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5 PROCESS FOR PRODUCI NG POLYPEPTI DES BACKGROUND OF
THE | NVENTI ON 10 Rel ated Applications This application
claims priority to U S. Provisional Application No.:
60/ 552,678 filed March 11, 2004, to which U S.

Provi sional Application this application clains
priority under 35 U. S.C. 119, the contents of which
are incorporated herein by reference. 1. Field of the
Invention 15 The invention relates to a process for
produci ng a pol ypeptide heterologous to E. coil, Mre
particularly, therOOESSEOIOPROBUCINGPOLIHEPTIDES|I NQ

or ganophosphate to inprove yield of such pol ypepti des.
2. Description of Related Art Expression of

het er ol ogous proteins by Escherichia coil, aided by

t he wel | -under st ood BaTKGRQUNP OF FTHBINNENTIONI rel ati ve
ease in genetic nanipul ation of the mcroorgani sm has
been very productive in both 20 |aboratory and

i ica ically, an inducible pronoter (for

exanpl Ehis apfiieatiab Kains priorite hAEH Ravisigel Appimatdindio, 66/F58.618ided March 11,

pﬁdéﬁf% ifioh L) ?roﬂ&@rm ﬁﬁuo‘iﬂ 1€dtion GidirGs priodit§ uRIBIs @YRTI§119, the
f or he re ul ation O‘gous proteln

e%ﬁ?@ggﬁ$ﬁ AP TROR ﬁ?” an induction event
plénmdéﬁﬁmﬂaimesearcher t he opportunity to manage the

ti M NOmRfnvEibd 18 t@ﬁ‘pr@cfesstfdi‘ ﬁro&ﬂﬁxﬂﬁﬁo]yﬁd’pﬁde&ie@rologd% & E. coli. More

S, es ortan
ol b Eha 1 e R el i R A L R
cdRessniptionefiRalasd Ay t he host By achi evi ng deS|rabIe
cel |  depfeistoll offetedlopdut proteind Uy EschiHdkic éliOtledby tRIl@BMRIsOM] molecular

t Dglo o O| tg% I&%T 1%( E&‘AL& n‘ﬁf’u \Iligign (g ﬁ'l% vt\ﬁbq ﬁ%éy ﬁ‘ds GCG r oo r[;i’t%nc_:ﬁve in both

cease 10 gr ow gani sm
@bmm@eussx PiFgan Ak ErRPP T e, R Osphatase promoter;
C fhmaaprelﬁdtermmabﬁose polnaer, etiist empig e for thimayidtion of hetasigayusprotein
gﬁ& (r?gll Hﬂﬁmﬁlﬂﬁ GFaH snﬁucﬁﬁﬁ%nf &%daé’mé r@s@ar&ﬁl the op to manage the

of I tlnons t in '{]11 aﬁlﬁ is i rta%[g se}% rol% gus
A“‘Wﬁfi/ ¥ é’f/‘ih‘é?‘ée PW@’ SR 67"“% TPPEsS TR ponses
C puigiecthdy yre hidh eelhtolenatedost bigh dopdentratineby th@ottoBmcb}wqgéesaabieéébdensﬂy

OBr{cL l&];%e uiasdﬁb:m} eﬁpmrkﬁ‘e%lum@&mbfﬁﬁ @dedipPokcir by GEHaxBized.
Into

am no (gglf ffgﬁe ?0(&%)# Vélﬁn [lllt atc%ogrganﬁ{no Cdg%'iz%dz:)f ?) E&Jgg{jrﬁmﬁl&u FidYiniting

D bRTBplEmiay be(cRtpon, Rikeger. BhpeHbIe: FEYEER Of 85 OfhrclomRR TEauR Hy i cell. Under
| SucK\@hdiods, e bellh $@ figin ViR Growth phdke. PA Wy td Kievidts the dultwOafthe stress responses

%@99 n%L&g?wlmgwm B ﬁ,&ssg} &%Q{’ Bk AR Biffponeh Ui feods invoduces

e en, berg and
| ﬁ@rffé‘ ﬁ#ferm@aqvp E@E?&*F%Fd%&l‘r"as"" azping aféf& °"(59F’éﬁt ice Hall,

NI 1978 )he cg3e of bamiar phbphoay [/ thegrequisenraun for @lsEhate supply is not surpnsmg given
' Gl QI Rhif b6 oxy kbn hitRBen A6 hydtogen. Slanier,
Al MBIl e e
ecch 1976}, p. 1357. Phosphorus is an

Féileiqﬁrérﬂwér%ahaw@—%%ﬁi—‘ﬁﬂ’éh
p&m@mb‘ryd i rol@eramesomadedss sich assmfie@acdb liposacplisrides and membrane

| o 6d5e gﬁfhgﬁlﬂoggl%@ﬁg% gﬁ 5e@?ﬁﬂog)h&ntﬁm Bdnds xﬁd‘kesqtt ehpledially Riportant in
ggﬂaﬂ’gle Edgahtwrfgp mpvg%‘ gggﬁcrpglggpqﬂgx .aﬁfng}%hgsph%te %Phosphonate

f asehptimey B sputce. OTherepitke @a?nﬁwhmmoemwav brraghieykd thxgegh two transporter
L RESOME fn%d the e Eyﬁ%s-. FoR ofgeroptaiiHlads hﬁosﬁi&noﬁ-ﬁﬁi‘@ﬂ&le ah_ditﬁey first

the 0 at e nost . on: tra [t

Wy b R BEsak i R yHRr whte Rty e Pros W e m
p@qmsppdt systemsle Doly e fqﬁm&mh@ﬁls@dtwmmwmblb endtgafkféﬂﬁtﬁ’bwwtﬂ (G3P) is one
t fyeh RAmpROGIF Al SiR@FobhosiEid- Epflosphate (QIP) Yire &ndwal 4 alpha-glycerophosphates. In
organophosphates are transportable, and
gl ycerol - 3-phosphate (&P) i,s one such exanple. G3P
and glycerophosphate-l-phosﬂhate (GLP) are known as
al pha- gl ycerophosphates. In 1 response to
Pi-limtation and carbon-limtation, E coli is
capabl e of taking up available intact G3P fromthe
external environnent into the intracellul ar
conpartnent where G3P is netabolized to yield needed
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or carbon. Wanner, "Phosphorus Assimulation and

Control of the Phosphate Regulon", in Escherichia col

and Sal nonella Cellul ar and Mol ecul ar Bi ol ogy,

Nei dhardt, ed., (second edition), Anerican Society for

5 M crobiology Press (1996), pp. 1357- 1365 Furt her
references on G3P are Sil havy et al . Bacteriol

papguse YR irgisionagdepbpn-tipitatitfe” ﬁéf ' Bpadisrel fe!ﬂnsplp Bailgbly intact G3P from the
(tx&l‘ra!teevzimhrmsnt ihte the trgfeutse copiparBrepheis RIGIP & niefabulisdd ad field needed phosphate

Eo%rﬂv%er E‘Pho%%'ofus Ammﬂn afid Cfrol of the Ph@ﬁﬂ%‘e@fa@@dn m }isa'ﬁnchla coli
1070 )8 / on a.s ldk%%,ls port system f

la a5 A1 e[:! (sﬁl\sjl tlc@a AgFrxcan ﬁ_ocxety for
Eambeiog)eﬂrcss (1996)1pp 155436]5058 (1985) on Pi exchange
medi aﬁuﬁﬁier Q&r&&?oﬁb‘?%@m@i}eﬂﬁ %%%Slﬂpﬁl 088 § 68 Mn teQeriplasmic

h
B PR d e BT ROT BNED B efoMERt O it 136
PR 1083 HATS) prp sBeondyrshsport system {6 megtyedrdli3-phdsplate in E. AqdyElvin ez al., 1.
Eeméhé'l Of#1: lM@fO@@(‘lﬁS) on Pﬁé&chagg@%dlm th(a }@ﬁ@gperﬁ&t Gﬁmrﬁné&dsystem

Jg L ersl eyaa) %@&'0 &l g(zp uta%arl;; o Qx ress%n of the
% e\fer Ef %c{ i a

BPJG) eﬁ*?emE CO’!@B@EM\@MWAME&EM@@%% Zf%émﬁl(lg?ﬁs) on phrE and gipT

@f:a‘s lefhaRing VilRitiof b EeNophosphat B 108 RBIEK 32, (Faie), Vergdidd @i d ERe J. Biochem.

w@ggﬁtd@closg Lh%{ ﬁ?l-ge(%ﬁ)cmgéy%? %gc%rol 9%%5139%&3? , 0 erw: e known as beta-

0 erase
egoerevhowbeeaﬂdaﬁg as nm@%éacwwrswaka H@é‘F‘E'&%Eﬂlﬁ@aﬁf"S‘frﬁe"mm
t WO tThaBseanidesysling obthd @b tringert speakier thd upakg exogdsus G3Pin E.

i‘)’ﬂ cﬁU Q 'dlpT &aﬁs? nﬁnﬂs %Pg lltsﬁnﬁﬂé@e‘c‘lrrhhéeé% lé‘sEiﬁ]r_lch[&an and

een sunna IZG Int Escherichi a coll

1 QLOLEA

almgells(eliglr apd Mol 3 B 1 e P By 1964
mﬂdhametreneets 13 af Bl (’l&eﬁmexerohetonga m)the phepepn. P p.inde@6 Hy phosphate
ﬁrﬁ{a%nrahmgﬁ@ly&&m%@@@ﬁ@ ﬁ&m@r’l@e B sys-lgﬂfﬁs Hﬂ 1 RRHAin protem
PROET TR RSP Ry PPt 5ot By Frmaa PR e e
IR eepdgprodiyasintegrl membang elrajns] rmaivinscant kg€l ngdnpxrﬁé‘i?eﬁe nGlIpDis part of the
sgepend ejﬁttmeamkstdmg@lm@ma%aﬂsﬁ@ﬂgﬁ%t GSY skl @Rerdlbtokphatgp B

erl S 1. NCH,
ﬁw%%%wqgs é.m et:B_ "I'Rﬁ%gl?%—%%% gH EISQ 5%@&7@1 EhaPH > e| 39{]1942

and
lalgsaela@rv@@@wwg foxw% é"]Y"@“EPT“aﬁbg"Ybﬁ? Fscbﬁ“c‘t‘h“@h ﬂlgj‘usﬂmgsﬁgi » Epfjular and
MbladularBiolb@t e&nd ddition) Pihislaa@spa@ibglstdirts b sthager thyt i Gmwa kg mediate
Qg’gﬂux%gﬂ ﬁanth gﬁ&hasxﬂ t§( e)(ijlth cm la%ﬁ& Eesstrgdr 1§é on G3P,

u Cro 30:  535-578 cg %j apt e
W“}H@Pigweew?ycﬁfewﬁmfémwHaw%gl it the pripasm

wich GoF & taganalp ciathl GleY kaewslf a Epedsize anhatal B Glreleaged as 2 result of glpT-
p%;ﬂdlea@araeh.!u@d ot the phiMeg ATt Ry, MP UBSY A indRiasd, Bidbe stfa%rp mﬁlaer

di.tio ort syst n _an exc '
it P SRSk o s s B ey A osp
Blyin el dsBectbniol. ot HB54¢] 8581 38F); Rosenberg APhos@lAw: trapsporgin prokawotes p- 205-
W5 | 16 B LB RGSerSndi €150veBlc@ YA rabipordia Prokarytheh {ARadeink: Ble®, 104, Ne® York,
{ggJ, eased by cells taking up G3P via the Ugp system Pi

o be rel eased into the periplasm when G3P is taken
up vi Yhen e cappqisips ofyhs {Ugpgnd te GlpTisysismaare fopigarggip wasepo 53Rhe maximal
veRociti® loLAsRE s,@@m.aardmm} tThedpp@enpatinity Sk GBS BigHEEwithakeakp system than

S’fhf+ LGJ%T ds&l?em R]E\(Qg b%&h{f& ?151 i Vt?izéd;é’ supﬁggé?mg@ %3?%?&&‘ Mowth if available

Bdn ali"f"ih(ffﬁ?‘:‘um -GIpPven $3F HEsroHsdpxusivel e vie by UW@WT scpyf asytie sole
dotirceinlylaEph6phdte Haynobof €ditn gehiln\Glo T -transrioftéd GHIP cn3étve as bk Wildso@te for

6 5
E%th (Socggl%meﬁgglt ?g%c%holr tl_sh, 13}54-%1%&69&29 %he(twlug%géenas%&ﬁr?m%c%w
PGB SRS B P DR bR B 4 el 150 o117

Prokaryotes (Academ c Press, 4nc., New York, 1987).
When the capacities of the Ugp and the G pT systens
are conpared to transport G3P, the maximal 35
velocities of the two systens are simlar. The
apparent affinity for G3P is higher with the Ugp
systemthan wth the dpT system Likely, both
systens w II be abl e to suppl y enough GBP for ceII
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40 regul on-dependent G3P transport system have been
mapped (Schwei zer et at, J. Bacteriol., 150: 1164-1171
2 (1982)), the ugp region containing these genes has
been characterized (Schweizer at at., Ml. and Gen.
Genetics, 197: 161-168 (1984)), and the regul ati on of
ugp operon studied (Schwei zer at al. . Bacteriol.

A8R)), (302P Rign EUEEE) theskepaes hasbgen gharagierized; (SC‘B’a’é%‘-' &4 dYlol. and Gen.

Sehdics, 2601617183 (16@9 Tohd thStdgubdiionddf ngp\pdretntiiad (SéweRa erad) I, Bacteriol.,
%&EE é&;é%g) sahtarlg 5t a?,l J( ﬂ'q%gr:!'gl 1‘7§r5§§)§§§ %199{), ﬁﬁtez al., M]qlccular & General

Qenpties S3l 23-22 (@9& Brgeslstes ¢4 '(‘l“lﬂp'ﬂePE'@F’lt transpﬁrt syit% foi mlycﬂoll@-phosphate
F Wk dnkrithia r@ﬁi V0,177 in ACGroriaaitGurBing. GSRotiniah \Se$ijverAA. Wilghg lnid E. Yagil
l.;xh %@&9“ $aibdy W ar

: ric |
MOW@@%W@@VgtOM,‘ 1%70 diﬁz,oskbete .,,%% __%rlz 8@{2%94;@%6“1& etal,
1 Badsich, @77 68l0-704 A9BY). 15-20 (1994); and Xavier at at.

J. Baglpk kyﬁé str'amsl%ere e:@s?s% sthbé mtg'aleaﬂﬁ) 1)00[ of GSP/‘Ank g tstlﬁéﬁﬁmed at

strai ns, a stab racel Ul ar q b
T L
tinder! kidubd (sncodSBI glrdkh tol 3P sirantziveys pizdybeiolas thhevleccprbgnppuréecor from the
féﬁ’m{ [of %Q%éafyn&hty erdifd, dihﬁox%%&%ﬁ& haté) H&Q}‘Sﬁ syﬁmfﬁﬁh@ it Qehe Byvduct of

own on ole ¢

glagﬁs gene, anng IgIgPﬁ%toﬁ gar:bop %oaﬁistogiglytgan glycf-ehoZSSJr'ce gigﬁs %n 1mpo§tantg W rmediate
thartfermmbelscaffodd of all mlyqphqhmy mekediied 1W%@hosyytemap also be generated

Mﬂﬁh@ e @dovinREphaSRGipRE 2 Hﬁ&ylg@ﬁewlt Léen @B it Rikehal GBR tmiayige channeled

lgle, pgosgwl@%%sﬁhwgo S ?ys or%e QX¥ ecﬁite& tt}rq%fﬁ g% %gée&lse to ﬁLtH giﬁydroxyacetone
phoshitpng fedfinthg Blbﬁpib‘@p’htb\"ﬂypl d nol ecul es, internal

gl yCcemQimafidho aiiaher P pidtyotefis Sopldyed xgaa@taaigedwﬂasgqiw WotEit Erpression in
Erc%ﬁ KQ%\A{E&eﬁmn &m?&%%h@lﬁ%dnm d d&ﬁe‘teﬁ GVEI'LQ:LIM %ﬁﬁc@& for Aspr&noter activity

ol B’S‘ﬁ% FRStdorighasEiy i Mt ¢ Q?%’H‘ﬁ Fﬁ%gf hf‘ﬁ“p b ex)r;g?ya-,avzeéooscwge for
@aEphele fagdbn Gug edislardurodons. Rosvibibictnyeinasey afisedh @hmsphatp prawpgingtreay include
%}gvét ibbddbhE:, bWE ol e)f&é?:héét dn@m&@a%éﬂ%)@asc Lﬁre‘ési&: Hﬁiﬁr&d&ﬁ'ms (St. John and

ﬁglfi@fgd_gg%q';g_ Efpo?g T Q%@@”Eo:ea%ﬁ,{ lﬁad%rétorl ‘ijetal%y o4Hwith reduced

capehilg for proteip eccumudation| y after the nediumis depl et ed of
Pi c ﬁhﬂnﬁnnﬁ e Beaidiid e dﬁ\E ok ﬂi’ﬂlbﬁﬁwa%@hﬂciébsb Yhe caphbitfbfahe cell to

E‘F’gg |8‘|f° ?I{hﬁs%gaﬁ,fg {ed Ho“%?, ﬁle ce?ll?’{n oynoqlglsglseQO\gﬁ’ %ﬂcmgn in the

pirokph stpebme@dwherm reguda it being ﬁte%'?ddmwﬁ%%?fme@ atom (see U.S.
PRNGEL S|BRACH STHHe ishedl i hsiplhpfuthes famangprduch@ petdralgbus gelypeptides

t urngver of ribosones, |ower cell energetics, and
imcfeased prot ease expression_and proteolysis (St.

John and Gol dberg, @‘—&%&@&8& 5 W‘Pﬂiﬂ%@ﬂlzzs 1233

( 1980 )n)the ip@iitdtidreir, b yrodegsadhiraviled for impregngtimapkprésyioroad hdtegologous
mnl‘gﬁ dggqyﬁ% i, Tﬁ@ﬂ?d&ig‘:%‘aﬁéﬂ[}rt&@l’é %ﬁlb%oﬁﬁa@é&mﬁlaﬂn' afha-glyeBrophosphate

V|n l'ic st

$QOKATEWE @gblf lgpstﬁ » ircludingthosg yith @%ng}mttlv wilg- WPWTHH%I anq fhose with and
syntuhbeswikiayp platiarmssuchlaf, iy wosphdtse+ AgpT rhdA-BE. gl i3 showh to improve

Gfe leip?esé'@%f @QLoYog&? Bl%%m |aO80h Rhak & QRERA L 6- @-tdxrﬁﬂﬂto{- Jdal& B is expected to

her e r e U O
eTor ey rdetr e St PP S Dief ek B bechled RO st
Retie] syblems tBat Aoy prietyTH promotprs, naluﬁwelduwbip PP %wlwg the tac, T7 or

fA‘I”pI‘oh‘B{er fﬁﬁﬁlbﬁ(gﬁssﬁﬁ oﬁiﬁe@ﬁbﬁﬁﬂoﬁt@s PR Alipgeaddvaiage kHaphd maisct can
(S
PROBHE Betia PR G gpdt TR M iR

t he expression of heterologous polypeptides in E
colt. The feeding of transportsabl e organophosphate
such as an al pha- glycerophosphate to various E. coli
hosts, including those with and wi thout the wld-type
gi pT gene and those with and wthout the wld-type
phoA gene, such as, for exanple, (ugp+ AglpT phoA-) E.
colt, is shown to inprove 35 the expression of
heterologous proteln at both shake flask and

~ . o o T 1
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performsimlarly at |arger scale such as 10, 000L.
Product yield benefit was observed across nultiple

nodel systens that enployed a variety of pronoters,

i ncludi ng i nduci bl e pronoters such as the tac, T7 or

AP pronoter, for the expression of the heterol ogous
proteins. A further advantage is that the product can
Lranbertimeatsrase rredupticerybe phiaiged) earlige in thy actiye gyowthphets simproye Repductivity
| dpnificat0r ter tinme than otherwise. In certain 3

e”bOd'AE’EJ?&r? iy \AF%GBE]&%& is &%ﬁm&? 1991%,3' ”c‘? Eﬁa ?r@srel.t hfbntib provides a

the active

SHRFFPS foF Bradieipg PO}XQQPST‘EJF‘HWQW"“S e ﬁewb fﬁ@@@m& @ ﬁ‘t}'é?ﬁgl%f?“ jcgls comprising
ascleit fideadding fe @y@eplisfieiultirh @edhmegitin feeditp\tethd duldute medium a
mageﬁaﬂ% rgmﬁ{o%ﬁ%é Such | B 08 LRARGLDY eﬁ, o QJ; xmaucﬁﬁang he polypeprids

heterol o
CPiezh 40 SRR P tm‘&a@r’@sg’eﬁe & S Shesert iR (P tegre preferably, an
pﬁlxihygigq@top}ﬁb@hntm aré/ocatietaiglyeerapbaiphaten, avkd stillendhepediirably, 4 mixaueef glycerol-2-
ﬁéfe%n&‘ﬁﬂ:bn‘df@ ﬁo!pﬁé?erb? R '%ﬁosﬁfaﬂ P ﬂ&%ﬁﬁb@ﬁr@femﬁ %Qt, the

nucl eic a ver
t‘h‘@“"ﬁ% PSPPI itfshakp ﬁ%ﬁhﬁ’rtfﬁ’é"“&cﬁlpf"' gIP’ ﬁ&’"b?‘%’% g‘ ¥°éﬂ‘°‘g°r preteret
eanfbodifark the polypepidos gesvorphivephretyepls, perighsyca cdpirosdim tighe cells.

mEO%ra@Jn@ct 8 n]atlzkﬁfesm@frbf the Imeieﬁ aa& y mams» &QH&Eﬁe gfeﬂétarsuén as alkaline

rﬁ%xs?ahua%%y gcfengo%F% énE) tcr or Tg nggl tﬁraztude prgf 1ably wﬁ)erem expressmry of the nucleic acid

gieginserhile in the pHiye grbreth ehas;rof e gnms ptepg Inyfve epfadiment, e nes!i is|wild type.

aﬂ a{omafempsdaﬁeaf thes. cama B¢tikient tnltBroth€boial lpfpPfinid m@moakseﬁal phaacw
ferab?y # de ’{'u;n A\ 1% C osgma[ ﬁrotrrab azlrn%{otegrém%) é%lep s.e slisge{(l,ge t during the

ano r pre erred ype
|°§“F‘é&Wered fromthe cyt opI asm periplasm or culture
medi urnwigbutbéify likded 6 any ofd hierypit B bete vee hatiisthis frddess the transportable

%B«?ﬁ@+&£@ c&ﬂpoﬁll&?&:@féﬂo%c gell@gfclgﬂﬂt ﬁw 'bﬁ)%ﬁ!at@&uﬁﬁ%gﬁﬁ nétBe sensed by the

ronoter, such i ne at ase
pws Aoteho sl bR PRIh T B’P‘”d“'di'“’sﬁhf‘e amﬁffel@w" inft CYPETR Al fprger that
ergling framsronqbleasasncphpsiihte tuoteas GO paingalla eiriches hegllveithwiviilizeble metabolic
| iRkermBBatRd: bt @e BEAWED IMQﬁﬁamnemﬁc pathlvlydr i ng step. In

_Xﬂ

one enbodinent, the E. coil is wild type. 15 In
anot her enbodi msnt the E. COI | is def| CI ent in
chronosomal glpT andBRIEEPRE P DRAWEN(S

prefe rr@é@}eu shYs expeehsioh iofi tecrdtdd usrhu aamapmhenugp BL21 E. coli host using the

Ezrzcepfroen{ )A shaEe—ﬁ‘l%QlQ cl:uguan Iut%izi% & En%'w%%r or &)bng\f[ E}SP xfa ?l%em in low-

prfﬁéc%@'r‘vgh‘ﬂht’sﬂ?a? (B avdent hat in this process
t he t rrpI&RGAkdwa Blpession b0 e ppallcn £ HMPIYY B0l Bisausihele T7

t ontotaﬁmggrlak ﬂﬁ.ng afﬁamaeiag bt 8 asmlayupﬁwm e leliw medium,

e sense xstem t_w .
still l}gm@\% B’lﬁ E)féeﬁtr?ég\‘éhf\& ﬁfﬁ?%@x& ion pn secreted IGF-1 accumulation
Gyréraipb.aBis usea A ohild-typd A2 eqli hbdnalic AlP@enthota artd centisyoasiyt fadadluwose.

or g an q&ﬁ]ﬁi!@ﬁws fhe mf Qﬁpmﬁau%@ B58 Blain¥ dﬁﬂé fe&“ﬁﬁuoh Bsecreted

nedi at e
GG BT 1 e PRS AR ECaH O TR A WG GoP ettt
BRI EF FizEECRIoRT heNasihd diagemDRANPNGSFZBI). Fi gure 1 shows
expr ea@uera sﬁaﬁws fhe MRE6RE &guehde %fmmﬁ’rmﬂoQQﬂ%d E5ROIRROD NO: 18and its

t
S ol PP o P T P e ey P SER e s
@3indigpts the nyelyptidedmemiy bep “TowIGphosphat e (CRAP) or
hi gh- mﬁﬁpbﬂuﬁw@th& iy Gmebdmgrbn sPc@id bRurulHBOMBpo2L in the AglpT E. coli

TEEERE, b Bl Pt RS S SRS ol Al L2 D e

utilizing either mater or 200 nNIGBP as a suppl enent
in CRAP nedium 30 Figure 3 shows the effect of
feeding of G3P during fernmentation on secreted 1G--1
accunul ation over time. This uses a wild-type E. coi
host, the AP pronoter, and continuously fed gl ucose.
Figure 4 shows the effect of a glpT nutation and G3P
feeding during fernmentation on secreted |G-
accunulatlon over tine. ThIS ‘uses a Qgl pT E. coi

1. . o AN N~ £ 1.
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Figure 5 shows the plasm d diagram for pAPApo2- P2RU.

35 Figure 6 shows the nucl eotide sequence of human

Apo-2 ligand cDNA (SEQ ID NO'1) and its derived am no

acid sequence (SEQID NO 2). The 'N at nucl eotide

position 447 (in SEQ ID NOl) IS used to indicate the

nucl eoti de base may be a " "G'. gure 7 shows the

ef f ectFiggk 8 gRPs febad¢fit gn bhspesis éqta# ?ceuna'@emﬂﬁ Peek ghfesdne ,

ABRebphbsphateld@er Agigiile phospKutitd the Wil3FHe Rlph bt (4387), | Wheteliri@eell density

dlff rtgg$er%0%%q)5 tes and a control with no G3P feed. 4
ne benefit on the specific total

ac c u mﬂgﬁ‘t" P ghowethe sifserop spefifiqteidl Arcpgulatig SfAepd sk E?glb‘ﬁﬁfr’é"f inorganic

Q& phateNith GlgdeioPhopphare flttatweld-type $IATEE. vdlilhdst (49 P argll AgIFT BOBK (43F6) host,

(43 EZ@%‘S 18‘@?&,&&%& Gy G Apoﬁ-ea@c%htlll(uon 'omﬂlﬁax%ﬁlsbf Elﬂ\a%}&gerrophosphate

200 ure on speclf ?

ik a AR PR 0 theﬁz‘astaﬁwc‘v@bqsa‘&% ﬁ"e“rffe O RSP &5‘11‘%%“" 5““8’?”
phogphntet. Wi t h gl ycer ophosphate in the wild-type gl pT

E. coil host (43E7) and tglpT E. coil (43F6) host,

Flgure 10 shows the effect 5§Hr t a| tion

" epl ace Al BESCRIPTION GRS 50
rﬂsﬁh_tme of al pha- and bet a-gl ycerophosphate as a feed,
Ver SUsas@sel ferdi @[ﬁi: 6‘5 Bﬁer' sters _Igbr[ér afly th ﬁ&?atﬁ-proteﬁ:@hdwnﬁ ﬁ&ﬁh}n about ten

HEI N SR e
ras B pretrie prafivosd by &. ol phittdhe Pelmpqsp AR wgu%?t@, preferably
tifigEhkaRAs) Enoie@xfbferaﬁmrdaﬁmﬁﬁh Qlfid mostHedEeRbR hOGMAUS "

pol yp ;%[e)xf'fpg S o n?arm?na{ian PP Epe@%esy Pcﬁﬁé Jlloqaﬁles sﬁ!heaé g Q Je[%mt Q %owth hormone,

host ein

[PeiRding Biemap growth hergprie of eyting @Wthwa ﬁwﬁrhoa@nﬁfa&‘ﬁsﬂéfm parathyroid
[Hofoad: YPloidGtinatinglkchmone;tlipaprotddis:Aif titeypding insilib Alchain; $nsulin B-chain;
S;H&l?ﬁl%o oﬁlbcﬁ)Eﬁ&[nefofﬁElg-Etﬁn{uﬁmng%mllchﬁﬁh luéﬁglng‘?&;none lucagon; clotting

MM S o TR e
I’mmtﬁ;e.mal riatoddic GhEtowgyluing modaatagyr agoiesthindgerr avtvawr, eich fsemakingse or human urine
f 9&% gfa&ﬁﬁbgen BVt {hPA)QfoﬂiQéﬂﬁ tﬁx@ﬁlﬁﬁ%&:ﬂﬂm&ﬁ%ﬂﬂl factor; tumor necrosis

fa ! at h Jl’:»% foﬁ;\gﬂé gPrrnlmn sl) %ug T k? Q/(S] glld%%s hygndoFla ATCC HB-
5,2&7 h which buplp mamgupp fnythe WWM@?‘ETF EgpB2 (e.g., any one or more residues in the

fr@gldnlﬂahﬁbo%t reditut & th RButhQIaEB8Lsf PRt Gholusing)f Enkebhali kel indlicfi-inhibiting

\7&: ey rblm?n ;&I Cllaa nl%m Sé—gﬁeagn:t %%%lg&n Rg%%&vonéwassgﬁatédﬁ%ﬁ:%’ a microbial
iRl puch AN I DR esefiglibin fogviss yeslas gndotbyigh ez wih festor (VEGE);

arbdeptorh foPivkrhbneset growth RBetbheinteginl PEhtemUY dr BT thaumtatoidefactors; a neurotrophic factor
pJu&%ﬂrQQEe‘?ﬁeﬁ%&% %emr?é’tﬁxﬁa AdurdtbhONAS S Qe (ﬂ‘l“iﬁﬁm NT-S, or NT-

urine tissue- asni nogen act'i vat ar

A BT & NI EPERIE (s iroRade oo s rdowophin-
neCTax pmteletfdamtcd)gremh pbtar (BDGE) - fibeblast grawth ifloockuehsis tHGFEnCUEQF

d’%ag b SAAER ER, &lbtolullfy bl ey BAA s HORRpih LT b,

L
b TOF R s 106 T8Fangr TRk gl gt i R ma 1o
21; des{;B)IOF (beain IGB-Huinsutie ke growthZR2tof kindirig proteins; é—‘;ﬂ R‘ﬂ!@“-s 58Has CD-3,

offD Erd@Ebzand 'Cﬁclb%ﬁﬁa\mtmem&@ﬁm&v'e Reers; 1mmunotoan, a bone morphogenetic
re|l axi n A-

C
rpé?t%g(@h&g a’blﬂtgﬁfﬁﬁ‘m Sb‘i“%‘? 1&3%@1&@&?}3 %e an -gamma; 4 Serum albuth, such as human
gonmdbumin{HSh) erdaviesisertme elbtpmrp@ﬁél)eeokay s latrigifastors (G¥F: ef.+M-CSF,

samhsasnmma in&ﬂ&ﬂﬁﬁﬁﬁs). e p[\m&o 1L 10} indp HBR-2 @ibbdy] Agio2 ligand (Apo2L);
Vs?}]?e%ﬁu!dg 518[‘!1[!9183, Ji‘-cgﬂl r% v*r?%e tng)e}ngx%al pﬁotteens,%g:} hcc?leé'%%g B&%f dral antigens
D rheunat0|d factors a neurotrophlc factor such as

brai n-derived neurotrophlc facg or ( BDNF),

neurotrophin-3, -4, -5 or -6 (NT-3, NT-4, NT-5, or NT

30 6), or a nerve growth factor such as NGF

cardi otrophins (cardiac hypertrophy factor) such as

cardi otrophin- 1 (CT-1); platelet-derived growth

factor (PDGF); fibroblast gromh factor such as aFG-

and bFGF;
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epi dermal growth factor (EGF); transform ng growh
factor (TGF) such as TG al pha and TG bet a,

including TG~ 1, TOF- 2, TG~ 3, TG~ 4, or TOF- 5;
insulin-like growth factor-1 and -11 (1G~1 and | G-

U; des(1-3)-1G-1 (brain IG-1); insulin-like growh
factor binding proteins; CD proteins such as CD-3, 35
G@héhg faCExagple,apori@RL the QIDS@MFEOPI*F bppéiogpiofeins; domiepicvrptorsaldpassins;

%%P%Eﬁxotdlﬂgmdm&%x&n@ %‘agnﬁntpmﬁy Jrae m@gl%ﬁ@Bdlﬁ:eptlﬂésOt ein
rfero rferon-

an d -ga nc_anpaef gol gxlrjteregjt‘ 1nclurﬂa 8@‘”&&“‘% a?ﬁg‘A BSR anti- IgE, anti-

a‘FIEﬁQWTFTIE@I-@A) gm0, Mé& s@r%épb@m ﬁE(@FBSB&F T§§-|b@hyctmn, inhibin,
SxIthFEkﬁI N, fGFCII 1BESI, L& SSH, growtihormdYe, Gstrin chév} fosolth- hétmbhe releasing

ri(t:S “ﬁlﬂﬁ ga ns 0?}?1‘%1[]8] m.(a}&lpl'bo%és a% agubad)) d" m?EON& fq@ 3, BDNE, épuZL. and

super oxi
d#f‘éﬁ'm%eas“@e P"M’&é‘l"? is P@%E’p@’é‘?‘&m §B‘M‘P8 rrerrbr ane
pr ot ei'Ths ternBEARY ligund. ot bl dad) HRANL" Qfe,used héréih inRRhdngr@blBto tefer to a

gﬂe e qt.uQ:Ee tﬁgf Qﬁme?ﬂmﬁ: &4 E-Jsb&pl IQfZBf E@Iuﬂé E}ém%&\ég lZleﬁcIuswc,

port protel ressi ns

rrésngs&? a%lymﬁvseyfé?sﬁges LRl %'mv‘éges’d%fﬁ 78 clBFHSING Sosigyes LyApL, inclusive,
Odr rdsithes BRR1Vigcllsivs ofible 4nodojapie phucoe showd IncFignresi(8HQ BXNO:2), as well as

pt%l&gﬂﬁ%}abtﬂr@ﬁagﬂfcnt& RlaQEERhat,| ifEidhe Cor BREARIB R #agﬁr% 0P M€ Kbo@Sequences.

CD20Q, anti - |
et e, it Py gty e E e s g S o)
a@ptionally; the polypeiiidnsequetre aomiprisckHERIURS 928&9@@%!@@1 -281 of Kijure § (SEQ ID
bi@b)) ThéFpobL poBh& DRl mwew&d bf ﬁé Iﬁﬁ%ﬂlu&é&ﬁdeﬂﬁquer@i AW Figure 6

SRR oo s Ftontp S ola 5124 Pl gm0 gy mey b
NECE” orBORE:" Tqpofi prfsrrel rbedistentn s BAgmHRer poasprericlogisalygctive and

nﬁﬁ; at Eisﬁfb&ft 803 ymihdid beq@enceARARY, mork Difekaly BeastAR@EYN% sequence identity,
even al%lﬁg ’attleastgg‘g 96%%"989@&%9‘% :;Lnr aneﬁﬁt{r] wzth any one of the

er R
t #‘Paw S?%@and@ dﬁ?ﬂ“ﬁ'b““ﬁfé’ipﬂss"ﬁ @@Ftﬂt&%@l e 28&1’“2 e i&é”h%a‘ least one of
I @Sihti/H Bfindid 28 dubstinifd loyi & a%ﬁmc ke B defipisionilso 2@ dmpasses a native-

4%&15%?[ A}{Q@ hg;i:ng ﬁblgy(ﬁ‘ﬁm% A %l'cl':" 311 Yepared ty sécg'l'ﬁﬁﬁmt or synthetic

usive, resi s 15 28 cl r.
iy Tte Aped find sty ﬂm@f}%fm%of %zs Pl sgipmor AL
sdiglured inWED U638, WO(OFED28, BndWP 2)/0083¢s Theetbrins Hpo2 ligand” and “Apo2L” are
bl'lsg:{ 18 Qfepg'%hzl.réﬁly &Ftbem¥ 6f the Aﬁgﬁﬁéaﬁcﬁhat RE16ke ABhdAled, iR, or trimer forms of the

i{g % gﬂ nurill%rl%ﬁgaui%%g lﬁ:farlc rttl) %ré}lt %. sgqgeencea Qes\{t% numbcnng
sww@mﬁiwﬁiﬁﬂ@ EXNQ:Rinldsserscificelly M °€?FIWF5F g"i?f iastagosg GP203” or
| €2 shIO%" Zdfers to@@&ﬁ:ﬂﬁ@&cld}emdhd’h@ptﬁﬁbnﬂﬂﬁﬁ&ﬂed@u&ﬁiﬁd@/ﬂi@ﬂn Figure 6 (SEQ ID
gﬁ i ses residues 92-281 or residues 91-281 of Flgure

?ﬁi I D 15 NO 2). The Apo2L pol ypeptides
o ocEHe g tARe S VR GOTInIE S derns ECR TR o of Ape?
Higgadtiut 6 essenBiiQrbeldf NOsrlmbratdind efuplainyic doimaies. Chdmrilyt theelCD will have

e%%%gr?ﬁ% Eﬁ%hgﬁ}?m%h%; &;F JFP%HE;? ?ognralrnggrg é)l‘ﬂ@r%@ whl haUﬁXJQ ﬁnan 0.5% of

f pchfiempitss “Biplogjeslly agties °r£Pl@l°%*fﬂb%Vgtr C a1} refates g ‘f‘RP%L a“ﬁ*’ds & aving the
habiligy taindicea stimuddecipbptd3io batlzastvoe @i oﬂmsmnphmm:en cellbortvirdily nfected cell
MRLGSe &Skl (@)@aﬁébl@%f r;l;uﬁ a:ﬁlb&y b e 99:11{9u§ Q% %aﬂaﬂ@&%in&}égoand/or

and even nore pre I east %

oPYSE S EERF AR ot ) %tamw Py ORRTE PR oL
seypeptices. The definition enconpasses substitutional

vari anfyg efessfoR @c%ntl'o'l Qétré{#:ed PeféMib BRA eJunn&aﬁéccs&P,efoaﬁe exprésSion of an

- Bip e iy bR aR R A TSRt Ay o sl o
SerefaryetesancigeDproniots eprionally hragperatorfseaqyence And Apibgsotng-ieding site.

source or prepared by reconbi nant or synthetic

met hods. The Apo2 ligand of the inventi Qn includes the

pol ypeptides referred to as Apo2 |ligand or TRAIL

di scl osed in WD 97/ 01633, WD 97/ 25428, and WO

01/00832. The termnms "Apo2 ligand" and "Apo2L" are 25

used to refer generally to forns of the Apo2 |igand

that |nclude nonomner, diner, or trimer fornms of the

. - Y




10

15

20

30

35

40

NG 2). 30 The term "Apo-2 |igand extracellul ar domain"

or "Apo2 |igand ECD" refers to a formof Apo2 Iigand
that is essentially free of transnenbrane and

cytoplasm c domains. Ordinarily, the ECD will have

| ess than 1% of such transmenbrane and cytopl asmic

domai ns, and preferably wll - have | ess than 0.5% of

such cowieit e is “oBiraylydigked abHey it @tafed Etio acfnctidnilodlasigastip with another

afabidiy ﬁc‘&éequen@es Fmt exinﬁ:'leaf)ﬁﬁi fdr Qpréﬁ&lgllee or' ng‘lﬁ;rjslegdg' dtﬁlrably lmkcd to DNA
aV|n fo indu or .stimul ate

[ Pf - i 8 Ig?egtédgff ltdﬁ’]eép rfsy & YR tpgrﬁcleagﬁ {ndhe se%eft? dgfhe polypepttde a
verqrizptek i3 opergbly dinkedito@ edding 3&udnge i/t affgctorhe temsciptipmof thelsdquence; or a
GRBRRE ﬁlmﬂﬁg té¥s SleRABly Btke®@h bd2RE k’eqﬂdnce@f u is Mm&t@@ﬁ%b%mmm translation.

( a recep
(BBt ok iy IS et e ol By SalefGE bl e coeo
ayseqriary keaibr, spniggdeuy prdiinrgading pipe. Lisking/is eqoerhpijghed Btiigation at convenient
QURIERSHRNIS 5Dk RInot A6 URI1G@Retic §IRbrREISiEQIINA of BIHE AR used in
rLece a%ggﬂ é‘og‘;m&oggﬁregggr ession of an operably |inked

arti qul ar host or Tqanl sm The
cont r cﬂs“ ﬁﬂ@hé’ég"ws 9tE "eqlfilipsy | yme " cplpgulturef gre used interchangeably and
il Gikch gz heiSns idldelpeigeny. THug Matwerds "tapfdraaal dny "tensf@pelcaltsDinclude the

i‘s ng %ﬁaﬁppﬂf WR%C&M@I&t th fgr tﬁc M%lr%f tﬁmﬁ&é Qt is also
ft{qglﬁssfqogﬁgpll P 1@¥°alt TYRetPe HEW"'{YPFeHﬁE}fMA cqqt&la’q délf @ dejibprape or inadvertent

Saoptienc Mutakt @rog@X timbhve the BINA fifncdon ar ibhrl@BdguieiyCe saeened for in the

?\Eﬁﬁ/ g'ﬁr)éfotn?e@g@rare iRluGRE WAk Xlstinét RGHahR afMendddOf wifl be clear from the
%/ﬁgeptl de if it is expressed as a pre- protel n that

|d°8'i‘ cipates in the secretion of the pol ypeptide; a

pr onotTe tems“oppmplebibate” ap wpkdigreingefers o @ dhosithats exquemé eonfafning t

afof SGHoRe lbsh agdhﬁ%&ﬁ bR bl Odnih hzthgeleat&@q @Edﬁg&)sphaﬂé cdinpBund must be such

r sone n te Is a ed to

Sdéag 3 %art]l(l:)%fc? *[o c{ Ezeg {Eyoascle ?u%)tl.rl]l‘g gfhgs(e) cor Spo%nlas e Ofte-lil us?d agggbp s,

"F@WP@P?‘WOPE%%?W# Be transpgsied &esr he exfepRleaviropraeatRS the pellinto the cell

t&tm@hﬂmg QK i BifsonRed if) ghy twiaj Kiegh Ak s dobsQuotQitSy, well Rth ad N

ﬁnﬁﬁ&&a fthe u@]w%@ roﬁél&r ngalmgﬁ]nq&raﬁe rﬁ%ﬁ&r@gxgeglﬁ? p\%ﬂgprésgng ut\ E. colithe

rea a 1 on
AP A L. SR EpS @prrawe PRI PEATERIERE LRGP to the £ col

esithiss bpon trinsfornitivinlSe Bleshdli erglh viped. dBabmplhe obsditable oggsogwsphates include alkyl
| Haﬁﬁﬁgpﬁam%h Qsednkbﬁl%ﬁ&l h%ropﬁ)&ﬁtgﬂé qt?@ﬁ:ﬁosmatebsu&pag Hlﬁ%ré ﬁﬁ!)sphate and

ression ell,
ecf Illydll*oHl?étylnl ;gﬁsahawcaé WFI?%?&I,I% Pré:.]mrgf@%a@l@aphos %atzs such as hexose-6-
[ nhoseha@hmwgnabt%/phamhhte Slvbose lrolpspiets ihenasrtGr rbershajerand glgerophosphates

Qﬁéﬂgﬁglh/cose]i ro;ﬁltkﬁhavéoﬁdd@sc—@Qﬁﬁtﬁﬂh@bmﬂﬁwg@%phosphates such as

AR Phale fhaegn Pialel wh B PR R 1 p i) are
rreRfyed. wish glyqergphofphetes mofetprefesreds plghy- ané(ﬁrde%bmhﬂmatps sgjil more preferred,
RO £ Dptdsphiadd and6r g@&@atsspe&syhaie Sl@thdrdadfericl) aRdWAniQ O bfpicerol-2- and

%ﬂ/%er&% q?shﬁai%%h%{'/c Tol-3- ho!sa ({s{f)n 4 [:u]arlgy de%g'? gaRJ used herein, the

aem g§ "yv:tagxt keing ingmixjure of G;SPnalqnp] aefgrs to(glcpr@owgqnpgptmmng at least about 80%
telyadialf3qihbepititeCiemdy carien ipnedbo el inpheteesuch oS GRM QL mixture of G3P and G2P
%ﬁfdg%ﬁdl&ﬁﬁnaﬂ%&tbd%é‘ﬁded it will be clear fromthe

cont ext term _ organophosphate" as used herein

r ef er o @’gémbWB?Eﬁ‘Fdf %PhestBt‘FﬁftFﬂﬂEP“E"dt‘Ff da‘i"h‘?“’h"g’“tﬁ‘ﬂ By §rbopgioms. with the

phsspiar typtcdlybeingasociliedoeith andikall ocadiati sarthy mixailsuctl @s @tagsiven, calcium,
ggs,p,m;m% hogﬁgpound nmust be such that it can be

to and utjliz culture. These_ conpounds
are of baHe BuhRE it B es o S tpEse BRTABY G a sl
ergyénzephuteivalyasrieutinicy cdll sl pootailt fre o setonay Bricer nal
envi ronnent of the cell into t;we cell without having
to be pre-hydrolyzed in any way. If an E. coil strain
does not grow well with an organophosphate, the
utilization of such organophosphate can be enhanced by
overexpressing in Iw coll the phnE gene product. Such
gene confers the spontaneous organophosphate
utlllzatlon phenotype to the E coIi straln upon

Y o, -~
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25 hal ophosphat es such as diisopropyl fluorophosphate,
al kyl phosphates such as diisopropyl phosphate and

3, 4-di hydr oxybutyl -1 - phosphate, as well as sugar- or
al kanol - cont ai ni ng phosphat es such as hexose- 6-
phosphat e and gl ycer ol - 3- phosphat e.

A ucose- I-phosphate hexose- 6- phosphat e and

glu C osl%ercsg*tﬁﬁaﬁlw&wé foﬂﬁﬁdaﬁﬁg';ﬁfyﬂdpydéﬁic&m&ﬁ R evli. In this
er opnops essuc
o B o bne B ca it e AP 8t sl ROk
(\gilly f;:gc}umlto e phos ptﬂa{rrea)ua@p@ag@orgﬂngh@splpa@dsuc o ﬁe nuclew acid is
HR$s R Ee@ov&é@ﬁ&ﬁﬁe&ﬂus amahawermﬁyha from the cytoplasm,

9@ “g’?b% rOﬁg@b,ﬁ f%e c;"r? dﬁ-lg' cultqu n%PIBiF( é osp 1Eaat@fg%ssel Fliefcrablya

rﬂ)?keﬂﬁk effermentet, mwfﬁﬂbiﬂ IRPEPF‘EB“@? gl ycerol -2- and
glyce r@htun?mg pharphaic@sed ﬁndgablyﬁ:ﬁt[de pro@etin (itﬁpliaa;bﬁiuctmis;t a conventional
?rﬁarn}:le!r%}ilc &é&%wegsgsﬁ%g}bgﬁ&gw for use. As used her ei n,

in a mxture or "GP

‘ elsic figid gnd ModiBieatipns THERROk ot ail ni ng at | east
ab o ut m%ucl@d a;tiaeicedmg&hep:hl@pzpduabiamcrm is peitgbCRIA, aPRA.Lppgengnic DNA

gugpatn é WL nttel'lc%&as §1U ﬁﬁyp@pﬁdé@ Br intéedt Mx;ﬂibﬁ@ar@tfrell@oDan@ Gelecting

3 contain | ess than ab 6 g‘;}g " E
RppgaRies npﬂw&n B EPsion o RIS BRI R P AR e o

nodt. contai n any carbon atons, with the phosphate

ty plt ﬁeﬁ h%(noéé‘dammﬁ&&%@ b@iﬁfﬁodﬁéeﬁ tDbﬂfbn&Jdiﬁthb métociadakaaliiodies is readily
ear a n
léﬁtﬁﬁ{’r%ﬁ%?g'}fﬁg‘[s@g gttolns grovgeﬁlg (fhg F?H gsmé.ph%on g @ds PI%E% p]lgt are capable
péf diwdingrpecifivaly dagoned picprinadiedprvynd fight phainh@ rf@@relﬂgﬂbaql@ The hybridoma
aghid ¥ 3 a ﬁé@n&f sOMMeld@sua BN A Qincﬁ&ilﬁl,&hc}d)mhiyl be pilacedl int¥lekp@dsion
K]%‘lcfl%g’ gn ?an&c?meagj{l@ Ehﬁ&r rua'l ﬂ:st%glﬁthér%H B o¥tail H’n@ﬁﬁthes?s of monoclonal

nvent i on present
st i e mmwa@gosac%ﬁﬁw 3Fes B BT B GE BeieEy PNA
h&tRing k1o gabiGdy idlude. Skaflet ai, Cufr. Ofitien in Irunelcls:E56-250 K 1993 aild|PYickthun,
%@%ﬁiig 15W?§1%§(1§d§5 d encodi ng 't he pol ypeptl de are

ture medi um while feedin

cul ¢ ur¥eRo TR PR BN REY i Esirably,
t l@danitel entibody haiooe @ ol amipo Fidgssjdne gredhced Titeit o W@ﬁttmﬁe non-human.

' 'fhegel?lg hJuﬁQ Qﬂl% e refsﬁ&mtrﬁ Blﬁn fefkrbdSto asThﬂJoﬁ'QGsWﬁr%de&)é tﬁﬁally taken

from t C, sm. asm, or C
t im0 rnrpgrt yvﬁ’?g gﬁﬂml"\,l Zﬁ‘bo)'} cqnbg %SS‘“‘P Eger&’rmeg%gowmg 2 method of
s Witea lyid go-werkae@onesyr ¢ Ewtallgz_ %?-Mgﬂq(é%é) Rieghgnncgt al., Natore, 332: 323-327

f god¥p %mseyem&z,esd%& Bb: abi4y1|536 (1988)), fo @ EubRIARi S hypetiatidbleldglog sequences
s are use (0]
p%htg%mfr% aorﬁdlﬁg sequegcﬁs of a umaP t:&%ﬁa;&écg&nﬁ§ QQE Ch”n&ﬂﬁm%lbpcﬁcs are

pehiseseielntiboieg| @k% P@tﬁ\@d" ﬁéﬁ@whem sbstargis|lypless fhaman drachiymprpyegisble
Addnfdin dxbeditachistititictly e B&reshomiing edquehttcromadbehutaspcbs. In practice,

e%'%%qzeﬁ gntﬁ)glﬁes th ﬁ%ﬁ%ﬂnﬂﬁ antl fsodkep%%ﬁﬁ Eon{e ﬁypéHh;aﬂp}eé’zoB%ucs and

%% rom any source, Prow
ePRevRibsome mﬂ@ieﬁlaﬁfeﬁﬁ?SP‘H’é‘{ %V)reszﬁlfws frpip apalogqus Sifepip FPBH% a“éi?"é‘“

vel | kTieeivick o humi vertdble dgmairks,beth Highpand peavia tocbe pigd Ingakingeths fymanized
f QindaiPk @é}ﬁﬁx\?&ta&to Q&L&%%eggguﬁccQQl Q%tsb E’a@«?d "oisPftt Mélhoddhe

varl ant s In

nal
affayeprs af Bsvadghle dB‘é?‘?ﬂﬁ EFEP&?PE‘&"&Y s Eﬁ‘i‘i&“"‘g ﬁ%aﬁ’&tlﬂ?‘fﬁ “‘ﬁa]]& rary of known human
meriatdd-dmaih segieneek OChE manan sequea dhial iy/clospstigthatof the eprdedt is then accepted as the

¥ @ﬁﬁ@ﬂgﬁgoﬁmgﬁg ERORY AOukRAk a2 @@}hbgee%ai,:mm , 131 2206 (1593);
bFl?’?& g@@i&l—g é—&é g&t(ggﬂﬁg n@gtsieé tgtair uﬁed ap cuhrefgz\rlnework ﬁgwn derived

| froyinthe mansussemkncmﬁail hiemap pritibdslissl pfepyrticulpheubgrgup of ltﬁbtrmheavy chains. The
cells serve as a preferred sougce of such DNA. Once

i sol ated, the DNA may be placed into expression

vectors, which are then transfornmed into the bacteri al

host cells herein to obtain the synthesis of

nonocl onal 20 anti bodies in the reconbi nant host

cells. Review articles on reconbi nant expression in
bacteria of DNA
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encodi ng the anti body include Skerra et al., Curt.
Qpinion in Imunol.,1: 256-262 (1993) and P10ckt hun,

| mmunol . Revs., 130: 151-188 (1992). Methods for
humani zi ng non- human anti bodi es have been described in
the art. Preferably, a humanized anti body has one or
nore am no acid residues introduced into it froma

s;qmﬁfwlevdrmmay t® used For beveral differer® BrmBhiged ent]ly@:hes Kanterre! b nresoNatl. Acad. Sci.
 £835 (19SS, PRALE ¢:Qf, tJetht.ﬁt Qs [; e@atmgﬁﬁ i nport "

et o o e A,y BT e i
ped dter freaablecriolagingl pgpartive Tewthiryeithis goal, W'mhes to antqfemd methed, humanized
Caﬂdﬁﬁ@lés‘ﬁﬁrp& ﬁdﬂﬂ‘ﬁ rotks @Lna}ymmthu b@cntaﬁsgéuenc&?agd fdbus CohBspI hurmanized

iPGlnsrotuaodi it il ol i e o
supsrostpbyiia medely g eqwtyatﬁléﬂeraebq%fﬁm@eme&ékd inge mtt mputer
Cp@cfgl‘aﬁts ROMiIBE HROMUERCAS diplay probubBifee Alidchsiaal Yonformational structures of

?edgi!lngigatpy Pmtgnliloc {?Jbuhn %le@? %cl;eg SgsFec.@(ﬂHllf R%g g%é yg]% g'sué\%ﬁt gsns of the likely
sralb afthrreidgs g uasonir g sgeche SRR PRI SURFTE e wnlysis of

desiadsithatiafueive @B atslitpatitelcatiiade ibyhubdgledio rorbé fitoamedgen.gln this way, FR
Sr@s%%@ﬁﬁ:a fscrlcgml %‘O g&ﬁ::@&lmaggﬁénﬁﬁd m{pgrt &ﬁtﬁﬁ&e& &Qhat the desxred annbady

hunmani ze ant | |es are urmn ant 1 bodj es
VR ReRristio RehiaY inesased 2 itiai f ﬂFé@gt%tt“%@r iy prbievednly eongal p tﬂptfvma"‘e
Sregina rdsidues @8 dickudysandimest sibdpatally nvebad ynfluegginglanggen binding.

anal o %H&xs frho? thb Hu:ﬂa&?i%@ﬁub@d}to} m&y Bitured. Qﬁb&tb&b &ﬁteﬁigf,ulated For

human i abl

TR 1 PR H R R Zebr= ooy OB s Goop pmpy sch o e

i thabis optiarally canjugatedindth ongiet ingyeizeting geent(Ain prdetitq ggneraly ap frgmunoconjugate.

S&wﬁ:ﬁlvkl? Ghe hblﬁﬁﬁzedc dntibod &R bINRIEH mduRa antfh By RN Be2an @ftact dAbody, such as an
mx E%an%m in of a rodent antibody is screened

l“ 7St “T'he entire l'i brary of known huna '

v ar i alfele-SHonements e heidirsetly secovpm g gl a0g eﬂﬁ@ﬁ%}’é oquplgd tojfegm F(ab'z

Cﬁa@ﬁ@l&t(cdrt@r e £1aBioTkchhdi@y,10:d 6331167 (1992 iacodiing einatbbr ayprobdheF(ab),

h%?arrs \Qﬁr&&dx{eﬁﬁuﬁgﬂ reu:n@nmtt Qs Jeh @ult?x’é NBifr ?e@ﬂuctﬁéltférlﬁ@ ¥duction of ‘

Gptitggy Fgmenyil begpigrom t@%ﬂ“%afm(%s‘rﬂhﬂ ST gty of chic
Lis esingle-clachs Bvi fcxpphent (sdFWEWONGH K 85;ALf. Bat, Nbo 1515716894 4 SEBLAE! Ao antibody

%Qé&?ﬁé&%lsé €9&J‘ﬁ%ﬁnﬁfodﬁ| dg., M&Hbea BiU. 9 P8l 1655 5,041,800, Such linear antibody
partlcu ﬁé %Wﬁ% ght or heavy chains. The 8
ﬁﬁ§°5%”ﬁ’ d for several different
h umani MQctlfumnbbdm iave gntib@igs thethave binding speoifigitics fpyat lpast tyg ¢ierent
itoges = ge%:ﬁ(; &&9&)& mﬂr" b kA we litférént epi'topei $T1Ad Rede protein.

ipecb%cdth%bgc? %s gznhbc H{g%are% gs dl!EJIIi eﬁ" an!l 0 rotr %nﬁi ood lﬂ'ﬁ meﬁts (e.g., F(ab'"), bispecific
eepitiopipsp.y Thegsy may fes Aisiopspé rpriony ﬁttlbestm@rns Prpgfic P cain. One heavy chain can
hiec @br@@ic 8) itsF.Operti es. To achi eve this goal, according

to a 18 %I §§F§.0%91 gfgrgﬁggg% ﬁ%gqqes a ]Lsfi)e@l%il: m%&%eﬁfﬁpmpared by

pr epare ana ySI S0 e pare

BEPAHE 8% c‘t}ld?l‘?'“oiﬁ@e?fﬁﬁr?&‘@ﬁ)‘t‘ﬁfaﬁm FreiusempEtne B figthirding domain fused
LtS hrﬂgmtnh)glﬁﬂﬂlﬁi heawnshincvadtantiooiaih sqehcetidiingeizitrha bimling site; a second
%tg@@t&&@tngaes%ﬁm dcﬂihﬁq% {j‘g %ﬂﬁtuﬁtﬁfatmm ttmmgg L&Q&h’t ddhain

|'s "ar e common % Eavai are || ar
@

tSFAyEnse 1§tﬁn1ng éaghf ﬂ'lalfl ductﬁstte aréaﬁwué?g]obﬂ}n&lél}l glf.iagt xgﬁp&ctwc]y The host
avidsiatealich eultbradito ab folexpsdsy thet N Anseghewtbsg p pradpcor roilgans bii) a heterotrimer

tchﬁuﬁ-ﬁmglhgﬁx@tsﬂls%ﬂ etvaﬁmt.geemtu aq.a«ata b dntiheHo 8Sbuldd light-chain pair; (ii) &

ected candi ul.i.n, se
RSB TIeE OB s ik o et R ey pgis and ()
| liokeedinger ¢@nprigitzwo fovaléndly linkerd npleowlesiofithe fivet ffsiom CEhe eninurecpf prppducts is
t he candi dat e i nmunogl obul in guence, i.e., the
anal ysis of residues that influence the ability of
t he candi date i nmunogl obulin to bind its antigen. In
this way, FR residues can be selected and conbi ned
fromthe recipient and inport sequences so that the
desired anti body characteristic, such as increased
afflnlty for the target antlgen(s) |s achleved In

ey
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that is optionally conjugated with one or nore

targeting agent(s) in order to generate an

i mrunoconj ugate. Alternatively, the humanized

anti body or affinity-matured anti body nay be an intact
anti body, such as an intactlgG antibody. 20 Fab'-SH
fragnments can be directly recovered fromE. cola and
atneveddeim| the celbuiiiredd the hétaetrimds (sadolalp@frorf thagime prodncté. Clwstapproach is

Qﬁscl@stcd in BreP44/02600 N Bdr Qe dekdtis of ra&@%mﬁél:ﬁig gn)tx)nedtc@?c@ Qb @kaRfle, Suresh

twer appr.oac ragnents can
eé?f? ”a PR‘ '&%Oﬁ]gﬂg%%ﬂbl nant host cell culture
O her ﬁ@@@ﬂsltw@hﬂﬁwroatwescm%mm PasNoo$.731 36 ihpintdeface between a pair of

aﬁ%ﬂﬁﬂeﬁuléﬂcﬁd be b@nﬁ@&ﬁé ﬁBﬁszthetpbleﬁn&Ed ch hﬁéﬂodzmers that are recovered from
gf%?g‘% mant cglpcu ture, Llﬂegprreferr m?e{:fb cc nses aiéeﬁ{t a}( E& &?%am of an antibody
%rlst_wﬁwm L} @s mpthed, ormssmorssn@lr 1@@9&41%%0@%58@ tpsgyrfacopf) e first
aanﬁuo&mbyecaéa:é replgEaEwith 1ERRY sidd cRins 2., Ayrosink Breptophid).l Qudbyrsatory
agmbs" 1dcf1r?c%l%§' 15181%? s:kerlo He @ge E %tchzbr@g are g’rba% %}Z ngrfég 81% second

w@s@mwe YA BE 1 S i B PEES Y SR S Bnip p fonine)
hienis @rokitié3 @ inagarsypefad ifickeasidg) te-yicldaf theletcrodm®t ovenwthextinivine:d enitproducts

esgghtagl&&?dmggenpl ary bispecific antibodi es may bind to
er ent %topes of the sane prote

Bi spedlispeeic aibedins HFlude crosinkd op l}‘gﬁﬁ‘P@Eﬁaﬁs“"F‘fj’F’l"s |FayfgEntple: one of the
aantbiodiesdn teshe@rocamjupatdaal i doupded memitis, tiesothgr tp bibtfna Buch 2ntibodies have, for

Rl SRRCleEA pqopsst sa.%gemﬂiuﬁe%}mmm@unmm*aans ass. fPhtSN@ ms-m@ﬁm and for

e 2ot o il o #PBurf w315 o R0 Byppiupsaipbocic

preg beroide geirgiasyreeeient crepatipking dicdeds. ﬁutghleg:pétlpnﬁng; agents are well known in
| B RNARRD8S I oBkd] £6r R ©F5. BY. Nol 476,980 kdn ) Gittl 4 Hulbed of b8 linking
ce*l DNA sequences encoding a first fusion conprising
1ec)
St bi ndi ng domai n fused to an inmunogl obulin
h eavy-Tethainyss Pbsrawaiing bigsiiis sribediesram @uibpdy ERyrpngts Bave also been described
| ih @hﬁtcrﬁd‘:kal For Blailé, BEpesiKit @tibadicS@Ckpepaal thitiGihetical linkage. Brennan e al,
;_% Eguf‘as?&%%lada Ac Q:ﬂ{‘e%ergﬂﬁﬁ& meb&ﬁ’e@ Qe &Jlgtca%cajly cleaved to
imuno eavy-chal n constant domalh sequénce
rgetealtcm(ah'g; fagmﬁngh‘[‘he@zl'falgmenbmnghdupgd ig ithee gresepoe df thgdithiol complexing agent
m a.ra%m%l?({ 3 elrl]nze vnigx}a} dltﬁxhlaanrgl pre(rc%f‘ Ptgn%glleé{l?ar 1su{fﬁ hﬁﬁ%ﬁ‘?ﬂ The Fab'

S are cu
sf@qra@ﬁ @@gra%arpﬂlme@eﬂea tClﬂ“th“[PP@zQ?F ) dﬁ""ﬁé’?se Pat ¢f theEpb-TNB
CafativeSk theh rbdafveftddltSthe Faihibiby fMMadnah h.ymip'toed(ﬁdmw ahdnis Mixed with an

SERR0 HHB| T FTHIPHE 0. bl SDBLE. . 1o

terotetraner conprisin two cova
fREIoGiFR-PrOdrrEchIl Peoistd|oF #eomts fGtibe SElfFarenmﬁa‘-‘rﬂfzgmm afrfazym i) a
40 honxditierelty, EabviT fraginentp cane dicsotserbodvtirdd Yroin iFnded end chemically coupled to
%%%Hécﬁﬁ arﬁ&Ead&E‘ &hiléb? Sttat fJ_UBIi%p,Q@ed e Fhit Ws@)) of products

rennve Trom

het er ota’f“?“ﬁ{%f nigues fog HF]%i‘tgéEF ‘P‘il"BPﬁLti‘sﬂ@‘fﬁf“H’B?dY &P%f&&‘&?@':ﬂﬁfﬁws
appngaotrel siturdhacdloden despribilD ForekgupBOGspedipmntibadieshee been praduced

dﬁh@edcﬁ.c Q%ch @K@éﬁ} é: ag 1RRSRRL hd: G541k 4 *@@%ﬁ 3‘h§ﬁlﬁ:me Lsyar peptides

F50 (ot n ot

un B&?&%‘F aa'? tg thg/ﬁ%wtpﬁrél?ns 8 tBI? g%ﬁnt ggxgocd eis %y e%nc fysion. The
(@ntiodyhamodimnges areGedpg:d atitithinge fgion o form fenomerhand Werrs-oxidigdite fOl‘m the
Qtibody raBbbiRes yrhmmea&aaﬁasoma B1AR 6 RHQ pRORERGS irlbdTPKmdHimErs. The
tg!gbgg erte%!glg{oqup icﬁbed E)ﬁ[tﬁﬁn%grle%,rﬁoct.la tAc%E ci.r 0 |’§ é‘;&g—éﬂk?@ﬂ has
cided a8 eliprnative megharismyfofypeking bispeqifireantiborly fagmentsn Therfragippnts comprise a

. lis .
30k R R B B L Bl ol e R A PR oo
first antibody nol ecule are rfpl aced with larger side
chains (e.g., tyrosine or tryptophan). Conpensatory
"cavities" of identical or simlar size to the | arge
side chain(s) are created on the interface of the
second 10 anti body nol ecul e by replacing | arge am no
acid side chains with smaller ones (e.g., alanine or

3

threom ne) Th| S provi des a rrechanl sm for i ncreasi ng

Y a1 I 1 o, T Y 1
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Bi specific anti bodi es include cross-Iinked or

"het eroconj ugate" anti bodi es. For exanple, one of the

anti bodies in the heteroconjugate can be coupled to

avidin, the other to biotin. Such antibodi es have, for

15 exanpl e, been proposed to target imune system

cells to unwanted cells (U S. Pat. No. 4,676,980), and

fsbart to bllo@@biriegbbtwedn thelthb dopibigCdnit@Rane\86id W QRRGT, thé/NB) and V. domains of
92/ 200373, and EP 03089). Heteroconjugate anti bodies
rmyfr%eemrel forcpdto pggr ‘Hﬁlyhe(;mmlmﬂw V1, ewd0& sdombifdar E!gther fragment, thereby

r ent s
T s A5 9 B b B e
piggle-chagp Fv P fignegdes alsabmgpwet Wr@crwm%mmt 152: 5368 (1994)).
Cr 0SS -Antitiokieigith nfolaR tvepi@Bncied e RGNt 88 efiple, trispecific antibodies can

g,@g@l;aghl(ﬂgeglﬁpﬁﬁﬂclﬁ%& g@ j es from anti body

fragnents hav ribed in the literature.
For eXUfI{if &id mplecylis eropgins pabpeptifs yptiadts wemtersied pyraavpriptycs methods known
uslihengt Ghesmneiaks ihdlvik dgrere nBrlatiebs, ielatid from 2 h@Rs Sourcd (in §d case of

%F%? %{tgg.g Erhll:?@acﬁ sratéaseemrr 5) %ﬁg@@ﬁﬁt&&%@ﬁ% E.Qé%éuﬁm site-

a cl eave
yt%%@’e‘“‘f S5t it S S PEEIE 8o Faslicr Prepesf esiats g nom-
dﬁrlaﬂtrversmquemlmmﬁpl exi ng agent sodiumarsenite to

st abi I n?a? bé/deﬁﬂaﬁlélﬂo nﬁh:fyhﬁe‘%hﬁbow m@fn%ﬁﬁﬁtmﬂt Qbfebe PG s L@&mn, .8, 50

ul.fi nents generate
R T gt g o s
qebptityriaps ivfean Fo @gien effthetahiibodda BiteraniBly o edditivmtly, vssing ssifua@may be
rOduoeAai thekk région] thebi-aldwnk htle%mrbd{su[ﬁ@éj%ﬁﬁ fo%n&{' n'i JH!S rcg:on

nerca i x
! R AR AP0 S LR S por v
BRISPRIRP thp pntibody (SpRseially amanEbady §’1‘$é'e¢t)fa|s descrihestin Y dak 8,739,277, for example.
[AB mddum heatrniBaltagaebe 6 bagﬁﬁip&oﬁe%felts eun StbRGE Y B region of an IgG
{ua]%e gg enz rres Addi tional ly, Fab'-SH

a’EF‘é ég e ‘F ‘9‘“ IS EERRpEhIar ipgretingthe i iyojseram felf-life of the
Qﬂaﬂmﬁakly coupled to 30 fornrbrspecrfrc ant i bodi es
( Shal 217- 225 92
Var i oégl t :bgﬁgmmﬁ 8fs]thefal'::§b%ﬁya’1{e Ry %aéc 4 PEEh T Rt 3‘65% ipqdy gay be
ired BotrpL e raa@thefn@eprermew 3ﬂ|W@m8 palyethiriershrertl, pelapropylenc glycol,
paljoiyrllgledes vEcopdmrsdemilyeHAGHS Elybreshd pbiRKopP%R BREAR,

B b 16ucRB LR %a%él Qb‘{eevé&e” pr)duced usi ng
eucli ne zip . I mmunol ., 148:
1547- f’&@%efeliss’gsz)uslm “Fﬁ‘é" $ eca’é*’mégez?ﬂpab%rmwsrqbbre@emﬁ ngyreplicable

vdgter fSogpressicn iJ the Zpo brdleris: cantrel df h suisbtb pioinoteh eMakrpctors are available for
@rﬁrp 639 %nd‘%glecth&ﬂ)f et EJPW vea&tvrhlpcﬂgé g Ealay orgtﬁﬁsﬁzg Elﬁﬁel m08sic acid to be

rs arer e uce
P lo P B Aok oo iy o o onan
t’ﬂﬁeus cerRocne depertding o theiiartievls hosTépll w/itmelidthods @apatible.SDeplr@ing on the

pirtichibrAgd of Hogt, thelVBetd? E&ﬂﬂdﬁé‘n& eheAly uﬁﬂlﬁé D.R ohy nJﬂ HH&‘E{ 'tme%r more of the

Q tech describ I nger
EF&"“B ¢ %:g“g)‘ﬁtagttm g °%%f‘°a“w{'° °§'6°’° %%Ef&s‘*ssm@“(%gsrda
FP&?“P%P BUmiRpten seayenst-t er nat i ve mechani sm f or maki ng
bi spetaigénkral, ﬁlﬁﬁﬂdb@:fi&‘s dofitARREB 1Son a;l-cl'k%ntfof ﬁ%ﬁc@gtﬁdt 5OBRLIFOm species

%mpﬁrﬁ@%ﬁh &pﬁols&ely &l %Ql!l ceomgegtltgrai (v%bé c9 ]}:l ?('éelctort %(gltanﬁlrgames a

aln varil a omal
'PH’B*‘“"'H}“ Af tilkes parkiag rewcwhqt Prﬁgapwetor\p;rewlrrgm@enow wdloetian ins
tomsféringd @lsnBoreknaipld, £. éhhﬁﬂyﬁidaﬂbgiaysforlnmsﬁ@‘b]ﬁﬂﬁ, ¥PlasHQINGBriva$ from an .,

&l spe@

%Sﬁ%%ﬁ% oAk Dear 08 1ot . Beca gkl ons o i nd

yesistnsp s Rwe%\ﬁty B8] |‘4ﬁtﬂflﬁ$ tegpsfograed colls, o’ffrr eBR322

strategy for naklng bi specific anti body fragnents by
the use of single-chain Fv ($Fv) diners has also been
reported (G uber et at, J. Innunol , 152: 5368
(1994)). 5 Anti bodies with nore than two val encies are
contenpl ated. For exanple, trispecific antibodies can
be prepared (Tuff et aG J. Inmunol., 147: 60 (1991)).
Nucl ei ¢ acid nol ecul es encodi ng pol ypeptide variants
are prepared by a varrety of nethods knomn in the

o e
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10 directed) nutagenesis, PCR nutagenesis, or cassette

mut agenesi s of an earlier prepared variant or a non-

vari ant version of the polypeptide. It nay be

desirable to nodify the anti body of the invention with
respect to effector function, e.g., so as to enhance

Fe receptor binding. This may be achi eved by

| plasmigcha otherhacsrid plevmidieplaze misgsnespdly epntaing losis inpdified tprpgntdin prgmoters
et B b @64 @rtheqf coliiGt BPXpBRRY of tHIsIREbBIR tnxé? dhesd !

addltl al | elne residue(s) may be 15 introduced
inth o) Segpon by all owi ng i nterchain

di sul fThel NS erradifiasherpatypepfideiofinterest berqieaychn exprpgsed ngbgnlyléestly, but also

tfiﬁ @ fusieh Hiﬂi dacthel le)tpEpﬁdQ prefelagly @ﬁgnhlbﬂﬁéhce & BBer PBRYpeptide having a specific
t neé\(?arép tlg Natfrénénus\e/ %%l: ln{al%%g%t bt géng s[r?%lglg%gen\l:ermag bea
ckempgneit gﬁhq vacten, 051t mpyke a pg‘t V] pgwpndf-@ﬂcoc@g that is inggsted into the

ek, ITBY Riefdlogdul SgnbiaEditncS@lest@igRouIGE ap tiar is Jatogitiet gnd processed (i.e.,

egéétcgﬁ&m%ﬁ gl;ué;sbgy@lg?&%eﬁ ope of the Fc region of an

g | gG&3, or IgXA) that
i s resfoppigkappts %f‘“t et %%Pétef?gmtf’r?éd Frppespthg Barieera FH“W’“"‘ polypeptide

hsgnéil-s¢qudnee, the sigralsequatOe ik guBstimped by aprekary@ichsignal seguebnde, seledted Fprexample,

Ofrod thoe &g%&:&t%& oﬁﬂe%lkﬁlfﬁ@ E]ﬁ)%ﬂh&g %Q’uﬂﬁﬂ&ﬁé‘, fﬂp, oﬁﬁﬁt—sﬁﬁ@%&‘o@oxm o
ody nmay be Ilinked to one of a variety of

%ﬂ“ﬁrotelnaceous polyners e.g., polyethylene glycol,

pol ypr@pgrginué R Co "awyoxyalkylenes or copolyners

of pol sﬁstetttsh ee!at%rs%ﬁsmlnu ca@éqMame@m 113 vdeEc@ 1o repReate in one or

IT*H%‘? %’gf %{L&t 8%]8 Léjlclﬁsllej%ulelbc?sl age w“’ﬁ@f' % ang Qarle l n\a/e te %{ﬁm c;} replication
DigR) thé gasmidipBREA2 s siitsble for mept Gﬁmweatweépﬂterle Bpt a8 e & % ctor
for exg@leda&lioGehdCopghelz. COi | under the control of a

S u! t abéxlprepsmn vec[cu% &enelj@’%nta\{n? g gef% tgu ng a]@é/ t@ljn'}e@péel@ct;bg marker ‘This gene

this t1o priate vect
mnpqdewmwe%ﬁarﬁ 5 the ﬂwwborgtoyﬂ; °8‘Fa“tfﬂ5'°94198|°%‘|5 o ing sgtvecule
bRedivind) $1§t tele ndt Binefoimad witabd eétoramthidingehepeectiongerdeavill dpomtvive in the
C&tlltJJre &Qduﬂﬁ This 9@’1@&@5 HRe: t%épnatg Rém e EehQt marEéi‘&ﬁ uii8&d 294 defined by this

e an, Tl 1o TR FFO T (4 3 FoeloL aAts g igics o other o,
Depangictiy, eomicinonddtexats tof trctine (plromplfmdntaygotrophfsaleficiencies other than

Vﬁgsts Qaruseﬁ W%&%t?'of &R k@ rleMcex‘(d)],Q)l' (é}js@ lﬂﬂﬁcaﬂfu@mﬂ%t aviulable from
a signa

[

s‘é’{f‘a ’ﬁ‘E‘ e by ﬂger"’te‘ﬁ eﬁcng?ge? g Tnleéag n|w(s)"’n o %\#e or more marker

genes, Ons eppmplysf aselectiomaghesne u'tlmrté@s mnt%ﬁowt@?fmhﬁ%teiloh this case, those
S&fiiedl &€ suc&cﬁkftm? Rk famed Wikhakd Ruleit/ RAoOiGre e pradudd I polyPeptide conferring

r S’Eﬁl:rlrscl:sgance t%ﬂbw(e%e s&?cﬁyl} rﬁéflgiﬁl Eﬂlﬂ%leﬁf ?ucﬁjgd’n{u}éﬁt el%cfi&:rnsc the drugs

SRR Pestherherdh IEMeiea A0k SR 1 PR 690 TS PPl WWP‘&}W e al.,
C BdlichicPZ00- A4 BN 1986 ot Iygroingin (Sighie,er A SMUECL Bigl., Srettkd 18 (1985)). The three

S%H@&%ﬁén éot\@fem@%ﬁba%q%gﬁggg@mq& em&gyacqu tpttﬁtw tetémnee to the

tion 1n For exanpl e, coli
| PPPPRECHe ﬁttlstft BReYH (EReticin F%(nym ic acld)fyr Bygppmycin, Fespectively.
deri veth) Pro mponent COl S species (see, e.g., Bolivar
et at, Thg@ﬂ)?essu% vec%?foﬁ ]JrgdZ]ZtH the ﬂ%ﬁﬁ%ﬁ%‘% of Ridfeddi b&&ngﬁﬁlﬁﬁle pEmoter that is

npicillin and cliner
PR EALY B gaiemis ol DR i v T ) S S g R e gt
ThrempBREEPIe Td ugp|witk Ai cd/i hagts ingtdedhe bisalattamaseeand ladiess priomotes systems
pé’dﬁ&h@ et a@l___@,?_fiaﬂgl 1b’38 Qﬁaﬁﬁbﬂﬁg Nefike, 288 I dbfohyank aﬁ‘e@mosc promoter

hrggtfm @Fm%iba?m r Bij ’7ﬂ gﬁaﬂéjégggg ﬁﬁ(ahn%%howga}tase the% promoter, a

(FrptoSliag fioe) Profec eivew c@mbﬂmw 48 61589 n'gi qpﬁé,m) and hybrid
pol ypeptide of interest herein,my be expressed not

only directly, but also 5 as a fusion w th another

pol ypepti de, preferably a signal sequence or other

pol ypepti de having a specific cleavage site at the

N-term nus of the mature pol ypeptide. In general, the

si gnal sequence may be a conmponent of the vector, or

|t may be a part of the pol ypepti de- encodi ng DNA that

Y 1 . g
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vector. The heterol ogous signal sequence sel ected

shoul d be one that is recognized and processed (i.e.,

cl eaved by a signal peptidase) by the host cell. 10

For prokaryotic host cells that do not recogni ze and
process the native or a eukaryotic polypeptide signa
sequence, the signal sequence is substituted by a

oty prihespamenotes WeRnoree ., P _s@ﬁéééé?é—s—cf-%&%&iﬁ @983)). However,
fd‘tlﬁmnb\hﬁ:a&érﬂwiorﬁﬁ&b&kﬁﬁltaﬂlg Tkir budRotidk tequlehddchapl o phildisias, ehereby

cna%i neq,a sluhx?aso?&rdp&%]y S [:%agal }:nltﬁc’ ]51@1? Ln% r%ott}%r S)lhngﬁtldp ﬁ_%ﬁlterest (Siebenlist et
B%pﬁ-eéé& % U?@é)t“é‘lf‘%““&ﬁ%ﬁf aqawora mﬁ%l’é’ll’é?!ﬂ“&&?dd“%”é?m gt e

t hat eR#dpdbBShE fiemone ehdiyed HarelnGyn ind@ites frdinoR) €e. @he tharBaivated by an

%ﬁduﬁ&{ g&t &%?Jdgl&?{ deft s ﬁ!\ﬁaﬁm% gl%yp‘%ﬁ’cg&‘eg e@Jn? éf&é&w JﬁhQMc:xltlQénomoters

I catilon
theisin gre ﬁ’i“ﬂ‘“b@ﬂ%’?“‘iﬁ"? RIOTBQiF t“&kﬁ?cé""f"ﬁﬁe" H’d’é?t EPF¥hegat i ve
bact erprdmostsdt usn HacterinDdyitenfsiaiso gendoly e@itainorShize Dafgarno (S.D.) sequence
Qéd cﬁ&%@ﬁl@ﬁ §rc&H§thlﬁ ‘B&lﬁ{eﬁ:dgﬁnﬁérél. l'[?ﬁe ﬁgﬁgt@ kd b@removed from the

selectlon ene, t er ned sel ectg mar ker
(i soe= A e e g ok B Y P Sy deies

diNAgrowt h of transformed host cells grown in a

sel ectdywVEn Ldoyg,@An gfMdetoldOSt cel | s not transf or med

\;VIUE CI L eﬁh’ﬁc%g% sui lﬂ e%Pr cngta ngﬁ,‘e%:e[xﬁoe thJ Sthéalatécf-gsoﬁd gom ncgtg%mploys

i standarsigatian echiiqerm Jsdiasedgplapmeidsop DIVA frraapents are clepved| thilopsd, apgyerligated in the
dﬁﬁhﬁﬁ&h@gaﬁakﬂwpmﬁﬁ@ﬁﬁmﬁm Typi cal sel ection genes

encod %o anz(ﬁ 51§ to”‘%m%: Ql%grre%taslﬁugngeg fm pﬁas&x'ﬁsséons‘fl'%%et]lﬁ l%atlon mixtures are used to
anti bi o or ne 0oX i

e Ereoli K4 S0 PRATRE S100)peaiepibyiey, aucciesy) tansformant ar slectd
OfY ARRPiEIINR B tetALRS e kBBt cE wikefapRoppine | RiBmids fae thd tudstor@Bimts are prepared,

tRASE a@%&é«‘éﬁ% %ﬁd@@»@{@&%ﬁ GRau&k L.Ja&dgm%ttﬁmwakgwﬁz) Proc. Natl.
O ORI A i e e

rmm_ﬁmgtaBm&ﬂmﬂ@gmmpﬁliﬁm a selection
S@Eﬂ&ﬁoﬁhﬁ%ﬁﬁmﬁmﬁﬂ'fﬁ%té@lsarreSt growth of a host
n this c

cel cells.that .are .succ f

C T s o PSP RRS pp e Rl A i B e BSE 2 wlaf1o
AABOC 9178 £.dhefi 296 (FTEIC31.ME), Edeoli §, and Bljcgk BHE@(AFRE 31 ¥l These examples
S&U 1Hdsﬁ‘ﬁv§ rﬁtﬂcrﬁﬁﬁ fﬁﬁh:lgo ﬂdufaﬁ@élﬁﬁfhny DR APV ferfibnes biGls may also be

d
eetrur;o']o?e% aﬁthe rné Bosg et@éelamh%r rmlfig%d t%%&t&?n%%%&tﬁ 1&1%9‘“&1 Q&E@pe
r@%ﬁ?ﬂﬁ@ﬂ@l iEecol etraal q) sp g&fﬁrreéﬂaargy_tal hos@eqag;ﬁ iisa cmn hqst sgegin for

- (1438 Bipght DNK prb(}(@l’ f@ytRatiohs.( Siagplesrvf @ictig|E. oli Mats to teddell as parent hosts,

%léogéwithtﬁeargé ékla?’elgc}l.%éﬁhketaﬁp&lowr ee exanples given

e enploy Bacteria genes under eukaryotlc contro

Q-conuvey rosistan Y at-o-
§%ﬁy0|n (gen9t|C|nF”mQ@bt (nycophenollc aC|d)

Wﬂmnyu T, 1 JRH?F‘ldeN(rrnD‘er‘niEM Promoter—Conponent 35—
[he expressiom vector for producing the pol vpeptide of

if d%er est cont<ﬂﬂm#GwW§u|table pronoter that is

I—-qf—l-

gseentzed—by -s—eperabby—tt-nked—to—the
A [AtonA t' ~ y
fucl eic acid ?ﬁ Elng)? fie pol ypepti de of interest.

WewTot €r S Ssul {ShlAeAKHN) preisReASET NakeF-l@ticd hosts 1 ncl ude

he heta-1 act.inmase
(&Fng ot o metgmi" ' :J'Q'r'omeﬁ!“” 3 sr%ﬁ 85 Pt &R

rwm AYRLbiR) IS (AL IRRAE TEIDR3 dke ] DkakR o TA(mnpcfepE)
ystem (Guzman et at J. Bacterlal 124 7716-7728
13932)), al ka 4% (MM%@MPWMWMM@ kanB 40
tlleL U|JII(J.II \L |J) IJI UIIUL Cl1 DyDL CIII \\:\JCUUCI y Idtl'b[ UI | ¥
Acids Res., 8: 4057 (1980) andzEP 36,776) and hybrid
12 pronDters such as the tac pronDter (deBoer et at,
Proc. Natl. Acad. Sci. USA, 80: 21-25 (1983)).

However, other known bacterial pronoters are
suitable. Their nucl eoti de sequences have been
publ i shed, thereby enabling a skilled worker operably
to Ilgate then1to DNA encodlng t he pol ypepti de of

. ~ 1.

Lo
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at, Cell, 20: 269 (1980)) using linkers or adaptors to
supply any required restriction sites. 5 Preferably,
the promoter enployed herein is an inducible pronoter,
i.e., one that is activated by an inducing agent or
condition (such as periplasm c phosphate depletion).
Preferred -such inducible pronpters herein are the

PRER i ne phospﬁ%‘!‘%‘é@"*ﬁ%‘i‘ﬁé@&fﬂ&f H’é’—’f%@ﬂmgdﬁbmﬁ pee

RPromntare far neca i n hacteri al
a(ng_‘q-_(y_m}pcfepE)

Wers a1 50 E,%(}’gé}fﬁf"f“? p@o&a@g (R bt
¥ v%cd‘epﬂ‘) G+

p pT
D&t N ioad) pﬁalﬂﬁ'lﬁearﬂ%c)b@y pﬁr& SJgPMC%rﬁ BmpT A{nmpc-fepE)
il Srbs A+ AslelbPed i nto the vector

A poptt (apRifee)! BRibec) 3773 egRék YanBompPA(amm fepE) ilvG+

hot.arc (‘nnefrur\fl on-of _—suitahle vectors

cgﬁ?;;ein;.on(&§f¥ﬁgrg‘6¢FFﬁ%ﬂ3W6@§Pf‘@PEGMGBWE@K@WFS
122 ds or DA By e T e o LB e B

re-ligated injthe 15 formdesired to generate t he

WM 0S T COU AR ALl RbnpF KikgP R RoA T G#Jﬁglﬂ' mcorTect
gequences in plasm ds constructed, I7i gati on

MXtures are used to transrorme. cor RiZ strarm2o%
( ATCC A3<b sy arthe ikedabiatestis Rikihg straaumdmw oass(tnsl rat. No. 5,304,472) and

tJSE‘f‘(% glﬁﬁtm@a{s ﬁmﬁcrr&uréfehﬁ&i (\%goe"lf’ Q&fateg%&x%l Jte 91?.110%132.3 Ar (a]déjmonal suitable

ﬁ%é i ne resi stance .
SF*B'MS ¥ SIS POt rutantPeriplsTaipEPeRse(s) d*a‘i’a%ﬁrcyz H&- Rgfy No. 4,946,783
rigsaed Mokt 701998 ndonucl ease di gesti on, and/ or sequenced

by th Qn Jﬁ@ Ehdimedr, e Efholen %é;;ﬁ& G (Eg"ctdqth r@&cﬁ?rﬁ% reference to the

54, 6
lﬁ lfc lgcenle. Csunxéf '%57 %15 gcﬂm@nt mé}%g ﬂch astﬁBF%g;%{@]le In eﬁlgtflqu B\Ebod:ment, the
G} catsshrel! erpleyed is wikd dppdth anpeBmzty notferengs to@f phakQene( hAPBJerred
EmbddahetCihd B RolBNEELd Elﬁﬁ%ﬁf@lﬁﬁﬁﬁdl PHdA Ol abidRist présilel SmifdimER e £ coti is

nt a ts.for express
mgfgciseffﬁu’?ésﬁol&]ner il ¢ %?ﬁ% m ¢ ou'}lesoma.[) p% lg\é 4 meye prgt%ﬁ%@n%;]nggst?e E caliis
é°ﬁ°t96q ip chegwsoeﬂ?@@a@rn ghugnosomal pked, put Bt ingghtpmpromelokr. THArABEreferred
(AR ClaB E, DB Hst is ZFE 61516 K &iFRen6iFpes dtwhRh &e bktﬂn@r&hé @B\*e‘{aﬁlc As used

rha'ElH %ﬂ& tpﬁé%tll E(E]Heétltonggp?' M’grsqglﬁ‘ ?lefjlo Litha? are $¥+ of élp'}‘ con}pﬁtcnt cells, i.e.,

above- ment i one I ns

Shosethat 3gynof drBigient ingghypmogprpal sfﬂ% iy, heasedrbmlat“edd y§ with respect to phod”
eedant ta Ervolabosts hatsite plidde onphad Eoupriepedei, e @hosd tialatt ficBEkficient in
tales,e(;sana1§,0Acol | strain WB110 is a preferred parental

host rf%‘#’lss is.a common, host strain for

r econbl ‘”5?“8?1’[]’&“9’ b¢ Bpdiest byghogiiomalpntegrtipnef the parcntal strain or
stherftechningesHncligipi totees fath fnghaFaampre telaws  par ent  host s,

al ongTiinidleid B | bicocﬁ@riﬁgpﬁﬂﬁ‘eﬁmde AliBertedl ﬁlo%%gst Ee'ﬁs tﬂi’&er&bﬁrbtlug is

St
PR g, ctlf it SRRt i e fmye 4SiiSenprresiin At suucng i
pRuiveBtionsl Aytrient fedi odifieden proppriae foHudnviEzlE: adoug Fromeiay. 169
27C6 Mﬁ%aﬁﬁtﬁ&?)mﬂﬁ&@lﬂé\ﬁﬁﬁ lrﬁi&@ﬂ: aristsh HadnaDINASis Qﬁg%leéelther as
on W/ a
é‘&ﬁ% ortlcﬁ el eﬁ Il-:igst J]hr%ﬁno%fm] inte aflfo Al‘) %&E%ggbg] k%hcai used,

eJg
F%EF srﬁ‘A‘}m gﬁdﬁe uﬁlasﬁtaqdard&e%%mmomeﬁ Fﬁ}echfcelb EThegelgin trdaiaait
Pl FBE BulcAdihlorde( Ati@eribkd ip BOMAERDof(SakighokleAt ) MEQu dicding: A
E865 MandsANEY b @hid Spring Harbor Laboratory Press, 1989), is generally used for

prokaryotic cells or other cells that contain substantial cell-wall barriers. Another method for transformation

employs polyethylene glycol/DMSO, as described in Chung and Miller, Nucleic Acids Res., 16: 3580

(1988). Yet another method is the use of the technigue termed electroporation.
14
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43D3 Af huA (AtonA) phoAAEI5 (argF-lac) 169 ptr3

degP4l :: kanR onmpT A(mmpc fepE) ilvGt 43E7 Af huA

(At onA) phoAAE1S (argF-1ac)169 ptr3 degP41l onpTA(nnpc
fepE) ilvG+t 43F6 AfhuA (AtonA) phoAAEl5 (argF-1ac) 169
ptr3 degP4l :: kanR onmpT A(nnpc fepE) A(rbs7) ilvG+ A

1 T596 44D6 Af huA (AtonA) (argF-lac)169 ptr3 degP4l::
K2.SRlsinpiie Bgsticelle f epE) il vG+ 45P8 Af 7t uA (At onA)

(ar gF-g afi)dif Qsediopmbaste hEfd: g@mér ofMdemmuﬁ@@E)suidb}é@rea,m%esmbed

1) %lﬁtn%l:gbm%ﬁ(hp aé)s(tprfl \?‘%’%cul af aG c:]‘l peragléenég éuldl t@}lke, are those

Aﬁwmlmmdrwm SEprt = ee@mdaqgmmeﬁsm@ﬁ “’Al{; m@cpu tg e ordinarily skilled
deisinabl e are the internmedi ates in naki ng strain 36178,

ﬁZ%ﬂ e&e ulg.lredpvﬁlile thel\Qllturé l‘négd? i i 1{ Z g 2v nslporgﬁ f)réznophosphate such as

Spontaneous te
oY BORATPRYOBREfL e WW&W“%’?‘”@F&EFW‘W‘GW& osphipfp. g sisnecially glycerol-2-
Sihosphate ahddorigh@rdE3-pieghhte. STHe iliridganay ke fido€in BkHakI Task or a fermentor,

BRI AR BBt o e M, o

tPpdium of ¢ el o5t cel | errpl oyed is wild type with
I espedi tht promss of this inedntiencexpressioofttivauclalilaoid copdegn at siyphasad the

4:31%?111 é?Jp H&vgﬁfﬂrgérﬁ}[}tex r&sx&lnﬁ thg m-EmQ&E]ﬁegm?Mﬁlg céﬁen@i‘?&': @stﬁl

not her “enbaodi {‘L host
éPﬁSEI“ﬂ@?eE'“F gn feepmpispe I‘P“?“&%‘é%f °P%9“‘8‘F‘ “r"ﬁ Wélfpé‘}l’aﬂ%‘éd“"“ or
tiglutihgroptitppbeanel! slonthgeagsef erred  embodi ment, the E.
col t ithe A&Fht6 bﬁﬁ%rghﬁp&@h&@ﬂﬁ%&hlmﬁm&um tdbe @xﬁ]ﬂ&y@@for maximum

c’;ﬁoetluc%un c%qw Ipcr)lbane%z?n&ﬁcdlﬂi cﬁn ngHyrEfM% gﬁlg*mgé% g;ﬂe 0 %Iglo%ﬁ%?héte the
FeRepniitian §f csgrpepliosphetat the tyrs of molypeptidejbeipg;prodgesp, tieitypa pf drqmoter, the host
GBIl a7 SAPIGYed, Gihd(iik cANdnsit)inGHR HEVEHD SAKEHLlyRPIIA s IGHIL antd 8 origlhophosphate is

g@{ M}QEEBANGLIII&%E&W&&%R&W% lﬁlt)l? EL&a% urﬁl&q}n EH! Vt\:%gl;dhtgns described and

e
gr9Eh OrlrPrecre theritsd eterchihe %rgMQosa%ageds Prﬁ@?b& fipm abopy | 19 7?3?}38%0“* per
Vabdub 8-1 Elgeede Figod) ghoeeiprefarablyeirom abant Fo 6 @mloles/lvos &r@ stlhvadre @éf@ably from
gib&l?f to%rnm%]c%up th%&tpr&&elb y%mm abo%t 2 to 5 mQMOW% m%gt sreferably

no F@}ge [ cient 1 h chronpsopa mlarly,

HEFAEPH® S ©dmmelet S Th opima! @%";fé‘g E d't‘Pa"dﬁ}ﬁ 8’}&“ PI%““F-é‘i‘céF‘bd"'{‘S&Y the
Eesmca@bnrathcsts that are phoA+ or phoA conpetent cells,
PI!JEQﬁ@prEfQ?&i eﬁﬁo@mﬁ&,t wlﬂﬁftﬂc‘ﬁb!?dgﬁudkﬁﬁ;p&hr phos hate is

| nvent
qw% e B Aot Rk Rorp Pk s B e phadand s
ot Welrpf?‘-‘ei@} Hirei f@fe este, of ihpereanetihprghatetivieam abeut 4 fod¥ mimolesshoputper about 8-10 liters
Ex@ il BSmdae:@subly e 206t€6 ©i16 mAGleshof{ N thodd grefemy from about 8 to 15

%9.!11?1%8\%1 aq(? m!)sﬁ?réfg% S'J tgogl bl)l.pitpto H‘@#l%ﬁ%ur ’?Ile OFI n?al feed. rat?;J of the

t %@“?P&%‘Pha @padsto Y defsropined f"aﬁ‘éiﬂé'-"'é'@é@?‘icﬁ éﬁplmwﬁw@rﬁsm of the
vpedfpheaerslbgbudtdinir i Ng i N conventional nutri ent nmedi a

nodi f 'A(ﬂgotﬁ'e?' nc@&%ﬁ%fa%gﬁdlﬁ@! beéuﬂg&ﬁnlom gl ﬁ a}(oqu R Fhosphate sources

pronoters.  Transformati on neans._ | ntroduci ng
smy BlFopR LT SIGPRPRERte foRRSmSKRpS fntroquprd plopeop s m"é‘i"f Wiy angfher ingrodient
anmelivi sachhys oevoglentitrogen souwren Preferablip)yan nbigoivrb@phate is also present in the

cmu?é}ﬁe@iﬁﬁ at IQ%RE BﬂthanPiGg éBeIf RRE to i h&ﬁlﬁgg preferably sodium and/or
t ransf st an (‘f

ﬁ‘ t ec ni ques
ZBHTED P g"?‘é‘e SRt e Bl P on jerhesg aéﬁ P pFERPRY %&PPP% on such
dmstsayhngpeohiaiipentivashpresddde ormmoptieshete biydeyed. (This 6o 20 ke any

:larog&uﬁf as SRR Kad B by Mose skil Rl iR G ArSan g%leﬁll} froﬁ about 1:10 (one part of Pi

a@ gﬁlgstog?r%//an%pr osuhsale) t&@@gg Qr .gpoé gga(g? gﬁ%ﬁ V{Jl& E N g?m about 1:4 to 1:0.25,

rdonRass Byeftrably st 1:gtod (0. SOEtHﬁeq mpre prefsrablin ahoutd G lal, and still more preferably
substantial cell-wall barri er $s Anot her et hod f or
transformati on
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enpl oys pol yet hyl ene gl ycol / DMSO, as described in

Chung and MIler, Nucleic Acids Res., 16: 3580

(1988). Yet another nethod is the use of the technique
terned el ectroporation. 14 D. Culturing the Host Cells

E. coli cells used to produce the pol ypeptide of

interest are cultured in suitable nmedia as described

CROPHS A2 £y 11, g st s gl ahopt 14 Such zatin allw eqtfiqr indpgtipn qf grotein expression,
candilisbrheass allsw alare amdutcetﬂpaa[rrmm exliep Ihe pHN6E teh@dibi K@y beahyepH from
tBOR S, d@ﬁeﬁ&‘f:‘xg‘%ﬁﬁ%m%ﬁ‘ﬁ% g;%agl{g the host cell selected for

expression, arent to the ordlnarllé .
ski | | JEfthepramqtsr is apindupihls p@@mers fopipduotio £ GFUB AYPiRAT]Y| the oflfs @re cultured until

Cabe el cﬁtnm s h&netuﬁde QMaEAQso%f dobidd @(ﬁ)ﬁ&rathﬁp L& -density process, at which point
organophospna e such a gl ycerophosphate, e.qg.

ainqybtien glinjdated (reh &% pﬁlaoreof amigiduesr, bly daplgtioyl Oﬁwcdopmsqmatt,@tc ), to induce
aem&esessme@meynce&mg&wpaxlypegﬂde Bhﬁl&&h ate and/ or _

gl y ce r\% ?i:hep Ome Qhog;}%atasc rm%n():tel.'{- 1stelr'lnr5 oyeo? m«%:lccl]a e? E) rpﬁ;éuc? hQ po!ypepudc

or*a
Tqﬁ é""ﬁé‘l 0915@ mvmen Freculspedfinsuiiableynediain wrich dejalkainsrpheshiatase Promoter can be
qyduaﬂa lafueberibgd @ErellyeA& £1) in Sdmbeodk &1 UL, Supral (it filehhéitRdfkn rhd) Qontain inorganic

léJpr?ate f{;rrlh %m%%&?éé i in Sﬂnﬁmdt Eh\ft?cﬁkhag%ge t?ﬁ?%o%%&hﬁ&nt%@l] growth

nuc acli d can
cﬁmi Pvaidiindpetien f&ﬁvnmm%ﬂ%ﬂﬁfﬂs@éﬁrP&é?fyu@%aﬂe&"snrw%Fontrﬂeﬁs the cells
et 2ad Otllﬂﬁlblﬂspm theySleankubd te: 1evel of inck@duisipbagphia® inSbe thddium, thereby causing

' i M ur £ s?tghemg-gf'tlﬁ pgl?ﬂgptn E whth G mal'glan? gs QYe id Jlﬁ‘auh&d Lﬂ}%ﬁ[ﬁ@t for

riate. | nducer or
ORI IR C AT | S
fdemdy, mah es upto 200 ODETW gelhighpihveleppiae & theabsenct bfgncrgshit phogphate orat
fﬁﬁ%&wlé\r&s Ef@no?gm (AP EhtefiPthe ﬁ@?hsmﬂa supffoRl bl Gchr® Redfm, tel\fting in an

actors, including the
%%P s °F‘§“3wogﬁa°§b°h ausilafn. Concent ration of
- DelectinhBiprsisione, the type of pol ypeptide being
pr odu Rl exfuasemi Mi¥De BbasPEdaiDiatple difeb, 1005dhmple} BY donvghtiontl Morthern

%‘Ef?t% ¥o§i‘3an8é{é%e'ith?ﬁg$?Jn rgﬁﬁ‘& Q‘hé(mds %Jc'}@aﬂbic% Qe LHA 18015205

ISP B bloting (RVARAEIS) it S VeI AT one Y478 ABSPPIREFSSH JRbelect Ay based on

th sejuboes, thatienckele the fudypeptitid Vasoue hliedclntay mp!ﬂwandsb:edm@ﬂndadtmsotopes,

ingza 10-L process, the fee ate
AR e FRAT S T Bas? 1 47 P GBI o g biptn modified
I'Himkoﬁ&'/s hﬁ hhﬁ'odil&fon mﬁki@bﬁmu&eoﬁﬁb IThd 12618 theS@Redab Bhe sitd for biﬁaﬁg&o avidin or

pa;n‘ia‘bo%es é‘i‘a E&’ a :5ev ie) mﬂ%{m Séucmo Fath @ﬁjdcg' huoremers, enzymes,
nie BRSSO ol b A

¥ FhP l‘kenéFWﬁYeéVF @Pa&%ﬂr ﬁlﬁwﬁ? ?i??w‘td for dpteption ‘ﬁﬁ'@F@s/ h 0 ur
and nrsi sefpttioi effambdpigssed ge@iproaing the hdt deld isulfiiEd Lutex/chifions sufficient for
Tstlz“r‘euQIPJf'tﬂl‘%éne El%ﬁ%ﬂ t, 'sth Sorlafiof FRRAIEL t:en%@rath:‘é qm%[uﬁ’ %ﬁdsc%u dJnH{?

cel]l densit resprration rat
a°°’t5’|‘t'€1“é'i““|‘ %e&‘“éﬁ?ﬁﬁ'd‘i‘ Wb‘l‘& °°“ WWEgozer SRl C?JUF'?’B é‘ﬁt‘q"?fé‘“ﬁ“"éw‘?l\ﬁ‘d’ﬂi’e" «can
gadort (e baicgeahbplstos aﬂtensp@norghgpsjm’omlanmm sipnadie from one cellular
c%ﬁﬂ%dﬂ% ahhes BN af-etkanQSjmgsE sER [n%%h on to concur wth
a}.ct ] ve { ovvt phase and using a 10-L process, the
rganophosphate is fromabout 4 to 17
mol e Shhiollewingarocalives. indigidublly driint cemignatifns erecxBingjary Ff)syitablp pugification

H)Etﬁéoﬁkﬁ mtIYthé Jp&ﬁﬁcfi\{éf%ﬂ(s) Gsed Rink Qepaiiit 65t lof polylpbplilie: #Rti&hation on

?no afiiy lgly%r lPIF—%XrE}rI]'lan e mrf'(f‘ihfm}lﬁflp%i‘ ée\rf,rﬁeg lglzndsel?ﬂ% Kr%rophoblc-

elmrﬁcm chw@etelgr@bx @r@#atog:h@y Susilisghrntersiyra peioprersthygetresin such as S-

[sepHetGIE ﬁ&@EKEkhrBrhﬂofboﬂﬂﬂgVSMGﬁ?irﬂﬁcﬁﬁﬁ\ -sGIFER p&yﬁi&tu&{aﬁm gel
eter 0

A5 SRhE 7 b8 Sl he™PG ) i 1R R8RS B sty

ni trogen, and inorgani c phosphate sources nay al so be

i ncluded at appropriate concentrations introduced

alone or as a mxture with another ingredient or

medi um such as a conpl ex nitrogen source. Preferably,

an inorgani c phosphate is also present in the
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35 culture nediumat the start of the culturing step

I f such inorganic phosphate, preferably sodi um and/or
pot assi um phosphate, is present, the ratio of

i norgani ¢ phosphate to organophosphat e depends on such
factors as the type of polypeptide expressed and

angphgosphat e enpl.oyed. . This.rati o can be _any
BP BRI O AL TP AP TR PR o SEemti e o oesamele
Priatein él‘&EPHﬁEﬁ@ﬁTH gednyp hysiadxyapatiterchamaipasaphy, el dlectrdphnmesisp dialysis, or
effiniffichrohifloghdgnpar t s of organophosphate) to 1:0.25. For
7002 e S5 L S 39S Wb B st gy
VéthOWPfeheﬁP'e‘F‘@ﬁ eidimjting ke sropef the ipypntion] All Hierdtues wid Hateytpitations herein
pre Ribdegorded Yy reken@bout 1:2 to ,1:1, and nost preferably

:

about 1:1. Such ratios all Iier i nducti on of
protein expression, and rn”SUﬁE‘cases al | ow nore
product to Foading o G3R. 1@ Shake ¥ ture-for she Prodygy Blawe di um

may be any pH fr A Rboaime B e e B8R IF A8 <ai nl y on the
host organism If the pronnter is an |ndu0|ble

r, for induction to occur, typically the cells
ar e CTHetndlugich off RAOIM GSP (ﬁmﬂ: &:Ihie&ftaﬁoro piteitizalowgRd3atate YCHAP) or high-

E}B&hﬁé’ &ﬁure ﬁecﬂxm ?‘ﬂ A es HL \Aﬁlgpg%vi &Ltm?addltmn %vater? for the

cel | - densi ol nt
FRressign pf adipterglopqus aﬂm wh%%ﬁs'f GO, 0 ot PR £ Exangple, thotarget
bktepdlagbus proteifis a3k UananviCHO® cumelitt monetiody. )Camélid alilth@ﬂu‘.@ Bave been
8y %Wto‘ﬂ;vetz Qﬁm&e{@asm an&%‘b&l@sd?@ l)‘MCQ@ﬂ:E\llquﬁls gfo hght chains

rest sphat ase ronoter | S
%nﬁ_a ﬁwecamn qu(:‘l].c le%:rn'gg gxam FeBerrbc t8 Mogob(o The camelid monobody
posleypreysd PYRL21.0 Ei aqli B steaisk ustvt a tah promitervresithe @ lpwephasphate (CRAP)- or a
EigH-fhbspRak (TACBUHdhaRbR. TH dhi b{nmng/ﬁ(htemmgda@e@&m&m%g the antibody-
R%glglﬁ Qﬁf:{ﬁn eseff%en%enarcgtedég cre%onkof ghf engesswn arotcm mt tﬁ [fen}lglnsEnq)f the host.

DT 00
e sepend PEFﬁ?fﬁ‘H XEBHe: & T APTPTRYE (acd tmmﬁmsmn of o2 ligand in
g:mswn,hm &1 coli RE2 dhraif, iLGIPspplemerndd and tastipplerfiadted CRARAd|uYA. Production of
t f
uc?ﬁsgﬁﬁoﬁm‘hsyﬁ#%é%% f Al A 1 R R o o
ﬁ (SP¥8pt i de under the pronoter control . As the cells
grow and utilize phosphate, they decrease the |evel of

M. aiGhdahosphat e in the nedium thereby causing
00 01 hes“s of the pol ypeptide when the

¥ v “exhaust ed. By adding, for 15
exa n‘pﬂC@%@"f-ﬁém_‘U@ prastiuttes by mgdiyingvectoripld 6@ f(SidiRer #nkMOIRBloL.,
D:487-408 Eioé@e d’ect(fr BSFGU? hi€h MTBC ﬂr&no&r &hﬁﬂ&@n&ﬂlﬂ secretmn signal

qi?lmﬁsce, cIXﬂtan}e a s lg:ncéa ﬁgl'xeuma? grov%ho llgor%olgc fus eg@tgr{u%na c%mglP of the gene-3
@W%rrceﬂarrpfeln m%vme 1o Thaisaugeen P@%@§Hh"&% rameved gnfh the resulting vector
ke bedBasaitCrecidl PiRbokd fGheGAsbrtioh oBa Rl INA RSkt ehdfwmg #ie lama

fEEcGREATS il 28, SRL108 w00 104 7B %9* 75be 2 Gl rEEHIL NSTLR

REBSEALTcqdRd e fgwroéuca?nfie@e F%FWIPB‘FB @%ﬁmvcele meowr (Amman and

Broging ahd, 400 483-190 (10858 Mhe ckpraddet polyperitiOe igehaled thd radltesebiaing protein signal

Ué@g $5 fo{v&tbz% ?651{2 %%ﬂ}@l J%@grﬁﬁtg; E B)gﬂcFLAuaehiltope %‘ﬁowe%%& a Gly/Ser-
wegn}ie coa?nqnﬁ a ?Pﬁrﬁs'ﬂglﬁ?ﬁ caqoz,gcflliogﬁl by ag(l? inal domain of the

l&mppwmmmaMGly | abel ed probe, based on the sequences

that aeQdayediforded »veeecmsﬁl@ed usH Eﬂemdl%oci R BB AN Mg piol. 206

Y R R A
5266 24tbat geniaingd DAdstensodendi flice df cRHnyR3cIe 90 prdd 1 ¥a3 msed as the template
introduction into a pol ynucl epti de. The biotin then
serves as the site for binding to avidin or
anti bodi es, which may be | abeled with a w de variety
of | abels, such as radionuclides, fluorescers,
enzymes, or the like. Alternatively, assays or gels
may be enpl oyed for detection of protein. For
secretlon of an expressed gene product t he host ceI

o s Y Y g, r o
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performthe basic cellular functions of transcription,
transl ati on, and passage of proteins fromone cellul ar
conpartnent to another, as are known to those skilled
inthe art. F. Purification of Polvpeptides The

foll owing procedures, individually or in conblnatlon
are exenPIar of suitable purlflcatlon rocedures

viPs the Kunkel myeeenepis methadiRei &)l dMeligdsiarvagl. ééﬂaé cR8AE19%M, with
trh&agérquagunﬁclq@miemﬁmaed@ed cb §iMGltaheOtbBtrépain the fop codons and introduce 17 NNK

J%M@Joﬁén@bett\yeelpﬁe doddhs EHEGAR1485 Ql'rﬂ,ﬁf(ﬁs; et hanol

precipita '%";FO rever sed E ase HPLC:. hydrophobic

AL QGG G HAT ACET PR AGT CERISS NS YRS N NS NS NS ANS NS
CFINSOVRER NG ISIpHYNSINNSINNS NNS 868G 06T §aC IGETI(SEGIAID:3)s S-
SEPHAR%EI ﬁ%b@@ﬁxe IlErHe[ aqmb@flsqw faﬂlgy me%@gr AP é‘g;uch 1s recogmzed by

:}é‘? 'bk U,H_%?) O&Z‘}hlﬂ? ik Lég%tﬁgﬁffmdé_s ﬁgln‘ﬂ@al (EEETDR?rﬂ'@dlated stab!hty The
rresmlied rbaea libraries wbg@rtaisbymylble reguds bgaloit Yokl As® padat of shaffoldmability and

teﬁﬁesﬁbﬂ tthe QortB b S WRYe aﬁaﬁmﬁ&tsb]&ﬁ@i bizd fhtthm%unon of amino acids in the

I C cedur
B e
gi@qmn@]t dene pmlﬂ'ggd;qgencqgmgidycg i Bhe 1'pamingdeidilong (CPR3 sequence for Scaffold RIG
Gk W%TWMRWRWEE@ }sl?hr;‘ THR pRagfrild }mi{h Scaffold RIG is
Q e foll ow ng exanpl es.
ﬂgﬁé@hﬁ:ﬁ%épy%ﬁ% ‘ﬂﬁﬁﬁﬁ% . “Be construed as limiti ng
t5h€ TEHHaGaT GEAEGAATE ﬁﬁﬁ@ﬁGTCKFq TIGGTACAPH CECNEEPER @'HJEGCGTTTG
CICAGTGORG CETISIGETCE MTACTGCDIICITATGC ATA TEE@ETTETI® TCGTCAGGCT

the Pr gﬁﬁ‘??‘?‘ ;&%'I‘BHAQF G%éﬁémﬁhﬁgé&ﬁﬁ&é@é@kﬂAmAT

GRS T GO TC G 8 T BEAIAT S TRACOTGATA A THIGAN A AYCTSBETAT
MIVGGAPATEA ATTCATIGAA CCAGABBATIACTECCGRIT ATAGTPRTGPIGCESGTAGG

(4B casT bheferiasaiakecidl CABRcEREEd TEAddiddrasoTcaGaaT

PRECAREch S Ra AR ABPEU S Tad Pyt R eI, Fokranns smo

JRAe3) | ask culture. In the first part of this
Exarrpl e, the target 15 heterologous protein is a | 3kD

!!moﬁ&;];smg%sﬁm_ ] 1 d nonobody. Canelid anti bod| es
ave been previousliy shown to have 2 speci es,
cl assi%ing WW‘@@HW@‘%?@F?%@PW cpdpes Héd3A R aaighftew
| ppligihérase thain megctionfien afoldagtly Apbi clene ksglatedibdnetbnbbrepldcentlk EDNA. Additional

ahhelegmes sonfa,u.lag L&ERE £ tzs fama&e smg e daaed S € scaﬂa@lseqqemes,

nonob ex , E. coli B strain,
ﬁﬁFeﬁ[Q"dé T‘Ega%ﬁ%mﬁ‘f% H“ﬁ'eré%q’Fe‘Fq“%l‘cT ow phosphat e ( CRAP) -
3t CArTASITGRARAFCHTIGMCA GARHWGHH GTEG TEAGASAI 32 (SET R Nive) E

bi nding protein signal sequence preceding the antlbody

2??‘”1“?'5 H"l“"é?‘i‘é‘@&ﬂ e fdes’ glidoucleatide prigsr kas the gaypenss:

% Cria ks Sg@%ﬁgx@ggpgcg&@ﬁdﬁgg% BAWI?G& BesEqQ D NO7)

REnRuHRig &He u%ﬂmdd%ﬂ[i (| ﬁsﬂ‘i@ﬁxﬂ!tt@.t ?hetraﬁu@)ﬁﬁérﬁiﬁﬁwa@ Bub@bned\NRS the
éé:g%%g sﬂcf]Nde If'%%a d& ifie acnﬁovm.{% %@?e%ﬂ@?%\:gn tor H\PL 1%,?2 (Pharmingen) in

u n S u
BrEeRad FQ“GW%’I‘ ofs aﬁ?&lﬁ@mow@w 1510 128 pnd ap pntepnkinppe cleavage site (Pitti et al.

;em éa,qgh e BT $: 12680 1 desoumel wmmmb@mdddlgehtmlgﬁ\;dk Eﬁ@s&ﬁmnd the
I\/Ngt o g{é}ﬂi f%%%%g%h&%%d wal %Ib-%__l’crngaeag gé’l)é‘bgﬁ gl\t?orvygé)] agsrg] ?1geste§‘with Nde1and

BamH 1. The rcsultant plasmid was named pet19b.nohis.
Bacterial Straing;
Competent cells of BL21 (Stratagene) and HMS174 (Merck) were transformed with
pCB36624_86.RIG and pet19b.nohis, respectively, using standard procedures. Transformants were picked

,_
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pCB36624_86. Rl Gvas constructed by nodi fying vector

pL1602 (Sidhu et al., J. M. Biol., 296:487-495

(2000)). Vector pS1602, which has pTac pronoter

sequence and mal E secretion signal 30 sequence,

cont ai ned a sequence of human growth hornone fused to

the CG-term nal donmain of the gene-3 mnor coat

piftetgeivth o pBYL B plite gwhaigisg fing/mllsebwislindEARREGY cartgnitilie), streak-
Rfie SHPY6eh iR D8 blof&rith SEbbrl CARDSERbenicHIRBAMENECinaBhee d

TR AT —p—
antl Poobyto (Hg{ﬁl'f-ﬂé:]cﬂ?h nohis, aflowingite tragfopmed hosts 1) gggw in & grpsence of the
Tadsiofie./ (1996)). The resulting phagemd (pCB36624)

e%COd&t% M;g rf u3| on product under the control of the

I pronoter (Amman and 35 Brosius,

Gene, Beth love:srsspawcm)s@;uye meftiy 2adhignphosphate CHIGR) euieaedium were

| d%'f@i‘dﬁdvﬁtﬁﬁbn WEprédaQidn bi 11aklA dngbopy ﬁgﬁbﬂﬂ ars iAgeRAl gandp iRt nhedli@ composition

f I by a
Pt u%nﬁ%g*%ﬁ Sl FEd o) G B
pept i dewrg ) -0 Medigmd :

by P3C (the C—term nal domain o.f__Qsmaiﬂqahage_caalQm_ﬂ»
pr ot ei n) Phage- di spl ayed |i br arl es vvere const r uct

usi ng QW@“net hod of Sidhu et al.: JF° Bi ol . 363
4Q 487; wi th appropri at el eS| gnhed " st
tenpl A&%l“&;sg]ga%) ds. For library NI\% % a deri vatgl ve
of pGRIGe4 that contained TAA stop codons i n pl ageg
of codons 93, 94, 100 and 101 was used as the tenplate
17 forNaﬂk?@rKhQ}kel mut agenesi s net hod (Kunkel et all?3g

Met hods Enz , . 15A: 367-382 (1987 W th
mut ageRfigm & ‘Iiatﬁ‘mérla‘éotl de NNSI 7 de ’)éned to 07lg

si mul tapegushiqiepai r the stop codopgy.and introduggyl7
NNK J%generatgccodons bet ween t he coé‘gns encodi ng $

Gly95 1MdaghéspinGaifatNNS17. GCC GTC TAmMACT TGT GOT OQml
GOT NNS NNS NNS NNS NNS NNS NNS NNS NNS 5 NNS NNS NNS
NNS NNEBeas&' NNS NNS TOG GGT CAG GOT5¥$EQ I D NO 3) -Li ke
al | obg‘gles the | lama anti-HCG Sseith:%farriI%s{5
nmenber % such is recogni zed by 'Brotein A TR

Pr ot ei d)smiddiadidi Ng i nteraction was used as a surrogagg
for CDR3-nedi ated stability. The resulting phage

| i br ariMoPEpie7.30rted by nultiple rdombis agai nst 110ml
Protein A as readout of scaffold stability and

expr e P PHpdistment io@H 713 brari es weFBedal yzed f ofsnesded
sel ection bias in the distribution of amno acids in
the 1 OFONNSH¢ 200 lquf GBBmﬁlclmnud RAm, 2ol of éﬁb@bﬂghatgheemphﬂsphm

S@g}l’ﬁﬁ%g‘{m ?ﬁ ﬂgge? 58 gféfé“gp% n?e?x’ﬁm with 9(?1%“?1 W ca;bgmé?lﬁn (low-

e se
r s bl £ -
5 oL SRR SRSty

(@gt@n»mm%carbmmp brégy teriiodulation. FoShenfuppletmepidconirol) medium, 5 ml of

rmms@@ﬁ%g‘;&@% RIG wth the DNA sequence:
. TGCAGGAATC AGGCGGTGGEC TTGGTACAGG

e TTG 15 TCCTGTGCTG CCTCGGGTGC
TACT GShakeflask Tarmpdymas comincesicg -t crfed Alategntaining 25 ml of control or

EFB(hipbdéNre d Ak GAY ohernighe bl fuke GERIG 1PTHIAHT TEGRIE CPRMEIBEIet 30 nohis

TN G e —

AP epopipapnied medin SuliemesTverdreiaedatC CaY AshTieert &7 REMarderrdvec
kmmmm@ﬁmnemmmmmmcwmm@ 50-60%

T e T R S

pet| 9b. nohis Pl asm d Const ruct| on
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Usi ng standard nol ecul ar bi ol ogy techni ques, Apo2L

codons 114-281 were anplified by 25 pol ynerase chain
reaction froma full-length Apo2L clone isolated from
human pl acental cDNA. Additional nucleotides

containing restriction sites to facilitate cloning are
added to the 5' and 3' sequences, respectively. The

Spefogs] thegditing obihe inddeer prdapapprotimaiely %éﬁrssvewemvm §ere prepared and stored at
GEbsECCTACA . TATQGTGAGAGAAAGAGGTCCTCAGAGA 3" (SEQ ID

'R ﬁﬁ Eg@”gtn%n%%ufa[.fm ﬁnglda%eg L;{ ﬂlhl g-% ah @gﬂg ito ﬁ.r et%t riction
equence:

5 CT Tmen-26° A rdieeteporop st T Aiguinennplemay et cruEmaded in

ZufficiGit Ghahtity QUMY TRISDHH A6 A BOI HOTR, pENEIE(TE) 10 6hhg R suspension to 1

f@ﬁ/Eth 'caggl%h 81 ke Tﬁ%afimg,a@%&Wahﬁ@ﬁ%ﬁag%@%&a

riction si
rﬁﬂﬂflpwtammwu Jhegisreer aed A eodr fopinipgimfore 10 pl (equivalent to
(Rheb)manigaiad per fell ohto ATVEP AR glanataltl 0% BT geB(NS @) ERE@phoresis was

cggnsramh s ﬂuefE'l' éla@nlo&,saon%@qthg@su%unﬁ akinraﬁ %ggag%ggm the

Pitt hem

ipip P“ﬁ%’f%@'ﬂ’ 1%%“8_}1)\/\75!? regelyd 8¢ B StRneviREOOMASSIF BLUE R250™
Bmmthttn dastedned. {Ehe band| mtehsity of-tdd AkPlaltibddy drggment wag)drremisdd@sing Kodak
memmw&%:&%&&%& wﬁm)wct Rl 5 oliKI8RiRing system.
w th Nde ant” pl asm d was

“1 “ai ns: Conpet ent

cells HWSIBEQT) G@wplbt mgefﬁbiyonak@ OF-IPsBuri Fupple e reskdpendedt ip sufficient
tcfuaﬂ@foﬂTMeﬂ/hb Srhlg thp £B3@FeAdior6 1 BbGS annchiatidoR 20 ROJRLS cell suspensmn
\r,\‘ia? x ﬁ\éﬁ!(!][yul i%ﬁ\’l Fl%mgmealrl]& l-ﬂ9 L'P -[ fbﬁl%\g{%gﬁ&?rel%;{ 2); 3 E.‘I r‘:{fgsn Iowed to
swpwt PR SERTEYT fof 9 hE‘E qumm(smmﬂesac} # é”rﬁoe Foe fprfp ) i to ecover the
Supeftakint/c it Tic@tlracraagfilgred Wrbugh s NIBLIPORE™ spih-filker befor€onil was loaded
QAB@? ﬁﬁl@@[ugﬁ @c&%u&% ]ﬂoslyﬂe P%QSS@ ﬁ?l“f)tﬁéd%) for reverse— hase

pCB36624 86. RI G conferred carbeni Ci In resistahce to

‘1‘1’@“‘@*?%‘&"8’% {1 HPL feRaraipnoves cqndusied S0TCash fap mobily phases flowing at 1.0
peithliDind mofieysd 4 wadidhS1 734 tp 83% Sfaceminils withell I%0THAryer 20 inutes for the

t £ BRSInQF HEApBO M5 £rbiR 118 E&Wrningun% boteit SR& 366 wis ©8Pam wavelength.

tibiotic. Ferrretatlon [ Bot h | ow
Bt Bl g P R P 508 B TR et (AU
crgtived frem the atpaumdonte peak agsocigted with 5t20 @2 efipatified stindmdsahalyzed by the same
pheadeict i on of | lama anti body fragment and Apo2 I|igand.
Tﬂsunmd' a conmposition (with the quantities of each
component utilized per liter of initial medium is
| i st edrighell oMiws thit tHeARHDETYIi SR presked e HYDEr 1dvVEIElin bith hiktgha AEMCD) and low-
Medi um Quantitv/L Quantitv/L ducose 5.5 g 5.5 g 15
ARt ERAR Sl alméeﬂgn@?wigl 200 M GJP vixpe®iP@uirol. 1. 86 g
NaH2PO4- HZO - 0. 93 20 Sodium Citrate, Di hydra
0. 71 §igyre# shoys thﬁéhﬂé@%%ﬂﬂ%f Fpretied ta highor lgyels mdw 504 @Wmedmm
VR RASH 4000l B3P velths tfe Blrolycase SF 5.36 g -

P

A_. R

EXAMPLE 2

Feeding of G3P to 10-L Fermentor Culture of Wild-type or (AglpT phoA- ugp+) Host for Production of
IGF-1 Repulated by Alkaline Phosphatase Promoter

Materials & Methods:
pBEIGE-2B Plasmid for Expression of IGF-T.

The plasmid pBKIGF-2, used for the expression of IGF-I herein, was constructed as detailed in
U.S. Pat. No. 5,342,763. This plasmid was constructed from a basic backbone of pBR322. The

transcriptional and translational sequences required for expression of the IGF-I gene in E. coli are provided
20
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Yeast Extract 5.36 g 5.36 g 30 Casam no Acids - 5.36

g IMMOPS,'ph 7.3 110 i 110 m 35 KCH for pH

adjustnment to pH 7.3 as needed as needed To prepare

200 mM of G3P-supplemented nedium 5 m of 1 M

DL- al pha- gl ycerophosphate (G3P) (Signa Chem Co.) was
added to 20 m of lowPO4 nmediumw th 50.tg/ m of

duathe elkilios Il'hbsphata(sé pomotdPadl theeg iShineHBgRBE @nqhane:armelmmmh ol triar3griptional

r _high- P04 um benci |
PO et RS EaoR SH ot P prp o e gropm
i lh@emdaw the hmB Fignal geneencg e paibrisnef MIGH i &ynd in g Jellpaihlasmiy space.
Epldiid @B KIGRAE QbniahatBrathR B rdsitarlb @oRthOfantiiited RRAK e- FI ask

REL Jﬁs O aroaneSalid.ask fernmentation was conducted
[ sk containing 25 nil of control

or GIpe Wb?ﬁ‘b‘ﬁﬂﬁi‘éﬁjl fmtaylm argrgrivatives pfi &g bl WAL NG @pobmiph, Cellular
BhPUidn B0 62s, @6 2 Rlvﬁuﬁgtonl‘lb/ﬁ AbédcpedokiOt fon Dﬁ&&loloﬂ-ﬁ mvpyw 190-

2 R L D 1 B M1 o e o

KB Ifipetbiaradtosiiich dis AR BRSO e e imeTsC
aoncarnisatioaiwith b AZEOmIRNAM WickapikOahteith se»mma&?s oF. edk WL S0 fliuA(tonA)
'A!?&&!ﬁ {39 By ngPﬁ A%H'z"AWBE‘ ﬁglf) ;z]]m 19126!6% fn}%} 'rﬁlccﬁﬁlf 4357, 43F6 were

r eached I OXI otentl a
o ARG AL A R ARANY A
lmat@ﬁnt@nmmum tewacpsling (B € AET2081 tettebyclive], gireak-putified, and grown in LB
artill With@l u Q&L ﬁ"b?l(lmgﬁ%ﬁne andrat sh@cpl@ﬁtﬁﬁ(altog?&&é Béing fheebl i the fermentor.

PRI et e el Vot A R oy o o

amniie Mesenst ofghpantibiptic. Fr ozen (-20C) cel |l pellet prepared
flw%!tcmtjgﬂm&hk ture sanple was thawed and resuspended

iEr[])T A Tﬁ%{ xrg: %!m? uycﬁ‘ T CQ%IPOS%O rlj]::'lﬁg @'1})/{Ofo$!ls§d foxptmc ex%rgsm?n of f(ﬂM weTe

%W‘F‘ﬂﬁ&ﬁé‘éﬁvsﬁb&' the FOF- I'wces dpperipddn T éreNv 334752 rfigicti  shake-
\Eiask seet xudiihre \of 4387/@HKIGF-0 br 42P6/BEDGH-Ewh ufell @rinccil@41thexich prddhiction
%ﬁﬁm e Qﬁ'ﬂgogﬂnta?ﬂ%cdm;r{?nm% ﬁes%ch@%ﬂﬁoﬁglt lﬁghzemgégtcr of initial
fo rains before equi valent to )

I“E?glﬂle)d $EEFbdOPIP¥iont 0 NU- PAGETM pr ecast ed 10% Bis-Tris
eI (I\Iovex) EI ectrophoresns was perfor med in MES

: YAy acid in
lgcorﬁu= sed vvater adJ ust ed to the 10 g&)gbroprl ate pH,
such“as with 1 N NaOH). The resol vé gef was stained -
ininfbnilYSlRRS! E BLUE R250m  stai n andgihen dest ai ned,
The band intensity of the 13-kD anti body fragnent was
(ediex Phospbie, Monabgricmigaate Dl G TAL SCIENCE 1DTM i magi ng
software after scanning the wet gel with the Kodak
iPRAHHR Ghosrpate.diitasic A202 Li gand Accumdt’® i on Anal yzed by

r HPLC. Frozen (- 20C) pel | et
E?%‘g%?gge’ﬁmgaﬁi nil of culture sarrplgggwas resuspended
iPBastibih Chiglic@nt 15 quantity of TE bupksry to bring the
cell suspension to 1 O 25 | concentratl on. 20 | of
Nveneeehsulfsu%Mdm was mxed inte5480 | of 6 M
guanl di pe pH 9.0 + 100mM di thiothreitol (DTT),

HERQRS aﬁ"fyﬁlf/\;e@ i ncubate at ro8dt®nperature for
eing centrifuged a 000 rpm for 15

?%P%@H ]de’%e'%hgder;r%ethe super nat antlgx@acgt The extract

msg,fma[le,tmr,@g,d&tbr ough a M LLI PORETMyspomgfilter before

20 | was loaded onto an HPLC col um (PerSept|ve

Brinl ¢hltrendleRGROB( r) R /10 nedi un) Do10mgver se- phase

Sodium Molybdate, Dihydrate 0.1-10 mg
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20 chromat ography. The HPLC separation was conducted
at 80C with the nobile phases flowng at 1.0 nl/3nin
and enpl oyed a gradient of 28%to 35% of acetonitrile
with 0.1% TFA over 20 minutes for the resolution of
t he Apo2L away fromthe contam nating proteins. Peak
detection was at 280 nm wavel ength. The anount of
nononer present in sanples was cal cul ated using an
oeriayiate. Bbyise factor (mAU g) debi-iPe®E from the area

der .Ehe peak associated with 5- ZOOEEJh“?f purified
H%RAEY ds anal yzed by the same 25 HWetHod. Results:
FitGhdntse ButBROWShaak the antibody i spempessed to
hi gher |evel's in both high-PO4 (THCD) and | ow P04
(RARlorieadidum suppl enmented w th 200108 &8P ver sus t he
control. Figure 2 shows that the Apo2L protein is
expredised to higher levels in | ow PP HECRAP) nedi um
%@tgmnt ed with 200 nM 03P versys the control.

2 Feeding of G3P to 10-L Ferfientor Culture of

Wi fnkoRe: or (ARLPT p/ wA- ugp+) Hosdasfor Production of
| GF-1 Regul ated by Al kali ne Phosphat ase Pronoter 35
Nbetigsnire* S & Met hods: pBKI GF- 2B Pl ashfgl for Expression
of 1G--1:. The plasm d pBKI G2, used for the
eXpresi lydrogie | GF-1 herein, was corfStAYIEE®d as
detailed in U.S. Pat. No. 5,342, 763" s pl asnid was

BalcAdpt ed froma basic backbone of, pBR322. The 40
transcriptional and translational sggesees required
for expression of the 1G--1 gene in E. coli are
prAopeitiche of the2Bicdsy yéaktextmbtieadtionine, pidéhiminasis pidetio the mediyrginitially,
t with thergmaididér heinzfed thrausheyt hefyumeptetios. The | anbda to
transgriptional termnator is situated adjacent t
Che 't ci -t ammab ot £ Sa e pioed i sienaion s Sm o fows:
fromthe cytoplasm is directed by the | anB si gnal
segwpnace. The maj ori tgoogemr h1 GF-1 is found in the cell
peri plasm c space. Plasm d pBKI G- 2B confers
t&grgtioeycl i ne resi st adéeslmmon the transforned host. 5
Bacterial Strains an? G owth Conditions: The hosts
UEEE™ the 1 GF-1 felfentation are derivatives of E.

I,. W81 10 (Bachmang;.Lel lular and Ml ecul ar
Bi ol ogy, vol. 2 (Washington, D.C.: Anerican Society
f Bk pds@ire®bi 0l ogy, 198Fpar pp. 1190- 1219). Experinents
concerning a host with wild-type gi pT were carried out
whipdesedeeiai n 43E7 ((E. cuRppier-cogy %@Gsiﬂ&ﬂuAkg?rmyo
A(argF-1ac) ptr3 degPATiRgaAEsALetAEe? epE) |1 vG+ phoA),
and experinments 10 cemwesrwph@O) #%ofwith a Agl pT
mut ati on were carri eehtuatibn afesdttie o rdeipsito &6 (E col i
WB1l O fhuA(tanA) A(argF-lac) ptr3 degP41 Aonpr A(nnpc
f GquBlex pifregeieggho A | sgrqymnt fedoppefid@ml/mial | s of 43E7 or
43F6 were transf or meginwing Whep B r2dBes®amly st andar d
procedures. Transf or maintrigediestie repaimlag imadfther growt h on
an LB plate containf¥g 20g/ nL tetracycline (LB +

TE720 tetracycline), streak-purified, and grown in LB
blg‘BﬁﬁraW"t h 20 sg/nL @?iﬁ%st etracycline in a 37C
shaker /i ncubat or before hei nng1 tested in the fernentor,
15 p BIF @gr?B“t&’BYPFVé‘lg§‘Yf‘é?l13‘z§E%? pie ({33P} facding e dpRaonrige frppunt of 1 M G3P
mooidaotu!:itimvzm $pied ima thel canbpled witrogeh feed e!na!ﬁs !fu_baeqmni sipolettiented feed feed-rate
GhRhked toelivEiGheRiE B REnt Of colflE rdkdnRluPEARG the culture.
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10-L Fernmentation Process: The fernmentati on nedi um
conposition and run protocol used for the expression

of 1G~1 were sonmewhat simlar to those used in the

| G--1 process described in U S. Pat. No. 5,342, 763.
Briefly, a shake- 20 flask seed cul ture of

43E7/ pBKI GF- 2 or 43F6/.pBKI G- 2 was used to inocul ate

t he rilthimpachefitetdepfimptatdn with orPritbou EH P frading Wasgesessad @y the difference

e gk Imix(awuhhadoh et bb?amm&:htaﬁlwfl I3 CORNREAER EM Buintding €00 mM

r i ti

5t s PR b pres B ol 8 SRERE B r oM,
Resdltsit e 2 10 g 30 Sodi um Phosphat e, I\/bnoba3| c
Di gy driague 3%5hdwvs Ghat Wikh R SHd-ty3 RRQEBPTAhEAP fiobrndes ird cdntibuogsly fed

| U
B nblieeccBh LA Gl ni €7 B30 Wb tan when
O53-wgs @ftﬂd%i PLURGNI CTM Pol yol, L61 0.1-5 L Ferric
Chl or i Figre 4eqvis enatydih #He agtmhohqtmm)gmd A promdBu| tfeatneynt of secreted IGF-1

::E ﬁrmé@; h?%& v{ﬂerﬂGS%%%@d to g}é Iclgir%lka?\/'!bl}ls Bq".‘lait%ren&u%fcs/hour per approxlmately B

olitefs, fign Yiign G2 waeyes added, by wpsfophishes WM"‘& (bl}/ ferf‘@) “ﬁﬁ“mly 8
Biars, of GiPinals fd. TFhd Gptinmym febd rvie mi)iche exsdily Sewrinaibdshy olvpkitiérlinlthedrebased oo
Othélpr&ﬂct e OWQB(%EJQ Hafe, efc. ‘e‘ﬁdegthél&ndlt%s dTthe fethentatlon process descnbed

Tet r ac

sl 1y e o 0 % s e A e o
a lmqmrme edfetr@ rangexfiau 1- bmol@@o@u#otwqquabmb@t & mmoles/hour, still

I B6thrbEigbly Mout 2-6 mmoles/hour, yet more preferably about 2-5 mmoles/hour, and most preferably

about 3-4 mmoles/hour. Not enly does this range of feed rates increase the amount of product over

control, but also it extends the duration of production relative to the control.

EXAMPIE3
Feeding of Glycero-3-phosphate to Improve Apo? Ligand Accumulation in the 10-I, Process

Backsround on Apo? Ligand
Apoptosis-inducing ligand 2 (Apo2L) (Pitti et al., ], Biol. Chem,, 271: 12687-12690 (1996)), also

known as tummor necrosis factor-related apoptosis inducing ligand (TRAIL) (Wiley et ol., Immunity, 3: 673~
682 (1995)), is a type II membrane protein and a member of the TNF family of ligands. Apo2L/TRAIL
triggers apoptosis in a wide variety of cancer cells, but not in most normal cells, through binding to its
cognate death receptors (WO 99/00423; Ashkenazi, FASEB 7., 13: (7) A1336 (April 23, 1999); Ashkenazi,
Nature Reviews - Cancer, 2: 420-430 (2002)). A soluble fragment of the extracellular domain of Apo2
ligand, comresponding to amino acid residues 114-281 (from here on referred to as Apo2L/TRAIL), is
currently under investigation for potential clinical studies and has been successfully expressed in E. coli.
General Description of the Permentation Process:

The expression vector encodes for the use of the alkaline phosphatase (AP) promoter to regulate
the production of the approximately 19.5-kDa polypeptide. The expressed nascent polypeptides, upon
release from the ribosomes, fold into monomers in the cytoplasm and further associate to become the
biologically active homotrimer, During fermentation, the process parameters are set such that cellular
activities are conducted at peak oxygen uptake rates of approximately 3.0 mmoles/L-min. After broth
harvest, the cytoplasmically trapped beterologous protein is released by mechanical cell disruption into the

cell lysate from which it may be recovered.
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control pH *A portion of the, glucose, yeast extract,
met hi oni ne, and NZ Amine AS is added to the nedi um
initially, 25 with the renmai nder being fed throughout
the fernmentation. The 10-liter fermentati on was a
fed-batch process with fernentati on paraneters set as
follows: Agitation: 1000 RPM 30 Aeration: 10.0 sl pm

Pl SRR bk ethods: 3 35 Tenp.: 37 C Back pressure: 0.3 bar
MComut er-controll ed using an al gorithm

j LDk issolved oxygen concentration
&m ml turation after the DO2 drops to

30% @eﬁ*ﬁﬁp%?zﬁv tsrd%?@é’ﬁd in Q100837 Syblished Jervedy 4 BPe Bsipthpthd plasmid,
Nebk Bofistrédd oftehbh B3koRg indRre S(YAbdied tieeaedprssiod 3f AL (amino acid residues
nﬁh % 1‘3‘&[&% i%&&od&n?%Né}?de @%ro% 'almEl‘z )@j wfnth to-e Sﬂf«ﬂmﬁl{{} V%ulated by the

I Nents I Nvo
Gt PR D TP RS bR A i g SPs AARiS . Qunn.
ol ad: 77680 (1078)) (BRRpo2eP2RU kasssddud pr@lﬁce\/ﬂas*\pe-pL loeR calin Tl tiadderiptional

%E‘Pénﬁémﬂdj Ly QAE Pred Erelko RN %xﬁr&ﬁmﬁcf b.ﬁ@ﬂtusé%mnl tﬁe‘lﬁc@ﬁn@ Bhosphatase

ed-rate | NCrease lver e
argthe U PINERRIEAmP PeOFRT B AT e "E“d’laf‘ng 'c‘%ﬂlﬂﬁlfaég e glp Gene,
THid 39-@6&?98'”)3 fThe ¢wdinglggquerke for bprt-3Ld froml 14128 D 1is lovateddpwhstredmeof the
ngand‘te? %'S%s—%@@ﬁ@cﬁ&@%d lﬂ%r&éﬁ@d lqlaf'l fofiR ‘Pn%tluohlﬁ\e trfi€coding sequence

| GE- |

USSR P STy S R AT RO E o AR AP S0 D Mo
rred g uesedtively, for nodepbdegadhmirloaciéschiPiEs) resei et thesodde grepdingarsidue

| Eﬁolll—b §cha5’@ﬁ to ‘&G” Bstead& @R .in 5785 W elifinate gﬁ)mﬁiagiéﬁcﬂda%( SERANG The

se eré:% Fﬂcodm& b&liaﬂ,étcfx&équm%f term(n oﬁ(élhoﬁssgk g(t al, Eu‘ g\?exc }Lc?gé ReF., 15: 3185

I(@le)f‘%ﬂa‘&“hﬁ@ﬁz eading senyepteer vvhen G3P was fed to the
medi u mdiiﬁ&mly)hﬁ@lasrmﬂso\dﬂ:ﬁldﬁ Gdquenchd &6l the bip@kifoR oftheIRIVAVS pro2 (Komine

tJ?Qit g] \Moti ?ms hfl2 &49! SQST %ﬁ %nd(aéfg%}: a@u (@nga% @&ﬁ’hi&gbﬁ)) These

anou ecr et ed |st|nct |gher
G3fes wears clbred by BCR flven B clitWi1 &0 aad pl&ced_di)mm@n @ §e lambda t; transcriptional-

%%Iin\?\%{s slg(i[]ulélr '@1 di é’ 6sanp g érsg% %L' ycﬁx 3#9 amp\ﬁ]lle rc%siaﬁn%%gonm%poduction

was no
n#8 es/ hour, per approximately 8 I|ters of G3P was
f Eeterial beenin® pidiciawh Emaitons:at e Wi | | be readi | y determ ned

by oney.gki, éﬁE cbzf\wi 1@&9&&0@2&&@3(@9}?4& 33 L9 QMEJ‘quL % RES used as

of organop t1ons

f‘lé“r‘i‘}E‘ﬁYP&P‘f"B‘H“%‘rhﬁsé @g@ma@g@rt? 1&g the g@awtaw begt ?fﬁmaxpwssm of Apo2

1iaidiahdxhe rue coventREA st Conypetend pelle of 48+ dr 4356 lwere grepaged aml transformed with

CHXPAH@'—PZ@ Esntg%ﬁ%a{d%‘o@edurpse FrraRdRdRn NG Wik} ﬁ:i(f)ﬂ £8m LB plates containing 20
ug/mt tetracycline (LB+Tetr20), streak-purified, and grown in LB broth with 20 pg/ml tetracycline in a
30°C shaker/incubator before being stored in DMSO at -80°C.

Fermentation Process for Apo2L Production:
A shake-flask inoculum was prepared by inoculating sterile LB medium containing 4-6 mM sodium

phosphate with a freshly thawed stock culiure vial. Appropriate antibiotics were included in the medium to
provide selective pressure to ensure retention of the plasmid. Flask cultures were incubated with shaking at
about 30°C (28°C-32°C) for 14-18 hours. This culture was then used to inoculate the production
fermentation vessel. The inoculation volume was between 0.1% and 10% of the initial volume of medium.
Production of Apo2L. was carried out in the production medium given in Table 1 {o achieve 4 final
culture volume of approximately 10 liters. The fermentation process was conducted at about 30°C (28-
32°C) and pH controlled at approximately 7.0 (6.5- 7.5). The aeration rate and the agitation rate were set to
provide adequate transfer of oxygen to the culture. Just prior to depletion of the batched phosphate (at

approximately 75-85 QD), a DL-alpha-glycerophosphate feed (vendor product specification shows product
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10 liters, in the preferred range of about 1-7
mmol es/ hour, nore preferably about 1-6 nmol es/ hour,
still 15 nore preferably about 2-6 mmol es/ hour, yet

nore preferably about 2-5 mmol es/ hour, and nost
preferably about 3-4 mmol es/hour. Not only does this
range of feed rates increase the anount of product

pvaity at 8G-50b.with betdaglycerabhoephate lisied as s argindimguity) pagtinitisssd appd fed at the

pﬁs‘ﬂgd"ﬁéd'r@@ 'Iﬁxﬁ)luél'&)ﬁt‘ﬂﬁ fdeentalidd pRoodad, the beil chidtANRE fed luodEd as the primary

cer o- h Sk ARo2 ngand
S rhon AP 1B R ke IBE BN BuaRO0 1,000
L| g an v apegitaddiions ofiaphoesiigly| P-4 g (ingl ﬂgﬂaﬁzﬁz)mr() B3 Qujwergmade during
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a mentyae feffentttR widNHobed i groteed for hiogrdnd$ boudpefdt beTigAbriested.
triggers apoptosis in a wide variety of cancer cells,
but not in nnst nornal ceILé&mEhrough binding to its
cognat e deaftedug 5 Compogition dor AR Breguoter/Capiessigl system - A qFp
J.. 13:(7) A1336 (Apr|I 23, 1999); Ashkena2|, Nat ur e
Cancer 2: 420 430 (200 J . §o|ub|e

R

dhmegwmndlnq t o am _no aC|d reSIdﬁﬁhq114 281 (frnm
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' ' ' ' CII cal st udl €s and

Fxmmpnium sulfatet o of 1)) | y.expressed _
DeRGilich Pokghkte, dfondbbf, EBaRBNt at i on Pr-@gess. The

XPr essi on vector, .encodes for th se of the al kaline
a a51 - .

OoTCcC 0O —h
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(=3 e vy | TPMPT UAT II(lL (:I y
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stﬁﬂembmbmwmmwthflt nmay_be recov@?-eymg 23 Materials
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ub 6e3|dues 114-281)

B9sg¢ he alkaline ’

p§§ d plasm d
ant. Bpr—, L.,
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43 77- 90 1978 PAEE %q’tg “]ti'n'f) lll'll‘l d e}'n’(l)en {1011 dM]%I%OHtiJEﬂIYdFOXIdG

0 EEID
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(J\)O'G :YA_"“(DOTS(D

pE ngol g

de&%dtﬁ@@uﬁ\&&hoﬁhe pl asmi d phGH1 (Chang el al., GCene,
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(1 rom 15 ity ¥k s EAPE R, e R fiedoftbrofh? 0 from 1 i
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15 Prol 19 is changed to "CCG' instead of "CCT' in

order to elimnate potential secondary structure. The
sequence encoding the lanmbda t transcriptiona

term nator (Scholtissek et al., Nucleic Acids Res.,

15: 3185 (1987)) follows the Apo-2L codi ng sequence.
Additionally, this plasm d also includes sequences for
trelietsenepssomd ho?° fntil nelysisRlie call pelespverqdbviehiand reghspegded ing).5 ml of
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WRgODed inghelpopidecding GiPe v fcdivaiorzaviaptivephatst e ¢dd- Ha@é\ﬂ“ hgyy (43E7).

a “ﬁlﬁé?}étrgﬁho@h%dhg [Reodidd sBeci@P Bidl dccﬁl&ul@ﬁih QbAge2L, feeding inorganic
condi 11 ons

5 ahoi@ﬁe mg?ufvflhlg}pacéeg ﬁ%ﬁ(élﬂ? tftgltaccglﬁ@ahz Pr%etr éle r%e% antrol rSll(\:]rmlar trends
5 woidbeferrertet 1ising & lovier slyeseaplasphato feed tjﬂfws‘tﬂs qwlopd- The “’E‘H‘é here it intended
| Relae tiJJ Qb wifat 4Hi déir@ltof &ﬁlﬁfsﬁﬁ&h BdobtainbEby Gdebing glﬁbrophosphaxe to a wild-type

e
f 555‘ Ear&gr %ﬁhés r‘PDalinFulrﬂr rrgxlpgnmenté ngg Far tto thlg mg{g En%?%&s& %ﬁ Ealsé) ﬁlw culture

addltlons occurred at a culture opti cal denS|ty of
about 80-120 OD550 and at aboui. 28 hours

post-inocul ation, The fernentation was allowed to
proceed for about 34-45 hours before being harvested.
Table 1 10 Production Medi um Conposition for AP
Pronot er Expressi on System
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I ngredient Quantity/Liter Tetracycline 4-20 { ucosea
10- 250 Ammoni um sul fate 2-8 Sodi um phosphat e,
nonobasic, din drate 1-5 Potassi um phosphat e,

di basic' 1-5 g Potassium phosphate, nonobasic' 0-5
Sodiumcitrate, dih drate' 0.5-5 Potassium chloride
0-5 Magnesium sul fate, he tah drate' 1.0-10 Antifoam
OceB demtbity ifeesed to 0oeh?0010DAE), whaethasiycerpripsshatedgns 26 (Puingt forZherng-feed
sdtldiat.e, he drate' 0.2-20 ng Cobalt chloride, hexah
drate' 0.2-20 ng Sodium nol ybdate, dihydrate' 0.2-20
nmg Cupric sulfate, ntah drate 0.2-20 ng Boric acid
0.2-20 rrg Manganese sul f atBXAMBBEAh drate 0.2-20 ny

Casein _E_?dr&.luon%@hﬁ Pém&é&n@Z%JuQQﬁnng icta?v'é Gﬁ:wﬁi Phase

portlon of these I ngredl en e Cu

dur i ng™ FEr PETTHSOPEHTtigh pmmﬁa%?ﬁaﬂﬁﬁﬁ%%‘ﬁpwmsf“&’amn process
aziﬁd prodyidi aﬁﬁﬁmiﬂ@dﬁﬁﬂﬂi s as estribdiSn Pesps S ereept foothe 1BodphHed betching and the

%{L@ &%Mg&@@%g%gr % ppgsemmam BE Q6 @ﬁamgyn a control
SRIpepYs ks rwéqc@ Vit ReSU R nupiher of 1gles O&%?{}’r %*'éera?de? ﬁ'éled!ately after
f ﬁw& atd @mhdafs@ﬁascsme depibtloh oiftlie(bm:h]:d {Wbrdniclphdsgtate. Of these examples,

V\ée ad dgﬁ as ex tg stm?r eaof 1n as kg%n ca‘Bf fr. ngjln%e cgli growth '

yce |on an e resul tant
c@bqeque@@tpgpchws wer e stored at -20C until analysis.

Tﬁ%n&ﬁﬁan p;bt%ésé ot m?m‘h’t’mﬁﬁdﬁéﬁpﬁ‘é msms_vgga ded Oi n0.5n
I‘ ac er
a n d 0 pﬁegﬁatg& Broéwﬂg) ﬂTeﬁagrg j:lescnbad in Exam%Mf& Egoﬁmhon of
nissRia msccahd:dyouﬁn the prpduetibn imedivme fiven SieTablh & exoepblin either 158 rpr §07eof the
G0 PSreBldl 5 s AARARH LEALJ B e
i fi sat es .

5 B O e AR BB P PO X PRI o St sbout 30°C
NE6B21) and pH wiisiconwelled gapyrbsithady 70N(6.5-T5kas biPktahdard s@mipcalreXhi exgation rate
C&? 91' Xétgnok I;.L% v&te%g &k@éﬂb%ﬁxaﬁn&lg i Iiopﬁc ca&ov\mn@ %9@ Qiitﬁerir%lgggmc phosphate

I NS use %P%ra i ent of
wasaepglydmw ﬁ%@ﬁwavg@m@mw@fs bajgheel frgyrionde mpdiugrstepizgigngrdile the
aglyoarofj $Hosphid rEpldeémet voas nﬁdempmoxxr@&@emmefcm‘ theltatelgeld phosphate was
[Eﬁto'n% g%gp. S%%A@QD [ B8 Ghe fsamﬂw Ple RELHRSRosphate
se HPL

e verse romat o g
was replaced w1th G3P, both the inorganic phosphate and the G3P were added immediately after the

inoculation of the fermentor. Throughout the fermentation process, the cell culture was fed glucose as the

primary carbon source based on a computer algorithm while ensuring aerobic conditions. Zn additions
were made during the fermentation process as described in the earlier section. The fermentation was
altowed to proceed for about 34-435 hours,

Results;

Figure 9 shows the induction of heterclogous protein expression occurring significantly earlier in
the active growth phase when 50% - 75% of the PO4 batching was replaced with G3P addition for both the
wild-type and glpT-mutated hosts, shifting the specific total accumulation curve to the left of that for the
duplicate control cases conducted with the wild-type host with no G3P substitution. This indicates an
advantage of this invention in that the product can be obtzained earlier during the fermentation process.

‘While all ratios of Pi to G3P tested herein achieved this advantage regardless of the host type,
Table 2 shows that using the 1:1 or 1:3 ratio of Pi to G3P for the glpT-mutated host 43F6 produced the
highest velumetric Apo2L productivity rate (an average of about 0.34 versus an average of about 0.24
mg/ml-hr for the control host). Further, using either ratio and the wild-type or mutated host achieved the

peak specific accumulation (in p.g/OD-ml) earlier (22 to 26 hours versus 28 to 30 hours). This shows that

27
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Fresh culture broth or previously frozen and then

t hawed sanples were used for the quantitation of
total nononmer production. 20 | of sanple was m xed
into 480 | of 6M guanidine HCl, pH 9.0 with 100 nM
DIT and was allowed to i ncubate at room tenperature
for an hour before being centrifuged at 13,000 rpm

19 fertgé e:?e\?ﬁd eInQod rn%ﬁt?‘flﬁﬁnv&m& &k LCE]@'&‘CtSImllIIhi? ndt rﬁ&rre? Qﬁ-nou%\@ﬁf monomeric

ter _rouq %ln- I1ter bhefore
| *&)a%}e'a aRpFRcPalely WPE'éS dtfarepiaiop ea*’p%"\?@ers%@yg&reﬁgfms
RE¥RCEnYity)sigifitahdly. medi un) for reverse-phase
chr omat ogr aphy. The HPLC separati on was conducted at
80C with the nobile phases fhkgu-ng at 1.0 m/mn and
enpl oy@ificids RipREthORdrpank PRRBIHuE BitdDBhche digti@BloHokphRe Xditdon
0. 1% TFA over 20 mhiihede Finr30tHaas offfegeitation on of t he
Apo2L away fromthe contam nating proteins. Peak
detection was at 280-nm wavel ength. The anount pefk
nonomer present i rvearpkes was ca@lnetd Réked usiTagl modomeric
aver age r esponse Pﬁ@e@l@#YI%amAU/ g) Spgifigaecimped f rfbpﬁl-ﬂhéd

Bakil -<lia falfa) a¥a -lf/. Bidiin ARUE QDb 0

?g Hﬁgggg analyzed b%%%he same met hgH. Results Fb ur e
LT n i mproved SPecific product titer (referféd
to as specific titer in tg/OD>-m in the graph) with
avcepki 1mmre3P feed pate to the Agi pZzhost (43F6) 33Al |
ab0% fepladadént)f ed runs performed better 25 than the
no-feed control. In this exanple, as the feed rate for
dgg%%gﬂd%ﬁﬂﬁlely 8-1P2%r culture incfeased from 6200
PEPH8ur, the specific product titer inproved,

bukspe st € i ncrgased above 12 ggypl e/ hour to0338
3% Rplemény the specific titer was [ower. The optinmum
feed rate of G3P will be readily determ ned by one

skilled in the art based o oduct, type of
or ganophosphat e, etc. Unde?2¥§§i%5 particul ar
condi t i ONBxpreksitln LR FiGimdtddDaivehQepbal L FRddudt BEWERIB0O0 M@k oF
for producing this spipbi-hidBepr Glold Ay the 30
preferred feed rate of G3P, per approximtely B-10
liters, is preferably in the ran e of about 4 to 17
ol e/ fEPedup i 5 th deserivpdin Easmple dovae Slqwed srrgpt dhetithpaper grade of
Sd'pbrb:hmiﬁl’f §0:90n&k 6ff aldhh-Vand bepiidlycSofhOspfdte was@@éved thEtead oAOBP as the feed
nDst éﬁ %&Rﬁ Pﬁmt 10 to 14 nunol e/ hour. Figure 8

oved specific product titer (referred to
d§4§pe0|f|c total accumulation in ttg/OD-nl in the

?L ap h)Flg*ueeld Ishdhs @n&amﬁlﬂx@ﬁel{ &@ﬂiv&h&nﬂ daeruea.mf&a phes Maadu@irkOusing the
e R
R S
anaterishylithqut empofisispth@produftisedsully | nor gani ¢ phosphat e
negatively inpacted specific total accunulation -
conpared to the no-feed control. Simlar trends would
be expected using a | ower gl ycerophosphate feed than
was enpl oyed. The results here are intended to, and
do, show that a high | evel of expression can be
obt ai ned by feedi ng gl ycerophosphate to a wild-type
gl pT host. Further, in this particul ar experinent,
simlar to the inorgani c phosphate feed case, the
culture 26 cell density increased to over 200 OD550
when the gl ycerophosphate was fed, but not for the
no-feed situation. EXAMPLE 4 5 Expression of AP
Pronoter-Driven Apo2L Product during Active G owth
Phase The sane plasm d construction, production host
strain, nmedi um conposition, fggnentatlon process and
product assay nethods were used as described in
Exanpl e 3 except for the phosphate botching and the
G3P addition. A portion of the inorganic phosphate
typically included in the salt botching in a contro

F

1Irecwx}ugtlechn the cost of raw
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process was replaced with an equival ent nunber of
nol es of G3P, either added inmediately after 10

i nocul ation or a few hours prior to the depletion of
t he bat ched i norganic phosphate. In these exanpl es,

WHAE I5AJENMERIP was expected to be the source of
phosphate for a significant fraction of the cell

growt h u uent, to the addition. Fernentation _ .

L GBS BPOARS S ISF GRS 1 LN PRS0 Gy comprisin 0
Phdissng ET bgi delis@oniprising puobfiroucid ehcodingthopabypedtideina ciltue: it while
afeditlAb 1 Gt
Ap © 1@ fale ngeﬁlgm aut g?t@'[l‘glh grgﬁio%l'gg %gtg %ﬁéh%t tﬂé nucl]éé ac1d is expressed,

was carril e "on nmedi um g

i ?Pdf@ﬁfceverméﬂe%wtwm%fmt@ﬂ% Brlps scr@%ﬂesfryw%% thy pqlsmgmde are imcreased.
2, p mﬁb&ﬁch:ads Of Gairh | VWIS (e lotgmopﬁtfs;ﬂﬂte ﬁsra@mcérb@nspﬁuta i al

3. (l]f‘e é)rocesg ]pP c?lg%rﬁ,a %@ gf&n ﬁb c2 erf(ero gosnhaga %lhﬂgﬁefogﬂbsﬁ%tggz beta-
i slyestrpbasploats, or Timixtirethereeit at i on was conduct ed at about

4. 3% prt(cgsg &299)1 3 %&319 lﬂe%&:@ﬁ&bﬁa&'d £fixfie o@%ﬁ e%b%ﬁlﬂé and glycerol-

(s %‘ per standard protoco e aeration
r?a\f’]é" phétr"’ldr‘lsﬁ e P?B‘{SP}&F? rate were as described in
5. EXimpdeess 8f anj-ade of Hame &9 evhwkie e cﬁﬂ%@ﬁkei plgee | lﬂ’nh@aﬂhsk or fermentor.
Y i !
6. ?&?Q%Qsts &f a\%gﬁ%? clglﬁph @F\ﬁggﬁr{\?hg Pol tlde F%ro‘r‘i'e&(a efl?ﬁ'lilke;cgtto?lasm
V\Pﬁ"P R peultgq Mrdiympf g celliosphat e repl acenent was made
7. apRpeoctss Bl Al Ynelof Aailkd H6 whiteih eupeesdidhef thahuweRedeip ResRia@l By an inducible
W%é xpected to run out (at approxinately 30-40
G lg?)‘? For the case where 75% of the inorganic
8. phespevisess of clajgn $ whergih the induojhile fmon®@aPjs thealkalinteipbosphatasecpaemater.
9, b&m@s&ef&ammn&eﬂﬁ’m\a@cﬁ&eaaﬁ&é mrmry after the
10) ocul atlﬁo?ﬁ’fgé B g)tl '[hrou hout the
f TP EHEALS € P""E’E’é PrEPLeHETPOLEE i the h/ PIOROLETf o gl ucose
11 aEhetpimges? bf 4oy omemf glau:na‘r‘ @ whesixuxpressioa sfibk mrleia addvpint eliile in the active
%MJ@;@%lc{ﬂ%ﬂ%ﬁwl ng aerobic conditions. Zn

additions  were € during the fernentation process
12,3 The JERcESF PIBYOHeF HES kst Vhean ek o9/ Pl i FomBrRmsl A6k
13.Wels praaésh ofeagloteof ¢ing BeDwiictin thdB Wbl iS 4ildypd Waithir&spect to chromosomal
Rﬁ,llts Figure 9 shows the induction of heterol ogous
otein expression occurring significantly earlier in
14 3’616tpmsesaeﬁamo@w §f Saimh-phelseeinthek cg09leficipsa dyfomoppama el
15 b’DKcQ;FHth'oMﬁoﬂe pdase 1Nl whdéhn R6lH] bii RRefcRbt i HrdindsBiBal pho and
| 4-type and gl pT-nutated hosts, shifting the
%%lelc total accunulation curve to the left of that
16.f Bhre prdaess ofileph | Twlieeingbnf. kgl is oo defwientdmchmiosminalwgrh t he
17 Vﬂc%rcfcéﬁpgf BPSe oPVididds 1196 ﬁ%ﬁuﬁﬂek}ﬁi ép'd&é 19£]euk;|;96u§ %)olypepndﬁe

i ndi cates. an advant I's ITnvention In

a
15, hsntes oA ons obsivimn Ffvigzin v hfifc {2 ppmalian polypeptide.
19.f Brepmia¢sabdfiaoyone oixdahns1-18Aketetn th golypeptiietis inailin-Rke growtd) BBYor-1.

t \"
20 FEVRA B A BB A BB EE 33 ) ot
1P°3ah°5ft8r18h@rs aps the eplturiya trkey placpia ad-Lirer fermenter. host 43F6
21.0THR @t &lofichen 20 Wighethe féddlrattiBritiel oegarmipRodbhaRRiORBACAbbY 2td/6 mmoles/hour
r at e m(l%nlﬂil/eer age of about 0.34 versus an average of
/m-hr for the control host). Further,
22. u'éhe mrpoesh thbnn ? lawhiersinghrcfeadinate efithedirgayqphosphateria fraat abgut A ¢4 mmoles/hour

Fehiev@dolipes, peak specific accunulation (in g/0D-m)

rlier 2to ours \versus 30 hours). This
23, RS g tps of it {1 YheratobBa it R hnt 5 ¢ he
24.| The procesoor chomn23owtieregntis fsddmatd afithe organapbdspHaie defisnim abaure tnt7s
[ 9 ess
e e U A
productivity significantly, 89 Table 2 Effect of
Repl aci ng | norgani c Phosphate Initial Batching with
d vi cerophosphate Addition During the First 30 Hours
of Fernentation
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Peak 10 Volunetric Tine to Peak Total nononeric
Productivity Rate Specific Accum Apo2L Yield
Exper huent (mQ m hr) (4SI OD-nnl) (R'L) Control
(43E7) 0.27 28 2 rol (43E7) 0.21 30 2.8 15
25pi rmwewﬁcmmeﬁmsam %}e @aﬂ 9% 'Ssﬁf@ as"“t ¢ Slo‘%ﬂlﬂé‘&ﬁ’ha&féﬁﬁ%")t 8-10 liters.
262 @hdréces’ Bf (@irh 24 whedaddihy febll 1 isAidmAbéht 8 (510 YantobyHomqenad it B-10 liters.

e o 00 e 0 LB BE

28pThyritieoess KE¢laig lafhmsmmwgmcwh@pw is gairlestia the eyigireBredipm during the
Quelsgerposohate 30 A procedure simlar to that

descri bed was. fol | owed except that
250 B G N 2% PORSib s 5 et PO P Rfopfhgptate ranges rom
auaghubletoas .9 er ophosphat e was enpl oyed i nstead of G3P
oafrhet IF&JS %PqualmH§ beiMeishe ﬁdly%ep@]&% A%&'IJ%Id {ﬂylaﬁ&‘{s tfbgﬁf 310 1:0.5.
esu ure 10 shows simlar yie
31 %?%?Fé%%@?ﬂlﬂl%\-’ig?’h@tr% i3t ahPvidont rol was obt ai ned
32U$‘hd‘]@o&s§§6fcldﬂ1)ﬂwﬂi&ﬁnﬂﬁ oighdplivlsbe s hgtoade piosiRaterat er i al .
Use of the al pha/beta m xture would | essen the cost of
raw material w thout conprom sing the production
results. 28 WHAT IS CLAIMED IS: |. A process for
produci ng and increasing yields of a polypeptide
heterol ogous to E. coli conprising (a) culturing E
coli cells conprising nucleic acid encoding the
pol ypeptide in a culture nediumwhile 5 feeding to the
cul ture nmedium a transportabl e organophosphate, such
that the nucleic acid is expressed, and (b)
recovering the polypeptide fromthe cells, so that the
yi el ds of the polypeptide are increased. 2. The
process of claim1l wherein the organophosphate is a
gl ycerophosphate. 3. The process of claim2 wherein
t he gl ycerophosphate is an al pha-gl ycerophosphate or
bet a- gl ycerophosphate, or a m xture thereof. 10 4.
The process of claim3 wherein the glycerophosphate is
a mxture of glycerol-2-phosphate and gl ycerol -
3- phosphate or is glycerol-3-phosphate. 5. The process
of any one of clains 1-4 wherein the culturing takes
pl ace in a shake flask or fernentor




6. The process of any one of clainms 1-5 wherein the

pol ypeptide is recovered fromthe cytoplasm
periplasmor culture mediumof the cells. 15 7. The
process of any one of clains 1-6 wherein expression of.
the nucleic acid is regulated by an inducible
pronoter. 8. The process of claim7 wherein the

i nduci bl e pronoter j e_al kal i ne phosphat ase
pronoter. 9. The d%zgjg‘gt i 1 fh i 7 e ein the

i nduci bl e pronoter is the tac pronoter. 10. The
o) lgim7 wherein the inducible pronoter is

d%e&?@&ﬁ%ﬁgta@f. 20 11. The process of any one of
12??' ains 7-10 wherein expression of the nucleic acid
<1478 fiRSERNTARPRORVGING PREYRETEIDEYr owt h phase of the

culturing step. 12. The process of any one of clains
<13P> PROYRAPEi n the E. coli is deficient in chronosonal

phoA. 13. The process of any one of clains 1-12
<labkh ercefus200%godzes®ol i is wild type with respect to

hr | glpT. 25 14. The process of any one of
<14§Ta7‘|%ﬁ€'%?%2 wherein the E. coli is deficient in

chronosomal gl pT. 15. The process of any one of clains
<159> 15 4534 6%fherein the E. coli is deficient in

<1sehroppgeml phoA and glpT. 16. The process of claim 15
wherein the E. coli is not deficient in chronosonal

<1898 17. The process of any one of clains 1-16 wherein
the pol ypeptide is a eukaryotic polypeptide. 30 18.
<21g}h§ process of any one of clainms 1-17 wherein the
ol'ypeptide is a mammal i an pol ypeptide. 19. The
<21pr ac4ess of any one of clains 1-18 wherein the
<o1pobypeptide is insulin-like growth factor-1. 20. The
process of claim19 wherein the feed rate of the
<21%r gemvopdpdaphate is fromabout 1 to 7 nmol es/ hour per
about 8-10 liters and the culturing takes place in a
<22@0-liter fernmentor. 21. The process of claim 20
<22i§2erei n the feed rate of the organophosphate is from
™ to 6 mmol es/ hour 35 per about 8-10 liters.
<2222447The process of claim 21 wherein the feed rate of
he .or gapophosphate is fromabout 3 to 4 nmol es/ hour
<22%e'?"k i Pa%- 10 liters. 23. The process of any one of
clainms 1-18 wherein the polypeptide is Apo2L. 24. The
<4°°§r%cess of claim23 wherein the feed rate of the

tHREGABO RROSREA, daiagfab%&ﬁ@ﬁéct a?tg]achgAfQo mol es/ hour

per about 8-10 liters and the cur'lt uring takes place in
=] he .process.of claim 24
Ctg\%tc;tglsg(rg’gjic ﬁgﬁgéﬁﬁ Ir:%agttizggaf%?%%%bagg?&g %% mol e/ hour
c ‘-’\%?Pre about 8-10 |iters. 26. The process of claim25
SERRTFET 999998296 AFCTLP083G RO HAFARIHSTAatEI%801505 ol e/ hour
per about 8-10 liters. 27. The process of claim 26
AtCHHE /] AIFUGEtICR i CEoictgt gtdortataalsotacgidiat 20014 |
nmmol e/ hour per about 8-10 liters. 28. The process of
ctttdxpm gagogragi ragatycaguar gdtartphasgly@gral Joadded to t he
culture mediumduring the 5 culturing step. 29. The

ttgPtteas srhadghdight ABayiesQbhyalhe cﬁﬂ.lgkagagf 3gpdded

i norgani ¢ phosphate to organophosphat'e ranges from
Qs e ; 30. . The process of claim 29
st SR et oo RGO R Pt | 0 1o

about 1:3 to 1:0.5.
cgttagaaag atgattttga gaacctctga ggaaaccatt tctacagttc 400

Page 1



31. The process of claim30 wherein the ratio is about
1:1. 10 32. The process of claim1l wherein the
or ganophosphate i s hexose-6-phosphate. 30 P2019R1 PCT
Sequence Listing Sequence Listing <110> Genentech et
al . <120> PROCESS FOR PRODUCI NG PCOLYPEPTI DES <130>
P2019R1PCT <140> PCT/ US2005/ 007880 <141> 2005-03-10
<150> US 60/ 552, 67%?\?;9@9 2004-03-11. <160> 7 <210> 1
<211> 1042 <212> TS5 SEBIfB s &hieNE  <220> <221>
aagareBy@ acad2datd4étcc22y wakimang bagecncadOBo 1
tttcctcact gactataaaa gaatagagaa ggaagggctt cagtgaccgg

agadtag&dg0ech 88Ghc 386dak R UWyadgHagapacdaci@@acnggat c
atggctatga 100 tggaggtcca ggggggaccc agcctgggac

t.g 5 tCtt t ctgca
RS R S e R S ST L s e
agct gaagc agat gcagga caagtactcc aaaagtggca 250
ggg%ag&fttgg% Paﬁg?%géfa%g’étc@artg@%‘@é@’ftt 9%{5@@&%@9 caat gacgaa
300 gagagtatga acagcccctg ctggcaagtc aagtggcaac
A2 tqIEGRAC AOLCBER tgaanaaga A tantacht tetagrcgadett ct ga
ggaaaccatt tctacagttc 400 Page 1 P2019R1 PCT Sequence
aatatstitnoegasagagpagaaaaaagaiatica sdgaeaatagod gagagaaag
aggtccncag 450 agagtagcag ctcacataac tgggaccaga

2280384362 REAC f1dadhac? Wagtth el CEPRAGaLE G890 0aAL O
aaaaggct ct gggccgcaaa ataaactcct 550 gggaatcatc

e G20820' 006 8ld S8LLGG ] 48GERRCL!  BERGLLORGY 500
aaf ggtgaat ‘tggtcatcta'tg aaaggg actaca tctattccca
650

tggactctat tccatctatc aagggggaat atttgagctt aaggaaaatg 850

acagaatttt tgtttctgta acaaatgagc acttgataga catggaccat 900

gaagccagtt ttttcggggc ctttttagtt ggctaactga cctggaaaga 950

aaaagcaata acctcaaagt gactattcag ttttcaggat gatacactat 1000

gaagatgttt caaaaaatct gaccaaaaca aacaaacaga aa 1042

<210> 2
<211> 281
«212> PRT

<213> Homo sapiens

<400> 2
Met Ala Met Met Glu val GIn Gly Gly Pro Ser Leu Gly G1ln Thr
1 5 10 15

Cys val Leu Tle val Ile Phe Thr val Leu Leu Gln Ser Leu Cys
20 25 30

val Ala val Thr Tyr val Tyr phe Thr Asn Glu Leu Lys GIn Met
35 40 45

GIn Asp Lys Tyr Ser Lys Ser Gly Ile Ala Cys Phe Leu Lys Glu
Page 2



aacatacttt cgatttcagg aggaaat aaa agaaaacaca aagaacgaca
700 aacaaatggt ccaatatatt tacaaataca caagttatcc
tgaccctata 750 ttgttgatga aaagtgctag aaatagttgt
t ggt ct aaag atgcagaata 800 tggactctat tccatctatc
aagggggaat atttgagctt aaggaaaatg 850 acagaatttt
tgtttctgta acaaat gagc acttgataga cat ggaccat 900

gaagccagtt ttttcgg ct aactga cct ggaaaga
950 aaaagcamt a acg%ﬁgggéﬁ ﬁggbsgt F¥tt ggaggat
gatacactat 1000 gaagatgttt caaaaaatct gaccaaaaca

4 <211> 2 2> PRT <213>
Asﬁgr%gasggg%ns 'QE% % ésjhl\/ﬁp uagilu o ﬁft & ]S%‘fm AGn dy
Ay Pro Ser 6beu Ay @n Thr701 5 10 15 Cy35Val Leu

Ile Val Ile Phe Thr Val Leu Leu G n Ser Leu Cys 20 25

Pr8Qys fap cAhavaValysTHp Givr LevidhrgTTn Phevdhardeis G U Leu
Lys A n Met __ 35 40 45 dn Asp Lys Tyr Ser L&/s Ser Gly
Ile Ala Cys 8ne Leu Lys d Vi Page 2 P2019R!
sequence Listing 50 55 60 Asp Asp Ser Tyr Trp Asp Pro

Metndhe A8 ACP Tha S§r K Rt ThasH eSegr TPBSV@OGVBGMO Qys Trp
Gn Val Lysgfrp G n Leu ArghoG n Leu val A?@S Lys 80 85
90 Met Ile Leu Arg Thr Ser du Glu Thr 1le Ser Thr

Vi 1 5 n Ile Ser Pro
o gll'f'g' A%F %T%@'e"%?ﬂ&' "ag 931” Agrelv:hes § Arg Val
Ala Ala Hi sil'Dle Thr GIy Th¥lsArg Ay Arg Sex0 Asn Thr
125 130 135 Leu Ser Ser Pro Asn Ser Lys Asn Gu Lys

ArdAval hedl Al Wi Ar1ge e cl40rh459100 argl SerAsdn gy Trp G u
Ser Ser Arq2§er Ay Hs se1r30Phe Leu Ser 113555 160 165

Leu Ser Ser Pro Asn Ser Lys Asn Glu Lys Ala Leu Gly Arg Lys
140 145 150

Ile Asn Ser Trp Glu Ser Ser Arg Ser Gly His Ser Phe Leu Ser
155 160 165

Asn Leu His Leu Arg Asn Gly Glu Leu val Ile His Gly Lys Gly
170 175 180

Phe Tyr Tyr Ile Tyr Ser GIn Thr Tyr Phe Arg Phe GIn Glu Glu
185 190 195

Ile Lys Glu Asn Thr Lys Asn Asp Lys GIn Met val GIn Tyr Ile
200 205 210

Tyr Lys Tyr Thr Ser Tyr Pro Asp Pro Ile Leu Leu Met Lys Ser
215 220 225

Ala Arg Asn Ser Cys Trp Ser Lys Asp Ala Glu Tyr Gly Leu Tyr
230 235 240

ser Ile Tyr GIn Gly Gly Ile Phe Glu Leu Lys Glu Asn Asp Arg
245 250 255
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Asn Leu H's Leu Arg Asn Ay Qu Leu Val Ile Hs dy
Lys Ay 170 175 180 Phe Tyr Tyr Ile Tyr Ser A n Thr
Tyr Phe Arg Phe G n Gu du 185 190 195 Ile Lys Qu
Asn Thr Lys Asn Asp Lys Gn Met Val An Tyr Ile 200
205 210 Tyr Lys Tyr Thr Ser Tyr Pro Asp Pro Ile Leu
Leu Met Lys Ser 215 220 225 Ala Arg Asn Ser Cys Trp

Ser Lys Asp Ala d 542({]:6513 5Leu nT r1.230 235 240 Ser
i meTol Gl o Gy EALIE SRR V805 o A
Arg 245 250 255 Page 3 P2019R1 PCT Sequence Listing
Il e Phe Val28er val Thr AsASTu His Leu |l @Bsp Met Asp
Hs 260 265 270 du Ala Ser Phe Phe Gy Ala Phe Leu
GlyzlaGey EhESPHRBEy AT21Bhe Bew<24dN 5187 <212> DNA <213>
Artificial quence <220>,£223> Sequence is
synt hesi ze <220> <221> unsure <222>
<1 5-326, 28- 29, 31- 32, 34- 35, 37- 38, 40- 41, 43- 44, 46- 47, 49- 50,
2-53, 55- 56, 58- 59, 61- 62, 64- 65, 67-68, 70-71, 73-74 <223>
<21LnBhown base <400> 3 gccgtctata cttgtggtgc tggtnnsnns
<1ANgRnsnnsn nsnnsnnsnn 50 snnsnnsnns nnsnnsnnsn
nsnnst gggg tcagggt 87 <210> 4 <211> 17 <212> PRT

<2132A85 fArini fieqiamke Sequence

<220>

<223> Sequence is synthesized

<220>

<221> Unsure

<222>
Eg:églégjggigijgglgi—Bs,37—38,40-41,43—44,46—47,49~50,52-53,55—56,53-59,61—62,64—

<223> Unknown base

<400> 3

gccgtctata cttgtggtge tggtnnsnns nnsnnsnnsn nsnnsnnsnn 50
SNNSNNSNNS ANsNnsnnsn nsnnstgggy tcagggt 87

<210> 4
<211> 17
<212> PRT

<213> Artificial sequence

<220>

<223> Sequence is synthesized

<400> 4

Arg Ile Gly Arg Ser val phe Asn Leu Arg Arg Glu Ser Trp val
1 5 10 15

Thr Trp
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<220> <223> Sequence is synthesized <400> 4 Arg lle
Gy Arg ser Val Phe Asn Leu Arg Arg Gu Ser Trp Val 1
5 10 15 Thr Trp Page 4 P2019R1 PCT Sequence Listing
<210> 5 <211> 417 <212> DNA <213> Artificial sequence
<220> <223> Sequence is synthesized <400> 5
gatgttcagt tgcaggaatc aggcggtggc ttggtacagg ccggaggttc
50 gttgcgtttg tcc tc tgc tactggttct
acttatgata 100 tgé%%ggg?gpg%b g%ngF1@%gggtaaag
<218megt gaat ¢ ggttgccgecc 150 attaact ggg ggtcggct gg
<18agjfactat gcttcgtccg tccgtggtcg 200 ttttactatt
tcacgtgata atgccaaaaa aactgtctat ttgcagatga 250
<212 P¥att gaa accagaagat actgccgtct atacttgtgg tgctggtagg
,dlﬁpgmj@hgggg%g%%cgggtcttcaa ctt gaggagg gagagct ggg
tcacgtggtg gggt cagggt acccaggtca ctgtctcctc
<226>.gccggtggt atggattata 400 aagatgatga tgataaa 417
<210> 6 <211> 38 <212> DNA <213> Artificial sequence
<2232 28mev@28> shatjeeize® | S synt hesi zed <400> 6
gcttgctaca tatggtgaga gaaagaggtc ctcagaga 38 <210> 7
<4005241> 50 <212> DNA Page 5 P2019R1 PCT Sequence

Li stin

gatgttcagt

gttgcgtttg

tgggctggtt

attaactggg

ttttactatt

attcattgaa

atcggccggt

gggtcagggt

aagatgatga

<210> 6
<211> 38
<212> DNA

tcctgtgctg

tcgtcaggcet

ggtcggctgg

tcacgtgata

accagaagat

cggtcttcaa

acccaggtca

cctcgggtge tactggttct
ccgggtaaag aacgtgaatc
gacttactat gcttcgtccg
atgccaaaaa aactgtctat
actgccgtct atacttgtgg
ctigaggagg gagagctggg

ctgtctccte tgccggtogt

tgataaa 417

<213> Artificial sequence

<220>

<223> Sequence 1is synthesized

<400> 6

acttatgata
ggttgcegece
tccgtggtceg
ttgcagatga
tactggtagg
tcacgtygty

atggattata

gcttgctaca tatggtgaga gaaagaggtc ctcagaga 38

<210> 7
<211> 50
<212> DNA

Page 5

%gcaggaatc aggcggtgge ttggtacagg ccggaggttc 50

100

150

200

250

300

350

400



<213> Artificial sequence <220> <223> sequence is
synt hesi zed <400> 7 cttgaatagg atccctatta gccaactaaa

aaggccccaa aaaaactggc 50 Page 6

P2019R1 PCT Sequence Listing

<213> Artificial sequence

<220>

<223> Sequence is synthesized

<400> 7
Cttgaatagg atccctatta gecaactaaa aaggccccaa aaaaactggce 50
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