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. Expressiop,ql.{1g Ne(efolpdolia pralein prion e industion isngh desiraple becauisg, 16 some
heterologous proteins have deleterious etects on The nost cell growth and &asmld 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 sysi@Mfo be JREFRI ARG BYMRRHS MRleLOlpgaHRRINRIaRUREFRS I GY Siems 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 presgpidesientipmders éfopravigeim petes paliosone anaiaianddseguance-based

protein gxpresginn %%%B&&I@FF&E&% R RERIRRTSYs 2RA-R) ShRRLIAELARINGOME MRSIALGRgequence;

characterised I, {3} (e rometer s Aot 12, f Jemoters Which,gan fe emploved i (e cxprcssion
system of the prese’ﬁt invention are ommonhy host R, \ pof’merase- asgﬁ pr,omdfer systems,
and preferabl? 2Bl FRABLRRIERSR-PENSERBARMR PRSI BNl BitroRRiwWHich can
be employed iRiREsIqTA{ihe 7 ARNEmOY masesogsme R mtos/ 57 fiNARSMRSBRO & ENgiIFERe 2
Operator sequkneesprbisiomizgnbéreMplormabiartheSesqdipsibe Systemaecdsdingiso tiregrésent
inventiogy inclugteindcegnl, ttaB mockaiss GBeaMRANS pRsfReiiy Mo eppraisbisegienses may be
employed. In many prielesreeke Mbadimes W er PREISIEIRRNRIIPHRG PRIFALQEI SR AHIRAGRS dith

employed, moﬁﬁé\%\ﬁ?mgguﬁyc%ﬁﬁo?pa @tﬂ{dgc%gﬂ,u?ﬂﬁﬁn elng lacated donnsteam ofrthgpromoter,
and one operator seqéjencet%%l/geg ociate upstream of the

the promoter. W in two operator systems are
employed, theeé%rgﬁgf f sseyau _ g tb?_@f fgﬁ?ﬁs‘spfg&eo&ci 'H?aﬁm'i%tgrga tfol %{P#\ye S?EJW(%%L 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 emglayer Wty oA RPERIMIAIRHRAT SR RRAMENCRITRRDIRSSRNI SRAICRESR SIORURS
repressor pro@&af%@&‘@&??,'@é%@?@&&@%ﬁ@‘ESII&"Q@&?: USIRG M- QRgtRIQLs.dpther 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. FReT ressor sequence may also %_é’_ provi edpgy t%epﬁogt el 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 Sgk%%?ﬂ?%'r‘? 5?3%%%8&@’&%@%%3 B%ISJH]%Pa%%-%%QL%rEo'Po%%%?b%%{%&%s' rt1 ggr%fe?a%g stability
sequence and an expression cassette. The expression system may also Incorporate a 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. coil, Salmonella typhimurium, Serratia marsescens and
Pseudomonas aeruginosa, and gram-positive bacterial cells including Bacillus subtifis. Examples of
eukaryotic cells include yeasts, such as Pichia pastoris, Saccharomyces cerevisiae, Hansenula
polymorpha, Kiuyveromyces lactis, 40Schizosaccharomyces pombe. Mammalian host cells which can
be employed include 3 human cell lines, such as Buman embryonic kidney and PERC.6 cells; murine
cell lines, such as NSO cells; and particularly hamster cell lines such as baby hamster kidney cells and
especially Chinese ltyaster sequyncedsyvi@ihensyUuiaeyatioyledsh dbd sgprehsimthpsenoifitandegtous fungi,
plant, insect, ampdibissrelivaitiiBManaidenasieRIMas alhe §8.cropwYethdE wdre paipataalis are
bacteria, partighlasly euaiehariciarae riprhl i GRllpricRaRarial Ripidit? sltpisdaereol

The expression slydstem of resent mventron IS C@mmdon'%" %g&gngam the form of a‘é)1 e%smrd and

r seque ? {e e oa/ eously
plasmids com r|S|nga r mo er an a perfect palindrome operator seq nce W ere 5] promoter is

not T7, form aisoHRFad5EG BPatRd ;ﬂ%@%ﬁﬁﬂ%ﬁ’ftﬁ?ﬁ %‘T‘Hﬁ? EENTE ﬁ«?&%‘?—:‘ SERURBTRASEY
replicating pldefiigs sPrveyranidisiariommer. Ve éWBr@@ﬁ@*PéyFy@ﬁﬁ“éf #he predeygdnieation is
advantageousiyeesing|esmetioesheenpestaladiuspaot o toteimsmisspemitidy aktbe rplsimater prawenayby
culturing recogmpaanicadSinE QpimePrRmsien Bf BHolRiss, dhivslhpaterepnisadihiatdbedtamoter and
operator SeqURNES &S RSI aé?lu Hrz%e RO ANsasting 2 RS IR bacaeRsetbd@ACRdingly, the
presentlbnvenggn alsao Mol \ép les, 3ov ) gd“;oh ngt Zr'%%%é gﬂa%t%rprgg 'etln which comprises expressing
alin

an expression sy em comprising eC rome erat r seqd nce; and C) an

expression cassette fof'a B?of%?ﬁgﬁ’ﬁgﬂétrﬁotgr?srgﬂ (ﬁ‘%a?‘fﬁtg r@n‘ﬁé’f@?‘%ﬂ ofPFoved WL A more

promoters, opRIRIRA S, IRERORSEURPFEsSTOPPERRSSE(RES URTITRH: RIREHER PRISERPE#IffRENt, may be

present if desiggainple 1athegerpresgimmnesy/sidenisieirgrabseldbdopesttarels weth&ndaen iepteesart for the }

cells employesefepiaseche e ssiosem ehodarprl tidelanftgsngtre taatr bzt eedledse &growth

medium; espagia|ly iy IRIaRE BN d Thendaeays g bR REGIIIRIBISIENS tRERogrowth

medium"” referg.{ %@nQHr 'SP%F“JE%‘Q}\%%QJRB]@&W%FQB@S&%W'MN cells. In many embodiments, a
Itab

nutrient solution is e rowth la or%rv m |n c[ells are wef Eown in the

art. The present mverrr{J éﬁ%rﬁ? ot?a?é{atwmthou |Ih§|t8r.]tte(ﬁ‘{ 18 Tolfdy owm exam ?esmfo Sneration of
PAVE series (YEtaBYs V@%@HAW@BMQBA@@@E? %[HHSBWE@@?H% SHRingSv et aoMithe
generation of ASYROEVWHS BBTTHIO0, YRGAredYakesperreeriied iHAUhaS Iy Vi) vedTEand has a
pPAT153wectohbsekisenep caslistabitity oguemime sistefiRnta sirglesiateie tasteperdtmssidpuence
upstream of theenaaf Vetesrstcandhanddpstiorm dyt tamsekpkeswieminrioartA TiHdSguemeter and
dual perfect p@a&remed%mpﬁgag%ﬁa\@rme'aeﬁr@rarm@%sg@rgcweww%rséal egeotide

linkers by means ori] the N \ ncfgrlrin(lc;:;C o &ndr%(t?s a!nrceestrlc[gecz)rnse A 18r;ne eSth '] % h sr'ow

prepared by annea ngt e oligonucleotides T'and zonu tla fion of

5'CATGTGGEART G g’@éﬁ’%ﬁéﬁ%’r?@&iﬁ%% EE’MtFC'tSP@ ce i Sec eton o
25 the desrred protem is required.

Expression may be induced by the addition of an inducer such as isopropy!--D-1-
thiogalactopyranoside (IPTG), analogues of IPTG such as isobutyl-C-galactoside (IBCG), o
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



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 pAVEQ012. The
T7A3 promoter cassette was then cloned into pAVEO12 by annealing 15oligonucleotides 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 pAVEO011. 30Human TNIFq gene was
cloned into this plasmid as.an Nde 1/Xho | e} mentt rate pPAVEOQO13. A pfasmid map for

PAVEO13 is presentedtin Pigare 1871 n%%hto r sgnarra U BRab-LOR S BHEIRARER and the
restriction enz%fn?e%?@g'%s%’bdlr?lﬁ‘?g’tdéng‘?fUE”ﬂ%W Pher HB@?%{t&%da?epﬁﬁﬂ’?‘p@%é@f%%m RPRSALE lac
operators. RBISHtAeSriWBeERNBiRtAfMGisté TH Velaior ridthseaerprt PLEB weesentiavkitiome, 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 ma 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%yt ﬂ&lctlon 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 SRNIE IS I RAGHANSIBIIRRMERSES B PRIGSAIEeRERet RS WRIFMVEN37 and
PAVEO40  PPrbstamimg wiitasintommicbgariesenidhdesissi E037 was pZT7#2.0 prepared as described
in US 6,537,779. A fe promestimasystsm dicepeefsssidialinedtbode vaal apenator Rbwererdienesisnto this
plasmid usingm sigptaeticaiigaatcinptideiinkacBydaansdf Bituring 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



EcoR | and Xba | restriction enzyme sites. Linker 1314 was made by annealing the oligonucleades 13
and 14 300ligonucleotide 13 (SEQ ID NO 7)
SAATTTTCTGAAATGAGCTGTTGACAATTAATCATCGGCTCGGATACTGT
GTGGAATTGTGAGCGCTCACAATTCCCCA Oligonucleotide 14 (SEQ ID NO 8) 35
5'CTAGT3GGGAATTGTGAGCGCTCACAATTCCACACAGTATCCGAGCCG
ATGATTAATTGTCAACAGCTCATTTCAGAA 6 tfansformants was by restriction digestion using Nco
I. The sequence was confirmed by sequencing. The resultant plasmid was named pAVEO037.

A human TNFq genEias'ddnkdsiptergird pruanmrerirgdhanplisonprisstidradmeh2ib 5generate pAVEO040.
Vector pAVEG2igcmdlignAtkE O GRETHhI® $idxrtihg vector for the generation of pAVE028 was pAVE012. A
T7A3 promotsiozaRSeEe GASTIGTEABOB AT ECAR TCarraiing AApoordeatides 5 and 6. 10
Oligonucleotide 5 (SEQ ID NO 9)
FAATTCGAAACAAAACGGTTGACAACATGAAGTWCACGGTACGATGTACCGGAAT
TGTGAGCGCICAC CcC cleotide 6 (SEQ ID NO 10)

5' CTGGTGGé ﬁ"ﬁ%cieée g%éfgégég 11CCGGTGCGTCGTGCCGT
GTTTGCTTCETETIEREACECTFTTPERTE 1hd GARESEd eNGAMUdIESEHes being ligated to
plasmid pAVEO012 and transformed into 20cloning host strain XL-1 Blue MR (Stratagene) as an Xba
I/EcoR | fragment. |iialirdcresadtpandigdiydrespiicio pliyestaf siasmidrbiéad ﬂitwcﬁﬁmgama was then
confirmgd by SeavKDCiTud IR (SHMERIARN NGRS/ PBSREGIBENGR 28 nitial screerfhB'éian INFq gene
was cloned intg, 5 Rlagnid E}BSM{%‘OW&%%AJJRQ@R&NE%?59%€ SLBI6dHeY R R BV 07

and pAVEO31 eThe st t|n tor r th ggeneratlo &}%A%E 'was p prepared as
described in ﬁ%‘% 339977? %? o?nso er'an sm 8¢ palindrome lac operator 30was cloned
into this plasmid using a synthetic ollgonucleotlde linker by means of the EcoR | and Xba | restrlctlon )
enzyme sites. The |IH&F EohrifnaeifessEigohetctianad imadé i0de digomeslingtides 3 and 4.
350ligosiucleckgaBEDEdRd B MO B)
5'AATTCAAACAAAACGGTTGACAACATGAAGTAAACACGGTACGATGTACCGGAATT

GTGAGCGCHtAMRAITLGC d,@}@pgycleotlde 4 (SEQ ID NO 4)
gﬂgggg%ggﬁ%é% TR SRETIRR O RIRE G Emccoonsr

QOligonucleotide 4 (SEQ ID NO 4)
5'CTGGTGGGGGGTTGTGGGCGCTCGCGGTTCCGGTGCGTCGTGCCGT
GTTTGCTTCGTGTTGTCGGCCGTTTTGTTTG

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




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
screening was by restriction digest of plasmid DNA. The sequence was then confirmed by sequencing.
The resultant plasmid was named pAVEO0O07. 10 A human TNFa gene was cloned into this plasmid
as an Nde I/Xho | fragment to generate pAVEO31. Vectors pAVE029 and pAVEO027 15The starting
vector for the generation of pAVE029 was pZT7#2.Gprepared 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 linkgt ns: 21 %F(ég restrictign enzyme sites. 2QLinker, 78 was
made by anne&#%ﬁiyﬁ)@}%ﬁ%ﬁ?gs ?7’%5%8%] |g(%1§10§z¥§h%{e ¥?§ ﬂS?RFC?: iﬁ%l.r ang%a I
5‘AATTATCTC?é%f&‘&?é‘%éﬁ“‘ré?&&ATAAATACCACTGGCGGTGATACTGAGCGGAATT
GTGAGCGCTCACAATTCCCCA 25 Oligonucleotide 8 (SEQ ID NO 12)
5'CTAGTGGGGAAT IEFS AL C @STTHE AMITETROTEHGTITSAGS GTHA 12
GTGGTATTTATGTCAACACCGCCAGAGAT 30The linker was then ligated to plasmid pZT7#2.0 and
transformed intoKgeniredest sti@aXlphBlge MR (Stratagene) as an Xba I/EcoR | fragment. Initial

rmed i Blsp MR (Statag . Intiel
sequencing. %ﬁgjﬁggg@gﬁﬁgﬁf%ﬁ%%%%ﬁ%?%%ﬁ$gﬁ%ﬁgﬁne%‘Q@S%%‘Z*ﬁ@rd”}ﬁm s
e o I Tragment

plasmid as an 0 génerate pAVEO27. Vectors pAVE043 and pAVEO44

The starting vector for the generation of pAVE043 was pAVE012. A tac promoter 40cassette was
cloned int® pAVRtige B AidadIRFRIiFONQ@otides 17 and 18: 8 Oligonucleotide 17 (SEQ ID NO 37)
5'AATTTTCTGARRAGTAGCTEAA THEACAFCUGHTBAASTGCCACERSTARGGIASECC

TGGAATTGTGCRGGEOREAAARRACAECH RPiigampleotide 18 (SEQ ID NO 38)
SCTAGTGGGGAATTGTGAGCGCTCACAATTCCACACATTATACGAGCCG

ATGATTAATTGTCA CATITCAGAA the ann ligonucleotides heing ligated to plasmid
PAVEO12 and trgnsfg?{%ég' %%ngs mggﬁ(%ﬁ? %ﬂﬁ%ﬂ%ﬁ?ﬁ%’%ﬁé’éﬁgg nt a_l'%{'t')‘g RoR |
fragment-initiaPSereenind Wa By PARIRERH afRLtbr BRESRiLIBaMeNThdriial fereai9 then confirmed
by sequencing FPAEFFERRIMAMES A ARINREED SigedipmaEoN |. 15hemerancENIRg oeiEemeddioned into
this plasmid ass&qudtiengXhbhefragpiteritriosytc et earedERNEOICctors pAVE034 and pAVE035 The
starting vector for the generation of pAVE034 was pAVEQ12. A ApL 20promoter cassette was cloned

into pAVEO12 by anngaling=nliaqnrygertides 2iand 1o Aligpnesirolde ONGERIR NRARnt to
5rAATT%\TCT]§§;9§ IGT TGACATAAATACCACTGGCGGTGATACT

GAGCGGAATTGTGAGCGCTGCACAATTCCCCA 25 Oligonucleotide 10 (SEQ ID NO 40)
51CTAGTGGGGAATTGTGAGCGCTCACAATTCCGCTCAGTATCACCGCCAGTGGTATT

TATGTCAACAYEERANERE A PAVED40
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 5'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



30the annealed oligonucleotides being ligated to plasmid pAVEO012 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 pAVEO034. 35A human TNFa gene was cloned into this plasmid as an Nde I/Xho | fragment to
generate pAVEO35. Vector pAVE020 and pAVEO21 The starting vector for the generation of pAVE020
was pAVEO12. A ApL 40promoter cassette was clofed into pAVE012 by annealing oligonucleotides 7
and B. 9 Oligonucleotide 7 (SEQ ID NO 11)

51AATTATCTHIGRUBET GFhE ACHTRAATATCACTE SO G G TE/SEAGH GAGE GENATT by
GTGAGCGCTS#GNATF. CTRCAsbigtighmmic atigde S{(GSHAVBERID 12)
5'CTAGTGGGGAATTGTGAGCGCTCACAATTCCGCTCAGTATCACCGCCA

GTGGTATTTATGTC @,gepg% -annealed oligonuclegtid eing ligated to plasmid
pAVE0125 and trgj@&éﬁrﬁg@%&% cldnlngéﬁl\%%glt%%%( ?E%ﬁlﬁfa M (§?r3?a%((§eeni?)§1§ é?ﬂra%%eWBOR I
fragment. Initial screen?ng was by restriction digest of plasmid DNA. The sequence was then
confirmed by sequencing. The resultant plasmid was named pAVE020. 15A human TNFq gene was
cloned into thi/BrASHRAHEO2R andenANESIGragment to generate pAVEO021. Vectors pAVE016 and
PpAVEQ17 Thé stataniny eetdorfior the gerestidio bf GAVAVEOLSWATEFYEOA 27Adtac promoter

20cassette wagrohtesldnsssnAWED A3y mfmsweg@iwa%%mys§$%@9t%@s@'&8'&*0'90“% 15
(SEQ IBNO 13) 5’AATTCCTGAAATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTG

TGGAATTGT TCA T 25 Oligonucleotide 16 (SEQ ID NO 14)

5'CTAGTGGG l ﬁéﬁfg&%@%&Iﬁ&%%TTCCACACATTATACGAGCCG

ATGATTAAT MG ENEECIRHE LR GRY BB BIELGEET BaMeABERATI0 plasmid
PAVEO012 and HEHSAFRER TROCAGHIRgFeShstrain 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 seigwencingidéitesesulmNcpiasmid was named pAVEO016. 35A human TNFa gene was

cloned into this'pirsEi¢asatrdERIdRIRE E9FRRIat BOKFALTO(RIM PAVED4S The
starting vectoréqﬁtw%qq&eégggé%%;%yﬁgﬂ. The tac 40promoter cassette was not
a

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.
the annealed oligonucleotides being ligated to plasmid pAVE012 and transformed into

20 cloning host strain XL-1 Blue MR (Stratagene) as an Xba /EcoR | fragment. 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 pAVE(031
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




Oligonucleotide 19 (SEQ ID NO 15) 5 5’AATTCACCGGTGTACAGTCATGTACAACCGGTG
Oligonucleotide 20 (SEQ ID NO 16) 5’AATTCACCGGTTGTACATGACTGTACACCGGTG 10Initial
screening was by restriction digest of plasmid DNA. The sequence was then confirmed by sequencing.
The resultant plasmid was named pAVE049. Vector pAVE046 The starting vector for the generation of
secretion vector pAVE046 was pAVEQ027. 15 A D1.3 Fab expression cassette (Figure 1, SEQ ID NO
17) was cloned as an Nde I-Barn HI fragment. Initi;xl screening was by restriction digest of plasmid
DNA. The sequence was then confirmed by sequencing. The resultant plasmid was named pAVEOQ46.
11 Table 1: Summary of pAVE vectors Plasmid Promoter Operator System Comments pAVEO041 tac
Single native I(a&gé‘@lﬂﬂ%?ﬂf? %W@O'Pﬂgébouble perfect palindrome sequences (DPPS) Operator
spacing 91 ba@'6'5&ﬁ§‘€§ﬁﬁ§@fﬂ§ﬂ@§@4@ﬁ@€@ﬁ@@ﬁ%@ﬁ?ﬁﬁ%@?&ﬁ%@%ce (SPPS)
GTTTGCTTCGTGTTGTCGGCCGTTTTGTTITG

5 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
pAVEQQ7. ‘

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:




PAVEO049 tac Double perfect palindrome sequences Operator spacing -124 base pairs (DPPS 124)
pPAVEOQ13 T7A3 Double perfect palindrome sequences Operator spacing 91 base pairs (DPPS91)
pPAVEOQ30 T7A3 Double perfect palindrome sequences Operator spacing 92 base pairs (DPPS92)
pPAVEOQ31 T7A3 Single perfect palindrome sequence pAVEO021 ApL Double perfect palindrome

sequences Operator spacing 91 base pairs (DPP%91)

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.



PAVEOQ35 ApL Double perfect palindrome sequences Operator spacing 92 base pairs (DPPS92)
PAVEO27 ApL Single perfect palindrome sequence pAVEO046 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 straing were purified and maintained in glycerol stocks at -
80C. 12 Table 2: Recombinant strains constructed Host Plasmid Description
(protein:promoter:operator system) Recombinant Designation No ATC C27325

Oligonucleotide 7 (SEQ ID NO 11)
5AATTATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCGGAATT
GTGAGCGCTCACAATTCCCCA

Oligonucleotide 8 (SEQ ID NO 12)
5 CTAGTGGGGAATTGTGAGCGCTCACAATTCCGCTCAGTATCACCGCCA
GTGGTATTTATGTCAACACCGCCAGAGAT

10 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.

15 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
20 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

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 pAVE016.

35 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
40 promoter cassette was not altered. To increase the spacing between the two operators




PAVEO13 TNFa:T7A3:DPPS91 CLD018 ATCC27325 pAVEO30 TNFa:T7A3:DPPS92 CLD026
ATCC27325 pAVEO31 TNFa:T7A3:SPPS CLD032 ATCC27325 pAVEO41 TNFa:tac:single native lac
CLDO043 ATC C27325 pAVEO17 TNFa:tac:DPPS91 CLD019. ATCO27325 pAVEO40 TNFa:tac:SPPS
CLDO042 ATCC27325 pAVEO49 TNFa:tac:DPPS124 CLD050 ATCC27325 pAVEO21
TNFa:ApL:DPPS91 CLD021 10

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)
5AATTCACCGGTTGTACATGACTGTACACCGGTG

10 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.
15 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.




ATCC27325 pAVEO35 TNFa:ApL:DPPS92 0L0038 ATCC27325 pAVEO27 TNFa:ApL:SPRS CLD030
BL21 pAVEO13 TNFa:T7A3:DPPS91 CLDO035 5L21 pAVEO30 TNFa:T7A3:DPPS92 CLD028
ATO0C27325 pAVEO046 01.3 Fab:ApL:SPPS CLD048 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-fnnealing the oligonucleotides 21 and 22 10
Oligonucleotide 21 (SEQ ID NO 18)

SAATTCGA AAAACGGTTG CATGAAGTAAACACGGTACGATGTACCACA
AAACGACA%%a X %‘ﬂ‘f?&@ﬁ%é@atg@z (SEQ ID NO 19) e
51CTAGTGACTCACTGTICGTTIICATCTGGTACCICGTACCGTGCTHTAGTHCATGTGTE
AACCGTTTIGTRremd 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
pAVEQ21 ApL Double perfect palindrome Operator spacing 91
sequences base pairs
(DPPS91)
PAVEQD35 ApL Double perfect palindrome Operator spacing 92
sequences base pairs
(DPPS92)
pAVEQ27 ApL Single perfect palindrome
' sequence
pAVED46 ApL Single perfect palindrome Secretion Vector
sequence

2. Generation of recombinant strains

5 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.

10



The linker was then ligated to 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 restriction digest of plasmid
DNA. The sequence was then confirmed by sequencing. Eighty-two clones were screened by

restriction digest and sequencing. 13

sequence (all contained mutations in the sequen
containing this powerful constitutive promoter is p

No clones were identified with the correct T7A3 promoter
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This suggests that construction of plasmids

lematic. 5Comparison 2 The starting vector
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A vial of CLD032 was removed from the -80C
sty 10p1 of the thawed glycerol stock was inoculated into 5miLuria Broth (LB,

éﬁ%@mﬂ{‘&* 2 YL=304 W mé%si\%) sRBlemaRisd with
ﬁp{g?er for 16h.
ont n|n9e50m1 of

Luria Broth (c@Mﬁ’ﬁEﬁlﬁ8?‘98@&&8&45(%@‘%8%’38%%ﬁ'&gwgr‘eaﬂ%ﬁ% éasg{cy&ergﬁy%rpm in an
orbital shaker. Growth was monitored until 0D500=0.5-0.7. At this point one flask was induced with
1PTG (isopropyl-.13 :iakérthiagalastapyesyasidediimdrnaicoondentidegot @8523M whilst the second
flask wag, left un-induced to monitor basal 10expression. The incubation was continued, under the
|96%5'nples were taken for measurement of growth,

conditions de
accumulation
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15

20

ummarlsed below in Table 3. 15

Oligonucleotide 22 (SEQ ID NO 19)
5CTAGTGACTCACTGTCGTTTCATGTGGTACCTCGTACCGTGTTTACTTCATGTTGTC

AACCGTTTTGTTTCG

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.

d
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Table 3 Time (hours) Accumulation Level of hnTNFa (%TCP*) 32 4 18 6 25 8 33 24 42 24 (basal, no
IPTG) 13 (1: TCP Total Cell Protein 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-4gh product 25accumulation levels were achieved
with the single perfect palindrome control system using relatively low concentration of inducer for

induction, Although hasal expression (j é[f?]e bsence of i er). was observed jt was evident only
after significantly exﬁ)@&neﬁc\nﬂ rf’?\t‘loenrﬂ@ Wﬁé%%%ﬁﬁﬁg%gp uﬁse Siaeinn) il awg%nﬁgrﬁﬁled from

the -80C freei’él“?ﬁﬂ“ﬁﬁ%@é&%%ﬁ?'1J6‘is6?%98%50\%8%&%%‘?%?68?%9%HBEHH@%I%TO 5m1 Luria
Broth (LB, 5g/Royeasistl exeiiti i@ asa) otEn i Rrajigtoais(Oxoid), and 5g/L sodium chloride) supplemented
with tetracycline 5(10pg/m1) and glucose (1g/L). The seed culture was incubated at 37C in an orbital
shaker far 16hg 9padisdtiae seed culture was then used to inoculate 250m1 Erlenmeyer flasks
containing 50m1 of LA Broth (EefaRestHe = AasIiPa P iataelint ik iaaleersieiBated at 37C,
at 2001pm 1 3p. O BIR A AICl RO VAo JRPRPLeq AL RERITAR 6. AR RGN dpsks were
induced with IPTG (l’soprop WicbMe P a , P L _

and native Lac operator (LacO) sequence was cloned into this plasmid using synthetic '_

oligonucleotide linker by means of the EcoR | 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



. 10thiogalactopyranoside) to a final concentration 0.05mM and 1mM. A flask was also left un-induced
and the incubation of the flasks 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 15the sampled bacteria. The results are summarised below in
Table 4. Table 4 This data demonstrated that ftrther control of the powerful T7A3 promoter could
be realised using two perfect palindrome operator sequences spaced at 91 bp apart. Basal expression
(in the absence of indudelphakEenvasdessysidrafichrthBdrrfrebzeranhielledadsinthavsingtplperfect
palindrome opefatertitaveaniiptempeassions e caridohoffasalR@mEsim) sghieyesstisitadhe dual

perfect palindrepi@igedugNaspHWAS m@aspsﬁaesbm%s.mm&saé) QRRMERUSHR RS GrR37. 779
where control of hasah SRraBRIN /Eﬂ“"ﬁﬁstws’sqté ?@dca%%%%err?%nﬁalmhtm Gxayaple control of

basal expressipn.wa chle ed in a high background o merase 76 Example 5

Vials of CLO0O2 b0 as%@ﬁ%c?&elér?rwas g g@é?? 898 %ﬁé‘”éﬁ%%&’é‘& %?ﬁﬁ'\ﬁy?fdff SEEARGed glycerol
stock was inoctated] it sreth Geransaiipn eedersibed 2k Sliralhedizele)vatsgncubairgmé (Oxoid), and
5g/L sodium cii6fdéel 20Qspre inantedilalBhakeacyeliowtiswas pumidiednetyi0Beac(Sd)l7). TAtis was
incubated at 37 ipoan arbitasisvakérdiorctibhitbO0ELebrigyub tDeviRis ghiattdiBeshtaitii gollate 250m1
Erlenmeyer flaghal contaieiiab0menmi Wiiia BeotbdsRmpasiianas fesalbasahrvad: Tasflasks were

E‘;ﬁ?ﬁf‘s‘i :twi%E%raés?apfpméﬁrggba{m%g%é&ﬂrn@aﬁmpeﬂmg g@gl&%ﬁ%d%g'sé}% AR dlifnf A (1S
TR R P R R o

10concentrati AT un |n
under the con&ﬁ%ﬁgaﬁg‘glﬂ'lbgﬁ‘%\ﬁ‘bci%mﬂ?}fﬁﬁ’d?)(lﬂlEE@MBI‘HW@@R@% YSPEneRnSiiRsIRENt of growth,,
accumulation SFAMNSLIHARIdRBHEEINaCERS-FHcReeisiidiimdelysaien PRiPa seaédtermined )
using densitontetigrizanifiagesti@alteisahBrreasidined BOSRAGE gels of whole cell lysates of the
sampled pacteria. The results 15are summarised below in Table 5. Table 5 0.005m11/11PTG
induction Time (hours) Accumulation Level of hTN{g,{%ICP) 8 15 24 (basal, no IPTG) Not detected

20The results demonstrated that changing the spacing between the two perfect

Time (hours) Accumulation Level of hTNFa (%TCP¥)
3 2
4 18
6 25
8 33
24 42
24 (basal, no IPTG) 13

(*): TCP = Total Cell Protein

20 Taken 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).

30



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 CLD043 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 Broth (LB, 5g/L yeast extract (Oxoid), 4£g/L tryptone (Oxoid), and 5g/L 30sodium
chloride) supplemented with tetracycline (10pg/m1) and glucose (1g/L). These were incubated at 37C

in an orbital sh h 500p1 of these cultures were then used to separately inoculate 250m1
Erlenmeyer flas S}(ﬁl iOml of Luria Broth (composmon as described above). The flasks were
incubated at 37C at %9’? SR mAY hirarthe ik rrzenantslewemia H2ays00:4815-0.7. At

this point flaskSOWB?éhﬂ‘H%éH%rm $topivas dpresieiniD Smidiuda Brotbyil Radodidepsbextfaval
concentration dSxakA. Fadkyvndenaifiingid), anltle/loedicin stiaiiugjetppilsndedwiinierdonns the
incubation conujlrmﬂmknl)mkelrgilbeoe@m@tmnsﬂmmme%sd%mw@ﬁ@mﬂlﬁﬁo% Staken for

measurement ehgkavvii.ecuBboaiemalblicaidURJIRRRIER FElalS: %% %H%iﬁ;'on level of

hTNFa was de tr n|n o Colloidal BIu stal els of
whole cell Iysai?’:ar é@%ﬂt&:ﬁﬁﬂg Gl accumu‘l%? ot Fev%k?ov T |lﬁst'ﬁ% Sinduced

e cieria.
cultures of OLDB?@ 8e g%%g: SFesp! 'ﬁé‘ﬂr%f Pﬁalﬂ}ﬂf(ﬁh WELHHHRS BEHIPRIEEENN blot analysis
(using anti- hTIQIQSP‘aHt%BJy) t%tfHII%\WPHﬁ fegjs-pXeindyredevihiiedisersamib. BrBe1blots were scanned
and the data ndneeaiaeiarny ealsie toainaticoncentiatiestiRSralesummisirisdibstavisniSalr 6. Table 6
(x) = scan of hTiNFeusadconthe estaatiolobs thtensity seameaiauiteCiD 0dnerRalisghagainst the
intensity scan detadoaEhP M3 samp;eamrée@meemmmft%mfﬁ%&ﬁmﬁm galindrome
operator sequqﬁq@:gmq,ee%%;g,rgéﬁgceﬁ%séa&g i;qn |port}]1er gev\%ce o{ e|rnducgr) four fold

without advers encing the in CtIVIt e tac romo stem. mul%n?Awal of
CLDO19 was ng%é@é% Pr m nmrgo%ﬁifénggf aﬁa S Ostﬁ Eﬂ?ﬂﬁoﬁg Pﬁ]@eﬂHMWé‘?f@f;/cerol stock

was inocilated TRt g}ﬂﬂ*ﬁﬁ?éeé?otﬁ?ﬁﬁe%ﬁ&%wwa%@ keleuidn, TROEE tryptone (Oxoid), and 5g/L
sodium chloride) supplemented with tetracycline (10pg/m1) and glucose (1g/L). This was incubated at
37C in an orbital shaker for 16h. 18 500p1 of this Talilerd was then used to inoculate 250m1

Erlenmeyer flasks.agnmmirmg S50m1 attukiaiBtieth (com positjmﬁgscribedmgwla'me‘ flasks were
incubated at 37Crigte ¥ in an Qrhjialakgry Growth V\ﬁ;r rf; Lpd ynil OL6Q0: 0.f. At this
point the flasks were induced with 1PT$§ @&ﬂropyl- 6.4D-1-thlogalact pyran05| gto inal
5concentratiomo: :>|l||V|3u Imivt 65 ||||V| ana-o: 065mM -A-ftask \,éas also-leftund:

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.



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 10bacteria. The results are presented in Figure 2. The data
presented in Figure 2 demonstrated that the comty ation 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 15induction. Such systems may be exploited to
modulate expF&38¥eSf heterologous proteins, for example, to maximise accumulation of proteins in a
soluble form or to cikainve@tBidGhnsisemeiah &t lberiiis &neeetant AloMRdo SR prd@ih secretion
can have on theg ewiieaatl @notisiodkiaeinecdatdmnaiotsos Isir2OERENIFe B/L yeashiedtesicCLD030 was
removed fro é%xa qegmewaaﬁ@muw%acs@nawmmm Hipples girepithatackymsinoculated
into 5m, Lu“ %311( é/E?(tr%%é%Q'ﬂlui&%é{W‘@ﬁﬁ Rxi anfS ek gedium chioride)
|

| t bital
iﬁﬁﬁe‘?r?frnl‘é SRRl R HSHRRE doh ke TARGEPAIRE f‘ﬁ“ﬁ%@‘fg&*‘p an orra
% iers HuRe

containing SOﬁii‘Hﬁﬁfﬁﬁ‘ ErOPREBI BB AR LG BRRY B b B SWete incuBated at 37C,
at 200rpm in 2A0spitial ashekkie! Sheleth VRISWHbYRS raeniiprACOmEIORes 0 04 tri BsiReIRtask was
induced with HREKS (isapiramded Wil IRTIGogiarciybyB aRobiisp atratdinabresiderig atiingl0.05mM whilst the
other flagk wag el Atrutins aassnanshine. doskiration BReartinutes lstndeinthe<basttibas described above,

during which SamIpIESH UGS HAE iRk AR BUERRRlRLBHaU Bnare kNG ANAISARINES Weibin the
bacterial cells E facgrél%ngul%t;mon ’ée\(elrg\x? NFS}“W &e&aw &n%@%%ﬁ&m%’ LyScaiping of
At&hed SO

Colloidal Blue Role ce ysate ed bact ef results are.

the a, ITh
summarised FAHIHRFAbIEVS! %ftf’ q’%‘l%d?t? IETHYERS %&s;{??ﬁnu?%onafevgl E% = (%TCP) 4 2
6 58 9 24 12 Blgsiaiagd RPPTEF Rigelasfaviels celdepies pidssraw'Rl PapiR - J B%FSF%‘F?OW that
control of the wergyponaiebAploBprdmadest.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. Table 5
0.005mM IPTG Accumulation 0.05mM IPTG Accumulation
induction Level of hTNF« induction Level of hTNFa
Time (hours) (%TCP) Time (hours) (%TCP)
8 15 B 8 17
24 (basal, no IPTG) |  Not detected
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



Example 9 10Vials of CLD021 and CLDO038 were removed from the -80C freezer a_nd 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) supplemgnted with
tetracycline (10pg/m1) and glucose (1g/L). These were incubated at 37C in an orblta! shaker for 16h._
500p1 of this culture was then used to 15inoculate 250m1 Erlenmeyer flasks containing 50m1 of Luria
Broth (composition as described above). The flasks;yvere incubated at 37C, at 200rpm in an orbital
shaker. Growth was monitored until OD60D=0.5-0.7. At this point a flask was induced with IPTG

[-43. t to.a final entr 1mM whilst ond flask was left
Sic’.ﬂé"u"cyed“angt g@gﬁ%{ﬁﬁ%ﬁﬁnuSﬁ*%%tafé&‘ae*’fé?#awo@’é‘é”gx QRO JGE PRy which
0

samples were taken rEFRRTOPYr &N}ﬁh'agemﬁﬁ’é{fﬁﬂ?%‘ﬁﬁfﬂlﬁﬁ%ﬁﬁﬂﬂcﬂﬁ@ Fiterial cells. The
accumulation 09 AMFaflpsssrareiatinea B@FHQWWH&I”BWM%M]SD@ -PAGE gotsthed Western
blot analysis (Usiztion-demitBacantibeds iuiteiting 8&8iRAGEceé wadhg ogiicy satgseefteasampled

bacteria. The dai@mfer swasnsised on JFabip, 8cadm}étmtefnh@bamﬂ{miﬁefeé&gﬁénc@n@%ﬁeis

presented in 2@5%%%@@@&@%@@@}%%@%@&%% igme t lsQ%n 91) hTNFa

Accumulation @E@Q%e@‘@b@gﬁéé’ élg I%q)?% %Hﬁ' ae% A:f)'{‘hGE f PTG | 5 ot detected
n) Pos t|

Not detected Wester O uctio OS|t|Ve |gu ue
un-induced cultures o ])()42 and 4
SDS-PAGE (B h FG in the un-i ultur: f CL 0 3aﬁer20

ours mcuba’uon was compared by Western blot analysis (using anti- hTNFa antlbody)
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.



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 5Soperator
sequences with the ApL promoter with either the 91 bp 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 promo%gr. Such a system may, for example, be used to
direct the expression of proteins 100f high toxicity to the host cell. It can be used when controlled

expression is Suhoftie sutireorestieESR N @IFR23081 BIRNTRERIATET sARAINFE R M oteins.
Example 10 \4alsief Bihib@28raoditoh 26 88seriiredramesed Trmfiabks 189€ inaubatsdaid dlifovekd 15to

thaw. 101.11 pf@pehrodihnvitawesaly cerohsianis wasitoeaulatit dbgparately.intt #dcharit2x5m1 Luria
Broth (LB, 504|,/@aRt Gratidiaxe HiniPea- (typlone EaidhisiuleRblrarsking) elonide)
supplementeq with Qﬁé acé’cflflrr},‘?\fl(%oﬂ%ﬁ‘i‘fo%%%'h‘&%r‘flﬁ)éﬁ%r)-Ar hesa e rishatey C in an
orbital s%akerc’roor BR80T of the j

these cultures were fhen used fo ge arate mocyll)aﬁe 250m1
= }

Erlenmeyer fIég%@dﬂﬂﬁﬂﬁﬂ@@mﬁ?mﬂﬁ%ﬁ&ﬁ IQ?BFn SSSHISH A8 VES LRSI e

ove). The flasks

were incubate@mpisy wets Phenien measHiBral SHRWEN ERSLAFF WAL IRShA N hITtOD 810=0.5-0.7. At
this point flasksaeteria tedsicetheabclPTGHesdprely TN Bawis dgtattitgs vainasigeyienetnal
concentrationstamMing f ebibidie Breeibaiien SUEIrAEE gisef iheleastliticatssiefsbelbensibdve, during

which sgmpleg.yerg takaa Iggd&gegfglgmd)fngf@wmg_accumuIation of hTNFu within the bacterial
cells. The accumulation level of hnTNFa was determined using densitometry scanning of Colloidal Blue

stained SDS-PAGE gels of whole cell lysates of the sampl SE cteria, The res, re summarised
T ERR 2 e RamRad 2P FaesHie

below in Table 9. Tabl§ 672 P58 AR & R R R Th e G S Rt e %arménles 4and5

previously ~ Promoter with dual perfect palindrome operator sequences lead to'a system in which t
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



indicated that both Ecoll K-12 and B strains can be used. Example 11 Fermentation inocula were
raised by adding 2001.1.1 of glycerol stock of each of the 15strains described below to a 2.0L baffled
shake flask containing 200mL of Luria Broth (LB, 5¢g/L yeast extract (Oxoid), 10g/L tryptone (Oxoid),
and 5g/L sodium chloride) supplemented with 151tg/m1 of tetracycline. Inocula were grown for 12h at
37C in a shaker-incubator with an agitation of 250rpm. 200m1 shake flask inoculum was used to
inoculate a 15L working volume fermenter containing 10L of batch growth medium. 20Fermentations
were carried out under the operating conditions described below. Temperature was controlled at 37C
and pH at 6.8, controlled by automatic addition of 3]53f@|év¥/v) ammonium hydroxide. The dissolved
oxygen tension (dOT) set point was 30% of air saturation and was controlled by automatic adjustment
of the fermen i : HH pr-Up-to-a-maximum-of 1500rpm, and
automatic 25 ti T\"NP((Q?BE%) to the inlet gas MURWVL‘%WWG@Sd was 10
L/min throughiout. Pressure in the4ermenter was maintained between 50 and 200mbar. 22 risg in
dOT. Fed-batch fermentation wassinitiated at the point of carbon source exhaustion by the addition of a
glycerol magrjesium chloride feedgat a feed rate of 119 of glycerol per C ofgmedium per hindugtion

aec lavs

was carried ot by addition of |P|2;410 a fimat concentrgtionmof 0-5mMonce the-biomassteveHn the
. ~N

fermentation reached-0Bb606=50-560Thefed-batch-phase-was-continued-for-12h paost induction.
Samples weré-taken-to-d&fbiasa BRYRLEL evel (0D300) and hTNENgEggiatifttion (% TCP)/ WTNFa
titre (g/L) at harvest (Colloidal Blue stained SDS-PAGE gels). The composition of the batch growth
medium is provided i feadiiéa beesEBtEabla dleCatRponeni thal eones i waeld-Asnd [mi/L] of
purified wsater @ibMOR3QAnIb QURHEREN B5HRILAARI R 3rbIBESTOR RIFKIISARRYBEH2PO4 2.0

K2HPO4 16.5 sequence. High product accumulation levels can be achieved using the single perfect
palindrome control system.

Example 9
10 Vials of CLD021 and CLDO038 were removed from the —80°C freezer and allowed
to thaw. 10pl of each of the thawed glycerol stock was inoculated separately into 5ml
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.




Citric acid 7.5 ivigS0O4.7H20 2.47 H3PO4 1.5 ml/L CaCl2.2H20 0.294 Antifoam AF204 0.2 ml/L
Tetracycline 15 mg/L Fe804.7H20 114 mg/L ZnS0O4.7H20 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

20
Table 8
Analysis hTNFa hTNFa Accumulation -CLD038
Accumulation - (ApL:DPPS92)
CLDO021
(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
induction, 24h)

These results demonstrated that the combination of dual perfect palindrome
5 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
10 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
15 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
20 (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

gt?




[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 description 00600 at harvest hTNFa accumulation (ToTCP) at harvest hTNFa titre
(mg/L) at harvest CLD018 T7A3 promoter, dual perfect palindrome with 91bp spacing 147 29 8400
CLDO026 T7A3 promoter, dual perfect palindrome with 92bp

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




spacing 204 34 11400 CLD032 T7A3 promoter, single perfect palindrome sequence 194 41 12500
CLDO019 tac promoter, dual perfect palindrome sequence with 91 bp spacing 196 22 8300 CLD030
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 fermgntation and induction processes. The control
characteristics of plasmid pAVEO027, as demonstra gd by productivity profile exemplified in Figure 4,
can be exploited to maximize _the production of heterologous proteins, particularly proteins that
15require contfSF ofeSHrEssibRtGFRiRmEedaicRtinas Mitietesnaslehe poiniA Wizdash@L BOSEawas
removed from HRALSHEN fhie e peditionl rfieety corth Amag Ogsluof thieiitaveed glyctal siecls wasdnoculated
into 5m1 LuriagBretiol (b8, I5gflmpeeiash exir &ctirf@ucnih) weIothriiai ine ( Qyeithn anthreyis9giwn chloride)
supplementedastideifisisy HTEBMM once the biomass level in the fermentation reached ODgp = 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
KH2P04 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
FeS0,4.7H,0 114 mg/L o
ZnS0,.7H,0 29 mg/L g
MnSQO,.H,0 17 mg/L
Na,Mo0,.2H,0 9 mg/L
CuS0,.5H,0 4 mg/L

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



5 (10pg/m1) and glucose (1g/L). This was incubated at 37C in an orbital shaker for 16h. 500p1 of this
culture was then used to inoculate 250m1 Erlenmeyer flasks containing 50m1 of Luria Broth
(composition as described above). The flasks were incubated at 37C, at 200rpm in an orbital shaker.
Growth was monitored until 0D600=0.5-0.7. At this point a flask was induced with IPTG (isopropyl-.13
-D-1-thiogalactopyranoside) to a final 10concentration 0.05mM whilst another flask was left uninduced
and the incubation continued, under the conditions gligscribed 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 scaqnifg\g %f Colloidal Blue stained SDS-PAGE gels of
whole cell lysates of the sampled bacteria. The resuUlts Lbare summarised below in Table 13. Table 13
Time post indugtion (hours) Accumulation Level of NTNFa (% TCP) 4 1624 (basat, no-1PF+6); Not

detected Surprjsingly thé>dumdoperiéof Pesiddrome operator se uer%%u\%?ﬁ_‘é Bflen the 20spacing was
increased. The spacing-ofthe-dual-perect-palindron &c@b&iﬁﬁéﬂ[ﬂﬂﬂﬁ%ﬂﬂﬂ]ﬁl&_@a effective
control of other jpromoters Fx%ﬁﬁqu A vial of CLD048 was removed#tém the -80C freezef and
allowed to thaw,. 10p1 250f tMg3awEeglycerol stock was inoculated intagom1 Luria Broth (LB, 5g/L
yeast extract (Oxoid), 10g/L tryptone (Oxoid), and 5g/L sodium chloride) supplemented with
tetracycline (10pg/mly IRhi incubate 7C in,an.orbital shaker for 16h.
500p1 of this c%g&gvggfg\?%%%%%f&%‘%g t% Vl‘;fgiggr% 1 gheqw%ﬂa—a L b{}‘] Pdﬁiﬁ?f%&%ﬁ%f Luria

S a

enmeyeP géjﬁ‘é’
Broth (composition a scribe

O\Pety.eT e flask was incubated at 37C, at 30200rpm in an orbital
shaker. Growth was monitored until 0D600=0.5-0.7. At this point the flask was induced with IPTG
(isopropyl-.13.-D-1-thiogalactopyranoside) to a findhbéntntration of 0.1mM and the incubation
continued, under the conditions described above for a further 2h. The cells and residual cell free
growth medium ®atnthen hargegpiedsibhe/baiested ceisiere furtppgsybiected to osmotic shock cell

fractionation 85to isolate| the cellylpgfiastign containing proteins that had. partitio %?ﬂ the soluble E
i IIIL:‘gl actiye D, @gf)%ﬁ' the ¢ fLHise
i

cog periplasmic fraction.| The accumulation of biologic ¢ L S

periplasmic ektract and fesidual growth medium was sted b{ e Aning thdBHBIA of 01.3 Fab
to lysoszyme i in-an-ELISA-assay by refererce ta a standd®r¥efte preparbarvsst purified
active D1.3 Fab® c:uﬁﬁ%ﬂ&ﬁ“@f%i@l@i@ﬁﬁ?cactive D1.3{Fab in the periplasm of E.coli and in the
residual growth medium|(dueraditdakageviti oaterial Hframrthe periplagm to the gronghgmedium) is
presented in [Fable 14. The accumigpdimngof D1.3 Fan the periplasm and residual growth medium

was normalisedoasipg acﬂwm@ﬁ@gp%gtr@eg&&u ure per ynit of biomass (PD600)Tabte1¢ 10
Fraction ’

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.




Biologically active 01.3 Fab (pg/L culture/OD) Residual growth medium 460 Periplasm 4020 Total
(residual growth medium + periplasm) 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. Additiona éy it will be evident to those skilled in the art how
fed-batch fermentation (for example, as describe %rewously in Example 11 or below in Example 14)
can be used to manufacture such proteins at high yield. Example 14 20The fermentation process
described in EX@mple 1 was repeated using CLD048. Induction was carried out by addition of IPTG
to a final concentratiowialfod ASPIRD erase¢hosid freisshevePif frrefermrthetiowadtaidlasnd OBWou = ca.
50. The fed-batahephassl Whssonstotied o m3buktidupastimtiLctio Brdth ¢ BeBy/aydaasiduadtcell free
growth mediufp,wg eﬁds@n Mt\s%t@ﬁxoﬁ)ea%@@/ﬁt%ﬁﬁﬁ#%W%fwbﬁéﬁéhﬂégﬁﬁﬂwt@mwﬂ% shock cell

25 ffactgonat'g'ayg g I sl fe %g@s'} PRSI W%B?M%ﬂ%%q fifhe soluble E.

coli periplasm

lolo | D1.3F qu eriplasmic
extract and rediddal %‘%&/ﬁﬂ Hﬁ%&'ﬁ?ﬁ%gsg ég B(Ee ermgl(r?nng 8 blngIs f %? lrp
lysoszyme (aRfileip) i (ETBRshiosHp S?%‘“éi%‘?@ﬁé@“l@ a RS W& P&?&?‘éﬁt\%ﬁ??pﬁtrlfled active
01.3 Fab. Th&e@pumin kitiowitt BakeFalSSiegbtwesyenpiasa emt Pesidtthd Gréwthtiisirgintwas
normalised asidskgvastiviucedtetialPes |{iseped mudkiFB-1-thioddlecapyremodiate) oad fielogically active 01.3
Fab in the pedplasmraids 6 banfvinitharesisiumlg g madidntéd undene aleagstieh material from the
periplasm to t@&\%%mm@m@a&m&%&@&m a@&%léun@mm%ﬁ@mtmmwalIy active

DL3 Pab (mpl SN RSRISbA SNIATAS 7 5 AR Lo Aigb oot srovth medium +
accumulation level of h\TNFa was determined using densitometry scanning of Colloidal }

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



High level secretion of biologically active D1.3 Fab is demonstrated using the expression 5system.
Example 15 A synthetic bispecific single chain tetravalent diabody (bsctDb) was designed, in
which the variable light and variable heavy regions from 01.3 (anti-lysozyme) and A587 1l) (anti-CEA
(carcinoembryonic antigen)), were linked on a single polypeptide chain. The DNA sequence for this
molecule is shown in Figure 5 (SEQ ID NO 22). This was cloned as an Ndel/Not | fragment into
PAVEO046 which had been digested with Nde | and hpt |. Recombinant plasmids were screened by
restriction digest and confirmed by sequencing. The resultant plasmid was named pAVEQ78. pAVEQ78

was transform 15W 10 tp make LD073 which was purified and maintained in glycerol
stocks at 80Cep%}m %'r:m x#’%‘"LB E??Q%am re(zjr‘¢1lt(cl§ve VB S Et AL R AP SN e P TS hw, 10p1

of the thawed g‘?§/9ér8l*:§1%8<‘30§8§zm%&$§f@8%{6 AhELISArAs IR (Eierengriq e ataneriFhett®xoid), 10g/L
tryptone (OxoidyCRAES Y sodfiahagingiBeBdiaiplefhermeagmithtieidyolioeladive D) lahBaglucose
(1g/L). This waks heuissitdebet & Aol amdontihtalr@Osinallgesvic heliuhDEPE pf itaisagysnreanas) then used
to inoculate twargth@nebéripesmeaydidlgasricorBinne pRshRbLNTadR ol (aRpasiHRMAs dgscribed
above). The lasksweseriags aipiah 346 IRANRI ALAH A hakeh SrauU s poniored und
OD600=0.5-0.7,, é%ﬁgf 8%% l%%lﬂ%?ks were. |§dbuced wlg Gto concen FRfion of either

0.5mM or 0.1mM and the incubation continued, Under the 88’ iditions 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 fractidi#@®ido isolate the cellular fraction containing
proteins Yhat had partitioned in the soluble E. coli periplasmic fraction. The expression, secretion,

folding and agcumulation of bislagtrally active D1.3-A5B7 bssibfidaithecRespaanisquyact and
residual growth medium was 30 estimated by determining the |nh|b|tkqm'9|fe%lﬂmg of an anti-GEA

monoclonal a'mbodyt n competmv I:LID/—\ assay and by thebindingof-an
O E A PR EAS Ao

anti-lysozymeFabantibody ua%mcm totysozyme{antigen-na ucmpet:t" ELISA-assay.The data

obtained indicated-that the maorREEP D1 3-A5B7 hsciDh partitioned in #R2fesidual growth medium
(leakage fromﬂ%ﬁﬁﬂ@iﬁﬁ%h@éﬁ@mﬁhéﬂﬂaﬁmﬁlc n. 27 This data (B##fing of bsctDb in
competitive ELISA) is shown in Table 16. The data obtained demonstrates that the residual growth

medium sampIEh&onﬁmlpe@uﬁ@r@dﬁﬂucgﬂ)mob@m%IIg;fsge,gomp@tgghé| IRitg.{be QB@&N qfsboth the
anti-CEA and m&s}xmeﬂsre{mogmmamﬁ&@nsaxssﬂng%' §e§53§¥ B eek{c?n%df“ Hhgrowth medium

le from 5 | Aibition Mdicati
lower Scéﬂrr“nug‘eeaﬁ*” é%é?"ﬂﬂb%% e T R S L S S

Inhibition’in C Aogé LS PR Wb/’ fifHiBfioAdd rnale dMibhe sHidanisa R Dire3-A5B7

bsctDb) None fibhaw Ted-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.




Supernatant from culture induced with 0.5 mM IPIG 100 100 Supernatant from culture 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 gllﬁgthione-S-transferase-BC proteinase fusion
(GST-3C) gene was cloned as an Nde I/Xho | fragment into pAVEO11 digested with Nde | and Xho L
The sequence of 20the insert is shown in Figure 6TgbJ%D NO 23). Recombinant plasmids were
screened by restriction digest and confirmed by sequencing. The resultant plasmid was named

PAVEO52. pAVEOD52 was transtastesl into E.coli 3L21 to neakigdi¢dNa¢tivhis 3¥a ghed and
maintained in glycerol stocks at -80C. 25The human Interferon a2 (IFI\J;%ng)ne was cloned ag an Nde

I/Xho | fragmentinto pAVEOLT digested wittr Nde Lis
shown in Figure—# (SE%%%& \.%gé%% r\e?%l\:l’ binant-plasmids-were-sereengd-by-restriction-digest and
confirmed by |seguencing. Thgerrmmnf plasmid was hamed pAVEQS58 I[ﬁVEOSS was transformed
into E. colt Wal1ale!tgesidika @rpwibseedidnichredsiasmified and maintained3in glycerol stocks at -80C.
28 The human erythropoietin (EPO) gene, which had been codon optimised for expression in E

coli, was clonadigs|arNdertinet Hisaareit aimeAVEOtldestiedwithhdeilAnd Xhodsddie DNA
sequence of th"%{ggrt is shown in Figure 8 (SEQ ID NO 25). 5Recombinant plasmids were screened

by restriction digest and confirmed by sequencing. The resultant plasmid was named pAVEO61.
pPAVEO061 was transformed into E.coll W3110 to make CLDO060, which was purified and maintained in
glycerol stockSERHYE e d-batch fermentations using CLD054, CLD059 and CLDO60 were carried
out 10 using the medigvathelisrosessitosiotie nhattistidveldihdEkady s dtDbFern desaiedsinere
maintained at $9iChdh8vaiatdedistrbe d4riabbhesl rEgomensatiDns \eisRedarBeshindsazh mode
until depletion @htherrabtissames dhr SiiEaRNwErRdmatebiarmeiainpayaadnitiated pighis point by
the addiion ofjeseRRtalhir B MERIANEI athh R AEBFETIS e ale (el ngliclion was

carried out b It PTG once the 1 ss.level jn rmentagion reac 0 = 50-60.
The IPTG co¥1 Qgr%a@%gﬁ?ye%agr%egéﬁ?i gﬁ%‘%ﬁé"?&?#ﬁ%@e %5@{?%%'3\'3 Wa@%&ﬁﬁhued for
12-15h post indtHBR &% RIBRIUHYE e AGERRID DY FRUHGHRY gt Andicandin ey sAmvESBass level
(0D600) and pFBEiPepitstfRiBS(EiE T3S CaNER R2 GFilY &P OMMEE7EgNas tisnsfpmistbictal Blead stained
SDS-PAGE ge3dt hhanekseG s swicthesapnyified battesialpifel Tadlecd Stvaka & .@oliddost
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.




Protein and Expression Vector Description 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

10

15

20

25

30

27

This 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 ELISA assays. The residual growth medium sample from
the culture induced with 0.1mM IPTG shows a reduced level of inhibition indicating a
lower accumulation level of biologically active D1.3-A5B7 bsctDb in this sample.

Table 16
% Inhibition in % Inhibition in
Sample CEA Competition ELISA | D1.3 Competition ELISA
Control None None
(No D1.3-A5B7 bsctDb)
Supernatant from culture 100 100
induced with 0.5 mM IPTG
Supernatant from culture Partial Partial
induced with 0.1 mM IPTG

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
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
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.

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
in glycerol stocks at -80°C.




9 370.2515014 370.50 160 14 CLD 060 W3110 EPO T7A3:DPPS91 37 0.10 100 >13 30 0.50

90 >13
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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




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 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 (hadL) gene from
Pseudomonas putida was cloned using Nde | andsgpe | sites that had been engineered using PCR.
The gene sequence is shown in Figure 9 (SEQ ID NO 26). Plasmid pAVEO011 was digested with Nde |

and Spa | and e band was Setexiasied, TEACL 9Rncu s AgESiPR I NCe dand.Spe land the

hadL gene wa g%? Ar3ct8d an Ilgaete 11to uce he Pseudomonas
savastanoi or|@TH%F?SﬁN&WWW&?EUﬁ%&ODQﬁ?j‘fﬁ'é“?’%’]g Sl RAIERS 806’@}3(@6? (RTCC 77101; Nieto
C, et al. (1990) Gene 87: 145-149). The primers used were: F37A: Sequence: 5'
AGATCTACGExampld3IBGTGCCTTTCC (SEQ ID NO 27), and B29a: Sequence: 5'

AGATCTAATACG CARACERHoRItAnbSIE dSHaQgdR N REL Ydene fréhePR&Ropradisqiaiids wisned initially
into TOPO TA&Q&%&.A@M&&Q%@@M a0 PR VEG b BRatd! digg ter. The reidtant plasmid,
pPAVEO86 was transforme(% into. PE ] '852 CIM ;rgaogfgw\é@ eleslronatatiopiie make

1S .shown In %
CLDO75, which Was pu purified and ma |n aine %ero st sat -80C. Awa% IaD ?15N as removed

from 20a -80C e 281 kG LABIES baAMRS 96 35ite thaweaagf' eero Sockdvag moculated into 5m1
Luria Broth (LBaBgArgdast é’?&ﬁé@ﬁk@?&&d’ﬁi%’/ﬁ’?f%ﬁ%é”&jﬁam |l N SRR SRoride)
supplementedpANE@Sacyioti rﬁtse(a@pgmmsmgwasorﬂmubét@dlmtmﬁ? sPPishHENSHARESRBr 16h.
500p1 of this gty raasmsthenssed cTsapanateistort cilate 19805 0me BEdames)er flasks containing
50m1 of Luria Broth {grppesitiopaswigscribed 25above). The flasks were incubated at 30C, at

200 [ bital HREOPS Kk
induced '&.?r?l‘é%éatgé gﬁ%&g@g@ﬁ&}g@ﬂ %@%ﬂéﬁﬁ e 1o

monitor basal expre Gbation was contlnue under e con tlons scrlbed above, during
which sanples were taken for measurement of growth and accumulation of HadL protein 30within the

bacterial cells. The ateamaRtmsstersfianet inigdeterhAREHTAHRAHENARERY dRdiRfAg of
Colloidal Blue staipadcdDEPEGE digtsiwhote calliysdidssofidhp/sdaApdasdursiomed ithe

expression angarisuiRiEQL I MBroteis isiperssrtipstatichiguraKkocTbe7daimicidieate that the

T7A3: OPP891&%{&&%%%8%awméwggea%dswa&e%h@amokwgt@ 3phoss SysieamoveRrsingly, the

e Y fOfQ‘e‘fanw B RGA tﬁswggaym Btida.asiBanafserved when
ven

using E.2bli asthe host s ression IIo |ré%02§h incubation in

sal e ect
the absence of"ﬁ?oﬂﬂ@rurl-ﬂ OIMPpP@(&PE(?ﬁ ?é%%‘féﬂééﬁ%ﬁ}’acéaﬁ |%rﬁe axo}id hiev
Pseudomonassﬁdm%ﬁﬂﬁﬁh&mﬁﬁﬁ%m tatreprsingd PRgMPIe 18is was ﬁ@Hbﬁﬁ%ﬁtfgpn?entatlon
using PseudorimomragptaidbeBio7 Bivassoantiettosiculbirg wae themusrdpo samameidnaadPfocess
conditions desgtibesbinl Exampigel tadkereoeniatigridmiertLovaiBaihedoat 38Goaras pesdidetontrolled
With 25%sammQni!  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




5hydroxide and 10% phosphoric acid). 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 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 el (OD600) and HadL protein accumulation
((%TCP) Colloidal Blue stained SDS-PAGE gels of whole cell lysates of the sampled bacteria). The
growth of CLDE¥®ve Bcpression/accumulation of HadL protein following induction are presented in
Figure 11. 15High leVels nftghdéineetpiceasivng Mec.aoaunadpiiana A0 T W) der achiaygsl using the
expression systeridneRs e MenRTRN iHR Qe RYbRE H%Eb%&ﬁr@fmw%h medium designed for

ey L L TSI T i s

(as descr bed hnaE % (1%2) (Fst fragment int hes Were identiiied with the Gal
repressor gene’in Both A S aﬂ%g SIIPRIATRRBNE ARSI G BAGRIBARILRbrientation

was selected {°glEHaRAEA Ci?l‘:l’i?’?foEEféé'r?stﬂ}’Gﬁé?pof five-trirh fermetirtianavgp &tiatedsaldbisnces was
initiated in pla®id Mv#ﬂ@lwebaf@@ﬂa@mmmmws*G@BYamgn@"é@m@uuamae pAT153 vector
backbone, cer(8glility bequiroeaselaMiBy susinghe digdiy 6f laa M IRTHirse gunetratpalreass of the gene
of igterzst andtrgw:tpﬁaﬁaméﬁ ﬂqtmmﬂmaﬁmieﬁégroﬂi&?%@ﬁ@@k&%é?&%ﬁé‘é&ﬁ%e ‘l"’as ”
modifieddo predygs, f er n asmi
described aboggt L}ﬁmééﬁg lrrﬁéh:teltglg1 qu%géﬁpgﬁﬁff‘%ﬁgg}%} H:‘?dggf& ?%on%eernmnzer(])t Q s. The
linker Gals was g ‘g IgoRUC ot| ag?fbl( 25155 8%“%‘13 §f’:“® ID NO 29)
355AATTCAT§\ E%ﬁ G‘%@%& G%WET@A@W@T@@W@@W“ of

GTAAGCG CT%A@%?XPFG@IQ[M§9E@1@W@@}_ protein following induction are presented §
5'CTAGACAGTEIXAGCGCTTACACCGGTAACCAGAACTCTGATAATTCGTAGA )
A0ATTAGGCTTATGEFAFEIsIE proteihhediskabmas thenaries (B asmisnddd 4e-and transformed

into cloning hagrifiainehrds She MRHASHALREANRL AS H RS RUBA I Lang Yo atial sesggning of
transformantsmpyggg&qggq& %%%Hﬁ)%ggjng Agel. The sequencé was conflrmed by 5sequencing.
The hTNFa gene was cloned into this plasmld 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 pAY&BR ﬁgested with Xmnl and Xmal. Clones were screened for the presence of the
hTNFa &ene by restrictitihgliseSaurpEsSp sesartt peifovtpeltinetonio Shdroyterdie? @sd Gal promotor
were each clodestihts thiERRSOE3Tsing spstifesiglskers herpremssof StohenddrcrBAisies. Linker
GalA was prepareadganasalise heoliopnHeieetives Sal ARG 2GRN SERQI B NO 31):

1551CAATTGiA TARGBGGIE Ir%@é%%ﬂ@é&@%@l@?&%%ﬁﬂCGCATCTT
TGTTATGCTATGGTG GalA2 (SEQ ID NO

51AATTCACCATCGCATAACAAGGATG CGAAAAGTGTGACATGGAATAAAGTTG
TGTAAGCGCTTACKERR YR of therfial pramotrrand (reiRarefkaneRidas iRy Re8B I With Mfel
and confirme®PB) & fuMRRALPITaTSesedbatinGS 6:aRE0r e 8 BO bEssUrBAT VI3 ¥8Cd0 generate
CLDO085 , whithokkengséfisthbility seqirandacitiA/Glyaeind statke dtc-80&ator 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




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. Ggpwth 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, accumulati;‘S)F cﬁ‘ ETNFa within the bacterial cells. The accumulation level of 35hINFa was
determined using WeStSri B ETaR ITaEh & AR R #hR B0 yersiemag IS orinGPef the
sampled bactef%2f fé-dftkie MRiEdAEsaThasigueaR ks | degroestrateiahstesing perfectly
palindromic gal"eperatcanieraehpessinaiombigestion weitly gl rapressqicpesevisadationsanytight
repression of tiseqgahpirgmotes inTecedisrnoeseidnewes wWillshewpdsiaalyitharaiyaigipg the
capacity for inductionwbemiipg Mﬁ%{d@@%%@r@&%%mﬁ% M@g g&% éAr\ &o\p,grrétegratlng yeast
yector was Conspiid 8] 3o\ xma USRS ile LSS GGOUTP IR 2l 2
Saccharomycesngg%[%yls%% CYC1 Eromoter a5 2 XhO'T TEgMeRt hio XHeeraige Uk 2.1
(Invitrogen). ClNe SEqueRce T s ERSWRIASEIRI B Res 15 IRRD BHF 9enebimsictRsyuence 2
(which consist§'S?TH%”Saccharomyces cerevisiae MFal gene promoter with perfect palindromic lac
operatori8equences élfiséraid eesfatieairinprsBaboperagiomaGti thergeneveesesnagdiesdhe protein
elafin with a Citeorihisallzsmiadiftesy (eafinkareys hparitinnecstawRsitean sassa HindkHekpgment

(made by PCRydsterétinddIbyligneiamplaselidoropstiie s ingten bigproduce plasmid 2. Clone
Sequence 2 is shown in Figure 16 (SEQ ID NO 36). 3) Clone the Spe | fragment from YEpl 3

(ATCC37115), contagiq&t@beﬁr%%a&g% ction marker gene) and the yeast 2p origin of replication, into
E‘é‘é Teteigh

Spel digested plasmid, AVEQ091. pAVEOQl{)Iasmid DNA was transformed into

€
SaccharBmyces cerevi¥e R PEETIEAEEE) DT ERTTPOFRTFHASAE HHERRRGATSHIES selected
on yeast drop-out medfI\Wf#5détTIeGEiRe (Kaiser C, Michaelis S and Mitchel A (Methods in Yeast
Genetics, Cold Spring Harbor Laboratory Manual, 1994)). Shake flask growth studies to determine
20elafin-cmyc proteirGakress@imweanesgarried out using the same medium. The flasks were incubated

at 30C, at 200rpm in aRarREALSHeKeECHe & SEOWR A = i ith 0.5
mM IPTE (final concgt@tm;g%g&q% %ﬁ@g&@ﬁﬁggﬁinued fo(rééﬁf%urt e(?}%%?%%fer t%’g'(::rglditions
C

described above, during which samples were taken for measurement of growth and secretion of
elafin-cmyc protein into the 25growth medium. The secretion of elafin-cmyc into the residual growth

medium was determiN&aRRTRCEPERR ke inpRsiataster »yindisesiion with ddst ahe donfinieiedipw O, et al,
J Blot Chem. (50O1¢8%(P5ip piFpgidsyvasiteansforoadiofol EEG) sicirciidt tharepwas-300npissef active
elafin protein iwhice yeswthified dnmmaihisirdenogigteate sttiars Biesexpression systems of the present
inventiogsare effectiva itaysrasioods waarapis,ad i e Trement was syiesiss hubich sgntained
the constitutiveiiag ey REARANIS 0L AIPIES, TANea by duelosrtect paliphomic lac
operator SeqUERESS, ]B&W%%tgk%n&%é%? gr?d% e oam \c/:ﬁI%tr? é)vgulpcple%xe%teg?f\/ith tgtracy%lﬂg)tem'
(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..



35The resulting plasmid was named pAVEO081, 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 shown in Figure 12
(SEQ ID NO 33). The DNA 40sequence of the IgG Fc protein is shown in Figure 13 (SEQ ID NO 34).
Transient co- 33 transfections of pAVE081 expre%%ing IgG Fc protein and pCMVlacl (Stratagene)
which expresses lac repressor were carried out, as [swell described in the art, to determine whether
IgG Fc protein could be expressed under the control an IPTG inducible hCMV promoter-dual perfect
palindromic |axap@iater expression system. 52m1 of Chinese Hamster Ovary (CHO cell line ECACC
85050302 adapted w%mgﬁn@ﬁg\gﬂ,&t@pm deasumeeiagfsiggpension culture at 1.5 x 105 viable
cells per ml was addgd (o each well ghgswol Usstie, cyliyiralataror Heduislbligads cullre plates
were then incubated ‘overnight (1 SJII‘] a%idgied 37tC {'n%tc))qtglr gvi QdSO@F&Ci lgﬁ{%%@ansfection
mixes were pF@ﬁﬂ’r‘%’ﬁech%?rﬁho 9I5G) 5P OFTBRA Wi AR eqBar Guantity 100f p facl
(Stratagene) BIA7e SpAUBREEhiSrERAWA FEiguin bhiPERdY Hfyrdivth medium per well, 100plof
transfection mix wagadde€itnegetugatecbiwaiehrmprrsterithe SschaamrirsiracyideeMmure plates
were then incubate isrdmsradifietoarecimatibatoniolte 6p6rai@2eqeedeteiiinees side e biF-
expression/segf glighdar BGis: RAtRI8 jete ke gsauthniediisen seffinfimtalis (daynR)janeneyinduced with
5mM IPTG (fj centrafi imateRsk ay threeghegatpiwells
induce Owith #Ei@%m%m%gsse?e %ﬂgf}%&&éﬂ%@%&%ﬁgfﬂ %n;%ga%ﬁ ijzr_ﬁr) gfmg%%;& ynginduced). The
expression anl %'@Efgi Q‘?\Ia}ﬁ% R SFOT r‘rqe&ﬁfm E)yp {ﬁe% cells ‘of IgG Fc protein was determined
by ELISA as i€\R#ll @sﬁ%ﬁ%ﬁédﬁﬁ%@eﬂ? e data obtained are shown in Figure 14. 20The data

clearly demonstratedthe bfdens thrirsridresaentdaiorEistén CFRE ErapreariBin'ag diehiiih be used to
control power{séleotistitutrkeuerecsenstigpicash2useidinitfrenbsatinalitite &nesgigesies, BeRhids the hCMV
promotes, to expygerdpsaigmgEIgNammalian cells in a contollable, inducible manner. 25 34 Claims 1.A
perfect palindrome QpRfaHY SRAMAA ENRARRchRIRIBHHBXRIBSSIRBHSYSIRL S @BIBTISINEX BYS FTOMOter;
and b) a perfegLpalBRIRMS SPSLAIRISPANANGS SIAACLSIRAL LLaLdns pramalgp st 7. 2.4
protein expression system accor nz to C%‘Tﬂlhggl@ risin 'i{%)ngl xeg'?ﬁetﬂ%ggnlg gaé‘trkg %@cgerfect
palindrome oﬁ@?ﬂW%ﬁﬁ@Hgg?'ﬁ%%ﬂggﬁfd COMpTISingG: a%ﬂa Bromoter and by A perfect palindrome
operator sequepleeSrRingrHatbAskP MRt HrnRb is RetieAap ey %8%%?1" rP&‘%ﬁ’aim 3,
comprising: ap&freasypronieiteexpmgsion were carried out using the same medium.  The flasks

were incubated at 30°C, at 200rpm in an orbital shaker. The clones were grown to an

OD of ~3 and induced with 0.5 mM IPTG (final concentration). The incubation was
continued for a further 16h, under the conditions described above, during which samples
were taken for measurement of growth and secretion of elafin-cmyc protein into the
25 growth medium. The secretion of elafin-cmyc into the residual growth medium was
determined using an elastase inhibition enzyme assay, as described 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 7
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 promoter 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-



b) a perfect palindrome operator sequence. 5.A plasmid according to claim 4, further comprising an
expression cassette for a protein. 6.A plasmid according to claim 4 or claim 5, wherein the plasmid is
an autonomously replicating plasmid. 7.A plasmid according to claim 4 or claim 5, wherein the plasmid
is an integrative plasmid. 8.A yeast host cell transformed by a plasmid as claimed in any one of claims
3to 7. 9.A host cell according to claim 8, wherein the host cell is Pichia pastoris Saccharomyces
cerevisiae, Hansenula polymorpha, Kluyveromycesgactis or Schizosaccharomyces pombe. 35 10.A
method for the production of a protein which comprises expressing an expression system comprising

a) a promoter; fect e operator S enc ..and ¢ ressmn cassette for a proteln
i Agkeme, g

characterised in O'E‘Fr eris not L7 1P, /L'i %?:c LiRI598PshWiFBduction of a

recombinant pr%i%rﬁsﬁﬂ‘?l 6%?%?9@%’%?ﬁ%%ﬂ@hﬁ%ﬁd?@%gﬁﬁ?r%%%ﬁp%ﬁ%erw'1?yeast
promoter; and BhethrieR Fisaiataipsrugheraxoreseedionder thagamhandprES sionctds s€ihdVfor a
recombinant proteneieriduA pefqrtasticirayst amnomasaridxressioebytéemethod according to any of
claims 1 to 11, wherefimtloe CiissatansasE008rS (BSOGRI FROEATIR: els@e‘be@%%@ﬁbsystem
Cperalor Sonuen aa S e S e W%igtge A o of
the promoter, inﬁﬁgn?%gf%%tgg%ewgrengé %}lfr%'sﬁue gfﬁ% reegam?o nlljg Ry W%ﬁa&iressmn

system, plasml\?ﬁerﬁog? REIPRRASRY Wﬂ@@d”t@ Efﬁﬂ‘ﬁ'i%d Wh@r‘@ﬁwﬂ?@bw@?ﬁér(\s@qﬂ@‘ﬁt%s are
spaced from 85 3BSIEIPLBE IS e PEFRAISS! ApriaitnesaierPLpAVEAS bRNMMhas eewsl anantithod
accordinf to claiCMViacl (Stratagene) DNA, 6yl of transfection reagent and 94pl of growth medium per

well.  100pi of transfection mix was added to each well containing the CHO cells. The
6-well tissue culture plates were then incubated in humidified 37°C incubator with 5% CO,.
To determine the level of expression/secretion of IgG Fc protein into the growth medium a
set of wells (day 2) were induced with 5 mM IPTG (final concentration) and set of wells left

15 un-induced. On day three the set of wells induced with IPTG and those left un-induced
were sampled (post IPTG induction and un-induced). The expression and secretion into
the growth medium by the CHO cells of IgG Fc protein was determined by ELISA as is
well established inthe art.  The data obtained are shown in Figure 14.

20 The data clearly demonstrates the broad utility of the expression system. The
expression system can be used to control powerful constitutive promoters typically used
with mammalian cell systems, such as the hCMV promoter, to express proteins in
mammalian celis in a contollable, inducible manner.

25



wherein the operator sequences are spaced from 90 to 126 base pairs apart. 16.An expression
system, plasmid, host cell or method according to claim 15, wherein the operator sequences are
spaced 91 or 92 base pairs apart. 17.A method for producing a protein, which comprises: a) culturing a
host cell transformed with a plasmid according to cg@aim 4; and b) recovering the protein. 18.A method
according to claim 17, wherein the host cell is Pichia pastoris Saccharomyces cerevisiae, Hansenula
polymorpha, Kluyveromyces lactis or Schizosaccharomyces pombe. 19.A method according to either
of claims 17 ang, L8, wherein the plasmid is a plasmid as claimed in any one of claims 3 to 16.
SMC 60733 WO0.ST25.txt 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> Artificlal <228-PeEeE>PAHITEANS RRASALYE S200SNE-RASRI PAAIDIGABRFS IR AIRER
aagaacaatc ctgcacgdmprlfy 2 <211> 47 <212> DNA <213> Artificial <220> <223> Atrtificial
sequence <400> Za) a promoter; and

b) a perfect palindrome operator sequence;

characterised in that the promoter is not T7.

2. A protein expression system according to claim 1, comprising:
a) a yeast promoter; and
b) a perfect palindrome operator sequence.

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

4. A plasmid according to claim 3, comprising:
a) a yeast promoter; and
b) a perfect palindrome operator sequence.

5. A plasmid according to claim 4, further comprising an expression cassette for
a protein.
6. A plasmid according to claim 4 or claim 5, wherein the plasmid is an

autonomously replicating plasmid.

7. A plasmid according to claim 4 or claim 5, wherein the plasmid is an
integrative plasmid.

8. A yeast host cell transformed by a plasmid as claimed in any one of claims 3
to 7.
9. A host cell according to claim 8, wherein the host cell is Pichia pastoris

Saccharomyces cerevisiae, Hansenula polymorpha, Kluyveromyces lactis or
Schizosaccharomyces pombe.



aattcgtgca ggattgttct tggaattgtg agcgctcaca attcccad7 <210> 3 <211> 77 <212> DNA <213> Artificial
<220> <223> Atrtificial sequence <400> 3 aattcaaaca aaacggttga caacatgaag taaacacggt acgatgtacc
ggaattgtga60 gcgctcacaa ttcccca77 <210> 4 <211> 77 <212> DNA <213> Artificial <220> <223>
Artificial sequence <400> 4 ctggtggggg gttgtgggcgsicgeggttc cggtgegteg tgeegtgttt gettegtgtt60
gtcggecgtt ttgtttg77 <210> 5 <211> 79 <212> DNA <213> Atrtificial SMC 60733 W0.5T25.txt <220>
<223> Artificial sequeinethsd0dr thegitiaigaaigagctgbigacanithadomeuariCegprissigigaiggaattgtg60
agcggataac aattcc%?gé%%ofyﬁem comprising

a) a promoter;

b) a perfect palindrome operator sequence; and

C) an expression cassette for a protein;

characterised in that the promoter is not T7.

11. A method according to claim 10 for the production of a recombinant protein
which comprises expressing an expression system comprising:
a) a yeast promoter; and
b) a perfect palindrome operator sequence; and
C) an expression cassette for a recombinant proteins.

12. An expression system, plasmid, host cell or method according to any of
claims 1 to 11, wherein the operator sequence is lac, gal, deo or gin.

13. An expression system, plasmid, host cell or method according to any of
claims 1 to 12, wherein two perfect palindrome operator sequences are
employed, preferably one operator sequence being located downstream of
the promoter, and one operator sequence being located upstream of the
promoter.

14. An expression system, plasmid, host cell or method according to claim 13,
wherein the operator sequences are spaced from 85 to 150 base pairs apart.

15. An expression system, plasmid, host cell or method according to claim 14,
wherein the operator sequences are spaced from 90 to 126 base pairs apart.

16. An expression system, plasmid, host cell or method according to claim 15,
wherein the operator sequences are spaced 91 or 92 base pairs apart.

17. A method for producing a protein, which comprises:
a) culturing a host cell transformed with a plasmid according to claim 4; and
b) recovering the protein.

18. A method according to claim 17, wherein the host cell is Pichia pastoris
Saccharomyces cerevisiae, Hansenula polymorpha, Kluyveromyces lactis or
Schizosaccharomyces pombe.

19. A method according to either of claims 17 and 18, wherein the plasmid is a
plasmid as claimed in any one of claims 3 to 16.



<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> Artificial sequence <400> 7 aattttctga aatgagctgt tgacaattaa t.c.a.tcggctc
ggatactgtg tggaattgtg.60 agcgctcaca attcccca78 <210> 8 <211> 78 <212> DNA <213> Atrtificial <220>
<223> Artificial sequence <400> 8 ctagtgggga attgtgagcg ctcacaattc cacacagtat ccgagccgat

<212> DNA <213> Artificial <220>
gattaattgt60 caacagctca tttcagaa7/8 <210>S 3C<3017J£ ngs%:zlsz A

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
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<223> Artificial sequence <400> 9 aattcgaaac aaaacggttg acaacatgaa gtaaacacgg tacgatgtac
cggaattgtg60 agcgctcaca attcccca78 <210> 10 <211> 78 smc 60733 w0.5T25.txt <212> DNA <213>
Artificial <220> <223> Atrtificial sequence <400> 10 ctggtggggg gttgtgggcg ctcgeggttc pggtgcgtcg
tgccgtgttt gettegtgtt60 gtcggecegtt ttgtttcg78 <210> 11 <211> 77 <212> DNA <213> Artificial <220>
<223> Artificial sequence <400> 11 aattatctct ggcggtgttg acataaatac cactggcggt gatactgagc
ggaattgtgaGO gegctcacaa ttcccca77 <215 3143 S22 DNA <213> Artificial <220> <223>
Artificial nce <400> 12 ctagtgggga attgtgagcg ctcacaattc cgctcagtat caccgccagt ggtatttatg60
tcaacaccyé CagAGaiT 331 FAUSUCE 1> 77 <212> DNA <213> Artificial <220> <223> Artificial

sequence4€@00s 13
aattttctga aatgagctgt tgacaattaa tcatcggctc ggatactgtg tggaattgtyg 60

agcggataac aattcccca 79

<210> 6

<211> 79

<212> DNA

<213> Artificial

<220> . .
<223> Artificial sequence E 0

<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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aattcctgaa atgagctgtt gacaattaat catcggctcg tataatgtgt ggaattgtga60 gcgctcacaa ttcccca77 <210> 14
<211> 77 <212> DNA <213> Avrtificial <220> <223> Atrtificial sequence <400> 14 ctagtgggga
attgtgagcg ctcacaattc cacacattat acgagccgat gattaattgt60 caacagctca tttcagg77 <210> 15SMC 60733
WO0.ST25.txt <211> 33 <212> DNA <213> Atrtificial <220> <223> Atrtificial sequence <400> 15
aattcaccgg tgtacagtca tgtacaaccg gtg33 <210> 16 <211> 33 <212> DNA <213> Artificial <220> <223>
Artificial sequence <400> 16 aattcaccgg ttgtacatga ctgtacaccg gtg33 <210> 17 <211> 1550 <212>
DNA <21334nouse  gagagagatt tccaccBfy §HEAgWe TS abifitcaggcg ctetactcce atctgcaacg
tcttcaactaAgttaskaatriatigrctac tcgagcetcac catgtcgagce aatctcctca tcagtggcag ataggcttga geccatcggt
tgggctgegh ggctgaccag tcagcagegt tgaatcacaa agacgcacac ggagettgca ggcagecgct ccagteteca

aagtgggaakgetCAtggiE tggntcag@mce

<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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tacggcagcc gcaggagtca ctcagggttc tctggagtgg atccagactg tctgcacact ctactggggc cttcccectg ggtcaaggac
cggcgtgcac ggtgactgtg ccccagcaac atcaggaggt tgcaaattct ggattgttat gectcccttt attcacaatt tattatacaa
acacaatatt gctggattgt ggacctggcc tcattaaccg ctgggaatga agcatcagca gatgacacag caagggacca
gcaccctcct tacttcceceg accttccegg ccctccagta accaaggtcg gaacagaagc atttcaagga tactcgcetge ctgegtctgt
atttagcatg caaccttagc ctctcaagat Page 4 cggtcaccgt ccaagagcac aaccggtgac ctgtcctaca gcttgggcac
ccaaccageq glggagaaact gtatcagcag agafYstdily 2adngieby tatectcagec ctetgggggce ggtgtegtgg
gtcctcaggddeagakctac atggccgaca gtcaccatca aaacagggaa ccatcaaggt caacctgaag 60 120 180 240

300 360 28@%4]-(}1@9”660 720 780 840 900 960 1020 1080 1140 SMC 60733 WO0.5T25.txt
caacattttt ggagtactcc tcggacgttc ggtggaggga 1200 actgtggctg caccatctgt cttcatcttc ccgccatctg 1260
actgcctct@? gtgeet glcggaptaac ttctatccca 1320 aaggtggata acgccctcca atcgggtaac tcccaggaga 1380

aaggacagca cctacagcct cagca%cacc ctgacgctga 1440 cacaaagtct acgcctgega agtcacccat cagggectga

<223> Artlg c%% g

<211> 33
<212> DNA

<213> Artificial

<220>

<223> Artificial sequence

<400> 16 '

aattcaccgg ttgtacatga ctgtacaccg gtg 33
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 Y
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

tcata taagga atcc 1550 <210> 18 <211> 72 <212> DNA <213> Atrtificial <220>
53%%@%558 aaaacggttg acaacatgaa gacagtgagt #a gtaaacacgg
tacgatgtggﬁgca&%aaawo 72 <210> 19 <211> 72 <212> DNA <213> Artificial <220>

kel
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<223> Artificial sequence <400> 19 ctagtgactc actgtcgttt catgtggtac ctcgtaccgt gtttacttca cgttttgttt cg
tgttgtcaac60 72 <210> 20 <211> 79 <212> DNA <213> Artificial <220> <223> Atrtificial sequence
<400> 20 aattcgaaac aaaacggttg acaacatgaa gtaaacacgg agcggataac aattcccca tacgatgtac
cggaattgtg60 79 <210> 21 <211> 79 <212> DNA <213> Atrtificial <220> <223> Artificial sequence
<400> 21 ctagtgggga attgttatcc gctcacaatt ccggtacatc gtaccgtgtt tacttcatgt60 SMc 60733 WO.ST25.txt

> <212> DNA <213> Atrtificial
tgtcaaccgt tttgtttcg79 <210> 22 <211 1559M2C 62017:233 DINA 5¢13>

Cttttgggag ttattactgt caacattttt ggagtactcc tcggacgttc ggtggaggga 1200
Ccaagctcga gatcaaacgg actgtggctg caccatctgt cttcatcttc ccgccatctg 1260
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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atcctgtctg acttacattc acatccaacc tactctctca agtgccactt caaggcacca accccggaca gtcaccatca
aaacagggaa ccatcaaggt caacctgaag ggtggaggga gaagaagacc catctccagg actggtacca tggcttctgg
caatcagcag attactgtac cggtcaccgt tcgagctcac catgtcgagc aatctcctca tcagtggeag cttttgggag ccaagctcga
taaactcatg cagactgagc gcacactgat ctggggccaa caaaaccacc ggagaaggtc gcagaagceca agtcectgcet
agtggaggct gttcggtgga cgtgcaggtg actctcct%t g|cctccapg§;I a_ aacagagtac catcctctat aagagatagg ctcctcagcc
ccagictcegragtaggaatgetacdigotc tggatcayhLuattaliytdatcidhegy ataageggee atcagcaagg
gacacagcca gggaccacgg ccggacatcg acaatgactt ggatcctcce cgettcagtg. gaagatgetg ggcaccaagc.
cagctgcagg gicaastictg aaggcacttg agtgcatctg cttcaaatga gggctacggt tccaccaagg gecteccttt attCacaatt
tattatacas2atacddit caacattttt actgtgggat gc acaactccaa ggtactactg tcaccgtctc agctctccca
gcagggcé%ic gig§agtgggtc ccacttatta tcgagatcaa aatctggtgg ggttcacctt tctactttga geccatcgag
ctgcgtctgt atttagcatg caaccttagc ctctcaagat ggagtactcc ccgaacaaaa gagccaagtt tgccagagag

ctcagcctg ﬁ@tc&ggﬁa‘ cisagaigta rg%tét%%%%tggg&%%tpq E‘;:L_Esccaa\cat acggactgtg tggcttagtt cactgattac

ctactggggc cgccaaaacc gggagaaact gtatcagcag agatggtgtg caacagectg tcggacgttc getgatctca 60 120

Page 6

180 240g@@%@@é‘?Qg%§9g§%9t698c9949t5c2§ g%%ga%(%gg ctggtttcge taccgtagcet 60
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




900 960 1020 1080 1140 1200 1260 1320 1380 1440 1500 1560 1592 <210> 23 SMC 60733

WO0.ST25.txt <211> 1237 <212> DNA <213> Atrtificial <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 gatggtgatg ttaaattaac acagtctatg gccatcatac
ttatatagc'tgacaagcac240 aacatgtt tggttgtcc aaaagagcgt gcagagattt caatgcttga aggagcggtt300

g gcg g giigg 9 g%@gaﬁi ggﬁ%f

ttggatatta. gatacqgtgt ttcgagaatt gcatatag t&%’ ¢it%aa360 gttgattttc ttagcaagct acctgaaatg

ctgaaaat

tgacgctc

t

C

?%%a@atc ttta}gtcat420 aaaacatatt taaatggtga tcatgtaacc catcctgact tcatgttgta
gaAtg’ft-' ttt fgtacatgga cccaatgtgc ctggatgcgt tcccaaaatt agtttgtttt540 aaaaaacgta

ttgaagctat2é@eacaaatt gataagtact tgaaatccag caa%tatataGOO gcatggcctt tgcagggctg gcaagccacg

tttggtggtd YegactatcCRth AL B PG At Gd b

&3Mdatd&ggaccaaac acagaatttg cactatcect

gttaaggaeD20 d3cataatga ctataacaac ctcaaaggga gagttcacag ggttaggcat acatgatcgt780 gtctgtgtga

tacccacatd LAy Gt SEAEHAIRRAR £F tareeata figneranes 458 h4g6ttaagtafaaattagta

gatccaganamggtianiet agagaliacalelgipligssicigsirganiiggeqnaiaagagataicagggatitat
atcagaagqigQq Glagaagalg 1gga %%%%gttgt ;

ctgtaacaat ggcaggactt attaaftiga gtagc
gggcagt§iF PHGGIRJEGRTtER A CRIPATGFh AG A FRERT AT t teg FgRaragERMyac4dggatttic

agctcaactid2g@agagantast adttiataga diaRasaniam saaltaacheBdga 2ddagd qdll> 346

c

caga

gt atgat

tagta cattcaaata actttaccaa cactatctta 1020 gaagttggec
@c’%%%gg%tc Cc-ﬂfgét CC }:atalitat ti 950

atgat

atgc'aacaaaaact

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
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<212> DNA <213> human <400> 24 catatgatgt ctggcccaaa ttcccgcagg gaaatgattc gaaactctcc
tgcgtcatcc gtgatctgcece tgecgecgtat aagagttcgg aacagatttt tggacaaatt agggtgttgg gcaaactcat ctccctgttc
taaccagttc taacctgttc ctacaccgaa cgtaaccgaa agcctgggta tcctgtctga caaaaggcag agcactaaag
ctgtaccagc actccgctga Page 7 gccgtcgcac cctgatgetg aagaccgceca tgactttgge aaactatccc ggtactgcac
actcctctgc tgcatgggac aactgaacga cctggaagcc tgaaagaaga ctccatcctg <210> 25 <211> 517 <212>
DNA <213> human <400> 25 catatggctsmey60z33)iat goRaaggaag ccgaaaacat atcactgttc cggatacgaa

caggeaglag aagldi9qea 4e0cioslad Jeaaciceag aliagolg Jasaiicedt alalpaaaac cagatgcyge cgcaageigt
ttcgtgttta gaagcgtgec gtaccggega™ gatttgtgac cacgaccggt ggttaacttc gggtctggcy ccagecgtgg gactaccctg

atctgcafeeHtEEAL RALEGULRTA LUCtEARY e ARGOGEEEe taRatHT& @REicCTDagctdttge ctgcgegege
ccgctgceiageiacaodin geigeay seaaggiale gigtgaagag attggaatac agaggatgec ccagrgyccte tcgeegttty
gatcgagcaa cgaggatgtg gggttticca cagtaacttt ggatgcaaag ttcgetcgat tggagcegtta attgetctct aacgtatgga

aagcggitei@gctacacgt tgggtgegea ccatcactge aactgaagct gttttcgatt gtctatccgg acctggctca ttgegcttta

agtgatgegﬂéaa N?cgg gtcgtgacta caagtgttca aaggaaaaca ggtttcccgg ccgacacacg taatgaagga
cctgctgégggga gagaac agtaggccag gegtggecag agataaagcg aaaagaagct agatactttc gtacaccggt

Page 8

tgtatggcac gccaaggcga ggagcctcat cctgcacgca atttgcacct gectaccgcet actctgaaat aacctgatag tectettegt
tttgctgg % géggé@a@dééécgtct gatttgtgac tctcgcgttc tggagcgtta cctgctggag 60
gccaaggaag ccgaaaacat cacgaccggt tgtgcggaac attgctctct gaatgagaac 120
atcactgttc cggatacgaa ggttaacttc tacgcttgga aacgtatgga agtaggccag 180
caggcagtag aagtgtggca gggtctggcg ctgctgtccg aagcggttct gegtggecag 240
gcgetgetgg tcaactccag ccagecgtgg gagccgctge agctgcacgt agataaagcg 300 g
gttagcggtc tgcgttccct gactaccctg ctgcgegecge tgggtgcgca aaaagaagcet 360 /
atctcccege cagatgecgge 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 gtgcattccg tggtgcaage ctgtgaagag gtctatccgg gccaaggcega 120
cgctatttct cgcctctgge ggcaaaagca attggaatac acctggctca ggagectcat 180
gggccgttac gtgaactttg agaaagcaac agaggatgcc ttgecgcettta cctgcacgea 240 -
tectgggettg tcgctcgatg atgaaaccca ccagcgcctc agtgatgcett atttgcacct 300 ‘ﬁ
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 tcgtgcegtaa 660
tctegecgaa atgtcgaact ggctggttaa ttcgetcgat taatgaagga tcc 713
<210> 27
S1% o
<213> Artificial




<210> 27 <211> 26 <212> DNA <213> Artificial SMC 60733 WO.5T25.txt <220> <223> Atrtificial
sequence <400> 27 agatctacgc ttatgggtgc ctttcc26 <210> 28 <211> 26 <212> DNA <213> Artificial
<220> <223> Atrtificial sequence <400> 28 agatctaata cgcaaaccgc ctctcc26 <210> 29 <211> 69 <212>
DNA <213> Artificial <220> <223> Artificial sequence <400> 29 aattcatacc ataagcctaa ttctacgaat
tatcagagtt ctggttaccg gtgtaagcgc60 ttacactgt69 <210> 30 <211> 69 <212> DNA <213> Artificial <220>

<223> Artificial sequence <400> 30 ctagacag caccggtaac cagaactctg ataattcgta
gaattaggct60 tatggtatg69 <210> 31 <211§@8@§%%%25<§f§> Artificial <220> <223> Atrtificial

sequencE33830>3Lificial sequence

<400> 27
agatctacgc ttatgggtgc ctttec 26

<210> 28

<211> 26

<212> DNA

<213> 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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caattgtgta agcgcttaca caactttatt ccatgtcaca cttttcgcat ctttgttatg60 ctatggtg68 <210> 32 <211> 72
<212> DNA <213> Artificial <220> SMC 60733 WO0.ST25.txt <223> Linker <400> 32 aattcaccat
cgcataacaa ggatgcgaaa agtgtgacat ggaataaagt tgtgtaagcg60 cttacacaat tg72 <210> 33 <211> 438
<212> DNA <213> Artificial <220> <223> Artificial sequence <400> 33 catatgccaa gtccgcecccc
tattgacgtc gcccagtaca tgaccttacg ggactttcct gctattatac catggtgatg cggttttggc actcacgggg atttccaagt

ctccaccega, aaa
gacttgcatg attgcg

Artificial

aaatcttgfy s

L

caa
cacalgcc

aag%aca

a

acacactcc

t gctat t
Stacaden SeTitaAcat dumatuaagk 1URATAdch

ccc ag

ateaacg ggactttcca aaatg®§tAUIGtyageL etdXEaattc ctctatataa ctagatgegt acagtccgat
lat aggctage <210> 34 <211> 813 <212> DNA <213> Artificial <220> <223>
néé <400> 34 atg

caccat cgcata
cadaactc

ccggeeag gegegegege
gcgtggtggt ggacgtgage

tacgtggactrgeytgyiadgt gcataatgec agcacgtacc gtgtggtcag cgtcctcace gagtacaagt gcéaggtcte
caacaaagcc aaagccaaag ggcagccccg agaaccacag ctgaccaaga accaggtcag cctgacctge gecgtggagt

gggagagediig

60733 W12

<213> Artificial

<220>

agccg ctggactccg acggcetectt cttectctac cagcagggga acgtcettcte atgetcegtg SMC

cagaagagcc tctccctgtc tccgggtaaa tga813 <210> 35 <211> 1104

<223> Artificial sequence

<400> 33
catatgccaa

gcccagtaca
gctattatac
actcacgggg
aaaatcaacyg
attgtgagcg
ctagatgcgt
attgcggtat
<210>
<211>
<212>
<213>

<220>
<223>

<400> 34
atggagacag

34
813
DNA

gacgcggcecc
aaatcttgtg
ccgtcagtct
gaggtcacat
tacgtggacg
agcacgtacc
gagtacaagt
aaagccaaag
ctgaccaaga
gcecgtggagt
ctggactccg
cagcagggga

gtccgeeccce
tgaccttacg
catggtgatg
atttccaagt
ggactttcca
ctcacaattc
acagtccgat

aggctage

Artificial

acacactcct
agccggcecag
acaaaactca
tecctettece
gcgtggtggt
gcgtggaggt
gtgtggtcag
gcaaggtctc
ggcagccccg
accaggtcag
gggagagcaa
acggctcctt

acgtcttcte

tattgacgtc
ggactttcct
cggttttggce
ctccacccca
aaatgtcgta
ctctatataa

gacttgcatg

Artificial sequence

gctatgggta
gcgegegege
cacatgccca
cccaaaacce
ggacgtgagc
gcataatgcc
cgtcctcace
caacaaagcc
agaaccacag
cctgacctgce
tgggcagccg
cttcctctac

atgctccgtyg

aatgacggta
acttggcagt
agtacaccaa
ttgacgtcaa
ataaccccgc
gcagagctcg
gaattgtgag

ctgctgctct
cgtacgtaca
ccgtgeccag
aaggacaccc
cacgaagacc
aagacaaagc
gtcctgeacc
ctcccagecc
gtgtacaccc
ctggtcaaag
gagaacaact
agcaagctca

atgcatgagg
Page 10

aatggcccgce
acatctacgt
tgggcgtgga
tgggagttig
cccgttgacg
tttagtgaac

cgctcacaat

gggttccagg
agcttggatc

cacctgaact
tcatgatctc
ctgaggtcaa
c€gcgggagga
aggactggct
ccatcgagaa
tgcccccatc
gcttctatcc
acaagaccac
ccgtggacaa

ctctgcacaa

ctggcattat
attagtcatc
tagcggtttg
ttttggcacc
caaatgggga
cgtcagatca

tccaagcttt

ttccactggt
cgcagagccc
cctgggggga
ccggaccect
gttcaactgg
gcagtacaac
gaatggcaag
aaccatctcc
ccgggatgag
cagcgacatc
gccteecgtg
gagcaggtgg
ccactacacg

60
120
180
240
300
360
420
438

60

120 |
180 J
240

300

360

420

480

540

600

660

720

780




<212> DNA <213> Artificial 1 used in Example 20 tgtatataaa actcttgttt tcttcttttc tctaaatatt ctttgcagca
taaattacta tacttctata gacacgcaaa ggcggagctg aattacattc ccaaccgcgt ggcacaacaa gcetgattggce gttgccacct
ccagtctggce cctgcacgceg gattaaatct cgecgecgatc aactgggtge cagegtggtg cggcgtcgaa gectgtaaag
cggcggtgca caatcttctc gatcattaac tatccgctgg atgaccagga tgccattgct tgttccggeg ttatttcttg atgtctctga
ccagacaccc ccatgaagac ggtacgcgac tgggcgtgga gcatctggtc cgcgctgtta gcgggceccat taagttctgt
ctcggegegt taaatatctc actcgcaatc aaattcagge. g@ot?s%c% aa g tgtccggt tttcaacaaa ccatgcaaat gctgaatgag
gctggttgec aacgatcaga tggegcetggg cgcaatgcgce gegegtggt gcg’é%tatct cggtagtggg atacgacgat
tatcccgecOP AR A e aedH Gy hckaeeeary Eegctigetg caactctcte agggecagge ggtgaagigge actggtgaaa
agaaaaacca ccctggcegcec caatacgcaa ggccgattca ttaatgcagce tcgcacgaca ggtttcccga cgag <210> 36
<211> 10?%%21§§OQNA <213> Artificial <220> <223> Clone sequence 2 used in Example 20 <400>
36 ggatceiztpy caaattat gagataaatg gtgcagcact attaagtagt gtggatttca60 ataatttccg aattaggaat
aaatgcgctd etaddEafd etdttctett tggtaatctgl20 cataattcty atgcaatatc caacaactat ttgtgcaatt atttaacaaa
atccaattagdf#3 ctttcctaat tagtccttca atagaacatc tgtattcctt ttttttatga acaccttcct240 Page 11 SMC 60733
WO0.ST25%43aatalRiecaqauansradagshattimaogeatitaat agcttctact gaaaaacagt300 ggaccatgtg
aaaagatgempsicatitat caaacacata atattcaagt gagccttact360 tcaattgtat tgaagtgcaa gaaaaccaaa

aagcaac&icRgomaygadeeyeicatbgi2id dasaagggradigidageactartaaticqu igiiactatt ctigggattc

atttacgati48R cargpalagi g 2398,Agallacaaa ctatcaatgg aattgtgage getcacaatt540 ccaagaatga
gatttccttc aatttttact gctgttttaté ?cgcagca CC cgcg;égaaﬁag%aocé%(%tag%c%tgcéga@%?cgg%%?&éa&acag%@gat gaaacggcac

aaattccg (R PHFED TEBT ARG HNC0dagIA A7 RGa bR artgtefctggittigrasdh ticcagoagc 720
acaaatasuygrtetythbatanatant ge@ﬁgeg@cggeg%eméa@@@@agggg 8QgRggRipte t aaaag

t tt tcctgtg840 tctact ticttg tcctattatc ttgattcgtt gegctatgtt
g e A A A D R O G LR S e e tigaltegtt gegetalg

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
tgggaaggcg 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
3115 1026

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
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aadcgttgtt tgaaggacac tgattgtcca ggtatcaaaa agtgctgtga aggttcctgc960 ggtatggctt gtttcgttcc
acaagaacaa aaactcatct cagaagagga tctgtaatag 1020 cagctgl026 <210> 37 <211> 78 <212> DNA
<213> Artificial <220> <223> Artificial sequence <400> 37 aattttctga aatgagctgt tgacaattaa tcgtcggctc
gtataatgtg tggaattgtg60 agcgctcaca attcccca78 <210> 38 <211> 78 <212> DNA <213> Artificial <220>

<223> Artificial sequence <400> 38 ctagt a att ctcacaattc cacacattat acgagccgat
gattaattgt60 caacagctca tttcagaa7/8 <210§%§% Y331 7%%%]3; DNA <213> Atrtificial <220> <223>

Artificial 3t {36AEE<UOR< B ahiteatdittigycgorgtityaratagetataattgagean tggtactgagocggaattgtg60
Page 12,smeG73dua et ansaeiAcaalienceal Al gl sakkickic 2123GpNA <213

Artificial <220> <223> Artificial sequence <400> 4
tgtat tgaagtgcaa gaaaaccaaa aagcaacaac aggtittgga taagtacata 420

tataagggaa ttgtgagcgc tcacaattcc tgttactgtt cttacgattc atttacgatt 480
Caagaatagt tcaaacaaga agattacaaa ctatcaatgg aattgtgagc gctcacaatt 540

ccaagaatga gatttccttc aatttttact gctgttttat tcgcagcatc ctccgeatta 600

gctgcetccag tcaacactac aacagaagat gaaacggcac aaattccgge tgaagctgtc 660
atcggttact cagatttaga aggggatttc gatgttgctg ttttgccatt ttccaacagc 720
acaaataacg ggttattgtt tataaatact actattgcca gcattgctgc taaagaagaa 780
ggggtatctc tcgagaaaag agaggctgaa gctgctcaag aaccagttaa aggtcctgtg 840
tctactaagc caggttcttg tcctattatc ttgattcgtt gcgetatgtt aaacccacct 900
aaccgttgtt tgaaggacac tgattgtcca ggtatcaaaa agtgctgtga aggttcctgc 960 {;J

ggtatggctt gtttcgttcc acaagaacaa aaactcatct cagaagagga tctgtaatag 1020
cagctg 1026

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

<220>
<223> Artificial sequence

<400> 37
aattttctga aatgagctgt tgacaattaa tcatcggctc gtataatgtg tggaattgtg 60

agcgctcaca attcccca 78

<210> 38

<211> 78

<212> DNA £
<213> Artificial &

<220>
<223> Artificial sequence

<400> 38
ctagtgggga attgtgagcg ctcacaattc cacacattat acgagccgat gattaattgt 60

' caacagctca tttcagaa 78

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

<220>
<223> Artificial sequence

<400> 39
aattcatctc tggcggtgtt gacataaata ccactggcgg tgatactgag cggaattgtg 60
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ctagtgggga attgtgagcg ctcacaattc cgctcagtat caccgecagt ggtatttatg60 tcaacaccgce cagagatg78

sMC 60733 w0.ST25.txt

agcgctcaca attcccca 78

<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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