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Field of the invention 5 The present invention relates to reconbi nant
fusion protein # a'rowth hor mrone (GH), to serum al bum
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production of proterns in yeast. Background and prior “ar
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been disclosed in EP 330 451 and EP 361 991.

Field of the invention

5 The present invention relates to recombinant fusion proteins, to growth

hormone (GH), to serum albumin and to production of proteins in yeast.
Ba ound and prior art

10 Human serum albumin (HSA), a protein of 585 amino acids, is
responsible for a significant proportion of the osmotic pressure of serum
and also functions as a carrier of endogenous and exogenous ligands. At
present, HSA for clinical use is produced by extraction from human
blood. The production of recombinant HA (rHA) in microorganisins has

15 been disclosed in EP 330 451 and EP 361 991.

The role of albumin as a carrier molecule and its inert nature are desirable
properties for use as a stabiliser and transporter of polypeptides. The use
of albumin as a component of a fusion protein for stabilising other proteins
20  has been disclosed in WO 93/15199, WO 93/15200, and EP 413 622.
The use of N-terminal fragments of HSA for fusions to polypeptides has
also been disclosed (EP 399 666). Fusion to the said polypeptide is
achieved by genetic manipulation, such that the DNA coding for HSA, or
a fragment thereof, is joined to the DNA coding for the said polypeptide.
25 A suitable host is then transformed or transfected with the fused nucleotide
sequences, so arranged on a suitable plasmid as to express a fusion
polypeptide. ~ Nomura er al (1995) attempted to express human
apolipoprotein E in S. cerevisiae as a fusion protein with HSA or
fragments of HSA, using the HSA pre-sequence to direct secretion.
30 Whilst fusion to full length HSA resulted in the secretion of low levels of
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disuiphide bonds. Two molecules of hGH receptor bind each molecule of
hGH to facilitate signal transduction (Cunningham ez a/, 1991; de Vos et
al, 1992). The C-terminus of the hGH molecule is involved in binding to
10 the first receptor molecule, but the extent to which the N-terminus is
involved in receptor binding is not known. The hormone is secreted from
the anterior pituitary gland under hypothalamic control, and is responsible
for a wide range of growth-promoting effects in the body. Clinicaily,
hGH is used in the treatment of hypopituitary dwarfism, chronic renal
15 insufficiency in childhood, bone fractures and burns. Current methods of
production of hGH for therapeutic use are by extraction from human
pituitary gland, recombinant expression in Escherichia coli as disclosed in
EP 127 305 (Genentech) or recombinant expression in mammalian cell
culture (Zeisel ez al, 1992).
20 .
In addition, hGH has been expressed intracellularly in yeast (Tokunaga ez
al, 1985) and this orgamism may provide an alternative means of
production as disclosed in EP 60 057 (Genentech). Tsiomenko et al
(1994) reported the role of the yeast MFa-1 prepro leader sequence in the
25 secretion of hGH from yeast. Attachment of the pre-portion of the leader
sequence to the hGH gene resulted in hGH accummlation in the periplasm
and vacuoles, whilst attachment of the pro-portion to hGH resulted in
expression of a non-glycosylated precursor localised inside the cell. Only
“when both portions of the leader sequence were attached to the hGH gene
30 was hGH secreted into the culture medium. Other secretion signals (pre-



5 Human growth hornone (revi éwed by Strobl and Thonmas, 1994) consists

of a single polypeptide of 191 am no acids, internally cross-linked by two
di sul phi de bonds. Two nol ecul es of hGH receptor bind each nol ecul e of

hGH to facilit osgigdl transduction (Cunninghamet al, 199]1{?.9?9 t
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EP 127 305 (Genentech) or reconbi nant expression in manmalian cell
culture (Zeisel et al, 1992). 20 In addition, hGH has been expressed
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Mra-1 prepro | eader sequence in the 25 secretion of hGH from yeast.
Attachment of t heofpthe-hosmone s primasily vigametabolism in she livercand kidneys andH gene
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portions of the |eader sequence were attached to the hGH gefe 30 was hGH
secret ed i nt d& heiscadministerad ¢ithen thoee: times e week ntrasngscalasly or on a daily
basis subcutaneously. Such a regimen of frequent administration is
pecessary because of the short half-life of the molecule.
Poznansky et al (1988) increased the half-life of porcine growth hormone
15 by conjugation with either porcine or human serum albumin (HSA) to
form relatively large conjugates of about 180 kD. Chemical reaction
using the cross-linking reagent glutaraldehyde resulted in, on average, two
molecules of albumin complexed with six molecules of growth hormone.
The resulting 180 kD conjugate was found to have an extended haif-life
20 in-the circulation of rats of 2 to 3 hours, compared to 5 minutes  for
unconjugated growth hormone. Activity aésays showed that the conjugate
retained full, and possibly increased activity in vitro, but was inactive in
vivo.

.
25 Summary of the invention

The invention relates to proteins formed by the fusion of a molecule of
albumin, or variants or fragments thereof, to a molecule of growth
hormone or variants or fragments thereof, the fusion proteins having an

30 increased circulatory half-life over umfused growth hormone. For
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were al so ineffective unless a yeast-derived pro sequence was used,
suggesting that such a pro sequence was used is critical to the

efficient secYR®PTM%f hGH in yeast. 5 In humans, hGH i ECHEBPEBIY i nto

the blood in pulses, and in the circulation has a half-life of |ess
than 20 mnutes (Haffner et al, 1994). Elim nation of the hornone is
primarily via metabolismin the liver and ki dneys and is nmore rapid in
adults than in children (Kearns et al, 1991). Treatnent for hGH
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et al (1988) increased the half-life of porcine growh hornone 15 by

conj ugat i on wi t HAgior aaarigot ol fizgmoent thereof, & therN detmimalparticw) with hGH  f or m
{he or 055 | ik i or EARRHR: O FREHIERT ADATSOE aF dbe G oeral BRReri0gRS o
The resulting. 1S BibOBl: deaitye Lifoltpof plcfior Sindifd ARGARLIROT (.
a fusion protein comprising HA, or a variant or fragment thereof, as the
C-terminal portion, with hGH or a variant or fragment thereof as the N-

-

terminal portion, may also be capable of signal transduction. Generally,

10  the polypeptide has only one HA-derived region and one GH-derived
region.

Additionally, the fusion proteins of the invention may include a linker
peptide between the two fused portions to provide a greater physical
15  separation between the two moieties and thus maximise the availability of
the hGH portion to bind the hGH receptor. The linker peptide may

consist of amino acids such that it is flexible or more rigid.

The linker sequence may be cieavable by a protease or chemically to yield

20  the growth hormone related moiety. Preferably, the protease is one which
is produced naturally by the host, for example the S. cerevisiae protease
kex2 or equivalent proteases. Hence, a further aspect of the invention
provides a process for preparing growth hormone or a variant or fragment
thereof by expressing a polynucleotide which encodes a polypeptide of the

25 invention in a suitable host, cleaving the cleavable linker to yield the GH-
type compound and recovering the GH-type compound from the host
culture in a more pure form.

We have discovered that the polypeptides of the invention are significantly
30 more stable in solution than hGH. The latter rapidly becomes inactive



20 in the circulation of rats of 2'to 3 hours, conpared to 5 minutes for
unconj ugated growth hornone. Activity assays showed that the conjugate
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vertebrates are %%%e%@%%%?%ﬁgir@g%g{&ghe fusion protein conprises

HA, or a variant or fragnent thereof, as the N-termnal portion, with hGH 5
or a variant or fragnent thereof as the Cterninal portion, so as to
Suitably, the fusion polypeptides are produced as recombinant molecules

5 by secretion from yeast, a microorganism such as a bacterium, buman cell
line or a yeast. Preferably, the polypeptide is secreted from the host. We
have found that, by fusing the hGH coding sequence to the HA coding
sequence, either to the 5’ end or 3' end, it is possible to secrete the fusion
protein from yeast withont the requirement for a yeast-derived pro

10 sequence. This was surprising, as other workers have found that a yeast
derived pro sequence was needed for efficient secretion of hGH in yeast.
For example, Hiramitsu ef al (1990, 1991) found that the N-terminal
portion of the pro sequence in the Mucor pusillus rennin pre-pro leader
was important. Other authors, using the MFo-1 signal, have always

15 included the MFo-1 pro sequence when secreting hGH. The pro
sequences were believed to assist in the folding of the hGH by acting as
an intramolecular chaperone. The present invention shows that HA or
fragments of HA can perform a similar function.

20 Hence, a particular embodiment of the invention comprises a DNA
construct encoding a signal sequence effective for directing secretion in
yeast, particularly a yeast-derived signal sequence (especially one which
is homologous to the yeast host), and the fused moiecule of the first aspect
of the invention, there being no yeast-derived pro sequence between the

25 signal and the mature polypeptide.

The Saccharomyces cerevisiae invertase signal is a preferred example of
a yeast-derived signal.

30 Conjugates of the kind prepared by Poznansky er @/ (1988), in which



m ni m se any possible negative effects on receptor binding. Aternatively,
a fusion protein conprising HA, or a variant or fragnent thereof, as the
C-terminal portion, with hGH or a variant or fragnent thereof as the N
termnal portion, may also be capable of signal transduction. Generally, 10
the pol ypept i WOHB445n| y one HA-derived regi on and one GH deCGTGRIGN3164

regi on. Additionally, the fusion proteins of the invention my
i nclude a linker pepti de between the two fused portions to provide a
greater physical 15 separation between tfle two noieties and thus maxim se
the availability of the hGH portion to bind the hGH receptor. The

| i nker peptide rigparately-prepasedpolypepsides arejoingd by chamidak crass-linkingl ere bl e or
nore rigid. ' r sequence nay be cl eavable by a protease or
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chemcally to yi growt h hornone related noiety. Preferably, the
protease i s one which I's produced naturally by the host, for exanple
the S. cerevisiae protease kex2 or equival ent proteases. Hence, a
further aspect cFhe hibumineott hGH may bpraowvariast of ponnaisHSMrHAramémg

growt h hornone ar r fr nt . .thereof by ressing
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a nore pure for rﬁonservauve,\ﬁﬁhm\mcni ichaxpes 'docndt babsthitgallyodled ki giafoff t he
I nvention are si gnlflcantly 30 nore stable in solution than hGH_ The latter
rapi dl y becones afrthe ongetic, useful ligand-binding and non-immunogenic properties of
albumin or, in the case of hGH, its non-immunogenicity and ability to
10 bind and activate the hGH receptor. In particular, we incinde namrally-
occurring polymorphic variants of human albumin and fragments of human
albumin, for example those fragments disclosed in EP 322 094 (namely
HA (1-n), where n is 369 to 419). The albumin or growth hormone may
be from any vertebrate, especially any mammal, for example human, cow,
15  sheep, pig, hen or salmon. The albumin and GH parts of the fusion may
be from differing animais.

By “conservative substitutions™ is intended swaps within groups such as
Gly, Ala; Val, Ile, Leu; Asp, Glu; Asn, Glun; Ser, Thr; Lys, Arg; and
20 Phe, Tyr. The variant will usually have at least 75% (preferably at least
80%, 90%, 95% or 99%) sequence identity with a length of normal HA
or hGH which is the same length as the variant and which is more
identical thereto than any other length of normal HA or hGH, once the
allowance is made for deletions and insertions as is customary in this art.
25  Generally speaking, an HA variant will be at least 100 amino acids long,
preferably at least 150 amino acids long. The HA variant may consist of
or comprise at least one whole domain of HA, for example domains 1 (1-
194), 2 (195-387), 3 (388-585), 1 + 2 (1-387), 2 + 3 (195-585)or 1 +
3 (1-194, + 388-585). Each domain is itself made up of two homologous
30 subdomains namely 1-105, 120-194, 195-291, 316-387, 388-491 and 512-
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produced as reconbi nant nol ecules 5 by secretion fromyeast, a
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Preferably, the polypeptide is secreted frpmthe host. W have found .
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fragments of HA Cg%xqer%ﬁg’ ave at lest TO' a%ing ‘act ts.I &Pthough some authors have found

activity with only 4 residues), preferably at least 20, preferably at least
50, 100, 150, 180 or 191, amino acids long, and preferably retains its
10 cysteines for both internal disulphide bonds. |

The fused molecules of the invention generally have a molecular weight
of less than 100 kD, for example less than 90 kD or 70 kD. They are
therefore much smaller than the 180 kD conjugates of Poznansky ez al

15 (referred to above), which were inactive in vivo. They will normally have
a molecular weight of at least 20 kD, usually at least 30 kD or 50 kD.
Most fall within the molecular weight range 60-90 kD.

A second main aspect of the invention provides a yeast transformed to

20 express a fusion protein of the invention.

In addition to the transformed host cells themselves, the present invention
also contemplates a culture of those cells,' preferably a monoclonal
(clonally homogeneous) culture, or a culture derived from a monoclonal
25 culture, in a nutrient medium. Especially if the polypeptide is secreted,
the medium will thus contain the polypeptide, with the cells, or without

the cells if they bave been filtered or centrifuged away.

Many expression systems are known, including bacteria (for example E.

30 coli and Bacillus subtilis), yeasts (for example Saccharomyces cerevisiae,



20 Hence, a particular enbodiment of the invention conprises a DNA
construct encoding a signal sequence effective for directing secretion in
yeast, particularly a yeast-derived signal sequence (especially one which

i s honol ogous to the yeast host), and the fused nol ecule of the first
aspect oﬁ”?ﬁﬂmVﬁgention, there being no yeast-derived pPET/CBEHde
between the 25 signal and the mature pol ypepti de. The Saccharonyces
cerevisiae invertase signal is a preferred exanpl e of a yeast-derived

si gnal . 30 Conjugates of the kind prepa&ed by Poznansky et at (1988), in
whi ch . WO 97/ 24445 , g . .
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The desired protein is produced in conventiopal ways, for example from

5 acoding sequence inserted in the host chromosome or on a free plasmid.

The yeasts are transformed with a coding sequence for the desired protein

in any of the usual ways, for example electroporation. Methods for

transformation of yeast by electroporation are disclosed in Becker &
16  Guarente (1990) Methods Enzymol. 194, 182.

Successfully transformed cells, ie cells that contain a DNA construct of
the present invention, can be identified by well known techniques. For
example, cells resulting from the introduction of an expressidn construct
15 can be grown to produce the desired polypeptide. Cells can be harvested
and lysed and their DNA content examined for the presence of the DNA
using a method such as that described by Southern (1975) J. Mol. Biol.
98, 503 or Berent et al (1985) Biotech. 3, 208. Alternatively, the
presence of the protein in the supernatant can be detected using antibodies.
20
Useful yeast plasmid vectors include pRS403-406 and pRS413-416 and are
generally available from Stratagene Cloning Systems, La Jolla, CA 92037,
USA. Plasmids pRS403, pRS404, pRS405 and pRS406 are Yeast
Integrating plasmids (YIps) and incorporate the yeast selectable markers
25 HIS3, TRP1, LEU2 and URA3. Plasmids pRS413-416 are Yeast
Centromere plasmids (YCps).

A variety of methods have been developed to operably link DNA to
vectors via complementary cohesive termini. For instance,

30 complementary homopolymer tracts can be added to the DNA segment to



The al bumin or hGH may be a variant ‘of normal HSA/rHA (termed 5
hereinafter "HA") or hGH respectively. By "variants" we include
insertions, deletions and substitutions, either conservative or non-
conservative, Wﬁ?&ﬁu§#Ch changes.do not substantially alter oRe&kociiBics
of the oncotic, useful |igand-binding and non-i nmunogeni ¢ properties of
al bumn or, in the case of hGH, its non-inmmunogenicity and ability to 10
bind and activate the hGH receptor. In pargicular, we include naturally-
occurring pol ynorphic variants of human al bum n and fragnents of hunan

al bum n, for exa t | S i RBy1342
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be from differi ngaétfors recombinangPNAgneleewles.i ve substitutions” is

I nt ended swaps within groups such as Gy, Ala; val, Ile, Leu; Asp,
G u; Asn, dn; Ser, Thr; Lys, Arg; and 20 Phe, Tyr. The variant wll
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194), 2 (195-387), (388-585), + 2 (1- 38'713“;,‘ 2 + 3 (195-585) or 1 +
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The combination of these activities therefore generates blunt-ended DNA
segments. The blunt-ended segments are then incubated with a large

15  molar excess of linker molecules in the presence of an enzyme that is able
to catalyze the ligation of blunt-ended DNA molecuies, such as
bacteriophage T4 DNA ligase. Thus, the products of the reaction are
DNA segments carrying polymeric linker sequences at their ends. These
DNA segments are then cleaved with the appropriate restriction enzyme

20  and ligated to an expression vector that has been cleaved with an enzyme
that produces termini compatible with those of the DNA segment.

Synthetic linkers containing a variety of restriction endonuclease sites are
commercially available from a number of sources including International
25 Biotechnologies Inc, New Haven, CN, USA.

A desirable way to modify the DNA in accordance with the invention, if,

for example, HA variants are to be prepared, is to use the polymerase

chain reaction as disclosed by Saiki er al (1988) Science 239, 487-491.
30 In this method the DNA to be enzymatically amplified is flanked by two



WO 97/ 24445 '

PCT/ GB96/ 03164 7 585, with
flexible inter-subdomain |inker regions conprising residues Lys106 to
G ul 99, du292 to Val 315 and A u492 to Al a511. Preferably, e HA part
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conservative nodifications thereof. If the fusion is based on 5

subdonai ns, sone or all of the adjacent éji nker is preferably used to link
to the hGH noiety. The hGH vari ant shoul® have GH acti vi ty, and wll
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the invention @mjoatclehse hesognitiodlsites!| whichetghtbe used dbr | d@6ming himo 100 kD,

for exanple I ess than 90 kD or 70 kD.. They are t herefore much smal |l er
than the 180 kexpsessianyuecsersomsingomathodk knewndn thgart(referred to above),

whi ch were jnactive in vivo. They will normally have a nol ecul ar

wei ght of | east 20 kD, usually at |east 30 kD or 50 kD. Most fall

wi thin the nol ggemplaryVBekth of 984€ cOiteiPldtdd to be useful in the practice of the

present invention as hosts for expressiﬂg the fusion proteins are Pichia

(Hansenula), Saccharomyces, Kluyveromyces, Candida, Torulopsis,

Torulaspora,  Schizosaccharomyces, Citeromyces, Pachysolen,

10 Debaromyces, Metschunikowia, Rhodosporidium, Leucosporidium,

Botryoascus, Sporidiobolus, Endomycopsis, and the like. Preferred genera

are those selected from the group consisting of Saccharomyces,

Schizosaccharomyces, Kluyveromyces, Pichia and Torulaspora. Examples

of Saccharomyces spp. are S. cerevisiae, S. italicus and S. rouxii.

fS Examples of Kluyveromyces spp. are K. fragilis, K. lactis and K.

marxianus. A suitable Torulaspora species is T. delbrueckii. Examples

of Pichia (Hansenula) spp. are P. angusta (formerly H. polymorpha), P.
anomala (formerly H. anomala) and P. pastoris.

20 Methods for the transformation of S. cerevisiae are taught generally in EP
251 744, EP 258 067 and WO 90/01063, all of which are incorporated

herein by reference.

Suitable promoters for S. cerevisiae include those associated with the
25 PGKI gene, GALI or GALIO genes, CYC1, PHOS, TRP1, ADHI, ADH2,
the genes for glyceraldehyde-3-phosphate dehydrogenase, hexokinase,
pyruvate decarboxylase, phosphofructokinase, triose phosphate isomerase,
phosphoglucose isomerase, glucokinase, c-mating factor pheromone, a-
mating factor pheromone, the PRBI promoter, the GUT2 promoter, the

30 GPDI promoter, and hybrid promoters involving hybrids of parts of 5



A second main aspect of the invention provides a yeast transfornmed to 20
express a fusion protein of the invention. - In addition to the
transforned host cells thenselves, the present invention al so

contenpl ates a M‘% of those cells, preferably a nmonocl onajepe 164
(clonally honpbgeneous) culture, or a culture derived froma nonoclonal 25
culture, in a nutrient nedium Especially if the polypeptide is secreted,
the mediumw || thus contain the polypeptiqde, with the cells, or wthout
the cells if they have been filtered or centrifuged away. Many

CXPr SS1 N SVt CMhegiftold Aifions ith a8 8254 sy eRor 6T h® romders cOl

and Bacillus subti exanpl e myces cerevi sl ae,

WO 97/ 24445 or with upstream activation sites (eg the promoter of EP-A-258 067).
PCT/ GB99/ 03164 8

Kl uyveronyces lactis and Pichia pastoris, filanmentous fungi (for exanple

Aspergillus). plaglontghibr reglilatible pfomoteR Yor WS ScHiGIshitharomyces pombe
: 5 are the thiamine-repressible promoter from the nmt gene as described by
Maundrell (1990) J. Biol. Chem. 265, 10857-10864 and the glucose-

repressible fbp] gene promoter as described by Hoffman & Winston
(1990) Genetics 124, 807-816.

10 Methods of transforming Pichia for expression of foreign genes are taught
in, for example, Cregg er al (1993), and various Phillips patents (eg US
4 857 467, incorporated herein by reference), and Pichia expression Kits
are commercially available from Invitrogen BV, Leek, Netherlands, and
Invitrogen Corp., San Diego, California. Suitable promoters include
15 AOXI and AOX2.

Gleeson et al (1986) J. Gen. Microbiol. 132, 3459-3465 include
information on Hansenula vectors and transformation, suitable promoters
being MOX1I and FMD1; whilst EP 361 991, Fleer e al (1991) and other
20 publications from Rhone-Poulenc Rorer teach how to express foreign
proteins in Kluyveromyces spp., a suitable promoter being PGK1.

The transcription termination signal is preferably the 3’ flanking sequence
of a eukaryotic gene which contains proper sigmals for transcription

25 termination and polyadenylation. Suitable 3' flanking sequences may, for
example, be those of the gene naturally linked to the expression control
sequence used, ie may correspond to the promoter. Alternatively, they
may be different in which case the termination signal of the S. cerevisiae
ADHI] gene is preferred.

30



The desired protein is produced in conventional ways, for exanple from5 a
codi ng sequence inserted in the host chronobsone or on a free plasmd.

The yeasts are transfornmed with a codi ng sequence for the desired protein
in any of the ‘9§ I‘g\égys, for exanpl e el ectroporation. Methods for
transformation %f/ t by electroporation are disclosed i n BEFEEBP6AZI&

GQuarente (1990) Methods Enzynol. 194, 182. Successfully transforned
cells, ie cells that contain a DNA construyct of the present invention,
can be identified by well known techniques® For exanpl e, cells

resulting fromt Nt t.ion of . an expression construct. 15 can be grown
to produce the d’gg #éé“%g#@%@btpfgtgm By e&xgﬁa@% eXBeyRRg, Wifh a secTgHOP | ysed

and their DNA corh@é sequente]) Shitld may e Riye faneee@éctivetn th¥yeast chésthnd 2
met hod such as that deeg‘cﬁri bed by Sout her n}e( 1975) J. I\/bF. Brol . ¢ 98, 503

or Berent et al Lemiesy usehd dohS. Gerevisige ithnde rthati frehy the hmting factor asence of
the protein in the supernatant can be detected using.antibodies. 20

Useful yeast pl M&%%Hc%@%%&ﬂé-‘%’%m 384 838%an8ueh e
generally aval a r ; gqggd ' t ) 037,
USA. Plasm d? pR%h@%’E (gg%égi g%gﬂ a;a(? %gg%% bgf&é’e%%g@m& i“’“ﬁ?z rating

pl asm ds (VYIps) reiehseddmo pies Qirfoundéing/madiunt cFetherSneh teatks ificldde thokk S[err] ,
TRP1, LEU2 and URA3. Plasm ds pRS413-416 are Yeast Centronere pl asm ds

( YCps) . ok 8y rereyisige mpeniases(SER discloseddndPofil-0960B60(geanted ps| i nk

"net ance, 30" conti/OREHSl sERORGERSHE (PHER < e frorieiehegot, MFoRE. Brua

- segnent to glucanase (BGL2) and killer toxin; S. diastaticus glucoamylase II; S.

10  carisbergensis a-galactosidase (MELI); K. lactis killer toxin; and Candida
glucoamylase.

The fusion protein of the invention or a formulation thereof may be
administered by amy conventional method including parenteral (eg

15 subcutaneous or imtramuscular) injection or intravenous infusion. The
treatment may consist of a single dose or a plurality of doses over a period
of time.

Whilst it is possible for a fusion protein of the invention to be

20 administered alone, it is preferable to present it as a pharmaceutical
formulation, together with one or more acceptable carriers. The carrier(s)
must be “acceptable” in the sense of being compatible with the fusion
protein and not deleterious to the recipients thereof. Typically, the
carriers will be water or saline which will be sterile and pyrogen free.

25 The formulation should be non-immunogenic; vaccine-type formulations
involving adjuvants are not contemplated.

The formulations may conveniently be presented in unit dosage form and
. may be prepared by any of the methods well koown in the art of
30 pharmacy. Such methods include the step of bringing into association the



WO 97/ 24445 ' : _
PCT/ GB96/ 03164 9 be inserted
to the vector DNA. The vector and DNA segnent are then j oi ned by

hydr ogen bondj gﬁf&g\een t he conpl enentary honopol yneric peTicBoé1é0 form
reconbi nant nmol ecul es. 5 Synthetic |inkers containing one or nore

restriction sites provide an alternative nethod of joining the DNA
segnent to vectors. The DNA segnent y3generated by endonucl ease
restriction di gest ion, is treated with bact eri ophage T4 DNA pol yner ase

or E. coli 133 égbﬂgfo%aﬁ With the caﬁi&méh kbﬁénrﬁ@m}ie ob hdreUdcedory
n

3'-single-stra rmni wth their - -exonucleoltytlc act|V|t|es
)

and fill in recimgsetiefts. -Iargknerl tthe fdmmuianons arpqnlrgpmd by g mllwand es
The conbi nati on of these .activities therefore gener.ate bI unt

segnents. The bnrmmat%ludbansl@g HRQ ASEcatios the HYFatlﬁgf Wity i

nol ar excess of | h S o] |s abl e
to catal yze t he® 4 | ggflg)grmgﬁpg unt - ébl %‘ﬁk& &n?ech g@@hﬁéﬁ as ’
- 5 shaping the product.

Formulations suitable for parenteral administration include aqueous and
non-aqueous sterile injection solutions which may contain anti-oxidants,
buffers, bacteriostats and solutes which render the formulation isotonic
10 with the blood of the intended recipient; and aqueous and non-aqueous
sterile suspensions which may include suspending agehts and thickening
agents. The formulations may be presented in unit-dose or multi-dose
containers, for example sealed ampoules and vials, and may be stored in
a freeze-dried (lyophilised) condition requiring only the addition of the
15 sterile liquid carrier, for example water for injections, immediately prior
to use. Extemporaneous injection solutions and suspensions may be

prepared from sterile powders.

Preferred unit dosage formulations are those containing a daily dose or
20 unit, daily sub-dose or an appropriate fraction thereof, of an active
ingredient.

The fusion proteins of the invention may be used in the reatment of any
condition in which growth hormone is indicated, for example isolated
25 growth hormone deficiency, panhypopititarism, following cranial
irradiation (eg in the treatment of leukaemia or brain mmours), Turner’s
syndrome, Down’s syndrome, intrauterine growth retardation, idiopathic
growth deficiency, chronic renal failure, achondroplasia, female infertility
and various catabolic disorders. They may also be used in the stimulation
30 of growth, and/or enhancement of lean meat proportion, ih farm animals



bact eri ophage T4 DNA |igase. Thus, the products of the reaction are

DNA segnents carrying polyneric |inker sequences at their ends. These
DNA segnents are then cleaved with the appropriate restriction enzyne 20
and ligated tq 3?(? Qressi on vector that has been cleaved with an enzyne
that produces Y@ ‘ﬁlscorrpati ble with those of the DNA segneRCHGBI6N03!
Synthetic linkers containing a variety of restriction endonucl ease sites
are comercially available froma nugher of sources including

I nternational 25 Bi ot echnol ogi es I nc, Haven, CN, USA A
desirable way to dj f he,DNA in.accprdance with the invention, if,

for exanple, HA ey %%’%&%rs&e% %’étsp? BI88u, is to use the pol yner ase
chain reaction as disclosed by Saiki et al (1988) Science 239, 487-491. 30
In this nmethod the DNA to be enzymatically anplified is flanked by two

WO 97/ 24445 The fusion protein may be administered together with insulin-HRCEroWRRA6/ 03164
10 speci fi (i;a ol |g&2ﬂ§:k eotide priners which thensel ves becone
i ncor por at ed CHoft é')arrpl ified DNA. The said specific prinmers may

contain rest rgct i on

The dosage can be calculated on the basis of the potency of the fusion
protein relative to the potency of hGH, whilst taking into account the
prolonged serum half-life of the fusion proteins compared to that of native
BGH. Growth hormone is typically administered at 0.3 to 30.0
10 IU/kg/week, for example 0.9 to 12.0 IU/kg/week, given in three or seven
divided doses for a year or more. In a fusion protein consisting of full
length HA fused to full length GH, an equivalent dose in terms of units
would represent a greater weight of agent but the dosage frequency can be
feduced, for example to twice a week, once a week or less.
15
Preferred examples of the invention will now be described by way of

example and with reference to the accompanying figures, in which:

Figure 1 shows the human growth hormone cDNA sequence, encoding
20 mature hGH;

Figure 2 shows a restriction enzyme map of pHGH]1,;

Figure 3 shows a restriction enzyme map of pBST(+) and the DNA
25 sequence of the polylinker;

Figure 4 shows the construction of pHGH12;

Figure 5 shows the construction of pHGH16;
30



endonucl ease recognition sites which'can be used for cloning into
expression vectors using nethods known in the art. 5 Exenpl ary genera
of yeast contenplated to be useful in the practice of the pr esent

invention as h L €Xpressing the fusion proteins are Picpj 103164
(Hansenul a), Sﬁ%ﬁ%’%@“nﬁ/ces, Kl uyver omyces, Candi da, Tor ul opsi gf:'ﬁcn%os

Torul aspora, Schi zosaccharomnyces, Citeromyces, Pachysolen, 10
Debar omyces, Metschuni kowi a, Rhodospori digm Leucospori di um
Bot ryoascus, Spori di obol us, Endonycopsis, and the like. Preferred genera

th | ect egh: iASt. . .
Schi zosacchar ony cSIEurRIE sAREs e HRACGORAC kit sBRCRRHATNAG Jne rogion

of Saccharonyces sengpding ¢heSmaawe pyotsinge, S. italicus and S. rouxii. 15
Exanpl es of Kl uyveronyces spp. are K fragilis, K laclis and K
mar xi anus. A suitabl e Torul aspora species is T. del brueckii. Exanples

of Pichia (Hanseng. P, |y H polynorpha), P.
anonmal a (fornerl yﬁ@rg?g%‘g%ﬁgﬁ n%@éfogﬁé}géﬁ?EQO Met hods for the
"transformationgof S. cerevisiae are taught generally in EP 251 744, EP
~ 258 067 and WD 90/ 01063, all of which are incorporated herei n by
reference. Fimire &oshows hewoastudtion Qf.pH:GHgBi si ae include those
associated with the 25 PCK1 gene, GAL1 or GALI O genes, CYCl, PHO5, TRP1,
ADHI , ADH2, t he genes for gl yceral dehyde- 3- phosphat e dehydr ogenase,

hexoki nase, Fijire Pl viC iR doardivh of JIFGARE! r uct oki nase, triose

phosphat e i soner ase, phosphogl ucose i‘sonerase, gl ucoki nase, a-mating
fact or pheronone, a- mati ng factor pheronone, the PRB1 pronoter, the

GUT2 t the, 30 D1 ter,, ' ' |
e P e 101" Bigiye 10 Shows e Somsmuction o pHOHSE of pHEHSH TExmiple D)

Figure 11 is a scheme for constructing fusions having spacers (Example
7); and

15 Figure 12 shows the results of a pharmacokinetic study showing the
clearance of '#I-labelled rtHA-hGH compared to that of hGH following iv
injection in rats. Data are from two rats in each group, and include total
radioactivity and radioactivity which could be precipitated by TCA, ie that
associated with protein rather than as free '*’[. The calculated clearance

20 haif-life for hGH was approximately 6 minutes, ¢ompared to
approximately 60 minutes for the rHA-hGH fusion protein. See Example
3.

e - hGH (total counts)
25 = - hGH (TCA precipitated counts)
V¥ - rHA-hGH (total counts)
A - rHA-hGH (TCA precipitated counts).
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regions with parts of 5 regulatory regions of other pronoters or with
upstream actiyvation sites (eg the pronoter of EP-A-258-067).

Conveni ent reY@HR4Pe pronoters for use in Schi zosacchar omREEECHIERE 5
are the thiam ne-repressible pronoter fromthe nm gene as described by
Maundrel | (1990) J. Biol. Chem 265, 10835 10864 and the gl ucose-

repressi bl e fbpl gene pronoter as described by Hof fman & W nston

(1990) GCenetics 4. 8Q7-8186, _Methods of transforming Pichia for
expression of f PN, RYenton ;i .,  for exanple, Cregg et al
(1993), and various Phillips patents (eg US 4 857 467, incorporated
herein by reference), and Pichia expression kits are comrercially

avai | abl e from Allstandayd re@mbinemtkDNYe ptozeduresiare asndescribed innSambropkn Cor p. ,

San Diego, Califorpnia. Suitable pronmoters include 15 AOXJ and AOX2.
et al (1989) unless otherwise stated. The DNA sequences encoding HSA

5 were derived from the cDNA disclosed in EP 201 239.

_____ LYWL

Example 1: Cloning of the hGH cDNA.

The hGH cDNA was obtained from a human pituitary gland cDNA library

10 (catalogue number HL1097v, Clontech Laboratories, Inc} by PCR
amplification. Two oligonucleotides suitable for PCR amplification of the
hGH ¢DNA, HGH1 and HGH2, were synthesised using an Applied
Biosystems 380B Oligonucieotide Synthesiser.

15 HGH1: 5' - CCCAAGAATTCCCTTATCCAGGC - 3
HGH2: 5' - GGGAAGCTTAGAAGCCACAGGATCCCTCCACAG - 3!

HGH1 and HGH2 differed from the equivalent portion of the hGH cDNA
sequence (Figure 1, Martial ez al, 1979) by two and three nucleotides,

20 respectively, such that after PCR amplification an EcoRlI site would be
introduced to the 5’ end of the cDNA and a BamHI site would be
introduced into the 3’ end of the cDNA. In addition, HGH2 contained a
HindIll site immediately downstream of the hGH sequence.

25 PCR amplification using a Perkin-Elmer-Cetus Thermal Cycler 9600 and
a Perkin-Elmer-Cetus PCR kit, was performed using single-stranded DNA
template isolated from the phage particles of the cDNA library as follows:
10 ul. phage particles were lysed by the addition of 10 uL phage lysis .
buffer (280 pg/mL proteinase K in TE buffer) and incubation at 55°C for

30 15 min followed by 85°C for 15 min. Afteral min incubation on ice,



d eeson et al (1986) J. Gen. Mcrobiol. 132, 3459-3465 incl ude

I nformati on on Hansenul a vectors and transfornmation, suitable pronoters

bei ng MOXI and FMD1; whilst EP 361 991, Fleer et al (1991) and ot her 20
publications fyomZaane- Poul enc Rorer teach how to express fgaeEREadtn316s
proteins in Kluyveronyces spp., a suitable pronoter being PXI. The
transcription termnation signal is preferably the 3" flanking sequence

of a eukaryotic gene which contains proper7 signals for transcription 25
term nation and pol yadenyl ation. Suitable 3" flanking sequences may, for

exanpl e, be t hosghdgk debfis 98 pelidtbd b bentrifigdiof at 94 1006 rPifPfop SThid) Tt r ol
sequence used, ie may correspond to the pronoter. Alternatively, they

may be differentPCR mixwre copaineticd wds of nbisi BN As itgmplatenf0.1 eMsSof caclevi si ae

AOHL gene Lo T el her 3nd 300 uM of each FoRyriBotticteotide. PCR puas carried gyt

desired fusion pipizp dbanirid 4134l S \ '

| eader sequence, fdvi\\h:‘)iwcdl},drrﬁgg be t%ﬂrilhf I ead%rtsie(??gbtai&\%gyﬁl Q’f Eg@;/fe.%’go égﬁ%dsen.

Leaders usef W iexténdingat¥2°C) foe 30 8¢ inctensingathe £xtensioh ¢insby b peacycle. [ err]
Analysis of the reaction by gel electrophoresis showed a single product of

the expected size (589 base pairs).

The PCR product was purified using Wizard PCR Preps DNA Purification
10 System (Promega'Corp) and then digested with EcoRI and Hindlll. After
further purification of the EcoRI-HindIlI fragment by gel electrophoresis,
the product was cloned into pUC19 (GIBCO BRL) digested with EcoRI
and HindIll, to give pHGHI1 (Figure 2). DNA sequencing of the EcoRl-
HindIll region showed that the PCR product was identical in sequence to
15 the hGH sequence (Martial er al, 1979), except at the 5' and 3’ ends,

where the EcoRI and BamHI sites had been introduced, respectively.

Example 2: Expression of the hGH cDNA.

20 The polylinker sequence of the phagemid pBluescribe (+) (Stratagene)
was replaced by inserting an oligonucleotide linker, formed by annealing
two 75-mer oligonucleotides, between the EcoRI and HindlII sites to form
pBST(+) (Figure 3). The new polylinker included a unique Noik site (the
full sequence in the region of the polylinker is given in Figure 3).

25
The Notl HSA expression cassette of pAYE309 (EP 431 880) comprising
the PRBI promoter, DNA encoding the HSA/MFa-1 hybrid leader
sequence, DNA encoding HSA and the ADH! terminator, was transferred
to pBST(+) to form pHA1 (Figure 4). The HSA coding sequence was

30 removed from this plasmid by digestion with HindIll followed by



pol ypeptide (MF[err]-1) and the hybrid | eaders of EP-A-387 319. Such 5

| eaders (or signals) are cleaved by the yeast before the nmature albumn is
rel eased into the surroundi ng medium Further such | eaders include those
of S. cerevisiae invertase (SUC2) disclosed in JP 62-096086 ranted as
191/ 036516), aYU¥¥MEEphat ase (PHOS), the pre-sequence of MF[ REFEBISO3L6d, (] .
gl ucanase (BGA.2) and killer toxin; S. diastaticus glucoanylase Il; S. 10
carl sbergensi s a-gal actosidase (MELI); K, ,clactis killer toxin; and Candi da
gl ucoanyl ase. The fusion protein (}18 the invention or a fornulation

t hereof may be _.. . T . an onventional nethod including
parenteral (eg &%’gagﬁg?ﬂgsﬁ’ém%ﬂﬁ& scular) injection or intravenous
i nfusion. The treatment nmay consist of a single dose or a plurality of
doses over a period of tine. Whilst it is possible for a fusion
protein of the Choningiofthe RGHeDNA, asidescribed icBxahpled , provided thediGH abl e to

present it as a pharmaceuti cal | ation, t ther. with, one_or nore
accept abl e carrF&l@g r%@“i%ﬁh?%%?f&%gﬂmpcwd*gg%éﬂ gPairfi(BPle sense
of being conpat j ' ' nBrad Lbans to the
recipi e%t S {T%erggpfe %%‘?%gpﬁ §é@h§& In orgglﬁfrbit ers w %ﬂ'ﬁ%@té\%‘g{ogﬁ%s?ﬂgal I ne
which will be sfars'ebretmnobfmmidmnmeest,a%tpM@anW$MG be

_non-i nmunogeni c;_ vacci ne-type_fornul ati ons invol ving adj uvants are
not cont enpl at edirst 8 bp of therhGH spquanes weresattached nthen? '«end of the clamedent ed i n

unit dosage for .prepared by any of the methods well known
in the art of 3 gﬁ%ﬁ?ﬁéﬂ&éﬁsmt hods i nclude the step of bringing into
associ ation the

10  The HindIII-SfaNI fragment from pHA1 was attached to the 5’ end of the
EcoRI-HindlI fragment from pHGH1 via two synthetic oligonuclieotides,
HGH3 and HGH4:

HGH3: 5' - GATAAAGATTCCCAAC - 3'
15 HGH4: 5' - AATTGTTGGGAATCTTIT - 3°

The HindlIll fragment so formed was cloned into HindIII-digested pHA2
to make pHGH2 (Figure 4), such that the hGH cDNA was positioned
downstream of the PRB! promoter and HSA/MFa-1 fusion leader
20 sequence (WO 90/01063). The 1\_1011 expression cassette contained in
pHGH2, which included the ADHI-terminator downstream of the hGH
cDNA, was cloned into Notl-digested pSAC35 (Sleep et al, 1990) to make
pHGH12 (Figure 4). This plasmid comprised the entire 2pm plasmid to
provide replication functions and the LEUZ2 gene for selection of -
25 transformants.

pHGH12 was introduced into S. cerevisiae DB1 (Sleep et al, 1990) by
transformation and individual transformants were grown for 3 days at
30°C in 10 mL YEPD (1% %/, yeast extract, 2% “/, peptone, 2% */,
30 dextrose). After centrifugation of the cells, the supernatants were
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13 f usi on

protein with the carrier which constitutes one or nore accessory

i ngredients. |

the fornul ati ons are prepared by unif

intimately bringing 1nto association the active ingredient with I1quid
carriers or finely divided solid carriers or both, and then, if necessary,
5 shapi ng the product. Forul ati ong suitable for parenteral

adm ni stration include agqueous and non- aqueous sterile injection

sol utions whi ch ngyafiiRlay swstﬁolfddryﬁmiae gel elecﬁb%\lﬂi&éﬁs (SPSIEAGESlaads and

sol utes which render the fformulation”™isoto

¢ 10 th the bl ood of the

i nt ended reci pi enwerafotinaiwecontain ipaoteimwhiphewassof the expeeted [sizesand pelish ons
whi ch may include suspendi.ng .agent d t.hickepjin agents. .The
formul ati ons may B@S ‘é%%ﬂﬁ"gobfﬂmﬁ' 1 dguiergp &68181‘» Beds, ) o%ﬂ&séqfﬁer s,

for exanpl e seal eg}] |
1T

freeze-dried (lyop

oules and vials, and may be stored in a
sed) condition requiring only the addition of the 15

sterile liquidscarrier, for exanple water for injections, imedi ately prior

to use. Extenpora
prepared fromste

10

15

20

25

30

neous i njectiqgn solutions_and suspensions may be
Emmg,xg o€loning and expression of an HSA-hGH fusion protein.

In order to fuse the HSA cDNA to the 5’ end of the hGH cDNA, the
pHAL1 HindIII-Bsu361 fragment (containing most of the HSA cDNA) was
joined to the pHGH1 EcoRI-HindIll fragment (containing most of the hGH
c¢DNA) via two oligonucleotides, HGH7 and HGHS:

HGH7: 5' - TTAGGCTTATTCCCAAC - 3!
HGH8: 5' - AATTGTTGGGAATAAGCC - 3!

The HindIll fragment so formed was cloned into pHA2 digested with
HindllI to make pHGH10 (Figure 5), and the Norl expression cassette of
this plasmid was cloned into Norl-digested pSAC35 to make pHGH16
(Figure 5).

pHGHI16 was used to transform S. cerevisiae DB1 and supernatants of
cultures were analysed as in Example 2. A predominant band was
observed that had a molecular weight of approximately 88 kD,
corresponding to the combined masses of HA and hGH. Western blotiing
using anti-HSA and anti-hGH antisera (Sigma) confirmed the presence of
the two constituent parts of the fusion protein.

The fusion protein was purified from culture supernatant by cation
exchange chromatography, followed by anion exchange and gel
permeation chromatography. Analysis of the N-terminus of the protein by



Preferred unit dosage formulations are those containing a daily dose or 20
unit, daily sub-dose or an appropriate fraction thereof, of an active

i ngredient. The fusion proteins of the invention may be used in the
treatnment of an condition in which growth hornone is_indicated, for
exanpl e i sol“é!?%%“ﬁ growt h hornone deficiency, panhypopi ¥&He

foll ow ng crani al irradiation (eg in the treatnent of | eukaem a or
brain tunmours), Turner's syndrone,. Down' s syndrone, intrauterine
grow h retardation, idiopathic gr%RM h deficiency, chronic renal
failure, achondroplasia, female infertilit nd variqus, catabolic

di sor ders. The@?@f@%%%e@%@hé&#ﬁﬁ%ﬁ pf)ﬂmqp,gxpec ép‘é‘m”n and/ or
enhancenent ofselqﬁgﬁber_reat proportion, in farm ani mls WO 97/ 24445
PCT/ GB96/ 03164 14 such as
cows, sheep, goats and pigs. The fusion protein nmay be adm ni stered

together with insulin-like growh .. Lo
An in vitro growth hormone activity assay (Ealey et al, 1995) indicated

5 that the fusion protein possessed full hGH activity, but that the potency
was reduced compared to the hGH standard. In a hypophysectomised rat
weight gain model, performed essentially as described in the European
Pharmacopoeia (1987, monograph 556), the fusion molecule was more
potent than hGH when the same number of units of activity (based on the

10 above in vitro assay) were administered daily. Further experiments in
which the fusion protein was administered once every four days showed
a similar overall growth response to a daily administration of hGH.
Pharmacokinetic experiments in which 'IHabelled protein was
administered to rats indicated an approximately ten-fold increase in

15 circulatory half life for the fusion protein compared to hGH (Fig 12).

A similar plasmid was constructed in which DNA encoding the

S.cerevisiae invertase (SUC2) leader sequence replaced the sequence for

the hybrid leader, such that the encoded leader and the junction with the
20 HSA sequence were as follows:

MLLQAFLFLLAGFAAKISA { DAHKS.....
Invertase leader HSA

25 On introduction into S.cerevisiae DB, this plasmid directed the
expression and secretion of the fusion protein at a level similar to that
obtained with pHGH16. Analysis of the N-terminus of the fusion protein
indicated precise and efficient cleavage of the leader sequence from the
mature protein.

30



factor I (I1G~-1). 5 The dbsage can be cal cul ated on the basis of the
potency of the fusion protein relative to the potency of hGH whil st
taking into account the prolonged serumhal f-life of the fusion

pr ot ei ns conpar at of native hGH G owth hornone Wﬁ@lly
adm ni stered atﬁgg%?SO 0 10 U kg/week, for exanple 0.9 to ¢

| U kg/ week, given in three or seven di vi ded doses for a year or nore.
In a fusion protein consisting of full 21l ength HA fused to full |ength
GH, an equivalent dose in terns of units woul d represent a greater

wei ght of agent b 4p inig and expyessivi dfcan hGH dasion protenanpl e
to twce a week, once a week or less. 15 Preferred exanples of the

i nvention will now be described by way of exanple and with reference

grouch horrona. cckbosk e DEACEL FY A st sSKEONAGERE o

a restriction enZ?)TE SA cPAilwas first altéredUsye sﬁe—%‘i&@&ﬁd%ﬁ&%&ﬁésﬁ kN

enzynme map of pBST(+) and the DNA 25 sequence "of the polylin

Fi gure 4 showsS t hintrosinee andtdodll site neaicHi®5’ end of the coding region. This was
done by the method of Kunkel er af (1987) using single-stranded DNA

template prepared from pHA1 and a synthetic oligonucleotide, LEU4:

LEU4: 5' - GAGATGCACACCTGAGTGAGG - 3!
10

Site-directed mutagenesis using this oligonucleotide changed the coding
sequence of the HSA cDNA from Lys4 to Leud4 (K4L). However, this
change was repaired when the hGH cDNA was subsequently joined at the
5’ end by linking the pHGH2 Norl-BamHI fragment to the EcoNI-No#l

15 fragment of the mutated pHA1, via the two oligonucleotides HGHS and
HGHe:

HGHS: S5' - GATCCTGTGGCTTCGATGCACACAAGA - 3!
HGH6: 5' - CTCTTGTGTGCATCGAAGCCACAG - 37
20

The Noil fragment so formed was cloned into Notl-digested pSAC35 to
make pHGH 14 (Figure 7). pHGH14 was used to transform S. cerevisiae
DB1 and supernatants of cultures were analysed as in Example 2. A
‘predominant band was observed that had a molecular weight of

25 approximately 88 kD, corresponding to the combined masses of hGH and
HA. Western blotting using anti-HSA and anti-hGH antisera confirmed
the presence of the two constituent parts of the fusion protein.

The fusion protein was purified from culture supernatant by cation
30 exchange chromatography, followed by anion exchange and gel
permeation chromatography. Analysis of the N-terminus of the protein by



Figure 5 shows the construction of’ p'HGHl6; 30 WO 97/ 24445
PCT/ GB96/ 03164 15

Figure 6
shows the HSA cDNA sequence, nore particularly the region encodi ng t he
mat ure protei n; Figure 7 shows the construction of BHGHl4' 5
Fi gure 8 sh&¥@%¥M#Sconstruction of pHGH3S; Fi gure 9PSHGRESM3IM

construction of pHGH31, 10 Figure 10 shows the construction of pHGH58 or

pHGH59 (Exanple 7); Figure 11 is_a schenme for constructing fusions
havi ng spacers (Exanple 7); and

amino acid sequencing confirmed the presence of the expected hGH
sequence.

In vitro studies showed that the fusion protein retained hGH activity, but
S  was significantly less potent than a fusion protein comprising full-length

HA (1-585) as the N-terminal portion and hGH as the C-terminal portion,
as described in Example 3.

Example 5: Construction of plasmids for the expression of hGH

10 fusions to domains of HSA.

Fusion polypeptides were made in which the hGH molecule was fused to
the first two domains of HA (residues 1 to 387). Fusion to the N-
terminus of hGH was achieved by joining the pHA1l HindIIl-Sapl

15 fragment, which contained most of the coding sequence for domains 1 and
2 of HA, to the pHGH1 EcoRI-HindIII fragment, via the oligonucleotides
HGHI11 and HGH12:

HGH11: 5' - TGTGGAAGAGCCTCAGAATTTATTCCCAAC - 3!
20 HGH12: 5! - AATTGTTGGGAATAAATTCTGAGGCTCTITCC - 3'

The HindIIl fragment so formed was cloned into HindIIl-digested pHA2
to make pHGH37 (Fig 8) and the Norl expression cassette of this plasmid
was cloned into Nofl-digested pSAC35. The resulting plasmid, pHGH38
25 (Fig 8), contained an expression cassette that was found to direct secretion
of the fusion polypeptide into the supernatant when transformed into S.
cerevisiae DB1. Western blotting using anti-HSA and anti-hGH antisera
confirmed the presence of the two constituent parts of the fusion protein.

30 ‘The fusion protein was purified from cuiture supernatant by cation



15 Figure 12 shows the results of a pharnacokinetic Study show ng the
clearance of [err]l-labelled rHA-hGH conpared to that of hGH following iv
injection inrats. Data are fromtwo rats in each group, and include total

radi oactivity ,?m activity which could be precipitated b 3fs4t Nt
associ at ed witﬁpg?% EIsﬁ rather than as free [err]l. The cal cu?(g%;e o

cl earance 20 half-l1ife for hGH was approxinmately 6 m nutes, conpared
to approximately 60 m nutes for the L#—hG—I fusion protein. See
Exanpl e 3. - hGH (total co s) 25 [err] - hGH (TCA

preci pitated coun rr] - rHA-hGH (1 ot coun = HA- hGH
-(TCA precipitat edé’z%\?ﬂg% fﬁo%aégmphy%@%d(zé\a&g penneatnsé}: chromaégraph.y.
PCT/ GB96/ 03164 In vivo studies with purified protein indicated that the Sirculatory PAF3ifé €d
description of the invention
was longer than that of hGH, and similar to that of a fusion protein
comprising full-length HA (1-585) as the N-terminal portion and hGH as
5 the C-terminal portion, as described in Example 3. Ir vitro swudies

showed that the fusion protein retained hGH activity.

Using a similar strategy as detailed above, a fusion protein comprising the
first domain of HA (residues 1-194) as the N-terminal portion and hGH
10  asthe C-terminal portion, was cloned and expressed in S. cerevisiae DB1.
Western blotting of culture supernatant using anti-HSA and anti-hGH
antisera confirmed the presence of the two constituent parts of the fusion

protein.

15 [Example 6: Expression of hGH by introducing a cleavage site between
HSA and hGH.

Introduction of a peptide sequence that is recognised by the Kex2 protease,
between the HA-hGH fusion protein, allows secretion of hGH. A

20 sequence encoding Ser Leu Asp Lys Arg was introduced using two
oligonucleotides, HGH14 and HGH15:

HGH14 : 5' - TTAGGCTTAAGCTTGGATAAAAGATTCCCAAC - 3’
HGH1S : 5' - AATTGTTGGGAATCTTTTATCCAAGCTTAAGCC - 3!
25

These were used to join the pHA1 HindIII-Bsu361 fragment to the pHGH1

EcoRI-HindIll fragment, which were then cloned into HindIll-digested

pHA2 to make pHGH25 (Fig 9). The Notl expression cassette of this

plasmid was cloned into NofI-digested pSAC35 to make pHGH31 (Figure
30 9.



Al'l standard reconbi nant DNA procedures are as described in Sanmbrook

et al (1989) unless otherw se stated. The DNA sequences encodi ng HSA 5
were derived fromthe cDNA disclosed in EP 201 239. ' Exanpl e 1:

Cl oning of the hGH cDNA. The hGH cDNA was obtained froma hunman
pituitary gWaRI2488A |ibrary 10 (catal ogue number HL1097VPCREBAGORGH
Laboratories, Inc) by PCR anplification. Two oligonucl eotides suitable
for PCR anplification of the hGH cDNA, HGHL and HGH2, were synt hesi sed
usi ng an Applied Bi osyst ems 380B (4 gonucl eotide Synthesiser. 15
HGH1: 5 - CCCAAGAATTCCCITATCCAGGC - 3! HGH2: 5' -
GGGAAGCTTAGAAGGRaAEag B3l tansfagmed awith pHGH3 Heras fonnd messecrater 8 ed from

t he equi val ent t Lon.: of e - c . gu Martial et
al, 1979) by tﬂﬁgényﬁééesgygwpbéns?g&@t%fiﬁ\}s? éfﬁc‘%ﬂ?l%%t after
PCR anplifi catsug&na&nﬁg Ofthe 6Wd ?ééié&'ﬂidbﬂqlecular weighRBfapproximateRy 66 end of
the cDNA and a BanH site woul d be i ntroduced into the 3" "end of the

CDNA.. I n addi tkIdycorrespendingttai(fullieagth) HA Hind22 kDs comrespondingaofull
O S g R BRSSPt B B e s o
Kit, was perfqpgRdsd!Sir'ith SjuibdiSntSdctiRity S Weliern blotting using anti-HSA and

anti-bGH antisera confirmed the presence of the two separate species. N-

terminal sequence analysis of the h.GH moiety confirmed the precise and

efficient cleavage from the HA moiety.

10 .
The hGH moiety was purified from culture supernatant by anion exchange
chromatography followed by gel permeation chromatograpby. In vitro
studies with the purified hGH showed that the protein was active and fully
potent.

15

Using a similar strategy, fusion proteins comprising either the first domain
of HA (residues 1-194) or the ﬁrsf two domains of HA (residues 1-387),
followed by a sequence recognised by the Kex2p protease, followed by the
hGH cDNA, were cloned and expressed in S. cerevisiae DB1. Western

20  blotting of culture supernatant using anti-HSA and anti-hGH antisera
confirmed the presence of the two separate species.

Example 7: Fusion of HSA to hGH using a flexible linker sequence

25 Flexible linkers, comprising repeating units of [Gly-Gly-Gly-Gly-Ser],,
where n was either 2 or 3, were introduced between the HSA and hGH
fusion protein by cloning of the oligonucleotides HGH16, HGH17,
HGH18 and HGHI19:



tenpl ate isolated fromthe phage particles of the cDNA library as foll ows:
10 FL phage particles were |ysed by the addition of 10 [err]L phage lysis
buffer (280 pg/nmL proteinase Kin TE buffer) and incubation at 55[err]C for

30 15 mn fol 85[err]C for 15 mn. After a1l mn in | n
. ol k@ hy SR Roni

I Cce,

PCT/ GB96/ 03164 17 phage debris
was pelleted by centrifugation at 14,000 r for 3 m n. The PCR
m xture contained 6 [err]L of this DNA teng ate, , UM of each

primer and 200 [epk]M.o ’%%%{eloﬁ%’. | Eic%t
for 30 cycles, de1g.%|“£ﬁg a err gggégaé#g%ne%dr%%gﬁéﬁgrr for

30 s and 5 extendfng’at 72[err]C for 30 s, increasing the extension tine
by 1 s per cycle. ugH17: S\NANBICTRIGGAAAGATRCALCRCRYCERIATRICACICGePACCEAA S
showed a single %gggy of t he expected size (589 base pairs).

The PCR product ptrified using Wzard PCR Preps DNA Purification 10
System (Pr omag& CHEH}. 8 ab tl- TPAGCAN TAGSCSG THETACEATCRIG R GAGRFAT CTCET GEC
further purificat;ghcehreber&s@ictdndl Il fragment by gel electrophoresis,
t he product was cI o dinto 9 G BCO BRL ested with EcoRl and
Hndlll, to give (F?g UCTﬁ ?"ré %%C%%CGCCACCA

Hi ndl Il region sthCAhGACC@@:'mqﬂ-aduct was identical in sequence to

10  Annealing of HGH16 with HGHI17 resulted in n=2, while HGH18
annealed to HGH19 resuited inn=3. After annealing, the double-stranded
oligonucieotides were cloned with the EcoRI-Bsu36] fragment isolated
from pHGH1 into Bsu36I-digested pHGH10 to make pHGH56 (where
n=2) and pHGH57 (where n=3) (Figure 10). The Nof expression

15 cassettes from these plasmids were cloned into Notl-digested pSAC35 to
make pHGHS58 and pHGH59, respectively.

Cloning of the oligonucleotides to make pHGHS6 and pHGH57 introduced
a BamHI site in the linker sequences, as shown in Figure 11. It was

20 therefore possible to construct linker sequences in which n=1 and n=4,
by joining either the Hindlll-BamHI fragment from pHGHS56 to the
BamHI-HindIll fragment from pHGHS7 (making n=1), or the HindIII-
BamHI fragment from pHGHS7 to the BamHI-HindIIl fragment from
pHGHS6 (making n=2). Cloning of these fragments into the HindIII site

25 of pHA2 (described in Example 2), resulted in pHGH60 (n=1) and
pHGH61 (n=4) (see Figure 11). The Noil expression cassettes from
pHGHG60 and pHGHG61 were cloned into NorI-digested pSAC35 to make
pHGHG62 and pHGH63, respectively.

30 Transformation of S.cerevisiae with pHGHS8, pHGH59, pHGH62 and
pHGHG63 resulted in transformants that secreted the fusion polypeptides



15 the hGH sequence (Martial et al’, 1979), except at the 5 and 3' ends,
where the EcoRl and BanH sites had been introduced, respectively.

Exanpl e 2: Expression of the hGH cDNA 20 The polylinker sequence of the
phagem d pBl uescri be (+) (Stratagene) was replaced by inserting an

ol i gonucl eot W9SMM4Rer, formed by anneal i ng two 75- nerPCT/GBIGAO3L

ol i gonucl eoti des, between the EcoRl and Hindlll sites to form pBST( +)
(Figure 3). The new polylinker included 2aq uni que Notl site (the full
sequence in the region of the polylinkers given in Figure 3). 25 The
Not | HSA expression cassette of pAYE309 (EP 431 880) conprising t he
PRBI pronot er, MQANESUBEFDARNE.ne HSA/ MF[err]-1 hybrid | eader sequence,
DNA encodi ng HSA and the ADH term nator, was transferred to pBST(+)
to formpHA (Figure 4). The HSA codi ng sequence was 30 renoved fromthis
plasm d by di geNestern bdttingliusiligl antl-81S0wad dnyi-hGH antiserdll\gbﬁﬁMﬂ&

PCT/ GB96/ 03164
presence of the two constituent parts of the fusion proteins.

s
The fusion proteins were purified from culture supernatant by cation
exchange chromatography, followed by anion exchange and gel
pemléation chromatography. Amnalysis of the N-termini of the proteins by
amino acid sequencing confirmed the presence of the expected albumin
10 sequence. Analysis of the purified proteins by electrospray mass
" spectrometry confinmed an increase in mass of 315 D (n=1), 630 D
(n=2), 945 D (n=3) and 1260 D (n=4) compared to the HSA-hGH
fusion protein described in Example 3, as expected. The purified protein

was found to be active in vitro.



reIigationtoformpHAZ(Figur'e 4). ° Cl oning of the hGH cDNA, as
described in Exanple 1, provided the hGH codi ng region | acking the
pro- hGH sequence and the first 8 base pairs (bp) 5 of the mature hCGH

sequence. | n OngsbstLacONstruct an expression plasmd fo j@n of
hGH from yeast ,‘gg ‘ileasstc pronoter, signal peptide and the ﬁf.lﬁrﬁgﬁ% %p of
hGH

the hGH sequence were attached to the 5' end of the cl oned

sequence as foll ows: 10 The Hindl|l-Sfapy fragnent from pHAL was
attached to the 5 end of the EcoRI-H ndl Il fragnment from pHGHL vi a
two synthetic ol iggga@éggtides, HGH3 and HGH4: HGH3: 5' -
GATAAAGATTCCCAAC - HGH4: 5 - AATTGITGGGAATCTTT - 3 The
Hindl Il fragnment so formed was cloned into Hindlll-digested pHAZ - to
make pHGH2 (Figure 4), such that the hGd cDNA was positioned

downst ream of t heCoRRIngBImnE: & i (LRM\igaice 254, g%]sisgﬂ- | eader 20

D2, ahi ch i ncl SASP A S o (R SR BEhaRE AR O e e | cowa
was cloned int® NBated 48 (E993) Prowth (RerRiion!S, 36-44.990) to nake pHGH12
(Figure 4). This plaSmd conprised the entire 2pmplasmd to provi de
replication functGleesonetal g&%EwZC@enMitmbidell&ﬂﬁQ-MGSZS t ransf or mants.
Haffner, D. et al, (1994) J. Ciin. Invest. 93, 1163-1171.
Hiramitsu er al (1990) App. Env. Microbiol. 56, 2125-2132.
Hiramitsu er al (1991) ibid 57, 2052-2056.
10 Hoffman and Winston (1990) Generics 124, 807-816.
Kearns, G. L. et al (1991) J. Clin. Endocrinol. Metab. 72, 1148-1156.
Kunkel, T. A. et al (1987) Methods ir Enzymol. 154, 367-382.
Martial, J. A. et al (1979) Science 205, 602-607.
Maundrell (1990) J. Biol. Chem. 265, 10857-10864.
15 Nomura, N. et al (1995) Biosci. Biotech. Biochem. 59, 532-534.
Poznansky, M. J. et al (1988) FEBS Lett. 239, 18-22,
Saiki et al (1988) Science 239, 487-491.
Sambrook, J. et al (1989) Molecular Cloning: a Laboratory Manual, 2nd _
edition. Cold Spring Harbor Laboratory Press, Cold Spring
20 Harbor, NY. )
Sleep, D. et al (1990) Bio/Technology 8, 42-46.
Strobl, J. S. and Thomas, M. J. (1994) Pharmacol. Rev. 46, 1-34.
Tokunaga, T. er al (1985) Gene 39, 117-120.
Tsiomenko, A. B. et al (1994) Biochemistry (Moscow) 59, 1247-1256.
25 Zeisel, H. J. et al (1992) Horm. Res. 37 (Suppl. 2), 5-13.



pHGH12 was introduced into S cerevisiae DBL (Sl eep et al,

1990) by

transformati on and i ndi vi dua re gr own for 3 days at
30[err]Cin 10 nmL YEPD (1% [ m[rﬂ im ct, 2% [err] peptone, 2% |[err]

30 dextroa’@_, ﬁter centr| |ga||o

WD 97/ 24445

19 exam ned by SDS-pol yacryl am de gel
were found to contain protein which wa

was recogni sed by anti-hGH anti serum (ggrra, Pool e, UK) on Western

blots. 5
pr ot ein.

5

10

15

20

25

30

Eé;m& Cl oni ng and expression of an HSA-hGH fusion

ceIIs t he supernatants were

$H3164

el ectrophoresis (SDS-PAGE) and
f the expected size and which

er to fuse the HSA cDNA to the 5 end of the hGH cDNA,
t he pHA1 Hi ndl|-Bsu361 fragnent (containing nost of the HSA cDNA) was
10 joined to the pHGH EcoRI-H ndl 1l fragment (containing nost of the hGH
cDNA) via two bli gohtnﬂlmﬂdé@nﬁmg @fid eanegous region HE-IMIN® acids
TTAGGCTTATTCCCAAC

jomed together by peptide bonds and comprising a first region of at least
10 amino acids which has at least 75% sequence identity with a same-
length region of growth hormone (GH) and a second region of at least 10
amino acids which has at least 75% sequence identity with a same-length
region of serum albumin.

2. A polypeptide according to Claim I in which each of said first and
second regions has at least 95% sequence identity with the said lengths of
GH and albumin, respectively.

3. A polypeptide according to Claim 2 wherein each of said first and

second regions is at least S0 amino acids long.

4, A polypeptide according to any one of the preceding claims wherein
the first region consists of uninterrupted amino acids of the C-terminus of
GH, or a conservative modification thereof, and the polypeptide binds and

activates the GH receptor.

S. A polypeptide according to Claim 4 wherein the first region is 191
amino acids long.

6. A polypeptide according to any one of the preceding claims wherein
the albumin and/or the growth hormone is human.

7. A polypeptide according to any one of the preceding claims wherein
the second region comprises at least one uninterrupted domain of albumin

or a conservative modification thereof.



HGH8: 5' - AATTGTTGGGAATAAGCC = —3 u: rlrﬂd||| fragnent so forned

was cloned into pHA2 digested to make pHGH10 (Figure 5),
and the Notl expression cassett !)l”"l”l ﬂasm d was cloned into

Not | - di gest ed R@heAniL® Make pH P L6600064
used to transformS. cerevsi ae DBl and supernat ant s of cultures were
anal ysed as in Exanple 2. A predom nant band was observed that had a

mol ecul ar wei ght of approxi mately 88 kD, 2929 corresponding to the comnbined
masses of HA and hGH Western blotting 25 wusing anti-HSA and anti-hGH

antisera (Sigma) gonfiAngglyp&ftider £¥8fdifig b Claim 7 Wherd Ge"eboid! edgioRar t s

of the fusion protein. The fu3|on protein was purified fromculture
super nat ant by cacoémprises uninteriptegeaminoacidsaglQphi20-194,| 98e2P1h\316:3850

exchange and gel 30, 8P BEALLO Sh1 ofF 985 ARYsad Ik b 164 shy'Ge Dk ™ "

PCT/ GB96/ 03164 albumin or a conservative modification thereof. 20

5
9. A polypeptide according to any one of the preceding claims wherein
the N-terminus of the polypeptide comprises the said first region and the

C-terminus comprises the said second region.

10 10. A polypeptide according to any one of Claims 1 to 8 wherein the
N-terminus of the polypeptide comprises the said second region and the
C-terminus comprises the said first region.

11. A polypeptide according to any one of the preceding claims which
15 consists of the said first and second regions, optionally with further amino
acids or other compounds added to either end of the polypeptide.

12. A microbial culure medium comprising transformed cells and a
polypeptide according to any one of the preceding claims.

20
13. A microbial culture medium .comprising a polypeptide according to
any one of Claims 1 to 11.

- 14. A polynucleotide encoding a polypeptide according to any one of
25 Claims 1 to 11.

15. A microbial host comprising a polynucleotide according to Claim
14 arranged for expression in the host.

30 16. A host according to Claim 15 wherein the polypeptide is secreted



am no aci d sequenci ng confi rmed t he presence of the expected al bum n
sequence. An in vitro gr m l Hulvity assay (Ealey et al,
1995) indicated 5 that the fug“l | ﬂmnﬂﬂ essed full hGH activity,

but that the potenc was reduced 'cofparfed*to the hGH standard. In a
hypophysectom‘@@a”’?éf“’ wei ght gain nodel, perforned esseRET/SBPGO3H
descri bed in the European Phar macopoei a (1987, nonograph 556), the
fusi on nol ecul e was nore potent than_,hGH when the sane number of units

§ et 203 Do’

of activity (based on the 10 above in vi
dai ly. Further experinment whi ch the f
adm ni stered oncéggbb’rr}?n si‘ur days showed 8

ered

rowt h
response to a daily admnistration of hGH " Phar macoki net i c experinents
in which [err]-1abelled protein was adm nistered to rats indicated an

approxi matel y teid7fol A procesafer obtaitfing @ pelypeptideyadeotding it eanfyooné lo€ f usi on
protein conpared A simlar plasm d was constructed

h
in which DNA encgiqq ?Ffbll%omp)é‘s%@u@"&ea h?ﬁﬁéﬁ?@'g@g(@@}m 19016
sequence replsacegnd‘i Pﬁeﬁﬁﬂg?‘?ﬁ"%&?‘h‘i the hybrid | eader, such that the

encoded | eader an the 20 HSA sequence were as foll ows:
M_.LQAFLFLLAGFAAKI SA [err] DAHKS. .. .. | nvert ase
| eader HSA 25 ~On introduction into S.cerevisiae DB1, this

pl asmi d direct ed18he A pharmaggitisel formulationscomprisingha pplypeptideadcording ot ei n

N torm nus of |t nib FIEPBR of pigps,1 B6'17'ad % phabaBlicaly a6lHptabié Sarther. "°

10 19. A method of treating a patient having a condition which is treatable
with growth hormone, the method comprising administering to the patient
a said-condition-alleviating, non-toxic amount of a polypeptide according
to any one of Claims 1 to 11.

15 20. A method of increasing beyond normal the growth rate of, or ratio
of lean meat to fat meat in, an animal comprising administering to the
animal an effective amount of a polypeptide according to any one of
Claims 1 to 11.

20 . 21. A process for producing growth hormone, comprising expressing
a polynucleotide according to Claim 14 in a microbial host, preferably
yeast, the polypeptide encoded thereby having a site between the said first
and second regions which site is cleavable by an enzyme present in the
host, or by any other enzyme, or chemically.

25
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I ndi cated precise and efficient cleavage of the | eader sequence fromthe
mat ure protein. 30 WO 97/ 24445

PCT/ GB96/ 03164 21 Exampl e 4:

Cl oni ng and expoewxsgn of an hGH HSA fusion protein. - IECP,E&%{M fuse
the hGH cDNA to the 5 end of the HSA cDNA (Figure 6), the was
first altered by site-directed nutagenesis to 5 introduce an EcoNl site
near the 5' end of the coding region. 'é'{eyi was done by the nethod of
Kunkel et al (1987) using single-stran a terrpl ate prepared from
pHAl1 and a sypthetic oligQnucleotide, LEU4:

GAGATGCACACCTGAGTGASG * 3% 18 ° %tk dfreRtel rruta S|§ uding tii s

ol i gonucl eot%cﬁﬁéﬁ@é‘?t‘:ﬁ‘é TBdFTrgree e ggﬁﬁ'échééc SFT C?&)i T BRA FF ALy s 4

to Leud (K4L). However, this change was repaired when the “FGH cDNA was

subsequent |y ¥oiked?at ®th® ¥ B Bnd?by?l|Rki hg EheEpH&H2YNof| - Bani¥
fragment to EFfeCRZEA§ CRBIECC TTT GAC ACC TAC CAG GAG TIT GAA GAA GCC TAT ATC CCA AAG

“100

E Q K Y s F L Q N P Q T s L ¢ F s E S

GAA CAG AAG TAT TCA TTC CTG CAG AAC CCC CAG ACC TCC CTC TGT TTC TCA GAG TCT
~180

I P T P s N R E E T © Q K s N L E L L

ATT CCG ACA CCC TCC AAC AGG GAG GAR ACA CAA CAG AAA TCC AAC CTA GAG CTG CTC
) “200

R I S L L L I Q s ® L E p vV Q s L R s

CGC ATC TCC CTG CTG CTC ATC CAG TCG TGG CTG GAG CCC GTE CAG TCC CTC AGG AGT
“250

v F A N s L v ¥ G A s D S N Vv Y D L L

GTC TTC GCC AAC AGC CTG GTG TAC GGC GCC TCT GAC AGC AAC GTC TAT GAC CTC CTA
“300

K D L E E G I 0 T L M 6 R L E D G = P

ARG GAC CTA GAG GAA GGC ATC CAA ACG CTG ATG GGG AGS CTG GAA GAT GGC AGC CCC
*350

R T G Q I F K @Q T Y 8 K F D T N S " N
CGG ACT GGG CAG ATC TTC AAG CAG ACC TAC  AGC AAG TTC GAC ACA AAC TCA CAC AaAaC
“400 ~450

D D A L L K N Y 6 L L Y ¢ F R K D M D
GAT GAC GCA CTA CTC AAG AAC TAC GGG CT@ CTC TAC TGC TTC AGG AAG GAC ATG GAC

“500

K \'4 E T F L R I v Q c R S v E G S c G

AAG GTC GAG ACA TTC CIG CGC ATC GTG CAG TGC CGC TCT GTG GAG GGC AGC TGT GGC
“550

TTC TAG

Figure 1. Human growth hormone ¢DNA sequence, encoding
mature hGH.

SUBSTITUTE SHEET (RULE 28)



15 fragnment of the nutat edcpHAl, 'via the two oligonucl eotides HGH5 and

HGHG: HGH5: 5' - GATCCTGIGGCTTCGATGCACACAAGA - 3 HGH6: 5' -
CTCTTGTGTGCATCGAAGCCACAG - 3' 20 The Notl fragnent so forned was
cloned into I\?;)Lf,,g‘j gested pSAC35 to make pHGH14 (Fi gur @ecTicBogidtsdld was
used to trans orm§ cerevisiae DB1 and supernatants of cultures were
anal ysed as in Exanple 2. A predom nant band was observed that had a
nol ecul ar wei ght of 25 approximtely 88 kD, corresponding to the conbi ned
masses of hCGH and HA. Vestern bl gjfsi ng using anti-HSA and anti-hGH
antisera confirnmed the presence of the two constituent parts of the
fusion protein. The fusion protein was purified fromculture
supernat ant by cation 30 exchange chromatography, followed by anion
exchange and gel per neati on chromat ography. Anal ysis of the N-term nus
of the protein by. WO 97/ 24445
PCT/ GB96/ 03164
Psil
Pvull BamH1

Hindlll
Puull

hGH cDNA

Poull

Figure 2
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22 am no acid sequencing‘confifned the presence of the expected hCGH
sequence. In vitro studi es showed that the fusion protein retained
hGH activity, but 5 was significantly less potent than a fusion protein

conmprising full woaRghis HA (1-585) as the N-termnal porti%@%{g} Jl as
it

the C-termnal portion, as described in Exanple 3.

Construction of plasmds for the expression of hGH 10 fusions to domains
of HSA Fusi on pol ypepti des were made in which the hGH nol ecul e was
fused to the first two domains of Hy,Gresidues 1 to 387). Fusion to
the N- term nus of hGH was achi eved ﬁy joining the pHAL H ndl |- Sap

15 fragnment, which contained nost of the codlng sequence for domains 1 and
2 of HA, to the pHGHL EcqR] - in%&L& frag via the ol] ucl eoti des

HGH | and HGH12: et CA'EE

20 HGHIL2: -5'AAG £X¢ ¢ | ndI | |

fragnent so forned was cl oned |nﬁﬁwﬁ|ndlll-d|ge g ﬁﬁAZ
pHGH37 (Fig 8): and the Notl expression cassette of this plasnld
cloned into hbtl-dlgfsted pSAC35. TheI&esuItlnqvplasnld pHGH38

TGC BGA AGG ATC CAG ATC TCG AGG CGC CAT CGA TAA TTC -eees
BamHl : Xhol Clal

Pvul
Figure 3
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25 (Fig 8), contained an expression cassette that was found to direct

secretion of the fusion polypeptide into the supernatant when
transforned into S cerevisiae DB1. Western blotting using anti-HSA
and anti-hGH a$‘+ws confirmed the presence of the twopEHEndsioblednt
parts of the fusion protein. 30 The fusion protein was purified from
cul ture supernatant by cation WO 97/ 24445

PCT/ GB96/ 03164 23 exchange
chr omat ogr aphy foll owed by gel per maati,p/q chr omat ogr aphy. In vivo
studies with purified protein indicated t%at t cir Ia&l&&y hal f-life
was | onger than that of h®fl and simlar to ¥R of ston p in
conprising full-Iength HAS "Eﬁifa .‘_’Ti".lo‘k. as 5
the Ctermnal T I n vitrond u@we’i
showed that the fu 1 Y 6

first domai n of
as the C-term nal

Notl expression

cassette
leader  HindIll
PRBI, ADH],
Nol Notl

HindilI-SfaNI fragment | HindIIl vector
HGH3 + HGH4 1
IEcoRI-HindIII fragment
hGH cDNA HindlIl hGH cDNA .
leader Hz;:{:}lll
/ \ HindlIll PRB! ADHI,
Bk " Notl N\_Per

Nutl expression
cassette

pHIGIH12 «

1
PSACIS Nl vector
Figure 4
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Western blotting of culture éuper natant using anti-HSA and anti-hGH
antisera confirnmed the presence of the two constituent parts of the fusion
pr ot ei n. 15 Exanple 6: Expression of hGH by introducing a cleavage site

bet ween % 45hGH. I ntroduction of a peptide spetgpssmaisdat is
recogni sed by e 'KeX2 protease. bet ween the HA-hGH fusion protein,
all ows secretion of hGH A 20 sequence encoding Ser Leu Asp Lys Arg was

i ntroduced using two ol i gonucl eoti des, HGH14 and HGH15: HGH14:
5' - TTAGGCTTAAGCTTGGATAAAAGATTCCCAAC g/43' HGHL5: 5 -

AATTGT TGCGAATCT BT CRADCEBNAACB w361 3' 25 The@H oRNA used to join the
pHAL Hi ndl I - '3’&!&:1}& fragne t '

AedHCH 1 EcoR dl |1 fragnent,
TS To~ukdiniiGH5 (Fi g

A/asmi d was cPOxed i nto

whi ch were the ongg
9). The Notl r),R%I
Not | - di gested p

HindIll-Bsu361 HGH7 + HOHS EcoRI-Hindlll
fragment | fragment

leader  HindIll
PRBI,
Noil

ADH]1,
Nofl

HindIll vector

Notl cxpression cassetic

PSAC3S Norl veetr ——————

r

ptIGHT6
Figure 5
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WD 97/ 24445

PCT/ GB96/ 03164 24 S.
cerevisiae DBl transforned with pHGH31 was found to secrete two maj or
speci es, as dewernk4yasl by SDS- PAGE anal ysis of culture S.
The two species had nol ecul ar wei ghts of approxi mately 66 ﬁ&i}%?‘%ﬁ&t

corresponding to (full length) HA and 22 kD, corresponding to (full 5
| ength) hGH, indicating in vivo cl eavs&z ff the fusion protein by the Kex2
prot ease, or an equivalent activity. %ern blotting using anti-HSA and
anti-hGH antisera confirnmed the presence of the two separate species. N
terninal sequ@ncéd akal ySi s® ofEt hg htsH Hoi 8ty Fcolfi Pred t §e Fredi sé¥ anBl :
efficient cl CAVAGR PF ME B8 FDT 8FY AU EOC TTT MRS GG TR MY RRSARTURTS i ed
fromculture Eupérnatartt by ahi oh eXch&ng® Y Lchfon® odr aghy ol owed by
gel perneat i GAA EFE FFELBGr BRFHYTT FEF FTX BET CAG TAT(QTE|CAS GARtTIST1AS2 THUr $AA GNr hGH
showed that the protein was active and fully pot ent“10d5 Using a
simlar stratggyyVv f&sian prot®i n& conprfi sEngFei tthek tire fcirgt donmed n E
of HA (residuwas ctalB4)Tmar ciehsaT 6x6 ETX WOT danern sschfankihch res iain exr1eri8d)g
foll owed by asseguemce w eaogs sexl by tbe Kexzp pmrotreasge, of okl owed by +he
hGH cDNA, Wergs Gl RR0TEXEERBEcd BTDcat AL \Urdi1ae dablac WAk 19 Nra2Oaca
bl otting of culture supernatant using antksdgSA and anti-hGH anti sera
confirmed the,prgsence ;of ghetwp sgpagatg sgeches, . . Exagpleg, 7:g
Fusion of  HSQef Qo Gdr UsirGarladnl £ PAF ot BEE e S LAE Srac Ter aca ana can aan
P E R N E C F L Q H K D D N P N L P R
CCT GAG AGA AAT GAA TGC TTC TTG CAA CAC AAA GAT GAC AAC CCA AAC CTC CCC CGA
~300
L VvV R P E V D VvV M € T A F H D N E E T
T7G GTG AGA CCAR GAG GTT GAT GTG ATG TGC ACT GCT TIT CAT GAC AAT GAA GAG ACA
P L K K Y L Y E I A R R H P Y F Y A P
TTIT TTG AAA AAA TAC TTA TAT GAA ATT GCC AGA AGA CAT CCT TAC TTT TAT GCC CCG
“400
E L L F F A K R Y K A A F T E C C Q
GAA CTC CTT TTC TTT GCT AARA AGG TAT AAA GCT GCT TTT ACA GAA TGT TGC CAA GCT
“500
A D K A A c L L X L D E L R D E G K
GCT GAT ARA GCT GCC TGC CTG TTG CCA ARG CTC GAT GAA CTT CGG GAT GAA GGG AAG
A s S A K Q R L X c A s L Q K F G E R
GCT TCG TCT GCC AMAA CAG AGA CTC AAG TGT GCC AGT CTC CAA AAA TTT GGA GAA AGA
~600
A F K A W A v A R L s Q R F 14 K A E F
GCT TTC AAA GCA TGG GCA GTA GCT CGC CTG AGC CAG AGA TTT CCC AAA GCT GAG TTIT
A E v s K L v T D L T K v H T E (o4 c H
GCA GAR GTT TCC AAG TTA GTG ACA GAT CTT ACC AAA GTC CAC ACG GAA TGC TGC CAT
4700
G D L L E c A D D R A D L A K Y I c E
GGA GAT CTG CTT GAA TGT GCT GAT GAC AGG BCG GAC CTT GCC AAG TAT ATC TGT GAA
N ¢ D 5 I & S8 X L K E € € E K P L L E
AAT CAA GAT TCG ATC TCC AGT AAA CTG AAG GAA TGC TGT GAA ARA CCT CTG TTG GAA
~800
K S H C I A E v E N D E M F A D L P S
AAA TCC CAC TGC ATT GCC GAA GTG GhA AAT GAT GAG ATG CCT GCT GAC TTG CCT TCA
900

Figure 6. HSA cDNA sequence, showing thr: reqgion encoding
the macture protein.
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25 Flexible linkers, conprisiﬁg repeéting uni ts of

[Ay-Ay-dy-dy-Ser][err], where n was either 2 or 3, were

i ntroduced between the HSA and hCGH fusion protein by cloning of the
ol i gonucl eot i deswbGhizfa4s HGHL7, HGH18 and HGH19: 4
PCT/ GB96/ 03164 25 Y%ﬁﬁﬂﬁéﬁﬂcﬁ
HGH16: 5' - TTAGGCTTAGGT GGCGGT GGAT CCEECGGT GGTGGATCTTTCCCA AC- 3

HGH17: 5' - AATTGT TGGGAAAGAT CCACCACCGCCGGAT CLACCGCCACCTAA GCC-3" 5
HGH18: 5' - TTAGECTTAGECGGTGGTGGATCTGGT TCTGGTGCC

GGTGGATCCTTCCCAAC- 3 HGH 9;

5' - AATTGTTCIISAA(ISA‘TC@CCEI:@CCX Focloodockocr € ArdactactecBTakaod 3
10 Anneal i ng o‘r’ﬁﬁﬂhﬁ%ﬁ%"ﬁbﬁﬁ CPANTT 8 Y =2 TGW BAHERA 8T Gma?ﬁﬁé‘&f’ed

to HGHLO resul td ¥ nnE3. LAfferManfeal nd. thhe Houbl 8 st FanBed® P
GAT GTC TTC CTG GGC ATG TTT TTIG T GAA TAT GCA AGA AGG CAT CCT GAT TAC TCT

“1000

vV vV L L L R L A XK T Y E T T L E K ¢ ¢
GTC GTC CIG CTG CTG AGA CTT GCC AAG ACA TAT GAA ACC ACT CTA GAG ARG TGC TGT
A A A D P H BE € ¥ A K V F D E F K P L
GCC GCT GCA GAT CCT CAT GAA TGC TAT GCC AAA GTG TTC GAT GAR TTT AAA CCT CTT

“1100

v E E P © N L I X @ N C E L F E Q L
GTG GAA GAG CCT CAG AAT TTA ATC AAA CAA AAT TGT GAG CTT TTT GAG CAG CTT GGA
E Y X F Q@ N A L L VvV R Y T K K VvV P @ vV
GAG TAC AAA TTC CAG AAT GCG CTA TTA GTT CGT TAC ACC ARG AAA GTA CCC CAA GTG

1200

s T P T L V E V 85 R N L 6 K V 6 8 XK ¢
TCA ACT CCA ACT CTT GTA GAG GTC TCA AGA AAC CTA GGA ARA GTG GGC AGC AAA TGT

*1300

¢ X B P E A X R M P €C A E D Y L S8 V V
TGT AAA CAT CCT GAA GCA AAA AGA ATG CCC TGT GCA GAA GAC TAT CTA TCC GTG GTC
L ¥ ¢ L ¢ VvV L H B X T P VvV 8 D R VvV T K
CTG AAC CAG TTA TGT GTG TTG CAT GAG AAA ACG CCA GTA AGT GAC AGA GTC ACC AAR

*1400

¢ € T E 8 L VvV N R R P C F S8 A L E V D
TGC TGC ACA GAA TCC TTG GTG AAC AGE CGA CCA TGC TTT TCA GCT CTG GAR GTC GAT
E T Y v p K E P N A E T ¥ T F H A D I
GAA ACA TAC GTT CCC AAA GAG TTT AAT GCT GAA ACA TTC ACC TTC CAT GCA GAT ATA

“1500

€ T L S E K E R € I K K Q@ T A L VvV E L
TGC ACA CTT TCT GAG AAG GAG AGA CAA ATC AAG AAA CAA ACT GCR CTT GTT GAG CTC
vV K H XK P K A T X B @ L X A VvV M D D F
GTG AAA CAC AAG CCC AAG GCA ACA AAA GAG CAA CTG AAA GCT GTT ATG GAT GAT TTC

*1600

A A P VvV E K C€C € KK A D D X E T C F A B

GCA GCT TTT GTA GAG AAG TGC TGC AAG GCT GAC GAT ARG GAG ACC TGC TTT GCC GAG
’ ~1700

E G K K L VvV A A S © A A L G L

GAG GGT ARA AAA CTT GTT GCT GCA AGT CAA GCT GCC TTA GGC TTA TAA

Figure 6 (cont'd)
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ol i gonucl eotides were cloned with the EcoRl -Bsu36l fragment isol ated
frompHGH into Bsu36l-digested pHGH10 to make pHGHS56 (where n=2) and
pHGH57 (where n=3) (Figure 10). The Notl expression 15 cassettes from

t hese pl asm d@ é&‘gl oned into Notl-digested pSAC35 to POTREEY603164158
and pHGH59, §%§ ely. Cl oning of the oligonucleotides to nmake
pHGHS6 and pHGHS7 i ntroduced a BanH site in the |linker sequences, as
shown in Figure 11. It was 20 thereforgﬂ7 5)035| ble to construct |inker
sequences in which n= 1 and n=4, ] 0 -'Lger the Hi ndlII-BanH
fragment from pH&ESSI 0H$héDNA- BaﬁHI-HIH% &#l 57 (maki ng
n= 1), or the H ndleade -Hi ndl I'|
fragment from PRBIpHG ) _
Hindl Il site 2%Voflof /pHA2 (descrlbeo | Nottx af¥¥le_ 2 W\
1) and pHGB17¥ n=4) (see Figurg 11). The ssion dassettes
from pHGHE0 ‘ i

pHGH62 and pHGH63,| r espeinglestiagded 3 (mutpgenssis d :
PHGH58, pHGH59, pHGHE2 anemplate) pHGHEWith&EWEt ed\ i n transfor mant

siae with
t hat

Hindlll hGHcDNA , BamHI
; EcoNI-Noil
fragment
HGHS + HGH6

Notl-BamHl

fragment
clone into
pBST+ Noil vector

pHGHS
Notl fragment
pSAC35 Notl vector l

HindIll
leader HindlII
PRBI, ADHI,

Notl Notl

Figure 7
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WO 97/ 24445 ' ‘ | PCT/ GB96/ 03164

26 into the supernatant. Western blotting using anti-HSA and
anti-hGH antisera confirnmed the presence of the two constituent parts
of the fusi o g},nl ns. 5 The fusion proteins were puri pcedabéees
culture super .0 by cation exchange chromat ography, foll owed by
ani on exchange and gel permeati on chromat ography. Analysis of the
N-term ni of the proteins by amn ci d sequencing confirned the
presence of the expected al bumin 10 gég{lence. Anal ysis of the purified

proteins by electrospray nesapl spectronmetry confirned an increase in .
mass of 315 D (mmdijl, GBQAIBDNA (n=2), 945 D (n=3)hGicDNA60 D (n=4)
conpared to the HRAd&GH f usi pHindIIDt ei n descr| hed—-i Exanpl e 3, as

expected. The pgpif | -nf."-?.-\
WO 97/ 24445  wort / N

PCT/ GB96/ 03164

HindIII-Sapl HGHI!1 + 12 EcoRI-Hindlll
fragment { ' fragment

clone into pHA2 HindllI vector

A21 hGH

HindIIl
leader HindIll
- PRBI, ADH1,
Notl Notl

Notl expression cassette

pSAC35 Notl vector

pHGH38

Figure 8
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pHGH3!
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PCT/ GB96/ 03164 28 CLAI V5

1. A pol ypeptide consisting of a continuous region of am no acids

j oined together ti de bonds and conprising a first regi east
5 10 am no ?gwﬁch has at | east 75% sequence identity gme{’ﬁﬁgﬁgg‘re-

| ength region of growmh hornone (GH) and a second region of at |east 10
am no aci ds which has at |east 75 % sequence identity with a same-|ength

regi on of serum al bum n. 10 2. A ppjypeptide according to daim1l in
whi ch each of said first and second regions has at |east 95% sequence
identity with the said | engths of GH and al bum n, respectively.

3. A pol ypeptide accor di ngBu36ICI aBsaB&X wher ei n eaclBsadSI saiGH first and 15
second regions is at | él§§t 50—ang no hﬁiiids | ong. A pol ypepti de
accordi ng to anéfindHb o he prec HindIll

ADHI,
Notl

A

PRBI,
Notl

HGHI16 + HGH17

Bsu36l or HGH18 + HGH19 EcoRI-Bsu361
vector fragment

or pHGH57

Notl expression cassette

pSAC35 Notl vector

3

plGHSR or pHGISY
Figure 10

SUBSTITUTE SHEET (RULE 26)



the first region consists of uni nterrupted ami no acids of the C-termnus of
GH, or a conservative nodification thereof, and the pol ypeptide binds and

20 activates the GH receptor. 5. A pol ypeptide according to

Caim4 whereigobdsefsd rst region is 191 am no acids | o\rll\lgcr,cngsﬁ,m“G.

A pol ypepti de accoral ng to any one of the preceding clains erern

the al bum n and/or the growth hornone is human. 7. A pol ypepti de

according to any one of the preceding clains wherein t he second

region conprises at |east one uninterrypi£d domain of albumin 30 or a

conservative nodification thereof. WD 97/ 24445

PCT/ GB96/ 03164 5 29 8. A

pol ypeptide according to Caim7 wherein the second %egi on conpri ses

uni nterrupted amno acids 1-105, 120-194, 195-291, 316-387, 388-491,
of | human

512-585, 1-194, 195-387,5388-585, 1-387 or 195-58§
=
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al bumin or a conservative nodification thereof.
according to any one of the preceding clainms wherein
t he pol ypepti de conprises the said first
nd region.

conprises the i o]

~one of dains %%’%&%ﬁer ein
conpri ses the said second reg
first region. 11. Ap
precedi ng clains which 15
optionally with further amno

5 9.
region and the

10 10. A polypeptide acgsy
t he N-term nus of the pol ypepti
ion and the C-term nus conprises t
ol ypepti de according to any one of the

Cterm

acids or -oth

end of the polypeptlg .
transforned cells an

preceding clains. 20
pol ypepti de accor
pol ynucl eoti de en

13.

to 11. 15. "A° robi a
to Claim 14 aEra f or

o 0.8 \{

£

I

s 08

H

L1

04
%

0.2

0.0

12. A mcrobial culture nmedi um conpr
pol ypepti de according to any one of the

A mcrobial culture nmedium conpri sing
any one of Clains 1 to 11. 14.

& polypeptide according to any one of 25 C
| host conprising a pol ynucl eoti de accof

expression in the host.

~_v
b o
.\. ~—
\,\.\.-; — ﬁ-' ————
-0— — =g —
1] L] 1 ]
1 2 3 4 5

Time postinjection (hours)

Figure 12
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30 16.°
30

15 or 16

.formul ati on conpr
and a pharnaceuti

to any one @NTERNATIGNAL APPLIGATION LI

fromthe host.

A‘noét according to I"aim™5 wherein the pol ypeptide is secreted

17.
and purifying the pol ypeptide.

accept a

A process for obtaining a polypepti (’éco%
to any one of Clainms 1 to 11 conprising culturing a host accordi po g
18.
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car r @gfnational

A

A pharmaceuti cag
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, 21. A et hod—of——h#creas'rng—beyond normal the growth rate of, or ratio of
Iean meat tof ani mal conpra=s; ; ngtothe
ani mal an effe u‘aﬂ%m ﬁu oI ypepti de : ne of C ains
1to 11. OdUCI ng gro hor none, corrpri si ng

expressi ng a poI ynucl eotlde accor-di3 g to d 4‘-¥]g ﬁ grdbl al host,

preferably yeast, the pol ypeptide encoded t herleby y ng'a 4i e between the
sai d fifcomathe kestond regi ons which site is il
in the host, or by any other enzyne, or cheni

.

17. A process for obtaining a polypepude according to any one of
Claims 1 to 11 comprising culturing a host according to Claim 15 or 16

and purifying the polypeptide.

18. A pharmaceutical formulation comprising a polypeptide according

to any one of Claims 1 to 11 and a pharmaceutically acceptable carrier.

19. A polypeptide according to any one of Claims 1 to 11 for use in medicine.

20.  Use of a polypeptide according to any one of Claims 1 to 11 in the manufacture
of a medicament for treating a patient having a condition which is treatable with growth

hormone.

21. A method of increasing beyond normal the growth rate of, or ratio of lean meat to

fat meat in, a farm animal comprising administering to the animal an effective amount of

a polypeptide according to any one of Claims 1 to 11.

. 22. A process for producing growth hormone, comprising expressiﬁg

a polynucieotide according to Claim 14 in a microbial host, preferably
yeast, the polypeptide encoded thereby having a site between the said first
and second regions which site is cleavable by an enzyme present in the

host, or by any other enzyme, or chemically.

enzyme pr esent



