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(57) ABSTRACT 

The present invention relates to novel methods for making 
and refolding insoluble or aggregated proteins having free 
cysteines in Which a host cell expressing the protein is 
exposed to a cysteine blocking agent. The soluble, refolded 
proteins produced by the novel methods can then be modi?ed 
to increase their effectiveness. Such modi?cations include 
attaching a PEG moiety to form PEGylated proteins. 
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METHODS FOR REFOLDING PROTEINS 
CONTAINING FREE CYSTEINE RESIDUES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 10/276,358, ?ledApr. 10, 2003, now US. Pat. 
No. 7,306,931, Which is a national stage application under 35 
USC § 371 ofPCTApplication No. PCT/US01/16088, ?led 
May 16, 2001, Which claims the bene?t of priority under 35 
USC § 119(e) to US. Provisional Application Ser. No. 
60/204,617, ?led May 16, 2000. The entire disclosure ofeach 
of the above-identi?ed applications is incorporated herein by 
reference. 

STATEMENT OF GOVERNMENT INTERESTS 

[0002] This invention Was made With government support 
under Grant Nos. 1 R43 CA086577, 2R44 CA086577, 1R43 
CA090003, 1R43CA099217, 2R44 CA099217, 1R43 
AR051609, 2R44 AR051609, each aWarded by the National 
Institutes of Health, and under Grant No. DAMD17-00-1-01 
58, aWarded by the Department of the Army. The government 
has certain rights in the invention. 

REFERENCE TO A SEQUENCE LISTING 

[0003] This application contains a Sequence Listing sub 
mitted on a compact disc, in duplicate. Each of the tWo com 
pact discs, Which are identical to each other pursuant to 37 
CFR § 1.52(e)(4), contains the folloWing ?le: “4152-4-PCT_ 
Sequence_Listing.txt”, having a siZe in bytes of 15 kb, and 
recorded on 1 1 Dec. 2007. The information contained in this 
electronic ?le is hereby incorporated by reference in its 
entirety pursuant to 37 CFR §1.52(e)(5) and 37 CFR §1.77 
(b)(5) 

FIELD OF THE INVENTION 

[0004] The present invention relates generally to methods 
of making proteins and more speci?cally to recombinant 
proteins containing at least one “free” cysteine residue, i.e., a 
cysteine residue that does not participate in a disul?de bond. 

BACKGROUND OF THE INVENTION 

[0005] Protein therapeutics generally must be administered 
to patients by injection. Most protein therapeutics are cleared 
rapidly from the body, necessitating frequent, often daily, 
injections. There is considerable interest in the development 
of methods to prolong the circulating half-lives of protein 
therapeutics in the body so that the proteins do not have to be 
injected frequently. Covalent modi?cation of proteins With 
polyethylene glycol (PEG) has proven to be a useful method 
to extend the circulating half-lives of proteins in the body 
(AbuchoWski et al., 1984; Hersh?eld, 1987; Meyers et al., 
1991). Covalent attachment of PEG to a protein increases the 
protein’s effective siZe and reduces its rate of clearance from 
the body. PEGs are commercially available in several siZes, 
alloWing the circulating half-lives of PEG-modi?ed proteins 
to be tailored for individual indications through use of differ 
ent siZe PEGs. Other documented in vivo bene?ts of PEG 
modi?cation are an increase in protein solubility and stability, 
and a decrease in protein immunogenicity (Katre et al., 1987; 
Katre, 1990). 
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[0006] One knoWn method for PEGylating proteins 
covalently attaches PEG to cysteine residues using cysteine 
reactive PEGs.A number of highly speci?c, cysteine-reactive 
PEGs With different reactive groups (e.g., maleimide, vinyl 
sulfone) and different siZe PEGs (2-40 kDa, single or 
branched chain) are commercially available. At neutral pH, 
these PEG reagents selectively attach to “free” cysteine resi 
dues, i.e., cysteine residues not involved in disul?de bonds. 
Cysteine residues in most proteins participate in disul?de 
bonds and are not available for PEGylation using cysteine 
reactive PEGs. Through in vitro mutagenesis using recombi 
nant DNA techniques, additional cysteine residues can be 
introduced anyWhere into the protein. The neWly added “free” 
or “non-natural” cysteines can serve as sites for the speci?c 
attachment of a PEG molecule using cysteine-reactive PEGs. 
The added “free” or “non-natural” cysteine residue can be a 
substitution for an existing amino acid in a protein, added 
preceding the amino-terminus of the mature protein or after 
the carboxy-terminus of the mature protein, or inserted 
betWeen tWo normally adjacent amino acids in the protein. 
Alternatively, one of tWo cysteines involved in a native dis 
ul?de bond may be deleted or substituted With another amino 
acid, leaving a native cysteine (the cysteine residue in the 
protein that normally Would form a disul?de bond With the 
deleted or substituted cysteine residue) free and available for 
chemical modi?cation. Preferably the amino acid substituted 
for the cysteine Would be a neutral amino acid such as serine 
or alanine. For example, human groWth hormone (hGH) has 
tWo disul?de bonds that can be reduced and alkylated With 
iodoacetamide Without impairing biological activity (BeWley 
et al., (1969). Each of the four cysteines Would be reasonable 
targets for deletion or substitution by another amino acid. 

[0007] Several naturally occurring proteins are knoWn to 
contain one or more “free” cysteine residues. Examples of 
such naturally occurring proteins include human Interleukin 
(IL)-2 (Wang et al., 1984), beta interferon (Mark et al., 1984; 
1985), G-CSF (Lu et al., 1989) and basic ?broblast groWth 
factor (bFGF, Thompson, 1992). IL-2, Granulocyte Colony 
Stimulating Factor (G-CSF) and beta interferon (IFN-B) con 
tain an odd number of cysteine residues, Whereas basic ?bro 
blast groWth factor contains an even number of cysteine 
residues. 

[0008] Expression of recombinant proteins containing free 
cysteine residues has been problematic due to reactivity of the 
free sulfhydryl at physiological conditions. Several recombi 
nant proteins containing free cysteines have been expressed 
cytoplasmically, i.e., as intracellular proteins, inbacteria such 
as E. coli. Examples include natural proteins such as IL-2, 
beta interferon, G-CSF, and engineered cysteine muteins of 
IL-2 (Goodson and Katre, 1990), IL-3 (ShaW et al., 1992), 
Tumor Necrosis Factor Binding Protein (Tuma et al., 1995), 
Insulin-like GroWth Factor-I (IGF-I, Cox and McDermott, 
1994), Insulin-like GroWth Factor binding protein-1 (IGFBP 
1, Van Den Berg et al., 1997) and protease nexin and related 
proteins (Braxton, 1 998). All of these proteins Were predomi 
nantly insoluble When expressed intracellularly in E. coli . The 
insoluble proteins Were largely inactive and needed to be 
refolded in order to regain signi?cant biological activity. In 
some cases the reducing agent dithiothreitol (DTT) Was used 
to aid solubiliZation and/or refolding of the insoluble pro 
teins. Puri?ed, refolded IL-2, G-CSF and beta interferon pro 
teins are unstable and lose activity at physiological pH, appar 
ently due to disul?de rearrangements involving the free 
cysteine residue (Wang et al., 1984; Mark et al., 1984; 1985; 
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Oh-eda et al., 1990; ArakaWa et al., 1992). Replacement of the 
free cysteine residue in these proteins With serine, resulted in 
a protein that Was more stable at physiological pH (Wang et 
al., 1984; Mark et al., 1984; 1985; ArakaWa et al., 1993). 
[0009] A second knoWn method for expressing recombi 
nant proteins in bacteria is to secrete them into the periplas 
mic space or into the media. It is knoWn that certain recom 
binant proteins such as GH are expressed in a soluble active 
form When they are secreted into the E. coli periplasm, 
Whereas they are insoluble When expressed intracellularly in 
E. coli. Secretion is achieved by fusing DNA sequences 
encoding GH or other proteins of interest to DNA sequences 
encoding bacterial signal sequences such as those derived 
from the stII (Fujimoto et al., 1988) and ompA proteins (Gh 
rayeb et al., 1984). Secretion of recombinant proteins in bac 
teria is desirable because the natural N-terminus of the 
recombinant protein can be maintained. Intracellular expres 
sion of recombinant proteins requires that an N-terminal 
methionine be present at the amino -terminus of the recombi 
nant protein. Methionine is not normally present at the amino 
terminus of the mature forms of many human proteins. For 
example, the amino-terminal amino acid of the mature form 
of human GH is phenylalanine. An amino -terminal methion 
ine must be added to the amino-terminus of a recombinant 
protein, if a methionine is not present at this position, in order 
for the protein to be expressed e?iciently in bacteria. Typi 
cally addition of the amino-terminal methionine is accom 
plished by adding an ATG methionine codon preceding the 
DNA sequence encoding the recombinant protein. The added 
N-terminal methionine often is not removed from the recom 
binant protein, particularly if the recombinant protein is 
insoluble. Such is the case With hGH, Where the N-terminal 
methionine is not removed When the protein is expressed 
intracellularly in E. coli. The added N-terminal methionine 
creates a “non-natural” protein that potentially can stimulate 
an immune response in a human. In contrast, there is no added 
methionine on hGH that is secreted into the periplasmic space 
using stII (Chang et al., 1987) or ompA (Cheah et al., 1994) 
signal sequences; the recombinant protein begins With the 
native amino-terminal amino acid phenylalanine. The native 
hGH protein sequence is maintained because bacterial 
enZymes cleave the stII-hGH protein (or ompA-hGH protein) 
betWeen the stII (or ompA) signal sequence and the start of 
the mature hGH protein. 
[0010] hGH has four cysteines that form tWo disul?des. 
hGH can be secreted into the E. coli periplasm using stII or 
ompA signal sequences. The secreted protein is soluble and 
biologically active (Hsiung et al., 1986). The predominant 
secreted form of hGH is a monomer With an apparent molecu 
lar Weight by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) of 22 kDa. Recombinant hGH 
can be isolated from the periplasmic space by using an 
osmotic shock procedure (Koshland and Botstein, 1980), 
Which preferentially releases periplasmic, but not intracellu 
lar, proteins into the osmotic shock buffer. The released hGH 
protein is then puri?ed by column chromatography (Hsiung 
et al., 1986). A large number of GH mutants have been 
secreted into the E. coli periplasm. The secreted mutant pro 
teins Were soluble and could be puri?ed using procedures 
similar to those used to purify Wild type GH (Cunningham 
and Wells, 1989; Fuh et al., 1992). Unexpectedly, When simi 
lar procedures Were used to secrete GH variants containing a 
free cysteine residue (?ve cysteines; 2N+1), it Was discovered 
that certain recombinant GH variants Were insoluble or 
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formed multimers or aggregates When isolated using standard 
osmotic shock and puri?cation procedures developed for GH. 
Very little of the monomeric GH variant proteins could be 
detected by non-reduced SDS-PAGE in the osmotic shock 
lysates. Insoluble or aggregated GH variants have reduced 
biological activities compared to soluble, properly folded 
hGH. Methods for refolding insoluble, secreted GroWth Hor 
mone variants containing a free cysteine residue into a bio 
logically active form have not been described. 

[0011] Alpha interferon (IFN-0t2) also contains four cys 
teine residues that form tWo disul?de bonds. IFN-0t2 can be 
secreted into the E. coli periplasm using the stII signal 
sequence (Voss et al., 1994). A portion of the secreted protein 
is soluble and biologically active (Voss et al., 1994). Secreted, 
soluble recombinant IFN-0t2 can be puri?ed by column chro 
matography (Voss et al., 1994). When similar procedures 
Were attempted to secrete IFN-0t2 variants containing a free 
cysteine residue (?ve cysteines; 2N+1), it Was discovered that 
certain of the recombinant IFN-0t2 variants Were predomi 
nantly insoluble or formed multimers or aggregates When 
isolated using standard puri?cation procedures developed for 
IFN-0t2. Insoluble or aggregated IFN-0t2 variants have 
reduced biological activities compared to soluble, properly 
folded IFN-0t2. Methods for refolding insoluble, secreted 
IFN-0t2 variants containing a free cysteine residue into a 
biologically active form have not been described. 

[0012] Human Granulocyte Colony-Stimulating Factor 
(G-CSF) contains ?ve cysteine residues that form tWo disul 
?de bonds. The cysteine residue at position 17 in the mature 
protein sequence is free. Perez-Perez et al. (1995) reported 
that G-CSF could be secreted into the E. coli periplasm using 
a variant form of the ompA signal sequence. HoWever, very 
little of the ompA-G-CSF fusion protein Was correctly pro 
cessed to yield mature G-CSF. The percentage of correctly 
processed G-CSF could be improved by co-expressing the E. 
coli dnaK and dnaJ proteins in the host cells expressing the 
ompA-G-CSF fusion protein (Perez-Perez et al., 1995). Cor 
rectly processed, secreted G-CSF Was largely insoluble in all 
E. coli strains examined (Perez-Perez et al., 1995). Insoluble 
G-CSF possesses reduced biological activity compared to 
soluble, properly folded G-CSF. When similar procedures 
Were attempted to secrete Wild type G-CSF, G-CSF variants 
in Which the free cysteine residue Was replaced With serine 
[G-CSF (C17S)], and G-CSF (C17S) variants containing a 
free cysteine residue (?ve cysteines; 2N+1) using the stII 
signal sequence, it Was discovered that the recombinant 
G-CSF proteins also Were predominantly insoluble. Methods 
for refolding insoluble, secreted G-CSF proteins into a bio 
logically active form have not been described. 

[0013] Human Granulocyte Macrophage Colony-Stimulat 
ing Factor (GM-CSF) contains four cysteine residues that 
form tWo disul?de bonds. Libbey et al. (1987) and Greenberg 
et al. (1 988) reported that GM-CSF could be secreted into the 
E. coli periplasm using the ompA signal sequence. Correctly 
processed, secreted GM-CSF Was insoluble (Libbey et al., 
1987; Greenberg et al., 1988). Insoluble GM-CSF possesses 
reduced biological activity compared to soluble, properly 
folded GM-CSF. When similar procedures Were attempted to 
secrete GM-CSF variants containing a free cysteine residue 
(?ve cysteines; 2N+1) using the stII signal sequence, it Was 
discovered that the recombinant GM-CSF proteins also Were 
predominantly insoluble. Methods for refolding insoluble, 
secreted GM-CSF proteins into a biologically active form 
have not been described. 
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[0014] US. Pat. No. 5,206,344 and Goodson and Katre 
(1990) describe expression and puri?cation of a cysteine sub 
stitution mutein of IL-2. The lL-2 cysteine mutein Was 
insoluble When expressed intracellularly in E. coli. The pro 
tein Was solubiliZed by treatment With a denaturing agent 
[either 10% sodium dodecyl sulfate (SDS) or SM urea] and a 
reducing agent [100 mM dithiothreitol (DTT)], refolded and 
puri?ed by siZe-exclusion chromatography and reversed 
phase HPLC. Expression and puri?cation of cysteine muteins 
of IL-3 are described in US. Pat. No. 5,166,322. The lL-3 
cysteine muteins also Were insoluble When expressed intrac 
ellularly in E. coli. The proteins Were solubiliZed With a 
denaturing agent (guanidine) and a reducing agent (DTT), 
refolded and puri?ed by reversed phase HPLC. The puri?ed 
lL-3 cysteine muteins Were kept in a partially reduced state by 
inclusion of DTT in the storage buffers. When the inventors 
used only a denaturing agent agent and a reducing agent 
(DTT) to denature and refold insoluble cysteine muteins of 
GH and G-CSF, it Was discovered that the refolded proteins 
Were heterogeneous, comprising multiple molecular Weight 
species. Similarly, When the inventors denatured and refolded 
insoluble, secreted TEN-(x2 cysteine muteins With only a 
denaturing agent and a reducing agent (DTT), undetectable 
levels of properly folded TEN-(x2 cysteine muteins Were 
obtained. 
[0015] Malik et al. (1992) and Knusli et al. (1992) 
described conjugation of Wild type GM-CSF With amine 
reactive PEG reagents. The amine-PEGylated GM-CSF com 
prised a heterogeneous mixture of different molecular Weight 
PEG-GM-CSF species modi?ed at multiple amino acid resi 
dues (Malik et al. 1992; Knusli et al., 1992). The various 
amine-PEGylated GM-CSF species could not be puri?ed 
from each other or from non-PEGylated GM-CSF by conven 
tional chromatography methods, Which prevented speci?c 
activity measurements of the various isoforms from being 
determined. Clark et al. (1996) described conjugation of GH 
With amine-reactive PEGs. Amine-PEGylyated GH also Was 
heterogeneous, comprising a mixture of multiple molecular 
Weight species modi?ed at multiple amino acid residues. The 
amine-PEGylated GH proteins displayed signi?cantly 
reduced biological activity (Clark et al., 1996). Monkarsh et 
al. (1997) described amine-PEGylated alpha interferon, 
Which also comprised multiple molecular Weight species 
modi?ed at different amino acid residues. Amine-PEGylated 
alpha interferon also displayed reduced biological activity. 
Tanaka et al. (1991) described amine-PEGylated G-CSF, 
Which also comprised a heterogeneous mixture of different 
molecular Weight species modi?ed at different amino acid 
residues. Amine-PEGylated G-CSF displayed reduced bio 
logical activity (Tanaka et al., 1991). Kinstler et al. (1996) 
described a PEGylated G-CSF protein that is preferentially 
modi?ed at the non-natural N-terminal methionine residue. 
This protein also displayed reduced biological activity (Kin 
stler et al. 1996). 
[0016] Therefore, despite considerable effort, a need still 
exists for methods that alloW an insoluble or aggregated pro 
tein containing one or more free cysteine residues to be 
refolded into a soluble, biologically active form in high yield. 
The present invention satis?es this need and provides related 
advantages as Well. Similarly, a need also exists for methods 
of generating homogeneous preparations of long acting 
recombinant proteins by enhancement of protein molecular 
Weight, such as by PEGylation. 

SUMMARY OF THE INVENTION 

[0017] The present invention generally relates to methods 
for obtaining refolded, soluble forms of proteins having one 
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or more free cysteine residues and Which are expressed by a 
host cell in an insoluble or aggregated form. Such proteins 
include, but are not limited to, members of the GroWth Hor 
mone supergene family, such as GH, lFN-(XZ, G-CSF and 
GM-CSF proteins, and anti-angiogenesis factors, such as 
endostatin and angiostatin. The methods are generally 
accomplished by (a) causing a host cell to express a protein 
containing a free cysteine residue in an insoluble or aggre 
gated forrn; (b) lysing the cell; (c) solubiliZing the insoluble or 
aggregated protein in the presence of a denaturing agent, a 
reducing agent and a cysteine blocking agent; and (d) refold 
ing the protein by loWering the concentrations of the dena 
turing agent and reducing agents to levels su?icient to alloW 
the protein to renature to a biologically active form. Option 
ally, the soluble, refolded protein is isolated from other pro 
teins in the refold mixture. 

[0018] Suitable host cells include bacteria, yeast, insect or 
mammalian cells. Preferably, the host cell is a bacterial cell, 
particularly E. coli. 
[0019] Preferably, the soluble, refolded proteins produced 
by the methods of the present invention are recombinant 
proteins, especially cysteine variants or cysteine muteins of a 
protein. As used herein, the terms “cysteine variant” and 
“cysteine mutein” are meant to encompass any of the folloW 
ing changes in a protein’s amino acid sequence: addition of a 
non-natural cysteine residue preceding the amino terminus of 
the mature protein or folloWing the carboxy-terminus of the 
mature protein; substitution of a non-natural cysteine residue 
for an existing amino acid in the protein; introduction of a 
non-natural cysteine residue betWeen tWo normally adjacent 
amino acids in the protein; or substitution of another amino 
acid for a naturally occurring cysteine residue that normally 
form a disul?de bond in the protein. The methods are useful 
for producing proteins including, Without limitation, GH, 
G-CSF, GM-CSF and interferon, especially alpha interferon, 
cysteine variants of these proteins, their derivatives or antago 
nists. Other proteins for Which the methods are useful include 
other members of the GH supergene family, the Transforming 
GroWth Factor (TGF)-beta superfamily, platelet derived 
groWth factor-A, platelet derived groWth factor-B, nerve 
groWth factor, brain derived neurotrophic factor, neurotro 
phin-3, neurotrophin-4, vascular endothelial groWth factor, 
chemokines, hormones, endostatin, angiostatin, cysteine 
muteins of these proteins, or a derivative or an antagonist 
thereof. Cysteine muteins of heavy or light chains of an 
immunoglobulin or a derivative thereof are also contem 
plated. 
[0020] As used herein, the term “cysteine blocking agent” 
means any reagent or combination of reagents that result in 
the formation of a reversibly blocked free cysteine residue in 
a protein. Examples of useful cysteine blocking agents 
include, but are not limited to, dithiols such as cystine, cys 
tamine, oxidiZed glutathione, dithioglycolic acid and the like, 
or thiols such as cysteine, cysteamine, thioglycolic acid, and 
reduced glutathione. Preferably, thiols should be used in the 
presence of an oxidiZing agent. Useful oxidiZing agents 
include oxygen, iodine, ferricyanide, hydrogen peroxide, 
dihydroascorbic acid, tetrathionate, and O-iodosobenZoate. 
Optionally, a metal ion such as copper (Cu’'") or cobalt (Co++) 
can be added to catalyZe the oxidation reaction. Although not 
Wishing to be bound by any particular theory, the inventors 
postulate that the cysteine blocking agent forms a mixed 
disul?de With the free cysteine residue in the protein, thus 
limiting possible disul?de rearrangements that could occur 
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involving the free cysteine residue. The mixed disul?de sta 
biliZes the free cysteine residue, signi?cantly enhancing the 
yield of properly folded, biologically active, soluble protein. 
As used herein, reducing agents such as DTT and 2-mercap 
toethanol are not considered cysteine blocking agents 
because they do not result in the formation of a reversibly 
blocked mixed disul?de With the free cysteine residue in the 
protein. DTT typically does not form mixed disul?des With 
cysteine residues in proteins due to a thermodynamically 
preferred intramolecular bond that forms upon oxidation. 
[0021] Higher order dimeric and multimeric proteins 
formed by the covalent association of tWo or more of the 
refolded proteins via their free cysteine residues also Within 
the present invention. 
[0022] The present methods further include various meth 
ods of attaching a cysteine-reactive moiety to the refolded 
protein to form modi?ed protein in Which the cysteine-reac 
tive moiety is attached to the refolded protein through the free 
cysteine residue(s). An example of a useful cysteine-reactive 
moiety that can be attached to the refolded protein is a cys 
teine-reactive PEG, Which can be used to form a PEGylated 
protein. Such methods include (a) isolating the refolded pro 
tein having a free cysteine residue from other proteins in the 
refold mixture; (b) reducing, at least partially, the isolated, 
refolded protein With a disul?de-reducing agent and (c) 
exposing the protein to a cysteine-reactive moiety such as a 
cysteine-reactive PEG. Optionally, the modi?ed protein can 
be isolated from unmodi?ed protein. Examples of other use 
ful cysteine-reactive moieties are cysteine-reactive dextrans, 
cysteine-reactive carbohydrates, cysteine-reactive poly(N 
vinylpyrrolidone)s, cysteine-reactive peptides, cysteine-reac 
tive lipids, and cysteine-reactive polysaccharides. 
[0023] The present invention further includes the soluble, 
refolded proteins and their derivatives, including PEGylated 
proteins, made by the methods disclosed herein. Such PEGy 
lated proteins include monopegylated, cysteine variants of 
GH, G-CSF, GM-CSF and alpha interferon proteins. Such 
PEGylated proteins also include cysteine variants of GH, 
G-CSF, GM-CSF and alpha interferon proteins modi?ed With 
tWo or more PEG molecules, Where at least one of the PEG 
molecules is attached to the protein through a free cysteine 
residue. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] The present invention provides novel methods of 
preparing refolded, soluble forms of GH, IFN-0t2, G-CSF and 
GM-CSF proteins that have at least one free cysteine residue 
and Which are expressed by a host cell in an insoluble or 
aggregated form. The present invention can be used to prepare 
refolded, soluble forms of other members of the GH super 
gene family that have at least one free cysteine residue and 
Which are expressed by a host cell in an insoluble or aggre 
gated form. The present invention also can be used to prepare 
refolded, soluble forms of other types of proteins having at 
least one free cysteine residue and Which are expressed by a 
ho st cell in an insoluble or aggregated form, including, but not 
limited to, anti-angiogenesis proteins such as endostatin and 
angiostatin. The invention further provides novel proteins, 
particularly recombinant proteins produced by these novel 
methods as Well as derivatives of such recombinant proteins. 
The novel methods for preparing such proteins are generally 
accomplished by: 

[0025] (a) causing a host cell to express a protein having 
a free cysteine in an insoluble or aggregated form; 
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[0026] (b) lysing the host cell by chemical, enZymatic or 
physical means; 

[0027] (c) solubiliZing the insoluble or aggregated pro 
tein by exposing the protein to a denaturing agent, a 
reducing agent and a cysteine blocking agent; and 

[0028] (d) refolding the protein by reducing the concen 
trations of the denaturing agent and reducing agent in the 
solubiliZation mixture to levels suf?cient to alloW the 
protein to renature into a soluble, biologically active 
form. 

Optionally, the refolded, soluble protein can be isolated from 
other proteins in the refold mixture. The methods and other 
embodiments of the present invention Were described in 
detail in US. Provisional Application Ser. No. 60/204,617, 
?led May 16, 2000. US. Provisional Application Ser. No. 
60/204,6 l 7 is incorporated herein by reference in its entirety. 
[0029] As identi?ed above, the ?rst step in these methods is 
to cause a host cell to express a protein having a free cysteine 
residue in an insoluble or aggregated form. Suitable host cells 
can be prokaryotic or eukaryotic. Examples of appropriate 
host cells that can be used to express recombinant proteins 
include bacteria, yeast, insect and mammalian cells. Bacteria 
cells are particularly useful, especially E. coli. Methods of 
causing a host cell to express a protein are Well knoWn in the 
art and examples are provided herein. 
[0030] As used herein, the term “protein having a free cys 
teine residue” means any natural or recombinant protein or 
peptide that contains 2N+l cysteine residues, Where N can be 
0 or any integer, and any natural or recombinant protein or 
peptide that contain 2N cysteines, Where tWo or more of the 
cysteines do not normally participate in a disul?de bond. 
Thus, the methods of the present invention are useful in 
enhancing the expression, recovery and puri?cation of any 
protein orpeptide having a free cysteine, particularly cysteine 
added variant recombinant proteins (referred to herein as 
“cysteine muteins” or “cysteine variants”) having one or 
more free cysteines. Although the expression, recovery and 
puri?cation of a natural protein having a free cysteine 
expressed by its natural host cell can be enhanced by the 
methods of the present invention, the description herein pre 
dominantly refers to recombinant proteins for illustrative pur 
poses only. In addition, the proteins can be derived from any 
animal species including human, companion animals and 
farm animals. The proteins also can be derived from plant 
species or microbes. 
[0031] Accordingly, the present invention encompasses a 
Wide variety of recombinant proteins, and cysteine variants of 
these proteins. These proteins include members of the GH 
supergene family, and cysteine variants of these proteins. The 
folloWing proteins (“collectively referred to as the GH super 
gene family”) are encoded by genes of the GH supergene 
family (BaZan (1990; 1991; 1992); Mott and Campbell 
(1995); Silvennoinen and Ihle (1996); Martin et al. (1990); 
Hannum et al. (1994); Blumberg et al., 2001): GH, prolactin, 
placental lactogen, erythropoietin (EPO), thrombopoietin 
(TPO), interleukin-2 (IL-2), IL-3, IL-4, IL-5, IL-6, IL-7, 
IL-9, IL-l0, IL-1 1, IL-l2 (p35 subunit), IL-l3, IL-l5, IL-l9, 
IL-20, IL-TIF, MDA-7, AK-l55, oncostatin M, ciliary neu 
rotrophic factor, leukemia inhibitory factor, alpha interferon, 
beta interferon, gamma interferon, omega interferon, tau 
interferon, granulocyte-colony stimulating factor (G-CSF), 
granulocyte-macrophage colony stimulating factor (GM 
CSF), macrophage colony stimulating factor (M-CSF), car 
diotrophin-l (CT-l), Stem Cell Factor and the ?t3/?k2 ligand. 
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It is anticipated that additional members of the GH supergene 
family Will be identi?ed in the future through gene cloning 
and sequencing. Members of the GH supergene family have 
similar secondary and tertiary structures, despite the fact that 
they generally have limited amino acid or DNA sequence 
identity. The shared structural features of members of the GH 
supergene family, Which are described in BaZan (1990; 1991; 
1992), Mott and Campbell (1995) and Silvennoinen and Ihle 
(1996), alloW neW members of the gene family to be readily 
identi?ed. Variants of these proteins such as the selective IL-2 
antagonist described by Shanafelt et al. (2000) also are 
encompassed by this invention 
[0032] The present methods also can enhance the expres 
sion, recovery and puri?cation of additional recombinant pro 
teins, including members of the TGF -beta superfamily. Mem 
bers of the TGF-beta superfamily include, but are not limited 
to, glial-derived neurotrophic factor (GDNF), transforming 
groWth factor-beta1 (TGF-beta1), TGF-beta2, TGF-beta3, 
inhibin A, inhibin B, bone morphogenetic protein-2 (BMP 
2), BMP-4, inhibin alpha, Mullerian inhibiting substance 
(MIS), and OP-1 (osteogenic protein 1). The monomer sub 
units of the TGF-beta superfamily share certain structural 
features that alloW other members of this family to be readily 
identi?ed: they generally contain 8 highly conserved cysteine 
residues that form 4 intramolecular disul?des. Typically a 
ninth conserved cysteine is free in the monomeric form of the 
protein but participates in an intermolecular disul?de bond 
formed during the homodimeriZation or heterodimeriZation 
of the monomer subunits. Other members of the TGF-beta 
superfamily are described by Massague (1990), Daopin et al. 
(1992), Kingsley (1994), Kutty et al. (1998), and LaWton et al. 
(1997), incorporated herein by reference. 
[0033] Immunoglobulin (lg) heavy and light chain mono 
mers also contain cysteine residues that participate in 
intramolecular disul?des as Well as free cysteines (Roitt et al., 
1989 and Paul, 1989). These free cysteines normally only 
participate in disul?de bonds as a consequence of multimer 
iZation events such as heavy chain homodimeriZation, heavy 
chain-light chain heterodimeriZation, homodimeriZation of 
the (heavy chain-light chain) heterodimers, and other higher 
order assemblies such as pentameriZation of the (heavy chain 
light chain) heterodimers in the case of IgM. Thus, the meth 
ods of the present invention can be employed to enhance the 
expression, recovery and puri?cation of heavy and/or light 
chains (or various domains thereof) of human immunoglobu 
lins such as for example IgG1, IgG2, IgG3, IgG4, IgM IgA1, 
IgA2, secretory IgA, IgD and IgE, and cysteine variants of 
these proteins or fragments thereof. Immunoglobulins from 
other species could also be similarly expressed, recovered 
and puri?ed. Proteins genetically fused to immunoglobulins 
or immunoglobulin domains, as described in ChamoW & 
AshkenaZi (1996), could also be similarly expressed, recov 
ered and puri?ed. 
[0034] A group of proteins has been classed as a structural 
superfamily based on the shared structural motif termed the 
“cystine knot”. The cystine knot is de?ned by six conserved 
cysteine residues that form three intramolecular disul?de 
bonds that are topologically “knotted” (McDonald and Hen 
drickson, 1993). These proteins also form homo- or het 
erodimers and in some but not all instances dimeriZation 
involves intermolecular disul?de formation. Members of this 
family include the members of the TGF-beta superfamily and 
other proteins such as platelet derived groWth factor-A 
(PDGF-A), PDGF-B, nerve groWth factor (NGF), brain 
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derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3), 
NT-4, and vascular endothelial groWth factor (VEGF). Cys 
teine blocking reagents also could enhance expression, recov 
ery and puri?cation of proteins With this structural motif, and 
cysteine-added variants of these proteins. 
[0035] The present methods also can enhance the expres 
sion, recovery and puri?cation of other recombinant proteins 
and/or cysteine added variants of those proteins. Classes of 
proteins for Which the present methods Would be useful 
include proteases and other enZymes, protease inhibitors, 
cytokines, cytokine antagonists, cytokine “selective ago 
nists”, allergens, chemokines, gonadotrophins, chemotactins, 
lipid-binding proteins, pituitary hormones, groWth factors, 
somatomedins, immunoglobulins, interleukins, interferons, 
soluble receptors, extracellular domains of cell-surface 
receptors, vaccines, single chain antibodies and hemoglo 
bins. Speci?c examples of proteins include, for example, 
leptin, insulin, insulin-like groWth factor I and II (IGF-I and 
IGF-II), superoxide dismutase, catalase, asparaginase, 
uricase, ?broblast groWth factors, arginase, angiostatin, 
endostatin, Factor VIII, Factor IX, interleukin I receptor 
antagonist, parathyroid hormone, groWth hormone releasing 
factor, calcitonin, extracellular domain of the VEGF receptor, 
protease nexin and anti-thrombin III. 
[0036] Other protein variants that Would bene?t from 
PEGylation and Would therefore be reasonable candidates for 
cysteine added modi?cations include proteins or peptides 
With poor solubility or a tendency to aggregate, proteins or 
peptides that are susceptible to proteolysis, proteins or pep 
tides needing improved mechanical stability, proteins or pep 
tides that are cleared rapidly from the body, or proteins or 
peptides With undesirable immunogenic or antigenetic prop 
erties. 
[0037] If desired, cysteine and other amino acid muteins of 
these proteins can be generally constructed using site-di 
rected PCR-based mutagenesis as described in the Examples 
beloW and in PCT/US98/14497 and PCT/US00/0093, each of 
Which is incorporated by reference in its entirety. Methods for 
constructing muteins using PCR based PCR procedures also 
are described in general in Methods in Molecular Biology, 
Vol. 15: PCR Protocols: Current Methods and Applications 
edited by White, B. A. (1993) Humana Press, Inc., TotoWa, 
N]. and PCR Protocols: A Guide to Methods and Applica 
tions edited by Innis, M. A. et al. (1990) Academic Press, Inc. 
San Diego, Calif. 
[0038] Methods knoWn in the art can be used to induce 
expression of a protein in the cytoplasm or to direct secretion 
of the protein, depending on cell origin, including, for 
example, the methods described in the Examples beloW. A 
Wide variety of signal peptides have been used successfully to 
transport proteins to the periplasmic space of E. coli. 
Examples of these include prokaryotic signal sequences such 
as ompA, stII, PhoA signal (Dene?e et al., 1989), OmpT 
(Johnson et al., 1996), LamB and OmpF (Hoffman and 
Wright, 1985), beta-lactamase (Kadonaga et al., 1984), 
enterotoxins LT-A, LT-B (Morioka-Fujimoto et al., 1991), 
and protein A from S. aureus (Abrahmsen et al., 1986). A 
number of non-natural, synthetic, signal sequences that facili 
tate secretion of certain proteins are also knoWn to those 
skilled in the art. 

[0039] Next, the host cell is lysed. Cell lysis can occur prior 
to, or coincident With, the solubiliZation procedures described 
beloW. Cell lysis can be accomplished by, for example, 
mechanical sheer such as a French pressure cell, enzymatic 
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digestion, sonication, homogenization, glass bead vortexing, 
detergent treatment, organic solvents, freeZe thaW, grinding 
With alumina or sand, treatment With a denaturing agent as 
de?ned below, and the like (Bollag et al., 1996). Optionally, 
the cells can be lysed in the presence of a denaturing agent, a 
disul?de reducing agent, or a cysteine-blocking agent. 
Optionally, insoluble or aggregated material can be separated 
from soluble proteins by various methods such as centrifuga 
tion, ?ltration (including ultra?ltration), precipitation, ?oc 
culation, or settling. 
[0040] Next the insoluble or aggregated material (or Whole 
cells Without prior lysis) is rendered soluble or monomeric by 
exposing the insoluble or aggregated material (or Whole cells 
Without prior lysis) to a denaturing agent, and a disul?de 
reducing agent that also is a cysteine-blocking agent. Useful 
denaturing agents include urea, guanidine, arginine, sodium 
thiocyanate, extremes inpH (dilute acids or bases), detergents 
(SDS, sarkosyl), salts (chlorides, nitrates, thiocyanates, cetyl 
methylammonium salts, trichloroacetates), chemical deriva 
tiZation (sul?tolysis, reaction With citraconic anhydride), sol 
vents (2-amino-2-methyl-l-propanol or other alcohols, 
DMSO, DMF) or strong anion exchange resins such as 
Q-Sepharose. Useful concentrations of urea are l-8 M, With 
5-8 M being preferred concentrations. Useful concentrations 
of guanidine are l-8 M, With 4-8 M being preferred concen 
trations. Useful disul?de reducing agents that also are cys 
teine blocking agents include, but are not limited to, thiols 
such as cysteine, thioglycolic acid, reduced glutathione and 
cysteamine. These compounds can be used in the range of 0.5 
to 200 mM, With l-50 mM being preferred concentrations. 
Cysteine, reduced glutathionine, thioglycolic acid and cys 
teamine are preferred reducing agents because they also are 
cysteine blocking agents, i.e., they interact With the free cys 
teine residue in the protein to form a reversibly blocked free 
cysteine residue. Use of a disul?de-reducing agent that also is 
a cysteine blocking agent during the solubiliZation step 
reduces the number of compounds and steps required in the 
overall process for refolding the insoluble or aggregated pro 
tein to a soluble, active form. Furthermore, use of a cysteine 
blocking agent results in a form of the refolded protein that is 
suitable for derivatiZation at the free cysteine residue using 
various cysteine-reactive moieties and procedures described 
beloW. Preferably, the pH of the denaturation/ reduction mix 
ture is betWeen pH 6 and pH 10. 

[0041] The next step in the procedure is to refold the protein 
to obtain the protein’s native conformation and native disul 
?de bonds. Refolding is achieved by reducing the concentra 
tions of the denaturing agent and reducing agent to levels 
suf?cient to alloW the protein to renature into a soluble, bio 
logically active form This can be achieved through dialysis, 
dilution, gel ?ltration, precipitation of the protein, or by 
immobilization on a resin folloWed by buffer Washes. Condi 
tions for this step are chosen to alloW for regeneration of the 
protein’s native disul?de bond(s). This can be accomplished 
through addition of an oxidiZing agent, or a redox mixture of 
an oxidiZing agent and a reducing agent, to catalyZe a disul 
?de exchange reaction. Preferably, a reagent or combination 
of reagents are chosen that result in native disul?de bond 
formation and a reversibly blocked free cysteine residue, i.e., 
the reagent or combination of reagents acts as cysteine block 
ing agents. Examples of useful oxidiZing reagents include 
oxygen, cystine, oxidiZed glutathione, cystamine, and 
dithioglycolic acid. Examples of useful redox mixtures 
include cysteine/oxygen, cysteine/cystine, cysteine/cysta 
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mine, cysteamine/cystamine, reduced glutathione/oxidized 
glutathione, and the like. Optionally, a reducing agent such as 
DTT or 2-mercaptoethanol can be added to the refold mixture 
to promote disul?de exchange. Optionally, a metal ion such as 
copper (Cu’'") or cobalt (Co++) can be added to the refold 
mixture to promote protein oxidation. Useful concentrations 
of metal ions in the refold mixture are 1 [1M to 1 mM, With 40 
[1M being a preferred concentration. Preferably, the pH of the 
refold mixture is betWeen pH 6 and pH 10. 
[0042] Alternatively, the insoluble or aggregated material 
(or Whole cells Without prior cell lysis) is rendered soluble or 
monomeric through the use of a denaturing agent and a dis 
ul?de reducing agent that may or may not be a cysteine 
blocking agent. Useful denaturing agents include, but are not 
limited to, those described above. Examples of useful disul 
?de reducing agents include, but are not limited to, DTT, 
2-mercaptoethanol, sodium borohydride, tertiary pho sphines 
and thiols such as cysteine, reduced glutathionine, thiogly 
colic acid and cysteamine. DTT and 2-mercaptoethanol can 
be used in the range of 0.5-200 mM, With l-50 mM being 
preferred concentrations. The denatured and reduced protein 
is then mixed With a molar excess (relative to the concentra 
tion of the reducing agent) of a dithiol reagent that, When 
reduced, can act as a cysteine blocking agent. Examples of 
useful dithiol reagents that can act as cysteine blocking agents 
When reduced include compounds containing disul?de link 
ages such as cystine, cystamine, oxidiZed glutathione, 
dithioglycolic acid, 5,5'-dithiobis(2-nitrobenZoic acid (Ell 
man’s reagent), pyridine disul?des, compounds of the type 
RiSiSiCO4OCH3, Where R is an organic compound, 
other derivatives of cystine such as diformylcystine, diacetyl 
cystine, diglycylcystine, dialanylcystine diglutaminylcys 
tine, cystinyldiglycine, cystinyldiglutamine, dialanylcystine 
dianhydride, cystine phenylhydantoin, homocystine, dithio 
dipropionic acid, dimethylcystine, or any dithiol or chemical 
capable of undergoing a disul?de exchange reaction. Refold 
ing of the protein is initiated by loWering the concentration of 
the denaturing agent (using the methods described above) and 
promoting disul?de exchange by addition of a reducing agent 
such as cysteine, dithiothreitol, 2-mercaptoethanol, reduced 
glutathione, thioglycolic acid or other thiol. Preferrably, a 
reagent or combination of reagents are chosen that result in 
native disul?de bond formation and a reversibly blocked free 
cysteine residue. Optionally, a metal ion such as copper 
(Cu’'") or cobalt (Co++), can be added to the refold mixture to 
promote protein oxidation. Optionally, glycerol can be added 
to the refold mixture to increase the yield of refolded protein. 
Useful concentrations of glycerol in the refold mixture are 
l-50% (volume/volume), With 10-20% being a preferred 
range. Preferably, the pH of the refold mixture is 6-10. 
[0043] Although not Wishing to be bound by any particular 
theory, it is believed that the cysteine blocking agents used in 
the present methods covalently attach to the “free” cysteine 
residue, forming a mixed disul?de, thus stabiliZing the free 
cysteine residue and preventing multimeriZation and aggre 
gation of the protein. A number of thiol-reactive compounds 
can be used as cysteine blocking agents to stabiliZe proteins 
containing free cysteines. In addition to cysteine, cysteamine, 
thioglycolic acid and reduced glutathionine, cysteine block 
ing agents can also include reagents containing disul?de link 
ages such as cystine, cystamine, dithioglycolic acid, oxidiZed 
glutathione, 5,5'-dithiobis(2-nitrobenZoic acid (Ellman’s 
reagent), pyridine disul?des, compounds of the type RiSi 
S4COiOCH3, other derivatives of cystine such as 
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diformylcystine, diacetylcystine, diglycylcystine, dialanyl 
cystine diglutaminylcystine, cystinyldiglycine, cystinyldi 
glutamine, dialanylcystine dianhydride, cystine phenylhy 
dantoin, homocystine, dithiodipropionic acid, 
dimethylcystine, or any dithiol or chemical capable of under 
going a disul?de exchange reaction. Sulfenyl halides can also 
be used to prepare mixed disul?des. Other thiol blocking 
agents that may ?nd use in stabilizing proteins containing free 
cysteine residues include compounds that are able to revers 
ibly react With free thiols. These agents include certain heavy 
metals salts or organic derivatives of Zinc, mercury, and silver. 
Other mercaptide forming agents or reversible thiol reactive 
compounds are described by Cecil and McPhee (1959) and 
Torchinskii (1971). 
[0044] Optionally, the refolded, soluble protein containing 
a free cysteine residue is recovered and isolated from other 
proteins in the soluble fraction of the refold mixture. Such 
recovery and puri?cation methods are knoWn or readily deter 
mined by those skilled in the art, including, for example, 
centrifugation, ?ltration, dialysis, chromatography, including 
siZe exclusion, ion-exchange, hydrophobic interaction and 
a?inity chromatography procedures and the like. A suitable 
method for the recovery and puri?cation of a desired protein 
Will depend, in part, on the properties of the protein and the 
intended use. 

[0045] The present invention also provides novel methods 
for producing biologically active G-CSF proteins, particu 
larly Wild type G-CSF, G-CSF (C178), and G-CSF and 
G-CSF (C17S) variants, including cysteine variants, (collec 
tively referred to as “G-CSF proteins”), that result in a sig 
ni?cant increase in the percentage of the recovered G-CSF 
proteins that has been properly processed and is biologically 
active. These novel methods include secreting the G-CSF 
proteins into the E. coli periplasm using the stll signal 
sequence, denaturing and refolding the insoluble or aggre 
gated G-CSF proteins, and purifying the soluble, refolded 
G-CSF proteins from other proteins in the soluble fraction of 
the renaturation/refold mixture. The recovered G-CSF pro 
teins lack the non-natural N-terminal methionine residue 
present When G-CSF proteins are expressed intracellularly in 
E. coli. Published reports (PereZ-PereZ et al., 1995) describe 
secretion of G-CSF into the E. coli periplasm using a modi 
?ed ompA leader sequence. HoWever, very little of the 
expressed ompA-G-CSF fusion protein Was properly pro 
cessed to yield mature G-CSF. The percentage of properly 
processed G-CSF proteins could be increased to 10-30% of 
total expressed G-CSF proteins by co-expression of the E. 
coli dnaJ and dnaK proteins. In all cases, the secreted G-CSF 
proteins Were largely insoluble and biologically inactive. The 
methods of the present invention yield at least 80-100% prop 
erly processed G-CSF proteins and do not require co-expres 
sion of the dnaK and dna] proteins. The present invention also 
provides, for the ?rst time, methods for denaturing and refold 
ing the insoluble, secreted G-CSF proteins into a biologically 
active form. 

[0046] The puri?ed proteins obtained according to these 
methods can be further processed if desired. For example, the 
isolated proteins can be modi?ed at the free cysteine residue 
With various cysteine-reactive moities. For example, the pro 
teins can be PEGylated at the free cysteine residue With 
various cysteine-reactive PEG reagents, and subsequently 
puri?ed as monoPEGylated proteins. The term “monoPEGy 
lated” is de?ned to mean a protein modi?ed by covalent 
attachment of a single PEG molecule to the protein. Any 
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method knoWn to those skilled in the art can be used to purify 
the PEGylated protein from unmodi?ed protein and unre 
acted PEG reagents, including, for example, the methods 
described in the Examples beloW, and in PCT/U 898/ 14497 
and PCT/US00/00931. Examples of other useful cysteine 
reactive moieties are cysteine-reactive dextrans, cysteine-re 
active carbohydrates and cysteine-reactive poly(N-vinylpyr 
rolidone)s. 
[0047] The present invention also provides methods for 
PEGylating cysteine muteins of GH, G-CSF, GM-CSF, alpha 
interferon and other proteins containing 2N+1 cysteine resi 
dues, and other proteins containing 2N cysteine residues 
Where tWo or more of the cysteine residues are free, particu 
larly those muteins and proteins in Which the free cysteine 
residue is blocked by a mixed disul?de. 

[0048] The present invention further relates to puri?ed, 
monoPEGylated protein variants produced by the methods 
disclosed herein that are not only biologically active, but also 
retain high speci?c activity in protein-dependent mammalian 
cell proliferation assays. Such protein variants include, for 
example, puri?ed, monoPEGylated cysteine muteins of 
G-CSF, GH, GM-CSF and TEN-(x2. For example, the in vitro 
biological activities of certain of the monoPEGylated G-CSF 
variants described herein are 3- to 50-fold greater than the 
biological activity of G-CSF that has been PEGylated using 
amine-reactive NHS-PEG reagents. 
[0049] There are over 25 distinct lFN-ot genes (Pestka et al., 
1987). Members of the lFN-ot family share varying degrees of 
amino acid homology and exhibit overlapping sets of biologi 
cal activities. Non-natural recombinant lFN-ots, created 
through joining together regions of different lFN-ot proteins 
are in various stages of clinical development (Horisberger and 
DiMarco, 1995). A non-natural “consensus” interferon (Blatt 
et al., 1996), Which incorporates the most common amino 
acid at each position of lFN-ot, also has been described. The 
methods of the present invention also are useful for refolding 
other alpha interferon species and non-natural alpha inter 
feron proteins containing a free cysteine residue. Useful sites 
and regions for PEGylating cysteine muteins of TEN-(x2 are 
directly applicable to other members of the lFN-ot gene fam 
ily and to non-natural lFN-ots. Kinstler et al. (1996) described 
monoPEGylated consensus interferon in Which the protein is 
preferentially mono PEGylated at the N-terminal, non-natu 
ral methionine residue through amine or amide linkages. 
Bioactivity of the PEGylated protein Was reduced approxi 
mately 5-fold relative to non-modi?ed consensus interferon 

(Kinstler et al., 1996). 
[0050] In one embodiment of the monoPEGylated G-CSF, 
the polyethylene glycol is attached to the region proximal to 
Helix A of G-CSF and the resulting monoPEGylated G-CSF 
has an EC5O less than about 1000 pg/ml (approximately 50 
pM), preferably less than about 100 pg/ml (approximately 5 
pM), more preferably less than about 20 pg/ml (approxi 
mately 1 pM) and most preferably less than about 15 pg/ml 
(approximately 0.7 pM). Alternatively, the polyethylene gly 
col moiety can be attached to the C-D loop of G-CSF and the 
resulting monoPEGylated G-CSF has an EC5O less than about 
1000 pg/ml (approximately 50 pM), preferably less than 
about 100 pg/ml (approximately 5 pM), more preferably less 
than about 20 pg/ml (approximately 1 pM) and most prefer 
ably less than about 15 pg/ml (approximately 0.7 pM). Alter 
natively, the polyethylene glycol moiety can be attached to 
the region distal to Helix D of G-CSF and the resulting 
monoPEGylated G-CSF has an EC5O less than about 1000 
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pg/ml (approximately 50 pM), preferably less than about 100 
pg/ml (approximately 5 pM), more preferably less than about 
20 pg/ml (approximately 1 pM) and most preferably about 15 
pg/ml (approximately 0.7 pM). Kinstler et al., (1996) 
described monoPEGylated Wild type G-CSF in Which the 
protein is preferentially monoPEGylated at the N-terminal, 
non-natural methionine residue through amine or amide link 
ages. Bioactivity of the monoPEGylated G-CSF protein Was 
reported to be reduced approximately 30% relative to non 
modi?ed G-CSF, although ECSOs Were not provided (Kinstler 
et al., 1996). Kinstler et al. (1996) did not determine Whether 
modifying other amino acids in the region proximal to helixA 
in G-CSF With PEG resulted in biologically active G-CSF 
proteins. One purpose of the present invention is to disclose 
other amino acid positions in the region proximal to Helix A, 
and other regions, in G-CSF Where PEG can be attached, 
resulting in biologically active, monoPEGylated G-CSF pro 
teins. 

[0051] In one embodiment of the monoPEGylated GM 
CSF, the polyethylene glycol is attached to the region proxi 
mal to HelixA of GM-CSF and the resulting monoPEGylated 
GM-CSF has an EC5O less than about 14000 pg/ml (approxi 
mately 1000 pM), preferably less than about 1400 pg/ml 
(approximately 100 pM), more preferably less than about 280 
pg/ml (approximately 20 pM) and most preferably less than 
about 140 pg/ml (approximately 10 pM)). Alternatively, the 
polyethylene glycol moiety can be attached to the B-C loop of 
GM-CSF and the resulting monoPEGylated GM-CSF has an 
EC5O less than about 14000 pg/ml (approximately 1000 pM), 
preferably less than about 1400 pg/ml (approximately 100 
pM), more preferably less than about 280 pg/ml (approxi 
mately 20 pM) and most preferably less than about 140 pg/ml 
(approximately 10 pM)). Alternatively, the polyethylene gly 
col moiety can be attached to the C-D loop of GM-CSF and 
the resulting monoPEGylated GM-CSF has an EC5O less than 
about 14000 pg/ml (approximately 1000 pM), preferably less 
than about 1400 pg/ml (approximately 100 pM), more pref 
erably less than about 280 pg/ml (approximately 20 pM) and 
most preferably less than about 140 pg/ml (approximately 10 
pM). 
[0052] In one embodiment of the monoPEGylated GH, the 
polyethylene glycol is attached to the region proximal to 
Helix A of GH and the resulting monoPEGylated GH has an 
EC5O less than about 2000 ng/ml (approximately 100 nM), 
preferably less than about 200 ng/ml (approximately 10 nM), 
more preferably less than about 20 ng/ml (approximately 1 
nM) and most preferably less than about 2 ng/ml (approxi 
mately 0.1 nM). 
[0053] The present invention further provides protein vari 
ants that can be covalently attached or conjugated to each 
other or to a chemical group to produce higher order multi 
mers, such as dimers, trimers and tetramers. Such higher 
order multimers can be produced according to methods 
knoWn to those skilled in the art or as described in Examples 
2 and 20. For example, such a conjugation can produce a GH, 
G-CSF, GM-CSF or alpha IFN adduct having a greater 
molecular Weight than the corresponding native protein. 
Chemical groups suitable for coupling are preferably non 
toxic and non-immunogenic. These chemical groups Would 
include carbohydrates or polymers such as polyols. 
[0054] The “PEG moiety” useful for attaching to the cys 
teine variants of the present invention to form “PEGylated” 
proteins include any suitable polymer, for example, a linear or 
branched chained polyol. A preferred polyol is polyethylene 
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glycol, Which is a synthetic polymer composed of ethylene 
oxide units. The ethylene oxide units can vary such that 
PEGylated-protein variants can be obtained With apparent 
molecular Weights by siZe-exclusion chromatography rang 
ing from approximately 10,000 to greater than 500,000 kDa. 
The siZe of the PEG moiety directly impacts its circulating 
half-life (Yamaoka et al., 1994).Accordingly, one could engi 
neer protein variants With differing circulating half-lives for 
speci?c therapeutic applications or preferred dosing regimes 
by varying the siZe or structure of the PEG moiety. Thus, the 
present invention encompasses GH protein variants having an 
apparent molecular Weight greater than about 30 kDa, and 
more preferably greater than about 70 kDa as determined by 
siZe exclusion chromatography, With an EC5O less than about 
400 ng/ml (18 nM), preferably less than 100 ng/ml (5 nM), 
more preferably less than about 10 ng/ml (0.5 nM), and even 
more preferably less than about 2.2 ng/ml (0.1 nM). The 
present invention further encompasses G-CSF protein vari 
ants having an apparent molecular Weight greater than about 
30 kDa, and more preferably greater than about 70 kDa as 
determined by siZe exclusion chromatography, With an EC5O 
less than about 100 ng/ml (5 nM), preferably less than 1000 
pg/ml (50 pM), more preferably less than 100 pg/ml (6 pM), 
and even more preferably less than about 15 pg/ml (0.7 pM). 
The present invention further encompasses alpha IFN (IFN 
0t) protein variants having an apparent molecular Weight 
greater than about 30 kDa, and more preferably greater than 
about 70 kDa as determined by siZe exclusion chromatogra 
phy, With an 1C5O less than about 1900 pg/ml (100 pM), 
preferably less than 400 pg/ml (21 pM), more preferably less 
than 100 pg/ml (5 pM), and even more preferably less than 
about 38 pg/ml (2 pM). The present invention further encom 
passes GM-CSF protein variants having an apparent molecu 
lar Weight greater than about 30 kDa, and more preferably 
greater than about 70 kDa as determined by siZe exclusion 
chromatography, With an EC5O less than about 14,000 pg/ml 
(~1000 pM), preferably less than 1400 pg/ml (~100 pM), 
more preferably less than 280 pg/ml (20 pM), and even more 
preferably less than about 140 pg/ml (~1 pM). 
[0055] The reactive PEG end group for cysteine modi?ca 
tion includes but is not limited to vinylsulfone, maleimide and 
iodoacetyl moieties. The PEG end group should be speci?c 
for thiols With the reaction occurring under conditions that are 
not detrimental to the protein. 
[0056] Antagonist hGH variants also can be prepared using 
a cysteine-added variant GH as described in PCT/US98/ 
14497 and PCT/US/00/00931 . Conditions that Would bene?t 
from the administration of a GH antagonist include acrome 
galy, vascular eye diseases, diabetic nephropathy, restenosis 
folloWing angioplasty and groWth hormone responsive 
malignancies. 
[0057] As used herein, the term “derivative” refers to any 
variant of a protein expressed and recovered by the present 
methods. Such variants include, but are not limited to, PEGy 
lated versions, dimers and other higher order variants, amino 
acid variants, truncated variants, fusion proteins, changes in 
carbohydrate, phosphorylation or other attached groups 
found on natural proteins, and any other variants disclosed 
herein. 
[0058] The compounds produced by the present methods 
can be used for a variety of in vitro and in vivo uses. The 
proteins and their derivatives of the present invention can be 
used for research, diagnostic or therapeutic purposes that are 
knoWn for their Wildtype, natural, or previously knoWn modi 
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?ed counterparts. In vitro uses include, for example, the use 
of the protein for screening, detecting and/or purifying other 
proteins. 
[0059] For therapeutic uses, one skilled in the art can 
readily determine the appropriate dose, frequency of dosing 
and route of administration. Factors in making such determi 
nations include, Without limitation, the nature of the protein 
to be administered, the condition to be treated, potential 
patient compliance, the age and Weight of the patient, and the 
like. The compounds of the present invention can also be used 
as delivery vehicles for enhancement of the circulating half 
life of the therapeutics that are attached or for directing deliv 
ery to a speci?c target Within the body. 
[0060] The folloWing examples are not intended to be lim 
iting, but only exemplary of speci?c embodiments of the 
invention. 

EXAMPLES 

Example 1 

Refolding of the GroWth Hormone Mutein T3C 

[0061] Methods for expressing, purifying and determining 
the in vitro and in vivo biological activity of recombinant 
human GroWth Hormone (hGH) and hGH cysteine muteins 
are described in PCT/US98/ 14497 and PCT/US/00/0093l. 
Methods for constructing cysteine muteins of hGH also are 
described in PCT/US98/ 14497 and PCT/US/00/0093l. One 
preferred method for expressing hGH in E. coli is to secrete 
the protein into the periplasm using the STH leader sequence. 
Secreted hGH is soluble and can be puri?ed by column chro 
matography as described in PCT/US00/0093l. Certain cys 
teine muteins of hGH remain insoluble When secreted into the 
E. coli periplasm using the STH leader sequence. Procedures 
for refolding insoluble, secreted hGH proteins have not been 
described previously. The folloWing protocols Were devel 
oped to refold insoluble hGH cysteine muteins into a biologi 
cally active form. 
[0062] The insoluble GH T3C mutein (threonine at position 
3 changed to cysteine; described in PCT/US98/ 14497 and 
PCT/US/00/0093l) Was expressed in E. coli as a protein 
secreted to the periplasmic space using the stll leader 
sequence as described in PCT/US00/0093l . The T3C protein 
Was solubiliZed and refolded using the folloWing tWo proce 
dures, both of Which use cysteine as a reducing agent and as 
a cysteine blocking agent to stabiliZe the free cysteine resi 
due. Cultures (200 ml) of an E. coli strain expressing the T3C 
mutein Were groWn and expression of T3C Was induced as 
described in PCT/US00/0093 l. The cells Were lysed and the 
insoluble portion Was isolated by centrifugation as described 
in Example 14. The insoluble material containing T3C Was 
dissolved in 20 mL of 8 M urea, 20 mM cysteine, 20 mM Tris 
pH 9 and mixed by shaking for 1 hour at room temperature. 
The solubiliZation mixture Was next divided into tWo, With 
half being diluted into 50 mL of 10% glycerol, 20 mM Tris, 
pH 8 and the other half being diluted into 50 mL of 0.5% 
TWEEN 20, 20 mM Tris, pH 8. The refolds Were held at 40 C. 
for 24 hours before being clari?ed by centrifugation and 
loaded onto a 5 mL Q-Sepharose Hi Trap column previously 
equilibrated in 20 mM Tris, 0.5% TWeen 20, pH 7.6. 
Refolded, soluble T3C Was eluted from the column during a 
20 column volume gradient of 0-300 mM NaCl in 0.5% 
TWeen 20, 20 mM Tris pH 7.6. Recovered column fractions 
Were analyZed by non-reducing SDS-PAGE. Monomeric 
T3C eluted at around 160 mM NaCl. Approximately 790 pg 
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of monomeric T3C Were recovered from the refold containing 
glycerol in the renaturation buffer. Approximately 284 pg of 
monomeric T3C Was recovered from the refold When TWeen 
20 Was present in the renaturation buffer. The results indicate 
that soluble, monomeric T3C protein can be obtained using 
either refold/renaturation procedure. Based on the greater 
recovery yields of monomeric T3C protein, glycerol Was used 
as a stabiliZing agent in subsequent refold experiments. 

Example 2 

Comparison of Reducing Agents Used to Refold the 
GroWth Hormone T3C Mutein 

[0063] Cultures (200 mL) of an E. coli strain expressing the 
T3C mutein Were groWn and T3C expressed as described in 
PCT/U 800/ 00931. Insoluble T3C Was isolated by lysing the 
cells With detergent/lysoZyme treatment of the cells as 
described in Examples 5 and 14. This material Was suspended 
in 20 mL of 8 M urea, 20 mM Tris pH 9 and aliquoted into 3 
tubes. No reducing agent Was added to the ?rst tube (“Refold 
A”), 5 mM DTT Was added to the second tube (“Refold B”) 
and 20 mM cysteine Was added to the third tube (“Refold C”). 
After one hour of mixing at room temperature, the solubili 
Zations Were diluted into 30 mL of 10% glycerol, 20 mM Tris, 
pH 8. The refolds Were held at 40 C. overnight. The next day, 
the refolds Were clari?ed by centrifugation and loaded onto 5 
mL Q-Sepharose Hi Trap columns as described in PCT/ 
US00/ 00931. Recovered fractions Were analyZed by non 
reducing SDS-PAGE. The T3C protein recovered from 
“RefoldA” (no reducing agent) eluted as several broad peaks 
from the Q-Sepharose column. By SDS-PAGE, the recovered 
protein product had some monomeric T3C protein present, 
but consisted mostly of aggregated T3C dimers (eluting at 
210 mM NaCl) and T3C multimers (eluting betWeen 300 mM 
to 1000 mM NaCl). Final recoveries of monomeric and 
dimeric T3C proteins are shoWn in Table l. The T3C protein 
recovered from “Refold B” (With 5 mM DTT) eluted as a 
single broad peak from the Q-Sepharose column, but Was 
heterogeneous by non-reducing SDS-PAGE analysis. The 
monomeric T3C band Was much broader than the pituitary 
hGH band and comprised a number of different molecular 
Weight, monomeric species, Which probably represent differ 
ent disul?de isoforms of T3C. A small amount of dimeric T3C 
protein Was also detected in several of the fractions. “Refold 
C” (With cysteine as the reducing agent) yielded mainly 
monomeric T3C protein, Which appeared to be a single homo 
geneous species, as evidenced by the sharpness of the peak 
eluting from the Q-Sepharose column at 160 mM NaCl and 
by the sharpness of the protein band at the correct molecular 
Weight (relative to the standard pituitary hGH) When analyZed 
by non-reducing SDS PAGE. Final recoveries of monomeric 
and dimeric forms of T3C from each of the refolds are given 
in Table l. The data indicate that solubiliZing/refolding the 
T3C protein in the presence of cysteine results in greater 
yields of soluble monomeric T3C protein than does solubi 
liZing/refolding the protein in the absence of a reducing agent 
or in the presence of DTT. The results also indicate that 
solubiliZing/refolding the T3C protein in the presence of cys 
teine yields a more stable, homogeneous preparation of 
soluble, monomeric T3C protein than does solubiliZing/re 
folding the protein in the absence of a reducing agent or in the 
presence of DTT. 
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TABLE 1 

Recoveries of T3C Proteins Prepared Using 
Various Refold Procedures 

Monomeric Dimeric 
T3C protein T3C protein 

Refold Reducing Agent Yield ([ig)“ Yield ([ig)“ 

A none 30 120 

B 5 mM DTT 370 25 
C 20 mM Cysteine 534 225 

“Protein recovered per 66 ml of E. coli culture 

[0064] The monomeric T3C protein recovered from the 
Refold B, Which contained DTT in the solubilization mixture, 
can be converted to stable, disul?de-linked homodimeric T3C 
protein by placing the protein under conditions that alloW for 
disul?de bond formation. These include conditions Where an 
oxidizing agent is added to the protein, or by the addition of a 
second disul?de-linked reagent that is capable of undergoing 
a di sul?de rearrangements When the pH is near neutral or 
alkali. Examples of oxidizing agents that could be used 
include sodium tetrathionate or oxygen. Optionally, trace 
amounts of divalent metal ions such as copper or cobalt can be 
added to catalyze the reaction. Useful disul?de-linked 
reagents include cystine, cystamine, oxidized glutathione, 
dithioglycolate, or other loW molecular Weight dithiols . Alter 
natively, monomeric T3C protein can be held at an acidic pH 
to prevent aggregation and unwanted disul?de rearrange 
ments. 

[0065] The soluble, refolded GH cysteine muteins prepared 
according to the procedures described in Examples 1 and 2 
can be puri?ed by various chromatography procedures 
knoWn to those of skill in the art. These chromatographic 
procedures include ion exchange, size exclusion, hydropho 
bic interaction (HIC), metal chelation al?nity chromatogra 
phies (IMAC), Size Exclusion Chromatography (SEC), 
Reversed Phase chromatography or a combination of these 
techniques. As one example, the GH muteins can be captured 
from the soluble fraction of the refold mixture using a 
Q-Sepharose fast How resin (Pharmacia) equilibrated in 20 
mM Tris-HCl, pH 8.0. The column can be Washed With 20 
mM Tris-HCl, pH 8.0 and bound proteins eluted With a linear 
10-20 volume increasing salt gradient from 0 to 250 mM 
NaCl in 20 mM Tris-HCl, pH 8.0. Optionally, Glycerol (10% 
?nal concentration) can be added to the column buffers. Frac 
tions containing the hGH muteins can be identi?ed by SDS 
PAGE and Western blotting. Alternative resins that can be 
used to capture hGH muteins from the soluble fraction of the 
refold/renaturation mixture include HIC, other ion exchange 
resins or al?nity resins. 

[0066] The cysteine muteins can be puri?ed further by 
hydrophobic interaction chromatography. Q-Sepharose col 
umn fractions containing the GH muteins can be pooled and 
NaCl added to a ?nal concentration of 2 M. The pool can be 
loaded onto a Butyl-Sepharose fast How resin previously 
equilibrated in 2 M NaCl, 20 mM sodium phosphate, pH 7.5. 
GH muteins can be eluted from the resin using a reverse salt 
gradient from 2 M to 0 M NaCl in 20 mM phosphate, pH 7.5. 
Fractions containing the GH muteins can be identi?ed by 
SDS-PAGE and Western blotting, and pooled. Alternatively 
the Q-sepharose fractions containing the GH muteins can be 
pooled and ammonium sulfate added to a ?nal concentration 
of 2 M before being loaded onto a Phenyl-Sepharose column. 
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The GH muteins can be eluted from the resin using a reverse 
salt gradient from 2 M to 0 M ammonium sulfate in 20 mM 
sodium phosphate, pH 7.5. Fractions containing the GH 
muteins can be identi?ed by SDS-PAGE and Western blot 
ting, and pooled. 
[0067] If further puri?cation is desired, the HIC pool con 
taining the GH muteins can be loaded directly onto a nickel 
chelating resin (Qiagen) equilibrated in 10 mM sodium phos 
phate, 0.5 M NaCl, pH 7.5. Following a Wash step, the GH 
muteins can be recovered using a 0-30 mM imidazole gradi 
ent in 10 mM sodium phosphate, 0.5 M NaCl, pH 7.5. GH has 
a high al?nity for nickel, presumably through the divalent 
metal-binding site formed by H18, H21 and E174.As a result, 
GH can be obtained in highly pure form using a metal chela 
tion column (Maisano et al., 1989). The GH muteins Will bind 
tightly to the nickel column and elute at similar imidazole 
concentrations (around 15 mM) as Wild-type GH. Altema 
tively a copper chelating column may be used in place of a 
nickel chelating column. 
[0068] Biological activities of the puri?ed GH cysteine 
muteins can be measured using the cell proliferation assay 
described in PCT/US00/00931 . Protein concentrations can be 

determined using a Bradford dye binding assay (Bio-Rad 
Laboratories). 
[0069] The T3C mutein Was puri?ed as folloWs. A 600 mL 
culture of E. coli Was groWn and T3C protein expression 
induced as described above. Insoluble T3C Was isolated by 
treating the cells With a detergent/lysozyme mixture 
(B-PerTM, Pierce) as described in Examples 5 and 14. The 
insoluble material Was suspended in 40 mL of 8 M urea, 20 
mM Tris, 20 mM Cysteine, pH 9. After one hour of mixing at 
room temperature, the solubilization mixture Was diluted into 
200 mL of 15% glycerol, 20 mM Tris, pH 8, 40 [1M copper 
sulfate. The refold Was held at 40 C. overnight. The next day, 
the refold Was clari?ed by centrifugation and loaded onto a 5 
mL Q-Sepharose Hi Trap column equilibrated in 10% glyc 
erol, 20 mM Tris, pH 8. T3C Was recovered by elution With a 
20 column volume gradient from 0-250 mM NaCl in 20 mM 
Tris, pH 8, 10% glycerol. Recovered fractions Were analyzed 
by non-reducing SDS-PAGE. Fractions containing predomi 
nantly T3C protein of the correct apparent molecular Weight 
Were pooled. Pooled fractions yielded 4.6 mg of puri?ed T3C 
protein. This material Was used for the PEGylation studies 
described in Example 3. Biological activity of the puri?ed 
T3C protein Was measured in the GH-R4 cell proliferation 
assay described in Examples 1 and 2 and PCT/US98/ 14497 
and PCT/US00/00931 . The T3C protein stimulated prolifera 
tion of the GH-R4 cells With an EC5O of 1.35 ng/ml. 

[0070] Other cysteine muteins of GH that Were prepared by 
this procedure include *-1C, P2C, P5C, K38C, Q40C, K41C, 
S55C, S57C, T60C, Q69C, N72C, N99C, L101C, V102C, 
Y103C, D130C, S132C, P133C, R134c, T135C, Q137C, 
K140C, Q141C, T142C, Y143C, K145C, D147C, N149C, 
S150C, H151C, N152C, D153C, E186C, and G187C. Bio 
logical activities of certain of the puri?ed GH cysteine 
muteins Were measured in the GH-R4 cell proliferation assay 
described in PCT/US00/00931. The observed ECSOS for 
muteins *-1C, P2C, P5C, K38C, Q40C, S55C, N99C, L101C, 
V102C, Y103C, P133C, Q137C, K140C, Y143C, D147C, 
N149C, E186C, and G187C ranged from 0.7 ng/ml to 2.2 
ng/ml. These values are all nearly equivalent to the observed 
ECSOS for Wild type GH controls in these assays Which ranged 
from 0.3 ng/ml to 1.5 ng/ml. 
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Example 3 

General Methods for PEGylation and Purifying 
PEGylated Forms of Proteins Containing Free Cys 

teine Residues 

[0071] Proteins containing free cysteine residues can be 
PEGylated using a variety of cysteine-reactive PEG-maleim 
ide (or PEG-vinylsulfone) reagents that are commercially 
available. The recombinant proteins are generally partially 
reduced With dithiothreitol (DTT), Tris(2-carboxyethyl) 
phosphine-HCl (TCEP) or some other reducing agent in order 
to achieve optimal PEGylation of the free cysteine. The free 
cysteine is relatively unreactive to cysteine-reactive PEGs 
unless this partial reduction step is performed. The amount of 
reducing agent required to partially reduce each mutein can 
be determined empirically, using a range of reducing agent 
concentrations at different pHs and temperatures. Reducing 
agent concentrations typically vary from 0.5 equal molar to 
10-fold molar excess. Preferred temperatures are 40 C. to 37° 
C. The pH can range from 6.5 to 9.0 but is preferrably 7.5 to 
8.5. The optimum conditions Will also vary depending on the 
reductant and time of exposure. Under the proper conditions, 
the least stable disul?des (typically intermolecular disul?des 
and mixed di sul?des) are disrupted ?rst rather than the more 
thermodynamically stable native disul?des. Typically, a 5-10 
fold molar excess of DTT for 30 minutes at room temperature 
is effective. Partial reduction can be detected by a slight shift 
in the elution pro?le of the protein from a reversed-phase 
column. Partial reduction also can be detected by a slight shift 
in apparent molecular Weight by non-reducing SDS-PAGE 
analysis of the protein sample. Care must be taken not to 
“over-reduce” the protein and expose additional cysteine resi 
dues. Over-reduction can be detected by reversed phase 
HPLC (the over-reduced protein Will have a retention time 
similar to the fully reduced and denatured protein) and by the 
appearance of protein molecules containing tWo PEGs fol 
loWing the PEGylation reaction (detectable by an apparent 
molecular Weight change on SDS-PAGE). In the case of cys 
teine muteins, the corresponding Wild type protein can serve 
as a control since it shouldnot PEGylate under conditions that 
do not reduce the native intramolecular disul?des. Excess 
reducing agent can be removed prior to PEGylation by siZe 
exclusion chromatography or by dialysis. TCEP need not be 
removed before addition of the PEGylation reagent as it is 
does not contain a free thiol group. The partially reduced 
protein can be reacted With various concentrations of PEG 
maleimide or PEG-vinylsulfone (typically PEG: protein 
molar ratios of 1:1, 5:1, 10:1 and 50:1) to determine the 
optimum ratio of the tWo reagents. PEGylation of the protein 
can be monitored by a molecular Weight shift for example, 
using SDS-PAGE. The loWest amount of PEG that gives 
signi?cant quantities of mono-pegylated product Without giv 
ing di-pegylated product is typically considered desirable. In 
some instances, certain additives can enhance the PEGylation 
yield. These additives include, but are not limited to, EDTA, 
borate, chaotropes (urea, guanidine, organic solvents), deter 
gents, osmolytic stabiliZers (polyols, sugars, polymers, 
amino acids and derivatives thereof), and other ionic com 
pounds (citrate, sulfates, phosphates, quaternary amines, 
chlorides nitrates, thiocyanates, etc.) Useful concentrations 
of EDTA are 0.01-10 mM, With 0.5-1 mM being preferred 
concentrations. Generally, mono-PEGylated protein can be 
puri?ed from non-PEGylated protein and unreacted PEG by 
siZe-exclusion, ion exchange, a?inity, reversed phase, or 
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hydrophobic interaction chromatography. Fractions enriched 
for the mono-PEGylated protein (a single PEG molecule 
attached to the cysteine mutein) can be identi?ed by SDS 
PAGE and/ or Western blotting. These fractions can be pooled 
and stored froZen. The presence of the PEG moiety generally 
alters the protein’s af?nity for the resin, alloWing the PEGy 
lated protein to be separated from the non-PEGylated protein. 
Other puri?cation protocols such as 2-phase organic extrac 
tion or salt precipitation also can be used. The puri?ed, PEGy 
lated protein can be tested in the cell proliferation/ inhibition 
assays described in the various Examples described herein 
and in PCT/US98/14497 and PCT/US00/00931 to determine 
its speci?c activity. In vivo e?icacy of the PEGylated proteins 
can be determined as described in the Examples provided 
herein and in PCT/US98/ 14497 and PCT/US00/00931. 
Experiments can be performed to con?rm that the PEG mol 
ecule is attached to the protein at the proper site. This can be 
accomplished by chemical or proteolytic digestion of the 
protein, puri?cation of the PEGylated peptide (Which Will 
have a large molecular Weight) by siZe exclusion, ion 
exchange or reversed phase chromatography, folloWed by 
amino acid sequencing. The PEG-coupled amino acid Will 
appear as a blank in the amino acid sequencing run. 

[0072] The folloWing conditions Were used to PEGylate the 
GH mutein T3C and to purify the PEGylated T3C protein. 
Initial PEGylation reactions conditions Were determined 
using aliquots of the refolded T3C protein prepared as 
described in Example 2 (using cysteine as the reducing agent 
and as the cysteine blocking agent to solubilize and refold the 
protein), TCEP [Tris(2-carboxyethyl) phosphine]-HCl as the 
reducing agent and 5 kDa cysteine reactive PEGs from Shear 
Water Polymers (Huntsville, Ala.). TWo ug aliquots of puri?ed 
T3C Were incubated With increasing concentrations of TCEP 
at room temperature in 100 mM Tris, pH 8.5 in the presence 
of varying amounts of excess 5 kDa maleimide-PEG or 5 kDa 
vinylsulfone-PEG. After 120 minutes, aliquots of the reac 
tions Were immediately analyZed by non-reducing SDS 
PAGE. At pH 8.5, a 5-fold molar excess ofTCEP and 15-fold 
excess molar of either 5 kDa maleimide or 5 kDa vinyl sul 
fone PEG yielded signi?cant amounts of monoPEGylated 
T3C protein after tWo hours Without detectable di or tri 
PEGylated protein. The T3C mutein needed to be partially 
reduced by treatment With a reductant such as TCEP in order 
to be PEGylated. Wild type GH did not PEGylate under 
identical partial reducing conditions, indicating that the PEG 
moiety is attached to the cysteine residue introduced into the 
mutein. These conditions Were used to scale up the PEGyla 
tion reaction for puri?cation and evaluation of biological 
activity. A larger PEGylation reaction (300 ug) Was per 
formed for 2 hr at room temperature, using a 5-fold excess of 
TCEP and 15-fold of 10 kDa maleimide PEG. At the end of 
the reaction time, the PEGylation mixture Was diluted 2>< With 
ice cold 20 mM Tris, 15% glycerol, pH 8.0 and immediately 
loaded onto a Q-Sepharose column (1 mL, HiTrap). PEGy 
lated T3C Was eluted from the column by running a 20 mL 
gradient from 0-0.2 M NaCl in 20 mM Tris, 15% glycerol, pH 
8. The presence of the PEG moiety decreases the protein’s 
a?inity for the resin, alloWing the PEGylated protein to be 
separated from the non-PEGylated protein. Fractions 
enriched for mono-PEGylated T3C (a single PEG molecule 
attached to the T3C monomer) Were identi?ed by SDS 
PAGE, pooled and froZen. The mono -PEGylated T3C protein 
eluted at approximately 80 mM NaCl and its apparent 
molecular Weight by SDS-PAGE Was approximately 30 kDa. 



US 2009/0269804 A1 

[0073] 10K PEG-T3C, 20K PEG-T3C, and 40 K PEG-T3C 
Were also prepared by the method described above. Bioactiv 
ity of the puri?ed PEG-T3C proteins Were measured in the 
cell proliferation assay described in Examples 1 and 2 and 
PCT/US98/ 14497 and PCT/US/ 00/ 00931 to determine its 
speci?c activity. The PEG-T3C proteins stimulated prolifera 
tion of GH-R4 cells similar to Wild type GH and non-PEGy 
lated T3C protein. The EC50 for the 5K PEG-T3C protein Was 
1.2 ng/ml, the EC50 for the 10K PEG-T3C Was 1.2 ng/ml, and 
the EC50 for the 20K PEG-T3C Was 3-4 ng/ml. The EC50 for 
the 40K-PEG-T3C can be determined using the cell prolif 
eration assay described in Examples 1 and 2 and PCT/US98/ 
14497 and PCT/US/00/00931. In vivo e?icacy of PEG-T3C 
and other PEGylated GH cysteine muteins can be determined 
as described in PCT/US98/14497 and PCT/US00/00931 and 
Example 4. 
[0074] Other cysteine mutants of GH that Were PEGylated 
and puri?ed according to the procedures outlined above 
include P2C, P5C, S132C, P133C, and R134c. The biological 
activities of these muteins that Were modi?ed With 20 kDa 

Oct. 29, 2009 

for the group receiving every day doses of 20 kDa-PEG-T3C, 
in Which there Were only four rats. Rats Were Weighed daily 
and Were given daily or every other day subcutaneous injec 
tions of placebo (Phosphate Buffered Saline (PBS) contain 
ing 200 ug/ml rat serum albumin (Sigma Chemical Com 
pany)), a commercial recombinant human groWth hormone, 
Nutropin®, or various doses of 20 kDa-PEG-T3C prepared as 
described in Example 3. All protein solutions Were prepared 
in PBS containing 200 ug/ml rat serum albumin. Animals 
Were treated for 9 consecutive days. On day 10, the animals 
Were sacri?ced and their tibias Were harvested. The tibias 
Were ?xed in 10% neutral buffered formalin. The ?xed tibias 
Were decalci?ed in 5% formic acid and split at the proximal 
end in the frontal plane. The tibias Were processed for paraf?n 
embedding and sectioned at 8 microns and stained With tolui 
dine blue. The Width of the tibial physis Was measured on the 
left tibia (5 measurements per tibia). Cumulative body Weight 
gain and tibial epiphyses measurements for the different test 
groups are shoWn in Table 2. The results shoW that 20 kDa 
PEG-T3C stimulates body Weight gain and bone groWth in 
groWth hormone de?cient rats. 

TABLE 2 

Effects of every day or every other day administration of placebo, 
Nutropin or 20 kDA-PEG-T3C on body Weight gain and tibial epiphyses 

Width in hypophvsectomized rats 

Cumulative Body Tibial Epiphyses Width 
Injection Weight Gain (mean +/— SE) 

Compound Dose Frequency (grams) (pm) 

Placebo i Every day —1.0 +/— 0.707 206.8 +/— 9.2 
Nutropin 10 [lg/injection Every day 11.2 +/— 0.97“ 348.8 +/— 8.6“ 
20 kDa-PEG-T3C 10 [lg/injection Every day 14.3 +/— 0.75“ 333.0 +/— 9.8“ 
Placebo i Every other day 0.6 +/— 1.03 204.4 +/— 8.6 
Nutropin 10 [lg/injection Every other day 8.6 +/— 1.1217 298.8 +/— 10.117 
20 kDa-PEG-T3C 
20 kDa-PEG-T3C 
20 kDa-PEG-T3C 

10 [lg/injection Every other day 
2 [lg/injection Every other day 

0.4 [lg/injection Every other day 

15.4 +/- 0.68 b“ 357.2 +/- 7.7” 
5.6 +/- 0.511’ 274.8 +/- 9.01’ 

-0.2 +/- 0.66 225.2 +/- 10.01’ 

"p < 0.05 versus every day placebo using a tWo-tailed T test 
l’p < 0.05 versus every other day placebo using a tWo-tailed T test 
Cp < 0.05 versus every other day Nutropin using a tWo-tailed T test 

PEG moieties Were measured using the cell proliferation 
assay described in Examples 1 and 2 and PCT/US98/14497 
and PCT/US/00/00931. The observed ECSOs for these PEGy 
lated muteins muteins ranged from 1.7 ng/ml to 6.0 ng/ml. 
These values are all similar to, but slightly greater than, the 
observed ECSOs for Wild type GH control assays that Were 
performed in parallel. The ECSOs for these Wild type GH 
controls ranged from 0.6 ng/ml to 1.2 ng/ml. 

Example 4 

PEG-T3C GroWth Hormone Stimulates Somatic 
GroWth in GroWth Hormone-De?cient Rats 

[0075] A. The ability of PEG-T3C to stimulate somatic 
groWth Was determined in hypophysectomiZed (HYPOX) 
rats, Which are unable to synthesiZe groWth hormone due to 
removal of their pituitaries. HYPOX male Sprague-DaWley 
rats Were purchased from a commercial vendor and Weighed 
about 90 g. The rats Were acclimated for 13 days. Animals 
gaining more than 4 g during acclimation Were culled from 
the study. Body Weight measurements Were taken at the same 
time every day (9:30 AM). Rats Were randomiZed by Weight 
to the various test groups. There Were 5 rats per group except 

[0076] BA second experiment Was performed as described 
for Example 4.A. except that the test compounds Were admin 
istered by subcutaneous injection every day or every third 
day. In addition, one dose of T3C modi?ed With a 40 kDa 
PEG Was tested. HYPOX male Sprague-DaWley rats Were 
purchased from a commercial vendor and Weighed about 100 
g. Body Weight measurements Were taken at the same time 
every day. Rats Were randomiZed by Weight to the various test 
groups. There Were 5 rats per group except for the group, 
except for the test group receiving 40 kDa-PEG-T3C. Rats 
Were Weighed daily and Were given daily or every third day 
subcutaneous injections of placebo (Phosphate Buffered 
Saline (PBS) containing 200 ug/ml rat serum albumin (Sigma 
Chemical Company)), a commercial recombinant human 
groWth hormone, Nutropin®, various doses of 20 kDa-PEG 
T3C or 40 kDa-PEG-T3C. The PEG-T3C proteins Were pre 
pared as described in Example 3. All protein solutions Were 
prepared in PBS containing 200 ug/ml rat serum albumin. 
Animals Were treated for 9 consecutive days. On day 10, the 
animals Were sacri?ced and their tibias Were harvested and 
prepared for sectioning as described in Example 4.A. Cumu 
lative body Weight gain and tibia epiphyses Widths for the 
different test groups are shoWn in Table 3. The results shoW 
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that 20 kDa-PEG-T3C and 40 kDa-PEG-T3C stimulate body 
Weight gain and bone growth in growth hormone de?cient 
rats. 

TABLE 3 
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[0078] For expression of TEN-(x2 cysteine muteins and 
TEN-(x2, typically, a 325 ml culture in a 2 liter shake ?ask, or 
a 500 ml culture in a 2 liter baf?ed shake ?ask, Were groWn at 

Effects of every day or every third day administration of placebo, 
Nutropin, 20 kDA-PEG-T3C or 40 kDa-PEG-T3C on body Weight 

gain and tibial epiphvses Width in hvpophvsectomized rats 

Cumulative Body Tibial Epiphyses Width 
Injection Weight Gain (mean +/— SE) 

Compound Dose Frequency (grams) (pm) 

Placebo i Every Day 0.8 +/— 0.685 223 +/— 15.1 
Nutropin 30 jig/injection Every day 21.3 +/— 1.432 408.4 +/— 14.2 
Nutropin 10 jig/injection Every Day 16.2 +/— 1.232 399.6 +/— 15.6 
20 kDa-PEG-T3C 10 jig/injection Every Day 18.6 +/— 2.215 384.4 +/— 13.0 
Placebo i Every third day 1.5 +/— 1.370 231.6 +/— 17.4 
Nutropin 30 jig/injection Every third day 6.8 +/— 1.385 315.2 +/— 15.6 
Nutropin 10 jig/injection Every third day 8.0 +/— 1.614 284.0 +/— 6.9 
20 kDa-PEG-T3C 30 jig/injection Every third day 17.5 +/— 1.162 428.4 +/— 18.3 
20 kDa-PEG-T3C 10 jig/injection Every third day 12.3 +/— 0.792 329.2 +/— 15.6 
20 kDa-PEG-T3C 2 jig/injection Every third day 8.0 +/— 1.379 263.2 +/— 7.1 
40 kDa-PEG-T3C 10 jig/injection Every third day 17.2 +/— 0.868 360.5 +/— 21.9 

Example 5 

Refolding and Puri?cation of TEN-(x2 Cysteine 
Muteins 

[0077] Methods for expressing, purifying and determining 
the in vitro and in vivo biological activity of recombinant 
human alpha interferon 2 (lFN-0t2) and lFN-0t2 cysteine 
muteins are described in PCT/US00/00931 . Methods for con 

structing cysteine muteins of TEN-(x2 and preferred sites 
Within the lFN-otL2 protein for the locations of added cys 
teine residues also are described in PCT/US98/ 14497 and 
PCT/US00/00931. The folloWing muteins have been con 
structed in E coli using those methods: CIS, Q5C, 43C44, 
N45C, Q46C, F47C, Q48C, A50C, D77C, C98S, QlOlC, 
T106C, E107C, T108C, S163C, E165C, *166C, D2C, L3C, 
T6C, S8C, T52C, G102C, V103C, G104C, V105C, P109C, 
LllOC, M111C, S160C, L161C, R162c and K164C. One 
preferred method for expressing lFN-0t2 in E. coli is to 
secrete the protein into the periplasm using the STH leader 
sequence. A fraction of the secreted lFN-0t2 is soluble and can 
be puri?ed by column chromatography as described in PCT/ 
US00/00931. Certain cysteine muteins of TEN-(x2 remain 
insoluble When secreted into the E. coli periplasm using the 
STH leader sequence. SDS-PAGE analysis of the osmotic 
shock supematants of the muteins shoWed most to have 
reduced (as compared to Wild type) levels of the 19 kDa 
rlFN-0t2 band. SDS-PAGE analyses of Whole cell lysates and 
the insoluble material from the osmotic shocks revealed that 
these muteins Were expressed at relatively high levels but 
accumulated primarily in an insoluble form, presumably in 
the periplasm. These proteins comigrated With Wild type 
rlFN-0t2 standards under reducing conditions indicating that 
the STH leader had been removed. Qualitative assessments of 
relative expression levels of the muteins are summariZed in 
Table 4. Procedures for refolding insoluble, secreted lFN-0t2 
proteins have not been described previously. The folloWing 
protocol (here referred to as “Protocol 1”) Was developed to 
express and refold lFN-0t2 cysteine muteins into a biologi 
cally active form. 

370 C. in a gyrotory shaker Water bath at ~170-220 rpm. 
Cultures Were groWn, induced, harvested, and subjected to 
osmotic shock as described in PCT/US00/00931. Resulting 
supematants and pellets Were processed immediately or 
stored at —800 C. 

[0079] TEN-(x2 cysteine muteins that Were recovered as 
insoluble proteins in the osmotic shock pellets Were dena 
tured, reduced and refolded into their proper conformations 
using the folloWing refold procedure. The pellet from the 
osmotic shock lysate Was ?rst treated With B-PERTM bacterial 
protein extraction reagent as described by the manufacturer 
(Pierce). B-PER is a mild detergent mixture that disrupts the 
E. coli membranes and releases the cytoplasmic contents of 
the cells. Insoluble material Was recovered by centrifugation, 
resuspended in Water, and recentrifuged. The resulting pellet 
Was solubiliZed in 5 mL of 6 M guanidine, 50 mM cysteine in 
20 mM Tris Base. The mixture Was alloWed to stir for 30 
minutes before being dialyZed overnight at 40 C. against 400 
mL of 40 mM sodium phosphate, 150 mM NaCl, pH 8.0. The 
next day the pH of the refold mixture Was adjusted to 3 .0 and 
the mixture Was centrifuged before being loaded onto an 
S-Sepharose column, folloWed by a Cu++ IMAC column as 
described for the puri?cation of rlFN-0t2 from the osmotic 
shock supernatant in PCT/US00/00931. Six TEN-(x2 cysteine 
muteins: Q5C, C98S, QlOlC, T106C, E107C and *166C 
have been refolded and puri?ed using these procedures. Simi 
lar procedures can be used to refold and purify insoluble Wild 
type lFN-(XZ. 
[0080] Non-reducing SDS-PAGE analysis of puri?ed Q5C, 
C98S, QlOlC, T106C, E107C, and *166C cysteine muteins 
shoWed that the muteins Were recovered predominantly as 
monomers, migrating at the expected molecular Weight of 
~19 kDa. C98S migrated With a slightly higher molecular 
Weight than the other rlNF-0t2 muteins due to the absence of 
the native Cys1-Cys-98 disul?de bond. Some of the puri?ed 
muteins contained small amounts of disul?de-linked rlFN 
(X2 dimers. The molecular Weights of the dimer species Were 
approximately 37-38 kDa. 
[0081] When processing a number of cysteine muteins of 
TEN-(x2, it Was discovered that certain cysteine muteins 
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appeared to be present in both the soluble and insoluble 
fractions following cell lysis. Ratios of soluble versus 
insoluble IFN-0t2 protein varied from mutant to mutant. 
Therefore, an alternative solubiliZation/refolding procedure 
(here referred to as “Protocol II”) that involves a Whole cell 
solubiliZation step Was developed to enhance recovery of the 
IFN-ot cysteine muteins. A modi?cation of the culture meth 
ods Was found to improve the ef?ciency of processing of the 
STII leader sequence and Was employed to express IFN-ot 
cysteine muteins for refolding and puri?cation, as detailed 
beloW. In the modi?ed method, 325-400 ml cultures Were 
groWn in LB media containing 100 mM MES, pH 5.0 and 100 
ug/ml ampicillin at 370 C. With vigorous shaking, e.g., 220 
250 rpm in a NeW Brunswick C25KC environmental shaker, 
to a cell density of 0.5-0.7 OD at 600 nm. Cultures Were then 
induced by addition of IPTG (isopropyl-[3-D-thiogalactopy 
ranoside) to a ?nal concentration of 0.5 mM and upon induc 
tion the temperature Was reduced to 280 C. and the shaker 
speed Was reduced to 140 rpm. Induced cultures Were incu 
bated overnight (14-18 hours) and harvested by centrifuga 
tion. Cell pellets Were processed immediately or stored at 
—20° C. or —80° C. until processing. The cell pellets derived 
from a 325-400 mL induced culture are ?rst suspended in 10 
mL of 8 M Guanidine, 20 mM Cysteine, 20 mM Mes, 2% 
TWeen 20, pH 3 and mixed until a homogeneous suspension 
is present. The pH is then increased to betWeen pH 8-9 and the 
solubiliZation mixture is stirred for 3 hours. The cell lysate is 
next diluted 1:20 With ice cold renaturation buffer (20 mM 
Tris, pH 0.3 M guanidine, 1 M urea, 40 um copper sulfate, pH 
8). The cloudy suspension is alloWed to sit 1-2 days at 40 C. 
The refold is clari?ed by centrifugation folloWed by a pH 
adjustment to 3 and second round of centrifugation. The 
supernatant is diluted 1:4 With cold Water and load onto a 5 
mL S-Seph Hi Trap. The ion exchange column is eluted With 
a 100 mL gradient of 0-70% Buffer B, With BufferA being 20 
mM Mes, pH 5 and Buffer B being 10% Ethylene glycol 500 
mM NaCl, 20 mM Mes pH 5. Alternatively, refolded IFN-ot 
cysteine muteins can be captured from the refold mixture 
using a HIC column, such as a Phenyl-Sepharose column. 
The refold mixture is ?rst centrifuged, ammonium sulfate is 
added to the supernatant to a ?nal concentration of 10%, the 
mixture is recentrifuged, and the supernatant loaded onto a 10 
mL Phenyl Sepharose column equilibrated in 10% ammo 
nium sulfate, 20 mM Tris, pH8. IFN-ot cysteine muteins are 
eluted from the column using a 100 mL linear gradient from 
10% ammonium sulfate, 20 mM Tris pH 8 to 30% ethylene 
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glycol, 20 mM Tris, pH 8. The interferon pool from a Phenyl 
Sepharose column can be further puri?ed using a copper 
chelating column, S-Sepharose column or both. 
[0082] Interferon cysteine muteins also can be solubiliZed 
and refolded using other reducing agents that also act as 
cysteine blocking agents. Substitution of reduced glu 
tathione, thioglycolic acid or cysteamine for cysteine in the 
solubiliZation/refold mixtures yielded refolded, soluble IFN 
cysteine variants that could be puri?ed and PEGylated fol 
loWing the procedures described in Example 7. When no 
reducing agent or 20 mM DTT Was substituted for cysteine in 
the solubiliZation/refold mixtures, yields of refolded, soluble 
IFN cysteine muteins Were reduced to non-detectable levels 
When the refold mixture Was analyZed by Reversed Phase 
HPLC. Additionally, no refolded, soluble IFN cysteine 
mutein Was recovered folloWing S-Sepharose chromatogra 
phy of the refold mixture When no reducing agent or 20 mM 
DTT Was substituted for cysteine in the solubiliZation/refold 
mixtures. 
[0083] The folloWing muteins Were expressed in E coli, 
refolded and puri?ed using Protocol II: C1S, Q5C, 43C44, 
N45C, F47C, Q48C, A50C, C98S, Q101C, T106C, E107C, 
S163C, E165C, *166C, D2C, L3C, T6C, S8C, T52C, G102C, 
V103C, G104C, V105C, P109C, L110C, M111C, S160C, 
L161C, R162c and K164C. These refolds Were performed at 
pH 8 or in some instances 7.5. 

Example 6 

Bioactivities of IFN-0t2 Cysteine Muteins 

[0084] Biological activities of the puri?ed Q5C, C98S, 
Q101 C, T106C, E107C, and *166C IFN-0t2 cysteine muteins 
that Were puri?ed using Protocol I of Example 5 Were mea 
sured in the Daudi groWth inhibition assay described in PCT/ 
US00/ 00931. Protein concentrations Were determined using 
Bradford or BCA protein assay kits (Bio-Rad Laboratories 
and Pierce). Commercial Wild type rIFN-0t2 and rIFN-0t2 
prepared as described in PCT/U 800/ 00931 Were analyZed in 
parallel on the same days to control for interday variability in 
the assays. The muteins inhibited proliferation of Daudi cells 
to the same extent as the Wild type rIFN-0t2 control proteins, 
Within the error of the assay. Mean ICSOs for ?ve of the 
muteins (Q5C, Q101C, T106C, E107C and *166C) Were 
similar to the mean ICSOs of the Wild type rIFN-ot proteins, 
ranging from 15-18 pg/ml. The mean IC5O for the C988 pro 
tein Was 28 pg/ml. These data are summarized in Table 4. 

TABLE 4 

Expression and in vitro Bioactivities of IFN-0t2 Cysteine Muteins 

Relative Expression 

IFN-0t2 Mutation Total Percent Fonn Mean IC5O IC5O Range3 
Protein Location Cellularl Soluble2 Assayed (pg/ml) (pgml) 

rIFN-0t24 i i i 16 +/- 7 55-29 (11 = 10) 

rIFN-otZ5 i ++++ ~33 Soluble 13 +/— 4 7-19 (11 = 10) 

C1 S N-terminal region6 +/— 0 
QSC N-terminal region ++++ ~20 Refolded 17 15, 17, 20 
43C44 A-B loop ++ 0 
N45C A-B loop ++ 0 

F47C A-B loop ++++ ~5 

ASOC A-B loop +/— 0 
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TABLE 4-continued 
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Expression and in vitro Bioactivities of IFN-0t2 Cysteine Muteins 

Relative Expression 

IFN- 0L2 Mutation Total Percent Form Mean IC 50 IC 50 Range3 
Protein Location Cellularl Soluble2 Assayed (pg/ml) (pg/ml) 

D77C B-C loop +/— 0 
C988 C-helix7 +++++ ~5-10 Refolded 28 22, 30, 32 
Q101C C-D loop +++++ ~5-10 Refolded 18 10, 22, 23 
T106C C-D loop +++++ ~5-10 Refolded 18 18, 18 
E107C C-D loop +++++ ~5-10 Refolded 18 8, 22, 24 
T108C C-D loop +/— 0 
S163C C-terminal region ++++ ~33 
E165C C-terminal region +++ ~20 
*166C C-terminus +++ ~20 Refolded 15 8, 16, 20 

1Relative accumulation of the IFN-0t2 protein in whole cell extracts 
2Portion of the IFN-0t2 protein in the osmotic shock supernatant, determined from SDS-PAGE gels 
3IC5O values from individual experiments. A range is shown when N > 5. 
4Commercial wild type rIFN-0t2 (Endogen, Inc.) 
5Wild type rIFN-0t2 prepared by Bolder BioTechnology, Inc. 
6Mutation creates a free cysteine (C98) in the C-helix 
7Mutation creates a free cysteine (C1) in the N-terminal region 

[0085] Biological activities of the following muteins, puri 
?ed using Protocol II of Example 5, were measured in the 
Daudi growth inhibition assay described in PCT/USOO/ 
00931: C1S, D2C, L3C, S8C, N45C, F47C, C98S, V103C, 
V105C,E107C, M111C,R162C, S163C,K164C,E165C and 
*166C. The observed ICSOs are listed in Table 5 along with 
ICSOs for wild type rIFN-ot protein controls used in the same 
experiments. 

TABLE 5 

In vitro Bioactivities of IFN-0t2 Cysteine Muteins Puri?ed 
by Protocol II with and without PEGylation 

IFNOLZ IC5O (pg/ml), 
Mutant Mutation location IC5Ol (pg/ml) 20K PEG-Proteinl 

Rum-(122 i 15 to 55 i 

Rum-(123 i 16 to 109 i 

ClS4 N-terminal region 120, 130 100, 160 
D2C N-terminal region 39 300 
L3C N-terminal region 24, 75 105, 270 
S8C N-terminal region 37 220 
N45C A-B loop 52 104 
F47C A-B loop 66, 56, 58 120, 72, 240 
C98S5 C-helix 105,110,100 500, 720, 900 
G104C C-D loop 110 600 
V105C C-D Loop 38 33 
E107C C-D loop 90, 98, 110 160,220, 180 
M111C C-D Loop 40 190 
R162C C-terminal region 600 4000 
S163C C-terminal region 70, 50, 88 310,125, 360 
K164C C-ter 100 600 

E165C C-ter 43, 60, 51 160,220,300 
*166C C-terminus 48, 78, 96 120, 300 

lIC5O values from individual experiments. A range is shown when N > 5. 
2Commercial wild type rIFN-0t2 (Endogen, Inc.) 
3Wild type rIFN-0t2 prepared by Bolder BioTechnology, Inc. 
4Mutation creates a free cysteine (C98) in the C-helix 
5 Mutation creates a free cysteine (C1) in the N-terminal region 

Example 7 

PEGylation of IFN-ot2 Cysteine Muteins 

[0086] The puri?ed IFN-ot2 cysteine muteins canbe PEGy 
lated using the procedures described in Example 3 and PCT/ 

US98/ 14497 and PCT/US00/00931. A small-scale PEGyla 
tion experiment was performed with two of the puri?ed rIFN 
(X2 cysteine muteins to identify conditions that allowed the 
proteins to be monoPEGylated at the free cysteine residue. 
Over-reduction of the proteins was monitored by non-reduc 
ing SDS-PAGE, looking for a shift to a higher than expected 
apparent molecular weight as a result of protein unfolding, or 
for the appearance of multiple PEGylated species generated 
as the result of native disul?de reduction. One pg aliquots of 
puri?ed wild type and the rIFN-ot2 muteins T106C and 
E107C were incubated for 1 hour with a 10-fold molar excess 
TCEP and a 20-fold molar excess of 5 kDA maleimide PEG 
at pH 8.5 at room temperature. After 60 min, the reactions 
were stopped and immediately analyzed by non-reducing 
SDS-PAGE. Both muteins yielded monoPEGylated protein 
under these conditions, based on SDS-PAGE analysis of the 
reaction mixtures. The apparent molecular weights of the 
monoPEGylated proteins were approximately 28 kDa by 
non-reducing SDS-PAGE. Wild-type rIFN-ot2 showed no 
detectable PEGylation under these conditions. Control 
experiments indicated that the T106C and E107C cysteine 
muteins needed to be partially reduced with a reductant such 
as TCEP to be PEGylated. These data indicate that the PEG 
molecule is attached to the cysteine residue introduced into 
the T106C and E107C proteins. 
[0087] Larger quantities of the IFN-ot2 cysteine muteins 
can be modi?ed with cysteine-reactive PEGs of various siZes 
and puri?ed to obtain su?icient material for bioactivity mea 
surements. For puri?cation of the PEGylated proteins, the 
larger PEGylation reactions should be performed as 
described above for 1 hr at room temperature, diluted 10>< 
with 20 mM MES, pH 5 .0, adjusted to pH 3 .0, and then loaded 
quickly onto an S-Sepharose column using conditions similar 
to those described for initial puri?cation of the rIFN-ot2 
muteins. The presence of the PEG moiety decreases the pro 
tein’s a?inity for the resin, allowing the PEGylated protein to 
be separated from the non-PEGylated protein. The chromato 
gram from the S-Sepharose column should show two major 
protein peaks. The early eluting major peak (eluting at an 
NaCl concentration less than 230 mM) should be the mono 
PEGylated IFN-ot protein, which can be con?rmed by non 
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reducing SDS-PAGE analysis. The apparent molecular 
Weight of monoPEGylated IFN-0t2 that has been modi?ed 
With a 5 kDa cysteine-reactive PEG is approximately 28 kDa 
by SDS-PAGE. The later eluting major peak (eluting at 
approximately 230 mM NaCl) should be the unreacted IFN 
(X2 protein. Fractions from the early eluting peaks containing 
predominantly PEG-IFN-0t2 can be pooled and used for bio 
activity measurements. Biological activity of the puri?ed 
PEG-IFN-0t2 proteins can be measured in the Daudi cell 
assay described in PCT/US00/00931. Concentrations of the 
proteins can be determined using a Bradford dye binding 
assay. In vivo biological activities of the PEGylated IFN-0t2 
cysteine muteins can be determined as described in PCT/ 
US98/14497 and PCT/US/US00/00931. 
[0088] For PEGylation of the Q5C mutein, the puri?ed 
protein Was diluted to 100 ug/ml protein With 100 mM Tris, 
pH 8. A 15-fold excess of 5 kDa-maleimide PEG is added 
folloWed by 10-15-fold molar excess of TCEP. EDTA Was 
also added (0.5 mM ?nal concentration) to inhibit disul?de 
formation once the protein is partially reduced. The mixture 
Was held at room temperature, 2 hours. An alternative method 
that also gave good PEGylation ef?ciency involved repeated 
additions of the PEG and TCEP reagents. We have found that 
3 rounds of adding 10>< molar excess PEG reagent and 10x 
molar excess TCEP over a period of 2 hours gave greater than 
80% PEGylation e?iciency. This latter procedure of repeated 
additions of the PEG and TCEP reagents Was used success 
fully to prepare Q5C modi?ed With 10 kDa-, 20 kDa- and 40 
kDa-PEGs. The PEGylated proteins Were separated from 
unreacted Q5C starting material and PEGylation reagents by 
ion-exchange chromatography using the S-Sepharose proto 
col described in Example 5 . Alternative methods such as other 
ion exchangers (Q, DEAE, CM), HIC resins (Phenyl, Butyl), 
a?inity columns, siZe exclusion columns, or chelating resins 
may be used to purify the PEGylated protein. 
[0089] Biological activity of the puri?ed 10 kDa-, 20 kDa 
and 40 kDa-PEG-Q5C proteins Were measured in the Daudi 
cell assay described in PCT/US00/00931. Concentrations of 
the proteins Were determined using a Bradford dye binding 
assay. Mean ICSOs for the 10 kDa-PEG-Q5C, 20 kDa-PEG 
Q5C, and 40 kDa-PEG-Q5C proteins Were determined to be 
70 pg/ml (N:2 assays), 100 pg/ml (N:8 assays), and 108 
pg/ml (N:8 assays), respectively. 

Example 8 

Cloning, Expression and Puri?cation of Wild Type 
G-CSF and G-CSF (C17S) 

[0090] A. Cloning DNA sequences encoding G-CSF. A 
cDNA encoding G-CSF Was ampli?ed by PCR from total 
RNA isolated from the human bladder carcinoma cell line 
5637 (American Type Culture Collection). The cells Were 
groWn in RPMI 1640 media supplemented With 10% PBS, 50 
units/ml penicillin and 50 ug/ml streptomycin. RNA Was 
isolated from the cells using an RNeasy Mini RNA isolation 
kit purchased from Qiagen, Inc. (Santa Clarita, Calif.) fol 
loWing the manufacturer’s directions. First strand synthesis of 
single-stranded cDNA Was accomplished using a 1st Strand 
cDNA Synthesis Kit for RT-PCR (AMV) from Boehringer 
Mannheim Corp and random hexamers Were used as the 
primer. Subsequent PCR reactions using the products of the 
?rst strand synthesis as template Were carried out With for 
Ward primer BB91 (5 >CGCAAGCTTGCCACCATGGCTG 
GACC TGCCACCCAG>3; SEQ ID N011) and reverse 
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primer BB92 (5>CGCGGATCCTCCG 
GAGGGCTGGGCAAGGT GGCGTAG>3; SEQ ID N012). 
Primer BB91 anneals to the 5' end of the coding sequence for 
the G-CSF secretion signal and the reverse primer, BB92, 
anneals to the 3' end of the G-CSF coding sequence. The 
resulting ~640 bp PCR product Was digested With Hind III 
and Bam HI, gel puri?ed and cloned into pcDNA3.1 (+) 
vector that had been digested With Hind III and Bam HI, 
alkaline phosphatase treated, and gel puri?ed. A clone With 
the correct DNA sequence (SouZa et al., 1986; Nagata et al., 
1986a,b) Was designated pcDNA3.1(+)::G-CSFfus or 
pBBT165. 
[0091] PCR Was used to modify this G-CSF clone for peri 
plasmic and cytoplasmic expression in E. coli of Wild type 
G-CSF (Wild type) and a variant in Which the naturally occur 
ring free cysteine at position 17 Was replaced by serine 
(C17S). The Wild type G-CSF protein contains 5 cysteines, 
tWo of Which participate in critical disul?de bonds and one 
free cysteine (C 1 7) that is partially buried and not required for 
activity (IshikaWa et al., 1992, Kuga et al., 1989, Lu et al., 
1992, Wing?eld et al., 1988). To avoid potential dif?culties 
caused by the unpaired cysteine, We constructed a variant 
containing the Cys to Ser substitution at position 17 (C17S) as 
our platform molecule. All subsequent cysteine muteins Were 
prepared With the C17S substitution present. G-CSF (C17S) 
has been reported to possess biological activity identical to 
Wild type G-CSF (IshikaWa et al., 1992, Lu et al., 1992). 
[0092] Secreted G-CSF does not contain an added N-ter 
minal methionine and has an amino acid sequence identical to 
naturally occurring G-CSF (SouZa et al., 1986). In order to 
express a secreted form of G-CSF, PCR Was used to fuse the 
leader sequence of the E. coli heat-stable enterotoxin (STII) 
gene (Picken et al., 1983) to the coding sequence for mature 
G-CSF and a TAA stop codon Was added folloWing the car 
boxy-terminal residue, P174. At the same time, the aminoter 
minal portion of the G-CSF coding sequence Was also modi 
?ed. Codons for prolines at positions 2, 5, and 10 Were all 
changed to CCG, and an Xho I restriction site Was introduced 
by changing the L18 codon from TTA to CTC in order to 
facilitate subsequent mutagenesis procedures. 
[0093] These constructions Were carried out in parallel for 
the Wild type and C17S genes and employed three sequential 
PCR reactions. For the C17S construct, the ?rst reaction used 
forward primer BB1 16 (5>GGCCCGGCCAGCTCCCTGC 
CGCAGAGCTTCCTGCTGAAGAGCCTCGAG CAAGT 
GCGTAAGATCCAG>3; SEQ ID N013) and reverse primer 
BB114 (5>CGCGAATTCTTAGGG CTGGGCAAGGTG 
GCG>3; SEQ ID N014) and the cloned G-CSF cDNA as 
template. BB1 16 anneals to the 5' end of the coding sequence 
of mature G-CSF and introduces the codon changes noted 
above at P2, P5, P10, and L18 Which do not change the amino 
acids encoded. It also introduces the C17S mutation 
(TGC:>AGC) and changes the leucine codon at position 15 
to the preferred CTG triplet. BB1 14 anneals to the 3' end (18 
bp) of the G-CSF coding sequence and introduces a TAA 
translational stop codon immediately folloWing the carboxy 
terminal residue, P174. BB114 also contains an Eco RI site 
for cloning purposes. For the Wild type construct, the ?rst 
reaction used forWard primer BB117 (5>GGCCCGGC 
CAGCTCCCTGCCGCAGAGCTTCCTGCT 
TAAGTGCCTCGAGCAAGTGCGTAAGATCCAG >3 ; 
SEQ ID N015) and reverse primer BB114 (sequence above) 
With the cloned G-CSF cDNA as template. BB1 17 is identical 
to BB116 With tWo exceptions; the naturally occurring C17 
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codon, TGC, is present and the L15 codon used is CTT. This 
CTT creates anA? II restriction site in order to provide a rapid 
and convenient method for distinguishing Wild type C17 
clones from the C17S variant. The C17S clones carry the 
CTG codon at position 15 and therefore lack the AH II restric 
tion site. The ~530 bp PCR product from each of these reac 
tions Was gel puri?ed and used as template for the second 
PCR reaction. 
[0094] For the second reaction each of the ~530 bp gel 
puri?ed products Was ampli?ed With forWard primer BB1 15 
(5>ATGTTCGTTTTCTCTATCGCTAC 
CAACGCGTACGCAACCCCGCTG GGCCCGGC 
CAGCTCCCTG>3; SEQ ID N016) and reverse primer 
BB114 (described above). The 3' portion (27 nucleotides) of 
BB1 15 anneals to the 5' end of the modi?ed coding sequence 
of mature G-CSF Which is identical in both the Wild type and 
C17S PCR products. The 5' segment (36 nucleotides) of 
BB115 encodes a portion of the STII leaderpeptide. The ~550 
bp PCR products of each of these secondary reactions Were 
gel puri?ed and used as template for the third and ?nal round 
of PCR. 

[0095] In the third reaction each of the ~550 bp gel puri?ed 
products Was ampli?ed With forWard primer BB11 
(5>CCCCCTCTAGACATATGAAGAAGAA 
CATCGCATTCCTGCTGGCATCTATGTTCGT TTTCTC 
TATCG>3; SEQ ID N017) and reverse primer BB114 (de 
scribed above). BB11 adds the remainder of the STII leader 
peptide and contains an Nde I site overlapping the initiator 
ATG of the STII leader as Well as an Xba I site for cloning 
purposes. The ~620 bp products of the these reactions Were 
digested With Eco RI and Xba I and cloned into similarly 
digested plasmid vector pBC-SK(+) (Stratagene) for 
sequencing. 
[0096] For the Wild type construct, one clone, designated 
pBBT187, Was found to contain the correct sequence for the 
620 bp Nde I-Eco RI segment containing the STII-G-CSF 
coding sequence. This fragment Was then subcloned into 
(Nde I+Eco RI) cut expression vector pCYB1 (N eW England 
BioLabs). The resulting plasmid Was termed pBBT188. For 
the C17S construct, none of three clones sequenced Was 
found to contain the correct sequence; all had one or more 
errors. One clone contained a single missense mutation at the 
A10 position of the STII leader; the rest of the sequence of the 
620 bp Nde I-Eco RI segment Was correct. In vitro recombi 
nation betWeen this clone and plasmid pBBT188 Was used to 
generate a STII-G-CSF(C17S) construct of the correct 
sequence in pCYB1. pBBT188 and the C17S clone contain 
ing the single missense mutation at the A10 position of the 
STII leader, Were both digested With Bsi WI and Eco RI. The 
only Eco RI site present in either plasmid is that Which fol 
loWs the G-CSF translational stop codon. Bsi WI also cuts 
only once at a site Within the coding sequence of the STII 
leader peptide, 7 bp from the beginning of the mature G-CSF 
coding sequence. Therefore by replacing the ~535 bp Bsi 
WI-Eco RI fragment ofpBBT188 With the ~535 bp Bsi WI 
Eco RI fragment having the correct C17S construct sequence, 
We generated a pCYB1 derivate to that expressed the STII 
G-CSF(C17S) coding sequence. This plasmid Was desig 
nated pBBT223 
[0097] For cytoplasmic expression in E. coli the cloned 
STII-G-CSF Wild type and STII-G-CSF(C17S) genes Were 
modi?ed by PCR to eliminate the STII leader sequences and 
add an initiator methionine codon (ATG) immediately pre 
ceding the codon of the amino-terminal amino acid (T1) of 
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mature G-CSF. The sequence-veri?ed STII-G-CSF Wild type 
and STII-G-CSF(C17S) clones Were ampli?ed With primers 
BB 1 66 (5 >CGCCATATGACCCCGCTGGGCCCGGC 
CAG>3; SEQ ID N018) and BB114 (described above). 
BB 1 66 anneals to the 5' end of the coding sequence of mature 
G-CSF and encodes an initiator methionine preceding the 
?rst amino acid of mature G-CSF. An Nde I site, Which 
overlaps the ATG Was included for cloning purposes. The 
~540 bp products of these PCR reactions Were digested With 
Nde I plus Aat II, Which cuts ~400 bp doWnstream of the Nde 
I site. These ~400 bp fragments Were gel puri?ed and cloned 
into pBBT187, the pBC-SK(+)11STII-G-CSF construct 
described above, Which had been cut With Nde I plus Aat II, 
treated With alkaline phosphatase and gel puri?ed. 0ne Met 
G-CSF Wild type and one Met-G-CSF(C17S) clone Were 
sequenced and both Were found to contain the correct 
sequences. These Met-G-CSF Wild type and Met-G-CSF 
(C17S) genes Were subcloned as Nde I-Eco RI fragments into 
Nde I-Eco RI cut expression vector pCYB1, Which is 
described above. The resulting plasmids Were designated: 
pBBT225:pCYB111Met-G-CSF and pBBT226:pCYB111 
Met-G-CSF(C17S). 
[0098] B. Expression of Wild Type G-CSF and G-CSF 
(C17S) inE. coli. pBBT225, Which encodes Met-G-CSF Wild 
type, pBBT226 Which encodes Met-G-CSF(C17S) and the 
pCYB1 parent vector, Were transformed into E. coli JM109. 
Experiments With these strains resulted in expression of the 
G-CSF proteins. Secreted G-CSF, both Wild type and C17S 
forms, are preferable because they lack the non-natural 
methionine residue at the N-terminus of cytoplasmically 
expressed Met-G-CSF proteins. 
[0099] For expression of secreted G-CSF, pBBT188 
[pCYB111STII-G-CSF], pBBT223 [pCYB111STII-G-CSF 
(C17S)] and the parental vector pCYB1 Were transformed 
into E. coli W3110. The resulting strains Were designated as 
B0B1301 W3110(pCYB1), B0B2131 W3110(pBBT188), 
and BOB2681 W3110(pBBT223). In preliminary screening 
experiments, strains Were groWn overnight in Luria Broth 
(LB media) containing 100 ug/ml ampicillin at 370 C. in roll 
tubes. Saturated overnight cultures Were diluted to ~0.025 
0.D. at A600 in LB containing 100 ug/ml ampicillin and 
incubated at 28, 37 or 420 C. in shake ?asks. Typically a 25 ml 
culture Was groWn in a 250 ml shake ?ask. When culture 
0.D.s reached ~0.3-0.5, IPTG Was added to a ?nal concen 
tration of 0.5 mM to induce expression of G-CSF. For initial 
experiments, cultures Were sampled at 0, 1, 3, 5 and ~16 h 
post-induction. Samples of induced and uninduced cultures 
Were analyZed by SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) on precast 14% Tris-glycine polyacrylamide 
gels and stained With Coomassie Blue. Induced cultures of 
both BOB213 (Wild type) and BOB268 (C17S) shoWed a 
band at approximately 19 kDA, Which is consistent With the 
mature G-CSF molecular Weight. This band Was not detected 
in the uninduced cultures of BOB213 and BOB268 or in 
induced or uninduced cultures of BOB130, the vector-only 
control. Western blot analyses shoWed that this ~19 kDa band 
in BOB213 and BOB268 lysates reacted strongly With an 
anti-human G-CSF antiserum (R&D Systems). This antibody 
did not recogniZe proteins in uninduced cultures of BOB213 
and BOB268 or in induced or uninduced cultures of BOB130, 
the vector only control. These Western blots also shoWed that 
this ~19 kDa band co-migrated With a commercial human 
G-CSF standard purchased from R & D Systems. This result 
suggests that the STII leader peptide has been removed, 
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Which is consistent With the protein having been secreted to 
the periplasm. N-terminal sequencing studies presented in 
Example 10 indicate the STII signal sequence Was properly 
processed. 
[0100] The 16 hourpost-induction samples from 28° C. and 
37° C. cultures also Were subjected to osmotic shock based on 
the procedure of Koshland and Botstein (1980). This proce 
dure ruptures the E. coli outer membrane and releases the 
contents of the periplasm into the surrounding medium. Sub 
sequent centrifugation separates the soluble periplasmic 
components (recovered in the supernatant) from cytoplasmic, 
insoluble periplasmic, and cell-associated components (re 
covered in the pellet). At both temperatures, some of the 
G-CSF protein synthesized, for both Wild type, by BOB213, 
and C17S by BOB268 Was recovered in the supernatant, but 
the bulk of the G-CSF proteins remained associated With the 
pellet. This indicates that While the protein appears to be 
processed and secreted to the periplasm, it is accumulated 
there primarily in an insoluble form. 

[0101] The preliminary screen of expression conditions for 
G-CSF Wild type and the C17S variant shoWed that both 
proteins Were relatively Well expressed under a variety of 
conditions. For large scale expression and puri?cation cul 
tures Were groWn at 28° C. and induced for 16 hours. 

[0102] C. Puri?cation of Wild Type G-CSF and G-CSF 
(C17S). Wild type and G-CSF (C17S) Were expressed and 
puri?ed at a larger scale using identical protocols. Fresh satu 
rated ovemight cultures of BOB2 1 3 (Wild type) and BOB268 
(C17S) Were inoculated at ~0.05 OD @A600 in LB containing 
100 ug/ml ampicillin. Typically, 400 ml cultures Were groWn 
in a 2 L baf?ed shake ?ask at 28° C. in a gyrotory shaker Water 
bath at 250 rpm. When cultures reached a density of ~0.5-0.7 
OD, IPTG Was added to a ?nal concentration of 0.5 mM. The 
induced cultures Were then incubated overnight for ~16 h. 
The cells Were pelleted by centrifugation and froZen at —80° 
C. Cell pellets Were thaWed and treated With 5 mL of 
B-PERTM bacterial protein extraction reagent according to 
the manufacturer’s (Pierce) protocols. The insoluble material, 
Which contained the bulk of the G-CSF protein, Was recov 
ered by centrifugation and resuspended in B-PER. This mix 
ture Was treated With lysoZyme (200 ug/mL) for 10 min to 
further disrupt the cell Walls, and MgCl2 (10 mM ?nal con 
centration) and protease-free DNAse (2 ug/ml) Were added. 
Insoluble G-CSF Was collected by centrifugation and 
Washed, by resuspension in Water and recentrifugation, to 
remove most of the solubiliZed cell debris. The resulting 
pellet containing insoluble G-CSF Was dissolved in 20 ml of 
8 M urea, 25 mM cysteine in 20 mM Tris Base. This mixture 
Was stirred for 30 min at room temperature then diluted into 
100 ml of 40 mM sodium phosphate, 40 [1M copper sulfate, 
15% glycerol, pH 8.0. This refold mixture Was held at 4° C. 
for 2 days. The pH of the refold mixture Was then adjusted to 
4.0 With dilute HCl and the mixture Was centrifuged before 
being loaded onto a 5 ml S-Sepharose column (Pharmacia 
HiTrap) equilibrated in 40 mM sodium phosphate pH 4.0 
(Buffer A). The bound proteins Were eluted With a linear salt 
gradient from 0-100% Buffer B (500 mM NaCl, 40 mM 
sodium phosphate, pH 4.0). Wild type G-CSF and G-CSF 
(C17S) eluted from the S-Sepharose column as single major 
peaks at a salt concentration of approximately 300-325 mM 
NaCl. Column fractions Were analyZed by non-reducing 
SDS-PAGE. Fractions containing G-CSF and no visible 
impurities Were pooled. The ?nal yields of G-CSF Wild type 
and G-CSF (C 1 7S), as determined by Bradford analysis, Were 
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about 1.1 mg and 3 .3 mg, respectively from 400 ml of culture. 
Puri?ed Wild type G-CSF and G-CSF (C17S) comigrated 
under reducing and non-reducing conditions of SDS-PAGE. 
The apparent molecular Weights of reduced and non-reduced 
G-CSF and G-CSF (C17S) are approximately 19 and 17 kDa, 
respectively. 
[0103] D. In Vitro Bioactivities of Wild Type G-CSF and 
G-CSF (C17S). A cell proliferation assay using the murine 
NFS60 cell line Was developed to measure bioactivities of 
Wild type G-CSF and G-CSF (C17S). The NFS60 cell line 
Was obtained from Dr. J. Ihle of the University of Tennessee 
Medical School, Memphis Term. This cell line proliferates in 
response to human or mouse G-CSF or IL-3 (Weinstein et al., 
1986). The cells Were maintained in RPMI 1640 media 
supplemented With 10% FBS, 50 units/ml penicillin, 50 
ug/ml streptomycin and 17-170 units/ml mouse IL-3 (R&D 
Systems). Bioassays Were performed in cell maintenance 
media minus IL-3. In general, the bioassays Were set up by 
Washing the NFS60 cells three times With RPMI media (no 
additives) and resuspending the cells at a concentration of 
0.5-1 ><105/ml in cell maintenance media minus IL-3. Fifty pl 
(2.5-5><103 cells) of the cell suspension Was aliquoted per test 
Well of a ?at bottom 96 Well tissue culture plate. Serial dilu 
tions of the protein samples to be tested Were prepared in 
maintenance media minus IL-3. Serial dilutions of recombi 
nant human G-CSF (E. coli-expressed; R&D Systems) Were 
analyZed in parallel. Fifty pl of the diluted protein samples 
Were added to the test Wells and the plates incubated at 37° C. 
in a humidi?ed 5% CO2 tissue culture incubator. Protein 
samples Were assayed in triplicate Wells. After approximately 
48-72 h, 20 pl of CellTiter 96 AQueous One Solution 
(Promega Corporation) Was added to each Well and the plates 
incubated at 37° C. in the tissue culture incubator for 1-4 h. 
Absorbance of the Wells Was read at 490 nm using a micro 
plate reader. Control Wells contained media but no cells. 
Mean absorbance values for the triplicate control Wells Were 
subtracted from mean values obtained for the test Wells. 
ECSOs, the concentration at half maximal stimulation, Were 
calculated for each sample. 
[0104] The NFS60 cell line shoWs a strong proliferative 
response to G-CSF, as evidenced by a dose-dependent 
increase in cell number and absorbance values. Commercial 
G-CSF and G-CSF prepared by us had mean ECSOs of 19 and 
10 pg/ml, respectively, in the bioassay (Table 6). Unexpect 
edly, G-CSF (C17S) had a mean EC5O of 7 pg/ml and Was 
reproducibly 1.5- to 2-fold more potent than our Wild type 
G-CSF standard and ~3 -fold more potent than the commer 
cial Wild type G-CSF standard in the bioassay (Table 3). The 
superior activity of G-CSF (C17S) Was surprising because 
others have reported that Wild type G-CSF and G-CSF (C17S) 
have identical activities (Lu et al., 1992). 

Example 9 

Construction, Expression, Puri?cation and Bioactiv 
ity of G-CSF (C17S) Cysteine Muteins 

[0105] A. Construction of G-CSF Cysteine Muteins. 
[0106] Fifteen mutant G-CSF genes Were constructed 
using site-directed PCR-based mutagenesis procedures simi 
lar to those described in PCT/US00/00931 and Innis et al. 
(1990) and White (1993). We constructed ?ve muteins in the 
amino-terminal region proximal to Helix A [*-1C (the addi 
tion of a cysteine residue onto the natural amino terminus), 
TIC, L3C, A6C and S7C]; tWo muteins in the B-C loop [E93C 
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and S96C]; six muteins in the C-D loop [A129C, T133C, 
A136, A139C, A141C and S142C]; and tWo muteins in the 
carboxy-terminal region distal to Helix D [Q173C and *175C 
(the addition of a cysteine residue to the natural carboxy 
terminus)]. The G-CSF cysteine muteins Were all constructed 
in the C17S background to avoid potential dif?culties and/or 
ambiguities that might be caused by the unpaired cysteine 
normally present at position 17 in Wild type G-CSF. G-CSF 
(C17S) had previously been reported to possess ?ll biological 
activity (lshikaWa et al., 1992; Lu et al., 1992) and in our E. 
coli secretion system We ?nd that the yields of puri?ed C17S 
are higher than that of puri?ed Wild type G-CSF. In addition, 
in the in vitro as say our recombinant C17S is more active than 
Wild type G-CSF produced by us and a second E. coli-pro 
duced recombinant Wild type G-CSF obtained from a com 
mercial vendor (R&D Systems, Inc.). 
[0107] The template used for the mutagenic PCR reactions 
Was plasmid pBBT227 in Which the STll-G-CSF (C17S) 
gene from pBBT223 (described in Example 8) Was cloned as 
an Nde l-Eco RI fragment into Nde l-Eco RI cut pUC1 8. PCR 
products Were digested With appropriate restriction endonu 
cleases, gel-puri?ed and ligated With pBBT227 vector DNA 
that had been cut With those same restriction enZymes, alka 
line phosphatase treated, and gel-puri?ed. Transformants 
from these ligations Were groWn up and plasmid DNAs iso 
lated and sequenced. The sequence of the entire cloned 
mutageniZed PCR fragment Was determined to verify the 
presence of the mutation of interest, and the absence of any 
additional mutations that potentially could be introduced by 
the PCR reaction or by the synthetic oligonucleotide primers. 
[0108] The cysteine substitution mutation L3C Was con 
structed as folloWs. The mutagenic forWard oligonucleotide 
BB 1 72 (5>ACCAACGCGTACGCAACCCCGTGTGGC 
CCGGCCAGC>3; SEQ ID NO:9) Was designed to change 
the codon CTG for leucine at position 3 of mature G-CSF to 
a TGT encoding cysteine and to span the nearby Mlu I site. 
This oligo Was used in PCR With the reverse, non-mutagenic, 
primer BB188 (5>GCCATCGCCCTGGATCTTACG>3; 
SEQ ID NO: 10) Which anneals to DNA sequences encoding 
amino acid residues 21-27 of mature G-CSF in pBBT227. A 
100 [11 PCR reaction Was performed in 1x Promega PCR 
buffer containing 1.5 mM MgCl2, each primer at 0.4 uM, each 
of dATP, dGTP, dTTP and dCTP at 200 [1M, 3 ng of template 
plasmid pBBT227 (described above), 2.5 units of Taq Poly 
merase (Promega), and 0.5 units of Pfu Polymerase (Strat 
agene). The reaction Was performed in a Perkin-Elmer Gene 
Amp® PCR System 2400 thermal cycler. The reaction 
program entailed: 96° C. for 3 minutes, 25 cycles of [95° C. 
for 60 seconds, 600 C. for 30 seconds, 720 C. for 45 seconds] 
and a hold at 4° C. A 10 pl aliquot of the PCR reaction Was 
analyZed by agarose gel electrophoresis and found to produce 
a single fragment of the expected siZe ~100 bp. The remainder 
of the reaction Was “cleaned up” using the QlAquick PCR 
Puri?cation Kit (Qiagen) according to the vendor protocol 
and digested With Mlu l and Xho I (NeW England BioLabs) 
according to the vendor protocols. Following an additional 
clean up step using the QlAquick PCR Puri?cation Kit, the 
digestion products Were ligated With pBBT227 that had been 
cut With Mlu l and Xho I, treated With calf intestinal alkaline 
phosphatase (NeW England BioLabs) and gel puri?ed. The 
ligation reaction Was used to transform E. coli and plasmids 
from resulting transformants Were sequenced. A clone having 
the L3C mutation and the correct sequence throughout the 
~70 bp Mlu l-Xho 1 segment Was identi?ed. 
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[0109] The substitution mutation T1C Was constructed and 
sequence veri?ed using the protocols detailed above for L3C 
With the folloWing difference. The mutagenic oligonucleotide 
BB 1 71 (5>ACCAACGCG TACGCATGCCCGCTGGGC 
CCGGCCAGC>3; SEQ ID NO: 11), Which changes the ACC 
codon for T1 to a TGC codon for cysteine and spans the 
nearby Mlu I site, Was used in the PCR reaction in place of 
BB 1 72. 

[0110] The substitution mutation Q173C Was constructed 
and sequence veri?ed using the protocols detailed above for 
L3C With the folloWing differences. The mutagenic reverse 
oligonucleotide BB185 (5>CGCGA ATTC TTAGGGA 
CAGGCAAGGTGGCG>3; SEQ ID NO: 12), Which changes 
the CAG codon for Q173 to a TGT codon for cysteine and 
spans the nearby Eco RI site, Was used in the PCR reaction in 
place of BB172. The forWard, non-mutagenic, primer BB 1 87 
(5>GCCATCGCCCTGGATCTTACG>3; SEQ ID NO: 13) 
Which anneals to the DNA sequence encoding amino acid 
residues 78-84 of mature G-CSF in pBBT227 Was used in 
place of BB188. A 10 ul aliquot of the PCR reaction Was 
analyZed by agarose gel electrophoresis and found to produce 
a single fragment of the expected siZe ~3 00 bp. The remainder 
of the reaction Was “cleaned up” using the QlAquick PCR 
Puri?cation (Qiagen) according to the vendor protocol and 
digested With Sty l and Eco R1 (New England BioLabs) 
according to the vendor protocols. Following an additional 
clean up step using the QlAquick PCR Puri?cation Kit, the 
digestion products Were run out on a 1 .5% agarose gel and the 
~220 bp Sty l-Eco RI fragment of interest Was gel puri?ed 
using a QlAquick Gel Extraction Kit (Qiagen) according to 
the vendor protocol. The gel puri?ed fragment Was ligated 
WithpBBT227 that had been cut With Sty l and Eco RI, treated 
With calf intestinal alkaline phosphatase (NeW England 
BioLabs) and gel puri?ed. The ligation reaction Was used to 
transform E. coli and plasmids from resulting transformants 
Were sequenced. A clone having the Q173C mutation and the 
correct sequence throughout the ~220 bp Sty l-Eco RI seg 
ment Was identi?ed. 

[0111] A mutation Was also constructed that added a cys 
teine folloWing the carboxyterminal amino acid of the G-CSF 
coding sequence. This mutant, termed * 175C Was con 
structed using the protocols described above for the construc 
tion of the Q173C mutant With the folloWing differences. The 
mutagenic oligonucleotide BB 1 86 (5>CGCGAATTCTTAA 
CAGGGCTGGGCAAGGTGGCGTAG>3; SEQ ID NO: 
14), Which inserts the a TGT codon for cysteine betWeen the 
CCC codon for P174 and a TAA stop codon and spans the 
nearby Eco RI site, Was used in the PCR reaction in place of 
BB 1 85. 

[0112] The substitution mutation A6C Was constructed 
using the technique of “mutagenesis by overlap extension” as 
described in Horton et al. (1993) and PCT/US00/00931. The 
initial, or “primary” PCR reactions for the A6C construction 
Were performed in a 50 pl reaction volume in 1x Promega 
PCR buffer containing 1.5 mM MgCl2, each primer at 0.4 
uM, each of dATP, dGTP, dTTP and dCTP at 200 [1M, 1 ng of 
template plasmid pBBT227, 1.5 units of Taq Polymerase 
(Promega), and 0.25 units of Pfu Polymerase (Stratagene). 
The reactions Were performed in a Perkin-Elmer GeneAmp® 
PCR System 2400 thermal cycler. The reaction program 
entailed: 96° C. for 3 minutes, 25 cycles of [95° C. for 60 
seconds, 60° C. for 30 seconds, 72° C. for 45 seconds] and a 
hold at 4° C. The primer pairs used Were [BB173><BB188] 
and [BB174><BB125]. BB188 (5>GCCATCGCCCTG 










































































