1 EXPRESSION SYSTEM The present invention concerns an expression system suitable for the
microbial expression of recombinant polypeptides. T7-based perfect palindrome operator
sequence-based protein expression systems are known from patent US 6,537,779. T7 based systems
suffer from drawbacks 5 in that operation of the T7 system requires phage polymerase which is
commonly provided by inserting a ADE3 prophage expressing the required phage polymerase into the
Escherichia coli host strain to create lysogenic host strains. The phage polymerase can also be
delivered to the cell by infection with a specialised A transducing phage that carries the gene for the
phage polymerase (e.g. T7 RNA polymerase). The ADE3 10 prophage lacks the genetic elements
required for the excision of the prophage tEXRRESSOONAG8TEMicles. However, ADE3 lysogenic host
strains have been shmanptesgieaseribagrmartisies angréesisrcayserindeshialis imkeetionbid

fermentation pigsiss<ipHeerhruiish phHRsistrains is not permitted by certain fermentation plant
operators. Expressiopyef e heteralpdots Bralein priorte induclion ie gk dgshahle because, 15 some
heterologous proteins have deleterious etects on the nost cell growth and plasmid stgi)lfﬁy which

reduce overalPFHSRRAR " HIHRARTTY 08 G AXpres SRAT S Ersms SUfieh IR BRYBPESoression
of heterologoud hratetrsrationlethasT FisystRuesoriest Bhaseseriinsrape ThiRNIA sermetise gene
to produce T7pRiMidedabynimsertagis ragcl ey exexpsesgitre fremuitbe Fhapeqrlgtesrssedotedly, the T7
promoter itseltralsesbraftsito ol i dndigivcio Thigia cyeaseicthost arye Xt ofvppesabisigrefabased
expression sysigMmo be AOREIRN BaHIGH BYMRLESH IRFCECIBEAHRBING RIS MY FiaMms with
cystemiforme it B HE NG AU MR FEISE 0 7 IRl TR 0
consumily artl CREEEIAG RIS ERoR h M 169 BIde e seTyie RLPRIgR AN Ged control
of expression RIRETRFHIGES: | HRYS\Er pritER BXpHRAEI SR BTSSR R @ P RAGE L By IREASSe and
lysogenic hosphaggrpartitiry @rid tisocauseadhfiesisgiirciniediignisindarmentatide pirhisibladredriegous
expression in psekdnREE teliss anvielbasitikey yettaicéisnsutiias maatopwabamnsand yeast cells.
According to the presgpiciugntipthd herersfopeayvigrich pated palibsliome snesaianid@seauance-based
protein expresgipi %%%B&&I@FF&H&% A2 READGIGTs 3RAR) ShRBLIRELRAINGME LRGSaLkgequence;

characterised siPaH-]ﬁ‘t th@ romater Is nfglt TZ)dPrR/ ; ote{s whic £an-pe emp o&ed iSn .'([)hese ression
system of the pre's.eHN éﬂir’iven fon z?l_rre ormr%%’n\)y host RN \ po'f’merasse- asgﬁ |osr',orr]ndftsare rsnfstems,
and preferabl? 2Bl FRABLRRIERSR-PENSERBARMR PRSI BNl BitroRRiwWHich can
be employed ipitafsiqry efthe 7TARNAmOY masesogsRe o Riiow/ 57 hiNAxeMPSBRR R EYiFedie 2
Operator sequkneesprbisiomizgnbéreMplormabiartheSesqdipsibe Systemaecdsdingiso tiregrésent
inventiogy inclugteindcegnl, ttaB mockaiss GBeaMRANS pRsfReiiy Mo eppraisbisegienses may be
employed. In many prefrireckembagdENgINsh e PREISEI RRNRIIPHRS O REFAIGEISE XIRRGRS Bith
employed, mogkadypniageously e ReTaal R SERUBAG-BeLILIRGR A dsiLeag) ofthgepromoter,
and one operator sequence being located upstream of the romo}er. W (in tv\{o oa&rator.sgﬁsltems are
employed e TREHIE) <R TR iR dHRERy Syl AL A Ao i EhiFol SPBe BRTASTLr. In many
embodiments PIRECSPactitFisSTHOIR SFRYTES Fade PasRafiart, Pretefapiy BomoettéPL S¥SRIRR pairs
apart, a#fd mowhisrefezabfyiderigpissed sanschpirtexaressienin antbowivieattsisveian dpeieiei sequence
overlaps with txertrsgiscnpthonatistarngoiphage tpaifhreaecagniseddédt thesopesmtor Syrstenisis
commonly emﬁl_&y(%d WaBy auara@péw@t@m@ﬁr%aﬁobﬁﬁmemcﬁﬁomwme@sz@%w@dume
repressor protgiJgeaXaaeledak HEnERSRUERCe L ek UShAEIRG QR URES.JINer lac repressor

sequences may also,pe yaed, 1op SxATble (e R G seUenea Ean b Used L pcreass e LS level of
lac repressor protein. e re%ress_o sequence may also %_é’_ provi edpgy the Rost ceit ggnome or by
using aftadditGAYPRSHBSHD R PRI Mipressior RIS R8HER" S stem may be integrated into the host
cell genome, but is preferepiesAptised within an extrachromosomal element such as a plasmid.
Alternatively, the exmessmfesystimronay dpeisioospauated;into phage or viral vectors and 20 these

used to deliver the exiesKoBs)ateR théophamaesisaalt system. Plasmids or expression vectors can be
assembled by methasig kpwnnitie & Hae anid trigal ARG GOMRISERMOBE Mk PRISAf the
following; a selceighle Q@E%%ﬁg&g’ﬁ%@%ﬁﬂ B%ISJH]%Pa%%-%%Qé%r%Po‘%‘n%%?b%%{%r%%s'3%%” Cr%fe?a%g stability
sequence and an expression cassette. The expression system may alsg incor oratéoa signal
cequience if SErEu G PSSR T TR XRTBAS GFORAPBOTERCER By the
addition of an $tRIREAYDEHARSTIEdbrbpHR-{B B Mhichialeo fREHMBsithe o 16 P hatafouePof IPTG
such as isobutyl-C-galactoside (IBCG), lactose or melibiose. Other inducers may be used and are
described more fully elsewhere (e.g. see The Operon, eds Miller and Renznikoff (1978)). Inducers may
be 30 used individually or in combination. The construction of appropriate plasmids or expression
vectors will be apparent to the scientist of ordinary skill. .




The expression system of the present invention can be employed to express proteins in host cells, and
especially in microorganisms. As used herein, "proteins" refers generally to peptides and proteins
having more than about 10 amino acids. The host cell 35 may be prokaryotic or eukaryotic. Examples
of prokaryotic cells include bacterial cells, for example gram-negative bacterial cells, including E. caill,
Salmonella typhimurium, Serratia marsescens and Pseudomonas aeruginosa, and gram-positive
bacterial cells including Bacillus subtifis. Exampleg of eukaryotic cells include yeasts, such as Pichia
pastoris, Saccharomyces cerevisiae, Hansenula polymorpha, Kiuyveromyces lactis,
40Schizosaccharomypestposdnasidasnuhidiamaobt eptidayhicin dosn dxpressipiosyetenchmberdnguman cell
lines, such astdaan-caMpnesiEdAdRavRNES 54 Géb calls gmUrioaeceH Mors peHek aaliNgeheells; and

particularly h%pé@%ﬁ%@dﬂ@é&’%?%@@xﬁfmtewmﬁ?’ BRISAIA SIPRHAUNS e SR hamster

|
ovary cells. Other eukaryotic host cells such as thase of filamentous fungi, plant, insect, amphibian
coll or avariP RIS (G Ao S eets, &7 SOEnSa Ao Aol s 2 e
enterobdcteriSE3ES5R RGNS P ERiEdi d WP ERYB GLIRF B OMR'ES APiREHRARATOT SCAYFNER R sion
system of the pfaisentpstieatorfisheorinmeisr enfiisfedvie erRe®IgH DistepaRrRdCRAPYdsiiRls
comprising a pperauicsegndragseale crgalaity apeaper atexivdaguemte) oftbegnothetgrorinotens not T7,
form another agpRelRéke tReeseing e Hdan 83 & heopbasenidsranmaReprsftpasinpoalpoapliczdging
plasmids or injggrafiye BIARMIAS most ptORIEER'EF3IUD PaiepaiR ApaLrepeRiaH Mt IRents,
advanta}geousal (?rénpal{%y%g Sqf ?;[crp?eo%% g"’\ﬁftﬁrﬁﬁ 9 Qﬂg&ﬁ&%h%&%ﬁ)ggwecombmant proteins, by

) e .
culturing recombihant ce he expression roteins, It will be reco&?lsed hat the Eromoter and

operator sequence ard"BpRFaI55PRRISE t@%ﬁmg’ﬁgﬁﬁﬂﬁgsésb%’té?nmo pFEAREYFY MR Bdingly, the

present invenfiBRf REBIHIGHIGESCA FREUFHEfor RERrPTeRILSBIFRISE HIMIFPWRRERSEBSAKES pressing

an expressiorexgmsigen leomgeisingea)anpeomiotor;using phefdet paberdtorme dpieitdesegoeseer and c)a}w

expression cassgitades may akime2Redataciensei theha requemnetenisamdifto incrédsetios more

Promoters, opelafer RRALSRSES: ARIAXPIeRsi Al cAssSEHRRNRIGRA A% DB PR sREEY siffRIant, may be

present if desl{g%e omlg?b?i@fﬁﬁ_%i%@é{%& ar! égrﬁﬁ%@équgsmdmethods well known in the art for the
re ude

B
cells employed. rredxe>r< rgsrsllc%nsrremet nqu nclu %{lt rin ttﬂ% reco Cbihwanet cc?rllles igutZISSgrowth
medium, especially b Seriienta |on,yaF1(§ntheﬁyrecove?ﬁ1g fife exXpressed pro eifcThetenm "Growth

medium" refeRFeEAN L FORRRSS uMtDge PRor GEERAMEMRECrERORISMERT IRE 1AM &nyPESBTdiments, a
nutrient solutiéfisEelivglojeel SRRt ghsieth mdhe IDEQIRAALREDIR BiRRst @eVisahrediRsd RAGwn in the
art. Thepresehesavesaibivisidlvstrdte dexpthssibfinjisttonibly the follshwel sysienple Pl@dnidsGCaneration of
PAVE series qixprsiasn \eeters paVES LksoMMED by anslroAy kAddnT he warking VEdopikniiie
generation of pAVROLLWESRFLIH2,2 ARBRseH AS ARdRRR RS Ba3¥er/9r BZIH2 Q has a
pAT153 vectof backbone, cer. Stabll(lP{ uence, tet AIR, a gélées%a'ﬂgg CI(glca ope at%r( seduence

1on ,t& Inator. A%D7 Sp

sequence cohferring antl o%gqe&s anc f/cer stgbql
upstream of the gene o?ln erest and an u streamQT Jtranscript romaqter and
dual perfect pERFaHime TEE BRETSTSTS TR IBRLASA (5 SR S R Ll BTGl Bleotide
linkers By medifs45etise NetPn S¢emirathd Xba | restriction enzyme sites. 4 Linker 12.1 was
prepared by annealifgriikessiigoandlemitised anthakdligoreicediitiser (8 3IsopIY)-B-D-1-
thiogalactopyranoside (IPTG), analogues of IPTG such as isobutyl-C-galactoside (IBCG),
lactose or melibiose. Other inducers may be used and are described more fully
elsewhere (e.g. see The Operon, eds Miller and Renznikoff (1978)). Inducers may be
30 used individually or in combination. The construction of appropriate plasmids or
expression vectors will be apparent to the scientist of ordinary skill.

The expression system of the present invention can be employed to express
proteins in host cells, and especially in microorganisms. As used herein, “proteins” refers
generally to peptides and proteins having more than about 10 amino acids. The host cell

35 may be prokaryotic or eukaryotic. Examples of prokaryotic cells include bacterial cells,
for example gram-negative bacterial cells, including E. coli, Salmonella typhimurium,
Serratia marsescens and Pseudomonas aeruginosa, and gram-positive bacterial cells
including Bacilfus subtilis. Examples of eukaryotic cells include yeasts, such as Pichia
pastoris, Saccharomyces cerevisiae, Hansenula polymorpha, Kluyveromyces lactis,

40 Schizosaccharomyces pombe. Mammalian host cells which can be employed include



5'CATGTGGGAATTGTGAGCGCTCACAATTCCAAGAACAATCCTGCACG 5 Oligonucleotide 2.1
(SEQ ID NO 2) 5 AATTCGTGCAGGATTGTTCTTGGAATTGTGAGCGCTCACAATTCCCA The linker
was then ligated to plasmid pZT7#2.0 and transformed into cloning host tostrain XL-1 Blue MR
(Stratagene) as an Nco YEcoR | fragment. Initial screening of transformants was by restriction
digestion using Nco I. The sequence was confirmed by sequencing. The resultant plasmid was named
pPAVEO12. The T7A3 promoter cassette was then cloned into pAVEO12 by annealing
150ligonucleotides 3 and 4: Oligonucleotide 3 (SEQ ID NO 3)
5AATTCAAACAAAACGGTTGACAACATGAAGTAAACACG3TACGATGTACCGGAATT
GTGAGCGC &'R?PA oo fﬁ%‘ﬁ&oﬂ&&? BIFRS KPERAFNY NeRfy)® cells; murine cell lines,
5'CTGGTGGEEBETHOrsscre eaticdiety hareie el tirsaye s ey damster kidney cells
GTTTGCTTCBHGIRSTICHTSETATIE (ViG ihe @t aldtnitohasieetitieschemthtigatéd to
plasmid pAVHdBeatmisrangfoshaeidinstaiclanjhtp o stetitrairoydridn BhezibdMh (S 4rtage rapas e Xba
I/ECOR | fragnrestetaitiabscianpingsWastblid epariidipiignsh el taausk DN éretis SEQUgNgRwas then

confirmed by gggé@g;@lggarmg g%mgatgg@%mld was named pAVEO11. 30Human TNIFq gene was
cloned into this plasmi d as an Nde I/Xho I{ ﬁgmentrtlpl rate pAVEOQO13. Aéffasmld map for

PAVEO13 is presentedin Pigare18Y Thia SronR e by rﬂés PAPBRANLEBI NS BYERARER and the
restriction enz%fn?e%?@g'%s%’bdlr?lﬁ‘?g’tdéng‘?fUE”ﬂ%W Phergpe t&‘?a?e%ﬁﬂ’?‘p@ﬁ‘?@@f%%ﬁrﬂﬂﬁiﬁﬁ@ lac
operators. RBS#IReernbetindhpiRtAMgtsiés TH Vetaion pndtige aeppi PLER nsetentiaukitione, a cer
stability!85seqirerntasraidsimehydiiel e tinarytisheepiistng qeag i CtattddR)ivandeamidgstream T4
transcription terminathe. kpeiesRAYIRGRNE PAYERdvention is dErtiaENEYFBliRLtRS
generation of ABVIEAZAUFS B7 TG0, RIERRRY 75 40ReShDAAINDS P GATD 9@0&%@ ygmoter and
single native lag, operaigr W (;e%Ig .?%f SrJa?é%thftsv\Plll smid using etlc oligonucleotide linker by
SR O SR e

means of the EcoR | and Fction enzyme Si mai b the

oligonucleotid®¥ 1"§ha' T S%5Eh éiﬁh Sthi”fg‘@@ rgtsiajo be exPressed
5' AATTIFTCTGAAATEREBRSG resaR TaRiPe Alte e dsre e mathaCiraiie e aiaT pf a
GTGAGCGGNPRAGAST TECTSA SO0Gi gt eoticesSon( SERNDNPrSNg
5'CTAGTGGGGAATR] &drohdielC GCTCACAATTCCACACAGTATCCGAGCC

GATGATTAATTGTG%A&@MTH%@%EQ@@H@rg(,\.gas then ligated to plasmid pZT7#2.0 and

transformed into clog,r;g Q%E;.ggﬁrgg;gghe]fg@ErM&(Stratagene) as an Xba I/EcoR | fragment. Initial
screening of transfortrpant t%ytrrxg &I;ICtIOﬂ d gestlgg’jgmg Nco I. The sequence was confirmed by

sequencing. The resu ant JIR8mid was Ramat A human TNFq gene was cloned

into this plasmid as SRNRIEFSeHS IRAGHEANCIBIITRFEHERSES BREFRIGSAIYEeRepettes, which may

be the same or different, may be present if desired.
The expression system is expressed by methods well known in the art for the cells
employed. Preferred expression methods include culturing the recombinant cells in
25 growth medium, especially by fermentation, and then recovering the expressed protein.
The term “growth medium” refers to a nutrient medium used for growing the recombinant
cells. In many embodiments, a nutrient solution is employed. Suitable growth media for
given recombinant cells are well known in the art.
The present invention is illustrated without limitation by the following examples.
30
1. Generation of pAVE series of vectors

Vectors pAVE011, pAVE012 and pAVE013
The starting vector for the generation of pAVEO11 was pZT7#2.0, prepared as
35 described in US 6,537,779. pZT7#2.0 has a pAT153 vector backbone, cer stability
sequence, tet A/R, a single native lac operator sequence upstream of the gene of interest
and an upstream T4 transcription terminator. A T7A3 promoter and dual perfect
palindrome lac operators were cloned into this plasmid using synthetic oligonucleotide

linkers by means of the Nco |, EcoR | and Xba | restriction enzyme sites.
40




Vector pAVEO37 and pAVEO40 The starting vector for the generation of pAVE037 was pZT7#2.0
prepared as described in US 6,537,779. A tac promoter and single perfect palindrome lac operator
25were cloned into this plasmid using a synthetic oligonucleotide linker by means of the EcoR | and
Xba | restriction enzyme sites. Linker 1314 was made by annealing the oligonucleades 13 and 14
300ligonucleotide 13 (SEQ ID NO 7)
SAATTTTCTGAAATGAGCTGTTGACAATTAATCﬂ\TCGGCTCGGATACTGT
GTGGAATTGTGAGCGCTCACAATTCCCCA Oligonucleotide 14 (SEQ ID NO 8) 35
5'CTAGT3GGGAA BT Adweserpachaneesiarnadisnreattes tad 2.1:
ATGATTAATOEPaARSHS CISEATDNOATGAA 6 transformants was by restriction digestion using Nco

|. The sequer@eAVaET COGRATETIATGRELBOTDECARETESHIaH AtasTcovasaamed pAVEO3T.
A human TNFqg gene was cloned into this plasmid as an Nde | Dtho | fragment to 5generate pAVEQ40.

Vector pAVEO28 and pAVEO30 The starting vector for the generation of pAVE028 was pAVEO12. A

T7A3 promoter.cassette. lo [ EO012 by annealing oligonucleotides 5 and 6. 10
Oligonucleotig)égg %é %% {BW?X
FAATTCGAA‘M&%&M PROALRINEATEHAG THEAECETOCATT PACEGGAAT
TGTGAGCGCTCACAATTCCCCA 150ligonucleotide 6 (SEQ ID NO 10)

5'CTGGTGGGGG GGG EBENTIGEAEUGE A2 TR GCakaGrafettfal into cloning host
GTTTGETTCedie X4 BuSWe (Srditddehe) 12 THr R db oranreaiagniigonysirptideshging ligated to
plasmia PAVEdiZand HeRalanRl R, cAraning [ B *thd AR MR @IARRIRSS an Xba

I/EcoR | fragment. Initial s%eenln W IIlila\c)yfnrg,':\;gllct|on e sequence was then

sequéncin resufiant plasmi name gg%\%ﬁé asmi
confirmed by sé]quenc?hg. fe resuita ) asmid waes name VE028. A human INFq gene

was cloned into this plasmid as an Nde I/Xho | fragment to 25generate pAVEQ030. Vector pAVEOQO7. . )
and pAVEO031 Tihe STASREPRtes casEete Wentherioanstomy BAGT0 2 S RTREMO prepared as
describied in Jig@)68&udes AahdA3 promoter and single perfect palindrome lac operator 30was cloned
into this plasmid using a synthetic oligonucleotide linker by means of the EcoR | and Xba I restriction

enzyme sitesd_{%{jaggﬁdg)gta(@g@ |§51$\|5735\3 promoter was made up of oligonucleotides 3 and 4.
350ligonucleghidg-AleBR AR MR B TTGACAACATGAAGTAAACACGGTACGATGTACCGGAATT
GTGAGCGCTCACAATTCCCCA
20
QOligonucleotide 4 (SEQ ID NO 4)
5CTGGTGGGGGGTTGTGGGCGCTCGCGGTTCCGGTGCGTCGTGCCGT
GTTTGCTTCGTGTTGTCGGCCGTTTIGTTTG

25 the annealed oligonucleotides being ligated to plasmid pAVEQ012 and transformed into
cloning host strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR | fragment. Initial
screening was by restriction digest of plasmid DNA. The sequence was then confirmed
by sequencing. The resultant plasmid was named pAVEQ11.

30 Human TNFq gene was cloned into this plasmid as an Nde I/Xho | fragment to
generate pAVEDO13. A plasmid map for pAVE(Q13 is presented in Figure 18. This shows
the arrangement of operators and promoter, and the restriction enzyme sites used in the
construction. The operators are both perfect palindrome lac operators. RBS is the
ribosomal binding site. The vector includes a pAT153 vector backbone, a cer stability

35 sequence, an inducible tetracycline resistance gene ( tet A/R), and an upstream T4
transcription terminator.

Vectors pAVE038 and pAVE(041
The starting vector for the generation of pAVEQ38 was pZT7#2.0, prepared as
40 described in US 6,537,779. A tac promoter and single native lac operator were cloned




5'AATTCAAACAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCGGAATT
GTGAGCGCTCACAATTCCCCA 7 Oligonucleotide 4 (SEQ ID NO 4)
UCTGGTGGGGGGTTGTGGGCGCTCGCGGTTCCGGTGCGTCGTGCCGT
GTTTGCTTCGTGTTGTCGGCCGTTTTGTTTG 50ligonucleotides 3 and 4 were annealed, the linker
formed was then ligated to plasmid pZT7g2.0 and transformed into cloning host strain XL-1 Blue MR
(Stratagene) as an Xba I/EcoR | fragment. Initial scrgening was by restriction digest of plasmid DNA.
The sequence was then confirmed by sequencing. The resultant plasmid was named pAVEQ0O07. 10
A human TNFa; ned j IS plasmi I/Xho | fragment era VEO31.
Vectors pAVEO?S%%%ﬁ?Y%%\&@O%%% 5%’5@?3@%' éqé%%?’?glrg t %%@Kenr]ae |8C5r"1 %ﬁ%ﬁ%ggga\r}v";%gp T7#2.0
prepared as deStribed uﬁrl’)%‘fﬁl ©537,779. A ApL promoter and single perfect palindrome lac
operator was cloned into this plasmid using synthetic oligonucleotide linker by means of the EcoR |
and Xba (restriction ehifaid tlwasmadrdy 28nealinmteeligparniesiteg theotigénucleotides 7 and 8
Oligonucleotide 7 (SEQ ID NO 11)

S AATTATCT Cofigeriusiéatide T T GEEAPARGACCACTGGCGGTGATACTGAGCGGAATT

GTGAGCGCT » CHGOPHEIROtiRR

5'CTAGTGGG%§§%§&@§ R AT R BaapagTeTeTo0AATT
GTGGTATTTA 30The linker was then ligated to plasmid pZT7#2.0 and
transformed into cloning host strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR | fragment. Initial
screenindCof traPliFoPHriaida 23 (SERYANEIN digestion using Nco I. The sequence was confirmed by

sequencing. ThBGEAGTERGRENTIIGTAs NatRATEACEAZICBRAATNGTATHIERge0e was cloned into this

plasmid as an Nog@XTDANTAGTEARCAGT RIAE PAMEAR 7. Vectors pAVE043 and pAVE044
The starting vector for the generation of pAVE043 was pAVEOQO12. A tac promoter 40cassette was

R L i e
TGGAATTGTGAEE US ‘%‘éﬁ%ﬁ‘eﬂ BGhgthUIEREBRd I agnEQ it eprgsping of
SCTAGTGGGHAKereNs AeTy certisiion Argsetionesing Nrora TREGIEeTewas confirmed by

ATGATTAAT T SRCAICA G DRCASIIATE Alastoid tivesaremead ed BQdBiucleotides being ligated to plasmid
pAVEOQ12 and transformed into cloning host strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR |

fragment. initial screeningn4ASTRY: sesiRiEtios: digRsl fﬁft@'ﬁﬁ?ﬁg%J 5ie 960YRAGS Wapnibansonfirmed
by sequ%_cmg.ggngrggsaggghpgg%&was named pAVEO43. . 15A human TNFq gene was cloned into
this plasmid as an Nde I/Xho | fragment to generate pAVEO44. Vectors pAVE034 and pAVE035
Vector pAVEQ37 and pAVE040
The starting vector for the generation of pAVE037 was pZT7#2.0 prepared as
described in US 6,537,779. A tac promoter and single perfect palindrome lac operator
25 were cloned into this plasmid using a synthetic oligonucleotide linker by means of the
EcoR | and Xba | restriction enzyme sites.

Linker 1314 was made by annealing the oligonucleotides 13 and 14

30 Oligonucleotide 13 (SEQ ID NO 7)
S'AATTTTCTGAAATGAGCTGTTGACAATTAATCATCGGCTCGGATACTGT
GTGGAATTGTGAGCGCTCACAATTCCCCA

Oligonucleotide 14 (SEQ ID NO 8)

35 S'CTAGTGGGGAATTGTGAGCGCTCACAATTCCACACAGTATCCGAGCCG
ATGATTAATTGTCAACAGCTCATTTCAGAA

The linker was then ligated to plasmid pZT7#2.0 and transformed into cloning host
strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR | fragment. Initial screening of




The starting vector for the generation of pAVE034 was pAVEO12. A ApL 20promoter cassette was
cloned into pAVEOQ12 by annealing oligonucleotides 9 and 10: Oligonucleotide 9 (SEQ ID NO 39)
5rAATTCATCTCTGGCGGIGTTGACATAAATACCACTGGCGGTGATACT .
GAGCGGAATTGTGAGCGCTCACAATTCCCCA 25 Oligonucleotide 10 (SEQ ID NO 40)
51CTAGTGGGGAATTGTGAGCGCTCACAATTCCGCTCAGTATCACCGCCAGTGGTATT
TATGTCAACACCGCCAGAGATG 30the annealed ®ligonucleotides being ligated to plasmid pAVE012
and transformed into cloning host strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR | fragment.
Initial screeninganslomHarésWRstioraifistioofdidastniduSing\WNdThe sBieapenastetoshimisaigd by
sequencing. Thegesultant dlasrelivaspiasmeieA YilEdad pAYAdrman TNFa gene was cloned into this
plasmid as an Nde I/Xho | fragment to generate pAVEO035. Vector pAVE020 and pAVEO21 The
starting vector for the ti f VEO12. A ApL 40prom cassette was cloned
0 PAVEOL? by v GlaSte S e B (R eES AR T BTy
51AATT TCTB%‘EE%B@%@ GACATAAATACCACTGGCGGTGATACTGAGCGGAATT
GTGAGCGCTCACAATTCCCCA 5 Oligonucleotide 8 (SEQ ID NO 12)
5'CTAGTGGGEART PAYEIRS D GRUABAATTCCGCTCAGTATCACCGCCA
GTGGTATTTATGTChASABRGESABABAIcethecaTeAeHmEgoaIslantises baingdigated to plasmid
PAVEO12 and jrenmiereaddatoncloning:hanb Hrainoth dy %%M@V@%@a@&ﬁﬁeé% ahsiPa VECoR |

D

fragmenty Initial screening was by restriction digest of plasmid DNA. The sequence was then

confirmed by s§ en , b?smid was named pAVEO020. 15A human TNFq gene was
cloned into thi%,ﬂ# %égcagga%eﬁ%%eylﬁﬁ%ﬂ ragment to generate pAVEQ21. Vectors pAVEO016 and

PAVEO017 he’ st GPfRT R GensratiBn s A ERI4 PRIEBTACAGEAATomoter
20cassette wabRIGHEGROTHAPESTI Byrhealing oligonucleotides 15 and 16. Oligonucleotide 15}
(SEQ ID NO 13) 5’AATTCCTGAAATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTG
TGGAATBTGT@HQB%!@IMM@HQQ@QA} 25 Oligonucleotide 16 (SEQ ID NO 14)

S CTACTGCCUTTIEEEACE ABTEAELATTEEARNTAITAIACENETEEeT .
ATGATTAATT&W@@%?&%}'I&Q%%@W led ofigonucleotides being ligated to plasmid

pPAVEOQ12 and transformed into cloning host strain XL-I Blue MR (Stratagene) as an Xba I/EcoR |

fragment. Initial screen;?ré’? was by restriction digest of plasmid DNA. The sequence was then

confirmed by {BGARRRARY Sfigentidentides hriaiaaird neiarstiAVED 18 288 kansfaared ke gene was
cloned itfo this'pnisrhrsbsirain Kidd BixndIRi(Stategrrio) gererite fEMROTEgment. Initial

screening was by restriction digest of plasmid DNA. The sequence was then confirmed

by sequencing. The resultant plasmid was named PAVEQ28.

A human TNFa gene was cloned into this plasmid as an Nde I/Xho | fragment to
25 generate pAVE030. '

Vector pAVE007 and pAVE031
The starting vector for the generation of pAVE0O7 was pZT7#2.0 prepared as
described in US 6,537,779. A T7A3 promoter and single perfect palindrome lac operator

30 was cloned into this plasmid using a synthetic oligonucleotide linker by means of the EcoR
I and Xba | restriction enzyme sites.

The linker containing the T7A3 promoter was made up of oligonucleotides 3 and 4.

35 Oligonucleotide 3 (SEQ ID NO 3)

S'AATTCAAACAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCGGAATT
GTGAGCGCTCACAATTCCCCA




Vector pAVEO49 The starting vector for the generation of pAVE049 was pAVEO17. The tac
40promoter cassette was not altered. To increase the spacing between the two operators ID from 91
to 124 base pairs, an EcoR | linker was cloned in. This was made up of oligonucleotides 19 and 20.
Oligonucleotide 19 (SEQ ID NO 15) 5 5’ AATTCACCGGTGTACAGTCATGTACAACCGGTG
Oligonucleotide 20 (SEQ ID NO 16) 5’ AATTCACCGGTTGTACATGACTGTACACCGGTG 40Initial
screening was by restriction digest of plasmid DNA, The sequence was then confirmed by sequencing.
The resultant plasmid was named pAVEO049. Vector pAVE046 The starting vector for the generation of
secretion vector pAVE046 was pAVEQO27. 15 A D1.3 Fab expression cassette (Figure 1, SEQ ID NO
17) was cIone@'@é‘%ﬁ’Rﬂﬁ'@q-‘BﬁE%'ﬁﬁaﬁ”?ent. Initial screening was by restriction digest of plasmid
DNA. The secti6hE&TRaS BPTOHTIRES BF SEGERSRFTY IR ESQRH BIZa%F as named pAVE046.
11 Table 1: S@NM&EGE Of PAMET VEFtoRERIGSTId Fedmidder Operator System Comments pAVEO41 tac
Single native lac sequence pAVEOQ17 tac Double perfect palindrome sequences (DPPS) Operator
spacing 91 Oligonucleotides 3 and 4 were annealed, the linker formed was then ligated to
plasmid pZT7#2.0 and transformed into cloning host strain XL-1 Blue MR (Stratagene) as
an Xba l/EcoR | fragment. Initial screening was by restriction digest of plasmid DNA. The
sequence was then confirmed by sequencing. The resultant plasmid was named
PAVEOO7. ‘
10

A human TNFa gene was cloned into this plasmid as an Nde I/Xho | fragment to

generate pAVEO031.

Vectors pAVE029 and pAVE(027

15 The starting vector for the generation of pAVE029 was pZT7#2.0 prepared as
described fully in US 6,537,779. A ApL promoter and single perfect palindrome lac
operator was cloned into this plasmid using synthetic oligonucleotide linker by means of
the EcoR | and Xba | restriction enzyme sites.

20 Linker 78 was made by annealing the oligonucleotides 7 and 8

Oligonucleotide 7 (SEQ ID NO 11)
5'AATTATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCGGAATT

GTGAGCGCTCACAATTCCCCA

25
Oligonucleotide 8 (SEQ ID NO 12)
5'CTAGTGGGGAATTGTGAGCGCTCACAATTCCGCTCAGTATCACCGCCA
GTGGTATTTATGTCAACACCGCCAGAGAT

30 The linker was then ligated to plasmid pZT7#2.0 and transformed into cloning host
strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR | fragment. [nitial screening of
transformants was by restriction digestion using Ncol.  The sequence was confirmed by
sequencing. The resultant plasmid was named pAVED29.

35 A human TNFga gene was cloned into this plasmid as an Nde I/Xho | fragment to

generate pAVEQ27.

Vectors pAVE043 and pAVE044
The starting vector for the generation of pAVE043 was pAVEO12. A tac promoter
40 cassette was cloned into pAVE012 by annealing oligonucleotides 17 and 18:




base pairs (DPPS91) pAVEO040 tac Single perfect palindrome sequence (SPPS) pAVEO049 tac Double
perfect palindrome sequences Operator spacing -124 base pairs (DPPS 124) pAVE013 T7A3 Double
perfect palindrome sequences Operator spacing 91 base pairs (DPPS91) pAVEO30 T7A3 Double
perfect palindrome sequences Operator spacing 92 base pairs (DPPS92) pAVE031 T7A3 Single

perfect palindrome sequence g

Oligonucleotide 17 (SEQ ID NO 37)
SAATTTTCTGAAATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTG
TGGAATTGTGAGCGCTCACAATTCCCCA

Oligonucleotide 18 (SEQ ID NO 38)
S'CTAGTGGGGAATTGTGAGCGCTCACAATTCCACACATTATACGAGCCG
ATGATTAATTGTCAACAGCTCATTTCAGAA

10 the annealed oligonucleotides being ligated to plasmid pAVEO12 and transformed into "~
cloning host strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR | fragment. Initial
screening was by restriction digest of plasmid DNA. The sequence was then confirmed N
by sequencing. The resultant plasmid was named pAVE043. . a

15 A human TNFa gene was cloned into this plasmid as an Nde 1/Xho | fragment to
generate pAVEO44.

Vectors pAVE034 and pAVE035
The starting vector for the generation of pAVEQO34 was pAVEO12. A ApL
20 promoter cassette was cloned into pAVEO12 by annealing oligonucleotides 9 and 10:

Oligonucleotide 9 (SEQ ID NO 39)
5'AATTCATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACT
GAGCGGAATTGTGAGCGCTCACAATTCCCCA

25
Oligonucleotide 10 (SEQ ID NO 40)
S'CTAGTGGGGAATTGTGAGCGCTCACAATTCCGCTCAGTATCACCGCCAGTGGTATT
TATGTCAACACCGCCAGAGATG

30 the annealed oligonucleotides being ligated to plasmid pAVE012 and transformed into
cloning host strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR | fragment. Initial
screening was by restriction digest of plasmid DNA. The sequence was then confirmed
by sequencing. The resultant plasmid was named pAVE034.

35 A human TNFa gene was cloned into this plasmid as an Nde I/Xho | fragment to
generate pAVED35.

Vector pAVE020 and pAVE021
The starting vector for the generation of pAVE020 was pAVE012. A ApL
40 promoter cassette was cloned into pAVEO12 by annealing oligonucleotides 7 and 8.



pPAVEO21 ApL Double perfect palindrome sequences Operator spacing 91 base pairs (DPPS91)
pPAVEO35 ApL Double perfect palindrome sequences Operator spacing 92 base pairs (DPPS92)
pPAVEO27 ApL Single perfect palindrome sequence pAVE046 ApL Single perfect palindrome
sequence Secretion Vector 2. Generation of recombinant strains 5E.coli strains VV3110 (available
from the American Type Culture Collection as strain ATCC27325) and 31.21 (available from EMD
Biosciences Inc, San Diego, USA) were transformed by electroporation with the plasmids as described
in Table 2 below. The resultant recombinant strains were purified and maintained in glycerol stocks at -

80C.

10

15

20

30

35

40

Oligonucleotide 7 (SEQ ID NO 11)
5AATTATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCGGAATT
GTGAGCGCTCACAATTCCCCA

Oligonucleotide 8 (SEQ ID NO 12)
5 CTAGTGGGGAATTGTGAGCGCTCACAATTCCGCTCAGTATCACCGCCA
GTGGTATTTATGTCAACACCGCCAGAGAT

the annealed oligonucleotides being ligated to plasmid pAVEQ12 and transformed into
cloning host strain XL-1 Blue MR (Stratagene) as an Xba l/EcoR | fragment.  Initial
screening was by restriction digest of plasmid DNA. The sequence was then confirmed
by sequencing. The resultant plasmid was named pAVEO0Z20.

A human TNFa gene was cloned into this plasmid as an Nde I/Xho | fragment to
generate pAVED21.

Vectors pAVEO16 and pAVE017
The starting vector for the generation of pAVEO16 was pAVEO12. A tac promoter
cassette was cloned into pAVE012 by annealing oligonucleotides 15 and 16.

Oligonucleotide 15 (SEQ ID NO 13)
5'AATTCCTGAAATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTG
TGGAATTGTGAGCGCTCACAATTCCCCA

Oligonucieotide 16 (SEQ ID NO 14)
5'CTAGTGGGGAATTGTGAGCGCTCACAATTCCACACATTATACGAGCCG
ATGATTAATTGTCAACAGCTCATTTCAGG

the annealed oligonucleotides being ligated to plasmid pAVE012 and transformed into
cloning host strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR | fragment. Initial
screening was by restriction digest of plasmid DNA. The sequence was then confirmed
by sequencing. The resultant plasmid was named pAVE016.

A human TNFa gene was cloned into this plasmid as an Nde I/Xho | fragment to
generate pAVEO17.

Vector pAVE(Q49
The starting vector for the generation of pAVE049 was pAVE017. Thetac
promoter cassette was not altered. To increase the spacing between the two operators




12 Table 2: Recombinant strains constructed Host Plasmid Description (protein:promoter:operator
system) Recombinant Designation No ATC C27325 pAVE013 TNFa:T7A3:DPPS91 CLDO018
ATCC27325 pAVEO30 TNFa:T7A3:DPPS92 CLD026 ATCC27325 pAVEO31 TNFa:T7A3:SPPS
CLDO032 ATCC27325 pAVEO41 TNFa:tac:single native lac CLD043 ATC C27325 pAVEOQO17
TNFa:tac:DPPS91 CLD019. ATCO27325 pAVEO%)

10

15

from 91 to 124 base pairs, an EcoR | linker was cloned in. This was made up of
oligonucleotides 19 and 20.

Oligonucleotide 19 (SEQ ID NO 15)
5'AATTCACCGGTGTACAGTCATGTACAACCGGTG

Oligonucleotide 20 (SEQ ID NO 16)
5AATTCACCGGTTGTACATGACTGTACACCGGTG

Initial screening was by restriction digest of plasmid DNA. The sequence was -
then confirmed by sequencing. The resultant plasmid was named pAVEO49.

Vector pAVE046

The starting vector for the generation of secretion vector pAVEQ46 was pAVEQ27.
A D1.3 Fab expression cassette (Figure 1, SEQ ID NO 17) was cloned as an Nde I-Bam
Hi fragment. Initial screening was by restriction digest of plasmid DNA.  The sequence
was then confirmed by sequencing. The resultant plasmid was named pAVE046.



TNFa:tac:SPPS CLD042 ATCC27325 pAVEO49 TNFa:tac:DPPS124 CLD050 ATCC27325 pAVEO21
TNFa:ApL:DPPS91 CLD021 ATCC27325 pAVEO035 TNFa:ApL:DPPS92 0L0038 ATCC27325
pPAVEO27 TNFa:ApL:SPRS CLDO030 BL21 pAVEO13 TNFa:T7A3:DPPS91 CLDO035 5L21 pAVEO30
TNFa:T7A3:DPPS92 CLD028 AT0C27325 pAVE046 01.3 Fab:ApL:SPPS CLDO048

10

11
Table 1: Summary of pAVE vectors
Plasmid Promoter Operator System Comments
pAVE(D41 tac Single native lac sequence
pAVEOD17 tac Double perfect palindrome Operator spacing 91
sequences (DPPS) base pairs
(DPPS91)
PAVEQ040 tac Single perfect palindrome
sequence (SPPS) .
pAVEQ49 fac Double perfect palindrome Operator spacing' |
sequences 124 base pairs
(DPPS124)
pAVEQD13 T7A3 Double perfect palindrome Operator spacing 91
sequences base pairs
(DPPS91)
pAVEQ030 T7A3 Double perfect palindrome Operator spacing 92
sequences base pairs
(DPPS92)
pAVEOD31 T7A3 Single perfect palindrome
sequence
pAVED21 ApL Double perfect palindrome Operator spacing 91
sequences base pairs
(DPPS91)
PAVEQD35 ApL Double perfect palindrome Operator spacing 92
sequences base pairs
(DPP892)
pAVEQ27 ApL Single perfect palindrome
' sequence
pAVED46 ApL Single perfect palindrome Secretion Vector
sequence

2. Generation of recombinant strains

E.coli strains W3110 (available from the American Type Culture Collection as
strain ATCC27325) and BL21 (available from EMD Biosciences Inc, San Diego, USA)

‘were transformed by electroporation with the plasmids as described in Table 2 below.

The resultant recombinant strains were purified and maintained in glycerol stocks at -

80°C.




Comparison 1 5The starting vector for the generation of a plasmid with the T7A3 promoter without any
operator was pZT7#2.0. A T7A3 promoter was cloned into this plasmid using synthetic oligonucleotide
linker by means of the EcoR | and Xba | restriction enzyme sites. Linker 2122 was made by annealing
the oligonucleotides 21 and 22 10 Oligonucleotide 21 (SEQ ID NO 18)
SAATTCGAAACAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCACATG
AAACGACAGTGAGTCA 150ligonucleotide 22 (S2Q ID NO 19)
51CTAGTGACTCACTGTCGTTTCATGTGGTACCTCGTACCGTGTTTACTTCATGTTGTC
AACCGTTTTGBETL GeEhmbitlent whisitiscrotigtitiated plasmid pZT7#2.0 and transformed into cloning
host 20strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR | fragment. Initial screening was by
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Linker 2122 was made by annealing the oligonucleotides 21 and 22
10
Oligonucleotide 21 (SEQ 1D NO 18)
5'AATTCGAAACAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCACATG

AAACGACAGTGAGTCA

Oligonucleotide 22 (SEQ ID NO 19)
5CTAGTGACTCACTGTCGTTTCATGTGGTACCTCGTACCGTGTTTACTTCATGTTGTC

AACCGTTTTGTTTCG

15

The linker was then ligated to plasmid pZT7#2.0 and transformed into cloning host
strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR | fragment. Initial screening was by
restriction digest of plasmid DNA. The sequence was then confirmed by sequencing.
Eighty-two clones were screened by restriction digest and sequencing.

20



plasmid was transformed into a production host (ATCC27325) and the plasmid re-sequenced. 35This
indicated that the plasmid contained gross mutations, in both the T7A3 promoter and the human TNFa
sequences indicating that the use of the T7A3 promoter, even under the control of the native lac
operator sequence, results in plasmid Example 3 14 A vial of CLD032 was removed from the -80C
freezer and allowed to thaw. 10p1 of the thawed glycerol stock was inoculated into 5miLuria Broth (LB,
5g/L yeast extract (Oxoid), 10g/L tryptone (Oxoid),and 5g/L sodium chloride) supplemented with
tetracycline (10pg/m1) and glucose fig/Q. This was incubated at 37C in an orbital shaker for 16h.

5500p1 of this culturﬁowc?gnteréeﬂelrjgg d %%"“:P&n‘é'« e two 2‘13(}91&3Erlenrgeyer flasks cpn %diSle of
ibed rpm in an

Luria Broth (composition as descr a'go_ve MHREYASKs Wer ri%rga Satet Lé?'}:??éa a’i . :

orbital shaker "est8lipns 48 3ERIEER untii® BISO6S B PIRINMGOP SHRBIRY R RN HHiRced with
1PTG (isoproppwedul constitibyakieropierdn bisitlealia final concentration 0.05mM whilst the second
flask was left un-induced to monitor basal 10expression. The incubation was continued, under the
conditions desssigddenve, during which samples were taken for measurement of growth,

Ceing denstometey S ol e e of the.
usl | ng. | u | - SO e
g e é’cﬁt@rg?s% %g) le nalnve £aE8 edabor seququgbvlvg%f%'g%i& ")&kﬁgg %Lomgétre

sampled bacteria. re summarised below'in : urs
(L:TCP

5
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Total Cell Profdigonucleotide linker by means of the EcoR I and Xba | restriction enzyme sites.
10

Linker 2324 was made by annealing the oligonucleotides 23 and 24

Oligonucleotide 23 (SEQ ID NO 20)
5 AATTCGAAACAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCGGAAT
15 TGTGAGCGGATAACAATTCCCCA

Oligonucleotide 24 (SEQ ID NO 21)
5'CTAGTGGGGAATTGTTATCCGCTCACAATTCCGGTACATCGTACCGTGTTTACTTCA
TGTTGTCAACCGTTTTGTITCG

20 v

The linker was then ligated to plasmid pZT7#2.0 and transformed into cloning host

strain XL-1 Blue MR (Stratagene) as an Xba I/EcoR | fragment. Initial screening was by
restriction digest of plasmid DNA. The sequence was then confirmed by sequencing.
Ninety-four clones were screened by restriction digestion and sequencing. Again no

25 clones were identified with the correct sequence. However, one clone was found to have
a near intact sequence. This clone contained an additional ‘G’ in the sequence
approximately at position -37. It is difficult to assign exact position of the mutation since
the expected sequence contains ~GG- in this region. Human TNFa gene was cloned
into the plasmid with the near intact sequence as an Nde I/Xho | fragment. Twenty

30 colonies from the cloning host strain XL-Blue MR (Stratagene) were screened. One was
positive clone with no mutations (other than the additional ‘G’ described above). This
plasmid was transformed into a production host (ATCC27325) and the plasmid re-
sequenced.

35 This indicated that the plasmid contained gross mutations.in both the T7A3
promoter and the human TNFa sequences indicating that the use of the T7A3 promoter,

gven under the control of the native lac operator sequence, results in plasmid instability.

Example 3



20Taken together the data presented in Comparisons 1 and 2, and Example 3, show that effective
control of the powerful T7A3 promoter was surprisingly achieved using a single perfect palindrome
operator sequence. This was totally un-expected given that the use of the single native operator
(Comparison 2) did not provide sufficient basal control to allow a stable recombinant production strain
to be established. I-ugh product 25accumulation levels were achieved with the single perfect
palindrome control system using relatively low condéntration of inducer for induction, Although basal
expression (in the absence of inducer) was observed it was evident only after significantly extended
incubation (24h). 154XiaheblelP032 waslseofo@ed o8 therss M beerefrand tiewsd©® freezeriapd allowed
to thaw. 10p1 of theithawe dighees rabstacs Wasikeeilpie Snnta M diki(iseBsgth (LBasbelra@ast extract

(Oxoid), 10g/L (oxplaye0gAxeibtors dorei) mw@mm&rﬁ&ﬁiz!msm&ﬂmga tirAcySipgimd10pg/m1)
and glucose (g6 HieApefesbifies HivbaeAh 3 panoplalshalien oL ek, D0 of e

seed culture was 0 inoculate 25 1Er e e containin fo Luria Broth
(composé]on as 855%%? ed UI{%\E/e erﬂLés QVBps Lf g'/é(} & %P%E”M%%ﬁ?hﬁﬁ%ﬂ‘?wa%m shaker.

Growth was mafiRbPEH AT EdeRmBesitsry a fEsREIPRAA4RKs Wt daskrivete e risdat
(isopropyl-43.-B°G. 21 8eRiensetopiahakaie) toCadivihivesioentitio nioioBiabascD InMitA flask was
also left un-indihserbin dréh #asicwbs iauakithvif | PSIG @aoptiopyed3. Uhdehidyalaongifienssidesesibed above,
during which samapiescseretiskensaMmARAsHIRTRens~f Bavihs RGcumHIRERR & hdMbtpedtin the

bacterial gells. &B%@&&HW@'%J%‘%%QJ Niranas deier m@@&h@'&% %89&5 SHXV%CQ%%QQ of
Colloidal Blue ﬁm&ﬂe%ﬁi swer F'%el%lgf w oureeceIrI]I §ates of 15t z?mﬁa ﬂeji teri esults are
summarised below in 1 able 4. Tapie R B N e R Aeed 5?'!!?1% powerful
T7A3 promotePREEIRIFE k%a|‘§é%%3§w{€@8%@1%af b3 M&Wﬁ?e%ﬁ’é?ﬁ?&ﬁé@ﬁ%@g%@ﬁéd at 91 bp..
apart. Basal ex§5p888189(rrlnidaliun staipethaib et REBIs®h wadliscesd biepitficelitiy sampltdat achieved
using a single paeferia. pdiivechenvits epresatom toissnteddwep Esiod. The control of basal expression
achievedsusing the dual perfect palindrome sequences was un-expected when compared to the T7
system of US 6,537,779 where control of basal expiggsion 25requires two different control elements.
In this example control of basal expression was achieved in a high background of E.coli RNA
polymerase. 16 Exampte5 Vials of €L0026-wasfemoved-from-the-80Cfreezerand-allowed to

thaw. 10p1 otthe-thawed nIT I'A?AhQHIﬁ was-inoculated /Wmﬂlﬁﬁl99|hq¥ﬁlﬁifhww Tﬁgdf dxtract

(Oxoid), 10g/|-tryptone (Oxond) and 5g/L sodium chlgride) supplementedZth tetracvcllne 5
(10pg/m1) and glucose (1g/L). THis was incubated at|37C in an orbital sheker for 16h. 500p1 of this
culture was then used to inoculatg 250m1 Erlenmeyey flasks containing 5@m1 of Luria Broth
(composition jas descrlbed aboveé The flasks were incubated at 37C, at égurpm inan orbitati shaker.
Growth was mo =0 7 Atthis Pq mtflaskswere induced-withtPTG
(isopropyl-43-B-% Lhiogalaclopyra..us:dc) toa-firal-L0conecentration-0-05MM-and-0.005mM-A flask
was also left yn-induced and the incubation continued, under the condmons described above during
which samples were takeit forsakasufgi@ent of growth accumulation of HBNFa within the bacterial
cells. The accymuiafenTerelel IFfdHia was determined using densitometry scanning of Colloidal Blue
stained SDS-PAGE gels of whole cell lysates of the sampled bacteria. The results 15are summarlsed
below in, I

able S. Takf@gn together the data presented in Comparisons 1 and 2, and Example 3, show
that effective control of the powerful T7A3 promoter was surprisingly achieved using a
single perfect palindrome operator sequence. This was totally un-expected given that
the use of the single native operator (Comparison 2) did not provide sufficient basal
control to allow a stable recombinant production strain to be established. High product
25 accumulation levels were achieved with the single perfect palindrome control system
using relatively low concentration of inducer for induction.  Although basal expression (in
the absence of inducer) was observed it was evident only after significantly extended
incubation (24h).
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0.005m11/11PTG induction Time (hours) Accumulation Level of hTNFa (%TCP) 8 15 24 (basal, no
IPTG) Not detected 20The results demonstrated that changing the spacing between the two perfect
palindrome operator sequences by 1bp (from 91 to 92 bp) did not adversely influence performance
both in terms of basal expression and final accumulation level achieved. Unexpectedly, reducing the
IPTG concentration 10 fold (from 0.05mM to 0.005rnM) did not significantly reduce induced
productivity. 25 Example 6 Vials of CLD042 and£°LD043 were removed from the -80C freezer and
allowed to thaw. 10p1 of each of the thawed glycerol stock was inoculated separately into each of
2x5m1 Luria Br@)‘igr{al?% gg/L yeast extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L 30sodium
chloride) supplemen i}j g't racg}cline (10pg/m1) and gluocose (1g/L). These were incubated at 37C
in an orbital shaker fol 167 TOVATLER QYLD s s Ehigeaer pnd @lawarly thawuldtdpsom1
Erlenmeyer flaSkeShraimiyseriei siork was ineeeiasbinto SonibrriaetbdtiBetodbyras). skhrectiasks were
incubated at 37Oxei200gninmtane (Ixadpitaldssakendbrowilondes supsléoeted Wil RRRYaMS-0.7. At
this point flaskg 10pgérinaudeslivdte (RFG. (iorRressd-Binl: Wibipgalaeianyranesifs) tuadinal
concentration Gfuebdripeks Go0AHBE aed i R eAChSARB R ARSI IEAiGed and the
incubation confiauect Rl YsRPRFIRDS escribzs ahove, during WhiCh aples ielc il fo
measurement of c%%‘{\éthhfag%émﬂ%ﬁ! nof hINFa within the bacterar cefeYfle actPRafSEH Yevel of
hTNFa was deformned Jsingde SIORRARPEARIRHY B E ol GTe4BILRS SaMees LPAGE gels of
whole cell lysaf@eesthe Sdmpit s aaHfiasks weradaguresumin| DR (Boptasy b BNP4-n the un-induced
cultures Bf OLDbiegarricorBmsBiefterafDH carsinteatiationanas avhipaved Ayladlestaraibiosfarialysis
(using anti- hTNFadutEdcohy) tteftitowitignSDGREE the s mpietthastatirionhieipiswere scanned
and the data napswjseerig WGk FRIBPAERO IR R LRI BIRIEE LoGIRNR.Rap!e 6.

hTNFa within the bacterial cells. The accumulation level of h\TNFa was determined using
densitometry scanning of Colloidal Blue stained SDS-PAGE gels of whole cell lysates of

15 the sampled bacteria. The results are summarised below in Table 4.
Table 4
0.05mM IPTG Accumulation 1miM IPTG Accumulation
Time (hours) Level of hTNFa Time (hours) Level of hTNFa
(%TCP) (%TCP)

3 2 5 7

4 5 6 12

6 8 8 19

8 13 24 26

24 19
24 (basal, no Not detected

IPTG)

This data demonstrated that further control of the powerful T7A3 promoter could
20 be realised using two perfect palindrome operator sequences spaced at 91 bp apart.
Basal expression (in the absence of inducer) has been reduced significantly from that
achieved using a single perfect palindrome operator to control repression. The control of
basal expression achieved using the dual perfect palindrome seguences was un-expected
when compared to the T7 system of US 6,537,779 where control of basal expression
25 requires two different control elements. In this example control of basal expression was
achieved in a high background of E.coli RNA polymerase.



Table 6 (x) = scan of hTNFa band on Western blot. Intensity scan data for CLD042 normalised
against the intensity scan data for CLD043. The results demonstrated that the single perfect
palindrome operator sequence 20can be used to reduce basal expression (in the absence of inducer)
four fold without adversely influencing the induced productivity of the tac promoter system. Example 7
A vial of CLD019 was removed from the -80C freezer and allowed to thaw. 10p1 250f the thawed
glycerol stock was inoculated into 5m1 Luria Broth (LB, 5g/L yeast extract (Oxoid), 10g/L tryptone
(Oxoid), and 5g/L sodium chloride) supplemented with tetracycline (10pg/m1) and glucose (1g/L). This
was incubate®amR€ In an orbital shaker for 16h. 18 500p1 of this culture was then used to inoculate
250m1 Erlenmeyer WieskefcoiRarfvps 0empysid fiera BeothOfSotspenired alowsddmbayande). The
flasks were insithat@ewalddifseal 200kpnasrinanubrisiddhshakErLGrBreth (LBs Jnbnieass exdatt
0D600=0.5-0.6,Bicdhimpeint HishE aeksimesadsduceshivitnchidiide) supplemented with tetracycline
(isopropyl-.6.- oé't)ﬁ# %ﬁ@ﬁ@@é@ﬂ%ﬁ'ﬂe)miém%ﬁgﬁgﬁ%ﬁ“@i@aﬁmMitQ-éﬁﬁkér ORAM and
0-00omM. A %N??%a SO WRCHRC 0 I0e, IBRUAGAN: fRMIBSURCeL i s
described ab ”b r g%%ﬁ \gg_rsnpfaensuv?/ere.ta en for measurement of growth, a qoacc%lmulation of
hTNFa within theUpa S cmRos iRy s R BRb AN B*P%‘H\ﬁ‘ﬁa"\’ﬁé%' %Lfg#tﬁ?nae;% (isihd’ densitometry
scanning of CoIdkhlBAIoRihetpBDS-PrREt WatsriieierR il R BPthe SR8 0bacteria.
The results argagkesentecincedyuitie IPTG (isTirepdatf Brdsbiveslacidpiganesidgiinenivghted that the
combingion ofdhe taetierPolgdrwWdHY dLatspavfech palin denaes o peratainsecideackbihidead to a system in
which the expresRaRIRnGARES MR Wialesh s e careertipignpld Smpissddes
15induction. Such Systems may 0¢ g X%%l\%)/{ﬁe% un@&gﬁgﬂt% BRI Ah D BleRIRYeLIR PretRins, for
example, to maximise accumu Ston of proteins In a soluble form or to cwcumvenftgwﬁogl:) qblem of the.
deleterious effsCHRYRTRNEURLETUED ﬁ%“e‘&@ﬂb“é USRH IO ERY GG 4 SH porodﬁ{Jactivity of -+
recombinant d¥lls SEIEGPRNPE GE 98ly il Wiate est Bo3rsAdhscraePirdhedie B dEFadYS: and allowed
to thaw140p1 ot thevthaveed b¥jaeiolTstoeldwas inoculated into 5m1 Luria Broth (LB, 5g/L yeast extract
(Oxoid), 10g/L tryptone (Oxoid), and 5g/L sodium chloride) supplemented with tetracycline (10pg/m1)
and glucose (1g/L). This was incubated at 37C in ggpphytal shaker for 16h. 25500p1 of this culture
was then used to inoculate 250m1 Erlenmeyer flasks containing 50m1 of Luria Broth (composition as

described abeve)—The-flasks wergincubated at 37C} af 200roum | Thifar Spaker Crowth was
monitored urjtil OHBHTY 857 . A;Fhi poift ' b’.(ﬁ;mdﬂ]&ﬁﬂé’ At

tek was mduqea‘wi, TG
(isopropyl-41-D-1-tHE¥ERRopyrancsfYE) 8 BINEA congentrdBBHE MM WhkSYBAQTIANF fask was Teft
un-induced and tfanvedbbatein 30contin(8CEhder the condifmErarEribed ahové I ilng which
samples were taken fog measurement of gtewth, accun@lation of hTNFa within the Bacterial gells. The
accumulatiorj level of hnTNFa was determined using densitometry scanning of Colloidal Blue stained
_Sr;)bsl.ePf.\(gsE i rﬁrg%?vegnl e qsl{@gsziﬁes QLiNg.sampre bacteria. The results are summarised below in

20 The results demonstrated that changing the spacing between the two perfect
palindrome operator sequences by 1bp (from 91 to 92 bp) did not adversely influence
performance both in terms of basal expression and final accumulation level achieved.
Unexpectedly, reducing the IPTG concentration 10 fold (from 0.05mM to 0.005mMj) did
not significantly reduce induced productivity.

25
Example 6

Vials of CLD042 and CLD043 were removed from the —80°C freezer and allowed
to thaw. 10l of each of the thawed glycerol stock was inoculated separately into each of
2x5ml Luria Broth (LB, 5g/L yeast extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L

30 sodium chloride) supplemented with tetracycline (10ug/mi) and glucose (1g/L). These
were incubated at 37°C in an orbital shaker for 16h. 500yl of these cultures were then
used to separately inoculate 250ml Erlenmeyer flasks containing 50ml of Luria Broth
(composition as described above). The flasks were incubated at 37°C, at 200rpm inan



Time (hours) Accumulation Level of hTNFa (%TCP) 4265 8 9 24 12 24 (basal, no IPTG) Not
detected The data presented in Table 7 clearly show that control of the very powerful ApL S5promoter
can be surprisingly achieved using a single perfect palindrome operator sequence. Efigh product
accumulation levels can be achieved using the single perfect palindrome control system. Example 9
10Vials of CLD021 and CLDO038 were removed from the -80C freezer and allowed to thaw. 10p1 of
each of the thawed glycerol stock was inoculated separately into 5m1 Luria Broth (LB, 5g/L yeast
extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L sodium chloride) supplemented with tetracycline

(10pg/m1) andcgmt%%ﬁaeg/%q% At ALy Ly S

rlenmeyer-ffasks c¢on

culture was then used to 1 cula
(composition aséjﬂé cgl‘ﬁgb'agg PR ik RS PRARods) do %f‘@@@r‘iﬂ??ﬂ%?f%rbltal shaker.
Growth was mOriteMed ﬁﬁﬁk@@é@ﬁm 9-puiurR OfifidopGiinein WarskalsadeidodeduvstaR TG
(isopropyl-43.- MHﬂ@gM&WaﬂMd@ﬁ@aﬁtmbm@scemmmamMnghMlstameﬁl)ﬂw was left
un-induced andalten ?ocuieaﬁmmemimgeﬁkwwndeéuihe!ﬂm%ﬁﬁmﬁWHQQQ%@W@WnQ‘Méh'Ch
samples were E&J@@Hnﬁtumﬂéwfﬁmm@ﬁ/@é)&\gﬁérrﬁﬁ@dr[l]%l%'9&3}& Qé’é{m g‘%&ﬁa”?/'v Zi'::rr;rhe

r
Dot analsie oé;ngug.ﬁew%geﬁeggg c%' §Q v%%éﬂgg o? \/\}?165?88 Sate sampled

I

blot analysis (uging anit.h INEA Aikiady) flfow L\RFé’s?a‘FHrB?o‘tf;ﬁH?%%erBﬁ’ gﬁrgw&efmgs s

bacteria. The a(ia are summans
presented in 25RH% IRC4PTMNAN SARASH S Meara bigianalusioning anti- hTNFa antibody).

10 following SDS-PAGE of the sampled bacteria. The blots were scanned and the data
normalised to enable comparison. The results are summarised below in Table 6.

Table 6
CLDO043: tac promoter, single native lac CLDQ42: tac promoter, single perfect
operator - 0.5mM PTG induction palindrome operator - 0.5mM IPTG
induction
Time (hours) Accumulation Time (hours) Accumulation
Level of hTNFa Level of hTNFa
(%TCP) (%TCP)
3 6 3 2
12 23 12 18
20 25 20 21
Western Blot: scan intensity* Western Blot: scan intensity*
20 (Basal, no IPTG) ‘ 1 20 (Basal, no IPTG) ] 0.25

15

(*) = scan of hTNFa band on Western blot. Intensity scan data for CLD042 normalised
against the intensity scan data for CLD043.

The results demonstrated that the single perfect palindrome operator sequence
20 can be used to reduce basal expression (in the absence of inducer) four fold without
adversely influencing the induced productivity of the tac promoter system.

Example 7
A vial of CLD019 was removed from the —80°C freezer and allowed to thaw, 10ul
25 of the thawed glycerol stock was inoculated into 5ml Luria Broth (LB, 5g/L yeast extract

(Oxoid), 10g/L tryptone (Oxoid), and 5g/L sodium chloride) supplemented with tetracycline
(10pg/ml) and glucose (1g/L). This was incubated at 37°C in an orbital shaker for 16h.




CLDO021 (ApL:OPPS91) hTNFa Accumulation -CLD038 (ApL:DPPS92) Colloidal Blue SDS-PAGE
(post 1PTG induction) Not detected Not detected Western blot (post IPTG induction) Positive Positive
(see Figure 2) Colloidal Blue SDS-PAGE (Basal no IPTG induction, 24h) Not detected Not detected
Western blot (Basal no IPTG induction, 24h) Not detected Not detected These results demonstrated
that the combination of dual perfect palindrome 5gperator sequences with the ApL promoter with either
the 91 bp or 92bp spacing resulted in very tight re}ﬁession Western blots indicate that no basal
expression of the target protein was detected. On induction low-level ex ressmn Ievel Was achieved.
These resultsSA@ueofdigiguiniexes teengives thiapmiata S BrbRTsRIPRY A8 B&wamll promoter.
Such a systenst maiyg, Bootie xampleitve aseddoitadeboie) exphediishs memmeub@ted at 37°C at
200rpm in an orbital shaker. Growth was monitored until ODg=0.5-0.7. At this point
the flasks were induced with IPTG (isopropyl-.B.-D-1-thiogalactopyranoside) to a final
5 concentration 0.5mM, 0.1mM, 0.05mM and 0.005mM. A flask was also left un-induced
and the incubation continued, under the conditions described above, during which
samples were taken for measurement of growth, and accumulation of hTNFa within the
bacterial cells. The accumulation level of hTNFa was determined using densitometry
scanning of Colloidal Blue stained SDS-PAGE gels of whole cell lysates of the sampled.
10 bacteria. The results are presented in Figure 2. -

The data presented in Figure 2 demonstrated that the combination of the tac
promoter with dual perfect palindrome operator sequences lead to a system in which the
expression rate can be modulated directly by the concentration of IPTG used for

15 induction. Such systems may be exploited to modulate expression of heterologous
proteins, for example, o maximise accumulation of proteins in a soluble form or to
circumvent the problem of the deleterious effect that heterologous protein secretion can
have on the growth and productivity of recombinant cells.

20 Example 8
A vial of CLDO30 was removed from the —80°C freezer and allowed to thaw. 10yl

of the thawed glycerol stock was inoculated into 5ml Luria Broth (LB, 5g/L yeast extract
(Oxoid), 10g/L tryptone (Oxoid), and 5g/L sodium chloride) supplemented with tetracycline
(10ug/ml) and glucose (1g/L). This was incubated at 37°C in an orbital shaker for 16h.

25 500! of this culture was then used to inoculate 250ml Erlenmeyer flasks containing 50ml
of Luria Broth (composition as described above). The flasks were incubated at 37°C, at
200rpm in an orbital shaker. Growth was monitored until ODggp=0.5-0.7. At this pointa
flask was induced with IPTG (isopropyl-.B.-D-1-thiogalactopyranoside) to a final
concentration 0.05mM whilst the other flask was left un-induced and the incubation

30 continued, under the conditions described above, during which samples were taken for
measurement of growth, accumulation of hTNFa within the bacterial cells. The
accumulation level of hTNFa was determined using densitometry scanning of Colloidal
Blue stained SDS-PAGE gels of whole cell lysates of the sampled bacteria. The results
are summarised below in Table 7.

35




10o0f high toxicity to the host cell. It can be used when controlled expression is advantageous, for
example, for the expression and insertion of membrane proteins. Example 10 Vials of CLD028 and
CLDO035 were removed from the -80C freezer and allowed 15to thaw. 101.11 of each of the thawed
glycerol stock was inoculated separately into each of 2x5m1 Luria Broth (LB, 5g/L yeast extract
(Oxoid), 10g/L tryptone (Oxoid), and 591L sodium chloride) supplemented with tetracycline (10pg/m1)
and glucose (1g/L). These were incubated at 37C iRgn orbital shaker for 16h. 500p1 of these cultures
were then used to separately inoculate 250m1 Erlenmeyer flasks containing 50m1 of Luria Broth 20
(composition as described above). The flasks were; ted at 37C, at 200rpm in an orbital shaker.
Growth was monitored until 0D600=0.5-0.7. At this point flasks were induced with IPTG
(isopropyl4.-18=1-thiogatactopyranosider-to-a-final-concentration-1mM-21 and the incubation
continued, ungerthe conditid FBHEQHELd ahave, duri g&ﬂﬁﬁﬁ%’éﬁ@é@%r@ﬂﬂtﬁﬂf@ﬁﬁ@és&ement
of growth, acqumulation of hTNFufwithin the bacterial cells. The accumulation level of hTNFa was
determined using densitometry sa@nning of Colloidal Blue stained SDS-PAGE gels of whole cell
lysates of the|sampled 5bacteria. g he results are summarised below in Tgple 9. Tabte 9 10These
data taken together with the data,ﬂresented M Examples 4 and -5 previousty-indicated-that-beth Ecoll
K-12 and B stramscanbetusecd: Zxan;ple H-Fermentption-inocula-were rdis i 1.1.1 of
glycerol stock-ef-each-of4 TACERT i low to a 2. 01 baff¥ad dHaredlask containing 200mL
of Luria Broth (LB, 5¢/L yeast extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L sodium chloride)
supplemented with 15btodata ortetnecyiclTebldrocutaysiangiento oo lahrh RACbwarkaker-incubator
with an agitatignaiRE0sabanpIbiside i inacy B ghyapLad SinpEHatRa gL working volume

fermenter contaiainghdOHRhRLeh @t medivt.LOEsImentations were carried out uinder the
operating Con%ﬁ%ﬂﬁﬁgﬁg geslpevr%. Temperature was congt?g%evg a%%%t aenﬂnﬁ?j ﬁ?réégt controlled by
automatic addition of 35% WR/) Ammonium hydroxide. The dissolved oxygen tension (dOT) set point

was 30% of air saturation and was controlled by automatic adjustment of the fermenter stirrer speed,
from a minimuﬁ?‘BF‘Pé‘E)Ppm up to a maximum of 1500rpm, and automatic 25supplementation of oxygen
to the inkét gas strearia/sidiEiRO2herfe GLEIGE wesseheasditbh/ thin-Soatigbers: Miesmuwedn the
fermenter wastmtamtaineulbsftesaraaimdwid0giearel stock was inoculated separately into 5m
Luria Broth (LB, 5g/L yeast extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L sodium
chloride) supplemented with tetracycline (1 Oug/ml) and glucose (1g/L). These were
incubated at 37°C in an orbital shaker for 16h. 500yl of this culture was then used to
15 inoculate 250m! Erlenmeyer flasks containing 50mi of Luria Broth (composition as
described above). The flasks were incubated at 37°C, at 200rpm in an orbital shaker.
Growth was monitored until ODge=0.5-0.7. At this point a flask was induced with IPTG
(isopropyl-.B.-D-1-thiogalactopyranoside) to a final concentration 1mM whilst a second
flask was left un-induced and the incubation continued, under the conditions described
20 above, during which samples were taken for measurement of growth, accumulation of
hTNFa within the bacterial cells. The accumulation of hTNFa was determined using
Colloidal Blue stained SDS-PAGE gels and Western blot analysis (using anti- hTNFa
antibody) following SDS-PAGE of whole cell lysates of the sampled bacteria. The data

are summarised in Table 8. The Western blot analysis for strain CLD038 is presented in
25 Figure 3.

4




22 rise in dOT. Fed-batch fermentation was initiated at the point of carbon source exhaustion by the

addition of a

glycerol magnesium chloride feed at a feed rate of 119 of glycerol per L of medium per h.

Induction was carried out by addition of IPIG to a final concentration of 0.5mM once the biomass level
in the fermentation reached 0D600 = 50- 5 60. The fed-batch phase was continued for 12h post
induction. Samples were taken to determine biomass level (0D300) and hTNFa accumulation (%TCP)/
hTNFa titre (g/L) at harvest (Colloidal Blue stained’SDS-PAGE gels). The composition of the batch

growth medi
[mI/L] of puri

um is provided in Table 10. 10 Table 10 Component Final concentration Nig, mg/LI and
fied water (NH4)2304 14.0 Glycerol J3ler®ast extract (Becton Dickinson) 20.0 KH2PO4

2.0 K2HPO4 16.5 Citric acid 7.5 ivigSO4.7H20 2.47 H3PO4 1.5 ml/L CaCl2.2H20 0.294 Antifoam

AF204 0.2 m

WL TeHAG¥ine hTNFa hTNFa Accumulation -CLD038

Accumulation - (ApL:DPPS92)
CLDO21

(ApL:DPPS91)

Colloidal Blue Not detected Not detected
SDS-PAGE (post
IPTG induction)

Western blot Positive Positive (see Figure 2)
(post IPTG
induction)

Colloidal Blue Not detected Not detected

SDS-PAGE

(Basal no IPTG
induction, 24h)

Western blot Not detected Not detected

(Basal no IPTG

gt?

10

15

20

induction, 24h)

These results demonstrated that the combination of dual perfect palindrome
operator sequences with the ApL promoter with either the 91bp or 92bp spacing resulted
in very tight repression. Western blots indicate that no basal expression of the target
protein was detected. On induction low-level expression level was achieved. These
results were totally unexpected given that the ApL promoter is an extremely powerful
promoter. Such a system may, for example, be used to direct the expression of proteins
of high toxicity to the host cell. It can be used when controlled expression is
advantageous, for example, for the expression and insertion of membrane proteins.

Example 10

Vials of CLD028 and CLD035 were removed from the —80°C freezer and allowed
to thaw. 10ul of each of the thawed glycerol stock was inoculated separately into each of
2x5mi Luria Broth (LB, 5g/L yeast extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L
sodium chloride) supplemented with tetracycline (10pg/ml) and glucose (1g/L). These
were incubated at 37°C in an orbital shaker for 16h. 500yl of these cultures were then
used to separately inoculate 250mi Erlenmeyer flasks containing 50ml of Luria Broth
(composition as described above). The flasks were incubated at 37°C, at 200rpm in an
orbital shaker. Growth was monitored until ODg=0.5-0.7. At this point flasks were
induced with IPTG (isopropyl-.B.-D-1-thiogalactopyranoside) to a final concentration 1mM




15 mg/L Fe804.7H20 114 mg/L ZnSO4.7H20 29 mg/L MnSO4.H20 17 mg/L Na2Mo04.2H20 9 mg/L
CuS04.5H20 4 mg/L F13.803 12 mg/L The composition of the glycerol / magnesium chloride feed is
provided in Table 11. 15 23 Table 11 Component of Feed Amount required [g/L] of purified water

Glycerol 714 MgS04.7H20 7.4

The results are summarised in Table 12. The hTNFa

productivity profile for Strain 5CLDO030 is presented in Figure 4. Table 12 Strain Expression vector

10

15

20

25

30

21

and the incubation continued, under the conditions described above, during which
samples were taken for measurement of growth, accumulation of hTNFa within the
bacterial cells. The accumulation level of hTNFa was determined using densitometry
scanning of Colloidal Blue stained SDS-PAGE gels of whole cell lysates of the sampled
bacteria. The results are summarised below in Table 9.

Table 9

CLD028: T7A3 promoter, dual perfect -
palindrome operators with 92bp spacing

CLDO035; T7A3 promoter, dual perfect
palindrome operators with 91bp spacing

Time (hours) Accumulation Time (hours) Accumulation
post IPTG Level of hTNFa post IPTG Level of hTNFa
induction (%TCP) induction (%TCP)
2 7 2 10
4 14 4 15
20 27 20 23

These data taken together with the data presented in Examples 4 and 5 previously
indicated that both E.coli K-12 and B strains can be used.

Example 11

Fermentation inocula were raised by adding 200 of glycerol stock of each of the
strains described below to a 2.0L baffled shake flask containing 200mL of Luria Broth (LB,
5g/L yeast extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L sodium chloride)
supplemented with 15ug/ml of tetracycline. Inocula were grown for 12h at 37°C in a
shaker-incubator with an agitation of 250rpm. 200ml shake flask inoculum was used to
inoculate a 15L working volume fermenter containing 10L of batch growth medium.
Fermentations were carried out under the operating conditions described below.
Temperature was controlled at 37°C and pH at 6.8, controlled by automatic addition of
35% (w/v) ammonium hydroxide. The dissolved oxygen tension (dOT) set point was
30% of air saturation and was controlled by automatic adjustment of the fermenter stirrer
speed, from a minimum of 250rpm up to a maximum of 1500rpm, and automatic
supplementation of oxygen to the inlet gas stream. Airflow to the fermenter vessel was
10 L/min throughout. Pressure in the fermenter was maintained between 50 and
200mbar.

Fermentations were performed in batch mode until depletion of the carbon source
(i.e. glycerol) which occurred ca. 10h post inoculation and was characterized by a sharp




description 00600 at harvest hTNFa accumulation (ToTCP) at ha_rvest hTNFa titre (mg/L) at harvest
CLDO018 T7A3 promoter, dual perfect palindrome with 91bp spacing 147 29 8400 CLD026 T7A3
promoter, dual perfect palindrome with 92bp spacing 204 34 11400 CLD032 T7A3 promoter, single
perfect palindrome sequence 194 41

22

rise in dOT. Fed-batch fermentation was initiated at the point of carbon source
exhaustion by the addition of a glycerol / magnesium chloride feed at a feed rate of 11g of
glycerol per L of medium per h. Induction was carried out by addition of IPTG to a final
concentration of 0.5mM once the biomass level in the fermentation reached ODgqy = 50-

5 60. The fed-batch phase was continued for 12h post induction. Samples were taken to
determine biomass level (ODgy) and hTNFo accumulation (%TCP)/ hTNFo. titre (g/L) at
harvest (Colloidal Blue stained SDS-PAGE gels).

The composition of the batch growth medium is provided in Table 10.

10
Table 10
Component Final concentration
[g/L], mg/L] and [ml/L] of purified water
(NH,).S0, 14.0
Glycerol 35.0
Yeast extract (Becton Dickinson) 20.0
KH,PO, 2.0
K:HPO, 16.5
Citric acid 7.5
MgS0,.7H,0 2.47
H;PO, 1.5 ml/L
CaCl,.2H,0 0.294
Antifoam AF204 0.2 ml/L
Tetracycline 15 mg/L
FeS0,.7H,0 114 mg/L
ZnS0,.7H,0 29 mg/L ()
MnSQO,.H,0 17 mg/L
Na,Mo0,.2H,0 9 mg/L
CuS0,.5H,0 4 mg/L
H3.BO3 12 mg/L

The composition of the glycerol / magnesium chloride feed is provided in Table 11.
15




12500 CLDO019 tac promoter, dual perfect palindrome sequence with 91 bp spacing 196 22 8300
CLDO030 ApL promoter with single perfect palindrome sequence 167 7 2600 10The data clearly
demonstrate the utility of the systems for the manufacture of heterologous proteins. High product litres
were achieved using a simple generic unoptimised fermentation and induction processes. The control
characteristics of plasmid pAVEO027, as demonstrated by productivity profile exemplified in Figure 4,
can be exploited to maximize the production of hetegplogous proteins, particularly proteins that
15require control of expression to maximize secretion. 24 Example 12 A vial of CLD050 was
removed from the -80C freezer and allowed to tha él:qIJO[:%JLof the thawed glycerol stock was inoculated
into 5m1 Luria Broth (LB, 5¢g/L yeast extract (Oxoiﬁ;, 89/ tryptone (Oxoid), and 5g/L sodium chloride)
supplemented With tetracycline 5 (10pg/mI) and giugose (1g/L)- -Kllib was mcubated-at-37€-# an
orbital shaker fgr 16h. 500pmpdnkis ofiferel was then| used to inoctIE S S8 #Henmeyer flasks
containing 50mg-efturiaBreth{cempeosition-as-desgrib Incubated at 37C,
at 200rpm in an-orbital shaker C%Yﬁﬁmh was monitored until 0D600=0.5-01%. At this point a flagk was
induced with IPTG (isopropyMgE®-DH@hiogalactopyfanoside) to a final #@concentration 0.05mM whilst
another flask was left uninduced and the incubation continued, under the conditions described above,
during which samplesyps f [ f,growth mulation of hnTNFa within the
bacterial gells. gbﬁoggcéj n?%ﬁ%%g%ﬁe%%ﬁl@ﬁv%@g ége'te\ffrhfgnggﬁlfg éoégcnt’svi%r%@wﬁ Lairaig of
Colloidal Blue staine Bgsﬁi&%dlil ge% ot Whole cell lysates of the sampled bacteria. The results 15are
summarised below in Table 13. Table 13 Time post induction (hours) Accumulation Level of hnTNFa

(%TCP) 4 Table 12
Strain Expression vector 0OD600 hTNFa
description . at accumulation hTNFa titre
harvest (%TCP) at {mg/L) at
harvest harvest
CLDO018 | T7A3 promoter, dual perfect
palindrome with 91bp 147 29 8400
spacing
CLDO026 T7A3 promoter, dual perfect
palindrome with 92bp 204 34 11400
spacing
CLD032 | T7A3 promoter, single perfect
palindrome sequence 194 41 12500
CLDO19 tac promoter, dual perfect
palindrome sequence with 196 22 8300
91bp spacing
CLDO030 ApL promoter with single
perfect palindrome sequence 167 7 2600
10 The data clearly demonstrate the utility of the systems for the manufacture of

heterologous proteins. High product titres were achieved using a simple generic un-

optimised fermentation and induction processes. The control characteristics of plasmid

PAVEOD27, as demonstrated by productivity profile exemplified in Figure 4, can be

exploited to maximize the production of heterologous proteins, particularly proteins that
15 require control of expression to maximize secretion.




16 24 (basal, no 1PTG) Not detected Surprisingly the dual perfect palindrome operator sequence
worked when the 20spacing was increased. The spacing of the dual perfect palindrome can be
altered, for example, to achieve effective control of other promoters. Example 13 A vial of CLD048 was
removed from the -80C freezer and allowed to thaw. 10p1 250f the thawed glycerol stock was
inoculated into 5m1 Luria Broth (LB, 5g/L yeast extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L
sodium chloride) supplemented with tetracycline (él pg/m1l) and glucose (1g/L). This was incubated at
37C in an orbital shaker for 16h. 500p1 of this culture was then used to inoculate a 250m1 Erlenmeyer
flask containif&®0Ria 1 Luria Broth (composition as described above). The flask was incubated at
37C, at 30200rpm iraraloyb@hDehakers Growed frerm thenfibiedresnircDéolvees 0. thaat tHiSKhoint the
flask was induges wishé GcdrnpiomyvatandilatiiagridatonytaBesideB e/ fivahsondertration of
0.1mM and thg, fdab%wn WBH&‘é@xdi&bd%cﬁ%/ﬁ@b@iﬂﬁf@w%&@f'&%@%ﬁ%ipﬁ/ﬂqft&FE@ycﬂhb The cells
and residual %?qy AR ed e PQW‘}? sigd o bR oA iR aRRIETG Rifer subjected
to osmotic sh rac nation iSO % e ce u %5 ﬁ(__:t on contaH Qg@ qtemst ad
partitioned in a8 'I%Clg 6'(5%‘%%7 SHYE %&QP(?H & accumulation o gically active D1.3 Fab
in the solubIeOQ‘E}Jﬂéﬁb‘PngﬁRE‘@?ﬁ’ﬁEP andeeibedPEPYRIth Miﬁ?ﬁ%ee‘%méféﬁ "’B}E&eﬁnmlng the
binding of 01.20P&imtin Brsoitpahketig&rpivinee Meieisdayi\idtetefct fo sthisdiat eurve
prepared withflpskifiad iactived i3I Fab . (Ehe @i Ditibiogd bicipgiaadlida tive k)3 Fab in the
periplagp of Egrelangidn thesraniduabiarenibrmativas (drarmdaskagrdahgiatabaiidirom the periplasm
to the growth megiyoy m\@éﬁmsﬁdkﬁoﬁéta&%emm@cumm@mmw@%%@@rmn@nnsnplasm and

residual growth medium ¥vafs Iturtle er unit of biomass

I
(0D600). TablE A0 ac |oroa°|%% a%t' |ve %Ti@:lgéﬁ) '“ate % Iuerrtlaa?cg Resi uaI rowth medlum

460 Perlplasrﬁ‘ifﬁﬁb”?tdﬁall?‘r@éﬂﬁug &Wﬁ?ﬁ Red i ﬁ;l)ometry scanning of Colloidal ‘3
Blue stained SDS-PAGE gels of whole cell lysates of the sampled bacteria. The results
15 are summarised below in Table 13.
Table 13
Time post induction (hours) Accumulation Level of hTNFa (%TCP)
4 16
24 (basal, no IPTG) Not detected

Surprisingly the dual perfect palindrome operator sequence worked when the
20 spacing was increased. The spacing of the dual perfect palindrome can be altered, for
example, to achieve effective control of other promoters.

Example 13
A vial of CLD048 was removed from the —80°C freezer and allowed to thaw. 10yl
25 of the thawed glycerol stock was inoculated into 5mi Luria Broth (LB, 5g/L yeast extract

(Oxoid), 10g/L tryptone (Oxoid), and 5g/L. sodium chioride) supplemented with tetracycline
(10ug/ml) and glucose (1g/L). This was incubated at 37°C in an orbital shaker for 16h.
500yl of this culture was then used to inoculate a 250m! Erlenmeyer flask containing 50ml
of Luria Broth (composition as described above). The flask was incubated at 37°C, at

30 200rpm in an orbital shaker. Growth was monitored until ODge=0.5-0.7. At this point
the flask was induced with IPTG (isopropyl-.B.-D-1-thiogalactopyranoside) to a final
concentration of 0.1mM and the incubation continued, under the conditions described
above for a further 2h. The cells and residual cell free growth medium were then
harvested. The harvested cells were further subjected to osmotic shock cell fractionation

35 to isolate the cellular fraction containing proteins that had partitioned in the soluble E. coli
periplasmic fraction. The accumulation of biologically active D1.3 Fab in the soluble




4480 The utility of the control provided by this system to enable high level secretion of heterologous
proteins particulary those requiring complex disulphide bond formation is clearly exemplified by the
secretion and accumulation of high levels of biologically active 15 D1.3 Fab in the periplasm of E.coli.
Additionally, it will be evident to those skilled in the art how fed-batch fermentation (for example, as
described previously in Example 11 or below in Example 14) can be used to manufacture such
proteins at high yield. Example 14 20The fermentatign process described in Example 11 was repeated
using CLDO048. Induction was carried out by addition of IPTG to a final concentration of 0.15mM once
the biomass le the fe tation re = ca. 50 The fed-batch phase was continued
for 35-45h poszf)%mc%ﬁlé eﬁﬂ%&:e é)réfﬁ' ‘%’% reevﬁf}% SRATRISH PhARISFE HRR e RIS, The
harvested cellsSWRIe A %iﬁfj@'&@d% '8§Fﬁd?lﬁ%ﬁb'a@@éﬁ%w&@féﬂ%mé@é%tbcﬂﬂéecelIular
fraction contairfFRPPIRSAIHS RHEISERPE RTohEGIN theessieinialBtiarotf pislipgshyiedine fUrS Fhe
accumulation dhithelogitiasmactifed n3iFathardbieizobbleperplasndoetiastaphf asital growth
medium was esitmatechbipreiana A g ditenirdins)as Brbedftal itoTyse s MeHARARNI N ALELISA
assay by eleranes KaspiAaYRISU SR RARISH APHUTARLYG Gh o dogmulaton o
D1.3 Fabin BOm&&% Bé?ﬁ%%??u |duaIL91er¥tQ me iu @Dﬁ@s normalised as "mg actve material per
a

litre of culture” & accumulaton of biol oglca Bt '3 Fab in the periplasm of E.coli and in
the residual growth medium (due to leakage of material from the periplasm to the growth medium) is
presented in Table 15. 26 Table 15 Fraction Bioldg@®&IfAactive D1.3 Fab (mg/L culture) Residual
growth mMédium 525 Periplasm 57 Total (residual growth medium + periplasm) 582 High level

secretion of bjologically activeHpdcidnab is demonstrated usiBthliSafyRIGREI QM @syggqﬁblgxarﬁlple 15
t

A synthetic bispecific single chain tetravalent diabody (bsctDb) was d&ﬁ{g;@gw which the varjable
light and varigble heavyéggg, 1SR anti- |ysozyme) and-AS87 1) trCEA(carcineembryonic
antigen)), wernetinked-oma blL?u Sg Lr;l;;}ypcpuuc chati—Tthe-BDNA se"uenc\,h.%O’ this-molecule-is-shown in

Figure 5 (SEQ4D-NO-22). Th,ﬁj{ 8¥bned-as an Ndel/Not | fragment lnﬁQ%QAVEO46 which had been

digested with N2 geRiduaiarowérmetdiinantosrsiashs were screened by4#&ftriction digest and
confirmed by sequencing. The resultant plasmid was named pAVEOQ78. pAVEO78 was transformed

into E. coli The utility of the control provided by this system to enable high level secretion of
heterologous proteins particulary those requiring complex disulphide bond formation is
clearly exemplified by the secretion and accumulation of high levels of biologically active
15 D1.3 Fab in the periplasm of E.coli. Additionally, it will be evident to those skilled in the
art how fed-batch fermentation (for example, as described previously in Example 11 or
below in Example 14) can be used to manufacture such proteins at high vield.

Example 14

20 The fermentation process described in Example 11 was repeated using CLD048.
Induction was carried out by addition of IPTG to a final concentration of 0.15mM once the
biomass level in the fermentation reached ODgy = ca. 50. The fed-batch phase was
continued for 35-45h post induction. The cells and residual cell free growth medium
were then harvested. The harvested cells were further subjected to osmotic shock cell

25 fractionation to isolate the cellular fraction containing proteins that had partitioned in the
soluble E. coli periplasmic fraction. The accumulation of biologically active D1.3 Fab in
the soluble periplasmic extract and residual growth medium was estimated by determining
the binding of D1.3 Fab to lysoszyme (antigen) in an ELISA assay by reference to a
standard curve prepared with purified active D1.3 Fab. The accumulation of D1.3 Fab in

30 the periplasm and residual growth medium was normalised as ‘mg active material per litre
of culture”.

The accumulation of biologically active D1.3 Fab in the periplasm of £.cofi and in

the residual growth medium (due to leakage of material from the periplasm to the growth
medium) is presented in Table 15.



15W3110 to make CLDO073, which was purified and maintained in glycerol stocks at -80C. A vial of
CLDO0073 was removed from the -80C freezer and allowed to thaw. 10p1 of the thawed glycerol stock
was inoculated into 5m1 Luria Broth (LB, 5g/L yeast extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L
sodium chloride) supplemented with tetracycline (10pg/m1) and glucose (1g/L). This was incubated at
37C in an orbital 20shaker for 16h. 500p1 of this culture was then used to inoculate two 250m1
Erlenmeyer flasks containing 50m1 of Luria Broth (?c%mposition as described above). The flasks were
incubated at 37C, at 200rpm in an orbital shaker. Growth was monitored until OD600=0.5-0.7. At this
point the flasks were induced with IPTG to a final ¢é8R&Hration of either 0.5mM or 0.1mM and the
incubation continued, under the conditions described 25 above for a further 20 hours. The cells and

residual cell free growth medigrassigfe then harvested. ThesyRIBHENS wq_r@ﬁggthﬁbfiubje :t_ed to
osmotic shock cell fractionation to isolate the cellular fraction containin&‘ﬂ[l%(jlns that hac_i partjtioned in

the soluble E|coli periplasmic Tr%:t' M. d ?L(jemexpressio , secretion,folding_and-accumutation-of
biologically a¢t 3 ) he-periplasmic-extract-and-residdalg owth-medium-was 30
estimated by determining n::-hfuiﬂl of binding of an anti- A monaoclighal antibog O EA

(antigen) in alctaighéasidba pismhassdiymndosyintaenhinding of an anti-lysé8gme Fab antibody flagment
to lysozyme (antigen) in a competitive ELISA assay. The data obtained indicated that the majority of

D1.3-A5B7 bseligh ipastidanesbindhediesicui! stpwthmesium depkagetmdhg prriplas;at the end
of the in@uctiogyséynfl'his data (binding of bsctDb in competitive ELISA) is shown in Table 16. The data

obtained demonstrates that the residual growth medium sample from the culture induced with 0.5mM
IPTG completely inhibits the binding of both the anti-CEA and anti-lysozyme antibodies in the
competition EIFI@Q’B%&?S. The residual growth medium sample from 5Sthe culture induced with 0.1mM
IPTG shows a reducédyethstistishsisifio sinaté chaintelraientdisbedy st b wersoddsighugically active
D1.3-A5B7 bsutidh ith¢hviarishia it ableridblSeeapledgidndiiitioD i3 Gaitifsompriitan KEs3A %
Inhibitiorin 01 ompesiiedakisfo ORI REIMEE 2hsSiRIN Naneanerarpernatant from
culture induceghyAthg R ReMdPiE HR-10Q é%ﬂ&ﬂﬁ%@ﬁbﬁr‘%‘@ @Hﬁ% NO 22). This was cloned
as an Nde I/Not | fragment into pAVEQ46 which had been digested with Nde | and Not 1.
Recombinant plasmids were screened by restriction digest and confirmed by sequencing.
The resultant plasmid was named pAVEQ78. pAVEOQ78 was transformed into E. coli
15 W3110 to make CLDO073, which was purified and maintained in glycerol stocks at -80°C.
A vial of CLDO073 was removed from the —80°C freezer and allowed to thaw.
10p! of the thawed glycerol stock was inoculated into 5mi Luria Broth (LB, 5g/L yeast
extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L sodium chloride) supplemented with
tetracycline (10pg/ml) and glucose (1g/L). This was incubated at 37°C in an orbital
20 shaker for 16h. 500! of this culture was then used to inoculate two 250ml Erlenmeyer
flasks containing 50ml of Luria Broth (composition as described above). The flasks were
incubated at 37°C, at 200rpm in an orbital shaker. Growth was monitored until
ODgo=0.5-0.7. At this point the flasks were induced with IPTG to a final concentration of
either 0.5mM or 0.1mM and the incubation continued, under the conditions described
25 above for a further 20 hours. The cells and residual cell free growth medium were then
harvested. The harvested cells were further subjected to osmotic shock cell fractionation
to isolate the celiular fraction containing proteins that had partitioned in the soluble E. coli
periplasmic fraction. The expression, secretion, folding and accumulation of biologically
active D1.3-A5B7 bsctDb in the periplasmic extract and residual growth medium was
30 estimated by determining the inhibition of binding of an anti-CEA monoclonal antibody to
CEA (antigen) in a competitive ELISA assay and by the binding of an anti-lysozyme Fab
antibody fragment to lysozyme (antigen) in a competitive ELISA assay.
The data obtained indicated that the majority of D1.3-A5B7 bsctDb partitioned in
the residual growth medium (leakage from the periplasm) at the end of the induction.




induced with 0.1 mM IPTG Partial Partial Using the new expression system it is possible to
produce complex multi-chain heterologous proteins which have been difficult to produce using E.coli.
This has been exemplified by demonstrating that bispecific single chain tetravalent diabodies in a
biologically active form can be produced in E.coli using the new expression system. This 15further
exemplifies the utility of the expression system. Example 16 The glutathione-S-transferase-3C
proteinase fusion (GST-3C) gene was cloned as anpiNde I/Xho | fragment into pAVEO11 digested with
Nde I and Xho L The sequence of 20the insert is shown in Figure 6 (SEQ ID NO 23). Recombinant

plasmids were ‘f’ﬁf@&é’:ﬁ %{@gsg%g lig L{g&dﬁ O rﬁ:eq ih_%b%he es tTant plasmid was

4 Wﬁlcﬁ was purified

named pAVEO5 Wtas tram rm
and mamtamedp n 'Tycercrﬁ1 T‘?‘fﬂf@ | IRWEHRANFR RANRYS (ipuE®) ‘Q@H{?\P(?Qgctﬂgned as an
Nde I/xho | fradfifz %\tsi'ﬂ%'EE(%EB’TP'E%&QE@%&PPNH@"P&ﬁﬂbkﬁ’d"le?ﬁ%@ﬁ&@@é@ﬂbﬂ(ﬁ@@mhe insert is
shown in Figurémifsi=s irshecompetitetGid Bhastimsmiksrasideat greeiheudojure sticpieriroigest and
confirmeds by séguerichegndived edthlGaninplaBirdosae rastrd 4N 5B AR Wny tlansformed
into E. colt W3ldibiasakaisibPRo8, svbisigsanriilied aacharinaings 30l giypssol stocks at -80C.

28 The human erythropoietin (EPO) gene, which had been codon optimised for expression in E
coli, was cloned as an Nde I/Xho | fragment into pAsE&18 digested with Nde | and Xho I. The DNA
sequence of the-nsertis shown in Figure 8 (SEQ ID NQ 25). S5Recombinant plasmids were screened

by restriction digest and confirmed by sequen,; [I'Ilg] Th resultant plasmld was named pAVEO61.

pPAVEO61 was transfor@mﬂgo E.coll VV%;E],Q&) Q%L @g &%‘;'Og 'Eeﬁe %]qu auntained in
glycerol stocks at -80C. Fed-batch fermentations using 054, dceb were carried
out 10 using § he medla and process cgnditions described in Exgmple 11, Fermentations were
maintained at|30C or 37CM48!described in Table Igorfeermentations were pexépgned in batch mode
until depletion of ‘[N%%f?bot?r? SB?.?IIB@(I €. glycerol). Fed-batch feri:entation was initiated at this point by
the addition of a feed containing glycerpt (714g/C) and magnesi : tion was
carried out by| ad®litionahPP@ wiige the 15 biomagmlevel in the fermentatigpgeached 00600 = 50-60.
The IPTG corjce?tiatbil 9aM R escribed in Table 17. The fed-batch phase was continued for
12-15h post induction. Samptes were taken throughout the- fermentations-to-determine-bigmass level
(0D600) and proteirepetitieti(GBdre3C| IFNa2 anshFRO) titre (glL), using Ggligidal Blue stained

SDS-PAGE geldéfsrheia 8dIMydBIES of the sampled bacteria). 2ci Table 17 Strain E.coli Host Protein
and ExpygssiomVectorDescription

Using the new expression system it is possible to produce complex multi-chain
heterologous proteins which have been difficult to produce using £.coli. This has been
exemplified by demonstrating that bispecific single chain tetravalent diabodies in a
biologically active form can be produced in E.colj using the new expression system. This

15 further exemplifies the utility of the expression system.

Example 16
The glutathione-S-transferase-3C proteinase fusion (GST-3C) gene was cloned as
an Nde I/Xho I fragment into pAVEO11 digested with Nde | and Xho I. The sequence of
20 the insert is shown in Figure 6 (SEQ ID NO 23). Recombinant plasmids were screened
by restriction digest and confirmed by sequencing. The resultant plasmid was named
PAVEOD52. pAVEOD52 was transformed into E.coli BL21 to make CLD054, which was
purified and maintained in glycerol stocks at -80°C.

25 The human Interferon a2 (IFNa2) gene was cloned as an Nde I/Xho | fragment into
PAVEOD11 digested with Nde | and Xho I.  The DNA sequence of the insert is shown in
Figure 7 (SEQ ID NO 24). Recombinant plasmids were screened by restriction digest
and confirmed by sequencing. The resultant plasmid was named pAVED58. pAVE058
was transformed into E. coli W3110 to make CLD059, which was purified and maintained
30 in glycerol stocks at -80°C.




Ferm Temp C Induction IPTG Conc (mM) 0D600 Product Titre (g/L) OLD 054 BL.21 GST-3C
T7A3:DPPS91 37 0.50 100 8 CLD 059 W3110 IFNa2 T7A3:DPPS91 37 0.10 120 9

10

15

25

28

The human erythropoietin (EPO) gene, which had been codon optimised for
expression in £ coli, was cloned as an Nde I/Xho | fragment into pAVEQ11 digested with
Nde | and Xho . The DNA sequence of the insert is shown in Figure 8 (SEQ ID NO 25).
Recombinant plasmids were screened by restriction digest and confirmed by sequencing.
The resultant plasmid was named pAVE061. pAVE061 was transformed into E.coli
W3110 to make CLDO60, which was purified and maintained in glycerol stocks at -80°C.

Fed-batch fermentations using CLD054, CLD059 and CLD060 were carried -out
using the media and process conditions described in Example 11. Fermentations were
maintained at 30°C or 37°C as described in Table 19. Fermentations were performed in
batch mode until depletion of the carbon source (i.e. glycerol). Fed-batch fermentation
was initiated at this point by the addition of a feed containing glycerol (714g/L) and
magnesium sulphate (30g/L). Induction was carried out by addition of IPTG once the
biomass level in the fermentation reached ODggo = 50-60. The IPTG concentrations used
are described in Table 17. The fed-batch phase was continued for 12-15h post
induction. Samples were taken throughout the fermentations to determine biomass level
(ODeno) and protein product ((GST-3C, IFNao2 and EPO) titre (g/L), using Colloidal Biue
stained SDS-PAGE gels of whole cell lysates of the sampled bacteria).

Table 17
Strain | E.coli Protein and Ferm | induction | OD600
Host Expression Temp IPTG Product
Vector °C Conc Titre (g/L)
Description {mN)

CLD BL21 GST-3C 37 0.50 100 8
054 T7A3.DPPS91
CLD | W3110 IFNa2 37 0.10 120 9
059 T7A3.DPPS91 37 0.25 150 14

37 0.50 160 14
CLD | W3110 EPO 37 0.10 100 >13
060 T7A3:DPPS91

30 0.50 90 >13

The data presented in Table 17 further demonstrate the utility of the systems for the
manufacture of a wide range of heterologous proteins. High product titres are achieved
using a simple generic fermentation process coupled with manipulation of only the

St




37 0.25150 14 37 0.50160 14 CLD 060 W3110 EPO T7A3:DPPS91 37 0.10 100 >13 30 0.50 90
>13 The data presented in Table 17 further demonstrate the utility of the systems for the
25manufacture of a wide range of heterologous proteins. High product titres are achieved

29

concentration of IPTG used for induction. This is particularly beneficial to reduce the
process development timelines for therapeutically useful heterologous proteins.

Example 17
5 The L-2-haloalkanoate dehalogenase (hadl) gene from Pseudomonas putida was
cloned using Nde | and Spe | sites that had been engineered using PCR.  The gene
sequence is shown in Figure 9 (SEQ ID NO 26). Plasmid pAVEO11 was digested with
Nde | and Spe | and the band was gel extracted. The hadL gene was digested with Nde
| and Spe | and the hadlL gene was gel extracted and ligated to pAVEO11 to produce
10 pAVEO75. The Pseudomonas savastanoi origin of replication was copied using the PCR
from Plasmid pCN60 (ATCC 77101; Nieto C, et al. (1990) Gene 87: 145-149).
The primers used were: '
F37A: Sequence: 5' AGATCTACGCTTATGGGTGCCTTTCC (SEQ ID NO 27), and
B29a: Sequence: 5° AGATCTAATACGCAAACCGCCTCTCC (SEQ ID NO 28).
15
The PCR product was cloned initially into TOPO TA pCR2.1 (Invitrogen) and then
into pAVEO75 by Bgl Il digestion. The resultant plasmid, pAVE086 was transformed into
Pseudomonas putida NCIMB 12018, via electroporation to make CLDO75, which was
purified and maintained in glycerol stocks at-80°C. A vial of CLDO75 was removed from
20 a —80°C freezer and allowed to thaw. 10l of the thawed glycerol stock was inoculated
into 5ml Luria Broth (LB, 5g/L yeast extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L
sodium chloride) supplemented with tetracycline (10ug/mil).  This was incubated at 30°C
in an orbital shaker for 16h. 500yl of this culture was then used to separately inoculate
two 250ml Erlenmeyer flasks containing 50ml of Luria Broth (composition as described
25 above). The flasks were incubated at 30°C, at 200rpm in an orbital shaker. Growth was
monitored until ODgpo=0.5-0.7. At this point one flask was induced with IPTG to a final
concentration 0. 5mM whilst the second flask was left un-induced to monitor basal
expression. The incubation was continued, under the conditions described above, during
which samples were taken for measurement of growth and accumulation of HadL protein
30 within the bacterial cells. The accumulation level of HadlL was determined using
densitometry scanning of Colloidal Blue stained SDS-PAGE gels of whole cell lysates of
the sampled bacteria.
The expression and accumulation of HadL protein is presented in Figure 10. The
data indicate that the T7A3:DPPS91 expression system functioned in another prokaryotic
35 -host system. Surprisingly, the expression system performed with the same efficiency in
Pseudomonas putida as that observed when using E.coli as the host system. Basal
expression was not detected even following 23h incubation in the absence of inducer.
High level protein expression and accumulation was achieved in Pseudomonas putida
following induction using IPTG.
40




using a simple generic fermentation process coupled with manipulation of only the 29 concentration of
IPTG used for induction. This is particularly beneficial to reduce the process development timelines for
therapeutically useful heterologous proteins Example 17 5The L-2-haloalkanoate dehalogenase (hadlL)
gene from Pseudomonas putida was cloned using Nde | and Spe | sites that had been engineered
using PCR. The gene sequence is shown in Figure 9 (SEQ ID NO 26). Plasmid pAVEO11 was
digested with Nde | and Spa | and the band was gépextracted. The hadL gene was digested with Nde
1 and Spe land the hadL gene was gel extracted and ligated to pAVEO11 to produce 10pAVEO75. The
PseudomonasExgmiietdi origin of replication was copied using the PCR from Plasmid pCN60 (ATCC
77101; Nieto C, et alFéb9eMGemneRatidd beig P sdinonasisutee SIS Wad SirRRBRNES;gD
AGATCTACGHE FeTASSIRH edd I{eGicaER éaqalﬁ%meéméj%ﬁ@x@ﬁgwei 5

ACATCTARTAGHEAMCIEC L K SERHONO 28101, o£S HE R rodict was cloned inially

into TOPO TA pCR2.1 (Inyitragen) and then |nto pA ! diges n.aml%oﬁe'gﬁlltant_plasmid,
pAVEOS Waslﬁgrr?égj?r%g%/{lﬁ%g &%&B&%?ﬁ&ﬁég p ﬁﬁaﬁﬁféw%y‘ﬁ! GRETAIMER KL RSHARRAT tthake
CLDO075, whicHSR/EEIR A Re SRR R-SaHESEE BIVGRIEBrolRagbRich fenentationaves Climed stilis removed
from 20a -80CPRBERE tharrRidiiewethttsedaantain efversaHZivied iycemrsteskmvadpinateulated into 5m1
Luria Broth (LB3Md). yé&astciutraet @xdid)out Bg/adtyiptostel (RXMUG &ndizeicsatitn)dHeside)
supplementedinéthideizasisling thOpahlatidnseaaeinomiatedat 30 isamnribialshaker for 16h.

500p1 ofgthis %hyﬁeé@aatm%mss&tm%a@t%m@gg %Teﬂ%gﬁﬁgﬁg‘é?eﬁﬂﬁmiﬁ%ﬁg %Qf‘tai”ing

50m1 of Luria (c osition scribed 25above , Incu 0 , at
200rpm in an or%ﬁ 'éﬁobTogr?? ?%%ﬁ@ggan%]mto?g RIRHT B GG %’—Wﬁg/gﬁgﬁi)s%g??ﬂ%#@ﬁask was
induced with Iﬁ@efbsa{%ﬁ%f‘@grﬁ%ﬁﬂfﬁfme{f%w&?%ﬁﬁéfﬁﬁé%@@ﬁ@?fﬁ%ﬂ%i@%ﬂ%ﬁI%Iuced o .
monitor basal ekBRESIBA expresHienisagem Ypiietehtadledralrinéeliovwingonditting afesusbedeabove, during
which sampleinkigrgredken for measurement of growth and accumulation of HadL protein 30within the
bacteriaiscells. The adighnaiagiengerahaiptastionandaterminadysagdaesiomalncaeRBgINg of
Colloidal Blue saified SRRRAR 58l AR AENdAIRS BN SRRIEAPAGEIA: qrowd1e

expression angmrggggm%g pgrldged\;vi{%rggg} Is presented in Figure' 10. The data indicate that the

T7A3:0PPS91 expression system functioned in another prokaryotic 35host system. Surprisingly, the
expression system performed with the same efficiency in Pseudomonas putida as that observed when
using E.coli agﬁ‘i‘@ﬁ&f%ystem. Basal expression was not detected even following 23h incubation in
the abséhce of indudepypilgtitselIrppirenragne dsiom)ares scretukatieriogZactieves in
Pseudomonasigatibaddl ERi0Goadaziian asstyibghent 30 Bxameplsid8 Clond=agehRatenfigenentation
using Pseudomignge palics @600 §Enwas sakrigsbamt sing4he 08a68s Serallisngdia apgprocess
conditions desgibadiEAERIA.ALEETRERIALADS WELR dnalnjaineg,t 30C and pH 7.0 (controlled

with 25% ammonium 5hydroxide and 10% phosphoric acid). Fermentations were performed in batch
mode u515ti|

Construction of the Gal promoter and operator sequences was initiated in plasmid
pZT7#2.0, prepared as described in US 6,537,779. pZT7#2.0 has a pAT153 vector
backbone, cer stability sequence, tet A/R, a single native lac operator sequence upstream
of the gene of interest and an upstream T4 transcription terminator. The native Gal
operator sequence was modified to produce a perfect palindromic operator sequence.

30 This was cloned into the plasmid described above using synthetic linkers by means of
EcoRI and Xbal restriction enzyme sites. The linker GalB was prepared by annealing the
oligonucleotides GalB1 and GalB2:

GalB1 (SEQ ID NO 29)

35 S'AATTCATACCATAAGCCTAATTCTACGAATTATCAGAGTTCTGGTTACCGGT
GTAAGCGCTTACACTGT

GalB2 (SEQ ID NO 30)

S'CTAGACAGTGTAAGCGCTTACACCGGTAACCAGAACTCTGATAATTCGTAGA
40 ATTAGGCTTATGGTATG




depletion of the carbon source (i.e. glycerol). Fed-batch fermentation was initiated at this point by the
addition of a feed containing glycerol (714g/L) and magnesium sulphate (30g/L). Induction was carried
out by addition of ImM IPTG (final concentration) once the biomass level in the fermentation reached
0D600 = 50. The fed-batch phase was 10continued for 12-15h post induction. Samples were taken
throughout the fermentationto determine biomass level (0D600) and HadL protein accumulation
(%TCP) Colloidal Blue stained SDS-PAGE gels ofgyhole cell lysates of the sampled bacteria). The
growth of CLDO75 and expression/accumulation of HadL protein following induction are presented in
Figure 11. 15High levels of protein expression and accumulation (>40% TCP) were achieved using the
expression system in Ilései'u omonas putida even by just using a generic growth medium designed for

use with E.colt Example 1850 X3 it ioaiRadp iz prrdirgrpiarenstaig froinebast pZen042
(as described iftEP Ylsb B8 MRaSHatagrneignenEeR ik Pkifatteertlotritahareddegtified with the Gal
repressor generngotimait kinésey aerdriatiticidigkstiseusifentatonsTh stopensithvantisiaskeiss orientation
was selected tegmenciig PAMEIINF 2E&/RGSIGHAS GAOHICRLBRIMA eI ARG iRIgheRduences was
niiated in pIasmé?ggzrmih&nmg%%r%%%msﬁégbﬁé#&tﬁéiﬁdﬁézﬂ §erBr L0 0ER QLA 1S3 vector
ackbone, cer | . native lac.operat yence upstream of the gene
of interest and fargll g%ﬁgé%&ﬁ’éﬁr?ﬁ%i%%"?ﬁ%fﬁ%%l}?afﬁg Wﬁi@é\gﬁ%&%ﬁw GuehRE was
modified to produce & per e%?%saWﬁE?rSﬁE?@%?fjefr‘?it%‘Fsoéﬁi?éﬁéé’.f Herbraeca AL EesstienR plasmid
described abo éQE%tlﬁ@' synthetic linkers by means of EcoRI and Xbal restriction enzyme sites. The
linker Gafs was prepatesireynanedetirglind otigutrl cepotitas @aiRl mod @GalBeGadB Ligh&Q |ID NO 29)
355AATTCATABCAT AABRUIEAA SIHHEAQBRATHATEACASITITSAE BRI &S CGrker Gala

GTAAGCGCThaEHéEpEfed by afralRRg(BE QSR dlles GalA1 and GalA2:
5'CTAGACAGTGTAAGCGCTTACACCGGTAACCAGAACTCTGATAATTCGTAGA

40ATTAGGCTTATGg;‘I]ﬁﬁT&Eﬁ]1 ‘I('g$ linker was then ligated to plasmid pZT7#2.0 and transformed
into cloning host strain XL-1 Blue ratagene) as an EcoRI/Xba Ifragment. Initial screening of
transforfiants was by tT&%Eeaiﬁé%qﬁﬁﬁéﬁpfﬁg%gﬁ%%g@VWMTWH@@WS@@@Uencing.
The hTNFa gene wad EloHe3RIAHEEBRsmid as a Ndel/Xhol fragment.  The hTNFa gene and
partial Gal perfect palindromic operator sequence were cloned by digesting with Xmal and Mscl and
ligating into pAVEO7 Gdigessahwitingmsml and Xmal. Clones were screened for the presence of the

hTINFa gene by restrighpmdgedtioncdeipriieaRRarRst BANKRTIIE AL apRIBaANd G gromotor
co site

were eagh cloned int@éqm%%ggﬂ?%tic linkers by means of Stul an S. Linker
GalA was prepared by annealing the oligonucleotides GalAl and GalA2: GalAl (SEQ ID NO 31):

1551CAATTGTGTAAGCGCTTACACAACITTATTCCATGTCACACTITTCGCATCTT
TGTTATGCTATG G'ﬁ-@e@é?ﬁ@ngf@h@'W@ oy detected with digestion with Mfel and confirmed by
51AATTCACCRFECHRNETRAGIABIC ATC COHMNAGTIGE CHCHIGCENAT AYRGTRECLDOSS ,
TGTAAGCGCTTI#GVES psTiEGand miineapresarpeablieikker-sas detected with digestion with Mfel

and confirmed by seqUENGNOLTtES RRSFEINNRSHEANHOIBSE I BOQM SITAIRYYSHLA, o ggperate
CLDO85, Wh'@?t‘ﬁ@ﬁ]&”éﬁ'ﬁﬂ/@?& QP@&QW&‘?&%%& %?A §r§9(f_l§§:aa b?%%%s, 5g/L  yeast extract
‘ (Oxoid), 10g/L tryptone (Oxoid), and 5g/L sodium chloride) supplemented with tetracycline
(10ug/ml).  This was incubated at 37°C in an orbital shaker for 16h. 500pl of this culture
was then used to inoculate a 250ml Erlenmeyer flask containing 50ml of Luria Broth
30 (composition as described above). The flask was incubated at 37°C, at 200rpm in an
orbital shaker. Growth was monitored until ODgy=0.5-0.7. At this point the flask was
induced with galactose to a final concentration 10.0mM. The incubation was continued,
under the conditions described above, during which samples were taken for measurement
of growth, accumulation of hTNFa within the bacterial cells. The accumulation level of
35 hTNFo was determined using Western blot analysis (using anti- hTNFa antibody)
following SDS-PAGE of the sampled bacteria. The data are presented in Figure 17.
This demonstrates that using perfectly palindromic gal operator sequences in combination
with a gal repressor gene leads to very tight repression of the gal promoter in the absence

of inducer whilst surprisingly still maintaining the capacity for induction when the inducer
40 galactose is added..



25A vial of CLD085 was removed from the -80C freezer and allowed to thaw. 10p1 of the thawed
glycerol stock was inoculated into 5m1 Luria Broth (LB, 5g/L yeast extract (Oxoid), 10g/L tryptone
(Oxoid), and 5g/L sodium chloride) supplemented with tetracycline (10pg/m1). This was incubated at
37C in an orbital shaker for 16h. 5001J1 of this culture was then used to inoculate a 250m1
Erlenmeyer flask containing 50m1 of Luria Broth 30(composition as described above). The flask was
incubated at 37C, at 200rpm in an orbital shaker. Browth was monitored until 00600=0.5-0.7. At this
point the flask was induced with galactose to a final concentration 10.0mM. The incubation was
continued, under the conditions described above, during which samples were taken for measurement
of growth, acmmlﬁa'cm of hTNFa within the bacterial cells. The accumulation level of 35hINFa was

determined using Wesisiihiglanalsis: (esionaaficdENaaatbary)sfollowing SDS-PAGE of the
sampled bacteria. The dafg,gig BLRRENLE] (EFABMIBdualiSdamans!talin dhahysing perfectly
palindromic gal operatar, sequence n cor;g q tlor%\évA m?o regres 91 Eﬂillfmqﬁttt ytlght
repression of‘fﬁ@‘dﬂ?ﬁ%ﬁ?%’ﬁﬁ"ﬂ% N8 oFAGGCer WRIST surbrisingly st ntain gthe
capacity for ifdleRESGSWRBFELhES FANCEINIIPURLIISER 'RH8F) 32 Example 20 A non-integrating yeast
vector was construcid asGtifmmgauence) CiehSenrials b e SaeeriAp/ Fed R AT a
Saccharomycgsdeter prisisRi@iicprameater)ramia kb ofeimgnseqientesdiberdige stetipdR2. 1
(Invitrogen). Q@%ﬁ%ﬂ%lﬁm\@eda Saigiecd Fot FRQriRN O with a Z)iEitainel Senyence 2
(which f&“S'S{s»%% nﬁh% esgﬂ%%sdsmwém MFakqeneRiBatenUthpertretirlindomic lac
operator squ es either S'dcf}:apstr Fal ter rgg&ggﬂ é/ght,pd Ee Qﬁgﬁe%éﬂﬁ%ﬂggi% the protein

elafin with a Sﬁﬁ?ﬁ% E:a in- cm smone ownstream) as a Hind Ill fragment
(made by PCR*)QWfb"P-IFI‘ﬂi"iﬂ tﬁdﬁ constructed in Step 1 to produce plasmid 2. Clone

Sequence 2 is show® in Flélﬂ@ﬂ@(gmf@N@”gB‘)m YEF’13:§'5\E98§§W1§ SpatritagherttHm YEpI 3
(ATCC37115)sekntminmgrtbedeRt) 2r{s dheqtémstiiakgingefime)!matipthénieBne DEiosHigih Rigseilication, into
Spel digestediaganietdsdaveenerate pAVE09L. pAVE091 plasmid DNA was transformed into

Saccharomyces Cergigiag X Qén%CD%L\T 5 29AG88) Lvilesiaparatinbead oSty X sosopies selected
on yeast dro"éﬁgc@ﬁ%ﬁ%"‘ﬁt 8r£'t yﬁ%%'é oé&:Jé"l%‘?rﬁ&été‘&gd\éﬁ%%Eﬁu eifpds in Yeast

Genetics, Col rnng termlne
20elafin- cmyc"ﬂﬁ"é){'efh“e ] SH%@S do8 usmggﬁw I Sfxﬁkﬁu O(}m{ﬁ ngev%?e incubated

at 30C, at 2007k $R1g blaskar 5?1%9@?0%@&&%@59%% &*&ﬁhﬁ flas!ar?ré‘fﬁ*b‘ft@‘ﬁ%"ﬁ%‘ﬁé@&%\nth 0.5
mM IPEG (finalafioraeyTtreititei). sk sacubetiorsaviss contirigdrRsarTarmssiash, Ukd&etle conditions
described abayveeducingtaditiseanglesinendriakentit shabsurethentaegreereosavhdedetion of
elafin-cmyc prgteit hﬁ@ﬂ@%@@ﬁ@mﬁ nesiMPTd gisacsitnedelplinmeyecutaitrewasidual growth
medium was defermined usiearalasiags IRbIiHENRRALYS ASPR0RS destikrdinihdiedow 0, etal
J Blot Chem. (1960) 2S(CR) T LS, Aler 4 hois QLTS S SR B b o e

elafin protein fﬁetrﬁ}e GYow e expression systems of the present

inventiol are @fﬂé’@ﬁ'\)@ei?‘f%as@%ﬁ?ﬁﬁg‘ﬁﬁ&fee?f%CBKFA”ﬁoa e?’?f%%sgg hesised' Which contained

the constitutivéatermiagd using an elastase inhibition enzyme assay, as descnbed in Wiedow O, et al, J
Biol Chem. (1990) 265(25):14791-5. After 4 hours of IPTG induction there was 30 mg/L "
of active elafin protein in the growth medium. This demonstrates that the expression e
systems of the present invention are effective in yeasts.
30
Example 21
A DNA fragment was synthesised which contained the constitutive human
Cytomegalovirus (hCMV) promoter flanked by dual perfect palindromic lac operator
sequences. This was cloned into an expression vector, which expressed igG Fc protein.
35 The resulting plasmid was named pAVE081, and is derived from pCMV-Script
(Stratagene) and contains the hCMV promotér flanked by dual perfect palindromic lac
operator sequences on a Nde l/Nhe | fragment, with the IgG Fc DNA sequence in the
multiple cloning site of the vector. The DNA sequence of the hCMV promoter and dual
perfect palindromic lac operators is shown in Figure 12 (SEQ ID NO 33). The DNA
40 sequence of the IgG Fc protein is shown in Figure 13 (SEQ ID NO 34). Transient co-




Cytomegalovirus (hCMV) promoter flanked by dual perfect palindromic lac operator sequences. This
was cloned into an expression vector, which expressed IgG Fc protein. 35The resulting plasmid was
named pAVEO81, and is derived from pCMV-Script (Stratagene) and contains the hCMV promoter
flanked by dual perfect palindromic lac operator sequences on a Nde UNhe | fragment, with the IgG Fc
DNA sequence in the multiple cloning site of the vector. The DNA sequence of the hCMV promoter
and dual perfect palindromic lac operators is showr4n Figure 12 (SEQ ID NO 33). The DNA
40sequence of the 1gG Fc protein is shown in Figure 13 (SEQ ID NO 34). Transient co- 33
transfections of pAYEQ81 e ing 1gG Fc protein and pCMVlac| (Stratagene) which expresses lac
repressor Werehgg#%c o&ﬁt?%;gsﬁ%s&vsvdeg?&ggﬁl !e'%?ﬂ%k%g{ﬁ%)n &Ef’e%%%ﬁ\é'%ﬁh@%ﬁa eeEENeBtein could
be expressed RAESHTE BSRHRIPEFPIMPES ARNRIAL REMRWEHSRRSTed inthscrrbde PalaieNDmic lac
operator expre¥§RihesyateRt Bl eputthiscsdmreettadenibe,ceabad PTIGErEGREOEBY50302
adapted to suspensitat-dyalpirieciseinirirele mmediaralosespessiomsydtiaie at 1.5 x 105 viable cells per
ml was added to eactaweli Ohibeselhtinsus ovliHrecplatesi Thee@uet §8656360 4R RIRISS Were then
Incu batedd Ovetr&gﬁl&(&a@ﬁbie\ﬁmingg%igﬁégﬁeWP%Qﬁi%%ﬁ:{gIBQ%fPFé"{‘j/cIS@)IE?S%Cé%%Q g@P‘)e% VI\‘I’ire
prepared con 0 with an’egual g ity 100f p acl (Stratagene :
6pl of transfecﬁwgfsﬁer?{ %%} %14\”?][1';? F\g\?vffr?srsnuéa |Hl]r_{ﬁ',r§él)jgv%l._1]r§(§p§6‘?' ?{Iéﬁg'f’eec %W’ﬁfgﬁx?ﬁs added
to each well coftan eéi {iapaiRg @ ?fé’_‘gfﬁg BB P RIS i ARSI WA SR GRoa RRIRERI in
humidified 37 AR WHESSUBE RS0 sderiAining 2He MEpAVEOS RNANGHY sb cratv AushtiG Fc
protein ifo theofpGMiane@iuatrgese) ONAclp! @apevtce imdgmechnditv bl ofidroRFGndinah per
concentration) weltl seo@fi witanksriciion minausaddéndlasckhies dbaiaahgimetsitngared yith IPTG and
those left un-inglyediase samirdPRstd MEFiRdbSiamANERRoAsed ) IBA RS SsQand
secretion Into t‘?@ﬂ@%lﬁ@lﬁ@hﬂ%@fégﬁr&ﬁg%i%‘éﬂ? fi9E 'igrpcr °tr%l”ir‘4"-a§?‘¥ﬁéerrmd¢ ed By ELISA as is
?1 Eigure 14, i?) he dat

well established in he rt). The data pbtain own | A deary defhonstrates

are s -
the broad utility of hvt\éele%( (Rxs o%e§%§Q%¥ﬁ?$W@e§<BM§EiBﬁ g&/ &P E8RBEoms 8RdssE Shweipstteriul
constitutlve profiBIEYSs piCiyarbEeshe s imealainduedydiaifg Gaps tiesmehanndpeemoter, to
express proteiM$Tid sABMPddRant HBIIS indudiontalidbreinddiscible TharreeseBn3hCiamesidn Avtmethod for
the productiontbé grprateiredityich\cthe SR satixpf é3SiFg potexpras sier sy sEByCRITEAsHg a) a
promoter; b) aperteshprisdinmme aperaiy Gog Rt ShAthexPigsaiqa cassette for a protein;
characterised in that the promoter is not Ti. 2.A method according to claim 1, which comprises

express%g, ina ma I Il culture, an expression tem_comprising: a) a mammalian promoter;
and b) two or more?ﬁ%é%pa %%ag}/oér%mdnsga%?gr[%ee%ﬁjgﬁsc@sﬂ,ya%f%’gs%gﬁ%s%ﬁ%rgg%?@égﬁnueence being

ect palin e opera
located downstF&an 6?”[%3})%&%?&? Hﬁ%gé? renbeb RS Hut seesEEVR e BisTgBcakk 4RSS tream of
the promoter; 48 "e§ARARPredsRYRteAs seiRd RiviherbEdMIIreamtprdrempress proteins in

mammalian celis in a contollable, inducible manner.
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3.A method according to claim 1, which comprises: a) preparing an expression system comprising a
mammalian promoter; two or more perfect palindrome operator sequences, at least one operator
sequence being located downstream of the promoter, and at least one operator sequence being
located upstream of the promoter, and an expression cassette for a protein; b) delivering the
expression system into a mammalian host cell; c) &pressing the expression system in a cell culture
of the mammalian host cell. 4.A method according to claim 2 or 3, wherein the operator sequences are
selected from lac, gal, deo or gin. 5.A method according to any one of claims 2 to 4, wherein the
operator sequnfses are spaced from 85 to 150 base pairs apart. 6.A method according to claim 5,
wherein the operator sequences are spaced from 90 to 126 base pairs apart. 7.A method according to

claim 6, wherein the operator sequences are spaced 91 or 92 base pairs apart. 35 8.A method
Tany orfs BYUAFH(25 157 PIORAFLRT R BB A B D ey EHRASRISU host cell

according to ‘any o ) e
genome. 9.A meth@XRIeEsIRIIrfyELBNEOBHEI®NGlaims 2 to 7, wherein the expression system is
extrachromosomal.a} @ Aromedkerd according to any one of claims 2 to 9, wherein the mammalian cell is

a human, murine o[;{g £alliddr B BHRSAcSYdingdoflgim 10, wherein the cell is a Chinese

hamster ovary cell. 12.A method accordi{,?gftcg)Ir anafoqg.e of claims 2 to 11, which comprise the further

step of recovering t eaBr%)t(gfﬁ PO the-mammalian cefl. 13.A method according to any one of claims 2

to 12, wherein the [SREHASEFTEA NN SPEPRMIS 18402 hfasmid comprising: a) a promoter; and b) a
perfect palindrome operator sequence; characterised in that the promoter is not 17. 15.A plasmid

according toxlaim MmaheteHtdbrIPgSoihim A NRAAtESHAH@s expressing, in a mammalian
cell culture, an expression system comprising:
a) a mammalian promoter; and
b) two or more perfect palindrome operator sequences, at least one operator
sequence being located downstream of the promoter, and at least one
operator sequence being located upstream of the promoter; and
C) an expression cassette for a recombinant protein.

3. A method according to claim 1, which comprises:
a) preparing an expression system comprising a mammalian promoter; two or
more perfect palindrome operator sequences, at least one operator sequence
being located downstream of the promoter, and at least one operator
sequence being located upstream of the promoter, and an expression
cassette for a protein;
b) delivering the expression system into a mammalian host cell;
c) expressing the expression system in a cell culture of the mammalian host
cell.

4. A method according to claim 2 or 3, wherein the operator sequences are
selected from lac, gal, deo or gin.

5. A method according to any one of claims 2 to 4, wherein the operator
sequences are spaced from 85 to 150 base pairs apart.

6. A method according to claim 5, wherein the operator sequences are spaced
from 90 to 126 base pairs apart.

7. A method according to claim 6, wherein the operator sequences are spaced
91 or 92 base pairs apart.



plasmid comprising: a) a mammalian promoter; and b) two or more perfect palindrome operator
sequences, at least one operator sequence being located downstream of the promoter, and at least
one operator sequence being located upstream of the promoter; and c) an expression cassette for a
recombinant protein. 16.A plasmid according to claim 15, wherein the operator sequences are
selected from lac, gal, deo or gin. 17.A plasmid ac@érding to either of claims 15 and 16, wherein the
operator sequences are spaced from 85 to 150 base pairs apart. 18.A plasmid according to claim 17,
wherein the 8peratdr sejoencesendingpirenfromeod toldifs kade pairdersant th@6exPresstasmid

according to claim g@stefesaidfhtenentianhseadecsiegea@mdaced 91 or 92 base pairs apart. 20. A
plasmid according to any one of claims 15 to 19, wherein the promoter is an hCMV promoter. 21. A

mammalian cell comprisin lasmid according to any one of claims 15 to 20. 22. A mammalian cell
nccording o°Elaim AT RHEHGIAGHR i AnC5E % KT, ndrinE Sl & BETESal A
mammalian cell acSyatRNY isetEarnNBMeERETRIN the cell is a Chinese hamster ovary cell. SMC
60733 WO0.ST25.txt SEQUENCE LISTING <110> Avecia Biologics Limited <120> Expression System

<130> SMC 9733MR AR ART & R ERUDVEEIAD B3 S2MRdir e mdfmakar BINA <213>

Artificial <220> <223> Artificial seqhuenc <400> 1
iS a human, murine or hamster cell.

11. A method according to claim 10, wherein the cell is a Chinese hamster ovary
cell.

12. A method according to any one of claims 2 to 11, which comprise the further
step of recovering the protein from the mammalian cell.

13. A method according to any one of claims 2 to 12, wherein the promoter is an
hCMV promoter.

14. A plasmid comprising:
a) a promoter; and
b) a perfect palindrome operator sequence;
characterised in that the promoter is not T7.

15. A plasmid according to claim 14, wherein the plasmid is a non-integrating
plasmid comprising:
a) a mammalian promoter; and
b) two or more perfect palindrome operator sequences, at least one operator
sequence being located downstream of the promoter, and at least one
operator sequence being located upstream of the promoter; and
c) an expression cassette for a recombinant protein.

16. A plasmid according to claim 15, wherein the operator sequences are
selected from lac, gal, deo or gin.

17. A plasmid according to either of claims 15 and 16, wherein the operator
sequences are spaced from 85 to 150 base pairs apart.

18. A plasmid according to claim 17, wherein the operator sequences are spaced
from 90 to 126 base pairs apart.



catgtgggaa ttgtgagcgc tcacaattcc aagaacaatc ctgcacgd7 <210> 2 <211> 47 <212> DNA <213>
Artificial <220> <223> Atrtificial sequence <400> 2 aattcgtgca ggattgttct tggaattgtg agcgctcaca
attcccad7 <210> 3 <211> 77 <212> DNA <213> Artificial <220> <223> Artificial sequence <400> 3
aattcaaaca aaacggttga caacatgaag taaacacggt acgatgtacc ggaattgtga60 gcgctcacaa ttcccca77 <210>
4 <211> 77 <212> DNA <213> Atrtificial <220> <228> Artificial sequence <400> 4 ctggtggggg
gttgtgggcg ctcgeggttc cggtgegteg tgeegtgttt gettcgtgtt60 gtcggecegtt ttgtttg77 <210> 5 <211> 79 <212>
DNA

19. A plasmid according to claim 18, wherein the operator sequences are spaced
91 or 92 base pairs apart.

20. A plasmid according to any one of claims 15 to 19, wherein the promoter is an
hCMV promoter.

21. A mammalian cell comprising a plasmid according to any one of claims 15 to
20.

22. A mammalian cell according to claim 21, wherein the mammalian cell is a
human, murine or hamster cell.

23. A mammalian cell according to claim 22, wherein the cell is a Chinese
hamster ovary cell.



<213> Artificial SMC 60733 WO0.5T25.txt <220> <223> Atrtificial sequence <400> 5 aattttctga
aatgagctgt tgacaattaa tcatcggctc ggatactgtg tggaattgtg60 agcggataac aattcccca79 <210> 6 <211> 79
<212> DNA <213> Artificial <220> <223> Artificial sequence <400> 6 ctagtgggga attgttatcc gctcacaatt
ccacacagta tccgagccga tgattaattg60 tcaacagctc atttcagaa79 <210> 7 <211> 78 <212> DNA <213>
Artificial <220> <223> Atrtificial sequence <400> 7 aattttctga aatgagctgt tgacaattaa tcatcggctc

> 8 <211> 78 <212> DNA <213> Atrtificial
ggatactgtg tggaattgtg.60 agcgctcaca attccsclgg%% 7<3%1v90 _ 58»T25 11>

SEQUENCE LISTING
<110> Avecia Biologics Limited
<120> Expression System
<130> smc 60733/wo
<160> 40
<170> PatentIn version 3.3

<210> 1

<211> 47

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 1
catgtgggaa ttgtgagcgc tcacaattcc aagaacaatc ctgcacg 47

<210> 2

<211> 47

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 2
aattcgtgca ggattgttct tggaattgtg agcgctcaca attccca 47

<210> 3

<211> 77

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 3
aattcaaaca aaacggttga caacatgaag taaacacggt acgatgtacc ggaattgtga 60

gcgctcacaa tteccca 77

<210> 4

<211> 77

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 4
ctggtggggg gttgtgggcyg ctcgeggttc cggtgcgtcyg tgccgtgttt gcttegtgtt 60

gtcggeegtt ttgtttg 77

<210> 5

<211> 79

<212> DNA

<213> Artificial

Page 1




<220> <223> Artificial sequence <400> 8 ctagtgggga attgtgagcg ctcacaattc cacacagtat ccgagccgat
gattaattgt60 caacagctca tttcagaa78 <210> 9 <211> 78 <212> DNA <213> Artificial <220> <223>
Artificial sequence <400> 9 aattcgaaac aaaacggttg acaacatgaa gtaaacacgg tacgatgtac cgggat_tgtg60
agcgctcaca attcccca78 <210> 10 <211> 78 smc 60733 w0.5T25.txt <212> DNA <213> Atrtificial
<220> <223> Artificial sequence <400> 10 ct%;t gggg gttgtgggcg ctcgcggttc_ pggtgcgtcg tgccgtgttt
gettegtgtt60 gtcggeegtt ttgtttcg78 <210> <N PES ¥9-SF2-ENA <213> Artificial <220> <223>

Artificial sél{abence <400> 11 aattatctct ggcggtgttg acataaatac cactggcggt gatactgagc ggaattgtgaGO
<223> Artificial sequence

<400> 5
aattttctga aatgagctgt tgacaattaa tcatcggctc ggatactgtg tggaattgtyg 60

agcggataac aattcccca 79

<210> 6

<211> 79

<212> DNA

<213> Artificial

<220> _
<223> Artificial sequence ~ :

<400> 6
ctagtgggga attgttatcc gctcacaatt ccacacagta tccgagccga tgattaattg 60

tcaacagctc atttcagaa 79

Nt

<210> 7

<211> 78

<212> DNA

<213> Artificial

<220>
<223> Artificial sequénce

<400> 7 :
aattitctga aatgagctgt tgacaattaa tcatcggctc ggatactgtg tggaattgtg -60

agcgctcaca attcccca 78

<210> 8

<211> 78

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 8
ctagtgggga attgtgagcg ctcacaattc cacacagtat ccgagccgat gattaattgt 60

N

caacagctca tttcagaa 78

<210> 9

<211> 78

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 9
aattcgaaac aaaacggttg acaacatgaa gtaaacacgg tacgatgtac cggaattgtg 60

agcgctcaca attcccca 78

<210> 10
<211> 78
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gcgctcacaa ttcccca77 <210> 12 <211> 77 <212> DNA <213> Atrtificial <220> <223> Atrtificial
sequence <400> 12 ctagtgggga attgtgagcg ctcacaattc cgctcagtat caccgccagt ggtatttatg60 tcaacaccgc
cagagat77 <210> 13 <211> 77 <212> DNA <213> Atrtificial <220> <223> Atrtificial sequence <400> 13
aattcctgaa atgagctgtt gacaattaat catcggctcg tataatgtgt ggaattgtga60 gcgctcacaa ttcccca77 <210> 14
<211> 77 <212> DNA <213> Artificial <220> <223> Artificial sequence <400> 14 ctagtgggga
attgtgagcg ctcacaattc cacacattat acgagccgat gattaattgt60 caacagctca tttcagg77 <210> 15SMC 60733
WO0.ST25,pxb<21 1> 33 <212> DNA <213SMArkfitHdl ¥2#033<228> Artificial sequence <400> 15
aattcaccgg@ligtacagits; tgtAicaaccy gtg33 <210> 16 <211> 33 <212> DNA <213> Atrtificial <220>

<220>
<223> Artificial sequence

<400> 10
ctggtggggg gttgtgggcg ctcgcggttc cggtgecgtcg tgccgtgttt gettcgtgtt 60

gtcggcegtt ttgtttcg 78

<210> 11

<211> 77

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 11
aattatctct ggcggtgttg acataaatac cactggcggt gatactgagc ggaattgtga 60

gcgctcacaa ttccecca 77

<210> 12

<211> 77

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 12
ctagtgggga attgtgagcg ctcacaattc cgctcagtat caccgccagt ggtatttatg 60

tcaacaccgc cagagat 77

"<210> 13
<211> 77
<212> DNA
<213> Artificial

<220> .
<223> Artificial sequence

<400> 13
aattcctgaa atgagctgtt gacaattaat catcggctcg tataatgtgt ggaattgtga 60

gcgctcacaa ttcccca 77
<210> 14

<211> 77

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 14
ctagtgggga attgtgagcg ctcacaattc cacacattat acgagccgat gattaattgt 60

caacagctca tttcagg 77
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<223> Artificial sequence <400> 16 aattcaccgg ttgtacatga ctgtacaccg gtg33 <210> 17 <211> 1550
<212> DNA <213> mouse gagagagatt tccaccaagg acagcggccc aactcaggcg ctctactccc atctgcaacg
tcttcaacta aattaataag tattgcctac tcgagctcac catgtcgagc aatctcctca tcagtggcag ataggcttga gcccatcggt
tgggctgcct ccctgaccag tcagcagcegt tgaatcacaa agacgcacac ggagcttgca ggcagccgct ccagtctcca
aagtgggaat gctcctggtc tggatcagga tacggcagcc gcaggagtca ctcagggttc tctggagtgg atccagactg
tctgcacachgiactggggc cttceecctg ggtcaagti¥c YFeoreeatdBgtilctgtg cecccageaac atcaggaggt tgcaaattct
ggattgttak CCBitt attcacaatt tattatacaa acacaatatt gctggattgt ggacctggcc tcattaaccg ctgggaatga
agcatcagjgg?tgﬂ@qqgigqagggacca gcaccctcct tacttccccg accttcccgg ccctccagta accaaggtcg
gaacagaa coatttcaagga tactcgctgc ctgcgtctgt atttagcatg caaccttagc ctctct:az?gtat nge gg ;gggé::;t;cgt
ccaaga ac gtcctaca gcttgggcac ccaaccagcg gggagaaact gtatcagcag
caacggggtggagtcc%ggé%%qc%tégeaa%%cggtgtcgtgg gtcctcagga ccagacctac atggccgaca gtcaccatca

aaacaggﬁggg]téa%aacct aag 60120 180 240 300 360 420 480 540 600 660 720 780 840
20 1080 A3

900 960 "“%Rﬁ& B /P 5HD5. ixt caacatittt ggagtactcc tcggacgttc gtggaggga 1200

<210> 16

<211> 33

<212> DNA

<213> Artificial

<220>

<223> Artificial sequence

<400> 16 '

aattcaccgg ttgtacatga ctgtacaccg gtg 33 N

<210> 17 '

<211> 1550

<212> DNA

<213> mouse

<400> 17

catatgaaat acctattgcc tacggcagcc gctggattgt tattactcgc tgcccaacca 60

gcgatggccc aggtgcagct gcaggagtca ggacctggec tggtggcgec ctcacagagc 120

ctgtccatca catgcaccgt ctcagggttc tcattaaccg gctatggtgt aaactgggtt 180

cgccagcctc caggaaaggg tctggagtgg ctgggaatga tttggggtga tggaaacaca 240

gactataatt cagctctcaa atccagactg agcatcagca aggacaactc caagagccaa 300

gttttcttaa aaatgaacag tctgcacact gatgacacag ccaggtacta ctgtgccaga 360

gagagagatt ataggcttga ctactggggc caagggacca cggtcaccgt ctcctcagcece 420

tccaccaagg gcccatcggt cttccccctg gcaccctect ccaagagcac ctctgggggc 480

dacagcggecc tgggcetgect ggtcaaggac tacttccccg aaccggtgac ggtgtcgtgg 540 M
E

aactcaggcg ccctgaccag cggcgtgeac accttcccgg ctgtcctaca gtcctcagga 600

Ctctactcce tcagcagegt ggtgactgtg ccctccagta gettgggeac ccagacctac 660

atctgcaacg tgaatcacaa ccccagcaac accaaggtcg acaagaaagt tgagcccaaa 720

tcttcaacta agacgcacac atcaggaggt gaacagaagc tcatctcaga agaggatctg 780

aattaataag ggagcttgca tgcaaattct atttcaagga gacagtcata atgaaatacc 840

tattgcctac ggcagecgct ggattgttat tactcgctge ccaaccageg atggccgaca 200

tcgagctcac ccagtctcca gectcecttt ctgegtctgt gggagaaact gtcaccatca 960

catgtcgagc aagtgggaat attcacaatt atttagcatg gtatcagcag aaacagggaa 1020

aatctcctca gectcctggtce tattatacaa caaccttage agatggigtg ccatcaaggt 1080

tcagtggcag tggatcagga acacaatatt ctctcaagat caacagcctg caacctgaag 1140
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actgtggctg caccatctgt cttcatcttc ccgccatctg 1260 actgcctctg ttgtgtgcct gctgaataac ttctatccca 1320
aaggtggata acgccctcca atcgggtaac tcccaggaga 1380 aaggacagca cctacagcct cagcagcacc ctgacgctga
1440 cacaaagtct acgcctgcga agtcacccat cagggcctga 1500 ttcaaccgcg gagagtcata gtaaggatcc 1550
<210> 18 <211> 72 <212> DNA <213> Atrtificial <220> <223> Artificial sequence <400> 18 aattcgaaac
aaaacggttg acaacatgaa gacagtgagt ca gtaaacacgg tacgatgtac cacatgaaac60 72 <210> 19 <211> 72
<212> DNA <213> Artificial <220> <223> Artifici%I sequence <400> 19 ctagtgactc actgtcgttt catgtggtac
ctegtaccatitiaghes CaHHOIGE (olialonately e aatte 103 ?&3‘&2 U52A23JINA 124> Artificial

<220> <223> Artificial sequence <400> 20 aattcgaaac aaaacg acaacat aa gtaaacacgg

agcggatase 3%1%5@&83@%%35{9%@56&%%&3éﬁcfgt‘it?fogﬁgﬁ S ?@chafﬁ% NA28913> Artificial

atgagcagtt gaaatctgga actgcctctg ttgtgtgcct gctgaataac ttctatccca 1320
gagaggccaa agtacagtgg aaggtggata acgccctcca atcgggtaac tcccaggaga 1380
gtgtcacaga gcaggacagc aaggacagca cctacagcct cagcagcacc ctgacgctga 1440
gcaaagcaga ctacgagaaa cacaaagtct acgcctgcga agtcacccat cagggcctga 1500

gttcgccegt cacaaagagc ttcaaccgcg gagagtcata gtaaggatcc 1550

<210> 18

<211> 72

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 18
aattcgaaac aaaacggttg acaacatgaa gtaaacacgg tacgatgtac cacatgaaac 60

gacagtgagt ca 72

<210> 19

<211> 72

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 19 ' .
ctagtgactc actgtcgttt catgtggtac ctcgtaccgt gtttacttca tgttgtcaac 60

cgttttgttt cg 72

<210> 20

<211> 79

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 20
aattcgaaac aaaacggttg acaacatgaa gtaaacacgg tacgatgtac cggaattgtg 60

agcggataac aattcccca 79

<210> 21

<211l> 79

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 21
ctagtgggga attgttatcc gctcacaatt ccggtacatc gtaccgtgtt tacttcatgt 60
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<220> <223> Artificial sequence <400> 21 ctagtgggga attgttatcc gctcacaatt ccggtacatc gtaccgtgtt
tacttcatgt60 SMc 60733 WO.ST25.txt tgtcaaccgt tttgtttcg79 <210> 22 <211> 1592 <212> DNA <213>
Artificial  atcctgtctg acttacattc acatccaacc tactctctca agtgccactt caaggcacca accccggaca gtcaccatca
aaacagggaa ccatcaaggt caacctgaag ggtggaggga gaagaagacc catctccagg actggtacca tggcttctgg
caatcagcag attactgtac cggtcaccgt tcgagctcac catgl(;%a C_aatctcctca tcagtggcag cttttgggag ccaagctcga
taaactcaigt &adagioagesgeacgctoat ctgg&'ﬂ‘éc%oa( a E%\%’&ﬁbagaaggtc gcagaagccg, agtccctgct
agtggaggct gttcggtgga cgtgcaggtg actctcctgt gcctccagga aacagagtac catcctctat aagagatagg ctcctcagcc
ccagtctccasgagtgggaat getcctggte tggatcagga ttattactgt gatcaaacgg ataagcggcec atcagcaagg
gacacagsgilygg Cgg ccggacatcg acaatgactt ggatcctccc cgcttcagtg. gaagatgctg ggcaccaagc.
cagctgcaj‘%é;ﬁca %.p;gcqgggcacttg agtgcatctg cttcaaatga gggctacggt tccaccaagg gcctcccttt attCacaatt
tattatacaa acacaatatt caacattttt actgtgggat gc acaactccaa ggtactactg tcaccgtctc agctctccca

gcagggcﬁic%qﬁ;ﬁtgagc %qg%c Cr%%g'g[aéta_i "gc%)?%"atfgqgatctggtgg ggttcacctt tctactttga gcccatcgag
ctgcgtctgt atttagcatg caacc?tagc ctcf)caaga? ggagtac (?C ccgaacaaa;a gagccta?g'it tg;f:gt?%ggt Attac
acat acggac
e e e s
caagcccagg tgcagctgca ggagtcagga cctggectgg tggcgecctc acagagectg 120
tccatcacat gcaccgtctc agggttctca ttaaccggct atggtgtaaa ctgggttcge 180
cagcctccag gaaagggtct ggagtggctg ggaatgattt ggggtgatgg aaacacagac 240
tataattcag ctctcaaatc cagactgagc atcagcaagg acaactccaa gagccaagtt 300
Ttcttaaaaa tgaacagtct gcacactgat gacacagcca ggtactactg ‘tgccagagag 360 ™y
agagattata ggcttgacta ctggggccaa gggaccacgg tcaccgtctc ctcagcctce 420 7
accaagggcc catcgagcegce caaaaccacc ccggacatcg agcetctccca gtctccagea 480
atcctgtctg catctccagg ggagaaggtc acaatgactt gcagggccag ctcaagtgta 540
acttacattc actggtacca gcagaagcca ggatcctcee ccaaatcctg gatttatgec 600
acatccaacc tggcttctgg agtccctgct cgettcagtg:gcagtgggtc tgggacctct 660
tactctctca caatcagcag agtggaggct gaagatgctd'ccacttatta ctgccaacat 720
tggagtagta aaccaccgac gttcggtgga ggcaccaagc tcgagatcaa acggactgtg 780
cgcgecgatg ccgcccegac cgtgcaggtg cagctgcagg aatctggtgg tggcttagtt 840
caacctggtg gttccctgag actctcctgt gcaacttctg ggttcacctt cactgattac 900
tacatgaact gggtccgcca gcctccagga aaggcacttg agtggttggg ttttattgga 960
aacaaagcta atggttacac aacagagtac agtgcatctg tgaagggtcg gttcaccatc 1020
tccagagata aatcccaaag catcctctat cttcaaatga acaccctgag agctgaggac 1080 f}
agtgccactt attactgtac aagagatagg gggctacggt tctactttga ctactggggc 1140 -
caaggcacca cggtcaccgt ctcctcagec tccaccaagg gcccatcgag cgccaaaace 1200
accceggaca tcgagctcac ccagtctcca gectcccttt ctgecgtctgt gggagaaact 1260
gtcaccatca catgtcgagc aagtgggaat attcacaatt atttagcatg gtatcagcag 1320
daaacagggaa aatctcctca gctcctggtc tattatacaa caaccttagce agatggtgtg 1380
Ccatcaaggt tcagtggcag tggatcagga acacaatatt ctctcaagat caacagcctg 1440
caacctgaag cttttgggag ttattactgt caacattttt ggagtactcc tcggacgttc 1500
ggtggaggga ccaagctcga gatcaaacgg actgtgggat ccgaacaaaa gctgatctca 1560
gaagaagacc taaactcatg ataagcggcc gc 1592
<210> 23
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60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 960 1020 1080 1140 1200 1260
1320 1380 1440 1500 1560 1592 <210> 23 SMC 60733 W0.ST25.txt <211> 1237 <212> DNA <213>
Artificial <220> <223> GST fusion protein produc ed in Example 16 <400> 23 catatgtccc ctatactagg
ttattggaaa attaagggcc ttgtgcaacc cactcgactt60 .cttttggaat atcttgaaga aaaatatgaa gagcatttgt atgagcgcga
tgaaggtgat120 aaatggcgaa acaaaaagtt tgaattgggt ttggagtttc ccaatcttcc ttattatatt180

SMC 60733 WO0.ST25.txt

Page 7

<211> 1237

<212> DNA

<213> Artificial

<220>

<223> GST fusion protein produced in Example 16

<400> 23

catatgtccc ctatactagg ttattggaaa attaagggcc ttgtgcaacc cactcgactt 60
.cttttggaat atctigaaga aaaatatgaa gagcatttgt atgagcgcga tgaaggtgat 120
aaatggcgaa acaaaaagtt tgaattgggt ttggagtttc ccaatcttcc ttattatatt 180
gatggtgatg ttaaattaac acagtctatg gccatcatac gttatatagc tgacaagcac 240
aacatgttgg gtggttgtcc aaaagagecgt gcagagattt caatgcttga aggagcggtt 300
ttggatatta gatacggtgt ttcgagaatt gcatatagta aagactttga aactctcaaa 360
gttgattttc ttagcaagct acctgaaatg ctgaaaatgt tcgaagatcg tttatgtcat 420
aaaacatatt taaatggtga tcatgtaacc catcctgact tcatgttgta tgacgctctt 480
gatgttgttt tatacatgga cccaatgtgc ctggatgcgt tcccaaaatt agtttgtttt 540
aaaaaacgta ttgaagctat cccacaaatt gataagtact tgaaatccag caagtatata 600
gcatggcctt tgcagggctg gcaagccacyg tttggtagtg gcgaccatcc tccaaaatcg 660
gatctggttc cgcgtggatc cggaccaaac acagaatttg cactatccct gttaaggaaa 720
aacataatga ctataacaac ctcaaaggga gagttcacag ggttaggcat acatgatcgt 780
gtctgtgtga tacccacaca cgcacagect ggtgatgatg tactagtgaa tggtcagaaa 840
attagagtta aggataagta caaattagta gatccagaga acattaatct agagcttaca 900
gtgttgactt tagatagaaa tgaaaaattc agagatatca ggggatttat atcagaagat 960
ctagaaggtg tggatgccac tttggtagta cattcaaata actttaccaa cactatctta 1020
gaagttggcc ctgtaacaat ggcaggactt attaatttga gtagcacccc cactaacaga 1080
atgattcgtt atgattatgc aacaaaaact gggcagtgtg gaggtgtgct gtgtgctact 1140
ggtaagatct ttggtattca tgttyggcggt aatggaagac aaggattttc agctcaactt 1200
aaaaaacaat attttgtaga gaaacaataa gaattcc 1237
<210> 24

<211> 513

SIE man

<400> 24

catatgatgt gtgatctgcc gcaaactcat agcctgggta gccgtcgcac cctgatgetg 60
ctggcccaaa tgcgccgtat ctccctgttc tectgtctga aagaccgeca tgactttgge 120
ttcccgcagg aagagttcgg taaccagttc caaaaggcag aaactatccc ggtactgcac 180
gaaatgattc aacagatttt taacctgttc agcactaaag actcctctgc tgcatgggac 2490
gaaactctcc tggacaaatt ctacaccgaa ctgtaccagc aactgaacga cctggaagcc 300
tgcgtcatcc agggtgttgg cgtaaccgaa actccgctga tgaaagaaga ctccatcctg 360




gatggtgatg ttaaattaac acagtctatg gccatcatac gttatatagc'tgacaagcac240 aacatgttgg gtggttgtcc
aaaagagcgt gcagagattt caatgcttga aggagcggtt300 ttggatatta gatacggtgt ttcgagaatt gcatatagta
aagactttga aactctcaaa360 gttgattttc ttagcaagct acctgaaatg ctgaaaatgt tcgaagatcg tttatgtcat420
aaaacatatt taaatggtga tcatgtaacc catcctgact tcatgttgta tgacgctctt480 gatgttgttt tatacatgga cccaatgtgc
ctggatgcgt tcccaaaatt agtttgtttt540 aaaaaacgta ttgaagctat cccacaaatt gataagtact tgaaatccag
caagtatata600 gcatggcctt tgcagggctg geaageezasgWitggtdiitgxgcgaccatcce tccaaaatcg660 gatctggttc
cgcgtaqale, %99;& %3%9&%@9?%‘&[%&9&{9&0%%595@%89%@Z&Qaagﬁa&@ﬂga&@gfaacﬁ% ctcaaaggga

gagttcaCag ggttaggcat acatgatcgt/80 gtctgtgtga tacCcacaca cgcacagcct ggtgatgatg tactagtgaa
tggtcag&%&@%&a%’fﬁfé@@ﬁﬁ&ﬁé@ééﬁ%ﬁ%ﬁc’%@ﬂ@&%&&tﬁ%ﬁﬁ%@ctta %800 gtgttgactt
tagatagednyigeaanaticqrgqcaloigaagggaitipdatcagaagato60 ctagaaggtg tggatgccsustttggtagta
cattcaaata actttaccaa cactatctta 1020 gaagttggcc ctgtaacaat ggcaggactt attaatttga gtagcacccc
cactaacadas1086 atgattcgtt atgattatgc aacaaaaact gggcagtgtg gaggtgtgct gtgtgctact 1140 ggtaagatct
ttggtattsﬁgﬁg gt aatggaagac aaggattttc agctcaactt 1200 aaaaaacaat attttgtaga gaaacaataa gaattcc
1237 <Z >24|fI > 513 <212> DNA <213> human <400> 24 catatgatgt ctggcccaaa ttcccgcagg
gaaatgattc aaactctcc tgcgtcatcc gtgatctgcec tgcgccgtat aagagttcgg aacagatttt tggacaaatt agggtgttgg
gcaaac WilglracraditgdpaaRighic G&QWWQ%@@QQ@&@W tccggictga caaaaggcag

agcactaaag ctgtaccagc actccgctga Page 7 gccgtcgeac cctga ctg aagaccgcca tgactttggc aaactatccc

gtactg%%@é%?@éﬁ:t‘@%g?déﬁf@ﬁgﬁicﬁaﬁ‘fégﬁcbg&%‘fﬂﬁagaaca@&%% 559355 82 4tcctg 120

atcactgttc cggatacgaa ggttaacttc tacgcttgga aacgtatgga agtaggccag 180

caggcagtag aagtgtggca gggtctggcg ctgctgtccg aagecggttct gcgtggecag 240

gcgetgetgg tcaactccag ccagecgtgg gagccgctge agctgcacgt agataaagcg 300 g

gttagcggtc tgcgttccct gactaccctg ctgcgegecge tgggtgcgca aaaagaagcet 360

atctccccge cagatgcgge atctgcagec ccgetgegta ccatcactge agatacttte 420

cgcaagctgt ttcgtgttta ttccaacttc ctgegtggta aactgaagct gtacaccggt 480

gaagcgtgce gtaccggcga tcgttaataa actcgag 517

<210> 26

<211> 713

<212> DNA .

<213> Pseudomonas putida

<400> 26

catatgaagg aaataaccaa tgaaaaacat ccaaggtatc gttttcgatt tgtatggcac 60

gctctacgac gtgcattccyg tggtgcaage ctgtgaagag gtctatccgg gccaaggcga 120

cgctatttct cgcctctgge ggcaaaagca attggaatac acctggcetca ggagcctcat 180

gggccgttac gtgaactttg agaaagcaac agaggatgcc ttgecgcettta cctgcacgea 240 -
3

tectgggettg tcgctcgatg atgaaaccca ccagcgcctc agtgatgcett atttgcacct 300 7

caccccttat gccgatacag ctgacgccgt tcgecgtttg aaagctgcgg goctaccgct 360

aggcatcatt tcaaatggtt ctcattgctc gatcgagcaa gtcgtgacta actctgaaat 420

gaattgggcg ttcgatcagc tgatcagcgt cgaggatgtg caagtgttca aacctgatag 480

tcgegtetat agecttgccg agaagcgcat gggttttcca aaggaaaaca tcctcttcgt 540

ttcgtcaaac gcgtgggatg cgagtgcagc cagtaacttt ggtttcccgg tttgctggat 600

caatcggcag aacggcgcgt ttgatgagct ggatgcaaag ccgacacacg tcgtgcgtaa 660

tctegecgaa atgtcgaact ggctggttaa ttcgetcgat taatgaagga tcc 713

<210> 27

<211> 26

<212> DNA

<213> Artificial
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<210> 25 <211> 517 <212> DNA <213> human <400> 25 catatggctc cgccacgtct gccaaggaag
ccgaaaacat atcactgttc cggatacgaa caggcagtag aagtgtggca gcgctgetgg tcaactccag gttageggtc tgegttecct
atctcceccgce cagatgcggc cgcaagctgt ttcgtgttta gaagegtgec gtaccggega gatttgtgac cacgaccggt ggttaacttc
gggtctggcg ccagecgtgg gactaccctg atctgcagcec ttccaacttc tegttaataa tctcgegtte tgtgcggaac tacgettgga
ctgctgtccg gagcecgctgce ctgegegege ccgcetgegta ctgegtggta actcgag ccaaggtate ctgtgaagag attggaatac
agaggatgcc ccagegccte tegeegtttg gatcgaggas caaggatgig gagiittcca cagtaacttt ggatgcaaag ttcgetcgat
tggagcgtta attgctctct aacgtatgga aagcggttct agctgcacgt tgggtgcgca ccatcactge aactgaagct gttttcgatt
gtctatccgggggtgggthq,ﬁqcégcgté Agtgatgctt aaagctgegg gtegtgacta caagtgtica aaggaaaaca ggtttcccgg
ccgacacacg taatcg%?agga cctgct%ggag gaatgagaac agtaggccag gcgtggccag agat?aag(t:g aaatagata?ct "
agatacttt < atggcac gccaaggcga ggagcctcat cctgcacgca atttgcacct gectaccgct actctga
agcctgatgﬁggﬁ:at‘fg%%%%c?g a%%cﬁgiéea%aa tcc <210> 27 <211> 26 <212> DNA <213%Artificial SMC
60733 WQ,.pT25,1xt <220> <223> Atrtificial sequence <400> 27 agatctacgc ttatgggtgc ctttcc26 <210>
28 <211>§ <2 DNA <213> Atrtificial <220> <223> Atrtificial sequence <400> 28 agatctaata
cgcaaaccgéil}tctmei <210> 29 <211> 69 <212> DNA <213> Atrtificial

3> Artificial .

<220>
<223> Artificial sequence

<400> 28
agatctaata cgcaaaccgce ctctcc 26

<210> 29

<211> 69

<212> DNA

<213> Artificial

<220>
<223> Artificial sequence

<400> 29 :
aattcatacc ataagcctaa ttctacgaat tatcagagtt ctggttaccg gtgtaagcgc 60

ttacactgt - 69

<210> 30
<211> 69
<212> DNA
<213> Artificial

<220>
<223> Artificial sequence

<400> 30
ctagacagtg taagcgctta caccggtaac cagaactctg ataattcgta gaattaggct 60

tatggtatg 69

<210> 31
<211> 68
<212> DNA
<213> Artificial

<220> .
<223> Artificial sequence

<400> 31
caattgtgta agcgcttaca caactttatt ccatgtcaca cttttcgcat ctttgttatg 60

ctatggtg . 68

<210> 32

<211> 72

<212> DNA

<213> Artificial

<220>
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<220> <223> Artificial sequence <400> 29 aattcatacc ataagcctaa ttctacgaat tatcagagtt ctggttaccg
gtgtaagcgc60 ttacactgte9 <210> 30 <211> 69 <212> DNA <213> Artificial <220> <223> Attificial
sequence <400> 30 ctagacagtg taagcgctta caccggtaac cagaactctg ataattcgta gaattaggct60 tatggtatg69
<210> 31 <211> 68 <212> DNA <213> Artificial <220> <223> Artificial sequence <400> 31 caattgtgta
agcgcttaca caactttatt ccatgtcaca cttttcgcat ctttgttatg60 ctatggtg68 <210> 32 <211> 72 <212> DNA
<213> Arfifigial <220> SMC 60733 WO. SO 5@%8 X MPISTR &t <400> 32 aattcaccat cgcataacaa
ggatgcgaaa agtgtgacat ggaataaagt tgtgtaagcg60 cttacacaat tg72 <210> 33 <211> 438 <212> DNA
<213> ArtifiBra

aattcaccat cgcataacaa ggatgcgaaa agtgtgacat ggaataaagt tgtgtaagcg 60
cttacacaat tg 72
<210> 33

<211> 438

<212> DNA

<213> Artificial

<220> .

<223> Artificial sequence

<400> 33

catatgccaa gtccgcccce tattgacgtc aatgacggta aatggcccgc ctggcattat 60
gcccagtaca tgaccttacg ggactttcct acttggcagt acatctacgt attagtcatc 120
gctattatac catggtgatg cggttttggc agtacaccaa tgggcgtgga tagcggtttg 180
actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacc 240
aaaatcaacg ggactttcca aaatgtcgta ataaccccgc cccgttgacg caaatgggga 300
attgtgagcg ctcacaattc ctctatataa gcagagctcg tttagtgaac cgtcagatca 360
ctagatgcgt acagtccgat gacttgcatg gaatigtgag cgctcacaat tccaagcttt 420
attgcggtat aggctagce 438
<210> 34

<211> 813

<212> DNA_

<213> Artificial

<220> .

<223> Artificial sequence

<400> 34

atggagacag acacactcct gctatgggta ctgctgctct gggttccagg ttccactggt 60
gacgeggece agecggecag gcegegegege cgtacgtaca agcttggatc cgcagagecc 120
aaatcitgtg acaaaactca cacatgccca ccgtgcccag cacctgaact cctgggggga 180
ccgtcagtet tcctettcee cccaaaacce aaggacacce tcatgatctc ccggacccect 240
gaggtcacat gcgtggtggt ggacgtgagc cacgaagacc ctgaggtcaa gttcaactgg 300
tacgtggacg gcgtggaggt gcataatgcc aagacaaagc cgcgggagga gcagtacaac 360
agcacgtacc gtgtggtcag cgtcctcacc gtcctgeacce aggactgget gaatggcaag 420
gagtacaagt gcaaggtctc caacaaagcc ctcccagccc ccatcgagaa aaccatctcc 480
aaagccaaag ggcagccccg agaaccacag gtgtacaccc tgcccccatc ccgggatgag 540
ctgaccaaga accaggtcag cctgacctgc ctggtcaaag gcttctatcc cagcgacatc 600
gccgtggagt gggagagcaa tgggcagccg gagaacaact acaagaccac gectccecgtg 660
ctggactccg acggectcctt cttcctctac agcaagctca ccgtggacaa gagcadgtgg 720
cagcagggga acgtcttctc atgctccgtyg atgcatgagg ctctgcacaa ccactacacg 780
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<220> <223> Artificial sequence <400> 33 catatgccaa gtccgccccc tattgacgtc gcccagtaca tgaccttacg
ggactttcct getattatac catggtgatg cggttttggc actcacgggg atttccaagt ctccacccca aaaatcaacg ggactttcca
aaatgtcgta attgtgagcg ctcacaattc ctctatataa ctagatgcgt acagtccgat gacttgcatg attgcggtat aggctagce
<210> 34 <211> 813 <212> DNA <213> Artificial <220> <223> Atrtificial sequence <400> 34
atggagacag acacactcct gctatgggta gacgcggcecc agccggecag gcgcgcgege aaatcttgtg acaaaactca
cacatgccca cegtcagtct tectettece cccaaaagge %g?icagag Tc%gt %tggt ggacgtgagc tacgtggacg
gcgtggaggt gcataatgcc agcacgtacc gtgtggtcag cg 2cttaalya caagt gcaaggtctc caacaaagcc
aaagccaddy RIEAGECECtatcc Acagdetgaecier)a accaggtcag cetgacctge gecgtggagtgggagageaa
tgggcagccg ctggactccg acggctcctt cttcctctac cagcagggga acgtcettctc atgctccgtg SMC 60733
WO0.ST25] %ag gcc teteectgte tccgggtaaa tga813 <210> 35 <211> 1104 <212> DNA <213>
Artificial 4202ed pnExample 20 tgtatataaa actcttgttt tcttcttttc tctaaatatt ctttgcagca taaattacta tacttctata
gacacgca®adHychfhitfcigiadttacattc ccaaccgegt ggcacaacaa getgattgge gttgecacct cecagtctgge
cctgcacgegagattaaatct cgcgecgatc aactgggtge cagegtggtg cggegtcgaa gectgtaaag cggceggtgea
caatcttctghitat@antascayenyy digamrhdyaEigepdtt gt tgttccggceg ttatttcttg atgtctctga ccagacacce
ccatgaagamggtaggcgac tgggcgtgga geatctggtc cgcgctgtta gcgggeccat taagttctgt ctcggegcegt taaatatctc
actcgcaat eancay @ getayryyag catsag Giditergeena coalgeaak geidaigry gotggttace
aacgatcaga O8KEh COGARIOG agt tatct cggtagtggg atacgacgat tatcccgecg
ttaaccacca tca;gai%;ggg ttttcgcc%g%%g&&%%% cggg(ac%g?c%aa%%cdgc%aﬁgﬁ% 31853t actitftgaaa
agaaaaatie eRERIGc iR PEAATAL  BoLIsT G AR RER It RFACQUETy ATaygHtcecga agag <210> 36
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<211> 1@269<@dgra Dhldaolr bl Hetbailgge2Ptgccacct ccagtetgge cctgcacgcg 240
ccgtcgcaaa ttgtcgcgge gattaaatct cgcgccgatc aactgggtge cagcgtggtg 300
gtgtcgatgg tagaacgaag cggcgtcgaa gcctgtaaag cggcggtgea caatcttctc 360
gcgcaacgeg tcagtggget gatcattaac tatccgctgg atgaccagga tgccattget 420
gtggaagctg cctgcactaa tgttccggceg ttatttcttg atgtctctga ccagacaccc 480
atcaacagta ttattttctc ccatgaagac ggtacgcgac tgggcgtgga gcatctggtc 540
gcattgggtéiaccagcaaat cgcgctgtta gegggeccat taagttctgt ctcggegegt 600
ctgcgtctgg ctggctggea taaatatctc actcgcaatc aaattcagec gatagcggaa 660
€gggaaggcg actggagtgc catgtccggt tttcaacaaa ccatgcaaat gctgaatgag 720
ggcatcgttc’ccactgcgat gctggttgcc aacgatcaga tggegctggg cgcaatgege 780
gccattaccg agtccggget gegegttggt goggatatct cggtagtggg atacgacgat 840
accgaagaca gctcatgtta tatcccgccg ttaaccacca tcaaacagga ttttcgectg 900
Cctggggcaaa ccagcgtgga ccgcttgctg caactctcte agggccaggc ggtgaagggc 960
aatcagcttt tgcccgtctc actggtgaaa agaaaaacca ccctggcgee caatacgcaa 1020
accgectctc cecgegegtt ggecgattca ttaatgcage tcgcacgaca ggtttcccga 1080
ctggaaagcyg ggcagtgact cgag 1104
31 Toss
1% Ritificial
<220>
<223> Clone sequence 2 used in Example 20
<400> 36
ggatcctagg caataattat gagataaatg gtgcagcact attaagtagt gtggatttca 60
ataatttccg aattaggaat aaatgcgcta aatagacatc ccgttctctt tggtaatctg 120
cataatitctg atgcaatatc caacaactat ttgtgcaatt atttaacaaa atccaattaa 180
Ctttcctaat tagtccttca atagaacatc tgtattcctt ttttttatga acaccttcct 240




<223> Clone sequence 2 used in Example 20 <400> 36 ggatcctagg caataattat gagataaatg gtgcagcact
attaagtagt gtggatttca60 ataatttccg aattaggaat aaatgcgcta aatagacatc ccgttctctt tggtaatctg120 cataattctg
atgcaatatc caacaactat ttgtgcaatt atttaacaaa atccaattaal80 ctttcctaat tagtccttca atagaacatc tgtattcctt
ttttttatga acaccttcct240 Page 11 SMC 60733 WO0.ST25.txt aattaggcca tcaacgacag taaattttgc cgaatttaat
agcttctact gaaaaacagt300 ggaccatgtg aaaaéggégca tctcatttat caaacacata atattcaagt gagccttact360
tcaattgtat tgaagtgcaa gaaaaccaaa aagcassﬁ" a gﬁgwﬁtﬁﬁést'&é@tacataﬂo tataagggaa ttgtgagcgc
tcacaattG@ t§Aeetg sRARCPAIBRIRICFALIB) cagatdaytdgatataaggagnitacgaa ctammatgg aattgtgagce
geleacadgibdsrgaquarien aril i saltiieh arlaltial LRAGRICRIC Gerecallaloo oglgetocag

tcaacactac aacagaagat gaaacggcac aaattccggc tgaagctgtc660 atcggtfact cagatttaga aggggatttc
gatgttgcttgc%ﬁtfgt@é%ﬁ (R ALTIGE IR AU FotaRy P99 5A093: BRI gcattdbtge
taaagaagaas80 gy ytatcasteyagaacey agaggetgan getgetaaga-aacoagiagaaggtccigiy 840 tetactaage
caggtictig {eatatiatc Haatieqtt-acqgiatait aga 0 aadcattgtt tgaaggacac tgatigtcca ggtatcaaaa
agtgctgtga g%gtt%ctgc%o ggﬁatgg%tt gtttfag?ttc?c? %%é;%gé; cagaqgg %cca%cct%c?é%%%l%taggag%c%taatag 1020
cagctg10SP 23R FRLILEL9gaad b Ish LYY BE A FRIGRIGIT>CEgoBR Mificiab@@quence <400>

37

gctgctccag
atcggttact
acaaataacg
ggggtatctc
tctactaagc
aaccgttgtt
ggtatggctt

tcaacactac
cagatttaga
ggttattgtt
tcgagaaaag
caggttcttg
tgaaggacac

gtttcgttecce

aacagaagat
aggggatttc
tataaatact
agaggctgaa
tcctattate
tgattgtcca

acaagaacaa

gaaacggcac aaattccggce
gatgttgctg ttttgccatt
actattgcca gcattgctge
gctgctcaag aaccagttaa
ttgattcgtt gcgctatgtt
ggtatcaaaa agtgctotga

aaactcatct cagaagagga

tgaagctgtc
ttccaacagc
taaagaagaa
aggtcctgtg
aaacccacct
aggttcctgc
tctgtaatag

660
720
780
840
900
960
1020

cagctg 1026

<210> 37
<211> 78
<212> DNA
<213> Artificial

<220>
<223>

<400> 37
aattttctga aatgagctgt tgacaattaa tcatcggctc gtataatgtg tggaattgtg 60

Artificial sequence

agcgctcaca attcccca 78

<210> 38

<211> 78

<212> DNA

<213> Artificial

<220>
<223>

<400> 38
ctagtgggga attgtgagcg ctcacaattc cacacattat acgagccgat gattaattgt 60

Artificial sequence

' caacagctca tttcagaa 78

<210> 39
<211> 78
<212> DNA
<213> Artificial

<220>
<223>

<400> 39
aattcatctc tggcggtgtt gacataaata ccactggcgg tgatactgag cggaattgtg 60
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Artificial sequence




aattttctga aatgagctgt tgacaattaa tcatcggctc gtataatgtg tggaattgtg60 agcgctcaca attcccca78 <210> 38
<211> 78 <212> DNA <213> Artificial <220> <223> Artificial sequence <400> 38 ctagtgggga
attgtgagcg ctcacaattc cacacattat acgagccgat gattaattgt60 caacagctca tttcagaa78 <210> 39 <211> 78
<212> DNA <213> Artificial <220> <223> Artificial sequence <400> 39 aattcatctc tggcggtgtt
gacataaata ccactggcgg tgatactgag cggaattgtg60 Page 12 smc 60733 wo.sT25.txt agcgctcaca
attcccca78 <210> 40 <211> 78 <212> QA g&43> Arifisial 220> <223> Artificial sequence <400> 40

ctagtgggga attgtgagcg ctcacaattc cgctcagtat caccgccagt ggtatttatg60 tcaacaccgc cagagatg78
agcgctcaca attcccca

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

<220>
<223>

<400>

40

78

DNA
Artificial

Artificial sequence
40

ctagtgggga attgtgageg ctcacaattc cgctcagtat caccgccagt ggtatttatg 60

‘tcaacaccgce cagagatg 78
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