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(57) ABSTRACT 

Provided are modi?ed growth hormone polypeptides, 
nucleic acid molecules encoding modi?ed groWth hormone 
polypeptides and methods of generating modi?ed groWth 
hormone polypeptides. Also provided are methods of treat 
ment using modi?ed groWth hormone polypeptides. 
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MODIFIED GROWTH HORMONES 

RELATED APPLICATIONS 

[0001] Bene?t of priority is claimed to US. Provisional 
Application Ser. No. 60/625,652, ?led Nov. 04, 2004, to 
Thierry Guyon, Gilles Borrelly, Lila Drittanti and Manuel 
Vega, entitled “MODIFIED GROWTH HORMONES;” and 
to US. Provisional Application Ser. No. 60/706,697, ?led 
Aug. 08, 2005, to Thierry Guyon, Gilles Borrelly, Lila 
Drittanti and Manuel Vega, entitled “MODIFIED 
GROWTH HORMONES.” This application is related to 
International PCT application No. (Attorney Dkt. No. 
17109-015WO1/925PC), entitled “MODIFIED GROWTH 
HORMONES,” to Nautilus Biotech, Thierry Guyon, Gilles 
Borrelly, Lila Drittanti, and Manuel Vega, Which also claims 
priority to US. Provisional Application Ser. No. 60/ 625,652 
and to US. Provisional Application Ser. No. 60/706,697. 
The subject matter of each of these applications is incorpo 
rated by reference in its entirety 

[0002] This application also is related to US. application 
Ser. No. 10/658,834, ?led Sep. 8, 2003, and published as 
Application No. US-2004-0132977-A1; to published Inter 
national PCT Application WO 2004/022747, entitled, 
“RATIONAL EVOLUTION OF CYTOKINES FOR 
HIGHER STABILITY, THE CYTOKINES AND ENCOD 
ING NUCLEIC ACID MOLECULES,” to Rene Gantier, 
Thierry Guyon, Manuel Vega and Lila Drittanti; to US. 
application Ser. No 11/176,830, ?led Jul. 06, 2005, to Rene 
Gantier, Thierry Guyon, Manuel Vega and Lila Drittanti. 
This application also is related to US. application Ser. No. 
10/658,355, ?led Sep. 8, 2003, and to International PCT 
Application WO 2004/022593, entitled “RATIONAL 
DIRECTED PROTEIN EVOLUTION USING TWO-DI 
MENSIONAL RATIONAL MUTAGENESIS SCAN 
NING,” to Rene Gantier, Thierry Guyon, CruZ Ramos Hugo, 
Manuel Vega and Lila Drittanti. Tthe subject matter of each 
of the these applications is incorporated by reference in its 
entirety. 

FIELD OF INVENTION 

[0003] Modi?ed groWth hormone (GH) proteins having 
properties, including structural and/or physical properties, 
that differ from unmodi?ed and/or Wild type GH proteins are 
provided. Nucleic acid molecules encoding these proteins 
are provided as are methods of treatment and diagnosis 
using the modi?ed groWth hormore proteins. 

BACKGROUND 

[0004] The delivery of therapeutic proteins for clinical use 
is a challenge to pharmaceutical science. Once in the blood 
stream, these proteins are continually eliminated from the 
circulation Within a short time by different physiological 
processes, involving metabolism as Well as clearance using 
normal pathWays for protein elimination, such as (glomeru 
lar) ?ltration in the kidneys or proteolysis in blood. The 
latter is often the limiting process affecting the half-life of 
proteins used as therapeutic agents in per-oral administration 
and intravenous or intramuscular injection. The problems 
associated With these routes of administration of proteins are 
Well knoWn and various strategies have been used in 
attempts to solve them. 

[0005] A therapeutic protein family that has been the focus 
of clinical Work and efforts to improve its administration and 
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bio-assimilation is the cytokine family, including, human 
groWth hormone (hGH). A human groWth hormone Was 
discovered in 1912 by Harvey Cushing. In 1956, endocri 
nologist Maurice Raben isolated this hormone from human 
and monkey tissue and injected a dWarf child in 1958. Since 
that time, the use of hGH as an approved biopharmaceutical 
Went through tWo phases. During the ?rst phase from 1958 
to 1985, hGH Was obtained from extracts of human hypo 
physis. Because heat destroys GH, these extracts cannot be 
heated and completely puri?ed from other biological con 
taminants, such as, potentially, the causative agents of the 
CreutZfeldt-Jacob disease. In 1985, the FDA prohibited the 
use of extracted hGH. The second phase in the pharmaceu 
tical use of hGH began With the advent of recombinant DNA 
technology, concomitant With the arrival of the Orphan Drug 
Act voted by the American Congress in 1983. Technologies 
based on recombinant DNA made it possible to produce 
recombinant hGH in vitro from either mammalian or bac 
terial cell culture in industrial amounts. 

[0006] Human GH has been approved for the treatment of 
a variety of diseases, disorders and conditions, such as child 
groWth hormone de?ciency, adult groWth hormone de? 
ciency, Turner Syndrome, chronic renal insufficiency, 
cachexia related to AIDS and short boWel syndrome. Thus, 
groWth hormone, as are other cytokines, are important 
therapeutic agents. Naturally-occurring variants often have 
undesirable side effects, as Well as the above-noted problems 
of administration, bioavailability and short half-life. Hence, 
there is a need to improve properties of GH for its use as a 
therapeutic. Therefore, among the objects herein, it is an 
object to provide GH variants that have improved therapeu 
tic properties. 

SUMMARY 

[0007] Provided herein are modi?ed groWth hormones 
(GHs) that exhibit altered activities that result in improved 
therapeutic properties. Among the activities that are altered 
is increased protein stability compared to an unmodi?ed 
groWth hormone. The use of groWth hormone is Well estab 
lished for humans and other animals. Administration of 
Wildtype GH require frequent and repeated applications due 
to its instability in the blood stream and under storage 
conditions. Modi?ed GHs provided herein are variants of 
GH that display altered activities, such as improved stability, 
Which results in increased protein half-life, including 
increased stability in the bloodstream and/or under storage 
conditions. The improved stability includes stability as 
assessed by resistance to proteases and/or increased thermal 
tolerance. 

[0008] Modi?ed groWth hormone polypeptides provided 
herein exhibit increased protein stability. Among the vari 
ants provided are those that are modi?ed at one or more 

amino acid positions compared to an unmodi?ed GH 
polypeptide. The modi?ed groWth hormone polypeptides 
provided herein include precursor forms and mature forms, 
longer forms and shorter forms; modi?cations are described 
With reference to the mature form, but also include modi?ed 
precursor polypeptides. One of skill in the art can readily 
determine corresponding positions on a particular polypep 
tide, such as by alignment of unchanged residues. 

[0009] Provided herein are modi?ed groWth hormone 
polypeptides containing one to ?ve amino acid replacements 
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at positions corresponding to any of amino acid positions 1 
to 55, 57, 58, 60 to 63, 67 to 87, 89-91, 93, 95 to 100, 102 
to 128, 131 to 132, 135 to 139, 141, 142,144, 148 to 182, 
184, 185 and 187 to 191 of mature human growth hormone 
compared to unmodi?ed growth hormone, Where a mature 
human groWth hormone contains a sequence of amino acid 
residues set forth in SEQ ID N011. It is to be understood that 
there are allelic variants, species variants and isoforrns of the 
polypeptide Whose sequence is set forth in SEQ ID N011, 
such polypeptides also can be modi?ed at loci corresponding 
the polypeptides exempli?ed herein. The modi?ed groWth 
hormone exhibits increased protein stability compared to the 
unmodi?ed groWth hormone of SEQ ID N011 or 712, Which 
sets forth a precursor form that includes a signal sequence. 

[0010] Provided herein are modi?ed groWth hormone 
polypeptides containing one or more single amino acid 
residue replacements, Which occur at at one or more of any 

of ofpositions 1 to 12, 14 to 26, 29 to 53, 57, 58, 60 to 63, 
67 to 78, 80 to 84, 86, 87, 89, 91, 93, 95 to 100, 102 to 113, 
115 to 128, 131, 132, 135 to 139, 141, 142, 144, 148 to 160, 
162 to 182, 185 and 187 to 191 relative to mature human 
groWth hormone compared to unmodi?ed groWth hormone, 
Where a mature human groWth hormone has a sequence of 
amino acid residues s set forth in SEQ ID N011, and the 
modi?ed groWth hormone exhibits increased protein stabil 
ity compared to the unmodi?ed groWth hormone, Which 
contains a sequence of amino acids set forth in SEQ ID 
N011 or 712. 

[0011] Provided herein is a modi?ed groWth hormone 
having one or more single amino acid replacements com 
pared to the unmodi?ed groWth hormone, and Wherein the 
replacement positions are not positions that correspond to 
positions 13, 27, 28, 54-56, 59, 64 to 66, 79, 85, 88, 90, 92, 
94,101,114,129,130,133,134,140,143,145to147,161, 
183, 184 and 186 of mature human groWth hormone set forth 
as SEQ ID N011. In a particular embodiment, the modi?ed 
groWth hormone exhibits increased protein stability com 
pared to the unmodi?ed groWth hormone. Increased protein 
stability can be manifested as increased serum half-life. 

[0012] Provided herein is a modi?ed groWth hormone 
having one or more single amino acid replacements com 
pared to an unmodi?ed groWth hormone in positions corre 
sponding to any of amino acid positions 1 to 55, 57, 58, 60 
to 63, 67 to 87,89-91,93,95-100,102to128,131,132,135 
to139,141,142,144,148to182, 184,185 and 187 to 191 
of mature human groWth hormone set forth as SEQ ID 
N011, 712 or 713. In a particular embodiment provided 
herein, the modi?ed groWth hormone exhibits increased 
protein stability compared to the unmodi?ed groWth hor 
mone, Wherein if position 9 is replaced, the replacing amino 
acid is not proline, if position 14 is replaced, the replacing 
amino acid is not serine, if position 13 or 27 is replaced, the 
replacing amino acid is not valine, if position 28 is replaced, 
the replacing amino acid is not phenylalanine, if position 54 
is replaced, the replacing amino acid is not tyrosine, if 
position 55, 79, 85 or 184 is replaced, the replacing amino 
acid is not alanine, if position 90 is replaced, the replacing 
amino acid is not isoleucine, if position 114 or 161 is 
replaced, the replacing amino acid is not methionine, and if 
position 120 or 126 is replaced, the replacing amino acid is 
not arginine. 

[0013] The modi?ed groWth hormones provided herein 
include amino acid replacement(s) at one or more of the 
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following positions: 1, 2, 5, 6, 8, 9, 10, 11, 14, 15, 16, 19, 
20, 23, 25, 26, 28, 30, 31, 32, 33, 35, 37, 38, 39, 41, 42, 44, 
45, 48, 52, 54, 61, 70, 73, 74, 75, 76, 77, 80, 81, 82, 86, 87, 
89,93,97,103,107,111,112,113,114,115,116,117,118, 
119,124,125,127,128,139,153,154,156,157,158,160, 
162,163,164,166,167,168,169,170,171,172,174,176, 
177, 178, and 191 of the mature human groWth hormone 
polypeptide. In one embodiment, the positions include P1, 
P2, P5, L6, R8, L9, F10, D11, M14, L15, R16, R19, L20, 
L23, F25, D26, Y28, E30, E31, E32, E33, Y35, P37, K38, 
E39, K41, Y42, F44, L45, P48, L52, P54, P61, K70, L73, 
E74, L75, L76, R77, L80, L81, L82, W86, L87, P89, L93, 
F97, Y103, D107, Y111, D112, L113, L114, K115, D116, 
L117, E118, E119, L124, M125, R127, L128, F139, D153, 
D154, L156, L157, K158, Y160, L162, L163, Y164, F166, 
R167, K168, D169, M170, D171, K172, E174, F176, L177, 
R178, and F191 of mature human groWth hormone. In one 
embodiment, positions are replaced as follows: replacing R 
by H or Q, replacing E by H, Q or N, replacing K by Q or 
N, replacing D by N or Q, replacing M by I or V, replacing 
P by A or S, replacing Y by I or H, replacing F by I or V, 
replacing W by H or S and replacing L by I or V. For 
example, such replacements include F1I (i.e., replacement of 
F by I at a position corresponding to amino acid position 1 
of mature human groWth hormone (e.g., SEQ ID N01 1 or 
712)), F1V, P2A, P2S, P5A, P5S, L6I, L6V, R8H, R8Q, L9I, 
L9V, F101, F10V, D11N, D11Q, M14I, M14V, L15I, L15V, 
R16H, R16Q, R19H, R19Q, L20I, L20V, L23I, L23V, F251, 
F25V, D26N, D26Q, Y28H, Y28I, E30Q, E30H, E30N, 
F311, F31V, E32Q, E32H, E32N, E33Q, E33H, E33N, 
Y35H, Y35I, P37A, P37S, K38N, K38Q, E39Q, E39H, 
E39N, K41N, K41Q, Y42H, Y42I, F441, F44V, L45I, L45V, 
P48A, P48S, L52I, L52V, F541, F54V, P61A, P61S, K70N, 
K70Q, L73I, L73V, E74Q, E74H, E74N, L75I, L75V, L76I, 
L76V, R77H, R77Q, L80I, L80V, L81I, L81V, L82I, L82V, 
W86H, W86S, L87I, L87V, P89A, P89S, L93I, L93V, F971, 
F97V, Y103H, Y103I, D107N, D107Q, Y111H, Y111I, 
D112N, D112Q, L113I, L113V, L114I, L114V, K115N, 
K115Q, D116N, D116Q, L117I, L117V, E118Q, E118H, 
E118N, E119Q, E119H, E119N, L124I, L124V, M125I, 
M125V, R127H, R127Q, L128I, L128V, F1391, F139V, 
D153N, D153Q, D154N, D154Q, L156I, L156V, L157I, 
L157V, K158N, K158Q, Y160H, Y160I, L162I, L162V, 
L163I, L163V, Y164H, Y164I, F1661, F166V, R167H, 
R167Q, K168N, K168Q, D169N, D169Q, M170I, M170V, 
D171N, D171Q, K172N, K172Q, E174Q, E174H, E174N, 
F1761, F176V, L177I, L177V, R178H, R178Q, E1911 and 
F191V. 

[0014] In another embodiment, the modi?ed groWth hor 
mones provided herein include amino acid replacement(s) at 
one or more ofthe following positions: 1, 2, 5, 9, 11, 14, 16, 
23,26,38,41,42,73,74,81,87,111,112,116,119,124, 
125,153,156,157,158,162,166,167,168,169,171,172, 
174, 177, 178 and 191 of a mature human groWth hormone 
polypeptide containing a sequence of amino acid residues 
set forth in SEQ ID N011. In one embodiment, the positions 
include P1, P2, P5, L9, D11, M14, R16, L23, D26, K38, 
K41, Y42, L73, E74, L81, L87, Y111, D112, D116, E119, 
L124, M125, D153, L156, L157, K158, L162, F166, R167, 
K168, D169, D171, K172, E174, L177, R178 and F191 a 
mature human groWth hormone polypeptide. For example, 
such replacements include, but are not limited to, EU (i.e., 
replacement of F by I at a position corresponding to amino 
acid position 1 of mature groWth hormone), P2A, P5S, L9V, 
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D11N, M14V, R16H, L231, L23V, D26N, K38N, K41Q, 
Y42H, Y421, L73V, E74N, L81V, L87V, Y1111, D112N, 
D116Q, E119Q, L124V, M1251, M125V, D153N, L1561, 
L1571, K158N, L1621, F1661, R167H, R167Q, K168N, 
K168Q, D169Q, D171N, D171Q, K172Q, E174Q, E174N, 
E174H, L177V, L1771, R178Q and F1911. In a particular 
embodiment, if position F1 is replaced by 1 or V, then 
position P2 is replaced by A in a mature human growth 
hormone polypeptide having the sequence of amino acids set 
forth in SEQ ID NO:1. 

[0015] In another embodiment, the modi?ed groWth hor 
mones provided herein include amino acid replacement(s) at 
one or more of the following positions: 6, 9, 13, 15, 17, 20, 
23,24,105,110,113,114,117,121,124 and 128 ofamature 
human groWth hormone containing a sequence of amino 
acid residues set forth in SEQ ID NO: 1. In one embodiment, 
the positions include L6, L9, A13, L15, A17, L20, L23, A24, 
A105, V110, L113, L114, L117, 1121, L124 and L128 ofa 
mature human groWth hormone. In one embodiment, posi 
tions are replaced With E, D, K, R, N, Q, S and/or T. For 
example, such replacements include L6E (i.e., replacement 
of L by E at a position corresponding to amino acid position 
6 of mature groWth hormone), L6D, L6K, L6R, L6N, L6Q, 
L6S, L6T, L9E, L9D, L9K, L9R, L9N, L9Q, L9S, L9T, 
A13E, A13D, A13K, A13R, A13N, A13Q, A13S, A13T, 
L15E, L15D, L15K, L15R, L15N, L15Q, L15S, L15T, 
A17E, A17D, A17K, A17R, A17N, A17Q, A17S, A17T, 
L20E, L20D, L20K, L20R, L20N, L20Q, L20S, L20T, 
L23E, L23D, L23K, L23R, L23N, L23Q, L23S, L23T, 
A24E, A24D, A24K, A24R, A24N, A24Q, A24S, A24T, 
A105E, A105D, A105K, A105R, A105N, A105Q, A105S, 
A105T, V110E, V110D, V110K, V110R, V110N, V110Q, 
V110S, V110T, L113E, L113D, L113K, L113R, L113N, 
L113Q, L113S, L113T, L114E, L114D, L114K, L114R, 
L114N, L114Q, L114S, L114T, L117E, L117D, L117K, 
L117R, L117N, L117Q, L117S, L117T, 1121E, 1121D, 
1121K,1121R,1121N,1121Q,1121S,1121T,L124E, L124D, 
L124K, L124R, L124N, L124Q, L124S, L124T, L128E, 
L128D, L128K, L128R, L128Q, L128N, L128S and L128T. 
[0016] Provided herein are any modi?ed groWth hormones 
as described above, further having one or more single amino 
acid replacements at positions 6, 9, 13, 15, 17, 20, 23, 24, 
105, 110, 113, 114, 117, 121, 124 and/or 128 ofa mature 
human groWth hormone containing a sequence of amino 
acid residues s set forth in SEQ ID NO:1, Where if position 
13 is replaced, the replacing amino acid is not valine, and if 
position 114 is replaced, the replacing amino acid is not 
methionine. In one embodiment, the positions include L6, 
L9, A13, L15, A17, L20, L23, A24, A105, V110, L113, 
L114, L117, 1121, L124 and L128. In one embodiment, 
positions are replaced With E, D, K, R, N, Q, S and/or T. For 
example, such replacements include L6E, L6D, L6K, L6R, 
L6N, L6Q, L6S, L6T, L9E, L9D, L9K, L9R, L9N, L9Q, 
L9S, L9T, A13E, A13D, A13K, A13R, A13N, A13Q, A13S, 
A13T, L15E, L15D, L15K, L15R, L15Q, L15N, L15S, 
L15T, A17E, A17D, A17K, A17R, A17N, A17Q, A17S, 
A17T, L20E, L20D, L20K, L20R, L20N, L20Q, L20S, 
L20T, L23E, L23D, L23K, L23R, L23N, L23Q, L23S, 
L23T, A24E, A24D, A24K, A24R, A24N, A24Q, A24S, 
A24T, A105E, A105D, A105K, A105R, A105N, A105Q, 
A105S, A105T, V110E, V110D, V110K, V110R, V110N, 
V110Q, V110S, V110T, L113E, L113D, L113K, L113R, 
L113N, L113Q, L113S, L113T, L114E, L114D, L1114K, 
L114R, L114N, L114Q, L114S, L114T, L117E, L117D, 
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[0017] Provided herein are any of the modi?ed groWth 
hormones described above Wherein the number of positions 
replaced is 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, or 20 compared to unmodi?ed groWth hormone. 
In one embodiment, the modi?ed groWth hormones pro 
vided herein include amino acid replacement(s) at one or 
more of the folloWing positions: 56, 59, 64, 65, 66, 88, 92, 
94, 101, 129, 130, 133, 134, 140, 143, 145, 146, 147, 183, 
and 186of a mature human groWth hormone containing a 
sequence of amino acids set forth in SEQ ID NO:1. In one 
embodiment, the positions include E56, P59, R64, E65, E66, 
E88, E92, R94, L101, E129, D130, P133, R134, K140, 
Y143, K145, F146, D147, R183 and E186. In one embodi 
ment, positions are replaced as folloWs: replacing E With any 
of Q, N and H, replacing P With S or A, replacing R With H 
or Q, replacing L or F With 1 or V, replacing K or D With Q 
or N, and replacing Y With H or 1. For example, such 
replacements include E56Q, E56N, E56H, P59S, P59A, 
R64H, R64Q, E65Q, E65N, E65H, E66Q, E66N, E66H, 
E88Q, E88N, E88H, F921, F92V, R94H, R94Q, L101V, 
L1011, E129Q, E129N, E129H, D130Q, D130N, P133S, 
P133A, R134H, R134Q, K140Q, K140N, Y143H, Y1431, 
K145Q, K145N, F1461, F146V, D147Q, D147N, R183H, 
R183Q, E186Q, E186N and E186H. 

[0018] In one embodiment, the modi?ed groWth hormones 
described above are human groWth hormones (hGH). In a 
particular embodiment, amino acid replacements are made 
in a human pituitary groWth hormone or human placental 
groWth hormone. Alternatively, the modi?ed groWth hor 
mones described above are non-human groWth hormones. 

[0019] Provided herein are modi?ed groWth hormones 
having lengths of 191, 192, 193, 194, 195, 196, 197, 198, 
199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 
211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221 or 222 
amino acids. In another embodiment, provided herein are 
modi?ed groWth hormones having lengths of 180, 181, 182, 
183, 184, 185, 186, 187, 188, 189 or 190 amino acids. 

[0020] In one embodiment, amino acid replacements are 
made in the groWth hormone sequence set forth in SEQ ID 
NO:1. In another embodiment, amino acid replacements are 
made in the precursor groWth hormone sequence set forth in 
SEQ ID NO: 712. Provided herein are modi?ed groWth 
hormones Where the one or more amino acid replacements 
are natural amino acids, non-natural amino acids or a 
combination of natural and non-natural amino acids. 

[0021] Provided herein are modi?ed mature human 
groWth hormone polypeptides and modi?ed precursor 
human groWth hormone polypeptides. 

[0022] In certain embodiments, the modi?ed groWth hor 
mone is a naked polypeptide chain. In other embodiments, 
the polypeptides contain post-translational modi?cations, 
such as glycosylated residues. The polypeptides can include 
other modi?cations knoWn to those of skill in the art. Hence, 
provided herein are modi?ed groWth hormones Where the 
groWth hormone is pegylated, albuminated, glycosylated, or 
other modi?cations. 
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[0023] Provided herein are modi?ed growth hormones 
further having one or more pseudo-Wild type mutations. In 
a particular embodiment, the pseudo-Wild-type mutations 
can be an insertion, a deletion, a replacement or a combi 
nation thereof of the amino acid residue(s) of an unmodi?ed 
growth hormone. 

[0024] In one aspect, the modi?ed groWth hormones 
exhibit increased stability that is manifested as an increased 
resistance to proteolysis. In certain embodiments, increased 
resistance to proteolysis occurs in serum, blood, saliva, 
digestive ?uids or in vitro When exposed to proteases. In one 
embodiment, increased resistance to proteolysis is exhibited 
by the modi?ed groWth hormone When it is administered 
orally or is present in the digestive tract. Proteases can be, 
for example, one or more of gelatinase A, gelatinase B, 
trypsin, trypsin (Arg blocked), trypsin (Lys blocked), clos 
tripain, endoproteinase Asp-N, chymotrypsin, cyanogen 
bromide, iodoZobenZoate, Myxobacter P., Armillaria, lumi 
nal pepsin, microvillar endopeptidase, dipeptidyl peptidase, 
enteropeptidase and hydrolase. In one embodiment, the 
modi?ed polypeptide is at least 5%, 10%, 15%, 20%, 25%, 
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% more 
resistant to proteolysis. 

[0025] In one embodiment Where the protease is gelatinase 
B, the modi?ed polypeptide is resistant to cleave at the 
sequence of amino acids Met-Ser-Tyr-Asn. In one aspect, 
the modi?ed polypeptide can be cleaved after the sequence 
of amino acids Met-Ser-Tyr-Asn. In another aspect, the 
polypeptide can be modi?ed at each of residues Met, Ser, 
Tyr, Asn, or a combination thereof, thereby rendering the 
modi?ed peptide more resistant to proteolysis by gelatinase 
B. In one embodiment, the modi?ed polypeptide is at least 
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 
97%, 98%, 99%, or 100% more resistant to proteolysis by 
gelatinase B at each of residues Met, Ser, Tyr, Asn, or a 
combination thereof. In one embodiment, resistance to pro 
tease can be empirically tested by any of the assays 
described herein. 

[0026] In one aspect, the modi?ed groWth hormones 
exhibit increased stability that is manifested as increased 
thermal tolerance. In one embodiment, the modi?ed groWth 
hormone has increased thermal tolerance at a temperature 
from about 20° C. to about 45° C. In a one embodiment, the 
modi?ed groWth hormone has increased thermal tolerance at 
a body temperature of a subject. In a particular embodiment, 
the modi?ed groWth hormone has increased thermal toler 
ance at a temperature of about 37° C. 

[0027] In one aspect, the modi?ed groWth hormones 
exhibit increased stability that is manifested as an increased 
half-life in vivo or in vitro. In one embodiment, increased 
stability is manifested as an increased half-life When admin 
istered to a subject. Half-life (serum stability) of the modi 
?ed groWth hormone can be increased by an amount such as 
10%, at least 20%, at least 30%, at least 40%, at least 50%, 
at least 60%, at least 70%, at least 80%, at least 90%, at least 
100%, at least 150%, at least 200%, at least 250%, at least 
300%, at least 350%, at least 400%, at least 450%, and at 
least 500% or more compared to the half-life of unmodi?ed 
groWth hormone. In another embodiment, half-life (serum 
stability) of the modi?ed groWth hormone can be increased 
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by an amount such as at least 6 times, 7 times, 8 times, 9 
times, 10 times, 20 times, 30 times, 40 times, 50 times, 60 
times, 70 times, 80 times, 90 times, 100 times, 200 times, 
300 times, 400 times, 500 times, 600 times, 700 times, 800 
times, 900 times, andlO00 times or more times When com 
pared to the half-life of unmodi?ed groWth hormone. 

[0028] Modi?ed groWth hormones provided herein exhibit 
altered activity, typically increased or improved activity, 
compared to the unmodi?ed groWth hormone. In another 
aspect, the modi?ed groWth hormones exhibit a decrease in 
an activity compared to the unmodi?ed groWth hormone. 
Activity can be assessed using assays knoWn to those of skill 
in the art. An exemplary activity can be assessed by mea 
suring cell proliferation in vitro. The modi?ed groWth hor 
mone also can be assessed, for example, for altered binding 
to a groWth hormone receptor. Other assays correlated With 
or that directly assess groWth hormone activities are knoWn. 

[0029] Provided herein are modi?ed groWth hormones 
that exhibit increased resistance to proteolysis and exhibits 
decreased thermal tolerance compared to the unmodi?ed 
groWth hormone. 

[0030] Provided herein are modi?ed groWth hormones 
that exhibit increased thermal tolerance and exhibits 
decreased resistance to proteolysis compared to the unmodi 
?ed groWth hormone. 

[0031] Provided herein are libraries having tWo, three, 
four, ?ve, six, ten, ?fty, one hundred, tWo hundred or more 
of any of the modi?ed groWth hormones provided herein. 

[0032] Provided herein are nucleic acid molecules con 
taining a sequence of nucleotides encoding a modi?ed 
groWth hormone as described herein. Provided herein are 
libraries of nucleic acid molecules containing a plurality of 
the molecules described herein. 

[0033] Provided herein are vectors containing nucleic acid 
molecule as described herein. Provided herein are cells 
carrying the nucleic acid molecules or vectors as described 
herein. In one embodiment, the cell is a eukaryotic cell, a 
prokaryotic cell, an insect cell, a mammalian cell, etc. Also 
provided herein are libraries having a plurality of the vec 
tors. 

[0034] Provided herein is a method for expressing a modi 
?ed groWth hormone having steps including: i) introducing 
a nucleic acid or a vector into a cell, and ii) culturing the cell 
under conditions in Which the encoded modi?ed groWth 
hormone is expressed. In one embodiment, the vectors are in 
a eukaryotic cell, a prokaryotic cell, an insect cell, a mam 
malian cell, a plant cell, etc. In one embodiment, the 
modi?ed groWth hormone is glycosylated. In one embodi 
ment, the cell is a eukaryotic cell. 

[0035] Provided herein are methods for producing a modi 
?ed target protein, having an evolved predetermined prop 
erty or activity, the method including the steps of: a) 
selecting, on a target protein, one or more is-HIT target 
amino acids amenable to providing the evolved predeter 
mined property or activity upon amino acid replacement; 
Wherein the is-HIT target amino acids are determined by 
identifying structurally homologous loci betWeen the evolv 
ing target protein and a modi?ed groWth hormone described 
herein possessing the predetermined property or activity; b) 
replacing each target amino acid With a replacement amino 
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acid amenable to providing the evolved predetermined prop 
erty or activity to form a candidate lead protein, Wherein 
only one amino acid replacement occurs on each target 
protein; c) expressing from a nucleic acid molecule each 
candidate lead protein in a cell contained in an addressable 
array; and d) assaying each candidate LEAD protein to 
identify one or more proteins that have the predetermined 
property or activity that differs from an unmodi?ed protein, 
thereby identifying evolved target proteins that are LEADs. 
In one embodiment, the method further includes the steps of: 
e) comparing the 3-dimensional structures of the evolving 
protein and the modi?ed groWth hormone to identify regions 
of high coincidence betWeen their backbones, the regions 
designated as structurally homologous regions; and f) iden 
tifying is-HIT structurally homologous loci on the evolving 
protein that correspond to structurally related is-HIT amino 
acid positions Within a structurally homologous region of the 
modi?ed groWth hormone. In one embodiment, the prede 
termined property or activity is protein stability, protein half 
life in vivo, thermal tolerance or resistance to proteolysis. 
Provided herein is a modi?ed cytokine produced by the 
above method. 

[0036] Provided herein are modi?ed groWth hormone 
polypeptides produced by any of the methods described 
herein. 

[0037] Provided herein are modi?ed groWth hormones 
having any of the sequences of amino acid residues as set 
forth in SEQ ID NOS: 2-69, 75, 76, 85-107, 111, 112, 115, 
116, 119, 120, 123-154, 164, 165, 176-216, 222-351 or an 
active portion thereof. 

[0038] Provided herein are pharmaceutical compositions 
including any of the modi?ed groWth hormone polypeptides 
described herein. Pharmaceutical compositions can further 
include a pharmaceutically acceptable excipient, such as a 
binding agent, a ?ller, a lubricant, a disintegrant and a 
Wetting agent. 

[0039] The pharmaceutical compositions can be formu 
lated for oral, nasal or pulmonary administration. In a 
particular embodiment, the pharmaceutical compositions are 
formulated for oral administration. The modi?ed groWth 
hormone in the pharmaceutical composition in the pharma 
ceutical formulation exhibits increased half-life under con 
ditions selected from exposure to saliva, exposure to pro 
teases in the gastrointestinal tract and exposure to loW pH 
conditions compared to Wild-type cytokine. 

[0040] Provided in the pharmaceutical compositions 
herein are modi?ed groWth hormone polypeptides, Where 
the modi?cation includes removal of proteolytic digestion 
sites or increasing the stability of the protein structure. The 
modi?ed groWth hormone in the pharmaceutical composi 
tion exhibits increased protein half-life or bioavailability in 
the gastrointestinal tract. Protein half-life (serum stability) 
can be increased in an amount of at least 10%, at least 20%, 
at least 30%, at least 40%, at least 50%, at least 50%, at least 
60%, at least 70%, at least 80%, at least 90%, at least 100%, 
at least 150%, at least 200%, at least 250%, at least 300%, 
at least 350%, at least 400%, at least 450% or at least 500% 
or more compared to the half-life of Wild-type protein. 
Alternatively, protein half-life can increased in an amount of 
at least 6 times, at least 7 times, at least 8 times, at least 9 
times, at least 10 times, at least 20 times, at least 30 times, 
at least 40 times, at least 50 times, at least 60 times, at least 
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70 times, at least 80 times, at least 90 times, at least 100 
times, at least 200 times, at least 300 times, at least 400 
times, at least 500 times, at least 600 times, at least 700 
times, at least 800 times, at least 900 times or at least 1000 
times or more compared to Wild-type protein. 

[0041] Provided herein, protein half-life (serum stability) 
is increased in the presence of one or more proteases. In one 
embodiment, an activity of the modi?ed groWth hormone is 
increased compared to the Wild-type groWth hormone. 

[0042] Protein half-life can be increased after exposure to 
one or more conditions including, but not limited to, expo 
sure to saliva, exposure to proteases in the gastrointestinal 
tract and exposure to loW pH conditions (e.g., the stomach). 

[0043] Provided herein are pharmaceutical compositions 
prepared Without the use of protease inhibitors, such as a 
BoWman-Birk inhibitor, a conjugated BoWman-Birk inhibi 
tor, aprotinin and camostat. 

[0044] Provided herein are pharmaceutical compositions 
formulated for oral administration in a form such as a liquid, 
a pill, a tablet or a capsule. In one embodiment, the pill or 
tablet is cheWable. In one embodiment, the pill or tablet 
dissolves When exposed to saliva on the tongue or in the 
mouth. In one embodiment, the pharmaceutical composition 
in the capsule is in liquid form. In an embodiment Wherein 
the pharmaceutical composition is a liquid, the liquid is can 
be, for example, a solution, a syrup or a suspension. 

[0045] Provided herein are pharmaceutical compositions 
formulated for controlled release of the modi?ed groWth 
hormone polypeptide. In one such example, the pharmaceu 
tical composition is in the form of a tablet or a loZenge. 
LoZenges deliver the modi?ed groWth hormone to the 
mucosa of the mouth, the mucosa of the throat or the 
gastrointestinal tract. Additionally, the loZenge can be for 
mulated With an excipient, such as among anhydrous crys 
talline maltose and magnesium stearate. 

[0046] Provided herein are pharmaceutical compositions 
formulated Without protective compounds. In one such 
embodiment, the modi?ed groWth hormone exhibits resis 
tance to intestinal proteases. 

[0047] Pharmaceutical compositions can be further for 
mulated With one or more pharmaceutically-acceptable 
additives, such as a suspending agent, an emulsifying agent, 
a non-aqueous vehicle, and/or a preservative. 

[0048] Provided herein are pharmaceutical compositions 
of nucleic acid molecules encoding any of the modi?ed 
groWth hormone polypeptides described herein or a vector 
having a nucleic acid molecule encoding any of the modi?ed 
groWth hormone polypeptides described herein and a phar 
maceutically acceptable excipient. 

[0049] Provided herein are methods of treating a subject 
having a groWth hormone-mediated disease or condition by 
administering any of the pharmaceutical compositions 
described herein. 

[0050] Provided herein are methods of treating a subject 
having a groWth hormone-mediated disease or condition by 
administering a pharmaceutical composition as described 
herein. In one embodiment, the groWth hormone-mediated 
disease or condition includes, but is not limited to a groWth 
de?ciency disorder, AIDS Wasting, aging, impaired immune 
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function of HIV-infected subjects, a catabolic illness, surgi 
cal recovery, a congestive cardiomyopathy, liver transplan 
tation, liver regeneration after hepatectomy, chronic renal 
failure, renal osteodystrophy, osteoporosis, achondroplasia/ 
hypochondroplasia, skeletal dysplasia, a chronic in?amma 
tory or nutritional disorder such as Crohn’s disease, short 
bowel syndrome, juvenile chronic arthritis, cystic ?brosis, 
male infertility, X-linked hypophosphatemic rickets, 
Down’s syndrome, Spina bi?da, Noonan Syndrome, obesity, 
impaired muscle strength and ?bromyalgia. In a particular 
embodiment, the growth de?ciency disorder can be selected 
from among Turner’s syndrome, intrauterine growth retar 
dation, idiopathic short stature, Prader Willi syndrome, and 
thalassaemia. In one embodiment, the symptoms of the 
subject are ameliorated or eliminated. 

[0051] Provided herein are articles of manufacture includ 
ing, but not limited to, packaging material and a pharma 
ceutical composition of a modi?ed growth hormone 
polypeptide described herein contained within the packag 
ing material. In a particular embodiment, the pharmaceutical 
composition packaged within the article of manufacture is 
effective for treatment of a growth hormone-mediated dis 
ease or disorder, and the packaging material includes a label 
that indicates that the modi?ed growth hormone is used for 
treatment of an growth hormone-mediated disease or disor 
der. 

[0052] Provided herein are kits including a pharmaceutical 
composition of a modi?ed growth hormone polypeptide as 
described herein, a device for administration of the modi?ed 
growth hormone polypeptide and optionally instructions for 
administration. 

[0053] Provided herein is the use of any of the modi?ed 
growth hormone polypeptides provided herein for the for 
mulation of a medicament for treatment of a subject having 
a disease or condition that is treated by the administration of 
growth hormone. Provided herein is the use of a pharma 
ceutical composition provided herein for treatment of a 
subject having a disease or condition that is treated by the 
administration of growth hormone. In one embodiment, the 
disease or condition is any of a growth de?ciency disorder, 
AIDS wasting, aging, impaired immune function of HIV 
infected subjects, a catabolic illness, surgical recovery, a 
congestive cardiomyopathy, liver transplantation, liver 
regeneration after hepatectomy, chronic renal failure, renal 
osteodystrophy, osteoporosis, achondroplasia/hypochondro 
plasia, skeletal dysplasia, a chronic in?ammatory or nutri 
tional disorder such as Crohn’s disease, short bowel syn 
drome, juvenile chronic arthritis, cystic ?brosis, male 
infertility, X-linked hypophosphatemic rickets, Down’s syn 
drome, Spina bi?da, Noonan Syndrome, obesity, impaired 
muscle strength and ?bromyalgia. In one aspect, the growth 
de?ciency disorder is any of Turner’s syndrome, intrauterine 
growth retardation, idiopathic short stature, Prader Willi 
syndrome and thalassaemia. 

BRIEF DESCRIPTION OF THE FIGURES 

[0054] FIG. 1 displays the sequence of mature wild type 
human growth hormone with amino acids sensitive to pro 
teolysis indicated in bold. 

[0055] FIG. 2 depicts the “Point Accepted Mutation” 
(PAM250) matrix used to identify candidate replacing 
amino acids for the is-HITs. Original amino acids are shown 
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on the horizontal axis and replacement amino acids on the 
vertical axis. Values given to identical residues are shown in 
the gray squares. Highest values in the matrix are shown in 
black squares and correspond to the highest occurrence of 
substitution between two residues. 

[0056] FIG. 3 depicts activity curves of exemplary modi 
?ed growth hormone variants. 
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Cystic ?brosis 
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I. Articles of manufacture and kits 
1. EXAMPLES 

A. DEFINITIONS 

[0057] Unless de?ned otherwise, all technical and scien 
ti?c terms used herein have the same meaning as is com 
monly understood by one of skill in the art to which the 
invention(s) belong. All patents, patent applications, pub 
lished applications and publications, GenBank sequences, 
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Websites and other published materials referred to through 
out the entire disclosure herein, unless noted otherwise, are 
incorporated by reference in their entirety. In the event that 
there is a plurality of de?nitions for terms herein, those in 
this section prevail. Where reference is made to a URL or 
other such identi?er or address, it understood that such 
identi?ers can change and particular information on the 
internet can come and go, but equivalent information can be 
found by searching the internet. Reference thereto evidences 
the availability and public dissemination of such informa 
tion. 

[0058] As used herein, a “growth hormone” polypeptide 
(also referred to herein as GH) refers to any GH polypeptide 
(protein) including, but not limited to, recombinantly-pro 
duced polypeptide, synthetically-produced polypeptide and 
GH extracted from cells in tissues including, but not limited 
to, pituitary and placental tissues. GH polypeptides include 
precursor groWth hormone polypeptides having signal 
sequences and mature groWth hormone polypeptides. GH 
polypeptides include related polypeptides from different 
species including, but not limited to animals of human and 
non-human origin. GH polypeptide amino acid sequences 
can contain varying number of amino acid residues. For 
example, GH polypeptides can have 191, 192, 193, 194, 
195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 
207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 
219, 220, 221 and 222 or more amino acids. GH polypep 
tides also can be shorter than 191 amino acids, such as 180, 
181,182,183,184,185,186,187,188,189,or190 amino 
acids, Wherein the polypeptide retains an activity of the 
mature GH polypeptide. Human GH (hGH) includes GH, 
allelic variant isoforms amongst individuals or amongst 
species, synthetic molecules from nucleic acids, protein 
isolated from human tissue and cells, protein isolated from 
non-human tissue and cells, and modi?ed forms thereof. The 
sequences of exemplary hGH polypeptides are set forth in 
SEQ ID NOS: 1, 712 and 713. The amino acid sequence of 
an exemplary mature hGH polypeptide is set forth in SEQ 
ID NO: 1. The amino acid sequences of exemplary precursor 
groWth hormone polypeptides are set forth in SEQ ID NOS: 
712 and 713. The signal peptide for such precursor polypep 
tides is 26 amino acids in length. 

[0059] GH polypeptides exhibit allelic variation and spe 
cies variation. In addition to allelic variations among indi 
viduals and species, there are isoforms that occur in the 
placenta (see, e.g., SEQ ID NO: 713) and isoforms that 
occur in the pituitary gland (see, e.g., SEQ ID NO: 712). 
Optionally, hGH does not have the folloWing mutations: 
P6S, H22D, G34N, orA127V as compared to the amino acid 
sequences set forth in SEQ ID NOS: 1, 712 and 713. Human 
GH also includes fragments of GH that are of suf?cient 
length to be functionally active; such fragments are knoWn 
and/or can be identi?ed by routine assays. For example, 
cytokine assays to determine functionality and activity of a 
modi?ed form of GH are knoWn to those of skill in the art. 

[0060] GH polypeptides have been isolated from a variety 
of species. Exemplary GH polypeptides of non-human ori 
gin include, but are not limited to, bovine, ovine, porcine, 
rat, rabbit, horse, primate and avian GH polypeptides. The 
amino aicd seqeucnes of exemplary non-human groWth 
hormone polypeptides are set forth in SEQ ID NOS: 714 and 
715. GH, including non-human GH polypeptides, include, 
but are not limited to GH, allelic variant isoforms, synthetic 
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molecules produced from encoding nucleic acid molecules, 
protein isolated from non-human tissue and cells, and modi 
?ed forms thereof. Non-human GH also includes fragments 
of GH that are of su?icient length to be functionally active. 

[0061] As used herein, an “activity” or “property” of a GH 
polypeptide (protein) refers to any activity or property 
exhibited by a GH protein that can be assessed. Such 
activities include those observed or exhibited in vitro or in 
vivo (typically referred to as a biological activity). These 
activities include, but are not limited to, resistance to pro 
teolysis, thermal tolerance, increased half-life and cell pro 
liferation activity. 

[0062] As used herein, “resistance to proteolysis” refers to 
any amount of decreased cleavage of a target amino acid 
residues of a modi?ed polypeptide by a protease compared 
to cleavage of an unmodi?ed polypeptide by the same 
protease under the same conditions. A modi?ed polypeptide 
that exhibits increased resistance to proteolysis exhibits, for 
example, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, . . 
.20%,...30%,...40%,...50%,...60%,...,70%, 
. . . 80%, . . . 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, or 100% more resistance to proteolysis than an 
unmodi?ed polypeptide. 

[0063] As used herein, “proteases, proteinases” or “pep 
tidases” are interchangeably used to refer to enZymes that 
catalyse the hydrolysis of covalent peptidic bonds. For 
“serine proteases,” the mechanism is based on nucleophilic 
attack of the targeted peptidic bond by a serine. Cysteine, 
threonine or Water molecules associated With aspartate or 
metals also can play this role. Aligned side chains of serine, 
histidine and aspartate build the catalytic triad common to 
most serine proteases. Serine protease or serine endopepti 
dases constitute a class of peptidases, Which are character 
iZed by the presence of a serine residue in the active center 
of the enZyme. Serine proteases participate in a Wide range 
of functions in the body, including blood clotting, in?am 
mation as Well as digestive enZymes in both prokaryotes and 
eukaryotes. The active site of serine proteases is shaped as 
a cleft Where the polypeptide substrate binds. Amino acid 
residues are labeled from N to C term of the polypeptide 
substrate (Pi, . . . , P3, P2, P1, P1', P2', P3', . . . , Pj) and their 

respective binding sub-sites (Si, . . . , S3, S2, S1, S1', S2', S3', 
. . . , Sj). The cleavage is catalyZed betWeen P1 and P1'. 

[0064] As used herein, a “portion of a GH polypeptide” 
refers to any portion that exhibits one or more biological 
activities of the full-length polypeptide. 

[0065] As used herein, “native groWth hormone” refers to 
a groWth hormone produced by an organism in nature. For 
example, humans produce pituitary groWth hormone and 
placental groWth hormone. Exemplary native human pitu 
itary groWth hormone and placental groWth hormone are set 
forth in SEQ ID NOS: 1, 712 and 713. Other animals, such 
as mammals, produce native groWth hormone, for example, 
bovine native groWth hormone, e.g., SEQ ID NO:714, and 
Rhesus monkey native groWth hormone, e.g., SEQ ID NO: 
715. 

[0066] As used herein, “groWth hormone-mediated dis 
ease, disorder or condition” refers to any disease or disorder 
in Which treatment With groWth hormone ameliorates any 
symptom or manifestation of the disease or disorder. Exem 
plary groWth hormone-mediated diseases and disorders 
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include, but are not limited to, growth de?ciency disorders 
(such as Turner’s syndrome, intrauterine growth retardation, 
idiopathic short stature, Prader Willi syndrome, or thalas 
saemia), AIDS wasting, aging, impaired immune function of 
HIV-infected subjects, catabolic illnesses, recovery from 
surgery, congestive cardiomyopathy, liver transplantation, 
liver regeneration after hepatectomy, chronic renal failure, 
renal osteodystrophy, osteoporosis, achondroplasia/hypo 
chondroplasia, skeletal dysplasia, chronic in?ammatory or 
nutritional disorders (such as Crohn’s disease), short bowel 
syndrome, juvenile chronic arthritis, cystic ?brosis, male 
infertility, X-linked hypophosphatemic rickets, Down’s syn 
drome, Spina bi?da, Noonan Syndrome, obesity, impaired 
muscle strength and ?bromyalgia. 

[0067] As used herein, a “growth hormone de?ciency” is 
any disease, disorder or condition where a subject produces 
native growth hormone in lower or inadequate amounts than 
is needed for normal growth, development and/or metabo 
lism. Growth hormone de?ciency can result from disruption 
of the GH axis in the higher brain, hypothalamus, or 
pituitary. This dysfunction can be congenital or acquired. 
Congenital growth hormone de?ciency can be associated 
with an abnormal pituitary gland (seen on MRI) or can be 
part of a syndrome, such as septooptic dysplasia (de Morsier 
syndrome), which can include other pituitary de?ciencies, 
optic nerve hypoplasia, and absence of the septum pelluci 
dum. Acquired growth hormone de?ciency, on the other 
hand, can result from trauma, infection (e.g., encephalitis, 
meningitis), cranial irradiation (somatotrophs appear to be 
the most radiation-sensitive cells in the pituitary), and/or 
other systemic diseases (e.g., histiocytosis). 

[0068] As used herein, “treatment” means any manner in 
which the symptoms of a condition, disorder or disease are 
ameliorated or otherwise bene?cially altered. Treatment also 
encompasses any pharmaceutical use of the modi?ed growth 
hormones and compositions provided herein. 

[0069] By “treating” a subject having a disease or condi 
tion, it is meant that the patient’s symptoms are partially or 
totally alleviated, or remain static following treatment. A 
subject who has been treated will exhibit a partial or total 
alleviation of symptoms. Hence treatment encompasses pro 
phylaxis, therapy and/or cure. Treatment also encompasses 
any pharmaceutical use of a modi?ed growth hormone and 
compositions provided herein. 

[0070] The phrase “therapeutically effective amount” or 
“therapeutically effective dose” as used herein means that 
amount of an agent, compound, material, or composition of 
a compound is an amount effective for producing a desired 
therapeutic effect (e.g., amelioration of disease symptoms). 

[0071] A “patient” or “subject” to be treated generally 
refers to mammals, (i.e., a human or non-human animal). 
Mammals include primates, such as, a human, a chimpan 
Zee, a gorilla and a monkey, a domesticated animal, such as 
a dog, a horse, a cat, a pig, a cow), a farm animal, such as 
a cow, pig or other such animan, and a rodent, such as a 
mouse or a rat. 

[0072] As used herein, “a directed evolution method” 
refers to methods that “adapt” proteins, including natural 
proteins, synthetic proteins or protein domains to have 
changed proportions, such as the ability to act in different or 
existing natural or arti?cial chemical or biological environ 
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ments and/or to elicit new functions and/or to increase or 
decrease a given activity, and/ or to modulate a given feature. 
Exemplary directed evolution methods include, among oth 
ers, rational directed evolution methods described in US. 
application Ser. No. 10/022,249; and US. Published Appli 
cation No. US-2004-0l32977-A1. 

[0073] As used herein, “two dimensional rational 
mutagenesis scanning (2D scanning)” refers to the processes 
provided herein in which two dimensions of a particular 
protein sequence are scanned: (1) one dimension is to 
identify speci?c amino acid residues along the protein 
sequence to replace with different amino acids, referred to as 
is-HIT target positions, and (2) the second dimension is the 
amino acid type selected for replacing the particular is-HIT 
target, referred to as the replacing amino acid. 

[0074] As used herein, “in silico” refers to research and 
experiments performed using a computer. In silico methods 
include, but are not limited to, molecular modeling studies 
and biomolecular docking experiments. 
[0075] As used herein, “is-HIT” refers to an in silico 
identi?ed amino acid position along with a target protein 
sequence that has been identi?ed based on i) the particular 
protein properties to be evolved, ii) the protein’ s sequence of 
amino acids, and/or iii) the known properties of the indi 
vidual amino acids. These is-HIT loci on the protein 
sequence are identi?ed without use of experimental biologi 
cal methods. For example, once the protein feature(s) to be 
optimiZed is (are) selected, diverse sources of information or 
previous knowledge (e.g., protein primary, secondary or 
tertiary structures, literature, patents) are exploited to deter 
mine those amino acid positions that are amenable to 
improved protein ?tness by replacement with a different 
amino acid. This step utiliZes protein analysis “in silico.”All 
possible candidate amino acid positions along a target pro 
tein’ s primary sequence that might be involved in the feature 
being evolved are referred to herein as “in silico HlTs” 
(“is-HlTs”). The library (collection), of all is-HlTs identi?ed 
during this step represents the ?rst dimension (target residue 
position) of the two-dimensional scanning methods pro 
vided herein. 

[0076] As used herein, “amenable to providing the 
evolved predetermined property or activity,” in the context 
of identifying is-HlTs, refers to an amino acid position on a 
protein that is contemplated, based on in silico analysis, to 
possess properties or features that when replaced would 
result in the desired activity being evolved. The phrase 
“amenable to providing the evolved predetermined property 
or activity,” in the context of identifying replacement amino 
acids, refers to a particular amino acid type that is contem 
plated, based on in silico analysis, to possess properties or 
features that, when used to replace the original amino acid 
in the unmodi?ed starting protein, would result in the 
desired activity being evolved. 
[0077] As used herein, “high-throughput screening 
(HTS)” refers to a process that tests a large number of 
samples, such as samples of test proteins or cells containing 
nucleic acids encoding the proteins of interest, to identify 
structures of interest or to identify test compounds that 
interact with the variant proteins or cells containing them. 
HTS operations are amenable to automation and are typi 
cally computerized to handle sample preparation, assay 
procedures and the subsequent processing of large volumes 
of data. 
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[0078] As used herein, the term “restricted,” When used in 
the context of the identi?cation of is-HIT amino acid posi 
tions along the protein sequence selected for amino acid 
replacement and/or the identi?cation of replacing amino 
acids, means that feWer than all amino acids on the protein 
backbone are selected for amino acid replacement; and/or 
feWer than all of the remaining 19 amino acids available to 
replace the original amino acid present in the unmodi?ed 
starting protein are selected for replacement. In particular 
embodiments of the methods provided herein, the is-HIT 
amino acid positions are restricted, such that feWer than all 
amino acids on the protein-backbone are selected for amino 
acid replacement. In other embodiments, the replacing 
amino acids are restricted, such that feWer than all of the 
remaining 19 amino acids available to replace the native 
amino acid present in the unmodi?ed starting protein are 
selected as replacing amino acids. In an exemplary embodi 
ment, both of the scans to identify is-HIT amino acid 
positions and the replacing amino acids are restricted, such 
that feWer than all amino acids on the protein-backbone are 
selected for amino acid replacement and feWer than all of the 
remaining 19 amino acids available to replace the native 
amino acid are selected for replacement. 

[0079] As used herein, “candidate LEADs,” are mutant 
proteins that are contemplated as potentially having an 
alteration in any attribute, chemical, physical or biological 
property in Which such alteration is sought. In the methods 
herein, candidate LEADs are generally generated by sys 
tematically replacing is-HITS loci in a protein or a domain 
thereof With typically a restricted subset, or all, of the 
remaining 19 amino acids, such as obtained using PAM 
analysis. Candidate LEADs can be generated by other 
methods knoWn to those of skill in the art tested by the high 
throughput methods herein. 

[0080] As used herein, “LEADs” are “candidate LEADs” 
Whose activity has been demonstrated to be optimiZed or 
improved for the particular attribute, chemical, physical or 
biological property. For purposes herein a “LEAD” typically 
has activity With respect to the function of interest that 
differs by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, 100%, 150%, 200% or more from the unmodi 
?ed and/or Wild type (native) protein. In certain embodi 
ments, the change in activity is at least about 5%, 10%, 15%, 
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 95% or 100%, of the activity 
of the unmodi?ed target protein. In other embodiments, the 
change in activity is not more than about 5%, 10%, 15%, 
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 95% or 100% ofthe activity of 
the unmodi?ed target protein. In yet other embodiments, the 
change in activity is at least about 2 times, 3 times, 4 times, 
5 times, 6 times, 7 times, 8 times, 9 times, 10 times, 20 
times, 30 times, 40 times, 50 times, 60 times, 70 times, 80 
times, 90 times, 100 times, 200 times, 300 times, 400 times, 
500 times, 600 times, 700 times, 800 times, 900 times, 1000 
times, or more times greater than the activity of the unmodi 
?ed target protein. The desired alteration, Which can be 
either an increase or a decrease in activity, depends upon the 
function or property of interest (e.g., ~10%, ~20%, etc.). The 
LEADs can be further optimiZed by replacement of a 
plurality (2 or more) of “is-HIT” target positions on the same 
protein molecule to generate “super-LEADs.” 
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[0081] As used herein, the term “super-LEAD” refers to 
protein mutants (variants) obtained by combining the single 
mutations present in tWo or more of the LEAD molecules 
into a single protein molecule. Accordingly, in the context of 
the modi?ed proteins provided herein, the phrase “proteins 
containing one or more single amino acid replacements” 
encompasses any combination of tWo or more of the muta 
tions described herein for a respective protein. For example, 
the modi?ed proteins provided herein having one or more 
single amino acid replacements can have any combination of 
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20 or more of the amino acid replacements at the disclosed 
replacement positions. The collection of super-LEAD 
mutant molecules is generated, tested and phenotypically 
characterized one-by-one in addressable arrays. Super 
LEAD mutant molecules contain a variable number and type 
of LEAD mutations. Molecules displaying further improved 
?tness for the particular feature being evolved are referred to 
as super-LEADs. Super-LEADs can be generated by other 
methods knoWn to those of skill in the art and tested by the 
high throughput methods as described herein. A super 
LEAD typically has activity With respect to the function of 
interest that differs from the improved activity of a LEAD by 
a desired amount, such as at least 10%, 20%, 30%, 40%, 
50%, 60%, 70%, 80%, 90%, 100%, 150%, 200% or more 
from at least one of the LEAD mutants from Which it is 
derived. As With LEADs, the change in the activity for 
super-LEADs is dependent upon the activity that is being 
“evolved.” The desired alteration, Which can be either an 
increase or a reduction in activity, depends upon the function 
or property of interest. 

[0082] As used herein, a recitation that a modi?ed groWth 
hormone has more proliferative activity (or other activity) 
than anti-in?ammation activity (or another activity) com 
pared to the unmodi?ed groWth hormone, is comparing the 
absolute value of the change in each activity compared to an 
unmodi?ed or native form. 

[0083] As used herein, the phrase “altered loci” refers to 
the is-HIT amino acid positions in the LEADs or super 
LEADs that are replaced With different replacing amino 
acids, resulting in the desired altered phenotype or activity. 

[0084] As used herein, an “exposed residue” presents 
more than 15% of its surface exposed to the solvent. 

[0085] As used herein, the phrase “structural homology” 
refers to the degree of coincidence in space betWeen tWo or 
more protein backbones. Protein backbones that adopt the 
same protein structure, fold and shoW similarity upon three 
dimensional structural superposition in space can be con 
sidered structurally homologous. Structural homology is not 
based on sequence homology, but rather, on three-dimension 
homology. TWo amino acids in tWo different proteins said to 
be homologous based on structural homology betWeen those 
proteins do not necessarily need to be in sequence-based 
homologous regions. For example, protein backbones that 
have a root mean squared (RMS) deviation of less than 3.5, 
3.0, 2.5, 2.0, 1.7 or 1.5 angstroms (A) at a given space 
position or de?ned region betWeen each other can be con 
sidered to be structurally homologous in that region, and are 
referred to as having a “high coincidence” betWeen their 
backbones. It is contemplated herein that substantially 
equivalent (e.g., “structurally-related”) amino acid positions 
that are located on tWo or more different protein sequences 
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that share a certain degree of structural homology have 
comparable functional tasks; and also are referred to herein 
as “structurally homologous loci.” These tWo amino acids 
then can be said to be structurally similar or structurally 
related With each other, even if their precise primary linear 
positions on the sequences of amino acids, When these 
sequences are aligned, do not match With each other. Amino 
acids that are structurally related can be far aWay from each 
other in the primary protein sequences, When these 
sequences are aligned folloWing the rules of classical 
sequence homology. As used herein, a “structural homolog” 
is a protein that is generated by structural homology. 

[0086] As used herein, “unmodi?ed target polypeptide, 
”“unmodi?ed polypeptide, unmodi?ed cytokine,”“un 
modi?ed GH,”“unmodi?ed groWth hormone” or grammati 
cal variations thereof, refer to a starting polypeptide 
(protein) that is selected for modi?cation using the methods 
provided herein. The starting unmodi?ed target polypeptide 
can be the naturally occurring, Wild type form of a protein. 
In addition, the starting unmodi?ed target polypeptides 
previously can have been altered or mutated, such that they 
differ from the native Wild-type isoform, but are nonetheless 
referred to herein as starting unmodi?ed target polypeptides 
relative to the subsequently modi?ed polypeptides produced 
herein. Thus, existing polypeptides knoWn in the art that 
have previously been modi?ed to have a desired increase or 
decrease in a particular activity compared to an unmodi?ed 
reference protein can be selected and used herein as the 
starting “unmodi?ed target protein.” For example, a 
polypeptide that has been modi?ed from its native form by 
one or more single amino acid changes and possesses either 
an increase or decrease in a desired activity, such as resis 
tance to proteolysis, can be utiliZed With the methods 
provided herein as the starting unmodi?ed target polypep 
tide for further modi?cation of either the same or a different 
activity. 

[0087] Likewise, existing polypeptides knoWn in the art 
that previously have been modi?ed to have a desired alter 
nation, such as an increase or decrease, in a particular 
activity compared to an unmodi?ed or reference protein can 
be selected and used as provided herein herein for identi? 
cation of structurally homologous loci on other structurally 
homologous target polypeptides. For example, a polypeptide 
that has been modi?ed by one or more single amino acid 
changes and possesses either an increase or decrease in a 
desired activity (e.g., resistance to proteolysis) can be uti 
liZed With the methods provided herein to identify on 
structurally homologous target polypeptides, corresponding 
structurally homologous loci that can be replaced With 
suitable replacing amino acids and tested for either an 
increase or decrease in a desired or selected activity. 

[0088] As used herein, a “variant” or “groWth hormone 
variant” or “modi?ed groWth hormone,” refers to a groWth 
hormone polypeptide that has one or more mutations com 
pared to an unmodi?ed GH polypeptide. The one or more 
mutations can be one or amino acid replacements, insertions, 
deletions and/or any combination thereof. 

[0089] As used herein, “in a position or positions corre 
sponding to an amino acid position” of a protein refers to 
amino acid positions that are determined to correspond to 
one another based on sequence and/or structural alignments 
With a speci?ed reference protein. For example, in a position 
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corresponding to an amino acid position of human groWth 
hormone set forth as SEQ ID NO: 1 can be determined 
empirically by aligning the sequence of amino acids set forth 
in SEQ ID NO: 1 With a particular GH polypeptide of 
interest. Corresponding positions can be determined by such 
alignment by one of skill in the art using manual alignments 
or by using the numerous alignment programs available (for 
example, BLASTP). Corresponding positions also can be 
based on structural alignments, for example, by using com 
puter simulated alignments of protein structure. Recitation 
that amino acids of a polypeptide correspond to amino acids 
in a disclosed sequence refers to amino acids identi?ed upon 
alignment of the polypeptide With the disclosed sequence to 
maximiZe identity or homology (Where conserved amino 
acids are aligned) using a standard alignment algorithm, 
such as the GAP algorithm. As used herein, “at a position 
corresponding to” refers to a position of interest (i.e., base 
number or residue number) in a nucleic acid molecule or 
protein relative to the position in another reference nucleic 
acid molecule or protein. The position of interest to the 
position in another reference protein can be in, for example, 
a precursor protein, an allelic variant, a heterologous protein, 
an amino acid sequence from the same protein of another 
species, etc. Corresponding positions can be determined by 
comparing and aligning sequences to maximiZe the number 
of matching nucleotides or residues. For example, identity 
betWeen the sequences can be greater than 95%, greater than 
96%, greater than 97%, greater than 98% and more particu 
larly greater than 99%. The position of interest is then given 
the number assigned in the reference nucleic acid molecule 
or polypeptide sequence. One of skill in the art Would 
understand that for a modi?ed GH polypeptide compared to 
a mature unmodi?ed GH polypeptide, amino acid residue 1 
of the modi?ed polypeptide corresponds to amino acid 
residue 1 of the mature unmodi?ed GH polypeptide. One of 
skill in the art Would also understand that for a modi?ed 
precursor GH polypeptide compared to a precursor unmodi 
?ed GH polypeptide, amino acid residue 1 of the modi?ed 
polypeptide corresponds to amino acid residue 1 of the 
unmodi?ed GH polypeptide. Additionally, amino acid resi 
due 27 of the modi?ed precursor GH polypeptide corre 
sponds to amino acid residue 1 of a mature unmodi?ed GH 
polypeptide due to the presence of the 26 amino acid signal 
sequence of the precursor polypeptide. Thus, one of skill in 
the art can determine the “corresponding” amino acid resi 
dues in modi?ed and unmodi?ed GH polypeptides. 

[0090] As used herein, the terms “homology” and “iden 
tity” are used interchangeably but homology for proteins can 
include conservative amino acid changes. In general to 
identify corresponding positions the sequences of amino 
acids are aligned so that the highest order match is obtained 
(see, for example, Computational Molecular Biology, Lesk, 
A. M., ed., Oxford University Press, NeW York, 1988; 
Biocomputing: Informatics and Genome Projects, Smith, D. 
W., ed., Academic Press, NeW York, 1993; Computer Analy 
sis ofSequence Data, Part I, Griffin, A. M., and Gri?in, H. 
G., eds., Humana Press, NeW Jersey, 1994; Sequence Analy 
sis in Molecular Biology, von Heinje, G., Academic Press, 
1987; and Sequence Analysis Primer, Gribskov, M. and 
Devereux, 1., eds., M Stockton Press, NeW York, 1991; 
Carillo et al. SIAMJ. Applied Math 48: 1073 (1988)). 

[0091] As use herein, “sequence identity” refers to the 
number of identical amino acids (homology includes con 
servative amino acid substitutions as Well). Sequence iden 
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tity can be determined by standard alignment algorithm 
programs, and used With default gap penalties established by 
each supplier. Substantially homologous nucleic acid mol 
ecules Would hybridize typically at moderate stringency or 
at high stringency all along the length of the nucleic acid or 
along at least about 70%, 80% or 90% of the full length 
nucleic acid molecule of interest. Also contemplated are 
nucleic acid molecules that contain degenerate codons in 
place of codons in the hybridizing nucleic acid molecule. 
(For proteins, for determination of homology conservative 
amino acids can be aligned as Well as identical amino acids; 
in this case percentage of identity and percentage homology 
vary). Whether any tWo nucleic acid molecules have nucle 
otide sequences that are at least 80%, 85%, 90%, 95%, 96%, 
97%, 98% or 99% “identical” can be determined using 
knoWn computer algorithms such as the “FAST A “pro 
gram,” using for example, the default parameters as in 
Pearson et al. Proc. Natl. Acad. Sci. USA 85: 2444 (1988) 
(other programs include the GCG program package 
(Devereux, 1., et al., Nucleic Acids Research 12(1): 387 
(1984)), BLASTP, BLASTN, FASTA (Atschul, S. F., et al., 
J. Molec. Biol. 215: 403 (1990); Guide to Huge Computers, 
Martin J. Bishop, ed., Academic Press, San Diego, 1994, and 
Carillo et al. SIAMJ. Applied Math 48: 1073 (1988)). For 
example, the BLAST function of the National Center for 
Biotechnology Information database can be used to deter 
mine identity. Other commercially or publicly available 
programs include, DNAStar ““MegAlign” program (Madi 
son, Wisc.) and the University of Wisconsin Genetics Com 
puter Group (U WG) “Gap” program (Madison Wisc.)). 
Percent homology or identity of proteins and/or nucleic acid 
molecules can be determined, for example, by comparing 
sequence information using a GAP computer program (e.g., 
Needleman et al. J. Mol. Biol. 48: 443 (1970), as revised by 
Smith and Waterman (Adv. Appl. Math. 2: 482 (1981)). 
Brie?y, a GAP program de?nes similarity as the number of 
aligned symbols (i.e., nucleotides or amino acids) Which are 
similar, divided by the total number of symbols in the shorter 
of the tWo sequences. Default parameters for the GAP 
program can include: (1) a unary comparison matrix (con 
taining a value of 1 for identities and 0 for non identities) and 
the Weighted comparison matrix of Gribskov et al. Nucl. 
Acids Res. 14: 6745 (1986), as described by SchWartZ and 
Dayholf, eds., ATLAS OF PROTEIN SEQUENCE AND 
STRUCTURE, National Biomedical Research Foundation, 
pp. 353-358 (1979); (2) a penalty of3.0 for each gap and an 
additional 0.10 penalty for each symbol in each gap; and (3) 
no penalty for end gaps. Therefore, as used herein, the term 
“identity” represents a comparison betWeen a test and a 
reference polypeptide or polynucleotide. 

[0092] As used herein, the term ‘“‘at least 90% identical 
to” refers to percent identities from 90 to 100% relative to 
the reference polypeptides. Identity at a level of 90% or 
more is indicative of the fact that, assuming for exempli? 
cation purposes a test and reference polynucleotide length of 
100 amino acids are compared, no more than 10% (i.e., 10 
out of 100) of amino acids in the test polypeptide differs 
from that of the reference polypeptides. Similar comparisons 
can be made betWeen a test and reference polynucleotides. 
Such differences can be represented as point mutations 
randomly distributed over the entire length of an amino acid 
sequence or they can be clustered in one or more locations 
of varying length up to the maximum alloWable, e. g., 10/100 
amino acid difference (approximately 90% identity). Differ 
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ences are de?ned as nucleic acid or amino acid substitutions, 
insertions or deletions. At the level of homologies or iden 
tities above about 85-90%, the result should be independent 
of the program and gap parameters set; such high levels of 
identity can be assessed readily, often Without relying on 
softWare. 

[0093] As used herein, a “single amino acid replacement” 
refers to the replacement of one amino acid by another 
amino acid. The replacement can be by a natural amino acid 
or non-natural amino acids. When one amino acid is 
replaced by another amino acid in a protein, the total number 
of amino acids in the protein is unchanged. 

[0094] As used herein, the phrase “only one amino acid 
replacement occurs on each target protein” refers to the 
modi?cation of a target protein, such that it differs from the 
unmodi?ed form of the target protein by a single amino acid 
change. For example, in one embodiment, mutagenesis is 
performed by the replacement of a single amino acid residue 
at only one is-HlT target position on the protein backbone 
(e.g., “one-by-one” in addressable arrays), such that each 
individual mutant generated is the single product of each 
single mutagenesis reaction. The single amino acid replace 
ment mutagenesis reactions are repeated for each of the 
replacing amino acids selected at each of the is-HlT target 
positions. Thus, a plurality of mutant protein molecules are 
produced, Whereby each mutant protein contains a single 
amino acid replacement at only one of the is-HlT target 
positions. 

[0095] As used herein, the phrase “pseudo-Wild type,” in 
the context of single or multiple amino acid replacements, 
are those amino acids that, While different from the original, 
such as native, amino acid at a given amino acid position, 
can replace the native one at that position Without introduc 
ing any measurable change in a particular protein activity. A 
population of sets of nucleic acid molecules encoding a 
collection of mutant molecules is generated and phenotypi 
cally characterized such that proteins With sequences of 
amino acids different from the original amino acid, but that 
still elicit substantially the same level (i.e., at least 10%, 
50%, 70%, 90%, 95%, 100%, depending upon the protein) 
and type of desired activity as the original protein are 
selected. 

[0096] As used herein, “a naked polypeptide chain” refers 
to a polypeptide that is not post-translationally modi?ed or 
otherWise chemically modi?ed, and only contains covalently 
linked amino acids. 

[0097] As used herein, a “polypeptide complex” includes 
polypeptides produced by chemical modi?cation or post 
translational modi?cation. Such modi?cations include, but 
are not limited to, pegylation, albumination, glycosylation, 
famysylation, phosphorylation and/or other polypeptide 
modi?cations knoWn in the art. 

[0098] As used herein, “output signal” refers to param 
eters that can be folloWed over time and, if desired, quan 
ti?ed. For example, When a recombinant protein is intro 
duced into a cell, the cell containing the recombinant protein 
undergoes a number of changes. Any such change that can 
be monitored and used to assess the transformation or 
transfection, is an output signal, and the cell is referred to as 
a reporter cell; the encoding nucleic acid is referred to as a 
reporter gene, and the construct that includes the encoding 
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nucleic acid is a reporter construct. Output signals include, 
but are not limited to, enzyme activity, ?uorescence, lumi 
nescence, amount of product produced and other such sig 
nals. Output signals include expression of a gene or gene 
product, including heterologous genes (transgenes) inserted 
into the plasmid virus. Output signals are a function of time 
(“t”) and are related to the amount of protein used in the 
composition. For higher concentrations of protein, the out 
put signal can be higher or loWer. For any particular con 
centration, the output signal increases as a function of time 
until a plateau is reached. Output signals also can measure 
the interaction betWeen cells, expressing heterologous 
genes, and biological agents. 

[0099] As used herein, the Hill equation is a mathematical 
model that relates the concentration of a drug (i.e., test 
compound or substance) to the response measured 

[0100] Where y is the variable measured, such as a 
response, signal, ymax is the maximal response achievable, 
[D] is the molar concentration of a drug, [D50] is the 
concentration that produces a 50% maximal response to the 
drug, n is the slope parameter, Which is 1 if the drug binds 
to a single site and With no cooperativity betWeen or among 
sites. A Hill plot is log1O of the ratio of ligand-occupied 
receptor to free receptor vs. log [D] (M). The slope is n, 
Where a slope of greater than 1 indicates cooperativity 
among binding sites, and a slope of less than 1 can indicate 
heterogeneity of binding. This equation has been employed 
in methods for assessing interactions in complex biological 
systems (see, published International PCT application No. 
WO 01/44809 based on PCT No. PCT/FR00/03503). 

[0101] As used herein, in the Hill-based analysis (pub 
lished International PCT application No. WO 01/44809 
based on PCT No. PCT/FR00/03503), the parameters, at, K, 
"c, e, 11, 6, are as folloWs: 

[0102] at is the potency of the biological agent acting on 
the assay (cell-based) system; 

[0103] K is the constant of resistance of the assay system 
to elicit a response to a biological agent; 

[0104] e is the global e?iciency of the process or reaction 
triggered by the biological agent on the assay system; 

[0105] "c is the apparent titer of the biological agent; 

[0106] 6 is the absolute titer of the biological agent; and 

[0107] 11 is the heterogeneity of the biological process or 
reaction. 

[0108] In particular, as used herein, the parameters at 
(potency) or K (constant of resistance) are used to respec 
tively assess the potency of a test agent to produce a 
response in an assay system and the resistance of the assay 
system to respond to the agent. 

[0109] As used herein, 6 (e?iciency), is the slope at the 
in?exion point of the Hill curve (or, in general, of any other 
sigmoidal or linear approximation), to assess the e?iciency 
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of the global reaction (the biological agent and the assay 
system taken together) to elicit the biological or pharmaco 
logical response. 

[0110] As used herein, '5 (apparent titer) is used to measure 
the limiting dilution or the apparent titer of the biological 
agent. 

[0111] As used herein, 6 (absolute titer), is used to mea 
sure the absolute limiting dilution or titer of the biological 
agent. 

[0112] As used herein, 1] (heterogeneity) measures the 
existence of discontinuous phases along the global reaction, 
Which is re?ected by an abrupt change in the value of the 
Hill coe?icient or in the constant of resistance. 

[0113] As used herein, a “population of sets of nucleic acid 
molecules encoding a library (collection) of mutants” refers 
to a library of plasmids or other vehicles that carry (encode) 
the gene variants, such that individual plasmids or other 
individual vehicles carry individual gene variants. Each 
element (member) of the library is physically separated from 
the others, such as individually in an appropriate addressable 
array, and has been generated as the single product of an 
independent mutagenesis reaction. When a library of such 
proteins is contemplated, it Will be so-stated. 

[0114] As used herein, a “reporter cell” is the cell that 
“reports,” i.e., undergoes the change, in response to a 
condition, such as, for example, exposure to a protein or a 
virus or to a change it its external or internal environment. 

[0115] As used herein, “reporter” or “reporter moiety” 
refers to any moiety that alloWs for the detection of a 
molecule of interest, such as a protein expressed by a cell. 
Reporter moieties include, but are not limited to, for 
example, ?uorescent proteins, such as red, blue and green 
?uorescent proteins, LacZ and other detectable proteins and 
gene products. For expression in cells, a nucleic acid mol 
ecule encoding the reporter moiety can be expressed as a 
fusion protein With a protein of interest or under to the 
control of a promoter of interest. 

[0116] As used herein, “phenotype” refers to the physical, 
physiological or other manifestation of a genotype (a 
sequence of a gene). In methods herein, phenotypes that 
result from alteration of a genotype are assessed. 

[0117] As used herein, “activity” means in the largest 
sense of the term any change in a system (either biological, 
chemical or physical system) of any nature (changes in the 
amount of product in an enzymatic reaction, changes in cell 
proliferation, in immunogenicity, in toxicity) caused by a 
protein or protein mutant When they interact With that 
system. In addition, the terms “activity,”“higher activity” or 
“loWer activity’”’ as used herein in reference to resistance to 
proteases, proteolysis, incubation With serum or With blood, 
means that the ratio or a residual activity (such as cell 
proliferation) betWeen “after” protease/blood or serum treat 
ment and “before” protease/blood or serum treatment. 

[0118] As used herein, “activity” refers to the function or 
property to be evolved. An active site refers to a site(s) 
responsible or that participates in conferring the activity or 
function. The activity or active site evolved (the function or 
property and the site conferring or participating in confer 
ring the activity) can have nothing to do With natural 
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activities of a protein. For example, it could be an “active 
site” for conferring immunogenicity (immunogenic sites or 
epitopes) on a protein. 

[0119] As used herein, “activity,”“activity” and “pharma 
cological activity” refer to any activity (in vitro or in vivo) 
of a polypeptide provided herein, including, but not limited 
to, resistance to proteolysis, biological e?iciency, transduc 
tion ef?ciency, gene/transgene expression, differential gene 
expression and induction activity, titer, progeny productiv 
ity, toxicity, cytotoxicity, immunogenicity, cell proliferation 
and/ or differentiation activity, morpho genetic activity, thera 
peutic activity, increased muscle mass, pharmacological 
activity, cell/tissue tropism and delivery. 

[0120] As used herein, a modi?ed GH polypeptide retains 
at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, . . . 
20%,...30%,...40%,...50%,...60%,...70%... 
80%, . . . 90%, . . . 95%, 96%, 97%, 98% or at least 99% of 

the activity of the unmodi?ed GH polypeptide. The change 
can be at least about 2 times, 3 times, 4 times, 5 times, 6 
times, 7 times, 8 times, 9 times, 10 times, 20 times, 30 times, 
40 times, 50 times, 60 times, 70 times, 80 times, 90 times, 
100 times, 200 times, 300 times, 400 times, 500 times, 600 
times, 700 times, 800 times, 900 times, 1000 times, or more 
times greater than unmodi?ed GH. Activity can be mea 
sured, for example, using assays such as those described in 
the Examples beloW. 

[0121] As used herein, the amino acids, Which occur in the 
various sequences of amino acids provided herein, are 
identi?ed according to their knoWn, three-letter or one-letter 
abbreviations (see, Table 1). The nucleotides, Which occur in 
the various nucleic acid fragments, are designated With the 
standard single-letter designations used routinely in the art. 

[0122] As used herein, an amino acid is an organic com 
pound containing an amino group and a carboxylic acid 
group. A polypeptide contains tWo or more amino acids. For 
purposes herein, amino acids include the tWenty naturally 
occurring amino acids non-natural amino acids, and amino 
acid analogs. These include amino acids Wherein ot-carbon 
has a side chain. 

[0123] As used herein, the abbreviations for any protective 
groups, amino acids and other compounds, are, unless 
indicated otherWise, in accord With their common usage, 
recogniZed abbreviations, or the IUPAC-IUB Commission 
on Biochemical Nomenclature, Biochem. 11: 1726 (1972)). 
Each naturally occurring L-amino acid is identi?ed by the 
standard three letter code (or single letter code) or the 
standard three letter code (or single letter code) With the 
pre?x “L-;” the pre?x “D-” indicates that the stereoisomeric 
form of the amino acid is D. 

[0124] As used herein, amino acid residue refers to an 
amino acid formed upon chemical digestion (hydrolysis) of 
a polypeptide at its peptide linkages. The amino acid resi 
dues described herein are presumed to be in the “L” isomeric 
form. Residues in the “D” isomeric form, Which are so 
designated, can be substituted for any L-amino acid residue, 
as long as the desired functional property is retained by the 
polypeptide. NH2 refers to the free amino group present at 
the amino terminus of a polypeptide. COOH refers to the 
free carboxy group present at the carboxyl terminus of a 
polypeptide. In keeping With standard polypeptide nomen 
clature described in]. Biol. Chem, 243: 3552-3559 (1969), 
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and adopted 37 CPR. §§ 1.821-1.822, abbreviations for 
amino acid residues are shoWn in Table 1: 

TABLE 1 

Table of Correspondence 

SYMBOL 

l-Letter 3-Letter AMINO ACID 

Y Tyr tyrosine 
G Gly glycine 
F Phe phenylalanine 
M Met methionine 
A Ala alanine 
S Ser serine 
I Ile isoleucine 
L Leu leucine 
T Thr threonine 
V Val valine 
P Pro proline 
K Lys lysine 
H His histidine 
Q Gln glutalnine 
E Glu glutalnic acid 
Z Glx Glu and/or Gln 
W Tip tryptophan 
R Arg arginine 
D Asp aspartic acid 
N Asn asparagine 
B Asx Asn and/or Asp 
C Cys cysteine 
X Xaa Unknown or other 

[0125] It should be noted that all amino acid residue 
sequences represented herein by formulae have a left to right 
orientation in the conventional direction of amino-terminus 
to carboxyl-terminus. In addition, the phrase “amino acid 
residue” is broadly de?ned to include the amino acids listed 
in the Table of Correspondence (Table 1) and modi?ed and 
unusual amino acids, such as those referred to in 37 CPR. 
§§ 1821-1822, and incorporated herein by reference. Fur 
thermore, it should be noted that a dash at the beginning or 
end of an amino acid residue sequence indicates a peptide 
bond to a further sequence of one or more amino acid 
residues or to an amino-terminal group such as NH2 or to a 

carboxyl-terminal group such as COOH. 

[0126] As used herein, “naturally-occurring” amino acids 
refer to the 20 L-amino acids that occur in polypeptides. 

[0127] As used herein, the term “non-natural amino acid” 
refers to an organic compound that has a structure similar to 
a natural amino acid but has been modi?ed structurally to 
mimic the structure and reactivity of a natural amino acid. 
Non-naturally occurring amino acids, thus, include amino 
acids or analogs of amino acids other than the 20 naturally 
occurring amino acids and include, but are not limited to, the 
D-isostereomers of amino acids. Exemplary non-natural 
amino acids are described herein and are knoWn to those of 
skill in the art. 

[0128] As used herein, nucleic acids include DNA, RNA 
and analogs thereof, including protein nucleic acids (PNA) 
and mixture thereof. Nucleic acids can be single-stranded or 
double-stranded. Single-stranded molecules are contem 
plated When referring to probes or primers Which can be 
optionally labeled With a detectable label, such as a ?uo 
rescent or radiolabel. Such molecules are typically of a 
length such that they are statistically unique of loW copy 
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number (typically less than 5, generally less than 3) for 
probing or priming a library. Generally a probe or primer 
contains at least 14, 16 or 30 contiguous of sequence 
complementary to, or identical to, a gene of interest. Probes 
and primers can be 10, 14, 16, 20, 30, 50, 100 or more 
nucleic acid bases long. 

[0129] As used herein, “corresponding structurally-re 
lated” positions on tWo or more proteins, such as GH protein 
and other cytokines, refers to those amino acid positions 
determined based upon structural homology to maximize 
tri-dimensional overlapping betWeen proteins. 

[0130] As used herein, the term “identity” represents a 
comparison betWeen a test and a reference polypeptide or 
polynucleotide. For example, a test polypeptide can be 
de?ned as any polypeptide that is 90% or more identical to 
a reference polypeptide. As used herein, the term at least 
“90% identical to” refers to percent identities from 90 to 
100% relative to the reference polypeptides. Identity at a 
level of 90% or more is indicative of the fact that, assuming 
for exempli?cation purposes a test and reference polypep 
tide length of 100 amino acids are compared. No more than 
10% (i.e., 10 out of 100) amino acids in the test polypeptide 
differ from that of the reference polypeptides. Similar com 
parisons can be made betWeen test and reference polynucle 
otides. Such differences can be represented as point muta 
tions randomly distributed over the entire length of an 
sequence of amino acids or they can be clustered in one or 
more locations of varying length up to the maximum alloW 
able, e.g., 10/100 amino acid difference (approximately 90% 
identity). Differences are de?ned as nucleic acid or amino 
acid substitutions, or deletions. 

[0131] As used herein, the phrase “sequence-related pro 
teins” refers to proteins that have at least 50%, at least 60%, 
at least 70%, at least 80%, at least 90% or at least 95% amino 
acid identity or homology With each other. 

[0132] As used herein, families of non-related proteins or 
“sequence-non-related proteins” refers to proteins that have 
less than 50%, less than 40%, less than 30% or less than 20% 
amino acid identity or homology With each other. 

[0133] As used herein, it also is understood that the terms 
‘“‘substantially identical’”’ or “similar” varies With the con 
text as understood by those skilled in the relevant art. 

[0134] As used herein, heterologous or foreign nucleic 
acid, such as DNA and RNA, are used interchangeably and 
refer to DNA or RNA that do not occur naturally as part of 
the genome in Which it is present or is found at a locus or loci 
in a genome that differs from that in Which it occurs in 
nature. Heterologous nucleic acid includes nucleic acid not 
endogenous to the cell into Which it is introduced, but that 
has been obtained from another cell or prepared syntheti 
cally. Generally, although not necessarily, such nucleic acid 
encodes RNA and proteins that are not normally produced 
by the cell in Which it is expressed. Heterologous DNA 
herein encompasses any DNA or RNA that one of skill in the 
art Would recogniZe or consider as heterologous or foreign 
to the cell or locus in or at Which it is expressed. Heterolo 
gous DNA and RNA also can encode RNA or proteins that 
mediate or alter expression of endogenous DNA by affecting 
transcription, translation, or other regulatable biochemical 
processes. Examples of heterologous nucleic acid include, 
but are not limited to, nucleic acid that encodes traceable 
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marker proteins, such as a protein that confers drug resis 
tance, nucleic acid that encodes therapeutically effective 
substances, such as anti-cancer agents, enZymes and hor 
mones, and DNA that encodes other types of proteins, such 
as antibodies. 

[0135] Hence, herein “heterologous DNA” or “foreign 
DNA,” includes a DNA molecule not present in the exact 
orientation and position as the counterpart DNA molecule 
found in the genome. It also can refer to a DNA molecule 
from another organism or species (i.e., exogenous). 

[0136] As used herein, “isolated With reference to a 
nucleic acid molecule or polypeptide or other biomolecule” 
means that the nucleic acid or polypeptide has separated 
from the genetic environment from Which the polypeptide or 
nucleic acid Were obtained. It also can mean altered from the 
natural state. For example, a polynucleotide or a polypeptide 
naturally present in a living animal is not “isolated,” but the 
same polynucleotide or polypeptide separated from the 
coexisting materials of its natural state is “isolated,” as the 
term is employed herein. Thus, a polypeptide or polynucle 
otide produced and/or contained Within a recombinant host 
cell is considered isolated. Also intended as an “isolated 
polypeptide” or an “isolated polynucleotide” are polypep 
tides or polynucleotides that have been puri?ed, partially or 
substantially, from a recombinant host cell or from a native 
source. For example, a recombinantly produced version of a 
compound can be substantially puri?ed by the one-step 
method described in Smith et al., Gene, 67: 31-40 (1988). 
The terms isolated and puri?ed are sometimes used inter 
changeably. 
[0137] Thus, by “isolated” it is meant that the nucleic acid 
is free of coding sequences of those genes that, in the 
naturally-occurring genome of the organism (if any) imme 
diately ?ank the gene encoding the nucleic acid of interest. 
Isolated DNA can be single-stranded or double-stranded, 
and can be genomic DNA, cDNA, recombinant hybrid 
DNA, or synthetic DNA. It can be identical to a starting 
DNA sequence, or can differ from such sequence by the 
deletion, addition, or substitution of one or more nucle 
otides. 

[0138] “Isolated” or “puri?ed” as it refers to preparations 
made from biological cells or hosts means any cell extract 
containing the indicated DNA or polypeptide including a 
crude extract of the DNA or polypeptide of interest. In the 
case of a polypeptide, for example, a puri?ed preparation 
can be obtained folloWing an individual technique or a series 
of preparative or biochemical techniques and the DNA or 
polypeptide of interest can be present at various degrees of 
purity in these preparations. The procedures can include for 
example, but are not limited to, ammonium sulfate fraction 
ation, gel ?ltration, ion exchange chromatography, a?inity 
chromatography, density gradient centrifugation and elec 
trophoresis. 
[0139] A preparation of DNA or protein that is “substan 
tially pure” or “isolated” should be understood to mean a 
preparation free from naturally occurring materials With 
Which such DNA or protein is normally associated in nature. 
“Essentially pure” should be understood to mean a “highly” 
puri?ed preparation that contains at least 95% of the DNA 
or protein of interest. 

[0140] A cell extract that contains the DNA or protein of 
interest should be understood to mean a homogenate prepa 



US 2007/0249532 A9 

ration or cell-free preparation obtained from cells that 
express the protein or contain the DNA of interest. The term 
“cell extract” is intended to include culture media, especially 
spent culture media from Which the cells have been 
removed. 

[0141] As used herein, “a targeting agent” refers to any 
molecule that can bind to another target-molecule, such as 
an antibody, receptor, or ligand. 

[0142] As used herein, a “receptor” refers to a molecule 
that speci?cally binds to (or With) other molecules. A 
receptor refers to a molecule that has an affinity for a 
particular ligand. Receptors include naturally-occurring and 
synthetic molecules. Receptors also are referred to in the art 
as anti-ligands. Receptors can be used or occur or are active 
in their unaltered state or bound to other polypeptides, 
including as homodimers and as heterodimers. Receptors 
can be attached to, covalently or noncovalently, or in physi 
cal contact With, a binding member, either directly or 
indirectly via a speci?c binding substance or linker. 
Examples of receptors, include, but are not limited to cell 
membrane receptors, cell surface receptors and internaliZing 
receptors. 

[0143] As used herein, “recombinant” refers to any prog 
eny formed as the result of genetic engineering. 

[0144] As used herein, a “promoter region” refers to the 
portion of DNA of a gene that controls transcription of the 
DNA to Which it is operatively linked. The promoter region 
includes speci?c sequences of DNA su?icient for RNA 
polymerase recognition, binding and transcription initiation. 
This portion of the promoter region is referred to as the 
“promoter.” In addition, the promoter region includes 
sequences that modulate this recognition, binding and tran 
scription initiation activity of the RNA polymerase. Promot 
ers, depending upon the nature of the regulation, can be 
constitutive or regulated by cis acting or trans acting factors. 

[0145] As used herein, the phrase “operatively linked” 
generally means the sequences or segments have been 
covalently joined into one piece of DNA, Whether in single 
or double-stranded form, Whereby control or regulatory 
sequences on one segment control or permit expression or 
replication or other such control of other segments. The tWo 
segments are not necessarily contiguous. For gene expres 
sion, a DNA sequence and a regulatory sequence(s) are 
connected in such a Way to control or permit gene expression 
When the appropriate molecular, e.g., transcriptional activa 
tor proteins, are bound to the regulatory sequence(s). 

[0146] As used herein, production by recombinant means 
by using recombinant DNA methods means the use of the 
Well knoWn methods of molecular biology for expressing 
proteins encoded by cloned DNA, including cloning expres 
sion of genes and methods, such as gene shu?ling and phage 
display With screening for desired speci?cities. 

[0147] As used herein, a “splice variant” refers to a variant 
nucleic acid molecule produced by differential processing of 
a primary transcript of genomic DNA that results in more 
than one type of mRNA. Splice variants also refer to the 
encoded polypeptide. It Will be clear from the context 
Whether a nucleic acid molecule or polypeptide is intended. 

[0148] As used herein, a “composition” refers to any 
mixture of tWo or more products or compounds. It includes, 
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a solution, a suspension, liquid, poWder, a paste, aqueous, 
non-aqueous and combinations thereof. 

[0149] As used herein, an “article of manufacture” is a 
product that is made and sold. As used throughout this 
application, the term is intended to encompass modi?ed 
groWth hormone polypeptides and nucleic acids contained in 
articles of packaging. 

[0150] As used herein, a “combination” refers to any 
association betWeen tWo or more items. For example, a 
combination includes f a modi?ed groWth hormone polypep 
tide and/or nucleic acid molecule provided herein and 
another item for a purpose including, but not limited to, 
administration, diagnosis, and assessment of an activity or 
property. 

[0151] As used herein, a “kit” refers to a packaged com 
bination, With optional instructions for use and/or reagents 
and vials for use. 

[0152] As used herein, “substantially identical to” a prod 
uct means suf?ciently similar so that the property of interest 
is su?iciently unchanged so that the substantially identical 
product can be used in place of the product. 

[0153] As used herein, “vector” refers to a nucleic acid 
molecule capable of transporting another nucleic acid to 
Which it has been linked. One type of exemplary vector is an 
episome, i.e., a nucleic acid capable of extra-chromosomal 
replication. Exemplary vectors are those capable of autono 
mous replication and/ or expression of nucleic acids to Which 
they are linked; such vectors typically include origins of 
replication. Vectors also can be designed for integration into 
host chromosomes. Vectors capable of directing the expres 
sion of genes to Which they are operatively linked are 
referred to herein as “expression vectors.” Expression vec 
tors are often in the form of “plasmids,” Which refer gen 
erally to circular double-stranded DNA loops Which, in their 
vector form are not bound to the chromosome. “Plasmid” 
and “vector” are used interchangeably as the plasmid is the 
most commonly used form of vectors. 

[0154] As used herein, vector also include virus vec 
tors” or “viral vectors.” Viral vectors are engineered viruses 
that are operatively linked to exogenous genes to transfer (as 
vehicles or shuttles) the exogenous genes into cells. 

[0155] As used herein, “allele,” Which is used interchange 
ably herein With “allelic variant” refers to alternative forms 
of a gene or portions thereof. Alleles occupy the same locus 
or position on homologous chromosomes. When a subject 
has tWo identical alleles of a gene, the subject is said to be 
homozygous for the gene or allele. When a subject has tWo 
different alleles of a gene, the subject is said to be heteroZy 
gous for the gene. Alleles of a speci?c gene can differ from 
each other in a single nucleotide, or several nucleotides, and 
can include substitutions, deletions, and insertions of nucle 
otides. An allele of a gene also can be a form of a gene 
containing a mutation. 

[0156] As used herein, the term “gene” or “recombinant 
gene” refers to a nucleic acid molecule containing an open 
reading frame and including at least one exon and optionally 
an intron-encoding sequence. A gene can be either RNA or 
DNA. Genes can include regions preceding and folloWing 
the coding region (leader and trailer). As used herein, 
“intron” refers to a DNA sequence present in a given gene 
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Which is spliced out during mRNA maturation. As used 
herein, the term “coding sequence” refers to that portion of 
a gene that encodes a sequence of amino acids present in a 
protein. 

[0157] As used herein, “nucleotide sequence complemen 
tary to the nucleotide sequence encoding the amino acid 
sequence set forth in SEQ ID NO:” refers to the nucleotide 
sequence of the complementary strand of a nucleic acid 
strand encoding an amino acid sequence having the particu 
lar SEQ ID NO:. The term “complementary strand” is used 
herein interchangeably With the term “complement.” The 
complement of a nucleic acid strand can be the complement 
of a coding strand or the complement of a non-coding strand. 
When referring to double-stranded nucleic acids, the 
complement of a nucleic acid encoding an amino acid 
sequence having a particular SEQ ID NO: refers to the 
complementary strand of the strand encoding the amino acid 
sequence set forth in the particular SEQ ID NO: or to any 
nucleic acid having the nucleotide sequence of the comple 
mentary strand of the particular nucleic acid sequence. 
When referring to a single-stranded nucleic acid having a 
nucleotide sequence, the complement of this nucleic acid is 
a nucleic acid having a nucleotide sequence Which is 
complementary to that of the particular nucleic acid 
sequence. 

[0158] As used herein, the term “sense strand” refers to 
that strand of a double-stranded nucleic acid molecule that 
has the sequence of the mRNA that encodes the sequence of 
amino acids encoded by the double-stranded nucleic acid 
molecule. 

[0159] As used herein, the term “antisense stran ” refers 
to that strand of a double-stranded nucleic acid molecule that 
is the complement of the sequence of the mRNA that 
encodes the sequence of amino acids encoded by the double 
stranded nucleic acid molecule. 

[0160] As used herein, an “array” refers to a collection of 
elements, such as nucleic acid molecules, containing three or 
more members. An addressable array is one in Which the 
members of the array are identi?able, typically by position 
on a solid phase support or by virtue of an identi?able or 
detectable label, such as by color, ?uorescence, electronic 
signal (i.e., RF, microWave or other frequency that does not 
substantially alter the interaction of the molecules of inter 
est), bar code or other symbology, chemical or other such 
label. In certain embodiments, the members of the array are 
immobilized to discrete identi?able loci on the surface of a 
solid phase or directly or indirectly linked to or otherWise 
associated With the identi?able label, such as af?xed to a 
microsphere or other particulate support (herein referred to 
as beads) and suspended in solution or spread out on a 
surface. 

[0161] As used herein, a “support” (also referred to as a 
matrix support, a matrix, an insoluble support or solid 
support) refers to any solid or semisolid or insoluble support 
to Which a molecule of interest, typically a biological 
molecule, organic molecule or biospeci?c ligand is linked or 
contacted. Such materials include any materials that are used 
as af?nity matrices or supports for chemical and biological 
molecule syntheses and analyses, such as, but are not limited 
to: polystyrene, polycarbonate, polypropylene, nylon, glass, 
dextran, chitin, sand, pumice, agarose, polysaccharides, den 
drimers, buckyballs, polyacryl-amide, silicon, rubber, and 
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other materials used as supports for solid phase syntheses, 
af?nity separations and puri?cations, hybridiZation reac 
tions, immunoassays and other such applications. The 
matrix herein can be particulate or can be in the form of a 
continuous surface, such as a microtiter dish or Well, a glass 
slide, a silicon chip, a nitrocellulose sheet, nylon mesh, or 
other such materials. When particulate, typically the par 
ticles have at least one dimension in the 5-10 mm range or 
smaller. Such particles, referred collectively herein as 
“beads,” are often, but not necessarily, spherical. Such 
reference, hoWever, does not constrain the geometry of the 
matrix, Which can be any shape, including random shapes, 
needles, ?bers, and elongated. Roughly spherical beads, 
particularly microspheres that can be used in the liquid 
phase, also are contemplated. The beads can include addi 
tional components, such as magnetic or paramagnetic par 
ticles (see, e.g., Dynabeads (Dynal, Oslo, NorWay)) for 
separation using magnets, as long as the additional compo 
nents do not interfere With the methods and analyses herein. 

[0162] As used herein, a “matrix” or “support particle” 
refers to matrix materials that are in the form of discrete 
particles. The particles have any shape and dimension, but 
typically have at least one dimension that is 100 mm or less, 
50 mm or less, 10 mm or less, 1 mm or less, 100 pm or less, 
50 pm or less and typically have a siZe that is 100 mm3 or 
less, 50 mm3 or less, 10 mm3 or less, and 1 mm3 or less, 100 
um3 or less and can be order of cubic microns. Such particles 
are collectively called “beads.” 

[0163] As used herein, the abbreviations for any protective 
groups, amino acids and other compounds, are, unless 
indicated otherwise, in accord With their common usage, 
recogniZed abbreviations, or the IUPAC-IUB Commission 
on Biochemical Nomenclature Biochem. 11: 942-944 

(1972). 

B. GROWTH HORMONE 

[0164] GroWth hormone (GH), also knoWn as somatotro 
pin, is a peptide hormone produced in animals, including 
mammals. GH is a member of the cytokine family of 
proteins that is produced by somatotrophic cells of the 
anterior pituitary. GH plays a role in somatic groWth through 
effects on metabolism of proteins, carbohydrates and lipids. 
GH also is produced in the placenta. Placental GH plays a 
role in modulating maternal and fetal metabolism. Pituitary 
groWth hormone is a somatotropic hormone secreted from 
the anterior pituitary gland. The release of groWth hormone 
(GH) is regulated by groWth hormone-releasing hormone 
(GHRH) secreted from the hypothalamus (See, for example 
Ascoli et al. (1996) “Adenohypophyseal hormones and their 
hypothalamic releasing factors Goodman & Gilman’s The 
Pharmacological Basis of T herapeulics, Hardman et al. eds) 
pp. 1363-1382, McGraW-Hill, NeW York). GroWth hormone 
is released in an episodic and pulsatile fashion (See, for 
example Brook et al. Endocrinol. Metab. Clin. North Am. 
21: 767-782 (1992)). 

[0165] GroWth hormone has been studies in humans and 
other mammals. Pharmacodynamic responses to GH have 
been studies in humans. These responses fall under tWo 
categories: 1) immediate responses that include production 
of insulin-like groWth factors I and II (IGF-I and IGF-2), 
stimulation of triglyceride hydrolysis in adipose tissues, and 
stimulation of hepatic glucose output; and 2) intermediate 










































































