num pH

7.0. Theis + C&aNt@NbsOfi DNArheB818n "M1tBre TNant ¥RSREF @i n is LX3T.
EXAMPLE 2 | mmobi | i zation of K. singarporesis LX3T in alginate and

product i on of PFEGTEPEUFRUEIITEN hy GhenthF | 99801 d1HRE8sDerzedy anke LX3T was gr own
in SPY nmedi umaapla3@Ccédr. 16ubhwa tdranbadkink@ 2560 cpl) .cdPaw el of bacterial

culture was m xed with 100 m__of. alginatic id (2% _nediumviscosity) and
dropped into B?%‘%&c’( \%(/f?/cfluc(?aélsﬁgaslo u&?ls%nlnvwcfl;g res'yf’fcn@eeqe“?ﬁg{%%l ution was
stirred constant¢apvantios it methodrobntd zed reesdeniwepbaritar dened gradual Iy in
the 0. 6505 (W Lo leahymichl;a5! dens dhul i 07 1abu sl flgﬁ%ﬁé;t&-{”pf%' mobi | zed

cells were then incubated in SPY ium contai nin _ Cad ,
overni ght at BOTWGLERD sHakKisrFat B asActredighgthheobderEidnaPfcel | density in

30 the al gi nakgcfael.i Cb&@&h a plant would be a rich source of
isomaltulose. Preferred plants for use in this
embodiment are sugarcane, maize, watermelon and

20 sugarbeet.

Cell transformation can be accemplished using
conventional means, such as transformation by an
appropriate expression vector that is propagated in the
host cell {(such as a plasmid), by mechanical means

25 (e.9., particle bombardment, microinjecticn), or by
cther means known in the art, such a liposome fusion or
electroporation. A preferred embodiment for the
transformation of plants and plant cells is an
Agrobacterium tumefaciens Ti plasmid vector, of which

30 there are numerous examples in the literature (e.gq.,
U.S. Patent Nos. 4,940,838, 4,762,785 and 5,068,193).

Transformation with a Ti plasmid vector can be achieved



16 AUG 2004 WO 01160993 PCT/ S0/ 00023 23 The i mmobilized cell 4 é]A% Aok
were packed in 200 mM colum reactors. Sucrose solutions at different
concentrations were passed through the colums with different retention
times. Eluates were collected and 5 the yield of total reducing sugar as
wel | as isonaltul ose under different conditions was determ ned as descri bed
above. Production of isomaltul ose by imobilized cells of K. singaporensis:
The frewsioorsioesur es of K. 10 singaporensis wes _nu, gcrsdoivaert i n al gi nate
gel. Table 3 shows the isomaltul oseproduction efficiency of theimobilized
cells, which were packed in 200-m calautmmreactors. Best sucroseconversion
rate (99.7% wasachi eved when 10% sucrose sol uti on passed through

t hel5col um reactor in a rate of 6 m/mn. Under theseconditions, the

yi el dof isonal tul ose was S$S22.8 ng/m nor 31 kg/h. Increnents of sucrose
concent rati on’th AF(S?@‘@%t‘felfrlPﬂ'é?eqq%E?%a%r@BFﬁ‘ér"%ﬁtéf’ﬂ' of~ iYoABY t ul ose,

but sucrose cosueirsmesany ahetwakfedesr eas edanskqgiral sficriogeaeenncentrati on did
notresult in t Vi Table 3. P o) i somal.tulose by

i mmobi |i zed .I%sci ﬁégr%%g%ﬁsggj’sucrigsgeop%é%% éﬂ%% %%%r%ﬁ\'/elrd%? on rate (%

Yi el d (ng/ m n¥i*s gengeht riacpoperareinir) BRANEXINDES 149 Ve t848L18699. 7 522. 83
0298 2 343 320: 4Q0at=07th Q63 ZuclB:2 or ShefyMsLi c2004 MO QU 60993 24

PCT/ SG00/ 000 71.8188.330 265. 4342, 9332.7357. 25167. 2234, 940

265. 1455, 2334PEFFHL7IAVPNHIAR PACHPAF L e aARS T8/t WEPhEpPEtat es per
treatment. **and eluttapfodizomalisiihasporis Q8 efdcedracc@ndi Nng to the detected
proportion of isomal.tgl 0se ggsit ot %I reducig(? sugar 87.4% . Determ nation of
products rat | FPVREARE SARFEFI A" LBFTY 8PULT 1 RMR- 58 W &:f ncubated with 4o
sucrose i n 15cédihgVisequeraeeaphos paretdyubteive phl 6hé)hdsor cdll min at 37C.
The reacgy on I j at ely 1 ng.i ilJ.ng.water bath for 5
m n. Thgldsupe?i?]az:% %PQ%?%:%%E?%%& ?%ntﬁn%/ﬁgséédv}glg g%%%tégg'oﬁ%’vg a TLC pl ate
and devel opedvekl @&sEPTURRGEes TRRESFEEX | fpre the arstingpRae® @sA{ el ni ng

i sonal tul ose gpashdgaehah WrosRe WRoEULIn aRd BXdd @elied With distilled water

respectively._The su concentration was determned b he DNS net hod and
the ratio of %";{%’stewf'ag{%’uéngV%é’rcﬁ?%lﬂoé‘Pébs.e ﬁ&ﬁuﬂ%‘f%“{ﬁs‘ﬁﬁti on of glucose

content in theeb toeant i syabhe xinseetithefcaneanls’ gehonmtof tygt ucose and total
(50U 192Ul A SRS SHIPTIEN, o B AL EaT pegpect Vel
rati o of regions {c.f. U.S. Patent Nos. 4,762,785 and
5,068,193), or any region of homology that can lead to
cross-over or insertion events with the host genome.
In another embodiment, the kis gene is fused to a
20 signal peptide sequence. Signal peptides effect the
targeting of the expressed peptide to a particular
cellular local, such as the vacuole (Bednarek and
Raikhgl, 1991; Matsuoka and Nakamura, 1991), the
chloroplast (Van den Broeck et al., 198%), the
25 endoplasmic reticulum (Borisjuk et al., 1999), or the
cell membrane {(Okamoto et al., 1991). In a preferred
embodiment, the kis gene is fused to a vacuole-
targeting signal peptide sequence., In still another
embodiment, the kis gene is linked to a membrane

30 attachment domain coding seguence, which would be



~ S auc 2ao04 WD 01160993 PCT/ SG00/ 00023 25 isonal tul ose, trehal ul ose} amdlig
gl ucose was determned with the above quantification data. Enzyne and

i somal tul ose production: Strain LX3T was cultured aerobically in the basa
medium 5 supplenented with different sugars at the sane initial
concentration (1.5% wv) as sole carbon sources at 30C, and the sanples
were renoved at intervals for determ nation of isomaltul ose synthase
activitypousdss mass and i sonal tul ose production. Ascrsowdizsn Tabie 9, 10
the best enzynme activities were detected when sucrose, raffinose or
fructose was used as sol e carbon sourige, which is 15.12, 13.62 or 11.08
Um respectively. Enzyne activity lower than 1.7 U m was obtai ned when

..... A

2004

mal t ose, nannitol, mannose, | actose, cellobiose or 15 nelibi ose was used as

t he carbon source. |Isomaltul ose was al so able to_i nduce the production of
i sonmal t ul ose WWPRERARE TRUERERY SEaPLYY VHE ol $130% B that in the
presence of suGemMAse.eAlamstiedih.the tested nonosaccharides incl udi ng

gl ucose, xyl ose, arabinose 20 and gal actose coul d not induce isomaltul ose
synt hase activity, with the exception of fructose. Table 4. Effects of
carbon source on isonaltul ose syntt#akBLirloducti on by K singaporensis LX3.

The basal nedi umiselabheni Fugibicarion prepttharacrivpeastfextract, 0. 05%
MpSO' 0. 2% NaCl . ZSImaB@nlmP@ed@qi@/@a#@iaeftéek#e@@@eom KIS activity
(Um?) 9 6 AUG 2004 WO 0148@998roEsis sp. nov.

Soil samples collected at Woods Park of Clementi,
Singapore, or from the root zone of sugarcane, and the
tissue of various over-ripe tropical f;uits‘and

10 sugarcane were suspended in sterilized saline water and
spread over sucrose agar plates in different dilutions.
The sucrose agar medium used for the screening of
bacteria producing isomaltulose, contained (per 1000
ml): 40 g sucrose, 5 g yeast extract, 0.5 g MgS0, H,0,

15 0.7 g KNO,, 1 g K,HPO,, 0.5 g NH,C1l, 1 g NaCl, 20 g agar,
adjusted pH to 7.0 with 1 N NaOH.

Isclation and purification of isomaltulosé;
producing bacteria: All plates were incubated at 30°C
for 24 h. A portion of each single colony on the

20 sucrose agar plate was transferred to a new sucrose
agar plate for further purification, and another
portion was inoculated into SPY medium overnight. SPY
medium was composed of (per 1000 ml) 40 ¢ sucrose, 10 g
peptone and 4 g yeast extract (pH 7.0).

25 Bacterial isolates from different samples were
purified into homogeneous single-colony cultures by
repeating streaking on the SPY plates. The purified
bacterial isolates were screened for production of
reducing sugars using sucrose as a sole carbon source.

30 The bacterial isolates capable of producing reducing

sugars in high yield were further tested for
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5 10 15 20 25 30 35 UG 2004
Sucrosel. 8915. 14 ucosel.940.0Fructose1.8211.1Faffinosel.9613.6|sonﬁ!§d\osg@
. 924. 5Mel i bi osel. 881. 6Mal t osel. 771. 5Mannosel. 840. 7Lact osel. 820. OXyl osel . 970
. OAr abi nosel ~30. 0Gal actosel. 71 0. OMannitol 1. 771. 7Cel | obi osel. 830.0 Strain
hX3r did not grow well when inorganic chem cals such as KNO3, urea or
(NH, ) 2SOS was used respectively, as a sole nitrogen source, and no

i somal tWPHEB9%ynt hase activity has been detected PRTEGWOME t ures (Table 5).
All organic nitrogen sources tested support good growth of the strain LX3T,
but with varied i somaltul ose synthaséactivities. Anmong them yeast extract
and tryptone are nost effective in pronoting induction of nmaxi num

i somal tul ose synthase activities (Table 5). Table 5. Effect of nitrogen

source on is S i by [ or,ensi s LX3. The
basal nedi umq:ggh%%gnl%?bsge%@?g%% g’ggg%éstg%no o, ReEB T 200 Nac . 0. 03%
KZHPO,. The d&rdakae (RBamnd Léétk werpbht iafaedsipentt peedussion N trogen
source (0.5%cfWi ¥mdFtoubhe (DRA—drdiRl ahbwesKbB eN7Zp¥e activity (% Peptone

1.97 59.2 Tryptone, 2.13 85.9 UG. 2004 WO 011 60993 27 PCT/ SG00100023

Yeast ext rac)tf“f.' @%ﬂ%e@?r%ﬂe988€?6f§§4?%’ég€éi tudy. These two

hydr ol ysat e2.i3453t OGKNe36 . H0Q3 nkk a(s3BzS0Lfrom 56 EBogursnPlshows a typi cal

profile of i t i.$0 Se .pr tio by strain
RABBL U e AL o3 @afgg%gégar@y@m@ iR! OHSL008.

LX3T. Isonaltulose pro nis . reaches t maxi mum | evel
after 7 h culMegie FifdnofHele@sntemt diperpk. strpectivere ~utd: .umis 10%

From7.to 22 h, theenees okt LoDl sbeONRIbYS Ofmthlst NEscul ture is
mai nt ai ned basically in the sane level, indicating that strain LX3T is

unabl e to MetRETP? AFSPEOMHIEE obReubpLIPR oMSTREFRN 1hakY at 7 h, both
bacteriab gr gedhudNches 08Bl d dhoSuRGhhVAlY weRe thR 160EE4r e did not reached

the maxinmum | e\éel il\‘%ﬁr eas i sgna%tul Qse Efraqgﬁ(gl on agi cal l‘gn st opped. One
possi bi ity i%SSPRAEL {HEn L FERSELEEaNEaN T a BRO i tP™ A_T et r eaches a | ow
I evel, the 20rheesgperiragastiorasskepts aacti Welfyrptipedteationcetl s to support
coveral bact T ar Tt rRgRes U Goe ARTRLLA PR I, TR TT R (3P e um
the rel ati ve 1somaltulose by thin-layer chromatography (Schwimmer
15 and Bevenue, 1956}, assays described infra. The
cell-pellet was washed three times with deionized water
and suspended in original volume of 0.1M
citrate-phosphate buffer (pH 6.6). The resuspended
bacterial cells were divided inte two aliquots. One
20 aliquot was used directly for enzyme assay as a whole
cell fraction. The cells of the other aliquot were
broken by sonification, the crude protein extract and
the cgll—debris fractions were separated by
centrifugation at 14000 rpm. The cell-debris fraction
25 was washed three times and resuspended in the same
buffer for enzyme assay.
The enzyme activity was determined by incubating a
mixture of 450 pl cof 4% sucrose in 0.1 M
clitrate-phosphate buffer (pH 6.6) and 50 ul of enzyme
30 preparation or bacteria suspension at 37°C for 15 min.
The reducing sugars formed were determined by the DNS

method. One unit of isomaltulose synthase activity is



25 isoinaltul ose synthase activities of X singaporensis, Erwiniaq4gaug 2604
rhapontici ATCC 29283 and Serratia plymnmuthica ATCC 15928 were determ ned t

be 100% 57% and 81% respectively. 16 Auc 2oof WO 01160993

PCT/ SG00/ 00023 28 EXAVMPLE 3 Mani pul ation, C oning, Location and Sequence
Anal ysis of the kis Gene DNA mani pul ation: Purification of total genomc 5
DNA, digestion of DNA with restriction endonucl eases, DNA |igation, agarose
gel el extoepszor esi s and transformati on of E. col i rOH8m00w23e carried out by
standard procedures (Sanbrook et al., 19B9) or as reconmended by the
reagent manufacturers. Plasmd 10 preparation was performed o:it:. the kits
from Q agen according to the nmanufacturer's instructions. DNA restriction

fragnents were isolated fromthe agarose gel by using a QAEX I GCel
Extraction Kit S:Q%?g%r_l}g Thebc rial strains and Ia mds are listed in
15 Table 6. Eef¢B VY WS e aeanztyﬂﬁ Ay R train. Plasnid

vectors pLAFEﬁcaasle pBltoesns ipkll bf SKdhtingvengausiod  etngonstr ucting t he

genom ¢ DNA, b , bg!Qpi,ag, respectively. E coli cosmd
cl ones and su cI %ﬁ%cglt\kﬁgg g%%\?\n% aer obi cal | y at 37Cin 20

Luri a-Bertani - sucF@%éieﬁfémlurﬁt(lpérOfltth@r eppearAtiBegot énTFypt one 10 g, yeast

extract g g, Mg hé& Ge120d SHCEORE c%(?ldgudqﬂ %eP) .apMiepanecessary,
tetracycline (12 ng/liter) or anpicil 2E%I|ter was added to the

nmedi um 25 TeANCEPS. t‘@éc?@?l%ﬁc@i‘i*%lweaﬁa""ﬁ} dSnPHs7EE in this study
Strai n Genot yﬁ@pQémmObyﬂe Referenc eoaoeinatBacs erfi audfose singaporensis

LX3r Soil isolate,.iso ul.ose _producer. . Th| dy orensis LX21
Soi | isol at e, 25 $8RATT régsféa%tredf S(E;e?u SRS f J'%F:"ltiI warléhg§%gnt&?jgl ATCC 29282

i somal tul ose tr dd0cel a@'ﬁC@JCIC@EGSleIDOHame@m#G@QQBPCT/ S@00/ 0002329S.

pl ymut hi,¢a AT&%&B&M@QQHM Ullo‘ésﬁl PLROVRET r AFCTE: COlre PkL SarecAl endAl
hsdRl 7supE4 gyrA96 rel Al'd YA- ar gF) U769(80DLACsz SJSanbr ook et

al . 51989P! a mnc‘é-”ﬁF’E%‘CI@?@Bn‘N‘fﬁlt\?éct or, Tc' Lab collectionpBluescript II

sk(+) G oni ng vect geted¥idn srrm@gemnmuﬁsaam JHuasse i th -6. 1
kbl OBanH1/ BanHl fragnment this studypSl BB—S) 1 gam‘l | / BanHl fragnment
i npBl uescr i pt thin-&r¥es ﬁ@FBPa?%raEBYBarﬁqe/ st Iplf Paghati" FhPB! uescript 11

SK(+) this Stélﬂxbllila&é'.;B-l& fhkdn GeahBarHsufs agraant bé npBletestmypt 11 SK(+)

this stu nmHl / Xhol nme Iue i SK(+) this
studypSI 2 tS ?(EBNEC'BWO%COWHP%%%‘?% EECOpq@%ues r|l|c}tglt'ta #éJSK( +) this
st udyG+C cont emtmafl yBaler The waanahepwtmeey&bmlﬁé(@f@) content ofthe

genomni ¢ DNA mfed Byvddiether dml,depatunati onaethod as descri bed
( Mar mur QSD%,Q%EE& ﬂf% S 1 C C(E;ntentwsafl of s%lraal ns LX3 and LX21were

det er mi nedt o B@lda"ﬁfaSeFmi%/o%ﬂr%rPﬂ JoLdifar ABE SRGENEE Of t he genus
Kl ebsi el | a. 16$1éLFéNAzg@nﬁt&eﬁu@nﬁ@hemmnﬂ;&&aﬂ%ngepmwuagrrent s of

t hei sol at es LX3T = p train OLX21 t corr il to positions
95 to 1395 of E‘s"i:qu(eﬁ%agﬁ’i‘% @Sﬁwfg@ r R v&éfengﬁbl r§?tséda%y P u5| ngpurified
genoni cDNA and wairpr iTher pipssence ois iisbinalf dbse TEGACGAGTEEOGBACECGTG 3 (f or war d

primer)[ SEQ | 5 A 5 VerSk primer)
[ SEQ35I D NO. gf’gpcﬁ% lggggnl 1‘5j|ecat| (C)%Egr-o uct's V\/erqu&?}:ﬂc;eﬁw th a Q Aqui ckPCR

purification Rigmg @aégEﬁEd @ér Aeffypndard control.
After sonication no isomaltulose synthase activity

25 was detected in the supernatant fraction and the
activity was only found in the cell-pellet fraction,
which was not changed by prolonged sonification. The
isomaltulose synthase activity of cell-pellet fraction
(19.2 U/ml) is almost identical to that of whole cell

30 fraction (20.1 U/ml). The results suggest that the

isomaltulose synthase is a cell wall-bound enzyme.



30 and were sequenced using a dRhodami ne term nator cycle sequenci ¢ kUG 2004
(PE Applied Biosystens) and a nodel 2900 Perkin El nmer GeneAnp PCR System
(PE Applied Biosystens). Sequences were determ ned fromboth 5 strands with
a Perkin Elmer ABI PRI SM 377 DNA sequencer. The primers used for sequence
anal ysis were designed and shown in Table 7. Sequencing was repeated at

| east two tinmes. The cl osest known relatives of the new isolate were

det er mwe/64993 perf orm ng sequence 10 dat abase seaPChguaiy t he sequences o
cl"sely related strains were retrieved from GenBank and Ri bosonmal Dat abase
Project (RDP Il) libraries. Sequencess were aligned with the PILEUP program
(Devereux et al., 1989) and the alignnent was corrected manual |l y. D stance
15 matrices were produced with the DNADI ST program of the PHYLIP package
(Eel senst ei n, 1984%%@ d a_ph{ljbeo%ﬁrigti c unrooted tree was constructed using
t he NEI GHBOR pro ai netf I ERESPHIEF P 5Atk 88> (W3%8c) (Fel senstein,
1989). The sh@dd Foircad isiagnBicantoexofin20 wimh grohgese-obt ai ned was assessed

by boot st rappi 000 | i : r SEQBOOT, DNADI ST,

NEI GHBOR andQ%% ?‘{9%%3%%2%“33)r%,rg%é@g_’)sagﬁaﬁl%%% i gonucl eotide priners
used for PCRuagysisicbpeatTEM - abielr SEGOEREITIGNoPLABSCPRNA gene from strains LX3
and LX215 25P5Lmilﬂg@aiéélqa b 01 Segyented R BO(kentali onll6st 95

TGACGAGT GECGCCACGEGT [chQ D, NO. 71&Forvvard216 94 TGGTGTGACGEECAEGTGTG
[SEQ I D NO. 8} wAraldenyds 398st%4Y 1 ACHGEAREEAGEAGT TA [ SEQ I D NO.

9] For war d416wbdfa tAl CCATECOEAGCTERBASE) 1ISEQmbEIINA. it 0¢iRewer se516sf 606

GAAAT COOOGGGCTCAACCTG | ] . 6 004 WO 01! b0993 G
1GSR798 ACATWK&@%&%%%&&&A%}][ éédE%Qr? tﬂ‘“LReﬁé%isﬁé‘%?_ | Gsf 893
GGOCGCAAGGT TAMAMGEGARA TG HtSES 4D Nead 1G]t raseweand §Xabiiep1 gith

COGGACCHCT CECAACRAAGEL SEQ o Bx NQ ardshl s ReME e38ctrol @i 4653 doBMA gene sequence

of strains LX3 and LX21 was determ ned. Conparison th 16S r RNA sequences
avai | abl e i nCahtyiFsBSTRRRLCTY R 19TafTaR 1SHi2h818%3'33n811%21 are cl osely

rel ated to theespserbesibflitongtngsdopyt hendyehesmddpdlodvgy Icef, and peripheral |y
related f~ 1Q.species.of the_genera_se i Enter ter. The
sequences of (%f'ﬁggts RTINS g%%\ﬁé&%%%%%Si%mg?gﬁ%tll}lgsg%%%h t hat of

Kl ebsi el | a pneuntitiragnanickd hed| Xl srefCrpagnestevei-ni |l ariti es anong t hese

strai ns,ganged, framQl. 0: 10489 Bsus Then dahaqsetadisagpéaiinghe construction
15 of tfl1e phyl ogeneti c tree contained 1282 nucl eoti dgs%cegs_oe?ch sequence as

a result of &RPEHACROBFLIFEPEN Rt Tanbi HuEGSih A% 8ti ffom t he
sequences between giesktéOEmdIb. aal 013051 cenyeisp@udongortes t hat of

Escherichia caoli). The phyl ogenetit tree cons ct 0 the
nei ghbor - j oi %ﬁaﬁﬁ Pt ﬁSﬁHi%bssggs\n%‘ ilﬁneFlsfjj.ge f%gs%kﬁ%lengqgél%nd LX21 are
cl osel y associratedmisuhr¢éebedeinh wasnaonbivirgd. atfhdscl ustering of strain LX3

and sz%o"“”!]ﬂfhspﬁt%'dl 2 PRGMERN A& M85 S4RROLA&SE Byt hevinesyl ts of the
boot strap anal yses at a confidence | evel of 1000. 25 But the two strains

are diff er entveEpoft ICU1BRe U Re; PHYA DT Se fGERER PRPGRS of PHHB 16S r RNA gene
sequence of Sl lsdokd Whém deBatdofitk npasisTONi ae is > 5~ (Table 8).

PCTI SGD0700023 Physiological and Biochemical Characterization:
Basal.medium used for physiological and biochemical

25 characterization of bacterial isolates in taxonomic
work consisted of {per 1000 ml) 0.5 g MgSO, H,0, 0.7 g
KNO,, 1 g K,HPO,, 0.5 g NH,Cl, 1 g NaCl, and pH 7.0-7.2,
carbon source was added as specified. The liquid
cultures of bacterial isolates were incubated at 30°C

30 with reciprocal shaking.

Gram staining characteristics were determined

using the Hucker method as described (Doetsch, 1981).



i

simlarities of 16s rRNA and rpoB genes between Kfebsiella singaporensis
sp. nov. and other representatives of the famly Enterobacteriaceae 5 16s
rRNA rpoB GenBank No. Simlarity of GenBank No. Simlarity of Strains 16s
rRNA to rpoB to K singaporensis K singaporensis 10 (%9 (% Kl ebsiella

si ngapar ensi s100~100KlI ebsi el | a pneunoni ae Yl 76S694. 8U i ' 14449S. OKl ebsi el | a
rhi noscwepiisi sY1765794. 715Kl ebsi el fa terri gena YCTS6@382B8K(ebsiel | a

pl anticola Y77659 ~92.8Y17654 Kl ebsi el | aozaenaa94. 5Kl ebsi el | a

orni t hi nal yti ca U7818293. 1U7744093. 9~KJebsi el | aoxyt oca .
Y1765592. 4U7744293. 620Serrari al i guej aci ens AB00475294. 7Serrati a nacescens
Mb916092. 2U7744988. 3Serrati a rubi daesa AB0O047519t. 5Sal nonel | a ryphi muri um

MBOBTIOLE LT 4D o e B P eTnined by oxddation of 18 - werkmani
. al none a Cr 0SS ) tr act er wer knani
AF02537392. 6C t8‘%6358]}5%rﬁeéF%%tihyﬁgF%‘ﬁﬁ?&ﬁei G5 aRE dLAREI onar | cus
AF02637093. 1C rpapleactard catiEidse unttARIR26 36394de B833ENt ey Glodbier cl oacae

Y1766592. 9U774 obagt r _ abact or
aer ogenes ABOOZ%%%S%%HEEF e??%aggg&{bg? eﬁ)grr%&;dggzp%q%?&é SHEQE £

AB00474792 5635EHttEF obPaF ih dFi S RB0oAy 4293 BEAt Br bivdeeEY 2nd1 6 A U G
2004 WO 011 6099&iRgT/ 8@Q0. O deBih ms2O 1Y Rvplressuned 114966 6£92. 46~wi ni a

wasabi aeU80199Er wi. nj i i :U80201 9t . BEscher.i chi.a l,i 280725
90. 8V0034094. QSVa r&BH%|ﬁq}aE_’EE£§Cee% kéJ]_B growtll vwere prepargd by %gdlng

t yphi AF008577920 Gi tvolvadd e?f rreahdiubgrra3x 35, B8albapakInedavtzonaeU7744792. 0S
al monel | a paraI@gﬂ&hﬁﬂﬂﬁggﬁwggakﬂgmﬁhl@)§h9aggpg}3&§§g%n4Yersinia

enterocollfJ CaL?Qg% gd?%%'gydrogen =ulfide production (method 2),
nitrate reduction and hydrelysis of starch, casein and
agar were tested by using the methods previously
described (Smibert’and Krieq, 1981). Acid producticn
from carbqhydrates was determined in basal medium

15 supplemented with various carbohydrates as described
{Smibert and Krieg, 1981}.

Growth of bacterial isclates from 5°C to 60°C was
determined by inoculation of fresh cultures of isolates
onto sucrose agar plates and incubation at different

20 temperatures respectively for 10 days.

The physiological and biochemical properties are
shown in Table Z. The two strains show catalase and
urease activities but do not have oxidase, nitrate
reductase and lipase activities. Both strains can not

25 hydrolyze gelatine, starch and cellulose. Strain LX3
cannot hydrolyze casein, while LX21 can degrade casein.
The Voges-Proskauer test is positive but Methyl Red
reaction is negative. LX3 and L%21 were facultative,
anaercbic and capsulated. They both can use citrate and

30 glucose as a sole carbon source and produce acid and
gas from all the tested carbon sources, including

glucose, sucrose, lactose, trehalulose, maltose,



Partial rpoB gene DNA of strains LX3 and LX21, 15 20 25 30 which 46 AUG 2004
represented the nost variable part of the gene, were sequenced to determ ne
t he phyl ogenetic position of these two strains anong the nenbers of the

Ent er obacteri aceae famly. The sequences for strain LX3 and LX21 were
conpared to the rpoB sequences of fam |y Enterobacteriaceae available in
dat abase and the simlarity matrix was obtained. As shown in Figure 3, the
phyl ogevediis@eposition is closely related to the spens@sodosl ongi ng to the
genus Kl ebsiella. The closest nenber is K. pneunoniae, but with a

di vergence val ue of 5~ (Table 8). Anpiaéfication of rpo8 and sequencing: The
genom ¢ DNA of strain LX3 and LX21 codi ng RNA pol ynerase bet a-subunit
(rpoB) gene, corresponding to positi ons 196B to 2114 of E. coli rpoB, was
anplified by PCR using a air ned with reference to the
consensus regi grEteFe ﬁ@“g e§8g0e g4 P or "BINQY i (GenBank V00340),
Sal nonel | a typj‘ulrmtomna(nxogcﬁztﬁ)pl Psiredontorgsn pedurdes (90dh5849) and

Kl ebsi el la pn u 6 / 0023 (U77993),
Wi oh 15 5 CAPIROGH BB ST S  Foruard) B0 TN, 187 and

5 - CGGTTGGCGTCWFGG?FG?F@JSKN?R&%‘H%@ﬂ [GSEQ‘-“FFBCNG t*les]gro"f‘l"fé °I§CR products were
purified and sawa@egghaasmeﬁgarsu besk ahavest . Theek: phyl ogepetigl anal ysi s of
rpoB was carrie (%g us Or}gréhue sanme, {rgc%geurlgogncd prograns as that of 16S
rRNA. d oni ng %ﬂd’ eauenm hgl OF T he Ené*°A'génom ¢ DNA Iibrary was
constructed by partial digestion of genomc DNA fromKl ebsiella

Singapor ensi s gy, Bamﬂllh’aragtg'lslnbs%Bdc%ﬂal'1§3¥a&s Lﬂ?arﬁ%@ﬂl site of tire ~~~::."_d
vector pLAFR3 and transfection into the E.coli DHSa after in V|tro

packagi ng usi ng_G_ga.pack_u_(_SLLaLag.ene.)__Ihe.i_La.nsLourgd_E_col i DHSa were
sel ected on LBisglges pl at es cont ai ni Ng&Xk et racycl i ne and i n&&#Bht ed over ni ght
at 15 37Cl0 The_cosni d colonies were inoculated in the LB medium

suppl ement ed whttdightRed ose, and t he reduci ng sugar formed n the broth 24 h
| at er was det eRogndedd by using the DNS nethod (M Iler, 1959). The presence
of 1sonaltul osPiamatet he bacterial culé-@tBes was identified.808by using the

t hi n-l ayer chr pemthogr aphy. The cl ones2earrying the kis dehRelare sel ected
and the 634 kbotduagwent was purified after digestion with BanHl . The cl one
pSI EE was sequergigtk f rom both strands by the chain-term nation nethod using
the ABI PRI SM dRhgdam ne 25 Ter m m&Riim&ycl e Sequenci ngskeasty: Reaction Kit
(PE Applied Biosystemy. The priners used for sequencing are listed in Table
9. Sequence anahpsslesandikinslayegnment were conducted with the program DNAStar.
The BLAST compugggx program (Al tschul.et al., 1997) was used for the 30

honol ogy sgar CRiyst andmBrotddes 2DDI X - -
.Coccoid body - . ;

Endospore - -

Motility - -

Facultative anaerobic + +
25 Catalase + +

Oxidase

Urease + 4

Lecithinase - -

Lipase - -

30 Citrate utilization + +
Hydrolysis of

Gelatine - -

Starch - -

Cellulose - -

35 Casein - -



WO D1160993 PCTI SG0/ 00023 35 5 1o 15 20 25 30 Table 9. Priners foq ¢ONOG 2004
sequenci ng of kis gene. Priners (Orientation) Sequence

SI-1(F) 5" - CCCGCTGGCAATATTTCTGACT3" [sEQ ID NO. 17]SI-2(R) 5

- CACGACCACTACCCTTTCTCCTGA-3' [sEQ ID Ivo. t8]SI-3(F)5

- CCTCGCCTCATTTAAAGACACCAA3' [SEQ ID NO 19]SI-4(R 5

- TAGGCGCCATATACCAGACCAG- 3" [ SEQ t D No.

20] Sl - Sy d1w0998GT GACTATTATTTCTGECGTGAC- 5' [ sE~: . *, i paTRG{oB5( R) 5

- CGTCGCCCCCTGAGTGAGGTAA- 3" [SEQ ID NO. 22]SI-7(F) 5 - TAGATAACCATGACAACC- 3'
[SEQ ID NO. 23] SI-8(R) 5 -GCGGITGECCACATCATACC- 3" [sEQ ID No. 2a]SI-9(F)5
- CGCCGTTTATTTATCAAGGTTCAG 3" [SEQ ID No. 2s]SI-10(R 5

- GGAGCATTGCCGTAAAGAT- 3" [SEQ ID No. 26]SI-11(F)5

- CTATACTCT 'c?ﬁ'rc [SEQ ID,No. 27]SI-12(R)5’ .
- CCACCATGCAGGATATTCACTTT- 3 | SEQ LR Ng.. 28] The cosmig,library of
Kl ebsi el l a si NGaPOL ﬁ&nsfro s screened ?or i somal t ul ose brosynt hesi s

activity. Two pés té\ét%irqosm' d clones, designed pPLASI 169 a+nd pPLA5I 169,
were sel ected by thgrr I,?'1%; lity to produce reducing sugar, which was
confirmed Po be i soihltilose by TLC analysis. Restriction enzyne anal ysis
of the two clones reVeal ed that they likely contain the sane fragnment of ~
6.1 kb rel ease% y BanHl digestion. Restriction enzyne mappi ng of the two
cl ones further rified that the cl ones pPLASI 164 and pPLASI 169 are

i dentical. The Va?'l kb fragnment cont ains one Pstl site, oné Clal site, one
Xhol site and W HEYR S tes as shown in Fig. 5. Deletion anal ysis
narrowed déwn tipfole profugionyc 2004 W O 01/ 60993 PGTI SG00/ 00023 36 regi on
encodi ng i sonalGaaPEdestien osynthesis t6 a 2.5 kb EcoRV fragrent contained in
the cl one pSl ERcidThe nucl eotide sequénce of clone pSIEE was 5 deterni ned
fromboth DNA strands-{Fig—6A)—OCpen—readingframe (ORF—search reveal ed
the presence of one ORF of 1797 by nucl eotides. Del etion analysis indicates
that it is the codi A efrdtcoerisdmal Vs WpiPRale S§ERE ki s. The
putative isiti atk308n€ Q@D AT Ghesgekfhsproseadeds atrha Spaestg of 8 by a
potential ribosone-binding sequence GGA) .. There i1s no_significant

ool 00y 0 ¢ ne TBRERHETR: F5TPGhardr felPERERT e T AT =8 possibl e - 10
regi on pronot erLxSequeérigél(¢IEFEAATom Konotidgoasin onddile consensus pronoter 15
sequence (TATA%TI)ogggEiofgnéao%@ar'ﬂoﬁ- &0l inehsopaseryade4¢ by upstream of

the initiation codon, utative sucrose’'responsive region

(' STTTTCTTTAATARGAATTeS -PSpxav pENEP 8] and o meqdieh EeqhEfte, is al so

| ocated i o 10 rRg0eA ahisehsdics (hayme! ogous to the sucrose-responsive 20
regi on conserved in.several sucrose .induci ble pron rs (Fig. 7; Yokoyana
et al., 1999).. 1 ndugﬁ%l ésgirb(?tegéysolnc’lgpl%%é %ﬁ%&dagﬁggﬁas been confirmed in
the presence ofpmwperdses, and s velbe, Dihaegngnachdi &f4renaet ki s gene

expressi on whene gl-4Ge8 e MBRa803 2SR89 L that bW 1ates should be
classified as a new bacterial species within the genus
25 Klebsiella, 1.e. Klebsiella singaporensis. The type
strain is LX3T.
Description of Klebsiella singaporensis sp. nov.:
Klebsiella singaporensis (sin.ga.po.ren'.sis M.L., gen.
n. singaporensis of Singapore; pertaining to Singapore,
30 a name of a country in Asia}.
Gram-negative facultatively anaerobic straight rod
with round ends. Non-motile and capsulated. Not

endospore forming. Cells range from 0.6-0.8 um in

et



25 source. The putative core sequence, "CAACTG', the binding notifi6fAUG 2004
hel i x-1 oop-helix transcription factors (Mirre et al., 19S9; Rocha and
Gomes, 1998), is located at position 2l bp upstreamfromthe initiation
codon site (Fig. 6A). At the downstream there are three TCTC 30 boxes, one
TCTT box and one TGIG box that closely resenble the TCTG consensus sequence
of factor-independent term nation sites. Inverted repeated 1 s auc 2004
WO 01| 690@a3B8Y PCT/ SG)0/ 00023 sequences are al so frEEARANOM2E he downst ream of
the putative term nation codon (TAA). This could create a potential stable
hai rpi n structure, which could bl ock t4e progressi on of RNA pol ynerase
(Brendel and 5 Trifonov, 1989). The cloned kis gene from K. singaporensis
encodes a protein of 598 am no acids with a cal cul ated nol ecul ar wei ght of

69. 94 kDa and aRah&el estd.isc2p0i At 1&RR 4 8ccBB) sifhey deduced
hydrophilic am no acids, 10 are 68, O_QL% of "all the am no acids. The_bect

ho*ol ogy to t h&RFSGEnE" p§1F8un§ ﬁn’t%aﬁfgo‘ﬁd:lcﬁ]ﬁb'se‘;méﬁmfhase gene from
Ent er obact er spulsinadien SiG2e( MytAges, ethiak. and 998cdis pakendroaNa. 5786140),

uhi ch shar es 99,324,480t igal phuel 0L 8o LN, 106,060 figading frame and

99. 7% 15 identical amno acids in cted peptide sequences. The
di fferenced ar @rPiudse exidER nand rlé@ﬁfn 3613 1%e PEPAHEs. KIS has one extra

amno acid, Alaogds-raRedkiver substist UbkONiSe ¥hd meeﬁyﬁh%dand Ala593 in the 20
i somal t ul ose sx_,nt hgboe of str% n S 6% bei n re %\n g A1a578 and Valb594,
respectivel y. % 3T H e YR ST Rt i % h6RBT 3§y to the sane
enzyne fromt hefemmtamh@blant etam]bruﬁil(d\vmsee@d etsain., ThE@88 US patent No.

57B6140). 25 Aafi‘@t@@tép@l:1§y%rrg§€h Cf%fc%i/tﬂe%u?ké}@nﬂg Sctlttf'fate #nd
F-D-L-1-RL-D-R-D- S- [ SEQ | 4], has been | ocat ed based on

sequence R8nol @d&‘c‘éﬁrﬁéﬁ %eor\ls\?Ft?F tahéo?%l £PF7 SRUEFE edaGF E gl ucosyl
transferases (frgdud)ionl af thhes matidé, arfdwasammeopasduded &ragd ni ne and

aspartic 30 acig, aLe @ugbésve,Cﬁzgé@gs%edqem%uﬁgso i f Al d (D) was reported

to play a key rol'é’in th Ts hutation resulted in
conpl et e inhi buﬁrvéhosﬁr fnh@nltol glycegohuenféemolmone&mmggB PCTI SG00/ 00023

38 galactose and sorbitol. Optimum temperature 30°C and
15 optimum pH 7.0. The G + C content of DNA is 56.5 mol %.
The type strain is LX37.

EXAMPLE 2
Immobilization of K. singarporesis LX3" in alginate and
production of isomaltulose using immeobilized cells

20 Strain 1LX3" was grown in SPY medium at 30°C for 16
h with shaking (250 rpm}. Per 5 ml of bacterial culture
was mixed with 100 ml of alginatic acid (2%, medium
visposiﬁy) and dropped into 0.65% {w/v) CaCl, sclutieon
with a syringe. The solution was stirred constantly and

25 the immeobilized cells were hardened gradually in the
0.65% (w/v) calcium chloride solution at 4°C for 4 h.
The immobilized cells were then incubated in SPY medium
containing 0.2% (w/v) CaCl, overnight at 30°C with
shaking for increasing the bacterial cell density in

30 the alginate particles.




sucrose binding property (Moser et al., 1991; Kato et al., 1992; »Rgﬁggi@
et al., 1997). 1 6 AUG 200f WD 011 60993 REFERENCES: Al tschul SF, A0
TL, Schaffer AA, Zhang JH, Zhang Z, MIler W Lipman DJ. 1997. Gapped Bl ast
and PSI-Blast: a new generation of protein database search prograns. 5
Nucl ei ¢ Acids Res. 25:3389-3902. Bednarek S, and Rai khel NV. 1991. The

barl ey | eactin carboxy-term nal propeptide is a vacuolar protein sorting
det er m WAAV6P%M pl ants. Plant,..”.c== "', 11951206. POO/s8WN®} uk NV, Bori sj uk
LG Longendra S, Petersen F, d eba Y, and Raskin |I. 1999. Nature

Bi ot echnol ogy 17, 966-469. Bower R, ana Birch RG 1992. Transgenic
sugarcane plants via mcroprojectile bonbardnent. Plant J. 2. 15 409-916.
Brendel V. and Trifonov EN. 1989. A conputer algorithmfor testing

potEnti al plrokary(zat iTﬁetsﬁrﬁxﬁbﬂBiﬁdScei\%i?g@g@ ngiqi dgroé?@aeﬁécchnlé’oci 94| s%;39427- :
Bucke, et a U Pat ent No 59, 531 et a 1987. U. S.
Pat ent 140. 4, 6‘7@ Codumn ZRACERHRy GHHS 3§ EHEST R o Bégik °48Mfer CE. | sherwood

J. 1982. The f oromtanonatofonissesnd pakostk thyougimshe | ¢AeunEmdithi a r haponti ci .
Nature 299, 6285684 rent 1reQeﬁ~LJl&i %QHés V\ngéé&f)%@e RGTASGQLY 9923 40 Cheet ham

PS. 19B4. The extraction and mechani sm of a novel_ isomaltul ose-synthesizing
enzyne fron%ErmFW?é”Fﬁ%ﬁﬁhFPE?lIEFBEHEhFugar2?0“€§135220 Dever eux J,
Hacberli P and Sgaéridlitesod: 2880 iArbranpordianshy arasetiettfrmipgtience anal ysi s
program f or thea¥ escgﬁ&g{gbﬁgéds Res 12, 387-395.
Production of isomaltulose by immobilized cells of
K. singaporensis: The fresh cultures of K.
10 singaporensis wes immeoilized in alginate gel. Table 3
shows the isomaltulose production efficiency of the
immobilized cells, which were packed in 200-ml ceclumn
reactors., Best sucrose conversion rate (99.7%) was
achieved when 10% sucrose soclution passed through the
15 column reactor in a rate of 6 ml/min. Under these
conditions, the yield of isomaltulose was 522.8 mg/min
or 3% kg/h. Increments of sucrose concentration up to
20% further increased the yield of isomaltulose, but

sucrose conversion rate was decreased. Higher sucrose

20 concenfration did not result in better yield.
Table 3. Production of isomaltulose by immobilized S. singarporensis*
Sucrose Retention time Conversion rate (%) Yield {(mg/min}**
concentration  (ml/min)
25
2 ND ND
10 4 99.7 348.5
6 99.7 522.8
30 2 98.2 3433
20 4 06.4 674.0

6 72.1 756.2
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menbr ane i nser t+er—anrd—enzyre—stabiHty—10-J.Biological Chenmistry 268,
14682- 196B8. Hlang The dpfa are msaps frop twerspficglgs per :2tmeB8.  Conver si on of sucrose
to i somal tul osé*by Keldissisemaltaiops was eongested aCcamms toghedetectgd propratiestof i al

M cr obi ol . Bi otisomialfdese imtetal reducipgsugr$Antedwa, H., Kudoh, S., M zutani., T.
And Sugitani, T. 15 1999. Efficaci ous gumusing |Isonaltul ose (Palatinit).
Food I ndustry Tokyo 37, 81-87. Kato C. Nakano Y. Lis M Kuramtsu HK 1992.
Mol ecul ar genetic. 29:a5RePRtigr pherodeaty tptial t Baghedbasptd@dccus nut ans

gl ucosyl transferase. Bi ochem Bi ophys Res _
cells of strain LX3 were incubated with 4% sucrose in

15 0.1 M citrate-phosphate buffer (pH 6.6) for 10 min at
37°C. The reaction was stopped immediately by heating
‘in beiling water bath for 5 min. The supernatant of the
reaction mixture was spotted onto a TLC plate and
developed as described. The TLC plate fractions
20 containing iscmaltulose and trehalulose were cut and
extracted with distilled water respectively. The sugar
concentration was determined by the DNS method and the
ratio of these two sugars was calculated.
For determination of glucose content in the
25 reaction mixture, the concentrations of glucose and
total reducing sugar of the above supernatant were
analyzed respectively using the Glucose (HK) Assay Kit

{Kit GAHK-20, Sigma) and the DNS method. The ratio of
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as sole Cargon sources at

30°C, and the samples were removed at intervals for
determination of isomaltulose synthase activity, cell
mass and isomaltulose production. As shown in Table 4,

10 the best enzyme activities were detected when sucrose,
raffinose or fructose was used as sole carbon source,
which is 15.12, 13.62 or 11.08 U/ml respectively.
Enzyme activity lower than 1.7 U/ml was obtained when
maltose, mannitol, mannose, lactose, cellcbhiose or

15 melibiose was used as the carbon source. Isomaltulose
was also able to induce the production of isomaltulose
synthase, but the activity was only 30% of that in the
presencé of sucrose. Almost all the tested
monosaccharides including glucose, xylose, arabinose

20 and galactose could not induce isomaltulose synthase
activity, with the exception of fructose.

Table 4, Effects of carbon source on isomaltulose synthase production by X.
singaporensis LX3. The basal medium is comprised of 0.1% peptone, 0.2% yeast
extract, 0.05% MgS0,, 0.2% NaCl.

25

Carbon source (1.5%, w/v) Growth {OD600) KIS activity (U ml™)
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56: 1680-1681. 15 M zutani, T. 1989. Manufacture and application of
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M and Raoult D (1997) rpoB sequence anal yS| S as a novel basis for bact erial
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Proc. Natl20 Acatkon3¢tuldd8AsBTthad@3260iity has been detected in the

cultures (Table 5). All organic nitrogen sources tested

support good growth of the strain LX3", but with varied
isomaltulose synthase activities. Among them, yeast
extract and tryptone are most effective in prometing

25 induction of maximum isomaltulose synthase activities
(Table 5).

Table 5. Effect of nitrogen source on isomaltulose synthase production by K.
singaporensis LX3. The basal medium is comprised of 1.5% sucrose, 0.02%
MgSQO,, 0.5% NaCl, 0.03% K,HPO,. The data are means from two replicates per

30 treatment.
Nitrogen source {0.5%, w/v) Growth (ODyg) Relative KIS
enzyme activity
(%)
35
Peptone 1.97 59.2

Tryptone 2.13 85.9
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of sugar in the wedlum is 10%. From 7.to 22 h, the
concentration of isomaltulose in the culture is
maintained basically in the same level, indicating that
strain LX3"T is unable to metabolize isomaltulose. It is
15 noted that at 7 h, both bacterial growth and
isomaltulose activity in the culture did not reached
" the maximum level, whereas isomaltulose production
basically stopped. One possibility is that when sucrose
concentration in the medium reaches a low level, the
20 remaining sucrose is actively pumped inte cells to
support bacterial growth.

Comparison of isomaltulose synthase enzyme
activities of several bacterial strains: Under the
same ¢growth conditions (SPY medium), the relative

25 isomaltulose synthase activities of K. singaporensis,
Erwinia rhapontici ATCC 29283 and Serratia plymuthica
ATCC 15928 were determined to be 100%, 57%, and 81%

respectively.
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pl ants. Ml GeActehigitionofrapgepts vpCY/ SOereHFEIn4ihe agarose

gel by using a QIAEX II Gel Extraction Kit (Qiagen).
The bacterial strains and plasmids are listed in

15 Table 6. E. coli DHS5u was used as the cloning host
strain. Plasmid vectors pLAFR3 and pBluescript II SK
{+)} were used for constructing the genomic BNA library,
and for subcloning, respectively. E.coli cosmid clones
and subclones where grown aerobically at 37°C in

20 Luria—-Bertani-sucrose medium (pér liter contains Bacto
Tryptone 10 g, yeast extract 5 g, NaCl 10 g, and
sucrose 50 g, pH 7.0). When necessary, tetracycline (12

mg/liter) or ampicillin (100 mg/liter) was added to the

medium.

25 Table 6. Bacterial strains and plasmids used in this study
Strain Genotype or phenotype Reference/source
Bacteria

30 K. singaporensis LX3" Soil isolate, isomaitulose producer  This study
K. singaporensis LX21 Soil isolate, isomaltulose producer  This study

Erw. rhapontici ATCC 29282 isomaltulose producer ATCC



16 AUG20(l4 W 01/60993 PCT/ S&0100023 48 Zhang L, Xu J, and Bj g }u@RE4

1999. Engi neered detoxification confers resistance agai nst a pat hogenic

bacterium Nature Bi otechnol ogy 17, 1021-1029. i 6 AUG 2004 49 CLAIMsS: 1.
A pure culture of a bacterial strain conprising all identifying
characteristics of Klebsiella strainLX3. 5 2. A pure culture of a bacteri al
strain conprising all identifying characteristics of KZebsiella strain

LX21. Sg(ﬁ%,gw;al eic acid encoding a Klebsiella i SO%W 4Synt hase (KIS),
10 co

said Kl nprises the am no aci d sequence of ©2 and converts
99% or nore of sucrose in a nmediumto psoducts conprising nore than 87%
i somal tul ose. 4. AKlebsiella isomaltul ose synthase conprising the am no
aci d sequence of SEQ 117 NO: 2, wherein said Klebsiella isonaltul ose
synthase is adapted to convert 15 99% or nore of sucrose in a nediumto
products conpri &AM %87 9% i sdwErtUpseRRducy, TheAHfe! eic acid of
clai m 3 conpri sE-AY PR  nucl eot i deecd begdhbsdRbburdeeyrdioreMd 1. 20 6. The
nucl ei ¢ acid of claim3 which comtes $bkarafidl! 6Y80dEz0H W)t hr ough 2007 of the
nucl eoti de sequence of SEQID NO 1. v..~ 7. A nuclSenewceksitel. conpri sing the
nucleic acid of claim3 or 6 fused 3' to a nucleic 25 ®8%d encoding a

si gnal pepti de. Plasmids

pPLAFR3 Cloning vector, Te' Lab collection
pBluescript IT sk(+) Cloning vector, Amp’ Stratagene
pPLASI164 PLAFR3 plasmid with ~6.1 kb
10 BamHI/BamHI fragment this study
pSIBB ~6.1 kb BamHI/BamHI fragment in
pBluescript IT SK(+) :
pSIBP - ~4.8 kb BamHI/Pst] fragment in
' pBluescript IT SK{+) this study
15 pSICB ~3.6 kb Clal/BamHI fragment in
pBluescript IT SK(+) this study
pSIBX © ~3.5 kb BamHI/Xhol fragment in
pBluescript IT SK(+) this study
pSIEE ) ~2.5 kb EcoRV/EcoRYV fragment in
20 pBluescript [T SK(+) this study

G+C content of DNA: The guanine-plus-cytosine
(G+C) content of the genomic DNA was determined by the
thermal denaturation method as described (Marmur &

25 Doty, 1962)., The G + C contents of strains LX3 and LXx21
were determined to be 56.5 mol% which is comparable to
that of the genus Klebsiella.

165 rRMA gene sequence: The 163 rRNA gene DNA
fragments of the isclates LX3T (T = type strain) and

30 LX21 that correspond to positions 95 to 1395 of
Escherichia coli 16S rRNA was amplified by PCR using
purified genomic DNA and a primer pair consisting of
5'TGACGAGTGGCGGACGGGETG-3 (forward primer) [SEQ ID NO. 5]
and 5'CCATGGTGTGACGGGCGGTGTG-3' (reverse primer) [SEQ

35 ID NO. 6]. The amplification products were purified
with a QIAquick PCR purification kit (Qiagen, Germany!



8. An expression vector which conprises the nucleic acid of claim 3 6BAUG 2004

6, wherein the expression vector propagates in a procaryotic or eucaryotic

cell. 30 9. Acell of a procaryote or eukaryote transforned or transfected
with the expression vector of claim8. 10. A nethod for production of
i somal tul ose.in a plant, conprising ~ 6 AUG 2004 50 introducing into a

cell of such plant a nucleic acid encoding a Klebsiella isomaltnl ose

synt hasgobidbdd}, said HI S conprises the am no aci d pgegasmgas of Sfi Q 3D NO: 2

and converts 99% ar nore of sucrose in a nediumto products conprising nore
than 87% i somal tul ose expressing said3fucleic acid in said cell to produce

HI'S, and converting a carbon source into isomaltulose via HS. 1 1. The

met hod of claim10, wherein the nucleic acid is fused 3' to a nucleic acid

encodi ng a signal, pepti - Ih t . of i , %g]reinthe
si gnal peptide a'ﬁcsi ‘gex%aég‘%feen%tg%ﬁését%ng Js??‘ﬁ%%ﬁ“%eﬁ%@en%% e%rret hod of
cl ai m 10, wher sepuendnguklitei(8E htird 1pg Biosketense A lsemedatizd095 encoding a

menbrane attacheepin GQRBE Mendfmp Hre SRIRQd (B apbaidn 10, wherein the nucleic

acid conprises _the nucl eotide sequence of SBQ i 1 1.20 15. The met hod of
Claim 200 wher GLASYTEMG! GREUS4T. EorbAPSaEmse: BOT HBE 21 4 ¢ hr ough 2007

of the nuckeot isdteasdquwénce FErBBQELDeNQ@HI. PRUSMC3T# MNAS. The nmethod of claim
15, wherein th IC acdd. ks f ol cl gig.askd,srcoding a '
si gnal pepti de.%egg&lll%r Tﬁ}gé %é:%ﬁ%dyggg%%ﬁrmgi%&\%her el r¥§t he nucleic acid is
linked to a nudeéignatipdd e8I Yy TaPhenbr SRBUNCEAS HASHCeBRAREN. 18. The

met hod of cl ai Mtl@easthenei tirebe THeaRLossstSRheat edlitiomst Be weoup consi sting

a0 i Bk LA Ly, PRl Al vt onl cloning

10 database searches and the segquences of clasely related
strains were rétrieved from GenBank and Ribosomal
Database Project (RDP II) libraries. Sequences were
aligned with the PILEUP program (Devereux et al., 1984)
and the aiignment was corrected manually. Distance

15 matrices were produced with the DNADIST program of the
PHYLIP package (Felsenstein, 1989) and a phylogenetic
unrooted tree was constructed using the NEIGHEBOR
program contained in the PHYLIP package (V3.565
(Felsenstein, 1989). The statistical signification of

20 the groups obtained was assessed by bootstrapping (1000
replicates) using the programs SEQBOOT, DNADIST,
NEIGHBOR and CONSENSE (Felsenstein, 1989},

Table 7. Oligonucleotide primers used for PCR amplification and sequencing
of 165 rRNA gene from strains LX3 and LX21
25
Primer Identification Sequence (5-3") Orientation
1 16595 TGACGAGTGGCGGACGGGTG [SEQ. 1D NO. 7} Forward
2 1651394 CCATGGTGTGACGGGCGGTGTG [SEQ ID NO. 8] Reverse
30 3 16sf342 TACGGGAGGCAGCAGTGGGGAATA [SEQIDNQO.§]  Forward
4 1651616 ATGCAGTTCCCAGGTTGAGC [SEQID NO. 10] Reverse
5 16s£605 GAAATCCCCGGGCTCAACCTG [SEQ ID NQ. 11} Forward



~ s auc zoo4 sl (a) preparing a gene bank of clones froma donor of §ailig edlé
that contains a nucleic acid encoding a proteinwith isomaltul ose

bi osynthesis activity in a suitable host organism (b) screening the clones
of interest fromthe gene bank by their enhanced reduci ng sugar content,
and (c) isolating the clones which contain a nucleic acid encoding a
protein with isonmaltul ose biosynthesis activity. 20. A process as cl ai ned

i n clai MOY69%herein E. colt is used as the host orgmsuemem2310 21. A process
as claimed in claim19, wherein the steps of preparing a gene bank,
screening the clones, and isolating thélclones are perforned in an E. colt
strain that does not produce significant anmounts of a reducing sugar. 15
22. A nmethod of converting at Least parts of a carbon source into

i sonmal tul ose conpri siig@7der OVAcAire@rTasdSceBfdcRbt/cidshd Ro.¢8 Pk &l N an

i nduci bl e Kl ebsiegll a | t h n ontacting said Klebsiella
strain with sai d?car Bgﬁ%gur%ggeé%%ﬁ}&é?ﬁ‘b&gﬁfﬁs% BHGi &l | Bviedonal t ul ose
synt hase gene wi th o8t nHiCECATCRTE L AACOMGIFER IAYOO#r bohyRivates t o express
said Klebsiellaisomaltulose synthase, contacting said Klebsiella

i somal i ul ose synthase wth at |east parts of said carbon source and
converting at |east parts of said carbon source into 25 isonaltul ose. 23.
The met hodSof cl ai nTix2,166heRNA gesai chqrandofsotiradiast fed ahd gonverted into

i somal tul ose ¢ rj 0S L GE.QS r i e, lsomal ful ose or a
conbi nati on thg?%ogééggﬁggﬁ'Tﬁgm%%#ﬁ%ﬂ g%“%ﬁg§n1 ,SGI§¥EF% 99% of sucrose
in the carbon SYGr¢@Pts 1BofRiebrESs t1svERbRRICNAt cHpingil¥G Aede t han 87/
i'somal tul ose arnX2liesse thaselPorglHe@s@o the spelils BROSNARg to

the genus Klebsiella, and peripherally related to

10 species of the genera Serratia and Enterobacter. The
sequences of the two isolates showed high similarities
with that of Klebsiella pneumoniae and the levels of
sequence similarities among these strains ranged from
591.0 to 94.8%. The data set used for the construction

i5 -of the phylogenetic tree contained 1282 nucleotides of
each sequence as a result of elimination of gaps and
ambiguous nucleotides from the sequences between
positions 95 and 1395 (corresponding to that of
Escherichia coli)}. The phylogenetic tree constructed by

20 the neighbor-joining methed is shown in Fig. 2. Strains
LX3 and LX21 are closely associated with Klebsiella
pneumoniae. The clustering of strain LX3 and LX21 with
Klebsiella pneumoniae was supported by the results of
the bootstrap analyses at a confidence level of 100%.

25 But the two strains are different from K. pneumoniae;
the divergence value of the 16S rRNA gene sequence of

strain LX3 with that of K. pneumoniae is > 5% (Table
8).

]



25. The nethod of claim 22, wherein said Klebsiella isomaltul ose sy e

I s i nduced by sucrose, fruct ose, raffinose, isonaltul ose or conbi na‘ﬁ 2\3@ 2004
thereof. 5 26. The nethod of claim 22, wherein said Klebsiella strainis a
natural ly occurring Kl ebsiella strain which does not netabolize

i somal tul ose. 27. The nethod of claim 22, wherein said Klebsiella

| somal tul ose synthase is 10 encoded by SEQ m NO 1. . AK#" . Ah. Av. Av. Al (. Aev
CACA At osoed. A AT < LA . Ahv. AR, Av. Afv2 . Af. . AhdcrisééofoonzA. Y. Al (. A9. A

 Af<2 .AVO . Af. A .Ah<. A AKy.AsO .A 5.A AO . AY2 .A<2 .Az2. A Ah. Al ( . As(|
As(.A<.As(.AY . Af<.Al. AhB. ANB. A . ALD: B+ Fj 45

Table 8. DNA sequence similarities of 16s rRNA and rpoB genes between

Klebsiellu singaporensis sp. nov. and other representatives of the family

Enterobacteriaceae
5 165 IRNA tpoB
GenBank No. Similarity of GenBank No.  Similarity of
Strains 16s 1RNA to rpoB to
K. singaporensis K. singaporensis
10 () (%)
Klebsiella singaporensis 100 ’ 100
Klebsiella pneumoniae  Y17656 94.8 Uri444 95.0
Klebsiella rhinoscleromatisY17657 94.7
15 Klebsiella terrigena Y17658 93.3
Klebsiella planticola Y176§9 928
Kiebsiella ozaenae 17654 94.5
Klebsiellz ornithinolytica UT8182 93.1 17440 93.9
‘Klebsiella oxytoca Y176355 92.4 U77442 93.6
20 Serratia liquefaciens ABO04752 94.7
Serratia macescens  MS9160 02.2 UT7449 88.3
Serratia rubidaea AB004751 91.5
Salmonella typhimurium  U90316 91.2 X04642 93.4
Salmonella sofia © XB0eT? 015 U77452 93.2
25 Salmonella waycross U921%4 91.0
Citrobacter werkmanii  AF023373 92.6
Citrobacter farmeri  AF025371 93.1
Citrobacter amalonaticus AF025370  93.1

Citrabacter rodentivmm AF025363 91.8

30 Enterobacter cloacae Y17665 929 U77435 94.9
Enterobacter
cancerogenus 296078 93.1
Enterobacter aerogenes  ABO04750 93.5
Enterobacter intermedius AB004747 92.6
35 Enterobacter asburiae ~ AB004744 93.6

Enterobacter
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Ul ca] cal] caU] ca] cal ca WV]calU] ca UWV] cal] cal ca

nimipressuralis 296077 924

Erwinia wasabiae U80199

Erwinia cypripedii Ug0201 91.5

Escherichia coli Z80725 90.8 V00340 94.9
5 Salmonella typhi AF008577 92.8

Citrobacter freundii U77434 95.5

Saimonella arizonae U77447 92.0

Salmonella paratyphi U77450 93.0

Salmonella shomron U77451 92.4

10 Yersinia enterocolitica u77453 85.5

Partial rpoB gene DNA of strains 1X3 and LX21,
which represented the most variable part of the gene,
were sequenced to determine the phylogenetic pesition

15 of these two strains among the members of the
" Enterobacteriaceae family. The sequences for strain LX3
and LX21l were compared to the rpoB sequences of family
Enterobacteriaceae available in database and the
similarity matrix was obtained. As shown in Figure 3,
20 the phylogenetic positién is closely related to the
species belonging to the genus Klebsiella. The closest
member is K. pneumoniae, but with a divergence value of
5% (Table 8).
Amplification of rpoB and sequencing: The genomic
25 DNA of strain LX3 and LX21 coding RNA polymerase
beta-subunit (rpoB) gene, corresponding to positions
1468 to 2114 of E. coli rpoB, was amplified by PCR
using a primer pair designed with reference to the
consensus regions of the published sequences for E.
30 coli (GenBank V00340), Salmonella typhimurium (¥X04642),

Pseudomonas putide (X 15849) and Klebsiella pneumoniae
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Primers (Orientation) Sequence

5 SI-1 (F) 5-CCCGCTGGCAATATTTCTGACT?Y' [SEQID NGQ. 17]

SI-2 (R) $5'-CACGACCACTACCCTTTCTCCTGA-3' [SEQ ID NO. 18]
SI3 (F) 5 -CCTCGCCTCATTTAAAGACACCAAZ' [SEQIDNO.19]
Si-4 (R) 5'-TAGGCGCCATATACCAGAGCAG-3'[SEQ ID NO. 20]
S5 (F) S5 -CGTGACTATTATTITCTGGCGTGAC-5' [SEQIDNC.21)

10 Si-6 (RY 5'-CGTCGCCCGCTGAGTGAGGTAA-3 [SEQID NO. 22]
SI7 (F) 5 -TAGATAACCATGACAACC-3'[SEQID NO. 23]
SI-8 (R) 5'-GCGGTGGCCACATCATACC-Y [SEQID NO. 24)
SI-9 (F) 5'-CGCCGTTTATTTATCAAGGTTCAG-3' [SEQID NO.25]
SI-i0 (R)  5'-GGAGCATTGCCGTAAAGAT-3 [SEQ ID NO. 26}

15 SI-11 (F} 5 -CTATACTCTCCCGGCTAATGATGC-3' [SEQ ID NO. 27]
SI-12 (R)  5'-CCACCATGCAGGATATTCACTTT-3' [SEQID NO. 28)

The cosmid library of Klebsiella singaporensis
was screened for isomaltulose biosynthesis activity.
20 Two positive cosmid clones, designed pPLASI164 and
pPLASTI169, were selected by their ability to produce
reducing sugar, which was confirmed to be isomaltulose
by TLC analysis. Restriction enzyme analysis of the
two clones revealed that they likely contain the same
25 fragment of ~ 6.1 kb released by BamHI digestion.
Restriction enzyme mapping of the two clones further
verified that the clones pPLASI164 and pPLASI16S are
identical. The 6.1 kb fragment contains one Pstl site,
one Clal site, one Xhol site and two EcoRV sites as

30 shown in Fig. 5. Deletion analysis narrowed down the
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& ()-!C1ombRs () -! HCLO%. TLT& () - ! HCI0%EES' () - ! CLO%®8c40)0029H% & () - 1GL' 2
333 33' 3r S40P 10% 0& ()-|' J10%0& ()- 10" 10"
10°°1/10% & ()-!(&10% & ()-j & 10% & $5-' 3) 3084455zX9r S40 CLO% {& ()-@
CloO%"& ()-@k Cl09B8& ()-@ _ Cl0% o' o0& ()-@
Clo%& ()-@t10% o& ()-567777778rP1010% & ()-r!'\@O0%&' ()- C-10%& ()-#
10"0"0 10"0"0 region encoding isomaltulose biosynthesis to a 2.5 kb
EcoRV fragment contained in
the clone pSIEE.
The nucleotide sequence of clone pSIEE was
5 determined from both DNA strands (Fig. 6A). Open
reading frame (ORF) search revealed the presence of cne
ORF of 1797 bp nucleotides. Deletion analysis indicates
that it is the coding region of isomaltulose synthase
gene kis. The putative initiation codon ATG is
10 proceeded at a spacing of 8 bpzbyne.pptenfial
ribosome-bindidq sequence (AAGGA). There is no
significant homology‘tp the consensus -35 promoter
element ({(TTGACA). The possible -10 region promoter
sequence fTTTAAT}, homologous to the consensus promoter
i5 sequence (TATAAT) for ol0 factor in E.coli is observed
44 bp upstream of the initiation codon. A putative
sucrose responsive region (“**TTTTCTTTAATAACAATT ¥) [SEQ
ID NO. 3), an AT-rich sequence, is also locatéd in -10
region which 1s homologous to the sucrose-responsive
20 region conserved in several sucrose inducible promoters
{Fig. 7; Yokoyama et al., 1594). Inducible expression
of the kis gene has been confirmed in the presence of
sucrose and fructose, whereas there is not kis gene
expression when glucose was used as a sole carbon
25 source. The putative core sequence, "CRACTG", the
binding motif of helix-loop-helix transcription factors
(Murre et al., 1989; Rocha and Gomes, 1998), is located
at position 21lbp upstream from the initiation codon
site (Fig. 6A). At the downstream, there are three TCTC
30 boxes, one TCTT box and one TGTG box that closely
resemble the TCTG consensus sequence of

factor-independent termination sites. Inverted repeated
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molecular weight of 69.94 kDa and an iscelectric point
at 6.62 (Fig. 6B). The deduced hydrophilic amino acids
are 68.4% of all the amino acids. The best homology to
the kis gene is found in the iscmaltulose synthase gene
from Enterobacter sp. strain SZ62 {Mattes et al., 1998
US patent No. 5786140}, which shares 99.3% identical
nuclectides in the open reading frame and 995.7%
identical amino acids in the predicted peptide
‘seguences.

The differences are in the C-terminal region of
the proteins. KIS has one extra amino acid, Aia577,
and two substitutions, with Gly577 and Alab93 in the
isomaltulose synthase of strain $Z62 being replaced
with Alab78 and Valb594, respectively. In addition, the
KIS protein shares 67% homology to the same enzyme from
the Protaminobacter rubrum (Mattes, et al., 1998 US
patent No. 5786140).

A potential sucrose catalytic binding site, "32!
F-D-L-I-R-L-D-R-D-S-N-E¥2" [SEQ ID NO. 4], has been
located based on seguence homology comparison with the
identified sites of a-glucosyl transferases (Fig. 8).
In this motif, two amino acids, arginine and aspartic
acid, are highly conserved. The aspartic acid (D) was
reported to play a key role in the enzyme activity and
its mutation resulted in complete inhibition of the

- {Z9LF} 10%
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2. A pure culture of a bacterial strain comprising all identifying characteristics of

Klebsiella strain LX21.

3. A nucleic acid encoding a Klebsiella isomaltulose synthase (K18), said KIS
comprises the amino acid sequence of SEQ ID NO:2 and converts 99% or more

of sucrose in a medium to products comprising more than 87% isomaltulose.

4. A Klebsiella isomaltulose synthase comprising the amino acid sequence of SEQ
ID NO:2, wherein said Klebsiella isomaltulose synthase is adapted to convert
99% or more of sucrose in a medium to products comprising more than 87%

isomaltulose.

5. The nucleic acid of claim 3 comprising the nucleotide sequence of SEQ ID
NO:1.

6. The nucleic acid of claim 3 which comprises nucleotides 214 through 2007 of
the nucleotide sequence of SEQ ID NO:1.

7. A nucleic acid comprising the nucleic acid of claim 3 or 6 fused 3' to a nucleic
acid encoding a signal peptide.
8. An expression vector which comprises the nucleic acid of claim 3, 5 or 6,

wherein the expression vector propagates in a procaryotic or eucaryotic-cell,

9. A cell of a procaryote or eukaryote transformed or transfected with the

expression vector of claim 8.

10. A method for production of isomaltulose in a plant, comprising
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11. The method of claim 10, wherein the nucleic ac1d is fused 3' o a nucleic acld

encoding a signal peptide.
10
O 12, The method of claim 11, wherein the signal peptide is a vacuole targeting signal
peptide.
13 The method of claim 10, wherein the nucleic acid is linked to nucleic acid
15 encoding a membrane attachment domain.

14.  The method of claim 10, wherein the nucleic acid comprises the nucleotide
sequence of SEQ ID NO:1

20 15,  The method of claim 10, wherein the nucleic acid comprises nucleotides 214
‘through 2007 of the nucleotide sequence of SEQ ID NO:1.

FainN
L

16. The method of claim 15, wherein the nucleic acid is fused 3' fo a nucleic acid

encoding a signal peptide.
25
17. ~ The method of claim 15, wherein the nucleic acid is linked to a nucleic acid
encoding a membrane attachment domain.
18.  The method of claim 10, wherein the plant is selected from the group consisting
30 of sugarcane, maize, watermelon, and sugarbeé’t.

19. A functional cloning method of isolating the mucleic acid of claim 3. comprising
the steps of
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(a) preparing a gene bank of clones from a donor organism *hat contains _
anucleic acid encoding a protein with isomaltulose biosynthesis activity in a
suitable host organism,
(b) screening the clones of interest from the gene bank by their enhanced
5 reducing sugar content, and
(¢) isolating the clones which contain a nucleic acid encoding a protem
with isomaltulose blosynthems activity.

20. A process as claimed in-claim 19, wherein E. coli is used as the host organism.
10 _
O 21. - A process as claimed in claim 1_9, wherein the steps of preparing a gene bank,
" screening the clones, and isolating the clones are performed in an E, coli str_ain

' that does not produce significant amounts of a reducing sugar.

15 22.  Amethod of converting at least parts of a carbon source info isomaltulose
comprising , ‘
providing a Klebsiella strain comprising an inducible Klebsiella
isomaltulose synthase gene,
contacting said Klebsiella strain with said carbon source,
20 inducing said Klebsiella isomaltulose synthase gene with one or more
fructose containing carbohydrates to express said Klebsiella isomaltulose
{\) synthase, _
contacting said Klebsiella isomaltulose synthase with at Ieast parts of
said carbon source and converting at least parts of said carbon source jnto
25 isomaltulose.

23, The method of claim 22, wherein said carbon source that is converted into
isomalinlose comprises sucrose, fructose, raffinose, isomaltulose or a
- combination thereof.
30
24.  The method of claim 22, wherein 99% of sucrose in the carbon source is
converted to products comprising more than 87% isomaltulose and less than 1%
glucose.
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25.  The method of claim 22, wherein said Klebsiella isomaltulose synthase is

induced by sucrose, fructose, raffinose, isomaltulose or combinations thereof.

26.  The method of claim 22, wherein said Klebsiella strain is a naturally occurrmg
" Klebsiella strain which does not metabolize isomaltulose.

27.  The method of claim 22, wherein said Klebsiella isomaltulose synthase is
10 encoded by SEQ ID NO:1. | '
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