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Work on this invention was sponsored in part by the Unit

Departnment OF Agriculture Grant No. 95-37500-1930 and the National Science
Foundati on Grant No._CHE963368 anmendnment 002. The Govermment may have
certain rights in the invention._{ElELD OF THE I NVENTI ON The present

I nvention is related to the bioconversion of a carbon source to vanillin
and nore parti QYNFHESISIOF vANIDOS ERORM ADARBQN\SOUREEN from a carbon

-source by mcrobe-catal yzed conversion of the carbon source -to vanillic
acid and enzynme- catal yzed reduction of vanillic acid to produce vanillin.
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~ natur mvex@gn.l | in can supply onIy 2 x 104 kgfyr of the world' s 1.2 x 107

kgl yr demand for vanillin. Perfum Flavor. 15:45 (1990). Thi s
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J.l.; Howe-Gant, M, skBKc I_NQJF‘ .. 24: 812 (1997) Limted
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] cul vatlon bean harvest:ng, and hand po!lmatfon of flowers, natural vanillin can :
supply only 2 x 10* kgfyr of the world's 1.2 x 107 kgfyr demand for vanillin. Clark,
G.S., Perfum. Flavor. 15:45 (1990). This has resulted in subsfitution of synthetic
- vanillin fon_' natural vanilla in most flavoring applications. Condensation of glyoxylic
acid with benzene-derived guaiacol (Figure 1) is therefore i::urreritly the dominant
* foute for vanillin manufacture. Ranadive, A.S., In Spices, Herbs, and. Edible Fungi,
Chara!ambous G., Ed., Elsevier. Amsterdam, p. 517 (1994); Clark, G.S., Perfum.
- Flavor. 15:45 (1990); Esposito, L. et al., Kick-Othmer Encyclopedia of Chem:cal-
Technology, Fourth Ed., Kroschwitz, J.1.: ; Howe-Grant, M., Ed. : Wiley: New York, Vol.
" 24:812 (1997). leated vanilla bean supplies have alsoled to extensive research mto
the use of plant tissue culture and rmcrobes te convert ferulic acid (Figure 1) into |
-_vanﬂlm -suitable for labelling as a natural or nature—equwalent flavoring. Falconnier,
" B. et al., J. Biotechnol. 37:123 (1994); Lesage-Meessen, L. et al., J. Biotechnol.
50: 1 07 (1996); Lesage—Meessen L.etal. Appl Microbiol. Biotechnol. 47:393 (1997);
Labuda, M. et .al, U.S. Patent No. 5,279,950 (1994); Westcoft, R.J. et al.,
Phytochemistry 35:135 (1994).
Vanilfin is second only to aspartame in ferms of market size far a food additive.
Vanll!a extract derwed from V. planifolia pods has the advaatage of being Iabeled as



- Phytochem stry 35:135 (1994). Vanillin is second only tq in terns
of market size fora food additive. Vanilla extract deri \?W%%

. planifolia pods has the advantage of being | abel ed as 18 MARCH 2003 -2- a
natural -flavoring. However, as described above, only relative snall vol unes
of wvanilla flavori ng can be derived fromV. planiolia cultivation.
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sumvaReYahggen flagrERFeq far i segisiRse MsPragesstaseenabie eenmmercial he

pr odugtale Rsaitionnid prbdeshing Bf this i’ér@ﬁ?;nacmdsﬁég ﬁ@ed devdl cﬁ%’édd ed. In one

enbodi nent, 't he bioconversSion net - invention conprise
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enmbodi nent, the reconbl nant mcro
provide™a method for synthesizing vanillin which utilizes an abundant renewable

resource as the startmg material.
SUMMARY OF THE INVENTION
A bioengineered synthesis scheme for the production of vamll:ri from a carhon

source is prowded In one embodlment. the blooonverswn methods of the present .
- invention comprise the steps of microbe-catalyzed conversion of a carbon source to
vanillic acid fol!owed by enzyme-catalyzed reduction of vanillic acid to produce
vanillin. As shown in the synthesis scheme of Figure 2, the microbe-catalyzed
conversion step of the present invention requires five enzymes which are provided by
a reoombinant microbe. In a preferred embodiment, the recombinant micrabe is
Escherichia coli designed fo cause dehydration of ‘3-dehydroshikimic acid and
fggidselecﬁve'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 dehydrogénase In a preferred embodiment, the aryl-
aldehyde dehydrogenase is punﬁed from Neurospora crassa.



Escherl chia coli designed to cause dehydration of '3-deh q@%égﬂéﬂ? i ¢ aci d
and regioselective nethylation of the resulting prot oca d. The
enzyne-catal yzed .reduction step of the present invention ' conprises the
reduction of vanillic acid to vanillin by aryl -al dehyde dehydrogenase. -
In a preferred enbodi ment, the aryl --3l-dehyde dehydrogenase is purified
from Neur ospor rassa. 18 MARCH 2003 -3- The biocatal yticsynthesis of
vanillin pr oviﬁ&)b inestaivhc synthasisiof mmltmprawugd b@nmg:mnve‘omnemlnﬂ}etbémgn
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synt hesi _ DETAI LED SCR| PTI ON OF THE PREFERRED
ENVBODI NE@%I kE@ &E%S@ﬁ%vé?%amﬂnﬂsﬁ@é‘f scheme for the production of vanillin
froma car bonFigsoaride d schenmitit destrdttalafoud Biiiedts SheRfe@biGhBdudai 1 11 n

froma cgﬁﬁﬁﬂt source based on the synthesis schene are also provided. In
one enbo a method Is provided wherein the carbon source |s

~converted to E@nré 12 &5 acichehiatio NREAIY BRNEyntddd 8RO kgl‘{%%
reductl %t vanillic acid to vanillin by aryl al dehyde rogenase I'n

a preferre r?bodl nment, the aryl -al dehyde dehydrogenase is |soI ated from
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Figure 4 is a '"H NMR of vanillin synthesized from glucose.
DETAILED DESCRIPTION OF THE PREFERRED EMBOBIMENT S
| A btoengmeered synthesis scheme for the productnon of vaniliin from a carbon
" source is provided herein. Methods of prod ucmg vanilfin from a carbon source based
on the synthesis scheme are also provided. In one embodiment, a method is )
.provided wherein the carbon source is converted to vanillic acid by a recombinant
microbe followed by the reduction of vanillic acid to vamllm by aryl-aldehyde |
dehydrogenase in a preferred embodiment, the aryl-aldehyde dehydrogenase is
isolated from Neurospora crassa. -
Although microbe-catalyzed conversion of a carbon source to vanillic acid
followed by enzyme-catalyzed reduction of vanillic acid to vanillin is described in detail
- herein, in an altemative embodiment, a single recombmant microbe may is emp!oyed
fo convert a carbon source to vanillic acid as well as reduce the vanillic acid to
vanillin, e.g., the vamlhc acid-synthesizing microbe may also express aryl-aldehyde
| dehydrogenase. This "single-microbe conversion" may be camed out by any type of _
- microbe sufﬁcrently engineered to produce the desired oufcome, including, but not
limited to, E. cofi, Klebsiefla, Neumspora Nocardia and Saccharomyces.
ln another embod:ment, vanillic acld synthesized from a carbon source by one
. microbe is reduced fo vaniliin by a second microbe, wherein the. second microbe



fol |l oned by-enzyne-catal yzed reductlon of vanillic acid Méﬁg | ! iog S

described in detail herein, in an alternative enbodi nent®
recombi nant mcrobe may is enployed to. convert a carbon source to vanillic
acid as well as reduce the vanillic acid to wvanillin, e.g., the vanillic

acid synt hesi zi ng m crobe may aI so exgpress aryl -al dehyde dehydr ogenase.
Thi s "singl e-m crobe conversion” may be carried out by any type of mcrobe
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carri ed suthayaneasiond reconmbi nant m crobe engineered to provide such a
conver si on. ﬂﬁ ti]oconverm on net hods of the present invention are carried
out under F tHiefiravession; methods apitepresent 1p\l‘d;nt|nu tarre Eda‘méd/ pat ander

concent. rabmdwbns oBGihi, | B Ji 1,0 t n |.enent ation, and
limted g‘m‘@ose concent rapfe%ggg HS' Q%Fﬂ(é\gi?cfgb%a fRUP; garationt he
carbon s NS, Methionine nsupplsmentatioor |auddllmlﬁedj@lmok;el GonceRRafiddsc Bxampl e 1,

in a prepeivie didRB fernent sed to. convert the
car boﬁ Slg ced??mgam Il fs(t:ong%flftfééjc%Bfnﬁ r&gl}? Vg 'Qm%‘ aﬁﬁ‘?ﬁgeg iiAetl vanillic
aci d, § Bxemnied i iorm preferied emmwmf a ded-batch ifBrmidtiloeitusaqithon '

w th, or 6t % t tor process and organic

extract ??I;Wrrrét lﬁ%\égﬁgp N o-gl%% tt)ﬁﬁig@/% 'ﬁh tﬁﬁ{%"é’g ?'I%EB‘cl gxiragtion, of Vamglcused
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-As used herein, the phrase “carbon source” is meant to include biomass-
derived carbon sources including, but not limited to, xylose, arabinose, glucose and
the intermediates (e.g., dicarboxylic acids) in the Krebs cycle, either alone orin
combination. In a preferred embodiment, the carbon source is glucose.
In one embodiment, the recombinant microbe E. coli is employed in the_
methods of the present invention. In a preferred embodiment, the £. coli comprises
a mutated aroF locus and an aroB/aroZ cassette inserted info the serA focus. This
recomblnant E. col.' designated KL7, may further comptise a p!asmtd canymg an
aroF™ insert, a ‘serA insert and a P, COMT loci. The lack of aroE-encoded
- shikimate dehydrogenase results in synthesus of 3-dehydroshak|mlc acid. It will be
appreciated, however, that the arof locus mutation is not essential and is employed -
to ensure sufficient 3—dehydroshlk|m|c acid formation.. The 3-dehydroshikimic acid is
converted into protocatechuic acid by genome-localized, aroZ-encoded 3-
-.dehydroshlklmate dehydratase. Plasmid-localized P..COMT encodes catechol-O-
methyliransferase for conversion of protocatechqtc acid into vanillic acid. In additidn,



conbi nation, in a preferred enbodi nent, the carbon sourc Miﬁg}ﬁose I n
one enbodi nent, the reconbinant mcrobe E. coil is enpl oﬁb

nmet hods of the present invention. In a preferred enbodi ment, the E. coil -
conprises a nutated aroE |ocus and an aroBfaroZ cassette inserted into the
serA lours. This reconmbinant E. coli, designated KL7, may-further corrpri se
a plasmd carrying an arWaR insert, a serA insert and a Pmt. COMT | oci. The
| ack of aroE-encoded shi-ki mat e dehy&rogenase results in synthesis of

3- dehydr gsdiul I I ar ok
ocus mit ercBples 8Fpin iddredle  a i ARRIZRE L Sk PAUM Ene bR widlE 11 °°
3- dehydr d¢hierdymie nadonger dmpedesotarbdrh §og- d%lh@lhl Koshiali Wi dnacCiemsSoczonvert ed

into pro aci d by .genone-1ocalized, aroZ-encoded 3-
dehydrogﬁlﬁ‘%bﬁr%?wggéhydrat ase. Plasnid-localized PJCCOMI encodes catechol -O

met hyl t r ansf elmse pfeferrexb embodinemt,0thep redomtdnat hBi cofadothprses plaenmul ic acid.
syt nase PREPEIR AT, FE S, b, € Yo sty B0 e L G0 Bt car ban
fl o¥v SngrdFm:gnsdartembdes al3-déoxy- l@hﬁbmdéhéptulosérli@ aﬁﬁ%pl(adéi@ﬁlle syﬂnthaae o
preferre enpadl ne CQl corrprl es asm KL5. 97A -

- carryi n§eaye d?%ﬁf's&’? e g‘p?dbaggggﬂl Q%Pﬂs‘gq"Fh dndesfs qvp dpto ‘T‘E ar oFFR

insert ecomtes ,ceaﬂauajeameﬁaamtauammwm EHYNBRE 56T ATIoBlORIYORE® vy Nt hase
I sozynme nsenS| tive tO. feeg,ggck i-nh on whi ch i.ncreases carbon flowinto
the co My {Ting ﬁat%rqqqyl@angopgsrg%mrgem | ocus

requi redfduar-.rs ﬂmsearxpmsibh Qs itadhaigitGoatige® Weha i NTHE BbARlinsedl thusM@kdivem and
pl asm d mai nt.enan from expressi on of plasmd-localized serA The
serA i nsmfgﬁ'ﬂm’%&\ lsm"*mﬁi/%’%meoﬂ'u'arwngﬁmﬁ the mierobas centaitind the
di sti ngup@bmmgﬁé[he,ommdm@%oﬁ@mk@ fidkghdshe plasm d from non-pl asm d
cont ai ni ng m ¢robes. an al ternative enbodi nent, the reconbinant E.

soli conprise®-#p zi’étﬁ’l"ﬁt“’eb rMBodigeninihenracembingnt ife L0l @riseri Mlasd 5. 97A

“except f pRLBOSA Wit iFBniaMb diRed pKS. oA BRESdof # sinBfe AOWDATRcus COMT | ocCi
i n pKL5. 97A.. The above descrl bed preferred.recombi nant nicrobe of the -

present PhEXRPREH o the deuble Py GOMI Iacidn RKLESTApeen deposited with the

- American TypeT@hﬁWe&ié@hﬁéﬂ%r&@ﬂed@m:naﬁ@ﬁ&%bgﬁ?m@i@sgﬂid@nﬂ ckville,
Mar yl and 205%& under_ the terns of Budapest Tr eat and Jeen

accor dedEt $ FAT KIS Ay hias begn ‘i‘ﬁﬂ%é‘?d '9'8@39‘93 Ampgicang Sultugp plou%éloﬁal nt ai ned
in the ABRICCICR250F Paklawi DRV, 'R‘éacﬁwmé‘ mﬂé&aﬂﬁwbéoﬁﬂder‘ctﬂé terms of the

Budapest Treaty, and has been accorded the ATCC designation number 98859. The

deposit wilt be maintained in the ATCC depository, which is a public deposntory, for

a petiod of 30 years, or 5 years after the most recent request, or for the effective life

of a patent, whichever is tonger, and will be replaced if the deposit becomes depleted

" or nonviable dunng that period. Samples of the deposit will become available to the

public and all restrictions lmposed on access (o the deposn wnll be removed upon

grant of a patent on this application. )

The following table sets forth the five enzymes required for the conversion of

_-g_lucose to vanillic acid, the genes encoding same and the origin of the genes in the
exemplary recombinant microbes of the present invention.



a period of 30 years, or 5 years after the nost recent %ﬁest or for the
. effective life of a patent, whichever is |onger, and: AB@*?%ﬁpaced if
the deposit beconmes depleted or nonviable during that -perlod Sanpl es . of
the deposit will becone available to the public and all restrictions
I'mposed on access to the deposit will be rempbved upon grant of a patent on
this application. The follow ng table _sets forth the five enzymes required -
- for the conversion of glucose,to'vanplllc acid, the genes encodi ng sane
and the origin of the genes in the ,ﬁ#%gflary reconblnant m crobes of the
present invention. 18 MARCH 2003 -6 Z EnzymeCene (ori gin)
a) 3- deoxy- [ Sm d) _7-phospnatp synt hase

b) 3- dehydr dguin 1S A7 Y yenor ne)
c) 3-dehydr dagy n C) d) i ki mape
dehydr at ase ?’oza?(fﬁg%g&ﬁé mgﬂ%ggﬁ%% cat egﬁgﬁh@ ylt ra 1sf er ase

(COMIN P COffF—{ptasnro—({Enzymes—a)y—- ot++espoerd—+eo—a—e—oet—H gure 2.
Al t hough E i |3-dehydpeuinate emﬂll%ﬁedescm bed' atoBr{eddifionat dohplnm’artedoe for

carrying. dqut the nethods of the present | nvent iisngename) | | belt appr eci at ed
that any’ mc oor:ggéia‘ ) corrrm t.ypes-c" ed 0 the |} terature
and known (E) S JJJ i gBel’% &% he .“. '.': c 5 d the

_m croor ganifjsdh caﬁaddwdra:thmnad cbbycméthmt the daﬁznmédeamm/ﬁn&m@)n e:g., - -
car bon souf C§ tOE{?PIHIC car grce to 3-denydroshiRifric acid,.

~ carbon soulc® 1+ 52 -Q:methy serﬁﬁ‘el i1 pr

3- dehydroshlk mc aC|d to -vanillin, Protocatechwc acid to vanillin,

etc.) Thus, | ERETeHI) sekeairespend WO Figge2. of fungi, bacteria and yeasts
will work: in t he nethods of the. present invention. Such m croor gani sms nmay

be devel oped, Aﬁliﬁugh@(%Wls%pekﬁ&&%s%ﬁﬁ&?ﬁé@ﬂ’as% ﬁﬁfrgﬁb for 8RRy oENeti C

transformati on processes wt he characteristic and necessary capabl lity
of - convefe |'?R}h%¢§e°5§5‘ﬁ§%fﬁ$%ﬂﬂv&§ﬁl0ﬂhé vl be applesiatachibatany midieorganisent

- ;E:’lelr‘;j%ch%s@ﬁé’h&%ﬁxonl\%&ogédflﬂ 'ihéﬁlﬁ%tlﬂ‘é‘é‘?lh?(ﬂmio fhb&e g\ﬁ’léd i E}%Vg}t,t o the
.may be employed, provaded the microorganism can be altered to effect the desired

‘conversion (e.g., carbon source to vanillic acid, carbon source to 3-dehydroshikimic

: agid. carbon source to protocatechuic acid, vanillic acid fo vanillin, 3-dehydroshikimic

acid to vanillin, p‘rotocatechdic acid fo vénillin, etc.) Thus, itis envisaged. that many

types of fungi, bactetia and yeasts will work in the methods of the present invention.

~ Such microorganisms may be deve,loped; for.example, through selection, mutation,

andfor genetic transformation processes with the characteristic and neéessafy

capability of convérting one oohstituent_ of the synthesis schemé.of_ the present

invention to another. Methods for such development are well known to the skilled

practitioner. _

In order to cany out the bioconversion methods of the present invention, a

solution containing a carbon source is contacted with the recombinant microbe to form

a bioconversion mixture which is maintained under éppmpﬁate conditions to bromo'te

the conversion of the carbon source fo the desired constituent, e.g., vanillic acid. in

. apreferred embodtment the bioconversion mixture is maintained at a temperature of

about 30 °C to about 37°C and a pH of about 6.5 to about 7.5. It is preferred that the

'bioconversion mixture also contain other subs—tances necessary to promote the

~ viability of the recombinant microbes such as rnmeral salts, buffers, oofactors nutrdent

substances and the like. Methionine (L, D and L-D mixtures) may also be added to
the bioconversion mixture. The bioconversion mixture is preferably maintained in & |

s_teady state of dissolved oxyg;en concentration and thus is kept under glucose limited



practitioner. In order to carry out the bioconversion rre{fﬁg&g% [i{)g?
present ‘I nvention, a solution containing a carbon sourcgé i " ed with
t he reconbi nant mcrobe to form a bioconversion m xture which is

mai nt ai ned. under appropriate conditions to pronote the conversion of

the-carbon source to the desired consjituent, e.g., vanillic. acid. In a
preferred enbodi nent, the bioconversion mxture is nmaintained at a

t enper at corditidns, whotéin (i@ riteldf gRIBSsH addiftfon YL tEREE yﬁ@%&lcﬁués&g bout 7.5.
ot her

It is prg)f erred that the _'bioconversion mxture al’so contain

subst anc 8&Y9F8-cncaRatan. A frefeaed sleady stale prentheicourse of éeroemiatiants ni cr obes

such as abograo tsalbosit 200 ' ShbRshar d the
" like. Metihioni negﬁ(lﬁ D and L- mﬁﬁsg%%%%gntggn%@ﬁgp&&p

-t he, bi ocBraieREPELPE% air sakiratiane The sewe generabnquiremente faréhqmahienantey |
| mai nt ai ngf viidbi t BAchs 6. 0f,  di 2 0. icent.ration and thus is
kept under . 1_&?63‘2 i m%?gmf@s_ ﬁ%ﬁ%&ﬁ%_ﬂg%ﬁg?ﬁ%ﬁ@@feﬁéﬁ%ifﬁrthe rate
of gl ucoSEEYAING; Hie iviabilily eofnispecificoynitioerganisels @ dalss obelk known ygen '
concent r agduie t oy rseof fermentation is
about- 1 00 to né%ﬁoﬁiﬁ;l%ggégﬂgﬁ’ gl UCOogﬁe&%‘i%e?%%é%?{,’@ﬁé%i%@%%%ﬁgg,lﬂ ration of
about  SYPtast abléfivanilioasid mey thendhe mnoveré frour the dinvenvdrsior auikturrmynt ' f or

“the’ mai nkRERAS Rnofh iNihaRid (. QhariBbetR95920) (€4 uiB b Kpgyn, and
specific requirenents ? (t)ar&def%i ﬁ%%ri"g}eng t% é’g’.%igﬁtﬁtﬁdmﬁ?ﬁ’é’@[ﬁn@e

m cr oor (¥ghydrageaase & prodwek vakifionn as docunented in the literature, or are
otherw se easg,|l er : illLed.in"  the art.. The vanillic -
aci d may-then b‘}efdgi%’o{'/]g?é; ?’%ﬁm{%iﬁsﬁﬁ%%w‘@%ﬁ?ﬁ%ﬁ?@ g Presgihods known
in the dnvertiengthe fligwinig: esamplas tarerset fathd ¢oRt BCbE dindedstbodr tHat Bledehyde
dehydr oggjiis, HLin, In order to nore fully denonstrate the
advant age_rs@g?? E????G?"g?%%"%{’ﬁ@fep‘@s%ﬁ s @L\?g%ﬂdﬁarﬁs g 'tqti'ﬁp 5ie §CWPeanpl es are
set fortafthe inveatiors be understood that the following is by way of exanple
only and is not intended as a.L LM ' he scope of the invention..
SPECI FI C EXAMPLE |  Synt hesi ?%%&‘ﬁh%im G ucose |. Results.

KL7/ pKL5. 26A and KL7/ pKISyrtRésismfe/auillili Frem GRicod8 h under .f ed- batch

er ment gr tions at 37 C, pH 7.0, an I ssol ved oxygen at 20% o

f 9 Fes P d dissolved oxyg f

sat uration. : _ _
KL7/pKL5.26A and KL7/pKL.5.97A were cultured for 48 h under fed-batch

fermentor conditions at 37 °C, pH 7.0, and dissolved oxygen at 20% of saturation.
Extracellular accumutation (Figure 3) of vanillic, isovanillic, protocatechuic, and 3-
dehydroshikimic acids began in mid log phase of microbial growth. 3-Dehydroshikimic
-'acid'qsualiy pdnstituted 5-10 mol% of the fotal product mixture indicating that the
- rates for its biosynthesis and dehydration were nearly equal. However, the molar
dominance of protocatechuic acid (Figure 3, Table 2) relative fo vanillic acid pointéﬁ
toinadequate catechol-O-meﬂ*ayitr_ansferasefactivity. Although increasing the specific
aclivity (T: able 2) of catechol-O-methyitransferase in KL?’IpKLS.Q?A relative to
_ KL'HpKLS.ZBA had fittle impact on the concentrations (Table 2) of synthesized vanillic
acid, supplementation with L-methionine nearly doubled the amount of vanitlic acid -
- synthesized by both biocatalysts (Table 2). The 4-fold to 6-fold molar excess of
vaqiliic acid synthesized relative to isovanillic acid (Table 2) conforms to the reported
selectivity of catechol-O—methyltrarisferase towards meta-hydroxyl grbup methylaﬁoﬁ.



Extracel lul ar accunul ation (Figure 3) of vanillic, isovanillic,

prot ocat echui ¢, and 3- dehydroshi ki m ¢ acids began I n m@Mé&Cb"h%@g of

m crobi al growth. 3-Dehydroshikirnic acid - usually constituted 5-10 nol % of
the total product mxture indicating that the rates for its biosynthesis
and dehydration were nearly equal . ,I-péi_ever,. t he nmol ar dom nance of
protocatechuic acid (Figure 3, Table 2) relative. to vanillic acid pointed
to i nadequate catechol - O nethyl tragggeease. acfivity. Al though increasing
the specific activity (Table 2) of catechol-O nethyitransferase in

KL7/ pKLS. 97A I ebraliisits férmed%rnﬁm.%é\ d;ﬁ dritnid? ‘ﬁHauBHs the
concentrations (nglaqugghogfof%é @H&E‘g& e a aaupPpl enentati on
4 4-

with L-nethionine nearly douple vani & aC| d synthesized

by both biocatal ysts.(Table 2 69 f ol d nol ar excess of
vanillic aaﬁ%h%%d:&e-l:&&eﬁe fo—tcavanaillic_acid (Tablae 2} conforms

to the reported selectivity ol zpkesheh=Q met hykty mgggl?gs:e t owar ds
net a- hy-drox[yjl. roup nethyl ati onl@S—rvﬁReHﬁeﬂe—-g—-@iﬁﬁthH—Hm‘mt s formed

after 48 h IORB8-bat ch fermentor condftions as a functti on of
catechol - O dtransferase a ty me | S enentation.’
KL71pKL5: 26 L7/ pKL5. 97A b Lﬁtrogﬁl onﬁ§05§ ccﬁzh’qgo 6@@%0550 0120. 010
vani liic. acmm:csacueg 05.0 | sovamﬂ lic acud a0. 41.30. 61 2 pﬂot ocat echui c

acido.77.11 dehydroshl c acig _e0.91:0 FFRP, COMTIser A
bar oFP, aCO\%B%%ﬂég 0.4 g/L a ded evg 6 h béal nni ng 1; 12 h specific
activity: ppotdcateehoig #ide Aryl - gldehyde. qlqhydrogqga;e (Grqg_g GG et al.,
Bi ochem Bi h')‘/ Res Cormyn 32:173 (1968); Goss, GG et al., Eur. J.
Bi ochem " 8: c@dds, 8% . Eurl9). Bioch8m 31:588 (1972): Zenk,
MH et al.,_ Recent Adv Phytochem - : ' '

3aroF'P_ COMTserA

aroF"““P,mCOMTP COMTserA

0.4 g/L added every 6 h beginning at 12 h

“specific activity: smol/min/mg
ol .

_‘ Aryl-aldehyde dehydrogenase (Gross, G.G. et al., Biochem. Biophy. Res.
(_‘}ommun. 32:1_73 (1968); Gross, G.G. et al., Eur. J. Biochem. 8:413 (1969); Gross,
G.G., Eur. J. Biochem. 31;585' (1972); Zenk M.H. et al., Recenf Adv. Phytochem.
4:87 (1972)) in Neurospora crassa mycella! extract was purified away from an
unwanted dehydrogenase which reduced vanillin to vanillyl alcohol. Vanillic,
- protocatechuic, and isovanillic acids were exiracted into EtOAc after acidification of
fermentor broth. A subsequent reprecipitation step increased the vanillic
acxdlprotocateehmc acid ratio from 1:2 to 2.5:1 ({mol/mol). The resultlng aromatic
mixture was incubated with glucose 6-phosphate dehydrogenase (to recycle NADP?)
“and aryl-aldehyde dehydrogenase at 30 °C and pH 8.0 using 0.07 equiv of NADP*
and 2 equiv of ATP relative to vanillic acid Reduction of vanillic acid to vanillin
(Figure 2} proceedec! in 92% yleld_ in 7 h. Reduction of protocatechuic acid was |
‘slower with a 33% vield of protocatechualdehyde obtained after 7 h. Vaniliin was
extracted from the enzymatic reduction with CH,Cl, leaving protocatechualdehyde and .
_protocatechuic ac(d in the aqueous phase. Isovanilfin at 10 mol% remained as the
only contaminant. ' Extraction of the fermentor broth, selective precipitation to remove
.excess protocatechuic acid, aryl-aldehyde dehydrogenase reduction, and the final
CH,Cl, extraction led to a 66% overall yield (molfmot) for conversion of vanillic acid
into vanillin.



4:87 (1972)) in Neurospora crassa nycelial extract was pH ‘% Eﬂ abb/gy from
an unwant ed. dehydrogenase which reduced vanillin to vzi % A%08hol .
Vanillic, protocatechuic, and isovanillic acids were extracted into EtCQAc .
after aci dification of fennl entor broth. A subsequent reprecipitation step
I.ncreased the vanillic amd/protocatgachwc acid ratio from1:2 to 2.5:1 .
(mol /mol). The resulting aromati ¢ mixture was incubated with gl ucose

6-.phosphat. emdﬁa%gg@mﬁodgo recycle NADP') and aryl-al dehyde
dehydrogenase%le 30 C and pH 8.0 using 0.07 equiv of NADP* and 2 equivV of
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t t i,d
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ot o e BRI B ol e PO i1

acid i P intkiel 'H NMR1 SAINBROMR2POS® were mmedamsa AtatiahAOtR.E00 Ener al . For
“HNWR ONAt ISRl BBt (86) i) COIPEE" RN AR ARl gofg;@m@%wnfe”t rated

to dryness : red ced pr ssure
addi t i onigoceatineeldtioon{1B201 kgﬁécmaﬁwc&ﬂm;-solvyeai G118 &ﬂ@mﬁo(ﬁt AmDiReghia known

-concentr f (%t i Lonic-2,.2 TSP
pur chas eg‘h#f?%br#} gﬁcé?t%‘h‘? H'igé d)‘sa?‘?cﬁg E‘@Htartéﬁgé? %p@leé nmned by
conpar i s@uanitated by geraparisoo of the ppakuation of eacteReipopeRPMtTWstahidrdidagve. Nt egr al
Focor aparioket] Rediasbf ioh SomARg usolhS iR puatbapg)oedprc ' °
" anal ys efBradiord, Jebl. . aArRAiBioahehn $2:248€1976)) Bysdomipatissn ﬁﬂ%h@hdﬁ%&%& "
crosor - X

H2A CH3 a C18.colu Rai ni_n-
250 ) , Pleparedatan Holhe Bt LM Bedioin sk sphleh wa GUCHRSRHIIOM ed by
conpar i sBio-Rdd.t he peak area of each conponent with a standard. curve.

"Protein conce ératl ns_were dﬁherm n g}ﬁ’USI n t he Bradf-ord dye bi ndi ng
procedure ’éﬁ'ﬂ?%ssﬂﬁw‘&“m tiop;0f hgdPethod obReenilawas tSeY ToRASEB¥par i son

" with-a Sofacﬁlaﬂ’ab!—mﬁamyltranﬁﬂalsechcnhw REENA) Q. StCAIU Y. PHMabol, RoRkel N assay -
sol uti Onﬁ@?&% ﬁ%ﬁf‘ e ce ls were washed twice with sodium phosphate (10 mM, pH 7 4)
contalnmg dithiothreitol (0.5 mM) and resuspended in sodium phosphate (10 mM pH
74) contamlng dithiothreitol (0.5 mM). The cells were distupted by two passages
through a French press (1 6000 psi) Celiutar debris was removed by centrifugatioﬁ at
- 48000g for 20 min. Cellular lysate was diluted in-sodium phosphate (10 mM, pH7.4)
containing dithiothreitol (0.5 mM).
- Two dlfferent solutions were prepared and incubated separately at 37 °C for -
‘3min. The first solution (4 mb) contained sodium phosphate (125 mM) pH 7.4, MgCl,
 (6.25 m\), S-adenosyl-L-methionine (0.75 mM), and protoééte’chuic‘acid (0.5 mM).'
The second solution (1 mL) consisted of the diluted lysate containing c_:atechdl-o;
methyltransferase. After the two solutions were mixed (time = 0), aliquots (0.5 mL):
were removed at timed intervals (1 min) and quenched with 40 pL icecold 4 M
- perchloric acid. Precipitated protein was removed by centrifugation using a Beckman
microfuge and components in the resulting supematant quantltated by HPLC. One
unit of catecho!-o-methy!transferase activity was defined as the formation of 1 pmol
--of vanilfic acid and isovanillic aad per min at 37 °C



. Bio-Rad. Enzyne Assays. A modi fication of the method of Reenila was used
for assay of catechol-0-nethyltransferase activity. ReerM%RCE' 2008 al ., T.

Phar maeoL Toxicol. 77:414 (1995). The cells were washed twice wth SOdI um
phosphate (10 M pH 7.4) containing dithiothreitol (0.5 m\V and
resuspended i n sodi um phosphate (10 pH 7.4) containing dithiothreitol

(0.5 m\/p.‘.The cells were disrupted by'"two passages through a French press
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0), aliqesth KOGSBf frigmol oflblADRIE per ath at 30 i°Ced interval s (I m n) and
hed th I I d. P t t )
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duct i : Packar d
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unol  of (ONARIRK), 4‘fn K | d :
JDehydr og(g[ﬁ.s ! (m W P?‘cﬁﬁoh?lgéﬁrrl?ﬂn@?hm (95%?65'32 (qmy )teénnd Ar ni con

Dye .Mat r& %P“A"@@Pg‘a%'f‘%wg%fﬂaﬁmtﬁ% ﬁe}émj?lﬂﬁplé'ﬁ@ﬂ was cengentiaedi ncl uded

buf fer Ay Htriafittrin lﬂMQonMaﬂarﬁ%mb@Héé%ﬂ?wolaﬁ pH 7.6; buffer B,
Tns-HA (50 I%D T (1 , and ;0 4 rnM, pH 7.6;
buffer C, -Tri<l mediym Omw'ﬁvam\o( ﬂWSP%"Fﬁ(Sfan%' APN@s prepa@dn®) . and

KO (400distilbd, @dioriizéd waikdi! e, BasTd b THoWas2btaRdd ik e (néhici Type
Culture Collection, ATCC designat;on number 24740. The solid growth mediumn (1
L) contained sucrose (20 g), sodium citrate dlhydra_te (2j5 g). KH,PO, (6.0 g), NHNO,
(2.0 g), CaCl,22H,0 (0.1 g), MgSO, (0.1 g), biotin (5.0 pg), and trace elements

_ including citric acid  monohydrate (5.0 - mg), ZnSO,27H,0 (5.0 mg),
.Fe(NH.,)z(SO,,)ZQGHZO (1.0 mg), CuSQ,25H,0 (0.25 mg), MriSOQHZO (0.05 mg),
H{BO; (0.05.mg), Na,Mo0,22H,0 (0.05 mg). Difeo agar was added to the medium
solution at a concentration of 2% (wiv). 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. susper_ns:on 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 °Cfor less than 2 weeks were inocutated into 2 L fiquid growth medium in a 4
L Edenmeyer flask to give a final concentration of 2.5 x 10° spores/L. Kirk, TK. etal.,
Arch Microbiol. 117:277 (1978). After cultunng at it for 60 h, the mycelium was
harvested by fi ltratlon and frozen at -20 °C.



DTl (CGA mM), and PMSF, (0.15 mvp,' pH 7.5; and buffer E. Tris- HF%VQ(UB
EDTA (0.4 mvM, DIT (0.4 MM, PMSF (0.15 mM), 'and -KC 1
Al'l protein purification manipulations were carrled out at 4 C Proteln

" solution was concentrated by ultrafiltration (PM 10 Diaflo nenbranes from

Am con). Al nediumfor cultivation, qf._Neurospora crassa SY 7A was prepar ed
in distilled, deionized water. N crassa SY 7A was obtained fromthe

" Anerican TypeYief@s dndr speild smiviies at é&ﬁ@t@teafmamﬁmﬁwﬁmy@ﬁéﬁwe The solid

rowt h L) cont ai ned r odiymeecitr drate
0505 o) "SelhidiRgeriss 5re Suriaiies 10 1968 ) Theaebalo ARy BriPeEs (0. 1
?é Obl Otddhyd ?u@ge cOld AdtAseE deleRTiMBE Sn chiael Sl é)tthict @eéé‘ds@ grapehydr at e

1 (0.25 resimres Qm;égeévqug%%se awg@?‘% e prlrel "%é@lél‘sé’ézﬁ';fo

Di f co agass oRfveidriosbd mit B@ffém'aummésolm&mﬁtédahmaaqwaﬁﬁ@breaaepnmé 2%
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g/L). N of%a%i@eﬁ.\ét&ﬁ t&%(ﬁﬁ@_mm@r dialysid dafist Buﬂ@deLt?thth@f‘n)@ei 7 days

and a m xture nycellum and spores was oObtal ned er- suspension.in

sterili z@@“a%ﬁéﬁppﬂ%t‘i’rﬁ )QEAFeOQIﬂlT\W(ééq 23amaAauibhratedswiliabuifarB.eTe@l t hr ough
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‘Fresh spores sto for less than eks were 1 nocufated into 2 L
li qui d o vk fr 1aRebi hﬂﬁerﬁ -bufter Q). Eraclonsegantaining akyl-eldlehyde dehyidrogenase _
cancentr, I Ki robi ol .
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by fil tmte@hwaﬁ&badﬁdmaﬁedﬁ»z@h@m 135 nRaM) eommnraneﬂ with buifar-Dintha peci fi c
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- dehydr ogdh@gel, dmﬂed DibuffetreE);lef\eh\m fraddions were mntmmlmi umicke‘mzeaam because
of the f N dsogenase activities. The frozen nycelium

. (400 g, tﬁhﬁﬁﬂ%%ﬂ %nd%&% %av\}?ebd (9n 900 nL buffer A and then disrupted with
a Waring bl ender. The: debris was TABDESd by centrifugation at 400009 for
30 min foll owed by concentration of the supematant to 200 nL. After

- di al ysi s agai Rgtifidatibh exf ayl{abdehydé iehpdrogenasmfroax tt actssadY dhpl i ed to a DEAE
" colum (5 x 23 cm) equilibrated with. buffer B. Thé colum was washed with

500 nL of =putter B roffowed Dy erutronm Wi & f1near _gradrent
- total units specific actwlty" x-fold purification yield

crude lysate - - _ - ) - -

DEAE 58 0072 1 100%
RedA 55 0.52 7 96%

21 unit = 1 ol NADH ox&duzedlmin
pmollmlnlmg

. Vanillic Acid Synthesis. Fermentations employed a 2.0 L capacity Biostat
MD B-Braun fermentor obnnected to a DCU system and a Compaq computer
equipped with B-Braun MFCS software for data aoqufsition and automatic process
mornitoring. The temperature, pH and giuoose feeding ﬁrere controlled with a PID
controller ‘The temperature was maintained at 37 °C. pH was maintained at 7.0 by
addltlon of concentrated NH,OH or 2 ‘N H,50,. Dissolved oxygen (D.0.) 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. |



(1.5 L+ 1.5 L. buffer B--buffer C. Fractions containi nﬂ%@'@\%ﬁg yde
dehydrogenase were conbi ned and concentrated to 30 M. Si s
agai nst buffer D (3x), The protein was |oaded on a RedA colum (2.5 x 8
cnm) equilibrated with buffer D. The colum was washed with 200 n.. buffer D
and eluted with a linear gradient (15 mL + 150 nL, buffer D/ buffer E).
Acti ve fr_actions wer e concentrated, qfick frozen in |liquid nitrogen, and
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“aromatic Wﬂ?&n%@s'ﬁﬁ?@'d@ﬂmoﬁhﬁ%b%@@h&e ARinfot®s wées 88ddiwhire/ 9). and
trypt ophan (0. 35

(t; aromatic.vitam ns
appropriate {0 the fottowing final concentratlons d\loramphenlool (Cm) 20 pgfml;

ampicillin (Ap), 50 ug/mL. Solid medlum was prepared by addition of 1 5% {whv) Difco-
-agar to medium solution,
Inoculants were grown in 100 mL LB medfum (enriched with 2 g giucose)

' containing the appropriate antibiotic for 12 h at 37 °C with agitation at 250 rpm and
“thentransferred to the fermentor. The iniﬁal-gltlcose concentration in the fermentation
medium was 20 g/t.. L-Methionine supplementation, when ehp!oyed consisted of
addition of afi Iter—stenltzed solution containing 0.4 g of this amlno acid.in timed
intervals (6 h} startmg at 12 h after lmtlatlon of a fermentor run ‘Three different

 methods were used to malntaln dissolved oxygen (D. 0 ) 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 50'rpm to the préset maximum value of 900 mm. '_
The mass flow controller then maintained D.O. fevels at 20% saturation at constant
impgller speed by increasing the airflow rate over approximately 2 h from 0.06 L/L/min
to a preset maximum of 1.0 LA/min. At const%mt impeller speed and constant airflow
rate, D.O. levels were maintained at 20% saturation for the remainder of the
fennentation by b)iygen sensor-controlled glucose feeding. At the beginning of this
stage, dissolved oxygen levels felt below 20% saturation due to residual initial glucose -
in the medium. This lasted for appréximate!y 1 h before glucose (60% wiv) feeding
started. The PID control parameters were set to 0.0 (off) for the derivative control



I ncl udi ng p-am nobenzoic add (0.01 g), 2, 3-di hydroxybenzgic acid %0. 01 g).-
and p- hydroxybenzoic acid (0.01 g), and trace mnerals 1@%4“3@"'@ 3
(NH4) 6( Mpl. Q24) 4H20 (0.0037 g), ZnSO4 2 7H20 (0.0029 g), H3B0O3 (0.0247
g), - CQuS™ 5H20 (0.0025 g), and MCl12?41i 20 (0.0158 g). D d ucose, MySH,
and aromatic am no acids were autoc{pved while aronmatic vitam ns and trace
mnerals were sterilized through 0.22- pm nenbranes prior to addition to
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speed. Approxinately 8 h required I spee 0 I ncrease
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i mpel | er. spe y i hcreasi ng e alrflow rdte over approxinately h from
0. 06 Uunwgre rempvad by esotrifugakiomahi @300g for 10umimandithecapetratantistgretilabr speed
and consyait airflow rate, D.O levels were maintained at 20% saturation
for the remai nder of the fernentation by oxygen sensor-controlled glucose

- feeding. At tRedbetipmof Vanithc Adid.sFersieatption biatls (1 00adloxgmadidified td pH f el |

Do o Tl AR HO 508 B BB S v SRTEERLT, o1 S
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f er ment adissolvdstiot1R micofovaterdasijusiad © pi 7.6 by Na@iiHs(10N)zaditioan Subpdeqdent was used
to det er ggaGissUdaitdhib doh&heRled BaARHE SR cidtfie B RIdoA 1o Br 4% 2R’
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* (Z_mM). glucose 6-
, phosphate,(eo md), 2,000 units of glucose 6-phosphate dehydfogenase and 200 unit
of the paﬁially purified éryl—aldehyde dehydrogenase. Reduction proceeded at 30 °C
‘and was monit_ored by HPLC. Aft'erA 7 h reaction, 92% (molimol) of the starting
vanillic acid and 34% (mol/mal) of the protocatechuic acid had been reduced. The
reaqtiqn mixture was extracted with-.‘lOO mL CH'Z-CI2 (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 isovanillin (0.03 g).
SPEGIFIC EXAMPLE 2 |
Commercial Applications
For Iarge-st:ale vanillin synthesis, an intact microbe (as opposed to cell-free |
- enzyme systems) to reduce “vanillic 'acid is prefered. However, it should be
appreciated that irrespeétive of the strategy employed, improved protocatechuic acid
methylation will be essential. The lack of signiﬁcantly improved profocatechuic acid
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(CDwW). Dry cell weight (g/L) was obtained usi ng a conver, E%&g%}é CI ent of
0.43 910D,,L. The remaining .5 nL of each fernentation e was

centrifuged wusing a Beckman m 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- O net hyItransferase activity. Sirnce stable
catechol - O net hyl transferase acti vi t‘i/ observed over the course of the
fermentation, reported catechol - ‘hyl transferase. activity (Table 1) is
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extracts were vvasheﬂﬂone time with equal volune of water. Concentratlon
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transformed into glucovanillin Whtch is finally hydrolyzed by a ﬁ—glucosudase
_Ranadive, A.S., In Spices, Herbs, and Edible Fungi, Charalambous, G., Ed., Elsevier:
Arnsterdam, p. 517 (1994). Synthesis of vaaillin via S-dehj(droshildmic.
protocatechuic, and vanillic acids as taught by the present invention, circumvents
phenylpropanoid biosynthesis and qucosyla.tionldeglucosylation reactions. This
substantlally reduces the number of enzymes required to synthes:ze vamlhn
. Biocatalytic synthesis of vanillin from a carbon source such as glucose also
. has advantages relative to synthefic vanillin manufacture. Esposito, L. et al., Kirk-
Othmer Encyclopedia of Chemical Technology, Fourih Ed., Kroschwitz, J.1; Howe-
Grant, M., Ed.; Wiley: ‘New York, Vol. 24:812 (1997). Pheno! and guaiacol are toxic
and afe derived from carcinogenic benzene. Lewis, R.J. Sr., Hazardous Chemicals
Desk Reference, Third Edition, Van Nostrand Reinholdi' New Yoik (1993). The
' nontoxic 3-dehydroshikimic, protocatechuic, and vanillic acids of the methods of the -
‘present invention are derived- from inhocuous glucose. Corrosive H,0, used for
oxidation of phenol into catechol requires special handling precautions (Campbell, C.J.
et al,, Sci. Am. 278(3j:78 (1998)) while biocatalyﬁba!ly synthesized vanillin derives its
oxygen atoms from the oxygen atoms of glucose. Dimethyl sulfate, a carcinogen,
(Campbell, CJ. et al., Sci. Am. 278(3)78 (1998)) has historically been used to



met hyl ation with increased cat echol - O net hyl transferase activi ty and the

. inprovenent in nmethylation observed wiwth L. -nethioni nd8 CHAORR at i on
suggest . that cosubstrate S-adenosyl nethionine availability and/ or feedback
inhibition (Coward., J. et al., '.Biochemstry 12:2291 (1973)) nay be
limting in vivo nethyltransferase adbi-vity. -Inproving regioselectivity
for protocatechuic acid neta-oxygen net h¥l ation using a different isozyne

-~ of w del Weifadate calechel. Prtecalechuicncid methylatiopiesieys S-aiesnsyimetlianine . conmon.
32: 173 ( §3RéhhiedHRP Bonsinted Biradiiiutarfyy" Findlly, BYRRERMarfliift WiadukS@&e is & 0SS,
GG, -Eté}r. J. %o-che?n 31: 585 (léaYrg), enk T M H. eita'a{I eRecent Adv.
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met hyl at {-0p,.; WU S . ' | e. Biocatalytic synthesis of vanillin
froma cg‘ggﬁgg‘ogé}cg}"sgzﬁgéggy%ﬁse has a nunber of advantages relative-
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Synthesis of yanillin. via 3-dehydroshikjmc, protocatechui and vanillic
atids as s augh ey and et B e heref are MRS SR GrosP Bano

bi osynt hifsilly sabforgy. ucosyt ati onl degl ucosyl ation . reactions.. This.
substantially reduces the nunber of enzynes required to synthesize
vanillin. Biocatalytic synthesis of vanillin froma carbon source such as
glucose al so has advantages rel ative to synthetic vanillin manufacture.
Esposito, L. 'et. al., Kirk Ohner Encyclopedia of Chem cal. Technol ogy,
Fourth Ed., Kroschwitz, J.t.; Howe- Gant, M, Ed.; Wley:. New York, Vol.
24::812 (1997). Phenol and guai acol are toxic ,and are derived from
carcinogeni c benzene. Lewis, R J. Sr_, Hazardous Chem cals Desk Reference,
Third Edition, Van Nostrand Reinhold: New York (1993). The nontoxic '
3-dehydr oshi ki mi ¢, protocatechuic, and vanillic acids of the methods of the
- present invention are derived,- frominnocuous glucose. Corrosive H2OQ2 used
for oxidation of phenol into_ catechot requires special handling
precautions (Canpbell, CJ. et al., Sc!: Am 278(3):78 (1998)) while

bi ocatal ytically synthesized vanillin derives its



from such_di sBlssi genvesting

oxygen atons fromthe okygen atons of glucose. D nethyl iu f ]
afFrads

carci nogen, (Canpbell, CJ. et al., Sc!. Am 278(3):78 (

historically been used to 18 MARCH 2003 -i5 nmethyl ate catechol .

Pr ot ocat echui c acid nethyl ati on enpl oys S adenosyl met hi oni ne generated and
consumed intracellularly. Finally, sygthetic vanillin manufacture is based
on use of nonrenewabl e petrol eum whereas gl ucose is derived from abundant,
renewabl €LAIM&Eh. This difference in feedstock utilization is inportant
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foregoi nga.dbﬁgug@bcu@ncbr@mbqﬁggt@a(bf-descr| bes nerel y exerrpl ary enbodi ment s

of the present_invention. illed in theart will readily recognize -
%1’0 8 %E?ﬁwﬁ%ﬁ;?ﬂﬂ'& iy wembingnts  t hat
Vari.ous - nﬁ@gf@@ﬁ,d nodi fi cations and variations can be made therein without
departing fromthe -spirit and scope of the invention as defined in the
fol lowi'ng cl abhs. redusing vaallic aeidfovanilin.ef erences cited herein aré '
-incorporated by reference as if fully set forth. 1,8 MARCH 2003 -16 -
CLAIMS: 1. A nethod for the fgcoductl on of vanillin and der.i vati ves t her eof

froma carbof soufte mathqd okClaim fhwhetelpthesecambieantaictabecommsisear bon
source - I A dakedhRfloni Ng.

vani I 't ci@lac bg é'\q/%(%ﬂ)g :g_d@h{(@%gmrprde@ﬁ{% églggrr? whereel n the o
reconbi nmﬁthyﬂransfeaszaorrprl ses t he genes encodl ng for- 3-dehydroshiki mate
dehydratase and catechol -G nethyltransferase. .3. The nmethod of Caim 2,
wher ei.n -t he gene encodi ng 3-dehydroshil dmat e dehydrat ase is the arnZ gene.

" 4. The -net hod of ThemethaddfCldin2ewhereindhegene encodiog Aglebyidroshisinats

rret hyI tr d‘?ét%% ﬁ}égl%ngel%nge”e ‘5. The nethod of C aim4, mherél n the

gee|s

4 The meihod of Claim 2 wherein the gene encoding catechol-o-
memyltransferase is the P . COMT gene. :

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

6. The methodAof daim‘s,“wherein the plasmid is pKLS.97A.

1. The method of Claim 1, whereid the recénibi'nant microbe is E. coli
KL7/pKL5.97A identified by ATCC deslgnation number 98859,

. 8. - .The method of Claim 1, wherein the reoombinant microbe further
compnses a gene encodmg for an isozyme of 3-deoxy-D-arabmo-heptuIosonate-?—
phosphate synthase insensmve to feedback Inhibltion

9. The melho.d .of Claim 8, wherelin the gené coding for the 3-deoxy-D-
arabinoheptulqsonate-?—phosphate synthase isozyme Is the aroF™ gene. |

10.  The method of Claim 9, whereln the aroF™ gene locatedon a plasmid
in the recombinant microbe. -



pllasm d | nthe reconbi nant- m crobe. 6. The nethod of C al,[ge ggh ei.n the
plasmd |Is pKL5.97A. 7. The nmethod of Caim1l1, whereint Mf\ Q?ant
‘m.crobe is E coil KL71pKL5.97A identified by ATCC designation nunber
98859. 8. .The nethod of Claim1, wherein the reconbinant mcrobe further -
. conprises a gene. encoding for an isotyre of

3- deoxy- D- ar abi no- hept ul osonat e- 7- phosphat e synt hase i nsensitive to

f eedback | nhi Biti ofhe methﬂﬁiboﬁﬂﬂﬁbﬂ"ﬂfef@ yanilic gGid jpadarad theanginit odi ng f or

t he 3-de )- . onat e- 7- phosphat € synthase Isozyne Is the
ar oF gen%ﬁ%a[%ggéngtgﬁ%%%%?éi m 9, wherein the aroF gene |ocated on a
‘plasm.c In the reconbinant m crobe.” 18 MARCH 2003 -17-. 11. The method of
Caim1, wheregipn v r '

aryl - al dehydquehygﬂ% "iéntﬁ%éggf%?hﬁ1ﬁ ﬁ‘ﬁq&%&{%méhg d%h%l‘o ?ﬁe}:}sﬁ Ist"he _
aryl - al d ploiftkel faerhy¢huogspoas erassa. purified from Neurospara crassa. 13. The
nmet hod of Caim1l. wherein the carbon source is glucose. -14. A nethod of
synthesizing vanillin froma carbon source conprising, the steps of: a)
converting. t ha3car The method ef Ctaimadnivhkiein teicdrbaint $owice iscgudsiseant E. coi l
conpri sing the genes encodi ng 3=deoxy- D ar abi no- hept ul osonic acid

7- phosphate synthase, 3-dehydroqui nate synthase, 3-dehydroqui nate
_dehydr at ase, 34, deh\wdemehloksymm@ﬂajm;admmma@amon source compfising the
~catechol - O met hyltransferase; and b) reducing vanillic acid to vanillin
with aryPeRF®Enhyde dehydrogenase. 15. The method of O aim 14, wherein the
reconbi nant Eapoi | c6QnRinGhe crbomsbaicedo aanilic @cﬁaaﬁthmeaﬁmﬁhantdz oofissette

inserted intqQ the serA | ocus, an | as 5.97A. 16. e rrethdof cl aim
14, wher &PFPHTiRY éf?‘%/ﬂe’aeF%@ﬂ?‘!fé“ngﬁ{% g@ﬁ%@'@ﬁ‘%"w'ﬁﬁ??ﬁ %%J? ?ospora _
crassa. §k nthaseTheaJa'eh dqWihato] a!.;)mtﬁa%e Wisedetiyroghinate C afehlydmtdseni @-obe is E

coil KL7 %I;LS 97A | ntified b CC desi gﬂ_&fl on, nunber d98859 18: The

met hod ofd€ d&??ﬁ“ﬂwat%%'?yé'ﬁa%é &?tﬁﬁ'ﬁ’l%

b)  reducing vanillic acid to vanillin with aryl—atdehyde dehydrogenase

15’.-7 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 '
pKLS5.97A,

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 mlcrobe is E col.'
KL71‘pKL5 97A Identlﬁed by ATCC designation number 98859.

18. The me‘thod of Claim 14, wherein the carbon sburoe 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 mfcrobe wherein the recombinant micrabe converts the carbf)n source
. to vanillic acid; and :

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



19. A process for the production of vanillin conprising the steps of. a)
contacting a bioconversion m xture conprising a carbon S@UIARCW ddn3a
reconbi nant m crobe, wherein the reconbi nant m crobe converts the carbon
source to vanillic acid; and . b) contacting the vanillic acid with
aryl - al dehyde dehydrogenase, wherein the aryl-al dehyde dehydrogenase
reduces the vanillic acid to vanillin. %% MARCH 2003 - 1s 20, The process
of Claim 19, wherein the reconbinant ni'crobe is E. coil conprising a

nmut at ed aroE | ocys, an.ar t ehdremethb @8cdnibinaritmicmbeAs Eocels  and
pl asmi d pKL5.-97A.%.21, %H%ﬁﬁé%%%@%?? ﬁ'avi@hrﬁ [

19, wherein the | - 3l de
dehydr ogenas@mipsising amuoiatddearof iasnus Neu AFIS0E q?ﬁﬁ%%%l!‘sez'-‘-a.dh "FWZ‘;‘% f%’?‘égéj%f '
Claim 19, wherein ft.aeé{l_ inant mcrobe is E. coil KL71pKL6.97A : 3
Identified FIPREEL §ha Y on nunber 98859. 20. The process of C aim 19,
wherein the carbon source is glucosé. 24. The process of Claim 19, wherein

t he bl ocanversior,; m urép%%%%ge%gim% ARERSIN BRSarVEs|deryak tiehydrbgentse is 3

process of C ai m2119, I'oconversion mxture is nmaintained at a
t enper at us e @frifia Guin RBudsparaatassh. 37 C and a pH of about 6.5 to about
7.5. 26. The process of Claim 19, wherein the bioconversion nmixture has a
15 di ssol ved oxygen concentration of about 5% to about 35%air s_at#ra}i on.
27. The process of3.O afte fidcessheClaim tiBewberejrstherrecorupinantiFrehe i & &gv

e SooEkChin Bkl ) oFRE bk sty AT e onat o
23.  The process of Claim 19, wherein the carbon source is glucose.

24. The process of Claim 18, wherein the bioconversion mixture further

10 comprisas methionine.

2;5. The process of Claim 19, whersin the bioconversion mixture s
‘maintainied at 3 temperature of about 30 °C to about 37 °C and a pH of abaut 6.5 to

about 7.5.

26. The process of Claim 19, wherein the bioconversion mixture has a
15 dissolved oxygen concentration of about 5% to about 35% air saturation.

27. The process of Claim 19, wherein the steps are performed in a fed-

bateh fermentor.

98.  E. coli KL7/pKLS5.97A identified by ATCC designation number 98858,

29.  Plasmid pKL5.97A.





