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EP O 353 683 Bl Description-The invention relates to a process for the
preparation of [err]-irone by bioconversion. This process conprises
treating iris rhizones, parts ofERs2% #8%Bbnes, iris extracts, iris wastes,
or plant 5 cell cultures of iris, with bacteria or their active enyzne
fractions ip t he presence of a plant cell culture nmedium Under [err]-irone
there i 2°8YPHE" understood in particular cis-[err]-irone as depicted by

formula 3 hel ow. This giss Lrthd Doy Blobduéidlod. N the reaction
product Wﬁﬁ :ﬁé;’soc%t%i%?auﬁ{m i{@rﬁzsgi%ﬁi é’ﬁfueﬁ ﬁﬁi%c?:héé, 19 613 Bis Wastds, aNglar. 10

15 Zg Il cultures of iris, with bacteria ol ]active enyzme fractions in the presence of a plant celi culture
2 2% %d m. 4 35 The

bact eri al §fgb@|-Rshe Horal itdTBY dhdbraib& iR hrticuia cip+ b satilopictbd Byriotninga 3)betey. Jhis
Ent er obaget,Glohém@Pbedgocia iflHarsactdr drodivtl withonslor e o the fireea ldbpictédstoyl fariules f r om
iris rhiizosms. Preferred species are the followng: Serratia |iquefaciens
Ent ergbacter cl oacae 40 Escherichia coli Pseudononas fl uorescens
Pseudononas mal tophilia As pointed out above, the suitable strains are
preferably isolated fromirig rhizomes. These rhizones are preferably first
cl eaned, peel ed 2 Lnatkd, reduced to smalwW\p#eces andiplaced in a
nutrient broth, CUBated in order ™s bet Ceria to grow,
t he gBsown strai e.g. by the conven di I uti on met hod,
purified and id e.g. biochemcal t& Ll i ps. The suitable
nutrient broth for the bacterial growh may contafn: i) peptone; (ii) neat
extract; 50 (ii1) yeast extract; (iv) inorganic salts, e.g. Nad ,k [err]
et ¢, Convenient nmediq for the treatnment of the rhizgnes with the bacteria
and a®culture of these bacteria respectively according to the present
I nvention are the conventional, the standard nedia used for the growth of
pl ant callus and suspension cultures. They thus may contain: 55 (1)
maj or inorganic nutrients; (ij) trace elenments; (iii) an iraon source; (ivV)
organj.c supplements (vitamns),; 2
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35 The bacterial strains of primary interest are preferably from the genera Enterobacteriacea and
Pseudomonacea and which are preferably isolable from iris rhizomes.

Proferred species are the following:

Serratia liquefaciens '

Enterobacter cloacae

40 Escherichia coli

Pseudomonas fluorescens

Pseudomonas maltophilia

As pointed out above, the suitable strains are preferably isolated from iris rhizomes. These rhizomes
are preferably first cleaned, peeled decontaminated, reduced to small pieces and placed in a nutrient broth,

45 then incubated in order to allow the bacteria to grow, the grown strains isolated, e.g. by the conventional
dilution method, purified and identified by, e.g. biochemical test strips. The suitable nutrient broth for the
bacterial growth may contain:

(i) peptone;
(ii) meat exiract;
50 (ii) yeast extract;
{iv) inorganic salts, e.g. NaCl, NH.NOs, efc.

Convenient media for the treatment of the rhizomes with the bacteria and a culture of these bacteria
respectively according to the present invention are the conventional, the standard media used for the growth
of plant callus and suspension cultures. They thus may contain:

55 (i) major inorganic nutrients;

(il) trace elements;
(iii) an iron source;
(iv) organic supplements (vitamins);
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"EP 0 353 683 Bl (v) a carbon source; (vi) organic supplenents (plant growh
regul ators) and may be suppl emented b addltlonal nutrient broth such as
outlined above for achieving the HERP éﬁ ovvth 5 These nedi a may
be, in particular, sem-solid or liquid, see for exanple; S.S. Bhojwani and
M K. RazdawM Qﬂ* Ssue culture Theory and Practice, Elsevier (1983),

e.g. 21 seldupo Pmr}g Jefotd culture, a practical approach,
e.g. 2 seq d( rzila 'be upﬁféﬁtent |t|oﬁéﬁ eﬂ& R shdly ds bafinel- abg)v@rf&' &H&ﬁ?'tﬂe Sddleliddb! €

are thus ? | owm ng ned |a Mir ashi ge and Skoog, Ganborg nodified Heller,
nodi fi egl koﬂﬂse HSdia may WBRI paktidlar] Sdnedlitii ob lielid;'sBe ifch xBmpls 9.8) (BRbWAD @RY MIX.
par t_gul arrakdavspPish riséud@ultutd: TRaofyl 428 PRicice AEIselibi (39835 BAPAI 4., &d R.A.iDixon fPiavEded Na
The rhi zorgifurs, p pattREIAPPrYach 3k 2 séq., JRD Rréss, (Micad) Waishiington\DE@d88L | ve state, may

al ready be umsitulbdycsitabld are.thushis tollgwirgf media: IMuragigiget aridnSkobge Gamborg aradified Helles hed
or powder ewbdifitd Slooes, 15 - parts or rhizomes, - iris-extracts, e.g.

al coholioc, perebrthaietny irisrthetedsitolbe anderstoed inaatticular dis pallidat Fiefidresting, b# germpani¢agpr iris
wast es, | .okVereae resi dues recovered after the industrial extraction of the
iris rhizoneHhe rhykames. Rrefprably taken fras thefplant ing vegeiative sigtec maw alreagiyeby psed fresly j9us
cul ture maortiefprfiapvpdingte oMb an expl ant on conventional 20 culture
medi a (as |rs$’%°‘h?k?9‘é‘j°’%s"i“??@°§'t andard procedures, and the so-obtained

pl ant c¥l | s~ apas Pf HiZaes Cﬁng ha cul ture of the nicroorganism The
rhi zomes arég,™ ?‘"8?5“{ §q“ﬁ’ °’abgdf"?'%?ﬂ?'§ pret r eat ed . The suitable

rm

L?g})g ?ggr eT[} é% @T‘i fq ) I'SSI %s reco e a:' ;ﬁ:hgmnh&rgp érsof f 5] n°’§[rtﬁzr %’nﬁ Il
to g days bei &ﬂur ng: ve) usin dﬁﬁ u?esrﬁmﬂ% S8lobib @d ﬁlﬁ'ﬁ tétis & 'ﬁﬁQIVE
mtaoc re of'th

medi um | s aboii, ,c,;a it being preferred. In case
of suppl err\::n-;r,,gtﬂi,,g,t;}1 erugto[,ﬁ,&gtab b, Qi ,yq,,eq,gaa@donabl e ratio of plant cell

cul ture nmedi3)shifibl MniboratiRitanddls doo 15 B 48R, Witk about 2t th 85 € BBR@ipwRrsd.NUL T i ent
broth) is abmgtsutibie reaciﬂ:n Ao i abbud 1SR Hays M boiddb 8 dayd beiRY préfeirad. Ny agent ,
preferakly aprrsuitdbie @atdes 1Y ratio fizomb: MaREistabeut 120 10 D:1adma Lbo-1:18Q0 11 Soeing
g/liter wipdendbout 8-12 g/liter being preferred. The isolation of the final
product is clarcdsnifenppdlemesthiondiyaitibnt brdite ageasvrablt irasin F plang tchib cdturagmadiziencito total
nowadays fraadiutni(s. plgrd icelt quthme mbditring nnbleattbrdihy is abeud A5pP&FIL.s or for the
product i on offor fseraicgpligiToasia, amelidifing\agent, praferebly agae israddédsat ialfingl cpnsentigiionto about 6-

Li kens- % dﬁ@ﬂ@owﬂtaéelﬁﬁﬂaa@tel‘bmlpqufifgd5| mul t aneous steam di stillation and
extraction afe isdstag ohip fnel aroruck isopaneanieptivseffeglath oy the é?'l!?’éfﬂ'!a!/“}?ﬁ‘t’ fso Heed
e o s A I ety

t reat nent
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obt ai ned (Heps ard%&. PR, B o g %mg 1 BGnsUBls w&gﬁﬁﬁcgggw al
or ¥ oflthe
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makper by g aRakkidds piaklsy ihd @seaﬁnaq fn %aaeaus 1

cl eani ng 4d6iRd.CeidahRg tsBchDdarads By, &) cRIORLUOF AR h&NIAEL PGS ehdige P&

chr ormat ognigadvhrorhtsgkbpRy, 61 FifRoh QEEiaRRIAY gel SRbirobhdrésisPdtinR{ cliréthddgRiphy Gik. om&orks

el ect r ophab@ehiently @f Butféted 36lubishs 08X bErFEeAPAS,5-6S. Very GRéh, BBHNING isCRNSSA heudidaly, anbl

buf f er ed 3K dudde @Rteact can ge ude@t ween pH 5,5-6,5. Very often, cleaning is not

even necessarhg, sepaigtiob ot the Itimdee eorb t@cbmaising ibmesi Badually not required. if necessary, it can
45 however be accomplished in the usual way, by, e.g. chromatographic techniques, see aIso Y. Rautenstrauch

und G: Ohloff, Helv. Chim. Acta, 54(7) 189 (1971).

Example 1

s0 Production of 4-irone by treatment of iris rhizomes with a culture of Serratia liquefaciens on a semi-solid
medium

Rhizomes of Iris pallida are taken from a plant in the vegetative state. They are first cleared from

excess earth and peeled in order fo remove the outer epiderm. Afterwards they are decontaminated by

55 immersion, first in an aqueous alcoholic solution (70% EtOH/30% H:O Vol) for 30 seconds, then in an

agueous solution of HgCla (1 gfl) for 30 seconds and finally by rinsing them three times in distilled water.
[Another even more simple means of decontamination is autoclaving at 120 C for 20 minutes].
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The separation of the[err]irone fromthe remaining irones is usually not
required. If necessary, *it’ can ﬁ@gg\,‘gé@r *Je acconplished in the usual way,
by, e.g. chromatographic techni dues; Bl 5o Y. Rautenstrauch und G

Ohl off, Helv. Chim Acta, 54(7) 189 (1971). Exanple 1 50 Production of

y-irone bymb usdhiRndtedhizorhds (s HUZQITD sifal Hlocds Stbbbiib 8 g%i f&! b 3h thd suface of

|'i quef agi Bhsof) MaraSHRJS! and Bibdy MBdRink! gl 16 YRt 1) Whitr mBd@irh 'ha@ pliSushyses! f r om
a pl ant inoéuiatddChy B@RIAt WHEhS thakibtial LhiBshsidh Bf bl ligueRBibR0 (nbth O)) R B8 Sontr t h
and peebgRrihént @ hetBihodukted @RDAGA-HobBatedLiHit Tba@étiaP@lidMurdérige IaA@ BKbSg ld@iNm & Red
decons aohdenbtBeiwiby idbitical RBAIIGASOThe ihdubdion isltafied A LESILE fal 1B, AEths ehdiétita® ( 70%
Et G4l 30%éried the rhizdme} afiddthe Séiresmadinyiaediunh&ra extiactedtoathet Orsbpaatblyi (i by sepdrating | (1
g/ 1) f othe3tizamecanelse.garby fiiiatiom| dnya tyyonr dlotls ipaig sizk 80N Link)r IBesiiniltamesdus distillatioh iahd e d

wat er . pruwaction dlikeps-Bickenson dechniggel eotarsdntheodomtlipedh mxtacts riexdt thizomess +ambdigh)aas ng at
120[ er r pnalyged BOGHiandIGEAS (ngle 4), shew (he 38BwiRE BppRkinEMecresills dratsamirana t5eitk, Icigiaz ONES
(5 g)0alrenedidie and cigrvdmed §1%pjupidentfiablp: (50 (pssugning thy tafalcimelind obttle iemes fedvedl9%)k e of

a seni - §sPmepradLivitisthe gentralrRIPeYReRJ2-Beigia ifrihe Agmbined  exirepts/g) of (fieeh diizomes,yred jgs

medi um FUPaYEEP0e et of (gisarirone, (¢ o feegh HV°‘E39EM’L‘QJ_F‘€°’VH“F?‘ {spreerpR{equasd by the

sus pens [eAMest ofdiest hizomps with Serali fiqupfacions Bisdhus beenacreaged by afeqtesof 24k per i nent a
non- i nogu! 3'_( ed (i.e. non-inoculated with bacteria) solid Mirashi ge and
Skoog]5 is used 5 under otherw se identical conditions. The

it Eg“?ﬁit ' Ol 41%0 WHoaithh (Sﬁhﬁr&srpjg%f 5 F.lékog&yﬁmgsﬁﬁagt grt‘t)aenprﬁ“ ! a7 Nggaper ' od
Separ at 4 en u.?%"%?ﬂf'ﬁ’gﬁﬁfp%ﬁﬁ%{'ﬁ,gg oo Tl of Zedchepepfitbmgcs i 12

y atron on a
nyon,cl oth, pore size 50[err y simultaneous distillation and extraction
(Li kensnbleeker son techni que, note 3). The conbi ned extracts (ex rhizonmes +
medi um) 7 as anal ysed by GC and GO/ Ms (note 4), show the foll ow ng

appr oxi matilatiSadd identifitation ot teacidrial Sofdtid liquethliensci s-[err]- 10  irone 33% and
Ci S-y-iromermidie ofuris pliiiah ik ¢leaddertomOaxtdds Earths pasled Gind Berohtarhifdted(30 Sétondsfin ke

i rones bquetts aldOBG sollitfon,C7TOY EIOMBO%I HI0).t Areintbowl tragnentxgd @bou®ist g E2thi3[rieande, i N

t he comnblaceddn tkint efauiiéng both (peptah Srdhmpatrestsacti g.oveast estrabis2 g,aNa€) 5 gi 1h® wilxDsint  Of
ci s-y-i incupeted @7 RECr qurihg @5 Hayshirrem rtis pultutertee bagjedum Sarratie diucfagionscis isojeteddodted by
t he tr edtriiechen afPefriy dishhcanigining muttlentiAgar esimvilart ¢amppsitipn dAgesi 18rad), lang idenified byen

i ncr eas biachepica] tesh sipy AR 20B/API SYSTEMGS-A. 38390 Meeialley-Verciew dregkeo 3be s ismainT

Mur ashi %‘e \ya pookly drapgier opRptd dishescfoptaiping, pritrient Agan and carybe prasseyeqd by anysiandaidnt ed
with 1 Fgihed: of 6-furfurylam nopurine (kinetin) and 1 ng/l of

2. 4-di CE| or.ophenoxyacetic acid; 12 ml of nmediumand 0.5 g of iris rhizone

per tes 0 gbe. 20 Note 2: Isolation and identification of the bacteria
S::: [ %E ! gﬁ‘lﬁ‘t{: Q\L& nt%t:hni[%‘ug %Hgvgﬁth nglcédu% &Q)te%!:r!t:je% % Iﬁbgcgug%ggﬂ.fs jg g(r:icg)é:goeI z
sol uti on, %@ 8%3%'% i 'r'ltt erﬁaﬁ&?‘r agemae\n Iérgbf' about 0.5 g of this

rhi zomeyolgaced in 10 m of nutrient broth (peptone 5 g, neat extract 1 g,
y&ast exttact 2 g, NaC 5 g, H20 1 1), is incubated at 27 C during 15 days.
Froma hi s azsllchidigrogriishyD BEILSE 01 W0d, SRbillay icAlurhh @d@f 26M.ER%ol Sad 38! Mg HARA,

puri f i eprogrammation 70/ 806C 2NC/MmAIMaRE Bpstfoniatdry FIMEAM\GSD0, eRctrénicTinpaf. CoONpPOSi t 1 on
(Agar: 10 g/l), and identified by biochem cal test strips APl 20E/ API
SYSTEM Bxafple 238390 Mont al i eu- Verci eu, France. The strain is main- 30 tained
by a weekly transfer on Petri dishes containing nutrient Agar and can be

pr es&f v 8dustionnf y-iranehydeeatohentwf iFie thizomes with a culture of Serratia liquefaciens in a liquid medium

For these experiments three different types of rhizomes have been used:
- Batch & fresh rhizomes in a vegetative state, cleared from excess earth, peeled and cut into small
pieces as described in example 1.
50 - Batch II: dry unpeeled rhizomes harvested in Italy in August 1987, stored at 4 °C before utilization (3-6
month) then powdered just before use.
- Batch Hll: dry unpeeled rhizomes, matured for 3 years at room temperature and several months at
45°C and then treated as above (batch II).

66 a) Experiments With the Murashige and Skoog medium

The powdered and cut rhizomes respectively are sterilized in 250 ml Erlenmeyer flasks (5 g rhizomes
per flask) by autoclaving at 120°C during 30 min. After cooling, 100 mi of Murashige and Skoog medium

4



Note 3: 35 Li kens- Ni ckerson techni que follow ng the procedure descri bed
by T.H Schultz & al. J. "Agric. gg% 5, 446 (1977) using a volatile
A eRet”

sol vent, preferably nethylene chl 4. 40 Gas chr omat ogr aphy:
DELSI DI 700, capillary colum Carb. 20M vector gas 4.5 m/m Helium

Pr Ogr amgshé 96 mf 8f rkaHehtSdidth &bs bxahRSSandiote! §) APdasd tofeadMaSK MhadrQfie &hiidnk.oNi C
i mpact . TR SkceptifPof thy Qi bkpBiimédts dallf Stline HaB3Gs Mdculatos JHATES nt B a 34 Hodrs old

rhi zomes cdiukd (natriéiitl bioth] 25 -@f gitatry sHaked) df ssmi AGioREdns| ($be dxdnpitH fr 8 (Lokfionf 8ia -

t hese expeubatsaininsa gifatoResheitel {100 esvblutiohiddfy) 2085 0 duARYHE WaSREGNES 8t Wethd of thidat Ch
| : fresh petiddzotinise rizonses\aedjthb tbdivie adloRtttted BhdemilpEd bs dudtribsCma%ang® 1.h, peel ed
andcut i ntThegesitd (bpictel; dsliacaxpreessd ini g of ifonestky ahgry-@sighed Jkizomes arel%ﬂrbmh Table 1.dr y
unpeel ed Thievemge distributioredf tobicbnesnin these extracts is\thg Eodlowirdg®87, stored at 4[err]

bef ore uti Firaaswdrone(@% nont h) then powdered just before use. - Batch II1I:
dry unpeel edcig-rlrone8%, matured for 3 years at roomtenperature and sever al
nont hsat 45;%7”"9&?& then treated as above (batch 11). 55 a) Experinents

Wth the mMir é’%\nd Skoo medi um The powdered and cut rhizones
respectivef ““éﬁ%“ in 250 Erl enmeyer fl asks 615 _rhizones per
xicpction (withauf )

(see exanp : m%q e 5) are added to each flask under sterile

condi ti ons, f éxceptlon of the control experiments each of the
flasks is Lnggy_g%ggymnth 0.5 mM of a 24 hours old culture (nutrient broth,
25 C, glratogyﬁﬁhégpr) of Serratia liquefaciens (see exanple 1 for the

i sQliat 3,0n) . aflehiRsBO6EEd on a giratory shaker (100 revol utions/ m) at
25[err] during two weeks (Note 6).At the end of this 5 period both the
rhi zomes and the nedi um are extracted mpdianal ysed as descri bed in exanple
1. The results (batch I, Il, 1ll) expressed in ng of |rones/kg of

dry-wei ghed r hi zogem'e—gf'vwri'n'ﬂ‘a'b'l-e—r—.—'she—m ut i on of of
irones2sin these ektracts.is the follow ng-1.- atfc?a 1:%336-“:?' B‘}c “t; 9 -

cis-a-irone 34% [LON) Treatmentwith Berratij liquefaiems §8%20 - | eb75] - i [ 082 1. b% -

uni denti fiabl e i rPygcatroPexpamment CONLT a0l ST|l NggT O {I3ET €f Ogogt NE| Cl assi cal
Li kens- Ni ckerson 9&—#@@(—4—9»%—(—%4—%—%3@-3@9 ) of mature
rhi zones (batch || (3 %€l ds 700 ny of irones/%¥ pf &P wkigHéd |hizomes

flask) b g 'a‘.!f " ' nsyRlckerspn iolpgjenl frpatrpgn
I\/U?Zs%n gy q 'fi’eé 9‘ SEZ?"’S 73&'&’;9*,}3%?"@8’@‘8‘19'95‘% rhizgmeg 9’5 iting gAProxdimately - ot h

exhi bi®ing approxi mately 15 the followng distribution: -
trans-[err]-irone 4% - cis-a-irone 44% - cis-[err]-irone 50%
-[err]-imotees: 1. 2% 20 - unidentifiable 0.8% Table |

Under normal conditions of bacterial growth, the treatment of iris rhizomes with Serratia liquefaciens by
using a nutrient broth only (i.e. a conventional nutrient broth for the bacterial growth) does not lead to any
increase of the content of irones.

35

w Note 6:

A kinetic study has shown that for batch | the maximum content (720 mg of irones/kg of dry-weighed
rhizomes) was obtained after 5 days of incubation. (cf. Fig. 1).

50

55



T
Batch | Batch Il Batch Il1l (T) Treatnment with Serratia |iquefaciens 720
675 822 (C) Control experi 68 198 623 (R
= T/C Bhgpeen 1.3 30 Note 5: Under
normal conditions of bacterial growmh, the treatnent of iris rhizones with
Serratia liquefaciens by 35 using a nutrient broth only (i.e. a
conventional nutrient broth for thepgﬁphprial grow h) does not |ead to any
i ncrease of the content of irones € 6. 40 A kinetic study has shown
t hat for batch I the nHX|nun1content (720 ny of |rones/kg of dry-wei ghed

rhi zones) \Eaeah / . ) iqyiidymedjum45 50 55 5
ER_O 353 683 Bl Flg 15 Klnetlc study of the producti on of
[err]-iropgyohnliguid nedium 1000 ng of irones/ 10 kg of
dry- wei ghe? ﬁu Z Ofg of Hones/ 80 [err] 700 20 600 25 500 400 30 300 35 200
g_gr rt]o [err] 4CF _I %ofd?-wexghedrhgomes 5 10
S00-
[ \
15 BOO-
5
I
700:
o 20 i
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*  soqg
400
0 !
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35
200 - SN o
v
“ 100
0 +—
45 0] 15 20
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50 Serratia liquefaciens
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s5 b) Experiments with several other types of plant cell culture media

The replacement of the Murashige and Skoog medium by several further types of plant cell culture
media {Gamborg also called medium B5, modified Heller, modified Skoog, ¢f. Plant Tissue Culture, Theory



{ i
Cont r ol
Serratia

| i qguefaci ens 55 D) Exper| nments wth several

Treatnent with 50

cell culture nedia The repl acenent ERP 363,883B1 ashi ge and Skoog medi um by

sever al
medi um B5
Theory 6
El sevi er
2a),

further types of plant cell

]c_%n 3‘ ns

leads also to a si gni ficant

%mﬁﬁﬁﬂh 58 flchﬁ'

usi ng Ot erw se unc ange

culture nedia (Ganborg al so called

ﬁgdﬁkoﬁga Zs%flongJ%g udi He&ﬁ% s&%ﬂ%ﬂr %acﬂon

ot her types of plant

reaction condl tions (cf exanple

I ncr eagsle pf t he content of

I rones,

see

Table I§. Table Il 5 Variation of the medium Ganborg Modified HeIIer*
Modifjed S ' —- et ' ‘
760 340 630 685 * YRR P[BYmMEEY T o - ller nediumwith |
Morel Vitgmns (Wetnore R H., Am J.GdBobrg,| MBifi¢dliBdr) | Mddified Bkdg™ P -Mupashige

(2, 4-di chl{or ophenyl acetic acid) (1f{nmg/m )| ** Mdifipd Skoog: MjraadBkage [and
Skoog nmedi NOT: 1-Z T 71 Ki nEtin 5 . | The
st ra|gn Serlc lﬁ@t E:%ISI UET\ JX;‘v‘?éLgh@rég CD%OS\ 1‘ rTg4E§162m| Q \Ancdaél'nnnp -+ %c

S.1.1.v undMeditisddiolairHslier mediumish Mweb\@avymwetm%@ Haf\mm@oq ﬁﬁﬂsvth Past eur,
Col | ect i on 1Rkt43cAR @ 4dlichiorgphenylacsticsidM! @9k gani ses '6)9{' 25, rue
de Doct eur d/Skpog) Murashige and Skopg madiuneyit Morel Vga'wso&ﬁ'eﬂ )5'f‘°t'["é1rr] i rone
by treafmefM®bf iris rhizomes with several other bacterial strains, 25
Fresh rhizones (batch |I exanple 2) are treated as in exanple 2a for one
week usi ng oOrme stidin Sératid knubfacidns ataush ¢t the Exafnplbe wissadspesitechasciidy undeBihé eurdiisaktt er
cl oacae Eg8heniJulyi t2, Ci988 at theFsslitutl Rasteraic Ocliection Natiamald odeo fidllyref | deoMisworganismes 0
Pse'gdongana@NM-L &% Inie| doDo¢tedF BOUX 7828 Pansf Gedex 1Sncubat i on both the rhi zones and
the correspondi ng nmedi um are extracted and anal ysed as descri bed in exanple
" la. The r &xamnies3 expressed in nmg of irones/kg of dry-weighed rhizonmes are
glvenlnTabIeIII Table 11
| nf | uence Pegduction Qlﬂ@'ﬁ:ﬁ‘im&mﬂmfﬂ'ﬁ rhﬂ@mﬁi\!ﬂ’*me?' ptheri ba@ﬁlﬁ#ﬁﬂ%nas Pseudom)nas
40

f1 uor escer?slofv:ﬂzrfﬂ'iemﬁ?mh 2 REmele P raﬁﬂwg?}eﬁgasd? °6€P'">P%V\ﬁ fﬁhg'be ek Hsiag one of g3
nte! riacea:;

535 Entel;tL.)Zéble$§loa%Qe | solated fromiris rhizones
(procedure chf= €xampl e 1, note 2), the particular
strain of Pseudomonaceae: Pseudomonas fluorescens *

30

Pseudomonas maltophilia (ATCC 17866)
After incubation both the rhizomes and the corresponding medium are exiracted and analysed as
described in example 1a. The results, expressed in mg of irones/kg of dry-weighed rhizomes are given in

Table {il.

% Table lli
P Influence of strains
L

% Enterobacter | Escherichia coli | Pseudomonas | Pseudomonas

cloacae fluorescens maltophilia
mg of irones/kg of dry-weighed rhizomes 1073 535 187 174
45

50

* |solated from iris rhizomes (procedure for the isolation as in example 1, note 2), the particular strain of
E.cloacae was deposited as E.cipacae 1 under the number |1-779 on July 12, 1988 at the C.N.C.M.

55

** Strain 54127, subcultured from the collection of the “Unité de Bactéries de I'Institut Pasteur” and supplied by
Dr. C. Michel, Laboratoire d’ichtyopathologie, INRA, Route de Thivernal, 78850 Thiverval-Grignon. The strain has
been redeposited as E.coli 2 under the number 1-794 on July 28, 1988 at the C.N.C.M.

1 779, | 780 and | 794 are Budapest deposits.
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E. cl oacae was deposited as E.cloacae 1 under the nunber 1-779 on July 12,
1988 at the CN.C M 55 ** Stralg %ﬂ?s bcultured fromthe collection of
the "Unite' de Bacteries de | Pi eur' and supplied by Dr. C
M chel , Laboratoire d'|chtyopathol ogie, | NRA Route de Thivernal, 78850
Thi verva,l_:xa,%,b gnon. The strain has been redeposited as E.coli 2 under the
nunber 1=794on July 28, 1988 at the CNC M | 779, | 780 and | 794 are
Eud?pes?réaaeﬁ Iof $-.ronZ> by troffReft osaﬁer@ﬁ&trﬁas detidalto 1As ,t%imeéiwm Sdhrislqudtiehd il T One
y tr eatigGdmes ‘ 5o Veo OT ' 0a W i a
I |quef5ac_eTs_W"I i quid medi um 5 a) pl ant cell cul ture of Iris pallida
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- medi um (cf exanmple I, note |) and on Ganborg nmedi um (cf exanple 2b)
accordi ng Calusacuithres ofi kisapalliga baye derndniifakidan tMulaskigaiand Skbrgonegiuen(df ek@nplé t,aotei ce.
S. S. Bhd) audren QamijorlyimédiuRagfchaamnple=?h) @gdowling (19 @ 8l89sical pracedurantilatt Tissue Jhdoty eandd 12
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seni - solMaintained aah Pefd dishes SRR &Ml rAf Eami-selicc Myrashign eng Skpogume agsh alr esh
medi um SFP%%"%F‘P’&'F hen fped mediTs TBesp shainsyarg, rpnstored tongebuign ursige andd

Skoog orS ﬂ%‘bﬁgtﬂtﬁﬂtt Aﬂ?’ar?a'"taf?&ﬁ’ AR élgﬁﬁﬂfyéPPka' r"at‘%or v %‘3‘!?@‘?'“’(1 \é’l)r] 100
revol ut i §9 ﬁ'i' ﬂ V'i'B"'ﬁ‘ﬁ § the ] and
subcuf® L@“ S ed '::: ﬁﬂg me rIf
:‘Nlegls(ism 'ﬁ rol '%I d&ﬂ ts, |n cu%teév%ﬁﬁ gml of a tur )é tia
iy "?&331; Sl

. Serratla&%etﬁgsc]l elﬂtgs)%pré'l'?hey arae then |ncubg'F“d on 5 gi raat (')r?/ shaker (100

revol utions/m) at 25[err] during twoameRks. At the end of this period both
the biomass and the medium are extract ed and anaI ysed as described in 20

exanple 1. The resul tg—expressed— F— y-wei ghed iris
cel lszare given in tdhle IV. Tablel I qﬁ;f@'“ 'EFM '?1 Iris cell strain

12 25 Treated iris cegl Treated iris cell85 35 16@80Cont rjol experi nment
0 Oqomnﬁ of TJ1S vvfé‘re'é—gﬁ’%‘wastes are the
resi dues recovered afler-the i ndustrial ydrodi-stillatiod of powdered iris

rhi zones. These wastes are treated, as described in exanple 2a, with
Serrafha |iquefaciens. In table V- the results of 35 the anal ysis of the
treated M‘Mﬁ&tﬁrr]-lrone/kg of Wastes) are corrpared to those of t he

cont rol exper i nent § t bact e% e V Co Tr eat
Serrati arh ‘@s recoversg aB‘f" ’86'@7?;3 -of
wast e o wast as descri exam e , Wi h ia llq famen the results”of
the analysis of the treated wastes (Mg of y-irone/kg of w. are oompared to those of the control
experiment (without bacteria).
i Table V
R
“0 Control Treatment with Serratia | T/C
experiment C liqusfaciens T
mg of y-irone/kg of waste 40 102 26
45

¢) Treatment of iris extracts

A crude extract of iris rhizomes (from Batch I, ses example 2) was prepared as follows: finely divided
rhizomes (1000 g) are exiracted twice with 1000 ml of methanol under agitation for 4 hours. After filtration,
the combined methanolic solutions are concentrated.

A 5 g sample of this resulting crude extract is dissolved in methanol (10 ml) and portions of this solution
{0.5 mi), sterilized by microfiltration (Sartorius NMLPF 0.22 xm membrane; SARL, BP 27, 11 avenue du ler
mai, 91122 Palaisean cedex) are added to Erlenmeyer flasks, each of them containing 100 ml of sterile
Murashige and Skoog medium and 10 ml of sterile nutrient broth. After inoculation with 0.5 mil of a 24 hours
old culture (nutrient broth, 25°C, giratory shaker) of Serratia liquefaciens, the flasks are incubated for 7
days. The total biomass is extracted and analysed as described in example 1. The results are listed in
Table VI.

50
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45 c) Treatment of iris extracts A crude extract of iris rhizomes (from
Batch Il, see exanple 2) was prepe&gg’sgwgkl ows: finely divided rhizones
(1000 g) are extracted twice with met hanol under agitation for 4
hours. After filtration, 50 the conbi ned nethanolic solutions are
concentrated. A5 g sanple of this regghdiing crude extract is dissolved in
nmet hanol (10 m) and portions of this solution (0.5 m), sterilized by

mcrofiltrati QH—%&FP&FWS—NMPI‘—H&E&F&EWl avenue
du ler mai, 91122 Pal ai sean cdd@eroleperingniel) estmant wilh 7eUalp gyl | each of

t hem cgnt ai ni Ngng&Grondsritef cubdrer|li | € Manashi ge| and Skoogod&di um and 10 m  of
stekil e nutrient—rotth—After—TtnocutatTomr wtiT 0-5 m-_of a 24 hours old
culture (nutrient broth, 25[err] giratory shaker) of Serratia |iquefaciens,
the flas ,e-i ncubated for 7 days. The total bionmass is extracted and
anal ysedk-%sﬁ%lggcri bed in exanple 1. The results are listed in Table VI. 8
EP 0358685}, d3dtion 3P4 -Fond by %&n‘? l)f RIS IFEMEs with AlcqifkdB? Bbrratik liduet@Sdnk & Bidteactors

| i quef aci ~i; PR 6 dolBidh -rt- e EoNditioHsE 0. 17

) rTone by treatment of fresh iris

rhi zomes prdauao,wl.,b,\bw, mawﬁeﬁﬁeatuoeaa&orquef acienc in bioreactors under batch
or doubl e phtase separating conditions. a) Production of irones in a batch
stirrelf bi opeamied thidomes (15BP@)vetam catch i (ze@naxamgid Bang)thrbe litans B Mutashige gnd ikoog
exanpl e 2pediundart plaesel it & b diteebigrbacivh araisiriogaved il 18K@ dyingrd’l minktes Alleraditasbf 809 a 5
liter bi onlehstedizodmittiontibratic(ses/exdmple 1)1theinbrure]is egulated Wit 5yvinhef @dacteriak sughension
addi ti on «ifSe@0W linyefagibnost(cfraxarpiest). e euitern is Maigeined & 28" G lop fsipxs unfer meehsicgh r e
i s\inogyl slitrioal (AP r/nl5ad en aerpion of,B:2 VLM 9.2 ¥elumes pltivlimaf "S@'F"I“‘éﬁ"? amp'es of 100

| i quef aci mhere tgkeq akiex And|and ) dayspe apglysis, Acoptel P’H?%QTH tpactodsl d‘,‘°f" '°'8"8ay
under mechediHntagt inoeyigted; v %KO‘G‘)I"? i jnto_ARCFr %@r% ?

vol umes dF?"F%F?H’émﬁf Extra 'PSIHfltPR Fpmpl s%ﬂﬂ? edpsu ??Wen b °a (ﬁ"aé? 't amT, 2
and 5 day¥!ptesaired Y erampled)cont r ol experiment without bacterial inoculation
(i.e. sediumnot inoculated with Serr. L gy) is run into an Erlenneyer
flask on a giratory shaker under ot herW| se identical conditions. Extraction
of the sanples fum shed the_r_es.u.l_t_s_aﬁ_g.l_v-e-n—k-n—‘liabJ—e VIl (analysis carried
out as described in exanpl g Bpmpledafter: mg of irones/kg of

Table VI| Sanpled after: mg_of _i r onds ARrMNHNGINEi hhed rhi zones 30

24 h 3 411 48 smn 411 404 1p0 h

370 120 h (control) 164835 b) HRroductison of [efr]-irone under double
phase separating conditions| @uar ati ng [condi tisams for keepi ng separated of
the rhizomes fromthe bact ef 120 hgontolfli|al ysi s 18®nbr ane| 40 Smal | pi eces
of peeled iris rhizomes (BatthrT—exanpte 2J are ptraced in 10 cmdialysis

t ubes (’brol abo

b) Production of y-irone under double phase separating conditions

ot Operating conditions for keeping separated of the rhizomes from the bacteria by a dialysis membrane:

40 Small pisces of pesled iris rhizomes (Batch |, example 2) are placed in 10 cm dialysis tubes (Prolabo
[BP 369; 75525 Paris Cedex]. Ref. 24132, 5 g/tube) and both ends of the tubes are closed with special
plastic joints (Spectra [Spectrum Medical Industry Inc. 60916 Terminal Annex, Los Angeles, California 960];
ref. 132736). Each one of the so prepared dialysis tubes is placed in a 500 ml flask containing 250 m! of
Murashige and Skoog medium and the whole is autoclaved at 115°C during 20 minutes. After cooling and

45 addition of nutrient broth (30 ml) each flask, except those used for the control experiments, is inoculated
with 1.5 ml of a bacterial suspension of Serratia liquefaciens (cf example 1). After one week of incubation at
25+C on a giratory shaker (100 r/mn), both the total biomass (rhizomes ex tube and bacterial ex flask) and
the medium (ex tube and ex flask) are extracted and anlysed as described in example 2a. The results are
shown in Table VIII.
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[ BP 369; 75525 Paris Cedex]. Ref. 24132, 5 g/tube) and both ends of the
tubes are closed with special pl LG Laints (Spectra [ Spectrum Medi ca

| ndustry Inc. 60916 Term nal r%sah{%é&Aé:‘;el es, California 960]; ref.
132736). Each one of the so prepared dialysis tubes is placed in a 500 m
flask containing 250 m of NUrashige and Skoog nedi um and the whole is
autocl aved at 115[err] during 20 ter cooling and 45 addition of
nutrient broth (30 m) each flask, except those used for the control
experinments, is inoculated with 1.5 ml of a bacterial suspension of

Ser r.a§ i a—guefaetrens—{ei—exarpte—tr—After—ome—week of —TTCUbat o at
25[¢pr] on a giratory €bakeol(égperimept BoTheatmendtWwithBi onmss (rhizones
ex tube ang 2 terial ex flask) and the nedium (ex tube and ex flask) are
extracted nlysed as described in exanple 2a.,The,results are shown in
Table Vil. 50 55 9 EP 0 353 683 Bl Tabl es?/FF?"BaOBhWBE“é?ﬁ%Fl ment *
Treatment with (T/C) Serratiachi quefaci encs 10 (T)

(O (T) mg of irones/ 15 - kg of dry- weighed

rhi zomes 63 072

17 20 * Mmg&o$ riwdnesy+ nutrient broth is not inoculated 25 Exanple 6
ProductloQ obe [grgl irone by treatnment of iris rhizomes with an enzyne
fract®on, gs represented by a bacterial cell free nmedium 30 The process is
carried oweighedno steps: - first step: preparation of a "conditioned

medi unt', irh@zomagubati on of &Bis rhizones withi824ratia |liquefacidds in a
liquid plant cell culture medium + nutrient broth and separation of the
regi djjal —+hizomes—thrs—medrunmT oW ToONtar s e enzZynes. 35 - second
step: incubation of iris rhizomes with the "conditioned nedium. a) First

step: Drw hhh?%nﬁédﬁhﬁtthﬁ%r1§hQ”Bk6tﬁ)1§rﬁotn¢nbaﬁedtaﬂth Serr. lig. as

I n exanple 2a (4 x 250 40 Erl enneyer flasks) for one week except that
t he Murashi ge and Skoog nedlun1|s repl aced by a buffered plant cell culture
medi um which is prepared in the followi ng way: - a biological buf f er

(ME. S. )Examme 6 2- ( N- nor phol i no) et hanesul fonic acid, Sigma ref.: M 8250) is
added to non-sterilized Mur ashi ge and Skoog nedlunlto obt ain

concent rPsedugtion of v-ime pyypateent ofirg) rtyznvgesmqth, ap enzyme fraction, as represented by a bacterial
cell free medium

30
The process is carried out in two steps:
- first step: preparation of a "conditioned medium”, i.e. incubation of iris rhizomes with Serratia
liquefaciens in a liquid plant cell culture medium + nutrient broth and separation of the residual
rhizomes this medium now contains the enzymes.

35 - second step: incubation of iris rhizomes with the "conditioned medium”.
a) First step:
u Dry thizomes (batch Il, example 2) are incubated with Ser. lig. as in example 2a (4 x 250 ml

40 Erlenmeyer flasks) for one week except that the Murashige and Skoog medium is replaced by a buffered
plant cell culture medium which is prepared in the following way:

- a biological buffer (M.E.S.) i.e. 2-(N-morpholino)ethanesulfonic acid, Slgma ref.. M 8250) is added to
non-sterilized Murashige and Skoog medium to obtain a concentration of 50 mmoles/l and the pH is
adjusted to 6 using a 3 N KOH solution. The mixture is autoclaved at 115°C during 20 min. or

45 sterilized by microfiltration (Millipore membrane, 0.2 um).
After one week of incubation no bacterial viability was observed any more in the four flasks. At the end
of this period the residual rhizomes were separated from the medium by filiration on a nylon cloth of 50 Lm
porosity. In the following the thus obtamed filtrate (medium + dead bacterial cells + enzymes) is called
"conditioned medium".
50
b) Second step

The "conditioned medium™ {100 ml) is centrifuged at a temperature of 0-4 *C under 12000 g during 10
min or under 43140 g during 20 min. in order to separate first the dead bacterial cells from the medium.
55 - The supernatant is used to incubate 5 g of iris rhizomes (baich Il of Example 2, sterilized by
autoclaving at 120°C during 30 mn) in a 250 ml Erlenmeyer flask on a giratory shaker (100
revolutions/mn, at 25 ° C during one week.
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adjusted to 6 using a 3 N KOH solution. The m xture is autoclaved at
115[err] during 20 mn. or 45 sterilized by mcrofiltration (MIIlipore
menbrane, 0.2[err] After one weekEBO I5AEBBBEi on no bacterial viabi lity was
observed any nore in the four flasks. At the end of this period the

residual rhizp ik 28R 811 LT A of RO gl BreR MRfhagdilaon
cloth of 50] 6 1godt i
(medi um + de§£ terl a czil 5 Egaagr?zjynes |s E\ge 'l ed aégong% ??f)krlljgdd neggtltfur?‘i'

50 b) Seconeon?rb Illﬂﬁ'entscﬁm'g' fnb 0B&itioHRE | rhbilum® L 4Rl ) with6ut GRiEmek fve@e elnadnder

t enper gt Uikernmde i &h&aﬁéoh&mddgl er 12000 g during 10 m n or under 43140 g during
20 Qi,n. i N ekifd6don loPths epledtafd brialysié as fdcribedi ekaiiect afftded thb Iresulfsras giverhie table

. medium 5% - The supernatant is used to incubate 5 g of iris rhizomnes
(batch 11 of Exanple 2, sterilized by autoclaving at 120[err]during 30 mm)
ina 250 m Erlenneyer flask on a gi Maker (100 revol utions/m, at
25[ errpo duri ng one week. 10 EP O 1 - The centrifugation residue
is mxed with 100 nl of the previously prepared buffered Mirashi ge and
Skoog mnmedi um whose pH had been adjusted to 5 and then used as above to
incubate 57g of 1ris rnizones. Control experl rrents us%r&g%% he concTtl oned
medi unt with and without rhizomes were run under ® denti cal
condi t"ns. Extraction of the sanples and anal ysidrysweisroed bﬁthzoma(anpl e
1 afforded the results as gi ven in table I X. 10

Table | X my—of—Tromesrkgof—15
dry- wei ghe@onttobnexpeninents exper(éﬁant s (a) 20 -

Coqdj ti,pned égﬂaﬁﬁioned medium 29 29 -
Co i tifoned m\lum+ r hj 868
Exper i ment al €@@ftHieRe T‘Eém% + IR Hatant + rhi zon%s
772 - Centrifugation residue + rhizones 174
30 Centrif {dfr & - ernatant + rhi zones
703 - G@nt?gﬁ&gﬁféﬁégesﬁgduer+ r hi éZSHE)jr)nss 229

35 Concl usroﬁ‘é?eﬂﬁatwt%t@bﬂ%‘ﬂ%é once nore the fornaf{®n of y-irone ex

(non- nat ur e) céht ZPfEgat fom tésidde nedihizdmes al so Ex.124. 45 b)
established the fact that the major part of the active enzynes are sol uble
in water, are extra-cellular enzynmes. The strains |1-780, 1-779, 1-794 w ||
be avaish abCentoifugaploni43b40fgoHkPFBBruary 5, 1990.

- Supernatant + rhizomes 703
- Centrifugation residue + rhizomes 229

35

Conclusions:

¢ a) establishes once more the formation of y-irone ex
(non-mature) rhizomes in a liquid medium (see also Ex. 2).

« b) established the fact that the major part of the active
enzymes are soluble in water, are extra-cellular enzymes.

The strains 1-780, 1-779, 1-794 will be available to the public as from February 5, 1990.
50
Example 7

Production of y-irone by treatment of iris rhizomes with an enzyme fraction

55 The procedure is as described in example 6, except that the "conditioned medium™ prepared in the first
step of Example 8 is replaced by a so-called "preculture” (without using rhizomes) obtained in the following
way:

100 ml of a buffered plant oell culture medium prepared as described in example 6 and 10 ml of

11
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50 Exanple 7 Production of[err]-irone by treatnment of iris rhizomes wth an
enzyne fraction 55 The proc described in exanple 6, except
that the "conditioned nediunt fﬂ*’ésg%gqaﬂﬁl he first step of Exanple 6 is
repl aced by a so-called "precul ture" (wi thout using rhizones) obtained in

t he fol h@WénDBroiasee eltdiibie™ aﬁfadaedqygécﬁrflﬁ‘éﬂ oPh gt &M 2 gjgggﬁ\ 15 HieRiMERL & ar ed
as descmebmksmn&maaamﬂ.é ss}fd.r?clbjﬁ B o 55 B ﬁ‘; %E{%d brot h
(see exanpl fem&)culﬁreecﬂdaiﬂdcdt&}e eaesbdf&aaslse&ﬁd Sorf) InSBdY & theZcohdifotied Modi QWEYGr
fl asks. désaitied @iid disheinfokaiipiess. The deSURS bib a$ Gitbn'h fable EEr rati a | i quef aci ens and
incubated as in exanple 2. After an incubation period of 24 h thls cul ture,
cal¥éd preculture, is used for the ndxstep I nstead - of the "conditioned
medi um', as described and used in eiﬁmﬁe—ﬁ The results are as given in
table X 5 Table X 10 ng of irones/kg of dry - weighed rhizones 15

Control experinent 236
Exper'fmental culture 20 Centritugatton 43140 g7 20 1T - SUpermatant +
rhi zomes % of; igoness kg ofi ocess for

the preparation of[err]-irone by bioconversion,deprpridaighed mdizongsi 1 S

rhi zones, parts of such rhizonmes iris, extracts iris, extraction wastes or
plant celT CUT{TUres 0] 1T1S, WU pacterta, preferagty of—tie—36 genera
Ent erobaEPBFFS&eﬁxB?rF’Q%%Elom)nacea or their activeZ3fzyne fractions in the
presence of a plant cell culture medium 2. Process according to claiml,
wherein gReatk @Hﬁ‘f‘%@f £ rhizomes is perforned with a culture of
Serratia robacter cloacae, Escherichia coli, Pseudonobnas
fl\uargeseEEHE':bﬁ“QStlon %b‘!ﬂo‘hﬁf&sﬂml tophilia or an active enzyne fraction

thereof . -3suPepPRLESnOCLOFRiFemé® Claim 1 or 2, whergjyg the bacterial
culture is isolable fromiris rhizomes. 4. Process accor di ng to clainms 1, 2

or 3, wherermtherhtzones—stem-fremt+s—patdar—Hs—H-uerentinar- Iris
40 germanica or iris of Verona. 5. Process according to any one of
claigs 1 to 4, wherein fresh rhi zones are. used. 6. Process accor di ng to any
one of €lalss 1 to 4, wherein iris extracts serve as a starting material .
45 7. Process accordl ng to any one of clains 1 to 4, wherein iris

extract o r\’ rofesst i Shesreragationsof gtirget byrkipconyereipn. gpmprigingPirentingsids tizoraasdparts oftsochany
one of cl &hizpEes irig, pxiractsifise A E)W&ﬁtﬂs of Ripnt cell uityigscod irgf with bacierigcpreferaliis ofdhear t i ng

mat efd al . ra Enterobacteriacea or Pseudomonacea, or their active enzyme fractions in the presence of a
plant cell culture medium.

2. Process according to claim 1, wherein the treatment of the rhizomes is performed with a culture of
Serratia liquefaciencs, Enterobacter cloacae, Escherichia coli, Pseudomonas fluoresecens or
35 Pseudomonas maltophilia or an active enzyme fraction thereof.
8. Process according to claim 1 or 2, wherein the bacterial culture is isolable from iris rhizomes.

S 4. Process according to claims 1, 2 or 3, wherein the rhizomes stem from Iris pallida, Iris fluorentina, Iris
40 germanica or iris of Verona.

5. Process according to any one of claims 1 to 4, wherein fresh rhizomes are used.
6. Process according to any one of claims 1 to 4, wherein iris extracts serve as a starting material.
7. Process according to any one of claims 1 to 4, wherein iris extraction wastes serve as starting material.

8. Process according o any one of claims 1 to 4, wherein plant cell cultures of iris serve as starting
material.
50
9. Process according to any one of claims 1 to 8, wherein said culture medium is the Murashige and

Skoog, the Gamborg, the modified Heller or the modified Skoog medium, preferably used in the
presence of a nuirient broth.

55 10. Process according to any one of claims 1 to 9, wherein the rhizomes are treatsd in a semi-solid
medium.

11. Process according to any one of claims 1 to 9, wherein the rhizomes are treated in a liquid medium.

12



9. Process according to any one.of clainms 1 to 8, wherein sai ure
mediumis the Miurashi ge and Skoog, the Ganborg, the nodified mng ’mmﬂm,”m
nmodi fi ed Skoog nedi um preferabgy gUx8Gss Bt he presence of a n L
55 10. Process according to any one o? claims 1 to 9, wherein the rhi zomds *
are treated in a sem-solid medium 11. Process according to any one-of
cl ai nsnilrienbbrbth (sele @kample 1)laee added oreech fisicoftargeaup @ti4 k RB50ml BrigormeyentizgiisuiBach bP
EP 0 33 fisR8isBdoculated with Serratia liquefaciens and incubated a¢ in eampld 2. Afiér an Scubationugeriode nt
br ot h ¢34 thig Znipwree cdllpd preeultord die dseddordizecsecdnd toR, intead ofythe (igendifioned medh& ", a¢
Er | enndgseribed aadsised infxarhpie)$. The restlis arskas given indataX.at ed with Serratia
| i gufef aci ens and i ncubated as in exanple 2. After an incubation period of
24 h this culture, called preculturgeapié xsed for the second step, instead
of the "conditioned nediunt, as described and used in exanple 6. The
results are as given in table X. Table X 10 ng of irones/kg of dry -

i ghed__rhizonmes 15 Control _experinent
236 'Experimental culture Centrifugation 43140mf90%oir%%es/§ ggnatant +
r hi zomes 5 . .,Process for
the preparation of [err]-irone by bloconver5|oﬁ‘Yb6nﬁP|§Pﬁ§ EPAZOMRE iris
rhi zomes, parts of such rhizonmes iris, extracts iris, extraction wastes or
pl an C@bbt?ﬂﬁtg§§§r9behQ's with bacteria, preferably of the 30 genera
Ent erobacteri acea or Pseudononacea, or their active enzyne fractions in the
presence of a plant cell culture medium 2. Process according to claiml,

wher ei n kbe:trnem;amnbumftur; e rhizonmes is perforned wwth a culture of
Semr at i encs cter cl oacae, Escherichia coli, Pseudonpbnas
Bk E5hagkT06° 42T lnTk0

fl'leres ad naltophllla or an active enzyne fraction
t her eof - S8upPrpas&estaeccohdengeso claim 1 or 2, wher 618 the bacteri al
culture is isolable fromiris rhizones. 4. Process according to clains 1, 2
or 3, wherern the rhizomes stemfromlIris pallitda, Tris fluorentina, lris
germanica or iris of Verona. 5. Process according to any one of
cIaFﬁs %wto 4, wherein fresh rhizones are used. 6. Process according to any
one of BB s 1 to 4 wher ei n |r|s extracts serve as a starting material.

45 7.
extr actﬁ)lr %fc%?s j‘ﬁﬁg )5 ci ar}glo;t O an%e %‘Ef fr'%géuz}t," ltur eg;tg 'Fi% r‘i‘%rpes Eﬂﬁﬁf :ttﬁ)e any

ae
one ,pf Clg%h&@ eioga ta(‘!gE heif m9frraéti5ﬁssmstﬁg ¥r§se§§e §ft§‘rt' ng

mat eri al . a'i_’l cel -cut R Phédhsn. accor | ng to any one 0 | ai nB 8, wherein said
culture rredl umis the Mirashi ge and Skoog, the Garrborg, the nodi fied Heller
or t heanmidebs>5beS6ig So BIBAI 1)WMheidinathe irddihont UFBE izbmiel & performed with a culture of
Serratia liquefaciencs, Enterobacter cloacas, Escherichia coli, Pseudomonas fluoresecens or
85 Pseudomonas maltophilia or an active enzyme fraction thereof.

3. Process according to claim 1 or 2, whersin the bacterial culture is isolable from iris rhizomes.

4. Process according to claims 1, 2 or 3, whersin the rhizomes stem from lris pallida, Iris fluorentina, Iris
40 germanica or iris of Verona.

5. Process according to any one of claims 1 to 4, wherein fresh rhizomes are used.

6. Process according to any one of claims 1 to 4, whersin iris extracts serve as a starting material.

7. Process according to any one of claims 1 to 4, wherein iris extraction wastes serve as starting material.

8. Process according to any one of clalms 1 to 4, wherein plant cell cultures of iris serve as starting
material.

50

8. Process according to any one of claims 1 to 8, wherein said culture medium is the Murashige and

Skoog, the Gamborg, the modified Heller or the modified Skoog medium, preferably used in the

presence of a nutrient broth.

s§5 10. Process according to any one of claims 1 to 9, wherein the rhizomes are treated in a semi-solid
medium.

11. Process according to any one of claims 1 to 9, wherein the rhizomes are treated in a liquid medium.

12
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presence of a nutrient broth. 55« 10. Process according to an

claims 1 to 9, wheréin the rhizones are treated in a sem-soli ugjmmuﬂl’””m
Process according to any one of cl ERiGR53888 819 wherein the rhizo

treated in a liquid nedium 12 EP 0 353 683 B1

[err] 12. 1frp9&ss%sac@o%@r f ciwon%%f albhs Qo Bl Al Mo tho bidyRar@ Rebodrdion YRk b t e
enzynmati c pry &k InQbid? rr]-1rone 1s carried out bi oreact or.

Process accor |ng to any one of clainms 1 to 12, vvhereln ci s-a-irone,

trans- a- i §9Mocost idbdMing Brahy ohe’ @ RRINR 1032, whereinisHli’6,rah@RdnB Cind/dd B-Hfonk e
cis[errgi ro%duaeemgahawsa,e@@c,q.roﬁg ng to any one of clains 1 to 13, wherein
t he t,reatment of the rhizomes is performed at roomtenperature or slightly
el evat ed 14 Arestadéondingtalamtidne bbeldifis Cla 13] Gherelrbthe Heatroans of tisecrbiesnalis gperformadigt one
of cl ai ns 1 rboin thrhperative peslightly elevateddempasrhosddbottl1&-401B)zomes is carried out for
1 to 15 days. 16. Process according to any one of clains 1 to 15, wherein

t he ir omeds. Hirasessotandingdo by anapf alfimseikiori 4othersin therfwatmentdf the rhizomes ip parriedput for

Pat ent anspr iliteh®days. Ver f ahren zur Herstellung von 7y-lron durch

Bi okonversi on, dadurch gekennzeéi chnet, dass man |risrhizo- nme, Teile von
sol chen RM Fneess, acearding1@any Raecor clajfs) fod5y wherein the isgrnes arRisolgteg) s vay of extraction

| i spfl anzenZededstilationen nit 20 Bakt eri en, vorzugswei se der Genera
Entrobdtt eri acea oder Pseudononacea, oder deren aktive Enzym fraktionen in
AnvvesenheFT tenipnsRAICER | anzenzel | kul t ur medi uns behandel t. 2. Verfahren nach

Anspr uch } \gﬁq\lflernc Ige St %}1 ghrnr%urchdﬁa(% }s%n, ekﬂﬂ eg:ﬁrret Bgﬁ% |smi teI S
ei ner Kul Uur Vo ‘? L &o%h ;d ePi?igﬁﬁnze ﬁﬁdn

WA
cohis Bseud EHP&% ATRbdr Qf3h hikide
ei né aktive g R.E%&fhaf %Sglﬂaﬁ Sen ||ﬂ1it:::§:|uo%? #QeEN Nach Anspr uch 1?'(F;d6f

2, dadurch gekennzelchnet dass die Bakterlenkultur aus lrisrhizonmen

i sol i er bap, ivekahreathactf Ansh@éH fdadirchRREANRICHRANJER! die BhBidUad GerIRhizdme ehittels Biner
dadur ch gekaqi# @b $eniia liqRRtiensf EferblattéraiBacaéDEscherittia ¢l Asbudiamorlas fibresecens oder

f | uor er$ i na,PsbudoBor@s MEMPhilEodeCkiie aktive Enzyafraktian daien esolgtrmen. 5. Ver fahren nach
ei nem der AnsprUche 1 bis 4, dadurch gekennzeichnet, dass frische Rhizone
ver wendet swafedawean nadéh Asprugr T eder 2 rdadunchigekennzeichbd rdassriispBditolienkdltubaus Irisrhizdmerur ch
gekennzei chrissfigrbadidts | ri sextrakte al s Ausgangs- material dienen. 7.

Ver fahren nach ei nem der AnsprQche 1 bis 4, dadurch gekennzei chnet, dass
Abf al | g vén Verighsamneptnginesdel dnsprichey]. 2 oderst dedyechepkepnzaichngt. desg die RBIZoNR ¥ en
nach ei nem de¥idanls fyosmeting. tis garmanica ode(disreh VejeRSH¥EM-chnet , dass

I rispfl anzenzel i kul turen als Aus%angsmater %Jé' i enen. .45 i Ver (1 en nach
ei nem der S:AnNCpRY0LpAch qijem der fnspilichen, T g, &n, fadureh gpkennzeiphoat a3sg figsre SPRER um -
das I\/Urashl JEvarR W By-, das Garmborg-, das nodifizierte Heller- oder das
modi 11 27 egt o5 L OHEG ALt et RRHHRIPLS %, dablrd Wik RS, oBds et e Alddais-

verwendet rial dienen.

S/ 7. Verfahren nach sinem der Ansprliche 1 bis 4, dadurch gekennzeichnet, dass Abfélle von Irisexirakien
40 als Ausgangsmaterial dienen.

8. Veriahren nach einem der Anspriiche 1 bis 4, dadurch gekennzeichnet, dass Irispflanzenzellkulturen als
Ausgangsmaterial dienen.

45 9. Verfahren nach einem der Anspriiche 1 bis 8, dadurch gekennzeichnet, dass als Kulturmedium das
Murashige und Skoog-, das Gamborg-, das modifizierte Heller- oder das modifizierte Skoogmedium,
vorzugsweise in Anwesenheit einer Nihrbriihe, verwendet wird.

10. Verfahren nach einem der Anspriliche 1 bis 8, dadurch gekennzeichnet, dass die Rhizome in einem
50 halbfestem Medium behandelt werden.

11. Verfahren nach einem der Anspriiche 1 bis 9, dadurch gekennzeichnet, dass die Rhizome in flissigem
Medium behandelt werden.

55 12. Verfahren nach einem der Anspriiche 1 bis 9 und 11, dadurch gekennzeichnet, dass die enzymatische
Herstellung von vy-Iron in einem Bioreaktor durchgeflihrt wird.

13



10. Verfahren nach ei nem der- Ansprlche 1 bis 9, dadurch geke '

dass di e Rhizone in ei nem 50 ﬂpgli’g%g@tg{n Medi um behandel t”mm"mm"m,”m
Ver f ahren nach ei nem der Anspr Uche , dadurch gekennzei thnfet ,t dasss '«
di e Rhi zome in fklssigem Medi um behandelt werden. 55 12. Verfahren nach

ei nem das. Viamed-kdar eirer tisr Adspiitfe 1 is 18 edlirdhhekbalRRAGE isdd Meh zusdAmisn Mt Bem
enzymat i SChisy-re GeBkdnlifE@s-¥-06h drdlolid? B-tlof hé&eIeM Bi or eakt or durchgefUnrt wird.
13 EP 0 353 683 Bl 11! I I 1s11
| 3. Ver fi&hYegfahrere odch einemnded dnspAreBg 1 Weshes, Haduich gbennARaher, GlassOak BBRAIMg et |
dass #ran zRhizemathel Aimmedempetitus -over| leicht etibbtera Témpratur tingétshr 15140 O 1T) WaRgRRiAN
fl-1¥on hewigkel |t. 14. Verfahren nach ei nem der AnsprUche 1 bis 13, dadurch
gekennzei chnet, dass di e Behandl ung der - 5 Rhi zome bei

-Zi mer t dBep¥ariahren nash einemedeg Anspelichy i thisn14T dardyesh gekennzeighngt fdassr did Behbbdiung) der

dur chgef | HizoRp ! &is 1§3age\d@parahr en nach ei nem der AnsprUche 1 bis 14, dadurch
gekerfﬂzq' chnet , dass di e Behandl ung der Rhizone 1 bis 15 Tage dauert. 10
16. Ver fé( % fﬂ%ggh ?"gf der ; apspil ?Lﬁﬁﬁhé& 19agiirch gekennzgigfinple idassetie igae idebiet |
dass die | Ortetier Segtliy ol AMEMbder Desti || ation i sol fert verden.

. Revendipg Q‘Pﬁ&?on@ 1. Procede de prdparation de y-irone par bioconversion,
conpr,gnan e trai t;ag:nt ge rhizomes diri s;;t de parti gns deI ces rhizones,

d" extraht sphshid b pre h&?& 9—Fr§heg;a|eﬁﬁ&.f %th)r%;ﬁo olohdnt 16 PditedSntcdd! thidd 568 diirls

cell ul ai r exnie 6 1cas SHizothed,"d'ciraifd difis, ‘i%s S'Fh%&i'on risp&thdg it u?r;% cdelﬁul g?” €
ent er obact@hdiaisCifls, QbbcRRS BALRTDY) 38 pré%ni@w gontd &hterdbRistia g &Hl%ﬁas.agi | V€S,
en pr esenqgursrddfionSbhzyRktiqied aeklod, Uh BréSdata drPhilida dd @Bk effulair taz: rocedd
sekonol a revendi cation 1, dans lequel le traitenent des rhizones est

rdal i se2aveacédsselonUs teusricston $eddndlobbl lei tRAlMEAE #68 MRzonies b& HSURRCIVES urfel RRFAE.
Escher i chida Seobtia, liqiddeeionk) Entavabactol tiodcess ESiRsrichid chis @sEldomonEY HsrostBhd UM¥bldod, OU
une fract iromasnadipphiitai apupe fadtion/enzyheatiquelakbive @b colldbi. 3. Procedd selon | a

revendi cation 1 ou 2, dans lequel la culture bacterienne peut etre isolee
de r 14 z8md¥ocddd sejog la wvengication ¢ du 8.clanmlequsl Ia culirediaciértenmnpeilt 5t ilde e riames

| equel | edii.zomes proviennent d'Iris pallida, d'Iris fluorentina, d'lris
germanica ou d iris de Verone. 30 5. Procedd selon |'une quel conque des
revendi &atfrRE gelog In reveriration cly @equ % dans; Ipquekies thizsmes previensent ikl pellidg. dify ocedd
sel on I uEorgies dlisgamaniea oy TiedrdYéeomti ons 1 A 4, dans | equel des extraits
diri erye d tiere premere. 35 7. Procedd selon |'une quel conque
des rev%’ncﬁr%:g‘%él sgﬁg p‘?‘eguﬂ?"%grﬁjrgg [URHETON2 4 dtrdqauel g ullise desihigpmeg reis.j s
serventgd ' nLem d lLon |'un uel conque des

r evendi %aarjg%sélp&kgrg,e ﬁlgﬁéﬁf"%%se'{g&e?@g&gﬁl {Btulen Jyop s Pyt e eVt et al es
d irigs servent de matibre premere.

7. Procédé selon I'une quelconque des revendications 1 3 4, dans lequel des déchets d'extraction d'iris
servent de matiére premigre.

St 8. Procédé selon l'une quelconque des revendications 1 2 4, dans lequel des cultures cellulaires
40 végétales d'iris servent de matiére premigre.

9. Procédé selon I'une quelconque des revendications 1 3 8, dans lequel ledit milieu de culture est le
milieu de Murashige et Skoog, le milisu de Gamborg, le milieu de Heller modifié ou le milieu de Skoog
modifié, utilisé de préférence en présence d'un bouillon nutritif.

10. Procédé selon i'une quelconque des revendications 1 2 9, dans lequel les rhizomes sont traitds dans
un milisu semi-solide. '

11. Procédé selon I'une quelconque des revendications 1 & 9, dans lequel les rhizomes sont traités dans
50 un milieu liquide.

12. Procédé selon I'une queliconque des revendications 1 4 9 et 11, dans lequel la préparation enzymati-
que de y-irone est réalisée dans un bioréacteur.

56 13. Procédé selon I'une quelconque des revendications 1 & 12, dans lequel de la cis-a-irone, de la trans-a-
irone st/ou de la 8-irone sont produites avec la cis-y-irone.

14
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9. Procede selon |'une quel eonque des revendications 1 a 8, mﬂ ,
ledit mlieu de culture est le m#lgggggg A\/Einashi ge et Skoog“* H",lﬂmﬁmum
Ganborg, le mlieu de Heller nodiTi ?e ilieu de Skoog nodiFi &, WtiFise
de preference en presence d' un bouillon nutritif. 45 10. Procedd sel on

| " une QquelLCPBELE sEIGSIuhE YRGhdua HbsOBvendicaliond 1 ¥1PH) Sank RiLET o thaftéinenhied QRIRMes BAL
traites dangallés amd tinslatsis Binbis) duldCdes lempsiRiufes RgSrematt Supéricursd Gndiehs-anqye des
revendi cations 1 a 9, dans loquel les rhizomes sont traites dans 50 un
mlieu | i1quPdeidé 3don e qeitendue desrevendicsiordUed O ahy deq0e & tralehasntided afizomds est a 9
et 11, s dansréhbiizépeidaita apsdqoesy at i on enzymati- que de 'y-irone est realiede
dans - un bioreacteur. 55 13. Procddd selon |'une quel conque des

revendi cd#6i Befdd splor Pune dweleontiusdes | revdrdidationg i1s2 45, idansnlequeliies frenes isent dsoldes parone
et/ ou de | aefrpctipn effew parshistillaiignodui t es avec | a cis-y-irone. 14 EP 0 353 683
Bl 14. Procddd selon |'une quol conque des revendications 1 a 13, dans

| equel ™l e traitenent des rhizones est realise a |la tenpdrature anbi ante ou
& des tenperatures |6gbrenent supdrieures (environ 15-40* C). 15. Procede
sal on | 'une quel conque des revendications 1 a 14, dans |loquel |le traitenent
des rhizomes est 5 réalis4 pendant 1 a 15 jours. 16. Procdd6 sal on

| “une guel conque des revendications 1 a 15, dans loquel |es irones sont

i sol ~es par extraction et/ou par distillation. 10 15 25 30 35 40 45 50 55
15

el 20
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