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The term "GPD2" refers to a gene that encodes a cytosolic gl ycerol -3- 35
phosphat e dehydrogenase and is characterlzed by t he base ngyence glven I-n
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sequence g| Vg}{p thod peP@des mpidginexpensive and environmentally-responsible source of

4 g@éi%ﬂgseful in the cosmetlcs and pharmaceuncal industries. The method uses a
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UG R SIANOASAR Pk R BRI aRRSEDENINGOS il
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The term “GPD2” refers to a gene that encodes a cytosolic glycerol-3-
35  phosphate dehydrogenase and is characterized by the base sequence given in
- SEQIDNO:2.
The terms “GUT2” and “YIL155C” are used interchangeably and refer to a
gene that encodes a mitochondrial glycerol-3-phosphate dehydrogenase and is
characterized by the base sequence given in SEQ ID NO:3.
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t he invention enconpasses nore than the specific exenplary sequences.
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SU?S“L uglotns :In %}?ft&ﬁ?u‘tﬁﬁ?@;’mgmMnlﬁd‘WEOﬁW’e%us?dxpﬁer&ﬁﬁ It g t hat 5do
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the effect ofacedhsiishéd omder smtabldkfbnﬁhﬁnkll ol ogical activity of the protein.
Each of the proposed  nodi.fi atlo e r |ne skill .
inthe art, as i sslg’(?tt EH Rgf ‘%f a?‘it%'ﬂt[efrbr?re'fseggnem%l%elr% e{# Yactivity in-
t he encodéd pr oduclhe tervisr“earben suhstrete’é nd Toad:oarsbun;efmefer to acanbomgmumes t hat-

sequences encc%?ggé £5k ir
ability to hy s u% %{r%éhire?n gltﬁ% c ﬂ t| ons 1% ; Oﬁg% SDS, 65 s
[err] C) Yt’ﬂ éﬁe‘é@e | qf’é CIEEPUR c,:pnsmtmg °fm°n°' The '

term "expres Sgaﬁuhanﬂ@t 6ligoshethhtides| polsacetiafitiés) Andooid-daFtsoasuBstiadds dro gene 25
pr oduct from a. ,ne codéng for the sequence of the gene product.

The ternms "pl@ ctor", and "cassette" as used herein refer to an
extra chr2@m)somal 'Bieémst“hoﬂtceﬂ”M‘Fmrrgggmle”srefdmt@hna&reoxgemsmart of the
central g?&@@f’xlebéi%gffo:’e% &%Eier&&ébuk'gl-&?és bfd éﬁr&ﬂ&gftﬁééé‘g@ﬁesctbr cul ar

doubl e- st rande | ecul es. Such enents ‘may bDe autononously
replicating %&%ﬁ@é§m‘§e&?ﬁﬁ§m§6"t i ntegrating sequences, phage or
nucl eoti de sequencHs, teﬂxnsrm‘afelgargeﬁe’r Cfblréign DDA 2 “heterolog6hs #n€™, afd

doubl e- strand |
nunber of nucﬁlg ef%l\[l‘g\%&sgg\?}@n%lggef a‘;tle alé%%'ve%bge orﬁﬁiun@gh%rﬁag a uni que
const r uctddon hnhilphcﬂiswdbzpatﬂlﬁemﬂthqswngw&hng a pronoter fragment and DNA

sequence for a Se|'ﬁﬁtt&%ﬁ?%nﬂﬁx?ﬂﬂﬁfgaﬁ'sﬁ“gncY“‘tH?xsﬁPlBE&’HMt’afe?er?to abt ransl at ed
35 sequence into a Traﬁﬁerg&%gt' on cassette” refers.to & specific

vect or FEHRER usdorsign gegee | BirdREbiAAY ddi tion to -
t he for ei gn gepani¢rhed! the presexftaNehnmaexpress forsign pamdsiencodidg @3PRHtandul ar host

cell. " Expresg Seludti IR R taining a
forei gn gene and%&g %%Ltﬁ ﬁ 1519%%13{ceml fﬁoﬁpﬁ%ﬂle%ﬁﬁ%ﬁ%ﬂﬁsﬁﬁg gene t hat
al | ow f o3%enhanced C@I@ﬁr i @WCIQlﬁ aeid fregmentithas expressey a sprific protem

6 WO 98helddiff regulatory sequences precedmg ' non-codmg) and followm (3' non-
PCT/ US97/ 20293 ?h “transf ]gla n' nsfection”
refer to the SEHE teegiresreion. Theepms pive’ i veldrypel 89p 1 pido the

i ncor por at i orgeat anfonhé irnaciedvithlieows tigulaedy seymences. may be integrated
nto chromosonal DN ERLT AUEEE A5 cEi - ARR RO TRler 1o e pFRBIIGALT N9

sequences. The ter rans or man t0 t T esur oma 5
transf or Bt | O\Mh“:hagene through thg n@cltl%nms afdrsasariptipn ynchtmélaéxan m wges to the

process of chanahiRe alif’s&fliché¥. YThe procedBédncadin®¥ spdcitsindindBEid QBqRihcdTUt at i on.

is meant to include DNA sequences that may involve base changes that do not

cause a change in the encoded amino acid, or which involve base changes which
may alter one or more amino acids, but do not affect the functional properties of
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Representative enzyme pat hway It is contenplated that glycerol
may be produced in reconbi nant 10 organi sms by the mani @‘E:LI‘?& t he -

gl ycer ol ¥ ¥3Athet i ¢ pat hway found in nost i ¢r oor gani srrésg?ﬂ y%)l cal ly,
a carbon substrate such as glucose is converted to gl ucose- 6- phosphat e

vi a hexoki nase in the esence ATP. d 0S| ner ase
el vaos. | niegonr SieBieR i DRl ehsentt, dhRERn H RV b socombiSet
phosphat e andndrétnanttie speekc esemyilay-sdqyenossp Medfitauonstylhe seguemde] sxchof 15

6- phosphof r b acet one
phgsp?\gte (E)I—I%g?lhw a n?%hﬁré Pg@l na &1%_%! @ﬁgﬁha%sdguf%rggégrts
DHAP t o gl yc&h#igesthy h@%pﬁéﬂ@tmﬂi}ﬁaﬁgﬂ h‘d&’ﬂ?ﬁb"i“gﬁlq{t‘ eﬁ‘é“g&ycerol by
G3P phosphat ?ﬁﬂem(nﬁﬂ@d\ﬂ\?ére als8 96hte MtedB|P@FEb&?ﬂplé5@Eérﬁtmré1n

Al ternate pa cer ol od ternat e
ot i for - SPPEoNATh S hE Hedtnera R Be Raetin gads. or which fessitdp B ({/éng ot

al ., (1994) prodBation oflicherk@lly BGEISlent amitébeid pr ogiosesitepathway

coul d be dePRSSRNBRAUGS Dikads BRI LhitoREiMRPE R LbarosRR ae o

gi ve di hydr oxyacetone

di hydroxy- may hecubssivated bylacedoneencasing amqs&gré@sehwéph@m@mé% sngh #own in

pr okar yotgs Mmenoﬁémorégmt@pam@@md&%aas PaHeSleudng] of ts@wueﬁeand
expression o

P eSO i, Htiats eyl in bRERRh o bk neB R BSOS Prat ase
gl ycerol pr oderciotier,fsucinasispdeti asid fieregiutamic acki) ggerst peditivBiydharged 1995) |
Csoner | ped t SoU AP on a8 o RS by atdiulgt g alsg be BECOURNO BlIAUGA S
enzyne trios émgmquh'aaq@m heroducs. ly@@d%@wd@m@ regﬂ@gphaltaéon of e
dephosphesy| e -téeniflAi%ae tede%m rtiof3i oF ithe p?o&ﬂﬁﬂoleady%dm%oqi& gbol

dehydr ogenase_or e er 0I deh dro enase, Lvity. The .
cloning and &% é@s‘%&g g‘ﬁ’é” %gﬁfé?tﬁ’é’e ’éﬁ?}n F%@@H&? XEtivities from
Aspergil |l us rdesirdblms mahelmhtbmadfﬂwsgjuyn@rmlorcmuxhnmd)nthﬂeffafoofalfhm encodi ng

CSPOH 1S, CORuRRPRIIE R vy o o oty BB RSB BRGRE B 1, 2o

swtableforoflhe ex ase activities in
a host cel|. well within the routingskdlk incthe ax, a5ds @mmaénoe Ofiwonpér exanpl e, GPD1

lf;as been2p bxolbﬁ@il%bﬁdt}ﬁh‘iﬁ@ SPREEIPITONEL MaREvdrate klhﬁecbﬁﬁearﬁequence gi ven
gé / 35846 recjégmzes that sequences encompassed by this invention are also defined by thelr VO,
PCT/ US97/ 202931hty to hybridize patidensttihgend oonuiticas (@ 1 X &$ds Ad & SD8e66 TC), SEQ | D NO 7
(Wang et al. § G3PDH activity has al so been isol ated.
from Sacchar onyces %enﬁsgxghﬁnﬂeaﬂe%z havi ng the base _sequence given in.
SEQ I D NO 2 encodilh§ terAe expiepsion’ referSaf&t%F %@tﬁmwe 2gd rapslatiendgeend NO 8

(Eri kssopset padduct ﬁ&ﬁ%@en%édm@/f&ﬂ%eqﬁeme oBthe gdne 195&uct For the
pur poses of the pr g . e ,O‘[lvl Qnte | at esd lt_l at g€¥5%ene

encodi ng a pol ype&?ﬂ el bI 5 Ffﬁls-fc t PSS MFIEIIEASE I wherein
t hat ackiry phxymosomdméﬁmh@t gftemfeana'hlggzgmgs whigh exsmpe pait ofithe entral '

di hydr oxyacew@omﬁ%ﬂhﬁé &1 and usuaiiiie b efasfc%raQ ho@oxagemEamA G3P) .
Further, it is contenplated that any gene ncoding the amno acid

sequence of @mesyless @glﬁmg?ts SE’@ elﬁu . q% fepgcatmg Sequenees, geNORfd 12
correspoBdi n (jnﬂegatxhgsegpmS @he¥e or@%otlﬁﬁauexﬁ% Bnead opBircuddrdof a t he

[err] subunlt r ' be f unct i naI Jdn .t pr esent

i nvention gie' B%&Fﬁ%}%‘g%o %Ngc geerdvegrﬁrog’?fg EWED%%‘E}‘ 4nino acid
substituti onsxumber of nugtdotidé saquenses ha}mbtecmmnedmrecdmbmd intb mamiquee f uncti:on
of the enzyng nsfrSH Whidhds %able%?fr%ﬁu%%%p%ﬁtﬁ%&hﬁnfﬁﬁf nes encodi ng

G3PDH i sol ate ot her sources I sul t or use in the

present i nveﬁ?ﬂ‘!ﬁ‘? @ Selectpg pepe P@‘é‘?’rﬁéalpg%méﬂpmpnate $ r‘B’Fﬁaﬁﬁl #kdr yot es
i ncl ude GsnBasfuencertca oelb “WBABRIMalBDOISettel DFAS 10 2 spec1ﬁclﬂka5f57 L45246,

From fungi 1 AETGHTCA st nd SRORE Yool n eigo s freih Bone G 1

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.
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- 20  X56162; genes isolated frominsects include GenBank accessi ons X61223

and - wabddsdy and genes isolated from mammal i an sour ceBCTUSHUWRIICenBank
accessions Ul2424, M5558 and X78593. - Genes encodi ng &GP
phosphat ase are known. For exanple, GPP2 has been isolated from™

Saccharonyces cer Gheras “&amlsfmtxbh’eadmsensfeqwanc&exgb\tmdqmsﬁﬁm of SEQ I D

NG 5, which encodes .t he uen 3

(Norbeck ot 3% Eepesgpdyeelt FrEGEOmRERIRIs e ahy Toibchulrea b
pur poses of hey berintegrated; 1nmmhrom¢sonah§>Ng°emen‘emd¢ ayexiradgpmosomal

phosphat ase %@mcxelﬁgvsegﬁeﬁcug Uil tﬁnﬁ Sirarld hﬂr’tréfersrz@m%nmkﬁfgrﬁ&ﬂ gt
activity is catalyzing the conversion of

gl ycerol - 3. p%ﬁﬁﬁ?@% glycerol. Further, 30 any gene encoding the am no

aci d sequence of G3P t@hmg@haioaﬁya altéred)i réfes 1)the process SEQaJnEln%KHSreﬂﬁa@n d 14

correspondi ng to. ne P2 and CGPPlI respectively, wi ||
functi onal %’ﬁt‘ff@tlg ebe "mll 4ORe | udi ng any amino acid sequence t hat
enconpasses ®ReE ati: b path u’ pns, del etions or addit | ons that do not

alter the Ig}gm h heeskilled person
w |l appreciate that tc\bs Bg‘ééﬁega‘grf?%e@?mg ucé‘c[‘ﬁ;yt ase |sol ated from
ot her sodfc e@rgmsrnSahyStbe panipylatign pgthe glycemﬂ éwsm@ucmaﬂweygp@yblmmmve ntion.

Ff)r exalrml e, nib®o TOpichi, iaQArkdh s%étﬁﬁéfs%t:lrl] luccise%dbhﬁ?ériﬁaﬂbe to yi lel d
cero re of e ener a or
IoLeeive oo oSl °Spg‘Pﬁ?é1‘*}hheé‘°EW6§°dH Srgtenta SEATP Ol ohacphar?

MLO159, M2966®mdrﬂ255ﬁlwes 4B 360& siomef gluguseSgthasphat 1 ﬁﬁcﬁsd—63 2) [ GenBank

8 _
BCT/ Uso7) 20a8a65phat and ﬂﬁé’fﬂ Fyetops dOgtphqspiate through e ackion of <~
gl ycer ol 13- pécrhesphofimstokmass . Thexliphosphate is thentaken i ZdBUstyacetane8813x 11] | -

gl ucose- 1- ph BpRERID v@aﬂld@la@)l’mall NADEe#RRdentB3BOH converts 5

I 6- ph
Pruct ose- 1%%&%@% o WG lf%a B eiesdn gsPo BB 207 or 5
phosphot i dyl C@Pypimsphqwsesphgm'wam%@hddxa%c@m Bngrg R 12TM4) [ GenBank M23546 -

and- M23628] . A ternate pathwayvs f6F 04lidagn 9! ycerol kinase are known. For
exanpl e, GUT %{! ki nase from Saccharorryces has
been i soP8t ed andARealirenative pathwey for glycerol peadugion fram $YAP s beenGenet .

24:21) and t kegdesred (VaaY en4ls (1994YiVBuer.1Y657091-783p lﬁhmrspoMFsmwycodes

th d t
R I N
degr adat i on eiveglipydroxgracetonam avhichecoutd-tbers beeeducedytorglyaeiol bpa diblydeoxyye functi on -

in the aéé’tBﬁé‘x%ﬁh&aé&f Iﬁh&’d%@iﬁkcto&é’ﬁ&ﬁ&&ée@&kﬁ%ﬁrp% aryRonahat e to

gl ycerol _under grlate reactlon energy condi t1ons. Evidence

exists @ gr?y@éwepcffﬂrmfp% g,9nd cloninggnd SXpressiQEr ofisugh 35 EIES Under
anaerobi c or tdigéﬂlwm&ﬂaﬁrhppfd@hbﬂetpﬁdsﬁﬁﬂﬁﬂ ¢dubdad to 1ycerJ rpx‘&ﬁi&ﬁ&@”a RBSCGIT )
gives rise t ce n .C e
reaction occ%r‘g’ﬂ{ﬁa{tﬁgatb‘feyp@E%WEgl %me%‘% ﬁ&ﬁﬁbﬁh‘@a‘ﬁg J '
Bi ol . Chem, SQ@’S@Q(EE&&BSG@”),Expeﬂmeﬂ*dd\tfyaaéiglvsl%%l 1995) Intthw t abl e host
‘ESLBSH o1, ¢ nuEARI AR sBhRG @3B YREE Bhod ek F e commg@Pr 951 o1 o
W11 e B0 EFOBRRFRE RS PRSP omstass pDBEa ey o> BhosphEe 1

Pr eferred hoslbphrsbhm*ylﬂddto@Wc&ﬂﬁl&hydh@%ﬁ!huatheymtﬁb)azﬂt‘:blfoﬂ| ament ous fungi
typically on_of cerol c Citrobacter,
Ent er obact er dewggﬁg { %%‘%%1&?2?%%3{ %eré,& dﬁ@?’%ﬁ%&a%era&iﬁﬁ%‘t %cil | us,
Aspergillus, cs;mtgmdmwmson of the ph@phatasesand clehydrogenass, achy@iesﬁ'onharorryces,
Pichia, Kl uyy& Wﬁg%d@;}%g@ lead toﬁyc@ﬁﬁﬁ?&lﬁ %’rﬁ Debar yonyces, Micor,

Tor ul opsi g NEt hyl obacter, Escheri ¢ nonel | a, Bacill us,
Strepto es LgRES enceaug i all and @8R phosphatase he present I nvention are
E. coli and SaCChaTmlptéseﬁtm\?&tmnyﬁﬁﬁdbﬁgemduﬂabM B3 Hlexpressioebf €S

The present At bofioBh Bhbgifsiad AV 1o hof 861 07 s and transformation and
Genes encoding G3PDH are known. For example, GPD1 has been
isolated from Saccharomyces and has the base sequence given by SEQ ID NO:1,
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expression cassettes suitable for the cloning, transformation and

expr essi on of G3PDH and G3P phosphatase into a sui t%ﬁﬂggﬁhggel .
Suit abl e YEPB1¥Owi 11 be t hose which are conpatible 'w he

bact eri um enpl oyed Sui tabl e vectors can be 35 derived, for exarrpl e;- from

- a bacteria, a v such as bacter|0 ha rived
phage), a co ﬁ? th%@ggqo %d seqpencqgive Pﬂfgggégpg\]@gr%gﬂﬁ borypr é’ﬁd usi ng
such vectors Smndaxiky;d.‘vﬂ?nm atthvitychas als¢ beendsdlatédSirodarSvodhaeomedes endddedcul ar

doning: A (}Sgl%}’lﬁf%{ﬁﬁ%&ﬁ%a%ce gf“/%y‘b él?)l\%) eﬁ&}a'rfk tﬁgt:ﬂnﬂﬂ) Har bor

Labor at ory: SqE
9 WO 9&cirisgquence glven in SEQ ID NO: 3 (Erxksson et al., (1995) Mol. Microbiol.,
PCT/ US97/ 30293.95). Typically, the vector or cassette contains

sequences di rectl transcriptjion and transl ati daPI] t he appropriate
gene, a sel ect abl Frﬁ’rel&‘?p°s§£?f]‘g%ﬂﬁﬁ%‘?%ﬁ’é’em°n it ‘%PP‘SWPE?‘& i ﬁﬁgé
replicati on @ncadimg)mpslgquude rdspositile for G3BWH adivity vexitabls wherein thaonpr i se a
regi on 5' | ¥ lgpgl Lt ontrols 5
and a region %&ﬁggﬁt% ﬁ%%g%‘?‘ vé] 0(r?ont r W?%lﬁ&snc}%&a%al

term nation. (DHAP)to gl}ﬁcsrotréslbomhétee(ﬁﬁ&l Em@:nr liids porsemnplaist thaégn}ogsnear e
derived fHomgentse 9 11?(9531'§se uence o?@BPb?I isrg?vrbifwgﬁgllﬁms 484 lg. Such

control regi ons nee be d rom.th 8T2es nativé to the
speci fic spedleb %‘%%?P%P%dﬁ?gd&&qge&% §BR1, GPD2, GUT, gpsA, glgDs and i on
control regi ahsa s@lsuxﬁxrmgmms,resp&t@hlyawm bEﬁlilbﬂiontaDmdhdz presebf invetig €ssi on of

t he G3PDH and hat a are
nunmer ous and Wha g?l ar g’?‘ﬂ% fseﬂ&ﬂ;%?rdeg eﬁp ga%ﬂrssiﬁﬁ ﬁt“fnﬁh pronoter .
capabl e delstiony pnaddigions b deynetadtet tiae ﬁmctlalbo%theemzyme lihe@lséhd i nventi or ™

i ncl udi ng sbutpeRgh will apprcl:xh@tﬁﬁ%eﬁé@ e@@n&@ﬁg H i€$athdd frlobibr s&@ligs: PGK
PHO5, GAPDH, "Al nd TPl (usef.ul

expression it H‘&rsb‘ﬁ%% usq_gx%e Prssent mySRfQn: F%’BF"%?’&Q‘FSO‘H" ptg P| chi a):
and | ac, trp,frdneprokBfyetesjinchiderGdnBaak adcessiohs Mm93md09389m6231 (useful for

expr essi on | RyBscql iohae 145323, 145324, L3554 T{?’h'l?ﬂ 108k, errg@@hé’i‘s may al so

be derived fromvari ous ‘genés na oSt s.

Optional |y, &enes isplatad foom fings inehude KienBankearsessiony | 30625 U3adifeansy , it is
rms'; p{ ef2er r exsd1b2; Eﬁﬁ@%ted%ﬂ)m insects includ& %n%ﬁc%&és?ﬁ@nﬁngmsdnﬁgl of : Lhe "
i nstant enzy encodi nmes a | operabl y throug
initiation cgggﬂg dsgﬁpﬁsd?@% é%ﬁ%’?@‘?’ﬂﬁﬁm °m°°EBﬁf"}d8Id1eP§ ns such that

expressi on r escdssions U12484, MASHH] athﬂJSS%he appropriate messenger RNA.

nggng{ ggtel (2)2 ° f(%érl'IlI tﬁﬁekI ggﬁ a%QFl%cer% ?Er&%ﬁﬂi @ﬁ)z%ﬁce suitabl e

cassettes ar é’eé%}?@’faﬁﬁlcff‘éﬂ aerky "@FM%@@%Y’-%’@F andas therbase sequence gileapyi at e host
cells. Imsro IDMN®E, Whieh eacoded the aﬁma@imsqueﬁcbgwgﬁmgmwmg ' :

G3PDH and/ or osph may be acconplished by
known proced Qébeggﬁhﬁazf%§?r)r&WZf‘&fFﬁ'H&(}ipgg)g usi ng

cal ci um per neabi | |Fme¢he3ﬁ1rposeebﬂthepmlsmﬂmpmraam}og:ne@ncdﬁynga @BBf ecti on using
a reconbi nant g%nig In
the present i rlll\%ﬁﬁl o%hm r suétag% %?gge%e@&vgéﬁgg‘%}%mtyansform

the E. coli 5Bde pfcatalyzing the cauesssipmekglyserelrsphospimteto alyroprabDE uether.
EXAMPLES.3035 anyfef éncdihg @ nifo atidstqidhesof G3P phos hatase af EVBEDBy at i on nedi a

in the prese cont ain suitabl e substrat es.
Sui £ 61 b subBQSRORTS At M e b e ks SPEDRI OPP 1 resBEBREM T tiog
such as glucoxd bsrfdncftmelt ipgle, presentjipyensivhdndlating snycdmiag atid se@secothas ucr ose,
ﬁﬁ' ysace ggr | 428 oRpstestininb 84i8 Buldtinfioht, WeREEnYr MBUNbAY Bt AJ}% aRdr 0d

P function of the G3P phosphatase enzyme. The skilled person will appreciate that

35  genes encoding G3P phosphatase isolated from other sources will also be suitable

for use in the present invention. For example, the dephosphorylation of glycerol-
3-phosphate to yield glycerol may be achieved with one or more of the following
general or specific phosphatases: alkaline phosphatase (EC 3.1.3.1) [GenBank
M19159, M29663, U02550 or M33965]; acid phosphatase (EC 3.1.3.2) [GenBank
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WD 98/21340

PCT/-US97 h2 84831340 m xtures fromrenewabl e feedstocks BoTAssm20edeese
whey perneate, cornsteep | i quor, sugar beet nol asses, and barl ey
malt. Additionally, the carbon substrate may al so be one-carbon™

e O b ok SR or iRk b E e Shor g B0 AP A5, "t ed- S

st i il s
IO o sl o ol i
e G S
£ e S B
ri buloose-pS-pI‘Fég'Ekgqlgy’t rf’oéierﬁeg’%ﬁ@raﬂgﬁles% Eat ait 14 lsb%lg%'h'é’g fructose and 15
event ual 119 t IREQ D NO:6awhish epeasigs the amjnoy acid sdquenog@ived-ip BECHHUNS:11.i kewi se,

‘h D ' _ : th
€ S€ r’l’l%eskﬂ%%n Il 'aﬁ%:{e%ﬁlésthét "ﬁtthrggﬁay%%&&{luﬁé%%%lﬂéeé fiko the

gl ycol ytic pathway . via, enet e Fof ol at e. ..
addition to dleeradation oielyesreldn nayks thespws ,e%wﬂbhe&bgqﬁocfuw@aﬁn%
are al so knovgynihesisbf blyéeroR convebitig gljcepdlFBsphosplidton-glpdtieliundaghe ompounds

such as 20 net hyvl am ne, _alucosam.ne ard.a vari et L No aclkds for
ot abor i o actiPgiaE Teatton Shu9 A" R ot tor Blyo B BRORERGH 10T
utilize tle chraugh afglyperol kinase. nigndey kpaerohic onrespination-irdhbitedsonditiogs,y cer ol

(Bellion et ; cLs : ; . .1, 7th,
415-32. Edit %@W%% b 'é,’Me?éI? ps résgtﬂéqr?}%e oL the ﬁles&‘EEngg%y ‘%m SpEdP
I ntercept, AndBVelheggeretiompegursinithe glycaspmg sompartiperd (Hpmmond, @882 da wi | |

met abol i ze al aBigleChém.0D60: L5606 b66HUI ter et al . (1990), Arch.

M crobiol ., %3% 5%1'; 485-9). Hence, the source of carbon utilized in the

pr esent i on may enconpass a w de variety of carbon-containing
substrat € and wi | $uitable hosteelly forgh¢ fegdmbigadtyprodvstiomof glgcerdl yrthani sm

Al though al | &brdsliBn 8PEYPDIPRId GAPPhAPERAR iyt lchifi:RoBiforld ol Ur es 30

thereof are suitabl.e in the present, ihventiQi, preferred carbon substrates
are nm Eﬂ‘éﬁﬁ"g‘é@?b%ﬁwga’éléfﬁﬁﬁhed’é%t{‘h%&??@éﬁséﬁ&?YW“@?'ngI e- car bon
substrat es orPreferred hokpeells edll béthosobactekfal reagts,ahed filetemoes fangaypsicalych as :

gl ucose, fruc ro . I e, A ose I nal e carbon
substrates s u\%s%ﬁligorﬁggﬁgﬁg?tmgno&' g(%%%&%‘?& as d‘zgééag%rd%?}gr g ?tg’br eferred as a
car bon s@$st r Glostridiung| Klebsiella, d8robacter, LactobaaillissddinergiHus, Sacshazgmyaspyr i at e

carbon sour cegppi Rk ' i . e B neral s,
salts, oof aCtSCrh];sz,%E' %ﬁgfﬁhﬁsﬁdﬁﬁmyﬂs, Pichtd) Kidv a%?k&.@@aﬁdﬂhh

conponents, = known ... those
skilled in thdansep BV S MR ﬁ&d‘(et{@ﬁ@gff%ﬁrt Ef@gng{ﬁ& pronot i on

substrates sygsy7ag, GeIARONUAZEHS! &%20966]9@1&5@6103-E$&bh%eq¥!:c 3.1.3.-ynetabol i c

In

of the Srimynadid, Bapiiuk)\Sergproeyessad \Psélomghys referrpd orchive ppresent WO
98/ 21340 . . .

PCT/ US97/ 2029‘é3vemmmI ﬁotﬂlfaéidggﬁccf’la{?nc%cgs' ‘ Typically cells are
grown at ¥0 [¥eg ana cxpieysiiy gagieiehedi a. Preferred grow h medi a are

comon commerci al | vheg%eﬁb%t Bfefted froFidedh AiietydfivactBay dndtanbfoBhation andbr Ot h,

Sabour aud Dextrose. broth,..or Yeast .nedi Y brqqth. Qther,. 5
Sat ned-or eyiERstioh S rkiS Tor e nils, SRR AR REreS B 1 at o

nedi um ~ GBPDHramdtGBTophospientqsa fito ashizablehast cxdl duitablevettots wigl benown by
ise of agent siproenhare compatfle FGE AR pAbich L LRI HAGRELERT. TTE
i ndi rect 135, edegived.fpr exampdeldveas k hacteria, 3 virnp(sach as bacterigphagsdtas a Medd al so be
I ncorporat ed depved phisge) @sosinid) a'YRaSt 3r a Plafit. | Bblokols Ft@bififing hnd using
such vectors are known to those in the art (Sambrook et al., Molecular Cloning: A
Laboratory Manual - volumes 1, 2, 3 (Cold Spring Harbor Laboratory: Cold

Spring Harbor, NY, 1989)).




10 agents known to nodul ate enzymatic activities (e.qg., sul fites,

bi sul fit ' al kalis) that |ead to enhancenent ofP(glny@Q[z@jg_q,
producti on nay Be used in conjunction with or as an alternative to
geneti c mani pul ati ons. Sui tabl e pH ranges for the fernentation

are between pH 5. Q?ré] QaIBHF% \gctgr or casyg?t@ ggnt%? St{q@lgx%s ereoQilﬁ’g Qragsctrfﬁtlgﬁ" 8.0 1is

preferred for the con eact| ons may _
per f or med unéid transiasion of e aﬁPF&EF%?Blgénf‘eéﬁéF?t?%ﬁg‘%éraéd sequ‘m"eénaerobl c or

m croaer obi cali®widp hieAsmatsreplication bechromosomal irlegitionl Galthlsle vediolrs
purification hos

P t VA
expr essi on oforf‘%se&%glgflg G3PEH] aitgasﬁg?fﬁgglbﬁ%wés%l gxgtéatl%n cS t%?%éas ured by
enzyne assayasnd ©8RDiH Xof theiDyA ﬁsgmyn‘(r\v)hmb sontrolst trraseripionaldermigationpdbper t i es
of the cos :jv%trﬁ&rt 2{, el Whdn bot Gonioffe gfo(ﬁg RS RHOM £GmGe g’eﬁesl?ronwa has

intrinsic VIS absorption and Its consunption can Tonitored: spect r o-
phot omet ri catd the sensfgunadrhostazh. Suel WMO&E%I%PF%Q%%QWY?@ fremather ed by any

net hod of neg&ib%ha@vétbehesgfeélﬁa@p&m@fws@ha&apiddb@t&@imtI n the reaction. The
et

nost commn% L{ ect.l on net hog dﬁlsﬂ t he V:S‘ﬁ bl.e spectroscopic
det er i nati on of Jdtation CBPE%( TEEIPTS QRPLOMSLTH YRR A5 AHB¥E um conpl ex.

| dent i fi bt i expressibnreftie/@3BDH fand IG3Pephobphatase genes in the d€dingd dostlceliege be -
(et 1 eq 2nenBlA0khd fithido ok abiLd S APAE Svich romote BEGR 09" aPhY

(HPLC) and gas c nass spectroscop anal yses on
the cell-freef @rxmaéhege gme%fsesmtdde f@t@menb@vvmwml ing butmsht ati on 30

nedi a are anghiegth OYANHIRIGAL IC TAL ) ADH 2GRS PEYS) GARH D& Dbi | e

e o or TREY; DRt oo T i B Shakan SRS known <

in the ai§. MXB@meﬁulﬁnegﬂ:ryssmmh Richia)y endolat,arpn 2By fAPOTC etht, anddica by .
subj ecting ure to the follow ng sequence of steps: ;
filtration; uStefélrlrfé} néfe@ﬁ&d@?%?f)ﬁ gani ¢ solvent extraction; and fractional
distillation (U. STerainatinn qegtrobregigns way piso be deriveddrase yarions genesmates or mant s

by conpl ementgihk referred hosts. opnonm,hh&nmmaﬁ@i@emﬁ Be fmntiteéssaipal gpsA- encoded
&3PDH, E. coli cel I§ 0 synthesize G3P, a condition which

leads to a bPB¥RVFH waﬁgmedlpmchﬁé'ynt hesis. Cells with such a bl ock
are auxo20ophi c, Feneffactimgexpressioniof Herinstant enzymes, DNA encoding the
12 V\D&ﬂﬂeﬁ%&lnkd I h mitiation codons to selected i
PCT/ US97/ 20265 inked operaply throygh injliation codons to selected expression  wdia for
synt hesi s of CoRIFR)Fegigns such h@@ﬁsapp&sags ' the formation of | th%anﬂr

het er ol ogousmisﬁgénmeAgpsA gene is able to conplement the chr omosonal -

gpsA nutati oR L t Q X (Wang,
et al. (1994) » : 9 ' &ti on

strat egy25 gr &a fgivsemol ve cells on gl ucose would only occur . if -
t hey possesweau%ms@nemeé ﬂ&é&m%&%@&ﬁﬁﬁkﬁct' on based on

synt hesi s of m_DHA whi ch” I ose .t he reconbi ngnt gpsA
pl asnid duri HBPTEE‘[@E%@“ cells. Inﬁﬁﬁfgicﬂoq‘ ‘i?‘ef’ﬁss‘%%ﬁ"ﬁ@é‘}“i% POSHFCREPE growt h

woul d subseq@G3PDH atatfor GIP phdsplthtast nto tﬂaie)sccummmcmplﬁhed)byactl vity can

be expressed &% %jgi genes
expressin Cﬁﬂ%‘gpﬁﬁﬂﬁ&\i}???ﬂgﬁ(@%@y ugﬂ%nan&ﬁazg S&gl cg{z&%ﬁ)g ?Egl pD, and
gl pABC. 3Ifhes éeldﬁanlemomtwmmrrwwnﬁfeau@}pmmmembm@m phage vims coli strain
such as BB20 (§{h@BaR e, {lpraf 1974), J. Bact., 118:598), alleviating

the need to useatlblotl sel ecti { rohibitive ost |

| ar ge-5cal e 15 g?ﬂ%?rﬂ’%*?‘dﬂ‘éenu‘m&l d DA ﬁ%\ é‘?“é?@’&res‘st‘gf%Ws@m‘ be used
for expressidmﬂru&lzmmhsﬁnﬂyldascnbedmtheﬁIMAIaWM{@DSanﬂs of S.
cerevisiae ( pget al. (1993), Mol. Mcrobiol., 10:1101-1111).
These osgl nutant's are unable to grow at | ow water potential and show
a decreas®d Mgdizand Carben Substrates| producti on and reduced G3PDH activity. 20

The osgl salt s en%&ﬁéﬂtéﬁbncﬂﬁéd%ﬁx tﬁ@ﬁre?&l’t ﬁ%ﬂhcﬁlrmﬁﬁt 86hthin sﬁxtéﬂl@&ﬁﬂor@nd

expr essed EI gtjaebne hus i’;\t()il L synt hesi ze ce oI can be

used sinmul t aﬁ\él?ﬁf@'f? uitable substrates may include not limited to monosa c .
such as giucose and fructose, oligosaccharides such as lactose or sucrose,

polysaccharides such as starch or cellulose or mixtures thereof and unpurified
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as a selection marker for the desired glycerol -producing cells.
EXAMPLES '‘wo 9821386 NERAL METHODS 25 Procedur es for pCT/US97/20293
phosphoryl ations, ligations, and transformations are well known in
the art. Techniques suitable for use in the foll ow ng exanples nay be ™
found in Santkhﬁ@d&e@froﬁl' mnew&n@ﬁads@dck%wnia@gheeee Whbpperheat, dMutedp, Second

Edi ti on, rin or Labor Materi al s
and met hods ) ‘{% garflg, @Ssﬁﬁrlaﬁ ﬁ% Crgal ngdéj‘g‘%&%( g}ecﬁ?on SB%EF?H al
cul tures are mey hls&beone- carbd)mmbaﬂrates stiek hncaybesdiexide,aisimetliano] fos svhich t he

Bct o of ogy o RhiFis MlLe) lfip el e S ARt 1 o

Eugene W SNester, WCFHOL:PIO@CUOH,@OWQQR CRIPOR SpUrces(E &g » Bri ggs
Phillips, edsﬁormﬁ'ﬁ@ﬁ dedR forafated hifs 15&5 reported ifMneth9RIn@bRIS e DC.
(Thoms D | Brck ‘f@ ot Chem aSRey S ﬁ@aaﬁ in actre'rl%'&%ﬁﬂ%t%%og&o' f’ﬁz
Sunder | and, MAP85)\Biocheraiyept23: 431!46-41&5)3 rThebsongamising can dshlmlt;tmﬁg_‘]e and
(M Twaukoe. VP ootseigtaf Sighha i LRiRRNPLAE frok) RUeh g G SR, By e

MD), or Sifymeprotese gyderato Fpa psthway of casbansassimijation Faske thravghwibslese peci f i ed.
13 VO 9 gép'%gphate, through senne or through xylulose—monophosphate (Gottsc,

PCT/ US97/ 2029 ani reV| ati.ons i ol | ows:
"h" neans hol.lé§-3$l'ﬁlM&—§bi’-l1—-m Se°° top; gﬂﬂ@@%‘%" a%éﬂﬂwﬂéﬁlﬁg 3@30%85) "d"
rreans day(s) , ributbse memophosphate pathiwalyiihvdiwdsshe conderaddtsof fotradts with Cel |

strains S sibuass--pBRLEL ARG ESENSLLENN BobhehiAla e o Used for

transformati r'eéssi on os Rat ase. Strains=< -

wer e obt ainedevientwally the three carbgn proguet, giamhd@h}gﬁtﬁckh@hﬁ@r MWtSft,dht Life

Technol ogi es, seHak PRBGHAD 4SSmilAEY th -carb MQ%\&G%@%@ g1 a2 7t adl
701 rell pit- sfo sbo'[1 |-|;rgpo?|v§f3ef%r ° ncrBl) (Anderson et ‘al. 5321970)

J. Gen. M crobP&e BB20 (tonA22 [err]phoAsfadL701 rel Al
gl pR2 gl pD3 pit- lolrggdﬂﬂﬁﬁue pod dndlidfe)carbon subsh@tes raethylatrophic ofgaaisms 118: 598) .

15 DH5[ err r

[err] (] aE:ZYA]- mégﬁS'ﬁnSQﬂ@&% Wgﬁgczfrec%ﬁoﬁl%hétjéj f‘%ﬂ %g%%%cgﬁs et al.
(1989), NI .mg h@umglucosatmne and;a of amino acids frsmarfbobaeetoito! G ycerol
20 ﬂrnﬁ}%xﬁﬂxﬂléeﬁﬁe tﬂ)fphﬂ:| gl afe l&ﬁv&'t&ﬁﬁﬁé& th¥RgrboPRbimor ed by HPLC

o G2 e B S U 500 Mirehidigiaphy. one

sui t abl e et hGA Cisbind, {ial Symfe], Bths415-32. EMlor(sealaReIl POBliky Heli) USi ng IV
210 a
S 2011 cglnumﬁlnege? s nteRAIPE ARad UK. Similaly HkiBls PR B SIOASX

quirpped with a
Shodex SH101&engidewdl mbehzqmnm qmyamdéﬁﬁ@r gt alr@990), drch. Egnt rol | ed at
805[ rerrL ;] C, uwwo&oﬂlpﬂt(ﬁtﬁmrd)sqeﬁéé }heas‘éuféelafhﬁb&hﬁtﬁ&eélin fhepkeduhtr at e OI .
m n. en guantitative analysis wa | es. wer ecte
ont o R SR S S R S R R
equi pped onlwbeﬂmatesrbgdhw}féhbembmnpnecol um (6 mm x 50 mm),
temper at ur o- cont 1 okt e pe AL SlhiGhedaiRA othibnclafd gpdRl ] @

nobi | e phase at a ate o Itative

anal ysi s ths exsof ag suilahie indhe present Frveptioms areffrrad ‘afh@ﬁéﬁkﬁt@%@m of

trinethyl acet man@sabalaﬁae@ah@ghwhaﬂ&es§ cﬂ?éiaﬂﬁnda'sy &hgﬁldabbontshsstfaﬁrs@m i on

ti mes of g %gﬁro f(ﬂ glet ct Fely and 9 JUeose g fruFtECt'on wer e

17.03 nin andmi I’? oI pre €1red are sugars s ch as glucose ctose, sucCros
maltose, lactose and single carbon substrates such as methanol and carbon

dioxide. Most preferred as a carbon substrate is glucose.

35 In addition to an appropriate carbon source, fermentation media must
contain suitable minerals, salts, cofactors, buffers and other components, known to
those skilled in the art, suitable for the growth of the cultures and promotion of the

" enzymatic pathway necessary.for glycerol production.
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respectively. 35 ' G ycerol was al so anal yzed by GO MB. Gas
chromat ogr aphy wit h.nmass spectronmetry detection for gRgueHRsdst ation
of ¢l yceggsgﬁéﬁs\l\%one using a DB-WAX colum (30 m 0.32 mm|.D., 0.25
umfilmthickness, J & WScientific, Fol som CA), at the follow-ng
conditions: eel@nditRkit, 1: 15, sanple vol une: 1 uL tenperature

PR AR AR F R e R e G R e S
|\P/BC_SI_ /S US97/ 20-2 media are comxélon commercially prepared medl?: such as Lida Bertani () 98/ 2 1540
tro t er nando
CA), quantit gf ﬂlf ag?ﬁaﬁfﬁ osnﬁgb?/br%g” 8‘1?%%“ mggm %r%gls ?‘ﬂﬁ i ons for
gl ycerol énd dgﬁl}edex@}'ntuﬁ}c gmwth wedid saajso be usedzand dugarpronsiate med
gl ycerol. ﬂl«ﬂ%f éﬂ&& :ﬁﬁr&Pgahﬁhﬁmﬁle @b%d%fdﬂ.e skilled m“&éaﬁ for-
3- ph sphat as e

gl ycerol - say or enzyne Ivity was
per formed by® H’(%‘HB@P 08y of F@rne&?v%%cmce Thwsp F'?? E‘F’Fa

substrate incaabilie ilapréssxeh divestlyestdndiRg g g/ royblid idéhosme 2":3'-mphb6. 5. The

bstrat - I I
e T R draR e e
buffer 10 a $as k:watﬁosnd’dulaste enzybatiohetiviiss (e. 4 Silfites, Gisulfi@s, k) ; and
substrate (2911631\1@ -thatlleaio eﬁﬁbﬁncérﬁ%ﬁ'of BIyeLSI 15}0&&359 a?%’%@dhwas | ow and no

vi si bl e precipitatyon occur e sanpl e was
conveni ent | y CORYBSHOY Wikh o1As aé@%‘?‘@'é““ﬂﬂ%“‘ﬁﬁﬂﬁtﬁiﬂatmns i nvol ved i ncubati ng

an enzyme sanple Bﬁlt%l@ﬁ@&hﬁg%sfﬁdheﬁﬁﬁémﬁ&%@&ﬁ%n H 5.0 t5pppg.0ate (50

[err]L, 200 uf f The final_.
phosphat ase %ﬁﬁfgem %é]@tow kél]ﬁg&ﬁg’ “ﬁté"’%arrpl e was 15 <
added tolfhe reactRle@cmormsmaurbe,petthmmdamﬁamembmortdneerobmsomdanmr\mm xed and

then the ting water bath at T = 37 5
[err]C for 5anaéf.éﬁingﬁx&@éﬁéﬂl@&&ﬂlﬁdﬁgﬁt@cﬂhéﬁ#w i e dependi ng on whet her the

phosphat ase a¢¥3H ; RE LN, O A RIOSRRAME from 2 to 0.02 WU nl.
The enzymatic rea%b%‘lel&&ﬁ'e fpresridiest the/proteins GIFDH asiGBP pRosphathseearaci d
and’di ot 11| cdadires by £ nlms?%x‘afé‘ﬂ%@%hvﬁas%yﬁab Bl | and
al | oned 20 devagictfes OAﬂtemostlhstrmerNAmi & theWWHAP bommrsmn tdéy-3thpAPH t he

absorbance Ofp,{ hig Wsm ti%ﬁqn&*its @(ﬁ@mﬂ]@h %ef’i‘n&ﬁ&a)’ed%%@c&é\”v S
spect rophot o ter nic ate rel eased was conpared
to a stggﬂtea}eal%ﬁy @é? pB af@%eoﬁcwl% HeasyIgE BY A% gani ¢

phosphat e s (r)] Imﬁthoﬂbﬂﬁeasﬂﬁhgﬁﬁe ifdrgamixciphpsshiase libegatéd mttwféaditdﬁx Wiikie findst nal
Lort Dol fot SR sed dete&? g U e S R T T o

Dehydrog@ﬁas@b(lmmdphos ombﬁbdatpymmomumcomplex The foI | owi ng procedure

was used as NRGkifcShnBRIdNEfVE igpod 30 published by Bell et al.
(1975), J. Biol. aem, 2507 7, %g%ﬂiél TEi s nmet hod. j nvol ved I ncubat i ng
an enzyme sanpl e i(HYSETRL ot bedidenifted ag ﬂ%"g‘gﬂd&fﬁ‘ W“QhﬁmﬁM

Di hydr oxyacetchromapdgrapityaHP L AP E2s mnﬂnﬁomm/mass@pélctMéﬁpNGElMS) pH 7.5
buf fer with %n?l&@gm; ’dx@c {rget é%ra}ft? of nQ:d 1% Hod Wherskhk ?{rﬁ%ﬁaﬂ?

spectrophotone BSor han es I xed
wavel engBf 35rledlwe3n@ymonm@nalu§ﬁ¢lmﬁc s c@lpmw@mgmnablmet@f

cont ai ni ng bu)f(f}eNs‘gﬂmamdmamseintaﬁefgsh@nenzyne was added to the cuvette, an
absor bance readin ate 50 uL 4 MM

t bstr
NADrt | absor bance. SRR P soroueny g etyperol fih RisBl) egher
det er m ne t hén oy rRoneRample czlycEnel cambeolsthined ﬂoxlne:ell media H}Odulb}maﬂg f or at

| east 3 mn. tﬂ-gt%aét?o%%gmﬁ'g PoslthE %IFOWIWu&ﬁQ oi"lste 0 ﬁi%t%#‘@ater removal;

15
35  organic solvent extraction; and fractional distillation (U.S. Patent No. 2,986,495).

Selectiqn of transformants by complementation
In the absence of a functional gps4-encoded G3PDH, E. coli cells are

unable to synthesize G3P, a condition which leads to a block in membrane

biosynthesis. Cells with such a block are auxotrophic, réquiring that either
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WD 98/ 21340 :

PCT/ USQ?/%‘%@; was then added and the absorbance chegggssatost i ne
was nonit 1r"’or at | east 3 mnto determine to deternmi ne the gross
rate. G3PDH activity was defined by subtracting the background rate
fromthe oro5Sell & Q3P be pRAATM He CERIFT BT ON AMRSTRANURENSTRUCTI N 5
C oni ng and pl’eSSI on o glycerol 3-phosphatase for i1 ncrease of glycerol
producti on i phasphelinids. The Saccharonyces cerevisiae chronosoneV

| anda cl one 6592 Acﬁ‘ﬁféﬂheterolo@ﬁﬁkwilcﬁ@ﬁe g53A00en# is dbkBtbIsinblenvas thebt ai ned from
ATCC. The gl yceral

-oh I db
cloning fro lgrﬂgxop%ﬁlégpfg ‘ﬁ)ut%fsdglﬂggggvetg&q ?’E B auagﬁw&)%% (ﬁé)m%?})gr ?ggr s Y
(SEQ | D N (Wang,tehal. (19945E8Badd NG:709)-708%)0 Basedaern thip @mmtﬁas Xbal site
at the 5° end, S?ro%ﬁﬁ'of ﬁ.vsA-défkétﬁre%gllsI&egﬁ%s?%uldT%‘?y g&?ﬁ S subcl oned

into pCR—Scrlp to generate
the plasm dsppsspesed @@lﬁﬁ@i enrgdesgzmd, allowingp el ﬁ%#ﬁ@?dmsﬂﬁﬂh?ﬁl ns the

GPP2 gene i nG3pgrdnd HHAN.CCENS @mt:mdseﬂuefreéonib'inam gﬁ.@!lﬁﬁﬁhﬁmuﬁhgme | ac

oot ol g R8s & rmihesize TAPBAED EraTith Worl ek ety beaRpibyEL

gener at el®l aThe domppleiientindh &3 PPHIAticiontami beexpiesseGnbPomde fiem gpsihbutcor r ect -
tat f : ; Ps{; t
Prientation LAY sEEPAEAGHY R dBRsAE BRI Ay TG R e T a0ren

from into? 2 to

create plas nﬁ?%GUEAEM) mﬁélp@ﬂqélﬂquebeﬂpmn@meﬁen égp-t’fladgfﬁ@iwepl asmi d.

Plasm ds for gt bsy; aws s&ms BBI0QCrétan RARL(19M)ES. BAk] 118: 598) alleviating DARL was
i sol ated by PCR cl. oni n using synthetic.

m si ae
by 1ot o ( SEOMECRETS 135 SpH PREGHRAHE e it Bohinie s epentle ' "0l o g+
pl aces ahs Nccﬁdmmnﬁaﬁom the 5° end of DARL where the ATG within Ncol is 25
the DARL initiator , : _ site is N
i nt roduced ,%F%% ér?l{g;{e%ﬁemﬁans exﬁﬂ:gsel?% na orCE°$WPm fragnents
wer e di gest eesmmegulm mutants ofS. B%{'Mlaaﬂeﬁfﬁﬁp@ﬁ'@@ (189D, Meb Migradigli.t es within

”[])i Rixgr essi @0:1pbA3M B, pﬂiese&%@l mutants r€QALIBR watwwmyotemaﬁ@ give
p

the 5 end oﬁhmﬁfecra?ﬁeg6apac'%2£$rosﬁ%%rqiemduwﬁ%ﬁ resb S RaRDB Bl g

synt het i 20 pr The osg1(BEGQenitiWE dfect can beoniplésheteddyNCe1adgd and&xpmsmdt ed into
the Ncol sit %&%ngﬁgl%w thé %ﬁ?to synth cefdl me.dus? AsnGRAR YIS the

new RBS and i'n the cor lentati or expreSS| on from
the trc prong$ape eﬁtwm@bg O(ﬁlﬁaiﬁﬁﬁéugéycerol—pmdpp@gas NJ). The

Ncol - BanH fragerrent from pDARLIA angxMPEESNd set 35 of Spel - RBS- Ncol

| i nker obtai Aflwﬁ,?. I% synthetic priners (SEQ I D NO 22 w th SEQ
| D NO 23) wa rSereea— he Spel -BanH site of pBC SK+

(Stratag2he, Madi Poscediies fm@homtmhaérgadommmanﬁmﬁnpﬁmmmpmmz

contains a c 3&%@?@@ RHC Qecﬂﬁaﬁékﬁlﬁbl%‘? ﬁse in the following examples may be

16
PCT/ US97/ 202§gdndln5amb@9ksﬂﬂ 5 SeepndpAR1T and

GPP2 Edmon E&maﬁﬁi Q&brsﬁq%bfa&ﬁyff’ﬁd’ss m@) and GPP2 were assenbl ed

fromthe ones des ri be bove using
standard nol ecul a&atenéfsarﬁ%g?ég@s %‘%8%?% %‘ﬁ?—ﬁeaﬁ Sa?grrent from
pAH 9 codPai r’ma«ptgnamgltu@s aiehysd Dersiwntin it ary "ﬁqcmq(lﬂBS)taﬂnﬂ)rm thene was

IpRSH irgt gg n![ 2;‘ TolR g e&e‘ﬁr&%é@ﬁ%ﬁ (bspfound iR afdal oTﬂfeﬂ%E lﬁgr Creilel FL Ba@t@ﬁ%}égﬁ f2r ?g‘
create pAH45. (Phi 1pp Gerhardt, R. G. E. Murray, RalplgN Costllow Eugene W. Nester, Willis

A. Wood, Noel R. Krieg and G. Briggs Phillips, eds), American Society for

Microbiology, Washington, DC. (1994) or in Biotechnology: A Textbook of

35 Industrial Microbiology (Thomas D. Brock, Second Edition (1989) Sinauer

Associates, Inc., Sunderland, MA). "All reagents and materials used for the growth

and maintenance of bacterial cells were obtained from Aldrich Chemicals

(Milwaukee, WI), DIFCO Laboratories (Detroit, MI), GIBCO/BRL (Gaithersburg,

MD), or Sigma Chemical Company (St. Louis, MO) unless otherwise specified.

__,L.'
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The ribosone binding site at the 5° end of GPP2 was nodifi ed as foll OWs.
A BanHl - RBS- Spel | inker, obtained by annealing synthetic A4k
GATCCAGGXR, @ﬂ%& SEQ I D NO 24) with CTAGICTGITTCCTG ( SEQ pl;éﬂﬁgﬁe
t he Xbal - Pstl fragment from pAH19 containing the GPP2 gene, was

inserted into the £ smd pAH48
cont ai ns the DARI ﬁgﬁréean Ofa cfgﬁa&}:flsﬁégd&la h%g%ﬁ% |Arl11 t he correct
orientation fxmanenpmas(s) sccf’nmsweond(@ pir”omedam) ‘fﬂLcQ@mS( Phar maci a, 15
Pi scat away, Nliters, “L” mbAQSiteps mati on of E. coli Al the

pl asm ds descri Eed here were transformed into E coli DH5[err] 'using
standard nol &clisigains; o ogy techni ques. The transformants were verified by

its SDNA RFLAHedbll®wing E8&herichia coli strains were used for transformation and EXAMPLE 1
PRODUCTI ON OF GLYCE RANSFORIVED

W TH G3PDH GERPEEsSIOn o ?’/ﬁ?g‘m‘l Ggg-ph‘”phatas% SHrains yere Ringd fiom B f o
anaer obi ¢ or FRepbiGepetir Stdcc Cemser arffrogh ylfeﬂ"whnzbglesﬁmﬂgrﬁurg;m).cel |'s
transfornmed with pDARLA. The nedia contained per liter 6.0 g

Na[ err] HP( er a, 1 nL
2006 NSO, 7H2,A([)Azoo3(g(-}r§1d9ﬂ[¢2ﬂ Jﬁﬁ‘@fm&m(}ew ﬁo‘f g: tr ég 8%*)‘% Los

t hi am ne lﬁydr”éﬁfﬁllM%fs%Ggﬂr’rélg‘]%)’J G&’l‘rﬂg’t%f‘fql‘?z ) Gowh Conditions 30
Strai n AA200 harboring pDARLA or the pTrc99A vector was grown in

aer obi ¢ condiBB2InGonAR258phoid 8 fidLITG 1l reld § ghiRi2redip D3 pi230 gpyptdlispoPb02R). f | asks at
37 C. At Aler Pk hi o-[err]-D-gal act osi de was added to a
final g%\%ngﬁ%}g%%oﬁagflggm)and |ncubat| on continued for 48 h. For
anaer obi ¢ _growt h ed cells were used to fill Fal con

#2054 t ubés \@Hé‘h(%lRee”éiéﬁSlé"eﬂ%@’dma?rﬁ&c@é’fﬁbﬂ{/s‘fﬂ]’;(édh’bﬂ/dﬂ?ﬁzfﬁron at 37 C fer-
48 h. G ycer rgPVosR) phisouckas(ls F-) (Wesicotkitabd(1089) VL&, acids Res.s of the

N025) to

cul ture super (r?zea# §$1 Strain pDARLA/ AA200 produced 0. 38 g/L gl ycerol
after 48 h u aer obi c conditions, and 0.48 g/L under aerobic
condi ti ons. 17 WO

08/ 21340 Identification of Glycerol

PCT/ US97/5H50293 The conversion of glucose to glycerol was momtored b
PRODUCTI ON OF, G_LYCEROL F [ WTH G3P

PHOSPHATASE se&piems pe ored Wileg standgrd techniques an%%ieﬁglﬁ .@gﬁ@ AOPBRI a was
used i n shakeofiskilisikshd art dfchpsrastogiaphyt. @ne suitable methodasized a Wayaeol by GPP2

i;pges Z Imorgn: 3\(%5& ﬁiﬂo I-H;iort? g;%@%’f\x dwgﬁ? gﬁxg'aﬂcﬁgl det%ctmfxpgﬁmlﬂeg %J:eie Am ;soy
(1 %, 210 . invecres ogscuShox SH- 101 GRlomrianixcibe; WetersMilford, MAR0S,
g | g(i Fse ]2305 mx_npis%’d Wi'dl@m}ibﬁex $19-1ol1p %&chﬁﬁh%nhn&@@'dnﬁ? ’ter%)g&ﬂﬁﬂéeﬁé% 2.5 ”g/'

eCl[ err ospha r
n. 0.2 MK] erWF@@%&S’P ?: 4 {’Jﬁlﬁ\gﬁlg@ %bqlf(?%‘%etrqiﬁglé’év nts for phoA
gcsi |qu m / i_ g ot Sinrdntin. Z%aﬂquaﬁuh{twe m]wﬂysmW%dag;red\/I[sﬁﬁplcs Wererinje@ed On®4 g;

err]* 4

Herr]BJ err ]a Sl&?dfgbﬁ {%gl\(/‘tg%( %I rﬁé‘ &%&@erb ﬁﬁfa% I\%ﬁgé%ﬂmeds ks
Experinents mMitha Shodex SH- TRkl Pspreeg gy X ﬂ’-lgﬁn)é tesmertErrentpied ajene) and

pPHOX2/ Di9[ ersg °C, usmg 0(C10MTH,80), amfoeug 19488 af dl6k0 rat 006,69/ Rid, pWhén nedi a;
50 ug/ L car beni in a 250 shake

t Bl
P sl b 55" PP s v B8 S R Sl P 805 o
(250 rpm shakringihylaetioacié as @ guenallstapdadu dypisally, the retentien timeeofti ned by

HPLC anal ysi sp10ferdINR1 Qbtelttng at PIGEER (RN detedORIAHPMTR 08 iih and 12.66 min,
respectively.
35 Glycerol was also analyzed by GC/MS. Gas chromatography with mass

"‘ﬁ

spectrometry detection for and quantitation of glycerol was done using a
DB-WAX column (30 m, 0.32 mm L.D., 0.25 um film thickness, J & W Scientific,
Folsorﬂ, CA), at the following conditions: injector: split, 1:15; sample volume:
1 uL; temperature profile: 150 °C intitial temperature with 30 sec hold, 40 °C/min
40 to 180 °C, 20 °C/min to 240 °C, hold for 2.5 min. Detection: EI Mass
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20 produced 0.2 g/L glycerol after 24 h.

EXAMPLE $vO 98/21346 Production of glycerol fRGRPE@OUM0se
usi ng reconbi nant E. coli containing both GPP2 and DARL
G owth for denonstration of increased glycerol production by E. coli 25

DHS[ er r | - conSpestiometyyHes gt Paskerds5 93 by $sini Remango £E AR quingitative SIM. usingce- f | ask
cultures ions(68" %&x&m&h&&@ ldneqwgi P41 4HE Eﬂj/cérohds)fana%r?h P4 Une) .

Cultures in mni cose S.are start by
i nocul ati on % 8W3BIFEIGH %ﬁg 3’E‘E§P1€1J )ovg?ral(:@g@aweé&? an {ptsrmrl skedsdot i ¢
sel ecti on. Assanglﬁz_eglol-Mt:mhafaee, giH ter-sterilized defined nedia, final

S 18 R e el A e 5

vitamn B 12 with arl oryindt PhesghBa balistrate Tn abis-HiscordviES Sod miaguasivi beffer,
conposition g 5\’9' ﬁﬁ?%n%u&%‘%él eMa&rE?ﬁ%rJl%ﬁo Qt@rcﬁ'l OCI gMgocm ar

Bact eri ol ogy T et rican
M cr obi ol ogy,P Sphate \ids Hinabe Qﬁﬁem@@{‘sl@ ﬂeagwnéh‘a?@éaﬁ#fask% %fre i ncubat ed

at 3|7 ([jerr] hM\Mxé}Q‘h%ﬁS@ﬁ;M Mit@kmgn:lﬁ an mm*mghgsm@‘ 9,*“5.".’2 gh theK ar g_
;?;’r}gesm flgr O%C P@R}/"Z‘Fmén ej?f{lplgf\?{agrlo %Rﬁno $isitie precxpﬁa SRk, | shove

18 WO @8id2figrch, the sample was conveniently assayed in the cuvette. This method

PCT/ US97/ 20293, ] th t 4
Production o vegel?%‘fbaPn%an%fnﬁggrggemacuvette t con aﬁ%@‘%hﬁw r econmbi nant

E. coli cont éP PR MES, IOmMMgCIERHr%? uffer; Thgstrates the
proguct i on gfﬁtrﬁl %Dt%sg(hﬁﬂag%lmm @il Tie enzﬁnemi%nﬂg&%h@ reMaaAHf8AH48
cont ai ni 0 an e 1N alp :
was consitsuc eated s e e BaELE FRREite of the cuysiigger Hyjed ppditen the

Pre- Cul t ure cuvette was placeBlifbp eircyjldting-iBentmtleat/ € 3¢ ACtfor b ¥20minethdi ng i nto a

ferment a“0“Iédﬁ%o#&ned%ﬂx@%ﬂ%e%%@ﬁ%?ﬁﬁ%e%&fm&ﬂfture gture are

i sted bel ow. d|a
KH er r ] PQ[ er simple ranged from 2 to 0.02 U/mL. The engnggicgeqction was quenched by Gitric

acid the addition of the acid molybdate ré?ag@nqbu mL). After the Fiske SubbaRow
*Srqr ]e rSr 'r_l ][reargrélxtceo 1 mL) and distilled water (1.5 1§wa 9 laﬁded \J.he solution was m1§%c$

anmoni um ci t raad ellowed to develop. After 10 mix, 30 glléw full color development, the

Cad [ err] - 2H8tdrbddce of the samples was read at 6%0 Qrsi%gQ/ ctary 219 UV/Vis Yeast
extract Trace netal s
5 0 ni/L 20 Spectrophotometery Jheamount of i morgamc phosphate released was compared 190, 0 g/ L

Car beni ci | | | ra standard curve that was prepared by usingld&oék #fBgknic phosphate solutibhe above

N or 1] 00 TR oAt ol afos Sty bl e iRl © 0 Pt

%
ric

wer e used acconetintrgtions ramging Gomd36ctolelG0panolasl. Citric acid,
monohydrat e - gpectrophotometric Assa %IOG]?‘/_':&OI 3-Phosphate Dehydrobdhatd @&53ppeffierr]o
3.0 g/L : o IVh‘SQ'er!! r].Herr 0.5 g/L
NaCl Activity 1.0 g/L

FeSO4. 7TH err] O  The following procedure was used as rodifigl bel@30 from a method

CoC12. 6HBHT ' 1 Qblished by Bell et al. (1975), J. Biol. Chem.25b:/55-8. This method involved
incubating an enzyme sample in a cuvette that contained 0.2 mM NADH; 2.0 mM
Dihydroxyacetone phosphate (DHAP), and enzyme in 0.1 M Tris/HCI, pH 7.5
buffer with 5 mM DTT,in a total volume of 1.0 mL at 30 °C. The
spectrophotometer was set to monitor absorbance changes at the fixed wavelength

35  of 340 nm. The instrument was blanked on a cuvette containing buffer only.

After the enzyme was added to the cuvette, an absorbance reading was taken. The
first sufastrate, NADH (50 uL 4 mM NADH,; absorbance should increase approx
1.25 AU), was added to determine the background rate. The rate should be
followed for at least 3 min. The second substrate, DHAP (50 uL 40 mM DHAP),

15



Cadl [err] - 1 g/L

ZnSq err]. 7H err ' 1 g/L 20253
cusq err W %9#4 Ef‘%] ¢ 10“ ol L PCT/US97/20
Al K(SO[err])[err].12Herr]0 10 ng/L 35 -

Herr]BJerr] . / .
Na[ er r ] MoQ erwa]s t!é?_r'[ eqdr jl 81d the absorbance change 0%58 ti \Jfas monitored for at least
Ni SO err] . 6H3mir to determine to determine the gross ratg.0GARIPH activity was defined by Na2 Se O3

ig ng/ L O 9sub’tractmg the %Eé@%lc?ﬂeeﬁéﬂl e gross rate. _ 10 no/L
PCT/ US97/ 202d5:A CONSTRUCEI(N AND STRAIN L RUEIIONSeed cul ture

i nocul at ed f rClgniad ahe bxgrbsstonagetycerol 3- b Kta e]féiV { lycesol
cryoprotectant),.tao 600_.nL .ITEdI umin a 2-L Erlenneyer flask. Cultures
vere grown atZSgE %% a shaker at 250 rpm for approxi mately 12 h

and then used to SBedactimrémyare perevisiae Bhrompsomedhlamdasiong6692 hGene  Vessel

1 5-L stirre n err]PCIerr]
6.3 g/l 10 B! &E&idﬁgﬂﬁ%smxu)%%%ed from ATCC. The glydskl

g/ L 3-phosphatg ghasphstase (FEPE)} gqngwas cloned by cloning from the lamda o g g / L
98% H[ er npSU cfdrie]as target DNA using synthetic primers (SB(%) D VOt With '

Ferric anmoni éetﬁ W@ﬁ’?) incorporating an BamHI RBY % sije at,ﬂee jeendanda Smal .o,

CaCl[err].2H
DF204 ant i f oasite at the 3' end. The product was subclonedlin® p@R-Script (Stratagene The above

conmponent s t The pH
was rai sed }tl\gﬂgd@&fw eS?fr? ﬁ“& eg%x’sag[e ex l%%%xﬁ??éﬁflf\é§1§ race net al s
sol ution (5 it Aéﬁg &q %ﬁ’?rgenrer%meﬂmcmowmqm okd st ock <
sol uti ongs expresﬁ)mﬁ@ﬁﬁhm psifieEr in'pUR-S& 76t SERd The Rimi-$inilicfragment -

after | nooul ATTBRAIS cgotaiting m@%%ﬁ%ﬁ'@%ﬁ%ﬁg@%ﬁgﬂé@&@ﬂ%mVS't fon *
The t enper at gegeratesplasoid palH18d Tae paél1Peontids SredGRRRgaein thewarreatt e was
controlled atoriflioh 4 dlplebdil FoRthe B BihfrerDAHK MLRPRIGS M@f& faatroll ed at
0.5 bar. ABII{:}') Qm%mm or é?ﬁ%set at 320@{)% Pﬁ,ﬁg%s a s used to
control pH atP gk G208 Vias dnpefteshimip Wﬁ@tﬁ? rate was
control | @b t pAHRhtBhepAH21/ DIESE 53ke lpressiot plasmid. Results The
results of t rﬁagn%ﬁgfor}ttﬁet A\%P-eﬁﬁrf Bss rneof%XIgf' ini £ c-gﬂ‘ bl'e 1.
- DARI was isolated by PCR cloning from genomic S. cerevisiae DNA
using synthetic primers (SEQ ID NO:18 with SEQ ID NO:19). Successful PCR
cloning places an Ncol site at the 5' end of DAR1 where the ATG within Ncol is
25  the DAR] initiator methionine. At the 3' end of DAR1 a BamHI site is introduced
following the translation terminator. The PCR fragments were digested with Ncol
+ BamHI and cloned into the same sites within the expression plasmid pTrc99A
(Pharmacia, Piscataway, NJ) to give pDARIA.
In order to create a better ribosome binding site at the 5' end of DARI1, an
30  Spel-RBS-Ncol linker obtained by annealing synthetic primers (SEQ ID NO:20
with SEQ ID NO:21) was inserted into the Ncol site of pDAR1A to create
pAHA40. Plasmid pAH40 contains the new RBS and DAR1] gene in the correct
orientation for expression from the trc promoter of pTrc99A (Pharmacia,
Piscataway, NJ). The Ncol-BamHI fragement from pDARIA and an second set
35  of Spel-RBS-Ncol linker obtained by annealing synthetic primers (SEQ ID NQ:22
with SEQ ID NO:23) was inserted into the Spel-BamHI site of pBC-SK+
(Stratagene, Madison, WI) to create plasmid pAH42. The plasmid pAH42
contains a chloramphenicol resistant gene.
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20 WD 98/ 21340

PCT/-US97 \628/31340 Tabl e 1PCT/US9'E$U¥93 OD550
[ ucose] [Gdycerol] Total ducose Total dycerol (hr) (AU)
(g/L) (g/L) Fed (9) Pr oduced (g(} 0 0.8 9.3
25 6 Congtruction of ssion cassettes for DAR] an 2 14 8
g- g 0 47 Exﬁes@iog cassettes f6ADAR1 ang GPP2 wefgﬁssemblegjf%m the ©. ]7_

70 1 gipdividual DAR] and GRP?2 subcloges c%scribfé above usingstagdard molec'ﬂ%{aro

230 biology hethods. The BamHI®Psfl fragmenOfrom pAH19 cbhtafning the 259

1(7)6 4 %ﬁ#zt;bosgs%aﬂbingigé 1. (ERBS) and GPPflgj:ne was mﬁ%@e% intolpfx%go ® crca%% 2

382 24. 2pAH4D. Bhe BamHEPst! fragmentfgors pAH19 containing the RBS and GPR2/8

:23? é 10.9 4%eé1e vis $nserted into AI-6{42 to creatSﬂA?MS. 0 28. 2 1310- 4 3%0-43
493 2 1Bhe ribosorge .bg_ljdmgﬂgt.e fit 316'52 endBOfprI?P2 wasztgchgied as follows.

196 34. 2A BaifHIZRBS-SpeBlifker, obtainéibylannealing syfBétic primers - 223

302 191 gaTCCAGGAAACAGA(SEQ ID NOH with CTASTéTGTTICE TG (SEQ

21 ID NO:25) to the Xbal-Pstl fragment from pAH19 containing the GPP2 gene, was

inserted into the BamHI-Pstl site of pAH40 to create pAH48. Plasmid pAH48
contains the DAR1 gene, the modified RBS, and the GPP2 gene in the correct
orientation for expression from the trc promoter of pTrc99A (Pharmacia,
15  Piscataway, NJ).
Transformation of E. coli
All the plasmids described here were transformed into E. coli DH5a using
standard molecular biology techniques. The transformants were verified by its
_ DNA RFLP pattern.
20 EXAMPLE 1
PRODUCTION OF GLYCEROL FROM E. COL!
TRANSFORMED WITH G3PDH GENE
Media
Synthetic media was used for anaerobic or aerobic production of glycerol
25  using E. coli cells transformed with pDAR1A. The media contained per liter 6.0 g °
NayHPO,, 3.0 g KH,PO,, 1.0 g NH,CI, 0.5 g NaCl, 1 mL 20% MgS04.7H,0,
8.0 g glucose, 40 mg casamino acids, 0.5 ml 1% thiamine hydrochloride, 100 mg
ampicillin.
Growth Conditions
30 Strain AA200 harboring pDAR!1A or the f)Trc99A vector was grown in
aerobic conditions in 50 mL of media shaking at 250 rpm in 250 mL flasks at
37 °C. At Agpg 0.2-0.3 isopropylthio-B-D-galactoside was added to a final
concentration of 1 mM and incubation continued for 48 h. For anaerobic growth
samples of induced cells were used to fill Falcon #2054 tubes which were capped
35  and gently mixed by rotation at 37 °C for 48 h. Glycerol production was
determined by HPLC analysis of the culture supernatants. Strain
pDARIA/AA200 produced 0.38 g/L glycerol after 48 h under anaerobic
conditions, and 0.48 g/L under aerobic conditions.
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WD 98/ 21340 PCT/ US97/ 20293

SEQUEN " (1) GENERAL | NFORMATI ON:

APSLJI CANf%%y"N&" (A) NAVE: E. |. DU PONT DE ”}{ﬁB
COVPANY (B) STREET: 1007 MARKET STREET

(C) CTY: WLMNGTON EXA ,STATE:  DELAVWARE

(E) COUNTRY: U.S. A POSTAL CODE (7IP): 19898

(G TELEPHONE: 302-'89 TION OF GLYCEROL FR! FAX:  302-773-0164
(I') TELEX: 671732FRANSFORMED WITH G3P PH %MENE

| NTERNATI ONAl .- NC. ~ (B) STREET. 4 GAVBRI DGE PLACE
1870 SOUTH ROAD (C) CITY: ROCHESTER

(D) STATES NEW YSpithetic phoA media was used i EBhal@fdsksRY dembhnskrate the

(F) POSTAL % @gce&\li)%@ﬁz expression in E. cok! *I‘?iep oA it dobMeE ON:
METHOD FOR THE
GLYCEROL BY Rediters Ampspy, 12 g; ammonium sulfate, 0.62 g; MOPS, 10.5 g; Na-citrate, ORGANI SVS

(iii) NUVBERGE; S10 mR51 MMgSO4, 12 mL§ 100X tre&\ieA &S, REARABLE FORM
UTER. | BM PC
COVPATI BLE TgBA; ose, ENQEL ﬁﬁ%&wﬁsgwx%@%%w R&P@@é@a@/\?mo FOR

COVPATI BLE ghitost, 1
W NDOWS 96 2.5 mM FeCls, 5 mL; miXed)phSGmAABELer, MaTROSEET. LON 7. 0A .

TI'ON NUMVBER:
(9 UTEN AR RS b o 79, o Bl AT A
PR OR APPLI caediyq (agontained: ZnSO, .7 Hy0, 0.58 g; Myswummousmzsz

60/ 03602 H,0, 0.49 g; CoCl,.6 K8, 0/ T6:12 MNENBBR, L 1@8@
(C) CLASSI FI g@ ﬁ lg E 2 2, \7:-é| mAT ORNEY! AGENT INF iifeN B
(A) NAME: FLEWEE X (B) REG STRATI ON NUMBER:™.
33,692 15 The strains pAHP 1/REFCREMGEMREERITT PR pPERO2YBILI 3L

' (control) were grown in 45 mL of media (phoA media, 50 ug/mL carbenicillin, 5

and 1 ug/mL vitamin B},) in a 250 mL shake flask at 37 °C. The cultures were
grown under aerobic condition (250 rpm shaking) for 24 h. Glycerol production
was determined by HPLC analysis of the culture supematant pAH21/DH5a
20  produced 0.2 g/L glycerol after 24 h.
EXAMPLE 3

Production of glycerol from D-glucose using

recombinant £. coli containing both GPP2 and DAR1
Growth for demonstration of increased glycerol production by E. coli

25 DH5oa-containing pAH43 proceeds aerobically at 37 °C in shake-flask cultures
(erlenmeyer flasks, liquid volume 1/5th of total volume).

Cultures in minimal media/1% glucose shake-flasks are started by
inoculation from overnight LB/1% glucose culture with antibiotic selection.
Minimal media are: filter-sterilized defined media, final pH 6.8 (HCI), contained

30 perliter: 12.6 g (NH,);S0y, 13.7 g KyHPOy, 0.2 g yeast extract (Difco), 1 g
NaHCO3, 5 mg vitamin B 5, 5 mL Modified Balch's Trace-Element Solution (the
composition of which can be found in Methods for General and Molecular
Bacteriology (P. Gerhardt et al., eds, p. 158, American Society for Microbiology,
Washington, DC (1994)). The shake-flasks are incubated at 37 °C with vigorous

35  shaking for overnight, after which they are sampled for GC analysis of the
supernatant. The pAH43/DHS5a showed glycerol production of 3.8 g/L. after 24 h.
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22 WD 98/ 21340

PCT/- US97/"R023881340 (2) | NFORVATION FOR SEQ I D NO 1: PCT/US97/20293 (| )
SEQUENCE CHARACTERI STI CS: (A) LENGTH. 1380 base pairs_
(B) TYPE: nucleic acid - C) STRANDEDNESS: single
(D) TOPOLOGY: |inear (ii )ﬂm@iE TYPE: DNA (genomi c)

(xi) SEQUENCE DESCRI PTI ONp;deQidibe) SII TTATCTT ACTCTCCTAC
ATAAGACATC AAGAAACAAT TGTATATIG ACACCLOLL, COTCGACAAA CACAAATATT
CATAATATAA AGATGTCTOC FEEmEmRRW: coli aptainii Heth LE? ad AR E S CCACTTGAAT
GCTGGTAGAA AGAGAAGHEGIE CTIRSEEES the p@TictiGCITEl RSB0 REAMBAARCCT TTCAAG
GTTACTGTGA TTEGAT, I . 24 T GGT TGOCGAAAAT
TGTAAGGGA A@%’ng 58 mﬁWqT CGAAGAAGAG
ATCAATGGTG AAAAATTURGHABAAHICPAN48 va6 constirdTadwscrieihoradahie GAAATACTTG
CCTGCCATCA CTGEAGRAPAEMIIECTT 420 CCTAATCCAG ACTTGATTGA TTCAGTCAAG
GATGTCGACA T CATTCCA 480 CATCAATTTT TGCCCOGTAT CTGTAGCCAA
TTGAAAGGTC ATEEEMMIEC ACACGTCAGA 540 GCTATCTCCT GTCTAAAGGG TTTTGAAGTT
GGITGCTAAAG GTGTCCAAH S re-cuifdited for\Sebdinf it aAtsmdiatibPamnl ATTCAATGT

SISTCTE Il A o SRR B CACTC T

GITCTAAAGG CCTTGTTCCA CAGACCTTAC PredOnlTaMEABGTTA GTGTCATCGA AGATGITGCT
GGTATCTCCA TCTGTGGE@_XT JCAAGAAC 840 GITGTTGCCT 7§ TGTGG TTTCGTCGAA
GGTCTAGGCT GGGGTAACAA ©GCTTCTGCT 900  GCCATCCAAA TT GGGTGAGATC
ATCAGATTCG GTCAAATGISitricracdbcAGAA 960 | 2.0g/L
| MgS04-7H,0 2.0g/L
15 98% H,S0, 2.0 mL/L
Ferric ammonium citrate 0.3 g/L
CaCly-2H,0 0.2g/L
Yeast extract 5.0g/L
Trace metals 5.0mL/L
20 Glucose 10.0g/L
Carbenicillin 100.0 mg/L

The above media components were mixed together and the pH adjusted to
6.8 with NH4,OH. The media was then filter sterilized.
Trace metals were used according to the following recipe:

25 Citric acid, monohydrate 4.0 g/L
MgS04TH,0 3.0g/L
‘MnSO4H,0 - 0.5g/L
NaCl 1.0g/L
FeSO4.7H,0 . 0.1 g/L
30 CoCl12-6H,0 0.1g/L
CaCly 0.1g/L
ZnSO04-TH,0 0.1 gL
CuSO04-5 Hy,O 10 mg/L
AIK(SO4),-12H,0 10 mg/L
35 H3BO; 10 mg/L
NayMoOy4-2H,0 10 mg/L
NiS04-6H,0 10 mg/L
Na28e03 : 10 mg/L
Nap,WO4-2H,0 10 mg/L
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TCT AGAGAAG AAACATACTA CCAAGAGICT GCTGGIGITG CTGATTTGAT CACCACCTGC 1020

mow ‘CAA GGTTGCTAGG CTAATGGCTA CTTCTGGTAA 029%080
GAATGT TGIT GAATGGECCAA TCCGCTCAAG GITTAATTAC CT 140
GITCACGAAT GGITGGAAAC ATGIGCECTCT GICGAAGACT TCCCATTATT TGAAGCCGTA 1260

TACCAAATCG TTTA ALGAR S CRACATRAT 5T TA 1260
GATCTACATG AAGA%Q% %%G% AAGATE%% ATCATACI TG CTTTT 1320
TTCGAGGCTC THewaGiRYralveaelascrygproteatart-ioropl micmedipmroac- YT 1380

2?C>T - Z\é\gﬂgﬁi Aldéfdes were grown at 30 °Cina sl;aégr astééolr%m Ifl‘g azpproxxmately ()
PCT/-US97 i
SEQUENCE mﬁei&?éﬁf@ﬁ“éé‘;”"e etfmnlhter (A) LENGTH 2946 base pairs

(B) TYPES KHembentatioagreiwth (C) STRANDEDNESS: single

(D) TOPOLOGYyLipear (ii) MOLECULE TYPE: DNA (genomic) :

(xi) SEQUEN SCRIPTION:  SEQ ID NO 2: GAATTCGAGC CTGAAGTGCT GATTACCTTC

AGGTAGACTT CATCTTEAEG Rl tmkdexenter 60  AGCGTCAATC CTGCAAATAC ACCACCCAGC
AGCACTAGCA TEABAGAGAT AATATAGTAC 120 GTGGTAACGC TTGCCTCATC ACCTACGCTA
TGGCCGGAAT AGAATTG 180 AGTACGTIGIG A TAA CAACGGCAGT
GAATATATCT TCGGTAT%%2 GATGTGA 240 TATAAGATGA ¢ ACCCA ATGAGGAGCG
CCTGATCGI®G ACCTAGACCR:HEAGEGGECAAA 300 AACGACATAT ZODAITATAGT GGGGAGAGTT
TCGTGCAAAT AACAGA%@W 360 ACTGTGACGA CTCT TTTTTTATTA
TGTAATAAGC AAACAA 420 AGCCTATGTG CCAA GGTCGTCCCT
TTTTTCCCAT TTGCTAATISYAGRORTTAAA 480 GAAACCAAAA SEAHERAGAA AGAAAACAAA
TACTAGCCCT AACCCTGAEI it GalehA bitratd40 GATAATACCC §! TAATG AACGGTATGC
CCTAGGGTAT ATCTCACT TACA 600 AACTCCGGTT w AACATCCGAG
CACCCGCGCC TTCCTCAA 660 CCCAGGTAAC T GAGCTAATCC ™
TGAGCCATER CCCACCCCAﬁz@ﬂEEUGAiﬁG&am 720 1.0 mL/L .

The above components were sterilized together in the fermenter vessel. s
The pH was raised to 6.7 with NH4OH. Yeast extract (5 g/L) and trace metals
solution (5 mL/L) were added aseptically from filter sterilized stock solutions.
Glucose was added from 60% feed to give final concentration of 10 g/L.
20  Carbenicillin was added at 100 mg/L.. Volume after inoculation was 6 L.
Environmental Conditions For Fermentation
The temperature was controlled at 36 °C and the air flow rate was
controlled at 6 standard liters per minute. Back pressure was controlled at 0.5 bar.
The agitator was set at 350 rpm. Aqueous ammonia was used to control pH at 6.7.
25  The glucose feed (60% glucose monohydrate) rate was controlled to maintain
excess glucose.
Results )
The results of the fermentation run are given in Table 1.
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CAGCAATTCG GGAGGGOGAA AATAAAACTG GAGCAAGGAA TTACCATCAC CGTCACCATC

780

ACCATCAT AW Sfe¢dsbACCC TCTAGCCATA GCCATCATGC AAGCGTGTAT CT Tm2029§40
00

TCAGICATCA-
TCGAAACAAT
GCCGATGEGT
GATTAATCTA
TTTTTGGTTT
TTTTCCTTCC
GATTTTTTTT
CCCTTTCCTT
ATACACATTC CT

TATTﬁﬁb'ﬁQ:ﬂ[ng@ﬁ Ti@quﬁTTTGMﬁlwrseTT Toalraiyrem!

TTA(T ATATT(j\g ATTTTTgﬁgAGT TTATGT ATTT TGH. AGATTC AATTCTCTTT

TT%TCGCT, 7 CCCCT T

24 WO 98/ 2| 3494 O

PCT/ US97/ 2029

ACTCAAAGAT
CTATCAGAAG
TTACAGTGAT
CAGAATTGCA
TCGGCGACGA
CCAATATTGA
GIGCTGACAT
TGCAAGGCCA
GCTCCAAGGG
GCGCACTATC
CCGTGGECTTA
TTTTGAAATT
GTATATCCAT
GTATGCEATG

1&)0
1969

1563
1739

1229

1822
T
22%8
228D
2479

322

342

36.2
382

TCATTACCGA GITTGITTTC CTTCACATGA TGAAGAAGGT TTGAGTATGC -
AAGACGACGA TGECTCTGCC ATTGGTTATA TTACGCTTTT GCGGCGAGGT
TCCTGAGEEG AAGAGTGTTT AGCT
TTGITCAGCA GCTCTTCTCT A

969
1020
1080
1140
1200
1260
1320
1380

CCTATTGCCA TTGITATTCC
T TCTAGTATTT TTTTTTTTTT

GICAGAA GATTAACAAG
GCAT ATANAATTTT

T ATCAATGCTT
GTTAPATACT
3.6 .
CAAGA GIETACTTT TAAGAA c ATTATTA ACACAACTGC
GALTGCTCAT “ACTAATA ACACTGT GAGGACCATC
ATEEGACTCR. IGCCGTGTEM TTGTA(INTT GAAACGT@BG CCCTTCAAGG
TFF TCTGGH AACT CCACCAJ4GC CAAAGTCATT GOGGAAAACA
TTCOCATATC TTCGAGCCAG AGGT T GTGGGIT GATGAAAAGA

rcTGACE GATATCATAA ATACARERCA CCAGAACEST AAATATCTAC
CI§E4BCCCCA1'E.5°~ATCTAGTCS(3 CCGATGETGA TCTTTTACAC TCCATCAAGG
GTTTT. ATCAA TTT ACCAAACATA GTCAAACAAT
M’ % ésre TCTAAAANGEG TTCGAGTTGG
TBIECAATTIC. 6’:TATCCTCCT ATGTT;erA TGAGTTAGGA ATCCAATGTG
T{@H GCAAAG § TTGGCA§§$G GGAGCAT. TCCGAAACCA
CTACCA “AAGGATT GG CAAGGA
TCCAG-8AGACCTTACT TCCAo@r?CAA TGTCATCGAT GATGTTGCTG.

TIBGCGGTGQQ. 3T TGAAGAAGG TCGTCEEACT TGCATGHIgT TTCGTAGAAG
10.2 13.1 304 493 213

10.1 8.1 28.2 512 196

10.2 3.5 334 530 223

10.1 5.8 548
9.8 5.1 512

36.1 233

21
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GGGTAACAAT GOCTCOGCAG CCATTCAAAG GCTGGGTTTA GGTGAAATTA TCAAGTTCGG

2280

TAGAATGT % XWT CCAAAGTCGA GACCTACTAT CAAGAATCCG CT el alshre202 340

AGATCTGA GCT CAGGCGGTAG AAACGTCAAG GTTGCCACAT ACATGGCCAA
GACCGGTAAG TCAGCCTTGG AAGCAGAAAA GGAATTGCTT AACGGTCAAT CCGCCCAAGG
GATAATCACA TGCAGAGAAG TTCACGAGTG S¥3bARAAACArTNGTGAGTTGA CCCAAGAATT
CCCAATTATT CGAGGCAGTC TACCAGATAG TCTACAACAA CGICCGCATG GAAGACCTAC
CGGAGATGAT TGAAGAGERFRATAGHDRBATON ACGAATAGAC ACTCTCCCCC CCCCTCCCCC
TCTGATCTTT CCTGITGCCT CTTTTTCCCC CAACCAATTT ATCATTATAC ACAAGTTCTA
CAACTACTAC TAGTAACAT) AGFAGAEGTT:A TTATAATTTT CTATTCTCTT: TTTCTTTAAG
AATCTATCAT TAACGTTAAT TTETAVAEAT PACATAACFAC O\ INEADUEGASNIGCTARANT CG
TTTACATATC ACATCACCGT TABRTGE/SEEA: TACTCAGABES FTEACACTAA CACAATTAAA
TAATCGCCAT AACCTTTTCT GIFATCIXTA WIGHBEINGEASAG CTGTTTCTTC GAGCTTTTCA
CTGCAG (D) STATE: DELAWARE

(2) | NFORMATI ON FOR SECE] DENHTRY: U.S.A. SEQUENCE
CHARACTERI STI CS: F) POSTAL Cg(DR) &IENQTH% 78 base pairs

o5 VO 98/ 21340 (G) TELEPHON 811

(H) TELEFAX: 16
PCT/USOT/ 20293 1) nergy: (BYATVPE fuct ei ¢ aci d
(C STRANDEDNESS:. si nd (D) TOPOLOGY: i near

(i) MOLECULE TYPE geﬂ%HE%EE EGENENCOR TlR TI%E«%JEE : gg;g' o

GAATTGITTC ~ 60 AT GCGCAAGG GCATCA{K’)@ASW AoAd CACTGCAC TAATTCCTTT
TTAGCAACAC 120 ATACTTATACI ACAKAREESEBRACCTTATGTC TTTTCTCTGC TCCGATACGT
TATCCCACCC 180 AACTTIDATITAREAGINER TESRKCAGGGGAAAT TTCACAACCC CGCACGCTAA
AAATCGTATT 240 TAAACTEAALOWCEAGAACGASS R .CACAAATAGG GAACTTTGGT CTAAACGAAG < -
GACTCTCCCT 300 CCCTTATLCTFPOSBALCEPECTAFTT GBEATICAC TGCTACAAGA CTAAATACGT -

SEQ I D NO 3: CTGCAGAA

ACTAATATAT 360
(ii) TITLE OF INVENTION: METHOD FOR THE PRODUCTION OF

GLYCEROL BY RECOMBINANT
ORGANISMS

(iii) NUMBER OF SEQUENCES: 25
(iv) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: DISKETTE, 3.5 INCH
(B) COMPUTER: IBM PC COMPATIBLE

(C) OPERATING SYSTEM: WMICROSOFT WORD FOR WINDOWS 95

(D) SOFTWARE: MICROSOFT WORD VERSION 7.0A

(v) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: 60/03602
{B) FILING DATE: NOVEMBER, 13, 1996
(C) CLASSIFICATION:

(vii) ATTORNEY/AGENT INFORMATION:
(A) NAME: FLOYD, LINDA AXAMETHY
(B) REGISTRATION NUMBER: 33,692
(C) REFERENCE/DOCKET NUMBER: CR-9981-P1
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GITTTCGGTA ACGAGAAGAA GAGCTGCCGG TGCAGCTGCT GCCATGGECCA CAGCCACGGG 420
GACGCCTGTAgo bgia3hepACTA GCCAAGGTGA TAGGCCGITA GIGCACAATG ACCBGINEST 20293180

CATGGTGCAA TTCCCCACCG CCGCTCCACC GGCAGGTCTC TAGACGAGAC CTGCTGGACC 540
GTCTGGACAA GACGCATCAA TTCGACGTGT TGATCATCGG TGGCGGGGECC ACGGGGACAG 600
GATGTGCCCT  AGAT GCTIBEGRMXICAGEORAECT CAADGT GGC CCTTGTTGAA AAGGGGGATT 660
TTGOCTCGGG AACGTOGTCC AAATCTACCA AGATGATTCA CGGTGRGGTG CGGTACTTAG 720
AGAAGGCCTT CTGGGAGITC SEQURNSECKIABAAPRBISTICFCT GGTCATCGAG GCACTCAACG 780
AGCGTAAACA TCTTATCAAC (ACTGEREREFC IRECTFReCRE ISGTGCTACCA ATTCTGATCC 840
CCATCTACAG CACCTGGCAG (@&TCEERRACRUFECTATESEAGG CTGTAAATTC TACGATTTCT 900
TTGGCGGTTC CCAAAACTTG (RAARRRRBEPNEGSCT EPEFT CAAATCCGCC ACCGTGGAGA 960
AGGCTCCCAT GCTTACCACA (BACARFFPRA’ AGEPRSFOGCT TGTGTACCAT GATGGGTCCT 1020
TTAACGACTC GCGTTT T CACGGG. TGTGGAGAAC GGCGCTACCG 1080
TCTTGATCTA TGTCGA % %&% AACTTCTGGT AAGGTTATCG 1140
GTGCCGAGGC GT CGCT AAATGTGTGG 1200
TCAATGCCAC %c W @%BE %$ @&%AAC CCATCCGGTC 1260
TGCCCGAH 7 NGV e ARG T AT CCGo 1320

TCATGGACCC GAAAATGGT C ATCCCATCT A TTGGCGITCA CATCGTATTG CCCTCTTTTT 1380
ACT CCCCHACECEATEATESIEndrRET IAESAARCATRCARTACATR AEMEECEARCAcETECAd (3T TCl20 1440
TTTTACCTTG GCAGGGCAAA GICCTTGCCG GCACCACAGA CATCCCACTA AAGCAAGTCC 1500
26 AGANER O 218 TCCGG CCACTTGAAT GCTGGTAGAA AGAGAAGTTC CTCTTCTGTT 180

PCT/ US97/ 20293 CAGAAAACCC TATGCCTACA GAGGCTGATA TTCAAGATAT CTTGAAAGAA
CTACAGCATTTIGNNGGE HGATCEIRAT FCCITCCISECARTR CRACTRAAATHBEC TRECTAMXTECES TAT GBIBCT GGT
GITCAGACCTT 1620 TGGICAGAGA TCCACGTACA ATCCCCGCAG ACGGGAAGAA GGGECTCTGCC _
ACTCAGGESEACTIARS COPaGTREREATeCCCAMITT EFACTIAEALTECAERP AT ANIREEECSR AATINCTATT <

GAAGTTCHAS 0. TERFIRIACPE G R AR cotfecTanr

G¥X§EAC4£§X& ATCAAAACGT GAARATACTTG CCTGGCATCA CTCTACCCGA CAATTTGGTT

420
GCTAATCCAG ACTTGATTGA TTCAGTCAAG GATGTCGACA TCATCGTTTT CAACATTCCA 480
CATCAATTTT TGCCCCGTAT CTGTAGCCAA TTGAAAGGTC ATGTTGATTC ACACGTCAGA 540
GCTATCTCCT GTCTAAAGGG TTTTGAAGTT GGTGCTAAAG GTGTCCAATT GCTATCCICT 600
TACATCACTG AGGAACTAGG TATTCAATGT GGTGCTCTAT CTGGTGCTAA CATTGCCACC 660
GAAGTCGCTC ARGAACACTG GTCTGAAACA ACAGTTGCTT ACCACATTCC ARAGGATTITC 720
AGAGGCGAGG GCAAGGACGT CGACCATAAG GTTCTAAARGG CCTTGTTCCA CAGACCTTAC 780
TTCCACGTTA GTGTCATCGA AGATéTTGCT GGTATCTCCA TCTGTGGTGC TTTGAAGAAC 840
GTTGTTGCCT TAGGTTGTGG TTTCGTCGAA GGTCTAGGCT GGGGTAACAA CGCTTCTGCT 500
GCCATCCAARA GAGTCGGTTT GGGTGAGAIC ATCAGATTCG G?CAAATGTT TTTCCCAGAA 960
TCTAGAGAAG ABACATACTA CCAAGAGTCT GCTGGTGTTG CTGATTTGAT CACCACCTGC 1020
GCTGGTGGTA GAAACGTCAA GGTTGCTAGG CTAATGGCTA CTTCTGGTAA GGACGC&TGG 1080
GAATGTGARA AGGAGTTGTT GAATGGCCAA TCCGCTCAAG GTTTAATTAC CTGCAAAGAA 1140
GTTCACGAAT GGTTGGAAAC ATGTGGCTCT GTCGAAGACT TCCCATTATT TGAAGCCGTA 1200
TACCAARTCG TTTACAACAA CTACCCAATG AAGAACCTGC CGGACATGAT TGAAGAATTA 1260
GATCTACATG AAGATTAGAT TTATTGGAGA AAGATAACAT.ATCATACTTC CCCCACTTTT 1320
TTCGAGGCTC TTCTATATCA TATTCATAAA TTAGCATTAT GTCATTTCTC ATAACTACTT 1380
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GGACGCAAAA

ACTACTTGGT..T
c:CATGGAﬂ‘H9

GCGAGGAGAA
TAAAGTATTC
CAAGATTCGC
TTATGGGTGA
TGAACTTCAT
GATAACATTC
AACAATAATA
TGGAAGAGT T
GGTAATAGAC
CTATTTCCAA
CGTTTTAATT
TAATATTCTT
ATGGAAAATT

CTATGIGGECT TTATTGGCTC AAAACTACCA TTTATCATCA
CTAC GGAACCCGIT CCTCTATCAT TTGCGAATTT
GCCT TTGICCTTAG- CCGACAAGGA AAATAACGTA
CAACTTGGTC AATTTTGATA CTTTCAGATA TCCATTCACA

g@@%ﬁ?\ PR CANGEELCTT CEACTTCCT T
TCTT AAGGAAG CTTTGAATGC CGTGCATGCC

TGAGTTGAAT sBS¥PREERARANAMARGAGECA GTGGGAACTT
CCAAGGACGT (A CeEndph €T RAATGEATSGArd GATAGI TAA

ACAAGAGT AA (BAATARE GGTuAATEAEGATA ATAATAATAA®

ATAATGGT GG (FAATGERARTINESAAAECEIEA TTATTACCTA
AAAGTAAACT (BAANZFAOTY: CAMARATATA TGAAGAAAAA
TCTACTACTA CAATTGATCT TCAAATTATG ACCTTCCTAG
TACATANATAT MAREQUFATIXPA: APSATIEEETGCETAGACTTCC
ATCCCCTTTA TCTCTAGICT AGTTTTATCA TAAAATATAG
CAAACGET CCSTREREEMEAERIBTARNACAER TP TR REGTGC
TTGCTAGICA TAAACCCTTT CATAAAACAA TACGTAGACA

AAAATGTCCA

1920

TT%TZOZ&SQSO
AT CICTA 2040

ATCGGTGAGT
TTAAGAAGAA
ACCGTCAAAG
GAAAAAACTG
GGGTGACAAA
TGATAGTAAT
TTTTCCTTAA
AAAAAAAAGA
TGITTATATT
GITTTAATAT
AAACACTAAA
AAAAAAAAAA
TCGCTACTTG

AAATTTTCRATESPRPT TAFEASTERT CEATRTT T CEFAYEGE CRYEERACETFEATEETCGR?

A R IR CLITIE 446
AT G R TR

QRATARL L A ATATEART

AATAAAATCT CGATAAATGG AT

SRR AR T 0

iy

T

AGT TA@%%%&&@%%E%@M@@E@GM?HA&E@ Tcbe A eE A NhnCAY GG 240

PCT/ US9 Aa2AR&3Fca

27

AACGACATAT

ACTGTGACGA

AGCCTATGTG

GAAACCAARA

GATAATACCC

AACTCCGGTT

CCCAGGTARC

CAGCAATTCG

ACCATCATAT

TCAGTCATCA

TCGARACAAT

GCCGATGGGT

. GATTAATCTA

T&&TTGGTTT
TTTTCCTTCC
GATTTTTTTT
CCCTTTCCTT

ATACACATTC

TGTATACACR) ATChBEXRNMAJITCArdeDR AMic@rdAecNG b TcecaRA

CTATTATAGT
TATCAACTCT
CARTCACCAA
GAATGARGAA
TGCTTTAATG
ATTTTATCGG.
CGTGCGCGAT
GGAGGGCGAA
CGCCTTAGCC
TCATTACCGA
ARGACGACGA
TGCTGAGGGE
TTGTTCAGCA
TACTTTTTIT
ACTARGCTTT
TTATATATTA
TTCCTTCGCT

CTTAAGCGARA

GGGGARGAGTT
TTTTTTATTA
GGTCGTCCCT
AGAAAACAAA
ARCGGTATGC
AACATCCGAG
GAGCTBATCC
AATARBACTG
TCTAGCCATA
GTTTGTITTIC
TGGCTCTGCC
ARGAGTGTTT
GCTCTTC&CT
TCTTCTTGCC
TTCCTTGATT
ATTTTTAAGT
CCCCTTCCTT

CGCATCCGGT

TCGTGCARAT
TGTAATAAGC
TTTTTCCCAT
TACTAGCCCT
CCTAGGGTAT
CACCCGCGCC
TGAGCCATCA
GAGCAAGGAA
GCCATCATGC
CTTCACATGA
ATTGGTTATA
AGCTTACGGA
ACCCTGTICAT
TTTTTTTCTT
TATCCTTGGG
TTATGTATTT
ATCAATGCTT

GTTATATACT

24

AACAGACGCA
ARACAAGCAC
TTGCTAATTT
AACCCTGACT
ATCTCACTCT
TTCCTCAACC
CCCAcCCccac
TTACCATCAC
ARGCGTGTAT
TGAAGAAGGT
TTACGCTTTT
CCTATTGCCA
TCTAGTATTT
GTTACTTTTT
TTCTTCTTIC
TGGTAGATTC
GCTGTCAGAA

CGTCGTGCAT

GCAGCAAGTA
GAATGGGGAA
AGAATTTAAA
TCGTTTCTAT
GTACGTTACA
CAGGCACCGC
CCGTTGATGA
CGTCACCATC
CTTCTAAGAT
TTGAGTATGC
GCGGCGAGGT
TTGTTATTCC
TTTTTTTTTT
TTCTAGTTTT
TACTCCTTTA
AATTCTCTTT
GATTAACAAG

ATAAAATTTT

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

2160
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3178



(i) SEQUENCE CHARACTER! STI CS:
(B) . TYPE.  nucleic acid (C) STRANDEDNESS 6293

(D) TOPOMYRRB2134G 05, (ii) MOLECULE TYPE: DNA (gg’én%é%

(xi) SEQUENCE DESCRI PTION: SEQ ID NO 4: ATGAAACGTT TCAATGTTTT AAAATAFATC

TTGAMATCR RO AT CATAITTe AP0 A AR TORTORTERE. TACCAGD

ATTGCT CACGTT
TR T G T ARG SO

CCTGAT AN A TACEES AR 1o Gebiaddrr 3ARco1ebd GO RRcEATAGRAGAR Qg GAACAC
TCCATCGAAG TTCCAGGTGC TGTCAAGTTG 360 TGIAATGCTT TGAACGCCTT GCCAAAGGAA

AAAT CECgEEr TEaEECARETIEccEEE 00REEATEce ARRCTCRAEATCEIEACAGABAATIGEL QEACATTTTG
AAGATCAAGA GACCAGAATA CTTCATCACC 480 GCCAATGATG TCAAGCAAGG TAAGCCTCAC -
CCAGAACEAGCAACATAAACEHBCEACNSATEAGRAT dT40GTTTTCERTIARERCLARETAREGA AGIAGACCCA
TCCAAATCTA AGGTTGITGTI CTTTGAAGAC 600 GCACCAGCTG GTATTGCTGC TGGTAAGGCT
GCTGCCT GAAT OYSATJICGRATIOGCATAR TREATARGECA BAGAACKTT RRETTAT GGAETAITEE GARAGGAAAAG
GGTTGTGACA TCATTGTCAA GAACCACGAA 720 TCTATCAGAG TCGGTGAATA CAACGCTGAA
ACCGAT GRATSCRCCRN FETRTRGTTY TRCAF T CECA ?@?@TTRFAEﬁﬁW?HN@@F@TEQAEIQ$HSA GPYETTGAAA

TGGTAA 816 | NFORVATI ON FOR SEQ I-D
NO 5:  CCTTGTTTTC AAE%SCCCgﬁxﬁﬂﬁﬁﬁigTE?VQQ&EﬁﬁgﬁpgﬂqT CAAT TGCAAGGCCA 1860 ( p)

I(' (E;;\I GQ?R&%%%S%E@% CR?H{*E‘FgG CCATCTCGTG TCTAAAPSG@% EX%&%%C{E}%%& 1920
Seq 1 0 g EEerrERd AAERRTRE s emaren e ARG TRRCS RescrrorT

CGACGT Ceieraennfd) 1rebtr¥eté\ MhATddetAl Tieh6enMGEACCEREcAXetgeddched CSGQEKIBNTTT'« :
CGGTAAGGAC 120 AAACCTTATT TCGATGCTGA ACACGTTATC CAAGTCTCGC ATGGTTGGAG-

AACGTTTGAAACTALEH ARGGATTATC AAGGTGATGG CAAGGATGTA GATCATAAGA TTTTGRMATT 2100

(A) LENGTH: ' 816 base pairs

| PTI ON:

GCTGTTCCAC
TGCCGGTGCC
GGGTAACAAT
TAGAATGTTT
AGATCTGATC
GACCGGTAAG
GATAATCACA
CCCRATTATT
CGGAGATGAT
TCTGATCTTT

CAACTACTAC

. AATCTATCAT

TTTACATATC

TAATCGCCAT

CTGCAG

(2)

AGACCTTACT

TTGAAGAACG

GCCTCCGCAG

TTCCCAGAAT

ACCACCTGCT

TCAGCCTTGG

TGCAGAGAAG

CGAGGCAGTC

TGAAGAGCTA

CCTGTTGCCT

TAGTAACATT

TAACGTTAAT

ACATCACCGT

AACCTTTTCT

TCCACGTCAA
TCGTGGCACT
CCATTCAAAG
CCARAAGTCGA
CAGGCGGTAG
AAGCAGAAAR
TTCACGAGTG
TACCAGATAG
GACATCGATG
CTTTTTCCCC
ACTACAGTTA
TTCTATATAT
TAATGAAAGA

GTTATCTATA

TGTCATCGAT

TGCATGTGGT

GCTGGGTTTA

GACCTACTAT

AAACGTCAAG

GGAATTGCTT

GCTACARAACA

TCTACAACAA

ACGAATAGAC

CAACCAATTT

TTATAATTTT

ACATAACTAC

TACGACACCC

GCCCTTAARG

INFORMATION FOR SEQ ID NO:3:

(L)
(A)

LENGTH:

SEQUENCE CHARACTERISTICS:
3178 base pairs

25

GATGTTGCTG
TTCGTAGAAG
GGTGARATTA
CAAGAATCCG
GTTGCCACAT
ARCGGTCAAT
TGTGAGTTGA
CGTCCGCATG
ACTCTCCCCC
ATCATTATAC
CTATTCTCTT
CATTATACAC
TGTACACTAA

CTIGTTTCTTC

GTATATCCAT

GTATGGGATG

TCAAGTTCGG

CTGGTGTTGC

ACATGGCCAA

CCGCCCAAGG

CCCAAGAATT

GAAGACCTAC

CCCccTCCCcCC

ACAAGTTCTA

TTTCTTTAAG

GCTATTATCG

CACAATTAAR

GAGCTTTTCA

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

2946



WD 98/ 21340 - PCT/ US97/ 20293
GCCATTGCTA AGITCGCTCC AGACTTTGCC AATGAAGAGTATGTITAACAA ATTAGAAGCT 240
GAAATTCCORD PEIAAT ACGG TGAAAAATCC ATTGAAGICC CAGGTGCAGT TARSITERAH20293300

AACGCTTTGA ACGCTCTACC AAAAGAGAAA TGGGCTGTGG CAACTTCCGG TACCCGTGAT 360
ATGGCACAAA AATGGTTCGA GCATCTGGGA ATCAGGAGAC CAAAGTACTT CATTACCGCT 420
AATGATGTCA AACAGGGTAA (BCCTEET CGMAcEANCEATATC TGAAGGGCAG GAATGGCTTA 480
GGATATCCGA TCAATGAGCA (AGASTEAVTERNEAAATETAACG TAGTAGTATT TGAAGACGCT 540
CCAGCAGGTA TTGCCGCCGG ({RBAZRRREEEE: GEIMPETAAGA TCATTGGTAT TGCCACTACT 600
TTCGACTTGG ACTTCCTAAA GGAAAAAGGC TGTGACATCA TTGTCAAAAA: CCACGAATCC 660
ATCAGAGTTG MTESCERAXER: GRESAAGTFBCAATTCATTTT TGACGACTAC 720
TTATATGCTA AGGACGATCT GT 753
(2) | NFO?I\/ATI o\’ WIW"N SEQ ID HG:9:  SEQUENCE

CHARACT

(B) TYPEIOG a(;ré'r TCGTC'I(‘FCTC TGTGCCCATC (&G&&?‘g'@?&%ﬁ%&%@@’rl C gl 59

(D) TC}ngggaéAAbbr&%%&CAGCGA GTGACCAA&A'ﬁTCA&4ae§E1¥AET53@?E& TRV ACHENONRbLE)
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NG 6: TGTATTGGECC ACGATAACCA CCCTTTGTAT

ACTGT TT htecTrhTAd G&ﬁé&AQ@ﬁ%ﬁ&%ﬁ@TC T190cTdRSCTIEEEATRECAAACAAGECEA TEEAAAAACA
TAACAAGAAT CTACCCATAC AGGCCATTTC 120 GTAATTCTTC TCTTCTAATT GGAGTAAAAC
CATCAAT PASTTAGEET GTBEA 060 GAATEERAT TBACANGACROCATRAACRBEIEIGAE AMAAAATTG
AAAAAAAAAA AGGAAAAGGA AAGGAAAAAA 240 AGACAGCCAA GACTTTTAGA ACGGATAAGG
TGTAATAZARANICRESBGACRACRGCCRGHARTRGE BO0TTIGEA MTEAAVSEARSALTATACT ABCIGGITTG
AGTTGTGGCC GGAACTATAC AAATAGTTAT 360 ATGTTTCCCT CTCTCTTCCG ACTTGTAGTA
TTCTCCAARET BEFATAPATIT CELANEARACAC UBFACRERIEEIRFCAGKEMIBTAT ARRACAAGAA
CAGAGCCGTA TGICCAAAAT AATGGAAGAT 480 TTACGAAGIG ACTACGTCCC GCTTATCGCC <
AGTATTGRTE FACEARCEABCPEATCEREACC BAOCCTRELAPFEISEY

Go0CT AN R R AT T SRR é%% T@@m |

ACCAGCC e Aot deabll Tédebtetce detflesTere

GTCTGGACAA

GATGTGCCCT

TTGCCTCGGG

AGARAGGCCTT

AGCGTAARACA

CCATCTACAG

TTGGCGGTTC

AGGCTCCCAT

TTAACGACTC

TCTTGATCTA

+ GTGCCGRGGC

TCARTGCCAC
TGCCGGACTC
TCATGGACCC
ACTCCCCGAA

TTTTACCTTG

GACGCATCAA
AGATGCTGCG
AACGTCGTCC
CTGGGAGTTC
TCTTATCAAC
CACCTGGCAG
CCAARACTTG
GCTTACCACA
GCGTTTGARC
TGTCGAGGTA
CCGGGACGTT
GGGCCCATAC
CCCGCTAAARC
GAAAATGGTC
GGATATGGGT

GCAGGGCARAA

TTCGACGTGT

ACCAGGGGAC

AAATCTACCA

TCCAAGGCAC

ACTGCCCCTC

GTCCCGTACA

ARRRAATCAT

GACAATTTAR

GCCACTTTAG

CAAARATTGA

GAGACTAATG

AGTGACGCCA

GACAACTCCA

ATCCCAICTA

TTGTTGGACG

GTCCTTGCCG

TGATCATCGG
TCAATGTGGC
AGATGATTCA
AACTGGATCT
ACCTGTGCAC
TCTATATGGG
ACCTACTGTC
AGGCCTCGCT
CCATCACGGG
TCAAAGACCC
AGCTTGTCAG
TTTTGCARAT
AGATCAAGTC
TTGGCGTTCA
TCAGAACCTC

GCACCACAGA

26

TAGACGAGAC
TGGCGGGGCC
CCTTGTTGBA
CGGTGGGGTG
GGTCATCGAG
GGTGCTACCA
CTGTARATTC
CRARTCCGCC
TGTGTACCAT
TGTGGAGAAC
AACTTCTGGT
AATCAACGCT
GGACCGCAAC
GACTTTCAAT
CATCGTATTG
TGATGGCAGA

CATCCCACTA

CTGCTGGACC
ACGGGGACAG
AAGGGGGATT
CGGTACTTAG
GCACTCAACG
ATTCTGATCC
TACGATTTCT
ACCGTGGAGA
GATGGGTCCT
GGCGCTACCG
AAGGTTATCG
AAATGTGTGG
CCATCCGGTC
CAAATCTCCG

CCCTCTTTTT

GTGATGTTCT

ARGCAAGTCC

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500



GGCTATGCCA TTCAAGAAAC CAAATTCCTA AAAATCGAGG AATTGGACTT GGACTTCCAT

. gzlg@&gﬁf 21340 PCT/US97/20293
PCT/ U8977vfb AACGAACCCA CGTTGAAGTT CCCCAAACCG GGTTGGGTTG AGTGCCATCC
GCAGAAATTA 840 CTGGIGAACG TCGITCCAATG CCTTGCCTCA AGITTGCTCT CTCTGCAGAC
TATCAACA(a a2 QR0 TAF A TATGEASE cCOAMACTRTHAEA f{2CACKERAACA AAAEXSRAAAAT XA GCGTAT
AGCAAACATG 960 AGAGAAACCA CAATTCTGIG GICCOGCCGC ACAGGAAAAC CAATTGTITAA
CTACGGTARIcEARR cEGETEGMBE ACHRTACAARACRICALCNT - GT CAGREACYY AATIRGCAAAA
CACTAGCGTC 1080 GATAGGCAAC TGCAGCTTAG ACAGAAGACT GGATTGCCAT TGCTCTCCAC
GTATTTCliaaTcadAcr0 TCRCETREAABT CTARECAGSERACKE] CERATAAICICGACTIBECIWET  GINCCAAGEC
GTATGAGGAG 1200 AACGACCTGA TGTTCGGCAC TGTGGACACA TGGCTGATTT ACCAATTAAC
TAAACAAPGRTAAGHIR) CCAGICTTISCT TORCCTCHCATAACCCHNABEE TRECET TAGRARRSTEEIRT TT40T GAACCT
CTCCACTTTA 1320 AAGITACGACA ACGAGITGCT GGAATTTTGG GGTATTGACA AGAACCTGAT
TCACAT ARECCAGES) TTASRASATPCHESE CEEARSA R RR T 0 CHCERTT GREACGF FRERSA FECTGATTG
GATAATGGAA 1440 AAGCTACACG ATTCGCCAAA AACAGTACTG CGAGATCTAG TCAAGAGAAA
CCTGOCCRYLA CCAGHY) CCRARRLI T ETTS AP AR AT RGBS FEES ®ercGCTTA

TTTT A TACGGG
AN TReCT Ry CTATE R S TR IR A i@%@%ﬁ%
TTT AAAAACCAGAATT GAGCAAG: I TAGAGGG
TTCCGTQ@?CT%% TCA%%% CTGTGGTCCAT%'\I'GGCTACGT GA e %GATCGA
TAAATCA@@GGA&QOTA%¥@%C@%T@€£AEAEWMTH¥J&%}G S AGTTTT
OGTCCOCGCA 1860 TTTAGIGGCC TATTOGCTCC CTATTGGGAC CCAGATGCCA GAGOCACCAT
AAT CCEEIERGGAS0 cardTTEAWT ARArTEE AT CEE TR A AATCATIBCRCARACECTCREIGC P EHAACGTGT
TTGCTTTCAA 1980 GCCAGGGCTA TCTTGAAGGC AATGAGTTCT GACGOGITTG GTGAAGGTTC
CAAAGACARECT RO CATSABTTACT TAG MGIRAATATICCCACORIACAT T ATEAANGT

GGITCTGECA 2100 GIGGATGECG GGATGICGAG GICTAATGAA GICATGCAAA
TATCCTAGSEAT2AB0 CT TG CARARABTICAGIRBATIC TEBGACAC CBOTIATHA

780

CECATTGGG

GGCAGCCATT 2220

TTATGGGTGA

TGAACTTCAT

GATAACATTC

AACRATAATA

TGGAAGAGTT

GGTAATAGAC

CTATTTCCAA

CGTTTTAATT

TAATATTCTT

ATGGABRAATT

AAATTTTCAA

AATAGTACCA

ACGTGTAATG

CATAGTGTCA

ATTTTTCTTG

AGTTACAARA

TGAGTTCAAT
CCAAGGACGT
ACAAGAGTAA
ATAATGGTGG
AARGTAAACT
TCTACTACTA
TACATAATAT
ATCCCCTTTA
CAAACGGTCC
TTGCTAGTCA
GTTTTTATCA
TTTAGAACGC
GCCATGATTA
TTGTTTTTCA
GTCAAATCGT

TTTATCGTTET

TGGTCGGAGA

TTCGGTGTCT

TAATAATGGT

TAATGGCAAT

AAAARAAARCTA

CRATTGATCT

AATCTATATA

TCTCTAGTCT

TGGTGCATAC

TAAACCCTTT

GATCCATGTT

CCAATATTCA

ATGTGCCTGT

ATATAATGTT

AATARAATCT

TCACTGTTGT

ABAAGAGGCA
AAATCGATCA
AATGATGATA
GAAATCGCTA
CRAAAATATA
TCAAATTATG
ATCATTGCTG
AGTTTTATCA
GCAATACATA
CATAARACAA
TCCTATCTGC
CATTGTGTTC
ATGGTTAACC
TAGTATCAAT
CGATAAATGG

CAATTTTTTG

27

GTGGGAACTT
TGATAGTTAA
ATAATAATAA
TTATTACCTA
TGAAGRAARA
ACCTTCCTAG
GTAGACTTCC
TAAAATATAG
TTTATGGTGC
TACGTAGACA
CTTGACAACC
AAGGTCTTTA
ACTCCARATA
GGATATGTTA
ATGACTAAGA

TTCTTGTAAT

GAAARAACTG
GGGTGACAAA
TGATAGTAAT
TTTTCCTTAA
AAAAAADAGA
TGTTTATATT
GTTTTAATAT
AARCACTRAA
ARRAARARRA
TCGCTACTTG
TCATCGTCGA
TTCACCAGTG
GCTTATATTT
CGACGGTGTT
TTTTTGGTAA

CACTCGAG

2280

2340

2400

2460

2520

2580

2640

2700 -

2760

2820

2880

2940

3000

3060

3120

3178

eGROCCTGIC <~
TTCAAGCCGA -

3
>



GCAGCCAATA TGGCTTTCAA GGATGTGAAC GAGCGCCCAT TATGGAAGGA CCTACACGAT 2280

GTTAAGAAAT GGGTCTTTTA CAATGGAATG GAGAAAAACG AACAAATATC A
CATCCAAANO IFHBENTATT CAGAAGTGAA TCCGACGATG CTGAAAGGAG

ARG 400

AAGTATTGGEG AAGITGCCGT GGAAAGATCC AAAGGTTGEC TGAAGGACAT AGAAGGTGAA 2460
AA CAASATAAAT AATTTCTATT AACAATGTAA 2520

CACGAACAGG TTCTAGAAAA
30
PCT/ US97/ 20293

SEQUENCE CHARACTERY Sng)‘

VO éé} Zléﬁﬁ)RM%:I‘rIO%Cé&\R SEQ 1D NO:

nee [ERMBEIRLEOR SEQ 1D NO..7:

816 base paibd) LENGTH 391 amino acids

(i)

ENGTH:
(B) TYPE amno aci Qg sopp:  nucteic sofd) STRANDEDNESS: unkriown
(D) TOPOLOGY: STRANDEDNE glc) Slg}@eECULE TYPE: protein

unknown
(xi) SEQUENCE DESCRI%ﬂ

OhbroL&ER
Leu Asn Leu Thr Ser Ay His Leu Asn 1 5
10 (ii) MGLECULE TYAEA ©hy (Aégoxd;yfs Arg Ser Ser Ser Ser Val

Leu Lys Ala Ala Qu

25

Met Ser Ala Ala Ala Asp Arg

Ser

30 Lys Pro(:#2he EBpoUEVEEL DERCRIVALON: I eSEEI yoer4dy Asn Trp Ay Thr Thr
35 40 45 Ile Ala Lys Val Val Ala
A u Asn ATGRAACGET (JCRATIGATTPrIABAETATAYG | AGRREARCAR RAGCAAAIAT ACAAACCATC 60 55

60 Ala Pro Ile Val dn Mt Tr_lpVaI Phe Qu u Qu lle Asn Ay Qu
65 GCAATGCCTT TGACL%:AAA ACCTTTATCT TTGAAAATGR ACGCCGCTCT ATTCGATGTT g@320 Lys
Leu Thr e Asn_Thr. Ar Leu

85 chéjGTACCA TCAT%‘CTC TCAACC%G ATgGgrdAgg T%?‘GGAIE\AE,II-; ﬁg:(i;n'% THE® Leu Pro

ﬁ‘gg ASN G by ’%&'c%&%%g ré&Aﬁéﬁ&é‘f’ Lﬁngl:Et{?TFT STEAGRST, ﬁcﬁcﬁgg PR o Phe_

Asn || e Re&ddrsc @chacrTesc TCCAGACTT';‘ l@®TcaTGAAG ARTACGTTRA C:L.KQCTAGAA

125 Phe Leu Pro Arg Ile Cys Ser G@n Leu Lys Ay Hs Val Asp Ser HIS

130 GGTGAAATCC CAGAAANETA CGGTGAACAC TcCATCGAAECrrccacerelalecrdirgriba bBke Ser Cys,

Leu Lys Gy Phe Au Val Ay Ala Lys Ay
TGTAATGCTT TGAACGCCTT GCCAAAGGAA AAATGGGCTG TCGCCACCTC TGGTACCCGT 420
GACATGGCCA AGAAATGGTT CGACATTTTG AAGATCAAGA GACCAGAATA CTTCATCACC 480
GCCAATGATG TCAAGCAAGG TAAGCCTCAC CCAGAACCAT ACTTAAAGGG TAGAAACGGT 540
TTGGGTTTCC CAATTARTGA ACAAGACCCA TCCAARTCTA 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 CTTGTTGARA TGGTAA 816

{2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS: .
(A) LENGTH: 753 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION:

SEQ ID NO:5:
ATGGGATTGA CTACTAAACC TCTATCTTTG AAAGTTAACG CCGCTTTGTT CGACGTCGAC 60
GGTACCATTA TCATCTCTCA ACCAGCCATT GCTGCATTCT GGAGGGATTT CGGTAAGGAC 120

AAACCTTATT TCGATGCTGA ACACGTTATC CAAGTCTCGC ATGGTTGGAG AACGTTTGAT 180

28



145 150 155 160 Val

Adn.Leu er Tyr Ile Thr Au GQu Leu Ay Ile An Ccruse 20203

165 Wlogrtibar> 170 175 Gy Ala Leu Ser d y Al a
Asn Ile Ala Thr Qu Val Ala An GQu H's 180

185 GCCATTCCTA acTTCGESEC AGacTTTEE® z@@éAA@AET 'BH&T'EHA&AZ\/&\JTT}Q&@\G&’ r byg Ile Pro.
Lys Asp Phe Arg Ay

205 GAANTITHCEd YCAMITAASH TYahamATPC IﬂTSGzlmcé/a:lAde;aAty &*AAJ;cardrecl PieoH s Arg
210 215 220 Pro Tyr Phe Hi s Val Ser
Val || enftacTASEn b(ad;c'n@i'racﬁmmpsza&rrsbds@emc CAR@EYCCGG TACCCGTGAT = 36230

235 240 31

WO 98/ 2 ABAITACARA AATGGTTCGA GCATCTGGGA ATCAGGAGAC CAAAGTACTT CATTACCGCT PCE2ZWS97/ 20293

Cys Ay Ala Leu Lys Asn Val val Ala Leu G Qﬁg dy Phe Val GQu
245 AATGATGTCA AACAG@S‘,@AA GCCTCATCCA GAACCAng TGAAGGGC. fAEgQFC@g, TABOG y Asn
Asn Ala Ser Ala Al a eGInA(gr Té n
o5 | CoSttcodh Tofadpagen ACEGIINC APPTUIRCT FRSTISIVT JRRTEEY GPAONEt Phe
Phe Pro G u g% @ % %Q
c TTGTAAGH, TCATTGGT
265 CCAC@A&E@ 600555 ARSaEERE QTP T A TORATAGD L &R0 1 e The
290 %‘%ﬁmt 200 %AAAIX' (Saarbd Gg¥ody Arg
| TISEACTLGe AFLT GGE TGTGACATCR TT cer¥Gartcd ¥
Asn LA AFR GREE KT & Thr ely %10
315 ATCAGAGTTG GCGGC’L%@QA TGCCGARREA GQC&AAG%?G %@Tdﬂﬁu‘i’_ riRa&EAbTEY S GF‘zb‘ Lys G u
Leu Leu Asn Gy dn
335 TTATREECT AcEAdEACtY dretadarec Tian Cys Lys Gu Val Hs Qu Tr793 Leu G u
340 345 350 Thr Cys Ay Ser Val u .
Asp Phe Pro keu PleroBvuTrdNardalsEGyrp @q1s: 355 <
360 365 Ile Val Tyr Asn Asn Tyr Pro Met Lys Asn Leu
Pro Asp Met |l e Gliy SEQUENCE CBERRCTERISTICS: 375 380
Gu Leu Asp Leu H s Ga GTH: 23B% base pairs 390 (2)
| NFORMATI ON FOR SEQ | EBINCF¥RE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
TGTATTGGCC ACGATAACCA CCCTTTGTAT ACTGTTTTTG TTTTTCACAT GGTAAATAAC 60
GACTTTTATT AAACAACGTA TGTAAAAACA TAACAAGAAT CTACCCATAC AGGCCATTTC 120
GTAATTCTTC TCTTCTAATT GGAGTAARAC CATCAATTAA AGGGTGTGGA GTAGCATAGT 180
GAGGGGCTGA CTGCATTGAC AAAAARAATTG AAAAAAAAAA AGGARAAGGA AAGGAAAARR 240
AGACAGCCAA GACTTTTAGA ACGGATAAGG TGTAATAARA TGTGGGGGGA TGCCTGTTCT 300
CGAACCATAT AAAARTATACC ATGTGGTTTG AGTTGTGGCC GGAACTATAC ARATAGTTAT 360
ATGTTTCCCT CTCTCTTCCG ACTTGTAGTA TTCTCCAAAC GTTACATATT CCGATCAAGC 420
CAGCGCCTTT ACACTAGTTT AAAACBAGAA CAGAGCCGTA TGTCCAAAAT AATGGAAGAT 480
TTACGAAGTG ACTACGTCCC GCTTATCGCC AGTATTGATG TAGGAACGAC CTCATCCAGA 540
TGCATTCTGT TCAACAGATG GGGCCAGGAC GTTTCAARAC ACCAAATTGA ATATTCAACT 600
TCAGCATCGA AGGGCAAGAT TGGGGTGTCT GGCCTAAGGA GACCCTCTAC AGCCCCAGCT 660
CGTGAAACAC CAAACGCCGG TGACATCARA ACCAGCGGAA AGCCCATCTT TTCTGCAGAAR 720
GGCTATGCCA TTCAAGAAAC CAAATTCCTA AAAATCGAGG AARTTGGACTT GGACTTCCAT 780

29



(i)

(B). TYPE: am no acid

(D) TOPOLWBWE2LAMRnown (ii)

(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 8:

Lys Gn Hs Lys Hs Cys His

10

Il e Val Fi L

30" RS AP LgngﬁfachmGT%ﬁCTFr CTEFPIGHS GRS
iISa du G'&.S.CGTIGEAG cSAAA%&STC

60

65

32

Val
95
| 00

Ala Asp Ile Leu Val

120
Gy Hs
H s Val
150
Ser Tyr
170
G u Val
190
195

SEQUENCE CHARACTERI STI CS

(C STRANDEDNESS:
MOLECULE TYPE:
Met Thr Ala H s Thr Asn IIe

(A) LENGTH. 384 anino acids

unknown

progngHS9WQ0293

AACGARCCCA CGTTGAAGTT CCCCAﬁCgG FﬁGST(F(fGé‘TQ\rP&T%F@Tg% rGCAgIH—XA@g@ A|BéO Val Ser

CCTTAC AAFFTAK%ﬁT GCATGG%?%& debfadthde
AGRBRArELH diAQ%é?GHG\6¥cc£ﬁdie5@ECA5€ﬂh?§@JCAE?ftwﬁﬁﬁ d%AEGdéﬁ%Téi;%zsa y Asp

crTYEe 386 2b386AGAAC GATCAAAATC GTTAGAGACA AATGGCAAAA CACTAGCGTC
PCT/ US97/ 20293

% Tr 80931 y Thr

Ly al Ile
3eel £

1080

G u Asn Leu Thr Asp Ile Ile Asn Thr Arg H's G n Asn

Leu Pro Asn Ile Asp Leu Pro Hi s Asn Leu Val
TGTTCCAAGC TGCGATHETT CCTCGACAAT GAGCCTCTET (STACCAAGGL @TAkBAsGSer ikbe Lys Ay

Phe Asn Ile Pro Hi s

Al a Asp
115

LyS GEYEGGCAAC TGCAGCTTAG ACAGAAGACT 8SEATTGCCAT TGCTCTCCAC GTABTTCTCC 1140

Pro Asp Leu

AACGACCTGA TGTTCGGEAC TGTGGAC@Cﬁ TAGETGATAT %WFIWB?S 1@6f Leu G n

Val

WgFAGﬁWA '&CSAQT&CE G%AHVTFF eGGaA’IE.TGACA AGAACCTGAT %ACE‘TGCCC

Ala Pro
CAEGTARTAT | qTéA%%ﬁAA&&AAEﬁ%FTES? sACé%‘Tqﬁﬁ“é “@AEGI}%FGT c§T§CJS"eTrTTﬁysl32°

€]

140
145
n Leu Leu Ser

7650

CRPATIGIST CSC&'CA‘I]JI%A atacradeét éﬂcﬁ%& Lol &T&L%n Ly Ala Pr‘o
AAGE@&%AE&F%f§§g%ﬁgAH AH&&GJXB&G\GHAG£$éi§%¥ﬂ3§&dbAh§LbC%&EbdﬂXﬁ

CAGGGCTGTC

GCTGCAAAAT

TTGATCTCCC

TACGGTGGCC

GTGGCTGGTG

GATGTCGGAC

TTTAGTGGCC

TCTCAATTCA

GCCAGGGCTA

GACTTTTTAG

GTGGATGGCG

.. CCCTGTGTICA

éCAGCCAATA
GTTAAGAAAT
CATCCAAACC
ARGTATTGGG

CACGAACAGG

TGGGCGACCA
GTACTTATGG
AACATGGCGC
ARAAACCAGA
CTGTGGTCCA
CGATTGCATC
TATTCGCTCC
CTACTGCCTC
TCTTGARGGC
AGGBAAATTTC
GGATGTCGAG
AAGTCAGAAG
TGGCTTTCAA
GGGTCTTTTA
%TAAGATATT
AAGTTGCCGT

TTCTAGAAAA

AAGCGCATCC

TACCGGTTGC

ACTGACGACT

ATTGAGCAAG

ATGGCTACGT

TACGGTTCCT

CTATTGGGAC

CCACATCGCC

AATGAGTTCT

CGACGTCACA

GTCTAATGAA

GTCTCCGACA

GGATGTGAAC

CAATGGARATG

CAGAAGTGRA

GGARAGATCC

CTTCCAATAA

ATGGTGGGGC
TTTTTACTGT
CTAGCATTTT
CCACATTTTG
GATAATTTAC
GATTCTGGTG
CCAGATGCCA
AGAGCTGCCG
GACGCGTTTG
TATGAARAGT
GTCATGCARA
GCGGRATGTA
GAGCGCCCAT
GAGARAAACG
TCCGACGATG
ARAGGTTGGC

CAACATAAAT

30

AACTCGCTTA

ACAATACGGG

GGTTCCCACA

CATTAGAGGG

GATTGATCGA

GCGTAGTTTT

GAGCCACCAT

TGGAAGGTGT

GTGAAGGTTC

CGCCCCTGTC

TTCAAGCCGA

CCGCATTGGG

TATGGAAGGA

AACARATATC

CTGARAGGAG

TGAAGGACAT

AATTTCTATT

CARBACCCGGT
GACCAAAARR
TTTGCAAGAG
TTCCGTCGCT
TAARATCAGAG
CGTCCCCGCA
AATGGGGATG
TTGCTTTCAA
CARAGACAGG
GGTTCTGGCA
TATCCTAGGT
GGCAGCCATT
CCTACACGAT
ACCAGAGGCT
ARAGCATTGG
AGAAGGTGAA

AACAATGTAR

AggoTyr dn

1560
1620
1680
1740
1800
1860
1920
15980
2040
2100
2160
2220
2280
2340
2400
2460

2520



Gy Asp Gly Lys Asp Val Asp His Lys Ile Leu Lys Leu Leu Phe H s

210" WO 98/21340 215 220 Ar g Pr oPCYUSPFHI0293 s Val
Asn Val |le Asp Asp Val Ala Gy Ile Ser 225 230

235 240 lle Ala Ay Ala Leu Lys Asn Val Val Al alLeu
Ala Cys Ay Plw VaiNFORMATION FOR SEQ ID NO:7: 245 250

255 GQudy Mt Ay Trp Ay Asn Asn Aila Ser Ala Ala Ile dn Arg Leu
260 (1) 26$QUENCE CHARACTERISTICR270 Ay Leu Ay Gu lle lle
Lys Phe Ay Arg Met PheA)IPHENSTHs (B Smino acids 275

280 288 TYPE: pgino/gridd u Thr Tyr Tyr:dn AU Ser Ala Ay
Val Ala Asp Leu I|le  (C) STRANGEHNESS: unknown 295 300
Thr Thr Cys Ser Ay d PIATFPRGFYYalunkhewnya]l Ala Thr Tyr Met Ala 305
310 ... 315 . 320 Lys Thr Ay Lys Ser.- Al a
Leu Au Ala Gu LYy aYPEEYH EYFEAs PREEGER 325

330 3 Ile Ile Thr Cys Arg G u
val His Adu Tr p L(ée-l) &%UENCE DES@R?P'@L%E‘] (#qup Ng y 345

350 €] r I Ser Leu
320 ”bfé@‘%egégg(?xﬂ ke Al g ﬂeuGAyn ﬂ;fa R0kl %1_!, lﬁs% %u e
Arg Pro H's Gly Arg Pro Thr Ay Asp Asp 375
380 la Gly Arg Lys Arg Ser Ser Ser Ser Val3§er Leu Lys \ﬁ@agﬁfa2&§t40

PCT/ US97/ 20293 (25 | NFORVATI ON BER SEQ I D NO 9: 3¢ (1)
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 614 anino acids

(B) TYPE: animg &ebdcbhe Lys Val Thr Val IXeCpElHHRANDEDAESSrp L@1kynThan Thr

(D) TOPOLOGY: unknovia$ (11)4WMOLECULE TYPE: -@botein (xi) .
SEQUENCE DESCRI PTION:  SEQ I D NO 9: Met .Thr Arg Ala Thr Trp Cys Asn<"
Ser Pro Pro Frke Réy qﬂsSVqﬁrgakgAﬁa Glu Asn Cys Lys Gly Tyr Pgo Glu Val Phe

10 50 15 Val Ber Arg Arg Asp PBu Leu Asp Arg Leu Asp

Lys Thr H's c?-&la ggg Ile Val Gln Met Trp Val Phe Glu Glu Glu Ile Asn Gly Glu

65 70 75 80

Lys Leu Thr Glu Ile Ile Asn Thr Arg His Gln Asn Val Lys Tyr Leu
85 90 95

Pro Gly Ile Thr Leu Pro Asp Asn Leu Val Ala Asn Pro Asp Leu Ile
100 105 110

Asp Ser Val Lys Asp Val Asp Ile Ile Val Phe Asn Ile Pro His Gln
115 120 125

Phe Leu Pro Arg Ile Cys Ser Gln Leu Lys Gly His Val Asp Ser His
130 135 140

Val Arg Ala Ile Ser Cys Leu Lys Gly Phe Glu Val Gly Ala Lys Gly
145 150 155 160

Val Gln Leu Leu Ser Ser Tyr Ile Thr Glu Glu Leu Gly Ile Gln Cys
165 170 175

Gly Ala Leu Ser Gly Ala Asn Ile Ala Thr Glu Val Ala Gln Glu His
180 185 190

Trp Ser Glu Thr Thr Val Ala Tyr His Ile Pro Lys Asp Phe Arg Gly
195 200 205

Glu Gly Lys Asp Val Asp His Lys Val Leu Lys Ala Leu Phe His Arg
210 215 220

Pro Tyr Phe His Val Ser Val Ile Glu Asp Val Ala Gly Ile Ser Ile
225 230 235 ) 240

31

5



20 25 30 AspVaI LeuIIeIIeGIy
GIyGIyAIaThrGIyThrGIyQ/sAIaLeu C o7 93 40
45 68’33‘% Ala Thr Arg Gy Leu Asn Val Ala Leu VaI CE T/ES & -
50 55 60 Phe Al a Ser GI y Thr—-Ser
Ser Lys Ser Thr t, 11e H y 70

75 Ve &¥f AIYE & fﬁ A%fél aXr\éng?/lra ?(;1% cylfygl iy Igztié ﬁlrp A u Phe
Ser Lys Ala G n Leu

95 Asp éi@uLé@lGlgl'ﬁsp&L& AkR Asﬁm/és%ﬁz\ya ALg hieSchl argeul éley Asn Thr
100 . 265110 Al a ProoH s Leu Cys Thr
Val Leu Pro Ile Leulle Pro Ile Tyr Ser 115

120 Leu Gly Gldl28e Ile ArdlmheToly GlmmdalphPreneTyto lGhe skyradet Ay Cys
Lys Phe Tyr Asp Phe27s 130 280 135285 140
Phe Gy Gy Ser A n Asn Leu Lys Lys Ser Tyr Leu Leu Ser Lys Ser 145
150 Glu Glu Thg5¥r Tyr Gln Glu Ser Ala §gy Val Ala A¢m LFWrIl¥aThrd u Lys Al a
Pro Met Leu Thr 3%t Asp Asn Leu 138 Al a 300 165

170 175 Ser Leu Val Tyr H's Asp Gy Ser Phe Asn Asp
Ser Arg Leu A% @ysy Ala Gly Gly Arg Asn Vaghys Val Ala Arg Leu Me§ gja Thr

190 Thr3%eu Ala Ile Thr &fy Val G u Asn 3C1§5y Ala Thr Val ?;%éh I1e Tyr
195 200 Vi n Lys Leu
Ile Lys Asp Fﬁl’e(f LH’PF LgarAsa %\ Trp \S;alu (Itsis Glu Q..ys Glu IﬂJOEeu gsn G\{y Gln 215
220 Gy Ala du Ala rgAspVaIGIu‘?ar AsnGuLeu\?a:ﬁ Arg Il e Asn
225 Ser Ala Gg.l?foGly Leu Ile Thr Cys Lyszééu Val His Glu Trp Leu éAP

34 WD 98/ 21340 349

PCT/ US97/ 20293

Ala Lys Cys Val VaI Asn Al a Thr Gly Pro Tyr Ser Asp -

Ala Ile Leu Thr cys Gly Ser Val Glu A28#5Phe Pro Leu Phe Glu APD®al Tyr Gin
Pro Leu Asn Asp
Lys Ile Lys Ser

Glu

15

Leu

Gly

His

Gly

Asp

Lys

Thr

Ile

Asp

255 A n Met AssgsArg Asn Pro Seseody Leu Pro Aspsser
260 265 270 Asn Ser
Thr Phe Asn Gle Vil TSerAsyahs\VByr Agp ¥ytoLys Asn Leu Pro A9yHet Ile Glu
280 370 285 375 380
Glu Leu Asp Leu His Glu Asp
385 380
(2) INFORMATION FOR SEQ ID NO:8:
l(i) SEQUENCE CHARACTERISTICS:
(AR} LENGTH: 384 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
" (ii) MOLECULE TYPE: protein
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:G:
Met Thr Ala HBis Thr Asn Ile Lys Gln His .lLys His Cys His
1 5 10
His Pro Ile Arg Arg Ser Asp Ser Ala Val Ser Ile Val His
20 25 30
Arg Ala Pro Phe Lys Val Thr Val Ile Gly Ser Gly Asn Trp
35 : 40 45
Thr Ile Ala Lys Val Ile Ala Glu Asn Thr Glu Leu His Ser
50 55 60
Phe Glu Pro Glu Val Arg Met Trp Val Phe Asp Glu Lys Ile
65 70 15
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Lys

290 -

Ay
315
Val
335
340
Leu
360
Al a
Leu
390
Arg
410
Thr
430
435
Arg
460
465
Lys
485
Lys
505
Ser

525"

530
35

PCT/ US97/ 20293

Met
Leu

Leu

Lys

Ay
Val

Ser

_Ty r

Asp

Met
Au
Ser

Val Ile Pro Ser Ile Ay Val His Ile Val Leu Pro Ser- Phe

‘WO 98/21340 295 300 Tyr SerPCX/USIN26293sp Met
Leu Asp Val Arg Thr Ser Asp Gy 305 © 310
320 Arg Val Met Phe Phe Leu Pro Trp An GyLys

Al a Ghy AN Leu Thr Asp Ile Ile Asn Thr3RBg His Gin Asn Val Lys3Bfr
Thr Asp Ile Prodseu Lys A n Val Pbo Au Asn Pro Mt Pro Thr Qu

345 350 Ala Asp Ile @n Asp Ile.

G u Leu EonAsh J1FyAsp| Leu GFe HRlgeRrsn Leu Val Ala AgH5Bro Asp Leu
36500 Pro Val L% Arg Gu Asp Val0Leu ‘Ser Ala Trp
Val Arg Pro ‘ 380
Ar g A@B s SeF JLehkys| FJeY Bld %&Pal%ssbeta"ﬁl L%%e Z”S 1 \Proehis 385
11395 Thr G n dy Val. val

H s Phe Leu_Ph S
Gln Phg Lalj_%ro Asn ?{s %Eelﬁrsl ?Jéu ﬁ?’ GH‘ Gi.%l H:LSGV§.1 élg %i’os Trp Thr
Arg G n WX 420
Al I Vi a e His Asn
q{lg \H‘alGAg%giE M.% S?SQyL'yﬁu 9};5 gfy i’%%l\L{eﬁeuGGXy gre% 0'3 H s Thr
IIeLys Leu Ala @y Ala Au GQu 450 455
Tr R13Wa1Gsin ARl Dol safalse Al @er lm_u adb a1l DeASy Tl &is Leu Ser
470 165 175480 Ser
Ser Asn Tyr Leu Val G n Asn Tyr GI y Thr Arg Ser Ser

Cys Gly A#l®Qeu Ser Gly Ala Asn LélDBla Pro Glul ¥al A2aQys &@w Phe Phe

Ser Met G u AsrisRys Leu Pro Leul8s _ 13600 =
510 Ser Leu Ala Asp Lys Qu Asn Asn Val Ile Tyr<"
G u @is P Ser Glu Thr Thr Vgjpla Tyr Gln Leu Pro Lgp@dsp Tyr Gln

Asn Leu VAP5 Asn Phe Asp TH®%Phe Arg Tyr Pré®Phe Thr Ile Ay Qu

V@Gég/ggsﬁg}’ SLYS Asp Val Asp His LYSSL.IL?e Leu Lys Leu Leu Phe His
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 Tyr 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
305 310 315 320

Lys Thr Gly Lys Ser Ala Leu Glu Ala Glu Lys Glu Leu Leu Asn Gly
325 330 335

Gln Ser Ala Gln Gly Ile Ile Thr Cys Arg Glu Val His Glu Trp Leu
340 345 350

Gln Thr Cys Glu Leu Thr Gln Glu Phe Pro Ile Ile Arg Gly Ser Leu
355 360 365

Pro Asp Ser Leu Gln Gln Arg Pro His Gly Arg Pro Thr Gly Asp Asp
370 375 380
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Leu Lys Tyr Ser- Met A n Tyr Qu Tyr Cys Arg Thr Pro Leu Asp Phe 545

550 555 560 Leu Le hr Arg
9

Phe Al a ﬂ%gﬂzﬁ“%sp Ala Lys Qu Ala Leu Lhﬁrﬂgsgg%%;;

570 575 Asn Ala Val H's Ala Thr val Lys Val Met Qy

Asp G u Phe 0o _ 585

590 Seﬁ%gl E RMfTIONArFSRCEEQ IIDrBO' ‘u Leu Qu Lys Thr Val Asn Phe lle

595 1) 6QBouence caaracTERISTICSSO0S An Gy Arg Phe Gy Val

610 (2) | NFO?'YR\Tl ERNETIR FEQ dnlPndQc18s _ (i) SEQUENCE

CHARACTERI STI CS: (B) TYPE: aminbAciWENGTH: 339 am ne acids

(B) TYPE: amino acid (c) STRANDEDNESS: uQkgowI RANDEDNESS: unknown
(D) TOPOLOGY: unknown (b) ToPOLOGY: ( hRnowhMOLECULE TYPE: protein

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 10: Met Asn G n Arg Asn Al a
Ser Met Thr Val [1ig¢ CGMOLENUAE GIYPE Seprdbain 1 5

10 15 @y Thr Ala Leu Ala Ille Thr Leu Ala Arg Asn
Gy His Gu Val Vi) SEQUENCE DESCRIPTION:p(OSEQ ID NO:9: 25

30 Leu Trp GX Hs Asp Pro Qu His Ile Ala Thr Leu Gu Arg Asp Arg
35 Met Thr Ala Thr Trp Cys Asn Ser,kro Pro PreyTSeuAgW AF%. GAPa Phe Leu
Pro Asp Val Pro Phe Pro Assp Thr Leu Hi s 10 50 55
o Leuve‘l%ée&%/*%@g é'uaLI\t”Asé'Aar LEst A8 ik amiohs S A0 1 e Loy
Val Val Pro Ser H's VaI Phe Gy Gu VaI Leu Arg Anlle ?_ys

85 val LD 11e Ile Gly Gly Gly A1a9%hr Gly Th?r(ﬂyl-éﬁs B@g L9 Pro Asp
Ala Arg Leu Va1J TrpsfNl a Thr Lys Ay speu : -
105 110 Gu Ala du Thr GIyArg Leu Leu GInAspVaL
Ala Arg G u Aka Alauala Thr Arg Gly Led®Bsn val Ala Leu Val Glul2¢k Gly Asp

125 Ay Asip A n Ile Pro LeasAla Val Ile Sereo@y Pro Thr Phe Al a Lys
130 135 140 Gu Leu Ala Ala Ay Leu
Pro Thr Al a IPhe ZHaér S¢pGLlA TerSeer Fpy LxgpSer Thr ly$ Met Ile His Gly Gly 150

155 65 160 70 75 80 36

Val Arg Tyr Leu Glu Lys Ala Phe Trp Glu Phe Ser Lys Ala Gln Leu
85 90 _ 95

BAsp 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 Pro Ile Leu Ile Pro Ile Tyr Ser
115 120 125

Thr Trp Gln Val Pro Pyr Ile Tyr Met Gly Cys Lys Phe Tyr Asp Phe
130 135 140

Phe Gly Gly Ser Gln Asn Leu Lys Lys Ser Tyr Leu Leu Ser Lys Ser
145 150 155 160

Ala Thr Val Glu Lys Ala Pro Met Leu Thr .Thr Asp Asn Leu Lys Ala
165 170 175

Ser Leu Val Tyr His Asp Gly Ser Phe Asn Asp Ser Arg Leu Asn Ala
180 185 190

Thr Leu Ala Ile Thr Gly Val Glu Asn Gly Ala Thr Val Leu Ile Tyr
195 200 205

Val Glu Val Gln Lys Leu Ile Lys Asp Pro Thr Ser Gly Lys Val Ile
210 215 220

Gly Ala Glu Ala Arg Asp Val Glu Thr Asn Glu Leu Val -Arg Ile Asn
225 230 235 240

34
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WO 98/ 21340

PCT/ USQ?/@,Q,?&;&L,“,‘0 A@n Thr Phe Ala Asp Asp Leu An dn bgfg/dsgmdjp§ Cys
Gy Lys Ser 165 170

175 Phe Arg Val Tyr Ser Asn Pro Asp Phe Ile Ay Val An Leu Ay dy
180 . Ala Lys C%/Ealal Val Asn Ala Thr Gyl 3% Tyr SerAhé’p \!@-L hsrésn Val lle
Ala'lle Ay A d t Se§4_=Asp y Ile 250 255

200 Gy PheGyAIaAsnAIaArgThr Ala Leu Ile
Thr Arg Ay Lekh i Asp Arg Asn 236 Ser Gly Leu Pro Asp £k5Pro Leu Asn Asp 220
Gu Met Ser Arg Leu dyz2ebla Ala Leu Gy2é8a Asp Pro Al azibr Phe 225
230 235 240 Mt Ay Met Ala Ay Leu
Ay Asp Leu \adn Bew LybBril€ybysTher Abp FaenAsn Gln Ile Ser Val Met Asp PdAd

250 27355 An Séﬁo Arg Asn Arg AR8S Phe Ay Met Met . Leu
Gy @n dy Mt Asp 265

270 Val Lyg Heiséﬁalpalé ¥ Sexy JlEy%lw Vél (¢85 T@en"a\}aiﬂel\/aﬂmdq; By Tyr Arg
275 230 280 285 °Asn Thr Lys Au Val Arg
AQu Leu Al a H|s Arg Phe Gévﬁ 5 295
300 Pr o BeThro s HR EeG ?‘y’l‘e"d‘ﬁ“ 5P ‘J.éu“ﬁ/frhﬁ%ré? g% Asn Al a
305 310 315 Arg
?C,-:‘Zg Ala Al a LZQ:% Jg'f r%g%ﬂeeyhegi.gu '%‘rg ‘ﬂpasﬁ( %lbyli(s%ﬂ geygﬁ‘ggj%y Thr (2)
| NFORVATI ON FOR SEQ I D NO 11 (| ) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 5f}k A&p NQeafrodBeu Lys Gln Val Pro G1{BsnT¥REMe@BrBOraCEM

(C) STRANDEDNESS: unknowo 345 (D) TOPOLOGY: 3ggoknown .
(ii) MOLECULE TYPE: nprotein (xi) SEQUENCE DESCRI PTION:  SEQ< ™
| D NO 11: Ala Mpp IGEUGIBhAsH Y3e Asp LyuGld deWaidlnl ks Gy IGeyclE yhél e Asn Gy
Al a 1 355 5 360 10 365 - 15

Gy lle Ala Ala Asp Ala Ala Ay Ar%GyLeuSer Val Leu Met Leu

20 Pro Val Lyg Arg Glu Asp Val Leu Ser@la Trp Akg §ln|Val@xy ggcp Leu Al a
Cys Ala Thr Ser 2% Ala Ser Ser 13/3 Leu 380

Leu Val Arg Asp Pro Arg Thr Ile Pro Ala Asp Gly Lys Lys Gly Ser
385 330 395 400

."

Ala Thr Gln 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

Trp Thr Gln Asn Tyr Val Ala Leu Leu Ala.Gln Asn Tyr His Leu Ser
465 470 475 480

Ser Lys Met Ser Asn Tyr Leu Val Gln Asn Tyr Gly Thr Arg Ser Ser
485 490 495

Ile Ile Cys Glu Phe Phe Lys Glu Ser Met Glu Asn Lys Leu Pro Leu
500 505 510

Ser Leu Ala Asp Lys Glu Asn Asn Val Ile Tyr Ser Ser Glu Glu Asn
515 520 525

Asn Leu Val Asn Phe Asp Thr Phe Arg Tyr Pro Phe Thr Ile Gly Glu
530 535 540

35



35 - 40 45 IIeHls GIyGIy LeuArg
Tyr Leu Qu Hs Tyr Qu Phe Arg Leu Val 7120293
60 WO 98721340 37 wo o8FSTAAE"2%
PCT/ US97/ 20293 Ser u Al a Leu AI a Gu Arg Au Vval Leu Leu Lys Met
Ala Pro H's
80 Ile é@“ Lﬁngyﬁrsc?rl\}ﬁett étgg T¥he lﬂ\r Byﬁ_gﬁs 0 B P é‘e‘h}\@p Leu Arg
85 Pro Ala Trp t Ile Arg
Ile Gy Leu Hie M AI Ma/gSPhdhSq leRU A@ Yen gs Aop Aa lye &) 299 1e
105 _ { 565 ?_ J Thr eu rLeu Pro GI‘; ssgr Thr Ay Leu
Arg Phe Ay Ala Asn 120
125 - Serasvahid-@d1 s Br076d uvatlxﬁysLm Aég c& YasBherOete Teh B Asp Cys
130 135380 585140 Trp ¥Yab Asp Asp Ala Arg
Leu Val Leu Ala Asn Ala @ n Met Val Val 145 150
155 ' Ser Glu Lyd@G@s Arg GlAMgplsis Gdw GGh \Ly& Thr\Vedl Benw PRRr1Arg Thr Arg
Ala Thr Ser Ala Arg59s 600 165 605 170
175 Arg Gu Asn Gy Leu Trp Ile Val Qu Ala Qu Asp Ile Asp Thr Gy
180 , Gln Gly Axg@She Gly Val 190 Lys Lys Tyr Ser Trp @n
Ala Arg Ay Leu % AsnAIaThrGIy Pro 195
200 205 B/al Lé/s G n Phe Phe Asp Asp Ay Met H| S
Leu Pro Ser P TyjVFORMATION F°§1%f* I 215 220
Ay Ile Arg Leu Il(e) Ly Q&%ES&;AREE'FERIIE‘FIC\éal Val Pro Arg Val H's 225
230 ' LENGTH: 339 amino #iQs Thr Gn Lys Gn Ala Tyr
IIeLeanAsnGuAs(@Ly&PfJ e Tan 245 -
250 % STRANDEBﬁgsVa unIk},g-,,mPro Trp Met Asp Qu Phe Ser Ile
Ile Ay Thr Thr Asp (D) TOPOLOGY: unkn _ 265 -
270 Val Gu Tyr Lys Ay Asp Pro Lys Ala Val Lys Ile Gu Gu Ser Gu ;
275 {ii) 2MEECULE TYPE: protein 285 Ile Asn Tyr Leu Leu Asn
Val Tyr Asn Thr H's Phe Lys Lys @ n Leu 290 295
300 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
Met Asn Gln Arg Asn Ala Ser Met Thr Val Ile Gly Ala Gly Ser Tyr
1 5 10 15
Gly Thr Ala Leu Ala Ile Thr Leu Ala Arg 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
Leu Glu Ser Asp Leu Ala Thr Ala Leu Ala Ala Ser Arg Asn Ile Leu
65 70 75 80
Val Val Val Pro Ser His Val Phe Gly Glu:'Val Leu Arg Gln Ile Lys
85 90 95
Pro Leu Met Arg Pro Asp Ala Arg Leu Val Trp Ala Thr Lys Gly Leu
100 - 105 110
Glu Ala Glu Thr Gly Arg Leu Leu Gln Asp Val Ala Arg Glu Ala Leu
: 115 120 : 125
Gly Asp Gln Ile Pro Leu Ala Val Ile Ser Gly Pro Thr Phe Ala Lys
_ 130 135 140
Glu Leu Ala Ala Gly lLeu Pro Thr Ala Ile Ser Leu Ala Ser Thr Asp
145 : 150 155 160
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Ser Arg Asp Asp Ile Val

310 - 315 320 Asp Asp 02dsp Ser
Pro G@n Ayggfylnsth Arg Asp Tyr Thr Leu - P&Mgggiz

330 - 335 Asp Ile Hs Asp Qu Asn Ay Lys Ala Pro Leu
Leu Ser Val 3

350 glLys gﬂe‘ll?'nla R AT@rLexr%lnLégn I:ggl Lﬁluaalé cy?—thlyif% E%ﬁ A u Lys
355 -

38 V\Dﬁ&gﬂé‘@gl Tyr Ser Asn Pro Asp Phe Ile Gly Val Gln Leu Gly Gly

PCT/ US97/ 20293 LetgoThr Pro Tyr Typssd n Ay Ille Gygbro Ala Trp Thr
Lys A u Ser 370 375 380 Val
Leu Pro Ay G % Lybeas@l ValGIye Asp MregGAsPlASPyTYet Aba ABbaGly 11885

390 19395 200 400 Argoteu Arg Arg Arg Tyr
Pro Phe Leu Thr Qu Ser Leu Ala Arg Hi s 405

410 Gly Phe GAySAla Asn Pyp AgaThy §laripev Thie THry ASpGlaskevSata G u Leu
Leu Leu Ay Asn A& 215 420 220 425

430 Gy Thr Val Ser Asg) Leu Gy Gu Asp Phe Ay Hs Gu Phe Tyr Qu
435 Glu Met SgﬁoArg Leu Gly Ala”Ala Lethféy Ala A% 5rca]—\:}a|_‘gur Eg% Tyr Leu
Val Asp H| S c%” Trp Val Arg Arza"Al a Asp 235 450 455.
jgg tanyelladﬁ;Oﬂ.ap{;gy G-E.}}rAépyie\ﬁzgl CﬂeY: 'MFr Cyspr e)ys;;ﬁ%n Al a Asp
G@n Ser Arg Val Ser Gn Trp Leu Val du Tyr Thr Gn dn Arg

485 Gln Ser A%/%(hsn Arg Arg Phe Gly Mé1.95let Leu &BH Gﬁ@rGlEfeﬂdE Q?}'Izzser

500 | NFORMATAdoN FOR SEQ | D Nekd 2: A7) .

CHARACTERI STI CS:

(B) TYPE: amwnn ami der Ala Gln Glu Lys IXeCplys GRANREDNASS1u WwlknoDynArg
(D) TOPOLOGY: (ii)280OLECULE TYPE:

SEQUENCE DESCRI PTI ON:

unkno\ens

Trp Thr Tyr Ser Gy Val Ar

(A) LENGTH 542 a

SEQ I D NO 12:

g Pro Leu 'Q/s 305

m no aci ds

RBBt ei n (xi-) s

Asn Thr Lys Glu Val Arg Glu Leu Ala His Arg Phe Gly Val Glu Met

Pro
305

Ser

(2)

Met
Gly
Glu

Ile

300

320

335

290 295
Ile Thr Glu Glu Ile Tyr Gln Val Leu Tyr Cys Gly Lys Asn Ala
310 315
Glu Ala Ala Leu Thr Leu Leu Gly Arg Ala Arg Lys Asp Glu Arg
325 330
Ser His
INFORMATION FOR SEQ ID NO:11:
(i) SEQUENCE CHARACTERISTICS:
{({A) LENGTH: 501 amino acids
({B) TYPE: amino acid
(C) STRANDEDNESS: unknown
{D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: protein
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:11:
Glu Thr Lys Asp Leu Ile Val Ile Gly Gly

Ile Ala Ala Asp Ala Ala Gly Arg Gly Leu

Ala Gln Asp Leu Ala Cys Ala Thr Ser Ser
35

His Gly Gly Leu Arg Tyr Leu Glu His Tyr

50

5 10

20 25

40

55

37

Gly Ile Asn Gly Ala

15

Ser Val Leu Met Leu

30

Ala Ser Ser Lys Leu

45

Glu Phe Arg Leu Val
60



NEt Lys Thr Arg’ Asp Ser Gn Ser Ser Asp Val Ile lle lle dy Gly

10 15 dy Ala T, dy -
IIe Ala M@%@b"@s Ala Leu Arg Ay Leu %T&%’ASE
25 30 ArgVaI Ile Leu Val GIuArngsAspIIeAL.aThr
Gy Ala Thr Gy 45

Arg Asn Hs Ay Leu Leu HIS S d r Val _Thr_ As 50
55 Ser ol Alggleu Ala E Aég @eyﬁ %5‘1 éf@ﬁlds M‘ﬁyé\l?lpé°3§ G u Asn
An.lle Leu L‘g/ss Arg 65

gg e Ail% ﬂg PS%SPrglﬁetviLg ghg IEJ g‘g Pré‘%ﬁsqgé L?&J HEQeLeU Er Thl‘ Leu

39 WD 98/ 21340 8

PCT/ US97/ 202985 aia TxpreetCiik Aw AsPelyeleS®he FRE Frnad aidMleuPER, 1€ Arg
Ala Cys Qu 100 100 105 105 110 110
GQu Ala dy lle Ser Ala Gu Ala lle Asp Pro dn A@n Ala Arg Ile

115 Lys Arg Th20Ser Leu Pro Gly Ser ThA 2%y Leu Ard Pee Gy A2moasf a Val Asn
Pro Ala Leu Ile dyilAba Val Lys Val R0 130125 135
140 Asp Gy Thr Val Asp Pro Phe Arg Leu Thr Ala Ala Asn Met Leu Asp
145 Ser Val Lgg(QLys Pro Glu Ile Lys Arq G4y Phe Glu Tyr Sexr Asp Q¥ Al a
Lys Gu His Ay ARG VaI lle Leu B8P Ala Hs Gu VH? Thr Ay

165 175 LuIIeArq%luGyNa

Thr Val Cys @’y’ Vad Aﬂ?g“\?af*l%“‘gg ASH Ygisleu Ala Asn Ala Gln Meygip
185 190 %uThrGIyGIul'FﬁanAlaLeuH"%AlaPro

Val Val VaI | )
205 A%Q’yé’ﬁa eGlﬁ‘r oYy &n fyomy Nras & %ﬁogeixgéa L8P Arg 11e <7
210 Arg Met Phe Pro Ala Lys-
Ay Ser Leu Lgi ki€ AMEteﬁsﬂed'"ﬁp Ang \1’AleGlu A12?éiu Asp Ile Asp Thr G1y230 s
235 ko Asn A n HassVal |le Ksn AngoCys Arg Lys Pro
Ser Asp Ala Asp Ile 245 250

255 Lys Lys Tyr Ser Trp Gln Ala Arg Gly Leu Val Asn Ala Thr Gly Pro

185 200 205

Trp Val Lys Gln Phe Phe Asp Asp Gly Met His Leu Pro Ser Pro Tyr
210 215 - 220

Gly Ile Arg Leu Ile Lys Gly Ser His Ile Val Val Pro Arg Val His
225 230 235 240

Thr Gln Lys Gln Ala Tyr Ile Leu Gln Asn Glu Asp Lys Arg Ile Val
245 250 255

Phe Val Ile Pro Trp Met Asp Glu Phe Ser Ile Ile Gly Thr Thr Asp
260 265 270

Val Glu Tyr Lys Gly Asp Pro Lys Ala Val Lys Ile Glu Glu Ser Glu
275 280 285
Ile Asn Tyr Leu Leu Asn Val Tyr Asn Thr His Phe Lys Lys Gln Leu
290 295 300

Ser Arg Asp Asp Ile Val Trp Thr Tyr Ser Gly Val Arg Pro Leu Cys
305 310 315 320

Asp Asp Glu Ser Asp Ser Pro Gln Ala Ile Thr Arg Asp Tyr Thr Leu
325 330 335

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

38



Leu Val Pro Gy Asp Thr Ile Ser Leu Ile Ay Thr Thr Ser Leu Arg

260 WO 98/21340 265 270 Ile ASpPG'!?IIUSM2ﬁ u | | e
Asp Asp Asn Arg Val Thr Ala Gu du Val 275

280 285 Asp Ile Leu Leu Arg Au Ay Qu Lys Leu™A a
Pro Val Met Aka MHtSpPro Tyr Tyr @906Gly Ile Gly Pro Ala T285Thr Lys Glu Ser 300
Thr Arg Ile Leu 3amg Ala Tyr Ser &y Val Arg Pro Lo Val Ala Ser 305
310 315 320 - Asp Asp Asp Pro Ser Gy

Arg Asn Leu Set wugP£s Ely|@Ey\Vala Lée GleuGly Asp Arg Asp Asp Tyr Ala3m
330 385 335 3®p Hi s Ala Gu3ffg Asp Gy Leu #®p Gy Phe
Ile Thr Ile Thr Ay 345

350 a @rgylseuLé{s PGEE AFHrTYFyPr%r%ELIeﬂP et GAp e teuThp? Arg Hisr Asp Al a
355 36%° VaI Cys Afg Lys Leu Ay
Asn Thr Arg Pro S As 375
380 Al aTIE'élﬁ% B %IT ogré’rrAéyn ?ﬁpd’\sﬁ"r erAFJalu &l I\?ﬁl L%P;g_é*ﬁnﬁjj‘ Lys Val
385 394 25395 400

40 /1213

PCT/ Uo7/ 20263 T ff; Fe "B Tl PrgoAd Pro Thu Ay S¥F R val Tyr
Arg Hs Ay 405 410

415 AsR1 A& @ ulBEu PO Aravels pai—@lépSﬁrs e e waérﬂrd-ﬁyg bl g Ag Ser Leu
420 . 450 425 455 430 seoVal Cys Gu s Au Ala
Val Thr Ala Gy GQu Val dn Tyr Al a Val 435

440 Asp Ala Leul4%p Arg ArgCrhr Ayn ¢leuGhs MeValrpAbsu Set aheuadpeu Asp Leu
Arg Arg Arg BleF Arg 480 475 455 480 460
Val Ay Met Gy Thr Cys An Ay Qu Leu Cys Ala Cys Arg Ala Ala 465 <
470 Gln Gln Sey Azg Val Ser Gln Trp Lew¥al Glu Tyrc;('rsp By GlayAxd@ n Arg Phe
Asn Val Thr Thr Ser Ala A4%%Ser Ile Gu 4% 495485

490 495 G@n Leu Ser Thr Phe Leu Asn Gu Arg Trp Lys
Gy Val dn PFB J9Telev Ala Sex 500 505

510 Ala Trp Ay RggAla Leu Arg Gu Ser Au Phe Thr Arg Trp Val Tyr

(2) INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 542 amino acids
(BY TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
{ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

Met Lys Thr Arg Asp Ser Gln Ser Ser Asp Val Ile Ile Ile Gly Gly
1 5 10 15

Gly Ala Thr Gly Ala Gly Ile Ala Arg Asp Cys Ala Leu Arg Gly Leu
20 25 30

Arg Val Ile Leu Val Glu Arg His Asp Ile Ala Thr Gly Ala Thr Gly
35 . 40 45

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 Axg
65 70 75 80

Ile Ala Arg His Cys Val Glu Pro Thr Asn Gly Leu Phe Ile Thr Leu
85 90 95

39
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515 520 525 Gn dy Leu Oys Ay Leu

GQu Lys Qu An Lys Asp Ala Leu 530 T
540 WQ 93/21 3f(NFCRIVATI ON FOR SEQ I D NO 13: &9
CHARACTERI STI CS: - (A LENGTH 250 am no acids -

B) TYPE: NDEDNESS: ynk
ng TCPOLO%? noﬁ&ﬁd‘m’ Asp Leu Ser Bhe fje Q@E&L@%%‘E f%l%e?nffwa‘“

(xi) SEQUENCE DESCRI PH{%ON:  SEQ 1D NO Vet QY Leu Thr Thr Lys

Pro Leu Ser a a
10 &EPA&XS%% héA\%Qr 'ﬂl@ (ﬂ ﬁi_g\e/gile ASB %o Gl ri;nlAé IArq | f’e Ser,dn

Pro Ala lle Ala Al a

30 Pherild R1A&oARD. Rhe A@nYPlle)’ﬁlaA*iEu Lms. oy aPhgysAop kg A u Hi s
35 130 40 135 140/al Ile An Val Ser His
Ay Trp Arg Thr Phe Asp Ala Ile Ala Lys . 50 55
60 Pheady @1PronrAssd Rhe PAbaPhAsArdaleu Ghyt Alar AMalrsAdetlys: hep G u Al a
65 145 70 150 75 155 860 Au
Ile Pro Val Lys Tyr Ay GQu Lys Ser Ile u Val Pro Ay Al a

85 Ala Lys Gl@OHis Gly Ala Val Ile Leudihr Ala His Glu Val Thr Gly

41 WD 98/ 21340 165 170 175

PCT/ US97/ 20293 }/ Leu Oés n Ala Leu Asn Ala Leu Pro Lys Gu
Lys Trp Al'a Leu Ile Axrg Glu Gl A]'{.GOThr al Cys Gly Val Avjr_cbgal Arg Asn His 110

Val Ala Thr Ser Gy Thf"8 Arg Asp Met A 4% n Lys Trp Phe Y& u His

115 rg Arg Pro
Lys Tyr Phe Ff% T]ht_'er;gl gl\.hérﬁr'&;sln N3 LE‘S' #id%8a Pro V?I_Jé al GX AleadL 135
140 Gn @y Lys Pro His Pro Glzu Pro Tyr Leu Lys Ay Arg Asn Ay Leu<
145 Ala Gly I1E9®rp Gly Gln his Ile a1d%Ru Tyr Ala Asp Leu Arg X80 a-y
Tyr Pro Ile Asnggpu A n Asp Pro &Her Lys Ser Lys Yad Val Val s
165 170 175 '

Arg Met Phe Pro Ala Lys Gly Ser Leu Leu Ile Met Asp His Arg Ile

225 230 235 240

Asn Gln His Val Ile Asn Arg Cys Arg Lys Pro Ser Asp Ala Asp ile
245 250 255

Leu Val Pro Gly Asp Thr Ile Ser Leu Ile Gly Thr Thr Ser Leu Arg
260 265 270

Ile Asp Tyr Asn Glu Ile Asp Asp Asn Arg Val Thr Ala Glu Glu Val
275 280 285

Asp Ile Leu Leu Arg Glu Gly Glu Lys Leu Aia Pro Val Met Ala Lys
290 295 300

Thr Arg Ile Leu Arg Ala Tyr Ser Gly Val Arg Pro Leu Val Ala Ser
305 310 315 320

Asp Asp Asp Pro Ser Gly Arg Asn Leu Ser Arg Gly Ile Val Leu Leu
) 325 330 _ 335

Asp His Ala Glu Arg Asp Gly Leu Asp Gly Phe Ile Thr Ile Thr Gly
340 345 350

Gly Lys Leu Met Thr Tyr Arg Leu Met Ala Glu Trp Ala Thr Asp Ala
355 360 365

Val Cys Arg Lys Leu Gly Asn Thr Arg Pro Cys Thr Thr Ala Asp Leu
370 375 380

Ala Leu Pro Gly Ser Gln Glu Pro Ala Glu Val Thr Leu Arg Lys Val
385 390 385 - 400
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Phe Gu Asp Ala Pro Ala Ay Ile Ala Ala Ay Lys Ala Ala Ay =Q/s

180 WO 98/21340 185 ' 190. - Lys |l e pCE/USHY202PE Al a
Thr Thr Phe Asp Leu Asp Phe Leu Lys Gu 195 ' _
200 205 Lys Ay Cys Asp Ile Ile Val Lys Asn Hs Qu
Ser Ile Arg Vale &¥ 1eu Pro Ala 210 Leu Arg Gly Ser Ala ZdSTyr Arg His Gly 220
Gy Tyr Asn Ala G u Thr Asposd u Val d u Phaibl e Phe Asp AspsiByr 225
230 235 240 Leu Tyr Ala Lys Asp Asp
Leu Leu Lys Thgp Arg Thr Pro Ala Trp Leu S@4Klu Gly Arg Leu His Ar@5fer Leu (2)

| NFORVATI ON FOR SEQ | D N© 14: 412%i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 271 am no aci ds . (B) TYPE: am no acid

(C) STRANDEDNESSCYs$RRdwW§ Glu Ala Val Thr Ala Gy CGRepiglogim Tymkiawial

(ii) MOLECULE TYPE: YBFotein 4% xi ) SEQUENCE BEBCRIPTION: SEQ I D
/I:I\SO.nl4. 1 Cl;\ﬁlt Als_r}/ SI..eérlgsnEQael '?grrl] S\éarI LeLue'ﬂe\If )ﬁsspl-%qz Zlkll."geA@é %r-gh{'hr-rp&;g L{; Ala

lle Gn Thr 11e A% Met Pro Leu TH® Thr Lys Pro L& ser Leu Lys
20

e Al Leu Phe
Asp Val Asp Cial M%F'ecﬁyl ghﬁ I%; elrn 8yn 2 teu CE,': Ma Cg‘%r}\rg ElaA%gg 40
45 Pro alle Ala Ala Phe Trp Arg Asp the Ay Lys Asp Lys Pro Tyr~
50 Gly Leu L8R Gln Arg Phe Asn Val ThBQhr ser aR@1ASR AR Gy H s Val
Ile Hs Ile Ser His Ay TrpgArg Thr Tyr 49065 495
75 80 42
WO 98/ 21340 Gln Leu Ser Thr Phe Leu Asn Glu Arg Trp Lys Gly Val Gln Pro Ile
PCT/ US97/ 20293 Fop Ala Ile Ala B9S Phe Ala Pro Asp Phe Ala Asp Qu
G u Tyr Val 85 90 <
95 Asn AdasTiRe Gl AsPCRiR Gy AdgeChy §exdGhuLBrs Ty Agy\Irg YelHTgr Ser |l e -
100 5365 5200 110 525 R

Gln Gly Leu Cys Gly Leu Glu Lys Glu Gln Lys Asp Ala Leu
530 535 540

(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 250 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D} TOPOLOGY: unknown
(ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

Met Gly Leu Thr Thr Lys Pro Leu Ser Leu Lys Val Asn Ala Ala Leu
1 5 10 1s

Phe Asp Val Asp Gly Thr Ile Ile Ile Ser Gln Pro Ala Ile Ala Ala
20 25 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 15 80

Glu Ile Pro Val Lys Tyr Gly Glu Lys Ser Ile Glu Val Pro Gly Ala
. 85 90 95
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Au Val Pro Gy Ala Val Lys Leu Cys Asn Ala Leu Asn Al a Leu Pro

Ao The QG0 /1;58 Asp Met Ala Lys 125 1ag”° O torSsohiedl 8 Ve
140 Lys Trp -Phe Asp Ile Leu Lys Ile Lys Arg Pro Qu Tyr Phe Il e~Thr
y p

145 Val Lys Lé&sgys Asn Ala Leu Asn Alalﬁg% Pro Lys Glu lys Trp A&QO Al a
Asn Asp Val Lys Cgl d Yobys Pro Hs Praggd u Pro Tyr Leuyilgys
165 170 175 Gy Arg Asn Ay Leu Ay
Phe Pro |l e Asn Xdautkd BeASpyPria E_eg“ AkY¥Met Ala Gln Lys Trp Phel8Ou His
185 115190 Ser hgs Val Val Val Ree*Gu Asp Ala Pro Ala-
Gy lle Ala Ala Ay 195 200
205 Ly&ed GlyAle Gry ATysProySyd ITgr \Rple ey Thi AlAI2@nThap VY Lpke Asp Leu
210 130 215 135 220 14dsp Phe Leu Lys Qu Lys
Gy Cys Asp Ile Ile Val Lys Asn H's Gu 225 230
235 ;g‘ Gly LysZpo His PrSequ PEo Avg heyy LJG FLEAFITRED Bl ;@Ba du Thr
Asp du Val Leu 245 '
ggg H eGE}beTyésP%gge -II%; GLl%uGir I.;&spAqu:oL '163 Sé??[glfeua %ﬁ% L ST;I'I‘OQI FOR
SEQ I D NO 15: SEQUENCE CHARACTERI STI CS (A
l(_CE:;\IGgI_'IRAL([))EDNH%% a&%(pdila Pro Ala Gly Ile ataBly DTXPE&%[H&%&QCE%& Cye

185 .
(ii) MOLECULE TYPE: pr ot ein (xi ) SEQUENCE DESCRI PTION: SEQ ID
NO: 15: Wbt fleerfy eipenelals %Tﬂﬁ%’hhekbpvﬁéu .C1 EIBQeLe%e%}éé-ﬁuAr I%hTy,rA\ Ile
1 5 195 20 205 e Arg _
Ser Ser An Arg Leu Tyr Thr Ser Leu Lys @n Ju A n Ser 20
25 Lys Gly Cys3@sp Ile nregvaktLySexsnLry:s Gle sketilel argAvpl laay Arg Ser -
Asp Tyr Val Pro 3i8u 285 220 40 N
45

_ 43
Gly Tyr Asn Ala Glu Thr Asp Glu Val Glu Phe Ile Phe Asp Asp Tyr
225 230 235 240

Leu Tyr Ala Lys Asp Asp Leu Leu Lys Trp
245 250

(2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 271 amino acids
(B) TYPE: aminco acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
{(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

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
20 25 30

Ile Asn Ala Ala Leu Phe Asp Val Asp Gly Thr Ile Ile Ile Ser Gln
35 40 45

Pro Ala Ile Ala Ala Phe Trp Arg Asp Phe Gly Lys Asp Lys Pro Tyr
50 55 60

Phe Asp Ala Glu His Val Ile His Ile Ser His Gly Trp Arg Thr Tyr
65 70 . 75 80
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WD 98/ 21340 '
PCT/-US97/ %23 1340 Ile Ala Ser Ile Asp Val Ay Thr Thr Segrhtorfe293 CYS

Il e Leu Phe 50 55 60 Asn
Arg Trp Ay Gn Asp Val Ser Lys Hs @n Ile Au Tyr Ser Thr 65 -
70 Asp Ala I1&PAla Lys Phe Ala Pro As r Ay Lys
Ile dy Val SerpGI y Leu ArggArg Pro Ser peﬁ;e Ala A§§ aitd &y %]—Bé’ﬁ

90 95 Thr Ala Pro Ala Arg A u Thr Pro Asn Ala Ay
Asp Il e Lys Thsn $gs Leu Glu Gly Glu Ile P#®Qlu Lys Tyr Gly Glu HikOBer Tle

110 Ay Lys Pro || &®he Ser Ala Quogy Tyr Ala |Ilr'emi@ n G u Thr Lys
115 120 125 Phe Leu Lys Ile Au GQu
Leu Asp Leu A8} Paé BosGlasAlgViglPkys Fhw Cys Asn Ala 180 Asn Ala Leu Pro 135
140 Leu Lys Phe11|5ro Lys Pro Gyl3a®p Val Gu Cys s Pro G n Lys Leu
145 155 160 Leu
Val Asn Val VaYs @lh IG?ST{%ﬁlNVé‘lS%‘ra Bat SEEFIYeThrSArY [Asp MatnAla Lys

165 170 175 4%hr 11e Asn Ser u Arg
Val Al a Asn Praq, Tyr

185 G bt ‘thg’(bs" e [;L%/Y oﬁl e AgeyF 1 gl‘AlTé(rA@‘ﬁ Mﬁ TArg Gu Thr
Thr 1le Leu TFp Ser 195 155 200

205 Arg r L I T, Asn Asp
o AOadh As? Yail {.2; R dilyeryd Pré‘%&s ﬂgo rPr ?rd;r%? F’@ Lys 1
Val Arg Asp Lys Trp G n Asn Thr Ser Val 225

235 Gly Arg Asd4€ly Leu GA§PPHA 8rdife LA’-@H ﬁunGi-r?lAsg‘rEro%& I:':.}Ld@ Thl’ Ay
Leu Pro Leu Leu Ser 180 18845

255 Thr Tyr Phe Ser Cys Ser Lys Leu Arg Trp Phe Leu Asp Asn Gu Pro.
260 Ser Lys VA@5Val Val Phe Glu Asp Al2 #3o Ala Glypale Qs AW chys Al a TyI
Au @u Asn Asp LeuW@t Phe Gly Thr %4 2995

280 p Thr Trg Leu Ile Tyr A n Leu Thr Lys G@n
Lys Al a Phe Vs %% Ala Gly Cys ége, Ile Val Gly Ile Ala P95 Thr Phe Asp Leu 300
Asp Val Thr Asn At% Ser Arg Thr &% Phe Met Asn L%'{P Ser Thr Leu 305
310 s Tyr Asp Asn Qu Leu
Leu Gu Phe i &Y Heflééyﬁsgl'hé% A e, nee e e val ¥js Woh HiszSin

330 335 Ple Hs Mt Prd™@u e Val Ser28r Ser @n
gﬁg Tyr Ay Asf¥ P arg val Gly Glu Tyr asi*@1a Glu Thr Asp Glu Va§ él.u 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:15:

(i) SEQUENCE CHARACTERISTICS:
(3) LENGTH: 709 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown .

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

Met Phe Pro Ser Leu Phe Arg Leu Val Val Phe Ser Lys Arg Tyr Ile
1 5 10 15

Phe Arg Ser Ser Gln Arg Leu Tyr Thr Ser Leu Lys Gln Glu Gln Ser
20 25 30

Arg Met Ser Lys Ile Met Glu Asp Leu Arg Ser Asp Tyr Val Pro Leu
35 40 45
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44 WD 98/ 21340 ,
PCT/ US97/ 20293 - Gy lle Pro Asp Trp Ile Met Qu Lysrll_‘eluU p Ser-
Pro Lys THp 98/21340 355 ' 360 Mﬁ"@é -
Val Leu Arg Asp Leu VaI Lys Arg Asn Leu Pro Ile @n Gly Q/s Leu -
370 v A X 3 Adn Ser Ala Ser
Met Val Ay &% A%&Peﬁl élerﬁfp L;?é grs‘ryo“tﬁ Viad e Fgsrro Cve e Preu Phe 390
395 400 Al a Lys QIS Thr™Tyr Ay Thr @y Cys Phe
Leu Leu Tyr 410
415 ﬁ‘snl_hrg Tré:v EVS G|];n As Valsg?r s Péll SG:‘@ ;.le Glu T r %r TE_F”_ Leu Al a
420 425 430 Phe Trp Phe Pro Hi s Leu
Adn du @Jy A:cijelysé;::‘I i, .J-Y@y Rryg lcieuGi-f"&‘al Ser Gly Leu Aré%&g Pro Ser
440 % Ser Lys ProggHi s Phe Ala Léugdd u Ay Ser. VaI
Ala Val Ala Ay A a 450 455 460
Val Val G n Tkp aheupAr g1A%Pg A3 HRUPAS Gshelal 6 Asp Ihy SySerhCsbr 465
470 4780 105480 Asp Mal Ay Prolle Ala
Ser Thr Val Pro Asp Ser Ay dy Val Val 485
490 Gly Lys Pro4QEs Phe SerPhe@ Wiy GRy d'yAl HlaPlide Sén QUuyThedyPhe Ala Pro
Tyr Trp Asp Pro Asptls 12600 125 505 :
510 Ala Arg Ala- Thr Ile Met Ay Met Ser G n Phe Thr Thr Ala Ser H s
515 Phe Leu Lygofle Glu Glu Leu ASp Leudipp Phe His Asp GlugPpg 'g"hN a Al a Val
Gu dy Val cysiBle Gn Ala Arg B Ile 1680 535
gjg LeEeuL)f..S Ailth c;[ L)S(serProe(glyA§Pp %la?ség\ Cys ¥11s Procél% $r§ 53 Asp Arg
Phe Leu Gu &fu Il e Ser Asp \}af) Thr Tyr Qu Lys Ser Pro Leu
565 Leu Val Asd/%al val Gln Cys Leu Alae Ser Leu 2eh é@'l Lédalélé‘l a Val ASp
Gy Ay Met SerArg Ser Asngél u Met 170 585 N
585 590 GnIIeGnAIaAspIIeLeuGyProQ/sVaI
Lys Val Arg #rf 1$5erasn Ser Glu Arg VAi9Bla Asn Gly Leu Pro Pr60fyr Lys Vval
605 Pro Thr Ala @®u Cys Thr Ala B&a Gy Ala Ala I11%® Ala Ala Asn Met
610 615 620
: Ile Cys Met Gly Ile Ala Asn Met Arg Glu Thr Thr Ile Leu Trp Ser

195 200 : 205

Arg Arg Thr Gly Lys Pro Ile Val Asn Tyr Gly Ile Val Trp Asn Asp
210 215 220

Thr Arg Thr Ile Lys Ile Val Arg Asp Lys Trp Gln Asn Thr Ser Val
225 230 235 240

Asp Arg Gln Leu Gln Leu Afg Gln Lys Thr Gly Leu Pro Leu Leu Ser
245 250 255

Thr Tyr Phe Ser Cys Ser Lys Leu Arg Trp Phe Leu Asp Asn Glu Pro
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 Iie 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
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Ala Phe Lys Asp Val Asn du Arg Pro Leu Trp Lys Asp Leu H's 'As_p 625"

630" 635 640 Val Lyspdyesohzp29gal Phe
Tyr Asn 3098/213406‘ ulLys Asn du dnlle 645
650 655 45
WO 98/ 21340 Gly Ile Pro Asp Trp Ile Met Glu Lys Leu His Asp Ser Pro LyECFI‘{ US97/ 20293
Ser Pro Gu Ala Hisizg¥o Asn Leu Lys Jebe Phe Arg Ser £3su Ser "Asp
660 - 665 670 Asp Ala Qu Arg Arg Lys
H's Trp Lys I deupafd wsyalevAVal Ygs AdgUasn Leu Pro Ile GXn/Bly Ccys Leu .
680 370 685 . Argiser Lys Gy Trmsbeu Lys Asp Ile Qu Ay
GQu Hs u dn Vval 690 695 700
Leu G u Asn PRig A8pnGln Ser /AJ% Ser Met (2} GUYNFIIRMAT IADA FRERLSE@rbEINO 16:
(i) SEQUENCESEHARACTERI STI CSs3390 393 A) LENGTH. 51 4Mse pairs
(B) TYPE: nucleic acid Mé;c STRANDEDNESS: si ngl e
(D) TOPOLOGYRAlpjM@akys Cys Thr Tyy Gly Th IIZCFJI’EPWF“EU LeNAYY denofixc)
(xi) SEQUENCE DESCRI PTI ON%° SEQ I D NO 16: GCGCGGATCA1AGGAGICTAG
SEQ | D NG 1750 #2523 Y S egapy g @memeg#rérhi Tennta OO
(A) LENGTH. 36 base pa|4r28 (B) TYPE: nucl43?c aci d '
(C) STRANDE S I Y, r
(i) NO_ECUDNESWEE%Q BER Hisokon oL o T A By Eg%i%éudﬁm PTI ON:
SEQ I D NO 17: TACGCCCG GGTTACCATT TCAACAGATC GICCTT
36 (2) sek NFyoRMAT IHOB FHERASEQek R1N@1485er val Ala Val Ala Gly Ala

450 455 460

Val Val Gln Trp Leu Arg Asp Asn Leu Arg Leu Ile Asp Lys Ser Glu
465 470 475 480

Asp Val Gly Pro Ile Ala Ser Thr Val Pro Asp Ser Gly Gly Val Val
485 490 495

Phe Val Pro Ala Phe Ser Gly Leu Phe Ala Pro Tyr Trp Asp Pro Asp
500 ' 505 510

Ala Arg Ala Thr Ile Met Gly Met Ser Gln Phe Thr Thr Ala Ser His
515 520 525

Ile Ala Arg Ala Ala Val Glu Gly Val Cys Phe Gln Ala Arg Ala Ile
‘ 530 535 540

Leu Lys Ala Met Ser Ser Asp Ala Phe Gly Glu Gly Ser Lys Asp Arg
545 550 555 560

Asp Phe Leu 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 5%0

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 :
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(1) SEQUENCE CHARACTERI STI CS: - (A) LENGTH: 3'4 base pairs

(B) TYPE; aci d (C) STRANDEDNESS:
(D) IR  e (ii) MOLECULE TYPE: Sﬂ(&wﬁ"’zoﬁg >
(xi) SEQUENCE DESCRI PTION:. SEQ I D NG 18: TTGATAATAT AACCATGGCGF
jigTCX:TCX:T(S §¥§F2%ﬁ3481u Ala His Pro Asn Leu Lys If% Phe Arg Ser Glu Ser Asp

670 .
PCT/ US97/ 20293 (5) | NFORVATI ON FCR SEQ I D NO 19: (1)
SEQUENCE C"IA%QTAEB' efd (I\i§g Arg Lys His Trp Lys 6‘?9 TL}EN@\[HIalBQlQQ§§ dai rs
(B) TYPE: nucleicgagid 680 (C) STRANDHEINESS: single
(D) TOPOLOGY: Ili near (i) MOLECULE TYPE: DNA (genomnic)
(xi) SEQUENGEgDESCRySBLON rp ﬁE.QL}{DPNQ 1% Glu Gly GIATIGATANGGIA ABRITTGGA
TCCAATAAAT CTAATEITC 695 39 700(2) | NFORMATI ON FOR SEQ
| D NO 20: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH. 24 bdse @i Asn Phe Gln (B) TYPE: nucleic acid
(C) STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (1)
MOLECULE TYPE: enomi ¢ ém ) SEQUENCE DESCRIPTION: SEQ ID
NO: 20: dATGAé‘FR CRAER ArPe:l
24 (2) | NFORNVATI ON. FOR SE I D NO 21: (i) SEQUENCE
CHARACTER! STI cs: () SEQ"ENCE CHA %NG'FH 24 base pairs :

B) TYPE: nucl eic aci LENGTH: *STRANDEDNESS: si ngl e
_ g

sy
B) TYPE: nuclelc a
{C) STRANDEDNESS: single
(D} TOPOLOGY: 1linear
(ii) MOLECULE TYPE: DNA (genomic) <
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
GCGCGGATCC AGGAGTCTAG AATTATGGGA TTGACTACTA AACCTCTATC T 51
(2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B} TYPE: nucleic acid
) (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i1i) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
GATACGCCCG GGTTACCATT TCAACAGATC GTCCTT 36
{2) INFORMATION FOR SEQ ID NO:18:
(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:18:

TTGATAATAT AACCATGGCT GCTGCTGCTG ATAG ' 34
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(D) TOPOLOGY: |inear ' (ii) MOLECULE TYPE: DNA (genomi c)
|

(xi)" SEQWENGBIBIBSCRI PTION: SEQ ID NO'21:  CATGGAATTGPEGRESTIRAS TAGT
24 (2) | NFORVATION FOR SEQ I D NO 22: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 19 base pairs -
(B) TYPE: nuci®ic H¥OBMATION FOR SEQ ID NQ:Cp: STRANDEDNESS: single

(D) TOPOLOGY: linear ii) MOLECULE TYPE: DNA (genom c)

(xi) SEQUENCE DESERI PERERNICE CEFRNeT 88 CTAGTAAGGA GGACAATTC

19 . (RA) ;‘,;:NGTH: 39 }:l)asqué;rs 47 WO 98/ 21340 ( )
PCT/ US97/ 20293 ) f )\ SEQ I D NO 23: - o
SEQUENCE CHARACTERI STI %; iggﬁ’%@@? singlg o)~ LENGTH. 19 base pairs

(B) TYPE: nucleic ac P HIReAT () STRANDEDNESS: singl e

D) TOPOLOGY: |i i ECULE TYPE: DNA (genomic)

Exi)) SEQUENCE DRGSR PIPFESGLE ’é%'l RS pons CATGGAATTG TCCTCCTTA

19  (2) | NFORMATIotbindR SEzert bt IR 2%:EI?| 1D No;19: (1)  SEQUENCE
CHARACTERI STI CS: (A) LENGTH:" 15 base pai rs

(B) TYPE: nuadmerGABMOrTATCTTGGA TCCAATAAAT(E)naBEFANDEDNESS: single 54
(D TOPOLOGY: |inear (i1) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTI@N: /IREORMATIOPRIOKEFEQ ID NO:20: :

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(idi) MOLECULE TYPE: DNA (genomic)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

CATGACTAGT AAGGAGGACA ATTC

24
{2) INFORMATION FOR SEQ ID NO:21:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(i) SEQUENCE DESCRIPTION: SEQ ID NO:21:
CATGGAATTG TCCTCCTTAC TAGT 24
(2) INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(ii) MOLECULE TYPE: DNA {genomic)
- (x1) SEQUENCE DESCRIPTION: SEQ ID NO:22:
CTAGTAAGGA GGACAATTC 19
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(iii) HYPOTHETICAL: NO (iv) ANTI-SENSE: NO ' (xi)

SEQUENCE DESCRIGTI Ot SEQ 1D N0 24 GATCCAGGAA ACA
(‘%% AORVATI ON FOR SEQ | D NO. 25: (|)G§’c§&§3|’—fﬁ&’|§3
GARACTEN 5T1 8 " (A) LENGTH. 15 base pairs -

(B) TYPE (e C) STRANDEDNESS: single
(D) TCPO_OGY%fl négﬁr:ngIATION FOR S{'? I)D “RACECULE TYPE: ot her nucl eic acid

(A) DESCRI PTI ON: {idesseguen@RciERRcrerrsrics: (ii1) HYPOTHETICAL:  NO
(I V) ANTI - SENSE: NO(A) LENGTH: ()ﬂg)bangEglJENCE DESCRI PT| O\| SEQ | D NO: 25:

CTAGICTGIT TCCTG (B) TYPE: nucleic acid ) ' 15
48 WO 98/ 23)340rrRANDEDNESS: single
PCT/ US97/ 20293 (D) TOPOLOGY: linear | NDI CATI ONS RELATI NG TO A

DEPOCSI TED M CROORGANI SM
(PCT Rul e 13bi s)(ii) MWOLETHEE iTWEE cabNongemmde) bel ow rel ate to the

m croorganismreferred to in the description on page 3

,lines 21 and (xi2 SEQUENCHDRESERIPTION: ONSROFIDROCE:T

Fur t her deposits are identified on an additional sheet [err] Name of
deposi tary i RBTFPETTHACCTCCTTA 19

(2) INFORMATION FOR SEQ ID NO:24:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 base pairs
({B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "PRIMER"

(iii) HYPOTHETICAL: NO
{(iv) ANTI-SENSE: NO
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
GATCCAGGAA ACAGA 15

(2) INFORMATION FOR SEQ ID NO:25:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 base pairs
(BY TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "PRIMER"

(iii) HYPOTHETICAL: NO '
(iv) . ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

CTAGTCTIGTT TCCTG 15
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AMVERI CAN TYPE CULTURE COLLECTI ON Address of depositary institution
(i ncl udi nypmossrzabsocode and country) 12301 Parkl awn Drive pdamsngbigg,

Mar yl and 20852 us Dat e of deposit

Accessi on Nunber 26 Septenber 1996 -
98187 C. ADDI Tl ONAL | NDI CATIONS (| eave blank if not applicable) This
information is continued on an additional sheet [err] In respect of

t hose desi gnations INDICATIONSRELATINGTPO ADEPOSITED MIEROOREANIsM Sanmpl e of the
deposited m croorganismw || be nade avail able until t he publication of

the nention of the grant of the Eur(e@emne patent or until the-date on
whi ch the application has been refused or w thdrawn or is deened to be
wi thdrawn, only by the issue of such a sanple to an expert nom nated by
t he pef&0the h@QHbRSHaldbgou BIftc 15 AEFikreorgarisRdiefteddsIh ) desEHipfion D. DESI GNATED STATES
FOR VWH CHnlphiPl CA‘]'I ONS ARE NMADE (hrfestneah@cbzcat ions are notfor all

desi gnpreg=Statesy S Al A R O R e LNDE CATE ONS (] o2
bl ank | ¥ WW‘&‘E{ST‘PH&BP@)"’S’T The i ndi cat i ons Fibr éspsksed Ssainei dmlanide)u@ubmt.sd

to the ,h,p,ggwg&,qu&mpur €au rater (spectryrhegeneratmature ofttre

I ndi calt i er of Deposit") For
recei VI ﬁgé%cgn Es@q‘%ﬁ@ CgELEC&HHb For International Bureap

use o ecetved—wth—t+-he—rterrat-orad——
applic E«yﬁ f 1 ’"s"m“@%’"dz"ﬁé"é‘f”‘%é?df°é’ﬁ'& ved by the International Bureau
on: Aut hori zed
of ficdr or n’1 ]ﬁﬁgaé%sf\]ul y 1992)

us
49 WD 98/ 21340 ]
PCT/ U§97/ 20293 L

Datc of deposit Accession Number

26 September 1996 98187

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet D :

In respect of those designations in which a European patent is sought,
a sample of the deposited microorganism will be made available until

the publication of the mention of the grant of the European patent or
until the-date on which the application has been refused or withdrawm
or is deemed to be withdrawn, only by the issue of such a sample to an
expert nominated by the person requesting the sample. (Rule 28(4) EPC)

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (Zeave blank if not applicable}

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., "Accession
Number of Deposit") :

p—e——mmewe For receiving Office usc only - For International Burcau use only — sesmsm——n
D This sheet was received with the intemnational application D This sheet was received by the International Bureau on:
Authorized officer Authorized officer . .

Form PCT/RO/134 (July 1992)
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| NDI CATI ONS RELATI NG TO A DEPGCSI TED M CROORGANI SM '

(PCT Rul A. The indications nmade below rel ate '

m croorggﬁégﬁ#éé? erred to in the description onpage Pt&éﬁgﬁngs
,lines 21 and 22 B. | DENTI FI CATI ON OF DEPCSI T --

Furt her deposits are identified on an additional sheet [err] Name of

depositary institution AMERI CAN TYPE CULTURE COLLECTION  Address of

depositary institution (including postal code and country) 12301 Parkl awn

Drive Rockville, Mryland 20852 . Us Dat e of deposit

Accessi on Nunber INDICATIONS REDATING TS AREFPOSITEDMICROORGANISM

98248 C. ADDI TI ONAL | NDI CATI CJ\ISHI(C[r e\ve bl ank if not applicable) This

information is continued on an ad FUR LS heet [err] In respect of those

desi gnations in whi ch a European patent |s sought a sarrpl e of the

t he mpfrt TS ediggHony ppd bgf?‘%fﬂ!‘”b‘l‘"’z"i‘?éfgmﬁﬂ@éﬂ‘"ﬁ‘&f‘%ﬁt‘”’br until the-date on
t he appl ¢Pegei-ond has-been rofysdiitsn -deened to be

i t hd|
Wi 8N RRIOLT RrospPUS OF SUCH 2 SATRhe oLl eriotPEul oullRFD N2 f

t he pnrmn requesting the sanple (Rule 23(4)
STATEENREFtduppiitagHpsitsd®l CATI ONS ARE MADE (if the i nd| cations are not for lall
desi ghaMERILCENI¥PE) CULTURE COLLECEIONSEPARATE FURNI SHI NG OF | NDI CATI ONS (| gave
bl ank{if not applicable) The indications listed belowwl|l besubmtted to
t he | haddres aftdipasivey insBullo®@icludinpbogul ¢@pBLdodmyy) t he general nature of the

—
(@)
<

i ndi c %ltlﬂéwséagkl,awhmniesm on Nunber of Deposit") For
r ecei yiRagkwiie c MapylendndgBs2 For International Burleau _.
use ohl% [err] This sheet was received with the international <
appligation J[err] Thi s sheet was received by the International Burejau -
on: Aut hori zed officer Aut hori zled .
offic ate of deposit . Accession Number

06 November 1996 98248

C. ADDITIONAL INDICATIONS (Teave blank if not applicable) This information is continued on an additional sheet D

In respect of those designations in which a European patent is sought,
a sample of the deposited microorganism will be made available until
the publication of the mention of the grant of the European patent or
until the-date on which the application has been refused or withdrawn
or is deemed to be withdrawn, only by the issuve of such a sample to amn
expert nominated by the person requesting the sample. (Rule 28(4) EPC)

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)
Thc indications listed b:!ow will be submitted to the Intenational Bureau later (specifys the general nature of the indications e.g., "Accession

Number of Deposit”)

For receiving Office usc only For international Burcau usc only ~ reeeemmsmem—y
D This sheet was received with the international application D This sheet was received by the International Bureaw on:
Authorized officer Authorized officer

Form PCT/RO/134 (July 1992)
SG



For m PCT/ RO 134 (July 1992)

) ${3¢d 340 -. PCT/US97/20293
PCT/ USQ?/%%%’ WHAT |'S CLAIMED I S: 1. A nethod for the
production of glycerol froma reconbi nant or gani sm conpri si ng: -

(i) transfornypg PISOLABMED Isost cel | with an expression cassette 5
conpri sing either one a gene

encodi ng a gl ycerol® Ppﬂ’&@ﬁhg?r t{’%lgrr?%‘f‘tl?&ecﬁﬂyéem fmmearffﬁ(?‘FBtgmgm

(b) a gene emgninsngcemghgmgr ol - 3- phosphat e phosphat ase enzyme; 10
(i) culturingthetr ﬁﬁq’é] hce, of at

| east one carbon _s_ourc sel cte ngﬁtg%%#ehééﬁ%%ﬂpal(%%é%%?lsg%ﬁ%&%&e
nmonosacchar i ¢esprising el@?ﬁ%@éé@‘ﬁéﬁfl des, pol ysaccharides, and single-carbon

substrates, wher eby gl ycer®l agene edc§d@§9%%fc@£bl-35}ﬂx@sphatedehydrogenas% g (bii)
0

recovering the g %ferol produced in (i
according to 1 wherein the expression cassette conpri ses a gene

encodi ng a gl ycer ol - 3- phogphaigensieaieyding getyrem]-3eghovpHate phosphatase 3. A
met hod accord| g Lo Claim | wherein said expression cassette

conprises a é&ncodi ng a gl ycerol -3-phosphat e phosphatase activity.
4. A ret H8d accord| ng (tib chiringitheranséormed diost cell of 63 in thepreasrseof et 20

conprising ¢ oarca! ylg@(w b ) ity and a
oy et ol -3 e L R B B P HRBRE,  oc

according to @gafwliaqmﬁrpebﬁg%c %”Qﬁf‘ga‘%{iﬁ?ﬁ"”b*‘é‘lbﬁmrt%s’ whereby §B1°é’@@ ed from
the group conspridued; ahd bacteria, yeast, and fil arrent ous fungi.

6. A nethod according erein,th Ie host cell is 25 -
selected fromthe gr 0915? ncg)lbé%n%t‘ﬁ@ {y%fﬁo Prc?g%ce? Ent er obacter, <

d ostri dilém Xl ebme&omccmémgbraelm 1 Mmtmtﬂmwtaaspn p@etegu | 1 us, -
Sacchar onyce | Q&ﬁ&% @wad*? I chi a, s
Kl uyver Owce?omglstas %‘?d%eﬁ Ql&@éﬁiﬁ??yh[%ggtr@%o eﬂ%@%‘r’thor ul opsi s,
Met hyl obact er, Esct‘?br i method a°°°rdeé‘I' 1wt e“Bﬁé Ieﬁ%rFSSSinr‘é‘ﬁ‘t’eé‘ﬁyces, and

Pseudononas. cBﬁlpnses a gene encotling’a Piytérol3-phcsphate phosphatadesdctivity.wher ei n t he
sul table host cel | 4 S A metl'?dvl%ﬁco%}xhg t(? Ela%%ﬁcxgﬁérg H%& 8%Xpress1on casse:tt&I uco 58 A

met hod according to "dal on source e
9. A net ﬁ@d ap@mxamgggen@emgommajglmm@ phqspl@ategglmphm@edcmgtyaar@&

gl ycerol - KBy AE @ ngs@zawﬁ orresponds to the amno acid
sequence g| ven In S NO 9, . SEQ | D NOLO,

SEQ ID NO 11, or Egé “bﬂﬁgo df’z‘c"é?;ig Plaéforlri ‘E’lPFéelaﬁherﬁbma‘éFHO%téaﬁéﬁce
enconpasses eseiemdmndtkmgmlpdon*sxsmgsofhiedcﬁh,lyem ax fllasanéusoisgil hat do not

gllt er t heV\D 98/ 21 32%t | QAR 9@0%1&1&?@ CPim!S\Gnetf ¥ilBsuitable host cell is

PCT/ US97/25(pgslected from the group congisting ofeifrobacierc Snigrabgeren @ostiidium, wher ei n t he
gene encodi NKRbpsiella, Aerobacter, Lactobacillus, Aspergillus, Saccharomyces,

Schizosaccharomyces, Zygosaccharomyces, Pichia, Kluyveromyces, Candida,
Hansenula, Debarydmyces, Mucor, Torulopsis, Methylobacter, Escherichia,
Salmonella, Bacillus, Streptomyces, and Pseudomonas.
30 7. A method according to Claim 6 wherein the suitable host cell is
E. coli or Saccharomyces.
8. A method according to Claim 1 wherein the carbon source is
glucose.
9. A method according to Claim 1 wherein the gene encoding a
35  glycerol-3-phosphate dehydrogenase enzyme corresponds to the amino acid
sequence given in SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO10,
SEQ ID NO:11, or SEQ ID NO:12 and wherein the amino acid sequence
encompasses amino acid substitutions, deletions or insertions that do not alter the
functional properties of the enzyme.
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gI ycer_ol - phosphat ase enzynme corresponds to the am no acid sequence gi ven

% ID.NO 13 or SEQ ID NO 14 and wherein the aml;}gr zcggquence
nay 3 4%s amino acid substitutions, deletions or a /605"t hat do _
not alter the 5 . function of the enzyne. 11. A nmethod --
according to C ai ml I ki nase

enzynme corre ondsr? Ot O%@ﬁb@a&c@ﬁ:ﬁ@%lgﬁfjgwgggﬁe FoT5 &c&ﬁﬁé %EQ | D NO 15

and wherein gg)fcgr%p%@sﬂ@me gwu@rc@eemd%ﬁ@émmg agidi sagnenes given in

substituti OH%EQiBmU o98r SE @dqll@ Ixmaﬁdtvhaiemciﬁeaﬁino%;d% quidge figppcti on of

said enzyne. trans rmed ho t cel risi a gene
encodi ng a g|c§,\%cg§x%ss§mmoac1 ShYens egﬁ’r?fl‘ ﬁ?f/‘ e”?‘%
13. A trabsf dummidn bbie epeyrhe.conpri sing a gene encod| ng a gl ycerol

phosphat e phosphatlt seé&a\%g%}rg%%éeeﬁgg%gm Claml%wheljeldnthe Egeeté;\ggd%gr sel ect| ng for

gl ycerol - 3- phospha ene expres ﬁplenentatlon
conpri si ng smbpbmlkglagﬁgtmelcmwpgn eﬂmar@noamdsecpnmmmnto a strain

auxot rophi c lxrh HGH %ml%)aﬂw sRialce éﬁgé s Bnina acid @
mut ati on |ng eroI ate gen%g ne, strailn.
15. A net hod SB ‘Efra }tﬁf’&‘é{hﬂ 304 §‘b‘g§ cligm gfraishemime. gene

expressi Qo by COWH'ZG”W&ﬁsfdﬂ@e@ﬁﬁmbelscdiﬁpWQﬁnB@n&ﬂﬁﬂgi yéersit3-ai n 20

osnosensitive,b of a nu on in gene for glycerol-3-phosphate
dehydr ogenasé’hB%E’hf‘{t‘i"éit E}rqxggeﬁxase ac I‘y 16. An Escherichia coli

pAH21/ DH5[ err] conlt3ai A trapsfommedReR cejbeamprising a gene encheling 4 glgckrbly3-t he

desi gnati on ﬁ G%Am]p%z??hatageacnw 17. An Escherichia coli pDARLA/ AA200

containing t and identified by the designati on ATCC 98248.
g Ame od for select%ngfg y

r glycerol-3-phosphate dehydrogenase gene P
15  expression by complementation comprising supplying glycerol or glycerol-3-
phosphate to a strain auxotrophic for glycerol or glycerol-3-phosphate by virtue of 5
a mutation in glycerol-3-phosphate dehydrogenase gene of the strain.
15. A method for selecting for glycerol-3-phosphate dehydrogenase gene
expression by complementation comprising supplying salt to a strain
20  osmosensitive by virtue of a mutation in gene for glycerol-3-phosphate
dehydrogenase of the strain.
16. An Escherichia coli pAH21/DHSa containing the GPP2 gene and
identified by the designation ATCC 98187.
17. An Escherichia coli pPDAR1A/AA200 containing the DAR1 gene

25  and identified by the designation ATCC 98248.
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