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FI ELD Thi ure pr oV des pol ypepti des and bi oslnt hetjc pat hways t hat
are usef ul %Q‘]?’ﬁél épr oduction of indole-3 pyruvate; 2-hydroX Q}T’%S‘Bﬂ.z“g
2-(indol -3yl methyl)-4-keto glutaric acid (MP) and/or nonatin. 10 BACKGROUND
| ndol epyruvate. Indole-3 pymvate is'a strong antioxidant that is believed to
counter-act oxidative stress in tissues wjth high oxygen concentrations
(Politi et al. "Recent. advances in Tryptophan Research", 15 edited by G A
Filippini et at Plenum Press, New York, 1996, pp.291-8). I|ndole pyruvate
also is an internediate i HOEYMM§!ANB%®WTISG’MM§M c acid (I1AA),
the primary plant growth hornone auxin (diffusi-ble growth pronoting
factory. IAAis active in submcrogram anpunts in a range of physiol ogical
processes includi ng api cal CHORT ﬁ&ﬁgBENFES&WTE?IH&L tion,- induction
of canbial cell di ﬂ‘i]ﬁh@l[icananﬂhuﬁmibntymtﬂﬂ&’hﬂeﬂmpplﬁgaﬂohbﬂ&m;%ﬁﬂxdm{la&r egoased in
horticulturg to induce rooting and to 20 pronote the set and.devel opnent, of
fruit.- At ‘high concentrati ons the synthetic auxins are effective

her bici des agai nst broad-|eafed plants.. HEEral auxins produced by

fernentation may bemoooooo{asldmdopoﬁp ﬁtﬂi\éﬂ ﬁ@ﬁ@ﬁ&ﬁkh&m&%@ﬁ%meﬁﬂ%e
chem cally produ ed h HBI ci des. sales in 1999

of 0.4 billi onP’ES’ 0123‘51“}“[3?30?1}‘56“’@2 1%’5‘%‘3}1‘3’9‘5‘3??@ g@?ﬁﬁiﬂ‘ oY% ent s on
i ndol e acetic amnmand derivatives thereof include: US. Patent 25 No.
5,843,782 cropropagati on of rose plants, auxin used in culture medi um and
US 5,952,2 Pat ent. No.. M cropropagation of rose plants. In addition to

pl ant’ rel at ed utilities, indole aceti @%‘F‘H‘@Wsef ul in pharmaceutical

appl i cations- Egggggmmaj e, US Pat ent No. 5,173,497 "Method of preparing

al pha- oxopyrrol of 2, etic.ac n vat oposes the
usg of th?s/e corr{mui]rgl1 %Iel I?Y‘f%aéwt %3?%%?“38%%%5%%%“??%@5#%‘% egsﬁﬁsﬁ’ "3s t hat
associ at ed wi t tissds »file higeptygendirsous@nafditze i ‘Recedtarentes @ Tryplvghan Reshshil sm
proposed s Usefﬁ&l?ﬂ'} ANpy p@u&@@ﬁ%hﬁss%&@ﬁ&*&k@@@@ p?@ﬂﬂ?@uﬂﬂcﬁe iJﬂlR'aQ'ajsoirsQﬁ

pol ypeptide acetylc hollnesterase and increase ace ylcholine Tevels in the

brain. | ndol e- ZiE8dEe®T PAtE b sEpducs PIrle-areiiq asd Stra di=pewpy plagfgray thfproone
per oxi dase- cat akgngdichusibié ghasith prﬂmoungmltnf)amﬁeamn{rqdn bbmeMigteratmechtd ifth Pmge of

di i ndal yl met ha r and
oromoce the. py Bie PRt RURANAE 86 ARSRAL 5find Sobl AR Splefl §amsil 20C
Daai vadves Chl edidivitioncribroptihtion Hivnteinguiie ef uied Evhortiewlie teisduge ofingand ot i ve
sweet e ner , 2@nd pﬂoﬁ&é e Ise'i and development of fruit. At high concentrations the synthetic auxins aro effective

‘herbicides agamst broad-leafed plants. ‘Natural auxins produced by fermentation may be considered

. more envuomnontally friendly than c]:u:mloally produced herbicides. Growth re oulators had world
" sales in 1999 of 0.4 billion pounds (1.4 billion U.S. dollars).
oL Some examples of patents on indoia'aoeﬁc'acid and derivatives thereof include: US Patent -
25  No.5 843,782 M:cropropagatxon of rose plants, auxin used in culturo medium and US 5,952,231
| " Patent No. Miciopropagation of rose -plants.
In'addition to plant related ut_thtles, indole aoe:tio acid is useful in pharmaceutioal
applications. For example, US Patent No. 5,173,497 “Méfhod of preparing alpha-oxopyrrolo[2,3-
" Blindole acetic acids and derivatives” proposesl the use of thoso compounds in the reatment of
30 memory impairment such as that assoclated with Alzholmer 5 dlsease and senile dementia. The
" mechanism proposed mnUS Patent No. 5,173,497 is that these compounds inhibit the polypepnde
acetylchohnesterase and increase acetylcholine levels i m the bram |
Indole—B-carbmol 15 produced from mdo]e—S-acetac acid by peroxidase-catalyzed cmdatlon,
and can easily be converted into dnndolylmeﬂlane Both oompounds are reported to eliminate toxins

'35 and promote the produchon of homlones beneﬁozal to women s hcaith

' Tryptop}zan Derivatives SR
' " Chlornated D-tryptophau has been 1donhﬁod 254 nonnutnhve sweetener, and there is

- increasing inferest in pursuing other derivatives as wc]i Monaml 1s a patural sweetener that is snmlar



increasing interest in pursuing oilier derivatives as well[ Mnatin is a
natural sweetener that is simlar 2 5 OCT 2006 WO 031091396 PCT{r ppP3hi2588
2 in conposition to thewam no acid tryptophan. It ean be extracted fromthe
bark of the¥P®30813% the South African shrub, Scl.eroclritordriuses/fimss us,

and has pronise in the food and beverage industry as a high-intensity

sweet ener. Sone-exanpl es of: patents. on nonatin include: US Patent No.
5994559 . Synt'hesis of nonatin-A high intensity natural sweetener, US Patent
No. 497529S 3-(1l-am no-1,3 5 dicarboxy- 3- hy%l‘r oxy- but-4-91)-indol e conpounds,
US Pat-ent No. 5128164 Conposition for human consunption contai ning :

3- (I -amino- 1, 3@k&.@ﬁémyoéeM&%&uﬁm&w‘!&ma@lesﬁ@ﬁma@wgﬁmeﬁmoé&
Patent No. 5128482 Process for the praoduct

of 3- 1( 1- ami no- £o8h dfican FEkySeisragiiy Hseyfofmﬁn%awwsw%rﬂed ang beyerag indugigy as a
precursors of rﬁghaittﬂﬁlt)dﬁ(ﬁﬁiﬂeb%mh%ﬁpl&&ﬂpﬂn&mnbﬁnaﬂﬁG]f:llﬂie gs P&gmNheme

sweet ener s S tlves.
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nonatin precur %Qﬁsﬁmlliidﬁ Bon%&mg@ct%ﬁm&maﬁc%@@y% @&féx@bm&f}n s Qa%ounds, and US,
2(|ndole3ylrreth¥\{? lutaric acid des and nucleic acid

sequences t hat *@%5H élagﬁaPP@Sﬁfﬁk%”W&'iWﬁf?’ }(HEI‘B‘I“%Ré dWPWéf‘E B3Ry dr oxy
2- (i ndol-e- 3-yl meioleyl ) - 4-keto glutaric aci 4 are di scl osed. Monatin can be

produced through in 2-h |).-4- keto
glutaric acid: (m)na'fg:8 lr?ggf}]é%cg%?g &‘%ﬁm)éggcwh%e&ﬁ%?gbe%%ﬁ%% E'FR]X S&'eeteﬁlm

i ndol e- 3-1 3Pt (91aﬁdllltermed@@Wﬁ?ﬁ@@mﬁaﬁm@ﬁﬁﬁwﬁﬂmmcose (FIG 1). I\/Et hods of
produci hg or maki ng nonatin or its internediates shown in FIGS. 1-3 and.
11-13 that involve converting a substrat f| rst product, and t hen
converting the first -product to a‘lsecon %BM and so on, until the
desired end pr"oduct Tihe dienleat: mdyidesamahhssmiﬂ@smwsﬁbmhngfr@nmdoril&kldn’se show
potential i nternndlal %d&@@ql&éﬁé a%laa&q;oﬁﬂgu@rﬁoqaﬁtpﬁemu&raqeﬁ§ mdﬁeﬁ.pyraéte%@im' e,

a conversion fr oné_ product anot her, s ucose.

t rypt ophanl®iy @fﬁ’ﬁér(mti@eaﬂ’%g’ﬂ’]éﬁ%ﬁwc@ P?IHHB‘I‘ng @dawewa@éeqe@cwﬁﬂtw to
monatin, or indeued@mhRchbhitifgadelefiphilahaddatid@tg)2-(rdole-BHERLED3-4BY guatie, can
be perfor med by g Si n hﬁ?se nmet hods. These conversions can be facilitated
chemcally or Bf f“cg’g%asf’ ‘y. The term"convert” refers to the use of either
chem cal neans or poingpept bajesinged frovglenddld-Srymvateydlean Gudok-3f jimeiyD-4- -

i nternediate t Qed RREOLHMH (nbiaah Fecal B, flWpth K& dToaR of rﬁd?.@aﬂ)%adolegqsmm oi f
refers to regactions that are not %(?tlve[jglfalllta %%gyetld " The
term "bi oPBgi dAPloRbEh e gppee (FIG- d)} Methp GRS PRASE I@E'F’?‘%ates
facilitated by s:p@dny[pﬁﬁmm&dlmmgmnﬂamvmgab@mmb afist pratust) svdther | n
vitro. Wen bi e I'ls
o e bt | Co8guaRbe SAMALAAISCRL S8 L, Rl APRLL LS A
supports. The arediselprpdr 5| on can be accorrpl i shed using any reactor Irmwn to

one of-ordinary ski lgs, m.ztanﬂ1a1rstshovcfﬁien%mmiegmd&m@aﬂ%m ﬁb@.éHWTFbrnUOUS
react or. ghods a e al soéﬂgr ovi ded éucte}oam%cl u nt actl 9Pa fir

pol ypeptid t“’?*f’"& e BBY PP FOMege Pro &, such as ocose 1o trypiophan, EypIp anto -
: mdole—3~pyruvate indole-3-pyruvate to MP MP to monaun, or indole-3-lactic acid (mdole-lactate) to

'mdol_e-B -pyravate, can be performed by using these methods. These conversions canb e facilitated -
chemically or biologically. The term “convert” refers to the use of either chemical means or
polypept:des in a reaction whlch changes a first intermediate to a second intermediate. The term _
: 30 “chemical conversioir rcfers to reactions thet are not actively faclhtated by polypephdes The ten:n
”biolégi;:al conversion’ refers to reactions that are actively facxhtated by polypeptides. Conversions
. can take place in vivo or in vifro. When biological conversions are used the polypept]des and/or cells
can be mm:oblhzed on sUpports such as by chemical attachment on polymer supporis. The .
N | conversion can be accomphshed using any reactor known to one of. ordmary slull in'the art, for .
35  exampleinabatchora continuous reactor. ' _
 Methods are also provided that include contacting a first polypeptide w1th a suhstate and.
making a first product, and then contactmg the first product created with a second polypephde and
. creatmg a second pmduct, and then conmcnng the second product created with a third pclypeptlde '



making a first product, and then contacting the first product created with a
second pol ypeptide and creating a second product, and then cont ggtnigyggﬂ%he
second product created Wi a third polypeptide 25 Ocdwr 2006 w WO 03/ 091396
PCT/ US0311R%88 09896 and creating a third product, for exanplperrases/atiss. The
pol ypepti des used and the products produced .are shown in FIGS. 1-3 and
11-13. Pol ypeptides, and their coding sequences, that can be used to perform
the conversions shown in FIGS. 1-3 and 11-13 are disclosed. In sone .
exanpl es, polypeptides having one or nore 53‘poi nt nutations that allow the
substrate specificity and/or activity of the polypeptides to be nodified,
are used to nmak&d fesmasd Bird hrSRbiodLHaANOmERED L PRpLsi8&hbed b dVBE prbHQIME Biced
monatin are di scl.gsed. "Héeig eil.l can be any cell, such as a plant,

ani mal , bact er i%*OYHRELSS. § Gél 133 chaeal, or fungal cell. In a particul ar
exanpl e, the discl osttjpetitidssnd het wdies enenas, tndebafed thgerfomh thowntgeions
activities, 1 e 9] I AT 05 e or or. of t.he fol]low ng
activities: t r%lﬁ%v%p g%%gﬁ]ﬁ %gtlrg%% %é%g%_?%sﬁ%g%s%ﬂf i %%qu}d%rhg‘é?gﬁgg %)re{?’) onat i c)
am not r ansf ér agein{Eeapnghyg alpy therplistraigpecifioiy sndfonscavitnof e pel aridesrtabemod(fisd
2.6.1: ), aspariaka @miReinansf erase (BC 2.6.1.1), tryptophan dehydrogenase

(BC 1.4.1.19), tryptophan: phepyl pyruyate transam nas 2.6, 1.28),

L-ani no. aci d oxi das S-‘?ﬁga&‘%%f?%“%“f ?Q{“&b&‘?a}‘?ﬂ%}%%g‘égméﬂﬁgh%&cﬁ%% ¥ 2WYHadar
at at, J. Bact esll,aich 2l 96mdl MAderial 9ea8, Anat) adchiedlwafuagal @fl, 15 Bi osci

Bi ot echnol .Bi ocl em G64; 93 . i Yol

1.4.99,1), D anino qg%f]“ cggi"?eé%“éég%%é”?%@%ﬁf@%%fgﬁ%gftg%ﬁiﬁng‘t%‘%aa%éeﬁ’ase
(EC 2. 6.1. 29, ferprampledup prpaseer figre onmare of the followdngapfivifigs: trypophan aminotransferase

4- Eygr OXy- 421-' rret(haiz.sz:zw@@kibal (g:biiaatﬂ) @Liﬂf&b@ﬁaﬁs&(gezm:b), &u&iﬁﬁ s'a;@:;ate aminoiransferase

4- hydr oxy- 2- ox rate 0] ase.. 4. 1 1 nt hase Se
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t he 8's | nt ernatpbtoral-ri8yripoyite enemmindse (EH219:126), badinCasidhorie (at. 48 9si s, Osaka,

Japan 20 1990) ,uégaﬁngyi,}@da&%mﬂsm@mg%fm& HakiGiol124:18062Q04, 3L ruBly bl QITRE €
dehydrogengge C14.1 - 1.4 anot her examnpl e,

 (EC 14. 1. 2. _%]Jll.4.1-.3 4.1 4), In cell’s

i ncl ude ondor Bse &l BischemPelafad’ 6100 Drminogrid detydzosensse (Gl 4990k D-aping
fol | owi-ng acti \atitl bd&ase (Erdal3s),deilaine atabiysdstage Bses. ( BE sintthseliydd@Y 4.1.3.),
R- 4- bydr oxyphe cI 3 - - dy O¢ Ak 2) a0 Y starate
3-(4)Yhydwyphg%g‘f%§m?£4?‘%%ﬁ‘g{%§éﬁ Elﬁﬁ%@%@%% iy 2 oxgglutaa
dehydr ogenase (@Halest.(BC 4.1 3 ¥6)qsynthase/tyge (431,213 D3yypioplgn prpvneferpebirass (Kphipa dnddditet e
<(1 ih{ g;r' ;)genase @Eééeeﬁ&%skfam t'iﬂuﬂmtaﬂﬁ@fats@msmod@?mﬁ ‘tég;na lcarb(l's’ﬁyl datal}sy,rﬁsm?;o‘ﬁ{ia\é?se

.13;) sugh .as.4- roxy-4- - X utarate a ‘ase .13, or
b by oy PowagithPheueaton e e HEL el Bibptt Sudipabe s 27
trypt oph"an dehydiidgesaade (EC 1.4.1.19), hyptopl an-phenyl pyruvate - .
transam nase (BC 2. §; Juod8)exaniphe) RuLRIM oﬁénéﬂcﬁtze{ @ﬂ%i 1856 o{xﬁ&,l%z fired-ornfote, of

tyrosine (aromati cé 30 am notransferase (EC . . multiple substrate
am not r ansf er ad felowing agiviies: yndolglactate delvdezenass (B 1 4 Sr {BRr e HINA al ani ne
dehydr ogenase - @Bfyarbgetasd (20).1.1.202)) 8- 2Bl Ro:G ey S RFaABR s (BC1114,237) Aactale 4. 1. 3,
1.4.1.4 ), ,p-am,n a‘cidﬁg{u*ﬂ' ! 50 . 4. 9 1& LYpt oph
ani not r ans gr arsEI %]1,3'%3%53788? ‘%{1 %72?%9%211%0 ’F%’ﬂléqaze{’?"g? lafg&%ﬁ%c'%fgaﬁ%éc |
' 1.1.1.111), iactate oxidase (EC 1.1:3.-), synthase/lyase {4.1.3.-) such as 4-hydroxy-4-methyl-2-
 oxoglutarate aldolase (BC 4.1.3.17) or 4-hydroxy-2-oxoglutarate aldolase (EC 4.1.3.16),_
_synthase/lyase (4.1.2.-), tryptophan dehydrogenase (EC 1.4.1.19), iryptophan-phenylpyravate
_ transaminase (EC 2.6.1.28), tryptophan aminotransferase (EC 2.6.1.27), tyrosine (aromatic)
30 aminotransferase (EC 2.6.1.5), multiple substrate aminotransferase (EC 2.6.1.-), aspartate
gmi_noi:ausferase (EC 2.6.1.1), phenylalanine dehydfogenasé (EC 1.4.1.20), glutamate dchlydmge_nasé
(EC1:4.1:2,1.4.1.3, 1.4.1.4 ), D-amino acid dehydrogenase (EC 1.4.99.1), D-tryptophan

. aminoiransferase, and/or D-alanine aminotransferase (EC 2.6.1.21).

In addition, the disclosed cells can include one or more of the following activities, _for .
35  example two or more or fhires or more of the following gcﬁviﬁes: {ryptophan aminotransferase (EC
2.6.1.27), tyrosine (aromatic) aminotransferase (BC 2.6.1.5); multiple substrate aminqi:ransfémse (EC. '
| 2.6.1.), aspartate aminotransferase, (EC 2.6.1.1), tryptophan dehydrogenase (EC 1.4.1.19),
frjptbphﬂ:{l-phenjrlpjrmvate ﬁansaﬁﬁ.pase (EC 2.6.1.28j, L-amiito acid oxidase (EC 1_.4.3.2); . _
h tryptoi)han oxidase (no EC number),'D'-amino -acid dehydrogenase (EC 1.4.99.1},'1.);3:_[1'151;'15 acid



In addition, the disclosed cells can include one or nore of the follow ng
activities, for 35 _ exanple two or nore or three or nore of the follow ng
activities: tryptophan aniuotransferase (EC 2.6.1.27), tyrosine anoem ki c)
am nottansferase (EC 16, nultiple substrate am neeransferase (EC
2.6.1.-), aEpaspABGL ani notransferase (EC 2.6.1.1), |ryptophaarashydssgenase
(BC 1.4.1, 19), tryptophan-phenyl pynvate transam nase (EC 2.6.1.28),
L-amiiro acid oxidase (EC 1.4.3.2),, - tryptophan oxi dase (no EC nunber),
D-am no aci d dehydrogenase (EC 1.4.99.1), D-amino acid 25 OCT 2006 w w WD
03/091396 PCT/1JS03/ 12588 -4- oxidase (EC'& 4.3.3), D-alanine -
anvnotransferase (EC 2.6.1.21), indolelactate dehydrogenase (EC 1.1. 1 110),

3R‘ ?4;‘Yﬁ r gx yphe rby.idlasa(ﬁ@% £3] dﬁb%%ﬂ@ﬁﬁﬂ%nsfcg% %C 36k 2:1-’):2))ﬁalolelactate delgydmgenase

ydr oxyphe va cta e .de ogenase
(EC 1.1, 1. 27, h”?”ll g fxy?{‘eé‘)q‘ﬂc‘fféﬁ?%ﬁ‘ig“a'?ﬁ%? é’a;]i;} Z%)r %L“? ﬁ’f‘:‘g %&@ﬁase
(EC 1.1.1:111) redugie @@1. bkrzms@ta(eaehngmmwwwel(:1031132 3), §ipdtlans 5415
hydr oxy- 4- met hy, %ggjfu Ak I R
4- hydr oxy- 2- oxoéﬁmﬁet ar-at %%ﬁgéglgd &&%% %ﬁ% , /nt ﬂ%éeg egl?. )SHChasﬁ
gl ut amat e déhy P dgerfaeehyl 2oxaghiarate gdolage (ECH.13. 17)1°r4~h1 -2~m9$1@wp diiclase FE
dehygrogengse gﬂg@ 16}, 4ynthastyase nd/_pgmta:ﬁtwem&fgaﬁt bk (80T agtzrﬁmiﬁma& d}\/bnati n
can be produce act r an and/ or
i ndol e-3- | act iF& ”é}f‘ﬁ&ﬁm@ég °§e’fafe(§{:?36;i§)p@‘ﬂg’ %Ei‘??\“/%ﬁ%? Prst -
pol ypept.i de conver t Mématpphophaeivend tf @ methaddik msl&ies dbtatting trjptophan add/trdndoledo| e- 3
pyruvate (eit h%& & %rﬁrsttptﬁ}ﬂe%t{dgrwtﬂkrgﬁmtﬁe'f%pﬁ B8 éagverm,%e_ 'mgaaﬁ ahdAf a6l 3C1

can be used_as the substrate i'S converte to In nrvate; -one of
skill in tHE artetggedto 51518?- SEyraAs (citbprhe B prahed RS SYHICHES & Hrégl@,rﬁrlamw@ §i%s st ep
[ dga: 1y exhi bi thetufr@ asxRyuuBRite ﬁ;htgs copeatd b aldbly-) pyrﬁ@ﬂleaﬁbfsnmliﬂearmﬂslbﬂréciaﬁg g

i ndol e- 3- pyruv secon e er e S ept| e
converts the %agthr, %(}l)gye%ldes Choser, fo? 1913 %tg%lg%?il e:;§71bwﬂ1f 2pey jDSFat?peﬁﬂ%ﬁ?)h t?l%ﬂg
glutaric acid  (Pfing indedE-Trymvale tvith gsectnd pql@emﬁe,vwhbﬂqmd:etswpﬂbommmme

wher ei n the thllﬁdéle@qslymﬁp{olzds dslss -J¥RethyB-ORAFARC a@@mlaa& bntacting
pol ypept|d91§ that can, be r for these. conversions are shown in FI%;S and
3. Anot her ‘dspd¥} wira fpifee Yﬁ?}’é‘flﬁ’ PReih e Bird Rl PeRS A aTert %é" wopet. Fenpsry ceI | s

that contain atpolyspsdes thttwen iRpekedpefickccbeversivhis agesh®@in iMBRGSal akddast three or at
| east four pol ypePt 'A%&.sr rﬁg&%fﬁéﬁw%ﬁ %%eo m?{?mo%%é&asﬂiﬂeceﬁ%ﬁ’ag&ﬁl{%‘ﬁtﬂ% leic

aci d sequence. hese a asp C S i sclosutre are appar en

fromthe foll oﬁ"ﬁgj’%@tﬂéﬁi @ gomegimatat lept thesp onanlgast formpebypentiden dhagare ppsgdedson BRpsEF
DESCRI PTI ON OF ohé#zodehédsRieBicdbid Bdgtmnde. Shows bi osynt hetic pat hways used to

S and! rsm?dpf'?%%eﬁp Y R SN e 4 St ¢ uvat e

vi a i ndol e- 3- | alewcrigiomgiddiustiimadzimpléss subsequent |y produced via a 2- hydroxy
2- (indol -3yl nethyl)-4- keto glutaric acid (]VIP) internediate. Conpounds
shown in boxes are substrates and products produced in the biosynthetic 30
pat hways. Conpositions adjacent to the arrows are cofactors, or reactants
that .can be used during the BRIEFDESCRIPTION OF THE FIGURES :

- 25 FIG. 1 shows biosynthetic pathways used to produce monatin and/ or mdo}.e—3—pyruvate
 One pathway produces indole-3-pyruvate via n—yptophan, while another produces mdola—B-pyruvabe .
' . \ua indole-3-lactic acid. Monatin is subsequently produced via a 2-hydroxy 2~ (mdol-3ylmethyl)-4- '
keto glutanc acid {(MP) intermediate.
Compounds shown in boxes are substrates and products produced in the bicsynthetic - _
30 paﬂ:eways - N
Composmons adjacent to the arrows are cofactors, or reactants that can be used durmg thc ._
conversion of a substrate to a product. ‘The cofactor or reactant used will depend upon e .-
polypeptide used for the particular step of the biosynthetic pathway The-cofacior PLP (pyndoxal 5
_ — phosphate) can catalyze reactions independent of a polypeptide, and therefore merely prov:dmg .
| 35 . PLP can allow for the progres sion from substrate to product. '
FIG. 2 is a more detailed diagram of the b:osynthenc pathway that uhhzes the MP
intermediate. The Substrates for each step in the pathways are shown in boxes. The polypepudes
allowing for the cowersaon, between substrates ave listed ad]accnt to the arrows between the o

 substrates. Each polvpcphde i ‘described by its COmMMmMOon name a:nd an enzymatic class (EC) number.- '



conversion of a substrate to a product. The cofactor or reactant used wll
depend upon the polypeptide used for the particular step of the

bi osynthetic pathway. The ggf actorPl:P. (pyridoxal 5 Rgpsphate) cah U@&tzﬁqﬁyze
reactions iwdapesdent of a polypeptide, and therefore, nerebgTRfS@{,igk,pg 35
Pl,P can allow for the progression from substrate to product a
m)re detail ed diagram of the biosynthetic pathway that utilizes theM
intermedi ate. The substrates for each step in the pathways are shown in
boxes. The pol ypeptides allow ng for the eenversion between substrates are
| i sted. adj acent to the' arrows between the substrates. Each pol ypeptide

i sdescribed by its n -name d. enzy ass C) hunber. 25 OCT
2006 WD 031091396 e et B iR R ""e“yé&ﬁ%‘f"r“é’am’&f‘ggram of
t he bi osynt het itdolpéilivhagcidip intidie3-powater Theonbstiftes aferyioings Bxbsaotite palppedtiden

i ndol e- 3 pyr avagfiKyinsMEhSWRRE A b&TeeREE snﬁ;’é’tﬂ%‘aﬂe Hst&%@&ntt@iﬂ@'ar}d%ﬁoem&b‘tﬂeelot i des

allowing for the converS| on between _t substrat es are li1sted éacent to
the arrow bet wsdsraeseEack gefgreptide @éegc@é‘éW‘HGP‘?‘B‘é’d{aPﬁ@dlagc’HggﬁFFb% B yurples
common nanesand an mymbxvsconslboa@ﬁeIéﬁﬁ)nt&uﬁemgw&al%h@caﬂmsﬂ@m one possible
reaction for maltin 4.8 em.cal rrean

chr onat ogr ans showi %I&/gh P |gfaf“5 ﬁgsll‘cﬁﬁé?ﬂgﬂcagﬂ'rc’gah‘@"ﬁ
enzymatically. pﬁﬂ@@d@zmahaﬂrﬂy-el ectrospray rrass spect nm of enzymatically

synt hesi zed monat i n i) 3 debifith ok SRONoPLE HIRLAQE ARBRA bl L O VBI VB

daught er i on anal yses of nonatin 10 produced in an enzymatl cC mxture. FIG
8 is a chromat ogr am*IEH i e, 7 thaw Rlreprioezas ofifs HrMSALSIHENES ipr anbis cBroREhat i n
produced enaynmpiokead inyn enzihdBomixdke. 9C are chromat ogranms showi ng the chiral
separation of (A Rtk B [ Q n n roduced
enzymatically. 15 FIFg; !p%)%m%m m)Shomﬁtrt\hs £a&oflf]?es a%%efn\r;% tglglrr%lu of
monati n pr oducewdiced ¢ngvmasicalizl cells fol | owi ng I PTU i nducti on. The ( )

indicates a |ack of F@U@@K@@taﬁ‘edﬁﬂﬂlﬂ%ﬁr%sﬁ% th/dhirQ AR AF () RUNBloShan,
added). MGS'.11-12 ate sggﬂrratl I ans, %‘IOWI ng pat hvvay(g%used to |ncrease

the yield of A2 ??@tﬂmlr‘i‘iﬁcr‘?’? PBtEkan or i ndol e-3-pyruvate: ‘20 FI G
13 is. a sthematic Gﬂ@g:ﬁmtei'@aphBhgrwalg[&atme/amdm@hnmm;beduu@eﬂbatmﬂm ease
the yield of e t v

SEQUENCE LI STI @@9’% nucﬁa‘ﬂ’?ﬁ;’_ﬁdr @%%%%é%%%ﬁ%ﬁ%%@% st'}{epgéf’uur{J %1 vate
acconpanyi ng s@gdide |isting are 25 shown using standard letter

abbrevi ations for nm.b.e;qmﬂee Lasass dlwm@mphmﬁﬁﬁse@ed&r&eﬁemm aci ds.
Only one strand of. ea 8 ‘EHC elf acid cﬁ,\oguencg is shown, but the .

conpl enent ary SPPEREOMEe oA P GF N uded by any reference to the
di spl ayed £@rand. SE@E@lmemamﬁdmmsmgtamethwoﬂh@emPwdambr@mﬂno’wkt| d

sequences of . agfm&g&d}gggu%%ﬁ%@ph&{@md& BQUkH&ODI 1 M 7neliloti; respectively
(ratMgene .called a tyrosine or aromatic

SEQUENCE LISTING _
- The nucleic 2nd amino acid sequences listed in the accempanﬁné sequence listing are
o 25  shown using standard letter ebbreviations for nucleotide bases, and three-letier code for amino acids.
| Only one sirand of each nucleic acid sequence is shown, but the complementary strand is understood
tobe meludecl by any reference to the displayed strand. _
SEQID NOS: 1 and 2 show the nucleic acid and amino aeici sequences of an
aminotransferase from Sinorhizobium meliloti; 1espectively (fat4 gene, called a tyrosine or aromatic
30 ammotra:nsferaee in Literature). '
' : SEQ 1D NOS: 3 and 4 stiow the nuc}exc aeld and amino acid sequences of'a
tyrosine annnoiransferase from Rhodobacter spbamzdes (2.4.1), Tespectively (by homology w:th :
a4 (SEQ ID NOS: 1 and 2) predicted to be an “aspartate ammotransferase“ by genomics software)
\ SEQ D NOS: 5 and 6 show the nucleic acid and amino acid sequences.of an _
- I35 ameﬁ*ansferase from Rhodobacter sphaeroides (35053), Tespectively (uovel, cloned based on 2.4. 1 .
' sequence SEQ ID NOS 3 and 4). -
SEQ ]ZD NOS:7and 8 shew the nuc1e1c ae:d 3nd amino acid SeqUEnCes of a

' broad substrate ammotransferase (bsat) from Leishamania major, respecﬁvely :



30 aminotransferase in literature). SEQI11) NOS: 3 and 4 show the nucleic
acid and am no acid sequences ofa tyrosine ani notransferase from Rhodobact er
sphaeroides (2.4.1), resyectively by honol ogy with atM (SEQ | ¥ 5NiBG: 2006 and
2). predi ct @@ mHo1366 an "aspartate ami notransferase" by genowceaissgiise@r e) .
SEQ U) NOS: 5 and 6 show the nucleic acid and amino acid sequences-of an 35
am notransferase from Rhodobact er sphaeroi des (35053), respectively (novel,

cl oned based on 2.4.1 sequence SEQ ID NOS 3 and 4). SEQ WNGOS: 7 and 8. show
the nucleic acid and amino acid sequences df a broad substrate

am notransferase (| sdt) fronLe& nnanta major, respectively. 25 OCT 2006 WO
03/091396 PCT/ US03/ nGs: 9 S0 PR aaagldﬂagmaaeg fifeePlioh BhfCl d and
am no aci d 'sequences an aromati c am notransfterase rom acl | | us
subtilis, respéHWW@Ff?WEQE@IﬁPTBREﬁ“S@E%W@WQhOW novel nucl ei ¢ .acid and

am no acid sequencwm@mamawmhmmw&ae&am&ﬁ eﬂdaﬁﬁm(aﬂﬂ @ehﬂen&aﬁmmmauc

aromat i c. ant not PANEREPAE LD RIS HEe ol Raedie TR lraE PeRie i and

am no-acid §eqmmmﬁoﬁalsf¢m$eﬁl pl e substrate am notransfer ase (rasa) fronR

sphaer oi des (35053) ,¢ E@@g\qﬁ. [[3/31 24%%1{“@1,19961%% 59%9% bst rate

am notr ansf erase by honolo ccession 14743-
16155 and Acce§§¢“5’ﬁ15NEPSHWG%%’2531(P”} iremgeefwemuﬁcﬁﬁfﬁi)srﬂwvﬁs idmefied 3t 2 ner s
used to clone th@ipl sutsids drliboFarReabab}inBRoloH T NQLERANS. AUATO1000@8.), tpaguence.
SEQ D) NOS: - 17l Asth rz]gaaé% g/f dto clone the S rrelllotl tat.4
sequence. - SEQ | rg 3 l(é‘rl mers used to clone the B. subfilis
araT ami notlfansf era%thﬁzwd 16 sEwSEQets ied NGBme @4 B.anidiligD-abiiow pri mer s
used to clone LRGFROERAEHuaRhaer o des (2 4.1 and 35053) multiple
substrat e-am notransf erase sequences D _NOS:. 23 and 24 show priners
used to clone the LSRRI Had &fsS‘E?é”é’t‘m@’édﬁéf?c?@““hgﬁde‘idf”)“’F(ff%q"e’??) and 26
show prinmers used t GEQ NS 89 100 Slaginidetd Bsed Mytloay RO . SulatibdraT SE@RELse - -
20 SEQ.I D NCs: s27 gnd 28 show priners used to clone the R sphaeroides tat 4
sequences gbotie'n "% 1 and 35053). 'SEQ I D NOS: 29 and 30 show priners used
to clone tH col &EM@%M@é Skwemsﬁﬁéwﬂ%th@’wﬁ%hwﬁﬁe@é@%ﬁmé

AE000195.°1, = pr Gheishss ﬁﬂmsleﬁﬁm%@me&mﬁm&%@h&aes No . AAC74014.1). 25 SEQ ID
NOS: 31 and 32 show ﬁ:g)emn c d?g and am no g %E* uences aromatic
ani notransf.erase (ty FW ISI?C'WPFE‘g'ﬁéSc?flf %"‘F’W’fﬁ@g SH FUHE- 34
show pri imers used t GEQIDINOS: pecan. 26 shwlwtpntnyns Bsed e:q:lmﬂmeLacrobachus anzylovo.'w aral

_ sequence. - -

20 - SEQ ]D NOS: 27 and 28 show prnners used to clong the R. spkaea -oides titA sequences

-(both 2.4.1 and 35053), | |
- SEQ D NOS: 29 and 30 show'primcrs used to cIone the E. coli aspC sequence (gene

sequence Genbank Accession No.: AE000195.1 protem sequence Genbank Accessmn
. No:AACTA014.1), _ ,
25 SEQ ID NOS: 31 and 32 show the nuclezc acid and amino acid sequcnces of aromatxc
ammotransfmse {®wrB) from E. cofi, respechvely
SEQ 1D NOS: 33 and 34 show pnmers used to clone the E. coli trB sequence
SEQ D NOS: 35—40 show primers used to clona polypephdes with 4-hydroxy-2--
o 'oxoglutarate aldolase (KHG) (EC 4.1.3.16) activity. : : :
30 SEQ ID NOS: 41 and 42 show the nucleic acid sequences of uyptophanase {tnz) fiom E.
| -calr and tyrosine phenol-lyase (th) from Citrobacter - freundii, codmg for proteins P00913
(GL:401 195} and P31013 (GL 401201), respectively. _
o SEQ ID NOS: 43 ~ 46 show primers used to clone uyptophanase polypepndes and B— :
. -tyrosmase (tyrosme phenol-lyasc) polypeptides. : :
S35 . SEQ ID NOS: 47 — 54 show primers used to mutate uyptophanase polypeptldes and B-
o 'tyrosmase polypeptides. - :
- SEQ. ID NOS: 55-64 show primers used to clone polypeptldas with 4-hydroxy—4~methy1 -2
) ) oxoglutarate a]dolase (EC 4.1.3.17) activity.



SEQ I D NOS: 35-40 show primers used to clone pol ypeptides wi th 4-hydroxy-2-
oxoglutarate al dolase (KI1G (EC 4.1.3.16) activity. 30 SEQID NO% ﬁﬁ@ﬂﬂ
42 show the nucleic acid saguences oftryptophanase (trg) fromE. c50

tyrosi ne pheoalswbisase (ipl) from Ctrobacterfreundii, codi ng.cfrmngghgel ns
P00913 (G :401195) andP31013 (01:401201), respectively. SEQ ID NOS: 43 -.46
show priners used to clone tryptophanase pol ypeptides and (i tyrosi nase
(tyrosine phenol -1yase) polypeptides. 35 SEQ ID NCS: 47 - 54 show priners
used to nutate tryptophanase pol ypeptides ahd (i- tyrosinase pol ypepti des
SEQ I D' NOS: 55-64 show primers used to clone pol ypeptides -

W t h4- hydroxy4rret |.u te aIdIas C.4. 1.3, 17) 4

OCT 2GD6 WD 03/ om%ﬁ’d’}%&%éﬂ%@ 0 miclei i e ob gl o ek ‘%%lh %0’5(/ cho
nucl ei ¢ aci d armkthyh?-nroghiiate ablelqwéme«@s?omfc Zesthoperim xegpediivelyet hy| . 2- oxogl ut arat e
al dol ase (pvoA) fror@ﬁécmwt;%Qfawpmh&m@a%'cmwm:é@@mmh PERRy4 8dentfBo-show

primers used to clone t est ost eroni- 4- r oxy-4-ne oxogl utarate

al dol ase (pro4) e BEHE A P oo St afg?)@PF%FP&E%‘b%@/R%u C. 5 SEQ ID
NCS: 69-72 Show pri nsECGIDUSES! 69-02 sho® Pemdrs useDib clomI Caliampd #d Cl ieddsoohiréiin  pr oA
in pESC— bi s. E%:-H:P NCS: 73-74 show sequences added to the 5.' end of
priners used t& crone the genes disclosed herein. 10 DETAI LED DESCRI PTI ON
OF SEVERAL' ENMBODI VENES IDADY: 8§74shiw sequencrd addied trghe Frrad $fprimesingtociopd thngengsons
of terms and ngihkedsnatig provided to better describe the present disclosure
and to guide those of ordinary skill in the art in the practice of the
present disclosure.. As wused herein, "conprising” means "including" and the
singul ar fafns "a" or * aun‘ETMLEIthESCRIB'ciOIdeFSBVERmEmbnmﬁzmrences unl ess
the context clearly di ct ates ot herw ﬁpﬁc@ reference to
"conprising a protein” includes onéﬁ’glfev Ronf lt‘"y of such proteins, and
ref erence to'"corrpr|1§1Fﬁﬂ“‘t"%e?@@?al‘wﬂsPﬁ%@@@@emﬂ@f@m@édwba‘ﬁh scgibe fppresepte| | s

3 nfl equi vall ent %Jshbﬁe%& to'gﬁf@é/mtlaslﬁ th &dﬁﬂg&mkﬂ thd ﬁﬂn e p&{iﬁt} ﬁftﬁeipre@dﬂﬁhl&&m{r@ ﬁ&sh

nl ess expl ai ne erm se,. a ec Q ntifi,c ternsg. us erel n
hve.the. oot SHESHET B ol S ErEamgRES S St Rap e |

the art toldhi phed Mesmchssd¢saﬂmccwtemle@rﬁ}gtctateszmerﬁds@ Houghmpie rifacse mr‘fcbnmmml al s
similar or equi, ;g,@oke%panchgesfoﬁé)éqpﬂsaitgem&ﬂql REChof - BARE i3 tkid i BB iRAAEL | O

or testlng of t resent disclos et hods and nateri al ar e
descri bed bel owferqqsf%to R EIoreFlls andigrivess me&ﬁﬂmé‘k’aHﬁD%Mé{?déﬂleP%%‘}S&the only
and not ‘i ntended t o 1hgsd elxii[hﬁddﬂ&em@e,hﬂﬁecﬁlﬂaialdaﬂ Qfentif RmadvEitto(ate t@a‘smhae
oo B B Bl kot R S e OB bbb
non- codi ng28egmdheugh n@ods Iamﬂtmmnsly Suaﬂvd mr@gtmka\tfoﬂyS@e&qu@ﬂb@rgﬂvmbehﬁedietﬂ@r m ne

transcription. fpﬁ%oﬁ%é)&tﬂﬁwﬂ%%% bnﬂaﬁlé’&ﬁeﬁoh@ﬁ@ﬁﬁt&@éisyamméschﬁ‘éd%&%@ The

transcription from-nesse extracted fr
N P materials, methoc{sl and examples are illustrative only zmcI:«In not mtenged to be limiting. Other features

9’@

and advantages of the disclosure are appa:ent from the following detailed description and the claims.
. ¢DNA (complementary DNA): A piece of DNA lacking internal, non-coding segrments
| '25_ ~ (introns) and regulatory sequences which determine transcription. ¢DNA can be synthesized in the
o laboratory by reverse transcription from messenger RNA extracted from cells.

Conservative substitution: One or more amino acid substitations {for example 2, 5, or 10
residues) for aniino acid residues having similar biochemical propertiés. Typicaily, conservative
substitutions have little to no impact on the activity of a re'sulﬁngpolypeptide. For example, ideally,

30 a tzyptophan aminotransferase polypeptide mcludfng one or moze conservative substitutions tetains
o trypiophan aminoteansferase activity. A polypeptide can be produced to contain oné or more '
cbnsérvaﬁve suhsﬁtﬁtions by manipulating the nucleotide séqﬁencc that encodes that polypeptide
" using, for example, standard procedwas such as site-directed mutagenesis or PCR.
Substitutional variants are those in which at least one residue in the amino acid sequence has
.35 be.en removed and a different residue inserted in its place. Examples of amino acids which may be
o - substituted for an original amino acid ina protem and which aré regarded as conservatwe _
' 'subshtunons include: Ala substituted with ser or-thr; arg substitated with glu, bis, or lys; asn
‘substltuhed with glu, gin, lys, his, asp; asp subsnmted with asn, glu, or gin; cys substxmted with ser or
ala: oln substitnted with dsn. gl lvs. bis. asp, or arg; glu substituted with asn, gln lys, or asp gly. .



Conservative substitution: One or nore am no acid substitutions (for_exanple
2, 5, or 10 residues) for amno acid residues having.simlarbi héht LGl
properties. Typically, censervative substitutions Qave little to no inpact
on the act WPy resul ting pol ypeptide. For exanple, i dpebipos/Rssa
tryptophan am notransferase pol ypeptide including one or nore conservative
substitutions retains tryptophan am notransférase activity: A polypeptide
can be produced to contain one or nore conservative substi tutions by
mani pul ati ng -t he nucl eoti de sequence that €ncodes that pol ypeptide u3|ng,
for exanple, standard procedures such as site-directed nutagenesis or

Substi t uti onal ekl oAk fs LASEA WAL Gh eBlrd GRS sBBRIRAR AL éfps ari no

acid sequence has - béen renoved ferent residue |nserte its
pl ace. Exanpl eéeuélfbsﬁ‘fﬁdﬁﬂﬂlé'é’l% "%‘lfﬂhﬁ;ﬂysﬁﬁi?‘l!i%t"d Wihtrs gluyge fisraes mﬁﬁ“‘tﬁ?@‘@‘i‘ﬁ&‘!
ambno acid in ge, nﬁhpaaepm Iﬂ;edlbwimﬁmnﬁru@, thegalidad 1@&@@1&&%&6\&&1&@ Sla, g ]
su stltut|0n3| C st t g ,sul tit wi t
gin, his; | S5 Li%1""1‘&1‘0’6rb'3'§a§ fbrﬂf lé’ﬁl E%tvﬁtw&#’e tyréi’ St?hi}%d’mﬂll%’s PE& SR E'P ‘E"“?
subst it ut ed5vv| mst@swwx@mt,ﬂ@ieugl n, cys substitut ed with ser or aI a: On
substituted with as @mhahhfkmﬁaa&b&yt SoyeePR e 30t caB b SRS L R Wil 35,
gin lys; or asg CI/ US03/ 1258

substituted wi FP%SEMH‘? é’B‘écéﬁﬁ’glt 1@93‘?’63 1%7? P’Pﬁéﬁ e“F y EGeng{7237-4}. 4989 pphin-g| e
substituted w tbrhk@w,,(Pmtn Scz\/ahzto-?ptyw),ziadamlauzt;%ﬂlb/u*whﬂﬂog%iimxtﬂ, eggwo, val,
phe; 1ys subst tituted with

ile, lea, val, b@ﬁ@& (Sﬁfg es‘ifgsr@ it %P‘gaﬁd'%ﬁ"ﬁks of Bénct{cf/gﬁnf?‘eefm“% ?Oc%r | eu; ser

subst i t ut el wi t h -t hBxogerogs: Thia term Smbrs:haut’Las extd irditwilerefoncedd rmclel pgid mdbst i t ut ed
with-phe, tyr; Mc‘h]alsééﬁ) ?etférsttb's.tﬂ‘jméfélé J&ld%a%docm%ng%te%ﬂtha%cﬂlﬁl celPasThiRS Il t Ut €d

with net, |Ie Further i nformation about ¢ nservatlve substitutions can

be found in, aﬁ"ﬁ‘ﬁﬁ T Bfe-eirelly-poghrEne nuplein aqelis conpidesgd tape exogenous 9.3 cplkgupey |

169: 751- 7, 19811);rodu@d%cgﬁélceﬁi Nedleic acil @arie nafifs1R 3écubibg aﬁ&&g])q exOfhdu8 to a-E@ﬁ:lbﬂﬁt
at., (Protein .24 1994 Hochul ?Q_QM 321-5,
1988), WO 00/ gﬁc}i?B ?3 Mfm% %hk N I?O%ateg%ranéceu %\g(eg?(nr%% Fé%é%‘lccs and
mol ecul'ar btol WM@PEX@geﬂkﬁﬁBmﬂﬁh’@nﬁeémmm@@mﬁm@da@dH%fe‘éfs PPélr ein with

reference to nucl e Fmﬁﬁbrﬂllﬁﬁﬂuﬁienpa-fa% éﬂe@rﬁva@ﬁ{ﬁundh@ﬁ qaa]emtmyam%ﬂ c acid

t hat does not ate, from ul"ar ce nat ure. Thus,
non- nat ar al | y- SEEAFY AL PID e RIS mEP Gt S oMb RB BRI T67% ool |
once i nt r oducBet ekairpls, flnlmeoxmbelqhwaldﬂtscchﬂae@maxdectbytshmnce aiteraattmmaahlegzme:{ewemeng
also can be eXQaEROHS bR Bl &yﬁagg wenfhbprichileroffX AiBLEn oAk el fepgice,

chronosone_i sol at ed ma ce dson Xi s an exogenous nucl eic aci d
with respetd tE}’G]athétéqfﬁa”éﬁfﬂsﬁ@@%aWV%é%aEWﬂwgw aferdeige®d into

Y's cell. “Fu nﬁhmméwaiéﬁt&aﬁak}@mlmy lﬂa;uﬁv@@trwﬂopﬂmb ihadieBpyriiaRcti on. I n the
context of an enzyng, qui.v i ncl.ud f erent

t u
mol ecul es that retaff "‘P{?Sé gﬁh%?"ia tF%?ﬂ”“t"H% eelﬂlg%fﬁ’éo miE—e es‘)’?ﬁ?'r‘f)al%e eﬁ‘g{ﬁg‘f”is’onal
equi val ent's camlduenspﬁmmnkeﬂhnbym@mdmwnalluemma gimenglypapliderpmds@quence,
wher ein t he pegﬁm‘; ammnéa&ﬁaaﬁm ?&Wﬁlaﬁdlﬁd%@&d:&%%@ ahie @ function

of the unalfered pe retains _Its enzymatic activity. In
a particul#t efasis eqwaalﬁqt ?ﬁlp@ﬁﬁﬁdcaﬂaﬁ%‘ter%w@l% sPeiisEt S aRPRE 4 ent
retains the abthhtlcﬁxybeh&d@ﬁ't‘d@éﬁtmtplay@&ﬂﬂﬁliﬁ@pebﬁiel Bﬂﬁé ExadpPY RindtBhe cquisxiadrpl es  of
gﬁggf{‘fﬁt ?thratl' er,e? ;ggpgl 95 e{emt eblrdemg][s‘%hme; Qrmtu 5, NHPRAR AR oé(ﬁl?a

1 ons ranes and |nsert|o
exanpl e a gi V@F@W@‘péﬁﬁ t e pppiidesseangnes is MPELANDLGL {amino acids 1210 of SEQ ID NO:

' 12) a functional equivalent includes dlsconbnuous epitopes, that can appear as follows (¥¥=any

30  mumber of intervening ainino acids): NH2 -+ M**PHFEHL¥* AWNMDHLIHGHL-COOH. In
- this example, the polypeptide is functionally equivalent to aminoacids 1-10 of SEQID NO: 12 if the
thiree dimensional structure of the polypeptide is such that it cen bind a monoclonal antibody that
* binds amino acids 1-10 of SEQ TD NO: 12.
| Hybr:dlzatwn The term “hybndmanon as used herem refers to a method of testing 1 for
35 complementarity in the pucleotide sequence of two nuclelc acid moiecules based on the ability of
h ‘complementary single-stranded DNA andfor RNA to form a duplex molecule. Nuclelc acld
| .hybndmatlon techmques can be used to obtain an 1solated nucleic acid within the scope of the =
- drsclosure Briefly, any nucleic acid having some hemology to a sequence set forth in SEQ | ID NO:
1l canbeusedasa probe to 1dent1fy a similar nucleic acid by hybridization under condluons of '



anti body, and a functional equivalent is a pol ypeptidethat binds the sanme
anti body. Thus .a 25 functional equival ent includes peptides tgﬁtﬂ Jg?ﬁgg t he
same binding specificity agpa.pol ypeptide, and that ggn be us E\

reagent " i nyphaseahkod he pol ypeptide. In one exanple a functipppls@gkagal ent

i ncl udes a pol ypeptide wherein the bi ndi ng sequence is di scont i nuous,
wherein the-antibody binds a |inear epitope. Thus, if the peptide sequence
is MPELANDLGA.L (amino acids 1=10 of SEQ I D NO 12) a functional equival ent
i ncl udes di sconti nuous epitopes, that can @ppear as follows (**=any 30
nunber. of interveni ng -am no aci ds): NH2

S EF MR PR KRR xR Ax K NF Rk | x ok (G OOH.... L n. i.S e anp poI t'i.de IS
functional ly ed‘l?d%?t@mghf%n%f‘ﬁyh “cg%gf_fléﬁ ‘ir&fﬁm TS f)““%f)p“‘%d’l ‘fqu » dhr ee
di mensi onal st mmmwdwmmnehqﬂatyp@mmsaogets‘ttkclprasdnahsclotuman bind a
monocl onal anti body ﬁybx%zauéﬁ' %ﬂ%d@ﬂ@ B Roehs Jlrﬂ% afdlysRiFaby

N RNA |
Hybrldlzatlon The term’ lé i zatifon" as use ereinre to a nethod of

testing for 35S FeErvefvelrthat hybrifizes e nibed BrgProbeces Eﬁiﬁ@‘f‘éé’“‘bﬁmf’% nucl ei ¢

ac:]I ;i rmlRﬁzus es digdagath, @ﬁblﬁpﬁ&d@btdﬂa&ﬁsd&fpe s@pmpemm ¥ g hbeastyransad DNA
and/ or to

cul e. Nucl.eic at t echni ques
can be used to %ﬁf"ﬁ?"ﬁ‘%ﬁdﬁly F‘c‘??ﬁitﬁ‘{ ':('é:‘d‘g ﬁ‘??&qs%#g"lél _“‘t}delgﬂl ‘Ff)é%rﬁéeglé"é”étﬁéq@P % he. o
di scl osure. Br inelbﬂ,y;oﬂan§n1mﬂmh®1bmn¢aam@yhalw¢1giﬂsm;eummsmﬁ sogyard lechaigeegeiénce set
forth in SEQ | Ralfihin tuddn &lks ettt BuibloR8.7ls0 of Bt o2 (BRI GLuRHC! € C
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Isolated: The ferm “Iso]ated” as used herein with reference to nucleic dcid refers toa
naturally-occurring mucleic acid that is not imrnediately contiguous with both of the sequences with .
- W30 wﬁjch it is immediately contiguous (one. on the 5° end and one on the 3’ end) in the patially-
~occuming genome of the orgamsm from which it is derived.. For exa;mple an isolated nucleic acid
can bg, without lnmtatmn, a recombinant DNA mclecule of anty length, pruwded ong of the nucleic
- acid sequences normally fou.pd immediately flanking that recombinant DNA molecule in a naturally-
oceurring genome is removed or absent. Thys, an isolated m_lcleit_: acid includes, Without li_mitatibn, a
35  recombinent DNA that sxists 2s a sepatate molecule (6.8., 2 cDNA or a genomic DNA fragment -
| ‘produced by PCR or restriction endonuclease treatment) independent of other sequences as well as
recombinant DNA that is incorporated futo a veotor, an éutonomausly feplicaﬁng plasmid, a vu'us
.(e £., a Teffovirus, adenov:rus or herpcs virus), or into the genomic DNA of a prokaryote or -

‘ eukarvnfe Tn addition. an isolated nucleic acid can inclade a recombinant DNA® molecule that is part



formarai de, 10% Dextran sul fate, and 1-15 ngl nL probe (about 5x10' cpnl pg),
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consi dered an FEBEISAE AERWF Wddiers necesryy fqpip byape ?P83 c-cprigs TegiPns 1 g 89 ¢
aci d" as. ugsd haties Mmenconpasses. both RNA and DNA i ncl udi ng, Wit hout

i taton, DA ORAm iR ons YIS ol Sl GHRIL SELpK, SRLREST 2)

DNA. The.- nucl eic acidcan b Yran or Sin ere
si ngl e- st randedIanth@ﬂtS thereof.: Inaddmon, analogues (Ilon-PBptlde organic molacules) derivatives

(chernically functionalized pcptlde molecules obtained starting with the disclosed peptide scquences)
and variants (homologs) baving the desired enzymatic activity can be utilized in the methods
' '_ 230 des’cﬁbed herein. The peptides disclosed herein iﬁchide a Séqueuce ﬁf amino ‘acids, that can be either.
o L— and/or D- amino acids, naturally occurring and otherwise. o
Peptides can be modified by a variety of chc:mcal techmques to produce denvauvcs having
* essentially the same activity.as the unmodified psptldes and optionally having other desirable
. properties. For example, carboxyhc acid groups of the protem, whether carboxyl-terminal or s:de
- 35 cham may be prowded in the form of a salt of 2 phaamaceuncally-acceptablc Gation OF estenﬁed to
| forma 1-C16 ester, or converted to an azmdc of formula NRIR2 wherein R1 and R2 are cach '
) mdcpendcrrﬂy H or C1-C16 alkyl, or combined to form a heterocychc ring, suchasa 5- or 6- .
membered ring.. Amine groups of the peptide, whether ammo-tcrrmnal of s:de chain, may be in 1he
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nucl eic acid can be the sense strand or the antisense strand In addition,
nucl eic acid can be circular or linear. 20 Operahly I|inked: A7 §ilC$t2Mucl ei c
aci d sequence is "operabl y-wi nked" with a second nucl el acid sequence
whenever thwofgragtssnucl ei ¢ acid sequence is placed in a funggromsig2sss
relationship with the second nucleic acid sequence. For instance, a
pronoter is operably linked to a coding sequence if the - pronoter affects
the transcription of the coding sequence. Cenerally, operably |inked DNA
sequences are contiguous and, where necessdaiy to join two pol ypeptide-coding
regions, in the sane 25 reading frane. Pepti de Modifications: The present
di scl osure i ncl e RfY TR ARl ona SUALAE L Gy SURBALIBRL SyE IR GOT - 11
addi ti on, anal ogues .(norn-p € organi c m)f ik 533 erl vatl VES
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al kyl enes. Thio
wel | - r ecogrifz ecbbpmetoplerd ingl idglinad dhressiiratusions] fbﬁetuaimf fie styrionbequienistda ski | | ed
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into the peptides 10 of th di scl osure to sel ec gsgqn Fﬁg % rrratlonal
constraints to "E’W@t%’f‘?ﬁt&‘t"&ﬂd@m@ Frdbvatedusipg pompter aéﬂ?‘i?fr‘?t‘i‘@ YY), Seqplers,
exanpl e, a C OCobpitcpiraisndModslRg efmregscwlmmddaﬁkote@(eﬁh)wmmwdm so t hat
when oxidi zed t f o clic
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peptide. O her pepti ho s- tnclud or mat’i on t hera
and car boxys- Jieicigles of Bhafr@chabgyal 99@, bepen &AL, for descnpnons of techniques used in CADD

Also mcluded within the scope of the disclosure are mimetics prepared using such techniques. In one

eaample 2 mimetic mimics the enzyme activity penerated by an enzyme or a vanant, fravment, or
fusion thereof.
Probes and primers: Nucleic acid probes and primers can be prepared readily based oﬁ the
30 ammo acid sequences and riucleic acid sequences provided herein. A “probe” includes an 1solated
nuclem acid containing a detectable Tabel or reporter molecule. Exemplary labels include, but are not
~ limited to, radicactive isatopes, 1i gands chemiluminescent agents, and polypeptides. Methods for |
labeling and guidance in the choice of labels appropnate for various purposes are diséussed i m, for
_. example, Sambrook ef al. (ed) Moletular Cloning: A Laboratory Manual 2nd ed., vol. 1-3, Cnld
35 Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989, and Ausubsl etal. (ed) Current
- Protocols in Molecular B1010gy, Gxeenc Publishing and Wﬂey—Intersmence New York {wn‘h periodic
- updates), 1987. ' _
“Primers” are typically nucleic acid molecules baving t_én or more mucléotides {e.g., tincleic

. acid mnlecnies having between about 10 nucleotides and about 100 nucleotides). A primer canba:



esters. 15 Peptidom nmeticand organom netic enbodi nents are also within the
scope of the present disclosure, whereby the three-dinensional grﬂr ?gﬁ;@ment
of the chemical constitugets of such peptido- and organomi ni_eti ll;l t he
t hr ee-di'nenwi(mmbx@grangerrent of the peptide backbone and %ﬁp@%@}ﬁﬁ@m no
acid side chains, resulting in such peptido- and organom netics of "the
proteins of. thl s disclosure having detectable enzyme activity. For
conput er nodel ing applications, a 20 . pharmacophore is an idealized;
t hr ee- di mensi onal definition of the structweal requirements for bi ol ogi cal
activity.. Peptido- and organom netics can be designed to fit. each
phannacophore W th curr t _conputer del i n oftwar r.
assi sted ding d8&GROSEE0 larydget fgjeregpd steand dé@’é’ ‘ﬁ% ﬁfbﬁ'@ of
Drugs”, in Kl eg:emmarth@rﬂﬂomﬂle(t@&ésnu)zlelcE&ﬁm&nﬁmﬂtﬁmaﬂeﬂdﬁl@g ia tbrgpUacleid &G8,
I nt er pharm Pre f ed.),
ssﬁ?,nd%g fétae!(é?npg OBRaA fl)lgmerﬂ‘%ﬁol%} rréﬂdz 4’Prﬁ'§i? Faqg ]g:anl%g éseli By Qat&or{

.25 Principles o ar macol ogy, escrj ptions of
t echni_ques. used ARdEREEA sequgmps §T PREPGMS theRplyReTese s %WP@)%H@IH%@@I- osur e

are mneticg prﬁaamgmcmhﬂgmmmv&%m@mues I n one exanple, a mnetic

m mcs the enzynme activit ener at .of a variant, fragnent,
or fusion thereof. C%?ﬂﬂ) %’%ﬁﬁr’?ﬁﬁnﬁﬂﬁ“@%’“ﬁﬁ TR I"éﬁEPkpf”l mers can
be prepared 'reaéfbdegcemeeed Sanbredher al&al)azvmmlaaelionin@equeumesl\@um mdetevod. 18¢i d

sequences. pr ov! AR RRr By L horRE K, oSSRl Oﬂ%gé .ad ubél‘éﬁ{ 245, Gl

cont ai ni ng a detect rep orte

i ncl ude, but arPéot?f@%smMplPﬁU%ae@OXO@a GfealmPe%leklPs/@d N@Bf{a%%nenqe P&amsk (with periodic

che gl | um nggc ﬁ Ripda@R 148T; an@ Dis POV YAIE PR B tocdih WRGE 16 MEthods alded ppitgticas) d
gui dahce .int

(o] opriate fo yari ur poses are
I sonsced n. "raspticH g s DR PR RRIBhuBR b diic B8R o RS BsSRe O 1
Labor at ory Man Lradmpdn by wihz conpoler pragr@ns iBeaidel fBBh@p!npmgsuHaﬂlfmnﬁﬂ_(ﬁtremeﬁ B9, ess,
Col d Spring Harm{eheah\knafme é?ﬁi%me@aaﬁameﬁhm%e%séﬁ%& of ERE art JAf OL OCOI S

in Mol ecul ar Biol ogy, eene _Publishin ey-Interscience New Yor Kk
(with periodic apmffaaﬁ%jhe SpeggeAty of ﬁ%ﬁ@robawﬂevwemwhﬂe#e%

nmol ecul es Navi REpbk erwimer@l fuoRuciiedomd - Eeziligsequetiid ¢ sequencemuﬁoﬁamas}eecul ec

having between ahoul Stk 952, SBRU o B TUELEAAARR) son DuRRSTET CBN
2 ﬁnfn 2rreOEtTar23 Oté;;zg%tf gégﬁ%z%%cw &aggq%%zﬁ;o{gw nereg‘%f @lxalﬁdmﬂg(igqsdﬂzlam e too
forma hybrid Jbgh @t&sb&ﬁic aﬁd]ﬂmh@ ntb%Eél&tcdﬁidf?doﬁ‘nbz%eﬁ&é!anﬁ)ﬁerﬁJn@b 25and
ol yrer ase. pol %h@%?zfﬂb@ % qaw%%aﬁq TR MR e
nucl ei ¢ aci2G seouEnHE eqo, $50y 1086 a030] B0, 1501 1200, 12480y 100,439, 1406,i1A50; BaC 15BN HRCR)

or other nucl e'1%5(1517%8'ﬁsf@mb'lfs%(ﬁ?&ob%ow%sb%@oeggr%y%od azstohgo@rz&so 42(86 B&GS for

preparing and risfn es an $r|neré are for exa
references sucR@s2: &%9%%@0&70% 750,280, $850,1430% 3P0 30503 18P BA: 32A0 @?80?3% sory
Manual , -2nd. ed.33s0y 8o, 33503 3500.8850(368p. 36513708, 3760, 3408/ 335@ BEULY408, e@sa,,anéh;)hpkosprl ng

oy, "o cendii gl P aslprb i ssh et R AR o BAESHRSL, o
10 updat es25 13850, SHAG15075A08, 550, 5800, SLBLISI0P. SAFICR Rrotosoitivs nylle@disde t 0
Met hods and Applic at}'r@nﬂ&er An amay of nucleic acid control sequences which d:rect transcnptmn ofa

- nucleic acid. A promoter includes necessary nuclejc acid sequences near the start site of

transcription, such as, in the case of a polymerase 11 type promoter, a TATA element. A promoter
can mcluda distal enhancer or Tepressor elements which can be located as much as several thousand:
30 hase pairs from the start site of ranscription.
- Purified: Theterm “punﬁed” as used herem does not reqmre absolute punty, rather, itis
intended as a relative term. Thus, for example, a purified polypepnde or micleic acid preparation can
- be one in which the sub] ect polypeptide or nuclelc acid, respectively, is at a higher concentration than
the polypeptxde or nucleic acid wuuld be in its natu:al anwronment within an organism.. For example
35 apolypeptide preparation can be considered punﬁed if the polypeptxde content i the preparatxon
- rcpresents at Ieast 50%, 60%, ?0%, 80%, 85%, 90%, 92%, 093%, 98%, o1 99% of the otal protem
’ content of the preparation. '
Recombinant: A “recombinant” nuclem ac1d is one having (1} a sequence that is not

. nohﬂ“n“w Aermrving in ﬂ'\P oreanism in which if is extressed or {2) 2 seanence made bv an arnﬁcml



Academ ¢ Press: San Diego, 1990. PCR prinmer pairs can be derived from at
known sequence, for exanple, by using conputer prograns intended for that
purpose such as Primer (Version 0.5, 01991, Whitehead Institut®) DOT 2008

Bi onedi cal Research, Canbriegége; Mass.). One of skill ik the art will
appreci at e ﬁﬁﬁﬂmﬂﬁﬁﬁspe0|f|0|ty of a particular probe or prpoBNUSIIILSERASES
with the length, but that a 15 probe or priner can range in size froma
full-length sequence to sequences as.short as five "consecutive nucleotides.
Thus, for exanple, a priner of 20 consecutive nucl eoti des can anneal to a
target with a higher specificity than a corlfesponding priner.of only 15
nucl eoti des. Thus, in order to aobtain greater speC|f|C|ty probes and
priners can be c%ﬁinﬁ'—:fﬁb@&t%@@tﬁerﬁi@ém a’rﬁ@bshm egﬂéﬂéép “Fhis atifhcialddmbifation is 3Ren

35, 40,50, 60,. 70, 80, 90, 10 0, 250, 300 350 400, 450, 500, 550,
600, 650 700, ayc@gxp lishesl %@bﬁnﬂ%@n@@@ o, 551§ cow by the artificial manipulation of isolated
1050, 1100, 1150, s260ts Ameleit 3600, 3B pehdQnghirkbihe 1o BquiS 5Rschiibifant” isldd Qsed 17 00,

1750, 1800, 1850 Q 1 200 0, 2 2350, 2400
3430, 2900, oo AoLm et RhER R g A0 EA S iR

3050, 3100, 151506%“3@8(}6@‘@@5@%619@@@reglomaremnﬂ@msm@@@wméﬁww@@@@%

3650, 3700, 375Q.:3&00. 3850, 3900, .4000, 4050, 4100, 4150, 4200, 4250, 4300,
4350, 4400, 4450, 4500, 4550, 4600, 4650, 4700, 4750, 4800, -4850, 4900,
5000, 25 5050, b510Geaispesidentig Jhenimitydboen 53w gcid sepesnocs 5 FERErsseg fo e of the
consecutive nu cshﬁﬁhﬂy H&&eenlﬁfc@éﬂﬁérﬁés, oﬂAﬁﬂ&l‘rﬁ&ﬁdﬂ:fas Euqﬁdnea ld‘enﬁi@l slsqﬁanmlﬂ@hty is
sequences whic ct transeription ac p t-er includes
necessary nucl gffg aﬁéué Ueheas pr%g?tagfhdamqng eoroqmloﬁ)ath%omngmr% I%mmtsuch
as, in thel®as éh@florﬁﬁﬂpﬂﬂf W%@e@.@ 2y @bmpbmmnts of a Patide, alckhsnSHR ID NOpihnot er

can include di shakbss Eﬂﬁﬁﬁ%ﬁﬁgﬁeg&e&@&tﬁ%ﬁ@hﬁdﬁh@%&taﬁgﬂéﬁ'hs@d@ sﬁﬁﬁrd%thb&c ated as
much as sever al tho;@%&g ase hpal rs 't;)romt e starf]%smeﬂ:i v
transcription. Puri Gﬁ?gg“fné EAf Semighaes forgprparison P IR IR B35k &V 2HIBE P8 ui 1 e
absol ute puri t yand sligtrver glgdrithnis sze déstribedietnithemdWatednan, i4de 4brd thiath. THERS 198101

exanple, a r e
uhi ch the sub ﬁ%‘jﬁ%ﬂy@%ﬁﬁ@f’ﬁﬁﬁm'ﬁ B B BT R B, R S0, 0

concentratildn 82 3&%’%8 possasapt Shere. e WrSi44.d Reilgeioad §Pﬂﬁ’ecfﬁ1’0$§%51r§aﬂ ral
envi ronment Wi tcgat cddl., @At S Resedrlf 168888Y30.8 9853 End gdbePEPNbAIe Glef PAISBIY, ON
can be consi derggl4 purified if the pol ypeptide content in the preparation
represents at ast 50% 60% 70% 80% 85% 90% 92% 95% 98% or 99% of
the total protein dbaNERIBwk LodabsliznepaBatchGool (FRSSATD(Mmeltl er &, Vrdéd iddi2dgnt

nucl ei C aC' d i 51001@% ﬂ%\/ﬂﬂgﬁe £do) se@eraﬁ@al&b%pﬁl@lu&)kﬁe NRioRPEenter for ﬁﬂ){mﬁﬁﬂbgzr"lnibrmah
nrrnrri’ 2@ the nr anm smin whir. . iis exnressed nr | 2) a seanéence
r

m de- bv an 44 t iFFEs By ?dasN%FdQE@BEt% ForuamosTRsClioe AR A FepesEnalysis programs
conbi nati on of b, th,eﬂmsmasﬁﬁa&ﬂ:aﬁfﬁd shorter sequences. This artificial

conbi nati on i s of te,.accaupldahed by Al 8l SULhES! &« SHRLSGOITON! V.

by the artificial manip seg nuc e.g.,
by genetic engiidredly Pfﬂgteli evietihg iqlhbsg‘rh 3mmﬁ1wnola§daﬁq8®°q}!§@whﬁﬂwkﬁééﬁér| be

hucl ei'c acid m@lcﬁgkyﬁae@mahﬁ@ertmfa@mtptaﬁsae@rmEdn@hxﬁbﬁsmm &mlsaﬁ,&dmbgtsat&ont ain
the sanme 5_regul at or

e nd_cod |n i ons t .ar 0
or gani sm: ‘#8m W&W‘P“{%‘?é (?T’égr % E’Eﬁt LRSS %ﬁfséﬂlp Toyg Hﬂ’&‘fgeeg 1 ﬁéﬁ’rﬁ] 62The
simlarity bet wseaixsemns Mumpmdne&ﬂq@g@“axB&nde Soseofpl @8d@ebr fesidue gaprstof 1) When -
ahgmng short peptides (fewer than around 30 amino acids), the alignment is perfomaed using the o

t"l:l

Blast 2 sequences function, employmg the PAM30 mairix set to default parameters (open gap 9,
extension gap 1 penalties). Proteins ﬁriﬂl even greater similarity to the reference sequences will show
: '30  increasing percentage identities when assessed by this method, such as at least 80%, at least 90%, at
 Tedst 95%, at least 98%, or even at Jeast 99% sequence identity. When less than the gntire;séquence is
* being compared for sequence identity, homologs and variants will typically possess at least -80%..
sequence identity over short windows of 10-20 amino acids, and inay possess sequence idenfities of
__ at least 85%, at least 90%, at lsast 95%, or 98% depending on their similarity to th_e' reference ' |
35 ~ sequence. Methods for determining sequence identity over such short windows are described at the
website that is maintained by the National Center for Bwtechnology quoxmahon in Bethesda _
'Maryland. One of skill 1 n the art will appreciate that these sequence identity ranges are provxded for
givdance only; it is entlrely pnssible that strongly 51gn1ﬁcant homologs could be obtamed that ﬁIl
. outside of the ranges provided. ‘ K



simlarity between the sequences, otherwi se referred to as sequence
identity. Sequence identity is frequently neasured in terns of percent age
identity (or simlarity or honology); the higher the percent 12

simlar the two sequencewware. Honol ogs .or vari ants«ef a pepti g suc as
SBQ I D NO. ®De3/se¥sess a rel atively high degree of sequencepdggqilibikswhen
aligned using standard nethods. Methods of alignment of sequences for
conparison are well known in the art. Various progra and alignnment
algorithns are described in: Smth and Waterman, -Adv. Appl Math. 2:482,
1981; Needl eman and Winsch, J. Mt Biol. 48:443-53, 1970; Pearson and

Li pman, Proc. Natl. Acid. Sci. U 15 85: 24« 4 8, 1988; Higgins and Sharp, Gene
73:237-44, 1988; Higgins and Sharp, CABI 5 151-3, 191 Corpet et al.

Nucl ei'’c Aci ds Research 16:10881-90, 1988; and Altschul et al., Nature Genet .
6:119-29, 1994. Thesimmeths-;aabﬂ_wm dcwdmngﬂﬂementﬁﬂaqn@hdeﬂ%@mf 2 mBleRST M)

(Al tschul et aL sequ]cnce Mala parﬁlum axan%ie?a homgl usjs et i ﬁﬁxﬁyﬁla lnﬁlbé £ ut:r'fc@ @ﬁcﬁlﬁve{)al
i 0 ecC

sources, includin nter 2
CNCE  Bot hos da s R S R e e (S wg%%%?é‘?e‘rcﬂ a2
sequence anal yspruwsp e ragidye is briesarediin bofhlseaudnges. The pesdent seqpenteddontity iadetbritpt hs t X
gg(ryl ants of g pglp:th?giee @heerbmcﬁ@klwrbgherea@{@m Z8idndd Yet faﬁ@&&e%ﬁﬁeﬂ ?L | east

o sequence identi ve n e am no
aci d sequence ufi ﬁ“cek'ér/%%%@ ﬁ(gllgs‘frs’y? %cu}ategbfﬁ%lp%’ g’sf‘ﬁm o 'f"cl“\é\%e? Hul t
par aneters. For ﬂle'eqmldrqmﬁm%moff sequpricegt fordy infanddspfifiehee egncef follprediyapltipiGng than  about
30 ani.no acids, redimg Bhasy 10 ilﬁr;fememfefdm&sb@&eiéﬁatmmieeyaedmyﬁlemglgﬁem]e def aul Ej
13LCSLIMG?2 matrlﬁgh st tQ gQ]B Oai'rpt%ros o} %] étence Cspts& 11, an

& ({uer?: sf zil{ 1s pl:rr;| ?ntica ? uase%u g

a per reS|due g ewer than
around 30 akno SHRIEAN 1 6hel 6 EHABRTS Dot ieser Brkfiseeest srgorergentighasis 2

sequences f unct koDiied 1@ D heitst Roh.t HoeexkANB G MBS 112, X5. Bednd wnmbe&ﬁﬂbldaowpar'anet ers
(open gap 9, CHhRAS &50% 228.14, 72803k b4, 1@%11{‘& a4 tewz% st 3 n GBIk AL BT

simlarity to the ref grence sequences I NCr.easi_ng Eer cent age

identities mhen%?@’saé"@éis Y5n IpiRges I?I‘E'P‘hﬁﬁf‘am%'ﬁéﬁrgé?"qéﬁmﬁ cé‘ﬁg‘l‘“gs“@@/d‘“c PP east  90%
at | east 95%  atiol thasizn D880 onica@tienudbtidecinstan Sdisiseuence fdldertainya When

I ess than the enbinf e hQEH4GRER: seqamcéq&nngm%nw&@seﬁeﬁcegeqwemmaéﬁﬁntI ty,
honol ogs and varitants will typically possess at 0% sequence identity

over short wi ndows of 10-20 am no acids, and nay possess sequence identities
of at |east 85%rdat Jequsnce90% at APFESICTHEFTCHITCD8% dependi ng on their
simlarity to the reference 35 seqyefncer| Methops for determ ning sequence

|dent|ty over sugh.shait i ndows apg-deschiRed..-al the website that is
mai nt ai nedO%é t he ﬁaﬁ ona%M“Oent er- }f;o Bi ot echno‘? Information i n Bet hesda,

Maryl and of ski Trecifigpindipg agsplt Appgept thapinsapable ot S@“tfﬁ% bipdinedpeny glidifence
i dentity ranges paypeptifirdeactilge thrding Exarrgyled ickhrde Gurana hat fimitdd td, pohelatal sngbodiepossi bl e

that strongly snng.muzdaemuod,a%nmaﬂgﬁmﬁ% thoREigh! AvaGeh), kldagdidds br mapdtlogd de  of

the ranges provid 1091 96 PCT/I 4 Simlar
met hods. can be ﬁ‘ﬁ'g‘%‘ef %ﬁ’o‘aégé[’rﬁ‘t‘i(ga’ea“f’ﬁé%@?%éﬁ?gﬁﬂﬁeﬁ%égeptﬁﬂ’ﬁéf ?%ﬁpeﬁfﬁcal nucl ei ¢
aci d sequence. birdingde papitopitugl pobreatiot- €, a honol ogous sequence is aligned to

a native seggence, mb$d;betotuagmegtlde§romﬁ@e§(@egﬂetsaxamn@edmmmabwl ng the
nunber of positi ons, ol am.na..aci d residue is

nt I
presented in bofH sesmoﬁuﬂgondef'g%mi‘ %@'ﬁ’t y“’%eﬁﬁ*‘e"r‘fﬁ"e"‘“‘f‘a Fdetwmdseq?fect erm ned by

provided herem allow for the produchon of Spe(:lﬁc annbody-based binding agents that recognize the
poiypeptldes described herein. ' :
. Monoclonzal or polyclonal antibodies can be produced to the po!ypeptldes, portions of the
30 - pnlypeptldes, or variants thereof. Optimally, antlbodles raised against one or more epitopes on a
- polypeptlde antigen will spec;ﬁcally detect. that polypepﬁde. That is, antibodies raised against one
particiilar polypeptide would recognize and bind that particular p_olypeptide, and would not
.'.sﬁbs'tantially recognize or bind fo other polypeptides. The determination that an antibody specifically
 bindstoa partieelar polypeptide is made by any one of a number of standard immunoassay methods;
. 35 forinstance, Westem blotting (See, e.g., Sambrook e? al. (ed ), Molecular Cloning: A Laboratory -
“Manual, 2nd ed vol, 1-3, Cold Sprmg Harbor Lahoratory Press Cold Spnng Harbor, N.Y., 1989).
- To determine that 2 given antibody preparatmn (such ag & preparation produced in & mouss
" agamst a polypeptide having the amino acld sequence set forth in SEQ ID NO: 12) spec:ﬁcaﬁy
' detacts the appropnaie polypeptlds (eg., 2 pOIypotlde having the amino acid sequerrce setforth in



5 dividing the nunber of matches either by the I ength of the sequence set
forth in the identified sequence (e.g , SEQID NO 11), or by an
articulated length (e.g., 40 consecutive nucl eotides g am m)ﬂgplmgﬁ esi dues
froma sequamcsssvosforth in an identified sequence), foll owed;B¥3/12588

mul tiplying the resulting value by 100. For exanple, a nucleic and sequence
that has 1166 natches when aligned w th the sequence set forth in SEQ ID
NO 11 is 75.0 percent identical to the sequence set forth in 10 SEQ I D NGO
11 (i.e., 1166=1554* 100=75.0). It is notedl¥hat the percent sequence .
identity value is rounded to the nearest t ent h. For exanmpl e, 75Al1, 75:12,
75.13, ‘and 75.1 u to 75, 115, 75A7, 75,18,
and 75.19 is roé%%@%ﬁﬁ B? %’d‘ggg)whcit?ﬂg‘l gt cfﬂ%a g le{ FRE™ ”fSHz’f ‘ﬁdsﬁ(f“éﬁast d sspapigd
will always beabﬁl?ﬁmyeprylaﬂudeahdtctrarhm@warrpl e, a target sequence containing a
20-nucl eotide gl ofd Bfarcldl il hdkei?Ga BRRGAGINE oURLBAL dES T Om an

identified sequence as |1 ows_cont ai ns %;on th shares 75 percent

sequence i denti F‘V"CteB‘ﬂTSFPa"End 3 apibpdipergeration H’éﬂ’é@d 1 e mﬂ&tSaPEOAﬂeI Geskipgthe 1 20
Target Se q u ES’I ce msrﬂi%g %ﬁﬁ@ﬁﬁ%@%oﬁnﬂﬁhﬂh&&, thd prdsehde bf spbeifical®bbiiiaBithodies

Sequence: G&ZCA nt.th

capabl e of specr'af]l Edgte Bsmﬁcip%’mf’%a? on%afyatnﬁl@qyt?é %@%ﬁ“&%ﬂ a&‘ﬂ’%@?%@‘aﬂﬁtf’e' n.
Exanpl es i ncl udepolmmhdaweh rselkaline BhOSI@da&emcepmﬂwounfaﬂ-branH -gdao-adndolylnonoc! onal
antibodi es (i nc{;uasyhag;mﬂwﬁ@ae@ﬁamfm%lm IOM£anla@9aeﬂ§e)yb1@@9&oJe&&%aﬂhﬁ of
nmonocl onal ant| bodies-such as Fab and Fv fragments as well” as any
ot her agent cap&BP@e-frali ?ﬁé‘@i‘lﬂc@%‘ﬁsﬂ’tﬁtambl nd| ng to an epitope of such _

pol ypeptidesd 25 Ant bidewlitialy iuee polgephdes wﬂmmﬂesaspﬁmwﬁegin&arbebme@ﬁom '
fragments, var! 8l Halionsa Lheleeldv 20 DO Lo RULIDY BF ehlent | 1Y
such pol ypeptldes g and nuerer ¢ ac nces  provi

herein all ow foprenawémma@bhﬁdmt@hfoommie@v fqneengption blbft!yﬁllbméiéterlﬂp\rm; ipthe Zeyelf S

that recogni ze §R& mBeRYRHlGE:. d@&ﬁfub@%ﬁﬁ%ﬁﬁﬁﬁn@ﬂtﬂ{'&%&@ﬂ%ﬂl&{gtwm ycl onal
anti bodi es can be produced to the. p 1Xagﬁgtldes ]grtlons of the

pol ypept i des, ?Wﬁl?qd%fﬁ? %"@FP@IF]@(S’T"“‘% PRSAIARE %ﬂ?eéga“rbﬁl’@@ﬂ“égal nst one
or nore epi 1®pefmnmno@ns ﬁmdhpmmpmﬂaecaahﬁprgh&dw dell cigipecdat beohdhiyallg ghdestzed hat

pol ypeptide. Th di; . tide
hou 6 Fecogni z6 BRI R AR5 SR 17 B Rty nfd e AR HRAR
substantial | y r®eaghepuriisd. Pbmepties h@'ﬂ%é? fe‘ﬁ@‘f‘ vﬁaﬁtni%é‘éfeswmd%@rc?ﬁhﬁatl on

that an anti bodymmpeehit whea ?gleyentch){oﬁﬂﬁmﬁlﬁe @st@ﬁ'iﬂth&iéht@gft ooy RaRiBeptisRde by

anyone of a nu er . of ndar ho 5 i .nst West ern
bl gttl ng (See, °“§’1°K gé‘f"ﬂn{m%ﬁéﬁﬁs 5C Tsléif*ﬁ ?ﬁlie gﬁ‘ccﬂﬁg‘g’bor atory

Manual , 2 nd203d polypettides ha@ng a0edstd, Sprl,Ag 1BIAA G 201 b3, 3%, ¢4, 15, 5P S8, TCAHOPOSpr i ng

Har bor , 188990 dzoJ 95@'%09 £531 406, 458)3h0, 09606 %0; 3!6‘6 '7§1P8’d() SR #sh qfiod, such
as a preparatl on g In a m)use agal nst a aVI ng t e ani no
aci d sequence sEP%E% h?SP 3 SEE5Y: BF Wienp copFyutE ) ErRipe aceﬂarfsrl{y)‘es ofjuy arie a%%quence

appropriate pol Fpepddibeiein ch tg used & iDMknopew for R dlAY bmBodidde am no aci d sequence
L o B R R LT e e O
and separ at Y  murine hybridomas according to the classic method of Kohler & Milstein (Nature 256 A495-7, 1975)

or a derivative method thereof,

Polyclona] antiserum contaimng antibodies to the heterogeneous epltopas of any polypeptxde
d:sclosed herein can be prepared byi 1mmumz1ng sultable animals with the polypeptide (or fragment
thereof), which can ba unmodified or medified to enhance immunogenicity. .An effective '

. 30  immunization protocol for rabbits can be found in Vaitukaitis f al. (/. Clin. Endocrinol. Metab.
33:088-91,1971). | ’ S '

Antibody fragments can be used in place of whole anﬁ'bodie_s and can be readily éxpre'ssed '
in prokaryotic host cells. Methods of making and using immunologically effective portions of

_ monoclonal antibodies, also teferred to as “antibody fragments,” are well known and include those -
35  described in Better & Horowitz (Mcthods Enzymol. 178:476-96,1989), Glockshuber etal. -
' ~ (Biochemistry 29 13627, 1990) 1].S. Pat. No. 5,648,237 (“Expressmn of Functtonal Anﬁbody
Fragments™), U.S. Pat. No. 4,946,778 ( ‘Smgle Polypeptlde Chain Binding Moleculcs”), U.S. Pat. No
5,455,030 (“Innmmoﬂ:arapy Using Single Chain Polypeptide Binding Molqcules’ ), and references

cited therein.



by SDS- pol yacryl am de gel el ectropboresis. The separated total cellular
protein can then be transferred to a nenbrane (e.gqg. nitrocelqy Ofo#HE), and
t he anti body preparati orei ncubated with the menbr ame Aft er washi-ng the 5
nenbr ane t W0 exN¥snon- speci fically bound anti bodies, the pHEEeHEdIHE -
speci fically bound anti bodies can be detected using an appropriate
secondary antibody (e.g., an anti-nouse antibody) conjugated to a

pol ypepti de such as al kal i ne phosphat ase S|ﬂ§e application of

5- brmo- 4- chl or 0- 34ndol yl* phosphate/ nitro bl'ue tetrazoliumresults in-the
production of a densely blue-col ored conpound by inununo-localized alkaline
phospbat ase. 10 Su bsmmfm{ehymui]ﬁo@ﬁh YdaR @Talcaﬁﬁto Sittich 2icRicla6l mbiSleRSs 1RBn -

i nununogen can be ob%gﬁ ed fr

>d from ot sfec& ﬂ_sdnftra sformed cells, or
wild-type cel | s2H814 ’éfmpé’bnﬁ%eecﬁ ‘ﬁ“’st’ TEFPRAT" T EPREE At i on can
be adj usted, foipchgmm:b}’ Uhlcliwﬂuel@n@@&mcrlﬁatﬂﬁmbgmhaducmtgmhiceﬂltrehdlmwtm; to
the l eve!_ Of %ﬁ%ﬂﬁam.’ﬂ&ﬂ)@@ﬁb ao\ﬁlral \’g}tjnj éohfuwa 511 ﬁkﬂfoﬂﬁabﬁ it pl dﬁr@i‘cﬁ&:ﬁ?tah es

ranging in sjze fromfu | e ypeptides to ept | havi'ng-as few
as nine aniro aErefutEE ke Dé‘érwﬁ@cm?fﬂomofa@%aﬂ Rﬂ‘ﬁ’ﬁ Wgﬂmwch -
pol ypeptides can be paa@ucesbnients 6Ltukioptoieins: me@aaoaa@pﬁthﬁmmehymaﬁ nt hesi zed

using standard ds QL C e talned e i des

into snall er I%? q‘?'aﬂdl ong %ﬁochﬁgﬁﬁueﬁﬁers P eé%mp b%#%é%@l g)@%ﬁﬁ%/fg%g{gﬁas f ew
as nine .am no ammﬁdﬂmﬁmmmsﬂiﬁmﬂﬁhgﬁhmﬂ@nnmemcmnﬂun@genwummemmpmegembed to
an i mmune syst eéﬁlglh&rédtﬂﬁam%@@{e%%&igmocﬁ bék é?lrm M%QHR%&QJ&JM an! Fﬁ&rﬁ?‘ (NMC)

nol ecul e such-as an_MHC c] assS _| mol ecul e, Accord eg 20
pol ypepti d hatd Wigingrrressigy fhe DéJA Sf‘@}‘miian bizlterefsnd opgrably lnkedtg othgepeulatery 35 40,
45, 50, 55, 60, seqtnces The B prod:ﬁ@wma]ﬂﬁmmﬂsﬂﬁh regilfory &QﬁnceBﬁﬁ ;ﬂ:le‘ﬁﬂﬂim, ﬂ&&nﬁﬁﬂ

550,600, 650, 1000 of P B0 o000 10800 L A0, 14501 200: 1] 250,

1300, 1350, or nore consecutive am no
sequence d|scH@@b@mﬁéi@@HI@aﬁhE%mﬂﬁéﬁﬂéémpwﬁwnégens for produ0|ng

ant i bodi es. anOC|0n@kusﬁﬂ£:bQﬁ(i{cﬁa§m§ Pprovai, s&dh ab DeyRphiRe Rk HSS (o2

herei n can a from .25 nurine brido
met hod of Ie‘?ﬂ’%‘ Wﬁﬂ“‘@t%‘iﬁt’ﬁéﬁﬁ?ﬁ%‘g&%‘aﬁm{%&?gﬁ ?2 &&BCL‘PP‘S}%"P’B‘Q thod
t her eof , Pol y c| soqpehcesthdt ide srrinhibd ik désiédngrivitn b thdotes, ﬂir(a}.:mipk tvabitty cgeneaus -
epltopes of any, I e zing
sui t abl e an|naﬂggab%ﬁﬁnﬁbﬂggwgh%gH@gﬁngﬁﬁ??@?ﬁ%ﬁ?ﬂg @E&%ﬂm&%n&%ﬁ%@% be
unnodi fi ed or ﬂ@ﬂ#ﬂ?é@lﬁéméﬁ ﬂ@éOPWﬁﬁﬁﬂégé ity. An effectlve 30 -
IC1 nmuni zEan ion prot ownefopsmiﬁa?hmtﬁﬁﬁaq?wmj; r&ﬂeﬁ!éth hitlméa\is&@k@b&dnsmﬁ&matﬂ (J. 4
in. nado - rot nti men can sed I n
ol hoe of with o BHFPRCIPLLI AT B e 1f ke Peteht AP RE s PR host
cell's. Methods c@hbevaddtaprodumeivarsiongin i BiiAckagice il eneddeeantproreh. Sorhtvatmis cof
monocl onal —ant i fQgi.gs op@xhz%@for Ecﬁtﬁ%@f@c@:ctzﬁa@uﬁst c%édQQg%regsW&othe@r e well
known and include those 35 descri ter & Horow tz ( Met hods Enzyne].
178: 476- 96, 1989pauersy ghapgsh thyfdpcilite expression ochemri stry 29: 1362- 7, 1990),
Pat. No. 5,648, 237 (Vdaﬁ[}r&ﬁﬁcﬂditﬂcﬁfmoﬁuﬂliﬁs hﬁﬁ&icedqﬂﬁ)hbémi}iereﬂ'}fp&@mb.&aﬂsfonhkds
3 b T A L A, ™
Mol ecul es"), andignefwplispipasA Veqtqr erdy iliqewélﬂhone 025()@@'1?30@@@@%31‘ genes and other )
R . genehc elements known in the art. :

o Overwew of Biosynthetic Pathways ' .
| 230 As shown in FIGS. 1-3 and 11- 13, many biosynthetic pathways can beused to produce .
monatm orits mtermedlates such as indole-3-pyruvate or MP. For the conversion of each subsirate :
' (glucose tryptophan, indole-3-1acti acid, indole-3-pyruvate, and MP) to each product (t'yptophan,
" indole- -3-pyruvate, MP and monatin) several different polypeptides can  be sed: Moreovgr ﬂlg:se '
reactions ;:an be cayried out in vz‘vé, il vitro, or through a combination of i vivo Iaabtirir_lé and i 1{;‘:7‘5?.
35 teécﬁons such as i vitro reactions that include non-enzymatic chemical raéctions Therefore, FIGS. '
13 and 1113 are exemplary, and show mulhp]e different pathways that can ba used io. obtam desired
products. '



WD 03/ 091396 PCT/0S03112588 -16 Transfornmed: A "transforned"” cell is a cell
into which a nucleic, acid nolecule has been introduced by, T @i‘: aggarrpl e,

nol ecul ar bi ol ogy t echni qugs. Transformation enconpasees all echni ques by
whi ch a nugd@idionasded nol ecul e can be introduced into such aaraidesigmskudi ng,

without Ilimtation, transfection wwth a viral vector, conjugation,
transformation with 'a plasmd vector, and 5 i ntroductl on of naked DNA
by- el ectroporation, |ipofection, and partl cl e gun acceleration. Variants,

fragments or fusion proteins: The disclosed?proteins, include variants,
fragment's, and fusions thereof. DNA sequences (for exarrpl e SEQ ID NO- 11)
whi ch encode fOgasRl O fldprdd O €xanpl e SEQ ID NO. 12), fusion protein, or a
fragment or variant of & protein, can be ineered to allow the protein to
be expressed-in euka%@t@@%%smﬂba@ﬁmoahw%ww Ehsqonsirucisy) sgptadningite To
obt ai n expressi gblﬂe(s)tnﬁﬁssw& ;s@wammm ahﬁoraddbleaaﬁuaﬁmﬁoemrcada byd/dr kriplé@llait O

ot her regul ator u The fi whi ch contai ns -the .
regul atory seq uéelﬂléme‘glqﬂaﬁ foh O LB 1S sp'gw“r &re rﬂ?‘ﬂgayptogl.m caﬁ‘g’ 8-510?\%%‘% Bie moppiing
vector can e i nt rod@cﬁxﬂrqunbessmlomﬂqlmm enginbaatueing kenown pdpetidesadptbdce pl ant

cells. Once ingjy ?hmﬁ o&%&duéem@ftxﬁﬁ Yo aL,Llamst bﬁenpﬁs)h@wmgmgs i @Qafa?d A
f usi on pl’ otein includin SUCf'l a an am transrterase
(or variant, 15PYsefRprast ﬁﬁkﬁﬁfﬂ%ﬁffaﬁ#ﬁmﬁwfweég%nvlmﬂgwefwwaw@c}m@w@@ SEQ

ID NO 12, Ilnk@amho other amno acid sequences that do not inhibit the

desired act ty of t, oLe

t rylpt ophan !t\(;l i %dol ef‘%’“’ﬁ'@}l Eﬁ'f’ Pﬂyp oﬁb"”&ﬁ'@&’g%dﬂs}sgﬁ a‘%“ﬁ% %ﬁeﬁﬁgﬁﬁ%ﬁ‘é&é@?@l
sequences akle n%nﬂub’ewﬂiia@ﬂlﬂab@mmqmmlezby fefprengH) des@ihes a8 @, colpraBilha hasibeenaci ds
in length. One tlehgélq" ?f Yredts Holiuc& Hyﬁ&ﬂﬁan%ﬁ& dléM!Jsés n@?&ﬁ%%ﬂ%ﬂ@dhg dua:lom

sequence can be altere nurrer ous ways W t hou fecting the biol ogl cal
activity of thetrl@F?Elé?ﬂeEh"ﬁfr%’(H@?lﬁ the prh i 'é??&ﬁ‘ﬁeéhat‘ljﬁﬁﬁsm%‘ﬁl’f‘ blsof pradueing BPEPRRY
variations in tihﬁnBhé@se&&(ﬂmmﬁjlevﬁmﬁlmngﬂmadaﬁor&ﬂd@ﬁtg?ﬁr&&astﬁlﬂ&hbwﬁ)ﬁ#@@ﬂdfb can
be variants optjmz § r n gégg Ss

t he protoin, org ot her ngrwose ggﬂc@ﬂgﬁg‘iﬁ?ﬂggmﬁ %u#s aC| caliggllaél?(p gcltu%ﬁ dge’t or:
A nucl ei ¢ adi d %ﬂewm@t@g@m{%&ma Sfﬁlﬁhaéenaloéﬁ‘e?flglmfﬂer eby producing a

transfornmed 25 cell.- A vector may include nucleic acid sequences that
permt it to re I|c te |n g}e cell, such as an origin of replication. A
vector may al s ‘ﬁ’ﬂ@' FPTEF e sel ectabl e mar ker genes and ot her

genetic -el errents knoSmaralmomqhaen@sctaub@seitvccamrﬂfypﬁpmwnadhbmp@mva%atﬂxar@yﬁy30 As
shown.in Fl GS: 1:;]0)@ Béllﬂcﬂnaelfﬁemb QR gsfsdal nﬁ{ﬁ‘@ﬁ@?%@?z%% to

produce m)natl n | ts interme | at es ‘suc fuvateé or MP. For
the conver Rlon bt3-2d¢R-3stHbER&tle 2.9, srdgel 21t F@fﬁ?%ﬁaﬁm‘%rﬁﬂ'@?e@“@s‘le’a@ﬁl c

acid, i ndo:vg 3 t?h&fo?ﬁéﬁ%ﬁmot&ﬁﬁmﬂvpﬂalsb &nﬁaa@tpharyﬁauﬁé-z 6§0§M@Taﬁlﬁﬂﬂlﬂtransfér£b€0|de 3
pyruvat e, an in) .sev t tides.c e used.

Mor eover, these PFPREGITEIE ™S 951}5&5 ’%%prr"ﬁ’% ri‘em VARTio y@? t"p %t hr ough
a conbi nation cxafmmq*ranﬁfem@e mephmmmn@siemswmmw@ txaesaminﬂsensd Lﬁm@ha@ in
vitro reaCt' onsy Béiﬁ’t&mﬂe&%&ﬂéﬁsfé&% uﬁ*ﬁéﬁ}ﬂﬁ%ds%-u%{?ﬁmaﬁﬁlhzroﬁ%ﬁﬂz% indd1 99? P

FI GS.: %nd 11-13 are exenp and show nul ferent ways
that c an s Lahutagpieh HWQ?“PE‘H"’""&F%‘B%EC’"{'@ "‘l -tgyptophan and 2 2-oRoacid o
indole-3-pyruvate and an amino acid; tryptophan dehydrogenase (also termed NAD(P)—L—hyptophan

dchydrogenase L-tryptophan dehydmgenase L-Trp- dehyd:oge,nase TDHand L trypmphan NAD(P)
‘oxidoreductase (deaminating)) which converts L-tryptophan and NAD(P) to indole-3-pyruvate and
- NHzand NAD(P)H; D-amino acid dehydrogeniase, which converts D-amino acids and FAD to indole-
30 ,é-pyn_waté and NH; and FADH;; ttyptophan—pheﬁylpyruvate transaminase (also termed L-

_ﬁ'yptophanfa-ketoisucap_matg aminotransferase and L-tryptophan:phenylpyruvate anﬁnoﬁansferasa)
Whicﬁ converts L-h'yj)tophan aﬁd phenylpyruvate to indole-3-pyruvate and,I.,-phenylaiaﬁihE; L-amino
- acid oxidase (also termed ophi6-amino-acid oxidase and L-amino-acid:oxygen oxidoreductase
(deannnahng)) whlch converts an L-amino acid and HZO and O o a 2-oxo acid and NH; and Hqu,
'- _35 " Damino acid oxidase {also termed Ophlo-ammo-amd oxxdase and D-amino-acid:oxygen ' _
oxidoreductase (deaminating)) which converts a D-amin¢ acid and HyOand O, to a _2.-oxo acid and
NH; and HZOE; and tryptophan oxidase which coﬁverts I.Ltryptopha}l and H,O and Oy to indole-3~ -
pyruvate and NH; and HZOZ These classes also contain tyrosine (aromatic) ammotransferase

" aspartate aminotransferase, ‘D-amino acid {or D-alanine) aminotransferase, and broad ( mu]hn]e



WO 03/091396 PCT/ US03/ 12588 @ ucose to Tryptophrnr Many organi sns can

synt hesi ze tryptophan from gl ucose. The construct(s) contai ni M, tirenigene(s)
necessary to produce noRgtin, MP, and/or indole-3-pyguvate from gl ucose
and/ or trypivopBatzocan be cl oned into such organisns. It ispghauses/imsei n
that tryptophan can be converted into nonatin. 5. In other exanples, an
organi smis engi neered using | nown pol ypeptides to produce tryptophan; or
over produce tryptophan..For exanmple, U S. Patent No. 4,371,614 (herein

i ncorporates by ref erence) describes an E-l%olt strain transfornmed with a
plasmd containing a wild type trypt opha| operon. Maxi mumtiters of
tryptophan d| scl S Pat ent 4 371 14. ar e ahout 10

S ot o 6 R e B e M b AL S AR BBy L
coli strain thaponﬁﬁstryp‘@einna@@ﬂétxpmmyﬂdéﬁémmwte@ddmmmo@déce 't rypt ophan and

di scusses -i ncreasi ng gfesmRAbal G aHﬁﬂ%ﬂéﬁ@fEﬂa&@laé&fthak—Eavé §MDLRRRAR desthQASas L | | ed
inthe art wll recg nj- ze that organl S | e_of ﬁr oduci n&nt r ypt ophan

from gl ucose ar &P ¥ aipgte %EI‘BWEISEQQ? 08 Ued Endpgsiondis ces
that can be ionuﬂaldsadpﬁomdesgdouﬁmmlemmmﬂ nnﬂ@tme@mﬁﬁaﬂﬁpﬁagiteeast\sﬂ%m Easﬂssl%;ﬁt

resul ts. Exenpl i‘aa% 9& 2 TaRQastiﬁ"}dat ?eas[? 5@ o§ grlén iﬁf&%ﬁt bﬁﬁ Selflpge%ée 1?311? té U%EQEHP%ICF%)

limted to, sucrose, anto
| ndol e=3 pyruvol® @m@pasmﬂlby@@;ﬁaspldw aeeeﬁagzb@tsus@ﬂswm D@Qﬂ@rlﬁoﬂ rlyplﬂdpﬂlah to

i ndol e- 3- pyr uvatdgin dahRERsRaH m%wde &mﬂ %ﬂ@ﬁg&sg% &f hs, me
classes (EC) 2.6. 1 27, 1. 4“&&%% Qﬁ © a Vlts; oSy

1.4.3.3,2.6. 1. 5f‘2€“€m1m°1“d°2‘°%afin°fhmﬁ?‘i‘d°?1565*10 i{ 1512He?§e5° 103§£8é°? RE10%e
pol ypept i de$0 t etdmghotismyifTedtifd3anSBQIDTOD:r1d ash Rasas @0,(18] 200251 581 Th €0, 200, 300 or 350
L- phenyl al ani ne; 2;ax0al Wl atal & AT HORb! ﬁ“%ﬂeed;s%x%?eﬁ s@‘!ﬂmga%ﬁt?%m%%@gﬁe%@ AFS®

5- hydr oxytrypt op?) etoglutaric transam na
am not r ansf er asélﬁlﬂl&fherﬂy@tc@&naﬁf A iveréer-r Bhe 3ctor a@écufi_d toﬁﬁﬁf@pﬁwﬁ“ﬂ? b nase,

and L-trypt ophapma:cm@zee:gﬁwa&roats%ﬁmﬁ Ircfdﬁ:@%fd@é—@%?ﬂ: M ¥ ryp RPN bSin some
L-trypt ophan and “ﬁ‘ﬂl@f‘éar aéﬂe cU ol e- 3-pyruvate 25 and L-gl utamate;
D-trypt ophau ar ffia’f‘?Blfsr T 8BS & ‘Z‘f&’r‘?{}"é‘?ts D-trypt ophan and a 2-oxo acid
to indal e-B5 pyr ut at b-amivd acidosiduien (i tta?cl)dxeImmépdqmcede@)bdlso@emamse@mlso
termed NAXP)- '—aﬁr&&ﬂ&é&%@&m gﬂt@%@&@&}%@%m Iﬂépﬂﬁﬂé‘ﬂm}}‘& %ﬂ; pagase,

L- Txp- dehydr ogenase, g cg dor edu )
(dean nat | ng) ). dRTEHeE chodartis CELTIY b Coriss niae RGP il daraGREEts Apider o
andd NH3dand NA@(,E&);? cf%mesmsmzmay@raﬁ@emﬁfm,w ﬁﬂcﬂ@ﬂpﬁﬂdo&oﬁs arni.no
acids and FAD to i ndo u _
t rypt ophan- 52 eni;yrr p%./af &0 I[Ug)%?cocc g msnh éon( %}rpgotgﬂ\latn oxﬁ $E5 ae ges etd gﬁehte;atme and

Aet oi socapr tecaahmmdttﬂhfpsﬁremaisémmrférpﬁ_m@ Fpy PRE- b;&halnsepﬂvémylupi}plulvm@lsease,

ar ni not r ansf er age 1, oG5! %&/ﬁz[rﬁx&hhn ﬁdéxy RO RN 8Lk Ipﬁﬁﬂé’:lcw&d&(s@%ﬁss it can
i ndol e- 3-pyruvate and |ipheuyl al ani ne am no. acid oxidase_.(also terned

opbi b- ani no- aci PR tgpieRen el &éw&%&ﬁw&%@w 1 Ryele d oty Qe axgliemative
(deani nati ng)) Wmesrfmeﬁnmcﬁﬁrtc&mﬁgl WMany Drdoiim s8idiotdR6 genbd26 aa41EblO #h dhighases aaroxo
acid and NH3 and ]l}?ardlé 35 D-am no acid oxi dase (al so terned

ophi o- am no- aci '(JJJ oXI dase fand D- ami no-aci d: oxygen oxi dor educt ase -

(deani nating)) -whi ¢ hTepinrber debydzoeprasay e daowai aid eamdre jscktedh &r grampls, famEﬂP@%b« aci d

and NH3 and H2@g,, @ﬂl%zt Mﬁb};@ﬁ)ﬁﬁ&)a,%d ﬂﬁﬁ@it&%sﬁ@mﬁ%%ﬁﬁ& Sobzecol EMREBRAEAmaNd
H20 and 0, to Indol e-3 d@ ! ﬁ:ﬁ ﬁ ggq”g These cl asses al'so
contai n' tyrosi n@of“é?’ﬁﬁﬁ% 5v“f& P Ryinozgid dehydragendss easequpness £F Kper ase,
D-am no acid (or D ahkastioweip FEFE. hBl N ibereiseacidanidashsadcs (rmdphanrmhléase,lsusedto
- convert tryptophan to indole-3-pyruvate, catalase can be added to reduce or even eliminate the -

30 presence of hydrogen peroxide.

Iudole-.?-factate 1o b:dole—:‘t‘-pymvate ' .
The reaction that converts indole-3-lactate to mdole-3—pymvate canbe catalyzed bya varlety
_ : ofpolypepndes, such as members of the 1,1.1.110, 1.1.1.27, 1.1.1 28,1123, 1.1 1222, 1.1 123?
| 35 '1.1.3.-, or 1.1.1.111 classes of polypeptides. The 1.1.1.110 class of polypepudes includes -
| indolelactate dehydmgenases (also termed indolelactic ac1d NAD* oudoreductase) The 1. 11 27,
" 1.1.1.28, and 1.1.2.3 classes include lactate dehydrogenases (also termed lactic acid dehydrogenases,
lactate: NAD™ oxldoreductase) The 1.1.1.222 class contains (R)-4-hydr0xyphenyllactate

dehvdroéenase {also termed D-aromatic lactaie dehvdrogenase. R-aromatic lactate de]'avd'roge'nase.:'



QCT 20x6 2 5 WO 031091396 PCTI US03/ 12588 48- substrate) am noiéi]re%fer ase
whi ch have multiple am notransferase activities, sone of which dhvert
trypt ophan and a 2-oxe aciwget o indol e-3-pyruvate and & am no acid El even
nmenbers of vdies@azagot r ansferase class that have such acti VIﬁGfU@S(BHg%%CFI bed
below ii Exanple 1, including a novel am notransferase shown in SEQ I D NCS:
Il 1 and 12. Therefore, this 5 disclosure provides isolated nucleic dcid and
protein sequences having at |east 80%.at |east 85% at |east 90% at |east
95% at |least.98% or even at |east 99% sed#ence identity to SEQ 1D NOS: 11
and 12. Also enconpassed by this disclosure are fragnents and fusions of

orox e havi ng BN AEemaRer kG A AR RS ER G B A A soRBeaIt  but
are not |im tedlyctr@cylattenﬂ;efasfhw)mluctﬁ(als&fﬁrmezd&yd:@&phcﬁﬁpymlr@teredw@q anB@0, or 1000

10 conti guous gﬁé@%&hﬂﬁ%@kAﬁE&&Rd&@s ol il ﬁtclés%%dak%gkéﬁba&%& 2The

50, 75, 100, 20 0 ‘or : cont1 guous am no ‘aci
di scl osed sequérdds! glasmepnizas €3aﬁ%d§z°1“gb’%bﬁﬁtﬁ@%‘Y&%SES{%F@%@ Phttimidtzpl-tan be

part of a.vect qnlacmﬂwwwo@ﬂuﬁ&aasbp S Betytiet Jerr@ﬂsf@gﬁay@gﬁaescﬁﬂdldssﬂas&éaen&by

produci ng reconbi,nan I ch c ndo 3- ate from:

| rypt opban, gt?lﬁﬁ Py gﬁ%‘?@?‘@i%ﬁ? %’a %%Wﬁﬁ SEVERIFAT
15 L-aniino acm@vrdodmiamle(ll 43.2) -are ] nown, and sequences. can be isol ated
fromseveral di ff eeiios AGESm i BPuaPe Yt RahEDELIRA b ba AR

Ophi ophagus hanak (sp P81383), Agdi strodon rhodostonma (spP3 Cr ot al us
atrox (sp P5674%% ChﬂBﬁqakﬂﬁ??F@féWladf@éﬁ’&E‘?“an ﬁ??r%ﬁfﬂaﬁ)ﬂmﬂhﬁ‘&‘ll FWSG"@& Bt er
cresent us; 1Gh| grydapRasotRiidabanch B1 catlYICHRSTHS Reiloei € BB DR 18 gY,n0dgae,
and Rho-_dococcusdﬁ%g rél‘n!la?l aaggntdl Oq:i]orar%& 0héj;}ln oxhedlg es aereogmgglrcétg S% in the
literature and canche séra drexanpl e, tTom Copriads sp. - SF- 1,

Chi nese cabbage with club root disease, Ar abl dOpSI s thali.ana, and mamal i an

liver. One el e bzl ASkSL ItIan .6 Bahnl Rafaan | convert

tryptophan to indol e-3- yruvate i s di scussed below in Exanple 3. as_well as
alternative sourceS®¥s W%WFP&FGSGFH}’?PF?&*”%WVIW%F}TPW@GPEFPOWQW genes
are avail abbbe polymgidaiasadnchts 4.1. 704.ec06,ar1.3a7,c0d h8)2.-. 2PhesE et pdhida carbon-

dehydr ogenases L oAAnANG. AR 30 sl BlasBXRIBL o cLEOM ARy N2,

Pi sunt sofi vuvt to,

t obacco, Chro rrobeTEtes rli‘eH‘Pﬁe Cl?i?*@pééé‘urﬁﬂ Smsq_sféxﬂ@b%lqu Cafbwﬁmbf’@%ﬁﬁ wljzingegrg-
dehydr ogenase %@ﬁba&@tﬂd{@ﬁﬁ%&ﬂs@ ﬂymm@ as )8 &R, WhildBAEET 2. ke drdthasediyAR . am no

ol 63 pyr oy APEeRrA LS R %@%&f@%ﬁydfau%?%%ﬁéa&‘)fbew@dyﬁfyé%ﬂﬁfhﬁii Cphan o

presence oR0hydeaggieperoxide.. - Indole-3-lactate to ladole-3 pyruvate The
reaction that convegls,jhsio, i @:@&bsen b sEpynslanfidn.be
catal yzed by a varl ety [%b?e %U%Bge%t% such as rr%(E nbers y&%QY .1.1.110,

1.1.1: 28, 1. 1. 2%glugrat gyom-lzﬁia@ %ﬂ?ﬂ X12~£M2§1utmfﬁ‘o#d°@sei2-ﬂzml411 cl asses of
pol ypepti des. Fjueuxdahkardte ala&sedarm dﬁoﬂh@d)y@ﬂafslgl“y’&@htibﬁauﬁiﬁﬁmhﬁdﬂ Bldasi-at e

dehydmgenases (gl 50§ t1ed: d. 40l Sk AGH GroRE) e Qo Rt AL EINE BT 17108

25 - tenmed 4-hydroxy-d-methyl-2-oxoghutarate pyruvate-lyase or ProA aldolase) condenses two keto-
| acids such as two pyruvates to 4-hydroxy—4—methy1-2-oxo glutarate. Reactions uulm\ng these l_yases
are described herein. - '
FIGS. 1-2 and 11- 13 show schematic diagrams of these reactlons inwhicha 3—carhon (CS)
_mo]ecule is combined with mdole-B—pyxmmte Many members of EC 4. 1.2.-and 4.1 3~ parncularly
- 30 PLP-ut:hzmg polypepﬁdes, can utilize C3 molecules that are amino acids such as serine, cysteme
. and alanine, or dcnvatwes thereof. Aldol condensafions catalyzed by representahves of EC 412~
and 4.1.3.- require the three carbon molecule of this pathway to be pyruvate or a derivative of
pyruvate, However, other compounds can serve as a C3 carbon souree and be converted to pyruvate.
_. - Alanine can be transaminated by many PLP-utilizing transaminases, including manjf-of those E _
'35 ‘mentioned above, to yield pyruvate. Pyruvate and ammonia can be obtained by. beta-elimiﬁation '
- reactions (such as those catalyzed by tryptophanase or B-tyrosinase) of L-serine, L—cysteme, and '
 derivatives of serine and cysteme with sufficient leaving groups, such as O-me’thyl -L-serine, O— ‘
benzyl-L-serine, S-methylcysteme, -benzylcysteme, S-alkyl—L-cysteme O-acyl—L—serme, and3-

chlnvnd _alanine  Aenarfate can serveae 8 sontes of nurvaie in PLPcmediatad heta-luase reactions



1.1.1.28, and 1.1.2.3 classes include | actate debydrogenases (al so terned
| actic aci d dehydrogenases; |actate: NAD} oxi doreductase). ThgjL1.706222
class contains (R)-4-hydeoxyphenyl|actate dehvdrogenase (al so terned

D- ar omat i cwloAfldi®s dehvdrogenase. R-aromatic |actate dehvdrfugmsmwsaS oCT
2006 .r w WD 031091396 PCTI US031 12S88 -19- and

R- 3- ( 4- hydr oxyphenyl )l act at e: NAD(P)t 2- oxi doreductase) -and the 1.1.1.237
class contains 3-(4- bydroxyphenyl pyruvate) reductase (also terned hydra
xyphenyl pyr uvat e i eductase and 4- hydr oxypfrgnyl | act at e: NADk

oxXi doreduct ase). The 1.1.3: class contains |actate oxidases, and the

1.1, 1.0 I | el @mam@&aﬁ%ﬁéﬁ? FeQhse 1)99|1?£Idf3F qﬂﬁﬂyﬁtﬁlﬂ@ﬂ%ﬁs&@éﬂ%‘?kely

terned (S)-3- (i mdazol l'act at e: ? oxi dor edij ct ase)

that several ofm?wpb‘aﬂ}p%f)t Terrate P?Peiaﬂ@éfeme iogs erade sty bymsroriing sifsrdgeridt | on
of indole-3 pyrmm@érelsBﬁma(mruﬂalzapayﬂeﬁtmbsa@d@ﬁibdi hyﬁmmaiu%a!qf! BifliGesONver si on
o O S o A o RIS 74 SPERIRTE et SR PSSR, 0T
an oxidati oA stdspbeiytic an@mc@@ula’@@@nmct@wlayﬂwsswaf pymyath @uidis oxidigedfor

exanpl e; air 0 @Jté l:grrﬂ:é-!:%&ﬂ& o@la&%&@@i&@@éﬁse Lot Hhideh ESH e br 15%%:&:1%311;1\/ 13, n
28,p 18 (1), i'Tu Q]ﬁ%man ganat e and _perchl orate, or- hydraogen

peroxide in t hé”“]{ﬂ“ésFé‘F‘ll’c"%l‘”(j’lf 1‘%?‘108%1?%1‘11‘3?‘??‘?belDWnEQSF’@“%BpﬁSFWé“EIQ Zzanlir ydr oxy
2- (i xdal - 3yl r aetdy it )-13} PhoatalioBielthoplie contave:id abith mbd)-3-Hrwateathel Wit Rakotpeps Clles
can be used to c%n%ert i ndol e- 3-pyruvate to W Exenplary 15 pol ypepti de

cl asses include -, 4.1.3.16, 4.1.3.17, -and 4.1.2.-. These cl asses

i ncl ude carfBon- car %ﬁl‘%’fmm%&'ﬂﬁ?fa@é@ﬁ C@G@Iﬂlraeéﬁwad@*as’@salﬂ%&tﬂd@wmsyze t he
condensati on of I&,}ﬁgﬂﬁ@ﬁﬁ%@ ic acid substrates. Peptide class EC 4.1.3.-
are synthases/lyases that form carbon-carbon bonds utilizing oxo-. acid
substrates (such as indoi e-3-pyruvate) as the electrophile, while EC 4.1. 2. -
are synt hases/ |IMRgd®radrhat f or m car bon-carbon bonds utilizing al dehyde
substrates (such as anple, the
pol ypepti de descri becg I %%Lé%ﬁ%%?%%%c% cg&li%ggg&regpﬁ%{ nﬁ@ oxogl utarate
gl yoxy! at el1Pyasmingwassforpssy (R 240 HyRiorham ewd@ﬁwaﬁeﬂ@érléPmelaaéée YHORSRASOE-

hydr oxygl ut aa at(es.od g oihaseteakhyfidg@nalesiliase)), pﬁ&@mmﬁ&e@,}dyﬂgmﬁd (BC aall dO)and
pyruvate to ut ar.i ¢ t he

4- hydr oxy 4- ne%{?p%?}/%heﬁl “‘fvgrglé?nsam'?aaﬁo?gésgzs o REg Eeﬂ?‘p‘%f}gg&mo 'E% termed 4
hydr oxy- 4- met hyindizeysferede dmaly £ 1.1 ywoh vetsparthty grmigotepsiimsoECA. @b dyedine (womfiens es
two keto- aci dspguehsiiase (01 PYHRYAbSE éuﬁnoﬁadamgé)&m.ﬁaﬂ%whzﬁ 2RO LRE at e

Reacti ons |I|2| ng .these i yases are described here| n. 1-2 and_ 11-13

show sche r Bifen grmbred e crierigase el éel&%@mpl? dyeluding
nol ecule is Corihbﬂﬁﬂcrﬂﬂeidfthemﬁﬂlshw& IPFEQIrE@S: 1Nmay2 radrisetisns@émdniiradnglihe : -

4.1.3,.-, part 'a&‘él@éﬂa}{nméansfﬁ asI bt &eh}&dg%se%%ﬁ%@% g R mCJ%Qm fylize C3
e

nol ecul es that are am no seri el ne, and al ani ne, or

deri vat| ves -t her eof Thwflﬂ@ﬂme@rﬁhehﬁsml@ﬁ%“@atc@ﬂﬁ chgps. réwmét%ﬁfth‘ﬂfetﬂésldof EC
4.1.2.1 and 4éﬂﬂ>ﬁs perfo@RH by Radch@ abdta R 168 HHDnABhEGHNE cRhotchihfirpat hway to be
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well as providing increased yields of monatin from indole-3-pyruvate or iryptophan: For example 1f
agpartate is used as the amino donor, aspartate ammotransferase can be used to convcrt the aspartate N
' to oxaloacetate (FIG. 11) The oxaloacetate is converted to pyruvate and carbon dioxide bya _
decarboxylase such asg oxa]oacetate decarboxylase (FIG 11). In addmon, if lysine is used as the .
_ 30 amino donor, lysine epsilon. annnotransfarase ¢an be used to convert the lysme to a]l}'sme (FIG 12). '
The allysine is sponta.neously converted to 1-piperidéine 6-carboxylate (FIG 12) Ifa pulypeptlde s
_capable of catalyzing reductwe ammanon reactions (e.g., glutamate dehydrogenase) is used to
' convert Ivﬂ" to monatin, a polypeptlde that can recycle- NAD(P)H and/or producc a volatile product .
C (FIG 13) can be used, such as formate dehydrooenase '
35 . .
Additional Considerations in the Design of the Biosynthetic Pathways
Depending on which polypeptides are used to generate indole-3 —pyruvate, MP andior ' .
: monatm, cofactors, substrates and/or addmonal polypeptides can be prov1dcd to the producuon éell f

to enhance product formation.



Al ani ne can be transaaunated by many PLP-utilizing transam nases, including
many of those 35 nentioned above, to yield pyruvate_Pyruvate aﬁ:lﬁ&}r?ﬁ%i a
can be obtai ned by beta-el+ nation reactions (such & those catal yzed by
trypt ophan®4e0¥P186t yr osi nase) of L-serine, L-cysteine, andCTiesisuaissves of
serine and cysteine with sufficient |eaving groups, such as O nethyl-L
-serine, 0- benzyl-L -serine, S-nethylcysteine, S-benzylcysteine,

S-al kyl -L-cysteine, O acyl-L-serine, and3-_rhlnrn_r _alaninr AcnnrfAte. ran
cewe"ac n snnre.P nfnvnrvaie in PT.P-miiiffrAl hSia-lvase reactions 25 OCT
2005 WD 03/091396 PCI/US03/12588 -20 such as those catal yzed by

trypt ophanase-(EC 4.1.99.1) and/or p-tyrosinase (EC 4.1.99.2, also terned

t yr osi ne- phenol | yase%r The rate of beta-|yase reactions can be increased by
perforning sit&eMrettagesadeddtnsis on the (4.1.99.1-2) pol ypeptides as
descri bed by ‘Mour at Hiydregen pdroxide JH,08iidd produkretn, X giethB2 Qarbhe td@A0 produatbricatisExanpl e
8. These nodi f] ] I | i.d -di -baxyl i.,c am no
aci d subst 1 at oot o SRS e Rb s BERER SRS AEE TR RiEbRE T

oxi di zed t & pshorassneEaityiO1rea pradlict {Toerefork. if lrerping widdeidysd isoepdnbsesulingHeh

oxi di.zed cof actbe Rnoted®f Rl187e10 AR Lto ARG asePIYRB It IARPLA S fbautthese
reactions are -described bel gw. cggr ex%FrrPI ?ﬂ%{s? ,sﬂg n F{ 2 and. FIGS. |
1-13, ProA al dol ase “BaF*HE™ ROt TeaYe fF e PHEOr Bl %\%VJF at i AR PRt e i s
used as the C3cellnml @pedse gene oAddINAsequke darenaldsa ciyalasg GIEY. Ht 16, witch agalglaethd cal
reactions, suc : ( ' Vi ! PIP to
tllountin Conv%rc %ﬁ%ﬁ‘n‘g’f&k‘%ﬂtgé’ﬁ%%ﬂ‘ggﬁ‘ﬁ’%ﬁ%ﬁﬁﬁéﬂ g:%%ag?z% éﬁaﬁéé %@1%? zl§a[rrrltl)J|‘? e of.

t rypt.ophant®s exichrst fems Tesiopagected inp the production eefly Eximpien otretalpess Baerhsased
(1.4.1.19), D @icR@e,d6iat ndaiyedd 8080FSES (Sidphfdbo®Ds ibsus)IhOb RBEE (Bacillus

dehydt ogenases 4.1; 2 enyl al.ani ne: rogenase .( | 0),

t rypt ophan pheﬁ@q%ﬁvp'ﬁ\):i?%‘%l?’é@ar‘% Zbécé”ésl)’ 7?%?(%@5‘ EGd cﬁ%‘r‘ggbépépé{slzy nenber s
of the ani not @ambéreneempeani)|(§wigsPropAscessiontied). Biscagbarcaadrevtdinngiotmansder ase
(EC 2.6.1:1); §:da@SbRRdo3E:® BRdabeCr hROLE RN BB Sentdinta mﬁt‘aﬂ;segia %i&e! ypt ophan
anminotransferase, or D-alanine (2.6.1.21) am notransferase OME IG 2).

El even ne rs. of the am notransferase. class are described bel ow (Exanpl e
1), includi ng Madusaieebf R beiiof-5tphesphdiasisaibiteon i n SEQ | D NOS: 11 and 12,
and reactions dei nopglrati t YN YA j 4
dehydr ogenase enzy rréglhg‘?%ing?%\}ﬁgﬁ a}cbtr? U@ng%l%tée %%{%ﬁ?%@?ﬁgﬁ;@%&gﬁte@g%c% ecs1 0 be
performed usi neyredh i equreniretige ofi FGR g2 bappplamentaq spipat Phib doce red bereing Lingifpn gus

per formed by rﬁgm;ahgﬁc@ﬁ@@ﬁhé@ﬁﬁwi ng anmoni a and sodi um cyanobor ohydri de:

25 FIGS. 11-13 show.addi tional .pol ypeptides. that ca used . to convert MP
Co monat i 0 as - wel TEdonR ey PG Rt S e Ao pf oded

i ndol e- 3- pyr uviatfecadirand soyp b eeriBdrvedraurpbielized (Taber atspp o ERStLettars 449964, as t he
ami no_donor, afgar %Lsf&;geﬂarygéasga @ Ser€PRe RGtEiR il b8 hhwd D Gnils par t at e

to oxal.oacetate (FIG 11 oxal oacetate 1S converted to pyruvate and
carbon di oxi dets§aepes (rEdeadyd #3A P4 are wrig topyridoeal phesehate bicgmieda e Bfttase (FI G
11). .I I'n additi mﬁng?ﬁateﬁylﬁnm& B Eozr@mgaﬂ-ada@-ﬁaylalnéeﬁ@hﬁ@w(nmysamne' i sis pfthis‘( .
epsi l'on. agnotransferase can, be,used to conyert .t e o i ne
19). - The B I yRRAGeqToAiemitpn a2 eiton el aibitis o et by e peipertite Lol |2
(FIG -12). | f Brxpulostfephospbate synthase (DSX). The other precursor isaﬂlreopjne derivative formed from

. j the 4-carbon SUgaT, D-efythrose 4-phosphate. The genes required for the conversion tophospho-.éi-_

=Z0

hydroxyi-L threonirie (HTP) are épa’, pdxB, and serC. The last reaction for the formation of PLP is g__.
. corﬁplex inh'amolecular.coﬂdensation and ting-closure reaction between DXP and HTP, catalyzed by
30 the gene products of pdxd and pdxJ. _ ' o
. * If PLP becomes a limiting mutrient duxing the fermentation to produce monatin, increased |
e@_reésion of one or more of the pathway genes ina prqducﬁm host cell can be nsed to increase ﬂic g
" yield of monatin. A host organism can contain multipia copies of its native pathway genes or copies
of non-native pathway -g_enes caﬁ_be incorporated ijatq the orgénism.’s -genome. Additionally, mﬁlﬁple
'35 - copies of the salv-age pathway genes can be cloned into the host organism. ) |
| Cne salvage'pa!h“-ray that is conserve;d inall organisms recycles the varions. deﬁvdﬁvgs of
vitamin Be to the active PLP form. The polypeptides involved in this pathway are pdiK kinase, pdxH
‘bxidase, and pdxY kinase. Ovcr—e}lcpression of one ot more of these genes c_aﬁ increase PLE

" availability.



capabl e of catal yzing reductive am nation reactions (e.g., glutamte
dehydrogenase) is used to convert MP to nionatin,a polypepti dz dEE ﬂ[ﬁ
recycle NAD(P)I3 and/ or ywwoduce a vol atile product -eFl G 13) g 62 sed,
such as forweatis/ogisty/ dr ogenase. . 35 Additional Considerati opgThusodmssdesi gn
of the Biosynthetic Pathways; Depending on which pol ypeptides are used to
generate indol e-3-pyruvate,- 1 VIP and/or nonatin, cofactors; substrates,
and/ or additional polypeptides can be provided to the production cell to
enhance product formation. 25 OCT 2006 WO2831091396 PCT/ US03/12588 -21
Renoval of Hydrogen Peroxide Hydrogen peroxide (1120,) is a. product that,
if generated, can b

pol ypepti des .or mtgxﬂa%glé:tléé’%spdrgg%%%%{a%fﬁﬁd éono esg?i? oxXl agﬁecq sat(l:ornloged
5 above gener attsyaitzbisdeds R@ﬂlﬁ’éﬁﬂﬁlﬁsmh@#t@m&mm fP@IWWWdﬁﬂVw@nl S

gsed the'r tes ultﬂsa qmynhklg’gfﬂie%?d@maﬂ ﬂﬁe{aﬁgy@gvaqve&hmfbic@ﬁ@h%d&%%mﬁ sl zag- t
ecrease otentl] a nj ur (0] e_ce oauc S can use (0]
reduce thg | evel TBIF’L %FW Fﬁ%%’é‘?t?bmfcﬁm(‘%wwwmlaﬁ’éjg ‘i‘im cell
can expresssa g@cﬂeeqrtoe@i@m$mu’emn¢iaaﬁpuaﬁmdé:shmamahﬂMu@E@m@atmha 1.6),
whi ch, cataly Z%ﬁmfaﬂ@sh,ﬁwm@we&ac% %co&%@uﬁ?gﬁ%tﬂbﬁ{&éﬂ—%ﬁxfésﬂﬁgﬁﬂ@oﬁo {nm%&d

oxygen gas. For exa a catalase ¢ expresse roma vec
transfccted thé*WWée?ﬁsoductl on cell. Exanples of catal ases that can be used
to include, but are not limted to: trJQEV50 (Staphyl ococcus xyl osus),

tr JQOKBE8 (Baci |l us al.odurans), trJQURT7 (Candi da al bicans), trW7948
(Streptonyces- 68’81"1”8‘81 flicatiop . ORBI S (Xt t nt komonas canpestris) (Sw ssProt
Accessi on Ns). Bi odatpdpliinkic raaetinos won & diivén towaikdibe dynthetic ddecB@i (ghodvotidnadéis e,
D-am no acid O%ﬁ/@% &&Hn?g% se
pol ypeptide. 15 ulgﬁlc?%& P ngﬁhggéga%g&%&wmﬁgf%@‘%ﬁlH&%&Lﬁaty As
shown in FI G Fuwimplgp T'E?a‘FPnbé"CEPﬁ tbfrﬁi@&}/ %l by gltappte ﬁ@w@ogﬁm%ﬁ@%ﬁo%

st eps descri bed)yaiilﬁ&@kdifanﬂaﬂuﬁoncentratl on of PLP can be suppl errent ed so
that PLY does not begone. A Igem tdatvlmﬁ%g]e ana]m legar t ffic ncy qlt t
reaction. 20 The bi 6SYATRSET & Eat Hagy  for “UrPam f f?r 5"“;5’"““18 ror - of "PLP)
has been t Hér oughrbynaispyphowmiate ?PuﬁﬂﬂEd SY@EJIII tmamehlﬂs%misqﬂﬁ plotided s ommpmivgn pyavete peen
crystallized (lahBhiugtor@hte. AEERS clyOlhRhs caré SipfRaSe rd@8is ol hat N genes

(epd or gapB and serf) are required.in _.other netabollc'gglat wa whlle
three genes (pdfeaionHalgsnerzissampgnia. puchpsehymate dehydpecsaseioy
bi osynt hesi s. Quemodf: cidte ger&ta&ﬂby@mﬂfaﬁfarema{ml sutntitém:fﬁf:zmspt(mtnhmy is-I

- deoxy- D xyl ul i f ﬁﬁ”ﬁ

comon 2 and 3‘%@@1@%&& centra?e(%%ol |%§F§s@3§lt gﬁb&éﬁgﬁ%ﬂ? pS ngé%:?%e
1- deoxy- D28yl drcaged Beig rbyphe erodyphrvirdicaopmbyqpilibriyga HeSBIIR Y 3
t hreoni ne deri \ﬁg&bzyzgltﬁpfeﬁgﬁsﬁgggm t he 4-carbon sugar Deryt hrose
4-phosphate. The genes required for the conver si on t ophospho-4- hydroxyl -

reonine (11 TP) are epd, pdxB, and serC. The last reaction for the formatlon
of PLP is a cduphekefirdrarmdéouldacts condensation and ring-closure reaction

bet ween DXP an d UTP"I‘hQ %@éﬁ&%‘ijnﬁy@h&n to mdole-B—pyruvate viaa ﬁyptophan anmmtansfcrase may

25 adversely affect the production rate of indole-3-pyruvate because the reaction produces glutamate and

requzras the co-subsirate 2—oxoglutarate (o-ketoglutarate). Glatamate may cause inhibition of the
aminotransferase, and the reacnon will consume large amounts of the co-substrate. Moreover, Iugh
glutamate concenirations are defrimental to downsiream separation processes.
The polypepﬁde glutamate dehydrogenase {GLDH) converts glutarnate to 2-oxo glutaraté
- 30 thereby recycling the co-substrate in the reaction catalyzed by tryptophan almnoiransferase GLDH
also generates reducing equwalents (NADH or NADPH) that can be used to generate energy for the
cell (ATP) under aerobic conditions.” The wtilization of glutamate by GLDI-I also reduces byproduct
formation. Addmonally, the reaction generates ammonia, which can serve as a nitrogen source for
i} the cell or as a substrate in a reductive amination for the final step shown in FIG 1. 'I‘herefore, a
35 'p'roduction cell that over-expresses a GLDH polypeptide can be used io jﬁdreagg the yield and reduce '
' " the cost of media and/or separaﬁon Processes. ;
. Inthe tryptophan t0 mOnatm pathway, the amino douor of step three (e.g. glutamatc or B
agpartate) can be converted back to the amino acceptor required for. step 1 (e.g., 2-oxo-glniarate of

nva‘lnnﬁﬁ;fn‘hn\ i an aminntransfersce frm the annranmiate enrwmne 'Ciﬁﬁﬂﬁﬁ ig nsed. Uﬁlizatiﬁn of two



30 the gene products of pdx:4 and pdxJ. If PLP beconmes a limting nutrient
during the fernentation to produce nonatin, increased express?j'jo& Tofllone or
nore of the pathway genes < a production host cell caa be used to increase
the yiel dwdomasdsi n. A host organi smcan contain nmultipl eecopsmazss its
native pathway genes or copies of non-native pathway genes can be
incorporated into the organi sns-genonme. Additionally, multiple 35 copies of
the salvage pathway genes can be cloned intg the host organism Qur sal vage
pathway that is conserved in all organisms 2r:*ecycl es the various derivatives
of vitamin B6 to the active PLP form The pol ypeptides involved in this

pat hway are pdxse%ﬁtﬂ?a%@mmﬁéé%ﬁﬂﬁﬁdtﬂ@a?%w&@ﬂiﬂgéﬁbsﬁ@m@m%as%gﬁ%§S' on of
one or nore of t ese?%gnes can |nch$ase PLP avail abilit Z5 OCT 2906 WO

03/ 091396 PCTI JgFRyHtghibit theactiyity gaheothes trprisepuipage, &E&hﬂcﬁéﬁé’ﬁé@“ﬁ% of s

el i mnation or m#paessi on of the netabolic regul ation of the nat| ve

bi osynt heti-c pat hV\B‘yMQnen %GIEQCHEIPI LEO&EGHQQ 3 {Rfa?rsn IPe%eesigl Rla§ ﬁ%:ere arc, %Qc%%[ll des
i nvol.ved in _the bi osyﬁ’t esi’s of the prec FSo Feoni ne aeri Vat t he
bact eri um Fl av@hlah‘eremh?mﬂlgpbsﬁmmww@% The yielftlof Ge pytwerren bt mgtﬂﬁtaibm fr eed of

met abol i ¢ cont I @Hitinru bW Sk A SHES B odNE fr&%&@ﬁo}ﬁ;@ﬂﬂdéﬁakbr\é%p&nﬁcr% oPm&XE{8be up
to 20 ng/L of P P Génet i c_mani pul ation of host ‘organi sm produm ng

tnonatin in a &fweaiop bl ugpe fRerpeasy oF WWHW@%@’@ VO gD PT_ P
Wi t hout aver - emrmﬁﬁﬂr@m tdcattlire riosyeduireitli cncophdnhmagyyle gEvaESates AT inbrakse i

Utilization 7 Q_Ir hanase reactions:can be driven toward the synthetic
di rection: (producti nof tr pto han from i ndol e) by nmaki ng anmoni a nore
avai |l abl e d? by renvihgremyyal “C‘Réﬁ%ﬂétm%ﬂéeﬂzﬁlﬂﬂﬁﬁmqﬁ@ﬁ oplyaubstigion of yuiah as

t hose catal %/Zedioﬂ)i'g&hﬂtlﬁﬁ%ﬁ“ﬂﬁﬂ%feﬁ)@%&‘cﬁﬁmﬁﬂl %ﬁgmﬂk@we@cu&s@mﬁrd by
an excess of amoni.u i e avai e.as, an. anun

carbonate or a Wlﬁﬁ% E&égéé} ?36 Iga  EPyRrodust B pRdre ﬁlsﬂﬁﬁglgﬂlﬁfoéea"tm
buf f er ed. syst enthe réyere ﬂmamnawha by phaipahapeofevageetionsor Ayapowiinams pytvesioneo @ -

anmoni um f or mat,g .. Al SENAkLYEiYs cAPRRLA..Can be supplied if the reaction is
coupled with a reaction that generates armonia, such as gl utamate
dehydrogendée or tryptophan dehydrogenase. Amonia can be generated by

addi ti on -of thelfmlaﬂﬁ;%ftm&irﬁﬁi’ﬂﬂs of EC 4 1. 99-- (tyrosine or trypt Ophan),
which will be hydr olﬂlz pca

ol Hyate.an Thi
allows for an 20 incr ease PR nge ?é)éte‘?lp eahm “6 ucPDf%%P]faﬁgmmma?&r
equi | i bri um anoliering batabalid roiveng uyﬂ@neméﬂ}ﬁ%PWﬂteth@éam For epamerficetbe ed

substrate. Remyghcrdh B idflGLSeRAdd Mﬁ;@ﬁm{;ﬁwﬂa@m&@ REded b&ﬂm&ﬁteé gy ptophan to
i ndol e-3 p%épuvat e Vi @p% t.rypt opban am no& Lans advgr sely affect

the production fagieea eomy OpPE foLf EzﬁﬂgﬁgTsﬁﬁuTéﬁ@F?@ﬁf’ﬁ Wi s

gl utamat e and uypcqphaﬁmb‘e fencatnor slinisdteddly @mionally gleing tha ke (@ingdir@glautoanat e) .
Gutamate may GaYse I %Qinﬁdvgp aﬁlxcésk B8 oﬁf&mﬁlﬁ@%\éﬁs%&%& :ﬁ%’% LG o{ z‘:? gfd 1 on

wi |l consunme | arge anounts o Cco-substrate reover g tamat e
concent rat i ons Pecess epmbinging Wit ingragd AmeohHf eepeniine fos RC .88 §%3é’§sah etal,

~ J. Ferm. and Bioeng:, $2:604-6, 1996). Genetic mndiﬁcanons can.be made to increase the level of -
25 intermediates suchas D-eryﬂnose%phosphate and chorismate.

Tryptophan production is regulated in most organisms. One mechanistn is via feedback
inhibition of certain enzymes iﬁ the pathway; as tryptopﬁén levels increaée,_ the produéti_on rate of
tryptophan decreases. Thus, when using a host cell engirieered to produce, monatin via a tryptophan.

. intermediate, an organism can be used that is xiot sensitive to tryptophan concentrations. For
30 - example, a strain of Catharanthus roseus that is resistant to growth inhibition by various tryptophan |
analogs was sel;écted by repeated extposure to high concentrations of 5-methyltryptophan
(Schallenberg and Berlin, Z thmﬁ:-r sch 34:541-5, 1979). The fesulting tryptophan synthase activity-
- of the strain was less effected by product inhibition, likely due to mutations in the gene. Smularly,
_  bost cell used for monatin producnon can be optumzad. _ , :
35 ’ Tryptophan production can be optinized through the use of directed evolution to evolve
- ~ polypeptides that are less sensitive to product inhibition. For example, screening can be pcrfomlcd
' on plates containting no tryptophan in fie medium, but with high levels of non-metabolizable
'uyptophan analngs U.5. Patent Nos. 5,756, 345; 4,742, 007 and 4,371,614 dcscn'be methods used to
. increase iryptophan productivity in a fermentation organism. The last step of tryptophan b;osynthes:s



The pol ypeptide gl utamate dehydrogenase (GLDH) converts glutamate to
2-oxoglutarate, 30 thereby recycling the co-substrate in the & i

catal yzed by tryptophang#i notransferase. GLDH al sgggenerat es “reduci ng
equi val ent syohAR¥36y NADPH) that can be used to generate engégmsf,gﬁ.,g{he
cell (ATP) under aerobic conditions. The utilization of glutamate by G.DH
al so reduces byproduct formation. Additionally, the reaction generates
anmoni a, which can serve as a nitrogen source for the cell or as a
substrate in a reductive-am nation for the-#inal step shown in FIG 1.
Therefore, a 35 production cell that over-expresses a G.DH pol ypept| de can

Separati on pr ockBesgenpleEi s PERRE et R S AT e Mo donor

of step three (teypgrhangtodtciomt e or aspartate) can be converted back to the
am no acceptor r equl mfo&'iof%o‘%&nb)h(ﬁce@b af%mgﬁ‘r&o%&larﬂs&r?éﬁ Ohcreab gﬂlcrggg%g+a~

4 ~" a-.,.:,,nt. rrnev from a nnrirnnrinte enavmecasse5| used-

Utilization of W@W@@BGGWID@@%%@EHP@W@S%M%B@ Triclpgporagepar at e
transani nases fQfaddi (SvaR@d: Bu@Ys pdl MiWhbisH B513BE4S BIBS & UBrRbsiMBrdt @NSANT | Nase
does not- conpeti @kvel |nh|}) ltﬁ%g m V|t of the mtf]er tra sam pnase, can
i ncrease the efff#’ é"ﬁ’é L §erEee ¢ {)‘m 4 "ﬁ% 8%'&1‘3%’ £ Braghice e’
descri bed pat hwagiedadigloseiteriai bladdigandgendti: mpdifidations torbe madega cigardems tofpromote

equi l'ibrjum be %ﬁﬁ e ¥ can be
i ncreased by ti ﬁ%ggﬁhlgcg&%‘?/%@q}owlﬁg%géo ﬁ??%g?ﬂ kn “ﬁ;eﬂd:)eg?ypeptw\%es For
exanpl e, secr etFems-SE-HoMAtOh into the fermentation broth using a pennease
or other trm@nsport protein, or selective crystallization of nonatin froma
bi ocatal ytic reé 2”? E,}r m wi th concomtant recycle of substrates wll
increase the r 4P sni"8Pd. 10 The renoval of hyproducts by additi onal
enzymatic reactions 'Hmfebsepgﬁbsfm@qmmbttﬂﬂteraMWOﬂ@n@p signeerhprsistiy{chizdli o€r - way

to increase thethéﬁél&éuieoﬁoﬂéka?dpﬂ d‘é@ef&lt abna%@am}s%y% eesﬁed&;&aﬁé&ﬂmbdas oftxanpl e 13
and shown in FIGS 13 byproduct 1S produced t IS

unavailable to @Eﬁﬁaﬁi"ﬁ f"rtdﬁféreli"‘é?i‘éls%‘@m&l (hirakity eq be %‘?“Fﬁl]é"fi VB9 ‘ﬁﬂ’é‘?@" phed
(evaporati dif) afolpsptis@ont aneous conversion to an unreactive endproduct,
such as carbon ‘di oxi de. 15 Mdul ati o§ of the Substrate Pools The indol e pool
can be nodul ated by increasing produ n of goypt oppan precursors and/ or
altering catabolic pathways involving in e- ate and/ or ttypt ophan
For exanple, the production of indole-3-ace g fromindol e-3-pynivate
can be reduced or elimnated by 20 functiona i
EC 4.1.1.74 in the host cell,
reduced or elimnated by funct'
4.1.99.1 in the host cell.

he gene codi ng for EC
cess of indole . can be .

utilized as a substrate in an{in V|t i _ ddss in conbi nati on
with increased anounts of the '8¢ > 9. 1 (Kawasaki et al.
J. Ferns- and Bioeng:, 82:604-6, i gdi fi ca can be made to

increase the level of 25 i'nternedi at es Huch as_Bierythrose-4C8hosphat e and
chori smat e. .

Racemization at the C-4 position of monatin (see mumbered molecule above) can oqcin: by
deprotonation and reprotonation of the alpha carbon, which can occur by a shift in pH er by feaction
"~ 20 withthe cofictor PLP. Ina microorganism, the pH is unlikely to shift enough to cause the
‘ racemization, but PLP is abundant: Methods to control the c:h1rahty with polypepudes depend upon -
. the bmsmthchc route utilized for monatin produciion.
When monatin is formed using the pathway shown it FIG. 2, the following can be
. considered. Ina biocatalytic reaction, the chjraﬁty of carbon-2 is determined by the enzyme that
'25 I. converts iﬂdoie—B-pymvate to MP. Multiple enzymes (e.g. from EC4.1.2., 4;1:_3.-)_can comvert .- -
. ‘indole-3-pyruvate to MP, thus, one can choose thie enzyme that forms the desii’éd_isomer. .
: Alfemaﬁvely, the enauﬁdspcciﬁciiy of the enzyme that converts indole-3 -pym@réte to MP can be .
meodified through the use of &ireeted evolution or catalyﬁe antibodies can ;t;c engineered to cétalyzc :
the dcsired Teaction. Once MP is i:)roduced (either enzyxnaﬁcally"oi"by g::hemjcal' condensation), the

30 - amino eroup can be'added stereosvecifically using a transaminase, such as those described herein. |



Trypt ophan production is regulated in nost organi sns. One nechanismis via
feedback inhibition of certain enzynes in the pathway; as trya% @Pﬂl evels
increase, the production rate of tryptophan decreases~ Thus, en using a
host cel| &MQPH¥WPWd to produce nonatin via a tryptophan. PeIr/esesedsste, an
organi smcan be used that is not sensitive to tryptophan concentrations. For
30 exanple, a strain of Cathw anthvs roseus that is resistant to growth

i nhibition by various tryptophan anal ogs-was sel ected by repeated exposure
to hi.gh concentrations of 5-nethyltryptophdf (Schallenberg and Berlin,
Zhbturfo)scb 34:541-5, 1979). The resulting tryptophan synthase activity of
the strain was Ekﬁé&eﬁfotgeanﬁmnm%m cahmemrste%en&mmlvmcﬂggot g fIut ations

in the gene. Simlarly host cel | used roducti on can be
optimzed 35 “W@‘mc@ﬁﬁ%ﬁaﬁ‘ffﬁfﬁ @t“F“&n MostAmisatragpsi f%%%ﬂ“‘“ﬂﬁ?rf@d]&#“’ﬁ%é’r .use of
di rected evol uﬂnbﬂé?eﬁmuﬁjl@hdﬁamnﬂ@nﬁw& éxtiem céribitplag ﬁ{dhﬁs Snd ERSPrbdedtingt 6F the
product " i nhi bi n p

cont ai ni ng no ES%J@/_% %matlh?ls nhm Son él%]mmm 6 Q(f‘,a ‘bam¥lttetrg|1€z dT‘ szaﬁcggzrpan @pﬂ) mreover
non- net abol §zalbt- éamr{elawt’@pﬁaﬂeﬂhéllé@@ nigfh@ninPptrente aiNogtranGer7®62 84 31) and both
4,742,007; and rg'ﬁ)  Sefrdin B2 e HRRGTh AR a%%@a%%aéé%?@'l El‘?and Q808 515 ﬁﬁrﬁﬂ

product|V|ty in‘a fernentatlon organi sm ast step of

bi osynthesi s 235mDetranslerers -4 A3 @3@@“@@&8@@?&’1‘2‘5@ ‘aSQSMY"ql%aC’EWéth‘addl tion
of serine to | raﬁt@dmee,fmtﬂ%efeecfn&mtuarﬁmanﬁlcbﬂgmiohwtﬁa‘cmwa'h&aﬁremtmmnﬁ.f eased
to increase d, by a

f ernent ati on or n]ESI @mﬁs%’ m(’c‘?eglaﬁ%éhc? Jb?’reo‘%ﬁ%lft‘éya f%ﬁ fm?ﬁ%éucg‘?‘?’g{e °t°“n6°$ *hymvat e
produced by0t h@rthxsls the epprraTvitswicctie pﬁaa“amaga@am &nceshm-tac@ss TSievdnddsp the omeagted

cut aneum (\Wang Lﬁi(uﬂemeé-ﬁ&ﬁer) céﬂﬂlrecy&@dq{a%b R consBRen3R LracehRORkmARIMPAUAHOPS S
gl abrata (Li at al ' "M crobioL Biolechnol. 57:451-9, 2001) overproduce
pyruvat e and c&ﬁ“ﬂ@iused to practice the nethods disclosed herein. In

addi tion, genetic nodifications can be nmade to organisns to pronote

pyruvi c aci d prog h as those ink', colt” strain WA485112 (Kawasald
et al., J. Fei 7% ‘d‘%""d’?“ﬁs‘?""lg . 82:604-6,1996). 10 Controlling Chirailty The
taste pr of 1fe of noRhespherdaed Slﬁéﬁa&l&tséqhéélPwh%ﬁlvﬁ@‘faﬁ(l@’),tcﬁbbeslﬁﬂéFlébecfh@mrst ry

(chirality) of alsél&@dmbﬂe@u&sﬁmfa% s%ﬁ’d‘ﬁ@lcz&\,be(ilﬂofefaﬁérg‘emaﬂmﬁﬁiﬂlefhnﬂ,wcaﬁﬁay be
desired in differept blen conc or .different food systens.

Chirality can BE"EbRIFGHF ’Breﬁ?“ﬁ“?teé Fﬁ’ ?3‘?‘:5@“’"&%&“ HIEMAPBpti des. 2

I HO p. OH NH2 phdsdte glup stabilizes the enol tautomer of the micleophilic substrate, making it more reactive.

In other reactions, a phosphorylated substrate often provides a beiter leaving group. Similarly,
20 . substrates can be activated by conversion to CoA derivatives or pyrophosphate derivatives.

Example 1
Cloning and. Expression of Tryptophan Aminofransferases
_ This example describes methods that were used to clone tryptophan aminotransferases,

25 . ‘which can be used to convert tryptophan to indole-3-pyruvate.

Experimental Overvigw
| Eleven genes encoding aminotransferases were cloned into E. coli. These genes were
Bacillus subtilis D-alanine aminotransferase {dat, Genbank Accession No, Y14082.1 bp 28622-29470
30 and Genbank Accession No. NP_388848.1, nucleic acid sequence and amino acid sequence, |
-réspecﬁvely), Sinorhizobium meliloti (also termed Rhizobium meliloti) tyrosizie aminotransferase .
B (tat4, SEQ ID NOS: 1 and 2, nucleic acid sequence and amino acid sequence, tespectively),
- Rhodobacter sphaeroides strain 2.4.1 tyrosine aminotransferase (fatd asserted by homology, SEQ n
NOS 3 and 4, nuclcac acid sequenca and amino acid sequence, res;pectwcly) R. sphaeroides 35053
35 tyrosme anunotransferase (asserted by homology, SEQ ID NOS: 5 and 6, nucleic acid sequence and
| _ an:uno acid sequence, respcchvely), Leishmania major broad substrate mnmotransfcrase (bsaf
asserted by homclogy to peptide ﬁagments from L. maxzca:za, SEQID NOS: 7 and 8, nucleic acid
sequance and amino acid sequence, respectively), Bacillus subtilis aromatic almnotransferase (m aT

- asserted by homology, SEQ ID NOS: 9 and 10, pucleic acid sequence and amino acid sequence, .



OH Racem zation at the Cat position of nonatin (see nunbered nDIecuIe
above) can occur by deprotonation and reprotonation of the al HQE?Q

whi ch can occur by a shewft in pH or by.reaction 20-with the co actor

| na m croovgQasksuys t he pH.is unlikely to shift enough to cagsastiiesss

racem zation,  but PLP is abundant. Methods t.o control the chirality with
pol ypepti des depend upon ' the biosynthetic route. utilized for nonatin
production. - Wien nonatin is formed using the pathway shown in FIG 2, the
fol l.owi ng can be considered. In a biocatdbytic reaction, the chlrallty of
carbon -2 is determined by the enzyne that 25 converts indole 3-pyruvate to

MP. Multiple A ( 0 a - R as o
i ndol e- 3- pyt u\e/r@{p XEIF%,) lé%?rigbaf zﬁés Jn‘vzgﬁgw cébri{% . g?)néség&f%ag é%?ynggﬁ@hogd %S‘?Cﬁe
desi red" i sorerD NG&: i@inﬁé%aPW@F%FCIC‘FWEGWF‘IF@B‘Sﬁé@ﬁ"ﬂ@mﬂgﬁp@ﬁwﬂ%@ iveyaides t hat
converts i ndol BoS3-mRpl\aisRad Qmﬁdaaﬁmsm D6 ohBlgy, BEQUIROENE M58, R ieic
directed evolutjon or c taI ti,c anti bodi es nwg i.neered to catalyf
the desired rgUeTamee 1§ esrosderewtvet Yﬁ{ g““’é@ﬁg’ﬁ?fﬁ?’f’e&é@lﬂf Aomyple
chenmical cdéndenisait mm)quamsreaasa@rsa asmdigfheammgy Gabdhi Aactektng No. AAAE01000093.1,
st ereosueci fe S [ . el N,
250CT206 WO 8@/%@?&8@5% @%5@/@5@%% NOZ%%E)O?@% r}}%ﬁﬁ %5% chgn#] Jrafil on of
carbon-4 can bewgensrprcuhlldpdadiisgolbnraie ehipyrapsiqse @FPGLGE@MMGQS%O@& d
am not r ansf er agmoh19s. Fﬁ;ﬁﬂ’ss M%isfancﬁi&ﬁhﬁi A@e@s’%ﬁaﬁﬁ@%&ﬁbﬁt lsﬁﬁﬁalc al::@seﬁ‘%cetal]@
L-i sonmer, however . r han nsfer ases exi st ertain Iants
(Kohi ba and M %R *8f & ’é% ﬁ%@““a?‘h??é ﬁ"qsﬁ’ﬂ"ﬁ’r’lﬁ‘ﬁ’lﬂi‘%ﬂﬁﬁ? w%%%ﬁ% Lvitanin
B6 and Carllﬂonwndmmlegcfsmsseqmadeadmﬂ:ﬂ@&iﬂsﬂq@&iﬁe),resﬁdbﬁx@lyyer -5 D al ani ne
anm not r ansf er ases '

(e ?«a%s ‘gele) 61011%5 ES%EQ&&%{\? st Y YR Pin RUVEGEL &ﬁé ‘thas §

(2.6.1.41) and both ﬁgr opanoat’e anunotra
(2.6.1.61) andodoly-mxss. leewiheenyppplbisuete eeyeay Abelpanslres idact .6, 1. 22)

have been identified. Certain am notransferases nay only accept the

substrate for reaction conf.i i.on at the

carbon. Ther ef%‘?‘"@ﬁc"g?f W Bpgrerie ”’"‘ég’fﬁ]@@’%i‘"d’ﬁ"’t IW"F?Q’W%?fwﬁeﬁ'fegégB'@él fic, the
st er eochertidstry of Ndgend inthd NGHIGdatiotal Cenvr heBorinelopyl lefirmkgon) datdbeg iwetche
appropriate Sede%&ﬂe@ rt]rg{ &Jnﬁﬁb%@z@%e&@e%eﬂo@v&%gaﬁﬁﬁs ﬂa@ﬁ%ihis%ﬂaméic%cﬁxﬂy ersible,

t he unreact ed esired isoner) can recy to its
constituents At bﬁ“ﬁ%‘éﬁ?ﬁc W?Pﬁ?ﬂéwﬁwe@ﬁﬂ‘bg a"'%"@? brs st meaged pself on
of subst rat es e&éacehmmﬁlﬁédqi@&l ﬁéﬂi)ﬁ:& foamfsg sommmbqa{aﬁﬂ ﬁkbﬁfe MWn&M ate

(PEP), can be M act] c osed i ted
substrates car® or?fg?aemlte%ﬁheo?&etl ccgpolml SFa 7oFabl e an§ES F’?ﬁere rgm::me‘arum be used

to increagd t Héovaragdel,ifornin é@r@soffwmplyiﬁeePﬁadofnPWS &iridede pe.opddimemt i ons, the

addi tion of a A%Q&@Qﬁ@z&qﬁ&@tﬂp&&%%rh !ﬁffﬁ*ﬁmWﬂﬁ@@é Eﬁcauwm:oa@& .z;,n@maam
nucl eophi | i ¢ sdbstr at maki n nore r n other reacti ons,

phosphor yl at e fSEaPEEs agt' ‘éiﬂcffzt’lé’ﬁ” ﬂ’f“&%l‘&é@d“d""%%‘f’t‘gPtoq“"é’é X YRR Sty ain Tl ar ly,
20 substrates .ﬁﬂﬂuzbﬂmﬁﬁ)élﬂt)lﬁi’,ﬁﬁﬂolayna@ ﬂﬁweﬁaas T Dacfoodscabdndy dbdtobesihokasei,

pyrophosphat e ,der A z?% 5%a écﬁn%% hgn SL%% 155 BB sPnalhpdsoPhan
Ari notransferé’%esﬂa‘fﬂ e mﬁbl e {@}gscr 'oesla ?%o%p 3 ﬁﬁv\greﬂgpuseém ’ ('II:one
tr ypt Oph a®s au nmrprar{gaﬂm%@; Leishmania sp., maize, tomato shoots, pea pIants tobacco, pig,

Clostridium spor ogenes, and Streptomnyces gmeux :

- Isolatior: of Genomic DNA for‘ Cloning
' S. meliloti (ATCC nuﬁlber 9930) was grown in TY media at 25°C, pH 7.2. Cells were
30  grown toan optical density at 600 nm (ODeio) of 1.85 and a 2% inocuhmn was used for genomic
| DNA preparations. The Qiagen genomic tip 20/G lat (Valencia, CA) was used for genomic DNA_ :
isolation, . . . :
Bacillus .'subtﬂfs 6051 (ATCC) was gfown at 30°C in Bereto Nutrient Broth (Diféo; Dqtroit,
M]).: The.Qiagen geno:mc hp 20/G protocol was used to isolate the genomic. DNA with thie .
- 35 followmg changes the concentrations of proteinase 4 and lysozyme were doubled and mcubatlon
times were increased 2-3. fold _
_ '. - Leishmania major ATCC 50122 genomlc DNA was supphed by DI, Inc. (Quebec, Canada)l'
_ mTBbufferpHSO 17na/pL :



25 which can be used to convert tryptophan to indol e-3-pyruvate.
Experitneriful Overview El even genes encodi ng am notransf er aseg pwgriejggd oned
into E. coll. These genes were Bacillus subtilis D alanine am notransferase
(dat,  GenbaWR 086e886i on No. Y14082.1 bp 28622-29470 30 andpCenisamksss
Accessi on No. NP_388848.1, nucleic acid sequence and am no aci d sequence,
respectively), Sinorhi?obiumneliloti (also termed Rnftobiunt rneliloti)
tyrosi ne am notransferase (tatA, SEQ ID NOS: | and 2, nucleic acid sequence
and am no acid sequence, respectively), Riddobact er sphaer oi des strain
2.4.1 tyrosine am notransferase (tatA asserted by honology, SEQ ID NOCS: 3

and 4, nucleic acid ﬁﬁ%%%lz@@gdémztri%r@ﬁdegb?%%%mﬂa@%%%&yﬁlo}% exal, {

sphaer oi des 35053 35 rosi ne_am notransferase (asserte onvl ogy, 'SEQ I D
NOS: 5 and -6, Iﬂ@ﬂ&e?véafi:spéfeﬁ' Qjdes éﬁ’é%%@céﬁﬂbeﬂaﬁiﬁdm&wﬂ‘%w@ﬂ was prepared by
respectively), skefidasd phEmNéx8acity. @elldreRAtvedtast @ log phdR, ReishRBGTETRS Buffeb@al - ,
asserted by ho L

and 8, nucl ei c%%&gXHEgauzgfcg&gﬁé&g%Bﬁg@ Jaﬂdkﬁ'%ir?%earesﬂeﬁf%%%n

Baci | | us subt i |lpusy! sarevsiog tiecmb pdlliyerpensins f Aftens@adiiag at 35t threg Simey withchn bynahoivpicof)y

SEQ ID NG 9 QRGBT E el @ﬁﬁ%}@@ﬁe pBNYS, MRS, i 1REOURRGPwas2S CCT
2006 w WO 03/ 1396 PCTTUSO3I1 | 2 -26- respectively). Lactobacillus

ar nyl ovor us ar GEcied omeRyint: eipsqtermincianol and thaee tanes with chlprdiRamn SNy SEQ | D
NCS: i -1 and- 1Zixecipm$d&iy he additidn Sﬁqm,mee oﬁm]et sedfiinladeta’, pil 65268 2 Rélfines ethanol. The

ESEES?E 'eée'bi) s ey o e B AR A Bl R BNR SR
anm no_acid Qequ@ﬁﬂb@dwﬂe@pé@shwlvwer Rhodobacter sphaeraides strain 2.4.1

mul ti p' €, 5 substr atﬁd@ﬁ&kt}f&lﬁ &B&ﬁ@bﬁi%ﬁ Rhisa @o%?ﬁﬁ:h@ﬁléyg én?&i&pre%‘r@?a”k
Accessi on No. AAAE01000093 14743- 16155 and .Genban Acce55| on

ZP00005082. 1, rieies B Qiags o °§’éﬁq‘i? @8 /GHEt SAmY meqt s st grapR B L *%%‘b%'aqsq%l y),
Escheri chi a coils7ashag éfatmfica DNACE éﬁ‘ﬂﬂifeé.r'ﬁﬁ@mﬁﬁﬁpﬁlk vize tibarvtdin Ahg@sdition No.
AE000195. 1 bp 27557 §B§6t5a aoﬂ'cgnu%gono? 13<7 ession No. AAC74014.1, nucleic acid
sequence and amn guerice, pectively), and E _colt tyrosi ne

ami notransflérase (tyrB, SEQ TD NCS: 31 10 and 32, nucleic acid sequence and

am no acid seq%g,g,emer@,g,g%;&,&ej),m,mf The genes were cl oned, expressed and
tested for activity in conver si on .o an to_ indole-3 pyruyvate, -al ong

with commercial |y avEPFapee desimsfyad wrma?(ble?" engs o Brpiel WME Fictpr (Npvagen,
| dezui f cati on ofadBas ey iTad pEStveddrhss at 1D dbse Maple sGomithbvarhhigloy ﬂzeépside dese MLIC. t he

Desired Activit h n

Bi ot echnol ogy. | % ag‘ri f%rgst?agé\%)nggg%%gegs? gerﬁv\a?eg ‘J@e?l&é\&g} 9‘“&’% a%&’?r&ﬁtp rﬁld 0

am not r ans#8r a%ﬂemmdmﬂgﬂaﬁl@nﬂﬁ&ﬁﬁbNﬁM@s e Syrea i ar,tlomllcttwnnhhve
been identifi edysthe t1YRE ﬂ@@é@re@dﬁhﬁ&{sﬁtaﬂﬁ(f}ﬁ)rsﬁﬁcﬂre&tﬁ/ﬂ fronf&iilie\stabi YoddR 8F (RELA:

nmeasured in cell ex”%ﬁﬁ ]Fu romlgurl ﬁ !gro%el n fromthe foll ow ng
sources: |ihi z8bSEEEHY LB PRP PP B SRR PUER*Yct of | ora, pea mi tochondria
and eytosol, sunfl oWke follovongrsequancks veed ddded 1Rhe ' zelh bilbariegu ispreifiosgucnan wid

bi ovar t nf ol i, ‘dggggngl? E&Qg@%&@ @Q%@&Pﬁﬁﬂﬂlé@éﬁcd@( Fﬁ‘ﬂ#)eral {}%g’%f Pense

savast anoi, Ao r1uln tzuhetaci ens Azospirillum

Ent er obactg 5 CIASHORAGASTTAPAGSE (SBR IDAYY 76 ncr ans, Br adyr h| zobi um el kazi t,
Candi da rral tosa, AzGLehacienks dd} iBleRNitdnn: #-at brain, rat liver,

GGTATTGAGGGTCGCATGAAGGTTTTAGTCAATGG 3'and Cterm - _
AGAGGAGAGTTAGAGCCTTATGAAATGCTAGCAGCCT-3' (SEQ ID NOS: 15 and 16).
:  Sinorhizobium meliloti tatd primers: N term: 5%
30 GGTATTGAGGGTCGCATGTICGACGCCCTCGCCCG and C term: 5 -
| AGAGGAGAGTTAGAGCCTCAGAGACTGGTGAACTTGC (SEQ ID NOS: 17 and 18).
" Bacillus subtilis araTprimers: N term: 5'- '
- GGTATTGAGGGTCGCATGGAACATTIGCTGAATCC and C term: 5™
. AGAGGAGAGTTAGAGCCTTAAACGCCGTTGITTATCG (SEQ ID NOS: 19 and 20).
- 35 :  Rhodobacter sphaeroides msa (both 2.4.1.and 35033): N term: 5'-
. GOTATTGAGGGICGCATGCGCGAGCCTCTTGCCCT and € term: 5'-
AGAGGAGAGTTAGAGCCTCAGCCGGGGAAGCTCCGGG (SEQ ID NOS: 21 and 22).




Sinoi hizobim neliloti, Pseudoznonas fluorescens CHAQO, Lactocaccus | actic,
Lact obaci | | us easel, Lactobacillus hel veficus, wheat seedlings, baflEys
Phaseol us aureus (nung be&n), Sacclzaronyces 25 uvaigehi (carl sbergensis),
Lei sl nzani awsyuspoemsaé ze, tomato shoots, pea plants, tobacco, WitGysess1asss

Cl ostridi um sporogenes, and Streptotnyces insets: Isolation of Genomc

for Cloning S. neliloti (ATCC number 9930) was grown in TY nedia at 25C, pH
7.2. Cells were 30 grown to an.optical density at.600 inn (ODboo) of 1.85
and a 2% i nocul um was used for genom ¢ DNASpreparations. The Q agen genonic
tip 29/Glit (Valencia, CA) was used for genontic DNA isolation. Bacillus
subfilis 6051 (ATCC) OC | n Bereto Nutrient Broth (D| fce;

Det r 0i't - The. d %@ﬁ“dé‘zﬁ%‘&fﬂé ¥20/ G protocol was used to. isolate

t he genonnd DWWAWW@EMG@WWC&?W&WF&U ons of

prot ei nase K an SoERY ARl i'ncreased
2-3 fold. Lei sh%%é]?g%n%@gl;ﬂ%m O%QCgﬁng%%@ vgféb ggg??ggﬁbﬁi I nc-
(Quebec, Canada) i nfefiok Cﬁ’ﬂ%‘f”é’fo"?ﬂ‘ffffa% W g/ pl. 2 5 G5~ ~GGs WO 03/ 091396

PCT/ US03112588 . GePATTCRMIHIIOBCATGCSRBARTTAGES A2rGh. shd (CRdrpvéded by Pr of essor
Sam Kapl an, Uni i T ). : h | ATCC
nunbe'r.l)o, ~and LX@@%%@%&gﬁCWWWMz%&%%?gg rz& phenol
extraction. Cells wekeddbartarggingdidestal dioth 2l40gpnd BisPsiraings Miagensied i n TEN

buf fer (10 mM g rdloadidofaPacdcTiARibackaR M Madds. and | ysed by the

addi tion of 0.024 sodium5 lauryl sarcosine cell suspension. After

extracting at I%@GQ%%HﬁqWCQHGGQ%CQ%WE@fm No$eHord 38t nr at ed
wi th TE buffiter (10 navkibribisa ddEhspP N tdds- 1 M EDTA) the DNA sol uti on was

e B waa or SRl E AR ARAARE Y B8 s, 11 L1 Ct orof orm
acetate, pH 6. SAWQGN@W@TH‘éﬁbGCAWCA@Né&%B (SHEDDEHS: Hindée)t ed by

centrifugation and vyg.g;{;gg”pgggg,,y\nﬁgﬂg% ethanol. Finally the DNA was 10
dissolved in 0.10 nL distil ter. Escherichia cols genom c DNA was -

i sol ated from sEFEATTORCCHIBECETHII T PANC TR CHCepdt &8 Nisi ng the G agen
Genom c-ti pibM (AEKEEHGAGTTAGAOCATATR TOACCHT SGEAARTE3'SEWD NOS: 3Badda4an OD650

f 1.87,-0.3 f f
i ssoi ved 1n-Q sgon D gt S8R £0% Rk ANRE mpltfs B HE RN B0y ¢
Pol j rneer ase CHap Al Regstipdhl-0-Proitopiat, 1Pnivhefeshmine, SeoMeaddNIPL 35 EBxpet | bl e
overhangs for tﬂﬂgu 13 %Qly%aééekﬁacﬂaeﬁ{afaﬁa GNOMRIRMY X Eﬂ}{%ﬁmwgﬁ Wh)l\?g WASuPET

vector has a 12 base SI ngl e stranded over’han% on th ' t he Xa/LlIC
site and a 15- @5@3@0%1@1%%1‘?6@6°1W€F%W RO fer Sminddpsgiplioyred pred 1sesfiiqne
site.  The ;ﬁOasmfdlemoﬁﬁgd@mggnﬂednB@fecdnﬂgwcmmﬁtﬁ&p@mcmhﬁmgs Abikek the
N-term nal H. S %ons S %@) Emse %875 Cq‘ l%r Imaurt]qfas‘landt%ael retd%g@C‘CT'ﬁl I?%odon

pr ot ease recogni tl on Sl | rec the St ar
of the.gene - protocol producedaproduct 0f1199 bp.

The sequences of the genes derived from R. sphaeroides (msa and tatd), L. amﬂavoms
_ ‘ ara¥, and Bacillus araT were anplified nsing ﬁle-' fo]lovﬁng PCR protocol. Ina 50 pl reaction, 0.1~
25 o5 template 1.5 uM of each primer, 0.4 mM each dNTP, 3.5 U Expand High Fidelity™
. Poiymerase and 1X ExpaﬂdTM buffer with Mg wers added. The ﬂ:exmocycler program used mcluded
a hot start at 96°C for 5 minutes, followed by 29 repetmons of the following steps: 94°C for 30.
seconds 40-60°C for 1 mmute 45 seconds (g;rad:ent theﬁnocycler) and 72°C for 2 ninntes, 15
seconds. After the 29 rcpet]twns the sample was maintained at 72°C for 10 minutes and then stored
30 at4°C. ' . : ' '
| " For each R. sphaeroides imsa gene, the 42°_C and 4‘3“0 annealing tempe;raﬁtres produced
mulﬁialc products, but a distinct band at approximately 1464 bp. For L. anwfavonbs' araT, the 42°C,
' 48°C, and 56°C annealing temperatures yielded single products with intense bands at 1173 bp. For B.
~subizl:s araT, the, 40°C, 45°C, 50°C, 55°C anncalmg temperatures generated smgIe mtense producis
35 (1173 bp), from both genormc DNA and colonies. For L. major bsat, the 55°C ammealing temperature
gave the cleanest product (1239 bp). For Rhodobacter tazA genes, the 50-55°C anmealing
temperatures gave clean products at the coriect size (1260 bp) For both E. coli genes and the B.
- subtilis dat gene; an annea_hng temperawre of 55-60°C was uscd, and the annealing time was



of interest, such that the fusion protein tags can be renoved. The foll ow ng
sequences were added to the 5 ends of the organi sm specific sequences when
designing prinmers: forward priner, 5 GGITATTGAGGGICGC (SEQ | D N5 (T3)2008
reverse prinmer:. 5 25 AGASBAGAGITAGAGCC (SEQ ID NO- M~ . Bacillus subtilis
dal primer SWYONBORISR@: 5' - GGTATTGAGGGT CGCATGAAGGT TTTAGT CAATBGTAIS0HIISECt er m
5' - AGAGGAGAGT TAGAGCCTTATGAAATGCTAGCAGCCT- 3" {SEQ I D NOS: 15 and 16).

Si norki 2obium nelilod tatA priners: Ntern; 5 30

GGTATTGAGGGTCGCATGT TCGACGCCCTCGCCCG and C term 5' -

AGAGGAGAGT TAGAGCCTCAGAGACTGGTGAACTTGC (SEQ#D NCS: 17 and 18). Bacillus
subtilis ara7' prirners: Nterm 5 GGTATTGAGGGTCGCATGGAACATTF GCTGAATCC and C

t 5' - AGA A 35
Rﬁ(r)g]ob'act er sghqggl%g%ﬁdes r asa%%l ﬁ gﬁ%&%ﬂt&e% mﬂn%ﬁé{?%ﬁ@}gr
GGT ATT GAGGGT CGURECrE RARCES BTt rest §586Ct erm 5 -

AGACISAGAGTTAGAGCCTCAGCCCIIISAAGCTCCCI;G (SEQ I D NOS: 21 and 22). 25 OCT 2006
w-S WD 031091396, PCTI US03112588 -28  Leislrntania rraj or bsat: N term 5'
GGTATTGAGEGT ‘T’@’I‘%CACGCAGGCGGCCAT and Cterm 5'-

AC3AGGAGA' G‘ﬁTAGAGCC‘Im(E'FMFW@E@d(ﬁSEQSI oD1 WOBE-2@Bosa pels B the Qiagen gel

IE;-;_(I:_EA\_?__?_ g‘; il1us aﬁ%&ﬂéfﬂﬁ alﬁ'fcﬁZ%_kRNTflﬁC@aprr]o}u?té\?tger quantaSﬁed by comparison fo standards on an

AGAGGAGAG 1TAG&@€§FWIT&P€:@WE9FE? iR ARl eyt Blnes: thomangfyguiytecommended
Rhodobact.er sphasisdeS.idaiandeitnaddit QofingINaagn 3983, Wiy.ai ns): N ternr 5

GGTATf GAGGGTCGCAT ACGA d
ACAGEACAGT TAGAGOCTCACH I AR e Py s SRR e frrged i 1 0 TPNA
Escheri chi a0colrelyzmsyasedn thinpresspogef @WMAWGB@‘ CAUATOITEEGRGANCAEIREERC: 3'

and Cterm 5' -1, ACAGRAGAGE MI&%@%@%&% o %ann o and
30). Escheri ch]::a% cold tyr%% Nterm 5 GB6TAT Kokl ? Dr%léﬂl@?

and Cterm 5 (25 PoAPssResitol s Py pen @@"9”“?@&?3"1?!5“"1‘@3 33
and 34). The feiter ceisibn clbisfcreatsn sBgle smﬂddlo@arhanésltmlﬁa conmstitdengithi theipBl Xwkidg t he

bach pr e oo B pomicleds o BRALAEY B Ciohotufies OTH 5, LS PM of
(Roche, | ndis anapol i sThevegor mﬁrﬁ’d“‘?@@@*ﬂ&ﬁé@bﬁ!ﬁdﬁéﬁwahd%y Nevageny Spfoximaifie
t her nocycl er pro@pae df&ea@e,dhﬂa&{ 446001 Amd Vdotod W@tk nodhiteOBES 1nBitedat 110 B

fol I owed by 29 gDe[%e(sinatl concentranon) was added, and the incubation at 22°C was repeated. The amnealing .
reaction (1 yL.) was added to NovaBlueT'F smg]es competeut cells (Novagen, Machson, WI), and
incubated on ice for 5 minutes. After mixing, the cells were transformed by heat shock for 30
20 seconds at 42°C. The cells were placed on ice for 2 minutes, and allowed to recover in 250 pL of
© ronIm témperature SOC for 30 minutes at'3_'?"C with shaking at 225 rpm. Cells were plated on LB
plates c’éntai:ﬁng kanamycin (25-50 pg/mL). '
Plasmid DNA was purified using the Qiagen spin miniprep kit and screened for the correct
' inserts by restriction digest with X%0l and Xbal. The sequences of plasmids that appeéred 1o have the

25 correct insert were verified by dideoxy chain termination DNA sequencing, o ’

- ' SEQ ID NOS: 1-14 and 31-32 show nucleotide and cones;)ondmg amino ac:d sequences of
the recombmant aminofransferases, apy changes from the Genbank sequernces were. either silent or
generatcd couservatwe substitutions in the protem sequence. SEQ m NOS 11 and 12 are novel

: sequences

30

' Gene Expression and Assays
' Plasmid DNA, verified by sequence analysis, was subcloned into E. coli expression hosts -
"~ BLR{DE3)or BLZI(DEB) (Novagen, Madison, WT). The cultures were grown and the plas;mds were
1solated usmg Qlagen miniprep kit, and analyzed by restuctlon digest to confirm identity. -
35 ~ Induction was initially performed with L. amylovoms araTl, B. subtilis araT, and §. meliloti
- a‘azA in both BLR(DE3) and BL21(DE3) cells. A tixe course sindy was perfonncd with cu]mres
grown inLRB contammg kanamycm (30 mg/L)to an ODsnn of 0.5-0.8 and induced with 1 mM IPTG-
-(1sopropy1 thiogalacatoside) and samp]ed at 0, 1, 2, and 4 hours post mductmn Cells fmm 2.0 mL
were resnsnended in 0.10 mL 120 mM Tris-HCL pH 6.8 contaiing 10% sodlum dodecyl sulfaﬁe



20 of the follow ng steps: 94C for. 30 seconds, 55C for 2 mnutes, and 72C
for 2.5 mnutes: After the 29 repetitions the sanpl e was mai ntai ned at 72C
for 10 minutes and then sored at 4C. This PCR proiggcol producksl (&l pilbduct
of 1199 bp.wohwmessgeences of the genes derived fromR sphageeiifigsidsgsa and
tatA), L. anylovorus araT, and Bacillus araT were anplified using the
following PCR protocol. In a 50 pL reaction, 0.1-' 25 0.5 pg tenplate; 1.5
pM of -each . prinmer; 0.4 nMeach dNTP, 3.5 U Expand Hi ghFidelityTM

Pol y, nerase, .and | X ExpandTM buffer with Mposnwere added.  The thernocydl er
program used included " a hot start at 96C for 5 m nut es, followed by 29

repetitions of foll o econds, 0C for

m nute, 45 sec 01?7%? ft“‘g‘fﬂ&fa gﬁ‘rﬁlé’ @F‘)tedéfrﬂf G]éﬂodtlm f“‘?ﬁ‘)ﬁlﬁgé%d ditytgd “’“h
seconds. - After GHenl2R0f e\puqﬂotstofﬂnm tcttdieellst&rmdtm mﬁcmrmy:medy BINS-HAACE dsbiz 210
m nutes and t h%”lﬁ&g%(cﬁe %ggfhgrg wllég no S%Elguce dT&@hceFﬁ%%ElBﬁnggis ll:lféf expngss? the

42C and-48C anneal | eratures pro
di stinct band et @@Oﬁmﬂéﬂﬁo“l%l@hﬁpmfhﬁweeﬂ&GM{WWQ@L&}@EB)Cftllhe 420
480C, and 58C anneal@ngxtaameatwrgp%eyﬁ@dtﬁ]@dhﬂtagt ﬁs%/sgtgﬁmtn% éfeﬂ@ﬂ%ﬁﬁse
bands at 1173 gﬁe For B, %T"L the 409C 4 anneal i ng
tenperatures g oy i p 5 'ﬁf"’bdt?&ﬁ@t %%a”flﬂglﬁ'}@ "r}ﬂ’f“m?aﬁ"o‘WF &h
genoni ¢ DNA andnwi@lionit esm drgirature fnfaa(}mnnubsaztthgetaﬂn&hﬂﬁ@ @ tanifighg af 16)0pEL gfour €

gave the cf eancalBLARISL (IA30s0Rk, k. AFGRORFATLod P14 SERSRhge 5055

anneal ing tenperatures gave ean cts” at COrrect’size F 60 by ).
For both E. col?galgisnéde H‘aItSPPEHBPmﬁﬁ@ﬂbl ilis dat gene, an annealing

B g;rggrl gtg grgg% 55060@emcu§@ QL. APBvd-deran SWEJMH!B%NPBG sZﬁrlMT%ﬁ@fm V\]P
| conas ean proaucts o
the correct sd@i@‘?&@ B’t“a*r’ﬁ%&“%%%@ﬁﬁ%ﬁ f?f’%fi ORES sPighle PRIt o) ¢
genes, 850 bp feomespondeddatic gama pize (@rosivmiply 43 kPhle TRORprioluct Bgewer@lugalas
purified from Qwé%.epgres;ecfoamﬁ@%@ﬂ&t&aqn@&hésm&&&bﬁaﬁn%aﬂﬁwteneﬁa&ﬁwct' on kit

(Val encia, CA) ucts, were quantif by conparison to standards
on an agarose gel, IBH’BS%%W*?‘FS@%&% @th:@HWﬂDWWO?WrC%@ YRpPAReEdgor he
manuf act ur 4’ s BIBI(DHFBEBdﬁdhebEJtEeQQIGﬁWcEachﬁﬁsnEdo@ﬂislheﬂ ma&emm&atatcﬁl:@.{gl ngu

(Novagen,  Madi Briefl. £ OX rrat e ur| ed P
product was tréa v‘o’IM\lC)u fes e Ml%ﬁ‘l%p II‘ rrn}/eart gqs@g/g 4“5'5’5' preg ﬁ’?é““ SfergeTP
for 30 m nut es apmrox@atdy 0.5 h@llpwtryh@?eas@iﬂpmwesfgmbé%‘io./@nmﬁasi@s?’ﬁﬂﬁQmitOhe 3

ends of "t he PCRopERduQte) VARA “Ilth?ﬂ@@t’ VJTEF BEAMERE RN £0)D, ﬂgﬂﬁ@b‘?ﬁ 106 SlgfUe,
the 5° to 3' polynmerase actjvjt e enzyne counteracts the exonucl ease

activity o ef FUETREI PrEveNts Nfr eHBFC SREE RHTIor Rk P dEGoap e
stranded ow2ér hamgmthat are conpatible with the pET XalLIC vector. The

pol ymer ase 118 1 naCt UAbeC B LSRG Pl LGS RRAILOM 6 nedd TS, Vot O

and treated insert annea as rec
0.02 pnol of trc@mmegﬁn{é@wmtaﬁdm@b@qr corivpil etx@d?@ibwth@ﬂélor todlsa Gorp- Sen Disgo,

i nuL ets at 2t2C§:ét(c§:au%5 WIVAL BekoRest flcRade. %ﬁrelﬁrwtrt BhibaR] ot YRS t@%ﬁﬂr&f&%ﬁnﬁﬁe gt
|ncua|ona eannea|n reacr! on S_adde (0]
NovaBl ueTM si n§i'&% 0\4\% é{)éﬁt‘s @@FF@‘T NS5 PAYEHC WcﬁegtB’%'i'gabW% 1 ﬁ‘t?)a‘ g\gr 20

125 raimutes at 4 C.
' Cc]l extracts were analyzed by SDS-PAGE, and assayed for tryptophan aminotransierase - ‘

activity by followmg product:lon of indole-pyruvic acid using the follomng protocol. One il
reactions were carried out in 50 mM sodivm tetraborate (pH 8.5), 0.5 mM EDTA, 0.5 mM sodium
arsenate, 50 pM pyndoxal phosphate, 5 mM oc-Letoqutaxate and 5 mM Lu}*ptophan The reactions
30 were initiated by the addition of cell free extracts or purified enzyme and were incubated 30 minutes -
o at 30°C. 20% TCA;(200 L) ‘was added fo stop the reaction, and the precipitated protem was
removed by centrifugation. The absorbance at 327 nm was measuted dnd-compared to a standard .
' curve of freshly prepared indole-3-pyruvate in the assay buffer. Confro] reactions withtmt'the o
_ ‘substrate tryptophan or using cell-free extracts from clones transformed with pET302 alone were also
.35 It\erfortiled. o | - .
Due to backgroind from the naiive E. coli ammotransfclasas m cell extracts recombinant
protems were purified using Flis-Bind canndcres followmg mamfacturer's protocols (Novagen,
_ Madison, WI). The eluent fractions were desalted on PD-10 (Amersham Biosciences, Piscataway, .
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| and 2) showves ; @:Epl oterTrdggt  Ccort eapunueu totheTcorTect—size
(appr oxi mat el | . 40 —subfy s araT gene Pproductwas
over - expr esseds gL .xAQE hest T 8%gk—andior was oI _ her.
two gene prodUEYSxied BAFUDS CqUET|I=gGXPr €551 o met nody,  pt asm d. DNA fTom
posi tive cl onEess YWas cgibcloir =% ue to € béetter growth
characteri stiChs.0fudifni S NOST TNAd@gdi on was repeated using T v
o 35053 tatd CE ' >62.3 ' : i

35053 taitd P _ >488

L anylovorus aral CE 1.26 '

L. amylovorus aralP 0 litile protem after HIS-Bmd

R S cariridge

B subtilis aral CE o undetectable

B. subtilizs araT P 1.5-4.5 '

2.4.1 msa CE §2.08 very little soluble protein ]

24.1 msg P 0 no protein after His-Bind cartridge

35053 msa CE 3.97 very little soluble protein _

35053-msa P 0 - . ] no protein after His-Bind cartridge

| E. coli aspC (P) 800 '

E. coliyrB (P) 1 _mot very solable

B. subrilis D-aminctransf.(P) 1 2.7 using D-tryptophan as subsimate

broad range transaminase 22 Sigma cat # T 7684

Porcine type [I-A 1.5 | Sigma G?O(_)S '

Porcine type:l 1 Sipma (32751 .

20

An ahgmnent companng all of the recombinant proteins cloned iltustrates that there are not

many highly conserved areas between the a7 al, latd, bsat and msa sequerwes An allgnment of



| PTG wWth cultures grown in LB containing kananycin at 50 ng/L, inducing
when the OD600 reached approximately 0.8. Cells were harvested 24t t{dr 2006
hours of growh at 37C, wentrifuged at 3000 rpm f or -l1l0 m nutes (4C), washed
wi th TEGGP Wief 631913960 nM Tris-HCl (pH 7.0), 0.5 nmM EDTA, 1. Q@1ikbk/ 12388

gl ut at hi one, 5% gl ycerol, with Roche conpl ete protease inhibitor cocktail),
and flash frozen in -80C 20 ethanol. Sanples were resuspended in 5 nLJg wet
cel I weight of BugBusterTM (Novagen) reagent- containing 5 L/nL protease

i nhi bitor cocktail set #3 (Cal bi ochem NovabiZochem Corp., San Diego, CA) and
| pL/nt benzonase nucl ease, Sanples were incubated at roomtenperature for

20 m nutes S I renoved b

Cont ueati on ARalbhplooRBakSou BBl ey 16k Lrd SRS BB ERNE T
anal yzed by SDS‘W@“%%M@@&W@W @Forkf?aiwtﬂdﬁhfaﬁWﬁ@@vﬁ%@f%wb@wﬁa@wab| ty
by followi .ng preagieks Rpioaf hdweetp{h@am o)&ﬁ:lt@iy Y RYiatdne frae!l p%nrl&sprms ocol .

One tnL reaction 0. MM, sodi u et rahorate (pH 8.5),

0.5 mM EDTA, O. oot feads ’?Ev a~“tl’8°1 BWP?NP’P’& T HLG HEEfLn e )

a- ket ogl ut arfat eproduntibn’of othdr kterbaisppitroplhamatinThe reactions 30 were initiated by
the addition of cell free extracts or purified enzyme. and were incubated 30
m nutes at 30C.- 20% TCA, (200 pL) was added to stop the reaction, and the
precipitated protein was renpved by cenximnigti on. The absorbance at 327
nmd\/\?s geasur ed and coLrpar EdCBnQre@mﬁBﬁﬂﬂ’cﬂé—ﬂlacﬁfé&&ﬁnd@lfe-3fpﬁrﬂ§r%yhpr epaL ed
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the specific act®¥i)ti es nmeasured .in micrograns of indole-3-pyruvate. (13P)

‘;]?r Fggoﬁglr n?n![ I 9{) f‘gnﬁﬁaggn%ﬁgds RRfe o048 D AaBicSOH B FRES S or N/AgI-yan§miJateatﬂg) unts
25 ngwral substrates of D-LDH polypeptides. The Vi, for the reduction of pyruvate was 100-1000 fold

.-.(

. higher than the V., for the oxidation of lactate. The Vmu for the omdatmn reaction of indole-3-
lactic with D-LDH was appropumate]y one-fifth of fhat with lactic ac1d The presence of indole-3-
- pyruvate was also measured by followmg the change in absorbance at 327 (the enol-borate -
' deﬁvative) using 50 M sodium borate buffer containing 0.5 mM EDTA and 0.5 mM sodium
30 arsenate. Small, but repeatable, absorbance changes were observed, as compared to the negative
| | controls for both £ and D-LDH polypephdes . -
Addltlonally, broad spcclﬁczty lactate dehydrogenases (enzymes with acu\uty assocjated
© with BC 1.1.1.27, EC 1.1.1.28, andfor EC 1.1.2.3), can be cloned and used to make indole-3-pyruvate
from indole-3-lactic acid. Sources of broad specificity dchydiogcnases inchide E. coli, Néfsserfé
35 gorrorrhoeae, and Lactobacillus plantarum.
Altemahvcly, indole-3-pyruvate can be pmducad by coutacfmg indole-3-lactate wnth cellula
extracts from Clostridium sporogenes which contain an ‘indolelactate dehydfogenase (EC 1.1.1,110),
o1 Trypaﬁosoma. cruzi epimastigofes cellular extracts which contain p-hydroxyphenylactate
' dehviropenase (RC 1.1.1.222) known to have activitv on indole-3-pyruvate; or Pse‘::cfomc;nas



showed hi gh | evel s of activity above the effective linear range of the
assay. In these cases a'>, 15 precedes the specific activity nunb {4 g?tﬁh

1: Specific Activities of @Gwones in Cell Extracts (CE)wand Purlfled d
Commer ci al WEnewurex6- Enzyne Specific Activity Note jjig |3|??J]TUSD3,@BB§IHI n

L. major bsat CE >49.3 L, nmjor bsat P >4280 S neliloti taM CE >28.6 S.
meliloti tntA P >931 2. 4 1'taMCE >41.2 2.4.1 tatA P 1086 . 35053 tall CE
>62.3 35053 talL4 P >486 L. anrylovonts araT CE 1.26 L. anylovorus araTP O
little protein after His-Bind cartridge B3-subtilis eraT CE O undetectable
B. subtilis araT P 1.5-4.5 2.4.1 Pisa CE 2.05 very little soluble protein
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D speC| fic D aI ani ne). am not ransferase can be useful in the"
Example 3
Conversion of L-trypiophan te Indole-3-pyruvate utilizing L-amino acid oxidase
This example describes methods used fo convert tryptophan to indole-3-pyruvate via an
oxidase (EC 1.4.3.2), as an alternative to using a iryptophan aminotransferase as described in
15 Exaﬁxplé 1. L-amino acid oxidase was purified from Crotalus durissus (Sigma, St. Louis, MO,
catalbg number A-2505). Tﬁe acceésion numbers of L-amino acid oxidases for molecular cloning
“include: CAD21325.1, AAL14831, NP_490275, BAB78253, A38314, CAB71136, JEO_266; T08202,
848644, CAC00499, P56742, PE1383, 093364, P81382,-P81’375, 562692, P23623, AAD45200,
 AAC32267, CAAS8452, APO03600, and Z48565. ' _
20 Reactions were performed in microcentrifuge tubes in a total volume of 1 mil, incubated for
10 minutes while shaking at 37°C. The reaction mix contained 5 b L—tryptopiia:y 100 mM sodium
phosphate buffer pH 6.6, 0.5 mM sodium arsenate, 0.5 mM EDTA, 25 mM sodjumn tetraborate, 0.016
mg catalase (83 U, Sigma C-3515), 0.008 mg FAD (Sigma), and 0.005-0.125 Units of L-amino acid
_ .oxadase. Negative controls contained all components except tryptophan, and blanks contained all
25 components except the oxidase. Catalase was ﬁséd to remove the hydrogen peroxide formed during
-t"ha oxidativc deamination. The sodium te&abomte and arsenate were used to stabilize the eﬁol-'borate
form of inddle-?;—pyruvate, whil_:h shows a maximum abserbance at 327 nm, Indole-3—pyh1vaté
standards were prepared at concentrations of 0.1-1 mM in the reaction mix.
The purchased L-amino acid oxidase had a specific-activity of 540 pg _indole-s’-pymvalte.' .
: 3{_)  formed per minute per mg prﬁtein.’ This s the same order of magnitude as the specific activity of
H)rptopﬁm aminotransferase enzymes. - ' . . e

- _ Example 4 .
o Converhng Indole-3-pyruvate to 2-hydroxy 2-(indol- S—ylmethyl)-A-keto glutaric acld with an’ -
35 - : Aldolase '
" - This example describes, mﬂthods that can be used to convert mdole-.’i—p)quvatc fo the 2-
: hydm:s.y Z{mdol 3—ylmethyl)—4-kcto glutanc acid monatin precursor (MP) usmg an aldolase (lyase)
. (FIG. 2). Aldol condensations are reactions that form carbon-carbon bonds between the |3~ca.rbon of -

_ an aldehvde oF ketone and the carbonyl carbon of another zldelvde or ketone. A carbanion is formed



5 production of other stereoisoners of nonatin. - Exanple 2 Conversion of

I ndol e-3-1actate to Indol e-3-pyruvate As shown in FIGS. 1 and 3,25 OCT 2006

i ndol e-3-lactic acid can=pe used to produce indol e-3»pynvate. 10 Conversion
bet ween | acWM0348136 and pyruvate is a reversible reaction, ZETUSIPWISRr Si on
bet ween i ndol e- 3-pyruvate and indol e-3-1actate. The oxidation of

i ndol e-l actate was typically followed due to the high anmount of background
at 340 run fromindol e-3-pyruvate. The standard assay m xture contai ned 100
MM pot assi um phosphate, pH 8.0, 0.3 MM NABZ* 7 units of lactate
dehydrogenase (LDH) (Signma-L2395, St. Louis, M), and 2 nM substrate - 15
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st ear ot her nnphi faisglfoSyignmeid asitpaiuege uatifDBiendohbiZis Sx)lm:e@(m; | anﬁ)rrnialﬂdiﬁt& aere
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m""r? ﬁ“?atezlh\i ?e was
100- 1000 foldd i %Wéwn@ﬁdmﬂiheondyqsa:twow ketcdméldax'ﬂ@aforeow aldejest mlmeptrﬁtse V..

for the oxi dat i s&R6 bdte B cdnlditiS oFindh1aShriava ith fuldd] Was approxi mately
one-fifth of that with lactic acid, The presence of 1ndol e-3- pyruvate was
al so neasured by follow ng the change i n absorbance at 327 (the enol -borate
derivative) usi@eifgg0 nM sodi um borate buffer containing 0.5 nmM EDTA and 0.5

mV sodi um 30 arsen at?l¥ gl et o{o@ﬁ%@t‘é gﬁ‘lrﬁte I?a?e% ?I‘rpﬁﬁgcﬁasg '%ﬁ:‘]g%snr%'ﬁ_'i

observed, 213 conpare he n at| ve controls
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lactic acid. Soufces of Speci Ehas6s e
Nei sseri a ‘35 gonoi rhoeae and Lact obacillus plaittaruni. Alternatively,

i ndol e- 3- pyravat e cafe BREoRR e@ﬁe%ﬁpﬁﬂﬂ.xh/ﬂmlﬁmg | actate with
cel l ul ar ';@t racts from T oStridium sg@prﬁq}genes whi ch _cont ain
t nya

an' i ndol el &t atle FEEFR7EPBIERHEEE TEEF ! fgessiondye- PRYfaRoCEIR LP0fA03) and
epi mast i got es C@imhaidnar tegosteraiirad phd SHQ TDNOAI 3ppchindleinxyid bgimntasad ahisd acid
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£ Colt cel | ul and exetse ScAGACGMPARTHASHECITARTE M BABAI LIEAPCO A EBRTR NOS: 55
dehydrogenase (aE&:sg) :
25 2. Sinorhizobium meliloti 1021 8Mc00502 gene (homologous to prod, Genbank Accession Nos.:
" 15074579 and CAC46344, nucleic acid sequence and amino acid sequence, respectively) forward 5'-
GGTATTGAGGGTCGCATGAGCOTGGTTCACCGGAA-3' and reverse 5 |
AGAGGAGAGTTAGAGCCTCAATCGATATATTTCAGTC-3' (SEQ ID NOS: 61 and 62).
. 3. Sphingomonas sp. LB126 fldZ gene (Genbank Accession No.: 7573247 Version:
30 7573247, codes for a putative acyl transferase) forward 5'-
" GGTA'ITGAGGGTCGCATGT CCGGCATCGTTGTCCA-3 and reverse 5
A’GAGGAGAGTI‘AGAGCCTCAGACATATTPCAGTCCCA—B' (SEQ ID NOS: 57 and 58).
4. Arthrobacter keyseri pcrE gene (Genbank Accession No AF331043 Version:
_ AF331043 1, codes for an oxalot;ltrarnalate aIdolase) forward 5. '
- 35 GGTATTGAGGGTCGCATGCGACTGAACAACCTCGG 3' and reverse 5'-
| AGAGGAGAGTTAGAGCGT CAGTTCTCCACGTATTCCA 3! (SEQ ID NOS: 59 and 60)
. 5. Yersinia pestis strain CO92 YPOO082 gene {Genbank Accessmn No.: 15978115
' Version: 159781 15, codes for a possible uansferase) forward 5'-



1.1.1.111); or Col eus blumei,which contains a hydroxyphenyl pyru f%g
reductase (EC 1.1.1.237); or Candida nmaliosa which contains al) bindli ¢

| act at e dehydrogenase (ECwm 1.1.222). References desekibing such activities
i ncl ude, N&V@ 6191396 at (FENS M erabiol Lett 71:1) 9-24, 199)1/Usheapssand 5-
DeMbss (Canadl an J. Mcrobial. 14 1968, Coote and Hassall (Biocluan. J. 111:
237-9, 1969), Cortese et aL(CR Seances Soc. Blot Fil. 162 390-5, 1968),
Petersen and Alferntatm (Z. Natuwfwsch. C. Biosci. 43 501-4, 1988), and
Bhat agar et al. (J. Gen M crobiol 135: 353-68- 1989). In addi.t'i'on, ‘a lactate

oxi dase such as the one from Pseudomm s sp. (Gu et al. J. M. Catalysis B:
Enzymati c: g@ﬁ?@ .Egl% Of, .0n of .
i ndol e- 34act|c to ?ﬁ%‘? OA@%C%G%%M "Ljrﬁ %ﬁ%ﬁerm on of

/ _
Lt rypt ophan { 4CAREAGACTTAGAUIRTE TACTTEA NGO O Hici (FOUR N9 GHme 6T s
exanpl e descri bes rretb&ﬂﬁm&ﬁ@lkﬁg%m@qeaﬁmcAcseysmhwhmmum icdedagrs3rpy uvat e
B ot r anat or ale BE ARl R 3R el ra e e P ITRE s
purified fribom SGTATTGAGEETCHKUTGEBGTTEAABGTCETLIS3 abddeverse 8t al 0g number
A-2805). The a ar
cloning incl ug&ﬁ%@%@g’g@@g&&%ﬁgﬁ &%ggg%f 93%@?21%5 %@%ﬂl :
CA1371136, JE0266, T0BZoDkg g@&ﬁ@nbpnkMGaygs ABSE? 1 1391978 30d HUTHEA,L,
;’iéggg 2’81%7511&1%@%@9%1@%&36&33 %ﬂy)mzam CAAB8452; AP0?3?0|0 and
ea es in a tota
vol une of 8&#‘%@%(5%@&%%%%9?%%&3 E?Pﬁfe 37C. The reaction
ni x cont ai l"lbd BGAMYGAGAGTTAGHBRET TATRGATIVASOGCATRCTRL G3pRAD &IaSus Taed 39)H 6. 6, 0.5

MM sodi um ar senat e, 0 ] I :
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concentrations, 0 in the Teaction m x. The purchas am no acid
oxi dase had a @gdcerhePudiadi vity of 540 g indol e- 3 pyruvate 30 forned per
m nute per ng pr otBdeﬁdom?&hksm:ﬁze&@H‘cx‘asa’esﬁpwﬂ@fowﬁﬁtmnmﬁxuﬂﬁm&he specific
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Al dol condensatF8AE" 4
(3-carbon of Hmﬂai:aﬂahwﬁb&nmal m@meaﬂaabmﬂ@aﬁ finjironmertd Brogftion Agtdag Gulf

glc_?_le Bég g / 2 I’2 5 g gﬁr%g F'L’%Z%:"i1 r[%r} s%%%cco%@oqhgéotg&rde&%g& by EQOIP(% ]&grlﬁa% 6
25 183:3689-3703, 2001). Sinorhizobium meliloti 1021 {(ATCC 51124) was grown at 26°C in ATCC
_ * TY medium and hydroxybenzoate medinm. Yersinia pestis strain CO92 (ATCC) i5 grown at 26°C in'
. ATCC medium 739 Horse blood agar. Bacillus subtilis 6051 (ATCC) was grownat 30°C m_Berem :
Nutrient Broth (Difco; Detroit, MI). E. coli genomic DNA was isolated from strain DEIOB

(Invitrogen) as described in Example 1. _ - .

- 30 ‘The PCR, cloning; and scieening protocols described in Example 1 were used to ‘clone the C.
testosteroni and the S. meklotz pmA sequcnces, as well as the E. coh, B. subtdrs and 5. mehlozz khg
sequences. The same methods can be used to clone the other sequences described above.

Positive clones were sequenced using dideoxy chain termination sequencing (Secjwﬁght, _
; Houston, TX) with S-tag and T7 terminator primers (Novagen), and internal pnmers from Integmted
N 35 DNA Technologies; Inc. (Coralville, IA).

Expression and Activity Assajrs
_ Plasmid DNA (verified by sequence analysm) was subcloned inte expression host : -
_BL21(DE3) (Novagen). The cultures were grown in LB medium with 50 mg/L kanamycm, the -



-34= on the carbon adjacent to the carbonyl group of one substrate, and
serves as a nucl eophile attacking the carbonyl carbon of the second
substrate (the el ectrophilic carbon). Mst commonly, the el egtyrggbighd c
substrate is an al dehydewso nost al dol ases fall intar EC 4. 1. 2-. category.
Quite of t enWOxd@9138écl eophilic substrate is pyruvate. |t i s HEIHESs08815%9N f Or
al dol ases to catal yze the condensation 5 between.two keto-acids or two

al dehydes.. However, al dol ases that catal yze the condensation of two
carboxylic acids have been identified. For. exanple, EP 1045-029 descri bes
t he production of L-4 hydroxy-2-ketoglutariec3acid from gl yoxyli C aci d and
pyruvat e using.a Pseudononas culture (EC 4.1.3.16). In addition, 4-

hydr oxy- 4- net hy, r ald eq(4 ar ate
vy Ty hee R RS Bl IR AR Y A D B St
aci ds. ‘Ther ef ordgestsg m’ﬁ@rld@hﬂo Inghactiopexpsrivepts vete done with @e BEB(DE) capstivgls gwem t-he

condensat iron of; quﬁg&hgo A bR B GrotGh SBieRhnhas indaced 01
Hydr oxy- 4- et hy1|n TN rlfvatygmaYasesm Pr%‘g}le Jlloasans]eu Ifsm 17)

tarate
and 4 15 hydr ox?M?jg&ﬂ%T ‘3‘?9’?@1%‘“’8‘%&@8{9}%@ %@’8°’f€3ﬁ<ﬁ@ea’1°ﬂ’6f°éé€°““e{:3°ﬁcin% 16)
cat al yze redct i mnsstaddy yensrifiigatiai The @il dree tﬁdndﬁb(ﬁ&ﬁg Begbadidr O edgbnt MokageD). and¥hé MET S
wer e desi gned Q atlbl verh f.or o]y
(Novageh, Madi \é\%n{?i %f UPRE R%e Were P%?get%“s%geﬁm" fnfirer s§$es a%asc}iéegﬁboae %r\r}%el n
Exanple 1. Thel)fwﬁmr%anw&fe@m%’ MP@M@@W%EM&N&D@U@FMI ng: 20
1. Pseudonronasb‘ﬁ@rrmg{wﬁﬁzﬂm&g@_pne (Genbank -Accessi on No.: 12964663
Version: 12964663) .and: Comanobnas tesrosieroni proA ID NOS: 65- 66,
nucl ei ¢ acid sequenc © RO HFYG g é?@ysgéﬁ’égﬁeé""i?’é%%ﬁt?@ﬂ’% “HS’PWQPH“E‘”
5' - GGTAT T GABGGTIEEE AT A CTOGEALTEdGbin3it fusafiprofe@y er Se '

S' - AGAGGAGAGTPAGAGCCL I TA D 2% 2.
Si nor hi zobiran nelilo ﬁ%%ﬁ@gﬁ%ﬁ%mﬁ %40 B%é d55§ u[in)g.'@e%nbank
Accessi on Nos. : substrBery Fheasay piphaneos s 2ed 00 syt TrisiHC! &d BP%%EP&J%M?MME@::&MO acid

sequence, r espeﬁ,xagsmglﬁ}, ﬁ@é@ﬁraﬂa@&mr@GMZhéu@ﬁ%ﬁﬁmﬁ%@ﬁW - 3'
and reverse 5' GITACAGCCTCAATCGATATATTFCAGTC-3 '

I D X
and 62). 3. SphHFEATOFHS! RpPRtigs For eramyl fyani8 i @R Btk “’A%‘E%’é%*? 2%\5-37°C
7573247 Veri$i onfor 3038ufes, Adi2dd] andCidezdnQr - 3a°cput ative acyl transferase) f or war d
5' - GGTATTGAGGEGT CGCATGT CORGCATOGT TC 9 everse 5' - :
AGAOGAGAGT TAGAGCCT CAGACATAT T FCAGT LA J ED NOS: 57 and 58) 4.
Art hrobact er keyser iBagctheC. g@were:?@@maamks A@@@%&’M%%ﬁue conFaREhathiskdevsis oh:

AF331043.1, co esfs@ﬁ wﬁéﬂ iRl Qh mmh@&&m%si@b@éﬁa whrOhYRY Shiuile, 23 Qetermined.
GGTATTGAGGGTCGCAGC_%A @&T and. reverse 5'- o
AGAGGAGAGTTAGAGREPS ey mRatsip s ogflulay axpipst faB‘Pﬁhé“’ Eoesigstyrogthene .
Yersini a pedt i pralidt abdpuEHieido XP@ﬁl&ﬂy @@@se(tﬁ@ﬁrbmmmﬂomsmgm phdduct w&sﬁr@@&ivlS
Ver si on: 15978]3}& ﬂﬁnﬂ?ﬁﬁlf" Ea?ign Qsmg(ﬁﬁé IQIJ(F@I‘&E(%Q %Elﬁlia?%;cttv% uvs@lrfgr t?e enﬁymahc o

assays.

o,

Both recombinant aldolases catalyzed the formation of MP from mdo_le-B-py_ruvate and -
_ ' :Pymvate- ‘The presence of both divalent magnesium and potassinm phosphéte were required for
25  epzymatic activity. No product was apparent “:rhén indole-3-pyruvate, pyrﬁxiat'e, or jio.téss'iurﬁ
' phosphate was absent. A smaII amount of the product was also formed in the absence of enzyme
{typically one order of magmtude less than when enzyme was present). :
The product peak eluted from the reverse phase C18 column slightly later than ﬂne mdolc—3— -
pymvate standard the mass spectrizm of this peak showed a colhsmnally—mduced parent ion ([M +
- 30 °HW 0f 292.1, the parent ion expected for the product MP. The major daughter fragments present m‘
. | the mass spectrum mcludcd those with /2 =158 (1H-indole-3-carbaldehyde carbomum 1on) 168 (3—_
- buta-1,3- dlenyl—IH—mdole carbonium jom), 274 (292 - H,0), 256 (202 - 2 H,0), 238 (292 3 H20}
228 (292 - CHAO3), anid 204 (loss of pyruvate) The product also eﬂu’b:ted a UV specu'um :
_ characteristic of otlier indole-containing compounds such as n-yptOphan w1th the l,m of 279-280 and
35 a small shoulder at approximately 290 nm. ' _ - '
- The amount of MP produced by the C restosteroni aldolasc mcrcased w1th an: mcrease in
_reaction temperatu:e from room temperature to 37°C, amount of substrate, and amount of

. magnesium. The synthetic activity of the enzyme decreased with increasing pH, the maximm



2 5 OCT 2006 WO 031091396 PCT/ US03112588 - 35-
GGTATTGAGGGTCGCATGAGCCTGGTTAATATGAA. - 3' and reverse 5' - T 9005

AGA( 3GAGAGT TAGAGCCTTATGAGFTAACGCGTTGA- 3" (SEQ U). NOSew 63 ar?dﬁl%rﬂ g

Baci | | us swiei slovssokhg gene (Genbank Accession Nos. Z99115. pcBiusds344d 8,
12671 |- 127301land CAB14127.1, nucleic acid sequence and am no acid '
sequence, respectively) formard 5- 5

GGTATTGAGGGTCGCATGGAGTCCAAAGTCGTI " GA-3' and reverse 5 _
AGAGGAGAGTTAGAGCCTTACACTTGGAAAACAGCCT- 3" (38EQ I D NO& 35 and . 36). 7. E. coil
khg gene (Genbank Accession Nos..AE000279.1 1331-1972 and AAC74920. 1,

nucl ei ¢ acid and no acid ectlv |
%TATTGAG&BTCC%%T%WM%& Sape ré’bdér(r%%é"}eﬁm'ﬁ?\g@{mm‘%%@m
li 1 CAGCTTAGCGRGRTGERY Sting 28EEQ0] ilrifNaBr @& wal prBBimatedy, 1030 ng preloid nglt feadibmg  gene
(Genbank - Accessi on RS0 théhipPde 49201 %oﬁ&ogé;%ﬁﬂg 58 %%%t&ﬂzﬁzﬁl’mﬁ Qﬂolase -

CAC47463. 1, nucleic acid and am no aci d sequence, respectively) torward 5'-
GGTATTGAGEGT CA TR T e ol scegealesgribed ghpvs, djsegmsgtedhat all of the recombinant gene

AGAGGAGAGFBAWI@&@H%&& - BECpL R hiDGIdo1dds thintdavd Qireonfh5(’l§3@ﬂ"| ornic

DNA f h b
CNA T om e S80S BESEHLER o o 0B DS RUELAL B 0,

f rom or gani snsondesmbdsiagisystem o3 iffsfeﬁaww@evﬂﬁhﬁwmnédacmwonr onas staaniirtea
(ATCC 33636) was gr own aj ésd?:s{}lﬂﬂm g;e gg,g&sh and hydroxybenzoate medi um
Comanonus testosteroni ( rowmn at 26C in Nutrient 20 Broth

and hydr oxybenzoat eBYlF fbadpnd 46 'f@rﬂ&%ﬁ "%‘ﬁ‘mcﬁﬁa‘i}?@’ Jevels efgerssion et ureteid e f or
Technol ogilgal -Resmaicedwid PO, wWRilBON nitiby kHBGAH 1688 leivel ofWxPrafion.C Dy 1WéoiBinki t he
met hod descri be .

152: 861- 72, 2007" et Al a*ﬁe%%ser %@?@FM‘C% Pt e o celRlE ey

Heal t h and Eanmémmd$ﬁ¢I@ég§nmg@m wire puaifiolt i §pYp purily; she it e Snent al
Protection Agepgys géaebiodu%ﬁ%ﬁsm Btk afid Lottty plePatioh Bsi raQ-ﬁ@Bxﬁ@@anl@deng to the
protocol descri bed Eat on Bacterial. 25.183:3689- ??703 ZiO

Si nor hi zobi unt i nel Tﬁﬁmf‘“éé"f( vy phgspiaty prs poquired foj aetivity, ‘%%:c TY

nmedi um- anclShychmmean\zaat ﬁelilfe:dummpoﬁé@leshrmmgthpmaysmssdxmpHuspwEEuf(eAT@e is
grown at 26C | %éiﬂ] é -

6051( ATCC) ‘was d?@% é@gé nBer e{#ﬁﬁéﬁuﬂtf%ﬂjh&% ﬁmﬁf’#‘i lé'tp% ké%tw E.
tol | genom c DREWabophesiusenaty (FRRSHH ’E#erﬁaiyﬁlatﬁlalgslaﬁmm}’e WP‘%%SGQGé‘ﬁTd é@"?ﬁlé@crl bed
in Exanpl e 1. 3QmbhenReRhe floshitdigas oBitEd STk e8iis RichE mﬁmqkosmﬁgﬁ@mbed in
coquances, o ei}eﬁfafeegaftggﬂcﬁe‘%%“ ot s e g P L R St e B il P
sequences 20Th eprgigeed byBH G sdsabo@shidingcall Sald: amgumbmdleedﬂywagﬁtchw awkporgtmtradone.
descri bed abovosfiliid ﬁo{%g%w%%ﬁeawemm&e Ofhunlig e@ﬁ@%ﬂéﬁ@w

termnation sequencing i Houst on, TX) Stag -and
term nat or pri3¥eEE a?%%ﬁ"éﬁ%‘) zsmhﬁﬁf@ﬂtﬁﬁ‘lm %?W%EE?%“’?%H‘PFRW&@IP% ® 35 DNA

Technol ogi es, deiaﬁmne(i CosRU (et BQmpik ). TRGHoFSSbioN clafd el meueyﬁaﬁamsofacmty,

o thc:h may be associated with folding and solubﬂlty problems noted in the expression. All three
25 enzymes have the active site glutamate (position 43 in B, subtilis numbering system) as well asthe
lysine required for Shiff base formation with pyruvate (position 130); however, the B. sztbr:lw enzyme
contains a threonine in posmon 47, an active site residue, rather than arginine. The B. subtzlzs KHG
is smaller and appears to be in a cluster distinct from the S. meliloti and E. coli enzymes with other
enzymes having the active site fhreonine. The dlfferences inthe active sxte may be the reason for the

- 30 inereased activity of the B. subtilis enzyme. | ©

- DImprovement of Aldplase Activity
Catalyﬁc antibodies can be as efficient as natural aldolases, aécept a broad range of.
o substrates, and can be used to catalyze the reaction shown in FIG. 2. | '
35 - Aldolases can also be fmproved by ﬂireéted evolution, for example as Ii)rcﬁogsly de_scr.ihsd -
for aKDPG aldolase (mng hamologous to KHG described abdve) evolved by‘DNA shufﬂing and
EITOT-Prone PCR o’ Temove the requjrement for phosphate and to mvert the cnanhoselecuvzty The ~ ‘
- KDPG aldola.se polypeptides are useful in biochemical reactions since thcy are highly specﬁc forthe

Anner aahstrate (herain nvrvate). hui are relahve]v flexible with respect to the -acceptor substrate



Plasm d DNA (verified by sequence anal ysis) was subcl oned into expression
host EL2l (DES) (Novaaen). The cultures were grown in LB rredZ%H{ﬁi[tEh 50
ng/ L- kananycin, the 25 Qgf 2006 WD 03/091396 PCT/ Gg@3/ 12588 -36.pl asm ds
i sol ated uswo@s@e@@@gen spin plasnmid mniprep lit and subsegegnidoy1aRg! yzed
by restriction digest to confirmidentity. Induction experinents were done
with the BL21(DE3) constructs grown in LB nedium containing 50 ng/L
kauamycin at 37C. Protein expression was induced using 0.1 nMIPTG after
the OD600 reached approximately 0.6. The cel®s were grown for 4 hours at30C
and 5 harvested by centrifugation. The cells were then |ysed using

BT e o AT R U 0 SRR NP RS Ml o
protei ns wer e -des&hiteh fpyriEe ¥ dinggosdbdixgiol apidn Mamliel vatsods df| meKBIGﬂVI
Tris-HCl -buff e dolapé_elirgﬂaal tJl lﬂvgbrwgﬂﬁ J&%&Mﬁ%ﬁﬂﬁs iﬁ@tﬁcﬁ t:rya%

SDS- PAGE on 4- 15% gradient gels to detect sol uble proteéin eve at the
predi ct ed MV of4H@@W‘é&’éﬁﬂlzﬁé‘?ﬁl“@ﬁ%t”éﬁcc praeerfRoh Hereoimer of Hhydisy& - assayed

for activitys uskchghiaR@0 B@a&ﬂmﬁgrevqtpeamv@thmapﬁﬁfewéa&%mm&ﬂb%tix@ ade€S. The
assay m xture COI’] | [l |
pot assi um phosp#& 0?%%(3 mologs v aue S?O%E?ﬁtabéﬁ%ﬁ’saf‘q %f%“gtyg'?f’q“f %SW in

reacti on was stBweddeniongy Padidicewy Provadeydin Ginerivenbiirs Mofgapdt, Eperbi andmm(nhaimn exarrpl e
from10 to 100 pgls B0 cififies CMQ%Q% %&?&%Z&ax ofile Jlgénﬁrﬁxg IPQE
0 ene products

filtered, and then frozen at - C. Activi Resuts W t
Both the C test‘iﬁ’Wéf%ﬂ’PnﬁH?B‘&d“éWS nael i | otf SMc00502 gene constructs

hadhi gh I'evel s of emm&s%h@m;m@@mnmedtmdhaﬂmﬂakmtdgﬁas eiltlda Keecheiﬂb:tmfﬂasa |
prote|ns wer e upl e ter a s. of tota
protein and celhtf“g"l"lh%/dr?g? ma%?“p r‘?ﬁ‘?g g'etl tgfaggrﬁﬂé: g‘ﬁﬁ'éfy ?ﬁ‘”ﬂ’r BEHct was

purified to > 9BFsobativityyln amm@@(ﬁh@M@l@lm dtm@st@tedhebm,lemnnplegeﬁheser oduct

was very low -gftet ﬁtttaemut Atememedqatm HRhaGend reldied 1 %151: fdfophsioe,
cellul ar extract was used for the enzymatic ass%y h reconbi hant

al dol ases cat al §BEefeHReFlRS RHrBe- lafer%ﬁ‘t Nasergiodesst 634?‘65\71%{’8‘@ R l-2- 9505 at e.
The presencie of habdie ddokad (e'nimhmgﬁ&sp}ummﬂdome)tv&ﬁ&lcumzmwwﬁdwer e required
for 25 enzynat] t oduct n ol pyr uyvat e,
by uvate. of pot aee it (hRRARE Lol ARRR S e BT S B ITALS
was al so- for rredlyﬂrntateﬁ@datﬁéi@m“em@ﬁmceﬁwh@ and Spfireerednisaromugicivn aerwiinh aisagni t ude

l'ess than when et&yﬁﬁuaaeenme%ﬁ]@tamﬂﬁg ﬂ&egsmcst subfédés; @Jhyﬁregasfptrematdnﬁser everse
phase Cl18 col urm h _t;t I g’kl ater than t e- 3- gmnrvate st andard

t he
mass spect rum of Lg%e%e&fya%t et S oG F- e ﬁ@ﬁtaftsa?fhf [14
30 Hl +) of 2. tﬂgugﬁtlﬂﬂ:eﬁmﬂ]etﬁtganismﬁf&xque@k adbithifremst Bomzgbr abdblaed (babitaldehple iagelr -
daughter f ragne‘%%aﬁ[gg%elgstmje&oﬁom %ﬁ:ﬁ%} ﬁgt@g@ %%&leﬁhdae&agehﬂ_%geovg th mz =158

(I Hindole-3-car e ear

bet a- 1, 3- di enylphrrmlsmaetnéﬂ@bxdwﬁte&memﬁwne apiiplase) phich condegisps glyois witho2 - 2 H20)
238 (292 - 3 Itb%@Lwehy&’aZ&hch&?uzmMﬁﬁ)atdoﬁm 26ty drdxPtsehiz PAfE 413686 hna 2T N e

product al so exhi bited .a U\/t slg(gct nim characteristic of other
i ndol e- cont a| ni HEOBBHRdYEt 8l as t rypt ophan, with the ~,; of 279-280 and
' A polypeptide having the destred actmty can be selected by scree:mng clones of interest -

. usmg the following methods. Tryptophan auxotrophs are transformed with vectors carrying the g
'clones of interest on an expression cassetté and are grown on a medium containitig small amounts of
- Thonatin orMP Since anmotransferases and aldolase reactions are reversible, the cells are able to '
produce tryptophan from a racenuc mixtore of monatin, Similkirly, organisms (both recombmant and

.30 mldtype) can be screened by abihty to utilize MP or monatm as a carbon and energy source. One .
source of target aldolases is expression libraries of Various Pseudontonas and rb:zobactenal stIams _
Psendomonads have many unusual catabolic paﬂaways for degradation of aromatic molecules _and N
they also contain many aldolases; whereas the thizobacteria contain aldolases, are kiiown to g;row o
the plant thizosphere, and have many of ihe genes descz‘ib_eci for construction of a bi-bsy_nth'eﬁt:‘ :

: 35 ‘pathway for tronatin.



35 a small shoul der of approximtely 290 ran The anount of MP. p g%ﬁlpﬁﬁg by
the C. restosternni aldolase increased with an increase in reattro
tenperature fromroomtenmg#ature to 37C, anount of sapstrate; and anount of
nmagnesi um wides/usdehet i c activity of the enzynme decreased wdhusidacessi ng
pl 3, the maxi mum 25 OCT 2006 WO 031091396 PCT1US03112588 - 37 product
observed was ‘at pH 7. Based on tryptophaa standards, the amount of M
produced under a standard assay using 20 gg ofpurlfled protein was

approxi mately 10-40 pg per one.m, reactiof- Due to the high- degree of
honol ogy of the S. uaeliioti and C testasteroni ProA al dol ase codi ng
sequences with the that genes described Eabo it is expected that all of

t he reconbi nant gene 5 products can cat af“)?%e this reaction. Mreover, it is
expected that al dol ases that Khereica] Bymdieesi nicth¢ NMipnadip Pregwsort | ons 59 and 87
arginine (R) at 1195};@@1&&&@&&&%@& ofhafh anamgras@rééomﬁ%orehbpyﬁrmééméﬂd 71,

(based on the nunberlqrh(f] X% C. testosterorn) w have sim | ar
activity. Acti WSy réaipify 1’%’“ 4T¥Ft8 ﬁ@“‘b‘r%ﬂWBﬁt’W“’f @@)Bm%?}b‘f’lﬂ? fegeribiery E.
col s khg gehe enatmetivt methalbf Hiegivaliyeymhsizinf MeXpr essi on of | pr ot e| n 10 when

i nduced with | PTG Irlot h
expression. The rec\gﬁn%ﬁ[ﬁgrﬁ{]med%ﬁoufe haP aklﬂf%fp %ndemah?nﬁg{(} 4) as Efjlyﬂdta%lﬁﬂ by

SDS- PAGE anal y slia-txpk. I@@Pminvqirﬁeﬂlesmmmf%@rﬁmbmf the pyTRvEGtester usiigyestBs besebt i | i S
and E. coli kh&cgemeﬂrlm%&pr@ﬁmaruﬁr&%&&@aﬁﬁaﬁmrbw imhpeTy el d of

the S nelitoti gene product S gh after_affinit purrfrcatron
using a His-Bi Fngaﬁlﬁ? B‘F’tl Eemtéﬁ'afﬁ‘éﬁs Fith g.e 6"“@%"6‘89&%‘”’(% tum and
phosphat e & e requi Pagcting groapstﬂiamtahye ﬁs@&foﬁﬂibt&hﬂ@thﬂﬁ@wmoghbwderbut ateln@t

literature rep d the
enzynme reporte |t€?giq?&ﬁ%:atgrg’on%3€ % %ﬁ\éh%gio caﬂ&?}@%hﬂﬁﬁ@%hug%{r chibo o &
substrates sucpfididnchds, \?‘élﬂ’@mﬁmﬂé‘bt?gﬂﬂﬁl %16 ot qxaarleeethﬂstf@% kraraéystﬂsrhmcn
eﬂzynﬁt i c_hassayﬁmereem@gg&p@ axﬁasid Ais Ililﬁ‘§c§é£ﬂblb@@o@b&ﬂ&ster&ﬂﬂxmstrjﬂoﬁﬂ%dﬁdﬁ&h{aknié(é es
t he phosphate was onmtte e,result ate that t t

al dol ases pr odﬁ’ﬂgﬁ?ﬁl R?'ﬁﬂer g“\ﬂéﬁ’g;ﬁ%f A 5/%"“8% { ej]ﬂg%f%%‘% In
sone casesli hembléhpelorodhwm@@tm@dimgdheﬁvnmd@mwmomwdmthﬁmr to t he
anmount produced by nmagnesi um and phosphate al one. Phosphate did not appear
to increase the KHG activities. The Bacillus enzyme had the hi ghest
activity, approxinately 20-25% hi gher ad®P¥PE$ than the magnesi um and
phosphat e al one, as det mwm%mrﬁ%ﬂhéﬁﬁﬁnﬁﬂM}ﬁvﬂ@%Mﬂﬁhm Sirior h| zobi m

enzyme had the | eas}\nm%%r})g‘oggssai%{zﬁ\éwoyehz M %??”W‘F%F%?ee%ﬁéog%z& f ol di ng

and sol ubi | ityproblens ‘not ess ave
the activeZ®i t mogglinfremitniorhangnd pirtyate. @ﬁe@%tepﬁvbe feltghtappta M e h@erﬁgrsffbm as

wel | as the |¥r§hd"ﬁ‘orfp%ﬁit(yﬁdp}faﬁ){u ammﬁﬁﬁeﬁu@r SRR inbIL-BpRialeaL €

osition 130 however enzyne ., .contai ns
E)gy tion 47, éﬂ“"é’ﬁ"’tt? Vi Ajolage CP%@?E SB"PW@O“y WA DY W Ieaﬁ‘ﬁﬂ‘“% m%@‘gfr lis
KHG i s snal I er pyaingtedp fhe presnde of Ig™* mrdpaosgliatesgeemmlgsxbalpitatkefordermtnraefrﬁmaﬂhel iioti
and E: coli en +:08x ni ne.
The di ffer enceé |?n t rqéé&%%‘#@%ﬁ?émaﬁﬂﬁﬁﬂ% Jaﬁl\é%r}(gasonmaoﬁﬂeyﬁm§bb%%orh1{cﬁased
activity ofdt hguignatefppred rr&hefﬁitmenonxrodtﬁ%%@fﬂeﬁPmélrcr-\mmh&s%mﬁefwwéy

Catalytic anti &@dbt&ﬁza@aaftb@pra&meﬁtiummema:msoﬂenumhml TOhAGES AIRGREPL 2
br oad. range of

substrates, enzymes, and condmons are described as well as improvements that were made to this -

_ process.

~ 30 Enpmes .
The aldolase, 4-hydroxy—4—methyl -2-oxoghitarate pyruvate lyase (ProA aldolase, praA gene)
- (BC4.1.3.17) from Comamonas testosteroni was cloned, expressed and purified as described in - _
Example 4. The 4-hydroxy-2-oxoghutarate glyoxylate lyases (RHG aldolases) (EC 4.1.3.16) from B
subtilis, E. cob. and §. meliloti- wexé cloned, expressed and i‘mriﬂed as described in E:»,ample 4,
35 - The anunotransferases used in conjunction with the aldolases to produce monatin were L-
aspariate axmnotransferase encoded by the E. coli aspC gene, the tyrosine ammotransferase cncodcd .
© by the E. coli tyrB gene, the S. meliloti TatA enzyme, the broad subsirate annnotransferase encoded
" bythe L major bsat gene, or the glutamlc-uxaloacetac ansaminase ﬁom pig heart (Type lIa) The



substrates, and can be used to catalyze the reaction shown in FIG 2, 35

Al dol ases can al so be inproved by directed evolution, for exanplz5qﬁng%
previ ously described fe& a.KDPG al dol ase (highly heﬂologous to

descri bed stym)oimeol ved by DNA shuffling and error-prone FORU$0S/1280ve t he
requi rement for phosphate and to invert the enantioselectivity. The KDPG

al dol ase pol ypepti des are useful in_biochenical'reactions since they are
highly specific for the dnnor <"hctratr J@rein rnvnmat el but are
relatively flexible with respect to the acé ptor substrate 2 5 OCT 2006 WO
03/ 091396 PCTZ(0S03/12588 -38 (ie. indole-3-pyruvate) (Meller & Wng,

Nat ur e. 409: 2ﬁ2 rﬁomx%bo&ﬁﬂess%oﬁhﬁ }ﬂ:hb ﬁt@ﬁ@%ﬁm@ﬁcﬁ u@aﬁﬁﬂansntplymem@ra d&&mﬁ@msrh ﬂl OL G
pyruvate wit unber of carbox aci i a ver5| t he

al dol ase are tﬁ%ﬁﬁ?ﬂc'%"aﬁ%@éraﬁ? °I§B‘§g‘?aftﬁt&?etrﬁ}? m’B%ilcff" %Qans

i ncl udi ng hi gher activity on 4- hydroxy 4- et hyl 2- oxogl utarate. and -

accept ance of bo};ﬂhﬁ ,%,g%a%p‘g%gdﬁﬁg%e JLY:%%% gm%e}ﬁget oglutarate. Bacterial

sources appear to have‘a er ence the R isonmer. There are
nearly 100 RHG honpl Biygeagiionimigmse @ﬂtaﬁe‘bmﬁ@m%%va@éﬂﬂ Seﬁﬂﬂmy@ﬂs%aﬁgﬁl\_ﬁas

been denonst r atRehgdidin fﬁﬁk@@%&ﬂﬁ;ﬁmd&%ﬁ&ﬁlﬁk&smolﬁmmﬁﬁﬂﬁ@vm 50 mM

Si nor hi zabi wn tissues. Thes nzymes can
be used as a st'ﬁ?&’f’a’ﬁ lﬂd?hﬁ?ﬁp]?a&?et%lﬁt?rla%’isﬂg‘m%émg‘ﬁw FoepeRrE Eth"\(diﬁ‘ﬁeat is
desired for rmr(aiapunﬁq;droelﬂum'aat,e{ao% 118oldvbi0l3a S S f tebuaribintrit iE] doll B-appariyatisotaittiase

anot her. SUDSt T GuliBilich Sl LB ofinliSh 0. 36'Cb-R0AL Oy ORnve BH ke Al OPDODT C

group Ilke i nd can "evol ve to tallor -t speciticity,
speed, = andUsel et wixkpd fpzetierand dcibeieds 3¢°¢ HER@BMOWMS@W@O Feeraymgenmattnr at ed

herein, exanpl eﬁaéafan& ﬂ@&gcno@&mmas aﬂa%u&i&aoo%m%ﬁle Q%ng (160 bEifeof 95 1diRPG

al dol ase and rel ated go ypeptid (KDPH) ;  transcar boxy enzado ynrvat e

hydr at ase- al dol4Je apd H?lwa%aﬂ]a?@vﬁ%gfﬂaww(azg@a%w@m@hw(5 oles el 15
3-enoat e al dol ase@ea(dae(fts&eMﬁzeﬂmmywyaﬁp&paanramowwmm ERBGRRBR Sras

pyrnvate and 2-_car.b xyhe aI h ( mat i i strate);
t rans- O hydr oxy%aerzygl d&r{%éy y%tﬁ‘z?}'afné’gheso @gﬂ §‘£?J ﬁ%ts f|:)ut| da
and Sphi ngdaro rth@rewlmtu@lbvémsmm flefinedaimont Oimpﬂoplze& apsandmiesb@veé tidt then
aromat i c- cont ai d&h&ﬁlm%xﬂﬁ%@ph@én ﬁﬁe‘?o'i&tfoé‘&vﬁ‘s%o 5 FNHRHRY RS RAGR Ll AP RS 1

(erythro- 3- hydroxy spartate gl yoxylate |yase), which uses 2-oxo acids
as-the substrat®¥ i s 20 thought to be in the organi smM crococcus
denitnficarrs; benzoltie faiodmg&ﬁmoc(qb.efemzeakaiﬁhml& finylaodct. Niwdy gikcenttof i 28

subst rates cont Rl BENEN] o 0L ARS ol INGKRNGORE D) 1Rl ol a8 Gha ni ] PT 00" >

phenyl serine bénzal ase eny serine enses
gl yC| ne wi t28 bwm}d@mwnmwwyh waieyxaolestins 380 wil flaetiohsgunti] the absorbance at

1, 2- di hydi oxybezamnmwmf%@drﬂgéwa&.ﬁmgmdno% TRYERAX WhanzahRi Wi ele al dol ase,

25 A pol ypepti de havyi n V|t can e sel| ected by scyeeping
cl ones of int eraé“%’i"m“{fl‘§ Plﬁg 8 eI"'t’)% r%éb' i BEISBTFARRBLLSPFBARS are

transforned w tmra/@qiomteﬁtccmﬁ taLivsiog ﬁﬂﬂe—evipbﬂfoemth)ﬁepld‘mﬁrbﬁ DpredpitagX@medsi on
cassette and arg. Q0. Bls G Re EHRAGANE WOk SR Lo QB! | monalin or

W Since am.notrTansferases -an |'ase reactions are re the cells

are able t@>3 pr oduceAltalfwlbt’ﬁﬁﬂFahmﬂ fraspions by BERMrsheweditit 19940t e trymiophan and monatin
Simlarly, orgagiust®it i rra@ﬁsdmﬂaﬂﬁt faied a&ng\ché leytRibn fiddeshsuscnesned by

ability to uti 't}y%e panomd 20 Q%ﬁa 2 rflo SAL RO Grot it e SRHEGS wao'."e
| apprommately 2:1,
_ The supernatant {7 ml) was applied to a 100 mL Fast Flow DEAE Sepharose (Amersham
.30 Bwsc:euces) columm prcwously convexted to the acetate form by washmg with05L 1M NaOH 0.2

L water, 1.0L of 1.0 M ammonium acetate, pH 8.4, and 0.5 I water. The supemaiant was loaded at"
<2 ml/min and the column was washed with water at 3-4 mE/min until the absorbance at 280 mn '
wasg ~0. Monatm was eluted with 100 mM ammonium acetate, pH 8 4 co]]ectmg 4 IOO-mI.
. fractions. ' : .
35. o Analysis of the fractions showed that the 1atio of tryptophan o mouatm in the ﬂow th:ough
- fractions was 85:15 and the ratio in the eluent fractions was 7:93. Assuming the extinction .
. cocfficient at 280 nm of monatin is the same as ﬁyptophan, the élucnt f.cz';cﬁor-as conained 0146 -



source of target aldolases is expression |libraries of- anions Pseudononas
and rbi zobacterial strains: Pseudononads have many unusual catabp] Qg7 2008
pat hways for degradation ofwaromatic nolecules and thay also contain many
al dol ases; WeetgEsivshe rbi zobacteria contain al dol ases, are poTAIABSYr OW i N
t he plant. rhi zosphere, and have many of the genes described for construction
of a biosynthetic 35 pathway for rnonatin. 2 5 VI 2006 WO 031091396

PCTI 0S03/ 12588 -39 Exanple 5 Chem cal Synthesis of the Monatin Precursor
Exanpl e 4 described a nethod of using an aFdol ase to convert indole-3
pyruvate to. .the 2- hydroxy 2-(iadol-3 ylnethyl)-4-keto glutaric acid

nonatin precurs ﬁﬁggl L €. of
chem cal ly synt%hs]%%pﬁgdu%m@ﬂﬁ o orne'!é?g%%wﬁ@flﬁﬁd‘ﬂ ﬂi&%a ( 71@%-\5‘%3%
condensat i on (Hﬂ@aﬂmfofal@?‘leé‘fof?ﬁ% a typical al doI -type.reaction involves the
genErDit l( Iont ﬁf a g?r b@ﬁueﬁ@nt;ﬁ%cnﬁﬂ%o%ém h%ﬁécoﬂ?ﬁﬂlﬁrg@v&?'&&mm Ant S:JCh
as i thiumdfis amn m_hexane i silazan ut yl
lithium The ca?lﬁé\%f’gtﬁ FW%%%H@F’&?‘&H 'ﬁ?f’f”ém\ﬁncg HHEYS rﬁ‘(fﬁf”‘gﬂhﬁi‘?rc%%‘f eto
formthe coupl eﬁklxgmdumtmmﬁﬂoﬁﬁphke@ddimg agﬂ:ﬁﬂdﬁ@scrﬁbladzm Exmipléam ihlﬂhbdmﬂﬁfcal—scale

protecting the ind n| L Lo bk not
t - butyl oxycar. bonylf 8‘1%6 ng%tﬁ%i;a%mﬁﬂé‘r bon Y’%ﬁmﬁj °yeg]lt°ot8§gleﬁaéﬁ°5‘?t8%ps for
car boxylic aci ﬂ@hmmllﬂgtm,of bmatuaiuaeedrmoﬁetetcﬁmdf é:dmfze 293 nyThedwttion forf fhefs

exanpl e et hyl gon@in Wit the RERENPhdESrGbmkd mVb&R loﬁﬂPﬁoﬂﬁﬁa‘%%ﬂe&% Bapdifiz 8l ©
used, is not possihble to control the stereochem sitry ofthe product that

i's for med Howdhysss, ang thepdissalyeflipp sl valpge ¢f mmm%ﬁa@ewwgedg‘?rd tefiafi  4)
such as (S)H®- bhlttﬁrm:ldmlS ment hol, or a chiral amne, this can favor the
formati on of one MP nant i m(])nerdugver t he ngédher the £ ong)lne 6 Oonver5| on of
Trypt ophan or | ndol e- T5y thAaTe CT% ngln vv¥1rgo process utilizing two
enzynes, .an ani not raﬁgﬂ’ewldeﬁieawdman Tévfmblaaectwmomdme%@em@e ofypratin produgedm -

tryptophan and Qyfiyeie wek &Iﬁcla%utfub;ﬁ 4 c2f BB B mhasdﬂes;egﬂoyﬁo%ﬁfeg RSl

acceptor of the m no rqu ophan in a nsa n reaction
generating i ndoﬁ’ré ﬁV?lu%ﬂ at%{’rf "“’eﬁf’% ‘f"f&i"@mmﬂﬂ"rﬁf’{féﬁ n’}&%ﬁ’ﬁ? B FoE we
second reacki Onchaﬁctmmskyp@gﬂ[l’oﬂiﬁﬂiﬂe&:oﬂﬂﬁmg@&@b@ds with indol e-3- pyruvate, in

t he presence -of l\/gr - ) ; of
e e i ek ﬁ%ﬂ@%%‘a‘%@% A SRl
Transfer of thereaipnsFergr et ok feserived QéX@P@tlﬁnﬁﬂ@m arjafysig pfanopgtin gy an in
reaction producash énBﬁnad@@hﬂm&ﬂ o st BIHIG. 5. B 1odrdr Gatel SFPIAB hustrates a

char acteri zatl on of ., th r oduc stablis t.hat the i.so d was

S, S-nonat : A® "’%‘?drf&’f t“%’ﬁ’Bi"triS %ﬁ?@%@? o 8‘0%‘“8%?#;’% o%gg‘ gﬁ% ‘descri bed
as well. as Zlhpr ideng firehernsef tramettin inedrognizted @vad comrbtinagd byphooss gpeci@®s ilnrynssiIGhe

al dol ase, 4-hydggx) eneljs éftﬁegﬁntméd f?od&%g\gd@mem@d DAV BhSvith ¥ AR Rl i Ar 203 and

al do] ase, . proA from Comal nanas_t est osterone was cl oned,
expressed and qﬂfapedt%@%e%@%@ﬁewwméﬁ%ﬁqﬂbmﬂmfm@mm 6.

;1 hydr oxy- 2- oxogl ut awsives glhay,@%.yi@Memkslaﬁ@&r{QKE@Iaﬂmd@Iaa&@e)hec(iE@xa%pie 18, vkt .
rom B. :

also performed on monatin, A daughter ion mass spectrum of monatin is illustrated in FIG. 7.
25 Tentative structural assignments of all fragment ions labeled in FIG. 7 were made. These include
 fragment ions of m/z =275 (293 — H:0), 257 (29342 x Hy0)), 230 (275{CO-0H), 212 (257-CO0H), '
168 B—Buta—l,?»-dienyl— 1H-indole carbonium ion), 158 (1A-indole-3-carbaldehyde carbonium ion),
. 144 (3-ethyl-1H-indole carbonium ion), 130 (3-methylene-1H-indole carborium on), and 118 (indole
' carboninm ion). Many of these are the same as those obtained for MP (Example 4), as expecied if .
30 derived from the indole portion of the molecule. Some are 1 mass uﬁit ]ﬁgher than those seen for
i MP, due to the presence of an amine group instead of a ketone. '
' - High Resolution MS analysis. FIG. 8 ﬂlustrates the mass spectrum obtamed for purified
* monatin employing an Applied Biosystems-Perkin Elmer Q-Star hybrid quadrupole/time-of- ﬂlght
mass spectrometer.. The measured mass for protoﬁa’_ced moneﬁh using tryptophan as an intemal mass
35 calibration standard was 293.1144. The calculated mass of pro_tonéited, monatin, based on the - _
 clemental composition C1yHN,Os is 293.1137. This is a mass measurement efror of less than 2
parts per million (ppmy), providing conclusive evidence ‘of the elemental composition of monatin

produced enzymaticaily.



subtilis, E. colt, and S. neliloti were cloned, expressed and purified as

described in Exanple 4. 35 The am notransferases used in conjuncfibd@i]igh

t he al dol ases to producessDnatin were |Ir aspartat eogi notransferase encoded

by the E. cwixo3asp@ gene, the tyrosine am notransferase encegefisobysskhe E.

cols. tyrl3 gene, the S. neliloti TatA enzyme, the broad substrate -

anrinotransferase encoded by the L. major bsar gene, or the

gI ut am FOxal oacetic transam nase frompig heart (Type Ila). The 2 5 ET 7906
~ WO 03/ 091396 PCT/13S03112588 -40- cl @@ ng, expression and purification

of the non- manmal i an proteins are described in Exarrpl e | .

d ut ant i c- oxal oacet | ani na art ed

from Signma (# G7005)Mf§§?c?1 5“0 s?ﬁe&%ﬂn% g‘f‘?ﬂ%lwm néii)agan Gr e %o%ﬁz

ar ai avtr ansf er dssgwEent e samtstol wenain (xf: meevas distobehind. 557@ ofmoaﬁm@ﬁv,lﬂmsel@m ate,

pH 8.0, 4 MM MiBo3 wasusblls ﬂE@ﬁt&éﬂefé@n&Q@@%h‘a Smg:tﬂesbemliér dexghe, BRggPhat e,
100 nmM ammoni um Eyruvate 50 mM pha- ket ogl utarate, 160

ng of reconbin tras %?E]b?fpéﬁs%??é’fWE%nga’ﬁtFra%b“@W?‘Pﬂ‘éa’“’é%fﬁs ofd¢ ract,

- 30% al dol ase) ,waR3Rakythed-2 FreGOF oA tvaPused:d ko rdferanPpel, alddetat i flshanaher ase
(unpurified cel k %tract -40% am notransferase) in one liter. ‘Al

conponent s excepz THe enzynes 10 were m xed toget her and incubated at 30C
until the tryptopl arFmdl@Meﬂmﬁﬁth@Oémsr#ésndwéls@n&mteddﬂﬂmmaﬁdmsm

reaction. sol ut i@ WaBtain3f b e@bct % §.9§m eahotg@ﬁﬁ‘né %@J@ﬁ%‘ﬂ&eﬁo&&%ﬂrﬂlﬂpﬁ or 3.5

hours. At 0.5 and 1 hour after dition.of the enzynes aliquots of
solid trypt ophz&ff'ii(“'%‘ﬂ1 esEMID exﬂﬁ%‘?‘%‘“&ﬁ@é@“ﬁ‘ﬁl Wﬁ@’ﬁ“@’#@ﬁe(ﬁﬂmﬂaﬂﬂd&e t he
added trypﬂOpha@dr(iheﬁkaﬂd)theddrlﬁmﬁﬁb%phﬁb&wér&’lﬁta@@cﬂ&ﬁlrﬂsbﬁﬁohﬂhﬂgﬁ\ﬂﬁmﬁﬂﬂﬁnﬂﬁﬁl ned at
50 mM or hi gher the solid tryptophimwas filtered off.

Anal ysis of 15 ]fl%eca{r%laf%gf%na%gxture by LC/ M5 using a defined amount of

trypt ophan as a st addamgamiediie @l ma HMQGsta isshevedn Trkdes 2 eml o Bycomgstioploan in t he

sol ution was 6QumisH¥M.ARd, hdOME QRCRNEHA 0P Alyntatil-Q) hBduodt MRSinVaSdmerhy 1. 05

g). The follown net hods re used to purify the final product N nety
percent of the(%’?‘kﬁrr Weﬁfmg%lh was applied to a colum of Bi oRad AGBOWXB
resin (22516L; bi ndiChiraClEBES Anglyss. Tbe&‘talﬂiﬁhthaqsénio)ahniﬂﬂmcahhmwmemmed

with water, col t O rum
was <5% of the {}cﬁﬁ%%f& %Maﬁ@?ﬁt%gﬁ%ﬁ}éﬂ e co um an%g% %%%glg]&t e%BV\nth
| M ammoni um él@eftsawmbﬂdasmbedébﬁﬂﬂ@elﬂ%g 4 300-nL fracti ons Al 4
fractions contai nedcmmms aﬁmw&i@ﬁﬁde&m@@r@mﬂoﬂcq@%ﬂdaase Giodg a |

ol une

mt t . t at
T ceaone on bk fRshe R Sieny FulistlsBh o Rine Solian Bicigh dotel ot
Anal ysi s of0t h«puhileiiedlpmtotqslaﬁnmw:tcbsy we@/ opBrigdddwde R- (2itaedD 9B dfonehsef typipplisophan
and monattn  bayng, ﬁ&ﬂ%?ﬁa‘s«g&gﬁ%uflﬂﬁt& E&&hﬁ{oto%!'s% é\f,;g%ﬂums&mdacﬂ,%'mﬁm

al ne e ratio

evaporatlon process con nmonat | n

an an
of tryptophan B (/R W%‘%ﬁ?ﬁ%ﬁ‘cﬂf‘;géﬁlu%g’“ isperatico T Hreferd S0%. By Thep e
super nat ant ( 7 ﬂEﬂv JateA@S 1.8 )hi,dnd PDRabk6}BantOshs nbitvked o \@0dim SH0GER B OS e

(Arrershal t | 0SC ence‘ﬁ)a , on rt%%to fhe.acetate form
by washi ng wi t . 5_‘91”06 []3“ ! Ldi.ﬁ[,'S fmagmy(if ok Elsmf KORF 2R "fichcalq
acetate, pkd Bmoseaﬂnwn'&dsn Exagppit & for H(EiM'S@uqnensn@qUaﬂton wrsass fmaﬁe &r. u;p reglon m/z _
' . 150-400 was utilized. Selected jon chromatograms for protonated molecular jons ([M + HY = . =205
. f_o'r.both R- and S-tryptophan and [M +HJ" = 293 for monatin) allowed direct identification of these

analytes in the mixtures.
The chromatograms of R~ and S-iryptophan and monatin, separated by chiral
“30  chromatogtaphy and monitéred by MS, are shown in FIG. 9. The single peak in the chroinatogram of

monatin indicates that the compound is one 1somer with a retention time almost identical to 8-

tryptophan,



QniL/mn and the colum was washed with water at 3-4 m../mn until the
absor bance at 280.nm was-0. Monatin was eluted with 100 nM armani (irh 2306
acetate, pH 8.4, collectingw4100-nL fractions. 35 Analg/sis of the fractions
showed t hatwiohes/aeedvso of tryptophan to nonatin in the flow praighizsss
fractions was 85:15 and the ratio in the eluent fractions was 7:93. Assum ng
the extinction coefficient at 280 ntri of nonatin is the same as
trypt ophan, the eluent fractions contained 0.146 25 OCT 2006 WD 031091396
PCT/ US03/ 12588 -41- mmol e of product Extrap@tation to the total 1 L reaction
woul d produce -2.4 nmoles (-710 ng) of nonatin, for a recovery of 69% The
eluent fractio r-_ : F Sepharose colum were evaporated to <20 ni L.
An aliquot of nf:he 28?%%@[{9&25 further purlfled by application to a C8
preparative reversed phase colum 5 using Flohe sanme chromat ogr aphic
condi tions as.those described in Exarrpl e ¥ g the analytical -scale nonatin
R € Jas enpl oyed to. trigger
“on° detection of the na/z =

aut ormat ed fractl on col lection of non’%
293 ion.. The fraction fromthe Cs : cOfwimni t it he correspondi ng protonat ed
nol ecul ar ion for rnonatin was coll ect?ad HeldpoiPat ed to dryness, and then
di ssolved in a snmall vol urre of water. Th| S fractl on vvas used for

characterizatipm—10—o Cé pTUUUL,L. e et g protdh "I‘aLésWi zed
using-the fol | joggHo et fods—Ovip ' v vy store

- : I‘iﬂ)oﬂié_’l CCTT OS¢ W@H
spect roscopi c frEasur en:ﬂw—r%m%}’ggﬁﬁ— n:.mylum. 1 . Ji Hz . od
out using-a Cqry 100 Bjg Vi gi bl e spegirophot pnet er. ‘Ihe pg rlfﬁled

product, di ssqiyed T VWEAlq SHIWed arm ppsi@t | PHoexi Mumghg 28 ggmwth a
shoul der at 285 M 157 GlagddCl &b STT CS[ LYRIER | ROIgH0N g GesT 17875
conmpounds: LCl NS Anal yby.$7s (jal[¥S€S Of I is eS| RD,5.0T0N 717 (& v7a5:175~r0mthe
in vitro bi echem cal [ 2aol@ong 7wer € CarTA®dg)oul 3.as descmm%m—e 10.
A typi cal LC NBoanal ys|s2ffdnonagsn 1 n lagpaid VI 4D enzymauid SynuReric

m xture is illiuserated] 303G {F4.5The Tiows (panela i FI G305 T Sksates a
sel ected i on ghezonat ogf assial fhesprot onaéedano] exyiar ijerzodd minadknNg at m z
m 293. . This 40 i.denti f2.e&tdddn | as.onmnat i o6idd he1sd, x1.ur @ 2wasdde or|rislsprat ed by
the mass spect{rfdm il usd.FAt@d il n0.F*G.5 6. 3.1680@ yHiks 08 t He.5pydd) f ilad.oproduct
by LC/ M8 showed Vieggdang kle(/sehRerii Thana I:AB5EcPr | on of 293 and absor bance at
280 am Thes5Mass, QR oldsuibiRP2b@65EEL /o2 h24hat shown in 171G 6. MS/ M5

Anal yS| s: LC/ M5/ M5 daughter ion experinents, as described in Exanple 10,

were - also perforned on nonatin. A daughter ion mass spectrum.of. nonatin is
illustrated i.nMabkes3: ’chlﬁm(fﬁﬁﬂmwspuﬁhunjal assi gnments of all fragnent

i ons | abel ed Iﬁ FH-G— fe—frader—hese+nrelhude ragment ions of nil = 275
(293 - H O, ;ﬂrizgs{g?g%f%ﬁa%%——z%ﬁkrm, 168
(3-buta-I, 3- di gyt H- e —ear b]\"j’.'g.g—?nhﬁﬁ,* +58 (1 H-i ndol e- 3- car bal dehyde
car boni um i on) A4 3rethiyt—H 159 He—earhoenrium{ion), 130
(3- et hyl ene-| q—i ndote ,ﬂoiﬁuui ud[rj;g'géi,—aﬁd—lfe—(ﬂ—rhdol e carbonium.ion). Many
of these are use saute" plmoLzllUSU uéb : —itxanpl e 4), as expected if
30 derived frq g the TTdpig gportT{03, 9 the Totecutg. Sone-are 1 mass unit
hi gher than thgseseem {phg 111279 :
: ' 8 1 * 137.06
9 . o 129.23
10a . 1364 _36.53
112 ' 39.5 39.31
13~ | 54.9 54.89
14 * 175.30
15 - * 181.18

" Vleggaar ef al. (J.C.S. Perkin Trans. 1:3095-8, 1992).

10 - Polarimetry. The opiical rotation was measured on a Rudolph Autopol I polarimeter.
The monatin was prepared as a 14.6 mg/ml. solation in water. The expected specific rotation (o™
for S, S monatin (éalt form) is 49.6 for a1 g/l soluhtion.in water (Vieggaar et al). The observed
[a]D was -28.1 for the purified, enzymanca]ly pmduccd mopatin mdlcatmg that it was the S s

isomer.



MP, due to the presence of an am no group instead of a ketone. Hi gh
Resolution Ms analysis. FIG .8 illustrates the nmass spectrum o?gaﬂl ﬁlﬂ for
purified nonatin enploywsng an Applied Bi osystens- Pggki n El mer gt ar hybrid
quadr upol e/womwsoef396 | i ght nmass spectroneter. The neasured pasgishHi2sss
protonated nonatin using tryptophan as an internal nmass 35 calibration
standard was 293. 1144. The cal cul at ed nmass of prot onat ed- nonatin, based on
the elenental conposition Cr4HL7N2OF is 293.1137. This is a nass
measurenment error of less than. 2 parts pédf-nmllion (ppm, providing.
concl usi ve evidence of the elenental conposition of nonatin produced
enzymatical ly. HSWOCTNZQ)S WO 03/ 091396 PCT/ UB03112588 -42-. NWR
Spectroscopy BRI e eéxperiments were performed on a Varian |nova 500 MHz

i nstrunent. The sanplhereaftionesnditions, ifch@ingrippzeniand dizgeoloncetalivnsOved opfimigfd aBP0

Initially; they?eﬁﬂs‘é?ﬁmg/xﬁ%@lpfé@ﬁedtﬁﬁgﬂm@ﬁm&h tetgtﬁtxﬁal reference at 4.78
ppm Since the 8eak for water was was_run with suj ressmn

of the peak for wét@fmﬂgwg@ﬁa@ﬁ?w"ﬂ\gwcwﬂtﬁ%@atﬂaﬁaﬁ@@gﬂwmﬂlﬂ%w
peak, the C52 m@hlpnn-mfog]mﬂat@oaumm)wmedamgmﬂ&telpm&ﬁwnce peak, and set at

the published Y:laa ra?edwatartf:ﬁc %tzﬁﬁig.)nmvo oﬁr& NIE\LZtheaaE@mP I taal zymBﬁr un_, alm;] Zﬁver al

hundred scans indicate & Was
adequat e 13C spedt pmmm phdaghaial ﬂootgmédaf tepmﬂunaﬂﬂi’mAeeﬂdmta@B (ceeﬂ eRigcieoahpatkiear

nul tiple quantum coher g{% N or e abl ed
the correlati or?g% 1 Tg&ﬁ?{?" gen 0§1 aepq}mw%%’&%f& T Whi C i demtgb %}
attached, and. abmiteepsy (mlli egtirany toltamlotem@nc@nawn of 2360 pgihidndng adhd&mttﬁpﬂlsl to ﬁﬂ‘qrﬂle

car bons. A 18U %cynhgaonto?g ﬁiﬂlﬂhﬂ&%xﬂ}f%g Qﬁdﬁsd]\%d &Pdﬂ&!%uﬂ the II£ ?SIt-h% gﬁ&g ewas DY

conparison to. published val ue data indicated t he _
enzymatical |y maééwor%ﬁattwsm@g@ﬁm@m@s%aﬂg (R R, or a mxture of
bot h. 15 Chi rals,,bsg{,,m,sAnal ysis. To establish that the nonatin prdduced in

vhro.was one i somner an th rs,
ohi vl LGN analysde et FrllrhiRetnbin r Sortdtan PRM e SRR RY T bev
i n Exanple 10. n@hnspahtelrmhswdtm@nld ofvesratingidiernative roinasvidGadeptol cotbe utﬂila'wd

(Advanced §§paru§&3éﬁrg§t Hgggagggé%techl ral chromat ography colum at room
t enper at ur e. Separatl etection, based on 20 published.protocols from

t he vendor, were opt‘t“t?PieéﬁanItﬁFtLt mgoRroad pypstsgrgmaotansratespprdinghea gt s fophan.
Thef :_C mobi | e Bﬁ%&p%&&hﬁb@ﬁaﬁﬁss&rﬂw%aﬂs oE Qidhatih ﬁfbrﬂ&:h@v%%(w\/ex}[) second - .
tri uor oaceti c_aci cont 0/t [l 0] ic
acid. The el uti"8®° \‘?\gsd plmga}(ﬁcé Ege]t&/aor}ga TG ““"ﬂﬁﬂgtfﬁ‘/" 1§51 t)zlg oW raiest eeteﬁ/gg 1.0
m/mn, and PDACAYSamrlysindéomiasconmrtiations etP. §-¢. &mg/memﬁqdwd@@mﬁnb‘ FhigyrB

i nst rument af p%ﬁc@ﬁ@ate%&e Lt@%dmt:% tkeDf al@ahedtgé oﬁtﬂ@élﬁtﬁiné oﬁtoatew%%ﬁﬁtt fﬁmﬂ

nonatin are identical t hose descri b
anal ysis. Col | @tsthﬁtst{%? Hﬂﬁf@%ﬁf‘gﬂ@étht aﬂwwnst%e ‘Xgﬁ)ﬁaﬁmm t%fﬂa%ﬁ%ﬂd%%
utilized. Sel e@gqeﬁtd ‘pRAeHVamR:Og iR dharforplic0istanptvet] phminete débadrogeansand] M + Hf '
=205 . for Pﬁta apd S L? ypt ophan and (M + HJ' = 293 for. nonatin)

i

al | oned dlrect |ca|o of these analytes in the m xtures. .
The. KHG aldolases from B. subtilis, E. coli, and S. meliloti were also used with theE coli L-

25 aspariate aminotransferase to produce monatin enzymatically. The following reaction conditions
| were used: 50 mM NH,-OAc pH 8.3, 2 M MgCl, 200 mM pyruvate, 5 mM glutamate, 0.05 mM
pyridoxal phoéphate, deaerated water to achieve a final volume of 0.5 mL after the addiﬁon of the
enzymes, 3 mM potassivm phosphate, 20 pg/mE. th recombinant B. subtilis KHG aldblase {purified),
ca. 400 pg/mL of E. coli L—aspartatc aminotransferase (AspC) unpunﬁed from cell extract, and 12 _

30 mM indole-3-pyruvate. The reactions were incubated at 30°C for 30 minutes with shaking.. The -
| amount of monatin produced using the B. subtilis enzyme was §0 ng/mL, and increased with
mcreasing amounts of aldolase If indole-3-pyruvate and glutamats were repiaccd by sahnﬁﬁng
amounts of tryptophan and 5 mM alpha-Letoglutarate the productlon of monatm was mcrcascd to
360 ng/mL. Reactmns were repeated with 30 ug/mL of each of the three KHG cnzymes m S0mM -
35 Tuos pH 8.3, Wlﬂl saturating arnounts of tryptophan, and were allowed 'co proceed for an Imur in order
to increase detection. The Bacillus enzyme had the highest activity as in Example 4, prodiicing
approxirmately 4000 pg/mb monatin. The E. coli KHG produced 3000 ngImL monatin, and the S.
meliloti enzyme produced 2300 ng/mL. '



The chromatograns of R and S-tryptophan and nonatin, separate 'Tgb/ chiral
chromat ography and nonitored by M5, are shown in FIG 9. The si fgfﬂéﬁik |n
t he chromatogram of nonatggn i ndicates that the conpowd is one isomer, with

a retenti oywg éz@ @NOSt identical to S- - - tryptophan. §@§:}I{JS'|§(I;)EZ$
10

03/ 091396 PCTI U503/ 12-88 -43 Table 2: 'H NMR data HO 9 3 ~?
NHp - z n HHOu O Cargill Ve aar et al. Takeshi et al. Atom SH 3(1IH) liz
Sn 3(HH) R7L & T i(IM Hz 2 7.192 (1H, 7192(3)718(3) s) 4 7.671 (d)
7.99.7.686 (d) 7.9 7.67 (d) 8.0 5 7.104 ¢4d) 7.99 7.102 (dd) 8.0, 8.0 7.11

(dd) 7.5, 7.5 6 7.178 (dd) * 7.176(dd) 8.0, 8.0 7.17 (dd) 7.5, 7.5 7
7.439(d) 7.99 7.439 (d) 8.1 7.43 (d) 8.0 10a a.242 (a 14.5 3.243 (d 14.3
3.24 (d 14.5 10b 3.033 (d) 14.5 3.051 (d) 14,3 3.05( ) 14.5 12 2.626 (dd)
15.5, 1.5 2.651 (dd) 15.3, 1.7 2.62 (ddExdfpb7 1.8 2.015 (dd) 15.0; 12.0
2.006 (dd) 15.3, 11.7 2.01 (d 13 3 571 (dd) 10.75%, 1.5
3,168 (dd) 11.6, 1.8 3.57 (!L S“‘l?%“ﬁ‘““?b&%é‘ﬁ“ﬁ?“é‘?ﬁ“‘ﬁ‘&s Perkin Trans.

1: 3095- 8,1992). S TheFamicetiniof MR th S swhtinecat BR2OF20 D8ER T RODRsERh26hese Tabl e

3: 13C NWR glat HB% aet " . ctor s c 2
126. 1 126. o% %* s 418%28 &iy’?z%ﬁ% ﬁagéﬁﬂm'@qzug@ﬂd&hg%fa“ ﬁ%?é@*%

or NADPH. These reactions are reversible and can be measured in either direction. The
duecnonahty, when using a dehydrogenase enzyme, can be largely controlled by the concentration of
ammonium sals. ,
Dehydrogenase activity. The oxidative deamination of monatin was monitored by
10 following the increase in absorbance at 340 nm as NAD(P)+ was converted to the more
chromophonc NAD(P)H. Monatin was enzymatlcally produced and purified as described in
. Example 6. :
A typical assay mixture contained 50 M Tris-HCL, pH 8.0 to 8.9, 0.33 mMNADYor
NADP’, 2 to 22 units of glutamate dehydrogenase (Sigma), and 10-15 mM substrate in 0.2 mL. The
15 . assay was performed in duplicate in a W~1Iansparent microtiter plate, on a Molecular Devices
Spectral\_(_[alx Plus platereader. A mix of the enzyme, buffer, and NAD(P)" were pipstted into wells
containing the substrate and the increase in absorbance at 340 nm ﬁras monitored at 10 second |
intervals after brief mixing. 'I‘hé reaction was iﬁcubated at 25°C for 10 mimutes. Negﬁtive controls
_ ‘were carried out withont the addition of substrate, and glufamate was ntilized as a positive control.
20 - The type III glutamate dehydrogenase from bovine liver (Sigma # G-7882) catalyzed ﬂ_le conversion
" of the maonatin to the monatin precursor at a rate of conversion approximately one-hundre&ﬂa the raie
of the c_bnvarsion of ghitamate to alpha-ketoglutarate.
Transamination activity. Monatin aminotransferase assays were conducted with the
: agpartate aminotransferase (Asf:C) from E. coli, fhe tyrosine aminotransferase (TyiB) from E. coli,
25 . the broad substrate aminotransferase (BSAT) from L. major, and the two commercially avajlable
- porcine glutamate-oxaloacetate aminotransferases described in Example 1. ‘Both oxaioacetate and
alpha—kétoglutarate were tested as the amino acceptor. T]J& assay Me containf;d (in 0.5 mi',) 50
M Tris-HCY, pH 8.0, 0,05 miM PLP, 5 M amino acceptor, 5 mM monatin, and 25 pg of
-anﬁnbﬁansferase. The assays were incubated at 30°C for 30 minutes, and the reactions were stopped
- 30 by addition of 0.5 mL isbpropjzl alcohol: The loss of monatin was ménitored by LC/MS (Example
o 10). The highest amowni of activity was noted with L. major BSAT with oxaloacetate as the amino
apceﬁtor, followed by the same enzyme with alpha-ketoglﬁtarate as the amino accéptor. The relative
 activity with oxaloacetate was: BSAT > AspC > poreine type Ia > porcine type I=TyrB. The
relative activity with alpha-ketoglutarate was: BSAT > AspC > porcine type 1> porcine type lla >
35 TyB. |



7 112.8 112.79 8 * 137.06 9 * 129.23 10a 36.4 .36.53 12 39.5 39,31 13
54.9 54.89 14 * 17530 15 * 181.18 WM eggaar et at (J.C S. Perkbd(Ti8hs-
1: 3095-8, 1992). 10 Pol eawwrnetry. The optical rotatiesw was neasured on a -
Rudol ph Aut epbs/dotisspol ari neter, The nonatin was prepared ag@/iddhsfaml
solution in water. The expected specific rotation ([aln') for S, S nonalin
(salt form is -49.6 for a 1 g/nL solution in water - (VIleggaar et a!). The
observed [a]l)2a was -28.1 for the purified, enzymatically produced nonatin
indicating that it was the S, S isoner, 2560CT 2006 WO 03/091396 _
PCT/ US03/.12588 -44 T he reaction conditi ons i ncluding reagent and enzyme
concentrations, were optimzed and vyiel %{s( 810 mgnL wer e produced usi ng
the follow ng reagent mix: 50 mM amoni-u %{?P&ate pH 8.3, 2 nv Myd z, 200
mvpyr uvat e (sodi um ofrodurtioméiiMgngtu frym Tﬁyptt@hm\ﬂnamﬁwlkemgdrm:mrPtha(esod| um
salt), 0.05 mM pyri dmgqreéa%&@mﬁamﬁl@@%ategym&e%; t’}ﬁ?opﬂﬁlh:'a@%ecoﬁ've&édqgﬂ

volunme of 1 nL after the addition of the_enzynes, EOt assi um phosphat e,
50 g/ L of recohWRlRbsEe PFEALRHEE SEwolewls FI"%%E’Ffr‘aé?me eI, BYTEYAp may notbe a
concentrati @n Ociasﬁaﬁlhﬂ/dﬂe}lal ta%aﬂqgé ﬁimefe niay@esamﬁéé@dnavamnrwief cam;fbeﬁ SR,

encoded by the E. ¢ S t rot el oncentr t| on
of 25001t g/ ni), °‘§ﬁﬁgaé’o?d" Sep“*"% g‘r'a"(“ﬁ" %{“P%a%’%e’i h”@ i be Speeipias
(saturat ed, son@mnﬂ?@smmtﬁmmdwgmmme reaction). The- m xture was

|neubated at 30C 0Ly oAb 1k BB Mk 8 Skl fondbacklnd hRbeer oD Jud | ON'S

The concentration of al pha-ketoglutarate can reduced

suppl enent ed wi WCQZY’“ﬁﬁl\ﬂ“%l’saﬁéfF’P%PcﬂéSfWSF% EﬁW”é%fEﬂ“V‘é’F@ﬁ% (%%"fhcaﬁi’f"ﬁ‘ﬁﬁé?cﬂ?l?i“a

Al t er nati velgan 46 pﬁﬁhﬂ FAGGEPD 8fids sGadids Deeriut, [Llcyszaaﬁ and Berivitived ¥ sdoin€ &id cfste@la, such
as oxal oacet at € reconbin br bst. rate transferase
was used in pl als o?ﬂfaﬁmgﬁwpsco |as‘tm§§allar?eg g 8%?1%%& tFanst e%rqlsyé;%m %DI ar

yi el ds of nonathereylspsteine fedkddeysteitdoRaudiL scrime, Seblormd--alaninei dent i fi ed product

(3-10% of the maj or f%ceﬂeg% Mcd RorfridR ﬁuhqrgggpa% f %&25 el BPmeletpCt ed
by LC-Ms anal ysis. nag i nﬁrgoncecr’lt rati gns dfgi ° eVl\ﬁl\)j\’rlﬂere y?oduced

when the E. coi 4‘3 it WE’“‘E TERL Guienbppspacording do the method of ME‘P?““{ gl | %‘?fcgif@d

enzynme or tise givun:mmsp}mama@ah kG, uss&ﬁbsare %Jmﬁl&eszeﬁ(ﬁmﬁ -thlognasEitota dichppond Ea)
was added as the. am ran‘% ase ?]grtl ng t.h e tlon fr]?1 |ndole 3-
pyruvate, a redtl 0|‘;"\‘7le ﬁfena Heeﬁgpoo & Fot t”ﬁ%‘ﬂaﬁc TEEP TR g%t anat e
dehydr ogenat e &achmplighéd by cqumvaﬁse(h‘bﬁé torarginine (R) and arginine (R) 100 tﬂ ﬂHeO_mne (1).

These amino acid changes allow for the lyase to accept a dicarboxylic amino acid for the hydrolytic -

- deamination reaction (such as aspartate). Aspartate, therefore, can also be used as a sourc_e of -
20  pyruvate for subsequent aldol condensation reactions. , h
Additionally, cells or enzymat:c reactors can be supplied with lactate and an enzyme that
_ converts lactate to pyruvate. Exarnples of enzymes capable of catalyzmg this reaction include lactate

dehydrogenase and laciate oxidase.

25 Isolation of Geuomxc DNA4
Tryptophanase polypeptides have prewously been reported in, for example M(ruratou et al.
. {(JBC274:1320-5, 1999). To isolate genes that encode tryptophanase polypeptldes, genomic DNA
from E. coli DE10B was used as 2 template for PCR as described in Example 1. _
The gene for tyrosme-phenol lyase was isolated from C. freandii (ATCC catalog number
- 30 8090, Designation ATCC 13316; NCTC 9750) and grown on Nutrient agar (leco 0001) and nutrient
' broth (Difco 0003) at 37°C to an OD of 2.0. The genomic DNA was punﬁed usmg a Q1agen -
Genornic-tip ™ 1003' G kit ' }

) PCR Ampx'{f ication of Coding Sequeiices .
35 * Primers were designed with compatible overhangs for the pET 30 Xa/LIC vector (Novagen
- Madison, WI) as described above in Example 1
E. colima (SEQ ID NO: 41). N-terminal primer for pETBO Xa."LIC cIomng 5’-GGT ATT
- GAG GGT CGC ATG GAA AAC TTT AAA CAT CT: 3 (SEQ D NO 43). C—terﬂunal pn:mer for’



The hl G al dol ases from B. subtihs, E. coil, and S nreliloti were al so used
with the E. colt L- 25. aspartate am notransferase to produce noriatin
enzymatical ly. The fol |l owi me reaction conditions weremssed: 38 (iVilliNHa- OAc
pl 3 8.3, 2 widadpSimws 200 nM pyruvata, 5 nM glutamate, 0:05 midrpywsasgxal
phosphate, deaerated water to achieve a final volume of 0.5 m, after the
addition of the enzynes, 3 nmM potassi um phosphate, ‘20 gl nL of reconbi nant B.
subtilis KHG al dol ase (purified), ca. 400 ttg/nL of E. cols L-aspartate
am notransferase (AspC) unpurified fromcet/-extract, and" 12 30 nM

i ndol e-3-pyrnvate. The reactions were incubated at 30C for 30 minutes with
shai dng. The = anguss ol TRNALI0ARK SRUCEAL 1PA B oA f Rubtet frefarfErues 80
ng/ m., and i ncriease ncreasi ng anount's

i ndol e- 3- pyr uvafBQENHOH4t amat e wer e repl aced by saturating anounts of

tryptophan and 5 nM@fQQ@ﬁz'&a@&S@Q'IBW@ieNtérﬂﬁal EREUGAEDI) RITI0RRALS: - %8P

of
he three KNG ckpyRE R 8 Mask3eIBLEcEERRALES A b oG B vmipitiimee. of

t rypt ophan, SandpBresn XAl duwg: §'eA(@r OCARSG TIA GG DOUTAGATETARIICAAAGCGIGReas e
detection. The @g& %\, ggnzynme had the highest activity as in Exanple 4,
produci ng approXxrima 4000 ng/ L nonatin. The E. coil K11G produced 3000
ng/ nL nmonatin, and tHe EseendOﬁfé\ﬂas!e@rqur’é’r&mt 7 bbwoe Cbo9asgydrferlal PO OCT 2606
VD 03/09139, 6 Pﬂl,@@%%agﬁ%aaa%éuslﬁéamaiae(o%noal@bﬁgy@nm&aaﬂpﬁﬁwwwp and

Monatin The am nation of form monatin can he ca

ami not r ansf er as@@ SUER - Exmaeriidieh Bdgligydiglymerass §Reche) Sbrpind Sufer HH%M% andy3% [y
dehydr ogenages miusd (ﬂnﬂ@bﬁcéﬁaﬁm} ey &bﬂﬁ@cﬁl&fl&ﬂiﬁd&gﬁiﬂﬁ‘sbﬁ A6 aNOIw3: 968 hdNAERDYS.

These reacti ons_ar.e.r ern g“ asur.e n.ei.t he irection. The
directionality, V\?htehggcé ngsmm éﬁ& g sté”qg?lefonr?%%a'gan B Ealtsrg i %:dont rol | ed

by the concent rrageligms. ofac ﬁm}rmimeumﬁsla#fquvas @eﬁgudlrlb‘g enddecearpplesiweictthen Stﬂ’rhéat

oxi dative deam pgtion of nonatin was nonitored by 10 follow ng the increase
in absorbance at 340 nmas NAD(P)+ was converted to the nmore chronophoric
NAD( P) H. -Mbnatin was enzymatically produced and purified as described in
Exanpl e ‘6. 1A ty@bgl assay m-xture contained 50 nM Tris-ECl, pH-8.0 to 5.9,

033 M NAD+ or deen&%fﬁé;{o%aﬁ%mng @g&gc&%&(&@a&& dglgﬂxs'ﬂo@@ﬁ 1Rl and

10-15 nM substrate i ssay was performed 1n plicate in a
UV-t ranspar ent trideriit heapproprieiiidloneson a Mol ecul ar Devi ces SpectraMax Pl us
platereader. A mx of the enzyme, buffer, and NAD(P)' were pipetted into

wel l's containipng the substrate and the increase in absorbance at 340 inn
was noni t or ed. S EPEEEYHHA F‘H’f‘b‘?V%ﬂss after brief mxing. The reaction was

i ncubat ed &0 25C forPidsﬁldrﬁNmttvegiedNeag@tenoaenamm)twa@k@clommtb@xpmdnmat wi t hout

the addition ofg RO ccontrol.
20 The type I ﬁ?@%@&% iﬁ‘mé?%%%%@é from téji‘f:‘ﬂr'?g’%ﬁth?fg?@ |gn%1‘l’%gle 7882)

catal yzed the W? irpiselateskusipg & Qs ainiprer 18k %ﬂﬁéﬂ%?%hﬂrﬁmﬁw&ﬁe% Breosfymy rat e
of conversion appkgxi mately one-hundredth the rate of the conversion of
gl ut ama't eto al p ha- l&m} h%}%p%rl;n% % were done wxﬂ: the BL21{DE3) expression host, the constructs were
' 25_ grown in LB medium containing 50 mg/L kanamycin at 37°C. Protein expression was induced using
.0.1 mM IPTG after the ODgqp of the culture reached approximately 0.6. The cells were grown_fbr 4
hours at 30°C and harvesied by cenﬁ-ifugation. The cells were then lysed in 5 mL/g wef cell weight
BugBuster™ (Novagen) reagent containing § plL/ml protease inhibitor cocktail set #1101 .
(Calbiochem) and 1 p1/ml. benzonase nuclease (Novagen), and the His-tagged recombinant prot‘éins
" 30  were purified using the His-Bind cérl:n'dﬂes as described above in Example 1. Pusified proteins were
desalted on a PD-10 (G25 Sephadex, Amersham Bmsclences) column and eluted - 100 mM Tris-Ci
buffer, pH 8.0. The proteins were analyzed by SDS-PAGE on 4-15% aradient gels to check for

soluble protein levels at the predicted MW of the recorsbinant fasion protein.

35 . Mutagenesis’
' Some memibers of po]ypept:de class 4.1.99.- (iryptophanase and B—tyrosmase) mllperfmm
the beta-lyase reaction with agpartate or similar amino acids withont any - modificatios. Howaver )

- some members of the class may need to be mutagenized to allow for_the use of the subsﬁates andlor



Transam nation activity. Monatin am notransferase assays were conducted with
the aspartate am hotransferase (AspC) fromE. <coli, the tyrosine

am notransferase (Tyra) fromE. colt, 25 the broad substrate 75 JCT 2005

am notransferase (ESAT) Wwom L. mgjor, and the two sgnmercially available
por ci ne gl unare@imsal oacet ate am not ransf erases descri bed |15tﬁggmqhagsl

Bot h oxal oacetate and al pha- ket oglutarate were tested as the am no
acceptor. The assay mixture-contained (in 0.5 nL) 50 mM Tris-HCl, pH 8.0,
0.05 nM PLP, 5 nM am no acceptor,. 5 mM nonatin, and 25 pg of :

am notransfer ase. The assays wer e i ncubat ed4®t 30C for 30 ni nutes, ‘and.t he
reactions were stopped 30 by addition of- 0.5 niL isopropyl alcohol: The | oss
of nonati-n was est. a

acti vi ty Was nO?;D alleattgﬁ ﬁﬂf@ﬁfo&u«g Mgﬁg%%{nﬁcases %16%15 cﬁs t?atgp {f?_'nn% conversmn
acceptor, foll om@eﬁw@h@ﬁ@&wwewz@gﬁesw th al pha-ketogl utarate as the am no

acceptor. ‘The rel ati ¥ diR&d thitdo¥nels kb perichQARLE 81 $> Washre BRAYEs BfPﬁQﬁdﬁg

porcine type |la > porcine r B. The relative: act|V|t

al pha- ket ogl ut aPHYPEPiREs T&Bgﬁpg aL&gﬁJeX et Pepfisity ofth YE?PHé’ f‘?f}té?w&lz >
35 TyrB. 25 £CTba5 w w WO 037091396 PCTf US03112588 -46 Exanpl e -8.
Production of Mnatin from Tryptophaa and C3 Sources Ot her than Pyruvate As
descri bed above in Exanple 6, indole-3-pyruvate or tryptopban can be .
converted to nitesémmsivefiTgtopharasedixengsl t he C3 nol ecul e. However, in sone

ci rcunstances, pyr uvaﬁ&ma&%ﬂw ﬁmﬁdeg%@lb& ﬁé&&cgd%memaednsm aﬁ%ue%am)l e,
pyruvate n'aybe nore expensiti ve a.n ot her C3 car bon sources, have

adver se ef f ect s g% e FAeHF RPIRIAYateR chapred geinige ¢ at mated i t"ﬂF%Pﬁ%“h@ 'E‘Sr‘ihebe
transam nat édl byondpeiyt tRiReechay® ealiho Vit @oHiLRE 2705 eigiine (R) wuytbtrp bawnase A | ke
enzymes performbet a-ell ”%’t g&esfxéﬁgéﬁn%ﬁl?w‘% %e‘;t%‘,ﬁéeﬁ v ‘F%E&n ﬁvr-%(géeh‘ﬁga o LP

enzynes such as am notran o e Zynes NS’ C
produce anmoni aMNid"fﬂfﬁ@nbwfavm@ceﬂiﬁwfﬁ?ﬁym}?% plisnesfipementspipd ragsqupbly of the

L-cysteine, andﬁﬂk‘ﬂfci}tﬁlﬁié MR EpheSHPOREs R0M PEMSE R &ev%ilgmg&m@ﬁwmfwmﬂg oups

benzyl cyst of ne. (& SEEPCRCATGROAEAaBo o Pt TR SES TR 85 5 an e
Processes t 65 pr fH0GECEHBIGIGETIGGISAGI CEGAATGGDY (SEQDI N§iPass).i des can be i nproved

by nutating the (i- %ggh@ se according to the
met hod. of Mour at ou e%%%ﬁo{@%ﬁ&g%ﬁlcﬁﬂngwag 57@1320 5,1999). Mouratou et

al . describe th@cg‘m%wq@%qﬂm@%@wcw%ﬂ%@ NOi4®) 2ad &t car boxyl i ¢
amno acid p- Iyameo@mamebaeemt;d@eom@amw@qwmew in nature.' The
change in specificit S__acco i she con | i ( 283.to
arginine (R) and arg %ahewfrﬁjmefﬁn%lb 5P °%§ BTh ‘H’(ejgﬂ;)a&/ﬁ%fﬁg dgg%aﬁ M il
changes all f gauepdi®. | yase to.accept a dicarboxylic amnoacid for the
hydrol yti ¢ deam nation reaction (such as aspartate). Aspartate, therefore,

can also be used as a source of 20 pynivate for subsequent Adel condensation
reactions. Addi Mresressef Terinedhgrol brase(fdrpsgrofed Bstnple? can be supplied with

lactate and an enzynewd fiad muGQuay Rtk mﬁ@&&@ﬁ@sﬁm@m gysataﬁmo B @iplegs. Dfese
enzynes capabl emgt];hogsagogve}/ted ngg.nmer}hjsat pc k(ﬁ'q‘a {hrr;:gllmlajed(%) ang va]me 8/) at posmon 283 to

25  arginine (R) (in C. freundii mature protein sequence).

Primers for the RIOOT conversion were: 5°-
AGGGGACCGGCGCAGAAAACCTGTI‘ATCG—s (SEQ ID NO: 51} and 5°-
AGGGGACCGGCGCAGA.AAACCTGTTATCG 3°(SEQ ID NO: 52). Primers for the V283R
conversion were: 5"-GTTAGTCCGCGTCTACGAAGGGATGCCAT- 3’ (SEQ ]D NO: 53) and 5%

30 GTAGACGCGGACTAACTCTITGGCAGAAG-B (SEQ IDNO: 54) .

The methods described above were used, and the clones were screened by hpn.USacI
digestion, and BstX 1 digestion, The sequenccs were verified by dideoxy chain tenmnatlon
sequencing, Recombmaut protcm was produced as described above for the wﬂdtype enzymcs _

. The reaction mixtire-consisted of 50 M Tris-Cl pH 83,2 mMMgClg, 200 mM c3 catbont
35 source, 5'mM alpha-ketoglutarate, sodium salt, 0.05 mM pysidoxal phosphate dezerated water o
o achieve a final voluime of 0.5 mL after the addition of the enzymes, 3 mM potassmm phosphate pH -

5,25 ng of crude recombmant C. testosteroni ProA aldolase as prepared asin Example 4, 500 pgo
- trude L-aspartate ammouansferase (AspC) as prepared in Examplc 1, and solid tryptop_han toafford :



dehydrogenase and | actate oxi dase. 25 Isolation of Genom c DNA Trypt ophanase
pol ypepti des have previously been reported in, for exanple, gg@ii%ﬁt al .
(.1BC 274:1320-5, 1999). Temst sol ate genes that encode ¥ Y pt opl

pol ypepti dewo@eppesc: DNA fromE. colt DH OB was used as aciRixpd/adsgs f or
PCR ag described in Exarrpl e 1. The gene for tyr osi ne- phenol- | yase was
isolated fromC freundii (ATCC catal og nunmber ©= 30 8090, Designation ATCC
13316; NCTC 9750) and grown on Nutrient agar (D feo 0001) and nutrient

broth (Difco 0003) at 37C to an OD of 2.0.-4he genonic DNA was purified
using a Qagen Genomc-tip TM 100/0 kit PCR Anplification of Coding
Sequences 35 Priners th c ati.bl e ov rha or the ET 30
Xa/ LI C. vector TRGVEGHY s 6?@31 ga%qe% “ast Sg'g‘s’eg PrERy &‘i "E

tali tza (SEQ s N@baﬁdat 309G foreR ik widle infxing, $evine, plEiﬁﬁ:OanXadphrtafé vtefecmppﬁgi as3: - GGT

ATT" . GAG GUT. %ﬁ,

"G ter m nal- pr S%?ﬁtﬁc@ﬁsf@gg&%g %%%63&%?%%%%?%?@@%7
pET30 Xal LI-C clnirfeguingbelartiminginn amAet=yra raaipoo{prayiaasdTNAFfoulie aua@T T1 T

G 3" (SEQ 5D Nepofhblae, Banbdh@uel 16PhendSEQuLE: NPerd2) - N- terminal pri mer
for pET30 Xa/lLl oni ng:~ 5' T GAG GGI' CCGC ATGAATTATCCGGCAGAACC- 3
(SEQ 1D NO 45). Germmnal prinmer for 5 pET 30 XnlLTC cloning: 5 -AGA GGA
GAG TTA GAG CCWT@IMWHI widizBig altérBiie CB.cNGbn bdees The Eppendor f

mend -far All PCR

Mast er cycl er TM-Gradi-ent—s33+—Fhermgl —Grelerowas—tsedrior—ar--PER —reaeti-ons.
I'n 50IthsﬁMﬁeﬁﬁ+@€M%——} r--rer

el — IF
0.4 mM each HP—35 panu HE gt ucP‘ll%y rm—yucr S
]

) vat 20 =
buffer with ; mﬁt’lrli:x;}hiu DVBO (et tm]llmgut ratton)y—THhe—t hcié@:s\,yu'r er—PCR
. . FoWe WSl | — + oA laTal PR |
progr am USEd_ Sas glljﬂBUWb 3_ C “PIL ta JQWAQ!@“UL p;{l, vl-r\ﬁn, 599U ;_ct_,:UIrUs,

40- GOC - m nut T'-wﬁ&&teunua, 2€ §-0 d&&t]eﬁﬁfnt’fﬁ;&am prrds;—36 4'6967}Jet‘l_tl of1S.

S
T LoUTess ouTu —the—Satt en

The final pol yirert+zatian-st ep 5
stored at 4C—15-Copild gTA ot dent h“ﬁ_? GT—'r on
procedures detmatted e A = 1—deﬁ+-i—r—y4?5%_e———

appropri ate cliofres:— a@ﬁe Erpresst 9

(verified by segquence atysis) O

BL21( DE3)' (NO a’g”éﬁ) A ettt utres WEJ’_M L I:D et
| ananycin, th 4}"): a:ll"siria oevvcl e—-tsotat CB\'}L& 0 ViTN i
anal yzed by restriction digest to confir m identi ty. Induction experl ment s

wer e do ne with the BhomemHgproduestiogmilagine indserine esecabompicescias vepBeddy
10 LC/MS/MS daughter scan analysis, and was identical to the characterized monatin produced in

Example 6. Alanine was the best alternative tested, and was transarminated by the AspC enzyme.

. The amount of monatin produced was increased by addition of the trypiophanase, which is capable of
iransamination as a secondary activity. The amount of monatin produced with serine as a carbon
source nearly dopbled with the addition of the tryptophaﬁase enzymes, even though only one-fifth of

15 the amount of tryptophanase was- added in comparison fo the ami:nqtansferasé. AspC is capable of
some amonnt of beta-elimination activity alone. The results with aspéﬂate indicate that the
tryptophanase activity on as;;artate does not increase with the same site-directed mutations as’
previously suggested for B-tyrosinase. It is expected that the mutant f-tyrosinase will have higher

activity for production of monatin.

20
Exaniple 9
) Chemicﬁl Syﬁt_hesis of Monatin
. The addition of alaxﬁpe to indole-3-pyruvic acid produces monatin, and this reaction can be.
: 'pérformed synthetically with a Grignard or organolithinm reagent.
25 |  For example, t0.3 chloro- or 3-bromo-alanine which bas been appropriately blocked at the

carboxyl and anine groups, is added magnesium ander anhydrous conditions. Indole-B-p}a'uvate
(appropriately blocked) is then added to form the couplad product followed by remnval of the
" protecting groups to form mohatin. Protecting groups fhat are particularly useful include THP
.(teu'ahydmpyranyl ether) which is ¢asily attached and removed.
30



25 grown in LB nmedium containing 50 ng/L kanamycin at 37C. Protein
expression was induced using 0.1 nMIPTG after the OD600 of the ZulEubigs
reached approximately O~gw The cells were grown foregg hours at 30C and
harvest ed byoqgRbisbé ugation. The cells were then lysed in 5p@ehgoyelsssel |

wei ght © BugBusterT"' (Novagen) reagent containing 5 pL/nlL protease inhibitor
cocktail set #111 (Cal biochem) and 1 pL/nL benzonase nucl ease (Novagen), and
the Hi s-tagged. reconbinant proteins 30 were purified using the H s-Bind
cartridges as described above in Exanple 1-50Purified proteins were desalted
on a PD-10 (G25 Sephadex, Anersham Bi osci ences) colum and eluted in 100 MM
Tris-Cl buffer, pH 5.0. The proteins were apalyzed by SDS-PAGE on 4-15%
gradient gels to check for soluble prot%?aﬁlpeé\gel s at the predicted MV of

t he reconbi nant” fusion protein. 35 IMutaeiidBhginSaddEenber s of pol ypepti de
class 4. 199 (L1y P! ORIARASE s@fleloheabit O MAR el REL LT, & DERELGL Vase

reaction with aspartate OI’ Ssimlar amno aclds w'thout- any 1 cation.

However, - sone Iméwtsae%n@%-m@ﬂluliﬁ%%owcwe@d to be nutagenized to 'allow for
t he use of tde gmt;uaﬁ,;ﬁ and/or 25 ;006 WD 031091396 PCTI uso3/ 12588

can pertormthe converbrB g HoF %S{eﬁo@aﬁf PoEe ) oA NGB OBy

di rect ed nut agemesiisdeies fpert oraed: badedhenizaBdartiab Wuﬁbtrfoﬁned maiagyas (IS

O DLreh "9, DRLRRRY R TSP B Qi SRISIG ORI SEE S
of Ti ypeophnr as eingdinsys| Waters m@hmca@@mwwe%@m%m M%@Y@W&) nt r oduced
two point -nyy at M&&neaananh&pﬁeadmeﬁ@b&weé@ﬂuﬁeﬁﬁagm};hﬁna‘dmm&@wmmwI on

changed -ar gi ni ne, ]g at _positiaon 103 o t hreoni ne %E& ? .10 segond
poi nt .nut at| on ©H ﬂ%’é‘ﬂp‘{} PR EOTROReE LhSPrETUR Yoo 8atedtas YR TR Manber i ng
system for E  seksdpmtdibenpogtihy njlumn\litagensbis, :eanﬁtenmmlsremacbphmrfor med

by ATG Laborat OE}IE_)%M%F&%QOI |2rﬂn§1’x 25%@%90%;11! t&éb%rﬁﬁfg %‘h% f'é f{lnglgﬂﬁ ga conmsted of

sequentially b ene fragnents a rea

acconpl i shed byA]:@Rasontwm 0 Oﬁ*%u(ﬁ’érﬂ@ﬂuﬁmcew%mff)ﬁ@fﬂmﬁ Fqﬂraw&g@ﬁ;"’é %@)t 0

t hreunni ne 15 T) uififoroatdabeFMCACCGECGCAGAGCAAATCTATATT- 3' (SEQ I D NO. 47) and
5" 15 TGCGCCGET AGT ( .
converting val i ne (\% {egtce:ggoqwis eﬂ%ﬁfnﬁﬁgﬁﬁgé 0~9 ‘lmearﬁomn?fsr/sB Io%OA
TCCT GCACGCGGCAA?&M‘E@EW@U miiSE@eat floth IR B HJYe B A2 5min, witha 10 min re-
CTTTCCCCECET CCAG A Heh Lt Boedn Runs (ﬁg@)vertCNQSO é@ﬁzr&mm W&é%ﬁened by

restriction digest wth Xba I/ H ndl 1] and Sphl, verif

sequenci ng. wuva@vewrﬁ%%%?@fﬂﬂnfw%lfnnéﬂlmé%ffm fr_fghgéél MS@’WWGP&%SEE@ME@ 2
Two poi nt ng at m&m&x oF pRoiited sRoldchler ibry ([B6+ HE) (7R AGdlytds b fifere@tiadi oSl of
sequence. These cfxr)alns gonverted arginine (R at p03|t| on 100 to

t hreonine (T) anam r'I g’fl% 8t position 283 to 25 arginine (R) (in C
frenudii mature pr otﬁeﬁ)lbgq@m@)ental parameters were nsed for LC/MS analysis of monatin: Capillary:

3.5 kV; Cone: 40 V; Hex 1: 20 V; Aperture: 0 V; Hex 2: 0 V; Source temperature: 100°C;

. Desolvation temperature: 350°C; Desolvation gas: 500 L/h; Cone gas: 50 L/h; Low mass ;'esoluﬁon
25  (Ql): 15.0; High mass resolution (Ql): 15.0; Ion energy: 0.2; Entrance: SOV; Collision Energy: 2;.
Exit: 50V; Low mass Iésoluﬁoi_l {Q2): 15; High mass resolution (Q2): 15; Ion energy (Q2) 3.5;-.
Multiplier: 650. Uncertainties for feportcd mass/charge ratios (/) and molecular masses are &
* 0.01%. Initial detection of the alpha-keto acid form of monatin (MP) and monatin in the mixturés
was accomplished by LCIMS momtonng with collection of mass spectra for the regiun m/z 150—400
" 30 Selected ion c}n'omatograms for protonated molecular ions ([M -+ H]" =292 for MP, {M + I—l‘_| = 293
for monatin) allowed direct identification of these analytes in the mixtures.

MS/MS Analysis
LC/MS/MS daughter ion experiments were performed on monatin as follows. A daughter -
'35 ionanalysis involves transnuission of the patent jon (e.g., m/z = 293 for monatin) of interest from the
B first mass analyzer (Q1) iﬁto the collision cell of the mass spectrometer, Where argon ié'iﬁtro,duped
* and chemically diss;ociates the parent into fragment {daughter) ions. These ﬁagr_nent lons are l_:hen. )



Primers for the RLOOT conversion were: 5'- AGGGGACCGGCGCAGAAAACCTGTTATCG 3'
(SEQ ID NG 51)and 5' - AGGGGACCGGCGCAGAAAACCTG | TATCG 3' (SEQ %{
Primers for the V283R conwg¥sion were: 5 -GITAGT T 3

(SEQ I D NO waddsmamds5' 30 G TAGACGCGGACTAACTCT TTGGCAGAAGB P@@ﬁ@‘ﬁ@ %p 54).
The met hods descri bed above were used, and the clones were screene

Kpnl / Sacl digestion, and Bst X | digestion. The sequences were verified by

di deoxy chain term nati on . sequenci ng. Reconbi nant protein was produced as

descri bed above for the wildtype enzynes. e reaction m xture-consisted of
50 MM Tris-Cd pH &3,2 nM Md a, . 200 nMCS carbon 35 source, 5 nM

al pha- ketoglutarate, sodium salt yridoxal phosphate, deaerated

water to -achi e‘{?@"%fi‘f’%q SB??B‘P‘H??%"‘”ES‘W@(%?) PFE"%P?‘E?‘! P FrEFObRIRK B W ¢ he
enzymes, 3 ranaﬁgnaﬁﬂloﬂmpﬂmsphate pH 7 5, 25 g of cr ude reconmbi nant C.

L Saspartato am i1 o ranaaradBeRRERRbRLRAS: e BT Culncidtd Wt o7 1 0¢
sol i dt r ypt opbanCapidlamif ¥.0f\d C2: 00T H20 0680 Vo iyew@e 0BY ;04 396/, ISGﬁﬁéelimJBv’am@SBB °Cr 49-

concent ati n_fes3fifh ARk YAEOks DU i) PRGNS el AVBNOML L1, 0

reaction). reaction was 1'ncub nutes w
m xi ng, Seri ne,(Qd) & Nwh%ﬁsdgmﬁﬂatﬁwymw Feltnes-535 Collindpdinergpdfices.

Assays were pergarivedowidd 3sio Qﬂ}qyinglﬁﬁﬂmféﬁmﬁof@) eI 3.5 ed)

- capabl e of perform ng beta-eli mnati on and beta-lyase reactions

(trypt ophanase I‘(I‘f‘mf Woubl e mutant S trypt ophanase, O-tyrosinase (TPL)).
The results are shown in Table 4: Table 4: Production of nonatin utilizing

al ternati quCS ﬁt;gf PP:QﬁQ?aWIﬁ%ﬁﬁ{%m? ﬂ%w! ssource Addi ti onal FLP enzyne

Rel ative ACti vi ruva e none 100% serine none 3% serine
11 wild type TNA'1 5‘11&%1@@%11%@1%@35&‘6@@P@am?)&ﬁ@mmf%ﬂ%ﬂ dariziedi frem imyie o329

al ?3' ?e I IT NtA t ?n‘a%c’@z;c?/on?%cﬂalqmﬁ%ttﬁh%&ﬁﬁ%aﬁ%aﬂh@s@ﬂﬁd ahbVA, ﬁ@mS%ne?}M&%et 1t10
Wi ype U w 0 spartate
80 pg mutant T S°§be§@° ﬁis’ﬁéngéfeﬁ PBUYRE d?"%‘?ﬁ-ggart% qﬁ%‘&s i ﬁ‘éigﬁg“
3-carbon sour C@:omsgrmﬂwntfm@deﬂq;craﬂﬁs W@/ iMBatdshdianigh §% pqeeaMeaH A1.25% sggticand was
| dentical 4g thafadm%%st@s 323% MR ABEED bl ixft AR %:Sogglsﬁéd%gh € was

the best -alfernative teste and was transam nate é enzyne. The
amount of monat i sleqdaencion anopiesing (SRMWadem s RerIPITEn Tt inyglied W@lﬁsﬂwh%zﬁase
whi ch i S capabl g11i@énally-induced parent ion {(M + H]+ = 293.1) to daughter ion (e.g., the fragment jon at m/z =

168.1, téntatively assigﬁed as a 3-buta-1,3-dieny}-1 H-indole carbomum ion) transitions to maximize

_ sensitivity, sefectivity, and throughput for the detection of monatin. PDA absorbance data were
20 collected in parallel for further verification of monatin identity.

Example 11
-froduction of Monatin in Bacteria
This example describes methods used to. produce monatin in E. colf cells. One skifled in the
25 art will understand that similar méthods can be used to produce monatin in other bacterial cells. In
addltlon vectors containing other genes in the monatin synthesis pathway (FIG 2) can be used. |
Trp-1 + glucase medium, a minimal medium that has been used for increased production of
txyptophah in . coli cells (Zem et al. Folia Microbiol. 35:200-4, 1990}, was ﬁmpared as follows. -
To 700 mlL nanopure water the following rcagents were added: 2 g (NH,),80,, 13.6 g KH,PO,, 0.2 ¢
30 MgSO0.TH,0, 0.01 g CaCly«2H,0, and 0.5 mg FeSO,7H,0. The pH was adjusted to 7.0, the volume
was increased to 850 mlL, and the medium was antoclaved. A 50% glicose solution was prepared
séparﬁtely, and sterile-filtered. Forty mL was added to the base medium (850 rul for a 1 L final
~ volume. ' | . :
. A 10 g/ L-tryptophan solution was prepared in 0.1 M sodium pho'sphate pH 7, and sterile-
'35 fitered. One-tenth volume was typ1ca]ly added to cultures.as specified below. A 10% Sleum :
- pyruvate solution was also prapared and sterile-filtered. A 10 mL ahqunt was typlcally uged per liter
of culture. Stocks of ampicillin (100 mg/mL), kanamyein (25 mg/inL) and IPTG (340 mM) were
_ prcpargd, sterile-filtered, and stored at —20°C before use. Tween 20 (polyokyethylene 20-Sorbitan _'



transam nation as a secondary activity. The anmount of nonatin produced with
serine as a carbon source nearly doubled with the addition of IHh&CT 7p08
tryptophanase enzynes, ewmn though only one-fifth ogel5 the amount of

trypt ophanawe osmsisadded in conparison to the am notransfer agqAsRfasks
capabl e of some anount of beta-elinmination activity alone. The results with
aspartate indicate that the tryptophanase activity on aspartate does not
increase-with the sane site-directed nutations as previously suggested for
(3-tyrosinase. It is expected that the nut&dt )3-tyrosinase will have higher
activity for production of nonatin. 20 Exanple 9 Chem cal Synthesi's of

Monatin The additi on n ci.d._produces nonatin,
and this react i"SH% wgsmé}n"d ? (Ii%éh' g‘?h%ﬁ%f‘%’ﬂ‘#? \/\ﬁ?“i" ciin At W ppgrthal
organoli t hi um rcmgmatonaﬁy;ﬁanybmmmﬁnalo@n@ntmmmr 0- or 3-brono-al ani ne which
has been. appropri at I 2 th an S added
magnesi um under an h?criéré% jglg&gég%gco? ?3]6?1 élIefqr%%om{}mg@%{:y@ﬁa(%%g?%ﬁp?da]{leI y

bl ocked) is théﬁ?ﬁ@dﬁ@d@@rﬂﬁwﬂnﬂﬁeﬂ@mwbmm KaginlyomeQvepyght @itpes(b  of
the _ pr ot eChi NGugk G BSelifed AT HBRBLD anﬁfa%ﬁﬁgdoe% e R S . y

particularly useful inc (tetfrahydropyrany t her

attached and r &?ﬂ%"ﬂé‘é} 3¢ 52 @C@@TW?GE‘@ f"‘\ﬁld%‘@% W@@l@@@”@@#‘@%?ﬁ“ﬁﬁ@@m W5)-

Exanpl e 10 Det Qﬂdeﬂ&fhﬁiiﬁlom&&fahdmoﬁfﬁh@'f’ StiakeS1a6% 267 pR v @070 JoRsto akdhads used
to detect the presene

2-(i ndol - 3-yl met hyl) #fps B‘e%ampqa“fﬂf‘zﬁi?“é“%“@“a‘% #@%sﬂ?ﬁpy’ﬁég AGrdR of
m xtures for th@u@ﬂwhokeﬂbmaﬁi @dﬁlemmpmturmﬂatih%fﬁ;@mplcs (bnBowresalestedP) and

monat i n denipved;f oMo bdrd i polt) a¥d MORLAGHAITH £ Tk SRELAAR S MRS LOp¥Or Med
using-a Waters/M cromass |iqui'd chromatography-tandem nass stgectrorretry

(LC/ MB/ MB) i nstiPrdieyk ma}YﬁﬁlFGErhﬁgs pestradustes. ety L mlgarrle s colrsed adspinigedh a
Wat ers 996 Photi®sefraciie Kinthdym {lifA)pelld. BbgahinsaRmiphidd) imjdikie anli Twees @k €S
bet ween t he chr(gmg;15L %Qeraagon a Mcromass Quattro Utima triple quadrupole
mass spectrorret er se arations were nmade usi ng a Supel co Di scovery C s
rever sed- phase chrorfi¢ @R}}F aphgrovsidihourp posiinguetionsond prpfhent mia prmide sy takelBrdCs

rever sed- phase o QB RLr ARK Mouﬁsoinuﬂ& ah@mtje@mp‘ﬁo 20ndbRavadivele QR 1BEBREAL UT €.
The LC nobil e phase gonsi St ed wat er tai nin 0. 05%

trifluoroaceti E"¥E'8 uﬁ’ﬁ&'asé)e“tﬁr@ﬁ%‘éﬁﬁlappé%‘ﬁ?aﬁﬁly (9956)“51‘%8"“\{ for 20 -
trifluoroacet i eumes ek.4°The 3§00aphh.€THe sektiftind wasnasinted ﬂﬂibﬁthfhlébm’f}ﬁ%tﬁeieﬂs whdo B

0-9 mn, |inear,fromesdeYorl {0y %Q:ﬁ/?m@ 35 9’,&91@{ Tk Q:ﬁlyhs%%g Lé}ivksc ﬂe hg&éo o argag of 0

m n, i near from90A)B to 5% B, 20>2
~ the [M+H] = 293 peaks were momtored as descn"bed in Example 10. 'I'he background level of the

20 medium was subtracted. The data was also normalized for cell growth by plottmg the he:ght of the
[M+H]" = 293 peak divided by the optical density of the culture at 600 nin.

Higher levels of monatin were produced when pyruvate, ampicillin, and Tween were added
4 hours post induction rather than at induction, Other additives such as PLP, additional phosphﬁte, or
additional MgCl, did not increase the-production of momatin. Higher titers of monatin were obtained
25 when tryptophan was utilized instead of indole-3-pyruvate, and when the t(jptophan was added post-
induction rather than at inoculation, or at induction. Prior to mductlon, and 4 hours’ post—mducuon (at.
time of substrate addition), there was typically no detectable level of monatin in the fennentatxon
broth or cellular extracts. Negative conirols were done utilizing cells with pET30a vector only, as -
wel as cultures where tryptophan and pyruvate were not added. A parent MS scan demonstrated that
30 the compound with (m+1)/Z = 293 was not derived from larger molecules, and daughter scans
(petformed as in Example 10) were similar fo monatin made in vitro.
The effect of Tween was studied by utilizing 0, 0:2% (vol/vol), and 0.6% final
concenirations of Tween-20, The highest amount of monatin produced by shake flasks was at0.2%
_ _'fween. The ampicillin concentration was varied between 0 and 10 pg/mL. The amount of rhonaﬁn .
35 . inthe cellular broth increased rapidly (2.5 X} between 0 and 1 pg/mL, and increased 1.3 X when the -
" ampicillin concentrauon was increased from 1 to 10 pg/ml.. )
A time course experiment showing nrplcal results is shown in FIG 10 The amount of

- momatin secreted into the cell broth increased, even when the values are uonnahzed for cell grow?:h.



equi libration period between runs. The flow rate was 0.25 nlL/ mn, and PDA
absorbance was nonitored from200 urn to 400 nu. All parameter? tEﬁ
ESI-M5 were optim zed and gt ected based 20 on gener aiggon of pro (@ngtTe2

mol ecul ar i woszfbied 1d]{) of the analytes of interest, andpgiRdyfisgn of
characteristic fragnent ions The follow ng instrunent a-I paranmeters were used
for LC/ M5 analysis of nonatin: Capillary: 3.5 kV, Cone: 40 V; Hex 1: 20V,
Aperture: 0 V; Flex 2.0 V, Source tenperature: 100C, Desolvation

t enperature: 350C; Desol vation gas: 5001-/3 Cone gas: 50 Llh; Low nmss
resolution 25 (Q):15.0; H gh mass resolution (Q): 15.0; lon energy. 0 2

Entrance: SOV; Collisi'on Ene SS res ion (Q

15; High mass r%}’s"(fwéﬁﬁe Wlaf‘?ﬁﬁﬁcgg“l%éﬂ‘fl%%é’ﬁ@f’é‘@m théi‘}“’“nn?‘gmaﬂwdfei%b‘fﬂf Bps: 650
Uncertainties f@ﬁmﬁtﬁp@hdl&dmmaigmﬂaﬂ‘g@cmae:dpaﬁne@um fepeatttd ghittb amu&oaramﬁgsses
are 0.01% Initial i.on . of a ket 0 .aci for t|n(IVP)
and nonatin in tﬁm”"“thmft res Iph?an tqhal ’EI%WGaB%§auV HPB eoalfﬂé)r%%\nth

col | ection of. rgs298pesdess atfﬁeﬁﬁrcu?chmfhﬁeguﬂ@nnmal‘pﬁwﬁbmo) mmbw@u ion

chromat ogr ans fQps;andBRaLA6k ‘%Josﬁyina?yﬂ.%sm{e(ahéeﬁ% déimmﬁﬁgm;ﬂﬁmé\{ﬁ rtfthﬁ:!fﬂ

293 for nonatin) allowed direct identifjcation o hese analytes 1n t
m xt ures. NBNBAﬁ%t’feV%t°§mWFR?B“°&&%}§WF%PY¢W°@WWems were performed on

monatin as foll ows. 'ﬂqedﬁ%@bfoﬂﬁchm&@mbﬁfh ﬁrbadtétﬁl cSlld Y RbI4RS inlSDARE MBSl of the
parent ion (e. .J.Q,f.n; tere 1 f.r t fir mass
anal yzer (Q) ?e?ffegn{e?lt”na’ﬂ <1on ?ﬁlo Sflm’flﬁ% m e %ﬁgf‘é'?s,p 8P ar gon
is introduced aaivdlexshaaed deshipereiihs sioicatratiye teh@seﬂmsehqmd ch:tomatbzra@rreﬁts sample

(daught er) 1igoNSy,y Iﬂgéﬁed‘, 5@%@&&&&95@ Rl yxawelz(&s&?ﬁld #8900, mf 396
PCT/ U S03/ 12588 t he second nass anal yzer [ can

be used to cor rFEBHEERMS Fﬁ&ateélfl}ah"é‘t ‘Her@ll’m’3 Srng PRSP R he ” par ent . The
f ol | ow ng i nstr unentiabinp asgeitietshaenottifdaase ﬁeredsuad\ﬁs&ﬁataigadﬂewﬁhﬁf

nonatin: Capil . ) s ionl P S erdon ex 2:
0V, Source t er?%%%é%??%%@ %%Q%E t%esp\éfmtﬂgfémjm ]f? Se’eff ap%)r'élr %gb eép\ésse&

Desol vat i on gasﬁomm@mwwﬂh@#h@sw@ to Bereqst the anoypy Oﬁﬁ@@m wadypad iPwr(Qr? 13.0;
H gh mass rlgsoldealglﬁmto(u{aoamésesﬁzsre;b;gy)mm&wy argnauh ém@gm@as\f@uoﬁgl &ision

E 14; Exit t
R (s oK TR R e T
Det erm nati on ahd Mnmﬁmw@ﬁmﬁﬂﬁﬂgﬁmTMAmW@ﬁ@ {SEQ/B 2p6%.) Tiefs

m xtures for nopgLl é&m«ﬂﬁ! Aééﬁﬂlil{ei%a d‘;e}?)é !rEcnfa £ ait sfle f\ﬁlc%.m%ﬁg@{g ngérfééﬁgfas

carried out usi ng I nstrunentatlon ove, araneters

as described fdescripediniems 4 pd sskipeifiodt W%@OWC%S%WM@?@ Witherra MBS
Cs (2. 1nm %050 HORHI ardiREID ABYA gie 2R Yrodlct. 'O Bkt FBR okt A4 Bsidl al(hagkSHRI cBkrink.

| uti [ 15_% 9% t 15 t f 0.3
mLim Dot ect iR GR PBARET- Y HovAe i e eee faksaiba £ HetPh i ng

sel ect ed react i(ndiampelist ) acrglifeSRvjnufaeeninTmeBns @e@mcabmfpyuahﬁfhwsreﬂomol ved
moni tori ng Spe%&g ﬁmﬁ%ghg’mﬁﬂ@\l@% As@@u%%&'m@agmz 'd%fbm(ai W grb¥liupin 283 1) to

daughter ion (e 1, tentativel y_ assi gned
as a 3-buta-1, @%W@ﬁwawﬁﬂﬁwl@HW%mﬁpww ‘Yaﬁa‘ﬁ’é"F‘l sipg SeQpeiRitng ze

25  miniprep kit. Clones were screened by restriction digest analysis and sequence was confirmed by
- Seq\m-i,,ht (Houston, TX). Constructs were subcloned into BLR(DE3), BLR(DBB)pLysS
BL21{DE3) and BL21(DE3)pLysS {Novagen). The prod/pET30 XafLIC construct was also
Uansfonned into BL21(DE3)pLysS.
Initial comparisons of BLR(DE3) shake flask samples under he standard conditions

30 - described above demonstrated that the addition of the second gerie (aspC) improved the amount of
" monatin produced by seven-fold. To hasten g'rowﬂl,.BL21(DE3)-derived host strains were used. The
a prod clones and the two pene operon clones were induced in Tfp—l medium as above, the pLysS
- " hosts had chloramphenicol (34 mg/L) added to the medium as well. Shake flask experiments were
pexformed with and without the addition of 0.2% Tween-20 and 1 mg/L ampicillin. The amount of
35 monatin in the bréth was calculated using i vitro produced purified monatin as a standard. SRM _
analyses were performed as descnbed in Example 10. Cc]ls were sa.mplcd at zero, 4 hours, 24 hours,
48 hours, 72 hou:s -and 96 hours of growth

The results are shown in Table 5 for the maximum amounts produced in the culmrc broths.

Tur 4k Senmdmsnmnn Sl vt mama aamebmet naa hinfae alnae than the sea 4 canobmet -.:Tnnp The



sensitivity, selectivity, and throughput for the detection of nonatin. PDA
absorbance data were 20 collected in parallel for further verifigatipge of
nonatin identity. Exanmee 11 Production of Monatiwgin Bacteria This
exanpl e deseoiokessvet hods used to produce monatin in E coibctekbsizséne
skilled'in the 25 art will understand that simlar nethods can be used to
produce nonatin in other bacterial cells. In ‘addition, vectors containing
other genes in the nonatin synthesis pathway (FIG 2) can be used. Trp-1 +
gl ucose medium a minimal mediumthat has B&en used for increased production
of tryptophan in E coil cells (Zeman et at. Folra A9i.crobiol. 35:200-4,

1990), was pre r e.
reagent s ver o Saedry yi iRty Al BraRRRaRH e R R B bRE
0.01 g CaClz: 2%@uehdbrde traids fypjcatis gou atpygfyer %e%laﬁmmofémeweeanm@wwee t he
vol ume was ingeRAgad to 850 nl, and the nedium was autoclaved. A 50% -
gl ucose solution was prepared separatel y, and sterile-filtered.- Forty nL
was added to the base .nmedium (850 nL) for a 1 L final volune. A 10 g/L
L-trypt ophaf smabﬁsonm&omlwebmadmvr diBaderiam phosphat e pH 7, and
sterile- .| 35 t%red. one—tent-h—voeldre \:'v’é:_."_s i Cal H—added-to—-eytures. as
specified bel g Coystragt | =~ o t\\lm_l'\i' o Lweentamn’ | - pe/d, monatin, ey

- : AT, DA Ti0 ) Mt RSN WoORail B of
sterile-filtered H et s-tur e.

. A/ ol
ks . of Lo prod = b %LWB) N EOR AR SIS P55 bl = T UG TS
St ocks -0 anpl o T ey e iz o g g ant—Tr o %ﬁu ‘//b
were prepareq i st-ot gd at—20€HBetore—tse:
(pol yoxyet hyl ¢ 2005 — ‘v‘\u B31-695546PCTY USGQ HILJC)g

D0/

ya
I

-52- nonol aur & ! ) —29% \¥U| tvolr) lbéslg concentt TG 1,0

Ampi ci l T'in wag~ysed, 3t II%IZIGSEjﬂ)LYSSL(IILEIIL rationg, typdgat Ty t= 16 pg/
final concent P10 d T SR DR Pyl B, COkT BEZT(OE3)6rC: AShr

t est ost er oni proA PET 30 Xaf LIC (described Tn Exanpte 4) We prepared-on LB
medi um cont ai ni ng 501rg/ kananyci n. Over ni ght cultures (5 5 ) were

i nocul ated froma single colony and groff®ReEHC in LB mediumwith |
kanamycin_ Typically a | -to 50 i nd‘l%hduuﬁﬁn\bﬁMoﬂ:ﬂﬁldnYéH‘st i nduction in tip-1 +

gl ucose nmedi um - Fre i I 50
ng/ L. Shake fl asks %ﬁ%ﬂnpﬁd%ﬁﬁsﬁg ds%gﬂ% g&)cfn Flﬁloen %%eﬁ%sr\;\%%g&gg%pl ed
every hour 18nt itite aﬁﬁ’l@é@@ﬁﬂé fhaigsinglsr wet@dm be‘l‘fpfhio rﬂ@dﬂce @epatig ingay ellohiviresti Bduced
with 0.1 mM I Pl&giicaNshet f8estRITRQE 8.l fisd 1IRANHAUG 129 indddiflon toy8N M@ SivEl toThoke WET €
col l ected 10 pr.i.or é\ﬁgl nductl on (zero tinme point) and centrifuged at 5000 x
g. The supernatd%ﬁ’ﬁ‘be hig A at- 20C for LC/ MS anal ysis. Four. hours

post - i nduction, anotThepEST Yrhst Beitvpd EagpisesVeciot $ioediivatepme, Iméudl*rﬁ:ﬁ)ugeekedmo
separate t he b nIl E)gf&s tﬂeeE gcngJ ep@&hlceltesto-ge o%é!%pfpge[ﬂes s ek’Xé'i‘év%iae

anpicillin, descr | ove. e ce s were grown
for 48 houﬂé pé‘bﬁtpﬁsﬁdﬁ&fﬁ @ﬂmﬂéﬁﬂﬂ%ﬁ‘éﬁh&dﬂf%LIQQWE‘P@“\%@PP%?W“‘%W&WS

pr epar gg gs _?_Efaié%:ciﬁllnﬂ&hﬁﬁh\gl’sﬁes aﬂ@ﬂﬁﬁfe;@iedsﬂﬂm:tw@genwaym&aﬁ@ﬂeanﬁpBS'cL‘ H%éa][ e
wer e adae e entjire U ne Was en OXIFYB.ey
70 hours of gr SHER alf%%%?’“ﬁthd%ﬁﬁeﬁ#fr copglemay e OHIHSL‘H% auoxcfophy in i et |

-(YPHS00). The GAL1 and GAL10 promoters are repressad by glucose and induced by ga]actose a

- Kozak sequence is utilized for optimel expressmn in yeast. The pESC plastmids are shuttle vectors, |
20 | allowiné the initial construct to be made in E. coli (with the bla gEne for seléction); however, no
bacterial n'bosome bmdmg sites are present in the multiple cloning sites.
The follomng primers were desi gned for c]omng info pESC-His (resinctwn sites ate
underlmed, Kozak sequence is mbold) aspC (BamH1/Sall), GALL: 5~
- CGCGGATCCATAATGGTTGAGAACATTACCG-3' (SEQ ID NO: 69) and 5%
25 ACGCGTCGACTTACAGCACTGCCACAATCG-3' (SBQ ID NO: 70). proA (EcoIU.WotI)
GALIO S"CCGGAATTCATAATGGTCGAACTGGGAGITGT-3' (SEQ ID NO: 71) and 5'-
; GAATGCGGCCGCTI‘ AGTCAATATATTTCAGGCCH' (SEQ ID NO: 72).

The second codon for both mature proteins was changcd from an aromatlc aIming ac:d to

: valme due to the introduction of the Kozak sequence. The genes of interest were amplified. using
- 30 pET30 Xa/LIC miniprep DNA from the clones described in Exarmples 1 and Example 4 as temp]ate |
PCR was performed using an Eppendorf Master cycler gradxent thermocycler and the following -
protoco} for a 50 pL reaction: 1.0 pL template, 1.0 pM of each primer, 0.4 mM each dNTP, 35U



m nutes at 4C and 3500 rpm The supernatant was decanted and both the broth
and the cells were frozen at-80C. The broth fractions were filtered and
anal yzed by LC MS. The heights and areas of the [ Mt 1] += 293 peg@ T/\ﬁ@g
nonitored as described in Mwanpl e 10. The background |vawel of the E) ium
was subtr acwedi3/0¥1886 dat a .was al so normalized for cell grow lpcleyuspd/oiskg ng t he
hei ght of the [MH{ = 293 peak divided hy the optical density of the
culture at 600 na Hi gher levels of nonatin were produced when pyruvate,
anpicillin; and Tween were added- 4 bouts post induction rather than at

i nduction. Cther additives such as PLI', additional phosphate, or

additional MyCl 2 did not increase the-production of inonatin: Higher titers
of nmonatin wer U

O a0 et S AR R CUBLORRAR IS bl S SR e
than at i nocul dbBieyclEprogrmusy Gesitehot arhﬁfi st at Y°G ﬁa%@w%foﬂawd by 29 repetitions
hour s’ post - i ndLUﬂhbﬂ:ll‘lo\(’lﬂﬁstepEl P 0 3¢dehshy. §0°€ rd eidule@B hecorakl @ Wasr 1 Wihueal | Y

no detectabl e | gve rrentaI r.cell Iar
extracts. V\Nggatll% dgn%gvplg%\ﬁegg%ﬁlgs?ﬁpﬁwﬁmﬁa‘é‘%qﬁtgi %‘?ﬂg 938’& or
only, as | 1 sesedetd°Cutled ORiperdectst sweygyiuaididy sepadtiqpyn m%ﬂe&mae g’ﬁbfollﬁd@lﬁ:@ A
parent MS scan gn%l;%%[nf Eﬂ;gﬁc?%&%ﬁ%hghe!ﬁp %J{)Qen\éjat@,q(mﬂ)/z = 293 was not
derived from |l arger ecu an aught ggéséans grfor med as in Exanple
10) were simlar to HepiG s pertpeDNA (37 pg)oves meﬁbwmﬁib’ﬁﬂmém@md@t udi ed
by utilizing O:abggWTﬁe\éﬂldP@iﬁroduéQQS @ge@ttfﬂ&dﬂﬂ?&nﬂib@%@&ﬁ @&#ﬁiﬁ)l@ naerf 20.

The highest ampunt of npnatin produced by shake flasks was at 0. ZP/P Tween.
The anpi ci'l | i n ‘SBFREERHGORIR MEWREs W RHr B FilebnR ot B ATgEien X fplowng unt

of rr;)natl n 135 ltﬁbxﬁdﬂera@eérrs@fmcolbrmﬂtea RRA8S6d elra@ﬂapcddtga lﬁtamﬁm)s)emhﬁiamﬂmoﬁ) and
1 pg/nL, and ingcre I n._concen

i ncreased from® Pm?e%nﬁcﬁ Sé&’f“r‘?fge%u? OEcmg rggdésp%sibpl)e ﬁ‘enstm %Wd{% o1 c%fmh
results is showmls¢ qentlll@ phiOiccofdiveg afromaruiagfurer spsimetions. ddier idtoacht remvowtilhlsmbel I
broth increase 25 OCT
2005 w W0 03/ C81S0E PO APrRlRR R o8B HRult bl Bl SO .

coef ficient of f?ﬂ)ﬁ%ﬂ%“ﬁ‘%%ﬂ%ﬁ’f’ﬁ%F"ﬂﬁﬁﬁ*f&tQIﬁPrPFrﬁPF’rMmlﬁfeBtKHS \asriddiNA at ed
to be | ess 15hanval Qrekied bitestridtion SeGOIR s@NARE] (FRAigMEST VeSRARInS6ndirindrstdb@mee| | s
cont ai ni ng veci.tr% WlthOUt proA insert. Many of the nunbers were negative,

i ndi cating the peak Y ght at mz=293 was less in these cultures than in
t he nmedi um al one (FIT& d@G)fPESﬂFﬁhs draeriver dzestehathFed ael Milewtwaytht e PCRhen
tryptophan and i ahiga Wel RriflSS Rove, ﬂﬁm?aﬁag%w%wgegp&%a“@mqmw
is aresult of ‘an_enzymatic reaction ca zed by the al dol ase enzyne. The
in vivo productEeRHHE whiead scpresed brysvtiiop @Bestaéf’ PYAregenc@peat ed in 800 m

S hi'ilkef flas b&o ?X peri P@Q&oistﬂl&dwab Bank B ¥R Bk, s@r%v&aaaamrﬂrmmmlng teE. crmmmam( in
cell-free bro S n exchange chro

preparative r e\?[)é?”é}a t(lil':l g‘ug‘%) ga P REP o s wefﬁ?lgt‘[‘?égr‘r% %Ell%m\ﬁg?ed’“m
evapor at ed, andlnsiubmm pYE‘.a vagual}leprgpiningsloturvico ndivided yeastablpgipssvefedarsard foedie | n
Exanpl e 6).  Thexhfe gk 530l dspedif b&@&ib:ﬁ@’ﬁ:ﬁ:ﬁgﬁ%‘lﬁé e GinFRLA0R! bRl i1

produced is nonatin vitro assays I ndi ca hat am notr ansf er ase needs

to be present af) vsfegkreendeday &f kL ?fﬁf'aﬁfb’m Bnths (e Resaeh) Exiarpred 18y 2vpplaeapbr e the
aspartate gkui rﬁ%d%{vﬁzf@fo@ﬁﬁmaﬁt&nr& uG B this MBSon SOLSHE BN ﬁé&ﬁd 50 L PCR teaction

" using the PCR reaction mixture and program described above.

Five L cultures were grown ove_rmght on SC-His + ghicose at 30°C and 225 rpm. The
cells were gradually adjusted to growth on rafﬁnosé in order to minimize the lag period prior to
mducuon with galactose After approximately 12 hours of gmwth° absorbance measurements at 600

30.  nm were taken, and an appropriste volume of cells was spun down and resuspended to give an OD of
0.4 in the fresh SC-His medium. The following carbon sources were used sequentially: 1% raffinose
~ +1% glucose, 0.5% glucose +1.5% raffinose, 2% raffinose, and fmalty 1% rafﬁnbse + 2% galactose

for induction. '

After apprommatcly 16 hours of growﬂl in induction med;um, the 5 0 mL cultures were

35 divided into duplicate 25 mL cultures, and the following were added to only one qf the duplicates:
" (final concentrations) 1 g/L L-tryptophan, 5 mM sodiur;_l phosphate pH 7.1, 1 g/L. sodium pyruvate, 1
mM MgCl,. Sampies of broths and cell peflets from the non—indu;ﬁon medium, and from the 16 hour

cultures prior to addition of substrates for e mopatin pathway, were saved as ﬁggaﬁv_c controls. In



conbination with the al dol ase gene to increase the anount of nonatin
produced. Priners were 15 designed to introduce G testosteroni proA into an
operon with aspC/ pET30 Xa/LIC, as follows: 5  priner: 25 OCT 7006
ACTCGGATCCGAAGCAGATATACASATGTACGAACTGGGACT (SEQ DD W@, 67) and 3' prinmer:
CGGC TGTCGA¥OWHIAEIE 4ATATATTTCAGGC (SEQ I'D NG 68). The 5' rguiisweu2e®nNt ai ns
a Banmlil site, the 3 prinmer contains a Sall .site for cloning. PCR was
performed as descri-bed in Exanple 4, and gel purified. The aspC pET30

Xa/ LI C construct was di gested with 20 BamrH and Sall, as was the PCR product
The digests were purified using a Q agen spfn colum. The proA PCR product
was |igated to the vector using the Roche Rapid DNA Ligation kit

di li's, | ot
(1 ndi anapol i s, MordGhRHa mmmgqﬁgy%ﬁ&%ghg&%c%gﬂ @&EEH&Mt i%?#thBEd -

transformati ons were done usi as des

Exanpl e 1. Col GRpredergsgadvetontih ﬂﬁc?llﬁ “E’Ba“%ﬁTOLﬂFﬁ%%?ﬁfa?ngh%Pﬁfﬁlﬂéﬂﬂkﬁharryc| n
and pl asm. le(;lAbWHaﬁloﬁd]]ljrﬂfely&dt dan(;slm@ Jﬁdﬁﬁbd@ AGRA OBPind oaﬁgﬂamfopaﬁ@m@n‘brt@&m?ﬁb
wer e screene S i on _di gest al a uenc me y
Seqwr i ght (Hous#gﬁ’? Pﬁi“% BEHEEY H &%ﬁ*ﬁ %nﬁ%%ﬁugg%tﬁs pﬁa{)’cogﬁg% thi b

BLR( DE3) pLy$S, adBﬁ@b(m;OEm@lzeif(em)pLysS (Novagen). The pr oA/ pET30"

Xa/ LI C construct d 0 t Ah :
conpari sons of BLR( DE])QL&?P lﬁgﬁ?’%ﬁﬂ Msgg%p e{éésb%ﬁ(ﬁg’%%(% %%ﬁnl ar d+§§)h§‘lﬂﬁ ons 30
descri bed abovdNevagrahesr s et vheht) ofledls laving wrmbbuetierrgectnvitigheadditignad p C)

i mproved the agiale ifiviofFRRlchiindd QEAMGEE: i HiReviodl damdi. hﬁé&;ﬁlﬂe S6AWd,
BL21( DE3) - deri ve host Sf‘eétefeas wer. e ed ‘The .proA clones _and . the two gene

operon cl ones anfamlyzed Ry diilhas gescuhst a1l H??%ﬂ’” A5LPE oh
cbl or anphe l0co Imo@n&da v ddtgcted thdietbrdtipsainples, iﬁézdauugnhashe\melslcoulﬂmakeerefe Ir@sdtin under

experi Ments Vet g, REHEQL TR Mch oMy )b folchSec AL el o fiicls &% TSR 20

and | ng/ L anpi Cl natirnin calfcul at ed
using in vitro aﬁ?‘@@ﬂéﬁﬁmplﬁﬁfﬁ F‘FM begatppidvitioatepiyn. slffatPfGa?FPEPSSIW nod at Igreldhat wer e

perfornmed as d%&l}ddlﬁﬁdctbdﬁo@faﬁﬁpéeeugk&s])@qi@ wer e sarrpl ed at zero, 4 hours,
24 hours, 48 hours, 72 hours, nga 96 hourgO . resul gs. are'shovvn
in Table 5 for the SRR RS st RE CopPateE at#rﬂ%ﬁ%nseemhtlaf 1 g5iraste 1y the eplfure

"~rl . . 35, . .withtwo flinctionaVgepés;witeh trgptophamahdl M{uv&tlawlﬁﬁﬂdﬁmmﬂ}{e niedinnt Mosatitwan d
fnnniil PF ern T A X 3 . ysS
strains, which s ftddz %%T?#gaﬁ%?ﬂg? }!@g?ﬁ%&@%&% oIes %%éhljm%gg“fmvpéffrmg
monatin secret emdupbqa@mthﬂﬁmg# qf gl em@tﬂf@loﬁ:ﬁmt%ﬂ@w yically Gwi & EgcoB Fdner

rate. -The addi tekeds) e E\A@@iﬂnﬁmgbs@mwcﬁueh ki FRatiRE € Othe Aedik Gl lperfobmelialith @heS:
Amount of Il lonatin Pro Batiteria Construct Host Tween + Anp

ced b 0
jtg/ mL nonati Rofifighete 5?‘ ZBE/E'¥&E§OS‘3’@’ Tres gidefpse oy 0AREID PEpSEgyimotranstonge, g 'y
" OA BL2L(UBB) Lot o s hbonsiib Bl DEady SEguive LorhOls rclperormed ith o

- addition of enzyﬁle, or the addition of only AspC aminotransferase {the aldol condensation can occur

to some extent without enzyme). Positive controls were performed with partially fmre enzymes (30-
‘ 40%) using 16 pg/ml aldolase and 400 pg/mlL aminotransferase.
- nvitro vesults were analyzed by SRM. The analysis of cell extracts showed that tryptophan
25 ~ was effectively transported inio the cells when it was added to the medivmn post-induction, resultmg _
in tryptopban levels two orders of magnitude higher than those in which ,no'édditi;anal fryptophan was

‘added. The results for in vifro moném‘n analysis are shown in Table 6 (numbers indicate ng/mL).

Table 6: Monatin production with yeast t_:eil extracts,

“aspC . ' _ - two-gene .
construct |+ aldolase{ +AspC | consiruct _-i-aidoiase_: + AspC
repr‘eésed {glucose medium) | 0 88831 - 1735 0 465.2 829
4 Tr imduced | o 58 6424 O 13754 - 91465
Pomamed | 0 4373 3403 718 16528 - 236035
GO Ir + subs. | O 5569  659.4] 219 7554 . 166882
i+ control {purified enzymes) - 21853 - 21853 -
-control (no enzyﬁies) 0 | 2543 0 ' _ 3543

.30



aspC-groA BL.21 E3) - 0.09 48 hr a C roA BL21(DE3 + 0.58 48 hr as C. roA
BL21 DE3) LysS 1.39 48 hr -11 as C proA BL21(DE3 LysS 6.68 48 hr mmh% 12
Production of Mnatin in Yeast This exanple descri beswet hods usé 0
produce nowalemsizsseul caryotic cells. One skilled in 10 tPETAFS03M2ISE
understand that similar nmethods can be used to produce nonatin in any cell

of interest. In addition, other genes can be used (e.g., those listed in
FIG 2) in addition to, or alternatively ta.,those described in this

exanpl e. The. pESC Yeast Epitope Tagging Vector System (Stratagene, La Jolla,
CA) was used to clone and express the E. coil aspC and C. testosteroni proA
genes into SaCChal’Ol’l‘bﬁmeﬂe:sﬂh!’v&w@mﬁedmth]iﬁeﬂ_mﬁmgﬁﬁ@oﬂéﬁﬁ&ﬂixt&&mmﬁdhﬁﬁdﬂtthe
GALL and the el e ands istinct. multiple
cl oni ng si tes%{”% ‘%nptf’ %r Eré’)%glrngeg@% ITBES? ul mmﬁ%msm %ﬁ%osgvecom{% 5}”%
pESC-H s vect dhatéﬂeswmesmeaemewqdét Ippels 3 despite lf/mffhewmbinremm wast. Ofhe etfidvinsdfi di ne
auxot 1 ophy: i n_ t;GudiRbaucdh VRHAGLN exmoﬁeéasp@&qm@ﬁm@.n%%apmmaga}re@mﬂ?ssed

by gl ucose 3nd i.nduced by_gal act ose;. a g sequence i s ut]

opti mal expresSid9Hsq s yeylenty gratnfhravhp ool RyTges wpesepaone aviipdicies that Sy
allowing the i nbdomajnamawahm&antf&a&aemﬂmde apyitodimateyOl-2% (Jﬂbhfi)}’éasft faqi gacten. gFHAE
for.selection); however I boso R nd SI &3 e in
the nultiple cl oﬁ?xr?acms?f?l Iémé%cefl %&fas F?dgv?nmﬁﬂ amo“mgarcg % ésage tha{d%\lﬁ)s? Sﬁf')nl ng
into .pESC Hi s (thesdsericeefinelive ginineitpnsdyreses @ﬁleleqﬂb i W@?Gassmiakh é@@m@@nﬁfmsenhe

bol d): C (B b Ehmlinin@iosd SRGRALSATAM e AGAACAT: 3' (SE
D N)O ggl)o s S%C%T%CTT%C%%&ACTWCAATC%%;' ( SEQ |DIE|?)@%) (-og

d 5
( EcoRUNot | )1%n cageiite conral pbeRCerTOR RERY G PERBAR P A EAehr T hen st fh D“Wo
71) and 5' - GA&FWWMHHA&?M&S&L@&WMd Had)when B@:.I:s:econd
codon for both S glati TS sh‘é@c? bﬁ&&%&&ﬂk&% ol i’e%l%é’”ﬁ%at& ﬂ%gaéé‘ag %'

val ine due to t | nt I’O uctl on seq uence rest

were anplified q}Bqung)TOdB@d ﬁmwﬁp@ﬂwﬁloﬁwﬁmaﬁqlbmeh@mwﬁh@@ﬁb@smr| bed
in Exanmpl es | apdeknonil s sAswolieBRbRld. PCR was perfor med using an .
Eppendor f ster cycl.er gradient th rmcy cler e _fol pro ocol
for a 50 L Teaction: 'h’i @%ﬁﬁ Iltpé?ffﬁtea?" mypfop! ?5‘“8&“@1‘“%@’ I‘E}?’igﬁé‘\% g‘gaﬁ’ Yeach
dNTP, 3.5 U 25 iiliiits roBRGxpradipr)3 e 1B 6ddRoT bliBQEST-IT688:shils cabepsad b delixgphfor
Fidelity Poly Qﬁﬁg ith
My. The ther rmég mgﬁq?%g]r g%ﬁgggﬁgdg%h%?Bsns’edggmtlégqh%g(oﬁﬁ é;r{ﬁgﬁ}féﬁ?gﬁr"‘ 5

m nutes, foll o@WB@“’ZQ’lﬁTé‘H&tEFRTFsﬁ%anddf’c’fﬁtﬁ’é foll owi ng steps: 94C for 30
seconds, 50C for m nute 45 seconds, and 720 for 2 mnutes 15 seconds.
After the %@ repetltlons t he sanpl e vvawéim ned.at 72C for 10 m nutes and
then 5 stored at 4C. The PCR products P Blrified by separati-on on a 1%
TAE- agar ose gel fol | owed Hogrovengotaf Engymatic PpceseChsing floopdedReacoas r act i on Ki t

(Q agen, Valencia, rg h610 BESCackbR oV @EhQiod Miblidted ol ihithin- YRS otth GRS €d Wi th

BanHT/ Sal'l and.gel .-puri as
- maximum amount of product formed from the enzymatic reaction illustrated i in FIG. 1 is directly

~* proportional to the equilibrium constants of éach feaction, and the concenirations of tryptophan and -
25  pyrvete. Tryptophan is not a highly soluble substrate, and concentrations of pyruvate greater than
- 200 mM appear fo have a nega_ﬁve effect on the yield (see Example 6). '
Ideally, the concentration of monatin is mamnnzed with respect' to subsuataé, in order to
decrease the cost of separation. Physical separations can be performed such that the monatin s
removed from the reaction mixture, preventing the reverse reactions from occuring. The raw
30 ﬁ:ater_ials and catalysts can then be 1egenerated. Due to the similarity of monatin in size, charge, and
hydrophob_iciqf to several of the reagents and mtermediates, physical separations will be &iﬂicult
unless there is a high amount of affmity for monatin (such as an affinity chromatography technigue).-
- However, the monatin reacﬁons catt be coupled to other reactions such that the equilibrivm of the
' system is shifted toward monatin production. The following are examples of processes for i uuprovmg

35 the yield of monatin obtained from: tryptophan or mdole—3 -pyruvate

Coupled reactzons using oxaloacetate decarbmgvlase (EC4.1.1.3) .
FIG. 11 is an illusiration of the reaction. Tryptophan oxidase and catalase are unhzed o

" drive the reaction in the direction of indole-3-pyruvate production. Catalase isused in ‘excess such



above. The aspC PCR product was digested with BanH /Sall and purified with a
Q Aquick PCR Purification Colum. Ligation were perforrred wth the Roche
Rapid DNA Ligation Kit follow ng 10. the manufacturer's protocols. ? bq%d
ligation were electroporwred into 40 |d El ectromax W 110B corrpete eZ

(I nvi trogenyoi 3041062 cnm Bi orad di sposabl e cuvette- using apéirarsashifdene

Pul ser Il with pulse controller plus, according to the manufacturer's
instructions. After | hour of recovery in | nL of SOC nmedium the
transfornmants were plated on LB nedium containing 100 Iig/nL anpicillin.

Pl asw i.d .DNA preparations for clones were fdne using Q4prep Spin M niprep
Kits. Pl asmi d DNA 15 was screened by restriction digest, .and-sequenced
(Seqvvrlght) for r o [, .1he
(ot LS 1 < R R0, .00 LGS, PSRt S AR O
product. DNA wdBemsgdiptes &vaes lsa%v@feddﬁalgmegml@area@oab%Wanwhenw “Ryeyete
construct was - taaﬁamfs@ragagsubgﬂteo DH O cells and screened by restriction

di gest andDNAsequ C|n 20Tecontr t vvastral}ﬁFo dinto-S.
cerevisiae strain Y ss'l‘sf"flgﬂs °”° t FFHPHEEi on Kit

(I nvi trogenp. T frofrd is mﬁzerdeaballymsmﬁwsfmhsamﬂ:a@moﬁ@dciﬁmtymmﬁml medi um

(I'nvitrogen pYE%@ ,am&élﬂz_g,gﬁma@r Fﬁ&&&@hﬁ&%ﬁ% o M1} }n}!ﬂaﬂx‘x’éjacby COEds%%ag%es

were screened f ence o aspC genes ony
usi ng:- t he PCR p¥afttels §°fa15lw%f° r@éma@tﬂ@epdeleﬁpgm(@e Oxylosggpte desrpradaadbni n 20 pl

of Y-Lysis Buf fﬁéud&@;apspaema&daa to@@mraihawamao&a@ |t0 vy malasa jRRide. Fmcbeat ed
at 37C for ut e our Ith| S %ﬁﬁglm on . %ft hen used in a 0 L PCR
reaction ‘usi n?cp “r‘%lééi"'mg erﬁ’ri'faﬁt?oé THEDE P BRI T Fi ve
mL cul tur es‘lvaerxarege oationy Fhayiygivite pxndn@ﬁﬂ-ﬁlss&p@hainumd BEE aalnlcboﬂlafsaﬁopm The
cel I's vere o adighdey ol sl &IQMbQﬂTeﬁ%éﬁo%ﬁ)gﬁdrﬁmgwgrexﬁt% m ni m ze

t he Iag perlodHPrlor ctron"wth act ose kgxproxmately 12
hour s of grovit ”“’&’B%P‘Baﬁ’é‘é”yﬁﬁ@%’f“%r‘iﬁ fexteolirgn Aacpglepryfeiing, droedactesnd an

appropriate VO'M@BJ:M B&@bdz&s ﬂ@gﬁfﬂ%lﬂ&)%elﬁ@;ﬁimé@@&i@@ﬁﬂﬂﬁﬁ;eﬁ:@: girkerian . OD of

0.4 in the fresh The_f ol n

sequential | y. 1% 4’_"1‘?’ e%‘ém"’f’”fmd% Eﬁt%oc(g%%s-’p %al%a/ﬁ“éﬁ%ﬁ r%”é’%fi ’ﬁ‘%%ngb/k&%e?zf‘nose

No raffinode, anembiinaltgjonkipredibrivedicen@ioced e dgnlcinge hdemditoti on. Aft er
appr oxi mat el y Jﬂ@ea&%ymwjzaggmw Py YRGHh 2 PR 'pummgyh%éﬂnﬁboaﬁwot;uﬁeﬁs
were 35 divided into duplicate 25 nil. cultures, and ovmng wer e
added to only &HE™EH: PrfEl Biptormeuds grecies, fepsr] £yroeasrie WFSaF’faé?fgﬁc“ﬂ p seyaryl

L-trypt ophan, Saiivhsiaehccss, &h@ﬂﬁh@ﬁ‘c&o@ﬂ spebied, Thelm@htomB@eH fepitupy Thaksdkoge | MM
MyCl2. Sanples of..braths an tsn,r0m.t he non-induction nedium and
fromthe 16 holF ™ EhHares” ?I{:%F” Bgevﬁg’[ RreFF> substrates for the nonatin
pat hway, .w@fe saved Tawirpbgaringeansionserashs weleperforBedQeh trQaeriaty g9 39E

PCTI US03/ 12588 (456 safl ctoh,Qﬁle msm%m%&eﬁ&@f@)rﬂoa@ o, ¥ BoddARE4ONal aspC
gene (and a truncated p-o Ergﬁne were -utilized as, nOtI}}glg negative control.

The cells wer e “eBsEatedBY - BloRdr 4o Sde t§tcopgeri POFI ATty

Cccasi onal | y t heelyeast amiedtasioneisas daaiiedsEainpR 11 Buk bxabb:etageld dyhh-Yetgghoame f or
4 hours prior 't f natin
Subst' at o5 appda® R0 bt iy sel BP RERAD AN P Bl UM Do LGB O
effective.. 25 using tryptophan was comparcd, to deterrnine which enzyme had the highest specificity for the

"..4

monatin aminotransferase reaction. These results indicated that the enzyme w_:th the highest
sp;ciﬂcfty for the monatin reaction verses the tryptophan reaction is the Porcize type iI-A glitamate-
oxaloacetate aminotransferase, GOAT (Sigma G7005). This speciﬁcfty was inde'péndent of whichl |
amiho acceptor was utilized. Therefore, this eilzyme was used in the coupled reactions with
30 oxaloacetate decarboxylase. :
” A typmal reaction starting from indole-3 —pyruvate mcluded (final concentrations) 50 mM
Tris-Cl pH 7.3, 6 M indole-3-pyruvate, 6 mM sodmm pyruvate, 6 mM a3partate 0.05 mM PLP,3-
_ mM potassiun phosphate, 3 mM MgCly, 25 pg/mt. ammou-ansferasa 50 pg/mi. C. testosteroni ProA
aldolase, and 3 Umtsme of decarboxylase (Slgma Q4878). The reactions were allowed to proceed
- 35 for 1 howr at 26°C. In somie cases, the decarboxylase was ornitted or the aspartate was subsumted
| with alpha-ketoglutarate (as negative controls). The amotransferase enzymes described abov_e were
also tested in place of the GOAT to confirm earlier spcciﬁcity experiménts. Samples were filtered -
_ and snalyzed by LC!MSas described inElxs;mple 10, The results denionstrate that the GQAT

© e v cad dha hinhoot ammmt af manstin ner me nF nrotein, with the least amonnt of



The cell pellets fromthe cultures were lysed with 5 nL of YeastBusterTM +
50 gl TII1" (Novagen) per gram (wet weight) of cells follown

manuf acturer's protocols, wth the addition of protesse inhi b(‘)]t“oprswI %vﬁ%
benzonase M2PEWIP6as described in previous exanpl es. The @EEMVYNUa 1188t h and.
cell extracts were filtered and anal yzed by SRM-as described i n Exanple 10.
Using this nmethod, no 10 nonatin was detected in the broth sanples,

i ndi cating that the cells could not secrete monatin under these conditions.
The proton notive force may be-insuffici ert’ under these conditions or the
general amino acid transporters may be saturated with tryptophan. Protein
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cell extracts s t tr t gphan tiv nsported i nto
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tryptophan | evehs. wm::»d.ecdcesesn mtﬁnamagvdutmdm ahnglkmrreetchta:n T‘hdfmmntlofmm:mh no
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are shown |n mhers 1 ndi cate n%m Monatin production
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with the full e€ne c extract substrate
added to tHe gVPe qfﬂ?ﬁwhwla*h%%@ ol [Ltagrinoja¢id exifleirdPiEan i 2@%?)=t1ﬁ9ew&és| tive

controls, indigalg. (sigbﬁt-stsm amm@mr ReRBGAE a&saﬂmatoutlf&\aek;&u@z atgd’gse to 1%
of the total {I%Pteln
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produced when 50 mU/mL of oxidase was used. Improvements were sitnilar to those observed when

O

indole-3-pyruvate was used as the substrate. I addition, the amount of monatin produced increased
) 25 © when 1) the tryptopha;a level was low (ie, below .the K., of the aminotransferase enzyme aud .
| therefore unable to compete with MP in the active site), and 2) the ratio of oxidase to aldolase and
. aminotransferase was maintained at a Jevei such that indole-3-pyruvate could not accumuiate. -_
Whether starting with either indole-3 -pyruvate or tryptophan, the amount of monatin
~ produced in assays with incubation times of 1-2 hours increased when 2-4 times the amounis of all .
.30  the enzymes were used while maintaining the same enzyme ratio. Using elther substrate, .
concentrations of approximately 1 mgImL of monatin were achieved. The amount of tryptophan
produced if starting from indole-pyruvate was typically less than 20% of the amount of product,
which shows the benefit of utilizing coupled reactions. With further optimization and control of the
concentrations of intermediates and side reactions, the productivity and Yleld can be improved -

35  greatly.

Coupled reactions using .{ysirie epsilon aminotransferase (EC 2. 6.1 .36)
Lysine epsilon aminotransferase (L-Lysine 6-transaminase) is found in several _i:urganiéms X

_inchiding Rhodococcus, Mycobacterium, Streptomyces, Nocardia, Flavobacterium, Candida utilis,



5 al dol ase was significantly greater than when cell extracts were assayed
alone, and indicates that the reconbinant AspC aniinotransf eraseﬁ:@%i’d%es
approxi mately 1-2% of twww yeast total protein. Thewmeell|l extracts of

uni nduced vt ovmewehad a smal |l anmobunt of activity when assayEmuseshiissal dol ase
due to the presence of native am notransferases in the cells. When assayed
with AspC am notransferase, the activity of the extracts from uni nduced
cells increased to the anbunt of nonatin produced by the 10 negative control
with AspC (ca. 200 nglrrrl). In contrast t#e activity observed when assaying
the two gene construct cell extract increases rmre when anri notransfer ase
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negative eff ec Qﬁo k %I eTS%Erf’ggé%%aﬂﬂa% %Ee)m ?%megp?r%{émgénﬁ%%efvrﬂa i on of
monatin is naxmmmgicwwamwémva@onit@sﬂmnmgdhwacﬁ@wmﬂ@mﬁat@ t he

cost of sepat at mbm%‘km%g A foRFRAG AN \Bas 6REvRBy R bilpRi B oSy §-BRbce i e
nonatin is renoved fromthe reacti Pn m xture, preventing the reverse

reactions fron‘il%%“‘ﬁ‘?]iﬂsr‘?é@?‘?ﬁ‘@‘at?lﬁ Isg™Midt eri al s and catal ysts can then be
regener at eti Due t OAtplak v VAR + 298 ebfedrthadxpatte fims foz @pnathad ge ma rap:kctmm

hyd hobi ci t .- Se\ r
et ons. v FPREEREERb Al hl1EhERORM R IR b ELIR LGS, DUSRBAL, |
nmonatin (such wihhycogedt Fﬁﬁsﬁ%ﬁhﬁﬁﬁfé%?%Fllatp@ﬁ}‘gllﬂé@ﬁh‘?réf@@yvhm isypigeliyebservpdifer

nmonatin reactigps sﬁﬁﬂanhgma&mh Eﬁan?;ﬁ 6040 @fay @8R4 thORSsefld 61 knbthe tsorhdd ;Ci_fhmonatm
ction, e

l'i b f_th .t d t
ol | owi g are. YRagr EPaRmspouE e fut St BTG 4% RS TRF 9P Honat i n
obt ai ned fZbm pmm(m@mgﬁmm@albepr@duyyrumﬁleenm@wmmtcrleamtabbns usi ng
Oxal Oacel ate d ll(l-;lzla \fUul'Cll{b Cm n(agccﬁyéexgo]:mi%% leEIC& ev%ﬁnénse}:ﬁel?infeﬁté M%{EQL ktgyﬂl f t he

reaction. Tryptophan oxl dase and catalfase are utjllzed drive

reaction in thedyr PesvBhvisryHes ednce dyasainrguie Tkﬁ??wa@%%é@ hes used
in excess suchcqdplbl (o€ akind QP oxidMa/BB1RRAI RGLEGHEIS03/ 12588. - 58- that hydrogen
peroxide is not available-to react in the reverse direction or to damage the
enzynes or intermedi ates. Oxygen is regenerated during the catal ase
reaction. %teomatqam&dwm:ﬂmm e-3-pyruvate can be used as the substrate.

Another coupling reaction that can improve monatin yield from tryptophan or indole-

-

pyruvate is shown in FIG. 13. Formate deliydrogenase (EC 1.2.1.2 or 1.2.1.43) is a common enzyme.
Some formate dehydrogenases require NADH while others can vtilize NADPH. Glutamate
: dehydrogenase catalyzed the interconversion between the monatin precursor and monatin in previous
230 emmples, using ammbninm based buffers. The presence of ammonivm formate and formate
| dehydmgenase is an efficient system for regeneration of cofactors, and the produchon of carbon -
dioxide is an efficient way o decrease the ate of the reverse reactions (Bommearius et ol
- Biocatolysis 10:37, 1994 and Galkin ef al, Appl. Environ. Microbiol. 63:4651-6, 1997). In addition,
large amounts of ammomum formate can be d1ssolved in the reaction buffer, The yield of monatin
35 produced by giutamate dehydrogenase reactions (ot similar reductive aminations) can be unproved by
the addition of fom:late dehydrogenase and apmmoninm formate,
Other processes can be used to drive the ethbnum toward monahn production. For '

instance, if aminopropane is utilized ag the amino acid donor in the conversion of MP to monatin with



Aspartate is used as the am no donor for the am nation of MP, and an
aspartate S am notransferase is utilized. ldeally, an am notrgn Iﬁe@ e that
has a | ow specificity for we tryptophanlindol e-3-pyssvate rea

conpari son W8 0¥/BU3MP to nonatin reaction is used so that thm:T/HS(paaimte is
not utilized to ream nate the indole-3 pyruvate.: Oxal oacet at e decar boxyl ase
(from Pseudornonas sp.) can be added to convert the oxal oacetate to
pyrrvate and carbon dioxide. Since COX2 is volatile, it is not available for
reaction with the enzymes, decreasing or e%en preventing the 10 reverse
reactions.. The pyrtvate produced in this step can also be utilized in the

al dol CondensaTaﬁQﬁlega-ﬁlﬁﬂ&iéxdaﬁﬂmuﬁsf@ﬁie(ﬁ@@@'i @Q%M:h@sﬁﬁos@&héé{-ﬂ&ﬁoﬁ@tﬁ P&oidsed, and
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Bact er oi des fi | fhagiht mstra&ﬁmﬁroﬁﬂopaaarﬁzeteeipé:&ms RROE Bfed fedsdiply PIa6at @fiodsed uni ,
C tl orobiwn d aur ant eacus nt oeoccus, faecafs,
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pneunopki | a3 Nﬁgmgtmo@@h@yw@tgtﬁdmnmm@aas Hiowdrfor shoit peiods of time. Most -
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m odzenna, Por p/ryranronas ali's, several Pseudonbnas speci es,
several Pyr ocoEtRos peeiay if I%??' %aewgc acidamipolpnsferasel (B A1 10 ‘*’s’ﬁ@d’i"@s

several -Strept gpascidthe Slﬁﬁs HcﬁSr, glﬂ’&i?l&tﬁ’&@fﬂdﬁﬂad ahibilificlati@Ri viltibie md e s AP0 A
maritim, 2)- epggcgégoalmgamtm% oto lyer al Yibrio species. 20 Tryptophan
am not r ansf erade" assays’ Bm-ts FREd W th the aspartate am notransferase
(AspC) froM®E. tali, the tyrosine amnotransferase (TyrB) fromE. colt, the
broad- substrate. am notransferase ( BSAEk abd@1. maj or, and the two
commerci ally avail abl e porcine gl ut gémat e- oxal oacet ate am notransferases as
described in Exanple.1. Both oxal 0aBEPHPRYFIPEIBHa- ket ogl utarate were
tested as the am no\?\am@ﬁpiblgavalléﬁteemxyajblchmfmdaﬁno\atm seqieatergndibmbnieaandExanpl e
7) versus actiy, 3r r ch
enzyne had_the Jl"qr gg‘féf%%%gfe a9@$§%¥Y§§ ﬁrmnattﬁg&%;rﬁ%%gggj is;wr?%é}ﬁey
reaction, ¥hes @“ﬁﬂ’é% dfperagnts Fﬁﬁ‘@%’&t @ﬁeoﬁ Heprexprpfsionig pyrdication pf apperothin.gacigs an

specificity fo enzsnhebmﬁatra mbd&@aﬁeuﬁmueé WeaRfed! O skillyidh 0B RARIEREILOMRatl S t he

Porcine type I1 - nmat e- cet am not r ansf er ase, Si gma
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utilized. Ther efdpnsicdpirdo wa foy prmpa sriardeplodurtion ESEQIINNCGe 42 md detvitomsthamdf.h 30

oxal oacet at e decar boulase roé\; RloGiinahGARLHs QR véﬁ%fioﬂaln@fgthée{rp%mfore,ﬂm scope
i ndol e- 3py%€1vate included (final concentrations) 50 nM Tris-C 7.3, 6

nmM i ndol e- pypvm%tf@sursmﬂmcgtsat%*ﬁfﬁwtﬁ%@@ any PR fagrient thereofy suy aSnw PLP, 3
mM pot assi unphespha tres exdnglykdYd. BatenPSo: ﬁgﬁ]}'l&&ﬂbﬁ@&d’eﬁﬂsﬁﬁf PER NGO hm C

testosterone P%OF% eacildlg &?c{tté\?ngjg/% 9%&1{0 Cr, elré'l IﬂOL?Toég)go@alecftlar(élo:gm 4878) .

The reactions Wwe roceed 01 4 our ases,
t he decar boxyl é@rwf@m@@@Smngﬁh@rd@p'miat%%@sl&ubst| tuted with

al pha-'ket ogl ut ar at eBﬁéh%r ﬂlﬁ:ﬁlaﬁll\(e% tﬁ%@%&z?&t%]%NAIéﬂﬁen@c@‘v&h%%@c@&Jf&r 12y MeS
descri bed ove were feste% | ace- of the GOAT to confum-earlier

specificit exB@Pten@ﬁt%hgats%wa%@mﬂé quﬂr’tsaﬁhéaa baatﬁ*ér* arﬁatweﬁﬂxbwe&r%f as
descri bed i n Eratgpk sdbDpeptidaecan bspibdused de pladigtapaim@tct pafreatnREheIDNR sedven®. Of -

nrntem. with t E??ampﬁg %Iomg%clugg bt?t are Nﬁ lﬂnpteé/’}p faQ %( 1%9 4}%9.0%_]0'3 QJJra%?‘Qx?ﬂ/pilo%%?éﬁ - 99- _

regions of phage lambda, the control region of fd coat protein, the early and late promoters of SV40,

promoters derived from polyoma, adenovirus, retrovirus, baculovirus and simian vins, the promoter
.30 for 3-phosphoglycerate kinase, the promoters of yeast acid phosphatase the promotar of the yeast
| alpha-mating factors and combinations thereof.
Vectors suitable for the production of intact native protéiné include pXC30 (Shimatake and
. Rosenberg, 1981, Nature 292:128), pKK177-3 (Amann and Brosius, 1985, Gene 40:183) ai:d_pET-B_
(Studier and Moffatt, 1986, J. Mol Biol. 189:113). A DNA sequence can be transfarred to. othér
_ 35 clonmg vehicles, such as other plasmids, bacteriophages, cosmids, animal v:ruses and yeast arhﬁcml '
chromosomes (YACs) (.Burkc et al., 1987, Science 236: 806—12) These Vectors can be mtroduccd
into a variety of hosis mcludmg somatic cells, and sunple or complex Organisims, such as bactena, _
fungi (T imberlake and Marshall, 1989, Scze.uce 244:1313-7), mvertebratas plants (Gasser and Fra]ey,



trypt opban produced as a byproduct. In addition, there was a 2-3 fold
benefit from having the decarboxylase enzyme added. The E. tal]ﬁ [}45$qqn5enzyrre
al so produ anounts of nonatin in conparisen to the o

ani notrans?‘gga?g@é]% Monatin production was increased by: 1) B@ﬂ%ﬂ?@éﬁﬁy
adding 2 mM additions of indole- 5 pyruvate, pyrrvate and aspartate (every
hal f hour t-o hour), 2) perfornming the reactions in an anaerobic environment
or with degassed buffers, 3) allow ng the reacti ons to proceed overnight,

and 4) using freshly prepared decarboxylase that has not been freeze-thawed
mul tiple times.. The decarboxylase was inhibited by concentrations of
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concentrations of apPHQXsAREGLYpolsilIDubbaimetts HRHRE HPpRHRs AGH B¥Bre JA}%
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6-transam nase) is found in several organisms, including R iodococcus,
Mycobact erium St reptwnyces, .Nocardi a, Fl aaobact eri ul n, Candida utilis, 25
OCT 2006 '




w WO 03! 091396 PCTfUS03112~88 -60- and Streptonyces. It is utilized by
organisns as the first step in the production of sone beta-|actam
antibiotics (Rius and Demain, J. Mrsobioi. Biotech., 7:95s0002006997). This
enzyme converts lysine to L-2-am noadi pate 6-sem al dehyde (allysine), by a
PLP- medi ated transanination of the C6 o | ysine, utilizing

al pha- ketoglutarate as the am no acceptor. Allysine is unstable and

spont aneously S undergoes an intranol ecul ar dehydration to form

1- pi peri dei ne We(baa'llaoxyl ate, a cyclic nolecule. This effecti vely inhibits
any reverse reac g]fromoccurln The reaction sﬁtﬁierre IS |cted in FIG
12. An al ter nati ﬁﬁﬁrré’mdflﬁ}ggW@'%ﬁ'?rcﬁ'i‘)%ﬂsé“géowegﬁg °ﬂ§58m(° I’2 6.1.71), can
al so be used. A typl cal reaction contained |n Il mL: 50 MM Tris-HO pH 7.3,
20 mM i ndol e- 3- a‘g lﬁ'i 0.05 nrMPLP, 6, tassium hos hate pH 8, 2-50
mV sodi um pyr uvat &I hatds prRAinging monatiy Whiseing §P‘H%“S‘°’iﬁf 4t ARCHFEr AR s er ase
(1'ysine epsil Oﬂutﬂﬂtﬁw&ieq{ﬂéhﬁ@ér@&ﬂn%ﬁﬁa&%e pﬁy]ﬁb@ﬂmﬂ@w&ﬂeﬁa&hfﬁﬂ%&%ﬁ@- CA), and
200 jig C testostergne Pr oA ahnount o% nonat i.n Eroduced

i ncreased wi t hPPYPRPHES “H"d“@ é‘ﬁ?rF‘& F‘Br‘f’saﬁ’ft WY rieira %’“Ohﬂ%"ﬁﬁ P50 anount
usi ng these reagdrhemate opitdhsaga.(at 50 nlVl pyruvate) was 10-fold |l ess than
what was observed with coupl ed reactions using oxal oacetate decarboxyl ase
(approximately 0.1 ngfmL). 15 A peak with [MAH' = 293 eluted at the
expected tine ﬁorheréematdmmamdah&remtm;seaﬁ@ﬁ@ﬁdzmtl&q@gewcﬁe%mu@g@h of the
sane fragnments observed wth other enzymatic processes. A second peak W th
the correct na§¥sIHNEN A tyRophef a@“l"?‘@'@j:er@F (RCe0s-37gHDPipPhadepwiogemsh what i s

typically obseyyedafprg), ﬂ/%@mg‘% nﬁmleﬁ&m.ﬂotmﬁg%qﬁclzm \;m@b@ plfa- and nay
i ndi cate the presence anot i soner of npnatin. little tryptophan

was produced bthﬂmpgméﬁz%@am%%ﬂ 6. { BBy wultigle|sphstiply a@mm&&r@sﬂ@@/ on 20

pyruvate (prodyging, %L]ﬁdﬂlm&?oﬁ&séLb%ﬂﬁ&MMdas@ﬂm 41308 RpaAupe 1s known to be
unst abl e. Inproverrents can be nmade by perform ng di r éect ed evol ution

experiments toainiekanseass tib?.bi k), D-apenppctd dehilregenas (B L.4i 0 gyr uvat e, and
| ncrease the aghiglbi bt (EMT.4 THEPLULRRCHTAMSGARALE P21 EBUP! ed 1O
L-andno aci d oxi dase/ catal ase as describ ove. 25 O her coupl ed reactions
Anot her coupl i rﬁgp‘fpmmlnowth&FaSeﬂﬂﬂqlqmta@ﬁﬁ@hm@@MSﬂ (5¢ &l d 1f Yl@mBe4-ypt ophan or
i ndol e- pyruva 14 r1 e~ eehy, £ 14 1.2 or
1.2.1.43) is ahgdrhﬁgﬁggmﬂt@ &&%ﬁ@%r Gt G %eg)edr(gfg}%g i“égﬁ“ ® NADH
whi | e ot hers caguetasel(E€d. I\IA[Z3F-I!, lﬂaEtciaM(@enadeHS,Cd} dgle%slei &8l y2el: t he
i nterconversio r { us 30
exanpl oo, —usi g ICRar DR A P LS S WREb el Bl 8 S e and
formate dehydspgemalyesd(d.lah -ghniteiensse $45t3em fhonylrlagendhpdrognassfEC€ of act or s,
and t he produc i0 f I 0X f| nj decrease the
rate of the reberpz& lu%“aedehy B&m ase?E:'Clsjlsﬁgfzegt Fkg &%@)a&)]/é/gl s 1057, 1994 and
Gal l on et at Appihbmﬁmwtlnememf M crobial. 63.4651- 6 1997). In addition, |arge
amounts of anmmoni um formate can be dissol ved in the reaction buffer. The
yield of nonatin 35 produced by gl utamate dehydrogenase reactions (or
sim | arreducti veTkenicraf tleins), v\chaxminbee atiqastave golimeptidehie scdatehidtitoorthe grofipr mat e
dehydr ogenase and. anno mat e, her._pr. e an _be u to drive the
e qu?ll i b?l um t O\nglilsbs Hf;{fyp};f)p g cﬁa& t_e'raﬁgcg_ﬁe Z%C?E%), {Srygﬁopri'lan gehyar%genase

(EC 1.4. 1.19), tyrosine (aromatic) aminotransferase (EC 2.6, 1.5), tryptophan-

phenylpyruvate transaminase (EC 2.6. 1.28), multiple substrate aminotransferase (EC
2.6. 1.-), aspartate aminotransferase (EC 2.6. 1.1), tryptophan oxidase, L-amino acid
oxidase (EC 1.4. 3.2), D-amino acid dehydrogenase (EC 1.4. 99.1), D-amino acid
oxidase (EC 1.4. 3.3), D-alanine aminotransferase (EC 2.6. 1.21), D-tryptophan
aminotransferase, synthase/lyase (EC 4.1. 3. -), synthase/lyase (4.1. 2. -),
phenylalanine dehydrogenase (EC 1.4. 1. 20), glutamate dehydrogenase (EC 1.4. 1.2,
1.4, 1.3, 1.4. 1.4) and a combination thereof.



instance, if am nopropane is utilized as the anmp acid donor in the
conversion of MP to nmonatin with 2 5 OCT 71106 WO 03/091396 PCTI US03112S88
61 an onega-am no acid am nonansferase (EC 2.6.1.18) such as those descri bed
by in US patents 5, 360,724 and 5, 300,437, one of the res&i9hyopr oducts
woul d be acetone, a nore volatile product, than the substrate, anunopropane.
The tenperature can be raised periodicall'y for short periods to flash off
the acetone, thédiebsl! elclamBavhagn Bgai kisbeienelypepide oreprirasaneachviyl i ng poi nt  of
47C, a 5 tenpe ' . 0 ' ' Sqyif ed for
short peri ods %e?e tcté? ?rrgglqkﬁ)%r% }ﬁ?%&rlﬁ’l%ltg]tg?’ghﬂé?{ggaagstgggd%lﬁglt%ﬁ%‘e(ﬁa:?f i]'vli't1 1;/lﬁ’on

al pha- ket ogl ut BridtydraxyhentibvieteaiehyidwigenesofEG hb 1@8ARB: ¢4)- precursor. Similarly,
if a glyoxylat i, i ) f ks used with

gl yoi ne a1 he K S BRL by BN T PO e pely ot T T e

unst abl e and h&g7.d.lhil gl lyl. 23ad3rouidadobbyl) iaytagodehydrogeneserfp@n ilsbml o gl yci ne.
10 EXAMPLE 14 j Lessi A bl | val | e.enzyme eDNA
and am no aci dggtg%ggfg%gg,ﬁcﬁg 3tﬁ§yl{eﬁ%§?ﬁ }%(g}l? %%’gﬂ%ﬁ@%@se%ﬂbﬁ&ed her ei n,
such as SEQ | DunN@Fhard dehadrgh@se (B 1wiell | Nasyptephaaphany ppob stebaphnmas, 15

nmut ants, frag fusjons thereof. t pression. and purification of
any protein, gﬁ%}?sa?”%}r tlyg{ﬁgtfza?fle‘l?nilgj?agstf%%sagg%g'féa{i%@a?@rs ‘;?gfaé% aﬁllchues IS
enabl ed One skarhineithnsfarabdhi@Cal.6. 16| chultiplel absttananihdreinsfemnz(FREs6. anyl f r agnent s

t hereof can be produced .recombi t in, any.cell . or or i of interest,
o oor i £ roa” mrPhP ESlaLRAPRR @R Y 1) BB Bl RN 2T LS 1
and deri vati ves3.tiherfofhenyMhinodidydaenagr(Bdudi ImY), Pagpnitiananiborpntise. s are wel |
known in the arf, Jh%@@ﬁxf%gﬁasekﬁt%@%?%a Qne%i&m@eﬂge%é& ?.%Hfﬁ)h&&%' udes

reconbi nant expression of “any proteln or fragment ereo such as an
enzyme. For ex#ipingiongesol) S patent No: 5,342,764 to Johnson et al.; U.S.
Pat ent No: 5, 846,819 to Pausch et al.; U S. Patent No: 5, 876,969 to Fl oor

Chr o ey oo bRk Qi SR w00 g« WESPRRLPL APAUPLy 014
vari ant cDNA sagudereinsaid syhthastlvess conpeise ydoxproteinamete a@daspgiit4.4é.16)can be

ligated into aE‘c4Q?Sz%%§a§in9cﬁyl¥%%g@ﬁarat%ﬁse?(ﬁc@.1.@@1@3.“i al or eukaryotic
expressi on vector. rotei’ns and/ or peptides can be produced by placing a

pronot er upstream of the cONA sequence. Exanples of pronoters include, but
are not |im ted Thecdlatany bf dhimd BE whérsit the calljiorbagpir @tlor and pronoter regions
of phage | anbda, the control region of fd coat protein, the early and |l ate
pronoters of Sv40, pronoters derived from pol yoma, adenovirus, retrovirus,
bacul ovi rus and T veilafany paledms 36 evhgspio e eadirs 3625 $H- 3- phosphogl ycer at e ki nase,
the pronoters of yeast acid phosphatase, the pronoter of the yeast

al pha-mating f or d conbinatio hereaf. - Vectors suitable for the
producti on of ?ﬁﬁ‘%&“ﬁ “ﬁg?"i“\?e“q%e&%téei cﬁlgis“["ﬁ%FOGBES&b?{bﬁb'“frgﬁ?}%?t}aé%ﬁaé%

Rosenber g, 198dncodddbiuat a2 e @Bjops quiliit 77d Bquerrprharemnic oBr @giores, 1985, Gene
40:183) and. pE ol eptﬁié}ttfr‘a@Eaﬁl&cel@fﬁfjche{yﬁﬂ(eﬁlpﬁgeg congpﬁégctiv‘ilies Mksed fﬁantlrle grgtégz 113). A DNA

sequence can b ransterred to o ) . ]
consisting of : catalase, oxaloacetate decarboxylase, lysine epsilon aminotransferase, and

formate dehydrogenase.

10. A cell capable of producing monatin, wherein the cell comprises 2-hydroxy 2-
(indol-3-ylmethyl)-4-keto glutaric acid (monatin precursor) and at least one
exogenous nucleic acid sequence encoding at least one polypeptide, wherein the at
least one polypeptide converts a first intermediate in a pathway to make monafin into a

second intermediate or into monatin.

11. The cell of claim {0, wherein the at least one polypeptide is selected from the
group consisting of: tryptophan aminotransferase (EC 2.6.1.27), tryptophan
dehydrogenase (EC 1.4.1.19), tyrosine (aromatic) aminotransferase (EC 2.6.1.5),
tryptophan-phenylpyruvate transaminase (EC 2.6.1.28), mulitiple substrate



35 cloning vehicles, such as other plasm ds, bacteriophages, cosm ds, aninal
viruses and yeast artificial chronosones (YACs) (Burke et al., 1987,

Sci ence 236:806-12). These vectors can be introduced inta@sgacCvagicety of
hosts including somatic cells, and sinpl &.or conpl ex organi sms, such as
bacteria, fungi (Tinberlake and Marshal I, 1989, Science 244:1313-7),

i nvertebrat es, aplmiress{¢r@ees 8¢ ZahU-)Ftabephan20:8d0CTLA0ME aVid @3d:691BO6

PCTI US03112588, ,- g 44.:1298) 1.3 I at,
1989, Science iﬁ%’zﬁ%@ %\A%%c]aﬁlgfgf%see Q end%‘%é}j%?’?gﬁs@g}gnﬁﬁtﬁgﬁﬁ % (ﬁ&

i ntroducti on ofl.4%9d).hBtasrind egdusxidteBNAEC Flot.3.8)% gp-ekisime reniinotmeasiredse dACcel |'s, a
cDNA sequence | i d, t o 0l us. er u S e siman
Vi rus Sv40, prg?rsgt'gﬁ’ illr)l hgjp lﬁ%\/f%\q/%%{ag?fg %i‘)l In}dgiéfﬁa%rrtled %iel}%?g%%l,(EBS Proc.
Nat|. Acad. Scil.l.lU3g),7R-20y&eG)pheptiectateit deigdmeehasat EC elllls],.222YciB-@s nonkey
C08-1 cells (Gugzman, 1981 |l 23. 175-82 achi.eve ,t.ransi ent

| ong-term exp?ggirf”c%) .henﬁ%) r%"iageblreecgmfl?ﬁ Z%éa”&i%g@f ]f'iﬁt%tecH?h%g?oﬁ%naéeeﬁgbconst ruct
maybe mai nt ai néd.1.2v, marintad, an.1ce3)| s(binitdzochely dadtate s ekleelrogenases (ED as

neomyci n ( Sout hern d B 1982 : : | .. Genet... 1:327-41) and
nmycophoenol i ¢ Egi‘ldlﬁﬁlufalcﬁgegﬂx’ is| @ecrjd‘,1%’@8?%%13?56l\@tll'z."jjﬁﬁyei'gkfas % Usa
78:2072-6) . 10 (Ahe.-xt paasiabminefdeDNRogenise (BQKiad.y.00), @luiaside ielglrdaera@n(EQr ot her

manmal i an cel | §,, .i.S onventi.onal .t ech ue. The vectors are introduced
into the reci pﬁér]ltz ](:%}'f”g"lg]s pﬂ’rdé“wmat(anqh%%cﬁecti on) by, for exanple,
precipitation with cal cium phosphate (G aham and vander Eb, 1973, Virol ogy
52: 466) stronti hosphat e (Brash et at, 1987, t..Cell Mt 7:2013),

el ectropot at i oﬂg'ntf%e‘i? r"?liaé{'f‘ 151 whergig ghe atﬁ%“ﬁ.powgﬁ‘dﬂ‘? sqlgofsdrienn gﬁn

EFei gnﬁr et al l.groui;98cﬁasis{?ﬁgm>f: NaiptophAC achidtiandtbhsel SEE42.64113),, tbpbEhaext ran
Mecut han at al,., 1968, J. cancer |nst. 41:351), mcrgQjnpjection

(Muel l er, et af?@@?‘@?“&é‘él(ﬁclig'g’}% yrpsing Gpemdio F{E‘é‘}%‘)ﬁ“ifgé??a&*?gjﬁ-?ﬁf%q Proc.
Nat|. Acad ScCi trypiSphanpheddiSBnvhle. @dns@finkLt @ans2.6KI28)n wilplk . ,suBH@té, Nature

327:70). Alternativel CcDNA can be int rodligced (% infection with virus

, the
vectors, for eﬁ%‘i?ltré“%“éﬁsﬁc@pr%l@és)’ aBaTRfe PEinptrapstergse (Fygho.1.ahqryptopliag .
7:235) such as cR|eROYLMAE Scid AR (BC 1B4.3.2), 1988inod acidideR}drogedise GEC OF
Her pes (Spaete ci_al. 20 1982, Cell 30; 2953. In view of the many possible
embodi ment's t o WiROeh Drrsnipe iasidi pridse JEColif3 dhsRrebaine camiganstesasp BEd, i t

shoul d be recogry zed, t haliryhlighid | UsliiAagdeRiDOdiyBRLSIVaiLe qQRLY Rartd cul ar
exanpl es of the disclosure and should not be taken as a limtation on the

scope of the diwethes(yase (Rdtdnerphepralagiay dehyskogenase HEC] 41 293uslatamstei n accor d

with the fol I oG sdefisBBrc V15,185 8110118 SlaLARRMiRWerdbIVENt i on al |t hat
conmes within the scope and spirit of these clainms. 25 OCT 2006 -63 W

claim 1. A nethod for producing nonatin conprising converting glucose to

monatin. 2. A gelid ba o:f%la‘?ﬁnofleéirﬂ%geimﬁ@Ei Rast}R! Si1fpdpiBe CBhbricRMRr i ses at

| east one exogenous nucleic acid sequence encodi ng at | east one
pol ypepti . de, whiévriei selectsd fzam [theagroup gensistiog \pheindelglactate rilpbydragenade; (E6

intermediate in gy pahWeYL{ Qo BkEyTRAAL | QellydfQefusS €8N 1.1.1.222), 3-(4)-
hydroxyphenylpyruvate reductase
(EC 1.1.1.237), lactate dehydrogenase (EC 1.1.1.27, 1.1.1.28, 1.1.2.3), (3-imidazol-
5-yl) lactate dehydrogenase (EC 1.1.1.111), lactate oxidase (EC 1.1.3.),
synthase/lyase (4.1.2.-), synthase/lyase (4.1.3.-), tryptophan dehydrogenase (EC
1.4.1.19), tryptophan-phenylpyruvaie transaminase (EC 2.6.1.28), tryptophan
aminotransferase (EC 2.6.1.27), tyrosine {aromatic) aminotransferase (EC 2.6.1.5),
multiple substrate aminotransferase (EC 2.6.1.-), aspartate aminotransferase (EC
2.6.1.1), glutamate dehydrogenase (EC 1.4.1.2, 1.4.1.3, 1.4.1.4), phenylalanine
dehydrogenase (EC 1.4.1.20), D-tryptophan aminotransferase, D-amino acid
dehydrogenase (EC 1.4.99.1), D-alanine aminotransferase (EC 2.6.1.21) and a

combination thereof.



intermediate or into nonatin. 3. The cell of claim2, wherein the at |east
one polypeptide is selected fromthe group consisting of : tryptophan

am notransferase (EC 2.6. 1.27), tryptophan dehydrogenase2sbEC2dos4. 1. 19),
tyrosine (aromatic) am notransferase (EC 2.6. 1.5), tryptophan-

phenyl pyruvate transam nase (EC 2.6. 1. 2@)5', mul tiple substrate

ani not r ansf er as& TCeel2 0f.cldim- ) {, Whitpinotheaat lexdtdasepollpsapoidads aaiddthexi dase
(EC1.4. 3.2), a e ot ransf er ase cC2.6. 1.1), no, aci d
dehydr ogenase f’é%%ie; aswca% K B—a“gl’ﬁhﬁrg'nasé‘idcfyéfg?sﬁé%aée f‘E‘&?r%‘?%,'h TXY-2D. al ani ne
am not r ansf er asgoglifzatd. fidolade L) 4.1 Di6)tdr>4§tydxpiqa41maiﬁjdmgixbgﬁtaﬁteraaﬁﬁse (EC

i ndol el actate ? @{ rogenase (EC 1. 1. 1. 110), R-4- hydroxyphenyll actate
dehydrogenase .1.1.222), 3-(4) - hydroxyphenyl pyrnvate reductase (EC 1.
1. 1.237), lactate dehydrogenase (EC 1, 1.1. 27, 1. 3..1. 28,1. 1.2. 3),

(3|mdazol 5- act ate hydr ogengse (EC. 1.1. 1.111), |actate oxidase (EC
1. 1. : i]f} &eilé’??]%gﬁv‘%{’ﬁ‘ie‘f%efe.aﬂsls-z)éac@'ff#fe ase/lyase (4.1. 3. -),

phenyl aI anl ne dehydrogenase (EC 1.4. 1.20), glutamate dehydrogenase (EC
1.4. 1.2, éﬁlﬁ:h?l ﬂ]ﬁ conbi ngtion thereof. 4. The cell of
claim 3, V\/ner e|1 &g C‘T“@alté’tw UMY ¢ i s sel ected fromthe group
consi sting of tryptophan am notransferase (EC 2. 6 1.27), tryptophan

dehydr ogenase 'E 1.4, tyrosi nell#aromatl c) am notransferase (EC 2. 6.
1.5), tryptopha %ﬁﬁ%'hgﬁ %@)F’d&‘awléerwgwal ysthereomprises ope ormarg polypappifissy| e
substrate am neff aRshesdas en GE@ast%n@exo—keﬂo)Js r@dddhdidtQuenienahérainsiesnse (EC
2.6. 1.1), tryptophan oxidase, L- no acid, oxidase (EC 1.4.3.2), D-amno
acid dehydr ogeﬁé@@e@@@@“‘iﬁs% sfbdce@’&%rﬁ@“ﬁﬁ?%omé&ﬁcd%’éwf getscted ﬁ°m3h33)

D-al ani ne ani ngfoh Eﬁnéér%fsﬁgge GECthaﬁse 1 oReldacethlet I4QEQRDAL, @}FEhEOter abaf er ase,
synt hase/ |l yase (EC 4 nt hase/ | yase (4. 1. , phenyl al ani ne
dehydr ogenase @mR@otransferase, @éfor %/lﬁif’lb}f‘fl&ftgé“"(‘:‘%hydrogenase (BC1.4. 1.2, 1.4.
1.3, 1.4. 1.4) and a conbination thereof. 25 OCT 2006 -64 5. The cel | of
claim 3, wherein the at | east one pol }/peptl de conprises an activity

sel ected from tihelhfr siricd#n o1 tlgmi L. wherintha aideast endipolypirtigeifasdd (EC
1..1. 1. 110), yyiRsphaddsih@iyheowd 26iahe dehydrogenase (EC 1.1. 1.222), 3-
(4)- hydroxyphenyl pyruvat e reduct ase (I):'C 1.1, 1,237), lactate dehydrogenase
(EC 1. 1.27, LL 1.28, 1.1. 2.3), (3-intidazol-5-yl) |actate dehydrogenase
(EC 1. 1 1. 11 | i (4.1. 2.
-), synthase/l S}gsr{ahe cgﬁt()%ﬁg[% ofi@ﬁﬁ‘? ;‘/Egé%heé‘#hﬁ hkﬁtgé%ﬁ&l?@éz?ié%ﬁiﬁ% 1.19),
trypt ophan- pherﬂyp'pyhm\ﬂameir(tgeaass@ﬁ hadd? (EC 2.6. 1.28), tryptophan

am notransferase (EC 2.6. 1.27), tyrosine (aromatic) anminotransferase (EC
2.6. 1.5), multiple substrate am notransferase (EC 2.6. L-), aspartate

am not r ansf er agé. TE@eH of claim $)or cghmtlwmh%eldeﬂrwrl@g‘emwll(PeE@ellmald1 2, 1.4.

1.3, 1.4. 1.4) %n ne (EC 1.4. 1.20), Dtryptophan
am notransfera egﬂ%?% ‘ 0 acf]%%%y rogeu Se (EC 1.4.99.1), D alanine
am notransferase (EC 2. 6. 1. 21) and a

21. The cell of claim 3 or claim 11, wherein the at least one polypeptide is said

tryptophan-phenylpyruvate transaminase (EC 2.6.1.28).

22. The cell of claim 3 or claim 11, wherein the at least one polypeptide is said

multiple substrate aminotransferase (EC 2.6.1.-).

23. The cell of claim 3 or claim 11, wherein the at least one polypeptide is said

tryptophan oxidase.

24, The cell of claim 3 or claim 11, wherein the at least one polypeptide is said L-
amino acid oxidase (EC 1.4.3.2).

25. The cell of claim 3 or ¢laim 11, wherein the at least one polypeptide is said



conbi nation thereof. 6. The cell of claim3, wherein the at |east one

pol ypeptide is the synthase/lyase (EC 4.1.3. -) and wherein said

synt hasel | vase conpri ses 4-hydroxy-2- oxogl utarate al dol agg2OCE@04. 1. 3. 16)

or 4-hydroxy-4-nethyl -2-oxoglutarate al dglase (EC 4,1.3.17). 7. The cell of
any of clains 2-6, wherein the cell is a bacterial cell. 8. The cell of any
of clains 2-6, aspheate aminbhienseedsk (EG24.1yigast cell. 9. The cell of claim 3,
wherein the cell further conprises one or nore polypeptides that are

encoded on at | east one exogenous nucleic acid sequence, wherein the one or
nore pol ypept Réddetchihvf slaind3 oedlhinf L, hercircibapr legst sne puippdpside &cbil Pkt i es
selected fromt heo%(ﬁf’l? dm%%gs%l ey f : catal ase, oxal oacetate

decar boxyl ase, mfunm ne ey on “am not ‘ansferase, and formate dehydrogenase.
10. A cell capabl e of pr oduci ng nonati n, wher ein the ceII corrpri ses

2- hydroxy 2- (i | - t Qy et WS acid ecursor) and
at | east one ggg@%ﬁ%b Cﬂﬁ%péﬁrg‘fla%lhdws% We ce etog%jp(h 313535 f)one

pol ypepti de, wamineianidtdxelast (EQ e&38).0ne pol ypepti de converts a first
intermediate in a pathway to nmake nonatin into a second internediate or
into nonatin. 11. The cell of claim 10, wherein the at | east one pol ypeptide
is selected frasnThbeell gfrcluiva 3008151 1, Rferoin.thd 4t Yiastaph palymptidat sa0Bf er ase (EC
2.6.1.27), try han, dehydro C1.4.1.19), tyrosine (aromatic)

am not r ansf er ag'témgﬁ'(‘f“?c’gmf}%‘}s ?E$?§St% han- phenyl pyruvat e transam nase (EC
2.6.1.28), multiple substrate 25 OCT 2006 -65 aminotransferase (EC

2.6.1.-), tryp x ase C xi dase aspartate
amni notransferaég%é‘gg ci“’l or fﬁ?]éfh\[]hd‘%'éfﬁnht"Béhk‘f'ﬁﬁlé‘éﬁﬂ%@%epf‘é@m S)TdP' 99.1),
D-amino acid Oﬁyﬁ@jﬁﬁaﬁrﬁ@trlnsﬁrage HiolelktaB) dARdRGenaI(POL 1 ansd)er ase (EC
2.6.1.21), Dtryptophan am notransferase, indolelactate dehydr ogenase (EC
1.1.1.110), R-4-hydroxyphenyll actate dehydrogenase (EC 1.1.1.222), 3-(4)-

hydr oxyphenyl PYO.UNRLell bealult aseclafC] 1L “rheaen?.t%)at lehAGh@pSly ﬁl@hmsl isagigrase (EC
1.1.1. 27, azol | act at e dehydr ogenase (EC

1.1.1.111), |a6ﬁ&£@wabﬂlﬂ%@eé@@ragewe@€)llw hase/ | yase (4.1.2.-),
synt hase/lyase (4.1.3. ), phenyl al anl ne dehydrogenase (EC 1.4.1.20),

gl ut anat e dehydrojggnase 1.4. 1. 1.4.1.3, 4.1.4), and a conbi nation
thereof. 12. TARE ecpll of clema?ﬁfqlilm b\héﬂ@rwthﬁ@t léﬁst|oea§?lympéidw5ﬂ§épu de is

sel ected from {h&ydQk Séad delghiQf (e 1 Y PBOPhan am notransferase (EC
2.6.1.27), tryﬁ)ophan%ggﬁ%rogeﬁase iE S:iL).FalQ) tyrosine (aromati c)

am notransferase (EC 2.6.1.5), trypt ophan phenyl pyruvate transam nase (EC

2.6.1.28), ml %wh@ céulemﬁwor amnm HRE @{h@%@leﬁﬁgngp&yaepnhe idgRartate
am notransferase (EC oxi dase, L-amno acid oxidase (EC
ol (2012

1.4.3.2), Danﬂm@feédl}’dm@eﬁy 34.99.1), D-anino acid oxidase
(EC 1.4.3.3), D alanine am notransferase (EC

33. The cell of claim 3 or claim 11, wherein the at least one polypeptide is said
(3-imidazol-5-yl) lactate dehydrogenase (EC 1.1.1.111).

34. The cell of claim 3 or claim 11, wherein the at least one polypeptide is said
lactate oxidase (EC 1.1.3.-).

35. The cell of claim 3 or claim 11, wherein the at least one polypeptide is said

synthase/lyase (4.1.2.-).

36. The cell of claim 3 or claim 11, wherein the at least one polypeptide is said

synthase/lyase (4.1.3.-).

37. The cell of claim 3 or claim 11, wherein the at least one polypeptide is said

phenylalanine dehydrogenase (EC 1.4.1.20).



2.6.1.21), D-tryptophan am notransferase, synthase/lyase (EC 4.1.3.-

)synt hase/l yase (4.1.2.-), phenyl al ani ne dehydrogenase (EC 1.4.1.20),
glutanmate dehydrogenase (EC 1.4.1.2,1-4.1.3,1.4.1.4) and a

conbi nati ont hereof. 13. The cell of claim 11, wherein thez2a0Creswst one

pol ypeptide conprises an activity selec%gd fromthe group consisting of:

i ndol el act ate dehydrogenase (EC 1.1.1.1 R- 4hydr oxyphenyl | act at e

dehydr ogenase GEthcﬁubfﬂBﬁﬁ308dém)11hydﬁmmymhehyhpmepu@pqﬁﬁeﬂu&ﬁase (EC
1.1.1.237), Iac d ( 2 1.28, 1.1.2.3),
(3-imdazol - 5% Qﬂ§nﬁe§k%€8g 3%3%?&6§§%§€} éd‘{i4}l 111), Iactate oxi dase (EC
1.1.3.-), synthase/lyase (4. 1 2.-), synthase/lyase (4.1.3.-), tryptophan

dehydr ogenase 9 a r.uvat e tran pase (EC
2.6.1.28), try%? §ﬁﬂ°a%11 PHLe P a%lg e?‘gisglﬁ %ég%lhaﬁ'%yaset H] e ar omat i ¢)
an1notransferaQemQﬁﬂhﬂeﬁ&imé&lﬂtMMHm|pIe substrate anlnotransferase (EC
2.6.1.-), aspartate am notransferase (EC 2.6.1.1), glutamate dehydrogenase
(EC 1.4.1.2, 1.4.1.3, 1.4.1.4), phenylal anine dehydrogenase (EC 1.4.1.20),
D-trypt ophan ariritHercal of elaius 6 or Elamiri /) ovhacdidsaidl @hyidk &tyanais eaid Efydox¢- 99. 1),

D al ani ne am nqtransfera EC 2. : and a conbination thereof. 25 OCT
2006 -66 14. %ﬁ%ﬁwgiPﬂﬁﬁgﬁ%ﬁﬁﬁéﬁgﬁéﬁﬁéﬁEﬁn the at | east one pol ypeptide is

said the synthase/l yase (EC 4. 1. 3 -) and wherein said synt hase/ | yase

conprises 4- hydro oxoqgl ut ar (EC 4.1.3.16

4- hydnxy- 4- met fy1 %C&J&dﬁwﬁaﬂar et a*ﬁ@re(lté:md&fffiwév Wd) cplastne cel | of
claim 10, wherein the cell is abact erial cell. 16. The cell of claim 11,
wherein the cell is a yeast cell. 17, The.cell of claim 10, vvherel n the cell

further conpri ésIrieldt claimed Yotlgimebtivdssein stidactiyiy siatsdlogsstalt | east one
exogenous nucl ek&riRkiEsesequence, wherein the one or nore pol ypeptides that
said cell further conprises conprise activities selected fromthe group
consisting of: catal ase, oxal oacetate decarboxyl ase, |ysine epsilon

am not r ansf er agg, TiRNGIf ATIBLRS selyid] POSNRSER sdi8 actlhi®y £akld l?inn&é;@ﬂ&ﬂ 3 or
claim 11, wherein the at |east one polypeptide is said tryptophan
ani not r ansf er ag@inorensfergseq 27) . 19. The cell of claim3 or claim1l, wherein
the at |east one polypeptide is said tryptophan dehydrogenase (EC 1.4.1.19)
20. The cell of claim3 or claim1l, wherein the at |east one polypeptide is
said tyrosine 4aFlsneel oficlaim hex vlamst brwesin sd 2cvity &)saibfprmathe cel | of
claim3 or clalg* ;}emggreln the at | east one polypeptide is said
t rypt ophan- pheny pyruvate transam nase (EC 2.6.1.28). 22. The cell of claim
3 or claim1l, wherein the at |east one polypeptide is said



mul ti pl e substrate ami notransferase (EC 2.6.1.-). 23. The cell of claim3 or
claim 11, wherein the at | )t one pol ypeptide is sai dg rypt oph&ﬁ Iokizipase.
24. The cel jm 3 or aim 11, wherein the at |edSt one pol ypeptide is
said L- ani nbvo&{';?'(':“ls;)I g)dgxi dase (EC 1.4.3.2). 25. The cell of cl é’lqﬁ%s‘%ﬁz’@?ai m
11, wherein the at | east one pol ypeptide is said 25 OCT 2006 -67 aspartate
am notransferase (EC 2.6.1.1). 2@egdideecCeidr@é claim 3 or claim1l, wherein
the-at | east one pol ypeptide is saidD am no acid dehydrogenase (EC

1.4.99.1). 27i0sTheaxslil, ofncokpdracd8dor claim 11, wherein the at | east one

pol ypeptide is said D---am no acid oxidase (EC 1.4.3.3). 28. The cell of
claim 3 or GEF#m PelvnRREFE S phSigeyndasic SaEhsgFypeptide is said D- al ani ne
am not r ansf er ase of claim3 or claim 11, wherein

EC 2.6.1.21). 29, The cell
the at |easf'the .E%??y‘ﬁéﬁf‘? de i s sai dD- tryptophan ani notransferase,
i ndol el act at, 'cg_ehgghoiqeggfe (EC 1.1.1.110). 30. The cell of claim3 or claim
11, wherei nj at g8, one pol ypeptide is sai dR- 4-hydrox), phényllactate
dehydrogenase (EC 1.1.1.222). 31. The cell of claim3 or claim1l, wherein
the at |easti6ie pol ypeptide is said 3- (4)-hydroxyphenyl pyruvate reductase
(EC-1.1.1.237). 32. The cell of claim3 or claim1l, wherein the at |east
one pol ypeptkite i satsaitiin teaetat & .dehydr ogenase (EC -
1.1.1.27,1.1.1.28,1.1.2.3). 33. The cell of claim3 or claim1l, wherein the
at | east one2Pul ypeptide is said (3-im.dazol-5-yl)lactate dehydrogenase (EC

1.1.1.111) . <384> ThE&’cel | of claim3 or claim1l, wherein the at |east one
pol ypept i de<f¥2>saP¥* | actate oxidase (EC 1.1.3.-). 35. The cell of claim3
or ghai m 115%%ier EFIPTERECHE™ BHdfCGhe pol ypeptide i s said synthasel/lyase
(4.1.2.-). 3B,5.Thg cell of claim3 or claim1l, wherein the at |east one
pol ypeptide ls.Sald sypthase/JyassL4- S RC /% Ge im 3. or
claim11, m/?]eé:tei % the af E{%agt onée E%f’ly%aé:‘gff dtgci sttggfggga%ph%%cgtg‘?%ﬁi ne =0

dehydr ogen a58ydabbaty 49dgdldgy 28a68tkg2004 cggbftadByagtBeat® baigaghdl M 310y

claim1l, wherein the at

| east one polypeptide is said glutamate

dehydr ogenaggacgbbrde 4gdt &ttty hgtecabgdychgddgaadagebhetizel bafacetai m Graar
claim 14, wherein said synthase/lyase is said 4-hydroxy- 2-oxoglutarate

al dol ase (Egpqgggsqggsygtatatcgg ccccgaaggg gacctegtet ttctogatcg getctgggaa 249
ctcgtcggbg_gcgacacga£ cgageoggage catgttgegg gegtocagac geccggeggo 300
tecggcgege tqqgtttggc gg&gg&cctc‘atcgcccgca tgggcggccg aggcatctgg 360

:ctégggctgc cgaggtggcc gaaccacgcy écgatcttca aggcggccgg-gctcgatatc - 420
ggéaéctacg_acttcttcga cattccgthfcagtgggtca tecttegataa tectggtgage 480
gcgctggaag gegccgeate cggegatgey ghtgotgetge atgéaagctg ccacaaccaeg 540
- accggcggcg tecctgagcga agcaéaatgg atggagatcg ccgegetggt géccgagcgc 600
B .ggectdactge cgectcegtega tcetegectat caggggtteg gecgeggect qgaccaggat~ 660\
-gtcgcgggcc-tccggcatct teteggeatg gtcgcgéaag cegetegtege ggtttcctgc 725
‘tcgaagtcct_tcgggcttta'tcgcgagcgc gogggegega tcttcgcgcg'gaccagctcg . 780
actgcctﬁgg cggacagggt gecgcetcaaac ctégcgggcc tegecacgeac cagoetatteco 840
atgcééécgg atcacggcéc agccgtcgtg‘cggacgatcc tfgaqgaccc ggaactcagg 200
- cgcgactgga cggaggagct cgagacgatg cggcetcadgaga £gacgggcct cecggeggtog 960
cttgeegagy gacteocgeac ccgcﬁggcag.agcctcggcg cagteogerga tcaggaggge: 1920
atgttcteca tgotgecget ttcegaageg gaggttatge ggctcaggac céagéacggcr 1080
‘atctatatgc cggcatccgg_ccgcatcaac atcgccgégc fgaégacggc ggaagcggcc' 1140
. gagattgeeg geaagttcac cagtctetga ' 1170




of claim6 or claim114, wherein 5aid synthase/lyase IS sald

40. The cell
4- hydr oxy- 4-net hyl - 2- oxd utarate al dolase (EC 4.1 g 17). 41 T ﬁﬂ@?llh ﬁof
claim9 or claim117, whe n said activity is said al ase. q

claim9 or wl@eanei’ds wherein said activity is said oxal oacetmnusomzass

decar boxyl ase. 43. The cell of claim9 or claim 17, wherein said activity is
said lysine epsilon am notransferase. 44. The .cell of claim9 or claim17,
wherein said activity is said formate dehydrogenase. 2 a 0 C T 2aUG WO
03/ 091396 P SO 22588 SEQUENCE LI STING <110> Cargill, Incorporated .<120>
Polypeptldes<§@d Biasynt heti ¢ Pat hways <130> 6682- 64349 <150> 60/ 374, 831
<151> 2002- 043123 <HBORiAbisd MAziBatientIn version 3.1 <210> 1 <211> 1170
<212> DNA <213> Sinorhizobiumneliloti <400> 1 atgttcgacg ¢cctcgeccg
ccaagccgac gameectigc ttttcctgat cggectgttc 60 aggaaggatg agcgccccgg.
aaaggt cgat' ctcggcgtag gagtttatgg cgacgagacc 120 ggacgcacgc cgatcttccg-
ggccgt caag gisfgEhgder abe jgetilet ArgyFincklcag=d86p Brac dge daggPioc et at cgg

ccccgaaggg ghcctcgtct ttcticgatcg getct gggad®240 ctcgt cggcglycgacacgat
cgagcggagc catgttgcgg gcgttcagac gcccggecgge 300 tccggegege tcegtttgge
ggcggacctc atc cgca cg, aggeat ct g ct cgggct c cgagct ggcc
~gaaccacgcg C £¥gf§ %g%%@gqﬁﬁg ﬁ%gﬁ gr%- Y‘5EEg%g F?Ettcga-
cattccgtcg cagtcggtca Cttcgat aa tctggtgagc 480 gcgctg ag gcgccgceatc
cggcgat gcg gtgctgetge atgcaagctg ccacaacccg 540 accggcggecg tcctgagega
agcacaat gy aj£40agpted SH060S At cH0660a08GI8, PAR. HIUFFIITRECALPEILIt CTa
tctcgcctat caggggttseg gccgcggect cgaecagggt 660 gt cgsgggecc tccggceat ct
tctcggegtg gtccecggaag cgetegtege ggtttcectge 720 tcgaagtcct.tcgggettta
“tcgcgagecge gcgggegega tcttcgegeg gaccagetcg 780 actgectcgg cggacagggt
gcgtt caaac Cladgbgydde AlyGaedoachumnget dicuic@l8ABr Gln Asp Ser Lys 2la
50 55 60
Tyr Ile Gly Pro Glu Gly Asp Leu Val Phe Leu Asp Arg Leu Trp Glu
65 70 75 80
Len Val Gly Gly Asp’ Thrr Ile Glu Arg Ser His Vval Ala Gly Val Gln
85 S0 ‘ 85 :
Thr Pro Gly Gly Ser Gly Ala Leun Arg Leu Ala Ala Asp Leu Ile Ala .
100 g - 165 110 -
Arg Met Gly Gly Arg Gly Ile Trp Leu Gly Leu Pro Ser Trp Pro Asn
' 115 120 125 :
=~ His Ala Pro Ile Phe Lys Ala Aia Gly Leu Asp Ile Ala Thr Tyr Asp
130 135 140
Phe Phe Asp Iié Pro Ser Gln Ser Val Ile Phe Asp Asn Leu Val Sel;'
145 150 155 160
‘ 2la Leu Glu Gly Ala 2Ala 'S‘er-Gly Asp Ala Val Leu Leu His Aia Ser :
' o 165 L1170 175
'Cys His Asn Pro Thr Gly Gly Val Leu Ser Glu Ala Gln Trp Met Glu ‘
~ 180 - i8s S 190 -
Ile Ala Ala Leu Val 2la Glu Arg Gly Leu Leu Pro Leu.Val Asp Leu
195 200 205 '
Tyx Gln Phe Gly Axg Gly Leu Aép Gln Asp Val ala Gly Le_.ﬁ

Ala Gly



at gccgccgg at cacggcgce

cgcgact gga cggaggagct cg

cttgccgagg gactccgcac ccg
WP GSet
atctat at gc cggcat ccgg
ttcac
T <210>

atgttctcc

gagattgccg gc
PCTI US03/ 1258

25 30 ' Vab2dy

Val

agccgtcgtg

gatg
ggcag

tt ccggagceg
ccgcat caac
cagtct ct
2 <211>

338

1170

v 1.

Ay Asg Thr

55 60 Tyr Ille Ay Pro Qu Ay Asp Leu Val
75 80 LeuS®Aalve SexGRye Ay W Trt @ GlvARgy Sdrm &l AVal 134 ahgdayaVal A n 85 90
95 Thr Pro Ay Ay Ser @5y Ala Leu Arg Be® Ala Ala Asp Leeslle Ala 100 105
110 Arg Met Ay Ay Arg Ay Ile Trp Leu Gy Leu Pro Ser Trp Pro Asn. 115 120
Leu

125 His a Pro Ph

140 Phe éhreg/é“ ‘Jﬁr S@ e
150 155 160 Al a Leu

165 170 175 Cys His Asn Pro Thr Ay dy Val

Al a Ala
aasﬁ‘-@éf*
udy Ala Ala

Arye”
er dy Asp Ala V" Leu Lau His Ala Ser
Leu Ser Gu AIa Gln. Trp MetQ u

25

cggacgat cc ttgacgaccc ggaactcagg 900
cggct cagga t gacgggc ccggceggt ¢

agcct cggeg cagt cg_ccpt caggagggg @g%ﬂﬁ-
gaggttat gc ggct caggac cgafCadigeyi2ie80
at cgccgggc tgaagacggc ggaagccgcc 1140

7006 WO 03/091396
<212> PRT <2%%% Sinor hi zobi um _
<400> 2 Met Phe Asp Ala Leu Ala Arg A n Ala Asp Asp Pro Lau.Leu, Phe Leu 1 5
10 15 , | hey @iy lauPhesA Gal a1 AsR & oAb ddd 92O a s ¥al Hsp
_ Tyr Argz#sp G u Thr
40 45 F Val Lys Ala Ala Gu Lys Arg Leu Leu Gu Thr G n Asp Ser

meliloti.

Leu Ay 20

Pro Ile RBgg Arg Ala 35

Lys Ala 50

Phe Leu Asp Arg Leu Trpdu 65 70

g Ile Ala Thr Tyr
*PerASET AT bl NAl

180 185 19@1y reu ala Arg Thr Ser Tyr Ser Met Pro Pro Asp His Gly Ala Ala

278

P Val val Arg
(. 29¢

Glu Glu Leun

305

Leu Ala Glu

Asp Gln Glu

Met RArg Leu
355.

S Ile Asn Ile

- 370

Lys Phe
385

<210>
- <211>
<212>
<213>

<400>

Thr

3
1260
DNA.

Thr Tle

Glu Thr

Gly Leu.

325

Gly Met
340,
Arg Thr

Ala Gly

Se:; Leu

Len

Met

310

Arg

The

Glu

Leu

Asp
255

Arg

Thx

Ser

His

Lys

‘375

280,

Aép‘ Pro
Leu Axrg
Arg Trp

Met Leu
345

Gly Ile

360

Thr Ala

Rhodobacter sphaeroides

-

Glu-

Met
Gln

330

Pro
Tyr

Glu

Leun

Thy

315

Ser

Leu

Met

Ala

285

Arg Arg Asp Trp Thr
300

Gly Leu Arg Arg Ser
~320

Leu Gly Ala Val Ala
335

Ser Glu ala Glu Vval
350

Preo Ala Ser Gly Arg
365 -

Ala Glu Ile Ala Gly

- 380

" atgegeteta cgacggctee tggtecgagt ggggeatgta

- maggatgacg aagdaatgct gécégccctg aageegeagce

.ctgatccaga tgttcecgega ggatgegege goggacaaga

- tacaaggacc cgaccggget caccceggic atgegggecg

tgacgatcte aaggtogega

‘cegeggacaa gatoctgoaa

tcgatctggg cgﬁ'gggcg;c )

tgaaggcgge cgagaagegg

Asp 130 135
Ser 145

60
120
180 .

240



Ala-Gu Arg Ay Leu Leu Pro Leu-Val Asp Leu 195 200 205
g Ay Leu Asp G n Asp Val a dy Leu 25 OCT-
2006, WD 03/091396 PCT/ /12.588 210 215 220 Arg s Leu LeuZiﬂﬁfﬂME Val
Pro G u Al awlpis¥dogAl @ Val Ser Cys 225 230 235 240 Ser Ly ﬁcﬁﬁéns Rh&sA y
Leu Tyr Arg Gu Arg Ala Gy Ala |le Phe Ala 245 250 .255 Arg T é Ser
Thr Ala Ser Ala Asp Arg Val _Arg Ser Asn Leu Ala 260 265 270 Ay Leu Ala Arg
Thr Ser Tyr cSergddstig PrapaBroraks paddascthy afbggalitdy REBcRBRc g@5tavedt Val 30k g
Thr .11e Leu Asp Asp Pro Gn Leu Arg Arg Asp Trp Thr 290 295 300 Qu Gu -
Leud u Thr MEFINFIEetPIRAGEIAL CCf‘Fﬁ‘EIC@%C Eéagwgﬁ\rvgsﬁg%ﬂogg@mgg% 3230 Leu
Ala Gu Ay Leu. Ar Thr A%gﬁb g n g a 325 330 335

Asp A n G ugﬁfi‘/“i\%f’ PREISRYI et "Lgeqﬁg CE%%‘:%&F dgﬁt%te?cél ‘Enat\?&r’ct%o s

360 365 11 & rte NSk B et T o B e e &Y

370 375 380 tal¥isdghg ddu 238eege TLO % 0 tegatDNA 313>
Rhodobact er. gphag§0|descgﬁ%%gL@%iatg%%%tctaﬁ%ﬁg%gg%%%géﬁgg?%%%%g%hggggcatgta

Ile Ala Al a-Leu Val
Ala Tyr Adn Ay Phe Ay

t gacgatctc
ccgcggacaa
t cgat ct ggg
t gaaggcggc

‘D

2208H2a0d Ll go ARG BHERLHC AP GYFM BTy GRGECNLGE JgABGEEERAJC 600

gatcctgcaa 120

ctgatccaga tgttccgcga ggatgcgcge gcggacaaga

ggtiyyagt cack8bccdemC edygacaax gag@g@g% tgaesygyt gEca:lagct%:g CCE60
cgagaagcgg 240 3
gagagoctgg cocggacagdg ggcggtgch ctgatcgacc

- gacgggcteg

' ctgategegg

atcgecateg
cggcagaact
gacgagacgc
acactgcgce
ttegtggecg
cggetgegga
ctgaaccgga
<210> 4

<211l> 419
<212>

<213>

<400> 4

1

Ser Arg Ser Arg Lys

Gln Pro Rla Asp Lys

35

" Ala Arg Ala Asp Lys

50

Thr Gly Leu Thr P;b

65

agétgéatgc
cetectgete
gegaggegygce
actccttece
tgagecgoega
gecagetige
agéatcgcég
ccgagcacgy

cgaccgtgec

PRT -
Rhodobacter sphaeroides

5

20

70

ggcggegacyg
gaagaacttc
gggecgggge
gccégaccat
ctggaaggeg
cgatgcgetg
catgttcteg

aggtctacatg

ggtgcetggeg

Met Arg Ser Thr Thr Ala Pro Gly Pro

Asp Asp Glu Gly

cggcttecktgg
ggcatctacc
acggtécagg
ggcgcgcggc
gaactcgagyg
caggcecgaga
cgocteggga
gtgggegatt

cgcgeggtay

Ser
10

Gly

Met Leu

25

Tle Leu Gln Leu

40

Ile Asp Leu Gly

55

Val Met Arg 2la

Tle

val Gly

Gln.

tegectatea
ccaccagact
gogagegeac
ccaacctcaa
tcgtgaccat
aggtacgget
ccggctecgaa
tcacgcecge
cécggctgaa

ccaaggtget

Ala Cys Met Thr

Th# Ala Leu Lys

dggcttegge |

geeegaggty
gygcatccty
cttccégaag
Qatcctcgag
caacafgctg

cCgéttcggc

cgaggtggag’

catCchggg

gecgceggetga

Ile
15

Pro

30 -

Met Phe Arg Glu

- 45

" 60

val ILys

75

Ala Ala Glu Lys

Val Tyr Lys Asﬁ

Pro.

Arg
80

ASD

720 .
780

840

%00

960

1020

1080
1140

1200

1260



. 2 5 OCT 200E WD 03/091396 PCT/ US03/ 12588 ctctgggagg tcgagaccac caagacctac
accggccttg ccgacgagcC ggcctgcaat 300 gccgcgatgg cgaaggl gat c,gc - C '
gcggt cccgg ccgaccgggt ggct‘gtc 350 gccacccccg gcgg ag cg g@ﬁ%@t
caggcgctcyg fErdanifgd catggectcg 420 cccgaggeca ccgtctggat glcaannssy
acctggccga accatctgtc gatcgtgaaa .480 tatctcggca tcccgatgcg ggaataccgc
tatttegacg ccgagaccgg cgccgtcgat 540 gccgagggca tgatggagga tctggcccag

gt gaaggcgg. gcgacgt ggt gctgctgcac 600 ggct gct gcc acaacccgac cggcgccaac
ccgaacccgg Hﬁ@a@ﬂ@@%?'@ﬂc@ﬁ%é@@dﬂeﬁgysgéga 8y FechyudaguyEdgt gecg

ctgat cgacc tcgectatca ggglftcgge 720 gacgdfct cg agat ggat gc®gcggegacg
cggcttctgg. ccaccagact 'gcccgaggtg 780 F. ctgatcgcgg cctcctgetc gaagaacttc
ggcat ctacc ggga geal ¢ 40).. atcgcca cg g ggggc
acoqtgcag CisaRy aff ADER ATk Re AR A i e R N
ggcgcgcggce tcgtgaccat gatcctcgag 960 gacgagacgc tgagcgccga ctggaaggcg

gaact cgagg aggtgcggct caacatgctg 1020- acactgcgcc gccagcttgc cgat.gcgctg
caggccgaga Qe@UsiL@gen 6gocit aggcsek08M Mbkog0ges B1a0eRt ageggycaigtt ct cg
cgcctcggga tcacgccegs cgaggtggag 114fb cggctgcgga ccgagcacgg ggtctacatg
gtgggcgatt cgcggctgaa .catcgcgggg 120. 0 ctgaaccgga cgaccgtgcc ggtgctggcg
cgcgcggt gg ccaaggtgct gcgcggctga 1260 <210> 4 <211> 419 <212> PRT <213>
Rhodobact er Véphdes Gﬂ’aégla WGufeaetianrgadist Th SehrPw &lPridad8x Pro Ser Ay
Ala Cys Met.Thr3%e 1 5 10 15 --135 Ser Arg Ser Arf¢°Lys Asp Asp Gu Gy Met
Leu Thr Ala Leu Lys Pro 20 25 30 dGn Pro Ala Asp Lys Ile Leu G n Leu lle

G n Met Phe [N e 45 a Arg, Ala Asp L I} e- Leu Ay
Val dvy Vval ‘ﬁ%%ﬁ?yglﬁzs%rp‘?% %836 h§5ér.P ?6012%11 ﬁ@%gu&ﬁﬁﬁ%ﬁ\gﬁomt Arg Al a
Valf'Lys Ala Ala Ju:Lys Arg 65 70 75 80 4 2 5 0Cl1 2006 WO 03109139, 6 -
PCT/US03/ 12588 Leu Trp GQu Val du Thr Thr -Lys Thr Tyr Thr Gy Leu Ala Asp

G n 85 90 9Fyr Leu Gly Ile Pro Met Arg Glu Tyr Arg Tyr Phe Asp Ala Glu Thr
: . 165 170 175

Gly Ala Val Asp Ala Glu Gly Met Met Glu Asp Leu Ala Gln Val Lys
: 180 185 190

Ala Gly Asp Val Val Leu Leu Hisg Gly Cys Cys His Asn Pro Thr Gl}f
185 . 200 205

2la: Asn Pro Asn Pro Val Gln Trp Leu Ala Ile Cys Glu Ser Leu Ala
210 ' 215 : 220

Arg Thr Gly Ala Val Pro Leu Ile Asp Leu Ala Tyr Gln Gly Phe Gly
225 230 . 235 . 240

i

Asp Gly Leu Glu Met Asp.Ald Ala Ala Thr Arg Leu Leu Ala Thr Arg
245 : 250 . 255

Leu Pro Glu Val Leu Ile Ala Ala Ser Cys Ser Lys Asn Phe Gly Ile
' 260 | 265, 270

. Tyr Arg Glu Arg Thr Gly Ile Leu Ile Ala Ile Gly Glu Ala Ala Gly
275 _ 280 - - 285

- Arg Gly Thr Val Gln Ala. Asn Leu Asn Phe Leu Asn Arg Gin Asn Tyr
290 . 285 300

" Ser Phe Pro Pro Asp His @ly Ala Arg Leu Val Thr Met Ile Leu Glu
305 310 315 : 320



Pro Ala Tyr Asn Ala Ala Met Ala Lys Leu Ile Leu Ala Gy Ala Val 100. 105 110

.Pro Ala Asp Arg Val A er Val Ala Thr Pro Ay GihrGy Alaz,j%_hﬁ @%20
‘U Leu Ile Arg Met Ala Sef@Pro Au Ala T ?L 135

125 Val Arg Gn Ala Le
140 Val Tryade:@Ises Asn Pro Thr Trp Pro Asn Hi's Leu Ser || epdvtisdsyissss145

150 155 160 Tyr Len Ay Ile Pro Met Arg GQu Tyr -Arg Tyr the Asp Ala G'n Thr
165 170 175 Gl‘ay. Al a Val .Ast Ala Gu Gy Met Met Qu Asg Len Ala G n Val Lys
180 185 1902EP & yPAMFIVAT" VAR A%BuTTR GYEI Alachy &R BYsCli YA Pro Thr Ay
195 200 205 Ala. Asn Pro n Pro Val Gnglarop Leu Ala Ile S du Ser Leu
Ala 210 215 - 220 Arg Thr Ay Ala Val Pro Leu. Ile Asp Leu Ala Tyr Gn Ay
Phe Ay 228230235 240 mifiSBe@ Mgl 8ty G BRI aBSR:Al A ALa Aha T Arg Leu
Leu Ala Thr Arg 245 - 3350 255 Leu Prosgu Val Leu Ile Ab@ Ala Ser Cys Ser
Lys Asn The Ay Ile 260 265 270 Tyr -Arg Gn Arg Thr Ay Ile Leu Ile Ala Ile
Gy Gu Ala Ala Ay 275 280 - 285 Arg Ay Thr vVal G n Al a.Asn Leu Asn the
Leu Asn Ar gGGr Mhas@ly\Ber 2802293H806Lly $be taierRr ¢1RrIisABDy Hily Wy Ala Arg
Leu Val Thr Met |l@&%eu Gn 305 31860 315 320 ~. T5®ET1006 WO 03/091396
PCT/ US03/ 12588 Asp A u Thy Lau'Ser Ala Asp Trp Lys Ala Qu Leu du G n Val
Arg 325 330_335 Lau Asn Met Lau Thr Lau Arg Arg G n Lau Ala -Asp Ala Lau G n
Al a . 340 345P3518* 1P FAF Gy TkerTAsrARde pHE B SR galenPi9dF His Arg Gy
Met 355 360 368° Phe Ser Arg _Lg'JSGy ITe Thr Pré®Ala Gu val Qu Arg Lau
Arg Thr 370 375 380 du Hs Gy Val Tyr Met Val Gy Asp Ser Arg Lau Asn |lle

Ala Qy Glu His Gly Val Tyr Met Val Gly Asp Ser Arg Leu Asn Ile Ala Gly
- 385 390 395 400
- Leu Asn Arg Thr Thr Val Pro Val Leun Ala Arg Ala Val Ala Lys Val
405 410 ’ 415
Leu Arg Gly
<210> &
<21l> 1260
<212> DNA
<213> Rhodobacter sphaeroides
<400> 5 k . ' '
atgecgcteta cgacggetee tggteegagt ggggecatgta tgacgatete aaggtegega 60
aaggatgacyg aaggaatget gaccgcocty aageccgcage ccegceggacas gatcétgcaa 120
= ctgatccaga tgticcgega ggatgegege geggacaaga tcgatctggg cgtgggegte 180
= tacaaggace cgaccgggct caccccggtc atgegggeeg tgaaggeooge .cgagaagcgy 240
ctectgggagg tcgagaccac caagacctac accggecettg ccggcgagcé cgcctacaat '300_
geegegatgy cgaagetgat cctegcaggce gcggtcccgg'ccgaCCQggt ggccthgtc - . 360
geraceceeg goggeacggg cgeggtgegt caggcegeteg aggtgétccg catggecteg &26
l coeecgaggeea ctgtetggat ctégaacccg acctggecga accatctgtc gatcgtgaaa 480
tatcteggea tceccgatgcg ggaataccge tatttcgacg cogagacogg cgctgtcgat_ 540
gcegaggget tgatggagga tctggoccag gtgaaggegg degacgtggt gotgetgeac '_ 600
'ggctgctgcc.acaacccgac cggcgcocaac ccgaacccgg tgeagtggcet. ggecgtetge 660‘
gagagcctgg coceoggacaygq - cgeggtgeeyg ctgaﬁcgacc tcgcctatca'gggcttcggc g 720
gacgggctcg égatggatgc ggcggegacg cggetictgg ccaccagact gooegaggtyg . _78Q5-
ctgategegy: cecteoctgete gaagaacttc ggcatctace gcgagegdace gggeatccty - 840




385-390 395 400 Lau Asn Arg Thr Thr Val
405 410 415 Lau Arg

Val -

Rhodobact er ‘sphaer oi des

t gacgatctc
ccgcggacaa
t cgat ct ggg
t gaaggccgce
ccggcgagcec
ccgaccgggt
agct gat ccg
accatctgtc

Pro Val Lau Ala Arg Ala Val. Ala Lys

<210> 5 <212> DNA <213p (T 2006

dg .
<é> 5 atgcgctcta cgacggctc,ggtcegagt ggggcat gt a
gga 60 aaggatgacg aaggaat gct gaccgcCctg

ctgatccaga tgttccgcga ggatgcgcgciggégﬂﬁigﬁﬁ
cgtgggcgtc 180 tacaaggacc cgaccgggct caccccggtc atgcgggcecg
cgagaagcgg 240 -ctctgggagg tcgagaccac caagacctac accggccttg
sggetacgabesdibcgge egegei@ge CaRatsd-gat ceat egeagget §aggie ccggoo
ggcctcggtc 360 gccacccccg gcggcacggg cgcggt gecgt caggcgctcg
egHcggeTtc §oUX0-teee AyagERTTat cyaypcidpyat t et syeradc ogt ateagmCccgeso
gat cgt gaaa 480 tatctcggca tcccgatgcg aataccgc tatttcgacg

<211> 1260

‘gg?’g{‘:’ gcaa 120

ccgagaccgg %ﬁ%@@?ﬁﬁh?g%ﬁﬁwcaﬁéﬁ&@ﬁﬁﬁth%§$ Fﬁﬁﬁﬁtﬁﬁaﬁﬁgﬁgggcéﬁm
1 1 1 600 1
oot 0oot GO b S G AR S e R aenR. CCRO T AT T yactos0.

tcgcctatca
ccaccagact
gcgagcgaac
at cgccat cg
cggcagaact
gacgagacgc
acgct gcgcc
ttcgtggccg
cggct gcgga
ct ccgga

ai
<2%§; 6 <2
Ser -Thr Th

- 145

- Leu

¥eTeleTy 83 &ggggzzé);gc Q996 59 idctag,

gcccgaggt g 780 &?gatcgcgg g%%%%%%%?ﬁ‘g%é%%%% %&%ggétctacc

SRPEFERA! Bcddfrabyg 48tEKaEal8 QR godMR-08/ QRL396;BCIL13084d258800
gcgaggcggc gggccggggc acggt gcagg ccaacctcaa cttcctgaac 900

aigihe cddoaC CogBGHgat ¢at gGreas Jergeadtegt gaagatigcaganisggadg: 960260
t gagcgccga ctggaaggcg gaact cgagg aggt gcggct caacatgctg 1020
gccagcttgc cgat gcgct g caggccgaga ccggctcgaa ccgcttcggc 1080.

cgg catgttctcg cgcctcggga tcacgcccge cgaggtggag 1140
gg ggt ctacatg gtgggcgatt cgcggctgaa cat cgcgggg 1200
t cgcgcggt gg ccaaggt gct gcgcggctga 1260

f%g gﬁ &?f%%'gﬁ¥%%§% dgﬁhodobacter sphaeroi des <400> 6 Met Arg

rdlblogl%roGy ProSerGIyAIaQ/s Met Thr Ile -

Gly Ala Cys Met Thr Ile

15

Met Arg Ser Thr Thr Ala Pro Gly Pro Ser
1 5 10

'Leu
30

Glu Gly Met Leu Thr Ala

25

Arg Lys

20

Ser Arg Ser Lys Asp Asp Pro

Met Phe Glu

45

Gln Leu Ile Gln Asp .

40

Gln Pro Ala Asp lys Ile Leu Arg
’ 35 ’

Gly val Gly Val Tyr Pro

60 .

Tle Asp Leu Lys Asp

55

Arg
50

ala Ala Asp Lys

ala Vval Lys Glu Lys

" 75

Ala Ala Arg

80

Val Arg

70

Thr Leu Thr Pro Met

65

Gly

Thr Ala Gly

85

Thr Tyr
20

Glu Thr Gly Leun

85

Trp @lu Val Thr Iys Glu

Ala Ile Ala val

Ala Gly

110

Lys Leu
105

Pro Ala Tyr Asn Ala Met Leu Ala
- loo . . .

Gly Gly Thr Ala

125

Val Ala val Ala Thr Gly.

120

Pro Ala Asp Arg

1is

ger Pro

‘Ala Ser Pro Glu Ala Thr -

140

Leu Ile Arg Met

135

val Arg @ln Ala Leu Glu
130 - '

Ile val Lys
160

Hafs Leu Ser

155

Pro Pro Asn

150

Val Trp Ile Ser Asn Thr Trp



15 10 15 Ser'Arg Ser Arg Lys Asp Asp Gu Gy Met Leu Thr Ala Len Lys-Pro
20 25-30 - Gn Pro Ala Lys Ile Leu Gn Leu lle Q) Net The Amugmez\sp
35 40 45 A ys Ile Asp Leu Ay Val al Tyr Pro

55 60  Thr géﬁﬁé’ﬂ#h Pro Val Met Arg Ala Val Lys NaAad #ﬁ?@f}g\sﬁ 65
70 75 80 Lau.Trp Qu Val GQu Thr Thr Lys Thr Tyr Thr Gy Leu Ala Gy Gu 85
90 95 Pro Ala Tyr Asn Ala Ala Met Al'a Lys Leu Ile Leu Ala Gy Ala Val 100

105
120
135
145

Pro

Al a
Val
Asn
Al a
Ay
Pro
Arg
Arg

110
125

140.

150
Met.

du
Leu

Pro

N

Val

Leu Qu

Au
du
Ay

Pro Ala Asp Arg Val Ala Ser Val Ala Thr Pro Ay @y Thr Gy.Ala 11s
ValTyar geuGehy Alle Peo MekuAtge G [TyrAvy Nt DAkaageriPreuGriur Al a Thr 130
Val Trp Ite SeriAsn Pro Thr Trp P Asn Hi s Leu Sét5 ||l e Val Lys
155 160 . 25 OCT 2006 WO 03/091396 PCT/ USQ3/ 12588 Tyr Leu Ay lle
Arg é Aé Phe Asp_Al a GL&ThI’ 165 170 175 G)é;Ala Val Asp
a9 Tu Ry §=P pr 0 GFares eyt gor 0Pl dnAE @ y Asp va
Leu Hs Gy Cy Q/s His Asn ProThr Gy 195 20 °205 Ala Asn Pro
Val @ n Trp Leu Ala Val Cys Qu Ser Leu Ala 210 215 220 Arg Thr Gy
Pro jhguUsq Aspaile r % Phes @iy 3Q:28h, 240 - Asp
e S‘i 2 A gl %lleg II?X‘r fg Wy Lg’ﬁsAlla ﬁﬁ}zéﬁg 24%%50 255  Leu
Val Leu Ile Ala Ala Ser Cys Ser Lys Asn The Ay Ile 260 265 270 Tyr
Arg Thr Ay Ile Leu Ile Alalle Ay du Ala Ala Ay 275 280 285

Thr AVal 2«3 B ZEnABrO Iyelu AsnTRhGehalaABal Alyg @unsdsetyria290 295 300
210 215 . 220 ' '

Arg Thr Gly Ala Val Pro Leu Ile Asp Leu Ala Tyr Gln Gly Phe Gly -
225. 230 235 240

Agp Gly Leu Glu Met Asp Ala Ala Ala Thr Arg Leu Leu Ala Thr Arg
245 250 255

Leu Pro Glu Val Leu Ile Ala Ala Ser Cys Ser Lys Asn Phe Gly Ile
260 . 265 : 270 ’

Tyr Arg Glu Arg Thr Gly Ile Leu Ile Ala Ile Gly Glu Ala Ala Gly
275 . 280 285

Arg Gly Thr Val Gin Ala Asn Leu Asn Phe Leu Asn Arg Gln Asn Tyxr
250 2585 300

Ser Phe Pro Pro Asp His Gly Ala Arg Leu Val Thr Met Ile Leu Glu
305 . 310 ) 315 320

Asp Glu Thr Leu Ser Ala Asp Trp Lys Ala Glu Leu Glu Glu Val Arg
325 330 335 :

Leu Asn Met Leu Thr DLeu Arg Arg Gln Leu Ala Asp Ala Leu Gln Ala
340 . 345 ' 350

Glu Thr Gly Ser Asn Arg Phe Gly Phe val Ala Glu His Arg Gly Met
' 355 360. - 365 '

' Phe Ser Arg Leu Gly Ile. Thr Pro Ala Glu Val Glu Arg Leu Arg Thr
370 375 " 380

Glu His Gly Val Tyr Met Val Gly Asp Ser Arg Leu Asn Ile Ala Gl¥y
© 385 "~ 390 395 400




Ser Phe Pro Pro Asp Hs Gy Ala Arg Leu Val Thr Met Ile Leu Au 305 310 315
320 Asp GQu Thr Leu Ser Ala Asp Trp Lys Ala Qu Leu Au du Vval Arg 325 330
335 Leu Asn Met Leu Thr L Arg Arg A n Leu Ala Asp Leu G n_ A M&ﬁo
345 350 Gu Thr Gy Ser AsMBArg Phe Gy Phe Val Ala. H s ArgZ&I@T

355 360 365WENaIs®s Arg Leu Ay Ile. Thr Pro Ala A u Val GrcruogpshessArg
Thr .370 375 380 du,Hs Ay Vval Tyr Met Val Gy Asp Ser Arg Leu Asn Ile

Ala Ay 385 390 395 400 25 OCT 2006 WO 03/091396 PCT/ US031l1 ZS88 Leu Asn

09 0T & B 00 2500 S A 08 U 0% iR Lo

dy <210> 7

at gt ccat gc
cccgat gt ca
ctcgtcattg
aaggct gagc
t accagccct’
aacctggttg
ct gact cgcg
aaccact acg
gaccccaaga
gacggct ccg
‘caggagcagt
gact ccgcct
ctgtttgccc
tt gt acagcg
gat gt aaaga
ggtfgcccgcet
gagct at cag

ccat%gcaga gcgcat ccgt acgat gcgcc gcaccgtgta cgacgagctg 1020
aaggctgagc agcttetcett ggacatgaat ctcgactacg agtacctacc catcotegggo 240
© taccagceect tecatcgatga ggcgétaaég attatctacg gcaétaccgt cgagctggag 3006
aacctggttyg cggtgcagac gotygageggg accggtgetg tetetctegg ggcgéagqtg 360
ctgactecgeg tottegacge tgagacéacg cccatetace tttecgacce cacgtggece 420
aac&actacg gegtegtgaa ggctgetgge fggaagaaca_tctgcacgta cgectactac 480
gaccccaaga cggtcagcct_gaatttcgag ggdatgaaga aagacattct ggcégcgccg 546
gacgéctccg tgttﬁattct gcaccagtge geogeacaacce ccaccggegt ggacccgtcg 600
caggagcagt ggaacgagat cgcgtéactg atgctggecca ageaccatea ggtgttctte 660
gaétccgcct accaaggecta tgcgagcggce agcétcgaca cggacgcgﬁa‘tgctgcccgc ’-720
ctgtttgccc gcedcggeat cgaggtactg ctggegecagt cgttetccaa gaacatgggc 780
' ttgtacageg agcgtgtagg cacgetgtog ctgégcctca aggacaagac gaagcgcdceg .840
gatgtaaaga gcgtgatgga ttcgetgatec cgtgaggagt acacgtgeco Eccagccqac - 8900
ggtgcccgct tagececacot aatcctgage aacaacgaac tgogazaagga gtgggaggea 966.
gagctateag ccatggecaga gegeatcegt acgatgegec gcaccgtgta cgacgagcetg 1620
ctgegeetge agacgeoecgg éagctéggaa cafgtéatta accagattgg catgtittece 108p
- tteeteggge tgtcaaagge gcagtgbgaa tactgccaaa accacaacat cttcatcaca 1140
gtgtcgggee gogetaacat ggeaggtetg acgeatgaga cggegetgat gctagcacag - 1200
acgatcaacg‘atgctgtgcg céatgtgaat cgtgagtgé 1232
.<210> 8
<2131> 412

aggcggccat gaccacggcg
tcttcgatct cgcaaaacgc
gkgaedigaeTy cgacgagcag
agcttctctt ggacat gaat
t cat cgat ga ggcggt aaag
cggt gcagac gct gagcggg
tét9Ttgdcgc t gagacgacg
gégtrot ggct get gge
cghitaftts gaatttcgag
g1 Talt Lg ke R gt
gga@cgagat. cgcgtcactg
3¢5aaQ96L adLe5824¢

gagcgctggce

gccgeccget g

ggccgt ccct
ct cgact acg
attatctacg

accggtgctg

cccatctacc

t ggaagaaca
ggcat gaaga
gcgcacaacc
at gctggcca

.gccgcggcat cgaggtac%g ct'ggcgcagt. cgttc

agaagattca
ccaagggccc
at'ccgot acg
agt acct acc
gcaat accgt
tctctctcgg
tttccgaccc
tctgcacgta
aagacattct
ccaccggcgt

ggcacaagct
caaggccaac
cgtggtccgc
cat ct cgggc
cgagct ggag
ggcgaagct g
caaagggccc
cgcct act ac
ggcggcegcecg
ggacccgt cg

60

120 C
180
240
300
360
420
480
540
600

agcaccat caggtgttcttc 660

caa

céaiﬁkﬁSéﬁ%c&&ﬁﬂsgﬁﬁﬁﬁtéggkgg&&get720

60

gaacat gggc 780

QO YC Y & cC 8P Y! @fa8h YRIC GE AR cIYIN 6 8RR HAAGaFEEEH: 840120
gcgtgatgga ttcgctgatc cgtgaggagt acacgtgccc cccagcccac- 900

cagrveits tgtaat Brrg o caadFIC gagt t gig abeyiagd gygagigcac 960180

<212> PRT

SR



ct gcgcct gc agacgcccgg gagct gggaa catgtcatta accagattgg catgttttcc 1080
ttectcgggc tgtcaaaggc gcggtgcgaa tactgccaaa accacaagat cttcat c-agsanq]-ilglga '
cag 12

gt gt cgggcc. gcgct aacat gd@lggt ct g ‘acgcat gaga cggcgct gct agca ,
acgat caacg wbeshai3gcg caat gt gaat cgtgagtga 1239 <210> 8 <2pdpnidzizssel2>
PRT O!. . 25. OCT 2006 WO 03/091396 PCT/ US03/ 12588 <213>. Lei shmani a maj or

<400> 8 Met Ser. Met G n Ala Ala Met Thr Thr Ala Qu Arg Trp An Lys Ile 1
510 15 G i2a Chsmeaipmgissp Val I'le Phe Asp Leu Ala Lys Arg.Ala Ala 20
25 30 Ala Ala Lys Ay Pro Lys Ala Asn Leu Val Ile Ay Ala Tyr Arg Asp. 35

40 45 Qu GA®@yB®Arg Pro Tyr Pro Leu Arg Val Val Arg Lys Ala Qu @ n 50 55

60 Leu Leu,L As Met..Asn. L p I u,Tyr L P Ille Ser Gy 65 70
75 80 Tyr {‘Léeﬁu‘?frrop‘%?e‘ﬂi“l %aéga@%& ﬂ?ra%lﬁ%ﬁy%ﬁr‘%gﬁ]% %‘r T;i%yﬁﬁsn Thr 85 90
95 Val.du Leu Gu Asn Leu Val Ala Val dn Thr Leu Ser Ay Thr Gy 100 105
110 Ala Val Ser Leu Gy Ala Lys Leu Leu Thr Arg Val Phe Asp Ala Gu, 115
120 125 TheidMi1aPeon Ihe 33 akfWadeticAPRe RIs@ IdW aTh DR Brf\alaHis. Tyr Q.
130 135 140 Val Val l2ps Ala Ala Gy Tep Lys Asn Ile CyseThr Tyr Ala Tyr Tyr
145 150 155 160 Asp Pro Lys Thr Val Ser Leu Asn Phe Qu @y Met Lys Lys Asp
Ile 165 170 175 Leu Ala Ala Pro Asp Ay Ser Val- Phe Ile LeuHs Gn Cys Al a
H's, 180 188213 Bgh FroPPhibvGAla\kdn Asp Rl ollSe 1@ A aGryr @Gra ZFpp Asn G u
lle-Ala 195 200 285 ‘ 40 - 45 ' o

. Glu Gln Gly Arg Pro Tyr Pro Leu Arg Val Val Arg Lys Ala Glu Gln
-1) 55 60 -

&

Leu Leu Leu Asp Met Asn Leu Asp Tyr Glu Tyr Leu Pro Ile Ser Gly ;
65 } 70 - 75 . 80

Tyr Gln Pro Phe Tle Asp @lu Ala Val Lys Ile Ile Tyr Gly Asn Thr
: 85 . : 990 85

Val Glu Leu @lu Asn Leu Val Ala Val @ln Thr Leu Ser Gly Thr Gly
100 105 ' 110 :

Ala Val Ser Leu Gly Ala Lys Leu Len Thr Arg Val Phe Asp Ala Glu |
115 , 120 ) 125 L

Thx Thr Pro Ile Tyr Leu Ser Asp Pro Thr Trp Pro Asn His. Tyf Gly
130 : 135 140

L Val Val Lys Ala Ala Gly Trp Ljrs Asn Ile Cys Thr Tyr Ala Tyr Tyr -
: 145 i50 155 160

Asp Pro Lys Thr Val Ser Leu Asn Phe Glu Gly Met Lys Lys Asp Ile
165 _ 170 175

Leu Ala Ala Pro Asp Gly Ser-Val Phe Ile Leu His Gln Cys Ala His
- 1890 185 : - 190 '

Asn Pro Thr Gly Val Asp Pro Ser Gln Glu Gln Trp Asn Glu Ile Ala
195 - 200 205 :

ger Lieu Met Leu Zla Lys His His Gln Val Phe Phe Asp Ser Ala Tyr
210 215 - : 220 .

Gln Gly Tyr Ala Ser Gly Ser Leu Asp Thr Asp Ala Tyr Ala Ala Arg




Ser
G n

Val
Arg
Asp
Cys
Asn
Al a
Arg
Met
A@n
Sly
Asp

Leu Met Leu Ala Lys His Hs @n Val Phe Phe Asp Ser Ala Tyr 210 215 220
Ay Tyr Ala Ser Ply Ser Leu Asp Thr Asp Ala' Tyr Ala Ala Arg 10 WO

031091396 PCT/ US03/ 12588 5 230 235 240 Lau The Alg Arg Arg gl y lle Gu

Lau Lau Ala G n Ser Phi@Ber 245 250 255 Lys Asn @@ Sy Lad i %k G n
Al a Sl wwhhkobpys Ser Lau Lau 260 265 270 Lau Lys Asp Lypcfikesdisss™N g Al a
Val Lys Ser Val Met Asp Ser 275 280 285 Lau Tie Arg G n Q@u Tyr Thr

Pro Pro Ala Hs SIy Ala Arg Lau 290 295 300 Ala Hi s Leu Ile Lau Ser Asn
G n Lau?AfFg Lys G n Trp @A Ala 305 310 35 320 Gn Lau B& A a Met

AQu Arg Ile Arg Thr Met Arg Arg Thr Val 325 330 335 Tyr Asp G n Leu Lau
Lau d n_Thr_Pr VaI 340 345 350 11 nGInIIeSIy
PheSer PR& ‘T_}hug‘ﬁféﬁe%gslélgLﬁ ﬂﬂé &@50 I:’%‘s‘h‘g%cf’l%% §A% u Tyr Cys

Asn His Asn Ile Phe Ife Thr Val -Set SI'Y Arg 370 375 38 Ala Asn Met Al a
Lau Thr H's Qu ThrAla Lau Met Lau Ala G n 385 390 395 400 Thr Ile Asn

Al a Val 1f0nAS ReValiyAssu AGY S UcADRrd b0a RA0Rr %.en23d> 11482y <212> DNA

<213> Baci |l Us subtilizo <400> 9 atggaaeatt tgctgaatcc gmaagcaaga @ga, nor a
tttcaggaat acgcaaattc 60 to aat trb> " ° ~"eca cgaagacgtc atttcactta'

caat

eggcca gecctgatttt 120 ttcacaccgc atcatgtgaa agctgccgca aaaaaagcca

tt gat gaaaa éghgatghen 1vg, Thr Lye Feucen Aap Jed gt §e¥:dtaég&§f¥:thgpa‘§afcaagct g
tgcagcttta t at gaagdda 240 11 25 OCF%R006

Leu Ile Arg Glu Glu Tyr Thxr Cys Pro Pro Alz His Gly Ala Arg Len
290 295 300

C:= Ala His Leu JTle Leu Ser Asn Asn Glu Lenu Arg Lys Glu Trp Glu Ala

R

(

305 ’ 310 © 3158 ‘320

Glu Leu Ser Ala Met Ala Glu Arg Ile Arg Thry Met Arg Arg Thr Val
325 330 i35

Tyr Asp Glu’Leu Leu Arg Leu Gln Thr Pro Gly Ser Trp Glu His Val
' ’ 340 . . 345 35D

Ile 2sm Gln Ile Gly Met Phe Ser Phe Leu Gly Leu Ser Liys Ala Gln.
: 355 38D’ 365

Cys Glu Tyr Cys Gln Asn His Asn Ile Phe Ile Thr Val Ser Gly Arg
370 375 3go

Ala Asn Met Ala @ly Leu Thr His Glu Thr Ala Leu Met Leu Ala Gin
385 390 395 - 400

- Thr Ile Bsn Asp Ala Val Arg Asn Val Asn Arg Glu
405 410

<2Zll> ©

<211> 1182

«232> DNA

«213> Bacillus subtilis

<400>- 9 -

atggaacatt tgctgaatcc gaaagcaaga gagstee=ad tticaggaat acgcaaattc 60

'tqgggtefﬁ=”“ug§aaa&ca cgaagacgte atttecactta caatocggeca goctgatitt -_120
- " tteacaccge atcatgtgaalagctgccgca aaaaaagcca ﬁtgatgaaaa egtgacgtea’ 180

. tatactcega atgeccggeta cctggagetyg agacaagqtg tgcagctﬁta tatgaagaaa 240

11



WO 031094396 PCTI US03112588 aaagcggatt tcaactatga tgctgaatct gaaattatca

t cacaacagg cgcaagccaa 3 gccattgatg ctgcattccg g atttta tctcececggtg -

at gaagt cat tatgccaggg daﬂ- cctatttatc cgqgctatga aWgRattatc a3t{ididcg
gggccaagccwi@bnmiiogtt 420 gatactacgt cacacggctt taagcttaccop@geaggeisga

tt gaagatgc tctgacaccc 480 aacaccaagt gtgtcgtgct tccttatccg tcaaacccta
ccggcgtgac tttatctgaa 540 gaagaactga aaagcat cgc agctctctta aaaggcagaa
atgtcttcgt %%ﬁﬁ%afwmat%&&??%&?&t FrGaRt T EAC LR AP ERATR §ACTGER t acBO?
ccatcgcaac ctatttgc 660 - gat caa ‘ttgtcattaa c ttgtca aaatcacaca_
gcat gaccgg ??Cﬁég%%é’? fq tsﬁ%mgﬁé’t&f’ ?%g’%?at’i%ﬁﬁi%ﬁgaaﬁ%ggg‘f EA HTGEStat t £°°
taaagottca Leaatanankoddiltys ALOLAALOC AGELEAIGCAlodEIGARIARIGEICICLLY
aagct gt cac aaacggcttt 840 gQacgatgcat tgattatgag agaacaatac aaaaaacgtc
tggact at gt gdmlgaafota@dgced tahfdiRGac t@egasddgarcghagtdAdacSeht £ 90t Pso
cgttttatat cttcccttct 960 attaaatcat ttggaatgac ttcatttgat tttagtatgg
ctcttttgga sgmegetagotdii@acgttggtiaticeg toegeeggyeace®icgtddcC ttiaatataiat ggsLp
aaggat atgt aaggctgtct 1080 .tttgcatgct caatggacac gctgagagaa ggcctagacc
gtttagaatt HAORETLESt AAANL0CTRagatRICEHEY AmageTRERgcatratyttaabiestabgdigcgt £20 as
1182 <210> 10 <211> 393 <212> PET <213> Bacillus subtilis: <400> 10 Met
Au Hs LalfPePRA BrFEAJLAPRRGE FOIFFFaeFucTateITe BF3Frt3°w 10 9%° le
Arg Lys Phe_Ser Asn Len Val Ala Gn Hs Gn Asp Val lle Ser 20 29'30._Lau
R R T L T L e TR i
Al a.' Xs Al a é%%t@éﬁt@%ﬁ%@gé@% _;égttgé@raa%}féca-gﬂ[: lPJa%gﬁ@ﬂEa %&aﬁ:ﬁcm Al '??‘BoGl y
Tyr Leu Qu Leu Arg G'n Ala Va? G n Leu Tyr Met Lys Lys 65 70 75 80 Lys

Al a-Asp Phegudgbgthly &sfrafbeaiCrtotha fcki&gdthg ddgRedbdacTRiachdcet2d QEak2006
W0. 031091396 PCT/US03112558 85 90 95 Gy Ala Ser Gn Ala Ste -Asp Ala Ala
Phe Arg Thrgdcbetdeat SmittREgeg 208ncatffc BhBaaacgtc tggactatgt ttatgacegt 200

cttgttteca tgggacttga cgtagttaaa cegtecgogty cgttttatat cttecettot 260
attaaatcat ttggaatgac ttecatttgat tttagtatgg ctcihtttgga agacgctggc 1020
atggcactcg tgccgggcag ctegttetea acafatggtg aaggatatgt aaggctgt;t 1080
. tttgcatget caatggacac gctgagagaa ggcoctagacc gbtttagaatt atttgtatta 1140
aaaaaacgtg aagcaatgea gacgataaac aacggegttt aa : .1182
<Ziﬂ> i0 |
<211> 393
<«212> PRT .
«21i3> Bacillus subtilis
- <400> 10
Met Glu His Leu Leu Asn Pro Ljrs Ala Arg Giu Ile Glu Ile Ser Gly -

1 5 ) 10 15

Tle Arg Lys Phe Ser Asn Leu Val Ala Gln His Glu Asp Val Ile Ser’
20 25 30

Leu Thr Ile Gly Gln Pro Asp- Phe Phe Thr Pro His Eis Val Lys ala
35 40 . 45 - S

. Ala Ala Lwe e Ala Ile Asp Glu Asn Val Thr 8zr Tyr Thr Pro Asn
=0 . o 55 60 :

Ala .Gly Tyr Leu Glu Leu Arg Gln Ala Val Gln Leu Tyr Met Lys Lys
65 : ‘ 70 75 B¢

Lys Ala Asp Phe Asn Tyr Asp Ala Glu Ser Giu Ile Ile Ile Thr Thr

12



Gy Asp Qu Vval Ile Met Pro Ay Prolle Tyr Pro Ay Tyr Glu Pro 115 120 125
Ile Ile Asn Lou Cys Ay A Lys Pro Val Ile Val Asp The Thr Ser ﬂ?g ﬂ%ﬁ 140
Hs Gy Phe Lys Len Thr AINWFArg Len Ile.Gn Asp Ala L Thr Pro "1 % b 155
160 Asn Thwologs91896 Val Val Leu Pro Tyr Pro Ser Asn Pro TheeT@sys/Mass 165
170 175 Thr Lou Ser Gn Gu Gu Len Lys Sex no Ala Ala Leu Lou Lys Gy 180
185 190 Arg. Asn Val Phe Val Len Ser Asp Gn Ile Tyr Ser Gu Lou Thr Tyr

195 200 205 Asp Arg Pro Hs Tyr Ser 11e A% Thr Tyr Len AP§ Asp G n Thr

Ile. 210 215 220 Val Ile Asn Gy Leu Ser Lys Ser His Ser Met Thr Ay Trp
Arg lle -225\)?%@1 a282 240 1@ v. Phe Lﬁ% Phe pﬁLaqu %&ﬁ«iepﬁ&l LLe Ala Lys His
lie Leu Lys Val 245 25§3255 H's Gn Tyss Asn Val Ser Ala Ser Ser Ile Ser
G@n Lys Ala Ala 260 265 270 Len G'u Ala Val Thr Asn Cly Phe Asp Asp Al a
Len Ile Met Arg Gn 275 280 285 dn Tyr Lys Lys Arg Len Asp Tyr Val Tyr
Asp Arg LencValzsSekluWyhl 296 2H5 r300z1yGhyo Iew AsprialclVatyd p3uPre Ser Ay Al a
Phe Tyr 1le Phe PrutsSex 305 310 31%0320 |Ile Lys Sew2s5Phe 3 -y Met Thr Ser
Phe Asp Phe Ser Met Ala Leu Leu -- --325 330 335 13 25.CCT 2006 WO
031091396 PCT/U803/12588 Gu As Ala Gy Val Ala Leu Val Pro lily Ser Ser
Phe Ser Thr 3§ r1i84br3A8u 356 G@g @WS@EP ot V4 Vﬂ' JePethrsEhr B§E Ala Cys Ser
Met Asp Thr Led>Y355 360 365 Ard3flu @y Leu Asp®tg Leu G u Leu Phe Val Leu
Lys Lys Ar Au 370 375°380 Ala Met @n: Thrlle Asia Asn Gly.Val 385 390

Eis Gly Phe Lys Leu Thr Ala Arg Leu Ile Glu Asp Ala Leu Thr Pro
145 150 . 155 180

Asn Thr Lys Cys Val Val Leu Pro Tyr Pro Ser hsn Pro Thr Gly val
165 170 175

7

Thr Leu Ser Glu Glu Glu Leu Lys Ser Ile Ala Ala Leu Leu Lys Gly
180 185 120 ’

Arg Asn Yal Phe val Leu Ser Asp Glu Ile Tyr Ser Glu Leu Thr Tyr
195 : 200 ' 205

Asp Arg Pro His Tyr Ser Ile Ala Thr Tyr Leu Arg Asp Gln Thr Ile.
210 ' 218 ' 220 :

Val Ile Asn Gly Leu Ser Lys Ser His Ser Met Thr Gly Trp Arg Ile
225 230 ' 235 240

.. Gly Phe Leu Phe Ala Pro Lys Asp Ile ala Lys His Ile Leu Lys Val
' - 245 250 285

His @ln Tyr Asn Val Ser Cys Ala Ser Ser Ile Ser @ln LIiys Ala Ala
. 260 265 270

Leu Glu Ala Val Thr Asn Gly Phe Asp-Asp Ala Leu Ile Met Arg Glu
275 - - 280 . 285 :

Gln Tyr Lys Lys Arg Leu Asp Tyr Val Tyr Asp Arg Leu Val Ser Met
290 285 300

Gly Leu Asp Val Val Lys Pro Ser Gly Ala Phe Tyr Ile Phe Pro Ser
_ 305 i 310 315 | 320

Ile Liys Ser Phe Gly Met Thr Ser Phe Asp EHe Ser Met Ala Leu Leu
' 325 330 . 335

13



<210> 11 <211> 1176 <212> DNA <213> Lactobacillus anylovorus <400> 11
at gccagaat tagctaatga tttag'gatta agcaaaaaga tcactgatgt aaaactttca 60
ggaatt agaa tctttgataa gtttca gctattcctg gcattat attgactttgg

ggt gaaccag & ?ﬁ%§ gagcat gttaagcaag cggctatt'aa gaat

gat aat gatt c cac ‘'t ccacaaaag ggaaagcttg aattaagaaa agct
aaatatttca aaaagattac tggaattgaa tatgatccag aaacagaaat Qgtagtaaca 300
gttggtgcaa ctaaagcaat taacgctacc ttgtttgcta ttact.aatcc gggtgacaag 360,
gttgcaattc ctacgccagt cttttctcta tattggcccg tggctacact tgctgatgcc 420
gattatgttt tdatirrahie GFlycHghadatlggiel thaagtitt secaeet Bee gaadtitragaa 480
gaaact at ca aagaaaat cc #&caattaaa gcagt @4btt tgaattatcc adetaaccca 540
actggtgttg aatatagcga agatgaaatt aaagctttgg ctaaggtaat taaagataat 600
catctgtacg

t caattgcea tg??‘?iéﬁf?%? %@%%g}%%%act&ﬁg@ag%gf ft aaaacacttt 660

fERattatdt 720
gcgatgactg gttatcg aggctatgtt gccggacctg caaaaattatlt  ggcagaaatt 780
ggtaaagttc

atggccttat ggtgacgact aagacggattcatcacaagc tgccgcaatt 840 °
gaagcacttg aﬁgaﬁglgaf} tefloigRacg inadgtnalkdt oy gERaght i A t92aa3060f 900
cgi gact at s. ~43a attagccgag atggagat gc aagcagt tzaa gccagaaggt. 960
gcattttata tctttgctaa. aattccagct aagtatggca aagacgatat gaaatttgcc 1020
ttggatttag cttttaaaga aaaagtgggt atcactccag gtagtgcatt tggtcctggt . 1080
ggt gaagt t ¢ afatMeagain Tarcilteabgeadstic@hgiVgat g aaaacttgca tgaggcaatg 1140 14
WD 0311)913985PCTI US03/ 125883°@agcgaat ga agaaagtttt acaagaggac gaataa 1176
€210~ 12 <211> 391 <212> PRT <213> Lactobacillus anyl ovorus <400> 12 Met
Pro Qu Leu AI Asn Asp Leu Ay Leu Ser Lys Lys Ile Thr Asp 1 5 10 15 Va

?DUE}

Lys=-Al a Ser I§%5 rg Ile Phe Asp ‘Asn Lys Val Ser Ala lle 20 25 3D Pro
Ay-ile IIe yﬁLgﬁ hr,Leu Ay GQu Pro Asp Met Asn Thr Pro 35 40 45
«213> Lactobacillus amylovorus : '
<400> 11
atgccagaat tagcotaatga tttaggatta agoaasaaga tcactgatgb azmaagettoa 60
ygaattagaa tctttgataa'caaagtttca éctattcctg gcattatcaa attgactﬁ;g izo0
ggtgaaccag atatgaatéc tectgaguat gtitaageaag cggetattaa gaatatbgea’ ’180
'gataatgatt cacactatgc'tccacaaaag ggaaagetly aattaagaas agetatcagh 240
aaatatttga aaaagattaﬁ tggaattgaa tatgatccag aaacagaaat cgtagtaaca 300
gttagtgeaa ctgaagceaat téacgctacc ttgttigeta ttéctaatcc'gggtgacaag 360 -
gt;gcaattc ctacgecagt ctttteteta tabtggeeoog tggcotacact tgctgatgcc 420
— gattatgttt ﬁgatgaatac tg&agaagat ggttitaagt faacacctaa gaagttagaa. 4890
= gaaactatca aagaaaatcc aacaéttéaa gcagtaéttt tgaattatce aactaaccea 540
actggtgtig aatatagega agatgaaatt aaagetttgg ctaaggtaat tamagataat C 600
catctgtacg taattaccga tgaaatttéc agtactttga'cttacggtgtaaaaacacftt - BB0
- "tecaattgeeca gottaattce agaaagagcé atttatatcet cpggtttatc tazaatcacat 720
gegatbgactg gttatcgttt agéctatgtg gecggacctyg caaaaattat ggcagaaatt 780
. ggtaaagttc‘atggccttét ggtgacgact écgacggatt.cétcacaégc téccgcaatt - 840
“gaagcacttg aacacggact tgaﬁgacéct gagaaatata gggamgtita tgaé33909£. r900
'eg;gactﬁtg;ﬁghéua;sga attagccgayg atagagabge aagcagttaa Qccagaaggt.-. 966
-Qcattttata tctﬁtgctaa;aattccagct aagtétggca aagacgatat.gaaatttgcc _ 1620
-ttggatttag cttttagaga aaaagﬁgggt atcactccag‘gtagfgcatt tggtcctgét'. 1080
ggtgaaggte atattagatt atcttatgea aaaacttgga .1140

tcaagtgétg

14
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G u H s Val Lys Gn Ala Ala lle Lys Asn Ile Ala Asp Asn Asp Set 50 55 60
His Tyr Ala Pro G.n Lys Gyalys Leu Gu Leu Arg Lys Alg || e Serli 88 #0675 80
Lys Tyr Leu Lys Lys Ile T y Ile Qu Tyr Asp Pro fl hr A u. 65 90 95
Il eVal Val Wonsdabeeddy Ala Thr GQu Ala Ile Asn Ala Thr Leu Pherusdfdsdd5 110
Ala Ile Thr Asn Pro Gy Asp Lys Val Ala Ile Pro That Pro Val Plie 115 120
125 Ser Leif Tyr Trp Pro Val Ala Thr Leu Ala Asp Ala Asp Tyr Val Lau 130
135.140 Met Asn Thr Ala Gu Asp Ay Phe Lys Leu Thr Pro Lys Lys Leu flu
145 150 155*¥6§22F94 *FhF2I-FE® Li%a@&ﬁiaﬁsfiﬁaﬁfﬂa Thr 1l1e Lys Ala Val |lelt#&uy
Asn. Tyr 165 170 175 Pro Thr Asn Pro Thr Ay Val Qu Tyr Ser-Qu' Asp Qu lle
Lys Al a 182M%85 O Leu Ala Lys Val Ile Lys Asp Asn H's Leu Tyi Val Ile Thr
Asp Au 195 5 15 25 OCT 2006 WO 031091396 PCT/US03/12588 |Ile Tyr
Ser Thr Leu.ghhr Tygy Gy Val Lys His PheSer Ile Ala Ser 210 215 220 Leu lle
Pro Qu Arg<Abha lfrbysciiles Séf16rdueeu Ser Lys Ser His 225 230 235 240
Ala Met- Thrr Ay Tyr Arg-Leu Gy Tyr Val Ala Ay Pro Ala Lys Ile 245 250 255
Net Ala G u<4doe Az Lys Val Hs Ay Leu Met Val Thr Thr Thr Thr 260 265 270
Asp Ser Ser An Ala Ala Ala lle Gn Ala Leu Au Hs Ay Leu Asp ~. 275 280
285 Asp PrigetGPgo |58 Tyt 2ApAg AsEAleuTHky Ghw JoysTyy gyArHeAShr Tgp Val 290 295
300 Leu Ly’ Qu Leu Ala*du Ile Gu Met &n Ala Val Lys P#9 Qu sly 305

.310 315320 Ala Phe Tyr Ile Phe Ala Lys IIe Pro Ala Lys Tyr Ay Lys Asp
/P 325 330,335, Nl bSOl R AR K8 A BB Baskys VAl Oy

_ 20 25

Il e Thr

C Pro Gly Ile Ile Lys Leu Thr Leun Gly Glu Pro Asp Met Asn Thr Pro
- : 358 40 : 45

Glu His Val Lys @ln Ala Ala Ile Lys Asn Ile Ala Asp Asn Asp Ser.
50 _ 55 §0

His Tyr Ala Pro Gln Lys Gly Lys heu Glu Leu Arg Lys Ala Ile Ser
65 ’ 70 75 80

Lys Tyr Leu Lys Lys Ile Thr Gly Ile Glu Tyr Asp Pro Glu Thr Giu.
) 85 ' 20 - 85

Ile Val Val Thr Val Gly Ala Thr Glu Ala Ile Asn Ala Thr Leu Phe
: " 100 105 : 110

h]

_ Ala Ile Thr asn Pro Gly Asp Lys Val Ala Ile Pro Thx Pro Val Phe
et : 115 120 125

Ser Len Ty:r: Trp Pro Val Ala Thr Leu ala Asp Ala Asp Tyr Val Leu
130 135 140 )

Met Asm Thr Ala Glu Asp Gly Phe Lys Leu Thr Pro Lys Lys Leu Glu
145 : 150 _ 155 ' 160

Glu Thr Ile Lys Glu Asn Pro Thr Ile Lys Ala Val Tle Leu Asn Tyr
’ 165 ' i70 ' 175

Pro Thr Asn Pro Thr Gly Val Glu Tyr Ser Glu Asp Glu Ile Lys Ala
' . 180 ' 185 ‘ 190

. Leu Ala Lys Val Ile Lys Asp Asn His Leu Tyl Val Ile Thx Asp Glu
195 : ‘ 200 205

15



340 345 350 Pro Gly Ser Ala Phe Gly Pro Gly Gly Glu Gly HIS Ilesﬁr L Ser
355 360 365 Tyr Ala Sef@@ser Asp GQu Asn Leu His Ala Met Ly Aﬁa Lys

370 375 38 G@n Au Asp Au 385 390 0> 13 <212>
DNA <213> %K)éyﬁg§§0|des <400> 13 atgcgcgagc ctcttgecct. c ‘ééﬁ%ﬁég%%
ccgggccacg gcggcecccget gttcctcgecc 60 atcgccgagg cgatcaccct cgacatcacc
cgcgggcggce tgaggcccgg agcgagactg 120 cccggcacac gcgcgcetggc gcgggcegcetc
ggcgtgcat c gcaacacggt ggatgccgcc 180 16 a 2 5 DCT 2a0 WO 03/091396
PCT/ US03/ 12888 Tyt stecaligadieut ot gac 0y gl ggutgrieagge agsle Sgegcggyg
caccttcgtg 24021gcgcaggat c tgccgdaggg gat gct ggt g2a¥acaggccag cgcccgcectc
ggt cgagccg 300 gtcgcgatgc gcgcggggct cgccttctcc gatggcgcgc cggaccccga
gct ggtgccc 360 gacaa c tggc cittcgccgg gcgetcctgt cggccgcectt
ccgcgecgga 901! éﬁ@a&gb%ﬁ g%gagﬁg é'ﬁbbéﬁﬁéﬁgd“?b %Té@@g@?%é%?gctggc
agcctatctc 80 gcct cggacce gcgt ggt cgcggat@ t gcgcggctgce t cgcgcg
gggcagccag 540 atggcgetgt tcctggtagc ccgggcggeg ctggcgecgg gagaggcgat
cgcggt cgag S0m-H3YCCOPIG,r ahGCaG WG H-099PG96 %) £YGHGH, £ 8ggagtygga
ggt.gcgcggc 660 gtgccggtggsatggcggcgg Cct gaggat c gacgcgct cgssaggccgegcet.
ggcccgggat 720 ccgcgaatcc gggcggtcta tgtcacgccc catcaccagt atccgacgac
cgtcaccagg 780 ggcgcggcgc ggcggttgca gcttctggaa ctggcagagc gecaccggcet
cgcgct gat ¢ BA0Algajgatiyacly aggavenaya - @I}ame@mﬂetcwgaglg:gamgt'chscg?grgct gcc -
gctggctgcc 900 cgcgeeegg aaggtct gecec %A gatctat gt ggge7ége tgtcgaaact
gctctcgcecc 960 ggtatgcggc t gggat acgc gctggcgccc gagcggcetge tgacccgceat
ggccgeggeg . 1020 cca_tcgaccggca g acgcg ccgctc agg cggcgctggc
cgagct gat c AgHe”r g %’d’bg&@ Mect iy %?Egmt“cg?@g’@k}g@“a % g8t ct accg
gg{§¢ggcgg 1140 Fctgctgg cggagc & cacggcgcag ctggccggge gcgecgectt
cgatctggcg 1200 gccgggggec tcgegetgtg getgegetge gecgggegt ct cggeccgagac
ctgggccgaa Z260r0 $869GA099H BYIEHIAE T,GIEECT! ggt;&gcs}g@%ﬁcca& ggi t cgeget
ggagagcccg 132890 gcgccgcagg cctiggegget ggget at geghegcgct ggacg aggggeagat
cgccggggecg 1380 gtggagatcc tcgccecggag cttcccecgge tga 1413 -

Leu Lys Glu Lieu Ala Glu Ile Glu Met Gln Ala Val Lys Pro Glu Gly_
305 - 310 315 . 320

Ala Phe Tyr Ile Phe Ala Lys Ile Pro Ala Lys Tyr Gly Lys Asp Asp
325 . 330 335

Met Lys Phe Ala Leu Asp'Leu-Ala Phe Lys Glu Lyé val Gly Ile Thr
340 345 350

Pro Gly Ser Ala Phe Gly Pro Gly Gly Giu Gly His Ile Arg Leu Ser
' 355 360 365

Tfr Ala Ser Ser Asp Glu Asn Leu His Glu Ala Met Lys Arg Met Lys
370 375 380 ,

Lys Val Leu Glun Glu Asp Glu
" 385 350

<210> 13
<211> 1413

<212> DNA

<213> R. gphaeroides

C <400 13 .
atgecgcegage ctcttgccct cgagatcgac ccgggccacg geggceceget gttcctcgcc . 60

atcgecegagg cgatcaccct cgacatcace egegggegge tgaggeccgg agcgagactg - . 120

éccggpacac gegegetgge gegggegete ggqgtgcatc geaacacggt ggatgecgeo: ; ;86

L6 o




<212> PRT <213> R sphaer0| des
Leu Ala Leu Gu lle Asp Pr y Hs Ay dy.Pro 15 15 Leul PHET 166 Al a
Ile Ala Qu Ala Ile Thr LeM®Asp Ile Thr ‘Arg Ay, 20 2 0 Arg Leu Arg Pro
Ay Ala Argvodd0msee Gy Thr Arg Ala Leu Ala Arg 35 40 45 1PCT/UZB3/ 0S8 2006
WD 03/ 091396 PCT/ US03/12588' Ala Leu Gy Val -Hs Arg Asn Thr Val Asp Al a
Ala Tyr An Gu Leu 50 55 60 Leu Thr An Gy Trp Leu Gn Ala Gu Pro-Ala

3 S T D0 Sy B P, Lo

H's Arg Pro
20 8, Tt GbosiOhotfS bt 0D e Ui 0 p L

Ala Leu' Ala Arg All Phe- "~

<210> 14 <211> 470 <400> 14 NEt Arg GI uPro

Met Arg @lu Pro Leu Ala Leu Glu Ile Asp Pro Gly His Gly G].y Pro

1

Leu Phe Leu Ala Ile Ald Glu Ala Tle Thr Lew Asp Ile Thr Arg Gly . -

5

- 20

. 35

X\:&

2

“40

BEAN

10

5

17

30

45

15

- Axrg Leu Arg Pro Gly Ala Arg Leu Pro Gly Thr Arg Ala Leu Ala Arg

Phe Arg Al ag&tycotlkac @:@cgyggce ¥gdQetab gdddcgdsP cAbacega AotgdtyccSer Seb Leu
Arg Gu Ala Leu Ala Ala Tyr Leu 145 . 150 155 160 Ala Ser Asp Arg Ay Val
Val ‘Al a Asp gPrargAlac ArqychegsdcectiticacdiongdBBctf@d: tFBccobcgt Goge@amad n Meb Al a
Leu. Phe Leu Val Ala Arg Ala Ala Leu Ala 180 185 190 Pro Ay Qu Ala lle
Al a Val - G u9GrgRtPRed (E%ﬂatf??ccBr BHICedcWICa t g SCaWh 298I FYSC AGCAtHICES Phe 4AP g
Ala Ala Gy Ala Ju Val’ % égVa1tPro Val 21t0 215 220 dy dy:-Qy
Leu Arg Il egﬁg’b“?’ﬂﬁﬁc |SPIEF PR PP “Lcéugﬁlﬁcﬁgﬂ?%p A8p-cIr98Y %C%aﬂo P o
Ar g_ l l_e Arg a@%&g\égét Tﬂcté@éaglh&cg@gggg@gsctl._ég%gg%gg EX&agd’cgagm’gcggtcgag 600 -
gagccs}ggcﬁ atccgetgge ctgggaggeg ticcgcgocag cgggagegga ggtgegeggce 660
gtgceggtgy atggeggegg -cctcagga.tc gacgegeteg aggocogeyget ggecegggat 720
((' h '¢'cgcgaatcc ‘gggcggtcta tgtcacgeee catcaccagt atcecgacgac 'cgtcacca.tg 780
ggcgeggege ggeggttgea gctt_ctggaa étggcagagc gtcaccgget cgcgctgate 840
gaggacgact acgaccacga ataccgcttc gagggeccgtc cgghtgetgec gctggetgee 900
cgcgcgccgg ‘aaggtctgcc gc:tgat_:dtat gtgggctege tgtcgaaact getctegeec 960
; . ggtatcecgge, Egggatacgc goetggegece gageggetge tgac:ccg(:at ggcecgeggey - 1020
cgcgccgéca tegaccggea gggegacgeg cogotogagg cggcgetgge cgagetgatce 1080
cgecgacggeg atctgggecy tcatgcoege aaggecgegea gggtcetaceg ggodoggcgg 1140
gatctgetgy cggagogtet cacggegeag ctggocggge gogecgectt cgatctgoeg 1200
gc:'cgggggcc' tcgcg:fctgtg gctgegetge gcgggcgtét cggcegagac ctgggccgaa 1260
geecgoaggyge aggegggget cgeooctgety cegggcoacge gottegegeot ggagagcceg 1320
(‘?': -Qc_:gi:cgcagg cctteegget gggetatgeg gé:gcf:ggacg aggggcagat cgccegggeg 1380
gtggagatce teogeecggag cttocecgge tga 1413_
<210> 14
<211> 470 .
£212> PRT
<213> R. sphaeroides
<400> 14



245 250 255 Thr Val -Thr Met Ay Ala Ala Arg Arg Leu G n Leu Leu G.uu Leu Ala
260 265 270 G n Arg Hisgrg Leu Ala.Leu He Qu Asp gsp. Tyr Asih.@iisio® u Tyr
275 280 285 {w,' 18 25WCT 2006 WO 03/091396 PCT/4@@03/12588 Arg Phe Qu

Ay Arg Provbabiodsss Pro Leu.Ala Ala Arg Ala Pro G u 290 295p@@@rsoszgsd-eu Pro

Leu Ille Tyr Val Ay Ser Leu Ser Lys Leu Leu Ser Pro 305 310 315 320 dy
Ile Arg Leu. Qy.Tyr Ala Leu Ala Pro Qu Arg Leu Leu Thr Arg 325 330 335

Met Ala Ala Al a. Arg Ala Ala lle Asp Arg An Qy Asp AIa Pro Leu .340 345 350
H s 355 360 365

%TP{EU f F1ND89370 375 380
G u Arg Leu Thr Ala A n Leu Ala y Arg Ala Al a E’e Asp Leu Pro 385 390 395

Gu Ala A e A
Al a Arg Ly(:}diﬁ’iL %%%1 2?’%1 3? 1 1ltf‘grhzil 1AF% 2‘?‘&

400 Ala Ay Gy Leu Ala Leu Trp Leu Arg Cys Ala Ay Val Ser Ala @ u 405

410'" 415 Théu Thp Alrdc Wl Berflotn Guy & oMb a1d ¥rd- ety A bedl vheu Pro Gy
420- 425 4305 Thr. Arg Phe Alaszdeu Au Ser. PrgsAla Pro G n Al agdghe Arg Leu

Gy 435 440 445 Tyr Ala Ala Leu Asp Glu.dy GIn.lle Ala Arg Al a Val

du

|le Leu 450 455. 460 Ala Arg Ser.Phe Pro- Ay 465 470 <210> 15 <211> 35

<212> DNA <RUIB=1prAspf Lel é’hfos@quéhméﬂetﬁoyakm»w Prerdla Pracf08> 15
' “95

Pro Val Glu Pro Val Ala Met Arg Ala Gly Leu Ala Phe Ser Asp Gly
~ 100 : 105 . 1106

Ala Pro Asp Pro Glu Leu Val Pro Asp Lys Ala Leu Ala Arg Ala Phe -
115 120 o 128 .

8

Aryg. Arg Ala Leu Leu Ser Pro. Ala phe Arg Ala Gly Ala Asp Tyr Gly
130 _ 135 - 140

Azp Ala Arg @ly Thr Ser Ser Leu Arg ¢lu Ala Leu Ala Ala Tyr Lei,l_
145 . 150 155 : 160

" Ala Ser Asp Arg Gly Val Val RAla Asp Pro Ala Arg Leu Leu Tle Ala
165 170 175

Arg Gly Ser Gln Met Ala Leu. Phe Leu Val Ala Arg Ala Ala Leu Ala
180 185 190 .

_ Pro Gly Glu Ala Ile Ala Val -Glu @lu Pro Gly Tyr Pro Leu Ala Trp
T ' 155 ) 290 205 :

- Glu Ala Phe Axg Ala Ala @Gly Ala Glu Val Arg Gly Val Pro Val BAsp
210 : 215 : 220 .

Gly Gly Gly Leu Arg Ile Asp Ala Leu Glu Ala Ala Leu Ala Arg Asp
225 ' 230 235 - : 240

Pro Arg Ile Arg Ala Val Tyr val Thr Pro His His Gln Tyr Pro Thr
245 _ . 250 o 255 '

'I‘hr Val Thij Met Gly Ala .Al_l.a Ai‘g Arg Leu 8ln Leun Leu Glu Leu Ala
260 265 ' 270

@lu Arg His Arg Leu Ala Leu Ile Glu Asp Asp. Tyr Asp His Glu Tyr
275 - 280 285

8



ggtattgagg gtcgcatgaa ggttttagtc aatgg 35 19 2 5 0 C-T 200 WD 03/091396-
<212> DNA <213> Ar

PCT/ US03/ 12588
<220> <223> pri.mer

<210> 16
<400>

L J

> 37 ,
agaggagagt -tagagcctta tg

<210> 17 <M0838H39<212> DNA <213> Artificial

<400> 17 ggtattgagg gtcgcatgtt cgacgccctc geccg 35
<220> <223> pri ner

DNA <213>.

Artificial
acatttgctg

Artificial

tagagccet ca gagastogiy & Mgcpﬁ?vaﬁé&%ré%e#ﬁ; ;ﬁé
sequgnce
aatcc 35

sequence

<220> <223>4ar i mer
<210>A20 <211> 37 .

sequence

<400>

<212>

Gly Leu Pro Leu Ile Tyr Val Gly Ser Leu Ser

305

@y Ile

. Met Ala

Glu Ala

Ala Arg

Arg

Ala

Ala

-355

Lys

370

@lu Arg
3gs.

Ala Gly

' Thi Trp

Thr Arg

Tyr Ala

- 450

- . Ala Arg

465

<210
=211l>

Leu

Gly

‘Ala

Phe

435

Ala

Ser.

135
35~

<212> DNA
«213> Artificial sequence

' <220
© «223> primer .

"<400>
ggtattgagg gtecgcatgaa ggttitagte aatgg

15

Leu.

Ala

340

Leu

Ala .

Thr
Leu

Glu

420

Ala

Leu

Phe

Gly

325

Arg

Ala

Arg

Ala

Ala

310

.Tyr

Ala
Glu
Arg
Gln

320

Leu

405 -

Ala
Leu
Asp

Pro

Ala

Glu

Glu

Gly
470

Ala

Ala

Leu

val

375

Leu

Trp

Gly

Sexr

Leu
Ile
1Ie
360

Tyx

Ala:

Leu

Gln

Pro

. 440

Gly
455,

Gln,

Ala
Asp
345
Arg
Arg
Gly
Arg
Ala
425

Ala

Ile

19~

Pro
330
Arg
Asp
Ala

Arg

Cys

410

Gly

Pro

Ala

315

Glu

Gln

Gly

Arg

Ala

395

Ala

Leu

Gln

Arg

i cial
tgcta gcagcct
<220STABOBRSY i mer

SCRSS0T

<210> 19 <211> 37
<400> 18 agaggagagt

< 13>

b

<212>

oggta tgagg gtcgcatgga

Lys Leu Leﬁ Ser Pro

Arg Leu

Gly Asp

Asp Leu
365

Arg Asp’

380

Ala Phe
Qly val
Ala Leu
2la Phe

445

Ala Val
460

320

Leu Thr Arg

Ala
350
Gly
Leu
Asp
Ser
Leu
430

Arg

Glu

335

Pro

Leu

Leu

Ala

415

Pro

Leu

Tle

Leu

His

Ala

Prao

400

Glu

Gly

Gly

‘Leu

35



<213> Artificial sequence <220> . <223> primer <400> 20 agaggagagt :
t agagcctta aacgccgttg tigmatcg 37 <210> 21 . . 20 ‘SOCTZOOG' 2\5[1)@32(0%1396
PCT/ US03/ 12588 <211> 3¥<212> DNA <213> ArtificialTsequence <§§9>_< 3>
primer <4¥OR0BPII: at t gagg gt cgcat gcg cgagectctt gecet 35 PEHYRII8 011>
37 <212> DNA <213> Artificial sequence <220> <223> prinmer .<400> 22
agaggagagt tagagcakca gccggggaag ctccggg 37 <210> 23 <211> 35 <212> DNA
<213> Artifiwcial sequence <220> . <223> priner <400> 23 ggtattgagg
gtcgcat gt c cacgeagyeg gpcat 35 <210> 24 <211> 37 .<212> DNA. <213>
Artificial sé@trendstificiakzpame=gz23> prinmer <400> 24 :

<220>.
<223> primer

<400> 16 .
agaggagagt tagagcctta tgaaatgeta gcagect ; .37

<210> 17

<211> 35

<212> DNA-

<213> Artificial sequence

| <220>
<223> primer
— - ;
R <4 00> 17
ggtattgagyg gtegcatgtt ¢gacgecete geceg : L 35
<210> 18
<211ls> 37
<212> DNA
<213> Artificial sequence
<220>
<223> primer
<400> 18 ] .
agaggagagt tagagcctca gagactggtg aacttgc _ o ' : 37 -
«21Q¢> 19 |
<211> 35
) <212> DNA
S <213> Artificial seguence
<220>

<223> primer

<400> 19 ' _ .
"aggtattgagg gtcgratgga acatttgetg aatcc . 35

<210 20
<231> 37 .
<212> DNA
. <213> Artificial seguence

<220> .
© <223> primer

400> 20 . :

. agaggagagt=tagagcctté aacgccgttg tttatcg o o 37

<210> 21

20



agaggagagt tagagcctca ctcacgattc acattgc. 37 <210> 25 <211> 35 <212> DNA
<213> Artificial sequence <220> <223> priner <400gm25 ggt 4t HgH0b
gt cgcatgcc agaattagct aat 35 <210> 26 <211> 37 21 zoos WD '03/ 091396
PCTI US03/ 13aBs/oetdk2> DNA <213> Artificial sequence <220>'H2QE$Bﬂﬁﬁﬁer
<400> 26 agaggagagt tagagcctta ttcgtcctct tgtaaaa 37 <210> 27 <211> 35
<212> DNA <213z Agtificial sequence <220> <223> priner. <400> 27
ggt at t gagg gbcgcap@cg ctctacgacg gectcc 35 <210> 28 <211> 37 <212> DNA
<213> Artifieinl SEGUERES scddlre <223> prinmer <400> 28 agaggagagt
tagagcctca gccgcgcagc accttgg 37 <210> 29 <211> 35 <212> DNA

<2205

<223> primexr '

<400> 21 ’
‘_ggtattgagg gtegeatgeg cgagectett gecet . 35

<210> 22
<211 37
<212> DNA
. <213> Artificial sequence

<220>
<223> primer

S <400> 22 .
[r; ‘ agaggagagt tagagccteca gccggggaag ctccggg 37

<210> 23

<211> 35

<212> DNA-
<213> - Artificial sequence

. <220> .
<223> . primer

<400> 23 . )
ggtattgagg gtcgecatgte cacgcaggeg- gocat 35

<210> 24

«<211> 37 -

«212> DNA. )

<213> Artificial seguence .

<220> . _
<223> primer
. <400> 24 _ -

' agaggagagt tagagcctca ctcacgattc acattge 37 .

<210> 25

<211> 35

<212> DNA

<213> Artificial sequence

<220>
<223> primer

 <400> 25 . ,
ggtattgagg gtcgcatgcc agaattagct aatga - ) - 35

Tt <210> 26
<211> 37



gtcgcatgtt
Artificial
cagcact gcc
03/ 091396
ctacgct ggc
caaagt gaat
agccgt ggcg

sequence <220> ~.., <223> prinmer <400> 29 99tattgagg
t gagaacatt accgc 35 -

<210> 30 <211> 37 <212> DNA <213> ,
sequence - <2 <223> prinmer <400> 30 gagagt tag Gt
acaatcg 37. %iilo> 31 <211> 1194 <212> ‘" 00 26 %@%&g&gﬁ WO

PE0/0aBABAA 2588 <213> E. coli <400> 31 gtgtttcaaa PAIGI0HALGE
~gacccgattc ttacgcttat ggagcgtttt 60 aaagaagacc ctcgcagcga
t1.339t ahgg gtctgtacta caacgaagac 120 ggaattattc cacaactgca

a299¢9%aags Lacgcsd gaac-d gcgcagect 180

accgat ggaa gggcttaact gctatcgcca tgccattgcg 240
ccatccggt a cizgaaacaac agcgcgtagc aaccattcaa 300

att gaaagtg
cgatcctacc
ttacccctgg
gaaaacatta
t gccgatctc
tattccattc
cgctattcgc
aattttctcc
agccgct ggce
gccgaatttt
ctggctggeg
gaaggtatta
catgttcagt

o
L

ggegsggatihet cCt gaaacg ctacttcccg 360

ageacagagaed gccagaacg caatttcgat

- <4005

t gggaaaacc gcgtagcaat attcgccggg 420
teftgac@g@ag cgactaacgg cgtgcgcttt 480
CORgERIRgE at PPAr e iy tEggicgtat desage0
act aat gat ¢ agt gggat gc ggtgattgaa 600
ctcgatattg cctatcaagg atttggtgcc 660
gcdit ddca gegetggatt accegetctg 720
QE acggeg agcgegtcgg cggactttct 780
cge4t ag Qﬂfﬁgﬁﬂ%éq%@&égcaacagtt 840
ggt gcgcagg tggtggctgc agtgctgaat 900
gaagl agaag agatgcgtac tcgeattctg 960
1020
tataccggtt taagtgccgc tcaggttgac 1080
27 ' ,
ggtattgagg gtcgcatggg ctctacgacg getec

<210>
<211>
<212>
<213>

28
37
DNA ‘
Artificial segquence

<220>.
<223> primer

<400> 28

agaggagagt tagagcctea gecgegecage accttgy

29

35

DNA

Artificial sequence

<210>
<211>
<212
<213>

<220>
<2235 primer

<400> 29

 ggtattgagg gtcgecatgtt tgagaacatt accge

30

37

DNA .
Artificial sequence

«210>
<211>
<212
<213>

. <220>

'€4b0>

<210>
Co<211l>

<223> primer

30 o , _
agaggagagt tagagcctta cagcactgec acaateg

31
1194
<212> DNA

L 1s

catggcgcett cgetttattt
ccgctgetgt ttggtgcgga:
acccttggcg ‘gct ccggggce

gaat caggcg t-ct.gggt cag

gct ggattcg aagt gagt ac

aat gacct gt tggcgacgct
tgttgccaca acccaacggg 37
attctcaaag cccgcgaget
ggt at ggaag aagat gecta

gt gagcaatt dgttctcgaa
gttatgtgtg aagatgccga

cgccgcaact -act ccagccc
.gacgaggcat tgaaagccag

gcaat gcgt ¢ aggaat t ggt

tatctgctta atcagcgcgg

35

37

37,



S S BOT P Y

cgact acgtg aagaatttgg tgtctatctc atcgccagcg gtcgcatgtg tttcgecg
tt aadat acgg caaat gt aca acgtgt ggca aaggcgtttg ctgcggt gatagt aa 119

bl 5o

<211>-397 <212> PRT <21 E. coli <400> 32 Val Phe n Lys Val- Asp Al a
Tyr Ala G ydes 9E> Ile Leu Thr Leu 1 5 10 15 Met d u Ar ge@hesdsyssdsl uAsp
Pro Arg Ser Asp Lys Val Asn Lau Ser 20 25 30. Ile Ay Leu Tyr Tyr Asn Qu

Asp,Gy Ile.lle Pro Gn Leu Gn Ala 35 40 45 23 23 OCT 2606 WO 03/ 091396
PCT/ US03/ 12588~ VBt R Gu Ala Gu Ala Arg Leu Asn Ala Gn Pro His Ay Ala

Ser 50 5560 d_et gyr Let Pro Mt G n Ay Leu Asn Cys Tyr Arg Hi s Ala IIe
Ala 6570 55 Beaff Qb BeoBo 0. 800 3. RpNAL ol Gp. N
Arg Val 0 95 Ala“ G n Thr Léu y-3dy. S eu Lys Val
Ay Aa 10@aa&5g&&<9 o%%gcJ&@aL&aagy@a%r gyt abhe gEeethcua Sehcsga¥al Tep Val
Ser ‘Asp . F. 115120 125 Pro Thr Trp Qu Asn Arg Val. Ala Ile Phe Ala Ay
Ala Gy Phe gGhatt286c k35addifycaVadccSedgchhyadbrgi® chegecbyha AgjegGhgecAl a TiBo Asn
Ay Val Arg Phe 145 150 155 160 Asn Asp Leu Leu Ala Thr Leu Lys Thr Leu
Pro Al a ArgcSkggchret \rgictties-t1 789-caEggape godatiadf s gPFatcOgsa QEsciitgcaAsn 2R 0
Thr. Ay Ala Asp Leu Thr- Asn 180 185 190 Asp A n Trp Asp Ala Val Ile Gu lle
Leu Lys Al acﬂs?}gst%t If§€9F$%ggal‘9‘B“2Wt205tgaPP63%é‘gE%‘i?tE@‘b FPCEcEaTyr 36PN
Gy Phe Ay A I;CGIuGI 210 215 220 rAI ArgAIaIIe
t t
A a Ser Al aaa:c%: Eg%;g Igrc c%a;g;;gﬁe tgaaag% ggo::gf:gg."aaxts‘é3 cctga tach:tccc
_A gaatcaggcg tctgggtcag cgatcctacc tgggaaaacc-gcgtagcaat attcgccggg 420
‘_7' goetggatteg aagtgagtac'ttacccgtgg tatgacgaag cgactaacgg cgtgegettt 480
(i-'. 7aatgacétgt-tggcgacgct gaamaacatta cctgceccgea gtattgtgtt‘gctgcatéca 540
f tgttgccaca acccaacggg tgccgatcte actaatgatc agtgggatge ggtgattgaa 600"
aﬁtctcéaag ceccgegaget tattecatte ctegatattg cctatcaagg atttggtgec 660
ggtatggaag éggatgccta cgctattcge geeattgcea gegetggatt accegetetg - 720
gtgégcaatt dgttocteogaa aatttteotee ctttacggeg agcgcgtégg cggactttet = 780
. gttatgtgtg aagatgccgé agccgetgge cgegtactygg ggoaattgaa agcaacagtt. 840
cgcegecaact actccaéccc gccgaatttt ggtgegeagyg tggtggetge agtgetgaat 200
' gacgaggcat tgaaagecag ctggetggeg gaagtagaag agatgcgtac tegeattety 860
géaatgcgté aggaattggt gaaggtatta‘agcacagaga tgccagaacy caatttegat 1020
'_ tatctgctta atcagegegg catgttcagt tataccggtt taagtgccgc tecaggttgac 1080
R cgactacgtyg aagaatttgy tgtctatcfc atcgccaged gtegeatgtg tgtegecggg - 1140
) ttaaatacgg caaatgtaca acgtgtggea aaggegtttg ctgeggtgat gtaa 1194
<210> 32
‘«211> 397 -
- «212> PRT
213> RE. coli
<400> 32

—

val Phe Gln Lys Val Asp Ala Tyr Ala Gly Asp

1

5

10

Met Glu Arg Phe Lys Glu Asp Pro Arg Ser Asp

35

20

20

25

o Ile Gly Leu Tyr Tyr Asn Glu Asp Gly Ile Ile

Prorlle Leu Thr Leu

30

15

‘Lys Val Asn Leu Ser

Pto Gln'teu Gln Ala

45




225 230 235 240 Val -Ser Asn Ser Phe Ser Lys |le Phe SerLeu Tyr Ay Qu Arg
Val 245 - 250 255 . . Gy Let Ser Val Met Cys Asp Al a G W5NE Abg
Gy Arg Val 260 265 Leu d yGln Leu Lys Ala 1 Val Arg Arg Asn, Tyr
Ser Ser Pr¢udPifo1szee /5 280 285 24 25 OCT 2006 WO 03/ 091396 PeIi/US®034552588
Asn. Phe Ay Ala Gn Val- Val Ala Ala Val. Leu Asn Asp,du Ala Lein 290 295
300 Lys Ala-Ser Trp Leu Ala Gu Val Au Gu Mt Arg. Thr Arg Ile Leu 305
310 315 320 Ala Met Arg G n Au Leu Val Lys Val Leu Ser Thr Gu Met Pro Qu
325 330 335y, A\ngAsg T Aea AR AV4 z;%%%é@ﬂéﬁ%@ 100 @ik &%ﬁ Ahesger Tyr Thr
340 345 350 d yoleu Ser Ala Al a n.Val Asp Arg lkgu Arg G u Phe dy- Val
355 360 365 -Tyr Leu Ile Ala Ser Ay Arg Met Cys Val Ala Ay Leu Asn Thr Al a
370 375 380 Asn Val @n Arg Val Ala Lys Ala Phe Ala Ala Val  Met 385W 390
395  <210> B8u43tibsu 350 MeR1Qtu BINA R 3sn Avei fyxcihray mequbnade KR20> <223>
primer <4085 33' ggtattgagg7@tcgcgtgtt tcaaasagtt gacgc 35 <@10> 34 <211>
37 '<212> DNA <213> Artificial sequence <220> <223> primner . <400> 34

Pro Leu Leu Phe Gly Ala Asp His Pro Val Leu Lys Gln G'n Ar‘g Val
) 85 - 90 - 85

Ala Thr Tle Gin Thr Leu Gly Gly Ser Gly Ala Leu Lys Val Gly Ala“
100 . 105 . ' 110

As;_ﬁ Phe Leu Lys Arg Tyr Phe Pro Glu Ser Gly Val Trp Val Ser Asp-
115 - I20 . 125 .

()

Pro Thr Trp Glu Asn Axg Val, Ala Ile Phe Ala Gly Ala Gly Phe Glu
130 135 140

val Ser Thr Tyxr Pro Txp TY.?.: Asp Glu Ala Thr Asn Gly val Arg Phe
145 150 155 - 160

Asn Asp Leu Leu Ala Thr Leu Lys Thr Leu Pro Rla Axrg Ser Ile val
165 170 175

. 'Leu Leu His Pro Cys Cys His Asn Pro Thr Gly Ala Asp Leu Thr Asn
' 180 185 120

Asp Gln Trp ‘Asp Ala Val Tle Glu Ile Leu Lys Ala Arg Glu Leu Ile
- 195 . 200 _ 205 .

Pro Phe Leu Asp Ile Ala Tyr Gln Gly Phe Gly Ala Gly Met Glu Glu
) 210 215 220 :

Asp Ala Tyr- 2la Ile Arg Ala Ile Ala Ser 2la Gly Leu Pro Ala Leu
225 - 230 235 - .. 240

Val Ser Asn Ser Phe Ser Lys Ile Phe Ser Leu Tyr Gly Glu Arg Val - '
245 ST . - 250 ‘ - 255 L

-~ @Gly ely Leu Ser Val Met Cys Glu Asp Ala Glu Ala Ala Gly Arg Val
260 o 265 C 270 -

"Leu Gly Gln Lew Lys Ala Thr Val Arg Arg Asn Tyr Ser Ser Pro Pro
275 : ) 280 285

24




~ agaggagagt tagagcctta catcaccgca gcaaacg 37 <210> 35 <211> 35 <212> DNA°
<213> Artificial sequence 20> <223> prinmer 25Y 25 g 200G 5 WO AR 091396
PCT/ US03/ 12588 <400$ 35 g tt gagg gtcgcatgga gtccaaaggc gttga 35 <210> 36
<211> 37 <ﬁ¢23m§ﬁﬁ5<213> Artificial sequence - <220> <223»CEUso®i2sss<400>
36 agaggagagt tagagcctta cacttggaaa acagcct, 37 <210> 37 <211> 35 <212>
DNA <213> Artificial. sequence <220> <223> primer <400> 37 ggtattgagg

gt cgcat gaa ac a S2 3 > 37 12> 13>
Artificial g%huEQQ%ﬁ_ %gﬁ> 22 a}qﬁe 1 §6%1£§8A31§gﬁaga ? §agcctta
cagcttagcg ccttcta 37 <210> 39 < 1> 35 <212>

" Lys Ala Ser Trp Leu ‘Ala Glu Val Glu Glu Met Arg Thr Arg Ile Leu
305 310 315 320

Ala Met Arg Gln Glu Leu Val Lys Val Leu Ser Thr Glu Met Pro Glu
325 : 330 335

Arg Asn Phe Asp Tyr Leu Leu Asn Glu Arg Gly Met Phe Ser Tyr Thr
. 340 . 345 : . 350

Gly Leu Ser Ala Ala Gln. Val Aép Arg Leu Arg Glu Glu Phe Gly Val
355 360 365

Tyr Leu Ile Ala Ser Gly Arg Met Cys Val Ala Gly Leu Asn Thr Ala
! 370 : 375 380

‘Asn Val Gln Arg Val ala Lys Ala Phe Ala Ala Val Met
385 o 390 ’ _ 395

<210> 33
<211>- 35
<212> ©DNA
. <213> Artificial seguence

<220> .
<223> primer

<400> 33 )

) ggtattgagg gtcgegtgtt tcaaaaagtt gacge . ' 35
— 7 ) .
-

<210> 34
 <211> 37
. 212> DNA

«213> Artificial sequence

<220>
<223> primer

<400> 34 - _ :
agaggagagt tagagcctta catcaccgeca gecaaacy : ’ - 37

<210> 35

<211> 35

<212> DNA - - .

213> Artificial sequence

<220>
<223> primer

’Lff;l.zsxk"v N




<213> Artificial sequence <220> <223> primer <400> 39 ggtattgagg -
gt cgcat gcg aggggcattatt 35 <210> 40 <211> 36 12> DNA <213> f« i.ficial
sequence <220> <223> p r <400> 40 26 ti 25 OM@2006 0 WOdEi @396

PCT/ US03/ 1268@3/091agaggagagt t agagcct ca gcccttgagc gcgaag / - pEEuUSeR(8ss 41
<211> 1416 <212> DNA <213> E. coli <400> 41 atggaaaact ttaaacatct
ccct gaaccg E{cggcg%tc gtgttattga gccagtaaaa 60 cgtaccaccc gcgcttatcg
t gaagaggca a tdaat cc atgaa cccgitcetg 120 ctggatagcg aagatgtttt
tatcgattta é£§%€%€§8596§%§%§?c %xﬁﬁé 8%6%%%a180- cagagcat gc aggct gcgat.
gat gcgcggc gacgaagcct acagcggcag tcgtagctac 240. tatgcgttag :
ccgagt cagt gaaagat afgc tttggttatc aatacaccat tccgactcac 300 n
cagggccgt g. gegeagageca aatctatatt ccggtactga ttaaaaaacg cgagcaggaa
aaaggcct gg atageagraa aatggtggcg ttctctaact atttctttga taccacgcag

35

360
420
480

ggcgat agcc
acgggcgt gc
gaagaagttg
ggt ggt cagc

agat €aacgyfictigl acggbgrecgt aacgt ct
gttacgactt taaaggcaac tttgaccttg
giélyaat aa cgtgccgtat atcgttgcaa
cdgtt ®aereggcaaact t'a aaagcgat gt

at at caaaga
agggat t aga
ccat caccag
acagcat cgc
acgcctattt

agcct t cgat

acgcggtatt.

taactctgca
gaagaaat ac
cat caagcag

540

600

660

720"

gat attccgg
cgt gaagcag
gccgat at gc
t gcat gaaag
caggaaggct -

780 - _ -
840 37
900
960

ct acaaat at
cggcctgctg
ttgcgtgotg
t ct ggcggt a

tggtaat ga ctccgcgcge tttgctgaaa
dit ftagdoa ol goaccal s, qageavat ca cecgcgaaac
t&b?ﬁé&& ¢ CgcCaagaaa gg gcgg jbctgccgatggg
acgacagctt ctttgatgtg tacaccgagt gcagaaccct
Leeggagat a tggcggect g gaaggcggcg cgat ggageg
<211 35

<212> DNA

<213> Artificial sequence-

<220>
<223> primer
<400> 37

ggtattgagy gtcgcatgaa aaactggaaa acaag 35

<210>
«211>
<Z212>
«<213>

38

37

DNA

Artificial sequence

<220>
<223> primer
<400> 38

agaggagagt tagagcctta cagcitagcg ccttcta 37

<210%
- <21l>
<212>
<213

39

35

DNA

Artificial seguence

<220$
<223> primer
<400> 39

ggtattgagg gtcgeatgeg éggggcatté_ttéaa_ "35

<210>
«<211>
;<212
<213

44

36

DNA _
artificial sequence

. <220

<223> primex

<400> 40

26




ggtctgtatg acggcatgaa tcccgactgg ctggcttatc gtatcgcgca ggtacagtat. 1020
ctggtcgatg gtctggaaga gattggcgtt gtctgccagc aggcgggcg cacgcggggf%?g%a
ttcgttgatgccggtaaact.gttg cat atcccggcag accagttccc cacaggcg

ct ggcct gcgvaged/igdaa agtcgececggt atccgtgegg tagaaattgg ctctpdrob@/ 20
ttaggccgcg at ccgaaaac cggtaaacaa ctgccatgcc cggctgaact gctgcgttta 1260
accattccgc % gcaacata tact caaaca catatggact tcattattga agcctttaaa 1320.

cat gt gaaag "d§a&EHE 8§cta§§‘§‘f‘éttc?a%%?°§§%i‘9tca8‘é%atagttacgt acga accgaaagta 138036
ttgcgt cact .tcaccgcaaa acttaaagaa gtttaa 1416 <210> 42 <211> 1371 <212> DNA
27 25 COCT 2QQ8§,, Wp,03/:091396 PCT/ US03/ 12588 <213> Citrobacter freundii

<400> 42 atgaajiatgigggcagaacc cttccgtatt aaaagcgttg aaactgtatc tatgatcccg
60 cgtgatgaaczgcehgaagaa aatgcaggaa gcgggttaca atactttcct gttaaattcg 120
aaagatattt akait gaccéolgct gacagac agtggcacta acgcaatgag cgacaagcag 180

t gggccggaa
gaaagaaccg

ggcgcagaaa
atgtatttca
gttcgtgacg.
aaaaaattac
gcggt gacgg
cgt-gaact ga
aacgcct act
gt gcat gaga
gt gaacat cg

-cgtgg
gcdat‘ggcga
caggtt cgct
ggcggtcacg ¢
ttcccggcac
cgcggaatta
gaaaccgt gc
gct.gacggta
t acgagccga -

ggtggtcage cggtttcact ggcagactta aaagcgatgt acagcatcgc gaagaaatac 660
gatattcogg tggtaatggé ctecgegege tttgetgaaa acgoctattt catcaageoag 720
“cétgaagcag ééﬁacaaﬁga ctggaccatc.gagcagatca ccégcgaaaclctacaaatat 780
gccgata£g¢ tggcéatgtc ggccaaéaaaAgatgcgatgg tgccgatggg cggcctgcetg 840
tgcatgaaag.acgacagctt ctttgatgtg tacaccgagt gcaéaaccct ttgegtggty S00

— cgggaéggcp-tccpgacata Fggcggcctg gaaggcggcg‘égatggagcg tétggcggta‘ 980
e 'ggtctgtatg acggcatgaa £ctc§actgg ctggecttate gtatcgegea ggtacagtat 1020_
'_c%:g'étcgatg. gtctggaaga gatt-ggjcgtt gtctgcéagc aggcgggoegg fcacgcggca 1080
ttegttgatg ccggtaaact .gttgeccogeat atcccoggdcag éccagttdcc ggcacaggcg 1140

‘ ctégcptgcg agctgtataa agtegceggt atcegtgcgg tagaaattgg ctetttectg 1200
lttaggccgcg atccgaaaac cggéaaacaa‘cﬁgccatgcc cggctgaact gcfgégtfta .1260
éccattccgé-gcgcéacata.taétcaaaca catatggact fcattattga agcctittaaa 1320,
catgtgaaag agaacgcgge gaaiattaaa ggattaacct ttacgtacga accgaaagta - 1330

I ttgﬁgtcéct tcaccgcaaa acttéaagaa gtttaa . i4i6

,;'<2io> 42
<211> 1371
DNA

t gat gat ggg t gat gaagcg tacgcgggca gcgaaaactt ctatcatctg 240
kgexggaact gtttggcttt aaacatateg.ttccgactca ccaggggecgt 3. 00

atzapergt cttgeagricggetctantaratetaycgcaatat gt Lty corggateera 360 60

ctaccacccg ttatcaccag gaaaaaaat

gtgcggtgtt tgtcgatatc 420

&ab%%aegamggeeagt(jﬁc’fggﬂaaa%ﬁat Bl tﬁﬁ%\%gggﬁﬁégﬁ%‘t%@%@wg 480120
F?&%ﬁ%ﬁgat t

aaa

ngc
¢aganaeqe aagtagg&r%rart Al 4

ttatcaaaga gcaagagcag

Badtt

e

%aga

atatt

ta tatct cctg

Pyt Rt e gt
8(953 ta@&é‘%t%c

caagagc

540
g600180"

660
c%gc% %%%?%’720

gt RRYUES HUECPAE U= h G ACC ALIQRLFL B0 haRAAR A0 At el - 7800
gcggcttcct gtgcatgaac gatgacgaaa tgttctcttc tgccaaagag 840
tedArGang ogatgerat Tit ct ACHHC GURE at YHC Cogaagatgabatggaas 900360
ttggcctgcg tgaagccatg cagtacgaat -atattgagca ccgcgtgaag 960
aé%ﬂ?g“@QE@ P TCEERATE g ok 9gEIIFOL YTt eatic ghttyt Loy daceyyras 102820

attcct c

g %ﬁ?@?&@@gﬁ
cgc %t%g %%1:: atataag?

g(ﬁ:gu

<212

acc
at acé’t

gg%%égqg% cttcégﬁg agcat ct gac gcaagat gag 1086

°g 'ﬁg&bﬁ‘"@@@a%@ﬁafﬁga@t 114680

cC

27

acgcacat

%a

caccac%gaacc aaa

120

6‘%‘3{9 tag 1260°°

gségataaa@&tgteagﬁag%@ %@%@tgéﬁgemgc%%gséé&&a 1329c.o
agcagttgcg tttctttact gcacgctttg attacatcta



<210> 43 - - <211> 35 \.. - <212> DNA <213> Artificial sequence <220> c223>
prinmer <400> 43 . ggtatg@agg gtcgcatgga aaactttaaa@tct 35 . 285 2COA0CT
2006 WD 03/091396 PCT/ ®803/ 12588 <210> 44 <211> <212>'E$@‘< %%@\_'
Artificial MRKHINIE <220> <223> primer <400> 44 agaggagagf 8%§lt ta
aacttcttta agttttg 37 <210> 45 <211> 35 <212> DNA <213> Artifici al
sequence <2203 . CitroBhce?Zweprdifger- <400> 45 ggtattgagg gtcgcatgaa
ttatccggca gaacc 35 <210> 46 <21.1> 37 <212> DNA ' <213> Artificial

sequence <Z20% £223> prinmer '<400> -46 agaggagadt tagagcctta gat gt aat ca
aagcgtg 37 aE?iEE;aH? 9%?53%??§f c?EffﬂE@?ﬁVﬁPEaQCQAtQ aaactgtate tatga;cccg 60
- cgtgatgaac gectcaagaa aatgcaggaé gecgggttaca atactttect gtfaaéttcg 120
aaégatattt atattgacct gctgacégac agtggeacta acgcaatgag cgacaagcag 1806
tgggceggaa tgatgatggg tgatgaaécg tacgcgggca gecgaaaactt étatcatctg_ _240
.gaaagaaccg tgcaggaact gtttggcttt aéacatatfg_ttccﬁactca ccaggQQCgt _390"
ggcgcagéaa aéctgttatc gcagctggct attaaacctg ggcaatatgt tgcegggaat 360
atgtatttca‘ctaccaccqg ttatcaccag gaaaaaaatg gtgcggtgtt tgtcgatate: 420
‘.gttcgtgacg aaécgcacga tgceggtetg aatattécgt ttaaaggtga tategatcett - 480
e aaazaattac aaaagctgat tgatgaaaﬁa ggégcagaga atattgcegta tatctgcqu- 540
~— gcggtgaégg ttaaéctcgc gggcggecaa ccggtetega tggetaacat gegtgeggtg 600
cgtgaactga éagaagcgca tggcéttéaa gtgttectacg acgctacccg ctgegtagaa 660
aacgcctact ttatcaaaga gcaagégcag ggctttgaga acaagagecat cgccéaggtc © 720
gtgcatgaga tgttcagcta cgeegacggt tgtaccatga gtggtaaaaa agactgtctg 780
gtgaacateg geggettect gtgeatgaac gatgacgaaa tgttctctte tgccaaagagf 840
ttagtegtgyg tctacgaagg-gatgccatct tacggeggee tggeocggacg tgafatggaa.‘  906
gecgatggega ttggectgeyg tgaagecatg cagtacgaat atattéagca_ccgcgtgaag ‘ 960
caggﬁtcgct acctgggcga taégctgéaa gccgctégcg taccaattgt tgaépéggta 1020
ggcggtcacg cggtattcct cgatgdgcgt cgcﬁtctgcg qgcatctgéc gcaagatgag_‘ 1080
s ttcceggcac aaagtctgge tgccageatce tatgtggaéa ceggegtgeg cagtétggag. 1140
- cgégéﬁatta tckeotgeggy cegtaataac gtgéécggtg‘aacaccacag aéégaaacté 1200
éﬁaaccgtgc gtptgactat tccécgtcgt'gtttatacct acgcacatat ggatgftgtg -126q'.
getgacggta ttattaaact ttaccagca; aaagaagata ttcgcgggcf gaagtttat£ \-13§d
tacgagecega agcagttgcyg tttqﬁttact gcacygctttg attacatcta a 1571
<210> 43 :
<211> 35 Ve
<212> DNA
‘«213> Artificial segquence
f<£20>~
<2233 primer
<400> 43 :
35°

_ggtattgagg-gtcgcétgga aaactttaaa catct

28



<213> Artificial sequence <220> <223> prinmer <400> 47 ccagggcacc
ggcgcagagc aaatctatat t 31 <210> 48 <211> 30- <212>C$A <213> Al’tffl cial
g

sequence <220> <223> pri . - - - <400> 48 ‘tgcgccg
ccct ggt gag t 30 OCT 2006 WD 03/:091396 P USOBﬁé%@g@“uﬁﬁQO> 49
<211> 32 égégg8%k§?<213> Artificial sequence <220> <223> priner <400> 49

tcctgcacgc ggcaaagggt tctgcactcg gt. 32 <210> 50 <211> 30 <212> DNA <213>
Artificial ~sequence <220> <223> priner <400> 50 ctttgccgcg tgcaggaagg
cttcccgaca 37 022#G> .51 <211> 29 <212> DNA <213> Artifici al sequence
<220> <223> j@@ﬁegmaow 51 .

<213> Artificial sedquence

<220>
<223> primer

| <400>  4&’ _ '
agaggagagt tagagectta aacttettta agttttg : 37

‘<210> 45
«2131> 35
| - <212> DNA
 .<213> Artificial sequence

: <220> .
o «223> primer

<400> 45
ggtattgagg gtegeatgaa ttatccggea gaacce - 35

<210> 46

<211> 37

«212> DNA

<2135 Artificial seguence

- <220>.
. <223> primer

| <400> 46 -
agaggagagt tagagectta gatgtaatca aagegtg 37

<210> 47.
<211> 31
PEc <212> DNA ) _
: <213> Artificial sequence

«220>
<223> primer

<400> 47
ccagggcacc ggcgcagagc aaatctatat € ' 31

<210> 48

‘<211> 30

<212> DNA

<213> Artificial sequence

<220>
<223> primer .

- <400> 48

tgegeeggtg coctggtgag toggaatggt 30

29



Artificial sequence <2 '<223> priner <400> 52 gdgccgg t_§% *gﬂﬁg
agt cggaaca at 32 <210>"93 <211> 29 <212> DNA <213 Artifif&g§5é§% nce
<220> <223V <400> 53 gttagtccge gtctacgaag ggat gcca <710> 54 .
' 30 25 OCT 2006 WO 03/091396 PCT/ US03/12585 <211> 29 <212> DNA <213>
Artificial setrent® <220> <223> priner <400> 54 gtagacgcgg actaactctt

t ggcagaag 2921%2183 55 <211> 35 <212> DNA <213> Artificial sequence <220>
<223> pri ner2lZx40p 55 g}at&g%%% gt cgcat gt a cgaactggga gttgt 35 '<210> 56
<211> 37 <2i%% pRiFificial seqie

<220>
«223> primer

aggggaccgg cgcagaaaac ctgttatcg 29 <210> 52 <211> 32 <212> DNA <213>

<400> 48 ] o
tectgeacge ggcaaagggt'tctgcactcg gt . : ©, 32

<210> 50

<211> 30

<212> DHNA -

<213»> Artificial sequence

| «220>
<223> primer

<400> 50
ctttgccgeyg tgeaggaagg cthtcccgaca : ) ) 30

<210> 51

<21li> 28

<212> DNA

<213> Artificial sequence

<220>
<223 primer

<400> 51 _ o o
aggggaccgg cgcagaaaac ctgttateg _ . . 29

<210> 52
<211> 32
<212> DNA :
. <213> Artificial sequence

<220>
<223> primey

<400> 52 _ ‘ : o
tctgcgeegg teccetggtg agteggaaca at _ . 32

<210> 53
<211l> 289
<212> DNA _
. <213> Artificial sequence
‘5220>
. €223> primer
| 24005 53 . _ } o
. gttagtccge gtcoctacgaag ggatgcceat . . o » 29

<210> 54

130



<213> Artificial sequence .<220> <223> priner

tagagcctta gtcaatatat ttcaggc 37
( sequence <220>,5223> primer <400> 57 ggt
cggcatcgtt gtcca - 35 <21@g58 <211> 37 . <212> DNA
36> primer <400> 58 agaggagagt tagagcct capcangswbaidsscC

Artificial

seqguence
agtccca 37

<212> . DNA <213> Art|f|C|aI sequence <220> <223> pri ner
gt cgcat gcg aé c ctcgg 35. <210> 60 <211> 37
%ﬁgenc (52203 <223> primer, <400> 60 -

Artificial

tagagcctca gt

<400> 56 agaggagagt
<212> DNA <2

gagg gt cgeat'gt
<213> Artificial

<210> 57 <211> 35

15951 206

1058
<210> 59 <211> 35 - 25 OCT 2006 WO 03/091396 PCT/ US03/ 12588

tCCan ta CcCa

<220
<2235 primer

<400>- 54

' _gtagacgcgg actaactctt tggcagaag

<210> 55
«211> 35
<212> DNA

<213> Artificial sequence

220>

«223> primer

- =400> 55 -

ggtattgagg gtcgeatgta cgaactggga gttgt

<210> 56

<211> 27

<212> DNA

<2135 Artificial sequence

220>

<223> primer

<400> 56

_ agaggagagt tagagcctta gtcaatatat ttcagge

<210 57

<211> 35 -

<212> DNA

<213> Artificial sequence

<220>
«223> primer

<400> 57
ggtattgagg gtcgcatgtc cggcatcgtt gtcea

<210> 58
<211> 37
<212> ~DNA

'«213> Artificial sequence

<220>
<223> primer

<4030> 58

agaggagagt tagagcctca gacatatttc agtccca

<210> 539
<21l= 35

<400> 59 ggtattgagg
<212> DNA <213>
agaggagagt

29

35

37

35

37



<210> 61 <211> 35
<400> 61 ggtattgagg gtcgcatgag cgtggttcac cggaa 35
DNA. <213> Artificial seguence <220> <223> priner
tagagcctca atcgatatat t gtc 37. <210> 63 <211> 3
<220> <223> prinmer <400> 63 ggt attgag@cgﬁmg@i:ggg
cctggttaat atgaa .35 <210> 64 <211> 37 . . <212> DNA .
OCT 2006 VE)03/091396 PCT/.US03/ 12588
> 64 eg %ga Egt tagagcctta tgactttaac gcgttga 37

Artificial 8956688

<223> priner:

65 <211> 685213&?1

<220>
«<2Z3>

<400>

<212> DNA <213> Artificial

t est ost erone

prlmer

' 59°

ggtattgagg gtcgcatgeg actgaacaac ctegg

<210>
<211>
<212>
<213>

<220>
) <223>

<400>

)

Y

<210>
<211>
<212
<213>

<220>
<223 >

<400>

60

37

DNA ‘
Artificial sequence

primer

&0

agaggagagt tagagcctca gttctccacg tattcca

g1

35

DNA

Artificial sequence

primer -

61

ggtattgagyg gtcgeatgag cgtggttcac cggaa

<210>
<211>
<212>
<2313>

M <220>
e’ <223>

<400>

62

37

DNA |

Artificial sequence

primer

62

agaggagagt tagagcctca atcgatatat ttecagte

. <Z210>
. <211>

. <212>
" .<213>

._<220>
 <223>

: <400>

63
35

' DNA

Artificial’ sequence

primer

63

.ggtattgagg gtcgcatgag cotggttaat atgaa

<210>
<211>
;212>

64
37
DNA

sequence
<210> 62 <211> 37
400> 62 ag

-<213> Artificial

<220> <223> pri nmer

<212>

ol 269386

25

sequence <220>
<210>

35

37

35

© 37,

.35



—-- R I i e e i " . . . _ o . I "

<400> 65 at gt acgaac tgggagttgt ctaccgcaat atccagcgcg cggaccgcgc tgctgcetgac
60 'ggcctggccg ccctgggcetce ccaccgtg cacgaggcca tgggc‘ggt cgatyet 0gL 20
aagccct atavg(g 96h5&at ctatgccgge aagcaggtct cgggcaccge-cgtcg, 9@%@3/%%@

ctgct gcagc ccggcgacaa ctggat gat g catgtggctg ccgagcagat: tcagcccggc

gacat cgt gg tc cagccgt caccgcagag tgcaccgacg gctacttegg cgatctgctg 300
gccaccagct - gé@%%@@%&@%@‘fcegcgct gatca tcgatgccgg cgtgcgcgac 360

gt gaagacgc t goaggagat ggactttccg gtctggagca aggccatctc ttccaagggc 420

acgat caagg C g %’9“% ,Ltcggtcaac atccccatcg tctgagececgg catgetggtc 480
acgcccggtg acgtga cgt ~ggccgacgac gacggcgtgg tctgcgtgec cgecgecgegt 540

gccgt ggaag 1.@64-006£9C cgcccagaag cgtgaaagct tcgaaggega aaagcgcgec 600

aagct ggcct agoppabsetagagatigoadacat ghacgagaghgcgcgagec cctggaaaag 660 55
gccggcecctga aatatattga ctaa - 684 <210> 66 <211> 227 <212> - PRT ' <213> C
testosteroni <400> 66 Met Tyr Gu Len Gy Val Val Tyr Arg Asn Ile Gn Arg
Ala Asp Arg<210s5 89 15 Ala Ala Ala Asp Gy Leu Ala Ala Leu Ay Ser Ala Thr
Val H's Qu<20l25680 Ala Met Ay Arg Val. Gy Leu Leu Lys Pro Tyr Met Arg
Pro Ile Tyr<285 -DB 45 Ala Qy Lys Gn Val Ser Ay Thr Ala Val Thr Val Leu
Leu G n Pr o<2]530’ 55- 67583 e¥°81 OCT 2006 WO 03/091396 PCT/ US03/12588 Gy Asp
Asn Trp Me t HIS Val Ala Ala Au Gnlle Gln Pro Gay 65 70 7’5 80 Asp' I1e

Val. Val AI a S p
Len Leu Al % C“;%aer %ﬁ%@(ﬁ%ﬂgﬁ{ a%\?caa(t;‘l aésﬂg ac%gg %ﬁ’ Clge%c g Cltggcllo

Ile Asp Al Bk AH Val ek ¥ S Lh a.n 20
- Phe Pro VaI g ° Lyst%%etc &}Cger -5 Eall_éyggg%i %%&C%{g& Lysgilé%% %30 ]itgg 140
e aagccctata tgcgccccat_ctatgcqggc aagcaggtct cgggcaccge - cgtcacggtg 180

3
—

ctgetgcage coggegacaa ctggatgatg catgtégctg ccgagcagat tcageoccgge 240
gécatcgtgg tégCagccgt caccgbagag tgéaccgacg gctacttegg egatctgetg 300
gccaqgagct ﬁccaggcgcg cggcgcécgt gcgctgatca tcgatgccgg cgtgcgcgac .360
gtgéagacgc_tgcaggagat ggactttceg gtctggagrca aggocatecte ttccaaggge - 420
écgatéaaég.ccacqctggé ctcggtcaac atqccca?cg tctgegeeogg catoctggte 480
acgccéggté acgtgatcgf ggécgacgac gacggegtgg tctgegtgec cgcogegegt 540, .

' gccgtggaag téétggécgc cgcccagaaé égtgaaagét tcgaaggcgé aaageogeogeco 600
aagctggeet cgggﬁatcct cggcctggat'atgtacaaga tgcgcgagec cctggaaaag 660
gecggcctg% aatatattga ctaa ‘ - 684
<216$ 56
<211>. 227
212> PRT
<213> C. testosteroni
<450> é6

o Mét Tyr Glu Leqrely Val Val Tyr Arg Asn Ile Gln Arg Ala Asp Arg

1 5 10 _ 15

Ala Ala Ala Asp Gly Leu Ala Alza leu Gly Ser Ala Thr val His Glu
© 20 25 ‘ 30 '

- Ala Met Gly Arg Val ‘@ly Leu Leu Lys Pro Tyr Met Arg Pro Ile Tyr -
) 35 40 45

~ Ala Gly Lys Gln Val Ser Gly Thr Ala Val Thr Val Leu Leu Glun Pro
50 . 55 - 60

3




Thr Leu Gy Ser Val Asn Ile. Pro lle Val Cys Ala Q&

155
170
180
195
210

160
175
185
200
215

- Thr Pro Ay Asp Val Ile Val Ala Asp Asp Asp dvy. Val Va_lz
Gu Val Len Ala A la A n Lys Arg Gu

Pro Ala Ala Ar

190 Ser T

220 Tyr

Artificial sequen
tacatatgta cgaactggga ct 42
WO 03/ 0913961 PEFPUSEB/T12 588 MeR Fds Yk Ala dilal Gl dueHeceC H> GK223> pri nmer

<400> 68 cg§ét.gtcga ccgttagtdd atatatttca ggc’33
DNA <213> Artificial

he A u

| a Val

y Qu Lys Arg. Ala Lys Le

Ile Asp. 225

ce

. Gly Asp Leu Leu

160

Ile Ile Asp Ala

115

Phé Pro Val Trp

130

Thr Leu Gly Ser

145

Thr Pro | Gly Asp

Pro Ala Ala Arg

180

Ser Phe Glu Gly

195

Leu Asp Met Tyr

210

Tyr Ile Asp

. 228

- <210>
o <211>
<212
T <213>

| <220>
<223>

<400

67
42
DNA

85

2Ala
Gly
Ser
val
Val '
165
Ala

Glu

Lys

<210> 67

<220>:'<223> pri mer

<211> 42

y Met Leu

Al a Se

208V0 PHP1HGy Net Tyr Lys Met Arg Qu Pro Leu Gu Ly
<212> DNA <213>

el

val 145 150
b6l 286 165

e.leu Ay
% ea Lys

<400> 67 actcggatcc gaaggagat a

<210> 68 <211> 33

sequence

<210> 69 <2194% 31

<220> <223>.pri mer
taat gg-t tga gggcﬁtet \%'Elc ‘v§13£1a Ala Val Thr Ala Glu Cys Thr Asp Gly Tyr Phe

Thr Ser Phe

val
Liys
Asn
150

Ile

Val

Lys’

Met

Ala
135

Tle.

Val

Glu

arg

Arg
215

Artificial sequence

primer

67

Asp.

120

Ile

Pxro

Ala

val

Ala

200

Gla

Gln
105
Val
Sexy
Ile
Asp
Leu
185

Lys

Pro

90

Ala

Lys

Ser

val

Arg
'i‘hr
Lys

Cys

Gly

Len

Gly

140

Ala

- 155

Asp
170

Ala

Leu.

Leu

Asp

;Ala

Ala

Glu

Gly

Ala

Ser

Lys
220

. acteggatcc gaaggagata tacatatgi:a cgaabtggga' ct

| $210>
| <211
212>

68
a3
DNA

<212> DNA 34 2 5 CCT 2006

<212>

<400> 69 cgcggat cca

ala
Gln
125
Glyi
_Vél
Gin
aly

205

Ala

Arg
110
Glu
Ile
Met
val
Lys
150

Ile

Gly

95

Ala

Met

Lys

Leu

Leu

Asp

Ala -

Val

160

Cys

Val

178 -

Arg
Leu

Leu

Glu

Gly

Lys

42



<210>-70 <211> 30

<212> DNA <213> Artificial sequence <22.0>£§%ﬁ§ |ner

<400> 70 acgcgtcgac ttaca’ct gccacaatcg 30 . <210> 7.<211> 3

<213> Art|f|C|aI
t aat ggt t.ga ¥
Artificial

sequence <220>. <223> priner.- <400>5"71 cc ) '
0§yt gt . 32 <210> 72 <211> 33 <212> DNR %@%@12“83
sequence <220> <223> primer <400> 72 gaatgcggcc gcttagtcaa

tatatttcag gexn3>33hrid2ifial78equdhde 15 <212> DNA. <213> Artificial 'sequence
35 .25 OCT 2006 W O 03/091396 PCT/ US03/12588. <220> <223> prinmer <400> 73
ggt at t gagg, gﬁﬁ@e 15 <210> 74 <211> 17 <212> DNA <213> Artificial sequence

23>

<4005 :
cggctgtcga ccgttagtca atatatttca ggc 33

. <210>

<2115
<2125
:2;3>

<220>
<223>

<400>

primer

68

69
31

DA

Artificial gequence

primer

69

cgcggatcca taatggttga gaacattacc g A 31

<210>

<211>

<212>
<213>

<220>

«223>

<400>

70

30

DNA

Artificial seguence

primexr

70

acgcgtegac ttacagcact gccacaateg ' 30

' <§10>

<211l>
<212
<2135

<2203

<223>

«<400>

71

32

DNA )
Artificial sequence

primer.-

71

ccggaattca taatggtega actgggagtt gt _ s 32

<210>
<211>
<212>
<213>

'<220>

«223>

<400>

- <210>

<211>
<212
<213>

72
a3

‘DNA

Artificial sequence

primer

72

gaatgcggec gcttagtcaa tatatttcag gcce- .33

73

i5

DNA. .
Artificid]l sequence




<220> <223> primer <400> 74 agaggagagt tagagcc 17 F 1, 36

WO 03/091396

<220

«<223> primer

<400

73

ggtattgagg. gtcge

210>
«<211>
<212>
<213>

<220>
<223>

- <400>

T4

17

DNA .
Artificial sequence

primer

74

agaggagagt tagagec

36

9% OUT 2006

PCT/US03/12588

15

17





