WD 98/ 21341

PCT/ US97/ 0@ 9821341 . VETHCORCHEROTIH873
RECOVBI NANT o ) PRODUCTI ON OF

1, 3- PROPANEDI OL Rel ated Applications 5 The present
application is a continuation-in-part application of United States
Provi si onal Application 60/030,601 filed Novenber 13, 1996, hereby
i ncorporated herein in its eMETHODFOR THE RECOMBINANKvent i on

The present invention relat erdgudhenoeh $.sBoPRUESIBET bi ol ogy and
specifically to inproved —WET%UU'S—FUI”'TH'E—DT'U%U'CrTon of 1, 3- propanedi ol
in host cells. In particular, the present invention 10 descrlbes
conponeniGiféd BepRcdtionst ers associated with 1, 3-propanedi ol product ion in
host cel IS, rotein X .and 1, prote rotein
52 Mobe speci TMEaTeasnt SRl cpBagH § Cipuaipranbar aepigetin bBusd Rebeimubertn o
cl oned gapplicatioe 60/03WEQY filbd Novetnbgrrio] 1998, Hereljyrindarpdratdd hBrkirpinGis @ntived,
ei t her SNETE) mvgn 5ntoget her, for the enhanced production of 1
, 3- propanﬂo‘f—qﬁgﬁ [ 1. 3- Propanedi ol
is a mononer hgw ng p P Sﬁ}tnoﬁrelat? 1 thﬁég 'ﬁ@g%fi%ramlf’?yoar?d Slpeﬁ'é?%&‘f Prey ers
and the mﬂnﬂdadwnihepmﬁugmnylﬁﬂét-mgmdahd ho;tmlells: In(pm;imulndme present invention
vari ety

i %s&@‘é’&&%or{egwcgéeﬁgcl@:st@gs%@{’&ﬂ%ﬂg% okl prbBlciA ﬁmﬁafceuf

et hy Iene nver OVEer a ca
t he pr es debgingfpretaingp I@hd@rotmﬂeprote@h? whprotem 3. nMnmpeef c&ﬂydmgesen&mde:gmn

aci d, bydL-&Pnbe irlek h%eﬁsn%ﬁ'ok‘&lb% d&aaﬁenémp%gn X0l prBein0t, El’d?elﬁﬁlahaepﬁﬂeupﬁ 20

reductlon rom rocar bons suc cerol, ‘react In the presence
of car boﬁlﬂl‘ﬂiﬁeRﬁra@'Y 0”09% fﬁS/@PGQ@‘H‘CB‘JEWdéﬁthIOf/ét?’sWﬁ%ﬁﬂeﬁ@' igthesteefis.om gr oup
VIl of @agk@&bhgdl c table. Although it is possi ble to generate

1, 3- propanedi O y these nethods, they are expensive and generate waste
streass cont aili8-Rgpenadisl tnaswhameplodvingt potdntial utility in the productidri of palye&teefibeks1own

for over ﬁdfhee']#: Hkaduhtelo goléaeﬁrgg alcc%%o produced fromthe 25

fermentation cero rral strains aple to pr oduce 13gropaned|ol
have been fourfdva"P— of chemicalrauigs &0 1.3-prapaeediolaopinamin: o axaraple ethylese pxide um

Ent er obagisgibe dohva&%% 9 r&p%bﬁﬁ%io@b\l'eﬁ*a catalyst lh%@ ﬂ@@éﬁcb |0F'§hosﬁﬁﬂe F\'ﬁét@lb 2&bBh -

I n each case |s converte ropanedi ol In
I e e pRn otnan S o S et S lsbS phésabeoion o womlin fallwed by
dehyds at asinctiar, af frarahytifoearbons suzhras glyserol) rezctegflity therppéseinte of carbon monoxide

37 myar 9 4 Rl gdal Vb ekl pERhe Bidthe T brol S R ool TRRGER s 3°

step ane

oxi dor edpesside tq gapesmate éﬁ-mppanedxo?by these methods, they are expenglvg ged generge MRaste
Herr]O streams contamm environmental pélfefdagd. i on 1) 3-HP "‘ NADH "‘ H[err] [err]
1, 3- Propanedi

1, 3- pr opanedi 8‘Iha?§eﬁ'6 ‘?’(\5!1@BBY‘?'Z"&?"W‘P%W‘H&@%"%N&W Bserqducecﬂ:f&mﬁneat es in
hi gh 26 onésmienatioroof glyceroli Baétbeal &Eﬁihﬁablé’ Reprodigeal, 3-proparddic) haeObssn fosnd for

reduci ng { f reduc, b-ni cot i nami de
adeni ne 8?%@?5‘2%?& HO?R%A%L%V{\% s?'g'%&'( ?ﬁg"%’ac‘% ”K?bc?ggf'ré%qséfggadeni ne

di nucl eotlaefebgcilug) andrifejobacter. In each case\yidigl, gly@stol is converted to 1,3-propanediol in a
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conversion of glycerol to 3-hydroxypropionaldehyde (3-HP) and water (Equation 1). In the second

s step, 3-HP is reduced to 1,3-propanediol by a NAD*-linked oxidoreductase (Equation 2).

Glycerol ® 3-HP + H,0 | (Equation 1)
3-HP + NADH + H* ® 1,3-Propanediol + NAD* (Equation 2)

s The 1,3-propanediol is not metabolized further and, as a result, accumulates in high concentration
in the media. The overall reaction consumes a reducing equivalent in the form of a cofactor,
- reduced b-nicotinamide adenine dinucleotide (NADH), which is oxidized to nicotinamide adenine
dinucleotide (NAD).
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aspect of the present invention, the carbon source is glucose.
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The m croorganismis selected fromthe_ ?'oup of genera consisting of
Citrobacter, Ent erobacter, Costridium Klebsiella, Aerobacter,

Lact obaci | l us, Aspergillus, Saccharorryces Schi zosacchar onyces,
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The pres emupucﬁwﬁmgcﬂﬁ "@lﬂgﬁcﬁ?%@i‘*ﬁ-&'g‘&s%‘?@i%ﬁas %Ws?%af“ﬁﬁsv?%a PRAEIPOL i on
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Schi zosaecoinprisenatdesst ora/qc(a)ea:gémrm@@a ghcerbl-3phedphateaiebydrogenas€antilitya(p) a

g%?%gé%%gé%%oding a glycerol-3-phosphatase activity; and (c) a gene encoding 1,3-propanediol
oxidoreductase activity into the microorganism. Gene(s) encoding a dehydratase activity, protein
.X, proteins 1, 2 or 3 or other genes hecessary for the production of 1,3-propanediol may be stably
maintained in the host cell genome or may be on replicating plasmids residing in the host
microorganism.
a5 The method optionally comprises the step of recovering the 1,3 propanediol. In one

aspect of the present invention, the carbon source is glucose.




Hansenul a, Debaryonyces, Micor, Torul opsis, Methylobacter, Escherichi &
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one aspect, the gene encoding the dehydratase activity is heterol ogous to
sai d m croorgani smand in another--aspect, the gene encoding the
dehydratase activity is honologous 5 to said mcroorganism In one
enbodi nent, the gene encoding protein X is derived froma cerol
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64) and t
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PCT/ US9 mmw&msm and in another aspect, fheydehydaitasel agtitiiyas bemelhgousrio saidu
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subunits 1, an 3 as well as protein X and the open reading franes
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10 Figure 9 illustrates a standard 10 liter fernmentation for 1,3
propandi ol production using E. coli FMbo/ pDT24 (FMb described in Angen
patent US 5,494, 816, ATCC accession
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No. 53911). Figure 10 illustrates a standard 10 liter

ferment ati @iy Jspiash, 3 propandi ol production using E. copdTuse720873
DH5al pha/ pHK28-26. 15 Brief Description of Biological Deposits and _
Sequence Listing The transformed E. coli W2042 (conprising-the

E. coli host W485 and plasm ds pDT20 ™ & - and pAH42) containing the genes
encodi ng gl ycerol - 3- phosphat e dehydrogenase (G3PDH) and
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nunber of the elmqnbsn ddedntagd efrth@present invention as déMar384aad 34, is that the presence of

PCT/ US97/
Det ai | ed Segé:’acug encodm1g ptr?_ltem X alo?ﬂ wnth nucleic acid encodmp at Ieast one cif protem 1 &r%tem

rel ates tz)ammgropmal irca hest ceff capablef epmqetdg 613-nrnpa1eshohgt/es the unexnestedcyesg&mf sm
and provi Ex%aé By ol Bt h@‘ﬂﬁ%ﬁaﬂédlar:ﬁ’%qup u%e111 3 PPJ;%H@&I&CH ﬁ&uc“@

f er ment ab e ca on source 1 n Sin reconbi nant nrEsm

i ncor Por ahess cell Igcing Rudleip apig &ﬁ?%qlﬁchHB'ém % algng mtbau@wﬁgc@ egcosfingatieast eme of
conpr i si Ngro@irt mtgmrg)g@gpggmcg het er ol ogous genes encodi ng

dehydr at dha (| di t
ot i 9%%@‘%5@%?\ taor 2" rertadhod Aot atol S préssut Inastiones shopminte

group conisitisd inviyoaéactivationf meedelhydratape atwiitp inla mitloqrgariism thaBis dSpbdiatea ity the
t he m croorgani s nt ai.ns_at codi ng

gl ycerol %’g ;ﬂ?ﬁ? e'&éﬁ’?&PSﬁ’é’Pﬁa&% em&?ﬂ’c@?&]’”@”ﬁﬁ@?{?hat ase and 1,

3- pr opaneBriel DdsEription dd tieriDcawings (dhaT) . The reconbi nant m croérgani smis

contacted wit thul%a‘f m93m§é§b&Hﬁ%%1§ntgggthe 9 r}(cerlﬂ ‘?ﬂ‘&é’% g@?hée) lS:lu.gtﬁi; g%ﬁlé&;b%%ﬂ rom

the grow h ned
i’ nexpensi Areumodiageniplasmie pHKR-¢6 (%E:Q(HHNQ;& In this &mue cefYEncades- grpteirah @efXol|

TONOMEr  Ugfahlks g;afate%fhf afd Mdc%bsf)ﬁro@m  OSAR-R réfed t9§>Fb‘?§]eR°' ymers.

The follow ng definitions e used to Interpre cl ai ms and
speci fi cati on. Figyres 2A-2G f"usfrar%fhe9##@“&@@6ram!@ss@c'@;memq@tf@?bs'qﬁla gene

clustey"” ﬁfﬁfu%ﬁ,abwcbm amyd&ftas@epa@tsm\oh(dhbm) (SEQabNGseCi ated with
1, 3- pr opanedi OL: Br odlﬂc #ge }‘n a. host 3 ‘30(}@?8 L r}t ended to encorrESaE
gl ycerol dehydF@tstiligsiratesdne amiroacida \ﬂ@ﬂe" hsiel'a apsHmomaRateyLh S=Q ID
c: usters. NdSh@'ll)daha cmalc@m freundn pratéint $SEQ IDNg: m)e(rdek‘g@m&d/ﬁrmg@se BN,
cluster, as illustrate ure 1. es reuato ons.
20 TSt Tielateh e Atins 251 Harrhenti Rt eu Bfirite srotsin 2 eI
"react i vaNOngg)tand Giled’mreafraw”@mtém i2t(BEQ ID NO: 62) (designated in Figure 4 as orfX).

35 Figure 5 illustrates the amino acid alignment of Klebsiella pneumonia protein 3 (SEQ ID

NO: 64) and Citrobacter freundii protein 3 (SEQ ID NO: 65) (designated in Figure 5 as orfWw).
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refers to the phenonenon of converting a dehydratase not capabl e of

catal ysis WD 9%8/283¥strate to one capabl e of catal ysis ofprcr/osdwosat e or
to the phenonenon of inhibiting the inactivation of a dehydr at ase or

t he phenomenon of extending the useful ha/flife of the dehydratase enzyme

I n vivo. 25 The terns "glycerol dehydratase" or "dehydratase
enzyne" or "dehydratase activity refer to the pol ypeptide(s)

responsi bl e f dfigurs 6dhsyratesdiod insitu yeachertion sormpsrisbh ef plasmiis peid28izsgwaich
converti - gl I l,e t [ -hyvdr oxypr.opional dehyde. For
the pur po%gggmgfd%%ﬁg%ur{m 1p?§é§%tagi“;ne@§rsiﬁ ‘%%“?ﬁaé‘%d‘i%ﬁmﬁé'aghﬂmﬁecqudﬁ@i ude
a gl ycer ¢irotdiaity drodaim @ @nd Geatéia Sk v (p@724 (wWhich corlt 0O GIHB subdnits ti2cdnddedsdéipdsas e
( GenBank I r rred substrates of glycerol and 30

1, 2-pr opaér?égﬁé%n rg‘%é{éébg'tsgvcgp% G ycerol dehydratase of K. pneunoni ae ATCC
259555i s encoddghre 7 illushrgtetthe ingritteeactiatidh cocipaBdn cipthsciisBM7T dentairirigagbnas

code for Tres A by EREA BdprobhR0 s Ret R P Vens SunafiRe ™"

r espect i AR subunits 1, 2 and 3) inheolifPhi&seellsprot ei n X of a dehydrat ase gene

cluster” or " @t & § ' 3 r of el S
conpar abl e toq?)?%'? giaﬁ %g'fugttrﬁgg&F%@%@F%zg%p%%ﬁg%gze%@%g@ﬁ%%c'%&%a% '
cl ust er MNO:HOwRGUENTR ofUf.cPreuptonide dichdahydrdtgsecgenmaclasteeptoteipXot ei n X of

Kl ebsjella pn i i . e c¢luster as shown in Figure
5. Prif er abl y THBRS fustrates dsBndsberyF i Riefign Tor T Brofidiol pi5tson 531
PCT/ US97 A2 7R coli FM5/pDT24 (FMS described in Amgen patent US 5,494,816 , ATCC acceskiorr -

t he prodt,%t isg ‘Bf 1 , 3-propanediol in a host organismover the production
of 1, 3-praopan 21. ol in the absence of protein X in the host organism
Bei ng conpar alfliguredarifustizaes Distaneachtd tgr fehmentation 6rot, 8 pfogahdril bRRIuciich t he

sane str ral | | encodi ng Klebsiella protein X wth respect
to Kl ebsﬁgﬁgaéﬁhgﬁféﬁgaégﬁﬁgha%, i.e., DNA encoding protein Xis 3 to
dH i~1éial be O & b '

nucl i ¢ grief DREGHSH has overal|l am no
acid simiTart §¥43n56HIEE £ r

hydr at a

protein X. The present pr ' no | at

o tyiaas sAERREHRBET0
| east and ghbig2)ontaining thetgeges ggcodingalycerohdphesphatadehydrogerase (GBPDH) arat
| east 95 brgh)- ' i ' I O
0ot deherud-S Bhodshaldtol B8P RhotRalksd), Shooro %h%ra&?g?m%'%dﬁh%’ﬁﬁé%%’t hi n
the ter #x'ﬂ?W%?t?Fe)&dh?Q W ¥encsited °’a£%%em@’f‘b$" 886 with e ATEC Bnddritheienos of
Ci t r ebactier Butiapestayedtpon (H3aeferriz@6ndVIR s285HRon bf tHRASEE¥sH Bf Mick, SrgamdH3 i’n?iiﬁeﬁ) :

The present inventio al sp. enconpasses_ani no acid variations o
prot ein ufﬁ”SﬁPﬁﬁ?”?ﬁ%PS%ﬁ“{)%ﬁi"g'ﬁidg?giq%ﬁ%a%lngt:ﬁé’M88- protein X vari ant
retains its esseereiialaeMMPME00darboring plasmidsiPMCK DS pRICK1RCEMERB®Snd PACK35

roduct i . 1. 3- [ Lol i hqost. or gani er e production
bt %15 Bohulihink o2cs encodb YRR sHhonthefk detiiregent? BLRBHRbnd drediict e n X
15 phosphatape (G3R phesphatage)Kblybarpadehydratase (dha Sk rand di3ygropdveedipl ycer ol _
dehydf at A\ ; r L] ransformed into
£ eg © Soreicise @h41)Uhap/qehpited on Mk dpidiindl' 1808 Wi he'Reg [BRF L GESs ol
t he ATCCtheRHsaPesidreaty p thefinternational Rgeeanitipnohthe DapdsihafMidesorgarisras farsheATCC

© accessi OPupdBYef PSR ocuROEd se!aesi{;nait&?a&“ Ei7356 genore encoding the
di ol dehydr at ase me activity we as protein X was transforned -

. enzy| ] as
into Ecoli arfdceiH&H%s sepiaipingwi P whigh hagsabopiBSkb opa &iabeid/pgerbdnedphich cdrddlbs
with thegpa f . : .

the biyeettNderydidissd, PFotEin X n%igﬁ‘cgg@g giofﬁﬁd 3 %@Wp@s‘&gﬂs‘@gg Agril 1988 it

desi gnat ed as ATCC accession nu
dehy & at Bed 5iovnder the teams sl ihe Bueanest Trgaty aad wes Sipsignate SATC CIBIREY. 18.coli DH5«

count i ngedntdinihg pRP4 RaAInIHg £IPeHiorRst tRORIebiieNh GeHoRfY n]codiﬁ%lﬁfgpé’é’ﬁ&&rpafasgr eundi i

(ATCC accession , .. nunb CFU09771) nucl el C amc_ie enco g oteln Xis
f ound betRFEY: i?S'é'F"f‘p(?ﬁée'f%W?Ls g‘i’?ﬁi’sﬁ 9’2?8&8”'1995W“htheﬂ@9i’£ﬂ5§mtefmefﬁb¢ on
enconpasBudapgstizsatg and dias glesighated ATessopa@t ein X that are

mbi tly, d | i cat I id in the host [
wel | a5 genes AT TR B AeteiBey Miie cilire cBlection Hisrrasena depesiery [oied at
present 12804 Maridawe BoveyRockeile, MDROSEI BOL. The desRyMandHaasiePfoRfs 6EdeaBoR

1, 3- pr opaniskrok tnARLELiR 4t ne encoding protein Xis transforned in a
host cell tod.e'ltfgler vens%%dgrﬂ%gg&encodi ng the dehydratase activity and/or

ot her genes necessary for




30 the production of 1 ,3-propanediol. The gene encoding protein X
dehydr at aggo g9z ty and/or ot her genes may be on the BeEEESII20873

di fferent expression cassettes. Altenatively, the gene encodi ng
protein X may be transforned separately, either before or after genes ~
encodi ng t he dehydratase activity ald7or other activities. The pr esent
I nventi on enconpasses host cell having endogenous nucleic acid

encodi ngpRkAfeigesrigon'ef thedsvdidioh cel | | acking endogenous nucleic acid 35
gg_?_?ﬂ'sgg ) 2p0| 807[ ?Q pfesent invention relatesAD154rddd4idn of 1,3-propanediol in a single 1o

The t er mpicrpprgaeism and P"?Yr"ﬂﬁsém{%"%ed Agthods, fas peaduction of d3propanedigLfr ?ﬂ”@t eins
encoded kdinn fable camdhréagfeeam smgreheéon&nﬁancor@ammbrmemtm;rdqhajrpmré\teé 8EQ I D
NO 60 or SEQ g 8 fé | g}?h&@teln (SEQ I D
NO 62 of“'gEQJQPBSNGapﬁgf [ Bfediring PF@&"?‘H" §§m8F'T'9€ CRRS o ] ( SEQ
| D NO:  6fheRFolstchis lgbhd¥2ncoling aaiyﬂmtassef(dhaaapbtueasamecge‘nu\)encasmmteimelayd 5

f bl f d
5 1 s capabfienaly atleadtone S8 oftes Yrbeie's rosdh soiBB5 6 Tuuralh SrRlsRg fr 2 O0;
organi s mpmten 1t hetqnf D dndt protein &f Optidhally, the misreopganisdi cnntalms ath@saumm of

protein ngy

or gani sm® %?qd Jﬁ&}%&@@haﬁégﬂgﬂ{%bﬁ%@yéﬁ@%Ilﬁbgbﬁ%&& r ot el rf "ORANSHP |her in
t he sane ox1doreds¢tai&:¢dba'é)l Theesombinastdnipiiorganisods aentacied w@s pearboy éulpﬁt@teean#s
as_shown %'%Pn dﬁ:l?s:s&éte&ﬂ@htﬁé‘ﬁmm megapective proteins have overaII

anm no aC| arl respective SEQ | D NOS shown in ' ures 3,
4 and 5. The present mAtogd peayisigs a|r?f?}6ﬁ'ﬂqx@ﬁnsé%\ﬁ’rﬁi‘§§@§“?ﬂ‘%b’éﬁ?°ms' | ecul es

having also)@a%F 1 §%K&péﬁ'édlatmbﬁb%§ér useful in @ %dﬁno@bfd iersgﬂ%otﬁ)ér palymie@ast
90% or at | east '95% sim | ar. 61. The

t
present i nventingdo! @mﬁﬁ@é@@@%ﬂt be HQSSZPPrﬁ]“’é'B{?I?g? ql?é'\‘? %equgtg}n 50% or
at | leﬁs'f t 65 15The t&fm Wehydratasaigénedisterotor a@ede&:ﬁster%%mfo tad séteﬁgbné%%tlch
simlari i on
encorrpas W&?gdﬁ"'@'\%f@@ﬁp%%‘ﬁﬁﬁu‘nq&"a{? a%ggltscteu BRdE "@P'Pé%%ﬁ?g sotrﬁ}?gg% or
at. | east g%%ol dehydtatdseaene 8Stecr asavell asadiel debydratase geneiclusters BEQhaDegidrn 64
SEQ | D | | - ' "

br ot 6 n TSR Wy5eIs) dpiyciatase qsnBEHEE s stk gk Wrictbh e baduetory
from C ogegienl.um past euri anum (Luers, et al., supra) as well as nol ecul es

having at 20 +p%§§|rm ﬁg%{éne?a{tmﬁtlhel SRFdrafise %WR'J}‘ &l "rE@éiﬁ&tur@Q% dél{%d?attade%ﬁ\htyg()%

or at |east 95 Imla past erurianum orf or. orf

" present ir ﬁﬂ?&‘?ltbﬂw‘%ﬁ“@ﬁ‘eéﬁ%eﬁﬁ?&%@ %H*?Wéraéﬁed‘%%ﬁﬂaaiel qf gatalysis of g subsiratedp

1, m% and o%efcapémeaycdﬁwmrmmwm aftol m@m@amh@ arrmmmg halinagtvatioh of a
co I nat |

{ t
char act erquY‘¥M€*§s%Prmﬁfﬁﬁﬁ%nfﬁétgq@lﬁj@? %”'gﬁaﬁlefeé%e deHydE "S%n%@a?‘&’". n a
host or gagesm over the production of 1 3-propanedi ol in the host organism
in 25 t hei ‘n : n ? I !
ot hofl Tor enniroBa S el feswcisiess” o gRh iR come” o Bori R AR e, o
encodi ng tathe maeptm‘&es)o'ésgmefbbﬁor ah emzywe a@chivit theht$ gapahle phis@nerizing emsf or ned

in a cont Sk gﬁ{Vl’e'%P’g?%?ﬁ% Bm‘&ﬁ&%shﬁl:&?ﬂ"oggnaa%ﬂé nF%th%]Eﬁ’rgose of the

dehydrat aseacHy enes ucti1on
of 1,3- prmmmémmtmnmdejwd@(a@ eemm ingjudera glgcesel dehyctwaiﬁ (Geabark YO977130
and 3 prL%d%b@) aﬁd FGbYdbhpdraase fsdnBkhk Hased) ﬁévnﬁ hefer@ @esstmée drQ1yRsrol &1y

sanme or different expressi on cassettes ter atlvel the geneé%)
encod¥®ng tag-Pr %E?d'@n@sﬁ?d'h?'bt @lvperohdehydraiage of ’ﬁ‘a‘iﬂe”’"m’ae 6}50 r2aAe? 5806

separ at elwm@gémrdhtasfl CHfféBQran%fthB3 gRARJISREED MoNDBE, dehadnahpédﬁvapt The ty

i g eBBAREE2 A A2 genes cods 11 (G5 £ hurnG S St o 0S ShPGpLTpyE e "
protein Cerﬁgmwaiehpﬁvél;ast cell lacking endogenous nucleic acid 35 encoding
the proteins. The phrase “protein X of a dehydratase gene cluster” or “dhaB protein X" or “protein X"
s refers to a protein that is comparable to protein X of the Klel_asiella pneumoniae dehydratase gene
cluster as shown in Figure 2 or alternatively comparable to protein X of Klebsiella pneumoniae

diol dehydratase gene cluster as shown in Figure 8. Preferably protein X is capable of increasing
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The terns "oxi doreductase” or "1, 3-propanedi ol oxi doreductase" refer to the
pol ypepti de(s) responsible for an enzyne act|V|ty that is capabl e of -
catal yzing the reduction of 3- hydroﬂyproplonaldehyde to

1, 3-propanedi ol . 1, 3- Propanedi ol oxi doreductase includes, for exanpl e,

t he pol yp@.e?&&,c@&p&cﬁeﬁg%cﬁém WW&@B%aGWNﬁeH@&Z&%n Aﬁ@@gaMI irSthe

i dentified The terns "g hat e

dehydr ogefRsgace BferGSﬁE)H the pest praagispm Beivg %‘%&?ﬁ"éﬁeﬁ?"s i D’?’%?B f or
an enzynepmedin iéléithaﬁﬂﬂib@aﬁwéﬁtru@@taﬂdamgasth emwmgwmlewé pdstémdcr\mwrae@éwne

h hat I - I
NADH or 1] 0 R ‘bt XhEE3 g abRbAe P anfia Seiiria mettelX B © e encoging,
i ncl ude t tigag10B3 @MhﬁgerMebwdmﬂhlanmd@ﬂi]aﬁ’Bﬁo efKer Kiebsikli® Hionsreglypseegded
oo o o 67 A B bl mope oy e oL
NADPH- dep&otdpmtat mysﬁa%( &t leakt 80994 at lpastOOtddit lgstRdssith@entPtotke PRAEI6 X, of
(466746 6). d dent
Cee 15, 68 Rrpumoniag St i denyarBfth g € au Bl ol b e B Y Bk
G147838) or gl paiBbed GithiBdikieNR OmeBjn X'lis protein X, alshesferediie as ORF Z, from

"gl ycgg ol cﬁrpab&épégraaﬁon géegfrfew'mge rp baaeﬁﬂ %hf\fga%egs T e%seal MGéHtQ{n

phosphat ase osphat ase" refer responsi bl e
for an enelymnmnaspwammo acn@watlatlogsera@fatﬂrexBpmmmlgrewsgn'ﬁmeasdm%&@pon of

gl ycer ol - groplaPKRAALR rbtQing ity 684ehlial fiAtHonal char%%ﬂ@@&ﬁﬁ&eésﬂfd tHel ??oduf:ﬁUn of 1,3-
exanpl e, the pol ypeptldes encoded by GPPl (CGenBank Z4704 GPP2

(GenBank PrPBBResial i) a hog organism °VHﬁ§‘etR§P‘i’H°"©’P ?c‘e?'ﬁ@ﬁ"%é‘ ‘hF BP%P@%"&F"P H‘éhe
pol ypept i gisdepre besBRASXDlI € for an enzyrre activity . capabl e of

catal yzing the conver IL.on cero |
hycerbl 5 phod e of e KigtigleeBo shipstialfie aicass BREERREhSregme actighas

d ycerol . welhas prdtem D(wchastranfsmrmed(mtqf eoli arfuethe transfqymieyl Bpiives depasiddandd GUT1
( GenBank . ' " " "

"D2830", gé@%%&%%h\ﬁlk\s\?? lun%eer t%estggngghﬁié gp%arp ggangetﬁg{?y anaesr’éégérd ?soAgc%ene
t hat encoaesession pumbert §a788 Hpertioh ofthglidehsiede genome enteting thegriiol dlebydiatdse

char act er bﬁ%ebé/ctﬁ/ﬂﬁast@é?asgﬁgfé @?@aﬂr‘éﬁﬁ%rﬁ%d%ﬁ@ée@ yﬁﬁe transformed E.coli Egt o

term"GPD2" ‘refersto a%ene t hat encodes cytosolic ycero - phosp
dehydebgeferasitathen 4§ ApalckO8p MBH\%TQ%nwé@is@MrvaﬁeBgdga@eﬁ%ats WVas NO 6.

The ter ”Bdeﬁﬁﬁ?edﬁ“ﬁhcd’laleée?éu@\ na,lhge,l)gquol nterchangably and refer to a gene
that 30 encodes a nmitoch hosphat e de%y%lrogenase and

charact eri zed febsiglda gyegrol dehyﬁ@@gﬁé’f%ﬁéﬂ 6|‘§/f§ﬁ“q 2} bgpes 974972 of SEQ ID NO:19,
The t er mscouriiRg the firfiidse ofdhaK' a\éldo@ﬁawumber 1) Ciffobadtet FreRiIqAPCE aabeéksionf er to

20, o b RET SRR e e P ORI R a1 ana 5072
WO 98k21341 The present invention encompasses genes encoding dehydratase protein X that are

PCT/ US97/ : : .

The. ter ms'=HGEpINAN rgpeliced and replcale,on.a plasmid n the host oroanism as,vyell az geheghal *, |
a gene  are stahly maintainksiin dhedysbassiome. glhymssntlevq@hmmmaeseamethod for
character krﬁf@& Plto:aﬁcd%ﬂ%ﬂ SEHSHNEBioBWN&Bin th e%enﬂ%néﬁ?tsd ;? Mﬂ )9 is transformed in 2

The term to a gene that enco ac ycero I nase
and 5  chestsell toopthegwitygenes enawgsféqdem&éatgﬁe\@ﬁw @nQEQoﬂhy mewecessary for

The tegyg nsthefw&ﬁicha{lof 5-propaRddi®. THE§édeshcoliRg BrotdiPX! BEnyairdtadeVdctiGity?diidior t Y
of an enzXther' genes may be on the same or different expression cassettes. Alternatively, the gene
- encoding protein X may be transformed separately, either before or after genes encoding the
dehydratase activity andfor other activities. The present invention encompasses host cell having
endogenous nucleic acid encoding protein X as well as host cell lacking endogenous nucleic acid
35 encoding protéin X.



altering the energy required to performa specific chemcal reaction. It is

understooq,vémg,gmgpch an activity may apply to a reactipor/ing7/20873
equi l i briumwhere the production of either product or substrate may be
acconpl i shed under suitable conditions. 10 . The terns -

"pol ypepti de" and "protei n"- are used i'r'lt1 rchangeabl y. The terns
“carbon substrate" and "carbon source" refer to a carbon source capabl e of

bei ng et abol igede s “BRwin O BAMIS WSarf “pidiéin BY RN the Pratsths entoasdlin a

T o anecy P cunanse S E Ik FTNbE LG SR LAY e

substrat g5, afbrf} isﬁow:@ﬁ ($BQIENO: 625r SEQ ID NO: Ssil'(aﬁsotrefeﬂ‘ad‘fdmdrfx)dnb praiein'3host
or gani snt

m_cro eivin foreign or
het er ol od§§9 '8&%@469@58" é&‘ﬂf@é Z?T%nge?ﬂ%?gg aséﬂ@@&t%s‘)pe %’cﬁ?’ée an active gene
produgt . Preferably, inliié ptssém of foeotein n ageast bne bif proteingr!, DhiAd 3 is capable of

"het I t I
nati ve t JNGHRST Ga RTERIonaY " R BB hoat speniff oGl hepRBlAkhior 75T @
vari ous rp?a;smed‘iihﬂ tigeateende mfrwﬁelesﬁanda# Idast anered proteing § 2andidin |thﬁgthéne

nmut at ed gene.or thégg,ﬁgbl nant

o gant sroganis: Beifid paTiaaDE dand B DNA encoding the protdfe el

t ransf or netictordl tochﬂnsascﬂﬂeh@en@dmg tm%reépgqtlvgérvé%n%uas émwramd’wr%é fothﬁé’ﬁﬂ)l gous
genes, The 9ff SRAR0SIR HhildriRPohERePctil e % LALDNDS XRIVASH
forei b"n ge eesd\éenérg I ng ag %eerr%?'? bhﬁ@;ghate lzszlléech’ydrogenase (G3PDH) and
gl ycer ol ngu‘a&@p‘nmch%e (&P phosphat ase), glycerol 25 dehydratase (dhaB),

and 1, 3-prop rQéen‘P?&'vE’ﬁfoﬁ‘iHE&rﬁﬁ%séﬁb@Bniﬁfoléch@sﬁéﬂﬁblﬁﬁlémso%, or at least
1, 3- propanedlo from suitabl e carbon

bst.r
Lo a b e %: ocatipart SEhea RS 00 g b a8LoHt SRDaTY 19.SER 4P Gk 80 oh S F PP
regul at orgy. SREPRBEMASVENESEEHcBgpasSEes Wem@dnﬂgr)ulamivfnglalt tmstrﬁ@"/( r at least 65

non- codi n co t t

refer®o %) @feq%ieaa%% }é%ﬁ&?gﬁa%g{ LretiEeE ﬁgst»/a&ﬂ-@%@ ?oeé u§ a? %g\' bgg Iég\% o
The t er nETHeTOuht ngéntmncénbmnphssgg protefired modecuiee hpvm etsisas&w%horcai l%?sg%‘h‘é,, or
I e L T
speci fi ¢ ani nolnaluied withjn thedernisn tiretgiast” Dipxoten R and éﬁO@We& rRERectively. areg -ve
base chan Bltujﬂé’vlfw%np @Fos pa%tébﬁﬁﬁlgﬁ (Lu'E!rst Beal eB&ﬁﬁbeéi Tl d%Qnéléd:lﬂes Mva tC h

i nvol ve 3 ase changes whi c % one or ?]g]}) {?gs
not af§ eclﬂaﬂfﬁ@“/ﬂhehéﬂ?aﬁﬁ?% or atipg B‘éﬁi ?"eaéleéﬁtqq’(é%"?té?aéf SdlFEl 18 the DNA

sequence. pddterd;SadNEs Bl QR of BH. SteQedehtinvértion also encompasses anfiiio 28id2/hddtions
Poy Usey) S

i nvent i on°fe‘ff€’8|'f‘ﬁés% 8ed AfPE any picreR@anismAsPRg 2SBRBroAF) vkl ey °°mb'“at'°"3"§th
Modi fi cat prafsin XOretdin® its essertielfurdiional charaktedsticd ef atieasing thermeqhtctlomsf 1,91

Suibst anti 'aw%?% nadfy o oo BB 45 8 AR REHGTor3.- Btbpneciel rSHP PO S 7 7"

mol ecus e their abséreeal so contenpl ated. For exanple, alteration ih the gene

sequence whi Chgfagé B St idafiioh en ﬁﬁ%&%ﬁ%‘iﬁetﬁ&d {oR EnfRRBSH bra R of £8-phEliBdiol

result in the i on o ul val ent a aci d
gi ven si t wheringhe gmﬁmm@m atieasd 0"%0@56@% ¥ groteip a&ﬁPF%e"&él'ﬂ“' %ﬂ%‘?ﬂ‘ﬁé in %

hydr ophobj haﬁ cplitog étﬁbm.uﬁ(jérfés eH@dﬂu@%rﬁféM 'tﬁéﬁéﬁdﬂa}ésé a@M? an@aﬁaﬁler%na@ ot her

| ess hydro Ic resid such or a rop

oo due. | Bbassens o7 hq PrEGUStBEl haPrsenedth doe SraeCkgriiptay SR AR BRIEIns 1,2

whi ch 3§ esghd 3] groeindst ddhybratide attivty enwe:gaher\gehys miag be ed thecsaimdber diftsrertnot her ,
such as aspartlc ac

resi due f 8¥p'81"ﬁ5?"n@5153?ﬁc ﬁltgrgaﬁu&iy ' h‘g quF(ig?'bqoﬁﬁnﬁg E@?fr?%% o pmgﬁ"ioﬁ %?”g%g‘é‘%‘f ed
to producee Q'absfdnial sephiaelys gltfier defond omafted geries eoadingthi diehyrinatagreactivity arv/or

| t f.th ot h
Vet maheEer R it AR bRl rESRbke A0 o AR Aol G a1
the prot eiencoding protein 1; astein 2ior protgin 8 as m&ilas bestgel lacking endagenatisanucleic acid
nut ant,g Ofenf:&fn@ﬁ%]y%@% in order to study the effect of alteration on the

bi ol ogi cal the 15 protein. Each of the proposed nodifications
is well within the routine skill in the art, as is

ers




determ nation of retention of biological activity in the encoded products.
Mor eover , wadgs/aBal | ed artisan recogni zes that sequencepcuusompmssed by
this invention are also defined by their ability to hybridize, under
stringent conditions (0.1X SSC, 0.1% SD§ 65 [err]C), with the sequences
exenplified herein. 20 The term™ expression” refers to the
transcription and translation to gene product from a gene codi ng for

L he sequencedq)ﬁe {eh@is Wtbrémﬁti@stor "1 3-propaned|ol ox:ﬂieddc&rsﬁ'srefqut@&m d", f

"vect or an ssette! Ghrono: t . often
car 1y ngPOERRIORA BRParebid B S et Bt ey Beli{ PP Ree 2R rechetond
and usuaBlhydrogyprépgonaldehydeotorn, Bpropanediol af, 3ckrapdredivl oxidaredudiids indiides|foes .

it egr at PR peliasPtiy BRERNT by s BRad el BEOY Y R3804 38 Widentiied
circus ar as SEQADNgl e- or doubl e-stranded DNA or RNA, deri ved from any

- econbi ned | niie 57 treh o osfheE UehyERbdeRlse B CRRT (AR BEBONPELREM N
a pronot easpbnsibjerfonan gnzynbhRctivitycrpadle Q‘featahfzmeltmme@@n@f dihydrogyageigoe al ong
W th appw%fgh%@ﬁ}xpmtgn@eaﬁdn%tﬁ{a SIRALRERS. Vit @3PBH may Jéﬁﬂéﬁormmnar

cassette specific ve cont al ene an

o CFaRriepandant. JexTIRes g ERE/MEAYgHRclude thydnlawings NABIGepsRes!
t ransf or gﬁéyhfé@ et 1. 18y ék%bﬁed@%@v&ﬁi denes E%%ﬁﬁ%ﬂﬂ F@éﬁ%ﬁk ?7467@ or to a

specific vector con e._and having elenments in_addition

ShCthe  GPORRenean 2353650 or CEPBUSPREARRG AT o1 DARIdGen BN CR TR B ene. | 1
a forei gNADPH-dependent enzyme (ECTN&.192) msencbde’uwfg;fsmcbﬁaankaumén I @4e6786 (ddgn”

of  nucl o7 r§obbal s IR SRag e sreme L & sl ore enchSBY 11 U

98/ 21341GUT2 (GenBank Z47047x23) or gipD (GenBank G147838) or gipABC (GenBank M20838).

PCT/ U897/ 2087 " "

chr orfbsomal Dﬁke s n?‘?’%edrﬂ-csé%fmsg hata 5 & hsrn oS (r)orxrasrpr}DSBhat%sé °h gd ls%ﬁct? één‘c es.

The t er nmphosphatage” 0 SE3F phosphatage’ eneéermhe pelypeptidets) respoasible forainanawme antivity
The ter ”ltg@ﬁ%%bé&é‘h# éét?&iu‘?g{ &e coﬁx?e?&&éoﬁ@c%%? 3@%99&%% &fgmﬁ?digt;% hereditary

mat eri al transformati on or term"isolated '

refers t Bhﬁpb?féﬁ%inﬁ'ué?s Wxé@al?eﬂ‘éepq\’ﬁa@"qeé epeadsd b GRRINGeNBraiad47044%125)

corrponenbr@ppb(géug‘alﬂkmag%xn@)t ural ly associ at ed. The term
honol ogous™ refers to a protejn_ or peptide native or naturally

occur?ing in aheterm“glycerolyingse] (péerﬁbchegngeptlﬁﬁgs) F‘??Péﬂ?"?'ﬁﬁ’ﬁ%(ﬁ"&ﬂ@g activity

M Cr oor gaapabigofeaeingNige Edivel3Nuf glyoers! to glyceldl-3iphoSphateorn g FaM3NsHYs phAE

t echnol .10 TRUCTI ON OF RE | NANT ORGANI S

Roconbi nL VSRl SAPETITR B AT ETTR N S HRRIa K258 AL AT TP e ¢ he
enzymat i polypeptidgandodasg by GUTIIHGeaBankal 5i588x1®). a car bon substrate to 1

3- d , y . " " ' h

L2 P opaned ol ReGPRRe HoKEY2 QU ey SASDBLORSH WA (88T " 1e,
dhaB3s anmtqjclmngeablwameéerd@eaen@thatmﬂeﬁrmﬁosqbglglycms&pamham Exanpl e 10,
genes  dehyd ﬂéga%r@tchbgag%zwsy% b%@%r@hé@g.péﬁagﬁea IBN@sand 3 as well

as at | east one ene enc was used to transformE. coli.

. Genes encodi ndhgfefme ﬁ&méf?fﬁééﬁ)ﬁﬂﬁée thahsneodefch ayasqlicglyoeipl-3-phosphate

gl écirgl dehyarsye géls%ltmnaractenﬁéa%s’y m@‘(bgﬁé@q%‘éﬁée gidby €580 1d§mydrat ase (d[]aB)
an pr opanedi o [ e were isolated froma native
nost such ab- Rhebeme eH T2 e ihidBEch SR otk erenangably and seierio aens dra
straiss snsdiiesdd nitocksndrialYtiwarolB(Phéephatd\def)arogenasélahidihakdefrized by theURE €S
cerevisiae strai,n SEQYF@(@&% or the Kl ebsiella pneunoni ae strains ATCC

25955 or SERHENGA giken in ati on of Genes Met hods of _
obt ai ni ng desiTheterme"GBPH'T, tRINA2 barat "¥LOSBVWY @rsouseddnterchamgably @vicdeisetd a gene

. that encodes a cytosolic glycerol-3-phosphatase and characterized by the base sequence given
as SEQ ID NO:8.




25 known in the art of nolecular biology. For exanple, if the sequence of

t he gene %%\9@1 suitable genomic libraries may be cp %ﬁ&‘nﬂx 3
restriction endonucl ease di gestion and may be screened probes

conplenmentary to the desired gene sequence. Once the sequence is
i sol ated, the DNA may be anplified using4st-andard primer directed
anplification nethods such as pol ynerase chain reaction (PCR) (U S
4,683, 202) to_pbtai n,, nt, " le f g
appropr i at e vaBe i ‘BFRAR Ao SRENEROLAD, Gebhe Piboeapbiiy BTl WalonL
created tdaeemcodes geytsergwmcsrobﬁ phesphatase Bnmcharacter(m-bafﬂtd)basmqumawhaged
into vec%géﬁ a@chél%ed to transform appropriate hosts. Cosm d vectors
are uniq 8 erng able to accormodate large quantities of DNA. Generally,
cosmi d va@be tars "GAVTY " sefedsde 8 igena thabeppdes a eyiesofo glyeninl kinega@nde which i s
needed f%arﬁ&&#&%‘d}%é‘ﬂé’s@s@ u eillsed [FNbAp! zation of the foreign DNA
In addition to the’cos sequence these vectors wi 1 al so contain an
origin of repFﬁEéﬁ"F’é funglian” g5 e@éY'Ei“!i‘ﬁEP’Hl’%f@”Pé’Sq catairticackviyioépr ey iBs a
gene altdrGithd entirgy RqalfEd B delfor QlspBERIBdHeiical Michiétl St i8luntiérsid8d RBEICH an
vectors for the transformation of WO 98/ 21341
PCT/ US97R¢ettyify may apply to a reaction in equmbnum where the production of either product or sybstrate
sui t abl en@%@rcb@hpﬁyaaaaneéreum;é célgigiens.bed i n Sanbrook et al., Ml ecul ar
Cloning: A La nual,. Segond Edj.tio 19 Col d Spring Harbor
Labor&t ory Pr ggg?el'@g B°'!§?ﬁﬂ“lf¥a ﬁ@r BEFein’\gye use '"%Théé %?3)
Typical |y to Thememsdsarbds sufstratel” gnd Eifbonsouce! @ferdo ararbbh gadreelcapsbled t he
appropri of
the cos mgamg g&ett%bohz%}oé)hﬁ%ft 8@ ﬁ@gg%lf'meep?és%%{ m%“tlgﬁ %{1% gglg culta-I cl:aglg %glfcgg
DNA i s t belactedfrometie araup mnMQmmmthghamhsmheowcmrdss polysamgn@SLMage
1. Durln 5@% h §ofCOS sites are cleaved and the foreign
DNA i bné- E%-g?:@g a?l%c@nﬁilﬁ(ﬁ%@»tﬁ %ortlnon of the bacterial viral particle.
These5 particl Jbeéﬁr@sf'hw calf'«y "hast organisey’ gaferte amisigoragpisen sapablecbracsivingeh as
E. coli. f&agﬁormte&ida@us Eéﬁbsté?@ &ekﬂresswgema&r@nggt&&ledd& anc‘ddi.wb@f{el | pruct.

s

under the i an uence e cos sticky ends t hi 1 ment s
of foreign emscfa‘ﬁe'%gf*?ﬁréﬁﬁ@écp%d h@%&'&%@@enﬁ 9{’@ B?fﬁ'i° HPS Y&t
<(:§Ihl E ) redfer tb gehétid rﬁ@tegﬂdwlaﬂ{le)i_&:j ong o@éan@amgt e3aReh rmcgdi Vitkih @l hodedtgatiisrh gg e |
dhaB) an ropanedi ol _oxi do- reduct ase smd
Vect or s aptipts RGP PR e s it B8 a HECHEY B%Toind ahbea motetnd SepRORL o
the 2b pyndsatisigenevention to clone |arge segnents of genomc DNA from
bacterial gen 8 caRAN r ol
to 1, 3-pr opangral 0 pn%Spem man @Qﬁéﬁn%#gam s? erer&rﬁgﬁg@%% '{E
25955 mbee@tﬁarwfmerlM%qlggw qr qurﬁtswseneﬁ errextra copiahiof htimplanus genes. wa th
the rest Fé&hib%nﬁ%xn’em%%% rédent 9&tioh &% ﬂesgfaragﬁgémsw@&ﬁgogl ycaL cos 1

and package dasin % g (;)Q?c aq{?gp xtrac | ow n
const r ucPhesphate qeﬁédr%%'ﬁﬂe 8: P'@B? Pn lycerp 'masec@Wst\%P'@f%sﬁhﬂéfF@’Phed
Wi thaf hede tslsQHAaB)T aaasfsqsraﬁneamw&rwc&ea@&hahworm#@@m&wﬁ ¥f to

convert cerol opanedi ol growing the cells in the presence
of gl yceg @H@egwgf@%%gblegarbq\ﬁgb%é Sa for 1,3-propanediol fornation.
“Two og t he 1, 3epneypafeesiiod nuzieid émdl&agmaﬂﬂ‘fal’eméiﬁs\ﬁpemﬁﬂﬁio!éltﬁﬁi'\omiﬂ'lgt he
cosm ds wer KP1 KP I n Ve xt ensi ve
ool ogy a9 SRYRERT prebeiny B ot A BPHRAE e SAFE ™S Fefifbedion
denonst r dhe tegmis Meativeh ek "wildeyrs" oefeatotasgene ras dounddn Bitare with itssowrodgulgtonhe
gl ycgg ol g@y,?é Atase gene. Qther 1,3-propanediol positive transformants
yZzed and the cosm ds were named pKP4 and pKP5. DNA sequenci ng
reveal ed t hat Thaderms "encodings andicodingr feder tOMA peeress by whichdi genedbiepdh tease
gene. meché@&rﬁ& bpf?ar%fcgﬁt?dﬂ%d%ﬁﬂgﬁd?\gpﬁﬁ%é' a4 afnind 284 @é&lfe%ce Pit féttﬁl'dgrs?ooand
protein 3 3 he I nstant invention utrlizes I sol at ed
genes fr 8@t metmvwsa okpegesiing|q %9966’5 dmino acid seqyenceringludesRim é%fﬁleﬂ$es fha‘ may

dehydr at @%6Ive@EES cﬁ’é?@e@'ilﬁt 8b Rottatbéla BRaNgRIiMthd ,eneédétd%m.n@aa@ Cbr Whﬂs‘h%m\;é
i ncl ude, . but are no to, Citrobacter, Jostridia, and Sal nonell a.

Tobi At sfasgghagpes w &@@6“33’\]9%3’ one orgNeye anpRARidsy byt doxpy aeds thefuncliond!| ose t he
K. pneunprupattieg loy therprbteihcdrddeal insthe QN saiqusitel & is thereffrie @inGérdtodd tHat the
identified as ORF 4; Segfried et al., 1996, J. Bacterial. 178: 5793-5796
di scl ose the C.




35 freundii glycerol dehydratase operon where protein X is identified as

ORF Z. Figure 8 discloses WO 98/ 21341

PCT/ US97/ 2489821341 PCT/USDg/20873

Kl ebsi el la diol dehydratase protein X and Figures 3, 4 and 5 disclose amino
aci d sequences of proteins 1, 2 andg3 fromKlebsiella and G trobacter.
CGenes encodi ng G3PDH and G3P phosphat ase The present invention

provi des genes suitable for the expression of G3PDH and G3P 5

phosphatiagéntios bhabnipatses Mmore has theapktific exemplary sequencé‘ﬁ nesdifitetions togth&3 PDH
are known. For ex

nas the. THuEee ST ARIRtTER RyARa &g REFAENE o bt Piapepre wERS ROCLEF SRR 2
sequenc ect@hgéﬂhhfdo&ﬁ@shiﬁktéiﬁ]allﬁaf{ébaﬂr@ fartctiahal prapeptiea Jof thsi rasdlﬁrrgl prote@3Rblelcule -
havi ng 11 ds3 can@aiitaier ooy RoE el At b bR DB SEARRE WARA EREREET, Y 2T
sequenc edagevienacy of tBEGendiichiord, 2r (Maichikesiditrin the prbductitvpdf a chemlcaw@qgivaleht andilg

95, (1992} at a given site, are Ier@%%ﬂn%ws%m PRk afito gﬁ@gnﬁﬁng%,{zgoﬁm

pol ypepti responsi activ
pur pos esarginotakid, malebe isubstittedby %ﬁodﬂmeﬁf'@mﬂm amth%rd@ss\hydsnphgble sgsidyleesush as

cat al yzi §Igc ﬁt{:%r a more f I‘.I%Io%h@r@s@ﬁe %BN% QQ‘IM@C@E&IH@ oPI%@%QISIﬁé eSWﬁﬁ@ch& es

gl ycer ol 15 "contenpl ated that an ene
encodi ngvhigk "eéHIO ﬁbs@ét"aﬂ%‘efmﬁ@égﬁwettﬂbmeageﬁwﬁéﬁr wﬂsﬁﬁgﬁushés aﬁpamc am@EQ
| D NES: Iebr gl%?amuéa%dl&r ,ohe paadvslﬁcmgéce@mndfdmnétaert B@ctﬂﬁl@ﬁnﬁapasgnﬁi@%an

QuTZ2, buni.t of t I
Funct i OLFS bexassiasha eetice h PIGEIHY ARUYRIFH prodicl Yuicclli Resnaer Whishgeaits

enconpasggesatdfion thea-tatmiidpand Cuémm podehebf tﬁefprcmém el cuieisuld Blgb nolibe

not alter thefu tlon enz W | the killed
per son + FrReeie b atesgte ek hine PRI issmicates aRbgr fac B8 SR yeble Bk o,
be suit alnuanisof tmssequamtdm opdee festudy the effectof alteration dacthe bwwgmabacﬂgﬂw_ﬁhe

Loco i AR GRepeluotifea RIS AAEEYR DRl B BT e

i sol at eddétermination of fajenjionofibibledisal@aliBhHR theceneodedprodusds careovan thedkiiad
X56162; QeQ&Sre §@I|§JSQﬁIatfsEQ&Qdc9§Sﬁ‘éo$npassed W‘ﬁIslﬂf‘en%Fmryfsoadé‘Fiﬁ§§beIﬁlr>§§ﬂ1@r23

and X14179; 5 genes isolated from manmalian sources 25 include GenBank
accessi oﬁé‘ymfﬂlg&"dm"h?ﬂﬂ‘dﬂ?%@?xSSC 0.9% SDS, 65Geneithethe semyeces P
phosphat ggfnpified kéveir. For exanpl e, GPP2 has been isol ated from

Sacchar onmyces_cerevi si ae as .t he base.sequence given SEQ.I D_NO 9
at ol O anThleey TR TS e 40 DR ARG AN CRReaieD Bg ’%I”‘itl(ﬁ%%ck
et al., lgene(EjhoﬁIng foResequéhce of the gpnéﬁﬂggclzt) 1996) 30 N
contenpl at e any, ,, a at a ti Vi t swta e
for the o HelsnRa L Verat dp remsend AP i I?5Q°58II'FI DA
capabl e gitencayinggengs whiegh emmﬂlpartoﬁtrmcentral mejaty:rhemcdf ﬂibqalﬂpspl%ell;{ io the

| ycer ol a
ch/d sequé‘ﬁ%gkwwhblh%wgﬁg%@g@&giﬁgﬁuvegn%ueﬁéﬁ%%ﬁﬁ rﬁé%@%éﬂg%% W I I be
f unced ont@pli¢ating lsequences, ;ﬂﬁe@aﬁtntm@m:esnemémase R akclentids sequsinges; dinear ot e
eNCONPas &RHIaAIrAIH-br BuihiibsirildeQTINA SPRNACAHERSiny %Gdk&l.ﬁ%.&n@t do

not alter the function of the enzyne. ci)remate
skilled pémleref DH%I?NQIGﬁégu%weﬁﬂ?‘f?gb%aﬂﬂ'b?ﬁ)%&fﬁ’é&fa@ée it Hurigue ‘FQSI‘(IFBQIWér

sour ces @high ¥ &Pable of introducing ¥\EroPterffthnent and DNA sequence for a selected gene
e i d gensy .

sui t abl ePPPgvct glaag;with aperapriatech untranslated shqueRssinto,agal) STrapgfarmation cassetie”
dephes phefaes & & spedific viicioe e6rithinidg a foreign gene and having elements in addition to the foreign

gene that facilitate transformation of a particular host cell. "Expression cassette" refers to a
specific vector containing a foreign gene and having elements in addition to the foreign gene that
allow for enhanced expression of that gene in a foreign host.

The terms "transformation” and "transfection” refer to the acquisition of new genesin a

as  cell after the incorporation of nucleic acid. The acquired genes may be integrated into



phosphate to yield glycerol may be achieved with one or nore of the

follow ng general or specific phosphat ases: al kal i ne phosphat ase (EC
3.1.3.1) kf? F%em ML9159, M296631 U02550 or MB3965] ; apéflmgmlfgat ase
(EC 3.1.3 nBank U51210, U19789, U28658 or L20566];

gl ycerol - 3- phosphat ase (EC 3.1.3.-) [GenBank Z38060 or U18813x1 1]; -
gl ucose- 1- phosphat ase (EC 3. 1. 3. 10)'9[tenBank M33807];
gl ucose- 6- phosphatase (EC 3.1.3.9) [GenBank U00445];

fructose- 7] or
ot o5 chidlb I ORRUPHES ST, Sxdachotiosoh FEARRANG SA74T-1 TIPTAAT ¢
M23546 aﬁﬁaﬂmmﬁt] referstothe product of @drapsfoemalissi ng gl ycerol ki nase are known.
For exanpl e, b has
been i sol at ed an ggér}%g‘cf {’%569 .Yé*&é?{ t;ml%ro%b%‘?ﬁfﬁaﬁﬁ;@?h%ﬁfafﬁgﬁﬁ{&ﬁﬁ%
(1993)) é’ﬁdePﬁ‘eafBaé)én%'ﬁ?%nce is given by SEQ ID NO 10 whi ch encodes the

am nogaci d $é‘rﬁ+*¢%ﬁ#ed)" r\éfyas 10@ prot@in de éeoﬁaendetthw.é tenVe@ RBAES It EsheDY
t he Skl |1 ed artl san that gl ycerol kinase catal yzes the

a
degr adat |°8WP8'P9%WEM‘&“ 'ﬁ'ﬁ“ﬁ&@ﬂ?%sspﬁ'étegarre enzyme will be able to

function int esi ol t.o convert osphate to
ol'yoer ol under eem Jorielaspys ekisdo &erdBn R peesegfe ¥eiacy paEy B irde 8
exi sts f grangipysitvetiospecaldling inventbhirslugias migbgrganisrhs produciig tha bemdldgdes :
anaer obi S condi tions, Trypanosoma brucei gives
rise o (Em%m "fa rgletgr 'hmﬂ eegﬁe@g&e of dycerol-3-P and ADP. The reaction

occurs in the gI ycosome conpartnent (D. Hammond, J. Biol. Chem 260,
15646- 15@ANSTRYGHON OF RECOMBINANT ORGANISMS Suitabl e host cells for

the reconbi narﬂecgﬁﬂ%ﬁltd@&huﬁps &r@auﬂﬁ@%%%é&%we?ﬁaﬂvﬁll&ﬁéode the enzymatic

prokaryotic or eukaryotic and will be limted host cell ability
to expr ePathuayiferdhepspnypmsion ofacarbpﬂépwrraéedtvﬁo%wgpwqdw may bp serstiugier uging y

uO S tef UL f ?échﬁfqgéé{'(h&l Erﬁbv?i‘ in g{eé&e r/SA di€dusdedin E&ﬂﬁﬁ@@b&*es%‘d@&ﬁn@?&ebmeua dhaB1,

r obac n obac ostri obact er

Lact oBacFﬁF%%* ﬂg apgpie %x were ”segg%gﬁ%ﬁfﬂﬁlxg ?bﬁ?’ﬁlaf‘g DAY dagaes

Zyg osacclehtahiatdeasPomofleSielly pmtems/h t,lasat;ldmeﬂ%s aﬁfeasl—?ms;ma Ielac;odmgI I

Debaryo cor 0 t hyl obacter, Escherichia, Sal nonella,
”%%qgm)lw %lésped-g {%ﬁ %bglve

Baci | | us Seudononas. Most preferred in the present
i nvention are Eenes @hcqding gﬂznerté-mm\osphate dghydiogsnasa (G IRRId)) glycenpt 2 phegpheiass .

Adenosy| é&SP%h@éﬂh'%ta@&)o§{}E¥r€%}eﬁb&’r5{alsigisfQn?’?%e;%baﬁu'edﬁpg PéHucTaQé gfy ?T'ger ol

dehydr at coenz ex non-
nat urdal pveselisotatadtanm a natine hastsugh as iqds Pr§a0ﬁhafpmﬁc48§nd |uﬁed:10éwnaf9rrn Gosthe

products sﬁﬁm@lg@é.ﬁ as’3@ cﬁfr‘ ma @YWO'? eﬁAﬁOOOBr \BARE: m@esﬁéﬁarbﬁlyces cerJ\/iHiHbdstﬂaﬁl

pr okar yot es are aple to é_gt hesi ze t he conpound de novo,
whi | e ot ,yg,u—goo °”h%5ﬁbﬁ%’PfRﬂeHﬁ”ﬁ%(P? steing Atk 2otrS °"I§ LPB:, for exanpl e,
cannot f admatealofGehés corrin ring structure, but is abI e to catal yze

5" - deoxy adenodynods ot ojERigassBed GEres Tinta Brferfl Benod e Cemmpgng el

synt heesi keown émthy aet oBfeleciladisiology oF arrestampie} ithd sEqmsnrse)of the \gemaislknown
Ep)rerpptn]:jr :rtgbtl%]ge on r%((E: gna%é‘& bé‘LJe%{%H b\)')‘r%kg :ggr? gric%ﬁ c%as%ocp ge%ér{ Y 19\ ay E

PCT/ US97/seregned with probes complementary to the desired gene sequence. Once the sequenceis 20 - -

formof it MROBRA nhal vebampiiigd uaRg Yahdard gmgﬁ.e%ﬁ B cfiddih HeBbad e heen

‘descri be series o aquaco am n reductase (EC

1. 6. 99. 8polyRiRsechaigreaqlipn (RERU1§.)4,683,202) tz)obtaaqum)rﬁs efrﬁ’w\ puitala fage (EC
1. 6. 99. rahsdHERON RN |ab5§ogn§€%&torsand 3) cob(l)al amn

adenosyl transferase (EC 17) transfers a 5' deoxyadenosi ne noi et from

ATP to the rediieagtively, °°§'B}dr'ibFﬂSFamaYme§"faé%d(W'é?ﬁ§ﬂ*}%e $rameants §f gegomied

gharR act’ emsé&&bt)fnatyib% gelgkaed irftd dedtérs @AE Qs BansToMA\appropridtdihdsts. t @EdmhigUT | I um
tu

adenosyl tF%‘ﬂ'éfaé? Hg'guﬁg‘%eg’%mp%glg%%’];h%g §%$g”ha§§mfeq?9$§\ %{%‘@L‘?gm?%
adgnosyl tvectnssfreiva atleast one @opy ofi thg/cdmlbgeamedeé whitieté needfwoigﬁgadmg?nghha:t S
Res.  BomeuneeGant Fhulita5 086 1Peigh BN Bt me sospSuffies PeaBhpot o

r ﬁduct i ofisgrognisiroan qﬂga!mfrraldtceitqmldh asGolfd raedsietwesnsbaceamerkacstsuahas h@bhef
Ther r I r IS
(v anabe L8RS slelfbr peomy @A ARARE, B IshylcBUHA ARl P M TARNEIRRNAE |

m crosomal cob(| I [)al am n reduct ase is present in the mcrosomal and



m t ochondr r nenbrane fractions fromrat fibrobl asts msn
Bi ochim Bll“gdp%éd'11 ﬁActa 1157, 167-77, (1993)). 15 1(&%

Suppl ementing culture nmedia with vitamn B12 may satisfy the need to -~
produce coenzyne Blerr] for glycer-0l17dehydr atase activity in many
m croorgani sns, but in sonme cases additional catalytic activities may

have to be a d or. i.ncreased v e viat.hesi s.,0f. coenzynme
Brerr] i nouRE reRhe il 8 WaL Rtk SRRt el o MbiEg e bidiind SR AXdFEoy
sequencesMaftial 08dtead Edition €1988)dCwrid Spaid Habbealraboraicky Posss| Coldi®prieg dachont H¥

cl oni ng aﬂﬁj’ ﬁ)épressi on of this gene could be 20 acconplished by one
skilled i P art. For exanple, it is contenplated that yeast, such as
Sacchar onyces, Typicdllg thelonoersmids; fareigs ONAGs isolatagiandiligaigd usingdhe epprapriate

' cob(l)ala t e : ary to
of foct® coir:lg\?g-'rcgo% %nd% Gag%%b%%ﬁﬁsm co's'?e@&jlgéfttﬁé)ﬁbsﬁﬁd L%ogﬁgﬁ\l@@&?ﬁ

, 3- pr opaneetitaihing tedineadzedifereian A isithan rgactedwitiya R mka@m)mmcl? 8eicas on

: reqU| res gadbdd ﬁﬁé&‘é‘l‘ Wﬂ?%ﬁbcﬂ@hépﬁ@éﬂﬂh@@os‘%‘t&?gre%ffeﬁea%h@ﬁfe'f@r@ldnrbl@\ |s]c

i coli for grow hanol am ne as sole N2 source. In the Presence

| coenzyne Bf‘éﬁagfd itorthe beathprbonuehidmbarteriphyeal particle ¢ fgneartdesare then usedifos i n.

i the absenggnhdéct Qlibidle Mt §é!l‘drs€i§$as Ef ol oaeé injeeRllifto @ deh] e for&ibROBA gene
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' shoul d beDﬁW@mﬁdntadaﬂcé@érepé@ebsfsad mlrécdrﬂitﬁnant hostbalrsdom cl oned DNA encodes

cobal t reduction rE)ert} es to f |I |'tat? é
aquacobal onan co nes. g, alve dehvdratase.(dhas) a ropane ddo-
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catalyzes r C ons re | nac Va n . chnnel.der, and .J.

el b o e asal ok 4Tk aPEdicley oi05 s BT ol iresence oPSURSTHE dﬁ&é'g’?(}%
conpl ex cé#e roediy fdvd,3mrapsnedind Bdmbijon: enoval of the hydroxycobal am n,

strong chem calyp o ¢l £2h Qﬁeti% %Qs.m%mg e?é‘lnﬁdl}zlﬁd aﬁ?ﬂneg%?ﬂn?a%‘éﬂ&@t

wi t h addi ti onal "coenzynre er e
3388- 3396 named OKP1 andh aliPz vaNAsegusncingaeveaisgyesteasine bomplogy fthe glyeerol

K ebsigl | |

o eseiic APRRCHETINGE (@Rl 8nT € iR uEfoldiraing tal 184 FANAGANR!colbinel NS
manganes e ep@dingdheiglyesroldehyar atapg gens- j Qther 1131'9819521%0' POS'“Vq traygiprpantsiyyese
reactivat pRély2R%na 'ﬂf&’%shﬁdshﬁer@ uhamtea pkPg afd Bxﬁ@ pgnﬂ%@hué&mgas@mtha&hé&e 10
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I nactivated cobalamn wth g }1 Bljerr] hio ‘et al . Nutr. Sci.
Vi t ami nol coyigs sajged Piidognco mgadotg?ny iase E‘ef rom t ol ueni zed cell's which
insitu caduwugﬁefgd"nﬁsei&dlmm 2 mﬂs,mand gngaﬁdﬁbwﬁi dependent
reactlvatlon ar ve w.th re 0 S reac | vat j o

Srond® " chenddt e infier! byerPa Hien S ot 9STRE o WY & ek s,

t he i nact altemad sowrces ofalehydrhtase getes and prateih Xd asd ptste;rcarpmiahyz arltpabtpineg
100, 000 I T

4005000, - FRBbT aio IRLEEH, Bchior, ot P SyBRORT TARY A 000,
react | vat Biph Qifem. B&1 oﬁ?ﬁ?&ﬂ&&ﬁs@sm theni§ geeaniowieé glyicerdl deh@drptaeg apardin wheres

i ncr eased Mlexﬁx*?%EnQ%h' ORF 4; %t Of, 1@5@%?5&%& %Bpéfb%aé’r%ﬂ'd@cﬁ'sg tri{@

presence 8 prote n rese I nvent scl ose

pr esefte Grunsiiglysere! qehygmssme@nmrq)pr@te@r Xisjdentified asrPRIT4.i Higure 8 Hisplesasei n
X, -al so increased the production of 1,3-propanediol in a host cel
capabl e of producing 1,3- 20 propanediol. In addition to E
coli and Saccharonyces, Klebsiella is a particularly preferred host.
Strains of Kiebsiella pneunoniae are known to produce 1, 3-propanedi ol when
grown on gl ycerol as the sole carbon. It is contenplated t hat

Kl ebsiella can be genetically altered to produce
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1, 3- propanagggg {©om nonosacchari des, oligosacchari des, poI %,a, P
one-car bon su strates In order to engi neer suc rarns

it will be advantageous to provide the Kl ebsiella host wi th the genes
facilitating conversion of dihydroxyacetdfe-phosphate to glycerol and
conver si on of glycerol to 1 3 propanedi ol either separately or

conet it ut KGBSEle lebydRess PRl AP0 TR SO 1 -
genes 30 pnblutﬁsd‘l a@mlwmwebsmmm&bmctbfhydr ogenase and

gl ycerol - -o’ wil | - provide Klebsiella with
genetic nEEHFME t oparedi ol from an appropriate carbon
subst rat e. The presentrnv‘ﬁn&orgwnegesagmd switpbierfot the lexptesgioroefedIPOH apd G8RI n 2

and pr associated with 1, 3- propanedi ol
produc hﬁb(séhﬁgsg%gﬁwn@gg&gﬁosphat ase, dhaB and/or dhaT) 35 may be

i ntroduced on S&pepencoding GARRHbarekapwin| Eor@uameﬁsl EPRdihes been igplated fomoni ae or
they may bscchammi)cagwﬁéchﬂe bsgeosehb&rcé\ﬁou%ngy l?ﬁN@%“Qﬁ%de%e S¥ABRER. K-

pneunoni ae ATCC
PCT/ US97/ Seswrence given in SEQ ID NO:11 (Wang et al., supra). Samrlarly, G3PDH activity i Is has als@2 - -

K. pneunopigfiséibled mﬂﬁsaycﬁa,l@npm drRodhR LREESDS hating tﬂe Tbssé mshd é¥in SEQ

~chl orarrphenl cal; th F‘H@ asm d vectors which a abl e of
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D e e RSB R S el o RoPDr| s,
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S r oo r

oresent. | SuRfsn,of ghycneRcRione B0 FUR(BRAED B SRRRT Fbspnare (GA00: Birughlfe
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expr essi OBe@NDRieS:%1 M2X13 p(40’iﬁér‘ih 18 cd?ufeg%&idﬂr gre%EE' Gﬁ:ﬂt ész%@?@B&( as

ot her pr ot el ns assocr ated w't - propane
and G3P palgBpand thea ﬁUHv@t%fqmﬁﬁ%weﬁ%y w@rbre fursﬁrpmaim @evw@@trlevwwn wherein

those whi @t ahio acid se Qémténbérﬁpayswame 2RRAGUBStHThS, rmbéauﬁéior additibAdhSt do
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pl ant zo Pr etceingGIRDH Rblatid Ty othBKsdusies Greaidby SsitableTorise ik theWiedeft ihiisHEen.i N

h b
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chr onos orrmpluplﬁﬁégﬁmh mesmnﬂ@d ga3 M‘tﬁﬂz 9mdmenwse!ateg@omm5mmllam bamirepsne

whi ch.har ef,de é@m&ﬁ:@é&@gg.&rs'@mm'méssekh@ﬂ-/m@trO' s and a region 3' of

the DNA fragnment which control transcriptional termnation. It is

nost pref er r ed CRARREHOLHIRIGRR R'EFP'P%%ﬁecﬁﬁ% kngven. d:éﬁr ey¥aPie, GRPE Bafckeen isolated
Pﬁ”fl OgoﬁﬁomCSabbﬁarbmwb%fdéféWhe%EMﬁ fHel bagk bbGuéabe %N?ﬁ By SEQbB N@d%&r\fod t
at such_co ri_ve r enes native to
the speci ?'?ct? g‘EI g?:ﬁﬂaé?\q%Ec%rg'5?%'8&‘thb§3rﬂﬁt§gt(“'°rbe°k et al b ol ¢hgmidti on
cont rol rpg’i&ams 1@96pronot ers, which are useful to drive expression of the
rotern 25 nd ein n the desir oSt
el |- %hr o nume R eotigttipsat B ocietnBadho £63b ShBeshelate nofyk FSauiEble e, |
any pr onopwposssd tHecpreserd inventivg wheesine thgeandisity is capatiieabi o‘ata‘lyzmgtthEcmemmf

e oS  Bob el £1o R hrmatdaiina it ben PRl g Mt

in Sacc ha@%ﬁ%@pce PSP ph@@hemse as giveroby %&@r@mw and H wiliiba fynctiondl Incthe
g(r)p | P[ eﬁrre]sent 'irPJeﬁﬁJr] wheéréin tﬁé‘%l’l"l%l& §éﬁuéh{:°eeén'é{>még{) egém r?osa%&:o bisfufonsCO! 1) -

Term nation contro erive rom varl ous

regi ons
genes ¥nat fig)gtions of additions tha}damat ?‘@6‘”@6@%0“ Eéb? srzymey It will be appregietesibydhe e
may be ungigiReserson, thdt@eR¥Sencoling IG3PENSEpHHtAREGI0IREH from otHel sburdsdtB diso

For effective expression of the instant enzymes, DNA encoding the enzynes
are |linked operably through initiation codons to sel ected expression
control regions such that expression
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Transformati on of suitable hosts and expri@ssion of genes for the
- production of 1, 3-propanedi ol Once suitable cassettes are

: t ted d t t f i host |

Tty oduct Parblior et RCRetet kb AR F R SBRERR HeepnipRbnih B avesrel & and

(ilt 3I east ph\?phiétepm piek ghycerol Btaybecathﬁéve@i_ﬁr@emrmm nf tBe fatidwingtgeoeral d>ryspteﬁiﬁc

¢ 1, 3-propangdi X|. i ) er,
ot no RPRaeRed: (AL PhABRaale E 3 1 S (LRSI YiRbey, yo2sbOBe

t r ansf or n33886); acid piasphataseECriy1.82) [GanBaple WAHOI V19488, U28658 or L20566);

ran: _ (E0y132) 52 19768, -
| sanbr o SRpardoRbspRlest B %) RndahCgoshen s DI AN, gcosgPofiipliciss

| transf or mgel 3.1.3.1G)@en Bk M33BTNgluepse-E-phosplptasedRE Hha SpiGanBank NO044S]:

| Addi ti Onagrbbﬁoséiq,eq&?idhom&%e((é&@@.@%ﬂ@énmmalzmm JoBE073 8P EosBRERAi dikero
gl ycerol - 3- phosphat e deh1ydr ogenase (G3PDH) and % cerol - 3- phosphat ase

(G3P phosphegrhate)phogphatase (FC 3.1.3.20df3p0Rank %3546 Ragi23 1, 3- propanedi ol

?Xingr ggggtz ;isﬁde‘gbﬁé'ﬂcddﬁﬁl gryc_e?t ﬁdaﬁ&%gkﬁdvma#ld{xéxam le,3 c(s)ﬁm g@&cﬂlﬂg&hmgégbﬁoo

. arborin as S , : .an

Cont aithi n§mBHEAm SHES I 3P EsPEAL 180 Hg B S0 et (TRUSH B SresEPORh 2ard 15

. %I gcerol -&ggbp?abme(s%nwmtm@dh qr lEgNmﬂT\mlictdaMdéﬁihaﬁﬁliﬁdﬁh&Bh ), and

. 1, 3-propanediol . . UGt ase. aT) was, .caonstructed. Both the

' bove. moncraisgse van SR NEE 3 bR §Birectad sy e iiep el an U Auiahen

i pref err edglyodrotkimasetcatadyizes the degradatianaaf glycerol in MetirethasdmEznipone Slilimst abld s

¢ Ferment at | . I, ' t ' | ar bon

cubst r at o LHeufFA ok bAfeRs oFBEBFRo LAMER dRBR Bhofiblety Bybthef lPufe®; |

monos ae chapprapate irastion enprapesnditionrd Evidence pxiets desalycetol prodedion Mirpumisa giyediolas

_ lactose OkinS4e" Gider aRSErY5I8 6FRIBiIFABS inhibHEd BndiloR Chiynosomd bieBeilgiledTRe &

m xtures thereof, and unpurified mxtures fromrenewabl e feedstocks such as
" cheese  9iycerbip hapregance of BlyeerelBRndiAlfo r Thegaapdion gecit's indhaglyeasomend

barl ey makbmpaidbnti(©Nahmmihond,Ne BloR OMeR. 260, 1564&&565%@9;8&% al so be one-carbon
substr at eE such as carbon di oxide, or nethanol for which 25 netabolic

conver si o2 Skey biochenical internediates has been denonstrated.
A ycerzpl [suiable hostieells forhe irevphiraat rotucion bEE3-prabagediolméyeneither

St B D B S B8t o RS 5o o B PR RS
bacteria meem'éad hasts will be tiRIsedypically i:sqﬁ,:l forproduttion df’fd’o’s&ﬁroq 6988-prapamediglstch as
: N s ) L5 oxi dat i on
otate frogribaer Kiterddbter Clostiily RebaHIACAS ARG, [ onabARE A e bllu ! OF
car bon as$reshammysas.clakizegaccharoriytess Zravseesbaranyopt Gighiea Klvyvarnmieagh Candida,
Seringg Ofyah A be&é(rlrv%%@: MRS PFERSBhH, %‘Q@f‘f‘%g@k %Eherﬁﬁfé,t \?i/g@}éﬁlsa, Barﬁléus,

Met abol i sm Second Edl'tion, Springer - Vi W Yor kK I

ri bul ose RHRMPMYSIHANDLS SSHEINRNRS] Mesh Rraterred in the presepiianention 318 - 66/, féabsiglia

With ri buhm@@t‘g@pﬁ@b@#@s g6igg.a 6 carbon sugar that becones

fructose and eventuall e ree carbon product

gl yceral dehyde-‘”‘@?WL‘ amin ‘?"E@W@eﬁﬁﬁﬁeg’é%sse%tﬁ rofactrforglsero dehyArptase s

t he one- cacthitp. TiaEmeEnagine ithe Moet @mpteX noni polyprdrid\waitral ipfoduct known, and its

ge&?&légg/etmet A a@/ 1% rwovfo(?sI gi}'eected using the products\./\g a%%/u?gﬂg g4e1nes. Synthesis of coenzym_e_B124is_ )
found in prokaryotes, some of which are able to synthesize the compound de novo, while others

" - can perform partial reactions. E. cofi, for example, cannot fabricate the corrin ring structure, but is

:

- able to catalyze the conversion of cobinamide to corrinoid and can introduce the 5'-deoxyadenosyl
. group. |
35 Eukaryotes are unable to synthesize coenzyme B45 de novo and instead transport vitamin
- Bq2 from the extraceliular milieu with subsequent conversion of the compound to its functional
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In additi 0{?«6&&1541' I zation of -one and two carbon substrat es,Pé%@%%ﬁophl c
organi sns are al so known to utilize a nunber of other

car bon- cont ai ni ng conpounds such as net hyl am ne, gl ucosam ne and a
variety of amino acids for netabolic aetR¥i-ty. For exanple, nethylotrophic
yeast are knovvn to uti Iize the carbon from rrethyl amne to formtrehal ose or
gl ycerol [(Bel
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of the host or I's con enb ate
t he aboveinfehhirsgme biuRon Es efiand £08Q@ imRgdenitrificansy; Thege dwee eab(RaJeminr e
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appr offr i SPAUTIRP BEHPLBY b aC er%’e%ﬂdaqerlsﬁewares %grf %’él‘ﬂbé‘? nThege argypRorts of an

m ner al s, aguatbisalarsinfrédictise frontEdgisrm gmrﬁnqumana@e répam ﬂv‘dfﬁ BidsRéranBibshys suse
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promot i on f}‘,‘%@@m@w% osSmAheRR Ak £ aP%P présent ih LTS 8%ict i on.
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pr ecur sor g%?e, Cul ture Conditions: Typi cal ly,
cells are1's1gsr7b;l/\$|5177.}I2 ?))err]Cln appropriate nmedia. Preferred growth nedia
in the pBuppiementingsuittire megiacwigovitanmin B opmay satishy the peedhtamsetiuse gbenzymeh

as Luria @g%?g%férb@ehgaﬁa@e actrvrty Irﬁ%ﬁﬂﬂfc?&é sr B56n ot c?sregtaladr% Cerast

Malt Extr r s etic a m
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i ncor por t | t he ents nown to
 roau at e SHRRTPEs Bol S hOllRY'sP as B Bnid tifies eEodiiEcRIFTER 2
al kal i s) adeapsyligarsferasesnfadditiemionie gineginpeassary tpeffatticeriversic®®f a cathonisabsimtal
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Sui t abl e ges or t erment at | n are
pH 6.0 torequrres peifferept am)rtpﬂcef é'hlsé?éUﬁ@elbah@borfQSElGMBnllmEtGOAIfOI‘GthtOhon

React b 0N Seirbidiine 35 fsaerr% oHf2e in R IpPNeceér &eﬁ&@%@eﬁmraﬁe@émmrﬂ%se
anaer obi c_or m croa€robi c conditions are
98/ 21341 enables growth of cells in the absence of other No sources If E. coli cells contain a cloned gene

PCT/ US97/ 3P &obl)alamin adenosyltransferase and random cloned DNA from another orgamsm growdPorr -
.Bat ch and COI’LE?I nuous, Fer ment at i

uses a
‘baton ot HORMAATIRG T 56 PHSFRTE of AdkFcebalaEn shouicthp snbARaR At B 1o T e
cl osed symahdom\sivaeéd DNAcenzodesosibhit mﬁuoﬁontdmpenﬁiltafacmtaierad@bsilﬁt&mbﬁg| nnr ng of
t he fer ;@g&on i and not subject to artificial alterations during the
fer mefit at bﬁﬁfg“ at the beginning of the 5 fermentation the nedia is
i nocul at ed wi t Giybérel dehyidratadeds gmuitissubonit enzymei consistingof theeanenoteirt caympanents
permtte C, i )
Dot oh o igh Sfatendd n'éh i B oubfl B NP I B Sl TRSRIEE (1o
car bon solhigzeordiguration erqweaoaveam-ewmmcfabmds one rpgiacula bl dorpzyimeBats such
as pH ang,da%38he E&Qgﬁ&‘h&ﬁéﬂv@ hololdi2ymB! BN &aﬁal?s?@ Y Wéﬁme undergoes rapid,

conposli tions of the stem Change const an % etine
f er ne#ft atfiretPriey inacuation, tomcomvvaﬂ inastivsgoamplex in wiy éh%eqernsyrneaarr@@éveerhr ough

a static dopdefdtPos mﬁ&&x@cobhﬂﬁlﬂ(zo%ﬁhéd&aﬁ’df'@ﬂ'-‘%v@ﬂ&bwncz ACTIAERb dnym [ 901.2811-328
stationary phase ere growh rate is dimnished or halted. If untreated,

cells in the stationary phase will eventually die. Cells in |og phase
generally are responsi-ble for the bul k of production of end product or
I nt er medi at e.




A variation Standard batch systemis the Fed-Batch fer
system whi cws J}E al so suitable in the present invention. P@Pﬁé’&ﬁﬁﬁ‘n

variation of a typical batch system the substrate is added in -
increnments as the fernentati on progresses?2!iFed-Batch systens are useful
when catabolite repressi on S apt to inhibit the netabolismof the
cells and .S deS|r noun of substrat

0 the eSO EnERE bRVl e HRoncriober el e RRER Py sl HE Sles0hE
Fed- Bat ch myeélecmhat esactimdieauls of enayine satbljzascf00/000 ec=ctionst aforeindcliwationgd.s of
e AN g RieBr e AN SR, ABTARientH By 3508 (HeB0 I il W BRRAELT |
er ment at | comgplex e eactyya y rRmovi of me oxycobaamin, Dy str may be
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found i iy r met hod
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woul d be a ptg ous
f er ment at i Sehneigenet abp.é_&@;@hm Wéf%g%t(@éﬁ})dé@t‘fléfﬁﬁﬁmgﬂ Myﬁr@tﬁsa in wildtgpe
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IS renove aneously f processi ng. Continuous fermnmentation

general |y Bai ?ﬁeﬁPﬁﬁe 9?‘?@”&5@%?&@%}! a@ mangan@%@[ &lopdm pifl, LBacterol. 149811465

cel I s are @osoWIThisrehdtivhich WASSHRWHEBE due to the ATP dependeﬁpﬁ%blaaémb'rﬁ of the
fermentation allows for thg] nodul ath QFOf one f r or. an nurrber of
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ECL707 1pKPis3SuitaBladn ﬁ@lpw;enpiﬁl?é’nuoﬁ O M thils r»)am},oh dea qﬂpwﬁﬁse@éh setnd e amstraene

~and ECL707-pKP4 cont ai ni nq di ol dehy rguB 9
08/ 21341 4 ded in increments asthe fermenta’uon progresses atch s stems are usefu) when

PCT/ US97/ 2&iatsblite repress:on is apt to inhibit the metabolism of the cells and where it is desiraiié to have

Vi oo o iy S dintd 3BelRit Bhe ok \BRelrBhog e T AT LA bl 7
St ock Cent Eed- Bénah systemy isrdifficult gnlésiheeiera estimated @Tihednasis whthetchamgsisafmed wi t h

Kl ebsi ef | R d
s, Bl oo Rahl brd B ] 0B HOR2RG07 B 06 BB oo ot AR AR Bl
cont ai ni ngag §@2dBetch @gmjgﬁ-ﬁapééerg@n@tlons are cppymen and well known in thegalsk and

t ransf or na{,*éa{bl&l rﬂ&fﬁeﬁﬂﬂ&ﬁi @,loag sap,grom mately 1,000 colonies of E. coli

XLI-Blu transfected pneunoni ae DNA were washed with 5 nL LB

nedi um and cent Ris alwapnfem@afed that B‘&d?@?‘?daw%é‘? Re adantaliete cRptinyods fRsmen@tien i n

S L LB negietHebg. ObMmab@ fermiéntationGsan o;ie“a%ystban WikPe &Qeﬁﬂéaqsma&mn imddm i@ 15
nL. t ube contai nin

sy nthetlcrrelum . 2% cerol + 400 n er
nL of ¥ t aRfdsdsent 9"#%‘5'!)%?1@/9‘9@&%‘?'@&(1 °°$H‘é°ﬁ%5’5@e%§‘rﬁwg%‘8 Wi th
t he nedi unsimaitériRusly for pratiessingl msminpmi mmémaman géndrallyanaintaie hodudidrestat 30
*C. A slight rved af i quots, analyzed for

pr oduct d| E‘ﬂs aﬂ&??ﬁﬂeégyﬁ'ﬁﬁ? %afean‘S“\Fé' ya{f' ﬁ’%’hﬁs%\ﬁr&“ﬁ'ﬁz h, were positive
for , 3-pr Cpmimdus)fermemtetndnaatnews far the podutdtion of)maaﬁadpng anyoweweedf factors
amount s of [ nfaor
arount s o h rbcPEARARH eng et concen P DR Bl 8 AR ARR '
LB- SCamp phmitieg nutriensueh a3 theicgthiontseurse ﬁmlﬁomllwi ata fixed rratyaaﬂ gliaw sl phee
col oni es VedrEmeters to rﬁ&de?ét@dlr?&ﬁ’er%?flﬁﬂﬁ% rﬁ%bpofffsaorts%egrngfaﬂswman% altered

, 3-pr opanedl ol . Cos was | solated from endent cl ones and
t r ansf or meePrtinuqysly whilsdhe esllicaneentsatien, meRgured By, mediaturkicty.ugkept senstant.

checked f ogofth@ony ﬂ@té?ﬂé élxﬁvé?tﬁ ﬂannt%&[éﬁﬁ?ﬂﬁfé‘ bwthE\Sﬁdsﬁérﬁ%ﬁ%dEﬁﬂé §eM€§§due to
characterized further and desi gnat ed as 8 I’ﬁtan DH5a- p

A 12.1 kb Bedirbeisg drawn aﬁﬁé‘ﬁtbﬁf ‘P%‘Pﬁcﬁftpﬂam%‘@lﬁﬁeﬁﬁ 8'%?‘8193"_’{‘3('138‘1"

Bi osystem Mikhods of modifating nufdbhts and Jreah RIS br atrdinlieus et ¢HtlidR pldessdsQsl D
NG 19). Sequencing reveal ed the | oci of the rel evant open reading
frames of the dha operon encoding gl ycerol dehydratase and genes
necessary for regulation. Referring to SEQ ID NO 19, a fragnent of the open
readi ng




25 frame for dhaK encodi ng di hydroxyacetone kinase is found at bases
1-399; t he WHE2PELI ng frame dhaD encodi ng gl ycerol deéifsdP5demRiEe is
found at bases 983-2107; the open reading frame dhaR encoding the _
repressor is found at bases 2209-4134; ihg open reading frame dhaT
encodi ng 1, 3- propanedi ol oxi doreductase is found at bases 5017-6180; the -
open readi ng frane dhaBl encodi ng the al pha subunit gl ycerol

dehydr at asellias téabniqdesior maxisuzingthe rafe i produss fasmatiorsare wedlkapwiginfihe agt oihaB2
encodi ng nmﬁe Frﬂnc?d&%l'éﬂgtangla%ﬁél?'ofﬁi\%ﬁ%% %%?a:lééb%@%ﬁ siprabases

8724-9308; en red frame dhaB3 encodin amra subunit gl ycerol
dehydrat ase is The preseplinenien Biay 88 Ptasligedysig; e'*ﬁ?fobat*% QS’d%‘PWQS&EFW‘"F? ane

dhaBX, en egﬂesaanart&{t%hgkmwrpmkmfmermentat.w%&mcbe suﬁam@m.tﬁhm@aﬁ%s

9749- 1157 e.col opi es of E. MR transfected
W th pack SIRAMESH BaUSRS TR BSTORIZ<S L P S A AT ol R e e ar peplecied
M croti t eno feinkAtateh dontitibiio? 8-pridpadbdi®ipréduatish. um (ammoni um sul f at e,

\1,\% ngMB/ 2ggt Sersaltlgrﬁgl hﬁ)sp Qitroepaneélol pr(bdup ﬁ ction pthwl M MOPS/KCH buffer,

PCT/ US97/ 20873 Representative enzyme pathway. The production of 1,3-propanediol from glucosdZan-be .

EHUK/E 0, ano c&%ﬂ%ﬁ %@ﬁ%lefollo%mrg\éeng?% Nﬁls%s[l\{g %%rgse?lag%é Qfl\ﬁ % CI [ err],

2. 42 ubt athways amawretohhabeskiiedinitteart. 2G ukpsetis Oorested incesenies of steps+by4e9ﬁymg¢ mL

0‘; vi tam b ﬁa[ee@ckllyﬁc gatg\%ﬁbmk ngﬁ%(ﬁ@%r&ﬁ%é{%%&ﬁﬂ?ﬁ EEJ’JQBG% éé?alég%{e' on

ate cont al

i nocul at ed3-PR)t Glycew! is theroformad by eithashyaralysisrof i Afhie dirydroxydcgtead ( HAthF@/V?d n

m crof uge b&@@ﬁ:cﬁ&ﬂbﬁl’é&h%n%f @M%%Ty@&oﬂybﬁ’&phate (GQ‘PﬁGf o'%b% t'fy Hth%TyscsBQ'ﬁE eria
were retained and the l[trate was'bfrocesse

Posi tive Wﬁ’ﬁé@'%&%{ﬁ%tﬁeﬁaf%ﬂi Bant ks af ?ﬁ““'ﬁf UH%?BWB??SW@ IrREATWY todhe
af ter gcr epatifidor non-spaaiﬂds With Fesbedt Yo R4 scisdtratels @ the HREAS cAA Bk iritreducddamesherer e

ot A S5 Ropt BV Rembhaol, TAE et sieh sande ER2ea BV BABHE, GERaBP 1 iRedR

grown on leRzfrfie anpe avilvity ean bé introfured ire therhosiiytrecomisifiatibn, B isoratgiaethat thke dhaas

desi gnate . s LS -al 0S. .
cont ai ni nge%%hcoé'ﬁad'? gé]x%ﬁc;ﬁ %b%é%ﬂ%%?é -P'J"q't\?gg'h{cb g%QaEées RL }evihsr'é}é Pead'on
i ndependersf Eguatiesf3or nant , desi gnated as DH5a- pKP4, was verified for the
produc}.ion of 1, 3-propanedi ol . ECL707: 15 E. coil strain

ECL707 was transformed with cosm d K. _pneunoni ae- DNA corresponding to
one of pKP1, pKP2, pKPAlyerelR3-BFpele@s vector al one andERuHE 1ECL707- pKPI,

ECL707- pKR2pp EGLADH +HPS, 1 @pﬂ, g,gdmz NaD* respectivel y. Eghdstibnig defective

in glpK, gid, and pt enc he ATP-dependent glycerol kinase,
NAD err]-1inked gI%’X"@F‘?ﬂF"ﬁAD+®di1ﬁ/ Nﬁ@gh g’ and enzyrre fﬂ% 3)

di hydr oxyacet one of the phosphoenolpyruvate dependent 20

phosphot r sferase S

P ot e et Gttt B 4. 53R el S Yis ftermestiotg -y BT RN e - as

al one (nedmasibeen described in detall mabbww. riiei intarmediatd 34Hds brm&dfffdiﬂglyperpl at es,

wer e tr an - | .al so
11 L PERRREH By oy B SRR ke )35 B B
order to dke bestbyeecombiration. cthis @ahyd@tagengmbaglasqoladehwamye (Emae4 2.1.30), diol
transf or Maghgdrdfase g@é% B! r1%§/é:? Eﬁfﬁhé‘\‘ éngyrﬁe §EI@ rtd &ﬁal?ﬂ%ﬂﬁu‘aﬁ&o%ﬁhc E‘chb)to?r

pl at es cont ai ni ng | enen

gl ycer®l & rﬂ@%m%@m&d B?hygra(@szwsngme&we diacragulom cLiyBiqrgnediolis for 48

hr at 30 %rodd&@d Fr@r%tsﬂﬂPflE&\fattBRQ)W&Nﬂb“‘l@FNﬂb@H?IIM@WthtVéﬁEﬁné bﬂ th@é@tﬂnty can
t hrough an filter and chromat ographed

results Ofntqugg%d lppsthg host by éqc\c,:gw:qaﬂon}-ami%ﬂrfl reaction in the production ofy1 3- propanednol

Table 1. canbe catalyzed b0 BUREsEnediodehgdryganast (£.0. 1.1.13200) eivedicsholby
t ransf or Tr ansf or mant d ycerol *

ne
d ycerol ;ﬂgﬁ% '?5‘15‘@8%%* ECL707- pKP1 19/ 20
19/ 20 5  Mutations a6t #ansfoddiafions that affect carbon chafideliig. A variety of mutant organisms
20/ 20

cbmprising variations in the 1,3-propanediol production pathway will be useful in the present




ECL707- pKP4 0120 0/ 20

ECL707-sc WO 98/21341 0/5 _ 0/ 5 FCI/USS7208{#n
98/ 21341 -
PCT/ US97/ 20873 v 27 - - 33 -
*(Nunmber of positive isolates/nunber of 1solates tested) AA200:

E coli strain AA200 was transfornmed with cosm d K pneunoni ae DNA
cor r esponidvargioh.oThe introdundion bf iKPsphp¥tiPRie ipttReraseohutation Goipdnto dse mrearganisrone

d d. P - .
Fespect | VER) SHaypiahndabEdY s Bifedon to mprbERPp BT hendley EEdibeRbnaing,
(tpi).  Alternatively, mitatienswischgiménigghe pragiyction oé aiband dadh) dr leetatesichd wilk i on and
five of tiperesg?ox V&b iy of NADH fof‘ﬂx%fp‘?édﬂéﬁdrpéf waﬁgamo@t Ratifdid el hor

their abi ropane descri b

conver yCcero
E. cold ssteps @f gheplye's affﬂéyqe%@ﬁhyée -3phpspba %& s phgspheglycerate mutass (egm)

Table 2 \ouldbe useful to irfePdsB i ﬂbW ffcaloneehel1 :meﬁané’mdp bmaaarwllp@knv&ay
transforned AA20 Tr ansf or mant ol

d ycerol. Mutadony tngtoeg@ct glucose transpmg@w ?,q@[s which wouldy prevent loggy pHREP may also

17/ 20 rove usetii? Qlitatishe WhICh block alternate paffivd@s for intermediates of the 1,3-propanddiéi20.
AA200- pKP4 2/ il- (L
AA200- sc Production pathway su § the glycerol catabolic pathway (g/p) wogidalso be usef“NthtB%r of

posi t ke presérdirm@ntionrinee rmjtatlo&@bqbesllréﬁéd odkrd a §1€hctural gene so as to lmpalr or
EXAMPLE 6&3(@@ the %gﬁén%z%a% acgﬁl\ill%Eca-rl;ge %irg’étep oma D o ry Sﬁ%ﬁsso 3%@

E. coli

dhaT mGduistethe expoessizh lgeehodran engymplisastidiypr essi on Pl asmi ds for use in
transformationy e I i
The E. coli expfr?éerggtﬁ'%h {Jéergs%r%aﬁ% o ,Ut%i%ﬁsgﬁégtéﬁhaﬁe&/f&é ene g‘&éh

Nat ure 27enzyme acﬂﬁtﬁsafo'(tbg?ablancamn&qi “Soprapanediol mmfnneifhleﬁ itis methesconfm

(1983)69 'Sﬁﬁé t%gehtr?ﬁ\iénﬁc;}ﬁo%ﬁﬁfﬁgaté)hodnﬁcatnoﬂ?@ﬁ@&hﬁlg%ﬁ:Eét&!{lﬁ \nﬁﬁch%ad to& d
Spring Har b Quan Bi o tiple cloning
site and Fé’ﬁﬁf??bﬁ'@ﬁ“%‘éﬁﬂfeh%‘@“{%w'?'D NO 20) repl aces the pBR322 sequence

fr om FcoRdehhication arBikincalin obbphapahadolt he ol ycerol dehydratase genes
(dhaB1, 2 frame for

, 3) r |
(i ncor por at | ngM§W°E§fﬂ§Ithes?‘{r@°§’t° ﬁi%sm&@ad'a'rfepnafermenta%rﬁe@? £ kpownya the
en;:l) Wﬁ.S ampFodexahple; propairicids 20 be/odtsintdiBorn gelpimietia by s(uﬁjEanlihé\l@?cﬂ;l'h and
22 The S L. | , Inc.,
sever 1. DRI XRRiGHR 87 E0aE Syt S EMARA 2 P A Sords
WO 98/ 213(4.!LS 5,356,812). A particularly good organic solvent for this process is cyclohexane

PCT/ US97/ &p§7§008 473).
1,3-Propanediol may be identified d:rectly by submitting the media to high pressure liquid

chromatography (HPLC) analysis. Preferred in the present invention is a method where

25 fermentation mediais ahalyzed on an analytical ion exchange column using a mebile phase of
0.01 N suifuric acid in an isocratic fashion.
ldentification and purification of G3PDH and G3P phosphatase:

The levels of expression of the proteins G3PDH and G3P phosphétase are measured by
enzyme assays, G3PDH activity assay relied on the spectral properties of the cosubstrate, NADH,
a0 ' inthe DHAP conversion to G-3-P. NADH has intrinsic UV/vis absorption and its consumption can
be monitored spectrophotometrically at 340 nm. G3P phosphatase activity can be measured by
any method of measuring the inorganic phosphate liberated in the reaction. The most commonly |
used detection method used the visible spectroscopic determination of a blue-colored
phosphomolybdate ammonium complex.
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-- 34 - The region containing the entire codi nﬁﬁgg‘gi on

forthe fou\m’é’éﬁé?lof t he dhaB operon from pHK28- 26 wasP€ 2987 o
pBl uescriptll KS+ (Stratagene, La Jolla, CA) using the restriction
enzynmes Kpnl and EcoRI to create the plasgi.d pM. The dhaBX

gene was renoved by digesting the plasmd pM/, which contains 5

dhaB(1, 2,3,4), with Apal and Xbal (deletin art of dhaB3 and all of
dhaBX). The resulting 5.9 kb fra@&w’_ﬁgs purified and ligated with

t he 325- b@EﬁEQIM_MH(ﬁmggrrent fromplasmd pDHAB3 - (restoring the

dhaB[ err] gé€ne 0 Ccrea pML1, which contains dhaB(1, 2, 3). The
open readi ng f PEsadyes for HE°%8'B@“%@%‘Pﬂ%@?ddﬁ”&wfﬁg“c‘a‘sHF%‘M?“ knogintia therdt. o
consensu STGChﬂIC[U%I@bEQﬁm ubthlé%llb%rfy éx@n?tes iy B2 foitfin 88RbRockD R let §I' te at

the 3' engd d from 10
NO. 23 5anM) opi 1, Sberatell 050ud %&8“ Ed""}/’kﬁcg%ﬁ‘@agﬁaﬁl"éLﬁftqf?%spzsss( New
Engl and BCOIHES@nnd; H!@rtiortlwgleae)[ ate the plasnd pDT1 cont al ni ng dhaBl.

Gene and - B 208 R et B e T Rbaocf o S PR iR e

expr essi owelpkracsymi inl thepddil 2T eclihiguelsSsuitable Ehir lube Mithé followigpexdmplesinay be Rgintilae set

dhaB(L. 2. i Gati5a of BT for bRl BRI Rl BANAT ALk RS B 6. & MFER TS
Kpnl - 8acl Cbstwvr@mgem V\pINester Millis do MYapidnNog] R. Keeg amhGeBriggs, Phillipsoeds)edi ol
dehydr oge APﬁé‘b@ V@é‘s t ﬁp‘r I eating

pl asm d pﬂﬁ?ﬁc g%y %ﬁgﬁc m%ﬁé (' | nchQ‘S%Sa?Pngggﬁi hoR{aE P 'Q‘ﬁ‘a‘% end
and a BanBirteghmologyt A Fexthpo ,u,m' taal Miergbiplopy Second E%t;onpgnaﬂer@msmgsaec
tenplate aﬁﬁseuﬁhmw;ﬁ?aeb@etAu|qeﬁénf§Béna rhatbriald {delfordRe Yioth %A.Renancedﬂo 26) .
The product was subcloned into pCR-Scri St rat agene the Srfl site to
generat e bapterial cells were pbigiged fepp Aé‘l"ﬂfh&iﬁ& %éﬁ]%i"‘ﬁ?l‘gﬁf M‘%ﬂi?": GRéabaraterey pAH4
cont akgs cdstrorihm)TG&meRn(emersburg,mm)rcetsigrm cmﬁeﬁnmﬁa&z (SXpaesMoN from
the lac p pt and pAH5 contains the 25 dhaT gene in the

C
opposite 5&??&%‘?’7’4% SPT‘HfS CJ;<b -BamH fragnment from pAH4 containing the dhaT
gene was i nser Theimeaniog pﬂ'atrblr@nationgrasrfdtowspl"ta'sm'alhsrhébi&), "hii" rhiavesl rhinuSesyHI

fragment & c ' ' he. R . . e nserted into
pBl gescri s% {pnfg# s[egétca;sé)a‘{y; ,&Eﬁﬁg’(b' %L%ﬁ ﬂ\E‘ @hﬁ]; g ﬂfeaﬁ?gl Tent from pAH3
cont ai ni ng_ﬂm;@‘naT gene and termnator was inserted into

pBl ueggriptl| 4& E %Pd&fgﬁ%ﬁa%g%m géﬂ-fre%iﬁ&&y%é Qeltel%ln@cpuﬁﬁbof Q?ﬁép%ﬂe?iol

_ cassette f or ressi on —cas
t he dhaB(as %lbs)rafanahaﬁasm%asaégem reacfpf'@fralsiﬁrydemnth/mMIbeHZO-Z-ﬂmmme 2, 3)

and dhaTSWAzeneShadeeeﬁ u&wiba@ I%oruéé Bl tsas@meibe‘mﬁsvbeﬁhvsambl 52#902149 (fmdjpds
The Spel ﬁ) fra% #1 rQ nt ai ni nng %‘Pne an

t er mi nat of SRRV Ty B@panen ‘I’Féasib%‘? ?&\H}ﬁs "Eﬁef"égt%sb @pFBe‘E?‘eate
pAH23. TheehydmgefaseRvas aagmamd :bebmmdnlelaal palBasiag 1,3amtpahedibl gRIADT apAH23
was renov e RALR Not a t  cont .
Feor #o1 1 SibeiF BERSS B bEdar piberh pirtah epd LEDE Mol nEa 208 (B )bt 1o
gener at e @ARIPH dependent glycertlD3pBo @t dehydrogenase (G3PDH) activity was determined

PCT/ US97/ gp%%@%?hotonaetﬁcally foHowm%th? dlsaPpear%m:e_f)f 8H GLHMDfI-&a%?as been deg’cnbed

e

«Construction 'on cas
. An expr est. 8h Bsliesedi & GronandHa V. Bind GheaBR30:21583)8 (1825kssenbl ed f rom t he

i ndi vi dual %@1 ?ge%} lnaélﬁ Rﬂaetmbﬁm@@ 9@@5&.},9§@c9£&¥h% papé:{dam

standard nol ecul i ol'og ragnent ni ng

t he dpfaB(Bnzymes, Glyerre! !?wmafﬁémnwsoi Pﬁb\e#r@féep |4?Fﬂ‘abﬂl$ﬁfteﬂﬁl°%143 1458-1465)

Spel - SaC|d|§dlt§§%Sarié%sS)F%¥ﬁe§s%£’s4lhe reactivatib® Bf déhydraghsexpressi on of glycerol

3- phospha‘ase for i nereased gl ycer ol productlon in E. coli The
Sacchar org3s8¥ ferglivegroly Bsgre V | anda cl one 6592 (Gene Bank,

accessi on Tlﬁa 44589 i&)eihz)ih)e MSItpbﬁﬁpélﬁﬁméﬂ By Ineddiing THeexGhotv@thQ&n o?ganic

phosphat € r%@&%l@ Esiltxlias%%te(1rc1;|:a)Fl‘):J| -Trgs or‘?\llES and magnesium buffer, pH 6.5. The substrate used

s was l-a-glycerol phosphate; d,l-a-glycerol phosphate. The final concentrations of the reagents in
the assay are: buffer (20 mM, bis-Tris or 50 mM MES}); MgCly (10 mM); and substrate (20 mM).




(i ncorporating an BanH - RBS-Xbal site at the 5 end and a Snmal_site at the
3" end) wadvePHHSHL by 10 PCR cloning fromthe | anda cl one a$CrARIERIFRA
~using synthetic priners (SEQ ID NG 27 with SEQ I D NO 28). The product
was subcl oned into pCR-Script (Stratagenepgat the Srfl site to

generate the plasm ds pAHL5 contai ning GPP2. The plasm d pAHLS5 contains the
. GPP2 gene in the inactive orientation for expression fromthe |ac
pronoter | mtmmalﬁ‘p:mteptm Bigisampheewas low DBaimid visBrie brefcipitgtinmnacciirsovithoaii-cid quench,

. contai ni ng inb éamﬁp%s%ﬁggen‘fm %staggél ﬁqh%gg%ﬁgaﬁﬁ?%ﬂi\ ihvolved 1%*5a§:9%gﬁgﬁiﬂe

. plasm d pA con e correct orientati
~for expressdinmpte Mraﬂuvemtﬂaawmmﬁﬂ(bmﬂ Spheira(béﬂo-mb,tZUUmeb PemaMiMBE: 1Al

. cont ai ni ngMbgFaéﬁBczi, buffer. ¥ Y‘gﬁnsbﬁ'ﬁ%é gdaj E&ngaﬁ%»ézﬁ i, §he2hSmRe-8SithiAing

pAH21. ression of é 1,2,3) and GPP2
genes s sample was agdeg4p Ith:_fééﬂ"ﬂ)@iétpfq- thecepteptspbithers \Zgreafﬁléfe?:éﬁ'd thgs the

inserted i R 2@suldfhg WhigPsdiR dt M=t3hk °t:her5@81tzblnqm% REVERA .
Sal | - Xbal %‘U(;@téf@gtggmd% lejl Ig} nker destroys the |p'?e he 1 kb

. Sal | - M ul Wwhelberdha pnqsah?tﬁm%w%@ ‘?%@HWW@MPWPQ&%"%%&OPBM% A§et he
; EXl Slilt ' ;‘(g Fé’a#éym%dlﬁeaéﬂ’o%@{?@&uehﬂ\ﬁ tﬁﬁh@a&ﬁlﬁh&f the acid molybda}ie reddent(ol Mb). After
co al fra ai ni & .\exp |on ca e for
 GhaB( 1 5 e FRR S PR RIOEAC 1 ToLah Lo A o agipd e Huonavas
GPP2 gene fnb@ﬂhﬁ@allb%éa]to @B geldp) SAfterdd m:m,ttbe albsrbamct of thp NbBpREN {sFrblad et 880 nm
estri.ction

al ., CGENE, 48 zynes FcoRl
Bnd’ sal 1 bing iy AR EBYs ehSBiShRometer, WiahauBFoljFbRNE PRk PR R
E. coli compared to a sténdiatd ovrge thabtwas pretpbred BERsiop arstony ifarganicpimmphateSolution
cerevi si ae ' : | ' I |t

NG a7) - SRy pR e EU RS indaras wi B |oBreric Ar ity Edholiybiont Rrighg from
DARL wher e0.02&t0ATEOMMAYMLNCol is the DARL initiator nethionine. At the 3
end of . ,so% % %” atdh!1%-bophiddigduced fol I owing the translation

t er m nat or gnents Wwer e di gested with Ncol + BanH and
cloned into theTE%t‘PPéWEVSt@s“\GJYF‘PTPH"t‘If?eP@RHP%Wéﬁ manaiRd gy HPLC. fnalysgpwere
(Phar maci a er%rﬁ»@&hﬁﬂ@!tanmtekﬂhi‘qﬁyé atdPmeterls BRAVEBR to one skilled in the drfoor der to

t b tt b t
Soer e NEsPmaBrphY. e SybhleBethd SuBka et dTma BrEHET . sstermy using Y
NO 48 wi t h(236@m) BndiR é&kcﬁms Sanpigstvedte injected drit®a ShedddcSH-161 1 eolahn gOALA t 0

create AQA%& mPI a&JEhQseB%‘sQ V\Fa?é}g aMﬂ%rdt nli) eg&f)m&nﬁj SP&%K SH-1011P precolt\ﬁgn

98/ 213
PCT/ US97/ 283w x 50 mm), temperature controlled at 50 °C, using 0.01 N HySO4 as mobile ph3 at a flow

th t
e o BB A £, TRl s AR SSlsQBafuO TNES i ARSI
set of Speknowmmeist of trimethylageticcaacirbas expemal standﬁrrdeab'plﬁgl ysvrﬁtrﬁ'emm tneselr s

(SEQ.ID t | site
o pe ueﬁ?%'?%%“‘" Rlgedbdohy 1“‘3@&":“%?&“'??%%%"2@ drfifmelifiaceti ackRhv SRS, S L€

cont ai R afietestionkvenei2q. Wé’g‘iﬂs? @'@éﬁ%% %H‘*WG%?PBB&YFF%I fragment from pDARLA
and a second  PprodE&fon®F 13AtbpdRRIONAEY chrifiked b@bwseﬂnbly“%mﬁ'pbﬁﬁrmed using

syn | r Sﬁg | nser n
The. Spel - CoARFARE fech g e e R S Yalabls 0hafe ofsKilib Reana LMET e Sutabie' ©

construct matiéa utiizet aiHwuwvlett Bbrtl«ard)maﬂfsamesulgas elsoRtatoytaphosmnpled to a Hewlett

oxpr ess on Rorate e SEBRS R SRR blsBigk G0, RPN lumn (39 myvenedl
DARL 30 @28nmaErR2, 8.25olicne fimithivknedsp dTixbetentiosimg ast avada speatmivecful ar

5 100 4 M0k J8 qonpra By O OUF L S Sy, TS

f ragment: f 1 om pApaterpafiveanethedfor ﬁ@/MBQD\@h@d Cpratigatinn ofdhe sample.i Tis &0tmldof nt o
PAHAL to Cifalie (égé%reT%eﬁﬁ%t)de% by Bﬁ%@i&é@@g%ﬁ%&&&%&é@i@g

15 the RBS and was al’'so |nserte create p

The ri bosoffersniNag.the §@'f‘E’eé{fasthéeEE"‘§'r¥€be'fzeél3¢'2' W‘l’fﬁ@ff ied as follows. A
BanHl - BRBS- bls(tnmetﬁﬁﬂ'yl)inﬂﬂ&@écetﬂﬁﬁ Cg_rﬁdjné) jeodROpREd W&M@iﬂéﬂ}d#ﬁm@éd FRteyial, mixed

GATCCAGGAAACAGA W t Gl t-he Xbal - Ps nmept from pAHL9
cont ai ni ng¥ nguw pja at% f?lrs?-f‘ret erfFH‘pi( ﬂ‘i—%fedﬁéﬂ%mé’pieé“%?”ﬂ%yldo to
create pAH48.




20 Plasm d pAH48 contains the DARL gene, the nodified RBS, and the GPP2
gene in tVEOS¥E34EL orientation for expression fromt h%‘@’%”ﬁr"%ﬁ’ot er
of pTrc99A (Pharnaci a, Piscataway, N. J.). E coli strain construction
E. coli W485 is a wld-type K-12 strainsf ATCC 12435). This strain was
transfornmed with - the plasm ds pDT20 and pAH42 and sel ected on LA
(Luria Agar, Difco) plates supplenented with 25 50 ng/nL carbencillim and
10 ng/ L aelnlrmmmpmefhe:mbu!tmg liquidpaoiitigoed ipte torb phaespthe praperdif wihichiveas used fas e

E. I di
e 'm K. Bfg spE’EgQéraé]gg?qgwowﬁgtgdggéﬁrd%ﬁ% B @E[’ Fp,lgga fo%sﬁﬂmgogqf 28, edi um
(NH4) 28 fdmrt[\ickr@ss fg:np\m:er@f i®) agd the retentiam 'umqgalgj yxg@;pegwm@éthe 8 g

tryptone, g P r%ﬂe&‘blto%m/zﬂ Jogtaln%d%om-cdml‘i'shb&ﬂatg%%réc$rﬁ§’é}€ thﬁﬁ?&ttal% |

sol ution, carbenci | I'imand nmg chl or anpheni col H 6.8 thCI)

then f4 | t%eom gubentic stangdards. The mass sRRRYYE OfiTHIS- Gﬁrwﬁmdfﬂ»%ameamﬂpl gontains

trace- el esaRdctstiRlid!ioh®Br 2080 1PE 18@uRY1150aMBEL hods for General and

Mol ecul ar Bact eri ol ogy (P. Gerhardt e I ds, p. 158, American Society

for M crobiol ogy, Washi ngt on, D(é—@%@%—-}e- After i ncubating at

37[ err] C, CEONINGANIDTRANSFORMA QMDFCEJSGDL&H@SW@LLS‘ VITEH COSMID N EORIMMHE ON
0.2 MM were added and shakipg.-ua \ pm Sarrpl es were 35

anal yzed by GO Ms. After 24 1 +B 57 GFpAr#z—proguced 1.1 g/L gl ycerol

and 195 nigédia 1, 3-pr opaned| ol . WO 98/ 21341

Excl\wfggzom?’%nthehc S12 medium was used in &deﬁﬁﬁ&i"ﬂlﬂbb%ﬁéggﬁmﬁgs Ofﬁaéz ,QRBW

dhaT to make 1,3-propanediol. S12 medium contains: 1pm1r$ammmyulfme (seml\mpgtae:um

const r uct B P piffer, (7.2 W MEELF 0 TR G SNTInER) 3PS el RMERCLT G

a yeast ABFUMPEHR. &S Y Lofin2ditM N32M°9m»cﬁn§@p-&4 thiasgine hiﬁf?%ﬁ"%@'&st ADH1L

transggdiption M%Ha(]hﬂ@b@éd @Vg&%ﬁ%ﬂﬁéaﬁnéﬂfaﬂ%r%%@@dfn HO$hM ammdnff® Siifald; ON
enaonucl ea

sites for on rere ch ex si on pl asmd
al so '5‘?4 MPRS %‘P'ﬂ?“@%’n@ﬁ% o 25N gelassiyR e ?"(ﬂha?g?“éféf PE‘ ? '@S?h on
nedi a cong.ZiniM CaCHTB0 oM MhOly; 90M FeCls; dMIZATIOf .72 fmlcumu Q153 futr cpd:zszmzi uM

t f t f
T onanio b 52 8 iR o L0 Lo Bl 1 A
yeast andvifandsBij; and 50 ug/mit avapeMediessA was plpmemetdedwitieeitree0a% gliaerol or 0.2%
fol | oy ngg%@rﬁ%hﬂ%ﬁ:@@g %§ fecblh irelym dazol egl ycer ol phosphat e dehydr at ase,

URA3 gene” enco or ot osphat e decar boxyl ase, TRP1 gene
encodi ng &ellss' - phosphorl bosyl Y-anthranil ate i somerase, and LEU2

encodi ng b-iso 5 |
frames for dhaRfeBHWld?Ae@éﬁgp%g Egg%%gg??&:}g aBr?]gt enol 151’1[?33?%” i kn&mﬁe

(SEQ I D N@“i@'}te'lavlfPERKh%qu@f*"ﬁP PRAPIEbIcir@e[ageRES; BS @Mawes@em B KE- 391 SEQ I D
NG 40 W t {HaPkRR) MediveF SchoolSEaMbRIGYOMAS aid ls Piafdtdined\id £Rboraftey &lard. D NO 44

th SEQ 1D |
:Mncor fr'b?atl ng E@Bf—ﬁ”as‘?'legg'oﬁ’?eﬁgc%@ggiﬂgs P“fcgaseag"ﬂmﬁ Fﬁ%angﬁlyggaylt‘\’/rgoy%\/l
KCl dG11'P5 ggnoeleﬁ (Reckiille, MD)OOl% gel atin, 2000mv| dATP, 200 mM dCTP, t20/ 200
1\ , n unl S
_ ~Anpl i t aga nyltﬁ\c&%qi/% g@fy&rﬁ%ﬁ Eo}%l%L ?%ﬁﬁ%sau%ﬂ? MFQ ‘”&‘2? % caspye BhA
. par anet er tsoiakedéroﬂn Mfebsiella ;meumpmae ATCC 25955 erntdiringCa génencadingtfor7ditheea gly€eroB5
| -
(i 111 ped St s e, Epll ol hE el faf were jaefifpd 3™
pMP14 30 pl\mm and meqmm erptainingniha giolidehpdratise BBZyradh wBe idendifieithaBpKkP4.

_rrﬁz pgcg' kﬁ#a“sfo%'?ed Dﬁ%’é‘ééll% \ierd @Qntﬁifed 48 @ﬁ%a ep?%% eﬁﬁb&’ Bf(ﬁb aﬁ%@o

CA) was

rep Icatin asm
T i oa i t T E ool BQLTaY (Sprouses RERlp e Mibiol 135, 1285 (1259D vasiablaimaskitom

Hindl 11 fgagnentn Haprard Mebkal ﬁhectnr csmbﬁdgagm) and WE@-glmlldﬂ)( Mmed el dhaBl
on rrom

correctly ori E, for % ScCri
cont ai ne eI EDA R KlebSBHR AreBnafe. Hhesg apto BRI WER et b BERT-eKP!
PMCK1%  and ECL707-pKPi2a66fitsinin@HeGycefdl Oetyaritaseigahe afd Eoutﬁﬁbxmasorﬂuxgﬁg tred
W th Hi ndtljlude% gl tthe si ngl e-

ydratase gene.




strand ends converted to EcoR ends by ligation with H ndlll-Xml and
EcoRI - Xnm| W PSFMts (New Engl and Bi ol abs, Beverly, M) PCEYRLMYA for
plasmds with correct EcoR ends was achi eved by ligation to a -
kanamyci n resi stance gene on an EcoR fragnment from plasm d pUCAK 35
(Pharmaci a Bi otech, Uppsala), transformation into E. coli strain DH5a and
sel ection on LB plates contai ning 25 ng/ nL kananycin. The resulting
pl asmi d (pGAD/ EANIEAAZRS cditgivingadnviatidn iStheBpi gene (Anderson aingl. 9B/GErMigrobiol., 62,

PCT/ US97/ -
and EcoR g%ﬁ@%m)lwgs %rcpased from the £ polf (ﬁenehE)HfOCK Center, Yale Universit g\levg’ﬁaven

Pl asni d pEBrend was trqr@f%mpéwh Kt%zls@”wqwd@N)Mwsyedhq;%w@amamtt%gm and
EcoRl, anﬁlAé Kpﬁa @Léomamn eigmafm dEIRRFASRh Y, sm& 4ADHL

pr omoter fra i sol at ed from pGA by di gestion naBl' and
EcoR! .5 Th@ﬂﬂ*%%'ﬂgfheﬂlﬁéa%?taieﬂmll) is a replicating plasni d | n yeast with
an 5 AD[-jﬂqsaJrormter and term nator and a TRP1 nmarker. Plasm d pMCK11l was

di gested wWth EcoRl é’i“ﬁ sphor | ated,, and |igated to the dhaB2 EcoRl
fragment from SNBEySorationaliies Gantaining,arprerimately |, opjesipi . aofifizl-Blue MR

correctl Ytrﬁﬂsfétifédadlﬂf R\ prietibsied DNRIvedre vashad with Mﬂl%@cﬂ%@nd%@ﬁmﬁ@@a am@d

TRP1 d 3
i asm d peesreiacuss ReliR aqdiEsismaadien BT HE RRs vRD BT IALAIGUPHED SLIRsr e
gene 1 inbeutatedihtd a aoﬁth’tulse cantdining ST2 eyniliefi ngeeliven witls 0128pigeeedl +0400ang A3

gene dona,t,ﬁ)donﬁa,ﬁm 45, ﬁooww edsfL nla/cl\?%av{xﬁ W%Qme@ﬁﬁﬂhg {fpeﬁﬁf}ﬁ?v the

(Stratagene lary vec
ADHL pr ontw@ndp\rremdtw'tbma,mm:aad msbatedmtﬁ@d%m slight ®rhitdity SrasBibseveiafter 48 h.

f ragnment r 1.
Sn agl / EcoRﬂ?cwfatsr Ei?él)az%ﬁ? c?dngtﬁg%t}%hgewgﬁ@w&mbﬁ aé\ 9{’! ﬁg hv\évgfeb%s‘tWG
The uni q ué%ﬂf‘éﬂﬂeélpt swedﬁtepm@«anmmamm mcreasesi@mwg@roﬁ 1&rprER@Rdiol.r agnent

wi th dhaB3 frOﬁ‘h@b@aéﬁaplt& E?lﬂosttweyml Sl | prodRciMIrSf serially Jnﬁf@d'éﬁ@t' ng
expressi on has 3 orientated Tor expression fromthe

| asm d
pr onot er , Pl é%ﬂ onto LB-ﬁ%agn%plgﬁgg\ ‘Pfﬁ?'ktér'smate 5'"9'86H'§P'P§rc Fordneight WW%‘%‘@?%
plasni d PiVBK&E aae checked again Rirattd prddusetd Of { @pﬁﬁaﬁé&lbl m&nﬁh ORARLE ivl4tad Maml

and Pvul | .and t is vector. The TRPI
cone i B RPRtEntoSs Bnahatied na A BESAN ORSE 108 FansRETRn e MEsRasin{ r om
pl asm d péstked foSthegtradyetian) oftice-piopenddicd. Twbd afamfntm'an;s weretcharapteti¥é&tiurther and
The trunc f MCK33 was renpved on a 1.5 kb
SnaBl fﬁco@éﬁ&aﬂg&r%%ﬁ%’@’dﬁaggb}ég%dpw th a full-length ADH1 pronoter on
a 1.8 kb SnaBl AH2dRb EgokiinFal fragment fromn pidP b subelons@Amo KIMNR1 (1Bl §ibsysterd,New

ect or n
Foort 1 anaveh, CHlyattedlihobd 87 E?*%@P”&@%ﬂ%y@&%ﬁcﬁ%%“ewhé sk
repl i cat i 19§ & releyarsopgn mne frames @ cﬁhﬁé’ﬁﬁ@ﬂ@é)c@qmg @mr@si@hmﬁatas@mct he
ADHL pr ongérs, neaékfiary for reB@atich. *Fﬂeg"mﬁ@fo‘@%Q ID NO: 19T'é%§fn‘éﬁm?ttﬁé)6béﬂfre§ﬁmg

cerevisiae wth dhg expression plasmd cerevisiae strain

YPH50@* ( ufrarge £ dhgk snegsiinggiysiroxyaceiang kinass isfpund athaeey 1399 e open reading
( Si kor skKi frine Ghapeficddirg! gyceRd deﬂgemgbns@ id ®ind 2Pbatés 963-280); }hwe@hmi; rom

ust no- o HrabeRndS e Biing te mrtlssris fquhl kpgeed 2208 Kl diehg R vt A
Resear ch, erodingd,3-iépanedidl oxidersduntase igfoand attvas&s S 7261801 the open reaikﬂngl framhe
e, (o oSl SRl AR aRT 3o (AR Fice S EMEGRR
sul f age (®eding/fiaine dba82ehcqding theybety subunit glycerol dehpBra@dvedd and at bases
PCT/ US97/ @%ZS?XSOB; the open reading frame dhaB3 encoding the gamma subunit glycerol dehydratase is
found at bases 9311-9736; and the open reading frame dhaBX, encoding a protein of unknown
function is found at bases 9749-11572.
Single colonies of E. coli XL1-Biue MR transfected with packaged cosmid DNA from
33 K pneumoniae were inoculated into microtiter wells containing 200 uL of S15 medium
(ammonium sulfate, 10 mM; potassium phosphate buffer, pH 7.0, 1 mM; MOPS/KOH buffer,
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39 -- L-tryptophan (20 ng/L), L-histidine (20 ng/L), L-leucine (30
my/ L), L-I W?ﬁé‘llé‘éo my/ L) . Col oni es were streaked on s&CEIOVE08} at es
and used to inoculate liquid nmedia. Screening of S. cerevisiae -
transformants for dha genes .- Ghronosomal DNA from URA+, H S+,
TRP+, LEU+ transformants was anal yzed by PCR 5 wusing priners specific for

each gene (SEQ | D NCS: 3845). The presence of all four open readi n%
frames wapHCHREOrmUMaCla, 2 MNP aldsitohmbt MR SBHl: BrGIE. huMi ZnGly1 i CuSOy,

t ransf or . InSd . s BREMNE | | Y608
dehydr at g? g”(%%‘a an:{ r?gs 321?\%,_!\%323/! pog r?é%l'i“% Ium?))g(ri‘dé@- red u‘gytdgicg.@,ﬁ?é'\éq?@h a%e' /\aé/géceml
denonst r ateAPOngimigof vitagiin Bep &£ RPPH% vaas gysact Ag8iugirgnampigillinydrsadditionde ge

anal ysi s Lerofi@PivkiisTR thddidr pRitdlcaaifs SB-80 afplsaHido ihatdlatéd Htef S8 H 11 uL
frames. Strain_ YPH500,_ transformed wt roup of plasmds

| . d h. the
pMCK105 pM@kMithdpamend cspifuged in 3 Reipiganic e&%"@ﬁ'%&?@ﬁ@’ﬂﬂé&'% ni nal
I\/Fdi um Cgmﬁaﬁ%ﬁagﬁéﬂﬁ §9(ct¥u¢??§2enékfn©g eg% ih&fii;irftej_ wTs protdrasd foi'rlmiPID.Q anaiysis. 2%
gl ucose ageni ne su ate, dan - S| ne. .. S WwWer e,
Dompaoni - B8odcRsR daniarsiedrdy P RBsnea, Bouieto e REree alteretreetigy iy of
0. 12 uni t aippekintatelt 240 gotaries. IThneespasitiveclores Were identiftery; tWo sievhjchr ieidagewn emd

EXX%/@L lém4tl.§-§be £mggn<§) 5:99:[ gfiw%éhq{adjnobwﬁgﬁ%oﬁ%qf%oxmi ‘i‘%ﬁ’iﬂ”%ﬁ'gﬂﬂ?&ﬁw e

D- GLUGASE clones grown on LB-50 amp and verified fap$heNgsoREGOVE N\B\NiopSaedidl awasesignated as

cerevisia ; | 64 bor i :

s s SN GOTIRNs Wes R FRE L3 e AR Rl SRR

f er nent er WaB tBnsfarm®l. AAreiodepandent fransformant, (degignatechasiBH5a-pKP4,iveasi venifiedhfor thel | y
containin r@quc@éH—on'élﬁf‘Biﬁnedfbl.7 g/L yeast nitrogen base w thout am no acids,

40 ng/L adenine sulfate and 60 ng/L L-lysine HO. During the course of the
growt h, a®ESd87ti onal equi val ent of yeast nitrogen base, adenine and

I ]ys I1 8 gsvvﬁs aﬁd%;i colf &fairt acu'mzvt»e&s fféaiilfo@rgg& With E@éni& ® %@Zgﬂhka_é -@l%&?sﬁ&ﬁiiﬁd tan
0] % phos rc a err n 9 so).ved oxygen
t ensi onpt WPE&BHK‘%Q ip&#i @?’9 Ac‘EfntM? gﬁ‘.’er"ﬁst"«?d"é%"’;‘ue, é’l‘ﬁ?"&"& Ef/é’-d)@?]ﬂ?{gﬂr] = )5198 AU)

W;a'r e har veglgd7hpKr2, ECmethMf H@BE¢m7anﬂesM?fm rlEiBtVOiT;is M(ejﬁivaﬁdglpml d};lﬁ,. 7
g/ L yeast nitrage se W, t ' | ds, -adeni ne sul f ate,
G0 o & LAY e B iRt n A ad ayeerstasR NS ke Ve " B )
30 dehyirogenase) and enzymessii foo dihpdnoxyagetosd ofdhd Bifsphodnolpyl@ataidependent t ot al

vol ung,,of ﬂ&g%“r?ﬁ%%?ge syfbem,gcggyfgﬁwpl enented with 0.5% gl ucose, 5 ug/nL

~coenzyne [ . ) chl oroqui ne were prepared, in the
absence of | i ghiweshtsingls gelenienefteashyeesmi arsforgiption andiftyernf the Supegqos vpctaeal ed
serum bot talkﬁit% éﬁéﬁ%ﬁbé‘@%ﬁ)%r%mﬁﬂio[\,%%{t% #hLesstakip\Hatediieté trg'lgsf&reoalh'aqum S

wer e W rawn and anal yze bz H . The results are shown in the
Tabl e 3. 4aaster LB-50amp plgig, dheseiaglates were also tested for their ability to convert glycerol to

PCT{ US97/ A(8grdpanediol in order to determine if ﬂ%ey contained dehydra_tasle activity. The transforhnts
-(I:-er) eS i 23 i gdvere transferred with eIzD gt%ﬁl‘é%o'tr?p?ckoto m]iérgt_itgrr 8&22 ggf{{%piag gétﬂ gln éﬁl&&%ﬁ'\%m S
1, 3- pr opanrepplemented with either 0.2% giyeerdl ar®.2% glycerol plus 0.2% D-gluéosly) After incubation

gm;/p for48 hr at 30 °C, taéLcontents of the microtiter plate welﬁo)were filtered through an 0.45 micron
0.2 nylon filter and chre@natographed by HPLC. The resultg 6f these tests are given in Table 1.
0.3 4 40
0.7
Table 1
Conversion of glycerol to 1.3-pr_opanediol by transformed ECL707

Transformant Glycerol* Glycerol plus Glucose*

ECL707-pKP1 19/20 19/20

ECL707-pKP2 18/20 20/20

ECL707-pKP4 0/20 20/20

ECL707-sc 0/5 0/5




EXAMPLE 5 'USE OF A’ S. cerevisiae DOUBLE TRA @}g EOR
PRODUCTI 0\1”098’213"1 OF 1, 3- PROPANEDI OL FROM D- GLUCCS dHaB AND
dhaTARE 5 | NTEGRATED | NTO THE GENOVE -~
Exanpl e 5 prophetically denonstrates the aransformati on of S. cerevisiae

wi th dhaBi, dhaB2, dhaB3, and dhaT and the stable integration of the
genes into the yeast genone for the roduction of 1, 3-propanediol from
gl ucose. *(NumbeppfRosiiive isglatasfnusiss €§'§?'6ﬁsg%§ﬁe§éttes 10 Four
expression cassettes (dhaBl, dhaB2, dhaB3, and dhaT) are constructed for

gl ucose- i nduced and high-level constitutive expression of these genes
i n yeast, Aéaegiharonyces cerevi siae. These cassettes consist of: (i)

t he phosphogl Y(Eewﬁsﬂraki WWN@nsmBﬁ)Mh cbsmid K, pneunBniaeddNA tairesposdingiion

2000 PO AT e e i o o .

t echni que A@@O@p KP4 wmmzog-sbmes&ctmm r $wq)n AAZ @S idefecijuddn trinseptiosphate

Bi oTechnl bas ? -535, (1990)) is used to reconbi ne DNA sequences
to genéraf %&(p(‘: ssettes with seanl ess joints for optimal expression of
each gene. TwEhiysingtsedmiessf eactecashid transforgiationiand five of thecerapty vettabl e

vector (Pl whbd B3k HlelYomhs iy o oGHIERBRE ol B 1@1.1@;055%@;&

cloning in ression asm fruet

integrati dﬁscvbe@ fﬁfﬁp o@)i strain E L707Vé’<b?(6$%ﬂt§1§fébe?@de€$ peecgivertie Tehledgr at i on of
expression cassettes into the yeast genone are constructed. These
vectors contain the foll ow ng el errents: (i) a polycloning region into which
expressi on cassettes are subcl oned X 2€49 a uni que marker used to select for

stabl e yeast Coﬁveﬁmmrgn;%efoﬂo 1(,3-bto)paﬁﬁﬁﬂl'b9&bhﬂ&n€€clmoand sel ectabl e

n‘arker al ) flene an=la ala ~la rmng
yeast. One | r{dPrAYE zbit rker 25

(Yl p352b) ar)zdc\mospqund i nt egrat?l/zm vect or cont ai ns1y/pe LYSZ auxot r ophi c
mar ker ( pKP7) WO 98/ 41

PCT/ US97/ 208 7%\200-pKP2 _% 1720 .41 -
Construct i on A%20pea4$4 expr essi a2@pl asm ds 16/2(EXxpr essi on cassettes

for dhaBl and 2car e subcl on@g into the polycl Onb/§9 regi on of t he
Yl p352b (expréssion plasnmid #1), and expression casSettes for dhaB3 and
dhaT are *(Numbegbtpasitive Iwateﬁ/mmbqy@fyselatﬁmiaﬂged)egu on of pKP7 (expression
plasmd #2). 5 Transformation of yeast with expression plasm ds

S. cerevisiae (ura3, lys2) is transforned with expression plasmd #1 using
FrozemEZ Yeast Transformation kiBEXAMELE2 Research, Orange, CA), and

t r ansf or mangEONVERSKHR DFOD-AUUEESSE TO 1 3-badﬁmmaevlaect®mgmm1 Encd?ifusme

expr essi on cassettes for a in c I’? con II’I"? anal ysi

of chronpbsomal DNA. Sel ected tr ansforned W th
expr essi ortdnstrudibR efaghefal pubosé) eXpressiir g MG udd i hahsfondtion of Estheriakid coli

double tr hsfor mants sel e on pl ates lacking lysine. Integration of -
expr essi OMM IVaCAr and dhaT is confirmed by PCR anal ysi s
of chrenosonmal TheE. cdhexpressivanestonfpTatiQ, Eontainethp laricsgane (Ea@beugrewa(wtham

dhaB2, dhagg, Fﬁ*ﬁ))l%% p‘?%@ﬂeg An‘ieﬁ{?mseft%f ’%él]-{:eszs' gAY Béé gvit 96’&%?' S

of chr onmosona oteln on f r ans or med
yeast pBR322 (Sutgiiffe gt ak.i Gad §Pﬂqgr’t6€tré~| $i@7Re R&lécfeﬁlobﬂfidﬁa@&n)h HABRitipthel@ingind

dha T fror&tggh@{eﬁmnator se Jeﬁ@é g)%zreg!a%eg%fdﬂﬂﬁ s@%ue\%é?r@ﬁx“&&'ﬁio
anal ysi s. Enzynme acti vi t rom dou transfor ne
Active gl ®P8lol dehydratase and active 1, 3-propanedi ol dehydr ogenase from

doubl ep° 2@ybEIbARG tHerdRRGrol @ rdtﬁs L (dr@1by spnzyme assay as described in
General Metho above anedi ol from

doubl e- t r ansf orMEAP§R ERading fr ame for dhaB:an,e(gaL@egqragra g an Beghl 615%1%‘5? gl endiagha
gl ucose i iXbepsitel R tHer P BAG)VERMINPIFES frompHIGBRELY RER Using primers (SEQ ID NOS:21 and

22). The product was subcloned into pLitmus29 (New England Biolab, Inc., Beverly, MA) to

generate the plasmid pDHABS3 containing dhaB3.




essential ly as delscri bed in Exanple 4.

EXAMVPLE 6 @ 98/213 CONSTRUCTI ON OF PLASM DS CONTAPR (™

DARL/ GPP2 OR dhaT/ dhaBl -3 AND TRANSFORMATI ON | NTO KLEBSKELLA.
SPECI ES K. pneunoni ae (ATCG 26955), K. pneunoniae (ECL2106),

and K. oxytoca (ATCC 8724) are naturally reSI stant to anpici I I in (up

to 150 ug/rrL) and kana cin é’Pﬁp to 50 ug/nL %&ﬁ %é
tetracycline (1 @gPRHCP té'ﬁd’g YHigpAdinG regip f%ﬁ’ﬂ@?rrﬁ_ef‘es §€h Regrgn from
replicatiggiilos wad aﬁtﬁﬁdiﬁto\#mld‘e@crﬁjmﬁde (stmagehansaesotie cA)esmgltes feetriction

antibiotics are ote‘%ﬁé:akhy g‘ ?B'Iﬂ% vectors for these
Kl ebsi el | 8pz¥PegKRal a °d"?e\?‘i) &ias n| ae (ATCC 25955), the gl ucose-
derepressed K mmgenéﬁas%:ﬁ&)ed i elstingoiky brasmid pMIL v 2zbhtaivesr e

it e THABEH 2R Lo o BB B3 5ol i RSLBP 33 "

Beverly, figmenthias pusfiedanddigpted shtl thetS25thipeAdabKbalviraggedbiromp IpunsenﬂjpBHAB’&n mL

of an ove gn t (w/'v) Bacto-tryptone
(Difco, 4rt0| tﬁﬂj&égzﬁg%{gﬁ \ﬁj Q)gég} g\fﬂ'éep‘acg é@)%tdpgs&jz/% fco) and 0.5% (W v)
NaCl (Sigma, S‘[he openmireading frame for thqm}agg,ggr_[e@morporatmg a HIndIII sute and a consensus .

PCT/ US97/ 8§?‘§Fsome binding site atthe 5 endandax al sit atthe ¥ end sa hf‘ed from 42_-
MO) and the culture was’ incubated err err] of 0.5-0.7.

The ced | sphilé?82¢ by PCBAsing primers (SEQ IDII&@ and EWDMM fINGArodust wes 4000 x g
for 15 m gpcRRAdd fnﬁbﬁﬂﬂﬂﬂ@@\lé@ﬁ%%d Bi8a8ahél) RlRhba® the plasriPBIT vV EMAhing The
cells were repeatedly harvested by centrifugation and progressively
resuspend‘é’@q1n 500 m_ 20 nL and, finally, 2 nL ice-cold sterile 10%
glycerol . For A5Ioﬂ->edae¢rhgraaamtﬂ W11 é&naimng)ﬁarceﬂthédmmmmd dnéBhgéneZandL

DNA in a cm cuyv tte | sed .at e 2.5 kV
For a5 rib8dheEs agewes prensaus bRl &b se e ual SEREERRR RSN The &0V
of SO nedindit-Xi2ddragment dsatainingtthy ghaByé 2(3Dgénes)fronOpBT2 was m}sermtmb pleai€t to
extract ( S,Lﬁ%/ﬁ’)q 10 MM Nadl, 10 mM MgCl[err], 10 MM MgSO err], 2.5 nmM
KCl and 2 g ucose) was added to the cells and, after the

suspensi ofubgening pahediol ¢ 2 2 war) | e poI ypropyl ene tube, the

10 culture wagy éRﬁmt@ggﬁﬁ?érﬁéntlafMKﬁé-zeglmﬂt%@b@ae &%ﬁ:!ét@f’ﬂs-;%%e 2 wer e

pl ated on sel ective ses asm d DNA
f rom i ndeprivdengenaset(daat) gennavaseypdenadinto pRlverSipHbie § creating igynid /e T

restrixti graregehe M@é@&%ﬁn@mxsalsﬂ@aﬂ% bedndsnt ¥iBafHI sié aPRER3%hd) Was laﬁr@hﬁdag

00 R o 5 PSP oAy BB A B

and delr : varzB?,STBerdadaa m@BRﬁB&or{eﬁTﬂEpﬁRZ&#mt (Swiatdgens)cad hasSril Site toe@netammeht 0
anpicillin,.. te i,n r e t he
DARL GPPo PR PP A AR B aGRr BT The B8R Pt g AN R &

oxyt oca. correct orientation fortexpf@s$ian tond tHGRRE proeoder imp@REReriptans pAdtd doptains the

PCR- medi a{iﬁéjr ?éﬂ%liﬁ hiect%klkﬁf} oanRthIdmetFﬁ Xbal- §%ﬁhﬂeﬁﬁﬁ%mﬁﬂé&‘kﬁ?0€ %?ﬁsnt 0'

based on sequence
K. pneunoaénssway ingerteghinte pd aciQitel genarate pt?@mcIMH&;fTwndﬂ-amlﬂ frsgment 9 t hat

20 may BRHB'%E:?IasI\ﬂg%IJ ﬂﬁé ameharr@emrv@a%%eaea mwadu@scﬁmnt@ﬂb eaeagé HAQPE -

For conveni ence wer e obtal ned on ragrrent

obt ai ned BYe HI’GB@Q‘U@QHIE%f’&@WBFPRPH@% the, R?ﬁedWLHq"e and terw@f%vasluaﬁ?ﬂed
endonucl ef,\?@pgmg@ﬁgﬂngmcg@w@mze al ready arranged in an expression
cassette un er t he control h E. I ac pronmoter. This DNA
fragméht ¢ 2L :' : BRSZEL produci ng the

i nsertional i nAﬁtekmtss&ncasfseﬁéﬁr thhlobaamﬁmmddha‘rﬁas asspnttedfesne the idividdal

53 D 3R iy AR PSP BB PR, .

( 10 ug/ nL)'haaSpIerIﬂpnefragmemmm MHB tdndgining the RBS, ¢ha T gére and termiidtamveasihsartedol
(25 ug/ nmy r l ]

chl or arrph)gm t@%?&égﬂr@mg |te\!/§e&t rans g?re grrtg%z%oﬁ réﬁn%(ij-ég %@ f}a:&&segﬁgéeﬁégp{hﬁg haB3
expected pihdhaTdgeneiohpAH23 wah rapiovet o ﬂpeterp}‘\l-‘dﬁx TheyBpsl- Péotldrmnbmruaersean e
was subcl eBad €itd fehi $19F2 44 Gl FePhhck eSS Oﬁehﬁo?f@ragrﬂ PARYs g Pcie%IeI'é?e pARsse

pl asm ds, designate JSP 1A (cl ockw se orientation) and pJ

(count ercl ockwi se o | ent ation), were separately transforned by
el ectroporation into K. pneunoni a (ATCC 25955), K. pneunonia (ECL2106)
and K oxytoca (ATCC 8724) as descri bed.




Tr ansf or selected by their resistance to tetracycl /L)
and vverenggbgg)égﬁf or their sensitivity to chl orarrphenlllé]ll%%% 0%7%/ m) .
Restriction analysis of the plasm ds isolated from 35 independent
transformants showed only the expected-digestion patterns, and confir rred

t hat they were stably maintained at 37 [err]C with antibi otic

sel ection. The expreSS| on of the DARl and GPP2 genes may be enhanced
by the ade Hel xoressien easselte fosghaland gbaBl148h nedi um WO
98/ 21341 An expression cassette for dhaTand dhaB(1,2, 3) was assembled from the individual

PCT/ US97/ 20

The four REBEhEaHaM! diaT AkEpTEs Sessiked pravobising a6 wplesyiAgbiology methods
PCR- medi a4 ggel-Sacl fragmbmtfdonatmnmhé tbaB (Y 23} ISengefearpDITa avag dmsened ind SAH1 Dot
their kno Dl\ﬁr c?% g genes are then transforned into K
pneunoni a FRElP3 5 81‘?{%’3 One or rmre prormters t hat may be used
t o di r ectClohiag R b 2 phserhyigcerdt @roduotiominiZ Be/E,
the genes 5 I fragne

obtained by di H .%Mw%m a@ﬁﬁé%%@'%né‘% %3*%4%58? 888K aepessionn
endonucl é&b‘é&&%‘émbﬁweedjméi@ﬁe Thieofysero! 3+ phaspleale pmsaphatase (GRRPIrgemsi on

tt |
s 1 gat (Eferd HfHfl RIS XA, e Bé“@“’o{ SR 8 ot T oY dd ASHETY
and u®ed E%th!oawgff&mrthe '3@64 F'O'Eﬂ—ﬁ target D NA usingrgyathetioprimens{SRERrD N@Réwithd by

their resgshaae: ﬁs; @rhéehmemaymuoﬁé’&m%mcaﬂ%mseﬂegatfﬁers?@eﬁ&mfOr a
whi te col ony phenotype on LB agar co tal ni ReStriction anal ysis of

t he gRngets themgsmidopiidin P€8| TP%QI%WAHT%W%'PWM%PW gene in
denonst r ahé Ractivicorishtation cualeﬁpuss.on frorammawnﬁnamﬁ |pCRE$Erfp|ﬁSKPr grence of t he

were- subcPUMRRSTALEOR AL PoBHRAHE Spaiihg'Be Ghta Sangovagitspdeims ponieSbipti

To enisanceK+ tma_;emermeplssmm pAH 19l dbhe pAH1TO chntding tiep@RPE gerte inttie corficbomentations

25005, (fyeppngssiqE TRl TG Bn A Th Ra oo ilsRishn Y TR afna 2 Ppcc

8724) ( pJssineayasdnsestedynte pRHOX2itmoreatecplasmid pRHEAr | - dar 1- gpp2 expr essi on

casset t . pieQhiGa RS TRL BRIE SN Sha e oty fGrist ance to both
t et racyclm%%). Restriction
anal yst s of t hb SallksARbXbal linker/(SERAPNDS:2% e Feymsinssrieddne PAHE WiNGRMS

showeg t hegsbiaPwitt B8 reatdtidh @ﬁz%eshﬂlﬁtbéﬁﬁ cmiélpé*ﬂs prh%'?mer%%ﬁ&ﬁ@xﬂ he

expre55|on of . the enes

enhanced it FH%%‘H(ﬁ%"I‘"@H%Q“PW@WQ"%)f Voawn ’t"é‘*"tl nMI—%replacmg the
EXAMPLE T7existing Sall-Mlul fragment to create pDPd8ICt i on of 1.3 propanedi ol from gl ucose
by K pneum)nlﬁa Kl ebs and

el |l a.pneunopni ae strai ns. E 10
D06 45 Chovh THehd KB EseR-YP ouTeRhRriuRe B Experion bisashe (5 Jhef 8fod i t h
pJSP1A andhaBSE2) frovamp®Td8 and thert. @ikl Xbal/ Gl frdgoment edritaining the GPP2 gaskefrontar i ous

o1 ucoRo, 1t fes Meertihe Wi vact? pRMREELL (st oy bt SENERRT TS (lm) Hesipeecy

2106 whi omMithihe resiiiciion etzymesriceRI and Sgl| v@rerie pPE2®/ | act at e sel ection plate
as descr 'ﬁQQ’m’dQfﬁ%&ve‘?%xﬂessm%AREﬂ\VE 'g@fp: M crobiol. 56, 1296
.(1990). each case, I um used co I ned 50-100 mM pot assi um
phosphat e buf fRART was 'Wt?d By PGB ciavinenrqre eenorpie S peyisiee PNAUSingG symtheficy east
-extract, ﬂrﬂnér@fﬂ‘:ﬁ&"l@@@ 4SWith SEQ- 15 I‘i@ﬂ'ﬁj uepédshi Pk r:lr % é@& JaM Ncol site at the

FeCl[ err err err r
Md %"ﬁrr%s e@gg Wﬁﬁ“’]é’\" n 9‘?5‘ ‘@F%ﬁﬂ@tﬁ h'OTU‘eBZ‘\tmﬂ3 end of

MySO er+]DARM 8 B&MP@&Q isantfdduceiiding theGfdnsBatii- RAfRinatdf dT fd PORIfragiensPersas

fed, with r |du Iuc mai, nt aj ned i n, exce nperature was
controll ecﬁg ﬁ’[lg aé’ﬁ'éf aﬁ’ﬂicl%ﬁf’ 1ge {h&fagte s;tegw\,{ﬁlpﬁh%%press:onm:,rrag NaOH.

Appr opri aiTec@At(Pbamﬁada PiseaiawiapNawldetséy) ito givapDaR14ni nt enance; | PTG 35

(i sopropyl -b- tQ | added ,.at

concentrat i ongh ég&e&gﬂ"%g‘ﬁ Hétépﬁédsg?&%‘@qsw ?'% %&ﬁ% (gﬂéag%?'la §Pﬁh TBBE-Nsglen

was s¥ar diokerndbtainashby dnaealirgotyothetiowrimers {BEQID NO:48 with SEQAD 1901481 44 inserted

PCT/ US97/igf3%{eNcol site of pDAR1A to create pAH40. Plasmid pAHA40 contains the new RBS and DART




-- 44 -- setpoint was 5% 1 vvmair was sparged thro ctor
and the ne¥AMWARYE suppl enent ed with vitanin Bl12. Fi na%éﬁ‘%‘gﬁp%t i ons
and overall yields (g/g) are shown in Table 4.

Tabl e 4 Producti an zgf..1, 3 propanedi ol from gl ucose by
K. pneunoni ae | PTG vitam n Bl2,
Yi el d, ani sm do nmv ng/ L Titer, 'l%/ L
g/ g gene in ﬂzq;g:g@[cbgrgn B ahion, fips exprgssion from the trc promoter ofyTrc39A (Pharmgc@l_)

16% Ncol-Barﬁ’m fragment from F?Dﬁaﬂ%ﬁ{d&:'sﬂ%ﬁd el Sp@MQBS-Nch l%ker obtained by S
5.2 %‘E 10 }w]a

0o - anaea;;ng synthetic pgirmggs (SEQ ID NO:31 mtb §]32 s insg@pd mto the

g c Spél-BamH! site of pQRMscnpt I-SK+ (StratddéHe) €b7t£r§dt8BM]41 Thé86nstructpArH41

EXAMPLE 8 c%r?tai?\s an ampicillin resxs?an%ﬁengr hSNCB%B%fBF‘bE?PrgﬂBgPM%R%a“d a second
1, 3- pr opanetif@pebRBENoiirikenstitained by annealing synthetic primers (SEQ IPMNDUBOWIASEQ lD

13- pr opanistinhwas)Rer HIERe SHRRaHR piao pab:aist RHRAREENE et Sthe' ©
Si ngl e colcomstmst pftH42 qmnammlwoa(mmeﬁmmsﬁtapdmn@) K. pneurmnl ae (ATCC

25955 (ATEG 2495 PISPLA), and K

pneunoni ag (ATC Nis '- X ISP e e ansferred from agar pl ates
and i mesepar at érmmelwen pmﬁe fos DAR1 and GRRZwhs assembleddrom thetindiyidual DAR1

Luri a-Ber g abp(o'z%hbasﬁgsmegamea'aabwuélﬁbestamwmolee&er eafoPphﬁgioas agRat (s) -

50-nL flask contal ning a sterl - tered mnim I um defi ned as

LLMM F whiBamHi®stl é@am&nwsorbeAHW FHtaining ﬂ& Fi$%e%§é’*’2 pepe yas insedsd intaRAH4
Mol es pok@sshidPAMABS nhaeammhsﬁ fragment fro lg:mmb&ﬁawhwemﬂé bed GPB&lgens Was

GuCr [ or 1) FBAER PIRPATA st pAHEky The opthe By *6@5‘%@?% W REnge oy

H[ er r ] 8 aiig RBS 2Ad wPM‘QGh{a ok hiséd fserted idto pAH42 10 .chsate paH

ot racycl i ne. alPEoRaHE Pgged of R RO RS-
ei t her of Spetlinker,gbwinet yanckalieg syrithetiaptimers10 ug/ nL 20 tetracycline and 25

ug/ L chl i arRbiets ARACKBR IR SIARST T&T@{OQISJXQ% AR oAb

reconbi nant's I Uum was rror to
i nocul at i ¢AMaining the GPP2 gene, yfasiinferts mﬂhﬁ@a@ WAt aite pf p/stﬂmtpﬁéﬁate PAH48.

concengr atPIéHM@BAQ4§c6’HYéM@§:e éne ﬁemdfdeam a?raﬂweféwgene in the'@rRct
capped, then incubated at 37F{)err mi unswi ck Series 25

n.a
i ncubat or /FSRBRYGN for expresgion fo 5*\%@(‘@“?*6%“?8?‘:9&6 (FeaofgtacmPﬁa%}?\g%rN hti |
nost of t I copstiincengtradtiont e was converted into 25 products. Sanples were

b oduced 15om i 8l 0455 3 4 WEEber RO RInta TP e 122501 JBAURIRE transtormed Wiy
98/ 21341 the plasmids pDT20 and pAH42 and selected on LA (Luria Agar, Difco) plates supplemented with
PCT/ US97/ 45 .
Table B %Q%Z&ml‘ carbencmmb?rb Wc’P?/SH' %\Horimghwcobanedl ol from D ffructose using

r econbi narBroddctiorsofel.3-propanediol from glucose

o I 1 ol A1 485/5Br50/p AL W transAHRGRA @ iatd @/t of a el Car bon
‘_.‘LLMVY F . containingggr liter: 22.5 g glucose, 6.85 g KoHPQy, 6.3 g (wﬁsg4,gpq [} NaHCO3,|_2|\§Vg E

0, NechBgyeastextract 83 thyptone, 2 8 HYVIRARTB(, 2.5 mLnkddiletrBalch's trak@liement

0.11 4 210 i A

0.26 3  solution, 50 'm$carbencillim and 10 mg chloramphenicol, final pH 6.8 (HCI), then filter sterilized.
- . The composition of modified Balch's trace-element solution can be found in Methods for General

and Molecular Bacteriology (P. Gerhardt et al., eds, p. 168, American Society for Microbiology,
Washington, DC (1994)). After incubating at 37 °C, 300 rpm for 6 h, 0.5 g glucose and IPTG (final
concentration = 0.2 mM) were added and shaking was reduced to 100 rpm. Samples were

35 analyzed by GC/MS. After 24 h, W1485/pDT20/pAH42 produced 1.1 g/L glycerol and 195 mg/L
1,3-propanediol.




pJSP1A/ pJSP 25955 pBR329 LLMM F 100

0 259%! g’%ﬁ%ﬁ LLMM F 100 0.3 PST’”S”AZ‘“‘”
25955 pJSP1A LLMMF + 1 100 0. 15 2 25955 .
LLMM F 100 0.9 -37 - 11 - pJISP1A/ pJSP2
25955 LLMMF + 1 62 1.0 20

pJSP1A/ pJSP2 B. Conversion of various carbon substrates to

1, 3- propanedi ol by K. pneunoni ae (ATC%@QS pJSP1A/ pJSP2) :

An aliquot (0.1 ni) of frezeNe Mol amsdfzcassa@r\nw KhapRRO BT ae (ATCC 25955
pJSP1A/ pJSP2) was transferred to, 65 n}; Seed nediymin a 250 nL baffled
flask. The Seed medi um cont%—m nol ar NaK/ PJ err]
bUfoqer ]pH 7. 0Ex fr@séNH[a@fmds)thﬂrdb]ﬂB@b(m a4 t,‘epﬁcagnglepsmet elements Wetdcdhstructed
My err Herr sal,u

Chi o afiphdan426h of b faig i ostas, Fat B Preres iy oSGt oBeit AR rtemoter s prpgant

Trace El emadisemﬂ'edfmech yeast ADHe trad€krigtion termiaatac bylfragments bf BN@ containing

Cadl *2H er. x 0.3 S o
0oL o Lk BT S ralcdt il o fhad oy FRRFL G pteiied
Whd [ er r] ‘camipined 1he.getib éontelscliatriang fas sklettianrin Waeo/t ant medie doteining ammcillin,tdn _
o .
O bast *0gT AR SR i o8 WLE 990, rld 7 il PR S oA B
gr own ‘ovemdingprange g8 aerewiviae Stherssiectabe nutrmonal nraréenseae@ fag e it and nrasast on

semi - aer 0tm&expm@mamsmmwoﬁa%dtr@ffo:ﬂe%wngm@%@hé @Rcoding _ Mediumin 125 ni
seal ed fl asks that were partia ll}é‘ en with umnumf0|l strip. The

React i on I\YBHP%HWQ‘,WF’A‘PW@B“%% F’e'I‘Mdf%?se %WQQHF @F‘F‘]‘?’[%‘P"P]‘w erhpsphate g car bon

substrate,deéhrs barRP1 gend\aiéb&?%m Lpitsbh@ibosyjdarthfanildie thoRasde, BXd LGS ;
0.15 g NgS I *7H er rrrml es IPTG 10 100X Trace El enent
sol ution; 2 ResP Wgﬁ%f‘?ﬁ? gelyaragenasty ny tetracycline. The resulting

sol uti®n. 20 \V¥he obéh reziding ftmquoﬁdfﬁTV\HhéBd;é%BHadd&fth Sidre ampilifiebtRongar bon
sources we t ase ct crose
ey <> o RhfeaBeRATD N T pek 8 bARRA SEDD RolBRf o I Rbad SERS

i ncl uded IND:#0withSEQUD NOQ:41 NPEQ V2 Nﬁ 42 with SERdDrNQ48] auisSE® I NOM4 with SEQDHD

addit on Qo380 chilf GBS B2 Rk ohdlSy, ARGLERENHRRA!DIAIRE ELBR1 GRS at the &' ends

suspensi on start
PCT/ US97/ ZtismM Tris pH 8.3, 50 mM KCI, 1.5 mM MgCly, 0.0001% gelatin, 200 mM dATP 4200 mM dCTP,

neasurgd abo mgemm onmedW?r nmrescﬂ ?&Hé\aﬁﬂ@ r@tta%ét bR ri&,m%m J’L\Hﬁﬂhtaﬁg‘

product I on nmeasur ed HPLC after describ

yi el ds of DI\'A eolmerﬁa%%ﬂf@n Eﬁrsro%ea Nargalk CT)). RGR pelameé%rg wezg hamin atod °C
substrat eq.min%t 55 °C, 1 min at 72 °C, 35 cycles. The products were subcloned i@t £-oR1 site of

e ool B E BRI, st Bk sh o the HABRASITS s, e, ez

1, 3- Pr opamadipMP16 gbhtaining dha T(HaB3NdAEaB2dnkiaihes, respedcivadly. 1 Expt. 2
Exgt 325 $g§t%c?on of dhaB1 expression glasmi%gMgK%) 0.2 é 3 '
0.24 Lac The 7.8 kb replicating plasmid pGADGHSClontech, Palo Alto, CA). Vi digested with

8' gg ' Hm%hW, dephosghgrylated, and ligated to thegd%%1 Hindlll frﬁgrrr]\ent fronQ p%ﬁ. The ré\é%itmg
~0.03 plasmid (pMCHA0) bad dhaB1? correctly oriemtegifor transcription from the ADH1 promoter and
. contained a LEU2 marker. :
30  Construction of dhaB2 expression plasmid pMCK17
_ Plasmid pGADGH (Clontech, Palo Alto, CA) was digested with Hindlii and the single-
- strand ends converted to EcoRl ends by ligation with Hindlll-Xmn! and EcoRI-Xmnl adaptors
(New England Biolabs, Beverly, MA). Selection for plasmids with correct EcoRi ends was

“ achieved by ligation to a kanamycin resistance gene on an EcoRlI fragment from plasmid pUC4K

35 (Pharmacia Biotech, Uppsala), transformation into E. cofi strain DH5a and selection on LB plates '
containing 25 mg/mL kanamycin. The resulting plasmid (pGAD/KAN2) was digested with SnaBl

T L A o T R Y B D R N T T T, T T S ST P AR T er



10 EXAMPLE 9

| MPROVEMERYP 28213413 pROPANEDI OL PRODUCTI ON USI NG dhaBX GENE FCT/US97/20873
Exanpl e 9 denonstrates the inproved production of 1,3-propanediol in E.coli
when a - gene encoding a protein X is33 ntroduced. Construction of
expression vector PTaclQ 15 The E coli expression vector, pTaclQ
containing the |aclqg gene (Farabau . J. 1978 Nat ur e 274 5673)
765- 769) %H@@Bbarﬁ%ﬂrgtkérffaem?ﬁhwﬂb'geé‘IDH11&58'3“8@@%’82@“1@?’5@%?

i nserted CIUnQech N@ai6 Afé rc,«)twa%ru;@a%et@wm SBtard E@Hicazﬂ th@fl 5&8&@2%&@ cliffe,

1979, Col d 0
cl oni ng sffatQ@Pe&ﬁEP%{aéF‘i’rW]ﬁ'Fc}rs %é%ﬁ@%@@g@qgﬁent ‘s°'afﬁéf§’@7 p%éB{ @??sbx ‘ﬁ%es'“m‘
PBR322 s eagtesmaBl bh@HesRI0 frhe rasuffing bectwpmhpxllanﬁpﬁda&nggblﬁﬂﬁﬂ’d% yélabyiln ah ase

O ot 1 JBE putugtand saroiptor ang ad Wr Ekh, FISME oM PSS SRR, o

f r om pHKZ2pR6sphasylated) ahd tigated o ttnBUhm&aoﬁi fr@gfﬁer(t&orrapmam e‘liheussurltjng plasmitthe

restricti I te t asgy . .

The. open PUSH L asB2roaMdhy o8 18 SR ERblor i BRIy pibrerans coppineee
using 25 aPprRPeraskef.SEQ | D NO 51 and SEQ I D NO 52) incorporating an EcoR .
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genes fr' onstmuctionof dhak exnrs i <1119, % 1) create pDT3.

Subcl gni.ng thePfgm (@kﬁﬂ@cﬁ wﬁ@ﬂ@eéte&lw Waefldhd Pvull and thelP'Rb KRPY gase |
fragnent of pHK28- cont ai ni_ng .t he TMG deq?édro enase gene,

was subclfemé’de‘i’ FIP’B‘EBI"E@%J’I&F | gene wag eaplachd By é‘II?%IgfmﬁmazFﬁ@scﬂ‘Ia T gene

\lA%s Ncol ggeﬁnh%mgmagment ffcrnﬁ)mpﬁmpwmqswatag@emu@;(aewmﬁwmvmd;rrwsm{agEQ
t 1.NCO t1n an a en

bnd & Bantde GreaeBHpramoer preseh BRI A wieRbvet 8. i ShpeageR!

pCR- Scri- pﬂ'z(gaem,tamgeemacauthtfhafufbﬂédgtmmIs1 pmngnemmaa 8 kb@anmmlﬁ'apvhbm feanad

pAH5 15 I, N

orienfati®d % @wﬁggg?&o%gp %@BM” Zgé BR’S ? Io}ﬂesqg °b:& Cri 1

pAH5 conttanmrtcmaﬁcprg&mem mmeihe"p'p'em plasroid pMiMatte mld préKwoaTIhe PMCK353anHI

-gendrate Ie"m‘”?é?@%“"?A@gIﬁg%?’“ﬂ%“%% AR R PERR R

."the RBS ahﬁi«'ﬁﬁ ngarker. was inserted into pBluescriptl|KS+ to create
PAHL1. ZOTranQQﬁﬁét’bHG?Soéerfls@é‘w%m &@Ioﬁ glide for dhaT and dhaB(l 2,3)
An expression casse was assenbled fromth

i ndi vPtual S. ?ﬁﬁ@ﬁ?’ie %"35} Y%HEOW??SWQ’ 2bsade2s1o itpd P& sA-88Y I?“@rgﬂlg

tsL angﬁr g( (DiorskiRas. dnidHieey Pl Eehents. 122, 19- Zﬂ(m))-pﬁ%hlaséd%ﬁ%ta@@ﬂé @_amoﬂﬂ
e a

Spel - Sac CA Wk rit e v AL D of RRair O Heimb AR et B Pt Tres SRR | 0

NO 58) wa{aldlog #¥T2001) EgimioResearhiOrahge, ICA)a Sobbinips steeel graminiont Supplepsdntedct | on
enzynes %Inkﬁé%‘édi&rﬂ (%%%‘?57@9%& nitrogen base without amino acids, 2% glucose) for 3-4 d at

35 29 °C with one or more of the following additions: adenine sulfate (20 mg/L), uracil (20 mg/L),




The |i nker s the Xbal site. The 1 kb Sall-Mul frag T16
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and Jlpbetreaked on Feledtiob blaﬁsra%ti'ﬂlsed to inoculate liquid me@ki DHSa was obt ai ned
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Gerhardt et el., eds, 8, Anerican Socl et I olo
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HPLC anal 9§megwe§*tam&éﬁ%?§?@¥%§°é§ ai?“ﬂ'énfy élP?féf ic 301“" Oc2diRis PRF MEbI e
4. 15 protem W oBlaineddsr ghftern delydreadtetand 0.00EuhiRPer iy prominciat € 3ipciankbiol

expressi on 8 %‘;1 X in pl asm ds expressing dhaB(1, 2,3) or
dhaT- dhaB*9?; Batly enhances the production of 1,3- 15 propanediol .
TABLE 7 Ef fect of dhaBEX@MRLESE on on the production of 1

. 3-propanedi ol by E. ‘Hﬂdnucno@ﬁngiya ROBANEDIQLERQ,DGRUGASE 5 Time

(days) 1, 3- propanedi 0 X)

1 USlNCBﬂRECOMBINANT Saccharomyces cerevisiae
i 20 S. cerevisiae YPHSBIZ,g'%Bbo ing ;tPg‘&@éﬁ\@ﬂplésﬂﬁ&ﬁﬂméK%, pMCK17, pMCK30
) and pMCK35, was grown inc® §ips fergenter (B Byaga Bigterd, ingh inrt-A ka8 minimal x)
2 medium initially containing 2@%@%!\?&% %@/ﬁmﬁrdg@hﬁzseﬁhﬂ%t dmihb acids,
2 ressed as an average from sever al

exper i menf@ Mg/L adgginesuifate and 50 5pgd- |iysips @'o Duing thegaursq.ef e 9royyth. gn additional
AGCT TAGCAG G AEMAT Hda mETWTWmTWer was controlled

R 2 CFT%?G%%E{IJ )- pgosphonc acid and g II:VPNaBHN% nd%%&l?g‘ssolvedn oxygen

tension through agitation control. After 38 h, the cells (ODggg = 5.8 AU) were harvested by

Eco

centrifugation and resuspended in base medium (6.7 g/L yeast nitrogen base without amino
_ acids, 20 mg/L adenine sulfate, 30 mg/L L-lysine’HCI, and 50 mM potassium phosphate buffer,
- pH7.0).
. Reaction mixtures containing celis (ODggg = 20 AU) in a total volume of 4 mL of base
' _~_-'f--. ‘media supplemented with 0.5% glucose, 5 ug/mL coenzyme B49 and 0, 10, 20, or 40 mM
- chloroquine were prepared, in the absence of light and oxygen (nitrogen sparging), in 10 mL
crimp sealed serum bottles and incubated at 30 °C with shaking. After 30 h, aliquots were
withdrawn and analyzed by HPLC. The resulis are shown in the Table 3.

3




B3-3" end
)C(BSQIATTCAGA'I‘;]CT %’?‘z ggﬁ%ﬁAAAACCATGC 35 SEQ I D NO 52: dPhCaT 138937120873
PCT/ US97/ 20873 -- 49 --
GCTCTAGATTAGCTTCCTTTACGCAGC SEQ LD4NQ 53: dhaBl 5' end-Hindlll-SD
5' GGCCAAGCTTAAGGAGGTTAATTAAATGAAAAG 3' 5 SEQ I D NO 54: dhaBl 3
end- Xbal 5" GCTCTAGATTATTCAATGGTIGICGGG 3' SEQ I D NO 55: dhaTys'
end- Xbal 10 5' GCGCCGTCTAGAATTATGAERRIRRCGTATGTTTGATTATCTG 3 . gEQ | D
NO 56: dhaT3' endpRafition of 1,3-fro J@IWMQEJMI@Q@!GGCGGAMA
15 SEQ I D NO 57: pUSH Li nke‘?lp CGACGAATTCAGGAGCA 3 SEQ
| D NO 58: pUSH Li nker 2: 5' cﬁ‘)&‘lﬁ%ﬁ"ﬂ:CTGAATTCG 133-praganediol
EXAMPLE 10 féagwdni vati on of the(sycerol Dehydrataggvypctivity
Exarrp|e 1 tion-of the g prrnl
dehydr at ase acti vi t1y I n m crooroganl snms cont ai ni ng 04 |east one gene
encodi ng protein X2 25 Pl'ensm ds pM/ and pM 1paere constructed as
described in Exanphe 9 and transfor into E. coli [err] cells. The
transforned cells were cultured an assayed for the pr(9 tion of 1,3-
propanedi ol accordé#ng to the nmet hodlof Honda et al. (19}8;0 In Situ
Reactivation of dycerol- | nacti vat ed Coenzyne B[err]-Depehdent
Enzynes, 4 ycerol Dehydratase and Di ol . Dehydr at ase. Jour nal -of
Bacteriol ogy 143:1458-1465). 30  Mat EeXAMBLESd net hods

Tol ueni zation of GH 6F A s, cerevisiae DJM@?I&AI@SP@!&@IAWT%\R b&dﬁ&ﬁg& phase
and were harveste centrifugati o i
growh, i.e. 0.2¥% HEERROPANEDIL FREMIDGLEHCOSE WHERE dhaSANR dbaTIARR |n 50mM

KPJ errs)] pH8.0 at room tenper .thAﬁE@ mq'blmg\ggﬁdwéuspended to OD[ err]
absolute OD 1S not critical. A lower

ool ?OWL235?2"\/' reg%'ﬁ% zlap?%hrs@{a@y GnoEetes fhe transfoRpainatsS. earevisige with ehat.
thi s poi ntdhaBRedha@spantitia Taihd thecstaliieiptegeation PEhE @eR®iniorhd Yeastgédome for the

production of 1,3-propanediol from glucose.

Construction of expression cassettes

10 Four expression cassettes (dhaB1, dhaB2, dhaB3, and dhaT) are constructed for glucose-
induced and high-level constitutive expression of these genes in yeast, Saccharomyces
cerevisiae. These cassettes consist of: (i} the phosphoglycerate kinase (PGK) promoter from
S. cerevisiae strain S288C; (ii) one of the genes dhaB1, dhaB2, dhaB3, or dhaT: and (iii) the PGK
terminator from S. cerevisiae strain S288C. The PCR-based technique of gene splicing by

15 overlap extension (Horton et al., BioTechniques, 8:528-535, (1990)) is used to recombine DNA
sequences to generate these cassettes with seamless joints for optimal expression of each gene.
These cassettes are cloned individually into a suitable vector (pLITMUS 39) with restriction sites
amenable to multi-cassette cloning in yeast expression plasmids.

Construction of yeast integration vectors

20 Vectors used to effect the integration of expression cassettes into the yeast genome are
constructed. These vectors contain the foliowing elements: (i) a polycloning region into which
expression cassettes are subcloned; (i) a unique marker used to select for stable yeast
transformants; (jii) replication origin and selectable marker allowing gene manipulation in E. coli

prior to transforming yeast. One integration vector contains the URA3 auxotrophic marker
25 (YIp352b), and a second integration vector contains the LYS2 auxotrophic marker (pKP7).




WD 98/ 21341

PCT/ US97/ 208 @98/21341 PCT/US93(30873
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added as fast as BOSSI : sanpl es were coll'ected
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PCT/ US97 20873 CONSTRUCTION OF PLASMIDS CONTAINING DARYGPP2 - 51 -

OR dhaT/dhaB1-3 AND TRANSFORMATION INTO KLEBSIELLA SPECIES
K. pneumoniae (ATCC 25955), K. pneumoniae (ECL2106), and K. oxytoca (ATCC 8724)
are naturally resistant to ampicillin (up to 150 ug/mL) and kanamycin (up to 50 ug/mL), but

. sensitive to tetracycline (10 ug/mL) and chloramphenicol (25 ug/mL). Consequently, replicating
30 - plasmids which encode resistance to these latter two antibiotics are potentially useful as cloning
vectors for these Klebsiella strains. The wild-type K. pneumoniae (ATCC 259585), the glucose-
... derepressed K. pneumonia (ECL2106), and K. oxyfoca (ATCC 8724) were successfully
transformed to tetracycline resistance by electroporation with the moderate-copy-number plasmid,
pBR322 (New England Biolabs, Beverly, MA). This was ac;complished by the following
3  procedure: Ten mL of an overnight culture was inoculated into 1 L LB (1% (w/v) Bacto-tryptone
(Difco, Detroit, MI), 0.5% (w/v) Bacto-yeast extract (Difco) and 0.5% (w/v) NaCl (Sigma, St. Louis,
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500ul s of freshl%lprepared 3.3 mg/mm FeC [err].6H20, was added to the tubes

and the tuWOB21341 \ortexed. The tubes were incubated at robf{Us ure
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the cells and particul ates. The absorbancg was neasured at 670nM and
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Results 1gnem m- of 58 86& rﬁ@&i&m (&R (\sz Baao-@fyptwmcg) @%l% (vwe)l d;éctawéa%t é&ﬁa%vmrfcé)or

reactivation o #% nce and presence
added ATP wmlvwaq wméﬂ MaSlar 1&m MB@Q#@ ? WM KeleﬁndsZO mM 9"&9ﬁ?)at’r’?ﬁ 3figied to the
pl asm d cadelly ang) attbetRe iusp%nﬂaldwas a:Snsfelrdd tea Wmlnﬁ\'n).étéﬂ@/pbi)tﬁﬂ@yﬁwehmw tHeO

|
Cont ai 1 g PSR o 437G 2535, el St bR RANE e
t o react i vindicatedeAnalyses pf ihealalsmld lablétfﬂom'nwegdqnt tatrakyaiie¢ryesistand frensfanants
AS ShOW” 'éhoﬁ'el'tl{eereZtnctYMBCHnﬂarmeé‘aké Sédﬁﬁ 8Wrﬁs @ﬁé@%‘?ﬂek@ 2, i g{a'tfh'é of

gl ycero actlva atase’ in t sence a in the
pr esence ofecioimag sigbly raﬁatamwfter overmghﬁ@ﬂﬁueesawsCsthbﬂ/cpmfameéﬂr%cyel@ﬁt ai ni ng

dhaB subunqm 29fnL)2 TREY] ttﬁs ambr&ﬁemeﬁvétms idnl astpusmgg (Aect avzaem whnch encodes
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Gene 48 ndesHaES Prameciin, e Rg el SHAREPhOAEL TREbRUTSY ftolts e
I nact i vat eQARBYABRR@End dbal/dhal 1a3 exprézd%uon cassettes intd-K.quneemofiaaaud KOoxyfdcast r at e

that host cell speopaRY Ef\@@f@bﬁéﬁéﬂn% itainéd ﬁflbgﬂ éﬁecﬁﬁted %gf‘rcatnon fr&rgltﬁé” ed

under condltlons suita roducti on of ropane
nore 1, 3- Saccharamﬁ%ﬁf@aﬁr\ﬁfaqmamo%asee!en mewthnawg%@aumeh Tﬂavznewe then

cul tured Lthﬂformea fhtd Komﬁeuﬁmfaab} & dx§foc bifder the coarradw 6hé G méve promoters that-
vati ve of escrli

1,3-pro aned| asm DT2 4 i S, a.der

Ecanpl & o) mey Be usgel 3 3ol hareesgreaion insapee Snsafind g sbe iRrienEr. e, gves
prot ei ns lwer2 ohfeihedl.on a 2.4 kb m%m&btamed by digestion of plasmid pAH44 with the Pvull
PCT/ US97/ 2 _

SEQUENGE LTFRPign endorclegsg,whereby the agres arg aready amf fin oxorpssion gassetta o o
DI AZ- TORREdnder the control of the E. coli lac promoteqy @his OhANKaanrgr mmhgated to Pvuli-digested
MATTHEW CHiBI%329, producing the insertional inactivation of its chloramphenicol resistance gene. The

25 ligated DNA was used to transform E. coli DH5a. (Gibco, Gaithersberg, MD). Transformants were
selected by their resistance to tetracycline (10 ug/mL) and were screened for tHeir sensitivity to
chloramphenicol (25 ug/mL). Analysis of the plasmid DNA from tetracycline-resistant,
chloramphenicol-sensitive transformants confirmed the presence of the expected plasmids, in
which the P)5.-dar1-gpp2 expression cassette was subcloned in either orientation into the

30 pBR329 Pvull site. These plasmids, designated pJSP1A (clockwise orientation) and pJSP1B

' _ | (counterclockwise orientation), were separately transformed by electroporation into K. pneumonia

| (ATCC 25955), K. pneumonia (ECL2106) and K. oxytoca (ATCC 8724) as described.
- Transformants were selected by their resistance to tetracycline (10 ug/mL) and were screened for '
their sensitivity to chioramphenicol (25 ug/mL). Restriction analysis of the plasmids isolated from

35 independent transformants showed only the expected digestion patterns, and confirmed that they

were stably maintained at 37 °C with antibiotic selection. The expression of the DAR7 and GFPP2
genes may be enhanced by the addition of IPTG (0.2-2.0 mM) to the growth medium.




(ii) TITLE OF.INVENTION: METHOD FOR THE RECOVB
PRODUCTI ON W 98284bpopANEDI OL (iii) NUVBER OF SEQJE(N’%W&PM

(1v) CORRESPONDENCE ADDRESS: (A) ADDRESSEE: GENENCOR -
| NTERNATI ONAL, | NC. (B) STRexTL 4 CAVBRI DGE PLACE
1870 SOUTH W NTON ROAD (O d TY RCI:HESTER (D)
STATE: NEW YORK g COUNTRY: R( |r:|2 .

d ediated

POSTAL CODE ( zI e founfegpgumoniae dhagfy-3) aWReRB&DRBEE*WW PC
(A) MED UMrﬂBfﬁEatxon&‘roﬁOthbWCHnﬂnﬁiﬁEETd_enome based on theif Bown OPMPSEddance. | BidsPC

(D) SOPTVRARES erapeeansy priggyps - lechioniaé e Lot elbi el

(A) APPLI GA3y mausdd\iBERect their expression in fgia Eomalmﬁg QNUEBSse. 1Adre@neshience, the genes

ppeL AT, RS cngnggpcplay ¥ SDRRRSIQH iy i steton g gy e

(C) CLASSIthOhg Kpr/Sacl resertmm gndonagiqagRsIEVhes DRIFRRAVATIready arranged in an

E 8 SEE/ERE%QBEEE\SQEBBM& the control of the £! %ollﬁécegrecfﬁa‘éﬂ s BNA f&a&%}\aﬂ@%s fi aée\ld

| NFORVATI CSQIssmn[a)%/:lélgeste}iJ NE % étqggpa@.}ollasgb) muspgégtransform E. col D%%)
TELEFAX:  Trafisiorntihtes werd@beleCc2) by thdiCiebibiahéaNochisrohheniaoN@5 Lig/mL) and weird

SEQJENCE Cé#@%gﬁ!?'a%% gé%olony phenotype c;fﬁ_)B A‘QEN@-A_E'U&\S @égﬁa B‘Eﬁ*f%@&%’%ﬁ% f Wg

08/ 213%1
-- 53 -- plasmid DNA from(cBy)ranmﬂfEnicqbl@sigtagt tsanisfprmants demonstratigy treTVRANDRIMESS:

single phenotype confirmed the presence of the expected plasmid, designated pJSP2, in which the
dhaT-dhaB(1-3) genes were subcloned under the control of the E. coli lac promoter.
To enhance the conversion of glucose to 1,3-propanediol, this plasmid was separately
15 transformed by electroporation into K. pneumoniae (ATCC 25955) (pJSP1A), K. pneumoniae
(ECL2106) (pJSP1A) and K. oxyfoca (ATCC 8724) (pJSP1A) already containing the
Pjac-dart-gpp2 expression cassette. Cotransformants were selected by their resistance to both
tetracycline (10 ug/mL) and chloramphenicol (25 ug/mL). Restriction analysis of the plasmids
isolated from independent cotransformants showed the digestion patterns expected for both
20 pJSP1A and pdSP2. The expression of the DAR1, GPP2, dhaB(1-3), and dhaT genes may be
enhanced by the addition of IPTG (0.2-2.0 mM) to the medium.
EXAMPLE 7
Production of 1.3 propanediol from glucose by K. pneumoniae
Klebsiella pneumoniae strains ECL 2106 and 2106-47, both transformed with pJSP1A
25 and ATCC 25985, transformed with pJSP1A and pJSP2, were grown in a 5 L Applikon fermenter
under various conditions (see Table 4) for the production of 1,3-propanediol froth glucose. Strain
2104-47 is a fluoroacetate-tolerant derivative of ECL 2106 which was obtained from a
fluoroacetate/lactate selection piate as described in Bauer et al., Appl. Environ. Microbiol. 56,

1296 (1990). In each case, the medium used contained §0-100 mM potassium phosphate buffer,
20 . pH 7.5, 40 mM (NH4)2S0y4, 0.1% (wiv) yeast extract, 10 uM CoCly, 6.5 pM CuClp, 100 uM
o FeClg, 18 uM FeSOy4, 5 uM H3BO3, 50 uM MnClj, 0.1 pM NasMoOy4, 25 uM ZnClyp, 0.82 mM
L MgSO4, 0.9 mM CaCly, and 10-20 g/L glucose. Additional glucose was fed, with residual glucose
. maintained in excess. Termperature was controlled at 37 °C and pH controlled at 7.5 with 5N.
KOH or NaOH. Appropriate antibiotics were included for plasmid maintenance; IPTG
3s . - (isopropyl-b-D-thiogalactopyranoside) was added at the indicated concentrations as well. For
. anaerobic fermentations, 0.1 vvm nitrogen was sparged through the reactor; when the dO




D TOPOLOGY: i MOLECULE TYPE: DNA enoni
I(—N?DOTHETI XP 9872 }é?b?ar (i v§| | )ANT| ~SENSE: NO (w()g %NRE”&‘B%JHCE)

(A) ORGANI SM  DHABL (xi) SEQUENCE DESCRI PTI ON: SEQ ID NC | : -
ATGAAAAGAT CAAAACGATT TGCAGTACTG GCCCAS3CE CCGICAATCA GGACGECECTG 60
ATTGGECGAGT GGCCTGAAGA GGGECTGATC GCCATGGACA GCCCCTTTGA CCCGGTCTCT 120

CACATCAT S PRRMAT PR O XiCHIRE L PN FFA SR AP RSP eS¢

AT GCCCCT (HathA\éakdind B (X5 F iRl EORSBBIEARDn A\ & G0 e (i i 6T (3G GACERoWOAGTERBEAG 300
GAGATCATTG CCATCACTAC CGCCATCACG CCGTCGAGGT GATGGECGCAG 360
ATGAACGTGG TGGAGATGAT GATGGOGCTG CAGAA GI'GCCCGECCG GACCCCCTCC 420
AACCAGTGCC ACGT CACCARTaUIipnaid/SrprapanedinisTen gﬁ\mmwmcecc 480

[TA 540
CETGTT " 600
; 0

ACGHe%  7R0

TACACC 7180

FreEae—T2 G T—GCTTACCTE—840

GAATCGCGCT GAW?WR&AM&&GC G@éGGGGTTC QéGGACTGCAZAAAw 900
GTGAGCTGTA TOB@CATGAC CGGCGCTGNG COGTCGGGCA TTCGGGOGGT GCT 960

AACCTGATCG TAT CCT A G ECGIICCG ACCA GACTITTCT TOpO0
CACTCGGATA TL&’M% AQ GATCAAGA ¥t hScacq Ar’ﬂ%ﬂ 1080
ATTTTCTCCG GTWA@GI’ GOLCBHAC TACGACAACA 5GT TCCCCCESCT CGAACH?P% 1140

GATGCGGAAG A P| TALAP\ HC U @ Al | GAU TZ200
CTGCGTCCGG TM@-@M glepr _c2eaTrdacc-Aiaaa iene 50
5
EXAMPLE 8

Conversion of carbon substrates to 1,3-propanediol by recombinant

K. pneumoniae containing darl, gop2, dhaB, and dhaT
A. Conversion of D-fructose to 1,3-propanediol by various K. pneumoniae recombinant strains:
10 Single colonies of K. pneumoniae (ATCC 25955 pJSP1A), K. pneumoniae (ATCC 25955
pJSP1A/pJSP2), K. pneumoniae (ATCC 2106 pJSP1A), and K. pneumoniae (ATCC 2106
pJSP1A/pJSP2) were transferred from agar plates and in separate culture tubes were

subcultured overnight in Luria-Bertani (LB) broth containing the appropriate antibiotic agent(s). A
50-mL flask containing 45 mL of a steri-filtered minimal medium defined as LLMM/F which
15 contains per liter: 10 g fructose; 1 g yeast extract; 50 mmoles potassium phosphate, pH 7.5;
40 mmoles (NH4)2S0y4; 0.09 mmoles calcium chloride; 2.38 mg CoCly+6H50; 0.88 mg
CuCla+2H20; 27 mg FeClz+6H20; 5 mg FeSO4-7H20; 0.31 mg H3BOg3; 10 mg MnCly+4H20;
0.023 mg NapMoO4°2H20; 3.4 mg ZnClg; 0.2 g MgS04+-7H50. Tetracycline at 10 ug/mL was
added to medium for reactions using either of the single plasmid recombinants; 10 ug/mL
20 - tefracycline and 25 ug/mL chloramphenicol for reactions using either of the double plasmid
recombinants. The medium was thoroughly sparged with nitrogen prior o inoculation with 2 mL
of the subculture. IPTG (1) at final concentration of 0.5 mM was added to some flasks. The flasks
~ were capped, then incubated at 37 °C, 100 rpm in a New Brunswick Series 25 incubator/shaker.
Reactions were run for at least 24 hours or until most of the carbon substrate was converted into
‘25 products. Samples were analyzed by HPLC. Table 5 describes the yields of 1,3-propanediol

(3G) produced from fructose by the various Klebsiella recombinants.




WD 98/ 2134 873
-- 54 -- ve70&%&%6%5(5‘-'I’TT TCCGCGAGCT GEGEECTGCCG CCAATCGECCG ACGE%«@%S%Q
GGAGGCCECC 1320 ACCTACGCGC ACGGCAGCAA CGAGATGCCG CCGCGTAACG TGGTGGAGGA-
TCTGAGTGCG 1380 GTGGAAGAGA TGATGAAGCG-BARACATCACC GGCCTCGATA TTGICGGCGC
GCTGAGCCCC 1440 AGCGGCTTTG AGGATATCGC CAGCAATATT CTCAATATGC TGCGCCAGCG
GGTCACCGEC 1500 GATTACCTGC AGACCTCGGCT@Té CTCGAT CGGECAGITCG AGGTGGTGAG
TGCGGTCAAC 1560, GACATCAATG ACTATCA CC GGCTATCGCA TCTCTGCCGA
ACGCTGGEECG 1620 Prod@sASTANAS-phIpanedigies Q@f@@'ﬁi@éﬁg CSOBKRUNRDCK/EbTBIATAA
1668 (2) | NFORVATI ON FOR SEQ | D NO 2: &ﬁ% SEQUENCE

CHARACTERI ST . . 585 e pai (B) TYPE:
nucl ei ¢ ac bg;élla Strain (% di g@&{ﬁgg Yield Carbonéé} TOPOLOGY:

| i near vEEECH P ge V GNAL SOURCE
(A) ORGANI2SAP PBRAES L'—MM”)' SEQU@NI:E DEséhl PTION  SE®ID NO 2:
GTGCAACAGA g@% T@e@chCT TTTHECCCTGA AdACCCGOGA GREEGGRGTA 60
GCTTCT TCGGOG GC CTT 120
CACCAGCAT 13%& CA%BCGCGA % GC‘@TGCC 180

GGGEGT GGAA@18\GAGGEGECECT T(L“AMMZEZCGG GT GRS GCGCA (IZE:TGCGCAC GIECGACGIC 240
TWT"&F&J%@% GGCCAACCTG AGCGCECTCGG GGATCGGCAT CGGTATCCAG 300

T CCATCAGCGC GATCTGCTGC CGCTCAGCAA CCTGGAGCTG 360
TTCTCCCAGR588TRBRIZCT GALMMIGGAG ACEINCCGGEC NGATTGGCAA AMNCGCTGCG 420

CGCTATGCGG5 QTC AQGHIVASCOG GTEGGTGG JEAACGATCA GAJGGTGCGG 480
COGAMTTTA TCCLILARAGT OGDGEIATTT CATATCAAG 6A%ACCAAACA TG[GGTGCAG 540
25955 LLMM/F 100 11
pJSP1ApISP2
25955 LLMM/F + | 62 1.0 20
pJSP1A/pISP2

B. Conversion of various carbon substrates to 1,3-propanediol by K. pneumoniae (ATCC 25955
5 pJSP1A/RJISP2).

An aliquot (0.1 mL) of frozen stack cultures of K. pneumoniae (ATCC 25955
pJSP1A/pJSP2) was transferred to 50 mL Seed medium in a 250 mL baffled flask. The Seed
medium contained per liter: 0.1 molar NaK/POy buffer, pH 7.0; 3 g (NH4)2S04; 5 g glucose,
0.15 g MgS04°7H20, 10 mL 100X Trace Element solution, 25 mg chloramphenicol, 10 mg

10 tetracycline, and 1 g yeast extract. The 100X Trace Element contained per liter: 10 g citric acid,
1.5 g CaCly+2H50, 2.8 g FeSO4°7H90, 0.39 g ZnSO4+7H0, 0.38 g CuSO4°5H20, 0.2 g
CoCly+6H40, and 0.3 g MnCly*4H20. The resulting solution was titrated to pH 7.0 with either
KOH or HoSO4. The glucose, trace elements, antibiotics and yeast extracts were sterilized
separately. The seed inoculum was grown overnight at 35 °C and 250 rpm.

s The reaction design was semi-aerobic. The system consisted of 130 mL Reaction
medium in 125 mL sealed flasks that were left partially open with aluminum foil strip. The

. Reaction Medium contained per liter: 3 g (NH4)2SOy4; 20 g carbon substrate; 0.15 molar
- NaKlPO4 buffer, pH 7.5; 1 g yeast extract; 0.15 g MgS0O4+7H40; 0.5 mmoles IPTG; 10 mL 100X
Trace Element solution; 25 mg chloramphenicol; and 10 mg tetracycline. The resulting solution,
2 was fitrated to pH 7.5 with KOH or H3S04. The carbon sources were: D-glucose (Glc);
- . D-fructose (Frc); D-lactose (Lac); D-sucrose (Suc); D-maltose (Mal); and D-mannitol (Man). A

few glass beads were included in the medium fo improve mixing. The reactions were initiated by
addition of seed inoculum so that the optical density of the cell suspension started at 0.1 AU as

PSR TIToN

&R



COCT GCACATCGAC TTAGTAAGGG AGTGA 85
(2) | NFW@%A *EOR SEQ I D NO 3: (i) SEQUENCE cmm’?ﬁ”éﬂ?‘%“&é:

(A) LENGTH 426 base pairs : (B) TYPE: nucleic acid

98/ 21341 ~ 46 - PCT/ US97/ 20873

-- 55 -- (O STRANDEDNESS si ngle (D) TOPOLOGY:

| i near (i1) MOLECULE TYPE: nom CP,)b Vi ORI G NAL SOQURCE:

(A) ORGANpEastregighispo nm. Thefagks V&E@UENE% Boepn- §§8’W‘E§'°ﬂﬁ' yas

ATGACCCGAe 284r2dGA HBLG ﬁ@f G ALCCPableTNdéscilidsARe (HRIMECCEE T rofdnedicibdked frofD

ATCCTGA CCGG$AA TTGACC GATATTACCC TCGAGAAGGT GCTCTCTGGC — 120
GG% lscévitec:{nein TCTCC CGOCAGACCC TTGAGTACCA GGCGCAGATT 180

GCCGAGCAGA TGCAGCGCCA TGCGGIGECG CGCAATTTCC GCCGCGCGEEC GGAGCTTATC 240
GCCATECCTG ACGAGCGCAT TCTGGCTATC TATAAm TGCGCCCGIT CCECTCCTCG 300
CAGGCGGAGC  TGCT GGCGA PraBeBmatchiep op amaistkan VEITGREATEGUBSICRET GAAT 360

GCOGCCTTTG TCCGGGAGTC { it Krbsiala 2 SBETPIRRAIINSRIGTAAAGGA 420
AGCTAA 1,3-Propanediol (g/L) 426
(2) | NFORMAT I DpEfrRe SETT DERRE - Ekgt. 2 SEQUENCE] (E)—@Fg-\u ERt STI CS:
(A LENG:Fﬁ_ﬁmS'E_EdI .y B)_%I: mocterc acr o
(C) STRANBEDNESS: si nglle 0.89 (D) T050_OGY linear 8 “(ii)
MOLECULE FRYPE: DNA (gemonic) 049  (vi) OR.Z3 NAL SOURCE:0.24 - (A
ORGANI SM, DHAT 0.15 0.58 0.56

Suc 0.88 0.62

Mal 0.05 : 0.03 0.02

Man 0.03 0.05 0.04

10 EXAMPLE 8

IMPROVEMENT OF 1,3-PROPANEDIOL PRODUCTION USING dhaBX GENE
Example 9 demonstrates the improved production of 1,3-propanediol in E.coli when a

gene éncoding a protein X is introduced.
Construction of expression vector pTaclQ

15 The E. coli expression vector, pTaclQ containing the laclq gene (Farabaugh, P.J. 1978,
Nature 274 (5673) 765—769) and tac promoter (Amann et al, 1983, Gene 25, 167-178) was
inserted into the restriction endonuclease site EcoR! of pBR322 (Sutcliffe, 1879, Cold Spring
Harb. Symp. Quant. Biol. 43, 77-90). A multiple cloning site and terminator sequence (SEQ ID
NO:50) replaces the pBR322 sequence from EcoRl to Sphi. :

20  Subcloning the glycerol dehvdratase genes ( dhaB? 2.3, X)

The region containing the entire coding region for klebsielia dhaB1, dhaB2, dhaB3 and
dhaBX of the dhaB operon from pHK28-26 was cloning into pBluescriptllKS+(Stratagene) using
the restriction enzymes Kpnl and EcoRlI to create the plasmid pM7.

The open reading frame for dhaB3 gene was ampliﬁed from pHK 28-26 by PCR using

.25 primers (SEQ ID NO:51 and SEQ ID NO:52) incorporating an EcoRl site at the 5' end and a Xbal
site at the 3’ end. The product was subcloned into plLitmus29(NEB) to generate the plasmid
pDHAB3 containing dhaB3.

The dhaBXgene was removed by digesting plasmid pM7 with Apal and Xbal, purifying the
5.9 kb fragment and ligating it with the 325-bp Apal-Xbal fragment from plasmid pDHAB3 to

0 create pM11 containing dhaB1, dhaB2 and dhaB3.




(xi) SEQUENCE DESCRI PTION: SEQ I D NO 4: ATGAGCTATC GTATGITTGA TTATCTGGTG
CCAAACGTITA ACTTTTTTGG CCCCAACGCC 60 ATTTCCGTAG TCGGECGAACG %!GCCAGCTG

CT GGGCCCCAVRRRAMECCT GCTGGTCACC 120  GACAAAGGCC TGOGGGCAATE aR
GCGGTGGACA AAACCCTGCA TTATCTGCGG 180 GAGGCCGEGA TCGAGGTGGEC GATCTTTGAC
GBCGTCGAGC CGAACCCGAA AGACACCAAC 240 .. @FGCGCGACG GCCTCGCCGT GTTTCGCCGC
GAACAGTGCG ACATCATCGT CACCGTGEEC 300 GGCGGCAGCC CGCACGATTG CGGCAAAGEC
ATCGGCATCG CCGCCACCCA TGAGGGCGAT 360 CTGTACCAGT ATGCCGGAAT CGAGACCCTG
ACCAACCCGC TGCURoeHTregdineGameTa the 4haB1 gemrATTEOLifeddRoNEES-2A BT EABERINg

P CT/ USQ?%O%%%CN%Q%@MD Nd%@) mcorporam@ ﬂﬁ/dﬁlls:%]and a conser}‘s\us rlboscc;)_lr_nGeA
AGTTTGT GAindiog Gilecatahe Giscnsiaende é@c@s@r&eﬁmwwmds%wawwwmm

TGATCGGT WW @5E7G 600 ACCCACGCCG
TA@M‘%W%@M CGGT GACK t%éeccecc1 . Be;gomeATGc:AGGCGA .
TCCGOGTCAT  CGOACRtiaA RESRi AL AhaB pthechaBAgenean
CGGAAAACAH %%WT“&E% @ WT@@&;TH @hAB Hipressibh Oplaﬁﬁ@Aﬁ@@i Cfhe

CCAACCT NGBS ok P el E It ACK Bk EPRBAE was bl Saci to

TCGCCGATAIrleECﬁmA\CT G ATGGGCGAAA ATATCACCGG ACTGICCACT 960 CICGACGCGG
CGGAAAAAG GGA TATCGGTATT 1020 CCGCAGCATC

A = CHAEAT GGOGGAGATG 1080 GCTCTAAAAG
ACGGCAATGC GT TH@G&A@W ;@ﬂmem\@mamgma TUCCdehydidgé0aseOGATITIEEC

%ﬁ?&g&@l 6mtgpﬁ8e§cnptll KS+ creating plasmid pAH1. The dhaT gg'\g was(&aned by PCR
from pAH1 as template DNA and synthetic primers (SEQ ID NO:55 with SEQ ID NO:56)
incorporating an Xbal site at the &' end and a BamH| site at the 3' end. The product was
subcloned into pCR-Script(Stratagene) at the Srfl site to generate the plasmids pAH4 and pAHS5

1s  containing dhaT. The pAH4 contains the dhaT gene in the right orientation for expression from the
lac promoter in pCR-Script and pAHS contains dhaT gene in the opposite orientation. The Xbal-
BamHl fragment from pHA4 containing the dhaT gene was inserted into pTaclQ to generate
plasmid, pAH8. The Hindll-BamHI fragment from pAH8 containing the RBS and dhaT gene was
inserted into pBluescriptiiKS+ to create pAH11.

20  Construction of an expression cassette for dhaT and dhaB(1,2, 3}

An expression cassette for dhaT and dhaB(1,2,3) was assembled from the individual

dhaB(1,2,3) and dhaT subclones described previously using standard molecular biology methods.

A Spel-Sacl fragment containing the dhaB(1,2,3) genes from pDT3 was inserted into pAH11 at

the Spel-Sacl sites to creaté pAH24. A Sall-Xbal linker (SEQ ID NO 57and SEQ |ID NO 58) was
25 inserted into pAH5 which was digested with the restriction enzymes Sall-Xbal*to create pDT16.

The linker destroys the Xbal site. The 1 kb Sall-Mlul fragment from pDT16 was then inserted into

pAH24 replacing the existing Sall-Mlui fragment to create pDT18.

Plasmid for the over-expression of dha7 and dhaB(.1, 2, 3 X)inE. coli

The 4.4 kb Notl-Xbal fragment containing part of the dhaB1 gene, dhaB2, dhaB3 and

30 dhaBX from plasmid pM7 was purified and ligated with the 4.1 Kb Notl-Xbal fragment from

plasmid pDT18 (restoring dhaB1) to create pM33 containing the dhaB1, dhaB2, dhaB3 and

dhaBX.

E. coli strain

E. coli DH5a was obtained from BRL (Difco). This strain was transformed with the
s plasmids pM7, pM11, pM33 or pDi18 and selected on LA plates containing 100 ug/mi
carbenicillin. e



(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 1380 base Balls.

(B) TYPE: W34 aci d (C) STRANDEDNESS: single FC¢T (D)
TOPOLOGY: |inear (i) MOLECULE TYPE: DNA (genonic) (vi) -
"ORI G NAL SOURCE: (A) ORGANI SMss GPD1 (xi) SEQUENCE
DESCRI PTION:  SEQ ID NO'5: CTTTAATTTT CTTTTATCTT ACTCTCCTAC ATAAGACATC

AAGAAACAAT TGTATATTGT 60 ACACCCCCCC CCTCCACAAA CACAAATATT GATAATATAA
AGATGTCT Broductionetrigpronanediol AGATTAAACT TAACT TCCGG CCACT TGAAT GCTGGTAGAA

OIS © S o Bk, s s ST G
ACCCAGAAGTISTHP d@%"emé@bweﬂﬂé% %ﬁé@% Qgi@%& E‘Aﬁ%@"
AAAAAT TGAE raRAATRATAKH, B4 citAd BAGTAGATL ATGBOAREZD HOANTACTICH (EFECCATAA,

CTCTADCOSS EAMTTICEIT. 20, CCTMIELACCTICATIOf L IGHTCMR GRS,

PCT/ US97/gR@8ibB30 g/L,) plus Vitamine B12 0.005 g/L, 0.2 mM IPTG, 200-ughml -carbenCMFCANTY T

GrCTARACAS R Peres PR SCu Eh dha e (Rt pan s fun i il

AGGAACT AGenerl ROAAVIGEcUHaT BITETATICIBCRBOTEAM SATIL.GBAGE 1586 dneriCAmSHCEyT or

oo e R AR TASHT 85 IARRAT e midfenbBATTHO
GTGTCAT CERemuayesT frasks. @mh%v siweeTesbated at- P GAnwinshakigu(§00 gmmdrr epxeral
TAGGTTGI (aydl Bl @@M} CAGATT s e AL a%rcgﬁgﬁrd pl%@@durm-ﬁm@@ﬁ

GAGTCGGTTT GGGTGAGATC
are shown in Table

Overall, as shown in Table 7, the results indicate that the expression of dhaBX in
plasmids expressing dhaB(1,2,3) or dhaT-dhaB(1,2,3) greatly enhances the production of 1,3-
15 propanediol .

TABLE 7

Effect of dhaBX expression on the production of 1,3-propanediol by E. coli
Strain Time (days) 1.3-propanediol (mg/L)*

20 DHS5a/pM7 (dhaB1,2,3,X) 1 1500

2 2700
DH5a/pM11 (dhaB1,2,3) 1 <200 pg
) 2 < 200 ug

DH5a/pM33 (dhaT-dhaB1,2,3,X) 2 1200

2s  DHS5a/pDT18 (dhaT-dhaB1,2,3) 2 88,

* Expressed as an average from several experiments.
Primers:
SEQ ID NO: 50- MCS-TERMINATOR:
2 5AGCTTAGGAGTCTAGAATATTGAGCTCGAATTCCCGGGCATGCGGTACCGGATCCAGAAAA
AAGCCCGCACCTGACAGTGCGGGCTTTTTITTIT Y

SEQ ID NO: 51 -dhaB3-5' end. EcoRl

GGAATTCAGATCTCAGCAATGAGCGAGAAAACCATGC
35

SEQ ID NO 52: dhaB3-3’ end Xbal



TCTAGAGAAG AAA%T@CT A CCAAGAGTICT GCTGGTGITG CTGATTTGAT CAI %7&1‘8§0
GCTGGTGGTAYEAE) CAA GGTTGCTAGG CTAATGGCTA CTTCTGGTAA GGA 0 -
GAATGTGAAA AGGAGITGIT GAATGGECCAA TCCGCTCAAG GITTAATTAC CTGCAAAGAA 1140-
GTTCACGAAT GGTTGGAAAC ATGTGCCTCT GICGAAGABT--TCCCATTATT TGAAGCCGTA 1200
TACCAAATCG TTTACAACAA CTACCCAATG AAGAACCTGC CGGACATGAT TGAAGAATTA 1260

GATCTACATG_AAGATT AGATAACAT ATCATACTTC COCCACTTTT 1320

T OGACOTECT OAGFAT AR AR FOATARR TTAT GTCATTTCTC ATAACTACTT 1380
(2) | NFORMATI ON FOR SEQ I D NO 6 (i) SEQUENCE CHARACTERI STI CS

(A) LENGTH S ils . (B) TYPE: nucleic acid

(O ﬂRAN%Bﬁéé@%i‘ﬁ’j%&e""'”'"d'"'SD(D) TOPOLOGY: | i near (i)
MOLECULE BYRECCBNGOTGAAGBAGGTTAATTAANTGAABRGS NAL SOURCE: (A
ORGANI SM  GPD2 (xi) SEQUENCE DESCRI PTION: SEQ ID NO6: GAATTCGAGC

CTGAAGTGCT GATTACCTTC AGGTAGACTT CATCTTGACC CATCAACCCC 60 AGCGICAATC
CTGCAAATASERADATSAGDaRECAaTRKI. TGATAGAGAT AATATAGTAC 120 GIGGTAACGC

TTGCCT CAX% WT%%CATC CCTAGAATTG 180 AGITACGIGIG
ATCCGGAT. ATATCT TCGGTATCGT AAAGATGTGA 240 TATAAGATGA

TGTATACCCA ATGAGGAGCG CCTGATOGTG ACCTAGACCT TAGTGGCAAA 300  AACGACATAT
CTATTATAGEEEERSAS T a TEEEREAOAT AACAGACGCA GCAGCAAGTA 360 s
98/ 21341 PCT/ US97/ 20873

- 58 1 5 GRPEPGICIACRYCAEACE T EETNFTA TRETAATRAGS AAACAAGCAC
GAATGGGGAA 420 AGCCTATGTG CAATCACCAA GGTCGTCCCT TTTTTCCCAT TTGCTAATTT

AGMITTT SEQ iéﬁ\?o 56: dhaT 3' end-BamHl

5 TCTGATACGGGATCCTCAGAATGCCTGGCGGAAAAT 3'

1s  SEQ D NO 57: pUSH Linker1:
5' TCGACGAATTCAGGAGGA 3'

SEQ ID NO 58: pUSH Linker2:
5' CTAGTCCTCCTGAATTCG 3'

20
EXAMPLE 10
Reactivation of the Glycerol Dehydratase Activity
Example 10 demonstrates the in vivo reactivation of the glycerol dehydratase activity in
microorganisms containing at least one gene encoding protein X.

25 Plasmids pM7 and pM11 were constructed as described in Example 8 and transformed.
into E.coli DH5a. cells. The transformed cells were cultured-and assayed for the production of 1,3-
propanediol according to the method of Honda et al. (1980, In Situ Reactivation of Glycerol-
Inactivated Coenzyme Bir-Dependent Enzymes, Glycerol Dehydratase and Diol Dehydratase.
Journal of Bacteriology 143:1458-1465).

30  Materials and methods
Toluenization of Cells

The cells were grown to mid-log phase and were harvested by centrifugation at room
temperature early in growth, i.e. 0.2 > ODgpo <0.8. The harvested cells were washed 2x in 50mM
KPO,4 pH8.0 at room temperature. The cells were resuspended to ODggp 20-30 in 50mM KPO,

35 pHB8.0. The absolute OD is not critical. A lower cell mass is resuspend in less volume. If
coenzyme B12 is added at this point, the remainder of the steps are performed in the dark.



GAAACCAAAA, GAATGAAGAA AGAAAACAAA TACTAGCCCT AACCCTGACT TCGT. ’)'/2082{)10
GATAATACCH A HYAATG AACGGTATGC CCTAGGGTAT ATCTCACTCT GTA 0
AACTCCGGIT ATTTTATCGG AACATCCGAG CACCCGECECC TTCCTCAACC CAGGCACCEC  660-
CCCAGGTAAC CGIGCGCGAT GAGCTAATCC TGAGCGASECA CCCACCCCAC CCGITGATGA 720
CAGCAATTCG GGAGGGECGAA AATAAAACTG GAGCAAGGAA TTACCATCAC CGTCACCATC 780
ACCATCATAT CGCCTTAGCC TCTAGCCATA GCCATCATGC AAGCGTGTAT CTTCTAAGAT
TCAGTCATCAlureirReidedio B firalivpiuite ¢ PrEARSRPRROT %W@F”WWR‘F&WQWQW

TCGAA#\% W@@%@%ﬂ {epbratneC TM%%EEE%@ISTWETJ @?G@?Eé_ﬂ?ﬁheldggg
GATTAATCP® m@%ﬁﬂ b@&?é?@ﬂ a‘%w w ti§ 0go
T (Izng T FdsuEAERIEE T leé s?&ié'ﬁ.ﬁl"ﬁﬁ?ﬁ‘s wagrﬁwmirtma@radﬂmnmﬂmni frei|52.40
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CCCTTTCCTT TTQuAJIEX T GCTGICAGAA GATTAACAAG 1320

s, SRR 6 AT S A 98

GACTGCT CATtvHET ANEATELS mmemmsmmmm ATAPIRGHE at G boe,
ATCGGACTCT 4 ﬁg%@%? THELAGATTT GAAACGTGCG CCCTTCAAGG TTACAGTGAT 1560
TGGTTCT CCACCATCGC CAAAGTCATT GCGGAAAACA CAGAATTGCA 1620
TTCCOATATC TTHRETIGAG AGGTGAGMIOH! GTGGGT EMTSIYessaiGAAAAGA TCGGCGACGA 1680
AAATCTGACG GATATCATAA ATACAAGH§H CCAGAAGSTIM BOBRLATCTAC CCAATATTGA 1740
CCTGCCCCAT AATCTAGTGG CCGAT TCTTTTACAC cﬁ CAAGG %GACA 1800
@t‘ﬁc& 1860

CCTTGTTTTC AACATCCCTC ATCAATTTRSH! AccAAABHFH @
OGTGGOCCCT CATGTAAGGG CCATCTCGTG TCTAAAAGGG TTCGAGTTGG GCTCCAAGGG 1920

TGTGCAATTG CT TA TGAGIT TGIG GCGCACTATC 1980
TGGTGCAAAC TT% WGC&@' ?ﬁéy CCA CCGIGGCTTA 2040
15 100ui 150uM CoBy,
- 600ul Buffer (0.03M KPO,4 / 0.5M KCI, pH8.0)
100ul 30mM ATP/ 30mM MnCl,
T=10 minute ATP 100ul 2M Giycerol
20 100ul 150uM CoBs;
700ul Buffer (0.03M KPQ, / 0.5M KCI, pH8.0)

Controls were prepared for each of the above conditions by adding 100uls buffer instead of
CoB2. The tubes were mixed. 50uls MBTH (3-Methyl-2-Benzo-Thiazolinone Hydrazone) (6

25 mg/ml in 375mM Glycine / HCI pH2.7) was added o each of these tubes and continue incubation
in ice water. The reaction tubes were placed in a 37 degree C water bath for a few minutes to
equilibrate to 37 degree C. A tube containing enough toluenized cells for all assay tubes was
placed into the 37 degree C water bath for a few minutes to equilibrate to 37 degree C. A tube
containing 2.5 fold diluted (in assay buffer) 30mM ATP/ 30mM MnCl, (12mM each) was placed

a0 into the 37 degree C water bath for a few minutes to equilibrate to 37 degree C. A 100ul cell
suspension was added to all tubes and samples were taken at 0,1,2,3,4,5,10,15,20 and 30
minutes. At every timepoint, 100uls of reaction was withdrawn and immediatély added to 50uls
ice cold MBTH, vortexed, and placed in an ice water bath. At T=10 minutes, a sample was
withdrawn and added to MBTH, then 100uls of the 2.5 fold diluted ATP/Mn was added as fast as

s is possible. When all samples were collected, the sample tube rack was added to a boiling water
bath and boiled for three minutes. The tubes were chilled in an ice water bath for 30 seconds.



WD 98/ 2134 0873
- 59 - %ééf&Ax‘;‘?ACCA AAGGATTATC AAGGTGATGG CAAGGATGTA GATCQ%%‘E’%S%

TTTTGAAATT 2100 GCTGTITCCAC AGACCTTACT TCCACGTCAA TGTCATCGAT GATGTTGCTG
GTATATCCAT 2160 TGCCGGTGCC TTGAAGAACG 5FCGTGGCACT TGCATGIGGT TTCGTAGAAG
GTATGGGATG 2220 GGGTAACAAT GCCTCCGCAG CCATTCAAAG GCTGGGTTTA GGTGAAATTA
TCAAGTTCGG 2280 TAGAATGTTT TTCCCAGAAT CCAAAGTCGA GACCTACTAT CAAGAATCCG
CTGGTGT T888uls ghfpeshiyamrgeared 3@ maimh EeFBEH O wrsadtrdtoha tbreApd:the tulrasCACAT

égA&T:CCAAGG %428" GATAAT b%g%@gﬁ TCACGAGTG GCTA% TGTGAGI TGA
CCCAAGAAtTen comfitygediarooligat %&R@&ﬁ@?&ﬁc&&@@ﬁ@%@%@%@ﬁ%%ﬁ%e

GAAGACCT 4¥el thd 2815 wéreh@ed weeﬁwmm GACATCGATG ACGAATAGAC ACTCTCCCCC
CCCCTCCCCC 2640 T W CTTTTTCCCC CAACCAATTT ATCATTATAC
ACAAGTTCTA 2 TT ACTACAGITA TTATAATTTT CTATTCTCTT
TTTCTTTARKe obkéhfed FRTOMICATIITRAGYTRAATtBA ElcforAd AdterhiAd A%Fﬁﬁc@Aﬁ{é\E&Qﬁlﬁg
GCTATTAT 2820  TTTACATAL AAT

CACAATTARROTERRES wet RS ro R AR R et A A TR AR TRR AEP CREP PTG
GAGCTTT Tabsol 20 AG70nBT ®SA\@vided by 53.4 (mM extinction coefficient for 30OH-propioaldehyde) and

é?ligACTEéiF §W‘l Wpam ﬁgﬁnﬁﬁgé%ﬁllugm r aa?glgl)l dufﬁ'ﬁ%@ﬁrse Becan%g ml

TYPE:0 nmabmrw/%ﬂ:ma#d the concentraflQEXUMWD@D&ESS?roslpngﬂ®yde was divided bye
TOPOLOGY: ig) ]
= NAng Light used irl t'hb)asséx%ﬁ&l&tﬁtli Sé%&%d%}ﬁ 1(61'95?5“- ‘6.43%@%&)&@9 to

DESCRI PT9€hymoleseaisighydripermg dm*@m : TCGTCTGCTC TGTGCCCATC CTCGCGGTTA
GAAAGAAGCT GAATTGITTC 60
Results
15 As shown in Figure 6, whole E.coli cells were assayed for reactivation of glycerol

dehydratase in the absence and presence of added ATP and Mn++. The results indicate that cells
containing a plasmid carrying dhaB 1, 2 and 3 as well as protein X have the ability to reactivate
catalytically inactivated glycerol dehydrogenase. Cells containing protein 1, protein 2 and protein
3 have increased ability to reactivate the catalytically inactivated glycerol dehydratase.

20 As shown in Figure 7, whole E.coli cells were assayed for reactivation of glycerol-
inactivated glycerol dehydratase in the absence and in the presence of added ATP and Mn++.
The results show that cells containing dhaB subunits 4, 2 and 3 and X have the ability to reactivate
catalytically inactivated glycerol dehydratase. Cell lacking the protein X gene do not have the
ability to reactivate the catalytically inactivated glycerol dehydratase.

25 Figures 9 and 10 illustrate that host cells containing plasmid pHK 28-26 {Figure 1), when
cultured under conditions suitable for the production of 1,3-propanediol, produced more 1,3-
propanediol than host cells transformed with pDT24 and cultured under conditions suitable for the
production of 1,3-propénediol. Plasmid pDT24 is a derivative of pDT18 (described in Example 9)
and contains dhaT, dhaB 1, 2, 3 and protein X, but lacks proteins 1, 2 and 3.



ATGCGCAA GCGA GTGACCAATA ATCACTGCAC TAATTCCTTT TTAGCAACA 0
ATACTTAT,%?V ‘i@@b@@ ACCTTATGTC TTTTCTCTGC TCCGATACGT TATC ‘8@%’2"8%0
AACTTTTATT TCAGTTTTGG CAGGGGAAAT TTCACAACCC CGCACGCTAA AAATCGTATT — 240-
WO 98/ 21341 = 52 -- PCT/ US97/ 20873
- 60 -  TAAACTTAAA AGAGAACAGC CACAAATAGG GAACTTTGGT CTAAACGAAG GACTCTCCCT
300 CCCTTATCTT GACCGTGCTA TTGCCATCAC TGCTACAAGA CTAAATACGT ACTAATATAT
360 GITTTCGGTA ACGAGAAGAA GAGCTGCCGG TGCAGCTGCT GOCATGGCCA CAGCCACGGG
420 GACGCTGTAC TGGATGACTA GCCAAGGTGA TAGGCCGTTA GTGCACAATG ACCCGAGCTA
480 CATGGTGCAA TTCCOCACCG COGCTCCACC GGCAGGTCTC TAGACGAGAC CTGCTGGACC
540 GTCTGGACAA GACGCATCAA TTCGACSTEENMEATEATMEG TGEOGEEECC ACGGGGACAG
600 GATGTGCCCT AGATGCTGCG ACCAGGGGAC TCAATGTGGC CCTTGTTGAA AAGGGGGATT
660 TTWNW TCTACCA AGATGATTCA CGGTGBGGTG CGGTACTTAG
720 AGAA GGCAC AACTGGATCT GGTCATCGAG GCACTCAACG
780 =AGCGTAAAcgi)TCT;@;%TACTmTﬁM@@0AC GGTGCTACCA ATTCTGATCC
840 CCATCTACAG CACCTGGCAG GTCQRGEAGANICIARMAGEG CTGTAAATTC TACGATTTCT
900 TTGGCGGTTC CCAAAACTTG AAAAMATGAT cARES ACTGTC CAAATCCGOC ACCGTGGAGA
960 AGGCTCCCAT GCTTACCACA GACAATTTAA AGGCCTCGCT TGTGTACCAT GATGGGTCCT
1020 TTAACGACTC GOGTTTGAAC GCCACTTTAG CCATCACGGG TGTGGAGAAC GGOGCTACCG
1080 TCTTGATGIH TCHGEASGHA IQNAMAATT GMETGANAGACRE: AACTTCTGGT AAGGTTATCG
1140 GTGCCGAGGC CORREAMERENCAGROTARTS ASCT ECRRAGNABTIGAACGCT AAATGTGTGG
1200 TCAATGOCAC GGGCCCATAC AGTGACGCCA TTTTGCAAAT GGACCGCAAC CCATCCGGTC
1260 TGCCGGACTO CCOUSFBRAAE SATYENCFECA 4AGATCAAGTC GACTTTCAAT CAAATCTCCG
1320 TCATGGACCC GAAAATGGTC ATCCCATCTA TTGGCGTTCA CATCGTATTG CCCTCTTTTT

1380, ACTCCCCHEMN GGAPRREEXTNDPYES PEERESS  TCAGAACCTC TGATGGCAGA GTGATGTTCT
1440

(A) ADDRESSEE: GENENCOR INTERNATIONAL, INC.
(B) STREET: 4 CAMBRIDGE PLACE
1870 SOUTH WINTON ROAD
(C) CITY: ROCHESTER
{D} STATE: NEW YORK
(E) COUNTRY: U.S.A.
(F) POSTAL CODE (ZIP): 14618

{v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: 3.50 INCH DISKETTE
(B) COMPUTER: IBM PC COMPATIELE
{C) OPERATING SYSTEM: MICROSOFT WINDOWS 3.1
. (D) SOFTWARE: MICROSOFT WORD 2.0C

{vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
{B) FILING DATE: 11/13/97
(C} CLASSIFICATION:

{vii} PRIOR APPLICATION DATA:
(R) APPLICATION NUMBER: 60/030,601
{(B) FILING DATE: 11/13/96
{C} CLASSIFICATION:

{viii) ATTORNEY/AGENT INFORMATION:
{A) NAME: GLAISTER, DEBRA
(B} REGISTRATION NO.: 33,888
(C) REFERENCE/DOCKET NUMBER: GC 369-2
(ix} TELECOMMUNICATION INFORMATION:
(A} TELEPHONE: 650-864-7620
{B) TELEFAX: 650-845-6504

(2) INFORMATION FOR SEQ ID NO:1:

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 1668 base pairs



TTTTACCTTG GCAGGGCAAA GTCCTTGCCG GCACCACAGA CATCCCACTA AAGCAAGICC 1500
CAGAAAACCHWOrgSiat3+iT ACA GAGGCTGATA TTCAAGATAT CTTGAAAGAA CTACRESBABY?2083%

ATATCGAATT CCCCGTGAAA AGAGAAGACG TGCTAAGIGC ATGGEECTGGI GTCAGACCTT  1620.
TGGTCAGAGA TCCACGTACA ATCCCCGCAG ACGCGGAAEHA. GGECTCTGCC ACTCAGGECG 1680
TGGTAAGATC CCACTTCTTG TTCACTTCGG ATAATGGECCT AATTACTATT GCAGGTGGTA 1740
AATGGACTAC TTACAGACAA ATGGECTGAGG AAACAGTCGA CAAAGTTGIC GAAGITGECG 1800
GATTCCACAA CCTGAAACET TEIRSACACAYRIiGAGATATTAA GCTTGCTGGT GCAGAAGAAT 1860
GGACGCAAAA CTATGTGERT AABBIIRACCA TTTATCATCA AAAATGTCCA 1920

(D) TOPOLOGY: linear PCT/ US97/ 20873
ACTACTTGGT TCAAAACTAC GGAACCCGIT CCTCTATCAT TTGCGAATTT TTCAAAGAAT

WD 98/ 21341
- 61 -

1980 CCAT WP@E&YPPFGT@&#A@@EGACAAGGA AAATAACGTA ATCTACTCTA
2040 GOGAGGAGAA CAACT ‘%E&‘?% TGATA CTTTCAGATA TCCATTCACA ATCGGTGAGT
2100 TAAAGTRRFE TTGTA GAACTCCCTT GGACTTCCTT TTAAGAAGAA
2o CAAG%EE% TS T OGAOA AMACAGEA GLOGAACTT GARMARCTG
2220 TTAT CGGAGA AAAAGAGGCA GTGGGAACTT GAAAAAACTG
2280 TGAACTT CRRAASRACT otk GTCT AAATCGATCA TGATAGTTAA GGGTGACAAA
2340 GATAACATIC A Ge@a& SIAATAAEGGT AATGATGATA ATAATAATAA TGATAGTAAT
2400 AACAATAATA ATAATGGTGG TAATGGCAAT GAAATCGCTA TTATTACCTA TTTTCCTTAA
2460 TGGAAGAGET ASASTARATEAMAALACTASEAAAARTATA TGAAGAAAAA AAAAAAAAGA
2520 GGTAATAGAC TCTACTACTA CAATTGATCT TCAAATTATG ACCTTCCTAG TGTTTATATT
2580 CTATTGGEAMNT AGARACTAT PETHCTATAT AcATOAETEOIG TCAARACEEQTEGETE TAATAT
2640 CGTTTTAATT ATCCCCTTTA TCTCTAGICT AGTTTTATCA TAAAATATAG AAACACTAAA
2700 TAATARECTACTAGICHRETRCE TGBIECATAGCCRPISAABATICCTTTRRCCI G TASAAAAARAA
2760 ATGGAAAATT TTGCTAGTCA TAAACCCTTT CATAAAACAA TACGTAGACA TCGCTACTTG
2820 TCAGTAAAAG TGGACAACGG TCTGATCGTC GAACTGGACG GCAAACGCCG GGACCAGTTT 180
GACATGATCG ACCGATTTAT CGCCGATTAC GCGATCAACG TTGAGCGCAC AGAGCAGGCA 240
ATGCGCCTGGEG AGGCGGTGGA AAIAGQCCGT ATGCTGGETGG ATATTCACGT CAGCCGGGAG 300
GAGATCATTG CCATCACTAC CGCCATCACG CCGGCCAAAG CGGTCGAGGT GATGGCGCAG 360
ATGAACGTGG TGGAGATGAT GATGGCGCTG CAGAAGATGC GTGCCCGCCG GACCCCCTCC 420
AACCAGTGCC ACGTCACCAA TCTCAAAGAT AATCCGGTGC AGATTGCCGC TGACGCCGCC 480
GAGGCCGGEGA TCCGCGGCTT CTCAGAACAG GAGACCACGG TCGGTATCGC GCGCTACGCG 540
CCGTTTAACG CCCTGGCGCT GTTGGTCGGT TCGCAGTGCG GCCGCCCCGG CGTGTTGACG 600
CAGTGCTCGG TGbAAGAGGC CACCGAGCTG GAGCTGGGCA TGCGTGGCTT AACCAGCTAC 660
GCCGAGACGG TGTCGGTCTA CGGCACCGAA GCGGTATTTA CCGACGGCGA TGATAGGCCG 720
TGGTCAAAGG CGTTCCTCGC CTCGGCCTAC GCCTCCCGCG GGTTGAAAAT GCGCTACACC 780
TCCGGCACCG GATCCGAAGC GCTGATGGGC TATTCGGAGA GCAAGTCGAT GCTCTACCTC 840
GAATCGCGCT GCATCTTCAT TACTAAAGGC GCCGGGGTTC AGGGACTGCA AAACGGCGCG 200
GTGAGCTGTA TCGGCATGAC CGGCGCTGTG CCGTCGGGCA TTCGGGCGET GCTGGCGGAA 960
AACCTGATCG CCTCTATGCT CGACCTCGAA GTGGCGTCCG CCAACGACCA GACTTTCTCC 1020
CACTCGGATA PTTCGCCGCAC CGCGCGCACC CTGATGCAGA TGCTGCCGGG CACCGACTTT 1080
ATTTTCTCCG GCTACAGCGC GGTGCCGAAC TACGACAACA TGETTCGCCGG CTCGAACTTC 1140
GATGCGGAAG ATTTTGATGA TTACAACATC CTGCAGCGTG ACCTGATGGT TGACGGCGGC 1200
CTGCGTCCGG TGACCGAGGC GGAAACCATT AGAAAGCGGC GCGGGCGATC 1260

GCCATTCGCC



AAATTTTCAA GTTTTTATCA GATCCATGIT TCCTATCTGC CTTGACAACC TCATCGTCGA 2880
AATAGTACCWO98{248HACGC CCAATATTCA CATTGTGITC AAGGTCTTTA TTCARERESF/208840
ACGTGTAATG GCCATGATTA ATGTGCCTGT ATGGTTAACC ACTCCAAATA GCTTATATTT 3000
CATAGTGICA TTGTTTTTCA ATATAATGIT TAGTAEGAAT GGATATGTITA CGACGGIGIT ' 3060
ATTTTTCTTG GTCAAATCGT AATAAAATCT CGATAAATGG ATGACTAAGA TTTTTGGTAA 3120
AGTTACAAAA TTTATCGTTT TCACTGTTGT CAATTTTTTG TTCTTGTAAT CACTCGAG 3178

(2) | NFORMATI ON FOR SEQ | D NQO 8: (i) SEQUENCE CHARACTERI STI CS:

(A LENGHQGCWTb@%@CﬁAﬁ% GGGGECTGCCG CCAPBFCCREPRECARFAFET GCREFRFECC 1320 (O
STRANDEDNESS: n Gg% TOPOLOGY: | i near (i1 MOLECULE
TYPE: MT{\Q‘&?&ngEﬁGCAGCAA CFp§AT cﬁ%ﬂET@GSRﬁ;ﬁTGGAGGA TCTGA?T GORGARI Sm

GPP1 15% 2 SE ENCE  DESCRI PT1 ON; GQA NO: 8. WO 98/ 21341
PCT/ US979 GA TGATGAAGCG CAACATCACC GGCCTCGATA TTGTCGGCGC SETGAGCCGEC A AARACGTT

TOACCACARRREF AR AR B AR e SRR coraligeciadBifacin
AT CEABERF R CRATCE L RO TG A T > S8 BTt

CCAAGT T (e a b X A¥ PRI TR i U LR RO TN TAT A ACAN T EAGAN ACGé’p&Gc@GF .
CAGAAAAGTA CGGIGAACAC TCCATCGAAG TTCCAGGTGC TGTCAAGT TG 360 'I'GTAATGCTT

TGAACCOGREASEXAAARERY Y cAbT CobdiacACEdcehEAdeal SR CT 420 CAG¥E@ECCA
AGAAATGGTT CGACATTTTG AAGATCAAGA GACCAGAATA CTTCATCACC 480 GCCAATGATG
TCAAGCAAGS TAAGOENAAONOEAGARGCAT NACTTAAAGGG TAGAAACGGT 540

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 585 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{vi) ORIGINAL SOURCE:
(A) ORGANISM: DHAB2

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
GTGCAACAGA CAACCCAAAT TCAGCCCTCT TTTACCCTGA AAACCCGCGA GGGCGGGGTA 60
GCTTCfGCCG ATGAACGCGC CGATGAAGTG GTGATCGGCG TCGGCCCTGC CTTCGATAAA 120
CACCAGCATC ACACTCTGAT CGATATGCCC CATGGCGCGA TCCTCARAGA GCTGATTGCC 180
GGGGTGGAAG AAGAGGGGCT TCACGCCCGG GTGGTGCGCA TTCTGCGCAC GTCCGACGTC 240
TCCTTTATGG CCTGGGATGC GGCCAACCTG AGCGGCTQGG GGATCGGCAi CGGTATCEAG 300
TCGAAGGGGA CCACGGTCAT CCATCAGCGC GATCTIGCTGC CGCTCAGCAA CCTGGAGCTG 360
TTCTCCCAGG CGCCGCTGCT GACGCTGGAG ACCTACCGGC AGATTGGCAA AAACGCTéCG 420
CGCTATGCGC GCAAAGAGTC ACCTITCGCCG GTGCCGGTGG TGAACGATCA GATGGTGCGG 480
CCGAAATTTA TGGCCAAAGC CGCGCTATTT CATATCAAAG AGACCAAACA TGTGGTGCAG 540
GACGCCGAGC CCGTCACCCT GCACATCGAC TTAGTAAGGG AGTGA 585
(2) INFORMATION FOR SEQ ID NO:S:

(i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 426 base pairs
(B) TYPE: nucleic acid



TTGGEGITTCC CAATTAATGA ACAAGACCCA TCCAAATCTA AGGITGITGT CT TT% y 08%8
GCACCAGCTGVEPARYUETGC TGGTAAGGCT GCTGGCTGTA AAATCGTTGG TATT 1z
ACTTTCGATT TGGACTTCTT GAAGGAAAAG GGITGTGACA TCATTGICAA GAACCACGAA 720.-
TCTATCAGAG TCGGTGAATA CAACGCTGAA ACCGATGRAG TCGAATTGAT CITTGATGAC 780

TACTTATACG CTAAGGATGA CTTGITGAAA TGGTAA 816

(2) | NFORMATI ON FOR SEQ I D NO 9: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 753 basé F&RANDEDNESS: singld3) TYPE: nucleic acid (O
STRANDEDNESS: si ngPé TOPOLOGY: 1{mBarTOPOLOGY: |inear (ii)- MOLECULE
TYPE: DNA (genom c) vi) ORI G NAL SOURCE: (A) ORGANI SM
GPP2 (kin)) 'SHMOUEFKEE it | PYR genSEET) D NO 9  ATGGGATTGA CTACTAAACC
TCTATCTTTG AAAGTTAACG CCGCTTTGIT CGACGTCGAC 60 GGTACCATTA TCATCTCTCA
ACCAGCCATT GHTacAPREF A T AAGGAC 120 AAACCTTATT TCGATGCTGA
ACACGTTATC CAAGTCT'®EC 9 CGTTTGAT 180 GCCATTGCTA AGTTCGCTCC

TCARAAATCC ﬁﬂ@ﬁ%@%@%@ PRAGFERLN3 300 AACGLTTTGA ACGCTCTACE
PCT/ US%S%%%CM LR EREAPHASE G A ccp?&Q:Gc'rG CCF&&%\#%%A&AA

AATCGT TORAC L AEE Fdatt %ﬁ@eﬁeﬁ%ﬁﬁ%@ﬂc@mﬁ@@ﬁe& cercd@fsacAAHEATGTCA
AACAGGGTAA GCCTCATCCA GAACCATATC TGAAGGGCAG GAATGGCTTA 480 GGATATCCGA

TCAAT GAGGAGAFRSCE TR cAARTIC EAAEKT CTACTAEIEATACCECAAENTRETA cecabréhTTCCAGGBAGGTA
TTGCCGCCGG AAAAGCCGECC GGITGTAAGA TCATTGGTAT TGCCACTACT © 600 TTCGACTTGG
ACTTCCT Asac SR BA RSB cCEIQRATCATERT CEEGTGRAARET CCCACLARNETEE: GGAGEBIATC 240
GCCATTCCTG ACGAGCGCAT TCTGGCTATC. TATAACGCGC TGCGCCCGTT CCGCTCCTCG 300
CAGGCGGAGC TGCTGGCGAT CGCCGACGAG CTGGAGCACA CCTGGCATGC GACAGTGAAT 360
GCCGCCTTTG TCCGGGAGTC GGCGGAAGTG TATCAGCAGC GGCATAAGCT GCGTAAAGGA 420
AGCTAA 426
{2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1164 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: DHAT “a

{xi1) SEQUENCE DESCRIPTION: SEQ ID NO:4:
ATGAGCTATC GTATGTTTGA TTATCTGGTG CCAAACGTTA ACTTTTTTGG CCCCAACGCC 60
ATTTCCGTAG TCGGCGAACG CTGCCAGCTG CTGGGGGGGA AAAAAGCCCT GCTGGTCACC 120
GACAAAGGCC TGCGGGCAAT TAAAGATGGC GCGGTGGACA AAACCCTGCA TTATCTGCGG 180
GAGéCCGGGA TCGAGGTGGC GATCTTTGAC GGCGTCGAGC CGAACCCGAA AGACACCAAC 240
GTéCGCGACG GCCTCGCCGT GTTTCGCCGC GAACAGTGCG ACATCATCGT CACCGTGGGC 300
GGCGGCAGCC CGCACGATTG CGGCAAAGGC ATCGGCATCG CCGCCACCCA TGAGGGCGAT 360
- CTGTACCAGT ATGCCQGAAT CGAGACCCTG ACCAACCCGC TGCCGCCTAT CGTCGCGGTC 420

AATACCACCG CCGGCACCGC CAGCGAGGTC ACCCGCCACT GCGTCCTGAC CAACACCGAA 480



ATCAGAGITG GCGCCTACAA TGCCGAAACA GACGAAGITG AATTCATTTT TGA%/ZOSB 720

TTATATGCTYOEEAMEATCT GTTGAAATGG TAA 753
(2) 1 NFORMATI ON FOR SEQ | D NO 10: (i) SEQUENCE CHARACTERI STICS: -

(A) LENGTH: 2520 base pairs - §B)- TYPE: nucleic acid

(C) STRANDEDNESS: single (D TOPOLOGY: |inear (i)
MOLECULE TYPE: DNA (genom c) (vi) ORI A NAL SOURCE: (A
ORGANI SM  GUT1 %W%ENw DESCRI PTI O\ SEQ | D NO 10: TGTATTGGCC
ACGATAACEZCAPABEGA T APRET P ECHSFT FIERART O CSFARRTAAE TATRHCCREACTTHOTATT

?@%ﬁ?ﬁ%&m&%@%ﬁé&%&é& CERERIRST S Bacdrca

SEG T AR e
A R A SR G ol T

ACACTAGT T ARAAGAGAN AGAGRIISTAr T GEANT o AATEGEAMAE Tri43Aradd ACRAAGTG
ACTACGICCC GCTTATCGCC AGITATTGATG TAGGAACGAC CTCATCCAGA 540 TGCATTCTGT
TCAACAGAE & A A GSARE ETEEA CARYRACe AESCAAATRECACA TR EECANRSTR  ceAtR@ccddCAGEAT CGA
AGGGCAAGAT TGGEGGTGICT GGCCTAAGGA GACCCTCTAC AGCCCCAGCT 660 CGTGAAACAC
CAAACCCCE6HEATRT CAARC ADCACEOGAACHIECCErTIGETCT CTECAGAR GATLZBCAKICCT ATEGCCA
TTCAAGAAAC CAAATTCCTA AAAATCGAGG AATTGGACT T GGACT TCCAT 780 AACGAACCCA
CGTTGAAGF GGG ACW@BERT ZST FEARIGT BEEY : & ACBAGCACT 3§D

98/ 21341 PCT/ US97/ 20873
-- 64 --CTCGACGCGG CGGARARAGC CATCGCCGCT ATCACGCGTC TGTCGATGGA TATCGGTATT 1020

CCGCAGCATC TGCGCGATCT GGGGGTAAAA GAGGCCGACT TCCCCTACAT GGCGGAGATG 1080
GCTCTAAAAG ACGGCAATGC GTTCTCGAAC CCGCGTARAG GCAACGAGCA GGAGATTGCC - 1140
GCGATTTTCC GCCAGGCATT CTGA 1164
{(2) INFORMATION FOR SEQ ID NO;S:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 1380 base pairs
(B} TYPE: nucleic acid
(C} STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)

(vi)} ORIGINAL SOURCE:
{A}) ORGANISM: GPD1.

(xi) SEQUENCE DESCRIPTION: ' SEQ Ip NO:5:
CTTTAATTTT CTTTTATCTT ACTCTCCTAC ATAAGACATC AAGAAACAAT TGTATATTGT €0
ACACCCCECC CCTCCACAAA CACAAATATT GATAATATAA AGATGTCTGC TGCTGCTGAT 120
AGATTAAACT TAACTTCCGG CCACTTGAAT GCTGGTAGAA AGAGAAGTTC CTCTTCTGTT 180
TCTTTGAAGG CTGCCGAAAA GCCTTTCAAG GTITACTGTGA TTGGATCTGG TAACTGGGGT 240
ACTACTATTG CCAAGGTGGT TGCCGAAAAT.TGTAAGGGAT ACCCAGAAGT TTTCGCTCCA 300
ATAGTACARA TGTGGGTGTT CGAAGAAGAG ATCAATGGTG AAAAATTGAC TGRAATCATA 360
AATACTAGAC ATCAAAACGT GAAATACTTG CCTGGCATCA CTCTACCCGA CAATTTGGTT 420

GCTAATCCAG ACTTGATTGA TTCAGTCAAG GATGTCGACA TCATCGTTTT CAACATTCCA 480



CTGETGAACI%%%%%& TG CCTTGCCTCA AGITTGCTCT CTCTGCAGAC Tég§§§é§§ﬁ§7aoggg

GAACGTGTAG CT CCCACCTTAC AAGGTAATAT GCATGGGTAT Al

AGAGAAACCA CAATTCTGIG GICCCGCCEC ACAGGAAAAC CAATTGITAA CTACGGTATT
GTTTGGAACG ACACCAGAAC GATCAAAATC GTTAGAGBCA AATGGCAAAA CACTAGCGTC
GATAGGCAAC TGCAGCTTAG ACAGAAGACT GGATTGCCAT TGCTCTCCAC GTATTTCTCC

A CGACCT G R bR AT TR T ROAAT PG  TARRCARRG
AAGTACGAC RO T T R T Y  CTA T T AR ARGl 1 CACAT

AACCTACAGE AT A AT AT Ao A L AR P

CAGECCTGT g Al éX et Hntin AT eCOT TG AAR S Ak ¥ ala o A GIESREATI c CAORRR A ET
GCTGCAAAAT GTACTTATGG TACOCGGTTGC TTTTTACTGT ACAATACGGG GACCAAAAAA

TTGATCT CORG ARSAR GECTRA SETBACCINGEACTAGGATITRA A 65 CEOEN oA TIAGRSANGAG
TACGGTGGCC AAAAACCAGA ATTGAGCAAG CCACATTTTG CATTAGAGGG TTCCGICGCT
GTGGCT GGT Br GHEERET QRATATREETACGTETRATA AT TG G0\ TECAT DA c TAMARRAGAG
GATGTCGGAC CGATTGCATC TACGGTTCCT GATTCTGGTG GCGTAGITTT CGTCCCCGCA
TTTAGT GGOEr TETECET IBES TIFY PRI NG T CEARGAT LIRSS CAGGCADOATA AT HEREATG
TCTCAATTCA CTACTGCCTC CCACATCGCC AGAGCTGCCG TGGAAGGTGT TTGCTTTCAA
GCCAGGGCT BCSAE P i GACT ATEAGTSE FACRTSATIACRET CF GRARIHIRCT CRFCRCARREG
GACTTTTTAG AGGAAATTTC CGACGTCACA TATGAAAAGT CGCCCCTGTC GGTTCTGGCA
GTGGAT GCCE BB A P O AR B CERAT R A TN PP SRR TH S CARAT Y REAT TRNRCATRLSST

GCAGCCANTR G AR A B P FEHA CEPRAERoRT
CATOCARAC T AR RFP B AR  RAEAT (AR A SRR

AAGT AT T CCer ACEA S EeT &8 e ARG d Gaen O AT r ARDAEH A

TACCAAATCG TTTACAACAA CTACCCAATG AAGAACCTGC CGGACATGAT TGAAGAATTA
GATCTACATG AAGATTAGAT TTATTGGAGA AAGATAACAT ATCATACTTC CCCCACTTTT
TTCGAGGCTC TTCTATATCA TATTCATAAA TTAGCATTAT GTCATTTCTC ATAACTACTT
(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 2946 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: -linear.
(ii) MOLECULE TYPE: DNA (genomic)

{vi) ORIGINAL SOURCE:
(A) ORGANISM: GPD2

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

GAATTCGAGC CTGAAGTGCT GATTACCTTC AGGTAGACTT CATCTTGACC CATCAACCCC
| AGCGTCAATC CTGCAAATAC ACCACCCAGC AGCACTAGGA TGATAGAGAT AATATAGTAC
' GTGGTAACGC TTGCCTCATC ACCTACGCTA TGGCCGGAAT CGGCAACATC CCTAGAATTG

AGTACGTGTG ATCCGGATAA CAACGGCAGT GAATATATCT TCGGTATCGT AAAGATGTGA

TATAAGATGA TGTATACCCA ATGAGEAGCS CCTGATCTG ACCTAGACCT TAGTGGCARA

AACGACATAT CTATTATAGT GGGGAGAGTT TCGTGCAAAT AACAGACGCA GCAGCAAGTA

1020 -
1080
1140
1200

%60
éo

1620

1650
1740

4800
1860
40020
1980
96010
2100
192%0
2220
19880

2580

1260
1260
1320

1380

60
120
180
240
300

360



CACGAACAGG. TTCTAGAAAA CTTCCAATAA CAACATAAAT AATTTCTATT AA
WO 98/ 219 08/21341

F%é 20873

-- 65 -- (2) | NFORMATI ON FOR SEQ I D NO 11: (1) SEQJENCE -

CHARACTERI STI CS: (A) LENGTH:58381 ami no acids - (B)

TYPE: amno acid (C) STRANDEDNESS: unknown (D)

TOPOLOGY: unknown (i) I\/[J_ECULE TYPE: protein (vi) ORI G NAL

SOURCE: NS 3 C( S} ENCE  DESCRI PTI ON:

SEQ I D I\J@TfTGAC%FAgQ%‘"‘CﬂFE ﬂTﬁ WTéf A’E?)TAAF'@A‘?_ ﬁ“‘%@ﬁ‘ PRS2 vl s Leu

£sn & kR e, 5

o TIETT, TAFECGEAATEY AGAATTT 8

Arg Lys ﬁC§T§£?T%5PAWc§% PUSFTSEF T E LRAATH Joas 20

25 GAAACCARAA GAAT&Q\G%%yI&AMCAmeTMGy@éT gﬂécc\f@k& | R Frderrl! ??6 Asn

Trp Gy

Ala Lys éﬂm&lﬂéc@lr@cﬁm'ﬁé %%@TA%% @%GEE'EMP ﬁ@cﬁA‘éTMf”GTRB@rTACA 500

55 Ala Pro Ile Val Met Trp Val Phe Au Gu Qu

Ile Asn .ﬂdﬁ‘c@b@rﬁimrm'rcss AACATCCGAG o?ﬁcccs_cscc TTCCTCAACC CAGEBACCGC 660

80 Lys Leu Thr Gu Ile Ile Asn Thr Arg H's Gn Asn Val Lys Tyr Leu

85 CCCAGGTAAC CGTEEECGAT GAGCTAATCC TGAGCCATCA Rroaddogat|eeTheatcau Przo Asp.

Asn Leu Val Ala Asn Pro Asp Leu lle 100 105

110 AspciSmraledc GEBCFEGANAATABPAGTIGE GAGGAAVEAA PIIBCORICAL | GsTRACCATCS Glge

115 120 125 Phe Leu Pro Arg Ile Cys Ser

dn Leu L%T@%’]HngWAGAg PrOSAECEATA GCCATLRPGC AAGCGTGTAT CTTCTAAGS 840

140 Val Arg Ala lle Ser Cys Leu Lys Ay Phe Qu Val Ay Ala Lys Ay 145

150 TCAGTCATCA TCATBAGEGA GTTTGTTTTC CTTCACAE@A TGAAGAAGGT TTGAGTATGC 900
TCGAAACAAT AAGACGACGA TGGCTCTGCC ATTGGTTATA TTACGCTTTT GCGGCGAGGT 960
GCCGATGGGT TGCTGAGGGG AAGAGTGTTT AGCTTACGGA CCTATTGCCA TTGTTATTCC 1020
GATTAATCTA TTGTTCAGCA GCTCTTCTCT ACCCTGTCAT TCTAGTATTT TTTTTTTTTT 1080
TTTTTGGTTT TACTTTTTTT TCTTCTTGCC TTTTTTTCTT GTTACTTTTT TTCTAGTTTT 1140
TTTTCCTTCC ACTAAGCTTT TTCCTTGATT TATCCTTGGG TTCTTCTTTC TACTCCTTTA 1200
GATTTTTTTT TTATATATTA ATTTTTAAGT TTATGTATTT TGGTAGATTC AATTCTCTTT 1260
CCCTTTCCTT TTCCTTCGCT CCCCTTCCTT ATCAATGCTT GCTGTCAGAA GATTAACAAG 1320
ATACACATTC CTTAAGCGAA CGCATCCGGT GTTATATACT CGTCGTGCAT ATAAAATTTT 1380
GCCTTCAAGA TCTACTTTCC TAAGAAGATC ATTATTACAA ACACAACTGC ACTCAAAGAT 1440
GACTGCTCAT ACTAATATCA AACAGCACAA ACACTGTCAT GAGGACCATC CTATCAGAAG 1500
ATCGGACTCT GCCGTGTCAA TTGTACATTT GAAACGTGCG CCCTTCAAGG TTACAGTGAT 1560
TGGTTCTGGT AACTGGGGGA CCACCATCGC CAAAGTCATT GCGGAAAACA CAGAATTGCA 1620
TTCCCATATC TTCGAGCCAG AGGTGAGAAT GTGGGTTTTT GATGAAAAGA TCGGCGACGA 1680
AAATCTGACG GATATCATAA ATACAAGACA CCAGAACGTT AAATATCTAC CCAATATTGA . 1740
CCTGCCCCAT AATCTAGIGG CCGATCCTGA TCTTTTACAC TCCATCAAGG GTGCTGACAT 1800
CCTTGTTTTC AACATCCCTC ATCAATTTTT ACCAAACATA GTCAAACAAT TGCAAGGCCA 1860
CGTGGCCCCT CATGTAAGGG CCATCTCGTG TCTAAAAGGG TTCGAGTTGG GCTCCAAGGG 1920
TGTGCAATTG CTATCCTCCT ATGTTACTGA TGAGTTAGGA ATCCAATGTG GCGCACTATC 1980
TGGTGCAAAC TTGGCACCGG AAGTGGCCAA TCCGAAACCA CCGTGGCTTA 2040

GGAGCATTGG



Val G n Leuy Leu r Ser Tyr Ile Thr Qu Qu Leu Gy Ile @n

165 Wo Set3H 170 175 dy Ala Leu Se&‘{@’§97ﬁ0§73Asn
Ile Ala Thr Au Val Ala Gdn GQu H's 180 - 185..
190 Trp Ser AQu Thr Thr Val Ala Tyr H.ssblee Pro Lys Asp Phe Arg Ay

195 200 205 du @y Lys Asp Val Asp His
Lys Val Leu Lys Ala Leu Phe H's Arg WO 98/ 21341 :
PCT/ US97/ 20873

215 CCAACTACCA %TTM% A’F@‘FT%H%G l—ﬁ%GWGTSe?M\?éF‘M% T@'{F%"p"f Vaﬂ1°9-\| a
Gy Il e Ser lle

24% &5 N%FAEeﬁG;L%T% T%ﬁc‘;\?&f“‘ ﬁGﬁc‘ﬁ"éﬁ?“*& SAIEFECEY Gﬁ’h’é’*T\‘?&PT age

iﬁ'g ser ATSCRFSTGEET @%G%%G FEFTEpeT TecRTrcer %’nggxeﬂey cHhPsBn¥e S 2@5 ae
270 Leu Gogpfddhakl 8(‘2&81]8&;&(@ BRfrdihXc Q&S%@TT%%@QA%O quﬂs %EG Arz%&' !

275

Ser Al a GppcXaterihrarRaRabRir kbeanbttea GAC@@&TAT CAAGAATCCG c'rGG'x%%Gc 2349
300 Thr Cys Ala Ay Ay Arg Asn Val Lys Val Ala Arg Leu Met Ala Th 05

310 AGATCTGATC AGCARCTGCT CAGGCGGTAG ARACSEEAAGSEFrceticAty fchAPdbchhl ByRoG U .
Cys Qu Lys Qu Leu Leu Asn Ay dn 325 330
335 Ser Alnacédman@ ycAcenTtde Albcadapsa lgmattecrYadaddescOlu cdeqrdaats G460

340 - 345 350 Thr Cys Gy Ser Val Gu Asp

Phe Pro L&ATRNECAGAUTHIASARBAG TPCATEAGTG GCTACAAABBSTGTGAGTTGA CCCAAGAATBO(RS520
365 Ile Val Tyr Asn Asn Tyr Pro Met Lys Asn Leu Pro Asp Met Ile Qu
370 CCCAATTATT CGRBGCAGTC TACCAGATAG TCTAEAACAR ¢RNCEGCHRFH GRRGAJYTAC GI258ASp

385 390
CGGAGATGAT TGAAGAGCTA GACATCGATG ACGAATAGAC ACTCTCCCCC CCCCTCCCCC 2640

TCTGATCTTT CCTGTTGCCT CTTTTTCCCC CAACCAATTT ATCATTATAC ACAAGTTCTA 2700
CAACTACTAC TAGTAACATT ACTACAGTTA TTATAATTTT CTATTCTCTT TTTCTTTAAG 2760
AATCTATCAT TAACGTTAAT TTCTATATAT ACATAACTAC CATTATACAC GCTATTATCG 2820
TTTACATATC ACATCACCGT TAATGARAGA TACGACACCC TGTACACTAA CACAATTAAA 2880
TAATCGCCAT AACCTTTTCT GTTATCTATA GCCCTTAAAG CTGTTTCTTC GAGCTTTTCA 2940
CTGCAG 2946
{2) INFORMATION FOR SEQ ID NO:7:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 3178 base pairs

(B) TYPE: nucleic acid H

{C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{(vi) ORIGINAL SOURCE:
: {A}) ORGANISM: GUT2

{xi) .SEQUENCE DESCRIPTION: SEQ ID NO:7:
'CTGCAGAACT TCGTCTGCTC TGTGCCCATC CTCGCGGTTA GAAAGAAGCT GAATTGTTTC 60
ATGCGCAAGG GCATCAGCGA GTGACCAATA ATCACTGCAC TAATTCCTTT TTAGCAACAC 120
ATACTTATAT ACAGCACCAG ACCTTATGTC TTTTCTCTGC TCCGATACGT TATCCCACCC 180

AACTTTTATT TCAGTTTTGG CAGGGGAAAT TTCACAACCC CGCACGCTAA AAATCGTATT 240



(2) | NFORVATI ON FOR SEQ I D NO 12:
(A) LENGTHVO988W4Lni no acids

(1) SEQUENCE CHARACTERLSTLCS

(B) TYPE: am no ac (O
STRANDEDNESS: unknown (D) TOPOLOGY: unknown (i) MOLECULE
TYPE: protein (vi) ORI G NAL SOURCED -- (A) ORGANI SM GPD2
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 12: Met Thr Ala H's Thr Asn Ile Lys
G@n Hs Lys Hs Cys Hs Gu Asp 10

15 Hi s FPOATTRRAA REHGAGCREY W@FG N"&CWGGS&TWEG% GRFRCTCEET Ly 300

20

Phe Lys Val Thr Val %I’K ie){: gfg% I@p %( R %{Fﬁ
GCREG cT, gCC o G 0
40 GITTTCGGTA ACG G§ Tk Glg;l e-l‘; FEA PERTRE 8 Leu
Hi s Ser @'% LA,L (%& E'C-" 6, Phg, A u
G GEATGA GGLAAGGTGA AGG GTT cTe TG AGCCGAGCTA 0
Pro Gu VA rﬁ%? G/T}T SﬁeAsp éACA]%s %%
70 CATGG ocaR TTCCZ:%ACCG CCGCTCCACC GGCAG@&TC@A&»@%QGA@HTJ@GGR@@ lkgoll e
Asn Thr | S n Asn Val Lys Tyr 90
95 Leu Pdm@wé@itml @Adma:bﬁu TEE:@Ad’dT%TAﬁlTbﬁbGVai'GGHG@GéﬁpAE’éébGﬁ&ﬂG Lewoo
100 110 Leu H's Ser Ile Lys Gy Al a.
Asp lle L@ns’j/@rtcd?hﬁepﬁsawrbd:@ Hecacddcsc TCAATGTGGE1ECTTGTTGAR AAGGGGGATT 12660
125 dn Phe Leu Pro Asn Ile Val Lys An Leu dn Ay Hs Val Ala Pro
130 TTGCCTCGGG AAQESGTCC AAATCTACCA AGATGATITA tfarovatTcAcgsmcaThée Seo Cys
Leu Lys Gy Phe u Leu Gy Ser Lys 145 150
155 AGAAGGCCTT CTGGEAGTTC TCCAAGGCAC AACTGGATCT GGTCATCGAG GCACTCAACG 780
AGCGTAAACA TCTTATCAAC ACTGCCCCTC ACCTGTGCAC GGTGCTACCA ATTCTGATCC 840
CCATCTACAG CACCTGGCAG GTCCCGTACA TCTATATGGG CTGTAAATTC TACGATTTCT 900
TTGGCGGTTC CCAAAACTTG AAAAAATCAT ACCTACTGTC CAAATCCGCC ACCGTGGAGA 960
AGGCTCCCAT GCTTACCACA GACAATTTAA AGGCCTCGCT TGTGTACCAT GATGGGTCCT 1020
TTAACGACTC GCGTTTGAAC GCCACTTTAG CCATCACGGG TGTGGAGAAC GGCGCTACCG 1080
TCTTGATCTA TGTCGAGGTA CAAAAATTGA TCAAAGACCC AACTTCTGGT AAGGTTATCG 1140
GTGCCGAGGC CCGGGACGTT GAGACTAATG AGCTTGTCAG AATCAACGCT AAATGTGTGG 1200
TCAATGCCAC GGGCCCATAC AGTGACGCCA TTTTGCAAAT GGACCGCAAC CCATCCGGTC 1260
TGCCGGACTC CCCGCTAAAC GACAACTCCA AGATCAAGTC GACTTTCAAT CAPATCTCCG 1320
TCATGGACCC GAAAATGGTC ATCCCATCTA TTGGCGTTCA CATCGTATTG CCCTCTTTTT 1380
ACTCCCCGAA GGATATGGET TTGTTGGACG TCAGAACCTC TGATGGCAGA GTGATGTTCT 1440
TTTTACCTTG GCAGGGCAAA GTCCTTGCCG GCACCACAGA CATCCCACTA AAGCAAGTCC 1500
CAGAAAACCC TATGCCTACA GAGGCTGATA TTCAAGATAT CTTGAAAGAA CTACAGCACT 1560
ATATCGAATT CCCCGTGAAA AGAGAAGACG TGCTAAGTGC ATGGGCTGGT GTCAGACCTT 1620
TGGTCAGAGA TCCACGTACA ATCCCCGCAG ACGGGAAGAA GGGCTCTGCC ACTCAGGGCG 1680
TGGTAAGATC CCACTTCTTG TTCACTTCGG ATAATGGCCT AATTACTATT GCAGGTGGTA 1740
AATGGACTAC TTACAGACAA ATGGCTGAGG AAACAGTCGA CAAAGTTGTC GAAGTTGGCG 1800
GATTCCACAA CCTGAAACCT TGTCACACAA GAGATATTAA GCTTGCTGGT GCAGAAGAAT 1860
GGACGCAAAA CTATGTGGCT TTATTGGCTC AAAACTACCA TTTATCATCA AARATGTCCA 1920

25 30 VO 98/ 21341
PCT/ US97/SSEBTAFCTT GACCGTGCTA TTGCCATCAC TGCTACAAGA CTARATACGT AGTAATATAT (3405 pr g



Ay Val Gfp béaakey Ser Ser Tyr Val Thr Asp Gu Leu Gy Ile Gh.o 97@873
er

165 170 175 Cys Ay A a Leu

Asn Leu Ala Pro Qu Val Ala Lys Gu 180 185~
190 His Trp Ser Gu Thr Thr Val Ala Tyr61@G-n Leu Pro Lys Asp Tyr G n

195 200 205 Gy Asp Ay Lys Asp Val Asp

Dh0 T o AeraCRe T R ARG SeREe R 99T AR TAT RS RR T aTT@w\qw ¢ si2s
230 S n

'ﬁCé\TE%A&Aﬁl aAPa%g‘é(&Ty TEﬁ'IéCC‘\'}‘a'I.‘fLG CCGACA.gGGQ\ A}\J\'FAACEE% l’(I%TI\.C'l"CTAe u2 (I)_-’ly 250

Val Val

255 Qdu rqg L

Se0 G@GXG%AAC%M%%EEBG@ YaPFPr AR AdcRBira 'I%A %:rg@'ré\c%e ﬁbeo Lys
Phe Gy AngadirrBhenfdefetid GﬁA’bhﬁ%&‘A GAACTCCC’I%JéGACTTCC"IA‘\’i.‘ TTAAGAAGAA28 L60

285 Lys Val Gu Thr Tyr Tyr An Gu Ser Ala dvy Val Leu |

290 CAAGATTCGC CTRAPGGAC GCCAAGGAAG CTTTGAORsC Eﬁs&ﬂ&c@éﬁ:e@?@p@ey Q?)ﬁ Arg
Asn Val Lys Val Ala Thr Tyr Met Ala 305

315 TTATGGGTGA TGAGR20an1 wecTducAGh yadapen&Gan Atecdradrd dAAAkﬂ\c@GU s G u
Leu Leu Asn Gy 325 330 :
335 TCAELTRA2 1 GZRGCACGT TTCGGTCTCT AAATCGATCA TGATAGTTAA GGGTGACAAA 2340
PCT/ US97/ 20873 --68-- ~Adn Ser Ala
A n Jy [GASAMATTTHRCAAFECTRIFy TEATAATGRT AT GEF GATRr PTAARIMATAA TGATAGTAAT34E100

345 350 dn Thr s Qu Leu Thr An Gu Phe Prolle lle

Ar g ad y W%TA ATAATGG’%@ES TAATGGCAA GAAATCGC'L@G@TATTACCTA TTTTCCTTAA 3HHF0 Pro

égg Ser lT%Lc';AA%A Tgm’é%g{){)&? Hs d %ﬁ ro Thr ’); E g GA37205@0)

SEQUENCE G%%%XE%&RIC%TA CAATTGATCT TCAAATTATG ACCTTCCTAG TGTTTATATT 2580

CTATTTCCAA TACATAATAT AATCTATATA ATCATTGCTG GTAGACTTCC GTTTTAATAT 2640
CGTTTTAATT ATCCCCTTTA TCTCTAGTCT AGTTTTATCA TAAAATATAG AAACACTAAA 2700
TAATATTCTT CABAACGGTCC TGGTGCATAC GCAATACATA TTTATGGTGC AAAAAAAAAA 2760
ATGGAAAATT TTGCTAGTCA TAAACCCTTT CATAAAACAA TACGTAGACA TCGCTACTTG 2820
ARAATTTTCAA GTTTTTATCA GATCCATGTT TCCTATCTGC CTTGACAACC TCATCGTCGA 2880
AATAGTACCA TTTAGAACGC CCAATATTCA CATTGTGTTC AAGGTCTTTA TTCACCAGTG 2940
ACGTGTAATG GCCATGATTA ATGTGCCTGT AT'GGTTAACC_ ACTCCAAATA GCTTATATTT 3000
CATAGTGTCA TTGTTTTTCA ATATAATGTT TAGTATCAAT GGATATGTTA CGACGGTGTT 3060
X
ATTTTTCTTG GTCAAATCGT AATAAAATCT CGATAAATGG ATGACTAAGA TTTTTGGTAA 3120
AGTTACAAAA TTTATCGTTT TCACTGTTGT CAATTTTTTG TTCTTGTAAT CACTCGAG 3178
{2) INFORMATION FOR SEQ ID NO:8:
{1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 816 base pairs
" (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: GPPl

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:



(A) LEN EL 5“@ m no aci ds (B) TYPE amino aci $opysern (0.
SN Lt (D) TOPOLOGY: unknown Ci’C( oS R ECULE
TYPE: protein (vi) ORI G NAL SOURCE: (A) ORGANI SM GU¥F2
(xi) SEQUENCE DESCRIPTION. SEQ ID Ne@B3:= Mt Thr Arg Ala Thr Trp Cys Asn
Ser Pro Pro Pro Leu Hs Arg dn 1 5 10
15 Val Ser Arg Arg Asp Leu Leu Asp Arg Leu Asp Lys Thr H's @ n Phe
20 éi‘ e G Gy
dy Ala ‘?"ﬁ%cﬁrﬁ'ﬁrcwv'r& PARPIRTATC AGAACA%QA% ECA}&.TAJI" L&A&-\.L\SCA'IIC do
55 [P Gt R Y SR L T S Gl Loy Kb
55 'fé]c@'r';- Neal % V2 et
lle Hs %&! YcB%carcatere Tcaaccagee Z@TGCTGCTT TCTGGAGAGA TTTEEGTAAA 180
80 Val Arg Tyr Leu Qu Lys Ala Phe Trp Gu Phe Ser Lys Ala @ n Leu
85 GACAAGCCTT ACTPBGATGC CGAACACGTT ATTCACR®CT %&EA&@TTM%AdAh@TﬁdJ Aé@o Leu
Asn Qu Arg Lys His Leu Ile Asn Thr 05
110 Al agRf€cddrse leznabyscethreddahcimau cBPrentchas LAQUAd:d'I&'ARr@AIGbeAGM S@clfo
115 120 125 Thr Trp G n Val Pro Tyr lle
Tyr Met GbycXApsct (RGRABACTHI CFENCAMRIAE TCCATLBAAG TTCCAGGTGC TGTCAAGHEE 360
140 Phe Ay Ay Ser An Asn Leu Lys Lys Ser Tyr Leu Leu Ser Lys Ser 145
150 TGTAATGCTT TGAACGETT GCCAAAGGAA AAATGGEEDC TAGECAUSIC\VEGGTEECCAls A2 Pro
Met Leu Thr Thr Asp Asn Leu Lys Al a WD 98/ 21341
PCT/ US97 FROATRECCA AGAAATGGTT CGACATTTTG ARGATCAAGA GACCAGAATA GRFCATCACC 480
165 170 175
GCCAATGATG TCAAGCAAGG TAAGCCTCAC CCAGAACCAT ACTTAAAGGG TAGAAACGGT 540
TTGGEITTCC CAATTAATGA ACAAGACCCA TCCAAATCTA AGGTTGTTGT CTTTGAAGAC 600
GCACCAGCTG GTATTGCTGC TGGTAAGGCT GCTGGCTGTA AAATCGTTGG TATTGCTACC 660
ACTTTCGATT TGGACTTCTT GAAGGAAAAG GGTTGTGACA TCATTGTCAA GAACCACGAA 720
TCTATCAGAG TCGGTGAATA CAACGCTGAA ACCGATGAAG TCGAATTGAT CTTTGATGAC 780
TACTTATACG CTAAGGATGA CTTGTTGAAA TGGTAA 816
(2)  INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 753 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii} MOLECULE TYPE: DNA (genomic) .
(vi) ORIGINAL SOURCE:
(A) ORGANISM: GPP2
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
ATGGGATTGA CTACTAAACC TCTATCTTTG AAAGTTAACG CCGCTTTGTT CGACGTCGAC 60
GGTACCATTA TCATCTCTCA ACCAGCCATT GCTGCATTCT GGAGGGATTT CGGTAAGGAC 120
ARACCTTATT TCGATGCTGA ACACGTTATC CAAGTCTCGC ATGGITGGAG AACGTTTGAT 180
GCCATTGCTA AGTTCGCTCC AGACTTTGCC AATGAAGAGT ATGTTAACAA ATTAGAAGCT 240
GARATTCCGG TCAAGTACGG TGAPAAATCC ATTGAAGTCC CAGGTGCAGT TAAGCTGTGC 300
TACCCGTGAT 360

AACGCTTTGA ACGCTCTACC AAAAGAGAAA TGGGCTGTGG CAACTTCCGG



h lser Leu Vlo dkwiadd s Asp Gy Ser Phe Asn Asp Ser Arg Leu Asnpélrﬁ;s97/20873

180 185 190 Thr Leu Ala Ile Thr Gy Val
Gu Asn Ay Ala Thr Val Ceu lle Tyr 195 200 -
205 Val GJu Val Gn Lys Leu Ile Lys As$?.Pro Thr Ser Gy Lys Vval lle :
210 215 . 220 Gy Ala du Ala Arg Asp Val
G u Thr L -

G 420
235 | Aickth Rirodrclh lonbriS) MOgengas caoper pirideeeqr | qteng,,
Asp Al a AbEhA AACAGEETAA GeoTCAREA GAACCATATC TGA.A.GGGC%@OGAATGGCTTA 480
255 dn t Asp Arg Asn Pro Ser Ay Leu Pro Asp Ser Pro Leu Asn Asp
260 GGATATCCGA TCARMHAGCA AGACCCTTCC ARATCTAREG TASOASRITTLYShAChEcEYS Segsolhr
Phe Asn G n Ile Ser vVal Met Asp Pro 275 280
285 Lyscddicadeda rrhecdycecSetanhkecédey ci¥pictrinsga IlcardadTalretcddnerer Phesoo
290 295 300 Tyr Ser .Pro Lys Asp Met Gy
Leu Leu MsmAvatcGARGTTUUTASE I GGASPARSGL BOEGACATCA TTGTCAAAAA CEHUGAATCC 660
315 320 Arg Val Met Phe Phe Leu Pro Trp A n Ay Lys Val
Leu Al a ZAGAGEBPTG GCGGCTACAA TGCCGARSGA GACGAAGTTG AATTCATTIZOTGACGACTAC 720
335 - Thr Asp Ile Pro Leu Lys Gn Val Pro Gu Asn Pro Met Pro Thr GQu :

LysGuLeanHlsTrIIeG Phe 355 360
365 Profdlal [REORMATT EOKS%EQ\/E;EP Y¥dOer Ala Trp Ala Ay Val Arg Pro

370 . 380 Leu Val Arg Asp Pro Arg Thr
Ile Pro Al a Aéb G?&?‘Lézﬁ.&s STI 390

395 (B) ﬂi y Val Val Arg Ser H s Phe Leu Phe
Thr Ser Asp Asn DNESS in 410

415 dy Leu lle ﬁn,r &'zxfb Q. Mngay ys T'rp Thr Thr Tyr Arg An Mt

420 430 Ala Qu G u Thr Vval Asp Lys
Val Val Qu ya) G&dLﬁuMEPl‘h&EHi SoMMSNgenomic) 435 440 -
445 Leu Lys Pro Cys H's Thr Arg Asp Ile Lys Leu Ala Ay Ala Qu Gu

450 {vi} ORIGINAL SOURCE: - 460

(A) ORGANISM: GUT1
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TGTATTGGCC ACGATAACCA CCCTTTGTAT ACTGTTTTTG TTTTTCACAT GGTAAATAAC 60
GACTTTTATT AAACAACGTA TGTAAAAACA TAACAAGAAT CTACCCATAC AGGCCATTTC 120
GTAATTCTTC TCTTCTAATT GGAGTAAAAC CATCAATTAA AGGGTGTGGA GTAGCATAGT 180
GAGGGGCTGA CTGCATTGAC AAAAAAATTG AAAAAAAAAA AGGAAAAGGA AAGGAARAAA 240
AGACAGCCAA GACTTTTAGA ACGGATAAGG TGTAATAAAA TGTGGGGGGA TGCCTGT?CT 300
CGAACCATAT AAAATATACC ATGTGGTTITG AGTTGTGGCC GGAACTATAC AAATAGTTAT 366
ATGTTTCCCf CTCTCTTCCG ACTTGTAGTA TTCTCCAAAC GTTACATATT CCGATCAAGC 420
CAGCGCCTTT ACACTAGTTT AAAACAAGAA CAGAGCCGTA TGTCCAAAAT AATGGAAGAT 480
TTACGAAGTG ACTACGTCCC GCTTATCGCC AGTATTGATG TAGGAACGAC CTCATCCAGA | 540
TGCATTCTGT TCAACAGATG GGGCCAGGAC GTTTCAARAAC ACCAAATTGA ATATTCAACT 600
- TCAGCATCGA. AGGGCAAGAT TGGGGTGTCT GGCCTAAGGA GACCCTCTAC AGCCCCAGCT 660
CGTGARACAC CAAACGCCGG TGACATCAAA ACCAGCGGAR AGCCCATCTT TTCTGCAGAA 720
GGCTATGCCA TTCAAGARAAC CAAATTCCTA AAAATCGAGG AATTGGACTT GGACTTCCAT 780

- AACGAACCCA CGTTGAAGTT CCCCAAACCG GGTTGGGTTG AGTGCCATCC GCAGAAATTA 840



WO 98/ 213

2o 4 PEayU§87%64730873

Ala Leu Leu Ala @ n Asn Tyr H's Leu Ser
475 480 Ser Lys
An Asn Tyr G-y®4Thr Arg Ser Ser ' 485
Ile Ile Cys Au Phe Phe Lys Qu Ser Met Qu Asn
Pro Leu 500 505 510

SrelRe e e MET T R Y

Pro Phe
gAXC(gG'!'AG cARRBSETCT CCCACCTTAC AAGGTRAPAT GCATGGGTAT AGCAAABAHRL L&to Lys
A@n Tyr Au Tyr Cys Arg Thr Pro Leu Asp Phe 545

AGAGARPACCA CAARDEIGTG GTccceecae ACAGGARRAC dAm"ds.mAAdi'@o%bQAiﬁhr 16¢@ Phe
Phe Leu Asp Ala Lys Gu Ala Leu 56 570
Asn cAreed¥atc HiccAh@atheanahadncs GYedcaktA @AyeémAG cadipecdsn Togo

585 590 Ser Qu Lys Lys Arg @n Trp
A u Leu GhnadoraadrechatTTASNACAEAAGAET GGATTGCCADHFIBCTCTCCAC GTATTITCTCC 6Q040
605 dAn Ay Arg Phe Ay Val 610 (2) | NFORVATION FOR SEQ I D NO 14:
(1) SEQUERCEABEARMCFEFFET| CFCCACAAT GAGCCICIAY QTRNGVMICCISTRIEATRAS adred
(B) TYPE: am no acid éC% STRANDEDNESS:. unknown (D)
TOPOLOGYARGAGTERA TETTCERGAT) TCRFES ECIASRTTT fICGPRTTRAC TAAACARRAG OREEY NAL

TD NG 14 SCCRECTRE CHPHG AT AP RAPPAERESH Mo ERIE S ARTET oG Tur

Lou Al a PREPIPR AFAFTISRT RIS AR dtenggprans seddhacltd 360 2

465
Met
490
Lys
Ser
520
Thr
Tyr
550
Al a
575
580

%Issm'ﬁ%r @ n Asn Tyr Val

470
Leu Val
495

Ser Asn Tyr

Leu

Leu 515

Il e
Ser

Leu Al a

25

GAAATTGTGT
AAGCTACACG
CAGGGCTGTC
GCTGCAAAAT
TTGATCTCCC
fACGGTGGCC
GTGGCTGGTG
GATGTCGGAC
TTTAGTGGCC
TCTCAATTCA
GCCAGGGCTA
GACTTTTTAG

GTGGATGGCG

. CCCTGTGTCA

GCAGCCAATA
GTTAAGAAAT
CATCCAAACC
AAGTATTGGG

CACGAACAGG

CCngTCTCA
ATTCGCCARAA
TGGGCGACCA
GTACTTATGG
AACATGGCGC
ARAMACCAGA
CTGTGGTCCA
CGATTGCATC
TATTCGCTCC
CTACTGCCTC
TCTTGAAGGC
AGGARATTTC
GGATGTCGAG
AAGTCAGAAG
TGGCTTTCAA
GGGTCTTTTA
TTAAGATATT
AAGTTGCCGT

TTCTAGAAAA

ATACTACGGT

AACAGTACTG

AAGCGCATCC

TACCGGTTGC

ACTGACGACT

ATTGAGCAAG

ATGGCTACGT

TACGGTTCCT

CTATTGGGAC

CCACATCGCC

AATGAGTTCT

CGACGTCACA

GTCTAATGAA

GTCTCCGACA

GGATGTGAAC

CAATGGAATG

CAGAAGTGAA

GGAAAGATCC

CTTCCAATAA

GACTTTGGCA

CGAGATCTAG

ATGGTGGGGC

TTTTTACTGT

CTAGCATTTT

CCACATTTTIG

GATAATTTAC

GATTCTGGTG

CCAGATGCCA

AGAGCTGCCG

GACGCGTTTG

TATGAAAAGT

GTCATGCAAA

GCGGAATGTA

GAGCGCCCAT

GAGAAAAACG

TCCGACGATG

AAAGGTTGGC

CAACATAAAT

TTCCTGATTG

TCAAGAGAAA

AACTCGCTTA

ACAATACGGG

GGTTCCCACA

CATTAGAGGG

GATTGATCGA

GCGTAGTTTT

GAGCCACCAT

TGGAAGGTGT

GTGAAGGTTC

CGCCCCTGTC

TTCAAGCCGA

CCGCATTGGG

TATGGAAGGA

AACAAATATC

CTGAAAGGAG

TGAAGGACAT

AATTTCTATT

GATAATGGAA
CCTGCCCATA
CAAACCCGGT
GACCAAAAAA
TTTGCAAGAG
TTCCGTCGCT
TAAATCAGAG
CGTCCCCGCA
AATGGGGATG
TTGCTTTEAA
CAAAGACAGG
GGTTCTGGCA
TATCCTAGGT
GGCAGCCATT
CCTACACGAT
ACCAGAGGCT
AAAGCATTGG
AGAAGGTGAA

AACAATGTAA

1440

1500

1560

1620

1680

1740

1800

1860

1820

1580

2040

2100

2160

2220

2280

2340

2400

2460

2520



Leu Trp Qiokhfafsp Pro Qu His Ile Ala Thr Leu Gu Arg Aspciigsorzosts 35
45

40 Cys Asn Ala Ala Phe Leu Pro Asp Val Pro Phe Pro Asp
Thr Leu Hi s 50 55 60 WO

98/ 21341 - 85 - PCT/ US97/ 20873

-- 71 -- Leu Qu Ser Asp Leu Ala Thr Ala Leu Ala Ala Ser Arg Asn Ile Leu
65 - 70 75 80 Val Val

Val Pro ger H'.tﬁro\f@ﬂmf’&@ f@fd’sﬁ 4pMed:1heu Arg A n lle Lys 85
90 Pro Leu Met Arg Pro Asp Ala Arg Leu Val Trp Al a
Thr Lys Ay Lagy SEQUENCE cHARBOOERISTICS:: 105 - 110
AQu Ala Au Thr G Atgndmell Lssn GmbndAseid@l Ala Arg Gu Ala Leu 115
120 (B) 12BE: Chyispacidlin Ile Pro Leu Ala Val Ile Ser Ay Pro
Thr Phe Ala Lys (c) 130RANDEDNESS: unknownl35 140 du Leu
Ala Ala Ay Leu Prp) Thorguogyk | exnBepwbeu Al a Ser Thr Asp 145

150 155 160 dAn Thr Phe Ala Asp Asp Leu
A'n A@n Leu Gél HMOLEGUEEFYPH:yspiQein 165 170
175 Phe Arg Val Tyr Ser Asn Pro Asp Phe Ile Ay Val An Leu Gy Qy

180 (vi} ~ ORIG SOURCE: 190 Ala Val Lys Asn Val Ile Ala
lle Ay Ala Ay M¥P SEREARESMEY FRDLe 195 200

205 dy PheGyAI | r a_leu lle Thr Arg Ay Leu Ala

210 SEQ‘%@% b Sribfoll’ b IR 1& U Met Ser Arg Leu Gy Ala
Al a Leu Pr T, .

235 x%é’ gé'r%ﬂsﬁlizﬁ,% %r E%g I"@'“CEI'I’§/‘rLseed: 8¥/ H,&ss I_eu Val Leu Thr
Cys Thr Asp Asn Y245 250

255 G naSeleidr A f39s Ay ALY die sl YoeMebaiMaby Lt By AFanafd Y1 lYBt Asp

260 20265 25 270 30 _

Lys
Ile
Ala
65

Lys

Pro

Phe
Val
145
Val
Giy
Trp

Glu

Pro Phe Lys Val

35

Ala Lys
50

Pro Ile

Leu Thr

Gly Ile

Ser Val

115

Leu Pro
130

Arg Ala

Gln Leu

Ala Leu

Ser Glu

195

Gly Lys

Val

Val

Glu

Thr

100

Lys

Arg

Ile

Leu

Serx

180

Thr

Asp

Val

Gln

Ile

85

Leu

Asp

Ile

Serx
Ser
165
Gly

Thy

Val

Thr

Ala

Met

70

Ile

Pro

val

Cys

Cys

150

Ser

Ala

val

Asp

Val

Glu

55

Trp

Asn

Asp

Ser

135

Leu

Tyr

Asn

Ala

His

Ile

40

Asn

Val

Thr

Asn

Ile

120

Gln

Lys

Ile

Ile

Tyx

200

Lys

Gly Ser Gly Asn

Cys

Phe

Arg

Leu

105

Ile

Leu

Gly

Thr

Ala

185

His

Val

Lys

Glu

His

920

Val

Val

Lys

Phe

Glu

170

Thrx

Ile

Leu

Gly

Tyr

. 60

Glu

15

Gln

Ala

Phe

Gly

Glu

155

Glu

Glu

Pro

Lys

Glu

Asn

Asn

Asn

His

140

Val

Leu

Val

Lys

Ala

Trp

45

Pro

Ile

Val

Pro

Ile

125

Val

Gly

Gly

Ala

Asp

205

Leu

Gly Thr Thr

Glu

Asn

Lys

Asp

110

Pro

Asp

Ala

Ile

Gln
180

Phe

Phe

Val

Gly

Tyr

95

Leu

His

Ser

Lys

Gln

175

Glu

Arg

His

Phe
Glu
80

Leu
Ile
Gln
His
Gly
160
Cys
His

Gly

Arg



Val dn 8%06%&3gn Qu Lys Ile Ay An Val Val Au Ay Ty'rA\F 1S87/20873 275

280 285 Asn Thr Lys Qu Val Arg Qu Leu a Hs Arg Phe
Gy Val du Mt 290 295 . 300 Pro IHe
Thr Gu Au lle Tyr An Val Leu Tyr Cys 8y Lys Asn Al a 305
310 315 320 Arg Qu Ala Ala Leu Thr Leu
Leu Ay Arg %Ig Arg Lys Asp Gﬁ; Arg 5 325 330
335 Ser Ser “H's (2) I NFCR Tl ON FOR SEQ ID RO 15: WD 98/ 21341
PCT/ US97/ . - - (1)
SEQUENCE AXERls B & Soo VAl He Sl AP UENGTH Uy 1 e 565 ds
(B) TYPE: am no acid (C) STRANDEDNESS: unknown
(D) TOPOLERY'c1yHiOWEy Lys asd el WELEQULE.TYRECYBr@leble val o1 Vi) ORI G NAL
SOURCE: (A)240RGANI SM GLPD 250 (x1) SEQUENGEsDESCRI PTI ON:  SEQ
ID NO 15 Met Qu Thr Lys Asp Leu Ile Val Ile Ay Ay Ay Ile Asn Ay Al a
1 Gly Leu Gly Trp Gly Asn Asn Ala $8r Ala Ala Ile Gln Arg VB cl3y Ile Al a
Ala Asp Ala Ala Gy26¢g Ay Leu Ser ¥Yab Leu Met Leu 270 20
25 30 Qu Ala dn Asp Leu Ala Cys Ala Thr Ser Ser Al a
Ser Ser Lygu[ggu Glu Ile 1L§5Arg Phe Gly Gln Met PhE)Phe Pro Glu Ser Arg 45 Ile -
Hs Ay Ay Leu &5y Tyr Leu Gu H® Tyr Gu Phe ArgfSLeu Val ~ 50
55 60 Ser Qu Ala Leu Ala Gu Arg Qu Val Leu Leu Lys
Met Al a pp%p|ql§ %E; Tyr Tyr Gln Glu Serx ?ba Gly Val Ala Asp Leu Ije Thr
80 290 295 300 -

Thr Cys Ala Gly Gly Arg Asn Val Lys Val Ala Arg Leu Met Ala Thr

305 310 . 315 320

Ser Gly Lys Asp Ala Trp Glu Cys Glu Lys Glu Leu Leu Asn Gly Gln
325 330 335

Ser Ala Gln Gly Leu Ile Thr Cys Lys Glu Val His Glu Trp Leu Glu
' 340 345 - 350

Thr Cys Gly Ser Val Glu Asp Phe Pro Leu Phe Glu Ala Val Tyr Gln
355 360 365

Ile Val T&r Asn Asn Tyr Pro Met Lys Asn Leu Pro Asp Met Ile Glu
370 375 380

Glu Leu Asp Leu His Glu Asp
385 390

{2) INFORMATION FOR SEQ ID NO:12:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 384 amino acids *
(B) TYPE: amino acid
{C}  STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
{(ii) MOLECULE TYPE: protein

{vi) ORIGINAL SOURCE:
(A) ORGANISM: GPD2

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

Met Thr Ala His Thr Asn Ile Lys Gln His Lys His Cys His Glu Asp
1 S 10 15

His Pro Ile Arg Arg Ser Asp Ser Ala Val Ser Ile Val His Leu Lys
20 25 30



1Ile Al a %895’/5&4%’“ Arg Phe Arg Leu Pro H's Arg Pro Hi s LepdAngdss720873
90

85 95 Pro Ala Trp Met Ile Arg lle
Gy Leu Phe Met Tyr Asp His Leu Gy 100 105
110 Lys ‘Arg Thr Ser Leu Pro Ay Ser Thf7@y Leu Arg Phe Ay Al a Asn
115 120 125 Ser Val Leu Lys Pro Gulle
Lys Arg GI Phe 3 u, Tyr. S
140 Trp® |"‘l/itsPr Ag’BeA%és %l%u%};rlﬁ Glly e‘ A A Té"n“l\%et aI Val 145
150 155 160 Arg Lys Gy @y Gu Vval Leu
Thr Arg Hé} ﬁregAﬂ Ei‘..yl-h@alsqlie'ﬂl% 6@ Asn Thr Glu Leu His X¥@2 His Ile 170
175 Arg Leu Trpdde Val Qu Ala @qu Asp Ile Asp Thr Ay
180 185 190 Lys Lys Tyr Ser Trp A n Ala
Arg Gy kge Mal pASE1A GallBlkg Glat E’I’;D Val Phe Asp%lu Lys Ile Gly asp 200
205 Trpeg¥al Lys @ n Phe Boe Asp Asp Ay Mgs Hi's Leu Pro SemsoPro Tyr
210 215 220 WD 98/ 21341
PCT/ US97/6208%&3 Leu Thr Asp Ile Ile Asn Thr Arg His Gln Asn-Val78ys Tyr Ay lle Arg
Leu Ile Lys Ay Ser Hi85lle Val Val ProS®rg Val Hi s 225 95 230
235 240 Thr @n Lys Gn Ala Tyr Ile Leu G n.Asn Gu.Asp
Lys Arg ke Bfigl Asn Ile Asp Leu Pro Hii§ Asn Leu Val Ala Asp PF@Q Asp Leu
255 Phe Val lle Pr1(9°Trp Met Asp d 4d%he Ser lle Ile¥®% Thr Thr Asp
260 Val du Tyr 34{ Gy Asp Pro
Lys Al a V&P ’Ey"ss?’F eu@l BYSGG&Y%A e e Vaé?%‘e Asn 116’ o 280
285 1le Asn TyiL teu Leu Asn Val r Asn Thr Hi s Phe Lys Lys G n Leu
290 af\ g, AS Ile Val Trp
Thr §é1? ]ng:yL%lPrﬁ\r.és Ile Val & G&BSLeu %Qn ({%4.0 His QIal gllA%p
315 320 _
His Val Arg Ala Ile Ser Cys Leu Lys Gly Phe Glu Leu Gly Ser Lys
145 150 155 ie60
Gly Val Gln Leu Leu Ser Ser Tyr Val Thr Asp Glu Leu Gly Ile Gln
165 170 175
Cys Gly Ala Leu Ser Gly Ala Asn Leu Ala Pro Glu Val Ala Lys Glu
180 185 130
His Trp Ser Glu Thr Thr Val Ala Tyr Gln Leu Pro Lys Asp Tyr Gln
195 200 205
Gly Asp Gly Lys Asp Val Asp His Lys Ile Leu Lys Leu Leu Phe His
210 : 215 220
Arg Pro Tyr Phe His Val Asn Val Ile Asp Asp Val Ala Gly Ile Ser
225 230 235 240
Ile Ala Gly Ala Leu Lys Asn Val Val Ala Leu Ala Cys Gly Phe Val
245 250 255
Glu Gly Met Gly Trp Gly Asn Asn Ala Ser Ala Ala Ile Gln Arg Leu
260 265 270
Gly Leu Gly Glu Ile Ile Lys Phe Gly Arg Met Phe Phe Pro Glu Ser
275 280 285
- Lys Val Glu Thr Tyr Tjr Gln Glu Ser Ala Gly Val Ala Asp Leu Ile
' 290 295 300
. Thr Thr Cys Ser Gly Gly Arg Asn Val Lys Val Ala Thr Tyr Met Ala
. 3058 310 315 320
. Lys Thr Gly Lys Ser Ala Len Glu Ala Glu Lys Glu Leu Leu Asn Gly
325 330 335



Asp Asp GibsaiiaflSP Ser Pro Gn Ala Ile Thr Arg Asp Tyr Thrpdgiserr20873

325 330 335 Asp lle Hs Asp Qu Asn Ay
Lys Ala Pro Leu Leu Ser Val Phe vy 340 345
350 Ay Lys Leu Thr Thr Tyr Arg Lys re®® Ala Gu His Ala Leu Qu Lys

355 360 365 Leu Thr Pro Tyr Tyr An Gy
Ile Ay Pro Ala Trp Thr Lys A u Ser 370 375

380 Val Pro G e . |l a Ala 385
o chE LB R gg%lé( M a flend Ezgpyrfﬁgb Na%rgﬁﬁggﬁ%.gyg?ﬁ AL
Phe Leu Thr Qu Ser Leu Ala Arg H's 405 410
415  Tyr cf\h ppr GysTieiu Thdu Chy 3arcASPhSerrCile llae AR chelsdd yeisn Al a

420 355 425 360 430 dysdhr Val Ser Asp Leu Gy
Gu Asp Phe Ay Hs Au Phe Tyr du 435 440

445 Al ap&b \Aspesed LeuTyim Ginl Afgl PAs Hikli GlyGhng Trp Tad GAy qastr s\l a Asp

450 370 455 375 460 3A9p Ala Leu Trp Arg Arg Thr
Lys Gn Gy Mt Trp Leu Asn Ala Asp 465 470

475 (2)  INFORMATIQS(FORGER @PN®BER:Arg Val Ser G n Trp Leu Val GQu Tyr
Thr A n An Ar 485 490 '
495 Leu ‘Ser {idu APRUENSE CHARACTERISTICEpn (2) | NFORMATI ON FOR SEQ I D

NQ 16 V\O géi\élé\E)lGTﬂt 614 amgo acids :

PCT/ US97/ 20873  (B) TYPE: amino aci - 74 -- (i)
SEQUENCE mmmEégngi@gggggg’fEsi;‘ URKRP  LENGTH 542 anino aci ds

(B) TYPE: amino aci t KRS YIS TRANDEDNESS:  unknown (D)

TOPOLOGY:  unkigWnyorecurll +9pYOLEQdeE, TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM: GUT2

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

Met Thr Arg Ala Thr Trp Cys Asn Ser Pro Pro Pro Leu His Arg Gln
1 5 10 15

Val Ser Arg Arg Asp Leu Leu Asp Arg Leu Asp Lys Thr His Gln Phe
20 25 30

Asp Val Leu Ile Ile Gly Gly Gly Ala Thr Gly Thr Gly Cys Ala leu
35 40 45

Asp Ala Ala Thr Arg Gly Leu Asn Val Ala Leu Val Glu Lys Gly Asp
50 55 60

Phe Ala Ser Gly Thr Ser Ser Lys Ser Thr Lys Met Ile His Gly Gly
65 70 75 80*

Val Arg Tyr Leu Glu Lys Ala Phe Trp Glu Phe Ser Lys Ala Gln Leu
85 90 95

Asp Leu Val Ile Glu Ala Leu Asn Glu Arg Lys His Leu Ile Asn Thr
100 105 110

Ala Pro His Leu Cys Thr Val Leu Prec Ile Leu Ile Pro 1le Tyr Ser
115 120 125

Thr Trp Gln Val Pro Tyr Ile Tyr Met Gly Cys lLys Phe Tyr Asp Phe
130 135 140

Phe Gly Gly Ser Gln Asn Leu Lys Lys Ser Tyr Leu Leu Ser Lys Ser

145 150 a 155 160

' Ala Thr Val Glu Lys Ala Pro Met Leu Thr Thr Asp Asn Leu Lys Ala



S (vi) W (A) ORGANI SM GLPABC P@m)sg-;ﬁﬁﬁq)ENCE
DESCRI PTI EQ ID NO 16 Met Lys Thr Arg Asp Ser G n Ser Ser Asp Va
Ile llelle Ay Ay 1 5 10
15 Gy Ala Thr Ay Ala Ay Ile Ala Arg % sp Cys Ala Leu Arg Ay Leu
20 25 30 Arg Val Ile Leu Val Ju Arg
Hs Asp Ile Ala Thr dygchla Thr Ay 170 35 175 40
45 Arg Asn Hs Gy Leu Leu Hs Ser Ay Ala Arg Tyr Ala VaI Thr Asp 50
55 Ser Leu Val TyOBis A Ghy s3¢r P}etl: AsA AsCOslr iy Lbe a3grafd u Asn A n
Ile Leu Lys Arg 65 180 190 75
80 Ile Ala Arg Hs Cys Val Qu Pro Thr Asn Gy Leu Phe Ile Thr Leu
85 Thr Leu Ala I®0 Thr Gly Val Glu Asn G195alPrar Gdl Asp 1Asprieu Ser Phe
A n Ala Thr Phe 19ke Arg Ala Cys Gag 10815 105
110 du Ala @y Ile Ser Ala Gu Ala lle Asp Pro dn A@n Ala Arg Ile
115 Val Glu Val GIrP@ys Leu Ile Lys Asp Pr$2%hr Ske @wIPs &/aAl Bitda/al Asn Pro
Ala Leu Ile @9 Ala Val Lys VaRSPro 130 220 135
140 Asp Ay Thr Val Asp Pro Phe Arg Leu Thr Ala Ala Asn Met Leu Asp 145
150 Gly Ala Glu Alajdxg Asp Val Glu Thr Aspg@lu Apy ‘L%J-SA@ Ut B3srg y Ala Val -
lle Leu T#5 Ala H's Au Va#3lrhr @ y 235 165 240 170
175 Leu IIe Ar% AIaTr C%/ Val Ar VaI Arg Asn His
180 Als1ys Tys Valg ggl ERUL ppatclvgllut sl By @t*Thr an Aa
Leu His Ala Pro Val Val*Val Asn Ala 195 ' 200
205 Al a r ' l.e Twr g I1e
210 &nyMu: q\.sl fﬁg@énq’ﬂa |§|le§ ély gi‘!: af'rgI %spf A%\%t 2?}?‘ Sro AN'a Lys Gy
Ser Leu Leu Ile Met Asp H's Arg Ile WO 98/21341

PCT/ U597/}?st8§§r Lys Ile Lys Ser Thr Phe Asn Gln Ile Ser Val Met Asp Pro

2775 280 285

Lys Met Val Ile Pro Ser Ile Gly Val His Ile Val Leu Pro Ser Phe
290 295 300

Tyr Ser Pro Lys Asp Met Gly Leu Leu Asp Val Arg Thr Ser Asp Gly
305 310 315 320

Arg Val Met Phe Phe Leu Pro Trp Gln Gly Lys Val Leu Ala Gly Thr
325 330 335

Thr Asp Ile Pro Leu Lys Gln Val Pro Glu Asn Pro Met Pro Thr Glu
340 345 350

Ala Asp Ile Gln Asp Ile Leu Lys Glu Leu Gln His Tyr Ile Glu Phe
355 360 365

Pro Val Lys Arg Glu Asp Val Leu Ser Ala Trp Ala Gly Val Arg Pro
370 375 380

Leu Val Arg Asp Pro Arg Thr Ile Pro Ala Asp Gly Lys Lys Gly Ser
385 390 395 400

Ala Thr 6ln Gly Val Val Arg Ser His Phe Leu Phe Thr Ser Asp Asn
405 © 410 415

Gly Leu Ile Thr Ile Ala Gly Gly Lys Trp Thr Thr Tyr Arg Gln Met
420 . 425 430

Ala Glu Glu Thr Val Asp Lys Val Val Glu Val Gly Gly Phe His Asn
435 440 445

Leu Lys Pro Cys His Thr Arg Asp Ile Lys Leu Ala Gly Ala Glu Glu
450 455 : 460



240
245
Ser
270
275
Au
300
310
Asn
330
Thr
Ay
360
Thr
Pro
390
Arg
410
Hi s
Val
440
Arg
Met
470
Val
495
500
Gu

75 -- 230 235
CT/US97/20873
Asn“fﬁ’%”%a"“é‘ Val Ile Asn Arg Cys Arg Lys Pro Ser Asp Afa Asp If‘e

250 255 Leu Val Pro Ay Asp Thr 41le
Leu Ile Ay Thr Thr Ser Leu Arg = 70 - 260 265
I1e Asp Tyr Asn Qu Ile Asp Asp Asn Arg Val Thr Ala Gu d u Val

0 5 llLe Leu Leu Arg Au Gy
LysT L}‘h,EJ %l rA(s)n\Z/lg,ir W%} AAFaLiuyéeu Alazég Asx"?‘slpyr LIJ.S éu L-e?95

4
Thi rg lle Leu Arg a Tyr Ser Ay Val Arg Pro Leu Va? Al a Ser 305

o Val Gln As psfro Ser Ay Arg
Leus%‘%rLyKr”éEthﬁrl% %T Llfgu aLleuln .]ZQE Ty Ly Ak ﬁ%?ﬁ% :
335 Asp His Ala Qu Arg Asp Gy Leu Asp Ay Phe Ile
|l erJbrmd ¥ys Glu Phe Phe 13%40G1u Ser Met Glu Asn BffOLeu Pro Leu 350
Lys Leu Met ThooTyr Arg Leu MesofNa Gu Trp Al asitir Asp Al a 355
365 Val Cys Arg Lys Leu Gy Asn Thr Arg Pro Cys Thr
Al asdsLelenla Asp3IAZ Glu Asn Asn Val I1le3THr Ser Ser Glu Glu Asn 380 Ala Leu
Ay Ser dBxE u Pro Ala G usaal Thr Leu Arg 33tk Val 385
395 400 |Ile Ser Leu Pro Ala Pro Leu
A yAserlep ¥alvAsnTRie App ThirsPhg fprg Tyr Pro Phe Thr Ilg@ 3y Glu "~
530 415 AsSPSArg Thr Pro Al &4%rp Leu Ser Gu Ay Arg Leu
Arg_Ser_ Leu 420 425 430
Oys off ey §7ase™ Al @%Tfﬁr “A 3V8 ot VAF Th YRR E‘h%" 435
5 445 u Asn Leu Asn | Asn Ser Leu P& Asp Leu Arg
ArgLThr Ar
Gy ™

450 455 460 Val Gy
o Bie g Be TS SRS A W o ek
475 480 dy Leu Leu A n Arg Phe Asn

ThrAInrAlge{/af‘lH@sCiﬂ 3 \}alleLﬁ Yal Met Gly Asp Glu pf8%nsn Trp 490
G@n Leu Ser Bgp Phe Leu Asn GsgsArg Trp Lys G yoyal A n Pro lle
505 510 Ala Trp Ay Asp Ala Leu Arg
Ser s&t wikheyslhiys Ay ELp @l Gy Mmeu Glu Lys Thr Val Asn Phe Ile
595 600 605

Gln Gly Arg Phe Gly Val
610

(2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 339 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: protein :

{vi} ORIGINAL SOURCE:
(A) ORGANISM: GPSA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

Met Asn Gln Arg Asn Ala Serx Met Thr Val Ile Gly Ala Gly Ser Tyr
1 5 10 15

Gly Thr Ala Leu Ala Ile Thr Leu Ala Arxrg Asn Gly His Glu Val Val
20 25 30

Leu Trp Gly His Asp Pro Glu His Ile Ala Thr Leu Glu Arg Asp Arg
35 40 45

Cys Asn Ala Ala Phe Leu Pro Asp Val Pro Phe Pro Asp Thr Leu His
50 55 60



515 520 525 WO 98/ 21

PCT/ Uso7/ FbseIset - 76 --%Jrﬁsﬁ"@m Leu
Cys Ay Leu Qu Lys Au G@n Lys Asp Ala Leu 530 535.-
540 (2) |NFORMATION FOR SEQ ID NO 1% 71 - (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH: 250 amino acids (B)
TYPE: am no acid (C) STRANDEDNESS: unknown (D)
TOPOLOGY: unknown (ii MOLECULE TYPE: . protein (vi) ORI G NAL

SOURCE; e ¢lu Sex Aep) LRREARI Byt Abppzy Als M) jer SEQUERCE'DESCR PTION.  SEQ
ID NO 178° Met Gly Leu Thr'®Thr Lys Pro Leu’Ser Leu Lys Val A% Ala Ala Leu

1 Phe Asp Val
Asp Ay YAt fale v3} gep) s igde il A oIt €A THARET G 112 152" 5

25 30" " Phe Trp Arg Asp Phe Ay Lys Asp Eys Pro Tyr Phe Asp
Ala Qu Hi 5 Al L Val Ile @n
Val Ser FFS %% R Brq pep e Arg Law VP Top mg mhs 1ys gy 14

55 60 Phe Al a Pro Asp Phe Al a Asn C];| u Gu Tyr Val Asn

Lys Leu Ghyl 2Al226H9 Thr cly Arg Leu Leu 6@ Asp val Ala Arg Glu APa Leu
80 du lle Proiyal Lys Tyr Ay &o Lys Ser Ile GigsVal Pro Ay Al a

85 95 Val Lys Leu Cys Asn Ala Leu Asn
Al a Leu BLp AspscG lIlbyBrrSI'rIpuAMa Val Ile Ser G13¥0fro Thr Phe Ala Lys 105
110 Val Al a3pbhr Ser Gy Thr W5y Asp Met Ala G40 Lys Trp Phe Gu H's

115 120 125 Leu Ay Ile Arg Arg Pro Lys
Tyr Phe Ble Lfw A¥d @lAsﬁlﬁéﬁ“\ﬁéHO EYys Ala IjgFer Leu Ala Ser Thr RERS
140 145 155 , 160

Gln Thr Phe Ala Asp Asp Leu Gln Gln Leu Leu His Cys Gly Lys Ser
165 170 175

Phe Arg Val Tyr Ser Asn Pro Asp Phe Ile Gly Val Gln Leu Gly Gly
180 185 190

Ala Val Lys Asn Val Ile Ala Ile Gly Ala Gly Met Ser Asp Gly Ile
195 200 205

Gly Phe Gly Ala Asn Ala Arg Thr Ala Leu Ile Thr Arg Gly Leu Ala
210 215 ' . 220

Glu Met Ser Arg Leu Gly Ala Ala Leu Gly Ala Asp Pro Ala Thr Phe
225 230 235 240

Met Gly Met Ala Gly Leu Gly Asp Leu Val Leu Thr Cys Thr Asp Asn
245 250 255

Gln Ser Arg Asn Arg Arg Phe Gly Met Met Leu Gly Gln Gly Met Asp
260 265 270

Val Gln Ser Ala Gln Glu Lys Ile Gly Gln Val Val Glu Gly Tyr Arg
275 280 285

Asn Thr Lys Glu Val Arg Glu Leu Ala His Arg Phe Gly Val Glu Met
290 295 : 300

* Pro Ile Thr Glu Glu Ile Tyr Gln Val Leu Tyr Cys Gly Lys Asn Ala
305 310 315 320

Arg Glu Ala Ala Leu Thr Leu Leu Gly Arg Ala Arg Lys Asp Glu Arg
325 330 335

Ser Ser His

{2) INFORMATION FOR SEQ ID NO:15:



Gn Gy L\)(,89§>)'2934I1-||s Pro Gu Pro Tyr
'VaI

150

Asp Pro Ser

Lys Ser

155

Lys Val

Leu Lys Gy Arg Asn @

val
175 Phe GQu Asp Ala Pro Ala Ay Ile-Avfa-Ala Gy Lys Ala Ala Gy Cys

160 4y Tyr

165

Pro

PeIURe7 R o

170

180 185 190 Lys Ilelle Gy Ile Ala Thr
Thr Phe Asp Leu Asp Phe Leu Lys du 195 200
205 WO 98/ 2
PCT/ US97/ 208 1%’ jE%ﬁéNECEGCHARACTERISTICS . - 77 Lys Gy Oys
Asp Ile Ile Val L&a% 'Iqis a§u 13%%%rg val Qy 210
215 c DN%S lgogﬂaGuThr Asp GQu Val Qu Phe lle
Phe Asp Asp Tyr 2%75; TOPOLOGY: unknown 235
240 Leu Tyr Ala Lys Asp Asp Leu Leu Lys Trp _ 245
250 (2) | NECRVADLERIEORYSEQ bR, 18: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 709 am no acids (B)
TYPE: ani no (&gj d oRIGINAL SourRdES) STRANDEDNESS: unknown (D)
TOPOLOGY: unknowna) orcagisM: MAEBCULE TYPE: protein (vi) ORI G NAL
SOURCE: (A) ORGANI SM GUT1 (xi ) SEQUENCE DESCRI PTI ON: SEQ
| D NO 18: Net) PREQPENCESOESCRIBTIING ASER ltpundfals:Val Phe Ser Lys Arg Tyr Ile
1 5 10 15 Phe Arg Ser
Ser dn M&FgG{LbﬁhlerSThfp $er Py Veysilg ALYGGy By ke Asn Gly Ala 20
25 830 Arg Met Ser L% 1le Met Gu AspSLeu Arg Ser Asp
Tyr Val Pro_Leu 35 40 45
Gly Ile Ala Ala Asp Ala Ala Gly Arg Gly Leu Ser Val Leu Met Leu
20 25 30
Glu Ala Gln Asp Leu Ala Cys Ala Thr Ser Ser Ala Ser Ser Lys Leu
35 40 45
Ile His Gly Gly Leu Arg Tyr Leu Glu His Tyr Glu Phe Arg Leu Val
50 55 60
Ser Glu Ala Leu Ala Glu Arg Glu Val Leu Leu Lys Met Ala Pro His
65 70 75 80
Ile Ala Phe Pro Met Arg Phe Arg Leu Pro His Arg Pro His Leu Arg
85 90 95
Pro Ala Trp Met Ile Arg Ile Gly Leu Phe Met Tyr Asp His Leu Gly
100 105 110
Lys Arg Thr Ser Leu Pro Gly Ser Thr Gly Leu Arg Phe Gly Ala Asn
115 120 125
Ser Val Leu Lys Pro Glu Ile Lys Arg Gly Phe Glu Tyr Ser Asp Cy.'s
130 135 140
Trp Val Asp Asp Ala Arg Leu Val Leu Ala Asn Ala Gln Met Val Val
145 150 155 160
Arg Lys Gly Gly Glu Val Leu Thr Arg Thr Arg Ala Thr Ser Ala Arg
165 170 175
Arg Glu Asn Gly Leﬁ'Trp Ile.Val Glu Ala Glu Asp Ile Asp Thr Gly
’ 180 185 . 190
Lys Lys Tyr Ser Trp Gln Ala Arg Gly Leu Val Asn Ala Thr Gly Pro
195 200 205
Trp Val Lys Gln Phe Phe Asp Asp Gly Met His Leu Pro Ser Pro Tyr
210 215 220



Ile Ala Ser Ile Asp Val Ay Thr Thr Ser Ser Arg Cys Ile Leu_Phe

55 WO09821341 " 50 Asn Arg Trp Gy G n Asp Val Ser Ly?cmﬂ§S9@2W7?l e
G u Tyr Ser Thr 65 70 75 -
80 Ser Ala Ser Lys Gy Lys Ile Ay Val 7Be+~- Gy Leu Arg Arg Pro Ser

85 90 95 Thr Ala Pro Ala Arg Gu Thr
Pro Asn Ala Ay Asp Ile Lys Thr Ser 100 105
110 dy q_;ysIPF =g %elPFféeS"éfS Ay Serubi %lTyYalAVa’ |58 & Vel diithr Lys

115 120 23 12353 Phe Leu Lys 118%Q u Qu Leu

Asp L Asp Phe Hi As Pro Th
148 ﬁeu Tl'_bgsek’ﬁé'yﬁfﬁlq_r% F#b’ é{’?/ ; G%IAS %"C%pl—]ﬁ’? Pro I V‘%ys Leu 145

150 60 Leu Val Asf Val Gn Oys
Leu heup e Leu @G;q 9

PCT/ USQ?%&B? é Pro %r?ebﬁet & p Gl gg: Servﬂe §ig1€3y Th g‘hr Asp

165 1 0 175 Thr IIe Asn Ser u Arg Val
Al a Asn q bey 'Il?(rroLsPJ Q;l}YJngJ-ﬁa?o\@s Ala Val Lys 1148y Glu ser Glu 185
190 Ile Cys Metpsdd y I1le Ala Asn ddat Arg A u Thr Tiys [le Leu Trp Ser

195 200 205 Arg Arg Thr Ay.Lys Pro lle.

Val Asn Tule &by tylrerdaliedr snAva1 ASfy Asn TREOHis Phe Lys Lys Gln BehD
220 Thr Argz§'dnr Ile Lys Ile waé Arg Asp Lys Tepo@ n Asn Thr Ser-Val 225

230 235 240 Asp Arg Gn Leu G n Leu Arg
A n Lys Tur Sl:g/ Aspuh$d GlecYrl Bup Sy Tyr Ser Gly Val Arg2Bfe Leu Cys 250
255 Thr 3B¢%r Phe Ser Cys SE¥0 Lys Leu Arg Trdt¥Phe Leu Asp Asn3@@ u Pro
260 265 270 Leu Cys Thr Lys Ala Tyr Qu
Gu Asn Asp Ber Gt SEhésd $RITREC \RA Ala Ile Ttg73rg Asp Tyr Tg; Leu 280
285

Asp Ile His Asp Glu Asn Gly Lys Ala Pro Leu Leu Ser Val Phe Gly

340 345 350

Gly Lys Leu Thr Thr Tyr Arg Lys Leu Ala Glu His Ala Leu Glu Lys
355 360 365

Leu Thr Pro Tyr Tyr Gln Gly Ile Gly Pro Ala Trp Thr Lys Glu Ser
370 375 : 380

Val Leu Pro Gly Gly Ala Ile Glu Gly Asp Arg Asp Asp Tyr Ala Ala
385 390 - 395 400

Arg Leu Arg Arg Arg Tyr Pro Phe Leu Thr Glu Ser Leu Ala Arg His
405 410 ' 415

Tyr Ala Arg Thr Tyr Gly Ser Asn Ser Glu Leu Leu Leu Gly Asn Ala
420 425 430 :

Gly Thr Val Ser Asp Leu Gly Glu Asp Phe Gly His Glu Phe Tyr Glu
435 440 . 445

Ala Glu Leu Lys Tyr Leu Val Asp His Glu Trp Val Arg Arg Ala Asp
- 450 455 460

Asp Ala Leu Trp Arg Arg Thr Lys Gln Gly Met Trp Leu Asn Ala Asp.
463 : . 470 475 480

Gln Gln Ser Arg Val ISer Gln Trp Leu Val Glu Tyr Thr Gln Gln Arg
485 490 485

Leu Ser Leu Ala Ser
500

(2} INFORMATION FOR SEQ ID NO:16:



Asp Thr Trp Leu Ile Tyr Gn Leu Thr Lys Gn Lys Al a Phe Val
p r rvgo eu e Tyr n Leu r Lys n Lys a e Val §%@ﬁ%7’1\9§%9Asn

295 98/21341 300 Asp Val Thr Asn Ala Ser Arg Thr

Leu Ser Thr Leu 305 310 315

320 Lys Tyr Asp Asn GQu Leu Leu Gu Phes rp Ay lle Asp Lys Asn Leu

325 330 335 Ile Hs Mt Pro GQu Ile Val
Ser Ser Ser dn Tyr Phe 340 345
350 Ay lle Fro ,§§% %‘Wﬁ FRIGTHCY Yy s,Leu Hs Asp Ser Pro Lys Thr

355 GTH 542 amino atid 865 Val Leu Arg Asp Leu Val Lys
Arg Asn Leu Pro II‘@’ GFHP@ a§hdk 370 375

380 Ay Asp G@n Eg% unk\r@ann@wﬁ} dn Leu Ala Tyr Lys Pro Ay 385
390 400 Ala Ala Lys Cys Thr Tyr dy
Thr Ay Cys P gl 405 410
415 dy Thr ‘T_ L-{UL ?(‘fe Sel?;r%rn Hs Ay Ala Leu Thr Thr Leu Al a

420 - i) oaxéﬁém SOURCE: 430 Phe Trp Phe Pro Hi's Leu @ n
Gu Tyr Ay y Gy LyrcRiand Wilsdbc 435 440

445 Ser Lys Pro H's Phe Ala Leu Qu Ay Ser Val Ala Val Ala Ay Al a

450 (xi) SEQUYEMETE DESCRIPTION: SEQ I8GEb:16: WO 98/21341 _
PCT/ US97/ 20873 -- 79 -- Val Val dn
Trp Leu Aeg IASPTHS ArhebspASgr L[Gln Bee sdgpAdpy VabelleGiLe 488 Gly Gly 470
475 1 489 Asp Val Ay Prdlle Ala Ser Thrid/al Pro Asp Ser
dy dy Val Vval 485 490 495
Phe Val Ry MagaTPhEl8ehlagGyy  Eie Phe APaA GYTyAlaTEpe Agp &0 LASp

500 20505 25 510 Ala Argd%l a Thr Ile Met Ay
Met Ser GI n Phe Thr. Thr Al a Ser. H| 515 520

525 Arg Val ;;e Leu Val Glu Arg 433 Asp Ile Ala Thr (:;y Ala Thr Gly

Arg Asn His Gly Leu Leu His Ser Gly Ala Arg Tyr Ala Val Thr Asp
50 55 60

Ala Glu Ser Ala Arg Glu Cys Ile Ser Glu Asn Gln Ile Leu Lys Arg
65 70 75 80

Ile Ala Arg His Cys Val Glu Pro Thr Asn Gly Leu Phe Ile Thr Leu
85 90 95

Pro Glu Asp Asp Leu Ser Phe Gln Ala Thr Phe Ile Arg Ala Cys Glu
100 105 110

Glu Ala Gly Ile Ser Ala Glu Ala Ile Asp Pro Gln Gln Ala Arg Ile
115 ) 120 125

Ile Glu Pro Ala Val Asn Pro Ala Leu Ile Gly Ala Val Lys Val Pro
130 135 140

Asp Gly Thr Val Asp Pro Phe Arg Leu Thr Ala Ala Asn Met Leu Asp
145 150 - 155 160

Ala Lys Glu His Gly Ala Val Ile Léu Thr Ala His Glu Val Thr Gly
165 170 175

Leu Ile Arg Glu Gly Ala Thr Val Cys Gly Val Arg Val Arg Asn His
180 185 190

Leu Thr Gly Glu Thr Gln Ala Leu His Ala Pro Val Val Val Asn Ala
185 200 205

Ala Gly Ile Trp Gly Gln His Ile Ala Glu Tyr Ala Asp Leu Arg Ile
210 215 . 220

Arg Met Phe Pro Ala Lys Gly Ser Leu Leu Ile Met Asp His Arg Ile



Ile Ala Ar

Al a Al a Val

535 O 98/21341

Ser Lys Asp Arg 545

Au dy Val

Cys Phe A n Ala Arg Ala
Ser Asp Ala P

540 Leu Lys Ala Met Ser

550

560 Asp Phe Leu Gu Gu lle Ser Asp ValysThr Tyr Gu Lys Ser Pro Leu
575 Ser Val
580

565

595

630

Asn Ay M &b "T_’)?sg

570
Ay Met Ser Arg Ser Asn du Val
500 And3% An Ala Asp I1?¥ Leu Ay Pro Cy33dval

605 Pro Thr Ala Qu Cys Thr Ala
Iygofro Ser Asp Ala Asp §hg

620 Al a Phe Lys Asp vét3asn G u Arg Pr &>feu Trp Lys Asp 3P8u Hi s Asp 625

655 Ser Pro u Al a

660

690 Asp Ile Leu L.&9

Trp Lys 1J§/lre ?rs% gﬁ;uA%gl%lx\I {'31

685 Arg Ser

Met

600
Leu Gy Asp A2 HiseVal d1a 2sA8R9 NBts Arg

63&\55@ ’{IhrGIr]‘eﬁeé: Leu 1124813( ¥EL

Lys

b

is Pro Asn Leuzfisils Ile Phe Arg

Lys Gy Trp Leu Lys

rg Glu

Gly

| NFORVATI ON B6lR SEQ | D NO 19: 295
(A) LENGTH 12145 base pairs
(O STRANBEDAESIlesierglreg Ala
PCT/ US97/ 23873
MOLECULE TYPE:

Asp
Gly
Val
Ala

385

Ile

Val
Glu
Val
- 465
" Gly

Gln

Ala

His
Lys
Cys
370
Leu
Ser
Arg
Cys
Asn
450
Gly
Leu
Leu

Trp

310

DNA (genom c)
Asp Asp Asp Pro Ser Gly Arg

Ala
Leu
355
Arg
Pro
Leu
Thr
Glu
435
Leu
Met
Leu

Sex

Gly
515

Glu

340

Met

Lys

Gly

BPro

Pro

420

Cys

Asn

Gly

Gln

Thr

500

Asp

325

Arg Asp

Thr Tyr

Leu Gly

Ser Gln
380

Ala Pro
405

Ala Trp

Glu Ala

Val Asn

Thr Cys

470

Arg Phe
485

Phe Leu

Ala Leu

Tyr

Gly

Arg

Asn

375

Glu

Leu

Leu

val

Ser

455

Gln

Asn

Asn

Arg

| : 30
qeisanii
555 -
Leu Ala Val Asp Ay
585
Val Arg2# g Ser

B

le\/g[sp é;i Asn Arg79a677’§‘§9 ﬂaasg.) Lbl%r gaia‘r

5
Asp Ile Au Gy G?Teu Hs Qu G@n

sLe'[lr RrVaI Phe Tyr
g 650
G u Ser Asp
g Lys H's
680
Val
gn 705 (2).

Glu Lys LetOfa lpeY 1UMAS RN

Asn

Leu

Leu

.360

Thr

Pro

Arg

Ser

Thr
440

Leu

Gly

Val

Glu

Glu
520

(1) SEQUENgEo CHARACTERI S'gﬁ( CS:

Leu

Asp

345

Met

Arg

Ala

Gly

Glu

425

Ala

Leu

Glu

Thr

Arg

505

Ser

(B) TYPE:

315

Ser Arg Gly

330

Gly
Ala
Pro
Glu
Ser
410
Gly
Gly
Asp
Leu
Thr
430

Trp

Glu

Phe
Glu
Cys
Val
385
Ala
Arg
Glu
Leu
Cys
475
Ser

Lys

Phe
——

Ile

Trp

Thr

380

Thr

Val

Leu

Val

nucl eic acid
ser 6Dy VROPAOPY¥o ldu®arl Ala sex WO 98/ 21341
80 --

Ile Val Leu

Thr

Ala

365

Thr

Leu

Tyr

His

Gln

445

Arg
460
Ala
Ala

Gly

ThJ_:

Arg

Cys

Gln

Val

Arg
525

Ile

350

Thr

Ala

Arg

Arg

Arg

430

Tyr

Arg

Arg

Ser

Gln
510

Tzp

335

Thr

Asp

Asp

Lys

His

415

Ser

Ala

Thr

Ala

Ile

495

Pro

Val

320

Leu

Gly

Ala

Leu

Val

400

Gly

Leu

val

Arg

Ala

480

Glu

Ile

TYE

(i)



(vi) ORI G NAL SOURCE: (A) ORGANI SM PHK28- 26 %:&&
SEQUENCE DES@R2B91 ON:  SEQ | D NO 19:  GTCGACCACC ACGGTGGTGAPETPRAHAMGTE

GCTCTCATGC AGCAGCTCGG TGGCGGICTC 60 AAAATTCAGG ATGTCGCCGG TATAGTTTIT
GATAATCAGC AAGACGCCTT CGCCGCCGTC 120 7gAATTTGCATC GCGCATTCAA ACATTTTGIC
CGGCGTCGGC GAGGTGAATA TTTCCCCCGG 180  ACAGGCGCCG GAGAGCATGC CCTGGCCGAT
ATAGCCGCAG TGCATCGGIT CATGTCCGCT 240 GOCGCOGCCG GAGAGCAGGG CCACCTTGCC
AGCCACCGRAnCEGT CEGTCR GEBEMBACATA Lys 800 CLEAGECR BGCaTRATGCAGCSG TCAGCTGCGG
ATGGGCTTTA GEBAGCCCCT GTAATTGPIT 360 ATTCABIRCA TCTTCAACAC GGTTAATCAG
CTTTTTCATT ATTCAGTGCT CCGTTGGAGA 420 AGGTTCGATG CCGCCTCTCT GCTGGCGGAG
GCGGT CATCLZ ) CGTREOBMFN ONCERRC FERCED NO: 480  GTGGAGCGTG CCTGGCGATA TGATGATTCT
GGCTGAGCGG ACGAAAAAAA GAATGCCCCOG 540  ACGATCGGGT TTCATTACGA AACATTGCTT
CCTGATTTTG TTT&TT%E%WEMST% GCTGAGGATA TGGTGAAAAT GOGAGCTGGC
GCGCTTTTTT TCTTCT C zmné’Gf)cmFCAGGATAGC CGGCGAAGCG GGTGGGAAAA
AATTTTTTGC TGATTTT G A 20  GAGAAAAGGC GGTCAAACAC GGAGGATTGT
AAGGGCATTA T X oo B0 GGATOGCAAT CCTGACAGAG ACTAGGGTTT
TTTGTTCCAA TATGGAA ATT 40 CCTGIGTTTC ATATCAGAAC AAAAAGGCGA
AAGATTTTTT T Cm&cmAﬁmegpo GTGATCGCAC TGCTCCGGTA CGCTCCGITC
AGGCCGCGCT T 960 CGCCAGGGCT CATCATGICT "ACATGCGCAC
TTATTTGAGG GIGAAGHMAITECEAAAAGT 1020 TATTCAATCT CCAGCCAAAT ATCTTCAGGG
TCCTGATGCT GCTGTTCIAST dksSTS#ATARp2 1080 TGCCAAAAAC CTGGCGGAGA GCTTCTTCGT
CATCGCTGAC GATTTCGIAA TGAAGCTGGC 1140 GGGAGAGAAA GTGGTGAATG GCCTGCAGAG
CCACGATATT CGeTGCCHRBECGGARSCRIFTION 12060 MANCGEGGAA TGCAGCCATG CGGAAATCAA
CCGTCTGATG GCGATTTTGC AAAAACAGGG 1260 CTGCCGCGGC GTGGTCGGGA TCGGCGGTGG
TAAAACCCTGtGETACEE T ABBONST EES Leu] 890 LT TIAGTKELAGHANGCREE0R8 TGGTGGTGAT
CCCGACCATE GCCTCGACCG ATGCGCCAAC 1380 0CAGCGCGCTG TCGGREATCT ACACCGAAGC
GGGCGAGITT GAAGAGTATC TGATCTATCC 1440 GAAAAACCCG GATATGGTGG TGATGGACAC

GGCGATTATRRGEER ARACEeP EABTREGEET 11 ele‘E) Ser Gln Pro Ala Ile Ala Ala
20 30 -

Phe Trp Arg Asp Phe Gly Lys Asp Lys Pro Tyr Phe Asp Ala Glu His
35 40 45

Val Ile Gln Val Ser His Gly Trp Arg Thr Phe Asp Ala Ile Ala Lys
50 55 60

Phe Ala Pro Asp Phe Ala Asn Glu Glu Tyr Val Asn Lys Leu Glu Ala
65 70 : 75 : 80

Glu Ile Pro Val Lys Tyr Gly Glu Lys Ser Ile Glu Val Pro Gly Ala
85 °0 | 95

Val Lys Leu Cys Asn Ala Leu Asn Ala Leu Pro Lys Glu Lys Trp Ala
100 105 110 :

Val Ala Thr Ser Gly Thr Arg Asp Met Ala Gln Lys Trp Phe Glu His
115 120 125

Leu Gly Ile Arg Arg Pro Lys Tyr Phe Ile Thr Ala Asn Asp Val Lys
130 135 140

Gln Gly Lys Pro His Pro Glu Pro Tyr Leu Lys Gly Arg Asn Gly Leu
145 150 155 160

Gly Tyr Pro Ile Asn Glu Gln Asp Pro Ser Lys Ser Lys Val Val Val
165 170 175

Phe Glu Asp Ala Pro Ala Gly‘Ile Ala Ala Gly Lys Ala Ala Gly Cys
180 185 190

Lys Ile Ile Gly Ile Ala Thr Thr Phe Asp Leu Asp Phe Leu Lys Glu
195 200 205



WD 98/ 21341

81 --

CTTGCTACGA
GCCTCECCCG
CGCAGECCGG
GCGCCATTGG
CCATTCTTGA

CCCACCTGGILys

AGCGCGTCGEG
AAATCGECCGEC

TTGCGGTGACSLY
AGTGGECTGE225

TCTCCCCTCC
GACTGITCA

CCGCTGCAGC
GACCTTCGAC
GGAAGACGCC
CGCCTGCATC
ATTTCGCGAC
CCCGATGCAG
GCCATGGAGT
CTCCCTTTGC
CGCCCGCGAG
CCTCAATCAG
ACAGGCECGTG

Met

Phe

Arg

Ile

Asn

(2}

65

Ser
Thr
Gly
Phe
Leu
1?5

Leu

PCT/ US97/ 20873

WO BINSHTCTCC GGCATGGGECG ATGCGCTCTC CACCTGGITC GAGBOTAMNSRB20873

1560 TGCGCAECECC ACCAGCATGG CCGGAGGACA GICCACCGAG GCGECECTGA
1620 CCTGIGCTAT GATACGCTCC +G3 GGG CGAAAAGGECC CGTCTGECGG
1680 GGTAGIGACC GAAGCGCTGG AGCGCATCAT CGAGGCGAAC ACTTACCTCA
1740 CTTTGAAAGC AGTGGECCTGG CCGCTGCCCA TGCAATCCAC AACGGTITTCA
1800 AGAGIGCCAT CACCTGTATC ACGGTGAGAA AGTGGECCTTC GGTACCCTGG
£8P Cys GSCTAGANE NXECOGCARSHS HAEGAGA FEGAL ABGHMETAG WCCTTCTGCC
2020 CCTGCCGGTG ALECTCGCGC AGATGGEGT CAAAGAGGGG ATCGACGAGA
1980 GGTGECGAAA GCTACCTGCG CGGAAGGGEGA AACCATCCAT AATATGCCGT
298 FsnCEECEARANE STE(HPCEYES QrATCCTEAC IEGBOSATET &y T TAGGCCAGC
2100 GOGTTAATAY® GCGGTGGCTA AACERCTGGC CCAGGTCAGRAGGTTTTTCTT

2160 . GECAGICGCT GCCGGAGEEG TTCTCTATGG TACAACGCGG AAAAGGATAT

E?Eo‘laA@t&E«“ﬁR LSRG %FCTCTTCC GTCATTGCCC AGTCATGGCA
2280 AAGTTTATGC AGCGCGAAAC

giégﬁo%ﬁgﬁg GGCAAACG CCGCACCAGG CCCAGEECCT

C CGCGCTGCTC ACCATCGGECC AGGCGEECGECT
CCCCTGCECG CTGITTATTC TTGATGAGIC

2;}@9 WW GCAAACCCTG GCCCAGCTGG TTGCCCTGRG
2520 &7 GhoCLAGAG. CATTATCGGC ACCTGOGCGC TGTCGCTGGC
2580 FEAACAGOGC CGGOGATCGG CATTTTAAGC AGGOGCTACA
2640 (ChT TEARESEADNESECCGR R wd GATAACCAC GGGCGGCTGT TCGGCTCTAT
2700  (HGT GGG AGGAGGAGTC CAGOGOCGAC CTCTCCCTGA CGCTGGCCAT
2760 GTGGGTAACT CCCTGCTTAC CGACAGCCTG CTGGCGGAAT CCAACCGTCA
2820 WRLETIGGREE TGEECEABAG CATGGACGAT GGGGTGATGG CGTGGAACGA
2880

ORIGINAL SQURCE:
(A) ORGANISM:

{vi)
GUT1
SEQUENCE DESCRIPTION:

{xi) SEQ ID NO:18:

Phe Pro Ser Leu Phe Arg Leu Val Val Phe Ser Ile

5 10

Lys Arg Tyr

15
Gln Thx
25

Gln Glu Gln

30

Ser
20

Arg Ser Arg Leu Tyr Ser Leu Lys Ser

Met Ser Ile Met Glu Leu Pro Leu

35

Lys Asp

40

‘Arg Ser Asp Tyr Val

45
Ala Val
50

Ser Ile Asp Gly Thr Thr Ser Ser Arg Ile Leﬁ Phe
55 .

60

Cys

Gln Val Gln

75

Arg Trp Gly Asp Ser Lys His Ile Glu Thr

80

Tyr Ser

Ala Val Pro Ser

95

Ser Leu

90

Ser Lys Gly Lys Ile Gly Gly Arg Arg

Ala Ala

100

Glu Thr Asn Ala Ile Thr

105

Pro Arg Pro Gly Asp Lys Ser

110
Glu Glu
120

Pro Ile Phe Ser Ala Ala Ile

115

Gly Gln

125

Lys Tyr Thr Lys

Ile Glu Glu Phe His Asn Pro

140

Leu
135

Leu
130

Lys Asp Leu Asp Glu Thr

Phe Pro Val Glu

150

Lys Pro Lys Gly Txp Cys His Pro Gln

155

Leu
160

Lys

Val Asn Val Val Gln Cys Leu Ala Ser Ser Leu Leu Ser Leu Gln



CTGCAGTTTC TCAATGTTCA GGOGGOGAGA CTGCTGCATC TTGATGCTCA GGCCAGCCAG 2940
GGGAAAAA MO $RRIBATCT GGTGACCCTC COGGOGCTGC TGCGOCGOGC CATRRRAESRY20878000
GCCCGCGGCC TGAATCACGT CGAAGTCACC TTTGAAAGTC AGCATCAGTT TGTCGATGCG 3060
GTGATCACCT TAAAACCGAT TGTCGAGGCG CAAGEEAACA GTTTTATTCT GCTGCTGCAT 3120
CCGGTGGAGC AGATGOGGCA GCTGATGACC AGCCAGCTCG GTAAAGTCAG CCACACCTTT 3180
WO 98/ 21341 | PCT/ US97/ 20873
-- 82 -- GAGCAGATGFS CTGOCGACGA TCOGEMAACC CGACGOCTGALTECCACTTTGG
CCGOCAGGCG 3240 GOGCGOGGOG GCTTCCCGGT GCTACTGTGC GGOGAAGAGG GGGTCGGGAA
AGAGCTGERG Ile3230p SeaCELAGSSTYR ITREAGRATEW ARSCIRARES ToEEGE0EEEC CCTACATCTC
COGTCAACTGC 3360 18@AGCTATATG CCGAGAECGT GCTGGGCCAG IGACTTTATGG GCAGCGOCCC
TACCGACGAT _ 3420 é$sr GCCTGAGOCG CCTTGAGCTG GOCAACGGCG GCACCCTGTT
TCTGGAARAS Y%ggg CLATEERA T@WW &T&S&g% ISETERSEFEC AGGTGATTAA

GCAGGECGTIG CTCACCCECC T CCGGT GGATG TGAAGGTGAT

CTACTATAE 225880 SorihSFec raatocr Skt LEC CACGCAACAG

TATTCCGT CG 3720 CTGGIGCATA ACCGGITGAA GAl GGAG AAGCGT TTCT CTTCGCGACT
CANCTOHG x40 1S GR0CRT QERACRORT, QETCOCIAE HOTTA0300 COMTOATTT
TGAGCTCAAG 3840 GARTG A TA CAGCAGC GACAACYgC ACATTCGCCT
GAGTAATCTG 3900 CCGGAATAT_C TCTTTTCCGA GCGGCCGGGC GGGGATAGCG CGICATCGCT
GCTCCCGHSEe Argd326f 1.eAGEH GAGTArgl EASEHCr CRHNMGCEAA dTAJI AETC ACGCCGCCCG
GGTGACCAGC 4020 GCCEEEGGTAC AGGAGATGESH GCAGCTCCTC AATAFXCGGECC GCACCACCCT
GTGGCGCAAA 4080 ATGAAGCAGIT ACGATATTGA CGCCAGCCAG TTCAAGCGCA AGCATCAGCEC
CTAGTCTGRE Ty PAE sSCCATT CEEGY CAFCEAGBAND ABSSAI E6%s AMCAGECEAST GCCTGIAGCGT

TTGAGOGOGT 4200 260 265 270
Leu Cys Thr Lys Ala Tyr Glu Glu Asn Asp Leu Met Phe Gly Thr Val
275 280 285

Asp Thr Trp Leu Ile Tyr Gln Leu Thr Lys Gln Lys Ala Phe Val Ser
290 295 . 300

Asp Val Thr Asn Ala Ser Arg Thr Gly Phe Met Asn Leu Ser Thr Leu
305 310 315 320

Lys Tyr Asp Asn Glu Leu Leu Glu Phe Trp Gly Ile Asp Lys Asn Leu
325 330 335

Ile His Met Pro Glu Ile Val Ser Ser Ser Gln Tyr Tyr Gly Asp Phe
340 345 350

Gly Ile Pro Asp Trp Ile Met Glu Lys Leu His Asp Ser Pro Lys Thr
355 360 365

Val Leu Arg Asp Leu Val Lys Arg Asn Leu Pro Ile Gln Gly Cys Leu
370 375 380

Gly Asp Gln Ser Ala Ser Met Val Gly Gln Leu Ala Tyr Lys Pro Gly
385 390 395 : 400

Ala Ala Lys Cys Thr Tyr Gly Thr Gly Cys Phe Leu Leu Tyr Asn Thr -
405 410 415

Gly Thr Lys Lys Leu Ile Ser Gln His Gly Ala Leu Thr Thr Leu Ala
420 425 430

Phe Trp Phe Pro His Leu Gln Glu Tyr Gly Gly Gln Lys Pro Glu Leu
435 440 445

Ser Lys Pro His Phe Ala Leu Glu Gly Ser Val Ala Val Ala Gly Ala
450 * 455 460 '



CGCGCAGCGG ATGCGCGCGG TCCATGRCCG TCAGCAGRCG TTCGAGCCGA CGGGACT
TGOGOGCCACWOIBEARET GG GCAGAGGCGA GATTCCTCCC CGGGATCACG AACTG‘TG‘r’*f’Vﬁ”’z“ﬁ?zo :
ACGGGCCGCT CTCGGCCATA TTGCGGTCGA TAAGCCGCTC CAGGGCGGTG ATCTCCTCTT 4380,
CGCCGATCGT CTGGCTCAGG CGGGTCAGGC CCCGCGCA$HC. GCTGGCCAGT TCAGCCCCCA 4440
GCACGAACAG CGTCTGCTGA ATATGGTGCA GGCTTTCCCG CAGCCCGRCG TCGCGRGTCG 4500
TGGCGTAGCA GACGCCCAGC TGGGATATCA GTTCATCGAC GGTGCCGTAG GCCTCGACGC 4560
GAATATGGT @a1 AT GGA TG pCEaC GG BT ARAGEEL IGGTEGET BEETLYESTAFERTEGG 4620
TGCGGGTATAGGATACGATAC ATTCAGPTTC TCTCACTTAA 42GGCAGGACT TTAACERGCT 4680
GCCCGRCGTT GBECGCCGAGC GTACGCAGTIT GATCGTCGCT ATCGGTGACG TGTCCGGTAG 4740
CCAGCGGCGBsSTGRCELBEE ATET BaCAsT GhACT(AGREr FERTETCEEEGIGAVEEdE=EGA 4800
GCCCGATACC CACCCGCAGG GEBFAGCTTC TGGCCGCEASB GGCGCCCAGC GCABPGGCGT 4860

WO 98/ 21341 PCT/ US97/ 20873
-- 83 -- Phe Phs GREABHT SR BiCERNE ECE T ErePrecTCC
AGCCCCCAGC 4920 GCTCATT GAT GCATGGTGCC TC GTAAAACAGG
CGTACGCCT 498  TAACA AATGCCTGGC
§l %‘%Eéﬁ %‘%ﬁé‘% g%;? YGCATTGo00T
CTTTTAGAGC 5100~ CATCTCCGCC AT TTTACCCCC AGATCGCGCA
GATGCT 1e REOR g AATAREEATA Iﬁ%lg;ﬁﬁ’* GHGEGN R A GCCTTTTTCCG
CCGOGTCGAG . 5720 ~ AGTGGACAGT C6GTGATAT TTTCGCEEAT CA CAGCG SATATCGGCGA

ATTTCTCCGG 5280 GITGGCGATC AGGTITGTAGC GCGCCACATG CGGCAGCAGG ACAGCGTTGG
CCACCCCGT Geu HAAR1a GdCAISTSdr AACATRRKELC cURASTT B3] (SeeE e R K e gT GCCACGTAGC
CGAGGTTG3E45 5400 GITATTGNSA GCCATCCCGG CCASGAGAGA AGCATAGCHEATGITTTCCC
GCGCCTCCAG 5460 ATTGCTGCCG AGGGECCACGG CCTGGECGCAG GITGCGEEECG ATGAGGCGGEA

TCGCCTGCARsp BE2@eu Glu Glu Ile Ser Asp Val Thr Tyr Glu Lys Ser Pro Leu
565 570 575

Ser Val Leu Ala Val Asp Gly Gly Met Ser Arg Ser Asn Glu Val Met
580 585 590

Gln Ile Gln Ala Asp Ile Leu Gly Pro Cys Val Lys Val Arg Arg Ser
595 600 . 605

Pro Thr Ala Glu Cys Thr Ala Leu Gly Ala Ala Ile Ala Ala Asn Met
610 615 620

Ala Phe Lys Asp Val Asn Glu Arg Pro Leu Trp Lys Asp Leu His Asp
625 630 635 640

Val Lys Lys Trp Val Phe Tyr Asn Gly Met Glu Lys Asn Glu Gln Ile
645 650 _ 655

Ser Pro Glu Ala His Pro Asn Leu Lys Ile Phe Arg Ser Glu Ser Asp
660 665 670 3

Asp Ala Glu Arg Arg Lys His Trp Lys Tyr Trp Glu Val Ala Val Glu
675 680 685

Arg Ser Lys Gly Trp Leu Lys Asp Ile Glu Gly Glu His Glu Gln Vval
690 "695 ' . 1700

Leu Glu Asn Phe Gln
705

(2) INFORMATION FOR SEQ ID NO:139:

{1} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12145 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

SR 52&?’5?.‘\ T T T Y T T A G T 1 T



GECGEECEECG TCCGTICACCG GGTTAGCGTC TTTGGAGATA TAGGCCTCTA

GT 5580
%@“’% 640

CAGGGCATY® CG CCGCGGTCAG GGOGGCCGGT TTACCGATCA

ATCGTTGATA GAGACCGACG GCAGTTTGCG CCAGCTGACG ATCACAAACT TCACTTTGGT 5700
TTCGGTGTTG GTCAGGACGC AGTGGCGGGT GACGT®AGFG GOGGTGCCGG CGGTGGTATT 5760
GACCGCGACG ATAGGCGGCA GOGGGTTGGT CAGGGTCTCG ATTCCGGCAT ACTGGTACAG 5820
ATCGCCCTCA TGGGTGECGG CGATGCCGAT GCCTTTGCCG CAATCGTGCG GGCTGCCGCC 5880
GCCCACGGTG AEBAT AREETV HCAETF T PEA GISReRMAC ACGGCGAGGC CGTCGCGCAC 5940
GTTGGTGTCT QGACECC GTCAAAGATC GOCACCTCGA TCCCGGCCTC 6000
CCGCAGATAA ﬁ%@%@% : X %CTTTA ATTGCCCGCA GGCCTTTGTC 6060
GGTGACCAGC AGSCTTITT G GGCAG CGTTCGCCGA CTACGGAAAT 6120
GGCGTTGGEG M,ggcr 155, AN TGAAACATAC GATAGCTCAT 6180
AATATACCTT aC_;TTATAiTGC s CAA TCCAGGGCGC ACTGGGCTAA 6240
TAATT Ao A A FeCACE & c PSP Al s A P Tt e COREEA MM dA T66d & EGATT 66300
AAAAATAACT GGCAGGCCGC CGCCAAAAAT AATAATTCGC TGTTGGTTGG TTAGCTGCAG 6360
ACCGT ACARANEFTh BG T A 1loceed 65 PACAEXT TP CATAARIAGCT AATAITd ™ ceddédeETEAG 126420
GCTGCAGGCG CTCCAGGCTT TATTCAGGGA AATATCGCAG CTGGAGACGA AGGCCTCGTIC — 6480

CAT CCGCCRABrAdeMCCACKIARTTCA GCETHT cBCRBRCARCHGCACKEIBANGI TCEACKCGGEAC 186540.
WD 98/ 21341 PCT/ US97/ 20873
84 - -ACAGGCAETE(AARECAT &1 CCFICCERT TATRGEASIZGCT BBICCEUA FRTFEFEBGECGEE4 0
CGECCAGEGT 6600 GATTGICTGA ACTTGITGGC TCTTGITCAT CATTCTCTCC CGCACCAGGA
TAACGCT GEECCCHES0 CABCCARTA G- A FAERISCEC S FASTRICRAT FACEATPRBTA AT TCEST TGS

CTTGCTTTAT 6720, TTTTGTCAGC GTTATTTTGT OGCOCGCCAT GATTTAGTCA ATAGOGTTAA

AATA CEF RS0 T CRIRAARFEEFAC REFERR R ISEEC TP T I RFEFAC AT FEMTTRRTC ATCAPY GCaG
GII;KTCJ“%%%CAG%X%%QTCTTCAACAC GGTTAATCAG CTTTTTCATT ATTCAGTGCT CCGTTGGAGA 420
AGGTTCGATG CCGCCTCTCT GCTGGCGGAG GCGGTCATCG CGTAGGGGTA TCGTCTGACG 480
GTGGAGCGTG CCTGGCGATA TGATGATTCT GGCTGAGCGG ACGAAAAAAA GAATGCCCCG 540
ACGATCGGGT TTCATTACGA AACATTGCTT CCTGATTTTG TTTCTTTATG GAACGTT&TT 600
GCTGAGGATA TGGTGAAAAT GCGAéCTGGC GCGCTTTTTT TCTTCTGCCA TAAGCGGCGG 660
TCAGGATAGC CGGCGAAGCG GGTGGGAAAA AATTTTTTGC TGATTTTCTG CCGACTGCGG 720
GAGAAAAGGC GGTCAAACAC GGAGGATTGT AAGGGCATTA TGCGGCAAAG GAGCGGATCG 780
GGATCGCAAT CCTGACAGAG ACTAGGGTTT TTTGTTCCAA TATGGAACGT AAAAAATTAA 840
CCTGTGTTTC ATATCAGAAC AAAAAGGCGA AAGATTTTTT TGTTCCCTGC CGGCCCTACA 900
GTGATCGCAC TGCTCCGGTA CGCTCCGTTC AGGCCGCGCT TCACTGGCCG GCGCGG&TAA 260
CGCCAGGGCT CATCATGTCT ACATGCGCAC TTATTTGAGG GTGAAAGGAA TGCTAAAAGT 1020
TATTCAATCT CCAGCCAAAT ATCTTCAGGG TCCTGATGCT GCTGTTCTGT TCGGTCAATA 1080
TGCCAAAAAC CTGGCGGAGA GCTTCTTCGT CATCGCTGAC GATTTCGTAA TGAAGCTGGC 1140
GGGAGAGAAA GTGGTGAATG GCCTGCAGAG CCACGATATT CGCTGCCATG CGGAACGGTT 1200
| TAACGGCGAA TGCAGCCATG CGGAAATCAA CCGTCTGATG GCGATTTTGC AAARACAGGG 1260
CTGCCGCGGC GTGGTCGGGA TCGGCGGTGG TAAAACCCTC GATACCGCGA AGGCGATCGG 1320
TTACTACCAG AAGCTGCCGG TGGTGGTGAT CCCGACCATC GCCTCGACCG ATGCGCCAAC 1380 -
CAGCGCGCTG TCGGTGATCT ACACCGAAGC GGGCGAGTTT GAAGAGTATC TGATCTATCC 1440
GAAAAACCCG GATATGGTGG TGATGGACAC GGCGATTATC GCCAAAGCGC CGGTACGCCT 1500




TTTTTATTTT TGCCGCCGGA GTAAAGITTC ATAGTGAAAC TGTCGGTAGA TTTCGIGIGC

CAAATTGAAAWOGELARIAAA TTTATTTTTT TCACCACTGG CTCATTTAAA GTTC(K%WR#WZ"B@GO

TGCCGGTAAT GGCCGEECGG CAACGACGCT GGCCCGGCGT ATTCGCTACC GTCTGCGGAT
TTCACCTTTT GAGCCGATGA ACAATGAAAA GATCAAAAGG.ATTTGCAGTA CTGGCCCAGC
GCCCCGTCAA TCAGGACGGG CTGATTGGOG AGTGGCCTGA AGAGGGGCTG ATCGCCATGG
ACAGCCCCTT TGACCCGGTC TCTTCAGTAA AAGTGGACAA CGGTCTGATC GTCGAACTGG
ACGGCAAACG CCGGGACCAG TTTGACATGA TCGACCGATT TATCGCCGAT TACGCGATCA
ACGT T GAGCGCTARIREGACCRAGATEARICATELS RCTAGRBECHIC BEARMIACERN COTATAFES
TGGATATTCA CGTCAGCCGG GAGGAGATCA TTGCCATCAC TACCGCCATC ACGCCGGCCA
AAGCGGT CGA SRR FERRSA EARPIGARER AT EACATC BRTERTCEEEF  FEERGAGR
TGCGTGCCCG COGGACCCCC, TCCAACCAGT

T GCAGAT TGS B AR ARG A AT (S T ET AR CREEACHCER
G00C00aoC A AR A T T AR A A A O
TTACCACEE" E&%%?’% B A R T SR AL AT G

COCCGTTGAY AR Hebbr S Hdreelo e AR e 50t Addider 16800
A&%ECAAGTC GATGCTCTAC CTCGAATCGC GCTGCATCTT CATTACTAAA GGCGCCGEEG 7920
TTCACCGACkcee e cite doerddACCH Ao A XXIGaTc EACEEEFIRdcHSHecEedidede 16930
GCATTCGGEEC GGIGCTGECG GAAAACCTGA TCGCCTCTAT GCTCGACCTC GAAGTGECGT 8040
CCGCCAACGEcCEACHTE TACLCTCEONC RGAR: FeLAT TCARCA: CACRECEACGACAEERTGXTGE 18800
AGATGCTGCC GGGCACCGAC TTTATTTTCT CCGGCTACAG CGCGGIGCCG AACTACGACA 8160
ACATGI TCCEEC3ICFBEAMT AT TTET CCCRAFHAGA TAFCFEACPEATANORACCATCCTEINEC 3200
WO 98/ 21341 PCT/ US97/ 20873
-- 85 -- CCCGGAGAGC GTCCATGCCG CTATCCTCAC CGCCGATCTG TTAGGCCAGC AGTGGCTGGC 2100
GCGTTAATTC GCGGTGGCTA AACCGCTGGC CCAGGTCAGC GGTTTTTCTT TCTCCCCTCC 2160
GGCAGTCGCT GCCGGAGGGG TTCTCTATGG TACAACGCGG AAAAGGATAT GACTGTTCAG 2220
ACTCAGGATA CCGGGAAGGC GGTCTCTTCC GTCATTGCCC AGTCATGGCA CCGCTGCAGC — 2280
AAGTTTATGC AGCGCGAARC CTGGCAAACG CCGCACCAGG CCCAGGGCCT GACCTTCGAC — 2340
TCCATCTGTC GGCGTAARAC CGCGCTGCTC ACCATCGGCC AGGCGGCGCT GGAAGACGCC — 2400
TGGGAGTTTA TGGACGGCCG CCCCTGCGCG CTGTTTATTC TTGATGAGTC. CGCCTGCATC 2460
CTGAGCCGTT GCGGCGAGCC GCAAACCCTG GCCCAGCTGG CTGCCCTGGG. ATTTCGCGAC 2520
GGCAGCTATT GTGCGGAGAG CATTATCGGC ACCTGCGCGC TGTCGCTGGC CGCGATGCAG 2580
GGCCAGCCGA TCAACACCGC CGGCGATCGG CATTTTARGC AGGCGCTACA GCCATGGAGT 2640
TTTTGCTCGA CGCCGGTGTT TGATAACCAC GGGCGGCTGT TCGGCTCTAT CTCGCTTTGC 2700
TGTCTGGTCG AGCACCAGTC CAGCGCCGAC CTCTCCCTGA CGCTGGCCAT CGCCCGCGAG 2760
GTGGGTAACT CCCTGCTTAC CGACAGCCTG CTGGCGGAAT CCAACCGTCA CCTCAATCAG 2820
ATGTACGGCC TGCTGGAGAG CATGGACGAT GGGGTGATGG CGTGGAACGA ACAGGGCGTG 2880
CTGCAGTTTC TCAATGTTCA GGCGGCGAGA CTGCTGCATC TTGATGCTCA GGCCAGCCAG 2940
GGGAAAAATA TCGCCGATCT GGTGACCCTC CCGGCGCTGC TGCGCCGCGC CATCAAACAC 3000
GCCCGCGGCC TGAATCACGT CGAAGTCACC TTTGAAAGTC AGCATCAGTT TGTCGATGCG 3060
'GTGATCACCT TAARACCGAT TGTCGAGGCG CARGGCAACA GTTTTATTCT GCTGCTGCAT 3120
CCGGTGGAGC AGATGCGGCA GCTGATGACC AGCCAGCTCG GTAAAGTCAG CCACACCTTT 3180

7020,
7080
7140
7200
7260

12820
7380

X480

380
7480
480



GTGACCTGAT GGTTGACGGC GGCCTGCGTC CGGTGACCGA GGCGGAAACC ATTGCCATTC
GCCAGAAAGCY
CCGACGAGGA GGTGGAGGCC GCCACCTACG CGCACGGCAG CAACGAGATG CCGCCGCGTA
ACGTGGTGGA GGATCTGAGT GCGGTGGAAG AGATGATEAA. GCGCAACATC ACCGGCCTCG
ATATTGTCGG CGCGCTGAGC CGCAGCGGCT TTGAGGATAT CGCCAGCAAT ATTCTCAATA
TGCTGCGCCA GCGGEGTCACC GGCGATTACC TGCAGACCTC GGCCATTCTC GATCGGCAGT
TCGAGGTGGT GAGTGCGGTC AACGACATCA ATGACTATCA GGGGCCGGEGC ACCGGCTATC
GCATCT CTCRASARAE e FEEC e SEAGRIR SR AR T AR ST e B S CAEE NTECCALTICACALEA
CCATTGAATA . AGGCGGTATLT CCTGTIGCAAC AGACAACCCA AATTCAGCCC TCTTTTACCC
T GAAAACCCES SR o &S TR TH S T B oA P A AR E B TSR T e SR A G EASFRRT PG

CoATCCT AR AR A T A e A S E R Co AT R
AT el o T A S T

COCACATT G AR GECCCT AT ARG T RO T COXASHEL:

TGGT GAACCAT JdAATAT T ECC EEEIhCEAWEATTAT Goes AR T SSRGS T AT EJAALAEFA
AAGAGACCAA ACATGTGGTG CAGGACGCCG AGCCCGTCAC CCTGCACATC GACTTAGTAA
GGGAGT GACEr AFGAGRSAGAA AAATCEATRTET OOKCCAGRSEATA TCARI I AGRTOEASREERTG
CCCGGAGCAT ATCCTGACGC CTACCGGCAA ACCATTGACC GATATTACCC TCGAGAAGGT
GCTCTCT GO GAGCATISBGEC OB IACRAIG FARZGEARCTIOT T UOCCAGAORC T T ATRACCEA
GGCGCAGATT GCCGAGCAGA TGCAGCGCCA TGCGGTGGECG CGCAATTTCC GCCGCGCGGC
GGAGCT TATET (IACRTITCE T CARRISSTCRATAT CFETIRCCLTRERGC TR RASCUIREE G THIICCCRTE
CCGCTCCTCG CAGGCGGAGC TGCTGGCGAT CGCCGACGAG CTGGAGCACA CCTGGCATGC
GACAGWGAA&TQEEﬂaﬁfr T AR FE T e AR RS EET S A TREACE RREC T ISR AREIST

c@%§%§§%§§§g GCCGTTAATA GCCGGGATTG ATATCGGCAA
oA oA R e O B RE e S T T T R

AGCGTCATTG
CCGGAATATC
AGCCTGACTT
GGGCGGGTGC
ATGAAGCAGT
CGATTCGCG&

CGCGCAGCGG

- TGCGCGCCAC

ACGGGCCGCT
CGCCGATCGT
. GCACGAACAG
TGGCGTAGCA
GAATATGGTC
TGCGGGTATA
GCCCGGCGTT
CCAGCGGCGC

GCCCGATACC

AGAATATCGC

TCTTTTCCGA

TTAGCGCCAT

AGGAGATGTC

ACGATATTGA

CATGGAGAAC

ATGCGCGCGG

GTGCAGCTGG

CTCGGCCATA

CTGGCTCAGG

CGTCTGCTGA

GACGCCCAGC

TTTCTCGATG

GATACGATAC

GGCGCCGAGC

GTCCGCCGGC

CACCCGCAGG

CATCAGCAGC
GCGGCCGGGC
CGAAAAGGAA
GCAGCTGCTC
CGCCAGCCAG
AGGGCATCCG
TCCATGGCCG
GCAG&GGCGA
TTGCGGTCGA
CGGGTCAGGC
ATATGGTGCA
TGGGATATCA
CGGCTGCCGC
ATTCAGTTTC
GTACGCAGTT
AGCTGGGCAT

GGCGAGCTTC

GACAACGGCC
GGGGATAGCG
GCTATTATTC
AATATCGGCC
TTCAAGCGCA
ACAGGCGATT
TCAGCAGGCG
GATTCCTCCC
TAAGCCGCTC
CCCGCGCATC
GGCTTTCCCG
GTTCATCGAC
CGTACAGGGC
TCTCACTTAA
GATCGTCGCT

GAGTGAGGGC

TGGCCGCCAG

ACATTCGCCT
CGTCATCGCT
ACGCCGCCCG
GCACCACCCT
AGCATCAGGC
GCTGTAGCGT
TTCGAGCCGA
CGGGATCACG
CAGGGCGGTG
GCTGGCCAGT
CAGCCCGGCG
GGfGCCGTAG
GGTGGTGCCT
CGGCAGGACT
ATCGGTGACG
TATCTCGCCG

GGCGCCCAGC

GAGTAATCTG
GCTGCCGGCC
GGTGACCAGC
GTGGCGCAAA
CTAGTCTCTT
TTGAGCGCGT
CGGGACTGGG
AACTGTTTTA
ATCTCCTCTT
TCAGCCCCCA
TCGCGGGTCG
GCCTCGACEC
TTATCCCCGE
TTAACCAGCT
TGTCCGGTAG
GACGCGCTGA

GCAGCGGCGT

8280

ATCCAGGCGG TTTTCCGCGA GCTGGGGCTG CCCCCMANES97/2087340

8400
8460
8520
8580
8640

38500
8760

33820
8880

330

3%%%0
8%%0

9300

386100
9420
386180
9540
39800
9660
320
9780
3%10

3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800 -

4860




CGGGATCGIC GCGACGACGG GCATGAAAGG GACGCGGGAC AATATCGCCG GGACCCTCGC 9900
WD 98/ 21349 98/21341 ReFY938%573 0873
86 -- CGCCCTGCGAG CAGGECCCTGG CGAAAACACC GIGGTICGATG AGCGATGTICT -
CTCGCATCTA 9960 TCTTAACGAA GCCGECGCCCER3 TGATTGECGA TGIGGCGATG GAGACCATCA
CCGAGACCAT 10020 TATCACCGAA TCGACCATGA TCGGICATAA CCCGCAGACG CcoaEEEcEEEa
TGCGCGECGITGG 10080 CGIGGEGACG ACTATCGECCC TCGEEECEECT GECGACGLTG ceaEecaEecEe
AGTATGCCGA 10140 GCGCGGTGEATC GTACTGATTG ACGACGCCGT CGATTTCCTT GACECcarar
GGTGGCT (RS CEEGDED G PRSI RS (AT SRR S AT CP0\ CEF CESIC ICE S SCATRS T CATRRAAGG
ACGACGGECGT 10260 GCTGGIGAAC AACCGCCTGEC GIAAAACCCT CGCCGGTGGIG GATGAAGTRA
CGCTGOT ISRCCTEABN) CAEBGRSER 6 R AR Ao R BN AGE AREAGEEET o ¥aa0C
AGGTGGTGCG 10380 GATCCTGTCG AAT ACG GGATCGCCAC CITCITCEGEG CTAA
AAGACACCERCTERR, SRR B e LA R S A SR SRR

A0 A T Ol

AGGCGAT
GOOGCATCRT 10880 P B a G ARG AR T CT LT AR T GACATEAGE

CGATATAGErractBAR) TcehédabA (e e iCREt s RANEGEFTdrc &ST CoAgECG
GGATGGCCGG 10800 CGAGTGOGCC ATGGAGAATG COGTCGGGAT GGCGGCGATG GTGAAAGCGG

ATCGT CTGE#rcch0B6H ccsiéXpACCIT obTCEXICCREST 0ABEE GARTEEE ddRAFTHOTAEE ACCEFEIST GG
TGGIGEECGEE 10920 CGIGGAGECC AACATGECCA TCECCGEEEC GTTAACCACT CCCGECTGIG
CGECGECCEETTect 0880 ACGERGRBCCIGIGACTIKCEEIR.CCeBTAMBEAET 1GATCACEEAEr AT CEIMAACG
CGGAGGGAGCA 11040 GATAACGECG GICCATCTCG CCGEGEECGEG GAATATGGTC AGCCTGITGA
TTAAAACCEHSCATETCR TACRIEIUSCCTACGRCRTET CFIUATCELT ECACHET ARCCORIGRARREPAATNTCCCC
TGGCCAAAGT 11160

GG

SoRIEATCC

)1“(:;-..;

R O D T N L TN B A Y T ST L e T

GTTATTGAAA GCCATCCCGG CCAGCAGAGA AGCAIAGGCC ATGTTTTCCC GCGCCTGCAG 5460
ATTGCTGCCG AGGGCCACGG CCTGGCGCAG GTTGCGGGCG ATGAGGCGGA TCGCCTGCAT 5520
GGCGGCGGCG TCCGTCACCG GGTTAGCGTC TTTGGAGATA TAGGCCTCTA CGGCGTGGGET 5580
CAGGGCATCC ATCCCGGTCG CCGCGGTCAG GGCGGCCGGT TTACCGATCA TCAGCAGTGG 5640
ATCGTTGATA GAGACCGACG GCAGITTGCG CCAGCTGACG ATCACAAACT TCACTTTGGT 5700
TTCGGTGTTG GTCAGGACGC AGTGGCGGGT GACCTCGCTG GCGGTGCCGG CGGTGGTATT 5760
GACCGCGACG ATAGGCGGCA GCGGGTTGGT CAGGGTCTCG ATTCCGGCAT ACTGGTACAG 5820
ATCGCCCTCA TGGGTGGCGE CGATGCCGAT GCCTTTGCCG CAATCGTGCG GGCTGCCGCC 5880
GCCCACGGTG ACGATGATGT CGCACTGITC GCGGCGAAAC ACéGCGAGGC CGTCGCGCAC 5940
GTTGGTGTCT TTCGGGTTCG GCTCGACGCC GTCAAAGATC GCCACCTCGA TCCCGGECTC 6000
CCGCAGATAA TGCAGGGTTT TGTCCACCGC GCCATCTTTA ATTGCCCGCA GGCCTTTGTC 6060
GGTGACCAGC AGGGCTTTTT TCCCCCCCAG CAGCTGGCAG CGTTCGCCGA CTACGGAAAT 6120
GGCGTTGGGG CCARAAAAAGT TAACGTTTGG CACCAGATAA TCAAACATAC GATAGCTCAT 6180
AATATACCTT CTCGCTTCAG GTTATAATGC GGAAAAACAA TCCAGGGCGC ACTGGGCTAA 6240
TAATTGATCC TGCTCGACCG TACCGCCGCT AACGCCGACG GCGCCAATTA CCTGCTCATT 6300
AARAAATAACT GGCAGGCCGC CGCCAAAAAT AATAATTCGC TGTTGGTTGG TTAGCTGCAG 6360
" ACCGTACAGA GATTGTCCTG GCTGGACCGC TGACGTAATT TCATGGGTAC CTTGCTTCAG 6420
GCTGCAGGCG CTCCAGGCTT TATTCAGGGA AATATCGCAG CTGGAGACGA AGGCCTCGTC 6480
CATCCGCTGG ATAAGCAGCG TGTTGCCTCC GCGGTCAACT ACGGAAAACA CCACCGCCAC 6540



GGAAAGCCTG TTCAGTATTC GTCACGAGAA TGGCGOGGTG GAGITCTTTC GGGAAGCCCT 11220
CA Neike i AAGTGGTGTA CATCAAGGAG GGCGAACTGG TGCCEBETRESA72087980
TAACGCCAGC COGCTGGAAA AAATTCGTCT CGIGCGOCGG CAGGOGAAAG AGAAAGTGIT 11340
TGTCACCAAC TGOCTGOGCG CGCTGOGCCA GGTCLCAGCC: GGCGGTTCCA TTCGCGATAT 11400
CGCCTTTGTG GTGCTGGTGG GOGGCTCATC GCTGGACTTT GAGATCCOGC AGCTTATCAC 11460
GGAAGCCTTG TCGCACTATG GOGTGGTCGC CGGGCAGEGC AATATTCGGG GAACAGAAGG 11520

GCCGCGCAAT GCGGTCGCCA CCGCEGECTGCCT ACTGGCCGEGT CAGECGAATT AAACGGECGEC 11580
WD 98/ 21 $ATGATCTCA GTGGCTTTTT TTTCCACCGC CGCCGCCATT TGCTGGGCGG CGGERABGERQ7/650873

87 --

CT
CCAGACTT&TRET&W R

CoACATCAGTM T80 ARRTRRe

CTTT. AACGTGCTAT TTCAGGATGC CGATAATGAA
AT AT T B AP e P B CESEAT TEETEAT

GGGGCCAGCT . TTGGTCAGTG

R A R AT e N R OO G

ACCOCCCARGT 1080 S T AT G CORAC O BT B s
GCTGGTGT R ARl e A AR b R G AN CAGECn A CORLAT CGT

GCGCGGECACT 12000 GCCGCCAGT

TATCACTTEFrTHQ00 Tﬁw@mmmz&ma GABGREGAT
GATCATGECC 12120 CTGACCGACG ACGGECAACGG AATTC

12145 ( ZpAAtINRERMCRASKIZGRTBEQTTErN@cA0cacTee cTdaTrTAPEQUENGETAT - 6960
CHARACTERI STI CS: (A) LENGTH: 94 base pairs (B) TYPE:
nucl ei ¢ Z6CEECTAAT GGCCGGGEAE) CHTEANBEDNESSCGEIGMUATICGCTACC GTCTGOGBAT TORGLOGY:
| i near (i) MOLECULE TYPE: DNA (genonic)
TTCACCTTTT GAGCCGATGA ACAATGAAAA GATCAAAACG ATTTGCAGTA CTGGCCCAGC 7080
GCCCCGTCAA TCAGGACGGG CTGATTGGCG AGTGGCCTGA AGAGGGGCTG ATCGCCATGG 7140
ACAGCCCCTT TGACCCGGTC TCTTCAGTAA AAGTGGACAA CGGTCTGATC GTCGAACTGG 7200
ACGGCAAACG CCGGGACCAG TTTGACATGA TCGACCGATT TATCGCCGAT TACGCGATCA 7260
ACGTTGAGCG CACAGAGCAG GCAATGCGCC TGGAGGCGGT GGAAATAGCC CGTATGCTGG 7320
TGGATATTCA CGTCAGCCGG GAGGAGATCA TTGCCATCAC TACCGCCATC ACGCCGGCCA 7380
AAGCGGTCGA GGTGATGGCG CAGATGAACG TGGTGGAGAT GATGATGGCG CTGCAGAAGA 7440
TGCGTGCCCG CCGGACCCCC TCCAACCAGT GCCACGTCAC CAATCTCAAA GATAATCCGG 7500
TGCAGATTGC CGCTGACGCC GCCGAGGCCG GGATCCGCGG CTTCTCAGAA CAGGAGACCA 7560
CGGTCGGTAT CGCGCGCTAC GCGCCGTTTA ACGCCCTGGC GCTGTTGGTC GGTTCGCAGT 7620
GCGGCCGCCC CGGCGTGTTG ACGCAGTGCT CGGTGGAAGA GGCCACCGAG CTGGAGCTGG 7680
GCATGCGTGG CTTAACCAGC TACGCCGAGA CGGTGTCGGT CTACGGCACC GAAGCGGTAT 7740
TTACCGACGG CGATGATACG CCGTGGTCAA AGGCGTTCCT CGCCTCGGCC TACGCCTCCC 7800
GCGGGTTGAA AATGCGCTAC ACCTCCGGCA CCGGATCCGA AGCGCTGATG GGCTATTCGG 7860
AGAGCAAGTC GATGCTCTAC CTCGAATCGC GCTGCATCTT CATTACTAAA GGCGCCGGGE 7920
TTCAGGGACT GCAAAACGGC GCGGTGAGCT GTATCGGCAT GACCGGCGCT GTGCCGTCGG 7980
GCATTCGGGC GGTGCTGGCG GAAAACCTGA TCGCCTCTAT GCTCGACCTC GAAGTGGCGT 8040
CCGCCAACGA CCAGACTTTC TCCCACTCGG ATATTCGCCG CACCGCGCGC ACCCTGATGC 8100
AGATGCTGCC GGGCACCGAC TTTATTTTCT CCGGCTACAG CGCGGTGCCG AACTACGACA 8160
ACATGTTCGC CGGCTCGAAC ARGATTTTGA TGATTACAAC ATCCTGCAGC 8220

TTCGATGCGG




(xi) SEQUENCE DESCRI PTION: SEQ I D NO 20: AGCTTAGGAG TCTAGAATAT

TGAGCTCGARY 9#253&5GCA TGCGGTACCG GATCCAGAAA 60 AAA TAPHRERETG
CGGGCTTTTT TTTT 94 (2) | NFORVATI ON FOR_SEQ
| D NO 21; (i) SEQUENCE CHARACTER! &TLCS: (A LENGTH:. 37
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:
singl e (D) TOPOLOGY: Ili near ||) NCLECULE TYPE: DNA
(genomi c) Xi) SE ENCE DESCRI PTI ON: % GGAATTCAGA
TCTCAGCAAqTC@Q C%CCTGCGTC CGGTGACCGA GCGGAA}\§§ A’J(Tfj:CAT'W:O:\;ﬁAGﬂ ON
FOR SEQ I D NO. i =QUENCE CTERI ST

LENGTH: 2‘?“%&%"%%‘*?5““(5& arte f‘§)‘; T%%CGE%F&TSG%%‘F& CCGCCARYLS 98?%41%41

PCT/ US97/ /
STRANDE
TYPE:
GCTCTAGA

| NFORMATI ONHER- SFQek B NRc3¢ccaccsact( '(ri*g;m%ﬁ%%cmq'ﬁ%rgﬂﬁg

(A) LENGTH: 33 base pairs

TYPE: DNA (genom c) (xi)

TCGAGGTGGT GAGTGCGGTC AACGACATCA
GCATCTCTGC CGAACGCTGG GCGGAGATCA

CCATTGAATA AGGCGGTATT CCTGIGCAAC

TGAAAACCCG CGAGGGCGGG GTAGCTTCTG

GCGTCGGCCC TGCCTTCGAT AAACACCAGC

CGATCCTCAA AGAGCTGATT GCCGGGGTGG

GCATTCTGCG CACGTCCGAC GTCTCCTTTA

CGGGGATCGEG CATCGGTATC CAGTCGAAGG

TGCCGCTCAG CAACCTGGAG CTGTTCTCCC

GGCAGATTGG CAAAAACGCT GCGCGCTATG

TGGTGAACGA TCAGATGGTG CGGCCGAAAT

AAGAGACCAA ACATGTGGTG CAGGACGCCG

GGGAGTGACC ATGAGCGAGA AAACCATGCG

CCCGGAGCAT ATCCTGACGC CTACCGGCAA

GCTCTCTGGC GAGGTGGGCC CGCAGGATGT

GGCGCAGATT GCCGAGCAGA TGCAGCGCCA

GGAGCTTATC GCCATTCCTG ACGAGCGCAT

CCGCTCCTCG CAGGCGGAGC TGCTGGCGAT

GACAGTGAAT GCCGCCTTTG TCCGGGAGTC

GCGTAAAGGA AGCTAAGCGG AGGTCAGCAT

CGCCACCACC GAGGTGGCGC TGGCGTCCGA

CGGGATCGTC GCGACGACGG GCATGAAAGG

Cipgen, GGTGGRGGCC GCCACRIACH SRAGAGEA,
DN%(Q%&%@%T wgﬁ dccerEed A NEEATERCRA PUG%CA’I’%EQ:AQCEQGZ 2: z%

TYPE:

SEQUENCE DESCRI PTI ON

ATGACIATCA
AAAATATTCC
AGACAACCCA
CCGATGAACG
ATCACACTCT
AAGAAGAGGG
TGGCCTGGGA
GGACCACGGT
AGGCGCCGCT
CGCGCARAAGA
TTATGGCCAA
AGCCCGTCAC
CGTGCAGGAT
ACCATTGACC
GCGGATCTCC
TGCGGCTGGCG
TCTGGCTATC
CGCCGACGAG
GGCGGAAGTG
GCCGTTAATA
CTACCCGCAG

GACGCGGGAC

CAACGAG&*%
I hear

CiGCCfCﬁ%ﬁ_ Cﬂﬁ%?

nucl eic acid
STRANDEDNESS¥ccst @ lcecesTcace ceceatlccl OBEAGPGYre ddcagdrcre GardectdeT MOBEEIILE

GGGGCCGGGC
GGGCGTGGTT
AATTCAGCCC
CGCCGATGAA
GATCGATATG
GCTTCACGCC
TGCGGCCAAC
CATCCATCAG
GCTGACGCTG
GTCACCTTCG
AGCCGCGCTA
CCTGCACATC
TATCCGTTAG
GATATTACCC
CGCCAGACCC
CGCAATTTCC
TATAACGCGC
CTGGAGCACA
TATCAGCAGC
GCCGGGATTG
GCGAGGGCGT

AATATCGCCG

ACCGGCTATC
CAGCCCGACA
TCTTTTACCC
GTGGTGATCG
CCCCATGGCG
CGGGTGGTGC
CTGAGCGGCT
CGCGATCTGC
GAGACCTACC
CCGGTGCCGG
TTTCATATCA
GACTTAGTAA
CCACCCGCTG
TCGAGAAGGT
TTGAGTACCA
GCCGCGCGGL
TGCGCCCGTT
CCTGGCATGC
GGCATAAGCT
ATATCGGCAA
TTGTTGCCAG

GGACCCTCGC

8520

SEQ I D NO 23:

8640

8700

8760

8820

8880

8940

9000

8060

9120

9180

5240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

(O




GGCCAAGCTT AAGGAGGTTA ATTAAATGAA AAG 5(9/%; o4 2)

| NFORVATIVUROBZIR4EEQ | D NO. 24: (i) SEQUENCE CHARACTERCE{YEE2087 |
(A LENGTH 26 base pairs (B) TYPE: nucleic acid -(0O
STRANDEDNESS: si ngl e (D TOREOGY: |inear (i) MOLECULE
TYPE: DNA (genomi c) (xi) SEQUENCE DESCRI PTION:  SEQ I D NO 24:
GCTCTAGATT ATTCAATGGT GTCGGG 26 (2)

| NFORVATI ON FOR SEQ | D NO. 25: ( ENCE CHARACTER! STI CS:

(A) LENGHISCESCAS SECFECTES CCARAACACC '{‘)@TC‘F AGEGAIGIFE CRCGQATCTA 9960

e R TR acacces tarrTadidy EAERC R BT AR 55 %%%%QULE

A R A P e e e ok
(A) LENGIH :c26, A2 3ETRRIGS e Teasacaser cbEinckdfd ccBEHRLE ﬁ%&?ﬁ%& /5

98/ 21341

-- 89 - rearet AcRhBRANEDNESRTccpt REEEcceTeT GoTeacTcAaD) 1JQBG—OGY
linear CooCTeRIS SR EOILE TYPE  DNA (genoni &) (xi)  SEQUENCE

DESCRI PTiédNcceiRQchEdddeeh: Tﬂ@ﬁbﬁ%@@@éﬁ&%ﬂ'&@@&@@é&@%‘%o
36 (2) | NFORMATION FOR SEQ I D NO 27:
GCTGGTGAAC AACCGCCTGC GTAAAACCCT GCCGGTGGETG GATGAAGTGA CGCTGCTGGA 10320
GCAGGTCCCC GAGGGGGTAA TGGCGGCGGT GGAAGTGGCC GCGCCGGGCC AGGTGGTGCE 10380
GATCCTGTCG AATCCCTACG GGATCGCCAC CTTCTTCGGG CTAAGCCCGG AAGAGACCCA 10440
GGCCATCGTC CCCATCGCCC GCGCCCTGAT TGGCAACCGT PTCCGCGGTGG TGCTCAAGAC 10500
CCCGCAGGGG GATGTGCAGT CGCGGGTGAT CCCGGCGGGC AACCTCTACA TTAGCGGCGA 10560
AARGCGCCGC GGAGAGGCCG ATGTCGCCGA GGGCGCGGAA GCCATCATGC AGGCGATGAG 10620
CGCCTGCGCT CCGGTACGCG ACATCCGCGG CGAACCGGGC ACCCACGCCG GCGGCATGCT 10680
TGAGCGGGTG CGCAAGGTAA TGGCGfCCCT GACCGGCCAT GAGATGAGCG CGATATACAT 10740
CCAGGATCTG CTGGCGGTGG ATACGTTTAT TCCGCGCAAG GTGCAGGGCG GGATGGCCGG 10800
CGAGTGCGCC ATGGAGAATG CCGTCGGGAT GGCGGCGATG GTGAAAGCGG ATCGTCTGCA 10860
AATGCAGGTT ATCGCCCGCG AACTGAGCGC CCGACTGCAG ACCGAGGTGG TGGTGGGCGG 10820
CGTGGAGGCC AACATGGCCA TCGCCGGGGC GTTAACCACT CCCGGCTGTG CGGCGCCGCT 10880
GGCGATCCTC GACCTCGGCG CCGGCTdGAC‘GGATGCGGCG ATCGTCAACG CGGAGGGGCA 11040
GATAACGGCG GTCCATCTCG CCGGGGCGGG GAATATGGCTC AGCCTGTTGA TTAAAACCGA 11100
GCTGGGCCTC GAGGATCTTT CGCTGGCGGA AGCGATAAAR AAATACCCGC TGGCCAAAGT 11160
GGAAAGCCTG TTCAGTATTC GTCACGAGAA TGGCGCGGTG GAGTTCTTTC GGGAAGCCCT 11220
CAGCCCGGCG GTGTTCGCCA AAGTGGTGTA CATCAAGGAG GGCGAACTGEG TGCCGATCGA 11280
TAACGCCAGC CCGCTGGAAA ARATTCGICT CGTGCGCCGG CAGGCGAAAG AGAAAGTGTT 11340
TGTCACCAAC TGCCTGCGCG CGCTGCGCCA GGTCTCACCC GGCGGTTCCA TTCGCGATAT 11400
CGCCTTTGTG GTGCTGGTGG GCGGCTCATC GCTGGACTTT GAGATCCCGC AGCTTATCAC 11460

GGARGCCTTG TCGCACTATG GCGTGGTCGC CGGGCAGGGC AATATTCGGG GAACAGAAGG 11520

GCCGCGCAAT GCGGTCGCCA CCGGGCTGCT ACTGGCCGGT CAGGCGAATT AAACGGGCGC 11580




(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH. 51 bagg nabtsie

(B) TYPE: WRHEBH aci d (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear (i) MOLECULE TYPE: DNA (genonic) (xi) -
SEQUENCE DESCRI PTION:  SEQ I D NO 27: -SBBCSGATCC AGGAGTCTAG AATTATGGGA
TTGACTACTA AACCTCTATC T 51 (2) | NFORVATI ON FOR SEQ I D NO 28:

(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 36 base pairs

(B) TYPE: nucleic acid @C_ STRANDEDNESS: sin (D)
TOPOLOGY:TASFREHGC CTCTCTETTY ARREYC ”EETWE’E‘TGCDRW'("@E%% feactrcT (X180

?;EgJCE-IFICE A?:E%%?Ac%y Benerits GGCC%%ST%{ ZST%AFWT%F C%Eé{%éﬁg%-gg
SEQUENCE. . CHA :

E:Bg TYPSJGCﬁﬁE?TechRg%G%@ct?J% %GGGTCGE&)G%fﬁi%ﬁDk[%gEﬁGT&%GRE&MI 1760 (D)

TOPOLOGY: ﬁé%ﬁ %ﬁ:'m'@glééi' MELLELE ﬁ@ﬁcc&*%&&%&@@&- QrccescedsXl 11820

SEQUENCE Q I'D NO 29: TCGACGAATT

18 (2) LNEERWAL EdbdeeReE@alrbbdderdOisscrerred b):TGT‘&E%JEN@c&@BACTﬁ%STI Cs.
(A) LENGTH: 18 base pairs (B) TYPE: nucleic acid

98/ 21341 greeTecCGT TTATTGTTGC CCAGACGGCC GGGGCCTTCT GCGCCGCCGC R@Ebbﬁ&MZO&Ysﬁo
--90- -

GGGCTCTATC GCCAGCTGTT TCTCGATCTT GAACAGAGTC AGCATATCGT GCGCGGCACT 12000
GCCGCCAGTC TTAACCTGGC CGGGGTCTTT TCCACGTACC CGCATCCACA TATCACTTTT 12060
ATACAAGCGT TTGCCGTGGA GACCACCATC ACGGCAATCC TGATGGCGAT GATCATGGCC 12120
CTGACCGACG ACGGCAACGG AATTC 12145
{2) INFORMATION FCR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 94 base pairs

(B) TYPE: nucleic acid

(C} STRANDEDNESS: single

(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

AGCTTAGGAG TCTAGAATAT TGAGCTCGAA TTCCCGGGCA TGCGGTACCG GATCCAGARA 60
ADAAGCCCGCA CCTGACAGTG CGGGCTTTTT TTTT 94
{2) INFORMATION FOR SEQ ID NO:21:
{i) . SEQUENCE CHARACTERISTICS:

{A) LENGTH: 37 base pairs

{B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
GGAATTCAGA TCTCAGCAAT GAGCGAGAAA ACCATGC 37
(2) INFORMATION FOR SEQ ID NO:22:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid



(C) STRANDEDNESS: single
TYPE: DNAWQ#IAtL)
CTAGTCCTCC TGAATTCG

| NFORMATI ON FOR SEQ | D NO 31:
(A) LENGTH: 19 base pairs

(D) TOPOLOGY:
(xi) SEQUENCE DESCRI PTION: SEQ I D

| i near %é/g%s)
712
18
(+) 88 SEQUENCE CHARACTERI STI CS:
(B) TYPE: nucleic acid

ECULE
(2) -
(O

STRANDEDNESS: si ngl e D) TOPOLOGY: I|i near (i1) MOLECULE
TYPE: DNA (genoni c‘? ggg’g@g@g}“ gLE’NPééeDESCH PTION. SEQ I D NO 31:
CTAGTAAGGA GGACAATTE Pooiiniear 19 (2)

| NFORMVATI ON E S . i) . .SEQUENCE CHARACTERI STI CS:

(A) LENGTH: i@ba?&%@ﬁr@%&' DNA (g%cﬁ?clls'YPE: nucl eic acid (O
STRANDEDNESS:;,, s n o7 TEROEORG: obi near (ii) MOLECULE
TYPE: DNA (é’é%’om‘%??“mw HED) SEQUEN&)i DESCR PTI ON: SEQ | D NO. 32:
CATGGAAT erdtXehGe Tl rrccTTT Acscace _ 2719 (2)

I NFORVATI ON FOR SEQ | D NO. 33: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGT{ly 2%kramiptaoACFo®SsEQ ID No:23: (B) TYPE: amino acid (O
STRANDEDNESS: unknown (D TOPOLOGY: unknown (i) MOLECULE
TYPE: proteini) SEQUENGE CIORAGIBHISTSCURCE: (A) ORGANI SM GPPl
(xi) SEQUENCE DEJGRI RENGNI: 3E®akP ™N@xr83: Met Lys Arg Phe Ash Val Leu Lys
Tyr Ile Arg Thr ThB) Ly¥PR} anaskeilc acid 5 10

15 1le An Thr |1 AISTRVEREDPESS: egimie Thr Lys Pro Leu Ser Leu Lys
(D) TOPOLOGY: linear .
(ii) MOLECULE TYPE: DNA (genomic)
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
GGCCAAGCTT AAGGAGGTTA ATTAAATGAA AAG 33
{2) INFORMATION FOR SEQ ID NO:24:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA {genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
GCTCTAGATT ATTCAATGGT GTCGGG 26
{(2) INFORMATION FOR SEQ ID NO:25: .
(i) SEQUENCE CHARACTERISTICS:
. {A) LENGTH: 42 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii}) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:
42

GCGCCGTCTA GAATTATGAG CTATCGTATG TTTGATTATC TG

(2)
(1)

LENGTH:

TYPE:

{A)
{B)

INFORMATION FOR SEQ ID NO:26:

SEQUENCE CHARACTERISTICS:
36 base pairs
nucleic acid



WO 98/ 213

Al a
40

Asp
Al a
70

Pro
95

100
Leu
125
130
I'le
155
Pro
175
180
Asp
205
210
Cys
235
Au
255
260

91 - Wosmmsar 20 25 P%%Tfégg%é_{%gBQn
AIaLeuPheAspVaI Asp Ay Thr Ile lle lle Ser An 35
45 Pro Ala Ile A-a88l-a Phe Trp Arg Asp Phe Ay Lys
Lys Pro Tyr 50 55 60 Phe Asp
GQu Hs Vval lle HIS lle Ser H's Gly Trp Arg Thr Tyr 65
(C) 7 STRANDEDNESS: ~single gn Agp Ala Ile Ala Lys Phe Al a
Asp Phe Al a AspPH TOEPPHKjr Vd‘lear 85 90
Asn Lys €] e u Tyr Ay Qu Hs Ser lle
Y ?ll’ %O%%Mq HYH E{UQ (geno ’“Qﬁo GQu val Pro Ay Ala Val Lys
Cys Asn Alg ,Le 120
Lys Gu I(_f}ls) T%geﬁfkaﬁvgﬂﬁigﬂrﬁ SerQ ényxgolrhr "Arg Asp Met Ala Lys
TCTGATACGG GATGBTCAGA ATGecTeees Gaaasft0 Lys Trp Phe Asp Ilg.Leu Lys
Lys Arg Pro Qu Tyr Phe Ile Thr 145 150
(2) INFORMATION rolN BedAs® Kefe7Yal Lys A n Gy Lys Pro Hs Pro Gu
Tyr Leu Lys 165 170
Ay Arg Asin GsgotmncECEyarBlceERrsTIESe Asn Qu A n Asp Pro Ser Lys _
(R183.ENGTH: 51 base pairs190 Ser Lys Val Val Val Phe Qu
Ala Pro Ala d \B)| &YREa Ahkal&dcyacid 195 200
Lys Ala Al a Gl(g) CPSRANDEDNERS \abi@he || e Ala Thr Thr Phe Asp Leu
215‘°P°L°GY linear 220 Asp Phe Leu Lys Gu Lys Ay
AspIIeII.e_VaI L Aanls Ju 225 230
MOLEGIGE BERE:| | BMVartgeRpicd y Qu Tyr Asn Ala G u Thr Asp
Val Gu Leu 250

Ile Phe Rep ASFOS NCEL%%SCWF%@% L3RR AB %23 Leu Leu Lys Trp

GCGCGGATCC AG%ﬁéI'CTAG AATTATGGGA TTGAC?I‘Z\%TA AACCTCTATC T 51
(2) INFORMATION FOR SEQ ID NO:28:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
{C} STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{2i) SEQUENCE DESCRIPTiON: SEQ ID NO:28:
GATACGCCCG GGTTACCATT TCAACAGATC GTCCTT 36
(2) INFORMATION FOR SEQ ID N0:29:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
{B) TYPE: nucleic acid
. {C}) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii} MOLECULE TYPE: DNA (genomic)
{(xi} SEQUENCE DESCRIPTION: SEQ ID NO:29:
TCGACGAATT CAGGAGGA 18
{2) INFORMATION FOR SEQ ID NO:30:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 18 base pairs .
(B} TYPE: nucleic acid



(2) | NFORMATI ON FOR SEQ | D NO: 34: (i) SEQUENCE G%WIE@_,E&%S:

(A) LENGTHYO #8834 no aci ds (B) TYPE: amino aci (O
STRANDEDNESS: unknown (D) TOPOLOGY: unknown (1i) MOLECULE
TYPE: protein WD 98/ 21341 - 90 ~

PCT/ US97/ 20873 -- 92 -- (vi)
ORI G NAL SOURCE: A) ORGANI. SM DHAB1 (xi) SEQUENCE

DESCRI PTI ON:  SEQ I'B) N&%ﬁ?”iﬁ&@%ilyéi% Ser Lys Arg Phe Ala Val Leu Ala Gn
Arg Pro Val Asn 1 (P} TOPOLOGY: ‘lijxear 10 15

Gn Asp Ay Leu | Trp Qu.Qu dy Leu Ile Ala Met
20 of] &SL%%EGI%E’ o qgenom%o Asp Ser Pro Phe Asp Pro Val

Ser Ser Val VakoMaR e pEs Fr¥riBl  sEo 1D noilo: 40

45 |le Val é\(ﬁ L%&QAspEégy Lys Arg ArgQ Asp G n Phe Asp Met Ile Asp 50
55 cracrecrce TeanbPeg Arg Phe Ile Ala Asp Tyr Ala Ile Asn Valg Gu Arg
Thr Au dn Ala 65 70 75

80 Met Abg Letyr&hurTAbRt P6R skd upl ke:3Al:a Arg Met Leu Val Asp Ile His
90

85 95 Val Ser Arg Qu Qu lle Ille Ala
[1e Thr Thr Akxy | |seQUENCEPCHARANCRERISTICS: 100 105

110 Lys Ala Val Ghyu VENeNBt AP baGerpbes Asn Val Val G u Met Met Met

115 (B) 1ZGPE: nucleic acid 125 Ala Leu @ n Lys Met Arg Ala
Arg Arg Thr Pro Sdf} ASAREIGEDERSS H gingle 130 135

140 Val Thr Asn L@k IBPEOMRGY:Ashireps Val G n Ile Ala Ala Asp Ala Ala 145
150 155 160

(ii) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:
CTAGTAAGGA GGACAATTC : 19
(2) INFORMATION FOR SEQ ID NO:32:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linearx
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:
CATGGAATTG TCCTCCTTA 19
{2) INFORMATION FOR SEQ ID NO:33:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 271 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: unknown
(D)} TOPOLOGY: unknown
{ii) MOLECULE TYPE: protein

(vi) . ORIGINAL SOURCE:
{A) ORGANISM: GPPl

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:

Met Lys Arg Phe Asn Val Leu Lys Tyr Ile Arg Thr Thr Lys Ala Asn
1 5 10 15

Ile Gln Thr Ile Ala Met Pro Leu Thr Thr Lys Pro Leu Ser Leu Lys



Gu Alady Ile Arg Ay Phe Ser Au A n @u Thr Thr Val

Ay lle
165 wo 9821341 ~ 170 175 Aa Arg Tyr AGBY¥E Asn
Ala Leu Ala Leu Leu Val Ay Ser @n 180 18%
190 Cys Ay Arg Pro Ay Val Leu Thr Ggy Cys Ser Val Qu Gu Al a Thr
195 200 205 Gdu Leu Gu Leu Ay Mt Arg
Gy Leu Thr Ser Tyr Ala G u Thr Val 210 215
220 Ser Val Tyr B9 Thr Gu Ala VaP3Phe Thr Asp G y3Rsp Asp Thr Pro 225
230 235 240 Trp Ser Lys Ala Phe Leu Al a
Ser Al a Iliﬁ' AApaM.Sefxlerl@ucha PSR \L%SAsp Gly Thr Ile Ile jje Ser Gln 250
255 Met Arg Ty"f'5 Thr Ser Ay Thrt y Ser Au Al a 12u Met Ay Tyr Ser
gg—?-/ USQ??%%% Ile Alazgaa Phe Trp Arg Asp PheZZZPy Lys Aspy\fl?yggéx_zo}%ég G u Ser Lys
Ser Met Leu“Tyr Leu G u Ser Rfr’g Cys |l e Phe 118 Thr 275
280 A Asn Ay Ala
val Ser es Als?eAla Gluzégé V%‘]ySIlg 1¥15AII§e ge%gg/fé Ggynl’xg Xr&eﬂmrggg:éoo ay Met
Thr Ay Ala Val Pro Ser Ay Il'e Arg Ala Val Leu Ala Gu 305
310 Asp Ala Ile Ala 348 Phe Ala Pro Asp Phe3R{h A8BNclh£W1h!®Avay Ser Met Leu
Asp Leu Qu Val Ala Sexs Ala Asn Asp 90 325 95 330
335 d@n Thr Phe Ser ‘H's Ser Asp Ile Arg Arg Thr Ala Arg Thr Leu Met
340 Asn Lys Leu GlB4By Glu Ile Pro Glu Lys3Bgk cBynciMetiikeserPibDedy Thr Asp
Phe Il e Phe Ser d go00yr Ser Al a Val 105 355 110 360
365 Pro Asn Tyr Asp Asn Met Phe Ala Gy Ser Asn Phe Asp Ala Qu Asp
370 Glu Val Pro Glpg83a Val Lys Leu Cys Asn3BUp LRPheAsis plASpuTPro Asn |l e Leu
An Arg Asp Leltet Val Asp Ay Y 385 125 390
395 400 LeuArgTProVaI Thr Au Ala Gu Thr Ile Ala lle
Arg Gn 1‘._3953 Ghpgbvs Trp Ala Val Ala Thr Ser Gly Thr Arg Asp Met Ala Lys

130 135 140

Lys Trp Phe Asp Ile Leu Lys Ile Lys Arg Pro Glu Tyr Phe Ile Thr
145 150 155 160

Ala Asn Asp Val Lys Gln Gly Lys Pro His Pro Glu Pro Tyr Leu Lys
165 170 175

Gly Arg Asn Gly Leu Gly Phe Pro Ile Asn Glu Gln Asp Pro Ser Lys
180 185 190

Ser Lys Val Val Val Phe Glu Asp Ala Pro Ala Gly Ile Ala Ala Gly
195 200 205

Lys Ala Ala Gly Cys Lys Ile Val Gly Ile Ala Thr Thr Phe Asp Leu
210 i 215 220

Asp Phe Leu Lys Glu Lys Gly Cys Asp Ile Ile Val Lys Asn His Giu
225 230 235 240

Ser Ile Arg Val Gly Glu Tyr Asn Ala Glu Thr Asp Glu Val Glu Leu
245 : 250 255

Ile Phe Asp Asp Tyr Leu Tyr Ala Lys Asp Asp Leu Leu Lys Trp
260 265 270

{2) INFORMATION FOR SEQ ID NO:34:

(i} = SEQUENCE CHARACTERISTICS:
{A) LENGTH: 555 amino acids
(B} TYPE: aminc acid
(C) STRANDEDNESS: unknown
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: protein



405

Phe Arg GV@8B&434Y y Leu Pro Pro Ile

410

430 Ala Asp u du Vval
440

435

G u Asp Leu Ser Ala Val

GQu Ala Ala Thr Tyr Ala Hs Gy Ser Asn Qu

460 Met Lys Arg Asn Ile Thr

Au Ju Mt

415 Ala Arg Ala Ile dn Al a Val
PCT/US97/20873 515

420

. 92 445 Met Pro Pro Arg Asn Val Val
455

4

50

Gy Leu Asp Il e Val

Gy Ala Leu Ser Arg 465

470 475 480 Ser Ay Phe Au Asp Ile Ala
Ser Asn |le (M ASRIAL|IQYREF | 485 490
495 Arg Val Thr &% Qé%’*"fﬁ’?‘ Lgﬂj‘?}n Thr Ser Ala Ile Leu Asp Arg G n
500 & c SE 15D1(1)s10 he A u Val Val Ser Al a Val
Asn Asp IIe S&‘s‘r’u A§’BQ“F§>'F ARy SEQ 51% 520
525 dy. T er 3.4 é& EF‘ Lys Asn
I {3 '
530 et S Keg'¥ 5%’% hig eRE afd 9 Lgu % e Br 1c;)rcGl aﬁ\féﬁ Val dn Pro
Asp Thr tle Qu 545 550 555 VO
98/ 21341Gln Gly Leu Ile Ol\f Glu Tx I:P Pro Glu Glu Gly Leu Ile Aligllié'ésgw 20873
-- 94 -- (\Zf I"NERVATI FOR S 36| )  SEQUENCE
CHARACTERI STI CS: (A LENGTH 194 ami-no aci ds (B)
TYPE: agig®e@Cksb Phe Asp Pro Vaf)sITRANRERNERSVaUMEIONEn cly Leu” D
TOPOLOGY: unknosm - (1i) MOLEILE TYPE: protei4s (vi) ORI G NAL
SOURCE: (A) ORGANI SM DHAB2 (xi) SEQUENCE DESCRI PTI ON:
SEQ | D NQL8%al Glu Leu Asp Gly Lys Arg Arg Asp Gln Phe Asp Met Ile Asp
50 55 . 60
Arg Phe Ile Ala Asp Tyr Ala Ile Asn Val Glu Arg Thr Glu Gln Ala
65 70 15 80
Met Arg Leu Glu Ala Val Glu Ile Ala Arg Met Leu Val Asp Ile His
85 30 95
Val Ser Arg Glu Glu Ile Ile Ala Ile Thr Thr Ala Ile Thr Pro Ala
100 105 110
Lys Ala Val Glu Val Met Ala Gln Met Asn Val Val Glu Met Met Met
" 115 120 125
Ala Leu Gln Lys Met Arg Ala Arg Arg Thr Pro Ser Asn Gln Cys His
130 135 140
Val Thr Asn Leu Lys Asp Asn Pro Val Gln Ile Ala Ala Asp Ala Ala
145 150 155 160
Glu Ala Gly Ile Arg Gly Phe Ser Glu Gln Glu Thr Thr Val Gly Ile
165 170 175 4
Ala Arg Tyr Ala Pro Phe Asn Ala Leu Ala Leu Leu Val Gly Ser Gln
180 185 190
Cys Gly Arg Pro Gly Val Leu Thr Gln Cys Ser Val Glu Glu Ala Thr
195 200 205
Glu Leu Glu Leu Gly Met Arg Gly Leu Thr Ser Ty'r Ala Glu Thr Val
210 215 220
Ser Val Tyr Gly Thr Glu Ala Val Phe Thr Asp Gly Asp Asp Thr Pro
225 230 235 240
Trp Ser ]f.ys Ala Phe Leu Ala Ser Ala Tyr Ala Ser Arg Gly Leu Lys
245 250 255
Met Afg 'Tyr Thr Ser Gly Thr Gly Ser Glu Ala Leu Met Gly Tyr Ser
260 265 270



Met
5
Asp
30
35
Au
60
70
Al a
95
100
Leu
125
130
Pro
155
Lys
Hi s
180

Adn

Au
Ay

Leu

Au

Asn
Il e

Phe

A n Thr Thr

WO 98/21341

Arg Al a Asp
Gy Pro

Val

40
lle Ala Gy Val Au GQu 50
Gy Leu H's Ala Arg Val Val Arg

Anlle dn Pro Ser

10

Glu Ser lLys S

a

Ly¥ (lﬂl.ye Aga nGl%rgga
Ser %ﬁn Ala Pro Leu Léu

A u Val
Ala Phe Asp Lys Hi-s98a Hs H s Thr

Val .

Ile

Phe Thr

Il e Leu Ar

20

Met Leu Tyr Leu Glu Segd\rgsgys
Leu Ser 28y Ser dy lle élﬁ

1_ sz.LnC%JYy

295

Thr

Leu GgyuM;errthélf/Aég Qa'i H:c? ng

Au
Val

al VAP Asn Asp Gn Mt Val Arg 145
Asn Leu Ile A1hO@er i@ L¥S {%’B%Mtl&l W1l X8a Ne@l%aa akgUndthe His Ile

Thr
Val

Lys

325

A@n Asp Ala Qu Pro Val

PCT/ US97/ 20873

| NFORVATI ON FOR SEQ | D NG 36:

340

(A) LENGHYn Mef) LawiBre bV dehr

STRANDEDNESS:

uRhown

Pro Asn Tyr Asp

Phe

385

Leu

Ala

Ala

Met

Met

465

Sex

Arg

Phe

Gly

Ile
545

370

Asp

Arg

Arg

Asp

Pro

450

Lys

Gly

Val

Glu

Thr

530

Pro

Asp

Pro

Ala

Glu

435

Pro

Arg

Phe

Thr

Val

515

Gly

Gly

Tyr

val

Ile

420

Glu

Arg

Asn

Glu

Gly

500

val

Tyr

Val

Asn

Asn

Thy

405

Gln

Val

Asn

Ile

Asp

485

Asp

Ser

Arg

Val

Met

Ile

390

Glu

Ala

Glu

val

Thr

470

Ile

Tyr

Ala

Ile

Gln
550

Asp

Phe

375

Leu

Ala

Val

Ala

Val

455

Gly

Ala

Leu

val

Serx

535

Pro

Gln

Glu

Phe

Ala

440

Glu

Leu

Serx

Gln

Asn

520

Ala

Asp

\9

hr _Val Hi
I Al B 3
_ 11
yGi‘;}’%%ﬁ‘a{}igﬁL‘f‘a Ma

330

Leu Lys Thr
15 du dy Ay vaF€

A

5&3&9@@9% a

Leu Ile Asp
45 Met Pro Hs Gy Ala Ile Leu Lys

55

Thr Ser Asp Val 65
rp Asp Al a

%%g ﬁfgnl_ﬁgu Au

XI’
150

335

Thr Leu His Ile Asp Leu Val
Gln Thr Phe SekBHis Ser Asp Ile Arg Ar90rhrARla @dg Thr LeuW2198/ 21341
--39% --
SEQUENCE CHARACTERI STI CS:
Phe Ile @R} SPYPELy dlvirnBemdild Val
¥0) TOPOLOGY:

Ala Gly Sexr Asn

345

(i)

Arg

Thr

Arg
425

Thr

Asp
Asp
Asn
Thr
505
Asp

Glu

Thr

Asp
Ile
410
Glu
Tyr
Leu
Ile
Ile
480
Sexr
Ile

Arg

Ile

Leu
395
Ala
Leu
Ala
Serx
Val
475
Leu
Ala
Asn

Trp

Glu
555

unkdfdwn

Phe Asp Ala Glu

380

Met
Ile
Gly
His
Ala
460
Gly

Asn

Ile

Ala
540

Val
Arg
Leu
Gly
445
Val
Ala
Met
Leu
Tyr

525

Glu

Asp

Gln

Pro

430

Ser

Glu

Leu

Leu

Asp

510

Gln

Ile

Gly

Lys

415

Pro

Asn

Glu

Ser

Arg

495

Arg

Gly

Lys

120
a Arg
Pro Val

(2)

Asp

Gly

400

Ala

Ile

Glu

Met

Axg
480
Gln
Gln

Pro

Asn

(

90

175

9



(i) MOLECULE TYPE: protein
ORGANI SM  DHAB3

(vi)
(xi) SEQUENCE

ORI G NAL SOURCE:

(A)

DESCRI PTION: SEQ I D NO 36: Mt Ser Qu

Lys Thr Neooegep4lal G n Asp Tyr Pro Leu Ala Thr Arg 1 PCT/US97/208735
10 15 Cys Pro Gu His Ile Leu Thr Pro Thr Gy Lys Pro Leu
Thr Asp Ile 20 o4 .. 25 30 Thr Leu
GQu Lys Val Leu Ser Ay Gu val dy Pro An Asp Val Arg 35
40 : 45 Ile Ser Arg G@n Thr Leu Gu Tyr Gn Ala An lle Ala
G u dn (¢t INFOBMATION FOR SEQ ID NO:3555 60 dAn Hs Al a Val
Ala Arg Asn Phe Arg Arg Ala Ala Gu Leu Ile Ala 65 70
75 (1)  SEQUBRCE ICHRRARITERIEICE u Arg Ile Leu Ala Ile Tyr Asn Ala Leu
Arg Pro Phe (A) LENGTH: @84 amino acids 90 95 Arg
Ser Ser G n Ala QB |BFEEepmAba 9918 Ala Asp Gu Leu Gu His 100
105 (C) ISMRANDEQNEFF, MpknoMpa Thr Val Asn Ala Ala Phe Val Arg
Gu Ser Ala Gu (D} TOPOE%I known 120 125 Val
Tyr An A@n Ad%Hls sLeu ArgL Gy Ser 130 135
140 (2) |1 N 5°'KT©" (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 387 z?x?'s%acz: (B) TYPE: am no acid (O
STRANDEDNESS! Uniﬁ RGANT D) TOPOLOGY: unknown (i) MOLECULE
TYPE: protein (VIR IR source: (A) ORGANI SM DHAT
WO 82/ 21341 (x1) SEQUENCE DESCRIPTION: SEQ ID NO:35: PCT/ US97/ 20873
Met Gln Gln Thr Thr Gln Ile Gln Pro Ser Phe Thr Leu Lys Thr Arg
1 5 10 15
Glu Gly Gly Val Ala Ser Ala Asp Glu Arg Ala Asp Glu Val Val Ile
20 25 30
Gly Val Gly Pro Ala Phe Asp Lys His Gln His His Thr Leu Ile Asp
35 40 45
Met Pro His Gly Ala Ile Leu Lys Glu Leu Ile Ala Gly Val Glu Glu
50 55 60
Glu Gly Leu His Ala Arg Val Val Arg Ile Leu Arg Thr Ser Asp Val
65 70 75 80
Ser Phe Met Ala Trp Asp Ala Ala Asn Leu Ser Gly Ser Gly Ile Gly
© 85 80 95
Ile Gly Ile Gln Ser Lys Gly Thr Thr Val Ile His Gln Arg Asp Leu
100 105 110
Leu Pro Leu Ser Asn Leu Glu Leu Phe Ser Gln Ala Pro Leu Leu Thr
115 120 ' 125
Leu Glu Thr Tyr Arg Gln Ile Gly Lys Asn Ala Ala Arg Tyr Ala Arg
130 135 140 '
Lys Glu Ser Pro Ser Pro Val Pro Val Val Asn Asp Gln Met Val Arg
145 - 150 155 160
Pro Lys Phe Met Ala Lys Ala Ala Leu Phe His Ile Lys Glu Thr Lys
165 S 170 . 175
His Val Val Gln Asp Ala Glu Pro Val Thr Leu His Ile Asp Leu Val
180 185 190

Arg Glu



(xi) SEQUENCE DESCRI PTION: SEQ ID NO. 37: Met Ser Tyr Arg Met Ph Tyr
Leu Val Pr&OASRI¥L| Asn Phe Phe 1 5 ‘ECT’U&'/%%@
15 dy Pro Asn Ala Ile Ser Val Val Ay Qu Arg Cys @ n Leu Leu Ay -

20 25 - 980 Ay Lys Lys Ala Leu Leu Val
Thr Asp Lys Gy Leu Arg Ala Ile Lys 35 40

45 Asp Ay Ala Val Asp Lys Thr Leu His Tyr Leu Arg Qu Ala Ay lle 50
55 (2) INFORMAT%‘%’ FeR PBQaf P A%3PF e Phe Asp Ay Val Gu Pro Asn Pro

Lys Asp Thr Asn 65 70, 75
80 Val Arg Aéb)qu}@HCﬂW;rﬁgﬁsgcf%% GudnCys Asp llelle

85 A)QOLf,NG. X id Val Thr Val Gy Ay dy Ser
Pro H's Asp Oys @ yolLyE i E@%’i’geaﬁtn oum 100 105
110 Ile Ala Ala Ty, H.Spd He T Y AsRLeu Tyr Gn Tyr Ala Gy Ile Qu
115 12 125 - Thr Leu Thr Asn Pro Leu Pro
Pro Ile Val A3, Valohehis ypEdr AloRein 130 135
140 dy Thr Ala Ser Qu Val Thr Arg Hs Cys Val Leu Thr Asn Thr G u 145
150 (vi) ORIGERRL SOURCE: 160 Thr Lys Val Lys Phe Val Ile
Val Ser Trp Arg Lysgajleorddnas®er oMaks 165 . 170
175 Ser Ile Asn Asp Pro Leu Leu Met Ile Gy Lys Pro Ala Ala Leu Thr
180 (xi) SEQUENCE DESCRIPTION: SEQ 19MWo:86a Ala Thr Gy Met Asp Al a
Leu Thr Hs Ala Val Qu Ala Tyr Ile 195 200
205 Ser Msats SAsSIA AyAsihrPMet Vab VR GAs sl AvAlgoAber RBé TznAAya |l e
210 1 215 1220 Arg Leu Il el5Ala Arg Asn Leu
Arg Gn Ala Val Ala Leu Ay Ser Asn 225 230
235 Cys Pro Glu Hbsifle) bep Ghy Yo TAF £l LynfsoMeay Abh 2Rpr Ii¢a Ser Leu
Leu Ala Gy Met 20 245 23 238
255 Ala Phe_Asn _Asn Al n Leu roVal.Hs Ala Met Ala Hs Gn
260 'H’xr Leu (351u L% alAEeu I'Ser %yGIX Va¥761y Eéa g%ryAa)yVaﬂ.eﬁrq-yr Asp Met
Pro Hs Ay Val Ma Asn Ala Val L&u 275 280
285 Ile Ser Arg Gln Thr Leu Glu Tyr Gln Ala Gln Ile Ala Glu Gln Met

50 55 60

Gln His Ala Val Ala Arg Asn Phe Arg Arg Ala Ala Glu Leu Ile Ala
65 70 75 80

Ile Pro Asp Glu Arg Ile Leu Ala Ile Tyr Asn Ala Leu Arg Pro Phe
85 90 95

Arg Ser Ser Gln Ala Glu Leu Leu Ala Ile Ala Asp Glu Leu Glu His
100 . 105 110

Thr Trp His Ala Thr Val Asn Ala Ala Phe Val Arg Glu Ser Ala Glu
115 120 125 i

Val Tyr Gln Gln Arg His Lys Leu Arg Lys Gly Ser
130 135 140

{2) INFORMATION FOR SEQ ID NO:37:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 387 amino acids
{B) TYPE: amino acid
- {C} STRANDEDNESS: unknown
(D) - TOPOLOGY: unknown

(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE: -
(A) ORGANISM: DHAT



WD 98/ 21341

PCT/ US97/ 2087

3

-~ 97 -- WOBMM, His val Ala Arg Tyr Asn Leu |le Al a Asn BSTURY7308%s phe
300 Ala Asp Ile Ala Au Leu Mt
310

290

295
Ay Qu Asn Ile Thr Ay Leu Ser Thr 30%6 --

315 320 LeuAspAIaAIaGIuLysAIaIIeAIaAIaII.eThr
Arg Leu Ser 330 335
Asp Ile Ay (F‘Ha F’?QS?U@“FP IqrE§C3_Ié’GI%‘g AED I|Pel‘i°(§7y Val Lys Gu Ala
340 Phe Pro Tyr Met Ala Qu
Met Al a 'teéuSESIsTYAs%WGM?tA@ﬁ e TR ey va? Pr°3%’5‘ Val Asn Pl;e Phe 360
365 SerlAsn Pro Arg Eys Ay Asn Qu G Guille Ala ALd%I1e Phe Arg
370 E}g 8@“ Phe_ 3 (2)
PoRVATTEPERASRES BERGgs Y=t Vot Sty fh Hp et it st Cs:
(A) LENGTH 27 base pairs ' (B) TYPE: nucleic acid (O
STRANDE% s 3 g*lea Leu Leu Val TQP)A E@&%ﬁ Léd Re Ala Ile (L'yls MOLECULE
TYPE: ?éerygylr%] c) (xi) 49EQUEN DESCRI Pk SEQ 'D NGO 38:
GCGAATTCAT GAGCTATCGT ATGTTTG | 27 (2)
| NFORVATASPNGEOR18ER1 RspQ@y39Thr Leu Hilsl Pyr SRQUENCE1CHARAETERLSTI CS: :
(A) LENGTH:. 5@8 base pairs 55 (B) TYPEsonucleic acid ~ (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (i) MOLECULE
TYPE: mw Vagler®dri The Phe As(pxdsl)y sawamcz:msmmmw AsPECh# BsNO 39:
80
Val Arg Asp Gly Leu Ala Val Phe Arg Arg Glu Gln Cys Asp Ile Ile
85 90 95
Val Thr Val Gly Gly Gly Ser Pro His Asp Cys Gly Lys Gly Ile Gly
100 105 110
Ile Ala Ala Thr His Glu Gly Asp Leu Tyr Gln Tyr Ala Gly Ile Glu
115 120 125
Thr Leu Thr Asn Pro Leu Pro Pro Ile Val Ala Val Asn Thr Thr Ala
130 135 140
Gly Thr Ala Ser Glu Val Thr Arg His Cys Val Leu Thr Asn Thr Glu
145 150 155 160
Thr Lys Val Lys Phe Val Ile Val Ser Trp Arg Lys Leu Pro Ser Val
165 170 175
Ser Ile Asn Asp Pro Leu Leu Met Ile Gly 1ys Pro Ala Ala Leu Thr
180 185 190
Ala Ala Thr Gly Met Asp Ala Leu Thr His Ala Val Glu Ala Tyr Ilzé
195 200 205
Ser Lys Asp Ala Asn Pro Val Thr Asp Ala Ala Ala Met Gln Ala Ile
210 215 220
Arg Leu Ile Ala Arg Asn Leu Arg Gln Ala Val Ala Leu Gly Ser Asn
225 230 235 240
Leu Gln Ala Arg Glu Asn Met Ala Tyr Ala Ser Leu Leu Ala Gly Met
245 250 255
Ala Phe Asn Asn Ala Asn Leu Gly Tyr Val His Ala Met Ala His Gln
260 265 270
Leu Gly Gly Leu Tyr Asp Met Pro His Gly Val Ala Asn Ala Val Leu
275 280 285



GCGAATTCAG AATGCCTGGC GGAAAATC 28 §2)
| NFORMATI ONOBSRIBEQ | D NO 40: (i) SEQUENCE CHARACTERIRGCH/E897/20873
(A) LENGTH 28 base pairs (B) TYPE: nucleic acid (©
STRANDEDNESS: si ngl e (D TQPgRQGY: |inear WD 98/ 21341
PCT/ US97/ 20873 -- 98 -- (i)
MOLECULE TYPE: DNA (genonic) (xi) SEQUENCE DESCRI PTION: SEQ ID
NO 40: GSEAYNRTEAT VBGAGEGAGAAAT VACBAT BEG Ile Ala Asn Pro Glu Lys Phe 28
(2) | NFORMA¥OON FOR SEQ | D NO%1: (i) BEQUENCE CHARACTERI STI CS:
(A) LENGTH: 27 base pairs (B) TYPE: nucleic acid (O
STRANDEDMESSASps [.[hguéa Glu Leu Met (E‘b)( dye Thm &3y Leu Ser (Tlhlr) MOLECULE
TYPE: DNR5( genoni c) 31Bxi) SEQUENCE BEBCRI PTION. SEQ¥® NO 41:
GCGAATTCTT AGCTTCCTTT ACGCAGC 27 (2)
| NFORMVATIFON BORASEAROEND 3. Ala 1ie Ala; ‘%‘;a SEQUENCR " EHARASTERSTI Cs:
(A) LENGTH. 30 base pal3 S (B %YPE: nucleic adfd (O
STRANDEDNESS: , si.ngl : T oL (4,,) MOLECULE
TVPE:  DNRB(BnSaT Qi o clp s Q’%ﬁ@ﬁ\&%&ﬁ%ﬁg\ﬁg S8 NG 42
GCGAATTCAT GCAACAGACA ACCCAAATTC .30 (2)
l NFOQNAT'A%I EI@P:%EQ‘}):DMQ@PG.Q Glu Met Ala Leu Lys Asp Gly Asn Ala Phe

355 360 365

Ser Asn Pro Arg Lys Gly Asn Glu Gln Glu Ile Ala Ala Ile Phe Arg
370 375 380

Gln Ala Phe
385

{(2) INFORMATION FOR SEQ ID NO:38:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
({B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
GCGAATTCAT GAGCTATCGT ATGTTTG 27
(2) INFORMATION FOR SEQ ID NO:39:
{1) SEQUENCE CHARACTERISTICS: ’ 3
{A) LENGTH: 28 base pairs
{B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:
GCGAATTCAG AATGCCTGGC GGAAAATC 28
(2) INE‘ORMATION FOR SEQ ID NO:40:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
{B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear



(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 25 base pairs

(B) TYPE: WOMBE1¥lacid (C) STRANDEDNESS: singl e PCT/US97/20873 ( D)
TOPOLOGY: |inear (i) MOLECULE TYPE: DNA (genonic) (xi) _
SEQUENCE DESCRI PTION:  SEQ | D NO 43: .GG&AATTCAC TCCCTTACTA AGTCG

25 (2) | NFORVATI ON FOR SEQ | D NO: 44: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 30 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: _ si ng) e D) TOPOLOGY: |inear WO 98/ 21341

PCT/ US97/ 2087F%L) OLECULE TYPE: DNA (genomic) 99 (ii)
MOLECULE TYPE:. . DNA (genomic (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO: 44:
GGGAATTCAT GARRAGAT g% FELoN: tdo T5%GH40: 30 (2)

| NFORMATI  45: (i) SEQUENCE CHARACTERI STI CS:

(A LENGW@?E@%%&@A Recatec (B) TYPE: nucleic acid 28 (O
STRANDE S S (D). ,LOPOLOGY: |inear (i) MOLECULE
TYPE: %?'(ggﬁgﬁ,ﬁjg’%ml* FOR 3P 8 CE DESCRI PTION:  SEQ | D NO 45:
CCGAATTCTT AT FGAA EefeNe ki dabFerrsTycs : 29 (2)

| NFORVATI ON FOR SE@y | RNk 27 base(ga)jjrsSEQJENCE CHARACTERI STI CS:
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single )
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:

GCGAATTCTT AGCTTCCTTT ACGCAGC

27
{2) INFORMATION FOR SEQ ID NO:42:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(1i) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:
GCGAATTCAT GCAACAGACA ACCCAAATTC 30
(2) INFORMATION FOR SEQ ID NO:43:
(i) SEQUENCE CHARACTERISTICS: o
(A) LENGTH: 25 base pairs
_{B) TYPE: nucleic acid
(C} STRANDEDNESS: single
{D}) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:
GCGAATTCAC TCCCTTACTA AGTCG 25

“{2) INFORMATION FOR SEQ ID NO:44:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: .linear



(A) LENGTH: 34 base pairs (B) TYPE: nucleic acid

STRANDEDNFED8/24341g| e (D) TOPOLOGY: |i near (FFT’%&E’&&E
TYPE: DNA (genonic) (xi) SEQUENCE DESCRI PTION. SEQ I D NG 46: -
TTGATAATAT AACCATGGCT GCTGCTGCTG ATAG- 89 -- 34 (2)
| NFORVATI ON FOR SEQ | D NO 47 (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 39 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: Si % gD TOPOLOGY: |i near (i) MOLECULE
TYPE: DNA (‘4&horfQUECULE TYPRj ) DN EﬂEﬁ@EC’DESCRI PTION: SEQ I D NO 47:
GTATGATATG TTATCT TGGA AATCTTC 39 (2)
| NFORMATI ON ‘EéR SESY FBCT(\@A %RI?TI"F CER CEBPEANCE CHARACTER! STI CS:
(A) LEN (B) TYPE: nucleic acid (O
STRANDE%%@é%%ﬁqﬁg%EUE‘%&& NG 27341 30
PCT/ US97 87 -- 100 --
R ID NO: : .
(D) TOP By, TYoRmETON PO CER) TP M ECSULE TYPE:  DNA (genoni ) (xi)
SEQUENCE DES@UXT& EnEQuhRANRBrE871csCATGACTAGT AAGGAGGACA ATTC
24 (2) INF FaRTBEQ 2eDo N 483 s (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 24 bagg P®¥FES nucleic acid(B) TYPE: nucleic acid _ (O
STRANDEDNESS: si ngl)e STRANDEDNESS: single
(D} TOPOLOGY: lineax
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:
GCGAATTCTT ATTCAATGGT GTCGGGCTG 29
(2)  INFORMATION FOR SEQ ID NO:46
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:
TTGATAATAT AACCATGGCT GCTGCTGCTG ATAG 34
(2) INFORMATION FOR SEQ ID NO:47
(i) SEQUENCE CHARACTERISTICS: :
(A) LENGTH: 39 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47:
GTATGATATG TTATCTTGGA TCCAATAAAT CTAATCTTC 39

{2) INFORMATION FOR SEQ ID NO:48:

(i} - SEQUENCE CHARACTERISTICS:
(A} LENGTH: 24 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single



(D) TOPOLOGY: |inear (i1) MOLECULE TYPE: DNA (genom C)F (7xi )
SEQUENCE WRSERIMY| O SEQ ID NO 49: CATGGAATTG TCCTCCTTAECTFAED7/20873

24 WD 98/ 21341 -- 105 -- -
PCT/ US97/ 20873 - 100 -- AVENDED CLAI M5

[received by the International Bureau on 17 June 1998 (17.06.98);

original clains 1-40 regl aced by anended clains 1-40 (4 pages)] 1. An

i mproved met hod f&. tHECHYDductiGAtof 1, 3- propanedi ol from a nicroorgani sm
conprising the s

9 ) obtaining a reconbi nant
m cr oor gani

f. .
caé‘g’g‘%‘é&tﬁ Tﬁ%’du&?"?‘ng(gff‘%“-‘lc? propanedi ol , said
m cr oor gani Sl cp%g&&g DEECPII%?f N:ongEcgli%I I%:c 8aci d encoding a
Vi el di

dehydr at ase Atk and "a” nuc C acid encoding protein X; and

b) cul t WpRfetA2g Aﬁ@gg'é}@ﬁhéﬁ croorganismin the presence of gaf |east one
p

carbon source capabl e of being converted to 1,3 propanediol in said
transforggd nrormaTHOR RS 88HI HTNGIYb under conditions suitable for the

production of 1,3 propanedi ol wherein the carbon source is sel ected
fromthe group cEustimgaRfacTRRDI@ecshari des, ol i gosacchari des,
pol ysacchari des, @nd LENGIE: C2H DeaseSpdixdsr at e. 2. The nethod of Claim1l

wherein said reco/®i rmurE: mmwederganidm conpri ses at | east one ‘nucleic acid
encodi ng a prot ei{F)ScATRSNREPNEEDM sheglgr oup consisting of protein 1, protein
2 and protein 3. (D)3.TOPOLOGYHie hetehad of Claim 1 further conprising the step
of recovering the 1,3 pr oeanedi ol . 4. The nethod of Claim1 wherein

t he nucl ei c (&t d MOREBRHGYPFot BV (gepamiicdol ated from a gl ycerol dehydrat ase
gene cluster. net hod of Claim1 wherein the nucleic acid

5. Th
encodi ng prd¥&in %_?QF’EN‘?FSgﬁi‘_EPeT&TF?’Hm.ﬁE%iIBI N¥eMydrat ase gene cluster. 6.
The met taq%g@ggﬁégg%{:% t%hg,rt he gl ycerol dehydratase gene clg‘ﬁt er is from

an organi s € genera consisting of Klebsiella d

Ci trobactor. 7. The nethod of Claimb5 wherein the diol dehydratase
gene cluster is froman organi smsel ected fromthe genera consisting of
Kl ebsiella, Costridiumand Sal nonel | a. 8. The method of Caiml

wherein the nucleic acid encoding a dehydratase activity is heterol ogous to
t he organi sm



9. The method of Claim1 \'A/nerguw ”ﬁ'"r"ﬂ”mm,ml d encoding _a dehydr at ase
activity Weods@mtd4logous to the or /21341 R TUSS720873
PCT/ US97/ 20873 106 - 10. The

met hod of Claim1 wherein the reconbi-naof - croorgani smis sel@epedal

the group of genera consisting of Ctrobacter, Enterobac ﬁg;g@lv@siﬂ, ml

Kl ebsi el |l a, Aerobacter, Lactobacillus, Aspergillus, Sacchaempece ——

Schi zosaccharWWe@ CLAIMESRASehar omyces, Pichia, Kl uyveromyces, Candl da,

Hansenulf B r?{ é‘cﬁﬁaeth%mrme J@au&t@ﬁ%ﬂsa- éaﬁéha@bmﬁeh,ordiﬁfslﬁeéa;@bleaof
a, Baci

Sal nonel Psey e net hod of

tomyces an
3 ai m 10 wiresbEGHEPRPEISHA G SRR ST SaMBHHEH o PBShorR 8% BRFAB8R51 ot ng of
E.coli and dhpdrstass béhvﬁmhe meth3d comﬁhﬂnmhmi:smfr Claim1 wherein the
nucl ei ¢ aci d encodi n rotein fl % nt ai ned {?n aﬁ SOStf gﬁnlﬁ .
e O e ot b dnigrduBinBiergese ngaedrit e X i tng oBbatfi b beb g o B kol g o
protein sel ect etbrgdrmdmypardtein 1, protein 2 and protein 3 is stably

mai nt ai ned in _the host no th r t he
car bon sour ce® §”5Vrd@ot§gg’ansr¥er'§'ed ojr%srﬂlr{]lﬁggf" SFR% g’f%gfgweeﬁé n%sf?@rcr?ucl eic
aci d encodi ng praapeble okbéiag ctrivertsetpuk peppaseditidveaid raBEQned HuSt or§nism 16.

Th t hod of O SEQ I D
The mothod of O b anihls: AUGLES e BASLEN o 131535585, SRR 4, S°0
has the sequenceadwnsieome is AcISHEY fromNE 9BEP censbHigg lobmrTesaggharides.8. The
met hod of d ai mcﬁ]&x@hggﬁérmeg, g&QﬁhE\:h%nBé’sS ahd'8 oRE UMBBA Sukktrailown in SEQ I D

NG 64 or SEQ ID A reconbl nant m croorgani sm capabl e of
producing 1, 3-propanediol froma carbon source said recombi nant

M Cr 0or gani Y kAR 615¢19i91 ‘?)urﬁﬂér ESASHsi Re %ﬁ'o@lnﬁoé@duﬁb ﬁﬂ@é%@bﬁ@géhe encoding

dehydratase activity; b | east one nuclelc acid e
gI ycerol - 3- ?JPF@E?D’h%ﬁ'%@ '%3‘%9“’%& cqnsisdipg ghrroteit ], é’ir%ie'a& @dé’%@ﬁ'&iﬂgt%?%t ein
organism.

3. The method of Claim 1 further comprising the step of recovering the 1,3 propanediol.

4. The method of Claim 1 wherein the gene encoding protein X is isolated from a glycerol

dehydratase gene cluster.

5. The method of Claim 1 wherein the gene encoding protein X is isolated from a diol

dehydratase gene cluster.

6. The method of Claim 4 wherein the glycerol dehydratase gene cluster is from an organism
selected from the genera consisting of Kiebsiella and Citrobactor.

7. The method of Claim 5 wherein the diol dehydratase gene cluster is from an organism
selected from the genera consisting of Klebsiella, Clostridium and Salmonella.

8. The method of Claim 1 wherein the gene encoding a dehydratase activity is heterologous to
the organism.

9. The method of Claim 1 wherein the gene encoding a dehydratase activity is homologous to

the organism.
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20. The reconbi nant m croorg n'ﬂ‘ﬁmstﬁ‘\"i L“gurther conpri si n7q d)7 at
| east one woebrid1iaci d encodi nd a prBE \|- d from t hePGTBIFH7/20873
consisting of protein 1, protei'm™Z and prote| n 3. WO 98/ 21341
PCT/US97/ 20873 . 21. The reconbi nant g cr oorgani smof Caim 19 sel ect ed
fromthe group consisting of Citrobacter, Enterobacter, C ostridium

Kl ebsi el | a,  Aerobacter, Lactobacill us, Aspergl | | us, Saccharorryces

Schi zosaccher '(BIIW@G@Od zg@bmdmrwghe@éganﬁntﬁusalecwumﬁhemsof gentidi da,

Hansenul a, y QW%ﬁactéWEﬂEﬁobZ&éN bﬂi%?rldﬁlm N@b@béh&%%tﬁ'&ter E%@fb@éélihfy a,
Sal nonel | a, Baci es and Pseudononas 2 he reconbi nant

| us rep
m croorganr4§mf§4’UQ?:tsaF‘Fﬁai‘§"Xﬁﬁ§%f’@ﬁ?@h%&@’%cz@@%cc@ﬂ’&m% Rgh&ein Xis

i sol ated f éi»oﬂ;yye%ecabdldha Inad s EHURS Debeempdey SVigdor, Tordidpsis, MéUsyldietrbi nant
m cr oor gani_ sm of . Cl n th nucl ei ¢_aci,d encoding protein X is

i sol at ed frsé?ﬁeé’cfdff’dfl’ﬂ%’?ﬁ/am%cé{@é "@Fﬁ%? Pseudemonas. The™r econbi nant

m cr oor gani sm of C al m 22 wherein the gl ycerol dehydrat ase gene cluster is

froman organ s mthe ansi st of.. Kl ebsi el |.

G trobactof T remeod 3 Sy a6 Hobrih e ReestrE 3hBe BpPpRomiB sSndrd « ne
di ol dehydEaaoasedglebaeIiaw er is froman orgam sm sel ected fromthe genera
consisting of Klebsiella, Costridiumand Sal nonell a. 26. The

reconbi nant m croorgani smof Caim 19 wherein said dehydratase activity is
het er ol ogod2. The methdd af Claivo | gdnteimthe geay encodifib @rateio Kb stablytmainiainedirgtamihesh
of Claim 19 ‘;ﬁb‘?\ flen said dehydratase activity is honol ogous to said

m cr oor gani s f The reconbi nant .m croorgani smof Caim19 wherein
the nucleic acid encodi ng protein X has the sequence as shown in SEQ ID NO

59.  29. 43THRe hemear*ar @fé% 2@&?&@ EO8sdt SR géneqrebﬁhoga gmé-heeecea Fof ,sroﬂe mas
t he sequence as_shown in SEQ ID NO . 60 or

r econbi nanth PFPtﬁ"b%?%WPQeﬂﬁ%F%%W'ﬂ@"\ﬁﬁ@?@?@ﬁr&?ﬂ@“ﬁ 2 has the sequence as
shown in SEQID NO 62 or SEQ ID NO 63.

14. The method of Claim 1 wherein the carbon source is glucose.

15. The method of Claim 1 wherein the gene encoding protein X has the sequence as shown in
SEQ ID NO: 59. '

16. The method of Claim 2 wherein protein 1 has the sequence as shown in SEQ ID NO: 60 or
SEQ ID NO: 61.

17. The method of Claim 2 wherein protein 2 has the sequence as shown in SEQ 1D NO: 62 or
SEQ ID NO: 63.

<
&

18. The method of Claim 2 wherein protein 3 has the sequence as shown in SEQ iD NO:64 or
SEQ ID NO: 65.

19. A recombinant microorganism capable of producing 1,3-propanediol from a carbon source
said recombinant microorganism comprising a) at least one gene encoding a dehydratase
activity; b) at least one gene encoding a glycerol-3-phosphatase; and c) at least one gene
encoding protein X,

20. The recombinant microorganism of Claim 19 further comprising d) at least one gene
encoding a protein selected from the group consnstmg of protein 1, protem 2 and protem 3.
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WD 98/ 21341 ;

PCT/ US97/WO9831341 @,Im J' gmw I" PGHYS97/208735
The reconbi nant of prote| n 3 has the seqguence as shown in
SEQ ID: 64 or SEQ ID NO 65. A-m@Bhed for extend ﬁ( ,,l

of dehydratase activity in a transforrred M croorgani smc pat) ﬁ EE\

1, 3-propanedi ol and containing at |east one nucleic acid érA
dehydrat ase activity, conprising the step of introducing a nucleic acid
encodi ng pf1.0Tiw recembinam reiafodrganisoafrjaim ths edettedCfudrh tive grguploatsistiogntli ti ons
sui tabl e r 0 f t Claim 32
wher ei n th@ R%frd #@}emgﬂ&% n%’%%%gét}g@pszg y%ero?aé:?% "é?: A]a% IU? A}%%%C’?fufol ogous
to sai d nSescherogpmes rach/zosm‘charommswﬁ!mwmmmemwlwmemnwhm Raobiga,c

acid enco e ggg% t @VEHJ rgani sm
35. The’%l %HLG Dg ﬂ'le g‘zﬂvﬁgr@ﬁ#&%{ e nucl elagggm ghéehnéc'%ldlgﬁ@ %%ﬁbtoel n Xis
i sol at ed PacifusaStienfernyests andifsawdamesas.gene cl uster. 36. The net hod of

Claim 32 wherein the nucleic acid encodi ng protein Xis isolated froma

di ol dehydratase gene cl uster. The npet hod of C aim 35 wherein the
gl ycer ol - 22 hlhf rgeensbingatfaickopipapism ?fsC'?'F’bTﬁ Whersindhe penn ancrdipe eeptein s t he

gener a_cogse it RbhKb@baigllatsaRdnebikhact o 38, The met hod of
Claim 34 wherein the diol dehydratase gene cluster is froman organism
selected fromthe genera consisting of Klebsiella, Costridiumand

Sal nonel | 28, TheX@combifa®t rieicdadniz 6 Glaim BRwidreinahe gédecertoding PrAENXSEN i S
selectedfro t.he gro e Istin f Citrobacter, Enterobacter,
Clostridi 'lﬁPrlla |f"é>6%?8|°r§e yﬁ@%‘?&?@f‘gfusﬁf&ct obaci |l lus, Aspergillus,
Saccharonyces, Schi zosaccharonyces, Zygosaccharonyces Pi chi a,

I\K/L,l:%;fggg%f SPhe r(é@&ﬂblqgn %%@éﬁlsﬂ'l o@gﬁ'{ %_g g“% Fﬁsm%l&gé’m! d n&/léﬂ'laﬁgé Hgne cluster

Ps eudormnasfrom amorgamsmlmd{mm e qginaliamoszlsﬁnmrqfhiélrsbwmnd@wacm step of
i ntroducing at |east one nucleic acid encoding protein 1, protein 2 or

protel n 3 into said mcroorgani sm
25. The recombinant microorganism of Claim 23 wherein the diol dehydratase gene cluster is

from an organism selected from the genera consisting of Klebsiella, Clostridium and
Salmaneilla.

26. The recombinant microorganism of Claim 19 wherein said dehydratase activity is
heterologous to said microorganism.

27. The recombinant microorganism of Claim 19 wherein said dehydratase activity is
homologous to said microorganism.

3
&

28. The recombinant microorganism of Claim 19 wherein the gene encoding protein X has the
sequence as shown in SEQ {D NO: §9.

29. The recombinant microorganism of Claim 20 wherein protein 1 has the sequence as shown
in SEQ ID NO: 60 or SEQ ID NO: 61.

30. The method of Claim 20 wherein protein 2 has the sequence as shown in SEQ ID NO: 62 or
SEQ ID NO: 63.
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31. The method of Claim 20 wherein protein 3 has the sequence as shown in SEQ {D: 64 or
SEQ ID NO: 65.

32. A method for extending the halflife of dehydratase activity in a microorganism capable of
producing 1,3-propanediol and containing at least one gene encoding a dehydratase activity,
comprising the step of introducing a gene encoding protein X into said microorganism and
culturing under conditions suitable for production of 1,3-propanediol.

33. The method of Claim 32 wherein the gene encoding the dehydratase activity is
heterologous to said microorganism.

34. The method of Claim 32 wherein the gene encoding the dehydratase activity is homologous
to said microorganism.

35. The microorganism of Claim 32 wherein the gene encoding protein X is isolated from a
glycerol dehydratase gene cluster.

36. The microorganism of Claim 32 wherein the gene encoding protein X is isolated from a diol
dehydratase gene cluster. ' '

37. The microorganism of Claim 35 wherein the glycerol dehydratase gene cluster is from an
organism selected from the genera consisting of Klebsiella and Citrobactor.

38. The microorganism of Claim 34 wherein the diol dehydratase gene clusteris from an
organism selected from the genera consisting of Klebsieila, Clostridium and Sa!monella.

39. The method of Claim 32 wherein the microorganism is selected from the group consisting
of Citrobacter, Enferobacter, Clostridium, Klebsiella, Aerobacter, Lactobacillus, Aspergillus,
Saccharomyces, Schizosaccharomyces, Zygosaccharomyces, Pichia, Kluyveromyces, Candida,
Hansenula, Debaryomyces, Mucor, Torulopsis, Methylobacter, Escherichia, Salmonella,
Bacillus, Streptomyces and Pseudomonas.

40. The method of Claim 32 further comprising the step of introducing a gene encoding at least
one of protein 1, protein 2 and protein 3 into said microorganism.
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