| 17 FEB 2004 PRODUCTI ON OF NATURAL FLAVORS 13Y LACCASE 5 FIELD OF THE
| NVENTI ON The invention is directed generally to production of natural
flavors, and specifically to production of natural flavors by |accase
catal ysis. BACKGROUND OF THE | NVENTI ON 10 The food and beverage

I ndustries, as well as other industries such as the cosnetic industry and
the health care industry, routinely use flavors to enhﬁ?$ﬁ q@gir products
appeal. Natural flavors are especially desired by consune g or reasons of
health, fitness, safety, aesthetics, etc. Wrldw de consuner demand for
natural fl|aRRODUGHON OF NATURAL FLAVORS BYAACEGASELS flavors or natural
flavorirmgs have been defined at 21 C F. R 101.22 as the essential oil,

ol eoresin, REEDBFTHENVENTIGN Protein hydrolysate, distillate, or any
products of roasting, heating or enzynolysis which contains the flavoring

constituents derived om a ice, ,.fruif or frujt jujce, vegetable or

vegetabl e juice, edi JNE p¥epton ’ﬁé’r"l?,c%J ?{,‘erﬁ{'ﬁﬂi‘:‘ Pé%"tus:twafgawraliﬂﬁvpﬁ.
pl ant material, neat, 20 seafood, poultry, eggs, dairy products or

f er ment at i o@ngrapegifically teeprosiuctiom of natusalflavbrcby laccase catalysis) f ood i s

flavoring rather than nutrition. One such flavor is nootkatone

(4,4a,5, 6, 7 BACKGROUND OF THENNVENTION! 4a- di met hyl - 2(311) - napht al enone) .
Noot katone is an inportant flavor constituent of grapefruit and is used

j.ally to fl ' d, ot b , |l bei
ised i nierfunery. - Thd"Bolipeheniisverag¥ Hofbstiben as wal ah. olteepBrus s s
by oxidation of val encene. Hoywever, . nootkatone prepared by standard
cheni cal oxPHER B8 ﬁﬁpﬁm%'%'ymam 3 thediealifsarg indysdiy. reutinehyayss Havorand

thus has |less conmercial desirability. Additionally, the starting naterial
val encene i { @opence tbeirproducts’ appéaldsNatural flavors are especially desired by

consumers for reasons of health, fitness, safety, aesthetics, etc. Worldwide
consumer demand for natural flavors thus continues to increase. Natural

15 flavors or natural flavorings have been defined at 21 C.F.R. §101.22 as the
essential oil, oleoresin, essence or extractive, protein hydrolysate, distillate, or
any products of roasting, heating or enzymolysis which contains the flavoring
constituents derived from a spice, fruit or fruit juice, vegetable or vegetable
juice, edible yeast, herb, bark, bud, root, leaf or similar plant material, meat,

20 seafood, poultry, eggs, dairy products or fermentation products thereof, whose
significant function in food is flavoring rather than nutrition.

One such flavor is nootkatone (4,4a,56,7 8-hexahydro-6-
isopropenyl-4,4a-dimethyl-2(31l)-naphtalenone). Nootkatone is an important
flavor constituent of grapefruit and is used commercially to flavor soft drinks

25 and other beverages, as well as being used in perfumery. The conventional
method for nootkatone preparation is by oxidation of valencene. However,
nootkatone prepared by standard chemical oxidation methods cannot be
considered a natural flavorant and thus has less commercial desirability.

Additionally, the starting material valencene is expensive and thus methods that



2 17 FEB 2004 consune val encene are |l ess commercially acceptabl e. Because

of these drawbacks, there is still a need for commercially feasible

nmet hods to prepare natural nootkatone. Several nethods exij';? ﬁﬁ@“he
a :

production of nootkatone, but each 5 had linitations. For Uni ted
States Pate 5,847, 226 discl oses noat kat one duciion by oxidi zi ng
val encene tg:gﬂgl'gw&aygﬁ\g?e'ﬁ%cﬂrﬁa@ﬁ ‘Eﬂmmrﬁr%?@ (§’§°8Ppai?§'ot K2PEAEs r?g thesekat ol
in the presence of an unsaturated fatty acid hydroperoxide. However, in
the ' 226 patdsawbacks, theneyisaatillia mped Jpe coninaerciadly fgasiblieamethdds to prepare

aut ooxi dati on, phot ooxi dation, chem cally catal yzed oxidation or 10 by

enzymati c oxatisral Adotkaiong. | | poxygenase, and then the fatty acid
hydr oper oxi de catal yzes t he aut ooxi dation of val encene. Such an

ise i croni al or enzyterd YoPtbdf xR ng hrBeiRERt oL phGkafine, Put 26h” 1
gener al | resulted in | ogw yields. For exanple, Drawert et al. (1984)
report ed t hdasdimitatiansnsFer example, donited StatescPatent din. k5,847 226 discloses

suspension cultures but the starting |evel of val encene was too |ow to be

practical . cebtikaitanestpratiuctickddy) oxidizin edhlérivenec to Mddkatone O fndullkdtlRtopne
and val encene by callus cultures of Citrus spp. The | evel of nootkatone in

ni ne- mont h alighpéd bp%oetﬂaweeana@footogeqbwmelﬁgéﬁﬂce/&% an{;{.@&g it -

More recently, a Japanese patent 20 scl osed” brotransformati ¢

overal | yi cPGRRItPRRIRS” HewEvei; 1R 22p Baterabe e ACBgVroRBoNRgs

vol une, only 2.5 of noot kat one was obtained from500 ng of starting

val encene (GRDEtAted by autoowigation, Tpheiooxidatiomechsmically catabyzedroxidation ©r

produce nootkatone 25 utilizing |accase would be desirable. 3 SUMVARY OF

THE | NVENTI O lenzyfiafic2(fddation using lipoxygenase, and then the fatty acid
hydroperoxide catalyzes the autooxidation of valencene. Such an
autooxidization is generally not a selective process. Previous attempts to use
microbial or enzymatic transformations to prepare nootkatone have generally
resulted in low yields. For example, Drawert et al. (1984) reported the

15 biotransformation of valencene to nootkatone in cell suspension cultures but
the starting level of valencene was too low to be practical. del Rio et al. (1991)
studied the accumulation of nootkatone and valencene by callus cultures of
Citrus spp. The level of nootkatone in nine-month old callus cultures was
between 16-160 g/100 g fresh weight. More recently, a Japanese patent

20  disclosed biotransformation of valencene to nootkatone using a selected
microbial fermentation, but the overall yield was fow. In shake flask
experiments with 50 ml working volume, only 2.5mg of nootkatone was
obtained from 500 mg of starting valencene (Okuda et al., 1994).

Thus, a commercially viable method to produce nootkatone

25 utilizing laccase would be desirable.



ydroperoxide mnmay De degraded DYy neatlng and/ or DY COIMNU a 0 a Caldl ySt.
Laccase may be froma microbial source, e.g., the fungi Botrytis cinerea
61- 34 and/or Tranetes versicolor, or froma reconbi nant DNA source. A
medi ator and/ or a solvent may be added t 10 the val encene and the
conposition having | accase activity. The solvent is added at a

concentrati grmmmRmpﬁﬁ-ﬁm\} ﬁg@ activity. The i nvenH QFEBSMR! SO

directed to a process for producil noot kat one by reacting val encene and a
conposi tion having Iaﬁgase activity, wherein valencene is at a

concentration of greatl BE IRYRINIOD i3 dygcted toiRpigcess fraprodueing Avotsaiopsmby our ce
to form val encene hydroperoxi de, then degrading the hydroperoxide to form

noot kat one, readingealersenedarida compositivnrtavinghlaccaseactiiity with valkinegnbagcase
activity may be a solution having a concentration of valencene up to about

64% by wei 9Btconce | I a | I 0
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61-34 or Trametes versicolor, with the concentration of valencene greater
than 0.1% 8ndithe peatkatone isf raconertidat drhe hydroperaxige anay der degeaded b

bet ween about pH 3-7 to formval encene 25 hydroperoxi de. The val encene
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Is still further directed to a process produci ng ~ val encene
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from a recombinant DNA source. A mediat-or and/or a solvent may be added to

10 the valencene and the composition having laccase activity. The solvent is
added at a concentration that maintains laccase activity.

The invention is also directed to a process for producing
nootkatone by reacting valencene and a composition having laccase activity,
wherein valencene is at a concentration of greater than 0.1%, in the presence

15 of an oxygen source to form valencene hydroperoxide, then degrading the
hydroperoxide to form nootkatone, and recovering the nootkatone. The
composition having laccase activity may be a solution having a concentration of
valencene up to about 64% by weight. - Alternatively, laccase may be
immobilized and used to oxidize valencene in the absence of a soivent.

20 The invention is further directed to a process for making
nootkatone by reacting valencene and a composition containing laccase from
either or both of Bofrytis cinerea 61-34 or Trametes versicolor, with the
concentration of valencene greater than 0.1%, in the presence of a mediator
and an oxygen source at a pH between about pH 3-7 to form valencene

25 hydroperoxide. The valencene hydroperoxide is degraded to form nootkatone,



form val encene hydroperoxide. The starting concentrati on of val encene is 5
greater than 0.1% A nediator and/or a solvent at a concentration to
maintain |accase activity may be added., The invention i Srlngﬁnal |y

directed to a process for producing noo‘? kat one by reacti cene and

' bilized | ' ] ° :
nyar oper oxi de. heat i ng'd ARIPRAE Tk hR) GREEREN S B BoBeR? fof pSUELT e

noot kat one, gnd recqveri ng the naqgt kat one. n this case, the concentration
0F Va enconEieneaie MakersoKdRay LRGS0 atshos  IROIoRAIES, AGcase:

| accase activity. A nmediator and/or a solvent at a concentration to
mai nt ai n | aactivity aretrieacted imathebpresedee afcan beygeri soursecundet conditions to
i obi lized | accase. 15 The invention is additionally directed to a process

for producifogm avaleRSaiE hpHrdperoXiddi Mhé Fb@érﬁ@%%d&@ﬂir&ﬁéﬁﬂﬁ- valen&siee i | al

oil containing valencene and a conposition nprising | accase are reacted

cont ai nfng AR 1A TedBith &S a 3plat Bt BatirdaBlafith ChGHRM,

noot kat one. The essential oil 20 containing the increased nootkatone is
recovered. lpReass aetivitignavheaddedti on of the essential oil is greater than
about 0.5% The essential oil may be orange oil, bitter orange oil,

grapefruit oil, |enonThe invemidhds aduitimaillpaiicted The pexess ifef praducintpy be
fractionated, for exanple, to forman extract or a distillate. An enzymatic

process \Ahiﬁtfbtﬁé‘{bnéﬁﬁéaﬁ%'\béléﬁ B?ﬁnd’ﬁﬁ?ﬁbﬁllizgﬁ?a?&%%b'éﬁttﬁé reSence of

comercially viable antities and with relativ w byproducts 1Is

di scl osed. C C Z h XI i f val en can 17
FEB 2004 Lot 40008 et T blin GG hiinBelatt edlinecfb BRoGHR: e
m crobi al soyrces, as well _as |accase purchased from comercial vendors
and/ or 18eneY3eREENE hydropeedidd to Jorm mootiatens sand segqvesingdbe neptkatoper a
reaction conposition or in an

In this case, the concentration of valencene in the reaction may approach 100%

without abolishing the laccase activity. A mediator and/or a solvent at a
concentration to maintain laccase activity may be added to the valencene and
the immobilized laccase.

15 The invention is additionally directed to a process for producing
an essential oil having increased nootkatone. An essential oil containing
valencene and a composition comprising laccase are reacted in the presence
of an oxygen source to form a mixture of an essential oil containing nootkatone.
The mixture is heated to increase the amount of nootkatone. The essential oil

20  containing the increased nootkatone is recovered. The starting concentration
of the essential oil is greater than about 0.5%. The essential oil may be orange
oil, bitter orange oil, grapefruit oil, lemon oil, and/or tangerine oil. The essential
oil may be fractionated, for example, to form an extract or a distillate.

An enzymatic process which can successfully produce natural

25 nootkatone in commercially viable quantities and with relatively few byproducts

is disclosed. lLaccase was used to catalyze the oxidation of valencene.



I mobilized form The pHr nge is frompH 3 to pH 7, with pH 3.5 being 5
opti mum One or nore nediators and/or solvent at a concentration to

maintain |accase activity could al so besaded. It was al so 1f-8geﬁl qqgat t he
met hods could be used to transforma series of natural fl'a % m cal s

due to the |iyeade oMl HdtAkR GRSEA! iﬁérflfétééf vér%fgo}f'&‘?o\f 'Hi‘herTH\‘ij:rBBiaFﬁéﬁr:IéME?ha d

ot her advantages of this”invention w e urt her understoo
reference to the faollow ng figur det ai | ed descriptiagn 15 an xampl es.
R EF DescHPYPRRS dacchle irchkad e Cominestial aridars 285 oorgrated iena | on
of val encene hydroperoxides. FIG2 is a high performance |iquid

chr onat ogr dcem techniques: Lotlldbe psediirceithena reastion Rompastiansorsin an
ultravi ol et spectrum of nootkatone., FIG 3B is an ultraviol et spectrum of

the hydr opermnotsitizedf forvh.enTREEpH AAgE! IS fréM pbl 3 tdHPMT, B@ith TFIBSE ibking
resonance spectrum show ng val encene hydroperoxi des after enzymatic

uc car ma e QA8 of Mork naiflts Brblon et o cdtoniralon X0 midnfin 27 o
FEB 004 FilRbeapa Soyity Soukt alspdie. st i onodound shetche maihods coukt  on
product. FIG 7 is a chemal structure of val ence hydroperoxide indicating
be used to transform a series of natural flavor chemicals due to the broad
substrate specificity of the enzyme.
The objectives and other advantages of this invention will be
10 further understood with referenice to the following figures, detailed description
and examples.
BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 shows the reaction for generation of valencene
hydroperoxides.
15 FIG 2 is a high performance liquid chromatogram of enzymatic
reaction product mixtures.
FIG. 3A is an ultraviolet spectrum of nootkatone.
FIG. 3B is an ultraviolet spectrum of the hydroperoxide of
valencene.
20 FIG. 4A is a 'H nuclear magnetic resonance spectrum showing
valencene hydroperoxides after enzymatic oxidation.
FIG. 4B is the compound profiled in FIG 4A.
FIG. 5A is a "°C puclear magnetic resonance spectrum showing

valencene hydroperoxides after enzymatic oxidation,

25 FIG. 5B is the compound profiled in FIG 5A.




the cal cul ated and experinmental (ip parenthesis) 13C chemcal shifts. 5
DETAI LED DESCRI PTION The invention/is directed to a commercially viable

met hod to produce natural nootkatjpne u ing | accase. Surprisingly, we found
that the enzyme | accase (benzened| o . ox? dor educt ase: EC 1%%? 8 can be
used to catalyze val ggeée oxi dati on_t.0 (rélc[)?&t katq(}.rpe 'Fn co |£gJ IXt'
feasible yields. 10 Latta’ds 94 EPronaigaianblq prafileof ap iayMatic reaction
copper-contai ning glycoprotein, isfa naturally occurring lignolytic enzyne
found i n woB®@dust.ants that synthesjze lignin and in fungal species that
degrade lignin. Materials Laccasel may be obtained froma mcrobial source,

a commercial 15 vendpIG( 7.i§ a cHéndioal) strudture®yf viderivedsiidreseroxidedadigatingnt
DNA t echni ques using nmet hods known| to one skilled in the art. An exanple of

a microbi al f ﬁ\é{‘ﬁn ' LT 31,%3 ryfis cinerea
or Tranet esthe?/%é'ﬁ%%ﬁ(aoar&&ﬁgccasg Y\@lr'ntpag%'ﬁflgélg?ngr ea E-E @Eﬂéﬁd Tranet es
ver si col or | 0 S 1 ft fromDr. Janes P. Nakas at the Coll ege of
Envi r onfrent T%d'—%b'é%ﬁ%!ﬁﬁ'ﬂsvr estry at the State University of New York
in Syracuse. The |accase activity|level was 630- 130 nkatlnm . The enzyne
is stable at |east foThesinvention lis| diredted tef ai gemaneirciallyalviakile 46kthodakencene
was obtained from G vaudan Roure F avors, Lakeland, FL with a purity of

84-85% Val e A8l SOotRStone! iﬂgdngiafﬁa.ot VT fRGRY ABE thé'S

i rist :
wel | as by tunctionation of essent]a s, for xaﬁ%fe by using extraction

77 Fep oo0sehflukr G honeRisdhl

Lal.,oil,s are defi s_volatile 0,ls, 7
PadrepBeBre G d 157 27 e Bt e Y ant
fromwhich they are obtained, use
Exanpl es of catalyzg; valengena oxdationd

to make perfunes and fl avari ngs,
fogttgdong |iIn  gemmercialy, fersible yields.
grapefruit oil, lenmon oil, tangeripe oil, citrus oil, etc.
10  Laccase, either a monomeric ar multimeric copper-containing glycoprotein, is a

=

naturaily occurring lignolytic gnzyme found in woody plants that synthesize
lignin and in fungal species that degrade lignin.

Materials

Laccase may be pbtained from a microbial source, a commercial

15 vendor (e.g., Sigma), or may|be produced by recombinant DNA techniques

using methods known to one|skilled in the art. An example of a microbial

source of laccase is white rgt fungi such as Bolnytis cinerea or Trametes
versicolor. Laccase from Botrytis cinerea 61-34 and Trameles versicolor in a
broth was a gift from Dr. James P. Nakas at the College of Environmental
20  Science and Forestry at the State University of New York in Syracuse. The
laccase activity level was 630-1130 nkat/ml. The enzyme is stable at least for

six months under refrigeration {about 4°C).
Valencene was obtained from Givaudan Roure Flavors, Lakeland,
FL with a purity of 84-85%. | Valencene may also be obtained from other
25 manufacturers, as well as by fractionation of essential oils, for example by using

extraction or distillation techniques. Essential oils are defined as volatile oils,




5 A nediator as used herein is def
activated by an oxidative enzyne and diffuses fromthe active site on the

enzyme to a susceptible structure.
independently, it is known that he
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i ne- 6 sulfonic acid (ARTS), ferulic acid,
aad dlavedngs. acE’@mRJﬁ% é?(f,fﬁﬁﬁ"ent'al oils
j ¢ acid, quer tin, chloropromazine,

phenot hi aziineludearangg oil, bittep ornigecoil, lnramefeuit bil,ilemmni all, tangerineosik aitrusy| i c

i nnam ¢ aci d, 4-am no3-hydroxybenzoic
acid, caffeic acid, -resorcylic acid,
2, 3 di hydr oxybenzoic acid, 3,4-dih

5kt s e AR Y AR 360 ot

were purchased either 20 from Si

ymet ang (diffusesr emgiiiez ativg, site on gva | ed
j cal s m ght al so be useful as nedi ators.
fe0n Whilee lactase atah fumction i ds ancdtalysng

| accase activity were reacted in fhe presence of a oxygen source. A
starting cqp ANt Kk S@Q@i Yelfignce
required fgr&@gémrozér é?a’tq% egéﬁgxﬁét y sé’tflcé‘éf éﬁgﬁg éfor?rr{lia cgrrp05| tion

coul d-be- e setisarcasiBze RedoH: | THA P 5 caR e Mo IO T e
can be i mmbi]ized or bound on a solid sup&ort as known to one skilled in

the artl0 Baghyeesast mediatossi | i ydrowbeszatiazales {HBTouri2i-azino-bisiB- cat .
B: Enzymatic 6 (1999) 29
ethylbenzthiazoline-6-sulfonic acid (ABTS), ferulic acid, dimethyoxy benzyl

alcohol, dimethamino benzoic acid, catechin, epicatechin, p-

hydroxyphenylacetic acid, quercetin, chloropromazine, phenothiazine, naringin,

promazine, homovanillic acid, 4-amino-salicylic acid, syringic acid, 4-

15 hydroxycinnamic acid, 4-aminor3-hydroxybenzoic acid, vaniflic acid, isovanillic

acid, caffeic acid, -resorcylic|acid, -resorcylic acid, -resorcylic acid, 2,3-

dihydroxybenzoic acid, 3,4-dihydroxybenzoic acid, 4-hydroxybenzoic acid, 3-

hydroxybenoic acid, 2,4,6-trihydroxybenzoic acid, benzoic acid, cinnamic acid,

sodium benzoate and salicylic| acid. Mediators used were purchased either

20

from Sigma Chemical Co. or Aldrich Chemical Co. It will be recognized by one

skilled in the art that other relatId chemicals might also be useful as mediators.

Procedure for Enzymatic Transformation

Valencene and composition having laccase activity were

reacted in the presence of an oxygen source. A starting concentration of

25  valencene of at least about 0.1% was required for commercial feasibility. When




39; Chibata et al. Biocatalyst : Ipmobilized cells and enzynes, J. Ml.
Cat. 37(1986) 1-24; Sharma et |.,| |l movbilized Biomaterials TZEEni ues and
Applications, Angew. Chem it. Ed.| Engl._ 21(1982) 837-854; Bl Ed.),
Enzynmes and I nmobilized Cells in =iotechﬁo|ogy, whi ch are expressly 10
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solvents as conpared to the enzyng ion t he unbound state. Thus, it can be
assumed t havalepgere raldhe-up o aboukfi4% hydweighkt abi | i zed by ot her net hods
such as cross- linked enzyne crystpls (Alts Biologics, Inc.), higher

concentrations of 15 Altematively amgnkygmessusth ¥ dacdaseotan beeicthroobibizexbbr d
support, for exanple on a colum,|the concentration of val encene in the

reaction m phik® ogfuléblidae@ﬁ *;ale]?{WnTi&ebﬁé led' /Y tHartC hERERples of

nodi fications or ternations t | accase or the reaction conditirons nmay be
made w t hout departing. fromthe spirit. o 0 of the inyent]j The
oxygen Sour EWMPRIZBISTD trdbRRscarectbubeingl M Gt i EBSatE B (1289 8% gen.
such as air _or other gas mxtures.| Qptionally, one or nore nediators may
be i ncl uded38: Chibataretr ak iBiocatplysis: dmmbtw%wlqoaed@wmesﬁul Mol. Cat.
concentration greater than .1 mManhd up to about 5 MM to enhance the
reaction. PBEft d1:24cli Shamsar et BT, inirobilized aBiothatéridig d Teeknigoesinamsd aci d,
p 25 hydroxyphenyl acetic acid and fresorcylic acid, with HBT especially
preferred. AfbAeaticRRE AHqelP! EheR RPNt BdS £HRI. 251182 8 3TeasHIeL kiRt (ERY),
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hydr ocar bons y 17 FEB eiln concentfations which maintain
| accase act vit defi,ned as.condiLi,pns _u r | I i g ab

catalyze t nERFEEs! SU" SeRbi TR CoBhan; beply. Wi ' B Chrefely
laccase is in the range of about pH 3-7, optimally pH 3.5 Oher reaction
condi tildns INcOrRrratachBy ueterence Heiginta iisrentirgty. 5“ri§t9%‘ﬂlyuk'é°\t"héh%tn§'§/ne
and a certain noisture level for the enzynme to be in the proper

confi gur at i onmibbilizedi enzymen aftgs ishawsninereasethesistarcents eranic solvents as

compared to the enzyme in the unbound state. Thus, it can be assumed that
once laccase is immobilized ¢r stabilized by other methods such as cross-
linked enzyme crystals {(Altys Biologics, Inc.), higher concentrations of
15 valencene may be used. When immobilized on a solid support, for example on
a column, the concentration| of valencene in the reaction mixture could
approach 100%. Therefore, various changes, modifications or alternations to
laccase or the reaction condifions may be made without departing from the
spirit or scope of the invention.
20 The oxygen source may be pure oxygen or a mixture of gases

containing oxygen, such as air or other gas mixtures. Optionally, one or more

mediators may be included at a concentration up to about 50 mM, preferably at
a concentration greater than (.1 mM and up to about 5 mM, to enhance the
reaction. Preferred mediators are HBT, ferulic acid, 4-hydroxycinnamic acid, p-
25 hydroxyphenylacetic acid and | -resorcylic acid, with HBT especially preferred.

Also, one or more solvents such as water, hexane or other hydrocarbons may




reactions were perfornmed in O.1Mc|trate buffer (pH 3.5). Val encene was
first mxed in a reaction vessel wth citrate buffer at pH 3-7. If used, a
medi at or and/or enulsifier was al sp addgd to the m xture. Izj: Sr} me vvas
added and the reaction continued at roomtenperature. The (E

proceed fopeanyciigedtdt ebnédritRatiohS! whichTPiaintaiid |accasee abhvily, oaeﬂrwm%s, but
reacting for at |east about 24 hours produced conmmercially viable
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reaction was stopped by raising the pHto pH 9.0 with sodi um carbonate and
heat i ng t o gptimailyspH 8ohuOthér @actiop zoadifiens ducllde thes usé of sdtiedts that dioer
during heating or instead of heatijpng, to facilitate degradation of the

hydr o oxXi t [ und
ydr opeg oXirfif Henlafure I?ﬂ;t?ﬁ'l(ffs@ a8 &iA rﬁbnéﬁrre 1ével fBPﬂfé BhAfhE 16 Bep

such as iron or ascor es of other catalysts are cobalt and

copper. e | d r at. m
and the stgﬁ? balpce(gnggnﬁgti[? "g'i g’f 'Eg'ﬁcec%n%% Ilj”ﬁ%l‘é’g 8mer@f%f%%%3@§bout
64% O her enbodi nents included val encence at a concentratlon bet ween about
1%t o aboutredetignsowerspeermedhip Q-1 Meite peHerpH 3&)peri nents, the starting
concentration was in the range of gbout 0.5%to 1.5% 15 25 C 30 C and
at a pHin the ra to Valentene was firgthmivesd iona céactiompyesseb yithaditrategbufifier pH t o

p

at pH 3-7. If used, a mediator and/or emulsifier was also added to the mixture.

10 The enzyme was added and the reaction continued at room temperature. The

reaction may proceed for any length of time, for example, up to one week or

fonger, but reacting for at least about 24 hours produced commercially viable

quantities. The mixture was gontinuously stirred at a speed of up to about

700 rpm. In one embodiment the reaction occurred for about 48 hours at about

15 25 C-30C and at a pH in the rapge of pH 3-7. Samples were taken periodically

to monitor the conversion of valencene to nootkatone. The reaction was

' stopped by raising the pH to pH 9.0 with sodium carbonate and heating to at

least about 55 C. A catalyst icould also be added, either during heating or

instead of heating, to facilitat¢ degradation of the hydroperoxides. In one

20 embodiment the catalyst is a physiologic compound such as iron or ascorbic
acid. Exampies of other catalygts are cobalt and copper.

The enzyme levels tested were from about 10 nkat/ml to

620 nkat/ml and the starting cancentration of valencene was from about 0.1%

to about 64%. Other embodjments included valencene at a concentration

25 between about 1% to about |50%, or between about 1%-5%. For most

experiments, the starting concentration was in the range of about 0.5% to 1.5%.




| east about 55 C. A catalyst instepd of heating, to facilitat 20 enbodi nent
the catalyst is a acid. Exanples of other cataly The enzyne |l e 620 nkat/m
and the starting ¢ to about 64% - Q her elgbod 25 bet ween abblrffg%{]go about
150% or between about 1% 5% expe i ment's, the starti ng conce For nost
tration wasp wan f %t E

enul sifier shgﬁﬁ‘n%:ﬁlé} Ql‘i‘cl'g(?sa ' @ @( T t’Obnls% m‘? eﬁggglg@g%s@g at a
concentratlon of O 5% Bet}r],yvery of Crude Product The reaction was topped by
adj ust ment ©f PNOf 0% eactipn 5 broth to pH 9.0 with sodium ca
onate. The mxture was t hen heat ed to at |l east about 55 C to deconpose he
hydr oper oxi des. ovent ohGrudeProguct dependent upon the tenpe ature

sel ected; for exarrpl e, heating at @ tenperature of 80 C occurred for 2 h.

The m xture was extr afhefeadtion w@hfdfg@ Mj@éﬂn(i@'\t(@5ﬁe PH &f theveagtion

heptane (250 ml x 6 times) for each reaction broth. The extracts
wer e dr| ed m?:%ﬂ V) I ed
pressure PG%% (?Bgugrjm'rawa%r on b‘é&% eslgireo'g' Waggr s{ﬁ%tggqﬁr?a[eerdé i gh
vacuum for_ ex e nmm a el rohr, apparat u The wei ght of t he
a1 11d pr 80 BBy G 01 SORIBOOPE e T PRSIBKIRS. anthe aeatig: HEe e
concentration in this product as )
dependent upon the temperature selected; for example, heating at a

temperature of 80 C occurred for 2 h. The mixture was exiracted with

methylene chloride (250 ml x 3 times) or heptane {250 ml x 6 times) for each

10 1000 ml reaction broth. The eéxtracts were dried over sodium sulfate and the
solvent was removed under reduced pressure.

Product Purification

The crude product was distilled under high vacuum, for example <
5 mm Hg, in a Kugelrohr apparatus. The weight of the purified product from

15 Kugelrohr distillation, and thg nootkatone concentration in this product as
determined from an external |calibration curve, were used to calculate the
overall nootkatone yield from valencene. Other methods for recovering
nootkatone, such as steam distillation, chromatography and crystallization,
could be used as known to one| skilled in the art.

20 The unreacted valencene may also be recovered and recycled for
use as a substrate in subsequent reactions by methods known to one skilled in
the art such as silica gel ghromatography, distillation, or crystallization.
Recovery of the unreacted valencene for reuse adds to the commercial viability

of the invention due to the expense of valencene.




determ ned froman external calibriation curve, were used to cal culate the
overal |l nootkatone yield fromval encene. Gt her nethods for recovering

noot kat one, such as steamdistillation,ichromat ography andl fgg&é@d l'ization,
coul d be used as known to on skilled in the art. 20 The unre v | encene

may al so be recquedidifrenieht sFlVadcadiel Aétivise as a substrate in subsequent
reactions by nethods known to one Gkilled in the art such as silica gel

chromat ogr aphy, distidl ati ar . &r I.Zal 4

unr eact ed val encene f'rl(;‘ealﬁ'lggggre ﬁgéﬁéesec%ﬁ% Maaﬁpﬁ\gl%cﬁ{)ﬁltﬂé S Re

I nvention due to the expense of val encene. 11 1 7 FEB 2004 Measurenent of
Lacca a Actdimprfigatiofcoffdinastharynifench {MQP), asi descibgdinralomezynski it

oxi dative dinerization of 2,6-di methoxyp enol (DMOP), as described in

Sl ontzynskial.et| 995 whithois, expriesslyi incerporated | hereirc by prefereade tiprits entinety.
reference inits entirety. 5 Briefly, to 500 I of 5 nmM2,6- OP was added
500 I of 0-§néﬂyceé Cd 50be] DRSHnM RI6-DMOP v hau&s 500 #ol 0.1 MitfiteNsdHenzy me

di lution. ction mxtures were pnonitored spectrophotonetrical at 477 nm

Anal yti cal P, re. Sampl es ) | odi.cal | ri e
oacti onadBH 585 fafwTBy 2103 AlppotH dhaufte Bl HeddiBnidiretuere
separated nethylene chloride | ayer was_subjected to anal ysis by gas

chr omat ogr dpewitorad spectophpiometricaly atd4ébn, the recovered product after
Kugel rohr distillation was diluted, for exanple with 95% et hanol,
ethyltertbutyl ecAmalytichiiPidcedurenet hyl ene chloride, to a 2.5% concentrate
n before anal ysis by gas chromatography (GC). 15 For anal ysis of val encene

and noot kat one, a Surs‘érﬁgtépﬁ-r%l) _ﬁm&eﬁé&cﬂly taKUrC H0Ahg thé ebetior dal O- 25

mm filmO0.25 mcrons) was used, 'w an Injector tenperature of 250C and a

programy t enperabilscil Wik <03 AF MbnyiRie tMorid? APedbEfaratda Hetiykne

chloride layer was subjected to analysis by gas chromatography. After stopping

the reaction, the recovered product after Kugelrohr distillation was diluted, for

example with 95% ethanol, methyitertbutyl ether (MTBE), or methylene

chiloride, to a 2.5% concentratign before analysis by gas chromatography (GC).

15

20

25

For analysis of valencene and

internal diameter (ID) 0.25 mm

nootkatone, a Supelco SPB-1 column (30 m,

film 0.25 microns) was used, with an injector

temperature of 250°C and a program temperature of 120°C-270°C at 10°C/min

and holding for 20 min.

As shown in F

hydroperoxides.
decompose in the injector port
formation of hydroperoxides ¢
were measured using either the
(TLC

layer chromatography

Hydroperoxides were also

IG. 1, oxidation of valencene results in

The hydroperoxides generated in the enzymatic process

of the gas chromatograph. To characterize the
uring the enzymatic reaction, hydroperoxides
AOAC Official Method Analysis {(1997) or a thin
1) method (Johnson

and Nidy, 1975).

detected by liquid chromatography/mass




oxi dation of v

As shown in FIG 1,
The hydroperoxi des generated in th
i njector port of the gas chromatog
hydr oper oxi des during the enzymati

usi ng eithe

chr omat ogr a%ﬂ%&%ffmﬁggw)\] hﬁ&u@t

al so detected by liquid chromatogr
(LC/ MB) usi pehndidengl Mot 997)-Her der
(1997). Val encene hydro eroxide wa
the enzymati c oxi dat i Yalenasne dmfdro
(NMR) analysis of a sanple isolate

chromat ogr ager {HdPehzymAna! osdddtion

val ue was found in the product m Xx

decr eas Mkﬂo\@@&re ﬁ)it egwggﬁ

(G0 an Iys
before and after reflux, which wa

the hydr opeftyemategrapbydHELE)i n Fi

m xtures reveal ed that one peak w
di sappear ed aft eAnabfsis)of VNaléroe

| encene results in 20 hydroperoxides.
enzymati c process deconpose in the
raph. To characterize the formation of
r ead?i on, hydroperoqupp B 99y e neasur ed

I SRl o, bplgerinc et G@P@ia%ii wer e

phy/ mass 12 17 FEB 2004 spectroscopy

jch et al. (1997) and Schneider et al.
present in the reaction m xture after
xide wasl persembgnethec reactionamietured

d by high performance liquid

a2 aRmERS 'd\pdﬁeélééphhébheﬁch#&'énﬁﬁéé’x' de

ture of the enzymatlc reaction,

R TRRCLRY B o C”c%”“lio&?éﬁ?? ’
s|likely due to the thermal lability of

G 2, HPLC analysis of the reaction
th a retention tinme of 6.7 mn.
dydraperoixideir e. HPLC chr onmat ograns of 15

product m xtures of enzymatic acti

ons were obtai ned after reflux (FIG 2A)

and before reflux (FA%aﬁ)perexidBWeﬁ&é(@Asf oaﬂétUifi‘i‘ktM‘{%g of'tk&. The
el uant was a gradi ent of “net hanol : water (80: 20 m n to 100% net hanol
in 1 mn, ' 2

Fr act i ons gﬁmsﬁpcﬁ#é%‘oﬂt %Bph%&isﬁéé@té‘@'@ﬁ%ﬁ% %ﬂ‘@f‘i%fﬁ@ Peepiling to
clearly exhibited 20 .h ero activity based on tests with, pc')fgassium

i odi de/gtarg@ﬁaﬁla(omatoarap ) ana ysis, however, there was no significant

compositional difference before and after reflux, which was likely due to the

thermal lability of the hydroperpxides. As shown in FIG. 2, HPLC analysis of

the reaction mixtures revealed |that one peak with a retention time of 6.7 min.

disappeared after refluxing the reaction mixture. HPLC chromatograms of

15 product mixtures of enzymatic neactions were obtained after reflux (FIG 2A) and

before reflux (FIG 2B). A Luna C18(2), 150x2 mm, 3 column was used. The
eluant was a gradient of methanol:water (80:20) for 4 min to 100% methanol in

1 min, at a flow rate of 0.25 mi/min. Detection was at 210 nm. Fractions

corresponding to the peak were collected; these fractions clearly exhibited

20  hydroperoxide activity based| on tests with potassium iodide/starch and

FeSO4/NH,SCN solutions (AOAC 1990; Johnson and Nidy, 1975). Analysis of
the ultraviolet (UV) spectrum of nootkatone (FIG. 3A) was compared with the
UV spectrum of this hypothetical hydroperoxide peak (FIG. 3B). The spectrum
was similar to that of valencene, but was different from that of nootkatone and

25 lacked the enone absorptions at 230 nm and 255 nm.




FeSO41NHASCN sol utions (AO C 1990;| Johnson and Nidy, 1975). Analysis of

the ultraviolet (UV) spectrumf noptkatone (FIG 3A) was conpared wth the

UV spectrum of this hypothetical hj drop% oxi de peak (FIG 3B). The spectrum

was simlar to that of valencen , put was different fromyg I@B}@ﬂ noot kat one
1

and 25 | acked tlgﬁlaﬂﬂﬁp Fé]fo%hb ,to Oxidgsand 255 nm FEB 2004
| sol ati on of Val® [rae rrethyle a chloride extract
of the reaction m xtufe atlo chro togr Fl ash
40M KP-Sil, 31-63 mHddy F E@eu eseé%' §%? %HE% &n thin

| ayer chromat ograp 3/ (TLC exper| ments. The sa l e wa eI uted with
met hyl ene dracticnated by flaske ¢hvaroatograpby. (FrashodG, BP-Sih ¥1-83tmoR0\gr dhe
coll ected and anal yzed by TLC using thiocyanate iron(ll)sulfate as the

vi sual i zat | syivértagpstem hyal adected dessetkioh 2kin kel | ehromdtegraphy, (MtG)ch
react ed W|th t hi ocgs;nate to formb] ood red Fe(SCN) 52- (Johﬁgorﬂ) gnd NI)Cy,

active. > an PRSI The SR Y EYHEASHE Wiothyiene Fhidide fBW&P?W' 2 or

active. act I ons

conponent i ct corresponded to the HP a

hy pot hetica!ﬂTngS oA J6fay 570 Tartite aveiencolectel e anabvead 1 Jﬁ:&m\@mw 12
provided a material which as identjfied as val encene hydroper oxi de.

Exper i ment sthigyapate nagl)sulfateras thevisalizatiosl reagent. aHudl:operqmst:omdmmt i on
experinments were carried out on the material fromfractions 7-12. FIG 4A

shows the pFelirto(Fedil)nwhichreaotahptithcthiccyanatec o fodvRbicrersd Fe(SCNYie
conpound shown in FIG 4B. FIG 5A shows the 13C NWR spectrum of the

conpound S%Wﬁnﬁoﬁ'aﬁd ﬁﬁ , ig95) L Cﬁ_et.'?‘ erifiéintd %hﬁﬂ?dttﬁﬁt fatfioml 7oiot i es

of 20 13C si gna It ca ' be seen hat t carbon s eton was very simlar

appear %51 W¥% G AhE’ UTRELLC fuoin s CHEIERLT BB 0 SRR on

atom Howeve
fract:ons The major component in fractions 7-12 corresponded to the HPLC

peak of the hypothetical hydroperoxide. Evaporation of solvents from fractions
7-12 provided a material which was identified as valencene hydroperoxide.

NMR Experiments

15 'H-, “C-, DERT, 'H'H-comelation and 'H"C-correiation
experiments were carried out on the material from fractions 7-12. FIG. 4A
shows the proton (*H) nuclea magnetic resonance (NMR) spectrum of the
compound shown in FIG. 4B. |FIG. 5A shows the °C NMR spectrum of the
compound shown n FIG. 5B. Hrom the chemical shifts and the multiplicities of

20 “C signals, it can be seen that the carbon skeleton was very similar to that of
valencene. With reference to FIG. 5A, one carbon resonance line appears at
78.4 ppm, which is typical for carbon connected to an oxygen atom. However,
this carbon line is 13.9ppm further downfield in comparison with the
corresponding alcohol. The cheémical shift of the proton attached to the carbon

25  (C-O) is 4.33 ppm, whereas the corresponding proton of the alcohol has a

chemical shift of 4.04 ppm. FIG. 7 corresponds to the calculated '>C chemical




this carbon line is 13.9 pp further downfield in conmparison with the
correspondi ng al cohol. The chem cal shift of the proton attached to the
carbon 25 (GO is 4.33 ppm wheregs t e correspondi ng prgzggar@@hthe
al cohol has a chenmical shift of 4,04 ppth FI . 7 corresp t he

cal cul at ed %{@(ﬁﬁchfem' cal 14 17 F E B 2004 shifts of val encene hydroperoxi de,
with experi P vaepeene jhydmeperarides duth expgrimestal fesvits imeoarentbeses. from
fractions 7-12. The cal cul ated 13Q chemi cal shifts of val encene

hydr oper oxi abtained ysingrthecnatarial frqr ftactions fe1 2rajThe caloplabent C ichetriieal
fraction group 7-12 shown in FIG BA. According to these experinental 5

results, Tt skifts divakiehe tydroieroxpEQraNEROBBSOI atioh tid aforegiborent

reaction mxture has the chenmical| structure shown in FIG

wl be furt | ' Tels] ez f ol | es. Exa | 10
The enzymat F‘gfhc?i? ga | oﬁ‘tog% 4\ilgtlllzleéﬁcnré?';iwgié'(:gl'zr\‘r A@:\M&Eiﬂgﬁﬁatﬁggg§xppp@gmﬁ
reaction vessel (New Brunsw ck Scjlentific). The reaction m xture consi sted
of 4507 ESUs] gan be ganciiseds at the dyydrgperoxidedn theenzympatic reagtion of
Tween- 80, 2.5 ml of val encene and| 50 ml of Botryts fernentation broth

(1 accase aBuxture has theechernical strudttite shown ik FIGes used as a source of
oxygen and was 15 supplied in the panner of high-speed agitation (about

500- 700 rpm). The reTheiinventoh wilf be Garthest aaprercmaatiﬁmﬁﬁfawh@fémﬂﬁg
25C-30C). After two days, the reaction was stoppe by changing the pH of

the m xturegksmBids W th sodium carbonate and heating in a boiling water
bath for two hours. After cooling ftor omtenperature, the m xture was
extracted with 20 nethylene chlorjd 3 x 150 | each). The conbi ned
organi ¢ phases were dried over NaRS €cbncentrated under vacuum The
crude product (3.5 nl) was distil]ed using Kugel rohr apparatus and
anal yzé@ by gas chr o€ &g2yimaiic ocationaf valericeneweas carried @ut & ad.5 iitercal
GC profile of a 2.5%
reaction vessel (New Brunswick Scientific). The reaction mixture consisted of
450 ml of 0.1 M citrate buffer (pH 3.5), 2.5 ml of 0.1 M HBT, 2.5 ml of Tween-
80, 2.5ml of valencene and |50 ml of Botrytis fermentation broth (laccase
activity level of 110 nkat/ml). |Air was used as a source of oxygen and was
15 supplied in the manner of high-speed agitation (about 500-700 rpm). The
reaction was carried out at ropm temperature (about 25°C-30°C). After two
days, the reaction was stopped by changing the pH of the mixture to 9.0 with
sodium carbonate and heating in a boiling water bath for two hours.

After cooling to rdom temperature, the mixture was extracted with

20 methylene chloride (3 x 150 ml each). The combined organic phases were
dried over Na;SO4 and concentrated under vacuum. The crude product
(3.5 ml) was distilled using Kugelrohr apparatus and analyzed by gas
chromatography (GC). With reference to FIG. 6, a typical GC profile of a 2.5%
solution of the product after distillation showed that nootkatone was the largest

25 peak and accounted for 43.3%™", as determined from an external curve. The




solution of the product after distjllation showed that noot katone was the

| ar gest 25 peak and accounted for ¥3.3% ~, as determ ned from an external

curve. The 15 1 7 FEB 2 D4 overall| vyi e\lmg5 of noot katone imz S reaction
S

was 28. 60/ 6w. The unreacted val encene 33. 4% ' 1‘5 10 The

enzymatic ' [ oyy@w| |

vessel . g’)&?g@f &8&18%%%@8@%2@ ? gga%é{alcﬁg%gwrﬁ Iz?fé C.In[?é a"[rﬁé%&??er (pH
3.5), 30 m 0o 0.1 M HBT SQ,,,m of [Tween-80, and 30 M a M O val encene. The
reaction vva\@qr}ﬂeﬂﬁéﬁ’%‘d‘?'%ﬁ mdding 5| nl of fernmentation broth from Tranetes
versicolor (lacca a activity level|of 11 nkat/m ). Ar was used a source of
oxygen and was supplied in the manhdExarhpleg2t ati on at 350 rp The reaction
was carried out t a terrperature of | 30C. The reaction stopped after nine

days and th product fie doRidatioh Eé?a%'eﬁcéneaﬁag" cﬁﬁleheoﬂt’EIﬁaH
yi el d of noot katone from s reac I on was . . The unreact ed

val encepe was (37 33%ion vesseP™he réadton mixture consisted of 1405 mi of 0.1 M

citrate buffer (pH 3.5), 30 m! of 0.1 M HBT, 30 ml of Tween-80, and 30 ml of
valencene. The reaction was |initiated by adding 5 ml of fermentation broth
from Trametes versicolor (laccape activity level of 11 nkat/ml). Air was used as
a source of oxygen and was supplied in the manner of agitation at 350 rpm.
10 The reaction was carried out at a temperature of 30°C. The reaction was
stopped after nine days and the product was recovered as in Example 1. The
overall yield of nootkatone from this reaction was 22.38%™. The unreacted
valencene was 37.34%"".
Example 3
15 In a shake flask, |a reaction mixture {20 ml) consisting of 0.1 M
citrate buffer (pH 3.5), HBT mediator (0.5-16 mM final concentration), Tween-
80 (0.5%), valencene (0.5-64%) and laccase (activity level of 60 nkat/ml) were
incubated at 30°C with shaking at 225 rpm for 48 hours. When the reaction
was stopped, a 2 ml sample was taken from each flask and extracted with
20 1.2 mt of methylene chloride. |The separated solvent layer was analyzed by

GC. The area percentage cgmesponding to valencene and nootkatone are

listed below.
Starting val;encene level | Valencene (area%) | Nootkatone (area %)
= 0.5 3210 17.09
1 32.97 15.70

2 41.89 9.41




,éo In a shake flask, a reaction m

‘buf f er

(pH 3.5),

HBT nedi at or

(0.5

4 (0.5%, valencene (0.5-64% and |a
"~ incubated at 30C with shaking at 2
"stopped, a 2 nl sanple rheas taken

1.2 mM of nethylene chloride.

The

xture (20 m) consisting of 0. 1Mcitrate

16 mMfinal concentration), Twe en 80
ccase (activity level of_ 60 nkat/m) were
25 rpm for 48 hours. Wehtth#l eact was
fromeach flask and extracted ion with
sepaf@t ed sol vent | ayer was anal yzed GC.

The area percentage ¢ rresponding to val encene and nootkatone listed
bel ow. Starting val encene | evel Val encene 6&9Fa%) Noot kat one 4.26¢a %)
0.532.10174.09 132.9715.70 241.{899.41 by are 17 |[FEB 2004 16 457.974. 25
868. 422. 47 1681.0Z0. 85 3287. 0. 33 4883 928805 2 47
16 81.02 0.85
32 82.12 0.33
48 83.92 0.03
64 84.35 0.02
64 91.12 0.004
(before adding
laccase)
Example 4

The conversion of y

alencene to nootkatone in the presence and

absence of laccase and/or a mediator was evaluated. The total reaction

volume in each flask was 10 mi

activity level of 60 nkat/mi. The

| Laccase was from Bolrylis cinerea at an

mediator was HBT at.a final concentration of

0.5 mM. The starting substrate (Yalencene) was at 0.5%. After four days, the

reaction mixtures were extracted

organic phases were analyzed by

with methylene chloride and the separated

GC. The resuits are shown below.

Laccase Mediator Valencene (area %) | Nootkatone (area%)
_‘_ + 40.45 43.79
72.86 10.80
+ —
85.50 2.96
L] +




6484. 350. 02 64 (before adding 91.120.004 |accase Exanple 4 The conversion
of al encene to nootkatone in the presence and absence of |actase and/or a
medi at or was eval uated. The total feactijgn volune in e‘ic?h flask was 10 m
Laccase was fromBotrytis cinerea pt an activity |evel of fk® BMat / M . The
nedi ator was HBT at a final concentrgiafipie®s 0.5 MM The starting substrate
(al encene) was at 0.5% After four| days, the reaction mxtures were

extracted with nethyleng chlori . e nj re

anal yzed by GC. The r@sﬁ\et g’@r'lgggﬂ OE'EF%%?@%@J?%WE%?@%f@gpgénegértﬁ\ée(ar ea
% Noot kat one (area% E-t-EMI o EMA0L 4543. 79 WOMENY 72. 8610. 80_ +, 8f5 502.96 17
17 FEB 2004evehei82@ nkavml,:(;5% ot uplepeene asthe substrats and 0:5% ol Fweeri ng of
| accase at | evel of 620 nkatlm, 0} 5% of val encene as the substrate and

0. 5% of Tweg0,athe 8llowihg dorhpawidsgpt @rgoncehtrdtion ef dohoditwere dtested @& 5 mM
were tested nedia as

mediators: 1-hydroxybenzotriazole (HBT), 2,2'-azino-bis(3-ethylbenzthiazoline-
6-sulfonic acid (ABTS), ferulic acid (FA), dimethyoxy benzyl aicohol (DBA) and
dimethamino benzoic acid (DBAD). The following table indicates. the relative
amount of valencene and nootkatone after four days of reaction in the

presence of various mediators.

Mediator Yalencene (area %) | Nootkatone (area %)
HBT 18.17 58.28
ABTS 75.49 14.43
FA 59.54 17.21
DBA 68.53 15.92
DBAD 65.25 15.48
Example 6

In a reaction volume of 20 ml consisting of laccase at 60 nkat/ml,
1% of valencene as the substrate and 1% of Tween-80, the following
compounds were tested at @ concentration of 5mM as the mediators:
catechin, epicatechin, p-hydroxyphenylacetic acid, quercetin, chloropromazine,
phenothiazine, naringin, promazine, homovanillic acid, 4-amino-salicylic acid,
syringic acid, 4-amino-3-hydioxybenzoic acid, vanillic acid, caffeic acid,
protocatechuic acid, -resorcylic acid, -resorcylic acid, -resorcylic acid, 2,3-
dihydroxybenzoic acid, 4-hydrpxybenzoic acid, 3-hydroxybenzoic acid, 2,4,6-

trihydroxybenzoic acid, benzoic acid, cinnamic acid, isovanillic acid, sodium




tors: 1-hydroxybenzotriaaole (HBT)| 2,2'-azino-bis(3-ethylbenzthiazolin
6-sul fonic acid (ABTS), ferulic acjd (FA), dinethyoxy benzyl al cohol (DBA)
an di nmet ham no benzoic acid (DEAD)| The follow ng table i n|d7 Eé\é @m t he

relati anmou prese Exanple 6 In ar acti df vol ume of 20 m ng of

0

| accase at Ldy,...3%.,0f I t . 0 n- 80,
the foll ow ﬁ%‘%ﬁ%gﬁhégﬁéﬁl&e&‘%@sﬁg ggl? cgg%’otﬂgecri)w §{sﬁ€r§fe§?@€as}ﬁ@é§so %%F

medi ators: catechin, epicatechin, p-hydro: yphenyl acetjc acid, ercetin,
chl or opr omebge greatendian that ebserygdi indha absease o agnedigiery whish indicates;
4-am no-salicylic acid, syringic acid, 4-am no-3-hydroxybenzoic acid,

vani | |i ¢ acthat thesief @impeunds, fupcldropsmeediatocs mcthe, processor cycl i ¢ aci d,
-resorcylic acid, -resorcylic acid, 2,3 dihydroxybenzoic acid,

4- hydr oxybenzoi ¢ acid, 3-hydr oxybeanixgnﬂg'bey, 2,4,6 nt of val encene and
noot kat one after four days of reaction in t nee of various nediators. e d

ve e Medi at or al encen ar ea % Noot,kat one rea HBI18.,1758..28 ABIS75.4914. 43
FA59. 5417. 21 DBA6S. 531@'?5593 R E?'i%?ﬂéﬁume S0 il dotisisting o 1362ade

from Botrylis cinerea at a leyel of 60 nkat/mi, 0.5% of valencene as the
substrate, 0.5% of Tween-80, HBT as the mediator at a final concentration of
0.5 mM, and buffers (0.1 M) adjust the pH, was incubated at 30°C with
shaking at 225 rpm. After six days of reaction, 2 mi samples were taken from
each flask and extracted with| methylene chloride before GC analysis. The

following table lists the results under different pH conditions.

pH Valencene (area %) | Nootkatone (area %)

3.5 17.90 ) 59.13

5.0 16.35 52.81

7.0 72.02 5.03
Example 8

The enzymatic oxidation of orange oil containing valencene was
carried out in a 1.5 liter vessel. The reaction broth, consisting of 875 mi of
0.1 M citrate buffer {pH 3.5), 5 mt of Tween-80, S ml of 0.1 M HBT, 5 ml of
orange oil and 100 ml laccase broth from Botrytis cinerea (at an activity level of
63 nkat/ml), was incubated at 30°C with agitation of 500 rpm. After four days,
the product after Kugelrohr distillation was recovered following the procedure
as detailed in Example 1. Analysis by GC/MS confirmed the presence of

nootkatone in the product.




tri hydroxybenzoi c acid, benzoic acjd, cinnam c acid, isovanillic acid,

sodi um benzoate and s 18 17 FEB 2006 alicylic acid. In ach case, the
conversion rate was two to times greater,than that observed fpp fjlxe absence
of a nmediator, which indicates that these conmpounds function as nedlators

0 he process,  ExarianblepElEsRRSt bR dkidd b Beiche SPerthidHor

consi sting of |accas evel nkat 0 5%

f I 8 t.h dj f I trat
Cubstrat o, RS perafaed by T Gk Bl cgﬁﬁn”qaﬂq‘i!%?ﬁént ab e’

offers (0.1 M _adjust the pH was jncubated at 30C rpm__After six da of

Ci nerea

reaction, 2 m|E€amposadwere taken |i extrabliduret h net hyMixturecBl or i deé >
before GC analysis. lists the results nder different pH|jconditions. gight
the n of wth F&gtbse 10% 10%

citric acid 0.15% 0.15%

orange oil (before oxidatian) 10 ppm —

orange oil (after oxidation) e 10 ppm

All of the flavorists could distinguish mixture A from mixture B. The flavorists
described the flavor of mixturel B as longer lasting with fruity, nootkatone-like
flavor and strong woody notes.

It should be understood that the embodiments of the present
invention shown and described fin the specification are only embodiments of the
inventors who are skilled in the at and are not limiting in any way. For
example, the enzyme bound to|a solid support may increase the stability of the
enzyme and its tolerance to organic solvents. As another example, a large
variety of chemicals can function as mediators. As still another example,
oxidation of other substrates| such as caryophyllene, phenylpyruvic acid,
guaiene, anethole, farnesol ang hop oil by laccase may be included to produce
flavors. Therefore, various ghanges, modifications or alterations to these
embodiments may be made o1 resorted to without departing from the spirit of

the invention and the scope of the following claims.
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o form valencene hydroperoxide,
he hydroperoxide to form nootkatone, and

nootkatone.

aim 1 wherein the hydroperoxide is degraded by

The process of claim 1 wherein the hydroperoxide is degraded by

aim 3 wherein the catalyst is selected from the

torbic acid, cobalt, copper and combinations

claim 1 wherein laccase is from a microbial

aim 5 wherein the microbial source is a fungus




fl avor and strong woody notes. It should be understood that the enbodi nents
of the present invention shown and| described in the specification are only
enbodi ments of the inventors who afe skijled in tie art anli7&f8 2806t

limting in any way. For exanple, [he eﬁ?%yrre bound toga solid support nmay

ncrease the stapi |i tynebrsdilsei Tyl @Wherdin the hREALA ords BAWAIBIbLY Nt S.

As anot her exanple, a ge vari et em cal s can function as nedi ators.

As still anpther ex I oxj,dation of ot.her s r S).:

car yophy! | oHHE0! HARGER, TIRr o e Ol pBhieia, ot BT LRees) Rametes, o
by laccase may be included to produce flavors. Therefore, various changes,
nmodi fi cat i oviersisiolenanskeambinstions theseef. enbodi nents may be nmade orb resorted
to without departing fromthe spirjt of the invention and the scope of he
following clains. 20 What is claimed is: 1. A process for producing

noot kat one conprising: 17 FE B 2034 (a) reacting val encene and a
conposition havigg | & t de\ck L W\Peﬁ | | i
concentration of ggrea?‘é?%?%%ér%%oéwfl? nt %hQ%?Zic?%%é'?%frb@négg%nggmggbrCe
to formval ane hydr oper oxi de, (p) degradi ng he hydroperoxide to form
noot kat one, (c) recovering noptkatone. 2. The process of claiml
wherein the hydroperoxide is degraded by heating. 3. The process of claim1l
wherein the hydroperoxide is degraded by a catal yst. The process of claim3
wherein the catalyst is selected ffomthe group consisting of iron,

ascorbi c acid, c@bal t Thequpeessaofl daimbi fatthemsomprising adding a mediator to

the valencene and the composition having laccase activity.

10.  The process of claim 9 wherein the mediator is selected from the
group consisting of 1-hydroxybenzotriazole, 2,2"-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid), ferulic acid, dimethoxy benzyl alcohol,
dimethylamino benzoic acid, catechin, epicatechin, p-hydroxyphenylacetic acid,

quercetin, chloropromazine, phenothiazine, naringin, promazine, homovanillic

acid, 4-amino-salicylic acid, syringic acid, 4-hydroxycinnamic acid, 4-amino-3-
hydroxybenzoic acid, vanillic acid, isovanilic acid, caffeic acid, a-reso_rcylic
acid, p-resorcylic acid, v-resorcylic acid, 2,3-dihydroxybenzoic acid, 3,4-
dihydroxybenzoic acid, 4-hydroxybenzoic acid, 3-hydroxybenoic acid, 2,4,6-
tnhydroxybenzoic acid, benzofic acid, cinnamic acid, sodium benzoate and

salicylic acid and combinations|thereof.

11.  The process of claim 9 wherein the mediator is at a concentration

greater than about 0.1 mM and up to about 50 mM.




thereof. 5. The process of (claim[l wherein |laccase is froma m crobial
source. 6. The process of claim5 erein the mcrobial source is a fungus
t hat degrades wood. 21 17 FEB 2004| 7. Thg process of claim@g wherein the
m crobial source is a white rot fungi sel ected fromthe gﬂc?&fﬂc?ﬁ[ﬂa sting

of Botrytis ci ne{ fﬁ@@&@%s fz'iﬁ.oll_%h h Yobréd) |§%@fecte§1 The

process of cloi m V\/nerel n accase i s om a re nbi nant DNA.

process of claim1 further c rising addin | at I ene
and the co r?@fﬁ giavp n@or]sgg@ fs iRAYISN chytgﬁﬁ\@ 93&:%@’@% aX'I%aﬁ
wherein the rredl ator is selected fromthe group consisting of 1

- hydr oxyben@otgénazol e, 2, 2' - azi no-pi s(3- et hyl benzt hi azol i ne-6-sul fonic

acid), ferulic acid, dinethoxy bengyl alcohol, dinethylamno benzoic acid,
c techin, epicatechin, p-hydroxyphenylacetic acid, quercetin,
chl oropromazi ne, p enothiazine, naringin, promazine, honovanillic acid,

4-am no-salicyligs acqalhe Féé&bc AL cfhim? - DY herifk | g{@caf &lefbbie AndMiwe- 3-

hydr oxybenzoi ¢ aci'd, vanillic acid, 1sovanilic aci elc acid,

a-resorcylic__aci [ESqre i C I.d | .
eS| Bt e %%E%ﬁ %25 TSR a1 B8 dboys 24 hgurs piior
aC|d 3- hydr oxybenoi c acid, 2 - trlhydrox ben20|c aci d, ben20|c aci d,
ci nnami ¢ actcthe@mterfpﬂ'@ﬁﬁ%&@@nﬁﬁ yaranepeXideaci d and conbi nati ons
thereof. 11. The process of claimP wherein the nmediator is at a
concentration greater than about Ol 1 mM anj up to about 50 MM 22 17 FEB
2004
14.  The process of claim 1 wherein the heating is to a temperature of

at least about 55°C.

15. The process of claim 1 further comprising adding a solvent at a
concentration to maintain laccase activity to the valencene and the composition

having laccase activity.

16. The process of claim 1 wherein the composition is a solution and

the concentration of valencene|is up to about 64% by weight.
17. The process of claim 1 wherein the laccase is immobilized.

18. A process for making nootkatone comprising:

(a) reacting valencene and a composition comprising laccase
selected from the group cohsisting of Botrylis cinerea 61-34, Trametes
versicolor and combinations thereof, wherein the concentration of valencene is
greater than 0.1%, in the presgnce of a mediator and an oxygen source at a pH

between about 3-7 to form valencene hydroperoxide,




12. The process of aim 1 wherein the oxygen source is selected fromthe
group consisting of lan oxygen containing gas m xture and pure oxygen. 13.
The process of claim1 wherein the| val eggene and the conploAFER 20t havi ng
| accase activity are reacted for at |east about 24 hours prior to heating

to formthe val encengb ydrdgb??@igbd thel4-v%@|‘i’cé?fé30mr6ﬁer6kiﬁbm ko WRsR N the

heating is to a tenp ture™o | east about 55C. "15." The process of d aim
1 further co i sing _adding a solvent at a concentration to maintain |ac
case acti vi"!‘ir;%%t‘)f‘ﬁea | encene and| the conposition having |accase
activity. 16. The process of claim 1l wherein the conposition is a solution
and the concentratior{cdf veceverigneetkaioneo about 64% by wei ght. 17. The
process of claiml|l wherein the |accase is immobilized. 18. A process for
maki ng noot kat one conprising: (a) feacting v |lencene and a conposition
conprising |laccase selected fromfthe group consisting of Botrytis cinerea
61-34, Trametes 1$¥.ers'|'ﬁé’h%ce§§%f 18 h‘é?énttﬁé%ﬁfadil’{q:%rw Rebtify to at
concentration of Valencehe Is greater than 0.1 % ™in the presence of a
medi at or ar]d a oxal/%n source at al pH between about 3-7 to form val encene
hydr oper oxi 1§@St 380U'SP €eR 2004 (b)| degradi ng the val encene hydr oper oxi de to
form nootkatone, and (c) recoveripng ootkatone. 19. The process of claim18
wherein the degrading is by heating to at |east about 55 C. 20. The process
of claim 18 further conprising addjng a catalyst to

20. The process of claim 18 further comprising adding a catalyst to

step (b).

21. The process of claim 20 wherein the catalyst is selected from the
group consisting of iron, asgorbic acid, cobalt, copper and combinations

thereof.

22. The process of cdaim 18 wherein the oxygen source is selected

from the group consisting of 3 mixture of gases containing oxygen and pure

oxygen.

23. The process of claim 19 wherein the reaction proceeds for at least

about 24 hours.

24.  The process of claim 18 wherein the mediator is selected from the

group consisting of 1-hydroxyTnzotriazol, ferulic acid, 4-hydroxycinnamic acid,

B -resorcylic acid and combinations thereof.




step (b). 21. The process of claim 20 wherein the catalyst is selected from
the group consisting of iron, ascprbic acid, cobalt, copper and
conbi nati ons thereof. 22. The progcess gf aim 18 mherelnégqﬁgﬁx gen source

is selected fromthe group consisfing f mixture of gas I ni ng

oxygen and pure r 1 | heg rgagtion
proceeds for at as?ﬁi oﬁ?ocfg gﬁrg&?®4 1(ﬁl'h‘&h%ler‘i ﬂ'&émﬁe?rd;?% '?8%%{1 ein
the nediator is sel_ect ed fromthe %roup consi sting of

1- hydr oxybesonsentration greateqthan ahq i angdipctoaoute MM, p -resorcylic
acid and conbing ions thereof. 24 17 FEB 2004 25, The process of | claim18
wherein the nediator is at a concentration greater than about 0.1 nM and up
to about 5 nmM 26. A process for producing val encene hydroperoxi de

conprising reacysng XahrRess for SpiodlBRy balencémlmfu péofRe 2Wwhipfising and
an oxygen source under conditions|to fornj said encene hydr oper ox1 de.

27. The pro f 2 t 0 encene
e groat or ALY, ol ca SXih6Y t'%ﬁ%ﬁn'é%%s% o 3 By g i g e
medi ator. 29. The process of claim 26 further risi n add| ng a sol vent
at a concerﬁ%@?é‘ﬁd?hﬁft’"mﬁ'ﬁm feemysaid ¥alengene W‘i‘ PEERXIOR, process for
produci ng noot kat one conprising (a) reacting val encene and an i mvobilized
| accase in the presence of an oxygen source form val encene hydroperoxi de,
(b) heating to degrade the val encenpe hydroperoxide to form

27. The process of glaim 26 wherein the starting concentration of

valencene is greater than 0.1%
28.  The process of clgim 26 further comprising adding a mediator.

29.  The process of claim 26 further comprising adding a solvent at a

concentration that maintains lagcase activity.

30. A process for producing nootkatone comprising
(a) reacting valencene and an immobilized laccase in the
presence of an oxygen source fo form valencene hydroperoxide,

(b} heating to degrade the valencene hydroperoxide to form

nootkatone, and

(c} recovering nogtkatone.

31.  The process of claim 30 wherein valencene is at a concentration

of about 86%.




noot kat one, and (c) recovering noot katone. 31. The process of claim 30
wherein val encene is at a concentrjati on of about 86% ItIi EE& 2004 32.
ok bf

The process of claim30 further coppri sggg addi ng a rredl 0t he
val encene and the inmobilised | accase. The process of claim30 further

conprising addi g a spgjey ﬁfﬁcegscﬁci ﬁm@m&ﬁﬁéﬂ QSpAsiAg! Fa'rﬁé@ﬁ&ﬁ to

activity to the val encene and the j nmobilized |accaSe. A process for

pr oduci ng ential_ qf h -] d noot kat one content conprisin
(a) reactlﬁﬁ f%@&ﬁ?@é\%t fal'%@%)'ﬂ:’f'II 'eﬁﬁﬁgg%%‘encene and a conposition )
conpri sing Iaccas in the presence pf an oxygen source to forma m xture of
the essential oil containing nootkjatone, and (b) heating the mxture to

i ncrease the amount of noot kat one, | noot kat one. (c) recoveri ngt he essenti al

oi | containing t3% i riheepruobs8of cldim B0 durtiser complisinghadidingha rsolvent at a
starting concentration of the essential oil is greater than about 0.5% 36.

The pr Ocesscd?i‘ceﬁ{rayéh & midiataf 1&0& R tgtfﬁlgttb%e then'céné nachedmineiizedhe

group consisting of orange, ol range oil, grapefruit oil, |enon
oil, tangqune oi | and conbi nati ons hereof. 37. The process of cl ai m 34
wherein a fi?¢4%%n of essential oi] is reacted.

34. A process for producing an essential oil having increased
nootkatone content comprising
(a) reacting an essential oil containing valencene and a
composition comprising laccase in the presence of an oxygen source to form a
mixture of the essential oil containing nootkatene,
(b)  heating thel mixture to increase the amount of nootkatone,
and
(¢) recovering | the essential oit containing the increased

nootkatone.

35. The process of claim 34 wherein the starting concentration of the

essential oil is greater than about 0.5%.

36. The process of claim 34 wherein the essential oil is selected from
the group consisting of orange oil, bitter orange oil, grapefruit oil, lemon oil,

tangerine oil and combinations thereof.

37. The process of ¢laim 34 wherein a fraction of essential oil is

reacted.




26 38. The process of 17 FEB 2004
fraction is selected fromthe grou
distillate.

38. The process of f

| ai m 36 wherein the essential oil
p consisting of an extract and a

26
17 FEB 2004

claim 36 wherein the essential oil fraction is

selected from the group consisting of an extract and a distillate.




