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Prodabtlpn of Saccharide Carboxylic Acids i Fery qrazmij
Maventioh +~  The present invention relates to novel sugar (or sacch e)
carboxyllc acids and salts thereof (sonetinmes hereinafter referred to
briefly as sugar carboxylic acids or saccharide carboxylic acids, including
the salts) and to a process for producing rmovel sugar carboxylic acid
conpounds. Mre particularly, the invention relates to a process for
produci ng carboxylic aC|ds fromthe corresponding prinary

hydroxyl(hydroxyneth %ﬁ‘up) contalnlng saccharides wth high efficiency
by neans of a-strain &P Sarchrrige farRerEdifdif®™onobact er, or

a cell preparation derived therefron1 novel sugar carboxylic acids sueh
t hat hydroxynet hyl groups of tp @g ond g sacchari des have been
oxi di zed to .carboxyl groups, a pt %F BBEMRG a sugar carboxylic
-aci d which conpri s&meopizdaisém:g mlverﬂt&mm&@‘lalté“sydm)mdva]smaai gezcar bon

car oyl or ouf Ay REARE JoF SERCAIA A AT G Goan IESEh he genus
Pseudoal uconol{somert ime:s hecellha}fme}tat@ﬁmedbmwextﬂéﬁamefammu@m novel
sugar carboxylic acids or saccharide carboxylic acids,
including the salts) and to a process for producing
novel sugar carboxylic acid compounds. More
.particularly, the invention relates to a process for
producing carboxylic acids from the corresponding
primary hydroxyl (hydroxymethyl group)—ccntaining'
saccharides with high efficiency by means of a strain
of micrborganism of the genus Pseudogluconobacter, or a

cell preparation .derived therefrom, novel sugar
carboxylic acids such that hydroxymethyl groups of the
corresponding saccharides have been oxidized to

- carboxyl groups, a process for producing a sugar
carboxylic acid which comprises oxidizing the
hemiacetal hydrbxyl-associated carbon atom of the
'corrésponding hemiacetal hydroxyl-containing saccharide
to a carboxyl group by means of said strain of
microorganism of the genus Pseudogluconobacter, or a
'cell preparation derived therefrom, and novel sugar
carboxylic acids such that at least one hemiacetal
hydroxyl-associated carbon of the corresponding
saccharides has been oxidized to a carboxyl group.

Background of the Invention .

As microbial enzymes which catalyze the oxidation
of-a hydroxymethyl group to a carboxyl group, there are
known alcohol dehydrogenase derived from bacteria of
the genus Acetobacter [Agric. Biol. Chem. 42, 2331
(1978)], bacteria of the genus'Gluconobacter [Agric.
Biol. Chem. 42, 2045 (1978)] or bacteria of the genus

_Pseudomonas [Biochem. J., 223, 921 (1984), methanol
dehydrogenase derived from methanol bacteria (Agric.




carngylic acids such that at |east one hem acetal hydroxyl-associ ated

car bon of the correspondi ng sacchari des has been oxidized to a carboxyl
group. _ Background of the Invention As m crobial enzynes
whi ch catal yze the oxidation of a-hydroxypethyl group to a carboxyl group,
there are known al cohol dehydrogenase derfvad from bacteria of the genus
Acet obacter [Agric. Biol. Chem 42, 2331 (1978)], bacteria of. the genus

G uconobacter [Agric. Biol. Chem 42, 2045 (1978)] or bacteria of the genus

Pseudomonas [Bygohereyd, 223,392 (1956}, ERA"EBOLadehygigpgpasg;ferived
from nmet hanol bacterTa (AgrTE. o -2
Bi ol . Chem 54f 3ulxsn (avet)ighivl sebshratevepecifit| and theneaie hbghly
substr at e- specidis-angd el 831 SaPLnd CPRLL Lpdi gatipgstpatLhey act on
substrates otherﬁﬁﬂan é%cdﬁ@?s %u%%éas netﬁ%ﬁgléaﬁd gt an%fg ©
Meanwhi | e, as ?#keobrkan enkgoRalanserhazs watbanalsanduekhamob-sorbitol,
L-sorbose, etc. (thesengnopes ﬁé?mf@f@bgé%téﬁz%@éﬁrfﬁgcﬁoae lLgctively as
sorbose), to catalyze the oxjidation of hydroxynethyl to carboxyl, there are
known D- sor bi tSH#Iafehwy dFeefe RS DT 9@FPEtob; ob-sorbase46eta3s5(thes8e)], sorbose
sugars are hereinafter referred to collectively as
sorbose), to catalyze the oxidation of hydroxymethyl to
_ carboxyl, there are known D-sorbitol dehydrogenase
[Agric. Biol. Chem. 46, 135 (1982)], sorbose
dehydrogenase [Agric. Biol. Chem. 55, 363 (1991) and
glucose dehydrogenase [Agri.'Biol. Chem. 44, 1505
(1980) derived from bacteria of the genus Glucono-
bacter. However, all of them are highly substrate-
specific and lack versatility. It has also been found
- that certain bacteria isolated from the soil and named

Pseudogluconobacter saccharoketogenes produce 2-keto-L-

gulonic acid (hereinafter -referred to sometimes as
2KGA) (cf. Japanese Patent Application Kokai S-62-228288
and Kokai S-64-85088) and 2-keto-D-glucaric acid from
D—giucose or the like (cf. Japanese Patent Application
Kokai S-62-228287) in substantial quantities.

Referring to polysaccharidés, dextran, for
instance, is a generic name denoting many high
molecular glucans predominantly compoéed of alpha-1-36
bonds as derivatized from sucrose by Leuconostoc

mesenteroides and other organisms and a variety of

chemical modifications have been attempted. However,
by the routine chemical reactions, the objeét product
can hardly be obtained with sufficiently high position
selectivity, the formation of many byproducts being
inevitable. Since many polysaccharides inclusive of
dextran are respectively composed of several high mole-
cular homologs varying in molecular weight, chemical

. modification is accompanied by side reactions to yield
a complicated series of byproducts and it is often true



dehyﬁrogenase [Agric. Biol. Chem 55, 363 (1991) and gl ucose dehydrogenase
{Agri. Biol. Chem 44, 1505 (1980) derived from bacteria of the genus

d ucono- bacter. However, all of themare highly substrate- specific and

| ack versatility. It has also been found that certain bacteria isolated
fromthe soil ‘and nanmed Pseudogl uconobact®r-sacchar oket ogenes produce
2-ket'o-L- gulonic acid (hereinafter referred to sonetines as .2KGA) (of .
Japanese Patent Application Kokai S-62-228288 and Kokai S-64-85088) and
2-keto-D-glucaric acid from D-glucose or the like (cf. Japanese Patent

Appl i cation K@t @leb-ohgnwh Ruednst faAnRet qlggnsgtrm@%urally Referring to

pol ysacchar i degjerftepd D, ﬁf&tfaafst%u&a@ ﬂ?nﬂéﬁ PRBy &l enatd e many
hi gh nol ecul ar__gl ucans predon1nant y conposed of al’pha-1>46 bonds as

derivatized f OH%RTOe By Ge ROHSS B os AFRAYNHEPERRS bt her or gani sns

and a variety of cfr%mtcaiulmyf,l GiHenilsa Daysei deelomt & £THd eekradiovener , by
the routine chem cal, reactions, the_object rodggt c hardly be_ obt ai ned

with suffici et PHGHFINERITF SHESiT3TLR
byproduct s beinygpdbxsniitad) e:hl%nm rrmasbnm{e'sca@ciwimmamagai ve of

dextran are respecti 0 S 0 ral hi nol e-_cul | ogs

varying i n mol®&tT é’rt%iée% Ctt rIH"cen é;é" %rﬁ)g}q“f%a?‘?%rp?%“ %'a'fﬁag]?%y si de

reactions to ﬁ]ﬂaictatminﬂqma:taﬂta&er iogs tdie hyyopolksd sstandtures dten true
not been fully validated. Regarding the chemical

. oxidation of dextran, pertinent disclosure can be found
in Patel-et al, (Japanese Patent Application, Kokai S-
61-233001, European Patent Application, Publication No.
0150085). '

As mentioned above, the oxidation of
hydroxymethyl-containing saccharides and other
compounds with the aid of microorganisms has heretofore
been seriously restricted to monosaccharides and the '
like by the substrate-specificity of the
microorganisms. Furthermore, as mentioned -above,
chemical modification of the hemiacetal hydroxyl and
hydroxymethyl moieties of saccharides, particularly of
oligosaccharides and polysaccharides, are accompanied
by many side reactions and unavoidably requires a
complicated procedure for purifiéation. Therefore, a
more selective and efficient oxidatioﬁ technology has
been awaited in earnest. The object of the invention
is, therefore, to provide'é process for producing
saccharic acids, viz. sugar carboxylic acids,

- comprising oxidizing at least one hydroxymefhyl group
and/o; hemiacetal hydroxyl-associated carbon atom in
high yield and with high selectivity by means of a
microorganism showing a position specificity to a broad
range of sﬁbstrates for the ultimate goal of producing
a number of industrially and socially useful

. substances.



> .
that all of such products cannot be structurally identified
¢Biotransformations in Preparative Organic Chem stry; H G Davis et al,
Academ C Press). - Particularly, .chem cal oxidation of dextran with an
oxi di zi ng agent such as sodi um hypochl orite, sodi um hypobromte, chlorine,
brom ne or iodine has been attenpted but #he products have not been
structurally elucidated for certain or the proposed structures have not.
been fully validated. Regarding the chem cal oxidation of dextran,
pertinent disclosure can be found in Patel et al, (Japanese Patent
Application, Kokai S 61- EBB%@lneﬁﬁFbE§aﬁnPﬁfeﬁbeABEFWéaﬂﬁon Publ i cati on

No. 0150085). ¥5g et §R68E @H@vnm,@:hgaeﬁééﬁt (RA &étectlong of
hydr oxynet hyl - cont aj ni ng saccharides and ot her corpounds with {he aid of

m cr oor gani smetHsIHLT %Fb?ea%%%nt¥8?|6E§V§°;e§%YFE?é@e§olﬂnﬁb§EE€ﬁar|des
and the |ike bgbtiﬁnémbsﬁraismppgcsflC|ty of the n1croorgan|sns
Furthernore, as ne o hg%#ﬁg nﬁdlflcatlo % F aceta
hydr oxyl and hydro V%t?%? aBZ 5?FBe§$I F?E IR:ia
OIigosaccharidébea@ﬂu@mtqnhccmaiddEgpeasEeﬁEomngaybedlhg chtalﬁedeln
reacti ons and #% é} Iy requires a conplicated procedure for

erer ore,

purification. a nore selective and efficient oxidation
t echnol ogy has beehFaﬂal3eﬂh¢w5eéhaeBPLCTPetbbrac(Rbfdehecthvamtbﬁn i s,

theref ore, {0 PMOVhiGeRrhPEcas:d oty pLogbchgssagobaataghde, viz. sugar

car boxylic aci rrsing oxi eas one roxynet hyl group
and/ or hen1ace@b@ahwggoxylE§§B9b$aied carbon atomin
Fig. 4 shows the HPLC pattern (RI detection) of
the glucuronic acid type stevioside disodium salt
glycoside obtained in Example 8.
Fig. 5 shows the HPLC pattern (RI detection) of
oné-equivalent oxidation product of rebaudioside A as
obtained in Example 10.
Fig. 6 shows the HPLC pattern (RI detection) of
the glucuronic acid steviol glycosides in mixture
obtained in Example 12.

Fig. 7 shows the 13

C-NMR (270 MHz, D,0) spectra
(ppm) of the 6-0-(2-carboxyethyl)-B-cyclodextrin Na
salt and 6,6-di-0—(2-carboxyethyl)—B—cyclddextrin

obtained in Example 4.

BCc-MMR (270 MHz, D,0) spectrum

Fig. 8 shows the
(ppm) of the 6-0-a-D-glucuronyl-(14)-c-D-glucosyl-a-
cyclodextrin obtained in Example 4.

BC-NMR (270 MHz, D,0) spectrum

(ppm) of the 6-0-a-D-glucuronyl-B-cyclodextrin obtained

Fig. 9 shows the

in Example 4. .

Fig. 10 shows the “C-NMR (270 MHz, D,0) spectra
(Sppm) of 6—0—(2—carboxy—2—hydrbxyethyl)—B-cyclodextrin
Na salt and 6,6-di-O-(2-carboxy-2-hydroxyethyl)-B-
cyclodextrin Na salt obtained in Example 4.

Fig. 11 shows the results of stability assays
(time courses of % residues) of 6-0-a-D-glucuronyl(l4)-.
a-D-glucosyl-B-cyclodextrin Na salt (legend: G2-§-



high yield and with high selectivity by neans of a nicrOOLgaannashomAng a-——

position specificity to a broad range of substrates for the uItlnate goal

- of produci ng a nunber of industrially and socially useful Rclmxd
-4- Brief Description of the Draw ngs
HPLC pattern (Rl detection) of the glucurbnic acid type ste
In mxture obtained in Exanpl e 5. . Fig. 2 shows the HPLC pattern (R

detection) of the glucuronic acid type steviol glycoside obtained in
Exanpl e 6.

P | he
gl ucuroni c aci X"?ﬁg’é‘a t}&%%ﬁdﬁrﬁgﬁ%égy ned-‘?:ﬁéjég ? J'ISI
Fig. 4 shows t(Hegemde FR-feGyD)Rusinieatamylaset he glucuronlc aci d type

st evi osi de di sodi uR;3al t; DlHRSE 4§, Jedk i y&i 9. 5 shows
%?i 12 q’?‘ it (FEent oxXI| dl@'Toans?oarloduct of

the HPLC pattern (R etectlon) one-equi va
r ebaudi osi de- Atddeosoaingas iof Bxaanidues) of 6f9p-B-chiemeromyl Hpt -

pattern (R defefldi1Qos3f1-p-cyclodextrin Na salt (legend: G2-f-
CyDCOONa) and control 6-O—a—maltosyl—B—cyclodextrin.
(legend: G2-B-CyD) using glucoamylase.
Fig. 13 shows the results of stability assays
~ (time courses .of % residues) of 6-O-c-D-glucuronyl(14)-
a~-D-glucosyl-B-cyclodextrin Na salt (legend: G2-B-
CyDCOONa) and control 6-0—q-maltosyl—B-cyclodextrin
(legend: G2-f-CyD) using pullulanase. _
Fig. 14 shows the results of stability assays
(time courses of % residues) of 6-O-a-D-glucuronyl(l4)- -
a~-D-glucosyl-p-cyclodextrin Na salt (legend: G2-8-
CyDCOONa) and control 6-O-a-maltosyl-p-cyclodextrin
(legend: GZ—B CyD) using fB-glucuronidase.
Summary of- the Invention
After an intensive exploration into the microbial
world for accoﬁplishing the above object, the inventors
of the present invention discovered that .
Pseﬁdogluconobacter saccharoketogenes oxidizes a broad
spectrum of hydroxymethyl(-CH,0H) and/or hemiacetal

hydroxyl-containing saccharides and saccharide
derivatives readily, in good yield and with high
selectivity and that, to a great surprise, these
microorganisms were very liberal in substrate
specificity, thus being remarkably versatile bacteria.
The present invention has been developed on the basis
of the above findings.
The present invention is directed to:

1) A process for producing a saccharide carboxylic
acid or a salt thereof which cbmprises permitting
microorganism belonging to the genus

. Pseudogluconobacter and capable of oxidizing a
hydroxymethyl group and/or a hemiacetal hydroxyl-

'THIS SHEET HAS BEEN

REPLACED
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}:he“ gl7ucEroni c acid steviol glycosides in nixture obtai ned—i‘ﬁ“"Exa'rrpI e 12.
g shows the [err]GNWR (270 MHz, Dierr] O spectra (pp t d
6- O- (2-carboxyethyl)-[err]-cyel odextrin Na salt and Slect 3 Been Replce
6, 6-di - O (2-carboxyethyl)-[err]-cycl odext% n obtained in Exirmmu“ ”I “‘
F 1g. 8 shows the 13C-NWR (270 MHz, Dlerr]O spectrum (ppm

O-[err] D-gl ucuronyl - (14) -[err]-D-gl ucosyl -a- cycl odextrin obtained in

Exanpl e 4. Flg 9 shoms the [err]C-NVR (270 MHz, Dlerr] O spect rum

(ppm of the % %dw%wlta%aﬁb%io%f& $idr obt@ened i n Exanpl e
4. 0 s ovvs err] C NWVR err]O spectra ([err]ppm
of 6-0- (2 car mmpaz:aﬁd:rrb Qd[‘é?qlfemo%ﬂ??rPINaasalt and
6, 6-di - O (2- Ca ey 0X Vi d oD -Hehiidce ! iYIL&EMB@iﬁlﬂ@talned in
Exanpl e 4. Fig™ 11 shows the results of stabil :Y assays (time courses
of % resi duesPROROSAISHaTIde BRI O (& gosacchazdé
gQD'9|UC§Sy|dkﬂhroﬂéﬁﬂh&kﬁdéIdéﬁ*ﬁéﬁﬁie(|pm&yﬁhcé§h££mé]er polysac-

DCOONa) an r err]-malto err]scyclod n egend
G2-[err]-CyD) Cgﬁlﬁféioe[éf a"‘H‘y’ra%e 3@\# ’b %% ui’%e rfé}éults of
stability assayxresponding carboxylic ac1d and isolating said

carboxylic acid and
2) novel saccharide carboxylic acids such that at
least one hydroxymethyl group and/or hemiacetal hydroxy
group of the corresponding saccharides or saccharide
derivatives has been oxidized to carboxyl group.
Detailed Description of the Invention

The microorganisms of the genus
Pseudogluconobacter which can be employed in the
present invention can be any strain of microorganism of
said genus that is capable of .oxidizing the '
hydroxymethyl gfoup and/or hemiacetal hydroxyl carbon
atom of saccharides and include the mutant strains
obtainable by subjectlng said microorganism -to the
conventlonal mutagenic treatment such as treatment with
a chemical mutagen, e.g. nitrosoguanidine, ultraviolet
radiation, genetic engineering and so on. Particularly
preferred are strains of Pseudogluconobacter

saccharoketogenes. Particularly, the following strains

described in European Patent Application (EPA) 221,707

can be mentioned as typical examples.

o Pseudogluconobacter saccharoketogenes
K 591s: FERM BP-1130, IFO 14464

o Pseudogluconobacter saccharoketogenes
12-5: FERM .BP-1129, IFO 14465

o Pseudbqluconobacter saccharoketogenes
TH 14-86: FERM BP-1128, IFO 14466

o Pseudogluconobacter saccharoketogenes
12-5: FERM BP-1132, IFO 14482

o Pseudogluconobacter saccharoketogenes

THIS SHEET HAS BEEN |
REPLAGED




(tirr}e courses of %residues) of 6-O[err]-Dglucuronyl (14)-

@- D-glucosyl -[err]-cyclodextrin Na salt (legend: &-[err]- CyDCOONa) and
control 6-O[err]-maltosyl-[err]-cyclodextrin (legend: &-[err]-CyD) using
gl ucoanyl ase. Fig. 13 shows the results of stability assays (tine
courses of %residues) of 6-Oferr]- Eyucuronyl(m)
[err]-D-glucosyl-[err]-cyclodextrin Na salt (legend: &-[err]- CyDCOONa)
and control 6-O[err]-maltosyl-[err]-cyclodextrin (legend: &-[err]-CyD)

using pullul anasg. 5Iuesz) 4,Fl %Eéf Bqu.\%t heIErchngﬁtB?lof stability assays (tinme

courses of % resi | ucur on

[err]-D-gl u@s@W - [err]- Cy DCOONa)
and control 6-0O [r3.- medgssHpleryd, cm@qd_@@‘lrl n (legend: &-[err]-CyD) .
using [err]-glucuroni ‘dase. Summary of the Inyention

After an intensi @ &hf @ERGeES i9f Fhehdnvientdmna 1@ Ianiorcedddold i shi ng
the above OBiClendi@ dAMENN SHY ddifsd TaRaod IMERILRR ;s aauer ed t hat

Pseudogl ucongbact er sacchar oket ogeries oxidl zes_.a broad spectrum of

hydr oxymet h@AiECCARET Ged) BRRpas dddtacany deogRtad@afchity ng sacchari des

and sacchar igd@cdaisdivy it 'Raflide/ edua 1a¢ @mﬁﬁﬂ;@nd d diiigh selectivity
and that, t0 a reat sur rise, eﬁge e mcroor ani'sns vver&f\clery liberal in

substrat e spES B2p] Forecsamnie t%eria. The
present i nvelmmm&aﬁcdmemﬂa:tfé G N tlfméo@-lzsjn@‘ gylrreabove findings.
The present _invention is.directed to: rqces or_produgci ng a
sacchari de &ﬂ%’)&ﬂq (P aiﬁhdE gpcaroscﬁg[anrlﬁg}se(ﬁarﬁm i’ P@@ eégr mtting
m croor gani Siowesleangiimg tthe tdafsegezﬁjmllés:&mtmlnmhﬁcme agyehw=apabl e of

oxi di zi N9 2 pVALRNIRINAHAP Y Un Al TeRGRA 1YY YRt

intracellularly. It is, therefore, advantageous to
allow the microbial cells as such to act on the

substrate saccharide to produce the corresponding
carboxylic acid. It is particularly preferable to
employ resting cells. Such cells or a culture broth of
the microorganism can be produced by the method
described in Japanese Patent Application Kokai S-64-
85088, for instance. '

Thus, a slant culture is subjected to seed culture
and main culture to prepare a fermentation broth. If
necessary, this fermentation broth is centrifuged and
the sediment is collected and washed a few times with
saline. The washed sediment can then be used in the
oxidation reaction. The microorgénisms can be
cultivated aerobically in a liquid medium containing
nutrients which they can utilize, namely sources of
carbon (carbohydrates such as glucose, sucrése, starch,
etc. or organic materials such as peptone, yeast
extract, etc.), sources of nitrogen (inorganic and
organic nitrogenous materials such as ammonium salts,
urea, corn steep liguor, peptohe, etc.), inorganic
salts (phosphates, -thiosulfates and other salts of

) potassium; sodium, calcium, magnesium, -iron, manganese,

cobalt, copper, etc.) and, as trace nutrients, vitamins



6 aEtached carbon atomto carboxyl group or a cell preparation obtained
therefromto act on a hydroxynethyl - and/or hem acetal hydroxyl -containing
monosacchari de derivative, oligosaccharide, oligosaccharide derivative,

~ pol ysacchari de or pol ysaccharide derivative to produce and accunul ate the
correspondi ng carboxylic acid and isol ati8g sai d carboxylic aci.d. Mor e
particularly, the invention is directed to a process for producing a
saccharide carboxylic acid or a salt thereof which conprises permtting a

m cr oor gani sm of, Pseudogl uconohact er_ sacchar oket ogenes capabl e of oxi di zi ng
a hydr oxynet h?lndgr‘:&?&%’g‘lﬁ%rsua? &f SO a PR -"-—catatc&&?eg’ atom to
car boxyl groughdiandrGeldibyfearnald 0 FMID(ELaed e aiRidmit llcdsdele 0N a

hydr oxynet hyl - _and/ or_.hem acet al _hydroxyl - _cqnt.ai ni osacchar.i de
dgri va%/i ve, 'Yoﬁté:ds’amcf @é{lc{ﬁ i%‘&!‘a@& 7°é’§%t?é’ﬁe\/a&19'\9§$ﬂ66'ﬁfs§tcc‘ﬁgri de or
pol ysacchari detder ianat inatura Ip macherd adisd catrbainizice tihee.cormhespondi ng
carboxylic acid.,and isQlati sai d.carb li c,acid. The i nventd on i s
al so diyr ected cfl&%él-rﬁar 2’5@2@ %uspro%&f?&q?éxézag’a?@nggir&&t&é’r ﬁggghqyg— &Y or a
salt thereof whieclpromess s gher dinvientj.om . @heorqyditiisatdfon can be
Pseudogl uconolg:gq__l&q_reds%ql@adrtolﬁ; QANESH L l%'e?:a%gllyo?gtdﬁ ng A hydr oxynet hyl
OXY p obt‘a

group to carb group or a-cell “préparation I ne Rerefromto act on

a hydroxynet hyl - cd@heaiinodpatdiers ddaieadisddegendent wa tdls gisaedtial de,

ol i gosacchari de. dgri yatdie e@]ﬁ,s%g,@gsi-qgg r VAT d &jevative to

produce and -a%currug'ﬁate t 'emcorrespon i nl cgr g)%?/% I C %g'? gré\ﬁ't?'sosati ng said

carboxyl i c achyt is prefenablantiloio §-0%uh°h7€r5 -di 1T8& EeMPeTAtT6cess for
|orod_ut0|t Ng a sapebal iste el tz%/f ::c)ﬂxﬂtg.%*alqzi% agsqltot £ fl@r"%ﬁfan‘éfﬂ' tch conpri ses |
permtting a mcroorgani smof Pseudogl uconobacter saccharoket ogenes capabl e
of oxi di zi ng Erﬁéﬁirég’étyalzshy‘dﬁéxfl'- &Wa@ﬁ’é‘@cf%”ﬁoﬁ%ﬁn@océé’rg’&yl group,
ﬁrda Ce: | prepaoduiced @it Hefrioved ; gferfgﬂ_vcﬁfén@.g;t . a@dli@lr@'hacme -
ydr oxyl - cont ai_ni_ ng_nmpnqsacchari de derivatjve, oligosaccharide,, . o
ol i gosacchari 88’:&2» l“\r%laﬁvg:o %ﬁ/@fg&ﬁﬁ‘rl d rﬁé’ley%ei‘fgﬁ?aﬂe&?‘ngﬂ‘f& ive to
produce and can be thus added to the medium includes scandium (Sc),
yttrium (Y), lanthanum (La), cerium (Ce), praseodymium

(Pr), neodymium (Nd), samarium. (Sm), europium (Eu),
gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium
(Ho), erbium (Er), thulium (Tm), ytterbium (¥Yb) and '
Jutetium (Lu).. These rare earth metals can be
respectively added in'bulk, as flakes- or in the form of
a compound such as the chloride, carbonate, sulfate,
nitrate, oxide or oxalate. These elements can be used
independently or in Fombination,'for example cerium
carbonate and lanthanum chloride. Furthermore, crude
products available in the course of isolation and
purification of the elements can likewise be employed.
The amount of rare earth elements to be added to the
medium can be selected from the range not iﬁterfering
with growth of the microorganism used and is generally
0.000001 - 0.1% (w/v) and preferably 0.0001 - 0.05%
(w/v). Regarding the procedure- for addition to the
medium, these elements can be édded intermittently orx
continuously during cultivation.

In practicing the invention, the substrate
saccharide to be oxidized may be .dissolved or suspended



accunul ate the correspondi ng carboxylic acid, and isolating said carboxylic

aci d. The invention is also directed to novel saccharide carboxylic

aci ds such that at |east one hydroxymet hyl group and/or hemi acetal hydroxy

' group of the correspondi ng sacchari des o§ sacchari de derivatives has been
oxi di zed to carboxyl group. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The m croorgani sns of the genus Pseudogl uconobacter which

‘can be enployed in the present invention can be any strain of m croorgani sm

of said genus, d:ﬁ é§ & pgbngtéﬁ: X4 8L B3 Qgséfx‘?eﬂt\fdéxf?éé{@%k%%ﬁﬂéﬁw and/ or

hem acet al car on a on1o sacc es and rnclu e nut 4nt
strains obtalmagtenby pobyethyhgneagliyedlroor yhei dhkeoardetbenvent i onal

Tutagent o {reaLERItaoloRRet bRALICBLo N D) n CHENE6ALA BLLAGR ek Cline

ni t r osoguani traV|o radlatl , genetic engineering and so on.
part|Cu|ar|yvm1croorganlsm The solvent can be used in an ogﬁlopaéferred

are strains ofpbseHdegheconebagber reparlatnkelogenesn . Parhhgyl 8rky, the

fol |l owi ng stralns descri bed 1 n European Patent Appllcatlon (gPA) 221, 707
can be nenti OPEE %F??ﬂlEHPSE¥§FﬁI%%ncent¥%3hﬂ%g+ﬁc%ﬁ%%ﬁ%%%Y

sacchar oket ogpOesS(w/v) ¥n@9psefEEEPAPPL 1136 t5f¥ 4464né referred
Pseudogl uconobact er saccharoket enes %ﬁ} gyyg 129b | FO 14465 *
Pseudoglucond%%%?%?aggfﬁhﬁ?ﬁﬂﬁtggﬁ nERe micrebial @¥ldeEERRBFE3CE287 | FO
14466 * Pseusibgtis ofmbenteonsischar oked ogeans prefedzbby EERM BP°C.132,
| FO 14482 *'BE%PQQQéQSEESRaféeére ergﬁifkgégggnged undexr aerobic
conditions, for example under aeration sparging at a
rate of 0.1 - 5 ¢/min., if necessary with stirring at
50 - 2000 rpm. The reaction time is dependent on the
propensity of the primary hydroxyl group and/or
hemiacetal hydroxy group of the substrate saccharide
but ranges from 5 minutes to 3 days and, in many cases,
from 1 to 24 hours. This reaction is preferably
conducted under constant pH control. The recommended
pH range is pH 4 - 9 and, for still better results, pH
6 - 8. For the pH control, any base that will not
interfere with the reaction can be employed. For
example, not only inorganic salts such as sodium
hydroride, potassium hydroxide, calcium carbonate,
magnesium hydroxide, ferrous hydroxide, etc. but also
organic salts such as sodium morpholiﬁoethanesulfonate,
calcium morpholinoethanesulfonate, etc: can be
employed. If desired, an anion exchange resin may be
added to the reaction system so as to selectively
control the reaction without resort to a neutralizer
such as an alkali metal salt. This addition of an
anion exchange resin is particularly suited in
directing the reaction to selective formation of one-
equivalent'oxidation product. The anion exchange resin
for this purpose may be any anion exchange resin that
_ adsorbs the product carboxylic acid. Particularly
preferred are anion exchange resins in the styrene or



-7- TH 12-4: FERM BP- 1131, |FO 14483 o Pseudogl uconobact er

sacchar oket ogenes : 22-3: .FERM BP- 1133, | FO 11484. In the process
of the invention, not only cells of any such strain of the genus

Pseudogl uconobacter but also any cell aration that can be obtai ned by
processi ng them can be equal ly enployeJ @he cell preparation nentioned
above may for exanple be a culture broth of the strain. The enzyne system
produced by the nicroorganisms can al so be enpl oyed. Fbwever in the case

of nlcroorganlggﬁr qﬁg§ euqu} cqﬂgp s usually
secreted intrace ﬁ{ %}? id 163 t herefof e, agtgla%m%l& 0 gﬁ%w t he '
m crobi al ceIIﬁtnﬁdﬁmﬁwthfa@xginpt¢ﬂeEI&ET%%@e E&BcﬁalvdéRﬁo4920duce t he
correspondi ng &BLhoxy] | ErRACI S0, Ifngﬁgp@fti§§ﬂ§§lyﬁ RAEEBT abkg_beasenpl oy
resting cells.” Such celTs or a culture bro e m cfoorgani s can be

produced by t HEGretaRs Riaon herademapa et dibhsebi shppKasal) oBAKARAIF S 64-

85088, for insdmamen, pA-sﬁé]usPAas@éarmmbéurﬁALfosumeﬂedeozseed
culture and main culture tgﬁgd? are a, ntation broth. [f necessary,

this fernment atfsmehr R £ |I'i‘?}'g‘é’cP -the sedinent is collected and
washed a few tinmes widm the substrate saccharide (a hydroxymethyl-

and/or hemiacetal OH-containing monosaccharide

~derivative, oligosaccharide, oligosaccharide
derivative, polysaccharide or polysaccharide
derivative) has disappeared in the reaction system, the
stirring is discontinued and the anion exchange resin
is separéted from the reaction mixture. Then, the
objective compound is eluted from the anion exchange
resin with a suitable eluent. As examples of such
eluent may be mentioned aqueous solutions of sodium
chloride, alkali metal salts, etc. and agueous

" solutions of acids such as hydrogen chloride, sulfuric
acid, phbsphoric acid, citric acid and so on. From the
resultant eluate, the product sugar carboxylic acid can
be éeparated and purified by the known isolation
procedures or any procedures analogous thereto.

As examples of the saccharide whose primary
hydroiyl (hydroxylmethyl) group or groups can be
specifically oxidized to give the corresponding sugar
carboxylic acid may be mentioned derivatives of
monosaccharides such as D-glucose, D-fructose, D-
galactose, D-ribose, D-mannose, L-sorbose, etc. {e.g.
amino sugars such as D-glucosamihe, N—acetyi—D-
glucosamine, N-acetylchitobiose, tri-N-acetyl-
chitotriose, etc., ascorbic acid-related compounds such
as glycosyl-L-ascorbic acid, L-ascorbic acid, etc.,
nucleic acid-related compoundé such as inosine,
adenosine, uridine; guanosine, cytidine, thymidiné, 2~
deoxyinosine, 2-deoxyadenosine, 2-deoxyuridine, 2-
deoxyguanosine, 2-deoxycytidine,.2-deoxythymidine,



v

sal i'ne. The washed sedinent can then be used in the oxidation reaction. The
.m croorgani sns can .be cul tivated aerobically in a liquid nedi um cont ai ni ng
nutrients which they can utilize, nanely sources of carbon (carbohydrates
such as gl ucose, sucrose, starch, etc. or organic materials such as
peptone, yeast extract, etc.), sources oft ni trogen {inorgani c and organic
nitrogenous materials such as ammonium salts, urea, corn steep |iquor,
peptone, etc.), inorganic salts (phosphates,:thiosulfates and other salts

of _potassium 5gdy Uy ¢3LCL U URGBESLUAY hEOU:-ERAGGNRRRsCODAI L. coPper,
etc.) and, as tracé nutrrents, vitam ns )
- 8- and coéatyeptogochnis suvpropant benbase,aprdatbnosien, thiamnin,

[ibofl avine, EMMeChbaY] NGaRRBOLELERS! doheolioncaBEl0 QR BN

L- cyst ei ne, tam c acl aturat materi al contal n
The cul ture b?éﬁﬁ%ﬁusﬂﬁ%?h#ﬁéa,caFaCbe grazehl gacepraidgsi §uche a§rocess of

the 'nVent'0nmthStEEbEéVahé@ﬁoﬁéﬁrégecaiébﬁﬂlQBEribsEH %o%@d preferably’
at pH 6-8. The incubation tine is dependent on icrobial strain

~used, nedi um B3kpdEPLr oRtEnd BMABP EBHEAFE| SHShhAS F’§1|5Fié¥'éﬁ°&5‘| $/10 to 100
hOUfS The t eg@elabligosaccharides such as cellobiose, cellotriose,

cellohexose, etc., steviol glycosides such as
stevioside, rebaudioside-A, rebaudioside-C,
rebéudioside—D, rebaudioside-E, dulcoside-A, rubusoside
[the compound of formula (II), below, wherein R;=f-Glc,
R,=-f-Glc], etc., oligosaccharide derivatives such as
mogrosides, etc.} and polysaccharides and their
derivatives such as cyclodextrin, soluble starch,
dextrin, dextran, ﬁ-l)S-glucans and so on.-

Incidentally, the oligosaccharide and
polysaccharide derivatives include saccharic acids such
that the carbon atoms associated with hemiacetal
hydroxyl groups of oligosaccharides and polysaccharides'
have been oxidized to carboxyl groups by the process of
the invention which is described hereinafter.

The saccharide whose hemiacetal hydroxyl moiety is
specifically oxidized by the process of the invention
includés, among others, dextran, cellulose, chitin,
amylose, amylopectin, maltotriose, panose, isomaltose,
cellobiose, lactose, maltose and so on.

Among the sugar carboxylic acids which can be
obtained from such saccharides, the following are novel
compounds:

! - - a saccharide~carboxylic acid such that at least one

| hydroxyﬁethyl group of palatinose has been oxidized to
carboxyl group or a salt thereof;
a saccharide carboxylic acid such that at least one
hydroxymethyl groub of sucrese has been oxidized to
carboxyl group or a salt thereof;
a saccharide carboxylic acid such that at least one



rangé suited for cultivation is 10 - 40[err]C and preferably-25 --35[err]C
‘The obj ective conpound can be produced with inproved efficiency by addin

rare earth netal to the medium The rare earth metal which ¢ 1 e e“ﬁe%“ed
. added to the nediumincludes scandium (Sc), yttrium (Y), |ant H M”l
cerium (Ce), praseodym um (Pr), neodynirum4(Nd), samarium (Sm,

(Eu), gadolinium (&), terbium (Tb), . dysprosium (Dy), holmum (Ho), erbium
(Er), thulium (Tn), ytterbium (Yb) and lutetium (Lu). These rare earth :

metal s can be respectively added i ulk, .as. flakes or in the formof a
conmpound such }Qéds‘{)‘?f@”ﬁﬁm (%"fo"tpaﬂnfoﬁ%'tte‘fe}ﬁr"r?%? 15 peeR Ox 45T 7RA oF©
oxal ate. Thesecztiengrl sgxap her usehitdgpersteff |y or in conbination, for
exanpl e cerium carbgnate, and l.ant hanum chloride. Furtherpore, crude

el ements can *58n .0 ~pcya et anto be
added to the qggj e er Interfering with
grow h of the m cdrjjg)goe(rtaga%ré) gcrﬁszgiso:’{};la%fqugng&epnear aﬁggo%%’ﬁ%%ﬁ' - 0.1% (wWv) and
preferably 0.GEaccHRMz (canhaxyRdgaradiity sueh prthaedat eléast avwetion to
t he medi um ”}ﬁftfr 1%8‘%% 2dy i nt.er m ont i nuously
during cultivati on&_ I'n %ré_%t?liflj%cb[ riéle ?n@%%%%ég?ﬁéygﬁgst rate
sacchari de to arcaphidt aaiddipodafin idikend tospurkexlyl group or a

- salt thereof; . '
a saccharide carboxylic acid such that at least one

hydroxymethyl group of streptozotocin has been oxidized
to carboxyl group or a salt thereof;

‘a saccharide carboxylic aéid such that at least one
hydroxymethyl group of heptuloée has been oxidized to
carboxyl group or a salt thereof;.

a saccharide carboxylic acid such that at least one
hydroxymethyl group of maltodextrin of formula (I)

, (n=0-30) . _
has been oxidized to carboxyl group or a salt thereof;
a saccharide carboxylic acid such that at least one
hydroxymethyl group of a steviol glycoside of formula
- (I)

(II)

. ‘THIS SHEET H#S BEEN
‘REPLACED




in water or a water-mscible solvent such as nethanol, acetone,

Rrol yet hyl ene glycol .or the like and the resultant solution or suspension be
- contacted with the mcroorgani-sm The solvent can be used in an optional

" amount that will not retard the reaction,,Thus, the preferred substrate
concentration is.generally 0.1 - 20@6(%/6? and preferably 1 - 5% (wv). The
preferred tenperature range for the m crobial oxidation reaction of the
invention is 10 - 40[err]C and preferably 25 - 35[err]C. This reaction is

pref erably conduct ﬁ%#%? Lohi 6160Bdht eNS, _faQl16X: &der aeration
sparging at a ratee@¥ ) 13%@ [grgf%n?nh,b??’ne e§§E$y ?ﬁ'§tirring at 50
- 2000 rpm The redaction tine is dependent on the p §p§g%i%y of the piimry
hydr oxyl group and/ of_henacet hy g4 QY- _OF ¢ t he 'substrate sacchari de
but ranges from5 m%lu es ?g&ﬂa sqg?,c%%n'g}@gcases, from1l to 24 hours.
This reaction is preferably conducted u lg5_gppst ant pH control. The
recoomended pH range-i szt & r.2-a081f 8k st g lzjhett e gigsults, pH 6 - 8.

. For the pH control, aﬁ§3basé'tﬁat§m %F not igterfere?ajgh t he reaction. can
be enpl oyed. For exanple, not only inorganic salts such as sodi um
hydr oxi de, potassi um hydroxi de, cal ci um carbonate, mnagnesium hydroxi de,
ferrous hydroxiae bean oxifizad &R Bhl JEOERIIF o8 SRHE FReTeot;

nor phol i noet hapesdddiinaide LMY 108 haneeud£ onad & &hs; can be
enpl oyed. If desired, an anion excq?Q%gfreS|n may_be_added jo {he reaction
t r :

system so as tYEARASHEY FTHHR & LN G h A Rt D a
neutralizer such as an auﬁfli metal salt. This addition of an '
2

(111)

(R=CH,OH)

has been oxidized to carboxyl group or a salt thereof;
a saccharide carboxylic acid such that ét least one
hydroxymethyl group of mogroside has -been oxidized to
carboxyl group or a salt thereof;

a saccharide carboxylic acid of formula (VIII)

COOH CH, O/CHz | O/cnz o
i i Wil OF YH«O0H (VIII)
ko HO 501 | HO |
O OH OH -n OH

(wherein n=1-50, preferably 10-15) such that hydroxy-
methyl group of dextran has been oxidized to carboxyl
group [e.g. dextranylglucuronic acid (alsd known as
glucuronyldextran or dextran-glucuronic acid}], a salt
thereof or a coordination compound or complex thereof



ani on exchange resin is particularly suited in directing the reaction to
sel ective formation, of one- equival ent oxidation product. The anion
exchange resin for this purpose nay be any ani on exchange resin that
adsorbs the product carboxylic acid. Parf{jcularly preferred are anion
exchange resins in the styrene or . _ - 10 -
acrylic acid series. Thus, for exanple, Anberlite (trademark of Organo
Co. )| RA-400, | RA-401, 1RA-402, |RA-410, |IRA-900, IRA-910, IRA-35, |IRA-68,

| RA- 94S, etc. Y r.aqdensr 1 .Sh 1) - 20A,
PA- 306, PA- 30§’,§Q§A-g4 8%\3&54%fgq ke %f%\?%t%%f@ bc?ﬁfn rf%ral\talzoned.
Wien the subsceaPdexdcihsmesd eadhpdeaermamide canbary Haiamiad 0f

OH-cont ai ni ng ERAR3IAcqhani de derivative, oligosaccharide, oligosaccharide
derivative, polysaccharide or polysaccharide derivative) has disappeared in

t he reaction syste e st t he ani on exchange
resin is separated thg pe ' ' : Re objective conpound
is eluted fromthe ; . el uent. fs exanpl es
of such el uent ma et _ ' HspB00H %)

OH

(wherein n=1-50, preferably 10-15) such that the
" hemiacetal hydroxyl-attached carbon atom of

dextranylglucuronic acid (alsd called dextran-
glucuronic acid) has been oxidized to.carboxyl group
[e.g. glucuronyl dextranylgluconic acid] or a salt
thereof or a metal salt complex thereof are
industrially useful novel compounds. : d

In the oxidation of suéh a substrate saccharide
using cells of said microorganism of the genus Pseudo-
gluconobacter or a cell preparation obtained-derived
therefrom, the saccharide is oxidized with position-
selectivity and in a stepwise manner reflecting the
number and propensities of its primary hydroxyl groups
or hemiacetal hydroxyl groups to'give'the corresponding
saccharide carboxylic acid with high specificity and
this is also a characteristic of the oxidation reaction
using cells or cell preparations of microorganisms of
the genus Pseundogluconobacter.

Where the objective compound can be isolated

easily microorganisms of the genus Pseudogluconobacter

may be cultivated in a medium containing the substrate
saccharide. The cultural conditions may be identical
with those mentioned above for the preparation of a
culture broth. _
The saccharide carboxylic'acid thus produced and
accumulated can be’ separated and purified by the known
. procedures or procedures analogous thereto. For

example, the objective compound can be separated and



chloride, alkali nmetal salts, etc. and aqueous sol utions of acids such as
hydrogen chl oride, sulfuric acid, phosphoric acid, citric acid and so on.
From the resultant eluate, the. product sugar carboxylic acid can be
separated and purified by the known isolation procedures or any procedures
anal ogous thereto. As exanpl es of The> sacchari de whose primry

hydr oxyl (hydroxyl methyl) group or groups can be specifically oxidized to

gi ve the correspondi ng sugar carboxylic acid nmay be nentioned derivatives

of monosacchari des .su

ucose al actose, D-ribose,
D mannose, L-sBPE&SEE gepg sfgggpr&ﬁ?ﬁ8r§ﬁgéﬁs%iiﬁ?%ﬁﬁ%ﬂglucosanine
N acetyl - D- gIuensamﬁngatwoaqetxbahménhlwi&h hmtﬂ%aﬂnﬁ3darhﬂﬁtaﬂramse
etc., ascorbic_acid;related.co oun G scorbic acid,
L- ascor bi ¢ aC|8g 8{89 thuEP&vg ?%fg 5%B%ﬁﬁ§g§§ﬁ¥%1 ¥#s i nosi ne,
adenosi ne, uri greeipgtatdsnner syﬂtdngeputhymmmlvaeilhehungplmndne

2 deoxyadenos b cgafABALYY! €n & SHEREKIL R dipoX YOyt di e,

hydr oxymet hyl gr oupWhﬁnDtheebah.dsMnasrlse@rtlmn’ disz sxpridmatad oty Ithg oup or a

salt thereof: reseﬁcéaﬁ%hﬁ Qﬁ Fﬁrg?éhkhﬁ Qééfﬂﬂﬁéigggcfﬂbé 3ﬁi8§pto

hydroxynethyl Srou err|-cyclodextrin een oxl
car boxyl groupthe §e§antl§h§¢§@¢ated frams &heh mgart iony FbaEture £ d such

that at |east 9@%aﬂ¥ﬁ&96ﬁ”eEQﬁEIQEQBHtQBn or the like and, then,

~2:0lerr]-D gl ugopyrangoyl L asqorbic,sehd hag Beg PUligsg T gutarboxy!

group or a sal g+ e
resultant fractions rich in the objective compound are
collected and subjected to the above-mentioned
isolation procedure or procedures for isolation and
purification.

| The complex of dextran-carboxylic acid with an

iron salt can be generally produced by the known method
for the production of a dextran-iron salt complex or a
method analogous thereto.. For example, it can be
produced by reacting dextran-carboxylic acid with an
iron salt sol,'e.g. ferric hydroxidg sol. Thus, a
colloidal solution or suspension can ‘be produced
preferably by adding dextran carboxylic acid to
purified ferric hydroxide sol free from salts and
makiﬁg the mixturg adjusted to pH 8.0-10 under elevated
temperature conditions, for example b& heating in an
autoclave at 100°C-120°C for 30 minutes.

| By this process, the dextran-carboxylic acid-iron
salt complex is formed through such processes as Fe
salt formation, chelation/hydration, etc. As will be

. described hereinafter, the elemental iron content of
this colloidal suspension of iron salt complex in water
is about 50-250 mg/ml on a solution basis and, if
desired, an Fe-rich complex can be obtained from an Fe-
lean complex by evaporation, concentration or.the like.
The Fe-rich iron ‘salt complex remains stable for quite
a long time and is particularly characterized in that



t her eof ; a saccharide carboxylic acid such that at |east one

hydr oxynet hyl group of streptozotocin has been oxidized to carboxyl group
or a salt thereof; - a saccharide carboxylic acid such that at |east one
hydr oxynet hyl group of heptul ose has been_oxidi zed to carboxyl group or a
salt thereof; . a saccharide carboxyriésacid such that at |east one

hydr oxymet hyl group of maltodextrin of forrmula (1) [err] . has been
oxi di zed to carboxyl group or a salt thereof; a saccharide carboxylic

? glr ?mls;c?l ; hat iaiét rle %ansoqqcsh%%rlq)gi.@%a 4 Oafquaeosése\ﬂe()&i\glll X«fclotsl"t ceirer ? f
good stability.

The resultant dextran-carboxylic acid-iron salt
(e.g. ferric hydroxide) complex can be diluted with
distilled water for injection, physiological saline ox
the like and administered parenterally to animals. As
alternatives, it can be formulated with a
pharmaceutically acceptable diluent or excipient and
processed by the per se known pharmaceutical procedures"
to provide tablets, powders, granules, capsules,
emulsions, solutions, premixes, syrups, etc. for
administration by the oral route. Moreover, these
dosage forms as such or dispersions thereof in vehicles
can be put to use as incorporated in feed or drinking
water. Furthermore, it is possible, if desired, to
formulate each material with a pharmaceutically
acceptable diluent or excipient, dilute the formulation
extemporaneously to provide a unit dosage and
administer it as admixed with feed or drinking water.
Moreover, the independently formulated preparations can
be independently administered concufrently or at
staggered times to the same subject by the same route

I or different routes.

'In accordance with the present invention, each
carboxylic acid can be obtained as a free compound oOr
in the form of a salt. Of course, when a free acid is
obtained, it can be converted to a salt and when a salt
is obtained, it can be converted to the free acid or a

- different salt, all by the per se known proéedures. It
is also possible to incorporate iron, an alkali metal,
e.g. lithium, sodium, potassium, or an alkaliqé earth
metal, e.g. magnesium, calcium, etc., in the culture
medium so that the saccharide carboxylic acid may be
converted to the corresponding salt as it .is produced
and accumulated. The resultant product can be
identified by the routine techniques such as elemental



-12- - hydr oxynet hyl group of D-trehal ose has been oxidized to carboxyl
group or a salt thereof; a saccharide carboxylic acid such that at |east
one hydroxymet hyl group of nmaltosyl-[err]-cyclodextrin has been oxidized to
carboxyl group or a salt thereof; a saccharide carboxylic acid such that at
| east one hydroxymet hyl group of 2-C>[€rPF-D-gIucopyranosyI-L- ascorbic
acid has been oxidized to carboxyl group or a salt thereof; a saccharide
carboxylic acid such that at |east one hydroxymethyl group of
streptozotocin h been oxj di zed to carboxyl. group or salt thereof; a
sacchari de car 5 Al Sh RO a‘{e?eeéﬁg%%&hyoﬁ%m%Wgroup of
hept ul ose has irefrexed ek tonearpoXINR Spept tomet 5w tcliheneiobgraphy -
“sacchari de carq%inhgczgcid such that at |east one hydroxynethyl group of
mal t odextrin ct (Nrnﬁaf(l) [err] has been oxi di zed to car boxyl
group or a salt thePlepfsaccharide carboxylic acids thus obtained in

accordance with the invention proved to possess uﬂique
properties and are thus applicable in a variety of
fields. By way of illustration, while steviol
glucosides include the following compounds:

Steviol glycéside -In the formula (II)

3-B~-Glc

_ R, R,
Steviodide . ~-B-Glc-2-B-Glc ~-B~Glc
Rebaudioside-A —B—Glc—25§-Glc -B-Glc

3—54Glc
| Rebaudioside-C -B-Glc-2-a-Rha " | -p-Glc

Rebaudioside~-D

-B-Glc-2-B-Gl

-f-Glc~2-B-Gl

3-B-Glcc
Rebaudioside-E -B-Glc-2-B-Gl -f-Glc-2~-B-Gl
Dulcoside-A -f-Glc-2-a-Rha ' -B-Glc
Rubusoside —B—Gic -B-Glc

fhe cdrresponding steviol glycoside derivatives in the
glucuronic acid form are invariably novel compounds and
each has been found to have an imprqyed, intense and
sumptuous sweet taste. They'are expected to enjoy use
as high—sweétness food materials having a low-calorie
feature and a dental anticaries effect as well as
resistance to eﬁzymes in confecﬁions, nonalcoholic
beverages, pickles, ice confections, etc. in the same
manner as -the conventional sweeteners. Moreover, since
these compounds feature improved solubility, low
toxicity, and good disintegratability and
degradability, they are capable of ameliorating the
‘tastes of drugs and, therefore, can be used as



a §aécharide carboxylic acid such that at |east one hydroxynethyl group of

a steviol glycoside of formula (I1) [err]

- 13 - [wherein Rlerr]=-[err]-Ac-2-[err]-Adc,

" -[err]-dc-2-{err]-dc, 3-[err]-dc
-[err]-dc-2-a-Rha, -[err]-Adc-2-a-Rha - 18 -

3-[err]-Adc or -[err]-Ac; Rerr]=-[err]-Ac or -

[err]-dc-2-[err]-Adc
corrigents. Thus, for example, they can be
incorporated in tablets, powders and other
preparations. Moreover, the saccharide carboxylic
acids derived from B-maltosyl-B-cyclodextrin are the
first saccharide carboxylic acids in the cyclodextrin
series and feature a remarkably improved water
solubility (solubility>200g/100 ml, H,0, 25°C).
Therefore, when a sparingly soluble drug such as
prostaglandins, steroids, barbituric acid, etc. is cla-
thrated with a saccharide carboxylic acid derived from
B-cyclodextrin, the product shows improved water
solubility and can be used as an injection. For
purposes of clathration, these saccharide carboxylic
acids can be used in the same manner as the hitherto-
known clathrate materials. p-D-Fructosyl-(21)-c-D-glu-
curonic acid and a-D—glucuronyl;(12)—B-D—6—fructulonic
acid, both of which can be derived from sucrose, are .
novel sucrose derivatives devoid of sweetness and have
been found to be resistant to degradation by“
glucosidase, pectinase, glucuronidase and invertase.
Compared with sﬁcrose, they are less susceptible to
enzymes. Therefore, these compounds are of value as
hard-to-digest, low-calorie sucrose derivatives to be
added to confections, cakes, ice confections and so on.
Their calcium, magnesium and iron salts are of use as
the corresponding metal ion absorption improving
agents. Therefore, theséfdaﬁpounds can be added to
biscuits, cakes, nonalcoholic beverages, etc. to
provide foods and drinks for the prevention.of
osteoporosis.
Furthermore, B-D-fructosyl-(61)-a-D-glucuronic

acid and a-D-glucuronyl-(61)-c~D-fructulonic acid which
' are obtainable by oxidizing pélatinose are of use as
hardly digestible, low-calorie dental anticaries
agents. Therefofe7 these compounds can be used in various
foods such as chewing gums and other confections in the



has been oxi di zed to carboxyl group or a salt thereof; a saccharide
tarboxylic acid such that at |east one hydroxynethyl group of validanycin A
of formula (I111) [err] _ has been oxidi zed to carboxyl group
~or a salt thereof; a saccharide carboxylyg acid such that at |east one

hydr oxynet hyl group of nogrosi de has-been oxidi zed to carboxyl group or a
salt thereof; a saccharide carboxylic acid of fornula (VIII)

(wherein n=1-50, preferably 10-15) such that hydroxy-

same manner as the ordinary sweeteners and flavors.
Moreover, a-D-glucuronyl-(l1l)-a-D-glucuronic acid
derived from D-trehalose is of value as a hardly
digestible humectant or a stabilizer for antibody
preparations. Meanwhile, B-amino-2-deoxy-D-glucuronic
acid which can be obtained by oxidizing D-glucosamine
is of use as a highly moisture-retaining cosmetic base.

Meanwhile, among the acids obtainable by oxidizing
inosine and other nucleosides, 5'¥éarboxyinosine and

' 5’-carboxyadenosine, in particular, are of value as
condiments having improved flavorant characteristics
and stability against enzymatic degradation. These
derivatives can be utilized as ingredients of -
foodstuffs and condiments, particulariy for seasoning
keepable foods.

Moreover, i—carboxy—Z,7—anhydro—ﬁ—D—altroheptulose
obtainable by oxidizing 2,7-anhydro-B-D-altrcheptulose
has a mild sweet taste and can be used as a solubilizer
for iron, calcium and magnesium in biscuits and other
confections, nénalcoholic'beverages and so on. The
saccharide carboxylic acids derived from steptozotocin
can be used as anticancer agents resistant to enzymes.
Moreover, to exploit their antimicrobial activity,
these derivatives can be used, either as they are or
appropriately diluted, in the disinfection and
sterilization of hospital wards, hands and feet and so
on. The mogr051de-der1ved carboxyllc acids are of
.value as high-sweeteners for addition to nonalcohollc
beverages, confections and so on.

The saccharide carboxylic acid obtainable by
oxidation of maltodextrin can be incorporated, as
hardly digestible, low-energy food material, in
confections, cakes, ice confections, etc. in the pér se
known manner.

Moreover, dextranylglucﬁronic acid which can be
obtained by oxidizing the hydroxymethyl groups of



neth}l_group of dextran has been oxidized to carboxyl group [e.qg.
dext ranyl gl ucuronic.acid (al so known as gl ucuronyl dextran or

dext ran-gl ucuronic acid)],

conpl ex t her eof - 20 - - 14 - with a netal

(hereinafter

carboxylicec acid of formula (1X) [err]

referred to briefly as a conplex) thereof and a sacchari de
(wherein n=1-50, preferably

10-15) such that the hem acetal hydroxyl-attached carbon atom of

dextranyl gl ucudextfaracisl datisoxenl doshplexis atot @

a salt thereof or a coordination conmpound or

sal t

refiesacasl)ahas been

i di zed t I : I 1. dext I ' i d]
Al 1 Chereof PRATTRTEC e | BEHAE (AT b Tkt B, STe8t ol novel

conmpounds.

more stable and functional and exhibits its excellent
characteristic as a stabilizer of ferric hydroxide sol.
Furthermore, glucuronyldextranylgluconic acidswhich are
obtainable by oxidizing the hydroxymethyl group of
dextranylgluconic acid to the carboxylic group or the
carbon atom with the hemiacetal hydroxyl group attached

thereto of dextranylglucuronic acid to the carboxyl group;

as well as salts thereof, are of use as a _
pharmaceutical base and can also be used as a viscosity
retaining agent for food in the same manner as dextran.
The metal salt which forms a complex with dextranylglu-
curonic acid or glucuronyldextranylgluconic acid, or a
salt thereof, includes monovalent, divalent and
trivalent metal salté, such as salts of calcium, magne-
sium, iron, sodium, lithium, potassium and so on.
Particularly;the complexes with iron compounds such as
ferric hydroxide can be used for iron supplementation
as antienemics in asiderotic anemia in the same manner
as dextran-iron combination drugs.

Validamycin A is a compound of the formula (III)

- presented hereinbefore which has fungicidal activity

against the causative organism of sheath blight in the
‘rice plant. Since the oxidation product of validamycin

A according to the invention is expected to be

resistant to the glucosidase of the causative organism, ~-

it may be used as a long-acting derivative of

- validamycin A which may prove of use as an agricultural

fungicide of prolonged action. .The saccharide

carboxylic acid derived from ascorbic acid is also more -

resistant te enzymatic degradation and therefore finds

application as an enzyme-resisting antioxidant. For

‘use as an antioxidant, it can be used incorporated

in iron-containing foods in the same manner as ascorbic

acid.



In the oxidation of such a substrate saccharide using cells. of said

ni croor gani sm of the genus Pseudo- gl uconobacter or a cell preparation

obt ai ned-derived therefrom the saccharide is oxidized with position-
selectivity and in a stepwi se manner reflecting the nunber and propensities
“of ‘its primary hydroxyl groups or henmiacélar hydroxyl groups to give the
correspondi ng saccharide carboxylic acid with high specificity and this is
al so a characteristic of the oxidation reaction using cells or cel

preparations of m croorgani sns of the genus Pseudogl uconobacter. Wer e
the objective compddi¥e cdbhSaharide &Eﬁh?fﬁﬁ%ﬁwﬁﬁ%ﬁﬁﬂ@ﬁﬁ?cﬁ t he genus

Pseudogl uconohasdiGabIRy bie daildil2idige dhien g@dm/dﬁ[é&@m ajrBulss tdved sostT at e
C e
A

sacchari de. The Qultuqu gﬁgitions may, 'den&ical with those penti oned
above for thelﬁﬁﬁﬁﬁﬁgﬁ YO OX YA maS e carbonyfdh g HarTHe L4 boxyl i ¢

acid thus prodimemhaaidiesc dnmacicrdianae bd thepareatias @ qurtidve dsde t he

kooun proceduies Gl SEUSL AW AR AL S GSAH G
15 - puri f issccdharsigets @noc ecur dfsings afppltircattiiom in uses not

' heretofore envisaged.

Compared with the substrate hydroxymethyl-
containihg saccharides, the saccharide carboxylic acids
of the invention derived by oxidizing at least one
hydroxymethyl group to a carboxyl group are more '
enzymatically stable and more readily soluble in water
and, if desired, can be converted to metal salts.
Therefore, in the field of food, they are expected to
be of use as diet food materials which are hard to
digest and low in energy value or agents for improving
the abSorption of metals. To a great surprise, the
carboxylic acids derived from ste#iol glycosides
(steviosidé, igbaudiosides, rubusoside, etc.) are 100 -
250 times as sweet as sucrose and have savory tastes
devoid of the bitterness and objectionable aftertaste
of the substrate stevioside, rubusoside, etc. and are
of value as substantially non-energy-providing
sweeteners. .

The carboxylic acids of the invention derived
by oxidizing the hydroxymethyl groups of cyclodextrins
have very favorable characteristics such as high
solubility, low toxicity, good disintegrability and
degradability and can be used for clathratihg
liposoluble drugs, fatty acids,- basic drugs and the
like. Since such clathration achieves the
solubilization, stabilization and improved taste of the
active inéredient, the producf can be used as a
corrigent. Specifical;y, it can be used as an improved
functional base for pharmaceutical preparations such as
tablets, capsules, pills, powders, granules, ointments,



<
Ed

centrifugation, treatnent with activated carbon or an absorbent, solvent
extraction, chromatography, precipitation or salting-out, etc., either
appl i ed i ndependently or in a suitable conbination. When t he oxidation
reaction is conducted in the presence of an ani on exchange resin as

descri bed above, the resin is separated22remthe reaction m xture by
decantati.on, centrifugation or. the like and, then, elution is carried out
with a suitable eluent. The resultant fractions rich in the objective
conpound ar-e col |l ected and subjected to the above-nentioned isol ation
procedure or jnimcitionss fayripsl Auspensidny inosetdoeps and gpeoronpl ex of

dext r an- car boxy| i ouacd d id hAlLdd 10 AR S0 SEBEET Bl YoRragucs by the
oau Sa

known met hod for the pr ctlon of a dextran-iron t conplex or a nethod

anal ogous t hee®thydrasynstdiph &0 itarhaxte it lUREeRDySPRARF WAL

dext ran- car baxyddta Addl Wirdd), aerddedn A tpridis ford- of Bhdh$ HYAEDXi de sol .
Thus, a colloidal solution or suspension can be produced preferably by
addi ng dext r FAEHFRER | RERIF 1 AFidSed ferric hydroxide sol free from

salts and nuki ng tmmé@gﬁg,aeﬁwtﬁbdmﬂm&&ﬁﬂowgﬁ &t eyat ed
smperature S LA OSSO REIILAD S ageve o
dext r an- car bt axyilctetbs ot tcarig eacoms foraecatboxphhgsoap pmocesses:
hor oi nat ter , AT (AT A G Fif odle e LT o
iron salt conptahle rawhtleave simgmmed GrAsoc nep b bhi By sa$ uedmpabedi s and,
et fon, S R E S MR ALOR LA AEs el g0 e by
remmi ns st abldegioredquiqan be converted to metal salts so that they
are'expeéted to be of use, in the field of food, as
hard-to-digest, low energy-providing diet foods or for
improvement of metal absorption. In the pharmaceutical
field, they can be used in enteric preparations by
taking advantage of their stabilizing effect on active
ingredients and low eﬁzymatic degradability.
In accordance with- present invention, saccharide
carboxylic acids such that the hydroxymethyl-groups
and/or hemiacetal hydroxyl-associated- carbon atoms of a
broad spectrum of saccharides have been oxidized to
free carboxyl groups can be produced with high
selectivity and in‘good yield. The resulant carboxylic
acids are highly stable against enzymes and have.
improved water-solubility, to mention only two
outstanding characteristics. '
The following examples are intended to describe
the present invention in further detail-but.should not
be construed as.defining the scope of the invention.
Example 1 ,
Production of sodium B-D-fructosyl-(21)-a-D-glu-
-curonéte .
One loopful of Pseudogluconobacter

saccharoketoagenes TH14-86 was transferred from a slant

culture to a 200 ml smooth-walled flask containing the



along time and is particularly characterized in that , It
retains its colloidal state in aqueous nediumw th good stability. The
resul tant dextran-carboxylic acid-iron salt (e.g. ferric hydroxide) conplex
can be diluted with distilled water for injection, physiological saline or
the |li ke and adm ni stered parenterally‘t3 animals. As alternatives, it can
‘be formul ated with a pharmaceutically acceptable diluent or excipient and
processed by the per se known pharnaceutical procedures to provide tablets,
powders, granul I t X ryps, etc.
for adm ni stra’??%in y n?foxf CF Fout r?é@l\%efg%\?/eér&é‘ g ghslgé% ?%r#ns as such
or di spersi ongmtmcﬁhaker/eﬂm ARY ckor be gay - t cThew, ad mihcgfp‘ohat ed in
feed or drinking WelrpedUsd Y Madium bl HOIEADLE chiodeatr Sec! for
formul ate each naterl arnaceutlc y accepta % uent or
exci pi ent, di |28 daye ﬁ%rmmﬂ%rﬁ Sachot 1|'fi<131€i=€|sl yonothe ootherahand: dosage
and admi ni ster |i rfﬁsf@rggeggﬂﬁhg SRR iRy Y8168 . whkreover, the

at

|ndependently ed. preparations can be | ndependent | adn1n|stered
- concurrently c#rqgsferred from a slant culture to a 200 ml smooth-

walled flask containing the medium (20 ml) described
below and shake-cultured at 30°C for 2 days.
Jar fermentation was then carried out under the
' following conditions. Thus, 100 ml of the above seed
culture (seed medium) of TH14-86 and 1.5 ml of the seed
medium of Bacillus megaterium were added to the main

culture medium described below and shake culture was
carried out at 30°C for about 20 hours to provide a

cell suspension of Pseudogluconobacter

saccharoketogenes TH-14-86.

Cellular reaction: _

A Biot’s 5-liter jar .fermentor was charged with a
solution of 30 g sucrose in 200 ml sterilized water
followed by addition of 1 ¢ of the above cell
suspension and 800 ml of sterilized water to make a
total-of 2 liters. Under aeration at 1¢/min. and
stirring at 800 rpm, cultivation was carried out at
32°C with 10% NaOH being added dropwise with the
progress of reaction on an auntomatic mode. so as to
control the pH of the system at 6.3. The substrate was
converted to the monocarboxylic acid in 2 hours.
Separation and purification: -

Two liters of the abdve reaction mixtuie was
centrifuged at 8000 rpm to remove the cells and the
supernatant was passed columnwise over activated carbon
(special-grade Shirasagi chromatographic charcoal, 400
g). The column was washed with water (1.2 ) and,
then, elution was c¢arried out with 3 ¢ of water. The

_ objective compound fractions were pooled and
concentrated under reduced pressure to provide 19.70 g



staggered tines to the sanme subject by the sanme route or different routes.
l.n accordance wth the present invention, each carboxylic acid can be
obtained as a free conpound or .in the formof a salt. O course, when a
free acid is obtained, it can be converteg to a salt and when a salt is
obtained, it can be converted to the free %cTd or a different salt, all by
the per se known procedures. It is also possible to incorporate iron, an
alkali netal, e.g. lithium sodium potassium or an al kaline earth netal

e. g. magnesi um..calgi E4C £yl _Guhture Jredi t cchari de
car boxylic aci fn§§8%§ﬁ% nyéFFggQP%Q?hgﬁéarFﬁéggﬁﬁ#%EQ%ﬁ ;ﬁg!ﬁiﬁﬁ?
produced and apowdeirat ed. The resultant product can be identified by the

routi ne techni gue Qqh %I ) : - 17
- analysis,ﬁﬁe???ng p%?ntzde ef%?%éi?d%?mpolg%rﬁ%frg?'ﬁﬁfrg%éés’

spectronetry, RRR4ZpedBr.63et 7y, 66hr Gdabbgr PphBB8anB@2®1gn.92.70, The

sacchari de carggﬁyhhc 3¢gigdg gt hus obtained in accordance with the invention
proved to possess'uanue properties and are thus applicable in a variety of
fields. By waPrefiuctigs: P&t megnedhime fsPefrgictosyl-(21)~a~D-

glucuronate
In 10 ml of water was dissolved 1.89 g of sodium
B-D-fructosyl-(21)-a-D-glucuronate and the solution was
. passed through a IR-120 (H'-form) column (50 ml). To
the effluent was added 0.103 g of magnesium oxide and
the mixture was stirred for 10 minutes. The mixture
was then filtered through a millipore filter (Type GS,
0.22 pm) and the filtrate was concentrated. The
resultant syrup was o _
treated with ethanol-acetone to provide 1.45.g of
magnesium B-D-fructosyl-(21)-a-D-glucuronate as white
powder. . )
Elemental analysis for CjH3s0,.Mge6H,0
~Caled.: C, 34.20; H, 5.98
Found : C, 34.33; H, 5.82
Medium compositions '
[for TH14-86]
Seed medium (in common for 1st and 2nd cultureé)

Lactose ' 1%
Yeast extract (Prodivel) 1%
(NH,),S0, 0.3%
Corn steep liquorx 3%
CaCO; (Super) 2%

pH before addition of CaCOy = 7.0

[For Bacillus megaterium]

[Seed medium]
Sucrose 4%
Proflo [N source, Tradas '
Protein (T & P)] ' 4%
X,HPO; 0.65



gl ucosi des include the follow ng compounds: Steviol glycoside In

the formula (11) St evi odi de -[err]-Ac-2-[err]-Ac
-[err]-Ac Rebaudi osi de- A -[err]-Ac-2-[err]-dc -[err]-dc
3-[err]-d c Rebaudi oside-C -[err]-gc-Z-[er'r]-Rha -[err]-dAc
Rebaudi oside-D . - -[err]-(]c-z-[errr-é ~ -Jerr]-dc-2-[err]-d
3-[err]-dcc Rebaudi oside-E -lerr]-Ac-2-[err] -G
-[err]-Ac-2-[err]-Ad Dul coside-A -[err]-Ac-2-[err]-Rha

-[err]-A@ c Rubusoside PO -[err]-dc -[Sr -dc t he
correspondi ng stevi ol glydbsﬁde derivatives in the glucuronic acid form
are invariably novel competihds and each has been found.0d have an >
i nproved, intense and @g@t;ﬁgs sweet taste. They arg ﬁépected to enjoy
use as high-sweetness f erials having a | ow cal of feature and a
dental anticaries effectugsomwgE,0as resistance to enzgpeesin confections,
nonal cohol ic beverages, kles |ce confections, etc t he sanme manner
as the conventi onal svwxﬁéiﬁ% ag?nce t hese eohgéunds feature
i nproved solubiIitypHIhyfdﬁalguémmlfﬁatxnnxnd05|ntegratabllity and
degradability, theygg c%ggble of aneliorating the tastes of drugs and,
t herefore, can be u _ .

Sucrose 0.05%,

independently sterilized

Corn steep liquor 2%,
" independently sterilized
(NH,),SO0, 0.3%,
.-independently sterilized
FeS0;+7H,0 0.1%,
independently sterilized
Vitamin B, 1 mg/!¢
pH before sterilization=7.0
Sorbose ' ' 10%,
. independently sterilized
LaCl,. : 0.01%,
,independentlj sterilized
CaCO; (Super) 4%

_ independently sterilized
Example 2 '
Production of o-D-glucuronyl-(12)-f-D-6-
fructulonic acid
The sodium, magnesium and calcium salts of a-D-
glucuronyl-(12)-p-D-fructulonic acid were produced in
the same manner as Example 1. '
Sodium salt: white powder
BCc-MMR(D,0) ppm: 61.98, 71.96, 73.02, 73.35,
73.69, 76.37,'77.03,579.82, 93.97, 105.80,
175,03, 175.70. '
Magnesium salt: white powder
Elemental analysis for C;,H;(0,:Mge+5H,0
Caled.: C, 29.86; H, 5.43



L

- 18 - corrigents. Thus, for exanple, they can be incorporated in
t.abl ets, powders and ot her preparations. Moreover, the saccharide
carboxylic acids derived from[err]-maltosyl-[err]-cyclodextrin are the .
first saccharide carboxylic acids in the cyclodextrin series. and feature a
remar kably inproved water solubility (sol4fitity>200g/100 nl, Herr]O,
25[err]C). Therefore, when a sparingly soluble drug such as prostagl andi ns,
steroids, barbituric acid, etc. is cla- thrated with a saccharide
carboxylic acid derived from[err]-cyglodextrin he product shows i nproved
wat er sol ubility and canfBBRHséd s éﬁ'?ﬁfecﬁkoﬁ:%ﬁor pur poses of
clathration, these satehami galear bekyktecpastdds can be used in the sane
manner as the pithertos kno clathrage el .

Torr 1o o Fr uct oByPReatb R, RRITRTs " EOECh Rt K i
[err]-D-glucuronyl -(12)-¢abed- b 6efrottuzeni g,aei.gp both of whi'ch can be
derived from sucrose, arg novel s crg e ggriéativg devoi d of sweetness and
have been found to be re§PEPEnf tb’d Srﬁ ati on 6y.§|ucosidase, pecti nase,

gl ucur oni dase BrampheeBt ase. Conpared with sucrose, they are |ess

susceptible to enzyggs}6r§?e£ﬁ£oEglltQS§§e§$g§§u$§s are of val ue as

har d-t o- di gest, | owCa e Ssucrose deriva be
Pseudogluconobacter saccharoketogenes described in

Example 1 was-added 30g of palatinose as well as 1 of
sterilized water and the reaction was carried out at
32°C and- 800 rpm with aeration at the rate of 1.6
¢ /min. for 1 hour. This reaction mixture was
centrifuged at 8000 rpm to remove the cells and the
supernatant was subjected to activated carbon (special-
grade Shirasagi chromatographic charcoal, 400 g) column
chromatography. The column was washed with water (2¢{)
and elution was carried out with 10% methanol-H,0 (4?)
and further with 50% methanol-H,0 (40). The fractioms
were pooled, concentrated and lyophilized to provide
35.8 g of sodium pB~D-fructosyl-(61)-a~D-glucuronate.
_ This sodium salt was passed through an IR 120 (H'-
- form) column and the effluent was concentrated to

provide p-D-fructosyl-(61)-a-D-glucuronic acid.
' C_NMR(D,0) ppm: 63.35, 68.60, 71.78, 72.52,
72.77, 73.45, 75.14, 75.99, 79.53, 98.81, 102.21,
176.93.
Elemental analysis for C ;HyOj*4.5H,0

Caled.: C, 32.96; H, 6.68

Found : C, 33.17; H, 5.84
Example 4 ' '

Using the following substrate compounds
(parenthesized), the corresponding carboxylic acids
were produced by the same procedures as described in

Example 3.



added to confections, cakes, ice confections and so on. Their cal cium
magnesi_um and iron salts are of use as the corresponding netal ion
absorption inproving agents. Therefore, these conpounds can be added to

bi scuits, cakes, nonal coholic beverages, etc. to provide foods and drinks
for the prevention of osteoporosis. g rthernore, '
[err]-D-fructosyl-(61)-a-D-glucuronic acid’ and

a-D-glucuronyl -(61)-[err]-D-fructul onic acid which are obtai nabl e by
oxi di zi ng pal ati nose are of use as hardly digestible, |owcalorie dental
anticaries agents. Therefore, these conpounds can be used in various foods
- such as chgwbrig gpnms and other confections in the .
- 19 - ane manner as the ordinary sweeteners and flavors. Moreover-

.a- D- gl ucur onyl - (11)_ [err] D gl uwgpweR@Qwo‘d@%g@__@Lsf rom Dtre_hal ose i s of

val ue as a _
preparations. Qomapudd | e, [err]-ani n6=BRdeoxy- D- gl Qtharonharastedisthf cdptéan

v Sturer ekl DM US3RAT"Ed Jo0 i3S *Bghelle ) hatyese

obt ai nabl e ?:5{)1 2 hg nog aﬂd 78t hgr ,pucl eosi ges_,, B1: Cﬁa?"g‘ iNa
d fructulonic a 2.01:

an (palatinose) 72.69, 73.40, 74.90, Found:

78.72,-79.69, 98.74,
100.31, 176.80, 176.84

C, 32.04: H, 4.45

e——

2:0-a~D- Ca salt: in D,0 (90 MHz) Elemental analysis
Glucuronyl-D- & ppm: Calcd. for C;,H,s0,5Ca-4.5
ascorbic acid 57.94, 62.88, 69.91, H,0

(glucosylascorbic 71.51, 72.15, 172.78, C, 29.70; H, 4.36

acid) 72.96, 78.82, 99.46, Found:

115.34, 176.49, 176.88. C, 29.59; H, 4.69
6-0-c-D~ Na salt: in D,0 (90 MHz) Elemental analysis
glucuronyl-(l—4)- 5 ppm: Calcd. for
d_D_glucosyl_B.. 60.59, 50-66, 50-7[4}, C54H87045Na‘09320
cyclodextrin 60.83, 60.9'2, 60.95, . C, 38.71; B, 6.43
{also referred to 61.03, 70.86, 70.93, Found:
as sodium O- 71.01, 71.04, 71.08, C, 38.87; H, 6.47
cyclomaltoheptaos 71.18, 71.21, 71.29, m.p.: >260°C (decompn.)
y1-(6=1)-D-c~ 71.33, 71.39, 71.47, [a}nﬂ +146.9° (c=0.61Z H,0)
glucosyl-(4-1)-0- 7%-53, 71.59, 72.21, Solubility: >zog g/100 ml
a-D-glucuronate] 72.25, 72.28, 72.35, ) (2§ C, H,0)
(6-O-c-maltosyl-  2+4Ls 72.52, 72.63, [Control: 6-0-a-D
B-cyclodextrin) 72.79, 72.95{ 73.13, glucosyl-(1l-4)-a-D-

R o 73.22, 73.27, 73.37, glucosyl-B-cyclodextrin

73.53, 73.71, 73.80, 150 g/100 ml (25°C, H,0)

78.71, 78.77, 81.58, 0.1N HCl solution, half

81.61, 81.68, 81.71, time at 60°C: Shr

81.86, 81.93, 81.99, [.ContrOJ.: 6-0-x-D

82.06, 82.09, 100.54, glucosyl-(1—4)-c-D-

100.58, 102.24, 102.34,
102.43, 102.49, 176.41.

glucosyl-p-cyclodextrin S
hr)]

Hemolytic activity:
Concentration causing 50Z
hemolysis of rabbit
erythrocytes in phosphate
buffer (pH 7.4) at 37°C:
11 oM




5' - carboxyadenosine, in particular, are of value as condi nents havi ng
i.nproved flavorant characteristics and stability against enzymatic
degradation. These derivatives.can be utilized as ingredients of foodstuffs
and condi ments, particularly for seasonlﬁg keepabl e foods. ~ Mor eover,

1- car boxy-2, 7- anhydro [err]-D-al troheptulF0se obtai nabl e by oxidizi ng

2, 7-anhydro-[err]-D-al troheptul ose has a mld sweet taste and can be used
as a solubilizer for iron, calciumand nagnesi umin biscuits and ot her
confections, nonal coholic beverages and so on. The sacchari de carboxylic
acids~der|ygghgly?nlsteptozot00|n can be used as anticancer agents resistant
to enzyneé Moreover, to exploit their antimcrobial activity, these
derivatives.can be used eit herLlas ctfngyaaﬁenopmaa@{g)prl ately diluted, in

t he di si nfecttomang sterittization OT hospirtat—war ds;—tramds—ang feet and_ so

on. The nogrosPerecyadi ved carboxyl i "E-BR ds_are of O\tlhﬁiztwhasadrheahs@\ﬁeé%’@ners

confectlo

conf ecti ons,
Mor eover,

hydroxynetby¢ @mauﬂmxpi

for addition to nonal coholic beverages,
saccharide carboxylic acid obtainable by oxidatio
i ncor porated, as hardly digestible,

i ce confections,

cakes

ethyl)-B-cyclo-
dextrin Na salt
and 6,6-di-0-(2-
carboxyethyl)-B-
cyclodextrin
Na salt _
[also referred to
as sodium 3-0-(6-
cyclomalto
heptaosyl)-
propionate]

(6-0-(3-hydroxy-
propyl)-g-cyclo-
dextrin and 6,6-
di-0-(3-hydroxy-
propyl)-B-cyclo-
dextrin) .

in the

?tC.

Na salt:
D,0) & ppm:

The spectrum is shown in
Fig. 7.

Carboxyl-C signal at
181.127, 181.508 and
185.076 ppm '

13c.NMR (270 MHz,

6-0-D-glucuronyl-
(1~4)-a-D-
glucosyl-a-
cyclodextrin Na
salt {also
referred to as
sodium 6-D-
cyclomaltohexaosy
1-(6—1)-D-c-
glucosyl-(4-1)-0-
a-D-glucuronate])
(6-0-a-maltosyl-
a-cyclodextrin)

Na salt: !%C-NMR (270 MHz,
D,0) & ppm:

The spectrum is shown in
Fig. 8.

Carboxyl-C signal at
177.105 ppm

{?t %BL- -%gtt:extn—.l;b%

fi can be

| ow-energy fo




- 20 - dextran to carboxyl groups is not only of use as a pharnaceuti cal
additive simlar to dextran but even nore stable and functional and
exhibits its excellent characteristic as a stabilizer of ferric hydroxide
sol . Furthernore, glucuronyldextranyl gluconic acidswhich are obtainabl e by
oxi di zi ng the hydroxynmethyl group of dext2Sanryl gl uconic acid to the
carboxylic group or the carbon atomw th the hem acetal hydroxyl. group
attached thereto of dextranyl glucuronic acid to the carboxyl group, as well
as salts thereof, are of use as a pharnmaceutical base and can al so be used
as a vi scos% retaining agent for food.in the sane manner as dextran. The
metal sal tISRATE ¥ orms a conplex, with dextranyl gl u- curonic acid or

gl ucur onyl dext r anyl gl uconi ¢ aci -5%oP* £°85F1° ﬁ'é 5t i ncl udes nonoval ent,
di val ent and trivalent ; i ne-_si
iron, sodium |iddMpdtd potassium and so on. Rarijtgubfrda¥s the conpl exes -
W th iron -eonpountds—such—as—ferTTc hydroxrde—cam be—used—for—TT1omn

suppl enment &-Pom-Es ant i eneni c8LE:n Sabicdeedlt i denpleFiasdinCehe0s &Fms MendEys)as
dext ran-ir cuserasyAdthon drug§olvent sygappdamjcPipranek-eshrlomsetate-810 t he
formul a (Il197clpdessaie ddlher ei nbef ore which hase¥iGngfid dat4:#¢tivity against
t he causat inf&eBFfaliPsth 6f0shedtHbPIGhRITH 2Aohe FiRE pEHhIHZ 5De P PRR:

oxi dati on [764ERE! teReREAPF Himy ER% SREGIB H PO HhELE nYenthieoRRTROxEXect ed
to be resi stézit-Po-ghecugrniosFified bt WAL CaBB%ti ve organism it may be
used as a |asAg] adPrgerivative of validamycin A which may prove of use as

an agri cul t&}ngpsyl)-B-
_ cyclodextrin)

6-0-c-D-[Glucuronyl- HPLC: Column, NH2P-50
(1-4)~-a~D-glucosyl]- Mobile phase: Acetonitrile-H,0=55:45
a-cyclodextrin [also Flor rate: 1 ml/min Yield 68Z
referred to as 6-0- Temperature: 25°C RT=7.58
cyclomaltohexaosyl-

(6—1)-D-a-glucosyl-

(4—1)-0-a-D-

glucuronic acid]

(6-0-Maltosyl-c-

cyclodextrin)
6-0-(2-Carboxy-2- 3c-NMR (270 MHz,  D,0) & ppmi The spectrum is shown
hydroxyethyl)-B- " in Fig. 10.

cyclodextrin Na salt
{also referred to as
sodium 2-hydroxy-3-
0-(6-
cyclomaltoheptaosyl)
-propionate] and
6,6-di-0-(2-carboxy-
2-hydroxy-ethyl)-f-
cyclodextrin

Na salt [also
referred to as
sodium 7%, 7°-di-o-
{e-D-glucuronyl-
(1—4)-0-D-glucosyl]-
a-{1-6)-
maltoheptaose]

(6-0-(2,3-Di-
hydroxy-propyl )}-B-
cyclodextrin and
6,6-di-0-(2,3-di-
hydroxypropyl)-8-
cyclo-dextrin)




fungicide of prol onged action.

anti oxi dant,
same nanner

it can be used

as ascorbic acid.

For use as an

- 21 -

Thus, the sacchari de carboxylic acids naag avai l abl e by oxidizing the

hydroxynethyl
vari ous sacchari des
characteristics not found
Rablk Uges not heretofore envisaged.

applicati
substrate

group to

sol uble in_w mateF°ﬁWWndlf desired,

ﬁ V\Emt %d of f

Ther ef or e,

f ood naten

o

1

acids of the invention derived by oxidizing at

groups and/ or

hydroxynethyl

heni acet a

hydr oxyl -

Conpared wth the

cont aimlish oS Aesddlohdesodut b sacchari de carboxylic
| east one hydroxynet hyl

can be con$®zlyvadcal Datkal sal'ts.

—a- ucuronlc
ac;d (D-Lrehalose)

EOAX1BLE, SEPECHBILE RoPCsglfs use as diet

gggfaent system: Phenol-formic acid-H,0 (75:10:25)

Color reagent: Alkaline silver nitrate, Rf=0.32

HPLC: Column: Shimadzu SCR 101H

Eluent: pH=2, 0.008SN H,S0,, flow rate 0.8 ml/min.,
25°C, detection by RI & UV RT-6.83 (min)

2-Amino-2-deoxy-D-
glucuronic acid (D-
glucosamine)

TLC: Cellulose, Merck HPTLC No. 5876

Solvent system: Phenol-formic acid H,0 (75:10:25)
Color reaction with ninhydrin reagent, Rf=0.39

13-0-B-D-Glucosyl-
(1~2)-D-glucosyl-19-
B-D-glucuronyl-
steviol (stevia
extract)

TLC: Silica gel, Merck Kiesel Gel 60 (F,5, No. 5715)
Solvent system: CHCl;-MeOH-H,0 (6:4:1)

Color reaction: Sulfuric acid-MeOH (1:1), 110 120°,
10 min., heating, Rf=2.6

5'-Carboxyinosine
(inosine)

TLC: Cellulose, Merck HPTLC No.

5876
Solvent system: H,0, detection: UV, Rf=0.95
(Reference: inosine Rf=0.77)

1-Carboxy-2,7-

HPLC: Column, Shimadhu SCR 101H,

anhydro-p-D- Solvent system: pH=2; 0.008N-H,S0,, flow rate 0.8
altroheptulose (2,7- 'ml/min., temperature 25°C, detectlon by RI, UV
anhydro-g-D- RT=14.24 (min.) .
altroheptulose) (Reference: heptulose RT—ZO 14)

Validamycin A oxide
{R=COOH in- formula
(II)] (Validamycin

HPLC: Colusm Asahi Pak GS 320, 35°C, solvent

0.008NH,50,, flow rate 1 ml/min., detection by RI,

RT=13.55 (Reference: validamycin A (R=CH,OH),

RT=12.68)

TLC: Silica gel plate, .

Solvent system: n-Butanol-ethanol-H,0- Dyrldlne
(35:15:40:10),

Color reaction with napnthoresorc1n—sulfurlc acid,

RF=0.56

The saccharide carboxylic acid derived from
‘ascorbic acid is also nore resistant to enzymatic degradation and therefore

finds application as an enzyne-resisting antioxidant.
.incorporated in iron-containing foods in the

associ ated carbon atons of
in accordance with the inventi on have sone or other
in the substrate saccharides and can find



di gest and low in energy value or agents for
Tetals. To a great surprise,

and are of value as substantially non- ener gy- provi di ng sweet eners.

carboxylic acids of the invention

groups of cycLode

solubility,

be used for cIathr&tBhgtr$pésbluﬁrejéru§§rmﬁaﬁpy wesds]

at e stevioside, rubusoside,

I mprovi ng the absorption of
the carboxylic acids derived from steviol
gl ycosi des (stevioside, rebaudiosides, rubusoside, etc.) are 100 - 250
times as sweet as sucrose and have savory, tastes devoid of the bitterness
and obj ectionable aftertaste of the sdb§¥¥

etc.
The

“derived by oxidizing the hydroxynet hyl
%iélgs have very favorable characteri'stics such as high.
| ow t

XI-CI 't good disintegrability and degradablllty and can

aggedc wiitigd. and t he

like. Since SvC&FCLﬁéhgaﬁéoeeﬂhgﬂ?énghsnsekueggha@,bu%og%fb%@t'?ﬂat'On and

i nproved taste o
Spsatehanpkgtogenes e

corrigent.

the active i1ngred

phar maceuti cal &E@Pﬁéaékﬁﬁécﬁ ugbrasibabheyeossars Ebﬁ@osﬁgl bn2i PR QW S,

granul es, oi ntnen

Syr ups, suspeﬁg?ﬁh§51ﬂﬁiefai%ﬁgegnBYsBdShtlon of 1 ¢ of sterilized

water. While this reaction system was agitated at 800
rpm (32°C) under aeration at 1.6 {/min., 10% NaOH
solution was added dropwise automatically to control

' the reaction system at pH 6.3 throughout the reaction.

The substrate disappeared in 1.5 hours, whereupon the
reaction is stopped. The reaction mixture, 2 liters,
was refrigeration-centrifuged at 8000 rpm to remove the
cells and the supernatant was passed through an HP-2
(aromatic synthetic adsorbent, Mitsubishi Kasei) column
(1.8 ). The column was washed with H,0 (8 ) and
elution was carried out with 50% EtOH (5 ¢). This
eluate.provided glucuronic acid type steviol glycosides
in mixture. The eluate was concentrated and
lyophilized to brovide 19.2 g of white powder. This
product had an intense, savory sweet taste.
The above product was subjected to HPLC under the
following conditions.
HPLC column: ODP
Eluent: CH,CN-H,0 = 3:7, supplemented with 0.1% of tri-
fluorocacetic acid
Flow rate: 1.0 ml/min.
Temperature: 35°C
Detector: RI and UV
The HPLC pattern. (RI detection) .is shown in Fig. 1.
TLC plate: silica gel, Merck Kieselgel 60 Fy5 No. 5715
Solvent system CHC1l,:MeOH:H,0 (6:4:1)
Color reagent: Sulfuric acid-MeOH (1:1)
Temperature: he;tiﬁg at 110-120°C for 10 min.
Rf=2.6 '
The “C-NMR (D,0) spectrum of this product showed

e§§€ab§§ &R Eﬁﬁm@@édlféﬁétﬁ@nSIoﬁase f or

I'nj ect I ons,



o
Ve

Thus, the present invention enables the oxidation of hydroxynethyl to
scarboxyl in a broad spectrum of saccharides and, hence, the provision of
many novel saccharide carboxylic acids. Furthernore, the saccharide
carboxylic acids obtainable by oxidizing_at |east one hem acetal

hydr oxyl - associ ated carbon atomto a Ca Boiyl group in accordance with the
I nvention are nore enzymatically stable and have inproved water solubility
as conpared with the hem acetal OH containing substrates and, if desired,

can be conver salts .S at-.t he re pect.ed to b in
the field of % %g'g%haif&:st c?sd“gqélﬁtb i & q'éﬁmbf AR dFet’ O%ZS or
for i rrprovema(retst@‘r)rrm lads.@4pt(ia00 ) |, ninHé cpld nop et lg@azlerfaltﬁlod:. dfhey can
be used in enterlc reparation dvant age. of their st b1||2|ng
ef fect on actidréS r:ﬁ St a%&%%ﬂ%ﬁ Ja‘baatb"r’cFlYQa £his

accor dance vmp:qumce:sewas imosllyl eompeeechard ctme:af nd ﬁ@nﬁbdsa@h that

t he hydr oxy r t dro I-ass ciated carbon atons .

s S A T8 18 R Fhak

of a broad spec sac ari ave paé car boxyl
groups can baqmaaﬂlmﬁed:am‘dhe €, gHpossail teiodn \ofysmdmm@@oldadibédn The

resul ant car bo i,ds are .hjghl.y, stabl e agai nst enzynes and have

| mpr oved matgP fﬁé&ﬂﬁ? uqﬂﬁlﬁb%t ﬁﬁ ‘only two outstanding characteristics.
The fol |l ow nExexghel s are i ntended to describe the present invention in

f her detail b h f th
vention. | ERnE pet mEed e MGG 0 Y (I £ 1he
[err]- E»frucEQSyEC¢2KF¢Pwupp-glmq951des coonporsice mostlyomef | oopf ul  of
Pseudog| ucongtg@q,tl%rSla@gc%r okel:agengs ubThY 86 (e aé)ﬁ‘frg%&{m@ sl ant

of Pseudogluconobacter saccharoketogenes at 32°C under

agitation at 800 rpm and sparging with air at 1.6 #/min
and the reaction was stopped when 59 ml of 5% NaOH
(corresponding to about 2 eqﬁivalents of oxidation) had
been added dropwise. The necessary oxidation time was
21 hours. The reaction mixture was then centrifuged to
remove the cells and the Supernatént (1850 ml) was pu-
rified (as in Example 5) to provide 13.0 g of
glucuronic acid type steviol glycoside Na salts in
mixture as white powder. -This product had an intense
yet sumptuous sweet taste. : '
HPLC: polumn ODP, temperature 35°C
Mobile phase: CH,;CN-H,0=3:7 supplemented with 0.1%
trifluorocacetic acid

Flow rate: 1 ml/min. _
The HPLC pattern (RI detection) is shown in Fig. 2.
Example 7 _ L :

" Stevioside, 30 g, was oxidized with Pseudoglucono-

‘bacter saccharoketogenes in the same manner as in

Example 5. The reaction consumed 30 ml of 5% sodium
hydroxide in 90 minutes. The reaction mixture was
purified to provide 20 g of white powder. This product
showed an intense yet sumptuous sweet taste.

The HPLC pattefn (RI detection) of the above
product is shown in Fig. 3. This white powder, 400 mg,



culture to a 200 m snooth-wal |l ed flask containing the

- 223 - medi um (20 m ) described bel ow and precultured on a rotary shaker
at 30[err]C for 1 day. Then, 1 m of the culture per 20 M nedi um was
shake-cultured at 30[err]C for 20 days prepare a seed culture. On the

ot her hand, 1 |oopful of Bacillus negateritm | FO 12108 was transferred from
a slant culture to a 200 M snooth- walled flask containing the nedium (20
m ) descri bed bel ow and shake-cultured at 30[err]C for 2 days. Jar
fermenfation was_then.carried out _under the.foll qw condi tions. Thus, 100
m of the ab¥%& ?ggégéﬁﬁtHPéngsgeﬁeXEE?ﬁﬁ)P@Psﬁ4@ﬁ%¥§9aﬁ§ 5 m of the
seed nedi um @k/Bachl kusOfeaat, eAsamiwEasedddashd oratties-mmietonuiltrddie nedium
descri bed bel . e anki . t r for, out 20
hours to pro&?géagchpgggﬁggéﬁgﬁoﬁ o? @ég&d%%#ﬁggiﬁﬁéééﬁxégg;dgfb%gtogenes
TH 14- 86. Celthel mrinedceictaon was goBcentgsated mad jlyophddieedortanas

by addi 1 on BEOToFor it ol e Shave Bl e paterol oat oo of
sterilized waeeryssagagiigeg from methanol-water (9:1) to provide
colorless needles, m.p. 226-230°C (decomp.).
IR (KBr) em™: 3500-3250, 1715, 1605, 1080~1010, 890.
~ Table PC-NMR Spectral Data (Solv. D,0)

| assignment | 8z ppm 3. ppm " assignment 8z ppm 5. ppm
1 0.86, 1.91 | 43.13 ll 1 4.73 98.62
2 1.47, 1.88 | 21.54 ] 2° 3.55  83.48
3 1.09, 2.19 | 40.23 3 3.68 79.14
4 -- 46.67 || 4 3.44 72.56
5 1.15 59.74 Jl 50 3.35 78.45
6 1.90 24.15 " 6 3.73, 3.87| 63.58
7 1.44, 1.62 | 43.73 JL
K -- 44.72 “ 1 4.71 105.89
9 1.00° 56.31 {l 2" 33.33 A77.;1
10 -- 42.03 3 3.51 78.52
11 .64, 1.85 | 23.03 {[ 4" 3.34 72.73
12 .56, 1.99 | 39.06 5 3.41 79.11
13 89.79 “ 6" 3.68, 3.88| 64.14
14 .49, 2.22 | 46.95 “
15 .05, 2.22 | 49.86 u. a s5.45 | 96.67
16 -- 156.08 b 3.56 74.63
17 .94, 5.17 | 107.45 c 3.57 78.72
18 1.27 30.86 d 3.56 74.36
19 - 181.50 | e 3.83 79.27 |
20 0.92 17.97 “ £ -- 177.73




%

total of 2 liters. Under aeration at |[err]/mn. and stirring at 800 rpm
cul tivation was carried out at 32[err]C with 10% NaCH bei ng added dropw se
with the progress of reaction on an automatic node so as to control the pH
of the systemat 6.3. The substrat-e was gfnverted to the nonocarboxylic
acid in 2 hours. Separation and purlflca Two liters of the above
reaction mxture was centrifuged at 8000 rpmto renove the cells and the.
super nat ant was passed colunnmﬁse over. activated carbon (speci al -grade

Shi rasagi chr 400..9 m was washed with
\WH(IZMWH {%%ﬁ%g é %%1WM3[HHOfMWL
The objective conpdhﬂhcdract¢pn32m&9ﬁ p@pledsand concentrat ed under reduced

pressure to provid 0 - 24 - of
sodium[err]- Dfrug‘ﬁ osyﬁz (215 [%% ?GD ngI{Jch:b’?late as white powder. Na salt:
in D20 (90MHz), [ er rBaggxn on 6th8%boee 8datd . Uile mMRid20xT@aOPon73. 65, 74. 65,

76. 88, 82.01, : 7 r ctio gnesi um

[err]-[}frlun(égﬁégéﬁjé§%§$%?%i£g %Ré)égﬁlﬁﬁ Qaf{ oF compound (11)
wherein R;=-p-Glc-2-B-Glc, R,=~B-Glc UA, namely 13-0-B-
sophorosyl, 19-0-f-D-glucuronylsteviol sodium salt of

the following formula (IV).

(IV)

dOHba
HO® op

Example 8
Stevioside, 30 g, was oxidized with Pseudoglucono-

bacter saccharoketogenes as in Example 5. The reaction

consumed 67 ml of 5% sodium hydroxide in 80 minutes.
The reaction mixture was then purified to provide 32 g
of white powder. This product-has an intense yet
sumptuous sweet taste. The HPLC pattexrn (RI detection)
of this product is shown in Fig. 4. By-subjecting lg
of this white powder to HPLC using a reversed -phase
ODP-50 column (2/21.5 x 300 mm, Asahi Kasei) and a
gradient series of 2% acetic acid/acetonitrile, 0.22 g
of a main oxidation product was obtained. The
secondary ion'mass3spectrometry (SI-MS) of this product
showed a peak at m/z 869 (M + 2H,0-H').

Bc-NMR (dg-pyridine) ppm: 15.12, 18.95, 20.21, 21.69,



I'n 10 m of water was dissolved 1.89 g of sodium —
[err]-D-fructosyl-(21)-[err]-Dglucuronate and the sol utlos, S passed

through a IR-120 (Herr]-form.colum (50 m). To the effl laced
0.103 g of magnesi um oxi de and the m xturg was stirred for um
m xture was then filtered through a mllipore filter (Type

and the filtrate was concentr at ed. The resul tant syrup was treated wth

et hanol -acetone to provide 1.45 g of ‘magnesi um

[erlr] Df][uct qsyhsz(zmlmrhﬂ%ucwowl e3gsavhide. p@y\dez 1Z| eam0sal,

anal ysis for

H 5.82 Medi urﬁ%{:‘o;rﬁfosqf% 5 ??b?s'niéz 52%7552@ %mhﬁr%&n 'é%%%%ﬁllf g?

1st and 2nd cW2.%s)75.75, 76. lﬁ.ac‘lﬁ)s'ES 76.83, 77.51, 77.72, 1% 78,

yeast extract dfIqfy W los, 95 475 97.60, 105?@%{%53.5&@&&?{3”]

0. 3% eep 1170
(Super) 171.26, 20%1.89, pl—V&)eZ.'bre addition of CaCerr] = 7.0 [For

et 11 s meaaler | Wifagen of 060 SBidNaca, chis pREL0ERRS
4% [sieriti led to be the dlsodm§alt of compound (II)
wherein R;=-f3~Glc-2-f-GlcUA and R,=-8-Glc UA, namely
13-0-{2-0-(B~glucuronyl)]-p-D-glucosyl, 19-0-f-D-
' glucuronylstevioi disodium of the following formula
(V).
CH,0H

NaQ0 g

B0 op

Example 9

_ As in Example 5, a Biot’s 5-liter jar fermentor
was charged with 30 g of stevioside followed by
addition of 1.6 ¢ of sterilized water. While this
reaction system was stirred at 800 rpm (32°C) and air
was bubbled at the rate of 1 ¢/min, 20 g of calcium
carbonate was added and the reaction was carried out
for 4 hours. The reaction mixture, 20, was then
centrifuged at 8000 rpm to remove the cells and the-
supernatant was passed through'a column (1.8 {) of HP-
20 (aromatic synthetic absorbent, Mitsubishi Kasei).
The column was washed with H,O (8 2) and elution was

carried out with 50% ethanol (5 ). The eluate

* . THIS SHEET HAaS BEEN
REPLACED




- 25 - KH err] PJ err] 0.55 NaCl

Q.05 [err] 0. 05 [err] 7Herr]O

0. 005 Cal ci um pant ot henat e 0. 025 pH before
sterilization=7.0 [ Mai n medi unj Sucr ose

0. 05% _ i ndepgndgntly sterili zed Corn
steep |iquor 2% ] | ndependent |y
sterilized (NH err]) [err] 0.3%

i ndependent|ly sterilized "FeSd err] . 7Herr]O0

0. 1% contained uronic aditdeRgieHdvisd £&dd | ¢éLBEium salt. Vitamn
B2 . 1 nmg/ferr] plébefore sterilization=7.0

Sor bose This product was gepcentrate and lyophilize t?ndependently

sterilized  provide LJd®rd Jof white powder. This poWdde was
I ndependently steril

d, Cc3 . .
 ndependent | y St a8tk fiom FeThandy Jhaidoyidg colorless
[err] - D gl ucunedle«€l?) ey [pdoductf haet & emililaei siveet tddige sodi um

magnesi um and i@l Giaim gal s ;of JbSTEba? 15.93, 19.74, 20.92, 21.00,
| 28.58, 38.66, 38.71, 40.06, 41.04, 41.86, 42.00, 42.91,
44.33, 48.19, 54.50, 57.63, 73.11, 73.30, 73.45, 73.97,
74.08, 76.53, -77.72, 77.86, 77.89, 78.34, 78.39, 84.79,
86.79, 95.84, 98.21, 105.46, 107.02, 153.70, 171.93,
172.18, 172.95, 176.78.
Based on the above data, this product was

4%

idéntifiéd to be the calcium salt of compound (II)
wherein R;=-f-Glc UA-2-B-GlcUA, R,=-B-GlcUA, namely 13-
O-[2—0—B—glucuronyl]-B;D—glucuronyl,'19—0-B—D-
glucuronylsteviol calcium salt of the following formula

(VI): -
ST
Ca 3/2 @‘
HO
-oo¢
- _ ' )i} (VI)
HO o
OH
HO op
Ekample 10

As in Example 5, 15.8 g of cells of Pseudoglucono-
bacter saccharoketogenes and 2000 ml of sterilized

water were added to 10 g of substrate rebaudioside A

and the reaction was carried out at 32°C with stirring
at 800 rpm under aeration at 1.6 ¢/min. The reaction
system was controlled at pH 6.3 with 2% NaOH solution.



gl ucuronyl - (12)-[err]-D-fructulonic acid were produced in the same nanner

as Exanple 1. Sodi um salt: white powder C- NMR(D20) ppm 61.98,
71.96, 73.02, 73.35, 73. 69, 76 37, 77.03, 79.82, 93.97, 105. 80,
175, 03, 175.70. Magnesi um sal t: %; pomder El ement al anaIyS|s for
[err] Caled.: C, 29.86; H, 5 4
- 26 - ' Found : C, 29.76; H 5.51 CaIC|un1saIt. white
_ pomdgr El emental analysis for [err] Cal cd. C, 31.17; H, 4.80
. Found : C 31 4. T of spensi on
. of Pseudogl ucgﬁogact gl ﬁc%x@}fg%gngg éleg:g}{sgg%dﬁ n tgxé?r:péﬁﬂlﬁp/aspadded

30g of pal ati Wose s&9RRA] and fha rl]ea(STtlﬁneF‘PPﬁté&? WS CHEF 1SR &2 i on

was carried oubtalindd &iHd Gud-mRAAntim WHd ALialid) wbind g 35 of 1.6
[err]/mn. for /1 hour. Th|s reactign m xture maslggptrlfug%g{at 80 romto

renove the celfi8ULF§ -t hghe supernatant was purif as in
to provide 10.16 g of white powder. ,

The HPLC pattern (RI.detection) of this product is
shown in Fig. 5. ‘ :
IR (KBr)cm™': 3340, 1720, 1610, 1410, 1070

This product had an intense yet sumptuous taste.
Example 11 -

A Biot’s 5-liter jar fermentor was charged with 1
liter of the same cell suspension of
Pseudoalﬁcoﬂobacter saccharoketogenes as used in
Example 1 and 30 g of stevioside, followed by addition
of 1 ¢ of sterilized water and 200 ml of Amberlite™ TRA-
68 (hereinafter referred to briefly as iRA-SS) to
provide a reaction system. While this system was
stirred at 800 rpm (32°C), air was bubbled through the
system at 1.6 ¢/min. As the supernatant fluid ceased

to show stevioside in 2 hours, the reaction was stopped
and the mixture was centrifuged to separate IRA-68.
The IRA-68 was filled into a column (o/ 4 x 24 cm) and
elution was carried out with 2 ¢ of 2N-NaCl. The
eluate was passed through an HP-20 column (0.5 ¢). The
column was washed with 1 { of water and elution was
carried out with 0.8 ¢ of 50% MeOH-H,0. The eluate was
concentrated to dryness to provide 9.20 g of white
powder. This powder was recrystallized from methanol-
- water (9:1) to provide colorless needles, m.p. 226-
230°C (decomp.) -

This product was identified to be 13-0-f-
sophorosylfl9-O—B—glucuronylsteviol sodium salt (IV)
shown in Example 7.

Example 12 o

As in Example 11, a Biot’s 5-liter jar fermentor

was charged with 1 ¢ of a cell suspension of



supernat ant was subjected to activated carbon (special - grade Shirasagi
*chromat ographi ¢ charcoal, 400 g) column chromat ography. The col unm was
washed with water (2[err]) and elution was carried out with 10%

nmet hanol -H err] O (4[err]) and further with 50% nmethanol -Herr] O (4[err]).
The fractions were pool ed, concentrated 38na | yophilized to provide 35.8 g
of sodium/[err]- D-fructosyl (61)-[err]-D-glucuronate. Thi s sodi um sal t
was passed through an IR 120 (Herr]- form columm and the effluent was

concentrated owi de err]-D-frugtosyl-(61)-[err cuf oni c acid.
[err]C-Nm(qﬁ%ﬁ%mm—éﬁéﬂ#% Ad/[z}"gﬁj‘%% 75. 14,
75. 99, 79 53,s1887i%( ,exitih X , (&l #h.S&hr &l et al eastal &sd:sff@rer[’err]

Calcd.: C 3 \ Exggmple 4

Usi ng the fol %\?\/’llrég;]i %édesc)o%ﬁg& NS {%‘? etszfézjédé;f t he corresponding
carboxyl i ¢ adteriddrzed maheedansd 20 slamst p?&?t-efiﬁlr eWaklelc8tks bed i n
Exanpl e 3. reaction system was stirred at 800 rpm (32°CyA/air was

introduced at the rate of 1.6 {/min. As the
supernatant fluid ceased to show stevioside in 2 hours,
the reaction was stopped and the reaction mixture was
centrifuged to separate IRA-68 from the supernatant.

' The IRA-68 was filled into a column (8/4 x 25 cm) and
elution was carried out with 1 ¢ of 2N-NaCl. The
eluate was passed through an HP-20 column (0.5 ¢). The
column was washed with 1 { of water and elution was
then carried out with 1 ¢ of 50% MéOH—HgL The eluate
thus obtained was concentrated to dryness to provide
8.9 g of white powder. The HPLC pattern (RI detection)
of this product is shown in Fig. 6.

IR (KBr)'ch: 3500-3200, 1720, 1705, 1610, 1400
Example 13 _

A transglfcosylated glycoside (SK Sweet, Sanyo
Rokusaku Pulp Co.), 30 g, was oxidized and purified in
the same manner as in Example 6 to provide 28.3 g of
white powder. The “C-NMR spectrum (D,0) of this
product showed 8 signals (179.50, 179.46, 179.40,
179.37, 179.32, 179.26, 177.10, 177:.07 ppm) in the
carbonyl-C region, suggesting that at least one primary
acid. group of the saccharide had been converted to a
carboxyl group. This product had a sumptuous sweet
taste.

Example 14

In the same manner as Example 11, 200 mg of mogro-
side V, the high-sweetness glycoside occurring in
Momordica grosvenori was added'to a suspension of 10 ml
equivalent (0.32 g) of Pseudogluconobacter

. saccharoketogenes in 3 ml of water followed by addition
of 5 ml of IRA-68. This mixture was stirred at 229 rpm




[Table 1] " List of Reaction Products

‘Conpound [err] G NWR ' O her characteristic data

[err]-D-d ucuronyl- - Na salt: in D[err]O (90 MHz) El emrental anal ysi s

(6-1)-[err]-D 8 ppm : Calcd. for [err]

fructulonic acid. 68.01, 71.76, 72.46- 39 - C, 32.01: H, 4.48

(pal ati nose) 72.69, 73.40, 74.90, Found: _

78.72, 79.69, 98.74, C, 32.04: H, 4.45 100. 31,
- 176.80, 176.84 2-OJ[err]-D Ca salt: in D20 (90 MHz) El enrent al

anal ysis G ucuf®®C) Eor 5.5 h@uppm The reaction mixture w&al adloferd [err]

ascorbic acid
(gIucosylascor%lcSt%§55%nd7ggi uﬁé%?%%Pnt was deCEPE%g é%%) TﬂeSG aci d)
72.96, 78.82, ©®sidnal IRA-68 ﬁ@@nﬂllled into a column and115e3qolnmﬁ 49,

176. 88. 5 erery a%gwg’n%?eclf"m.t 9wa’§ep g‘;hﬁ?‘ 'f‘hen Na,§abh: whe Dlerr]0 (90

VHz) ySi s ucur.ony err] ppm
Cal cd. for [er‘Fi}rD%qlu‘é’é)%y‘Fl‘E]érQ]ﬂlN -HEb. 50Thgoedvatgowag, collected [err]

[err] cycl odexidd nl%ophz.llﬁé)d% \92de69 wRite powder £3238g ?1 H 6.43
[al so referred_to 1. 03, 70 as _so

71.01, 71.04, Base on its IRdaky %@KBT—QCIB 4?3@9@ éé&PtroHé&PaoéOGﬁr 18,
71.21, 71.29, 31000 ]7, it WP corORh&d rkat JEREMYMdo¥b- £Rain- Ea&)ebélan

71.33, 71.39, 71.4 [err] -, +146,9[err] (c=0.61%Herr]0

gl ucosyl - (4- 1)QQ9veqﬁ?%3t°7ﬁh%9“r9@1%1§C1d- This pEPdBFEi 9@ 228W°§L100 n
[err]-D- gl ucurgdete] resdmbLbng 2ha8. ofl Zs@brose. : (25[err] G,
Herr]O (6-0- err%y%a£%osyl 72.41, 72.52, 72.63, [ Cont rol
6-O[err]-D | extrin) 72.79, 72.95, 73.13,

glucosyl -(1-4)-[errin¥0 ml of sterilized water was dissolved 1.0 g
of rubusoside followed by addition of 13 ml of IRA-68.
Then, 30 ml of the cell suspension of

Pseudogluconcbacter saccharoketogenes described in
Example 1 was added and the reaction was carried out at
32°C with stirring at 600 rpm under aeration at the
rate of 60 ¢/min. for 240 minutes. The IRA-68 was
separated from the reaction mixture and filled into a
column. The cdlumn was rinsed with 15 ml of water and
elution was carried out with 200 ml of 2N-NaCl solution
at Sv=0.5. The eluate was applied to an HP-20 column
(20 ml). The column was washed with 150 ml of water
and elution was carried out with 50% MeOH solution (100
ml) at SV=0.5. The eluate was concentrated to dryness
and the crystalline residue was recrystallized from
methanol to provide 0.48 g of colorless grainy
crystals. m.p. 184-188°C (decomp.)
Elemental analysis for C;,H,;0,,Na<5H,0

Calcd.: C,.49.99; H, 7.47

Found : C, 50.05; H, 7.54

Table '’C-NMR Spectral Data (Solv. D,0)

assignment 5c ppm|assignment §cC ppm
1 40.16 1’ 97.83
2 18.43 2’ 72.36




22

, ”glucosyl-[err]-cyclodextrin

hal f

- 28 -

73. 73.27, 73.37
,'73.53, 73.71, 73.80, 150 g/ 100 m (25C, Herr]O0)
78.71, 78.77, 81.58; 0. 1IN HC1 sol ution,
81.61, 81.68, 81.71, time at 60C. 8hr
81.93, 81.99, [Control: 6-0-[erfP-B
82.09, 100. 54, gl ucosyl -(1-4)-[err]-D
102. 24, 102. 34, gl ucosyl -[err]-cyclodextrin 5
102. 43, 102.49__176_ 41 hr) :
Henol ytic act Vliy 7.24 3 76.39
Concentr at i onfcatustTng—509——
henol ysi s of [abbit 43.14 4’. 70.43
erythrocytes |n phospha ,
buf for (pH 7. 1St o837 2 74.32
11 mM 6 | 21.08 6" '55.93
Li st of Reactfom Prpducts Conpqund
Q her charactgri®tic da#8.93 '
[Control: [er ]-gyciodeﬁ&[hq 4 a 94.05
9 52.97 b 71.77
10 38.80 c 76.96
11 19.84 d 61.13
12 36.58 e 73.60
13 84.83 £ 171.82
14 43.42_
15 47.12
16 153.02
17 104.03
18 28.02
19 175.75
20 15.16

Based on the above data, the product was

81. 86,
82. 06,
-100. 58,

[ Tabl e 2]
[err] G NWR

identified to be the compound of the following formula
(V1i1).



mVv 6-0-[err]-D-glucosyl -
(1-4)-[err]-D-glucosyl-[err]-
cycl odextrin 8 mV 6- 0- (2- car boxy- Na salt: [err] CG-NVR (270 MHz,
ethyl)-[err]-cyclo- D20) 8 ppm dextéir1 Na salt The spectrumis
shown in and 6,6-di-0(2- Fig. 7. ~c
signal at - cyclodextrin 181.127, 181.508 and Na salt
©185.076 ppm [also referred to as sodi um 3-0-( 6- cyclomal to
hept aosyl ) - pr opi onat €] (6-0-(3-hydroxy- propyl)-[err]-cyclo-
dextrin and 6, 6- di - 5ﬁiSDﬁydroxy- propyl)-[err]-cycl o- dextrin).
g
1

6- 0- D- gl ucuronyl - Na s [err] C-NMR (270 MHz, (1-4)-[err]-D
Derr]0) [err] ppm yI-a- Vv he spectrumis shown in
cycl odextrin Na Car boxyl - C si gnal at
referred to as cycl omal t ohexaosy
1-(6-1)-D-[err]- 11

(viI)

This product (VII) was found to be a gquality high-
sweetener resembling purified sucrose without

bitterness.

Example 16 _
Fursultiamine hydrochloride 10 mg
Vitamin B; . 2 mg
Taulin - 1000 mg -
Benzoic acid ' 30 mg
Butyl p-hydroxybenzoate 2.5 mg
Clucuronic~acid—type stevioside

sodium salt (IV) 50 mg

Citric acid 100 mg
Glycine 500 mg

A drink was produced according to the above
formula by the method described below. -Thus, butyl p-
hydroxybenzoate .and benzoic acid were dissolved in.
about 30 ml of prewarmed water at about 70°C. When the
solution had cooled to about 25°C, fursultiamine

. hydrochloride, vitamin B,, tauiin, glucuronic acid-type
stevioside (a sweetnér), citric acid and glycine were

. dissolved. The whole solution was adjusted to pH 3.5
with 1N sodium hydroxide and made up with water to 50

boxyethyl)-[err]- Car boxyl - C



a-D-glucuronate] (6-0-[err]-maltosyl- [err]-cyclodextrin)
»-29- [ Tabl e 3] Li st .of Reaction Products
Conpound : _ Anal ytical Data 6-0-[err]-[D
TLC. Silica gel, Merck Kiesel Gel 60 (F[err] No 5715) G ucuronyl)-[err]-
Sol vent system = 1-Propanol -ethyl acetave-H err]0 cyclodextrin [also
acetic acid (6:4:2:4) referred to as 6-0- Yield 64Z RfF=0.25, [err]CNWR
(270 MHz, D[err]0O [err] ppm cyclonmaltoheptaosyl- The spectrumis shown in
Fig. 9: the carboxyl-C (6-1)-D-[err]-glucuronic signal at 178.070 ppm
acid] (6-0-[@X¥]-D ducosyl)-p- cyclodextrin) 6-0-[err]-D-[d ucuronyl-
HPLC. Col U”“@M@:eson : I
First, 30 g of precipitated calcium carbonate, 5 g
of magnesium carbonate, 58.5 g of lactose and 6 g of
hydroxypropylcellulose were evenly blended and, after
30 ml of water was added, the composition was
granulated. The resultant granulation was dried and
pulverized. The powder thus obtained was blended with
0.05 g of glucuronic acid type stevioside (a corrigent)
and 0.5 g of magnesium stearate and the resultant
composition was compression-molded tp’provide tablets
each weighing 200 mg and sized 8.5 mm in diameter.
Example 18
A Biot’'s 5-liter jar fermenter was charged with
1.5 ¢ of the cell suspension of Pseudogluconobacter

saccharoketogenes described in Example 1 and 30 g of
dextran-4 (mol. wt. 4000-6000, Extra Synthese, France)
followed by addition of 1.7 { of sterilized water. The
reaction was carried out at 32°C with stirring at 600
rpm under aeration at the rate of 1.6 ¢/min., with 0.5%
NaOH solution being automaticaliy added dropwise so as
to maintain the reaction system at pH 6.3 throughout
the reaction. The reaction was stopped after 3 hours
and the reaction mixture, 12.0 ¢, was refrigeration-
centrifuged at 8000 rpm to remove the.éells and provide
1.98 ¢ of supernatant fluid. This supernatant was
filtered through a cellulose acetate membrane filter
(/0.2 - pm) for further removal of cells. This
filtrate was passed through an AmberlitgalRA—BO (OH-
form) column'(SO.ml) and the column was washed with a
small amount (100 ml) of water to recover 2 { of
effluent. This effluent was applied to an HP-20 column
(900 ml) and elution was carried out with 2 ¢ of water.
The initial 700 ml ‘portion of the eluate was discarded
and the succeeding 3.3 ¢ portion was collected. This
fraction was acidified with 13.8 ml of concentrated



(1-4)-[err]-D-glucosyl]- Mbile phase: Acetonitrile-Herr] O=55:45
Terr]-cyclodextrin [also Flor rate:* 1 m/mn Yield 68%referred to as

- 6-0- Tenperature: 25[err]C .RT=7.58 cycl omal t ohexaosyl -
(6-1)-D-a-glucosyl- (4-1)-0-[err]-D glucuronic acid] (6-0-Maltosyl-[err]-
cycl odextrin) 6-0 (2-Carboxy-2- f[%?rTC>NNR (270 MHz, Dferr]0) [err]
ppm The spectrumis shown hydroxyethyl)-[err]- in Fig.. 10.
cyclodextrin Na salt [also referred to as sodi um 2- hydr oxy-3- 0-(6-

I | t oh | ) ~-.RLopiongt d.6,6-di-0-(2- boxy-
gyﬁyg?gxy?efﬁbgai%gﬁ}PEEESégg egkpﬁﬁlﬁgé§§glt8§%§8%$éfgéﬁéﬁlfﬁehs sodi um
7[err], 7[erracdtate npmbrand- ghidtaroiipl/0.211M)-.0- Dhgl idsyalte warsr] - (1-6) -
ot ehept acschept 20 e T0f 20 UEr SXXnREARNS) (kEallenafiey! Ad2Es | N and

6, 6-di -0-(2, 3- ydroxypropy

(Mitsubishi Kasei). - The adsorbent was washed with 700
ml of 0.05 M HCL and 2 ¢ of water and elution was
carried out with 2 ¢ of 20% MeOH solution to provide

. the desired fraction. This fraction was concentrated
under reduced pressure to provide 14 g of
dextranylglucuronic acid as white powder. HPLC

- analysis of this product (conditions: Asahi Pack GS320
(2/7.6 x 50 mm, Asahi Kasei), mobile phase, water 1
ml/min, detection: RI (Waters 410) and 200 nm (Tosoh
UV-8020), sample, 20 pl of 0.5% ag. solution) gave a
single peak at Rt=8.48 (Rt of starting dextran=10.83).

For the structural identification of this product,
an enzymatic digestion experiment was carried out.
Thus, 100 pl of glucoamylase (Wako Pure Chemical)
solution (4 mg/ml) was added to 100 pl of a 1.5%
aqueous solution of the above product and the mixture
was incubated at 30°C for 24 hours. . This enzymatic
digest was analyzed by HPLC. As control, dextran-4 was
also subjected to glucoamylase treatment. The results
indicated that the product of this example was not
digestéd by glucoamylase. On the other hand, dextran-4
was digested by glucoamylase so that the substrate
disappeared while glucose was produced. Based on the
above findings, the product was identified to be
dextranylglucuronic acid of formula (VIII} (wherein
n=15). '
Example 19
In the same manner as Example 1,

Pseudogluconobacter saccharoketogenes K591S was

cultured in peptone'yeast (PY)-medium containing 1%
Bactopeptone and 1% yeast extract at 30°C on a rotary
shaker at 230 rpm at pH 7.5 for 3 days. The resultant
culture was transferred to a main culture peptone-yeast



A~

cycl o-dextrin) - 30 -
*[Table 4] List of Reaction Products

Conmpound Anal ytical Data [err]-D d ucuronyl -
TLC. Cel | ul ose, Nbrck HPTLC No. 5876 (1-1)-[err]-D-glucuronic Solvent
system Phenol-formc acid-Herr]0 (75: 2@:25) acid (D-trehal ose) Col or
reagent: ‘Al kaline silver nitrate, Rf=0.32 : HPLC:
Col um: Shinadzu SCR 101H El uent: pH=2, 0.008SN
[err], flowrate 0.8 m | mn. 25C, detection by R

W RT-6. 83 (miegiume- @@F hoaad dinsybared atrLIQ ©evi th caddi fbpRkOEPPE E¥NO.
5876 gl ucuronig agig é)?[orlcﬁglyﬁ@ér }\efﬂ PA‘@“@i&ofﬁﬁm fof‘chg hbersl 0

(75:10: 25) glucosam ne reaction w ni.n rin reagent
Rf=0. 39 13- CCHerresywl@neosylture hm:ch 35 c%?@%?lf%?@ka%/(l ¢88P0ce|

(F[err] No. ﬁaié)for 10 minutes. The cell pellet was washed with
500 ml of water to recover 7.5 g of cells per liter of
broth. Then, 30 g of dextran-4 (mol. wt. 4000-6000,

_ Extra Synthese, France) was dissolved in 1 ¢ of water
and a suspension of 56 g wet cells in 1 ¢ of water was
added. The reaction was carried out at 32°C under

' stirring at 800 rpm and aeration at 60 ml/min, with
addition of 0.1% NaOH solution so as to control the
.system at pH 6.3, for 6.5 hours. The reaction mixture
was centrifuged and the supernatant, 2 {, was recovered
and passed through a membrane filter for removal of
cellular components. The filtrate was applied to an
HP-20 column (900 ml) and the column was washed with
2000 ml of water. The effluent was acidified with
concentrated hydrochloric -acid and filtered through a
membrane filter. The filtrate was applied to an SP-205 -
column (100 mlj and after the column was washed with
0.05 M HC1 (1000 ml) and, then, with water (2000 ml),

“ elution was carried out with 20% MeOH (2000 ml). The
eluate was concentrated and lyophilized to provide 14 g
of dextranylgluconic acid as white powder. HPLC
analysis of this product (conditions:'Asahi Pack GS 320
(2/7.6 mm x 50 mm, Asahi Kasei); mobile phase, water 1
ml/min; RI (Waters 410) and 200 nm (Tosoh UV—8020),
sample 20 pl of 0.5% ag. sol.) showed a single peak at
Rt=8.70. When this product was digested with
glucoamylase under the conditions described above, it
was readily digested, giving rise to glucose and
glucosylgluconic acid. Therefore, this compound was
identified to be dextranylgluconic acid.

Example 20
As in Example.19, Pseudogluconobacter saccharo-

ketogenes was cultured and 50 g of the cells (wet



(1-2)-D-glucosyl -19- Solvent system [err]-MeOHHerr]O (6:4:1)
_[err]-D-glucuronyl - Col or reaction: Sulfuric acid-MeOH (1:1),

110- 120, steviol (stevia 10 min., heating, Rf=2.6 extract)

5' - Car boxyi nosi ne TLC: Cell ul ose, Merck HPTLC No. 5876 (1 nosi ne)

Sol vent system Herr]O detection: U¥ 4F=0.95 .
(Ref erence: inosine Rf:0.77) 1- Car boxy-2, 7- HPLC. Col um, Shi madhu
SCR 101H, anhydro-[err]- Sol vent system pH=2; 0.008N-[err],

flowrate 0.8 altroheptul ose (2,7- m/mn,, tenperature 25[err]C, detectlon
by R, W anh‘;’r%#%ﬁ[e‘r’?{eDadded to a sedutionsofndA. ¥ al trohept ul ose)

(Ref er ence: @%fl Klaélrdfic Haidd§§¥ép8r@doﬁyd€he bEedGRbUBE Asahi
Pak GS 320, 35 [err sol yvent &R— forml a 0.008N err], flowrate

1 m/min., debRREPLR BFIRED &) P (%F?Harry'@hﬁ rearfien 83 ( Ref er ence:

Va||da”VC|n At&ﬁﬁﬁkf@dréekm2°é)under stirring %t|80055pﬁ2aﬁ§)
ol ven

TLC. Silica g SYS
n- But anol - etHﬁﬁ5$t+$%r?fC§ByW}éWﬁ§ for 21 hours, with §318 haon
(35:15:40: 10)solution being gradually &aded seaski @6 wbhbrol the

?aggt?oresor0|n Sgiégrégs%em at pH 6.3. The reaction Eﬁiguég was
centrifuged and the supernatant, 2 ¢, was filtered
- through a membrane filter to further remove the cells.
The filtrate was applied to an HP-20 column (900 ml)
and elution was carried out with 1.5 { of water. The
eluate was concentrated and lyophilized to provide 12 g
of sodium salt of glucuronyldextranylgluconic acid of
general formula (IX) as white powder.
HPLC: Rt=9.12, one peak .
HPLC parameters and settings: column GS-320, mobile
phase H,0, flow rate 1 ml/min, detection RI
BCc-NMR (D,0) §: 179.554, 178.119, 172.434 with an
intensity ratio of 1:0.5:0.5. The peak at 179.554 was
assigned to the carbonyl-C of the glucuronyl moiety and
the other peaks to the carbonyl-C of the gluconic acid
moiety (partial lactonization was assumed).
Example 21
' A 50% agueous solution of ferric chloride hexa-
hydrate, 50 ml, was warmed to 30°C and 50 ml of 24%
Ha,C0; solution was added dropwise thereto under
stirring at 0.4 ml/min. Then, 50 ml of a 10% solution
of the dextranylglucuronic acid of Example 18 was added
dropwise at 3 ml/min, with 16% Na,CO; solution being
added portionwise at the rate of 0.4 ml/ﬁin. so as to
control the reaction system at pH 4.3. Then, 200 ml of
ethanol was added and the mixture was stirred well to
prepare a slurry. This slurry was centrifuged (5000
rpm). and the pellei was recovered and dissolved in 40
ml of water. This solution was stirred well with 60 ml

of ethanol and the mixture was centrifuged to remove



~

Exanpl e 5 A Biot's 5-liter jar fermentor was charged with 1 [err] of
*the sanme cell suspension of Pseudogl uconobacter saccharoketogenes as
described in Exanple 1 and 30 g of a stevia extract (steviol glycoside
conposed mainly of stevioside) followed by addition of 1 [err] of
sterilized water. Wile this reaction_sygtemwas agitated at 800 rpm
(32[err]C) under aeration at 1.6 [err]/mn., 10% NaCH sol uti on was added
dropwi se automatically to control the reaction systemat pH 6.3 throughout
the reaction. The substrate di sappeared in 1.5 hours, whereupon the

reaction i s stRPReALLIRE FGAGLIGN NipHdiSredipit&ES, waBSevenl
refrigeration-centrifuged at 8000 rpmto rengve_the cells and the

super nat ant \HSERESSH I PLugH & MaEeY $ENG YR HRYFROZRSYT bent
Mt subi shi Kagfi et3RInsN «ak &dntfvdd undeie Ladwdad Wesesdshed vhd Herr]0

(8, 0e11) jand el on e ERLien Utotsy S L0 derlay, This el uate
concent r at ed sy tiaphit itrs dareprorvitle Tl Angn of undet evpgocteus Thi s
Cbj ect ed 1o TREE TR ANRE (A Tty TohdITTH9%. 2 Pt ol Th: 2 00P B ven :
CH err] CN- H etiruBes .3: Thesuppiesrlt et sviaddad 195 od final fl uoroacetic _
5L partern ek Ao YRAN S ERa psper: 1 U/ e
Mer ck- Ki esel gxtaanyAsylueonizy g ishtingn hydreriderePlerr]: MeOH Herr] 0
(6:4:1) Intramuscular administration of 1 ml of this product to
young pigs produced marked imprdvements in anemic
symptoms. A glucuronyldextranylglucuionic acid-iron
hydroxide sol could also be produced in the same manner
and showed a significant ameliorating effect on anemia
in young pigs. S '
Example 22 Production of dextranylgluconic acid-iron
hydroxide sol
In 100 ml of water was dissolved 100 g of ferric
chloride (FeCl;+6H,0) and the solution was sonicated
with Branson B-220 for 1 hour to obtain a homogeneous
solution. This solution was made up with water to 200
ml and transferred to a 500 ml beaker. Under thorough
stirring at 30°C, 200 ml of 24% sodium carbonate
solution was added at the rate of 0.8.ml/min. to
provide a light yellow-brown ferric hydroxide sol.
This ferric hydroxide sol, 100 ml, was taken in a
300 ml beaker and under thorough stirring at 30°C, 50
ml of 10% dextranylgluconic acid solution was gradually
added. Then, 16% NaCO; solution was added very slowly
at the rate of 0.1 ~ 0.2 ml/min. to adjust the mixture
to pH 4.3. Then, 200 ml of ethanol was added with
stirring and the resultant precipitate was recovered by
centrifuging and suspended evenly in 80 ml of water.
To this suspension:was added 120 ml of ethanol for
- reprecipitation and the precipitate was collected by

centrifugation. This procedure was carried out once



Col or reagent: Sulfuric acid-MeOH (1:1) Tenperature: heating at
110-120[err]C for 10 mn. RF=2.6 The [err] G- NWR (D20) spectrum of this
product showed - 32 - chemi cal shifts
assignabl e to carbonyl -carbon at 177.87 (s ster) and 171.84 (COJerr]), '
I ndicating the generation of carboxyl groups. The HPLC pattern indicated
that this ‘product was nostly conposed of the conmpound forned as the gl ucose
attached to the CJerr]-position and that attached to the CJerr]-position of

stevi osi de_hagghegnaf@n¥Ret ednh® PresisiBetdSwabxaiBbenbed in b0 hhe sanme
manner as ExanEIe 5, 30 g 8f a stevia extract ésteV|oI alycoildes conposed
nostly of st e9F o¥RHRY - waBRERFdFRRECRSR nGtITFARY) &P 3aNelH| SOhubERTi on of

Pseudogl uconobast atideacsbatbkeragenes at138[erm)fmiindeqndgilt @heoprat 800 -
[P a0d spar gt (B BT Bhed SakeELLATRs 005N TEaCLL oD Mo Shopped
had been addedodnbputes, dleepeersshryhendla(fdnali eensasid) wasrs. The
reaction mxt gigedost hen seaLrilygsde!© ERICKS LRSCACLhE BAdt e
_concentrated in an evaporator to provide a
dextranylgluconic acid-ion hydroxide sol. This sol was
- found to be very stable. Its properties were as
follows.
Total iron salt: 200 mg/ml, viscosity 32 cP, elec-
trical conductivity 47 ‘mS/cm.
Example 23 Dialytic conversion of dextranylglﬁcuronic
acid to iron salt
A 50% aqueous solution of ferxric chloride hexa-
hydrate, 50 ml, was #armed.to 30°C. To this solution
was added 50 ml of 24% Na,CO; solution portionwise at
the rate of 0.30 ml/min. with vigorous stirring to
provide a blackish ocher-colored iron hydroxide sol (pH '
1.54). This iron hydroxide sol was transferred to a
dialysis tube and dialyzed against ultrapure water
overnight. This iron hydroxide sol dialyzate, about
170 ml, was black-brown and showed a pH value of 4.47.
To this iron hydroxide sol dialyzate was added 50
ml of a 10% agueous solution of the dextranylglucuronic
acid obtained in Example 18 and the mixture was stirred
thoroughly and adjusted to pH 4.3 with 16% Na,CO, solu-
tion. The mixture was then autoclaved at 100°C for 30
minutes, after which it was adjusted to PH 12 with 10%
NaOH solution. This mixture was autoclaved again at
121°C for 20 minutes for thorough dissolution to
provide a black-brown dextranylglucuronic acid-ferric
hydroxide Ebmplex solution. This complex solution was
dialyzed by overniéht dialysis using the same dialysis
- tube as above and, then, phenol was added at a final
concentration of 4 mg/ml to provide 22 ml of an



rified (as in Exanple 5) to provide 13.0 g of glucuronic acid type steviol
‘gl ycoside Na salts in mxture as white powder. This product had an intense
yet sunptuous sweet taste. HPLC. columm ODP, teriperature 35[err] C Mobile
phase: CHerr] CN-H err] 0=3:7 supplemented with 0.1%

trifluoroacetic acid Flowrate: 1 nl/m#8 The HPLC pattern (R detection)
Is shown tn Fig. 2. Exanple 7 St evi oside, 30 g, was oxidized with
Pseudoal ucono- bacter saccharoketoaenes in the same manner as in Exanple 5.

The reaction copsu 30 0 % sodi droxide in, 90_m nutes. The
oacton m xATECAD et &F (S AR DG or SR PO “Thi 5 pr oduct
showed an i ntigpBeoiele seoiplans Shekd pocdect was dhetablé paltern (R

det ecti on) oH}the aq8¥e ﬂEPUCI IS shomnti Figr 3..This mhite powder, 400
my, aving e following properties. Otﬁéslfﬁﬁi§$ H using a
reversed phassorRhiatatcionm2 ] eig /M2, . G sxc3dDtym?3 ABad® , Kabetfr heall

mater-acetomégddé%é£g§@P)3ﬁym%/ggmted with 0.1%trifluoroacetic acid, and
Intramuscular administ;ation of this product, 1
ml, to anemic young swine resulted in a marked
improvement in anemic symptoms. .
Dextranylgluconic acid-ferric hydroxide complex
could also be produced in the same manner as above.
This complex was also found to produce a marked
improvement in anemia in young swine.
Example 24 o
In the same manner as Example 11, a Biot’s 5-liter
jar fermenter was charged with 1 { of
Pseudogluconobacter saccharoketogenes cell suspension
and 30 g of rebaudioside-A, followed by addition of 1.5
¢ of sterilized water and ‘400 ml of IRA-68 to prepare a

reaction system. ' While this system was stirred at 600
rpm (32°C), air was bubbled through the mixture at 1.6
?/min. The rebaudioside-A disappeared from the
supernatant fluid in one hour. The reaction was,
therefore, terminated and the reaction mixture was
centrifuged to separate the supernatant from the IRA-
68. The IRA-68 was filled into a column (/4 x 40 cm)
and elution was carried out with 2N-sodium chloride
solution (8.1 2). The eluate was applied to an HP-20
(1 ¢) column for adsorption and after the column was
rinsed with water (8 {), elution was carried out with
10% ~ 50% ethanol to provide the objective uronic acid-
form rebaudioside-A sodium salt.

| The above product was concentrated and lyophilized
to providé 10.6 g of colorless powder. This powder was
recrystallized from MeOH-H,0 to give 10.6 g of
colorless needles 'm.p. 220°C (decomp). HPLC analysis'
(ODP column, acetonitrile-water = 30:70) of this



the main fraction was concentrated and |yophilized to provide.124 ng of
white powder. This product was recrystallized from nethanol -water (9:1) to
provi de col orl ess needles, mp. 226-230[err]C (deconp.). IR (KBr) cnferr]:
3500- 3250, 1715, 1605, 1080-1010, 890._Table [err] CGNWMR Spectral Data
(Solv. Derr]O . assignnment [err] ppm [err] ppm assignnent [err]
ppm [err] ppm 1 0.86, 1.91 43.13 1 . 4.73

98. 62 2 1.47, 1..88 21.54 2' 3 55 83. 48

16027 2.19 j@raauct sho&ed a singdebPeak éE9RE¥9 70. )
5' 3 35~ vaa(%?) ppm; g% 9, 211530 22. 9124]7'145%9' 30 %99 3,73,

©3.87 63.58 39.517 40.151.44.02,623.43.,733.73, #4.58, 46.6%, 46.794. 72

1" 4. 1Q5. 9 .0 3 '

33. 33 77_1%5.89, g%oqg, 59'641-63f51' %?3&@ 64E¥% ]71 36, é?Eﬁ?

78.52 173.14,17@4401,. 83.675376329, 76.49, 78. 12;313470,

12 1. 56, 9 : ! : 79,1

86 79 78781, 93,33, 79,23 73.38, gi%}l;, 87.'5% 1 50.31, 91*:33 54,
98.70, 104.87, 105.06, 107.32, 155.99, 177.79, 181.64.

Based on the above data, this product was
_identified as sodium salt of the compound of formula

(II) wherein R; = '
-B8-Glc-2-B~Glc, R, = -B-GlcUA, that is to say the

3-B-Glc
compound of the following formula (X).

" CH,08

CHL0l

Test Example

The stability against enzymatic degradation of the
6—O-a—D—glucuronyl(l4)—a-D-glucosyl—B—cfclodextrin Na
salt (1) obtained in Example 4 was evaluated using a.
variety of enzymes. As a control substrate, 6-O-c-
maltosyl-p-cyclodextrin was used.

Method
To aliquots of each test cyclodextrin.solution (10
' mM) in water were added the under-mentioned enzymes,
respectively, each in a predetermined amount, and each



S e

14 ~  1.49, 2.22  46.95 15 2.05, 2.22 49.86 . a

* 5. 45 96: 67 16 - 156. 08 b 3.56
74.63 17 4.94 5.17 107.45 c 3.57 78. 72

18 1. 27 30. 86 d _ gg -3.56 74. 36 19

- "~ 181. 50 e 3.83 79. 27 20 0.92

17.97 foo - 177.73 .

35 27.78. 37.91, 37.96, 39.33, ' 39.41, 40.35,  42.12,  43.58,

43. 91, 47ré’a3’c:t1.c53 temGvd$, indibated 1.17 0a 0v7ater 7ﬂaé4 at I7ed9, 72.75,
75. 75, 7 75.83 7751 86. 00, 86. 97,
95. 07, % of jihe greactipen E}Elx’il?’ie Fgas S%J?JialabY 176. 23.

Based on thesaaiqmeﬁ datd, hédied pioWEN° @asot dESIthineeed ocbe the di sodi um
oo o PPt gde MIRLRLRL FIE! e e & bl H o o 266
13-O-[ 2- O ([zepma ] Eglmmwpraﬂd]f_{btréz}ed}tginm@wa Millipore USY-1
19-O [err] - Qg yovr oy s £ e Al B0 R Al T, S8 J oW Formmla (V-
was diluted 10-fold and analyzed by HPLC under the
following conditions.
HPLC parameters and settings:
" Column: NH2P-50 (Asahipak) :
Mobile phase: CH,CN:H,0=48:52 supplemented with 0.005
' M PIC reagent
Flow rate: 0.8 ml/min.
Detection: RI
From the HPLC data for each of the samples .
obtained above, the time course of % residue of

cyclodextrin was determined up to 120 minutes.
The enzymes used " their- orlg:l.n and their concentratlons
are shmw1belcw

Enzyme Origin : Concentration of

enzyme (units*/ml

«-Amylase Bacillus subtilis 20
. (Wako Pure Chemical)
Glucoamylase Rhizopus sp. 2
" (Wako Pure Chemical)
Pullulanase Klebsiella pneumoniae 10
(Hayashibara)
B-Glucuronidase Calf Liver ' 700

(Wako Pure Chemical)

*"Units" is based on the unit prescribed in the indication

-attached to the respective commercially available enzymes.

. Results

The time courses of % residue of 6-0-«x-D-



[err] NaOOC Exanpl e 9 As
*in Exanple 5, a Biot's 5-liter jar fernentor was charged with 30 g of
stevioside followed by addition of 1.6 [err] of sterilized water. Wile
this reaction systemwas stirred at 800 rpm (32[err]C) and air was bubbl ed
at the rate of 1 [err]/mn, 20 g of cal cium carbonate was added and the
reaction was carried out for 4 hours. _Thy reaction m xture, 2[err], was
then centrifuged at 8000 rpmto renove the cells and the supernatant was
passed through a colum (1.8 [err]) of HP-20 (aromatic synthetic absorbent,
M t subi shi Kasei). The colum was washed with Herr0 (8 [err]) and el ution
was carried oglushidnpDid &y hkanDlglacoeyl}p~cybiodbnatrén Na (1) and

6-0O-a-maltosyl-B-cyclodextrin in the treatment with
respective enzyﬁes are.shown in Fig. 11 through Fig.
14. '

The compouhd of the invention (1) was found to be
more stable than the control 6-0O-a-maltosyl-S-
cyclodextrin against enzymatic degradation with any of
a-amylase, glucoamylase and pullulanase. '

Particularly in the enzymatic degradation with
pullulanase, whereas the control 6-0-a-maltosyl-p-
cyclodextrin was decomposed about 60%, the compound of

the invention (1) remained substantially unaffected.



v

27.?8, 37.91, 37.96, 39.33, 39.41, 40.35, 42.12, 43.58, 43.91, 47.23,
*53.55, 56.86, 62.57, 70.07, 71.54, 72.49, 72.75, 75.75, 16 16, 76-+9%—
76.83, 77.51, 77.72, 77.78, 86.00, 86.97, 95.07, 97.60, 103.89, 103.94, q
153.50, 171.26, 171.89, 176. 23. Based on the above dBi het ?
was identified to be the disodiumsalt ‘conmpound (11) mh ‘
Nmﬂ:{mﬂ-GOZ{mﬂ-Gdﬁamﬁqmﬂ:{eHLGcLA
13-0-[2-0-([err]-glucuronyl)]-[err]-Dglucosyl, 19-0- [err]
glucuronylstexhghsdlsodlunlof the foll ow ng fornula (V).
[err]
1. A process for producing a saccharide carboxylic
acid or a salt thereof which comprises permitting a
microorganism belonging to the genus '

Pseudogluconobacter and capable of oxidizing a

hydroxymethyl group and/or a hemiacetal hydroxyl-
attached carbon atom to carboxyl group or a cell
preparation obtained therefrom to act on a
. hydrdxymethyl—-énd/or hemiacetal hydroxyl-containing
monosaccharide derivative, oligosaccharide,
oligosaccharide derivative, polysaccharide or polysac-
charide derivative to produce and accumulate the
corresponding carboxylic acid; and isolating said
carboxylic acid.
2. A process for producing a saccharide carboxylic
acid or a salt thereof which comprises permitting a
microorganism belonging to the -genus |
'Pseudogluconobacter and capable of oxidizing a
hydroxymethyl group to carboxyl group or a cell
preparation obtained therefrom to act on a
hydroxymethyl-containing monosaccharide derivative,
oligosaccharide,doligosaécharide derivative,
polysaccharide or polysaccharide derivative to produce
~and accumulate the corresponding carboxylic acid; and
isolating said carboxylic acid.
3. The process according to claim 1 or 2 wherein the
cell itself of said microorganism of the genus
Pseudocluconobécter is employed. _
4. A saccharide carboxylic acid such that at least
one hydroxymethyl group of palatinose has been oxidized
to carboxyl group or a salt thereof. _
5. A saccharide carboxylic acid. such that at least
one hydroxfmethyl groﬁp of D-trehalose has been
oxidized to carbole group or a salt thereof.
- 6. A saccharide cdrboxylic acid such that at least
one hydroxymethyl group of maltosyl-f-cyclodextrin has

/ O
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Exanple 9 As in Exanple 5, a Biot's 5-liter jar fernentor was charged
wth 30 g of stevioside followed by addition of 1.6 [err] of sterlllzed"_
water. While this reaction systemwas stirred at 800 rpﬂmigg&@ﬁgﬁégk

was bubbled at the rate of 1 [err]/mn, 20 g of caIC|um ded
and the reaction was carried out for 4 fipurs. The reacti ﬂm MMM rrj,
was t hen centrlfuged at 8000 rpmto renove the cells and

was passed through a colum (1.8 [err]) of HP- 20 (aromatic synthetic
absorbent, M tsubishi Kasei). The colum was washed with Herr]0 (8 [err])
“and el ution haencaxiaededutowchhbﬁ&yiegmam@ o@Sa[saﬂk)thEheo&luate

- 36 - coptain d Vi I I | S. product
was concentrated gn Fy pﬁﬁ?lzeSE%8§ ?ggl %i %5§% %h%@%% esg&der -Thi s
powder was reneyhyarbxzadthydngﬁeupanél2&@-pﬁ@vgdacopwmah@§$1ﬁéedIes Thi s

Product had AsEkahY SRR nhechBen! BXEHEMRCIBARKELI SRR Dx! B 02

salt thereof.
8. A saccharide carboxylic acid such that at least

one hydroxymethyl group of streptozotocin has been oxi-
dized to carboxyl group or a salt thereof.

9. A saccharide carboxylic acid such that at least
one hydroxymethyl group of heptulose has been oxidized
td carboxyl group or a salt thereof.

10. A saccharide carboxylic acid such that at least
one hydroxymethyl group of maltodextrin of formula (I)

CH;0H | CE,08
g-op D

(n=0-5) _
has been oxidized to carboxyl group or a §alt thereof.

11. A saccharide carboxylic acid such that at least
one hydroxymethyl group of a steviol glycoside of
formula

(1)

5,719 CO0—R,

[wherein R,=-f-Glc-2-B-~-Glc, -B-Glc-2-B-Glc,

] 3-B~Glc
-B-Glc-2-a-Rha, -B-Glc-2-a-Rha .

: 3-B-Glc
or -f-Glc; R,=-f-Glc or - B-Glc-2-B-Glc

THIS SHEET HAS BEEN
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28. 58 38.66, 38.71, 40.06, 41.04, 41.86, 42.00, 42.91, 44 33 48

- 54.50, 57.63, 73.11, 73.30, 73.45, 73.97, 74.08, 76.53, Replaced
-~ 77.89, 78.34, 78.39, 84.79, 86.79, 95.84, 98.21, 105. 46, 1 ﬂl"
171.93, 172.18, 172.95, 176.78. Bassyl -on t he above d ct
was identified to be the calciumsalt of conpound (I1) mhereln
Rlerr]=-[err]-Ac UA-2-Terr]-A cUA, Rerr]=-[err]-GcUA, nanely 13-
O[2-Oferr]-glucuronyl]-[err]-Dglucuronyl, 19-OJ[err]-D

gl ucur onyl st ekasl| beahconirdsakt ©b thebmeﬂogrqufornalaa@%lkhereof

[err] lZai?E%eségc ari%éscégngg@ﬁé 3%681%:80&%‘: oge! hél f L

Pseudogl ucono-"ba Saccharoket ogenes”an st &ri 28
wer e added towhergloftbabstﬁaaelrebéngpgsﬁeeLAaanavnneld@agﬁu@hewas carrled

~out at 32[6rrf§iﬂﬁig $Erh"iA%hich R, and R, stand for -B~Glc-2-B-
Glc and -B-Glc, respectively.

13. The saccharide carboxylic acid or salt of claim 11
wherein the steviol glycoside is rebaudioside-A of the
formula in which R; and R, stand for

. ~B-Glc-2-B-Glc and -B-Glc, respectively.
3-p-Glc

14. A saécharide carboxylic acid such that at least
one hydroxymethyl group of validamycin A has been
oxidized to carboxyl group or'é salt thereof.

15.° A saccharide carboxylic acid such that at least
one hydroxymethyl group of mogroside has been oxidized
to carboxyl group or a salt thereof.

16. A saccharide carboxylic acid -such that at least
one hydroxymethyl group of dextran has been oxidized to °
carboxyl group or a salt thereof.

17. A complex of a saccharide carbokylic acid or a:
salt thereof of claim 16 with a metal salt.

18. A process for producing a saccharide carboxylic
acid or a salt thereof which comprises permitting a
microorganism belonging to the genus '

Pseudogluconobacter and capable of oxidizing a

hemiacetai hydroxyl-attached carbon atom to carboxyl
group, or a cell preparation obtained therefrom to act
on a hemiacetal hydroxyl-containing monosaccharide
derivative, oligosaccharide, ocligosaccharide derivative,
polysaccharide or polysaccharide derivative to produce
and accumulate the corresponding carboxylic acid;and .
isolating said carboxylic acid.
19. The process of claim 18 wherein the cell itself of
_ said microorganism belonging to the genus Pseudo-
gluconobacter is employed.

'20. The process of claim 18 whefeln the hemlacetal
. £
) AL A IIII - | ‘“""'i" .




at 800 rpmunder aeration at 1.6 [err]/mn. The reaction system was
controlled at pH 6.3 with 2% NaCOH sol uti on. _

- 37 - When 3 m of 2% NaCH had been consuned, the reaction was stopped
and the reaction mxture was centrifuged to obtained the supernatant. The
reaction tinme was 135 mnutes. The supernatant was purified as in Exanple 5

to provide 10.16 g of white powder. - 5%he HPLC pattern (Rl detection) of
this product is shown in Fig. 5. IR (KBr)cn{err] : 3340, 1720, 1610, 1410,
1070 This product had an intense yet sunptuous taste. Exanple 11

A Biot's 5-liter jar fernentor was charged with 1 liter of the sanme cell
suspensi on of I¥dsteigal tcomobint vy pn&xﬂﬁnqhﬁﬂxﬁﬂnmﬁ;dﬂxtsmm |n Exanpl e 1

and 30 g of st%w gsﬁx ep%%éé)%e% E%lrézlﬁﬁaﬁ Q‘Fhé)f fn[t% éil zed -wat er

and 200 m of "Anb erre rle y as | RA-68)
to provide a r@ﬁiﬁqmmmnml@l}rﬁ@@mm \mrsvatreel &% 800 rpm

(32[err] O, wd’%??%%?ﬁ%? %y Heide systemat 1.6 [err]/mnm As the
supernatant fluid cease om/steV|03|de in 2 hours, the reaction was
st opped saccharlde carboxylic acid such that .at least
one hemiacetal hydroxyl group-attached carbon atom has
been oxidized to carboxyl group or a salt thereof.
23. A complex of the saccharide carboxylic acid or
~salt of claim 22 with a metal salt.
24, A proceés for producing a dextranylglucuronic
acid-iron hydroxide compiex which comprises reacting
dextranylglucuronic acid with ferric hydroxide sol.
-25. The process of claim 1 wherein the hydroxylmethyl-

containing oligosaccharide is sucrose.
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and the mxture was centrifuged to separate | RA-68. The IRA-68 was filled
into a colum ([err]/ 4 x 24 cn) and elution was carried out with 2 [err]
of 2N-NaCl. The eluate was passed through an HP-20 columm (0.5 [err]). The
colum was washed with 1 [err] of water and elution was carried out with
0.8 [err] of 50% MeOH H err]0. The elusge was concentrated to dryness to
provide 9.20 g of white powder. This powder was recrystallized from

met hanol - water (9:1) to provide colgs needl es, mp. 226- 230[err]C
(deconp.) Thi s product was |dé%rétﬁgg£to be 13 O-[err]-

sophor osyl -19- O [er [ brepietf AP i QaROSE Usapbky(y) achoyn | n Exanple

7. Example 12 As in Exanple 11, a Biot's 5-liter jar fermentor was
charged with 1 [err] of a cell suspension of
- 38 - Pseudogluconobacter sacchar oket ogenes and 30 g of a stevia

t t I Xt | db
add on of 1 [err TE GRS AP £ R ha B e B R EBS KR 0T O
reaction syst miﬂh@rsta _rsand: d&thea®®f prs (Gmreied ] sed rimathdthta oduced at
the rate Of'Lﬁ&éfgagﬁdﬂfgm/ﬁéfgﬁﬁing to the genus

Pseudogluconobacter and capable of oxidizing a

hydroxymethyl group and/or hemiacetal hydroxyl-
associated carbon atom to a carboxyl group, or an

- artefact derived from the microorganism, is permitted
to act on a hydroxymethyl and/or hemiacetal hydroxyl-
containing saccharide or saccharide derivative to

. produce and accumulate the corresponding carboxylic
acid;and the carboxylic acid so accumulated is
harvested;- -~ novel saccharide carboxylic acids
produced by the above production method, and by the
process, from a broad range of saccharides, saccharic
acids having carboxyl groups derived from hydroxymethyl
and/or hemiacetal OH groups can be produced with high
selectivity and in good yleld the resultant saccharide
acids are resistant to enzymatic degradation and have

- improved water solubility, among other characteristics.

This Sheet Has Been Replaced
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supernatant fluid ceased to show stevioside in 2 hours, ‘the reaction was
st opped and the reaction m xture was centrifuged to separate | RA-68 from

t he supernatant. The IRA-68 was filled into a colum ([err]/4 x 25 cm and
elution was carried out with 1 [err] of 2N-NaCl. The el uate was passed
t hrough an HP-20 columm (0.5 [err]). The colum was washed with 1 [err] of
~water and elution was then carried oyt with 1 [err] of 50% MeOH Herr] O
The eluate thus obtained was concentrated to dryness to provide 8.9 g of
white powder. The HPLC pattern (R:/Hetection) of this product is shown in
"Fig. 6. IR (KBr) cnferr]: 3500-3200, 1720, 1705, 1610, 1400 Exanple 13

A transgl ycosyl ated gl ycosi de (SK Sweet, Sanyo Kokusaku Pulp Co.), 30 g,
was oxi di zed and purified in the sane manner as in Exanple 6 to provide
28.3 g of whitBigawded. The [err]C NWVR spectrum (D err]O of this product
showed 8 signals (179.50, 179.46, 179.40, 179.37, 179.32, 179.26, 177.10,
177.07 ppnm) in the carbonyl-C region, suggesting that at |east one primry
aci d. group of the saccharide had been converted to a carboxyl group. This
product had a sunptuous sweet taste. Exanple 14 In the sane nmanner as
Exanpl e 11, 200 ng of nogro- side V, the hi §8&weet ness: gl ycol si de
occurring in Mnordica grosvenori was added o a suspension of 10 ni
equi val ent (0.32 g) of Pseudogluconobacter%% ccharoketogenes in 3 m of
~water followed by addition of 5 m of I RA-68F This m xture was stirred at

229
rpm 10.90

152

|

768

2560

652

3.86

Refractive Index

] Retention Tirr!c [min.]



- 39 - (30C) for 5.5 hours. The reaction mxture was allowed to stand
and the supernatant was decanted off. The residual IRA-68 was filled into a
- colum and the colum was washed with water (50 ml). Then, elution was
~carried out with 0.01N-HCl1l. The eluate was collected.-and |yophilized to
- provide a white powder (32 ng). Based on its IR data [(KBr)cnferr] 3300,
1600, 1410, 1060- 1000], it was cppf4irmed that the glucose chain had been
converted to the uronic acid..  This product had a sweet taste resenbling
that of sucrose. Exanple 15 In 60 mM of sterilized water was dissol ved
1.0 g of rubusoside followed by addition of 13 m of |IRA-68. Then, 30 m of
the cell suspension of Pseudogl uconobacter sacchar oket ogenes described in
Exanpl e 1 was aiditreard the reaction was carried out at 32[err]C with
stirring at 600 rpmunder aeration at the rate of 60 [err]/mn. for 240
m nutes. The | RA-68 was separated fromthe reaction m xture and filled
into a colum. The colum was rinsed w@B15 m of water and el ution was
carried out with 200 nl of 2N-NaCl solutipn at SV=0.5. The eluate was
applied to an HP-20 colum (20 nl). The c8lo8m was washed with 150 ni - of
~water and elution was carried out with 50pyeCOH solution (100 m) at
SV=0.5. The el uate was concentrated tOéjF rg(ses and the crystalline residue
was recrystallized from ) '

12.16

{820

416 11.38

Refractive Index

Retention Time (min.]



~
s

Jjret hanol to provide 0.48 g of colorless grainy crystals. mp. 184-188[err]C

(‘deconp.) Elenental analysis for CerrJ]Herr]Jerr]Na.5H err]O Cal cd. :
C, 49.99;" H 7.47 Found C, 50.05; H, 7.54 Table [err] CGNWR
Spectral Data (Solv. Dierr]O assignment - [err]c ppmassignnment [err]c ppm
1 40. 16 . 97. 83 2 18. 43 -2 72. 36
- 40 - -3 37. 24 -3 76.39 4 43. 14 .4
70. 43 5 56. 37 5" SHYE 32 6 21.08 6' 55. 93
7 40. 93 8 41. 44 a © 94. 05 9 52. 97 b
- 71,77 10 38. 80 C 76. 96 11 19. 84 d 61. 13
12 36.58 e 73. 60 13 84. 83 f 171. 82 14
43. 42 )
Figure 3
898
792
:
745
1 S92
666] |
4
)

262

{

Refra ctivé Index

" Retention Time [rhin.]



15 47.12 16 153. 02 17 104. 03 18 28. 02 19
175. 75 20 15. 16 Based on the above data, the product was

identified to be the conmpound of the following formula (VII).
- 41 - [err] '

4/14
Figure 4
?’.’89
858
10.03
6.78
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This product (VI1) was found to be a quality high- sweetener resenbling

purified sucrose w thout bitterness. Exanple 16 Fursul tiam ne
hydr ochl ori de 10 ny Vitam n B2 .
2 ny Taulin _ ’ 1000 ng Benzoic acid
30 ny Butyl p-hydroxybenzoate 2.5 ng G ucuronic
. aci d-type stevioside sodi um sal t (I V) _ 50 ny
- Citric acid 5/14 100 ny d yci ne
' 500 ny A drink was produced according to the above formula by the

~ nmet hod descri bed bel ow. Thus, butyl p- hydroxybenzoate and benzoic acid

wer e di ssolved in about 30 n1 of prewarned water at about 70[err]C Wen

t he sol ution had cool ed to about 25[err]C, fursultiam ne hydrochl ori de,
vitamn B[err],FtIBFPn? gl ucuronic acid-type stevioside (a sweetner),
citric acid and egC|ne wer e di ssol ved. The whol e solution was adjusted to
pH 3.5 with 1IN sodi um hydroxi de and made up with water to 50

8{%0
earz
947

262

Refractive Index

Retention Time (min.)



- 42 - m . Exanple 17 First, 30 g of precipitated cal ci um
carbonate, 5 g of magnesi um carbonate, 58.5 g of |actose and 6 g of
hydroxypr opyl cel | ul ose were evenly bl ended and, after 30 nl of water was

: added, the conposition was granul ated. The resultant granul ati on was dried
- and pul verized. The powder thus obtained was bl ended with 0.05 g of

gl ucuronic acid type stevioside (a corrigent) and 0.5 g of nagnesium
stearate and the resultant conpo ion was conpressi on-nol ded to provide
tabl ets each wei ghing 200 ng and sized 8.5 nmin dianeter. Exanple 18

A Biot's 5-liter jar fernmenter was charged with 1.5 [err] of the cel
suspensi on of Pseudogl uconobact er sacchar oket ogenes described in Exanple 1
and 30 g of dextran-4 (nol. wt. 4000-6000, Extra Synthese, France) followed
by addition of_lJ?%egr] of sterilized water. The reaction was carried out
at 32[err]C\M§49¥ﬁ rting at 600 rpmunder aeration at the rate of 1.6
[err]/ mn., with 0.5% NaOH.sol uti on being automatically added dropw se so
as to maintain the reaction systemat pH 6.3 throughout the reaction. The
reaction was stopped after 3 hours andgﬁﬁb reaction mxture, 12.0 [err],

- was refrigeration-
785
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X
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centrifuged at 8000 rpmto renove the cells and provide 1.98 [err] of
“supernatant fluid. This supernatant was filtered through a cell ul ose
acetate nenbrane filter ([err]/0.2 - [err]) for further renoval of cells.

+ -This filtrate was passed through an Anberlite IRA-80 (OH form columm (50
m ) and the col um was washed with a small amount (100 m) of water to
recover 2 [err] of effluent. - Thirg1ef fl uent was applied to an HP-20 col um
(900 mM) and elution was carried out with 2 [err] of water. The initial 700
m portion of the eluate was discarded and the succeeding 3.3 [err] portion
was collected. This fraction was acidified with 13.8 m of concentrated

- 43 - hydrochloric acid and filtered through a cellul ose acetate
menbrane -filter ([err]/0.2 [err]). The filtrate was applied to 100 m of
Sephabeads (t Fddgmrend) SP205 (M tsubishi Kasei). The adsorbent was.washed
with 700 M of 0.05 MHO and 2 [err] of water and elution was carried out
with 2 [err] of 20% MeCH solution to provide the desired fraction. This
fraction was con e—to provide 14 g of
dextranyl glucurdnic _acid as white pomder HPLC .ygis qf trﬂg%gpgoduct
(conditions: Asaghi Pack GS320 3 '
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([err]/7.6 x 50 nm Asahi Kasei), nobile phase, water 1 m/mn, detection:
RI (Waters 410) and 200 nm ( Tosoh UV-8020), sanple, 20 [err] of 0.5% aq.
solution) gave a single peak-at Rt=8.48 (Rt of starting dextran=10.83).

For the structural identification of this product, an enzymatic di gestion
experinment was carried out. Thus, 100 [err] of glucoanyl ase (Wako Pure

. Chem cal) solution (4 mg/mM) was added to 100 [err] of a 1.5% aqueous
“solution of the above product amgjshe m xture was incubated at 30[err]C for
24 hours. This enzymatic digest was analyzed by HPLC. As control, dextran-4
- was al so subjected to glucoanyl ase treatnment. The results indicated that
~the product of this exanple was not digested by glucoanylase. On the other
hand, dextran-4 was di gested by gl ucoanyl ase so that the substrate

di sappeared whil e glucose was produced. Based on the above findings, the
product was identified to be dextranylglucuronic acid of formula (VIII)
(wherei n n=15)Figsaemde 19 In the sane manner as Exanple 1

Pseudogl uconobact er sacchar oket oaenes K591S was cultured in peptone yeast
(PY) .nmedi um cont ai ni ng 1% Bact opept one and 1% yeast extract at 30[err]C on
a rotary shaker—at—236—+pmat—pH—+—5—For—3—days—yHhgresthtant -cul ture was
transferred to |a nmain cul ture. peptone-yeast § Sﬁg-o
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- 44 - nedlun1(PY) and incubated at 30[err]C with addition of 0.1%

"cal cium chl ori de under shaking at 230 rpmfor 48 hours. The resul tant

culture broth was centrifuged at 10000 rpmfor 10 m-nutes. The cell pellet
was washed with 500 m of water to recover 7.5 g of cells per liter of
broth. Then, 30 g of dextran-4 (nmol. wt. 4000-6000, Extra Synthese, France)
was dissolved in1lferr] of watergsamd a suspension of 56 g wet cells in 1
[err] of water was added. The reaction was carried out at 32[err] C under
stirring at 800 rpmand aeration at 60 m/mn, with addition of 0.1% NaCH
solution so as to control the systemat pH 6.3, for 6.5 hours. The reaction
m xture was centrifuged and the supernatant, 2 [err], was recovered and
passed t hr oughFagRERbPane filter for removal of cellular conponents. The
filtrate was applied to an HP-20 colum (900 m.) and the col um was wdshed

" with 2000 ml of water. The effluent was acidified with concentr ated

~applied to an

~ this product (clonditions: Asahi Pack GS 320 ([err

he fl,J_,tdrate was
ers—w@s b el with
on was carried
nd | yophilized to
L C anal ysi s of

k 50 nm Asabhi

PO0 nm ( Tosoh

p peak at

inder t he

P- 205 columm (100 m) and after
0.05 MHC1 (1000 m) and, then, with water (2000
out with 20% MejOH (2000 m ). The eluate was conc
provide 14 g ofj dextranyl gluconic acid as white

hydr ochl ori c ang and Ti1Ttered through a nenbran

Kasei); nobile phase, water 1 m/mn; R (Waters
UV-8020), sanplle 20 [err] of 0.5%aq. sol.) sho
Rt =8. 70. When this product was digested with glu
condi tions desclibed above, it
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was readily digested, giving rise to glucose and gl ucosyl gl uconic acid.
Therefore, this conmpound was identified to be dextranyl gl uconic acid.

Exanpl e 20 As in Exanple 19, Pseudogluconobacter saccharo- ket oaenes
was cul tured and 50 .g of the cells (wet
- 45 - cells) were added to-a solution of 30 g dextranyl glucuronic acid

(prepared-by the procedure of Exanple 18) in 1 [err] of water. The reaction
was conducted at 32[err]C under siPfi#ng at 800 rpm and aeration at 60
m/mn. for 21 hours, with 0.1% NaCH sol uti on being gradual |y added so as
to control the reaction system at pH 6.3. The reaction m xture was '
centrifuged and the supernatant, 2 [err], was filtered through a nmenbrane
filter to furt®gumde the cells. The filtrate was "applied to an HP-20
colum (900 m ) and elution was carried out with 1.5 [err] of water. The
eluate was concentrated and | yophilized to provide 12 g of sodiumsalt of

gl ucur onyl dext r phyH-g-usoni-c—aci-d—-ot--general—formda—{+>—as whi.te powder.
HPLC: Rt=9.12, pne peak ' o Hdd. o




HPLC paraneters and settings: colum GS-320, nobile phase Herr]O,
ffowrate 1 mM/mn, detection RI [err]CNVR (Dlerr]0) [err]: 179.554,

178. 119, 172.434 with an intensity ratio of 1:0.5:0.5. The peak at 179.554
was assigned to the carbonyl-C of the glucuronyl noiety and the other peaks
to the carbonyl-C of the gluconic acid noiety (partial '|actonization was

., assuned) . Exanple 21 A 50% aquegqus sol ution of ferric chloride hexa-

. hydrate, 50 m, was warnmed to 30[err]C and 50 m of 24% HaCO3 sol uti on was
. added dropwi se thereto under stirring at- 0.4 m/min. Then, 50 Ml of a 10%
~solution of the dextranyl gl ucuronic acid of Exanple 18 was added dropw se
at 3 mM/mn, with 16% Na[err]CJ err] sol ution being added portionw se at
the rate of 0.4 m/mn. so as to control the reaction systemat pH 4.3.

: Then, 200 ml ofFieE}u?%nolll was added and the m xture was stirred well to

- prepare a slurry. isSlurry was centrifuged (5000 rpm) and the pellet was
recovered and dissolved in 40 ml of water. This solution was stirred well
with 60 m of ethanol and the m xture was centrifuged to renove
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the soluble fraction. The precipitate was evenly dispersed in 20 ml of

wat er and using an evaporator, the ethanol was renoved under reduced
pressure. The residue was adjusted to pH 5-6 by adding 10% NaCH sol uti on at
the rate of 0.2 m/mn. under vigorous stirring, after which it was heated
at 100[err]C for .20 m nutes. Then, phenol was added at a final

I concentration of 4 ng/m to provige/2f m of dextranylgluconic acid-iron
: hydroxi de sol. Intranmuscular admnistration of 1 m of this product to
. young pigs produced marked i nprovenents in anem c synptons. A

gl ucur onyl dext ranyl gl ucuroni ¢ aci d-iron hydroxi de sol could al so be

~produced in therisaime mgnner and showed a significant aneliorating effect on

anem a in young pigs. Exanple 22 Production of dextranyl gl uconic
acid-iron hydr oxi de sol In 100 mM of water was dissol ved
100 g of ferric chloride (FeC[err].6Herr]O and the solution was
sonicated with Branson B-220 for 1 hour to obtain a honbgeneous sol ution.
This solution was made up with mater to 200 m and transferred to a 500 ni

beaker. Under thorough stirri t 30%}1 00 m of 24% sodi um carbonate
sol ution was added at the rat eoamiyl to provide a light
yel |l ow-brown ferric hydroxide - erric hydroxide sol, J100 m,

was taken in a 300 beaker and under thorough stirring at 30[err]C, 50 mi
of 10% dextranyl gl ugoni ¢ aci d ,sol uti on was gradual Ly added. Then, 16% NaCO3
sol ution was addag91 My a 1 ~ 0.2 mM/mn. to adjust .

the mxture to_p Then, 200 m of ethanol was added with stirring and

- the resujtant FecipgiYate was recovered by centrifuging and suspended
-~ evenly in 80 rrio oBomter To this suspension was added 120 mnl -of et hanol

for
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repreC|p|tat|on and the precipitate was coll ected by centrlfugatlon Thi s
procedure was carried out once - 47 -
again and the final precipitate was suspended in 20 m of water. Under

t horough stirring, 10% NaOH sol ution was added at the rate of 0.1-0.2
m/mn. until the pH becane 6.0. This solution was autoclaved at 120[err]C
_for 10 mnutes, after which phenoliifisal conc. 1% was added . as the

- preservative. The solution was then concentrated in an evaporator to

* provide a dextranyl gl uconic acid-ion hydroxide sol. This sol was found to

be very stable. Its properties were as follows. Total iron salt: 200
nmg/ M, viscosity 32 cP, elec- trical conductivity 47 nS/cm Exanple 23
Di al yti c conversion of dextranyl glucuronic acid to iron salt

A 50% aqueous sdliguiren 13 ferric chloride hexa- hydrate, 50 m, was warned
. to 30[err]C. To this solution was added 50 m of 24% Na2CO3 sol ution -
- portionwise at the rate of 0.30 mM/mn. with vigorous stirring to provide a
bl acki sh ocher-colored iron hydroxide sol (pH 1.54). This iron hydroxide

sol was transferred to a :
l Pullulanase
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fdialysis tube and di al yzed agai nst ultrapure water overnight. This iron
kydr oxi de sol dialyzate, about 170 ml, was bl ack-brown and showed a pH

val ue of 4. 47. To this iron hydroxide sol dialyzate was added 50 m of
a 10% aqueous solution of the dextranyl glucuronic acid obtained in Exanple
18 and the m xture was stirred -thqroughly and adjusted to pH 4.3 with 16%
Na[err]CJerr] solu- tion. The m>&4ﬁ%§vww then autocl aved at .100[err] C for
+ 30 mnutes, after which it was adjusted to pH 12 with 10% NaCH sol uti on.

- This m xture was autocl aved again at 121[err]C for 20 m nutes for thorough
~dissolution to provide a bl ack-brown dextranyl glucuronic acid-ferric

hydr oxi de conpl ex solution. This conplex solution was dialyzed by overni ght
di al ysi s usi ng Fhgus@nd4di al ysi s tube as above and, then, phenol was added
at a final concentration of 4 ng/m to provide 22 ml of an

- -48- i njectabl e sol of dextranyl glucuronic acid-ferric hydroxide

conpl ex. This product was a stable sol having the foll ow ng properties.
Total i-ron salt concentration; 201 ng/m, viscosity 23.9 cP, electrical

conductivity 3.7 nS/cm I ntranuscul ar adm ni stration of this product,
1

B -glucuronidasef
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m , to anem c young Sw ne resulted in a narked |nprovenent i'n anenic

synpt ons. ~ Dextranyl gl uconi c acid-ferric -hydroxi de conpl ex could al so
he produced in the same manner as above. This conplex was also found to
produce a marked inprovenment in anem a in young swi ne. Exanple 24 In

the sane manner as Exanple 11, a Biot's 5-liter jar fernmenter was charged
with 1 [err] of Pseudoal uconobacter saccharoketogenes cell suspension and
30 g of rebaudioside-A followed by adgiption of 1.5 [err] of sterilized
water and 400 ml of IRA-68 to prepare a reaction system Wiile this system
was stirred at 600 rpm (32[err]C), ghgr¥REpbubbl ed through the m xture at
1.6 [err]/mn. The rebaudi osi de- A drsappeared fromthe supernatant fluid in

one hour. The reaCt'ﬁHbﬁﬁéTIéﬁeé?f§£@CHAﬁfﬂtn@ﬁﬁﬂoﬁ?ﬂFEA%ng%Ct'On m xture

was centrifuged to separate the supernatant fromt The | RA- 68
was filled into a colum ([err]/4 x 40 cm and elution was carried out with
2N-sodi um chl ori de solution (8.1 [err]). The eluate was applied to an HP-20

(1 [err]) colum f [ t was r| h wat er
(8 [err]), el utlon S carsr’rgl eio ?gw&{lﬁfégﬁ ggbﬂg?ﬁanol &\\%%e t he
obj ective uromgicddagini-a fsakit ridherepbsidechesactenisadt in thatTae above
product was Cg YR A ¥, iﬁézg Eﬂeﬁggﬁhge 10.6 g of colorless

powder. This powder mas recrystaltized from Herr]Oto give 10.6 g of
col orl ess nee&E@&QﬁQ&-E&&RE&E}E£(ﬂ% ofippabip efapxi¢dizdéngodP col um,

- acetonitril e- Widfoxymdkhil Pfoupi&nd/or hemiacetal hydroxyl-

associated carbon atom to a carboxyl group, or an

—~ -artefact derived from the microorganism, is permitted ™ —  -.
to act on a hydroxymethyl and/or hemiacetal hydroxyl-
containing saccharide or saccharide derivative to -

- produce and accumulate the corresponding eerb02ylic
acids;and the carboxylic acid so accumulated is
harvested; -~ novel saccharide carboxylic acids
produced by the above production hethod, and by the
process, from a broad range of saccharides, saccharic
acids having carboxyl groups derived from hydroxymethyl
and/or hemiacetal OH groupe can be produced with high
selectivity and in good yiéld; the resultant saccharide
acids are r&sistart to enzymatié degradation and have

improved water solubility, among other characteristics.
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- 49, 5 product showed a single peak at Ri=9.70. [err] CG-NVR (D err]0)
ppm~ 18. 06, 21.52, 22.91, 24.19, 30.89, 39.51, 40.15, 42.02, 43.01, 43.73,
44,58, 46.69, 46.79, 49.89, 56.17, 59.64, 63.51, 63.71, 64.37, 71.36,
72.43, 73.14, 74.40, 74.67, 76.29, 76.99, 78.12, 78.70, 78.72, 78.81,
78.93, 79.27, 79.38, 81.49, 87.99, 90.31,596.64, 98.70, 104.87, 105. 06,

107. 32, 155.99, 177.79, 181.64. Based on the above data, this product
was identified as sodiumsalt of the conpound of formula (11) wherein
Rlerr]=-[err]-Ac-2-[err]-Ac, Rerr] =-[err]-AcUA, that is to say the

| 3-[err]-Gc coWRIMND) 2hd EONELOLnG-PornmRdtoRyl-B-cyclodextrin ~ [err]
| (legend: G2-B-CyD) using a-amylase. -
: Fig. 12 shows the results of stability assays
(time courses of % residues) of 6-O-a-D-glucuronyl(14)-
a-D-glucosyl-f-cyclodextrin Na salt .(legend: G2-$-
CyDCOONa) and control 6-O-a-maltosyl—B-cyclodextrin'
(legend: G2-f-CyD) using glucoamylasé. i
Fig. 13 shows the results of stability assays
~ (time courses of % residues) of S-O—a—Dleucurony1(14)—
a~D-glucosyl-f-cyclodextrin Na salt (legend: G2-8-
CyDCOONa) and control 6-O-a-maltosyl-B-cyclodextrin
(legend: G2-B-~CyD) using pﬁllulanase.
Fig. 14 shows the results of stability assays
(time courses of % residues) of 6-O-a-D-glucuronyl(l4)-
a-D-glucosyl-p-cyclodextrin Na salt (legend: G2-f-
- CyDCOONa) and control 6-O-c-maltosyl-f-cyclodextrin
(legend: G2-B-CyD) using fB-glucuronidase.
’ Summary of- the Invention
After an intensive exploration into the microbial
world for accomplishing the above object, the inventors
of the present invention discovered that
Pseudogluconobacter saccharoketogenes oxidizes a broad
spectrum of hydroxymethyl(-CH,0H) and/or hemiacetal
hydroxyl-containing saccharides and saccﬁaride
derivatives readily, in good yield and,with high
selectivity and that, to a great surprise, these
microorganisms were very liberal in substrate
é specificity, thus being remarkably versatile bacteria.
| : The present invention has been developed on'the basis
of the above findings.

The present invention is directed to:

A process for producing a saccharide carboxylic
acid or a salt thereof which-cbmprises permitting
microorganism belonging to the genus

. Pséudogluconobacter and capable of oxidizing a
hydroxymethyl group and/or a hemiacetal hydroxyl-
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Test .Exannl e The stability against enzymati c degradation of the
6-O[err]-Ddgl ucuronyl (14)-[err]-D-glucosyl-[err]-cyclodextrin Na salt (1)
obtai ned in Exanple 4 was evaluated using a variety of enzynes. As a
control substrate, 6 0-a- maltosyl-[err]-&yclodextrin was used. Met hod

To aliquots of each test cyclodextrin solution (10 MM in water were added
t he under - nattached earbenztomstp caswpyt gronpl or, a eelt préparaioprebdeihed thdne:ﬁbmrtmaat ,

d h
“ncubat ed | 322 BRI gpdly repaopa Iydrosydpiaining G Mafie BRI
m xt ur e was©olgespegharide opligasacchadds, derivativest palpsicelaride crropolwcahaﬁmpe@rxvetwe

i nactivate {degreddeend | hccommldid elfie C&Hdsh <f> datbox9fie AAM ad M %aaam%
fllteredthro h.a MlIlipore USY-1 fllter (cut of f m)lecular wei ght 10, 000).
ng lic acid.

The filtrat&T
More particularly, the invention is directed to a process for producing a saccharide

carboxylic acid or a salt thereof which comprises permitting a microorganism of
Pseudogluconobacter saccharoketogenes capable of oxidizing a hydroxymethyl group
and/or a hemiacetal hydroxyl-attached carbon atom to carboxyl group ora cell
preparation obtained therefrom to act on a hydroxymethyl- and/or hemiacetal hydroxyl-
containing monosaccharide derivative, oligosaccharide, oligosaccharide derivative,
polysaccharide or polysaccharide derivative to produce and accumulate the corresponding
carboxylic acid and isolating said carboxylic acid.

The invention is also directed to a process for producing a saccharide carboxylic
acid or a salt thereof which comprises permitting a microorganism of
Pseudogluconobacter saccharoketogenes capable of oxidizing a hydroxymethyl group to
carboxyl group or a cell preparation obtained therefrom to act on a hydroxymethyl-
containing monosaccharide derivative, oligosaccharide, oligosaccharide derivative,
polysaccharide or polysaccharide derivative to produce and accumulate the corresponding
carboxylic acid and isolating said carboxylic acid.

The invention is further directed to a process for producing a saccharide carboxylic
acid or a salt thereof which comprises permitting a microorganism of
Pseudogluconobacter saccharoketogenes capable of oxidizing a hemiacetal hydroxyl-
attached carbon atom to carboxyl group, or a cell preparation obtained therefrom to act
on a hemiacetal hydroxyl-containing monosaccharide derivative, oligosaccharide,
oligosaccharide derivative, polysaccharide or polysaccharide derivative to produce and
accumulate the corresponding carboxylic acid, and isolating said carboxylic acid.

" The invention is also directed to novel saccharide carboxylic acids such that at least
one hydroxymethyl group and/or hemiacetal hydroxy group of the corresponding
saccharides or saccharide derivatives has been oxidized to carboxyl group.
| DETAILED DESCRIPTION OF THE INVENTION

The microorganisms of the genus Pseudogluconobacter which can be employed in
the present invention can be any strain of microorganism of said genus that is capable of
oxidizing the hydroxymethyl group and/or hemiacetal hydroxyl carbon atom of
saccharides and include the mutant strains obtainable by subjecting said microorganism
to the conventional mutagenic treatment such as treatment with a chemical mutagen,
eg nitrosoguanidine, ultraviolet radiation, genetic engineering and so on. Particularly
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was diiluted 10-fold and anal yzed by HPLC under the foll ow ng conditions.

HPLC paraneters and setti ngs: Col umm: NH2P-50 ( Asahi pak) Mobi | e phase:

CH err]CN: H err] 0=48: 52 suppl emented with 0. 005 "MPIC
r eagent Flow rate: 0.8 m/mn. Det ect #8n: R - Fromthe HPLC data
- for each of the sanples obtained above, the tine course of %residue of

cycl odext ri prefesed etecstraimseof Pysudaglico@obacrartsescharoketogenes. Rirticeladynthe used,

thel 1o of oo} NGhins GRS HALA EuRiRaR Peiei RUPARLAEP AN 2IR07 can be

. origin

enzyme (uni feentiensd a tenieql exgpplese Baci |l us subtilis 20
ﬁ Emzo Eure ghhem&ﬂb%lu@ﬁbbﬁét@Yk&%ﬁamketogenes E|h' EoloulsI sp. _ 1(2)
(6] ur e e ( ) epsi e a pneunoni ae
( Hayashi bar a) Fggﬁ’seﬁiéi}%ﬁﬁ;@ég IFO 14404 ¢ Li ver 700

- (Wako Pur e @heRiaudbglucortobdober sdccharoketogeheson the unit prescribed in the
i ndi cation atta(‘laf_a_c}j F%M%ﬁ-ffﬁﬁ?bvﬁﬁ?mmi ally avail abl e enzynes.
hé Ti ses’o

Resul ts T ne cour Yoresi due of 6-O[err]-D
e Pseudogluconobacter saccharoketogenes

TH 14-86: FERM BP-1128, IFO 14466
o Pseudogluconobacter saccharoketogenes
12-5: FERM BP-1132, IFO 14482
» Pseudogluconobacter saccharoketogenes
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52 .. - ' CLAI M5 1. A process for
producing a saccharide carboxylic acid or a salt thereof which conprises
permtting a mcroorgani sm of Pseudogl uconobacter saccharoket ogenes
capabl e of oxidizing a hydroxynethyl gro® and/or a hemi acet al

hydr oxyl - attached carbon atomto carboxyl group or a cell preparation
obtained therefromto act on a hydr oxyGREAIMS and/ or heniacetm

hydroxyl - cont i 1 gy BRBASAR A e Lo Coarb if&i&&g 4 thereof which

ollgosaccharlde derl I ve sa er lvative to
produce andompriset| parmitting gomlér@pmmsmg Qifarfb oaeh@teéndw%mﬁoagn@au d

car boxylic (ﬁ?ﬁlﬂe of oxuﬁzmg A B&%ﬁ?ﬁeﬂmﬂ gRopURA/OF £ heafadRa mr@@llaﬁmddc

acid or a sa her eo I C ri ses ermttln nlsm
Pseudogl uc GBI Algm §‘éc’:’w\éwﬂ?9x¥k effed @ﬁpﬁ%’?@raﬂ?gﬁfad?“é{ ﬁlj’r ‘Wo‘?o@&?n‘é‘l Ayl
gr ﬁug to Cafyid@mwh meghylt pat/on leszhihcepal e hadrakibcontdihiag n enbriokzochinidem devivative,on
a hydr oxynet nt C e r

o1 1 gosasondiesachBidh Y GRsRRRRER GRRANE FeFhURRHAE or B IRGANS efifasive
produce anctoapmdmeaami taceumanlatee ghso reatasp H’Eoﬂgﬂbpli)’]&l%ﬁﬂfblﬂldl 49 %tmgngasla
carboxylic ‘%ﬁ?‘?‘y . The process according to claim 1 or 2 wherein

se OF E’seudog

th [ 1 | bact h t i o
4, © Zesaccharl de caﬁ%%ﬂﬁ g‘%&?fg u‘gﬁﬁ:grsﬁs C(i%ﬁa‘r’ar% 3 %eoar?é‘ine Hlparsgﬁp}h%% ﬁgwhtﬁhoup
gf pi' ati ”ﬁﬁﬁlﬂﬁb‘és ﬁm diaz Qﬁigﬁo@rga&tshpwﬂ }gexm@lmnobanén stbohueaketogenes
. sacchari C su
of Dt rehal GRERAL B@@W’ﬁ& eS8t 10 caRfNy) 306 4 o Y B bbbt P
6]; AI tsacc lmbtauied cherbframl toc actconl & hydroxymethyl-consainingomenpsadeharideedariMatiye.oup
of maltos
y Qi g%@ééch&%&é ﬁ%ﬁ;{cbﬁa: ddee?f?g_ir?%é);ﬂyoﬁséé‘&ahﬁe ©R bcHafiae meﬂflaﬁ’ve

Py oxyrmet 91 Pedgp a1d ACCHREIE 5. QORSEISPHEMo SHPORYBE 51t 4k RS B
oxi di zed t q:ag@d@gé%i(gr oup or a salt

3. The process according to claim 1 or 2 wherein the cell itself of
Pseudogluconobacter saccharoketogenes is employed.

4. A saccharide carboxylic acid such that at least one hydroxymethyl group of
palatinose has been oxidized to carboxyl group or a salt thereof.

5. A saccharide carboxylic acid such that at least one hydroxymethyl group of
D-trehalose has been oxidized to carboxyl group or a salt thereof. |

‘6. A saccharide carboxylic acid such that at least one hydroxymethyl group of
maltosyl—B-cyclodextrm has been oxidized to carboxyl group or a salt thereof.

7. A saccharide carboxylic acid such that at least one hydroxymethyl group of
2-0-0-D-glucopyranosyl-L-ascorbic acid has been oxidized to carboxyl group or a salt
thereof. '

8. A saccharide carboxylic acid such that at least one hydroxymethyl group of
streptozotocin has been oxidized to carboxyl group or a salt thereof.

9. A saccharide carboxylic acid such that at least one hydroxymethyl group of
heptulose has been oxidized to carboxyl group or a salt thereof.

10. A saccharide carboxylic acid such that at least one hydroxymethyl group of
maltodextrin of formula (I) '
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t her eof . 8. A saccharlde carboxyllc acid such that_gL__gasL_one_—————
hydroxynethyl group of streptozotocin has been oxidized to carboxyl group

or a salt thereof. 9. A saccharideacarboxylic acid suihis Shéeatlas
one hydroxymethyl group of heptul ose has been oxidized to.ca HH‘M“

a salt thereof. 10. A saccharide carboxylic aC|d such
one hydroxynet hyl group of maltodext |n of fqQrmula (
[err] has been oxi di zed teH thereof 11. A

sacchari de carboxylic acid gu

ydroxynethyklgroup of a
steviol glycoside of fornmnul

(n=0-5)
has been oxidized to carboxyl group or a salt thereof.

11. A saccharide carboxyhc acid such that at least one hydroxymethyl group of a
steviol glycoside of formula

(11)

[wherein R; =-B-Glc-2-B-Glc, -B-Gle-2-B-Glc,
: \

3-B-Glc
-B-Glc-2-o-Rha, -B-Glc-2-0-Rha,
\
3-B-Glc

or -B-Glc; Ry=-B-Glc or - B-Gle-2-B-Glc
has been oxidized to carboxyl group or a salt thereof.

12. The saccharide carboxylic acid or salt of claim 11 wherein the steviol
glycoside is astevioside of the formula (II) in which R; and R, stand for -B-Glc-2-B-Glc
and -Glc, respectively.

13. The saccharide cai‘boxylic acid or salt of claim 11 wherein the steviol
glycoside is rebaudioside-A of the formula in which R; and R, stand for
-B-Glc-2-B-Glc and -B-Glc, respectively.

\
3-B-Glc

"14. A saccharide carboxylic acid such that at least one hydroxymethyl group of
validamycin A has been oxidized to carboxyl group or a salt thereof.
 15. A saccharide carboxylic acid such that at least one hydroxymethyl group of
mogroside has been oxidized to carboxyl group or a salt thereof.
16. A saccharide carboxylic acid of forn.lula.(V IIT)

.

O )H-0H (VIII)
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[err],

.. [wherein Rerr] =-[err]-dc-2-[err]-dc, ;[err]-GIc-Z-[err]-GI
3-[err]-dc -[err]-Ac-2-[err]-Rha

-[err]-d c-2-a-Rha,

3-[err]-dc or -[err]-dc; R[err]::5[4err]-Gc or -

[err]-Ac
t her eof .

\FAa[h g; (rai nt g%eﬁd@vwnoa&d@;ofdcdwoketag@y icasablieofdxitizingf 0 hydriozyfethyl grouphioch
an

seriogy] oot gl pebalitn had oiafratisf afth § o SRAT B

13. The s

-2-[err]-dc has been_oxidized to, I . . I
(wherei 1 s AUeRRar PEIG. 6,0 pPRIACPY) BoFmEig o RiEiogT s of

C,

gl ycosi de dfsiexem,untiaasaltjﬂaemoﬁf the fornula in which Rlerr] and Rerr] stand
for -ferr]-d - [R'%h ;;()i%xcof%gﬁc' fcfe]caf'ﬂho%?rlié Ec?ﬁﬂ’%PE'sﬁl?hiéreof of claid- 16With=G C
DOXY at at

14. A sac

chari'dé car

of vali darm@ﬂl_rﬁak-has been oxi dized to carboxyl group or a salt thereof.
15. A saccharige CcRIppeeess fer prokitcifidl @hsatdiatidetatbogyic avid ohydalieredfiwhidy oup

of nogros
16. A sac

oaATRES CORTBUPEL @ APy it S ponBodBer ghllafSterogenes
capable of oxidizing a hemiacetal hydroxyl-attached carbon atom to carboxyl group, or a
cell preparation obtained therefrom to act on a on a hemiacetal hydroxyl-containing
monosaccharide derivative, oligosaccharidé, oligosaccharide derivative, polysacché.ride
or polysaccharide derivative to produce and accumulate the corresponding carboxylic
acid, and isolating said carboxylic acid. '

19. The process of claim 18 wherein the cell itself of Pseudogluconobacter
saccharoketogenes is employed.

20. The process of claim 18 wherein the hemiacetal hydroxyl-containing
polysaccharide is dextran.

21. The process of claim 18 wherein the hemiacetal hydroxyl-containing
polysaccharide derivative is dextranylglucuronic acid.

22. A saccharide carboxylic acid of formula (IX)

(wherein n is an integer of 1 to 50), hemiacetal hydroxyl group-attached carbon atom has
been oxidized to carboxyl group, obtained by permitting a microorganism of
Pseudogluconobacter saccharoketogenes capable of oxidizing a hemiacetal hydroxyl-
attached carbon atom to carbo:_cyl group, or a cell preparation obtained therefrom to act
on .a hemiacetal hydroxyl-containing monosaccharide derivative, oligosaccharide,
oligosaccharide derivative, polysaccharide or polysaccharide derivative, or a salt thereof.

23. A complex of the saccharide carboxylic acid or salt of claim 22 with a metal
salt. .

24. A process for producing a dextranylglucuronic acid-iron hydroxide complex
which comprises reacting dextranylglucuronic acid with ferric hydroxide sol.

25. The process of claim 1 wherein the hydroxylmethyl-containing
oligosaccharide is sucrose.

Ic acid such t east one hydroxynet hyl group
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54 . (wherein nis an integer of 1 to 50), obtained by permtting a

m cr oor gani sm of Pseudogl uconobact er sacchar oket ogenes capabl e of
oxi di zing a hydroxynet hyl group to car boxyl group or a cell preparation
obtai ned therefromto act on a hydroxynet®yl group of dextran, or a
salt thereof. 17. A conplex of a saccharide carboxylic acid or a
salt thereof of claiPRODUCTION OF SAGCHARIDE CARBOXYLICLACIBSpr ocess for

produci ng a ide carboxylic acid or a salt thereof which
conpri ses p@ﬁ?ﬁl‘?‘;}’g’ a m croorgani sm of Pseudogl uconobact er

sacchar oket ogenés processc fpatpredusing é ¢acchatde Het 2gid Kol rayspit- therepfhd
carbon ato lihgtr : 16iihg BS GHeageul Prepdighiconsbddier &id om
to act on ane Hg%hcgé} sg%ﬁgq%fafﬁﬁmo?{)gﬁs{ncben?%l i n s éw ride . .
deri vat i ve, cappblgoh Qxidizing ca %%1‘ érs?é‘vﬁagff’a% _H@?W%%?aﬁg?@gwgﬁﬁﬁcﬁed

or. pol ysacchabon @t b eatarbexylogroupd or an artéfat denimved tfeom the anicrassganistinnds
carboxylic .acid, _and i ' ' ' L. ‘s il
rocess of Rarmifie & 4 0R & TR et Ahdiof REAREYA Syl contaiping saccbatiad B
sacchar oket sageharisdei derivative e groduce and accupmilateiike gormespoBdiag carbaxyiia geighandi n

Lhe heri aceug! oJpgiie) LoifOR BcBisidated is PRATVERRE Nitell Sabéhatiay ! éaboxylic acids
21. The process of cllaim 18 wherejn th (Eem etal h dro>ﬁ/l-cotaln|n £
pol ysaccharpigeuessk by e 9‘%0‘@51“'8&9&“0&@? 94, cARdoPY dhe, pragess, from a)Broad range o

sacchari de gRekRidek) Sacdltdrit Rids leiving cartidx¥) grdups rderived from hydroxymethyl and/or
hemiacetal OH groups can be produced with high selectivity and in good yield; the
resultant saccharide acids are resistant to enzymatic degradation and have improved
water solubility, among other characteristics.
Fig. 1

REPLACEMENT SHEET

| oot -...1.4 NOV 1997




(v\h%ér/éﬂi nnis an integer of 1 to 50), hem acetal hydroxyl group-attached

~carbon atom has been oxi di zed to carboxyl group, obtained by permtting
a m croorgani sm of Pseudogl uconobact er sacchar oket ogenes capabl e of
oxi di zi ng a hem acet al hydr oxyl - at ttached carbon atom to car boxyl

- group, ofy Gl ngﬁ%gs.g;s oD ARAIORE ok "GR! QA 18 Yarboxy] oftodp N 2

hydr oxyl e derivative, oligosaccharide,
ol i gosaccthgraofie derivative, polysaccharide or pol ysaccharide derivative, or

- a salt thereoj.gaccharide cax%ax it Goldplsaeh Ghatt BE 168€ wher hydrozymbthyy | groupcofi or |

ot odugi nga ot R e el ctomp o s Gl 668 0T

" conprises reast sacghatidet canbpkyjiciagidosiich abatd atiledst faner mdmnmsshyhegr%p of
25. The p dﬁ éi{‘ c?argé:g?sﬁ 1RSERbR dcRe hﬁé’ e ¥xiaBed b -@PbYxF B or a salt

ollgosacc ar | as been oxidized t0o carboxyl group
or a sal tthereofeof . 12. The saccharide carboxylic acid or salt of claim11l

_ Wherein the Sﬁeydceﬁmﬂid@%oiﬂld eid %utm&hﬁbaofleisheoﬁeomuioﬁymbth)yl i groupi ah

Rlerr] and and for .-. -[err]-Gec,
respect i v@F‘g’[‘ @S(lcuTﬁi'é =t \ oL {0] ;F*oélpa% aasgg %g of claim 11
. Wherein the sh@xdobhridé yarboxylic dcid swhahatlabhadhonehyﬁmmqth)ﬂrmﬁwo Fheptulese

. Rlerr] an%&err&m&@%% xéﬁ?f&ﬂpogacsafttjl&%i Gc and -[err]-Qdc,

respectiv
a saccharide carboxylic ac1d such that at least one hydroxymethyl group of
maltodextrm of formula (I) -

H O )
N> M
' (@=0-30)
has been oxidized to carboxyl group or a salt thereof;
a saccharide carboxylic acid such that at least one hydroxymethy! group of a steviol

glycoside of formula (II)

I (m
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4. saccharide carboxylic acid such that at |east one hydroxynethyl group
-of validanycin A has been oxidized to carboxyl group or a salt thereof. 15.
A saccharide carboxylic acid such that at |east one hydroxynethyl group of

nogr osi de has been-.oxi dized to carboxyl gsoup or a salt thereof. 16. A

sacchari degcag boxyhir®iaci d7ggch tjg@é&at jg@@ﬁt oRg .38y dr opyEet hyI4J3-gg80up of
dextran hafsaggen ogb%zed r%o car box%lo groug or a salt thereéof. . A

conpl ex of acch&/ide cartoxyl i%-8i d 5% sal9-0¢her ddi5bf cl72i4%.16 with
a-lrrft ?lh s&l2.75,18. h%ﬁﬁoc_ess,lf@'r mﬁgz:g.,lci %.88,5acenai | de wayzgoxy!ﬂyggtgci flhor a
sa er ic ri per ng croor i's onging to the
genus Pseﬁ%%%%congg'??feraga)g’ca?gbqtde ofl%8;39di z?lﬁfgag’ h?ﬁ?gget al

hydr oxyl - attladhed d2188n 47623t o carboxyl group, or a cell preparation

obt ai ned 1t ner Sh4se P HaChbRR darkl®iHic pRddake WS ifntseli 43" 84 he'disodium salt of

nmonosacchari de derjvative, oligaosacchari de, ollgosacchari rrvati

pol ysacchompound (D) whersin Rar-BllgRrB-4eV Acnd Ry5-BcfaledlAnsamelyunul at e t he

cor r espondi3n0-[2e0 (P> ghidueomy)]B-DegldedsyD! ADiOB-Dailsbusriydaevibl Wisiin 5. thshe
process O#ﬁg‘l’al m 18 \ﬂ%e(yél n the cell itself of said m croorgani sm bel ongi ng

to the ge e obnobacter is enployed. 20. The process of claim
- 18 wherein the hem acet al
- CH,OH
O
- OH
O o ' HO
' NaOOC
OH
NaocOC
O
OH
HO OH
Exampie 9
) As in Example 5, a Biot's S-liter jar fermentor was charged with 30 g of stevioside

followed by addition of 1.6 £ of sterilized water. While this reaction system was stirred
at 800 rpm (32°C) and air was bubbled at the rate of 1 £/min, 20 g of calcium carbonate
was added and the reaction was carried out for 4 hours. The reaction. mixture, 2¢, was
then"centriﬁ;lged at 8000 rpm to remove the cells and the supernatant was passed through
a column (1.8 £) of HP-20 (aromatic synthetic absorbent, Mitsubishi Kasei). The column
was washed with H,0 (8 £) and elution was carried out with 50% ethanol (5 £). The
eluate
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N
- 55 ¢ hydr oxyl - cont ai ni ng pol ysaccharl de is dextran. The process

—~of claim18 wherein the hem acetal hydroxyl-containing poI ysa
derivative is dextranyl gl ucuronic acid. 22. A saccharide car amml “E “!“(Hlll “ IIII
such that at |east one hem acetal hydroxgh group-attached carbon atom

been oxi di zed to carboxyl group or a salt thereof. 23. A conplex of the
saccharide carboxylic-acid or salt of claim22 with a netal salt. 24. A

- process for producing a dextranyl gl uguronic i d-iron hydroxide conpl ex

whi ch conprises reacting dex pRh ferric hydroxide

sol. 25. The process of clai met hyl - conzﬂrm ng

ol i gosaccharide is sucrose. SE - O -

-

. (n=0-5) -
has been ox1d1zed to carboxyl group or a salt thereof.
11. A saccharide carboxylic acid such that at least one hydroxymethyl group of a
steviol glycos1de of formula

[wherein Ry =-p-Glc-2-B-Glc, -B-Gle-2-p-Gle,

, 3-B-Gic
-B-Glc-2-o-Rha, -B-Gle-2-0-Rha,
_}a-B—Glc

or -B-Glc; Ry =--Glc or - B-Glc-2-B-Glc
has been oxidized to carboxyl group or a salt thereof. .

12. The saccharide carboxylic acid or salt of claim 11 wherein the steviol
glycoside is astevioside of the formula (II) in which Ry and R, stand for -B-Glec-2-B-Glc-
and -Glc, respectlvely
Y, 13. The saccharide carboxylic acid or salt of claim 11 wherein the steviol
glycoside is rebaudioside-A of the formula in which Ry and Ry stand for -

-B-Glc-2-B-Glc and -B-Glc, respectively.

\

" 3-B-Glc

4. A sacchande carboxylic acid such that at least one hydroxymethyl group of
validamycm A has been oxidized to carboxyl group or a salt thereof.

15. A saccharide carboxylic acid such that at least one hydroxymethyl group of
mogroside has been oxidized to carboxyl group or a salt thereof.

16. A saccharide carboxylic acid of forinula (VIII)

COOH Hy . . -
| B
CR OH YH+0H (VIII)
HO— HO .
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