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We have used electrospray ionization-mass spectrometry to investigate Gag protein structure and processing
in Rous sarcoma virus, the prototype of the avian sarcoma and leukemia viruses. Molecular masses determined
for the mature virion proteins MA, CA, NC, and PR agree closely with those predicted by currently accepted
models for their structures. However, the data for p10 imply that only about 10% of the product has the
predicted mass while the remainder is missing the C-terminal methionine residue. Molecular masses also were
obtained for products generated by PR cleavage in vitro of a Gag precursor polyprotein expressed in Esche-
richia coli. The data confirm the predicted Gag cleavage sites for PR. Thus, carboxypeptidase activity appears
to be responsible for generating the des-Met form of p10. The same activity may account for the small amount
of the mature des-Met CA, as previously reported. Analysis of cleavage products generated in vitro also serves
to define the PR processing site separating the p2a and p2b peptides, Asn-164–Cys-165. In conjunction with
published characterizations of these two peptides processed from the segment of Gag between MA and p10,
these data suggest trimming of p2b by an aminopeptidase. Finally, the molecular masses determined for the
MA-related species p19f, p23, and p35 now accurately define the structures of these proteins.

The internal structural proteins of retroviruses are gener-
ated through proteolytic processing of a single precursor
polyprotein encoded by the gag gene. Cleavage of the Gag
polyprotein leads to a morphological change in the virus par-
ticle known as maturation and is essential for infectivity. In
avian sarcoma and leukemia viruses (ASLV), the Gag precur-
sor is processed into five major proteins, from the N to C
terminus: MA (matrix), p10, CA (capsid), NC (nucleocapsid),
and PR (protease), in addition to several small peptides be-
tween MA and p10 (19) and between CA and NC (1, 5) (Fig.
1A). With the exception of PR and NC, which have been
characterized by classical protein sequencing methods (16, 24),
information on the primary structures of the ASLV Gag pro-
teins is based largely on N- and C-terminal analyses and on
comparison of these data with the DNA sequences (25). Re-
cently, we investigated the structure of CA in the mature virus
through peptide mapping and mass spectrometry (MS) (20).
These studies revealed that ASLV CA is not a homogeneous
species as previously inferred but rather exists in three forms
that differ by several amino acid residues at the C terminus,
because of differential processing. Recombinant viruses lack-
ing one or more of these processing sites were noninfectious,
suggesting that they are critical for maturation. The CA pro-
tein of human immunodeficiency virus type 1 shows processing
events at its C terminus remarkably similar to those in ASLV
(7, 8, 15, 23, 27).
The ability to rapidly access the CA structure by electrospray

ionization (ESI)-MS suggested that this strategy could be
readily applied to the other Gag proteins. Here we have ex-
panded these studies to test the fidelity of the predictions of
the primary structures of mature ASLV Gag proteins and to
analyze the cleavage products generated by cleavage of recom-

binant Gag precursors with PR in vitro. The ESI-MS data
provide a detailed view of the Gag protein structure and pro-
cessing that is unattainable by other current methods and dem-
onstrates the power of this strategy for probing structure. We
infer from the results that at least one and probably other
non-PR proteolytic activities modify Gag cleavage products to
generate the forms found in the mature virus.
Analysis of proteins in virions. The proteins from the Pra-

gue C strain of Rous sarcoma virus (PrC RSV) were isolated by
reversed-phase high-performance liquid chromatography
(HPLC) on a C4 column, which led to resolution of all the
major species (Fig. 1C). Proteins from each of the peaks were
identified by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE). The five major Gag proteins, which
together account for about 80% of the total virion protein, are
readily apparent. The other prominent peak between p10 and
PR contained the Env proteins SU (gp85) and TM (gp37),
which together account for about 20% of the total virion pro-
tein. Each of the Gag protein peaks was subjected to ESI-MS
analysis and produced a mass spectrum that was readily inter-
pretable on the basis of the known PrC RSV Gag sequence
(25) (Table 1). In each case a component with the expected
mass was observed.
ESI-MS data for MA showed two primary species with

masses of 16,574 and 16,654 Da. The 16,574-Da ion has the
exact mass predicted for MA based on termination at Tyr-155
and on acetylation of the initiating methionine (predicted mass
of 16,574.1 Da with acetylation versus a mass of 16,532.1 Da
without acetylation), thus confirming the N- and C-terminal
predictions that were made by biochemical methods (17, 28).
The difference in mass, 80 Da, reflects the contribution of a
single phosphate. These observations are consistent with the
known migration of MA as a doublet of bands on SDS-PAGE,
with the upper band being phosphorylated but not the lower
(11, 22), and rule out phosphorylation at more than one site on
a single MA molecule, as was previously suggested to occur
(14). The mass spectrum (Fig. 2B) also revealed a series of
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minor species at 13,777, 13,857, 13,258, and 13,177 Da. These
products appear to be phosphorylated-unphosphorylated pairs
of p19-related forms that correspond by mass to residues 1 to
129 and 1 to 123 in the MA sequence. These cleavage sites

occur within a stretch of charged amino acids ending at Asp-
123 and Gly-129, respectively, and appear not to conform to
the consensus cleavage site sequences for PR, which has a
preference for exposed neutral or hydrophobic amino acids.
The fragments probably represent the truncated form of MA,
called p19f, that was first recognized by Shealy and coworkers
(26) but had not been characterized. We speculate that these
species are produced by a protease other than PR that is in-
corporated into virions. A third pair of fragments with masses
of 16,119 and 16,199 Da, which correspond to phosphorylated
and unphosphorylated forms of residues 1 to 151, was also
observed. This cleavage site, after Gly-151, bears resemblance
to the sequence at the junction between p2b and p10 and
seems likely to be recognized as an alternative processing site
by PR. Finally, a small peak at 16,556 Da (18 Da smaller than
intact MA), which probably was generated by dephosphoryla-
tion of MA, was observed. The difference in mass is consistent
with the formation of dehydroalanine from phosphoserine,
which is frequently observed as a by-product of this reaction
and is 18 Da smaller than serine. Whether the dehydroalanine
form of MA reflects a natural product or one generated during
storage and purification of virus and viral proteins is unknown.
Inferences about the structure of p10 were previously based

on N-terminal sequencing, amino acid analysis, and predictions
made from DNA sequencing (2, 25). Since the N terminus of
CA, the adjoining protein on the Gag precursor, is Pro-240, the
C terminus of p10 was assumed to be Met-239 (9, 21). How-
ever, studies with p10 labeled with radioactive methionine,
which were designed to test this assumption, revealed that at
best only a small fraction of p10 ended in methionine (9, 18,
21). Since radioactive labeling allowed conclusions only about
the presence or absence of methionine, it was unclear whether
p10 was missing only this residue or additional upstream res-
idues. The latter possibility would suggest an additional PR
cleavage site in close proximity. The ESI-MS data for p10 (Fig.
3A) revealed that mature p10 ends at Ala-238. The observed
mass of 6,044 Da agrees exactly with the predicted mass of p10
once it has been adjusted for loss of the C-terminal methionine
(6,044.6 Da). A minor peak with a mass of 6,176 Da also was
observed and accounted for about 10% of the p10 on the basis
of peak height. This peak presumably represents the fraction of
p10 ending in methionine, which has a predicted mass of
6,175.8 Da. Since retroviral proteases have no known exopep-

FIG. 1. Analysis of P60 Gag cleavage products. (A) Diagram of Gag Pr76
with sections containing closely spaced cleavage sites expanded. Cleavage sites
are indicated with hatch marks. The P60 Gag polyprotein purified from E. coli is
derived from a DNA construct in which a termination codon was introduced in
place of the first amino acid residue of PR and therefore contains all of the Pr76
sequence except PR. Small arrows indicate discrepancies in PR-processing sites
that we investigated by ESI-MS. Those at the p10-CA junction and in SP reflect
sites requiring carboxypeptidase activity. The two sites between p2a and p2b
reflect a series of processing steps that remain to be definitively elucidated. (B)
SDS-PAGE analysis of in vitro cleavage products. P60 in 50 mM sodium acetate
(pH 6.0)–600 mM NaCl was treated with AMV PR for 16 h at 378C and analyzed
for the extent of cleavage by SDS-PAGE. Gels were stained with Coomassie
blue. Lanes: a, PrC RSV virus (10 mg); b, P60 (5 mg); c, P601 PR (100:1, 10 mg);
d, P60 1 PR (1,000:1, 10 mg). Arrowheads mark the positions of MA-p2a (1),
MA-p2a-p2b (2), and MA-p2a-p2b-10 (3). The unmarked band above MA-p2a-
p2b-p10 in lane d corresponds to the CA-SP-NC partial cleavage product. (C and
D) HPLC analysis of viral proteins. Aliquots of PrC RSV or P60-PR cleavage pro-
ducts (1,000:1 ratio) containing approximately 100 mg of total protein were dis-
solved in 150 ml of 6 M guanidine HCl–12.5 mM HEPES (N-2-hydroxyethylpipera-
zine-N9-2-ethanesulfonic acid; pH 8.0)–5 mM dithiothreitol and incubated at 378C
for 1 h. The samples were subjected to reversed-phase HPLC on a C4 column
(Vydac catalog no. 214TP104 column dimensions, 0.46 cm [inside diameter] by 25
cm) at ambient temperature. Bound components were eluted with a 30-min 0 to
70% gradient of acetonitrile in 0.1% trifluoroacetic acid at a flow rate of 1.4 ml/min.
The column effluent was monitored at 280 nm, and 0.5-min fractions were collected.
Aliquots of protein-containing fractions (50ml) were dried in a Speed Vac concen-
trator, dissolved in electrophoresis sample buffer, and analyzed by SDS-PAGE. The
identity of the samples is indicated in the figure. The peak eluting at 29 min as a
shoulder to the CA peak contains the 35-kDa CA-SP-NC partial cleavage product.
The remainder of the samples were concentrated 10-fold and subjected to ESI-MS.
(C) PrC RSV; (D) in vitro cleavage products.

TABLE 1. Analysis of PrC RSV Gag proteins by ESI-MS

Protein Positiona
Mass (Da)

Calculated Measured in virus

MAb 1–155 16,574.1 16,654, 16,574
p10 178–238 6,044.6 6,044
CAc 240–479 25,815.9 25,815, 25,683, 25,543
NCd 489–577 9,492.6 9,492
PR 578–701 13,609.9 13,609
MA-p19f 1–123, 1–129 13,176.3, 13,776.6 13,857, 13,777, 13,258, 13,177

a Positions refer to the sequence of the Gag precursor polyprotein (25).
b The calculated mass of MA assumes that Met-1 is acetylated (17). The

16,654-Da species corresponds to the phosphorylated form of MA.
c CA variants are due to processing at its C terminus (20). The 25,815-, 25,683-,

and 25,543-Da species account for 36, 9, and 55% of total CA, respectively.
d The original sequence data for PrC RSV revealed several amino acid vari-

ations for NC and p10 because sequencing was performed on cDNAs obtained
from a mixture of viruses (25). The molecular masses observed here indicate the
presence of the Lys-561-to-Thr variant for NC and the Ser-204-to-Pro variant for
p10. The calculated masses for NC and p10 are based on these variations.
Calculated and observed masses for recombinant NC and p10 reflect the pres-
ence of Lys at position 561 and Ser at 204 (Table 2).
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tidase activity, we infer that PR cleaves the Gag precursor at
the Met-239–Pro-240 site and that the methionine residue then
is removed by a carboxypeptidase. As discussed below, this
hypothesis is supported by the results of Gag protein cleavage
in vitro, which show formation of only the p10 species ending
in Met-239. An additional component in the p10 preparation
that we were unable to identify had a mass of 5,955 Da.
We described previously the characterization and origin of

three different CA components in ASLV (20). The species with
a mass of 25,815 Da, representing about a third of CA, has
exactly the theoretical mass, 25,815.9 Da, for CA with the C
terminus being Met-479, as originally inferred by carboxypep-
tidase analysis (2). The species with a mass of 25,543 Da, re-
presenting the majority of CA, has its C terminus at Ala-476,
with a predicted mass of 25,542.6 Da. This species is the prod-
uct of alternative processing by PR. The minor species with a
mass of 25,683 Da has its C terminus at Ala-478, with a pre-
dicted mass of 25,684.6 Da. This species thus is analogous to
p10, both of which lack a C-terminal Met residue.
The molecular mass of 9492 Da for NC agrees exactly with

the predicted mass for one of three known PrC RSV NC
variants (Table 1) previously identified by DNA sequencing
(25) and indicates that the virus characterized contains threo-
nine at position 561. No attempt was made to verify the pres-
ence of this residue, however. According to two earlier reports,
some NC molecules in ASLV are phosphorylated (6, 11). Later
reports also described a phosphorylated NC species (12, 13).
Therefore we checked the masses of the minor peaks in the
chromatogram for evidence of phosphate. No such evidence
was found. The discrepancy in part might be explained by the
confusion of NC and the MA fragments discussed above, which
comigrate in some SDS-PAGE systems. This possibility would
be consistent with the recent finding that in an RSV mutant
engineered to lack the single MA phosphorylation site, the
virions show no phosphorylated proteins whatsoever (16a).
Alternatively, it is possible either that NC phosphorylation is
highly transient and the phosphate was removed before anal-
ysis or that phosphorylation occurs on such a small fraction of
the NC molecules that it was not detected.
The predicted and observed masses for PR agreed exactly,

FIG. 2. Analysis of MA and its related products by ESI-MS. The MA-related proteins from PrC RSV and in vitro cleavage of P60 were analyzed by ESI-MS on
a VG Quattro II triple quadrupole mass spectrometer equipped with an electrospray ion source. A volume of 20 ml of HPLC-purified MA in 50% water–50%
acetonitrile (with 0.1% trifluoroacetic acid) was directly infused into the ion source at a rate of 5 ml/min. Scans were acquired throughout the sample infusion. All
ESI-MS data were acquired and stored in profile mode and were processed by using the VG MassLynx data system. (A) Mass/charge data that were collected for MA
from virus; (B) Molecular mass spectrum for MA generated from the data shown in panel A. Peak assignments that were generated by the data system are shown. The
molecular mass spectra for in vitro-cleaved MA after digestion with PR at PR:P60 ratios of 1:100 (C) and 1:1,000 (D) are shown.
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13,609.9 and 13,609 Da, respectively (Table 1). In addition, the
mass spectrum for PR contained a minor component with mass
of 13,294 Da. We infer that this form is a proteolytic product
of PR that is missing the tripeptide Leu-Ala-Met at the N
terminus (predicted mass of 13,294.5 Da). The truncated form
accounts for 7% of the PR by peak height. The observation of
an alternative processing site near the junction between NC
and PR is consistent with analyses of a mutant virus with a
defective cleavage site between NC and PR (24a).
Analysis of proteins generated by cleavage in vitro. Process-

ing of the Gag polyprotein precursor was tested in vitro with a
purified recombinant protein expressed in E. coli as a sub-
strate. This protein, here referred to as P60, consists of the Gag
polypeptide beginning at the natural initiating methionine res-
idue and terminating at the last residue of NC, Ser-577. The
sequence of P60 thus is identical to that of Gag except that it
is missing the PR domain (Fig. 1A). The purification of P60
consisted of solubilization of inclusion bodies at pH 12, neu-
tralization, ammonium sulfate precipitation, and chromatogra-
phy on phosphocellulose, yielding a protein that was over 95%
pure and soluble at neutral pH and 0.5 M NaCl to greater than
1 mg/ml (4a). Some in vitro cleavage experiments also were

performed with a shorter Gag protein, CA-SP-NC, purified as
described previously (4). Purified PR obtained from avian my-
eloblastosis virus (AMV) by extraction with chloroform-meth-
anol (10) was used as the enzyme. Cleavages were performed
at pH 5.5 or pH 6.8 at enzyme-to-substrate ratios of 1:100,
1:1,000, and 1:2,000 and for 3 or 18 h at 378C. The SDS-PAGE
profiles from pH 5.5, 18-h digests of P60 treated with PR at
ratios of 1:100 and 1:1,000 appeared similar, with both treat-
ments promoting the formation of CA, MA, and NC-like prod-
ucts (Fig. 1B, lanes c and d). However, at the lower protease
concentration, some larger polypeptides were apparent and
the yield of MA was reduced, indicating incomplete digestion.
The products were separated on the same reversed-phase C4
column described above (Fig. 1D for the 1:1,000 sample; data
for the 1:100 sample are not shown). At the characteristic
elution point for MA, bands with apparent masses of 17, 19, 23,
and 35 kDa on SDS-PAGE were observed. The ratios of these
MA-containing forms differed considerably at the two protease
concentrations, indicating that the larger polypeptides were
incompletely digested forms of MA. The elution profiles of NC
and CA were the same as those for the mature proteins (Fig.
1C), while p10 eluted 1 min later and MA eluted 3 min earlier
than the corresponding virion proteins.
Selected HPLC samples were analyzed by ESI-MS. Results

from these analyses are presented in the individual mass spec-
tra indicated below and are summarized in Table 2. Each of the
products was readily identified by its molecular mass. Several
conclusions are apparent from these studies. For NC, process-
ing led to the predicted NC cleavage product. Similarly, pro-
cessing yielded the predicted p10 product ending in Met-239.
For CA, at both of the PR concentrations tested, processing
was incomplete, yielding CA-SP, i.e., CA with the spacer pep-
tide attached to its C terminus. None of the mature CA species
found in virions was detected. In parallel experiments we also
investigated in vitro processing of the shorter Gag product
CA-SP-NC. This species also was converted to CA-SP under
standard digestion conditions. However, it could be converted
to mature CA after prolonged treatment with higher doses of
protease. Table 2 shows the results from a study in which 150
mg of CA-SP-NC was treated with 3 mg of PR for 2 h or with
9 mg of PR for 18 h. The mature CA forms with masses of
25,815 Da and 25,543 Da, resulting from cleavage at Ala-476
and Met-479, were detected only at the higher protease con-

FIG. 3. Analysis of p10 by ESI-MS. The p10 products from PrC RSV and in
vitro cleavage of P60 were analyzed by ESI-MS. The molecular spectra for p10
from virus (A) and from in vitro cleavage of P60 (B) are shown (mass assign-
ments were generated by the data system).

TABLE 2. Analysis of in vitro-cleaved Gag products by ESI-MS

Protein Position

Mass (Da)

Calculated Measured (in
vitro cleaved)

P60 cleavage data
MAa 1–155 16,532.1 16,532
p10 178–239 6,165.7 6,166
NC 489–577 9,464.6 9,461
CA-SP 240–488 26,756.8 26,756
MA-p2a 1–164 17,389.1 17,388
MA-p2a-p2b (p23) 1–177 18,599.4 18,598
MA-p2a-p2b-p10 (p35) 1–239 24,749.2 24,747
P60 1–577 60,934.9 60,938

CA-SP-NC cleavage data
CA (low protease concn) 240–488 26,756.8 26,754
CA (high protease concn) 240–479 25,815.9 25,815, 25,543
CA-SP-NC 240–577 36,203.0 36,200

a The observed mass for MA implies that the cleavage product starts with a
free methionine at position 1. The calculated mass is based on this conclusion.
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centration and longer incubation time. There was no evidence
of the CA moiety at Ala-478 under any of the cleavage condi-
tions tested.
For MA, as expected, all the protein generated by in vitro

cleavage was present in a nonacetylated form with no evidence
for phosphorylation. The slight difference in the HPLC profiles
of natural and recombinant MA presumably reflects the effect
of acetylation. Molecular masses for the other MA-containing
cleavage products indicate cleavages at Asn-164, Gly-177, and
Met-239. These species thus correspond to MA-p2a, MA-p2a-
p2b, and MA-p2a-p2b-p10, respectively (Table 2). We infer
that MA-p2a-p2b and MA-p2a-p2b-p10 account for the p23
and p35 species that are often detected in virus and after
digestion of the Gag precursor with PR (28, 29, 30). The
molecular mass of MA-p2a indicates that Asn-164–Cys-165 is a
specific PR cleavage site and supports our previous hypothesis
that p2a ends with Asn-164 (19). In this earlier study we had
been unable to account for the Cys-165–Ala-166 junction pep-
tide that is absent from both p2a and p2b in the mature virus.
To further investigate processing of p2 we tested the ability

of PR to cleave the synthetic peptide Ile-Gly-Cys-Asn-Cys-Ala-
Thr-Ala-Ser-Ala, which spans the p2a-p2b cleavage site.
Twenty micrograms of the peptide was incubated at 378C for
40 h with 4 mg of AMV PR in 100 ml of 50 mM sodium acetate
(pH 5.5)–900 mM NaCl. The reaction mixture was desalted on
a Superdex peptide HR10/30 column (Pharmacia), and the
peptide-containing fractions were analyzed by ESI-MS (data
not shown). The peptide proved to be an excellent substrate
for PR, being cleaved at 10 times the rate of the CA-SP pep-
tides that we had tested previously (20). As expected, the major
products in this reaction were the tetrapeptide and hexapep-
tide predicted by cleavage after Asn-164. However, in different
experiments, between 30 and 50% of the peptide was cleaved
instead between the residues corresponding to Ala-166 and
Thr-167. Thus, the peptide contains two potential cleavage
sites for PR, separated by two residues. Since the alternative
product was not detected in the analysis of products of in vitro
cleavage of the recombinant P60 protein, we infer that structural
constraints in the protein prevent access of PR to one of the sites.
Together these data suggest the model that in vivo PR first

cleaves at the Asn-164–Cys-165 site to generate the p2a pre-
viously characterized in virions (19) and a p2b-related peptide
with Cys-Ala attached at its N terminus. According to this
model, Cys-Ala is then removed by an aminopeptidase to gen-
erate the mature p2b species. PR presumably is incapable of
removing the dipeptide since it has no exopeptidase or dipep-
tidase activity. While there are no published data directly bear-
ing on the possibility that RSV particles carry host proteases,
an aminopeptidase activity has been reported in murine leu-
kemia virus, providing a precedent for this possibility in the
avian system (31). An alternative model to account for the
results is that cleavage in the maturing virion takes place at
either of two sites, after Asn-164 or after Ala-166, as suggested
by the results of cleavage of the peptide described above. This
would lead to two different p2a species and two different p2b
species. This model would then require that for unknown rea-
sons in the analysis of these peptides reported previously (19)
only one of each of the pairs of peptides was recovered. In any
case, the fact that similar yields of the p2 peptides were ob-
tained from PrC RSV and from AMV indicates that processing
in this region is the same in diverse ASLV.
Many studies on the cleavage of synthetic peptides by ret-

roviral proteases have been reported (for example, see refer-
ence 3 for references on ASLV). Our evaluation of the p2a-
p2b junction peptide adds to the list of ASLV Gag cleavage
sites tested in peptide. In its ability to be processed at either of

two adjoining sites, separated by two amino acid residues, the
sequence represented in this peptide is analogous to that at the
C terminus of CA. Perhaps two closely spaced sites reflects
evolutionary pressure to ensure cleavage in a particular region.
In the analysis of peptide substrates as models for processing

sites in the Gag precursor, the p2b-p10 junction peptide in
ASLV was found to act as a competitive inhibitor of PR,
binding tightly to the enzyme but being hydrolyzed slowly (3).
These results led the investigators to speculate that this cleav-
age site might play a role in the regulation of cleavage in vivo
and, in particular, in the slow maturation of MA. On the basis
of these observations, one might predict a build-up of the
p2b-p10 species in our experiments with Gag protein processed
in vitro. In fact, we found no evidence for such a cleavage
product, even at a low PR concentration. Discordance between
the cleavage of a sequence in a peptide and its cleavage in a
protein is not surprising, however, since the folding of the
protein may either prevent or enable access of PR to a site.
The discrepancy in the molecular masses of p10 generated in

vitro and p10 found in virions is highly surprising, although it
is consistent with a previous analysis of this protein (18). The
6,166 Da molecular mass for in vitro cleaved p10 revealed that
Met-239–Pro-240 is the PR cleavage site between p10 and CA.
The fact that the predominant form of p10 in virions is missing
the predicted C-terminal methionine residue suggests strongly
that a carboxypeptidase is incorporated into virions. It is pro-
vocative that the minor component of CA ending at Ala-478
also is missing a C-terminal methionine residue, compared
with the more common component ending at Met-479, and
that both have an Ala residue preceding Met. Thus we specu-
late that both proteins are generated by the same carboxypep-
tidase activity. The fact that both AMV and RSV, which were
derived from very different cell types, showed similar amounts
of the des-methionine forms of p10 and CA suggests that
incorporation of this putative carboxypeptidase is a common
feature in ASLV.
The ESI-MS data presented here refine the currently ac-

cepted structural predications for ASLV viral Gag proteins
and provide a glimpse of the structures of various intermediate
and minor Gag proteins that have been observed in virions or
in in vitro processing studies but whose structures were un-
known. The data reveal unexpected features of proteolytic
processing that should stimulate further studies. The accuracy
of modern mass spectrometers has revolutionized the ability to
evaluate protein structure. Current systems can detect an error
of less than 1 Da for a protein of 150 amino acids and are
useful for analyzing the masses of proteins up to 200 kDa. The
ability to rapidly test structure by MS will simplify the means by
which critical size data are obtained, allowing for more highly
controlled structure-function analysis.
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