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A host-cell protein impurity found in preparations of recombinant
human acidic fibroblast growth factor (aFGF) was identified. Sam-
ples of aFGF examined by western blot analysis employing antise-
rum raised against an Escherichia coli cell lysate contained an im-
munoreactive protein with a molecular weight of approximately
26,000. The impurity was chromatographically isolated and the
N-terminal sequence was determined. Comparing the sequence to a
protein database provisionally identified the isolated impurity as the
S3 ribosomal protein of E. coli. Monoclonal antibodies recognizing
three separate epitopes of S3 confirmed the identity of the impurity
in western blots of aFGF samples. The monoclonal antibodies were
also used to estimate S3 levels in various preparations of aFGF.

KEY WORDS: acidic fibroblast growth factor; drug impurity; pro-
tein pharmaceutical; wound healing.

INTRODUCTION

Recombinant DNA technology has provided the phar-
maceutical industry with a new source of potent and unique
drugs. Like many low molecular weight drugs, recombinant
protein therapeutics are frequently derived from fermenta-
tions of microorganisms. Often the recombinant protein is
produced in the bacterium Escherichia coli and is released
only when the bacteria are lysed. Cell lysis releases not only
the protein of interest but also over 1800 other bacterial pro-
teins (1). Each of these host-cell proteins is a potential im-
purity in the final drug product and makes the purification of
the recombinant therapeutic a challenging endeavor for pro-
cess engineers and generates new problems for the analytical
chemist.

The many host-cell proteins may result in impurities in
recombinant protein pharmaceuticals. Traditional purity
analyses of low molecular weight drugs often include the
identification and quantitation of impurities (2). Results are
usually achieved by a combination of spectroscopic, chro-
matographic, and synthetic techniques. Currently, these
classical approaches cannot be easily applied to protein im-
purity analysis. Consequently, the state of the art for protein
impurity analysis consists of polyacrylamide gel electropho-
resis and high-performance liquid chromatography (2,3). Un-
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fortunately, both of these techniques have shortcomings.
Neither technique allows the specific identification of pro-
tein impurities and the quantitative ability of each is poor at
the low levels required for the analysis of trace impurities. To
overcome these failings, bioanalysts have often employed
highly sensitive and specific immunochemical methods such
as western blots and ELISAs. These methods routinely de-
tect, and often quantitate, submicrogram levels of proteins
(3,4). Furthermore, if an appropriate antiserum is available,
western blots can be used to identify a specific impurity. The
identification of a host-cell protein impurity can be a starting
point for implementing process modifications to eliminate
the impurity from future lots or for developing specific as-
says that either quantitate the impurity or monitor the drug
for lot-to-lot consistency.

Acidic fibroblast growth factor (M, = 15,997) is a potent
mitogen that also expresses chemotactic activity for endo-
thelial cells (5). These properties have made the growth fac-
tor a potential therapy for wound healing and vascular repair
and is currently under development at Merck Research Lab-
oratories (5,6). In this paper, we present our efforts to iden-
tify and quantitate a protein impurity present in early prep-
arations of recombinant human acidic fibroblast growth
factor (aFGF). Employing a combination of N-terminal se-
quencing and western blot analysis, we identified the impu-
rity as the S3 ribosomal protein of E. coli. Western blot
analysis using anti-S3 monoclonal antibodies helped quanti-
tate the impurity and demonstrated the production of a con-
sistent product.

MATERIALS AND METHODS

Western Blotting. Electrophoresis was performed using
either 12 or 15% polyacrylamide gels (5 X 8.5 ¢cm) containing
sodium dodecyl sulfate (SDS-PAGE) (7). The samples were
reduced with B-mercaptoethanol and heated at 100°C for
S min prior to electrophoresis. After SDS-PAGE, pro-
teins were electrotransferred to nitrocellulose membranes
(Schleicher and Schuell, Keene, NH) in a Genie blotter (Idea
Scientific, Minneapolis, MN) according to the method of
Towbin et al. but with the addition of 0.1% SDS to the trans-
fer buffer (8). To detect host-cell protein impurities, the ni-
trocellulose membranes were probed as described (9) with
either rabbit antiserum raised in-house to an E. coli cell ly-
sate or mouse monoclonal antibodies recognizing the S3 pro-
tein of E. coli (10). Antibody reactive proteins were detected
using either goat anti-rabbit antibody (Bio-Rad, Richmond,
CA) or goat-anti mouse IgG antibody (Sigma, St. Louis,
MO) conjugated to alkaline phosphatase (11,12).

Liquid Chromatography. The gradient HPLC system
consisted of two Rainin Rabbit pumps, a Macintosh SE com-
puter with Rainin Dynamax HPLC Method Manager soft-
ware (Version 1.1), a Gilson Model 811 gradient mixer, and a
Gilson Model 231 autosampler. The autosampler rack was
chilled to 6°C by a Lauda circulating water bath. A Gilson
Model 116 UV detector set at 280 nm was used for detection.

Protein Sequence Analysis. Amino terminal sequencing
was performed on 115 pmol of the isolated impurity by au-
tomated Edman degradation in an Applied Biosystems 473A
sequencer. The sample was subjected to 29 cycles of Edman
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degradation and unambiguous results were obtained for the
first 16 cycles.

Other Methods. The protein concentration of the iso-
lated impurity was determined by BCA using bovine serum
albumin as the standard (13).

RESULTS

During the development of a purification process for
aFGF, the purity of early preparations was evaluated by
HPLC and by Coomassie blue or silver staining of polyacryl-
amide gels. For several aFGF preparations, protein impuri-
ties were not detected by any of these methods. Based on the
silver staining intensity of minute amounts of aFGF on poly-
acrylamide gels, the level of any single potential impurity
was estimated to be <2500 ppm (parts per million; g impu-
rity/g protein therapeutic). Although subnanogram levels of
some proteins have been detected with silver, this method is
not rigorously quantitative because silver staining of proteins
can be variable (14,15). The potential for staining variability
was of concern and prompted us to analyze the purity of
aFGF preparations by immunochemical methods.

Immunochemical impurity analysis focused on two
types of aFGF samples obtained from the final two process-
ing steps in the initial large-scale purification of aFGF. The
first type consisted of aFGF fractions eluting from a re-
versed-phase HPLC column, the final chromatographic step
in the original purification process (Yamazaki et al., manu-
script in preparation). The second type of aFGF sample was
from early lots of the bulk drug substance in buffered saline,
a preparation of the final purified product prior to formula-
tion. Western blot analysis of both types of samples revealed
the presence of a 26,000 MW impurity (26K impurity) reac-
tive with antiserum directed against an E. coli cell lysate
(Fig. 1). Conversely, the 26K impurity was not detected in
western blots of the bulk drug substance probed with anti-
aFGF antiserum, demonstrating the impurity was derived
from the E. coli host and immunologically unrelated to aFGF
(data not shown).

Our initial approach to identify the impurity was to re-
solve the protein from aFGF by gel electrophoresis, transfer
the impurity to a polyvinylidene fluoride (PVDF) membrane,
and subject the immobilized impurity to N-terminal se-
quence analysis (16). This approach proved unsuccessful,
the high mass ratio of aFGF to the impurity resulted in two
problems. First, the excessive aFGF in these samples led to
insufficient electrophoretic separation of the impurity from
aFGF. Second, the amount of aFGF exceeded the binding
capacity of the PVDF membrane at the site of transfer and
aFGF unbound after electrotransfer bound indiscriminately
to the membrane when the electroblotter was disassembled.
The randomly bound aFGF interfered with the sequence
analysis of the impurity. These difficulties made it necessary
to isolate the impurity by chromatographic methods.

Side fractions from preparative chromatography steps
were analyzed by western blot analysis with anti-E. coli an-
tiserum to identify those fractions containing the 26K impu-
rity. A number of fractions were found enriched in an E. coli
protein with a molecular weight of approximately 26,000
(Fig. 2). One of these fractions, fraction 4, was chromato-
graphed further by reversed-phase HPLC until the major
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Fig. 1. Western blot analysis of aFGF preparations probed with
anti-E. coli antiserum. Each sample contained 10 pg of aFGF. The
lanes represent (1) the reversed-phase product of lot 2, (2) the re-
versed-phase product of iot 3, (3) the reversed-phase product of lot
4, and (4) lot 6 of the bulk drug substance. The migration of protein
markers is shown on the right, with masses expressed as kilodal-
tons.

component was resolved from other constituents (Fig. 3).
The isolated material had a molecular weight of approxi-
mately 26,000 and reacted positively with anti-E. coli antise-
rum in a western blot (Fig. 3, inset). The isolated impurity
was subjected to N-terminal sequence analysis and the first
16 amino acid residues were determined and compared to the
National Biomedical Research Foundation (NBRF) protein
database. The amino acid sequence of the 26K impurity
matched the N-terminal sequence of the S3 ribosomal pro-
tein of E. coli (Fig. 4) (17). The molecular weight of the S3
protein from the sequence in the database is 25,983 (233
amino acids) and agrees well with the 26,000 found for the
impurity by SDS-PAGE. The congruence of the two N-ter-
minal sequences, along with the similar molecular weights,
tentatively identified the impurity as the S3 ribosomal pro-
tein.

Ideally, impurities should be identified in situ, but prac-
tical problems posed by the low level of the impurity de-
scribed here limited this approach. Therefore, at this point
the impurity’s identity was only provisional. It was possible
that the protein isolated from a column fraction so distant
from the aFGF peak was not the impurity observed previ-
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Fig. 2. Process side cuts contain the 26K impurity. Column fractions
after preparative HPLC of aFGF were examined with anti-E. coli
antiserum by western blot analysis (insets). Top: High performance
ion-exchange chromatography. Bottom: High-performance affinity
chromatography. The main peak in each chromatogram is aFGF.
Chromatographic fractions containing an immunoreactive protein
migrating at a molecular weight of approximately 26,000 are marked
by the hatched areas. Fraction 4 was used to isolate the impurity.
The migration of protein markers is shown at the right of each blot,
with masses expressed as kilodaltons.

ously in western blots. This uncertainty compelled us to ver-
ify the impurity’s identity in actual aFGF preparations. By
performing individual western blots, each employing one of
three monoclonal antibodies recognizing a different region of
the S3 protein, the identity of the impurity in aFGF prepa-
rations was confirmed (Fig. 5 and Table I) (10).

The approximate level of S3 in a number of different
aFGF preparations was determined by western blot analysis
(Fig. 5). The analysis employed the S3 monoclonal antibod-
ies, but instead could have utilized the anti-E. coli antise-
rum. We chose the former because of their higher specificity
and sensitivity. Known quantities of S3 were probed to es-
tablish a standard curve for determining impurity levels in
numerous aFGF preparations (Table II). Although all three
monoclonal antibodies gave qualitatively similar results, an-
tibody 373C9C3A1 was slightly more sensitive than the other
two. Antibody 373C9C3A1 could detect 1 ng of S3 faintly
(Fig. S, lane 8) whereas antibodies 23E9E7 and 391B9E4EI
detected only 10 ng of S3 under the conditions employed. By
this method, the reversed-phase preparations from lots 2, 3,
and 4 were estimated to contain 10°-10* ppm S3. Further
processing reduced the level of the S3 impurity in the bulk
drug substances from these lots to below the detection limit
of the assay (<100 ppm) and demonstrated the production of
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Fig. 3. Reversed-phase HPLC to isolate the E. coli protein impurity.
Column: Poros R/H (4.6 x 100 mm; Perceptive BioSystems). Mobile
phases: A, 0.1% trifluoroacetic acid in water; B, 0.1% trifluoroacetic
acid in 80% acetonitrile. Gradient: 0-10 sec, 10% B; 10-50 sec,
10-35% B; 50 sec—10 min, 35-55% B. The flow rate was 4 mL/min.
Absorbance was monitored at 280 nm with 0.06 AUFS. Inset: West-
ern blot showing the isolated impurity is reactive to anti-E. coli
antiserum. The migration of protein markers is shown at the right of
the blot, with masses expressed as kilodaltons.

a consistent product. Lot 6 of the bulk drug substance did
retain a low level of the S3 impurity (10°-10° ppm). Gener-
ally, the purity of all lots of the bulk drug substance tested
during process development was >99.9%.

DISCUSSION

Intensive efforts are being put forth in the pharmaceu-
tical industry to develop therapeutic proteins from recombi-
nant sources. One of the inherent difficulties in these en-
deavors is the purification of the recombinant product from
a vast number of potential protein impurities. Purity tests for
these products often include SDS-PAGE and reversed-phase
HPLC (15,18). SDS-PAGE has a detection limit of 0.2-100
ng, corresponding to approximately 20—10° ppm, depending
on the staining procedure and the total quantity of protein
(3,15). Similarly, reversed-phase HPLC monitored for low
wavelength UV absorbance has a detection limit of 400—1000
ppm (3,19). These levels of sensitivity were not sufficient to
detect the S3 impurity in the aFGF preparations described
here. However, the S3 impurity was detected in western blot
analyses employing antiserum raised against an E. coli cell
lysate. For this reason, highly sensitive immunochemical
techniques, such as western blots, are recommended for de-
tecting low level host-cell protein impurities (3,18).

Impurity: gly-gin-lys-val-his-pro-asn-gly-ile-arg-leu-gly-ile-val-lys-pro-.....

E. coli$3: met-gly-gIn-lys-val-his-pro-asn-gly-ile-arg-leu-gly-ile-val-lys-pro-.....

Fig. 4. N-terminal amino acid sequence of the isolated impurity.
Automated Edman degradation determined the first 16 amino acids
of the impurity. The first 17 residues of the S3 ribosomal protein
from E. coli are shown for comparison. The terminal methionine in
S3 is removed by the E. coli protein processing apparatus and thus
does not appear in the impurity’s sequence.
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Fig. 5. Western blot analysis of aFGF preparations probed with anti-S3 monoclonal antibody 373C9C3A1. Samples
containing 10 pg of aFGF were applied to the lanes as follows: (1) the reversed-phase product of lot 2; (2) the
reversed-phase product of lot 3; (3) the reversed-phase product of lot 4; (4) lot 2 of the bulk drug substance; (5) lot
3 of the bulk drug substance; (6) lot 4 of the bulk drug substance; (7) lot 6 of the bulk drug substance. Known
amounts of purified S3 were included as follows: (8) 1 ng, (9) 10 ng, and (10) 100 ng. The migration of protein markers
is shown at the right, with masses expressed as kilodaltons.

The methodology to identify low-level protein impuri-
ties is currently ill defined. In this paper, we described one
approach for identifying a host-cell protein impurity present
in a recombinant therapeutic derived from E. coli. Our ap-
proach focused on establishing the impurity’s N-terminal se-
quence and comparing it to the NBRF protein database. By
this method, the impurity was identified as the S3 protein of
E. coli. 83 functions in the assembly and structural mainte-
nance of the 308 ribosomal subunit (20,21). S3 is also able to
bind DNA, but no other measurable activities have been
reported (22). The absence of measurable activity precluded
the development of an activity assay for monitoring the pro-
cess and analyzing the final product for clearance. Never-
theless, a mass assay based on western blot analysis was
developed to quantitate S3 in aFGF preparations. This assay
demonstrated that the level of S3 was less than 100 ppm (the
limit of detection) in the bulk drug preparations of aFGF
described here.

To our knowledge, the S3 protein is the first E. coli
protein impurity identified in a recombinant pharmaceutical.
This raises questions about the specific nature of E. coli

Table I. Epitopes Recognized by Anti-S3 Monoclonal Antibodies

Antibody Epitope®
373C9C3A1 1-21
23E9E7 42-133
391B9E4E1 211-232

¢ Numbers refer to specific amino acid sequences in S3.

protein impurities in general and those reported by others
(4,23). Could the S3 protein or other ribosomal proteins con-
tribute to the impurity profile of other recombinant prod-
ucts? Each E. coli cell contains 52 different species of ribo-
somal proteins that collectively constitute approximately
9-22% of the total cellular protein (24). Therefore, based on
mass alone, E. coli ribosomal proteins could be an important
source of host-cell impurities. The S3 protein itself does not
appear to be a universal impurity in recombinant products.
In another unrelated recombinant pharmaceutical we were
unable to detect the S3 protein by western blot analysis.
Hence, specific characteristics of the S3 protein allowed it to
copurify partially with aFGF in a number of our prepara-
tions. Noteworthy here is the ability of both proteins to bind

Table II. Approximate Levels of S3 in Preparations of aFGF¢

Monoclonal antibody

Sample 373C9C3Al 23E9E7 391B9E4E1
Lot 2 (RPP)® 10°-10* 10°-10° 10>-10*
Lot 3 (RPP) 10°-10° 10>-10* 10°-10°
Lot 4 (RPP) 10°-10* 10°-10* 10°-10°
Lot 2 (Bulk)® <10? <10? <10?
Lot 3 (Bulk) <102 <10? <10?
Lot 4 (Bulk) <10? <10? <10
Lot 6 (Bulk) 10%-103 <10? <10?

@ Levels are expressed as ppm (ug S3/g aFGF).
& RPP refers to the reversed-phase product of the designated lot.
¢ Bulk refers to the bulk drug substance of the designated lot.
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polyanions. S3 binds DNA (22), whereas aFGF binds hepa-
rin (5).

The identification of a protein impurity can aid the pro-
cess engineer and the bioanalyst in several ways. First, iden-
tification can lead to a description of the physicochemical
properties of the impurity and therefore provide a basis for
process modifications to eliminate it and similar impurities
from future lots. For example, one property of S3 has sup-
ported the implementation of certain process modifications
and we have used the S3 protein as a marker during the
ongoing process optimization for aFGF to monitor the re-
moval of low level protein impurities. Second, identifying an
impurity can lead to the development of specific in-process
assays that are useful for monitoring the effect of process
changes, for analyzing the purity of the finished product, or
for determining the production of a consistent product.

Not all host-cell protein impurities will be completely
amenable to the analysis we described here because the
identification of these impurities is not always possible. The
NBRF database contains sequences for approximately 60%
of the proteins found in E. coli. It is possible impurities found
in other recombinant therapeutics derived from E. coli
would not be listed in the database. Furthermore, recombi-
nant products from either yeast or mammalian cells often
have a greater potential for impurities because these sources
have more host-cell proteins than E. coli. The database is far
less complete for these cell types than it is for E. coli. For
any of these cell sources, the absence of an impurity’s se-
quence in the database would generally prevent the identifi-
cation of the protein. Nevertheless, the N-terminal sequence
of the impurity, or the isolated impurity itself, can be used to
generate specific antibodies. These antibodies can then be
incorporated into immunochemical assays to monitor the re-
moval and clearance of the impurity.
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