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PROCESS FOR THE Bl OTRANSFORMATI ON OF COLCHI CI NO D COVPOUNDS | NTO THE
CORRESPONDI NG 3- GLYCOSYL DERI VATI VES The pr esent

i nvention I to t he bi otransformation, _effected by
means of s‘&ﬁ@@%%gz m crobial strains, of colchicin F'H'EB%?H’ﬁ nds,

I nt-o the respective 3-0-glycosyl derivatlves The process of the 5
pr esent i nvention provi des col chi cinoid conmpounds

gl ycosydat ed exclusively at C—3 of the aronatlc rlng A startlng

from col chicine, a
in high yields and
gl ycosydat ed at C- 3=6H Pt ‘ FrErR ‘

phar macol ogi cal |nportance for thelr hlgh effectlveness or for the

preparation of new nedi canents. _ In particular, thiocolchicoside
(3- O gl ucosyl t hi o- Thecol cPwQﬁQ‘m‘-) i s iaveagipne | ng?fbaﬂ%ﬂ']t oftar enaithabl y

15 inportant use 18};%?%99 fSLi C % % @'é’teﬁ? ”'%eéﬂ‘sthgfas sglested,

t her apy of di sease® AT e2%%el SYys artl
materials for the nﬁeﬁ&bﬁhloatﬁﬁlﬂQVEbf colchlaﬁhbiaﬁmbmpounds, into the

| mmunosuppr essi ve, antipsoriasis antiinflammatory
medi canents. 20 YeSPechive dply gl¥ﬁ°s%¥f4ﬂﬁ¥¥atﬂ8Fs t f&e ﬁF@ﬁ&PﬁtPSntth

3- gl ycosyl cgl-ghibgt Noi thRIBRRMNdS phgysadieen c%%hh@ﬂn&iﬁ | Reompoundkhe
past, either by neans of chem cal reactions or by bi ot ransformati on.

The chemical rougdycosndated exmumm@&s C-3f of23he @aomagic ring A,
non-speci {1¢ 1 eact LongeWILCh %30 (SoRMALM S thiocBhendhiSESY 4 ene

derivatives, sone i ch
derivatives thereof in high yields and purity.

The colchicinoid compounds glycosydated at ¢-3 of

10 the benzene 1ring are of remarkable pharmacological
importance for their high effectiveness or for the
preparation of new medicaments.

In particular, thiocolchicoside (3-O-glucosylthio-
colchicine) 1is an active ingredient of remarkably

15 " important use in the pharmaceutical field, mainly in the
therapy of diseases of the muscle-skeletal system, and
as starting materials for the preparation of novel
antitumor, immunosuppressive, antipsoriasis and
antiinflammatory medicaments.

20 A number of efforts for the preparation of 3-
glycosylcolchicinoid compounds have been carried out in
the past, either by means of chemical reactions or by
biotransformation.

The chemical route consists in sequences of

25 complex, non-specific reactions which lead.to a mixture
of glycosydated derivatives, some of which being
inactive. Therefore, the conversion vyvields to the

effective product specifically glycosydated at C-3 of



I nactive. Therefare, the conversion yields to the effective product

specifically glycosydated at C 3 of WO 98/ 15642

PCT/ EP97/ 05429 2 the aromatic
ring, are very | The bi ol ogi cal approach sub

relates to %09?’%6% bi ot ransformati on of thiocol chicine, %ﬁ@‘h 7?)5‘*% of
Centella Asiatica, into nonoglycosydated derivatives at C2 and at
C-3 of the aromatic ring; such a transfornatlon bei ng
therefore not highly selective and pr@vi ding scarce yields and

productivity (SoletheJahbmatic ringt adle. vePhylonhenistry 33, 4, 817-820,

1993). G h f | h d 10
Corrpz)unds gave sinpl s&hae%éltoﬂypéf:?%nsappgpa l’anS or mw(ia cnj Ci%g)l

bound to the aromaihe Hik@raakférmagivh abfctmocolcnlcnwywy ahwaaﬁe of
characterized by limted yields and productivity and by a poor
regiosel ectivity. Centella AsiaticaHuinte dnengglyqosydated derivatives, ass,

10, 15 123% 124%,_%I 19%%), atdsi e_g tolgept&{g/ce&om%eu&n@\nd/ %‘éﬁ}bl

Streptonyces spectabilis, and Bel
1959), using d|ffemeahssbrmatmnmﬁhéingﬂxhnnaﬁure not higilyofsedebelvepanides
of Bacteria and Fun ried t ﬁéransfornlcolchlclne

derivatives into tH °V2 1ng 6??%%$oﬁa? S34a gnéFﬁﬂq§Féﬂla§rK§8§?9esJ'¥he
results of bhege k”ﬂﬂ?tdﬂﬂdm¥§%r90§§'rﬂ1V§¥#—8ﬁbatQ@9§?0V9 in

connection with the non select|V|ty of the m crobial enzynes .
i nvol ved, for exanple a@tier CEBfurtsC 10tef thiotransform kalasil¢hichinedfe.

Moreover, thg rodgg%hgﬁ%aéleagyes at f? s, %E§|¥%|C §Y§5ﬁﬁ3m%E§? S

rat her poor, ue t con si on y| e reduced sub
concentrations groups bound to the aromatic ring (at C-2 and at ¢C-3),

anyway always characterized by limited yields and
productivity and by a poor regioselectivity.
Thus, Hufford C.D. et al. (J. Pharm. Sc., 68, 10,
15 1239-1242, 1979), wusing Streptomvces driseus and/or
Streptomyces spectabilis, and Bellet P. et al., (GB-
923421, 1959), using different strains of Streptomvces
and of other species of Bacteria and Fungi, tried to
transform colchicine and its derivatives into the
20 corresponding 3-demethylated derivatives. The results of
these known methods confirm what stated above in
connection with the non-selectivity of the microbial
enzymes involved, for example at C-2, C-3 or C-10 of the
alkaloid molecule. Moreover, the productivity levels of
25 said catalytic systems are rather poor, due to the low
conversion yields, the reduced substrate concentrations
which can be used, and the frequent degradation of the
tropclone ring.
More recently, Poulev et al. (J. Ferment. Bioeng.
30 79, 1, 33-38, 1995) have obtained the specific

biotransformation of bacterial microorganisms, but with



whi ch can be-used, and the frequent degradation of the t ropol one
ring. More recently, Poulev et al. (J. Fernent. Bioeng. 30

79, 1, 33-38, 1995) have obtained the specific

bi ot r ansf or Lon of bacterial mcroorganisnms, but with \o
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3 still rather poor yields and productivity. Enzynme
activity frommcroorganisnms simlar to the above nentioned ones
(Streptonyces, Bacillus, etc.) have Been applied to t he

bi otransformati onsti®l rather podx yl@QHBOHﬂdSprocBuﬁﬂ’i.v&&erayt ansi noi ds (US
pat. 4 361 650: | zawa, M, et_al . Antibhiotics,

1587-15. 90, 198552Y1p$) ‘l‘%‘i’s”dé’sef%ﬂ“‘sd“%‘ffémc?&la&llﬁg‘édsF@é@:FFoFPCGHgl sts
exclusively in a QSH@E“M&@H&%@ C&?ersaqtsecrrleza%gmweéomsaunus CRREENShAle

yi el ds and productivity. he glycosyl transferase activity of

a- anyl ase from been Bampllll@sl rre’gqtertlhsm hhso beans fewatiibad (& umethPr). |
et ..., Starch, 43, 8 319-323, 1991); .the ept or .
speC|f|C|ty 5f t hEOPPARRERt a5 eéﬁilTﬁyiﬁﬁﬁﬁqﬁ§F§eI©ﬁf Pat! G 2se38;

gl ucosides)  bei Rgawapamt i cekardy ., higgh.antlidiot@¢el odext ni2n- dlsezosgbo,
transferases, produced by the sane m crobi al source, catalyse a

a- 1, 4- transgl ucos}P8t) onlnfthis case @Iseoshngecatalysed 1mastgionc cOPSistavi ol

B-D- gl ucosyl excf?%%@ly SHartd ”gié;nfe%‘ﬁi%@i&ﬂ AQaklekibda by 1ow

bi oconver si on accept or rahsferase reaction is the
20 substrate gl vonders$ iactyicmidsDandsprodbctiatital.. ., Agri c. Bi oel .

Ch |od | | f
wer e br evi oddl y used fEh (Yo LEaREERFAHY oo biv ARl dadr A Aeta B and

& from starch has been described {(Brumm, P.J., et

al.., Starch, 43, 8, 319-323, 1991); the acceptor
specificity of the transferase reaction (exclusively
glucose or glucosides) .being particularly high.
15 Cyclodextrin-glucosyl transferases, produced by the same
microbial source, catalyse a a-1,4-~transglucosylation of
rubusoside (13-0-B-D~glucosyl-steviol B—D—glucoéyl
ester), starting from starch. Also in this bioconversion
the acceptor of the transferase reaction is the
20 substrate glucide fraction (Darise, M., et al.., Agric.
Bioel. Chem., 48, 10, 2483-2488, 1984). Cyclodextrin-
glycosyl transferases were previously used for the
preparation of cyclodextrins G6, G7 and G8 from starch
(Kitahata, S., Okada, S., Agric. Biol. (Chem., 38, 12,
25 2413-2417, 1974).

These examples evidence the high substrate
specificity of the glycosyl transferase activity
expressed by Bacillus mpegaterium, which involves only
glucide acceptors, therefore not involving any reactions

30 on secondary metabolites having a different, complex

molecular structure, such as colchicinoids. In fact, no



(Kitahata, S,, Okada, S., Agric. Biol. (Chem, 38, 12, 25 2413- 2417,

1974) . These exanpl es evi dence the high substrate
specificity of the gl ycosyl transferase activity expressed by
Baci | | us rregaterlurr%a whi ch involves only gl uci de acce tors

t herefore not¥ ng any reactions 30 on secondary nBFﬁE

having a different, conplex nol ecul ar structure, such as
colchicinoids: In fact, no WD 98/ 15642

PCT/ EP97/ 05429 4 4 exanpl es of the
use of said m croorg@npRes fOf tftee use ofnzaid mﬂm@dﬁdaﬁﬁsnﬁf for the
col chi ci noi ds to 3-glyco derivatives are

Now it has been fdUHY hatc Y%ﬁ%ﬂof °§a0|q‘1]1?§‘1°18°1d?reg§l°er|t"mﬂ:%ﬁ%ﬁﬂ]e

of growing in the YH393¢8velk RE8Mknown. coOncentrations col chicine and
t hi ocol chi ci ne, have an exceedingly high, . very specific

bi ot ransf or mati on Nowctityi hasofbasyl cHlipuhdoithagubstrains pAt cBacillus
derivati ves I Qs dated e Ius|veI at C 3 oE the _aromatic rin
éﬁ ? §esence of ﬁH‘h

10 Such a tr%nsf ak8gs XP hor t

characterized by SLUomrcles;tagtyohsgh:owcahdsne and thiocoldflicii¥,e, hi¥e an
I nvention relates to a process for t he preparation of

3- O gl ycosyl col chi @%§6ed1iRghBoutidtf Vvery peaffiq |)bigtransformation
(1) activity of [ &dilchi®inoid - substrates into derivatives

glycosydated exclusively at C-3 of the aromatic ring.
10 Such a transformation takes place in very short times,
and is characterized by surprisingly high yvields.
Therefore, the invention relates to a process for
the preparation of 3-0O-glycosylcolchicinoid compounds of
formula (I)

15

(1)
20

wherein Rl is an O-glycosyde residue, Rz is hydrogen or
C1-Cqy acyl, R4 is C,-Cg alkoxy or C;-Cg thiocalkyl, which
comprises the biotransformation of compounds in which Ry
25 is OH or methoxy by means of Bacillus megaterium.
Bacillus megaterium is a Gram-positive spore
generating bacterium ‘with a cell diameter higher than
1.0 um; growing aerobically on a number of culture
media; catalase-positive; hydrolysing gelatin.
30 _ Strains of Bacillus megaterium which can be used

according to the invention proved capable of growing



wherein R err] is, an 0-glycosyde residue, R2 is hydrogen or

Cerr]-Cerr] acyl, Rerr] is (err]-Cerr] alkoxy or err]-Cerr]

t hi oal kyl , mhich conprises the biotransfornmati on of conpounds in
whi ch R[err] is OH or nethoxy by neans of BaC|IIus megat eri um

Baci | | us rreEVéZt%FFﬁih is a Gampositive spore il
bacteriumw th a cell dianeter higher than 1.0 pm gromﬁng
aerobically on a nunber of culture nmedi a; catal ase-positive;

hydrol ysing gelatin. 30 Strains ofs Bacillus megaterium which can

be used acAdiragtbeiipe dnwends orkéx;%%d Gapshbe 9isdr oy Nthigh
WD 98/ 15642 CT/ EP97/ 05429

5 sati sf actqmcleyltaﬁm@ns ke@;ﬁ ngced aiiaingl soard/dn ghthiocolchicine
concentrations (o8Ol fifie 4 300 8Lncddl BGOLKD! Uiifiinarion LIORSR 3

g/l), as eV|dence y t he ion 0
m croscope anal ygrawth and by midiwmpaiper atalgpesies, such as BaC| | 1 us

cer eus, al ready at concentrations of substrate of 1,5 o/l
evidence a dffficul t yCPRIGPEIWM fig EBBSLEHancB8UChi 25 25%5-’-11”%—@-?9%‘?%15'
control), which bacQERyeVER NBofcdRiBd s of sGBE‘é?S%é atyons, of Fsa/l,
when dramatic autol ysis occurs. 10 Selected cultures of Bacillus

megaterium on evidence a é@ﬁfnaw/tYa#ntﬁéo‘ame(mmtmscm’fcérﬁﬂéﬁl ons
can [ oo0h AN RL INEEn YT, WRNERS GEQURL® oot THBEE) mazked CEPA €

with Bacillus ceréus. Th ectl Vi t I ci ency
of the 15 bi eiohaentoatbdon®of iF gAly pihesi g amandc mmu&h,s axcurtshe
yield | evells ran%%llggrendSO%utlgu%gg% ol%sual | y .about 90- , ,QS%n the
contrary, at the above mentioned concentrations can
reach much higher growth levels (double to. triple)
compared with Bacillus cereus.
The high selectivity and efficiency of the
15 biotransformation 1is surprising and unusual, as the
yield levels range from 80% to 100%, usually about 90-
95%.
Moreover, the microorganisms used in the
bioconversion are capable of maintaining permanently the
20 catalytic activity, even in repeated fermentation steps,
therefore providing the specific bioconversion in fed-
batch and continuous processes. Therefore this method
provides high productivity and reproducibility levels.
The marked reaction regioselectivity assures, in
25 addition to the remarkable production vields, a high
quality and purity .of " the resulting product, thus
providing it in a 100% purity, with a simple downstream
processing.
Further, important advantages are the reduced
30 incidence of the step of purification and recovery of

the product, the economicity of the process and the



Mor eover, the . croorgani sns used I n t he bi oconversion are
capabl e of maintaining permanently the 20 catalytic activity, even in
repeated fernmentation steps, t herefore providing the specific

bi oconversion_ in fed- bat ch and conti nuous processes. Theref re thIS
met hod vﬂ?@VF s high productivity and reproduci bilit 7425429

The marked reaction regioselectivity assures, in 25 addition to the
remar kabl e production yields, a high quality and purity of the

resul ting product, thus providing it i a 100% purity, with a sinple
downstream prafifeisieibigity and safetywit kee. inportant advantages are
the reduced 30 i nci depce of 't e ste puri f cat on and recovery of

t he product, the econom g’iet WPRSE& Hé(epr%@é*fé’cﬁﬁdgt the 29 ecW‘§8P¥5

PCT/ EP97/ 05429 bacterial strains usable in the pr@cess of affhé dabjdrdivynand
safety of use. The operative sequences for the selection of the
bacterial strains $e@MMrdésea the process of the invention conpri se:

B A) Selecglon Of.s%ﬂ%%?igﬁ 8&' JﬁT%P&EES o&Egaﬁ&ﬁiiﬂﬂs__lmuﬁugujym
capabl e of gromnn i n e resence i gh

concentrations of coIchbababmesubstrgtewlaaarﬁhngthe presencef r oth natigha
sources or fromcollection strains. Sel.ectign of the isolate

fromA), to verify t heSopgentrations ,afy cﬁ"r?é’tl'ﬁlﬁl’rnlﬁctsl‘iﬂstt%atmr starting
colchicines into the from natural GYURSROBHI Bfom- et aDWl sdehiNal i ves,

by neans of bi oconversi on assays on the specific substrates,
admini stered in @&laduBelgctiomrefsithe tombatr rfrom A), to verifns. the
10 transformation activity of colchicines into the

corresponding 3-0-glycosyl derivatives, by means of
bioconversion assays on the specific substrates,
‘administered in gradually . increasing . concentra-
tions.

15 c) Microbiological characterization of the strains
selected in B).

D) Gradual increase in the biotransformation yield, by
means of a target-specific selection of the
bacterial population from B).

20 E) Study and optimization of the critical fermentation
parameters, to optimize the biotransformation.

F) Study and optimization of the methods for the
conservation of the high-productivity cultures, to
guarantee stable, homogeneous inocula for

25 productive applications on the industrial scale.

G) Scale-up of the process in fermenter, in batch,
fed-batch and continuous processes.

H) Working up and optimization of the methods for the
downstream processing and for the recovery of the

30 product.

Specifically, the microorganisms wusable in the



15 (@) M crobi.ol ogi cal characterization of the strains

selected in B). D) Gradual increase in the biotransformation

yi el d, by nmeans of a target-specific selection of the
bacteri al 5&%9&:{ from B). 20 E) Study and optim zation of the
critical fer parameters, to optimnze tREIEPIT05429

bi ot ransf or mati on. F) Study and opti m zation of the nethods
for the conservation of the high-productivity cultures, to
guar ant ee st abl e, honbgeneous i nocul®a for 25 producti ve
applications on tieeserust inedntsical e. can be () seldsgalde- uptaxftimige pfooess
in fermenter, in_ batch, bat ch. and _conti nuouys pr cesses
H ~ Working up an‘éPJU];ﬁqtrﬁ"i‘atl‘f)‘hl%‘fret%e %f%’cﬂ:%dfog IPfe Strain = depos

downstream processdfi®@ld 697 frldd f@&ﬂ/efs)émﬁfle%h%f 3Qarious oRAGHHC!.by
Specifically, the mcroorganisns usable in the WO 98/ 15642
PCT/ EP97/ 05429 selective recovery on different agary media cpptabming an

i nvention an el S g o] ures
obt ai ned frgm s(%)regeﬂnr?‘% n‘é%%%gfef’_ 3kl égﬁ é?@?sbry??s?n é% ﬁcé‘{:stggr:‘pl'E‘J'r%lg
various origin, byxtract's, sadmtalg\iaeremv:ery oncdirhbder eomir@gal gheckrin,

cont ai ni ng an or. ganl c.nit rogen, source (pept ones, east extracts, neat

extracts, aspar ag"r"r?é’cr’et cPalkoger hotleRFTe EfCyderi With PH 5 4%h 8

nel t ose, gl ucose,pdferabiy 6h-Ph.57he 8ncubation HeaipRrakhye ranJésT}Fb
I ncubati on terrperature ranges from 20[err] to 45[err]C preferably

28[err] - 40[err]29° tp045°C, proferaklyp&i'ty 46fC.the culture of grow ng

in the 10 The capacity of the culture of growing in the
presence of toxic concentrations of the colchicinic
substrate to be transformed is evaluated by techniques
of scalar dilution and plating in parallel, on different
agarized substrates, a part of which having previously

15 been added with colchicine or thiocolchicine, in
concentrations ffom 0.1 to 3 g/l (so as to inhibit the
growth of the main part of the microorganisms).

The colonies capable of growing in the described
conditions are withdrawn in sterile and placed on

20 different agarized media, to verify their purity and the
homogeneity of growth.

The culture media used for the conservation of the
culture are typical microbiolégical substrates,
containing organic nitrogen sources (peptones, vyeast

25 extracts,  tryptone, meat extracts, etc.), a carbon
source (glucose, maltose, glycerin, etc.), at pH 5 to 8,
preferably 6 - 7. The incubation temperature ranges from
20° to 45°C, preferably 28° - 40°C.

The selected microorganisms are then assayed for

30 the capability of growing in submerged culture, in the

presence of colchicinoid compounds, and of transforming



presence of toxic concentrations of the colchicinic substrate to be
transforned is evaluated by techni ques of scalar dilution and
plating in parallel, on different agari zed substrates, a part of

whi ch havi ng vigusly 15 been added w th colchicine

t hi ocol chi ci r}@é&/ls?# concentrations fromO0.1 to 3 g/*’c"(%l?”g%‘z?o

I nhi bi't the gromh of the main part of the m croorganisns).

The col oni es capable of growing in the described conditions are
withdrawn in sterile and placed on 20 digferent agarized nedia, to
verify their purithe andlatieer int®nogenei t y cofrrgpvhding 3-glycodie
culture nedia used for the conservation of the culture are

t ypi cal ni cr obi RGFIaLdVes - substrat es, cont ai ni ng organi c nitrogen

sources (peptones, yeagliq 2assa t%%&ca}f:‘{éﬁo%%t TRaty o £ X act Pasks
etc.), a carbon source (glucose, maltose, glycerin, etc.), at pH

to 8, pref eraiiaind ng 720Themlncqbathmndenpedammuema:hgeélffmnt

i o oor gani sho artedilh ESERPLAETH" SbomeREThEL B0 F owoasola?ﬁ%ésfre#e“ =
subner ged cul t ur evitirbdeh® sourcedr ¢gease @xtealebi, ciguytbneenpoupgstomnd of

transform ng . WD 98/ 15642 .
PCT/ EP97/ 05429 casein hydrolysates, meat extract g corn-stfg l}qﬁqu

into the cordiesponding op34Q E%Cgc{sé’%on sour & 1 Vol b, glyc%rol,

Said assays were carri‘ed out In contalning = 2 m
of liquid nedi umtanwnth sactharess, efc. )nedlnmmgdnmmnubhbsphsrousanmd si ng
nitro sources, (yea racts, peptaones,

ryptone, 16 i ehem, sqeuicien: G bt AR heEIL LD e A TOPR LR

(k*, Nat, Mg*t, catt, Fett, Mntt, etc.).

The. culture samples can optionally be subjected to
mutagenic treatments, by means of the . conventional
mutagenesis techniques (irradiation with UV rays, et;.)

15 to induce mutants having a specific bioconversion .
activity which can be evaluated with the same procedure
as above.

Culture samples from each bioconversion assay, were
analyzed to evaluate the production of 3-glycosyl

20 derivatives, by means of TLC and HPLC chromatographies.

The capability of the selected microorganism of
transforming colchicinoid substrates into the respective
3-glycosyl derivatives was confirmed by means of
bioconversion assays in flasks, in a 300 ml scale, in

25 the same culture broths as used in the selection step.

The microorganisms which gave a positive response
were used in tests for the optimization of the
bioconversion, in different culture broths, in a 300 ml
scale. The main cultural and fermentation parameters

30 studied are: organic nitrogen sources, carbon sources,

mineral salts, temperature, stirring-aeration, pH,



etc.), one or nore carbon sources (glucose, glycerol, starch,
saccharose, etc.), inorganic phosphorous and 10 nitrogen sources, and

i norgani c salts of various ions (K[err], Na[err], Merr], Calerr],
Fe[err], I\/h[ C.) The culture sanpl es C |y be
subj ected to l";’ls(g‘hrrutagemc treatnments, by neans 6?7?28}95’8&%
conventi onal nmut agenesi s techniques (irradiation mnth W rays, etc.)
15 to induce nutants having a specific bioconversion

activity which can be evaluated with the sa#e procedure as above.
Cul ture sanpl es fmmmﬁbrbimmvermjmmszasy;iowersmbcultureaaaéyzedtme
eval uate the production of 3- %I¥cosyl derivatives % means of TLC
and HPLC chr onat o8f }fgon ot the SUbﬁ$EPt%xﬁﬁﬂﬂq | 9nsg?r e sel ected

m croorgani sm of ppe se&ééﬂé&orﬁhBGeE%Ph' ﬁnhB?eréé&bﬁéﬂ@teScéﬁE&é heot
respective 3-glycosyl derivatives was confirmed by neans of

bi oconversi on asseffedtind askde i nbaosoansfowwation i nof25 thehe paesent

culture broths as.used .in the selection s . The mcro ani sne
whi ch gave a°posi PPV P e8onsd® 959V 24 egugred Sehife AR f%‘]’q‘f]rr?e uPtare

optim zation of t&gbstrates)i oeonveisimy, dne diokf emepé widawie bhothsger n a
300 m scale. The main cultural and fermentation paraneters 30
studi ed are: orgaPP¥Ef%r ogBRetRAREE, ¥8ABbn HUFEES, meat pj pEEHRCL.

salts, t enper at S TEEpPe s 2t @gseiRt nyarolysatdiD 98LdpR4L:
PCT/ EPO7/ 05425  PoPtoR hpe S YOy e Cubat | on 1 i e,

i noculumratio, slbyudzturetstep@arhdmesources uﬁeﬁukﬂfdnnthﬁ ghewtdubsnd at e
to be trans ected b ter| fﬂnéi

capabl e HBrne the ft? SHR s(%or[snﬁglonb?ﬁr (f%srerfatlon §1E %Qlfﬁgsfo p?’esent

glycerol, malt extract, etc., preferably glucose,
fructose and glycerin. The culture medium contains
‘moreover inorganic phosphorous . sources and salts of K%,
Na*, Mgtt, NH,+, etc..

15 The selected microorganisms can grow at temperature
from 20° to 45°C, preferably from 28° to 40°C, at pH
between 5 and 8, preferably 6 - 7. In the same
conditions, the considered microorganisms are capable of
transforming the colchicinoid <compounds into  the

20 corresponding 3-glycosyl derivatives. Said
transformations occur in submerged culture, in flasks

incubated on a rotating shaker, with stirring from 150

to 250 rpm.
Due to the particular kinetics of the
25 biotransformation concerned, which is related to the

microbial growth, the optimum conditions for the
purposes of biotransformation are the same conditions
which are optimum for the growth. Therefore, culture
media useful to promote a good microbial growth, such as
30 those based on the organic and inorganic components

cited above, are also useful for a good activity of



5 I nvention, can grow on both solid and liquid culture

substrates, containing one or nore organic nitrogen sour ces,
preferably yeast extract, neat extract, pept one, tryptone,
casein hydrgv M% corn steep i quor, etc.. Carbon sources
useful for th %’i and the biotransformation are JICIESIU05429
fruct ose, saccharose, gI ycerol, malt extract, etc., preferably
gl ucose, fructose and glycerin. The culture nedi um contai ns

nor eover inorgani ¢ phosphorous sources and sl@ts of K+, Na[err],
My[err], NH err], miotrans¥ormation d’fretlselmicminédcrsntbrsgaatsrrwmmgtrw at
t enperat ure from20to4 err referably from 28 err

40[err]C, at pH is added ke eanfi ‘Eef‘éraftﬂ gtarting fe 'ée%%ﬁr%mn

condi tions, the cafigdgdered m croorgani sms are capabl e of
transformng the colchicinoid conpounds into the 20
correspondi ng 3- gMpeodjptransiormatinn \afs the inwggitjon is based on

transfornati ofs ocgur enk?rhsut&rgelrlgggl?gul Vfg%h é&‘f‘!ﬁaggégbn? prtrrhel n&gm_t ed

on a rotating shaker, st1rring
Due to t he paasrptolneutaal lphaskl CSand of contiues5 wibhot manspatateteion
concerned, which is related to " m crobij al rowt h t he

opt i mum condi t | oREOIEEESipReto that p‘lrfr P STV Y oL PN BRI PR i Y el Athe
same conditions  conyepdlih ¥ mslyreaeyfloraéma&rﬁwt hrvéiwereieﬁe,usul tlour e

medi a useful to pronote a good m crobial growth, such those based
on the organic %ndO00@Nomrgsnireachedpotidhin the flmsttedl‘la@@vémlmse dheo

ggﬁ;EL92?6535800dI%%EB&B&&CQ{VltY of 'LﬂgDéAJEgggi%famat1on is absolute:

no presence of 2-glycosyl derivatives has ever been
evidenced. The resulting products are exclusively
extracellular.

The biotransformation of the .invention can be

15 scaled up to fermenter level, keeping the culture
conditions unchanged, in particular as far as culture
medium, temperature and processing times are concerned.
In order to obtain good growths, adequate 1levels of
stirring-aeration are important, in particular aeration

20 levels of 1 - 2 litres of air per litre of culture per
minute (vvm), preferably of 1,5-2 vvm, are required.

The products resulting from the bioconversion are
extracted from the culture broths after separation of
the biomass from the liguid fraction by centrifugation

25 and recovery of the supernatant, or microfiltration and
recovery of the permeate. The culture can be treated
with alcohols, in view of an optimum recovery of the
product. '

The purification and the recovery of the

30 biotransformation products can be carried out using

chromatographic techniques for the separation on



bi otransformati on. of the concerned substrate. The latter is added to

the culture in the starting fernentation st ep. The

bi ot ransformati on of the invention is based on 5 an enzyne conversion,
whi ch starts the growth exponential phase_ and

conti nues ﬂgs}é&gf)ar al | el progression to that of FFSESIHRA: the
naxinunrlevels of conversion to 3-glycosyl derivative (very high: up
to 95-100% are reached within the first 24-30 hours. The 10

regi osel ectivity of the biotransformation 1% absol ute: no presence
of 2-glycosyl deraysbryesomaseseMey HeENelution xei/titdeimﬂmlsThq:rerfesabuyng
products are echUS|veI extracel | ul ar

bi ot r ansf or mat i on¥&ERt H'Eeql"ﬁ\?@ﬁtw &P%aﬁyﬁéomiﬁhan%aﬁ%"tb‘b“st(F°nfté|lﬁ‘éﬁger
llevel, keeping the peHhhUECcan furtRBE bbORYY?2BANEGd exitRaBRELLCHIRE aS

far as culture medi um tenperature and processing tines are

concer ned. Lapofilkict orgbnacn sgxior@ngsovwmsef@%x}yatmﬂevmeshwﬁene
stirring-aeration i ort tic aeration, l.evels o 1 -
> 1T tres o 31 psPfridE o ptler,  PuPPhct CERachiRhTh. PotR) mistiFBEo,f
1,5-2 vvm arer eam:m@hs and organie RbQUUEtS, I ed t ipi®dukcem thR be

bi oconversion are extracted fromthe culture broths after separation
of t he bi onBR%2inefn ihe thpquref rifcdtionf IR cbhe r regyatins aisoholng

recovery of the SF'Bqu‘P&x?é‘tby @ry’&%i%ikﬂf@ﬁ' on and recovery of the

perneate. The culture can treate wi th al cohols, in view of an
opti mum recovery of tHEhe blotprmfmmatlon procedfie 1pursbbciafi@n fomnd
the recover

¥ X Hgotransfor o rodlgcts 53N can be
carried o out usrﬁ‘ébsua ®% hr‘:8 £33t %Hniz VI{} ?n agesg TH *he
separation On applied to a number of colchicinoid compounds, such as
colchicine, thiocolchicine, 3-demethylcolchicine, 3-
demethylthiocolchicine, N-desacetylthiocolchicine and
other variously substituted colchicines.
15 Other natural compounds lacking the tropolone are
not glycosydated by Bacillus megaterium.

Glucose can be replaced by other sugars, such as
fructose or galactose, without causing the loss of the
glycosyl transferase activity.

20 The following examples disclose the invention in
further detail.
EXAMPLE 1
Aliquots of cultures of Bacillus megaterium,
isolated from agriculture soil, are resuspended in 20
25 ml of sterile saline, and subjected to a scalar dilution
to a 1:10.000.000 dilution factor. The suspensions at
various dilutions are plated on LB-Agar culture medium
and on LB-Agar added@ respectively with colchicine or
thiocolchicine, to a final concentration of 2 g/l (see
30 Table). The cultures are incubated at +28°C, for 3 days,

in the dark. The colonies grown on the selective medium,
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11 absorption resins and elution with alcohols, preferably

wi th et hanol. The hydronet hanol sol utions contai ni ng the product
can further b& ed by extraction with Iipofilic Qrgani c

sol vent's, pre QBE{E;J]“ with nethylene 5 chloride. After PH@pa29

treat nent s wth mxtures of al cohol s and organi c solvents, the
product can be obtained in the pure state fromthe resulting al cohol
sol utions by crystallization. The 1@ otransformati on process is
specific for 10 #adest nvaitds tKONERIERIWEInAG,! rHRO! DSl at@Ohd apl i iR
be applied to a nunber of col chicinoid conpounds, such as

col chicine,  thi ocHEhinGPRE, ©F- dBABERPY cOMEhiRFNIRSelegtive medium; said
denet hyl t hi ocol chi ¢J 6,1 e sNAISS AGRIY! tt@ho%gl CJHon'enebuQndfor a shcﬁ'tﬂ%‘i'r time

variously substituted col chicines. her natural conpounds
| acki ng the tropol orit domrs). Subaequgrhwhosl;tchatcetltluyelaerbl tsamefpmtred (o

d ucose can be_replaced by ot her sugars, such S fructose  or

gal act ose, wi thout t?%ij ﬁlfé 132 JRRF 1t 1 @ ‘Ele'St'gtflﬁ}’cedsﬁnlé}C eatede as
activity. 20 aboliee rbel bavhegrexanpl es di scl ose the invention in
further detail. EXAMPLE 1 Aliquots of cultures of

Bacillus megaterium Aliqupts| gfedkoimesyri ealecived saf| degceibedusmetded
in 20 25 m of sl%%' kS S Bhﬂ?at@”ﬁ@% etﬁtl%n?e?e? $9akRE géﬂéguﬂ'?xg 20

to a 1:10.000.000 dilution actor e suspensi ons
dilutions are plated o Lcﬁalﬂtgare cug d e sﬁed('nalﬂvle), am omtuB dkglecrh:axmhed
respectively th colc C|n t hi o_(;?o] hIC

concentratio f 291t ?é’é’ c"mf’ablt@) cﬁ?%’ﬂfe?%g Fﬂ%ﬁ%’é‘t S0P
+28[err]C, for 3 dasSd culturds t BeedaeubbiiedCob v Eighgr oxe @8°the on a

sel ective nedi um
rotary shaker, at 200 rpm.
The transformation of the . colchicine substrate is
checked by analysis of aligquots of culture broths, taken
1S5 every 3 - 4 hours, by TLC on silica gel, with an
acetone:ethyl acetate:water 5 : 4 : 1 eluent system.
After 4 day incubation, aligquots of the cultures,
which proved an evident catalytic activity towards the
3-glycosyl derivative, are recovered on plates, by means
20 of scalar dilution as described_ above, for the
preparation of novel inocula in test-tube. The
biotransformation assay in the flask is repeated in the
same conditions as above, but using markedly higher
final concentrations of colchicine and thiocolchicine (1
25 mg/ml). The most active =single .cultures (substrate
conversion equal to or ‘higher than 80%) are used for the

preparation of inocula in frozen cryotubes, as described

in example 3.
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12 added with the colchicinoid, are isolated and purified by
means of plating on non-sel ective nmedium said sanpl es are incubated

as above, but_for a shorter tine (24 hours). Subsequentl t he

cultures are WP red to 5 the same agar medium in a&% E%’P{fﬁ% and

i ncubat ed as above for 24 hours. Al i quots of cultures,

sel ected as described, are used to inoculate 100 m Erl enneyer

fl asks containing 20 m of culture nmeggum ST (Table), added with
colchicine 10 or thiocolchicine, to a Opgbym/ M final concentration.
Said cultures are incubated overnight at 28[err]C, on a rotary

shaker, at 200 rpm Forqmiel atigms ofr fhei enltwre madiao| chici ne

bstrate i t f t ths, tak
15 bvery 3 - 3 hodtb Aoy q—'ﬁ@éng{ Proafor ¥ By vy othe, feken

acetone: et hyl acetate: 'maipatrorfe : 1 eluent system Afit0erg/4 day
i ncubation, aliquots of the cultures whi ch proved an evi dent

catalytic acBivity towk#3Rt tREXaCt 3_glycosyl derivative, are regbﬁgﬁed on
pl ates, by neans 20 gfcjiscalar dilution as described above,g g/for

t he preparation of novel inocula in test-tube. The
bi ot ransformati on assad9am Adex fl ask is repeated in the sarfg 9/1
conditions as abo gnf f c trations
of col chicine and¥Fh|§@%F#§é@? g§%§99£§z£% rﬂ521 CT ban% qﬂggﬁlve
single cultures (substucise conversion equal to or hlgherzmh@ﬁ180@a
are used for the ngaration of inocula in frozen cryotubeso as,
descri bed in exdﬁé% 1 WO 98/ 15642 g/
PCT/ EP97/ 05429 Peptone 15 g/1
Yeast extract 5 g/l
NaCl 3 g/l
NH,C1 3 g/l
15 KZHP04 8 g/1
KH,PO, 3 g/
MgS0,.7H,0 0,5 g/l
_

The procedure described in Example 1 is repeated,

20 starting from RBacillus megaterium cultures, deriving
from the following collection strains (Deutsche Sammlung

von Mikroorganismen, Braunschweig, Germany): DSM 90,

509, 322, 333, 1667, 1670, 1671.

DSM 90,
25 DSM 509,
DSM 322,
DSM 333,
DSM 1667,
DSM 1670,
30 DSM 1671.

The culture selected as in Example 1 and added with



13 Tabl e For mul ati on

of the culture nedla 1) LB-Agar (Sterilization: 121-C x 20') - pH
7 Tri pt one 10 g/I 5
Yeast extract 5 g/l

WO 98/15
10 g/l sse 2gar Agar PCI'IEPMIOf%‘wg/ I
2) " Broth ST (Sterilization: 121C x 20') - pH 7 A ucose
20 g/l 10 d ycerol 10 g/l
Pept one 145 g/ | Yeast
extract thiocolchicine (1 mg/mlp gré incubated fola@ days in
iZaég[err] PY?g%id culture: the TLC analygialldetects the oé%é¥ged 15
KH err] PO err] transformation of the substraﬁ% ghhto thiocolchicoside,
MgSO err].7H err]O0 5 g/l The
procedure descri bedith EXGMAESiPY sYiepdat éﬁ’rYlZ’@ frop ari0¥ng(strakn DSM
Baci | | us megad eri Yy qulylUnes, Q%aw BEM 90y, tb! 88kt ha  Qhdw
coll ection strai nsli( IZeét sche Sar(rr?i un )' %/Igr oor aniﬂ',srren (Btrains
Braunschwei g, GCer nmé@sy) 33DSMPSB, 509, DSM 3697 SBSM 883} ) 1667 1670, 1671.
DSM 90, 25 DSM 5009, DSM 322,
DSM 333, EXAMPLE 3 ps) 1667, | DSM 1670, 30
DSM 1671. Aheqests Ube salestedsanpids Exampber-toand asidedueiat h

as described in the above example, are used to inoculate
10 100 ml Erlenmeyer flasks containing 20 ml of broth ST.

The broth cultures are incubated at +30°C, on a
rotary shaker at 200 rpm, overnight. After incubation,
the cultures are..added with a glycerol sterile solution
to a 20% final concentration. The .cultures are  then

15 dispensed into 2 ml cryotubes and immediately immersed
in liquid nitrogen.

After some days, 10% of the cultures are thawed
quickly at 37°C. Aliquots of each cryotube are used to
inoculate 100 ml Erlenmeyer flasks containing 20 ml of

20 medium ST, which are subsequently incubated at +28°C,
overnight_(preculture), at 200 rpm. After incubation, 2
ml of each preculture are transferred in sterile into 20
ml of fresh medium ST, added this time with colchicine
or thiocolchicine, to a 1 g/l final concentration. The

25 biotransformation is carried out and checked in the
conditions described in Example 1. The analysis
confirmed that the transformation of the substrate into
the 3-glycosyl derivative occurred in the gquantitative
terms described above (80% and higher), thus proving the

30 catalytic stability of the frozen cultures.

Parallel controls of the broth cultures, plated on
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14 t hi ocolchicine (1 ng/m) are incubated for 4 days in liquid
culture: the TLC anal ysis detects the occurred transformation of the
substrate intg thiocol chicoside, wi th conversion yields varying from
50% (strain d%ﬂ/l”p" 2 1671) to 70% (strain DSM 90), to 80% Sﬁﬁ””ﬁ?}(ﬂ%‘&’
(strains DSM 333, DSM 509, DSM 1667, DSM 1670). EXAMPLE 3
Aliquots of culture sanples in test-tube, selected as described in

t he above exanple, are used to inoculate 10 15100 m Erlenneyer fl asks
containing 20 m ofgbr gigarST. immediately dB€epr otthaftihigyr €ScorfdrmcubRé ed
at +30[err]C, on a _  _ rotary shaker at 200 rpm overnight. After

i ncubati on, Yhab el t¥ur eshamegensddd wi 2P a §UWFdévol ot ertie sEFBEFBN
to a 20%final concgpifgidon. The cultures are then 15  dispensed into 2
m cryotubes and i mMmedi ately i mrersed in liquid nitrogen.

After sone days, 10EXKaMPhEed cultures are thawed quickly at 37[err]C

Al'i quots of eagh cryotubg .are used. tq i.nocul ate .100 Erl enneyer
fl asks contai n%ng 20 mbA upgs %dfﬁ%tgﬁ?smﬁnchcﬁ%t%sent%?ﬁlsplaw?(ng,

incubated at +28[ers}&, used toveritidPulater ecsdd ur@), =ridfReydn Alhasks
i ncubation, 2 m of each preculture are transferred in sterile into
20 m of freePniEERing ST adddd Phi smed+lm wiSTh Eoredibure). Aftep,

thi ocol chicine, to didd Nl eCANGRPL rt i Ofg=dhe 2585 rphi Ot Eansfgf megf on
is carried out a%%éu%elcked ien ?he condi tions rpdéscri bed in
Exanple 1. The pretyliuge are transfermail tindto t5% nlr adsfthenaamenmedinme

Ut ae 1 TL00 oottt EoRl AT URATNS VRAL UE £B" Bk Sn R A ve
stability of the fregenceukhyess.are incubatdr dbkel2 c@alysgl siwf thiee Hamd h
cultures, plated on
conditions as described above. Every 4 hours, samples
are taken to evaluate the growth level {(measuring the
absorbance at 600 nm), the colchicoside production (TLC
15 and HPLC), the sterility (on LB Agar), and for the
microscope morphological examination.

For the HPLC analysis, 1 ml fractions of culture
broths are added with 9 ml of methanol and centrifuged
at 13,000 rpm for 2 minutes. The content in colchicoside

20 of the supernatant is analyzed by reverse phase HPLC,:
with isocratic elution, by means of the
water:acetonitrile 80 : 20 system eluent.

The HPLC analysis proves that the conversion of the
colchicine into colchicoside follows a progression

25 parallel to that of the growth. After about 26 hour
incubation, the bioconversion is completed.

The colchicoside final vyield ranges from B80% to
85%.

EXAMPLE 5

30 The procedure described in Example 4 is repeated,

adding thiocolchicine 1instead of colchicine to the
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15 LB Agar I mredi atel y after thaw ng, confirm the
viability, hoaneneity and purity of the frozen cul tures.
EXAMPLE 4 Aliquots of cultures in cryotube, after t hawi ng,
are used to O R ¥ ate 300 m Erlenmeyer flasks PCTEBMOARi ng
50 m of medium ST (preculture). After I ncubation overni ght
at 30[err]C, 250 rpm 5 m  of precul ture are transferred
into 50 mM of the sane nmedium 10 added wi tlls colchicine to a 1 g/l final
concentration. cultlit@sGubt Uties sHme iﬂmutnat:edcé@tra?tﬁﬂys,l g71yhe same
conditions as described above. Every 4 hours, sanple are taken to

eval uate the growth | ev&he(BESEHH | 3RA Breduction £B§BPB§ﬁ%e°%ItQRKF?ﬁﬁurQ§he
col chi cosi de pr Odu%tﬂeons{ﬂ_i—ﬁr15to aﬂﬁowl—%’talhgﬁ v?:i@f{' loh ¥nhi&ofe, LBith

Agar), and for m croscope nor phol ogi cal exam nat1 on.

For the HPLC analy$mspclehl¢¢$aﬁe(M¥§ldS odl abeet 90%. Dbroths are added
with 9 m of th%ﬁgbgggggcentrifuged at 13,000 rpmfor 2 m nutes.
The content in col 20 of the supernatant is analyzed by reverse
phase HPLC, W t hThei pe6tadiife deStrihdM, in ERY¥mple M@aAg rd¥eatedthe
wat er:acetonitrile 80 : 20 system el uent. The HPLC anal ysis

proves that the codf8isgod-@d¢methylthiocodghiring ninstras ff nlduicd@e to
follows a progressiga <£AturBar adtl €thd Oshpiat flﬁélt%n%ﬁw@&m&f%fr g/ataout

26 hour i ncubation, thé bioconversion is conpl et
col chi cosi de flnalTyaebdowahgesdfpomd@ﬁﬂ&an)responSQET%f the culEXANPLErE 30

The procedure describe i,s .repeat,ed . ddi n . .
thiocolchiC|ﬁ§ |nsfégag%F ESI%mﬁﬁruaqtaﬁﬁ$ apove, with Ehiocohcnicoside
vields of about 90%.

.EXAMPLE 7
The procedure described in Example 4 is repeated,
adding N-formylthiocolchicine instead of colchicine to
15 the culture, at the same final concentration (1 g/l}.
The growth and production responses of the cultures are
similar to those obtained above, with thiocolchicoside
yields of about 90%.
EXAMPLE 8
20 One liter of ST broth in Erlenmeyer flask is
inoculated with a cryotube culture of the strain DSM
1670. The flasks are incubated overnight a +30°C, 250
rpm. The inoculum is transferred in sterile into a 14 1
fermenter, containing 9 1 of sterile broth ST, added
25 with thiocolchicine to a 1 g/l final concentration. The
‘fermentation is carried out keeping suitable levels of
stirring-aeration (stirring up to 900 rpm; aeration 1 to
1.5 vvm, depending on the culture growth). Every 2
hours, samples from the culture broths are taken and
30 subjected to the following analysis:
- Optical density (OD) at 600 nm,
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16 cultures, at the sanme final concentration (1 g/l). The
growt h and production responses of the cultures are simlar to those
obtained with colchicine, with t hi ocol chi cosi de yields of about 90%
5  EXAMVPLE 8vO 915642 The procedure described in Exanpl e?G/FR%P¥2L 4t ed,
addi ng 3-denet hyl t hi ocol chicine instead of colchicine to t he
culture, at the sanme final concentration (1 g/l). The grow h and

production responses of the cultures are 1027 simlar to those obtained
above, with thiocolchigasdidety and pi€itds £faghadt 30%ne straid@WPLE 7
The procedure described in Exanple 4 is repeated, addi ng

N-f or nyl t hi ocol chi ci neA4a¥st ead of colchicine to 15 the culture, at the

sane final concentrat iﬂl:z(:jscgfple) morphologfhﬁ;r%rnp‘éﬁtgiﬁr)‘d producti on
sim

responses of the cultures are ar to thoSe Obtained above, with
t hi ocol chi cosi de - Anajydlicis of &beuttlfiddolchicosi@&xAMepEed8t20by TLC One
liter of ST broth in HI;rIenmayer flask 1is i noculated with a
cryotube cul ture of t %S HERCh DM 1670. The fl asks are incubated

overni ght a +30[err] CAfA%} 28 hourf Bermdhtat {®eUl tHe itsans2oghetisd iRto
sterile into a 14 1 fermenter, containing 9 1 of sterile broth ST,

added 25 with theridticesider dsgalmgst fiipashedncErh rbindh. Yimd is
fermentation is c Jl'ttecbd%ut keepi ng suitable | evels of

stirring-aerati onﬁés irring up to 900 rpm aeration 1 to 1.5 vvm
dependi ng on the EXAMBIE: 9growt h). Every 2 hours, sanples fromthe

culture broths are taken and 30 subj ected t,o the fqll awi ng anal ysi
_ Opt i cal 1 ensity ( e aﬁr%ﬁﬁ?“ﬁﬁ] dueécrﬁ)eg in g}camp(ie 8 19 repeated,

but after 28 hour fermentation, only 90% of the culture
broths are recovered, to extract the product (fraction
1). The residual ;O% is added sterilely in the fermenter
with 9 1 of fresh sterile medium ST containing 10 g of
15 thiocolchicine. The fermentation 1is carried out as
described in Example 8. After 26 hours, 9 1 of culture
broths are collected and extracted (fraction 2). The
residual volume of culture broths is added sterilely
with 9 more 1 of sterile fresh medium ST containing
20 fresh thiocolchicine (10 g). The fermentation is carried
out as above. After 26 hours the culture broth is
collected completely and extracted (fraction 3). The
biotransformation activity of the strain remained stable
for all of the three runs, with conversion yields of'
25 about 90%, and with a substantially triple total
production of thiocolchicoside, compared with that
obtained in the single batch process.
EXAMPLE 10
The final culture broth from the fermentation
30 (total volume: about 27 1) is subjected to cross-flow

microfiltration, on a 0.22 pm ceramic cartridge, to
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17 - Sterility and purity analysis of the strain on LB

Agar ; - M cr oscope nor phol ogy (G am stain); - Anal ysi s of
t he thiocol C'WB??is@fz content, by TLC 5 and HPLC. Af ter
28 hour fernentation, the transformation into t hi ocolCHERBLMIR | s

al nost finished. The final yield is about 90% EXAMPLE 9 10
The procedure described in Exanple 8 is repeated, but after 28 hour
fermentation, only 90% of the culture 18brot hs are recovered, to
extract the pr odw:etpa(rfaltactt'mm cells ljromheheesbeath. 1(%e Spadfeatst arsi | el y
in the fernenter 1 of fresh.sterile _medi um ST contal ni n% 10 g
of 15  thiocol (ﬂ)ﬂS&rﬁ’@d °\“’nea F@FH@ﬂt eftﬁlg}ﬁd it H8g 2louMitubl

described in Exagyser8ribht 86s£R. hﬂf’f&n Qaéhﬂ{g Gt Pater, tHY PAuaH
coll ected and extracted (fraction 2). resi dual vol unme of culture

broths is added Slserldleityd withyj tmetgxamﬂe 1 Td¥e stmetihagoflr esduabdi umsST
cont ai ni ng 0 ol chi 1 The rma‘[]tatlon iS rd ed
out as aboveg Afte Et%gjﬁ%g %ﬁ d% ﬂt%ﬁrgeq‘o%)efh &C\Iu% col 1'e qlescf‘) Ved
conpletely and exir asitddnofir acxﬂm depeHtd extratuu:ﬁdn&nsa‘lctlhrraieﬂryl&e;tel vity

of the strain renmained _stable for all of, the three runs, wth
conversion yi el dSh3PTi98, Lhe,talepspl fFAChiqQh 15 GANGeRtTRiEAy teriple
total Prodyeth@BsOf 444 0CHahkeasiee cmrpara?.d %EHawfimethylene _
obtained in the single batch process. The fi nal

culture broth froinlbhédeéer deht atnxsnresoAft@trotcallamlmslonam@h Zilipaj s

subj ect ed th} Crosg% f,lovghe solution is concentrated under vacuum;

methylene chloride is then substituted with ethanol. The

resulting suspension 1is concentrated and left to

crystallize. A second crystallization with ethanol is

carried out after further redissolution steps of the

15 solid in ethanol-chloroform mixtures and clarification
on silica gel.

The resulting product, analyzed by HPLC, C-NMR, H-

NMR and mass spectrum, turns out to be the same as the

thiocolchicoside standard.



mcrofiltration, . on a O, eran1c cartridge, to WO
98/ 15642 ‘ [ m I lU PCT/ EP97/ 05429
18 separate the cel . The perneate is absorbed

on a colum {J| +§$&&nth a HP 21, M tSUbIShI absorption resin. Afte
washing with he product is eluted with netHHSMs 429l'he

net hanol eluate 1is 5 concentrated to dryness under vacuum then

redi ssol ved in methanol. After repeated extractions with methyl ene
chl oride, the alcohol fraction is concentratad to dryness and

redi ssolved in @miMst hanol - net hyl ene chloride, 1:1 mxture. After
clarification with silica 10 gel, the solution is concentrated
under vacuum met hyl ene chloride is then substituted with ethanol.
The o resulting sushansldn dor €RRCERLPALELioANd: l3blgllBosylcol-
crystallize. A second crystallization wth e anof cairried out
after further redicsigiinoidnceonppunds eheforhtila $@D|d i n et hanol -chl orof orm
m xtures and glarification on silica gel. The resulting
product, analyzed by HPLC, C NWR, H NVR and mass spectrum turns out
to be the same as the t hi geol chngosjde~st andar d. WD 98/ 15642
PCT/ EP97/ 05429 NERZ 19 CLAI V5

(1)
10

wherein R4 is an O-glycosyde residue, Rz is hydrogen or
C,1-Cq acyl, R is C4-Cg alkoxy or Cl—Cs'thioalkyl, which
comprises the biotransformation of compounds in which Ry

15 is OH or methoxy by means of Bacillus megaterium.

2. A process according to claim 1, for the preparation
of compounds (I) in which Ry is an O-glucoside residue.
3. A process according to claim 2, for the preparation
of colchicoside and thiocolchicoside.

20 4, A process according to any one of the above claims,
wherein the Dbiotransformation is carried out in
submerged culture at a temperature from 28 to 40°C, at
pH from 6 to 7 and using glucose, fructose or glycerol
as the carbon source. .

25 5. A process according to any one of claims 1 to 4,
wherein the culture medium used contains 0.1 to 3 g/l of

compounds I in which Rl is hydroxy or methoxy.
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Colchicinoid compounds are transformed into the corresponding 3-O-glycosyl derivatives by means of Bacillus megaterium strains.




