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Asthma is increasing in prevalence worldwide as a result of factors associated with a Western
lifestyle. However, simple and reliable diagnostic and prognostic markers are yet to be found.
In an attempt to identify protein biomarker profiles among small molecular weight ranges, we
employed an approach combining liquid chromatography with mass spectrometry, instead of
two-dimensional gel electrophoresis (2-DE), which has previously been used to analyze pro-
tein expression patterns. Here we described its application to compare plasma peptides from
control and chronic asthma mice. Peptides were quantitatively profiled as a multidimensional
peptide mass fingerprint by a combination of reverse-phase high-performance liquid chro-
matography and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry.
They were identified by peptide mass fingerprinting using matrix-assisted laser desorption/
ionization time-of-flight/time-of-flight tandem mass spectrometry. In this study, we quantita-
tively identified the fragment f of complement 3 (C3f), which is important in inflammation. C3f
was significantly higher in controls than chronic asthma mice. Our strategy allowed the
detection and identification of different plasma peptides between control and chronic asthma
mice on a proteomic scale. Therefore, these results suggest that native small peptides
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detected by non-2-DE techniques may be useful and specific biomarkers of disease.
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1 Introduction

Asthma is a major public health problem worldwide, with
morbidity and mortality increasing in the past two dec-
ades [1, 2]. Even though antigen-induced IgE production,
airway inflammation, and airway hyper-responsiveness
[38-5] are well documented in patients with allergic asthma
and in animal models [6, 7], simple and reliable diagnostic
and prognostic markers are still not developed for the
detection of the different types of asthma.
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In the levels of MRNA and protein, protein changes do not
always parallel corresponding mRNA expression and are
frequently altered without similar mMRNA changes [8, 9]. In
the largest sense, phenotypes are determined by proteins
[10]. A protein-based approach to reveal heterogeneous
gene expression is advantageous because it identifies
biologically relevant phenotypes and may advance the
understanding of the pathology of asthma. The latter may
also enable the development of new diagnostic and
prognostic markers [11].

At present, the standard proteomic tool is 2-DE in com-
bination with MS. However, detection is restricted to p/
between 4 and 10 and proteins within an M, range of 10—
200kDa[12]. Thus, peptides or small proteins (0.5-10 kDa),
such as hormones, chemokines, and growth factors,
which are central to biological processes, are not detect-
ed by 2-DE. Although Tris-Tricine gels help separate small
proteins and peptides [13], this method cannot display
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the whole low molecular weight proteome or peptidome.
However, chromatographic separation is a powerful
technique for protein purification, and for low molecular
weight proteome display. In particular, HPLC is suitable
for separating peptides and small proteins with good
resolution [14]. A nonporous RP-HPLC technique was
employed for the proteomic analysis of premalignant and
cancer cell lines [15]. RP-HPLC methods used in the
above studies are especially attractive for the fractiona-
tion of complex biological samples for MALDI-TOF MS
based proteomic studies. Recently, BioVisioN (Hannover,
Germany) established the field of peptidomics, defined as
the comprehensive qualitative and quantitative descrip-
tion of peptides in biological samples, and developed a
new concept for the analysis of peptides, Differential
Peptide Display (DPD) [14]. For example, comparison of
peptide patterns between controls and patients with
lymphoma revealed obvious differences in peptide con-
tent. DPD extends 2-DE: the x-, y-, and z-axes indicate
molecular mass, chromatographic fraction, and mass
spectrometric intensity, respectively [16, 17]. Escoubas et
al. generalized the combination of HPLC and MALDI-TOF
MS to evaluate quantitative and qualitative variation in
tarantula spider venom [18]. Although their HPLC venom
profiling appeared to be highly reproducible, MALDI-TOF
MS analysis could not be considered quantitative under
their experimental conditions and m/z values were less
accurate.

Accordingly, our main goal is differential comparative
analysis of small proteins and identification of specific
biomarkers for disease detection by a ‘gel-free’ format
using a non-2-DE method. Here we demonstrate the use
of liquid chromatography combined with MALDI-TOF MS
as part of a technology for the analysis of relatively differ-
ential peptides in control and chronic asthma mice.

Asthma is a chronic inflammatory disease of the airway
that arises as a result of inappropriate acquired immuno-
logical responses to common environmental antigens
[19]. Several biological interactions in the complement
pathway that are likely to contribute to the development
of asthma involve a potent proinflammatory mediator
generated early in inflammatory reactions by proteolytic
cleavage of complement 3 (C3) [20]. Elevated levels of
complement anaphylatoxin peptides have been observed
in the lungs of asthmatic patients [21]. Specifically, using
C3-deficient mice as an asthmatic model has forced the
importance of complement in asthma [22]. Complement
proteins in blood plasma are major proteins in terms of
concentration and function, and are very important in
innate and adaptive immunity. Among complement pro-
teins, C3 has been deposited covalently as C3b on a
membrane. Proteolytic processing of C3 may result in the
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generation of fragments including C3a and C3f. To our
knowledge, the generation of C3f fragments has not been
previously associated with chronic asthma. However, we
found that C3f fragments were produced less abundantly
in chronic asthma mice than in control mice.

2 Materials and methods

2.1 Animals

Female BALB/c mice (5 weeks old) purchased from
Japan SLC (Hamamatsu, Japan) were maintained in the
animal facility at the National Genome Research Institute
of Korea National Institute of Health. Mice were treated in
accordance with standard guidelines for laboratory ani-
mal care. The experiments were approved by the Animal
Care Committee, Korea National Institute of Health.

2.2 Antigen sensitization and challenge

The numbers of control and chronic asthma mice were
prepared 8 and 8, respectively. Mice were sensitized on
days 0 and 6 of the experiment by two intraperitoneal
injections of 20 pg chicken egg ovalbumin (OVA, grade V,
Sigma, St. Louis, MI, USA) emulsified in 1 mg of aluminum
hydroxide (Pierce, Rockford, IL, USA) in a total volume of
200 pL. Two weeks after the last sensitization, mice were
exposed to 1% w/v OVA aerosolized for 30 min/day, 3
days/week for 6 weeks. OVA challenge was performed by
placing mice in a Plexiglas box (29 x22x 18 cm) and
aerosolizing OVA using an ultrasonic nebulizer (NE-U12;
Omron, Tokyo, Japan) driven by compressed air for
30 min. Mice challenged with PBS served as controls.
Experimental groups were sacrificed 48 h after the last
exposure.

2.3 Mouse plasma

All mice were anesthetized with pentobarbital sodium
(100 mg/kg, intraperitoneal) and then bled by retro-orbital
puncture using heparinized capillary tubes. Blood sam-
ples were centrifuged at 16 100 x g for 10 min at 4°C, and
then plasma samples were stored at —70°C until sub-
sequent use.

2.4 Measurement of total IgE in plasma

All plasma samples from each experimental group were
analyzed for total IgE. Complementary capture and
detection antibody pairs for mouse IgE antibodies were
purchased from PharMingen (San Diego, CA, USA), and
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the IgE ELISA was performed according to the manu-
facturer’s directions. Duplicate plasma samples were
diluted 1:100. IgE levels in each sample were measured
from optical density readings at 405 nm, and IgE con-
centrations were calculated from a standard curve gen-
erated using recombinant IgE (5-2000 pg/mL).

2.5 Histologic examination

After removal of blood, lungs were slowly perfused with
10 mL PBS via the right ventricle, and then were perfused
with 4% w/v paraformaldehyde and immersed in fixative
solution overnight. Lungs were embedded in paraffin, and
5 um sections were stained with hematoxylin and eosin
(H&E). The slides were evaluated by microscopy. Inflam-
mation was scored by two independent blinded investi-
gators. The degree of peribronchial and perivascular
inflammation was evaluated on a subjective scale of 0-3,
as described elsewhere [23]. A value of 0 was assigned
when no inflammation was detectable, a value of 1 indi-
cated occasional cuffing with inflammatory cells, a value
of 2 indicated most bronchi or vessels were surrounded
by a thin layer (one to five cells) of inflammatory cells and
a value of 3 indicated most bronchi or vessels were sur-
rounded by a thick layer (more than five cells) of inflam-
matory cells. Total lung inflammation was defined as the
average of the peribronchial and perivascular inflamma-
tion scores.

2.6 Liquid chromatography

Plasma samples stored at —70°C were pooled from 4
mice per group. The samples were diluted 1:1 with normal
saline solution. The diluted samples were filtrated through
a 50 kDa molecular mass centrifugal filter devices (Cen-
tricon YM-50, Millipore, Billerica, MA, USA). Peptides
amounts in the filtrated samples were measured using the
Bio-Rad protein assay (Bio-Rad, Veenendaal, The Neth-
erlands). The samples were analyzed by the Biocad-
Vision™ workstation (Applied Biosystems, Framingham,
MS, USA) using a 4.6 x 250 mm Symmetry300 RP-HPLC
column (Waters, Milford, MA, USA). Two mobile phases, A
(0.1% v/v TFA) and B (0.1% v/v TFA, 90% v/v ACN), were
used for all samples. All mobile phases were filtered
(0.22 um filter for organic solvent; Millipore). All solvents
were HPLC-grade. The filtered samples were injected
(90 pL) with a linear gradient of 0% to 90% ACN (0-100%
mobile phase B), a running time of 75 min and 32 fractions
were collected at a flow rate of 1 mL/min. Protein
absorption was monitored at 254 nm. All separated com-
ponents were automatically collected in 2 mL micro-
centrifuge tubes, and vacuum-evaporated to dryness
using a Speed Vacuum Concentrator (Heto-Holten,
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Camberley, UK). The dried components were dissolved in
6 uL of 0.1% v/v aqueous TFA, and stored at 4°C until use.
Specific separated components containing the proteins
of interest were identified by MALDI-TOF/TOF-MS/MS.

2.7 Mass spectrometry

The dissolved components were resuspended (1:2 v/v) in
a mixture of 5 mg CHCA (matrix) and 5 mg L-fucose (co-
matrix) in 60% v/v ACN/0.1% v/v TFA with 400 nm bovine
insulin (all purchased from Sigma). Samples were depos-
ited in total volume of 1 puL on the MALDI target, followed
by ambient temperature air drying. External calibration
was performed with calibration mixture 2 (Sequazyme™
Peptide Mass Standards Kit, Applied Biosystems, Foster
City, CA, USA). One hundred laser shots were collected
from each location and twenty different locations were
collected to generate the MALDI-TOF spectrum. The
accelerated ions were analyzed in a MALDI-TOF MS
(Voyager-DE STR, Applied Biosystems) in linear mode
with delayed extraction. After the Noise Filter/Smooth
and Centroid, the mean areas of the mass spectra were
obtained using Data Explorer software V4.0 in MALDI-
TOF MS.

2.8 Differential peptide display

All data were statistically analyzed, including peak area
recognition and visualization by Microsoft Excel (Micro-
soft Corp.). The x-, y-, and z-axes were represented by
the molecular mass, chromatographic fraction and mass
spectrometric peak area, respectively. All different mass
spectrometric peak areas were obtained to compare dif-
ferentially expressed patterns between two groups.
Bovine insulin (400 nm) was used as an internal standard.
The z-axis was determined by comparing the peak area
ratio of each peak to insulin. In the chart, every mass peak
is depicted as the size of bubble for visual analysis. This
comparative analysis was confirmed at least four times.
Some peptides that appeared with more than 2-fold
expression differences between the experimental groups
were analyzed by MALDI-TOF/TOF-MS/MS (4700 Prote-
omics Analyzer, Applied Biosystems) in reflectron mode
with delayed extraction. This TOF/TOF instrument was
equipped with an Nd:YAG laser set at a wavelength of
355 nm and a repetition rate of 200 Hz in MS/MS mode.
All measurements were made in automatic mode. For
protein identification, the mass spectra were saved in
Mascot generic file format and submitted to the Mascot
database search engine (www.matrixscience.com). The
Mascot search parameters were as follows: (1) enzyme;
none; (2) species; mus musculus; (3) allowed number of
missed cleavages; 1; (4) possible post-translational
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modifications; N-acetyl, oxidation of methionine, phos-
phorylation of serine, threonine and tyrosine; (5) peptide
tolerance; =50 ppm; (6) MS/MS tolerance; =0.5 Da; and
(7) peptide charge; 1+.

2.9 Quantitation

To evaluate quantitatively the data, insulin B (bovine
insulin chain B, oxidized) spiked with insulin was dose-
dependently measured and intensities compared. Insulin
B (1 um to 5 pum) was resuspended (1:2 v/v) in a mixture of
5 mg CHCA and 5 mg L-fucose in 60% v/v ACN/0.1% v/v
TFA with 400 nwm insulin and deposited in a final volume of
1 uL on the MALDI target. The amounts of insulin B were
determined by comparing the peak area ratios of insulin B
to insulin. The intensity of dose-dependent insulin B from
20 spectra was represented by mean = SD.

2.10 Statistical analysis

Values are expressed as the mean = SEM. Differences
between the groups (Control and chronic asthma mice)
were determined by Student’s t-test. A p value < 0.05
was considered statistically significant.

3 Results

3.1 Total plasma IgE and histologic examination
in control and chronic asthma mice

Levels of total IgE were determined by ELISA 48 h after
the last challenge. The levels of total plasma IgE were
higher for all chronic asthma mice than all control mice.
The concentrations of total IgE in the control and chronic
asthma mice were 0.17 = 0.05 and 3.15 = 0.42, respec-
tively (mean = SEM, n = 8, p < 0.05) (data not shown). To
evaluate airway inflammation, we stained lung sections
with H&E. Peribronchial and perivascular inflammatory
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infiltrates were clearly observed in airways of chronic
asthma mice relative to control mice (Fig. 1). Inflammation
scores were calculated for each experimental group as
described in Section 2.5. The score of total lung inflam-
mation was statistically higher in chronic asthma mice
than in control mice. The scores in the control and chronic
asthma mice were 0.26 = 0.04 (n=4)and 1.92 = 0.01 (n =
4), respectively, with significantly different inflammation
scores (p < 0.05).

3.2 Analysis of differential plasma peptides

Plasma from each mouse was pooled into control and
chronic asthma group. A cut-off membrane was used to
remove very abundant plasma proteins such as albumin,
immunoglobulin G, and lipid droplets that could interfere
with chromatography (Fig. 2A). The filtered plasma con-
tained low molecular weight proteins or peptides, corre-
sponding to the peptidome [24]. Peptidome was separated
into 32 fractions by the C18 RP-HPLC column (Fig. 2B).
The retention times of major peptide peaks from repeatedly
loaded plasma filtrates were identical when monitored by
UV observance. The m/z and peak areas of major peptides
in each fraction were measured using MALDI-TOF MS
(Fig. 2C). The same m/z peptide peaks (tolerance; +=0.5
Dalton difference) within fractions and in nearby fractions
were considered as identical peptides. The m/z and peak
areas of major peptides contained in each fraction were
highly reproducible under our conditions (data not shown).
All different mass spectrometric signals were statistically
analyzed to confirm differentially expressed patterns be-
tween two groups. All mass peaks were displayed in virtual
bubble form (Fig. 2D). The arrows in Fig. 2D indicate differ-
entially expressed peptides in the 20th fraction. The 2D
display data of the virtual bubble were subjected to de
novo sequencing using MALDI-TOF/TOF-MS/MS (Fig. 2E).
The de novo sequencing data were analyzed using the
Mascot program and corresponding databases. In the 20th

Figure 1. Representative pho-
tomicrographs of H&E-stained
whole-lung sections from A,
control mice and B, chronic
asthma mice. Objective
lens x200. Arrow indicates
areas of peribronchial inflam-
mation.
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Figure 2. Schematic representation of the differential peptide display process. (A) Peptides from plasma samples of each
experimental group were prepared through a 50 kDa cut-off membrane. (B) The peptides were separated by RP-HPLC into
32 fractions. (C) Each chromatographic fraction was analyzed by MALDI-TOF MS to generate data. (D) All 32 mass spectra
were displayed in bubble form of the Chart Option in Microsoft Excel. This chart displayed the abundance of differential
peptides by each different color. (E) Peptides from differential spots from the two charts were identified by MALDI-TOF/

TOF-MS/MS.

fraction, a peptide with an observed molecular mass of
1227.65 Da was identified as the C3f-cleaved peptide
(RLLWENGNLL) and its MALDI-TOF/TOF spectrum is
presented in Fig. 2E.

3.3 Quantitative comparison of relative peptide
concentrations

To quantitatively evaluate the ionization efficiency of the
different peptides, we compared relative concentrations
of insulin B to insulin (Fig. 3A). To compensate for varying
laser intensities and spot-to-spot differences in sample
composition that give rise to fluctuations in analyte ion
signals, twenty 100-laser-shot MALDI-TOF spectra were
taken from each sample. The spectra acquired at different
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positions on a single sample spot showed minimal varia-
tion in peak intensity and flight times, and the influence of
matrix crystallization appeared negligible. The normalized
integral was dose-dependently represented by insulin B
(Fig. 3B). These results show that MALDI-TOF spectra are
highly reproducible within samples, and the concentration
range is scanned with good linearity.

3.4 Comparison and Identification of peptides
differentially expressed in control and
chronic asthma mice

For comparative analysis, the two groups were overlaid in
a single chart. The m/z range was limited to 0.8-7 kDa.
The mass chart shows differential peptide expression in
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Figure 3. Standard curve for the quantification of insulin B (M, = 3496.9), with insulin (M, = 5734.6) as the internal standard.
(A) Representative spectra of data used to generate the working curve. Insulin B concentrations of 1-5 pum were investi-
gated. Insulin (400 nm) was used as an internal standard. (B) Working curve generated from the data represented in (A). The
serial range was highly reproducible, with only small variations in five repetitive trials. Error bars reflect the standard
deviations of 20 repetitive 100-laser-shot spectra taken from each concentration.

two groups. Areas in the chart correspond to the peptide The abundant peaks in both groups were common sera
amounts per each peak (Fig. 4). We proceeded to peptides, such as fibrinogen and C3. The fragments of fi-
sequence the distinctive peaks in both control and brinogen observed as common peptides are shown in
chronic asthma mice using MALDI-TOF/TOF-MS/MS. Table 1. MALDI-TOF/TOF analysis recorded the presence

493

Fraction

800 miz TEIDIJ’

Figure 4. Virtual two-dimensional chart. The differential peptide chart was generated from plasma
samples of control and chronic asthma mice. Each horizontal line represents an HPLC fraction and
each bubble represents mean area of a peptide, and displayed in different colors (control mice, white;
and chronic asthma mice, black). The arrows indicated examples of differentially expressed peptides.
The peptide masses are given in Table 2.
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Table 1. Fragment series of fibrinogen identified by MALDI-TOF/TOF-MS/MS

No. Protein name M, fragment  Amino acid sequence
(observed)

1 Fibrinogen A alpha polypeptide 1479.64 EDKGEFLSEGGGVR

2 Fibrinogen A alpha polypeptide 1580.69 TEDKGEFLSEGGGVR

3 Fibrinogen A alpha polypeptide 1640.67 TDTEDKGEFLSEGGGV

4 Fibrinogen A alpha polypeptide 1695.72 DTEDKGEFLSEGGGVR

5 Fibrinogen A alpha polypeptide 1727.89 SEAHREGETRNTKRG

6 Fibrinogen A alpha polypeptide 1758.82 DEAGSEAHREGETRNT

7 Fibrinogen A alpha polypeptide 1796.78 TDTEDKGEFLSEGGGVR

8 Fibrinogen A alpha polypeptide 1829.85 ADEAGSEAHREGETRNT

9 Fibrinogen A alpha polypeptide 1855.95 AGSEAHREGETRNTKRG
10 Fibrinogen A alpha polypeptide 1960.91 MADEAGSEAHREGETRNT
11 Fibrinogen A alpha polypeptide 1969.96 GDFATRGPGSKAENPTNPGP
12 Fibrinogen A alpha polypeptide 1984.99 EAGSEAHREGETRNTKRG
13 Fibrinogen A alpha polypeptide 2100.04 DEAGSEAHREGETRNTKRG
14 Fibrinogen A alpha polypeptide 2273.01 SQLQEAPPEWKALTEMRQM
15 Fibrinogen A alpha polypeptide 2327.19 DEAGSEAHREGETRNTKRGRA
16 Fibrinogen A alpha polypeptide 2529.29 MADEAGSEAHREGETRNTKRGRA
17 Fibrinogen A alpha polypeptide 2908.58 DEAGSEAHREGETRNTKRGRARAPPT
18 Fibrinogen B beta polypeptide 1820.87 EEPPSLRPAPPPISGGGY
19 Fibrinogen B beta polypeptide 1949.01 KEEPPSLRPAPPPISGGGY
20 Fibrinogen B beta polypeptide 2105.12 RKEEPPSLRPAPPPISGGGY
21 Fibrinogen gamma polypeptide 2433.12 AIQVYYNPDQPPKPGMIDSATQ

of the fibrinogen A alpha peptides and B beta peptides
progressively missing amino acids from their N termini,
and a fibrinogen gamma peptide. The known amino acid
sequence of C3f is SSATTFRLLWENGNLLR, but the
peptide sequences we observed were partially degraded
forms of C3f resulting from progressive loss of amino
acids from its N- or C-terminus (Table 2). The C3f frag-
ments were digested progressively from the N-terminus
by the action of N-terminal exopeptidase [25], and C-ter-
minal arginines were digested by carboxypeptidase N
[26]. The C3f fragments were significantly higher (over
2-fold) in control mice than chronic asthma mice in Fig. 5A.
Several differences in the bubble chart (Fig. 5A) were
confirmed by referring to the mass spectra (Fig. 5B). The

Table 2. N-terminal deletion series of C3f identified by
MALDI-TOF/TOF-MS/MS

No. M, fragment Amino acid sequence

(observed)
1 845.36 WENGNLL
2 958.44 LWENGNLL
3 1071.52 LLWNGNLL
4 1227.65 RLLWENGNLL
5 1374.69 FRLLWENGNLL
6 1475.73 TFRLLWENGNLL
7 1821.86 SSATTFRLLWENGNLL

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

concentrations of peptides with m/z of 1227.65, 1374.69,
1475.73, and 1821.86 Da in the 21st fraction differed sig-
nificantly and were identified as fragments of C3f with the
sequences RLLWENGNLL, FRLLWENGNLL, TFRLLWEN
GNLL, and SSATTFRLLWENGNLL, respectively. The C3f
fragment (1071.52 Da) was also abundant in plasma
samples from control mice, but the 845.36 and 958.44 Da
C3f fragments did not vary significantly under our experi-
mental conditions. We also found other C3 fragments
(ILDISMMTG, SEETKQNEAFSLTAKGKG(R)).

4 Discussion

We used HPLC combined with MALDI-TOF MS as an
approach to quantitatively analyze differential peptide
expression in control and chronic asthma mice. This
technique is simple, reproducible, and inexpensive to
develop into a working assay. In addition, this procedure
is less time-consuming than 2-DE. Modern proteomic
methodologies have advanced the large-scale identifica-
tion of proteins, but are restricted to the analysis of pro-
teins with higher molecular masses (>10 kDa). Identifica-
tion of low molecular weight peptides and small proteins
is necessary, since hormones, cytokines and growth fac-
tors play an important role in many biological processes.
Peptides or small proteins are generated by activation or
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Figure 5. Detection of differentially expressed fragments of C3f. (A) The bubble from overlaid pep-
tides of both control (white) and chronic asthma (black) mice in the 21st fraction. (B) The peaks with
m/z of 1227.65, 1374.69, 1475.73, and 1821.86 were abundant in the control mice but were detected

only at low levels in chronic asthma mice.

inactivation processes on cell surfaces or secreted pro-
teins. Most rapidly responding physiological processes,
including blood clotting and complement activation
selected zymogen cascade systems, leave huge
amounts of peptides in plasma. In order to comprehen-
sively analyze all peptides or small proteins in a whole
organism or a subsystem (peptidome), other technologies
than 2-DE are necessary.

Mass spectrometry in combination with LC has already
been used in peptidomics research. Heine et al. used LC
ESI MS for the analysis of peptides in human urine sam-
ples [27]. A few peptides like granulin, urodilatin, and
angiotensin-l as well as fragments from larger proteins
were detected. Another study used online nano LC
MALDI-quadrupole-TOF MS to analyze differences in
neuropeptide expression between the motor cortex, the
striatum, and the thalamus [28]. Here, we combined

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

HPLC with MALDI-TOF MS in place of 2-DE to quantita-
tively analyze proteins. A 2D BioVisioN AG diagram had
previously been made by combining HPLC with MALDI-
TOF MS for peptides analysis. Data were subjected to
statistical analysis and peak recognition, and were visu-
alized with the in-house developed software package
Spectromania™. Selected peptides were analyzed by ESI-
quadrupole-TOF [10, 14, 17]. However, we generated a
simple 2D diagram using Microsoft Excel, and used an
internal standard to compensate for varying laser inten-
sities and spot-to-spot differences in sample composition
[29]. Furthermore, in contrast to ESI, the MALDI ionization
procedure mostly results in singly charged molecules,
making the spectra easier to interpret and compare. As a
control experiment, we compared relative concentrations
of insulin B to insulin (Fig. 3). Previously, Stoeckli et al.
compared ionization efficiencies of amyloid 3-(1-40) and
amyloid B-(1-42) to insulin in a concentration range from
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50 fmol/uL to 1 pmol/uL [30]. Thus, direct comparison of
signal intensities enables determination of relative pep-
tide concentrations from sample to sample. Further, when
internal standards are used and the peak area instead of
peak height is selected, quantification errors occur in the
range of 2-3% [31].

Using this quantitative method we tested plasma be-
tween control and chronic asthma mice. We found that
C3f fragments were produced less abundantly in chronic
asthma mice than in control mice. Complement may
impact key features of asthma. Recently a lot of evidence
has demonstrated that complement is contributed to the
pathogenesis of asthma. Many features of asthma
exacerbation such as smooth muscle contraction, mucus
hypersecretion, and recruitment of inflammatory cells are
consistent with actions of C3a [32, 33]. C3 is cleaved into
two fragments, C3a and C3b. Regulation of the cleavage
of C3is critical. Serine esterase factor | cleaves C3 into an
inactive product, iC3b, releasing a small peptide, C3f [34].
A key to the regulation of complement activation is com-
petition between factor B and factor H for binding to C3b
on membranes [35]. When C3b attached to the non-host
cell surface, including the pathogen or xenotransplanted
cell surface, C3b was not degraded by factor I. C3 is
cleaved and bound to the membrane in an amplification
step. This process requires another complement protein,
factor B. But when the cell attached to C3b is a host cell,
C3b is degraded into iC3b by factor | with factor H [36].
Therefore, factor B may be bound predominantly to C3b
rather than factor H for lasting inflammatory responses,
as in the case of chronic asthma, and then the C3b could
participate longer in the formation of a C3 convertase
enzyme. The C3f portion of C3b and the alpha fibrinogen
peptide A were much more predominant in sera of myo-
cardial infarction patients compared to control patients
[37]. However, we observed that the C3f peptide is gen-
erated and degraded continuously in normal plasma. In
particular, the levels of C3f fragments were increased in
control mice compared with asthmatic mice. To our best
knowledge, this is the first report to suggest that C3 is
continuously activated, degraded into C3f, digested fur-
ther and removed from the blood. C3f production almost
completely disappears in asthmatic mice. The mechan-
ism by which the continuous degradation is terminated is
unknown. This question should be addressed in the near
future. Many peptides, fibrinogens and other comple-
ments, were detected but were not significantly different
between both groups. Although there were several differ-
ent peptides, most peptides of over 3 kDa were not iden-
tified in this study, because of detection limitations of the
MALDI-TOF/TOF-MS/MS and differences in peptide ioni-
zation. Therefore, a more developed technical approach
is required to identify these peptides.

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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5 Concluding remarks

In summary, this result showed that measuring small pro-
teins in plasma can be identified with the advanced tech-
nique of MALDI-TOF MS. Furthermore, we suggest that
C3f fragments might be diagnostic markers for asthma,
and that the analysis of specific C3f fragment changes
might provide new insights into the mechanisms of this
disease. Further more experiments are needed to prove
that C3f fragments might be biomarkers for asthma. This
peptidomic method may assist in the development of new
biomarkers for various diseases like cancer, and should
be applicable in many fields.
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