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Human growth hormone variants are disclosed having enhanced affinity for the growth hormone receptor. Also disclosed are human
growth hormone variants conjugated to one or more chemical groups, such as poly(ethylene glycol), which is believed to prolong the in
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HUMAN GROWTH HORMONE VARIANTS

Background of the Invention

Field of the Invention
This invention relates to certain growth hormone

variants, and pegylated forms thereof, for use as
agonists or antagonists of human growth hormone.

Description of the Related Art
Human growth hormone (hGH) participates in much of

the regulation of normal human growth and development.

This 22,000-dalton pituitary hormone exhibits a
multitude of biological effects, including linear
growth (somatogenesis), lactation, activation of
macrophages, and insulin-like and diabetogenic effects,

among others. Chawla, Annu. Rev. Med., 34: 519

(1983) ; Edwards et al., Science, 239: 769 (1988);

Isaksson et al., Annu. Rev. Physiol., 47: 483 (1985);

Thorner and Vance, J. Clin. Invest., 82: 745 (1988);

Hughes and Friesen, Annu. Rev. Physiol., 47: 469
(1985). These biological effects derive from the
interaction between hGH and specific cellular
receptors. Growth hormone deficiency in children leads
to dwarfism, which has been successfully treated for
more than a decade by exogenous administration of hGH.
There is also interest in the antigenicity of hGH to
distinguish among genetic and post-translationally
modified forms of hGH (Lewis, Ann. Rev. Physiol.,
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46: 33 [1984]), to characterize any immunological
response to hGH when it is administered clinically, and
to quantify circulating levels of the hormone.

hGH is a member of a family of homologous hormones
that include placental lactogens, prolactins, and other
genetic and species variants of growth hormone. Nichol
et al., Endocrine Reviews, 7: 169 (1986). hGH is
unusual among these in that it exhibits broad species
specificity and binds to either the cloned somatogenic
(Leung et al., Nature, 330: 537 [1987]) or prolactin
(Boutin et al., Cell, 53: 69 [1988]) receptor. The
cloned gene for hGH has been expressed in a secreted
form in E. coli (Chang et al., Gene, 55: 189 [1987])
and its DNA and amino acid sequences have been
reported. Goeddel et al., Nature, 281: 544 (1979);
Gray et al., Gene, 39: 247 (1985). The three-
dimensional folding pattern for porcine growth hormone

(PGH) has been reported at moderate resolution and
refinement. Abdel-Meguid et al., Proc. Natl. Acad.
Sci. USA, 84: 6434 (1987). The receptor and antibody
epitopes of hGH have been identified by homolog-
scanning mutagenesis and alanine-scanning mutagenesis
as described in the priority application to this
application and in Cunningham et al., Science, 243:
1330-1336 (1989) and Cunningham and Wells, Science,
244: 1081-1085 (1989).

There are a large number of high-resolution
structures that show the molecular details of protein-
protein interfaces (for reviews, see Argos, Protein
Eng., 2: 101-113 [1988]; Janin et al., J. Mol. Biol.,
204: 155-164 [1988); Miller, Protein Eng., 3: 77-83
(1989]); Davies et al., Annu. Rev. Biochem., 59: 439-473
[1990]). These define contact residues, but not the
energetics for them nor do they show how docking
occurs. A comprehensive understanding of the role of
contact residues in affecting association and

-2 -
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dissociation is fundamental to molecular recognition
processes, and is practically important for the
rational protein and drug design.

Perhaps the best characterized hormone-receptor
complex is that between hGH and the extracellular
domain of its receptor (hGHbp). For a review, see
Wells and De Vos, Annu. Rev. Biophys. Biomol. Struct.,
22: 329-351 (1993). High-resolution structural and
mutational analysis (Cunningham and Wells, supra;
Cunningham et al., Science, 254: &21-825 [1991]) and
structural analysis (De Vos et al., Science,255:
306-312 [1992]) has shown that one molecule of hGH
binds two receptor molecules sequentially using

distinct sites on the hormone, called Sites 1 and 2.

A number of naturally occurring mutants of hGH
have been identified. These include hGH-V [Seeberg,
DNA, 1: 239 (1982); U.S. Pat. Nos. 4,446,235,
4,670,393, and 4,665,180] and 20K hGH containing a
deletion of residues 32-46 of hGH. Kostyo et al.,
Biochem. Biophys. Acta, 925: 314 (1987); Lewis et al.
J. Biol. Chem., 253: 2679 (1978).

One investigator has reported the substitution of
cysteine at position 165 in hGH with alanine to disrupt
the disulfide bond which normally exists between Cys-53
and Cys-165. Tokunaga et al., Eur. J. Biochem., 153:
445 (1985). This single substitution produced a mutant
that apparently retained the tertiary structure of hGH
and was recognized by receptors for hGH.

Another investigator has reported the in vitro
synthesis of hGH on a solid resin support. The first
report by this investigator disclosed an incorrect 188
amino acid sequence for hGH. Li et al., J. Am. Chem.
Soc., 88: 2050 (1966); U.S. Pat. No. 3,853,832. A
second report disclosed a 190-amino acid sequence.

U.S. Pat. No. 3,853,833. This latter sequence is also
incorrect. 1In particular, hGH has an additional
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glutamine after position 68, a glutamic acid rather
than glutamine at position 73, an aspartic acid rather
than asparagine at position 106, and an asparagine
rather than aspartic acid at position 108.

In addition to the foregoing, hybrid interferons
have been reported that have altered binding to a
particular monoclonal antibody. Camble et al.,

"Properties of Interferon-a2 Analogues Produced from

Synthetic Genes" in Peptides: Structure and Function,
Proceedings of the Ninth American Peptide Symposium,
Deber et al., eds. (Pierce Chemical Co., Chicago, Il1l.,
1985), pp. 375-384. As disclosed therein, amino acid
residues 101-114 from a-1 interferon or residues 98-114
from y-interferon were substituted into a-2 interferon.
a-2 interferon binds NK-2 monoclonal antibody, whereas
a-1 interferon does not. This particular region in a-2
interferon apparently was chosen because 7 of the 27
amino acid differences between a-1 and a-2 interferon
were located in this region. The hybrids so obtained
reportedly had substantially reduced activity with NK-2
monoclonal antibody. When tested for antiviral
activity, such hybrids demonstrated antiviral activity
on a par with the activity of wild-type a-2 interferon.
Substitutions of smaller sections within these regions
were also reported. Sequential substitution of
clusters of 3 to 7 alanine residues was also proposed.
However, only one analog [Ala-30,32,33] IFN-a2 was
disclosed.

Alanine substitution within a small peptide
fragment of hen egg-while lysozyme and the effect of
such substitutions on the stimulation of 2A11 or 3A9
cells has also been reported. Allen et al., Nature,
327: 713-715 (1987).

Others have reported that binding properties can
be engineered by replacement of entire units of

secondary structure including antigen binding loops

-4 -
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(Jones et al., Nature, 321: 522-525 ([1986]) or DNA
recognition helices. Wharton et al., Nature, 316:
601-605 (1985).

The structure of amino-terminal methionyl bovine

5 growth hormone (bGH) containing a spliced-in sequence
of hGH including histidine 18 and histidine 21 has been
shown. U.S. Pat. No. 4,880,910. Additional hGH
variants are described in the priority applications
for this application and in copending U.S. Ser.

10 Nos. 07/715,300 filed June 14, 1991 and 07/743,614
filed August 9, 1991, and WO 92/09690 published June
11, 1992. hGH variants are also disclosed (WO 93/00109
published 7 January 1993) having the GH moiety
covalently attached to poly(ethylene glycol) (PEG) at

15 one or more amino acids, including those wherein the
PEG molecule is attached to the lysine at position 41.

hGH variants are also reported in WO 92/21029
published 26 November 1992, which discloses the 1:2
complex dimer between GH and two receptor molecules.

20 The variant is a monomeric polypeptide ligand which
comprises in its native conformation four amphipathic
alpha helices and which binds to its receptor through
two sites in sequential order. This variant comprises
a mutation introduced into site 1 or site 2, provided

25 that when the ligand is GH, at least two residues are
mutated, one each in the N-terminal about 15 residues
of the wild-type hormone and in helix C, or site 1 is
mutated so as to increase the affinity of the ligand
for its receptor at site 1.

30 It has previously been shown that monovalent phage
display (Bass et al., Proteins, 8: 309-314 [1990]) can
be used to improve the affinity of Site 1 in hGH for
the hGHbp. Lowman et al., Biochemistry, 30:
10832-10838 (1991). Modest improvements in binding

35 affinity (3 to 8-fold tighter than wild-type hGH) were
produced by sorting three independent libraries each

-5-
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mutated at four different codons in Site 1. An hGH
mutant slightly enhanced in binding affinity for Site 1
and blocked in its ability to bind Site 2 was a better
antagonist of the hGH receptor than the Site 2 mutant
alone. Fuh et al., Science, 256: 1677-1680 (1992). It
would be desirable to improve Site 1 affinity further
to obtain an even better antagonist that can have
utility in treating conditions of GH excess such as
acromegaly.

Additional improvements in Site 1 affinity might
be obtained by mutating more residues per library.
However, it was not feasible to generate enough
transformants to ensure that all possible residue
combinations were represented when more than about five
codons were randomized simultaneously. Lowman and
Wells, Methods: Companion Methods Enzymol., 3: 205-216
(1991) . Mutations at protein-protein interfaces
usually exhibit additive effects upon binding. Wells,
Biochemistry, 29: 8509-8517 (1990).

It is desired to obtain much larger improvements
in affinity. It has been disclosed that the lysine
residues of hGH and bGH are involved in the interaction
of hGH and bGH with somatotropic receptors, with the
structure-function relationship particularly
implicating the lysine or arginine residues at
positions 41, 64, 70, and 115. Martal et al., FEBS
Lett., 180: 295-299 (1985). Lysine residues were
chemically modified by methylation, ethylation,

guanidination, and acetimidination, resulting in
reduced activity by radioreceptor assay.

The in vivo efficacy of hGH and hGH variants is
determined, in part, by affinity for hGH receptor and
by the rate of clearance from the circulation. The
in vivo half-life of certain other therapeutic proteins
has been increased by conjugating the proteins with
PEG, which is termed "pegylation." See, e.g.,
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_ Abuchowskl et al., J. Biol. Chem., 252:3582-3586

(1977). PEG is typically characterized as a
non-immunogenic uncharged polymer with three water
molecules per ethylene oxide monomer. PEG is believed

5 to slow renal clearance by providing increased
hydrodynamic volume in pegylated proteins. Maxfield
et al., Polymer, 16:505-509 (1975). In one study,
Katre and co-workers (Knauf, M.J. et al., J. Biol.
Chem., 363:15064-15070 (1988]}; Goodson, R.J. & Katre,

10 N.V., Bio/Technology, 8:343-346 (1390]) showed that the
in vivo half-life of PEG-interleukin-2 increased with
effective molecular weight. In addition, pegylation
has been reported to reduce immunogenicity and toxicity
of certain therapeutic proteins. Abuchowski et al.,

15 J. Biol. Chem., 252:3578-3581 (1977) .

Throughout the description and claims of this
specification, the word “comprise” and variations of the
word, such as “comprising” and “comprises”, means
“including but not limited to” and is not intended to

20 exclude other additives, components, integers or steps.
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35
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Summary of the Invention

The present invention provides a human growth
hormone (hGH) variant including the following set of
amino acid substitutions:

5 H18D, H21N, R167N, K168A, D171S, K172R, E174sS,
I179T.
‘Also provided is a human growth hormone variant

including the following set of amino acid

substitutions:
10 H18A, Q22A, F25A, D26A, Q29A, E65A, K168A, E174A.
These substitutions increase binding affinity for the
se oo hGH receptor at Site 1. An hGH variant including one
f..; of these sets of amino acid substitutions acts as an
g: . hGH agonist in the absence of an additional -
5::? 15 modification that disrupts binding to the hGH receptor
St at Site 2.
§“.u The substitution of a different amino acid at G120
is one modification that disrupts Site 2 binding.
Accordingly, an hGH variant including an amino acid
'2;? 20 substitution at G120 acts as an hGH antagonist. The
OO 25
30

N
<< / H:\Luisa\Keep\specis\70733-96.doc 28/09/98
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present invention provides hGH variants wherein a G120

amino acid substitution is combined with one of the

sets of Site 1 amino acid substitutions. Thus, in one

embodiment, an hGH variant includes the following set
5 of amino acid substitutions:

H18D, H21N, G120K, R167N, K168A, D171S, K172R,
E174S, I179T (hereinafter the "B2036 variant").

In another embodiment, an hGH variant includes the
following set of amino acid substitutions:

10 H18A, Q22A, F25A, D26A, Q29A, E65A, G120K, K1684a,
E174A (hereinafter the "B2024 variant").

Further aspects of the invention include nucleic
acid sequences, vectors, host cells, and processes for
expression of these hGH variants.

15 The invention also includes hGH variants
conjugated to one or more chemical groups that increase
the molecular weight of the variant, as determined by
mass spectrometry (hereinafter "actual molecular
weight"), to at least about 40 kilodaltons. In one

20 embodiment, an hGH variant is conjugated to one or more
polyols, such as poly(ethylene glycol) (PEG). Also
provided is a method of producing an hGH variant
conjugated to PEG.

A further aspect of the invention is a method for

25 inhibiting growth hormone action in a patient
comprising administering to the patient an effective
amount of an antagonist hGH variant of the invention.

Brief Description of the Drawings
30 Figures 1A and 1B show the reaction (Fig. 1A) and

kinetics (Fig. 1B) for binding of human growth hormone
(hGH) or (G120R)hGH to the (S237C)hGHbp coupled to the
BIAcore™ biosensor. The (S237C)hGHbp was immobilized
on the thiol-dextran matrix (Fig. 1A) at a level of

35 1220 RU's, which corresponds to 1.2 ng/mm’. In the
binding-profile example (Fig. 1B), hGH (open symbols)

-8-
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or (G120R)hGH (filled symbols) was injected at
saturating concentrations (>200 nM) to follow
association and establish the limiting amount of bound
hormone from which a stoichiometry was calculated.
After saturation, the injector loop was switched to
buffer to follow dissociation (indicated by the arrow).

Figures 2A and 2B show the reaction (Fig. 2A) and
kinetics (Fig. 2B) for binding of hGH (open symbols) or
(G120R)hGH (closed symbols) to the (s201C)hGHbp coupled
on the BIAcore™ biosensor. The (S$201C)hGHbp was
immobilized at a level of 1480 RU's (1.48 ng/mm’) on the
biosensor. Binding conditions and profiles are
analogous to those in Figs. 1A and 1B.

Figure 3 shows the correlation between the change
in the free energy of binding (AAG,..,) calculated for
alanine mutants of hGH relative to wild-type hGH when
forming a 1:1 complex with the hGHbp from data obtained
by RIA (y-axis) or BIAcore™ biosensor (x-axis). Values
were taken from Table 2.

Figures 4A and 4B show the relative change in off-
rate (Fig. 4A) or on-rate (Fig. 4B) for alanine mutants
at contact residues. Data is taken from Table 2.

Figures 5A and 5B show the relationship between
the change in binding affinity upon alanine
substitution and the change in buried surface area (A2?)
(Fig. 5A) or number of van der Waals contacts (Fig. 5B)
for atoms in contact side-chains beyond the B-carbon.
Closed circles are for residues buried at the interface
that make hydrogen bonds or salt bridges with the
receptor at Site 1, and open circles are for residues
that do not. Data are plotted from Table 2.

Figures 6A, 6B, and 6C show a comparison of
receptor binding epitopes defined by alanine-scanning
mutagenesis, x-ray crystal structure, or phage display,
respectively.
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Fig. 6A shows the hGH site-1 functional epitope.
Residues involved in receptor binding, according to
alanine-scanning mutagenesis, are shown on a cartoon
model of hGH, derived from the hGH(hGHbp), crystal
structure. de Vos et al., supra. The effects of
alanine substitutions (or Gln substitution in the case
of K41) are shown based on BIAcore™ kinetics
measurements, except for sites M14, H21, F54, ES56, 158,
S62, N63, and Y164. At these sites, BIAcore™ data were
either not available or indicated a negligible effect
on binding, and so the effect shown is based on RIA
data. The change in binding free energy (AAG) was
calculated as -RT 1ln([K;(Ala mutant) /K,(hGH)]. Dark
spheres show alanine substitutions that improved
binding (AAG = -1 to -0.5 kcal/mol). The four white
spheres of increasing size denote alanine substitutions
that reduced binding energy by +0.5 to 1.0 kcal/mol,
+1.0 to 1.5 kcal/mol, +1.5 to 2.0 kcal/mol, or +2.0 to
2.5 kcal/mol, respectively.

Fig. 6B is the hGH site-1 structural epitope. The
four white spheres of increasing size represent a
change in solvent-accessible area of -20 to 0 A%, 0 to
20 &%, 20 to 40 R?, or 40 to 60 A?, respectively, at each
residue upon alanine substitution, as calculated from
the hGH (hGHbp), X-ray crystal structure.

Fig. 6C denotes the conservation of hGH residues
in randomized phagemid libraries. Residues that were
randomized, four positions at a time, in phage-
displayed hGH libraries are shown: helix-1 [F10, M14,
H18, H21); minihelix-1 [K41, Y42, L45, Q46]; Loop-A
[F54, E56, I58, R64]; helix-4A [K172, E174, F176,
R178); helix-4B [R167, D171, T175, I179]. The fraction
of wild-type hGH residues found at each position after
sorting for hGHbp binding [data reported herein and in
Lowman et al., supra) is indicated by the size of black
spheres: The smallest black sphere is 0-10% conserved,

-10-
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the next larger is 10-25% conserved, the next larger is
25-50% conserved, and the largest is >50% conserved.

Figure 7 shows the strategy for combining phage-
derived mutations that enhance receptor binding
affinity. The best selectants are shown with the fold
increase in affinity over wild-type. The number of
mutations from wild-type found in each of these
variants is also shown (e.g., 4 muts.). Libraries
randomized at four codons each in helix-1, helix-4,
minihelix-1, or the loop connecting helices 1 and 2,
were sorted separately. Two mutations (E174S/F176Y)
identified in Helix-4a were used as background for
additional randomization and selection at other helix-4
sites (Helix-4b; Lowman et al., supra). The mutations
identified in Helix-1 and Helix-4b were combined to
yield the BD variant; mutations in Minihelix-1 and
Loop-A were combined to yield variant 852b. Finally,
mutations from these two variants were combined to
yield variant 852d.

Figures 8A, 8B, and 8C depict the relationship
among the hGH structural epitope, phage-derived
epitope, and evolutionary variants, respectively. The
natural logarithm of the frequency with which the wild-
type hGH residues appeared in hGH-phagemid pools
(Lowman et al., supra) sorted for receptor binding is
shown on the x-axis. Data from the Combinatorial
libraries were not included. The log scale was chosen
for comparison with buried surface areas. Residues
M14, H18, K41, Q46, R167, and E174 do not appear on
this graph, because no wild-type residues were found
among any of the selected libraries.

Fig. 8A depicts a comparison with x-ray structure
of hGH-(hGHbp),. The side-chain area of hGH residues
buried by receptor-1 binding (solvent accessible area
of: [free hGH] - [hGH-hGHbp complex] is plotted.

-11-
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Fig. 8B depicts the results of phage display and
alanine-scanning mutagenesis. The functional effect of
Ala substitutions in hGH is plotted as 1ln [K, (Ala
mutant) /K;(hGH) J. Binding data were taken from BIAcore™
biosensor measurements, except where kinetics data were
not available. For these non-contact residues (F10,
F54, I58), values for K, obtained from radio-
immunoprecipitation assays were used. Cunningham
et al., 1989, supra.

Fig. 8C denotes conservation of residues among
evolutionary variants. The amino acid sequences
(Genbank, vol. 75, Feb. 1993) of growth hormones from
monkey, pig, elephant, hamster, whale, alpaca, fox,
horse, sheep, rat, turtle, chicken, mink, cow, salmon,
frog, and trout, as well as human placental lactogen,
hGH(20K), and hGH-V were compared with that of wild-
type hGH. Prolactin evolutionary variants were not
included. The natural logarithm of the frequency with
which the wild-type hGH residues appear among these
variants is plotted.

Figure 9 discloses the additivity of phage-derived
mutations. The change (AAG) in free energy of binding
versus that of wild-type hGH was compared with the sum
of AAG for component mutations. The points shown
correspond to the combinations of (1) variant BD vs. [B
plus D]; (2) variant 852b vs. [minihelix-1 plus loop-
A]l; (3) variant BF vs. [B plus F)]; and (4) variant 852d
vs. [BD plus 852b]. Error bars were estimated from
standard deviations using a propagation of errors
calculation. Bevington, Data Reduction and Error
Analysis for the Physical Sciences, pp. 56-65 (McGraw-
Hill, New York, 1969). The line shown is y = -0.94 +
0.60x; R’ = 0.96.

Figure 10 shows a plasmid map for an exemplary
vector used to express an antagonist hGH variant of the

_12_
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present invention (the B2036 variant), as described in
Example V.

Figure 11 shows the effect of daily subcutaneous
injections (0.25 mg/kg) of various antagonist hGH
variants of the present invention on insulin-like
growth factor-I (IGF-I) levels in Rhesus monkeys. Both
pegylated and non-pegylated forms of the variants were
tested. See Example XIII.

Figure 12 shows the single-dose pharmacodynamics
of a pegylated antagonist hGH variant (B2036)
preparation injected intravenously or subcutaneously
into Rhesus monkeys. Antagonist effect was measured as
percent reduction in IGF-I level. See Example XIV.

Description of the Preferred Embodiments
Variants

The DNA and amino acid sequences of human growth
hormone (hGH) have been reported. Goeddel et al.,
supra; Gray et al., supra. The present invention
describes novel hGH variants produced using either the
alanine-scanning methodology or phagemid selection
methods. The hGH variants of the present invention can
be expressed in any recombinant system that is capable
of expressing wild-type or met hGH.

Variant hGH sequence notation defines the actual
amino acid substitutions in the hGH variants of the
present invention. For a variant, substitutions are
indicated by a letter representing the wild-type
residue (in single-letter code), a number indicating
the amino acid position in the wild-type sequence, and
a second letter indicating the substituted amino acid
residue. For example, R64K indicates a mutation in
which Arg 64 is converted to Lys. Multiple mutants are
indicated by a series of single mutants separated by
commas .
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Alanine-Scanning Mutagenesis
In one embodiment, the invention herein utilizes a

systematic analysis of hGH to determine one or more
active sites in the polypeptide that are involved in
the interaction of the polypeptide with its receptor.
Such analysis is conveniently performed using
recombinant DNA technology. In general, the DNA
sequence encoding hGH is cloned and manipulated so that
it can be expressed in a convenient host. DNA encoding
hGH can be obtained from a genomic library, from cDNA
derived from mRNA in cells expressing the hGH, or by
synthetically constructing the DNA sequence. Maniatis
et al., Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory, N.Y. (1982).

The wild-type hGH DNA is then inserted into an
appropriate plasmid or vector that is used to transform
a host cell. Prokaryotes are preferred for cloning and
expressing DNA sequences to produce the hGH variants.
For example, E. coli K12 strain 294 (ATCC No. 31446)
can be used, as well as E. coli B, E. coli X1776 (ATCC
No. 31537), and E. coli c600 and c600hfl, and E. coli
w3110 (F, %, prototrophic, ATCC No. 27325), bacilli
such as Bacillus subtilis, and other enterobacteriaceae
such as Salmonella typhimurium or Serratia marcescens,
and various Pseudomonas species. The preferred
prokaryote is E. coli W3110 (ATCC 27325). When
expressed intracellularly in prokaryotes, the hGH
typically contains an N-terminal methionine or a formyl
methionine and is not glycosylated. When expressed
extracellularly into the medium or the periplasm, the
hGH does not contain an N-terminal methionine. These
examples are, of course, intended to be illustrative
rather than limiting.

In addition to prokaryotes, eukaryotic organisms,
such as yeast cultures, or cells derived from
multicellular organisms, can be used. 1In principle,
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any such cell culture is workable. However, interest
has been greatest in vertebrate cells, and propagation
of vertebrate cells in culture (tissue culture) has
become a repeatable procedure. Tissue Culture,
Academic Press, Kruse and Patterson, editors (1973).
Examples of such useful host cell lines are VERO and
Hela, Chinese hamster ovary (CHO), W138, BHK, C0S-7,
and MDCK cell lines.

In general, plasmid vectors containing replication
and control sequences that are derived from species
compatible with the host cell are used in connection
with these hosts. The vector ordinarily carries a
replication site, as well as sequences that encode
proteins that are capable of providing phenotypic
selection in transformed cells. For example, E. coli
can be transformed using pBR322, a plasmid derived from
an E. coli species. Mandel et al., J. Mol. Biol., 53:
154 (1970). Plasmid pBR322 contains genes for

ampicillin and tetracycline resistance and thus

provides easy means for selection. One preferred
vector is pB0475, described in Example 1 of a priority
application to this application (U.S.S.N. 07/428,066
filed October 26, 1989). This vector contains origins
of replication for phage and E. coli that allow it to
be shuttled between such hosts, thereby facilitating
mutagenesis and expression. "“Expression vector" refers
to a DNA construct containing a DNA sequence which is
operably linked to a suitable control sequence capable
of effecting the expression of said DNA in a suitable
host. Such control sequences include a promoter to
effect transcription, an optional operator sequence to
control such transcription, a sequence encoding
suitable mRNA ribosome binding sites, and sequences
which control termination of transcription and
translation. The vector can be a plasmid, a phage
particle, or simply a potential genomic insert. Once
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transformed into a suitable host, the vector can
replicate and function independently of the host
genome, or can, in some instances, integrate into the
genome itself. In the present specification, "plasmid"
and “vector" are sometimes used interchangeably as the
plasmid is the most commonly used form of vector at
present. However, the invention is intended to include
such other forms of expression vectors which serve
equivalent functions and which are, or become, known in
the art.

"Operably linked" when describing the relationship
between two DNA or polypeptide regions simply means
that they are functionally related to each other. For
example, a presequence is operably linked to a peptide
if it functions as a signal sequence, participating in
the secretion of the mature form of the protein, most
probably involving cleavage of the signal sequence. A
promoter is operably linked to a coding sequence if it
controls the transcription of the sequence; a ribosome
binding site is operably linked to a coding sequence if
it is positioned so as to permit translation.

Once the hGH is cloned, site-specific mutagenesis
, 13: 4331 [1986];

0: 6487 [1987]),

(Carter et al., Nucl. Acids. Res.
Zoller et al., Nucl. Acids Res.,

cassette mutagenesis (Wells et al., Gene, 34, 315
[(1985]), restriction selection mutagenesis (Wells

et al., Philos. Trans. R. Soc. London SerA, 317: 415
[1986]), or other known techniques can be performed on
the cloned hGH DNA to produce the variant DNA that
encodes for the changes in amino acid sequence defined
by the residues being substituted. Wwhen operably
linked to an appropriate expression vector, active-
domain-substituted hGH variants are obtained. 1In some
cases, recovery of the hGH variant can be facilitated
by expressing and secreting such molecules from the

expression host by use of an appropriate signal
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sequence operably linked to the DNA sequence encoding
the hGH parent or variant. Such methods are well known
to those skilled in the art. Of course, other methods
can be employed to produce such polypeptides such as
the in vitro chemical synthesis of the desired hGH
variant. Barany et al. in The Peptides, eds. E. Gross
and J. Meienhofer (Academic Press: N.Y. 1979), Vol. 2,
pp. 3-254.

Once the different GH variants are produced, they
are contacted with the receptor and the interaction, if
any, between the receptor and each variant is
determined. These activities are compared to the
activity of the wild-type hGH with the same receptor to
determine which of the amino acid residues in the
active domain are involved in the interaction with the
receptor. The scanning amino acid used in such an
analysis can be any different amino acid from that
substituted, i.e., any of the 19 other naturally
occurring amino acids.

The target receptor can be isolated from natural
sources or prepared by recombinant methods by
procedures known in the art. By way of illustration,
the receptor can be prepared by the technique described
by McFarland et al., Science, 245: 494-499 (1989).

The interaction between the receptor and parent
and variant can be measured by any convenient in vitro
or in vivo assay. Thus, in vitro assays can be used to
determine any detectable interaction between a receptor
and hGH. Such detection can include the measurement of
colorimetric changes, changes in radioactivity, changes
in solubility, changes in molecular weight as measured
by gel electrophoresis, and/or gel exclusion methods,
etc. In vivo assays include, but are not limited to,
assays to detect physiological effects, e.g., weight
gain or change in electrolyte balance. Generally, any

in vivo assay can be used so long as a variable
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parameter exists so as to detect a change in the
interaction between the receptor and the hGH of
interest.

While any number of analytical measurements can be
used to compare activities, a convenient one for
binding of receptor is the dissociation constant K, of
the complex formed between the hGH variant and receptor
as compared to the K; for the wild-type hGH. Generally,
a two-fold increase or decrease in K, per analogous
residue substituted by the substitution indicates that
the substituted residue(s) is active in the interaction
of the wild-type hGH with the target.

When a suspected or known active amino acid
residue is subjected to scanning amino acid analysis,
the amino acid residues immediately adjacent thereto
should be scanned. Three residue-substituted
polypeptides can be made. One contains a scanning
amino acid, preferably alanine, at position N which is
the suspected or known active amino acid. The two
others contain the scanning amino acid at position N+1
and N-1. If each substituted hGH causes a greater than
about two-fold effect on K; for the receptor, the
scanning amino acid is substituted at position N+2 and
N-2. This is repeated until at least one, and
preferably four, residues are identified in each
direction which have less than about a two-fold effect
on K; or either of the ends of the wild-type hGH are
reached. In this manner, one or more amino acids along
a continuous amino acid sequence which are involved in
the interaction with the particular receptor can be
identified.

The active amino acid residue identified by amino
acid scan is typically one that contacts the receptor
target directly. However, active amino acids can also
indirectly contact the target through salt bridges
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formed with other residues or small molecules such as
H,0 or ionic species such as Na*, ca*?’, Mg*?’, or zn*2.

In some cases, the substitution of a scanning
amino acid at one or more residues results in a
residue-substituted polypeptide which is not expressed
at levels which allow for the isolation of quantities
sufficient to carry out analysis of its activity with
the receptor. 1In such cases, a different scanning
amino acid, preferably an isosteric amino acid, can be
used.

Among the preferred scanning amino acids are
relatively small, neutral amino acids. Such amino
acids include alanine, glycine, serine, and cysteine.
Alanine is the preferred scanning amino acid among this
group because it eliminates the side-chain beyond the
beta-carbon and is less likely to alter the main-chain
conformation of the variant. Alanine is also preferred
because it is the most common amino acid. Further, it
is frequently found in both buried and exposed
positions. Creighton, The Proteins (W.H. Freeman &
Co., N.Y.); Chothia, J. Mol. Biol., 150: 1 (1976). If

alanine substitution does not yield adequate amounts of

hGH variant, an isosteric amino acid can be used.
Alternatively, the following amino acids in decreasing
order of preference can be used: Ser, Asn, and Leu.

Once the active amino acid residues are
identified, isosteric amino acids can be substituted.
Such isosteric substitutions need not occur in all
instances and can be performed before any active amino
acid is identified. Such isosteric amino acid
substitution is performed to minimize the potential
disruptive effects on conformation that some
substitutions can cause. Isosteric amino acids are
shown in the table below:
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Isosteric
Polypeptide Scanning
Amino Acid Amino Acid
Ala (A) Ser, Gly
Glu (E) Gln, Asp
Gln (Q) Asn, Glu
Asp (D) Asn, Glu
Asn (N) Ala, Asp
Leu (L) Met, Ile
Gly (G) Pro, Ala
Lys (K) Met, Arg
Ser (S) Thr, Ala
vVal (V) Ile, Thr
Arg (R) Lys, Met, Asn
Thr (T) Ser, Val
Pro (P) Gly
Ile (I) Met, Leu, Val
Met (M) Ile, Leu
Phe (F) Tyr
Tyr (Y) Phe
Cys (C) Ser, Ala
Trp (W) Phe
His (H) Asn, Gln

The method herein can be used to detect active
amino acid residues within different active domains.
Once this identification is made, various modifications
to the wild-type hGH can be made to modify the
interaction between the parent hGH and one or more of
the targets.

For hGH in particular, exemplary of the present
invention is a preferred embodiment wherein the active
domains and active residues which determine its
activity with its somatogenic receptor (hGHbp) are
identified. In carrying out this embodiment of the
invention, hGH variants, including amino-acid-residue
substituted hGH variants, have been made or identified
which have different binding interactions with hGHbp as
compared to naturally occurring hGH. Some can have a
higher affinity for hGHbp and enhanced potency for
somatogenesis in rats. Others have a decreased
activity with hGHbp. Such hGH variants are useful as
hGH agonists or antagonists and can have a higher
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potency for stimulating other receptors for hGH, if
such variants are freed from substantial interaction
with hGHbp. Further, such variants are useful in
immunoassays for hGH as an hGH standard or tracer.

Some variants can be identified which have a
significant decrease in reactivity with human and mouse
serum containing anti-hGH polyclonal antibodies.

Others have the same binding affinity for hGHbp as hGH
but increased potency to stimulate growth.

The method for determining tlie active domains and
residues for hGH that interact with its somatogenic
receptor from liver is shown schematically in Figure 1,
and the segments selected are shown in Figure 2, of a
priority application to this application (U.S.S.N.
07/428,066 filed October 26, 1989).

Phagemid-Display Method
Additionally, the variants can be analyzed by

phagemid display. This method involves

(a) constructing a replicable expression vector
comprising a first gene encoding the hGH, a second gene
encoding at least a portion of a natural or wild-type
phage coat protein wherein the first and second genes
are heterologous, and a transcription regulatory
element operably linked to the first and second genes,
thereby forming a gene fusion encoding a fusion
protein; (b) mutating the vector at one or more
selected positions within the first gene thereby
forming a family of related plasmids; (c) transforming
suitable host cells with the plasmids; (d) infecting
the transformed host cells with a helper phage having a
gene encoding the phage coat protein; (e) culturing the
transformed infected host cells under conditions
suitable for forming recombinant phagemid particles
containing at least a portion of the plasmid and

capable of transforming the host, the conditions
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adjusted so that no more than a minor amount of
phagemid particles display more than one copy of the
fusion protein on the surface of the particle;

(f) contacting the phagemid particles with a hGH
receptor molecule (hGHbp) so that at least a portion of
the phagemid particles bind to the receptor molecule;
and (g) separating the phagemid particles that bind
from those that do not. Preferably, the method further
comprises transforming suitable host cells with
recombinant phagemid particles that bind to the hGHbp
and repeating steps (d) through (g) one or more times.

Preferably in this method the plasmid is under
tight control of the transcription regulatory element,
and the culturing conditions are adjusted so that the
amount or number of phagemid particles displaying more
than one copy of the fusion protein on the surface of
the particle is less than about 1%. Also, preferably,
the amount of phagemid particles displaying more than
one copy of the fusion protein is less than 10% of the
amount of phagemid particles displaying a single copy
of the fusion protein. Most preferably, the amount is
less than 20%.

Typically in this method, the expression vector
further contains a secretory signal sequence fused to
the DNA encoding each subunit of the polypeptide and
the transcription regulatory element is a promoter
system. Preferred promoter systems are selected from
lac Z, A, tac, T7 polymerase, tryptophan, and alkaline
phosphatase promoters and combinations thereof. Also,
normally the method employs a helper phage selected
from M13K07, M13R408, M13-VCS, and Phi X 174. The
preferred helper phage is M13K07, and the preferred
coat protein is the M13 Phage gene III coat protein.
The preferred host is E. coli, and protease-deficient
strains of E. coli. Novel hGH variants selected by the
method of the present invention have been detected.
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Phagemid expression vectors were constructed that
contain a suppressible termination codon functionally
located between the nucleic acids encoding the
polypeptide and the phage coat protein.

In detail, repeated cycles of hGH selection are
used to select for higher and higher affinity binding
by the phagemid selection of multiple amino acid
changes which are selected by multiple selection
cycles. Following a first round of phagemid selection,
involving a first region or selection of amino acids in
the ligand polypeptide, additional rounds of phagemid
selection in other regions or amino acids of the ligand
polypeptide are conducted. The cycles of phagemid
selection are repeated until the desired affinity
properties of the ligand polypeptide are achieved. To
illustrate this process, phagemid selection of hGH was
conducted in cycles. In the fist cycle hGH amino acids
172, 174, 176, and 178 can be mutated and phagemid
selected. 1In a second cycle hGH amino acids 167, 171,
175, and 179 can be phagemid selected. 1In a third
cycle hGH amino acids 10, 14, 18, and 21 can be
phagemid selected. Optimum amino acid changes from a
previous cycle can be incorporated into the polypeptide
before the next cycle of selection. For example, hGH
amino acids substitutions 174 (serine) and 176
(tyrosine) were incorporated into the hGH before the
phagemid selection of hGH amino acids 167, 171, 175,
and 179.

From the foregoing it will be appreciated that the
amino acid residues that form the binding domain of the
hGH afe not sequentially linked and can reside on
different subunits of the polypeptide. That is, the
binding domain tracks with the particular secondary
structure at the binding site and not the primary
structure. Thus, generally, mutations are introduced

into codons encoding amino acids within a particular
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secondary structure at sites directed away from the
interior of the polypeptide so that they have the
potential to interact with the receptor. The location
of residues in hGH that strongly modulate its binding
to the hGH receptor (Cunningham et al., Science, 1990,
supra) are known. Hence, representative sites suitable
for mutagenesis would include residues 172, 174, 176,
and 178 on helix-4, as well as residue 64 located in a
"non-ordered" secondary structure.

In this phagemid-display method, once the hGH gene
has been isolated, it can be inserted into a suitable
vector (preferably a plasmid) for amplification, as
described generally by Sambrook et al., Molecular
Biology: A Laboratory Manual, Cold Spring Harbor
Press, Cold Spring Harbor, New York 1989. While
several types of vectors are available and can be used
to practice this invention, plasmid vectors are the
preferred vectors for use herein, as they can be
constructed with relative ease, and can be readily
amplified. Plasmid vectors generally contain a variety
of components, including promoters, signal sequences,
phenotypic selection genes, origin of replication
sites, and other necessary components as are known to
those of ordinary skill in the art.

Promoters most commonly used in prokaryotic
vectors include the lac Z promoter system, the alkaline
phosphatase pho A promoter, the bacteriophage A,
promoter (a temperature-sensitive promoter), the tac
promoter (a hybrid trp-lac promoter that is regulated
by the lac repressor), the tryptophan promoter, and the
bacteriophage T7 promoter. For general descriptions of
promoters, see section 17 of Sambrook et al., supra.
While these are the most commonly used promoters, other
suitable microbial promoters can be used as well.

Preferred promoters for practicing this invention
for phagemid display are those that can be tightly
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regulated such that expression of the fusion gene can
be controlled. It is believed that the problem that
went unrecognized in the prior art was that display of
multiple copies of the fusion protein on the surface of
the phagemid particle lead to multipoint attachment of
the phagemid with the target. This effect, referred to
as the '"chelate effect," is believed to result in
selection of false "high affinity" polypeptides when
multiple copies of the fusion protein are displayed on
the phagemid particle in close proximity to one another
so that the target was '"chelated." When multipoint
attachment occurs, the effective or apparent K; can be
as high as the product of the individual K;s for each
copy of the displayed fusion protein.

It has been discovered that by tightly regulating
expression of the fusion protein so that no more than a
minor amount, i.e., fewer than about 1%, of the
phagemid particles contain multiple copies of the
fusion protein, the "“chelate effect" is overcome,
allowing proper selection of high-affinity
polypeptides. Thus, depending on the promoter,
culturing conditions of the host are adjusted to
maximize the number of phagemid particles containing a
single copy of the fusion protein and minimize the
number of phagemid particles containing multiple copies
of the fusion protein.

Preferred promoters used to practice this
invention are the lac Z promoter and the pho A
promoter. The lac Z promoter is regulated by the lac
repressor protein lac i, and thus transcription of the
fusion gene can be controlled by manipulation of the
level of the lac repressor protein. By way of
illustration, the phagemid containing the lac 2
promoter is grown in a cell strain that contains a copy
of the lac i repressor gene, a repressor for the lac 2
promoter. Exemplary cell strains containing the lac i
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gene include JM 101 and XLl-blue. 1In the alternative,
the host cell can be cotransfected with a plasmid
containing both the repressor lac i and the lac 2
promoter. Occasionally both of the above techniques
are used simultaneously, that is, phagemid particles
containing the lac Z promoter are grown in cell strains
containing the lac i gene and the cell strains are
cotransfected with a plasmid containing both the lac 2
and lac i genes.

Normally when one wishes to express a gene, to the
transfected host above one would add an inducer such as
isopropylthiogalactoside (IPTG). In the present
invention, however, this step is omitted to (a)
minimize the expression of the gene III fusion
protein, thereby minimizing the copy number (i.e., the
number of gene III fusions per phagemid number) and to
(b) prevent poor or improper packaging of the phagemid
caused by inducers such as IPTG even at low
concentrations. Typically, when no inducer is added,
the number of fusion proteins per phagemid particle is
about 0.1 (number of bulk fusion proteins/number of
phagemid particles). The most preferred promoter used
to practice this invention is pho A. This promoter is
believed to be regulated by the level of inorganic
phosphate in the cell where the phosphate acts to down-
regulate the activity of the promoter. Thus, by
depleting cells of phosphate, the activity of the
promoter can be increased. The desired result is
achieved by growing cells in a phosphate-enriched
medium such as 2YT or LB, thereby controlling the
expression of the gene III fusion.

One other useful component of vectors used to
practice this invention is a signal sequence. This
sequence is typically located immediately 5' to the
gene encoding the fusion protein, and is thus
transcribed at the amino terminus of the fusion
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protein. However, in certain cases, the signal
sequence has been demonstrated to be located at
positions other than 5' to the gene encoding the
protein to be secreted. This sequence targets the
protein to which it is attached across the inner
membrane of the bacterial cell. The DNA encoding the
signal sequence can be obtained as a restriction
endonuclease fragment from any gene encoding a protein
that has a signal sequence. Suitable prokaryotic
signal sequences can be obtained trom genes encoding,
for example, lamB or ompF (Wong et al., Gene, 68: 193
[(1983]), MalE, PhoA, and other genes. A preferred
prokaryotic signal sequence for practicing this
invention is the E. coli heat-stable enterotoxin II
(STII) signal sequence as described by Chang et al.,
supra.

Another useful component of the vectors used to
practice the phage-display method is phenotypic
selection genes. Typical phenotypic selection genes
are those encoding proteins that confer antibiotic
resistance upon the host cell. By way of illustration,
the ampicillin resistance gene (amp) and the |
tetracycline resistance gene (tet) are readily employed
for this purpose.

Construction of suitable vectors comprising the
aforementioned components as well as the gene encoding
the hGH (gene 1) are prepared using standard
recombinant DNA procedures as described in Sambrook
et al., supra. Isolated DNA fragments to be combined
to form the vector are cleaved, tailored, and ligated
together in a specific order and orientation to
generate the desired vector.

The DNA is cleaved using the appropriate
restriction enzyme or enzymes in a suitable buffer. 1In
general, about 0.2-1 pg of plasmid or DNA fragments is
used with about 1-2 units of the appropriate
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restriction enzyme in about 20 pl of buffer solution.
Appropriate buffers, DNA concentrations, and incubation
times and temperatures are specified by the
manufacturers of the restriction enzymes. Generally,
incubation times of about one or two hours at 37°C are
adequate, although several enzymes require higher
temperatures. After incubation, the enzymes and other
contaminants are removed by extraction of the digestion
solution with a mixture of phenol and chloroform, and
the DNA is recovered from the aqueous fraction by
precipitation with ethanol.

To ligate the DNA fragments together to form a
functional vector, the ends of the DNA fragments must
be compatible with each other. In some cases, the ends
are directly compatible after endonuclease digestion.
However, it can be necessary to first convert the
sticky ends commonly produced by endonuclease digestion
to blunt ends to make them compatible for ligation. To
blunt the ends, the DNA is treated in a suitable buffer
for at least 15 minutes at 15°C with 10 units of the
Klenow fragment of DNA polymerase I (Klenow) in the
presence of the four deoxynucleotide triphosphates.

The DNA is then purified by phenol-chloroform
extraction and ethanol precipitation.

The cleaved DNA fragments can be size-separated
and selected using DNA gel electrophoresis. The DNA
can be electrophoresed through either an agarose or a
polyacrylamide matrix. The selection of the matrix
depends on the size of the DNA fragments to be
separated. After electrophoresis, the DNA is extracted
form the matrix by electroelution, or, if low-melting
agarose has been used as the matrix, by melting the
agarose and extracting the DNA from it, as described in
sections 6.30-6.33 of Sambrook et al., supra.

The DNA fragments that are to be ligated together
(previously digested with the appropriate restriction
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enzymes such that the ends of each fragment to be
ligated are compatible) are put in solution in about
equimolar amounts. The solution also contains ATP,
ligase buffer, and a ligase such as T4 DNA ligase at
about 10 units per 0.5 ug of DNA. If the DNA fragment
is to be ligated into a vector, the vector is at first
linearized by cutting with the appropriate restriction
endonuclease(s). The linearized vector is then treated
with alkaline phosphatase or calf intestinal
phosphatase. The phosphatasing prevents self-ligation
of the vector during the ligation step.

After ligation, the vector with the foreign gene
now inserted is transformed into a suitable host cell.
Prokaryotes are the preferred host cells for this
invention. Suitable prokaryotic host cells include E.
coli strain JM10l1, E. coli K12 strain 294 (ATCC number
31,446), E. coli strain W3110 (ATCC number 27,325), E.
coli X1776 (ATCC number 31,537), E. coli XL-1Blue
(Stratagene), and E. coli B; however, many other
strains of E. coli, such as HB10l1, NM522, NM538, and
NM539, and many other species and genera of prokaryotes
can be used as well. In addition to the E. coli
strains listed above, bacilli such as Bacillus
subtilis, other enterobacteriaceae such as Salmonella
typhimurium or Serratia marcescens, and various
Pseudomonas species can all be used as hosts.

Transformation of prokaryotic cells is readily
accomplished using the calcium chloride method as
described in section 1.82 of Sambrook et al., supra.
Alternatively, electroporation (Neumann et al., EMBO
Jd., 1: 841 [1982]) can be used to transform these
cells. The transformed cells are selected by growth on
an antibiotic, commonly tet or amp, to which they are
rendered resistant due to the presence of tet and/or
amp resistance genes on the vector.
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After selection of the transformed cells, these
cells are grown in culture and the plasmid DNA (or
other vector with the foreign gene inserted) is then
isolated. Plasmid DNA can be isolated using methods
known in the art. Two suitable methods are the small-
scale preparation of DNA and the large-scale
preparation of DNA as described in sections 1.25-1.33
of Sambrook et al., supra. The isolated DNA can be
purified by methods known in the art such as that
described in section 1.40 of Sambrook et al., supra.
This purified plasmid DNA is then analyzed by
restriction mapping and/or DNA sequencing. DNA
sequencing is generally performed by either the method
of Messing et al., Nucleic Acids Res., 9: 309 (1981),
the method of Maxam et al., Meth. Enzymol., 65: 499
(1980), or the method of Sanger et al., Proc. Natl.
Acad. Sci. USA, 74: 5463-5467 (1977).

The phagemid-display method herein contemplates
fusing the gene encoding the hGH (gene 1) to a second
gene (gene 2) such that a fusion protein is generated
during transcription. Gene 2 is typically a coat
protein gene of a phage, and preferably it is the phage
M13 gene III coat protein, or a fragment thereof.
Fusion of genes 1 and 2 can be accomplished by
inserting gene 2 into a particular site on a plasmid
that contains gene 1, or by inserting gene 1 into a
particular site on a plasmid that contains gene 2.

Insertion of a gene into a plasmid requires that
the plasmid be cut at the precise location that the
gene is to be inserted. Thus, there must be a
restriction endonuclease site at this location
(preferably a unique site such that the plasmid is only
cut at a single location during restriction
endonuclease digestion). The plasmid is digested,
phosphatased, and purified as described above. The
gene is then inserted into this linearized plasmid by
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ligating the two DNAs together. Ligation can be
accomplished if the ends of the plasmid are compatible
with the ends of the gene to be inserted. If the
restriction enzymes are used to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>