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| SOCATED B Cl DS ENCODI NG A SECRETORY SI GNAL FOR EXPRESSI ON AND
SECRETI ON OF HETEROLOGOUS RECOMBI NANT PROTEINS FlI ELD OF THE3G'NNRINTAGDN The
present invention relates to the use of nucleic acids (terned "SS" for
"secretory signal" or "Vtgss" for "vi tell ogenin secretory signal") that
function as yoensd NMRGEXONCITUENCOTG 2R EiiEEd € 4 1 dMAT, SSeRDI nant
protei ns out of a heterol ogous.host cell. The invention is also applicable
t 0 i npr ovEXPREES HON cAND NSBERETLIONeQHsHBTERCLOEGOUAgRECPYBILNANGr BROTEI NSy
simply sanmpling culture mediumin which cells harboring constructs of the
i nvention are mai ntained. The invention is also applicable to biosensor

t echnol ogyt e dorrese meemENTg o geneti cal | yengi neered cl ones harbori ng

sel ectabl e markers) to be expressed as an indicator, and to achieving
system ¢ ci rcihgt i BREERBEr i BUYFOR O F&dGHSThahP drith eis i Af a I fiGeni ¢
or chigrer e 0S| e gaRl SBsb 1215+ DESCRLBH, O\ 5 JHE BELATERART Ald;hough
protein expression In bacteria is commonly used To obtain reconbi nant

pr ot ei ns,“baetldrdgEnitossecpeesent ssaneddl) dhwtbatirct borx presyiiorensfal
reconbi nant proteins. First,. eukar i c.protei.ns expressed i.n E_.coli are
often notsepcrrgepteorﬁyy F oI a%%rtﬁﬁgygﬁjﬁ- FEHEF. onal (a8 éLﬁ%l,ntJ ROt 1n
Protein Raldi o | B VhegeddTodbudi tHaxt prell-.21rheThifveft 8oharpe prigdy em
since nost proteins used for pharnmaceutical /di agnostic, purposes are

eukar yot iaPR GRRIT e. EQecdAPT PiE6t ei FRA ex PPESs e FIH §T e anBEARS | (PIE.

col | P&t%%ﬁé@ta}@@ y@%iena%yéiﬁsaglggeg%tiﬁ%é .”s%%ﬂlii@%fyu%lﬁrhﬂ@i es”

~ fromwhitc can on r ecover ed , ive form
é.ol ubi | i zatdiom i in dehatbr iced lagdrtdbdulnpwedn dyreatef of téwatiuretitoiner( Chang

and Swartz, 1993, |n."Protei Folding In Vivo and Jn Vitro-. | an J. L.
od. . pp AR JHe3ateHned’ paBe . b*o" Apr 281108k e  bo

biosensor technology, to for screening of genetically-
engineered clones harboring selectable marker(s) to be
15 expressed as an indicator, and to achieving systemic
circulation/distribution of recombinant proteins in a

transgenic or chimeric host organism.

DESCRIPTION OF THE RELATED ART

Although protein expression 1in bacteria is commonly

20 wused to obtain recombinant proteins, bacterial hosts present
several drawbacks to expression of recombinant proteins.
First, eukaryotic proteins expressed in E. coll are often

not properly folded and thus non-functional (Cleland, J. L.
1993, In Protein Folding In Vivo and In Vitro: pp. 1-21).

25 This 1is a large problem, since most proteins used for
pharmaceutical/diagnostic purposes are eukaryotic in nature.
Second, proteins expressed in large amounts in E. coli often
precipitate into insoluble aggregates called *“inclusion
bodies”, from which they can only be recovered in an active

30 form by solubilization in denaturing agents followed by
careful renaturation (Chang and Swartz, 1993, in" “Protein

Folding In Vivo and In Vitro”, Cleland, J. L. ed., pp. 178-
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.- -2 188). phltitd,-ddr is difficult to engineer the secretion of |arge amounts
of expressed protein in E. coli, although it has often been possible to
secrete small anmounts into the periplasnm c space and to recsayeapfiirosby
osnotic shock. 5 Finally, the recovered reconbinant protein is usually
contam nated wi th an unacceptabl e | evel of endotoxin/pyrogen that makes

pr ot ei ns 1fe@n) .pheniegeutiitcal ¢ ddagidstile use exyiaselky uhd f seukétionvald date
(wal sh arld Headon, 1994, in "Protein Biotechngl ogy"”, (}é’& 118- 562). 10

Al t hough 13586 ATPEKLT e88i GFRLE tp’(@é%%amr&gesc evPsF8)9Bart tsol ve
sone of the PsPbleMbeassashsd fsh i £B hacdatdal spxpIesHUhed henbar e

condi tions necessary to l'yse the yeast often result in poor yield and

denat ur afdegri pdfastie r epaglsi nand prot glageveleckbemonbyf ‘e nafogkr.ot ei ns
from t. -has | el n trial [ r.or Fyrth r.e, nost
secr et%d%?%[lél’lyﬁs a%gtrésgggefgdt hg%ycé’g{siﬁn%&tl pl }gs%n‘?%:{%pagg aﬁ{d&%ﬁé’

di ffi cul tcdnt anditiatesde Wileom t uRbhcabptabNA de4k- 628 i ox i nyviregrm et
al., Appl. Mcrobjol. Biotechnol. 37:604-608 (1992)). 20 The nmammli an and
i nsect eXfidssi BA%EFst TR a ﬁﬁ?r’?berplb‘?r‘%?/%%hé%%/@hﬁgnﬁﬁgéccoﬁ’tsrq but ed
to the resg@iterRORMI & #EVcd Bt I 8beRatt gdke WREB%BN 1dhd | B¥EELADT abe,Celjly
Systens Applications”, pp. 183-193; Yarranton, G T., Curr A Opinion

Bi ot ech. “Prg33im@ictssiinel®estomimantl rvidi ns are 25 al nost al ways
expr ed at hj | evel s .he 2d_protein e u roperly
nodi ﬁ‘lsti\d and ra}\‘clg:{}lr?u ’edp%%%tert{g‘ pgggérggggﬁflulgé o%%%tn%%flﬁgﬁrm%%cfésthere
have beercenesais o wWhene soheeussomd dhe thenpogolenseasebetytedgrnaltof t he
gene insert resulted in mstargetting of the 30 expressed proteins, which

g ]9
consequeMAGF FHerel rfPEPFTH P ¢ hehy eBST Sh GERBAAF 9P S pPELERR 2EXPITEs SivEF i n
hi gher eykar walas: syehe@SiOgeet 18ehbsrapdeMBMIBL ARnGehhS: tiSCha [gngi ng,

ti me-consum ng and expensive al though they are. suitable hosts for small -
and medi wecodiman kprotam 27S@cre3on Afr irec2eb3nagtAprstaripise foform

Dr os il.a _expression emutilizes a cell.ljne rived from sqphi | a
mel a(rjll%aé/t earsi%pScﬁﬁs’i def%gé?gﬁ) é)éﬁqns, %ndetarlsalllrrpl gglp as‘?ﬁrﬁo{:/ectec%foq%rp' t he
expr essi qurafhdigicro| agosts peeietas pruyeyihieyhee MrapPedf inBittle a4 5

707 (1991)).. S2 cells and mammal i an cell s such as CHO cells have been used

to expreSEPRAFIHL f BPAEEL R obhei cA Tddsays Ry FREFAFEGL i €M thot h

the inseqd angd mamppld an Geld- SY$t effogHher sdss ydder efor g8, neeghtp,
enpl oy powerful secretory signals to drive the secretion of the expressed
10 recontiivambinbt Bistechnol . tIe: &t 6@ ooRB2 host cell's for easy

dete d’on, quantification and _| arge-scale gurifi cation, Fgr an ﬁffi ci ent
expr €55i on syst&m rrgag{y@aéa%riatn i APREEH t 5FBECERLPEr i BES TR F st 7Y e @
reconbi nanimyy 0t eifn synéhesyss MiHabenhuactéonatibfesdndo atheasanadie
yield of 15 the protein is required to justify its usage. Third, the system
nust enaPHohodehous thafiaiesies oflthe +8B8nbi Hant " HREFFPT2ERt ,Catle

system shoyd kil | gup easye 3681 N9pR and Subseakent gt oam pr aagss! ng.

for exanple, purification. Consequent we have constructed reconbl nant
fusi on veenirsor20BihaecHirgci3dheéd8ednePon - oRelembriolagdgo s qireotrss rsce nt o

t he iu uosedt Wcu!stu(rae \r/ario S t]:os .cells, irgp tapt aspect of . the
St udy of DU 1 oGulAior TBYGEEaY Git & PAHBCr VS bR PRVRI EhobaghvetP ¥ bm
wi | d-t ypep@dtte ing aatreV el ShNBy Ofp riipledtliv em6H S £ 26l RhdToatEGhuekesaNt s in
the proper cellular compartment. However, there have been
occasions where the use of the homologous secretory signal
of the gene insert resulted in mistargetting of the
30 expressed proteins, which consequently remained within the
yeast. Generally, protein expression in higher euka¥yotes
such as insect cells and mammalian cells 1is challenging,
time-consuming and expensive although they are. suitable

hosts for small- and medium-scale work.



25 transhaeted _aymal i an cells. I n nost cases, the ability of the
cis-acting elenents to nodul ate transcription is not assayed directly.

I nstead, the cis-acting elenents are joined to a reporter gadkAphia2000des
for a nmeasurable enzyme activity. The level of the enzymatic activity that
30 accumul ates during the course of an’experinent is taken as a neasure of

the ability ofnt h&a@iSeacdt g plesBPHiL1O ERPUESEEOHT BRSERMPLItaNn i zAlst Rough
this is an_indirect assay _of the activity of the cis-acti ng el enent s that
control CEAAscrifR i ¥privedi ST6M HFAIRPIHINS BRECRAIRSTRY pr aEhREARRE. 2 ' |

PAP127- PGE230tce ARS i | 22803 :Arﬁ)wn?@ésaﬁddkief&ro%ntf&@neﬁeh%\@&%@l ed as
reporters of the transcriptional activity of eukaryotic pronoters. These

i ncl ude ol dredeyeddianls qrertginainéieensBoYBAT) M. ( 3Gakdct dicdas e :ad -

| uci fera r, h require 5.l.ysis, of: the transf ed |l's and
t hus gr e%§3b}13§9\558 1 f\éei p(rt:(cﬁ)gl?grrg1 gsénc?mmaatlé nwci(?(?nllssets-’lﬁéphaﬁﬁ ?gh acl?i(iﬁisty of

mul ti pl e hetlet upeen Tosdat eso t kaxgdetat LEOABRERSEARP-eneiilc Rapehieai st enTM
(Clontech) is one available systemthat utilizes a 10 secreted form of an
enzyne, REFFENSpl ARnCHCTIPENHLIGE phdRphatdsetnas 1R58550r #RE fMeMMEHd an

anal ysi s Jf; 1hiss AelddNg PNA-Sefyepcese AL LHE aRSnagkl ; wevgr, a
dra\/\,backc%f thsél SEAP assay is thigt i(taéﬁacs) togb{a1 %aggrfggl%&%ﬁgog%t her a

f | uor escescretogiyensigmehesdent dusvay theeqaeeiragion 191 | thei medperesseda

| um nonet er. Further nor it requires . the.nvestigator to swt fromtheir
estagl%i sﬁggo&i&tnc%%l splfcgtrejé}ﬁ, 0‘?5-8 | SO %?%i?g?gsg.e&gﬁ Y OF
THE | NVENEBsONdBte diriess niquaidaint i et issre ngnd riepddrasdd ndlimgr 1 hipda t fien 20

Secretory signal sequence (SS or Vtgss) of the vitellogenin gene, .
especi al Iy t h&SFH t 8P| dyeht A Yehe PEHRAGIEF hEYRT §MaurdeEerhn Bd bedd t o

direct thecsecreli ope of sheqarlicpant @nalel nseut ok efblifanthe Q?tlesihr} hat
are able to utilize the O aureus SS are not particularly Ilmlpe ; the
present Zynithesisorsidfaveef fundtibaalceldesaid, memyresadeabéspydiedd yof

eukaryotic cell will., efficiently process.exogenous fusion_protei

corrpr]’?ési rtl:glet h%ﬂg Sof t'e IRAVeAtron aondjélgi:rlg?e YHEmPASR t h%g%]éﬁﬁl : %s,
one aspegiystfent heupt eseablienvesthdgendss | $9hahed 130 JICLRBEC @i itraic
encode a SS that provides the biological activities of directing secretion
of a proPEN ikl t RECSSHI R aShestdc il o¥hPaIeaiageing-tRe 3G f r om

the fusi QAR -ddwhstream processing, for example, purification.

Consequently, we have constructed recombinant fusion vectors

20 that direct the secretion of heterologous proteins into the
medium used to culture various host cells.

An important aspect of the study of gene regulation is
assay of transcription levels observed from wild-type and
mutant versions of putative cis-acting control elements*in

25 transfected mammalian cells. In most cases, the ability of
the cis-acting elements to modulate transcription is not
assayed directly. Instead, the cis-acting elements are
joined to a reporter gene that codes for a measurable enzyme
activity. The level of the enzymatic activity that

30 accumulates during the course of an experiment is taken as a
measure of the ability of the cis-acting element to refulate
transcription. Although this is an indirect assay of the
activity of the cis-acting elements that. control

transcription, it is often the only one that is practicable.



o 30", Aprighp3d063 pce protein at a particular point in the SS sequence. The
i solated nucleic acids of the invention are easily incorporated into
vectors for expression of recombi nant proteins and subsequeBd™ a@ar2003n of
the fusion protein, 5 processed by appropriate cleavage of the SS portion,
into the mediumused to culture the host cells. An advantage of the present
invention irfurihed dhedsETeeln®n deneer Naeéf beetntudeepad€ll espootetkbe of
particul ar protein secreted or the host cell used to express the

reconbi n&RE PrARiaE iRt oRRl, achavhEdsaft FRRARRYPOIC r BEPBESSFA - pdiesien the
devel opmenl.0fscan i slanbyandouer sallds HSSLore QL oh | gyg| expression
and i mediate Secr etion of P eCondi nant proteins |neto serumfree’ medi"um used

to cul tugaliake ddstiasee! bad Thachesiragel.| sHeravEe, | nADbI Idlzeath @eglise
easily 15 renoved fromthe culture, thus providing easy purification of the

reconti ndiS i Rlei WS Aressiestest Cobhpr ABAnGRe 338 ofWeheCt nbenthen and
2,1 ePor{ of B0 o GXpIESS GRchicbiChentdn SPEFEiS: 1 My T BROGLAL pAal ei ns.

t hus enabling easy detection of the reporter protein, for exanple
sanpl i ng cofl tirescul t ure nmedi um or of an extracellular fluid in the

i nstance of an.n vjvo assay. a_resylt t fficient, pracessin
conferred by Sg’oof <"htee’pretse%t Aﬁﬁ\a/ae%tigﬁ?p‘?he ?’%@gnt Fgﬁ‘eﬁrlgvi éegogé:é%ys of
gene exprBstieai”| ¢egebatbyhneasurong bhaiaabust LHfstient efigit ent2digese at hat
is secreted into mediumused to culture cells harboring vectors of the

i nvertd ofecAeted ant gl oPfsudR arfeERs i SPYRAR cBLRSCBLBles Silifg ke

reporter H’éec%%en,‘)tage(ﬁ yfégo%EePerﬂd%r M h8e A5k Al LEWAG LR j335ay to

be used for screening o one or expression of reconbli nant 30 constructs
or that aNA ceequamsiorapd wiransaddittingnaf actertor sHoWéree nv endranwbalcdo

enconpass i 0S ors conprising cells that are transfaorned wth vectors
accor di né’?&qﬁh Spesaesfﬁa¥ njv%n{-'}i’%B 1éu§ﬁsb|%8s§ﬁs&egsél§ﬁ &5APSI Fed S
PAP127- PGT 3P1u0AREEEnE200% - 6 dré@ciRnekcendpoWyts I esestui Aisgnplaes by

addition of the sanples to nedja used to culture cells of the_ invention,
f ol | dvked Iy arEdaicenedt & IWRLIRRTEVEYy SMIEEFEPCEE pridt eFRIUiREEhENGUl ture

medi a WNQgg, LXA 'xo,ntéssi_/ir_ﬁ%ﬁeq:fgm XHED eéé@QbHsE?cS()b%E‘cB@B?H ¢i,0f the

conmpound 1 nto the medium e present Invention can a e applied to the
expressi @Al plegileet qyiciinod Nudianagad ¢ or chinmeric organi sns in vivo.
In sone instances, it is desirable to 10 obtain secretion of a protein into
the extracel lul ar spaces in an organism including extracellular matrix;

vari ous SK{helHRF Bbﬁdl'ﬁ-ng’II‘RFﬁI\}'fﬁ}\?al fluid, ventricular fluid, the

bl oodstreammor the tynmphattc system The present invention can be applied
to directing sBm epresent andesitriech pstodres nfibmi the ahinding heket the
eXtr%ﬁF”§g5¥é€%¥¥x§ignal sequence (SS or Vtgss) of the vitellogenin
gene, especially the wvitellogenin gene from Oreochromis
aureus, can be used to direct the secretion of recombiqant
proteins out of cells. The cells that are able to utilize
the 0. aureus S8S are not particularly limited; the present
25 1inventors have found that cells of many kinds, especially
eukaryotic cells, will efficiently process exogenous fusion
proteins comprising the SS of the invention and secrete them

from the cell.

Thus, one aspect of the present invention is isolated
30 nucleic acids that encode a SS that provides the biol%gical

activities of directing secretion of a protein linked to the

SS from a host cell and cleavage of the SS from the fusion



.+ Control ohpexpresgsi on of a desired gene, followed by secretion of the gene

product fromthe cell, for exanple in a tissue-specific manner, or in a
manner inducible by treatnent with a particular chem cal copgpowupd, 26681 be
20 achi eved by linkage of an appropri ate pronoter to a structur al gene
conpri sing nucl eotides encoding the SS™of the invention |linked to a

nucl eot i geocsequenae eacoghngithitadespseflt gene pirducis BRGERNRESCRIrKEI ON OF
THE DRAW NGS 25 Figure 1 shows the construction of EACS/ Vt gCr FCES- V5Hi s.
The ful | 1FEAGERICr PEgdleERA &fddt ngPFactidte C WA¥CPEL@RsedF sy acB§L1YI and

Not | doyble fogatla The el gaed iy agrent MBS subeloned i RbechenBam Hi
and Not | sites of VtgeEG-P. Consequently, the Bgl IlI/BamH site 1s

dest r oye@pro8@iTisenanfie 3RS diwelhg sdomsiticsf  GfFCHe wisisigireapedtbyn,
di gesti o i 0 1 nd_Sal, | ting an internal site) . The
St a2 eb anca PREbTEa oo PP IEE R | UL B iR veieen o

fragment *Was s 0 Ol sites
gi ve pAchh¥t gladhiCht- Weedl o0 BatlrturdPAML7ThEBET 3@11sApran 2803ntdge Eegd7
I11/Eco RV and Sal 1/Xho | sites are destroyed. Figure 2A shows the am no

aci d an_dtﬁ‘&cl QAT SeqtTiRRSIaR t AE | (RS of T \VEYSES B Or FEESVETHe
nucl eot i de fjidRehiconse NF g1 Lot ebF nagk bﬁa?@%ﬁﬂ&%&%ﬂ&:‘&% the-fCoed LY W.arg

primer and pcDNA3. 1/ reverse prinmer. The CF is cloned in-frane wt
respect tbevihgss Catllt el tendxparedsVihd secamitimard mrmdeirThe secret ed

Vt gCr, ECES protegin ! purified by affinity chramatograph TALONT
G ontBohy undaP Genar e ngreosar ¢ oRe e SR= 1R PR NRaT Gind 0o b
sodi um lQ@epeasphehe bof f en efFi&)enThandr otesavbbe t Mangerresk t 6ighPVDF

“enbrane _in transfer buffer (10 % nethanol, 10 mM CAPS, i pH 11.0) and its
N-t er mi naBV&H nGXRECFSLOFueREE JATEERILAEE. BSCRGLLRE ndfel ToCcgEdiaant

secretor yroik@idls ALY BSh0lE & eRLAIEP e VaY, | daNELELedd ndbeat ed by

s,
the arrow). 15 ‘Ishus, Vtgss all ows the honbgenous production secreted
het er ol ogedd sr.ecBidi fastt peel débn.cadEi ghee 2Bahioszed naprofelse phasiiyd
pAcS/l\éthr FCI_\E,%HVSE—légm E:ln%urcesjé:BA and gB show._t. di stribution _of §ecr et ed
20 Vigor FEESYS ot el A" EPGure JA LS cuF PP e PRSYIGHASane® WY BEAcHASARTER
prestai ned mek efeddiiel nlantc oht$tod i medi A ¢ 30vétadrbanemgriyt g§r EGESseedi UM
(not purified 30 ~,g) 25 Lane 3: VtgCrFCES (affinity ,plulrified; 1 fig) Lane

- g
4: \Vt gOr PEESTPPSOPPYREFLONpUATS| eB; 4eRPRher gene 'will express and

efficiently secrete the reporter proteins, thus enabling
easy detection of the reporter protein, for example by

20 sampling of the culture medium, or of an extracellular fluid
in the instance of an in vivo assay.

As a result of the efficient processing conferred by SS
of the present invention, the invention provides assays of
gene expression levels by measuring the amount of a repofter

25 gene that is secreted into medium used to culture cells
harboring vectors of the invention. An advantage of such an
assay 1is that cells expressing the reporter gene need not be
lysed to perform the assay, allowing the assay to be used
for screening of clones for expression of recombinant

30 constructs or that are co-transformed with additional
vectors. 3

The invention also encompasses biosensors comprising
cells that are transformed with wvectors accordiﬂé to the

present invention. Such Dbiosensors can be applied to



.« Figure 3Bapicel-lpdrysate; Lane M Bi o-Rad prestai ned marker Lane 1: control
cell lysate (30 fig) 30 Lane 2: VtgCrFCES cell lysate (transient; 30 fig)
Lane 3: VtgCrFCES cell lysate (stable; 30 ~g~' The Wt gCr FCESY Rerile200 t er
"Vt g FCES") protein was effectively secreted into the culture nedium as
verified by SuperSignal H sProbeT~~ Western Blotting Kit (Pierce). The
PAP127- PA@Et20t'iofprfl RO wglsqoretacte Vg CGs&GES: swalsy paddttednt of the

honogenei t y isoel ectyic focysing (I ri meTM ., Hoefer) resulting in a
S mole pRETBEebata ey HOR0) Getl H LRBFBNICT et PEal i SHAEGHomhe
protein irsohated By afddditemsad WWh enehaerel 08y aphyrepbeter proteins

| SQori meT"' -purified protein was not denatured even when purified in

pyr ogen- fiflee Gl ercuNeuxe gCMECES wadloget ecxargssitdie ce$| Lpdured The
puri ficati I sg. wa d recef tiy Q%{ e .pr.esence of
vt gCr ECE e?)%e%ﬁ%%ﬁuﬁyur ghgd?ﬂ%%%]dgggagﬁega s%g?cfvs thﬁn |r¥)&|]d lﬁ}tg)l ndi ﬁg
properti eeddfud.SOpri meTM purified VigCrFCES. Inmmobilization of lipid Ato

t he HPA sensor hchi % has heen descr,i bed earlier (P%i et al., J. Endotoxin
Resear ch 4: 30 TPH00 PEESERY . FHGEBh 6Pt GGRCESS( 80BRAES0ULS 1 858 t o
in a 15 gkralssafor?088 rebaiide RRSRRNSE URht StrdhéSeh £8! &HENtE iher2%

saturation of lipid A which clearly indicates that VtgCrFCES binds to lipid
A. Subse@¥gaILEMS niBctYior of ITantgdRRly IRENBRASE! s-IHRP1AD)deghrFRic t ke

pol y~Hi s .of M sul in.a.f i i e _Si | . The
Do bt sote it M AITREal bl il (oo | PREFAREI BT R0
bound t o0 inhe ammmolriglaindexth,| | dind1AdiThe resulaicedllsd arndmaatrds ;t hatartilossi x
(éddi tional Vtgss-derived am no, acids.in.the N-term nus_of the otein do
not int eSESFESAh AUERE privpet tortan nglélfldt'he"?‘é%%?ﬁﬁﬁt Ji_)lrlbf% nt&%d its

LPS25 bi pdie@itheRel tyr The PrarRsidyid okgadeNt 9GHECES L SeSECH@hRML ion
I njections of sanples at various steps are marked on the sensogram "Wash"
i ndi cat esa@ e hpppliedp tesihgrest ba@nprecehacer ofTie deparede predgdmse

uni tslé_;\gf sthe §rg,nagf q__rheesoéotea}w}eac% ey]f‘ﬁ%bé r%catd'ergg_ t he response units recorded

j ust before I'njection of sanp romthe response units recorded after
i njection of Lamimlandfa ekprasastash. oFi guré@edfrsthoweniche fohsdwadt ign of
psp- Vt gCAT. The CAT genﬁ was isol ated by PCR. The start ATG codon of, the
CAT secretion of the gene product “from the cell, for example in
a tissue-specific manner, or in a manner inducible by
treatment with a particular chemical compound, can be
20 achieved by 1linkage of an appropriate promoter to a
structural gene comprising nucleotides encoding the S8S of
the invention linked to a nucleotide sequence encoding the

} desired gene product.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 shows the construction of pAc5/VtgCrFCES-V5-
His. The full-length CrFC21 c¢DNA encoding Factor C was
released by a Bgl II and Not I double digest. The released
fragment was subcloned into the Bam HI and Not I sites of
VtgEGFP. Consequently, the Bgl II/Bam HI site is destroyed.

30 Then the LPS-binding domain of CrFC21 was releas?d by
digestion with Eco47 III and Sal I (cutting an internal
gsite) . The fragment was subcloned into the Eco RV and Xho I

sites of pAc5/V5-HisA to give pAc5/VtgCrFCES-V5-Hig. Both



i PAP127- POARE7-pri | 2003 -9 gene was changed to CTG to ensure translation
initiation at Vtgss as indicated in bold in the sequence of the CRT forward
primer (5'-GAA GAT CTG CTG GAG AAA AAA ATC ACT G&E' ) . The3@t sprilcfn of
the CAT gene is indicted in bold in 5 the CAT reverse priner (5 -GC ATC GGC
CGT GCC TTA AAA AAA TTA CGC-3'). The tenperature profile used includes a
1St cycl eed®M7 ABL fEen BO &hd $ah; I/2h@/ 1L simys, a9 dystesyed 94 C 45 sec;

50 C/ 30 sec; é‘z C/BOV\%SC and Té nal exten%i. n_at %_2 f%{ﬂé mn_. The PCR
product of --675 1y BPYFi 58°16M08Png C4“gPRGuindicTeo PIHFIEET on
Kit and satbcl ened hohettiba Hgic |Vcgdd e @hd pBtuesesi pt TMel | nSYclebteide
-resul tant construct is naned pBSCAT. The CAT gene was rel eased by Bgl |1
and Not 17#¢esedn weEe sudeF8redn At oP¥onFSENFRELIBIM HS18Ad K&e | Psqgi es of
PVt EGEP. £ Jhea (AT geRe harlor HRenN 989pdR (ULQCAD YRSnstbsefuentlprpg

rel eased by using Eco47 Il ahd Not | digest and recloned into the Eco RV
and Not lisitksned pBtfiesvei piThk resBEctotbolVtrgske (eécttdve SBSWrgUABNdrhi s

recl onin t serves.two, pur es. . (1) the se Ces ween Vt.gss and CAT
can be dg\(%’rﬁ%egaﬁs%ﬁl& a l?’fﬁﬁ?NBFF;I}%OGG(%‘E‘-I%&E&Q?@%Q@apﬁloﬁﬁl 1" te 5
of Vt gCATp@ntf el By | aSEiRiBy hr¥hgEAdriphyf urnrendybdiotivegH)ntumddie

pSEAPPronot er vector. Figure 5B shows the details of the Vtgss-CAT fusion
in the pBEAYNTINGCERRILIDEOREg(PY BECdhoR8Ot A¥ PPR&INPRIN®Y oM tgRdium

PSEAPy pr t gL e £ELQURSPLY Shopge t e oREL RO \aGd dp £ ticde
seque%@egﬁgéj ?é(n?%\ggx\:l/t égggarﬁic% in t-ﬁegvgct or psp- Vtggc‘?fr élj%ggslg%ueances
bet ween \BGRE membATe wenetvensfeedbbyf fFaqt(lacRT e t3@nedquéifcimyy 2D ega)

asing a T7._pri . _Bath Ec Ecod7 JI1 _and Bgl. .I1/Bam H sjtes were
ost PoyedsH PLbupL SRS rivs THETHRATRT ctm bhas AL T Reey ARt e
Vt gCAT gepeiMgs thebchoned dawfisd reamddfcddier§v40igaally pranpt gr.sikhg dini que

restriction enzynes in the multiple  PAP127-PCT 30'" April 2003 -10

cl oni ng sfiea(ars) REVRE ad'as | ddendtiddedrni(dndératedet PEantie wePto
anal yzg epfiancer en§e3we 0pRd I e nebatie iUl aYe SidESeddy the
vector. Figure 5V shows t%e pl asm A{Brra oo ERU—ppsp- Vi gléAT Th? 5 est({%gen
response hat¢r¢ERHusf r&65mbynénonptrbeeXenopus vitel l ogenin Bl gene was

subcloned into_the Nhe_| and Bgl Il site of psp-Vt T, e I
site was destr%ﬁ%ﬁ?eTﬁg Fﬁg}ﬁcgi HPPor?fo?Ck\?t é%&%wlscp%ﬁlfeﬁ/%d\%ﬁqgr%ﬁb of
estrogen mngthis construct.
Figures 3A and 3B show the distribution of secreted
20 VtgCrFCES protein.

Figure 3A - culture medium

Lane M: Benchmark™ prestained marker
‘ Lane 1: control medium (30 ug)
Lane 2: VtgCrFCES medium (not purified 30 ug)
25 Lane 3: VtgCrFCES (affinity purified; 1 pug)
Lane 4: VtgCrFCES (ISOprime™ purified; 1 ug)
Figure 3B - cell lysate;
Lane M: Bio-Rad prestained marker

M
Lane 1: control cell lysate (30 ug)
30 Lane 2: VtgCrFCES cell lysate (transient; 30 ug)
Lane 3: VtgCrFCES cell lysate (stable; 30 ugk
The VtgCrFCES (hereinafter “WtgCrFCES”) protein was
effectively secreted into the culture medium, as verified by

™

SuperSignal HisProbe Western Blotting Kit (Pierce). The



i

+ 10 Figurgapf>shpwp restriction digests of various constructs. Lane 1: 100

by marker Lane 2: ERU- psp-VtgCAT/H nd 11l and Cla | Lane 3: psp-VtgCAT/ H nd
Il and Ca | 15 Lane 4: pSEAP-Pronoter/Hnd |1l and Ca | 2Gihapd:200BR in
pSA/H nd 111 The VtgCAT 0830 bp) fraggent can be released by Hnd Il1 and

Cl a digestion. The upper band for ERU psp VtgCAT is slightly larger 20 than
psp- Vt gGAdcbecadise VtgCORLRENS Wwas - S6ubyf BERY. Figur enémsyonsite segret ed
Vt gCAT expression profile over time in GS-1 cells, The COS-1 cells were
cot r ansf beP@HERF ¥ HC EREPPEHLVE g CATS ORSNR ER (HREEREN egta%ééhngecébt of

expr essi onnyeet gr) ANt ASEAP- FR0LAY! d Md d@tidr OfeEgRtl i R NG T es 't
illustrates several inportant feattres. First, the réeconbi nant VtgCA

ef fecti vehgt secot edtland aprabheiat edisalated cullbyr e aréﬂluMYSecmhumm he
secretion of VEgCAT was n del d.. The n d op box

exhi bTL‘te on aEggra?gYnal qﬂltnr(?cr elg%/ rlm %A g\%& t(ﬁz}e [%%rllglod%ff_’d3 1)1 3% h.

For |ndu@@ﬂace£éd (sobhd blxn, p@elfn@deaﬁﬁ |pyfh@e@rﬂﬂaet|@@teﬁd s|er etion

of VtgCAT can_be detected assear]y as 2 h_after the Ez-induction. A peak
7-fol d i hEPeRECEF 1486 defortyeaTil SERAPCELL| YBRHES): |W€"\/t@‘€ﬁ31' B3t #PRer ved

12 h PﬁPagstCwaéo d@réésﬁ% hdrPO8ErLBUUGE & 2% a%h &ikd O he
correspondi ng contr ol the Vt gCAT decreased to 1 ~g VthAT/U
SEAP act Vvg€yFEES The sleeretléduveg@ﬁdflms assayed using CAT ELI SA

(Boehri nger nnhei asured.as gdescribed in _Tan 5 et a

Gol | T0Endocr | RoPuEe o5% Tatrals - (FB8e) ) HPifle ft oemitEioune? GREThEFfml Phed
usi ng SEASopei ¥ ™tpurbeli@d w&gmrmsm$adumhowasluaedohonafndmpiuonxlﬂoalI

cexperinments. Figure 7 shows a Northern blot analysis of Ez-induced_ Vt gCAT

expr essi bR T BPAERGASSE. \RIGENTaT oParn RARSKAS PPEOPAId ST0 tm $he2 B05- 1

cel|s fop, Egnlinduzedl RBAouRLRAICSY1CEbbS (U5bhY) RNAasyTM M nii Kit (Q agen)
Ten ~g of RNA was resolved on a 1.2 % fornal dehyde/ agarose gel and

él kaI i ne transh¢ecedonnt enybegdrREES reobngpeo 0 Aber shashltdtie mrenbaane
Erobed initially with VtgCAT, stripped and reprobed with a nouse 15
actl 5gehédnThe Hest# 109 nH?ééFéé’et FRSRAES el &8 of THLGCACRYLIHE T uft ur e

medi um ar g, gl ' SGLlya PIOROI ORah ko EhaRgES, | Riidunarelhulida eancepbeal ion
of VtgCAT nRNA. Thu Vt gss can"be utilized for reporter gene studies since

t here i sVhgCUElLE$ |h1nds ptodutipdd ahd s%ubetq@ﬂntAyi acnnmecDNAnprobe 20

XaSGUﬁedak i 8&93'lf§b{£e}&_5%h&ﬁ k%ﬂe %QalnstL%§1 péﬁy’ J?netag 40? Lane

VtgCrFCES resulted in a further increase in the gignal. The
20 Dbinding of INDIA His-HRP Ab further confirms that only
VtgCrFCES was bound to the immobilized lipid A. The result
also indicates that the six additional Vtgss-derived amino
acids in the N-terminus of the protein do not interfere w}th
the proper folding of the recombinant protein and its LPS-
25 binding property. The properly folded VtgCrFCES is secreted.
Injections of samples at various steps are marked on the
sensogram. “Wash” indicates a washing step using pyrogen-
free water. The relative response units of the signal are
obtained by subtracting the response units vrecorded just

30 before injection of sample from the response units recorded

$

after injection of sample and a 2 wmin wash.
Figure 5A shows the construction of psp-VtgCAT. The CAT
gene was isolated by PCR. The start ATG codon of the CAT



.+ 25 Lane ®aph27/Mhdeane 6: 24 h Figure 8A shows the construction of pVt gEGFP.
The Vtgss was isolated by PCR using a vector T3 prinmer and a OCaVt gexon2
reverse primer (5'-CCAAGTTGGACTGGTICCCCCA-3') 30 using pCaVtapriArd 2903
tenpl ate. The PCR conditions used includes a 1ST cycle (94 Cb5nin; 52 C1
mn; 72 C1 mn), 29 cycles (94 CImn; 52 C/ 30 sec; 72 C/ 30 sec) and final
ext ensi ogedfe AL Shanged The RPOR proodurctum@ast pamsiaedonsingtiaPABh2 2tPCT

30t" Apri) 2003 -12, Q.aquickT". Nycleotide Purification Kit_(Q.,agen) and
di gest ed \)\ﬁgtsﬁ’ S&c | ?%Hggtﬁéunigemp]{‘fr am t ﬁglePC?é?q'éﬁ]aC%acoﬁ %“%?gné%‘fr was
subcl oneddrii@-d Ner heyr- | (gndcBAC chtsid®s ©fc PEREPANA (@mechicT Ga-
Consequently, the Sma | site of pEG-P-N1 was 5 destroyed. To reduce the

di st ance 3pet-wedie tHeor rapderi pfi shal CHTardens tis ahadi et o ofrbt BPLdt H& cl one
was dige d wmith : , _Khe %&?f' e el i gat to
gi ve ;)5€/t %E%:P& ié%rggrgé gﬁglv\nrgg% h(kaéde({%ti Pgwof t et%gggggldﬁ%s}l%ﬂ in 10 the

vect or pXUTREGERC-Bi' gur eTBE dhowmetdtaimet aivlbéd 1pl assed napclofdepViegEGHP. The
Vt gEGFP was _subgcl ongd, downst r eam t he P& ter. Seyeral unique sites
{1 ank bt o, \Agasnd B o Gt diror 2 || B3ty PR CHEHFRg Se
sequence °pynet kag ;06 oVPags013eEEFRWas / det el nadaush ng 1 Tagkeagh B at
sequenci ng and an EGFP reverse primer (5'-CCCTCGCCGGACACCCTGA-3'). The
transcri ptd orfal ferat Bine Whae dRERr RIrReYchy feo~8F5albp (was Novalifpiesti ne

Vitell I N net 1.an - i bl
o Lo PO o 01 STt A b EMNEL Aaln ARRLY S obubsi s g8n sLadcl bl e
west ern hhet ahalcysis o&1ivegESFP mXpresstiptT'n TOS-IK celllse ~Teanditemit

transfection of COS-1 cells with pVtgEG-P _was perforned usin
Li pof ect SATREPUCH & Heli e RoPPICAbr gifieholie J0% YantPLerraf, DHoBSk he 25

nmedi um and cgld NysateqwekarsamplLd shs-r&asd tihndi eshgaribat ROty of
Vt gEGFP was secreted into the culture medium A weaker | nmmunoreactive band
was al so argenieti dd $¥iEehecEeMVUIEGHR uBiiagCATP gafte bbdrlesrimgi Jtigssnost

l'i kel d t e tran t'qﬁ'!"a' t S A on. of
nat i vl)és E@ﬁ&ﬁ%}s g%%w? L?Qhéaet trggs]éJ c%%%?%gt rijg'ec‘%lgIltl%n-}::cc')éfo %%o?%gr a?%por ter
gene, EGHat Howkiwprst tded opéchahed esutd tboe WegsBvdendcled Seeriekisormfcan be

achieved if the starf codon of the EGFP gene is replaced or renoved so that
o anel at EHHHETEE hb oPhr (S odoi bf e VRRCT | CBNVESEARCT J00° Apr

2003 '13recloning step serves two Dpurposes: (1) the sequences

between Vtgss and CAT can be determined using a T7 primer;

20 (2) this creates a Hind III site 5’ of VtgCAT and a Cla I

site 3’ of VtgCAT for future subcloning into the pSEAP-
Promoter vector.

Figure 5B shows the details of the Vtgss-CAT fusion in
the pBSVtgCAT vector. '

25 Figure 5C shows the plasmid map of the pSEAP-Promoter
vector.

Figure 5D shows the amino acid and nucleotide sequences
adjoining Vtgss and CAT in the wvector ©psp-VtgCAT. The
sequences between Vtgss and CAT were verified by Tagtrack™

30 sequencing (Promega) using a T7 primer. Both EcoRV/Eco47 III
and Bgl II/Bam HI sites were destroyed. s

Figure 5E shows the detailed plasmid map of psp-VtgCAT.

The VtgCAT gene was subcloned downstream of the Sﬁ40 early

promoter. The unigue restriction enzymes in the multiple



Lane M Ba®1Badrikal ei doscopeT"' marker Lane |: control culture medium (24
h, 30 fig) Lane 2: VtgEGFP culture nmedium (24 h, 30 fig) Lane 3: VtgEG-P
cul ture nmedium (48 h, 301~~g) 5 Figure 9 shows the secret ed3Ofh §BARO03
expression profile over tinme in NIH 313, (normal nouse fibroblast) and CHO B
(Chi nese hanster ovary) cells. NNH 3T3 and CHO B cells wire cotransfected
wi t h ERUciep-iviggGAT.e pSBCE ERWeate ckeniédtisbgenedecditicy expsesstoncaect or)
and pSEAP-Control_ in aratio of 10 6:3:1 using LI ofsctagi neT"' (G bco).
The resulPE S ShattRehtT Mo grofiTRe o FERRPU el I SorP¥: B8RS

accunul ate@d uRikhe eully e medicuRmecHyis, secretion of VEtgCAT was not
limted to COS-1 cells; estrogen-induced expression of ERUpsp- Vt gCAT can

al so be obser Vé@Urs dtthethomgmalear esMis "ep 19k BERVnBERcYLEERTs [&gen
bo hi ki nl i NGk e j 0 h ri f. 24 h.
X) &X 'e%'t&%@_l,lelsas (ixggﬁgggga' Qg?le GrRedge LP \é&mﬁg \é?%alhc%l%e 'x%g,ogggf

For i nduced ce€ 1d bo the increase 1 nt tion an etion
of Vt gCAVit®d logedene &ledane tvwes ezuldd bxed niicat edet Nhe poant 85l61h after

the Ez-inductiaon. A pea show 4-fold Q400. ~tg VLt gCAT/U SEAP -

netiviy P et 2 R, T8 M Braeap ke R o RevEdce s

Vt gCAT werrenehsapeadnf a5t NVEGBAS and G B ekl sinflespedd | ¥el ¥sthbgeent rast
to COS-1, the |ower |evel of induction is due to the |ack of the | arge

T-anti ge_rirr\/\/_ﬁih(,iﬁ WORSE "ot rer wi se 25 anplify the signal. Inportantly, the
resuljis indi catig,fhat £ge %ﬁﬁ&ﬁg'er%ErYEquB.'Sdfgéﬁkbn!kﬁgca%agﬁpgﬁ

particul ar cell "type. The secreted VtgCAT was assa usi ng

(Boehri ngensiamwattei.n) . SEAP was neasured as described by Tan et al. Ml.

Cel | . Endocri ..nal. 1_2?_1:0 4?}- 161 (1996)). The 30 VtgCAT anmobunt was normali zed
usi ng SEAP acti¥i% ¢ iéu & {5*ows t he secreted Vt gCAT expression

p~"of il e over rsinee 2i:n HRRC plsganpr ogpitt heldalr celdrs) ,c1a pi scine cell 1ine.
(Open box, uninduced; solid box, estrogen-induced PAP127- PCT 30t" April
2003 - 14 cul t 43&€ P :ARSR-dESSHTe BHRsut! Tofan@ JE&T Ican be observed at 6 h.

The ERC cells L\Bﬁ{ee qGul é&d Al r@héeqe/ygiq{g)elrlait Wk cglngI C. A 3-fold increase
A ;

in VtgCAT can be det'eCte b-y 2o after estrogen-induction. The efficient
producti on andasecrset icdR 5 rofpS@IgEAThdvas ITagai n denonstrated in this piscine

cell line. The,low e oli¢_rate of  EPC woul d concei vabl oduce | ess
Vt gCAT, but tHI$ \c’iyéte%&g’gt (3PP BePRhERTIRT ofi2Bf |ecire€fa1]tc)‘§/¥%%$1fg¥r 6y the
SS of theimwe icar. dikestacet ed Vi gCAT was assayed using CAT ELI SA
(Boehri nger Mannhein). SEAP was 10 neasured as described in Tan et al.,

Mol . Cel . Endd& iweper PzsdiaboneERUIeSE) ) VEIRRT viigeaTl beuhy Wagger
nor | Z i N R [RAVE I AV : 0\ truction of
pYEer?Zl\yt g%%‘latﬂls‘ldr% B]\F@\rft Eglfgg'la\uvste%tlotf %ﬁstiedclgﬁ ;S/ah u\é%é)t th:ﬁje gac'kbone from
pYEX- S1 15 (Crigueeh)¢6 esteops tta theretedi NAIgGUAT | @gpieskidheprodiile
si gnal seguence was. re ced by. Vtgss. ot limted nunber. of cJoning
i See i i Gom vl SREL SN PRBe, UG- b etoge BPposbr g <t e e
const ructgdh pBIRGHsgoNGIgiaT of dde RER pr@miicken I &l@aseénvi adddpddd | and

Eco R 20 digestion frompYEX-S1, and subcloned into the correspondi ng
sites of PBIHEESA Pt TREFPL Bk anthi BSEBRsEPUEYFOLs 1@ var yakder ubfi ft:érifedi at e

T agrnt ko el ohced T rory o L ou GNT By, ECORTT LT and BAG T 6 deetidn and
subcl onedfient orgbomhén8Snmh | Gr@lCERg Iwas t esfokcpBBPLK, respestéedel yandlhe
accumulated in the culture medium. Second, the secretion of
VtgCAT was not delayed. The uninduced cells (open box)
exhibited only a marginal increase in VtgCAT over the period
30 of 24 h. For induced cells (solid box), the increase in the
production and secretion of VtgCAT can be detected as searly
as 2 h after the E;-induction. A peak 7-fold increase (~1400

1tg VtgCAT/U SEAP activity/h) in VtgCAT was observed 12 h



ent.ire fPAaQhERtPO@Ar bori ng the P&K pronoter and Vt gCAT was rel eased by Hind
I1'l and Sac | digestion and subcloned into the simlar site of pYEX-SI.
Consequent |y, expression of pYEX-VtgCAT was driven by the $0Ydwg! 2003
constitutive PGK 30 pronoter and transaription term nated by the P&K
termnator. Figure 12 shows the expression profile of VtgCAT ir~r two

di f f er enPo§easRduEBhGR 0PRAMREN 70 hbhe s CoTHe spemsiingc tc e M gBAT was

t f d to S. t DY150 th f
tr anet or Mt i B WEbROTHECRT | DERCEyRsCBAr1er- petbdo" MS At PHCEBES T aBA RN en et
al ., Qurger Gopel/n21rdd- 849 Jveddier t (a8shasapRlS WEIRy SEAECEEESAN

synthetic m nimal nedium agar containing all the required supplenments
except uK%@EhrlQQQrnNaﬁEPElmémSEﬁRFW$$ me@shrednesi sepduibedom nfahaf f

led f ask 5 S Vr}\ﬁ:#l atceequm t % % sdzrlgll ] COll%lefs Rgl;X- X&g%‘é@ and ltgr own

for 18 h° at Vi gorous g Subsequent|ly

yeast WeVEgCBTI &mbaﬂtl wdepaodeauhy.edbmsdagt ISIEfAI]PgaiIdtOWlftQ'I’ 016 A ratoBOO X
g. One 50 ILet was res ended in 200 m iEPD nedlun1and growi for 72
h at 30 %:St_’téa Wao]‘ﬁﬁg gﬁ kFRGUFRIGR1IP Bdff FERSFRESRESThe other 50 ni

pel | et was reﬁygaﬁedeﬂ éHo@QOamNdEdHéFH PEEt Ui ANGs 9 QW @3ca@ove.
At 24, 48, and 72 h, aliquots of the culturée were renpoved. The yeast

and nedi ihgGaFecxpparated tﬁprcwpmgékmsﬂ\i THoted IRNyseae waslabedi ned
o i3 DEebfoshe ¥oRen eg;&gtf BYSPRAded | Do phosPhasshulles gdysaine)

wi t h-gl as§“be € cu i um was co
any pre-gigahgp™ minhhexPH ob PUWé'ﬁe p¥es raRs@ VRN LKt HSd NG a
appropriate universal pH |nd|c or paper and adjusted to pH 5.0 using 1 M

p(r)]t ass: uin %h&sgbmlﬁ(ghb@ﬁf/ﬁlgamﬁ% 9B aFite alvuhineftyeagefgdrsedrened i nto
A
(Boehr i tBEboNRnher mferreht s dRErE b tel & Sae LA nBrRnl 10T Re

(Boehri ngér nnhe| e pr i NTWas use 6 nd
data. Fi gnﬁelaslyhmh hm:gons't I Wty igipeat aBAD\tt@ﬁﬁst(anﬁch& Theuse
f3-1actanase gene was_isol ated by PCR using blactfor

(5 CEPGOAT BEACARRCOCTRS CRARBTAA LB CATE 5[ LAY obNpr ilMedS Of VEgCAT
(5" COCCCEET IARCAATFIAAARCAGLFAGE )dﬁééﬁlpBb%%ﬁ%@t%Bal o SKhgsga

tenplate . The PCR prinmers were designed to exclude the native i 3- ?actanase
secr et or ynsiigitalaceliallPaR conderivasiose@30ViGATIdBRAA. i rBtusycVegée4d 45

50C (24C.4 . 5 ?
Zﬁg fina §Q nsF&n%%@r %%pgilﬁﬁegs g%xisrt%gt(%%% f@%‘ ast%é;%“? bﬁéprzgﬁct

was puri aeedyusjnnguas GagauekTIon BaRk I'«wmfetcmm onAKi tadt@ragaryA apdodigest ed
with Bam H and Eag |. This BanHI PAP127- PCT 30'" April 2003 -16 Eagl PCR
fragﬁ@ntW@és“%ﬁﬁcf:@né‘@rmﬁtléZﬁhéhBaﬁﬁﬁuaﬁd Not | sites of pVtgEGFP. To

mai ntain opti mal dighange Begween the promoter and the ATG start codon, a
second round of PCR was perfornmed using BspSSFor

(5' - GGGTCATGAGGGTGEGETETACTAGETCTT 5 3') and bl actrev priners and using

pVt gbl act as terrplg ;he s%gond PCR follows a thermal regine of a first
cycle (94C/5 m n; 88?1 nln 2C/1 mn), 29 cycles (94Cf45 sec; 60C/ 30 sec;
72C/ 30 sec) and a tknal 4exkemnsi on of 72C/5 min. The resulting PCR fragnent
of ag%ut 865

Lane 5: 12 h
Lane 6: 24 h
Figure 8A shows the construction of pVEtgEGFP. The Vtgss
was isolated by PCR using a vector T3 primer and a
OaVtgExon2 reverse primer (5’ -CCAAGTTGGACTGGTCCCCCA-3")
30 using pOavtg 1 as a template. The PCR conditions used
includes a 1°° cycle (94 °C/5min; 52 °C/1 min; 72 °C/1 r’;lin),
29 cycles (94 °C/lmin; 52 °C/30 sec; 72 °C/30 sec) and final

extension of 72 °C 5 min. The PCR product was purified using



10 .basepBhPE2WaBCPurified as above and cloned into BluescriptT'™ |l SK
This Vtg-i~-lactanmase fragnent was rel eased~by BspH and EcoRl digestion
and subsequently subcloned into the Ncol and EcoRl sites oBOBBMDI AY@3 Hi s B.
The vector's f3-1actanmase gene was reli@ased by BspH digestion, and the

vector ends 15 V\g{)e bl unt -ended by Kl enow enzyne. Then a kanamnycin
resi st anetagehekobtiHeRPede Burifbazkpanr KbFa (Rimcggnend r 8h9pEFPAN3 was

i nser tedi pf, gL pe bl gl LRARM RGO (£ BMe RS Ubdr NG Rh 254 dy Pﬁggﬁ nt
pBADVtng’act Kana was transformed into E. coli. LML94 conpetent c FS- 20

Fi gur e 14és sisous ltdnedaninboadihg asmwa ndclaod | Becsequentes atf t PBGFBANLI on of
Vt gss an ~-] actamase i n pBADVt gbl act Kapa. '. Figure 14B he plasmd
map of pgﬁkﬁ’gﬁ?ggt Kacﬁ%“.‘s%ﬁée%%?f 3%?1§ct§%seI ggggem%fclpmgﬁa]é\mggfeam of
t he asaBABs2bopeanot errd pBARedutiee trensl at idistdndd at | Metsices of Whgss was

constructed so that it_is 9 basepairs fromthe optim zed_ribosone-bi ndi ng
site. ThEr3BHGEARELIPOALt iTRITT $4ECf SREctEifhsRr ABSL 8Bt elfhien et QRG nyas

Taqtrackds, e ) hpth p Si of =) 3=l-act an o |
site of gh%e%ggg&&%%cﬁﬁﬁs %&vg%rtﬁgr lﬁ%r e&g'est%l})éylg)d‘% E}ngﬁrfgq?%%éhog\gyg

pl ati ng astagabédVtg- §3veapVEgBSEPI.nducti on. I n the absence of inducer or
at very low |l gvel s of _inducer rabj nose), n | onj_es observed,

| ncr easi ng angbﬁfl?aofBBl nAuCET %SSV%&&?@&I’ %‘ﬁrgﬁ‘\?awt&'%@r e%;%sl‘%%n L0
PAP124@- PEle 30ect ORI blrt 4868 p-.17 nunbers of col onies. Thus, when a sel ectable
mar ker gene is used as a reporter gene, the plati ng assay provi des an easy
sem - quant i t aFt9Br8s $4y FBPWF efdet detgeinehckiaPmyd mRyuret 1BVEEBREPt he
‘growth p il i h a i f i i 1 i e

o ont b pioFi 13 e oo e s yBhmEE ey BT EhD R B apn
that _ aSpBab¥ighhacukarsi tdsonElgmlownoth Rhvendiioss (@Rd VEGFP O0to 281gbwcose
(i.e., noi nchC;rclti oz}. e>§:hi bited, a growtghgrofi le simlar to thefcggtrol
LML94 hoSPTBadtErPE 1LY Addi T1ORP - 1075r SEHEESS A R Phs° gss
conceptr atrPnsaAfdecd afihbe asangh eigtie BABYLgBhashKanmc | fmercBest
growth is seen only when 0.0002% ar abi nose was used c&& Hi gher
concent r SEVBHSCof ar aFHBSE (Z 0. GZH CCESHACSFARCE edse in celhe
density. . IBLS $,P5 8RR L dug t%@é?@&% éé):emmgar@e%e% ot hy pf thg 15
cells due to OVEPEXpI‘ESSI on of Vig-i~-Tactamase or ) toxicity due to a

hi gh | evibvefli \Rigpdind avtiamrddegectinviGene Th8tdecteaseé iandeFhndensnty has a
pronounced_effect on secretion of Btg-f3-lactamase, The ingugtion, procedure
fhe a5 GEORTYEER byt nEShERARRCOAGFIPEAvi PFOBBRES 20 Frgutiry Chids the
expr essi endpeefiinl.e (2bo¥h g- firl aelammse in the periplasm c space of bacteria.
From the graph, no Vtg-f~-lactamase was produced when a pBADVt gbl act Kana

cl one was cul F&BEge nBRV MWV Em WeH 2% R @icosengtysighi fj sVeEgBEEPed

sl nce “Oekp%%%ohs ﬁgdégﬁ-f RAdid | Of‘ré’ﬁﬁf‘éfi‘@' ROSE TR e 4 EESBE%SS' on
and accunmufation of Vtg-t3-Tactamase 1 n the periplasm c space. The early
expr essi orlpeof Wieh s pdasEQipendant ,par idride higihest kipo tsstaniondSer ved
when 0. 2% ar abi nos s used (1),. However, by 4 h, _this dose:dependent
profi 16 IEIRGP) 30 JBIEM&d Ot ST d s Ui 1 BELFYT U PR’ { hEChRowERe
retapdat neiam seed cB1fi guyesdd. werpordanilaq . t heer efdi haRhdicates
Vtg-f~-lactamase is functional and exhibited properties simlar to native
i 3-1 act akB&eE whanoreE¥ur ed ust@ECFP was secreted 1into the culture

medium. A weaker immunoreactive band was also identified in
the cell lysate using GFP antibodies. This is most likely
due to the translation initiation at the start ATG codon of
30 native EGFP. This shows that Vtgss can direct secretion of
another reporter gene, EGFP. However, the optimal result for
Vtgss-directed secretion can be achieved if the start codon
of the EGFP gene is replaced or removed so that translation

begins at the start codon of the Vtgss.



PAP127- PeAPBE? “P@&Ppril 2003 -1s the standard colorinetric assay for

i ~-l actamase (Cohenford et al., Anal. Biochem, 168, 252-258 (1988)). The
periplasm c space fraction was isolated as descri bed by Laf3ot"eaprhd@0&endal |
(J. Biol. Chem, 266, 1326-1334 (1991))3- 5 The val ues obtained fromthe
various tinme points for pBADVtgbl act Kana were subtracted fromthose of the
cor r espondi ngbami 94: cher Bag. Kglgideseepshows ke expression profile of

Wt g-f 3l act amese én CUJ:CEHE%B@EQEE fﬁagg}ﬂpﬁ %gpg 98\/\}1{59 i 310 | act amase

can be detect ednwhen ap na clone“was ‘gro i'n 0.2% gl ucose ()
Agai n, thi sLase expev,t@EGEpncelaarendad&um g2pr &@send. u§urpri singly,
Vtg-f 3- Iact amase was detected in the culture nedi urrboalthough not at as

high a | evel 23P¢n3tnetgEFFRI ehturepRedivBud 49t §-i 391480 amase in 15 the

cul tuse nmedi UM Y@se MBaSIH Sk | 'Ehtehesé’éxléﬂé'd NedLBRY %%&J}éﬂlrfo&uﬁ%ﬁh@g i's
that the Vtg-i3-1actanase expression profile i's reversed as conpared with

t he Vt g-08e¥ adtimeasénadttitdd B3 i qunmatlhempéseplﬁmﬁoww gleest CHO-B
concentr bl o0 Mgl 3! ackammse ypp, depegh eflyi 0 khe,mpql umyhen, Lhe

| onest 20~ Concent rati on o 020 arabi nosée™was "use | he cuf t OFF fig ).

Gbvi ousl got tdes fattod ofvit hdBRU-@paVE AWt (pgE afER e( i blaet ees8ragen
inportant factors. Rapid and high accumulation of Vtg-f3-lactamase in the

peri pl asFECERYAE e CHBEESFLOD (% 2Nt BSERPT EPBRECL edPetd ofPFHP 0O he

medi yn st padis 12y | OYpLE¥EL anRHUDT | @@ﬂaéopf efﬁ{er edegihe nBgipm Yé’ﬁ§t
clarified of bacteria by centrifugation at 4C for 10 mn at 12,000 xg. The

filteredreeodilningas NEGCATh vae aﬁfﬁtta\l@h’h@IeCs‘@rmldesaW@reCGOIIHUéeted for

assay. Fi 19 shpows the clonin Shrate
i 3- gal ac%lg tg‘ase ngl hg seq%ences%ms P(,ngg (? Eus) n%ggr?F&aﬁanﬁgF
(5'- CCATEEHHEEEEEGATT%£EHT£§II§HCESBrbgaﬁd1RﬁuEégG£xpre851on of ERU—

(5" - GCGACGCECCEEECAGACATGECCTAC- 3 usi ng _pf 3gal pronoter (d ontech?l
t enpl at ePSHRECHERL piGduct 1 fas Rf g@??erVPﬂPll'ZV peresomangi ) janogs 1?9 Wwith

Ban th afde EaghilnRndd i gatied i pbeeai Mdar ékh%llt@dpv&gpya%t nkS508a1
pBluescript Il SK as an internediate vector, a ~1.3 kb fragment harboring

Vt gss antn¢hease dodi H§IFAFi opver f@legapamcdl das e 2dash sulfcironggduced
i nt o~pi Sggi gro ﬂﬁiS g& ghe IEIhnd Ih%rgn Eco RV, ﬁlte ég ect Qr

expressi ng secr T*4tt osT'dase Was - desi gnate Pgur8d20

shows wes¢éeratbbot adfal }XB:IgECPCEf \tgn Gabeusideg ernesie ant i iﬁegaéaemésdase.

Fifty ug, of  nediumwas | oaded and eI ectrophoresed on a 10% SDS- PAGE %el .
Lane 1: E%ngated time point of h after the E;-induction. A pea

20 showing 4-fold (~400 pg VtgCAT/U SEAP activity/h) and 5.5-
fold (~550 ug VtgCAT/U SEAP activity/h) increase in VtgCAT
were observed for NIH/3T3 and CHO-B cells, respectively. In
contrast to COS-1, the lower level of induction is due to
the 1lack of the large T-antigen which would otherwise

25 amplify the signal. Importantly, the results indicate that
the secretion of VtgCAT is not limited to a particular cell
type. The secreted VtgCAT was assayed using CAT ELISA
(Boehringer Mannheim). SEAP was measured as described by Tan
et al. Mol. Cell. Endocrinol. 123:146-161 (1996)). The

30 VtgCAT amount was normalized using SEAP activity.

Figure 10 shows the secreted VtgCAT expression pfofile
over time in EPC (carp epithelial cells), a pisqine cell

line. (Open box, uninduced; solid box, estrogen-induced



10 medi UBPLAMEPPT Day 4 nedium Lane 3: Day 3 nedium Lane 4: Day 2
medi um Lane 5: control nedium Lane 6': Blank; Lane 7: 20 ug of cell
| ysate fromday 5 culture. The western bl ot was devel oped @@%ﬁ@fit%%@:;
anti-nouse -HRP and Chem | um nescence18ubstrate. 15 Figure 21 shows the

rate of secretion of Vte%CAT and Vtg-Gal in congari son with SEAP. COS-1
cel | s weFelEvERRf bePedeleChaPley BOWg-PhisY BACRENSERUEE: FHRTVE At or s

in a ratgonof pfa2 gy ldNasonkrsedi gt edrd s anef getibQn cedde Brbirel B 25

Li pof ectam ne reagent (G bco-BRL) and 20 incubated at 37C for 5 h as
descri be® b2 thd mghufrestesss  IAffEICAB ¢an the detared rlam 2%l saiiferach
time point. was renpyved and replaced -wth of fresh i at_.an

i nt er val SBF 9% H ﬁn%l\l/%t%l%npe&?l(?d 8gfﬁcﬁ.en%«f t errociLhcetlloz{s.'t gﬁlgneuégpcorlenttl,o%i ch
shoul g repr esguATO waisn agii radikdidinatatied 26 thdgbatiiserdinsaseIplloped for
all transfections to avoid | ow readi ng variations. At the end of

i ncubat i DA tAE WeHRBALhEs TREEr PévEF QPR fIRGS PRy PTREISERTS fuge

tube. CepfLEAtgath@n YRSs CaldelsdhOut s2%ck2 000 X ;g hak 130 Seer i Rl et any
detached cells present in the culture nmedium 30 100 ~tl of supernatant was
used forcEhfSAreSERR vidse aSSayel bbendg rGresdti dEscaped” 'seSEARPER UdrEFENCe

Detection_Kit (Clontech) a scr i bed he _manufacturer. B SSCAT and
S5 ol EPE 2SSRVRH GGG AT e A andorhr Eape Ry ERRE T rher vt
Aprii1o2008asaPed Baghsepgetibbantihema), atespiect imel y.cdhlr. beidesrhospari son,
the CAT ELI SA and i3-CGal ELISA were adapted for fluorescence using DI G
Fl uor eschféel Bt £81i dAOREY SA (T@@eh‘ft?ﬁ%f RBARREBI M5 AREFTRrdEEFurES Rere as
“descri begphy gglgiéiggnuf acturer. SEAP was determ ned using a fluorineter
(Perkin Elnmer) at Ex3sonm and EMAggnm WVt gCAT and Vtg- Gal were detected at
EX440nm and EREgenen 11 DEFpWEEDIBESCRNAPTIONtOPNTHE | NVEKTVONCERe flesent

i nventors ve, di.sgovered that .the .portio of _t ani aci ence of
Vi tel | ogBHER" TRaCRE VEEES T e RO RE Fhar sl RelR ts el L be

| i nked t ocasytethper epelkypepiidle 8Rd saridjireat secuaticos afiiltlkat ol n
froma host cell. The secretory signal sequence of the invention, herein
cal | ed "S59n3t BPAYSECE |¥aAF otikB e eOhP 5 VARFHO- fiki hal th6r ti o 6id a

vitell oggphBePr obei Nc1the Jy eferved SHyof chhe ipuenti;an isy8htai ned, from a
pi scine vitellogenin protei'n, preferably fromthe™ish O’eochrom s aureus.

There i siatéanediyabé versbroghfiRtenas icrnshirscsedanipRAPGHhi cbnsppas ent |y

conprises.four s oups. 20 of genes_identifiahle by different_restrjction
maps of e ontleh c Ff.omlc_)%elﬁ’ngrgt%eﬁ?fes B %hte}&n%n ntll%.fc 28:n§43E§%2 }%}1990)).

Mel t2og eigbeteondepbrxesEkosned abet wreit iidived ONASS stiggesd Sréhisdnd ey
overal |l nucl eotide sequence yifl’i ation anpng themis about 7% The 5 _ end of
t he cDNAS1ERBWPEt PBhYE2SThBRD| ddy Her 08l R IACHHHUS bt GupEeBy Wik her n

bl ot ti ngy fBerhbatseetlidl v B0RNeMs MibreBigliqddthi 34! £2:83.(J994)) . The
nost pr e%er%d SSg hw H’lv I:ltl('.bl o?@iss t%g? ﬁlavliq#g téﬁleté;rri no ag(l:d s%g%ence
MRVLVLALg&nEAVENSHhGe rEle - s €fiven e JIRTL VE AR aVAR AVEREENLElearcbe fmanf i ed

by 30 am i.d. repla mig%rsan(gg i nser.tions or deleti.o fromtthe
sequencep{)gﬂgggsb%?cﬁ%&e di $7%n %{?i Edﬁ}fg(?lﬁllo&m%d asc"fba%risocﬂ*ecgn}rh%o acid
sequgpceshens®id ed i aha tiweg pal ypepekdeof n ge¥PAR ddirespbeceotlgnd/ The at t he
N-term nal and/or C .

entire fragment harboring the PGK promoter and VtgCAT was

released by Hind IITI and Sac I digestion and subcloned into

the similar site of pYEX-S1l. Consequently, expression of

PYEX-VtgCAT was driven by the strong constitutive PGK

30 promoter and transcription terminated by the PGK terminator.
Figure 12 shows the expression profile of VtgCAT in two
different vyeast transformants over 72 hours. The construct

PYEX-VtgCAT was transformed into S. cerevisiae strain DY150

using the single-step transformation method described by



* PAP127- PEAPBO7-pPépril 2003 -21 term nal ends thereof so long as the SS
retains the biological activities of directing secretion of a fusion
protein froma eukaryotic cell and cl eavage of the secret0|'=39'h3>°1'F’(ij‘h%(P03
sequence fromthe fusion protein at 'gssite between 5 the G and D residues,
or between any ami no acids substituted for these positions. Likew se, sone
of the afhaon aceds may.be d€hetred ffEenethe SSlos3s8bsti(uped)) so |'Dng as
the resulting_.anm no,_acid _sequence retains those biological activities.

A o acFeBHEEET RO FolE Ry SArCS oo Ty T AR SO TR S 4D 97 as
the pol ypepthdaipgssasseshd hecdesivead Digdngiaals askibwpti exachne seggetion
activity of the SS can be arranged by neasuring the proportion of a

repor t er Mpr SEEPH TEEE Bt ePH nt Ok heORBAT U of Nedl PRPedt ol Stantleek| s
expfe§5'wg53§né%u&§E%Ft%&tﬁf%t%ﬂhé¢§h£ﬂ§n1T@%<%§E&EWE§éﬁﬁlyﬁ&ygféﬂnbe

assessed N-term nal sequencing of the secreted protein. One orf nore
ami no acfdrrasi Hues wot ACwitie segoeree shaak beg subsibseguedt Wt h2 axiosher
amno acid of sim|ar polarity which acts,as f.uncti onal uj val erit ,
fesul i nBli o 8B 20EBPt orEARBb ypRBEF do FRALSFEEd) net PREHRSPYELY bi BFbgi cal
activiti eencAiEN8a8ebE FHIstid Uhi@nscanseopnef@r abhy ‘Sconserysltiate wus no
acid substitutions". "Conservative amno acid substitutions” are

subst i t uUFPEHEPERAEAe 1BNPAS Béi JEBY BRELHEY aBR AEOHE| doRhdrebnathd Och@r ge

and | ar,i %ﬂ% 1 no_aci ds jar u nt i rept.

Am ngeac%g}ﬂcg’fnl e allts‘\’/\?sdygag(% o%lhé ?ol$o}§fﬁgi?%ur@qgg§upﬁﬂe\({lﬁg%{fdﬁg am no
acids, (2} peltiedl wa aresuspended dsn 289 méutrialimedn-padiamatiio acdds and
‘(4) basic_am no acids. servatjye am.ng.aci d _changes can he nade b

Subst it uBFAGPORE SRS acil Sb bt hi P8 0o by ot et SR Bt HOG ¢ hi n
the sanecgleupe Repees@McAlcd/ e THE Rl thdMdddiuh hesete 0gsoppsat &€&l bge, but
are not limted to, (1) acidic amno acids such as aspartic acid and

gl ut ani ccgBtygitpgptaent r Aihgofatl akvaetecinhs solehabreq| Vi ne/sisw i Blae

t hreegni n stai t i r.agl 0.~ i | 3 -22
and gﬁut %a%}e{, b%é)qgﬁeu(ﬁe%ﬁfs %rﬁ1 po Zirrpgiraﬂ%op ha%ﬁﬁ%ﬁ%%% Sa?}aﬁ%l’e,wéa i ne,

| euci ne, gilsekeubeads, pratie, thlenyghatanenenediypt opran ceid enteldi oande, and
(4) basig¢_anmno._a idstsuch as_lysine, ar in'ple aﬁd gisti di ne; 5 Proline is
Consi der GACPE pd 4 1o0ts T OPEl SUBETTETI nghanPHo dortd i AL T EEpete®t o t he

SS of thalkBvembheRordde LBihgS hppdepeyate "bheakrsalphpuheihgatasggondary
structure.~of peptides. Also, it Is preferable to retain a basic am no
aci d, prepeeablafd yadheserd akgi BEne - it W Hed séc dhdPeexs wiien oPhesPhake SS.

A 5000 tphrBie ehfies hal the GANLD Ias! gugeasonsldidlifg it cLrgvage
site in the be retai ned; any substitution these two amno acids is
pr ef er abcyplAuge Yeddum RedGiandHe farll hey datArwerat egsayedunbeng ofAT

addi tion r,.del etions of am na 15 acids, between and can be nade.to the
e o B dhe e et e, Vagthe B S rRT Erane Lot B ks 1 15% CUBSRt or 1 og
t hat thetst hetkehAi1ekzehyicoplaeli.c am no acids in the interior of the SS be
kept in the range 10-15 am no acids Iong, preferably 11-14, nost preferably
11, 12 or 13 &APW&Cactisshemng. the construction of "pBADVtgblactKana.

25 The fR-lactamase gene was isolated by PCR using blactfor (5’-
CCGGGATCCAGAAACGCTGGTGARAGTAA-3’) and blactrev primers (5'-
GCGGCCGTTACCAATGCTTAATCAGTGAG-3') using pBluescript™ II SK
as a template. The PCR primers were designed to exclude the
native f3-lactamase secretory signal. The PCR conditions used

30 include a first cycle (94°C/45 sgec; 50°C/30 sec; 72°C/1
min), 29 cycles (94°C/45 sec; 50°C/1 min; 72°C/30 sec)¥ and
final extension (72°C/5 min). The approximately 790 basepair
PCR product was purified using a Qiaquick™ PCR Purification

Kit (Qiagen) and digested with Bam HI and Eag I. This BamHI-



.~ 20 The nepbee7ebcTubstitutions that is tolerated is |arger. An inportant

aspect of the SS is that the hydrophobic stretch in its interior portion be
retained. Many of the non-polar amno acids in this portioROCAwprihé003
substituted with other non-polar am ngegci ds, especially those having
hydr ocarbon 25 side chains, wi thout affecting the activity of the SS.
Pr ef er abEggfevitsiR t Iﬁangﬁhemt tWﬂas aﬁilhglao'eds intq heh8sS, Bamiﬂe pnef efcbl ¥ f ewer

t han 3, ar subst i t\},g% g Ii)rl\llAOencodl n ILeanSS t’ghe |nv nt| on
can of 086 §8 Vary ¥ espe%t 83BN EPLETASr e et PR e, €
preferregrouekeot @@ semIenTtE gma@ll 8gdbhe 8Ssekohlde dowentéONPER a&g Cac

atc cac cag cc atg agg gtg ctf t|a cta gel cti get gig get ctc gca gtg ggg
gac cag Peefgarett greird % oF efbodf F?%T%Zf‘ Egﬁﬂ%}é’ﬁ{\%ﬁ%ﬂ@?@rn DNA

encodigng;ay S nt ] e g d
PAP12l7:> P%T 3301&{ E??FtQé%B 1£’gjg%hépl;‘?sot glhg Sloélgledjgléggggggbe taﬁse Fgfln%?%eshoul d

be done ¥bet rmcqrhia PEadi Tl Fowsreaofthdmame8S aadive tdfe dediimt prptéen are

t he same., .The ,Loi nl ng n perfor t hat .t he of t

encodi ng (P%—egélg it j oi (r@d C(?ie‘lr ecf‘Py %fﬁe g"lnénd %%Q) cﬂ Bg EglAan t he
desired peeteign-df1er naid velg cybe 3seend ofd the ﬂ%a]emé&d;lem@ﬂdﬂﬁ S8 can
be joined to a "linker" DNA that_encodes additional am no acids, which

|i nker DNA°CV/& t M oi TR aFe8uibikBe BCRendromems DIE erdbeithg £AB
desi red BEQEE)'a@rslqvalsn ﬁﬂ[@ffé@ogé ”EEB§eOBth%l'o?x\éﬁnt IHS éﬂ?e%aﬁégﬁs e

protein Is a "reporter ‘protein” that has an easil~r assayed bi
acti vi tyIITIﬁ§< bi Bhbgi Falo-Fctliagitieynasfe tieagegr t eas plr@tlaaﬁads oy eBepHDI vy

I I d h,.t.h f th d h
or ot ot (Es SHETn 1R HS LT RIS FOSt DRy I ot EpBaPnrEL

refl ectsahle HdomISCdidd 08 f aphkpwi/tycotiikh® prmfa)t@éc@cstvé ng expeamsken of
the reporter protein. Exanples of reporter proteins_for which cloned DNAs
and quangebgt iWas a§§&?§sﬁﬁe hoRBPHTE e AdiIeEtdipPhe ied| LA/ NRGERIST ERESe,

greenf | yarescent 20 sek ¢ amase
| uci frier asg gl ucu%rg%\?édr?déh Fgal i ne Alﬁ%sgﬁqyg@e ang%feg-g act 8&?3&8 h

bi osensomesautbec&adg&f@/ obkanged eenst rm:@l cbarpepalimg Dirfze BSfaagmandeS| red
protein erati i nked ;to a rom)ter articul ar_chem cal
Ponpound on R AT BSFT et T pf o el vEc et fnteSie TR
transcri pkison t@hgt hpl Semélasi rﬂéim@cﬂOt;um\QﬂﬁSleidtﬁ(arEa dMa\éentb&nbhérﬂé@WDt er
in the fashion normal for the pronoter. Thus, if the pronoter is a

const i t ulRFe dne Cotlien Lt &Hs GARECERT §e(,16r$st ant. |If the pronoter is
gggggﬁfggy 30 g;pduel bl £, 01 %H[—B%essd rh{‘ﬁé‘ “é%l‘iir agﬁ;&! pfuhQ'i‘erciElQe
protein cassette Is simlar em cal I'y-i nd~#ci bl'e or
suppr essiseleence’s PAI@thM]MCtlA}DMbQOGBg% and fR-lactamase in
pBADVtgblactKana.
: Figure 14B shows the plasmid map of pBADVtgblactKana.
The Vtg-f-lactamase gene was cloned downstream of the araéAD
25 promoter (pBAD). The translation initiation site of Vtgss
was constructed so that it is 9 basepairs from the optimized
ribosome-binding site. The sequence Jjunction of Vtg-£3-
lactamase was determined using Tagtrack™ sequencing. Both
the BspHI site of Vtg-f3-lactamase and Nco I site of the
30 pBAD/myc-His B vector were destroyed.
Figure 15 shows a plating assay of Vtg-f-lacthmase
induction. In the absence of inducer or at very low levels

of inducer (arabinose), no colonies are observed. Increasing

amounts of inducer provides for survival of increasing



' -24'To conplete the biosensor, a cell that intracellularly expresses or
bears oFARI27SHITace a receptor for the compound being sensed is
transfornmed with, the construct conprising the rel evant prosmt @prii 2003
operatively linked to the 5 SS-desired protein cassette. The cell surface
receptor is preferably one that is entlogenous to the cell, since then one

can presune that the additional proteins required for transduction of the
conpound*BRfdishPsi GARPE 85t hdigel e ar® PrEsertPi PREREE| o0 18

i nstancegphefe Lheepsllesublree 10d 0PI Oigi 8s58) T pAHGEdRY ae nant
DNA ret hods, then the practitioner of ordinary skill w Il understand that a
host celdemtihaguandrifertsl vehea st evizon wepmialer rgerelret vnltpy ot ei ns shoul d be
used. Cells i rece f es rogen-l. ke .15, .compounds
("estrogen mgfinaidsﬁ%q ér%e %#‘gi&%r rtg%eceél{ogqﬁgr%%gggﬁitengggi oéﬂé%séjgascztoefq:lt%e

i nvery i aftekhe iestucagern Siwgindl tamnsiduiedd on Tiad hwmowth ampruf the bhetd er
under st ood ones,_ and several cell types that support estrogen-induced

t ranscr iMRRIEP IR eRbgéhdussogenest t ntFodtt®RE by - t FaRs 673k | BR%Ar€ known
(Tan et @HapyegkanRaaint e-eprndeneanof i EstiwoaBiidi na) | HpeRt anés, of a
Subzone 'in the Ligand Bi ndi ng Domai n of a Novel Piscine Estrogen Receptor”;
Dana et @llucoseNovdl. eEst r ogeniRdupbiscn) El enbhabstedenti fodrevly Gorafile

Sel ection i.n Yeast e Differential 25 R ive ta,Estr ns_and

At o5t FOgEET ENaRHE Faceen oo BT CBREPEFIE) (hia” RIS

est rageray2sipwd Ve tel enehdss ( cEREsn rat eokBowa fifecthd aHe (BeevtH oFf
exanple, N.S. _Tan et _al., MIl. Cell. Endocrinol. 123:149-16% &1996?). The
bi osensdh¥e aEEﬁPHFﬂBl?StKﬁé‘ai ARG onBSFFO\/@@H@y}_‘ 30SasiHF f BPL¥heHiesence
of the relauan ceaRAWRdd Nwassanple. (We afsa¥elrs PERESHARS:DynguldHring
cells constituting the biosensor in a nmedium A sanple of the nediumis

t aken araradsigmyssl far Ot B@%acwiesivlyfedf irhea rdporeasepiot gial lerdsyteit by t he

cassette . ,to obtain .a sel,i ne,_| eve Th t he sanpl.e i PARP127- P 30"
ot T s 208 AfolbR EhPEbEE et il SRR ar i HE e
contigueshl Ihe s umdi Sorgaerpeasplied asd t WVega@-ilwdoamefsd hesr epory er
gene neasured. Changes in the activity of the reporter gene wl| reflect

the preseitediy t ABSr diRvanth B ohpBERd 95 VRE-&akpréamepec ARSEVIEN t er nat e
enbodi MRS, qeuGhade SeRar@dle, MRLENRY CHLEUTES pob e dUsgrsaELcebls in
the presence and absence of the sanpl & can be envisioned. The particul ar
medi a usseFreti@t ebuBte-Bi teatedabg .t Ahecénbycideon tyasmwmmeuctas has

bi osenso&éscnlpliade}ond I ethra)ds Pf 10 é:el Iﬁ\?'ltg%reeﬁ‘fe generally known in the
art. In & SImMrar manner, the S5 of °t he T hvent?on can be used to make
expressi on casspites fpr anygwdesthed pkpireisaiohhe pyrodtigien wid | Wegseer et ed
into the nmedium of the culture. Use of serumfree culture nedia provides
condi t i ofRCHARATE | AN15ERe RESiMI a1 iat SPRECdeST r &R i& n WIFPM be®ne of

onl y a feupand passi bl ycbbe. oakyanAgbyPenidge prasenicdd thneul turg

medi um s greatly sinpfifies purification of the desired protein. In
ot her erpAlVieghkacfKame chvest ivesg ¢Ctltsrdé@siinalRe @6diovmpmadicel a2%

| i popol ysacchari de-bi ndi ng protein uch as Factor C of a horseshoe.crab.
a brod RS cad ng ALY or e P RRE RIS Wb flater Shordedioe crab
are kmowddiseen U & Paheabiho#46, 834sandehlut a igf alexprksHian . Gaem

266: 6554- 6561 (1991)). The liEO ol ysacchari de- bi ndi ng 25 protein produced
by the pREwhtlami@nt iFn YAA-BelaseampRet htr wdyfs dBSELPBREMER PR CPat ent s

5, 712, 144, and 3, 6e§§§e§§§o'n” §96?§ﬂ9' NG ARRHCAIAIRIR/ 5961485 AR

09/ 081, 767. I n tHose enbodi nents of the invention ditected to production of
a prot ei midloes guanpirests van asbaproedpuvhéncal i D%, arabisioaest wdé deséded
that cells that do not secrete proteases are used. Preferred hgst cells are
COS, CHO * Nt HEPIMEVaR.0sBPhi4 abeel 1l s eSpE€I- dPPFSERTei RIEPE Dl eSs, PBF sci ne

epi thel i gh ol g, (ERGE sandyeast &l 1 %3G AS Sue COEBVI S aé:f'oﬁh
3

retardation as seen 1in Figure 15. Importantly, the

recombinant Vtg-f3-lactamase 1is functional and exhibited

properties similar to native f3-lactamase when measured using



o PAPEJA?Q%C—B " April 2003 -26 ponbe and Pichia spp., especially

pr ot ease- e]’fl cient yeast cells. The present invention can also be used in
an assay for heterol ogous gene expression. In this enbddi nes@™" aprit2a935
invention, cells are transforned with_a vector that directs the expression
of the heterol ogous protein to be exp?@§sed. The nucl eic acid encoding the
het erol agqussprLakel ki fedle. ngLelc Al deengaibRgoLhe Shed gDy
obt ai ni ng secretion of the expressed protein into the medi umupon culture
of the XX hostl.cel | anaThe pBiseneer. of tled het @66-8§6us pPro8&) h. i n e

cul ture nedium can then be detected, for exanple~hy assay for..t
ERBRIL I R LR e S IRt B £ SIS R GRS
ant i body, dhate spadd fr&add y1 bipdsst be . heterol 0ges aeyes araductigsr) ) |

avai | able. Preferred 15 nethods for inmunol ogic detection are ELISA (in any
of tHhe VAR oUeXKiffn PF#EEe] afHoDestBEn BRELOMSg. Hidsel PG detfesti on of

anti bod gﬂﬂﬁé}gl&r& liv{a?blte% ng Qb L8 et .hoq_.lFORUt Efelﬁégrab(l)y tre]:qgs of

anti body 1Is uorescently | ed or enzymatically la 20 Th
t he i nveminmrsmam iales NSO Appbntebl®. "enhancer trap"-type vectors, ‘wherein

a pronoterless, vector  carrying a_reporter gene is _transfor into cell,
where 11 i nt dgidtis a5 a TANMOM pBFnt SR ERELGENORE Tt SSucitia MUSHIDN ¢ hat
i nt egr atigt digede @ ipf ORil@fireeSthetisuli.N BPoRXPERESI §Paph, t heo r apeyi@er gene.
In this enbodi ment, the reporter gene is nmade to incorporate the SS, thus

exprEssilBrtamnasee eapobeedefesson IWharesy| PBRRVEGRLact8anar cligmer afist t er
protein ogut of.th gll Jinto the,culture nmedi um .thus sinpl.ifying screening
for inseétti'Bh th ?h °v?&f‘lﬁf3_ts§ o°)30p§ap1f’_dnott - ﬁee§§e8ggfih€c'ylirﬁ%eﬁﬁ on can
al so be gppldee~ tQ eXPrESShON OfsuEPREE iRy 16 W?Vt]éj—gt 1kE8ARE8RI C Wi mal s,
to obtain secretion of a desired protein, especially of a therapeutic

prot ei n, 9t eh &Rt tdhee| Ful Bireompaitmental thpugh ' npApPEL7-@EThigh" anpri |
2003 - 27 snE Yol S, " hod id e al, _di iLpati.qn of
the pr otlel n th?gﬁgq’logtgﬂtghepéa%ﬁrrlaﬁﬁmg S?é?ér’rg%tgrrggéi %eg%éﬁgﬁhggpr%{]ei nis
secre edthent oukktiracelediliar weed ringaswhedh icanctduditesal tmeidiumcatven

dissemnation if the 5 half-life of tge protein_is short or if it is nmade
to bi nd THF ecEptRI 5Tt héssquaEe & ecelvltég‘(ﬁl 186 YRR or SR IEIHE hat ri x.

Secreti ghrdftet He extiaeskbhul & MRnfdaXRNwaAk$0 PhOVIey Gl T pnsi ve
di ssem nation if the protein has a long half-life and is able to diffuse
t hr ough a¢ERktasen 10| fhet Rar iprlefsst r cbhenbaahreht Sondeatmadtiiom 4% nade

of the b ehet o 1 Dr ey ofpdn R byt FARe e T onnel Phe Mislri ate
y transformation of the appropriate
cel 20 concentration of 0.0002% arabinose was used in the culturing
(m) . Obviously, the ratio of induction and growth profile of
bacteria are important factors. Rapid and high accumulation
of Vtg-fi-lactamase in the periplasmic space does not
translate into efficient secretion into the medium. Instead,
25 low-level induction is preferred. The medium was clarified
of bacteria by centrifugation at 4°C for 10 min at 12,000
xg. The filtered medium was kept in ice until all thel
samples were collected for assay.

Figure 19 shows the cloning strategy of pVtg-Gal. The
30 fR-galactosidase coding sequences was PCR amplified wusing
ForBamGal (57 -CCATGGATCCCGTGATTTCGTTGCCGGTCT-3") ’ and
RevEagGal (5' -GCGACGGCCGGGCAGACATGGCCTGC-3") using pRgal-

promoter (Clontech) as template. The PCR product was digest



Exanpl e pap@banipag of Vtgss in LPS-binding domain of CrFC 15 gene (Cr FCES)
for expression and secretion of reconbi nant ES protein from Drosophil a
cells The O aureus vitellogenin gene secretory signal (Vtg3®)Amil2003sed
upstreamto the EcoRT-Sall cDNA fragnmepd. encodi ng the LPS-binding domain of
Car ci noscor pi us 20 roCundi cauda Factor C CFCES (Ding et al., 1995. M.
Mar i ne Bwadlth &d8i otiachmodi ogadt: 90-sk@B) lightedonistraicsimddarnseitteedd At o t he

pAcS/ V5- Hi ctor backbone (lLpVitrogen, s Fi.g. 1) . Vitell ogenin is the
yol k p_ro?é(i%ﬁ\ég‘iac he ovﬁﬁé?%uspgjrﬂeﬁg W‘Bvigfpa#’]gufs)apiaﬁal %.ntfefglie_ rate

excl usi Vel 3yt hesiizad u Aheydd ¥ernaSEoE dvé‘% sThRal L¥edepogphed i n the
eggs. The secretion of vitellogenin is directed Dy its secretory si gﬁal .
The expresgiion off thegaPScboaidage deaai rsudfc Fasidr it 6388gaki-poomotds) i s

chal | engi ng hecayse.it is rich_in cysteine residues and requires the
Cort ot Py it aRESan 1 AR PRl Mot hr f L Sl Crorear REEPORRY  The
r econbi naatretelieign o YLesHFidEES) Wwas [Hikesized giaiqedihe Drosophil a

Expression Systenr'' (InVitrogen). Stable ' PAP127-PCT 30'" Apri1 2003
- 28 reconbi nafidpresGthi $kowel vepLaes weeE chiadiviidd am Yhe-arst pEbogi on of

the protei [dentifl rn k. I usien 1 .y n
det e(F:)t i oﬁl.o ﬁ?\ﬁgsarr}a%o-nq;ﬁi%ﬁ%%%%ﬁfégms l%lz#tsty pq%‘:r’ i ? Fe eﬁ} on‘g%%ang?fg ?}g?or
N-t er m nahnds edratratiakeseglienti ag.1 0korBIRAEE g¢kavagankeetiwweenDd gss and

t he j 0i ni.ng mat.ure FCES _pr ot ei n, was nonstrated by N-term nal am no
e o L0 qEBHORAG GFGt ot FOBAY T i s noAiEnar  VEgEe 7 smeRetyoq-aren
single pai:nt fdy g2 Akdiuhhe iRhzense otoAdkbiphRdlitint! aavages. shewsnkhat

Vt gss directs honbgenous production of secreted heterol ogous protein. The
Vestern Bege shows 2hatidpraét iy ylappter SEQTr fEES § scydépaeed i AN6 t he

culture L (Rl 3 NO4 | | ul Vi 2\ ect usi.ng
chem | un‘iq%glst(%g%t F%%o%e%”ggti%%‘?é%\ﬁg%% :dssq\E}gr y@ége'gg; |t\§2.§10$%tee fuligflgl?)na(&)lgl Vt gss
to the LPBebhiddimigedammice Sesdttrexte.n its secreti on whereas the native

secretory signal of Factor C targets the LPS-bi nding domain
Cntrdcel 1 ul ar FFSURe Ht e SRS oF 1ot GRHRCESE: P CUTE uPe NEHSAT aPPéws

si nmpl e pwiif-icgat i o f r eBnght-hebnbatGh 20 oEaponti nueits icul tetes There
LPS- bi ndi ng properties of the secreted protein are retained as shown by
pl asnon rtesosdeceest udiied, Usipmy tlie BEACORETOh |cowstvoudi osensontappar at us

Fig. 4). This is despite,addition aof 6,Vtgss-derived an no acids to the N
06 Corml HEETER et gt o PERGLD: Gifeit2 Thiol tpaaanranedLarts BRagerarsd orhy

secr etl 0@k, carfeectly- fa ded; (g FEnaninbe! | 00aboNt 0576t bUBCARE] aghgr the
aspartic acid residue that is e carboxy side the cleavage sSite (see,
e. g. 20Fi durebdApdcat he7 udeflorosr dduce ddwmnivderbpf thxt manafbraut-etm nal

30 residues. The expression vector_enplo ﬁg here contains the' ~basic
f eat ures A%é?@éss%ﬁy _ ortsl'é?pF‘EgéPB‘n fdf°r$e8% ?_neﬂ'F_t %?S}El_eitﬁénﬁ PRt er ¥PSgous
celI's; (Lemwelf f belsenteprameler wieh tiangeripti oneddi tivdldQn G2 amhancer
el ements for hi %h
interval of 15 min over a period of 2 h. After the last
time point, which should represent 0 min, an additional 1 h
25 1incubation was employed for all transfections to avoid low
reading variations. At the end of incubation, the medium
was retrieved and transferred to a microcentrifuge tube.
Centrifugation was carried out as 12,000 x g for 30 sec to

pellet any detached cells present in the culture medium.
30 100 pl of supernatant was used for ELISA. SEAP was a%sayed
using Great Escape™ SEAP Fluorescence Detection} Kit
(Clontech) as described by the manufacturer. Both $SCAT and
$S5-Gal were assayed wusing CAT ELISA and {-Gal ELISA



-~

" PAP127RARCI2BOPCT April 2003 -29 level transcription; (3) nRNA processing
signal s such as nMRNA cl eavage and pol yadenyl ation si gnal s; (4) a pol gl i nker
containing multiple restriction endonucl eases sites for i NSt ARsih 269
foreign DNA, (5) selectable nmarkers that can be 5 used to select cells that
have stably integrated the expression vector; and (6) plasm d backbone
sequence(sBQQi'llpm%r Maophgat) onrespati®elyl. cdldrs betiter Admpakbsgwt i ¢

expr essi e 0 er, f bove- ment i oned
R e Ty S v R At S
Kri egl erusi\fhg NE]Dh@ds quEIﬁEysﬁfﬂhcel85M6>r( 199))sA Furtﬂ;teé}ﬁmizegezal |
eukaryotes use, sim I ar chanl sne_ for the extracell ul ar ??el%re on of

A

prot ei ndFERSHEL ; e ePTORRBITGF » (BRI 88t i GFSRIFERE Yral tR20 1 5",
pp. 42- %n&?é(‘étﬂar@r ed | SER94 e Cefese Mniddd PPus 289~ 293) £ 1 &oRseauent |y,
the rapid secretion potentlal conferred by Vtgss is not limted to a

Dr osophi (%G@Xb@eﬁsm@ﬁ s9§t Eifncoct HERd eilhressi orY tofdtlermchA&eqt @nl edrkee yot i ¢
host cel} ét ot her go%p[l | a host cells; baculovirus systens; other
eukaryotic ‘fl s, 440’i’ﬁ“clau *t8hmal i an, 20 avian, reptilian, piscine,
|nvertebrate (see Exarrpl es 2 4) and yeast (see Exarrpl e 6)) can be used with

the vectors of the igReD Exanpl e 2: l.nduci bl e expressi on and
secr et | CRETALLER DE‘S 'JlLQN O'F"T] E"‘;‘ ENT mNssEG:P reporters 25 from

TTUATTU v A~ W] AT \AY

mammal i an cel 8¢ V‘Fr@@éﬁtt fl‘ﬂﬁreﬁ&'&tsr uedesl @isenpeted AL tSHHLMER O5n
5A-5G that uses the secretory signal of the O aureus vitellogenin gene -

(Vt g58) . offhet heex c @mieuet geeﬁetwqusmgﬁalofprwlt@ééoq;ealnn t ahige @Jemcetw on of

the CAT L& $9£Ee£np59t £hid %{% ys on?”éﬁé”@ %%H‘ pang %'?éé | Spypot

necess~~y prépare a cel 0 assay e repor er pro et An
i nvesti gatloeri pollhpeprriod deﬂdwistoh anreasy sm&)tlfoﬁm‘ &AT thetti pitgytedd so
can retapn net hoﬂj—fl ogy tﬁ?itt he{_lshe has PAP127-PCT 30'" April 2003 -30
pr evi oust§PBstBbMCSted CEh Lt he 1 EboF & 67 5P ¥his Pk F?%&Wecoﬁﬁar?%%n with

data preyvheest YoRbt aiched nuséAn] 83 CAEgHeRdr t 8fcgEQl ei n.g TREURGP-Y oG
(Figs. 5D and 5E) and.~ERU-psp-Wt gCAT 5 (Fig. 5F) vectors were constructed

by t¥pi caninetpoasingherpspiongCATahdstehéopSEAR- Profsiar vector backbone,

but the SEAP ggpe '%f%%@ gTQS by, ¢t éeﬁﬁ@h%% \{tsgCAEtgfﬁgdf F

ERU- psp- Vt gCA |s psp wi th the eStrogen response unl roma <’3l(enopus
vitel |l ogehsaikd geliJEe(Lkbgdhynpr evrotednhy ,tﬁeErleaeﬂsyor MWomahthe fish
Switzerl and%)gl nserted upstream of the SV40 pronoter., These constructs were

co-t r ansPERPEALORHFe RHEFURI-t T kER BsEPBYLK Pécéﬁtrder lasen Hh P esEAP
control ENAthEEOd@§Ed¥§h’“%ﬁﬁ%ﬁaﬂpﬁngHERQe% %%rgseéjféuﬁméﬁéﬂ?%ébéxfﬁ

This allows the testing of Ez-inducibility” of t
20 of genes identifiable by different restriction maps of

cloned cDNAs (J. L. Ding et al., Biochem. Intl. 20:843-852

(1990)). Melting of heteroduplexes formed between the cDNAs

suggests that the overall nucleotide sequence variation

among them is about 7%. The 5’ end of the cDNAs show strong

25 homology across all four subgroups by Southern blotting (B.

H. Lee et al., Biochem. Mol. Biol. Intl. 34:75-83 (1994)).

The most preferred SS of the invention is that having the
amino acid sequence MRVLVLALAVALAVGDQSNLG.

The sequence MRVLVLALAVALAVGDQSNLG can be modified by

30 amino acid replacements and by insertions or deletionss from

the sequence. The 88 may have additicnal individual amino

acids or amino acid sequences inserted into the poiypeptide

in the middle thereof and/or at the N-terminal and/or C-



15 psp- VIegPAR.7-Bag secreted Vt gCAT reporter protein was assayed by CAT

ELI SA (Boehringer Mannheim (Fig. 6). To verify that the level of the
secreted VtgCAT in the culture nediumis directly proporti cif8l Aerd 2088nges
in intracellular concentrations of VtgfZAT nRNA, a Northern bl ot was
performed 20 under E2-stinulation over a tinme course (Fig. 7). The results
i ndi cat ettehratinvﬂgCRTldiSs ditfsrsiodnt [9p selamet edhd r oie heS8el Fetaand t héel evel s
of Vt gCAT i i ul redi_ym pL rti;onal _to ch es._in

i ntracel uI ar cor'—ilglen%a ygﬁgo# S‘f é&%%rﬁﬁﬁa\ %grgtegﬁégﬁor%f %ﬂ%éro ase in
Vt gCAT cardieizb f(ieineczt e@h}&srﬁcaﬂicy @6112 inaf teeatr@gst offlukthti eRcretory

| nportantly, the decrease in VtgCAT transcript after 24 h js also reflected
by a Iomérlgéﬁ?t}un?e%‘f‘e’%@ FOpY o'tq'e‘? fugpPr ditEtesethdt THeF e PPEWREdel ay

in Vt gCAteed eetricprb Jéwmué@e é/fgﬁét\%&@ala E%Faﬁlhe hewedi alekyigeckate the
protein out 30 of the mammalian cells. pVtg P, a green fluorescent

prot ei n fepbrithese amstitucny Filgsiev8RaC)sames tf A emine exjdesyey e COS

The oul oS Sed dacprivgs sy ©F “SBRBIYBer 3o +UST FR° S0 YR Selal ¢ 5

| nduci bl erexjpr es&udn eectueaceet retabfisr eclovdd nahsﬁoxagidaelporatceﬁvfutdmsot her
manmmal i an cel | s g\%l—v 3T3 .and ,CHO B) Est rogen i ngum bi li ty of
ERU- psp- WHSCCAT iga SUhsid t5 tdonsn By aPedoi R i &FCEFCEEi 9&s.

NIH 353 (epigebseag fhoIphb@sigee o%)se@%@su'@’lg (&hinese MR Qvary

cells) were transfectedﬂ)as descrlbegln Exanple 3. Thx'ee tine pdints were
assayed fa@tthtlg§§§AT secretion into the culture nedium 0, 6 and 24 h post

estrogen i ndu |on on_pf Vtgs T.was, at H, 3T3 and
CHO- B cells e>c<1}1 “bi F’eg%gg}l&gol an %g' O? § ‘“Tgngrgéas%@l n%Vt%]glé Fibél. 9).
The r esulreassirdwgt haie tﬂsnm;eﬁtrmerbf eapospbyesespropeaducticartand iseer eti on
of VtgssCAT is not limted to CO5-1 cells, 15 Exanple 4: |nducible

expr essi ¢hCandesédiet Pdn S*PlFelEﬁijrbl ﬁ%ﬁ?m}@ﬂﬁamepo? S f RIS S8 s

- t nansfegdd @l Of ptxf&eli%u RR MhgCAT mensulté%aw hchiicken eshnogen
receptor C into'a piscine cell line (e.g., Carp Epithelial cells, EPQ)

al so res@gsedsied 2y dstesgénal ndecidielrx prlstio b eant tssc paoiteanof the CAT

reporter prot d . E re ' | tured at
a | ow tenper a?jti{rée 503% rﬁé}‘p%: g‘%é fOanl %%%ggégl w}%%é&$982%’e§€e3(eégec%ed by
24 h aft ¢fe estibogetatediuetiichn. andtiied onnikd akelidc ¢t eial1&PCddlkealixy

expl ains the | ower 25 induction of VtgCAT, conpared to the |evels observed
in Exanp"iE NGFéthePss @ tI#Pé‘CEkBBF‘Fneﬁgu%’ﬁ%%\%mihe Y Gigey of an

produgd i on rndSeyahbalaeVt G¢AE CQ‘B‘&{ ed RVt Qfésfe‘&t *I?MEQ{gercatlhe _
WVt gss-directed secretion process is applicable to all eukaryoticcells; it
is not |iadtiedties30 neawiald an awld s. olampltettionExpr essi on wfe fag@AY

reporterJd%nseé%%fﬁ%§'§ﬁ345tgg£g %ﬁ%Sggtutions". “Conservative amino
acid substitutions" are substitutions of one aminc acid by
another amino acid wherein the charge and polarity of the kwo

25 amino acids are not fundamentally different. Amino acids can
be divided into the following four groups: (1) acidic amino
acids, (2) neutral polar amino acids, (3) neutral non-polar
amino acids and (4) basic amino acids. Conservative amino
acid changes can be made by substituting one amino acid

30 within a group by another amino acid within the same group.
Representative amino acids within these groups include, but

are not limited to, (1) acidic amino acids such as aspartic
acid and glutamic acid, (2) neutral polar amino acids such as

glycine, serine, threonine, cysteine, tyrosine, asparagine



* " PAP12PAPCE730CT April 2003 -32 The Vt gCAT reporter was inserted
downstream of the strong phosphogl ycerate kinase (PGK) pronoter (Fig. 11).
The PCGK pronoter drives high constitutive expression of a Hﬂl"‘eﬁ@ﬂ"o’@%@s
protein. The plasm d provides for two-fpselectable traits, URA3 and | eu2-d.
Expression of VtgCAT was nonitored in yeast grown in a rich YEPD nedi um and
synt het i engi nghwtamie um (VM) nefeoal Firpn-Iolan paispearcidat syadduesi on

and secretion_of VLgCAT occurr. a rly.. 2 ~:The t QCAT
ot cot cdTRAERE bFR TBnds S0 cot b Aa Lo B8 atr A= rB e ter
Vt gCAT pregpebphanandds eatétiioni nappead t @ )dasysiaseatndlB8adidpastickubarl y,
for yeashﬁghriown in MM By 4$ h, the pH of the nedia has dropped to bel ow
t he opti Bf: 526 THARS AR RS Growt h of the transformants, and

henceg productignigt VidGhs iAdirest it d& LheepH kackrba Bugsyktednhn a
trenmendous increase in VtgCAT in the culture nedia. Thus, the growh

condi t i oBTLBO] FFGitt Rttt orcePErEi ft Brwrreti 0 dhevi ORNYiwm yéast tove
( 't hat L oati on. , . \ 1
ot tor cier e B F OREbRAThe N AAR LB P L e B B e

hi gher apepntdesf AQLAT iiftt 0is hepraflanatd enetd umetlatin Sai MEEiantmti acnot e
that "secretion" in th'hs igpl,i cation includes exgort of reconbi nant

pr ot ei nsPCitAr o PERECHBPIL Y| d¥¢ATBSsPACATIZBIREN | 25s TRAr SGGATFL TPALGUENET

cul type ppdi ugy . ofa1ad,ecopbinanprigsireg! ltHatat thas 25aagced | Lwakliuekn such
instances, the "cell lysate" fraction will include proteins localized in

t he peri geasfiicutdnparithfenclepragdi Siggr tiRultde eXAnpee, ratdned proporti on

of the Vtsgg)'%likﬁt%&{n%ft Ocfide TE 8t %rr{i’i‘lgt rére%i oi Péa%g]efg%gbﬁr el bz | gss

mut ants O Yy€as or other fungi) hos e Wou prevent accunul ation
of the hé&ber ahegGuangr Bt éonstha dhe periplasm Such wall-less mutants are
known in the art. . ' PAP127-PCT 30" ril. 2003 -33 Example 6. | nducible
expressi on an@¥edMh§HR lof "WRRS - P5 hESBSf (OFm ‘g%llﬁte]rr?rhg ARpi EMERPN

bi ndg st 0 ;2RA I PRIhEES @ Y, @fn ePEYREBSe i Pot BRebAGE epiral: BB ang ) i/hat
are involved in the synthesis of 5 cell wall. The ampicCillin reSistance
gene car i @ oh a0plagmsl eoddeléevionh aneynedéf 3ltascsapaséprrhdt thet
secreted int eripl i e_of th teri re..it catalyzes
I e e o S R
anpi ci |l | iss. Heoo Hepondtr atlee t kand® umi-uer satirdey afidd gisnyo diregetrabegr eti on
of _reconbinant proteins i acteria, the natiyve secégtﬁry si gnal of

P in
f 3l act amasé Was“PEpI BEﬁgeW? Yv}bssl.2 e xS G54 RPE -new fusi on

enzyn® (Mt g-f ThleachaRselof Sudarurthencorhhel 1af tanahakknage1ihpduei bl e
pronoter (e. g., araBAD pronoter). 15 A i3-lactamase gene was isolated by
PCR usi ngha ilbagtthot BEPRECd Ofr itiher Sthilsh thed dési divslrophopiicmsterscst ar t
of the ur r Ln.(i..e. .. .t.o e u at i secretpry signakh,.see,
Flgures 15 i Shaelanf Sonredindin  Seceniedn) MARSRE ohREY SRRy,
pBADVt gblaadhikanac idanshor timid s p2@twaa when Megssibeoritedkdy i tlecbshehe
secretion of the "trunpcated” f5-lactanpse into the perjplasm c space for

hydr ol ysi”§n6P°§(ﬁ'6i cFP7%. SIS ci %ﬁPefh{f‘\JchY OHOSPS-P%E%%%QWIFQH
secrefsed Jifo LRGiR8T I PLasAbhe ehfestiyvedy fwdr oz anpi e | ichebeisare the
| atter enters the cell or the host 25 cells wll die.
Preferably fewer than 7 of the amino acids in the SS, more
preferably fewer than 3, are substituted overall.
The DNA encoding the SS of the invention can of course
vary with respect to degeneracy of the genetic code. A
30 preferred nucleotide sequence encoding the SS of the
invention is att cac atc cac cag cc atg agg gtg ctt gba cta
gct ctt gct gtg gct ctec gca gtg ggg gac cag tcc aac ttg ggg.

Also, in embodiments of the invention wherein DNA eﬁcoding a

SS of the invention isg Jjoined to DNA encoding a desired



" Expressi bAPDR27tRETT5-| actamase in the periplasmwas assayed by plating
transformants on agar plates containing anpicillin and varyi ng anount of
arabi nose. In the absence of arabinose (0.2% gl ucose) or iBQAMePPr2E88nce of
only 30 0.0002% ar abi nose, no col oni ezare seen. This is due to the
insufficient expression and/or secret=on of Vtg-f3-lac~. amase under these
condi t i oREOt RN tohdearmsritesiedar apifoseinhag | fepeidede( BOB2 39 bhab

ar abi nos -d e P12.7- VAP - Xpr ion
and secrg Fo%eg&@?g%?‘%ag(%fanggé V\%S {%eggeéhﬁhidc Sllzr%%rseﬁ?%g%%g %?/ét he
appear antkeobahact €healjodaliagi esnoe e rdgamepl atce e ¢chel5) . émdi 6f

envi saged. t hat _secretion of reconbi nant protein gfnfe”e by Vtgss w |l

al so appFyes5PMer SBGORiaEahifosit i V@ ARune afthEGELY vE DAL e ‘a, neé t hey

shar essi ghtapnal &shddiiiei £hé aeelieed PRStANNS Mal(deaMati vBly,ethe 1994 in
"CGenes V', pp. 298-299)." The arabinose-induced vector with Vtgss is capable
of direcenfdgofedite i VA ofNYPGing- [thet fifasean nP® JRanger itsl aam" asnkeriel | as

out of 1BRADIELEN IACLALS LRGUlIUn® HRAHNDLS el 8) 0l Mgl b ch

caused the hydrolysis o% a~upicil1Tin, ence e 'Survi val posi five

cl ones cahewi nipiresl Vedsse stgnalhe The eapdessi onhhandbN¥Cregtdoaiingf the
Vtg-i 3-1 gct amage in this instance is strongly influenced by the bacteri al
growt h 18SPAFEaRtPT et of transcription induction. Nonethel ess, the Vtgss

is ajgseful sygtegpher eAB¥ENNEAtsSChEENtRE/ I eRPELENBNOT the desired
geneti cal |l y-engi neered cl ones harboring sel ectable mar ker(s /[ enzymes (such

as f~-| aprafgss) itso de"ERKPPESSEA PP &I N ndialt ohas| ant mapirlaseassexadyl e,
th bi.ngse-.i . f it itive .l j f
€ arabl,iigs§ &Bg?!cg@.t%%g OWtrh, Ofy, L f @‘%1 Iav&lq}lei%fng?}tégeFQéé?gQg? 0

anpicillrn seFection 1§ a conveni ent Vi screen. 7
Vt gCAT apdoVednGdls Jeeyrfetraisl yr nc Tese 1y Ceblkse 25t dlie wdahs tthsc tgamgpiditg- &l ,

whi ch harpors a truncated i~ ,gal act osi dase %ene cl oned downstream of Vtgss

(Fig. 19F7fr 6AGOEF aRE SEGUEE t heS r EEBRbFRANPTOEG 1 EaPTRT Y e nedfum

when;grapsfiect echd ntjig OO 1 neld spridéstecn bhbo@NAdyS] S réFi1RG tROUSRe
anti-i 3-gal actosi dase identified a 116 30 kDa reconbi nant Vtg-Gal in the

cul ture REdRERTOPLEPANSTEAVEEYOOS- Lheeinronaiear Mgl vy  eAmrsssieyssthas
the pot ePh'eal rbBodLLECt Pc?t?éfﬁ! o of ﬁ‘ldéé‘r 95 helerolegous pratgin. cIhe
? BFo Ved At various

anmount of Vtgss-=fusion eln secre t
which cloned DNAs and quantitative assays are known are

chloramphenicol aminotransferase, green fluorescent protein

20 or another aequorin, f-amylase, f-lactamase, luciferase,
glucurcnidase, alkaline phosphatase and f3-galactosidase.

A biosensor can be made by making a construct
comprising the SS and a desired protein operatively linked
to a promoter sensitive to a particular chemical compound.

25 “Operative 1linkage” of the promoter occurs where the
transcription of the SS-desired protein cassette is driven
by the promoter in the fashion normal for the promoter.
Thus, if the promoter is a constitutive one, then
transcription is constant. If the promoter is chemically-

30 inducible or suppressible, then the transcription of the SS-
desired protein cassette is similarly chemically-inddcible

or suppressible.



» .~ PAP1242BCT ;380 April 2003 -35 tine intervals was determ ned using a
standard curve created using the positive control provided by the kits. The
rate f secretion was determ ned by the gradient of best-fi 307" Arsil ABH
amount of secreted protein was plotted against time 5 (Fig. 21). The nean
rate of WVt gCAT secretion was determ ned to be 165.778 fg/m VtgCAT

f3-gal act osi dage/Pup1tc@ 1hi T9{HLiALH,r The Jman e oht ¥i8e ol gpLyetion
was determined to be 12.14 fg/m Vtg-Gal/ng SEAP/min + 0.091 fg/m/mn. In

conpar i SOHPSEAPefiasOsechentd abna thee onrigced, 783 fraPtSEAPfay the

f 3- gal ac ' /mn. + 0. Ind/m £ f. Wt a - Cal
sec?eti oﬁgﬁ‘gggﬁ% rrn%g%n% f%%s%(?ghrgeér t r}fﬁ%égﬂ?e(ﬁh?%t\%pgfﬁgpr%\%y%%%
critical cbopréxpayi i sréeheestt gatriomgptelordpdeam osly apidkedanscriipéi ons.
Once again, .this shows that Vtgss is 15 capablﬁ of directi n% rapid |,

secr ePi oﬁséfieFéESSrbi e oF@%ﬁ?thgar%l?ees§e& t PR T3S 2 SCRREXFal ts for

Vt gCAT aﬁQe@E@\Ebi?CFcﬁ{eEdtH@Ee iROT ERhbFEELBY £3- galackesh dasg eodued ), on.
Simlarly, the values for secreted Vtg-Gal were nornalized with SEAP. 20
The abovenexaasl eprafumgerdiar i thastadstitieonsl t pEoraleat inggudrgdar gonot to

be under Lt Lt t .cope e._pr t ntion is
defi ned g%gg %gﬁ(%f:zka?gls C#ft;lg‘l_'}lé%m rclzggﬁll b%%‘dr eﬁl glrc%}%l s° o%n%getg)af%ﬁét] %%%ygu;
sci enti f aceperesdncalinl ither atalrle dirt eithstirovwe aarehdmes etftye 28el hcoupbaaced i n

their entirety by .reference by such citation. i~ PAP127- PCT 30 " ril
2003 1036 BERPHRZY LA 1ICoI SR HE| EFCOBH 8RB BIAsiTRF i GRuc] St dBhe.

sequencepepe@diABnars a eé@aynﬁ%n@kiigqmmqe GRAPFEE6ANE thatard NRogei d
sequence MRVLVLALAVALAVGDQSNLG, br variants of said am no acid sequence

't hat conpeilde tdatsdrazhone bhe epeievapht $igrarleofranedusteian nprheeins

bi ol ogi cgh ﬁ‘ihi }Siet h}gg of directing secretion of a fusion protein froma
cell end cPeavage 0 fihe secretory signal sequence fromthe fusion protein.
2. An isol at edenlel dearaciqd odceptadig 1fovherseirodgene ant| eot rdgesenileace

encodi.ng the secretory signal sequence is att cac atc cac cag cc atg agg
gtg &bt SPQ_pE’PQ(éﬁet (c%/ets':d’é’[ged’tg %é?l%? c)_ gcﬁrﬁtgpﬁﬁgeﬁg@%cagcefglécs aaég’f_tg
099. 3. ARchtehat ash Aueh £bes agird ©he Clighvnkiosherehd (e 1erjdn f&oghai ch
secretion is difected is a eukaryotic cell. 4. An isolated nucleitc acid of

cl ai m 1, twhapdhgtipe dedthyayminhi droR@citdE opetsedi taceadtiopda prekar yotic

cell. and several cell types that support estrogen-induced

transcription of exogenous genes introduced by

20 transformation are known (Tan et al., “Temperature-

Dependence of Estrogen Binding: Importance of a Subzone in

the Ligand Binding Domain of a ©Novel Piscine Estrogen

Receptor”; Dana et al., "“Novel Estrogen Response Elemernts

Identified by Genetic Selection in Yeast are Differentially

25 Responsive to Estrogens and Antiestrogens in Mammalian

Cells”). Also, several cloned estrogen-regponsive elements

(*EREs”) are known in the art (see, for example, N.S. Tan et
al., Mol. Cell. Endocrinol. 123:149-161 (1996)).

The biosensors according to the invention allow easy

30 assay for the presence of the relevant compound in a sample.

The assay 1is performed by culturing cells constitutiné the

biosensor in a medium. A sample of the wmedium is taken and

assayed for the activity of the reporter protein encoded by

the cassette to obtain a baseline level. Then the sample is



5. An isolratied-madl eic acid of claim1, wherein the secretory signal
sequence is cleaved between the Gand D .. residues in the VGQ portion
thereof. 6. An isolated nucleic acid of claim3, wherein thR0"sAaen 008y
signal sequence is cleaved between they4s and D residues in the VGQ portion
thereof. 7. An isolated nucleic acid conprising a nucleotide sequence
encodi ng iatirgsivemedor dngion  dduepr icsilitgra seedaoy y avdgnahesegquéticeeandsa
reporter prot.ein; .~ PAR127-RPCT 30t. ril.2003 -37 wherejn _said

secr et or f%snl GRAT e gt BCE5 B iiSe S HA" 5°2h %l%gagin ste}heue%EElVlgy of
MRVLVLALAVAL ALRXEN LS, geheV idaaitiredaf @airthedn 1o 8tled sagueinte dhathe
conpri se conservative replacenents thereof that retain_the biological

activiti ESPOETEYT eBBPRy Wbtt et iV L t KESF UBFBREPFSt b Hsim &ed&VRn&nd

cl eavage QfngheiSechetidly ghapak . sesepsareomdne fitsd On PR Rkgi-R;,
wherein the reporter protein 1s joined to the carboxyterm nus of the
secr et or pusiigees sampuetce, wtdleed dewlkitedes opf byha binkengoantadlaciid

sequence._.8. An isol teddnu%l ei c acifj Qf cl_ai ml7, wherein the.nucl eati de

a
the esénce  an sence’ o he “sample!, C e env
sequence encddi iy the SECr&Lory Signal ~seqience i's att cac “atc ¢al®fag cc

atg agg gh@ cphrgiaulha geddtdt @eld ghgegaif ctougea JffcggfegadcaghkCC aac
ttg ggg. 9.. . The isolated nucleic acid of claim7, wherein_the reporter

protein iC€ldd 3%l P ofPRRETHFbupiCokdicsieniyof Rl adpRefiptBpds of

am noty anghar 38 o ML et |g*é}feexsaqqri} KRR Mhangther aequorin,
(3-anyl ase, ~3-lactamase, Tuciferase, 5 glucuronidase, alkaline phosphatase
and f 3-gal act dsi daseimif.arTheanget at dhenuds eiocd achel dhveniiens, cawmebei n t he

[evorter B 90 kg3l SO Shenarenh Sanlal gL ehl ramuien oo

(3-anyl asme (ErdrcimmasE. belciéerased bngbucheonedash, odl kaki r&lture.
phosphat ase, and f3-gal actosi dase. 11. An isolated nucleic acid conprising

a nucl eotdHfe YeiRAEE BrRYITHEE AT ¢ UBFAIR pPEPEI ACBORBRASFAGNE ¥BEFEt Aty
si gnals sequenses ARk achh PORBLY SRGENAY derdi &ML NG PIOLRI ne of only a
few, and possibly the only, polypeptide present in the
culture medium. This greatly simplifies purification of the
desired protein.
In other embodiments of the invention, it is desirable
20 to produce a lipopolysaccharide-binding protein, such as
Factor C of a horseshoe crab. Cloned cDNAs encoding Factor C
from at least two species of horseshoe crab are known (see,
U.S. Patent 5,716,834 and Muta et al., J. Biol. Chem.
266:6554-6561 (1991)) . The lipopolysaccharide—bindgng
25 protein produced by the present invention can be used in the
ways described in U.S. Patents 5,712,144 and 5,716,834 and
in co-pending applications 08/596,405 and 09/081,767. 1In
those embodiments of the invention directed to production of
a protein for quantitative assay or purification, it is most
30 desired that cells that do not secrete proteases are used.
Preferred host «cells are COS, CHO, NIH/3T3, Drosdphila
cells, especially Schneider 2 cells, piscine epithelial

cells (EPC) and vyeast cells, such as &S. cerevisiae and S.



, " PAP12FAPCI 73Dt April 2003 -38 wherein said secretory signal sequence
conprises the 5 amno acid sequence MRVLVLALAVALAVGADQSNLG, or variants of
sai d ami no acid sequence that conprise conservative repl ac8fBAws! 203 eof
that retain the biological activities gf directing secretion of the fusion
protein froma cell and cl eavage of the secretory signal sequence fromthe
fusi on 1Popbet ein®, Rheheéan sgye || | pepet y3ate harodedsiendietd. qireottei yeast | oi ned
to the carﬁ xy-term nus of the secretory signal sequence either directly or
by a |inkFf gsanino aci d sequence. 12. The isolated nucleic acid of claim
11, wherein threl ppepehysacshardider hidtdi AYsProé etiBells inacimOragsdy oma

hor seshoe crab, or a variant thereof conprising conserved am no _acid

repl acenBRESTBLOPALES tFRRE FXRIEFSTIPhs tHAt tHifet gmRgdiment of the

|i popel ysagehat be- BiAdisn G Act i ¥id¥rodmed THEch Sl ekl JHARIC &fjfgceé claim
11, erein the nucleotide sequence encoding the secretory signal sequence
is att chbeaespcacsceg cxf atlye aggtgrglogougt aroteigettocthie gexpyeégsgét ctc
gca gtg The .isolated nucleic acid of claim

12, mhergﬂ% gﬁ§1%g§I%%gﬁggg§%%ﬂ€%ggi§%-?ﬁ?ﬁf%Q%?%ﬁxﬁﬁﬁ ?&ps}%n%?lg%éuence

is att cee atielede eaddCemic@iagy i ! Herddp getatiingete8tgr 96k Ctc
gca gtg ggg gac cag tcc aac ttg ggg. 15. A reconbi nant vector conprising
t he i sol @fe8RRUEKBEESEECD PSPt g fthe digmium Jpor apltyre eebnbhiaant

host , gel a me j t cLer &l ST 27- 30"
hor FES0BgEEERI TR TN (o ondetLpl b SeteBbiBoone proteltl Al Ed el
i s sel ectelitiremntads ugr ogpncdimirsthagdeteatidcet efdmral exainplea l0Sasshy, a

CHO cell . a NIFVSEB EeIL, %fSch ei der 2 .cell ﬁ S cgrevisiae cell and

an' ~EPC E8F| 15U, PARIRSIEH s 0P CheY EFBI ogdus Gehe Tk pFBEYFon Xombri sthg: a)
cul turi ngmaugael bgt ransfided vt hira seeiwsdgoanat Sigiedilta dasialat ggnaygc! eic
acid of any one of clains 7 5 to 10 in a culture nmediumto obtain a

report er thEot diek a9 lOgeUE| t99Re neBFOffiClnd is available. Preferred

15 methods for immunologic detection are ELISA (in any of the
various known formats) and Western blotting. Labels for
detection o©f antibody binding are not limiting of the
method, but preferably the antibody is fluorescently labeled
or enzymatically labeled.

20 The SS of the invention can also be applied to
“enhancer trap”-type vectors, wherein a promoterless vector
carrying a reporter gene is transformed into a cell, where
it integrates at a random point in the genome in such a
fashion that integration near a promoter results !in

25 expression of the reporter gene. In this embodiment, the
reporter gene is made to incorporate the SS, thus expression
of the reporter gene will result in secretion of the
reporter protein out of the cell into the culture medium,
thus simplifying screening for insertion in the vicinity of

30 a promoter.

The SS of the invention can also be applie8l to
expression of genes in chimeric or transgenic animals, to
obtain secretion of a desired protein, especialiy of a

therapeutic protein, into an extracellular compartment. In



b) .‘assaykxRl 2 heP®T ol ogi cal activity of the reporter protein to determ ne
the amount of the reporter protein present in the culture pedium_19.

nmet hod for obtaining systemc circulation of a desired pro@%lﬁpFW?Q93
transgenic or chineric host organi smggnprising: a) providing a reconbi nant
vector conprising (i) a 5 nucleotide sequence encoding a secretory signal
sequencescuapensodgnehes aniche sacied hosl persos ARVISAIER ZRIAL PMEOENLEG, 1 or

vari ants_pf id am np acid sequence that,conpris onservatjyve

repl acerr%‘ﬁt s %ﬁer e%?og'ﬁé{l r ettsnarﬁ)nugfq%oeutbi o{tg‘%i ca%ﬂlang l|C'vi t?;els oéye(jfl‘erlél&?‘? ng
secret i ogmiebd BnénisE PN Pret ephofedm aid0 sekasyodi ciwed | atdratebmager of the
secretory signal sequence fromthe fusion protein,, and,égi) a nucl eoti de
sequence™@Ebli nYPERE 8G W Hroeerhs WRer8FA-t Fe SSEIEGH AR ddqudirte
encodi Ngnd Ne- BEEE eber X HRLQUENES: 1h Si50LRBE LI Rrf rafe; £ 0jkheage aRd 19fn4 he

nucl eoti de sequence 15 encoding the desired protein; and b) transform ng a
cell of therhosptorgamisrmhe t$uxfrce eebnbehaft ovedor€aentors tio othai n a

t ransgenj c, host ani.smt hat expresses_the ife ih Lp.an ;'
PAPlZ?-FfEﬁ'tﬁbf%“ %ergcl etzl%é -Wﬁoex%r%ce?’f%]f%?ggg%%gt %’%ﬁ%rb Fanst ot ni ng a
eukar yotpgocelié FRiwet hetthend eonttisaahivection arfd tigl apbrednt has a
transforned cell. in the host organismto forma chjnmeric host organi smthat

expr essesCRBe Fgddirdd Spravdi i si kR Bt rHdEIYSA aF M ESWBAr tENtNA DB X The
met hpgd of cl apm L9neWhenkife bhe) RO M@t s Veehar pRberided o Matiep &)

further conprises a tissuespecific pronoter operatively linked to the
nucl ei ¢ bei danrsiteicc daBtd dispdbhgodhbreanys ettdrey Symplktseqeewtéemanedrt he 5

‘desired profeif,d 0 LRI nokT sshe- specldic sgerelionof ghe degingd protein
in step ?. 21-A Biroséns8r for- de eéﬁlng € presence of a cdnpoundyin a
sanpl e coppnssbhgasienrl bft bak exprepzeata cecéptor that specifically binds

the conmpound in its plasma nenbrane and is transfornmed with 5i) a

reconbi nant vector conprising a conpoundresponsive pronoter that is

i nduci bl g,ohp18PRESSEPLEIRY Ui ¢OFPOURY. ipd i WG LOlbAS i ACYIENEErC
conpri sing a? a nucl eoti de” sequence encoding a secretory signal sequence
conpitbsing r_he 10 agene a@xFCEHuerfosr MXDYeAB VAL AYGOBNLEetdprnyaef ant s

of said am no acid seguence that_gonprise._conseryati [ epl nts thereof
that retain the bioIB%F%a mEts ?VF§i§§°% * irggsiéﬁggg ?é??oﬁgggga f usi on

protein from @heel lo.andagteayageiotlibgeasar egehy sigialetsaguenseghsadm t he
fusion 15 protein, and b) a nucl eotide sequence_encodi ng a reforter

prot ei n, (WREFE! n WaTe BuseddUBEtERE™ U bl d&COBIERLE BPN s FHRABE Fn

frame tog.hPR833ngeNdc@k the pruglepiide SeQuRNGe a)or WherglRihbB8corpius
conpound-responSive pronoter '~ 1s oOperatively-linked to the nucleotide

sequefcerpicpnddcebtai FazlosofhsinitCEesuing vat sekr et 1995 of Mohe Mepdreer

prOte'n'Biol. & Biotechnology 4:90-103). The construct was inserted

into the pAc5/V5-His vector backbone (InVitrogen, see Fig.

1) . "
Vitellogenin is the yolk protein of the oviparous and
25 ovoviviparous animals. It is exclusively synthesized in the
liver, secreted and finally deposited 1in the eggs. The
secretion of vitellogenin is directed by its secretory
signal. The expression of the LPS-binding domain of Factor C
(~333 amino acids) is challenging because it 1is rich in
30 cysteine residues and requires the correct formation fof 9
disulfide bonds for full bioclogical activity. The
recombinant protein (VtgssCrFCES) 1is synthesized uéing the

Drosophila Expression System™ (InVitrogen) . Stable



' PAP127pRET230pcTApPril 2003 -41 22. A nethod for detecting the presence of
a conpound that binds to an estrogen receptor in a sanple conprising: i)
contacting the biosensor of claim21 with the sanple; and B0"Aprii@ape? m ni ng
t he amount of the reporter protein sqgﬁﬁted by the cell. 23. The bi osensor
of claim 20, wherein the conpound responsive pronoter is an

estrogenréespeDsaNe ebesBsphDer edd] BstIriagen iweducesbihanser i phoncheom t he
pronmoter and the cell expresses a receptor that_ specifically binds 5
estrogendiahllBeEigBenOhi nitds. PAOtHiE n¥tafod etk igd2, PiiheWesherhe

conpoundyespPONSE Ve, I YOLAE 1k $ uAT nESEEAYE ML ESPONSA Ve 8l MBOL RSk 8L D
f h h

estrogen induces transcription fromthe pronoter and the cell expresses a
recept orprbaeispecasi caldy puds edsttcogbrsiogrdedstyr ofen- nNAtesmandit he
incregse in_the agnunt ogctge reporter protein secreted after contacting
the cBl I 2WTH FRa“sEnBle 4 " Heasured. 25. The biosensor of claim 21 or 23,

wherein the repRogenegepe ¢BeHRifst etive@M t IeggE 0L OReSt 480 hing
chl oranpheni col ami notransferase, green fluorescent protein or another
aequor i NMAEBTEMAESES BreteiAnYss, JRIFTrERESd 50yl dhhrividise) a@iral i ne

phosphat gegaani duerRalif! 981 dRgrrths Anrhsobated JWiG) eLharChALLAPELSI NG a
nucl eoti de sequence encoding afusion protein conprising a secretory y
si gnal sefeeved andaa glegiredppinmt el Aigwhél ei Theaiabsewretof ymelghale
sequ%gcecfggggéggsshggs €%§§ZJE§§§'EIlkcggg%%%%Jeﬁaﬁé production of
' secreted heterologous protein. )

The Western Blot shows that practically all of
VtgCrFCES 1s secreted into the culture medium (Fig. 3). No
intracellular VtgCrFCES was detected using chemiluminescent

15 detection, which 1is very sensitive. The fusion of Vtgss to
the LPS-binding domain resulted in its secretion whereas the
native secretory signal of Factor C targets the LPS-binding
domain intracellularly. The presence of VtgCrFCES in the
culture medium allows simple purification from either batch

20 or continuous culture.

The LPS-binding properties of the secreted protein are
retained as shown by plasmon resonance studies, using the
BIACORE™ in vivo biosensor apparatus (Fig. 4). This,‘is
despite addition of 6 Vtgss-derived amino acids to the N-

25 terminus of the CrFcES protein. Thus Vtgss 1is capable of
driving the secretion of correctly-folded CrFCES. Functional
Vtgss truncated after the aspartic acid residue that is the
carboxy side of the cleavage site (see, e.g., Figure 8A) can
be wused to reduce the number of extra amino-terminal

30 residues.

The expression vector employed here contains the?basic
features necessary for expression of recombinant proteins in
heterologous cells; (1) an efficient promo&er for

transcription initiation; (2) enhancer elements for high



30" Aprphp2803péT2 _.' ~. . . _ ~ Z am no acid sequence

MRVLVLALAVALAVGDQSNLG, or variants of said am no acid sequence that

conpri se conservative replacenents thereof that retain the 3othoA@gi2oad

activities of directing secretion of _tﬁ;_fusi on protein froma cell and 5

cl eavage of the secretory signal sequence fromthe fusion protein; wherein

t he desi tedepr ot edmis¢Bipt ObNed (D) t heRNear ppoegbeingnusiqialde S ebery

si gnal seguence, either directly or | i nki glgllam' no acid sequence. 27. A
I

by a .
host cel PRNBmSiEdVAGSa tBPL¥ %?Y%gﬁbo’?hélﬁ gied Nuct ePELYLERREE ¢l ai m

26. 28. AoHERRAUNGOr mAN@AYAIeNg 12 ASSIdObiPr Al dh GOTRL & S4 NTs EHLLUT irRG @
host of claim 27 Under conditions wherein the desired- protein is secreted
from t heingsrtéenl ofafenedemy diNAvg (e trbe¢teable crarkefs obhahecsnl ber e

medi u . A _fus] r ot ei o] {,Si i) retor i l, sequence
pol ypg’1pt|g égcorrff)jri %ie;ig%t ec%r#nsg %A s%%%ceW%LAgﬁ%ﬁéh%&:ﬁl or
vari ant segprsabdoan viecact d saglienee tphabseddprhsekisnis ers@fuartes to
repl acenents .t hereof that retain the bialogical activities of directing

secr et | oRSIBL5f RYRAIIn Ft ot Bi PAG SR @ cefFLafd EFCavdyk!l ofUkREYSEAFet Or y

signal sequencs; bhoNMs{BeehlSi RACRAO €H N @tk (IHabdh S@EeRd-a10! ypepiide. 30.
The fusion protein of claim?29, wherein said second pol ypeptide is a

|i popol yshevRamedeibhadi nffgrtoressn. 1Bagfmamhe fRisi oA -protewheds cl dinm 29,
uher gn S usgcond ol pentide «9030p1 ot gL sslact o fromLbgogroun,

consi sting Chl orarmpheni col™ am not r ahsf eras green 'l fluore

or anot h@hzgequor i Ngs { 81arybase(1938b act amaehdmeideer azd,l ghurdigbicdase,
al kal i ne phosphat ase 20 %nd, 3-gal act o%i dase, Ai |l dNDED SHEET .
TAN L AL RPE. AU ID. REPBARLEMSAVLAF, Abe extracellular secretion of

ALF A - BEAYiAG. AR YLASF.AF. 43, ABY. Ao, - A3 Aorhifhs dks hT vAALY. ALF.
A F. A9Y. A39. A
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system. Other expression systems based on eukaryotic host
cells (e.g., other Drosophila host cells; Dbaculovirus
systems; other eukaryotic host cells, including mammalian,
20 avian, reptilian, piscine, invertebrate (see Examples 2-4)
and yeast (see Example 6)) can be used with the vectors of
the invention.
Example 2: Inducible expression and secretion of ’the
recombinant VtgssCAT and VtgssEGFP reporters
25 from mammalian cells
We have thus constructed a reporter CAT system (Figs.
5A-5G) that wuses the secretory signal of the 0. aureus
vitellogenin gene (Vtgss). The excellent secretory signal
provides quantitative secretion of the CAT reporter protein
30 into the culture medium, and thus it 1is not necessary to
prepare a cell lysate to assay for the reporter protein. An
investigator is thus provided with an easy assay. for CAT

activity and so can retain methodology that he/she has
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] ca] ca] coreahspl 68FEAT is psp-VtgCAT with the estrogen response unit

from a Xenopus vitellogenin Bl gene (kindly provided by
10 Professor W. Wahli, Switzerland) inserted upstream of the
SV40 promoter. These constructs were co-transfected together
with chicken estrogen receptor c¢DNA and pSEAP control DNA
into wvarious mammalian cell 1lines (e.g., CHO, NIH/3T3 &
COS). This allows the testing of E;-inducibility of the ERU-
15 psp-VtgCAT. The secreted VtgCAT reporter protein was assayed
by CAT ELISA (Boehringer Mannheim) (Fig. 6). To verify that
the level of the secreted VtgCAT in the culture medium is
directly proportional to changes in intracellular
concentrations of VtgCAT mRNA, a Northern blot was performed
20 under E;-stimulation over a time course (Fig. 7). The results
indicate that VtgCAT is efficiently secreted from the cells,
and the levels of VtgCAT in the culture medium are directly
proportional to changes in intracellular concentration ‘of
VtgCAT mRNA. Furthermore, the increase 1in VtgCAT can 'be
25 detected as early as 2 h after E;-stimulation. Importantly,
the decrease in VtgCAT transcript after 24 h 1is also
reflected by a lower amount of VtgCAT protein. This
indicates that there is no delay in VtgCAT secretion. Thus,
the Vtgss signal acts to immediately secrete the protein out

30 of the mammalian cells.
PVEgEGFP, a green fluorescent protein repbrter
construct (Figs. B8A-8C) was transiently expressed in COS
cells. Vtgss also efficiently secreted the EGFP fluorescent

protein into the culture medium (Fig. 8D).
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cells.

15 Example 4: Inducible expression and secretion of recombinant
CAT reporter from piscine cells

Co-transfection of the ERU-psp-VtgCAT construct with

chicken estrogen receptor c¢DNA into a piscine cell 1line
(e.g., Carp Epithelial cells, EPC) also resulted in

20 estrogen-inducible expression and secretion of the CAT
reporter protein into the culture medium (Fig. 10). EPC were
cultured at a low temperature of 25 °C. A 3-fold 1ncrease in
VtgCAT can be detected by 24 h after estrogen-induction. The
low metabolic rate of EPC 1likely explains the . lower

25 induction of VtgCAT compared to the levels observed in
Example 3. Nonetheless, this experiment shows the efficiency

of production and secretion of VtgCAT conferred by Vtgss.
Furthermore, the Vtgss-directed secretion process is
applicable to all eukaryotic cells; it is not limited to

30 mammalian cells. $

Example 5: Expression of VtgCAT reporter in S. cerevisiae

(strain DY150)
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heterologous protein. The plasmid provides for two

S selectable traits, URA3 and leu2-d. Expression of VtgCAT was
monitored in yeast grown in a rich YEPD medium and synthetic
minimal wmedium (MM). From Fig. 12, it is clear that
production and secretion of VtgCAT occurred as early as 24
h. The amount of VtgCAT detected in the both kinds of

10 culture medium is comparable. However, VtgCAT production and
secretion appear to decrease by 48 h, particularly, for
yeast grown in MM. By 48 h, the pH of the media has dropped
to below the optimum of 5-6. This affects the growth of the
transformants, and hence, production of VtgCAT. Adjusting

15 the pH back to 5 resulted in a tremendous increase in VtgCAT
in the culture media. Thus, the growth condition 1is
important for efficient secretion of VtgCAT from yeast. We
envisage that cultivation of recombinant yeast in a
fermenter enables better control of growth conditions and

20 consequently secretion of even higher amounts of VtgCAT into
the culture medium. It is important to note that “secretion”
in this application includes export of recombinant

' protein(s) into the periplasmic space, as well as through'it
into the culture medium, of a recombinant host cell that has

25 a cell wall. In such instances, the "“cell lysate” fraction
will include proteins localized in the periplasmic
compartment. In this particular example, a large proportion
of the VtgCAT is found to accumulate in the periplasm. Use
of wall-less mutants of yeast (or other fungi) host cells

30 would prevent accumulation of the heterologous proteins in

the periplasm. Such wall-less mutants are known in the &rt.
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1 1$10%qqknfP- the periplasmic’ space of the bacterium, where !it
catalyzes hydrolysis of the f#-lactam ring with concomitant
detoxification of ampicillin. To demonstrate the

10 universality of Vtgss to direct secretion of recombinant
proteins in bacteria, the native secretory sigmal of R-
lactamase was replaced with Vtgss. The expression of this
new fusion enzyme (Vtg-ff-lactamase) is under the control of
an arabinose-inducible promoter (e.g., araBAD promoter) .

15 A R-lactamase gene was isolated by PCR using a blactfor
forward primer which was designed to prime the start of the
mature protein (i.e., to exclude the native secretory
signal, see, Figures 13, 14A and 14B). Consequently, the
only means of survival for pBADVtgblactKana transformants

20 was when Vtgss correctly directs the secretion of the
“truncated” f3-lactamase into the periplasmic space for
hydrolysis of ampicillin. Sufficient functional f$-lactamase
must be secreted into the periplasm to effectively hydrolyze
ampicillin before the latter enters the cell or the host

25 cells will die.

Expression of the R-lactamase in the periplasm was
assayed by plating transformants on agar plates containing
ampicillin and varying amount of arabinose. In the absence
of arabinose (0.2% glucose) or in the presence of only

30 0.0002% arabinose, no colonies are seen. This is due to the
insufficient expression and/or secretion of Vtg—B—lacEamase
under these conditions., When the amount of arabinose was

increased (0.002 to 0.2% arabinose), a dose-dependent
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The arabinose-induced vector with Vtgss is capable of
directing secretion of Vtg-f3-lactamase into the periplasm as
10 well as out of the bacteria into the culture medium (Figs.
16-18), both of which caused the.hydrolysis of ampicillin,
hence the survival of positive clones carrying the Vtgss
signal. The expression and secretion of Vtg-f-lactamase in
this instance is strongly influenced by the bacterial growth
15 rate and rate of transcription induction. Nonetheless, the
Vtgss is a useful system for convenient screening/reporting
of genetically-engineered clones harboring selectable
marker (s) /enzymes (such as fR-lactamase) to be expressed as
an indicator. In the present example, the arabinose-induced
20 growth of the positive clones in the presence of ampicillin

selection 1is a convenient visual screen.

Example 7: Rate of VtgCAT and Vtg-Gal Secretion in CO0S-1
Cells ’

25 The construct, pVtg-Gal, which harbors a truncated f3-
galactosidase gene cloned downstream of Vtgss (Fig. 19)
produced and secreted the recombinant Vtg-Gal into the
medium when transfected into COS-1 cells. Western blot
analysis using mouse anti-f3-galactosidase identified a ~116

30 kDa recombinant Vtg-Gal in the culture medium of transfected
COS-1 cells (see Fig. 20). Thus, Vtgss has the potential to
direct secretion of a large heteroclogous protein.

The amount of Vtgss-fusion protein secreted at various
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The rate of VtgCAT and Vtg-Gal secretion were almost 3-fold

higher than SEAP. This would prove very critical for
experiments investigating short term or rapid
transcriptions. Once again, this shows that Vtgss 1is

15 capable of directing rapid secretion of recombinant proteins
regardless of their size. The values for VtgCAT and SEAP
secreted were normalized by f{-galactosidase production.
Similarly, the values for secreted Vtg-Gal were normalized

with SEAP.

20 The above examples are merely illustrative of the
invention and are not to be understood as limiting it.
Rather, the scope of the present invention is defined by the
claims following. All references of the patent %nd
scientific periodical 1literature cited above are hereby

25 1incorporated in their entirety by reference by such

citation.

Y
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2. An isolated nucleic acid of c¢laim 1, wherein the

nucleotide sequence encoding the secretory signal sequence
is att cac atc cac cag cc atg agg gtg ctt gta cta gct ctt
gct gtg gct ctce gca gtg ggg gac cag tce aac ttg ggg.

3, An isolated nucleic acid of claim 1, wherein the

cell from which secretion is directed is a eukaryotic cell.

4, An isolated nucleic acid of claim 1, wherein the

cell from which secretion is directed is a prokaryotic cell.

5. An isolated nucleic acid of claim 1, wherein the
secretory signal sequence is cleaved between the G and D

residues in the VGDQ portion thereof.

6. An isolated nucleic acid of claim 3, wherein the
secretory signal sequence is cleaved between the G and D

residues in the VGDQ portion thereof.

7. An isolated nucleic acid comprising a nucleotide
sequence encoding a fusion protein comprising a secketory

signal sequence and a reporter protein;
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terminus of the secretory 51gnal sequence, either directly

or by a linking amino acid sequence.

8. An isolated nucleic acid of claim 7, wherein the
nucleotide sequence encoding the secretory signal sequence

is att cac atc cac cag cc atg agg gtg ctt gta cta gct ctt
gct gtg gct ctce gca gtg ggg gac cag tcc aac ttg ggg.

9. The isolated nucleic acid of claim 7, wherein the
reporter protein is selected from the group consisting of
chloramphenicol aminotransferase, green fluorescent protein
or another aequorin, p-amylase, p-lactamase, luciferase,

5 glucuronidase, alkaline phosphatase and f3-galactosidase.

10. The isolated nucleic acid of claim 8, wherein Fhe
reporter protein is selected from the group consisting of
chloramphenicol aminotransferase, green fluorescent protein
or another aequorin, p-amylase, P-lactamase, luciferase,

5 glucuronidase, alkaline phosphatase, and fi-galactosidase.

11. An isolated nucleic acid comprising a nucleotide
sequence encoding a fusion protein comprising a secretory

gignal sequence and a lipopolysaccharide-binding proteiﬂ;
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joined to the carboxy-terminus of the secretory signal
sequence either directly or by a 1linking amino acid

-

sequence.

12. The isolated nucleic acid of claim 11, wherein the
lipopolysaccharide-binding protein 1is Factor C from a
horseshoe crab, or a variant thereof comprising conserved
amino acid replacements or insertions or deletions that

5 retains lipopolysaccharide-binding activity.

13. The isolated nucleic acid of claim 11, wherein the
nucleotide sequence encoding the secretory signal sequence
is att cac atc cac cag cc atg agg gtg ctt gta cta gct ctt
gct gtg gct ctcec gca gtg ggg gac cag tcc aac ttg ggg.

x

14. The isolated nucleic acid of claim 12, wherein the
nucleotide sequence encoding the secretory signal sequence
is att cac atc cac cag cc atg agg gtg ctt gta cta gct ctt
gct gtg gct ctc gca gtg ggg gac cag tcc aac ttg ggg.

15. A recombinant vector comprising the isolated
nucleic acid of any one of claims 1-14.
3
16. A recombinant host c¢ell transformed with the

vector of claim 15.
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k said cell is selected from the group consisting of a
bacterial cell, a COS cell, a CHO cell, alNIH/3T3 cell, a

Schneider 2 cell, a S. cerevisiae cell and an’ EPC cell.

18. An assay for heterologous gene expression
comprising: !

a) culturing a cell transformed with a vector

comprising the isolated nucleic acid of any one of claims 7

5 to 10 in a culture medium to obtain a reporter protein in

the culture medium; and :
b) assaying the biological activity of the reporter
protein to determine the amount of the reporter protein

present in the culture medium.

19. A method for obtaining systemic circulation of a
desired protein in a transgenic or chimeric host organism
comprising:

a) providing a recombinant vector comprising (i) a

5 nucleotide sequence encoding a secretory signal sequence
comprising the amino acid sequence MRVLVLALAVALAVGDQSNLG, or
variants of said amino acid sequence that comprise
conservative replacements thereof that retain the biological
activities of directing secretion of a fusion protein from a

10 eukaryotic «cell and cleavage of the secretory signal
sequence from the fusion protein, and (ii) a nucleotide
sequence encoding the desired protein; wherein the
nucleotide sequence encoding the secretory seguence 1is
joined in frame to the 5’ end of the nucleotide sequence
15 encoding the desired protein; and

b) transforming a cell of the host organism with the

recombinant vector in vivo to obtain a transgepic host

organism that expresses the desired protein in an
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20. The method of claim 19, wherein the recombindnt
vector provided in step a) further comprises a tissue-
specific promoter operatively 1linked to the nucleic acid
nucleic acid encoding the secretory signal sequence and the
desired protein to obtain tissue-specific secretidn of the

desired protein in step b).

21. A biosensor for detecting the presence of a
compound in a sample comprising a cell that expresses a
receptor that specifically binds the compound in its plasma
membrane and is transformed with

i) a recombinant vector comprising a compound-
responsive promoter that is inducible or repressible by the
compound ;

ii) a nucleotide sequence comprising a) a nucleotide
sequence encoding a secretory signal sequence comprising the
amino acid sequence MRVLVLALAVALAVGDQSNLG, or variants of
said amino acid sequence that comprise conservative
replacements thereof that retain the biological activities
of directing secretion of a fusion protein from a cell and
cleavage of the secretory signal sequence from the fusion
protein, and b) a nucleotide sequence encoding a reporter
protein, wherein the 5’ end of the nucleotide sequence b) 1is
joined in frame to the 3’ end of the nucleotide sequence a);

wherein the compound-responsive promoter s
operatively-linked to the nucleotide sequence ii) to obtain

compound-responsive secretion of the reporter protein.



10NV 10084 £y = paT23" 10%BnB&’ () -! 23" 10%m& () -!S,) %d0%n& ()-!S,)%0%& ()-$
$$5$%6 & [ OMB7!! 1 U$10% . & ()-!$10% . & ()-! HP109%& ()-!v& 10%&' ()-&

10%2& ()-S10%& ()-*&&' ")) *WU3MB7! ! -"10%z& ()-g! N $10%& (30" Asyil 2003
$10%& ()-!"10%z& ()-!FYd0%z& ()-f!HL0%=& ()-***
+9+| +z[ 3MB7! 1 - " 10%2& () - g! N& 10% & ]i)
10%& ()-!'\5%$10%& ()-!s!5$109%& ()-! N1$10%&' ()- Normal" "Heading 13]c"
"Headi ng 23]c" "Heading 33]c" "Heading 43]c" "Headi ng cﬁ% " "Headi ng 63]c"
"Headi ng 73] &2." Hhadierdr BB kor " debelr hgng 3FRe APTBERAGIet raagfaphound

Font v+ 29=ACRNL oL LD 3l Gl 92485 52 @R HOLIRRTV G o ikypr t vz -5t

$' ).  2{45: <G@ C P&l @bRPaBWKhe {ehbptmébdx" Tof XY:-Ale@@Katk WHtE* | tthe
I " #POR' gﬁ *+,-./0126Ti mes New RomanAri al Couri er Nevv' h Root
Ent r yWworatBctmedt | "#$9&' ()*+, -./0123456789:

<=>7? @\BCDEF Gyl J KL NNORORSAWMUKYZhE | “amabed efghi JtKﬂen“QBQE)%EH\_‘VWﬁ{%tB{éln
| " #$U& () *+, -./ 0123456
secreted by the cell.

23. The biosensor of claim 20, wherein the compound-
responsive promoter 1is an estrogen-responsive element
wherein estrogen induces transcription from the promoter and
the cell expresses a receptor that specifically binds

5 estrogens and estrogen-mimics.

24. The method of claim 22, wherein the compound-
responsive promoter 1s an estrogen-responsive element
wherein estrogen induces transcription from the promoter and
the cell expresses a vreceptor that specifically binds

5 estrogens and estrogen-mimics and the increase in the amount
of the reporter protein secreted after contacting the cell

with the sample is measured.

25. The Dbiosensor of c¢laim 21 or 23, wherein ghe
reporter gene is selected from the group consisting of
chloramphenicol aminotransferase, green fluorescent protein
or another aequorin, f-amylase, p-lactamase, luciferase,

5 glucuronidase, alkaline phosphatase and R-galactosidase.

26. An isolated nucleic acid comprising a nucleotide

sequence encoding a fusion protein comprising a secretory

3

signal sequence and a desired protein;

wherein said secretory signal sequence comprises the
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amino acid sequence MRVLVLALAVALAVGDQSNLG, or variants of
said amino acid sequence that comprise conservative
replacements thereof that retain the bioclogical activities
of directing secretion of the fusion protein from a cell and
cleavage of the secretory signal sequence from the fusion
protein;

wherein the desired protein is joined to the carbo#y—
terminus of the secretory signal sequence, either directly

or by a linking amino acid sequence.

27. A host cell comprising a vector comprising the

~

isolated nucleic acid of claim 26.

28. A method for producing a desired protein
comprising culturing a host of claim 27 under conditions
wherein the desired protein is secreted from the host cell;

and recovering the desired protein from the culture medium.

29. A fusion protein comprising (i) a secretory signal
sequence polypeptide comprising the amino acid sequence
MRVLVLALAVALAVGDQSNLG, or variants of said amino acid
sequence that comprise conservative replacements thereof
that retain the biological activities of directing secretion
of a fusion protein from a cell and cleavage of the
gecretory signal sequence from the fusion protein and (ii) a

second polypeptide.

30. The fusion protein of claim 29, wherein said

second polypeptide is a lipopolysaccharide binding protein.

31. The fusion protein of claim 29, wherein said
second polypeptide is a protein selected from the group
consisting of chloramphenicol aminotransferase, green
fluorescent protein or another aequorin, B—amylaéz, -
lactamase, luciferase, glucuronidase, alkaline phosphatase

and B-galactosidase.

AMENDED SHEET



