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METHOD OF PRODUCI NG SUCROSE- 6- ACETATE BY WHOLE- CELL
Bl OCATALYSI S; TECHNI CAL FI ELD The present invention

WO ed0ae®7t 0 a novel process and a novel strat eBgT/ANR006/000384

production of 1'-6'-Dichloro-r-6"-Dl DEOXY-
b- Fruct of uranasyl - 4- chl or o- 4- deoxy- gal act opyr anosi de
(TGS) involving use of whole cell biocatalysis for

Pr odNHTHHDGF PRODUE IRIGTBHICHES BUCACS PAPEADEAIOGLE-CELL
BACKGROUND OF THE | NVENTION Strategies of prior art

nmet hods of producti on ofBIQCATALS'SIS;
trichl orogal act osucrose (TGS) predom nantly invol ve

chl ok ' Opr ot ect ed sucrose by use of
Vi | szgi@ﬁi\!lgla%é‘?kmrﬁgagent derived fromto chlorinate

6- 0-protected Sucrose, to form®6 acetyl 4,1,

b' t r Thalpoesapdlinventoumiaise to asiavg! prcessiand lal movieh atrategy for
agents such as phosphorus oxychl ori de, oxalyl ‘

chl oprat@ctiqgrh asfp e «Biciiert Hae DD EGX Yep-€ rucioidramabr4-claon-4-
am de such as dinethyl formam-de (DVF). After the said

chl ogeaat ylactbeRahdddb (TES) ihesdihg @Be BRIMoleScell biocatalysis for
neutralized to pH 7.0 -7.5 using appropriate al kal i

hydf@?@o@h@ﬁor@&f it‘sﬁhférm%iaﬁaﬂ@k%@e-@—b@et_af@ﬂe pH of the
neutralized mass is then further raised to 9.5 or

above to deacyl ate / deacety|late the 6 acetyl 4,1',
d' t r BARK? %QP&sIEE&@‘éEN%l%rma 1, 6

trichlorogal actosucrose. This invention relates to the
Prepgiatdgis Ofofa iy | &k €T MBtoat e, ofSUBFaRRten agetalie 6

for the manufacture of the chlorosugar 4, 1',
trichlorogalactosucrose (TGS) predominantly involve chlorination of 6-O-
protected sucrose by use of Vilsmeier-Haack reagent derived from to
chlorinate  6-O-protected  Sucrose, -to form 6 acetyl 4,1,
6’trich!orogalactoéucrose, using various chlorinating agents such as
phosphorus oxychloride, oxalyl chloride, phosphorus pentachloride etc,'
and a tertiary amide such as dimethyl formamide (DMF). After the said
chlorination reaction, the reaction mass is neutralized to pH 7.0 —7.5 using
appropriate aikali hydroxides of calcium, sodium, etc. The pH of the
neutralized mass is then further raised to 9.5 or above to deacylate /

deacetylate the 6 acetyl 4,1’, &'trichlorogalactosucrose to form 4,1', &

trichlorogalactosucrose.

This invention relates to the preparation of a key intermediate, Sucrose-6-
acetate for the manufacture of the chlorosugar 4, 1),

8'trichlorogalactosucrose by microbial bio-catalysis.

Sucrose-6-acetate is a key intermediate in above scheme of production of

TGS. Mufti ef al (1983) in US patent no. 4380478 reported a process in
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‘reaction of sucrose I n pyri

d trichlorogal act osucrose by m crobial bio-catalysis.
Sucrose-6-acetate is a key internediate in above

wagedeeioef production of TGS, Mufti et | (1983pCT/IN208/000384

patent no. 4380478 reported a process inwhich _
SUCT QO3 8E858eadetatd 1484 Qﬁajef%i ot Ot ?ﬁca%gﬁg@h'rri%ggtion of

e "w ace
at a rat yr.e.bel -20. d celcius. lmpurities
Mt SR B, M oo, pEeic B ERs” 8l i WingrERire' bish —20
acyl s. Thi,s. process. depepnded on either jsolatin
and gégiﬁeﬁi WdC'{JgeP’HB%riﬁleee’dP 8a8§%|95tr80'i‘9?(’¥|3§‘?ﬁ @nfjoglﬁp some
fro oq%lhers or chlorinati n% all these acyl ates and o
devi 8I9R§T REYAtes; d hiseprocase dependrdson eithebisetating and obtaining
chl orinated sugars. A process of production was
desi H&d d@pired nagnglacylgie iu@e petec fase frem atretratar olilofimating all
formati on of other nonoacyl ates or higher acyl ates so
t hat tHesel acyletesaand pleviding aheams d6 SePAratentien TS from other
sinpl e as possi bl e SUMVARY OF THE | NVENTI ON Thi s
I nvephloanatedstghlzes a process where bi omass, incl uding
a whoie cell mass, derived froma m croorgani sm .
capahl e of pr uci(gl%ﬂa fructosyltransferase is used to

cat afyPECEP ngf Brooyetion wak wdsskedoviiel) shadinpepduce sucrose-6-

fructosyl disaccharide to an acceptor nonosacchride or

an adeipteorithoi demaatioar ofcriherenpeacylaies or piaheneeylates so that
fructosyl di saccharide or a derivative of fructosyl

di satselediondnd priicatia ofetG8 reimdimamsisnpé as possible

invention relates to the preparation of a key

inte plmm B ate for the manufacture of

t he % I or%ﬁgg?ﬁﬁeﬁﬁver\@%i chl or ogal act osucr ose by

m crobi al bio-catalysis. This
This invention describes a process where biomass, including a whole cell
mass, derived from a microorganism capable of producing 'a
fructosyitransferase is used to catalyze transfer of a fructose moiety from
a fructosyl disaccharide to an acceptor monosacchride or an acceptor

monosaccharide derivative to produce a fructosyldisaccharide or a

derivative of fructosyl disaccharide.

A preferred embodiments of this invention relates to the preparation of a
key intermediate, Sucrose-6-acetate for the manufacture of the
chlorosugar 4, 1°, 6'trichlorogalactosucrose by microbial bio-catalysis. This
embodiment describes a process for making sucrose-G;acetate and
analogoues compounds from glucose-6- acetate or respective 6-O-
protected glucoée, bio-catalyzed by whole cells of Aureobasidium

pullulans (de Bary) Arn. The sucrose-6-acetate thus obtained is separated
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enbodi nent describes a process for making
sucrose-6-acetate and anal ogoues conpounds from

wWQ@lkwcosw7H- acetate or respective 6-Oprot ect edP@i/IN206:)00384

bi o- catal yzed by whol e cells of Aureobasidi um

pul | : : 1@ sucrose-6;acetate. .fhus

bbt af o2 ok e it ar i dtsnaiifen UFh g haabRaR ShBuplARduen be
using W$Fbrane fgltrﬁﬁion and can be used for

pr eparat [ VP HPAALPHOL YR PYIRIBETAI LED DESCRI PTI ON OF

THE | NVENTI ON There are different types of

f r uc DETAILEDBESCRIPTION DFEFHRINVESHUWONY a variety of

m croorgani sms. The action of different
fructosyltransferases fromvarious sources is

descr NB&daten difieran fupesmaf WHetosyiransfemsenenaygies ppduced by a
107-1 17, 1996. Levansucrase, an enzyme representative

of t Mariefy oefp Migropigasissssy | Therastien aafedifferant diwctosyltransferases
catal yse formati on of |evan, a polyfructose derivative

by r#pravangusasquroes $s defcrieldi int Emzyngt aadddictohialt Bsehnology,
link in sucrose and transferring the fructose to an

accep9otOBUYAr{oobhus, if that acceptor sugar is
sucrose itself, it builds up high nol ecul ar wei ght

~.fructose chain. Wrk of Hestrin and Avigad, in

Bi oc hBYRMPUCE$E( 1088) BRrYMEsg- repsesaniafiveat & t thg ogroup  of

range of sugars acted, with varying degree of ability,

as gbuetopyliransfeeasgde kpown $o caialusei fagnaliarhofdavan, a polyfructose

inhibiting | evan formation. Substituted glucose was

seendedvaiyepbyrreaeaiing @& prodaseecvksplitihg ngluabsefraétose link in

fructose donor (i.e. sucrose) to acceptor ration is

hi ghsudrppé el yansferring tharfaetede fo antagcédptol sugandrhus, if that

concentration is low, it was shown that substituted

gl ucasseptansias & QfdroSs itsel, RALABS Up- hidih Hioldsinst waihhBfructose

in
chain. Work of Hestrin and Avigad, in Biochem.J. 69 (1958) pp. 388-398,
indicates that a range of sugars acted, with varying degree of ability, as
good fructose-acceptors competing with and inhibiting levan formation.
Substituted glucose was seen to be poor acceptors. However, when ratio
of fructose donor (i.e. sucrose) to acceptor ration is high, typically in the
range of 5:1 to 10:1, and conceniration is low, it was shown that
substituted glucose can also act as an acceptor. Thus Kunst et al in
Eur.J.Biochem. 42, 611-620 (1974), succeeded in using D-glucose 6-
phosphate as an acceptor with sucrose using an enzyme derived from a
mutant of Bacillus subtilis Marburg strain 168. Similarly patent no.
GB2046757B disclosed use as an acceptor of a variety of aldose starting

materials with sucrose or raffinose wherein a levansucrase was used

derived from a variety of microorganisms which included Actinomyces
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Eur.J. Biochem 42, 6 11-620 (1974), succeeded in using
D- gl ucose 6- phosphate as an acceptor with sucrose

waigiongsam enzyme derived froma mutant of Baci PCT/EN2006/000384

subtilis Marburg strain 168. Simlarly patent no.

GB2046757B di sgl o e.a ptor, of a vari.et.

of -t Rbemesang Bihg Tt SREATL: PRSENA us Mol s dn the
wherein a | evansucrase was used derived froma varjety

of nPRiEpbARRIGAIRR. DPWRYEN e adese it alwaysye yidaamiiged sugar
and B.subtilis (Strain ATCC 6051 , i.e. the Marburg

st r a@itg tha moleheatipaf slenonisprdoeatdraised in Wby @resuntably in order to
al dose is always an underivati sed sugar and the nole

r at i migmiskociainfarndeg egztctionsised is 1:5, presumably in
order to mnimse chain-form ng reactions. Rathbone et

al (49 in, U nt . 461726 | ai med a

or 0cBaUEge Rt A AFBe Tl paftit o6- daL7. Rl Fhitpég agprocess
by reacti n%%he correspondi ng 6-derivatised gl ucose or
gal al% BEeaG PreHVRISGESyrse: JefiyatikpBk rearting dhe cegesranding
of sucrose or raffinose or stachyose, with a specific

| i mi B-leriyatisadagluchse ferugealasiser witbf ar lideiosd ciiansferagenin the
a process is isolated froma bacteria. In this

i nveprteisence Wi slusrasel ¢r fafiipeseadi stacbyose, nivith aosppmifics limitation
is successfully used for transfer of fructose noiety

f r omhatic thes utiosglirghsfersse- Gseel iresutto sppredese isiisolated from a

sucrose-6-ester, the said mcroorgani sm being capabl e

of sya¢tBesi zi ng one or nore of an enzyne of

fructosyitransferase group and whole cells of which

are anenabl e for separation fromthe reaction m xture

by alrgﬁhpﬁjqnge@t,l% adwleeels pienpeationrofisnmicigpiggnism is successfully

filtration, centrifugation and the like. It was found

t hat usertk fori tednderodl iteciose siaety Vieore suerosegiooal ghucese-6-ester to
produce a sucrose-6-ester, the said microorganism being capable of
synthesizing one or more of an enzyme of fructosyltransferase group and
whole cells of which are amenable for separation from the reaction mixture
by a simple process of separation including filtration, centrifugation and
the like. It was found that the yields of conversion were very good even
with these crude preparations, improving economy and convenience of the
method. In the preferred embodiment, yeast Aureobasidium pullulans (de
Bary) Arn. is used as a bio-catalyst for achieving preparation of sucrose-6-
acetate by reacting glucose-6-acetate with sucrose. However, any other
micro-organism may be used in a process of this invention which shall
exhibit same activity and function as Aureobasidium pullulans including

but not limited to Aspergillus oryzae, Aspergillus awamori, Aspergillus

sydowi, Aureobasidium sp., Aspergillus niger, Penicillium roqueforiii,
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with these crude preparations, inproving econony and
conveni ence of the nethod. In the preferred

wenioas4avent , yeast Aur eobasi di um pul | ul ans ( deP@HIN2D06/000384

Arn. is used as a bio-catalyst for achieving

pr e%%g%c%c@é nﬁl‘t%so%n%ll/@rﬁzéﬁéeag%kﬁ %ﬁh@ﬁ)m)ﬁces Bacillus

ucose-6-acetate with sucro Wever
mcr sed in a process of thls
[ nven %%ﬁ%gﬁ%n}%ﬁ‘kéxhi bi t saﬁe activity and
functi on as Aur eobasi di um pul [ ul ans i ncl udi ng but not
| i mCodshyt chahagteristids| of SAureyizasidiufepaiugans are thsbicgraws rapidly
Aspergillus sydow , Aureobasidiumsp., Aspergillus
ni gey Ml Exaidct | Aarr 0GHpéMitd 'sn%dﬂﬁ?p*s%@%\!féréﬂmm%sa slimy

Penicilliumjancezewskii, Sachharonyces, Baci l
b
vilasy EoLasast gl ol PR g i en

|n Malt Extract Agar , appearing snooth, soon covered

wi t Aha enzyime émmaiethe,micrmaga@alhwomue@bbasiqﬂymkpulm@ acts on
nostly becom ng brown or black. The enzyne fromthe

m cisacroganins theAyresehasi off waripud |kihdsn ®f anbsosatcharidess esugar
in the presence of various kinds of nonosacchari des,

sugalconbro ks al€dHeyd, GEsHidEsS . oligb¥scati@ss and the like as a
ol i gosaccharides and the |ike as a receptor to

tr arﬁééefiﬂortl’@etrefﬁs'?éﬂtﬁé)ﬂuc rsgpgrotu% fohRe rr@é@ﬂ&oho[g&lﬁacékrﬁbltmg

exhi biting a very broad ptor specificity.

enzy dj ot
decorrpoblitl on o%%gg{?r osbejé.8 kes oseedﬂm% Sfbo\éﬁoéﬂretot&%sudlum

raffj and st.achyos V\/nol e.cells reaction i
s oupiRRs o ARE RN e e MG (FF [ERisnangfiestose.
silver, nmercu Zi nc, o and tin. The said .
r ec SPEUFrOSBH e[%ﬁ@séar?%’e ggﬂ}h)@ﬁet Hee oWl rﬁj””s reaction is
D- ar abi nose, Lfructose,

susceptlble to the inhibitive effect of the ions of silver, mercury, zinc,

copper and {in.

The said receptor molecule can be any of the following: D-arabinose, L-
fructose, 6-deoxyglucose, 6-O-methvylgalactose, glucose-6-acetate,
glucose-6-propionate, glucose-6-laurate, 'mellibiose, galactose, xylose
glucose-6-phosphate, glucose-6-glutarate, lactose, galactose-6-acetate,
mannose, maltose, 1-thio-glucose, maltrotriose, maltopentaose, D-
arabinose, maltohexaose, isomaltose, L-arabinose, ribose, lyxose,
gluconic acid, L-rhamnose, 6-O-methylglucose, methyl .alpha.-D-
glucoside, xylitol, glycerol and the like. Aureobasidium pullulans (de Bary)
Am. is one of the microorganisms, a yeast, which produces
fructosyltransferase (SST) enzyme and is found both intra as well as

extracellularly. The enzyme from Aureobasidium culture is highly
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6- deoxygl ucose, 6- 0O net hyl gal act ose,
gl ucose- 6-acetate, gl ucose-6-propi onate,

w@bkwcosw7b- | aurate, mellibiose, gal actose, XxylPGEIN2006/000384

gl ucose- 6- phosphate gl ucose-6-gl utarate, | actose,
mannose, mal tose,

gal act.ose- 6 thio- ’ :

mal tr@slawmf& mn%ﬁfgl&éﬂ?yéa@gsf%?%ﬁf%s@ g Bt g 8ion 2
i sonal t ose, L-arabi nose, ribos xose

ac dructasylitanrissase er@%mgn{%u@ﬂ e tﬂ% AT fio. 0348 s

pha. - Dgl ucosi de, xylitol cerol and t he I{

Aur Rl Paryip@ o t@qere@aéatlearqf)thﬁrﬁUCT@eoﬁwac%iP § Py reacting
m croorgani sns, a yeast, which produces

f r uctiomypket with f@rimsty|giBSTe. ehy wEheltioher melgstlap saRcharides

intra as well as extracellularly. The enzyne from

Aur gnbdvdedi s sepdraed fromhsugndse-@gicetabe diyf inoleicnlar lseparation
fructosyl transfer reaction. In the present invention

a_f rapet dvdinbicynediee esdnRjueduci ng Aur eobasi di um cul ture
ATCC No. 9348 is used for carrying out the preparation

of the sucrose-6-acetate by reacting sucrose with

6- O-ABelosyiRISTeERse Tise BIOREEEti GNer AHSLBRSIPLF pu/lulans by
sacchari des produced are separated from

sucrabmeged &rateatdfipnnsing avitable sesiafar g2 kiad In this invention,
chr omat ogr aphi ¢ techni ques. Fructosyltransferase is

pr odtie eshzyneAnas ook sHottitecnfront lthe argarism sahdrinsgeatl whole cells
fermentation using suitable nedia for 72 hrs. In this

i nvesbi@Rd thRRhRIRIAB colfysiiin itiselimientioh r e rhiveobial cells are
organi sm and instead whole cells are used to achieve

the ﬁr@?e?éb!t?'s% patdied ftbf 1hBMRRd PRdiun8y Featrditiaioncald washed
are preferably separated fromthe |iquid nmedi um by

_cent\MﬂJ; %1\’\8@@@.\/\‘/@ fegd |]¥1V'a§1 %%?C%ﬁ%iv5@Q that @fe dells be

owever, conceiva Ie t ells be used, after

at ol 0l nGaa. ShL B oM GfbithAd © RERHHES LRorhbeyBamcient

suf f 1'%

to carry out a transfructosyl reaction, with the residual medium itself
without separation as a medium for dissolving the donor as well as
acceptor of a transfructosyl reaction and the products of the reaction

isolated and purified after the reaction is ‘over.

Tﬁe microbial cell mass is directly suspended into the reaction medium
containing sucrose and glucose-6-acetate in a buffer solution. The ratio of
sucrose to glucose-6-acetate preferably taken for the reaction is 2:0.5.
The reaction is kept under stirring and the formation of sucrose-6-acetate
is monitored by HPLC. Appropriate additives, including, but not limited to,
invertase inhibitors further including Conduritol-B-epoxide, trestatin, and
the like are added to the reaction to avoid any side reactions which may

affect the desired product formation As soon as the appropriate titre value
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to carry out a transfructosyl reaction, with the
residual nmediumitself w thout separation as a nmedi um

wo o0070593Dl vi ng the donor as well as acceptor BET/EN2006/000384

transfructosyl reaction and the products of the

reaction is d, and rified :
ovor SpRsH ATt Scopingds 0% Shihdt S EUCHAG s Feaction
into the reaction medi um cont sucr os d

o1 oS Fligier 4o SePRalE Bt MSToRdl Gbon  The rati o of
sucrose to gl ucose-6-acetate preferably taken for the

r eac‘lere‘ﬁntprﬂl@at@ Sontdiffig’ KREIIB aEtal® Bhd WIKGT higher fiofetular

ormati on of slcrose-6-acetate is nonitored by

HPL%ye@&p s%&ﬁa%% agd'shfrquﬁﬁgd kDG g—:’c[]ﬁier | nc?ﬁacij ngHere the

nver ase | tors urt

Condur.i t XI d r

oo BB S 30 SHhape ", SIS, i suraie
whi ch fect the desired uct format i

as TR TR RPAIPHOR iR IS ulor Gl SRERIAC B é\%@f%g are
obtai ned, the stirring is stopped, a th t

mi xtG@nEeRiatedy di wag f@@b@rta@tetht%ﬁ@ﬂm' 2)? éHP&Sggﬁgg‘Féaém'%tﬁmed
the filtrate containing sucrose-6-acetate and other

hi gheas 8% c uFathatepyiiicatior oMag icaried ouk blyj erpr@iegiaphy on
nmol ecul ar separation. Here the nol ecul ar wei ght above

500 Sibdnizmussilica witpaateres theinmepilsyittasel e nenbr ane
separation systems The | ower nol ecul ar sacchari des

are ncentrated [t was foun that th

sucr gaghiqly gtated pabiVe Fllal® ﬁs?tﬁﬁ_{ou%ybg maintaining
purifi catl on was carried out by chrorrato

31 | asticzes® and GWEOREBrAGRTETates CRBSIABLIO 'ge%ﬁgéefea%@ in the
reaction stated above can be nmde conti nuous

mai nfoavandrdjrestion.oféscaifie ryicieiialeceds separated frami %@ reaction can

constant to keep the reaction in the
be re used depending on the activity of the enzyme.

The microbial cell mass can also be immobilized by one of the several
methods of immobilization of whole cells known in the prior art. lllustrative
method used here is adopted from geri, B., Sassi, G., Specchia, V.,

Bosco, F. and Marzona, M., Process Biochem., 1991, 21, 331-335.

The purified sucrose-6-acetate is taken for chlorination for the preparation

of TGS.

Described in the following are examples, which illustrate working of this
invention without limiting the scope of this invention in any manner.
Reactants, proportion of reactants used, range of reaction conditions
described are only illustrative and the scope extends to their analogous
reactants, reaction conditions and reactions of analogous generic nature.

In generél, any equivalent alternative which is obvious to a person skilled
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forward direction. Also the mcrobial cells separated
fromthe reaction can be re used depending on the

w@eaws49y2 of the enzyne. The microbial cell naBGT/E006/000384

also be imobilized by one of the several nethods of

ik ek %fa‘%}ér?@%’%s§9§§§@?§®02'°ﬁ %o%%gé *}'ﬁ&b@ 3pPe of this

., S hi V.

| sPRObEions TiRerenitne 1 'ary3556ia oo il Ao
sucrose 6-acetate is taken for [ grination fo][
pr e SERUR Whichhcangerfanas g samne; ﬁ"\cﬂ@"’f 8ndl difeng’ &r %ubst'tuted

exanpl es, which illustrate working of this invention

wi t lgbicosei shall agverhany copetitoted: midosenwhiehi gives rsaamg type of
manner. Reactants, proportion of reactants used, range

of rmalgoas reactitinsi mmrommimgdmdrmcﬁormrdoynditibhs:.sSemriai/ether
and the scope extends to their anal ogous reactants,

r eacilnptations df the BMmbatitharaaalill 08caslly anﬁdnpgt@dsbygtﬁbee iskilled
nature. In general, any equivalent alternative which

I'S GRYHIOWSt AR fheh &iré A0S hbhubed Withil thetdcopbaitithials ?@cmca’uon
sucrose production is covered within the scope o

Spe%él}tfbﬂtlh ﬁumf% ’coﬂﬁtﬂj adtd ﬁve?qs?ﬁ?rta?él o CAMESS R Yontext

equl val ent ICh can orm the sane

f
aﬁg%lgﬁg Jlot ap%qlggsgﬂ Sszs e“%?@ﬁ‘ @ggucgéa?rlir\?ee‘?}?efﬁ r«]a@#rjacﬁ&\’ Bbvers
anal o S reacti ons under .ana us_react.i

condi°Ei B R0e AU a&cﬂa?n'g&glyte%? ITosHECEFSipgr in a combination

enbodi nents will be easily anticipated by those

ski 1356IMPHUEi s art and they are al so included within
the scope of this specification. Mention in singular
I's GON&iapyedqto cover its plural also, unless the
context does not permt so, viz: use of "an organic

solvent" for extraction covers
Growth of Aureobasidium cells for biocatalysis

In an experiment, pure culture of Aureobasidium culture obtained from
ATCC No. 9348 was grown in 200 ml shake flasks by inoculating one loop
full of the said culture from the slant. The culture medium consisting of
optimum level of carbon and nitrogen sources was prepared using “Maida”
(refined wheat flour made in India), soy flour, yeast extract, phosphates
* and chiorides. The culture was grown for a period of 48 hours in a rotary

shaker at 200 RPM.

The well-grown cells were transferred to a second stage growth culture
and growth was continued for 120 hrs. The broth obtained after 120 hrs
was centrifuged at 8000 RPM and the cells were separated. The cells

were washed with buffer solution twice to get rid of all media constituents
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use of one or nore of an organic solvent in succession
or in a conbination as a m xture. EXAMPLE 1 G owt h of

w@wgobas2 di um ceils for biocataiysis I n an exper/iNDOoR/(00384

pure cul ture of Aureobasi dium culture obtained from

Fnoc ITAT9H Briie0q PGS wers HEnrerand fresa diad thfrtner

slant. The culture nedi um consisting of optinmmevel

of cdPHon and nitrogen sources was prepared using

"“Mai da" (refined wheat flour nmade in India), soy

fl ouexaMRBE 2extract, phosphates and chl ori des. The
culture was grown for a period of 48 hours in a rotary
shaker at 200 RPM The well-grown cells were

t r anSPBVEERION0 #fseHaose-Geasafatent Hoc ulsuoresedbeacetate by
grow h was continued for 120 hrs. The broth obtai ned

af t eAutembagidiunmsellent ri f uged at 8000 RPM and t he

cells were separated. The cells were washed with

buf f Lon pwce.to rid of all nedja ,
cons? quj §h§@'§??ec' i S?qt% af‘ﬁ §t8gg|q?§pc1=ﬂ§§ véas qakeq\éqrethg regetion.
froz and freeze dried till further use. EXAVPLE 2
Con She FeRfS e Slssob ssinrtad b of Godiueh oselats. Bl oH 6.5 -

by Aureobasidiumcells 100y of gl ucose-6-acetate and
380y’ & dhersebdionayas krehsiirgngt Ae0g ok freeoe driedeAureobasidium
reactants were dissolved in 1.2 L of sodium acetate
buf f eellsatversHs@pended .if .thd kelutioh wnidoempasatieptvas slightly raised
stirring. 250g of freeze dried Aureobasidium

up to 35°C. 0.25g of trestatin was added to the reaction mass to inhibit the

invertase activity.

The formation of sucrbse-G—acetate was monitored by HPLC. After a
reaction time of 90 hrs, 45g of sucrose-6-acetate formation was recorded
in the reaction mixture. The reaction was further continued till 120 hrs and
conversion was achieved up to 45% of the glucose-6-acetate added for

conversion.

The reaction contents were filtered to remove the suspended cells and
‘then taken for isolation of sucrose-6-acetate by reverse osmosis
separation. The RO membrane separated all the lower molecular weight
compounds such as glucose and fructose and the higher molecular weight
compounds were retained. Then the retained compounds were again
diluted with 1:5 times with water and was subjected to nanofiltration at a
molecular weight cut off of 500 daltons, and the permeate was collected
which was predominantly sucrose-6-acetate and other compounds within

the molecular weight of 350 —400 daltons. These compounds were again
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cells were suspended in the solution and tenperature
was slightly raised up to 35C. 0.25g of trestatin was

waodaedsom t he reaction mass to i nhibit the i nvRCT/BER006/000384

activity. The formation of sucrose-6-acetate was

oNi tor HRLC. . Aft. ti ti f 90 h
150 DS vct 2ol o Feliebhetradhacds dBary rheRe20%

‘reaction m xture. The reaction was further continued

ti | | conpgnisatiomn dlese dbe ParibholscraserP=agstate yasoalewh, §3% and
the gl ucose-6-acetate added for conversion. The

r eacwasthendoaded en iwesitanizgd: silicedgel colusnmve t he

suspended cells and then taken for isolation of

sucr - 6-acet at r ' tign. T

R0 R E R e BHF TR IR A PRERRL O Reanh e pure
conpounds such, as gl ucose and fructose and the higher

nol eHArSe- 1 Cﬁﬁecgﬁﬁgﬂms‘”ﬁ@ eS?FE’faaIPae(fndTH@Ee'?h r further
retai ned coppounds were again diluted with 1:5 tines

wi t hCQREeatratipn apd valghempwrl- 1 Hita s Femplete gemayalaof water,
nol ecul ar wei ght cut off of 500 daltons, and the

per ndgtsticigze-Caretate was igkesrin MMF pnd ddrandfanehigrination.
sucrose- 6-acetate and ot her conpounds within the

ol eqid f’sroléf@%jgm:rogg—ﬁgg%#sﬁ?gr@gsooﬁffe t Q&?%rﬁﬁ%ﬁ%ﬁ’égétion of

wer e agal nsubj ecte 1'on,” To conce
thentés nore than 20% concentration. Here the purity
of s 0se- 6- acetate was about 85% and was then | oaded
on to silanized silica gel colum. The nobile phase
usedeXAMPEBate buffer at pH 9.0 -9.5 and the pure
sucrose-6-acetate fractions were separated and taken

for further concentration and water renoval. After the
conpbeh¥ersiony arf of Gli¢ese-6-acetate to  sucrose-6-acetate by

Aureobasidium cells immobilized on Eudragit RL 100 (copolymer of

acrylic resin)

Aureobasidium cells were immobilized on Eudragit RL100 by following

method.

350g of Aureobasidium cells separated after centrifugation was entrapped
in 350g of sodium alginate by mixing them and extruding as beads. These
beads were then coated with Eudragit RL 100 a copolymer of poly acrylic

resin.

100g of glucose-6-acetate and 380g of sucrose was taken for the reaction.
The reactants were dissolved in 1.2 L of sodium acetate buffer at pH 6.5 —
7.0. The solution was kept stirring. 175g of immobilized Aureobasidium
cells on Eudragit RL100 was added fo the solution and temperature was

slightly raised up to 45°C.

10
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t he sucrose-6-acetate was taken in DMF and taken for
chlorination. The isol ated sucrose-6-acetate was 90%

w@eog/oseaken for the preparation of TGS, EXAMPLECBIN2006/000384

Conversi on of d ucose-6-acetate to sucrose-6-acetate

by %@eﬁ%&@ﬁwaﬁr&% bR té'\ﬁféﬂn%hngl ¢ eHPBb 100er a

(copol yner of acrylic resin) Aureobasi s were

STk Tt Rt A A e o

a1 o hied B s R RS ol P el g s and

beads were then coated with Eu .
copg‘%lhﬁ?"%?'oﬁdﬁls gelglyy?% upetgl g %gbcrayﬁe—%-acetate which was

cose- 6-acetate and 380g of sucrose was taken for
the%é@étﬁ%ﬁtamﬂ@e%@%?ants were dissolved in 1.2 L of
sodi um acetate buffer at pH 6.5 - 7.0. The solution

was T‘ﬁ%prteaéfl%ﬁ rcbﬂ%n&%i\%ge ‘?ﬁtePéngg rdrh4@d 1hYS B@rﬂéﬂ H8lls and

ceIIs dto the so fion an
tI d 45C._Th
f or et olfkEp "Bt ribuEi! Yol i kBl ohUufayprago psmosis
Af t f 75 h
£ e SO The RO B mBIanG sehatteB . Hsulomer glecuiar weight
reaction m xture. The reaction was further contjnued

ti | COMPOUARS St e BIcosn PBR JTusiPsRaaNchite igher mpleciag yegight

of sucrose-6-acetate, which was 32%f the starting
succeawounds were retained. Then the retained compounds were again

diluted with 1.5 times with water and was subjected to nanofiltration at a
molecular weight cut off of 500 daltons, and the permeate was collected
which was predominantly sucrose-6-acetate and other compounds within
the molecular weight of 350 —400 daltons. These compounds were again
subjected to RO filtration, to concentrate them 'to more than 20%
concentration. Here the purity of sucrose-6-acetate was about 85% and

was then loaded on to silanized silica gel column.

The mobile phase used was acetate buffer at pH 9.0 —9.5 and the pure
sucrose-6-acetate fractions were separated and taken for further
concentration and water removal. After the complete removal of water,
the sucrose-6-acetate was taken in DMF and taken for chlorination.The
isolated sucrose-6-acetate of 92% purity was taken for the preparation of

TGS.

11
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The reaction contents were filtered to renpve the
suspended cells and then taken for isolation of

WG @ 0s®756- acet at e by reverse osnosi s separ at i BOT/INZ0Es5/000384

RO nenbrane separated all the | ower nol ecul ar wei ght
conmpaunds _such as glucose and fructose and the higher

nol egmpio\gi"ght conpounds were retained. Then the

retai ned conpounds were again diluted with 1:5 tines

Wt Noidhatiolt WRS sRYsRD-Gotafe NWHN 14 t A Qﬂi ‘T:rat dagent to
nol ecul ar wei ght cut off o? S%Sedg{itons, an tl e reage

per ol l ected which was predom nantly
sucr gée&éé(%zggate and ot her conpounds within the

nol ecul ar wei ght of 350 -400 dal tons. These conpounds
wer elragd b readijorcilasit, plac®D276hi vaOimsthyiforncamitiendndateoled to
themto nore than 20% concentration. Here the purity

of sgcr@&e. Ghas eidied 168y abRHosBhoroRB hatRacHIbRde spadgdinder
on to silanized silica gel colum. The nobile phase

used sﬁﬁﬁg agefofhea lshRlie@feddEn®- rgam%aiﬁn?nl‘ﬂet Reg¥ifat8re of the

sucrose-b-acetate fractions were separated and 't aken

for féé{ iBﬁrmé&”ﬁélBW%’ic‘?rﬂhé‘%s‘é’%%nﬁ §d 16 bEbW B and
e (0] wat acet at e was

conp € renova er, the sucrose-b-

t akep. i DNE and taken for, ghlorination,The i,sol ate

oy e Sucde AL bR Spailn FRTOSENE e ¥ B Slcily at 0 -
re tion of TGS. EXAMPLE 4 Chl ori i on of

D or BEC Ehan theaeacian mess - heslgs ap SPs gBHhelc s bt further

TGS In a 3 L reaction flask, placed 275m of

Di nehfgieddp iy deangnield don @ dovis and fisally athkl® addéeC and held

158g of Phosphorous pentachl oride sl owy under
for 2 — 3 hours. The progress of the reaction is monitored by HPLC

analysis.

Then the reaction mixture is cooled to -5 to - 8°C and a 20% solution of
Sodium hydroxide is slowly added so as to bring the pH of the mass to 5.5
— 6.5. This is done to retain the product in acetate form, which facilitates
the partition of the desired product in fo organic solvents. The vield

obtained by this method was 42.3% of the sucrose-6-acetate input.
EXAMPLE 5

Conversion of Glucose-6-benzoate to sucrose-6- benzoate by
Aureobasidium cells immobilized on Eudragit RL 100 (copolymer of

acrylic resin)

A 3% solution (600 ml) of glucose-6-benzoate was prepared in sodium
acetate buffer pH 6.5. This solution was pumped using a peristaltic pump
into a column (2cm dia X 8cm ht) which was packed with 12 g of Eudragit

RL 100 containing Aureobasidium cells. The outlet from the column was

12
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stirring to forma Vil sneier reagent, maintaining the
tenperature of the reaction mass bel ow 30C. the nass

WO soofus49her cool ed to bel ow 00C and t he PCT/IN2006/000384

slucose 6- acet ate prepared from exanple - 1 is added
st YsReL 5 te e 0 e ?%‘W%e@‘?ﬁa'béd 23R i 600

heldfor 6 _hours .an f'n t 110 0C,and_hel d

for 8 sBbsgRp i Sadic I fe M s B RO 2 ias ket
nonitored by HPLC anal ysis. Then the reaction m xture

i s UPEPEEPRSANISHIHNG. 8C and a 20% sol uti on of Sodi um
hydroxide is slowy added so as to bring the pH of the
MaS O réaéloh Qa2 coRfifuddS 16108 HRUFS LA ddHRdRY %WSIS of

in acetate form which facilitates the partition of

h |

obt SPREoEf) B el bl Yoo ifoyR! enilel okl witn
& . BB PE TN AT 002-251 lolB HNES b 20. Of Sucrose-6-

Aur eobasidiumceils imobilized on Eudragit RL 100
(coppehyome whs dormed ande fien redctidto was uttogred. 6 0Charigjucake-6-
gl ucose- 6- benzoate was prepared in sodi um acet ate

buf frehzpddetedhimaldd i thel sdluttion was feuntpRdbdlfissghan 1% and this
peristaltic punp into a colum (2cmdia X 8cm ht)

wWhi GilsWaiade apkie B opiblyddidios d?ffreﬁﬁ%ﬁ&sie -Bbedhte. The pH was

cont ai ni ng Aur eobasi di um cel e outlet fromthe

col Wy, WaRRSY & i%d%taﬁ?nd;ltf‘l% Fe%%g Cﬁ; \@%kcoﬂ_ﬁ?ﬁefdl OWhisAt ulfed in

was nalntalned a Sucrose was a

to ta{ég r{{ § %ﬁl rérrléiﬁé_@”tg 385 of L7585 8DeR08a 1Y% tKEBhd YF 95 hrs.

cons
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The reaction was continued for 36 hours wth periodic
anal ysi s of conversion of glucose-6- benzoate to

wGQa@7os®76- benzoate al ong with ot her inpuritiBGI/IN2006/000384

formation. At the end of 36 hours, 1.2g. of sucrose-6-
benzoate was forned and mmi on was stopped. The

gl ucose-6- benzoate esti n the sol ution was

found to be less than 1% and this was made up to 3% by
atldiAt ippocesk 6 eadtiuglione as earb-<3edz oftefrudibeyiplisuecshagideoor its
adjusted to 6.5 and the reaction was continued. This

r esdetiegtive @8 d ffucloSP AILaESH AR Srish@g Of

sucrose- 6-benzoate at" the end of 72 hrs. CLAIMS 1. A
process of production of an ester of a fructosyl _

di saccharcpa@cing thessaidrfrugiesy disacehariger wilk ceggsponding ester
di sacchari de conprising: a. contacting the said

f r uct osylof @nsaidedearii cerrasipohdingresispoingidegvaiiveeof ai aldose in
al dose or corresponding ester of a derivative of an

al dose i prgmemsenafea dbiomabs afes Sruatosyltranferase-producing micro-
fructosyl tranferase-producing mcro organismto

produce Rgarfighd tesbRiduet tthe saidd ddtect&Stthe said fructosyl
di saccharide or its derivative, and b. isolating the

said est %Fsa‘afzshé deCAraYderfbBRC Cigy | de or its

A
derivative. 2. A process o? claim 1l wherein: a. the

said fructosyl disaccharide derivative conprises one
or norle dgolatingdbe srid entenefifnigteayt dissectearideatr disglerivative.
sucr ose- 6- benzoate, 6-Onet hyl sucrose, 6-deoxysucrose,

R B e b6 Patrat e, and the | ke,
a. the said fructosyl disaccharide derivative comprises one or more of
an ester including sucrose-6-acetate, sucrose-6-benzoate, 6-O-
methyl sucrose, 6-deoxysucrose, galactosucrose, xylsucrose,

sucrose-6-glutarate, sucrose-6-propionate, sucrose-6-laurate, and

the like,

b. the said fructosyl disaccharide comprises one or more of sucrose,

raffinose or stachyose,

c. the said ester of an aldose or corresponding ester of a derivative of
an aldose comprising one or more of glucose, galaciose, a glucose-
6-acetate, glucose-6-benzoate, sucrose-6-butyrate, sucrose-6-
glutarate, sucrose-6-laurate, sucrose-6-propionate, sucrose-6-

benzoate and the like,

d. the said isolation of the fructosyl disaccharide is achieved by one or

a more a method or a combination of a method of isolation and

14



b. the said fructosyl disaccharide conprises one or

nore of sucrose, raffinose or stachyose, ¢ . the said
W@210e054972 an al dose or correspondi ng ester of BCT/IN2006/000384

derivative of an al dose conprising one or nore of

gl ucose, g_gghgé‘tbgs ﬁmh@i@r g@&?@bb%@frégﬁf%f(ﬁmosis Nanofiltration,

gI ucose- enzoat e, u sucr dse-

gl ut ar at c -6-| aurate, . suGcrose-6-propi onat e,
sucr ose- %plu%@hélg@ﬁ\ea%q{%pw@nq m?e',ﬁ(ed . the said

i solation of the fructosyl disaccharide is achieved by

0Be Aopracesdrcf il vatbreih e cid infiaid-Gaanisricombhesk ehe or
i sol ation andpurification including filtration,

Revenge GFmosi fuclayfhhdrbrak %Tod&&hgmi‘niﬁ%ﬂjﬂ?ﬁ%rm%ding

i
and the like. 3. A process of claim2 wherein the sai

S R R ol  Tsperoils g
nopeR DRl R8st " hBRBa bR Teb . BB YRS g Panigim
2P, oG SeRESbpun o b SRR | sancezonsh
4 REhOEEEY e Bralin Mler evtiva BORRSESof whol e
cells of Arabidopsis pullulans is prepared by: a.

F £P@ahAsHEs SeibaHInt W WRBrdif UMb of Whtohg Belld) of Artatéidopsis

[ iquid nmedium containing nutrients enough t-0 prono

t hei [ . Separating the cells fromthe
10 md%’%&%gggsngegy%oqg of a nethod of separation,

preferably by centrifugation,
a. repeatedly subculturing from a pure culture in a liquid medium

containing nutrients enough to promote their rapid growth,

b. separating the cells from the medium by one or more of a method

of separation, preferably by centrifugation,
15 c. preferably washing the cells free from the medium,

d. using the whole cell mass for catalysis as such or after a refinement

or after preservation step including freeze drying.

5. A process of claim 4 where the biomass of whole cell is used either in free

form or immobilized on one or more of a solid support.

20 . 6. A process of claim 5 for preparation of 6-O-protected sucrose-, preferably

a sucrose-6-acetate or a sucrose-6-benzoate comprising steps of:

a. contacting sucrose and 6-O-protected glucose, preferably a glucose-
6-acetate or glucose-6-benzoate, further preferably accompanied

by shaking, in presence of a freeze dried biomass of

15
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c . preferably washing the cells free fromthe nmedi um
d. using the whole cell mass for catalysis as such or

w@tdogsa7z ef i nement or after preservati on stepPCT/IN2006/000384

including freeze drying. 5. A process of claim4 where

the bi O'T%%l?e 55)’&4?%@9‘15)3%3%& R &8 io&{?nﬁ% fgﬂBE@foqk;ilgz_reWApy a

or i nmmobi Il zed on"one or nore of "a's

process qof .claim5 for preparation of 6-0O.protecte

Puer ove- Masfad b mt Bl e et honlizayPh & SRitdle beads
sucrose- 6- benzoat e conprising steps of: a. contacting
sucrose é‘tﬁ@teg-‘@‘b‘?k&‘grég?& /bQ(g@dé@,mW%ffC&a&B{“(] rgsin,

gl ucose- d-acetate or glucose-6-benzoate, further

pr ef erl@blré_/mé\‘?é]%mﬂh%g? %rc?g%kfré&oriiﬂmﬂcftﬁﬁzl%g}c%y% n?ertgod of

freeze dried biomass o asi dium p hs’in e

formor | . ] b,z t hod of

i mobi |i ?g?%c?ﬁ&ﬁ:ﬁéf*@é?%w%% g% ion in alginate

beads coated with Eudragit RL 100, a copol ynmer of

acryl ic seljentind. theepoocdssofstrbhonees sblatieh| of $4eragdected

i mobi | i zed, by a nethod of separation, preferably by

filtrati edgro88dorened. subj ecting the process stream for

i solation of 6-O protected sucrose forned. 7. A

process of claim5 for preparation of a 6-0O protected

s(icPoRECess gt epiah Pyfoupreparation &f  Gbsprafectey sucrose, preferably

sucr ose- 6- benzoate, conprising steps of: a. packing

bi o®hsYCresAGracshzie aisupiosatt-benaeate. mepririsingeticpm obi

solid support in to a colum, and b. passing

r epeat.ed I -, > .
g %%clgng‘ri%kogﬁ%ég?f%%%%%ﬁaﬁnﬁﬂgﬂéﬁara%n lﬁ{n(?&ﬁffie%fjon a solid

gl ucose 0 SUCr'ose,

support in to a column, and

b. passing repeatedly a solution of sucrose and G-O‘-protected glucose

to form 6-O-protected sucrose, and
C. 'separating 6-O-protected sucrose from the process stream.
8. A process of claim 6 or claim 7 comprising,

a. subjecting the said process stream containing 6-O —protected
" sucrose to. Reverse Osmosis to remove one or more of a lower
molecular weight component including glucose, fructose and the
like to get a retaintate containing 6-O-protected sucrose and

impurities,

b. subjecting the said retaintate to nanofiltration, preferably after a
dilution of about 1:5, at a molecular weight cut off of 500 daltons to

get a permeate predominantly containing 6-O-protected sucrose,
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C. separating 6-0O protected sucrose fromthe process
stream 8. A process of claim6 or claim?7 conprising,

w@2003/0bf9exrti ng the said process stream cont ai nPEINE0C/000384

-protected sucrose to Reverse Osnpsis to renove one or

mor e qf §¥|ﬂ>j826‘ﬁ’g;sﬂ¥é @giHl [ﬁéem?’éfa{t(@ bR BEOL rbfé%léﬂid%ﬁ‘@rose to

gl ucose, ruct e and t e to get”a retal ntat

cont ai ni - ted ' rities o
subj octi REiRe SasSRo o oRHEH TR e PRl dpot 20% or
preferablp}/ after rg[??l I uticgn of about 1:5, at a

nol ecul a CRteBIROBF§"%f 500 daltons to get a

pernmeat e predom nantly contai ning 6-0O protected

SUCr os®, ubjestityj eké i ddBcéMeatsdi shraratead SufRet Puffiddtion and
6- 0-protected sucrose to Reverse OGsnosis to

concent r%o@aﬂo'ﬂeoyp@dhgﬁﬁtcﬁ drRatBgRiphy20% or nor e
concentration, and sui)j ecting tyhe concentr at ed
perneate to further purification and isolation by
cBl dmpreeassmaf ogplaiphy chomatpgrapby eefs cliimc 81 wierein, the said
chr omat ography of claim8 wherein, the said
concenteardtated pemnesteds:i s: a. | oaded on to a sil anized
silica gel colum, using an al kaline buffer at about
pH 9.0-9,5, preferably an acetate buffer, .as nohile )
Phase, 5-alicsl LELA HIFNEER RiCe tiel sobinet isifthel Hiife bufie
pure fraction. )

at about pH 9.0-9.5, preferably an acetate. buffer, as mobile phase,

and

b. separating the sucrose-6-acetate as a pure fraction.
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