1 PCLYPEPTI DES AND BI OSYNTHETI C PATHWAYS CROSS- REFERENCE TO RELATED

APPLI CATI ON This application clainms priority to U S. Patent Application

60/ 374,831 filed April 23, 2002. 5 FIELD This disclosure provides

pol ypepti des and bi osynthetic pathways that are useful in the production of
i ndol e- 3-pyruvate, 2-hydroxy 2-(indol-3ylnethyl)-4-keto glutaric-acird (M)
and/or nonatin. 10 BACKGROUND Indole py ruvate. Indole-3-pyruvate is a
strong antioxidant that is believed:to counter act oxidative stress in
tissues-with high oxygen concentrations (Pgliti et al. "Recent advances in
Trypt ophan Research",. 15 edited by G A Filippini et al. Plenum Press, New
York; 1996, pp 291-8).. Indol e pynvate also is an.-internediate in a pathway
to produce indol e-acetic a®PDUYPERWIDES AN® RIOSYRIFEPICHNTEWO¥E h hor none  auxi n
(diffusible growth pronoting factor). IAAis active in subm crogram anobunts
in a range of  physiol ogical processes: |nclud| api cal dom nance, tropisns,
shoot el ongati on; i nduct i o RGPS EEFERENC a&#ﬂkﬁ HHCARPN oot initiation.
Synt heti c auxi ns ar hissfdicition dkond privtiytd 0.6, PhﬁntlA@ﬁl&ﬁlﬁmrﬁmmélLSBgﬁ]adldprﬂas,zm'l’
pronote thecset and devel opnment of fruit. At high concentrations the
synthetic auxins are effective herbicides against broad-I|eafed plants.

Nat ural auxins produced by fernentation néLBe considered nnre

environnmental Iy fri Q‘Bﬂ'diécl&sﬁ]ﬁﬁm%h%gbﬁﬁ%phdés ﬂagﬂ%@&c&m\myﬁm us

regulators had worl.d I n on u.
dol I ars) .  Some PEXUSH ‘gé’% ]F%;?éﬁugfﬁ Ehghpy ﬁ&‘Bq 233%%?3"11)‘4 %E?lgg""ﬁ’f% BC’W %ilfc’lrves
t hereof incl udedondtic Patent 25 No. 5,843,782 M cropropagation of rose
plants, auxpn used in culture nediumand US 5,952,231 Patent No.’

M cropropagation of rose plants. In addition to plant related utilities,
i ndol€ acetic acid is useful in phar meRAGKSRAVND appl i cations. For exanpl e,
US Patent No. ndbiégyth%fe " Met hod ofpreparlng al pha- oxopyrrolo[2 3- Blindole
acetic acids and derivatives qunds i n.the
treatnment of 30 ne dﬁfﬂz' Vaterfgﬁ%% %"ﬁo“é g‘f bfgg"%&" °§YI$€‘(5 hﬁ FHsither s
di sease and setiksha with highbxyaen cFiventratiees (Paliti € m Recptsiemlcds 'Inﬁt@b@tnémeam o
5,173,497 1§ tRatd E}}.@ SE Fﬁ.@ﬁﬂﬁ(}m Penlul BleR Ttlevxm\, 9@6}&:&%1 S)d $ndole pyz%vate also is an

acetyl ehol i nesterase .and i ncrease acetyl choline | evels in th
| ndol e- 3- car bi AAPm§datep g BRFEY torpragHeal pestinacid k) dheprimgryplpnt growth hormone |
per oxi dase- Catahmﬂ&ﬂhﬁMb@ﬁﬁh@ﬁm@m@ﬁdmﬁaDMEQSMhymbﬂmﬁmﬂyﬁﬁhﬁdmnﬂh&myof

di i ndo! | et hag, BOLA ¢ OMROHINEAL £ BEROLESHhrk s ShdollifiRl S AT or 32,800

pronote t he pr3 n o ornDn ene |C|é 0 ‘womnen yp opllan
Derivatives  Ch |célrd“wme@d o wﬁmpﬁa@eﬂvawé@andaéwmctlmo fduegragongrratioi t i ve

sweet'en er, 2an d plohi6iE @icls&t and development of fruit. At high concentrations the synthetic auxins are effective

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

U’

more envuomnentally friendly than chermcally produced hesbicides. Growih regulators had world
 sales in 1999 of 0.4 billion pounds (1.4 billien U.S. dollars).
o Some examples of patents on indo]e'accﬁc‘ acid and derivatives thereof include: US Patent
25 No. 5,843,782 Mlcropropagahon of rose plants, auxin used in culture medium and US 5,952,231
" Patent No. Micropropagation of rose plants
7 In addition to plant related unlmes, indole acetic acid is useful in pharmaceuﬁoal
applications. For example, US Pateht_ No. ‘5,173,497 “Method of preparing alpha-oxopyrrolo[2,3-
Blindole acetic acids and derivatives” proposes the use of these compounds in the treatment of
 30-  memory impairment such as that associated with Alzheimer's discase and senile dementia. The
" mechanism proposed in US Patent No. 5,173,497 is that these compounds inhibit the polypeptlde
acetylchohnesterase and increase acetylcholme levels i m the brain. |
Indole-3-carbinol is produced from mdole-3—acet|c ac:ld by peroxidase-catalyzed ox.ldatxon,
énd can easily be converted into dlmdolyhneﬂaane. BO_‘__th t}:ompounds, are reported o e]nnm_ate toxing

'35 and promote the production of horones bensficial to women’s health.

' ﬂyptop]mn Der zvarzves _
' ’ Chlonnated D—ﬁyptOphau has been 1dem1ﬁed asa nonmltrmve sweetener, and there is

. increasing interest in pursuing other denvahves as well. Monatm is a natural sweetener that is snmlar



increasing interest in pursuing other derivatives as well. Mnatinis a
natural sweetener that is simlar in conposition to the amno acid
tryptophan. It can be extracted fromthe bark of the roots of the South
African shrub, Sclerochiton ilicifolius, and has pronmise in the food and
beverage industry as a high-intensity sweetener. Sone exanpl es of patents.
on nmonatin include: US Patent No. 5994559 Synthesis of nonatin-A high
intensity natural sweetener, US Patent No. 4975298 3-(1-amino-1,3 5 -

di car boxy- 3- hydr oxy-but-4-yl)-indol e corrpouﬁ"ds, US Patent No. 5128164
Conposition for human consunption contai ning

3- (1- am no- 1; 3- gliceiioRitdto e AL Sty mPiébhid- utaﬂbea&%tﬁmm&dﬁme%m@e
Patent No. 5128482 Process for the Productlo
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SUMMARY The d| osure prov se Bios I'cC routes mc'Rl’ﬁg
monatin from gl dedwey-3-bydrppbuphdhinddlergeband, PRatantNg 6128 164aGeiroritiqutferdingin

nonatin precur SQh&mphnloRsnih L fitind= M&é&%&ﬁa ﬁ’;ﬂf&x%bét o@%)émpounds and US
2- (i ndol e- 3-yl net h keto | ypepti des and nucl eic acid

sequences that & N‘%)é zﬁ‘égéd’r‘fc #ﬁ%@f’%‘f‘fﬁ‘f"i °|‘§3 é)r‘i'El’Eﬂc’e1 Hhherratorg g4y
2- hydr oxy 2- (i ngadle- 3-yl nethyl)4-keto glutaric acid are di sclosed Monat i n

can be produced thro e
2- (i ndol e- 3];%I met'| ry%mzflf{ﬁgg eSHS%TS%{arl %:ndée?:l BJAB({]QIEQ allsﬂb%?s‘éf([:ﬂuars S them sWten?rﬁ
al pha- ket o ner@$ infemsAiates in the W@# ernpogtinderivetivaei d, 20 trypt ophan and/ or
glucose (FIG 1). Methods of producing or meking nonatin or its o

i nternedi ates shown in FIGS. 1-3 and 11-%@'{% i nvol ve converting a
substrate to a first product, and then ing the first product to a
second product; and E® dprpsuteprdvides deestad bigsyntbefic ents for paligtmdngtindopedhedse, ar e
discl osed Pl CS. yhioafithoblilcho S0 Uh AR biAA ﬁmeum&m&gmﬂﬁ,ﬁo RAUGhmERd 2o

pr oducts 1n boxe exanple, conversion from one

anot her., - sueh a@d@m’c&d@eﬁdﬂw‘y Waﬁlptane ASjh tEalPRRHdeE grd nrlﬂ%*ceéi sausHrE IRk £aB,
i ndol e- 3- PYr UV aleisdd@o dRe nivRitih GnddRrsatyiivate, @id 1-doke2-BndoRGhilGetR®Oketo ghitaric

(i ndol e-1 act at ez} daredlsdosegl e-3-pyravate, -can be perfornmed by using these
met hods. These conversions can be facilitated chemcally or biologically
The term "convert" ridfmtizcapbe produceigirough indple-Beyraheerhpdxy Adiadrde-Hylmethyl)4-

pol ypept i des i N g€ bdi@nolitin GREHAMIS Gie @pﬁatmétsrfoﬂnr& RhIRE! Bddk-3-RcR 2g€c0Nd
i nt er nedi at{p The term 30 "chemni cal - conver SI on" refers to reactjons-that are
f

not activeld faBPoPFERYHorEropss (R} delht Mefards of prdecinecy Fpking BiraiiRy it ijermediates
conver si on" r efs6en ih BIGSe 8 tkddn Q3 thasitivobie eonaating\alisrita®ialfist prodidt, i then -

pol ypepti des. i 0 Y

B of bgy cal - convar oy 2P BRprGAl o AERpBaR: b bk Bubloe il bl BroaufliElipcs

i mobi | i zed on audseds such as by chemical att achrrent on pol ymer supports.

The conversion can meach?amh smslwy&eneg nﬁéﬁ&ecﬁa&%&ﬁ&s Asﬁemnsaac@ﬂ%oﬁé For
ordi nary s II he art

or conti-n
reactor. i S O WR BB RAD S DRSS (4 PRGP P
pol ypepti de w txhdcv& -Iopyosbie, am&eleaﬂdruvmioﬂ\mgm 6 inorgtin, priodhleet-lact@incid tinlel-lactate) to
contacting the hdfeS pyRivtE Wa el &by Wihd inde &&ﬁ&a@.drﬁ@cw%ﬂfohsd&nmmmd

chemically or biologically. The term “convert” refers to the use of either chemical means or

polypepndes in a reaction wh1c11 changes a first intermediate to a sec0nd intermediate. ‘The term’ ‘

30 “chenucal conversion™ refers to reactions that are not acuvely faclhtated by polypeptldes The tenn
”bmlogmai conversion” refers to reactions that are actively facﬂ1tated by polypeptides. Conversions
can take place in vivo ot in vitro. When biological conversions are used the polypeptides and/or cclls
canbe xmmobﬂ:zed on supports such ag by chemical attachmént on polymer supports. The
conversion can be accomphshed using any reactor known to one of ordmary skill in'the art, for .

35 'example inabatchora conimuous reactor. _

Methods are also prowded that include contactlng a first polypepude mth a substrate and.

making a first product, and then contacimor the first product created with a second polypeptldc and

creating a second product, and then contacting the second product created witha th1rd polypepqde



creating a second product, and then contacting the second product created
with a third pol ypeptide -3- and creating a third product, for exanple
nonatin. The pol ypepti des used and the products produced are shown in FIGS.
1-3 and 11-13. Polypeptides, and their -coding sequences, that can be used to
performthe conversions shown in FIGS. 1-3 and 11-13 are disclosed. In sone
exanpl es, pol ypeptides having one or nore 5 point nutations that allow the
substrate specificity and/or activity of the pol ypeptides to be nodified,
are used to nmake nonatin. |solated and recomnbi nant cells that produce
monatin are disclosed. These cells can be any cell, such as a plant,

ani mal , bacteri alg, crem@stthudqgtoga:h for@iaﬁﬁ)ﬁ%haunoThefﬂdﬂl%?ﬁde§ﬁEé and R pRARBphddaesh ar
exanpl e, the- disclosed % %Vﬂgf de one or nore of the follow ng
activities, ‘10%F8P"8 v 5P nore or three or more of the foltowing
activities: tryptoph&pyzpidestrddingfcatimsemer(cB(ha o6 bk n@d jo, petfyrmaisi coversiansonat i c)
ani not ransf.er asg (FG a8 158 11. MUk &q % CS%Q%EJ eﬁ%ﬁale@ry Qe%[t@eﬁﬁafv% eo: mbfeC

2.6.1.-), aspartate am notransferase an a drogenase
(EC 1.4.1.19), pwtyplta@ﬁﬁéwtq&h‘éﬂyFt&gﬁawwc@waaﬁsratﬁt%s w(m @ﬁ@s@bzgy)dl ed,
L-am no aci d oXiease tldeke hofhtid- 2), tryptophan oxi dase (no EC nunber, Hadar
et al, J. Bacteriol Q4, 76.and Furuya et al., 15 Bj oscj

Bi ot echnol Bi ochem %’ gff%%‘%r?ﬁ%‘%b s thapprg ?dﬁc‘?t’B“né a(ﬁf‘{i%ﬁfﬁd‘r Eéeé%cgtséa‘(%@w
1.4.99.1), D antdipsuctasiaglagixinihad dacfeb4l ytasq algalIxshaddl, a fagilnell. anmi not r ansf er ase
(EC 2.6.1.21), synt h att%lﬁﬁ%xagggt]ﬂ cili c%scd)ciﬂééﬁﬂﬁ%ng&ﬁ e of the following activities,

4- hydr oxy-4- net hyl - ut am ase
4- hydr oxy- 21®xofr Ef‘taﬁlf’laf‘@ oF FPRF ST fa@éor(nm of the Tlowigy actlglwtmsoeharlyla@@rae&fer@ez ),

:} t rypt ;)]ohanI an{aEuA 6. Bmftﬁbsa'l\ik@at:&dﬁﬁﬂlaggm@d%ﬁe&éﬂ%} 2.6.B50eaas: ﬂgm@tmtzmnﬁaj ase

nt er nati ona am n on Si s apan
20 1990),. pheny&q)zanl |L“If 3eTt ooggnﬁ%?%e (?E%6%q§1 %’d’)acgﬁ%‘;f enasei (g?;%lﬁal

dehydr ogenase (E@tophap: F]!elﬂlpymlatﬂra.ﬂ.sa@n&st (BC 2.6.438), Hmmmtdh@ﬂase@iﬂl ¥, cells

i ncl ude one or FRidphan oﬁdas@ﬁﬁ%‘n%nﬂe!{\@ia@{r eerPrﬁBac%mltlbf /56 @IMF@"?@and@&mya e,
fol l owing agtivities: indal el act at e dehg enase (EC 1.1.1.110

R 4- hydr oxy bhen{PieabarEe! BEhef S0 ping soxl doyogénse CHC 14.99.1), D-amino

3- (4) - hydr oxy phesydspiite(B@1 3 SpHubhiasenfdGstrate (EC231)2)), fyathisalyese (EQE1.3.-),
dehydr ogenase ( tate
dehydr ogenase (Elgigs 4]1?&? h);t?;oé‘t?gglt’taé& 60%?0% 353()5 I&l&%lzﬁigyﬁwé OXJF% t%art%%/ | yase
(4.1.3.-) such #édolge Wdlrlo%ﬁl,mﬁ@teﬂw&@ 1 20)XBQID’RF? FW@O&F%@?@F&EO@‘*E@MM@ 3.17)
or 4- hydr OXY- 2- p@adittls 3f 84 & 1atk:id0h 88 Synkpblind onl Vit and YL ASLTyEiY B8R, Japan -

E fa ﬁ s zm n as%d i?%g)h@‘e.“ty %’é‘}/" E‘%‘%g&%%’gt@ﬁ? 4#1 Zﬁ)ﬁﬁd’l‘r%‘ft%’?aé Johy?%gf%gse g&i{%&?py ate

tyrosine (aromal#d;)! 130L.4m notransfense (EC 2.6.1.5), nultiple substrate
anl not ranSf erase ( E%ﬂtﬁhﬁl‘ BJ)&ITLE %%%CEE@DHG%{}Q tf\({l‘%ﬁl%ﬁw& IIZ(OECOI%'JIQ ol'm%\):’of

phenylalanlne deh¥dro genase dr ogenase
1.4.1.2, 1.4.1 % ﬂo‘wﬂaaca"lyes mddshchts d@tﬁ’ﬁfegtﬂéﬁﬁﬁﬁ obHak B“(tE@IO’lYPERE‘@“i‘)"
D-trypt Ophan a:ﬂehyt@rtnm@ﬁ(ﬁaenaaem)pm@tj Qrdm@qp&\k@@mmeamu&% (EOE{.eray tickEC
2.6.1.21). i on i of the
fol | owi ng a% e R AT EL P R S e O RhelTEES L e
fol | ow ng act i vi-LLEE), Iactatepidgsh BE ol oxnttasedfaes (44 8.-YsEE as 4-hydroxy-4-methyl-2-
‘ ohoglutarate aldolase (EC4. 13. 17)or 4-hydroxy-2-oxoglutarate aldolase (EC4.1.3. 16)
synt_hase{lyase (4.1.2.-), tryptophan dehydrogenase (EC 1.4.1.19), tryptophan-phenylpyruvate -
_ transaminase (EC 2.6.1.28), tryptophan aminotransferase (EC 2.6.1.27), tyroéme (aromatic)
30 .anunotransfcrase (BC2.6.1. -5), multlple substrate aminotransferase (EC 2.6.1.-), aspartate
annnotransferase (EC2.6.1.1), phcnylalanme dehydrogenase (EC1.4.1. 20) glutamate dehydrovenase
{(EC14.1.2,1, 4 1.3,1.4.14), D-amino acid dehydrogenase (EC 1.4.99.1), D-tryptophan

‘ annnotransferase ‘and/or D-alanine aminotransferase (EC 2.6.1.21).

In addition, the dlsclosed cel]s can include one or more of the following acnvltles for
35  example two or miore or three or more of the following activities: tryptophan aminotransferase (BC
2.6.1.27), tyrosine (aromatic) aminotransferase (EC 2.6.1 5), multiple sﬁbstrate aminoiransferase (EC
2.6.1.-), aspartate aminoiransferase (EC 2 26.1. 1, tryptophan dchydrogenase (EC 14.1.19),
tryptophan—phcnylpymvate transammase (EC 2 6.1 28) L-amino acid oxidase (EC 143 2), ‘
" tryptophan oxidase (no EC number), D-amino acid dehydrogenase (EC 1.4.99.1), D-ammo acid .



2.6.1.27), tyrosine (aromatic) am notransferase (EC 2.6.1.5), nultiple
substrate am notransferase (EC 2.6.1-), aspartate am notransferase
(EC2.6.1.1), tryptophan dehydrogenase (EC 1.4.1.19), ‘

trypt ophan- phenyl pynmvat e transani nase (EC 2.6.1.28), L-amino acid oxi dase
(EC 1.4.3.2), tryptophan oxidase (no EC number),. D-am no acid dehydr ogenase
(EC1.4.99.1), D-amno acid -a- oxidase (EC 1.4.3.3), D-al ani ne
anunotransferase (EC 2.6.1.21), indol el actate dehydrogenase (EC 1 1 1.110),
R- 4- hydr oxyphenyl | act at e dehydr ogenase (EC 41, 1. 222),

3-(4) - hydroxyphenyl pyruvate reductase (EC 1.1.1.237), lact ate dehydr ogenase

EC 1.1.1.27, 1. - Rhin . | . ganase
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pol ypeptide converts tr agtic ac
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pol y pept i de, mh%esemasttttﬁsu&aa@ﬂﬂ iPEhyREDD h:ﬂﬁe—ﬁ'-@ﬁh‘ﬁfet &E bh,em ﬂ el gt @il 3ppssaeat e

t hyd 2- ket d n t
the 15 WP w t 1 S POmRSRo et S By bRl o6 s i Bt BR bRy 1
MP to nonatin. Ea@elnpﬂ iadoje-3-pyoiveip eph ik sheand phigtepitiawhbein tis edtoddgolypépedeaonverts the
conversions are n’%ciaﬁl@lbﬁuf&atﬁo%ydr&%dé-s y‘hﬂ&ﬁ;}i}@;fkcasgﬂl%t aé?&(l\&dj%n& é%){t‘;d?&lé &ap

provi des COﬁgOSItIOﬂS such WP, hat'contain at_|eas

pol ypept i deg; tblfééwafpuﬂfey%%re’% 'ﬁf- @gd PAIYPERtids qopeetts MB mm%w E‘é‘ﬁ?ﬂ]a@és

that are encodeq,oxyjshpedcsihaasﬁbeuaaa%r@eagﬁmuﬁnﬂmh@mﬁnamscbﬁequence 20 These
and ot her aspects of

the dis ure are .apparent. fro fo | ed
description and il | ugt’ &?rase é)P% ol e OnPI‘:‘fﬁfé%f é%%fhﬁ@wﬁ“%ﬁﬂég’s;z '

FIG 1 shows bi onqlnemﬂéeSp‘msmvaylss ay lestithtop oy loebt lowr pn?mvmtlden tghal¢ encoded on at least
i ndol e--3- pyr uvatyge exodelifis RN siyhQedices i ndol e- 3- pyruvate via trypt ophan,

whi | e anoth produces. i ndol e- 3- vi a. i ndol tic CI d. Monatin
is subs equeﬁb Iy proddded a‘?ﬁ°§‘eéa5%°%9€‘¥%‘§2§?1°?“?*F"rﬂfi‘B"’Fe“ég‘? lpyingd Etalil # o
glutaric acid ( NBriptioh editbcisivexadgspounds shown i n boxes are substrates and

products produced in the biosynthetic 30 pathways. Conpositions adjacent to
the arrows are cofactors, or reactants that can be used during the
conversion of a substrate to a product. The cofactor or reactant used wll

depend ‘upon the pol ypeptide USﬁ@Eff«‘QjEsthﬂ’m@NtdFCIﬂ[@FIGim of the

bi t het t'h f h
catalyze rogil one. | RASHOHAR BTl T YR AR oo oo REP P VBl hrary

provi di ng One pathway produces mdole—3—pymvate via tryptophan, while another produces mdole—3-pyruvatc _
i ‘ ‘ vm indole-3-lactic acid. Monatin is subsequently produced via a 2-hydroxy 2-(mdol—3ylmethyl)-4- ‘
keto 01utanc acid (MP) intermediate. '
Compounds shown in boxes are substrates and products produced in the biosynthetic '_ -
- . 30 pathways. . _ __ '
Composiﬁons adjacent to the arrows are cofactors, or reactarits that can i:te used during thé ‘
conversion of a substrate to a prédﬁct. The cofactor or reactant used will depend upon the -
polypeptide used for the particular step of the biosynthetic pathway. The cofactbr PLP (pyrido'};ai 5
‘ — phosphate) can catalyze rcactions independent of a polypeptide, and therefore, merely prov:dmg .
| 35 PLP can allow for the progression from substrate to product. '
FIG. 2 js a more detailed diagram of the blosyntheuc pathway that ntihzes the: MP e
_intermediate. The substrates for each step in the pathways are shown in boxes. The polypeptldes ‘
- allowing for the conversmu between substrates are listed ad_]acent to the arrows between the

" substrates. Each polvpephde is ‘described by its common name and an enzymatic class (EC) numberi '



35 PLP can allow for the progression fromsubstrate to product FIG 2 is a
nore detail ed diagram of the biosynthetic pathway that utilizes the MP
internedi ate. The substrates for each step in the pathways are shown in
boxes. The pol ypeptides allow ng for the conversion between substrates are
| i sted adj acent to the arrows between the substrates. Each Pol ypeptide is
descri bed by its common nane and an enzymatic class (EC) nunber. -5 FIG 3
shows a nore detailed diagramof the bi osynt-heti c pat hway of the conversion
of indole-34actic acid to indol e-3-pyruvat e’ The substrates are shown in
boxes, and the polypeptides allow ng for the conversion between the

substrates are "Steﬂéé?sg&w?s’&tmo}e%m&:ﬂﬁdﬁ%ﬁﬁ‘é‘hﬁﬁ%&ﬁﬁﬁ&é ‘ﬂ]wa HARS L RVRR EEaCh

pol ypeptide i s descri - comDpn hame a |c cl ass
nunber. 5 FI G Bdedlpstions tw@céer%mwﬁfe-a”&heus@ﬁﬁaﬁwwﬁﬂw’pm@wpndrhap@mmdesal

means. FI GS. S5AqaReheTH fR BmeRbRBoRiihafiBstSROM: Redbilifek W hadodentkdiagat i on of

nonatin produce nzy. i.s an el ectr ctrum of
enzymatically s t??ﬁlé}&%ﬁﬁ%’ﬁpé‘ﬁ?’ﬁdes%béy“?ﬁi’%%nﬁ ﬁ&&%ﬂ@ﬁ?a&ﬁéﬁaéﬁw 5% t he
LC M5/ MS-daught er i oﬁlfardlashwesepcoimbtmcuamanfor nibBingp¥B otia cleghidahmerns. enzymat i ¢
mxture. FI'G 8 is apfhy QuaLPH &&@%@ﬁ%ﬁ%&%@éﬂhﬁé&%ﬁ oFRSmtin

measurenent of nonat | n produce enzym ica
chr omat ogr ans sﬂfﬁwc?fbe“%lﬁ’éﬁ“@ﬁﬁal separation of (A) Rtryptophan, (B) S-

trypth opﬂan__ andh(C) m&tmeﬁzeﬁEtﬁﬁi&ﬂ@@ﬂsﬁ@@c}fﬂﬁbfaﬁﬂrﬂaﬁmﬂﬂ@nﬂsﬁedIiluglaﬂuﬁ a bar

graph showing the re monat i n acter]

fol l owing | PTG i nduc%?%%\égfﬁw&?wc LeiNe Oﬁa%DQEﬁL%gﬁg@g dgﬁ%@ Pﬁfné ?)tﬁl (no
tryptophan W pyodvalioan wagnaticistde. FI GS. 11-12 are schematic di agram;-

show ng pat hways usegyd,@ i Mfoﬁ@tﬁﬁalﬁgﬁwiﬁhﬁ]leﬂlgﬁ)fesoh%ﬁ]ﬁhk Hl&ﬁﬁ@lq%ﬁqnoflﬂtﬂm
trypt ophan or indol e: 3- pyruvate 20 FIG 137is a schematic di agram showi ng a
pat hway whi ch’ cBf dyged gogititally-i ncrease the yield of nonatin produced from

t rypt ophan or i ndol eF8:9a9CateebroSmpiNQDwidg BE|chiG] Shfation 6 (A) R-t@tebha))(B) 8- aci d

sequences liste g#g listing are. 25 shown using
‘st andard Ietterggﬁﬁrg@%ﬁ?ﬁ%ﬁgBﬁg%dnuﬁ%g gﬁgbases and three-letter code

for amno. ablds. OnFIG-dR& adereeriisheing tie iFlavrerenns ofpamatingeasiesd incbastesiakaglinn |

but the conpl enpnéahyIPSGR@REich SThY RPNk Q ok Sreubieitd AGilisHtRSRibpmaY: fyRiaE ence
to the displayed s (%g)nd SEQ.ID NOS: | and 2 show the nucl el cpam cfrand -am no

aci d sequences 8?2 am-notransferase from.Si norhi zobiunt neliloti;
respectively (tatA gEH. 11:32drﬁdhea:amqmeslmmélowmgaatmaus@itoBﬂreasmhnmelldahsf erase

in literature). SEQ L DN fifhforsRONsth& AUC! ei ¢ acid and amino acid
sequences gé%a tyr osﬁl) ne .am not'r ansf erase from Rhodobact er sghaer oi des
r C USE

(2.4.1) ecti vel ;]“Iq B§ “ﬁé‘HW% glawrfl phowing a pathway which can b to increase the yield
‘of monatin produced from tryptophan or indole-3-pyruvate.

SEQUENCE LISTING .
The fucleic and amino acid sequences listed in the accompanying sequence listing are
25 shown using standard letter abbreviations for nucléotidc bases, and three-letter code for aniino acids.
Only one strand of each nucleic acid sequence is shown, but the complcmentary strand is understood '
to be mcluded by any reference to the displayed strand. |
SEQ ID NOS: 1 and 2 show the nucleic acid and amino a'cid sequences of an
aminotransferase from Sinorhizobiun: meliloti; tespectively (fatd gene, called a tyrosine or aromatic
.30 aminotransferase in litersture). o _ '
' ~ SEQ ID NOS: 3 and 4 show the nucleic acid and amino acid sequences of a
tyrosine annnotransferase fiom Rhodobacter sphaeroides (2.4.1), respectively by homology W1th -
" tatd (SEQ ID NOS: 1 and 2) predicted to be an aspaﬁate ammotransferase“ by genonucs software}
SEQ ID NOS 5 and 6 show the nucleic acld and amino acid sequences of an
_-35 anunotransferase from Rhodobacter spizaeroza’es (33053), respectively (novel, cloned based on 2.4. l .
sequence SEQ ID NOS 3 and 4). , '
SEQ B) NOS: 7 and 8 show the nucleic ac1d and amino acid sequences ofa

) broad substrate annnotransferase (b,s'at) from Leishmaitia major, respecuvcly :



tatA (SEQ ID NOS: 1 and 2) predicted to be an "aspartate am notransferase”
by genonries software). SEQ ID NOS. 5 and 6 show the nucleic acid and am no
aci d sequences .of an 35 ani'notransferase-from Rhodobacter sphaeroides
(35053), respectlvely (novel, cloned based on 2.4.1 - sequence SEQ I D NCS 3
and 4). SEQ ID NOS: 7 and 8 ShOM/the nucl eic acid and am no acid sequences
of a broad substrate am notransferase (brat) from Lei sl nnani a maj or,
respectively. -6- SEQ ID NOS:9 and 10 show the nucleic acid and amino acid
sequences_of an aronati c am notransferase (araT) fromBacillus subtilis,
respectively. SEQ 1D NOS: 11 and 12 show novel nucleic acid and am no acid

sequences- of an ar ormaqcmmg B@hd m&eﬂa@sme(caaazadafninemlmqﬁeﬁ&agﬂahblusm

anyl ovorus, respect vel¥ (( &% nt|f| ed as an 5 aromatic

ami not r ansf er asé‘}“‘“"@?é B ‘K%% § "’sFFBRRFttV & nucl eic acid and.anino

aci d sequences of a HEQIDINGS: $UbBI1Z ahey mmpdl neteicand felaaie aid sigadncet pfamaiRmatic
sphaer oi des (35 L

ani not r ansf e asé*fﬁ%”nn%f@n%{ﬁﬁﬁ*ﬂ%sce%%%ﬁ KB AT B o B S
16155 and Acéess*if(’éﬁ“q%ﬂn"z B85082.1). 10 SEQ I D NCS: -15 and 16 show priners
used to clone the B. swmﬂcm1@@1&@1@%@9&@@5&@5%@5@&& ueitdorsequence.

SEQ I D NOS: 17 ‘and. 1 how pr.i | o e.. ne

sequence. SEQ | BRER ESS@ %m? (%f‘i)#g’i“gz ’tﬁstﬁﬁ’”%]6(3%58%’55"["?{‘8’31%@56&‘1@9ﬁ’f1 s

araT am notr ansﬁmﬂtabeubssmmwmsfem& BEQuoILYy MOS:cesdibn Hm h AAF0HI00683 prtip 1E7148- used
to clone the Rhcl@%?@ﬁiﬂces?i&moe%ﬂo%%siﬁ 4.1 and 35053) nultiple substrate

am not r ansf erase sequences SEQ I D NOS* 23 and 24 show priners used to clone
the Leishindfli a maj orSEQIRN (s%q%@ﬂéé showgpipyerp prefosionptie &b 6D RN pr i mer s
used to clone thﬁ:mbmtfe:b@wak)lséqsmmyl avot us araT sequence 20 SEQ I D NCs: 27

and 28 show priners ha ences (both
2.4.1 and 35053). éﬁ%]’@ kgﬁ‘% g"‘e Sx‘fvs‘egi“l"l}%’él? s“’%]é"e@"’fs% &%t he E.
coli aspC sequence (@E%D%MéﬂmsmémeﬁeN@ubﬂhﬁcﬁ@l)@mmfmse
protei n sequencegefgidank Accession No.:AAC74014.1). 25 SEQ ID NGs: 31 and

32 Show L e Ul ST Ak L% A SENERE S oL B ot
show prinmers usedi 15053} inolngle fuberate ammotrdnsfbryse Begsanggsence.  SEQ | D NOS:  35- 40
o z;'e”?;aeys(eza T R
nucl ei ¢ aci d sequenc §§QG]EP NGSy Bt @}gﬁg é}n(ngqq g_qed foro!ﬂqghe Lactobacillus amylovoms araT
7 sequence.
20 ' SEQ ]]) NOS 27 and 28 show pnmers used to clone the R. .S‘pkae}mdes tatd sequences
“(both 2 4.1 and 35053).
SEQ ID NOS: 29 and 30 show pnmcrs used fo clone the E. coli aspC sequence (gene
sequence Genbank Accession No.: AE000195.1 protem sequence Genbank Accessmn
. No:AAC74014.1). - , . -
25 - ‘SEQ ID NOS: 31 and 32 show the nuclexc acid and amino acid sequences of aromatlc
" aminotransferase {tyrB) from E. coli, respectively. -
'SEQ ID NOS: 33 and 34 show primers used to clone the E. coli B sequence.
.SEQ ID NOS: 35-40 show primers used to clone polypeptidcs with 4-hydroxy-2-
, ‘oxoglutarate aldolase (KHG) (EC 4.1.3.16) activity. : _
230 0 SEQ ID NOS: 41 and 42 show the nucleic acid sequences of u'yptophanasc (tna} from E.
-coli and tyrosine phenol-lyase (]} from Citrobacter freundii, codmg for proteins P00913
(GI 401195) and P3 1013 (GIL:401201), respectively.
o SEQ ID NOS: 43 - 46 show primers used to clone tryptophanase polypept:des and B-
: -tyrosmase (tyrosme phenol—lyase) polypeptides. , S
A'35 - - SEQ ID NOS: 47— 54 show primers used o mutate t!yptophanase polypeptldes and B-
. ‘tyrosmase polypepitides. - ‘
- SEQ- ID NOS: 55-64 show primers used to clone polypepudes with 4- hydroxy-4—methy1—
. oxoglutarate aldolase (BC 4.1.3.17) activity.



coli and tyrosine phenol -lyase (tpl) from C trobacterfreundii, coding for
proteins P00913 (d:401195) and P31013 (d:401201), respectively. SEQ ID
NCS: 43 -.46 shaw.priners used to clone tryptophanase po}ypeptides and (3-
tyrosi nase (tyrosine phenol-1yase) polypeptides. 35 SEQ Ti) NOS: 47 - 54
show priners used to nutate tryptophanase pol ypeptides and (1- tyrosinase
pol ypeptides. SEQ I D NOS: 55-64 show primers used to clone pol ypeptides with
4- hydr oxy- 4- met hyl - 2- oxogl utarate al dolase (EC 4.1.3.17) activity. -7- SEQ
I D NOS; 65 and 66 show the nucleic acid and-&mni no aci d sequences of

4- hydr oxy-4 net hyl - 2- oxogl utarate al doI ase (proA) fromC. testosteroni;
respectively. SEQ I D ni
4- hydroxy 4- et hyl - 2- 0Xo0 ]]Gut ar gtﬁg Eéfe C%%%%?&a%]ﬁ&aa%ﬂge g?ngér?%ﬁgi&r%y%
aspC i n pET30" X#@Y@-O@EISE@?I&BOW?D«@@DMT @ﬁ@mf@r FWF%VEWsed to clone E CO|I

aspC and C. testost ersmz 1V 196516168 HEDGriRSusediE Qo2 NGverddeFfirox o agrpiences

added to the 5 en imers used to clone the g cl osed herein. 10
DETAI LED DESCRI S¥¢ ) ERBESPRERS f"é\ﬁ‘BF&P&iﬁQ%‘*ﬁ"s@and Terns The

fol |l owi ng exﬁl anat i omﬂﬂ(p}ﬂ)nm 16%-72¢hdw prxhdrOlsd ta Elenc(l aNfcgetind O. ibebteni pesiar | be
t he present %%E gidre and to guide those of ordinary sk|II inthe art in
the practice of present disclosure.. As used herein, "conprising" neans

"including” and the ﬁwm&f?@rﬁﬁﬂmwmuwesn@ﬁdm@e5"ep¢1@t'prim¢rematé|fe choae the genes|
references unl esscbda@nsant ext clearly dictates otherw se. For exanple,
reference to "conprising a pr otein" includes one or a plurality of such

proteins, and reference to "conprising the cell"” includes reference to one
or nore cel 18 and. equi val BET&IHEEDMRIRMOFSEVMEMIBDDMHENT& the art, and
so forth. Unl'ess explained otherw Se’Ab@AlelvlaL g.lln and scientific terms

used hérein have the sane neaning as corrrm erstood to one of ordinary

skill in the art to vite&foving @iplmagms9@@#@arﬂ@%ﬁ@@ﬂﬂ@@ﬂ%@%@ﬁﬁﬂh@%mﬁand
materials siml arscwdiueaawogaheamse mrdzﬂaaﬁs@nd&ﬁ@arrn ibﬂiﬁlprh@ﬁ@dfﬂle%ﬁﬁbnbﬁscm&l Asn t he

practl ce or testi of the esent . di.scl gsur i t.abl g,,net hods
nmaterial s are d@%ggfrﬁ%’d °‘b“§1“§9§ ‘m?'}’éﬁ%@r I""gilﬂg Smﬁ’g‘frﬁ?fﬁ‘% aghd” e&a%ll’gg‘d%r e
i |l ustrativé5onlpjprahre€ranees wilgss @ﬂd:@t#xttcbarbehdtatmﬂmmge Fot éxewplé, ecftrencets “cempulsing

advant ages of th m@bm%qdcﬁaé%se o&\lgﬁraﬁt?%ﬁf}&ot&ﬁs% ;e%m&qh l‘&%ﬁ%g@ﬁtcal”ln%ﬂldes _
description and the clai ns. ce of DNA l-acking

i nternal, non- c&UPTRGC LEBHE AT colb Bnct ﬁqﬁfqlﬁﬁél)mam"%'@ HP%’tSb‘F‘iﬂ 8 b ek AR i ch
deternine transcri pt ithkss fbidemahe aﬁyealinhbe&hdﬁdnﬁm tdrfeused lﬁﬂﬁﬂﬁieﬁ]ie}satbé/
reverse transcr Inp L ?gnas cgm%lm uxsld%rsﬂ}gc? A oue{:l'%g akllrl mQhe (aft(t)o wlﬁc).%(l dug (Ihsc 0§ure Eﬂﬁo\ﬁg‘st ive

substitution: nor e no aci d's FdtT ons
resi dues) fép ani‘ﬂth@ah@@ﬂ!odﬁ wum@eésmwwquahnttathowudww@ﬁh@m can boysed iites

Typically, cons %fa}!tﬁzta bx\/t@snngsdméiﬂe&e&li diRRird) @¥ishid :hétﬁohsean& ﬁﬁat@&ls' HRRELbRABelbd EThe

activit of a resultin etl e. For exa
_ y miaterials, %thgds a}ig examples are illustrative onl ang not mtengled toy be limiting. Other features

and advantages of the disclosure are apparent from the following detailed description and the claims.
' . ¢DNA (complementary DNA): A piece of DNA lacking internal, non&oding segments
25 - (introns) and regulatory sequences which determine transcription. cDNA can be synthesized in the
o laboratory by reverse transcription from messenger RNA extracted from cells.

Conservative substitution: One or more amino acjd substitations (for example 2; 5, or 10
residues) for aniino acid residues having similar biochemical propertiés. Typicailj, conservative
substitutions have little to no impact on the activity of a resulting polypeptide. For example, jdeally,

30  atryptophan aminotransferase polypeptide including one or more conservative substitutions retains
' tryptophan aminotransferase activity. A polypeptide can be produced to contain one or more '
éonsérvafive substitutions by manipulating the nucleotide séqﬁencc that encodes that polypeptide
" using, for example, standard, procedures such as s1te—du'ected mrtagenesis or PCR. '
Substitutional variants are thosa in which at Jeast one residue in the amino acid sequence has
- 35 been removed and a different residue inserted in its place. Examples of amino acids which may. be
| substituted for an original amino acid in a proten and which are regarded as conservative
' -Substitutions include: Ala substituted with set of thr; arg substituted with gln, his, or lys; asn
: Asubsntuted with glu gin, ]ys his, asp; asp substltuted with asn, glu, or gln; cys substituted with ser or -
. .ala ghn substituted with asn. glu, lys. his. asp, or arg; glu substituted with asn, gln lys, or asp, gly ‘



30 a tryptophan am notransferasepol ypepti de i ncluding one or nore
conservative substitutions retains tryptophan am notransferase activity. A
pol ypepti de can .be. produced to contain one or nore . conservative
substitutions by mani pul ating the nucl eoti de sequence that encodes 't hat

pol ypepti de using, for exanple, standard procedures such, as site-directed
nutagene3|s .or PCR Substitutional variants are those in which at |east one
residue in.the am no acid sequence has 35 heen renoved and a different
residue-inserted in its place. Exanples of @m no acids which maybe
substituted for an original amino acid in a protein and which are regarded

as conservative sﬁasmﬁt&d M&tpkd?f?ﬁsdb&ﬁkéddﬁth af)l 19, sMbSd it uﬁaﬁsﬁ%tédm&% B, Vrﬂhf)he ar 9
substituted with subs(iltuted with g

asp; asp substi t[ﬂg‘g’dm\}\tfdt ‘ﬁ‘ﬂ’dl&rfmt’d ?]LPhe"d}‘s sffifuted. yith asy gl g1y, L]i"tsé‘(ﬂg We&%ﬁbsg@'iegwh
ala: gill subst iit,Udnedl, phet phe adsttatgl with tpytsr, métj i, ordemipser @bstined withy tht] amuhst ituted

with asn, gin | o . |sem_ ut ed
with asn, lys, )@Jﬁ g V?I&Q% g‘hyu})&b tﬁﬁd%s‘ﬂh%{f ?ﬁéﬂt‘ﬂ’g‘i‘*&w"”‘ﬂt‘ p aiI eu
substituted Mt Hﬂbﬁﬂt@ed‘ﬁ‘é‘tm%dﬂleuphe | ys substituted with asn, gI u, g| n, his,

arg; net substituted Fﬁ&’chreﬂ’hﬁohﬁaﬁan ab&ﬂeonyﬂahvegﬁ@mmﬂﬁcaﬁ Hpﬁhldtxﬂﬁaﬁ&lg%tahoctah&s
tyr, nmet ile, ituted wth

bstl
ser or ala; ti p%%ﬁ%sfaf égﬂeﬁ"?’ﬁ 51 ?3) 87)49} g@‘lff)glt ﬁ‘i’lfg"dmwg% 1749 Sahishe  or
tip; and vat 5 Suihetd. I(Btamﬂasm B: httometsz%) Hechull @ ul, (Jl;iwﬂ‘e&hﬁoiogyrsﬂMInaamsanwabout

S e Ve, BB AN5 B i Guf U o RSB i 0"
77:237-51, 1989), Saﬁrtqgmrlbtweéﬂsméﬁxosenwrw@ﬁherswnh@fezemwm@%q andlalochul i

et at, (BiotTecpatdungsl trcksdd ryTucldORE)war Weh ndd O b Hom(tkaptictlbr Bl ds fafd il N
standard text books o,h&genetl cs and .nol elcul a‘{) -bi ol o%;% 10 Exogenoul The term
"exogenous" -as {IEEG 8%“% O URE TR 29! ARRafd o B <oecaayg og ce E‘?i‘ﬁi cul ar
cell refers to amyduedditeihe celicNokldidvaid tichbie szturglty-cominiyigalae enbe onpehdvato apmﬁbﬁlﬁul ar

cell as found ipy !ﬂélleygfnﬁﬂe A He R {lhsaﬁetl%ﬁa?edlﬁqugﬂ}nygE& )@iyﬁl c@lég%réc@l%#gk

consi der ed be exogenous to a once intro i nto - Nucl ei ¢
acid that i naf“ij‘?‘&*’lﬂlfﬁspi?&@&ﬁ?q %QBT%PQQ?“%C&W* ﬂ’ém’é’)?%’geéﬁ’éﬁi%d“feé“@%&@c“r cul ar
cell. For exanple, anule:ﬂanamelz@ahfmﬂﬁmg hlﬁdqluadl@dﬁﬁ&ﬁﬁnlﬁﬂﬁe&nkexﬂffam.&ﬁ&ﬂ Xis

an exogenous nu c.15 ac e once that
chronosone is i %’Pﬁ’oﬂa&% eyt fex? 5 UIGS (I:néfﬁ g&?ﬂtﬁl g’@’?lecgﬁs fit “tﬁﬁﬁlf v eﬁﬁz\ﬁ?’ﬁ y an
equi val ent funcF or@mmplerfundh@abmm%wts cgf begrpvideyrreguence tvotiong ma@ln Ieszmqwnwmee nt

nol ecul ,es i ncl u%ergﬁ it ﬁ%%ﬂﬁe%?h%l@%eqﬁ&@éah&ﬁﬁ&k Rm&b?ﬁ&%ﬁ&i‘ ernunﬁteretl B&nde
enzyne. £9 exarrlllal uncti onal equi valents can be provi ded sequence

al terations BRYFrrREInSIS GRRETIRLS 2ctvifn dP BPFICHIREF< RS A HéPt°R]i¥ﬁ‘1’taH“‘%9ﬁ@s%¥sermr e
sequence al teranmamalé@iv&lbﬂﬁetaaxsimmhwmoﬂafenhﬂﬂopﬂmbhﬂéledpﬁemd de, 20 such

that it retains its gf %}Sf’?&‘se agd 't¥m£é£ mciudeabuP%” | i 1o %‘én%'lﬁ G %%FmPons

t rypt ophan ami notransft FUnct ona equi va retarns
convert trypt opBdgtioasomnyiziiges @I’?}’SIB@SWQEI@EMEX adpphecgarerfle, 8 gijenaniypertidetbindsan ons

Inflgde but . ar@m% ahd“uﬁcaﬁgnai&um?éﬂaﬁﬁ'bm w&ﬂﬁmnguameqaamdy dﬁéseatlonst g
mut at | ons, anes n I.nsertli one e e | ve pe i de
oS A S e S0 B s P p R By ol ROl DEpt | de
the same anti bodytcanltens:das &Baghn inglacovfalle pelyprptidel Bntne brambld d Esctjpesd bquibelsntt hat
have the sane b eththe o ged as
R agont 1 o nBeDDpc il bkt ROt bivdhinu Bl el it o indd 3

equi val ent . linear epitope. Thus, 1f the peptlde sequence is MPELANDLGL (ammo acids 1-10 of SEQ ID NO:

' 12) a functional cqulvalent includes discontimious epitopes, that can appear as follows (**=any
30  numberofi mtervenmg ainino acids): NH2 -#*-M*¥PFFEFFLA* A+ NSDHL*GHL-COOH. In
. this example the polypeptide is funcnonally eqmvalent to amino ac1ds 1-10 of SEQ ID NO: 12 if the
three dimensional structure of the polypeptide is such that it can bind a monoclonal antibody that -
" binds amino acids 1-10 of SEQ ID NO: 12. _
Hybndrzatwn The term *hybridization” as used hérein refets to a method of testing fb’r
'35 complementanty in the mucleotide sequence of two ]11101610 acid molecules, based on the ability of
‘ comp]emantary single-stranded DNA and/or RN A to form a duplex molecule. Nuclelc acid
' ybndlzatlon tecbmqucs can be used to obtam an 1soIated nucleic acid wuhm the scope of thc :
disclosure. Briefly, any nucleic acid having some homology to a sequence set forth in SEQ ID NO

11 can be used as a probe to identnfy a similar nucleic acid by hybridization under cgndltmns of



i ncludes a pol ypeptide wherein the binding sequence is discontinuous,
wherein the anti body binds a |inear epitope. Thus, if the peptide sequence
is MPELANDLG. (ami no acids 140 of SEQID NO ,12)"'a functional equivalent

i ncl udes. di scontinuous epitopes, that can appear as follows (* any 30 nunber
of intervening am* ne aci ds): NH2 **-M*Pr*EX*|x* AN *DF*L**G *L-000H In
this exanple, the polypeptide is functionally equivalent to amno acids 1-10
of SEQID NO 12 if the three dinensional structure of the polypeptide is
such that it can bind a nonocl onal antibodygthat binds amino acids 1-10 of
SEQ ID NO 12. Hybridization: The term" hybr| di zation" as used herein refers
to a' nethod of testing for 35 conplenentarity in the nucleotide sequence
of two nucl ei c aoidateiohigt stiasycybse featified, tte nadkid aicidy}w@f:anbeowﬁieda neRndnaddyand

singl e-str anded tﬁ@ggté?ﬁ]m tl'I:eplt tﬁﬂlalegﬂgé §tthe eﬁlc ct%suéé\"m eic acid

hybri di zati on: tec ues can be use to o In an 1solated nucleic acid.

wi thin the scope of Hypridizatiingen bsdonedy Serhemfor Horthgpanakysis teidentfye N AaRNyg some
hgmol 0]9y to a S?@U@B@&fﬁ@i\reﬁr%ﬁﬂbhdlze@%@pg@e ro@é‘-caﬁ@@la&%dgﬁﬁﬁlb@iﬁl af pr gbe to
identify a simlar nucleic aci ri.dizati ndi tions of -
noderate to- $1| g BBy ERe E’?Cpnef’l@e%f‘%%?ﬂoip‘? g E?hﬁ‘]r{g‘@? Ela“f‘ TH be
purified, sequerkedphoatichlly epakiydzacn agarodae:irpdslyacnhnwﬂagiirransf¢rted tmmb&lhioﬁ t he

scope of the pr ‘32191{?5: cﬂg&% tﬁ?eqﬁe%ﬁlli%g{d'hwgd \91@1 i on%su?gos&‘ﬁdaP&’tecﬁ%H& SEp_or

Nor t her n”anal ysi nce respective
hybri di zes to akpr@pethe chmdesaﬁbeéewwawﬁé&w 9$Sa@b1@ploqf il (1989) Molecular

S‘ goxylgenl n, a nwnmgemmmmo@toﬁs ,&@mfafbsmawaoﬁwgm@s, . R2Pyplasy, Dbas atRNA t o
e ana'yze | y separated on a ar ose or

pol yacryl ant &éﬁabol’trzi e@ECP S&Tijﬁrf’éa@@ e1 i §8°H331’|‘f§$’2ﬁ1t9a6°r“h%1f"ffegp sui tabl e
menbr ane, and hytlﬂaot;ﬂez@dem Stetforttha SPHR B WOUH cargbeabealmelidentifytag ddentical wegmile knhcleic

known i.n the ar Ecﬁ‘iﬁﬁﬂdﬂiﬁng B8 or S b thad 1 RAGHERDS ol - 7 52 of Sambr ook
et at, (1989) Ml ecul ar g oni ng, second edition, Har bor

Labor atory, Pl ainvi ewbe digplosusalo pravidss 1505‘“5?“&91?@ apig S"&Pe“% tqagf’é caghiget 13 hases
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Isoiate_d: The term “is'(rnlated”‘as used herein with reference to m_léleic dcidreferstoa -
naturally-occurring nucleic acid that is not immediately contignous with both of the sequences with
30  which it is immediately contiguous (one on the 5° end and one on the 3° end) in the naturally-
-occurring genome of the orgamsm from which it is derived. For example an isolated nucleic acid |
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- acid sequences normally found immediately flanking that recombinant DNA molecule in a naturally-
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{chemically functionalized peptlde molecules obtained starting with the disclosed peptide sequences)
and variants (homologs) having the desired enzymatic activity can be utilized in the methods
30 described herein. The péptides disclosed herein include a sequence ef amino acids, that can be either
- L- and/or D- amino amds naturally occumring and othermse o
Peptides can be modified by a variety of chermcal techmques to produce derivatives having
* essentjally the same activity as the uvnmodified peptides and optiorally having other desirable
properties. For example, carboxyhc acid groups of the protem, whether carboxyl-terminal or 51de
- 35 chain, may be prov;ded in the form of a salt ofa pharmaeeuncaliy—acceptable cation or esterified to
form a C1-Cl6 ester, or converted to an axmde of formula NRTR2 wherein R1 and R2 are each
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aci d sequence whenever the first nucleic acid sequence is placed in a
functional relationship with the second nucleic acid sequence. For

i nstance, a pronoter is operably linked to a coding sequence if the

pronoter affects the-transcription of the coding -sequence. Cenerally,
operably linked DNA sequences are contiguous and, - where necessary to join
two pol ypeptide-coding regions, in the sane 25 reading frane. Peptide

Modi fications: The present disclosure includes enzynes; as well as synthetic
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N-term nal cyst gigcat Avie paﬁe@qn& d}ga'ﬁl&}ﬁm&ﬁ%dn@@desﬁﬁkdrtmteach\ﬁﬁb%ﬂac%ﬁ'ﬂtﬁd t he
peptide will contaln a dlsuﬂi &%ngfgeneratlng %lc PFD 5 %Wgher

epti de "cycl | 2 PTG AEOHE S RAGHET Ht GPRE FERCLE KPELHD) i Wl Boxy | -
and ani no- t er i, Neompetad-Aksistedivicteliggstt Brgs”, i KleRemid & Grivesr(ets),Phamategicglanom met i ¢

embodi ment s ar epal.50,Mh gﬁ {Ho! ihli6hanft 9@% ﬁﬁffa‘i ox%r Sl?pnicss Al S0 $041 uNA’E&ﬁL&PY
t he t hree-di mensi ona f rangentn emc constituents suc
pept i do- 25 Pnncxples of Pharmacology, 1995 Chapman & Hall, for descnpt.wns of techmques usedmCADD

~t

Also included within the scope of the disclosure are mimetics prepared using such techniques. In one
cxample a mimetic mimics the enzyme activity generated by an enzyme or a vanant, ﬁjagment, or -
fusion thereof. .
Probes and primers; Nucleic acid probes and primers can be prepared readily based on the
30 amino acid sequences and rucleic acid sequences provided herein. A ¢ probe inclades an isolatéd
nuclelc acid containing a detectable label or reporter molecule. Exemplary labels include, but are not
limited to, radioactive isotopes, hgands, chemiluminescent agents, and polypephdes. Methods for
labeling and guidance in the choice of labels appropﬁatc for various purposes are discussed in, for .
, éxample, Sambrook et al. (eﬁ.), Molecular Cloning: A Laboratory M'anual‘ 2nd ed,, vol. 1-3, Cbld_ '
35 Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989, and Ausubel et al. (ed.) Current
" Protocols in Molecular Biology, Greene Publishing and Wiley-Interscience, New Yotk (with periodic
. updates), 1987. 7 ‘ 7 ‘ ' ‘ ' _
“Primers” are typically mucleic acid molecules having ten or more nuclé,oﬁdés (e.g., nucleic

. acid molecnles havine hetween about 10 nucleotides and about 100 nucleotides). A primercanbe:



and organom netics mmc the three-dinensional arrangenent of the peptide
backbone and conponent ami no acid side chains, resulting in such peptido-
and organom netics of the proteins of this di sclosure havi ng detectabl e
enzyne activity. For conputer nodeling applications, a 20 phar macophore IS
an idealized; three-dinmensional definition of the structural requirenents
for biological activity. Peptido- and organom netics can be designed to fit
each pharmacophore with current conputer nodeling software (using conputer
assi sted drug design or CADD). See Walters,-12"" Conput er- Assi sted Model i ng of
Drugs",: in Klegerman & G oves (eds.), Pharmaceutical Biotechnol ogy, 1993,
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Col d Spring Har \ r rotf ocol s
in Ml ecular Bi g?ardemc %Sese%’%g 0 1 %EQ?%D\% edﬁ‘l’? g?%%%ﬁ%g%‘f\@f 8

York: (wi th peri etﬂtnee hxp}aeafeglyuferwwnﬁ mlbﬁfieﬂr&r@atmsﬁesetwaeawey (Yrerich 815 O AR
nol ecul es havi nmteﬂaﬂﬁsnmrf& Ewﬁeldﬁﬂh?!eﬂﬂ&n, ComBidge, MAG|)CORe of dGH f theRAbACNI €S
havi ng bet ween about

i des ab ut 100 .nucl eot.i i mer can
bo' - 13- "anneal e PGS PRt SPEHGI SRR Bb erar e P B o
acid hybri dizat probe dr grithaycan ranghiplsize fom bitlveeth stahacploismeencantshbhe fivar get

nucleic acid st Eo%&@auvaﬁuﬂlegmp i ﬁ,pgsf;lﬂel gﬂg.eﬁo?moﬁ;ca%e b RLGaRhdi 0§t F and
by, for exanple,- ynmerase Primer ?al rs_can be used for

anpl i fication tﬁfgefa“ﬂt#&érgéfrépﬂaléea' t%aeaﬁ@ﬁ&endw@rmek%fﬁﬂlwé ysleotidst Thes P aiderde e
chain reaction otitfadreddst sptifi€y, pw@&@ﬂ@nrﬁermhﬁe fEftd thit eahpied) foeRgiE|S000@sN 1 N

the art. Methods, for,, ppega :ﬁB%oﬁl iz% 25y gﬁbei?so szg @ &H?‘ 5§(}v§tfo 65‘3%8r7‘56)ed

for exanple, in Pofer ences’ suc
doning: A Z%boﬁ@t 0, PORNPR 4000, @ﬁ@lw,us%wo 1256, 1300CH3568, 19)) 1448, 15@6 kﬁé@ 1600,

|a’ib0r a: OHIQ P[ eS%fiso Gabd lﬁﬁrllsﬁtlglfﬂ@!l!@@d 200Dl 2450, 21109829'530 AeipLed 2€do, ’B.r.ke 4R Da¥o,
rren rotocol s 1.n ecul ar ene u

W | ey- I.nt er sci e?‘r‘@&ﬁ?@e%o%ﬁﬁo %W’t%ﬁg%g%@éﬁg %98%3{389)160 %é@% 0053700 Pl s et
al . (eds.), PCReBomaNBI5e; 3500, BiS0B600, B65MSTOM AE502A800, ARS0] 1906 #0450, 4 W0 80T C
Press: San Di eggy, ,%9(9430@9%0054061%4563‘2‘5063458?(?‘96099469@ 0045 L8, 43&56‘ 05000, -

sequence, for rams | ntende pur pose

such as Pri#er %W&rrg?%?ﬂ% 5300, §%58 159@31 5350 \MPQp é‘l‘?geﬂﬂ PRSP pPEriBR-omedi cal
Resear.c h Canb ri dge, piamger) An @ offucisik hdid coltfol Edﬁ@anad's twhish liilrect transcription of 2

nucleic acid. A promoter includes necessary nucleic acid sequences near the start s1te of

transcription, such as, in the case of a polymerase H type promoter, a TATA element A promoter
can include distal enhancer or repressor elements which can be located as much as several thousand
30 base -pai,rs- from the start site of transcription. | A
‘ - Purified: Theterm “puriﬁe » as used herein does not IEqm;re abselute purity; rather, it is
intended as a relative term. Thus, for example, a purified polypeptide or nucleic acid preparation can
" be one in which the subject polypeptide or nucleic acid, respectively, is at a higher concentration than
the lpolypeptide or nucleic acid ﬁrould be in its natural enviroﬁment within an organism.. For exaﬁ'nple,
35 apolypeptide preparatlon can be considered punﬁed if the pelypeptldc content in the preparauon .
| represcnts at least 50%, 60%, 70%, 80%, 85%, 90%, 92%, 95%, 98%, or 99% of the fotal protem
* content of the preparation. '
Recombinant: A “recombinant” nucleic acxd is one having (1) a sequence that is not.

. motiralby neenrring in the arsanism in which it is expressed or (2) a seanence made by an amﬁcml



appreciate that the specificity of a particular probe or primer increases
with the length, but that a 15 probe or prinmer can range in size froma
full-l1ength sequence to sequences as short as five _consecutive nucl eoti des.
Thus, for exanple, a. primer of 20 consecutive nucl eotides can anneal to a
target with a higher specificity than a correspondi ng primer of only 15

nucl eotides. Thus, in order to obtain greater specificity, probes and
primers can be selected that conprise, for exanple 10, 20, 25, 30, 35, 40,
50, 60, 70, 80, 90, 100, 150, 200, 250, 3003-350, 400, 450, 500, 550, 600,
650, 700, 750, 20 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1250,
1300, 1350, 140@61}:%5&1 of Mervlaé@ aratef Qbrter sbefbes. TR Qutifididl 2mbick8Ys ofkB50,
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2600, 2650, 2700 27Be)ished by ghenisglsypihchiy pfgmors ppymony JE e s THa! mepgHation sfyplatodo 50
3300, 3350, 34@Qmwﬂﬁﬁﬁmdaaﬁmee&5ﬁﬂ¢m&6&&umaﬁ§&dmﬁﬁ&0ﬂh&iﬁﬁmmsﬁamom@BﬁO

3900, 4000, 4050,:4190, 4 430 0., 4450, 4500, 4550,
4600, 4650, 4706‘“‘“%% e N L R U S
5250, 5300, 635@8@@4@@?{1\1@&5@& ofingsgions dobae burdivie premisactomddich the npylroider -

An array of nUcl\,‘,e;golaaéai d control sequences which direct transcription of a
nucleic acid. Ap rrgter i ncl ydes necessary nuc) ei ¢. aci d sequences near - the
start site of trans PAYRGC Aentiary, Lhp spalarity Retppra ampie peidpaunegp ieTssdia tompy

pronot er, a TATAinslkiynemieed\thp seqirntes fotheedsn refdied wdesegietdeadentn Brnese 1daﬂnty is
repressor eleme | k. ase
pairs fromthe gt% rﬁtw?% th 31% g t?%?i!) glr%%npg?%%m %?F[falﬁmgg@gﬁo%}é% &q?eﬁj?rg%‘ as
used her ei nlBoesenmse sieluihe @oataoryes. Bemiles or variohef 2 peptidej sych a5 FEQHING: Ws a

11 o et e A s, e st
respectively, is at E'Peﬁ\"%sh‘% 3818?{15%%{"1115{{‘3? 5?f° Bg'f"%é"p ﬁa&e °“?1?f8$‘%i c
acid would be i landEﬂlsmmattamoaﬂnneﬂvdqsmhmmsmaﬂdl%tamanoﬂg’armpén@th%#&ew&hpI e, 35

a pol ypeptide prepahat iRdRnmas, ﬁeozceﬂﬁmeﬁ eﬁi mrpems@nd,mai p,rapb\wem 88 u
content in g e preparation_ represents ai | east 50/
9

809
90% 92% 914 511958 g BHISHTE. e 7 b et sign oot
pr epar ation. RemﬂblemnﬂuclekAcdeR@&ﬁMizﬂMOSBI-BMGb&; £nd Altécblul b&l.ﬂ’thﬂné’lﬂéﬁbﬂ@l](giz);, a
sequence that i ot ni the nrpranismin which it is exnressed or (2) a
seauence madebv 'an artificial -13- conbination of two otherw se-separated,
shorter sequences. THAbhsNEPlHapic bocallAligerndnt Srarch ool (BLAST T e thtscreletip!. W@E@@l Bip:

ch elm tcald synt hegp, aggeg is amu% fm{mmx %mc&ymézﬁelgecetuamtjﬂat @ehtemlewhead 29 tht@fnati
i sol ate S e nu S e neti neerin
t echni ques. o Re @%ﬁﬂ%fg’mdg lﬁé) a&? "u@té et?%r “Sﬁé§g’P“F°6‘8n Wtﬂ’c‘P PR F’&g’ﬁ’f)?r% s

t hat have been ahmp,b]am,alattytbhmmmﬂnmd but contain the same 5 regul atory
sequences and codi g vt gl RSyt el %aelyl(%gﬂﬁteb&dtbpgﬁ&gsgﬁ%fémagtg@ Lgh the

nucleic acid 'was isolate entit e simlarit t ween

ani no acid sequ&ﬁ@@?°%“é¥ﬁﬁ’§§§b’ﬂf'ﬁwwwwheﬁﬁm adid gepyengeueife BN Gl Bpst he
sequences, ot hew g&ﬁ)euﬂEﬁ@i’sj’eﬁdd&fﬂﬂtpﬂﬁmﬁfﬁﬂll'ﬁﬂﬁﬁpdrﬁﬁllbidlﬁhoasewqﬁﬁﬂé‘e@ofgdﬁﬁfl ty is
frequently n e ntit it

nomsl ogy) - the. Hreftait ) HERD R B aREf BrEHE bRt kb Y wiefe it B .
Honol ogs or var ey set wfdc%ulpemnem,,(g@wmbteraecma 3, (pdN@er rgsiiue gap costof 1). When

aligning short peptides (fewer than around 30 amino acids), the ahgmnent is performed using the

Blast 2 sequences function, employing the PAM30 matrix set fo default parameters (open gap 9,
extension gap 1 penalties). Proteins ﬁith even greater similarity to the reference sequences will show
-’30 mcreasmg percentage 1de11tmes when assessed by this method, such as at least 80%, at least 90%, at
. least 9‘5%, at least 98%, or even at least 99% sequence identity. “When less than the entu'e sequence is
- being compared for sequence identity, homologs and variants will t_ypmally possess at least 80%.
sequence jdentity over short windows of 10-20 amino acids, and may Iiossess sequence idenities of
at least 85%, at least 90%, at least 95%, or 98% dependjng on their similarity to the reference |
35 sequence. Methods for determining sequence idéntity over such short windows- are described at the
web31te that is maintained by the National Center for Bmtec]mology Informatlon in Bethesda
Maryland. One of skill i in the art will appreciate that these sequence idemtity ranges are provnded for -
guidance only; it is ennrely possible that strongly s;gmﬁcant homologs could be obtamed that fall

. outside of the ranges provided.



possess a rel atively high degree of sequence identity when aligned using
standard net hods. Methods of alignnent of sequences for conparison are well
known in the art. Various progra and alignnment algorithms are described in:
Smth and Waternman, Adv. "App!. Math. 2:482, 1981; Needl eman and Winsch, J.
Mel . Biol. 48:443-53; 1970; Pearson and Li pman, Proc. Natl. Acad. Sci. U 15
85:2444-8, 1988;, Hi ggins and Sharp, Gene 73:237-44, 1988; H ggins and Sharp,
CABI OS 5:151-3, 19F Corpet et al., Nucleic Acids Research 16:10881- 90,
1988; and Altschul et al., Nature Genet. 6:119-29, 1994. The NCBI Basic
Local Alignnent Search Tool - (BLASTTM (Al tschul et al., J. MIl. Biol. 215:
10, 1990) is avail able from several sourcq&; i ncludi ng the National Center
for Biotechnology Informati 20 (NCBI, Bethesda, MD) and on the Internet,
for use in connection with the sequence analysis prograns bl astp, blasts,
bl astx, thlastn and t3ghismxhodssarteassd ty dgfrmine hegsrebd eeauence idenfifyi of iuiclgic acid

char act er i zed by.seﬁlﬁrﬁﬁaﬁsbﬁﬂu!ﬁ'foxaﬂﬂjle aelas&logag%@qﬁee&h&ngﬁdmhﬂlﬂmskcfu%c@ou&eed over

t2 hg f ;1’;1:3 D leg n gf gslila :3 'b% Q{TE attcﬁ'les ef; d]pterm necleb coun I’P% th%glllquel‘lf?? léll?onf’s:r\%helflesaln %gnhgal’l] %uc a%ﬁ:_] 0 Bl’:lgls Ej

sequences of gr edfdpo $F residugis la‘fio’&‘f‘ '“3?9" ERRenRss: Jo¢ nyrent ichlén%ldaé'fy idetlsEipadlyc e s
function i s edmpl ayiée theSinaBer binRickbeiB by thBkdghlMicksequamt sei ArthSethe @il aul t

paraneters, ('gapﬁ%?éﬁ %gn%‘% ¢ ]glgforﬂy]anﬁ%&ﬂteﬁle%ﬁ. e éel%b«?LHs%ch% ?c{es gt 1.

When aligning s
al i gnment i s per f¥RE “ﬂ@ie “‘taﬁ@“cﬂﬁséé‘tﬂ I =8 PeiSsceasenrdieliov ey mé‘H’iﬂ“liy‘?eng t he

PAMBO natrix set retuingh@fuaby 100.(Far @amplees SicliiofR@Req0m: thh has BXE BAGEOMergdighed

penal ti-es). Prot @&h@}% sifudnBe SMER 1HEBIH RD: ﬁ';ﬁsbﬁ&éelaafdeh%alftél&sé L0 8GR in
sequences. \Mui how. 30_1 ncr en assessed by

Chis et hod. 18ucHFRIE N 1] G R0t rPob A s g Semeg ol B Feas
98% or even at towdsito HOMarstienite Feresingleritdilt, V3 IATHA. ab&Bd4 tsianded dpevn @I76.1.r €

sequence is bei g e0RPANETs f0¥s. 13%%06&@5&@@&&&1&2 In@srmb%atﬁmléﬁgﬁl ants

will typi caIIy PY S,.at equence identit wi ndows
of 10-20 ami no aCIﬁlaw:i alwa{fbeanjlﬁ?fgrsgléigothegeé(aqw? atargetaegue cecyntammglaz(? nu,[clettld &ast 85%

at |east 90% at regigndlst aligopth Hreomguive aysisedesigm omidentifigd seasdneriap B ponteins & he

ref erence 3515 equgaciat shived7h pasnthaiendedemiyh dhiigniBeduaacet.denioroy=79ver such
short wi ndows are described at the ;website that ig maintained by the

Nat i onal Center for Bi otechnol ogy Inf ormati-on in Bethesda, Maryland. One of
skill in the artT3tPft SEBHIERT at e t ACTTHESEISEG TR te i dentity ranges are
provided for guidance only; it -is kddifldlylposdilbl e that strongly

Si gn| ficant hormi&g@aﬁggllgiqg@mgbt al;{t@egdﬁﬁic-r&@d:plgj'@_@ut si de of the ranges

ngx; :j,? S O]} 4%0 ﬁlu(r:nl lela'CSpg:(l: cgu ma:tFe:n na n%ﬁ)at is capage ofes?emﬁcaﬁ&bxrnl Rehe s %E) ms)Fg;gEge

sequence is al i gprEFPHids depcrbad levis: §?eaeiesn@é'de=bmre 'Eqﬁbm“eﬁt?rﬂﬁ‘hf\al"‘tﬂa“#a@@hes is
det ermi ned by . coméibdidag aktibedids githeing lﬁﬁlaﬂm&n&ﬂoﬂcﬂﬂ aiidbedies), a:ﬂfrh@leﬁtt éfamhociandC| eot i de

or 2 10 80T 4 1 CRAliE .8 PEE IR0 iRak ARUANE SR o THE,RELS ST OO

identity is determne matc es eit

l ength of the setjuidglengd ‘Ppcﬁﬁ?‘fhl?“ﬂ??ttdﬁe |dent| f| ed sequence (e.g., SEQ | D
NO 11), “or By an ar tAndtildasedie pobpegptidies frevidyd herci(6 fogmse oartainty or fadm thodhdes or -

am no.aci d resi dygs ung%uﬁﬁgﬁ%ﬁ?% poBbephidt. e dnfincdfla b GRIclcTli®dqRRauence) ,
fol O\I\Bd by mul t] E | dgé hegm anow for the production of specrﬁc antlbody-based binding agents that recognize the

po]ypept:des described herein.
‘ Monoclonal or polyclonal antibodies can be produced to the polypcpndes, portions of the
30 polypeptldes or varianis thereof. Optimally, antibodies raised against one or more epitopes on a
polypepude antigen will specxﬁcally detect that poiypgpttda That is, antibodies raised against one
particular polypeptide would recognize and bind that particular polypeptide, and would not
sobsiantially recognize or bind to other polypeptides. The determination that an antibody specificaily
7 binds to a paﬂioolar polypeptide is made by any one of 2 number of standard immunoassay methods;
35 for instance, Westem blottmg (See, eg., Sambrook etal. (ed ), Molecular Cloning: A Laboratory -
" Manual, 2nd ed vol. 1-3, Cold Spring Harbor Laboratory Press Cold Spring Harbor N.Y,, 1989)
To determine that a given antibody. preparatmn (such as a preparation produced in a mouse
' agamst a polypeptide having the amino ac1d sequence set forth in SEQ 1D NQ: 12) spec:ﬁca]ly
detccts the appropnate pol ypeptlde (e.g.,2 polypept: de having the amino acid sequen\:e set forth in



resulting value by 100. For exanple, a nucleic acid sequence that has 1166
mat ches when aligned wth the sequence set forth in S13QIDNO 11 is 75.0
percent identical to the sequence set forth in 10 SEQID NO Il (i.e.,
1166-1554* 1 00=75.0). It is noted that the percent sequence identity val ue
is rounded to the nearest tenth. For exanple, 75.11, 75.12, 75.13, and
75.14 is rounded. down to 75.1, while 75.15, 75.16, 75.17, 75.18, and 75.19
is rounded up to 75.2. It is also noted that the length value will always
be an integer. In another exanple, a target-‘$equence containing a o
20-nucl eotide region that ‘aligns with 20 consecutive nucl eotides from an
identified sequ I nt
sequence identi ?3&?]3%?%2%%3}‘3%????&1? {s‘%] %g%%eh%q! %Q?éé%g&%gﬁ%géﬁ S%ﬁa% 0
Target Sequence: bYﬁ%é?@@F@iﬁR@F@#e!&@P@mfwll 111 1111 ILI1 1 Identified
Sequence: ACGIGGT %A%Wﬁ&aﬂﬂluﬁpﬁsieiﬁmﬁa thﬂnmdtrii@fela@%ﬁ menfland @0t that is
capabl e of speC|f|c Lo an of. t ep. |de escr.i.b her ei n.
Exanpl es i ncl ud&™°B% Pfo%? amﬂg an °n¥%fepa%f‘°“m°“oﬁ? %ﬁ%% PR S estnE He, o ¢l onal
anti bodi es (5nc|nu=dimgethmm @eapemﬁwﬁnbcmwhdnhmdtes,lﬁ@mewye of secifiat plopmptrntibadfes
monocl onal  ant Icmld@@ctédtbg,ﬂg ﬁl%pfédaate Ee(:a]taar), Zntibiy Qe £ Eﬁmaﬂéaéuﬁboa@ cmagate@& any

ot her agent capable of specifical inding to an epitope. of

pol ypept i des. 25?@%@%&3@? %“E?h{‘el?é"sﬁlﬁi‘Fa?p%ﬁf TPQE@“%% H@Wﬁ@f”@ﬁﬁﬂ%’bﬁ
fragnents, vari ghésphatefifitro iR rw&m.ﬁ;hﬁdnﬁﬁmﬁ)the peoditiBeofd Sdelf mumrokédyorﬁ;fouﬂdd@nt ify
such pol ypepti des qocaﬁzmd gargéj nucl ei c acid sequences provided
herein al low for™t ﬁuc np oF spéci fic anti body-based bi ndi ng agents
that recognilfe the @bs}ap@q@vp@esolmas@qswmue fre nse pgan iltymsedngerle obtpingsidtopr | onal

anti bodi es can bﬁns&rc@siéeg@@aﬁsfanﬁéaeem%m d {8sS . ol E&B%&eﬂaﬁ&ﬂ@ﬁﬂn&ﬂlal

ol oDt e o B IS Bl A L LA 5 G B

pol ypepti de. Thatfew sicropiates jposkildgerr iadditbnagbpeptides omgng ip aied fraandubdengin| ypept i de
| d. i t

woul d. recogni chxgﬁkgud% ol ABkacPRbLL SRR nﬂle A RERE e Rl o0

substanti al | % I ze t er ypept | term nation
that an antil odym@wgqnf i st Mwenﬁiﬁ%a@bﬁaméuc?ﬁamﬂll@aw HEF Fisaiseihawtiesizadnde by
any one of a nurksy stfiaxshandaotcah mmma&m;eaﬂ@gtlk@d@lypaﬁdés@ﬁo énﬂﬂérwﬁ&phdes

Western blottin Se
Labor at ory Man%ﬁ% Eérﬁimg%i ?Ol%efqt% L %dea S§%1F | % ﬁal\ér)rﬁsé‘ﬁ’esl_ﬁ[?%gt%aﬁa?)% Press,
Col d Spring Har lmnunownht ,Whei08Gynted 1o ihoti@sysemeEn thi atnteat ofip Yajor Hiso¢ompdipility

preparation ( surdamals,x @ﬂ&f)%ﬁ&ﬁé du@hs %Mﬁé%ﬁg zm\m(: Qﬁéé?xﬁn&&ah Ngdeo:Binfl YPEPti de
havi ng the 3@1 no acid aguen cifrcally
p

detect's t he “BppPoRpideeh Bﬁ?ﬁ%ﬁt"al& 1(’e2 & 1) é5 6%%68»&?148 5h5£v$5n60 {HE% 8% no
aci d sequence sabo, s 2do, 250, 306,350, 44D; 4585Q0, ISED ki, 6502’)00137550 \AO O, mob,llosot 1104,

Loral celiular RIS B SanE el L aak et LA a5l A S aRAT AL, %n

SDS- pol yacryl am eéctrophoresis. e sep ara pr Stein
can then be tr aﬁ@ﬂ@é\eﬁ ’eﬁ@ﬂl @nbwﬁﬁbmoqees fef. Pmducmg antibodies.

Monoclonal antlbodles to any of the polypeptldes disclosed herein can be prepared from

. 25 : munne hybridomas accordmg to the classic method of Kohler & Mllstem (Nature 256: 495-7, 1975)
or a derivative method thereof.

Polyclonal antiserum contammg antibodies fo the heterogeneous epitopes of any polypepnde
dxsclosed herein can be preparcd by immunizing suitable animals with the polypeptide (or fragment
thereof); which can be unmodified or modified to enhance immunogenicity. .An effective ‘

- 30  immunization protocol for rabbits can be found in Vaitukaitis ef al. (J. Clin. Endocrinol. Metab.
33:088-01,1971). | | S |

Antibody fragments can be used in place of whole antibodies and can be readily expressed
in prokaryotic host cells. Methods of making and using immunologically effective portions of

7 monoclonal antibodies, also-referred to as “antibody fragments,” are well known and include those -
35 described in Beiter & Horowitz (Mcthods Enzymol. 178:476-96,1989), Gluckshuber etal. -
‘ (Biochemistry 29:13 62-7, 1990) 1J.S. Pat. No. 5,648,237 (“Expressmn of Functtonal Antibody
Fragments™), U.S. Pat. No 4,946,778 (“Smgle Polypeptide Chain Bmdmg Molecules M, U.S. Pat. Ne.
5455030 ( ‘Immunotherapy Using Single Cham Polypeptide Bmdmg Mdccules ), and references

cifed therein.



nitrocel l ul ose), and the anti body preparation incubated with the nenbrane.
After washing the 5 nenbrane to renove non-specifically bound anti bodi es,

t he presence of specifically bound anti bodi es - can be detected using .an
appropriate ‘secondary antibody (e.g., an anti-nouse antibody) conjugated to
a pol ypeptide such as al kaline phosphatase since application of

5- br ono- 4- chl or o- 3-i ndol yl ~ phosphate/nitro blue tetrazoliumresults in the
production of a densely blue-colored conpoupd by inununo-localized al kaline
phosphat ase: 10 Substantially pure pol ypeptides suitable for-use as an

i munogen can be obtained from transfected cells, transforned cells,

w | d-type cells.. Pol y‘paqstondel Qo Teeftmelt’ baliksa del’llnitd‘l&ufﬂllam&ilexc acfimepeiictiai lmncan
E st 0 1 QbR S uORGENNE b AN A0RD ALEOL] Ll S derh o !

the | evel of ew m ro ra peptldes
ranging in 5|ze“*?@ﬁ@ﬂuwmmhéwykwaﬂﬁép?%%h*ﬁH%@Mﬁﬁm®EW§H@ﬁFﬂb@@ﬁW&WFﬁ@ﬁas f ew
asI ni ne ag‘l no aﬁingautﬁ%ﬁémnmabﬁm&m{ , CARZatRS, té’aésférﬁﬁﬂéﬁ%@ﬁ?srﬁi@&cg aﬁ:d g
pol ypepti des_can oduce tu e chemni ca synt hesi ze
using standard H@Pﬁ‘ﬁ@’é‘ 9’5’& dg%x%ﬁ%?PaFﬂ@dﬂp&ffﬂa%ﬁnglﬁ P @%ﬁlﬁ%‘f’]?peptl des
into smaller polypeptVatess, fitpaéntsantosive ppiinst Toeldiscloeddppegts ickhee hamig as few

as nine anmno a dto
e ooty afbfhe S e HiShs alrbf BN R0y IPIIOEING, WERfhERERLE | O
mol ecul e. such ag&R fHzaeplasEQ L §e: 11%1@5@11 BIgi§iny qramwwaﬂeéﬁm%gwybe 20

pol ypepti des h a\iﬁgﬂﬂer@ci to hiRAShe pr&ein thBe exbressed & eukhBrotioledls, ﬂa’étenaz Disecid 2nd/o2Qland5, 40,
45, .50, 55, %6380 90,

200, 250, 300} 50T21 RS ‘%‘SQI%"%ﬁ@“%?da%d“@f%‘b“éﬁ‘t?“@’é&“kei&fﬁmfi%‘?f?ry 1100,
1150, - 1200, 1256squeh880The BB @rodut, whish contyive the wgtlatoxy sginns aulthaprotés isdefeseddé  any

am no -aci d sequeNGRetod e VQREn BEREdIceS B RRrybHE BadSia,| M RAGE Dhint Q5. Once
produci ng antibodi es.. Monocl onal anti bodi es to any of the pol ypeptides -

di scl osed herelHm%%ﬁFﬁ@ﬂﬁﬁ@ﬁﬁF@H“ﬂ?@ﬁ*mﬁghﬁﬁ??ﬁ@ hybri domas according to the
cl assi ¢ net hod of KOIAIf@dion&rd’kAIﬂ Biheding a pied Ifueh a%i@ryﬁt&ﬁmﬂannﬂc&?ﬁ)‘erasﬂbr variant,
derivative method th r ol ycl on t o the
het er ogeneous eBﬂ mf rﬁ%?EN%EF%Qf&: éﬁ% g% %e#gqmﬂggngbgég§%mn

by i nmmuni zi ng s@ﬁtha@ls éla%é*?lnﬁﬁi’%blﬁﬁ]wt%SW%@ﬁﬂbfloﬁﬁ‘epMe@efo(%le?l? Herhitintto CQHN@‘F eof)
whi ch can be ungpgiy f:éxﬂ@im&ﬁle-ﬂf?ﬂ'h\fa{eeﬂl e BRHIE MG tHe PRSI BigGintH are AmEE iRET i Ve
30 i mruni zation pro go ; %i bgg}s can.he found in Vaitukaitis et al. (J.
din. EndOC||noE‘Rﬁ®aﬁ 3, 20343 ¢ TG 9795 10 R0ER b gy fragnents can bé used in
pl ace of whol e anti bOdé ﬁ”smhiarjrsbamtb@mﬂi@ptewaieiqarm&qumw cprigldgeredat i ¢ host
celI's. Methggls Al LAY AR ggeaﬂ,g e BBk QA ek gﬁfoge% Fohothf Fex%mpw«:ﬂf

nonocl onal . anti I €s, | so refer F to as "antib gnent s ar e

known and i ncl ue?@bm%@m“@é%@ﬁ?qﬁeﬂhq PNBgeare "&“%F‘-‘G@Gisﬁpf(’%t Wﬂﬂﬁwﬁm

178: 476- 96, 1989}e valhdnClsGibiidaTor oeaongiefereé&h@@mtr&mﬁsreytozﬂuasaﬁ2pr8tcﬁ,&9&)m u. S.
Pat. No. 5, 648, 237 % Eé% Q%§%mjmp XFunctlonal Ant i body Fragnents ), u. s
Pat. No. 4,946, FAE ("SFRE VPEPLT d& Chain Binding Mol ecules"), U S. Pat.
No. 5,455,030 ("I mri&’nmme\rlapiymtmrnfgje@!ﬂ ARfhteod@ied intp el yhseshy brofbucimi mpﬁgmd

Mol ecul es” ) 25 angky /FEHGERGS Shcluld Iﬁl@@&c bR flefbes B permit it to xephcate in the cell, suchas an

ongm of replication. A vector may also include one or more selectable marker genes and other ‘

gcnetlc elements known in the art.

Overwew of Biosynthetic Pathways ,
30 - Asshown in FIGS. 1-3 and 11- 13, many biosynthetic pathways can be-used to produce .
‘monatin or its intermediates such as indole-3-pyruvate or MP. For the conversion of each substrate -
 {glucose, tnrptof)han indole-3-lactic acid, indole-3-pyruvate, and MP) to each prdduct (h’ypfophaﬁ, '
mdole-3-pyruvate MP and monatin) several different polypeptides can ‘be used. Moreover these T
Teactions can be carried out in vivo, in vitro, or through a combmatmn of in vive reachons and in vitt o‘
.35 reachons such as in vitro reactions that include non-enzymatic chemical react:ons Therefore, FIGS. '
1-3 and 11-13 are exemplary, and show multiple different pathways that can be used fo. obta;g desired

producis.



Transforned:. A "transformed"” cell is a cell into which a nucleic acid

nol ecul e has been introduced by, for exanple, nol ecul ar biol ogy techni ques.
Transformati on enconpasses all techniques by which a nucleic acid nol ecul e
can be introduced into such a cell including, without Ilinmtation,
transfection with a viral vector, conjugation, transformation with a plasmd
vector, and 5 introduction of naked DNA by el ectroporation, |ipofection,
and particle gun acceleration. Variants, 3gnents or fusion proteins: The
di scl osed proteins, include variants,:- frag nts, and fusions thereof. DNA
sequences (for exanple SEQ ID NGO 11) which encode for a protein (for
exanple SEQ I D Nﬁmmﬁzyjhﬁggm@n protein, or a fragnent or variant of .a
protein, can be engineered.to allaqw.the rot into b pr.es

eukaryotic cells, 3Q (ORANIIg S Syrabesizg Pabggﬂggmﬂigh %%?é‘ﬁm@%853§3|on
t he DNA sequenc @e@ésm nyessay b erodue et P& addloyinflalgikpaluviie from lglrosy wdiat tatpmpt;an
sequences. The fc'arpl?elclo% U%Ichor\éﬁtsﬁ@ R M3h BS i&%u@ﬁ%ﬁ&% onfeeiGRtG

the protein, .is referre 5s a vector. This v&ctor can be Introducs

into eukaryofic, bactIePthaexw%etorgaaﬁaﬂwglme%vs’tﬁéw@mmédﬁtorvsqda@ the cell

the vector all O\/@rptblblﬁn ;af SeBtoduck Byfahil OsteEAMle, T&\Sfm&hm RINleed (ﬂeré}ﬂﬁ:tzddﬁlrﬂ& a

protein, such as a tr r.ansf or. vl nt poI ism
nutant, or frag ﬁetfer g‘%ﬁs a“%%or?’é‘é’ﬁw 33'%\3%“’1% m‘i”?ﬁﬁ(‘“@ ¥r€5? Q‘F“
ami no aci d segquenoes that do not inhibit the desi red act|V|ty of the

protein, for exanpl e il dokyliuSARRLL i b YALARAAN: A B1d AdBL Ry TV At

In one exanple th am no acid sequences are no nore
12, 15, 20, 195 Sgalﬂlbrw%é70étﬁﬂr@ts’reactma@°taﬁd bypigterre) deirabes i B ceff SYalp thatdhes baenj n
the art will aprge@ﬁ.taap engtnlaaéd taprahi& trypRFH4L HARIsCBdRs Rcreding ﬁﬁﬁdtaimapﬂﬁudﬁbhﬂﬁflﬁus

ways wi t hout aff i cal VI of .t he | For
exanpl-e, PCR ca %pe ised esg le(a %%Tg““t}éef (IE |%%t§rglmnts c%p% péoguét’iné
encodes an prot diomghGese hre\‘sﬂa? taeﬁbtes’f@&lﬁm qfker vﬁabopamﬁtﬂser@ﬁp?rmsﬂ%@a# WO@@WO

preference in aghest otqﬁic!ose%ﬁndspﬁzﬂe QUPSEDS 1l Meﬂ@l%@arbdﬁ%nﬁ&?}souﬁ&%ﬁﬁge
changes thatlﬁf agl | | i tat ﬁ ressi o ic acid nolecule as

i ntroduced iRt o 4 AHOF Imifef oy WHpse t?ﬁ?c?“ﬁ‘a”‘é?n'tli’sﬁ’rf’éﬁlﬁ féd 25 . cell. A vector

may i ncl ude nucl eic aci d sequences that permt it to replicate in the cell,

such as an  ori qtng,t jmrtgm J%%’ e A vector may al so include one or nore
sel ect abl e mar ker nes an genetic elements known in the art

Overvi ew of Bi osynt heieYeéalPId!tPhﬂﬁé?ﬂs?a@? uged tasqeaeF trRionasindale-3pyygte] Bxemplanimny
bi osynt heti ¢ patbypp6dcs AfuddeuchB@EorkiR cffy e blages (Etgaatuzm 10£11.19 554 99011 £6.0728)i at es

o toase, s P0o; deh VB aafls 8B afi s a1 N b PR e PP
each product (t. mypbmh@mnotansferasﬂdbm@wtpy-phmﬂtleamemxegi'darmmqmm)sfmer al

di fferent polypeplddestmdhile, ﬂﬁ@fj}xvtwp&ﬁﬁf{%togl&ﬁ@%anﬁﬁ%ﬁﬁd%ﬁxyﬁﬁ&af?e
carried out in VvIivo, I h vitro, or tﬁrou%??a conbi nati on of in vivo reactlons

‘and in vitro 352PEAEAFEAE, L-EyplRhaaminaapiees Lriemiopkag fenstpase, A ipagphan2-
non-enzynati c chspuealte meattisbas) viibdedafeas Biryftdphn and L-odghadte tdinddd-Bpyeuvate

exenplary, gd 3 hé)lyvgl%}nghle EJ t%rpglpﬁa];z grrm?zo eraslt;l %Xh cotngﬁg D %%loptﬂgn AT E 9 -OX! ooac{att)t ain

deS|red pro uct’
indole-3-pyruvate and an amino acid; tryptophan dehydtogenase (also termed NAD(P) -L-tryptophan ‘

dehydrogenase, I~ryptophan dehydrogenase, L-T1p- dehydrogenase TDH and L-tryptc;phan NAD(P)
'oxidoreductaae {deaminating)} which converts L-tryptophan and NAD(P) Lis] indole—‘3—py1;uvate and.
- NHjand NAD(P)H; D-amino acid dehydrogeniase, which converts D-amino acids and FAD to indole-
30 3—pymvaté and NH; and FADH,; tryptophan-phenylpyruvate transaminase (also termed L-

‘ ﬁ}rptophan;a-ketoisocaptoatg aminotransferase and L-tzyptophanzphenylpymvate anﬁhot:ansferasé)

which converts L-txyptophan and phenylpyruvate to indole-3-pyruvate and L-phenylalanine; L-amino

- acid oxidase (also termed ophio-amino-acid oxidase and L-amino-acid:oxygen oxidoreductase
(deamma‘nng)) which converts an L-amino acid and H,0 and O to a 2-0xo acid and NH; and Hz0a;

: 35  D-amino acid oxidase (also termed ophto—ammo-amd o:udase and D-amino-acid:oxygen

omdoreductase {deaminating)) which converts a D-amino acid and H;O and O, to 2 2-0x0 ac1d and
NH; and H;0;; and tryptophan oxidase which convert; L-tryptophan and H.Q and O, to indole-3- -
pyruvat'e and NH3 and H,0,. These classes also coptain tyrosine {aromatic) aminotransferase,

. aspartate auﬁnotransferase,:D-amino acid (or D-alanine) aminotransferase, and broad (multinle



G ucose to Tryptophan Many organi sns can synthesi ze hyptopban from gl ucose.
The construct(s) containing the gene(s) necessary to produce nonatin, M,
and/ or indol e-3-pyruvate from gl ucose and/or tryptophan can be cloned into
such organisns. It is shown herein that tryptophan can be converted itito
monatin 5 In other exanples, an organismis engi neered using known

pol ypepti des to produce tryptophan, or overproduce tryptophan. For exanpl e,
U S. Patent No. 4,371,614 (herein incorporates by reference) describes an
E. coli strain-transformed with a plasmd coﬁ%aining a wld type tryptophai
operon.. Maximumtiters of tryptophan disclosed in U'S. Patent No. 4,371,614

are about 230 pp%staépanﬁdﬁﬂsﬁfagywm%Qa@m%ﬁMn%nﬁlzrgse a&ﬁﬁw@&&to%maycan
reference) describes an E. coli strain_that has been genetically engi neer ed

to produce trypt B‘ﬁ}‘f'a‘ﬁly&tﬁﬂla’&i?”ééﬁ?é‘é%"ﬁitﬁ@?‘éfa%PWa‘FéWéﬁF%P‘i}% production of L-
trypt ophan: Those ski kEked membetnhﬁﬂaﬁﬁunmdnifcrﬂse clag HaZiRvd éldiacﬁﬁtgaﬁldésﬂiﬂacﬁﬁdl@bﬁ e
of producing trypto n cose a SO .C foutilizing other
carbon and ener gg a§u§ mc}u 9vef’am1 ye ané%fla@eesr]?mdﬂ ?E&m ]I%(ag 34 d 12 ﬂer e

f nct ose- 6- phosp hés@swwrphdﬁs nsmatbtalruclme geid and pro:@meﬁwblazwlamdg b‘-nst aew aeinv@t 8596, at
sources inc l u d e leasi]-@"/p hgleagtrf)?"/ﬁ,rh@feaslt 98’% B@Qe&a@leas?%/g &&tﬁnce IJSH% QS&%Q 115‘1@30 h’ and

cel | ul ose, cer ol l'ian to Iudol e- 1ej%/ravote ever al
pol ypept i des can é“ﬁ%’é’ﬁmf’ﬁseé Bﬁ% disclesg gt dipsnapnts el fisiers PISEQ IRPYQR, bt awd 12 that
Exenpl ary pol ypepini adﬁﬁtxmmdaudmvnjem%ac DfrottilEavRp ZMiBraadfass e@vﬂ;E(E)maﬂ;ﬁy 1. 2 7,

1.4.1.19, 1.4 99 Sgkner%T mcludezb%i are To?%rm’teﬁ t(i dt ?eas%‘ 623153 ’28 Zsr,ebé 1%0 %D? Saq1| or 1%0(55

and 2.6.1.21, Thés asses 1 nc
ani not r ansf ekths ecopiiguays nudeofidey Oﬂ_SEﬁHBriiﬂ al ar-ﬂ lnfétﬁzl‘éa)li)ép G@a‘z’ﬁaﬁeloo 200 300 or 350

fm not r ansf er as eeonhéuﬁﬁé%ﬁﬁ'ﬂé‘i{\k of SIEFEAND: trmsehefd@abééal EcQuendes ;sa& %&a@ﬂk@ﬁegg,laua aric
ransam nase, r.0X an _am not ransf er ase;
am not r ansf er aseg‘“ﬂns#vgﬁ ﬁPF“t"rfaﬁ‘?Qh 5 EET G ge T_se‘{'tf’)‘fﬁ’%{’ g?ft‘;fus thereby
oxogl ut ar at e ami yroduciagusfaambang:e pelisivhiclncao prodes msolai_s-pyry\ptecﬁphanptaptdn, and in some
2-oxogl utarate 't J-glutamate; D-tryptophan

| SahRAhErFrPYCHANS affr 2Bk 0! h

am not r ansf er ase ch converts trypt ophan and a 2-oxo acid to

i ndol e- 3-pyrifvat e andl-amivapsidryridases 44342 FpinspRand eI g énisdect Emsverdr med

NAD( P) - L- t r ypt opiifiéient stahysdmgﬁ VasR, Ie&n&(@msﬂphmlﬁ@w}&@&ﬂ@@81383)
L- Tr p- dehydr ogenase

TDH 3 uct as |
(deanrinating)) ié?ldo’?jﬁ (RES (Sﬁlg g ?%gﬁ’r%n@m%k”% tkgoql “HA6% CI%A KR At e
and NHL and NAD{#ek, Codlelmrineraaiig @é#w@w'@g@ navs’lerdﬂmmachwe@m/@wds;m@aam no

acids and FAD toy h@@ EﬁiRlﬁQoagccﬁﬁﬁumgﬁﬁu@r@p%ﬁn @ﬂﬁlasf AQHgscn'bed in the hterature and :
trypt ophan-p eny gr uvate transani nase (al'so terned

t rypt ophan- ¢t ket?8Psigtiatysy Baremplm PR ¥ sk Chinee °3bbag° with Shib root disease,

L-t rypt ophan: ph e,wbxwmyahzema AL AnneHST 1862 ©89 meritat €fihed il abi ok.tdisé st tpdvad
and phenyl pyruva e r n acid
oxi dase (al so te%oﬁ%h% 1 0- tgl]rﬁ%ﬂg'ggg%%rwo% %gggéeﬂ bglﬁﬁr&#}%lﬁﬁ b%wfﬁdas%%&%w

oxi dor educt ase  foaesarrimoierlaglpyingatiianh Dognparid exidpse Efﬂ@ameﬁtﬁﬂdé‘i”&da?hﬂsm and
02 to a 2-o0x0 ac,haecajgldﬂ(mﬁ% and H2O2; 35 D- am no aci d oxi dase (al so ter med
ophi o- am no-fci d oxi am no- aciqg g b é)lagq(:%eductlasﬁé)

(deani nati n whi ch 5‘0@“3???%8 8 PR pE mfi”&%?& acid
and NH3 and 112884 Saﬂildmlﬂ’i‘y@plﬁ)jﬂma o, magvgte,wtrhectrmzomnbawato,SObEGCD,rCyrptn@pckcaznmand
H20 and O to | rkdfs(?&csw,? anmwya@,ﬁ? mﬁgnuﬁo%@da}@%mmﬁa%q&aﬁ@&o@hso |

cont ai n terSI ne- (aromat i C am not r ansf er ase,
: As shown in FIGS. 11-13, if an amino acid oxidase, such as tryptophan oxidase, is. used to

convert typtophau 10 mdole-3-pyruvate catalase can be added to reduce or even ehmmate the -

30 presence of hydrogen pemxlde

Indole-3-lactate to Indole-3 Tyruvate , .
The reaction that converts indole-3-Iactate to mdole- -pyruvate can be catalyzed bya vanety
_ o'fpolypcpudes such as members of the 1.1.1,110, 1.1.1.27, 1.1.1.28, 1.1.2.3, 1.1.1.222, 1.1. 1_237
| 35  1.1.3., or1.1.1.1}1 classes of polypeptides. The 1.1.1.110 class of poly‘pephdes tnchudes
| indolelactate dehydrogenases (also termed indolelactic 301d NAD" omdoreductase) The 1. 1 1.27,
© 1.1.1.28,and 1.1.2.3 classes include lactate dehydrogeuases (also termed lactic acid dehydrogenases
lactate: NAD* omdoredustase) The 1.1.1.222 class contains (R)—4 hydroxypheuyllactate

delivdropenase (also termed D-aromatic lactate dehvdrogenase. R-aromatic lactate dehvdrogenase;



aspartate am notransferase, D-am no acid (or D al anine) am notransferase,
and broad (nultinle -18- substrate) am notransferase which have nultiple

am notransferase activities, some of which can . convert tryptophan and a
2-0x0 acid to indoele-3-pyruvate and an am no acid. El even nenbers of the .
am notransferase class that have such activity are described bel ow n

Exanpl e 1, including a novel am notransferase shown in SEQ ID NOS: 11 and
12. Therefore, this 5 disclosure provides isolated nucleic acid and protein
sequences having at |east 80%.at |east 85%%at |east 90% at |east 95% at
| east 98% or even at |east 99% sequence identity to SEQ ID NOS: 11 and 12.
A SO encompass eddis (4t AL ARG AD @) DLAGHERL Sic P b Y31 90P Rl coleR 410,

NOS: 11 and 12 that retain ani notransterase activity or enco a prot
havi ng ani not r affsfreprisw RyEpiredyctaselalspfsragdyaydresypRspdniryat révctigard frut are not
limted to at | eaBdxyptenyllidctate: WAD" dlHoredBtas§O0Thei0B,. - cBEQontfitdacta® oxilifked) ankiGhe -

conti guous nucl eqt,i of SEQ.LD r.,at. l'east 6, 10, .15, 2 5, 50,
75, 100, 200, 3 8'16?19’%56"”“%‘8% 3{“6{5%[\%55‘%1?74&%%6 %%?d&%ge‘bﬂfeséi’%(jtﬁ“bé%é.'3'(fﬁ‘.g@?€ 3

di scl osed sefuenledat(IanAPY aridariugsel Tbghielytis! sepamd of thusiypertidds lircthaofl)sses aliovbe
part of a , vect gf e _qucﬁﬁf&f‘ﬂﬁok&-@-ﬁyr%te‘h%ﬁﬁn&oﬁ-ﬁlh@i@§Ji<9rﬂ§-l\ ot fifs odnyersib L €PY
produci ng reconbi nant cells which can produce I ndole-3 pyruvate fromt -
ypt ophan, and i A¥@sdn Bexaledi es can further produce MP and/or nonatin. 15
L-arni no-aci d oxi dasesenfidal facBond tandls6 by BN coRHinSRPIBAR 864 HAioRS-pymodat ed

fromseveral different, sources, .such.as Vipera |ebefi Sp P81375

Ophi ophagus hanf CQG%C%T??%}HF Tode £8 Prdaipn ﬁ}%} AEdo% %mrés%é%%fggﬁl)x?%@%t al us
atrox (sp P38742x exaBplek sivdxdtietiamasiomyRiciatlystAFlu) Gepisil Repotier ¥ Boa28, CA8(1bBEG.er
cresentus, Chl apiwdRRRASSat Sk DaeHiGHH, b hytlohs pRaGdth 1S pref2aR SR CANSsts.
syringae, and Rhodococcus str. In addition, tryptophan oxi dases are
described in the literature and 20 . can be isolated, for exanple, from
Coprinus sp. SFaildpleGhphmesetoCdphrage-imibiSylbled)-v-oat gldinBeasiadpr) Ar abi dopsi s

thal i ana, and mammal ian.|;i o FeeQ o d - AN i X i | ass
that can - convert trigl%?ogﬁ}a%ﬁ{% g%bﬁgfgl‘éiﬁg pgﬁ u&%ﬁ%h@%?&%ﬁ?@ﬁﬂbgﬁﬁﬁl
Exanpl e 3, &3 wetlypeptie glpssesinghds 4763 4da10dd 3fldrandrhl -2 (ihase clessesvinalnge cahony
D-am no -aci d OoXiA@RSeyngRAE R, SicRialdBitk Bl cialgR iiaRasR%adon b twiRARElcALid

cloning. 25 Tryptophan, de r ses ar.e known nd can be-isol ated, for
oxanpl e, om SOPHEEh PR L IRy At PR DR Ao et S YiBGte
wheat, maize, t enddiiatopateoydoBiinompieet be elemvphile, ohickim .2 andsyhbotdpae | | i .
Many D-amino acigh @ehy b RgaNA58IARNE SRRHRP SR SRAL GudtION 1A% R0Mp in FI GS.
11-13, if apg-am'no acid oxidase, such as tryptophan oxidase, iI's used to
convert try%@opﬂé‘r‘i‘“ﬁb&e-i ndol e- 3-pyruvate, catal ase can be added to reduce or
even elimnate the 3BorpragiBepdbbefijdd-agbal ipEP (46022 (ECUNdaberBrdioet-at e to

| ndol e-3 pyruvate The reaction that /erts. bLn -3-lactate t _ _

i ndol e- 3- pyr uvat )g’glgja;rﬁ.tcﬁgmgéatwglw%g%t rﬁ'gcgyﬁ\iadﬁ%? Ogo%gfaﬁagﬁ ail/‘%ie%%e?% e“’é‘f,2 such as
menbers of the hydioxjgltarge aldolae of KHF aldplage) gonpgts glyoxylioacyl and pypuvate ppbhydipxy2-1. 237,
35 1.1.3: , or fetdhlvderid dcdd, GhaBR$88pBlideROlylBBPL - nblRA-2-olbutatatd aldoladd @CRI1BSIT, Mo
pol ypeptides.i ncl udes i ndoq! el ac at e, dehydrogenase &gl $9 terr’rgd i ndol el actic
hei g | 4w o3 dofé &ﬁ%wr R Bl PV ase o Prof al3clase) condenses to ke

. acids such as two pyruvates to 4-hydroxy-4-methyl-2-oxoglutarate. Reactions utilizing these l_yélses

are described herein. _ . ‘ . L
| FIGS. 1-2 and 11-13 show schematic diagrams of these reactions in which a 3-carbon (C3) -
‘molecule is combined with indole-3-pyruvate, Many members of EC 4.1.2.- and 4.1.3.~, particularly
- 30 PLP-uilizing po]ypepﬁd-es,‘ can utilize C3 molecules that are anﬂino acids such as serine, chteiné, .
and alanine, or derivatives thereof. Aldol condensations catalyzed by feprese.ntatives of EC4.1.2.-
and 4.1.3.- quﬁire the three carbon molecule of this pathway to be pyruvate or a derivativeof ~ -
pyruvate. However, other compounds can serve as a C3 carbon source and be converted to pyruvate.
_ Alanine can be transaminated by many PLP-utilizing transaminases, including many of those l .
35  mentioned above, to yield pyruvate. Pyruvate and ammonia can be obtained b)_} beta-elimination
reactions (such as those ca{alyzed by tryptophanase or p-tyrosinase). oflrserine; L—qysteine, ;lmd o
 derivatives of seriné and r._:ys'téine with sufficient ieavin-g groups, such as lO-—mé'thyl_—L—seﬁne, 0-
benzyl-L-serine, S—ﬁlethylcilsteine, S-benzylcysteine, S-é]kyl—L-cjéteiﬁe, O-acylél_.-seﬁhe, and 3-

chlarn.T .alanina  Aemariate can gerusac a sonrce of numvate in PT Pomediated hata-lvase reactions



1.1.1.28, and 1.1.2.3 classes include | actate dehydrogenases (al so terned

| actic and dehydrogenases; |actate: NAD oxidoreductase). The 1.1.1.222

cl ass contai ns (R)-4-hydroxyphenyl | actate dehvdroeenase (al so terned
D-aromati c-1act ate dehvdrogenase, Raromatic |actate dehvdroeenase. -19- and
R- 3- (4- hydr oxyphenyl ) | act at e: NAD( P) +2- oxi dor educt ase) and the 1.1.1.237

cl ass contains 3-(4- hydroxyphenyl pyruvate) reductase (also terned

hydr oxyphenyl pynvat e reduct ase and 4¢'hydrqﬁyphenylla0tate: NAD~ .

oxi doreductase). The 1.1:3: class contains Tactate oxidases, and the
1.1.1.111 class contains (3-imdazol-5-yl) lactate dehydrogenases (al so

termed (S)-3- (lfﬁbmme&ta@zadlb»hgﬁt@hﬁsem P):gn)ai{d/csicprtﬁdsﬁﬁtea(sehlgbt alsstehhé@el y

t hat several of the e es se class all ow . for the ion
of 1 ol o 3+ pyr HADERPY RERh dF B e bR PR e e Pt DR on
are provided imutpeasigringheZ4.1 @ﬂemtmhrpaphmmdc@n@dbahﬂoahtsmetbé(JusaebICkam convert

i ndol e-3 lacti CoRbh g ?%dgg&gtneﬁx%ﬁé’ﬁ%%‘?ngmﬁ@dﬁm aﬁasﬂtg@tp ohfRRahhRGR | nel ude

an oxidation_ step t e acconpl1s usi.ng sever ‘10 fo
exanpl e: ai 10 oxfigpgordis 2P Agd wbipies, dpghly wp aleisTvA as CHEM ‘tfal’m‘ﬁ@p@ﬁ‘ts@lmz%d @3 n
28, p éB (1), hZQQcR&te bflink waﬂmﬂemmmﬁtﬂiogenadadnmwmlmrcgfaamoeractttydﬁ@g%dd
peroxi de-in the presence cat al.ysts ol e uyat e r oxy
2-(inrlal -3yl ur%‘&ﬁe)’h g"aﬁ“f’ }?é?fo | rﬁ?cg?qsgeg%scxaaetamw &/eé(Prﬁ‘ﬁg %ﬁif%é‘ﬁj{l des
can be used to EoAvars, Rm‘tldﬂ@as&apjw craattel with iddPle-3 v 'ahey pyrhbrtepnisydrs iteiCd e

cl asses incl udeyfecdse3- = .3.16, 4.1.3.17, ‘and 4.1.2.-. These cl asses

i ncl ude carﬁoon- car bonrl\g%nt hases/lyases such as al dol ases that catalyze the
condensati-off of two CXAHosEppQbegencpied usiag pherpiral fragionspeh 35 dhe aldplrendeysations 1 3.
are synt hases/ | yaa®d it Bxadplk &r m car bon- car bon bonds utilizing oxo- acid -
substrates (such as indole-3-pynvate) as the electrophile, while EC 4. 1. 2. -
are synt hases/|yases . that form carbon-carbon bonds utilizing al dehyde .
substrat es (sucMPaisMbetFiZal dehyde) as the 20 el ectrophile. For exanple, the

plol ypelot It de descri Pedodtv&sxgﬁ)fmgmgga%n tdaGe é&ta%ngd%ne &nttyﬁo?%mgmoxogl UZ arate
gl yoxyl ate-]yase .al so_ter al dol ase 0X0- 4-
hydr oxyg! utar at @ &8?65@%@?1%1&3 %8%5%%‘% gf‘gaﬁ éﬁ{g 931%/6‘?‘9‘? 3id defrdepechasgs
pyruvate to 4- h@d@m),/glﬁtamﬁeﬂemgirwmascl Ati-d), prandaldnive dghpdrygrese (BPd.4.1.20), -

4-hydr oxy- 4- et t gagHa gtpgftate%&aﬂngtgt@%q2§)E&m%rége§mwmeat§ Oorfn termed

4- hydr oxy- 4- met rate pyruvate-l'yase or PrOA a ase
condenses two kﬂl@tmﬁ@raa%faw 6d <) udiys W?ﬁp&a@gmfr@sferase (EC 2.6.1.1), tyrosine: fammatlc)

4- hydr oxy- 4- net Mou&mm@@egdzmhay attgzptoaeaa:tmaﬂsefaisb |lok Dialgind hm&@t} m&sfeaﬁee
descri bed % ei &IC?] E%%ven m%xgaers (38% 1an%§otrrms? asse £Ir|‘3a é :,T%ibdd a}?}%mole 1)t melstgng

reactions i'h wh car 'S €0
i ndol e- 3- pyr uvait@velhtambernﬁhmssheﬁmE@EQmNQS 11andf124aml r@ctions Pavesigokgel y - 30

PLP-utilizing pRly %%&%%ﬂsfe@@&numﬂymgen&?eﬂmeeq,.le!pes;dmahﬂpe 7anmi no aci ds
such as seri ne, cyste| ne, .and al anine, or derivatives theredgf. Al dol

condensati ons cat al yHEeIsjonanieode Reerped asngperpiea spadions. AmingHonof fhe keto a“’i‘deq uire
t he three car bonpPilpatuhel igfredidtive aniatibmasng bmmbnda P4 saditat @amborshydédel vati ve of

pyruvate. Hgnever, ohher;)GOUMRUANSSARASILE N ek ChaTALAAN EOUEERRAY De

converted t'6 pyruvate ansam nat ed y -nany uti’llzing
transamn ases, VP Ergylﬁpgg ngpyedd@elc{s lgbmenatin from mdole-B-pyruvate or h'yptophan For example, if .

aspartate is used as the amino donor, aspartate armnotransferase can be used to convert the aspartate
to oxa]oacetate (FIG. 11) The oxaloacetate is converted to pyruvate and carhon dioxidebya
decarboxylase such as oxaloacetate decarboxylase (F 1G. i1). In addmon if lysine is used as the A
30 amino donor, fysine epsilon. annnotransferase can be used fo convert the lysme to allysme (FIG 12)
The allysme is spontaneously converted to 1-piperidéine 6-carboxylate (F 1G. 12). Ka po_lypeptlde :
capable of catalyzing i;educ'tive amination reactions {e.g., glutamate dehydrogenase) is useé‘ to '

o convert MP to monatin, 2 polypeptlde that can recycle- NAD(P)H and/or produce 2 volatile product _
C (FIG 13) can be used, such as formate dehydrogenase : : '
35 | |

Additional Consuieratmns in the Design of the Biosynthetic Pathways
Depending on which po}ypeptldes are used to generate mdole—3-pymvate MP andfor '
monatm, cofactors, substrates andfor addmonal polypcphdes can bc pmv;ded to the productxon cell

to enhance product formation. .



35 nentioned above, to yield pynivate. Pyruvate and ammoni a can be obtai ned
by beta-elimnation reactions (such as those catal yzed by tryptophanase or
3-tyrosinase) of L-serine, L-cysteine, and derivatives of serine and
cysteine with sufficient |eaving groups, such as O nethyl-L-serine; 0-
benzyl -L-serine, S-nethylcysteine, S-benzylcysteine, S-alkyl-L-cysteine,

O acyl -L-serine, and 3.- chlnrn_T _alanine Acnartate ran serve' as a snnree
nfnvmvate i-n PT. P-nedi ated hemivase reactlg S -20- such as those catal yzed
by tryptophanase (EC 4.1.99.1) and/or (3-tyf0sinase (EC 4.1.99.2, also
ternmed tyrosine-phenol. |yase). The rate of beta-|yase reactions can be
increased by perfornming site-directed .nutagensis on the (4.1.99.1-2)

pol ypepti des as desc uratou et at (J. Blot. Cient 274:1320-5,
1999) and in Exgﬂﬁ‘f‘gy‘ﬁ%‘?' ‘y’éJ‘\z/b & fications all ow the pol ypeptides to accept
5 di carboxylic. aninéiyaogd psiét(Halk)psa productthit.if seaemied] @pbaterivie pasucoselly ce of

pytuvate, and i §naﬂ:§ﬁ gia'négéjﬂlé 19)1 %H&H M%M&at%%codg&gl File @0 En{?ﬂco aL'ﬁg}El@aEeedescnbed

dehydr ogenase and an oxi |ze cof act or tate oxi dase an

Exanpl s, of { hed®v§ saEaipdh: 24perofust cihpplets HErEiRe aqbrxidasedsyssdethe ﬁgﬂtslﬁéwp in
FIG 2 and: Fl GBbe kehmidior B 104l abpialed HRlcG @k REnGORuAAE 86 cdok Product.

i ndol e- 3-pyruvate wh ruv t C3 0..The MVP can
al so be ggxerat ed usﬁtﬁp%ﬁ%m %usfétoéeladﬁctcggﬁ Iogﬁ’cq‘im%&?]b@?%g'g{if%cgﬁ@?ﬁg%ﬂ"? ons
provi ded i'n Exang¥lcen &preg ageteor @M@qlanqetﬂnammﬂewsda@nse@ﬁc MA.1.9), vhichattilpzegtien  be
catal yzed by On@ec%pdg%x?of@a?dr&greé{%}&ﬁ@% ater 348 ek Ea@slf‘o?léaé& , dcatalBse tandbl) -

trypt ophan ij hydr ogenases D-am no acl d dehydr bgenases
(1.4.99.1), €| uf@rﬁﬁeg&%ﬁyma@ﬁfﬁ@;@éﬂw the aroq_uctzon4;7ll Examples of cafalases that can be used

phenyl al ani ne. defiyidegenasmt §dnEd b: $QoRVBQYmphylococes xylosus), triQIKBES (Bacillus

t rypt ophan- phen 2S 3\ ( y
rerber o of Dhe TURAESN G (AR ARG Rody ol JPL oS SRR

ami not r ansf er as &epB@narageanpesyis) (ByisBmit ﬁ@ef(sm bk Peyataldieraseern wighel-ammo acid

(2.6.1.5), D tr y¥péenDamiiaekifad)sf Bhoshn ofdasd @R tbin § tafiselpo gqlépnde
am not r ansf %ase 20 (FIG 2). Eleven nenbers of the am notransferase, class

are describ bel ow (Exanple |), including a novel nenber of the class
shown in SEQ | DMu@8atiok of PlAGyridexal-Sdospb@gitivafvdiligenonstrating the activity

of aminotransferase ap QmQrﬁ E}Mﬁ(f" QE AL %ﬁ%ﬁﬁ&n@&&o&ro@\ﬂe %Q:nlhéhc nﬁﬁ@!eﬁbeﬁ

This reaction can also ornmed using .chem cal reactions. nat 1 on of
the keto acid b The c‘ﬁé?n%tron@%i’l@ﬁ@ﬁawiev’émﬁlﬁp FhaitELB dogs 89t berompriimTEoHeRd
sodi um cyanobor abyehdlideicierdy ofthé3Bactidnl - 13 show addi tional pol ypepti des that

can be used 0 conve a S as_pr creas i,el ds
of nmonatin %r omi ndolrr}éelgosﬁuﬁeﬁ‘\:/ Ay a){)ghflémmtéﬂgthe m“ﬁi'g% 09]\#‘@1‘ %een% ofoug ?/fi ate
is used as the afi adiaddsroe of@smapmﬁ@@bam anstalizadshaderzsd., E&W lbéﬂfué‘&:%tgo
Converz Ej hte as p@efgbﬁtﬁvo ome @sl@% @B &g@&tﬁm ljea%ued ﬂihﬁl&ﬁﬁ@db@l@ﬁﬁﬂl@éyﬁ while
converted to pyruva OXI e a, de | ase,. suc S

oxal oacet at e de@ﬁﬁ%@&é&‘%&la P ﬂ“eé%’&ﬁ“f]‘?"é]ﬁ osplate insynicsis. 9"5%@& as the
30 am no donor, sthrgigg megeriels i thaon cdrpaihwayr:anﬂéoey-as@ubarﬁ ﬂﬂﬁsphaeﬂ))m) Syothasfthishe
lysine to ag ysbsa&mgﬁmﬁ coﬂr&)o 2pefi3%e f cxa#anﬁetab% iERODLARRKY :E;@zgyd% fltdgcg:yt 0

1- plperldelne 6- car pept
catal yzing red uPth\F?SEa%’rPl}?a{th&Wn‘ih@a@ ?%nghe(féhegprecuﬁpm %%P‘Eﬂe Nptivedermeblsem |

used t (O the 4-carbon sugar, D-erythrose 4-phosphate. The genes required for the conversion to phospho-4-
hydroxyl-L threonine (H‘I‘P)'zire' epd, pdxB, and serC. The last reaction for the formation of PLPisa

_ complex intramolecular condensation and ring-closure reaction between DXP and HTP, catalyzed by
30 the gene products of pdxA and pdxJ.
| * IfPLP becomes a limiting nutrient during the fermentation to produce monatin, increased

' exbreSsion of one or more of the pathway genes ina producﬁon host cell can be used to increase ﬂlé -

" yield of monatim. A host orgamsm can contain multlple coples of its native pathway genes or cop:es
of non-native pafhway genes can be incorporated into the organism’s genome. Additionally, muluple

35 copies of the salvage pathway genes can be cloned iuto the host organism,
One salvage path\a'fay that is conservéd in all organisms recycies the varions. derivéﬁvgs of

vitamin B; to the active PLP form._ The i)olypepﬁdes iu\i'olved in this péthway are pdxvK kinase, pdxH
oxidase, and pdxY kinase. Over-cxpression of one or more of these genes can increase PLP.

- availabili_tv_ '



s

convert MP to nonatin,.a polypeptide that cani recycle NAD(P)H and/ or produce
a volatile product (FIG 13) can be used, such as formate dehydrogenase. 35
Addi tional Considerationsetn the Design of the Bi osygfhetic Pat hways.

Dependi ng orwehks/edi3@ol ypepti des are used to generate indol e- Bepiisstyptsy M
and/or nonatin, cofactors, substrates, and/or additional polypeptides can
be provided to the producti on cell to enhance product formation. , -21-
Renoval of Hydrogen Per oxi de Hydrogen peroxide (HZQ is a product that, if
generated,' can be toxic to production cell-82- and can damage t he

pol ypepti des or int ermedi at es produced. The L-am no aC| d OXI dase déscri bed

5 above generates H2 refore, i oxi.dase_is
used, the resulting Sé%tﬁm %ﬁe? cauﬁecﬁ%?}% YSFmPlhgnl’réepéﬁfSEmb‘g E"gicfeé‘ﬂﬁﬁ’ﬂf‘%ase
potential injur yhemaﬁvb hiesyotttic pathwiyrzogtsiotthe h@abaidse PLE apreles mb@@udesmwmhdme t he
level of H2O2 i nyfhRnRkds Jfﬁlegﬁm;o;tmﬁeélm adiNGR u?tgc tiee&ﬂnpzﬁ%blm&ﬁp D et

gene or cDNA se uence t hat encodes a catal ase catalyzes
the deconposi t {foRtiptacksal ptesmetieep et asabels cprtohovsErredhcespdeseldseriikes snd cmp
exagpl e, a calt ?bml@acmdmg/ﬂsrmp}}aﬁﬁﬁ&ﬂﬁﬁmﬂmmeﬁasaﬁgagﬁxaaﬁﬁ&ﬁﬁgﬁféndnﬂhﬁ t he
production ce es. 0 tal ases t e used ta i ut are
ot | tod to: S eBRoRT e Bk rSeiecishey Pyl S commnt BeREPRIEE

hal odu. rans), t pd@@yRdiés.( Candi da al bi cans), tr1P77948 (Streptomyces
coelicolor), trlQQRBJ5 (Xanthoznonas canpestris) (Sw ssProt Accession
Nos.). Bi ocatalytic reactors utili zi ng L-amino acid oxidase, D-amno acid
oxi dase, or trypraswan B¥%dase can al so contai.n a catal ase pol ypeptide. 15

Modul ation o6 PLP (py‘fypdﬁh@ﬁdscﬁactlﬂh@ﬁmaaﬁﬁ)l o Aitlcafithetié Yrebonghiaistioh o FI G 1,
PLP can be utili ze N QNe ! 5 nor, e 0me][ml?lleos%ﬂb el}); Ir%mg'\:[aﬁ RS de ck |bed
herein. The con%‘f AToNn"o Bl_rﬁﬁ]mﬁnm%‘ l’errente S0t d‘oes not
becone a |im taﬂmmwomwacflomsueh/@rﬂmﬁd Ca'felﬁ'#eriby é#@lyatﬁﬁehrmem@mbmbﬂ dggen Toyward

bi osynt hetic pai,j;lmxcefsﬁfmwngﬁﬂgn B6 (the precursor of PLP) has been

t horoughly studied in col.t and sone of the, proteins have been
crystallized (Laber éfm%?rna canpbp Eede xRt & a0 FAEeTURR gTbonajes gponFR PGPl Henes
(epd or gaplB anduresté §r phospharedbgtidredaghtdnn Apireta cirellsaboprotdgdat iy pydaidteor
three genes (pd

bi osynt.-hesi s. Xﬁm[@}ﬂ%ﬁ sq‘g?rg%%%gly’ ﬁgry?% H&ukﬁ% (E%Ebﬁgegé%# IS%%E Egﬁﬂ% S

1- deoxy- D- xyl ul @9@1015&&@9@%9@?%#}'1 assydﬁpﬁfeéﬁrgdresenftf»ﬁp@msplm éfézﬁf%@rasq rom
common 2 and 3 aaﬁxlaﬂmcdﬁ%ugsnaltemwaam&nlomgnduﬁam@a@keyzmtLV9§Jt@ro@ieéa&peptl de

1-deoxy- D-xylul ose:5:p he oth cu i

t hreoni ne der i.vSVHPESY ﬁf?gg'q?qﬁg'ﬁq%l’zﬁ mggeélé Yh8, OI%B%P g@? Tﬁls@é"eﬁk’w‘"’%”n

4- phosphat €20 Thacgenbseld efguitrtdprbdurt opdy ¢he complengliginmtamopi bsqjhwméthc bryzgimotey | -

threoni ne (HTP) paf &, eR0, . DbsBeitd serC. The last reaction for the formati on

of PLPis a co ex I ntranol ecul ar. condensati on and ring-closure reaction

bet ween DXP and HTP, catalyzed by 30 the gene pr oducts of pdxA and pdx L
Removal of products and byproducts

The conversion of tryptophan to mdole-3—pyruvate viaa tryptophan ammotransferase may
25 advemsely affect the production rate of indole-3-pyruvate because the reaction produces glutamate and

requires the co-substrate 9-oxoglutarate (a-ketoglutarate). Glutamate may cause inhibition of the
aminotransferase, and the reactlon will consume large amounts of the co-substrate. Moreover, lngh
glutamate concenirations are detrimental to downstream separation processes.

The polypeptide glutamate dehydrogenase (GLDH) converts glutamnate to 2—oxoglutaraté

- 30 thereby recycling the co-substrate in the reaction catalyzed by tryptophan armnotransfetase GLDI-I

also generates reducing equwalents (NADH or NADPH) that canbe used to generate energy for the -
cell (ATP) under aerobic conditions. The utilization of glutamate by GLDH also reduces byproduct
formation. Addmona]ly, the reaction generates apmmonia, which can serve as a mtrogen source for
the cell or as a subsirate in a Teductive amination for the final step shown in FIG i. 'I‘herefore a

35 'prodnction cell that over-expresses a GLDH polypeptide can be used to _iﬁdr'ea_se the yield and reduce '

e

the cost of media and/or separatmn Processes. . _
Inthe tryptophan to monahn pathway, the amino douor of step three {e.g., glutamate or -
aspartate) can be converted back to the amino acceptor required for stép 1 (e.g., 2-oxo-glutarate or

valnanatats) if an aminntransferase fram the annranriate enzvme classes is nsed. Utilization of two



| f PLP becones a limting nutrient during the fernmentation to produce
nonatin, increased expression of one or nore of the pathway genes in a
production host cell can be used to increase the yield of nonatin. A host
organi smcan contain nultiple copies of its native pathway genes or copies
of non-native pathway genes can be incorporated into the organi sms. genone.
Additionally, nmultiple 35 copies of the salvage pathway genes can be cl oned
into the host organism One sal vage pathway that is conserved in all

organi sns recycles the various. derivatives,of vitanmn B6 to the active PLP
form The pol ypeptides involved in this pathway arepdxKkinase, pdxH oxidase,
andpdxYki nase. Over - expr essi on of one or nore of these genes can increase
PLP avail abili tyepatMe B 0BCF3BEpRGAY, WSB/h IR sHidBate Fdne tfinfaaiirase dBG nbievel S can
be elevated b [ | atjon of the
native bi osyn%/hg!t) [ %“‘g‘%pﬁ%“%&é‘%@ ?ﬁﬁf{%er%ma%&g?eg%%%g%mg %ﬁs%rgignﬁggeﬂs@ses

pol ypeptides inedhy®d in the biosynthesis of the precursor threonine

derivative in the baq\ﬁa@?bﬁﬁar@c@aﬁ@ﬁ@cewch&%mayﬂréﬁve&&’%ﬁawﬂ} thdrbfo, BRAGLET 1 al
strain, freed ‘{r]rlgj ic control . over %l? %’FI doxal , deri vggl ves and
can 5 exeret Ayt st Sﬁeﬁ’a“d@é"r‘il ﬁ{}F TEH B PGIABHISY or gani sm
pr oduci ng m)nat |cmhnﬁbuarenmalmﬂﬂarproﬁmrﬁoorﬂawolybepaﬁds ORur thsplk et@as efdnopstadutet | on
PLP wi t hout Overthc%%% ok 50m Qi 1€ *C{)t mi%!as%%’mebgéu!;pgn PB%“&@M%Q dé‘c?ﬁtaméﬂml)ﬁe“ .

Utilization 10 Tryp anase reactions can ven towar e synt
direction (prod &@Pat@rﬁowfa biopytafysie sRerRRObcoRIeiERt Ry clpeilselisies anfhiataee thor e

avai | abl e or by daeBavyRlg. of Water Reductive aninmation reactl ons, such as

t hose catal yzed by gl tarrat e can so..be A for rd by
an excess 0O 6ammn| u E?fg cﬁ %gﬁ‘glala g FASHOPE o, Pf '\élqsr?w"t‘)tl‘i’flu mo
carbonat e or améowr g qumaw tg ibeast the redGomyiddrIroed tanples phdsphatie

buffered syst emeﬁg\B@f?,'aﬂd $heh ﬂbﬁ% P3P iy 3 %@tﬁzcﬁ@m&ﬁmaHYMVﬂEﬁe Bheactin
ammoni'um formate. Alternatively, ammnia can If the reaction is

coupled with a the &yERs @choﬁétmeg@?@?sﬁf@ggeéﬁﬁmﬂ“&n °§E”éﬁ°“é"’§e°¢}f tRUEndo an -
dehydr ogenase onutdcypicnfaainctdahyddafgrdiagd. Amoni a can be generated by
addi tion of1 he natural substrates of EC 4.1.99.- (tyrosine or tryptophan),
which will.be hydrolyzed to phenol or indole, pyruvate and NH3. This al so

al l ows for an 2@fodwekesxstd SxlisedelPagls synt hetic product over the nornal

equi li brium armunt byrhainh&y\soeaamemﬁmztym nﬁceeaﬁ@ﬁkde&nwwﬁtspmﬁ gb@rsbSehdior
substrate. Renov oducts and. bad/ﬁ q?fgﬁfCts The conver of tryptophan to

i ndol e- 3- pyruvat “W‘%f‘a OI{CrPVB‘F%f)W‘éﬁIF FRATTE R PRI a’“2 TENR S fy affect
the production patietiof ofiiddeBescBe pidfivebdlefomavse canhereheeabdr ebmingeddsiuces
glutamate apg Iﬁﬁ%ﬂﬁl@%el%&? é?&?ﬂurf&t B4 10?&919&%0@{ . %rédﬁc ‘RB oiétﬁ%!Euat €).

d ut amat.e may cause | nhi am not r anst er ase, reactl on

will consume | aFleéoP&f‘R)‘i&HP“sm‘B‘FedtOh@mE‘@i% By @pqigrady delgipeibyesne cvﬁing F?r EC4199.1 in

the host cell. Alternatively, an excess of indole can be utilized as a substrate in an in vifre or in vivo

processAin combination with increased amounts of the gene coding for EC 4.1.99.1 (Kawasaki etal,
. J. Ferm. and Bioeng:, 82:604-6, 1996). Genetic modifications can be made to mcrease the level of
25 | intermediates such as D—erythrose— —phosphate and chorismate.

A Tryptophan production is regulated in most organisms. One mechanism is via feedback
mhibition of certain enzymes in the pathway; as tryptopﬁén levels increaée, the produétion rate of
tryptophan decreases. Thus, when using & host cell engineered to proc‘luceA monatin via a tryptophan.

_ intermediate, an organism can be used that is not sensitive to tryptophan concentrations. For

30  example, a strain of Catharanthus roseus that is resistant to growth inhibition by various tryptophan
analogs. was scl_écted by repeated exposure to high concentrations of S-methyltryptophan |
{Schallenberg and Berlin, Z Nétmjbrsch 34:541-5, 1979). The fesulting tryptophan synthase activity-
of the strain was less effected by product inhibition, llkely due to mutations in the gene. Slmllarly,

: host cell used for monatin productlon can be optumzed _ _ :
| 35 ' Tryptophan production can be optimized through the use of directed evolution to evolve
' polypeptides that are less sensitive to product mhﬂn_:tlon. For example, screening can be performed
on plates containjng no tryptophén in the médiurﬁ, but wiﬂ1 high levels of non-metabolizable _
’t-yptophan analogs. U.S. Patent Nos. 5,756, 345; 4,742, 007 and 4,371,614 describe methods vsed to
. increase tryptophan productivity in a fermeniation organism. The last step of tryptophan btosynﬂlesas



gl utamat e concentrations are detrinental to downstream separation processes.
The pol ypepti de gl utamat e dehydrogenase (G.DIl) converts glutamate to
2-oxoglutarate, 30 thereby recycling the co-substrate in the reaction
catal yzed by tryptophan am notransferase. G.DIl al so generates reducing
equi val ents (NADH or NADPH) that can be used to generate energy for the
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 sourét for the cell or ‘as a
substrate in a reductive anmination for the final step shown in FIG 1.
Therefore, a 35;1admgt J%Ele ﬁ@ﬂo 'md%@%e refof&the &ﬁﬁ%ﬁ% ?§e' %%&&%ﬁ%&&@ can
be used to increase the d an uce medi a and/ or
separation procé@@@@mﬂF “Fﬁé tryptophan to nDnatln pathmay, t he am no donor

of step three (e 9., TOé AhRARE Rorfin praﬁ@s’arbpareﬁﬂenﬁaahda@nﬁﬁe%%hﬁﬁasb@@ykm}éamﬁgw

am no accept or for | ut ar ate . or. nnr nb+=~

o net oy ¢ angPEATRRE e aien i P Ristorufy s Bt s Piedor:
Utilization &f tawgienR BN ang @y Ixtiedppk Msdbivl. AR%38s12f 1902)taid Borgatsinwlabraia (iee adhi ch

t he substrate. of

activity of t heA%rg ﬁgrrgqﬁﬁggﬁ%ﬁgggﬂ%gg%wféggrplggggw&e chlx%iljé;%%ﬁb é)faéh D%ethe

pat hway. Many ofetps disglased e Iy 3fldyiipe spRsdcapadiistiopren hemse E’r%gaﬁlé‘\)sé? BPBPte and
will, therefor epyrﬁﬁ@é‘eliﬂ Rétuction, ©6HH bd thddE i ANSEMWEWIASSHARKERs RS erald. R-RGHE! S.

The yield of th _pat o be increased by continuous renoval . of the
products fronlt bogyﬁéét@%% For exanple, secretion of nonatin into the
fernentatlohobroth using a pernease or other transport protein, or selective
crystal li zati on cQfyoniledlriy froma bi ocatal ytic reactor streamwith

concom tant recycle of substrates will .increase the reaction yield. 10 The
renoval of byproductg“%?“%ﬂﬁm?WBW&W“&%§§H¥??EYF@E@PWHHE*HP“H?“gﬂ%@PWVU#ion
of am no - donor thgmlkpde. iFer amqﬁé;eﬂemynoh@mnsmﬁm@e)etdhﬁed mditteteftbleydsaf d.

Several exanpl e on@éngatg G?B(iil 0 clhs FX r%maﬁn?ah 3 Q:% a:@ﬁgnga ancoxl'f]{nr%cm lle and

| deal ly a- bigro uct 1s pro uce ? At 1S una Peto react THE Teverse
di recti on, the@ﬂbvﬂbhase change (evaporatlon) or by spontaneous conver si on
to an unreactive endproduct, such agwocarbon dioxide. 15 Mdul ation of the

Substrate Pools The indol e pool can be madul atgg by igicreasing production of

trypt ophan precursors and/or altering cataholi: ays i nvol vi ng

i ndol e- 3- pyruvat e and/ or tryptophan. Fo?ngigﬁer pr oducti on -of

i ndol e-3-acetic acid from i ndol e-3- pynvate arm e redyced or elimnated by

20 functionally deleting the gene= EC|4.1.1.%% in the host cell.

Production of indole from tryrropha uced or elimnated by

i i i ‘ 99.1 in_ the host cell.

S §, ubstrate in an in

régéd\@gggfts of the gene
and Bi oen ZEZ 604- 6,

gase the Ieveﬂj :

OH

Al ternatively, an excess of i~\9Ie cgn be
vitro or in vivo process in cOoRpinatin wth incr
coding for EC 4.1.99.1 (Kawasaki et at, NJ. Fenn.

1996) . “CGenetic nDdlflcatlons can be nadtho 'B

Racemization at the C—4 position of monatin (see mumbered molecule above) can oqcﬁr by
deproton_a_tion and reprotonation of the alpha carbon, which can occur by a shift in pH 61‘ by fea‘ction
20 withthe cbfzictor PLE. Ina micréorganism the pH is unlikely to shift-enough to cause the
- racemization, but PLP is abundant. Methods to control the ch1rai1ty with polypepndes depend upon ‘
the bmsynthctlc route utilized for monatin production.
When monatin is formed using the pathway shown in FIG. 2, the following can be
_ considered. In a biocatalytic reaction, the chirality of carbon-2 is determined by the enzyme that
25 ) converts ﬁdole&—pymvate to MP. Multiple enzymes (e.g. from EC4.1.2.-, 4.1.3.-) can convert, . |
| 'iﬁdole-3-pyruvate to MP, thus, one can choose the enzyme that forms the desiféd_isomer. |
" Aliernatively, the enantiospecificity of the enzyme that converts indole-3 -pyru;.rata to MP can be
modified through the use of ﬁiregted evolution or catalytié antibodies can be engineered to catalyze -
the_(iesﬁed reaction. Once MP is i)roduced (either enzymatically or by chemical condensation), the :

30 - amino groun can be'added stereospecifically using a transaminase, such as those described herein.



25 internedi ates such as D erythroser4-phosphate and chorismate. Tryptophan
production is regulated in nost organi sns. One nechanismis via feedback
inhibition of certain enzynmes in the pathway; as tryptophan |evels increase,
the production rate of tryptophan decreases. Thus, when using a host cell
engi neered to produce, nonatin via a tryptophan internediate, an organism
can be used that is not sensitive to tryptophan concentrations. For 30
exanple, a strain of Catharanthus roseus that is resistant to growth

i nhi bition by various tryptophan analogs wds sel ected by repeated exposure
to high concentrations. of 5-nethyltryptophan (Schallenberg and Berlin,

ZNat ur f or sch 34Eﬁﬂzﬂ-ﬂ15Roﬂ§c709ﬁguxaﬁ$lﬁ;fE£’ﬁdﬂl4tdaﬂ@ geﬁeyaﬁdaﬂﬁmmcs;ymmﬁesenaﬁm Vi ty of
the strain was |es cea]::ldgrguno AlS r%a eflcll a d.l‘-fﬁ‘['a‘; sares f £ lfileLEO Tutations
in the gene. SifiTarly “cert use IFm”"‘ ARt R f)rmo Uetlon can be
optini zed. 35 Thww%@mmphﬂ@mmmmﬁer@mm@n opteip nh@e@iﬂhlhaaéghmﬂh@mdw fthe
directed evol ut Bﬂ@ntérﬁ%ﬂ@ﬂé%y\ﬂﬁosmﬁ%n%ﬁﬁﬂh‘ﬂ%%d éahﬁ 1y1 éﬁtﬁyélseééka? @éﬁ§d 179906%1%0%1

product | nhlngl tion. For exanple, screenin rforned E
cont ai ni ng ngffpﬁwpaﬁotﬁawfefaﬁ% G bt 8 mw* w"ﬁrﬁ @ﬁmfrffé@séqr%%cﬁ 141) ‘and both
non- et abol i zab{ry-3- ahﬁmmxﬁth@mpamab thxiotrahbfﬁase t%aalefny aﬂﬂ@ﬁ-aﬁnﬁ@ﬁnﬁaﬁ*@m})amﬁe

4,742,007; and 4 37u']ahs Slase eﬁﬁcﬁj }8?53 e 1%&11%33{# %%]9' atrmnozrgn(s\’treg?eg %ena%/r ac:?_I gﬂﬁe

product|V|ty|na &rent at | on ani's
bi osynt hesi s - 2pbstiats fortiids raastiintvitia p@tlm%aemnﬁemt@n atrﬂu@@arbqnhéfhmfm,@vetnhﬁhe

avail ability of cs6hdiffo ﬁ@@s da{esteréas;feaﬁé M sbRodh DL B8 fie fiflal HEHuLRBAU BfRMACt | ON.
The amount ﬁé} rr{)bﬁgtl n pro uceg a]F f er ment atj.on orﬁeganl sm can_be_increased
by i ncreasi HOWRCPEe SPELYE UBrEaate S5 T RSB T BYE RN Srimredrd ai n
yeasts, such asMPrimdbdshiomen) cf be g baok (0idsmgnstibenss|ahd 4 redetnic rigpple of 3P cmdbi ol .
35: 338-42, 2002 &’T‘Q Tondopsis glabrata (Li et at, Appl M crobiot

Bi ot echnol 7: 4 2001) overproduce pyruvate and can be used to practice

the rmethods dlsclosed herein. In addition, genetic nodifications can be
nmade to organi SEEivkdenRraesaaRs pyruvic acid production, such as those in E

coli. stra WL485I i a oe 04- 6
T006) . 10 At har Rl RURe Rl oy dorh S flatf et SF e e
by controlling ﬁlb@sgﬂem@oehv@hmybted yubteabes paalb e ensigetialiefayppibleaud, thereforsy can

exanpl e, differgnf.4ppakismt émﬁteg%}i/opﬁelﬁjseﬁi ﬁ&ﬂcoh&nghénﬁ SLRdiidloends of
concentrations for different. food systens, Chirality can be controlled via a

conbi nati on of Plasekigsroasasrs He Eﬂql wtamer @bthe pejeoghilic Rybgiratenmiing }f niore Teactive.

In other reactions, a phosphorylated substrate often provides a better leaving group. Stmilarly,

20  substrates can be activated by conversion to CoA derivatives or pyrophosphate derivatives.

Example 1
Cloning and, Expression of Tryptophan Aminotransferases
- This example describes methods that were used to clone tryptophan aminotransferases,

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

E;\perzmenral Overview
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, '
Iéspectively), Stnorhizobium meliloti (also termed szizobium meliloti) tyrosine anﬁnotransferase 7
(tat4, SEQ ID NOS: 1 and 2, nucleic acid sequence and amino acid sequence, respectively),
Rhadobacter sphaemzdes strain 2.4.1 tyrosine aminotransferase (taz‘A asserted by homology, SEQ D
NOS 3 and 4, nuclelc acid sequence and amino acid sequence, respectwely) R. sphaeroides 35053
35 tyrosme aminotransferase (asserted by homology, SEQ ID'NOS: 5 and 6, nucleic acid sequence and
| ammo acid sequence, respectwely), Leishmania major broad substrate aminotransferase (bsaz‘
asserted by homology to peptide fragments from L. mexzcana SEQID NOS: 7 and 8, nucleic acid
sequence and amino acid sequence, respectively), Bacillus subtilis aromatic ammon'ansferase (araT

" asserted by homology, SEQ ID NOS: 9 and 10, nucleic acid sequence and amino acid sequence



O OH Racem zation at the C4 position of nonatin (see nunbered nol ecul e
above) can occur by deprotonation and reprotonation of the al pha carbon,
whi ch can occur by a shift in pH or by reaction 20 with the cofactor PLP. In
a mcroorganism the pHis unlikely to shift enough to cause the

racem zation, but PLP is abundant. Methods to control the chirality with
pol ypepti des depend upon the biosynthetic route utilized for nonatin
production. -\Wen nonatin is forned using the pathway shown in FIG 2, the
foll owi ng can be considered. In a biocatal gél c reaction, the chirality of
carbon-2 is determined by the enzyne that 25 converts indol e-3-pyruvate. to
W Miltiple enzynmes (e.g. fromEC 4-1.2.-, 4.1.3.-) can convert.

id ndol e ;:I 3- pyr uvatdpdeavelyR Lacftdbﬂtlsllus QRACAR a6haR slambthi];esfaﬁbz Ydil‘E'I’ dsfextd ﬁy%xﬂ@ogtyrﬁq
esired isoner ve e _enant i ospeci ICIt

converts i ndot eugﬁ‘otsr uva{ o Itm%if/ﬁm@s‘ﬂ'ﬁmB"é3 hi g g reﬁc?vﬁg’g %S‘fo"}es

di rected evol ut |35ﬂ$3 mﬂhnlats@ﬁfwwamtmﬁfmm(wﬂm hbmolmgﬁib@rl‘é@ﬁ fidand a#,ahqlde

the desired reaglh Qfuendefarltld defl sRMQRY cBflcd Bl ﬁﬂdoﬁ%yme;ow d¥in 902, 1 ¥ le
chem cal congensatl on), the 30 amno group can be added stereosoeci icall

usi ng a t r and aniHaEE miEpskese(pgascltdy P‘?%%Y ifepigpipAccessiop No. A4l 009??61 R or
S confi-guration bpﬁ47amm@51an4Gemmdq&c@ammatzmcbodmpandumc 2 sWhieichSid adinbaci@r L-

aromati c aci d am notransf.er.as otr S re s ific
for the L-isomef T ieRrgivel ?Chen{:}ia ﬁoglr? Spalvgﬁﬁenao °§ﬁn§ i aasé’%r(g%(nlgés ccﬁssbgﬁfc’

pl ants ( Kohi ba MW&@PW&%@%M@Q@MA@W@OH& h@AQ’lﬂ@ﬂﬂa}md@maﬂifiS@yn@sﬂJm on
Vitani'n B6 and %@9&%1@& aksyskitety), Qﬁ@bamh SARA IRk rer MG AR Vi ID R d3: & ani ne

ami not r ansf i{]‘ases D- mef hi_oni ne- pyr uvat €_am not r ansf er ases
(2.6.1. 41) a¥d B33 mupledy 2o Gepfs WWFW%%%’F@VQH not r ansf er ase
(2.6.1.61) and (S)- 3Targens w2rrehdydxpresphndadsed forstiviotin ansdemas eypfaphda td . 22)
have been i dent t 1

Substrat e for t RQEspEEl B ARkEARD CHART R M Rdfighy iy
carbon. Therefore, even if the conversion to MP is not stej eospecific, the

st ereochen i sir YoeRfifich#V of BiredialBtmts St M@rcobﬁmqgngjekek Pn 40 DedveDuGint he

appropri ate,selecti on, of a S ti ons reversi bl e,
t he unreact ét§j WP (u dE%r+e Iq]el son@(}rgm@g%en etgrr el?:tflc °l?fyg°§ FpAYey) [ asewere

constituents andesignatccetiptophineminogangftradel Hommveb erganisisdpviagthis mmmtlabqhmty of
substrates 15 Phgsphe funRbe %ﬁ%ﬁ:ﬁﬂaﬁ %ﬁ@tran&&gsb( %%W%@MM@E go1( PEP) ,

can be used in the reactions i scl osed herein. hosphor yl at ed substrat es
can be nore enePYBH TEAOTYi BB fRmHh ol g SREGF: @Z%b&ﬁemb’é" e F 5 rher ease
t he reacti on rabasglanphhatitoghineliel snd chitsol bhfibwee aﬂdxegmaénsmﬂzpbm:h egpaddbsdrivon of a

phosphat e gﬁ@qux%;[ra?‘?!lfohl ér%%m} ﬂ: zchyﬂz?pl g%a tin?argelgseu%omgn .?sgm:}]?% i atmasgah% substrate,

making it nore reac ‘Substr at e
of ten provides denobacterivm Ff@el’vti"ﬁg A@W}U{#‘m lgfamﬂr ‘&ubwﬂeﬂ%o%qn tteroffosepediperdbacter

activated by cORy@su@ias) Blodyrfaad st B ChdRE nliosh) Y ARWAQSINRIRIIRT bt MRS -
Exarrpl e 1 doni g’l%or? c%mm me}? }’a Sﬁs'leu?f{:]mo?zizs uE)X;PCEr%%EﬁB ﬁ\zléfgéorgcgug Ea%t?ssiactogac?l?;s casel
' . Lactobacrilu.s- helveficus, wheat seedlings, barley, Phaseolus aureus {(roang bean), Saccharomyces
25 uvarum (carlsbergensis), Leishmania sp., maize, tomato shoots, pea plants, tobacco, pig,

Clostridium sporogenes, and Stréptomyces griseus.

' Isalatmn of Genomic DNA4 far Cloning
S meliloti (ATCC number 9930) was grown in TY media at 25°C, pH 7.2. Cells were
30  grown to an optical density at 600 nm (ODﬁm)) of 1.85 and a 2% inoculum was used for genomlc

DNA preparations. The Qiagen genomic tip 20/G k1t (Valencia; CA) was used for genomic DNA

isolation. . -
Bacillus subtilis 6051 (ATCC) was gfown at 30°C in Bereto Nutrient Broth (Difco' Detroit,

MI). The Qiagen genormc np 20/G protocol was used to isolate the genomic. DNA with the - |

| - 35 .folloxx'mg changes: the concentrations of proteinase K.and lysozyme were doubled and mcubatmn
times were increased 2-3 fold o ‘
_ | - Leishmania major ATCC 50122 genomic DNA was supphed by DL, Inc. (Quebec, Canada)'
| mTEbufferpHS 0, l7n,,/p.L ' ‘



Thi s exanpl e descri bes nmethods that were used to clone tryptophan

am not ransf erases, 25 which can be used to convert tryptophan to

i ndol e- 3- pynvate. Experi memeal Overvi ew El even genes ereodi ng _

am notransf YQ8¥YH¥re cloned into E. coll. These genes wer ePCBESINIREES
subtilis D-al ani ne am notransferase (dat, Genbank Accession No. Y14082.1 bp
28622- 29470 . 30 and CGenbank Accession No. NP _388848.1, nucleic acid sequence
and am no aci d sequence, respectl vely), Singrhisobiumneliloti (also terned
Rhi zobiunr neliloti) tyrosine anri not r ansf ef 4se (tatA, SEQ 1D NOCS: | and 2,
nucl ei c acid sequence and am no acid sequence, respectively),  Rhodobacter

sphaeroi des strain 2 Rﬁodibbatcaéf@ﬁde%deam ﬂ@ﬁd’vﬁ@cﬁlﬁy@i@&?m ELRANIASG LG olb%xas
honol ogy, SEQ I D eic acid sequence and anmi no acid

sequence, respedersral ﬁ)sf’h‘ﬁ o d&ﬁ?&%‘r(éﬁ"‘a‘é quoahspopad é 5rlovoRs Be b PR aFeIEt Ws e
(asserted by hosmwidegyphen@EQratEnNCSLs whreaittlestd mlh]@lb@plﬁseatemebeﬁ(&q HETRNEbUER 10 am no

aci d sequence, %‘pﬁ .
am not ransf er ase&?ﬁ él’p%iaﬁs%e ﬁ@m orﬁ%l%é a? yseﬁg %agﬁ%lr an?rje)%%mLf dem
nrexi cana, SEQ F@YN@EOS'HF peimel- @l suam#m eﬁ\ffafcﬁ?\@cmégeq?e@ﬁhree arpad “athﬁmudapldme of

sequence, res pesﬁmew)ted BaciE s (ﬁnmrrh&-ﬁcﬁmﬁ@tﬂnm igy &n@ analsehansmtar aT,
asserted by honol o 9 an nucl ei.¢c aci chence and am no

aci d sequence, %ggdr ‘E‘%ep"gﬂ‘lgrl\i:@f’wmn E%Wﬁ”{f’ﬁgﬂlfer? e VHWPBT\?@F‘{& CoKatasc
am not ransf er as ereéxata&?rbﬁ&sﬁﬂﬂbedofby vhmﬁmbmgysodﬁa@cetdt@pmancﬂﬂvomﬂﬁs &fhnolnUEd ei C

acid sequence. agt N A tlscged ?&H&!ﬂfé%ona d%f%?}%&% 70"/%tha§ﬁh%gll$'igg@u 3%g53

mul tiple substrate -am notransterase-(asser onol ogy, S
and 14, nucl@i c disbypdin 849k dis@ied raferani no aci d sequence, respectively),

(Rhodobact e{ Zpgaer Ol geSerfhib adzfgegonﬂo ﬂNmLJ,lsonalme ﬁémsﬁlt%%%ggﬁmowma&agﬁﬂdase
nNBa asserte

14743-16155 andX éﬁggi‘é‘@g@& Q@cf&%ﬁo %gbg%"iﬂ“sﬁ'ﬁ‘éﬁ%?"f?‘ﬁ&%a” ‘E‘é&i@ﬁ%e
and am no acid 13EQGm@épunﬁeﬁm'tmmtay1)=q TEsphﬁﬁdMaamﬁs@vedmp@ageabhuon

am not r ansfer asgréﬁ%@?mg@ﬁ%%%iﬁcﬁwggc o AE000195.1 by 2755-1565 and

Genbank Accessi 0 sequence and am no acid
sequence, rkXpectivel y), and E. coli tyrosine am notransferase (tyrB -SEQ

| DNOS: 31 10 apgt_,,,;i;asem},g&ng,maqu,gaesequence and am no acid sequence
respectively). The genes

conversion of trypt opHaR Y& ‘%Flﬁ‘ﬁ T’”&h%"mﬁ? \e?g‘isr “gsaf?rgﬂ‘d’ts&n%b%a@i)% e ﬁ%la:gt a

avai | abl e enzynbi&diso) WI)eTle\pE'n vetoolre 8 1hbede digleistrantiod overhagle m thé 5 cigl¢ ofole 2BFfLIC

Bacterial Strai '%iﬁ ﬁgm &tagchl&l?&glllgog tSIS%%fﬂ%% q%gklg&gd@\ctl vity

15 No genes_in nter Bi ot ec or mat i on)
dat abase wet® é@gl“ﬂrf‘ﬁth oeedep?%ﬂ eiﬁfwaanwahﬁ‘ﬁeeﬂﬂ ﬂéti%réaé%an R YREgRe} C-terminal
organi sms havi ngistid3l Ihenaydiatd r&o@ﬁﬁdn\éit&(]ﬁ(&ﬂ)&%é@u&ﬂ?ﬁ flofkeAtht Eme&dodofmfegé}mphan

am not ransferase,.(TAT) tivity ha asur in cell extracts or from
L R R al

purified proteiff ' R'Wzobact eri al isolate from
Festuca octoflora, Pedolvivtogetgemesivarcaddid yllegsalls of dgnfhibwespediicramegrad when

cel s, Rhi 20bi UZlifghiitles: RARRIARD s*ﬁ@NAﬁFrG'A@E@&bGCEB I LIRS PRy

gypsophi | ae,, Pseudondnas ‘%/ (g; F?B sayast anoi robacterium
uanef aci ens?® Az 8SAPEACAGTTAGAFE: GERE DA ense, Enterobacter cl oacae,

Ent er obact er aggl onBécEASsubBis dthytiingd:20kit3z el kani i, Candi da mal t osa,
Azotabacter Vingkapphdad@cd¥ateRactrtANRIAATEG 3" and C term: 5
' AGAGGAGAGTTAGAGCCTTATGAAATGCTAGCAGCCT-3' (SEQ 1D NOS: 15 and 186).-
 Sinorhizobium meliloti tatA primers: N term: 5™
30  GGTATTGAGGGTCGCATGTTCGACGCCCTCGCCCG and C term: s
AGAGGAGAGTTAGAGCCTCAGAGACTGGTGAACTTGC (SEQ ID NOS: 17 and 18).
" Bacillus sublilfs araT primers: N term: 5 '
B GGTATTGAGGGTCGCATGGAACATTTGCTGAATCC and C term: 5
AGAGGAGAGTI‘AGAGCCTTAAACGCCGTTGT’I‘TATCG (SEQ ID NOS: 19 and 20).
.. 35 - - Rhodobacter sphaeroides msa {both 2.4.1 end 35053): N term: 5'-
' ' GGTATTGAGGGTCGCATGCGCGAGCCT CTTG_CCCT and C term: 5'-
 AGAGGAGAGTTAGAGCCTCAGCCGGGGAAGCTCCGGG (SEQ ID NOS: 21 and 22).



Si nor hi zobitan neliloti, Pseudononas fluorescens CHAO, Lactococcus |ac/is,
Lact obacil lus casei, Lactobacillus |Izelveticus, wheat seedlings, barley,

Pi t aseol us aur eus (mmg bean), Saccharontyces 25 uvaruni (carl sbergensis),
Lei shmani a spr,""imai ze, tomato shoots, pea plants, tobacco, pig, Costridium
sporogenes,  and Streptnnzyces griseus. |solation of Genoinic DNA for
Cloning S. neliloti ((ATCC nunber 9930) was grown in TY nedia at 25C, pH 7. 2.
Cells were 30 grown to an optical density at 600 nm (0OD600) of 1.85 and a
2% i nocul um was used for genontic DNA prep@Bations. The Q agen genomic tip
20/ G kit (Valencia, CA) was used for genomic DNA .isolation. Bacillus
subtilis 6051( ATCC) n.Bereto Nutrient Broth (Difco;
Detroit, M): The. %lmg{r’fpmﬁog%ag%?dn f’20/ G protocol was used to. isolate
the genonic. DMWEWQ%@%@&T@WWWCW@%ﬁm rations of

prot ei nase K andydASoay @rmeiseaekbedseaddriaeihatioessq i 06s 2\1:\@1&154) ncr eased
2-3 fold. Leishnmani a ma or ATCC 50122 %rl%om ¢ DNA was supplied by | I nc.

(Quebec, Canada), plireeyeprserd: NiFmy L. . WD 03/ 091396
PCT/ US03/.12588 MMG&GB@GEGCA’S@WMM@AATGA@M Owrtesd by Prof essor Sam

Kapl an, Uni.versi nunmber) ,
and L. anyl ovo uédg%%Gm%(cﬁ%gﬁ re ard%g(%? %W%ﬁé e%r action.
Cel | s were harvested R’lﬁfﬂlb@ieésnheﬁj‘m%%fé(b“héédsvbﬁ@@dﬁﬁw)TEI*@HB{ﬁI’-fer (10 nv
Tris-HCl, pH 7. %GTMTMAE@MCG@&@G@&WC)GA@@@W%& Rin:i50e addi tion of

0024n1_sod|um5 rc spe After extractin
at least three tﬁ@ﬁﬁ%@?&ﬁ“&gfﬁ%&% CA%% PEQ%&NQ?E%? B TE °
buffer (10 M Tri s- HBscheidHidkoBaspC: Nidria3T-A) , t he DNA sol uti on was extracted

once with 9:1 ¢ 5 of orm The DNA
was precipi tater& é%eﬁghgggﬁ?%ﬁﬁg?}AmﬁTﬁﬁa@éc?‘Q%ch I um acetate, pH

6.8 and 2 vol umé¥ WTTAWC%Té%ﬁ?%%@%@m%@?@dDW%Wﬁ?‘ﬂugat| on
and washed once V\nthEZ&),%l@tah@mg}B }Fieﬂ@lsiy the DNA was 10 dissolved in 0.10

o 0o (1 nvi L ogSH TARCP e af AT B BhE R BEmR e "L Ty (5001 & 1t
From 30 n_ df tm@«cmc@mﬂmwe CALCHEAODRBONT-3' (SEQHP N@E: 33 ang 34

purified DNA was obt ahogde acfipe ﬂ%{s 3151991 (bes\w&@asn ﬂﬁe%s,%gf@elfomw@ otfidoflT 1 ON
buffer (EB) at a concentration o Igo | yneerase Chain Reacti on

e 0t 060 Py i or 4t S RSO KA TR b o7k ER T B INE R SR

Xa/ LI C vector ( mbghavg@my PolMaetiss gtmleyﬁh)hanair&]g m)EInd\aemxgindMﬁ& i@ Mg&seae uiédn9| e
stranded over ha 5'

si d 5-
stranded overh azfg 'g?{‘“{’ﬂ& SLIogEy Chfdﬁga lyg r{ agﬁ) ¥ BS’%PI;O wﬁ&?”aﬁ e ns
desi gned f 020! i ghth Hlowingeps r?é&\for ¥ sorvindsch 5 Qulor hmmuesr, mdrVaI‘C 1k 3.5 mindteS-Afgbe and
an optional Ct 9% Egp%l)ns the sample was maintained at 72°C for 10 minutes and then stored at 4°C. This PCR

protoco] produced a product of 1199 bp.
The sequences of the genes derived from R. sphaeroides (msa and tatd), L. amylovorus
. | araT, and Baéillus araT were amplified using the following PCR protocol. In a 50 pL reaction, 0.1-
25 05pg template‘ 1.5 M of each primer, 0.4 mM each dNTP, 35U Expand High Fidelity™
Polymerase and 1X E}q:wmcl'rM buffer with Mg weré added. The ﬂxermocycler program used mcluded
a hot start at 96°C for 5 minutes, followed by 29 repetitions of the fOllOng steps: 94°C for 30.
seconds 40-60°C for 1 mmute 45 seconds (gradlent thermocycler) and 72°C ‘for 2 nminuies, 15
seconds. Afier the 29 repetluons the sample was maintained at 72°C for 10 mmutes and then stored
30 at4°C. ' .
| " For each R. sphaeroides msa gene, the 42°C and 48"(_2 annealing temperafﬁr_es produced
mulﬁi:le products, but a distinct band at approximately 1464 bp. For L. amyfovorﬁs araT, the 42°C,
© 48°C, and 56°C annealing temperatures yielded single products with intense bands at 1173 bp. For B.
-Subtzlzs araT, the 40°C, 45°C, 50°C, 55°C almealmg temperatures generated single mtense products
35 ( 1173 bp), from both genomic DNA and colonies. For L. major bsat, the 55°C annealing terperature
gave the cleanest product (1239 bp). For Rhodobacter tatd genes the 50-:)S°C amnealing
‘temperatures gave clean prodﬁcts at the correct size (1280 bp). For both E. coli genes and the B.

- subtilis dat gene, an annealing temperature of 55-60°C was used, and the annealing time was



Hi s-tag. The Xa protease recognition site (JEGR) sits directly in front of
the start codon of the gene of interest, such that the fusion protein tags
can be renoved. The foll ow ng sequences were added to the 5 ends of the

or gani sm Sp’E’C‘I"f"I c-sequences when designing primers: forward priner, 5
GGTATTGAGGGTCGC (SEQ ID NO 73); reverse priner: 5 25 AGAGGAGAGT TAGAGCC
(SEQID'NO 74). Bacillus subtilis dot primers: Nterm 5'- ‘
GGTATTGAGGGTCGCATGAAGGTTTTAGICAATGG- 3" and Cterm 5' -

AGAGGAGAGT TAGAGCCTTATGAAATGCTAGCAGCCT- 3 (SEQ I D NOGs: 15 and 16) .

Si norhizobiumneliloti taLA priners: Nterm 5 30

GGTATTGAGGGTCGCATGIT and
A@GGA@@TA@C%&%%‘%%%% @Eﬁt"f‘ " f\‘iﬁéwefi Pripeg pEymagy 4P P g

subtilis araTpribeBreek giNes &‘iﬂrbpf@the@zﬁmﬂ’l’ GAGGGTCGCATGGAACATTTGCTGAATCC and C
term 5 - AGAGGAGAGITAGAGCCTTAAACGCCGITGITTATCG (SEQ I D NOS: 19 and 20).:
35 Rhodobacter s haeroi des rasa (both2.4.1.and 35053): Ntermb5' .
GGTATTGAGEGT GCCTCTTGCCCT and C term 5'-

AGAGGAGAGT TA_(;AGCCT CAW%{@E@M@ NS TAxJagaﬁud gaQﬁsmgﬂﬁ@mgen gel

Lei shmani a maj o a Ler JT, and C
Corm 5 - AGAL SCAEAB AL TN AP Py TBPRER - SR 158
Lact obaci | | us atepiosneok apd thep gepted Nith &4 RNApolyBerase following the manufacturer’s recommended

GGTATTGAGEGT IJ@%@E@F@&%IQPC@B& (NodaBdnMadisor, w
AGAGGAGAGT TAGA! TAIT and 26), __Rhodagbact er

sphaeroi des ta/A (boPH aapfimaﬁé;T%% B@%l(c’g?“Fg?drPéz)R PI‘PQ“"(‘ @F?ﬁeagd with 1 U T4 DNA
WATT@G@IWTWWW farfd nfinted BZ2 6. -The polymerase removes successive -

Ecchor e a col T garae PR T e 3o bRt Mg 5

and Cterm 5'-©A@A @EFRHdECRe ARERETabonemsr e aity S Efoiplmegt 29 and
30) . Escheric hﬁlﬁﬂl&ﬁ@ieismﬁ.y&ﬁ creléleri e strdndedFahuh, WM ilththe WRAAAEId GACGC

and C termb5’ G(f?C!T (SEQIDN% 33
and 34). .The "Qegtﬁre }g ?A Efsefl?%‘?ﬁlg dﬁ\’ﬁmcg\fnga%&A Tified using the
fol I ow ng AR pr ot ocBie vect(}rnmu:reﬁt@d iglert ver etriedel a@ﬁi@l@n@deg@yNemﬁatAepmﬁmselM of
each priner, 0. &oﬁmﬂo@&%até&mﬂ;ﬁ’n an% 0&61 Hnﬁ&a@d?@ereﬁicmateEfoﬁghﬁu&s B@h%n@fsaﬂ%ﬁ

(Roche, 1 nd| anapol i I'N), nd' M buffe wer e use The

t hennocycl er pr %(}F‘%ﬁﬂ"ﬂ §‘§H€”it’f‘ﬂ?%‘6"é aﬂda Bitﬂles‘%‘%]’att‘o’éi‘t 23 @O’aF EFP‘"‘"@“ Thftﬁn@?lmg

foll O\I\led by 29 r'eeﬁ@t (Il kL )OWB added to NovaBlue™ singles competent cells (Novagen, Madison, W1), and

incubated on ice for 5 minutes. After mixing, the cells were transformed by heat shock for 30
20 seconds at42° C The cells were placed on ice for 2 minutes, and allowed to recover in 250 uL of
room temperature SOC for 30 minutes at‘37°C with shaking at 225 rpm. Cells were plated on LB
plates cgﬁntaining 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 X7i0] and Xbal. The sequences of plasmids that appeared to have the
25 ' correct insert were verified by dideoxy chain termination DNA sequencing. '
SEQ ID NOS: 1-14 and 31-32 show nucleotide and correspondmg amino a01d scquences of
the recomhmant ammotransferases any changes from the Genbank sequences were. either silent or
generatcd conservatlve substitutions in the protem sequence. SEQ D 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 BL21(DE3) (Ndvagen Madiéon W), The cultures were grown and the plasmids were

isolated usmg Qxagen miniprep klt, and analyzed by restriction digest to confirm identity. - -

35 - Induction was unttally performed with L. amylovorus aral, B. subtilis araT, and S. zrzel;loz‘z
tatA in both BLR(DE3) and BL21(DE3) cells. A timne course study was perfonued with cultures
grown in LB contammg kanamyein (30 mg/L) to an ODGOD of 0.5-0.8 and induced with 1 mM IFTG
A(Jsopropyl th:looalacatomde) and sampled at0,1,2; and 4 hours post mducnon Cells from 2.0 mlL

' were resusnended in 0.10 mL 120 mM Tris-HCL pH 6.8 contafning 10% sodium dodecyt sulfate



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 sanple was nmai ntained at 72C
for 10 mnutes and then stored at 4C. This PCR protocol produced a product
of 1199 bp. -TFhe sequences of the genes derived from R sphaeroides (rasa and
tatA), L. an:ylovorus araT, and Bacillus araT were anplified using the

foll owing PCR protocol.. In a 50 pL reaction, 0.1- 25 0.5 g tenplate, 1.5 M
of each primer, 0.4 mM-each dNTP, 3.5 U Expand Hi'gh FidelityTM Pol yrer ase,
and 1X ExpandTM buffer with My were added. -¥he thernocycl er program used
included a hot start at 96C for 5 minutes, foll'owed by 29 repetitions of
the follow ng s{eps. ' / -60L-fqf 1 m , ds
(aradi ent ¢ hor maye e ool S 2053RRKea it DGl 0 i, M2t R GRE
repetitions theds¥f -wlEueinpiticss talalselipfar protein smples gerspinyEsidy SRS PAGE psieg or ed
30 at 4C. For - eaet¥ Radieh BALTRIORE: hd SRifG@N@Tertla id B et of fified BHRRdcH N

t enper atures produce rul tipl.e products,. but I.SLLpct t

approxi matel y 146%°% %2 FoF ° 4 hﬁﬁ?‘g‘aﬁpﬂgbﬁ%ﬁ?&t%ﬁé ,andﬁg_%,g’ﬁg)ﬁaﬂ%ec
anneal i ng t enper at ur €¢ll extrettsted: adse pgpaedioadiscittounsiitiiesiby tuspesdindralpdlctafrori 273
bp. For B. subfyl}suit &B.zs%%%&@& %é@(gsfefg’g’&g%g?ogtam%égg]? nkdn R GicRbMI €S

generated single i ntense products . ( 3 from 1. genom ¢ and
col oni es. For LPoHgijngat peaemperiee Bogo minpesarih sente Sijias ardseairifigisaat16.008x g to
cl eanest produciemok229debP )The foPémithedeD aghat) weRllAlgRaR 3.15% Reddl p 856 .
anneal i ng tenper atur 'sécg]g\{ée ocl:ulb-Eanoté)ngsoducts at the correct size (1260 bp).
For both E. coli éenes Shd fHe BFUbti1is dat gene; an anneal i ng
t enper at ur el®bf  55- 60Tewrse dwesl(L. amdvoriresahFERID NSt ilmed AP @@ ssfi¢¥E@HRd t 0
45 seconds. d eﬁﬁs:l@ragﬂuﬁ,taﬁdQ@neiilbz@mm'sﬁgﬁi NB&:485d Y8hdwe@ DBl PRAbi{RRPr OXi mat el y
1.3 kb for the E. colt g@nes, 850 bp for the da‘t_%enet)_. Cloning, 5 The PCR
products were g¥IreBeRded todhy cpesiize (apmarimately 4By g Foubifis e ger RgMEhEsQ agen.
gel  extracti onovei-dxpledded @ rtehizghesGAVel andhewvaaike polati thdnshenieotwd daua pioficad - by
conparison to st a_”dafnflﬁbs c{%ﬁ%m@%&%&%ds, iR %E&ﬁ{}osh&? §d A’é‘s.;b@lmleﬁmw.
pol ynmerase follow ng the nanufacturer’ s teconmendec dgr_o ocol's tor Ligation
| ndependent 10 M@%@Wé@@ﬁ?eﬁmw@wws thiphqsy, Indaefien Hsd tpRgeted wingl MMy np|
of purifi e]gi gg?é’m?agimgﬂmvgagmw ﬂameﬂxggﬁmmaangcﬁéﬁ FONRY/L, HudRfRWhEBRASE; i réhckidl €
presence of dGIP faor. tes at ' ‘he | ner [egoves ccessl ve
bases fromthe E‘?ngf?a@g’&ty' pﬁk“ﬁ@% ?Sﬁ?ﬂg%efllﬂ%%ﬁg%ﬁg a};@f@ﬁ@fﬁﬁ%@ﬁﬁ@ "&¥s a
guani ne resi duel0 ilnges§4°C), twoshl Wi STBAGFbage (ReitM Wit FCIHH 7.0e0.endiERT Ac dWmbglk act s
the exonucl easeyaghibyd 5o gh@rd? i Roid Shnipie BAEH inhititds &obﬁz_{i?,%&ﬂa%ﬂ f3en if Hosc
creates single stranded overhangs that ‘are conpatible with the pET XalLIC
vector. Thebol §ietlase i.s inactivated by incubating at 75'C for 20 ninutes.
15 The vector and tr&adpkedwki faishendddries Al oad celllweght bER@BIeAt @dovizenNengagen.
Approxi mately = Q. 02 f tr i nSert 1 PaRLLvect ar re.
i ncubated for SGO%E%IGE gglbén?” P oge&% %%ﬁg‘g]l %%lléﬁﬁgiﬁ%m%a coﬁ%‘:écﬁ r%lg?r?‘\il)\%f%_w g
added, and t he Ghcobhrl/oh baropsquglesse. Sepplestvery. novbréedahmenfempgate badbpwey 1
ItL) was added dnQmbieua Bhaug T MschionakR 8bEOMR ednRd b BnbrTugdeNAAGRI00 X VaGH280N, W),
and ' 25 nﬁntltes‘gt4“C. S o . o

o _ Cell extracts were analyzed by SDS-PAGE, and assayed for trypto;ﬁhan aminotransferase B

activity by following pfoduction of indole-pyruvic acid using the following protocol. One mL

reactions were carried out in 50 mM sodium tetraborate (pH 8.5), 0.5 mM EDTA, 0.5 mM sodium

arsénaté, 50 pM pyridoxal phosphate, 5 mM d-ketoglutarate, and 5 mM L-tryptophan. The reactions
_ 30  were initiated by the addition of cell fiee extracts or purified enzyme: and were i:icubated 30 minutes

. at30°C. 20% TCA/-(?_OO L) was added fo stop the reaction, and the precipitated ﬁrdtgin was
removed by centrifugation. The absorbance at 327 nm was measured and-compared to a standard .
~ curve of freshly prepared indole-3-pyruvate in the assay buffer. Control reactions without the

substrate tryptophan or using cell-free extracts from clones transformed with pET30a alone were also

35 ]:;Btforlilcd, : | .
Due to backgroind from the native E. coli aminotransferases in cell éktracts, recorbinant
proteins were purified using His-Bind éartd_dges following manufa'c_:hircr‘s protocols {(Novagen,

_ Madison, WI). The eluent fractions were desalted on PD-10 (Amersham Biosciences, Piscataway, 7



i ncubated on ice for 5 mnutes. After mxing, the cells were transforned by
heat shock for 30 20 seconds at 42C. The cells were placed on ice for 2

m nutes, and allowed to recover in 250 pL of roomtenperature SOC for 30
mnutes at 37° Cwith shaking at 225 rpm Cells were plated on LB plates
cont ai ni ng kananycin (25-50 g/n.). Plasm d DNA was purified using the Q agen
spin mniprep kit and screened for the correct inserts by restriction

di gest with, 11ol and Xbal The sequences of EI asm ds that appeared to have
the 25 correct insert were verified by di déb Xy chain term nati on DNA
sequenci ng. SEQ ID NOS: 1-14 and 31-32 show nucl eotide and correspondi ng

am no aci d sequemCRmmad and bla@d S0 HVPTRAN 7. @muﬂﬁhﬁnﬁ&‘ﬁﬁ%é%%mcﬂﬂ)smmm%ﬁd from
t he Genbank seguenc wer e elther silent or generated conservative

substitutions |ﬁss?yﬁg§’b?"6‘flﬁaf‘5 LCEYtfEHPe. SEQ ID NOS: 11 and 12 are novel
sequences. 30 . Gene Resops &esihobl @ intducdeseiths niM &G (¢ hdbdhdenvastiafeit@tl. bry]os&quence

anal ysi s, was syh gl an gz.&j B 9}1;%6% an(&?zhthRe%f)a(e%?d?stﬁ?{v%éjr&ge%%%e V\%E% he pI asmi ds

BL21( DE3) ( Novagen,
argiRpEppsfeap qoidy RierraTartindrom & réflin SPE%‘?’FPFeé%eil@m di gest

were isol ated dn
to confirm i dentinite, bé@obuaﬂmé dnyinM@RtiViE] Thed Juwda&w &Eﬁ@éﬂe bdubt abpeamlb@vor us
Hocdvndartne ﬁ‘”‘i"ﬁﬁg Popk e amgws | o
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BL21(DE3) cell o SolyTs ﬁ'ﬁ ol Ef?as‘%b‘gﬂ'z‘lijg‘ia%g%é
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PRFEe E?fmeém%ﬁﬁﬁ@vl%“‘ﬂ‘ ?5 nL Novagen BugBuster TM r eagent

5 0 ones 1

SEEnI LD

of the cellular soluble proteins.

i ncubating at-

Lo 00 0 o 68

room terrperat ure for
eq ve

. 10 The three

clones, (L. an}rigmrm p 7 te SU
ID NOS: 9 and|10), and S. ineli| gliisiag frolciliin) D 1 and 2) showed
sol ubl e protei fLIhgd bs@OEr espondeslfso the correct silze (‘approximately 45
kDa). The B. sUbiddierasaaral gene peaduct was over-exipressed at the hi ghest
| evel and/ or was. .ahMhe 20CBDbl e t hamstdhe ot her two gene products. In
subsequent expl é9sdlir P hods, pl=agm d DNA from posijtive clones was
subcl oned into| 243 a4 BE21( DE3) duedlt2o the better growth characteristics of
this host |ndu¢e#dmdBs repeated| ibng 1 mM : :
B 35053 tatd CE >62.3 '

35053 tatd P >486

L. amylovorus araT CE 1.26

L. amylovorus araT P 0 little protem after, I—I1s-Bmd

’ . cartridge

B subtilis aral CE 0 mdetectgble

B. subtilis aralT' P 1.5-4.5 ‘

241 msa CE '2.05 very little soluble protein _

2.4.1 msa P 0 1o protein after His-Bind cartridge

35053 msa CE 3.97 very little soluble protein ‘

35053 msa P 0 . | no protein after His-Bind cariridge

1 E. coli aspC (P) 800 '

E. coli tyrB (P) 1 . not very soluble

B. subtilis D-aminotransf.(P) | 2.7 using D-tryptophan as substrate .

broad range fransaminase 22 Sigma cat# T 7684

Porcine type II-A 1.5 | Sigma G7005

Porcine type 1 1 Sigma (32751

An alignment comparmg all of the recombinant proteins cloned iflustrates that there are not

20

'_ many highly conserved areas between the ara¥, tatd, bsat and msa sequences An ahgnment of



| PTG wWth cultures grown in LB containing kananycin at 50 ng/L, inducing
when the OD600 reached approximtely 0.8. Cells were harvested after 4
hours of growth at 37C, centrifuged at 3000 rpmfor 10 m nutes (4C), washed
with TEGGP buffer (50 mM Tris-HCl (pH 7.0), 0.5 nmM EDTA, 100 ng/L

gl ut at hi one; 5% glycerol, with Roche conplete:protease inhibitor cocktail),
and flash frozen in -80C 20 et hanol. Sanples were resuspended in 5 nl/g wet
cel I weight of BugBusterTM (Novagen) reagent ~containing 5 gL/ nL protease

i nhi bitor. cocktail set #3 (Cal bi ochem Novabi 3dchem Cor p., San Diego, CA) and
1 pL/nL benzonase nucl ease. Sanples were incubated at roomtenperature for

20 mnutes on aRpQk Rkt ree%ﬁ%ﬂ protl‘.:ﬂss WrbtRbRser Bkd ge sau&hwaaogs TRYE %Y
centrifugation at, 16,000 X m nutes _a Cel | extracts wer e

anal yzed by SDS-SBAgE @ “&?ﬂﬁ““&gﬁé"é é‘tilﬂfe(ﬁ‘"ot”‘fﬁfi’t"i’)ﬁﬂg‘i‘f’ %W‘%&H@‘Ff@’iﬁ%&é@weﬁeﬁ‘?% ty
by foll owi ng pr atisetédaezias, hbﬂdait&yplymnlya@mamacﬂmmg, iflefécal 20iht prodein G:vid TheoCOl .

One nL reactiong d _ou | Ly {raborat e 8.5), 0.5
T EDTA, 05 S o bl tgt bﬁb‘ec‘ﬁ?ﬁ%ﬁr S ek e e

u- ket ogl ut ar étePI@mogofmmeLﬂﬂqoymWiannﬂtﬂFhe reactions 30 were initiated by
the addition of cell free extracts or purified enzyne and were incubated 30
m nutes at 30C -20% TCA, (200 L) was added to stop the reaction, and-the
precipitated protein was renoved by cent]?:’iaf‘lﬁb’&tl on. The absorbance at 327
rimwas neasured and conpar eck?dx@er&iorsdfajﬂlimﬁactﬂutd/lﬁdﬂé-:%—f)}"lﬁsiléy prepar ed

i ndol e- 3-pymvate in tﬁﬂ%hoqxﬁﬁl?ﬁGg mdg‘ig %tle[cgé agid e Be W roéuc O'uéoleéh %rruvate

substrate tréptophan or usi ng cei?géree ext rac% §§r0n1c nes ran orned
Wi th pETSOa | orfensgesion betivess lacimcid and nyFumgielis 2 Pesiblp radion gt 8 cavderfimbptvednandelst | ve

E. coli anm nof r agsfuesies@ $ndbB-30R1ate. B dx@SHS of HERABKHENM bypicRUlyFLIRWES MR
purified using Hi.s-Bi nij artr manuf acturer's protocol s

[
(Novagen, Madi am%“ ° gf‘i’lfgm‘&ggtesa?mflfr&%ﬁd?)gg'?\‘iﬁwg desal ted on PD- 10
( Aner sham Bi osci encesthe fugad esayanyixture Sotaink{l) J00adM peirssiua pbsEbietpBd.0f ;13 BB MM

Tris, pH 7.0. PYpdp AgiePdidlcBledsh }ﬁ‘o‘éeﬁas@{l@iﬂj ﬁﬁﬂna@&%@% E&@ﬁw@f‘qnd ﬁﬁﬁ@%@@aﬁ or

amnotransfﬁrase activity Resuts romt I'nducti on W th mM | PTG (4
hours) denonstrdtel %a"{heessaﬁﬂﬁ‘saﬁff%g%ﬁm duplicate g VY gppspregt mlfmﬁrpi%}l%ngésp C,
and both R . sphamaamdemihatsﬁeo&m@ﬁ;s bBMlﬁacﬁt @alypdpbddind bk se xﬁlﬁ(erﬁn& ﬁlyq@t&@phan

am not ransf er as e lfs c?n %qmé tﬁlebmcffe%-qg)chg ael apil %Ir anlé ‘the ajﬁlso}bance :?t LY of eadlt well

over - expressed and showe T ‘enzynmati c act Vit
anyl ovorus ar aquh@admf oitgels Oé%%@aﬁseﬁeftbmf@e’ﬂns é’lhﬁltﬂi@fm iasthpld afe?é‘quoreaﬁ)mma@t but

pur It ficati ?n {‘ﬁ |'Iﬁlgméea|§@iﬁa§'o1fﬁglc@iﬁ@ﬁdﬂndﬂﬂ’oufs% Jdﬁ‘&'mﬁ BN SR AD, ?em&t s of
pro ein w e correc nol ec ar i.nsa gene C wer e

i nsol ubl e aﬁg fli‘f’éiaﬁ‘f?r""nﬁé’}?ﬁ‘fﬂﬁ’s@ %&%’@%m WE}PE- Blgﬁaée alf L‘%ﬁ%"? CHTITR ze

i ncl usi on body frerenmtoiden(Sighe vaxla nubier C28a5)entc@d ioRrisbinfiort &£iiGiybeh e éroz0 pM
and- 1 mM viere usgd, 4. thsd%b%nﬁfﬂ%%m% sPeotiRhoprRf (e Rt Ahefer 1 | 1 STS

the specific activities nmeasured in mcrograns of | ndo - pynvat 13P)
formed per nillil§#ahm protein per minute. I'n sone cases, very smal I anmount s
of reconbi nant pr ot egBnilar methods were utilized with D-lactic acid and NAD+ or NADH and pyruifate the

25  natural subsirates 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 Vi, for the ox1dat10n reaction of indole-3-
Jactic with D-LDH was appro:umately one-fifth of that with lactic ac1d The presence of indole-3-
pyruvate was also measured by foIlowmg the change in absorbance at 327 (the enol-borate
' denvanvc) ustng 50 mM 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 L and D-LDH polypeptides. -
Additionally, broad specificity lactate dehydrogenases (enzymes with activity associated
~ withEC1.1.1.27, EC 1.1.1.28, and/or EC 1.1.2 3) can be cloned and used to make mndole-3-pyruvate
from indole-3-lactic acid. Sources of broad spec1ﬁc1ty dchydlogenases include E. coli, Néisseria
35 gonon'hoeae and Lactobacillus plantarum.
Alternatively, indole-3-pyruvate can be produccd by c«mtactmg indole-3-lactate Wlth cellular
éxiracts from Clostridium sporogenes which contain an ‘indolelactate dehydrogenase (EC 1.1.1.110};
or Trypa:msoma-cruzi epimastigoies cellular extracts which contain p—hydroxyphenylacta_tc

dehvdrosenase (BC 1.1 .i:222] kmown to have activity on indole-3-pyruvate; or Pseudomonas



showed high | evels of activity above the effective |inear range of the
assay. In these cases a' > 15 precedes the specific activity nunber. Table
1. Specific Activities of Clones in Cell Extracts (CE) -and Purified (P) and
Commercial Enzynes Enzynme Specific Activity Note 13P/ng rotein/mn L.

maj or bsat CE >49.3 L. mgjor bsat P >4280 S. neliloti tatA CE >28.6 S.
nmeliloti tatA P >931 2.4.1 tatA CE >41.2 2.4.1 tatA P 1086. 35053 tatA CE
>62.3 35053 tatAP >486 L. anylovorus araTCE 1.26 L. anylovorus araT P O
little protein after His-Bind cartridge B33ubtilis araT CE 0 undetectable
B. subtilis araT P 1.5-4.5 2.4.1 nua CE 2.05 very little soluble protein

2.4.1 msa P 0 nQprotmk b AEdREn é.h@@@hx&i%ﬁt!uh gﬁﬁndaﬁj?@?ﬁadtﬂé&%ﬁﬁg@ha& YNy

little soluble proteln 35053vi sa protern cartridge
E. coli as C (P)l-glodlEor s bl Bhlelmonfimwdwd%mﬂnxwweéedBﬁaS%(P&tlrh +4.237); or

D- am not r ansf . (Rj'anadﬂnmmmﬂibh cbntdiRA TRSortbRitaidydride@adEC aNge21)r RisaktNase
22 Sigma cat # T, 7 Por ci.ne t P ype

Slgna @751 20 AFE m%ﬁm acv“wsuxﬁg nmma?%a?Pé?%ﬁﬁpgé%nﬁﬁndﬁ%a %F%xﬁga%foned
illustrates t5hathl\¢ve9r(é'mazr1@H ﬁdﬂ[wrolndriy lPﬁngEpone apblifseil Berhar. ddd1: l?«é’f—%%&?)t he
aral, tatl A DSalweR0dud SEAKNE ST AANCRONTRE palnaicraRkaleEd activily

recombi nant protelns Rhodobacter tat A gene prod uct honol og
substrate am notf4Here: Qs@"“hflﬂjsotlﬁewﬁ)r?ﬂ‘? ﬁli""?“é@r'- #14t- Kefen Mo ‘PV%%?E’H;@ 1989)
ami not r ansf er asdn sddawRd IR ewokidise srﬁmﬂmrovee&bnmgwaemms howrved. 1 ey cmilgmstml y

approxi mately 3Q; 43%.1. q§?§d 3%?6_0@%5 can % Lol gl n Jal?ono%mdo-{ B ASY t!l?ﬁisl L

t he broad range, Iff%pe AM Ot Fanst erase can pe
the 5 produdplon of- ot her stere0|soners of nonatin.

Example 3
Conversion of L-tryptophan to Indole-3-pyruvate utilizing L-amine acid oxidase
This example describes methods used to convert tryptophan to indole-3-pyruvate via an
oxidase (EC 1.4.3.2), as an alternative to using a tryptophan aminotransferase as described in

15  Example 1. L-amino acid oxidase was purified from Crotalus durissus (Sigfna, St. Louis, MO,
catalog number A-2805). The accession numbers of L-amino acid oxidases for molecular cloning

“include: CAD21325.1, AAL14831, NP_490275, BAB78253, A38314, CAB71136, JE0266; T08202,
S48644, CACO0499, P56742, PB1383, 0933064, P81382,-P81375, 562692, P23623, AAi)45200,
AAC32267, CAABB4A52, AP003600, and Z48565. ‘

20 Reactions were performed in mlcrocentnfuge tubes in a total volume of 1 ml, mcubated for
10 minutes while shaking at 37°C. The reaction mix contained 5 mM L-tryptophan, 100 mM sodium
phosphate buffer pH 6.6, 0.5 mM sodium arsenate, 0.5 mM EDTA, 25 mM sodiurh tetraborate, 0.016
mg catalasé (83 U, Sigma C-3515), 0.008 mg FAD (Sigma), and 0.005-0.125 Units of L-amino acid

_ | oxidase. Negative controls contained all components except {ryptophan, and blanks contained all

25_ components except the oxidase. Catalase was ﬁséd to remove the hydrogen peroxide formed during
the oxidative dearrﬁnatioﬁ. The sodium te&abprate and arsenate were used to stabilize the enol-borate
form of indole-3-pyruvate, whi_ch shows a maximum absorbance at 327 nm. hldole~3—pyruvaté
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-3-pyruvate

30  formed per minute per mg protein. This is the same order of magnitude as the specific activity of

tryptophan aminotransferase enzymes.

. Example 4 ‘
. Convertmg Indole-s-pyruvate to 2-hydroxy 2—(mdol-3—ylmethyl)-4-keto glutaric acid with an :
| 35 : Aldelase :
' - This example dcscn‘bes methods that can be used to convert mdole-3—pyruvate fo the 2~
o hydroxy 2-(mdoi—3—yhnethyl) 4-keto giutanc acid monatin precursor (MP) usmg an aldolase (lyase) )
-, (FIG.2). Aldol condensations are reactions that form carbon- _carbon bonds between the B- carbon of -

_ an aldehvde of ketone and the carbonvl carben of another aldehyde or ketone. A carbanion is formed



Exanpl e 2 Conversion of Indole-3-lactate to |Indole-3-pyruvate As shown in
FIGS. 1 and 3, indole-3-lactic acid can be used to produce

i ndol e- 3-pyruvate. 10 Conversion between lactic acid and pynvate is a
reversi ble reaction, as is conversion between indol e- 3-pyruvate and

i ndol e-3-l actate. The oxidation of indole-lactate was typically followed due
to the high anobunt of background at 340 ran from i ndol e-3-pynvate. The
standard assay m xture contai ned 100 nNIpotaSS|un1phosphate pH 8.0, 0.3 mV
NAD+, 7 units of |actate dehydrogenase (LDH? (Sigma-L2395, St. Louis, M),
and 2 mM substrate 15 in 0.1 nL. The assay was perforned in duplicate in -a

Wt ransparent n\eﬁﬁfaurgcelradﬁ&e&tt@me ShsHoBd ¢xdu Mb@&%s&a@ PVt BiSs m&gﬂhﬁé\@%c

| at er eader. Pol ype e_and_ buffer were m into vvells

Eont ai ning the |t%§ %“—Y capd, 3’&?’1@558? ubshiye Kk B’L????ED @bé@?tﬁalﬁ’d‘@lyafh‘3340 an of
each wel | was relaichpitic fubtiete sah sldahf/derome:t@lﬂdlaseafaﬂéno 0T 4.21.- daiegory) QQuitd bfeen, the
T ol owe. e "o BBkl Sl B8 hion IGIERRE R RRALOR0RGR 340
control s-weré péeemiseikeg-aciioertvopdhydand wi t hout substrate. D- LDH from
Leuconotst oct mesent errwmh aldSTh<@d Bt CALIE algcdauéﬁb@lb Bn&%&é}boﬁg@xg@@crsﬁde%ﬁnth' bi t
nore activity w, e_indo rvt|v strates n, di rqm
Baci |l | us stear ot"ﬁf&? Fopfr F’&&’P@é"éﬁﬁg Q?gfi%ﬂ’ honl‘.’%é?‘%"“’%’ rFFtPé'r'tarf?é'F‘ﬂods
were util i zed wifioln gBok;d:chautanaoyrdvaamdng\mudomamaﬁ\muﬁeeﬁmﬂf pyrﬂ_)lvlatadzhno_h,hte 25 .
pymvat e 3225268“1 T RO RUBRRIL AR T bRy -L | Do bl LB IA 22, ¢
The V., for.!Phe 4dx3r18h‘tail Wlw%eqnéqﬁsaavn I frepdiete-agds. | Taerefpre, wlahal@amqmm es

appr oxi mat el Y OR@refubddiidicatiyzd idondhdationlofBldiC3-pEndte wiligyripfasence of indol e- 3-
pyruvate was al so measured by follow ng the ‘change i n absorbance at 327 (the
enol -borate der ivative) using 50 nM sodi um borate buffer containing 0.5 nM
EDTA and 0.5 nM@&mwédisum 30 arsenate. Small, but repeatabl e, absorbance

changes were observed.y BR@YO0hxb et ﬁﬁg@i 8 (Pr&OMdol, Bch @B 1PQhdu- L and
D- LDH pol ypﬁﬁtl des. Addi tlﬁﬁal lf%&@jl Bréc?)ugd peC| flj’('?let( rl a toat e dehydlr%ogenases

(enzymes wi th al¥FOVAPauner dy EulatefyrieliHp aifolgse ECAL.3. fbcafalype jeacsigns very similar £
1.1.2.3), can baoitbd mwde :am:lomtﬁfEId} .oPrivgksaveterdeigned @xﬂpopmmtccverﬁangs ifor the pET30

i ndol e- 3-1 acti C;@@k&mép@{] g,%g FRAGk o ihgsx ﬁrﬁaygﬁaa%@%mw&lu

coli, Neisseria gonor ct obaci I antarum ternati vel y,
i ndol e- 3- pyruvatle can be produced by contacting |ndoI e-3-lactate with

cellular extracts f mmo&ﬁﬁgﬂnhms%a&%mme ch@ig:ai N an :
ot ast goths. dalPHPHPARREPHEr P AATERTON ArRh L d Rt pees)
dehydr ogenase - ( RondmobasltesR22Mmipnotgnd (SEQEVEOZ 6166, tuyleioprid egohe-a@laiinenwidt e;  or
Pseudononas - 336k IRURLARS) Ridys: @@wkﬁ@Aé@éféG@Mﬁmdﬁi@b@ﬁe $9@}8i n an
i m dazol -5-yl | ac enase 1) or eus bhonei , whi ch
contains a hydr awbxﬁ@wr%w%@w@&@pggwmw irrFeaaee Cotihtotsd
n2al tosa whi ch emi®epi ns a D-aromatic | actate debydrogenase (EC 1.1.1.222).
Ref erences 25 2. Sinorhizobium meliloti 1021 SMc00502 gene (homologous to prod, Genbank Accession Nos.:
.‘ ‘ - 15074579 and CAC46344 nucleic acid sequence and amino acid sequence Tespectively) forward 5'- -
GGTATTGAGGGTCGCATGAGCGTGGTTCACCGGAA—3' and reverse 5'-
. AGAGGAGAGTTAGAGCCTCAATCGATATATTI‘CAGTC—S' (SEQ 1D 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'ITGAGGGTCGCATGTCCGGCATCGTTGTCCA—3' and reverse 5-
AGAGGAGAGTTAGAGCCTCAGACATATTTCAGTCCCA-3' (SEQ ID NOS: 57 and 58).
4. Arthrobacter keyseri pcmE gene (Genbank Accession No:: AF331043 Version:
AF331 043.1, codes for an oxalocitramalate aldolase) forward 5 '
35 GG’I‘A’ITGAGGGTCGCATGCGACTGAACAACCTCGG—3' and reverse 5'-
| AGAGGAGAGTTAGAGCCTCAGTTCTCCACGTATTCCA 3! (SEQ ID NOS: 59 and 60)
5. Yersinia pestis strain CO92 YPOOO82 gene {Genbank Accessmn No.: 15978115

‘ Vession: 15978 1 15, codes for a possible uansfcrase) forward 5'-



describing such activities include, Now cki et al. (FEVMS M crobiol Lett
71:119-24, 1992), Jean and 5 DeMoss (Canadian J. Mcrobiol. 14 1968, Coote
and Hassall (Biochem J. 111: 237-9,1969), Cortese. et at (.R Seances Soc.
Biol. Fil. 162 390-5,1968), Petersen and Al fermann Z. Natnforsch...C.~
Bi osci. 43 501-4, 1988), and Bhatnagar et al. (J. Gen M crobiol 135:353-60,
1989). In addition, a |actate oxidase such as the one from Pseudoni onas sp.
(Go et al. J. MoL Catalysis B: Enzymatic: 18:299-305, 2002), can be
utilized for oxidation of indole-3-lactic tf?indole-B-pyruvate; 10 Exanpl e
3 Conversion of L-tryptophan to Indol e-3-pyruvate utilizing L-am no acid
pxgdfases Thi s et&@lmt*esﬂ@e_@m(im GWC@@%’TEMAT@A&@@H&E%FESVN?Phan to.
i ndol e- 3- pyruvat.e,  vi [ .3, as iV 0 using a
t rypt ophan aniné§#§ﬁ%ﬁ%&ﬂggéégééﬁggﬁﬁﬁéaTﬁgC%éGE§%ﬁgﬁg%¥£sﬁﬂgﬁ%?ﬁé%acid
oxi dase was puri fi ed6f BowiuCrblakkpgeth(GrbsnksActSiigivg. 7801151 AEli26344MD} 267Ct al 0g
nunber A-2805). i IS5 - am i i Jmlecul ar
Clloni ng 1 nol uad ABETRTRVA, R s terys sl B oy B0 SRR By °
CAB71136, JED266CTATEIPGCTEHRGHGAGTRCANAGICTPER Y 2nd PRI8S3, 093364, ' P81382,
531§75,t562692,A83@@%?%6@@@&5@@@ﬁTAG%&@&F%ﬁ%AA@A@&@ﬂ@Qﬁﬂfﬁpﬁé?@9amﬁ%ﬂ?248?6?-
eacti ons were pe r i.n crogcentri e , al . vaql 0
tnL, incubated for Og‘rffnﬁ‘a’lgé?e%ﬁn{a@ﬁgﬁcﬁﬁoﬁ %tALEég(%?g'll' p?é?'l%{ 8{‘4%&#&%
cont ai ned 5 nM hucteicyapit! aptranine adi @queMesegeaivly)ghvesphat e buffer pH 6.6, 0.5 nV
sodi um ar senat e { o )16 ny catal ase
(83 U, Sigma C gg?g?r@%&ggg&(::ﬁ%%ﬁ%; a?’éﬂg%(r)%@%&er 25g Units of L-am no
aci d  oxi dad®, REGOAFAGIBAPAGHSTRSHAR TRAGCECFTRGHES RERIS NOSEBmd 89y pt ophan,
and bl-anks ﬁonth ai nEdS.a,f.'.|meﬁl5til_€hg@wa((w%a§k%X&QBBNB&]%LSDW@&SGLIS@@EM, 853839593 Used
to renove the r roxi.de. f or ne ring the ox tive,deam nation
The sodiumt et rg%oér}‘ %Z“Ggﬁﬂl“é?"s%“h‘{aaf' e et & U ug‘mf’(r)es’%ef %ily lgrz“éar‘f e enol - borate
form of i ndol e- SGEHFTNAEEGTGIHIATIGCSHENGGEATRAT FR/-3babetsente at 327 rim

| ndol e- 3- pyr uvahgacBhaneaTassdetfo@RATEAGRECERRGANERG T ROS: ¥hndhof-1 MM in
the reaction, m x. Thsﬁgp[cq?sed g%anlno a0|qﬁ§x|das had a s ECJLk% activity

of 540 g i nddl e-3-py cePNAgonn e orayrisps fles Pd-2383 O-FrgbPP-ge pirfiediiing thes { he
sane order of naRntsbenicp pidieols Peiog filnilar sectiniquésttye gedomid PN frap hgmisms described
aninotransferas%3gﬂégﬂﬁﬁﬁﬁ ampl e 4 Converting Indole-3-pyruvate to
2- hydroxy 2-(indol-3-yl'nethyl)-4-keto glutaric acid with an 35 Al dol ase
Thi s exanpl e descr i b8ufasors dyinteatATCAm36%) warp ot VnrdfutriontRash d3- pyruvat e
E(I\)/P ; he 2 hydr Oxuyad&lx&ﬂeﬂm}a madijh. mgf?ﬁg&m t@st«b’&%ﬁ& @F@tagi4g) V6 @ w2810 iA NG ur Sor
usi ng a ase (lyase : 0 nsat.i r.e.reactjons
thar T or mc2lboReBP Bttt b Flger et g BERo Srom o ot desipeic
ketone' and theRaammﬁﬁWDJbawmhhyBﬂ@unbwmewna$d@hydéwameQwaﬂxdhA“@&hbamlon
is formed -34- an L0 GaBRN. BHEACRM00)0 4AEhdRf RADY G FRMBEyIiviQRE National

substrate, and serves- as a nucleoghlle attacqug, . o ‘
‘ Health and Environmental Effects Research Laboratory, U.S. Environmental Protection Agency, Gulf

- Breeze, FL 32561, USA) is grown according to the protocol described by Eaton (/. Bacteriol. -
25 183:3689-3703,2001). Sinorhizobium meliloti 1021 (ATCC 51124) was grown at 26°C in ATCC
TY medium and hydroxybenzoate medium. Yersinia pestis strain CO92 (ATCC) is grown at 26°C in’
. ATCC medium 739 Horse blood agar. Bacillus subiilis 6051 (ATCC) was grown at 30°C inBeretb
Nutrient Broth (Difco; Detrdit, MI). E. coli genomic DINA was isolated from strain DH10B

(Invitrogen) as described in Example 1. A ‘
- 30 The PCR, cIoning,'aﬁd scfeening protocols described in Example 1 were used to clone the C.
reszaster;:mi and the 5. meliloti prpA seq’ueﬁces, as well as the E. coli, B. subﬁlis, and S. Vmélz‘l:oti khg
sequences. The same me&mds can be used to clone the other sequences described above. .
Positive clones were sequenced using dideoxy chain termination sequencing {Seqwright,
‘ Houston, TX) with S-tag and T7 terminator primers (Novagen), and internal primers from Intégrqted'
~ 35  DNA Technologies, Inc. (Coralville, TA). ' h

Expression and Activity Assajfs
Plasmid DNA (verified by sequence analysis) was subcloned into expression host - E

BL21(DE3) (Novagen). The cultures were grown in LB medium with 50 mgfL-kanamyéiil, the -



t he carbonyl carbon of the second substrate (the el ectrophilic carbon). Mst
comonly, the electrophilic substrate is an al dehyde, so nost al dol ases
fall into EC 4.1.2.- category. Quite often, the nucleophilic substrate is
pynvate. It is | ess .common for al dolases to catalyze the condensation 5

bet ween two keto-acids or two al dehydes. However, al dol ases that catalyze

t he condensation. of two carboxylic acids have been identified. For exanple,
EP 1045-029 describes the production of L-4-hydroxy-2- ket ogl utaric acid
from gl yoxylic acid and pyruvate using a Pséfdornonas culture (EC 4.1.3.16).
I n addi tion, 4- hydroxy-4-nethyl - 2- oxoglutarate al dol ase

(4-hydr oxy- 4- netpﬂ;ﬁhaaso%%hg 9‘5@&3 le%ﬁédﬁmlpegﬁe& E&sé;{?enlﬂ% Jnr%ze&%%ﬁé&ﬁase

catal yze the condensati on of e 0 ‘acl erefore
pol ypepti des wdieest 19§@a'inpeﬁe&f5¥ #%@nﬁ%newmﬁq Vifk thsf BL2 H@ER kcomsinpafs gioret e
with pyruvate. (ﬂmﬂnmnﬂcohlyﬁlmgwmﬁm{aﬁydm A 3PEOPlotélnkidtsCioP¥ds a8 uiidpase s

(ProA al dol ase, 17). and .4 utara
gl yoxyl at e- | yasé’% gagfrélg a§)§ Ieagjﬁd QPPT’%“"{fg(;E’ sci'Pa‘i"@%%mr%%"E‘tfPfoﬂ?“f%‘PQ i | ar
to the al dol se hereaied byowniofugfios. TR celPricnies lywd ngngidgbgeat reagent (Novap ridihee

over hangs for t Ii‘ﬁs J&ﬁl&ﬂ;bm?ﬁﬁg%{eﬁs Vf@g@ E:lﬂfﬁe& MQ]E Sng %@&P deségb)ed ablhﬁeg%ieg n of

t hese pl’l mers i s descri bed ove pri rs wer

desi gned for pEFBEFuEEPIEDE I‘”@‘f‘l"ldPF@hEdE’BP@ n’g F"éﬁé’ﬁﬁ’@ Fﬂb‘ﬁ‘&@n%@ll‘}*?ilﬁ%igﬁe'al\’[ﬂiﬂérﬂ%e ne
( Genbank - Accessma&rMH73x&&Q&é@@@cgerS|on 12964663) and Comanonas

testosterone proA gegﬁ?é‘ﬁg‘g ‘B’EI? %ﬁlgy SI??PA&:U fiS%:gra ient gelegoucﬁrégtesolabqurg‘tgnmno

acid sequence; resp
5' - GGTATTCALEGT CoMNT&F, SoETbigint ﬁlaw@rther se

5' - AGAGGAGAGTTAGA i ol an |
CCCTRAGHEANTA] AL éﬁ%%t? ifa RN B3y NCR an? Sod Aﬁﬂ@ébank S

Si nor hi zobium nel il oti 1021 SMe0050 ene (honDIo ous to pro
Accessi on Nos.: S4BT BressaprEreagans 100mkd Tas-EC PR drtaM Mef e iy aC|d
sequence, respee&mmehpmmﬁﬁm“ﬁiﬂ=5d6nﬂfﬁﬁ&iGmﬁmimﬁxﬁﬂﬂTmﬂiﬁﬁﬁaﬁﬁE

62) 5. " Sphi ngoRIBIs TGS THOTDEN [ aRe - NN e e Eb%ﬁagﬁ‘%'sél e

Ver si on: - 3@575?82mﬁmN@@ﬂb@ﬂﬁ@ﬂﬂan§m®aarﬂecacyl transferase) forward 5
GGTATTTGAGGGTCGCATGTCCGGC@; Gh D6 5-EMEE se_ 5' - o
AGAGGAGAGT TAGAGCCTCACGA

an 4.
Art hr obact er kevseri BB@F‘FE Gsifes ‘@éﬁB’éﬁ‘E‘ SNB@@’%’SYI"@?\M %g"'“e 9&%3%&?5}% fexslst
AF331043. 1, codesreiin v DtetOIH P BEET R r@odlithed pRaays Wetrhighlydoldble, 3ddetermined

GGTATTGAGGGT ,
ACAGGACAGT TACACEL TR TR AL R i P O B ARple” T G pogrompgrs e
Yensi ni a pe§9|sP@ﬂFHW%P@E@vaﬁéﬁﬁwﬂwgBﬁeme@EM@@R&mﬁéée@@ﬁﬁmﬂmﬁh“V@59WB@!5
Version: 159781}&: afﬁﬂ@eﬁnﬁdaﬁouaas@geﬁisl%e cﬁrﬁﬂﬁtséeﬂﬁl&%@ﬂ‘au{ﬁs\i@ﬂ @brﬁm enz?»éauc '

assays.

Both recombinant aldolases catalyzed the formation of MP from indole—S-pymvaf_e and -
.pyruvate. ‘The presence of boﬂlldivalent magnesium and potassium phosphate were required for-
25  enzymatic activity. No product was apparent when indole-3-pyruvate, pyrﬁVate or ijofaseiuni
phosphate was absent. A small amount of the product was also formed in the absence of enzyme
(typically one order of maumtude less than when enzyme was present). _
The product peak eluted from the reverse phase C18 column slightly later than the mdole—-S-
pymvate standard, the mass spectmm of this peak showed a colhsmnally—mduced parent ion ([M +
30 HM) of 292.1, the parent ion expected for the product MP. The major daughter fragments present m
the mass spectrum included those with m/z =158 (1H—mdo]e—3~carbaldehyde carboninn: 1011) 168 (3- _
- buta—l 3-dienyl-1H-indole carbonium ion), 274 (292 - H.0), 256 (292 - 2 HZO), 238 (29‘7 3 HZO),
228 (292 - CH403) and 204 (loss of pyruvate) The product also exhlblted aliv spectrum ..
characteristic of other indole-containing compounds such as tryptophan w1ﬂ1 the ?L,,,u of 279-280 and
35 'a small shoulder at approximately 290 nm. o ' ‘
The amount of MP produced by the C. testosteroni aldolase mcreased w:lth an- mcrease in’
reaction temperature from room temperature to 37°C, amount of substrate and amcnmt of

. magnesmm The synthetlc actlwty of the enzyme decreased with i mcreasmg pH the max.unum S



GGTATTGAGGEGTCGCATGAGCCTGGT TAATATGAA- 3' and reverse 5' -
AGAGGAGAGTTAGAGCCTTATGACTTTAACGCGTTGA- 3' (SEQ I D NOS: 63 and 64). 6.
Bacillus subtilis klag gene (Genbank Accession Nos. Z99115.1 d: 2634478,
126711- 127301and CAB14127.1, nucleic acid sequence and ani no acid seguence,
respectively) forward 5 - 5 GGTATTGAGGGTCGCATGGAGTCCAAAGICGITGA- 3" and
reverse 5 AGAGGAGAGTTAGAGCCTTACACTTGGAAAACAGCCT-3' (SEQ I D NOs: 35 and 36).
7. E. coil khg gene (Genbank Accession Nos..AE000279.1 1331-1972 and
AAC74920.1, nucleic acid and am no aci d sedience, respectively) forward 5'-
GGTATTGAGGGT CGCATGAAAAACTGGAAAACAAG- 3' and reverse 5 10

A LAl OSSO S P s

65353- 64673 andadatagacsing 20 ntam’ P‘Glﬁed prefei wampramlﬁely A nenetene méataction.
respectively) forwar §ubiomeGh 4% @mggmmm;r%?%%% everse
5' - AGAGGAGAGT TAGAGCCT CAl GCCGCGAA SEQ | D NQS nd 40

Genomi ¢ DNA f r off%I8&° By & W@@s%@fe? {’f‘éﬁl"f‘%"i"eﬁ"éﬁ’a’e‘éedébﬂ 3@‘“ ﬁahw?. ed
using the @ a'g@md@emmrﬁam}ytd this fRAdEbI0 Adreovidsit i grpsdtaditiatalddiBa it Huehreblie: (Tenom ¢
DNA from or gani - P t nea
( ATCC 33636) m?%?%ﬁ%%‘%%%ﬁme%?#g pRE B id ¢ g’ghﬁ“dz“%gﬂﬁ%gg%ggf’égag%d um
Comanonas testogli’él?W%W‘B@EM@Z@’%HW@H@MW%VWE%UWH Nutrient 20 Broth
and hydr oxybenzoat e nedi umct1 RERDGCAD mdﬁa;% (Flemsh Institute for

Technol ogi cal Research, VI % 40 i Bel iS.gro accor d| to the
net hod described by &ﬁf{htﬂ?f’  Suiglis é’i‘dEO f%@%é?&f?g “(‘Eﬁ’irgﬁeé(%qn"ffﬁ‘ﬁesﬁ%ﬁ miein
2001) . Art hl@baeherindeeyiseth PTG Suhife diecomatnyi i} hail 8 looer, levdbdficgmation. MA@ rdcbmizint
Environnental E{fect %ergﬁé%ggoéﬂlel‘%gﬁ%ﬁtbggﬁs PHG§ana§El¥léil‘t&£}’iSFo@éﬁ'and°Jeﬂh§%£

Agency, @ulf Bfeeze rown ac ng to protoco
descri bed by EaflBr® eriligad Ecioll i genwmﬂ% VEEPYUTT 5> PRFoUFity e weld pf %& urn

nteliloti 1021 (,.eiﬂig;ﬂgeﬁai;;&%)t %@-ﬁot HEIMARE bR GputificafichWsing 4 MisBRG chridge)
hydr oxybenzoat e nedi

stra at 26C in
ATCC nedi um 739 Hor sgﬁ%‘T 30 e"é e’éf? thgté'égf' ﬁsﬂuﬁls?nd &Bﬁ%ﬁ% aréré@’é‘ia %A?&%’Q%"és grown at
30C in Bereld muyms. éﬁms@r,oluewtemrmmvns Braforngng the d¢fays in podivprrbpsphpta boffercaniia. was

i sol ated from staldrefdrk&Bis b(fdn@&/dngle.ﬂﬂﬁmcna@ oésnwhbgﬁda kd%stﬁl%@ﬁmﬁ%zjketo%o The
PCR, cl oni ng, and screeni ng col s descrl bed in rro]écﬁ 1 we é a\ﬁéed to
apdescriped

clone the C. - tEOrHEPEFRE! “‘é’f‘ﬁﬁe Q‘P@G}S he =yt pssqyp W?(e BEQY e and; g
the E, coif, B. instihéindtinges taplosfhaterml orhiadd Thhrgsultsieditsartnete reddmbimarkEiGret hods

can be used to. ,gLone dgag&d%*ﬁ{%was&qm%&% 2HESEbA Qﬁgas%pq}{&m{ R dd i ghanes

wer e sequenced usi ng aln term nati on sequenci ng eaw |
Houst on, TX§0wi pleduged @&f%ﬁawmﬁteﬁmﬁ%@ &p apuptpegdaced Rypaggestim and plpsh elrmrval
primers f rom | nﬁ)&@ﬁ}ﬁf’e ad not&ép%n&@:ﬁ@!ﬂ@kﬁ@a&ﬁme& "I‘Be B&c@lﬂf @l ythd Ha@the hibllest

, &7 dAct t yAs |
pr essi on an ﬁcf 5‘%@%1?5 é@%ﬁ%ﬂﬁ%ﬁ ﬁjgfler actzv1tyt£ ¥ r':Irnagnesn;lmXndS p%gslﬂgart]é: a?ong'r;g ysis)

was subcl oned ‘i

determined by SRM (see Example 10). The Sinorkizobium énzyme had the least amount. of activity,
7 -wlnch- may be associated with folding and solubility problems noted in the expression. All three
25 enzymes have the active site glitamate (positioﬁ 43 in B. subtilis imbering system) as we]i asthe
‘lysine required for Shiff base formation with pyruvate (position 130); however, the B. subtilis ghzym*c
contains a threonine in position 47, an active site resi&uc, rather than argim'ne. The B. subtilis KHG '
is smaller and appears to be in a cluster distinct from the S. meliloti and E. coli cﬁzymes, with other -
enzymes having the active site threonine. The differences in the active site may be the reason for.ﬂm

- 30 increased activity of the B. subtilis enzyme. -

Improvement of Aldolase Activity ,
Catalyﬁc antibodies can be as efficient as natural aldolases, accept a broad range of
substrates, and can be used to catalyze the reaction shown in FIG. 2. ' _
35 Aldolases can also be improved by directed evolution, for example as previously descnbed |
for a KDPG aldolase (h1gh1y homologous to KHG described above) evolved by DNA shufﬂmg and
eITOT-PIone PCR to remove the reqmrement for phosphate and to mvert the enantxoselechvxty The _
- KDPG aIdoIase polypeptides are useful in b1ochenuca1 reactions since they are highly specxﬁc forthe

donar enhetrate fherein nvmvate). bt are re]atwelv flexible with resvect to the acceptor subsirate



BL21 (DE3) (Novagen). The cultures were grown in LB nmediumw th 50 ng/L
kananycin, the. -36- plasmds isolated using a Q agen spin plasinid mniprep
kit and subsequently anal yzed by restriction digest to confirmidentity.

| nducti on experinents were done with the BL21(DE3) constructs grown it LB
medi um cont ai ni ng 50 ng/L kananycin at 37C. Protein expression was induced
using 0.1 nM1PTG after the OD600 reached approxi mately 0.6.- The cells were
grown for 4 hours at 30C and 5 harvested by centrifugation. The cells were
then |ysed using Bugbuster Tmreagent (Novagé®) and the His-tag reconbinant
proteins were purified using His-Bind cartridges as descri bed above (Exanple

N s i s e R Y EROULR e SRt oS003R SR i o
anal yzed by SDS-cPHeFatsa Oﬁwzw% @?ﬂaﬁﬁ“éﬂ?ﬁf ofertexylis agids Mapmalinnypysiansef be BHE 10
level s at the pradiagta@dndii fbfha\teh;@oaﬂéi‘@&&htlﬂ@ﬁh bickHihIGEsipls Oh@iding hbR& 2BV &l NS

wer e assayed fo tiv e and.sodi uv te as
substrates. The ‘3% g‘ﬁV Jrﬁ]é{‘ygﬁ 8"%5’%‘51 Eﬁgﬁf"?ﬁ’%‘:ﬂfﬁmﬁ flecoisermery i gtm tg'g[ﬁ

mv MyC12, 3 &M lpiogletsste.uBacEhio sqitat @péapld b8 a 10ufidd Gefabbco for ﬂ:aRhsosmmgheraﬁe | n 1
mL.. The reactio ' for
exanpl e from 10q1t %@?8 %&%‘%X?A‘gga%lie%%%%@é Atﬁgsegg%!l gﬁi‘@’ R%g&@g 1}altnqiq(r?fh'g es,
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pr oduced by the tosteronl al dol ase increased with an_increase in
A polypeptide having the desu‘ed activity ¢an be selected by screenmg clones of interest

: usmg the following methods. Tryptophan auxotrophs are transformed with vectors carrying the ;
clones of interest on an expression cassetté and are grown on a mediuvm containing small amounts of
monatin or MP. Since annnou'ansferascs and aldolase reactions are revessible, the celis are able to
produce tryptophan from a racennc mixture of monatin. Simitarly, organisms (both recombmant and

- 30 wﬂdtype) can be screéened by ablhty to utilize MP or monatin as a carbon and ENEeIgy source. One _
source of target aldolases is expression libraries of various Psetdomonas and rhjzobactenal strains: - ‘
Pseudomonads have many vnusual catabolic pathways for degradation of aromatic molecules and -
they also contain many aldolases; whereas the rhizobacteria contain aldolases, are known to grow in '
‘ the plant thizosphere, and have many of the genes described for construction of a bibsylnﬂiet'ié‘ .

35  pathway for monatin. ‘ ' .



reaction tenperature fromroomtenperature to 37C, anmount of substrate, and
anount of nmagnesium The synthetic activity of the enzyne decreased with

i ncreasi ng pH, the maxi num -37- product observed was at pH 7. Based on
trypt ophan standards, the amount of MP produced under a standard assay
using 20 g of purified protein was approxi mately.10-40 g per one nL
reaction-. Dué to the high degree of honology of the S. -neliloti and C

t est osterone ProA al dol ase coding sequences with the other genes described
above, it is expected that all of the recomfrnant gene 5 products can.
catalyze this reaction. Mreover, it is expected that al dolases that have
threonine (T) at positions 59 and 87, argi !(l}hgg s(R) at 119, aspartate (D) at
120, and histidine (H) at 31 and 71, (base on the nunbering systemof C
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_ process.

- 30 Engmes .

‘The aldolase, 4 hydroxy—4—meﬂ1y1-7—oxoglutarate pyruvate lyase (PmA aldolase proA gene)

- (EC4.1.3.17) from Comamonas testosteroni was cloned, expressed and purified as described in -
Example 4. The 4-hydroxy-2-oxoglutarate glyoxylate lyases {KHG aldolases) (EC 4.1.3.16). ﬁ'omB
subtilis, E. coli, and 8. meliloti were cloned, expressed and purified as described in Ehample 4,

35 o The anunotransferases used in.conjunction with the aldolases to produce monatin were L—
aspartate ammoﬁansferase encoded by the E. coli aspC gene, the tyrosine ammotransferase encoded
by the E. coli tyrB gene, the S, meliloti TatA enzyme, the broad substrate anuuotransferase encoded

"+ bythe L. major bsat gene, or the glutalmc-oxaloace‘uc transaminase fromi pig heart (Type Ia), The



for a.KDPG al dol ase (highly honol ogous to KHG descri bed above) evol ved by
DNA shuffling and error-prone PCR to renove the requirenent for phosphate
and to invert the enantioselectivity. The KDPG al dol ase pol ypeptides are
useful in biochem cal reactions since they are highly specifi-c fof-the
dnnnr cuhctrate therein nvnrvatel. but are relatively flexible W|th respect

to the acceptor substrate -38- (i.e. indole-3-pymvate) (Koeller & WWng,
Nat ure 409: 232-9, 2001). KHG al dol ase has agpivity for = condensation of
pyruvate with-a nunber of carboxylic acids. nral i an versions of the KEG

al dol ase are thought to have broader specificity than bacterial versions,
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(erythro-3- Hédrox - as artg (F(glyox%ae(?% ase), which uses %m ds as
t he substra Argearlon sty hg Siugn prdeReeng &éﬁ?@?ﬁﬁ@?@ﬁ‘&@ﬂ’ﬁd at the
denitrificans; bmmmn&lfdﬁﬁ@kﬂu(hemhlabrdﬁaﬁdEmMy@SEh)a concanhritioh of thanhtinAes 5.81
substrat es cont g h\!i‘ lggﬁgenzyl gr oups di hydr oneopt eri-n al dol ase; L-threo-3-

phenyl serine benza de-| yase (phenyl serine al dol ase) which condenses
gI ycine with benzal &@ﬁff@}é‘“ﬂﬂmﬁWF Bss uspd 9 ewifa he fiel Brodichl dlingtygpercent of the clear

2 . Adl hlydl oxy bg RaytoR YaslArpked t(gd @mhasmmmqkésewmemﬂz ainaw syatgoraldol ase.
pol ypepi-de e desired. .a can cr.eeni ng
cl ones of ﬁber éréeﬁgn\f“kj nﬂ]ﬁ ﬁ‘r’]?rﬂléw?sc‘ﬁaf W‘rrqbw%é’tcﬁlga?g 3 R‘f@%gﬂ? ?1"511““ uxeoagsr"f)bﬁﬁcg Yre

t ransf or rred Wi t B8 o5 Y%od the fiishigpvt threugh dleaion sThe Eolimmt es @s elurd with 1M pr essi on

cassette and ar %m%ﬁ%a&ﬁte%}ﬂ@ﬂ'c&im&@@%@ixﬂiﬂ&uédgakimﬁm@i%fc&tﬁﬁednﬂ%mn or
MP. Since anrinotransferases and al dol ase reacti ons are reversib

cell's are able {6 HPERaisEl 19?%?%*&?&?@?%%@ w“&eé%mdevaﬁfmr“@w‘fﬁbf?&mdﬁs
Similarly, or galﬂiesrﬁﬁmé kakchd a’nﬂwﬁltefbaﬁﬁ‘oﬁﬂtﬂeaﬂrsv\bﬂﬂdiey@ex)amﬁ@rbc&@. screened by

ability to ygl lize. %Psmﬂ@%&m&ﬁ B(?‘ng }F]E wed%rlz%g‘géfée rrBhana tfmcgn%ource

of target aldol ases i'S expression var | ous Pseu
rhi zobacteri al = $eynditathe colu@eﬁmmaﬁ%thﬁmedrﬁm}g tbﬁﬂxwapomcaﬂgmwe@%wmvays

for de g radat i on ﬁ?ﬂgtoﬁ&m'kt% ofm&n@ﬁiﬂ IT@S a8t tryptophan to product in the supermatant was -
approxnmately 21,
The supernatant {7 ml) was applied to a 100 ml Fast Flow DEAE Sepharose (Amersham
S 30 Bmscmnces) column prevmusly converted to the acetate form by washmg with05L 1M NaOH 0.2
L water, 1.0 L of 1.0 M ammonium acetate pH 8.4, and 0.5 L water. The supcrnatant was loaded at
<2 mL/min and the column was washed with water at 3-4 mL/min unti] the absorbance at 280, nm '
was ~0. Monatm was eluted with 100 mM ammonium acetate, pH 8. 4 co]iectmg 4 100 mL
' fracuons _ ' . _
35 Analysis of the fractions showed that the ratio of tryptophan to monatm in the flow th:ough
- . fractmns was 85:15 and the Iauo in the eluent ﬁ'achons was 7:93. Assuming the extmcnon

‘coefficient at 280 nm of monatm is the same as tryptophan, the eluent fracti.ons contained 0, 146 =



they al so contain many al dol ases; whereas the rhizobacteria contain

al dol ases, are known to grow in the plant rhizosphere, and have many of the
genes described for construetion of a biosynthetic 35 pathway for -nonatin.
-39- Exanple 5 Chemical Synthesis of the Mnatin Precursor Exanple 4

descri bed a nmet'hod ofusing an al dol ase to convert indol e-3-pyruvate to the
2- hydroxy 2-(indol-3-yhnethyl)-4-keto glutaric acid nonatin precursor. (MP).
Thi s exanple describes 5 an alternative nethod of chem cally synthesizing
MP. The MP is formed by using a typical aldél-type condensation (FIG 4).
Briefly, a typical aldol-type, reaction involves the generation of a

car bani on of th%npoycraf}gﬁh&t G5 drblatihiid@e Btabt L RAGoDRRSS prodﬁééCJi 4@&‘3&@(\7@ thd)lgF um
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coupl ed product. 10 Hrhaélmtﬂ:aagongﬁﬁmmSDEhnsepﬁaﬁneb@mrsmlea‘vqforqmﬂmeohﬂ,ngnt he

i ndol e nitrogen not xycar.bon Boc) ,
and benzyl oxy car %1% #%11? %)9#:% w% f(rpunﬁedlb%ﬂaﬁﬁca?on(%oaé rpg t}vg e¥ersed £ sé’ colugn ude.
but are not Pi miugiagthe yime wrmogeslv@md(iqﬂms teogedeprribed ﬂn@tamylle 10 @Eﬁy#nalmmglt
esters). Wen %ﬁbﬁiﬁn@ﬁa‘?&éﬁéah&lﬂ v@&w&mﬁw%%e%s enﬁﬂa}m mmg_%m&ﬁateho

control the stereochem stry of ‘groduct that is forned wever
and/ or. R3 are cHiftigp C%IF?S‘P%Eft“i‘%@n@FSﬁ pdetestiorof theym/z 5 2Brons Iy fpyction figmy e | 15
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ani | not ransfl@r asétbarrdduan al dol ase, produced 20 nonatin fromtryptophan and

pymvate. In the flrstm@kammgwmf%ﬁm%wﬁﬁa@stn%me@@omgm@ﬁs@pt or of the
am no group fromtrypt han In a transamnation reactlon eneratl ng

i ndol e- 3-pymvate and U'gY P SRteRoscogy- HVAGTRrseckosroRicpratyernas Yanenit P’f"@‘&&‘{l on
i n whi ch pyr uvategzywagallye@ed ceglicdwut ising A dady @0BBio PYivisibiispsctrophotbn@erpTiegatifze of
Mye+ and phosph y f [ MP) ,
2- hydr oxy- 2- %}ﬁ%ﬂ%%%%@% f gee‘fgggpsg?gﬁ gaxg@fnc?ﬁéﬁrﬁaéﬁ? grSi;Hc%)'hg% ItEelgga no
group fromt e 25&@169@&%@1@ idndple gonfajpinglgeraforsdst reacti on produced the

desi lr3 Ie_cl Er gduc:1 rmnaroms Aﬁhlf,'sllsf iAGAYskIT mdMbes 6 RdhAE HQTvEZ@dnh mam@a‘zmmaleﬂfcﬂduct
establ 1 she that the isoner l.

substrates, enzyelss AR 8“t 96 dTSr%’s‘begarlDZE}‘algée ?8) a%"*“%alsr‘ weﬁIS e %Sls °¥m°n5m AEHE s
that were made t@rotirymaticpyrdictenixudQs ilmiyerts Fihe Bk toleemaes! of FIG. 5 111ustrates a

4- hydr oxy 4- rret R¥ibcted mqm%asg@;n%ﬁhppf&uaaa& ﬁmﬂecmﬁ%sn éﬁﬁdaéu@k slelase 7Thﬂr oA gene)
(EC 4. 1. Zé rom Comanzonas testosterone was cl oned, expressed a

purifi ed as “Hes dfritfisafiop Af mepgin i be mirtueryas coropSripdfy fhe 398585 ﬁ]f‘ﬁ‘f"éd’df%ﬁyl ate
| yases (KHG al delnaigsssf the [ifidd ﬁroc&ct]:@LCMSshmﬁa singlefEbk Witlsa mdeculeibiegf 2086d S.
mel iloti were cloned. . G d&éﬁ%@'m@ag o s I%rﬁaﬁ{qﬁa%{g#f«‘naxb% Exanpl e 4. 35

The amunotransferases use n con on w ses to produce
monatin were U MS/MS Analysis. LCMS/MS daughter ion experiments, as described in Example 10, were

. 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 inclnde
' fragment ions of m/z = 275 (293 = H,0), 257 (293+(2 x H;0)), 230 (275{CO'OH), 212 {257-COOH), |
168 (B—Eutg-l ;3-dienyl-1H-indole carbonium ion), 158 {1H-indole-3-carbaldehyde carbonium ion),
. 144 (3~eﬂ1y1—1H—indole éarboniﬁm ion), 130 (3-rheﬂ1ylene-IH—indole-carboniun'i ion), and 118 (indole
carboninm ion). Many of these are the same as those obtained for MP (Example 4), as expected if .
. 30  derived from the indole portion of the molecule. Some are 1 mass umt higher than those seen for
o MP, due to the presence of an amino group instead of a ketone. - '
. High Resolution MS analysis. FIG. 8 illustrates the mass spectrum obtained for purified
" monatin employing an Applied Biosystems-Perkin Elmer Q-Star hybrid quadmpolcltime-oﬁﬂight
mass specirometer. The measured mass for protonated monatin using tryptophan as an intemal mass
35 calibration standard was 293.1144. The calculated mass of protonated monatin, based on the
| elemental composmon €,.H5N,0s is 293.1137. This is a mass measurement error of less than 2
parts per million (ppm) providing conclusive ev1dence of he elemental compositior of mogatin

~ produced enzymatically.



aspartate am notransferase encoded by the E. cote aspC gene, the tyrosine
am not ransferase encoded by the E. coil tyrB gene, the S. neliloti TatA
enzyme, the broad substrate am notransferase encoded by the L. major bsat
gene, or the glutam c-oxal oacetic transam nase frompig heart (Type |la),
The -40- cloning, expression and purification of the non-mammalian proteins
are described in Exanple 1... @ utanic-oxal oacetic transam nase from pig
heart (type Ha) was obtained from Signa (# G7005). Method using ProA

al dol ase and L-aspartate andnotransferase 5%fhe reaction m xture contai ned
50 mM ammoni um acetate, pH 8.0, 4 nM MyCl2, 3 nM potassi um phosphate, 0.05
mM pyri doxal phOSpham}mé&&t&%ﬁ.@ﬁ%’ﬁﬂﬂ@k@%ﬁ%\ﬁf@%mtpéﬁmﬁ&ﬂm&Wll%% oM ™

al pha-ketoglutarate, 160 ng of 'feconbl na . testosteront ProA al dol'ase
(unpurified cel DsiEgicptydhe saigloof gty (b wy) wap disolyesl B -5 mbeldiBi Hfially: the selvsht-
L-aspartate ai n(mo} wansddek as SiterbMibpidhde bi €78 ppRl bind flepadkifor wattOWasdige, the 'H-
not ransferase) in_one Iit.glr. Al | cpggon, tstexg‘%ﬁt tie eE\r}z%‘rrgs déo ere m xed
together and i nEtbat Bd ar SGEPEREr T PHEEY %) B S p RS ST/R e PPHBe8 e s
were then afldedatarpdak fre Cr2gemdn afmosiih whd vsad aphsreferrpcayatkethd sdt a3B:@uidishdd vgent | e
shaking (100 rpg)7 {o@f,3- 5 hours. At 0.5 and 1 hour after the addition of
the enzymes aliquots of solid tryptophan(50 nmol es _eachg were added to the
reaction. All of theFeductiMRy sriiEbRa st syep! odredcansdpdirated i theppaple was too
concentration Wagute tiBbtilh ad ddefata PC BfdctiiM i@ the Bll@bEEme. Ahdréfbre, 3 hoedRWEE multhR Sol i d

tryptophan was filtered off lysis of 15 the reactiLon m xture L M5
using a defi nedqléaﬁ%ﬂﬁehef) Cet%@t%g%‘ﬁ%{iﬁmﬁtsmép%@ A ’a‘?’h(lzi%seﬂ%&ggp f ?{gté{l?ﬁ‘?gﬁm
concentrati & ohydazsysahthasarbions to Weickstbéyreragtachals and @lsGprovidiegrinfotniation on the
concentrati on OfpehRRfEs B dsbasS8l MM (1.05 g). The foll owi ng net hods were
used to purify the final product. N nety percent of the clear solution was
applied to a col um BfBrERAGPAESBNEGdaa fsishompsnTabies 2 yyd g PRePmpaaRiet y of
1.7 20 neq/ m) . publighed@illussithe MR dawasdiraedd Whitthe ewdinticallygddued hiofkgin 38 :ithdr (S,S),
fractions, unti h [ e at . 280 nmwas <5% of the first flow through
fraction. - The ckﬁ’%ﬁ%a&gﬁeﬁgﬁ&él uted with I M anmonium acetate, pH 8.4,

col l ecting ¥5300- L FhindtiGIHE Anglysis. Fopsighlivhithshie wemtinpradigedibriag V3t opmigPmener e
evaporated to0 1Gnbla biRthRRGf @e 1129:1)@ncﬁ(w;%pa{aﬁrogxexs,\uhﬂnL@/_Msaahﬁemeafmia@musing
precipitate for,g{ed as the vo_bugehr,edLICﬁ)d and was filtered off over the
course of the ePSPSFEFREIP SrGlase BB Intly| ysis of the col um fractions by
LC/ M5 showed t hat 99%iod LE krparttioypvapinads uswpchn bmebictin T (Adyensell Jepargtioss col unm.

The precipitate; LR, ' ] or S GANLaknE %
rypt ophan aad. ST Ru ety ARpRURA B fep aﬁ'ﬁﬁa?%‘fl‘%?‘%?ﬁi“‘?‘? Peodith

super nat ant 28hasPubkiipt BRipeaktiomheyendor, wrg ontinre fiaths R () 7adf- {Lhjsemers pippiaeharo a
100 nL Fast Fl ovhEARbIepha omRted MOvaRatdAtaining 0.086 050 rBN6ES}ticRoi; B Methanol
previ ously converted }he .acetate.for shin ith 0.5 1 NaCH, 0.2
P vater 1.0 L Gl bl bRl Qe iR el bk R gl s . S8E

super nat ant wasfi¢waieds b mLagn, mdFRAabanthntelves wolitgred from 300mast 460 - tThe wat er  at

3-4 nl/nin untifhgtbenaReahhangs: 81 chRRQ.CAR s of SypiYRRAk RoWas arsldtiB i t h

100 mM ammopj um acetate, pH 8.4, callecting 4 100-'m fractijons.
5% " those described ianxample 10 for LC/MS analysis. Coliection of miass spectra for the region m/z _

. 150400 was utilized. Selected ion chromatograms for protonated molecular fons ([M + H]* = 203
. f_dr both R~ and S-iryptophan and [M + HJ" = 293 for monatin) allowed direct idénﬁﬁcaﬁon of these
analytes in the mixtures. |
_ The chromato grams of R- and S-tryptophan and monatin, separated by chiral
- 30 chromatography and monitored by MS, are shown in FIG. 5. The single pealg in the chroﬁlatogram of

monatin indicates that the compound is one isomer, with a retention time almost identical to S-

tryptoi)han.



35 Analysis of the fractions showed that the ratio of tryptophan to nonatin

in the flow through
fractions was 7:93. Assum ng the extinction
nonatin is the sanme as tryptophan,
mol e of product.
ninoles (-710 ng) of

nonat i n,

Extrapol ation to the total
for a recovery of 68%

fromthe DEAE Sepharose col unm were evaporated to <20 ni.
t he product was thither purlfled by application to a Cs preparatlve
‘5 using the sane cbromat ographic conditions as those

rever sed- phase

described in Ex
Wat ers Fracti onl ynx
col |l ection of nonat i n based on det ecti on of "2 hef

fromthe Cs
nonatin was- coI

vol unme of water.

pr oduct..
net hods.

monat i n produced

col urm

| ect ed,

HsE: ”E‘s’%‘#‘?‘m

evaporated to,
This fraction was usf
~The resulting product was' claeae
UVI Vi si bl e Spectroscopy. UV/vi'si bf & spe%t roscopi ¢ neasurenents of
enzymatl caIIy were carried out usi ng a Cary 100 Bi o

ni/

An al

fractions was 85:15 and the ratio in the el uent
coefficient at 280 nun of

the eluent fractions contai ned 0.146 -41-
1 L reaction would produce -2.4
The eluent fractions

i quot of
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perforned on nonYeggear epal dAG§Htedn Trom.: 1A98%8,9p¥2t rum of nonatin is illustrated

in FIG 7. 25 Tenfahi ¥ sk ebrbolsons Sogdveny.s of all fragment ions |abel ed
in FIG 7 were nmade. These. include fragnent ions of mz 275 (293 - H20),
257 (293-(2 x HO), 230 (275-COON), 212 (257-COCH), 168

(3-buta-1, 3-di eﬁyﬂleﬂ.l—EG:NMcata(:(&bﬂnamQkaeam)m) 158 (I H- i ndol e- 3- car bal dehyde

carboni um i on) —144 3=t = bonrtum{ on), 130
(3- net hyl ene- | pyjdote x,céa %Pn oM %E%’gfargt.?d—i-r%—(-ﬁ'rdol e carboniumion). Many
of these are the 5 j anpl e 4), as expected if
30 deri.ved fromthe-indote .}JUI t Ulilb)gl t+he—notecute} Sone are 1 nmass unit
hi gher than thpge—seenf 2Q‘4|\|u « 91;046&) the presemnc of an am no group
instead of a ‘ks‘ ome HIr™ l!lzbigbUI at |190|25|VD ould.lj/bl R |G . 8 illustrates the
mass spectrum pgtarmed f{op; purifi qu 74nuna[| M enpio ing an Applied
Bi osyst ens- Per KiyTT EbNeT [(Apkar nyh{ij 4 quadr up0| ert) me-of -flight
C 8 * 137.06 |
9 * 129.23
10a 364 . 36.53
112 39.5 39.31

13- 54.9 54.89

14 * 175.30

15 * 1 181.18 :

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

10 Polarimetry. The optical rotation was measured on a Rudolph Autopol Il polarimeter.

The monatin was prepared as a 14.6 mg/mL sohition_in water. The expected specific rotation ([d]nm)
for S,S monatin (éalt form) is -49.6 for al g/ml solution. in water (Vleggaar et al). The observed
[o}p?® was -28.1 for the puﬁﬁed, enzymatically Produced monatin indicating that it was the -S, S

isomer.



mass spectroneter. The neasured nmass for protonated nonatin using tryptophan
as an internal mass 35 calibration standard was 293.1144. The cal cul ated
mass of protonated nonatin, based on the elenental conpositi.on Cl 4HL7NZCB
is 293.1137:" This is a mass neasurenment error of |less than 2-parts per
mllion (ppm, providing conclusive evidence of the el enental conposition of
nonatin produced enzymatically. -42- NVR Spectroscopy. -The NIVIR
experinments were perforned on a Varian Inova 500 MHz i nstrunment. The sanple
of monatin (-3 ng) was dissolved in 0.5 m - D?Q Initially, the solvent
(DO was. used as the internal reference at 4.78 ppm Since the peak for

wat er was Iargemg,t,%]eé\me’ NVR was run wi-th suppression of the peak for water.
Subsequent | y, broadness of the 5 water peak, the C 2 proton of
nmonatin was used as ffh@eqcéqne‘@@tr@e& pelaging reagent @@ten?ezmemeﬁnmﬁ?p#, whreebtiptidediand of

7.192 ppm For "ﬁe]hy\ﬂ%mﬁl@/ﬂwe}dﬁ&du&g&n%fthﬁgw heabdatiglied scans indicated that
t he sanpl e was dilute to %raln aah%?%t 13C sgﬁctrumlnthe

allotted tinme. é’f”B’r"%‘“mé“ﬁEtP Elfa‘g% T@P&’m&& FEHT TRPRERETRE: Y HVQC)
experi nent vias psrdphedecgutahé Ghihenah), et tleydlord slogikaten of_the 10 hydrogens
and the car bons?&gﬁ%ﬁéﬁm@ﬁ ve‘é"%&ﬁvé}&nﬁea‘%i%ﬂ’aﬁé}%ﬁ&iﬁo% Eﬁ.&’%’ 9 | nformation

on the chenica ts of e carbons ad HMXC data is
shown in Tabl es3 2Mgethsin Byspbaerpng/mbafl r';v@mblpwbl’rpéh@dasvédﬂllesractﬂﬁépm dat a

9,58, L P S RO S

monati n produc e@‘PC geng (qel E?Ctﬂmsoteimeotq@@n@mahomf @ QQ@E"H&J), ideolid &yptyphap bpeaffpid aR)

and (S, S) epnt {RRksion 61 dodinm ks%y@d @&eélmaesav é@aﬁ&e%t{w ThiSthiRfdre viab €
i nstrunment ati on_described in Exanple 10. Chiral separations.were nade

usi ng -an Chi robi“ﬁibi’tédaFWﬁd‘?féﬁ'&‘éﬁ%&*&%%‘“%hnol ogy) chiral

chromat ogr aphy Spkdtidbrat roomterrperature Separ ation and det ect| on, based
on 20 published pro coI S om.the ven

and S- (L) isomers o t[(%'gcﬁé) alhhf' %ﬂm& 1 8Ied‘h°§“8q]€é’§§'? ?ch}f Et\edvﬁlth\%at er
cont ai ni ng 0. 05%/I(awav9te tvrth a‘ulemavaératseetld wf nggitig; AB}naw@tahmabzd ageptretembaglied05 %

(viv) trif I}g)rogl%tﬂrgstaphghas‘ggﬁoagwgl on was isocratic at 70% A and 30% B.
The flowrate was 1.0 nL/m and PDA absorbance was nonitored from 200 nm

to 400 nm The inst rﬂﬁ‘“éﬂf"‘&f“ ‘ﬁ%ﬁ‘ Lorfrdos Proad Ausyatp gpingiapsiemse s kad inplace oidhet of
trypt ophan and ¢bnaispantatasimindtelesirise similboiel of hastn whesehib e dHovr vdDeasphd 10 for

LG M5 anal ysi s. %Jmf%&: ]tJIlO t(g)]c %ﬁtﬁe Iﬁ:’ﬁ%ﬁ&od@bﬂf\ﬁtﬁl a‘irl?!% d,[lﬁ g‘iﬂ% Ne da liws élg%e f?%] b&as

utilized. Sel ec‘fn I on c r‘ot onat e ecu
= 205 for bot hRMSapdlyss- Mquﬁﬂe@qmat@n@fpmo-ﬁ WﬂiEBIQ%d$ﬂWh%ﬁaE1WU’d$ I ovved
direct identqd figasde®@ihzfhe, alhgsfmﬂoafm h’ﬂc@tﬁd br&yﬁlm H¥iglotabHicEkalodo: taRbh RS 86HhaNs

o o o L1 vt elnor A obal L, SchaLaled B Chutel, 30 chions oghoony
chr omat ogr am of pynivainatrédactivadthioaibe s bhidine fohthe hﬂmppwﬂu@lutanmx&hyds:gm andv th a
ret ent ion tine ﬁﬁﬂﬁ%&dﬂ?ﬂﬂl& %al to S '
The KHG aldolases from B. subtilis, E. coli, and S. meliloti were also used with the E coliL-
25  aspartate aminofransferase to produce monatin enzymaticatly. The following reaction conditions
 were used: 50 mM NH,-OAc pH 8.3, 2 raM MgCl, 200 M pyruvate, 5 M glutamate, 0.05 mM
pyridoxal phoéphate, deaerated water to achieve a final volume of 0.5 mlL after the addition of the
enzymes, 3 mM potassium phosphate, 20 pg/ml. of recombinant B. subtilis KHG aldolase (purificd),
ca. 400 pg/ml of E. coli L-aspartate aminotransferase (AspC) ﬁnpuriﬁed from cell "cxltract, and’ 12 |
30 mM indole-3-pyruvate. Tl;e reactions were incubated at 30°C for 30 minutes with shaking., The
amount of monatin produced using the B. subtilis enzyme was 80 ng/ml, and increased with ‘
increasing amounts of aldolase. If indole-3-pyruvate and glutamatc were replaced by saturating.
amounts of tryptoﬁhaﬁ and 5. mM alpha-kétoglutarate the pmducﬁon of monatin was increased o
~ -360 ng/mL. Reacuons were rcpeated with 30 pg/mU of each of the three KHG enzymes m 50 mM |
35 TrspH83, w1ﬂ1 saturanng amounts of tryptophan, and were allowed to proceed for an hnur in order
to increase detection. The Bacillus enzyme had the highest activity as in E‘{ample 4, producmg
approximately 4000 ng/mL monaiin. The E. coli KHG produced 3000 ng/mL monatm and the 5.
meliloti enzyme produced 2300 ng/mL. ' ‘ '



tryptophan. 43 Table 2: 1H NAIR data HOO 10 15 4 OH 5~ 3 12 NHZ 2 13
6\ e NL HHO 14 0 Cargill M e aar et al.' Takeshi et al.2 AtomS J(1I11) Hz
SN J(HH) Hz 6n J(HH) Hz 2 7.192 (111, 7.192(s) 7.18 (sy~a) 4 7.671 (d)
7.99 7.686 (d) 7.9 7.67 (d 8.0 5 7.104 (dd) 7.99 7.102 (dd) 8.0, 8.0 +~ 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 |0a 3.242(d). 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 (d) 14.5 12 2.626 (dd)
15.5, 1.5 2.651(dd) 15.3, 1.7 2.62 (dd) 15.85 1.8 2.015 (dd) 15.0, 12.0
2.006 (dd 15.3, 11.7 2.01 (dd) 15.5, 12.0 13 3.571 (dd) 10.75*, 1.5 3.168
(dd) 11.6, 1.8 3.57 (dd) 12.0, 1.8 WV eggaar et al. V..C S. Perkln Tr ans.

1: 3095- 8, 1992) $ 2 Takeshi and Shusuke (JP2002060382, 2002-02-26). Table
3: 13C NWR data (fro'm HMQC spectrum  Car¥pshipleVl eggaar et al Atom SC Sc 2

126.1 126.03 '3 * 110.31 4 120Iﬁe,;&gerggnbgwg&q{gmgﬁqmggn 6 122.8 122.74 7
112.8 112.79 8 * 137.06 9 * 129.23 10a 36.4 .36.53 -

_ The amination of MP to form monatin can be catalyzed by anminotransferases such as those
5  identified in Examples 1 and 6, or by dehydrogenases that require a reducing cofactor such as NADH
or NADPH. These reactions are reversible and can be measured in either direction. The
directionality, when vsing-a dehydrogenase enzyme, can be largely controlled by the concentration of
ammonimﬁ salts. ‘ '
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
chromophoric NAD(P)H. Monatin was enzymatlcally produced and punﬁed as described in
. Example 6. '
A typical assay mixture contained 50 mM Tris-HCl, pH 8.0 to 8.9, 0.33 mM NAD" or - A
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 ina UV -transparent microtiter plate, on a Molecular Devices
SpeciraMai Plus platereader. A mix of the enzyme, buffer, and NAD(P)" were pipetted into wells
containing the substrate and the increase in absorbance at 340 nm was monitored at 10 second ‘
intervals after brief mixing. The reaction was incubated at 25°C for 10 minutes. Negative controls
7 were carried out without the addition of substrate, and glutamate was utilized as a positive control.
20 | The type I glutamate dehydrogenase from bovine liver (Sigma # G-7882) catalyzed the conversion
of the monatin to the monatin precursor at a rate of conversion approximately 011e-hundredﬂ1 the 1ate
of the cbnversion of glutamate to alpha-ketoglutarate.
Transamination activity. Monatin aminotransferase assays were conducted with the
: aspartate aminotransferase (AspC) from £. coli, fhe tyrosine aminotransferase (TyiB) from E. coli,
25 the broad substrate aminotransferase (BSAT) from L. major, and the two commercially available
| porcine glutamate-oxaloacetate aminotransferases described in Example 1. -Both oxaloacetate and
alpha-ketoglutarate were tested as the amino acceptor. The assay mixtufe contained {(in 0.5 mL}) 50
mM Tris-HCl, pH 8.0, 0.05 mM PLP, 5 mM amino acceptor, 5 mM ﬁlonaﬁn, and 25 pg of
anﬁnotransferase. The assays were incubated at 30°C for.30 minutes, and the reactions were stopped
30 by addition of 0.5 mL isopropyl alcohol: The loss of monatin was monitored by LC/MS (Example
' " 10). The highest amount of activity was noted with L. mgjor BSAT with oxaloacetate as the amino
apceﬁtor, followed by the same enzyme with alpha-ketoglutarate as the amino acc‘eptoh The relative
 activity with oxaloacetate was: BSAT > AspC > porcine type Ila > porcine type [=TyrB. The '
' relative activity with alpha-ketoglutarate was: BSAT > AspC > porcine type 1> porcine type Ila >
35 TyrB. '



12 39.5 39.31 13 54.9 54.89 14 * 175.30 15 * 181.18 VI eggaar et al.
(J.C.S. Perkin Trans. 1:3095-8, 1992). 10 Polarinetry. The optical rotation
was neasured on a Rudol ph Autopol 111 polarineter. The nonatin was prepared
as a 14.6 ng/nL_solution in water. The expected specific rotation ([a]D20)
for S, S nonatin (salt form is -49.6 for a 1 g/nL solution in-water

(VI eggaar et al). The observed [a]D20 was -28.1 for-the purified,
enzymatically produced nonatin indicating that it was the S, S isoner. -44-
| mprorentenis The reaction conditions, incl#éing reagent and enzyne
concentrations, were optinized and vyields of 10 ng/nL were produced usi ng
the follow ng reagent m x: 50 nM anmoni un}qﬂac gte pH 8.3, 2 RRM MWC 2, 200
mM pyruvate (sodiumor anmoniumsalt), 5 al pha- ket ogl utarate (sodi um
salt), 0.05 nM pyri d@xaluctphosesit, frqﬁeﬁeptapled abCESouras Qther e Prrufidtaal
volunme of 1 nL after sphat e,
50 pg/ nL of reconbi nzﬁktrﬁ'kEi %E@gﬁhﬂgfﬁgfgi%ﬂﬁgﬁg%ﬁ)}?ﬁgg% %%%Rtﬁr%g%wﬁg 8
concentration offC¥HR uHRgRAUyate %@@@3@%“1@@%’&% RO PR DRTEP BppEabbe 2
encoded by the Hesufidd hw RSl @eaambnqiﬁuvee(xharya,@hmretegﬁeaéweﬂfa@bmrrcswaﬁﬁaﬁr&atI on

(saturatod somtt THARECAIVEHRERPD CORBHESE HaFLRAERATR. TREPEIOLPE e |

i ncubat ed at 30@y faary PAP{emrymss tiprofincgpymedaie. stirring or m xi ng. Substitutions
The concentration of g Dggghgga %hgnﬁgg_ Leducad pf;t VL3R o

suppl emented with 9 aspartate wth an e 3?@3 | ent ?ma “of rrt?na ne

Al ternative am R&Y aemsa%mwea%ﬁsqﬁ@wwﬁz@am olass {4499 Héarfnr?%lﬁeww such
as oxal oacel@t e andifyamate ﬁ&h@iﬂ?ﬁhmm& sukh asTBdefhie, DERBHe, ShthGtivalitR oﬁﬁhﬁiﬁahd @Etsfiler ase
was used in pl ace Ofodseava ou ss ch ID-mestl??Lser}ng m n rsgn%Sf & y? eme

yi el ds. of rmnatln Fe aent eved. However, a second —uni enrfl cgd duct
(3-10% of the rrhf!@rlcyptﬁedﬁ@tkyllvmtswma%bﬂewm3 Hhigelehnpg?2 was al so det ect ed
by LC- M5 analysis. M%ea;emmﬂ&%hgﬁmsmpfgﬂpary&p@emmuﬁ% HRdigsd

when the E. colt, Eln B 20_encoded enzyne, ti tat A encaode
enzyne or the gf§fdmpsesiiiostEpioat ‘W%?%‘&ﬂ‘%‘&ébé I“W‘B‘Lﬁﬂ\fﬂ“"g“c‘ﬁétaﬁl'tj ?f“f/ﬁé’re"fl a)
was added a$5t he7anpmesusdnsiarace: athemesﬁmaabnmgcdvaemé B-&Gdsingse idté Ddftaktogke- 3-
pyruvate, areductlv mna C be daone for .th t .step Wlt Iutarrate
dehydrogenase afd" th?cglg‘ﬁx tq’ef’nre"f’% de%‘l’ﬁmrﬁ—i@%éﬁ gﬁl ?ahémecse“’fsrpw

subtilis, E solacrcomldlﬁle#d&rcqnwetmgl\’ddte (Or283 wlasgiming GO dndpirgibing (Rp108 to fémbmneliTIZS
aspartate am noghanshies a@ﬁ%halnghs Qﬂcﬂﬂi‘dﬁtﬁe IRIBE'@ta!:c@ptg Gééﬂ?@éyh 5 o)écni?d?ﬂleﬁlgiﬂh% ng

reaction conditions _were used
pyruvate, 5 mM S‘Paﬁ’f”é'i‘?ét“é“’mﬁ (%gl alsrﬂﬂpartate) Aspartate therefore can alsobeused 45 a source of ‘

20  pyruvate for subsequent aldol condensation reactions.

Additionally, cells or enzymatlc reactors can be supphed with lactate and an enzyme that
_ converts lactate to pyruvate. Examples of enzymes capable of catalyzmg this reaction include lactate

dehydrogenase and lactate oxidase.

_ 25 Isolation of Genomic DNA
' Tryptophauase polypeptides have prev;ously been reported in, for example Mouratou et al.
. (JBC274:1320-5, 1999). To isolate genes that encode tryptophanase polypephdes genomic DNA
from E. coli DH10B was used as a template for PCR as described in Example 1.
The gene for tyrosine-phenol lyase was isolated from C. freundii (ATCC catalog number
- 30 8090, Designation ATCC 13316; NCTC 9750) and grown on Nutrient agar (Difco 0001) and nutnent
 broth (Difco 0003} at 37°C to an OD of 2. 0. The genomic DNA was punﬁed usmg a Q:agen -
Genomic-tip ™ 100/ G kit. ‘ : :

, PCR Amph_'f cation of Coding Sequeuces A
35 Primers were designed with compatible overhangs for the pET 30 Xa/LIC vector (Novagen
' Madison, W1} as described above in Example 1 :
E. colima (SEQID NO: 41). N-terminal primer for pET30 XafLIC clonmg 5'~GGT ATT
 GAG GGT CGC ATG GAA AAC TTT AAA CAT CT-3'(SEQ D'NO: 43). _C-termmal primey for



pyri doxal phosphate, deaerated water to achieve a final volune of 0.5 nL
after the addition of the enzynes, 3 nM potassi unphosphate, 20 g/ m, of
reconbi nant B. subtilis KHG al dol ase (purified), ca. 400 jig/nil, of E
colt L-aspartate am notransferase (AspC) unpurified fromcell extract, and
12 30 mM i ndole-3-pyruvate. The reactions were incubated at 30C.fqrs..30

m nutes with shaking., The anount of nonatin produced using the B. subtilis
enzyme was 80 ng/nmiL, and increased with increasing anmounts of al dol ase. If
i ndol e- 3-pyruvate and glutanate were replaced by saturating anounts of
trypt ophan and 5 nM al pha- ket ogl utarate, thé7production of nonatin was .
increased to 360 ng/nL. Reactions were repeated with 30 pg/nL of each of
the three KilG iyttt . M BBcER I Ba s A SREUAHIGL RFPRHGS: Of
tryptophan, and’were to proceed for an hour 1 n order to I ncr ease
detection. The BRI 4hzyme had the highest activity as in Exanple 4,

produci ng " appr oxi matcerw;:é@@&sngbmﬁommueﬁmamﬁn&fm9@1‘3@ Mghige: a&m@u@@bﬁooo

7] nter conver & I an P AR A RS CA LR R S N e Sl |

can be cat al §zedEB$0 Hﬂﬁﬁtatomgtsff’eﬁam& SAGATASAChOSET A TGIAATCAASECETG-3"
Exanples 1 andDg (?EP hydrogenases that require a reducing cofactor such
as NADH or ii hese reactl ons are reversible and can be-neasured in

ei ther direction. Théhe Binewlext Mararrsicler]) Gradient 53l Therma! Greley whs syd fraabP&hzy ne,

can be largely GQploholih b\yas Ldwed EONEEH dlsm@(gkﬂa&mqjNA)aﬂmmbmmmstM
Dehydr ogenase acti vit he oxi dative deam nation_of _nonatin was  nmonj t/ored

by 10 Tol I owi ng AT S oTeeHiEhTidely Bapassa(Rosied e RABy P Muan
converted td0t h@MSY (@nal ciranmioh)o ThethdbbdytRrHCR Monpai usedwas asdblibyerabiCiat duyt (5

produced. and purlf d b b xture
cont ai ned “&eg’ ?f? %asl—\'%g&s tﬁ)dm(g bm‘gkggé s%coﬁds'\ﬁ[)éy?ln&%%&%%ﬁ r900

units of gI ut anﬁ@eﬁtﬁﬁﬁﬂ?@ghﬁ&w‘%’gﬁn)ﬂs fercminges] 8 F/pasuplss e then %ffﬁetbitz m..
The 15 assay wascperformed in duplicate in a UV-transparent mcrotiter

pl ate, on a Ml ecul ar Devi ces SpectraMax Plus pl atereader. A m x of the
enzynme, buffer, and NAD(P)' were pipetted into wells containing the
substrate adf t W@wirgcr ease i n absorbance at 340 ran was nonitored at 10
second intervals af cghinblio t)sﬂ'igeﬁoﬁk&den%ﬂcfn%ﬁﬁ&dufé@dé%@ddb%lﬁp fhe Fuerd Bfeal OF
10 minutes. Negative control's were carried out without the addition o
substrate, and & idesfrdicarrigRgiaGePI%-zed as a positive control. 20 The type |11
gl ut anat e dehydrogenase from bOVI ne liver (Sigma # G 7882) catal yzed the
conversion of t ﬁr{go ‘5‘? qnatl n precursor at a rate of conversion
appr oxi nat €l y oré&” ﬁ'f:ﬁss“’(ff “f ‘ﬁ'é’br“gf“& of the conversion of glutamate to

al pha- ket ogRUt ar at e. PHsmaid BAAd(yeaifieddyy seabvencydnglysis) Moymbdlarediniotisicsmtsfienlage assays

were conduct ed i §fipkd) %@iiafrh@éumef%m%iﬁm&m(vﬁﬁﬂﬁ,gfimmlﬁm,&9'I the

tyrosi ne am not ransf erase romE. colt broad substrate
am not r ansf er as 8 MBEAF® ifolafuiing "r@i’%?““%k{‘ﬁ@d i"\f\‘b’zeé(?ﬁf?étf‘@}%fi’ﬁi?“aﬁ%'ﬁ%bl e

identity.
Induction experiments were done with the BL21(DE3) expression host, the constructs weze
25  grownin LB medium containing 50 mg/L kanaﬁlﬁ'cin at 37°C. Protein expression was induced using

0.1 mM IPTG after the ODggo of the cultute reached approximately 0.6. The cells were grown_fbr 4
hours at 30"C and harvested by cenﬁifugation. The cells were then lysed in 5 mL/g wgf cell weight
BugBuster™ (Novagen) reagent containing 5 pl./mL protease inhibitor cocktail set #111 _

i (Calbiochem) and 1 puL/mL benzonase nuclease (Novagen), and the His-tagged recombinant pmtéins

" 30 . were purified using the His-Bind cérhidges as described above in Example 1, Purified proteins were
desalted on a PD-10 (G25 Sephadex, Ahle_rsham Biésciences) column and eluted in 100 mM Tris'-CI
buffer, pH 8.0. The proteins were azialyzed bjr SDS-PAGE on 415 % gradient gels to check for

soluble protein levels at the predicted MW of the recombinant fusion protein. -

35 . Mutagenesis’
} Some members of polypepude class 4.1.99.- (iryptophanase and B—tyrosmase) will, perform
the beta-lyase reaction with aspartate or sinilar amino acids w1t110ut any modlﬁcatmn However, ‘

some members of the class may need to be mutagenized to allow for<the use of the subsi_:ates zmd/or _



|

por ci ne gl ut amat e- oxal oacet ate am notransferases described in Exanple 1.
Bot h oxal oacetate and al pha-ketoglutarate were tested as the am no :
acceptor. The assay m xture contained (in 0.5 nL) 50 nM Tris-HO, pH 8.0,
0.05 mM PLP, 5 nmM am no acceptor, 5 nM nonatin, and 25 pg of

am notransfer ase. The assays were incubated at 30C for 30 m nutes;,- and-~t he
reactions were stopped 30 by addition of 0.5 nL isopropyl alcohol: The | oss
of nonatin was nonitored by LGVS (Exanple 10). The hi ghest anount of
activity was noted with L. major BSAT with oxal oacetate as the am no
acceptor, followed by the same enzynme with atfha-ketoglutarate as the am no
acceptor. The relative activity with oxal oacetate was: BSAT > AspC >
porcine type Ha > (B reI ciivit

al pha- ket ogl ut ar ateg&é\%gésn%?&%i@&c ,&75[;%? > %Sorngelcﬁsgs 5%?65%]3%!3? ?rkr{flén econv fon,,
35 TyrB. -46- EanIbeﬁsh@PH@H@ﬁbbmu’e&eﬂ%natl n from Trypt ophan and CS Sour ces

Qther than Pyruvate Asid@eel mbﬁ&nénwepaﬁmﬁa%m0%3ﬁ,suﬁciw@Jnﬁy§sowm
tryptophan can be converted to _nona usi n ruvate as th l'ecul e

However, in some POPP®Y thﬂ:eé‘g’nPIW?rﬁ ‘ég%i}‘ SH?élﬁ%{tYS’f@éB‘?I}‘P&PHdég apeshpwn
mat er i aI. For 5example, pyruvate nmay be nore expensive than other C3 carbon
sources, or may have adverse effects on fernentations if added to the
medi um Al ani ne can be t'ransam' nated by nmany PLP-enzymes to produce :
pyruvat e. Trypt optesganasis of keptevienmeErapeleflor m bet a- el i mi nati on reactions at

faster rates than ot hefe nﬁtlagén%ﬂ@b%&p%d*ﬂ@d&ﬁnﬁﬁﬂoﬂ&&&%%f)iﬁtrﬁﬁﬁi%m TR W RSacar om
pyruvate from am no_aci ds

t hi I 4.1.909. d
sulcfl ;s aiss(er i ne, sque% ﬁéf‘ﬁg&lﬂgﬁgmﬁ@%ﬁ%ﬁ ‘°’(5#B %B?Siuﬂréwan‘ifh’i‘?%‘feg)ﬁédﬁft h
good | eavi ng 1gr Oumn@mﬁlhmﬂshc@chmgddwhlﬂh{\é)atpoﬁlﬁon2@9bﬁ:li’gmiﬂe-(R}(ﬁﬁﬁBeﬁ@ system for E.
S- et hyl t ' e expe € ie

met hyl cyst ei ne,, B?rgrgg@sé}ngyﬁﬁtﬁé DSis expebditlv; hﬁ:ﬁ#ﬁdh@%@@ ?&&x b ee36] Bl

3-cbl oro- L-aani ne. to pro‘csi e nonat| g
pol ypepti des can MR9- Mystiers srefiyrotisedaemsesially byd QR3S gpe Gagupeals end(rpmietybly pf the
trypt ophanase acgRpfinRGvat QcdhBsRBbyECR Qfwel/Dtinats@bt Blvedihg s(rgmmﬂxmlos to@R&Mne 15

0 tyr ot nase 1 nt 8Tk AR RS B RIS e A RO RE M 5t "Been
reported to décuﬁGQ&CEQGEGQCCWQTWT@&W%ﬁ"@C(SEQ@NP ¥s acconplished by

converting valine (V) Pg,glgr ;e&pc@t;,ghl{yvgﬁw((ﬁ)zggatggr %gmigqe (R) 100 to ‘threonine
(T). These amino acid ch anges al I'ow f % to accept a dicarboxylic

am no acid for tHERGELEPE MQWWWFQ‘Q B @HQP%UQh“ &@dispart ate) .
Aspart at e, therefmaccmemﬁmchmmsceﬁcmeacsqmsﬁemﬁoﬁb)pym/ate for

subsequent . al dol condg}Pu nslw(%résfrge% S§m |e§t| ;‘i’ ntnzr?ﬁr@‘%
reactors can be supplie tate an enz rre a Vel fte

| to pyruvate. ZBxanplesingf enzymes’ capabl e of cat aI yzing thi s teaction-include

| actate dehydrogenase and | actate oxidase. 25 |sol ation of Genouei c DNA
Trypt ophanase pol ypepti des have_previ ouslé\'/’@been reported in, for exanple,
Mour atou et al . ”%‘ﬂ@e‘eﬂ’?ﬂf Tyrpsie Brenaldyesy (B-ingsipase) Byewplgdnes that encode

tryptop h anase pol ypeptrind@sint i @ficwsiverdMAe to the tyrosine phenol lyase amino acid sequence. These
mutations converted arginine (R} at position 100 fo threonine (T) and vahne {V)at posmon 283 to
25 argmme (R) (in C. freundii mature protein sequcnce) '
aners for the R100T conversion were: 5°-
AGGGGACCGGCGCAGAA_AACCTGTI‘ATCG~3 (SEQID NO: 51) and 5°-
AGGGGACCGGCGCAGAAAACCTGTTATCG-—S {SEQID NO: 52). Primers for the V283R
conversion were: 5’-GTTAGTCCGCGTCTACGAAGGGATGCCAT-3” (SEQ lD NO: 53) and 5-
30 GTAGACGCGGACTAACTCITTG‘GCAGAAG-3 (SEQ ID NO: 54)
Thc methods described above were used, and the clones were screencd by Lan’SacI
digestion, and BstX I digestion. The sequences were verified by dideoxy chain termmanon L
sequencing, Recombmant protein was pmduced as described above for the wﬂdtype enzymes
. _ The reaction mixhire consisted of 50 mM Tris-CI pH 8.3, 2 mM MgClz, 200 mM 3 carbon
35 source, 5 mM alpha-ketoglutarate, sodinm salt, 0.05 mM pyridoxal phosphate_, deacrated wa_ter to
o achieve a final volume of 0.5 mL after the addition of the cnzyrnes, 3 mM potassium phosphate pH -
7.5, 25 pg of crude recombinant C. testosteroni ProA aldolase as prepaif_ﬁd aa in EXan_lple 4, 500 ag o
. crude L—aspartafe ami_notranswfcrase {AspC) as prepared in Examialé 1, and solid u'yptoﬁhan torafford «



fromE. coli DRLOB was used as a tenplate for PCR as described in Exanple 1.
The gene for tyrosine-phenol |yase was isolated fromC free idii (ATCC
catal og nunber 30 8090, Designation ATCC 13316; NCTC 9750) and grown on
Nutrient agar (Dif.ee 0001) and nutrient broth (Difco 0003) at 37C to an OD
of 2.0. The genom c DNA was purified using a Qagen GCenomc-tip TM 100/ G
kit PCR Anplification of Coding Sequences . 35 Priners were designed with
conpati bl e overhangs for the pET 30 Xa/Ll G vector (Novagen, Madison, W) as
descri bed above in Exanple 1. E. coli rira-4SEQ IDNO 41). N-term nal prinmer
for pET30 XalLIC cloning: 5 -GGI' ATT' GAG GGT CGC ATG GAA AAC TTT AAA CAT

ST Aon o Gno P tlm L AR STk ler Spe PRI Pb S B )
fieundii tpl (SEQmncEatDat 307) for Wntiereymitainixpei feire, tlowinpEd 3Paie/ veteGugpliohdsig:

e S _ : 9
orimer for 5 pQEI'I%%-%&%/ e g@?‘ﬁ?ﬁm‘ﬁm sécobnfay Pl Nt Rurisbe) bAphite N2

CCTTAGATGTAAT CAK R ipe @fasﬂhmH{aBE@l Nise g iions mfﬂﬂﬁﬁéﬁrﬂ?ﬁws deshlsmpiagly c| er TAL

G adi ent 5331 "TglopRhas{B0):6naWATPIE Elle feQlits & bhoWiR Tabi@ACL I ONS. 1N 50 L was
added 0.5 pg tenpl ate.(genom c DI\]% 1:0 Mof each primer, 0.4 nM each
dNTP, 3.5 U Expand H gh Fidelity Pol ynerase (Roche), |IX Expand buffer with

My, and 5% 10 DiMble4€ fPifmhtian@nme:mﬁﬁatil:im)alterﬁht@et:hemmmcggghe« PCR program used

. fa¥YadaYal 4 £ o+ [ o 20 _c.apon cr\r‘ 1
o AU oA 5 5 N S 7 P G A N A T
i - Yels; lLﬁéue |||_’|‘| _Lca 1o a‘et'gle %
pol yneri zati on—step ﬂmaﬂsw —rnutes; QH&ELIIC sanpts 7 at

4C. 15 d oni ng—Cromrg;and pUbI tTve Tt OG0 dent+ficationr—pr Uu?;yw es—detai | ed
above in Exanpie T WELgUSed 10 Igﬁi %fd&p"[ﬁkﬁ%r opfTate Tlhofgs. Gene
Expressi on an /-\bLIVTSEI}{neI-\bdeS 20 B0 fodllbie %thwglif ed uy SEHRECE

anal ysi s) was [subctogggrnto the EXpress| g oSt BLRI( un:o) ( gd/vagen) The
cul tures were growT Lf#S TeEdr yrmw [l'i uﬁ%a}&%@‘lﬁﬁand”y" mthe a1 p%dsmvs wer e
i sol ated usi nga € dmnéll—lll prep ki LEO@W&E'M‘EU_”V restTiggeym digest to

IS DU |

confirm identjty: 'déﬁhﬁ’t&t’e' o€ pellidl,i:‘glbha A BETy, W T the 4
expr essi on hos At LV ucCt j"“'S‘fImlﬁﬂrpﬂTl’ﬂ’Y'chlﬁé)' T Bredi-um Cg)ig} a mﬂg 50
ng/ L kananycir at— 3 ‘.spartt{emET T {EXPT Eg5] O iinA TAUCE I—usti g 3;3%. VPTG

after the Ob666—of—the —cutture reached approxrmatety 06 —The cetts—were
grown for 4 hours at 30C and _harvested by centrifugation. The cells were
then lysed in 5 ni/ glgepnaiaproduged Gy alenige g serine pFrcabROPAG R TS Yeaighnt

cont ai ni ng 19 L/mdapmatdeaser dcitinklisispind 4@Cikdnaiad to ¥R thatilddzed monatin produced in

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

| J
('IZ

-~

‘The amount of monatin produced was increased by addition of the tryptophanase, which is capable of
transamination as a secondary activity. The amount of monatin produced with serine as a carbon
source nearly do_ubled with the addition of the typtophaﬁase enzymes, even though only one-fifth of

15, the amount of tryptophanase wa§ added in compatison to the aminotransferasé. AspC is capable of
some amount of beta-elimination activity alone. The results with aspaﬁate indicate that the
tryptophanase adﬁﬁty on asﬁartate does not increase with the same site-directed mutations as
previously suggested for B-tyrosinase. It is expected that the mutant B-tyrosinase wilt have higher

activity for production of monatin.

Example 9
- Chemicﬁl Syﬁthesis of Monatin
~ The addition of alaﬁine to indole-3-pyruvic acid produces monatin, and this reaction can be.
- performed synthetically with a Grignard or orgapolithium reagent.
25 | ~ For ehample to 3-chloro- or 3-bromo-alanine whlch has been appropriately blocked at the

carboxyl and amiino groups, is added magnesium under anhydrous conditions. Indole-3 -pyruvate
(appropriately blocked) is then added to form the coupled product followed by removal of the
protecting groups to form monatin, Protecting groups that are particularly useful include THP
(tetrahydropyranyl ether) which is easily attached and removed.

30 .



(Cal bi ochem) and 1 L/ nlL benzonase nucl ease (Novagen), and the Hi s-tagged
reconbi nant proteins 30 were purified using the Hi s-Bind cartridges as
descri bed above in Exanple 1. Purified proteins were desalted on a PD 10
(&5 Sephadex, Amersham Bi osci ences) colum and eluted in 100 nM Tris-C
buffer, pH 5.0. The proteins were anal yzed by SDS-PAGE on 4-15% gr adi ent
gels to check for soluble protein levels at the predicted MVof the

reconbi nant fusion protein. 35 Mitagenesis Sone nenbers of pol ypeptide class
4.1.99-- (tryptophanase and (|-tyrosinase) W | perform the beta-|yase
reaction with aspartate or simlar amno acids w thout any nodification.
However, - sone nenbers of the class nmay. need be mutageni zed to allow for
the use of the substrates and/or -48- th x&?’%‘ﬁ?q on of the product. Moreover,
in some cases pol ypeptides that canDpedibopiMetatnesMErsion nmay be further
optinized by nut agenef%is%m@ietd@scﬁseg ﬁ&fﬂdﬁgﬁg&'{o%&&?ﬁ§br%seﬂ@%fgﬁz{aﬁpwfﬁgregﬁ&?g on
3D structure anal ysis of bi. ndi n pol ypeptid Two exanpl es

changi ng the suB‘éﬁ%?’%[tzémé?}eCﬁlﬁl‘?ﬂ%}’ﬂ)t“)}‘egﬂhfaﬁéa‘:ﬁ’oI ypeptl des are shown 5 bel ow.
Mit agenesi s of Toms epipanase Exanple | The nutagenesis prot ocol provided

bel ow i ntroduced two p | nt t.at uence.

poi nt nutation changét® ?fmj %%E¥Phﬁ%§??°?d£wﬂh?§§‘°P%‘“{'ﬂ% F%‘é‘ﬁ%éﬂ‘iﬂ t he
10 second poi nt nmudtiaderyrd ﬁtbmmgf@d ovahvive ifdpmiad] repatisnst weprped@fed wingr gi ni ne (R)
(nunbering syst %tefrsﬂ(c{mgmasscﬁgﬁlh cHIGak Iﬁrtzgldg'h E&W&:@GP@I MSAQ§%1H§1W S were

perfornmed by ATG Laboratories (Ed en a| rie, ons were | ntroduced
sequential |y by PbRrgt Wakrd oty et togigh VideasWaten P3P FliptoPinde ApgyABRviht s was
acconpl i shed0by aBGiRa:asmwﬁio{ plackd in 8RESbetv@En 1BOMRIa{oEMAEh Al § Mitkdi@ss(J8htko Bltna

h N T): CTATATT- S 4 d 5
e e 0 RS AGRA  AM Hp okSS PR ,

converting vali m@eréed)pgzgg chrmp]m onhgm(l,ﬂ)lnn@t 150 tom, or an )xten‘a MS C; reversed-phase
TCCT CCACCCCECAAR il dekabb- Qiahtn Kakamx 24098 at bk ¢ 21 1.2 mobile phase consisted of

CTTTGCCGCGT GCAGGAA G(%?%GA g Mut ants were scyeened by
restriction di géd®i ':P’ﬁa%%lo %/%qu Vﬁ%‘ﬁ ‘g?‘?ﬁf’“%b‘ﬂcf and 31’&3%? “P’?t@ﬁfnﬂ)%ros‘y"fﬁ[
sequenci ng. 1Mht adfiereski® aokl. Tyr osi ne Phenol Lyase (t3-tyrosinase) Exanple 2

Two point nutations "iﬁé%rad?&gﬁu&of?wm ea Y 3% Mo ﬁ%-ﬂn}ﬁaﬁ:@ar%%?g’é%?%%%la,

sequence These nutations converte ar gl ni ne BOSI 1 on )
t breoni ne (T) arfd6w ispraatic w9045, b@%qfﬁli%dﬁcazggﬂﬁ%’f’ 265% B0 e, it 2 [ pin -
fieundii mature eﬁlfﬂifb‘r'a@bx{’beﬁ&ﬂ&maﬁ)ms Phd ﬂmfrﬁte fzvﬂlsro isfﬁ&/ﬁiaoa(ﬂa' PO MB4EbefabeDwas WET €:

i@mﬁﬁ%&%& éi}&’ ’C’%Eﬁi §f5 g{%E%)}? W %P%f"%?Fd PhElssisd e
conver si on @er ewon &ner@ﬁﬁwmﬂfﬁmmmﬁ Balye SE@trSNGd pE8Yctioma 5'

characteristic fragment ions.

The following instrumental parameters were used for LC/MS analysis of monatin: Capillary:
35kV; @ne: 40 V; Hex 1: 20 V; Aperture: 0 V; Hex 2: 0 V; Source temperaturs: 100°C; '_ .
_ Desolvation temperature: 35 0°C; Desolvation gas: 500 L/h; Cone gas: 50 L/h; Low mass resoluﬁon
25  (Ql): 15.0; High mass resolution (Q1): 15.0; Idn energy: 0.2; Entrance: SOV; Collision Energy: 2;
Exit: 50V; Low mass résoluﬁoﬁ (Q2): 15; High mass resolntion (Q2): 135; Jon energy (Q2): 3.5 ;7
Multiplier: 650. Uncertainties for reported mass/charge ratios (#/z) and molecular masses are &
* 0.01%. Tnitial detection of the alpha-keto acid form of monatin (MF) and monatin in the mixnueé
was accomplished by LC/MS momtonng with collection of mass spectra for the reglon m/z 150-—400.
" 30 Selected ion chromatograms for protonated molecular ions (M + H]" =292 for MP, {M + H] = 793

for monatin) allowed direct identification of these analytes in the mixtures.

MSMS Analysis
LC/MS/MS daughter ion experiments were performed on monatin as follows. A daughter =
35  ien _aﬁalysis involves transmission of the parent jon (e.g., m/z = 293 for monatin) of interest from the
N fixst inass analyzer (Q1) into the collision cell of the mass specirometer, where argon is introduced

* and chemically dissociates the parent into fragment (daughter) iops. These fragment ions are then -



|
!

- trypt ophanase wa

30 GTAGACGCGGACTAACTCTI TGECAGAAG 3" (SEQ ID NO 54). The nethods descri bed
above were used, and the clones were screened by KpnL' Sacl digestion, and
Bst X | digestion. The sequences were verified by dideoxy_chain term nation
sequenci ng. Reconbi nant protein was produced as described above-for--the

w | dtype enzynmes. The reaction m xture consisted of 50 MM Tris-Cl pH 8.3, 2
nmv MgCl12, . 200 mM C3 carbon 35 source, 5 nmM al pha-ketogl utarate, sodium
salt, 0.05 MM pyridoxal phosphate, deacrated water to achieve a final
volunme of 0.5 nlL after the addition of the edkynmes, 3 nM potassi um phosphate
pH 7 .5, 25 g of crude reconbi nant C. testoster one ProA al dol ase as prepared
as in Exanple 4, &O5RP) as
prepared in Exa d?&%%gmgﬁl Seg{;)#qﬁsslm@% é%]n%tc%rgg %E E(%El%b%{?g\%h%conce%t ration
of > 60 v (satur aﬁtswlen‘s@fr%’%fﬁ% ssol ved thr oughout the reaction). The

reaction mx was i ncw%ﬂ&q@msa&&nﬁmﬂﬂtemvmﬂh@@ ML L hxﬁﬁ'sm §ﬁﬁdn§l§n
al ani ne, and aspartate _were - carbon sources.

performed with afePRFt Aol %&6&&3‘#‘? 1P?_93V’eérﬁmgvé Berd 1 e%‘}‘“’&ﬁﬁ‘ﬁ%‘ft%re 18‘? G
perform ng besa- @l«:ﬂoﬁhﬁbﬁ&dr@@raﬁféchﬁbﬂt ; DedoHABE g SONUTI/NG WBne(ghs: YPL/RNPRARAGSsHIEAA |

doubl e mutant S t ase, TPL The r s, are shown in
Tabre a4 Tabi o KON R Re il T A0 e ST U BB
sources C3-carbo ﬁxls OVy Iy i ghietolabne(R2PLY HighayssaesRietiat(Q¥)el sAoh eneigy YQ2)130e none
0% pyravate nong%?ngﬁ)% gs§€rine none 3% serine 11.wild type TNA 1 U 5.1%
serine 80 jig dou mut ant TNA 4. 6% al ani ne none 32% alanine 11 g wild
type TNA 41.7% al anine 80 nutant TWA 43.9% aspartate 110 Itg wild type TNA

(10 7.7% asp@rt - ﬁzr&dgnwrdétmamifd?iofﬁmme) 5.1% aSpartate 80 g mut ant

TNA 3.3% The nonatin rom I Al d. serin n sources
wns verition by 10 LCFRARESEE R CUTRRSRRy o SO Sl Een B BT e
characteri zed norfatw wagmmeeqdnnmout @mmptren@tatlw daseiied ahvats altdhh;e smesmarame‘fers as

al ternative test ﬂé!cnb@:i‘firﬂ@ﬁish\i@&%%@ﬂaﬂ%ﬁ@eﬁyﬂawﬁméﬁvﬂ&s%%%% thﬁm@m of
nonat i n produced was I ncyeased dition of the tr tg hanase, whic

i's
capabl e of tranSHEPRREFBIH ngéﬁ“‘é’g&tbﬁ&’éﬂ‘jf"%’f’ F‘W“t“;*“ SOHDds 52> ﬁﬁ?‘?ﬁ‘i in
produced wi t hS segdidi@a 86w fteGd.Dol/mis AhbectondEMbatn Bl dhs hibedeswat hectidisieddiidgi on of

the tryptophanas ‘Eele%@}%g&%%n In&l\{t% 3%@%@&%599%‘8&5 eﬁ Ay QfinydRed &Jﬂﬁsﬁgl?p‘é&hc of

ansr er ase

capabl e of sonecdlifsnHl- 17@51“065@!1%1’1 o [[M i o13.-Ade flapelisy iog(Ghehe fipgmment @8 #IE=wi t h

- aspartate indi calg.ft Babtivel@ssi ﬁeﬂ)ﬁsﬂl DRRANBEBnyR C-indblb YarldRiud SAPirAnditihs BORSInHAL
i increase with the sane Sslete-

sensitivity, selectivity, and %Iguglgpumég t%é éetectmn o? monatin. PDA absorbance data were

20  collected in parallel for further verification of monatin identity.

Example 11
Producﬁon of Monatin in Bacteria
This example describes methods used tor produce monatin in E. coli cells. One skilled in the
25 art will understand that similar méthods can be used to produce monatin in other bacterial cells. In
additioﬁ, vectors containing other genes in the monatin synthesis pathway (FIG. 2) can be used.
Trp-1+ glucuée medjum, a minimal redium that has been used for increased production of
tryptophan in E. colf cells (Ze:ﬁan et al. Folia Microbiol. 35:200-4, 1990), was prepared as follows. -
-To'700 ml. nanopure water the following reagents were added: 2 g (NH.),SO4, 13.6 gXH.PO,, 0.2 g
30 MgSOu7H, 0.01 g CaClye2H,0, and 0.5 mg FeSO,.7H,0. The pH was adjusted to 7.0, the volume
was increased to 850 mL, and the medium was autoclaved.” A 50% ghicose solution was prepare’d
sépafately, and sterile-filtered. Fdrty ml was added to the base medium (850 mL} for a 1 L final
volume. ' '
A 10 g/L L-tryptophan solution was prepared in 0.1 M sodium phosphate pH 7, and sterile-
35 ﬁltered One-tenth volume was typlcally added to cultures as specified befow. A 10% sodmm
pyruvate solution was also prep_ared and sterile-filtered. A 10 mL ahqpot was typically used per lifer
of culture. Stocks of ampicillin (100 nﬁg/mL), kanamyc:in (25 mp/mL) and IPTG (840 mM)) were '
_ prej)ared, sterile-filtered, and stored at —20°C before use. Tween 20 (polyoxyethylene 20-Sorbitan -



previ ously suggested for p-tyrosinase. It is expected that the nutant

] 3-tyrosinase will have higher activity for production of nonatin. 20
Exanpl e 9 Chenical Synthesis of Mnatin The addition of alanine to

i ndol e- 3- pyruvi c acid produces nonatin, and this reaction can be. perforned
synthetically with a Gignard or organolithiumreagent 25 For exanple, to
3-cbl oi o- or 3-brono-al ani ne which has been appropri-ately blocked at the
carboxyl and am no groups; is added nagnesi um under anhydrous conditi ons.

| ndol e-3-pyruvate (appropriately blocked) -2 then added to formthe coupled
product foll owed by renoval of the protecting groups to form nonatin.

Prot ecting grou re parti ul include TILT -
(tetrahydropyr aﬁ’ﬂ %‘%‘r’v “\Rﬁ’ie?;ﬁ a%glyz[ﬁcgfx?@lsmé{Ctoﬁcc?ﬁtéaama%‘ﬂm}cg%\‘/mé&?ea Fgonigthal
Exanpl e 10 Det ecdnientaatiofs, WnﬂlyllnoagiﬂhLlﬂE‘alRﬂiﬂcﬁitrﬁioaﬁpl e descri bes net hods used

d h :
t20( | ﬁggft 3t yfng{ ﬁ; F;‘ﬁ%shkpf]a{te%{q?lt l%ll,,?gbgéf g‘ tgng%flu T4 %a'ﬁ B?égﬁgéﬁdeﬁc bedm of

m xtures for thBxagblsdawkepropazedion LB pedivo fonriping 59 pg/fafrbmayain. ;Qvemxghtsdtu;es ) and
monat i n deriyedyty.om bkl E'IQmQEmJl@coYohled%}o%Ql%‘@(?]ﬁhB‘ﬁ%@iﬁljﬁlwgﬂ off,

per formed usi ng a_ Waters/ M cronass C romatog‘ra phy-tandemnass

spect ronet ry ( LEPOEING) toPhBelrmetse used F?é inciagtiongn EP-hABRFose mEgyon-| frghmgbiotic was

chromat ogr aph whddk ta.a ¥l EdnsenB8%n arsotnsyLDsaﬂe S Wfe @RDA) 370 pa&rsOinbiBiEE

moni tor placed in se{: B3 Il%esat1 e & ﬂf tDogr ath %\rﬂg ss Quattro

Utim triple quadrupol'e nass spec °|" Br. A POTS Yt € YREUE™ usi ng
a Supelco Di scoméﬂmpd\@ﬂﬂ)lmM\@T%emimﬂmW@dmddgEhﬁhﬁan@@ (ilnm) wére dafipated 150

mm or an Xigrr @nom ifdRictiof ¥_z%fo§ﬁ‘g %Z cengﬁg‘am%w:;ago h‘){e s‘&ﬂéxﬁégg\t wak ﬁ‘gz@HEtX—Zé}éo

mm at. room t enper at ur e. i1 e phase consisted

cont ai ni ng 0. 0598 FO/Ms)antlysis F%P%‘Eé’@f"‘@““ﬁ'&?’d“‘“&}?ﬂ B}Smeﬁﬁ‘ﬁﬁﬂneﬁ?ﬁ‘nﬁ“%%%e@) 05%
(v/v) 15 tri fl upkgaeeitietbrdlCidn thd &8 pglea dingbhag) sodiind fyrinvas, dnipleihd, addrTesenbdéad t 0
35% B, 0-9 mn; Adé g@esc%bg 35%Bto ‘90% B, 9-16 mn, isocratic at 90% B,
16-20 m n, Ilnear rom5 t05%B 20-22 min, with a 10 mn re-

equi | i bration peri odThreelieeere araymgor 4§ herfriogpdnetion, apgepotier A5l rAEpl Yias tekerOBDA
absorbance ygs r@gaaaa%eﬁ fak mo&@(anam ﬁlﬁu&@ﬂryﬁﬁbhaﬁhﬂd ppﬁmerm&@xdaeaofrhsmm

ESI - M5 were optl and sel ect base ra n r ot
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characteri stic finggnaeAlC and3¥) mith §hé epdnoirintveps Hevgitedantintiathe tpeth amidlicerls weer e
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20 V, Aperture V, Saurce erature:
the [M+H] = 293 peaks were mownitored as descn ed in Example 10 The f;ackground Icvel of the

.20 medium was subtracted. The data was also normalized for cell growth by plottmg the hexght of the
[M-+H]" = 293 peak divided by the ~optical density of the culture at 600 nm.
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 phospﬁate, or
additional MgCl, did not increase the production of monatin. Higher titers of monatin were obtained
25  when tryptophan was utilized instead of indole-3-pyruvate, and when the tj'ptophan was added post-
induction rather than at moculatmn or at induction. Prior to mductmn, and 4 hours post—mducnon (at.
time of substrate addition), there was typically no detectable level of monatin in the fermentauou
broth or cellular extracts. Negative controls were done utilizing cells with pET30a vector only, as -
well 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
(performed as in Example 10) were similar to tonatin made in vitro.
The effect of Tween was studied by utilizing 0, 0:2% (itol/vol), and 0.6% final
concentrations of Tween-20. The highest amount of monatin produced by shake flasks was at_0-2%
_ _Tween. The ampicillin concentration was varied between 0 and 10 pg/mL. The amount of monatin
35 . inthe cellular broth increased 1apidly (2.5 X) between 0 and 1 pg/mL, and increased 1.3 X when the
7 ampicillin concentratmn was increased from 1 to 10 pg/mL. . N
A time course experirent showing typical results is shown in FIG. 10. The amount of

- monatin secreted into the cell broth increased, even when the values are normalized for cell grow_th.



Desol vati on tenperature: 350C; Desol vation gas: 500 L/h; Cone gas: 50 L/h;
Low mass resolution 25. (Q): 15.0; H gh mass resolution (Q): 15.0; lon
energy: 0.2; Entrance: 50V;=€ollision Energy: 2; Exit: 50V; Low mass
resolution (@): 15; H gh mass resolution (Q): 15; lon energy (@): 3.5;
Mul tiplier: 650. Uncertainties for reported mass/charge ratios (nl/z) and
nol ecul ar masses are 0.01% Initial detection of the al pha-keto acid form
of nmonatin (NIP) and nonatin in the m xtures was acconplished by LC/ M5
nonitoring with collection of mass spectra f&r the region mz 150-400. 30
Sel ect ed ion chromat ograms for protonated nolecular ions ([1vl + H' = 292
for [M+H" = m)natl ct |de |f|cat| n_of these
anal yt es in theBPhu trheelggar n,&?l%qcifgg %Pﬁfé/rgfsar@&’ﬁﬁ ‘é“tamf’BH‘egg?B’eW Sment s
were performed et atbe feseBanflo hg/mIAsTheAarﬁ#mxgdﬁhﬁrt was’i'épehtwwzaﬂﬂd ol cBnthifiM®| ves
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fromthe first mass an sion ce
spectromnet er, vxﬁéﬁ—é%a‘ragémsmﬁwﬁe ﬁwlw@a@erena fheaﬁéimé plotwei (B 10). Blieswleisatees t he

parent into f5r agﬁfﬁ@l@nt(nghﬁeﬂﬁ}ptbﬁﬂﬂﬁmd J}tﬂ@ﬁt@ whie AGER AEmdnSSin 6K nfoﬁh%ﬂprogt;cﬁou
detected with the seco nMass anal% %d(by-p%;éﬂ and can be used to corroborate

the structural S2J&FY ﬁ’EZY’BTUCf%@“’ dplatel g i nst r ument al
paramet ers were used Thor viv&pBEMS ofunalatisih Baceiial KEI &bd EyieatedGa POU thindhyke BskS KV:
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resol ution resol utjan i on ener gy . 5;
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nonatin identity. ) oduction o natin ria This
exanpl e descr i b@sdizparolis &Y areuiins toaspiaciuere wrBwrbensnChepicel trapgdrmatiops yege dogpe
skilled in the ugp Nvvibliet $1hg1dgudﬁagaﬁ)amaks&daactmskaﬁﬂpiear CoBiRaE Lam up@m msed 1o

produce non at in ¢P um cnnta&_utg) %8 leanamycm ang plasxmd DNA was purified using the Qiagen spin -
_25 miniprep kit. Clones were screened by restriction digest analysxs and sequence was confirmed by
' Seqwntrht (Houston, TX). Constructs were subcloned into BLR(DE3), BLR{DE3)pLysS
BL21(DE3) and BL21(DE3)pLysS (Novagen). The prod/pET30 XafLIC construct was also
tansfonncd into BL21(DE3)pLysS.
Tnitial comparisons of BLR(DE3) shake flask samples under the 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 growth, BL21(DE3)-derived host strains were used. The
. proA clones and the two gene operon clones were induced in Tfp—l mediuin as above, the pLysS
. hosts had chloramphenicol {34 mg/L) added to the medium as well. Shake flask experiments were
performed with and without the addition of 0.2% Tween-20 and 1 mg/L ampicillin. The amount of
_ 35  monatin in the broth was calculated using in vitro p_rodu'ced ,puﬁﬁed‘monatil_l as a standard. SRM _
analyses were performed as desf;ribcd in Example 10. Cells were sampled at zero, 4 hours, 24 hours,
48 houzs, 72 hours, and 96 hours of growth. ' .

The results are shfmm in Table 5 for the maximum amounts produced in the culture broths.
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addition, vectors containing other genes in the nonatin synthesis pathway
(FIG 2) can be used. Trp-1 + glucose nedium a mninmal nmediumthat has been
used for increased production of tryptophan in E. colt cells (Zeman et al.
Folia M crobiol. :35:200-4, 1990), was prepared as follows. Ta 700-nL
nanopure water the fol | ow ng reagents were added: 2 g (NB4)2SO4, 13.6 g
KH2PO4, 0.2 g 30 MySO4. 7H20, 0.01 g CaCl 2.2H 0, and 0.5 nmy FeSO4. 7H20." The
pH was adjusted to 7.0, . the volunme -was increased to 850 niL, and. the rredi um
was aut ocl aved: A 50% gI ucose sol ution was ptepared separately, and
sterile-filtered. Forty mL was added to the base nmedium (850 nL) for a 1 L
final - volune. ApL%% !ﬁjaﬁ:s kindch %Qﬁlgm@ﬁaléé? L:éil%h@fbp%dﬂfgﬁ&%ﬁgoﬂn[bngml’ec%eﬁ%%/

phosphate pH 7, and sterile- 35 filtered. One-tenth volume was typi cal

added to.cul tur e@"“&%théﬁﬁé'ﬁﬁ“?slt@&a%"eﬂ’%taﬂ“"?t@%es d4r wditionsyf hvvese andsgprisilizoraas

al so prepared anghgicarile-filtered. A 10 nL aliquot was typically used per
liter - of culture. Stocks of anmpicil]in (100 ng/nmL), kananycin (25 ng/nm.)
and | PTG (840 nV) were prepared sterlle flltered and stored at 20C before
use. Tween 2@ ( phibled\/ adyeid by Bac olaurate) was utilized at

a 0.2% (vol /vol) [ COTICENT T O AT | S mon-1e =
concentrati ons, t?/jf;oﬁdcrtl 1= Bﬂjﬁ%ﬂgﬁL f ng‘f"&i‘,ﬁﬁﬁmm ﬁiﬁiﬁoﬁau pt JIJ%?OJF E.
coli BL21(DE3): [T fEs5tOFt ergﬂzl(ﬁ@ﬁv PET 30 Xart1 ¢ \vebﬁ,gg bed—mn Egqppte 4)
wer e prepared . o SOfQT’rTL—kTmanyu My oA VET T gt —ggL tuT es
(5 5 nm) were 'nog,yAarel Big@g3)@yggg! e col any and groWjiggit 30T T Az, medi um

wi t h kananyci n. W%.E,@EI Y a griigpssy | npcUl UMD was Used f gy | ndug¢tTomggipp tTp- 1
M g5 ﬁ%

+ gl ucose nediu Nt 1 PLAO(DEZ)WaS| added 10 & T1 napsgoncentr atdggp or 50
mg/ L. Shake fl askspongbe §r @M (BE3)EASS pf1 Oor t0 1 nducti ong3del I'S|wWer egsanpl ed
every hour unti] afC:£600 BL2IDRDKIGB Whas obi ai ned. Cel .68 wer e[t herugrt nduced
with 0.1 nMIPTG and the tenperature reduced to 34 T. Sanples (1 nl) were
collected-10 prior to induction (zero ti B (éﬂ@%) and centrifuged at 5000 x
g. The supernatant was frozen at -20C for anal ysis. Four hours
post -i nduction, another 1 nL sanpl ePrgducticnsiMamatinlin ¥eal centrifuged to

separ altf t he b(r]I 0tT h frﬂﬁ@e&hﬁﬂ&ﬁ&dnbd@&lelh@&su&ﬂ%@ﬁ%&ﬁ&gﬁbmtﬁﬁﬁl{ﬁﬂtmr&?élﬁz%a@&smhdm
arT'pICI I n, ween,. we cripe abov e.ce S
. For 38 hour Sthoste FHBEEFBA R GoR SEHER o e Saee M AR AL

prepared as abovaditioh ot gémeumas he naah(b bethosalistuOFIGO?) it #dyitiboipha altcantivelytohos: e
wer e added. The c%%%gd%ﬂ]ﬁghgﬂfee voI unme was centrifuged after approximtely

i 70 hours of growt ost-induction), for 20 mnutes at 4C and 3500 rpm. The
. super nat ant - was dec an’fbé BES(h deapi SPtiore Megeme ever Sivent (uateeans La Inls £A) visgsedip at
1 -80C. The brot h Jldnaﬁidleﬁpil&s WeEeofi hdpCesdd (sl ploylZeds i Shgz&f&wcﬂt@;eh%eght S

.; and areas of e r ed as descr | npl e
1 10. The backgroun %gvee torsfm’?aﬁpb %ﬁ dl}(ﬁ‘llﬂln vv%lg‘té‘]gt T A SO(?Opploﬁlesga g \%%’ “al so
- normal i zed for cddtihct gritipie Rlodiye sitbsotlloing for h?@rebﬁemgﬂlﬁtwoczﬁn% #ahe sfiriiitidjesr The pR5S-Hivw ak

di vided by the opti.Gab c&?aﬂﬁ'th% st@%entahﬁc&ﬁﬁ%ﬁt&ﬁ%fﬁ@ﬁm@i&o@p@ﬁ&e heyel s of
nonatin were produced nmpici | nd Tween were_ added 4.

hours post i ndudtf8Pl éﬁhﬁ@r‘\ f rﬁ}AﬁO Pfﬁ*aﬂerf ?rsﬁpreiaedr{t&rghﬁ%famdl%gedéﬁwcage BLP,

addi tional phos phaii@pqueﬂce is utilized for optimal expression in yeast. The PESC plasmids are shuttle vectors,

20 allowing the initial consiruct to be made in E, coli (with the bla gene for selection); however, no
bacterial ribosome bmdmg sites are present in the naultiple cloning 51tes
The followmg primers were des1gned for c]omng nto pESC-Hls (resinctmn sites are
underlmed, Kozak sequence is in bold): aspC (BamH’I/Sall), GALIL: 5-
_ CGCGGATCCATAATGGTTGAGAACATTACCG-B' (SEQ 1D NO: 69} and 5
25 ACGCGTCGACTTACAGCAC‘I‘GCCACAATCG-B' (SEQID NO: 70). prod (EcoRWotI)
GALIO 5“CCGGAATTCATAATGGTCGAACTGGGAGTTGT-3' (SEQ ID NO: 71) and 5™
" GAATGCGGCCGCTTAGTCAATATATTTCAGGCC-3" (SEQ ID NO: 72).

.‘ o _ The second codon for both mature proteins was changed from an aromatlc amino amd to

‘ . valme due to the introduction of the Kozak sequence. The genes of interest were amplified. using
“} . .30 pET30 Xa/LIC Immprep DNA from the clones described in Examples 1 and Examplé 4 as tempiatc |
‘ ' PCR was performed using an Eppendorf Master cycler g;'adlent thermocycler and the following -
protoco] for a 50 pL reaction: 1.0 pL template, 1.0 uM of each primer, 0.4 mM each dNTP, 35U .



additional Mgd, did not increase the production of nonatin. Higher titers
of nonatin were obtained 25 when tryptophan was utilized instead of

i ndol e- 3-pyruvate, and when the tryptophan was added post- induction rather
than at inoculation, or at.induction. ‘Prior to induction, and 4 hours-~-
post-induction (at. tinme of substrate addition), there was typically no
detectable Il evel of nmonatin in the fernmentation broth or cellular extracts.
Negative controls were done utilizing cells with pET30a vector only, as

wel | as cultures where tryptophan and pyruvat® were not added. A parent M
scan denonstrated that 30 the conmpound w th (n%l)/z = 293 was not derived

f | |
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utilizing 0, 0. Z%W@ICFWPQMWUWIW? kg part 25 BHE SortS mainviteg follopd bﬁ\ﬁ?@etwﬂ?t@ms The

hi ghest anmount Obs heIBRvi3 sep@@mefe 3byec&bﬁks@°dﬂoﬁﬁﬂsﬁmme@.has%a%ocmﬂmé;he
anpicillin conceg rati o et ween 0 and ?97% The anp nt of

wa,
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consi stently | oner PRRER" tsﬁnv“im@e ﬁlnaaolai?‘ CgleBlgr? 2 sagl\)?\é‘?vemalﬁm% ot %ﬁs 78Ty
that nonatin pr om!ﬁ@pmm;nller Plss accvrélsmhﬁheman@wmzmch@sré@f@ﬂ hom ofgedowdryind anlby

the al dol ase enz [ o IaBhic@el | S
wes 1 epeat ed | o0 AL e P HORHOCHS Rt AN ol MR B i

sanpl e of nonat i RePEHPIAprepaation fenclonss)vetrdenedsing Rl4eeer fpin MimpreKisx BrangeNA
chronat ography ans sﬂéeﬁﬂﬁfy&&sﬁi&ﬁonfd@g‘é@,raﬁ&se%ﬁ&@ (Jei@rithl fof drBioRb OGN phiiers deifed
sanpl e 10 was evgp&rat and submtted for high resolution nass anal ysis
(described in Exarrp e %5 The -high resolution M5 indicated that the
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Exanpl e 6), therefore the aspartate am notransferase fromE. coli

over expressed i nntodEHER Frlls ?‘@ﬁ“‘@ﬁ“ﬁ%ﬁ%@“@“&éﬁ%%@ P¥heateritencr ease t he amount
of monatin prduced. PeicoRinsct WatRnsdomebasth gnedyvitia: shith YPRII0 @sifg thd S ERSCaipmN|

proA into an operon.w t.h aspCl.pET30.. Xal L as_follows: .5 riner; .
T COCAT oA A E R i B il AR "%b‘( §ﬁ6°‘?sﬂeﬁ\é/.§a‘ﬁ8 % Sc'gl‘r?&“’ﬂmalﬁ?efl’n"%’r:
CGGCTGICGACCGT TA@WM‘YEMW@EH@@E@Z% BlupEe. 18@Yiduallteest €¢10nicpwi3rm°°@eé frdiens a

BanHl site, the sleseRE bRl &,pamas 1Rs BdolonP PErust e PLR BHihs atBFRPURE cells (2
performed as de%?:sﬁl bed pr p&%e Sﬁ%ooﬂﬁ el qulfrgl e| edIﬂ ThséaaspC/ pET%%S(

B L conar r ot M crrseabd BreONEorY SRS O AL AL TR d

product. Thexsli gRshbat WP Sor AU flinhie® ol SILNG thik stdp@BiSR wihed usk@ kb 50 uL PEReaftiofA PCR
product -was |.igated tgcf{he vector usgin aml;\esc&c‘;gme Rapi d DNA Ligation kit

using the reaction mixture and proZ e ove.

Five oL cultures were grown ovenught on SC-His + glucose at 30°C and 225 rpm. The
cells were gradually adjusted to growth on rafi'mose in order to minimize the lag period prior to
mductmn with galactose. After approximately 12 hours of growth. absorbance measurements at 600

30 mm were taken, and an appropriate volume of cells was spun down and resuspended to give an 0D of
0.4 in the fresh SC-His medium. The following carbon sources were used sequentlally 1% taffinose
~+1% glucose, 0.5% g]ucose +1.5% raffinose, 2% raffinose, and finally 1% raffinose + 2% gaIactose

for induction.

After approximately 16 howrs of gmwfh in induction medmm, the 50 mbL cultutes were

'35 divided into duplicate 25 mL cultures, and the following were added to only one ef the duplicates:
' (final concentrations) 1 g/L L-tryptophan, 5 mM sodinm phosphate pH 7.1, 1 g/1. sodium pymivate, 1
mM MpCl,. Sampies of broths and cell pellets from the noﬁ—indu—:_:ﬁon mediun, and from the 16 hour

cultures prior to addition of subsirates for the monatin pathway, were saved as ﬁegative coatrols. In



(I'ndi anapolis, IN) according to manufacturer's instructions. Chem cal
transfornmati ons were done using Novabl ues Singles (Novagen) as described in
Exanple 1. Colonies were grown up in LB . medi um contairning 50 ng/ L kananycin
and pl asmi d DNA-was. purified using the Q agen spin 25 miniprep kit. C ones
were screened by restriction digest analysis and sequence was confirmed by
Segwri ght (Houston, T)O Constructs were subcloned into BLR(DE3),

BLR(DE3) pLysS, BL21(DE3) and BL21(DE3)pLysS (Novagen). The proAl pET30

Xa/ LI C construct was also transforned into®BL21(DE3)pLysS. Initial
conpari-sons of BLR(DE3) shake flask sanples under the standard conditions 30
described above,ggRnsistadadntingg oﬂ%&@l&ﬂaﬂsﬁ@a&é (aIacf‘ﬁtré@a@e@BFLAgé%& wér@&ﬁ@d

i mproved the anobunt_ of nonati n%o uced by seven-f ol d. asten rowt h
BL21 (DE3) - der i ¢eohE2ezalyecaigl Thereds Wg%ﬂlowqﬁfe gmﬁerAtf&if‘ah@éw%epsvﬁ %Mo gene
operon cl ones -Wet@sibmilyihe ghait el wire hdm@latumuason,bﬁwauy driven o1 4/150brs phi@ 3d Adifal

chl or anpheni col 4 [ d

experiments vvergl(cg'ﬁtoﬁ% Qd g‘q'qg ﬁfo%ﬁ ﬁ%"ﬂ#’“ o éaP%efrg%mﬁgnﬁm‘%@)aﬁd ween- 20
and | ..mg/L ai pﬁiﬁlﬂonﬁtrhlghﬂl@‘ammeffmm% nmonat i n in the broth was cal cul at ed
using in vitro pr Odu%@ceﬁ'ﬂgﬂe&!&&gtﬂggﬁlﬁl}e's@er@@seﬂvﬁ&%%ﬁa&QBﬁMrﬂap% pMFRp wWere

perfornmed as described in anpl e were sa at zero, 4 hours,

24 hours, 48 h@Vavagen)per sgufwst weight obe i fligransapenpfpeinetts profasels.maié dhe pdditiop ef shown

in TabI e 5 for pltaeasemz)mmxﬁmuwa& TREIQEHIE eacﬂbed ﬁ&a@vﬁablekmlﬂts bmtchlﬁlre Hioth and
~7/0e.

A T dh >+ a?fs were _lﬁltf,red ang anfﬁkéd'by SRM’ a%gfzsdnl_éd 1§E ‘c}n}p‘lﬁ 1%33{13%1:15 ﬁmtgch e g
have | eaki ew ce tnlonaen wed dmetsd in g Grothi saphRdes, mmengghao fhe ndls evidmoteastemedtin wien

though these st gal.RendibN. Qﬁélhrxml%awe aa}ceamgtequﬁcfeatueaerm@caﬁﬁioﬁslopmégegé al | VEEN
and anpicillin were  beneficial t of Monatin Prod E.

coli Bacteria CHHEPFLiannadys W&F?“’?ratﬂr?ﬁ‘hfr?ﬁfm%und’f‘?“ﬁ“ PpITion FgpoRtt B(TI)E@)
0.41 72br  rOA Blodéd BEB)ectionbf G8nsdustag SDS-BAGBL 21 ( DE3) LysS - 1.04 48 hr _ pr oA

BL21E3) LysS 1.60 4 BL21
BL21( D)E3) yi 0 +5 8 . oﬁgm va degclabl (A\P E@)ug/n&g %a 1cx§]é uhﬁll e;?trags of ﬂ% culltu(:r)eA

BL21( DE3) pL¥ZS- M@%@M’@Dﬂﬂrgenemmmm@n Prdpdyedts were we%wamhum riquemswasTm S
exanpl e descri bsada&ﬂeh% Hﬁ%egﬁvwow%em%@@t;n@;ﬁo@ss%glf&megﬁﬂn%%b&o%nedoﬁe

FS):.( L)lj{,lgcei Irrg n ag' IO n}npﬁp %%%w\émléf 11 m@/ﬂm% OFI ],a}ggt?l;g hagﬂlt gougile W%at is typlca y uscé: t%p E. lggh cléllsl ed to

extracts) using the optimized assay described in Example 6. Other assays were performed with the

addl’uon of elther 32 p.g/mL C. testosteroni ProA aldolase or 400 pg/ml AspC anunotransferase fo

20 determine whlch enzyme was limiting in the cell extract. Negative controls were pf_:rformed with no
" addition of enzyme, or the addition of '0niy_ AspC aminotransferase (the aldol condensation can occur

to someéxtent without enzyme). Positife conirols were performed with partially pure enzymes (30-

_ 40%), using 16 pg/ml. aldolase aﬁd 400 pg/mL aminotransferase.

I vitro vesults were analyzed by SRM. The analysis of cell extracts showed that tryptophan

25 was effectively transported into the cells When it was added to the medium post-induction, fesulting _
in tryptophan levels two orders of magnitude higher than those in whjchlno'addiﬁbnal tryptophan was.

added. The results for in vifro monatin analysis are shown in Table 6 (numbers indicate ng/mL).

Table 6: Monatin production with yeast geil extracts.

aspC |- | two-gene _
construct |+ aldolase| + AspC construct + aldolase +Asj:iC

Fepre.ssed (glucose medium) |- 0 8883 - 1735 0 465.2 819
b4 Tr induced . 0 28328 6424 0 13754 914656
Ohmamced |0 49373 3403 719 16528 336935
69 hr + subs. . 0 556.9 659.1 1 21.9 755.6 . 16688.2
+ control (purified enzymes) - 21853 : . 21853 '

contzol (a0 enzymes) T4 EEE ' o | 2543

30



addi tion, other genes can be used (e.g., those listed in. FIG 2) in
addition to, or alternatively to those described in this exanple. The pESC
Yeast Epitope Taggi ng Vector System (Stratagene, La Jolla, CA) was used to
cl one and express the E. coli aspC and C. testosterone proA.genes into
Sacchar onvi ces. cerevisiae. 15 The pESC vectors contain both the GAL | and
the GAL 10 pronpters on opposite strands, with two distinct nultiple cloning
sites, allow ng for expression of two genes.at the sane tine. The pESC H s
vector also contains the His3 gene for corrpferrent ation of histidine
auxotrophy in the host (YPH500). The GALL and GAL10 pronoters are repressed
by gl ucose and i nduc @dsitivg regits et olgsnedavith Kﬁmkwsmummwcsu txirhdtsl v Gnd v@ithont
optimal expressig C re s vect 0

al l owing the ini t%&e@g%eﬁﬁeu%lﬁm%ﬁa ﬁ5%§¥lggén %mgfnso% E]%eﬁo?thve C(fﬁgslsgéih &4 or
sel ection); howdgithe enpanes ere Bprchsad atlaviibefslees th i of thgotsiiprabgn mpyesstp Theraetmtiof t he

nul tiple cloni NgosdihBducddVeheh Bk Leqmm dPik Hg,moae@&ce(w@{@ﬁmm%}wwmgsgwd@gm' nto
PESC-H s (re trl((itlon Slt% re er!\e $d Kozak sequence is in bold):

aspC (Bam—lLsil | fldolesgvps siggiiica “%E&?&%@Tﬂ (e REr AeaTe Aletsand indieapsda i NO,
69) and 5' 25 AeGHBIKERAGCHT ACAGOAMETSCOADART {p0roRimattIPEQY dDiNGEast A1 profeinO Khe
(EcoRI/ Not 1), G P 71)
nd 5" - | ARTGOCCOCEEF AP EA T EACRR ot b g g e by
codon. for. both fhargraacest patia axnofignsicmpra iidlerells dthemassazgdorititfseC emipairenséarise the o
val i ne due to tR&iviydrimRditatis ﬂ&nﬁ%ﬁndh&bﬂcdﬁ@ﬁﬁléas&ﬁtﬁlﬂz@&ﬁ&nt J%mﬂﬁ%&maibymt er est

were anpli-fjed.usin T30, X DNAfr e. cl ones

descri bed i W ?Vg§°“f°g‘ﬂ§§§£%?é&%ggg1 én '?ngh act‘ﬁ@fF? QB’E‘F‘P&?WJ“WP ng
an Eppendorf I\/astne ronstyct @il extyrc thicreases rhdnewlien aryicbtenstaaselis supplefmertddohan wen afilbladeoc ol
for a 50 pL reafétahd%ﬂ. S]ﬂrce@otpkents%m cﬁ;e% résegaﬂﬁésgme 1@@?91&5&:&%5 ﬂlat(ale M@Ch
dNTP, - 3.5 U 55 Expand H a% ty ynerase (Roche |ana8)H

and 1X Expand" Bgffiaprogjce th“m”ﬁ‘?é"hc‘% %P%?fy@we?anﬁ?rﬁg isdngherdleag tha g’ﬂ@asedn of a
hot start at 94£Igréeaiént5v1tmaauﬂsa&wnfncdxhﬁplea by 29 repetitions of the fall ow ng

steps: 94C fpor 30 se 50C fQ 5 .se

m nut es 15{§s)econds ci%f%ahmﬁ%gyn%{e andtgf){a? |a%1rl1c§°lf1 lé]ﬁig% cslular%wg’}m al?f)azi?nn%d at
72C for 10 mi nuinbibitemejein h@W%@nStwle@h%ﬁdGM@ofﬁquﬂﬁEhlplﬁ@ddue@éeweife cprertiffri ed
by separation o ilia@alﬁﬁb 8 RSEPE8 hdsQeh fhvidd a méaBER Y Shignah Wil Saui ck
Gel Extraction Eﬁ% l%Val enci a, CA‘%ﬁ SO{‘?@e pPESC-Hi s %ﬁﬂgr DNA (2.7 g)
was di gested wi fo¥e qm%ﬁ@re&éﬂntaﬁﬁﬁc f®d as above. The aspC PCR product
was di gested W th Bam-IIISaII and purified with a Q Aquick PCR "Purification
Col um. Legations were perforrred with thg Roche Rapid DNA Ligation Kit
followi ng 10 the manufacturer's protocols. salted Il gations were

el ectroporated.into 40 plInmEreemeyabsnzpmpticdBocessesping Serpleddiepetiopy nvi t r ogen) in

a 0.2 cmBiorad di Spm&aéabelfmw&&éaamuﬁdrﬂ@rﬁaﬁhefsa&u%@em%ﬁ%s kicwk s pul se

controller plus, according to.t cturer. s Instryc er. 1 hour
of "t ecovery i n Ry s beppa i Bk BE e Pt R bl P R i, [
medi um cont ai ni prgpeti@@aldy the eqaitiprivg dodskants of dRthaeagticd, DA pmegsEatEDs @ rgpidpbam and ones
wer e done UQS ”gp}%éer @ﬂpttrcjmaﬂ Mt@h@ﬁ?&ldﬂetsﬁjstrf é %ﬁ%ﬁée%ns of pyruvate greater than

- 200 mM appear to have a negatwe effect on the y:elc'[ (see Example 6).

Ideally, the concentration of monatin is mamm:zed with respect o substrates, in order to
decrease the cost of separation. Physical separations can be performed snch that the monatin is
removed from the reaction mixture, preventing the reverse reactions from occuring. The raw

30 ﬁlateﬂals and catalysts can then be regenerated. Due to the similarity of monatin in size, charge, and
hydrophobicity to several of the reagents and intermediates, physical separations will be difﬁcult
unless there is a high amount of affinity for monatin (such as an affinity chromatography technique).-

. However, the monatin reactions can be coupled to other reactions such that the equilibrium of the
systern is shifted toward monatm production. The followmg are examples of processes for i 1mprovmg

35 the yield of monatin obtamed from tryptophan or mdole—3-pyruvate

Colgwled reactions usin g oxaloacetate decarbmylase (EC' 4.1.13) _
FIG. 11 i an illustration of the reaction. Tryptophan oxidase and catalase are uuhzed to:

drive fhe reaction in the digection of 1ndole-3-pyruvate production. Catalase is-used in’ excess such



15 was screened by restriction digest, and sequenced (Seqwight) for
verification using prinmers designed for the vector. The aspC /pESC H s
clone was digested with EcoRI and Notl, as was theproA PCR product. DNA was
purified as above, and ligated as above. The two gene construct was
transfornmed into DHI OB cells and screened by .restriction digest and DNA
sequenci ng. 20 The construct was transfornmed into S. cerevisiae strain.
YPHSQO using the S.c. EasyConpT"'T Transformation Kit (Invitrogen).
Transformation-reactions were plated on SC H8 ninimal nedium (Invitrogen
PYES2 manual) containing 2% gl ucose. |ndividual yeast col onies were screened
for the presen c QA 3 .

ori mer's above. | Pal T B Ra e o A e iz be kel ol kRt ke

Buf fer (Zyno Res‘éfam@ﬁ‘)‘m% W&Pmr?ﬁjneiatqd detfngz%mmleﬁg eacfioy Slsrativelveldolet3 maﬁpor
10 minutes. Fourcaﬁ,bmse&ablt@s@g@ﬁbenm on was then used in a 50 ItL PCR reaction
using the PCR reactiop mxture a descr.i hed ove. Five nL cultures
were grown over ni ght }8 a@&lﬂ’lsgdaﬁ ”'“ g%’ 'f)@"éf’ﬁﬁf“’fgg) AP IRE e cel | s wer e
gradual | y- adﬁustwuhottrans@ra@w htiligerl. ﬂch:ﬁlfynmmmommﬁemmlathas wiowispcifeitit finghd ag perl od
pI‘I or to induct Molggl %ﬁ@a?esr@zcmﬁflﬁ Enpﬂ'ggl{ tgﬁe thh%na%.gregé?lﬂﬁﬁ us%Il soq{m?
absor bance neasur ngnts at’ . Inn were taken an a rirate vo urre
of cells was spuiiPaEdfis natitfized ouemintdes Rdgleginyevain Qﬁomtateéecax pRylagei@ont r esh

SC-Hi s nmedi um: TM@:JE@M@W)I&@ 1Al oAk HE5xaWRIQicUSHEIvaE SHdRRbbalide. Hifk
raf fi nose +1‘r3/%(gluc + oraffinose, . 2%raffinose, and

- 1.
finally 1% af f no%& " 51%185?" e °f°ff%ﬁm<i%*ﬁ§te FERRS A FE 8 BT R HETES ¢ 16
hours of gr Ok h reversk rracions.-The pyettite produckiicin BB step tanelsd beurtibed wehemidoBSnddbseiicied

nto duplicate 2oy ok iddiis 1as@e&y&&%amlugéa%@&mg§ar@ﬂ%9toteseast%l' y one of
t he dupllcates gflna concentrations) 1 glL L-tryptophan, 5 nmM sodium

phosphat e pH. 7.4finopagus ”%‘ﬁﬂl”iﬁff?”ﬁfﬁ’f’iﬂ?ér“éwfef aeofiqyf, I’éﬁ‘@‘?’g @éﬁ‘fﬂ“@‘é AgHobBFBt hs and
cell pellets fromelchei Baiervided Begilisovam dbrdmilaapdied, Cﬁ)ﬁpylolﬂ-ﬁ:felﬁjrﬁwmlomﬁidit ur_es
ﬁrelgg{ i E/g ggg; ::_ ::)l tgmcgtrn éH%%h&x%tag%ll%&%Shbir}%(6Cr?scr}.?:%lc gsp%ugo%%x:f 1M TIHCﬁatllﬂﬂ &?egsle%tsl
functional . dSpC l@féﬁ@ﬂl{lam%{?dfﬂrﬂ}ﬁ@w’é@ %&WC@@?@WCM@HHHW 1%’@9‘5&6&3 anot her

negative control Memma&ﬁlsﬁ@emrsecﬁds@m @0 QM PHTD qwen@agtaqt;@}ze, A4, Pﬁg@h%ﬁa%
post i nducti on. S|on I&%/ t he yeast cells were indu oD,

iSRS AT ST PR T T A M R
However, these niahveélin spios bavertlSs egepe e spéciss,i Thérinbihtong mowepidian Bhetivesh
addition at hi gh";”#iip nJHQ Snsld SGLE: 14 Jﬂ%é&gﬂ pellets fromthe cultures
were lysed with of "YeastBuster IM + 50 Al (Novagen) per gram (wet
wei ght) of @& 1s fol |Bwt?f§awmf%€e@feéﬁsa§ “ﬁ?edF‘@B@FdsmﬂWﬁtaFPaf‘ﬁ%ane@PF of

pr ot eiase I?EI bi t(lﬁﬁgiﬂ)&&QEb@HAﬁHT&S@neﬂHﬁio@@S@a@iTﬂBﬁFd&ﬂE)@ﬁ: mebﬂamwsﬁu& | i b
exanpl es e cultu r ot ts we nal yzed by
SFd o descr t bed=r R @58 hond ot MR RSl bR Rafhre iRt

det ect ed i n t he dsrloackats anipdtassferdspids deatribergn Ekmpletlh@%eﬁlcscmﬁndialﬁ@ﬁwt@wae e

monatin under . tRaSEAQ0EE £fu9cna%cep££hemeraqs SRy hs\l'r% it RERYle bﬁvefsﬁ%bﬁvitjrc' ent
under these .conditions or th general amno_acid transporters

saturated w¥h tFPHEHImER WapRR QR h el TR @ Prdithedfebest sperpstty {\{’ﬁ%}?

monatin aminotransferase reaction. These results indicated that the enzyme with the hlghest

' speclﬁcxtv for the monatin reaction verses the tryptaphan reaction is the Porcine type II-A glutamate-
oxaloacatate aminotransferase, GOAT (Sigma G7005). This specﬁcﬂy was independent of which
amino acceptor was utilized. Therefore, this enzyme was used in the coupled reactions with

30 oxaloacetate decarboxylase. _
- A typlcal reaction starting from indole-3 —pymvate included (final concentrations) 50 mM
Tris-Cl pH 7.3, GlmM indole-3-pyruvate, 6 mM sodium pyruvate, 6 mM aspartate, 0.05 mM PLP, 3
- mM potassium phosphate, 3 mM MgCl,, 25 pg/mL arﬂinotransferasc 50 pg/mL C. testosteroni ProA
aldolase, and 3 Umts/mL of decarboxylase (Slgma 04878). The reactions were allowed to prooeed
35 for 1 hour at 26°C. In some cases, the decarboxylase was omitted or the aspartate was subsﬁtuted
| with alpha-ketoghstarate (as ncgative controls). The anunoiransferase enzymes described abov_c Were
also tested in place of the GOAT to coﬁﬁrm carlier speciﬁcity expen'ménts Samples were filtered .

.and analyzed by LC/MS as described in Example 10. The results demonstrate that the GOAT

© e e Avn el tha hi rr]‘\aei‘ ammmt nf -rnnnaﬁ-n nermo nf'nrnfem with the leaﬁf amount Of



al l owed for detection of changes using SDS-PAGE. Mnatin was detectable
(approximately 60 g/ L) transiently in cell. extracts of the culture 1I5 .
with two functional genes, when tryptophan and pyruvate were added to the
medi um Monatin was not detected in any of the negative control cel
extracts. In vitro assays for nonatin were performed in duplicate with 4.4
nmg/ M, of total protein (about double what is typically used forE coli cel
extracts) using the optim zed assay descrlb? in Exanple 6. Ot her assays
were perforned with the addition of either 32 gg/ nL C. testosterone ProA
al dol ase or 400 pg/nL AspC anmi notransferase, to 20 determ ne which enzyne

ng limti Pg i nu@ﬁi@hﬁﬂlr&dﬁ@a‘ﬁtagﬁ@bmddbegﬁiddiﬁen aeRkEaN] 53 mrb@mmﬂf&fnomamgmwht h lng |
addi ti on of enzyne, or the a n transferase (the aldo
condensati on can Cé%gﬂase ?WS‘%E ﬁ‘f’g ‘i"l‘%ﬁcﬁc‘i‘ﬂiﬂpglﬁ d AP ?E%?WPB‘I s
were perforned weitgrijaotthadtieyangutensémegmes ( 30- 40°/c) usi ng 16 g/ mL al dol ase
and 400 g/ mL ami not r apst @ ARGion w was me!,gadw by nsﬁaﬁ,laégamgem a%@lﬂt%n%lgﬁgdoﬁy SRM

The anal ysis_of cell extracts S hat” trypt op was effectively
transported ? nt SYFHE BBIFS BW%PW*F(%%I‘%’GQ@ hogo)tZheerigpena ibe 15Ees ivfduct i on;
resulting in tﬁ%ﬁbﬂpbﬁﬂoﬂn&ﬂﬁk Fitll dbGas Rl BiToss, Qﬁaﬂdml’!ﬂetréhd&nﬂogﬂﬁéed bhaipnt hase in

whi ch no addi ti gnal sults i.n Vlt 0 nonatin
anal ysis are shgg\ﬁ ?ne%“g egar%nd(aga\ﬁ) asegetg‘cfn(?t%%‘fﬁ E‘Im ¢ @ li\‘*/bnatl n
production w t h dywebstylageyds inbikitaddg t@cenggip® df povvge Lgeaterdl@nslz miE tAt ebalodtiasset +

AspC construct del AT o o 3.5
465. 2 829 §4 h?ﬁf’lngﬁ%ﬁﬁ‘“ﬁ% ngﬁ%ﬁgﬁiﬁ%@ﬂw%ﬁ megh?s‘%gudggy 0

4937. 3 340. 30 1af@%ﬂs@ﬂ@ﬁé@@%ﬁfeﬂmd@@fhﬁFﬂ@ﬁtb@ﬂdB%crgis@s@helm@@tgf ajdglase s
16688.2 contr OlaISt(lpdztédsefdl Bihh &Ny dTeBgsphal IRRAM2h B BPare® (Horma]) v(fdi’dIoﬁﬂIMﬁ'&ﬁﬂb1t&54 3
()1 254.31 30 . S alned with .t ne
construct cell ex erdéag %vlasgﬁnzgg d%\%t outtO?dec% }’]aésf & “4dde e cmﬂf] Eem!még\?ﬁ ﬁ§
medi um These r &4y} vigh nojdacrensnipmpiatpprodugtion fifea mbfiut‘ Yeyegors Jie prarjugt, Oflnrmiﬂl:at e
that the enzyrre&om&e&m@&@ad%m tahpelraay@\lva% iRfeased B1E2¢° @10 B0hd EHR30° L C;

protein in n roduced n th el | extract of
P, aSpC Colbtr BVl T hCHP SHOSIEHES B T e ey thF T PHE 08 PP BoTRiS
significantly gp@atces.’rmdmsadvﬂmmcxeaing pﬁﬁbmamctm weives B:k:aa%esthblalﬁtom@H 7ar8ch.

i ndicates that the %@9&5@&!}% ta@[ﬁ?%t%%?}taﬁ%ﬁ&e‘ar{fﬁzﬁﬁcoﬁﬁﬁgﬁ%rﬁfﬁmMT j5-Cl

approxi mately 1-2% of east to el n extract

uni nduced cul t uPBé 3%@%%}@“ G%Ha“‘ﬁ?: 6 g4 sodipn gyt n0- 24 F B SN prtastiere| ase
due to the pr e§ﬁ‘>§![ﬁ1@te OfmM atalcy, @5 APAM AU RASEBRASDY gl ¢ PBIoSSb: Broa WSS SAY €

with AspC er.as of t act duced
cells incre ed P’B”%Ih d&%ﬁ’ﬁ’ﬁ'ﬁ ?2%‘2{?’#; rzgaaggﬂ?awﬁwgifé&ﬁ@gﬁﬂ e control
with AspC (ca. 2@dsaffigna)C-3517, 200008 FAD. Reactiot e tyriahsgbniddnimtee it 30(Ss ay | ng
the two gene Cﬂﬂﬁ&kﬁ{&ft Wﬁseo‘b%erv@&(\;/ﬁ]ﬁﬁetadblﬂ&{ R IREFoIRLEE TH DA TPt SRRk wase 18

suppl emented th when a ase
7 produced when 50 mU/mL of oxidase was used. Improvements were similar to those observed when

indole-3-pyruvate was used as the substrate. In addmon, the amount of monatin produced increased
25 when 1) the tryptophan level was low (i.e. below the K of the aminotransferase enzyme and
. therefore unable to compete with MP in the active site), and 2) the ratio of oxidase to aldolase and
. aminotransferase was maintained at a level such that indole-3-pyruvate could not accumulate. |
Whether starting with either indole-3 -pyruvate or tryptophan, the arnount of monatin
produced in 2ssays 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 either substrate, 7
concentrations of approximately 1 mg/mL 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 reachons, the productivity and yleld can be improved

35  greatly.

Coupled reactions using brsiife epsilon aminotr ansferase (EC 2; 6 1.3 6)
Lysine epsilon aminotransferase (L—Lysme 6-transaminase) is found in several orgamsms

.inclading Rhodocaccus, Mvcobacterium, Streptomyces, Nocardia, Flavobacterium, Candida utilis,



i s added. Since both genes should be expressed at the sane level, this

i ndi cates that the anmount of nonatin produced is maxim zed when the | evel
of am notransferase is higher than that of al dolase, in agreenment. with
results shown.in Exanple 6. 15 The addition of pyruvate and tryptophgs not
only inhibits cellular gromh, but apparently. inhibits protein expression
as well. The addition of the pESC Trp plasm d can be used to correct for

t rypt ophan auxotrophy of the YPH500 host cells, to provide a neans of

suppl ying tryptophan with fewer effects om®yrowt h, expression, and
secretion. . 20 Exanple 13 | mprovement of Enzymatic Processes using Cbupled

Reacti ons In th%&t@fz-eprt,fgﬁgso 18 ﬂiﬁzet 280Gk tu&tgs Sadife ﬁtsgrgﬁ,%tefp%uagu aylpréetbtﬁta%a

i nternedi ates occurs
enzymatic react igffhioti¢s| (Bivg ?r&t%@aql,p{ fFﬁF'@(’w‘r Blif’@dfd ﬁﬁéé@q V997 r1his evzyinteaterts bysipehe

equi l i brium consatamtamatalpaa@laen&aaﬁtaemys@?t@yttﬂﬁ» ﬁ%&ﬁ%ﬁsﬁbﬁ%ﬁo@ﬁe d.§ ¥t ophan
and 25 pyruvate %ﬁ’ﬂ f? {‘}Ot a hi %’“2 sol ubl| substr

concentrations ?} HrearaEEEh iR CRIGE- ) é‘&"r‘st”&t S%P”ﬁ%“@a’ﬁ ve
effect on thg yhmlergoc(ssaemtrﬁmamhzele@)haudndeaytﬂlyplpériiiemeammylﬁtatalc@nc fabledileNat i n
s maxim zed Wty (@3 FRRRS e B BHOSLEALEon Ao ALAEE 18 ABFLEARS, deDeC AP, !

separation. Physica arati ofls can suc inis
renoved from t hd2 r@a%@@'e‘iﬁ’e WWM}Y@M-W\?@WWW%E(E%% Cweiétebﬁt wes from

;)cc th ring. IThe raw 3Q @ptaplehodbroRnabdgal ﬁt)mtnm @ﬁam@fbm D&y :ﬁﬁ%@i@ﬁ%%ﬁ@kw Due |
o the sinmilari in._Si an ro 0_severa
of the reagent sbﬁﬁﬁ‘ﬁﬁﬁegﬁk&"ﬁﬁﬂlp OSBWSt%L&g&%@BgP@P‘%Bﬂg‘P E\X i 10 e ¢

unl ess thergdis I}th |1ghu@mimﬁtnsiafaseafy§mempmn irfifiotmsadst DAT-SMCRica8alyios BEddeda) ty

chr omat ogr aphy at| n reacti.ons,can be led to
ot her reactions SJ d#’ﬁﬁ%c tﬁséommm Fdﬁbﬁ(lﬂ)g © PRyt g%‘tagﬂt’m%“c Hlfcfefsggw’t%gwar d

nonatin product u@msmfh@célm’ﬂﬁogwf nyuaree Teoamphesanohntprigribss eactibromonditnps @viong 35
the yield of noagkin.00f ;1 n@ﬂ]dﬁés?ﬂb&»@é%&%&(@x@e@&nﬂ ﬁ&@éd%ea&logyﬁsﬂ%gﬁaﬁacetagéoupl ed

reacti ons using oxal oacet at e, decar boxyl ase IS an
i Ilustration of deptonylsidenrarimately0dmgiilan oxi dase and cat al ase are utilized
to drive th® reacti arpeikwithie+Hj" Fe92 dhod a0fhe éxpebtdd imd fod yriobtvia hnfdl tRMAGKIGcIran .

th.t I‘alegf:te : ﬁufﬁgcéngd\t}l ﬁ( s%%esra Io tﬂg s?ulng %ag(t)l;[em%a E’sbseg'y gnw?tgeé] ?11' egzré/%)é cd%cv!es%es R %ccgn\(/i%!azlkabl €

i nt er medi at es. @J@l}'@ewm@ megsdierher e el 22R) Flrl'iq'éjshﬁhtbf Geratralhaagéafn%mﬂm’tsmfd for

Al ternatively, hﬁ@@'n%hﬁm Yokt Bxanp b, Qﬁnﬁ?ﬁﬂmﬁ@m& Bx%seﬁdé@&&ﬁ&r%omé%@ﬂéﬂaéﬁ eis

used as the am onor r t he at i.on of [P, )par tate

ami not r ansf er as ’iy “IE]FP’ITt? Uivas PIB%’:STdIrL} IS e ﬁB‘f"?"ﬁ% réfsa@é t°H’§f‘°“Pi‘aV a | ow

speci fi ci t y20 or pirivete (firodopibpPingn bd atgpbdcl piyatha beyine & &bdvane beungbiepar i son t o

the MP to nonati I - & : lized to
h£ v@ﬁéﬁé b n%détz?y%grf?i&a% ik Qﬁmu&?%g{n&féﬁ@m ufc*egsg Grabtfiel,

reani mate the i nc etate decar ase rom
Pseudononas sp. yedeafe b@vasdwwywaaffe mw@setﬁtécmwh%t Fheee sty pnglin ' and

car bon di oxi de. ccﬁbl@&t@La@@toathoM&lse%aiaiaﬁzasH&cﬂb@dd&@\te avai | abl e for reaction
with the enzynes, decreasing or even preventing the 10 reverse reactions. -

The pyruvate produced in this step can al so be utilized in the al dol
condensati 025  Other coup!ed reactions ‘ ,

Another coupling reactidn that can improve monatin yield from fxyPtophan or indole-
pyruvate is shown in FIG. 13. Formate dehydrogenase (EC 1.2.1.2 or 1.2.1.43) is a common enzyme.
Sotme formate dehydrogénases require NADH while others can utilize NADPH. Ghtamate
de]:tydrogenase catalyzed the Interconversion between the monatin precursor and monatin in previous
230 emamples using ammonium based buffers. The presence of ammonium formate and formate
dehydmgenase is an efficient system for regeneration of cofactors, and the productmn of carhon
dioxide is an efficient way to decrease the rate of the reverse reactions (Bommarius ef al.,
* Biocatalysis 10:37, 1994 and Galkin et al. Appl. Environ. Microbiol. 63:4651-6, 1997). In addition,
large amounis. of ammomum formate can be dtssolved in the reaction buffer. The yield of monatin
35 produced by glutamate dehydrogenase reactions (or similar reductive aminations) can be unproved by
' the addition of formate dehydrogenase and ammonium formate. _
Other processes can be nsed to drive the equilit;rimn toward monatin production. For

instance, if aminopropane is wtilized as the amino acid donor in the conversion of MP to monatin with



reaction. O her decarboxyl ase enzynes can be used, and honol ogs are known to
exist in Actinobacillus act inonycetenctom tans, Aquifex aeolicus,

Arcliaeogl obus ful gidus, Azotobacter vinelandii, Bacteroidesfi-agihs,
several Bordetel | a speci es, Canpyl obacterjejuni, Chlorobium "tepi dum™"

Chl or of | exus auranti acus, Enterococcus faecalis, -Fusobacterium nucl eatuot,

Kl ebsi el | a 15'pneunnniae, Legi onel | a pneui nophi | a, Magnet ococcus MC-1, Mann
i zeim a haeniolytica, Methylobacillusfagel]atus KT, Pasteurella nzultocida
Pn70, Petrotoga m ot hernia, Porphyrononas “gingivalis, several Pseudonbnas
speci es, several Pyrococcus species, Rhodococcus, several SaInDneIIa

speci es, sever aly cRlefRRiIRNGOR CMBtRREG e BiC szlersljrmmsmet destRbedth® P 1 Rents

Th t l.Iid I

e onncn, am Pk s e AR0E00R BPine Ul AR G bl ° 2
am not r ansf er asan thesp@ic, fampinprépance Ghe tempdrurt gzn bestise padinditdlyrfarniiteedmiet( Tyr B)
fromE. coli, tﬁb@h&fﬁl@ﬁeﬁﬁhbﬁérft@taﬁ eviahy eaﬁimnlls TG e ﬁas(a% a%)poin{ 8l M8 OF,

and the two. conmer ci al y aval por ci ne ut amat e- oacet ate -

ami not r ansf er astEsreguTees Hielyiedeerade tlBéatﬁfﬁﬂeé‘atis if et e 589('81?36% &f timee Mepid

al pha- ket ogl ut ag@hdranshek® ﬂﬁﬂﬁfs&&?ﬂ@ o h@a&%@ﬁm&@ﬂ@ﬂfa@’aﬁl\;ﬁb@nm@ﬁw&hﬁf
activity using nonati a yersus CthIt an was
conpared, to def&FHfha Simg %ﬁgéﬁ%’?ﬁ%%ﬁg’ﬂm‘tzﬁ W&W@ ms§ ??@f%’%fﬂ‘?tﬂt he .
nonati n. am not ramesﬁsmmem«mmmﬁﬂemducebﬂmm elatiliely atsgbile tulidies 4 ighlyenzy me
w th the hi ghes&ducgﬁ%%é%&dtmo&&;mgﬂ yj@Ratin reaction verses the tryptophan
reaction is the Porcine type 11-A gl utanmate- oxal oacetate am notransferase,
GOAT (Si gnm O(37005). This specificity was i ndependent of which anino
acceptor was utilized. Therefore, this EmmnBE\l\as used in the coupl ed
reactions with 30 oxal oacetate decarlQ lm;man%}h res IXIE)I cal reaction starting

fromindol e-3-pyrovate included (fina concentr atrons) 50 mm Tris-Cl pH
7.3, 6 mM i ndol e- 3- pYrupdtidy availapii/errydé N Aand emine ecid Sanmives sqddlictepaymes 004 05 M

P1.P, 3 rrM pot@@ﬁh&%@mm@h@mh@sgﬁv&ﬁﬂ%@u &ﬁlglamén AR/ b gxﬁérﬁﬁs%e 50

ltg/nmL C tostero ProA. _al doJ as and 3 s/, of decar | ase
(Si gma 0487 - CHR¥aS, SO %?Séhcé?f8\%@’&?”?%°“6P%@8§8‘“§5°ff‘&}’rpf°fe“h6‘1& 540 26C.
I n sone cas es dnhencdigycandoiytioase twasqesis tiabldd. OPne tltild:dasthaart witl endaaignd that |

substituted wighal Bﬂ%aég Qﬂleéé%ﬁéx?éagn&d&%d fé@&?o%%ar}é@ II‘FIQIZEJHQ}IT §1)gams Pinteres

am not r ansf er ase enz escri ove were sted in ace of the

GOAT to confi r nindaFifedprios e fof @prpgie pioperrodesipxel SBQ A NEs 14 a8¢ @enffaﬂmsé?e@ﬂf and
anal yzed by LC/ VS ashﬁdﬁﬁiﬁfotﬁedilcmghe&&ﬁriﬁ@h@mﬂe&s ard el KRG Lt agte MRREre, @k ecoph at
;Prgu Stob\-gf + de c{f }hl SQ]B?‘I uie mcéura ﬁ:glélb nangexgre%mn op a&{lgr%tel?l r?? ﬁﬁ&l&@&hﬁﬁof‘,\%uﬁhhalﬁéﬁ]ﬁa!s egSt
2-3 fold benefi Etﬂzm‘meoﬁwrhmphqm HE. Pattatdlr @Wy%ﬁ@éolewzym B8 datnt Nphs846.812 0l |

AspC enzyne al sg,phaobasd Plat@i{tg@ sad”f@%@tém&ir e/ AR dafiblobk efspom&azmnwg lhe
ot her am not ransf er ases. n producti on was increased by. 1)

peri odical |y addPHgon fﬁW“é’e&ﬂdtsPﬁ?@aﬁ’P” NRYSPdk. 1989, 6h vk yvat e, ioy nvat e, and
aspartate (every halBrhehgwartiilculiBhgiy, pr vdyanpe Ofeticigs, whieh readefir@ p®telnvr an

anaer obi c Vi ro n ed ff ons to
mmﬁ%%¢%M%WW%Ww%%W%W
been f reeze-th a]'wetgjnsmgq]/p:i pﬁptéestcprnbg garodqqq@by placing a promoter upstream of e tDNA sequence.

- Examples of promoters include, but are not limited to lac, #rp, fac, tre, major operator and promoter

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 virus, the promoter
-30  for 3-phosphoglycerate kinase, the promoters of yeast acid phosphatase, the promoter of the yeast
alpha-mating factors and combinations thereof,
Vectors suitable for the production of intact native protéiné include pKC30 (Shimﬁt.éke and
 Rosenberg, 1981, Nature 292:128), pKX177-3 (Amann and Brosius, 1985, Gene 40:183) and pET-3.
(Studier and Moffati, 1986, J. Mol. Biol. 189:113). A DNA sequence can be tansferred to othér
35 clonmg vehicles, such as other plasmids, bacteriophages, cosmids, animal vn'uses and yeast artiﬁcml '
chromosomes (YACs) (BurLe et al., 1987, Science 236: 806~1"’) These vectors can be miroduced
into a variety of hosts mcludmg somatic cells, and simple or complex orgamsms such as bactena,

fungi (Tunbcrlake and Marshall, 1989, Sczence 244:1313-7), mvertebratcs plants (Gasser and Fraley,



decar boxyl ase was inhibited by concentrations of pyruvate greater than 12
mM At concentrations of indole-3-pyruvate higher than 4 m\/l side reactions
in the reactl on coul d be increased |f t he anount of al dol ase was aI so

i ncreased. Hi gh | evels of phosphate (50 mlvl) and aspartate (50 nmV) were

found to be-inhibitory . to the decarboxylase enzyne. The anount of
decar boxyl ase enzyne added coul d be reduced_to 0.5 Unk with no decrease in
nonatin production in a one hour reaction. The anount of nonatin produced

i ncreased when the tenperature was increased from 26C to 30C and from 30C to
37C, 15 hovveven989,aﬁbzer&Z€44tMB),$ndimamxﬁﬂqu@am aDIlQSmd@&neem:pmwyamehME@da&iso

hast ened. The app! 1%1?9%&%789 eq}é%%goﬁ&g%éﬁgsed with increasing pH from?7

to 7.3, and was re rom 3. Atypical reaction
starting with trypt oﬁﬁawrffsmmmdve@n@mw&ﬁ, acBN& srarengg 4an bslizaBdtopkrPlogeys C| pH
7.3, 20 nMt rypﬁ:@ﬂ&&@ suc am{é ﬁﬁiﬁ@ﬁﬁx@kﬁm goﬁmxs&ﬂe mz%t&\(mlﬁgangnéﬁe d?LP 3

nmM pot aSSI z\f)aate l\/g% am not r ansf eraseO

t est ost er oni Pr RE- (ﬁ"%‘é@” BAFEI0h% §?WT°quedH@6§l§sb%“k‘Wél§@‘eY§ %6(‘5‘3 n| L
L-am no aci d ox{Ghaasn, (lﬂlgmml,m?ﬁﬂﬁ)tqébﬁ&e&bhmsmc@a;hg{eaﬁ&p(e&ognmhe@taﬁlsIS) and
0.008 my FAD. Re%%a%%%? 661?]%0 &ech‘Ba XQ amt(a)me n%r%r%al ce:l)’lol%ibmchr;% ?Vemant

was observed wit ase. e gre
monatin was pr WGUWWOWWﬂerB%BdQ%JM Ayge@"efl Wrdbvement s were

simlar to thosﬁy&ﬂﬁ@x{oﬁgﬂﬂ\mﬁﬁlgaﬂaﬂcﬂﬁérg'laglpﬁ"bbl\'@ttl MR Sci, lt%ﬁda B@akhe substrate.
In additi on1 t he anpunt of n%q\% roduced. i reaseg1 en 1 the

t rypt ophan Lyel was “edipster © B e Syeh aspmpngx o Fﬁ“f'?B’F}a]éﬁﬁ‘é‘ r%%e enzyne
and therefore enebliealtiecht@rpBiceresrt ire Modurdtiethaetipive cak tspjue DAZd 2) the
(a0, O 0! A ool 1) RPEaBE Bl (A3 IR GBSO ARIILA AR 1o | ove!

such that indol te could"not accunu startin
ei ther indol e- 31”W?8@j§%1f@ wentupphesphste Rrash g el APRguMel: G Siebriapid eleﬁ?"@%f-’ﬁ%‘@d in
assays wWth i ncg&t@a;hanﬁaauummtolr QSMPHﬁo&chdﬁQF@giS&daWﬂ%ﬂ BodNkil. ARE. 30054

amount s of il |nt t he sane enzyne
ratio. Using ei §4§91|1 5@%6@%%?“3\4\(,:%%3%%??% é\% #anss rrg’t)ewowecmfl
of nonati n wer e @Gbnllewad. 197Iﬂ;|é’ellawcﬁ]?)tprgbplasr@p@rdﬁﬁlaﬁner Jg?tﬁﬁmd’tme?wﬂl AcagdtSeir Ubhg from

i ndol e- pynr vat evwmﬁycmpaﬁi gudis tbﬁM72z@u@9§wt7b>eAmw@ay,@Ie BiAduete  Which
shows the benefjt of ‘utili zing coup reactions. further ogtl m zation

and control of educed Brinfrtiop 3 6‘ﬁ§"féﬂ°“|= F?f@ﬁaﬁﬁlﬁfeg?‘é?“éﬁﬁfmé‘?‘ﬂé‘“fe]ﬁ ¥i%8hs, the
producti vity angmgyd ebih) aainashéenb¥ipges athad e of)) 1084, U Wire Coliul7pd HepaqSpaaa s dlSi NQ
lysine epsiqpn A |&€£df’b@)sferase (EC 2.6.1.36) Lysine epsilon

am not r ansf'er as€e ? e 6-transam nase) is found in several organi SN,

i ncl udi ng Rhodococcus, M/ cobacte ton, Sh epton:yces, Nocardia,

Fl avobact eri um  CandipGgmwidkis i fosay pmlsﬁﬁ cmb&inRth @h&n&ﬁa@m{ﬂsﬁfodrmsa&u&my bzed
by organisnms as the first ste

rodu ion of s act a
anti biotics (Ri BBl itrhpsithgirrosns edﬁfté]?edlﬂff) ted epboffasefs . a“"‘)?fg%m’i’éfﬁexa @%sf;}]theThl s

enzynme conver t sditclsirsmd shioald betDe mmmaﬁkmmbmonﬁh@m af thadiyBerrd Ralhyrsthagppe dfy a
PLP- medi at % t r@@&&%ﬂ@ﬂ; h%gcogifwnﬁlrﬁ% fgﬁo@m% 1a1ms We therefore claim as our invention all that

~ comes within the scope and spirit of these claims. -




| ysine, utilizing al pha-ketoglutarate as the am no acceptor. Allysine is

unst abl e and spontaneously 5 undergoes an intranol ecul ar dehydration to form
1- pi peri dei ne 6-carboxylate, a cyclic nolggcule. This effectively inhibits
any reverse reaction fromoccuring. The reaction schene is depicted in FIG
12. An alternative enzyne, |ysine-pyruvate 6-transam nase (EC 2.6.1.71), can
al so be used. A typical reaction contained in 1 nm: 50 MM Tris-HCO pH 7.3,

20 nmM i ndol e- 3-pynvate, 0.05 mM PLP, 6 nM pot assi um phosphate pH 8, 2-50 mM
sodi um pyr uvat eWetlabn:mrM MgCl 2, 50 nM 10 | ysine, 100 pg am notransferase
(l'ysine epsilon am notransferase LAT-101, BioCatal ytics Pasadena, CA), and
200 g C. testosterone ProA al dol ase. The amount of nonatin produced

i ncreased with l.iAweteabéfipgodooing ewntatiat ¢conpsisiof cwem'li@irﬁ)toﬁhlaealmimﬂam anount
using these re on condi tions M pyr uvat fold | ess than
what was obser \a/%g“m FH R BH Y ™ }%ﬁgtﬁ%oﬁest %ﬁn%eﬁacloétﬁéé}ag't”é’iy BiopAn o8 boxyl ase
(appr oxi mat el y Qddle-fydcrit heid $5h A fipe akly puiptide, [NMJrH]q thefir2§3lyptpside dorartris the

expected tine for nati.n. an SS tru cont d ral of the
sane fragnents OF n??}’e%flwc’?%éjgf{q 1% ﬂflr‘%rg P 08%’&5@ 5 "‘21818 Ad peak with
t he correct rras;&y;m\mteohﬂregs&cdrﬂtpblypc(pﬁ%andeﬂ@H@d»oﬁlsm@m bvyeremrtlhd ®tontlhan what is
typically observ

dfo atin and. may
indi cate the pr@g‘@ﬁﬁtéd’e(?f’“vi%&ﬁ&dnrg’é%?m fdlrﬁﬁig cﬁH’O ?‘?‘é’?@’ﬂf%ypt ophan
was pr odu?ed 3y(11idf}l -$- AR -4 -kdooglviedic ac'(ﬁjd)elﬁcﬁcdn%cﬂlﬂgkm 'ﬁhgﬁ@@@ ACihdoli L y on 20 .
pyruvate (produ ni ne as. a roduc SO, the enzy is known to be
unstable. | rrpr%\}r@%gﬁs“ "kgtg glusic gé‘P gobﬁ’ﬁi’tf?@ ‘H‘i‘etreélé (ﬁ'}/g{/‘aol ution
experi ments to pdpﬁfemaoﬁsteabthlelzt}wdmxy @CWfael 3yigetRAl-1Kbtb e luMrichciaysvat e, and
increase the activity with MP. These reactions can also be coupled to
L-ani no aci d oxP%&8/ cat al ase as described above. 25 Ct her coupl ed reactions
Anot her coupling reaction that can inprove nonatin yield fromfryptophan or
i ndol e- pyruvate is shown in FI For mat e dehydrogenase (EC 1.2.1.2 or
1.2.1.43) is a tdhpdrthedolsim 1, ﬁbﬁ‘é“‘fﬂ&f’rfﬁfﬁtpélyﬂﬁﬁ‘s&“aFsé@@%é‘%%%m e WPe  NADH
whil e others caghnbideio? @y ham @i rake(ECeh Y d7996pRpRmRbRkdERde t he

i nt erconversi on between t “nonatin fl’ ecursor and nonatin in previ ous 30

exampl es, usi ngEanhddi lﬁh%ﬁ’é’é@l(aﬁ?ﬁfﬁ’é gningtrgsigiagdEhced: o) é‘ﬁﬁ@ﬁ‘i‘?{‘}m formate and

formate dehydr Qﬁﬁﬂﬁfﬁvdtestrzﬁl@alﬁfﬁsb ek, SYSLRMiHIOtyRAEN8MaLineRref (Beof act ors,
and the production of carbon dioxide is an efficient way to decrease the

rate of the revefde)rasriaicomanotmiaitee (Rs2-6t 1. by ryptonBpneddasgsinapad 1994
and Gal kin et alqApRlc . ﬁny@'}%alll%%élggéﬁhrogé%sé(@@]{ £99 39D mind Kei@ddi tion,

| arge ampunts. of anmmoniumformate can bé dissolved in the reaction buffer.
The yiel d of nondddsnEE5l g ddndetygrhgh e matansioreh Jirlejenarisotraagferascons (or

simlar reducti ftgnlrba[? &,ﬁ]ﬁ?ﬁgmgmg%%fﬁggr@@qq PY.4), %g&ym51{6| on of formate

dehydr ogenase and anmon or mat rocesses can be used to drive the
equi | i bri um t ondeheidmesmatei (HCorlodde) ke, COF’(brﬂﬂﬂfi’MB@‘anc@d vitereimheBisk opane i s

tilized as the on of MP to nonatin th 61
utiliz g@@ggﬁdeac%h\gengﬁgﬁg Hald ¢ ?@01@9%%1%9&& in w

an onega- an no “am notra Pase 1.18) such as those descri bed
by in US patents 5, 360,724 and 5, 300, 437, one of the resulting products

woul d be acet one i@ o8 oyala?% i,lv\%exmnocgéjﬁlrst polypeptide is selected from the group

consisting of indolelactate dehydrogenase (EC 1. 1. 1. 110), R~4-
‘hydroxyphenyllactate dehydrogenase (EC 1.1. 1.222), 3- (4)-hydroxyphenylpyravate
reductase (EC 1.1. 1.237), lactate dehydrogenase (EC 1.1. 1.27, 1.1. 1.28, 1.1. 2.3),
(3-imidazol-5-y1) lactate dehydrogenase (EC 1. 1. 1. 111), and lactate oxidase (EC 1.
1.3.-), or a combination thereof, and wherein the first polypeptide converts indole-3-

Jactic acid to indole-3-pyruvate.

4. The method of claim 1 or 2, wherein the first and/or third polypeptide comprises:



than the substrate, am nopropane. The tenperature can be raised periodically
for short periods to flash off the acetone, thereby alleviating
equilibrium Acetone has a boiling point @f 47C, a 5 tenperature not |ikely
to degrade the internediates if used for short periods of time. Most

am notransferases that have activity on al pha-ketoglutarate al so have
activity on the npnaii sminPLEEiHheace sholvitinl SED D Nd: 24,8l8y oxyl,ate2,aronati ¢ aci d

am notransferase (E d ycine as_t o donor,

gl yoxylate is p&%‘ﬁ’ﬁgéécml%ﬁ@ gjufi%égg‘fgr %g"}?pﬂ‘ﬁg\céﬁ“@" BlﬁdZFFpgg(}ig)% gfly
reduced boil i NngGpkbafitt AtddsseMPas ASOTHOL D1 gl yci ne. 10 EXAMPLE 14 Reconbi nant
Expression Wth publjc%% avali |l abl e enﬂ% %ﬂg an no Cld SE uences, and
the enzynmes and seqHbHEBR QT SAPYERE! ?@gﬁ”e?h " spguee) 5“N@§ 1 and 12,
a?‘ wel :c ashvar [ @aqtlﬁme fkymmsphis ?m 2,4.% 8ul, Bt 532, fGea&ﬁiﬁmcSe%éilEﬁiNf)Mﬂtl -ons

t hereof, the ex n an urificatio any protein, suc S an enzyne,
by standard |ab8$8§? G?@Gﬂhﬁ‘&ﬁﬁg’é"“%" éﬁ@\@ﬁé@z Tepres i??qlﬂ‘%cﬁesis'r?“ e art wll
under st and thatAAcﬁmnmnegland fragnents thereof can be produced

reconi binantly in any cell or organismof interest, and purified prior to
use, for exanple prior to production of SEQ ID NO 12 and derivatives

thereof. Methods fOra@h@@&@%ammﬁﬁﬂﬁﬂhhmﬁm%nﬂmﬂﬂE)N@ ane, sveblizkagen in the
art. Therefore, the scope his disclosure includes reco i nant

expr essi on of aﬁ?“ﬁﬁ%f“é‘ieﬁﬁl%]rN‘? M’QM k Fephepk Accssrion Mo ZAR0003A84 et For
exanpl e, see U. §entak ﬁ@@esm N@ A48 681 $P1eskARSORoRervalive anthoxcidat ent No:
5,846,819 to Pausch et al.; U S. Patent” No: 5,876,969 to Fleer et al. and
Sanbrook et al . SYORBIERNS iera Bapmnino aald spaupise SeEYS IEIRPAR todpole-Bpr i ng

Har bor, New Yor k., J289, Ch. 17). Briefly, partial, full-length, or variant
eDNA sequences, mhlch encode for a protein or 25 peptlde can be ligated
into an expression vector, such as a bacterial or eukaryotic expression
vector. Protei gspandh peRk g%ﬁw&%h@%c&ﬁ%%@ﬂtdmfs ARRCLND. B BCOTRL €7
upstream of the eDNA sequence. ~ Exanpl es of promoters include, but are not
limted to | ac, 3tepymeee, tre, major operator and pronoter regions of phage
| anbda, the control region of fd coat protein, the early and | ate pronoters
of 5V40, pronoters derived front polyoma, adenovirus, retrovirus,

bacul ovirus and siman virus, the pronoter 30 for 3- phospho | ycerat e ki nase,
the pronoters of. V@aﬁﬁmdéﬁdhphbgﬁEEWB@@ECﬂHe3p@@ﬁ@?é%i@Wh@%gzyeast

al pha-mating fa tiher@of. I It r the
producti on of |§%§E§Mﬁg F%gﬂabq$£ ?&c !§?4}R%§%§Q§%?§ggéﬂgbgﬁﬁg

Rosenber g, 1981PYMMﬁmb@%Z§Q4ﬂ28ﬂ7ﬁpmmmnmﬂmwn@ﬁwwﬁn and Brosius, 1985, Gene
40: 183) and. pET-3 (Studier and Mffatt, 1986, J. Mdl. Biol. 189:113). A DNA
sequence can be transferred to. other 35 cloning vehicles, such as other

pl asnrids, bacteriophages, cosm ds, animal viruses and yeast artificial
chronosones ( YACsThe(tBuhddenf elaing 1., whetehgtie thid ipebipeptidss sgleedifpom thy|gede vect or s
can be introduc f I ells, and
sinple or conplg%wghgg&w@nMﬂg@ﬁ%ﬁmgnmﬂ§§%2¥%§§(Eghqg §Pﬂ?ﬁ%eﬁﬁake and
Marshal |, 1989, dSpidemces@d4’ 18 139F yrypiophaambetylatvgte tl{@hfaﬁ’tl@sq G&sser and

Fraley, -62- 1.28), tryptophan aminotransferase (EC 2.6. 1.27), aspartate aminotransferase (2.6.

1.1), D-alanine aminotransferase (EC 2.6. 1.21), D-tryptophan aminotransferase,
glutamate dehydrogenase (EC 1.4, 1.2-4), phenylalanine dehydrogenase (EC 1.4.
1.20), multiple substrate aminotransferase (EC 2.6. 1. -), D-amino acid

dehydrogenase (EC 1.4, 99.1), and a combination thereof.

8. The method of claim 1, wherein the first polypeptide comprises an amino acid
oxidase (BC 1.4.3.-) and a catalase (EC 1.11. 1.6), and wherein the first polypeptide

converts tryptophan to indole-3- pyruvate.



1989, Science 244:1293), and mammals (Pursel et al., 1989, Science
244:1281-8), which are rendered transgenic by the introduction of the

het er ol ogous cDNA. For expression in nanoggd-i an cells, a cDNA sequence can be
| igated to heterol ogous pronoters, such as the siman virus SV40, pronoter
in the pSV2 vector (Mulligan and Berg, 1981, 5 Proc. Natl. And Sci. USA
78:2072-6), and?9i Hemuduced ciint 8 vdeldisthe suimh add oxidask eymB6Es dtrgeddhsn (G uzman,
1981, Cell 23:175482)., to achieve transient or |ong-term expression. The
stable integration of the chinmeric gene construct nmay be maintained in
manmal i an cells by biochem cal selection, such as neonycin (Southern and

Berg, 1982, J. t, 13274 d icoacid (Milli
and Ber g, 1081, B TRknp PR, aberdRiRC Bl oM SRR p 2Rt o DA

i nt o eukaryot i ccorsistineg epyhwatesphosphotnh ipyrunaerminina sedmd, bwteiiesoraa  convent i onal
techni que. The é&ﬁ&%ﬁ%nﬁ%%o¥ntroduced into the recipient cells as pure DNA
(transfection) by, Tor exanple, precipitation with cal ci um phosphate (G aham
and vander Eb, 1973, Virologp 52:466) strontium phosphate (Brash et al,
1987, Mol. Cell \Bigl. 7:2013).. £l ectroporation. eunpnn et at, 1982, EMBO
31 8a0) . 11 pof botr BtioRar i L FRFR N A i bR Ep e a0 Usa 15

. 84: 74;].3) : DEAEpdgmpriMab?m@f}ﬂ‘kanl rrertatial’ll of alah®@ Bseride Tdﬂ&tﬂolyp@ﬁﬂ@@ﬁpabl@%fi

41: 351), mcroipjection. eller et al,, 1978, Ce 15: 579), . pr ot opl ast

f usi on (SchafneB%&f®§@?“ﬁf%%@“ﬁﬁ?ﬁ@“ﬁ@&ﬁ”’ é?m“@§%MLVfgEﬁéﬁﬁwy?“%MgpeIIet
guns (Kl ein et ajsteine]l 2PdrtatdNaiduarpelydSplidd Mpablbt Rtighde &€lconstwi aCDNA can be
introduced by infection with virus vectors, for exanple retroviruses
(Bernstein et aﬁ?m‘gﬁ”?a@ﬂﬁﬂdemﬁﬁﬁ?“ @%@%ymgﬁﬁﬂﬂgilaééﬁﬁ ‘faffses (Ahnad et
at, 1986, J. Vi délydroDdiia@8F)L OF. 1146 PeS.28Spael® ; 6ta @mbinatidOihd®82, Cell30: 295).
In view of the many possible enbodinents to which the principles of our

di scl osure maybe applied, it should be recognized that the illustrated

embodi ment s ar e | Drhy meiol bEdhias 1, WkaERItRSmQhod Aiher dbmisisesiaR AN shoul d not

be taken as a Iinitat#on on the scope of the disclaosure. Rather, the scope
of 25 the di scl 8% oFkydragenperide Ripfused wenfgploplanrcerdtetdo dgether ef or e

clai mas our i nyaabdiQby dbdactii@the h Wokiah Kith BeatgigRpPe and spirit of these
claims. -63- W claim 1. A netho%ﬁ§$§§roducing nonatin, conprising

converting tryptophan and/or indole- 3-lactic acid to nonatin, wherein the

met hod conpri sess GeMeaH bNaitd I RheRAAR: REond PHRbGtide tRGHsG AGhthoMcidn a first
pol ypepti de, wherein the first polypeptide converts the tryptophan or

i ndol e- 3-1 act i csuspge saeciaddesmethg 2ioyp eapsising of o REQAEPINGY SpHeenbpkohesesionpyr uvat e

with a second pelypgelxde, @Rdafk A3.&RERANCRRYLLE, | WBE&I A LS ’GONd
pol ypeptide converts the 1ndole-3-pyruvate and the C3 carbon. source to

2-hydroxy 2- (i AdéI74820.lyprierteprl Accassieat™s: GRGHAGEd s ae prtinoand seitesct i ng t he
ol ypept | de, whor o L KR g behelS iinfly ) SEQ o ) o by Adtkethy .
(i ndol - 3yl met hyNp- £A4€6eg Gantank dcesssian Yoy CABIHAET.H, Genbank Accession No
AACT4920.1, or Genbank Accession No : CAC47463.1 ; or amino acid sequences
that differ from SEQ ID NO: 66, Genbank Accession No: CAC46344, Genbank
Accession No : CAB 14127, 1, Genbank Accession No: AAC74920.1, or Genbank
Accession No: CAC47463.1 by less than 50 conservative amino acid substitutions,

wherein the amino acid sequence converts indole-3-pyruvate and pyruvate to MP.

14. The method of claim 7, wherein the third polypeptide comprises an aspartate
aminotransferase, wherein the 2-hydroxy 2- (indol-3-ylmethy!)-4-keto glutaric acid is

contacted with aspartate to produce oxaloacetate and monatin.

15. The method of claim 14, further comprising contacting oxaloacetate with a

decarboxylase.



2. The nethod of claim1l1, wherein the first polypeptide is selected fromthe
group consisting of tryptophan arninotransferase (EC 2.6. 1.27), tryptophan
debydrogenase (EC 1.4.1. 19), tyrosine (aromatic) am notransferase (EC 2.6.
1.5), tryptophan- phenyl pyruvate transamé&ase (EC 2.6. 1.28), nultiple
substrate am notransferase (EC 2.6. 1..-), aspartate am notransferase (EC
2.6. 1.1), tryptophan oxidase, L-amno acid oxidase (EC 1. 4. 3. 2),

D-anino acid deh?dﬁ@g@ﬁ@é@%@@ 1. where@Ghel third pelaprptide @cipdsesaiysitasesilpEC 1. 4.

3. 3), Dtrypto i era (EC 2.6.
1.21), gIutanatgmggﬁgg$%géﬁg§§%?%%ﬁq?2ﬂgﬂﬁlga ?ﬁkﬁgg 1£ nlﬁggﬁﬁgﬁydrogenase
(EC 1. 4. 1.20), adfhé ﬂ@@ﬁ@ﬁﬁaﬂwoﬁlﬁmwreof and mhereln the first

pol ypepti de converts tryptophan to indole-3-pyruvate. 3. The nmethod of claim
1, wherein the first polypeptide is selected fromthe group consisting of

i ndol el act at e déhylde oygthed 9€cliFG . wherkin tie thrtd_@:) peﬂqdb—cohmdmxyp[k@myl | act at e
dehydr ogenase ( QX _ duct ase (EC
1.1. 1.237), |aEig’ é'él" é‘&’e&‘&%ﬁ%g’%“ﬁ’ﬁé‘é‘ ?’%&R Y%B&“ef%i%apﬂ?%%,wging 2.3),
(3-imidazol - 5-yNAD @etlat e dehydr ogenase (EC 1. 1. 1. 111), and lactate
oxidase (EC 1. 1.3.-), or a conbination thereof, and wherein the first

pol ypepti de converts indole-3- lactic acid to indole-3-pyruvate. 4. The

met hod of cl ai mi $. The n@thodkeelainn! 7t Wweeréin tistenamd/laving Ridodive @myHagdt dctieity

conpri ses: } ci d sequence 6, 8 10, 12,
14, 32, Genbank &cclé‘éqéq Bt R ‘é%%‘ﬂ%"fs??‘“a‘&%ﬁgﬂﬁ&gﬂ\%‘@%@sﬂe&ﬁ‘aﬁﬁm ZP00005082.
1, or Genbank Adyésgérmase, NoptophdddatdObdenkse, omacoditinatoBtbdosequence conpri si ng
at | east 90% sequence identity with the sequence shown in SEQID NO : 2,4,
6,8, 10,12, 14,32, Cenbank Accession No: Nu- 388848. 1, Cenbank Accession
No: ZP00005082. 19 T niGhob afdaiAciTesbiran ti@olypephAEZAHI4 oflreiycOfig RADAP) ACI d

sequences t hat fer ron1é§ﬁll%g«) 2,4, 6,8, 10,12, 14,32, Genbank
Accession No: NBSBEFAYUT * CHIFAHE A cessi on No: ZP00005082. 1, or Genbank
Accessi on No: AAC74014.1 by less than 50 conservative am no acid
substitutions, ein the.gmn aci d ence converts tryptophan to

i ndol e- 3- pyruvé@g%egwm?ﬂ8fﬂﬂpﬁ§dwg?mﬁ ﬁbﬁqﬂﬂﬁ 5 FrPehle OB WEXSHEE pol ypept i de
is an EC 4.1.. BIA-D ((PD HEud frodicing ﬁvoiatwyd{ﬁt co@npnﬂé%ri@ieﬁﬁﬂyc@(ﬁgeﬁ&@'ami S,

wherein the EC 4 S 4-h droxg - oxogl utarate gl yoxyl at e-

| yase (EC 4. 1. “@meT W3“>*ﬁ%awhyywa RGP UXEY ut arate  pyruvat e- | yase
(EC 4.1.. 3.17) or a conbination thereof. 7. The nethod of claim1, wherein
the third ponpePHﬁde IS SFIected fromthe group .

he method of claim 1, wherein the method comprises converting indole-3-lactic

acid to monatin,
22. The method of claim 1, where at least 10 g/L of monatin is produced.

23. A method of producing monatin comprising converting indole-3-pyruvate to

monatin.

24. A method of producing monatin comprising converting tryptophan to monatin,

25. A polypeptide comprising an amino acid sequence selected from the group
consisting of Genbank Accession No : P00913), Genbank Accession No : NP290344,
Genbank Accession No: CAA340096, Genbank Accession No : NP246359,
GenbankAccessionNo : AAB96579, Genbank Accession No: NP23256],
GenbankAccessionNo : Q59342, Genbank Accession No : P28796Genbank
Accession No: IAX4 A, Genbank Accession No : BAA34638, Genbank Accession
No: P31014, Genbank Accession No : P31013, Genbank Accession No : NP280989,
Genbank Accession No : AAC33284, Genbank Accession No : NP_147838, Genbank



consisting of tyrosine (aromatic) am notransferase (EC 2.6. 1..5),
tryptophan dehydrogenase (EC 1.4. 1.19), tryptophan-phenyl pyruvate
transarninase (EC 2.6. 1.28), tryptophamw7am notransferase (EC 2.6. 1.27),
aspartate am notransferase (2.6. 1.1), D-alanine am notransferase (EC 2. 6.
1.21), D-tryptophan am notransferase, glutanmate dehydrogenase (EC 1. 4.
1..2-4), phenyl AbeasiioneNelehgtodd bwaSentaBiCAdcedsion No: 200A246Y, twhpleghesubsd r at e

am not r ansf er aseg,: ' ' Se. 1.4. 99.1),
and a conbi nati gcrllé Eﬁg%@%} P %gl.on%L?]Be ggﬁgghg%b%f?g%ﬁ%&%%g%%ﬁ%@f| rst )
pol ypepti de conplfl§€bavahecarhmged s tdoadoxd sfmsi@icify=E te. pplyp8ptide tj acgepd a cat al ase

(EC 1.11. 1.6), d@g}gowgggﬁjélg a%jﬁ?uﬁs{r&%st, pol ypeptide converts tryptophan. to

i ndol e- 3- pyruvate. e method of claim@8, wherein the am no acid
oxi dase conprises a tryptophan oxidase. 10. The nethod of claim1l, wherein

the C3 carbon sgur ' e I | SLI ruvate,
phosphoenol pyr ug(gt@,gp g’?}?ﬂeﬁ%@e&(}gﬂ? ?%g{ﬂeg}% %ﬁ%ﬁn g’r%%g}ﬁdocagiﬁj%lg%u%[ﬁeg% t her eof .
11. The net hod edlecaiddiom th® growhemeistngtd ergpyneua ceangsd tp tlodungredarpipinall 8hi ne and
a polypeptide I f tran i natj.on_of al anjne; rine.and a

pol ypepti de cap%%ﬁ%%?th?%)éling-%ﬁ?arﬁ“%g(%di tgﬁrggl meﬁzé“?dlqu‘lig?e 209?3? gFneand a

pol ypepti de capabl e of beta-elimnation of cysteine; aspartate and a

pol ypepti de cap ase reaction lic am no aci d;

l.e of beta-| with a dicarbox

actate and | acenror S Riledoptife boRil) ARl Pt RRRITAIS ace e
1.1. 1.27, 1.1. cdnsBlyg df Genbadk Axcgssion Na: 2THbA NGdnbark Adeess@oMNo :P2101Zhe net hod
of claim1, wherei.n the nmethod r ri.ses, reduci.ng .an...anmount of
hydr ogen per oxi ggnbﬁplf)éﬁcc?ésdo %h}f)#p%?\38{1‘%r@?@a@%%/cg?sfoé‘ﬁ(gﬁil hdol e- 3-
pyruvate, by cotGestehk Ageekdien Ky dYATRPEN34) Geobohkl Acswkdidn MHo:ddPBIAgS@nbdnk. The
met hod of claim.1, wherei second, pol. tide rji ses, an _am no acid.
sequence sel ect é\ﬁéefsr"gﬁq? hgr%‘rh]gd‘zenﬁ?fﬁsﬁcﬁsﬁﬁgﬁgf WS%%Q%%ME OB Mbank
Accession No: BACAAI4499GeEIMANKAAGSHSSNONQN897, GABbah#A &éssichNoGan ATk
Accessi on No: Cr492Q0. 1, or n cessi on No: CA7463.1 ;. .an amn no
aci d sequence é@ré"r‘i%g‘? cﬁﬁs’oflﬁsgﬁ%ﬁe‘dﬁeéﬁ Bai“H’@ﬁfc%ﬁ\trﬁlS“{“BS gyt NO 66,
ggnlganlé ﬁccessi Iy ﬁg@ﬂqss w@‘?\%‘?}sg&ﬂ%,Ge@ﬁi&m&sﬁgﬁﬁsﬂmTNﬁa@b@ﬂha@&?o 1,

nban ccession : - 0. 1, ar Cenban ccession No :  CACA7463.1 ;
or amino acid sB§aHIGsEec! %P?éFP‘P'@Pepf‘fl%%a@@Eﬁ‘F %h%‘%}‘{]@ﬁ‘b%ﬁmcessi on
No: CAC46344, Geomeasiks. Accession No : CAB 1.4127. 1, Genbank Accessi on No:
AAC74920. 1, or Cenbank Accession No: CAC47463.1 by | ess than 50
conservative am no acid substitutions, wherein the am no acid sequence

converts indol e-3-pyruvate and pyruvate to MP. 14. The method of claim7,

wherein the third pol ypeptide conprises an aspartate . , .
28. The polypeptide of claim 27, where the change in the amino acid sequence is

selected from the group consisting of : arginine 100 changed to threonine, arginine

100 changed to threonine and valine 283 to arginine; and valine 283 to arginine.
29, The polypeptide of claim 25 or 27, wherein the substrate is aspartate.

30. A method of making monatin comprising reacting at [east one alanine derivative
blocked at carboxyl and amino groups, and at least one indole-3-pyruvate derivative

blocked at a carboxyl group.

31. The method of making monatin according to claim 30, wherein the alanine
derivative is 3- chloro-alanine or 3-bromo-alanine, and wherein the indole-3-pyruvaie

is reacted with the alanine derivative in a Grignard or organolithium reaction.

32, A method of making monatin comprising converting a substrate selected from the

group consisting of tryptophan, indole-3-lactic acid, indole-3-pyruvate, and 2-



am notransferase, wherein the 2-hydroxy 2- (indol-3-ylnethyl)-4-keto
glutaric acid is contacted with aspartate to produce oxal oacetate and
monatin. 15. The nethod of claim 14, furtdger conprising contacting

oxal oacetate with a decarboxylase. -66- 16. The nethod of claim1l, wherein
the third pol ypeptide conprises a lysine epsilon am notransferase, and
wherein the 2- hydiex\e- Anddii3ngialethst yA-peb Biytalic 4eilk @b Onedrlond infermétdtés, i s furt her
contacted with |ysine. 17. The nmethod of claim1, wherein the third

pol ypept i de conﬁ%??@§“ﬁﬁ“€ﬁ?§ havi ng reductive anmination activity and a
pol ypeptide that is capable of recycling NAD (P) H 18. The nethod of claim

17, wherein the_ e ne_havj reductive amnatign activity is selected from
t he group consiéfﬁﬁé“ﬁwogPtQ%ﬁﬁﬁewﬂﬁﬂﬁ8?858%§§§&eHﬁgﬁvgﬁpﬁﬁwﬁgs“

dehydr ogenase, tdayptaphanchdahyteagienase, or a conbi nation thereof. 19. The
met hod of claim 17, wherein the pol ypeptide capable of recycling NAD (P) H
further produces a volatile product. 20. The nethod of claim 19, wherein the
pol ypepti de t hats.ithe GROBOLECINM 308RN&E4h Aideas™NND of R ifbraRGiRpRMAMEE RI @ vol atile
product conprises formate dehydrogenase, and wherein the volatile product
produced is car BUNCERASNE HRelyPsRtideThe net hod of claim 1, wherein the method
conpri ses converting indole-3-lactic acid to nonatin. 22. The nethod of
claim1l1l, where at least 10 g/L of nonatin is produced. 23. A nethod of
produci ng nonat #h Aé'd?ﬁ%i’%‘i%%‘%’(‘ikﬁ@mﬁ‘ﬂ@% 4t|1\f‘(§8l9§%§5‘ﬁ’§ﬁﬂwﬁ‘f1’é‘fbtf8 SEfdRatin. 24. A
met hod of produgipng; nonatin conprising converting tryptophan to nonatin.

25. A pol ypeptide conprising an am no aci d sequence selected fromthe group
consi sting of Genbank Accession No : P00913), Genbank Accession No :
NP290344,  Cenbggkrfe6aRe nBleibaid H UM EvndENBR Al 1A G688 é&@;;}isbiosEQ 246359,
GenbankAccessi onNo : AAB96579, Genbank Accession No: NP232561,

CGenbankAccessi ofb1ll. 69342, Genbank Accession No : P28796CGenbank Accession
No: | AX4 A, Genbank Accession No : BAA34638, Genbank Accession No: P31014,
Genbank Accession No : P31015, Genbank. Accession No : NP280989, Genbank
Accession No : AAGDe2ghled Guripiaakd pcddmsid owhaxgn the Npelgid 7§S gom sty HRst- 6- 7
Accession No : r gﬁ%ﬁ sion. No: AAA24679, where the am no
acid residues a?egggééﬁgﬁﬁﬁggﬁ%%d (gﬁﬁﬁ?hlgespect t o Genbank Accessi on No:
Nu- 418164 have been changed to broaden a specificity of the polypeptide to

accept 38. A vector comprising the isolated nucleic acid of claim 35.

39. A recombinant cell comprising the vector of claim 38.
40. An isolated protein encoded by the isolated nucleic acid of claim 35.

41. The isolated protein of claim 40, wherein the protein comprises a sequence that

has at least 90% sequence identity to SEQ ID NO: 12,
42, The isolated protein of claim 41, wherein the protein comprises SEQ ID NO: 12.

43. A method for producing monatin comprising converting 2-hydroxy 2- (indol-3-

ylmethyl)-4-keto glutaric acid to monatin,

44, The method of claim 43, wherein the method further comprises detection of the 2-

hydroxy 2- (indol-3-ylmethyl) -4-keto glutaric acid by mass spectrometry.

45. A composition comprising 2-hydroxy 2- (indol-3-ylmethy!)-4-keto glutaric acid.



di carboxylic am no acid substrates. 26. The pol ypeptide of claim 25, where
the change in the amno acid sequence is selected fromthe group consisting
of arginine 103 changed to threonine, arginine 103 changed to threonine and
valine 299 to arginine; and valise 299 t@%arginine. 27. A pol ypeptide
conprising an am no acid sequence selected fromthe group consisting of
Genbank Accession No : 2TPL A, Genbank Accession No : P31012, Genbank
Accession No : #37bamsthadiofadmm 1Gahisain eAyeesandnprndiced Pamdndple us@sabank
Accession No: ANBZAZAM. nfdeRBankediccessi on No: 1TPL A, , Genbank Accession No
: I TPL B, Genbank Accession No : NP 245748, Genbank Accession No :

AAB41499, Genbank Accession No : Q08897, GenbankAccessionNo : T45297, and
Genbank Accessi LAY, i position
100 and 283 mntﬁﬁfggﬂgct t%%%%H%gﬂﬁﬁﬁgﬁgggﬁg%ﬂﬁmﬁ@t%gg 8nﬁg§§mgggn changed
to broaden a spegirpPlypetijesnf the pol ypeptide to accept dicarboxylic acid

am no acid substrates. 28. The pol ypeptide of claim27, where the change in
the ami no acid sequence is selected fromthe group consisting of : arginine
100 changed to %Qaffb@mieiﬂiedOféiﬂﬂginrﬁ“?n@hcrﬂm@le@hamg@de payneptides i selpctachftomal i ne 283

t ini | ai m 25
Lo a9 ne: S0l el bOSRAR e DRty 1B PRl YBIRRL il f ol m 25 or
conpri si ng reactdhpdroginaded5€t! 40ﬂ]é%@ty&mmﬁéardeattlcwattmv‘eansfatase::t[&ﬁdz atl.gar boxyl and
am no groups, apgji%’ﬁ‘?’hgﬁ%lé’ rudate ?1%arg ng)sc é'ﬂ\éa{ SSr?dr?lElIuﬁV t\){;gatf:bl ocked at a

car boxyl group nona o claim 30,
wherein the al ammmetransﬂerasa/@q e li-5 a@aﬁﬂhhmmo&aﬂs&msm@(b%a lb,rtqrptnph:inanl ne, and

vvhereintheindol.- ruvat th.the..al anj ne de tive in a
Gignard or or g%xr%o |“tlJlPr(1) (gg)fifiagﬁ ga%iz)%"taﬁmé’ ac%’fi Jﬁ%@r?%"asefﬁéq’?

conpri sing convamilmg) amBid sitl pailese sEC ¢dt 2d), ﬂ)ﬂmmeha&mngransfpraanﬁglzsﬁl ng of
tryptophan, ind aC| 68-, hydroxy 2-
(ot T3yt et ol B Boeb Gtdupi RSB G o e STIERIHE at on,

wher ei n nonat i n(4. Bzrra,qﬁenymam%hﬂaymdgbﬁﬁe (HC thai m) :gﬁ;tdmuhedi@nyﬂro@etnadeeast one of
t he |nterned|at aﬁ%ts L% qon &ed vi.a_ a cal reaction. 34. The

met hod of cl al Lt b Sal 41 RSP pAYnRipation efeﬂ ernmedi ate products is
converted via a polypeptlde. 35. An isolated nucleic acid conprising at

| east 90% sequence identity to SEQID NGO 11. 36. The isolated nucleic acid
of claim 35, wherein the nucleic acid conprises SEQID NO 11.



37. The isolated nucleic acid of claim35, wherein the nucleic acid-
conprises at |east 20 consecutive nucleotides of SEQ ID NO 11. 38. A :
vector conprising the isolated nucleic acid of claim35. 39, A reconbi nant
cell conprising the vector of claim38. 40. An isolated protein encoded by
the isolated nucleic acid of cl ai m 35. 41. The isolated protein of claim 40,
wherein the protein conprises a Hm\che that . has at |east 90% sequence
identity to SEQ 1D NO 12. 42, Th I'S a%'ﬁ?lﬁ“r"otel n of claim41l, wherein the
protein conmuii;§es 3EQ 41D Mor};@mt 43. A nethod for producing nonatin
conprising converting 2-hydroxy 2- (indol-3- ylnethyl)-4-keto glutaric acid
to nonatin. Aébﬂ'p@lpﬁﬁmde@fanalﬁo@ﬂﬁmetM@thﬁa}xshe met hod further conprises
detection of the 2:- hydroxy 2- (indol-3-ylmethyl) -4-keto glutaric acid by
mass spectromebsy.6685:6484@0nposi ti on conpri si ng 2-hydroxy 2-

(i ndol -3-yl methyl )-4-keto glutaric acid. -69- 46. The nethod of claim1,
wher ei n t he 59 pt BKATE831pr oduced from i ndol e usi ng a polypeptide fromEC
4.1. 99.1. 4‘7151?5\ rEPRT Rér producing nonatin conprising reacting tryptophan

with one or oI ypepti des. 48. The nethod of claim47, wherein the one
or nore pon s is selected from the group consisting of. tryptophan
am not r ansf erg (nge&lg v&rs%Z%. 5 fryptophan dehydrogenase (EC 1.4. 1.19),
tyrosine- (arorratlc) am notransferase (EC 2.6. 1.5),

tryptophan- phegyl pyruvate transam nase (EC 2.6. 1. 28), nultiple substrate
am not r ansf erzase (k€0 2.6. 1.-), aspartate am notransferase (EC 2.6. 1.1),
tryptophan’ «ipsdassa L-am no acid oxidase (EC 1.4. 3.2), D-amno acid
dehydrogenas;eléECSinorngmuml)nsel:Doam no acid oxidase (EC 1.4. 3. 3),

D- ai’ani ne ‘ami not r ansf er ase (EC 2.6. 1. 21) Dtrypt ophan ani not r ansf er ase,
synthase/ | yz$8°¥EC 4.1. 3. -), synthase/ ), phenyl al ani ne
dehydrogenas‘“égE‘Ei‘?afgfcch?%cg ﬂ?ﬂ?ﬁﬁ?&"tcegﬂ%ﬁ?ﬁ%’gé*ﬁ’é"s‘%é’tgf’Eegﬂc‘ith cp 159, 1.

3, 1.4. 1.4 da t t 11 NG <110> Ca |
| ncor por at ezfgg%z%ggt%oﬁ?%gg?égggaaa eéc%atogé?ﬁgﬁgg %‘#ﬁgﬁ% cg%‘i%aé‘ g%685%&1349

<150> 60/ 37%’g§§g’lcac§é Séﬁtggﬁpc%gogdfg&étcailjgfs Qgggz:%g é]a7 ggcrfgﬂ:ttggé lc@aé(ﬂa%é& n 3 13‘0

‘gacagcaagg . cctatatcgg cececogaaggg gacetoegtet ttctcgatcg gctectgggaa 240
cteogteggog gegacacgat cgagcggage catgttgegy gegtccagac geceggoggo 300
teeggegege tchtttggc ggcggacctc_atcgcccgca tgggeggocg aggcatctgg 360
:ctdgggctgc cgaggtggcc gaaccacgcg écgatcttca aggcggccegg getcgatate - 420
gcéacctacg_acttcttcga cattccgtbg.cagtcggtca tcttegataa tetggtgage 480
gegetggaag gegcoceogeate cggegatgey gtgetgetac atgéaagctg ccacaaccoyg 540
accggcggcg tectgagega agcaéaatgg atggégatcg cecgegetggt géccgagcgc 600
f»,ggcqtgctgc cgetegtega tetegoctat caggggttceg gccgcggcct qgaccaggat- 660
-gicgcgggcc tccgggatct tetegacgtg gtcgcggaég cgetegtege Qgtttcctgc 720
. tcgaagtcct_tcgggcttta'tcgcgagcgc gogggegega tcttcgcgcg_gaccagctcg 780
actgcctﬁgg cggacagggt gcgetcaaac ctégcgggcc tcgeacgecace cagctattec 840
' atgcééécgg atcacggcgc agccgtcgtg cggacgatcc ttgaqgaccc ggaactcagg 200
- cgegactgga cggaggaget cgagacgatg cggctcagga ﬁgacgggcct cecggeggtceyg 960
cttgcegagyg gactocgeac ccgc;ggcag agccteggeg cagtegecga tcaggaggge: 1920
atgttcteca tgctaceoget ttecgaageg gaggttatge ggctcéggac céagéacggc' 1080
'atctatatgc cggcatccgg_ccgcatcaac atcgccgégc tgaégacggc ggaagc;gcc' 1146
© gagattgeeg geaagticac cagtctetga 1170



e R s

<210> 1 <211> 1170

<212> DNA <213> Sinorhi zobiumnelil oti -

atgttcgacg ccctcgceccg ccaagccgac gatcccttge ttttcctgat cggectgttc 60
aggaaggat g agcgccccgg aaaggtcgat ctcggegtag gagtctatcg cgacgagacc 120
ggacgecacgccgat cttccg ggccgt caag gcggcggaaa agcggcttct cgaaacacag 180
gacagcaaggcct at at cgg ccccgaaggg gacctcgtct ttctcgatcg gctctgggaa 240

ct cgt cggcg
t ccggegege
ct cgggct gc
gccacct acg
gcggtggaag
accggcggceg
ggcct gcét gc

gcgacacgat cgagcggagc catgttgcgg
tegglttgge ggcggacctc atcgceccgea
cgagct ggeCc gaaccacgcg ccgatcttca
aghbet togga cattccgtcg cagtcggtca

gegesgcahoriggegal @eyighgct gct ge

t cct gagcga agcacaat gg at ggagat cg
cgobegtacga tctcgectat caggggttcg

gcgt ccagac gcccggcgge 300
t gggcggccg aggcat ct gg 360
aggcggccgg gctcgatatc 420 -
tcttcgataa tctggtgagc 480
at gcaagctg ccacaacccg 540
ccgcgcet ggt ggccgagcgec 600
gccgeggect cgaccaggat 660

, gt cgcgggec tccggeatct tctcggcgtg gtcccggaag cgetcgtcge ggtttcctge 720

t cgaagt cct _tMe§gbRs fER Alegetadeg e Gy dge gieht 8R diyegks §eie ddigchey

cdggacagggt gcgétcaaac ctcgcgggct?

act gcct cgg
at gccgecgg
cgcgact gga cg
cttgccgagg

atgttctcca tgctgccgcet ttccgaagcg gaggttatgc ggct caggac cgagcacggc

at ct at at gc

atcacggcgc agccgtcgt g cggacgat cc
ct agacgat g, coggt
gact E’ggac %ggjf gAsggg%f

cggcat ct gg ccgcat caac atcgccgggce

780
t cgcacgcac cagctattcc 840
tt gacgaccc ggaactcagg 900
t gac cgly 960.
& %%xbgf q%%a%a g édg 1020 -
1080
t gaagacggc ggaagccgcc 1140

<400> 1

geaagi eat Bsaghed ekgacililTe Oy larve2t0> B2o 2like 389 ar?12> PRT |
<400>2@ Met Phe Asp Ales Leu Ala Arg G n Ala
1.5. 10 15 Ile Ay Leu Phe Arg Lys Asp Qu Arg

20 25 30 .val dy Vval Tyr Arg Asp-du Thr Ay
Lys ng Yeqn Leu Glu Thr Gln Asp Ser Lys Ala

gagattgccg
<213> sinorhi zobi uesneiil oti
Asp_Asp Pro Leu Leu.Phe Leu
Pro Gy Lys Val Asp Leu G
Nng WOW%W%@%%WW

~ Ala Leu

Tyr Ile

Phe Phe

Cys His

@ly Pro Glu Gly Asp Leu Val

65 70

Asp Thr Ile Glu

85

Leun Val Gly Gly Arg

Thr Pro Gly Gly Ser Gly Ala Leu Arg
100 :

- 105

Arg Met Gly Ile Leu

115

Gly Arg Gly

120
Ala
135

His Ala Ile Phe Ala @ly

130

Pro Liys

Ser Gln Ser Val

150

Asp Ile Pro

145

Ala Ser

165

Glu Gly Ala -Gly Asp

Leu
185

Asn Pro Thr Gly Gly Vval
180 -

Ala val Ala Glu aly

185

ile 2la Leu’ Arg

200

Ala Tyxr Gln Gly Phe Gly Arg Gly DLeu

Phe
Ser
80

Leu
Gly
Leu
Ile
Ala
170
Ser

Leu

Asp

60

Giu
80

Leu Leu

75

Asp Trp

Val ala Val Gln

95

His Gly

Ala Ala Leu Ile

110 -

Asp Ala .

Ser Pro Asn

125

Leu Pro Trp

Ile
140

Asp Ala Thr Tyr Asp

Ser - -
160

Phe- Val

155

Asp Asn Len

Ala
175"

Vval L.eu Leu His Ser -

@Glu Ala Gln. Glu

Met’
180

Leu Val Leu

205

Leu Pro Asp

Gln Asp Val Ala Gly Leu



Val
Tyr
Leu
Thr
Arg
Hi s
Phe
160
175
190
200
210
225
Al a
Leu
Al a
Arg
Leu
Ser

Lys
Ile
Val
Pro
Met
Al a
Phe

Ala Ala Gu Lys ‘Arg Leu Leu Gu Thr Gn Asp Ser Lys Ala 50 55. 60

Ay Pro Qu Gy Asp Leu Val Phe Leu Asp Arg LelU«Trp Qu 65 70 75 80
Ay Ay Asp Thr Ile Au Arg Ser Hs Val Ala dy Val @dn 85 90 95

Ay Gy-Ser Ay Ala Leu Arg Leu Ala Ala Asp Leu Ile Ala 100-405 110
Gy Gy Arg Ay 1leTrp Leu Gy Leu Pro Ser Trp Pro Asn 115 120 125
Pro II'ezJ;(j'ue Lys Ala'Ala 4.y Leu Asp Ile A,g Thr "Tyr Asp 130 135 140
Asp Ile Pro Ser G n Ser 3 11e Phe Asp n Leu Val Ser 145 150 155

Ala Leu Qu Gy Ala Ala Ser Gy Asp Ala Val Leu Leu Hs-Ala Ser 165 170
Cys Hi sarAsmiPreu Tivu Gy vah ywalabrd etuSaer G vAlaald nalrge-MetsG u 180 185

I'le
205
215
230
245

Al a

Al a
Asp
Arg
Leu

0

Ala2ba |lieu Val Ala2Ghu Arg Gy Leu kest Pro Leu Val Asgm Leu 195
Ala Tyr An Gy Phe Ay Arg Ay Leu Asp Gn Asp Val Ala Gy Leu 2 a
220 Arg His Leu Lou dy Val Val Pro Qu Ala Leu Val Ala Val Ser Cys
235 AOLYSSERT |Bs Sby IPhelvy F&é&u%g Aty Sy ur i glalPRedde Ala |l e Phe
250 .255 Arg Thr?%r Ser Thr Ala & Ala Asp Arg V&8F Arg Ser Asn
260 265 270 Gy Leu Ala Arg Thr Ser Tyr Set Met Pro .Pro Asp His Ay

Trp%ﬁ%gggg 3;01%‘ R, Argl{ céﬂ? {ﬁeh%éts% eﬁ:’u%lg et Thr aly

Arg Ser 305 310 315 320 Leu Ala Gu dy Leu. Arg Thr Arg Trp Gln
Gy Ala Val Ala

Gly Leu Ala Arg Thr Ser Tyr Ser Met Pro Pro Asp His Gly Ala Ala
275 280 285

Val Val Arg Thr Ile Leu Asp Asp Pro Glu Leu Arg Arg Asp Trp Thr
290 285 300

Glu Glu Leu Glu Thr Met Arg Leu Brg Met Thr Gly Leu Arg Arg Ser
305 310 315 ~320

Leu Ala Glu Gly Leu.Arg Thr Arg Trp Gln Ser Leu Gly Ala Val Ala
325 - 330 335

Asp Glu Glu Gly Met Phe Ser Met Leu Pro Leu Ser Glu ala Glu Val
340 345 350

Met Arg Leu Arg Thr Glu His Gly Ile Tyr Met Pro Ala Ser Gly Arg
355 360 365

Ile Asn Ile Ala Gly Leu Lys Thr Ala Glu Ala Ala Glu Ile Ala Gly
370 ‘375 - - 380

Lys Phe Thr Ser Leu
385 '

<210> 3
<211> 1260
 <212> DNA.
<213> Rhodobacter sgphaercides

<400> 3

© atgcgeteta cgacggetcoe tggtecgagt ggggeatgta tgécgétctc aaggtcgcga 60
- aaggatgacg aaggaatgcet gaﬁégccctg aagccgcagc'ccgcggacaa gatecctgoaa 120

. ctgatccaga tgttcegoga ggatgegoge geggacaaga tegabtotggg cthggcg;c. 180

-tacaaggacc cgacecgggcet cacceeggte atgogggecy tgaaggcggé cgagaagcedgg : 2401



325 330 335 Asp Gdn Gu Ay Net Phe Ser Met Leu Pro Leu Ser Gu Ala u Val
340, 345 350 Net Arg.Leu Arg Thr Au Hs Ay Ile Tyr Met Pro Ala Ser Ay Arg
355 360 365 Ile Asn-lle Ala Gy Leu Lys Thr Ala u Ala Ala Qu Ile Ala Ay
370 375 - 380 Lys Phe Thr Ser Leu 385 <210> 3 - - - <211> 1260 <212> DNA

<213> Rhodobact er sphaeroi des
‘tgacgat ct c aaggtcgcga 60 aaggatgacg aaggaatgct gaccgccctg

ggggcat gt a
aagccgcagc
gcggacaaga
at gcgggecg

Caagacctacacc cctt ccgacgagcc ctacaat 30 ccgcgat:
cot cgoggge. CRTNTEEe] SRRy T et s e Shtaes

cgcggt gegt
ct cgaacccg
ggaat accgc
t ct ggcccag
cggcgccaac
cgcggt gceg
ggcggcgacg
gaagaacttc
gggccgggge
gccggaccat
ct ggaaggceg
cgat gcgct g
catgttctcg
ggt ctacatg
ggt gct ggeg

' Ala Arg Ala

Gln Pro Ala

<400> 3 atgcgctcta cgacggctcc tggtccgagt

CEgegapRdd at gRpeelayC At ER0tac @rgadasthy FeugtIagcgcgRraggersdcgcgwo
t cgat ct ggg cgt-gggcgtc. 180 tacaaggacc cgaccgggct caccccggtc

(FEATHEGE cCLGEGR e G5 TAE99S SEPPGHAFFOr ey hcgaRetegate 360
' 9cé§§a§£%§ at 2o
co geggcacggy

Relefofslzlolnleloy- Nt e o) Mo Moo -1 OAP I

gﬁﬂﬁkﬁg c a
g%g ggccga?%%%g c%g%%xgg%g%fégggxﬁég tat ct cggca tcccgat gcg

teat &€ PR O RCYRERCSC g6k LUE64H caEt Al QGEEREYYCArdgat4daI0as40
gt gaaggcgg. gcgacgt ggt gctgctgcac 600 ggctgctgecc acaacccgac

- gegeangcy grdagosaigggtttggccal gtgeadiiody agageet 9o RCegURCageros

ctgatcgacc tcgcctatca gcgettcgge 720 gacgggctcg agat ggat gc
EgeITtELY RIBCAETHFaCIIWPEE R0 GHBRA PGS FIcaghayat cgraggtetstccct (o

ggcat ct acc gcgagcgcac gggcatcctg 840 atcgccatcg gcgaggcggc
5&@@%&5@&&@3&?@&%9@?%&& Lt G v teag%g&acﬁggg& % ccc720

. 960
G RN -BEE 50000 TR e R Ve

CREHCLRIFI A0 LeH8LCIGR LEILL L GF86cLABO ookl Silcd8 Co-RUEHLICA o
cgcct cggga tcacgcccgcec cgaggtggag 1140 Cggctgcgga ccgagcacgg

Gt gggegal 1o BEGELCIR LALEHC 9880 gbdfd ccabgRRes Jgt ce BRIt J0mo
cgcgcggt gg ccaaggtgct gcgcggctga 1260 <210> 4 '

cggcagaact actcecttecc gecggaccat ggegegogge teghtgaccat gatcctogag 960

gacgagacgc tgagegecga ctggaaggeg gaacteogagg aggtgcgget caacatgetg 1020

acactgcgce gccagcttgd cgatgcgcetg caggccgaga ccggetcgaa cCgcttcggc 1080

ttegtggeeg agdatcgcgg catgttcteg cgecteggga teacgoccoge cgaggtggag' 1140

cggetgegga cecgagecacygg ggtctacatg gtgggegatt cgeggetgaa catcgcgggg 1200

cfgaaccgga cgaccgtgee ggtgotggeg cgogeggtgyg ccaaggtget gogoggotga i1260

<210> 4

<211> 419

<212> PRT -

<213> Rhodobacter sphaeroides

<400> 4

Met.Thr‘Ile
15

Ala Pro Gly Pro Ser Gly

10

Met Arg Ser Thr Thr
1 5

Ala Cys

Asp Asp Glu Gly Met Leu
25

Ser Arg Ser Arg Lys

20

Thi Ala Leu Lys Pro

30 -

Met Phe
- 45

Ile Leu Gln Leu Ile Gln

Arg Glu Asp
40 ’

Asp Lys

35

Tle. Asp Léu'Gly Lys Asp Pro

55

Val Tyr
60

Asp Lys val Gly

50

Val Met Arg Ala Val Lys Ala Ala

70 75

Thr Glu Lys Arg

Thr Gly Leu
65

Pro



<211> 419 <212> PRT <213> Rhodobacter sphaeroi des <400> 4 Met Arg Ser Thr
Thr Ala Pro Ay Pro Ser Ay Ala Cys Met.Thr Ile 1 5 10 15 Ser Arg Ser Arg
Lys Asp Asp Gu Gy Met Leu Thr Ala Leu Lys Pro 20 25 3¢ dn Pro Ala Asp
Lys Ile Len A n Leu Ile An Met Phe Arg GQu Asp 35 40 . 45 Ala Arg Ala Asp
Lys Ile.Asp Len Gy Val Gy Val Tyr Lys Asp Pro. 50 55 60 Thr Gy Leu Thr
Pro vVal Met Arg Ala Val Lys Ala Al a G u Lys Arg 65 70 75 80 4 Leu Trp Qu
Val A u Thr Thr L s_Thr T %%y As u _85 90 95 Pro Ala Tyr
Asn Ala Al a T a?li'fy%a]kg “ Iq}% t IW 51’@ OIAITE‘ \EIY L‘de"lio%’spl%‘ Pro Al a
Asp Arg Val Ala Ser Val a Thr Pro dy @y Thr Ay Ala 115 °*120 125 Val Arg
An Ala Leu Qu Leu Ile Arg Met Ala Ser Pro Au Ala Thr 130 135 140 Val Trp
Ile Ser Asn RIOaATHiry T Pho: ASY tiieS abeUySered 18e Valy h¥S o157 212145 150 155 160
Tyr Leu Ay Ile Pro MefooArg A u Tyr Argoesyr Phe Asp Alaighu Thr 165 170 175
Gy Ala Val Asp Ala Qu Gy Met Met Gu Asp Leu Ala G n Val Lys ,180 185
190 Ala dy Asp Val Val Leu Leu Hs Ay.Cys Cys H's Asn Pro Thr dy 195 200
205 Al a AsrPrer 3laAdwr Py Val 2EGans<hr Pal @daAllr Pre Qyseld Fhiedlyliain Al a 210 215
- 220 Arg Thr Ay ARa Val Pro Leu I.Fe Asp Leu Ala Tyt2ddn Gy Phe Ay 225
230 235 240 ASp Gy Leu u Met Asp.Ala Ala Ala Thr Arg Leu Leu Ala ThrArg

245 250 .-255
‘ Val Arg Gln Ala Leu Glu Leu Ile Arg Met Ala Ser Pro Glu Ala Thr

130 . 135 140

Val Trp Ile Ser Asn Pro Thr Tfp Pro Asn His Leu Ser Ile Val Lys
;45 ‘ i50 155 . 160

Tyr 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 1580

ala Gly Asp Val Val Leu Leu His Gly Cys Cys His Asn Pro Thr Gly
: 195 . 200 205

Alé.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

Asp Gly Leu Glu Met Asp.Ala Ala ala Thr Arg Leu Leu Ala Thr Arg
) 245 : 2590 . 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 Gln Asn Tyx
290 295 300

' ‘Ser Phe Pro Pro Asp His @ly ala Arg Leu Val Thr Met Ile Leu Glu
305 310 - 315 ‘ 320



Gu Val ‘Leu Ile Ala Ala Ser Cys Ser Lys Asn Phe Ay Ile 260 265 270
GQu Arg Thr Ay Ile Leu lle Ala tle Ay Gn Ala Ala.dy 275 280 285
Thr vVal @ n Al aAsn_Leu Asn Phe Leu Asn Arg A n ‘Asn Tyr 290 295 300
Ser Phe Pro Pro Asp His Gy Ala Arg Leu Val Thr Met Ile Leu u 305 310 315
320 Asp A u Thr Leu Ser Ala Asp Trp Lys Ala Qu Leu Gu Qu Val Arg 325 330
-335 Leu Asn Met -Leu Thr Leu Arg Arg G n Leu Ala Asp Ala Leu A n Ala 340
345 350 @ uTAP GY ThEleASFenAY2 P &XY TTReANVaFINIsuFir Als Valgr®y Met 355
360 365 Phe Ser Arg Leu &% 1le Thr Pro A%% u Val Ju Arg3eu Arg Thr,
370 375 380 .Qu Hs Ay Vval Tyr Met Val Ay Asp Ser Arg Leu Asn Ile Ala

Gy 385 390,395,400, hel BTl B2 ol et fianga A a vl

Ala Lys Val 405 - 410 -3441

<213> Rhodobact er sphaer oi des <400> S atgcgctcta cgacggctcc tggtccgagt
ggggcatgta tgacgatctc aaggtcgcga 60 aaggatgacg aaggaat gct gaccgccctg
aagccgcagc cegaghacaay gatrcEéigeas Bra0cletrgat voagha i@l agaga @gauigegcgc
gcggacaaga tcgat ct g@gs cgt gggcgt ¢ 18036¢ acaaggacc cgac®ayggct caccccggtc
at gcgggccg t gaaggccgce- cgagaagcgg 240 ctctgggagg t cgagaccac caagacct ac
accggccttg cc g agcc cgcctacaat 300 gccgcga gg cgaagctgat cctcgcaggc
gcggt cccgg C éfgdﬁﬁc?%béﬂé'@EDPr@é%ad% %&gd@ac@gglﬁgcﬁgQgcgt
caggcgctcg ccg catggect cg #>320 cccgaggcca gt ctggat ctcgaacccg
acctggccga gat cgt gaaa 480 . tatctcggca t cccgat gcg ggaat accgc

Leu Pro
Tyr Arg
Arg Gy

agct
accatctgtc.

tattt (_:gacg c%gggﬁ%cggy q&gcg;rcggg ‘ﬁd 08119 g tlgatlgsglaggaAtlct cccag
gt gaaggcgg gggacgt ggt™ gctgc. tgg@c gctg acaacccgac cg ccaac
ccgaacccgg tgcagtggct ggccgtctge 660 -
e
~- Leu Asn Arg Thr Thr Vval Pro Val Leu Ala Arg Ala Val Ala Lys Val
405 410 ‘ 415
Leu Arg Gly
<210> 5
<211> 1260 -
<212> DNA
<213> Rhodobacter sphaeroides
<400> 5 , . »
atgcgcteta cgacggetcoe tggtcegagt ggggcatgta tgacgatete aaggtegoga 60
aaggatgacyg zaggaatgct gaccgeoctyg aagccgeage cogeggacaa gatcétgcaa 120
- ctgatccaga tgttccgcga ggatgecgege gecggacaaga togatctggg cgtgggegte 180
s tacaaggacce cgaceggget caccccggtc atgcgggecey tgaaggccgc.cgagaagcgg 240
cteotgggagg tcgagaccac caagacctac accggecettyg ccggcgagcé cgcctacaat :300_
gcegegatgg cgaagetgat cctegecagge geggtocegg ccogacegggt ggcctcggtc - . 360
gceacecceg goggcacggg cgeggtgegt caggegeteg agctgétccg catggecteg 42d
' ccogaggoea ctgtetggat ctégaacccg acctggcega accatctgte gatcgtgaaa 480
tatctcggea tcecgatgeg ggaatacege tatttcgacg'ccgagaccgg cgcdgtcgatr 540
gecgaggget tgatggagge toctggoccag gtgaaggegg dgeogacgtgght getactgcac 600
ggctgctgcc-acaacccgac cggegecaar cegaaccegg tgcagtggcet ggecegtcetge o 660‘
gagagcctgg cecggacadg - cgeggtgocy ctgaﬁcgacc tcgcctatca'gggcttcggc _ 720
. gacgggcteg agatggatge ggeggegacqg cggcttotgg ccaccagact geccgaggtyg .  7$0'-
ctgategegy cctoctgetc gaagaactte gogagegaac 840

ggcatectacce

gggeatectg




gagagcctgg
gacgggct cg
ctgat cgcgg
at cgccatcg
cggcagaact
gacgagacgc
acgct gcgcc
ttcgtggccg
cggctgcgga
ct gaaccgga

.etgatcgacc tcgcctatca gggcttcgge 720
cggcttctgg ccaccagact _gcccgaggtg . 780,
ggcat ct acc gcgagcgaac gggcatcctg 840 6
acggt gcagg ccaacctcaa cttcctgaac 900
ggcgcgcggce tcgtgaccat gatcctcgag 960

t gagcgccga ctggaaggcg gaact cgagg aggt gcggcet caacatgctg 1020
gccagcttgc cgatgcgctg caggccgaga ccggcetcgaa ccgecttcgge 1080
agoatte oy gegadgiobc tagccguri-cgagagtaacgeeecgtcegagytggage 1140800
ccgagcacgg ggtctacatg gtgggcgatt cgcggctgaa catcgcgggg 1200
EGRHTOFTYC C CHPFYELH FPIBRGE 9P FIeTaabe-ge e geberryges 126860

cgcggtgecg
ggcggcgacg
gaagaacttc
gggccggggce
gccggaccat

cccggacagg.
agat ggat gc
cctcctgcetc
gcgaggcggce
actccttccc

<210> 6 <211> 419 <212> PRT-<213> Rhodobacter sphaeroi des <400> 6 Met Arg
Ser Thr Thr gﬁ%'f‘gﬁ?%“-@99?5?%9%&“9@@93&%9%3??%@9 appEet fa%cafﬁci% 8810 Arg
Ser Arg Lys g fl e Leu Lys Pro 20 €]
Al a Asp Lys.a?%gﬁ & grta Ct)égfl(%aqa%aggﬁclg@t CEilglgl'ec":}flr(':’g ‘g cgs%aségcﬁf) tffggc 90%’9
Ala Asp Lysgll %&g lgHa Q@Y Hat G Yo r kgl EéEc%éﬁ £SRGELQ e 28a Thi, 3y
Leu- Thr Pro Va s t Arg AI%E% I"=1 ysc ac%AI a u LysgAr(g‘:Ic 6@ % 959[ 80 .Leu
Trp G u Val cgdtglbga Ebhaddesod Yot E¥dcathr gtGoycdRd AldagE yhrlCoir&Rg98s 9512@' o)
Ala Tyr Asn Ala Ala Met Ala Lys Leu |Ile Leu Ala Ay Ala Val 100 105 - - 110
Pro Al a Aspcigapchda AbacSegcValgtbtapgEhr cdegogdiioy GapgFhyctGoyddarctddS 126 -
125-Val Arg G@n Ala -Len Gu Leu Ile Arg Met Ala Ser Pro Gu Ala Thr 130
135 140 Val Trp Ile Ser, Asn Pro-Thr Trp Pro Asn His Leu Ser Ile Val Lys
145 - 150 - <335°5> 1’60 7 a :
i ;212> PRT
E_ <213> FRhodobacter sphaeroides
<400> 6 B
Met Arg Ser Thr Thr Ala Pro Gly Pro Ser Gly Ala Cys Met Thr Ile
1 5 10 15
Ser Arg Ser Arg Lys Asp Asp Glu Gly Met Leu Thr Ala ‘Leu Lys Pro
' 20 - 25 30 :
Gln Pro Ala Asp Lys Ile Leu Gln Leu Ile Gln Met Phe Arg Glu Asp
' 35 40 45 :
ala Arg Ala Asp Lys Ile Asp Leu Gly Val Gly Val Tyr Lys Asp Pro
50 55 ' 60 -
: Thr Gly Leu Thr Pro Val Met Aré Ala Val Lys Ala Ala Glu Lys Arg
. 65 70 . 75 : 80
"Leu Trp Glu Val Glu Thr 'I‘hr Liys Thr Tyr Thr Gly Leu Ala- Gly Glu
85 90 95 ‘
Pro Ala Tyr Asn Ala Ala Met Ala Lys Leu Ile Leu Ala Gly Ala val
- 100 : 105 : 110
Pro Ala Asp Arg Val Ala Ser Val Ala Thr Pro Gly Gly Thr Gly ala
115 120 ‘ 125
' “\fal Arg Gln Ala Leu Glu Leu Ile Arg Met ‘Ala Ser Pro Glu Ala Thr
130 135 140
Val Trp Ile Ser Asn Pro Thr Trp Pro Asn }_I_{s Leu Ser 'Ile Val Lys
' 150 155 160

- 145




Arg
240
255
265
280
295
305
Arg
Al a
Met
Arg
Al a
Val

Leu Gy Ile Pro Met Arg Qu Tyr Arg Tyr Phe Asp Ala Gu Thr 165 170 175
Ala Val Asp Ala Qu Gy Leu Met G n Asp Leu Ala Gin Val Lys. 180 185 190
Ay Asp Val Vval Leu,Leu Hs Ay Cys Cys H's Asn Pro Thr Ay 195 200 205
Asn Pro Asn Pro Val @n Trp Leu Ala Val Cys GQu Ser Leu Ala_210.215 220
Thr Ay Ala Val Pro Leu Ile Asp Leu Ala Tyr dn Ay Phe Gy 225 230 235
Asp Gy Leu Qu Met Asp Ala Ala Ala Thr Arg Leu Leu Ala Thr Arg 245 250
Leu Pro Qu Val Leu Ile Ala Ala Ser Cys Ser Lys Asn Phe Gy Ile 260
270 Tyr | Ala Ay 275
285 Ar %}ég;%g%mﬁr Q%meqﬁ&a%ir#iﬁgr Eréb\llg%e]{ %gﬁ‘,&r n Asn Tyr 290
300 Ser Phe Pro Pro Asp Hs dy A a Arg Leu Val Thr I\/bt lle Len Gu
310 315 320 Asp. Qu Thr Leu Ser Ala Asp Trp Lys Ala Gu Leu u du Vval
325 330 @B5ArlaewmiAssp Witk deucThriehawketAcin Asg Wzl wlAl waAsps Ala Leu A n -
340 345 350 Gu Theody Ser Asn ArpsPhe Ay Phe ValisAla Gu Hs Arg Ay
355 360,. 365 Phe Ser ArgLeudy Ile. Thr Pro.Ala Gu Val Gu Arg Leu
Thr 370 375 380 QG UuH s Gy Vval Tyr MetVal d Asp Ser Arg Leu Asn'lle
Ay 385*80F18gsPabRt Vgl Lleﬁhl Beh HAFglehFYsrﬁVs 5 PFp Bygl The@ W a Arg Al a
Ala Lys Val 405°410 415 Leu A%§°GAy <210> 7 <3{1> 1239 <212> DNA

Ala Asn Pro Asn Pro Val Gla Trp Leu Ala Val Cys Glu Ser Leu Ala
210 ‘ 215 220

Arg Thr Gly Ala Val Pro Leu Ile Asp Leu Ala Tyr Gln Gly Phe €ly -
225 230 235 240

s

Asp 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 Bla Ile Gly Glu Ala Ala Gly
275 - 280 285

Arg Gly Thr val Gin Ala Asn Leu Asn Phe Leu Asn Arg Gln Asn Tyr
290 295 300 :

. Sexr Phe Pro Pro Asp His Gly Ala Arg Leu Val Thr Met Ile Leu Glu
' 305 . 310 ] 315 320

2sp 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 B 345 ‘ 350

Glu Thr Gly Ser Asn Arg Phe Gly Fhe 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 Gly
1385 390 395 400



<213> Lei shnmani a maj or
ggcacaagct 60

agaagattca
ccaagggccc
at ecgct acg
agt acct acc
gcaat accgt
tctctctcgg
tttccgaccc
tctgcacgta
aagacatt ct
ccaccggcgt
agcaccat ca

cggacgcgt a

cgttctccaa
aggacaagac g#&
acacgt gccc
t gcgaaagga
gcaccgtgta
accagattgg

caaggccaac
cgt ggt ccgc

cat ct cgggce

cgagct ggag

cacgtggccc 4
cgcct act ac
ggcggcgecg
Jgaczogtty
ggtgttcttc
tgctgceccgce
gaacat ggc

91239961 ég?

120
180
240
300

<400> 7 atgtccatgc aggcggccat gaccacggcg gagcgcet gge
cccgatgtca tcttcgatct cgcaaaacgc gccgecgetg

ctcgtcattg gtgcctaccg cgacgagcag ggccgtccct
aaggct gagc agcttctctt ggacatgaat ctcgactacg
taccagccct tcatcgatga -ggcggtaaag attatctacg
aacct ggttg cggt gcagac gctgagcggg accggtgctg

Qﬁﬁgﬁﬁg%&g-ﬁﬁpTh£R£§C£&9991IELt£ﬂ9%%§Alga&%9Q§CQQ%CG%FCtaCC
gt £gf gaa ggct gct ggc,s.ggaagaaca -

20,,9accactacg ¢

480 gaccccaaga
540 gacggctccg
600 caggagcagt
660 gactccgccet
720 ctgtttgccec
780 ttgtacagcg
840 gat gtaaaga
900 ggtgcccgcet
960 Jagct at cag

cggtcagcct
tcttcattct
ggaacgagat
accaaggct a
gccgcggcat
agcgt gcagg
gcgt gat gga
t agcccacct
ccat ggcaga

gaatttcgag
gcaccagt gc
cgcgtcactg
t gcgagcggc
cgaggtactg
cacgctgtcg
ttcgctgatc
aat cct gagc
gcgcat ccgt

ggcat gaaga
gcgcacaacc
atgctggcca
agcct cgaca
ct ggcgcagt
ctgctcctca
cgt gaggagt
aacaacgaac
acgat gcgcc

cgacgagcfgtfﬁﬁﬁ cfgcgect gc agacgeecgg gaget gggaa: catgtcatta

calgltt;t cc- 1080
accacaacat Cdihead£3€aaghtdccit §L&98066 96952868 bgd8sARAE Ittt

ttcctcgggc tgtcaaaggc gcagtgcgaa tactgccaaa

g2t-gagae

cggcgctgat gctagcacag 1200 acgatcaacg atgctgtgcg caatgtgaat cgtgagtga 1239
<210> 8 <21loecddiytes2decPiTEL. bgdaaBaldr gs2ddycisicshimiicac NBja0fccatd00> 180 Net

Ser ,

_Met An Ala Ala Met Thr Thr Ala GQu Arg Trp @n Lys Ile

1510 15 dn

Al a(@n Al a Reatomspo\atigcrtasBhessRypotas gateBteyer Atgesiitacal eytagt@sc30 1Aba

Ala Lys Ay Pro Lys Ala Asn Leu Val
A n Ay Arg PPBCHEFC RS HER A ?%Fg%ﬂ cﬂ?ﬁ“’L?@ Rﬁﬁa‘étﬁcﬁ Gptcteggge

<212>

taccageect
aacctggttyg
ctgactegeg
aacéactacg
gaccccaaga
gacggctecg
caggagcagt
gactcogeet
ctgtttgeee
ttgtacagcg
gatgtaaaga
ggtgcceget

gagctatcag

ctgegeetgo
© ttecteggge

gtgtcgggec.

acgatcaacyg

<210> 8
<211 > 412
PRT

tcatcegatga
cggtgcagac
tettegacge
gegtegtgaa
cggtcagcct
tgttéattct
ggaacgagat
accaaggcta
gccgeggeat
agcegtgcagdg
gecgtgatgga
tagcececcacct
ccétggcaga
agacgecegg
tgtcaaaggc

gegctaacat

atgctgtgeg

ggcggtaaag
gctgageggd
tgagacgacg

ggetgetgge

gaatttcgag

gecaccagtgce
cgcgtéactg
tgcgagegge
cgaggtactyg
cacgctgtcecy
ttegetgatce
aatecctgage
gcgecatcegt
éagctéggaa
gcagfgcgaa
ggcaggteclig

caatgtgaat

lle Ay Ala Tyr Arg Asp 35 40 45 Gu
240
attatctacyg gcaataccgt cgagctggay 300
accggtgctg tetetotegg ggcgéaggtg 360
cceatctace tttecegacec cacgtggoce 420
tggaagaaca tctgeacgta cgectactac 480
ggcatgaaga aagacattct ggcégcgccg 546
gegeacaacc ceaccggegt ggacccgtcg 600
atgctggcea agcaccatca. ggtgttctte 660
agcﬁtcgaca cggacgcgﬁa-tgctgcccgc - 720
ctyggegeagt cgttetccaa gaacatggge 780
ctgéﬁcctca aggacaagac gaagcgegcg .840
cgtgaggagt acacgtgccd éccagcccac - 900

aacaacgaac tgegaaagga gbtgggagaca 966>
acgatgcgce gcéccgtgta cgacgagcig 1620
catgtcatta accagattgg catgtittcc 1089
tactgecaaa accacaacat cttcatcaca — 1140
acgecatgaga cggegctgat gcetageacag : 1200
cgtgagtgé | 1239

9



so 55 60 . Leu Leu Leu Asp Met Asn Leu Asp Tyr du Tyr

— ~ kb

Leu Pro Ile Ser Ay

65 70 75 80 Tyr @n-Pro The Ile Asp Qu Ala Val Lys Ile Ile Tyr Ay AsnlThr
85 90 95 Val.GQu. Leu Gu Asn Leu Val Ala Val A n Thr Leu Ser Gy Thr Gy

100
115

Ay.

Tyr
Lys
Adn
Trp
Phe
Asp
du
Ser
Arg
Tyr

Met

105 110 Ala Val 4Ser Leu Gy Ala Lys Leu Leu Thr Arg Val Phe Asp Ala Qu
120 125 Thr Thr Pro Ile Tyr Leu Ser Asp Pro Thr Trp Pro Asn Hi's Tyr

130 135 140 Val Val Lys Ala Ala Ay Trp Lys Asn Il.e Cys Thr Tyr Al a
Tyr 245<250 155:spggriapspiPro Lys Thr Val Ser Leu Asn The Gu Gy Met
Lys Asp Ile 165 170 175 Leu Ala Ala Pro Asp Ay Ser Val Phe Ile Leu H's
Cys Ala %> 400 185 190 Asn Pro Thr Ay Val Asp Pro Ser An Gu dn

Asn Qu |le .1 0 205 S u Met Leu Ala Lys Hs Hs A@n Val
Phe Asp ot S%I g"’#y‘%%%‘gaz‘%? M%*zg‘rhaL“ﬁ“c{@ 3 'Flﬁl %ga%’é‘%rﬁ&k!gssge Lau Asp Thr
Ala Tyr Ala Ala Arg 10 6 225 230 235 240 Lau Phe Ala {erg Arg Ay Ile
Val Lau Lau Ala G n Ser Phe Ser '245 250 255 Lys Asa Met Ay Lau Tyr
G u Arg &makk\1hheld avoSep el thauphe?f6 260 R 1dahbYyB1AS: LYS Thr Lys
Ala Asp Val Lys SeeoVal. Met Asp Serzs 275 280 285 Las Ile Arg Gn Gu
Thr Cys Pro Pro Ala H's Gly'Ala Arg Lau 290 295 300 Ala His Lau Ile Lau

SerAsn Asn Gu Leu Arg Lys GQu Trp Gn Ala 305 310 315 320 QJu Lau Ser Al a

Al a G n &g ALp éBES’Ar gLTRroNet Ay iﬁﬁgLe‘PhVal\/élleﬁE’ ??@.TB'SSAKQ Asp

. Glu Gln Gly Arg Pro Tyr Pro Leu Arg Val Val Arg Lys Ala Glu Gln
© 50 55 60

N

Leu Leu Leu Asp Met Asn Leu Asp Tyr Glu Tyr Leu Pro Ile Ser Gly .
65 | 70 - 75 ' 80

Tyr Gln Pro Phe Ile Asp Glu Ala Val Lys Ile Ile Tyr Gly Asn' Thr
: 85 -+ 90 95

Val Glu Leu Glu Asn Leu Val Ala Val Gln Thr Leu Ser Gly Thr Gly
100 105 o 110

Ala Val Ser Leu Gly Ala Lys Leu Leu Thr Arg Val Phe Asp Ala Glu |
115 A 120 . - 1258 S

Thr Thr Pro Ile Tyr Leu Ser Asp Pro Thr Trp Pro Asn His Tyr. Gly.
130 - 135 140

- Val Val Lys Ala Ala Gly Trp Lys Asn Tle Cys Thr Tyr Ala Tyr Tyr
: 145 150 155 160

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.
- 180 185 . - 180 ’

Asn Pro Thr Gly Val Asp Pro Ser Gln Glu Gln Trp Asn Glu Ile Ala
185 o 200 205 T

Ser i,eu Met Leu Ala 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

10



Tyr Asp Qu Lau Lau Arg Lau @ n Thr
Ile Asn Gn Ile Ay Met PheSer
Cys Au Tyr Cys @ n Asa Hs*Asa Ile Phe Ile Thr Va
' Ala Asa Mt Ala @y Lau Thr
395 400 Thr

<211> 1182
gaaagcaaga
atttcactta
aaaaaagcca
agacaagctg
gaaatt atca
tctccecggtg
aatttgtgcg
gcccggcet ga
t caaaccct a
aaaggcagaa a
ccgcatt act
aaat cacaca
aagcacattt
gccgegettg
aaaaaacgt c
ccgtccggtg
tttagtatgg
acat atggt g
ggcct agacc
aacggcgttt

Pro Gy Ser Trp u H's Val 340 345 350
Lys Ala @dn. 355 360 365
Ser-dy Arg 370 375 380
Hs Qu Thr Ala Leu Met Lau Ala A n 365 390

Ile Asa Asp Ala Vai.Arg Asn Val Asn Arg A u 405 410 <210> 9
<212> DNA <213> BaC|IIus subtilis <400> 9 atggaacatt tgctgaatcc
ga@%ﬁcr a tttcaggaaf adgcaaattc 60 “ft"aats?3 ~caca agacgtc
caatcggcca gcctgatttt 120 ttcacaccgc atcatgtgaa agctgccgeca
L1 92l 9A33R LoLH9GY! 62 180 crh A ACLEF 48, BHACEHOGLE Gfl BOA0CL O
tgcagcttta tatQggagaaa 2 1 aaagcggatt tcaactatga tgctgaatct
t cacaacagg cgcaagccaa 300 gccattgatg ctgcattccg gacgatttta
at gaagtcat tatgccaggg 360. cctatttatc cgggctatga acctattatc
ggye< aagaett gixakenglir 420 clgad@CchibCc gty cCAcatgycet Teavafed t acc
tt gaagat gc teé@acaccc 480 aat@ccaagt gtgtcgt@dP tccttatccg
ccggcgtgac tttatctgaa 540 gaagaactga aaagcatcgc agctctctta

tcttcgt attgtctgat 600 _gaaatataca gtgaattaac atatgacaga
%@zaiﬁ&%% Plgcls 85 Nfabealilcgi e (o s At g1 ca
gcatgacc ttggagaatt 720 gatttttat ttgc gaa agacattgca
t aaaggttca tcaatacaat 780 gtgtcgtgcg cctcatccat ttctcaaaaa

Phe Lau Gy Lau Ser

aagal 4h cac ARACYGGI 4], %%.0 cy9asgabacal . Lgat LAl 930 Agagcaat ac

t ggactagpgt "ttat gaccgt cttgtttcca tgggacttga cgtagttaaa

cgttttatat cttcccttct 960 attaaatcat ttggaatgac ttcatttgat

ctcttttgga agacgctggc 1020 gtggcactcg tgccgggcag ctcgttctca
aajratids gievadlyg eyt Sir A88Asntdiugtat ged @aatDgacacslgcigagagaa
gt3®mgaatt atttgtatid® 1140 aaaaaacgiy aagcaat gca gad¥at aaac
as 1182 <210> 10 '

Glu Leu Ser Ajla Met Ala Glu Arg Ile
325

Arg Thr

330

Met Arg Arg Thr Val
335

Thr
345

Gln Pro Ser Trp Glu His Val

350

Asp Glu'Leu
340

Gly

Tyr Leu Arg Leu

Phe’ Phe Leu Leu Ser Lys Ala Gln.

365

Ser
360

Asn Gln Ile
355

Tle Gly Met Gly

Phe Ile Thr Val Ser Gly Arg

380

@ln Asn His Asn

375

Cys Glu Tyr Cys Ile

370

Met Leu Ala Gln
400

Thr ‘Ala
395

Ala’ Ala Thr His Glu Leu

385

Asn Met Gly Leun

290

Asn Arg Glu

430

Ala Val aArg Val

4085

Thr Ile Asn Asp Asn

<210> 9

<211> 1182
<212> DNA
<213> Bacillus subtilis
<400 9

atggaacatt tgctgaatcc gaaagcaaga gagakes=~ad tttcaggaat acgcaaattc 60

tqggatgfg,w«agtﬁaﬁhca cgaagacgtc atttcactta caatcggcca gectgatttt . 120

- ttecacaceyge atcatgtgaa ageotgeocgoa aaaaaageca ttgatgaaaa cgtgacgtea 180

tatactcega atgeeggeta cctggagetg agacaagctg tgcagettta tatgaagaaa 240

11



<211> 393 <212> PRT <213> Bacillus subtilis <400> 10 Met GQu H s Leu Leu
Asn Pro Lys Ala Arg Gn lie Qu lle Sex Ay 15 10 15 Ile Arg Lys Phe Ser
Asn Leu Val Ala G n His@u Asp Val Ile Ser 20 25 30 Lau Thr Ile Ay G@n Pro
Asp Phe Phe Thr Pro His His Val Lys Ala 35 40 45 Ala Ala Wo z~ Ala Ile Asp
G u Asn Val Thr Ser Tyr Thr Pro Asn Co 55 60 Ala Ay Tyr Leu Qu Leu Arg
G@n Ala Val @n Leu Tyr Met Lys Lys 65 70 75 80 Lys Al.a Asp Phe Asn Tyr
Asp Al a G n SBRIPELY IFE3RTELPR SOFRPRATRE 99Ra852 Gt §57CARFFIRICI TR n ARRO | | e
Asp Ala Ala The Arg Thr Ile-Lou Ser Pro 100 105 110 % du Val |le Mt
Pro dy Pro FF& ft‘g#%rcgg@”%cﬁ/rgaégﬁt 6 %‘itfgc I§ 1589 éaﬁgt%%cﬁgﬁ%u og’ay
Al a Lys Pro ¥§Ladt|t§tty‘ygg t%grac-gggt\%@ aéi:%@g %é%cca éc @8&?&%&:{45 l&@b‘
Thr Ala Arg Lou Ile da ggp la Leu Thr Pro 14% 155 16 Asn Thr Lys
Cys Val Val Lethdtesgtl HacREiq@cBercaAs8t@ JdtcgbbibaVatgatbatdd @eldddracdr Lawo Ser
Gu Gn Gu Lou Lys Ser Ile Ala Ala Leu Leu Lys Gy 180 185 190 Arg Asn Val
Phe Val Lou SetackspytGatigtiergtyrecSetatdoy toumadtntalyeggchfa?@0t20bgadsp Aug
Pro Hs Tyr Ser Ile Ala Thr. Tyr Leu Arg Asp.dn Thr Ile. 210 215 220 Val
Ile Asn G ylLeomBertds sagaeatdss aGekciiita TRraoarsoafr protrgtedte atpPBtasy 2350940
Gly Phe Lou Phe Ala Pro Lys Asp Ile Ala Lys H s Ile Leu Lys Val 245 250 255
gaaatataca gtgadttaac atatgacaga cégeattact ccatcgeaad ctatttgegg 660
gatcaaacga 'ttgtcattaa cgggttgi;ca aaatcacaca gecatgaccgyg ttggagaatt: 720
. ggatttttat ttgcaccgaa agacattgca aagcacaftt taaaggttca tceaatacaat 780
~ gtgtcgtgceg é_ctcatccat ttetcaaaaa goegegettg aagotgteoac aaaéggcttt 840
- gacgatgecat tgattatgag agaacaatac aaaaaacgtc tggaétatgt ttatgac&gt 900
ctigttteca tgggacttga cgtégttaaa ccgteceggtg cgttitatat ctteceticet 560
attaaatcat ttggaatgac ttecatttgat titagtatgg ctcttttgga agac_gctggc 1020
gtggcacteyg tgccgggcatj ctegttetea acafatggtg aaggatatgt aaggctgi:;:t 1080
- tttgcatget caatggac.ac gotgagagaa ggcctagacce gtttagaatt attigtatta 1140
aaaaaacgtg aagcaatgeca gacgataaac aacggcgttt aa 1182
<210> 10
<211> 393
<212> PRT
<213> Bacillius subtilis
<400> 10
- Met Glu His Leu Leﬁ Asn Pro Lys Ala -Arg Glu Ile Glu Ile Ser Gly
1 ‘ 5 10 15
Ile 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 His val Lye 2la
35 40 45 - o
CAla ala Lare ®@e Ala Ile Asp Glu Asn Val Thr S-"ér Tyr Thr Pro Asn
50 - B§ 60 '
Ala ‘Gly Tyr Leu Glu Leu Arg Gln Ala Val Gln Leu Tyr Met Lys Lys
&5 ‘ 70 75 - 80
Phe Asn Jle Ile Ile Thr

Lys Ala Asp

Tyr Asp Ala @lu Ser Glu

12
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270 Leu G n Al a Val

Hs Gn Tyr Asn Val Ser '—QI;J'AI"a ‘LSer“ Ser Ile Ser @ rmeys “Na Al a

Thr Asn Ay The Asp Asp Ala Lou Ile Met. Arg G n

260 265
275 280

285 dn Tyr Lys Lys Arg Lou Asp Tyr Val Tyr Asp Arg Lou Val Ser.Met 290 295
Lys Pro Ser Ay Ala The Tyr Ile Phe Pro Ser 305

300 Gy Lou Asp Val
310 315 .. 320

Val

Il e Lys Ser
Lou 325 330 335 13 6 Gdu Asp Ala @y Vval

Phe Gay Met Thr Ser The Asp Phe Ser
Ala Leu Val

Ser Tht Tyr 340 345 350 s&€y u Gy Tyr Mal

Asp Thr Lein
Lys Lys Arg Gu

Pro Ay Ser

Met Al a Lou

Ser The

Arg Leu Ser Pme Ala Cys Ser Met

Il'e Asn Asn Gly. Val

. 355 360 365 Arg 31u GlyLeu Asp Arg,Leu G u Leu The Val Leu
370 375 380 Ala Met dn Thr

385 390

<210> 11 <XW>Aia Fer & dda(Gila Aep) 332 |Mdet Biradis | U &k IL6% oF s Prx400> 11

atgccagaat tagctaat gat®ttaggatta agcadddaga tcact gat gt d8aagcttca
gaaattagaa tctttgataa caaagtttca gctattcctg gcattatcaa attgactttg

adcand.

ggt gaaccag &xg%%}lﬁcvélcﬂg%‘ﬁaﬁm%gg

gataatgatt c

ghgc tccacaaaag gg
aaatatttga aaaagattac tggaattgaa tatgatccag aaacagaaat cgtagtaaca
gttggtgcaa ctgaagcaat taacgctacc ttgtttgcta ttactaatec gggtgacaag
gttgcaattc rleatyeagiLeat tit cigt@d ald ggeCedl trggctaacasi thgctigatgecC
gattatgttt tgatg@matac tgcagaagaizsggttttaagt taacamctaa gaagttagaa
gaaact at ca aagaaaat cc aacaattaaa gcagtaattt tgaattatcc aactaaccca

agcttyg

]

Al

t'aag

TR R

R bgsa

at cagt

60
120 -
180
240
300
360
420
480
540

actggtgttg aatatagcga agatgaaatt aaagctttgg ctaaggtaat taaagataat 600
cat ct gt acqg FiEaftucbgalisghaat™r el aadradett e Elvdegobip len Baabivttt 660
tcaattgcca Ycttaattcc agaaaddfca atttatatct cfygtttatc taaatcdtht 720

-
[N

Asn Thr Lys
Thr Leu Ser

Arg Asn Val
' 195

Asp Arg Pro
- 210

Val Ile Asn
225

Gly Phe Leu
His Gln Tyr

Leun Glu Ala
275

Gln Tyr Lys
290

Gly Leu Asp
- 305 .

Ile Lys Ser

Cys
Glu
180
Phe
_Hi 8
Gly
Phe
Asn
260
Val
Lys

val

Phe

Val
iss

Glu

Val

Tyr

Leu
Ala
245
Val

Thr

Arg

Val

Giy
325

Val Leu Pro Tyr Pro

Glu
Leu
Ser
Ser
230
Pro
Ser
Asn
Leu
Lvs
310

Met

Leu‘

Ser

Ile

215

Lys
Liys
Cys

Gly

Asp
295

Pro

Thr

Lys

Asp

200

Ala

Ser

Asp

Ala

Phe

Sex
185

Glu

. Thx

Bis

Ile

Ser
265

Asp "

280

Tyr

Ser

Ser

Val

Gly

Phe

170

Ile
Ile
Tyr
Ser
Ala
250

Ser

Tyx

Ala

Asp
330

13

Sexr Asn Pro Thr

Ala

Tyr

Len

Met

235

Lys

Ile

Ala

Asp

‘Phe

Ala
Ser
Arg
220
Thr
His
Ser
Lieu
Arg
300

Tyr

315 .

Ph'e

Ser

Leu

Glu

205

Asp

Gly

Ile

Gln

Leu
190

Leu

Gin

Trp
Leu

Liys

270

Ile
285

Leu

Ile

Met

Met

vVal

Phe

Ala

Gly
175
Liys
Thr
Thr
Arg
Liys
255

Ala

Arg

Ser.

Pro

Leu
335

Vai

Gly

Ile.

Ile
240
val
Ala
Glu
Met

Ser
320

Leu



gcgat gactg gttatcgttt aggct at gtf gccgyac “cuaeaatt at ggcagaaatt
ggt aaagttc atggccttat ggtgacgact acgacggatt cat cacaagc tgccgcaatt
gaagcacttg aacacggact tgatgaccct gagaaat4ta gggaagttta tgaaaagcgt.
c~tgactats .tst agga attagccgag atagagatgc aagcagttaa gccagaaggt.

gcattttata tctttgctaa. aattccagct aagtatggca aagacgatat gaaatttgcc
ttggatttag cttttaaaga aaaagt gggt atcactccag gtagtgcatt tggtcctggt .
ggt gaaggtc atattagatt atcttatgca tcaagtgatg aaaacttgca tgaggcaatg 1140 14
aagcgaat ga agaaagtttt acaagaggac gaataa 1176 <210> 12 - - <211> 391 . :
<212> PRT <28B» AEpcilebaty MadsrlampkoveiuBro €39(serl2e\ehe BFxr Ghn Tveu Al a Asn

780
840
900
960
1020
1080

Asp Leu Ay Leu Ser -Ly3*?ys Ile Thr Asp34d 5 10 15 Val 35s Ala Ser Ay lle
Arg Ile Phe Asp Asn Lys Val ‘Ser Al a I-Ie 20 25 30 Pro Gy he Ile Lys Leu
Thr, Leu Gy%;y llf gyl\/ﬁ}lgrn Thr 0,132, . H s Val Lys Adn Al a
Ala Ile Lys V5§ Asp r?ﬁi%‘ﬁ)"gr %6%503’809]1-""% f%ﬁpﬂl’é BFo G n Lys
Gy Lys Leu Qu LeuArg Lys Ala lle 65 70 75. 80 ys Tyr Leu Lys Lys
Ile Thr Ay Ile u Tyr Asp Pro Gu Thr Glu. 85 - 90 - 95 Ile Val Val Thr
Val Gy Ala Zh 6Lk Bed epAsn Ala G-Ehlrbéiff'lﬂ'hghﬁl ﬂ&p 95y 18cdciuA @ Ile Thr
Asn Pro Ay Aspabys Val Ala lle B9 Thr Pro Val Phse 115120 125 . Ser Leu-
Tyr Trp Pro Val Ala Thr- Leu Ala Asp Ala Asp Tyr Val Leu 130 135 140 Met Asn
Thr Ala Qu Asp Gy Phe Lys Leu Thr Pro Lys Lys Leu u 145 150 155 - 160
G n Thr |le &lesM& (LIASThPIdeTAnn hée dlysvall a Val Ile Leu Asn. Tyr 165 - 170 -
175 Pro Thr #n Pro Thr Ay V® Qu Tyr Ser Gn Asp Qu Ile Lys Ala -
- <210> 11
&" «211> 1176
’ <212> DNA
<213> Lactobacillus amylovorus
<400> 11
atgccagaat tagctaatga tttaggatta agcaaazaaga tcactgatgt aaaagettca 60
ggaattagaa tctttgataaAcaaagtttca getattectyg geattatcaa attgactt;g 120
ggtgaaccay atatgaatac tectgageat gttaageaag cggctattaa gaatattgea 180
'gataatgatt cacactatge tcecacaasaag ggaaagettg aattaagaaa agctatcagt 240
aaatatttga aaaagattad tggaattgaa tatgatccag aaacagaaat cgtagtaaca 300
gttggtgcaa ctgaagcaat téacgctacc ttgtttgeta ttactaatecc ggdgtgacaag 360
gttgeaattc ctacgecagt cttttctcta tattggeccg tggetacact tgcectgatgee 420
- gattatgttt tgatgaatac tgéagaagat ggttttaagt ﬁaacacctaa gaagttagaa 480
= gaaactatca aagaaaatcc aacaattaaa gcagtaattt tgaattatcec aactaaccea 540
actggtgttg aatatagega agatgaaatt aaagctttgg ctaaggtaat taaagataat 800
catctgtacg taattaccga tgaaatttac agtactttga'cttacggtgtraaaacacftt : 660
- "tecaattgeca gcttaattec agaaagagea atttatatet ctggtttatce taaatcacat 720
gegatgactyg gttatcgttt aggctatgtt gecggacctg caaaaattat ggcagaaatt 780
" ggtaaagttc atggccttat ggtgacgact acgacggatt.cétcacaagc tgcegeaatt 840
gaageacttyg aacacggact tgatgaccct gagaaatata gggeagttta tgaaaagcgt 500
'égtgactatg;ﬁ;kzuaasga attageegag atagagatgce aagcagttaa goccagaaggt 960
gcattttata tctﬁtgctaa.aattccagct aagtatggea aagacgatat.gaaatttgcc 1020
ttggatttag cttttaaaga aaéagtgggt atcactccag~gtagtgcatt tggtcctﬁgt“' 1080
ggtgaaggtc atattagatt atcttatgea aaaacttgca 1140

tcaagtgatyg

14

tgaggeaaty



180
195
Ile
Lys
Ay
Val

du
Lys
Al a
Al a
Lys
du
H s
390

™

5

185
200
Al a
Ser
Pro
Thr
H s
Arg
Val
Lys

du
Qy

Au

B e

190 Leu Ala Lys Val Ile Lys Asp Asn His Leu Tyr Val Ile Thr Asp Gu
2056 15 | ~, Ile Tyr Ser Thr Leu Thr Tyr Ay Val Lys Hi s Phe Ser
Ser 210 215 220 Leu Ile Pro u Arg Ala Ile Tyr Ile Ser Ay Leu Ser
His, _225.230 235 240 Ala Met Thr Ay Tyr Arg-Leu Ay Tyr Val A a
Ala Lys Ilée 245 250 255 Met Ala Qu lle Ay Lys Val H's thy Leu Mt
Thr Thr Thr 260 265 270 Asp Ser Ser A n Ala Ala Ala lle Gu Ala Leu
Ay Leu Asp 275 280 285 Asp Pro Qu Lys Tyr Arg Qu Val Tyr Qu
Ar GERSPRATPR REAPRIYF 29523060921 68213% A u Leu Ala Gu lle G WWEt A n
Lys Pro Au @y 305310 315 320 Ala Phe Tyr Ile Phe Ala Lys Ile Pro

Tyr.GYy Lys Asp Asp 325 330 335 Met Lys Phe Ala Leu Asp Leu. Ala Phe
Lys., f by Ile Thr - 340 345 350 Pro Gy Ser Ala Phe Gy Pro Gy Gy
Hi 5<2'|1§§ Arg Leu Ser 355 360 365 Tyr Ala Ser Ser Asp Gu Asn Leu

Al ahel st dNaeiMals Li$10368us875 380 Lys Val Leu An Gu Asp Gu 385

<210>.13 <211> 1413 <212> DNA <213> R sphaeroi des <400> .13

at gcgcgagc @betét gecct cgagat cgac ccgggccacg gcggcccget gttcctcgec 60

at cgccgagg cgat caccct cgacatcacc c€gcgggcggc tgaggcccgg agcgagactg 120

cccggcecacac Pig@gbgtﬁégcl-eg'cgbegé‘get%smg@gﬁ;m?@ §endoachr Iggdthgcegcc 180
0 15

Val Lys Ala Ser Gly Ile Arg Ile Phe Asp Asn Lys Val Ser Ala Ile
20 _ . 25 30

Pro Gly Ile Ile'Lys Leu Thr, Leu Gly Glu Pro Asp Met Asn Thr Pro
‘ 35 40 : 45

Glu His Val Lys Gln Ala Ala Ile Lys Asn Ile Ala Asp Asn Asp Ser
50 . 55 60

His Tyr Ala Pro Gln Lys Gly Lys Leu Glu Leu Arg Lys Als Ile Ser
65 ' 70 75 80

Lys Tyr Leu Lys Lys Ile Thr Gly Ile Glu Tyr Asp Pro Glu Thr Glu .
: ‘ 85 _ ' 90 .85

Ile Val Val Thr Val Gly Ala Thr Glu Ala Ile Asn Ala Thr Leu Phe
) ~ 100 105 1ic

Ala Ile Thr Asn Pro Gly Asp Lys Val Ala Ile Pro Thr Pro Val Phe
115 _ 120 125

Ser Leu Tyr Trp Pro Val Ala Thr Leu Ala Asp Ala Asp Tyr Val Leu
130 135 140 -

Met: Asﬁ 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 Ile Leu Asn Tyr
' i65 ' i70 ‘ 175

Pro Thr Asn Pro Thr Gly Val Glu Tyr Ser Glu Asp Glu Ile Lys Ala
- 180 ' 185 o 190

Leu Ala Lys Val Ile Lys Asp Asn His Leu Tyr Val Ile Thr Asp Glu
195 o 200 _ 205

15




16 tatcaggagt tgctgaccca gggctggcetg caggccgagc ccgcgcgggg caccttcgtg 240

gcgcagcat ¢
gt cgcgat gc
gacaaggcgc
gcggattacg
gcct cggacc
at ggcgct gt
gagccgggct
gtgccggtgg
ccgcgaat cc
ggcgeggege

t gccgcaggg
gcgcggggcet
t ggcgegggce
gcgat gcecg
ggggcgt ggt
t cct ggt age
atccgct ggc
atlggTyycey
gggcgdtcta
ggcggttgca

gat gct ggt g
CgCCttCtCC
ctttcgcecgg
cggcacct cc
cgcggat cct
ccgggeggeg
ct gggaggcg

cacaggcccg
gat ggcgcgc
gcgct cct gt
tcgct gcggg
gcgeggetge
ctggcgceegg
ttccgcgcag

cgcccgegcec
cggaccccga
cgcccgcectt
aggcgct ggc
t gat cgcgcg
gagagccgtt
cgggagcgga

ggt cgagecg
gct ggt gccc
ccgcgecgga
agcctatctc
gggcagccag
cgcggt cgag
ggt gcgegge

Tot tagFgat-cTgacye gellChyaggs agegedr gie caggget
t gt.cacgccc2tat caccagt at ccggatdggeccgt caccatg 780
gcttctggaa ctggcagagc: gccaccggct cgcgctgatc

300
360
420
480
540
600
660
720

84.0

900

960

1020
1080
1140
1200
1260

gaggacgact atacc cttc
cgcgegecegg
ggt at ccggc. t
cgcgccgeca.
cgcgacggceg
gat ct gct gg
gccgggggec
gccgcagggce
gcgccgeagg
gt ggagat cc

ctgcc gctg ct

acgaccac ggccgtc c
%?%g ttt g 8 ‘ﬂ&‘tﬁ’é (ﬁl&t Jget 3‘@'5&%9%%% atsr
gat acgc gctggcj@ C gageggctgce t ag ccgcat ggccgcg
t cgaccggca gggcgacgcg ccgctcgagg cggcgcetgge cgagctgatc
ahl 199969 d1GALGE GCYCLARGIS HICR1099L ChIChS 9 USA0AY
cggagcgtct cacggeccag ctggccgggsesgcgecgcctt cgatisgeceg
tcgcgectgtg gctccgetge gecgggegtct cggccgagac ctgggccgaa
aggcggggcet cgecctgetg ccgggecacge gcettcgeget ggagageccg 1320
cﬁmisb@gﬂt:gggelﬁngegwgcgﬁégg@cgaaggggmagmﬁ-mgﬁcmgggmg 1380
t cgcccggag 30t ccccgge tga 1463 <210> 14 <21230470 <212> PRT
c213> R sphaer0|des <400> 14 Met Arg Gu Pro Leu Ala Leu Gu Ile Asp Pro
Ay Hs Aydy.Pro 5 10.15_ Leu Phe Leu Ala Ile Ala Qu Ala Ile Thr Leu
Asp fLI e Thr %Pgs‘ﬁ erﬁﬁﬁl%@laﬁﬁ‘]q" Eet Aty Be‘GG;}“AH“é gty Lo Ay Thr
Arg a Leu Ala Ard'°35 40 45 17 Al &°teu Gy Val Hi s Erg Asn Thr Val Asp Al a
LTyr Gn Au Leu 50 55 60 Leu Thr An Ay Trp Leu Adn Ala Gu Pro Ala

Ar g @y Thr ;B E!epz}@lslu Lys Tyr Arg Glu Val Tyr Glu Lys Arg Arg Asp Tyr Val
290 295 300

Gly
320

Ile Glu Met Gln Ala val
315

Lys Glu Leu Ala Glu
- 310

Leu

Lys Pro Glu
305 )

Pro Ala Lys Tyr Gly Lys
330

Ile Phe Ala

325

Ala Phe Tyr Lys Ile Asp

335

Asp

Val Gly Ile Thr

350

Phe Lys Glu Lyé
345

Ala Leu Asp- Leu Ala

340

'~ Met Lys Phe

Gly Ser Ala Pro Gly Glu Gly His Leu Ser

355

Phe Gly Gly

360

Tie Arg

Pro
' 365

Giu Ala Met Met

380

Asn Leu His

375

Ala Sex
370

T}}r Sexr Asp Glu Lys Arg Lys

Val Leu Gln Glu Asp Glu

390

Lys
" 385

13

1413

DNA

R. gphaeroides

<210>
Ce21l>
<212>
<213>

- <400 13

60

atgcgegage ctcttgecect. cgagatcgac ccgggccacg gcggcccgct gttcctcgcc ‘
atcgoegagg cgatcaccct cgacatcacc cgegggcgge tgaggeccgg agcgagadtg‘- S 120
écc:gg;:acac gcgogotgge gegggegote ggeogtgeatce gcaatacggt ggatgoegee 180

- 16



65 70 75 80 Ala Gln Asp Leu Pro Gln Gly NEt Leu Val
85 90 95 Pro Val

100 105

F 115 120 125_ Al.gArg Ala Leu Leu Ser Pro.

Gy 130
Leu
Leu
Al a
Pro
dy
Al a
Hi s
Adn
Asp
Leu
Ay
Leu.
Al a
Leu

Ile
Al a
Leu’
Val
Leu
Hi s
Leu

Pro
Ser
ay.
Arg
Al a

145 150 155 160 Al a Ser Asp Arg Ay Val

A P
G el 5

Asp.

H s Arg Pro Ala Pro Ala
Ala Met Arg,Ala Ay Leu Ala Phe Ser Asp Ay
Pro Asp Lys Ala Leu Ala Arg Al a Phe
Ala Phe. Arg Ala Gy Ala Asp Tyr
Leu Arg Gu Ala Leu Ala Ala Tyr
Val Ala Asp Pro Ala Arg Leu
Ala 165 170 175 Ar Ser G n Met Ala Leu. Phe Leu Val Ala Arg
Le&aﬂfﬁgga‘?ﬁotgi”éﬁa‘i@% ﬁﬁ%ctég‘f/tgecﬁg%caaﬁ ECAFHIEF @G AL Prozéoy Tyr

Pr(a)g %1999/3%35%%85%%%23%&&%’% F’Q&ggcgige E\él Pl gcyﬁglcgﬁcchgﬁl @07 A

24 G Val,EQqr Pro
Pro %%%925 2559CCTE§Q‘{7§PQ%' c%R/let Géfl/agAIC\égél -%EArgBEP g Leu
Lewachabdeat Wqrgdfdhc26btt240cgy gegdcdtft GgbbSychey dedgda@galeu sbbe G u
Tyr Asp Hs Au Tyr 275 280 285 1~a. 18 Arg Phe Qu Ay Arg Pro Val
LegcabaitAla frggptddaroPragd@egte? 9602953RD @G yctbea d2rcotdtetic| | e 489r Val
Leu Ser Lys Leu Leu Ser Pro 305 310 315 320 dy Ile Arg :
Ty r9CAFEIRER %@CF’?@‘CG:W%FEC‘L%EC%&QCW AP EFEY5T FWMYCIFTad Vet SAPa Al a

Gu Pro Val
110 Ala Pro Asp Pro Qu Leu Val.

135 140 Asp Ala Arg Gy Thr Ser Ser.

Met Arg @lu Pro Leu Ala Leu Glu Ile Asp Pro Gly His Gly Gly .Pro

1

Leu Phe Leu Ala Ile Ala Glu Ala Ile Thr Leu Asp Ile Thr A;g Gly .
25 '

. 35

5

20

40

10

17

a0

45

15

. Arg Leu Arg Pro Gly Ala Arg Leu Pro Gly $hi Arg Ala Leu Ala Arg

Al a tAIaIIeAst Gn Ay Asp Ala Pro Lau 340345350GuAIaAIa
G FERTRTRE RO SRR e G 7oy Sppssciat cacastosas
gagccgggct atecgetgge ctgggaggcyg ticcgegeag cgggagcgga ggtgegcggce 660
gtgooggtgg atggeggogg cctcaggatc gacgcgctcg aggcogeget ggocegggat 720
'¢bgcgaatcc‘gggcggtcta tgteacgece catcaccagt atccgacgac'cgtcaccatg 780
ggcgeggege ggcggttgca gcttctggaa étggcagagc_chaccggct cgcgetgate 840
- géggacéact acgaccacga ataccgcttc gaggaccegtce cggtgctgcc‘gctggctgcc 200
cgcgcgccgg éaggtctgcc g&tgatétat gtgggeotege tgtcegaaact gotctegeee -960_
h ,ggtatchgc,fgggatacgc getggegeeo gageagektge tgacccgéat ggoegegged -1020
cgcgccgéca tcgaccggcé gggegacgeg cogetegagg cggegetgge cgagetgate 1080
cgegacggcy atqtgggccg téatgbccgq aaggoegegea gggtetaceyg ggogcggegg 1140
gaEctgctgg cggagcétdt cacggcgcag etggccgggc gqgccgcctf cgatctgeeg 1200
gcégggggcc tcgcgétgtg gctgcgctgqjgcgggcgtét cggecgagac ctgggecgaa @ 1260
gcegeaggge aggcoggggct egocetgety cogggoacgc gcgtcgcéct ggagagcceg 1320
gegecgeagg cctiecgget gggcﬁatgcg gégcﬁggacg aggggcagat céqccgggcg 1380
gtggagatcc tegeceggag ettecdecgge tga | 1413
-<210> 14
<211> 470
<212> PRT
<213> R. sphaeroides
<400> 14



ekl

i

il "

355 360 365 Ala
370 375 380 du
385 390 395 400
A u 405 410 415
Pro Ay 420 425
Leu Ay 435 440

Gn lle Leu 450 455. .
35 <212> DN <233%14 vd i ek alrgS REMGRE 67a1<RLD 215 223> TPF Id18 gru 1.6¢00> 15
ggtattgagg gtcgeatgaa ggttttagtcsaatgg 35 19 <21 16
<220> <223> pri mer
<210> 17 <211> 35

<213> Artificial

Thr' Trp

sequence

Ala Gii
430 Thr Arg Phe Ala Leu Qu Ser:
445 Tyr Ala Ala Leu Asp Qu dy dn lle Ala Arg Al a Val
460 Ala Arg SerPhe Pro Ay 465 470

t agagcctta tgaaatgcta gcagcct .
s@ﬁyu@h§é31n<§gngrp Leu Gin Ala Glu Pro Ala Arg Gly Thr Phe Vval

ArtifiCiaI

N

Pro Val
Ala Pro

130

Asp Ala
145

' Ala Ser

Arg Gly

 pro Gly

- @lu Ala

210

Gly Gly
225

Pro Arg

" Thr val

Glu Ary

Glu

Asp

Pro
100

Pro

115

Ala’

Arg

Asp

Sexr

Glu

155

Fhe

Gly-

Iie

Thr

His

275

Leu‘

Gly
Arg

Glin
180

Ala

Axg

Leu

Arg

Met

260

‘Arg

- Ala Gln Asp Leu Pro
85

Val

Glu

Leu

‘Thr

70

37

Arg Lys Ala Arg Arg Val

Gln, Gy Met

Ala
Leu
Ser

Ser

. 150

Gly
165
Met
Ile
Ala
Arg

Ala

Val

Ala

Ala
Ala
Ile
230

Val

245

Gly

Len

Ala

Ala

Met

Val

Pro.
135

Ser

Vval

Leu.

val

Gly
215

Asp

Ala

Leu

Arg
Pro
120
Ala
Leu

aAla

Phe

"@Elu

200

Ala

Ala

val

Arg

Tle
280

Leu

Ala

105

Asp.

Phe

Arg

Asp

Len

185

'Glu

@lua

Leu

Thr

val
Clij

Gly
Liys
Arg
Glu
Pro
170
val
Pro
Val

Glu

Pro

250

Arg
265

Glua

Leu

Asgp

18

-<400> 16 agaggagagt
<212>

75

His
Leu
Ala
Ala
Ala
155
Ala
Ala
aly
Arg
Ala

235

His

Gln

Asp.

Aéfg
Ala
Leu
Gly

140

Leu

Arg
Tyr
Gly
220
aAla

'His

Leu

Pro
Phe
Ala
125
Ala
Ala
Leu
Ala
Pro
205

Vval

Len

Gln

Leu

Asp

<211> 37

Ala
Ser
110
Axrg
Asp
Ala
Leu
Alé
150

Leu

Pro.

Ala

Gln
270

H_is

285

Ty

Pro
85

Asp

Ala
Tyr
Tyr
ile
175
Leu
Alw
Val
arg

Pro

255

Leu

Glu

80

Ala

Gly

Phe -

Gly

Lau

160

Ala
A}a
Tzrp
BAsp
Asp

240

Ala

Tyr Arg Ala Arg Arg Asp Leu Leu Ala
Arg Leu Thr Ala G n Leu Ala@y Arg Ala Ala The Asp Leu Pro
Ala Ay Ay Leu Ala Leu Trp Leu Arg Cys Ala Ay Val Ser A a
Ala Ala Ay Gdn Ala Ay Leu Ala Leu Leu

Pro. Ala Pro An Ala Phe Arg

<210> 15 <211>

<212> DNA

DNA <213>



<223>.primer <400> 17 ggtattgagg gtcgcatgtt cgacgccctc gcccg 35 <210> 18
<211>'37 <212> DNA <213>. Artificial sequence <220> <223> priner <400> 18
agaggagagt tagagcctca gagactggtg aacttgc 37 <210> 19 <211> 35 <212> DNA
<213> Artificial sequence <220> <223> prinmer <400> 19 ggtattgagg.-
gtcgcatgga acatttgctg aatcc 35 <210> 20 <211> 37, <212> DNA <213>
Artificial sequence <220> <223> priner <400> 20 agaggagagt tagagcctta
aacgccgttg, Aryt BHL@IBB1y<RiD>Pralval 26 v2¢lud3hrl bz ANAAXR L3S Ardificia
sequence <220>2s3223> prinmer <406> 21 ggtattgaggogtcgcatgcg cgagcctctt
gccet 35 - <210> 22 <211> 37 ' ' ' '

Gly Leu Pro Leu Ile Tyr Val Gly Ser Leu Ser Lys Leu Leﬁ Ser Pro
305 ’ 310 315 320

Gly Ile Axg Leun Gly Tyr Ala Leu Ala Pro Glu Arg Leu Leu Thr Arg
' 325 D 330 335

Met Ala Ala Ala Arg Ala Ala Tle Rsp Arg Gln Gly Asp Ala Pro Leu
320 _ 345 . 350

Glu Ala Ala Leu Ala Glu Leu Ile Arg Asp Gly Asp Leu Gly Arg His
355 _ 360 365 .

Ala Arg Lys Ala Arg Arg Val Tyr Arg Ahla Arg Arg Asp Leu Leu Ala
370 ° 375 ' 380

@lu Arg Leu Thr Ala @ln Léu Ala Gly Arg Ala Ala Phe Asp Leu Pro
385 . 390 ‘ 395 . 400

Ala Gly Gly Leu Ala Leu Trp Leu Arg Cys Ala Gly Val Ser Ala Glu
: 405 - ‘ 410 415

‘Thr_Trp'Ala Glu Ala Ala Gly Gln Ala Gly Leu Ala Leu Leu Pro Gly
420 ' 425 _ 430

Thr Arg Phe Ala Leu Glu Ser Pro Ala Pro Gln Ala Phe Arg Leu Gly
435 - 440 _ 445 -

Tyr Ala Ala Leu Asp Glu Gly Gln Tle Ala Arg Ala Val Glu Tle Leu
- 450 455, . 460 O

- Ala Aryg Ser Phe Pro Gly
465 . 470

<210> 15

«21l> 35~

<212> DINA

«213> Artificial sequence

<220>
<223> primer .

"<400> 15 ) . '
ggtattgagyg gtogecatgaa ggtitttagte aatgg _ . - 35

19-




i - e - e y T

<212> DNA <213> Art|f|C|aI sequence <220> <223> prinmer <400> 22 agaggagagt
t agagcct ca gccggggaag ctccggg 37 <210> 23 <211> 35 <212> DNA <213>
Artificial sequence <220> <223> priner <400> 23 ggtattgagg gtcgeatgtc
cacgcaggcg gccat 35 <210> 24 <211> 37 <212> DNA <213> Artiticial sequence
<220> <223> priner <400> 24 agaggagagt tagagcctca ctcacgattc acattgc 37
<210> 25 <211§u%5 18£212> DNA <213> Artificial sequence ~<220>-. <223> priner
<400> 25 ggt gat{gagg, gt cgcat gcc agaattagct aatga 35 <210>,26-<211>_37 21
<212> DNA <213». Arggdicial sequence <220> <223> priner <400> 26 .

<213> Artificial sequence

<220>:' _
<223> primer

<400> 16

agaggagagt tagagcgtta'tgaaatgéta geagect -_' .', .37
<210> 17

<211> 35

<212> DNA-

<213> Artificial sequence

| <220>
<223> primer
£ ,
N <400> 17
ggtattgagg gtegeatgtt cgacgcecte gooeg : ' 35
<210> 18
<211> 37
<212> DNA
<213>. Artificial sequence
<220>
«223> primer
<400> 18 ] R
agaggagagt tagagcctca gagactggty aacttge 7 o ' : 37
<210> 19 .
<211> 35
_ <212> DNA
SR <213> Artificial seguence
<220>

<223> primer
<400> 19 ‘
"ggtattgagg gtcgcatgga acatttgctg aatcc as

<210> 20
<211> 37.
<212> DHNA
. <213> Artificial sequence

<220> _
© <223> primer

. <400 20 : o .
. agaggagagt tagagcctta aacgoogttyg tttateg ' 37

;210> 21

20



agaggagagt tagagcctta ttcgtcctct tgtaaaa 37 <210> 27 <211> 35 <212> DNA
<213> Artificial sequence. <220> <223> prinmer. <400> 27 C . ggtattgagg

gt cgcat gcg ctctacgacg gectcc , 35 <210> 28 <211> 37 <212> DNA <213> '
Artificial sequence <220>. <223> prinmer <400> 28 agaggagagt tagagcctca
gccgecgcage accttgg . 37 <210> 29 <211> 35 <212> DNA <213> Artifici al
sequence <220%.<223> priner <400> 29 ggtattgagg gtcgcatgtt tgagaacatt
accgc 35 <2bAz-3@wx211> 37 <212> DNA <213> Artificial sequence <220>
<223> pri ner<224902r80ficialjaggagagt tagagcctta cagcactgcc acaatcg 37 <210>

31 . . <211> 1194 <212> DNA 22
: ‘ © <2203
<223> prlmer

<400> 21
' gtattgagg gtcgcatgcg cgagectett gccct - 35

«<210>= 22
<211> 37
- <212> DHNA
<213> Artificial sequence

<220
<223> primer

<400> 22

ii; agaggagagt tagagcctca gccggggaag ctccggg 39
<210> 23
«<211> 35
<212> DNA.

«213> -Artificial sequence

<220>
«223» . primer

<400= 23 S .
ggtattgagg gtegeatgtc cacgcaggeg gocat 35

<210> 24

<211> 37

<2125 DHNA.

<213> Artificial sequence

<220>
<223> primer

. <400> 24 ‘ N
" agaggagagt tagagcctca ctcacgatitc acattgc _ 37

<210> 25

<211> 35

<212> DNA

<213> Artificial seguence

<220> .
<223> primer

<400> 25 : . ‘ '
ggtattgagg gtcgcatgcc agaattagct aatga _ ’ 35
1T <210> 26

C«211ls 37



<213> E. col

ttacgcttat
gtctgtacta
cgcgcct gaa
gct at cgcca
agcgcgt agc
t cct gaaacg
gcgt agcaat
cgact aacgg
gtattgtgtt
agt gggat gc
cct at.caagg
gcgct ggat t
agcgcgt agg
ggcgat t gaa
t ggt ggct gc
agat gcgt ac
t gccagaacg
t aagt gccgce
gtcgcatgtg

ggagcgtttt

caacgaagac 120

t gcgcagcct 180

tgccattgcg 240 ccgctgetgt ttggtgcgga
.aaccattcaa 300 acccttggcg gctccggggc
ctagcid cegg 360 gaatcaggcg tctgggtcag

atbrgecegggifi2al geggaatt cg aagt gagt ac

cgtgcgettt 480 1 aatgacctgt tggcgacgct gaaaacatta cctgcccgea

gek¥at cca 540 tgttgccaca acccaacggg

gg?ﬁﬁtt@ﬁ@wﬁoo attct caaag cccgcgagct
att cc 660 ggtatgga?? gg??t?ccta

caa gttctcgaa
caa %"? t?%%)gccg%g PGt “tabBiP§eega

agcaacagtt 840 cgccgcaact act ccagccc

aghget gaat 900 gacgaggcat tgaaagccag

tcgcattedi g 960 gcaatgcgtc aggaattggt.
cagid.t cgat 1020

t gt cgccggg 1140

ccatccggt a

‘at t gaaagt g

<400> 31 gtgtttcaaa aagttgacgc ctacgctggc gacccgattc

60 aaagaagacc ctcgcagcga caaagtgaat ttaagtatcg
ggaattattc cacaactgca agccgtggcg gaggcggaag
catggcgctt cgctttattt accgatggaa gggcttaact

ct gaaacaacd
ggcgcggat t

cgat cct acc t gggaaaacc
ttacccctgg tatgacgaag

tgccgatctc
tattccattc
cgctattcgce
aattttctcc
agccgct ggc
gccgaatttt
ct ggct ggeg
gaaggt atta

actaat gatc
ctcgatattg
gccattgcca
ctttacggcg
cgcgt act gg

ggtgcgeagg.

gaagt agaag
agcacagaga

tatctgctta atcagcgcgg catgttcagt tataccggtt

t eagyt t gacf1080. se@emicacgt g aagaatttgg tgtctatctc atcgccagceg
tt aaat acgg- caaat gt aca acgt gt ggca aaggcgtttg

37

ctgcggtgat geaep>1194 <210> 32 <211> 397 <212> PRT <213> E. coli <400> 32
Val Phe G n Ey&>Vabrimep Ala Tyr Ala Gy Asp Pro Ile Leu Thr Leu 1 5 10 15
Met du Arg Phe Lys Gn Asp Pro Arg Ser Asp Lys Val Asn Leu Ser 20 25 30

IIeGIy Leu
Val |

Leu Tyr

“Al'a du

. <400> :
- ggtattgagg gtcgcatgtt tgagaacatt accgc

«210>
. =211

e he Pro Adn Leu dn Ala 35 40 45 23

T§t2%yr27Asn
e e 5 PR A P o H o Gy A B Ser
MUPH)MH(JUGylﬁuAMIWSTW Arg Hs Ala lle Ala

<210>
<211>
<212>
<213>

28

37

DNA

Artificial seguence

<220
<223> primer

<400> 28

agaggagagt tagagectca gecgegcage acckigg

29

35

DNA .

Artificial sequence

<210>
<211>
<212>
<213>

<220>
<223 primer

29

30

37

DHA

Artificial’ sequence

<210>
<211>
<212>
<213>

. <220>
<223> primer

<400> 30

agaggagagt tagagcctta cagcactgcc acaatcg

31
1194

<212> DNA

g

50 55 B0

- 37

37



65 70 75 80 Pro Leu Leu Phe Ay Ala, Asp H's Pro Val
Val 85 90 95 Ala Thr Ile Gn Thr Leu Ay Ay Ser Ay Ala Leu Lys Val
Ala 100 105 110 Asp Phe Leu Lys Arg Tyr
115 120 125 Pro Thr Frp Qu Asn Arg Val
Gu 130 135 140 Val

Asp
Phe
Arg
Arg
Asp,
Arg
Al a
Ay

Phe
Ser
‘Leu
du
Ay
Leu

“Thr

Pro

Asn

‘Al a Leu

Ser Thr Tyr

Phe Pro Gu Ser dy Vval
Ala |le Phe Ala Ay Ala Ay
Pro Trp Tyr Asp Au Ala Thr Asn Gy Val
145 150 155 160 Asn Asp Leu Leu -Ala Thr Leu Lys Thr Leu Pro Ala
Il e Mak-165 t80i175 Leu Leu H's Pro Cys Cys H's Asn Pro Thr Gy Al a
180 185 190 Asp G n Trp Asp Al a Val
Leu .44%@> 185 200 205 Pro Phe Leu Asp Ile Ala Tyr Gn Gy Phe Ay
Met DWAYLCEFaRa23BoLESCIO Fradanyanf apatyroaiita FaeaprptAbgaddoettl a Se¢o Al a
225 230 235 240 .val

Ser Asn Ser

Phe

Ser

dy

Trp Val

Lys Ile Me

Leu Lys Gn G.n Arg

Ser

Ile Au lle Leu Lys Al a

SerLeu Tyr G3P9&F9PAr Ejt%agiﬂ"s coaptegat ttapgtageg ‘-{‘?éiigéé?ta\/ﬁ?a%ﬁg{%/s A+P Asp
s Al a Thr

Ala Gu Al a
Val Arg Arg
G n Val
Trp Leu Ala

Val -

Al a. d
FERT

tcArcgc Vaéltg 2%9
SET -8 9Bt §9BFD

i pRcie A il

0,265

- - - 270 Leu GIX Adn Leu L
5059 wa5gfroseg Sapacttaamtacatanicry . e,

B o 0B 10, 3

Met Arg G n @ddrdenyeVetadiyegdalech@ibgSes thhaddadcMalcgPEOadd HadR%t330 3350 Arg

Asn Phe Asp
Leu Ser Al a

Tyr Leu Leu Asn G n Arg Ay Met The Ser Tyr Thr

fcatfydrgVattAgpode Grignadry ddededdattt PhetGhyaddabtactteceg

gaatcaggeg

gctggatteg

" aatgacctgt -

tgtitgecaca
attctcaaag
ggtatggaag

gtgagcaatt

. gttatgtgtg

cgecgcaact
gacgaggeat

gcaatgegte

- tatctgctta

!

<211l

cgactacgtg

 ttaaatacgg

<210> 32

<212> PRT
<213> E.

<400> 32

—

tctgggteag
aagtgagtac
tggogacget
acceoaacggg
cececgegaget
éggatgccta
cgttectegaa
aagatgccgé
actccaéccé
tééaagécag
aggaﬁttggt
atcagegegg
aagaatttgg

caaatgtaca

397

coli

cgatcctace

‘ttaceccctgg

gaaaacatta
tgecegatete
tattceattc
cgcta;tcgc
aattttctcé
agccgctggc
gcégaatttt
ctggctggeg
gaaggtétta‘
catgttcagt
tgtcﬁgtcfc

acgtgtyggea

tgggaaaacc gcgtagcaat attcgocggg

tatgacgaag

cctgeecegea

actaatgatc

ctcgapattg
gcecattgeeca
ctttacggeg
cgegtactygy
ggtgcgcagg
gaégtagaag
agcacagéga
tataccggtt
atcgccageg

aaggegtttg

Vval Phe Gln Lys Val Asp Ala Tyr Ala Gly Asp

1

5

1¢

- Met Glu Arg Phe Lys Glu Asp Pro Arg Ser Asp
' ' 25

20

" Ile Gly Leu Tyr Tyr Asn Glu Asp Gly Ile Ile

35

490

o3

cgactaacgg
gtattgtgft'
agtgggatgce
cctatcaagg
gogetggatt
agcgegtegy
ggcaattgaa
tggtagetge
agatgcgtaé
tgcecagaacy
taaétgccgc
gtcgcatgtg

ctgeggtgat

cgtacgettt
gctgcatdca
ggtgattgaa
atttggtgce
acccgctcetg
cggacttict
agcaacagtt
agtgctgaat
tcgeattctg

caatttcgat

tcaggttgac

tgtegeeggyg

gtaa-’

Pro Ile Leu Thr Leu

30

15

‘Lys Val Asn Leu Ser |

Pro Gln.Leu Gln Ala

45

360
420
480
540
600"

660

. 720

780
8B40
900
960
1020

1080

- 1140

1l94

340 345350 Ay



355 360 365 Tyr Leu lle Ala Ser Gy 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 Mt - 385 390
395 <210> 33 <211> 35 <212> DNA <213> Artificial sequence = <220> <223>
primer <400> 33' ggtattgagg gtcgcgtgtt tcaaaaagtt gacgc 35 <210> 34 <211>
37 <212> DNA <213> Artificial sequence <220> <223> priner <400> 34
agaggagagt tagagcctta catcaccgca gcaaacg ~37 <210> 35 <211> 35 <212> DNA
<213> Artificial sequence <220> <223> priner - - - 25 <400> 35 ggtattgagg
gt cgcat gga gralcadagil: gld gau-ABSArg XEO>A36 222 1dhn Bro HER2 1@y BNA ss213>
Artificial sequéfce <220> <223>5prinmer <400> 36 &0 '

Leu Tyr Leu Pro Met Glu Gly Leu Asn Cys Tyr Arg His Ala Ile RAla
65 70 75 _ 80

Pro Leu Leu Phe Gly Ala, Asp His Pro Val Leu Lys Glmn G'n Arg Val
) 85 20 95

2la Thr Ile Glun Thr Leu Gly Gly Ser Gly Ala Leu Lys Val Gly Ala
160 . - 105 . ' 110

- Asp Phe Leu Lys Arg Tyr Phe Pro Glu Ser Gly Val Trp Val Ser Asp -
L _ 115 - 120 : 125 :

Pro Thr Trp ¢lu Asn Arg val Ala Ile Phe Ala Gly Ala Gly .Phe Glu
130 . 135 : 140

Val Ser Thr Tyxr Pro Trp Tyf Zsp Glu Ala Thr Asn Gly Val Arg 'Phé
145 150 155 - 160

Asn Asp Leu Leu Ala Thr Leu Lys Thr Leu Pro Ala Arg Ser Ile Val
165 _ 170 175

 Leu Leu His Pro Cys Cys His Asn Pro Thr Gly Ala Asp Leu Thr 2sn
180 185 190

Asp Gln Trp Asp Bla Val Ile Glu Ile Leu Lys Ala Arg Glu Leu Ile
- 195 7 200 205

Pro FPhe Leu Asp Ile Ala Tyr Gin Gly Phe Gly Ala Gly Met Glu Glu
210 _ 215 220

Asp Ala Tyr Ala Ile Arg Ala Ile Ala Ser Ala 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 - .. 250 : 255

- Gly @ly Leu Ser Val Met Cys Glu Asp Ala Glu Ala Ala Gly Arg Vval
260 o 265 - - 270 =

Leu Gly @ln Leu Lys Ala Thr Val Arg Arg Asn. Tyr Ser Ser Pro Pr¢
275 : - 280 285 '

4y



agaggagagt tagagcctta cacttggaaa acagcct. 37 <210> 37 <211> 35 <212> DNA c
-. <213> Artificial sequence- <220> <223> prinmer <400> 37 ggtattgagg

gt cgcat gaa aaactggaaa acaag—35 <210> 38 <211> 37 - <212> DNA <213>
Artificial sequence- <220> <223> priner <400> 38 agaggagagt tagagcctta
cagcttagcg ccttcta 37 ~.. <210> 39 <211> 35 -<212> DNA - <213> Artificial
sequence <220> <223> .primer <400> 39 ggtattgagg gtcgcatgcg aggggcatta
ttcaa - 35. #2d0onedB1¥20>6H6 vax2h2>aDNALIS 243 >revnbh fApi 6lu S@quUeACe - - -
<220>' <223> priamer - <400> 40 2@95agaggagagttagagoctca gcccttgagc gcgaag 36
<210> 41 <211> 1416 <212> DNA

Lys ala Ser Trp Leu Ala Glu val Glu Glu Met Arg Thr Arg Ile Leu
308 ' 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 heu Asn Gln Arg Gly Met Phe Ser Tyr Thr
. 340 . 345 350

Gly Leu Ser Ala Ala Gln Val Asp Arg Leu Arg Glu Glu Phe Gly Val
355 360 365

Tyr Leu Ile Ala Ser Gly Arg Met Cys Val Ala'Gly LIreu Asn Thr Ala
370 375 ‘ 380

Asn Val Gln Arg Val Ala Lys Ala Phe Ala Ala Val Met
385 ' 390 ’ _ 395

<210> 33

<21l>- 35

<212> DNA

<213> Artificial sequence

<220> .
<223> primer

<400> 33 _ .
. ggtattgagyg gtcgegtgtt tcaaaaagtt gacgco . 35
o, B .
-
. 210> 34
 <211> 37
. <2212> DNA

<213> Artificial séquence

220>
<223> primer

<400> 34 : ‘ ,
agaggagagt tagagcctta catcaccgca gcaaacy - ) - 37

<210> 35

<211> 35

<212> DNMA - _
<213> Artificial sequence

<220>
<223> primer




<213> E. coli - <400> 41 atggaaaact ttaaacatct ccctgaaccg ttccgcattc:

gtgttattga
ccggt at gaa
gcggcaccgg
acagcggcag
aat acaccat
t t aaaaaacg
atttctttga
at at caaaga
agggatt aga
ccat caccag
acagcat cgc
acgcctattt
cccgcgaaac
t gccgat ggg
gcagaaccct
cgat ggagcg
gt at egcgca
aggcgggcegg
accagttecc

t agaaattgg

cggct gaact
tcattattga
ttacgtacga

<210> 42 <211> 1371
. atg&&ffatc ¢
cgt gat gaac gEéétcaddd

42 -

gccagt aaaa 60
cccgttcctg 120

ggcggt gacg 180.
tcgtagctac 240. -

t<c4%ggct3%ac 300

et achoaaz0

agccttcgat 480
acgoggotaatt 540
t<eact ctagca 600
g@dgaaamac 660

cgtaccaccc gcgcttatcg tgaagaggca attattaaat

ctggat agcg aagatgtttt tatcgattta ctgaccgaca
cagagcat gd aggct gcgat gatgcgcggc gacgaagcct
tatgcgttag ccgagtcagt gaaaaatatc tttggttatc

‘cagggccgt g.
atQA2906ELY

gccgat agc
acgggcgt gc
gaagaagttg
ggt ggt cagc
gat attccgg

citleaadesyticdel gmgergcag

ctagaaatat 780
ttgctg 840
{'f‘ggé@t 3@%18%00

gccgat atgc
.t gcat gaaag

caggaaggct
tc%ggcggta 960 ggtctgtatg
<4
t Gt
%%%%%%E’?ata%%ég“ﬁ tcgttg

ggcacaggcg . 1140
clzabit et g 1200

agaett taaa 1320.

gcgcagagca

feafeppeoces

aacgg
gttacgactt
gt ccgaat aa
cggtttcact
t ggt aat gga
aat acaaaga
t ggcgat gt c
acgacagctt
tcccgacat a
acggcat gaa

aatctatatt
aat ggt ggcg
ctgtaccgtg
t daaaggcaac
cgtgccgt at
ggcaaactta
ctccgcgcegce
ctggaccatc
cgccaagaaa
ctttgatgtg
‘tggcggcecetg
t ct cgact gg

ccggt act ga
ttctctaact

cgt aacgt ct-

tttgaccttg
atcgttgcaa
aaagcgat gt
tttgctgaaa
gagcagat ca
gat gcgat gg
t acaccgagt
gaagqcggcg
ctggcttatc

35

gaa&ggggagagcggaaga gattggegtt gtctgecagg,

tg ccggtaaact. gttgccgcat ‘atcccggeag
ctggcct gcg agct gt at aa agt cgccggt at ccgt gcgg

ttaggccgcg atccgaaaac cggtaaacaa ctgccatgcec
getigegtstst a 1260 accattccgc gcgcaacata tactcaaaca cat at ggact
cat gt gaaag agaacgcggc gaatattaaa ggattaacct

a@éynadgtbfird8D seangmst cact tcaccgcaaa acttaaagaa gtttaa .

<212> DNA

27 Se <213> Citrobacter freundii -
)gcagaacc cttccgtatt aaaagcgttg aaactgtatc tatgatcccg 60
aat gcaggaa gcgggttaca atactttcct gttaaattcg 120

aaagatattt at,ahtgagct gctgacagac agtggcacta acgcaatgag cgacaagcag 180
tgggceggaa tfgal 6akgg % d-galanaotdasae09068, gcgaaaactt ctatcatctg 240 54

 <211>

<210>
<211>
<212>
<213>

38
37
DNA

<220>
«223> primer

«<400> 38

Artificial sequence

agaggagagt tagagectta cagettageg cotteta

«210% 39
35 -
<212> DNA

<213>

<220$
<223> primer

«<400> 39

Artificial sequence

' ggtattgagg‘gtcgcatgcg Aggggcatté.ttCaar

D <2125
. <213>

<210>
<21i>

40
36
DNA

. <220>

<223> primer

<400> 40

Artificial sequence

26

1416
<400>

37

'35



gaaagaaccg
ggcgcagaaa
atgtatttca
gttcgtgacg
aaaaaattac
gcggt gacgg
cgt gaact ga
aacgcct act
gt gcat gaga
gt gaacat cg
ttagtcgtgg
gcgat ggcga
caggttcgct
ggcggt cacg
ttcccggcac
cgcggaatta

t gcaggaact gtttggcettt
acctgttatc gcagctggct
ctaccacccg ttatcaccag
aagcgcacga tgccggtctg
aaaagct gat tgat gaaaaa
ttaacct cgc gggcggccaa

Cagagcaan thggat tazacglgbbeiqggagcgct acccyg
tt at caaaga gcaagagcag ggctttgaga
tgttcagcta cgccgacggt tgtaccatga
gedjdet t £kt gt gcat gaac gat gacgaaa
gat gccatct tacggcggcc

aagccat g cagtacgaat

agctgaaa gccgcet ggeg
cagtattgct cgatgegegt cgettctgeg
aﬁ%ﬂkﬁ&&ﬂ?tEQ&&%@&?Eﬁc&%EEEQQﬁﬁég&ﬁﬁggﬂiﬁﬁguiﬁggéi

tf%é?cgggg

tct'Ct gcggg ccgt aat aac

acaagagcat
gt ggt aaaaa
tgttctcttc

-t ggccggacg

at att gagca
taccgatt gt
agcat ct gac

gcgt gcggt g
ct gcgt agaa
cgccgagat c
agactgtctg
t gccaaagag
t gat at ggaa
ccgcgt gaag
t gaaccggt a
gcaagatgag

aaacatatg ttccgactca ccaggggcgt 3,00
attaaacctg ggcaat at gt tgccggaaat
gaaaaaaatg gtgcggtgtt tgtcgatatc
aatattgcgt ttaaaggtga tatcgatctt
ggcgcagaga atattgcgta tatctgcctg
ccggtctcga tggct aacat

360

420

480

540
- 600
660 35
- 720 -
. 780
840
900
- 960
1020
1080
ag 1140

gaccggt g- aacaccacag accgaaactg 1200

gaaaccgt gcgt &jgachaic ge@a&g&@gttggaéatggaaa@&a@@@aaccﬁag@ta@ﬁat 8 dg8t8et260-120
gctgacggta ttattaaact ttaccagcac aaagaagata ttcgcgggct gaagtttatt

t acgagccga ageragtigegabddwtttachtgeacye tdrbgedisbacaicat & @yglddchgtsatt0> 4Bo-

-1320

<211> 35 - 1 <212> DNA <213> Artificial sequence - . - <220> - - - -
<223> pri nercagageatgt) esIAIChft aﬁt@mggfgt%gsﬁqyga IageyItgabctagetac - %@-

.28 . <210> 44 <211> 37 <212> DNA <213> Artificial sequence <220> <223>

primer <400 BATE G GEPAIC T2 ARAAPES FAEPVCALE £4FPITFY BoFgacteac 300
fF;" cagggcegtyg .gogcagagea aatcotatatt ccggtactga ttaaaaaacg'cgagcaggaa 360
- aaaggcétgg ategcagcaa aatggtggeg ttctcﬁaaét atttctttga taccacgceag 4290 -
ggccataécc agatcaacgg ctgtéccgtg cgtéacgtct atatcaaaga agcctteogat 480
acgggegtge gttacgactt taéaggdaac tttgaccttg aggdattaga adgcggtatt 540

- gaagaagttglgtccgaataa cgtgoegtat atcgttgeaa ccatcaccag taactotgca 600
ggtégﬁcagc cggtttcact ggcagactta aaagcgatgt acagecatoge gaagaaatac 660
gatattcegg tggtéatgga ctcegegege tttgetgaaa acgectatit catcaageag 720
"cétgaagcag ééﬁacaaaga ctggaccatc.gagcagatca ccégcgaaaclctacaaatat 780
gccgatafgé tggcéatgtc cgccaaéaaa-gatgcgatgg tgecgatggg cggceetgctg 840
tgcatgaaag.acgacagctt ctitgatgtg tacaccgagt gcaéaaccct ttgcgtggtg 500

e caggaaggc;rtcccgacata tggcggcctg gaaggcggcg'égatggagcg tétggcggta‘ 960 -
- 'ggtctgtatg acggcatgaa tctcgactgg ctggcttate gtatcgegea ggtacagtat 1020_
_c£g§tcgatg gtctggaaga gattggcgtt gtctgcéagc aggegggcegyg ﬁcacgcggga 1080
ttegttgatg ccggtaaact gttgecgeat atcccggeag éccagttccc ggcacaggcg 1140
c;égcctgcg agctgtataa agtegeeggt atccgtgegg tagaaattgg ctetttecty 1200
.ttaggccgcg atccgaaaac cggﬁaaacaa‘ctgccatgcc cggctgaact gctgégttta .;260
accattccgé.gcgcéacata tactcaaaca catatggact Ecattattga agcctttaaa 1350
catgtgaaag'agaacgcggc gaaﬁattaaa ggattaacc£ ttacgtacga accgaaagta 1380

".1 . ttg&gtcact tcaccgcaaa acttaaagaa gtttaa . i4is

_;A<210> 42
<211> 1371
DNA

<212>

iR L

27



<210> 45 <211> 35

DNA <213> Artificial

tagagcctta gatgtaatca aagcgtg 37

Artificial

aaatctat at t .Bilzs <@{ebdSer £2hbaiB0 <212> DNA-<213> Artificial
<400> 48 tgcgccggtg
49 <211> 32 <280> 42<212> DNA <213> Arti

<220> <223> pri mer

sequence

sequence

<212> DNA <213> Artificial
<400> 45 ggtattgagg gtcgcatgaa ttatccggca gaacc 35
' <223> priner
<210> 47 <211>31

<220>.

<220> <223> pri mer

atgaattate cggcagaacce cttccecgtatt

cgtgatgaac

aaagatattt

tgggccagaa

gaaagaaceq

ggcgoagaaa

atgtatttcea

" gttcgtgacyg

aaaaaattac
geggtgacgg
cgtgaactga
aacgcctact
gtgcatgaga
gtgaacateg

ttagtcgtygg

gcgatggega’

caggttcgcet
ggcggtcacy
tteeceggeac
cgcgééatta
éaaaccgtgc

getgacggta

tacgageccga

43
35

<210>
<211>
<212>
€213>

<220>
<223

"<400> 43

DNA
Artificial sequence

gcctecaagaa
atattgacct
tgatgétggg
tgcaggaact
adctgttatc
‘ctéccaccqg
aaécgcacga
aaaagctgat
ttaaéctcgc
éagaagcgca
ttatcaaaga
tgttecageta
geggettect
tctacgaagy
ttggectgey
acctgggega
cggtattect
aaagtctggc
tctetgegygyg
gtctgactat
ttattaaact

ageagttgcg

primer

aatgcaggaé
gctgacégac
tgatgaaécg
gtttggettt
gcagctggct
ttatcaccag
tgececggtetg
tgatgaaaﬁa
gggcggceceaa
tggcattaaa
gcaagégcag
cgcogacagt
gtgcatgaac
gatgccatet
tgaagccatg
taégcﬁgéaa
cgatgegegt
tgeccageate
ccgtaataac
tccécgtcgt
ttaccagcag

tttctttact

sequence
<210> 46 <211> 37
<400> 46 agaggagagt
<212> DNA <213>

<220> <223> pri mer

<212>

<400> 47 ccagggcacc ggcgcagagc

sequence

ccctggtgag tcggaatggt 30 29 O <210>

ficial
aaaagcgttg

gegggttaca
agtggcacta

tacgcgggca

aaacatattyg

attaaacqtg
gaaaaaaatg
aatattgcgt
ggcgcagaga
cecggtectega
gtgtitctacg
ggctttéaga
tgtaccatga
gatgacgaaa
tacggeggcec
cagtacgaat
gcecgetggeg
cgcﬁtctgcg

tatgtggaéa

gtgéécggtg

‘gtttatacet

aaagaagata

gcacgctttg

~ggtattgagg gtcgcatgga aaactttaaa catct

28

sequence

aaactgtatc
atactttecct
acgcaatgag
gegaaaactt
ﬁtccgactca
ggcaatatgt
gtgcggtgtt
ttaaaggtga
atattgcgta
tggcetaacat
acgctacccg
acaagagcat
gtggtaaaaa
tgttctcttce
tggccggacg
atattgagca
taccgattgt
agcatctgéc
ceggegtgeg
aacaccacay
acgcacatat
.ttcgcgggct

attacatcta

tatgatcccg
gttaaatteg

cgacaagcag

étatcatctg.

ccaggggegt

tgoccgggaat

tgtegatate:

tatcgatett

tatctgectyg

gegtgeggtyg

ctgegtagaa
cgcgéagatc
agactgtctg

tgcéaaagag

tgatatggaa =

cegegtgaag

tgaéccggta

gcaagatgag
cagtatggag‘

‘aécgaaactg

ggatgtitgitg
gaagtttatt

a

60
120

180

240
300‘
360
420
480
540
600

660

T 720

780
840

‘900

- 960

1020

1080

1140

1200

1260

1320

1371
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- <220> <223>. prinmer - - <400> 49 tcctgcacgc ggcaaagggttctgcactcg gt - -32
<210> 50 <211> 30 - <212> DNA <213> Artificial sequence <220> <223> pri ner
<400> 50 ctttgccgcg tgcaggaagg cttcccgaca - 30 <210> 51 - <211> 29 <212>
DNA <213> Artificial*sequence - - <220> <223> prinmer <400> 51 - -* aggggaccgg
cgcagaaaac ctgttatcg 29 <210> 52 <211> 32 <212> DNA - - <213> Artificial
sequence <220> <223> .primer - <400> 52 - tctgcgcecgg tccectggtg agt cggaaca
at 32 <210> 8H30x2E34> 29 - - - '<212> DNA - -. - <213> Artificial sequence -

<220> - -.c22&3lpridfer - <400> 53 -
: . «212> - DNA

<213> Artificial sequence

<220>
<223> primer

| <400> 44 _
agaggagagt tagagcctta aacttettta agttttg _ 37

‘<210s> 45

<211> 35

"<212> DNA

<213> Artifiecial sequence

<220> .
‘«223> primer

(-

<400> 45 .
ggtattgagg gtcgcatgaa ttatceeggea gaacce 35

<210> 46

<211> 37

<212> - DNA '

<2133 Artificial sequence

C«220>.
<223> primer

| <400> 46 : :
agaggagagt tagagccetta gatgtaatca aagegtg 37

<210> 47,

<211s> 31
o <212> DNA . ,
<213> Artificial sequence
€220

<223> primer

<400> 47 : : ‘ _ :
cecagggoace ggegeagagce aaatctatat ©o 31

<210> 48
<211> 30
«212> DNA | .
<213> Artificial sequence

<220>
<223> primer .

- <400> 48. .
tgegeeggty coctggtgay toggaatggt . - ' 30

29



" i B i

gttagtccgc gtctacgaag ggatgccat 29 <210> 54 30 <211> 29 <212> DNA. <213>
Artificial sequence <220> <223> priner <400> 54 gtagacgcgg actaactctt -
tggcagaag 29 <210> 55 <211> 35 <212> DNA <213> Artificial sequence <220>
<223> prinmer <400> 55 ggtattgagg gtcgcatgta cgaactggga gttgt 35 <210> 56
<211> 37 <212> DNA <213> Artificial sequence .<220> <223> priner <400> 56
agaggagagt tagagccida gtcaatatat ttcaggc 37 <210> 57 <211> 35 <212> DNA
<213> Artificpal. seguence. <220> <223> prinmer <400> 57 ggtattgagg '
gtcgcatgtc cggeat cod gtcca 35 <210> 58 <211> 37 <212> DNA.

<213> Artificial seguence

<220>
<223> primer

<400> 49 ' ‘ . '
tectgoacge ggcaaagggt tetgeacteg gt . . 32

<210> 50

<211>= 30

<212> DHNA -

<213> Artificial secquence

© <2205
<223> primer

)

<400> 50 :
ctttgeoocgeg tgecaggaagg cttcccgaca o ) s 30

<210> 51

<211> 289

<212> DNA

<213> Artifiecial sequence

<220>
<223> primer

<400> 51 ‘ S
aggggaccgg cgcagaaaac ctgttateg - : ' 29

<210> 52
<211> 32
<212> DNA
. <213> Artificial sequence

<220>
<223> primer

<400> 52 : : . S
tctgcgccgg tcccctggtg agtcggaaca at 32

<210> 53
<211> 29
<212> DNA
. «213> Artificial sequence’

<220>
. €223> primer

<4005 53 . .
o gttagtcege gtctacgaag ggatgccat . o _ ' 25

<210> 54

130



<213> Art|f|C|aI sequence <220> <223> prinmer <400> 58 agaggagagt

t agagcctca gacatatttc agtccca 37 <210> 59 <211> 35 31 <212> DNA <213>
Artificial sequence <220> <223> prinmer .- <400> 59 ggtattgagg gtcgcatgcg

act gaacaac ctcgg 35. <210> 60 <211> 37 <212> DNA <213> Artificial sequence
<220> <223> primer <400> 60 - - - f"- agaggagagt tagagcctca gttctccacg
tattcca 37 <210> 64 <211> 35 <212> DNA <213> Artificial sequence <220>
<223> prlner<2ﬁﬁanm§1 ggt at t-gagg gtcgcatgag cgtggttcac cggaa 35 <210> 62
<211> 37 <2121a>D|\&tﬁ2é§aa Aednidhnicgi aI sequence <220> <223> prinmer - <400>
220>

<223> primer

' <400> 54
. gtagacdcgg actaactctt tggcagaag .- 29

<210> 55

<211> 35

<212> DNA

<213> Artificial seguence

<220>
<223> primer

f“=“ ' <400> 55 -

N~ ggtattgagg gtcgeatgta cgaactggga gttgt 35
<210> 56
<211> 27 |
«212> DNA

<2135 2Artificial segquence

220> .
<223> primer

<400> 56 : o ‘
- agaggagagt tagagcctta gtecaatatat ttcaggc . 37

<210> 57
<211> 3%~
<212> DNA A
<213> Artificial sequence

- <220>
‘ - <223> primer

. <400> 57 . .
agtattgagg gtegeatgte cggeatcgtt gtceea ‘ 35

<210> 58

<211l> 37

<212> DNA

'<213> Artificial sequence

<220>
<223> primer

'<400> 58 ' -
agaggagagt tagagcctca gacatatttc agtccca o _ ’ 37

=<210> 58
<211=> 35



agaggagagt

DNA - <213> Artificial sequence <220> <223> prinmer x400> 63 .. ggtatt

gt cgcat gag

<213> Artificial .sequence <220> <223> primer <400> 64 agaggagagt---.

t agagcctta

ccgaccgcgce
t gggccgegt
cgggcaccgc
ccgagcagat
gctacttcgg
t cgat gccgg

aggccatctc

t ct gcgccgg
tctgcgt gcc
t cgaaggcga
t gcgcgagcec

t agagcctca atcgatatat ttcagtc .37. <210> 63 <211> 35 <212>

cctggttaat atgaa .35 <210> 64 <211> 37 <212> DNA . . .- 32

gagg
T

tgactttaac gcgttga 37 <210> 65 <211> 684 <212> DNA <213> C.
testosteroni 540035 atgtacgaac tgggagttgt ctaccgcaat atccagcgcg

t geliget gae:i Hkiag9eLf@d6£g ccctgggectc cgeccaccgt g cacgaggeca

cggtctgctc 120" aagccctat atgcgccccat ctaggccggc aagcaggt ct

cotzeaeggtg 180 ctgctgcagc ccggcgacaa ctggatgatg catgtggetg
t c#géecggémd0 gacat cgtgg tcgcagccgt caccgcagag tgcaccgacg
cggtgtgéég 300 gccaccagct tccaggcgcg cggcgcacgt gcgctgatca
C cgdac 360 t gaagacgc tgcaggagat ggactttccg gtctggagca
t tECEETGGE & ca&%%hﬁ SHGG2RC4EEST ggg ct cggt caac atccccatcg

catgctggtc 480 acgcccggtg acgtgatcgt ggccgacgac gacggcgtgg

cgcggegegt 540 gecgtggaag tgctggecge cgcccagaag cgtgaaagcet.
agag¢gcgec 600 aagctggcect cgggcatcct cggcctggat atgtacaaga

cclggaagag 660 gccggectga aatatattga ctaa 684 <210> 66 &

<213> Artificial sequence

«220>
- <223> primer

<400> 60
agaggagagt tagagcctca gttctccacyg tattcca

<210> 61
<211> 35

.'<212> DNA.

<213> Artificial sequence

<220>
<223> primer

<«400> 61
ggtattgagg gtcgcatgag cgtggttecac cggaa

<210> 62

«211l»> 37

<212> DNA

<213> Artificial sequence

<220>
<223» primer

<400> 62 .
agaggagagt tagagccteoa ategatatat ttcagte

<210> 63

. <211> 35

<212> DNA

T <213 Artificial‘sequénce

. <220

<223> primer
- 400> 63 .

ggtattgagg gtcgcatgag cctggttaat atgaa

«210> 64
«211> 37
<212> DNA

32

35,

37

35

”371

35



<211> 227

Val
Al a
Leu
Ay

Met

Al a
Thr,
Val

Tyr
Al a
Leu
Thr
Hi s
Val
Ser
Arg
Lys
Asn
Asp
Arg
Ay
Met
Asp

Arg
Leu
Lys
Al a
Val
Thr

“Phe

Asp, =
Al a
Il e.
Val

Al a
Au
Tyr

225

<ZRPO>667 <211> 42
<212> DNA -
<213> C. testosteroni

. <400> 65 _
atgtacgaac tgggagttgt ctaccgeaat atccagcgcg-ccgaccgcgc tgctgetgac 60
ggcctggceg ccctgggctc'cgcgaccgtg'cacgaggcca tgggcegegt cggtectgetce 120
aagccctataltgcgcCccat ctatgecgge aageaggtct cgggeaccoge -cgtcacggtg 180
ctgetgoage coggogacaa ctggatgatg catgtggctg ccgageagat tecagocogge 240
gécatcgtgg tegeagocegt caccgeagag tacaccgacg getacttegg cgatctgetg 300
gecaccaget tocaggegeg cggcgcacgt gecgetgatca tcgatgccgg.cgtgcgcgac 360
gtgaagacge tacaggagat ggactttccg gtctggagea aggccatcte ttececaaggge 420
acgatcaagg ccacqctggé cteggteaac atccecatcg tetgegecgy catgctggte 480
acgcceggty acgtgategt ggbcgacgac gacggcegtgg tectgecgtgeo cgcogogeygt 540

' gecatggaag tgctggeceoge cgcccagaag égtgaaagct tocgaaggecga aaagcgogec 600
aagetggect cgggcatcct cggcctggat.atgtacaaga tgogegagee cetggaaaag 660
gceggectga aatatattga ctaa 684
<210> 66
<211> 227
<212> " PRT
<213> C. testosteroni
<400> €6

<212> PRT <213> C.

testosteroni <400> 66 Met Tyr Qu Len Gy Val
Asn. lle Gn Arg Ala Asp Arg 1 5 10 15 Ala Ala Ala Asp Ay Leu

Gy Ser Ala Thr Val Hs Gu 20 25 30 Ala Mt Gy Arg vVal Ay
Pro Tyr Met Arg Pro Ile Tyr 35 40 45 Ala Ay Lys G n Val Ser
Val Thr Val Leu Leu Gn Pro 50 55 60 33 Ay Asp Asn Trp Met

Ala Ala Qu dnlle Gn Pro dy 65 70 75 80 Asp Ile Val Val Al a

ARG s cinr sagper@ey Tyr Phe 85 90 95 Gy Asp Leu Leu Ala

GInAIaArgGIyAIaArgAIaLeu 100 105 110 Ile Ile Asp Ala Ay
23’ Lys, Thr Leu Gn Gu Met Asp 115 120 125 Phe Pro Val Trp
Ffe >Se rﬁéef Lys Gy Thr Ile Lys Ala 130 135 140 Thr Leu d ySer

\j g Val Cys Ala Gy Met Leu Val 145 150 155 160 Thr Pro
Vi tAItg ASRLASP- AP T MA)er Cys Val 165 170 175 Prg,Al a
%gGauE’Va gLeu Al ag%% ° %&J é[(ys Arg Gu 180 185 190 Ser9 Phe

Lys Arg. Ala Lys Leu. Al a Ser Gy lle Leurdy 195 200 205 Leu
kysosMess Arg G u Pro Leu Qu Lys Ala Ay Leu Lys 210 215 220 Tyr

Met Tyr Glu Leu Gly Val Val Tyr Arg Asn Ile
1

5

10

Ala Ala Ala Asp Gly Leu Ala Ala Leu Gly Ser
‘ 25

Ala Met Gly Arg Val Gly Leu Leu Lys Pro Tyr

35

20

40

‘_ Ala Gly Lys Gln Val Ser Gly Thr ala Val Thr

50

55

33

Gln Arg Ala Asp Arg

i5

Ala Thr Val His Glu

30

Met Arg Pro Tle Tvr .:

.45

Val Leu’ Leu Gln Pro

60




<212> DNA <213> Artificial sequence <220> <223> prinmer f400> 67 actcggatcc
gaaggagat a tacatatgta cgaactgggact 42 '<210> 68 <211> 33 <212> DNA 34 <213>
Artificial. sequence <220> <223> priner <400> 68 cggctgtcga ccgttagtca
atatatttcaggc 33 <210> 69 <211> 31 <212> DNA <213> Artificial sequence
<220> <223> primer <400> 69 cgcggatcca taatggttga gaacattacc g 31 <210> 70
<211> 30 <212> DNA <213> Artificial sequence . <220> <223> prinmer <400> 70
acgcgtcgac ttacagcact gccacaatcg 30 <210> 71 <211> 32 <212> DNA <213>
Artificial sequeBsesn<@ddRet Met<BZ3XaRA¥BR1a Glu cln Ile Gln Pro Gly. - '

65 70 : 75 80

ASp Tle Val Val Ala Ala Val Thr Ala Glu Cys Thr Asp Gly Tyr Fhe
: 85 'S0 ' . 95

Gly Asp Leu Leu Ala Thr Ser Phe Gln Ala Arg Gly Ala Arg Ala Leu -
100 : 105 110 .

Ile Ile Asp Ala Gly Val Arg Asp Val Lys Thr Leu Gln Glu'Me§ Asp
115 . 120 . 125

- Phe Pro Val Trp Ser Lys Ala Ile Ser Ser Lys Gly Thr Ile Lys Ala-
e _ 130 ‘ 135 140 :

Thr Leu Gly Ser Val Asn Iie_Pro Ile Val Cys Ala Gly Met Lieu Val
145 150 - 155 160

Thr Pro'Gly Asp Val Ile Val Ala Asp Asp Asp Gly Val Val Cys Val
165 170 _ : 175 -

Pro Ala Ala Arg Ala Val Glu Val Leu Ala Ala Ala Gln Lys Arg Glu
180 185 150

Ser Phe Glu Gly Glu Lys Arg Ala Lys Leu.Ala Ser‘Gly Tle Leu Gly
195 200 - 205

Leu Asp Met Tyr Lys Met Arg Glu Pro Leu Glu Lys Ala Gly Leu Lys
-l 210 215 220 .

Tyr Ile Asp
225

<210> &7

<21l> 42

<212> DNA S
<213> Artificial sequence

'A<220>
<223> primer

-<400> &7 _ _ . o . -
actcggatce gaaggagata tacatatgta cgaactggga ct ) ' 42

210> 68
 «211> 33
<212> DNA



<400> 71 ccggaattca taatggtcga actgggagtt gt 32 <210> 72 <211> 33 <212>
DNA <213> Artificial sequepce <220> <223> primer <400> 72 gaatgcggcc
gcttagtcaa tatatttcag gcc. 33 <210> 73 <211> 15 <212> DNA . . <213> _
Artificial sequence 35 a <220> <223> priner '<400> 73 ggtattgagg gtcgc 15
<210> 74 <211> 17 <212> DNA <213> Artificial -sequence <220> <223> pri mer

. <400> 74 agaggagagl.1A0a0eGelifendid

<220> )
<223> primer

<400> 68
cggetgtega ccogttagtea atatatttcea ggeo 33

. <2106> &9
<211> 31
<212> DMA
<213> Artificial sequence

<220> o
<223> primer

<400> 69 E ‘
cgceggatoca taatggttga dgaacattace g _ 31

<210> 70

- <211> 30 : : .
<212> DNA ' : L
<213> Artificial sequence

«220> -
<223> primer

<400> 70 .
acgcgtcgac ttacageact gccacaateg ' 30

<210> 71
<211> 32
<212> DNA )
<213> Artificial sequence

<220>.
<223> primer .-

<400> 71 . S .
ceggaattca taatggtega actgggagtt gt . s a2

<210> 72

<21l> 33

<212> DHNA

<213> Artificial sequence

<2205
<223> primer

<400> 72 . : : ‘
gaatgeggee geottagtcaa tatattitcag gee. .33

T %210> 73
<21i> 15
<212> DNA .
<213> Artificidl sequence

'f £ 35




re

<220>

<223>

<400>

primer

73

ggtattgagy gtcgc

210>

<211>
<212>
<213>

<220>
<223>

:<400> , :
agaggagagt tagagcc

74

17 . c
DNA ) '
Artificial =equence

primer

74

36

15

17



