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on thIS I nventi on was sponsored in part by the United States Departnent O
Agriculture Grant No. 95-37500-1930 and the National Science Foundation

G ant No. CHE963368 anmendnent 002. The Governnent may have certain rights
in the Invention. FIELD OF THE | NVENITt ON The present invention is rel ated

to the bioconversion of a carbon source to vanlllin and nore p
to mothods of  pr SYMIMESIERN MANILHBFEOMA GARBN SQURGE m acbe. wwlﬂﬂ ﬂl&l I
conversion of the carbon source to vanillic acid and enzynecat

reduction of vanillic aad to produce vanillin. BACKGROUND COF THE | RRASRA
Natural vanillin is produced fr¥fQYSORSHIRI | 1in (Figure 1 ) when the beans

of the orchi gy malém%ﬁiﬁnf\@éé&oﬁ%&e%?@rmand C}Q%FlﬁtééD fhepbl! | N9

pr ocess. Rana A | Ces S Fun ar al anbous,

, Ed. Of Egs@#meef Gfan’fﬁ‘{oeﬁﬁéiﬁwﬁ 1986 Aangd tynHationakSeieace Eﬁumdn@oreﬁtanbrre care
that. ”“[%b. éﬁggéﬁ&s&%ﬂ&rﬁbﬁgw ”‘i’h&k’%o[v bifiidn® tha hg%gégﬂgmghm%hénd hand

pol | i nat1on ower s atural vanillin can s kgl yr of
t he woringestion.2 x 10' kglyr demand for vanillin. dark) G S.) Perfum

Fl avor: 15:45 (1990). This F&iéEDr@fgﬂ-@%ﬂVEﬁT?éﬁSt itution of synthetic
SEn >

.vanillin for natural vanillaTrn avoring applications. Condensation
of gl yoxyl i oThegresenhirventiemis- iated &althgusiocrwersiohi afuar earhon soarce lber ef or e

current g ] , e f i)l n re. nadive) A S., In
Spi cos, VA End e Babich Btic RSl bt oroRuGRE YA tofy o SERBLLIEe
Anst er dbyrmigrobé&-tatalyz8d £pnvédsionkof the SarboRaoniemto Maalllioracidldndiénzyth@9o0) ;
Esposi t @ E) I[yz %\“E%Q r IE c ﬂ) ﬁ)ﬂ.l a of Cherzqcal Teczgnol ozgy,
Fourth %}a&z?ff eé@’ﬁ%?’lg" . E@v‘g ?9%‘&? Wl ey: New York, Voi.
24:812 (1997). Limted BAGKGROUWOECIMH llWEN‘HQN also led to extensive
research int e cu an LCcrobes to nvert
ferulic aci dﬁ?%dﬁgﬁ'f 5 p'%‘f"ﬁ“?/&ﬂmlq lchvng#uP Qﬁgtgeﬁg)y%grégg CARZO'L 4 nat ur al
or nat umehiﬂql@nil&l psianifoiib ave subhpitted & & Altittep fudhg Rbocedls, Radadit@®, Al®chnol .
Lesage- NERAGG P7BS gl B Bundi-Ririaiopls. G Ee N Aodeapionr)
Liabuda) pLM?h(JtQQGD Bdggﬁie E&?ﬁgbxﬁ@m\e/&a?&_ I had vhust b%%berdaéﬁtlsdmﬁfgtvméi J. et
al ., em : . Vani |l L.in second, o aspartane in
er s, ofuGAeRy Bede baRssts. 35 Hane Telnation ol AW panda asifh 53877 1 om v/
pl ani f osupplyonls 2had0t kglye ol e word'of1.DRi10d ki/gbaéradnd forivamitiint ~CGlark, 18 MARCH
2003 - 2G.S., Perfum. Flavor. 15:45 (1990). This has resulted in substitution of synthetic

vanillin for natural vanifla in most flavoring applications. Condensation of glyoxylic

acid with benzene-derived guaiacol (Figure 1) is therefore cumently the dominant
route for vanillin manufacture. Ranadive, A.S., In Spices, Herbs, and Edible Fungi,
Charalambous, G., Ed., Elsevier: Amsterdam, p. 517 (1994); Clark, G.S., Perfum.
Flavor. 15:45 (1990); Esposito, L. et al., Kirk-Othmer Encyclopedia of Chemical
Technology, Fourth Ed., Kroschwitz, J.l.; Howe-Grant, M., Ed.; Wiley: New York, Vol.
24:812 (1997). Limited vanilla bean supplies have also led to extensive research into
the use of plant tissue culture and microbes to convert ferulic acid (Figure 1) into
vanillin suitable for labelling as a natural or nature-equivalent flavoring. Falconnier,
B. et al., J. Biotechnol. 37:123 (1994); Lesage-Meessen, L. et al., J. Biotechnol.
50:107 (1996); Lesage-Meessen, L. etal., Appl. Microbiol. Biotechnol. 47:393 (1997);
Labuda, .M. et al, U.S. Patent No. 5,279,950 (1994); Westcott, RJ. et al.,
Phytochemistry 35:135 (1994).

Vanillin is second only to aspartame in terms of market size for a food additive.
Vanilla extract derived from V. planifolia pods has the advantage of being labeled as
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a natural flavoring. However, as described above) only rel@MXRCSIEIO3
vownes' of .vani.lla flavoring can be derived fromV. planlfalia cultivation.
Synt.hesis of vanillin from benzene-derived guai acol is therefore the basis
of large-scale industrial manufacture of vanillin. This vanillin however)
can not be |abeled as a natural flavgring and synthesis of vanillin from
benzene-derived gual acot is not environnentally benign. Wth respect to the

fenrlateg 69@5\1 Rveay. | Howevéy, &b w&weu abihe b@nly ablatwéi sifallvolihey af

flavoring, the m aobes and cul tured pl ant cel used to process_the ferulic

aci g1 V¥ Gullupiiag cars b igdved T opleORIA UGG o Sy Bl SORANEY ) . ot
9 | f echnoL
50 107 ﬁ@é‘é’@%@??ﬁa P thersapame\sar el g jgsrsaol T

47:393 (me yctut_eabﬁaamlhnm This vanillin lupvevenaqaéht\otl\be lgbﬂe@ 259 natweh) ;

yest oot gavBridy  Bhd Abynthddly ' SCNGRIIR n3?5b Wled QubldbaE RpED! em s
@1 Qt eru P

t he avai y of | ¢ acl d, I ber 'S ric erulic
aci d estmwpnmentpﬂyobeygn aWithaespect t@ tbe fﬁmla@aderwed vanillisg Ialihd'ugh\ lhm

h |
gegfffgiﬁtygag) {)etpo%/?s ﬁéatmr?l‘etq]ﬁa@r%br syn sfigtl\{‘ﬁgcg@'g%fil *l Y‘@{a\[s ugé}fﬁ’ further
be desi rprbtassttbe ferolic acid givedowditers of vamlm (awrmmgtelm ig/lL). rFalgdnder| s

econom cgl Ly atj r@ﬁébﬂrf" é{}@?‘@&j‘r ngg t@%ﬁké@em £ 3. ,p.( Oé“oﬂeﬁaﬁ?lm hod for

synt hesi zi Aig Van urther be
desi r abl80:10v meee) U%@eﬂdemenﬂmetatynppewmmg Blutedﬂnloh 4\m§93r(1997r)1 I zes an

abundant)) s, the | er THE

I NVENTI bﬂ(a ?elng g}é% Eﬁf esN% é‘%ﬁg%&%&%{’)hew%s@agt 1"a vanillin
fr ohm g clambonhesﬂstmaﬁ 135 \1994).d @dfurther pmblemﬁsdﬁe ramtlabllith?f liemlhgauldr Si Ion |
net hods e present :.i,n rise the ste n_aobe-cat al yze
conver i frelett SBRBEls o e, A0 ARPR; b6 ReachSs BmeBReR o RIgHEr cat ar ved
reﬁuct i cx%mtgisMaﬁbd htild:ﬁméshmg)oﬂhisdemlﬁc maglﬁabibeenﬂevebpm in the synthesis
schene o i qur e t ohe-,cat al,yze ion s resent
Covention 1 edbiue i BedesiRg G Hrdide R Rt Krch AR Sl

mi f:r oge -would gusfieefw deﬂ:jaerl]éogﬂpmmet % f&ﬁ‘ﬁhé@f?ﬁ@hﬂﬂl]ﬁg vanilia wmclEss heri chia
coli desi e e ratjon e roshi kimc aC| an

regi osel ﬂ%t%ﬂ}‘l“g‘f’?on tof"°f' L alsashe t‘quf@glg?otpo?&? ?Qifjfo'i'he
enzyne- csyh&ieysm@ vadlllinovhicnisEneiformheritally uahmemtwamdﬁmhememwﬂléw t he
reduction aof vanillic,aad o vanillin bé\gﬁﬁﬁ‘ al dehyde deh drogenase. In a

pr ef er r SHOVAS SMeAG for jpm P?‘F'QFG‘@WHEW AR dbunda tu eNSWRP!S | om
Naur ospaesourtéas ahe staitthgVidtetial?003 - 3 The biocatal ytic synthesis of
vanillin provided herein i Vil 0 gn) economcally
attractive, and utilizes §§Uﬁ@%ﬁ% ﬂg&g&pé"?%ces) as starting materi al s.
/Qddltlonal omtaizafbﬁgma?kﬁa@ mlaleﬁss@wﬁaé‘feamrp?&mﬁoﬁ ga:mmgamwlmmﬁlo? \lim N
econe apparen r e foll ow escription_ an ended cl ai ns aken
in conj (AdUroels PrpYided: ni %ﬂf’c‘émba‘ﬂ?‘%ﬂ 9rs'<5m§§? PPIERNbF THE
DRAW NGSnvdttiol @bhfgﬁ& ﬁfévae&samﬁxcmbetda?alﬁ@a%amem%w &itbdh sburbegone
apparent to one skilled in the art by readi ng | ow ng specification

and subj Yﬁm!lwaeﬂafme%&ybgnzwmﬂeﬁgrqdn@%pf Uaml{@ aeiavspn@@duep whi ch:
Figure lydnfiird a\%h@rmid f i gs%{mééié 3eherid b@ﬁ@( ¥ NR&! MictSUEER Sl

produci ng vanillin; Figure a schemat| ustrating the synthesis

scheme donversionrsienefithe presant iavention mauiresfiveenzymes whicharsiptevidertbyf f ect

?‘éf[)t;% Vanﬁfﬁé@?ﬁ#ﬂ%arlna‘fﬁm@& 'eRiBodimeht th8 e csMBRaht Hidbse 30 Cells
Escherichia coli designed to cause dehydration of 3-dehydroshikimic acid and

regioselective methylation of the resulting protocatechuic acid. The enzyme-catalyzed

reduction step of the present invention comprises the reduction of vanillic acid to
vanillin by aryl-aldehyde dehydrogenase. In a preferred embodiment, the aryl-
aldehyde dehydrogenase is purified from Neurospora crassa.



Figure 4 is a'H NWMR of vanillin synthesized from gl ucose. 18 NAkR@H12603
DESCRI'PTI ON OF THE PREFERRED EMBODI MENTS A bi oengi neered synthesis scheme
for .the production of vanillin froma carbon source is provided herein.

Met hods of producing vanillin froma carbon source based on the synthesis
scheme are also provided. In one enbodident) a nethod is provided wherein
t he carbon sour verted to van iic.acjd hy.a reconbi t m crobe
fol | owed by the*ﬁ%hls?é’?fag\ﬁ“’&?’“ esls pfiva f"@cﬁ’&‘@%%ﬁ?ﬁﬁ%vﬁ?/“ﬁ??%g?% de
dehydr ogenesshontically Ritedotive e éné niitiidesraibundaricrenewablel dalrgel; dehstatingenase
is isolated Q%OE%hburospora crassa. Al though m crobe-catal yzed conversion
of a car boffi@ e to vanillic acid foll owed by enzyne-catal yzed reduction

of vanillic aci gdémoranbbjetts, bavatsdes] Bad featurkat of fhehﬂ'bgém)inVéht@ﬁ will
alternative enbodi ment, a single reoonbl nant m cro 6‘% i S e aed to

convert a BeRQS apBARIE frosm hRfpllawings dperriptomend %Bpelné Selpe KGRI | ¢
acid to vaghd; u,&,éﬁonq,wg, iheté’l%oh‘lﬁﬁhﬁiﬁg graqﬁf{dg synthesi zing m crobe may also

express aryl -a dehyde enase. 'si ngl e-m crobe conversion" may
be carried out by any tyB Eﬁ&ﬂﬂbﬂoﬂﬁﬁﬂ‘l% RAWINGS neered to produce

the desired out ?ﬂg%anb@éaédagg%esmne éseln't mvaot il b onﬁé’%paré'xﬁ@%h "a

Neur ospora, Nocardia and er e vani

aci d synt heldileddn the @ by ceadinanthed g’i&r@ng)wgﬂf@amftﬁmbéuhl@ﬂﬁdamaﬂ@ b!/anl l1in
by a secongs &bﬁ&ﬁgqﬂe\%%ﬁ%’% qﬁg}p. mcr obe 18 MARCH 2003 -4

expresses aryl nase. Ihis "doubl e-nicrobe conversion" may
al so be carri edFigure ws\aesofmmtlc Vipelsating various byihesis schemastfoy prodytingered to
produce th ired outconme. Neurospora and Nocamlia are preferred as the
second mcrobe,’” as both are known to naturally express aryl -al dehyde
dehydrogenase. Figuget2 émat sehemativditlistreting theh eymthesis ischeme aif ythe cpregenter si on
of the Car@%ntﬁﬁ urce is to 3-dehydroshikimc acid followed by conversion of
t he 3-dehydroshlkimc acid to vanillin. In a further enbodi nent, the

m cr obe- cat al yzEiguom8viea graph sifowirtethe affeciroveotime of éxtretcelltpammuamtaﬁbui C

3 Lo B ARt e P TBEIOCHRE, 7 2o alT
rrayhbe carried Bigurdy iaa_s‘ébNN‘ﬂ ofe/aoiiini syatitesized frobeglaogseneer ed t o t)_rovi de

a conver si vention are
ig(r:ried out ﬁd?“ééﬁ%‘?b%ﬁﬁ@ﬂ@“ ﬁ@'ﬂgﬁ g‘?—&%&ﬁ’%ﬂ Egh%pi&lﬂgﬁ c;n;t/’gel and 4

doil yrithesisss ' illia
ol ucose copeghy at‘.‘“"g“g@"‘!“‘"&-d LBl £onver S o0 of (e coiBan our ce
Do vant 1 |1 Hourc Kb BRE naR fhis STROERind VMU GAm Brooh Yoy BiRBRE o
enbodi menton ethé esynthasish sétsgme e faldos providdd! Olmome!mboﬁhﬁerﬂaamatmmsce to
i,C ac

N d., folt d.b t t f id
heldi 11 cat bEHdsH WIS carbdt BoHes bt FORHORAS vatiiP sl A iipiodht
sol vent . Tincrétssl -folidvedd ftgtr Wﬁ'ﬁucﬂémC&S\%rﬁlrﬁi aeidy o ivanifint b;acatrylculdembods are

al so knomn t.0 those skill t sed .h hrase 'carbon
source” i sIFhYdmgengs F’ncllntﬁié’r?j? ?F£§§’%8€W'€‘Z'd#' (ﬁidéw% é{?BY‘?"ﬁgPlﬂﬁ e, but
not |im teidolated HYhONEurosperai digssd, gl ucose and the internediates (e.g.,

di car boxylic aci n the Krebs cycle) either al ne or in co nat i.on

a preferred enbﬁgh‘%ﬂﬂﬂ m'?'ﬁﬁe'éﬁt@b'éﬂgé'@ﬂ rglonof g ﬁ% en. 5°PFFeo'He""’gmﬁyﬂFiﬁent
the reconbiongnéd BY enffiezatahbl rédi:cﬂ&’?b%ﬂﬂhd d%lthBQaﬁ'lﬂh RogkscAfed ingeieSent

invention. In a preferred enbodiment, the E. coil conprises a nutated anoE
| ocus and bk P akematieembadinaale A singla rerembRANLIEICKDP SRRIS eplayed

nbi f |
STt B ol TR R oo
ar oE- encodw@niltimi ¢<9m§h% vasligaicishsymthesizingsmiarebe may alrorexpressdaryl-aldehyde
3-dehydro S@étﬁ’ Thhst mg‘ﬁ-mﬂt? d)%oafn%}sf&ne %&M"Fa‘(ﬁéd thLBg;aP&E}ﬁ)eaéfo E

| ocus nut ati " essen 1§ enployed to énsure
3-dehydr oslhridmba sufﬁciedtly engineered. to Predibecthb \dasivedh blsicamme, Iaciudings bobometer t ed

Sdchy br osIHECS B hfoRiapdell” Waiasebte. i 399 SeCCaRvent odes

cat echol - Oret hylr arothéresrabsdiment, ¢anieasid Gy”htﬂésiiﬁdiﬁaﬁ atcaonisoureiby onet o

vanillic ca addj t 18 MARCH 2003
m%robe is rec]uceg t)o vamllln by a second microbe wherein the second microbe



the two copies of aroB increase 3-dehydroqui nate synt hase1&MARGH 208D t he

poi nt -where the enzyne no | onger inpedes carbon flow. Sneli, K et al., J.

Am Chem Soc. 118:5605 (1996). In a preferred enbodi ment, the reconbi nant
E. coil conprises plasm d pKL5.97A carrying an aruF~R Insert, a serA insert
and two P~, ~COMTI loci. The aroF~R i nsedt- encodes a

3- deoxy- n-ar abl no- hept ul osoni ¢ aci d 7-phosphat e Sépt hase isozyme

i nsensi t i vE&XRrassesayRkdehyHe Aghydregenass.cHis idopkiadmisrabg ogpmerslapmay iso; he
commn_Pat BeRniedGut'ly Garius HeRibr rilcrobés Bufinlly SRARELIBISR Mol fhe

S
required for L-serine biosynthesis, grovv;E In mmni I um and
pl asmi d rmadpsledetdeons) INasoIPoahard Neeardiacgredreigrmad rasdthe sespnd picrebe.A. The

serA i nser I ' ' W Ml . di um
i 5t nou B Setterdkilh (T ERA Aoltal Mt Sifbrfl deRlarBohesd™ ) aemi ¢
cont ai ni ng ni cr bbyet anothegrenatiodisnendit the énleiebediatalymed qonwve hagarban. coi |
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ol ¢ ur e GolFBef BBlrep e cfbar bt Ay, ROV ESioH drithd SRpdBRER" (X0
under t he weidies varilllib hTh&ooapesion dfrRdehydrashikirhizachiand/erqarotodatichbie adiCC

dost St o Bl 9388 R ACH b B RAGG4 Bo s e, ¢

years aft esuthh& comgdrsipacent request, or for the effective life of a patent)
whi chever is longer, and wll be re ced if the deposit becones depl eted
or nonvi abl e du?ﬁﬁ&'?%&f’e% i%ﬁﬁogﬁﬁt}ﬁ'@sp@ﬁe?%@v@gﬂg‘sﬁrﬁ %T?C?l?é’iblnggr
gvai | abl e lbtlsnditlmspubltihée. aﬁadwperdturesesm-%imnﬁ@itstybarpm?onaemaltms a_tevaudn?h
eposit w renpy. upon grant of a paten n_ this application. e
ol I owi ng EARTErEoTBetngR pHebementars i Tligd: oluePse PORFRIANRGE 1 on of
gl ucose t ?pmmd raginaf bdwe?énig} eemte%amcsﬁur@ ?amnmdAb hi@tsa!ili@i intc_ca‘tait he L8
enes in e_ex ary reconbi ngn crobes o resen nyenti on.
NARCH 2003“‘-%%&@%?‘ e Ay IR f‘iﬂg‘:‘»mb?‘ﬁmﬁ-ﬁj@%ﬁ?@l %@Sf‘*%y?]léﬁ?‘ﬁ%soni c
acidg_ 7- pholﬁmwheth_émg@k@é:td?vérmhéaﬂﬁ dﬁgngﬁﬁdgbmw bﬂﬁ%ﬁiﬁﬁywmnﬂ?@r og
oo oy apachy aeRGhefon oS TR b AP AR SO ©
genomne) e) c Fhe fdtPbatch fErhitntdrprosdss g @rddrid Battichen widWodsParasdidslkndvisnty nes a)
- e) correﬁ&gndh‘t‘lgg?lia of Figure 2. Although E. coil is specifically

descri bed giS #e att-crobe for carrying out the nethods of the present

invention) it wWakluda@ KBNS HepiRdsé Medrbei Sollice! P RiBARE Sdrfiide Bionidds- common
types C|tea In the literature and known to those skilled in the art, rnay

be enpl oyedenysdsarbRyseyeesincludivg gbutinoklimiiad 2 xylose, rabingse gldeqse and

desi red comeintdraiddidled (d.9S UMY bEAsS M HRNKIdDsCoed, BitheAiasie P4 ce to
3-dehydroshi kim ¢ acid) carbon source to protocatechuic acid, vanillic acid

to vani| | i fombingliandinos Rrafemed: embedimeat. yiam caThioR soprcs:is @iceeRi ¢ acid to
vani | 1 in) etc-)mTBHE,e_thoqi{ﬁemmhé%g?ﬁaﬁg MiRRbe! EP @3N G énamaye)guc Heria

and yeasts will work in the nethods resent invention. )
m cr oor ganMethpdsef threpiesort inyardons v a prefermedembrdimenh the e col spmprisesat i on,
and/ or ge”stm(ﬁgfefi?é}ﬁé‘?c?é@.tdn‘a'hrfér‘aﬁ?a?éf%a% .i@é&e&ﬂﬂ{oﬁﬁ%%&ﬂd s3"fhis
necessary capability of converting one constituent o € synthesis schenme
of the pretenombinantil icofi, designatechKL?, mby Hurdhwerf comprisela plaseiid cauyingaare wel |
known to t el | | r i | , or t,Q .ca I rsion
Tt hods of qunf-z p)rngglgng fe% elh%é}g%\daa '?’,,c CfBI[JT BeiC2he 188 of Mol eRESINE
shikimate dehydrogenase results in synthesis of 3-dehydroshikimic acid. It will be
appreciated, however, that the aroE locus mutation is not essential and is employed
to ensure sufficient 3-dehydroshikimic acid formation. The 3-dehydroshikimic acid is
converted into protocatechuic acid by genome-localized, aroZ-encoded 3-
dehydroshikimate dehydratase. Plasmid-localized P,.COMT encodes catechol-O-

methyitransferase for conversion of protocatechuic acid into vanillic acid. in addition,



sol ution containing a carbon source is contacted w th the {£QagRIHSMI3

m crobe to forma bioconversion m xture which is maintained under
appropriate conditions to pronote the conversion of the carbon source to
the desired constituent, e.g., van(llic acid. In a preferred enbodi ment)

t he bi oconversion mxture is nmaintained at a tenperature of about 30 Cto
about 37C and a pH of about 6.5 to about. 7.5. It is preferred that the

bi oconversion m xture al so contain other substances necessary to pronote
thfe vi abi | thepwofcopies ofﬁﬁﬁmémt&dééhyﬁﬁdlﬂml kaselsyntmeracﬁeitpﬂo tb@bblabwdﬂwéf ers,
cofactors, ,nutrient sybstances, an e.like i ne and_ L-D

m xt ures) A5 CORES B%l'l £ impefascart ?ﬁ‘(ge\%ﬁ?%g: eﬁﬁh er fé""z'l&é em. Soc.

bi oconver si{08:560%{1998).i s preferably maintained in a steady state of

di ssol ved oxygen concentratl on and thus is kept under glucose |imted 18
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det er M NedpRYSOIR catiyitly 8 aFOFTTOISEA, 8X3AR TRPOERD SR SBOMY Rict! qhged

steady sta eF?rer thé Course bf fernentation i s about 1H0 to about 200 Nnol
agp.

gl ucose or éesﬂrvwo SepynBamliae-heptulesonis Gid Bphesphatpenthase, ai r
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of nicroorgani sns are well known and specific requirenents for mnaintaining
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the art vani I I'c acl fy ecovere I oconver si on
m xt ure by follewn dam km@msbn Q laaanﬁ-lp@Igey serganThe SetA dnsarbfus allows

cont act ed it gfou B S8IAE AR BRBd AU IAGBES | ohBinidr dor to

nor e fuIIy € advantages arisi resen ention,
the foll O\A/p}agnw&amlrm—mamldemntadmemmrobes to be under stood that the

the scopa of 1 it P Aler O ahopun” B [ oRbindg) o K oSt Mepil 21 T
d ucose | . pRb8.9BAwhich _t§lqut[€al Roplasmid nﬂLﬁm&&cﬁﬁﬁommsmgde{,m@MﬁlmuMB h
under fed- gg%p,g%ﬁg%quomg?jm ar accuﬁlﬁ'&t %70 and di ssol ved oxygen

at 20% of saturation. race (Figure 3) of vanillic,
i sovanil lic) prdheaboeetescibedipricrietedomblnaki miciabeafithispiesgalinvention.d | og
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18 MARCH 2003 -11 Yields and specific activities at each sigapARCHt4003
purification of aryl-al dehyde dehydrogenase are summari zed in Table 3. The
spedfic activity of aryl-al dehyde dehydrogenase coul d not be detem-ined in
crude nycelial extract because of the presence of other dehydrogenase
activities. The frozen nycelium (400 g7 wetwei ght) was thawed in 900 ni
buffer A and then disrupted with a Waring bl ender. The debris was renoved

by cent ri feaditiona, wheraindbe tate of gigeosgiaddition issistamiinedhyitbe levelaf dissolvdd t he
t t | i
oxtract  ve2vgin cBfodaudh 24 pRgar baBP BtaliSbudhithe Soue of HenchBpEEL | I

B. The col abmut \me tovabbet20Q fmobglocase arfa dissolved axygen bmmdtrationed)ftabiouh with a
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ni t rogen, tgndrftﬂgﬁed a\@ - 80 tTAIBBLE 3 Pur F a‘g n_of ary Ideh de
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: 0,1l unit = oxi di zedl mn. prmollmnlnmg VanNlic Ac
Synt hesi s. e&ﬁ( Wﬁ??&gr%?W @ M3 2.0 L capacity Biostat MD B-Braun
fermentor connept@det o Mo I EnfRstate tﬁe@@mﬂagé‘@mﬁg&fromhbm@@sbnwth
B- Braun MECS soft Z?%data acgw sitian ang ut omat i c, process
moni t ori ng‘""el"ﬁ'é‘"t\g?ﬁ) loming, examples prg| st dedh.1 dbis Iy baaindersiond thatdbe vith a
PI D cont r doli®ing 18y Walylet leXbipR’ &?aﬁmlsmw&i&e@ta@:} lifitatiohl obPtherBRbPE ai ned
at 7.0 by a‘ddl t| on of concentr at NH, OH or 2 N H2S0,. Dissol ved oxygen
(D.0) wasL'RayeBtiomsi ng a Braun pol arographic probe. D.O. was maintai ned
at 20% air saturation over the SPECINCWME“I the fernentation. Antifoam
(Sigma 204) was added rranua”é% as needed. 18 MARCH 2003 -12 Ali nedium

was prepared in distill ed)SyeihesisQGVaplily FronpGiNGASem (1 L) cont ai ned Bacto
tryptone (j1QRéBuitsBact o yeast extract (5 g), and NaCl (10 g). Fernentation

medium (1 L) contai ned KzHPQO ammoniumiron{ll1) citrate (0.3 g),
citric acid nonk/aKkb26pand Qé—’”l%#g 9 Hnverst euliuerd faratg hiunder fad-batgine
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trypt ophan lgy aromatic vita am nobenzoi c acid 1
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(0. 0158 g)dominancscolprptacgschuicaaid dhiguie Si Ialderﬁhceldwstoweni&caatdmﬂuue@d whi l e
menbr anes oiueaRaR A RED-RRRG ARSI R YR Athfdh hBsaHA i speefiED
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addition of ,a fil tergséi]erl [ z?‘d solution containin this_ am no

261 d |t FaEUSPH i QI RIACOL 6 e TyARBPrage dewarss Fe-nidroH BrauB RGO
fertnentor run. Three different nethods were used to nmaintain dissolved
oxygen (D. Q) levels at 20% air saturation during each 48 h fernentor run.
The di ssol ved oxygen concentration was first maintained by increasing the
i npel l er speed. Approximately 8 h was required for the inpeller speed to
increase from50 rpmto the preset maxi num value of 900 rpm The mass fl ow
controller then maintained D.O |evels at 20% saturation at constant

i npel |l er speed by increasing the airflow rate over approximately 2 h from
0.0fi UUmn to a preset maximumof 1.0 UUm n. At constant inpeller speed
and constant airtlowrate, D.O levels were nmaintained at 20% saturati on
for the remainder of the fernentation by oxygen sensor-controlled glucose
feeding. At the beginning of this stage, dissolved oxygen levels fell bel ow
20% satur at| on due to resi dual | n| tial dl ucose in the rredl um Thi S | ast ed

. [T o Vawy.Y VY.V e T 1 ——y 1 e~



Samples (6 nmL) of fernmentation broth were taken at 6 h i ntfg MAREH 20q®0rti on
(1 m) was used to determne cell densities by neasurenent of absorption at
600 nm (ODD). Dry cell weight (glL) was obtained using a conversion
coefficient of 0.43 gl OD~aL. The remaining 5 nL of each fernentation froth
sanpl e was centrifuged using a Beckman 8%crofuge and anal yzed by HPLC. A
separate aliquot (25 nL) of fernentation broth was taken and centrifuged at
12 h and 36 h for assay of catechol OT#Bl-ﬁﬁtransferase activity. Since
stabl e catechol -O net hyl transferase activ was observed over the course
of the fernent atiRyadugts @f@aﬂéMdeof atoh feraestasopnditians i vity (Tabl e
1) is the average 8$a Enﬁioamicawchob@mﬁﬂiwt@@fﬁrﬂ% ertbdty andt er 48 h) cells
were renoved by centrifugati demethiadenegpiementation.n and t he super nat ant
stored at 4 C Reductron of Vanl ilic AcId Fer nent atron broth 100 nL) was
acidified to pH 3. [ng concentraread_HCl and the _resaliting precl pi
protein was renoved by centrl fu 5[—7’9'4‘-5126&6000 foKL-i/@K#ﬁ@ )
extraction ofythanisHipgrenatant with_Ef OAc (3x), the spolvent was renoved
under reduced pressure. The resulting solid was dissolved in 12 nL of water
adjusted to pEOM'lS" by NaCH (10 Np.0g6diti oﬂ.OOSﬁrbseqomQ dr op@04@ addi ti on of
concentrated suI“I |gaC|d acidifi egthes tlont pH18 d resulted in
precipitation vplica g' lid which vvag |Itere “and dri The col'l ect ed
pr eci pitate waovshiicatided in.a solggion (13 nl) coorear ning fri s-HC (200

, pH 8.0, cl2 (100 DTT 10 mv) ) ATP(60 DP+ (2 nmV),
gI ucose 6phos%%¥?"@te(‘-‘bgicrﬁ9] 2,000 %hits of Tef ucoser%%hospha

dehydr ogenaseaﬂggy&ggﬂum,é alfethegagrtially d)url f| eql earyl -al dghyde
dehydr ogenas _!'-:—;---———---—=-~;-—-,—:—=--—=—---—--———: ------------- a=tarad—y) C. After

7 h reactrq.n ) of the starting vanrllrc acid and 34% (nol | nol)
of the prot,, en reduced The reaction m xture was

extract ed rrbl ned organi c extracts were
washed oned ingiat r Concentration afforded a powder
consi st i ng Y'E’ Q'Qﬁ'i"mgn (0.30 g) and isovanillin (0.03 g).

SPECI FI C Exﬂ LE 2 Comrercr al Applications For |arge-scale vanillin
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J. Biochem 8:413 (1969); G oss, . Biochem 31: 58 &197

Zenk) M H. 'Biktugg was me@ear@dm gltmye écmeﬁphate dehydrogenase (to recycle NADP*)’

cat echol - Oarmtﬂy L&l& &dgé eft ﬂﬁ”@%hﬁ%ﬁpa'é udlrfcb Ll éqdRPof RADP*
e g m crob a

vani | | at e- synt hesi zi esigned with a protocatech acl d upt ake

system so tafght 2 gaBvof AR trelativento dadwcaqwthedudionh@f anillic agidsigpvaniin ant
can be tr an t 0 be
desirabl e. !%gf:éa? gpﬂﬁ%déd"lrflgbg gg%fiﬂ\e}aﬁrs %%dr?r‘{ %%??'r@t&b@@ch%@u"élrc g’ewsagch as
gl ucose ha§loyvetw4mea 38% ybkhoit protecatechualdetydecobdained afteo@dh.aManilin wasi | 1 n
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Eanad: ve) M&logatemtﬁ‘tp'acidﬂn tﬂ&ﬁdggeousqrcwgsﬁglédveniﬂinrajiw rablas aér?dhedl?b the) Ed.)
i sevl er: t erda nife is t entra orned into

gl ucovani | Iq %ﬂ‘%ﬁ}‘?@ ﬁs"%ﬁf-"ﬁ %@Wﬁgﬂr sp!e {] gon RIATEVGe)
A.S., In Sraxe@& cb&chalédadfdi'éﬂnﬁhlcférpﬁ e@?@r" bﬁé’é@k&ucﬁbn Gl IheEtisavi er:
Amst er dam) I{SH (1994 Synt hesi s vani [1in via 3-dehydroshikim c)

pr ot ocat ecifelith %ﬁdmrlﬁﬂ Itﬁ’@ 665 everad vield (mel/ma)) fQT@ODV%molYW@“ﬁ agd)

ci rcunvent qntgh@ﬁmﬁ.,gropanm d biosynthesis and gl ucosyl ati onl degl ucosyl ati on
reactions. This substantially reduces the nunber of enzynes required to
synt hesi ze vanillin. Biocatalytic synthesis of vanillin froma carbon
source such as glucose al so has advantages relative to synthetic vanillin
manuf acture. Esposito, L. et al., KirlcOhner Encycl opedia of Chem cal
Technol ogy, Fourth Ed.) Kroschwitz) J.L; HoweGant, M) Ed.; Wley: New
Yor k, VoI 24 812 (1997) Phenol and guai acol are t oxi ¢ and are derived
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CLAIMS: -16 18 MARCH 2003 1. A nethod for the production ofg MARQJH 2roxNd
derivatives thereof froma carbon source conprising the steps of: a)
converting ~ the carbon source to vanillic add with a reconbi nant m crobe;
and b) redudng vanillic add to vanillin. 2. The nmethod of Claim1, wherein
the reconbi nant m crobe conprises the g@nes encodi ng for 3-dehydroshi ki mate
dehydr at ase and catechol -O net hyltransferase. 3. The nethod of O aim 2,
wher ei n t hdl.gMatertale and MetBode:hydr oshi ki mat e dehydratase is the aroZ gene.

4. The net hod of ' ' '

met hyl t ransf er as%%%aphgorPﬂ]-%&%%@gtﬂﬁTb?f(é@?&ngér%aﬁ%ﬁ&%b%h%@ﬂﬁls WREt ei n

t he P. a~CGQidficenfmied 8 drynesscuhden redydedspiiedsimn, chrcardmabathito atrynasscorebe. 6.
The net hod o({d.tcd‘h ﬁh]% W' %m:ﬁ]t %a 'lg I| dOK’tEt?%i%ﬂ ? %Be r’rﬁéh d of
Olaimi, wibdiionat fimé poft moll ent therd sddibsoied” fiy .9 eqnfalnind oa tified
by ATCC desconsentiation nofBetrinafafiyl)Bopiodloe, 28,3kt d aciti Cﬂsfﬂ)npm)chate!r drom tpe
reconbi nant, mi croobe further gonprisgs a gene, encodin or .an i S0z o]

3- deoxy- D alraz%?ﬂS': w?ﬁtkb%hé?@?bﬁ@%@% HE?HPW& Y; g@ﬁgm @"?é@seed back
i3 nrdn biti on.co&elsﬁmri]ngatdﬂ@abhodoniﬁwha’rxi]ﬁthﬁﬁttﬁegmnoérir’]espgamgqodrsm(d 810.00he .

- deoxy- D arahl.no- s - pho at e synthase is0z ar oF~
qene Yo. HemA Hhe R hRkeby B % SR RO Wers st 5R . Refah xread T
plasmd in MR Spsidbidien{300 MHaPREe.HPLC analyses employed a Rainin instrument,

isocratic elution (17:2:1 H,0/CH,CN/CH,CO,H v/v), a C18 column (5 gm, Rainin
Microsorb-MV™,. 4.6 x 250 mm), and detection measured at 250 nm. Samples were

quantitated by comparison of the peak area of each component with a standard curve.
Protein concentrations were determined using the Bradford dye-binding procedure
(Bradford, M.M., Anal. Biochem. 72:248 (1976)) by comparison with a standard curve
prepared from bovine serum albumin. Protein assay solution was purchased from
Bio-Rad.

Enzyme Assays. A maodification of the method of Reenil& was used for assay
of catechol-O-methyltransferase activity. Reenlla, I. et al., T. Pharmacol. Toxicol.
77:414 (1995). The cells were washed twice with sodium phosphate (10 mM, pH 7.4)
containing dithiothreitol (0.5 mM) and resuspended in sodium phosphate (10 mM, pH
7.4) containing dithiothreitol (0.6 mM). The cells were disrupted by two passages
through a French press (16000 psi). Cellular debris was removed by centrifugation at
48000g for 20 min. Cellular lysate was diluted in sodium phosphate (10 mM, pH 7.4)
containing dithiothreitol (0.5 mM).

Two different solutions were prepared and incubated separately at 37 °C for
3 min. The first solution (4 mL) contained sodium phosphate (125 mM) pH 7.4, MgCl,
(6.25 mM), S-adenosyl-L-methionine (0.75 mM), and protocatechuic acid (0.5 mM).
The second solution (1 mL) consisted of the diluted lysate containing catechol-O-
methyltransferase. After the two solutions were mixed (time = 0), aliquots (0.6 mL)
were removed at timed intervals (1 min) and quenched with 40 pL ice-cold 4 M
perchloric acid. Precipitated protein was removed by centrifugation using a Beckman
microfuge and components in the resulting supematant quantitated by HPLC. One
unit of catechol-O-methylitransferase activity was defined as the formation of 1 umol
of vanillic acid and isovanillic acid per min at 37 °C.



18 MARCH 2003 -17 11. The nmethod of Claim1, wherein vanil 1§ MARGHI20G3
reduced to vanillin wth an aryl -al dehyde dehydrogenase. 12. The net hod of
Claim 1, wherein the aryl -al dehyde dehydrogenase is purified from

Neur ospora crassa. 13. The nethod of Claim1, wherein the carbon source is
gl ucose. 14. A nethod of synthesizing v¢@kllin froma carbon source
conprising, the steps of: a) ' converting the carbon source to vanillic

acid with a recdwialdehyde, dehytirogedass assaygolutien Q‘bﬁbk%@loiﬂgﬂ'gis-l'lm (100
g e R e
cat echol - O-andibentzoic anidf(é mM)awaahduthgted atid f GgAftensddition o_ﬁsnluﬂmommimq\g in
Ty o S5 SR RERAA e B A IR U IRE !
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(0.4 mM), pH 7.6; buffer C, Tris-HCI (50 mM), EDTA (1 mM), DTT (1 mM), PMSF

(0.4 mM), and KCI (400 mM), pH 7.6; buffer D, Tris-HCt (20 mM), EDTA (0.4 mM),

DTT (0.4 mM), and PMSF (0.15 mM), pH 7.5; and buffer E, Tris-HCI (20 mM), EDTA

(0.4 mM), DTT (0.4 mM), PMSF (0.15 mM), and KCI (2.5 M), pH 7.5. All protein

purification manipulations were carried outat 4 °C. Protein solution was concentrated

by ultrafiltration (PM-10 Diaflo membranes from Amicon).

All medium for cultivation of Neurospora crassa SY 7A was prepared in

distilled, delonized water. N. crassa SY 7A was obtained from the American Type

Culture Collection, ATCC designation number 24740. The solid growth medium (1

L) contained sucrose (20 g), sodium citrate dihydrate (2.5 g), KH,PO, (5.0 g), NH,NO,

(2.0 g), CaCl,22H,0 (0.1 g), MgSO, (0.1 g), biotin (5.0 pug), and trace elements

including citic acid monohydrate (5.0 mg), 2ZnSO,27H,0 (5.0 mg),

Fe(NH,),(S0,),26H,0 (1.0 mg), CuSO,=25H,0 (0.25 mg), MnSO,=2H,0 (0.05 mg),

H,BO, (0.05.mg), Na,Mo0,22H,0 (0.05 mg). Difco agar was added to the medium

solution at a concentration of 2% (wliv). The liquid growth medium differed from solid

growth medium only In the addition of Difco yeast extract (2.0 g/L) and sodium

salicylate (1.6 g/L). N. crassa SY 7A was grown on solid growth medium at 24 °C for

7 days and a mixture of mycelium and spores was obtained. After suspension in

sterilized water, the mixture of mycelium and spores was filtered through sterilized

glass wool. The resulting spore suspension was stored at 4 °C. Fresh spores stored

at 4 °C for less than 2 weeks were inoculated into 2 L liquid growth medium in a 4

L Edenmeyer flask to give a final concentration of 2.5 x 10°spores/L. Kirk, T.K. etal.,

Arch. Microbiol. 117:277 (1978). After culturing at it for 60 h, the mycelium was

harvested by filtration and frozen at -20 °C.
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Vanlllic Acid Synthesis. Fermentations employed a 2.0 L capacity Biostat
MD B-Braun fermentor connected to a DCU system and a Compaq computer
equipped with B-Braun MFCS software for data acquisition and automatic process
monitoring. The temperature, pH and giucose feeding were controlled with a PID
controller. The temperature was maintained at 37 °C. pH was maintained at 7.0 by
addition of concentrated NH,OH or 2 N H,SO,. Dissolved oxygen (D.O.) was
measured using a Braun polarographic probe. D.O. was maintained at 20% air
saturation over the entire course of the fermentation. Antifoam (Sigma 204) was
added manually as needed.
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Fermentation medium (1 L) contained K,HPO, (7.5 g), ammonium iron(lil) citrate (0.3
g), citric acid monohydrate (2.1 g), and concentrated H,SO, (1.2 mL). The culture
medium was adjusted to pH 7 by addition of concentrated NH,OH before autoclaving.
The following supplements were added immediately prior to initiation of the
fermentation: D-glucose (20 g), MgSO, (0.24 g), aromatic amino acids including
phenylalanine (0.7 g), tyrosine (0.7 g), and tryptophan (0.35 g), aromatic vitamins
including p-aminobenzoic acid (0.01 g), 2,3-dihydroxybenzoic acid (0.01 g), and p-
hydroxybenzoic acid (0.01 g), and trace minerals including (NH,)s(Mo,0,,)24H,0
(0.0037 g), ZnSO‘.’—:;7H20 (0.0029 g), H,BO, (0.0247 g), CuSO,=25H,0 (0.0025 g),
and MnCl,24H,0 (0.0158 g). D-Glucose, MgSO,, and aromatic amino aclds were
autoclaved while aromatic vitamins and trace minerals were sterilized through 0.22-
gm membranes prior to addition to the medium. Antibiotics were added where
appropriate to the following final concentrations: chloramphenicol (Cm), 20 ug/mL,;
ampicillin (Ap), 50 pg/mL. Solid medium was prepared by addition of 1.5% (w/v) Difco
agar to medium solution.

Inoculants were grown in 100 mL LB medium (enriched with 2 g glucose)
containing the appropriate antibiotic for 12 h at 37 °C with agitation at 250 rpm and
thentransferred to the fermentor. The initial glucose concentration in the fermentation
medium was 20 g/L. L-Methionine supplementation, when employed, consisted of
addition of a filter-sterilized solution containing 0.4 g of this amlno acid in timed
intervals (6 h) starting at 12 h after initiation of a fermentor run. Three different
methods were used to maintain dissolved oxygen (D.O.) levels at 20% air saturation
during each 48 h fermentor run. The dissolved oxygen concentration was first
maintained by increasing the impeller speed. Approximately 8 h was required for the
impeller speed to increase from §0 rpm to the preset maximum value of 900 rpm.
The mass flow controller then maintained D.O. levels at 20% saturation at constant
impeller speed by increasing the airflow rate over approximately 2 h from 0.06 L/L/min
to a preset maximum of 1.0 L/L/min. At constantimpeller speed and constant airflow
rate, D.O. levels were maintained at 20% saturation for the remainder of the
fermentation by oxygen sensor-controlled glucose feeding. At the beginning of this
stage, dissolved oxygen levels fell below 20% saturation due to residual initial glucose
in the medium. This lasted for approximately 1 h before glucose (60% wiv) feeding
started. The PID control parameters weré set to 0.0 (off) for the derivative control

@
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gIODmL. The remaining 5 mL of each fermentation froth sample was centrifuged
using a Beckman microfuge and analyzed by HPLC. A separate aliquot (25 mL) of
'fermentation broth was taken and centrifuged at 12 h and 36 h for assay of catechol-
O-methyltransferase activity. Since stable catechol-O-methyltransferase activity was
observed over the course of the fermentation, reported catechol-O-methyltransferase
activity (Table 1) is the average of 12 h and 36 h specific activities. After 48 h, cells
were removed by centrifugation at 16000g for 10 min and the supernatant stored at
4 °C.
' Reduction of Vanlllic Acid. Fermentation broth (100 mL) was acidified to pH
3.1 using concentrated HCl and thé resulting precipitated protein was removed by
centrifugation at 16000g for 10 min. After extraction of the supematant with E1OAc
(3x), the solvent was removed under reduced pressure. The resulting solid was
dissolved in 12 mL of water adjusted to pH 7.5 by NaOH (10 N) addition. Subsequent
dropwise addition of concentrated sulfuric acid acidified the solution to pH 1.8 and
resulted in precipitation of a solid which was filtered and dried. The collected
precipitate was dissolved in a solution (100 mL) containing Tris-HCI (200 mM), pH
8.0, MgCl, (100 mM), DTT (10 mM), ATP (60 mM), NADP* (2 mM), glucose 6-
phosphate (60 mM), 2,000 units of glucose 6-phosphate dehydrogenase and 200 unit
of the partially purified aryl-aldehyde dehydrogenase. Reduction proceeded at 30 °C
and was monitored by HPLC. After 7 h reaction, 92% (mol/mol) of the starting
vanillic acid and 34% (mol/mol) of the protocatechuic acid had been reduced. The
reaction mixture was extracted with 100 mL CH,CI, (3x). The combined organic
extracts were washed one time with equal volume of water. Concentration afforded
a powder consisting of (Figure 4) vanillin (0.30 g) and isovandllin (0.03 g).
SPECIFIC EXAMPLE 2
Commerclal Applications

For large-scale vanillin synthesis, an intact microbe (as opposed to cell-free
enzyme systems) to reduce vanillic acid is preferred. However, it should be
appreciated that irrespective of the strategy employed, improved protocatechuic acid
methylation will be essential. The lack of significantly improved protocatechuic acid
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methylation with increased catechol-O-methyltransferase activity and the improvement
in methylation observed with L-methionine supplementation suggest that cosubstrate
S-adenosylmethionine availabllity and/or feedback inhibition (Coward, J. et al.,
Biochemistry 12:2291 (1973)) may be limiting in vivo methyltransferase activity.
Improving regioselectivity for protocatechuic acid meta-oxygen methylation using a
different isozyme of widely distributed (Gross, G.G. et al., Blochem. Biophy. Res.
Commun. 32:173 (1968); Gross, G.G. et al., Eur. J. Biochem. 8:413 (1969); Gross,
G.G,, Eur. J. Biochem. 31:685 (1972); Zenk, M.H. et al., Recent Adv. Phytochem.
4:87 (1972)) catechol-O-methyltransferase is also advantageous. In addition, a
vanillate-synthesizing microbe designed with a protocatechuic acid uptake system so
that protocatechuic acid escaping into the culture supematant can be transported
back into the cytoplasm for methylation, would also be desirable.

Biocatalytic synthesis of vanillin from a carbon source such as glucose has a
number of advantages relative to other biocatalytic vanillin syntheses. Coniferol,
formed during phenylpropanoid biosynthesis, Is converted into coniferin by a
glucosyltransferase in Vanilla planifolia. Ranadive, A.S., In Spices, Herbs, and Edible
Fungi, Charalambous, G., Ed., Elsevier: Amsterdam, p. 517 (1994). Coniferin Is then
transformed into glucovaniflin which is finally hydrolyzed by a pg-glucosidase.

Ranadive, A.S., In Spices, Herbs, and Edible Fungi, Charalambous, G., Ed., Elsevier:
Amsterdam, p. 517 (1994). Synthesis of vanillin via 3-dehydroshikimic,
protocatechuic, and vanillic acids as taught by the present invention, circumvents
phenylpropanoid biosynthesis and glucosylation/deglucosylation reactions. This
substantially reduces the number of enzymes required to synthesize vaniliin.

Biocatalytic synthesis of vanillin from a carbon source such as glucose also

. has advantages relative to synthetic vanillin manufacture. Esposito, L. et al., Kirk-
Othmer Encyclopedia of Chemical Technology, Fourth Ed., Kroschwitz, J.l.; Howe-
Grant, M., Ed.; Wiley: New York, Vol. 24:812 (1997). Phenol and guaiacol are toxic
and are derived from carcinogenic benzene. Lewis, R.J. Sr., Hazardous Chemicals
Desk Reference, Third Edition, Van Nostrand Reinhold: New York (1993). The
nontoxic 3-dehydroshikimic, protocatechuic, and vanillic acids of the methods of the
present invention are derived from innocuous glucose. Corrosive H,0, used for
oxidation of pheno! into catechol requires special handling precautions (Campbell, C.J.
etal., Sci. Am. 278(3):78 (1998)) while biocatalytically synthesized vanillin derives its
oxygen atoms from the oxygen atoms of glucose. Dimethyl sulfate, a carcinogen,
(Campbell, C.J. et al., Sci. Am. 278(3):78 (1998)) has historically been used to
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fierce international competition as global petroleum production diminishes. Campbell,
C.J. et al., Sci. Am, 278(3).78 (1998).

The foregoing discussion discloses and describes merely exemplary
embodiments of the present invention. One skilled in the art will readily recognize
from such discussion, and from the accompanying drawings and claims, that various
changes, modifications and variations can be made therein without departing from the
spirit and scope of the invention as defined in the following claims.

Patent and literature references cited herein are incorporated by reference as
If fully set forth.
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109! && () ) 2, The method of Claim 1, wherein the recombinant microbe comprises
the genes encoding for 3-dehydroshikimate dehydratase and catechol-O-

methyltransferase.

3. The mathod of Claim 2, wherelin the gene encoding 3-dehydroshikimate
dehydratase is the aroZ gene. '

4, The method of Claim 2, whereln the gene encoding catechol-O-
methyltransferase is the P,,COMT gene.

5. The method of Claim 4, wherein the P,,,COMT gene is located on a
plasmid in the recombinant microbe.

6. The method of Claim'5, wherein the plasmid is pKL5.97A.

7. The method of Claim 1, wherein the recombinant microbe is E. coli
KL7/pKL5.97A identified by ATCC designation number 98859.

8. The method of Claim 1, wherein the recombinant microbe further
comprises a gene encoding for an isozyme of 3-deoxy-D-arabino-heptulosonate-7-
phosphate synthase insensitive to feedback inhlibition.

9.  The method of Claim 8, wherein the gene coding for the 3-deoxy-D-
arabino-heptulosonate-7-phosphate synthase isozyme is the aroF™® gene.

10.  The method of Claim 9, wherein the aroF™" gene located on a plasmid
in the recombinant microbe.
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12. The method of Claim 1, wherein the aryl-aldehyde dehydrogenase is

purified from Neurospora crassa.
13.  The method of Claim 1, wherein the carbon source is glucose.

14. A method of synthesizing vaniliin from a carbon source comprising, the
steps of:

a) ~ converting the carbon source to vanillic acid with a recombinant E. coli
comprising the genes encoding 3-deoxy-D-arabino-heptulosonic acid 7-phosphate
synthase, 3-dehydroquinate synthase, 3-dehydroquinate dehydratase, 3-
dehydroshikimate dehydratase and catechol-O-methyltransferase; and

b) reducing vanillic acid to vanillin with aryl-aldehyde dehydrogenase.

16. The method of Claim 14, wherein the recombinant E. coli comprises a
mutated aroE locus; an aroB/aroZ cassette inserted Into the serA locus and plasmid
pKL5.97A.

16.  The method of Claim 14, wherein the aryl-aldehyde dehydrogenase is
purified from Neurospora crassa.

17. The method of Claim 14, wherein the recombinant microbe is E. coli
KL7/pKL5.97A identified by ATCC designation number 98859.

18. The method of Claim 14, wherein the carbon source is glucose.

19. A process for the production of vanillin comprising the steps of:

a) contacting a bioconversion mixture comprising a carbon source with a
recombinant microbe, wherein the recombinant microbe converts the carbon source
to vanillic acid; and

b) contacting the vanillic acid with aryl-aldehyde dehydrogenase, wherein
the aryl-aldehyde dehydrogenase reduces the vanillic acld to vanillin.



