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GENE EXPRESSI ON FI ELD OF THE | NVENTI ON This invention
relates to the art of genetic engineering as applied to bacteri al
hosts. Mrre particularlythe invention relates to expression 5 syst ens
for production of proteins in bacterial hosts. ) BACKGROUND OF THE
| NVENTI ON The advent of reconbi nant DNA technol ogy has_enabl ed f he
producti on of woeemsrzvari ous naturally ocCurring and syntheti EW?%@ in
or gani sns such as bact ki i ian cells. In
general it involves the 10 gﬁwe??ggg'%qﬁ%\iegégﬁg ncode a desired
protein into a host organism and utilizing the host's cellular

machi nery to expr t Reconbi nant DNA technol ogy is
continual ly devel%éﬁqﬁgg@g&\@w'o“ ~ production of proteins in
commergi al |y accefyighQentic ¢@lated td Thé ! 419 Jfa?‘]éﬁé‘tic englineer'iﬁb a8 Cadplie®
production of proteins is the rate at which the gene 15 encodi ng the
desi red protein ibactarialcbostd. Morpaparticulady,thet inientidre celatasutal expression hat

t he pronoter_region, of ene is critical in the transcription process
of gene expr%ssioszStmsZ?EP'a%gﬁﬁo'thl?ﬁ?@“ss'ﬂmc‘i%"qlﬁ‘& Sp pronoter found
in E. coli, binds tightly to DNA-directed RNA pol ynerase to initiate

transcription of the gene in generating nRNA. A less efficient pronoter 20
such as the |ac PRARKGROUNR Wlwﬁ%ﬁ!%e less tightly, resulting in

The advent of recombinant DNA technology has enabled the production of
vartous naturally occurring and synthetic proteins in organisms such as
bacteria, fungi, yeast and mammalian cells. In general it involves the
10 insertion of genes fhat encode a desired protein into a host organism, and

utilizing the host's cellular maéhinery to express the gene.

Recombinant DNA technology is continually developing to achieve

production of proteins in commercially acceptable yields. A limiting factor

 in recombinant production of proteins is the rate at which the gene

15 encoding the desired protein is expressed. In particular, it has been found

that the promoter region of a gene is critical in the transcription process

of gene expression. An efficient promoter such as the t7p promoter found

in E. coli, binds tightly to DNA-directed RNA ;Solymerése to initiate

transcription of the gene in generating mRNA. A less efficient promoter

20 such as the /ac promoter binds RNA polymerase less tightly, resulting in
a lower rafe of mRNA generation.

The trp promotel; has been widely used in the production of heterologous

proteins because of its ability to efficiently initiate transcription. Despite

' its efficiency, an inherent shortcoming of the &p promoter is that it is not
."25 easily controlled. Specifically, the trp promoter is not fully repressible, i.e.
it can drive transcription before the host is grown in culture to a phase
appropriate foi; protein production. Another widely used promoter is /ac

which is less efficient than trp, but is. more controllable.
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a lower rate of nMRNA generation. The trp pronoter has been w dely

used in the production of heterol ogous proteins because of its
ability to efficiently initiate transcription. Despite its
efficiency, an inherent shortcomng of the trp pronoter is that it is not
25 easily controlled. Specifically, the trp pronoter is not fully
repressible, i.e. it can dri.ve transcription before the host is
grown in cult uwedeBsM@1phase appropriate for protein pPEOHRIEPME2
Anot her wi dely used pronoter is |ac ﬁhich is less efficient than
trp, but is nore controllable. WD 96/ 36721

S deoelop moce ofTe SPERleP spate.stlivient pramoters, Juntisnal sommonsfits of diffarent

gr onoters have geqﬁggfznfg'rsghdve beén bﬁﬁibﬁ'ﬂﬂle fémmfanieahbh?eldﬁd:ﬁbédriht ¢hited
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found to initiate transcription efficient upon I nduct 1 on an
yet is highly reprkyyisy asscond /acoparatop was introduced downstream. The resuiting -
promoter/operator system which is incorporated on the commercially
10 available pUHE plasmids was found to initiate transcription efficiently upon

induction and yet is highly repressed before induc_tion.

Another promoter described by Tsung et al (Proc. Natl. Acad. Sci. USA,
1990, 87:5940) comprises the efficient t7p -35 region, the -10 region from
the highly efficient /ppP-5 prt:;moter (a variant of Ipp promoter) and a
15 spacer derived from the /ac promoter. This promoter was shown to be so
highly efficient in initiating transcription as to result in cell lethality.
While various promoters have allowed improved yields of proteins in
microbial hosts, there still remains a need for promoters that drive

production of commercially valued proteins more efficiently.

20 SUMMARY OF THE INVENTION
According to an aspect of the present invention, there is provided a novel
recombinant bNA construct useful for expressing a protein in a bacterial
host. The construct comprises a coding region for a protein and linked
operably therewith, a control region comprising a promoter having a DNA
_ 25 sequence selected from:
e Coe- '-TTGACAACA_TAAAAAAC’ITTGTGTTATACT-3'; and
5"-TTGACACTTTATGCTTCCGGCTCGTATACT-3".



Anot her pronoter described by Tsung et al (Proc. Natl. Acad. Sci. USA
1 990, 87:5940) conprises the efficient trp -35 region, the -10 region from
the highly efficient |ppP-5 pronoter (a variant of |pp pronoter) and a

15 spacer derived fromthe lac pronoter. This pronoter was shown to be
SO highly efficient in initiating transcription as to result in
cell lethality. Wi | e various pronoters have all owed i nproved
yi el ds of pr ot wiowess721 m crobi al hosts, there stil [PCTERYIOA42
need for pronoters that drive prgduction of commercially val ued

proteins nore efficiently. 20 SUMVARY OF THE | NVENTI ON
According to an aspgg ' ' there. is provided a novel
reconbi nant DNA coﬁ@ﬁﬁésggﬁ'ﬁf’ﬁfﬁﬁ%ﬁpg&yﬁ&% protein in a bacterial
host. The const r ucFigafpiluseates the AubRoties sequchts aAd B'seheiatia Pepreéettaton

operably therewith, a control region conprising a pronoter having a DNA
25 sequence sel 8t 8B ®Xprassion;cassptiadnsemprating recomiinantaNAcgonstrucss in

5' - TTGACACTTTATGCT, -Bvantion: WO 96/ 36721
5. T TCACACT T TATCCT Rtk WARARb ivention !

BRI EF DESCRI PTI ON OF THE DRAW NGS

5 Figures 2 and 3 illustrate nucleotide sequences of DNA constructs

according to the invention comprising a promoter and operator region.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides DNA sequences useful in driving DNA
expression with high efficiency in bacterial hosts such as E. ¢oli. The use
" 10 of expression vectors comprising these sequences provides a valuable
means for achieving increased production of expressible proteins, both
endogenous and heterologous. In one aspect of the invention, there is
provided a novel recombinant DNA construct useful for expressing a
protein in a bacterial host. The construct comprises a coding region for

15 the protein operably linked with a control region 'comprising a promoter to
enable expression of said protein in the host, wherein the promoter
comprises a DNA sequence selected from:

5'-TTGACAACATAAAAAACTTTGTGTTATACT-3"; and
B5'-TTGACACTTTATGCTTCCGGCTCGTATACT-3'.

20 These promoters have in common a -35 region of the consensus sequence
TTGACA and a -10 region of the sequence TATACT. The spacer
sequence, i..e., the sequence of 18 bases which is intervening, can
according to the invention be either the sequence
ACATAAAAAAC‘i'TTGTGT or CTTTATGCTTCCGGCTCG and is preferably

25 the sequence ACATAAAAAACTTTGTGT. Accordingly, the invention
provides in a preferred embodiment, DNA constructs in which DNA coding
for a desired protein is linked operably under expression control to a
promoter of the sequence 5'-TTGACAACATAAAAAACTTTGTGTTATACT-
3.



Figure 1 illustrates the nucleotide sequence and a schematic representation
of an expression cassette incorporating reconbi nant DNA constructs in

accordance with the invention; 5 Figures 2 and 3 illustrate
nucl eoti de sequences of DNA constructs according to the

I nvention conprising a pronoter and operator region..

DETAI LED DESCRI PT1 ON OF THE | NVENTI ON The present invenEion
provi des DNA saslousgns useful in driving DNA e%ﬁ?@@_ ith
high efficiency in bacterial hosts such as g coli. The use 10 of

expression vectors conprising these sequences provides a val uabl e

means for achi evi ‘f‘lgoéen&{ﬂf&ﬁﬁ‘ir@ sﬂqumtaspgﬂe&&e% %Qh&@is%ﬁhggp\éaﬁs&

endogenous and heterol ogous n one a e I'nvention
provi ded a novel cmstxtbtmane eslemiabdamemtofuhefcomp‘onaanaqasedmlmm the

protein in a bactgri ost. The, construct conptises a codi on for
15 the protein Pﬁ |GPNroLIegiPny, tf’rfira’ecﬂﬂ? °’\' eUPEﬁ?"EbﬁB%%P qQters

prqonoter to can be insertét? BbiRg BtarESa! ﬂﬁc&iu opétﬁ}e §tiitatid é’%t?ee%@{r -

wherein the pronoter conprises a nce sel
- 5' - TTGACAACAS AAAMWWBHB‘I’QWMMG in Gnam -ve or +ve bacterla. More particularly,
5 -TTGACACTTTATGCIT hese rom)t ers haﬁF in

common a -35 reglﬁ'ﬁé g‘f i?rl% &?ngeﬁ‘gﬁfs?@qﬁ%ﬁﬁoé reglon, epres Rrometars

-10 region of thebe gvorparated Wit Suchl bther [wontrbl elements as are typﬁﬁﬂvf?éé\ﬁired e.
the sequence of 1 bﬁses whi ¢ch i s intervening, accordi ng

to the inventi %@‘Pfeﬁ'?méﬂd“‘f'm ar '%&MB"'“Q site and in embodiments

KT Tt R R et oo .

preferred enbodi nent, DNA constructs in which DNA codi ng for
a desired pr teing s |inked og r abl under expressjon control L &.

pr onot er he Jhﬁ%%é’&"ﬁ"’-"? éi?'l@ﬁt}ﬁgﬂ%f? each other as
3". . required for expression to occur according to well understood principles of

gene expression.

in an embodiment of the invenfion, the control region of the construct
incorporates an operator. Operators that can be used include those
15 directly inducible by chemical inducers and those, such as /ac which are
de-repressible. Examples of suitable operators include the E. coli lactose,
galactose, tryptophan and tetracycline operators (see Miller et al "The
Operon”, Cold Spring Harbour Laboratory, 1980 and Hilleri et al, J. Mol.
Biol., 1984, 172:185). Preferred operators are highly repressible so that
20 expression of DNA coding for the protein can be controlied. In a specific
embodiment, the control region comprises the /ac operator (fig. 1) which
prevents expréss_ion from the promoter in the absence of the synthetic
inducer isopropyl-B—D-thiogalactopyranosidé (IPTG) and the natural inducer

lactose.

.- 25 The control region further comprises a ribosome binding site {(RBS)
sequences to facilitate the binding of ribosomes to the mRNA transcript and
thereby initiate the transiation of the RNA coding region to generate the

protein. Suitable ribosome binding sites include /ac and bacteriophage T5.
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4 Those skilled in the art wll appreciate that the pronoters of
t ke invention constitute one essential elenment of the conponents
required, within the functional control region, to drive
expression. Mreover, these pronoters can be inserted using
standard procedures into any suitable expression 5 vector which _can
replicate in Gyeweseya or +ve bacteria. Mre particularly, . PCT/IBISIOME? |

forma gene expression control region, the %esent pronoters wll
be incorporated with such other control elenents as are typically required

f t hat ion, i di ib | di ' d, nbodi
of the i nvent i on. e Seteiie SRafimeR b S 4,9 srupare Brovt BPmY B ron
10 These conpoprieriophdfecSSRBSY arkiavigrd rekRéi ve §6q@dsde ot heg'.as

required for expression to occur acco-rdlﬁrg to well understood principles of
gene expressi on. ATTAAAGAGGAGAAATDAAGEESB!: of the invention, the control

regi on of the construct i ncorporates an operator. Qperators that
can be-used include those 15 directly inducible by chem cal inducers

and those, such aSheaconthoiclegivreof constructs Gecoriing so ithé @redent iplertionS are
sui tabl e operators include the E. colj |actos al a(i'lt ose

trypt ophan ar® t etoPgraRlylinked with asodingegiqn F‘l"’e?" éﬂd%ﬂen°%ﬁ€' eterologous

Operon”, Col d Sprighgrelid PR terk? HEtaicgbus brotdir1efers kb 8/boRpeptide dr pPétbin
which, although not naturally produced by the bacterial host, is expressed
by this host when suitably transformed with DNA coding for the protein;
genomic DNA, cDNA and synthetic DNA can be used to transform the

10 host. Proteins that may be produced using the system herein described
include, but are not limited to, hormones such as parathyroid hormone
(PTH), glucagon or fragments thereof and related peptides such as GLP-1
and GLP-2; growth factors such as epidermal growth factor (EGF); and
lymphokines such as interleukin-6 and -8 (IL-6, -8). To facilitate isolation

15 of the authentic form of the protein, i.e. protein without an additional N-
terminal Met residue, fusion proteins may also be produced which are
cleaved subsequent to expression. For example, DNA encoding a protein
of interest may be preceded by DNA encoding a signal pgptide, such as
the E. coli outer membrane protein ompA. In this instance the expressed

20 gene vields a fusion protein comprising a N-Met-containing ompA signal
peptide which is followed by the desired protein. The signal peptide
carries the fusion protein through the intermembrane of the bacterium
where the siénal peptide is cleaved. Other signal peptides which may be
used include alkaline phosphatase, E. coli heat stable enterotoxin Il and

25 protein A from Straptococcus. Alternatively, a fusion protein may be
synthesized and cleaved in a separate procedure to yield the desired
protein. For example glutathione-S-transferase (GST) may be cleaved from
a desired protein with thrombin or factor Xa.

In a specific embodiment of the invention, the coding region comprises



Biol., 1984, 172:185). Preferred operators are highly repressible so that
20 expressi on of DNA coding for the protein can be controlled. In a
specific enbodi ment, the control region conprises the |ac

operator (fig. 1) which prevents expression fromthe pronoter in
t he absence of the synthetic | nducer

| sopropyl -[err]-D-thiogal act opyranosi de (1 PTG and the natural inducer
| act ose. 25 woseéaérzihe control region further conprises a rPEEERI6HO462
bi-ndi ng site (RBS) sequence to facilitate the binding of

ri bosomes to the nRNA transcript and thereby initiate the

t | ati f th | ' t te th c oy s LN.
Sur tabl e 11 bosom BNAAMEGHERHE e the B Age seaianes pf whishy3 dascibed

WD 96/ 36721 by Hendy et al (Proc. Natl. Acad. Sci. USA, 1981, 78:7365).| BRGH@0462
5 ° In a pref‘:arredyenbod$ ment the RBS isl a sequence deri \?géi fromthe

T5 bact er i optemples heraibedescribadi the DNA sequence eqdingdor PTHeis-coupled
ATT, GAGGAGAAATTAAGC- 3! . .Ih I i on. Of .
ac cﬁfﬁi ng to the pq'é%cégft tq apd jpirgpding grgrggt&ﬁ%yé\ﬁgbio "foq mcfgﬁ’sa\t/\{’%ﬁ}'\:s'gﬁﬂi ng

region for angendoggptiles or heterol ogous protein. The term

"heterol ogous protein" refers to a polypeptide or protein whi ch,
al t hough not naturally produced by the bacterial host, is expressed

The preferred recombinant DNA constructs illustrated in Figure 1, having
the Ipp or lacUVH spacer, were produced from single-stranded
oligonucleotides synthesized by the phosphoramidite method. The gel-
purified strand comprising the sequences from the Xhol to EcoR! restriction

10 . sité was then used as an initial PCR target and was PCR amplified into a
double stranded DNA fragment using complementary single stranded DNA
oligonucieotides which hybridized specifically to the ends of either of the
initial oligonucleotide sequence shown or its complementary strand. Thus,
the constructs are prepared using standard gene svnthesié methodology,

15 as described for example by Maniatis et al ("Molecutar Cloning” Cold
Spring Harbour Laboratories, 1982} and Innis et al {"PCR Protocols, A
Guide to Methods and Applications”).

in another aspect of the invention there is provided exbrassion vectors
useful for producing bacterial host cell transformants which incorporate a
20 recombinant DNA construct according to the invention. DNA constructs
according to the invention may be incorporated as a “caésette" into a
vector, preferably a plasmid vector, by established techniques. Generally,
a vector is cleaved at restriction sites that correspond with restriction sites
on either end on the cassette. The cassette is then introduced by ligating
25 the ends to the complementary cleaved sites on the vector.
Although bacteriophage-based vectors can be used, plasmid vectors are
preferred such as the pBR322 and pUC series of plasmids. Once '
incorporated into a suitable vector, the resulting plasmid may be amplified



by this host when suitably transformed with DNA coding for the protein;
genom ¢ DNA, cDNA and synthetic DNA can be used to transformthe 10

hdst. Proteins that nay be produced using the system herein described

i nclude, but are not limted to, hornones such as parathyroid hornone
(PTH), glucagon or fragnents thereof and rel ated pept.ides such as G.P-1
and GLP-2; growth factors such as epidermal growh factor (EGF); and

| ynphoki nes supbogsérent erl eukin-6 and -8 (IL-6, -8). To faci | PCEIR6O0462

i solation 15 of the authentic formof the_protein, i.e. protein wthout
an additional N term nal Met resi due,7 fusion proteins may al so be
produced which are d subsequent.to expression. For exanpl

cl eay e,
DNA encoding a profié? Rost to provide PROUPES; putiigient don,sehsequant floplog wiRtkdilhg a
si gnal peptide, suglly as a rgciafehetﬁat BNA Sﬂiﬁf %beh%”%e[krc%&' ProfdiRAis | N
this instance the expressepc? 0 gene yi el ds agf usion protein conprising a
N- Met - cont ai ni ng ocgrvenientlyl incorporatguk pni the \plasatid i withoimultiple dgningesites
desired protein. The sj | pepti,de cayries.the fusio rotein .,
t hr ough F he inter n%rmﬁgﬁgqegpﬁtésl%ﬁagﬁp[ﬂﬁ:lomng}hga“mmgtlpq;fts. 2“89!63 pigsmid ge
is cleaved. Gsher wilDRédesBsrly irtRfporate-dn Gﬁdinbﬂlreplicgﬁczag WhBMbSCdesHabR) %Al | ne

phosphatase, E. coli heat stable enterotoxin || an _protein Afrom
Streptococcus.. Al t BEaEROFate|amarker sughhas theanapigillinegr tetracycline resistance gehesd

and cleaved in a r ' I . t.eln.
For exanpl e gl ut atsﬁlloé)“r?g'§ g‘féég%cgt grde}sﬂé z &i sﬁrr%{ygbce*?g*'%g@gc?efa_rp(?r'#c'g{eg tﬁ%pa
desired protein w translationdi stopr cddurtsoin 6l. three reading frames el iaf torrectly

enbodi nrent of the invention, the, codi regi on conpyri ses, .
posnteloneé) 'kranscnptlonapgtenngnat{c]m region will be required for

10 satisfactory expression of the desired protein. Suitable transcriptional
terminators include the transcriptional terminators of the E. coli trpA, thr,
his and phe genes.

Once DNA coding for the desir_ed protein is incorporated on the vector, a
selected bacterial host is transformed therewith using standard calcium

15 chloride mediated transformation techniques. Suitable bacterial hosts
include gram negative bacteria such as E.coli and Saimonselia. Preferably
the host is a commercially available E. coli strain and most preferably
JM101 and derivatives thereof.

When the controlling region of the DNA construct comprises the fac

. 20 operator, as described in more detail hereinafter, the transformed host
strain should be capable of expressing, and desirably in some cases over-
producing, the /acl product so that promoter function and hence
expression of the protein, can be regulated. The need for /Jacl
overproduction by some transformants can be met, according to one

.25 embodiment of the inv.ention, by using hosts that already harbour the /aci®
T gene responsible for overproduction of the /acl product. Lacl over-
producing strains of E. goli that may be employed as hosts include the JM

series of strains available from Clontech Laboratories inc., California, USA.

Specific host strains suitable for use include JM101, JM105 and JM107.
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encodi ng human PTH, the am no acid sequence of which is described by
Hendy et al (Proc. Natl. Acad. Sci. USA, 1981, 78:7365). In the

exanpl es herein described, the DNA sequence coding for PTH is coupled
directly to and in reading frane with DNA coding for the onpA signal 5

pepti de. woosseRRe preferred reconbinant DNA constructs i 488 i n
Figure 1, having the Ipp or lacUV5 spacer, were produced from
si ngl e- stranded ol i gonucl eoti des synthesi zed by the phosphoramidite

nmet hod. The gel - . purified strgnd,conprjsin he sequences fr th
Xhol to EcoRl re_sNtF"é‘laf‘Hglyldac' °"§m'83%§°'f ﬁﬁ*‘%é&%ﬁ%’"&ﬁ‘%ﬂﬂﬁi §P 'Pegqyar Set
and was PCR anpl 'iEFEH)dré‘ltiﬁ’g the Jacl® gerit¥Bh! VectérsasTomd iRVénticr o Sinde, U ithis
conpl ementary single stranded DNA ™ . ol i gonucl eoti des whi ch hybridi zed
specifically to tsituations the over-neadugtion 0§ /acl is mediated by the vegtaruan¥ ofidde

seguence shown or its c | enens ar . S are -
prepared using st%ﬁiyg?ggmgﬁﬁﬁﬁégﬁgbﬁsﬁ%%ﬂwt sjrgins ,{,Eg bggés?@élpgg‘rc’f f or
exanpl e by Mani atingluling?E. goli\reite/DAIN, BRANICBYD, CMKIBO3 and EBSPGL rTheiactfour
Laboratories, 1982) and Innis et al ("PCR Protocols, A ' t

Met hods and Appl | @ene thhe jncorporated on the vacienipay he obiainest ag ﬂé-%gﬁiﬁf’@h
there is provided | £O. Ssiauby f SHHACH sri al
host cell transf ofrrgn’éﬁ{egimi @lﬁ)ﬁ?ﬁ%gm?%%e(dgszo b‘(egch;gr?%?nant h%tlggﬁg't ruct
according to the 1888p2i6c273)DMA thendncerpprated non-disruptivelviah @ny siteren the

i nvention may be inrc‘(_)'{;@oraioed as a "cassette" into a vect or,
preferably a plas YPBIr- by establ i shed techni ques. Generally,

a vector is cleaved at restriction sites that correspond with restriction
sites on either end on the cassette. The cassette is

h
i ntroduced B | i g3pienhanpge the stability @ i’f'??’ictﬂ'éc%ﬁmﬁﬁf?mﬂ'&PWP&S\%E%F"@iFFES on

the vector. from the strain originally transformed to its progeny, a partition element
{par) functional in E. coli may also be incorporated on the vector. One
such par element may be liberated from pSC101 as a 380bp Hincll/Aval

fragment and then cloned into a suitable site on the vector.

15 Following transformation, bacterial hosts harbouring the expression vector
are cultured in a culturing medium most appropriate for the selected host.
For E. goli, LB broth or 2YT medium (yeast extract/tryptone) can be used
to culture those strains herein preferred. Selective pres;sure for plasinid
transformants should be maintained by providing a cytotoxic agent which
20 kills the untransformed host strain. For example, a transformant with a
plasmid harb_ouring the Qene for tetracycline resistance should be cultured
in medium containing tetracycline. Medium concentrations of tetracycline

around 5-15ug/mL are suitable.

The promoter on the construct is preferably regulatable through binding of

USTEL 25 a repressor molecule to an operator located adjacent to the promoter in the
| control region. In a preferred embodiment, the /acl gene product binds to

a lac operator located adjacent the promoter. in this instance, binding of

lac! product represses the promoter, lowering expression leveis of coding



Al t hough bact eri ophage- based vectors can be used, plasm d vectors are
preferred such as the pBR322 and pUC series of plasmds. Once

i fcorporated into a suitable vector, the resulting plasmd nay be anplified
WD 96/ 36721 -
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host to provide anmounts sufficient for subsequent cloning work. It

wi || be apprecwedassmhat DNA coding for the sel ected protein PETABIGOO462
conveniently incorporated on the plasmd with nultiple cloning sites

provi ded thereon, using standard cIoning/Iiggtion nmet hods. Also, a plasmd

5 w | | necessarslxin orporate an origin of replicatijion and nmyst
desirably will NA ppder; Br?ﬂ"é"’i r;% K%?es%‘PFPs& n '%’ﬂfvrﬁh@iqmﬁﬂcﬂr'we
tetracycline resig ?ﬁpﬂwgsthioggércg:?g\{?aﬁ&iaﬂt [\ﬁhﬁﬁ' ehinden e t rAST HdEd

cells. dt will also be appreciat ransl at1 onal stop codons in
all three readi ng derepressasithecpromotercisiadded to the pulfurei roedidm toadeseprieps it al

termnation region will be required for.10 .saf i t.ory, expressi on of
the desired prot eifToMQHf EBFé'q#‘fcgn?ﬁpr'ﬁﬁ"?'bnzﬁmmgfv' ?H]{’;é? r#ﬂﬁ%(g? gﬁ? ﬁ&'ﬂﬁﬁ%
the transcripsi onahediimiwienothe édlls‘h@?eFeadiﬁhimidlég,grbhhh_pha_se. _ his and
phe genes. .Once DNA coding for the desired protein is incorporated

on the vector, a sel ected bacterial host is transformed therewith
using standard ca £} dliteimine tid'bptittih SR @ Which QIRUrER bhéilla bR GBI &
realize maximum yield of the desired protein, trials can be conducted and
protein levels assayed in a time-course experiment. In general, reasonable
yields of protein may be recovered once cells reach mid log phase,
10 slthough greater amounts of protein can be expected to accumulate within

about 4-5 hours thereafter.

The desired protein can be purified by techniques established in the art as
being appropriate for that protein. In a specific embodiment of the
invention, expressed PTH is excreted beyond the periplasmic space and
15 into the culture medium where it is recovered directly. When protein is
| excreted, the spent medium can be isolated using biochemical techniques
that reflect the nature of the protein in terms of its molecular size, net
charge, isoelectric point, etc. The medium may be first c;)ncentrated, for
example by lyophilization. Further, when antibodies are available or a
20 natural ligand for the protein is available, affinity columns may be used.
Specific embodiments of the invenﬂon are now exemplified with reference
to the drawings.

EXAMPLE 1

T ' In its mature form, PTH is an 84-amino acid peptide that acts in humans
25 to raise blood calcium and modulate bone formation. DNA coding for

human PTH was synthesized using the established techniques and

acéording to the amino acid sequence published by Hendy et al., supra,



i ncl ude gram negative bacteria such as E.coli and Sal nonelia. Preferably
the host is a coomercially available E. coli strain and nost preferably

JML 01 and derivatives thereof. - When the controlling region of the
DNA construct conprises the lac 20 operator, as descri-bed in nore detail
herei nafter, the transformed host strain shouyl d be capabl e of
expressing, and desirably in sone cases over- produci ng, the | acl
product so thayopése®i er function and hence expr essi oPCHBI¢H9462
protein, can be regulated. The need for |acl over producti on by
sone transformants can be net, according t o1®ne 25 enbodi nent of the

i nvention, by using hosts that already harbour the |acl [berr] gene
responsi bl e for owBdgneerperated withim the gsenstpicts dascribed ibejay, as shown in

produci ng strains ur§1.co” that may be enpl oyed as hosts include the JM
series of strains all'able from C ontech Laboratories inc., California,

USA. Specific host strains suitable for use include JMLO1, JMLO5
and; JMLO7. "0 9 721 . .
PCT/ | B96/ 00462 Preferred recombmant%ﬁg constructs incorporating promoter #1 and #2

Alternatively, |agh viPadfeterenbe Prorhotetd'#3ehd Haf, GustatedytabR TBhd Higure
I ncorporating the lacl[err] gene on vectors of the invention. Since, in

this 5  di toavhignreferanceje:noyrmade wermpredured from arsinplerstrandsd t he
ng{ O;i ] gin% S Ol;mg 8&98%?'%@%‘{? Wh@&%ﬂ? fbyc 'ﬁ'[QTBﬁgép%lOWmﬁYt%' Jn%moed b aﬁ\%eﬁél?l
purified strand comprising the sequences from the Xhol to EcoR| restriction
site was then used as a initial PCR target and was PCR ampilified into a
double stranded DNA fragment using complementary single stranded DNA
10 oligonucleotides which hybridized specifically to the ends of either the
initial oligonucleotide sequence shown or its complementary strand. Thus,
the constructs are prepared using standard gene synthesis methodology,
as described for example by Maniatis {("Molecular Cloning” Cold Spring
Harbour Laboratories, 1982) and Innis et al {"PCR Protocols, A Guide to
is Methods and Applications”). |

The constructs were then cloned into a pUC18 derived plasmid which

confers tetracycline resistance in place of ampicillin resistance. A JM101

derived E. coli host strain was then transfected according established

techniques (see Maniatus et al "Molecular Cloning”, Cold Spring Harbour
20 Laboratory, 1982)

EXAMPLE 2 Expression of Transformed host _
The transformants containing the PTH vectors were cultured overnight at
30°C in.2YT broth containing 0.5% glucose and tetracycline and then
inoculated into fresh medium of the same composition, with continued
T 25- “culturing at 30°C until reaching mid log phase. Cultures were then
induced {1mM IPTG) at 1 hour growth intervals, aliquots of culture were
withdrawn and fractionated to produce samples of culture medium to
identify excreted PTH products using a standard Allegro assay. The



5 including E. coli strai ns DHl, RRL, C600, CMK603 and EB505. The

| acl [err] gene to be incorporated on the vector nmay be obtained
as’"a 1.2 kb HindlII fragnent of plasm d pMvB22 (described by
Bagdasari an et al (Gene, 1983, 26:273) and then incorporated
non-di sruptively at any sirte on the _ plasm d vector. . 10

To enhance the stability of inheritance of vectors, in particular plasmds,
fromthe straiwo®ssemnal |y transforned to its progeny, a part PCIERP6EM6EENt
(par) functional in E. coli may al so be incorporated on the vector. One
such par elenent may be liberated from pSCl as a 380bp Hincll/Aval
fragment and then cloned into a suitable site on the vector. 15

Fol I owi ng transf or fRsMIts of thesa assays ane eravided invlabled helewsaxpr essi on vect or
are_cultured in a culturing nmedium nost appropriate for the sel ected host.
For E. «coli, LB broth or 2YT nedium (yeast extract/tryptone) can be used
to culture those strains herein preferred. Tablleekti ve pressure for plasmd
transformants should-be~hginti-aibed h\]l nrn\/id'Lng a.cvtotovic :\gnnf which

20 kKills the unfransforned hqq-bnﬁ;tg,gi n. For exanple, a tranpigf¥ pRpt i t h

a pl agmrotrartoorrg-tte—germe—for—tetThcycl i ne fesi stance
shoul d be cul tured -35 i n medi um coflt@i ni n§ t &BScy¢l i keag/iNedi um
concentrations of ﬂe&r Acycli ne  Spacer acround b-15[err] g/ 'F‘Ss
suitabl e. regign ' 2L
regul at abl e t hroughy bi hdi ng of 25 a repressor nofecul e tojan operat
| ocated adj acent t¢ thp pronoter in the contro re%i on. Ip a
preferred enmbodi medt, {he ®WBcl gend®PproductlppPriis t9 TH 45, |
oper ator | ocated ajj 31c bnt the pronoter. In this insi bi pdi an
| acl product repreSseeitho—ii-oRBie it Wi g—O*{+-0 < S~—+—6 ng
trp facUVb IppP- 121
2 lac 10
trp lacO ippP-5 T5 50
3 ' lac 5
T7  leO = T7 TS 100
4 _ lac 10

Results of the Allegro assay indicate that the promoters incorporating the

10 18 bp Jpp and JacUUV5 sequences facilitate enhanced levels of heterologous

PTH protein. Promoter #1 and #2 compare favourably to promoter #3

wherein the spacer was substituted with a modified /ac operator sequence

{(lacO); and promoter #4 wherein the -35 and -10 regions are from

bacteriophage T7 and the spacer is /acO promoter. Studies with the same

is5 promoters expressing the gene coding for chloramphenicol acetyl

transferase (CAT) showed similar results of enhanced expression for

promoters #1 and #2. Also, it was noted that each of the promoters

) studied exhibited enhanced protein yield when combined with the
bacteriophage T5 RBS in comparison to the /ac derived RBS.



WD 96/ 36721 : PCT/ | B96/ 00462
9 ) |WME“!M“HNHM rol. To raise expression |levels, the chem cal

| PTG : -1 @rr]-D-thiogal act opyranosi de), which binds the | acl
and derepresses the pronoter, is added to the culture nmedium.to
derepress the pronoter and i nduce expression. Suitably, IPTGis
added to the culture 5 medi um when the cells have reached md | o )
growt h phase. wooesmerz1 TO deternine the optinumdensity to V\hwgﬁ?es

shoul d be grown to realize maxi mumyi.el d of the desired protein,
trials can be conducted and protein I'ével s assayed in a time-course

experinment. |In gel ' asonabl e yi el ds of protein may be
recovered once cemlé%@ﬁ md | og phase, 10 al t hough greater amounts of

protein can be exppct ed récatfibinehl DNA sordttutt useful for8pressing alysrotsin in a
thereafter. The desired protein can be purified by techni ques

established in the art hasterial host,thengongipiciporaprsinga ceing Jegios; fer the a
boyond the peri pi asm ¢ PraEsin operably IRKES Wif's cBHBOCTRRN doblprismd K héibfer.

beyond t he peripl asm c “space re ne
recovered dirgctly. Wiao pnablei expression of saidcpretein, int the fpst)t winedsinnthean

be isolated using biochem cal techniques t hat refI|§Ct pe nature of
the protein in terms ofPfPMOterJegion camprisas a DNA sequence sp Pffé "P8%el ectric

point, etc. The nmedium may be fi gS{TGACPACATARAAAACTTTGTGTTATACHLS dhd
' 2

| yophi lization. Further, when antibodi es are available or a 20 nat ur al
ligand for the protein is avail abl-ETGACGAGTTVJATECTHGCGRGTEETAIALT-3'.
Speci fic enbodi ments of the invention are now exenplified with reference
2. A recombinant DNA construct according to claim 1, wherein said
10 promoter region comprises the DNA sequence '

5'-TTGACAACATAAAAAACWGTGﬁATAﬂ -3'.

3. A recombinant DNA construct according to claim 1, wherein said
bacterial host is E. coli. |

4. A recombinant DNA construct according to claim 3, wherein said
is5 control region further ‘comprises an operator for regulating
expression of the protein.

5. ° A recombinant DNA construct according to claim 4, wherein the

operator is the /ac operator.

6. A recdmbinant DNA construct according to claim 5, wherein the
- 20 - protein is human PTH.

7. A recombinant DNA construct according to claim 6, further
e -+ comprising DNA coding for the OmpA signal peptide in reading
frame with the coding region to enable secretion of the protein to
the periplasm of the host.
_
This Sheet Has Be

LT



to the drawmngs: -EXAMPLE: 1 Inits mature form PTH is an

84- am no ' Bl ~acts in hunans 25 to raise blood cal ci um and
nodul ate,m" "@ﬁim ﬂ'ﬂ t)NA codi ng for human PTH was synt hesi zed
a ni

usi ng the-es gques and - according to the am no acid
sequence published by Hendy et al., supra, . WD 96/ 36721

PCT/ | B96/ 00462 10 and

i ncor por at ed widbgsrithe constructs described bel ow, as shown RGIABI600462
Figure 1. Preferred reconbi nant DNA constructs incorporating
pronoter #1 and #2 as well as refered8e pronoters #3 and #4,
illustrated in table 1 and figure 5 1, to which reference i s now nade

were produced fro.a sifngécomnshinentd@NA construas| dcgording toclaim 8y mibersinzthe by

t he phosphoram dite nethod., The gel - . rified strand,conprjsSi t he

sequenges fromthe XhoI°°F%°E88ﬁp%t°g§qﬂﬁeﬁfi-rcﬁﬁg°s°me gi?ﬁ'f’@ s&%ﬁg‘%ﬁﬁs@@ﬁ‘as a
initial PCR target andgégGereR aAPTANAGAGHEAGRAATTAAGGloubl e stranded DNA

fragnment using conplenentary single stranded

9. A recombinant DNA construct according to claim 3, having a

‘5 - sequence as defined in figure 2.

10. A recombinant DNA construct according to claim 3, having a
' sequence as defined in figure 3.

11. A vector useful for producing bacterial host cell transformants

comprising a recombinant DNA construct according to any

10 - preceding claim.
h]
__,‘— -
i Shiet liiiliaeelnlieﬂlird



10 . oligonucl eotides which hybridized specifically to the ends of either
t he initial oligonucleotide sequence shown or its conplenentary
strand. Thus, the constructs are prepared using standard gene

synt hesis net hodol ogy, _ as described for exanple by Maniatis

("Mol ecul ar d oning" Cold Spring Har bour Laboratories, 1982) and
Innis et al ("PCR Protocols, A Guide to 15 Met hods and Applications").
The construct swosses?zhen cl oned into a pUCL8 derived pl-asm d RTE6/00462
confers tetracycline resistance in place of anpicillin resistance. A JM 101
derived E. coli host strain was then tran¥f&cted accordi ng established
techni ques (see Maniatus et al "Ml ecular doning”, Cold Spring Harbour 20
Laboratory, 1982) EXAMPLE 2 Expression of Transfornmed host

The transformants containing the PTH vectors were cul tured overni ght at
30[err\C in 2YT broth containing 0.5% glucose and tetracycline and then

i noculated into fresh nedi um of the sanme conposition, with continued 25
culturing at 30[err]C until reaching md | og phase. Cultures were then

i nduced (1mM I PTG at 1 hour growth intervals, aliquots of culture were

wi t hdrawn and fractionated to produce sanples of culture nediumto
identify excreted PTH products using a standard Ahtfgro assay. The

WD 96/ 36721 (el PCT/ 1 B96/ 00462
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11 - results of these assays are provided in Table 1 bel ow

Table 1 Pr onot er Max
PTH -35 -10 RBS (mg/ L)
spacer # regi on : regi on 6-8 hrs
trp | pp | ppP-5 T5 245 5, 1

| ac 148 trp | acUV5 | ppP-5 T5

121 - W0 96/36721 | ac PCT/ABI6/AY62
trp | acO | ppP-5 T5 50 3

| ac 5 T7 | acgy2 T7 T5

100 4 | ac 10
Results of the Allegro assay indicate that the pronoters incorporating the
10 18 bp Ipp and |l acWs5 sequences facilitate enhanced | evels of

het‘er ol ogous PTH protein. Pronoter #1 and #2 conpare favourably to
pr onot er #3 wherein the spacer was substituted with a nodified | ac
operator sequence (Iac%%; and pronpter #4 wherein the -35 and -10
6gi ons are 1 omb'-CTCOAGGGLASCRAGEERAARATIAT GAAACO pr ot er

Studies with the _sane 15 lfronnters expressing the gene coding for
chl or anpheni col AcEGACAACATAAANAALETIGTEG lgﬁ%ﬁ?&ﬁ mlar results of
enhanced expression Efonnters #1 an | so, it was noted that

f d #2. A
cach of the promi ECGACAATEGTBAGCEGATAACANITIGAGACAGAATTIC vhen

conbined with the bacteri ophage T5 RBS in conparison to the |ac
deri ved RBS.

Fig. 2

' 5'-CTCGAGGCCA'CCCGGGCCAAAATTTAT_CAAA
TTGACACTTTATGCTTCCGGCTCGTATACT
GTCGACAATTGTGAGCGGATAACAATTTCACACAGAATTC-
3' '

; Fig. 3

SUBSTITUTE SHEET (RULE 26)
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region for the peotlei m oferdably |inked wth a control region

conprising a pronoter which pronot es expression of said protein
in the host cellg; xh@gein the pronoter conprises a DNA sequence

. consi sting of 5' - TTGACAACATAAAAAACTTTGIGITATACT- 3' (SEQ | D NO
1) and 10 5' - TTGACACTTTATGCTTCCGGCTCGTATACT-3' (SEQ I D
NO 2). 2. The reconbi nant DNA construct accordln to cI |m 1,
wherei n sai d prohotArecombinant DNA consiruet whigh exnresses 3, profipy %

5’ - TTGACAACATAAAAK T&%QT&I@Rﬁsﬁﬁdﬁﬁg olm)fgr &aﬁrotem opera.%g' ﬂ_ﬁl('éd

reconbi nant DNA co uct-accor br erel n-sal
bacterial cgll is agitha cottdl régdbt comprising a profnotdiehicle promdvtesexiprdshidn of
construct according to any one of claims 1 to 3, 20 wher ei n sai d
control region fur tsmpre@nmtb@hOSéﬁ_lb;vé}ea@Mhermpm@gamwwaDNA sequence

expression of the pcro%gt'xr? of
- _consisung ot

5'-TTGACAACATAAAAAACTTTGTGTTATACT-3' (SEQ ID NO: 1);

and
10 5'-TTGACACTTTATGCTTCCGGCTCGTATACT-3' (SEQ ID NO: 2).

2. The recombinant DNA construct according to claim 1, wherein said promoter

region comprises the DNA sequence
5'-TTGACAACATAAAAAACTTTGTGTTATACT-3' (SEQ ID NO: I).

15
| 3. The recombinant DNA construct according to claim 1 or 2, wherein said
bacterial cell is an £. coli cell.
4. The recombinant DNA construct according to any one of claims 1 to 3,
20 wherein said control regidn further comprises an operator for regulating
expression of the protein.
5. The recombinant DNA construct according to claim 4, wherein the operator is
the lac operator. A
25 _ _
6. The recombinant DNA construct according to any one of claims 1 to 5,
wherein the protein is human parathyroid hormone.
7. The recombinant DNA construct according to_any one of claims 1 to 6,
30 further comprising DNA coding for the OmpA signal peptide in reading
frame with the coding region, thereby promoting secretion of the protein to
' the "enplasm of the host cell. _ REPLACEMENT SHEETS - SG _
REPLACEMENT SHEET o Oy paged 5.t poged 3
- 0 Drawing(s) : paged .=.. to paged .=,
04 NOV 1997 . O Abstract  : paged .7 o paged }
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accordl ng to arfy bne™of > cl*ai ms 1 to 5, wherein the proteinis
human par at hyroi d hor none. 7. The reconbi nant DNA construct
according to any one of clains 1 to 6, 30 further conprising DNA
coding for the OmpA signal peptide in reading . frame with the
codi ng regi on, t&er%emt@ﬂ&@onmmcotdlmglwmnggﬁgm% t he

eriplasm of the host cell econbj n
(I[:)onslto ruct accor di-ngvBSEIRAgE «&qgobpganaﬁownfest BTy Bibosoe il mg\ﬁﬂ%ﬁ%‘f‘?\g%

control region co Agi Aﬁd@ﬁ IEF&) 5;

DNA sequence ATTAM%%% '?gégq ﬁ%ﬂg’?’&' EQ

reconmbi nant5 DNA const ruct accord| ng to any one of clains 1 to 8,
wherein the control reglon conpri ses the sequence set forth in F|3ure 2

(SEQ . 9D rem inant {INA consructigasording ieian)

PR € T T MR S ——r

13) . ID NO: 12).

10 10. The recombinant DNA construct according to any one of claims 1 to 8,

wherein the control region comprises the sequence set forth in Figure 3 (SEQ

ID NO: 13).

11. A vector comprising the recombinant DNA construct according to any one of

15 claims 1 to 10.

12. A bacterial host cell transformed with a vector accordirig to claim 11.

13. A bacterial host cell according to claim 12 which is an £, coli cell.

20 _

14. A process for the prociuction of a recombinant protein, comprising culturing a
host cell according to claim 12 or 13 under conditions whereby said protein is
produced, and recovering said protein.

25
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11. Avvector c‘&h'prl sing the reconbi nant DNA construct . onetop\/
of ,[15 claims 1 to 10. 12. A bacteri aI
transforned with a vector according to claim11. 3 eri aI
host cell according to’claim12 which is an E. coli cell. agalt. A
process for the production of a reconbi nant protein, corrprl 5| ng cfmn N ing a
host cell accordin | ai m 12@Mﬁmm@mm@reby Sa r ot ei n
is produced, and recovering SR @ n, 25
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