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N-TERMINALLY CHEMICALLY MODIFIED 
PROTEIN COMPOSITIONS AND METHODS 

FIELD OF THE INVENTION 

The present invention broadly relates to the ?eld of 
protein modi?cation, and, more speci?cally, the attachment 
of Water soluble polymers to proteins or analogs thereof (the 
term “protein” as used herein is synonymous With “polypep 
tide” or “peptide” unless otherWise indicated). The present 
invention also relates to novel methods for N-terminally 
modifying proteins or analogs thereof, and resultant com 
positions. In another aspect, the present invention relates to 
novel N-terminally chemically modi?ed G-CSF composi 
tions and related methods of preparation. The present inven 
tion also relates to chemically modi?ed consensus inter 
feron. 

BACKGROUND 

Proteins for therapeutic use are currently available in 
suitable forms in adequate quantities largely as a result of the 
advances in recombinant DNA technologies. The availabil 
ity of recombinant proteins has engendered advances in 
protein formulation and chemical modi?cation. One goal of 
such modi?cation is protein protection. Chemical attach 
ment may effectively block a proteolytic enZyme from 
physical contact With the protein backbone itself, and thus 
prevent degradation. Additional advantages include, under 
certain circumstances, increasing the stability and circula 
tion time of the therapeutic protein and decreasing immu 
nogenicity. A revieW article describing protein modi?cation 
and fusion proteins is Francis, Focus on Growth Factors 3: 
4—10 (May 1992) (published by Mediscript, MountvieW 
Court, Friern Barnet Lane, London N20, OLD, UK). 

Polyethylene glycol (“PEG”) is one such chemical moiety 
Which has been used in the preparation of therapeutic protein 
products (the verb “pegylate” meaning to attach at least one 
PEG molecule). For eXample Adagen, a pegylated formu 
lation of adenosine deaminase is approved for treating 
severe combined immunode?ciency disease; pegylated 
superoXide dismutase has been in clinical trials for treating 
head injury; pegylated alpha interferon has been tested in 
phase I clinical trials for treating hepatitis; pegylated glu 
cocerebrosidase and pegylated hemoglobin are reported to 
have been in preclinical testing. The attachment of polyeth 
ylene glycol has been shoWn to protect against proteolysis, 
Sada, et al., J. Fermentation Bioengineering 71: 137—139 
(1991), and methods for attachment of certain polyethylene 
glycol moieties are available. See US. Pat. No. 4,179,337, 
Davis et al., “Non-Immunogenic Polypeptides,” issued Dec. 
18, 1979; and US. Pat. No. 4,002,531, Royer, “Modifying 
enZymes With Polyethylene Glycol and Product Produced 
Thereby,” issued Jan. 11, 1977. For a revieW, see Abu 
choWski et al., in EnZymes as Drugs. (J. S. Holcerberg and 
J. Roberts, eds. pp. 367—383 (1981)). 

Other Water soluble polymers have been used, such as 
copolymers of ethylene glycol/propylene glycol, 
carboXymethylcellulose, deXtran, polyvinyl alcohol, polyvi 
nyl pyrrolidone, poly-1, 3-dioXolane, poly-1,3,6-trioXane, 
ethylene/maleic anhydride copolymer, polyaminoacids 
(either homopolymers or random copolymers). 

For polyethylene glycol, a variety of means have been 
used to attach the polyethylene glycol molecules to the 
protein. Generally, polyethylene glycol molecules are con 
nected to the protein via a reactive group found on the 
protein. Amino groups, such as those on lysine residues or 
at the N-terminus, are convenient for such attachment. For 
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2 
eXample, Royer (US. Pat. No. 4,002,531, above) states that 
reductive alkylation Was used for attachment of polyethyl 
ene glycol molecules to an enZyme. EP 0 539 167, published 
Apr. 28, 1993, Wright, “Peg Imidates and Protein Derivates 
Thereof” states that peptides and organic compounds With 
free amino group(s) are modi?ed With an immediate deriva 
tive of PEG or related Water-soluble organic polymers. US. 
Pat. No. 4,904,584, ShaW, issued Feb. 27, 1990, relates to 
the modi?cation of the number of lysine residues in proteins 
for the attachment of polyethylene glycol molecules via 
reactive amine groups. 
One speci?c therapeutic protein Which has been chemi 

cally modi?ed is granulocyte colony stimulating factor, 
“G-CSF.” G-CSF induces the rapid proliferation and release 
of neutrophilic granulocytes to the blood stream, and 
thereby provides therapeutic effect in ?ghting infection. 

European patent publication EP 0 401 384, published Dec. 
12, 1990, entitled, “Chemically Modi?ed Granulocyte 
Colony Stimulating Factor,” describes materials and meth 
ods for preparing G-CSF to Which polyethylene glycol 
molecules are attached. 

Modi?ed G-CSF and analogs thereof are also reported in 
EP 0 473 268, published Mar. 4, 1992, entitled “Continuous 
Release Pharmaceutical Compositions Comprising a 
Polypeptide Covalently Conjugated To A Water Soluble 
Polymer,” stating the use of various G-CSF and derivatives 
covalently conjugated to a Water soluble particle polymer, 
such as polyethylene glycol. 
A modi?ed polypeptide having human granulocyte 

colony stimulating factor activity is reported in EP 0 335 423 
published Oct. 4, 1989. 

Another eXample is pegylated IL-6, EP 0 442 724, 
entitled, “Modi?ed hIL-6,” (see US. Pat. No. 5,264,209) 
Which discloses polyethylene glycol molecules added to 
IL-6. 
EP 0 154 316, published Sep. 11, 1985 reports reacting a 

lymphokine With an aldehyde of polyethylene glycol. 
Many methods of attaching a polymer to a protein involve 

using a moiety to act as a linking group. Such moieties may, 
hoWever, be antigenic. A tresyl chloride method involving 
no linking group is available, but this method may be 
dif?cult to use to produce therapeutic products as the use of 
tresyl chloride may produce toXic by-products. See Francis 
et al., In: Stability of protein pharmaceuticals: in vivo 
pathWays of degradation and strategies for protein stabili 
Zation (Eds. Ahern., T. and Manning, M. C.) Plenum, NY, 
1991) Also, Delgado et al., “Coupling of PEG to Protein By 
Activation With Tresyl Chloride, Applications In Immunoaf 
?nity Cell Preparation”, In: Fisher et al., eds., Separations 
Using Aqueous Phase Systems, Applications In Cell Biology 
and Biotechnology, Plenum Press, N.Y. N.Y.,1989 pp. 
211—213 

ChamoW et al., Bioconjugate Chem. 5: 133—140 (1994) 
report the modi?cation of CD4 immunoadhesin With 
monomethoXlypoly(ethylene glycol) aldehyde via reductive 
alkylation. The authors report that 50% of the CD4-Ig Was 
MePEG-modi?ed under conditions alloWing the control 
over the eXtent of pegylation. Id. at page 137. The authors 
also report that the in vitro binding capability of the modi?ed 
CD4-Ig (to the protein gp 120) decreased at a rate correlated 
to the eXtent of MePEGylation. Ibid. See also, Rose et al., 
Bioconjugate Chemistry 2: 154—159 (1991) Which reports 
the selective attachment of the linker group carbohydraZide 
to the C-terminal carboXyl group of a protein substrate 
(insulin). 
None of the methods in the general state of the art, or the 

art relating to particular proteins, alloW for selective attach 
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ment of a Water soluble polymer to the N-terminus of a 
protein such as G-CSF, however. Rather, the currently 
existing methods provide for non-selective attachment at 
any reactive group, Whether located Within the protein, such 
as a lysine side group, or at the N-terminus. This results in 
a heterogenous population. For example, for pegylated 
G-CSF molecules, some molecules have a different number 
of polyethylene glycol moieties than others. As an 
illustration, protein molecules With ?ve lysine residues 
reacted in the above methods may result in a heterogenous 
mixture, some having six polyethylene glycol moieties, 
some ?ve, some four, some three, some tWo, some one and 
some Zero. And, among the molecules With several, the 
polyethylene glycol moieties may not be attached at the 
same location on different molecules. 

This is disadvantageous When developing a therapeutic 
pegylated protein product. In such development, predictabil 
ity of biological activity is crucial. For example, it has been 
shoWn that in the case of nonselective conjugation of 
superoxide dismutase With polyethylene glycol, several frac 
tions of the modi?ed enZyme Were completely inactive (P. 
McGoff et al. Chem. Pharm. Bull. 36:3079—3091 (1988)). 
One cannot have such predictability if the therapeutic pro 
tein differs in composition from lot to lot. Some of the 
polyethylene glycol moieties may not be bound as stably in 
some locations as others, and this may result in such 
moieties becoming dissociated With the protein. Of course, 
if such moieties are randomly attached and therefore become 
randomly dissociated, the pharmacokinetics of the therapeu 
tic protein cannot be precisely predictable. From a consum 
er’s point of vieW, the circulation time may vary from lot to 
lot, and thus dosing may be inaccurate. From a producer’s 
point of vieW, garnering regulatory approval for sale of the 
therapeutic protein may have added complexities. 
Additionally, none of the above methods provide for selec 
tive N-terminal chemical modi?cation Without a linking 
moiety (betWeen the protein and the polymer). If a linking 
moiety is used, there may be disadvantages due to possible 
antigenicity. 

Thus, there exists a need for methods alloWing for selec 
tively N-terminally chemically modi?ed proteins and ana 
logs thereof, including G-CSF and consensus interferon 
(tWo chemically modi?ed proteins exempli?ed beloW). The 
present invention addresses this need in a number of aspects. 

SUMMARY OF THE INVENTION 

The present invention relates to substantially homogenous 
preparations of N-terminally chemically modi?ed proteins, 
and methods therefor. Unexpectedly, chemical modi?cation 
at the N-terminus of G-CSF demonstrated advantages in 
stability Which are not seen in other G-CSF species con 
taining one chemical modi?cation at another location on the 
molecule. Also unexpectedly, in the present process for 
making N-terminally chemically modi?ed G-CSF, it Was 
found that using reductive alkylation, one could provide 
conditions for selectively modifying the N-terminus, and 
this method is broadly applicable to other proteins (or 
analogs thereof), as Well as G-CSF. Also surprisingly, using 
reductive alkylation, the end product—protein With an 
amine linkage to the Water soluble polymer—Was found to 
be far more stable than identical polymer/protein conjugate 
having an amide linkage. One other protein so modi?ed (as 
described in a Working example beloW) is consensus inter 
feron. Thus, as described beloW in more detail, the present 
invention has a number of aspects relating to chemically 
modifying proteins (or analogs thereof) as Well as speci?c 
modi?cations of speci?c proteins. 
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4 
In one aspect, the present invention relates to a substan 

tially homogenous preparation of N-terminally chemically 
modi?ed G-CSF (or analog thereof) and related methods. 
One Working example beloW demonstrates that N-terminally 
monopegylated G-CSF more stable than other types of 
monopegylated C-CSF. Additionally, since the N-terminus 
of the G-CSF molecule is more available during reaction 
With polyethylene glycol, a higher proportion of the 
N-termini are pegylated, and therefore, this species provides 
processing advantages. 

The present invention also relates to a type of reductive 
alkylation Which selectively activates ot-amino group of the 
N-terminal residue of a protein or analog thereof, thereby 
providing for selective attachment of a Water soluble poly 
mer moiety at the N-terminus. This provides for a substan 
tially homogenous preparation of polymer/protein conjugate 
molecules as Well as (if polyethylene glycol is used) a 
preparation of pegylated protein molecules having the poly 
ethylene glycol moiety directly coupled to the protein moi 
ety. This method is described beloW for G-CSF and for 
consensus interferon, and these provide for additional 
aspects of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a reproduction of the chromatogram of the 
peaks from ion exchange chromatography of pegylated 
G-CSF. 

FIG. 1B is an SDS-PAGE of various species of mono 
pegylated G-CSF. 

FIG. 2 is an SEC-HPLC pro?le of (Line A) recombinant 
human methionyl G-CSF standard; (Line B) SCM-PEG 
GCSF reaction mix; (Line C) N-terminally pegylated 
G-CSF; (Line D) lysine 35 monopegylated G-CSF; (Line E) 
lysine 41 monopegylated G-CSF. 

FIGS. 3A, 3B, and 3C are HPLC endoproteinase SV8 
peptide mapping tracings of (3A) N-terminally pegylated 
G-CSF; (3B) lysine 35 monopegylated G-CSF; (3C) lysine 
41 monopegylated G-CSF. 

FIG. 4 is a bar graph illustrating a comparison of in vitro 
bioactivity of monopegylated G-CSF species compared to 
an unpegylated standard. 

FIGS. 5A and 5B are graphs illustrating results of in vivo 
bioactivity assays of monopegylated G-CSF derivatives, 
with SA illustrating the average hamster White blood cell 
count after a single subcutaneous injection of N-terminally 
pegylated G-CSF, lysine 35 monopegylated G-CSF, or 
lysine 41 monopegylated G-CSF, and 5B illustrating the net 
average White blood cell count area under the curve after a 
single subcutaneous injection of the various monopegylated 
G-CSF derivatives listed above. 

FIGS. 6A, 6B, and 6C are SEC-HPLC pro?les for stabil 
ity studies of N-terminally pegylated G-CSF or lysine 35 
monopegylated G-CSF. FIGS. 6A and 6B are the pro?les for 
stability studies conducted at pH 6.0 at 4° C. for (6A) 
N-terminally monopegylated G-CSF or (6B) lysine 35 
monopegylated G-CSF. FIG. 6C shoWs the pro?les for 
extended stability studies at pH 6.0 and 4° C. for lysine 35 
monopegylated G-CSF. Time (“T”) indicates days. 

FIG. 7 illustrates siZe exclusion HPLC analysis of the 
reaction mixture in the process of reductive alkylation of 
rh-G-CSF With methoxypolyethylene glycol aldehyde (MW 
6 kDa). 

FIG. 8 illustrates siZe exclusion HPLC analysis of the 
reaction mixture using N-hydroxysuccinimidyl ester of 
MPEG, also at MW=6kDa. 
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FIG. 9 illustrates the total White blood cell response after 
a single subcutaneous dose to mono-N terminal MPEG 
GCSF conjugates prepared by reductive alkylation of rh-G 
CSF With MPEG aldehydes of different molecular Weights 
(6 kDa,12kDa and 20 kDa). 

DETAILED DESCRIPTION 

The present invention relates to substantially homogenous 
preparations of N-terminally chemically modi?ed proteins, 
and methods therefor. 

In one aspect, the present invention relates to 
N-terminally chemically modi?ed G-CSF compositions and 
methods therefor. 

The present methods (for both N-terminally modi?ed 
G-CSF as Well as the present reductive alkylation methods) 
provide for a substantially homogenous mixture of 
monopolymer/protein conjugate. “Substantially homog 
enous” as used herein means that the only polymer/protein 
conjugate molecules observed are those having one polymer 
moiety. The preparation may contain unreacted (i.e., lacking 
polymer moiety) protein. As ascertained by peptide mapping 
and N-terminal sequencing, one example beloW provides for 
a preparation Which is at least 90% monopolymer/protein 
conjugate, and at most 10% unreacted protein. Preferably, 
the N-terminally monopegylated material is at least 95% of 
the preparation (as in the Working example beloW) and most 
preferably, the N-terminally monopegylated material is 99% 
of the preparation or more. The monopolymer/protein con 
jugate has biological activity. The present “substantially 
homogenous” N-terminally pegylated G-CSF preparations 
provided herein are those Which are homogenous enough to 
display the advantages of a homogenous preparation, e.g., 
ease in clinical application in predictability of lot to lot 
pharmacokinetics. 

One may choose to prepare a mixture of polymer/protein 
conjugate molecules, and the advantage provided herein is 
that one may select the proportion of monopolymer/protein 
conjugate to include in the mixture. Thus, if desired, one 
may prepare a mixture of various protein With various 
numbers of polymer moieties attached (i.e., di-, tri-, tetra-, 
etc.) and combine With the monopolymer/protein conjugate 
material prepared using the present methods, and have a 
mixture With a predetermined proportion of monopolymer/ 
protein conjugate. 

Provided beloW is a Working example using G-CSF, 
Which, as described above, is a therapeutic protein used to 
treat hematopoietic disorders. In general, G-CSF useful in 
the practice of this invention may be a form isolated from 
mammalian organisms or, alternatively, a product of chemi 
cal synthetic procedures or of prokaryotic or eukaryotic host 
expression of exogenous DNA sequences obtained by 
genomic or cDNA cloning or by DNA synthesis. Suitable 
prokaryotic hosts include various bacteria (e.g., E. coli); 
suitable eukaryotic hosts include yeast (e.g., S. cerevisiae) 
and mammalian cells (e.g., Chinese hamster ovary cells, 
monkey cells). Depending upon the host employed, the 
G-CSF expression product may be glycosylated With mam 
malian or other eukaryotic carbohydrates, or it may be 
non-glycosylated. The G-CSF expression product may also 
include an initial methionine amino acid residue (at position 
—1). The present invention contemplates the use of any and 
all such forms of G-CSF, although recombinant G-CSF, 
especially E. coli derived, is preferred, for, among other 
things, greatest commercial practicality. 

Certain G-CSF analogs have been reported to be biologi 
cally functional, and these may also be chemically modi?ed, 
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6 
by, for example, the addition of one or more polyethylene 
glycol molecules. G-CSF analogs are reported in US. Pat. 
No. 4,810,643. Examples of other G-CSF analogs Which 
have been reported to have biological activity are those set 
forth in AU-A-76380/91, EP 0 459 630, EP 0 272 703, EP 
0 473 268 and EP 0 335 423, although no representation is 
made With regard to the activity of each analog reportedly 
disclosed. See also AU-A-10948/92, PCT US94/00913 and 
EP 0 243 153. 

Generally, the G-CSFs and analogs thereof useful in the 
present invention may be ascertained by practicing the 
chemical modi?cation procedures as provided herein to 
selectively chemically modify the N-terminal ot-amino 
group, and testing the resultant product for the desired 
biological characteristic, such as the biological activity 
assays provided herein. Of course, if one so desires When 
treating non-human mammals, one may use recombinant 
non-human G-CSF’s, such as recombinant murine, bovine, 
canine, etc. See PCT WO 9105798 and PCT WO 8910932, 
for example. 

Thus, another aspect of the present invention includes 
N-terminally chemically modi?ed G-CSF analog composi 
tions. As described above, G-CSF analogs may include those 
having amino acid additions, deletions and/or substitutions 
(as compared to the G-CSF amino acid sequence set forth in 
Example 1, beloW). Those G-CSF analogs Which are pre 
dicted to function When N-terminally pegylated to selec 
tively stimulate the production of neutrophils are those With 
an N-terminus Which is not necessary for binding to a 
G-CSF receptor. See Hill et al., PNAS-USA 90: 5167—5171 
(1993); see also PCT US94/00913. 
The polymer molecules used may be selected from among 

Water soluble polymers. (For the reductive alkylation pro 
cedure described herein, the polymers should have a single 
reactive aldehyde.) The polymer selected should be Water 
soluble so that the protein to Which it is attached does not 
precipitate in an aqueous environment, such as a physiologi 
cal environment. For reductive alkylation, the polymer 
selected should have a single reactive aldehyde so that the 
degree of polymeriZation may be controlled as provided for 
in the present methods. The polymer may be branched or 
unbranched. Preferably, for therapeutic use of the end 
product preparation, the polymer Will be pharmaceutically 
acceptable. One skilled in the art Will be able to select the 
desired polymer based on such considerations as Whether the 
polymer/protein conjugate Will be used therapeutically, and 
if so, the desired dosage, circulation time, resistance to 
proteolysis, and other considerations. For G-CSF, these may 
be ascertained using the assays provided herein, and one 
skilled in the art should select the appropriate assays for 
other therapeutic proteins. The Water soluble polymer may 
be selected from the group consisting of, for example, those 
listed above (in the Background section), and dextran or 
poly(n-vinyl pyrrolidone)polyethylene glycol, propropylene 
glycol homopolymers, prolypropylene oxide/ethylene oxide 
co-polymers, polyoxyethylated polyols and polyvinyl alco 
hol. 

Subject to considerations for optimiZation as discussed 
beloW, the polymer may be of any molecular Weight, and 
may be branched or unbranched. For polyethylene glycol, 
the preferred molecular Weight is betWeen about 2kDa and 
about 100kDa (the term “about” indicating that in prepara 
tions of polyethylene glycol, some molecules Will Weigh 
more, some less, than the stated molecular Weight). 
Examples 1 and 2 beloW involve the use of PEG 6000, Which 
Was selected for ease in puri?cation and for providing an 
adequate model system. Other siZes may be used, depending 






















