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allowmg for the conversion between substrates are listed adjacent fo the arows between the: _i

substrates. Bach polvpcphde is described by its common name and an enzymatic class (EC) number;



SEQ | ED NOS: 11 and 12 show novel nucleic acid and amno acid
sequences of an aromatic am :aotransferase (aria) from Lactobacillus
anyl ovorus, respectively (by honology identified as an 5aromatic

am notransferase). SEQ ID NOS: 13 and P4 show the nucleic acid and
am no acid sequences of a nmultiple stibstrate am notransferase (visa)

fromR sphaer Otpﬁﬂgns i) aff%}ebde{aﬁ %Eg&bl\é%yblégy&ﬁaat bR oBGe Rnviitichop! €

substrate am no er ase to ACcessli on
AAAEQ 10000 9@0lg-3-lsHc aciing gﬂol%mssvafan @hcﬁé%%ﬁ agsrEhaNs in ‘Zmﬁé%gzll?fymes

10SEQ I D N%wzr%%oﬂﬂﬁcoﬁ@:s&h %@ﬁ tEBLSratts £ lidtdd adh@fifo thbierrds: beswabithd | S

D- al ani'-ne am not r ansf rase (dat ence, NC§ show
primers usé‘g;l W%%ﬁ’ﬁ@% %tl ﬁg’fq’l% c?%‘f]%mangan%a”m mﬁ%ﬁa&@%&l&rbben
NOS: 195and 20 $FHGwd showsee B)sslzis@@lacmmfgﬂnmmg Weﬂﬁhely%wqﬂs

araTam not r ansf 8§ & ASEA YE E Shronlatopiais EHOwERie LEAAchtiRA &I WoRdith Mer S
used to clone tﬁﬂgéRhodobact er %phaero i des (62 4.1 and 35053) nultiple
substrat e airiifed pgrefielise sequences. SEQ I D NOS: 23 and 24 show
primers used tomcmaﬂ&]@nds@h)sﬂﬂmqmmmm}zﬁymdﬁww sysiheired oenatiSEQ ED

NOS: 25 and 26 ri d C I

antyl oyorus ar aﬁggq’%er'\lgzﬁ %8“ %t%r m@?ﬁ%@&g‘g@%&ﬁé b\(/lnslril‘?y rsrgrogmﬁn;g%
to cl oh@ tm@dﬂedslphammﬁwmatA sequences (both 2.4.1 and 35053).
SEQ I D NCS: 29 3#d. 59a&b@ﬂtc@fahﬁﬁfvﬁng}tﬁeﬂﬂgﬂr&oﬁﬁ(ﬁ&&sstﬂi@suE.meﬁI@f fnora6p C
sequence ( ene ‘ieﬂi‘c’%ﬁ%‘g Genbank Accession No.: A E000195.1, protein
sequence Pon  No. : AAC74014.1) . ZSSEQ I D NOS: 31 and 32
show t he nucI ei FIG8I TA-Ahwle AR EEw dowingjiherhirelserafation of (AtR-Eyptophan, (B) S-

am not r ansfg s, h(cPhohiARGeadtaimieaReCt ivel y.  SEQ ID NOS: 33

and 34 _show priners uSed | one-fhe E tyrB seque

NGB 3850 show SEnHHES (s BEeh G ASBT PHRBAT RPN R DgES
oxogl ut ar atsgtoaing O BB RA(HIICFhe (B@dkatts 3ack6] substrte wdditipn (Iié@ﬁ@hé@r m'afm 1
and 42 show th(ﬁ (Qucl ei ¢ acid sequences of tryptophai nse Gna) fromE.
colt and tyr osin henol -1 yase (3i/) from G trobacterfreundii, .coding
far proteins POGEI@@ 1(1@?*“&6@1%1)‘ awmm&@a@wswﬂm?emr%%%% vely.
SEQ EL) N%on&%%odﬂ&dﬁhﬁwphmﬁldusaﬁyrﬁmecl one tryptophanase .

I d
L e b LahE by

pol ypept i de:ﬁmamdnn@dmtq’ﬁmasbnwhgﬂbé‘mmﬂ%. SEQ I D NCS: 55-64
show priners used to clone pol ypeptides with 4-hydroxy-4-nethyl -

oxogl utarate al dolase (EC 4.1.3.17 SEQ | D NOCS: 65
and 66 show the nucleic acid and® thﬁﬁ&gﬁ#fggquences of 4- hydroxy-4-
met hy1- 2- oxogl utEe atideicddohinseidspnendds lisedinthE acconpinyisg wausnie listing are :
respec %Ze V € lSMOVT Uﬁm%l stan%g(d?lih N&@lah&g 'foq ﬁuc%ﬁﬁé/ b%é mrﬂﬁ“ee“l@t?cg chQfoP:anﬂ:ﬂicga

test osferoni I oX - "oxogl utarate al dal.ase IgiroA |ndan
operon wi t {nfy one @frapd npwlwr#mum!ﬁ i, &g qerRjesRentagestasl igpdgRtoos
primners USQ@'beI:ﬁbl&ie@EbeanErefeesatdto&smﬁ}ﬂ@aﬂstﬁdt estosteroni proA in

pESC— his'. SEQ lég’%&b@%g a dzshb)gv cnucﬁéilcearél aﬁd 9(;'}.90 aqm quuE:Q?g oir’;m end of

prl ners used to enes di SCl ose
aminotransferase from Sinorhizobium meliloti; espectively (tatA gene called a tyrosine or aromatic

.30  aminotransferase in literdture).
A - SEQ ID NOS: 3 and 4 show the nuclelc ac1d and amino-acid sequences of a
tyrosine annnotransferase from Rhodobacter sphaeroides (2.4.1), espectively '(by homology w1th -
' tatd (SEQ ID NOS: 1 and 2) pred:cted to be an aspartate aminotransferase” by genomics soﬂware)
SEQ ]ID NOS 5 and 6 show the nucleic acid and amino acid sequences of an
I35 annnotransferase from Rhodobacter sphaeroides (35053), respectively (movel, cloned based on2.4. 1 .

| sequence SEQ ID NOS 3 and 4) ‘ '

SEQ ID NOS: 7 and 8 show the nucleic acid and amino acid sequences ofa

broad substate ammotransferase (bsar) from Leishmania major, Iespectlvcly -



10DETAI LED DESCRI PTI ON OF SEVERAL ENMBCDI MENTS Abbrevi ati ons and Terns

The follow ng explanations of terns and nethods are provided to
better .describe -the present disclosure and to gui de those of ordinary
skill .in the art in the pra’cti ce of the.present disclosure. As used
her ei n, "-corrprisi ng" nmeans "including” and the singular forns "a" or
"an" -or "the" include 15 plural references unless the context

cl early dict at e e Mavos: 9and Hothoea oplet, acid efdandnesd tequethizo nfan peIKLY a
prot ein" i nclu ""3&3’ bﬁ%mg%ag Al A 9efsPe§tHz%f} proteins, and reference

to corrprrsrn f'f es rererence-to one or more cells and
equi val ents t her%} IDANRHA1 ews! 12tvharenos il prdedscreid qod aminogpi seaummers SlGm PSP,
Unl ess expl aﬁﬁxﬁ@ﬁsﬁﬁ&?ﬁr‘ﬁﬂ’)&%m 13kbbde eIy G ruspiRGeECdEMBY hdniologl REMMEeLS @l
herei n have the sane- anlng as conmonly understood to one of

ordi’ narg S IEFYPIRNS RGTATSEFEN o whi ch this di scl osure bel ongs.

20Al t hough met hai Brisiosras ewd lal sBovesthevivcleic acid and qminy adidsaquenaos afhose

descri bed Eﬁuﬂgu rsﬁ'@;ﬂatpﬁl feka@e ﬁﬁﬁ ﬁgﬁlquﬂhge%r% (3t5@§:§ !re@[gsc@felyhbﬁuﬁed asa

present di sulta s. and materials are descr.
bel ow. The iplsrshsrae apipabmgs Efsase aﬂame&aﬁﬁresssawOrWﬂ? 8?%3\}ebpdﬁ749 and
not i nt ende@idsandSeckssi No. zgooocXdser). f eat ures and advant ages of the

di scl osyre ar (2 \REE NS e &R {15 BLIRNAG Sk B e AesCidal f on and

inter nal rmmoc@dienga(éfébn@mcs 25(introns) and regul atory sequences
whi ch det er ni ne SHEEROS:AY hﬂfhs GEMNAinkeRsdato Bt 8BSkl rdthselpftfre.

|aboratory by T ever 56 Leapserlpllon. LLom fessenasr, EHA extracted ffom

cells. € Or nbre amno ac
substi t uti cagedfct.or exanpl e 2 5, or 10 residues) for am no acr d

resi dqu havi ng Sﬁi{fﬂﬂ ROS: Biy Qﬁ‘dﬁ% nnﬁfs%@e%rtd é]ﬁ:%{he-kﬂwo&ﬁie} haeroides (2.4.1
Conservat ive substitutions have |little to no i r’rpaCt on the activi ty

of a resul tﬂiﬂﬁ@s%ﬁrﬂ%@bﬁr"a‘e‘w@Wﬁé‘}?%ﬁﬁ%‘lﬂ*’rﬂaﬁear ly, 30a tryptophan

ani not r ansf.eras esmpnym@tzs asi darshbvutinmes uvesdeo donc e ilesioons enjvalsiisauence.
substitutions r %]&i ﬁ)SN6§ 9%9%90%&%%%& Q&Raf L%Jb'aéﬁh&)émylémmx aral
pol ypepti de can be produce to contain one or nore conservative
substituti opsetsg mani pul ating the nucl eotide sequence that encodes
t'hat palgypept i dessFingos: fZQEmMW@me&tu@dﬂd@.ﬂdmlﬂfeQC@Mk&&s SUCHpaRes
site-di rect(gd g}g{la%gag&%s or PCR Substitutional variants are those
in which at®f® si-due in the am no acid sequence has 35been
renpved and a di SEGHENOS:28 endfiflchpwmrancrsaseditpclpne ghe epl aspOsuipRst @&eof
ani no_aci ds; qM@AcGGem&@esam i 4786895, QloteBl ke ehcd GRAkKAFAGmAci d in a
protein and_which are regarded as conservative substitutions include:
Al a substi tXR-E4SM%kDser “or thr: arg substituted with gl'n, his, ‘or

| ys; as25a subst ISEQBIIN(AS Blnaginshg;v the miciels acith kgl amire peid aglpnsudrfsrtomam ed

wi-th asn, -gin ilr ggheg with ser or ala- gin
substi t ut e%mofr%kfeg's g eép asp, or arg; %hu substituted with

asn, gin |ys, orSEREPN@H:3 a%'iﬁi’sﬁPP‘YEﬂBéﬁéf‘Wdtt?rdﬁqﬂé‘w o8 HER FFSYPteut ed Wi t h
asn, lys, gin, asmzmuos; 36140 S WSk Usteed Wiod FolypEtides Wit 4-hyddxy-2phe; | eu

substituted with il s substituted with asn, glu,
gin, his, aFgE™HEE? ﬁﬂﬁgﬁﬁ%;(@lgﬁ apve %y |l eu, val, phe; phe

subst i taft ed wi t FSEQ [ NO§rr] amd2, shi @y nusleiclagid sequinges of typtoptERAEEaykanhE.

thr, ala; -%n‘z arﬁl% tpHéu@]ﬁya‘é&@?)MG@Eba@L@?euﬁJziPco@H%% ﬁrBtUﬁJ@ld)OWBt h phe,

tyr; tyr su stituted ?ﬂ? , tip, and val substituted with
nmet, ile, |(EF401195)and BRI} N@V‘OF 15 remet8H about conservati ve

substi tutl ‘0oNs CasE@® Nostad - umshoamﬁgsmmaoﬁmrpmmposeepumm et
Bact er.i 01362 GDOJ[ o 87 OlRegan et at, (Gene 77:237-51,
1989)  sanostest Bt sy piliht 3:240-7, 1994). Hochuli et
at, (B|35t rechnolSﬂ};/HBNQSZ!I 54 shporgginers M@WWBTDEWWDBPGP&E‘?% in
standard t%gﬁgmlﬁgpug@,netr cs and nol ecul ar bi ol ogy. 10Exogenous:

. SEQ 1]) NOS: 55-64 show primers used to cIone polypcpndes with 4-hydroxy-4-methyl-2~
oxoglutarate aldolase (EC 4.1.3.17) activity.



Exanpl es of sequence alterations include, but are not imted to,
conservative substitutions, deletions, nutations, franeshifts, and
insertions. In one exanple, a given poI pepti de blnds an antlbody
and a functional equivalent is a polypeptide that binds the sanme
anti body. Thus a 25functional equivalent includes peptides that have

the same bi ndi ngs E]%ggglll #%'StaXd @ﬁssh@w Blgllﬂoﬁ)e?ooatddqu anithcidR@HuerR @ s b—ﬁydi@@d-

as a reagent in F'ypeptide. In one exanple a functional
equi val ent mefiyl %rﬂ@gluﬁfaﬁdldylﬁ%&wfﬁ@%?@ﬁ‘t‘” PhHESKEFHANg sequence i s

dlh sconti ngous VAYRY B 104: h@-ﬁ&ﬂbﬁbﬁhﬂ@ts hidwdslofe C kesibsaasni &pytopd-melHybz., ) i f
the peptide sequen SEQ'NOC 12) a
i b Y‘ﬁ%ﬁ%‘f? éﬁc’(las? & %%@% °R§io8 con?cop Ot E'm %‘T%dL:Qa/ﬁE

functjonal ° 1 NUuo Ito t hat can
appear s fol | ovEQ NS F9-3Dshaw pivees wdwﬁbeﬂrfi/eq’h a&ﬁfﬂé’“’d@’i"d@’]“ RH2
RN \V e = **é**A**N**D**L**GnL COOH. In this exanple, the

pol ypeptid unctional |y equival ent m_no. acids 1-

R0 27t The t HHEIAEAST AT SShrae e TG b dt et B Sty
t-hat .it camidlostdhéreiionocl onal anti body that binds am no acids 1-10 of
SEQ ID NO 12. Hybridization: The term "hybridization" as _used
herein refers to a method of testing for 35conplenentaricty in the
nucl eotlPde sequence SETAREMDEFSIETHY BF 75 &¥B n the
ability of conplenentary singl em;@mmaamaraﬂd/or RNA to forma
duplex nol ecul e. eic a |d|z o]
obtain an isol atgﬁ'%ﬁ{ﬁg’f:‘%?}? aﬁa%o Pe t%gssaég%mde? %%%ﬁ&gﬁg%@éhg Elr%%mt
Briefly, anischsdailt gaide ﬁOdqaﬂwrﬁyrB@#bnﬁ?eﬁbiﬂ@gwmﬁt@e af taegesent digclaswe- As

forth in S lh@rcmo‘comﬂrémg’arﬂeagse‘lﬂéﬁﬁgg 'Gad Be ﬁﬁg@ﬁﬁoﬁz@ “4"Ge 1t 'ﬁr)*thé‘f iadtide| ar
nuclelc aC| by hybridi zati on r.conditions

hi.gh stifi ng’é‘ﬁwﬂf‘“@ﬁ%‘?ém]ﬁﬂélﬁf?ﬂ“i" %eaf}fﬁ&*ﬂtﬁmﬂﬂe%’i“é B F’éi‘“‘?ﬁ i f 58t S Bing
purified, saauanteddeaneoaphiatiyedstchpdens amrcfec%h@t“mnﬁlng tllfswm ip¢lndss

the SCODE QLo Le PL.E5RIE: Sk DAL s tereotkuds Wil 4l OicGanb> KA

by Sout hern or ern analysis dentiify a DNA or sequence,
respectively, thteshgplane] Ozles‘w‘feoa“éﬂcaw%@d Sﬁf‘f?@ﬁb‘FfB’BéseéBﬂ BEVF RpEFEY
with a bi otﬂlganm asgeﬁsﬁi@@lmﬂerstaodmﬁny pEqdihackeskilldn theart o ghioh Bz dvPeus bebngas

32b. T?@d Dm 8.‘[11711 élbegllp & S o I?latg'lr;, s%%l T ?c%ﬂmlgxﬁ toec{-uﬁg &c@&iﬂm{cﬁﬁl chﬁJe uyed in the

separa or ﬂﬁg transferred
ni trocel I ul stice amiehtza of tbtrprwelﬁ élﬁckeerp:tsalﬁbe prs Prseteriglh g H%?H’er‘b*?e?é’d The
with the p rmﬁlaﬂ SthddGas braRGRks 6 Qﬁlﬁiaﬁ'hé%ﬁly\iﬁj dot iBki@edito balvhiigy. ader fatchs

as those described i ctions o)
Vol cul ar | GRORPAGE BB AR e G E o iy a oS o Stefb g b .
Pl ai nvi ew NY. Typiic@bhpylemantaoy DNA): | fspise Oi’Lll’iﬂfeks‘\lmgalﬁm!ﬁl ﬂE@C%%P%@Pmﬁes

in | engls %niéﬁ%ﬁm @E&Q%&‘cﬂ '&Etﬁ-ﬁlﬁﬁ’ ﬂ'glsﬁ tﬁno cBNE 04tk GBkEzed B the
nucl éot’l de equence set th in SEQ n b used to :
i dentify arﬂa‘?OEPé‘NPE&YCf%FaDé‘i“ﬁ’i‘qne@ionWﬂFéﬂe&ﬁsz%f’ a“”’I i°ti on, probes

| onger or short eCoﬁshﬁﬁw@Qxbﬁﬁiﬁﬂuﬁiﬂnndaﬁn@ﬁmlﬂmmnds;édmltmns (for ex'ﬂnge?_ 5, 0r 10
di scl osure aI rovides.is ted nu at
onct “aboq st ARtk T LBHAN e QUEL B ApREd foppAlionpEan Sakn gl
17, 18, 19, suBifutio hagfitie o nsmct oe@e agiyily ofassultingpolypeptids, Farspanpls; d5a8n0,
2000 3Q( 30, try%@%n aﬂﬁotﬁgggas@% pﬁd@m’cl@&]ﬁ dap ﬁﬁ\ﬂ:dﬁyﬁﬁfvhﬂh BdstittHOfaEtains
hybr i d| zation conditions, 8 a? ’ enaf ragd Qf :
nucl ei ¢ aC|‘H’PF?81?Fi“ﬁ§mPW§Sf§Ie‘&ﬁ°é’I‘P@’e ?95‘ TR %ﬁﬁ R o 7 "Ffe -
hybri di zat i @BsepandisitistntBnCanmapularing @r atddofdearquirigthit ynogdes fpigpelypeptide

hybri di zat.i on Gondi herlal§ wsc@mm% s Scdi scl osure,
noder atel y i ﬂreé%r{iplﬁﬁg%dargprz{)caefl?rg% %oandtlctl ons ne ESS e hybrj di zation

is perforned at &@mmw@ erips He hom i Wikt PsiPre BHiReUHe TEMASTHg s
v KPO&5( p Haegrorzmﬂ\)ed al® dffﬁgnt resuDRRNEd | 1t§p1% | Bxfaingies of Elﬁnml grfidatwhich may be

denat ur ed, ted DNA % Dext
O B L e T N LM

' substltunons include: Ala substituted with ser or thr; arg substituted with gin, his, or Iys asg .
suhstlmted with qu gin, lys, his, asp; asp substituted with asn, g, or gin; cys subsututed with ser or

* gl gin substituted with asp. glu. lys. his. asp, or arg; glu substituted with asn, gln lys, or asp giy



occurring genome of the organismfromwhich it is derived. For

exanpl e,. an isolated nucleic acid can be, without limtation, a
reconbi.nant DNA nol ecul e of any |l ength, provided one of the nucleic
acid sequences nornally found i mediatgly flanking that reconbinant
DNA nol ecule in a naturally-occurring genone is renoved or absent.
Thus, an isolated,.nucleic acid includes, wthout linitation, a

35r econbi N atktiAvithiped: higstibsihgedagihasnsiyp altnaﬁ@mébe@e#héﬂd(‘@ﬂlée“; met, Yo RS or
a genonai c, DNA snmtecﬂrgﬁ{]fe r?Jt, hﬁ%q?bs}{bsgm Rt 458 Sl %}ﬁthisoa?g,%ﬁmuﬁ{e@aﬁﬁ

treat ITEI’I'[) e end uences as we as re nant
that is i n@lgﬂ@ovaap@dphﬂmbémﬁed/@&t@r maalﬁt’&uffd%ﬁbﬂ‘%ﬁhﬁ“ﬁdévﬁgq‘&él ‘ﬁ‘

pi asm d, s%stﬁth't@d Kith Sgr or al@ th Slbk@Mttd With phe BEM\sIbstISed otth Hieplipes ty; 3nd.l&)
or into_the g oc{n& 3f a prokaryote or eukarvote. In addition, an
i sof at et ntﬁ‘&“ﬁ“& H e de % nel'ude a reconbi nant DNAnol ecul e that is
part -10-- of avuithehiniochation fogcamervatied sshsttutiens eende fuedie.gmong other locpfigss,
term"isol gfed A5 aws(gﬁaé}s{omb ')’5'117h19éﬂf@1@@&§ ot QG&)M 01-89751308%), sakiso

i ncl udes any nonnat ura occurri

ng .nuc R
non- nat ur al 918641@@’1’9‘?"{‘1'&’ el —éll%g‘%@ig H‘“gétdz’éﬁl?gé“'b&?lgg % SV a
nature and 0@;@71@6(C1MEI)Iaxlifrmdtrﬂir&keytbﬁlmmﬂgguwsn@d%hﬂeféogm a

nat ur al,ljy- occurr. xogtn oSN OB ROl &g& edh&feﬁm&éﬁr@&wn&@ememm ‘
nucl ei aC|d suc s an englneeP nuc eic acid is cons deEed tao.be

i sol at ed nuweitielas cllaplers oEAYINFae pEdhRdes eptergR i an i Bt el as oy
comon- ol geidl @ﬁus %Bﬂlﬂduﬂegly%cuﬁﬂg Hhledd aci iGbBidere@dibel eﬁg@blhe@a @l once

t echni ques. IsoI ra oceunrin L8 Goe o o DEsicular
eggg d\gﬁ]&l&mé 305G -occ‘g?%gﬁé Rhfe QhoiBa Picer

i ndependentm‘f?fi“"ﬁ 1HtcglI or STHEOT b a vector,
aut ononous eyl reepépwpElt, |amgmp|ca[gmpqgme gol@tpqrfy:gne(@ﬂ gf persg_n}(gta{a BRI nuclem

adenovijgus,, .9 Rv:{tﬂﬁgﬂg@t% Vdefi Hﬁ%l’sorpf' odcB 821380300 fe Mo&fcec&ntﬁ TYO%BJII yote or

10eul:caryote. itian nat ur al | ccurr cl.e can
i ncl ude a nucl er%’“ﬁ@PHlyﬁﬂP’éﬁ‘Eﬂteﬂ? anf‘?“ﬁ%* h’h cogt anfe I%gllndn

nucl ei ¢ aci f&cﬁ@ﬂﬂ&ﬂﬂ(ﬁ@alent théleculed icliple dﬁf@{?&m@ffﬂﬂmtsdhatt W@S’éh@fmcgm of fhe prgyphe
art th at a Ly L& ghe ﬁ%gtxoq:ﬂ %%‘L\z%fehtp &n%@&%ﬂdéﬁ :ﬂfﬂ %@e%:e ait@atiFhd th 'alpé?@yn‘ibfsecﬂgﬂ&@ r

nucl ei ¢ aci‘d” ol ec npl e,
li braries, wheregdhe peptide wigh ‘E’éﬁ'tnéﬁf‘hieﬁ‘ﬁnﬁ a’é%??ﬁ?ﬁfﬁtawcggﬁﬂ?&ff TeSHetRegEey
i 's not 2o bﬁc]ﬁ%ﬁl’edﬁié @tenapnatisatiate th Apatieirexapleh rypbhio benoradige The

term "nuclejic _ac s . used. h e nd DNA

i ncl udi ng, %@%iﬁﬂ“ﬂqﬁ TErT 6h e E’bﬁb& 1{3&9%?%3&‘3%0 ]9(?&;}3 %@aﬁt het.i ¢
(e.g., chemical I‘@Aalsp)lmotﬁ@amea@d}tef&w m"l’ﬁ’e by peq o Hmilgd %I""c?%?ﬁ"aﬁ‘@ substitutions,
doulbl e-str a%ﬁﬁgls %%Jtaﬁbﬂﬁ a8 %ijﬁ%mowlﬁlﬁ ?eikdﬂ@{eﬁa gitch aoigk@ptide bings an

nucl ei ¢ ‘aci d .can sense,strand of..the.antlse a

addi tion;, rAgEYody: éndaf’cﬁ”iffh??élri’q'ﬂ'éale (ip %ﬁ]ﬁ’ﬁmg? R B ghe Saf%&gl%&{gb?&sfl nked:
A fi 1 s2snuchpiinbagiithlseigtieRcepids hepeediylsynd hmqik?edﬂ%ﬂiﬁtms ap%l@eiﬁlﬁﬁ and
nucl ei ¢ aci tgz%t 2E A G & a%gn[[]lgl\ﬂ%facé J}%Jefpblf(p%hhd@ Utlogd &aﬁﬁb Qﬁﬁﬂﬂh&@éﬁﬁﬁalélﬁ -

pl aced in Gnct 1 onal tionshipwth the second: nucl.eic. boE asa
sequence. Fofuderpsolnentde hepsinhindns segugeids 4By P KEE R o3 T8 Y
sequence. |flu{e{}%p1 JS@"I‘B{N?E th@i:ép&&dsﬁqﬁeﬁbelsu\{mmﬁ.ﬁLl(mmldt 10 S EBR H@)NO

sequence. ]nzg eral %%lec{n&gleng mﬁl}{(‘tlee\glscc%tfnuous e}gxtoaeé St%ag gﬁqﬁﬁ‘& aé‘fﬂﬁo‘i&q%h@u ous

and, where %g %H?e **, |nthe
same Zaﬂeadmuﬁ@eﬂofmmemng aminoReif)] WB2 KB TP RIS N **g §5dnt0
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and 10, nucleic acid Sequence and am no acid sequence, -

respect i vel 39 desifdhsBBei | | us aznyl ovorus aromatic am not ransf erase .

(araT asserted byGRONDIGYY13 sbikdchdnaNEEagrands oamelse 12ctiofdis wRiiEa Beirldn (C3) -
sequence and ol%cuc scor?igméawtgglldq? elpgmi;a(ta‘ Ct I ofE 41§p %%,r O_"I gp%%l %%—
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chlnrn T _alanine  Acnartate can serveag a sonree of nvmvate in PT Pimediated heta-lvase reactions



. 2btevaruni, (carl sbergensis), Lefshmania sp., naize, tomato shoots,
pea plants, tobacco, pig, Costridium sporogenes, and Strepiontyces
griseus Isolation of Genonzic DNA for Cloning S. neliloti (ATCC
nunber 9930) was grown in TY nedia at 2%€, pH 7.2. Cells were 30
grown to an optical denSity at 600 nm (0D6-00) of 1.85 and a 2%
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Tris-HAO, pH 7. SThe Mdvh BETHA gerkOfd miheMNaGhidal redfibhs] iR e YiabiREndaitohd ON
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AT AT AR SR CETACEAR 7 3¢ T Sy B R e (65 12)
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Baci | | us .sUBY s 3}"5%30%‘?9@6 gt £38 745y cleNAD(P)H and/or produce a volatilé product
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Additional Considerations in the Design of the Biosynthetic Pathways
Depending on which polypeptides are used to generate mdole«B-pyruvate MP and/or '
- mcmatm, cofactors, substratcs and/or addmonal polypeptides can be prov1ded to the producnon cell

to enhance product formation.



35 Rhodobact er sphaeroides ma (both 2.4.1 .and 35053): 14 term 5'-
GGTATTGAGGGTCGCATGCGCGAGCCTCTTGCCCT and C term 5L
AGAGGAGAGT TAGAGCCT CAGCCGGGEGAAGCTCCEEG (REQ I D NOS: 21 and 22). - 28-
Lei shmania major bsat:Nterm 5'--
GGTATTGAGGGTCGCATGTCCACGCAGGOGECCAT and C term 5' -

AGAGGAGAGT TAGAGCCTCACTCACGATTCACATTCGC (SEQ I D NOS: 23 and 24).
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AGAGGAGAGTTAGA%@WM%@ Q?’éﬁ g‘f“ff”%“ DS Py on oot

Rhodobact erang pelmajemgedasmmpﬂﬂe(dmﬁm@wﬂcs progyvel. IBOE-3mine poid qrislyse dpgeribsd m

S) 1T %%&% 2% % GG -AReh Loidlo@TAk isBsed, the resulting H,O,
AGAGGAG? %ﬁ GCACCTTGG ( SEQ w@i&%ﬁ&gg& and 2%) :
10Escher i chiaabexsmeved eyjtslevils degiegspd tg decreass paiyt Hesprqduc

GAGAACATTACCGC- 3Cata'1ﬂ;€k &‘n beakdiio relilce the level of H;0,in the cell (FIGS. 11-13). The production

AT S AR AL TR 1 e

CAAAAAGTTGA@@@mﬁgpn@f byskqgen ppRxide info water and oxygen gas. For example, a catalase can be
AGAGGA%GI-T ACATCAGRREACEANG o Btide SHIQEKIHpNCOSE catdBseafisl 01814>): used

The gene derlv romSaz was aml i.f g
fol | owi ng Fjeﬁc % Y g5 not I}ﬂﬁte%tostg(s%_vgb gﬁttag% ){I%cﬁcc-ﬁsxii .813 1'1[5%%% (E% I} -%] e 1.5
pM of each fddnmns), BRI Gerdide AHHFFR), mB’?BG?M(MermeP@FP ), é&S’BBV

Pol ymer ase é?fﬁ Q54 na.s'lcglgﬁegﬂgie@tﬁsﬁmt}u&ssm@ﬁgs)I KiobXdBAD fhadidh Rt EL-attivhd hudvg
wer e used. erm)cyc er progrgl{pﬁ? i ncl.uded.a ho

t 6C
for 5 ni nut‘é‘édaseligﬂnﬁ\ﬂéﬁf pXjdasegon Dy & SRP A 3 B fa%\ﬂoﬁﬁepg eps
94C foris30 seconds, 55C for 2 mnutes, and 72C for 2.5 m nutes. After

the 29 repe ,ons | . at 72C for 10 m nutes
and t hen st@?éﬁam{’oé%@ﬁ%piagc}ﬁésfﬂﬁéggﬁbgﬁgduced a_ product of éébQQ

bp. The ségthereFIGl, EW@M&@N@%Z@@%@W&WWBWF Riosyaheig SFRsides
(nsa and t aﬁa&)m e ccﬁﬁéﬁhﬁﬁbﬂ BAES PRkrebb supplRleBEGH MhtPLP d6ea Totwebge liptaiidn cad

using the f 0 1 0L.O ol. In a 50 pL reaction, 0.1- 250.5 pg,
tenpl ate; . 8 ‘?\i(\;luc?gﬁcbﬁgﬁ priter, 0.4 m1\ 1 each dNTP, 3.5 U Expand

Hi-gh. Fi2fel i tmi Phﬂwmgepaﬂiaquwa@@@aﬁéw%@?fﬂéﬂwl% frecrfoaghly studied
added. The Lherimey s B REERAMHSR5h c&yaﬁhumﬁaba: NGl FEASHeler 28499186, for
5 m nutes, foIIowed by 29 rﬁ etléa%nsggf the g]gvm ng Steps; Sw%
30 :seconds, ‘%49): é@’@"f@%/gefesrﬁp Gt &P 58 5, gﬁ’éfguu(eg?ia ERT T RE Ry 6
and 72C form&e péupés, pdiB, asdjeiol) ds midietiepyridirel RS phaphdsyntlienn Onp pighe
sanpl e was’ ke wihe 7 25 Ja@ilsvaﬁp l-mo;!gbeﬁluﬁ gﬁﬂaﬁiﬂatps(t]ﬁ@?ctyg@@fs ofifis:

For each R sp erol des nsa ge C and 48C anneal

. t enper adUr eBePFOURREREPTRIP £ P%‘%é“b?”cfﬁ’&]%’{ wetalglifes ig catalyzet by fhep °lﬁgﬁ?il° ddeoxy-
appr oxi mat ebyyddbeds-Psphkie Eynihasamslmv (I‘huﬁheapzaéﬁ;soﬁ inethGhe WBSivednoeGHE

| t t t
1175 bp CFoP Bomgtnser P ofrilen okl Syt Dbl AR5 HRAAS42
anneal i ng. t Bipeydt mmersneglalﬁ@ra&tee’ﬂp@ﬁr@ﬂ ger Fn?@ﬁ%@%ﬁ?@dﬁf&e@@s‘{%fﬁpbm ,

from both g%ﬁ@x%ﬁ%ﬁe&ﬁ@coﬁ&h&%&n@ﬁd ridpQloskre rel@ibOFetSADKP Edd@ITP xklalyzed by
anneal i png tenperature (gave the cl eanest product (1239 bp). For -

Rhodaba erﬂlﬁﬁﬁnﬂpﬁé‘ﬁ‘&é’ P44 adgds5 e anneal i ng tenperatures gave clean
products at the- (pmaedom&laZﬁut(ngﬁﬁﬁenbmrmg fhe fertpotrtipnEo prodycd mepetreiscreased

he B. sub/hj Lddagrd,
the su | e on otf gneert]nemor% Bt %@?L}ln%ges %@%%ﬂ hést (Qil cai%e @s@&:tovl\@ﬁ' e

and the _ann&&fin 5 seconds. O ean products
of 't he corr gield 0§1n<zr@§ﬂ v@ehcét Rttt ?PédOT(t%IplB‘lﬂBB@? TPRIERAT its BRtYe RRIWRIGHONG AEFORCS
colt genes, 4 fQ-nﬂHe b¥wa %E&eﬁﬁﬁ beRRHbrateindy thd‘tggamlsms genblhe mh ol dubiple
were gel_purifie % TAE-a e s- using the Q agen
gel ext{’%ct F%Wsﬁgthe(%fgéﬁ?: ‘éaygfﬁﬁﬁcan °°“g%ﬂ%§1%%l Sc TE Were quantified by
conpari son to st andaivig rehwarthaagamesesd dredll organisnsrerapiesteevariasidapiaives Py

DNA POl YT nel a3 f,9) bOWa0Ebrip 6l AL ADLME S a1viaas QIRAASropE ot 060 it

oxidase, and pdx} kinase. Over-expressmn of one or more of these genes can increase PLP

" availability.




bases fT3MPHE% ends of the PCR product. Wen the pol 31;%@5%3@2388
encounters a guanine residue, the 5 to 3 polynerase activity of the
enzynme counteracts the exonucl ease activity to effectively prevent
Rat her excision. This creates single shsanded overhangs that are
conpatible with the pET Xa/LIC vector. The pol ynerase is inactivated
by incubating at 75C for 20 m nutes. 15The vector and treated insert
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I b I d t
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. Inthe iryptophan to monahnpaﬂnway, the amino donor of step three (e.g., glutamate o

aspartate) can be converted back to the amino acceptor required for step 1 (e.g., 2-oxo-glutarate or

valnaratats) if an aminatransferase fram the annrantiate enzvme classes 8 used. Utilization of two



25m nutes at 4C. Cell extracts were anal yzed by SDS-PAGE, and assayed
for tryptophan am notransferase activity by follow ng production of

i ndol e-pyruvic acid using the foll ow ng2protocol. One nL reactions
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Tryptophan production is regulated in most organisms. One mechamsm is via feedback

inhibition of certain enzymies in the pathway; as ttyptophan levels increase, the production rate of
tryptophan decreases. Thus, when using a host cell engineered to produceA monatin via a tryptophan
mtermediate, 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 5-methyltryptophan |
(Schailenberg and Berlin, Z Nﬁtmj‘b:sck 34:541-5, 1979). The resulting tryptophan synthase activity'
of the strain was less effected by product inhibition, hkely due to mutations in the gene. Slmﬂarly,
host cell used for nonatin productlon can be ophnnzed .
35 ’ Tryptophan production can be optimized through the use of directed evolution to evolve
. polypeptides that are less sensitive o product inhibition. For example, screening can be performed
on plates containing no tryptophén tn the m_ediuﬁn, but with high levels of non-metaboﬁzaﬁle
‘tryptophan analogs. U.S. Patent Nos. 5,756,345; 4,741,067; and 4,371,614 describe methods used to
increase tryptophan productivity in a fermentation organisr'_n. The last step of tryptophan Eiosynthesié
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is the addition of serine to indo}e; therefore the avaﬂability of serine can be increased fo increase
tryptophan production.

The amount of monatin produced by a fermentatlon orgamsm can be increased by increasing
the amount of pyruvate produced by the host organism. Certain yeasts, such as D rzchosporofz
cutanewm (Wang et al., Lett. Appl. Microbiol. 35:33 8—42, 2002) and Torulopsis glabrata (Li et él.,
Appl Microbiol. Biotechnol. 57:451-9, 2001) overproduce pyruvate and can be used to practice the
methods disclosed herein. In ad&iﬁon, genetic modifications can be made to organisms to promote

pyruvic acid production, such as those in E. coli strain W1485lip2 (Kawasaki et al., J. Ferm. and

 Bioeng. 82:604-6, 1996).

" Controlling Chirality

The taste profile of monatin can be altered by controlling the stereochemistry (chirality) of
the molecule. For example, different monatin isomers may be desired in different blends of
concentrations for different food systems. Chirality can be controlled via a combination of pH and

polypeptides.

C2

Racemization at the C-4 position of monatin (see numbered molecule above) can oc_‘.cﬁ.r by
deprotonation and reprotonation of the alpha carbon, which can occur by a shift in pH c;r by feaction
with the c;)faictur PLP. Ina microorganism the pH is unlikely to shift enough to cause the
racemization, but PLP is abundant: Methods to control the c]:u.rahty with polypep‘ndes depend upon '
the bmsynthenc 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
converts ﬁdole-S-pmvate to MP. Multiple enzymes (e.g. from EC4.1.2., 4.13-)can convert
‘indole-3-pyruvate fo MP, thus, one can choose the enzyme that forms the désiréd_isomer. ‘
Alternatively, the enantiospecificity of the enzyme that converts indole-3 -pym.v'atc to MP can be
modified thyough the use of aireqted evolution or catalytié antibodies can be: engineered to cétalyze

the desired reaction. Once MP is i)roduced (either enzymatically of by chemical condensation), the .

amino eroup can be'added stereospecifically usine a transaminase, such as those described herein. |
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coli aspC (P) 800 -E. colt tyrB (P) 1 not very soluble B. subtilis
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however D-tryptophan amiﬁotransferas;s exist in certain plants (Kohiba and Mito, Proceedings of the
8th International Symposiuin on Vitamin Bg and Carbonyl Catalysis, Osaka, Japan 1990j. Moreover,
D-alanine aminiotransferases (2.6.1.21), D-methionine-pyruvate aminotransferases (2.6.1.41) and both
(R)-3-amino-2-methylpropanoate aminotransferase (2.6.1.61) and (S)-3-amino-2-methylpropanoate
aminotransferase (2.6.1.22) have been identified. Certain aminotransferases may enly accept the
substrate for this reaction with a particular configuration at the C2 carbon. Therefore, even if the
conversion to MP is not stereospecific; the stereochemiistry of the final product can be controlled
through the appropriate selection of a transaminase. Since the reactions are revefsible, the unreacted
MP. (undésired isomer) can be recycled back to its constituents and a racemic mixture of MP can be

rcfonpcd.

Activation af substrates 7 _

Phosphorylated substrates, such as phosphoenoclpyruvate (PEP), can be used in the reactions
disclosed herein. Phosphorylated substrates can be more energetically favorable and, therefore, can
be: used to increase the reaction rates and/or yields. In aldol condensations, the addition of a .
phosphate group stabilizes the cﬁo_l tautomer of the nucleophilic substrate, making it m;ore reactive.
In other reactions, a phosphorylated substrate often provides a better leaving group. Similarly,

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,

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

Experimental Overview

| Eleven genes enboding'arrﬁnofransferases were cloned into E coli. These genes were
Bacillus subtilis D-alanine anﬁnotrausfe_rase (dat, Genbank Accession No. Y14082.1 bp 28622-29470
and Genbank Accession No. NP_388848.1, nucleic acid scquence and amino acid sequence, -
tespectively), Sinorhizobium meliloti (also termed Rhizobium meliloti} tyrosine aminotransferase
(tatd, SEQ ID NOS: 1 and 2, nucleic acid sequence and amino acid sequence, Tespectively),
Rhodobacter sphaeroides strain 2.4.1 tyrosine aminotransferase (fatd asserted by homology, SEQ ID
NOS: 3 and 4, nucleic acid sequénce and amino acid sequence, respectively), R. sphaeroides 35053
t;{(rosine anﬁnot‘aﬁsfcrasc (asserted by homology, SEQ ID NOS: 5 and 6, nucleic acid sequence a.nd'
amino acid sequence, Tespectively), Leishmania major broad substrate aminotransferase (bs&t,
a;sserted by homology to peptide fragments froni L. mr_gxfcaua, SEQID NOS: 7 and 8, nucleic acid
sequence and anﬁno acid scquencé, respectively), Bacillus subzilis'aromaﬁc aminotransferase (aral,

asserted by homology, SEQ ID NOS: 9 and 10, nucleic acid sequence and amino acid sequence,
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Xa/ LI C vector (Novagen, Madison, W). TRe design of these prinmers is
descri bed above in Exanple 1. The fol I owi ng priners were. designed for
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5 - GGTATTM%Q%%Q*J%W&&%&I%C%WEC@E%}Dslgos 23 and 24).

5' -AGA%AGAGFTAG%%'ETME@M&FA‘TMTW 3" (SEQ ID NCS: 55 and 56).

252. Sino m@@ aeB2 RE5HZ 1aNeq ChQDdogous to proA,
Genbank AcceSS| on TICJG%‘SMS?% CAC46344 nucl ei c acid _sequence

and ami no aﬁ@%@@ﬁ%ﬁ%@%@ﬁ@@@%@%ﬁﬁﬁé Q ID NOS: 25 and 26).
GGT AT T GAGGGT CCCARGAS Bl e (F k41 oiibs b dthd 4. lodnd 3506V @fakg): BN term: 5™

AGAGGAGAGTT 61 and 62). 3.
Sphi ngonzon %%%Xﬁgggene C(g&};%an R %gesll\jl%on No.: 7573247
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25183: 3689- 3703, 2001). Sinorkizobiunt me/i/oti 1021 (ATCC 51124) was
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The sane neth@dg can be used to cI one the other sequences descri bed

above. 3 PO% tIde{e a(%ge e %ﬁ}%&ﬁ%ﬁb&%&q ar%e%@[@ﬁs\ﬂlgmgj'{%en gel
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35a snmal1’” shoul der at approximately 290 nm ‘The amount of MR
produced by the C. testosteroni aldolase increased with an-increase
in reaction tenperature fromroomtenperature to 37C, anount of
substrate; and anount of . nagnesium Jfhe synthetic activity of the
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al dol ase are thought to have broader specificity than bacteri al
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An in vitro process utilizing two enzynes, an arninotansferase and an
al dol ase, produced 20nonatin fromtryptophan and pyruvate. In the,
first step al pha-ketoglutarate was the acceptor of the am no group
fromtryptophan in a tansam nati on reacdzion generating

i ndol e- 3-pyruvate and glutamate. An al dol ase catal yzed the second
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-43- - Tabl g, @ a]&ﬂs%&éﬁoﬂ%@ 2. gﬂ'ﬁe&! Were Mg&g@ﬁﬁ ccﬁr;patﬁahe overﬂ_ﬁngMe p@“'{‘BO
al.2 Atom 5} a;l’LIC Ve'v?or (Novaueh h{}a!ilgo]ﬁl VaV}) The d651 thesc pnmers is descnbed above in Examp?
1.
. The following primers were designed for pET30 Xa/LIC cloning:
20 1. Pseudomonas straninea prod gene (Genbank Accession No.: 12964663 Version: 12964663) and
- Comamonas z‘e.éz‘ésreroni prod gene (SEQ ID NOS: 65-66, nucleic acid sequence and amino acid
sequence, respectively) forward 5'—GGTA'-T'I‘GAGGGTCGCATGTACGAACT GGGAGTTGT-3'
and revérse 5-AGAGGAGAGTTAGAGCCTTAGTCAATATATTTCAGGC-3' (SEQ ID NOS: 55
. and 56). '

25 2. Sinorhizobium meliloti 1021 SMc00502 gene (homologous to prod, Genbank Accession Nos.:

' 15074579 and CAC46344, nucleic acid sequence and amino acid sequence, respectively) forward -
GGTATTGAGGGTCGCATGAGCGTGGTTCACCGGAA-3' and reverse 5'-
AGAGGAGAGTTAGAGCCTCAATCGATATATTTCAGTC-3' (SEQ ID NOS: 61 and 62).

: 3. Sphingomonas sp. LB126 f1dZ gene (Genbank Accession No.: 7573247 Version:
30 7573247, codes for a pufative acyl transferase) forward 5'- '
A GGTATTGAGGGTCGCATGTCCGGCATCGTTGTCCA—3' and reverse 5
AGAGGAGAGTTAGAGCCTCAGACATATTTCAGTCCCA-3' (SEQ ID NOS: 57 and 58).
4. Arthrobacter keyseri pemE gene (Genbank Accession No:: AF331043 Version:
AF;.%B 1043.1, g:odes foran qxaloéitramalate aldolase)_ forward '5'- :
35 GGTA'ITGAGGGTCGCATGCGACTGAACAACCTCGG 3" and reverse 3*-
| AGAGGAGAGTTAGAGCCTCAG‘ITCTCCACGTATTCCA 3! (SEQ IDNOS: 39 and 60)
5. Yersinia pestis strain CO92 YPOOOS2 gene (Genbank Accession No.: 15978115

~ Version: 15978_115, codes for a possible transferase) forward 5™-
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GGTATTGAGGGTCGCATGAGCCTGGTTAATATGAA-3' and reverse 5
AGAGGAGAGTTAGAGCCTTATGACTTTAACGCGTTGA-3' (SEQ ID NOS: 63 and 64).

. 6. Bacillus subtilis khg gene (Genbank Accession Nos. Z99115.1 GI:2634478, 126711-
127301and CAB14127.1, nucleic acid sequence and amino acid sequence, Tespectively) forward 5'-
GGTATTGAGGGTCGCATGGAGTCCAAAGTCGTTGA-3  and reverse 5 ‘
AGAGGAGAGTTAGAGCCTTACACTTGGAAAACAGCCT-3' (SEQ ID NOS: 35 and 36). -

7. E. coli khg gene (Genbank Accession Nos. .AE000279.1 1331-1972 and AAC74920.1, |
nucleic acid and amino acid sequence, Iespectlvely) forward 5'-
GGTATI‘GAGGGTCGCATGAAAAACTGGAAAACAAG-B' and reverse 5'-
AGAGGAGAGTI‘AGAGCCT’I 'ACAGCTTAGCGCCTTCTA-3' (SEQ D NOS:'37 and 38)

8. S. meliloti Ihg gene (Genbank Accession Nos. AL591792.1 GI:15075850, 65353-64673 -
and CAC47463.1, nucleic acid and amino acid sequence, respectively) forward 5'-
GGTATTGAGGGTCGCATGCGAGGGGCATTA_TTCAA—3' and reverse 5
AGAGGAGAGTITAGAGCCTCAGCCCTTGAGCGCGAAG-3' (SEQ ID NOS: 39 and 40). _

Genomic DNA from the organisms described in 1-2 and 6-8, above, was purified using the

Qiagen genomic-tip protocol. Using similar techniques the genomic DNA from organisms described

“in 3-5 can be purified.

Pseudomonas straminea (ATCC 33636) was grown at 30°C in Nutrient Broth and
hydroxybenznatc medium. Comamonas féstosteroni (ATCC 49249) was-grown at 26°C ip Nuirient
Broth and hydroxybenzoate medium. Sphingomonas sp. LB126 (Flemish Institute for Technolo gical
Research,VITQ, B-2400 Moi, Belgium) is grown according to the method dcscﬁbed by Wattiau ef al.
(Research in Microbiol. 152:861-72, 2001). Arthrobacter keyseri (Gulf Ecology Division, National
Health and Environmental Effects Research Laboratory, U.S. Environmental Protection Agencjr, Gulf
Breeze, FL 32561, USA) is grown according to the protocol described by Baton (/. Bacteriol
183:3689-3703, 2001). Sinorhizobium meliloti 1021 {ATCC 51124) was grown at 26°C in ATCC

* TY medium and hydroxybenzoate medium. Ierszma pestis strain CO92 (ATCC) is grown at 26°Cin

ATCC medium 739 Horse blood agar. Bacillus subtilis 6051 (ATCC) was grown-at 30°C in Bereto
Nutrient Broth (Difco; Detrc;it MI). E. coli genomic DNA was isolated from strain DH10B
(Invitrogen) as described in Emample 1. ‘ )

The PCR, cloning, and scieening protoco]s described in Example 1 were used to clone the C
testosteroni and the S. meliloti prod sequences, as well as the E. coli, B. subtilis. and S. meliloti khg
sequences. The same methods 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 Int'égrated'
DNA Technologies, Inc. (Coralville, TA). ' o

Expression and Activity Assays

Plasmid DNA (verified by sequence analysis) was subcloned into expression host * .

“BL21(DE3) (Novagen). The cultures were grown in LB medium with 50 mg/L kanamycin, the -
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plasmids isolated using a Qiagen spin plasmid nu'm'prei: kit and subsequently enalyzed by restriction

- digest to confirm identity. Induction experiments were done with the BL21(DE3) constructs grown

in LB medium containing 50 mg/L kanamycin at 37°C. Protein expression was induced using 0.1-
mM IPTG after the ODggo Teached approximately 0.6. The cells were 'grown for 4 hours at -3.{)90 and
harvested By cenirifugation. The cells were then iysed ﬁsing Bugbuster™ reagent (Novagen) and the
His-tag recombinant proteins were purified ﬁsing His-Bind cartridges as described above (E;{émpie
1). Purified proteins were desalted on PD-10 disposable columns and eluted in 50 mM Tris-HCI: |
bufer, pH 7.3 with 2 mM MgChy ' B '

The protems were analyzed by SDS-PAGE on 4-15% gradmnt gels to deteet soluble protem
levels at the predicted MW of the recombinant fusion protein.

The proteins were assayed for activity using indole-3-pyruvate and sodinm pyruvate as
subsb:ates._ The assay mixture contained 100 mM Tris-HCI (pH 7-pH 8.9), 0-8 mM MgCl,, 3 mM
potassium phosphate (pH 8), and 6 mM of each substrate in 1 mL. The reaction was started by adding
varying amounts of polypeptide (for example from 10 to 100 g}, and was incubated Iat 25°C-37°C
for 30 minutes, filtered, and then frozen at -80 °C. - |

 Activity Results with prod gene gmducts

Both the C. testosteroni prod and S. meliloti SMCOO.’)' 02 gene constructs had hlgh Ievels of
expression when induced with IPTG. The recombinant proteins were highly soluble as detenmned.
by SDS-PAGE analysis of total protem and cellular extract samples. The C. tesfosteront gene )
product was purified to > 95% punty Because the )neld of the S. nieliloti gene pmduct was very low
afier affinity purification using a HlS—BlIld cartridge, cellular extract was used for the enzymahc
assays.

Both recombinant aldolases catalyzed the formation of MP from indole—3-p}rru{fat_e anﬁ

-pymuvate. The presence of both divalent magnesium and potassium phosphate were :i"equired for

enzymatic activity. No pmduct was apparent when indole-3-pyruvate, pyruvate oF potassmm
phosphate was absent. A small amount of the product was also formed in the absence of enzyme
(typically one order of maomtude Tess than when enzyme was present): _ .

The product peak e]uted from the reverse phase C18 column slightly later than the mdole-3-
pyruvate standard, the mass spectrum of this peak showed a colhsmnally—mduced parent ion ([M +
HIH of 292.1, the parent icn expected for the product MP. The maJor daughter fragments present m
the mass spectrum included those with iz =158 (1H-indole-3-carbaldehyde carbonitim 1011) 168 (3-
buta-1,3- dlenyl-lH-mdole carbontum ion), 274 (292 - H,0), 256 (292 -2 H,0), 238 (29” 3 H20),
228 (292 - CH403) and 204 (loss of pymvate) The product also e\}ubﬁed atlv speenum '

charactensnc of other indole-containing compounds such as tr)lptophan Wlﬂl the Amax of 279—280 and

a small shoulder at approximately 290 nm. N )
The amount of MP produced by the C. festosteroni aldolase mcreased with an- mcr«ease m

reaction temperature from room temperature to 37°C, amount of subsﬁate a.nd amount of

. magnesium. The synthétic activity of the enzyme decreased with 1 mcreasmg pI—I, the mamum .



13 3.571 (dd) 10.75*, 1.5 3.168 (dd) 11.6, 1.8 3.57 (dd) 12.0, 1.8
VI eggaar et al.(J.C S..Perkin Trans. 1:3095-8, 1992). 52 Takeshi and
Shusuke (3P2002060382, 2002-02-26). Tabje 3: 13C NMR data (from HMQC
spectrum) Cargill Vlegpar et al.1 AtomBc 5¢c 2 126.1 126.03 3 '
110.31 4 120.4 120.46 5 1202 120.25 6 122.8 122.74 _ _

product observed was at pH 7. Based on tryptophan standards, the amount of MP produced under a

standard assay using 20 pg of purified protein was approximately 10-40 pg per one mL reaction..
| Due to the high degree of homology of the S. meliloti and C. testosteroni ProA aldolase -
coding sequences with the other genes described above, it is éxpected_that all of the recomBiJ?ant gene
5 products can catalyze this redction. Moreover, it is expected that aldolases that have threonine ('f) ot
positions 59 and 87, arginine (R) at 119, aspartate (D) at 120, and histidine (H) Ellt-31 and 71, (bésed_
on the numbering system of C. festosteroni) will have similar activity.
Activity Results with kﬁg gene products
_ Both the B. subtilis and E. coli khg gene constructs had high levels of expression of protein
10 when induced with IPTG, while the S. meliloti khg had a lower tevel of EXPression. “The Tecombinant
proteins were highly soluble, as judged by SDS-PAGE analysis of total protéins and cellular extracts.-
The B. sub;ilfs and E. coli khg gene products were purified to > 95% purity; the yield of the S.
meliloti gene product was not as high after affinity purification using a His-Bind cartridge.
There is no evidence that magnesium and phosphate are required for activity for this
15 enzyme. However, the literature reports performing the assays in sodium phosphate buffer, and the
enzyme reportedly is bifunctional aod has activity on phosphorylated substrates such as 2-keto-3-
 deoxy-6-phosphogluconate (KDPG).. The enzymatic assays were performed as described aoove, and
in some instances the phosphate was omitted. The results indicate that the recombinant KHG ‘
aldolases produced MP, but were not as active as the ProA aldolases. In some cases the level of MP
20 | produced by KHG was almost 1dontmal to the amount produced by maguesium and phosphate alone.
Phosphate did not appear to increase the KHG activities. The Bacillus enzyme had the highest
activity, approxlmately 20-25% higher activity than the magnesium and phosphatc alone, as
detenmined by SRM (see Example 10). The Sinorfiizobium enzyme had the least amount.of activity,
& .whmh may be associated with folding and solublhty problems noted in the expression. All ThIec
25  enzymes have the active site glutamate (position 43 in B. subtilis numbering system) as wcll as the
Iysine required for Shiff base formation with pyruvate {position 130); however, the B. subtilis onzymé
contains a threonine in position 47, an active site residue, rather than arginine. The B. subtilis KHG
is smaller and appears to be in a cluster distinct from the S. meliloti and E. coli eﬁzymes, with other
enzymes having the active site threonine. The differences in the active site may be the reason for the

- 30 increased activity of the B. subtilis enzyme.

Improvement of Aldolase Actzvnjr .
Catalync 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 direoted evolution, for example as previously described -
for a KDPG aldolase (higHy homologous 16 KHG described above) evolved by'DNA shufﬂjog and
EIT0T-pIone PCR to remove the reqmrement for phosphate and fo mvcrt the enantxosclecﬁvzty The )
. EDPG aldolase polypeptides are useful in blochemlcal reactions since thcy are highly specific for the

donar snhetrate tharein mwmvaie). hnt are re]ahve]v flexible with respect to the accentor substrato



7 112.8 112.79 8 137.06 9 129.23 10a 36.4 36.53 12 39.5 39.31 13
54.9 54.89 14 175.30 15 181.18 Vleggaar et al .(I. CS. Perkin Trans.
1: 3095-8, 1992). 10Pol arinetry. The optical rotation was nmeasured on

a Rudol ph Autopol 111 polarimeter. The gpnatin was prepared as.a 14.6
nmg/ mL solution in water. The expected specific rotation (Dx]D20) for
S, S nonatin (salt form -49.6 for a 1 g/ soluti-on in water

(VI eggaar e adple-3phavasp §{=ﬁel}eé» VaneVanae 4692@21? 2081 KHE aldolpse pasagivity for

enzymatic aI dolideRdatihlbg BuvaR Rdth b BurhtREdreabdxnE: at:iaatmrﬁmamsve;smﬁs oPthe RHG

s O mer.. eﬂdolase are thought to have broader specificity than bactenal versions, including hlgher activity on
4 hydroxy 4-miethyl 2—oxog1utarate and acceptance of both stereoisomers of 4-hydroxy-2- -

5  ketoglutarate. Bacterial sources appear to have a 10- fold preference for the R isomer. There are |
nearly 100 KHG homologs available in genomic databases, and activity has been demonstratéd in
Pseudonionas, Paracoccus, Providencia, Sinorhizobium, Morganella E. eoli, aﬁd mamrnalian: .
tissues. These enzymes can beusedasa startmg pomt for tailoring the enantmspemﬁmty that is

~ desired for monatin preduction. )
10 Aldolases that utilize pyruvate and another substrate that is either a keto'acid and/or has
" bulky hydrophobic group like inﬂole‘cah be “evolved” to tailor the polypeptide’s specificity, sﬁeed,
and selectivity. Inaddition to KHG and ProA aldolases demonstrated herein, examples of these
enzymes iﬁclude, but are not limited to: KDPG aldolase and related polyﬁepﬁdes (KDPH),
transcarboxybenzalpyruvate hydratas e-alaolase from Nocardioides st; 4-(2-carboxyphenyl}-2-oxobiut

15 3-enoate aldolase (2'-carboxybenzalpyruvate aldolase) which condenses pyruvate and 2- |
carboxybenzaldehyde (an aromatic ﬁng-containiﬁg substrate); traﬁs—O-hydroxybenzylidéncpymvatc

- hydratase-aldelase from Pseudomonas putida and Sphingomonas aromaticivorans, which also
utilizes pyravate and an aromatic-containing aldehyde as subsirates; 3-hydroxyaspartate aldelase
(erythro—3—hydroxy—L—aspartate glyoxylate lyase), which uses 2-oxo acids as the substrates andi is

20 thought to be in the organism Mrcrococcus denitrificans; benzoin aldolaze (benza'dehydc lyase)
which utilizes substrates contammg benzyl groups; dihydroneopterin aldoiase; L-threg-3-
phenylserine benzaldehyde-lyase (phenylserine aldolase) which condenses glyciné with
benzaldehfde' 4—hydIOXY~2-oxov316rate aldolase; 1,2-dihydroxybenzylpymvate aldolase; and2-

. ,hydroxybcnzalpyruvate aldolase ‘

25 ' A polypeptide having the desired actmty can be selected by screening clones of mtcrest
.using the following methods. Tryptophan auxotrophs are transformed with vectors carrying the .
‘clones of intérest on an expression cassette and are gfown on a medinm contaimng smai_ll ﬁmoents -of
rﬁonatin orMP. Since anﬁﬁotransferascs and aldolase reactions are reversible, the cells are abie to
produce tryptophan from a Iacemic mixture of monatin. Simildrly, organisms (both recorﬁbina'nt"and

- 30 wﬂdtype) can be screened by ablhfy to utilize MP or monatin as a carbon and energy source. One

source of target aldolases is expression Tibraries of various Pseudomonas and r]uzobactenal strains: - _

Pseudomonads have many unusual catabolic pathways for-degradation of aromatic molecules and -

they also contain many aldolases; whereas the thizobacteria contain aldolases, are kown to grb';v n

the plant rhizosphere, and have many of the genes described for consiruction of a bidsynth‘cﬁe

35  pathway for monatin. ' ' i



| mprovenent s The reaction conditions, including reagent and
enzyme concentrations, were optimzed and yields of 10 ng/nL were
produced using the follow ng reagent m.x. 50 nmM ammoni um acet at e
pH 8.3, 2 nmM MyCl12, 200 nM pyruvate (sodiumor ammoniumsalt), 5 5mV
al pha- ketogl utarate (sodiumsalt), 0.05 TIM pyridoxal phosphate,
deaerated water to achieve a final vdammedi|l nL after the addition
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A typical assay m xture contained 50 mM Tris-HC1, pH 8.0 to 8.9, 0.33
i nM NAD+ or NADP+, 2 to 22 units of glutanmate dehydrogenase-(Si gnma),
and 10-15 nM substrate in 0.2 nL. The 1l5assay was perfornmed in
duplicate in a W-transparent mcroti te14‘3-pl ate, on a Ml ecul ar _
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The gene for tyrosine-phenol |yase was isolated froma fi-eundii
(ATCC cat al og nunber 308090, Designation ATCC 13316; NCTC 9750) and
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allow for the us
monatin employing an Applied Biosystems-Perkin E]mer Q-Star hybrid quadrupole/time-of-flight

mass spectrometer. The measured mass for protonated monatin using tryptophan as an fnternal Tnass
35 calibration standard was 293.1144. The calculated mass of protonated monatin, based on the

elemental composition CyH7N205 is 293.1137. Thisisa mass measuremnent error of less than 2

parts per million (ppm), providing conclusive evidence of the elemental composition of monatin

~ produced enzymatically.



the creation of the product. Mreover, in sone cases pol ypeptides
that can performthe conversion nmay be further optim zed by

nmut agenesi s. Site directed nutagenesis was perfornmed based on
3D structure anal ysis of PLP-binding pakypeptides. Two exanples for
changi ng the substrate specificity of the poI ypepti des are shown

5bel ow. Mut agenesi s of Tryptophat zase Exanp 1 Th

nut agenesi s pr ot OEBPHFETPIYe Wﬁeﬁ’i‘i’f‘“&dﬁ&%ﬁrﬁf%‘i %Nﬁf’@ﬁﬁ%"g??%‘ﬁ? in
the am no agirehee (e Beple of Menatih (8 tmgPedsidissobndd mtdison oChAn Gethliptigispivent ne

ot o DI Ro e LERPREAS T . K. AORREANG Al 3 O

changed val‘ nmberi ng system
for E. col tmmwurr@ mthﬁlmrwswn Wag@érﬂ@@?@r éx@w%@gtomb@a%ﬁ% fred
by ATG kabopat Qi a8 d-E660n Ruftnktinuas MM as alMéiaticORsk, Wt st d hé fubGkueBaiue
sequent i all¥ %}/ PCR of gene fragments and reassenbly of the fragnents
was acconpltHE8dPBy PCR as wel | . Priners for converting .arginine
(Ry103 t o t hr eorfon8C-NMR, abhniti S OAGESEATDEE GABEARA TIETAT ATl 8as t¢oSEQ
ID NO  47) ggg@@@?&r g;gm NO.
48) . ?torrg’}ﬁg fjaﬁa{ig onver |ng vaI [ ne (V)299 t Egﬁ;?]g%eﬁcfn%g%&j%l
TCCTGCACGC@N’GWF Q@ reeiRem was pattrynp v Rieh cngidgd thipgrrejation of the

0.11 WEWJW Sk St BetyGhd £ providing information o\ ant s
were screene Sthl ct| on digest with Xba I/H nall and Sphl, and
verified by e2135"”5‘equ EnCIng. [fcutagenesis of Tyrosine Phenol Lyase
(J3-tyrosi nase) PBvamp‘D@f fhe 'H and HMQC dataigghoyoin Feblendient 3 FhcomeF e ifade

tothe tyroghnfn-RRARAI thé Mﬁﬁ@at@ﬁﬁf@ﬁe(ﬁﬁdt fle SRALBRIP prodite:sotid s biBBISS,S),

converted -arginine posjtion 100 to threonl ne (T) and valine
(V) at pos|{*1Rgﬁf§’§% S 5%hrginine (R (in C. freundii nature protein
sequends§) . Chirfal La®fSArfatysist FreesiWiET thet drereonssin@rpdvgsd & viify was one isomer,

Am%mw Cg 3 e%%ﬂwg D1 1S AR ses were carned out using
51 AGDOOACCGGECGCAGAAAACOT AT [D NO 54. rimers for the

V. 28312. . derivsapamghongescaibeddn Example CCGCGTCTACGAAGGGATGCCAT 3" (SEQ
ID NO 53) anclihird hAGHEEEEAGTAnAGT ijobibBITAGRAGI BefaBE@s | N NO

54). oo AR5 eAE L DE APRY S B N dera B DR hANGS o

wer e screene sti1on estion. Th
Sequen@fs wblished @mtercple foth{he winderoxsye erfimizef PrRTR{R) g R- (L) Isomessag H@%‘ﬂ?ll%lg
Reconbi nanttppt 0t@bilk PH@s cdakiQel T Al watsr cdﬂﬁﬁﬁg daesch @ prigudr@tetit hed; BY Methaple

enzynes: The reac |retaonsi.s of 50 ML

nvWyC12, , S8 %ﬁ@@ﬂ%‘gumﬁsgﬁ?‘ce © SR PAT P 5"“?8'%6“‘ #%%ﬁ%tﬁ%
sodi um sal tflow@at©Basrii Ipymmd@)iaDAph@QJpWaW@ m@éﬂéwomﬂﬁoow Thechi eve
a final voluag,ofa pa:réne&l's u@Jdtf&rch]}:ﬁ]EC@Qth sRRE Spt aﬂﬁdﬁﬁﬁﬁi{e idenidahtd

pot assi um phosphat e Cru econ i nant. C. St ost er oni
P oA alPdol e Sreabr i Briedd fqr?r%%wﬁw ol g e e ron s
L-aspartateg 5@,mum@£sruam‘5& esehsted {oﬁap@)at@&mproeﬁafoeﬂedlmleﬁxaﬁ@b gMH, Hangos

olid trypt . t '
(ot ur ot oo o8 e- bitiPkBphaipd i o oo iR Ak e WpBalon ormese

m X was i ncuiigtsédthamix3d€ for 30 m nutes w t h m XI ng Serine, al anine,

and ‘aspartate Wh@cﬁ&ﬁa@ég&a%gopﬁ.aﬁas&%t &aﬁ@ﬂ&&ﬁﬁ @Y 5y ded1 e
d with and_w t hout secondary capabl e

perfor urified

' of peé %or FRTeRpRAETERY atd Tmored by MS A Sll?é’?&ﬁ@zfy gl%? Pie?}‘n‘gﬁ‘ ISR RSt
(t rypt ophanasgin(idkhéales thetahsabipontit @ bie 1§5mexypitmhlamesa;m dBed idetisdl tvse . -
(TPL))-. The_ results are shown in Table '4: Table 4: Production of
monatin utiPPZn ng alternative C3-carbon sources C3-carbon source
Addi tional PLP enzyne Rel ative Activity none none 0% pyruvate

N



none 100% scrim none 3% swine 11 ug wildtype TNA (1 ' U). 5.1% serine

80 |ig double nutant TNA 4. 6%

al ani ne none 32% al ani ne 11 ng

w | dtype TNA 41.7% al ani ne 80 ug mnut ant43TWA 43. 9% aspartate 110(10
.E.g 1, fildFNA,7. 7% aspartate 5 Uw ld type TPL-(crude) 5.1% 3. 3%

aspartate SO ng nqutant TNA
Table 2: "H NMR data
Cargill Vieggaar etal.’ Takeshi et al.”
Atom Bu JHN Hz | 5, JHA) Hz | 8y JOHH) Bz
2 7.192 (14, . 7.192 (s} 718 (s)
s} ‘ .
4 7,671 (d) 7.99 7.686 (d) 7.9 7.67 (d) 8.0
5 7.104(ad) | 7.99 7.102 (dd) | 8.0,8.0 7.11 (dd) 75,75
6 7.178(dd) | * 7.176 (dd) | 8.0,8.0 7.17¢dd) 175,7.5
~ b7 7.439 (d) 7.99 7439 (d) 8.1 743 (d) 3.0
10a 3.242(d). 14.5 3.243 (d) 14.3 3.24 (d) 145 .
10b 3.033 (d) 14.5 3.051(d) 143 3.05(d) 14.5
12 2.626 (dd) | 155,15 2.651(dd) | 153,17 2.62 (dd) 15.5,1.8
‘ 2.015(dd) | 150,120 |2.006(dd) | 153,117 | 2.61{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

"Vieggaar et al. (J.C.S. Perkin Trans. 1:3095-8, 1992).
5 . ?Takeshi and Shusuke (JP2002060382, 2002-02-26).

Table 3: *C NMR data (from HMQC spectrum)

- Cargill Vleggaar et al.”

Atom B¢ 8¢
2 126.1 126.03
3 * 110.3%
4 120.4 120.46
5 120.2 120.25
6 122.8 122.74
7 112.8 112,79
8 * 137.06
9 * 129.23
i0a 36.4 _36.53
12 39.5 3931
13~ 54.9 54.89
14 * 175.30
15 * 181.18 :

' Vieggaar er al. (J.C.S. Perkin Trans. 1:3095-8, 1992).
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Polarimetry. The optical rotation was measured on a Rudolph Autopol IIf polarimeter.

The monatin was prepared as a 14.6 mg/ml. solution in water. The expected specific rotation ([ot]DQO)
for S,S monatin (salt form) is -49.6 fora 1 g/mL solution in water (Vleggaar et al). The observed

[ctp®® was -28.1 for the purified, enzymatically produced monatin indicating that it was the .S, S

isomer.



The nmonatin produced from al ani ne and serine as 3-carbon sources was
verified by 10LC/ M5/ M5 daughter scan analysis, and was identical to
the characterized nonatin produced in Exanple 6. Al ani ne was the best
alternative tested, and was transam natad by the AspC enzyne. The
anount of nonatin produced was increased by addition of t he
tryptophanase, which is capable of transam nation as a secondary
activity. fwewamﬁt of nonatin produced with serine as a carbon
source nearly dom&@dqommnsﬁggn@mﬂjg&éamt fiff ezipge dobyeptaiphanasetiainzdamgs,

even thoth cgsogl(ftﬁé aw];}eh 8uceci]' smh%le?o%&g%ﬁg entnliuypt ophanase was added

in conpari S8 M NG ranst erase capabl e of sone anount
of bet a- el iStimMtoRiETiceiyt P SélhnMMgﬂlueZqﬂé%Pwamspﬁuragr@awa% salf), 5

indi cate thal, {pﬂz?keEJ Mﬁh%qm&ﬁ-ﬁsﬂt)msln&mtp%d@ﬂlﬁh%%té ate does not

increase with the sane site-d cte evi ously
Sugoest od RN RLSAHRES Thal Vg LAY TP AR R R |
| 3-tyrosi nm{%daAsmh@u@pﬁmgma,rg/ﬂc&ﬂmcbﬂ:ryinefnmmmalddase:(cclbaxtrwt. o pateion. 20

Exanpl e 9 Cheni cal addit

al ani ne t o HAYFPE? %@ﬂtﬁ% %9@ @/gﬁ?a)ft (ot @smtﬁoa?l“é‘?uan&emc d c?#?lggyfr%egc f7 on
can be’ per fopapse &wﬁth-mabfoyemmﬁdantau@afmpdn@ awlrsglédtobioptan terfford a
reagent;, 25F0r %ﬁé”@% P&P(s%tugt - R umggso} d%&fgﬂ&% Ak A0S, MY Gl 3%s -

been approprl a je car oxy am no groups, is added
dragnesi um umwe@hwaf%&bowmd!ambﬂ@mﬂﬁéﬁ% 3-pyruvate
(appropri atglishle scked) |s then added to formthe coupl ed product

fol |l owed by renpyal of rqt ecti.n s,to
Protecting grou p'ghetcﬂlgfntrat}log ﬁ]fﬂ{a i&ta%hg%fﬁy caalgg th}cecll tﬁ 2 Imﬂd ma_ﬁ_qﬁiementcd with 9
(tetr ahyd r o:pmraajaydte eitthe equivaktbolield o meaxinl Ylitcaktiwamind achebcrptonrartk utilizeg -

- Exanpl g Lg)%g%%ut su&Ias'XQa”cQPétJ?e and NP Thi s exanpl-e describes
nethods use

detec resence. of nobnatin, or its pre urs
hydr oxy 2- (i ndolwﬁﬂnﬁ%?‘ﬁ“f/g)ﬂ’@?’ Riapd o Rpre/e GPPreidErase Vs ups Péf‘e&él s
Anal yses Ofcomj_}ﬁ'éli:lﬁﬂéaxﬁﬁﬂhaisfb&asaklpﬁlahﬁeﬁbbﬁn@eﬁndve&mm‘-@iﬂ Thoweedr,asecond
(monatin precys ek Vel %5'»;‘ OPA?%%JH%@ 3990@'\»{&9 o a@ss\srﬁgs%pasordacaea\eg

bi ocheni cal ™1€4cti ons Wwer e ters/Mcrornass_liqu
chr omat ogr aIpf-hMStaeﬁ*ﬂdénM‘m@B C@B@é%t’fobfhﬁéf)#;f’ SGaaaﬂwf regucediien tipEreolt D”B
incl udigng GVt ELsSyebR0s il szﬁ? EHC&IEBE&%@@mle\giutaﬂloaoxm&oeﬂc&ra&%nase from
Phot o- Di ode . banc I ace er, ween
t he cl uomat eérﬁﬁyp%ﬁgﬁ%as ﬂ)?‘fl??) 3”%1%353 %{hflp tam{g 5 agéoa 11}13 ar lj%%}se
mass spect rnyrmate,ra redu@ve spisatiat 20 hs dmmmmﬁetemgath@utm@@@gma§@% ery

Qs revers A3 & BRLADRL ogr aphy col um, 2. 1nmm X 150 mn or an
Xt erra M5 rever sed-phase chromat o $5p colu 2510 ram
%oé 71 L-

roomte W@lﬁsei’ﬁém@(?“ﬁg& k- g0l RS ?.lm&a v
c o nt ai rsNg d3ptaatimébtishstirise fol ial@aseitinengoptitalyn dhﬁpﬂqmmmn condltlons

contai ni ng 0, 05%. (M/ vate -
Contal N 10 PelRl X ABEAL b Y8ORGRHCE A6 hfkoymnie, s RGuELALO B0
90% B, 9-1@&pyrifloxal phesphateadaaerated warg dp ahieve @ fingh veljupe of P ml pfterthesadiosnf le t o

5% B, 20- 22,0405 Vi go@m{hgpﬁesﬁha{eezo p%ﬁMdfi‘e@&ﬁ’eﬁﬂa@tm PBHlatIdRIoREPuTdS
The flow rate was 0. /mn DA absor bance was .nonj.tored from

200 nmto 4BOMA PE/mLAF E Cﬁ%ﬁaﬁﬁéﬁ@w&ﬁﬁ@“@fp%wﬁ% Egpcrirwy s uid

sel ect Qﬂb b axﬁﬁqndole— -pymvate The 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

ncreasing amounts of aldolase If indole-3-pyruvate and glutamatc were Ie:placed by saturating
amounts of h'yptophan and 5 1M alpha-ketoglutarate, the production of monatin Was increased to
.360 ng/mL. Reacnons were repeatcd with 30 ng/ml of each of the three KHG enzymes m 50 mM

35 Tris pH 8.3, mth saturatlng amounts of tryptophan, and were allowed to proceed for an hnur in orderl
to increase detection. The Bacillus enzyme had the highest activity as in Example 4, prodiicing
approximately 4000 ng/mL momatin. The E. coli KHG produced 3000 ng/mL monatin, and the S.
meliloti enzyme produced 2300 ng/ml. '



200n generation of protonated nolecular ions ([M+ H.) of the _
anal ytes of interest, and production of characteristic fragnment ions.
The follow ng instrunental paranmeters were used for LC/MS anal ysis of
nonatin: Capillary: 3.5 kV; Cone: 40 V; Hex 1. 20 V; Aperture: 0V,
Hex 2: 0 V; Source tenperature: 100C, Desol vation tenperature: 350C
Desol vation gas: 500 L/h; Cone gas: 50 L/h; Low nmass resol ution
25(Ql): 15.0; Hi gh nass resol ution (%m 1,;—5 0 Ion energy: 0.2;
Entrance: 50y; Collision Energy: 2, t' w_jass resol ution
(@) : 15; High nass resol ut]i“EFF"’(”@S)““bf@““‘i%fl““%%é’?“d&? (®): 3.5;

Ml tiplier: 650. ridgesfiaionte &ﬁ‘oﬁrﬁﬁonﬁﬁpﬂﬂ beadalynd b7 ahiarhgesfamdsisod af hosh)
and nol ecul gr . e I o]
aci d form O%rnnbraasm ﬁ:ﬁamea{ﬁl)z)mdg 8eh (?og%ﬁagés ﬂaqwﬁr&fnﬁgﬁfgﬂucﬂxg c&fﬂ?or ?Jcﬁ)%m&
acconpl i she@tWPIHC/Th@empusemﬁwgﬂwpﬁw%M%W%PPWP“H’&%’%“DSE%Mra f or
the region hlﬂ:étgon ywﬂ’&Qsmggp@%ldﬁ%&ﬁﬁ chfthe GRS W REDHoaEHled 91theRb2b AR
nol ecul ar 1 ons 292 MP, I NI += 293 for nonatin)

al | owed di r@’&ft“’"}“ﬂ’éﬂﬁ fication of these analytes in the m xtures.

MS/ M5 Anal ysi s LGkiyiogind@ adivitghTieroxidgive dsepiriorefmeaiiiyas moeiotedbired on
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spect ronmet egxanmpl3@r € argon is i nt roduced and chemical ly dissoci ates
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then . -51- det he second MBsSsS an , and can be
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fol lowig i Eb'éatyw%ﬂed ﬁ&iﬁ@ﬁa& ﬁram@au&&da&m plafe] MB/MMBectmaleyisdss Of

monatim CapLl| I'ar

Hox 2: 0 v SR P‘Péﬂﬁ%‘?”&ff B oy e A (Pt)ﬁpg%é it i inflw w5,
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Ent r ance: | SI ONn ner S re ut I
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Ml ti pl2@r: TREGbe m@umghaeim@ugmm tDehelive (Sitrha /G- BB2)Nrized e conversion

H gh-t hrough it anan o §1 101£at1§ :Sa@mle%}cogI/erslign)%ﬂf&&éatélﬂgne mﬁﬂl%e Tate
derived frofi TH* ¥t ro P/I vo reactions were carried out using

i nst runent apftbﬁvomg@rlPiﬁlﬂa%dﬂ’/éphaéih“ﬁgl’é"ﬁé‘esarre parameters as descri bed
for LC/ MS/ MB. LCrsgpahiatition Bdivitk NonaiieniGhdfrahkaysverd conducedvbth@y

(2.1nm x 50 chr.omat ogr aph er |t oy
elution in 1% ﬂ?dﬁ’&ﬁﬁ?“%ﬁ?&‘%)%}acétl S}Tn% a%gﬁpﬁégfﬁ%ﬁy L%%’
0.3 nl/B$ n. iBetoatuibsone ahinghanrisn(BSAT) fian kimgion redthefe cerpparidly Peldle

using sel ecéﬁ J SAGT kO a1DR B %h&gns@e%?é@desfcﬁ&dﬁmxm& SIRBCAEIOTREE Yod
This involv f

noni toring specific CO||ISIO uced rent
([M + 1 5] S alsboigaetupmie SO AR todt: PR sty Lo PR ERE s ok =
168. 1, tent ahk v@lnciassd.qoosmRPLA, Muhmiqcaptd;ﬁnuiaomﬁnmdbﬂgof :

car boni umlon) tr nS|t ons_to max %gth&,{h % ; opped
selectivity? 'B'ﬁﬁﬁ?ys eI mtc?'b eéaett?sg&f?r%%ﬁ?l a é ac ons;&vcresoppe

absor basee dﬁﬁcﬂmweqsf@ SZﬂosdptcerit«lbehOI b beself freatift ps nﬂqzilﬁ?fPFEW LEAYS Eremls on
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Thi s exanple describes nethods ‘used to 8’& QJ H}g E atw
cel I's. Ono sicrIwdalavnd bfhe 8s PTG Y1t ApRPRERaral T Haemor Aoremr HBrsks
can' be used aéRipRiGdnaecemaais BSAT>EHEF pdaetigeillab poeint gpe [FAyS. The

relative activity with alpha-ketoglutarate was: BSAT > AspC > porcine type I > porcine type lla >
35 TyIB.




addi tion, vectors containing other genes in the nonatin synthesis
pat hway (FI G 2) can be used. Trp-1 + glucose nmedium a m ni nmal

medi um That has been used for increased production of typtophan in E.
coli cells (Zeman et al. Folia Adieroblgt 35:200-4, 1990), was
prepared as follows. To 700 nL nanopure water the follow ng reagents
were added: 2 g (NH4) 2304, 13.6 g KILPO4, 0.2 g 30My804. 7H20, 0.01 g
CaCl2. 2H20, and 0.5 ng FeSO4. 7H20. THsargit$has adjusted to 7.0, the

vol.ume was i ncreﬁ%@l.Qtl&po dﬂ-ﬁroﬂﬁﬂpﬁ&}ﬁaﬁ@(ﬂ@b%& (ﬁh@r%@"ﬁﬁﬂﬂeA 50%
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every hour %Y T‘dgﬁyaﬁ“ﬂ’ g‘ﬁgﬁaéfm@e%‘?ﬁp@“ t‘t/%%m BBFEen %ecﬁﬁéf P EC%C%' ‘t’n%e n
i nduced W tdecdnplishadbylcPTGtinaaling (We283eorpemat @) endrethirc€R) 106 to3dreq@ine (T).
Sanpl es (1 Hll). W58 gl%g e%fo@%rtﬂt 19;';4 tgtcctp?a biBANSG1ic QRkinb 281 Rr hi MRrolytic -
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above. At 4&h§mgﬁsea§@gtt§eg}(1@gd quot of tryptophan and pyruvate were
added. The entire culture volume was centrifuged after approxi mately
70 hours of growh (post-induction), for 20 mnutes at 4C and 3500
rpm TS supaumabpinowiedNiecant ed and both the broth and the cells

were frozen at - sté t@roesk R ZEE)
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wer e prisducEdo, WeagmatiprARCAL 1831 GaWﬁT ©915Piand grawﬂmﬁ@ﬁf agi (gifog @Ol and »iigeRt s
post i nducty,on ik bek) 488 1A JNctEet T%en&&@ﬁA%@@uhﬁé&%&n@ﬂQﬁgeﬁs PLP,
addi ti onal ghosphate r addi ti onal 2 did not increase the -
producti on FORGHALT H cI"—]f“gher titers: of monatin were obtai ned 25when
tryptophan was utili zed instead of indole-3-pyruvate, and when the -

t rypt ophan ¥‘@1§ ngg,%giop,,Jséogmg?gqgiglt&pn rather than.at inoculation, or

at induction nd 4 hours post-induction (at time

of subs¥rate addriziesriere designed witkeompyiicoxshapasior laratEd 3P WL yeelplNoeen,
nonatin in Mgﬁsoﬁmrge@me@@bd%gtma@h cel [ ul ar extracts. Negative

E. coli tna (SEQ ID NO: 41). N-terminal primer for pET3O Xa/LIC clomng 5'-GGT ATT
GAG GGT CGC ATG GAA AAC TTT AAA CAT CT-3'(SEQ D NO 43). 'C—ternunal primner for




A time course experinent showing typical results is shown in FIG 10.
The ampbunt of nonatita secreted into the cell broth increased, even
when the values are nornalized for cellggrowth. -53- By using the
nol ar extinction coefficient of tryptophan, the anount of nonatin in
the broth was estimated to be |l ess than 10 || e same experi nent
was repeat epETaP KiWLiGhadoningi T-4 GASHIMEABAGA (iféi:g T £RETCT BEHAGTIEGS'
Many of the(slg rtgﬁosmyere negative, indicating the peak height at

&
ns/z=293 was less in’'these ¢ han n.th (
10). The nunber s CiEpetigp ﬁ&@%‘ﬁﬁ?ﬁ TR Wﬁgﬂfﬁg@%‘?ﬁ‘%&ﬁ& ST
pyr uvat e WEAET GASETHT, CERADBAATEATAUGACKSIAATOA(SER ID NOd ¢t Ctumming pamer for
resul t eac ) RPEL LAZNER:-3'
The in Vi vo&ﬁ@a@écgﬂlﬂ %n%%gﬁcﬁaéﬁéﬁ%? é‘r%?bg TkiﬁGﬂlrgﬁwas r epeat ed3| n
800 niL shak@Eﬂllaé‘I@ 3periments and in fermentors. A 250 nL sanpl e of
mﬁnatl n (in ﬁ el Tﬂer@gedaérﬂmh)cera@@&ﬂquauféﬂtmmyeraaﬁllamemshmmgeau PCR
chr omat ogr aphy. an repar a tive reverse- omat o
Thi s” sanpl e™10ks I"&d‘bd”ta%ﬁ g‘éiwsa‘f?ﬁe%%er# ‘%ﬁ rc%cs i) 1?‘?)%%&%55
anal ysi's (deskéaiiresls UrExkznaHjph Eideljty Poljreerds @hchﬂswﬁmandmffh@ﬂﬁlh@, gdtt¥d
that t hﬁ) mb?fgel(ﬁ&a?cog&h&g?zgr %L{Ee?ﬂoc&ﬁer FPR oh‘x@mused was a8 A1 b@@o@&ﬁi‘y S

i ndicate that "arni notranstérase needs to be present at higher |evels

than al dol azéniedd Edpruiself; 60t rdrany: € tiatsa¥par 1 Fges 15 cconds; 30

am not r ansf gpasiensS TAnk poR MRS sBY SisdumERsahnd the eaipls nat hanstondtah

t he al dol asg,gene to increase the anount of nonatin produced. Priners

were 15 desi ﬁed to introduce C. testosieroni proA into an operon

Wi th aspC/ pET30 Xa/LIC, as follows: 5 priner: '

ACT CGGATECGMHAAGATATACATATGTACGAACTGGGACT (SEQ ID NGO 67) and 3

primer: CGGCT TAGT TATATT

primer contains SOBAHFHIPATIVE Clopg{den calb°ﬁllpftoeéd§r5§(rllefa§fc{:s%v§ "ééﬁapplgﬁy & pist

cl oni ng. PCR igvasfy e pfrospneeclass.descri bed in Exanple 4, and gel

purified. The aspC/ pET30 Xa/ LI C construct was di gested with 20BanHI

and Sall’, as was the PCR product. The digests were purified using a

Q agen ‘spi nGé’(fIﬁ—}ﬁ'T‘i“w’FHé‘b'F%fé’P’@F@’i)roduct was |ligated to the vector

usi ng tp@ Roche %ﬁthMehﬁ@aiylsmﬁenlccﬁnalﬁ/daﬂdflamaﬂnnbd igto theypragededi ng

t o manuf act c e
# éDl%u) I(n]\?qv%%eﬁﬁ c@ﬁu:e (‘m:? rgro&%sné %@(ﬁlﬁﬂ? &Ri%d rgé)ﬁ Lﬁ%a:tﬁ}%mdtﬂ&p

usi ng Novab vagen Col_oni es
were grown Blpsniids We® Iwi?@ii HW&?&%E@F PTRP ST aPﬁ?j’F‘iW@éh&ﬁ?‘&H"ﬁ d‘é‘ﬁb‘" fﬂ“&’é?n d
DNA was pur ideisd | u3| ng the Q agen Spl n 25mniprep kit. C ones were

screened by rest ion digest a n

Semvi i ght )(/ Moust e xPe"é AR P Iﬁg 'S i?\é?% %ggﬂﬁ% lé%of: %gontvﬁ%&éﬁelﬁ? %E@c)mm
BLR( DE32HLy gSwn mﬁﬁ@ﬁ@)coamnﬂmﬂmywwsﬁTmage pAPressiiRavapingagdIETg 0
Xa/ LI C co nshh ?{ﬂBL %ﬁé’lfﬁ@ﬂ [{(@ﬂﬁg &fmﬁ?ﬁa&lﬁ@p&%&é@@) Ple)csli welle%ko'ﬁmh@dr 4

conpari sons 0 e flask sanple un%ﬁer t% f{n?p du
condi ti ons BowEES Eﬂé‘d‘%ﬁl’:‘?@é}' erafHsiop a s goB Rt TR &S A Y ReF FReR
second gene p(amRE™ @Nmrg&t} Qidgehhﬁntalﬁﬁglﬁl ti/ef. pmaahnhibxtmcodmaﬂed #1ly

seven-fold. To. has deriyve

B e it e S Moeches Mo Loy g SR i f BB R by

Trp-1 nBoli URkR guiiboneng el Biny eBritmwstsdeshdidd efvloin Erpipéri. Potified Buteimgfdry

added to the sgﬂ%g A1Bis0 (8 !;e a%*a:g&gm&gmos%&%%' H@;ﬂ&z&d\é‘ﬁé@mﬁ&fﬁ:ﬂﬁﬁ?«@l
?1 (5) Yo Tween- 2

with and wt r’rglmllln.
The anount bﬁffEBBHéﬁaﬁ‘hﬂrPﬂ?*ﬂmt‘Wéﬂ PrlpehbEs Hm 4a1tsécﬂntﬁ‘§P‘r$§ls forehsek o8 o
produced pukinfuhegbidiBAdsiatih@feBctst WAL ElreconiBidaTaloy po&inner e per f or med
as descrl bed in Exanple 10..Cells were sanpled at zero, 4 hours, 24
hours, "48 hours, 72 hours, and 96 hours of growth. The results are
shown iESTah}IuergE:e.fmr t he maxi mum anounts produced in the culture

broths. r. T e]men(btl:r% Oﬂfyp%@@cﬁass V.4 pﬁl E‘%}%hd'nﬁ‘s@ afd Hl?xtosma\!d) @, p-EHtﬁm

pLysS stral ns |ch shoul d ‘have | eaki er_, ce envel o%eaﬁ hadHh her
the bcta-lyase reaction with aspartate or sipular amino acids without any cation. How: .

some members of the class may need to be mutagenized to allow for‘the use of the subst_rates andfor



Construct Host Tween + Anp pg/nlL nonatin time proA 3L21(DE3) 0.41 72
hr proA BL21(DE3) 4- 1.58 48 hr proA BL21(DE3)pLysS - 1.04 48 hr proA
BL21(T) E3) pLysS + 1.60 48 hr aspC proA BL21(DE3) - 0.09
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20
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30

- 35
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the creation of the product. Moreover, in some cases polypeptidcs that can perform the conversion
may be further optimized by mutagenesis.

Site directed mutagenesis was performed based.on 3D structure analysis of PLP- bmdmg
polypeptides. Two qxamplcs for changing the substrate specificity of the polypeptides are: s}mwn-

below.

Mutagenesis of Tryptophanase Example 1
The mutagencs.m protocol pr0v1ded below introduced two point mutations in the amino acid
sequence. The first point mutation changed arginine (R) at position 103 to threonine (T) and the

second point mutation changed valine (V) at position 299 to arginine R) (numben:ng system for E.

" coli mature protein). Mutagcncéis expériments were performed by ATG Laboratories (Eden Prairie,.

MN). Mutations were introduced sequentially by PCR of gene fragments and reassembly of the

' ﬁagfnents was accomﬁlished by PCR as well. Primers for converting arginine (R)103 to threonine

(T): 5 1.CCAGGGCACCGGCGCAGAGCAAATCTATATT-3' (SEQ ID NO: 47) and 5™
TGCGCCGGTGCCCTGGTGAGTCGGAATGGT-3' (SEQ ID NO: 48). '
Primers for converting valine (V)299 to arginine (R): 5 -

. TCCTGCACGCGGCAAAGGGTTCTGCACTCGGT-3' (SEQ ID NO: 49) and 5-

CTTTGCCGCGTGCAGGAAGGCTTCCCGACA-3' (SEQ ID NO: 50).
"Mutants were screened by restriction digest with Xba I/Hind[I and Sphl, and verified by

sequencing.

Mutagenesrs of Tyrosine Phenol Lyase (f-tyrosinase) Example 2

Two point mutations were made to the tyrosine phenol lyase amino acid sequence. These
mutations converted -arginine (R} at position 100 to threonine (T) and valme {(V)at posxhon 283 to
arginine (R) (in C. freundii mature protein sequence)

ane.rs for the R100T conversion were: 5'-
AGGGGACCGGCGCAGAAAACCTG'ITATCG—3 (SEQ ID NO: 51) and 5°-
AGGGGACCGGCGCAGAAAACCTG’ITATCG—B {SEQ ID NO: 52). Primers for the V283R
conversion were: 5° —G'I'I'AGTCCGCGTCTACGAAGGGATGCCAT—S’ (SEQ ID NO: 53) and' -
GTAGACGCGGACTAACTCTTTGGCAGAAG—B (SEQ ID NO«: 54) _ | ‘

The methods described above were used, and the clones were screened by LpnI/SacI
digestion, and BstX I digestion. The sequcnces were verified by dideoxy chain termmatlon o
sequencing,. Recombmant protein was pxoduced as described above for the wzldtypc enzymes
. The reaction mixhire-consisted of 50 mM Tris-Cl pH 8.3, 2 mMMgC]z, 200 mM 3 carbon
source, 5 mM alpha-ketoglutarate, sodium salt, 0.05 mM pyridoxal phosphate_, deaerated water to’ '
achieve a final volume of 0.5 mlL after the addition of the cnzyrhes, 3 mM pota.ssium phosphate pH .
7.5, 25 pg of crude recombiﬁant C. testosteroni ProA. aldolase as prep_ai_‘ed as in Example 4, .50'0 pgo:

crude L-aspaztate an]i_xiotans'ferase (AspC) as prepared m Exampli: 1, and squd‘b:ylptophan to-afford ;



48 hr aspC:. proA 3L21(DE3) + 0.58 48 hr aspC. proA 3L21( DE3)pLysS -
1.39 48 hr aspC.-proA BL21(DE3)pLysS 6.68 48 hr Exanple 12
Production of Mnatin in Yeast This exagpl e describes nethods used to
produce nonatin in eukaryotic cells. One skilled in lothe art wll
understand that si.milar methods can be used to produce nonatin i'n any
cel | of i nteficestation af>#0 iV (snztedy tdnenndjmeies toaphdytthe psestion).eThy reactioh ode
listed in FIG L0 1469, Of - al t ' '

! : 3@%?_{ O%}.[E:; t el natbdSl YakQathORG ed
in this exanp rng?t)ateha e p %gwﬁ}fe?_gn's‘('?éng{rt dpﬂéﬁ{Té i%a&avg%t os, r ‘?"%39/55%52 m
('St r at agenesatbbmsodios) AssasAjeraparormadthyand mﬂ@hféeca%fyggﬁ eEggesperied) capahly
?Z %3 ang Sg-‘ofﬁgét%i%ﬁg GO ti'nnﬁﬁ_' 'dgAmg&&Eﬁasé Iraﬁoxﬁ@g@{@ﬁfaﬁh@mmg d6BTe@Miasi ae.

e pl vectors contain both the and. AL10 pronoters on
opposi t & stt_FYaﬁH*?{‘aSWBth"st‘W &L 'i%&fes"%?rf F%F%‘ﬂé‘?@ﬁigﬁg sites, allow ng
f.lor expression of two genes at the sane tinme. The pESC-H s vector
al so cont ai th S ne for .conplene I .stidine
auxot r ophy ﬁ‘ﬁ’l‘f’éﬁ?“%’&%"“?”@ "Sm ‘nunﬁ% ‘ealltmﬂi‘;e?r%ﬁ@ﬁg%ﬁmﬁfomt ers are
repressed |by @GB-wmbeescarsd i nducetidifipngXLEermme: 4| KazalRe8i AEly | o
utilized flor_optiPee expression in ya@met The pESC plasmid® are
shuttl e vectors, PYP0a¥l owi ng the init B construct to be— % |

coil (wt hMMsmgﬁihmep—:;@_W; osene
bi ndi ng siftes are®¥esent iln t AbngyH Ly ?’\WAQQH, Ag—si ~ .
foll ow ng lprinmer S*W¥re desi gnpﬂoﬂﬂﬂ@wﬂﬂf-@y—ﬁq—t—@ s

e

(restrictijon_si fﬁ‘@“{ﬁﬁ_e_t,mdeml—ned,—%k—seqaenee,
( BanzHYSal ). GAPE™MBEY . CGCGGATCCATRATEETEASAAGH
69) and 5'|_25 ACEERTCGACTTACAGCARtEmeapt ANECG, 3! |
pr oA ( EcoRLLNot 13Pareig) 10; g1- ddyasddppaRaAiéicg
ID NO 71)| and 5EPuEsATGOGEOCGE TR HEARTAPAY 1 oo

72). aspartate SOﬁ:g mut'ant TNA

The monatin produced from alanine anid serine as 3-carbon sources was verified by
10  LC/MS/MS daughter scan analysis, and was identical fo the characterized monatin produced in
Example 6. Alanine was the best alternative tested, and was transaminated by the AspC enzyme.
The amount of monatin produced was increased by addition of fhe tryptophanase, which is capable of
transamination as a secondary activity. The amount of monatin produced with serine as a carbon
source nearly doubled with the addition of the tryptophanase enzymes, even though only one-fifth of
15, the amount of tryptophanase was added in comparison to the anﬁnotransferasé. AspC is capable of
some amount of beta-elimination activity alone. The results with aspaﬁate indicate that the
iryptophanase activity on as;ﬁartata does not increase with the same site-directed mutations as
previously suggested for B-tyrosinase. It is expected that the mutant B-tyrosinase will have higher

activity for prodnction of monatin.

20

Example 9
_ Chemicﬂ Syﬁthesis of Monatin
~ The addition of alaﬁi;le to indole-3-pyravic acid produces monatin, and this reaction can be.
- performed synthetically with a Grignard or organolithium reagent.
25 For example, to 3-chloro- or 3-bromo-alanine which has been appropriately blocked at the

carboxyl and anzino groups, is added magnesium under aphydzous conditions. Indole-B—pyruvatf,%
(appropriately blocked) is then added to form the coupled pi'odu;:t followed by removal of the
protecting groups to form monatin. Protecting groups that are particularly useful include THP
{tcirahjrdropyranyl ether) which is easily attached and removed.

-30



The second codon for both mature proteins was changed from an
aromatic amno acid to valine due to the introduction of the Kozak
sequence. The genes of interest were anplified using . 30 pET30

Xa/ LI C miniprep DNA fromthe clones deggribed in Exanples 1 and
Exanpl e 4 as tenplate. PCR was perforned using an Eppendorf Master
cycler gradient thernocycler and the follow ng protocol for a 50 pL
reaction: 1.0 iL tenplate, 1.0 11. MExtmplath priner, 0.4 nM each dNTP,

3.5 U -55- Expand Hi gh Fideli bytepgllxmgﬁggm(ﬁ@he I'ndi anapol is,
IN), and | X Expandw th er npcycl er g used c§n5| sted of
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fol | ow ng SRS 2463 pRetBl)-sleaentisic :&0C for 1 m nute 45 seconds, and
72C for Tﬁ%gs,lS seconds. After the.29 repetitions the sanple was
mai nt ai ﬁed CH8r 10 minutes and then 5stored at 4C The PCR
products were pumliieedf tiyrseionheniiterein pridimmal paEztadare Seprgerors it athe d
by recover Bénoﬂéﬁlfa&w@d £ AgUisor Bl Btk ferd fAfagRAusinyal enci a,

CA) . ESC- Hi_s vector )
Bandl | / Sal |Wﬂé‘ﬁfc‘§*&5@fmb‘dﬁql“fi F%‘&imé"?[gg@ ‘é‘éﬁmfﬁ% S%m%‘tﬁ‘-’f%-‘e pr O%EISWDMCM
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o ggt: UofsRhck ik o!rgm (2% 1308, Weien et QkRRe, m@ama&m@@ﬂ@r Reiad

e rranufacturer S rotq%gﬁ@ gted
| i gations mlwe%erw%%ﬂ?rn%%waws Brentdes EoPetent
cells (I nv|rg\rc@@emselcmoﬁatﬁgr@hﬁmlﬁmmaﬂndumpmabwt&um Coevasedndiasa
Bi orad Gene, Pul ser 9118111&%%&8%%%9&%&{ S ThAGEAGHL ﬁllﬂsetc&sis!wof

manuf act ur eF'“’gmo%spH °°1 our r ecover%wﬁ1 )
medi um t he«umran@mem ﬁ{OM (W) Eiflgpragcetiy 264 andi®) medpnohtor@iRa AR 00
I sg/ m_ 1grrp|1£ﬂ110}0|a&mﬂ@sm d DNA preparations for clones were- done

using Q Aprep Spin s Pl as 0 0
restriction di gé@fgﬂg}ﬁfﬁ%‘é&a"gﬁ %fﬁ(ogle #?%?M%Zrl eﬁ?"g"gﬁﬁf’on“’ﬁg"ng
primers dess-yneg idontictah@0%B,d6-66 min, linear froilfw@%@stp@%IBpES@ 3 Tpip. Vi p AP Eingers

di gested w g, mb&ﬁfaﬁbergade&mm@%m fReAL @fs (ROR D hRAGHAL:b MR8
purified as "above I gat ed as above. i& ene. cons

truct
t r ansf or mednguitres from) 298 npgs 49 nﬁ‘néuﬁfff“@%‘?’l%?f'bﬁfs CFIeEPTRH ?%Leﬁs‘ited\lgasﬁd
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PCR react i o%%ni& ;ffr“émaé‘v’ﬁffsomon {baﬁg"gg%ﬂr}f‘%elg& lg)r\ll@%?ﬂ:lg ?/%%&gggébts%?es
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appr oxi mat evas axomplishaddy HEMGTTERRTne 38 iR o THELBHTRIE ??g‘&"c "

um ver e3¢ akikciodasl RsnaARRkS i hdlofid@haitiBar@ns (Bl 4 5] wa® i\ e H]" -ard
resuspended_to gi I%ys medi um The

f ol | owi ng cfﬁ’frb%’ﬁ“”gﬁ‘ﬁ?r‘”é %%egn@fgt?&og%au%“ﬁ[ygénl&m oraf finose + | %
gl ucose, 0.5%glucose + 1.5% raffinose, 2%raffnose, and finally 1%
raf f nose + 1?1%? pl:0se for induction. After approximtely 16 hours
of - grovvth inin |on medi.um the 50 nL cul tures Were%]i |$edt|nto
duplicate 25 nL W@F%@aﬂ hieR 190 EIETIPSHS| WS PR TRER B TR ES P Enf Y ISHE of
t he dupls capesmulybd 1ﬂﬁ|1ve§@ﬂ§iﬁ§hﬁdhaf thOFhsent ibn @lgl, mlz=129y frk oypiadn) of iBterett {pm the

sodi um p h Osgrgari;[ags agalyzer (g)’l) u]ito e co s?o%lcgmf%%rr&é%%ﬁe%tmrgﬂé? '%M&Jn%s n S

- and chemically dissociates the parent into fragment (daughter) ions. These fragr_;mnt ions are then .



10 nonatin was detected in the broth sanples, indicating that the
cells could not secrete nonatin under these conditions. The proton
notive force may be insufficient under_syhese conditions or the
general amno acid transporters may be saturated with tryptophan.
Protein expression was not at a level that allowed for detection of
changes usidag:t:3B6h RAGEMumat dnnlyana(2) etdoet ehised ¢ eopphromid theestredtipel 6.0
p.g/nL) transi wnttlm%%% fell extracts of the culture 15 . with two
functi onal ﬁn ypt ophan and pyruv e

nmedi um I\/bnatl n %ﬁ’“ﬂ‘ﬁ'ﬂg ’aﬁl@%"éaﬁfﬁrﬂﬂﬁh‘ﬁ’ﬁ%‘fse %Lcyh)@é/gj{s“f}agys&g 14 naF" cel |
extracts. Idid:R0 185 8a%M0N HeNDRANE ApdtBea) Ralek mrome dotirge tchpplaiuealoe °C;

with 4.4 /naL of total protein (about

for E. éoli eécé‘{aP"féS‘(’PHeé?&’Fes S0USi P §3r‘i‘8n %fﬁ‘tsg%e{‘g’m €8 559/ é%%lro 9r(§&l,oyungl§ed
Exilrrylnﬁ ?; BJO ARHANS r&&ﬁlﬁﬁmp@ﬂfﬂ[mewgyml [Betrzactdi5tVi Oelligdn Fapretidf; 32
. 1g teron Pr.oA |

am not ranst[é‘g g Qcﬁohaie?gzbnqg i m% Ieée]b(r%%ﬁﬁgquy\gss e&ﬁ%rﬁ (%) ??1 t he
cell 'extrad\ﬂulﬁ@gaﬁi_ov_e controls were perforned with no addition of
enz3d/rre ;)r the addition of only AspC am nQransferase (the al dol
condensation can occur_to sope extent w thout enzyne). Positive
cont r oll& mé?é’"ﬁ’é"f"l’%f’?f&f“(ﬁﬁ”f‘ﬁ"’ﬁ5’61{}1’”‘1!”1’y pur e enzyrrgs %30 409, using
16 p.g/rril, al doigiaseughpe ad0B4s.(3 5 ghiwtample) of bt $§r aopasi derived fpmy pifrg or

{ ﬁ;? ! E f y\gte & ‘?‘cﬂ% bt %eilgxartﬁa%t wHAS irdAlcHirof aQErite@itovexit K Gdnse paAMMEElas

was effectively trans t t
was added t SOFPFé ford (NP5 0%t S‘Wi’f&‘ﬂ’@f }r"%ﬁmgq%é?gﬁ I?t?féﬁ eﬁblf%s %6{901 p \gr:ﬁ%)
level s two @foelﬁtbgalﬁlfy afm@mkmphd@uhn@hmcmhhamon oS % aﬂwomME@H; $h&p% acetic
“addi tignaf %43 ftloQ;PrP@‘ A Eﬂtec THEr hstl ih e f@lurds Qvaé’dc&d’n@hdﬁ@i '@in,b, n

anal ysi araé S ers indicate_n |n|L
Monati n. pr odlagtd reastion rgqqltc&r.@a npeTpIpRss a:E«fl@meh—)ésT oal(t;otnng_spemﬁc

al dol ase + e%ﬁﬁgnah%dg&m&xr&ﬁfﬂﬁ@[muq{]q-t 283.0ad (ﬁsﬁltchoﬂ\mﬂm@pgmsl@idat m/z =

gglz UZO 8 € ITE%IS lil nz,ntauvgy assugne& asa S%u%—l%ﬁgienyl—gg gld(%gf CamothH %‘ﬂﬁﬂqmﬂmg@ Hifize

sensitivity, selectivity, and throughput for the detection of monatin. PDA absorbance data were

20  collected in parallel for further verification of monatin identity.

Example 11
froductibn of Monatin in Bacteria
This example describes methods used to' 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
addmon vectors containing other genes in the moriatin synthesis pathway (FIG 2) can be uzed.
Trp-1 + glucose medlum, a minimal medium that has been used for increased production of
tryptophan in E. coli cells (Zeman et al. Folia Microbiol. 35:200-4, 1990), was prepa:cd as follows.
To 700 mL nanopure water the following reagcnts were added: 2 g (NH,);S0,, 13.6 g KH,PO,, 0.2 ¢
30 MUSO,;JHZO 0.01 g CaClye2H,0, and 0.5 mg FeS047H;0. The pi was adjusted to 7 .0, the volume
was inereased to 850 mL, and the medium was autoclaved.” A 50% glucose solution was prepared
scparately, and sterile-filtered. Forty mL was added to the base medium (850 mL) fora 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 typically added to cultures.as specified below. A 10% sédium
pyruvate solution was also prepared and sterile-filkered. A 10 mL aliquot was typically used per liter
of cultuzre, Stocks of ampicillin (100 mg/mL), Lanam;ycm (25 mg/mb) and IPTG (840 mM) were
, preparsd, sterile-filtered, and stored at —20°C before use. Tween 20 (polyoxyethylene 20- Sorbitan
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monolaurate) was utilized at a 0.2% (vol/vol) final concentration. Ampicillin was used at non-lethal
concentrations, typically 1-10 pg/mL final concentration.
| Fresh plates of E. coli BL21(DE3)::C. testosteroni proA/pET 30 Xa/LIC (described m
Example 4) were prepared on LB medium containing 50 pg/mL kapamycin. Ovenﬁght cu'lm'res (5
5 mlL) were incculated from a single colony and grown af 30°C in LB medium with kanamycin. -
Typically a 1 to 50 inoculum was used for induction in tip-1+ glucose medium. Fresﬁ antibiotic was
added to a final concentration of 50 mg/L. Shake flasks were grown at 37°C prior to' induction.
Cells were sampled every hour ﬁntil an ODggg of 0.35-0.8 was obtained. Cells were then
_ induced with 0.1 mM IPTG, and the temperature rc&ﬁqed to 34 °C. Samples (1 ml) were collected
. 10 prior to induction (zero time point) and centrifuged at 5000 x g. 'I‘hé supernatant was frozen at-20°C
‘: for LC/MS analysis. Four hours post-induction, another 1 mL sample was collected, and centrifuged:
to separate the broth from the cell pellet. Tryptophan, sodium pyruvate, ampicillin, and Tween were
" added as described above. ' .
“The cells were grown for 48 hours post-induction, and another 1 ral, sample was taken and
15  prepared as above. At 48 hours, another aliquot of tryptophan and pyruvate were added. The entire
culture volume was centrifoged after approximately 70 hours of growth (post-induction), for 20
‘nyinutes at 4°C and 3500 rpm. The supemafa;it was decanted and both the broth and the cells were .
frozen at—80°C. The broth fractions were filtered and analyzed by LC/MS. The beights and areas of
the [M+H]* = 293 peaks were monitored as described in Example 10. The background level of the
90  medinm was subtracted. The data was also normalized for cell growth by plotting the hcight .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 phosphate 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 Eyptophan was added post-
induction rather than at moculatlon, or at induction. Prior to induction, and 4 hours’ post-mducﬁon (at.
time of substrate addition), there was typically no detectable Jevel of monatin in the fermentahon
broth or cellular extracts. Negative controls were done ntilizing cells with pET30a vector only, as
well as cul@es where iryptophan and pyruvate were not added. A parent MS scan demonstrated that
© 30 the compound with (m+1)/z2 =293 ‘was not derived from larger molecules, and daugter scans '
(performed as in Example 10) were similar to mopatin made in vifro. | |
The effect of Tween was sﬁidied by utilizing 0, 0:2% (;.roilvol), and 0.6% final
concentrations of Tweén-20. The highest amount of roonatin prodﬁccd by shake flasks was at 0.2%
l'i;ween. The ampicillin concentration was varied between 0 and 10 pg/ml. The amount of monatin
' 5 . inthe cellular broth increased rapidly (2.5 X) beﬁweén 0 and 1 png/ml, and ﬁm@aéed 1.3 X when the
” ampicillin concentratlon was increased from 1 to 10 pg/ml. '
A time course experiment 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 growth.
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Improvement was observed with the addition of decarboxylase. The greatest amount of monatin was
produced when 50 mU/mL of oxidase was nsed. Improvements were similar to those observed when
indole-3-pyruvate was used as the substrate. Irvaddition, the amount of monatin produccd 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 amount of monatin
produced in assays with incubation times of 1-2 hours increased when 2-4 fimes the amounts of all
- 30  the enzymes were used while maintaining the same enzyme ratio. Using either substrate,
concentrations of approximately 1 mg/mL of monatin were achieved. The an‘lount of tryptophan
produced if starting from indole-pyruvate was typically less than 20% of the amount of product,
which shows the benefit of utilizing coupled reactions, With further optimization and control of the

concentrations of intermediates and side reactions, the productivity and ywld can be improved -

35  greatly.

Coupled reactions using b’sfrie epsilon aminotransferase (EC 2.6.1.36)
Lysine epsilon aminotransferase (L-Lysine 6-transaminase) is found in several organisms,

\inchading Rhodocaccus, Mycobacterium, Streptomyces, Nocardia, Flavobacterium, Candida utilis,



ggccgagcyc600 cgaccaggat 660 ggtttcctgc720 gaccagct cg780 cagctattcc840
ggaact cagg900 ccggcggt cg966 t caggagggc 1020 cgagcacggc 1080
ggaagccgcc 1140 1170 <210> 2 <211> 389 <212> PRT <213> Si nor hi zobi um
meliloti <400> 2 Met Phe Asp Ala Len Algg. Arg G n Ala Asp Asp pro Len
Len Phe Leu 151015 Ile Ay Len Phe Arg Lys Asp G n Arg Pro Gly Lys
Val Asp Len @y 202530 Val.  dy Val Tyr Arg Asp G n_ Thr q Thr
Pro || e Phendfugpiimpcesduigutiizaddly ofeguisnsjagthodinst S@Pwtheylgf’@&?t@n E@ﬁnﬁéﬁ

Thr Gn Asﬁnﬁ@fhcd—(ﬁﬁs &k@e@m@&%ﬂzcﬁb‘ol h?lo%c}a »osHBo, 1@71)[ THisenAsP conhﬁ‘ﬁ i)MﬁJ:

e Len s fod Len g Sanas Ui e  Aaheg T
Len Arg LenysieatiAtiog aﬁ&pktmlutﬁdteas/ﬁieami @@51@:5-1&0}18# & Mble@f&ﬁp@tequ&ﬂg
Gy Ile 5‘TI’ Qm&?élesqn%ééﬁ&eﬁfapde%aﬁlﬁ B f&m@pﬁ%ﬁdehe 6-carboxylate, a cyclic molecule.
This effectively inhibits any reverse reaction from occuring. The reaction scheme is depicted in FIG.
12. An altemative enzyme, lysine-pyruvate 6-transaninase (EC 2.6.1.71), can also be used.
A typical reaction contained in 1 mE: 50 mM Tris-HCI pH 7.3, 20 mM indole-3-pyruvate,
* 0.05 mM PLP, 6 mM potassium phosphate pH §, 2-50 mM sodium pyruvate, 1. 5 mM MgCl,, 50 mM

10 Iysine, 100 Lg aminotransferase (Iysme epsilon aminotransierase LAT-101, BioCatalytics Pasadena,
CA), and 200 ug C. testosteroni ProA aldolase. The amount of monatin produced increased with
increasing concentrations of pyruvate. The ma}qmum amount using these reaction conditions (at 50
mM pyruvate) was 10-fold less than what was observed with coupled reactions using oxaloacetate
decarboxylase (approximately 0.1 mg/mL).

15 A peak with [M+H]"* = 293 eluted at the expected time for monatin and the mass spectrum
contained several of the same fragments observed with other enzymatib processes. A second peak
with the correct mass to 'charge tatio (293) eluted slightly earlier than what is typically observed for
the S,S monatin produced in Example 6, and may indicate the presence of another isomer of monatin.

~ Very little tryptophan was produced by this enzyme. However, there is likely some éctivity on

20 pyruvate (prodﬁcing alanine as a byproduct). Also, the enzyme is known to be unstable.

“Improvements can be made by perfonniné directed evolution experiments to increase stability,
reduce tﬁe activity with pyruvate, and increase the activity with MP. These reactions can also be

coupled to L-amino acid oxidasc/éatalase as described above,

25  Other coupled reactions
Another coupling reaction that can improve monatin yield from &@tophan o indole-
pyruvate is shown in FIG. 13. Formate dehydrogenase (EC 1.2.1.2 or 1.2.1.43) is a common enzyme.
Some formate dehyd:ogenascs require NADH while others can utilize NADPH. Glutamate
dehydrogenase catalyzed the interconversion between the monatin precursor and monatin in previous
30 examples using ammonium based buffers. The presence of ammonpium formate and formate
dehydrogenase is an efficient system for regeneration of cofactors, and the produchon of carbon -
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 amounts of ammonium formate can be dissolved in the reaction buffer. The yield of monatin
35 pioducéd by glutamﬁte. deliydrogenase reactions (or similar reductive aminations) can be ﬁnﬁroved by
the addition of formate dehydrogenase and ammoniurmn formate. _
Other processes can be used to drive the equi,liﬁrium toward monatin production. For

instance, if aminopropane is utilized as the amino acid donor in the conversion of MP to ruonatin with



115120125 - His Ala Pro Ile Phe Lys Ala Ala Ay Len Asp Ile Ala Thr Tyr
Asp . 130135140 Phe Phe Asp Ile Pro Ser Gn Ser Val Ile Phe Asp Asn
Len Val Ser 145150155160 . Ala Len Qusdy Ala Ala Ser Ay Asp Al a,
Val Leu Len H's Ala Ser 165170175 Cys Hi s Asn Pro Thr Gy Gy Val Leu

Ser Gn Ala dAn.Trp Met Gn 180185190  1le Ala Al a- Ala Gn

Arg Gy Ler®PBHBREO E‘ﬂ%a%ﬂ“a’}&gb’sﬁ_@%zfdéﬁﬁﬁ%%& Lhﬁ% k{?aa*?‘ﬂtss Len
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EXAMPLE 14
_ Recombinant Expression
With publicly available enzymie cDNA and amino acid sequences, and the enzymes and
sequences disclosed herein, such as SEQ ID NOS: 11 and 12, as well as variants, polymorphisms,

15  mutants, fragments and fusions thereof, the expression and purification of any protein, such as an
enzyme, by standard laboratory techoiques is epabled. One skilled in the art will understand that .
enzymes and fragments thereof can be produced recombinantly in any cell or organism of inférest,
and purified prior to use, for exammple prior to production of SEQ ID NO: 12 and derivatives thereof.

Methods for producing recombinant proteins are well known in the art. Therefore, the scope
20  of this disclosure includes reoombinaot expression of any protein or fragment thereof, such as an
enzyme. For example, see U.S. Patent No: 5,342,764 to Johnson et al.; U,S. Patent No: 5.846,819 to
~ Pausch et al.; U.S. Patent No: 5,876,969 to Fleer ez al. and Sambrook et al. (Molecular C'lonmg A
Labor atory Marual, Cold Spring Harbor, New Yark, 1989, Ch. 17).
Briefly, partlal full-length, or variant cDNA sequences, which encode for a protem or

25  peptide, can be ligated into an expression vector such as a bacterial or eukaryohc expression vector.
Proteins and/or peptides can be produced by placing a promoter upstream of the cDNA sequence.
Examples of promoters inclade, but are not limited to lac, #p, fac, fre, major operator an'_ci pro_n'm’cer
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 combmatlons thereof.
Vectors suitable for the production of intact native proteins include pK.C30 (Shimatake and-
Rosenberg, 1981, Nature 292:128), pKK177-3 (Amann and Brosius, 1985, Gene 40:183) and pET-3
(Studier and Moffatt, 1986, J Mol. Biol. 189:113). A DNA sequence can be transferred to. other

35  cloning vehicles, such as other plasmids, bacteriophages, cosmids, animal v:ruses and yeast artlﬁc:lal
chromosomes (YACs) (BurLe et al., 1987, Science 236:806-12). These vcctors can be mtroduccd
into a variety of hosts including somatic cells, and simple or complex organisms, such as bactena

fimgi (’I‘:mberlake and Maxshall, 1989, Science 244:1313-7), mvertcbratos plants {Gasser and Fraley,



355360365 Ile Asn Ile Ala sly Len Lys Thr Ala Gn Ala Ala Gn Ile Ala
Gy 370375380 Lys Pile Thr Ser Len 385 <210> 3 <211> 1260 <212> DNA
<213> Rhodobact er sphaeroi des <400> 3 gcgctcta cgacggct cc

t ggt ccgagt aaggat gacg aaggaat gct gaccgcctctg ctgatccaga tgttccgcga
ggat gcgcgc tacaaggacc cgaccgggct caccccggtc ctctgggagg tcgagaccac
caagacct ac 1885 §G€d 1481 DS Y ATIAGRH1s FaeFChall, YBEICHRAEQ CIGRE1-OCkIGSO0EEdered

gcggt ccegg cegacegggt C ca cgcggt gcgt caggcgcet cg
agct gat ccg RE ‘bmézgg%%énﬁgguﬁ cntc’(%gn etgclg aag%g‘g acct ggccga accatctgtc

t at ct cggca tcccdat gplgssggmmg@ ctﬂm 1 i Yasgreswgagrdiagy to pgodizacaat 300
ggcct cggt ¢ 3abhokAl QaeH e Sia Il Rab, m&@& @gt&aﬁ&%ﬂ%ﬂ HERGI0QLA

tgat ggagga tat ccca gt gcgacgt ggt gct gct gcac ¢t gct’gee
acaacccgac G4 % E’%ﬁ%%% ﬁﬁ%@g’é‘f‘%ﬁ“’&%‘&ﬁ&@}&i E]?fﬂ@’t%%é’)g@j’g@g
cctcctgetce (Gmﬂgmplas L, GelgAs $L)gn acltg g casian 6f loaatmnigesion. Thggagecaac

ccgaacccgg 1&&9&9& Fa% itk 59365 G IRGIR qgneﬁ%m&ah%el%%agm %&.Ec%
ggcat ct acc gdgccggggc acg agg gccggaccat g ggc -t gca &
t cgcct at casgﬁﬁ%aﬁh@tm@@@ﬁ g@@a@ %%é?%ahﬂfpg%@wﬂ 3&b’blﬂgiaﬂggct

ccggct cgaa niyespE@asIRd6d QONIERE i 3ReC(OBAYYS ORI, dcad. Sci. USA 78:2072-6).

10 The transfer of DNA into ei:karjfotic, such as human or other mammalién cells, is a

o conVenﬁQhal technique. The vectors are introduced into the recipient cells as pure DNA,
(transfection) by, for example, precipitation with calcium phosphate (Graham and vander Eb, 1973,.
Virology 52:466) sitontium phosi)hate {Brash et al, 1987, Mol Cell Biol. 7:2013), electroporation
(Neumann et al., 1982, EMBO J. 1:841), lipofection (Felgner ef al., 1987, Proc. Natl Acad. 'Sci US4

15 .84:7413), DEAE dexfran (McCuthan ef al., 1968, J. Natl. Cancer Inst. 41:351), microinjection
(Mueller_er.al., 1978, Cell 15:579), protoplast fusion (Schafner, 1980, Proc. Natl. Acad. Sei, USA
77':21.63-‘7), or pellet guns (Klein ef al., 1987, Nature 327:70). Alternatively, the cDNA can be .
introduced by infection with virus vectors, for éxamplc retroviruses (Bermnstein et al., 1985, Gen.
Engrg. 7:235) such as adenoviruseé (Ahmad et al., 1986, J. Firol. 57:267) or Herpes (Spaste et al.,

20 1982, Cell 30:295).

_-In view of the many possible embodiments to which the principles of our disclosure may be
applied, it should be recognized that the illustrated embodiments are only particular examples of the
' disclosure and should not be taken as a limitation on the scope of the disclosure. Rather, the scope of
25 the disclosure is in accord with the fqllowing claims. We therefore claim as our invention all that

- comes within the scope and spirit of these claims. -



ggccat ct gc660 gggcttcggec720 gcccgaggt g780 gggeat cot g840 cttcct gaac900
gat cct cgag960 caacatgctg 1020 ccgcttcggc 1080 cgaggtggag' 1140
catcgcgggg 1200 gcgcggctga 1260 <210g3 4 <211> 419 <212> PRT <213>
Rhodobact er sphaeroi des <400> 4 Met Arg Ser Thr Thr Ala Pk ply Pro
Ser Ay Ala Cys Met . Thr Ile 151015 Ser Arg Set Arg Lys Asp Asp Gu
Ay Met Leu Th Ala Leu Lys Pro 202530 G n Pro Ala Asp Lys Ile Leu Gn
Len Ile 3kn 1 Phe Arg G u Asp 354045 Ala Arg Ala Asp Lys lie, Asp
Len Gy y *Val Tyr Lys Asp pro, 5055'60 Thr Gy Len Thr Pro

Val -Met Arg Ala Val Lys Ala Ala GQu:Lys Arg . 65 707580 Leu Trp Gu
Val G u Thr T meysd EhﬁroEl'lydinngﬁibna@lycdrﬂp@iuinﬂcanveﬁﬁgG’y{dtoﬁﬁ&%ﬁ/ophﬂoﬁlﬁ
Tyr Asn Ala Ala Met Ala L bgu Ile lieu Ala Gy Ala Val 100105110
Pro Al a A%“;S‘Cﬂ\?@t‘v&fmaﬂfl ?ln Ime&} “RMPISF0o Ay Ay Thr Ay A a
115120125 Val (4 g Giriaofh@ dripedphd Lorl irdble!sliotdr GoilvEivith 2 fpar phlkeeptHid)

Al a Thr 130135140
wherein, when tryptophan is contacted with the first polypeptide, the first polypeptide is

chosen from fryptophan aminotransferase (EC 2.6.1.27), tryptophan dehydrogenase (EC
1.4.1.19), tyrosine (aromatic) aminofransferase (EC 2.6.1.5), tryptophan-phenylpyruvate
transaminase (EC 2.6.1.28), multiple substrate aminotransferase (EC 2.6.1.-), aspartate
aminotransferase (EC 2.6.1.1), tryptophan oxidase, L-amino acid oxidase (EC 1.4.3.2), D-
amino acid dehydrogenase (EC 1.4.99.1), D-amino acid oxidase (EC 1.4.3.3), D-tryptophan
aminotransferase, D-alanine aminotransferase (EC 2.6.1.21), glutamate dehydrogenase (EC
1.4.1.2-4), phenylalanine dehydrogenase (EC 1.4.1.20), or a combination thereof, wherein,
when indole-3-lactic acid is contacted with the first polypeptide, the first polypeptide is
chosen from indolelactate dehydrogenase (EC 1.1.1.110), R-4 hydroxyphenyllactate
dehydrogenase (EC 1.1.1.222), 3-(4)-hydroxyphenylpyruvate reductase (EC 1.1.1.237),
lactate dehydrogenase (EC 1.1.1.27, 1.1.1.28, 1.1.2.3), (3-imidazol-5-yl) lactate
dehydrogenase (EC 1.1.1.111), and lactate oxidase (EC 1.1.3.-), or a combination thereof,
wherein the first polypeptide converts the tryptophan or indole-3-lactic acid to indole-3-
pyruvate;

()] contacting the indole-3-pyruvate with a second polypeptide and a C3 carbon
source, wherein the second polypeptide is an EC 4.1.2.- or EC 4.1.3.- enzyme, wherein the
second polypeptide converts the indole-3-pyruvate and the C3 carbon source to 2-hydroxy 2-
(indol-3-ylmethyl)-4-keto glutaric acid; and

() contacting the 2-hydroxy 2-(indol-3-ylmethyl)-4-keto glutaric acid with a
third polypeptide, wherein the third polypeptide is chosen from tyrosine (aromatic)
aminotransferase (EC 2.6.1.5), tryptophan dehydrogenase (EC 1.4.1.19), tryptophan-
phenylpyruvate transaminase (EC 2.6.1.28), fryptophan 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), a lysine epsilon aminotransferase, or a combination thereof, wherein the third

polypeptide converts the 2-hydroxy 2-(indol-3ylmethyl)-4-keto glutaric acid to monatin.



Val

Tip Ile Ser Asn Pro Thr Trp Pro Asn Hs lieu Ser Ile Val Lys

145150155160 Tyr lieu ply Ile Pro Met Arg Gu Tyr Arg Tyr Phe Asp Al a

Au
Gn
Hi s
Ile
Asp
Asp
Val
Arg
Arg

Thr 165170175 Gy Ala Val Asp Alagdd u Ay, Met Met A u Asp Leu Al a
Val Lys ,180185190 Ala Gy Asp Val Val Leu lieu Hs Ay Cys Cys
Asn Pro Thr Gy 195200205 Ala Asn Pro Asn Pro Val G n Trp Leu Al a
Cys Qu Ser lieu Ala .210215220 Arg Thr Ay Ala Val Pro lieu Ile
l'ieu a 02833
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i eu G u 33053108820 of Asim LiwheEhr thé @uinSecid Akidasdspa Fygrodbys oillaed u

Leu

Au d u VaI Arg 325330" 335 Leu Asn Met Leu Thr Leu Arg My G n
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Ay QSID3 ?’?)r ora com%matlon thclaljegf Ala Gy

5. The method of claim 1, wherein the second polypeptide is an amino acid sequence
selected from the group consisting of?

(a) 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;

(b) an amino acid sequence comprising at least 90% sequence identity to 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; and

(©) amino acid sequences that differ from SEQ ID NO:66, Genbank Accession
No: CAC46344, Genbank Accession No: CAB 14127.1, Genbank Accession No:
AACT4920.1, 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 2-hydroxy 2-(indol-3-ylmethyl)-4-keto glutaric acid.

6. The methed of claim 1, wherein, when the third polypeptide is an aspartate
aminotransferase, the 2-hydroxy 2-(indol-3-ylmethyl)-4-keto glutaric acid is contacted with

aspartate to produce oxaloacetate and monatin,

7. The method of claim 6, further comprising contacting oxaloacetate with a
decarboxylase.
8. The method of claim 1, wherein, when the third polypeptide is a lysine epsilon

aminotransferase, the 2-hydroxy 2-(indol-3-ylmethyl)-keto-glutaric acid is further contacted

with lysine.



385390395400 Leu Asn My Thr Thr Val Pro Val Leu Ala Arg Ala Val Al a
Lys Val 405410415 Leu My Ay <210>5 <211>1260 <212>DNA
<213>Rhodobact er sphaeroi des <400>5 g gcgctcta cgacggctcc tggtccgagt
ggggcat gt a tgacgatctc aaggtcgcga 60 aaggat gacg aaggaat gct gaccgccctg
aagccgcagc ccgcggacaa gatcctgcaa 120 ctgatccaga tgttccgcga ggatgcgcgce
gcggacaaga tcgatctggg cgtgggcgtc 180 240 tgaaggccgc tacaaggacc

€gaccygget Cacqe GG ofLiIgHOH IBAIRY ARY G&lor tfﬁ}cg}ﬁ:g%%g% il CHRAGEA the

caagacctac accggccttg ccggcgagcc cgcctacaat 30 at gg cgaagct gat
cct cgcag@EogegyieidEgy ccgaccgggt ggcctcggtc 360 gccacccccg gcggcacggg
cgcggt gegt Ca%cgcaﬁqnﬁ%%&ﬂ@[ﬁ&&%&%% QEQZ‘%N%Q@%Q%F%‘O Chah gt ggat

ct cgaacccg acct'ggccga accatctgtc gatcgtgaaa tatctcggca’tcetcgatgcg
ggaat accdenbakiAceamg Noc §Rg38564% | combaticesession No: ZP00005082.1, or Genbank

Accession No: AAC74014.1;

(b) an amino acid sequence comprising at least 90% sequence identity with the
sequence shown in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 32, Genbank Accession No:
NP _388848.1, Genbank Accession No: ZP00005082.1, or Genbank Accession No:
AACT74014.1; and

(c) amino acid sequences that differ from SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 32,
Genbank Accession No: NP_388848.1, Genbank Accession No: ZP00005082.1, or Genbank
Accession No: AAC74014.1 by less than 50 conservative amino acid substitutions, wherein

the amino acid sequence converts tryptophan to indole-3-pyruvate.

10. The method of claim 1, wherein the tryptophan is produced from indole using a

polypeptide from EC 4.1.99.1.

1. The method of claim 1, wherein the C3 carbon source is chosen from pyruvate,

phosphoenolpyruvate, alanine, serine cysteine, or a combination thereof.

12. The method of claim 11, wherein the pyruvate is produced by

(a) alanine and a polypeptide cabable of transamination of alanine;

(b) serine and a polypeptide capable of beta-elimination of serine;

(c) cysteine and a polypeptide capable of beta-elimination of cysteine;

(d) aspartate and a polypeptide capable of beta-lyase reactions with a
dicarboxylic amino acid,

{e) lactate and lactate oxidase (EC 1. 1.3.-) or a lactate dehydrogenase (EC
1.1.1.27,1.1.1.28,1.1.2.3); or

@ a combination thereof.

13. The method of claim 1, wherein the method further comprises reducing an amount of
hydrogen peroxide produced when tryptophan is converted to indole-3-pyruvate by

contacting the hydrogen peroxide with a catalase.



540 gccgagggct tgatggagge tctggcccag gt gaaggcgg gcgacgtggt gctgctgcac
600 ggctgctgcc acaacccgac cggcgccaac ccgaacccgg tgcagtggct ggccgtctgce
660 gagagcctgg cccggacagg. cgoggtgccgegt gat cgacc tcgcectatca
gggcttcggc 720 gacgggctcg agat ggat gc ggcggcgacg cggcttctgg ccaccagact
gcccgaggtg 780 ctgatcgecgg cctcctgetc gaagaacttc ggcatctacc gcgagcgaac
gggcatcctg 840. atcgccatcg cggcagaact gacgagacgc. acgctgcgcc
ttcgtggeag Cognk gedfa ofUSRAL GHER at 5920 9L AT AINLE PARHSdac9gt gcagg
actccttccc gccggaccat ggcgcgcggc tgagcgccga ctggaaggcg gaact cgagg
gccagcttgc cgatgcgctg caggccgaga agcatcgcgg catgttctcg cgcectcggga
ccgagcacdg- ggtibe anssied dtadggclyatierany deoyetyet ybegenmpgey dtpetoyol gg 2-
ccaacctc { ac accat cct caacatgctg
R S A e A
ccaaggtgct gcgcggctga <210> 6 <211> 419 <212> PRT <213> Rhodobact er
sphaer oi dés <40fdzth6d offedduding nisaatin] bempisingAbavdiing ifdlote-PporuSae toGhynatih a

AR TRIPEL L X T e

G n Met Rhen Aldpldst,nandsphdbidOthd Seddha pdtypepiida idsthodeyi Sfrdrh eyrsipe [(@bindicy

Xala \C/;a?/ L@)lgnogargsf%% @ﬁ E{?@Si? 56t(c))pl;|;1rr]1r dgﬁyld}/oglél?age T rC Plr401}/9%,| trl\g/(biJEOpﬁgng
phenylpyruvate transaminase (EC 2.6.1.28), tryptophan aminotransferase (EC 2.6.1.27),
aspartate aminotransferase (2.6.1.1), D-alanine aminotransferase (EC 2.6.1.21), D-fryptophan
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), or a combination thereof.



65707580 Len Trp Gn Val Gn Thr Thr Lys Thr Tyr Tin Ay Leu Ala Qy

G u 859095 Pro Ala Tyr Asn Ala Ala Met Ala Lys Leu Ile Leu Ala Ay
100105110 Pro Ala Asp AsfodabeAldroes Val

Al a Val

Al a Thr

(fl'y Tin dy Ala 115120125 Val Arg Gn Ala Len Qu Len Ile Arg

Met' Al d Serify-0 GiayiAla THbrdld@t35140 Val
Lys 145150 155160 Tyr

Pro Asn Ri

S Len Ser

Il e Val

Met Arg G piddyr Pelyrfyridiiveand Bisdat@epiclRatie3870175 Ay Ala Val

Ala Gn Ay

Val
Pr o'
Arg Thr d

Val

2252302352

Asn P

Leu Net. Gn Asp Leu Ala G n Val
Lefli%a FFE-&$*Tys Cys His Asn Pro Thr @y 195200205 Al a Asn
Len Ala Val . Cys G n Ser Leu Ala 210215220

o,len Ile Asp Len Ala Tyr Gn Ay Phe Gy

Len

Phe Ay Ile 260265270 Tyr Arg G n Arg
Au Ala Al aifdy 24528028%=rAten G.y Thr
290295300

Asn Arg G

T <212
<213>

.gacagcaagy

n Asn Tyr
<210> 1

<211> 1170
DA

<400> 1
atgttcgacg
aggaaggatyg

ggacgcacga

ctcgtcggég
tccggegege
ctégggctgc
ggéaéctacg_
gegetggaag

accggcgged

ggeckgetge

‘gtegegggee

tcgaagtcct,
actgcctﬁgg
atgcééccgg
cgcgactgga
cttgcegagg

atgttcteca

'atctatatgc

© gagattgecg

ccctegeceyg

agcgoecccgyg

cgatcttceyg

.cctatatcag

gogacacgat
tchtttggc
cgagetggee
acttcttega
gegecogeatce
tcctgagega
cgctcgtega

tceggeatet

tcgggettta

cggacagggt
atcacggcgc
cggaggaget
gactogogeac

tgctgceget

cggcatccgg

gecaagttcac

Sinorhizobium meliloti

ccaagecgac
aaaggtcgat
ggccgtcaag
cccecgaaggayg

cgagcggage

ggcggaccte

gaaccacgcg

catteegtey
cggcgatgeyg
agcaéaatgg
tetegeetat
tcteggegtyg
tecgegagege
gegetcaaac
agccgtcgtg
cg;gacgatg
ccgctggcag
ttecgaageg
ccgcatcaac

cagtctctga

Ile Ala Al a Ser

Cys Ser

Pro Ay

Trp Ile Ser.Asn Pro Thr Trp
Len Ay Ile Pro

Asp
Lys 180185190 Ala Ay Asp

S e
%b Rsp &3 °tefi Gu Met Asp Ala Ala Ala Thr Arg Len Len Al a

Thr Arg 2452580255,Len Pro G n Val Lys Asn

Thr Gy Ile Lenlie Alalle Gy
Val G n Ala Asn Len Asn Phe Len

gatgccttgc
ctecggegtag
gcggeggaaa
gacctegtcet
catgttgeqgg
atecgeceoegea
cegatcettea
cagteggtca
gtgctgctge
atggagatcg
caggggttcg
gtcccégaég
gegggegega
ctégcgggcc
cggacgatce
cggctcagga
agcctcggcg
gaggttatge

atecgcecggge

ttttectgat
gagtctateg
ageggettet
ttctegatcg
gcgtecagac
tgggeggceg
aggcggeegg
tettegataa
atg&aagctg
ccgegetggt
goecgoeggeet
cgctecgtege
tcttcgcgcg
tegeacgeac
tfgaqgaccc
Egapgggcct
cagtecgeoga
ggctcéggac

tgaégacggc

cggccetgtte
cgacgagacce
cgaaacacag
gctetgggaa
gccecggeggce
aggcatctgg
getegatate
tctggtgage
ccacaaccceg

gagccgagcgc

cgaccaggat

ggtttcctge
gaccagctcg
cagctattcc

ggaactcagg

ceggeggteg

tcaggaggge:
cgagcacgge

ggaagccgec

60

120
iBO
240
300

360

- 420

480
540
600
660
720
780
B840
200
960

1020

1080

1140

1170



Ser Phe Pro Pro Asp Hs Gy Ala Arg Len Val Thr Met Ile Len G n
305310315320 Asp G n Thr Len Ser Ala Asp Trp Lys Ala G n Len Gn GQu
Val- Arg 325330335 Leu Asn Met Len Thr Len Arg Arg G n Len Ala Asp
Ala Len G n_fMna 340345350 G n Thr Gy Ser Asn Arg Phe Gy Phe Val Al a
Gn Hs Ar gdﬂﬁg Mats 355360365 Phe Ser Arg-Leu Gy Ile. Thr Pro Ala '
Gu Val G nArg Letr Arg Thr 370375 380 Leu Asn My Thr Thr Val Pro
Val Leu Al a<dfp-Al @ﬁé&hlﬁlﬁuinyml\{abtﬂ054lo415 Leu My Ay <210> 7 <211>
1239 <212> DNA <213> Lei shmani a maj or <400> 7 atgtccatgc cccgatgtca
ctcgtcattg adfgctgagc taccagccct aacctggttg ct gactcgcg aaccact acg -

gaccccaaga gac gctccg caggagcagt gactccgcct ctgtttgccc ttgtacageg
gat gt aaaga %‘fﬁg’ Byt 213 %&‘ Brcatd e 8 tAEJP gEtt &‘(?Egt’e&lgg T Bt ¢
tcatcgat ga tggtgcagac tctlcgacge gegtcgtgad cggtcagect tgttiattct

ggaacgagat accaaggcta gccgcggcat agcgtgcagg gcgtgat gga tagcccacct
gaccacggcg $fiCaaaaqqC phPaGYaHRALH IR AL, IAGIBTA3AY AL 8896EFY
t gagacgacg ggctgctggcogaattftcgag gcaccagt gc cgcgtcact g $gcgageggce
cgaggtactg cacgctgtcg ttcgctgatc aatcctgagc gagegctgge geccgecgetg
ggccgtccect ctcgactacg attatctacg accggtgctg cccatctacc tggaagaaca
ggcat gaaga. yelgcag d&dc Tat dougat &ladiet €gaéay Citlggepe dde Biegéradilea
cgt gaggagt aacaacgdac acgatgcgcc cadtgtcatta tactgcc#da acgcat gaga
agaagattca ccaagggccc- at ccgot acg agtacctacc gcaataccgt tctctctcgg

tttccga'ccc ‘2% cac taﬁlg C tCE&r %aCngJC%Ti alqlcagfa ca &gg%%g%gga

cgttctccaa ac acacﬁtg%ch gcgaaagga

Tyr Ile Gly Pro Glu Gly Asp Leu Val Phe Leu Asp Arg Leu Trp: Glu
65 70 75 80

Leu Val Gly Gly aAsp Thr Ile Glu Arg Ser His Val Ala Gly Val Gln
85 90 95 :

Thr Pro Gly Gly Ser Gly Ala Leu Arg Leu Ala Ala Asp Leu Ile Ala .
100 _ 105 _ 10 -

Arg Met Gly Gly Arg Gly Ile Trp Leu Gly Leu Pro Ser Trp Pro Asn
' 115 120 . 125

His Ala Pro Ile Phe Lys Ala ala Gly Leu Asp Ile Ala Thr Tyr Asp -
130 135 140

Phe Phe Asp Ile Pro Sexr Gla Sexr Val Ile Phe Asp Asn Leu Val Ser
145 150 155 160

~ Ala Leu Glu Gly Ala Ala Ser Gly Asp Ala Val Leu Leu His Ala Ser
: 165 . 170 : 175

Cys His Asn Pro Thr Gly Gly Val Leu Ser Glu Ala Gla.Trp Met Glu
180 - - 185 150 -

Tle Ala Ala Leu Val Ala Glu Arg Gly Leu Leu Pro Leu val Asp Leu
195 200 205 '

Ala Tyr Gln Gly Phe Gly Arg Gly Leu Aép Gln Asp Val ala Gly Leu



ggcacaagct 60 caaggccaacl20 cgtggtccgcl80 catctcgggéZ40 cgagctggagBOO

ggcgaagct g360 cacgt ggcec420 cgcctactac480 ggcggecgeccgs40 ggacccgt cg600

ggtgttcttc660 Jgetgeccge720 gaagat ggge780 gaagegeg

cg840 cccagcccac900

gt gggaggca960 acgatcaacg atgctgtgcg caat gt gaat cgtgagtgal239 <210> 8
<211> 412 <212> PRT
Al a Al a MetardhaisTheu Alea
Ala Pro Aspz¥al Ile
Lys Gy Pro Lys Ala Asn

Gn Ay Arg Pro. Tyr Pro
y ' %er Lys ger Phe

Gly

Val

Glu

305

Leu

Asp

Met

Ile

Lys
385

<213> Lei shmani a maj or <400> 8 Met Ser -Met G n
& VAL gvalll prSGciu lyS bbe vEDIOLS VA el &G n
Akm Al a 202530 AlzdAl a
Tyr Arg Asp 354045 G n

Phe

Thr Sexr Ser

260

Leu Ala Arg

275

Val Arg
290

Glu Leu

TFha-

Gilu

Ala Glu Gly

Gln Glu

Arg Leun
355

Aszn Ile
370

Phe Thr

<210= 3
<211> 1260
<212> DNA.

<213>

<400> 3
© atgegctcta

- aaggatgacg aaggaatgct gaﬁégccctg aagcogeage’

. ctgatccaga

- tacaaggacc

Gly

340

Axg

Ala

Ser

Aspz2keu Ala Lys' Arg.
Len Val
Len Arg

lle Ay Al a

Val ‘- Val

Arg

Gly Leu Tyr Arg Glu Arg

245

Thr

Thr

Ile

Thr

Leu.

325

Met

Thr

Gly

Leu

‘Ala

Sex

Leu

Met

310

Arg

Phe

Glu

Leu

Sexr

Tyr

Asp
295

Arg

Thr

Ser

Hisg

Lys
375

Ala

Ser

280

Aép

Leu

Met

Gly

360

Thr

Rhodobacter sphaeroides

Asp
265

Met

Pro

Trp
Leu
345

Ile

Ala

250

Arg

Pro

Glg-

Met
Gln

330

Pro

Tyr

Glu

Lys Ala Gn Gn

a

val

Pro

Leu

Thr

315

Sex

Leu

Met

Ala

Gly Ala Ile Phe Ala
255

Arg Ser Asn Leu Aia
270

Asp His Gly Aia~Ala
285 )

Arg Arg Asp Trp Thy
300

Gly Leu Arg Arg Sexr
~320

Leu Gly Ala Val RAla
33s

Ser Glu Ala Glu Val
350

Pro Ala Ser Gly Arg
365 -

Ala Glu Ile Ala Gly

- 380

cgacggctce tggtecgagt ggggeatuta

tgttccgega ggatgegoge geggacaaga

cgaccgggct caccceggte atgegggeceg

tgécgétctc aaggtcgega

cegeggacaa gatcctgeaa

tegatctggy cgtgggegte

tgaaggcegge céagaagcgg

60
120

1380

240



Phe Asp Ala G n
Trp Pro As T Hf &

"Ile Cyp T pVi g
Asn Phe GE’EC

Asp Pro Ser

85-9095 Val

TS

20, 125 Th
H5P YIS

Bt

505560 Len Len Len Asp Met Asn Leu Asp Tyr
Gly 65707580 Tyr Gn Pro Phe Ile Asp Gn Al a Val
G n Len Gn Asn Len Val
Ay Thr Q FretasEesd (FrIAFACRs CRRLERT EF§ORE T FEIRER 8 915 <

oo e T S e
é@ftgééé%ggg&sﬁcg ré%clayaﬁ:c}:‘gr cé@gc@@cd_en 420
e 165170175 Len Ala Ala Pro Asp Ay

Gn Tyr'
Al a Val

Len Pro Il e Ser

Lys Ile lle Tyr Ay

G n Thr

c:E_E: gt:-l«:,rl r

aé% VaJBOO

360

ys Asn

Ph%cl:cl:;@géceﬂ gt cGign tCfScdlaa et SicetdBRE8 510t ctAgr Frtmgthrad y: 480'

GnGn Gn Trp

Asn Gn Ile Ala 195200205 Ser
Len Al a Lysakitseddics GavavedcoPhgaiirecds Fasetcgald CRERSPHIZ] STPTLEHH G Y540

80

Len Met

Tyr Ala Ser ply Ser Len Asp Thr Asp Ala Tyr Ala Ala Ar N 225230235240600
Len Phe Al &CABPIEY tsirgﬂ?@aatat%&ccz%ﬁtﬁé?ﬁg&ﬁa @9ﬁ°€§eﬂ% FEEST :
245250255 L stAsn Met d cLenCT Sgg(c GcnaAr AI Kl GI ct g%e @g LenGGG
Len 260265278 ?f&ﬁ’cEy%c%g s AFg 735 ﬁc\a/% ex
ASF) Sex :Z75a§g53¥%gg cccggacagg cgcggtgccg ctgatcgacc tcgcgtatca gggqttcggc. 720
gacgggctcg agétggatgc ggcggegacg cagottetgg ccaccagact gcecgaggty 780
ctgategegg cetectgete gaagaacttce ggcatctacc gegagegeac gggéatcétg 840
atcgccateg gegaggegge gggccgggge acggtgcagg ccaacctcaa cttcctgaaq soo
cggcagaact actecttece gocgaacoat ggegegegge tcegtgaccat gatcetcgag 960
gacgagacgc tgagcgocga ctggaaggecg gaactcgagg aggtgeggcet caacatgctg _1020
acactgcgee gccagcttgé cgatgcgctg caggcecgaga coggcetcegaa ccgcttcégc 1080
ttecgtggceeg agdatcgcgg catgtteteg cgccteggga tcacgcocege cgaggtggag 1140
cggetgecgga ccgageacgg ggtctacatg gtgggegatt cgcggcectgaa catcgogggg 1200
ctgaacecgga cgaccghtgee ggtgetggeg cgegeggtgg ccaaggtget gcgcggptga _1260
<210> 4
<21l> 419
<212> PRT - _
<213> Rhodobacter sphaeroides
<400> 4
Met Arg Ser Thr Thr Ala Pro Gly Pro Ser Gly Ala Cys Met Thr Ile
1 L 10 ‘ 15
Ser Arg Ser Arg Lys Asp Asp Glu Gly Met Leu Thr Ala Leu Lys Pro
20 25 ’ 30 -
¢ln Pro 2la Asp Lys Ile Leu @ln Leu Ile Gln Met Phe Arg Glu Asp
i élé Arg Alé'Asp Lys Ile Asp Leu Gly Val Gly Val Tyr Lys Asp Pro .
) 50 55 - 60 :
Thr Gly Leu Thr Pro Val Met Arxg Ala Val Lys Ala Ala Glu .Lys Arg
65 - 70 75



Ala Hs Len Ile Len Sex Asn Asn G n Leu Arg Lys Gn Tit Gn Al a
310315320 G n Len Sex Ala Met Ala G n Arg Ile Arg Thr Met Arg Arg Thr
Val 325330335 Tyr As Au Len Len Ars- Len G n Thr Pro Ay Sex Trp Qu
H s Val 5 I A n CJy
Len Set Lygéezcj %§%Gnllu£a @u q}& Hufh %A%%Eﬁ%ﬁ e 'I?zﬁg E&F GE@

Arg 375380 Gy Len Thr HIS G n Thr Ala Len Met Len Ala Gn 390395400
Ala Val Arg Asn Val Asn Arg G n 405410 <210> 9 <211> 1182 <212> DNA
<213> Baci | s a3albityir] Asn 4400m=0ueat gYadpat bet glkgaat 6la gagay-adga

,6. 1. .r-sgotca' aca cgaddygacgt c tcaaat-c®5tcacaccgc atcatigt gaa
agctgccgca

Pro Ala Asp Arg Val Ala Ser Val Ala Thr Pro Gly Gly Thr Gly Ala
115 120 125

Vval Arg Glo Ala Leu Glu Leu Ile Arg Met Ala Ser Pro Glu Ala Thr
130 135 140

Val Trp Ile Sexr Asn Pro Thr Trp Pro Asn His Leu Sexr Ile Val Lis
-, 145 150 155 160

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 i85 150

Ala Gly Asp Val Val Leu Leu His Gly Cys Cys His Asn Pro Thr Glj
195 . 200 205

Ala 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 heu Leu Ala Thr Arg
245 250 . 2585

Leu Pro Glu Val Leu Ile Ala Ala Ser Cys Ser Lys Asn Phe Gly Ile
260 265 270

Tyr Arg Glu Arg Thr €ly 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 Axrg Gln Asn Tyx
290 295 300

'~ Ser Phe Pro Pro Asp His Gly ala Arg Leu Val Thr Met Ile Leu Glu
305 310 315 . 320



tatactccga atgccggcta cctggagctg gacgatgcat cttgtttcca attaaatcat
gtggcactcg tttgcatgct aaaaaacgtg tgattatgag tgggacttga ttggaatgac
tgccgggcag,caal,QoReac .aadcaal 9o, &ﬂ&&?éaﬁﬁt cflaggatdilt a1acahatdat
taagcttacc atat gacaga cgggttgtca agacaftgea ttctcaaaaa agaaeaat ac
cgtagttaaa ttcatttgat ctcgttctca gctgagagaa gacgataaac gaaattatca
tctccecggtg aatttgtgecg geccecggectga ccgcattact aaatcacaca aagcacattt
gccgcgct t graadeaalgt G:e0CTHT CggtAyat dtagiatry abathab gaglegycdrabidcc
aacggcgttt tcacaacagglat gaagtcat gggééaagcc ttgaagat gé>€catcgcaac
gcatgaccgg taaaggttca aagctgtcac tggactatgt cgttttatat ctcttttgga

aaggat at gt
t ct gacacccH

gtttagaatt aa

b T AL oA

1020 aaggctghct 1080 atttgtatta 1140
Phe Ser Arg Leu Gly Ile Thx Pro Ala Glu Val Glu Axg Leu Avrg Thr

405 410 415
| Leu Arg Gly
<210> §
<211> 1260
<212> DNA
<213> Rhodobacter sphaeroides
<400> 5 . ) :
atgcgetcta cgacggctcoe tggteegagt ggggcatgta tgacgatcte aaggtcgcga 60
aaggatgacg aaggaatgct gaccgccctyg aagecgeage ccgeggacaa gatcétgcaa 120
ctgatccaga ggttccgcga ggatgcgege geggacaaga tegatctagg cgtgggegte 180
i tacaaggace cgaccgggct caccecggéc atgcgggecy tgaaggeoogce .cgagaagegg 240
ctctgggagyg tcgagaccac caagacctac aceggecttg ceggegagee cgoctacaat :300_
gcegcegatgg cgéagctgat cctegecagge geggtecegy cegacegggt ggcctcggtc - . 360
gocacecceg geggeacdggg cgceggtgegt caggegeteg agctéatccg catggcekeyg gzd
ccoegaggeca ctgtetggat qtééaacccg~acctggccga accatctgtc,gatcgtgaaa 480
tatctcggca-tcccgatgcg ggaataccgce ﬁatttcgaﬁg ccgagacﬁgg cgctgtcgatA 540
.gccgagggct tgatggagga tctggcccag gtgaaggcgg gcogacgtggt gé?gctgcac 600
'ggctgctgcé.acaaccEgac cggcgccaac ccgaacccgg‘tgcagtggct<ggccgtctgc 660
‘gagagcctgg coeoggacagg - cgcggtgecg ctgatcgacc tcgcctatca‘gggcttcggc 720
gacgggctog agatgggtgc ggcggcgacg cggcttctgg - ccaccagact gcccgagétg'. 7éq
cetcctygete gaagaactte ggoatctace gegagegaac gggeatcetg 840

370

375

350

3585

Tec %@ﬁ%@a%@?é@%@é%a 158
Ctl .\

tcaatacaat780-aaa3ggottt840 ttatgaccgt 900 cttcccett

380

.Glu His Gly Val Tyr Met Val Gly Asp Ser Arg Leu Asn Ile Ala Gly
385

400

Leu Asn Arg Thr Thr Val Pro Val Leu Ala Arg Ala Val Ala Lys Val

ctgatcgegyg

ttgtt420
%@Laa‘geatat £720

60 agaCgctggc’



1182 <210> 10 <211> 393 <212> PRT <213> Bacil-lus subtilis <400> 10

Net Gn Hs Len Len Asn Pro Lys Ala :Arg Qu.lle u lle Ser Gy

15105 Ile Arg Lys Phe Set Asn Len Val Ala Gn Hs GQu Asp Val Ile Set.
202530 Leu Thr Ile Ay Gn Pro Asp Phe Phe Thr Pro Hs H's Val Lys

Al a 354045 3RFHCAFEH 'ﬁcgﬁﬁﬁcg\% SFEI%C%%‘:I REIIAEHRLS ﬁcﬁs‘:ﬁt% C?HF"@@F Tyr 900
Thr pro Asn 5560 T
Vet Lye Ly SoRRa0renairy R S g b S et e e Lo

Ile I'le Th > M0 g flragd ék/@ § &ﬂ&%t rg

el L addaed? gcg’lgo%éi‘l s é%s@pg?a e L y P?éo roze

Ile Tyr Prac&dtycdyd docBgdttaelditldfdaly bhgycbbogaAlrddcRugly Sscbhycolba Lysao

Pro Val' Ile Val Asp Thr Thr Ser 130135140 Hs @y Phe Lys Lieu Thr

Ala Arg Li eticddogct molspegiica tangtThrcoPrecct4sdd0 t65M80cgc cgaggtggag 1140
- cggctgogga cc'gagcacgg ggtctacatg gtgggegatt cgeggetgaa categegggg 1200

ctgaaccgga cgaccgtgee ggtgetggeg cgogeggtgg ccaaggtget gegeggetga 1260

<210 6
<211> 419
<212> DRT

<213> Rhodobacter sphaeroides
<400> 6.
Met Arg Ser Thr Thr Ala Pro @ly Proc 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

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 Arg Ala Val Lys Ala Ala Glu Lys Arg
65 70 75 i 80

"Leu Trp Glu Val Glu Thr Thr Lys Thr Tyr Thr Gly Leu Ala Gly Glu
85 20 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

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 'I‘rp Pro Asn H:fs Leu Ser Ile Val Lys
. 145 ' 150 : 155 160



Asn

Thr

LyS Cys Val Val ‘Leu Pro Tyr Pro Ser Asn Pro Thr @y Val

165170175 Thr Lieu Ser Gn Qu GQu Len Lys Ser Ile Ala Ala Len Lieu

Lys
Gu
Arg
Ser
Asp
Cys
Thr

Ay
Len
Asp
Met
I'le
Al a
Asn
Arg
Val
L

ys
325330335 %qulY PAfH &’f‘ R (e -
Thr Tyr 340345353§Ef g F

180185190 Arg Asn Val Phe Val Lieu Ser Asp Qu lle Tyr Ser
Thr Tyr 195200205 Asp Arg Pro H's Tyr Ser Ile Ala Thr Tyr Len
G iyt ke, 210215320 M) ol o Ao Oy LrUasiea ks Sote H o
Thr "Gy Tip Arg Lke 2252 02352 3oy Phe Lieu Phe Alsa Pro Lys
Ala Lys Hs Ile Leu Lys Val 245250255 H's Gn Tyr Am Val Ser
Ser Ser Ile Ser Gn Lys Ala Ala 260265 270 Lieu Gn Al a Val
A 1PhalaAYpl Assy Ala dlenciy eehBetAplp &n IZR5RBOZRS Gnidyr Lys
Len Asp Tyr VB0 Tyr Asp Arg Le¥SVal Ser Net 296295300 @y Lan
Val Lys Pro Ser Gy Ala Phe Tyr IIe Phe Pro Ser 305310315. 320

Ser_ Phe. .y Met Th Ser_ Phe ., As %EStAAl %r% h]g)ySe't

y Gu Ay Tyr Arg Leu Ser Pﬁe Ala Cys Set Met

Asp Tilt Leu 355360365 Arg GIl dy.Leu Asp Arg.Leu G Il Leu Pile Val
Leu Lys LY S1Ar Re:pko 33 23 8R1 Akt Mep . fldunaithial |ysASTu Astindd yua/al

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 @lu Met Asp Ala Ala Ala Thr Arg Leu Leu Ala Thr Arg
245 250 255

Leu Pro Glu Val Leu Ile Ala Ala Ser Cys Ser Lys Asn Phe Gly Ile
260 . 265 ' 270

Tyr Arg Glu Arg Thr Gly Ile Leu Ile Ala Ile Gly Glu Ala Ala Gly
275 ‘ 280 285

Arg Gly Thr Val Gln Ala Aen Leu Asn Phe Leu Asn Arg Gln Asn Tyx
250 295 300

Ser Phe Pro Pxo Asp His Gly Ala Arg Leu Val Thr Met Tle Leu Glu
305 . 310 315 . 320

Asp Glu Thr Leu Ser Ala Asp Trp Lys Ala Glu Leu Glu Glu Val Arg
325 330 335 .

Leu Asn Met Lieu Thr Leu Arg Arg Gln Leu Ala Asp Ala Leu Gln Ala
340 . 345 ' 350

Glu Thr Gly Ser Asn Arg Phe Gly Phe val Ala Glu His Arg Gly Met
355 360 © 365

" Phe Ser Arg Leu Gly Ile. Thr Pro Ala Glu Val Glu Arg Leu Arg Thr
370 375 © 380

Glu His Gly Val Tyr Met Val Gly Asp Ser Arg Leu Asn Ile Ala 61y
385 " 390 395 400



385390 <210> <211> <212> <213> 11, 1176 DNA Lactobacillus anyl ovorus
<400> 11 atgccagaat tagctaatga tttagCatta ggaattagaa tctttgataa
caaagtttca ggtgaaccag atatgaatac tcctgagcat gataatgatt cacactatgc
tccacaaaag, aaglat z&fgtgafhéaﬁﬁ:g%i ago.t ggaatl 9aa i 99l 9kaaatd Ggackaat
taacgctacc gttgcaattc ctgegccagt cttttcteha gattatgttt tgatgaatac
gaaact at ca aagaaaatcc actggtgttg aatatagcga catctgtacg taattaccga
-tcaattgcca tcactgatgt aaaagcttca gcattatcaa attgactttg cggctattaa
gaat.at t gcaLaatirgagaaa agct at cagt aaacagaaat cgtagtaaca ttactaatcc
gggt gacaag tattggcccg tggctacact tgctgatgcc ggttttaagt taacacctaa
gaagttagaa gcagtaattt tgaattatcc aactaaccca aaagctttgg ctaaggt aat

t aaagat aat cttacggtgt.aaaacacttt ctggtttatc taaatcacat caaaaattat
ggcagaaatt‘&éﬁ%a.aa C tgccgcaatt e-getagttta tgaaaagcgt aagcagttaa
gccagaaggtz ag Ca aagacgatat gaaatttgcc <210> 12 <211> 391 <212>
PRT <213> E@E obacl Llug; amgligvorus <400> 12 Met Pro Gu Leu Ala Asn

Asp Leu Gy Leu Ser Lys Lys"Ile Thr Asp 151015 Val Lys Ala Ser Gy
Ile Arg Il esfPhe Asp ‘Asn Lys Val Ser Ala Ile 202530 Pro Ay Ile- lle
Lys Len Thiarbettabhy ddgdgd¥carAsfrdibygdds bhgchiergdy eg8ak@46a Gouathageval 60
Lys Gn Ala Ala Ile Lys Asn Ile Ala Asp Asn Asp Set 505560 H S Tyr
Al a Pro G mctysrdGhy HopsctairtGIrabancdy §otspsonta CRRYGEFEC G5 PETSBOC Ly s 120
Tyr Len Lys Lys Ile Thr@y Ile Qu Tyr A%P Pro Gn Thr G n.
ctcgteattg gtgectdceg cgacgagcdg ggocgtoceet atccggtacyg cgtggtecge 180
aaggctgage agcttctett ggacatgaat ctcgactacg agtacctace catctceggge 240
taccagcoct tcategatga ggoggtaaag attatctacg geaataccgt cgagetggag 300
aacctggttg cggtgcagac getgageggg accggtgcetg tetetcetegg ggcgaagotg 360
ctgactegeg tettocgacge tgagacgacg cccatctace tttcegacco cacgtggoce 420
aacéactacg gcgtegtgaa ggctgetgge tggaagaaca tctgecacgta cgectactac 4B0
gaccccaaga cggtcagcct_gaatttcgag ggcatgaaga aagacatbct ggcggcgccog 540
gacggctoeg tgttcattet geaccaghtge gcogcacaacce ccaccggegt ggacccgtc§, 600
caggagcagt ggaacdgagat cgcgtcactg atgctggcca agcaccatca ggtgttcette 660
gactccgeet accaaggeota tgcgagogge agcoctcgaca cggacgegta tgctgecege 720
) ‘ ctgtttgccc gocogeggcat cgaggtactg ctggegeagt cgtictcocaa gaacatggge 780
ttgtacageg agegtgeagg cacgetgteg ctgctectea aggacaagac gaagegegeg A840
gatgtaaaga gcgtgatgga ttegetgate cgtgaggagt acacgtgcce ceccagcccac - 900
ggtgcoceget tageccacct aatcctgagc aacaacgaac tgcgaaagga gtgggaggca 960
gagctatcag ccaktggecaga gegecatocgt acgatgeges gcéccgtgta cgacgagcig 1020
ckgegeectgo agacgocegg gagctgggaa catgtcatta accagattgg catgtittoc 1080
- tteetecggge tgtcaaagge gcagthgaa tactgccaaa accacaacat chtcatcaca 1140
gtgtcgggec , gogcetaacdat ggcaggtebg acgeatgaga cggcgetgat getagcacag - 1200
acgatcaacg atgctgtgeg caatgtgaat cgtgagtga 1239
<210> 8
<211l> 412

<212> PRT



859095 . Ile Val vVal Thr Val Gy Ala Thr Gn Ala Ile Asn Ala Thr Leu
Phe 100105110 Ala Ile Thr Asn Pro Ay Asp Lys Val Ala Ile Pro Thr
Pro Vval Phe 51 Tyr Trp Pro Val Ala Thr Leu Al a Asp
Ala Asp Tyr® 23}a|> Ebeji%%%%:%%% Met Asn Thr Ala Qu Asp Ay Phe Lys Len
Thr Pro Lys_Jgys Len G n 145150155160 G n Thr Ile Lys G n Asn Pro Thr °
Ile Lys Ala Val Ile Leu Asn .Tyr 165170175 Pro Thr Asn Pro Thr dy Val
G n Tyr Serndd BeAtGiIn l2he Anssmdd ani8HB85IDGLu Ly Akm dlypsiwvalkld | e
Lys Asp AsmmHi s Leu Tyr wal Ile Thr Asp Gt 195200205 || el3Tyr Ser
Thr Leu Thr Tyr Gy Val Lys His Phe Ser Ile Ala Ser 210215220 Len Ile
Pro du Arg Ala lle T r Il e Ser Len Ser Lys Ser His 2 30?35240
Ala Met ThrG]G \}‘1Tﬁ1ﬂA J?a [E&g IGPyVar’yrﬂ\'?‘/ali’h“'—APaP Qs o26 9L’§P§a
245250255 Met Ala d u®*fle dy Lys Val H s Gy-Len Met ﬁhl Thr Thr Thr
Thr 260265270 Asp Ser Ser Gn Ala Ala Ala lle Gu Ala Leu Qu Hs Qy
Len Asp 275280285 /APy qarg ﬁ&sLiﬁa Eéﬁ AOvE rnyacluym&a@yu H@SA g Arg
Asp Tyr Val 29029 0 Len Gnlken Ala Qu lle Gy Met G n-Al a Va
Lys-Pro Gu Ay ' < .

Glu @ln Gly Arg Pro Tyr Pro Leu Arg Val 'Val Arg Lys Ala Glu Gln
50 55 60

- - Leu Leu Leu Asp Met Asn Leu Asp Tyr Glu Tyr Leu Pro Ile Ser Gly
65 . 70 : 75 ‘ 80

Tyr Gln Pro Phe 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 Sexr Gly Thr Gly
100 105 ' 110

Ala Val Ser Leu Gly Ala Lys Leu Leu Thr Arg Val Phe Asp Ala Glu |
115 _ 120 . o125 :

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 Ile 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 ’ ’ 200 205

Ser Leu Met Leu Ala Lys His His Gln Val Phe Phe Asp Ser Ala Tyr
210 215 - 220

@ln Gly Tyr Ala Ser Gly Ser Leu Asp Thr Asp Ala Tyr Ala Alea Arg



s

305310315 . 320 Al a Phe T&r Ile Phe Ala L |
ys Ile Pro Ala L
tys Asp Asp 325330335 Met Lys Phe Ala Len Asp Lei'. Aﬁa %ﬁeT{;setyn
G‘y>s/ \I-/Ifils ﬂés}b\l e ‘II_'hr :;40345%%3 Pro Ay Ser ALg Phe Ay Pro Gauody Gu
| rg Leu Ser 35 0365 Tyr Ala Ser Ser Asp @& i
Gn Ala Met Lys Arg Met Lys 370 '375380 L B Gn sy G
‘ ys Val Leu Gn Gn Asp Gu
2252306- . <21%€?(1gﬁt319 zg%% 2. 14132 g WhAalise Ba @phéercﬁlﬁe§‘°—£400>
ttcc? g g%gt g 4ggagatcgac ccgggecacg gcggecccget2®>
ggegagggfg i;gggggagg cgat caccct  cgacat cacc cgcgggcggce tgaggcccgg
. ggcacac gcgcgetggo gcgggcgcetc ggc
gg33;??gg;ﬁg%g%QQﬁgﬁéiﬁﬁmmiEiﬁﬁggaﬁp-@EQ' gg%gdﬂﬁig%%gﬁgggggégéaggcgc
cggacesat ggcgct gt gagcéffgget gt gccggt c.c
ggcgcggecge gaggacgact. cgcgecgecgg ggtatcc O Coconcaace
_ ggc cgcgccgeca c
?g;gtgctgngccgggggcc gccgcaggg@é kﬁfkg?%ﬁfQQEQS&Qgﬁggﬁigggg;ggggt
o s a000cdatgn WO, 00 Lapod caac HL99ca9ca
ggtct gcc tgggatacgc tcgaccggc
at ct gggccg cggagcgtct tcgecgetgtg a atgotagt
ggeggggct  gggct ggct at gct ggt
copciiclcc 0L eatege sapraces ok-comumh avb souseoro ™ dofulcs
5 cgcttc gcet ctat gctggcgccc
gggcgacgcg tcat'gCccgc cacggcgcag gctgcgcet :
gc cgccctgetg caggccgage
cacaggcccg gatggcgcgc gcgectcctgt tcgetgce Cc 35
tg ; Sggggtcgg ﬁgg{;@&bﬁgﬂ%b%%gﬁ%?@@é@% %’g’gg%]tglg Tg> g%ggé;%g
ct cgagg aaggcgddca ctggccggge gégggegtcet c
ccgcgcgggg cgecccgecgec cggaccccga cgeccgectt a : sat ogeges
| ggcgct gge tgatcgegeg
gagaggcgat cgggagcgga agqccgedch;.at
P ¢ gé N 1 2LCCOAGURE aacacegred 2eggiyciakc
gcttggcgct Ba Ed%%t %ggggggggc ggg%ctacgg)gcgccgcctt cggtdgagac

Tyr Asp Glu‘Leu Teu Arg Leu Gln Thr Pro Gly Sex Trp‘Glu His Val
: 340 - . 345 350

Tle Asn Gin Ile Gly Met Phe Ser Phe Leu Gly Leu Sexr Lys Ala Gln.
355 360 365

Cys Glu Tyr Cys Gln Asn His Asn Ile Phe Ile Thr Val Ser Gly Arg
370 ' 375 380

ala Asn Met Ala Gly Leu Thr His Glu Thr ‘Ala Leu Met Leu Ala Gln
385 390 395 400

Thr Tle Asn Asp Ala Val Rrg Asm Val Asn Arg Glu
405 410

<210> 9

«211> 1182

<2i2> DRA

<213> Bacillus subtilis

<400> 9

atggaacatt tgctgaatce gaaagcaaga gagatce=aa tttcaggaat acgcaaattc 60
tq9§at£§$=,dagﬁtcﬁhca cgaagacgtc atttcactta caatcggcca gcctgatttt 120
" ttcacaccge atcatgtgaa_agctgccgca aaaamagcca ftgatgaaaa cgtgacgtca‘ 180

tratactcecga atgecggeta catggagctg agacaagqtg tgcagcttta tatgaagaza 240

1



caccttcgt g240 ggt Cgagccg300 gct ggt gccc360 ccgegec '
gga420 agcct at ct.c480
gggcagccag540 cgcggt cgagGOO ggt gcgcggc660 ggcccgggat 720 cgt caccat g780

cgcgct gat 840 gctggct gcc900 getctcgecc960 geg 99¢4,.1920
cgagct gat cE@@@@gé@dﬁ@é@@tﬂiwatgéﬁﬁﬁtc?@scactg 5?%8: c g&g%%gc cadsse 2o
ggagageceg 1320 1380 1413 210> 1. 2Ll 410. £21230reR] csabaadks 3
sthaérm de§°eHTERtd £ B K BT Pro Leu Al é [0 %—]Ehg ITe Asp Pr ogGI y °
I S : .
Aso |1 y. Gh¥:'c égtéégo&ghg&fgh&&%ﬁtﬂ@aH;&gNgag Godcdaact | @t Ehvtdteu: 420
p e Thr Arg y 202530 Arg Lett Arg Pro Ay A
adv Thr Ara. : g y a Arg LeU Pro
y gﬁaeéékéegﬂ Al @ £364Ab tace goceggetga ttgaagatge totgacaccee . 480
aacaccéagt gtgtegtget tccttatécg tcaaacccté ccggegtgac tttatctgaa 540
gaagaactga aaageatcgc agctctetta aaaggcagaa atgtecttegt attgéctgat 600
gaaatataca gtgaattaac atatgacaga ccgecattact ccategeaac ctatttgcgg 660
gatcaaacga'ttgtcattaa cgggttgtca aaatcacaca gecatgacegyg ttggagaatt 720
. ggatttttat ttgcaccgaa agacattgca aagcacattt taaaggttca tcaatacaat 780
gtgtegtgcg éptcatccat ttctcaaaaa gcegegettyg aagetgteac aaabggcttt 840
gacgatgeat tgattatgég agaacaatac aaaaaacgtc tggactatgt ttatgacegt 900
cttgtttceca tgggacttga cgtagttaaa ccgteeggty cgttttatat cttceccttet 960
attaaatcat ttggaatgac rteatttgat tttagtatgg ctcttttgga agacgctage 1020
gtggcactcg tgccgggcag ctegttctea acaéatggtg aaggatatgt aaggctgtgt 1080
. tttgcatget caatggacac gotgagagaa ggcctagace gtttagaatt atttgtatta 1140
aaaaaacgtg aagcaatgca gacgataaac aacggegttt aa 1182
<310> 10
<211> 393
<212> PRT
<213> Bacillus subtilis
<400> 10
Met Glu His Leu Leu Asn Pro Lys Ala Arg Giu Tle Glu Ile Ser Gly
1 ’ 5 . 10 15
Ile Ary 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 Thx Pro His His Val Lys Ala
35 40 45 - o
. ala Ala Lws %w= Ala Ile Asp Glu Asn Val Thr Ser Tyr Thr Pro Asn
ala Gly Tyr Leu Glu Deu Arg Gln Ala Val Gln Leu TyT Met Lys Lys
65 ' 70 75 80
Lys Ala Asp Phe Asn Tyr Asp Ala Glu Ser Glu Ile Ile Ile Thr

Thxr

12



Ala Leu Ay Val H's Mgy Asn Thr Val Asp Ala Ala Tyr Gn G n Len 505560
Leu Thr Gn Ay Trp Len Gn Ala Gn Pro Ala Mgy Gy Thr Phe Val =
65707580 Ala G n Asp Leu Pro Gn, Ay Mt len Val Hs My Pr,g Ala Pre
Al a 859095 Pro Val G n Pro Val- Al a Met Arg.Ala Ay Len AIa Phe Ser
Asp Gy . 100" 105110 Ala Pro Asp Pro G n Len Val Pro Asp Lys Ala Leu
Ada My Al agfhey 2115120126 Aige Agahtn hey dxuaSeimPrneAlen Bae g Al a
Ay Ala Asp Tyr Ay 1439135140 Asp Alaistg A y-Thr Ser Ser ien Arg G n
Ala Len Ala Ala Tyr Len 145. 150155160- AI a Ser Asp Arg Ay Val Val
Ala Asp Pro Ala Arg Leu Leu Ile Ala 165170175 My Gy Ser G n Net Ala.
Leu. Phe LemlyaispAbtu: MgiAlle Mbta HreuCly &ra SUESSLOFTPrOYAry* G B Il e
Ala Val*Au Gn Pis5sdy Tyr Pro Le®% a Trp 195200285 G n Al a Phe My
Ala Ala Ay Ala Gn Val My Gy VaI Pro Val Asp 210215220 Gy Ay Ay

Len Arg Ile Asp Ala Len G 232240 Pro
M e M AlE A58 Val %ref\lﬁr laI—lf'l]és %lo'%@al W"“rmgro Thr 24%2%%255
Thr Val Thr Mg GIyAIaAIaI\/g Len Gn Len Len Gn Len Ala
260265270. Gn My Hs My Len Ala.Leu Ile Qu Asp Asp Tyr Asp H's Gn

Tyr 275280283 Gly Phe Lys Leu Thr Ala Arg Leu Ile Glu Asp Ala Leu Thr Pxo
145 150 ‘ 155 160

Asn Thr Lys Cys Val Val Leu Pro Tyr Pro Ser Asm Pro Thr Gly Val
165 170 175

Thr Leu Ser Glu Glu Glu Leu Lys Ser Ile Ala Ala Leu Leu Lys Gly
180 185 190

Arg Asn Val Phe Val Leu Sexr Asp Glu Ile Tyr Ser Glu Leu Thr TyT
1585 : 200 205

Asp Arg Pro His Tyr Ser Ile Ala Thr Tyr Leu Arg Asp Gln Thr Fle.
- 210 ' 215 220

Val Ile Asm Gly Leu Ser Lys Ser His Sex Met Thr Gly Txp Arg Ile
225 ' 230 235 240

Gly Phe Leu Phe Ala Pro Lys Asp Ile ala Lys His Ile Leu Lys Val
245 250 255

Hgis Gln Tyr Asn Val Ser Cys Ala Ser Ser Ile Ser Gln Lys Ala Ala
d 260 265 - 270

Leu Glu Ala Val Thr Asn Gly Phe Asvasp Ala Leu Ile Met Axg Glu
2795 : ‘ 280 ' : 285

Gln Tyr Lys Lys Arg Leu Asp Tyx Val Tyx Asp Arg Leu Val Ser .Met
250 295 300

Gly Leu BAsp Val Val Lys Pro Ser Gly Ala Phe Tyr Ile Phe Pro Ser
305 : 310 315 | 320

Ile Lys Ser Phe Gly Met Thr Ser Phe Asp Phe Ser Met Ala Leu Leu
325 330 335

13



Arg Pile Gn @y Arg Pro Val L |
' eu Pr _
290295300 Gy Leu Pro Len Ile Tyr vg| Leu.Ala Ala Arg. Ala Pro G n

Pro 305310315320 Gy Ile Ar Ay Ser Len-Ser -Lys Len Len Ser
g Leuudy T .
Len Thr Arg 325330335 Met Ala Al a AIZl A¥£} ﬁ:: ,I&Fg /IA\Ia o Gn A9 ten

ASp

e
Gy e

V2 Pl i shalaled b Y s
G a’Arg Lys Ala Arg A
a Arg Arg Asp Len Len Al.a 370 '375380 G n Arg Len ‘gll'hrrgdgalé Iere'rA]\rg

Ala Ay Arg Ala Ala Phe As
’ i p Len Pro 3 5400 :
Al a Len Treteau/Mly Tys VAlaPYE 9‘6‘%/@&13%?‘*‘ &? g ] n%ﬁ%ﬁ%ﬁﬁﬂ%ﬁmn

TrppAla @ Ala A¥Ey Gn A ° )
) aGIyﬁ_enAIaLenLe
Thr Arg Phe Ala Len Qu Ser.Pro Ala Pro Gn Ala PEeP,rA?gGLgnZ%O- 422330

440445 Tyr Ala_A L i ' ' :
450455460 AFSA ‘—ﬂPgG eligbﬁ&s% ﬁ&.n&y@m kb epbAl BIALgL AYSE e A@nG:H e Len

e Pro

tcaagtgatg

14

tgaggcaatyg

<21:f> Artificigl’ sequende <22097§23224;?i r<r§r1024§gi<%l> 35 <212> DWA.

Rla Met Gin Thr.Ile AsnAAsn Gly Val

385 330 ’

<210> 11

<211> 1176

<212> DNA

<213> Lactqbacillus amylovorus

<406> 11

atgccagaat tagctaatga tttaggatta agcaaaaaga tcactgatgt aaaagcttca 60
ggaattagaa tctttgatad caaagtttca éctattcctg gcattatcaa attgactt;g 120
ggtgaaccad atatgaatﬁc tcctgageat gttaagceaag cggctattaa gaatattgea '180
‘gataatgatt cacactatge tccacaaaag ggaaagcttg aattaagaaa agctatcagt 240
aaatatttga aaaagattad tggaattgaa tatgatccag aaacagaaat cgtagtaaca 300
gttggtgcaaz ctgaagcaat téacgctacc ttgtttgcta ttactaatcc gggtgacaag 360.
gttgeaattc ctacgeeagt cttttetcta tattggcccd tggctacact tgctgatgcc 420
gattatgttt fgatgaatac tgéagaagat ggttttaagt ﬁaacacctaa gaagttagaa 480
gaaactatca aagaaaatcc aacéattéaa gcagtaéttt tgaattatcc aactaaccca 540
actggtgttg aatatagcga agatgaaatt aaagctttgg ctaaggtaat taaagataat " 600
catctgtacg taattaccga tgaaatttac agtactttga'cttacggtgt-aaaacacﬁtt - B60
“teaattgeca gcttaattec agaaagagca atttatatct cﬁggtttatc taaatcacat' 720
gogatgactyg gttatcgttt agéctatgttvgccggacctg caaaaattat ggcagaaatt 7&0
ggtaaagttc.atggccttat ggﬁgacgact écgacggatt.cétcacaégc tgcegeaatt 840
“gaagcacttg aacacggact tgaﬁgaccct gagaaataka gggaagttta,tggaaagcgﬁ :900
egtgact?ts;t;#bﬂﬂ;sga attagecygag atagagatgc aagcagttaa gccagaaggt. - 966
gcaptttata tctttgctaa.aattccagct aagtétggca aagacgatat‘gaaatttgcc ' 1620
ttggatttag cttttagaga aaaagtggst atcactccag-gtagtgcatt tggtcctjgt . 1080
ggtgaaggtce atattagatt atcttatgca aaaacttgca 1140



ggt att gagg-—-gtcgcatgaa ggttttagtc aatgg35 <2105 16 <211> 37 <212> DNA
<213> Artificial sequence <220> <223> priner -<400> 16 agaggagagt

t agagcctta. tgaaatgcta gcagcect 37 <210> 17 <211> 35 <212> DNA <213>
Artificial glen > S22 ' <400> 17 ggtattga t cgcat gt
cgacgccctca%gccg3§§5a1%gnggkgﬁfgﬁggﬁifiggngA <g%3> A?t??igia? Ja7s
sequence <220> <223> prinmer <400> 18 agaggagagt tagagcctca gagactggtg
aacttgc37 <2160> 19 <211> 35 <212> DNA <213> Artificial sequence <220>
<223> prinmer1x4062119 ggtattgagg gtcgcatgga Acatttgctg aatcc35 <210>

20 <211> 3%2&242FRODNA <213> Artificial sequence <220> <223> priner

<400> 20 <213> Lactobacillus amylovorus
<400> 12
Met Pro Glu Leu Ala Asn Asp Leu Gly Leu Ser Lys Lys Ile Thr Asp
1 S 10 i5

val Lys Alé. Sexr 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

@ln His val Lys Gln Ala Ala Ile Lys Asn Ile Ala Asp Asn Asp Ser
50 . 55 60

His Tyr Ala fro Gln Lys Gly Lys Leu Glu Leu Arg Lys Ala Ile Ser
65 ’ 70 75 80

Lys Tyr Leu Lys Lys Ile Thr Gly Ile Glu Tyr Asp Pro Glu Thr Glu.
: ' 85 ' 20 - -

Ile Val vVal Thr Val Gly Ala Thr Glu Ala Ile Asn Ala Thr Leu Phe
. " 100 105 110

Ala Ile Thr Asn Pro Gly Asp Lys Val Ala Ile Pro Thr Pro Val Fhe
115 120 125

Ser Leu Tyr Trp Pro Val Ala Thr Leu Ala Asp Ala Asp Tyr Val Leu
130 135 140

Met Asn Thxy 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 Tyx
’ 165 ' 170 175

Pro Thr Asn Pro Thr Gly Val Glu Tyr Ser Glw Asp Glu Ile Lys Ala
- 180 185 _ 190

Leu Zla Lys Val Ile Lys Asp Asn His Leu Tyr Val Ile Thr Asp Glu
195 ) ) 200 205



agaggagagt tagagcctta aacgccgttg tttatcg <210> 21 <211> 35 <212> DNA
<213> Artificial sequence <220% <223> priner <400> 21 .ggtattgagg

gt cgcat gcg cgagecctctt geccct35 <210> 22 <211> 37 <212> DNA <213>
Artificial sequence <220> <223> priner <400> 22 . agaggagagt

t agagcct ca 1ge cngygeaghet Caggas Ayr<@lP a2 Ive2ids pBE. se212te BNA s6213>
Artificial seqmence <220> <223=1pri ner <400> 23:2ggt attgagg gtcgcatgtc
cacgcaggcg-gCcat 35 <210> 24 <211> 37 <212> DNA <213> Artificial
sequence <220> <223>Gpriner <400> 24 aggggag?gt tagagcctca .

ct cacgat t c LB ategBBY Ceois-203 L2 T 35 SeroShDRAr SP13WnSEr i al
sequence <22%8> <223> pri mer *2%00> 25 233 240

Ala Met Whx Gly Tyr Arg- Leu Gly Tyr Val Ala Gly Pro Ala Lys Ile
245 250 255

Met Ala Glu Tle Gly Lys Val His Gly Leu Met Val Thr Thr Thr Thr
260 265 : 270

Asp Ser Ser @ln Ala 2la aAla Ile Glu Ala Lieu Glu His Gly Leu Asp -
275 ' 280 285 :

Asp Pro Glu Lys Tyr Arg Glu Val Tyr Glu Lys Arg Arg Asp Tyr Val
290 295 ’ 300

Leu Lys Glu Leu Ala Glu Ile Glu Met Glm Ala Val Lys Pro Glu Gly
305 - 310 31s . 3290

Ala Phe Tyr Ile Phe Ala Lys Ile Pro Ala Lys Tyr Gly Lys Asp Asp
325 330 335

Met Lys Phe Ala Leu Asp‘Leu-Ala Phe Lys Glu Lyé Val Gly Ile Thr
340 345 350

Pro Gly Ser RAla Phe Gly Pro Gly Gly Glu Gly His Ile Arg Leu Ser
' 355 360 365

Tyr Ala Ser Sexr Asp Glu Asn Leu His Glu Ala Met Lys Arg Met Lys
370 ° 375 380

Lys Val Leu Gln Glu Asp Glu

T 385 390
<210> 13
C<21l> 1413

<212> DNA

<213> R. sphaeroides

'<400>" 13 . :
atgcgcgage ctcttgecect. cgagatcgac cegggecacg gecggeccget gttectegee 6o

atcgccgagg cgatcaccct cgacatcace cgcgggegge tgaggocegg agegagacty - . 120

éccgggacac gegegetgge gegggegete ggegtgeate gecaacacggt ggatgeegee: -'186

.16



R

ggt att gagg gtcgcat gdc agaattagct aatga35 <210> 26 <211> 37 <212> DNA
<213> Artificial sequence <220> <223> pri.ner: <400> 26 agaggagagt
tagagcctta ttcgtcctct tgtaaaa <210> 27 <211> 35 <212> DNA - <213>
Artificial 2 ' - t

G ccat gog ot oraegac o Se eI TEE a8 S ATE AP s 3T R By geeat
Artificial gegeptpnce 520402598232 LGRS c5s4QQecds ageaaagadiycbagragct Caoo
gccgcgcagec accttgg37 <210> 29 <211> 35 <212> DNA <213> Artificial
sequence <2265cge2@8gqurpasrct<dfiet@8ogghigticgegry cgbagratgtdettgagaacat 360
accgc <210> 30 <211> 37 <212> DNA <213> Artificial sequence <220>

240

Met Arg Glu Pro Leu Ala Leu Glu Ile Asp Pro Gly His Gly Gly .Pro

1

5

10

15

Leu Phe Leu Ala Ile Ald Glu Ala Ile Thr Lew Asp Ile Thr A;g Gly
25

20

30

- Arg Leu Arg Pro Gly Ala Arg Leu Pro Gly ?hi Arg Ala Leu Ala Arg

35

40
~

17

45

<223> pri,ngﬁcaﬁgggeg,gﬁgcgcgggc ctttcgccgg gegeteckgt cgoccgeoctt cegegecgga 420
7 _-gcggattacg gcgatgcccg_cggcagctcc tocgetgeggy aggoegctygge agcctaﬁctc 480

goecteggace gggécgtggt cgcgéétcctlgcgcggctgc tgatcgegeg gggcagocayg 540
atgécgctgt tcctggtagc‘ccgggcggcg‘ctggcgccgg gagaggcgat cgcggtcgag 600
gagccgggcﬁ atcecgetgge cﬁgggaggcg ttecgegeag Cgégagcgga ggtgcgeggce 660
gtgecggtygg atggcggcgg'cctcaggétc gacgcgctcg aggccgcgct ggeocegggat 720
'dcgcgaatcc‘gggcggtcta tgteacgece catcaccagt atccgacgac'cgtcaccafg 780
ggegeggege ggcggtigea gcttctggaa dtggcagagc gcraccgget cgegetgatce 840
géggacéact acgaccacga ataccgcttc gagggecegte cggtgetgee getggetgeco 500
cgcgcgecay éaggtctgcc gétgatctat gtgggetege tgtegaaacht gekctogecoc .960
,ggtatccggc,ﬁgggatacgc gctggegece gageggotge tgacccgéat ggcegeggey -1020
cgcgccgéc; tcgaccggcé gggegacgeg ccogetegagg cggegetgge cgagetgate 1080
cgegacggeg apgtgggccg téatgbccgg aaggogecgca gggtctaccyg ggcgcggogg 1140
gatctgetgg cggagcétdt cacggcgeag ctggecgdge gcgccgcct£ cgatetgeeg 1200
geecgggggee tegegotgtg gctgcgctgq.gcgggcgtét cggccgagac ctgggecgaa 1260
geegeaggge aggeggggcet cgecctgetg ceocgggeacgc gcgtcgcgct ggagagcacg 1320
gggécgcagg ccttecgget gggcﬁatgcg gcgcﬁggacg aggggcagat céqccgggcg 1380
gtggagatcc teocgeceggag ctrodeegge tga | 1413
<210> 14
<211> 470
<212> PRT
<213> R. sphaeroides
<400 14



agaggagagt tagagcctta cagcactgcc acaatcg37 <210> 31 <211> 1194 <212>
DNA <213> E. coli <400> 31 gtgtttcaaa aagttgacgc ctacgctggc
gacccgattc ttacgcttat ggagcgtttt60 aaagaagacc ctcgcagcga caaagt gaat
ttaagtatcg gtctgtacta caacgaagacl20 ggaattattc cacaactgca agccgtggcg
gaggcyggaag xigcgee teggavdigags agechdBane at-ggsgs tliacct thatdih @ccgad ggaa
gggcttaact gctavcgcca tgccattgcg240 ccgctgectgt témgtgcgga ccat cdggta
ct gaaacaac agcgcgtagc aaccattcaa300. acccttggcg gctccgggge attgaaagtg
ggcgcggatt -tcctgaaacg ctacttcccg360' gaatcaggcg tctgggtcag cgatcctacc
t gggaaaacc F%@&%aﬂ1§tF@@é@ﬁg%ﬁ?@ﬂadﬁﬂgﬁﬁiF%@ %%@?gééﬁécmviﬁé%cctgg
t at gacgaag tgact aacgg cgtgcg%%tt480 aat gacct g t ggcgacgct gaadcatta
cctgcccgca gtattgtgtt gctgcatcca540 tgttgccaca acccaacggg tgccgatctc
act aat gat ¢ Agt gggakgc J0b0atdgagfon. alla! 6239 CLe060a9GL LA heLattc
ctcgatattg cctatcaagg atgtggtgcc ‘ggtat ggagg aggat gccta cgcdqattcgce ‘
gccattgcca gcgctggatt .acccgctctg 660 720 gtgagcaatt dgttctcgaa
aattttctcc.ctttacggcg agcgcgt 6gg cggactttct 780 gttatgtgtg aagatgccga
agccgct ggc mgcythctiggrggianttlgagetageaadagely 840 xKigCepe saetaactgagccc
gccgaatttt ggtgcgcaggiddggt ggct gc agtgctogaat 900 gacgaggdat tgaaagccag-
ctggct ggcg gaagt agaag -agat gcgtac tcgcattctg 960 gcaatgcgtc aggaattggt

gaaggtatta ggcgcagaga, (9geagaacy, cgal LRl 1920, o neg ara phe

115 120 . 125

Arg. Arg -Ala Leu Leu Ser Pro. Ala Phe Arg Ala Gly Ala Asp Tyr Gly
130 _ 135 : 140

Asp Ala Arg Gly Thr Ser Ser Leu Arg Glu Ala Leu Ala Ala Tyr Leu
145 . 150 155 : 160"

" Ala Ser Asp Arg Gly Val Val Ala Asp Pro Ala Arg Leu Leu Ile Ala
165 170 175

Arg Gly Ser Gln Met Ala Leu. Phe Leu Val Ala Arg Ala Ala Leu Ala
180 185 150 -

Pro Gly Glu Ala Ile Ala Val 'Glu Glu Pro Gly Tyr Pro Leu Ala Trp
195 ) 200 205

Glu Ala Phe Arg Ala Ala Gly Ala Glu Val Arg Gly Val Pro Val Asp
210 . 215 . 220

Gly Gly Gly Leu Arg Ile Asp Ala Leu Glu Ala Ala Leu Ala Arg Asp
225 ' 230 235 : 240

Pro Arg Ile Rrg Ala Val Tyr Val Thr Pro His His Gln Tyr Pro Thr
245 _ _ 250 o 255 '

" Thr Val Thr Met Gly Ala Ala Arg Arg Leu Gln Leu Leu Glu Leu Ala
: 260 265 ' 270

@lu Arg His Arg Leu Ala .Leu Ile Glu Asp Asp. Tyr Asp His Glu 'I'yr
275 : - 280 285

18



tatctgctta atcagcgcgg catgttcagt tataccggtt taagtgccgc tcaggttgac
1080 cgactacgtg aagaatttgg tgtctatctc atcgocagcg gtcgcatgtg
tgtcgccggg - 1140' ttaaatacgg. Caaat gt aca acgt gt ggca aaggcgtttg
ctgcggt gat ghaene d1941¢2405 p32 vedlileu 394 eRl2ra BRE <l 3Pa EroCaid
<400> 32 Val P G n Lys Val AsppsAla Tyr Ala G ywoAsp Pro Ile Len Thr
Leu 151015 Met G n Arg Phe Lys Gn Asp Pro Arg Ser Asp Lys Val Asn
Len Ser 202530 Ile Ay Leu Tyr Tyr Asn Gn Aspl@y Ile he Pro G n Len
G n Al a 3540450enETo AeY &5 TAF &/ad FEYASET MFULER: ASR Vel FePrFoH s
Gy -Ala Ser®0.'5560 Len Tyrifeta Pro et G d'Q@y Len Asn Cys*2fyr MWy
Hs Ala Ile Ala 65707580 Pro Leu Len Phe Gy Ala Asp H's Pro Val Len

Lys Gn G rg .V 0 r in T Ay

Al a Len Lysré ! alﬂeG ygI %’ég‘%)%gf‘}% %dpi&%eﬁlgeﬁiiggl\g#ﬁg élgg%rgo Gn
Set Ay Val Trp Val Sek asp 115120125 Pro. Thr Trp Qu Asn My Val Al a
Ile Phe Ala Ay Ala Ay Phe G n 130135140 Val Ser Thr Tyr Pro Trp Tyr
Asp G n Al aeTirlafsis @Gly Mgl 28a plReIlABEHIG5¢60 c1ASAEpAB [Pen 1een Al @
ThrLen Lys Thr Len Pr3@2Ala My Ser || e3¥al 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 Ala Arg Arg Asp Leu Leu Ala
370 375 : 380

@lu Arg Leu Thr Ala Gln Leu 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

Thi Trp Ala 6lu 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 Ile Ala Arg Ala Val Glu Ile Leu
- 450 455, . 450 .

. Ala Axg Ser Phe Pro Gly
465 _ 470

<210= 15

211> 35~

<212> DHNA

<213> Artificial sequence

<220>
<223> primer .

"«400> 15 A .
ggtattgagg gtogcatgaa ggtitttagtce aatgg A . 5

19



165170175 Len Len His Pro Cys Cys'His Asn Pro Thr Gy Ala Asp Len.Thr

Asn
Len
Net
Len
Set

du
Al a.

Gn

Ser |

Al a

Thr
Ay
Asn

Met -

180185190 Asp G n Trp Asp Ala Val Ile Gn lle Leu Lys Ala Mgy G n
I1e 195200205.Bro Phe Len Asp Ile Ala Tyr Gn Ay Phe Ay Ala Ay
Gn Gn<210215220 Asp Ala Tyr Ala lle Mg Ala lle Ala-Ser Ala Ay
Pro Al a<bem 225230235 240 Val Set Asn Set The Ser Lys I'le Phe
Len Tyr <@Ly> GrutgVal 248858255 .aly Ay Len: Set Val Met Cys
Asp Ala Gn Ala Ala Ay My Val 260265270. Len Ay G n Leu Lys
Thr Val < D‘Mg Asn. Tyr Ser Set Pro Prd 275280285 Asn.Phe Ay Ala
Val ' Val?Af%a RFE"%al . Leu Asn Asp Gn Ala Len . 290295300 Lys Ala
Trp Leu g& Gp Val Gn Gu Met .Arg Thr Arg Ile Leu 305310315320

Met Arg y u hr Qu Met Pro Gn .
325330335 Ar§ LR agﬁéte“%sggértéa Ege%]é%k[’%‘lﬁ'% EES‘% Arg Gy Met Phe Ser Tyr

340345350 Ay Len Ser AIa Ala Gn VaI Asp Arg Leu Arg G n Gu Phe
Val 35526086517yr Len Ile Ala Ser Gy Arg Met Cys Val Ala Gy Len

37

Thr Al a<370375880 Asn Val Gn Arg Val Ala Lys Ala Phe Ala.Ala Val '

385- <212> DNA-
. <213> Artificial sequence

| <220
<223> primer

<400> 17
ggtattgagg gtegeatgtt cgacgcccocte geeceg

<210> 18

<211> 37

<212> DNA

<213> Artificial sequence

<220>
<223> primer

<400> 18
agaggagagt tagagcctca gagactggtg aacttgc

<210> 19

<211> 35

<212> DNA

<213> Artificial sequence

<220
<223» primer

<400> 18
‘ggtattgagg gtcgcatgga dcatttgetg aatece

<210> 20
<211> 37 .
<212> DNA
. <213> Artificial sequence

<220> )
© <223> primer
. <400> 20
. agaggagagt tagagcctta aacgecgttyg tttateg

;210> 21

20

35

37 -

35

37



390 395 <210> 33 . <211> 35 <212> DNA  <213> Artificial sequence

<220> <223> pri mer <400> 33-
' <211l> 35 . _
<212> DNA
<213> Artificial sequence

<2205
«223> primer

<406> 21

ggtattgagg gtegeatgeg cgagccteott gecct - 35
<?10> 22

<211> 37

<212> DNa

<213> Artificial sequence

<220>
<223> primer

<400> 22

agaggagagt tagagcctca gcoggggaag ctceggg 37
<210> 23

<211> 35

<212> DNA

<213> -Artificial sequence

<220> .
<223> . primer

<400> 23 : . )
ggtattgagg ghegeatgte cacgcaggceg-gccat 35
<210> 24

<211> 37

<212> DA,

<213> Artificial sequence

<220>
<223> primer

s

<400> 24

agaggagagt tagagcctca'ctcacgattc acatﬁch 37
<210> 25

<211> 35

<212> DNA

<213> Artificial seguence

<220> -
<223> primer

<400> 25

ggtattgagg_gtcgéathc-agaattagct aatga - ' 35
Tt <210 26
<211> 37



ggtattgagg gtcgcgtgtt tcaaaaagtt gacgc35 <210> 34 <211> 37 <212> DNA*
<213> Artificial sequence <220> <223> priner '<400> 34 agaggagagt
tagagcctta gafgacggea gcaaacg37 <21:-0> 35 <2fl> 35 <212> DNA <213>
Artificial sgguengs i$220a sdadachri mer <400> 35 ggtattgagg

gt cgcat gga gt ccaaagtc gttga3b <210> 36 <211> 37 <212> DNA <213>
Artificial seguence <220> <223> prinmer <400> 36 agaggagagt tagagcctta
cactt ggaaa azzagccpBifex210> 37 <211> 35 <212> DNA <213> Artificial :
sequence <220> <223> pri Mer <400> 37 ggtattgagg gtcgcat gaa aaact ggaaa
acaag35 <216¥038 ¥®11> 37 <212> DNA <213> Artificial sequence <220> -

<223> pri mefoieeRIR SRSy dd It ddEGcEiBa* aget t ageg ccttct ald7 37
<210> 39 <211> 35 <212> DNA <213> Artificial sequence <220> :
<2105 27 ' ' ‘
<211> 35
<212> DNA

213> Artificial seguence

<220>
C«223> primer.

. <400> 27 B
ggtattgagg gtcegcatgeg ctctacgacyg gcteoe : 35

<210> 28
<211> 37
<212> DNA .
«213> Artificial sequence

<220>.
<223> primer

«<400> 28 ‘
agaggagagt tagagcctceca gecgogeage accttgg : 37

«210> 23

<211> 35

«<212> DNA

<213> Artificial sequence

<220>
<2235 primer

<400> 29 _ ) " :
ggtattgagg gtcgcatgtt tgagaacatt accgce - 35

«<210> 30

<211 37

<212> DNA .
<213> Artificial sequence

- <220>
<223> primer
<400> 30 o . | , -
agaggagagt tagagcctta cagcactgec acaateg . : 37,

<210> 31_
.o<211> 1154
<212> DNA

22



<223> primer <400> 39 ggtatt gagg gtcgcatgcg aggggcatta ttdaa35 <210>

40 <211> 3
<400> 40
at ggaaaact

cgtaccaccc

ct ggat agcg
cagagcat gd

tatgcgttag

cagggccgtg
aaaggcct gg

ggccat agcc

acgggcgt gc

gaagaagttg.

ggt ggt cagc
gatattccgg
cgt'gaagcag
gccgat at gc

6 <212> DNA <213> Artificial sequence <220> <223> pri ner
<240z 44 <211> 1416 <212> DNA <213> E. coli <400> 41
ttaaacatct ccctgaaccg ttccgcattc gtgttattga gccagtaaaaGO
goget tat cg t gaagaggca attattaaat ccggtatgaa cccgttcctgl20
FABALGidet babatcreat (duac6d@ReCHatasYatIeenaRe- 49¢geigre a1 80
‘aggct gcgat gat gcgcggc gacgaagcct acagcggcag tcgtagcetac240
THAFagTTEY Croscrmadt ateeaytdagyt tabot @atsagavgatct< egagi=agel00
%ggpa%agca aatctatatt ccggtactga ttaaaaaacg bgagcaggaa360
S GEAYCR§* SFRTGGEY RGP t SRITEIZAAS e93°ghorncoeaydagd 20

at caacgqg ctqtaccgtgq cgtaacgtct, atatcaaaga agccttcgat 480
P Do Rt e o1 oA AR oA T e GEGRIAPES 40 240

cQl-e59aR 2R AYLEGS %ata@gegté@gg&a%%agi%%gggggé aacl ¢ 9cato

cggtttcact- ggcaaactta aaagcgatgt -acagc aagaadt acb60 300
1 GGt 8GRt @0 e EdLEH6E G Egdddq86  HRBBARUCEL AL ha &LALEAAQERN 20 360
aat acaaaga ctggaccatc gagcagat ca ccCgcgaaac ctacaaat at™780

JGGeYRG telomuitasy agat gakge Jaloggadgecgalitggaaaygeedu@get@B40 420

60

120

180

t gcat gaaag acgacagctt ctttgatgtg tacaccgagt gcagaaccct ttgcgtggtg900
caggaaggct Y9Eeydcat awweg@%&tgcwaggc@g@c@gat eFEgeaca tggmggtid 960480
ggtctgtatg a cat a tctcgact ct cttatc gtatcgcgca g_t acagt at .
1020 ot got CURDY Ot HUAR0E GACLOUEGEE " GELP e eaaco Hogetdeggroortoca 540
t cacgcggca 280:dda0ht8akaGE IgLaRREE. Uotogsaeat .alcecgaca
accagttdcc ggcacaggcg 1140 %fg%c%%bcgcagclgtataaggﬁégaggba%kgﬂigaa 600
at cCgt gcgg dragecaiabgfcdjcehbdt €hgobdlc 1d:agRGa860-ALEEOARARC tagtgce 650
cggt aaacaa ctgccatgcc cggctgaact gctgcgttta 1260 accattccgc :
gcgcaacat a Isgete@adcaowdbatigyagttadttatt alctgacorge idddcaggatt32€cgetety - 720
catgtgaaag agaacgcggc aat att aaa ggattaacct ttacgtacga accgaaagta
1380 ttgcotLHedxE ci@gﬁaag%?cﬁ?*a%g‘aac gtttaagosd 1@cgcgtegg eggactttct 780
. ' gttatgtgtyg aagat,gccgé agccgctggc cgegtactyg ggcaattgaa agcaacagtt B840
cgcegcaact actccaéccc gc&:gaatttt ggtgcgecagg tggtggctge agtgetgaat
' gaggaggcat tgaaagecag ctggciggeg gaagtagaag agatgegtac tcogeattetg %60
goaatgcgte aggaattggt gaaggtatta‘ggcacagaga tgcragaacy caatttegat 1620
, tatctgetta atcagegegg catgttcagt tataccggtt taagtgecge tcaggttgac 1080
cgactacgtg aagaatttgy tgtc*‘;atc'tc ategccageg gtcgcatgtg tétcgccggg‘ 1140
L} . . ) .
ttaaatacgy caaatgtaca acgtgtggea aaggcgtttyg ctgcggtgat gtaa- 1194
<210> 32
<211> 397
<212> PRT
<213> B. coli
<400> 32

—

Val Phe Gln Lys Val Asp Ala Tyr Ala Gly Asp
1 5 10 ’

Pro Ile Leu Thr Leu
15

Lys Val Asn Leu Ser

Met Glu Arg Phe Lys Glu Asp Pro Arg Sex Asp-
' ‘ 30

20 25

1

Pro Gln VII.eu Gln Ala

Ile Gly Leu Tyr Tyr Asnm alu hsp Gly Ile Tle
: ' 45

35 40

23

00 -



<210> 42 <211> 1371 <212> DNA

<213>Ci trobacter freundi

<400>42
atgaattatc cggcagaacc cttccgtatt aaaagcgttg aaactgtatc tatgatcccg GO

cgt gat gaac gcctcaagaa aat gcaggaa gcgggttaca atactttcct ‘gttaaattcg 120
aaagatattt atattgacct gctgacagac agtggcacta acgcaat gag cgacaagcag 180

t gggccggaa vgargat@gyalgalgaale grl angc g6 eda gegaasacht Ghahtatatg.
240 gaaagaaccg>sPgcaggaact glLttggettt aaacatat Eg Ebccgactca 3. 00

ccaggggcegt

t gCcgggaat 360 at t atttca ctaccacccg ttatcaccag
Bﬁ% g5

tgtagat atc

tatcgatctt %%0 aaaaaa

ttac aa

Agct gat t gat gaaa

tatctgcctg 540 gcggtgacgg ttaacctcgc gggcggccaa
gcgtgcggt g $QPren Leu Phe Gly Ala, Asp His Pro Val Leu

Ala Thr
Asé Phe

Pro Thr
130

Val Ser
145

Asn ASD
- Leu Lieu
Asﬁ Gln
Pro:Phe

210

Asp Ala
225
Val Sex

-Gly Gly

' Leu Gly

Ile

Leu

Gln
100

Lys

115

Trp

vThr

Leu

Hisg

Txp

185

Leu

Tyx.

Ash

Leu

.Gln'

275

Glu

Tyr

Leu

Pro
180

.Asp

Asp
ala
Sex
Sex

260

Leu

85

Thr Leu Gly

Arg

Asn

Pro

Tyr

Arg

Trp

150

Ala
165
Cys
Ala
Ile
Ile
Phe
245
val

Lys

Thr'

Cys’

val

Ala

Arg

Phe
val
135

Tyf

Leu

His

Ile

Tyr
215

Ala

230

Ser

Met

Ala

Lys
_Cys

Thx

Gly

Pro
120
Ala
Asp
Lys
Asn,
Glu
200
Gin
Ile
Ile
Glu

val
280

Ser
105
Glu
Ile
Glu
Thr
Pro
185
Ile
Gly

Ala

Pﬁe

90

Gly

Ser

Phe

Ala

Leu

170

Thr

Len

Phe

Ser

Ser

250

Asp
265

Arg

Ala

Arg

24

Ala

Gly

Ala

Thx

155

Pro

Gly

Lys

Gly

Ala
235

‘Leu

Glu

Asn .

ggcgcagaaa acctgttatc gcagctggcet attaaacctg ggcaatat gt
gaaaaaaat g gtgcggtgtt

GA¥ et HRE Gye c‘%’g A% Fie gelgt Tie #daggt ga
ggcgcagaga at &t gcgt a
ccggtctcga tggcetaacat

Lys Gln Gln Arg Val

Leu
Val
Gly
140
Asn
Ala
Ala
Ala
Ala
220

Gly

Tyr

Ala

Tyr

ys
125
&la
G}y
Arg
ASP

Arg

val
110

Val

Gly

Val

Ser

Leu

190

Glu

205 .

Gly

Leu

Gly

Ala

Ser

ﬁet

Pro

‘Glu

Gly
270

‘Ser

285

95

Gly

Sex
Phe
Arg
ile
175

Thir

Lew

Glu

Ala

Arg
255

Arg

Pro

Ala-
Asp -

Glu

‘Phe

160

Val

Asn

Ile

Glu

Leu

240

Val -

Val

Pro



cgt gaact ga cagaagcgca tggcattaaa gtgttctacg acgctacccg ctgcgtagaa
aacgcctact ttatcaaaga gcaagagcag ggctttgaga acaagagcat cgccgagatc
gt gcat gaga. t gt t cagct a cgccgacggt tgtaccatga gt ggtaaaaa agactgtctg
gt gaacat cg g£036abt Gt aAQk 0at gAAgaigasgaaalt ght Bécldg tUCERR2QAY
ttagtcgtgg tct@aegaagg gat gccat csskacggcggcec tggceggacg tgat at ggaa
gcgat ggcga ttggect gecg, t gaagccat g cagtacgaat atattgagca ccgcgt gaag
caggttcgct acctgggcga taagct gaaa gccgetggeg taccgatt
1020 ggcggtEﬂtdﬂégﬂﬁaﬂrédﬁmcgﬁ%é%gd@ﬂ-@@éﬁﬂét Apg A chgnéle Leu
gcaagat gag 1980 ttcccggcac addytctgge tgccageatc tat gt ggaaa 0
ccggcgt gcg cagtat ggag 1140 cgcggaatta tctctgcggg ccgt aat aac

Cccacotcol STt PRt dedt Oahg

tccacgtcgt g

&2
icgLacat at ggat gt

t gaaccggt a

QL Chdagd
gct gacg

ttattaaact ttaccagcac aaagaagata ttcgcgggct gaagtttatt 1320

t acgagccga agcagttgcg tttctttact gcacgctttg attacatcta a. 1371

t 0 .
261 91200 9%8%%%%%%%; Sgggcnu

.660
720
/80
840
900
960

<210> 43 . <Rdd as35pie2 b2y TNALR 132 2 Bl Girgl c3eqgeeree s&20pr <B23>

pri nmer

Gly Leu Ser Ala Ala Gln Val Aép Avrg Leu Arg Glu Gilu Phe Gly Val

Tyr Leu Ile Ala Sex Gly Axg Mebt Cys
70’ : 375

‘Asn Val @ln Arg Val Ala Lys Ala Phe Ala Ala Val Met

385

<210>

<211>-

<212>
: <213>

<220>
<223>

<400>

340 345

355 360

350

33
35
DHA

Artificial sequence

primex

33

ggtattgagg gtecgegtgtt tcaaéaagtt gacge

<210>
211>
<212>
<213>

<220>

<223>

<400

agaggagagt tagagcctta catcaccgca gcaaacy

210>
<211>
<212>
<2135

<220>
<223>

34

37

DNA )
Artificial seguence

primer

34

35

35

DNA ‘
Artificial seqguence

primexr

25

Val nla Gly Leu Asn Thr Ala

35

- 37



'<400> 43 .ggtattgagg gtcgctgga aaactttaaa Catct35 <210> 44 <211> 37
<212> DNA <213> Artificial sequence <220> <223> priner <400> 44
agaggagagt tagagcgdta aacttcttta agttttg37 <210> 45 <211> 35 <212>

DNA <213> Agpdifikgha] 8E4MRBEE §t2202nt223 RN | Mer <400> 45 ggtattgagg ;s
gtcgcatgaa ttatccggca gaacc35 <210> 46 <2f1> 37 <212> DNA <213> . '
Artificial sequence <220> <223> prinmer <400> 46 agaggagagt tagagcctta
gat gt aat ca aagegt 37 <210> 47- <211> 31 <212> DNA <213> Artifi-ci al
sequence <228E><2PB> primer <400> 47 ccagggcacc ggcgcagagc aaat ct at at
t31 <210> 48212118%30- <212> DNA <213>- Artificial sequence <220>

<223> pr|nef21¥noﬁgnﬁéciﬁkﬁﬁ%ﬁﬁF§ ccct ggt gag- t cggaat ggt 30

<220>
<223> primer

<400> 36 _ _
agaggagagt tagagcctta cacttggaaa acagect. . - 37

C<210> 37
<211l> 35
<212> DNA
[ ' <213> Artificial sequence:

<220>
<223> primer

<400> 37
ggtattgagyg gtcegcatgaa aaactggaaa acaag ) 35

<210> 38

<211> 37

<212> DNA

<213> Artificial segquence

<220>
<223> primer

<400> 38 .
agaggagagt tagagccetta cagcttagcg ccttcta - 37

<210s 39

«211> 35

<212> DNA

<213> Artificial sequence

<220>
<223> primer

<400> 395 ’ ) _
ggtattgagg gtcgcatgcg aggggcatta ttcaa‘ . . ' ‘ ‘35

«<210> 40
<211> 36
. <212> DNA ‘
. «213> Artificial sequence

. <220>
<223> primer

<400> 40

26



<210> 49 <211> 32 <212> DNA <213> Artificial sequence <220> <223>
primer <400> 49 tcctgcacgc ggcaaagggt tctgcactcg gt32 <210> 50 <211>

ol <220> <223> prinmer <40.0> 50
30 <212> Dl_\ggagg,ggggwtagég{&kéé g%gg%%éggo%%é%9<zll> 20 <212> DNA <213> >

ctttgcegcg tgcaggaagg ctteccgaca
Artificial sequence <220> <223> primer <400> 51 aggggaccgg cgcagaaaac
ctgttatcg29%210s21> 52 <211> 32 <212> DNA <213> Artificial sequence
<220> <223>=FwL>mer43x6400> 52 tctgdgccgg tcccctggtg agt cggaaca at 32
<210> 53 <24ZE2>20PM012> DNA . -<213> Artificial sequence <220> <223>
priner <400%153  EqtPaytccgc gtctacgaag ggatgccat 29 <210> 54

27

';ig;;aaiit tpaaacatct cectgaaceyg tikccgecatte gtgttattga gccagtaaéa 60
éétaccqccc gcgﬁttatcg tgaagéggca attattaaat ccggtatgaa cccg£tcctg 120
ctggatagcg aagatgittt tatcgattta ctgaccgaca geggeacegg ggcggtgacg 180"
cagagcatgé éggctgcgat gétgcgcggc gacgaagcct acégcggcag tecgtagetac 240
tatgcgttag ccgagtcagt'gaaaaa;atc tttggttatc aatacaccat tcegactceac 300
cagggccgtg gegoagagea aatctatatt ccggtactga ttaaaaaacg'cgagcaggéa 360
aaaggcétgg atcgecageaa aatggtggceg ttctc£aact atttctttga taccacgcag 420
ggccatagEc agatcaacgg ctgtéccgtg cgtéacgtct atatcaaaga agccttegat 480
acgaggegtge gttacgactt taﬁaggdaac tttgaccttyg aggdattaga acgeggtatt 540
gaagaagttg.gtccgaataa cgtgceegtat atcgttgeaa ccatcaccag taactctgea 600
Qgﬁggﬁcagc cggtttcacﬁ ggcaaactta aaagcgatgt acagcatoge gaagaaatac 660
gatattcegyg tggtaatgga cteccgegege tttgotgaaa acgectattt catcaagcag 720
“cgtgaagcag aéﬁacaaaga ctggaccatc.gagcagatca ccégcgaaac‘ctacaaatat 780
gccgata£gé tggcéatgtc ggccaaéaaa'gatgcgatgg tgeccgatggg cggoctgcetg 840
tgcatgaaag‘acgacagctt ctttgatgtg tacaccgagt gcaéaaccct ttgegtggty S00
caggaaggcp-tcccgacata tggcggcctg gaaggcggeg égatggagcg tétggcggta‘ 560
ggtctgtatg acggcatgaa tctcéactgg ctggcttatc gtatcgegea ggtacagtat 1020A
:cégétcgatg-gtctggaagq gattggcgtt gtctgcéagc aggegagegyg Ecacgcggca 1080
ttegttgatg ccggtaaact gttgecgeat atceeggceag éccagttécc ggcacaggeg 1140
ctégcgtgcg agctgtataa agtegccggt atcegtgegy tagaaattgg ctetttectg 1200
ttgggccgcg atccgaaaac cggﬁaaacaa‘ctgccatgcc cQgctgaact gcﬁgcgttta ‘1260
accattccgé'gcgcaacata tactcaaaca catatggact Ecattattga agcctttaaa 13#0,
catgtgaaag agaacdcggce ga§£attaaa ggattaaccé ttacgtacga accgaaagta - 1330
. ttgegtcact tcaccgcaaa acttaaagaa gtttaa iéis
‘<210> 42
<211> 137‘1‘
<212> DHNA



+

<211> 29 <212> DNA <2135 Artifici al sequence <220> <223> pri ner %490>'
54 . gtagacjogg actaactctt tggcagaag29 <210> 55 <211> 35 <212> DNA

<213> Artifigial sequenee<220mas223> primer <400> 55 ggtattgagg
gtcgcatgta cgaactggga gttgt35 <210> 56 <211> "z7 <212> DNA <2135.

23

Artificial seequenez <220> <223> priner <400> 56 agaggagagt t.agagcctta-
gt caat at at BEZWEFEBY ca24dB=aE7 ct2ttotl8E «2kArgDNAaxREra by thakbficaky 60
sequence <220> <223> prinmer <400> 57 ggtattgagg gtcgcatgtc cggcatcgtt
gt cca35 <21639$939 PSCpagnl A2 tpRRISE2] 3so9AFEAdE et attsecuamteaat229> 120
<223> prinmer_<4005 58 agaggagaqt tagagcdtca gacatatttc agtccca37
<210> 59 _<2iia£g ggtt atatgtg%%cg gg:tgacgga% agtggcgct_a acgcaatgag cgacaagcag 180
tgggocggaa tgatgapggg tgatgaageg tacgcgggca gcgaaaactt étatcatctg 240
gaaagaaccqg tgcaggaact gﬁttggcttt aaacatatﬁglﬁtccgactca ccagggQCgt 300"
ggcgecagaaa acctgttate geagetgget attaaacctg ggcaatatgt tgccgggaat 360
atgtatttca ctaccacccg ttatcaccag gaaaaaaatg thcggtgtt tgtcgatate: 420
" gttegtgacg aagcgcacga tgecggtetyg aatattgogt ttasaggtga tategatett - 480
aaaaaattac aaaagctgat tgatgaaazaa ggcgcagaga atattgegta tatctgectg 540
gecggtgacgg ttaacctege gggoggecaa coggtctega tggetaacat gcgtgeggty 600
cgtgaactga cagaagogca tggcéttéaa gtgttetacg acgetacceg ctgegtagaa 660
aacgcctact ttatcaaaga gcaagagcag ggctttgaga acaagagecat cgccéagatc 720
gtgcatgaga tgttcagcta cgecgacggt tgtaccatga gtggtaaaaa agactgtctg 780
gtgaacatecy geggettect gtgeatgaac gatgacgaaa tgttectctte tgccaaagag 840
ttagtcgtgg tctacgaagg gatgecatct tacggeggec tggccggacyg tgatatggaa ‘906
gegatggega' ttggectgeg tgaagccatg cagtacgaat atattgagea cegegtgaag 950
caggtteget acctgggega taagctgaaa gecegetggeg taccgattgt tgaéccggta 1020
ggceggtecacg cggtattcct cgatgegegt cgcﬁtctgcg ;gcatctgéc gcaagatgagr 1080
tteceggeac aaagtctgge tgecageatc tatgtggaéa ccggegtgeg cagtatggag. 1140
cgcggaatta tctetgeggg ccgtaataac gtgaccggtg‘aacaccacag accgaaacty 1200
gaaaccgtgce gtctgactat tccacgtcgt'gtttatacct acgcacatat ggatgtitgtg 1260
gctgacggta ttattaaact ttaccageac aaagaagata ttcgeggget gaagtttatt '-1320
tacgagecga agcagttgeg tttotttact gecacgetttg attacatcta a 1371
<210> 43
<211> 35 i
<212> DNA ‘
<213> Artificial sequence
 <220>
<2233 primer
'<400> 43 _ -
_ggtatitgagg 'gtcgcatgga amactttaaa catct 35



<212> DNA <213> Artiificial sequende <220> <223> priner <400> 59
ggtattgagg gtcgcatgcg actgaacaac ctcgg35 . <210> GO <211> 37 <212> DNA
<213> Artificial sequence <220> <223> priner <400> 60. agaggagagt ’
t agagcctca gel®tceticg tattcca3d7 <210> 61 <211> 35 <212> DNA <213>
Artificial seftrenée <220> <223> primer <400> 61 ggtattgagg gtcgcatgag
cgtggttcac € 3BMR210> 62 <211> 37 <212> DNA. <213> Artificial
sequence <2305 <2385 PFiHbre®MNFS 62 agaggagagt tagagcctca at cgat at at
ttcagtc <2105§@3 <211> 35 <212> DNA <213> Artificial sequence <220>

<223> pr| ML 523.<400%83

| <a00> 44 |
agaggagagt tagagcctta aacttcttta agttttg 37

<210> 45

<211> 35

"<212> DNA

<213> Artificial sequence

«220> .
'<223> primer

<400> 45

ggtattgagg gtcgeatgaa ttatcocggea gaace 35
<210> 46
<211s 37

«212> DNA
<2135 Artificial sequence

- <220>.
<223> primer

<400> 46 :
agaggagagt tagagcctta gatgtaatca aagegtg 37

<210> 47.
<211> 31
i <212> DNA ‘
<«213> Artificial sequence

«220>
<223> primer

<400> 47 :
ccagggceacce ggcgcagagc aaatctatat t 31

<210> 438
'<211> 30
<212> DNA .
<213> Artificial sequence

<220>
<223> primer .

- <400 48 .
tgcgecggtg cocctggtgag teggaatggt ‘ a ’ 30

29



ggt at t gagg’ gt cgcatgag cctggttaat atgaa35 <210> 64 . <211> 37 <212> ---

DNA <213> Artificial sequence <220> <223> prinmer <400> 64 agaggagagt
t agagcctta tgaecttdisaac gecgttgal37 <210> 65 <211> 684 <212> DNA <213> C.
t est ost er onk211s400>> 65 at gt acgaac tgggagttgt ggcctggccg eccctgggcetc
aagccct at a tgegecat ct gct gcagc ccggcgacaa gacatcgtgg tcgcagccgt -
gccaccagcet tEeaggrgddleizrjaap@tafeet gcaggagat acgat caagg ccacqct ggg
gccgt ggaag tgctggccgc aagctggect cgggcatcct gccggecctga aatatattga
ctaccgcaat éggﬁa cgcg.ccgaccgcgc tgctgctgac60 cgccaccgtg Cacgaggcca
tgggccgegt & fcgﬁ%f%iZO ctat gccggc aagcaggt ct

cgggcaccgce- cgicacggt g180 ctggat gat g. cat gt ggct g- ccgagcagat

t cagcccggce2dlL+cReCHC 8988k 856 gea-tdgt act t cgg cgatct gct g300 .
oggcgoacgt gcgctgatca tcgatgccgg cgtgcgcgac360 ggactttccg gtctggagca
aggccatetc ttccaagggc420 ctcggtcaac atccccatcg tctgcgeecgg

catgctggtc48ﬂubgcngcgcgt540
<211> 30
<212> DNA -
<213> Artificial seguence

| <220>
<223> primer

<400> 50
ctttgeegeg tgeaggaagg cttcccgaca

<210> 51

<211>= 28

<212> DNA

<213> BArtificial sequence

<220>
<223> primer

<400> 51 .
aggggacedgyg cgcagaaaac ctgttateg

<210> 52

«<211l> 32

<212> DNA

<213> Artificial sequence

L

<220>
<223> primer

<400> 52
tctgcgeecgg teceetggty agteggaaca at

<210> 53
<211> 29 |
<212> DNA
. <213> Artificial sequence

<220>
: €223> primer

<400> 53
. gttagtccgc gtctacgaag ggatgccat

<210> 54

30

30

29

32

29



cgcccagaag cgtgaaagct tcgaaggcga aaagcgcgcc600 cggect ggat atgtacaaga
t gcgcgagcc cct ggaaaag660 ctaa684 <210> 66 <211> 227 <212> PRT <213>
C. testosteLpi. <490> 66 Met Tyr. Gn Len Ay Val Val Tyr Arg Asn Ile
Gn M Ala Aspe-MymtH1015 Ala Ala Ala Asp Gy Len Ala Ala Len Ay Ser
Al a Thr Val <tis Grti2025630sAnsedet Gy My Val Gy Leu Len Lys Pro Tyr
Met Mg pro Ile Tyr - ' 354045 Ala Gy Lys Gn Val Ser Ay Thr A a Val
Tht Val Len<¥¥r Gn Pro 50.55 -60 dy Asp Asn Tip Met Met Hi s Va
Ala Ala G n<¥3 IPE™sFn Pro Gy 65707580 ASp Ile Val Val Ala Al a Val
Thr Ala G n' S Thr Asp Ay Tyr The 859095 Ay Asp Len Len Al a

Thr-, Ser Phe a Arg Ala Len 100105110 Ile Ile Asp Ala
dy Val Ar gg'ixsﬂp @iasfg Ec‘gaﬁcﬁgt@ltﬁgﬁgﬂa 28 n Met Asp 115120125 Phe Pro
Val Trp Ser Lys Ala IIe Ser Ser Lys Ay Thr Ile LyS Ala 130135140
Thr.. Len Ayfey Ved Asn lle, Pro Ile Val Cys Ala Ay Met Len Val
1451501551660z211> 35

<212> DNA
<213> Artificial sequence

<220>
<223> primer

<400> 55 .
i ggtattgagyg gtcgeatgta cgaactggga gtitgt

<210> 56

<211l> 327

<212> DNA

<2135 Artificial sequence

<220>-
<223> primexr

<400> 56
agaggagagt tagagectta gtcaatatat ttcagge

<210> 57
<211> 35-
<212> DNA ‘
<213> Artificial sequence

<220>
<223> primerxr

<400> §7 )
ggtattgagg gtcgcatgte cggeatcgtt gtcea

<210> 58

<211> 37

<212> DNA

<213> Artificial sequence

<220
<223> primer

<400> 58 .
agaggagagt tagagcctca gacatatttc agtccca

<210> 59
<«23i1l> 35.

29

35

37

35

37



Thr Pro Ay Asp.Mal Ile Val Ala Asp Asp Asp Ay Vval Val Cys Mal--..
165170175 Pro Ala Ala Arg Ala Val Gn Val Len Ala Ala Ala Gn Lys Arg
G n 1801851983 Setghe G n Gy Gn Lys Arg. Ala Lys Len'Ala Ser Qy
Ile Leu G y.»h95200205: 4N AspueMEt Tyr Lys Met Arg.Gn Pro Len Gn Lys
Ala Gy Len Lys 210215 . 220 Tyr lle Asp 225 <210> 67 <211> 42 <212>
DNA <213> Arzoioki ci al sequence <220> <223> prinmer <400> 67.
act cggat cc ¢eadggagamert cat at gta cgaaCt-ggga- ct42 .210> 68 <211> 33
<212> DNA <213> Artificial sequence <220> <223> prinmer <400> 68
cggct gt cga €9Gtt aift ca atatatttca gge33 <210> 69 <211> 31 <212> DNA '
<213> Arti fIEPEFIERETRGE LDt LFFE3° T iH8r <400> 69 cgcggat cca
taat ggtt ga gaacattacc g31 <210> 70 <211> 30 <212> DNA <213> .
Artificial ggguenge : ' : '

<211> 37

<212> DNA

<213> Artificial sequence

<220>
 <223> primer

<400> &0 .
agaggagagt tagagcctca gttctedacg tatteca

<210> &1

<211l> 35

<212> DNA

<213> Artificial seguence

<220>
<223> primexr’

<400> 61
ggtattgagyg gtegeatgag cgtggttcac cggaa

<210> 62

<211 37

<212> DNA .

<213> Artificial sequence

! o <220>
<223 primer

<400> 62 .
agaggagagt tagagcectea ategatatat ttecagte

. <210> &3
. <213i> 35
. <«212> DNA . ] .
" .«<213> Artificial sequence

._<220>
<223> primer
. %400> 63 '
ggtattgagg gtegeatgag cctggttaat atgda

<210> 64
<211> 37
<212> DNA

32

37

35

37,

.35



<220> <223> primer <400> 70 acgcgtcgac ttacagcact gccacaatcg30 <210>
71 <211> 32 <212> DNA <213> Artificial sequence <220> <223> priner. -
<400> 71 cegrpsat t secitffaatajgtegamet gggagtt gt 32. <210> 72 <211> 33
<212> DNA <213> Artificial sequence <220> <223> priner <400> 72

gaat gcggcc fEtFragtcaa.tatatttcag gcc.'33 <210> 73 <211> 15 <212> DNA
<213> Arti fT43%3 Bedi&nce <220> <223> primer <400> 73 ggtattgagg
gtcgcld <210z 74 égll> 17 <212> DNA <213> Artificial sequence <.220>

<213>

<400> 66

Met Tyr Glu Leu Gly Val Val Tyr Arg Asn Ile

1

5

10

ala ala Ala Asp Gly Leu Ala Ala Leu Gly Se

Ala Met Gly Arg Val Gly Leu Leu Lys Pro Tyr-

35

Ala Gly Lys Gin

50

20

Val Ser

40

55

25 '

Gly Thr Ala Val Thi

33

Gln Arg Ala Asp Arg

15

Ala Thr Val His Glu

30

Met Arg Pro Ile Tyxr

45

Val Leun Leu

60

Gln Pro

<223> pri neégaéggggg?%ag%ﬁ:@ggg @ac&%@gcgggltga 37
' <210> 65
<211> &84
<212> DNA
<213> (. testosteroni
<400> 65 .
atgtacgaac tgggagttgt ctacegeaat atccagcgcg~ccgaccgcgc tgetgetgac 60
ggcctggeeg cectgggete cgeccacogtg ‘cacgaggeca tgggcegegt cggtotgetce 120
-aagccctata-tgcgbcccat ctatgcogge aagcaggtcet cgggeacegce -cgtcacggtg 180
ctgctgeage ccggegacaa ctggatgatg catgtggctg ccgageagat tcageoecyge 240
gacategtgg togeagecegt caccgcagayg tgcaccgacy getacttegg cgatctgetg 300
geccaccagcet ﬁccaggcgcg cggcgcacgt gegetgatca tocgatgcegg cgtgcgcgac 360
gtgaagacgc tgcaggagat ggacttteeg gtctggageca aggccatéte ttecaaggge 420
acgatcaagg ccacqctggé ctceggtcaac atccecateyg tetgegeegyg catgetggie 480
acgcceggtg acgtgategt ggﬁcgacgac gacggegtgg tectgegtgec cgeegegegt 540
' dgccgtggaag tgctggccgc cgeccagaag égtgaaagét tcgaaggcga aaagogogoco 600
aagcectggect cgggeatcoct cggcctggat.gtgtacaaga tgcgcgagee cctggaaaag 660
geccggecetga aatatattga ctaa 684
<210> 66
<211> 227
<212> " PRT
C. testosteroni



Gly
65

ASp
Gly

Ile

Phe

Thr

145

Thr

Pro

Ser

Leu

Tyr
225

4Asp

TIle

Asp
Ile
Pro
130
Leu
Pro
Ala
Fhe
Asp
210

Ile

<210>
<211>

<212>
<213>

‘<220>

<223>

- <400>

<210>

Asn

val

Leu

Asp

115

val

Gly-

Gly

Ala

Glu

185

Met

ASp

67
42

DNA .
Artificial ‘sequence

67

68
<211> 33
DNA

<212>

Trp

Val
Leu
100
Ala
Trp
Ser
Asp
Arg
180

Gly

.Tyr

primexr

Met Met His
70

Ala Ala Val
85

Ala Thr, Ser

Gly.Val Arg

Ser Liys Ala
135

Val Asn Ile

150

Val Ile val
165

Ala val Glu

Glu Lys Arg.

Lys Met Arg
215

Val

Thr

Phe

Asp.

120

Tle

Pro

Ala

Val

Ala

200

Glu

Als
Alg
Gln
105
val
Ser
Ile
Asp
Leu
185

Lys

Pro

Ala
Glu
S0

Ala
Lys
Ser

Val

Asp
170

Ala

Leu.

Leun

34

Glu
75

Cys
Arg
Thr
Lys

Cys

Gln

Thr

Gly

Leu

Gly

140

Ala

155

Asp

Ala

Ala

Glu

Gly

Ala

Ser

Lys
220

. acteggatee gaaggagata técétatgta cgaabtggga‘bt

Ile

Ala
Gln
125

Thr

Gly

Val

Gln

1Gly
205

Ala

Gln
Gly
Arg
110

Glu

Ile

Met

Val
Lys
150

Ile

Gly

Pro

Tyx

85

Ala

Met

Lys

Leu

Cys

175

Arg

Leu

Leu

ély--
80
Phe
Leu
Asp
Ala .
Val
160
val
Glu

Gly

Lys



- <213

<220>
<223>

<400>

Artificial. sequence

primex

68

cggetgtoga ccgttagtea atatatttea ggo

C=210>
<211>
<212=
;2;3>

«<220>
<223>

<400>

69
31

DNA

Artificial sequence

primer

69 o

cgeggatecca taatggttga géacattacc g

<210>

<211>

<212>
<213>

<220>

223>

<400>

70

30

DNA

Artificial sequence

primer

70

acgcgtcgac ttacagcact gccacaateg

<210>
<211>
<212>
<213

<220>.

<223>

<400>

71
32
DNA
Artificial sequence

primer. -

71 .

ccggaatitca taatggtcga aétgggégtt gt

«<210>
<211>
<212>
<213>

<2205
<223

<400

gaatgoggee gettagtcaa tatattteag gec.

<210>
<211l>
<212>
<213>

72
33

'DNA

Artificial sequence

primer

72

73

is

DNA .
Artificidl sequence

35

33

31

30

32

© 33



<220>

«<223>

<400>

primexr

73

ggtattgagg. gtcgce

<210>
<211>
<212>
<213>

<220>
<223>

- <400>

74

17 -

DNA ) '
Artificial sequence

primer

74

agaggagagt tagagcc

36

15

17



