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Abstract
Both mast cells and complement participate in innate and acquired immunity. The current study
examines whether β-tryptase, the major protease of human mast cells, can directly generate bioactive
complement anaphylatoxins. Important variables included pH, monomeric vs tetrameric forms of
β-tryptase, and the β-tryptase-activating polyanion. The B12 mAb was used to stabilize β-tryptase
in its monomeric form. C3a and C4a were best generated from C3 and C4, respectively, by monomeric
β-tryptase in the presence of low molecular weight dextran sulfate or heparin at acidic pH. High
molecular weight polyanions increased degradation of these anaphylatoxins. C5a was optimally
generated from C5 at acidic pH by β-tryptase monomers in the presence of high molecular weight
dextran sulfate and heparin polyanions, but also was produced by β-tryptase tetramers under these
conditions. Mass spectrometry verified that the molecular mass of each anaphylatoxin was correct.
Both β-tryptase-generated C5a and C3a (but not C4a) were potent activators of human skin mast
cells. These complement anaphylatoxins also could be generated by β-tryptase in releasates of
activated skin mast cells. Of further biologic interest, β-tryptase also generated C3a from C3 in human
plasma at acidic pH. These results suggest β-tryptase might generate complement anaphylatoxins in
vivo at sites of inflammation, such as the airway of active asthma patients where the pH is acidic and
where elevated levels of β-tryptase and complement anaphylatoxins are detected.

Although levels of both C3a and C5a are increased in bronchoalveolar lavage fluid obtained
from subjects with asthma (1–4), how they are produced in asthmatic airways is uncertain.
Efficient generation of these anaphylatoxins along with C4a is well known to occur during the
classical pathway of IgG/IgM Ag-dependent complement activation. However, because IgG/
IgM immune complexes are not typically associated with asthma, other mechanisms of
anaphylatoxin generation need to be considered. The lectin and alternative pathways could be
involved, but several proteolytic enzymes outside of these complement pathways also can
generate anaphylatoxin-like activity, including thrombin, elastase, monocyte protease,
kallikrein, and house dust mite protease (5–10). Mast cells are known to be activated in asthma
(11–14); mast cell hyperplasia in bronchial smooth muscle and mucus glands occurs in
asthmatic lungs (15–17); and mast cells are a rich source of proteases (18,19). Also, the acidic
pH of the airways of asthma subjects (20) may promote β-tryptase proteolytic activity (21–
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23). We hypothesize that mast cell-released β-tryptase may be responsible for anaphylatoxin
generation in the airways of asthma subjects.

Mast cell activation is triggered by several pathways. Classically, aggregation of FcεR1 by
allergen and IgE triggers release of the preformed mediators by degranulation and of newly
synthesized lipids, such as PGD2 and leukotriene C4, cytokines such as IL-5, IL-6, IL-8, IL-13,
TNF-α, and GM-CSF and chemokines such as MIP-1α, MIP-1β, and MCP-1 (18). Stimulation
through TLRs (24–28), the C5aR (CD88) and C3aR (29–32), and through FcγRIIa (33) also
may activate human mast cells to release such mediators.

Human mast cells have been separated into two types based initially on the protease
composition of their secretory granules; those from MCTC cells containing β-tryptase,
chymase, carboxypeptidase A3, and cathepsin G (18), and MCT cells containing only β-tryptase
and lacking chymase mRNA. These proteases are released along with histamine and
proteoglycans during granule exocytosis. MCT cells are found in small intestinal mucosa and
lung (particularly alveolar walls and near the surface of bronchi and bronchioles), whereas
MCTC cells are the dominant type of mast cell in intestinal submucosa, skin and conjunctiva,
and in bronchiolar smooth muscle and mucus glands of asthmatics. Functional surface
expression of CD88, the C5a receptor, on MCTC but not MCT cells, is an additional
distinguishing feature (34).

αβ-Tryptases in human mast cells are expressed by two genes on human chromosome 16,
TPSAB1 and TPSB2 (35). TPSAB1 is allelic for α-tryptase and β-tryptase in an ~1:1 ratio,
whereas TPSB2 encodes only β-tryptase. The α-tryptase gene is absent from the genome of
~25% of individuals, but when present yields a product that appears to be processed no further
than to α-protryptase, which is spontaneously released and lacks significant proteolytic activity
(36,37). The β-tryptase gene is universally expressed by all human mast cells, and yields a
product that is mostly processed to the fully mature, enzymatically active, heparin-stabilized
tetramer, which then is stored in secretory granules until degranulation occurs. β-Tryptase
cleaves at the carboxyl end of arginine and lysine residues in proteins, a specificity needed to
generate complement anaphylatoxins that each has arginine in the C-terminal position.

The quaternary structure of the β-tryptase homotetramer (38) restricts access of both high m.w.
(HMW)3 substrates and inhibitors to the active sites because these active sites face into the
small central pore of the tetramer. Consequently, nearly all biological protease inhibitors fail
to affect β-tryptase activity (39). The β-tryptase tetramer is proteolytically active in both acidic
and neutral pH buffers, though greater fibrinogenolytic activity occurs at acidic than neutral
pH. In contrast, a heparin-stabilized monomeric form of mature β-tryptase has been detected
at low concentrations of β-tryptase, which is inactive at neutral pH but active at acidic (pH 6
– 6.5) conditions (22,40). High concentrations of β-tryptase monomers can be formed with the
anti-αβ-tryptase mAb, B12, as well as the B12 Fab fragment, which dissociates heparin-
stabilized β-tryptase tetramers to monomers that, like free monomers, are inactive at neutral
pH but active at acidic pH (23). Active β-tryptase monomers, compared with tetramers, exhibit
an enhanced ability to cleave protein substrates and an enhanced susceptibility to inhibition by
HMW serine protease inhibitors at acidic pH. A previous study revealed that complement C5
was not cleaved by β-tryptase at neutral pH, whereas C3 was slowly cleaved to yield the
anaphylatoxin C3a in the absence of heparin (41). In the presence of heparin, cleavage of the
C3α-chain subunit by β-tryptase was also evident, but enhanced degradation of C3a appeared
to account for the absence of this anaphylatoxin in Western blots. The current study presents

3Abbreviations used in this paper: HMW, high molecular weight; LMW, low molecular weight; DS5K, dextran sulfate of 5000 Da;
DS500k, dextran sulfate of 500,000 Da.
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evidence that β-tryptase can generate anaphylatoxins C3a, C4a, and C5a in an acidic buffer in
vitro, and speculates that this could be important in the pathogenesis of human asthma.

Materials and Methods
Reagents

MES, HEPES, BSA, HMW heparin from porcine intestinal mucosa, low m.w. (LMW) heparin
from porcine intestinal mucosal (3 kDa), 500 kDa dextran sulfate (DS500K), 5 kDa dextran
sulfate (DS5K), histone, protamine, poly-L-lysine, lactoferrin, chromogenic substrate TGPK
(tosyl-Gly-Pro-Lys-p-nitroanilide), mouse IgG1 (MOPC 31C), 5-bromo-4-chloro-3-indolyl
phosphate/nitroblue tetrazolium tablets, p-nitrophenyl phosphate tablets, Percoll (density =
1.13 g/ml; Sigma-Aldrich); avidin (EMD Biosciences); alkaline phosphatase-conjugated goat
anti-mouse IgG (Fc specific; Jackson ImmunoResearch Laboratories); alkaline phosphatase-
conjugated streptavidin (Roche Molecular Biochemicals); chromogenic substrate S-2288 IPR
(H-D-Ile-Pro-Arg-p-nitroanilide; Chromogenix); protein A-agarose (Pierce); human
complement C3, C4, and C5; anaphylatoxins C3a, C3adesArg, C4a, C4adesArg, and C5adesArg;
rabbit anti-human C3a Ab, rabbit anti-human C4a Ab, rabbit anti-human C5a Ab, and human
C3-depleted serum (42) (Complement Technology); anti-CD117 and rabbit anti-C5aR (CD88)
(BD Biosciences) and recombinant human C5a (EMD Biosciences) were obtained as indicated.
Mouse anti-C5aR mAb that inhibit C5a binding to C5aR (S5/1) was obtained from Serotec.
Rabbit anti-human C3a Ab, rabbit anti-human C4a Ab, and rabbit anti-human C5a Ab are also
provided as a gift from Dr. T. E. Hugli (Torrey Pines Institute for Molecular Studies, San Diego,
CA). Mouse anti-human Factor I was obtained from GeneTex. Human stem cell factor is a gift
from Amgen. Human β-tryptase was isolated from human lung using B2 mAb Affi-Gel and
heparin Sepharose CL-6B (Amersham Biosciences) chromatography as described (22).
Purified β-tryptase (100 –200 μg/ml) was stored in 10 mM MES buffer (pH 6.5), containing
0.8 M NaCl and 20% glycerol at −70°C. Mouse anti-human tryptase mAbs, B2, B12, G3, and
G4 (all of these Abs are IgG1 isotype) were prepared as described (43). Fab fragments of B12
were prepared using immobilized papain digestion and were purified by protein A-agarose
column (Pierce).

Measurements of β-tryptase activity and protein
Enzymatic activity of β-tryptase was measured by cleavage of TGPK as described using 0.1
mM TGPK in 0.05 M HEPES buffer (pH 7.4), containing 0.12 M NaCl (21). Released p-
nitroanilide was monitored at 405 nm by a Cary 3E UV-Visible spectrophotometer (Varian).
Activity measurements at pH 6.0 were performed using IPR substrate in PBS (pH 6.0), as
described. β-Tryptase protein levels were determined by ELISA using B12 for capture,
biotinylated G4 for detection, and alkaline phosphatase-conjugated streptavidin (1/2000
dilution) and p-nitrophenyl phosphate solution for color development (44).

Isolation of human skin mast cells
Human skin mast cells were isolated as described (45). Fresh skin was obtained from
Cooperative Human Tissue Network of the National Cancer Institute or National Disease
Research Interchange. Briefly, tissue was cut in fragments and incubated in a solution of HBSS
with 1 mM CaCl2 containing type II collagenase (1.5 mg/ml), hyaluronidase (0.7 mg/ml), type
I DNase (0.3 mg/ml), and 1% FCS for 2 h at 37°C. The dispersed cells were separated from
residual tissues by filtration through 80-mesh sieve and suspended in HBSS containing 10 mM
HEPES and 1% FCS. Then, cells were layered over Percoll and centrifuged at 700 × g at room
temperature for 20 min. Nucleated cells were collected from the buffer/Percoll interface, and
skin mast cells (MCTC cells) were resuspended in AIM-V medium or X-Vivo medium with
100 ng/ml recombinant human stem cell factor, and cultured up to 2–3 mo. The purity of mast
cells was analyzed by toluidine blue staining, by flow cytometry using anti-CD88, anti-CD117,
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and anti-FcεR Ab, and by immunohistochemical staining with anti-tryptase G3 and anti-
chymase mAb.

Degranulation assay of mast cells
Degranulation of human mast cells was determined by measuring β-hexosaminidase release
(46,47). Briefly, 10-μl samples are incubated with 50 μl of skin mast cells (1 × 106/ml) in
Tyrodes buffer containing 10 mM HEPES (pH 7.35), 0.1% glucose, 0.05% gelatin, 1 mM
MgCl2, and 2.5 mM CaCl2 at 37°C for 15–30 min. After adding 180 μl of cold Tyrodes buffer
lacking CaCl2 and MgCl2, the mixture is centrifuged at 4000 rpm for 10 min at 4°C. Then, 5
μl of supernatant is transferred to a 96-well mi-croplate and 45 μl of p-nitrophenyl-N-acetyl
β-D-glucosaminide solution in sodium citrate buffer (pH 4.5) are added. After 1.5 h at 37°C,
150 μl of 0.2 M glycine buffer (pH 10.7) is added and the OD405 is measured. The total amount
of β-hexosaminidase activity retained in the mast cell pellet is measured in extracts obtained
by sonication. To confirm the specificity for C5a, skin mast cells were treated with blocking
anti-C5aR mAb, S5/1 (Serotec).

Anaphylatoxin generation by β-tryptase and analysis by Western blotting
An active monomer of tryptase is made by adding the Fab fragment of B12 to heparin-stabilized
tryptase tetramer as described (23). LMW heparin, DS500K and DS5K were also used to
stabilize tryptase. C3, C4, and C5 were treated with different forms of tryptase and with
different stabilizers. Initially, C3 and tryptase stabilized with various polyanion was incubated
in PBS (pH 6.0), with and without Fab fragment of B12 at 37°C. After using different
incubation times, samples were mixed with SDS sample buffer containing 2% 2-ME, boiled
for 3 min, and subjected to electrophoresis under denaturing conditions on a 16%
polyacrylamide gel. Proteins were transferred onto a nitrocellulose membrane using a Novex
system (Invitrogen) for 1 h at 50 V. After blocking with PBS (pH 7.4), containing 5% BSA
and 0.05% Tween 20 for 1 h, C3a was labeled with rabbit anti-human C3a Ab (1/1000 dilution)
for 1 h at room temperature followed incubations with alkaline phosphatase-conjugated goat
anti-rabbit IgG Ab (1/2000 dilution; Jackson ImmunoResearch Laboratories) and developed
with 5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium solution (Sigma-Aldrich).
Gels were also stained with Coomassie brilliant blue (Pierce) to confirm the cleavage of α-
chain (115 kDa) of C3. C4a and C5a generation was examined as similar manner as C3a and
detected using rabbit anti-C4a Ab and rabbit anti-C5a Ab, respectively.

ELISA for C3a
Mouse anti-C3a/C3adesArg Ab against a neo-epitope (1.25 μg/ml; Cell Sciences) was coated
onto microplates for capture, and 50 μg/ml biotin-conjugated rabbit anti-C3a Ab was used for
detection. Rabbit anti-C3a was biotinylated (Pierce). After incubation with avidin-peroxidase
(1/1000; BD Biosciences), 3,3′,5,5′-tetramethylbenzidine solution (Sigma-Aldrich) was added
and the reaction was stopped by adding 1 N H2SO4 and the OD measured at 450 nm using a
SpectraMax 384 Plus UV-VIS plate reader (Molecular Devices).

Mass spectrometry analysis
Reaction mixtures of generated C3a- and C4a-like molecules were acidified by adding 2%
acetic acid (final concentration) and concentrated by ZipTip C18, reversed-phase pipette tips
(Millipore). After elution by 50% acetonitrile in 2% acetic acid, samples were examined by
MALDI-TOF mass spectrometry at University of Virginia Biomolecular Research Facility
(Charlottesville, VA) to determine the m.w. of anaphylatoxin-like molecules. Because the
carbohydrate moiety on C5a interferes with the mass spectrometry analysis, C5a-like
molecules were treated with N-glycosidase F (EMD Biosciences) in 50 mM phosphate buffer
(pH 7.5) with or without 0.02% 2-ME and 200 μg/ml BSA for 17 h at 37°C. N-glycosidase F-
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treated C5a-like molecules were also concentrated using ZipTip C18. As for control, purified
C3a, C4a, and C5adesArg were treated and analyzed as described.

Results
The strategy used to understand whether β-tryptase can generate complement anaphylatoxins
can be divided into three portions. Initial experiments used purified components. In these
experiments, LMW products of C3, C4, and C5 were referred to as anaphylatoxin-like
fragments because Western blotting cannot reliably distinguish between intact anaphylatoxins
and partially degraded, biologically inactive anaphylatoxin fragments. Other experiments
evaluated whether these fragments represented intact anaphylatoxins by mass spectroscopy
and biologic activity. The final experiments were designed to assess whether the process of
anaphylatoxin generation by β-tryptase could occur in more complex biologic settings, albeit
in vitro, by assessing whether a mast cell releasate or activated mast cells could generate
anaphylatoxins, and whether β-tryptase might generate anaphylatoxins from human plasma.

Generation of C3a-like molecules by β-tryptase stabilized by different polyanions at acidic
pH

Degradation of the C3a anaphylatoxin was previously noted to be enhanced by excess heparin
(41). Whether this response was due to a direct affect on the conformation of C3a caused by
heparin binding, or by an effect of heparin on tryptase beyond stabilizing its tetrameric
conformation was uncertain. To begin to resolve this question, a limiting amount of polyanion
was used to stabilize β-tryptase. β-Tryptase (3.5 μg/ml) was incubated with different amounts
of different polyanions at pH 7.4 for 60 min at 37°C to determine the amounts needed to
preserve 60% of the initial tryptase activity; residual peptidolytic activity was measured at pH
7.4 using TGPK. As a result, 0.8 μg/ml HMW heparin, 7 μg/ml LMW heparin, 0.7 μg/ml
DS500K, and 10 μg/ml DS5K were used to stabilize 60% of the β-tryptase activity. Polyanion-
stabilized β-tryptase was then incubated with C3 in the presence or absence of the B12 mAb
Fab fragment (4 molar excess over β-tryptase) at pH 6.0 for 15 min at 37°C. B12 mAb Fab
fragment converts β-tryptase tetramers to monomers that are proteolytically active at acidic
but not neutral pH. As shown in Fig. 1A, LMW fragments of C3 approximating the size of C3a
(9094 Da) were only detected in the presence of B12 Fab fragments (Fig. 1A, lanes 1, 3, 5, and
7). Both HMW heparin- and DS500K-stabilized β-tryptase produced smaller sized products
or doublets, suggesting further metabolism (Fig. 1A, lanes 1 and 5). Extending these
incubations from 15 min to 2 h did not appreciably change these patterns (data not shown).
When the cleavage of C3 was examined by protein staining after SDS-PAGE, most of the
C3α (120 kDa) had been converted to a smaller C3α′-like fragment (110 kDa), even in the
absence of B12 Fab (Fig. 1B). DS500K-stabilized β-tryptase with B12 Fab seemed to result in
the most complete conversion (Fig. 1B, lane 5). The presence of C3α′-like fragments without
C3a-like molecules in the absence of B12 Fab suggested that C3a could have been generated
and rapidly degraded by β-tryptase, even with limiting amounts of polyanions.

Effect of basic substances on the generation of intact size of C3a-like molecules by
polyanion-stabilized β-tryptase

HMW polyanions may activate β-tryptase but enhance the degradation of anaphylatoxins if
portions of these β-tryptase-bound polyanions are also available to bind anaphylatoxins and
thereby make them more susceptible to proteolysis. To examine whether putative C3a could
be protected from degradation by basic molecules that in theory would neutralize those
negatively charged moieties on tryptase-stabilizing polyanions that were not already bound to
positively charged amino acids in β-tryptase, several basic substances were added during the
incubation of C3 with β-tryptase. Avidin, histone, protamine, lactoferrin, and poly-L-lysine
were examined. To determine the proper amount of these substances, first their effects on the
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activity of HMW heparin-stabilized β-tryptase were examined. In dose-response experiments,
high concentrations of each of these substance inhibited tryptase activity (pH 6.0, IPR
substrate). The concentrations needed to inhibit 30 – 40% of the activity of 3.5 μg/ml β-tryptase
were 12.5 μg/ml for avidin, 3.2 μg/ml for histone, 2 μg/ml for protamine, 100 μg/ml for
lactoferrin and 16 ng/ml for poly-L-lysine. Fig. 2 shows the effect of 12.5 μg/ml of avidin on
C3a-like molecule generation by β-tryptase in the presence of B12 Fab at pH 6.0. Avidin
resulted in markedly less intact C3a-like material with HMW heparin (Fig. 2, lane 2 vs lane
1) and DS500K (Fig. 2, lane 6 vs lane 5), possibly by enhancing C3a-like molecule degradation,
though there was no apparent effect on the sizes of C3a-like molecules detected. Putative C3a
degradation fragments were observed with DS500K and heparin. Only with LMW heparin did
avidin appear to shift the C3a-like product to the slower-migrating band (Fig. 2, lanes 4 and
3). This latter product exhibited a similar electrophoretic mobility to the C3a-like bands
observed with DS5K both in the absence (Fig. 2, lane 7) and presence (Fig. 2, lane 8) of avidin.
Histone and lactoferrin also showed no effect on the size of C3a-like molecules (data not
shown). Protamine and poly-L-lysine showed marked inhibition of C3a-like molecule
generation with all polyanions (data not shown). These results did not support the hypothesis
that small basic substances might protect C3a from degradation by polyanion-stabilized β-
tryptase, though conceivably other basic substances might do so. Furthermore, even if excess
polyanions were used to stabilize β-tryptase, there was basically no difference in putative C3a
degradation patterns, suggesting that such polyanions do not have a major effect on the
susceptibility of C3a or C3a-like fragments to degradation (data not shown). Instead these data
raise the possibility that polyanions of different charge density or size have subtle effects on
β-tryptase conformation that in turn might affect β-tryptase-substrate interactions.

Time course of C3a-like molecule generation by DS5K and HMW heparin-stabilized β-
tryptase

The time course for generating C3a-like molecules from C3 was examined with β-tryptase
stabilized with DS5K and HMW heparin at pH 6.0 in the presence of B12 Fab as shown in Fig.
3. C3a-like molecules were generated more rapidly by DS5K-stabilized β-tryptase (band
apparent by 1 min) than by HMW heparin-stabilized β-tryptase (band apparent by 4 min). The
band of C3a-like material initially generated by both conditions appeared to comigrate with
the C3a control. By 60 min, the material generated by DS5K-stabilized β-tryptase exhibited a
small amount of a faster migrating band, but even after 120 min of incubation, the major product
comigrated with C3a. In contrast, the product generated by HMW heparin-stabilized β-tryptase
showed comparable amounts of the C3a comigrating band and faster migrating bands at 60
and 120 min. Importantly, the maximal intensity of the C3a comigrating band was far higher
for DS5K- than HMW heparin-stabilized β-tryptase. A reasonable interpretation of these
results is that generation of C3a exceeds its degradation with DS5K-stabilized β-tryptase,
whereas HMW heparin-stabilized β-tryptase enhances C3a degradations.

C4 metabolism by polyanion-stabilized β-tryptase
The ability of polyanion-stabilized β-tryptase to generate a C4a-like product was examined.
Analogous to C3, generation of C4a-like molecules from C4 during a 60-min incubation was
only observed in the presence of B12 Fab (Fig. 4A), indicating that this activity associates with
β-tryptase monomers. Under these conditions DS5K- and HMW heparin-stabilized β-tryptase
generated C4a-like molecules that exhibited similar electrophoretic mobility to that of native
C4a, whereas those generated by DS500K-stabilized β-tryptase appeared to be smaller. An
analysis of the time-dependent generation of C4a-like molecules (Fig. 4B) showed that the
C4a-like products generated initially by DS500K-stabilized β-tryptase (5 min) and by HMW
heparin-stabilized β-tryptase (30 min) had the same electrophoretic mobility as commercial
C4a. However, DS500K-stabilized β-tryptase had completely degraded this product by 60 min,
whereas degradation by HMW heparin-stabilized β-tryptase appeared to be minimal by 60 min.
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LMW heparin-stabilized and DS5K-stabilized β-tryptase appeared to have less C4a generating
activity, producing C4a-like products only at the 60 min incubation time. When C4 degradation
by polyanion-stabilized β-tryptase was examined, the C4α′ product was detected between the
C4α and C4β bands both in the presence and absence of B12 Fab (Fig. 4C). However, a portion
of the C4α remained intact, suggesting that generation of C4a-like molecules was submaximal
under the experimental conditions used.

C5 metabolism by polyanion-stabilized β-tryptase
β-Tryptase stabilized by different polyanions in the presence and absence of B12 Fab was
incubated with C5 for 30 min at 37°C. As shown in Fig. 5A, the most intense bands of C5a-
like product were generated by β-tryptase stabilized with HMW heparin and DS500K in the
presence of B12 Fab. However, in contrast to C3 and C4 metabolism, C5a-like product also
was detected with each of the polyanions in the absence of B12 Fab, indicating that β-tryptase
tetramers as well as monomers could generate this product. All C5a-like products comigrated
with plasma-derived C5adesArg. C5a is a glycosylated protein with an apparent molecular mass
of ~11,000 Da, higher than the calculated molecular mass based only on its primary amino
acid sequence of 8274 Da. Glycosylated C5a and C5adesArg, though, are essentially
indistinguishable from one another by electrophoretic mobility in SDS-PAGE. Fig. 5B shows
the time-dependent generation of a C5a-like molecule by DS500K-stabilized β-tryptase. This
molecule was detected by 5 min in the presence of B12 Fab. However, in contrast to generation
of C3a- and C4a-like molecules, no degradation of the C5a-like product was detected during
the 120-min incubation time. Also, excess amounts of HMW heparin and DS500K did not
affect the apparent size of the generated C5a-like molecule (data not shown), indicating
enhanced stability from β-tryptase-catalyzed degradation relative to the other anaphylatoxins.

Mass spectrometry analysis of anaphylatoxin-like molecules
A C3a-like molecule was generated as shown in Fig. 3A by DS5K-stabilized β-tryptase with
B12 Fab incubated with C3 for 20 min. Approximately 0.5 μg of this product was concentrated
with a ZipTip C18 cartridge and eluted with 50% acetonitrile in 2% acetic acid. After
evaporation of acetonitrile, the sample was analyzed by mass spectrometry using a MALDI
system. Purified commercial C3a, treated similarly, served as a control. The expected size of
C3a, a nonglycosylated peptide, is 9094 Da. A C4a-like molecule was generated as shown in
Fig. 4B by LMW heparin-stabilized β-tryptase with B12 Fab incubated with C4 for 60 min and
concentrated for mass spectroscopy as for C3a. A C5a-like molecule was generated as shown
above in Fig. 5B by DS500K-stabilized β-tryptase with B12 Fab incubated with C5 for 40 min.
After adding 2-ME (0.02%), the C5a-like sample was treated with N-gly-cosidase F for 18 h
at 37°C to remove N-linked carbohydrate that could interfere with the mass spectroscopic
analysis, and then concentrated as described. Fig. 6 shows the mass spectroscopic data. The
major peak associated with the C5a-like molecule occurred at a mass-to-charge ratio 8273 m/
z, nearly identical with the calculated molecular mass of 8274 Da for C5a. Other less prominent
peaks occurred at ~78 Da intervals due to different amounts of 2-ME (used during
deglycosylation) attached to the seven cysteine residues. The C4a-like molecule spectrum is
composed of two prominent peaks at 8048 and 8759 m/z. The peak of 8759 m/z corresponds
to the expected molecular mass of 8764 Da for C4a, whereas the 8048 m/z peak appears to
reflect the removal of seven amino acids from the C terminus of C4a. The one major peak
associated with the C3a-like molecule appears at 9092 m/z, which corresponds to the calculated
molecular mass of 9094 Da for C3a. In addition, a less intense peak at 8286 m/z might
correspond to the thrombin-mediated cleavage fragment next to Arg69, 8 aa from the C-terminal
of intact C3a (48).
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Biological activity of C5a-like and C3a-like molecules generated by polyanion-stabilized β-
tryptase

Although mass spectral analysis confirmed the C5a-like product generated by β-tryptase to be
C5a based on molecular mass, determination of biological activity is another important
criterion for authentic C5a. C5a is well known to activate human skin mast cells to degranulate
and release mediators such as β-hexosaminidase. The C5a degradation product, C5adesArg, is
at least 1000-fold less potent than C5a at stimulating human skin mast cells to degranu-late
(31). The β-tryptase-generated C5a product was tested accordingly as shown in Fig. 7A. C5
was treated with DS500K-stabilized β-tryptase with B12 Fab for 40 min at 37°C as mentioned.
The concentration of C5a was estimated by comparing Western blots of the generated C5a to
commercial C5a. As a positive control, 22E7 (mouse anti-FcεRI mAb) stimulated ~50%
release. As another positive control, recombinant human C5a (0.1–10 μg/ml) stimulated skin
mast cells in a dose-dependent manner to release from 13% to 42% of their β-hexosaminidase.
β-Tryptase-generated C5a (0.15 and 0.3 μg/ml) also stimulated release of 19% and 32%,
respectively, comparable to the magnitude of degranulation caused by comparable doses of
recombinant human C5a. To validate the specificity of C5a stimulation, skin mast cells were
preincubated with the neutralizing anti-C5aR Ab (5S/1) before adding recombinant human C5a
or β-tryptase-generated C5a. In both cases, degranulation was effectively inhibited. Fig. 7B
shows the ability of C3a-like molecules generated by DS5K-stabilized β-tryptase incubated
with B12 Fab and C3 for 30 min at 37°C to release β-hexosaminidase from different
preparations of skin mast cells, which exhibited ~65% degranulation to the 22E7 mAb. The
concentrations of tryptase-generated C3a were determined by ELISA. The β-tryptase-
generated C3a (0.02, 0.04, and 0.08 μg/ml) and commercial C3a (0.005–1 μg/ml) had similar
dose-response relationships with respect to degranulation. Because C3adesArg is much less
potent than C3a at stimulating degranulation of human skin mast cells (31), like C5adesArg/
C5adesArg, these results indicate that functionally intact C3a is generated by β-tryptase. In
contrast, the same concentration range from C4a to C4adesArg did not degranulate skin mast
cells (data not shown).

Anaphylatoxin generation by the supernatant from 22E7-stimulated skin mast cells
In addition to testing the ability of β-tryptase that had been stabilized with various commercial
polyanions in vitro, β-tryptase-proteoglycan complexes formed in situ by cultured human skin
mast cells were also examined. Such cells were stimulated with 22E7 (1 μg/ml) at 37°C for 30
min and supernatants were collected. β-Hexosaminidase release was 20%. Based on a β-
tryptase content of 21 × 106 ng/cells, the β-tryptase concentration in the releasate was estimated
to be 4 μg/ml, presumably in a complex with heparin proteoglycan. C3, C4, and C5 were each
incubated with a portion this supernatant at acidic pH. As shown in Fig. 8, Western blotting
indicated that C3a-, C4a-, and C5a-like molecules were detected in the presence of B12 Fab,
whereas C4a- and C5a-like molecules were detected in the absence of B12 Fab. Most of the
C3a-like fragments detected in the presence of B12 Fab and the C4a-like molecules detected
without B12 Fab were of smaller apparent size than the standard C3a and C4a molecules,
presumably because degradation follows generation of authentic C3a and C4a. Importantly,
the size of the C5a-like product comigrated with commercial C5adesArg both in the presence
and absence of B12 Fab.

Ex vivo generation of C5a-like molecules by incubation of stimulated skin mast cells and C5
To better gauge the ability of human skin mast cells, when activated, to generate C5a, such
cells were stimulated with anti-FcεRI mAb in the presence of C5, and the time course for
generating C5a-like molecules was monitored. C5a-like fragments were detected in the
presence (Fig. 9A) and absence (Fig. 9B) of B12 Fab. However, the C5a generated appeared
to be more stable in the presence of B12 Fab than its absence. In the presence of B12 Fab, a
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diminished band intensity was not evident until the 8-h time point, whereas in the absence of
B12 Fab, the newly generated C5a fragment was clearly diminished by 1 h and nearly absent
by 2 h. To directly study the effect of B12 Fab on C5a stability, purified C5adesArg was
incubated with stimulated skin mast cells for up to 5 h in the presence and absence of B12 Fab
(Fig. 9C). In the presence of B12 Fab, the intensity of the C5adesArg band appears to be stable
for 5 h. In contrast, in the absence of B12 Fab, the C5adesArg band intensity is clearly diminished
by 2 h and nearly gone by 5 h. This indicates that β-tryptase tetramer has a greater ability to
degrade C5a than the B12 Fab to β-tryptase monomer.

Plasma C3 conversion and C3a generation by polyanion-stabilized tryptase
To examine β-tryptase-catalyzed conversion of C3 to C3a under a somewhat more physiologic
condition, human plasma was used as a source of C3. When different amounts of DS500K-
stabilized β-tryptase were incubated with plasma in the presence of B12 Fab at pH 6.0, the
intensity of the C3α band decreased in a dose-dependent manner (Fig. 10A). Interestingly, a
band corresponding to the C3α′ was not detected, suggesting it had been degraded. As shown
in Fig. 10B, C3a-like molecules are generated in a time-dependent manner.

To investigate further the possibility that C3α′ formed by β-tryptase in plasma was then
degraded by endogenous proteases, plasma was pretreated at 56°C for 30 min. Now the β-
tryptase-generated C3α′ was detected and stable for up to 30 min (Fig. 11A), indicating a heat-
sensitive factor is necessary for this degradation of C3α′. To examine the possible involvement
of thrombin, kallikrein, and plasmin, plasma was treated with inhibitors of these proteases,
namely hirudin, budellin, and aprotinin, respectively. As seen in Fig. 11B, none of these
inhibitors prevented the disappearance of β-tryptase-generated C3α′. Other serine protease
inhibitors were then examined for their abilities to inhibit C3α′ degradation. As shown in Fig.
11C, the general protease inhibitor suramin effectively inhibited C3α′ degradation. Because
suramin has been reported to inhibit the proteolytic activity of factor I (49,50), we next
examined the effect of depletion of factor I from plasma using anti-Factor I Ab. C3-depleted
serum was treated with anti-Factor I Ab and then Abs were removed with protein G-agarose.
When compared with the control protein G-agarose treatment, Factor I Ab-treated C3-depleted
serum partially prevented C3α′ degradation, implicating Factor I, at least in part, in this process
(Fig. 11D).

Discussion
The current study finds that β-tryptase generates C3a from C3, C4a from C4, and C5a from
C5 at acidic pH. With β-tryptase monomers formed with B12 anti-tryptase Fab (23), C3 and
C4 are efficiently cleaved to generate the corresponding anaphylatoxins, which are then slowly
degraded. With β-tryptase tetramers the α-chains of C3 and C4 are cleaved, but any
anaphylatoxins produced appear to be degraded before they are detected. The authenticity of
the C3a and C4a generated by β-tryptase monomers was confirmed by mass spectroscopy and,
in the case of C3a, by activation of human skin MCTC cells to degranulate.

In the current study, C3a and C4a were both generated and then eventually degraded by β-
tryptase monomers. Such might not be the case in vivo, where these anaphylatoxins would be
free to diffuse away from their sites of generation, thereby escaping from degradation by the
β-tryptase that generated them. Also, inhibitors of monomeric β-tryptase might preferentially
suppress the degradation of these anaphylatoxins because their degradation appears to occur
more slowly than their generation. This could result in the activation of nearby mast cells or
other cell types that express the corresponding anaphylatoxin receptors, thus amplifying the
direct effects of the mediators released by activated mast cells at specific tissue sites.
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Metabolism of C5 by β-tryptase differs from that of C3 and C4 in that C5a was generated by
both tetrameric and monomeric (B12 Fab-induced) forms of this protease at acidic pH.
Furthermore, little, if any, degradation of C5a was detected under the experimental conditions
used. Perhaps the carbohydrate on C5a protects potential cleavage sites from β-tryptase;
alternatively, β-tryptase may not have access to such sites due to the conformation of C5a. The
authenticity of C5a generated by β-tryptase was demonstrated by mass spectroscopy after
deglycosylation and by its ability to degranulate skin MCTC cells. Importantly, the releasate
from skin MCTC cells stimulated by aggregation of FcεRI also exhibited the ability to generate
C5a from C5, both in the presence and absence of B12 Fab. C3a from C3 and C4a from C4
were generated only by β-tryptase monomers, the formation of which in these releasates was
facilitated by addition of B12 Fab. Also, these β-tryptase-generated anaphylatoxins were not
overtly susceptible to degradation by the other proteases released from skin mast cells,
including carboxypeptidase A3, cathepsin G and chymase.

HMW and LMW forms of heparin glycosaminoglycans and Dextran sulfate were used to
activate the monomeric and tetrameric forms of β-tryptase. Dextran sulfate has a higher
negative charge density than heparin, but is not physiologic. The LMW heparin used in this
study is not as effective as HMW heparin at filling the two polycationic grooves of tetrameric
β-tryptase, each spanning two of the subunits. Nevertheless, LMW heparin is adequate to
activate β-tryptase monomers (22,23). Why HMW forms of heparin and dextran sulfate were
preferred for generation of C4a and C5a, whereas LMW forms of these polyanions were
preferred for generation of C3a is not understood. Perhaps there are subtle conformational
differences in active tryptase according to the size of the polyanion that affect macromolecular
substrate recognition. Alternatively, HMW polyanions might facilitate attraction of C4 and C5
to β-tryptase monomers. In vivo, heparin proteoglycan (51–53) or possibly chondroitin sulfate
E proteoglycan (54) might be the stabilizing polyanion, in which case several
glycosaminoglycans will be attached to the same core peptide. Such large β-tryptase-
proteoglycan complexes might retard the diffusion of β-tryptase from its tissue site of release.
Furthermore, the relative amount of β-tryptase monomers and tetramers at such sites is
unknown, though both forms of the enzyme could coexist in equilibrium. As β-tryptase diffuses
into airway fluid of asthmatic subjects, the low concentrations expected, based on in vitro
measurements, might push this equilibrium to favor monomeric over tetrameric β-tryptase
(22).

In vivo, β-tryptase, released from mast cells in tissues, would likely encounter C3, C4, or C5
in the context of a plasma transudate that enters these tissues in response to the corelease of
vasoactive factors such as histamine, PGD2 and leukotriene C4. To see whether monomeric
β-tryptase could generate C3a in plasma at acidic pH in vitro, human C3 and β-tryptase were
added to C3-deficient plasma. C3a was rapidly generated, and at least over the 30-min time
course of the experiment, no degradation was observed, suggesting that inhibitors present in
plasma might inactivate monomeric β-tryptase before such degradation occurs. Also of interest
was the finding that the C3α′ generated by monomeric β-tryptase was degraded in plasma. This
had not occurred with either purified monomeric β-tryptase or mast cell releasate in buffer.
This degradation of C3α′ in plasma apparently was Factor I-dependent because degradation
was prevented by heat-inactivating the plasma, treating the plasma with suramin (49,50) or
removing Factor I from the plasma with anti-Factor I Ab.

These observations raise the possibilities that mast cell activation in vivo at sites of acidic pH
could lead to the generation of C5a by tetrameric β-tryptase, and that if monomeric β-tryptase
formed at such sites, generation of C3a and C4a might occur along with enhanced generation
of C5a. However, diffusion of either monomeric or tetrameric β-tryptase from such sites into
one at neutral pH would result in a loss of anaphylatoxin-generating activity. Acidic pH occurs
at sites of inflammation such as the asthmatic airway (20) and also at areas of wound healing
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and solid tumor growth (55), all places where mast cell hyperplasia (56–59) has been noted.
Indeed, mast cells may support wound healing through several pathways (60–63), and neo-
vascularization associated with tumor growth (64–70). Generation of anaphylatoxins in the
asthmatic airway is of great interest because levels of C5a and/or C3a are elevated in asthmatic
bronchoalveolar lavage fluids (1–4) and appear to be involved in mouse models of allergic
pulmonary disease (1,71–73). C5a levels also are reportedly elevated in induced asthmatic
sputum (74). Furthermore, receptors for these anaphylatoxins are elevated on the airway
epithelium and bronchial smooth muscle of living asthmatics (72) on submucosal vessels,
airway epithelium and smooth muscle cells in fatal asthma (75).

These results may explain at least in part how complement convertase-independent generation
of complement anaphylatoxins may occur in a mast cell-dependent IgG immune complex-
independent disease such as asthma. Increased numbers of mast cells in the epithelium, mucosal
glands and smooth muscle may facilitate generation of complement anaphylatoxins at these
sites by β-tryptase. In conclusion, both tetrameric and monomeric forms of β-tryptase can
generate C5a from C5 at a mildly acidic pH, whereas both C3a from C3 and C4a from C4 are
generated only by the monomeric form of β-tryptase under such conditions, and these activities
may be important in diseases involving mast cells such as asthma.
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Figure 1.
C3 cleavage by β-tryptase stabilized with limiting amounts of different polyanions in the
presence or absence of B12 Fab. A, C3a Western blotting. β-Tryptase (3.5 μg/ml) was mixed
with equal volumes of HMW heparin (0.8 μg/ml), LMW heparin (7 μg/ml), DS500K (0.7 μg/
ml), or DS5K (10 μg/ml) and incubated for 10 min at room temperature, then for another 15
min with a 4 molar excess of B12 Fab or MOPC Fab, as indicated, and finally for 15 min at
37°C with 33 μg/ml human C3 in PBS at pH 6.0. Samples were then subjected to SDS-PAGE
in a 16% acrylamide gel followed by Western blotting using rabbit anti-C3a Ab as described.
C3 (lane 9) and C3a (lane 10) controls are shown. B, Cleavage of C3α but not C3β by β-tryptase.
Protein bands were detected by staining with Coomassie brilliant blue after SDS-PAGE in a
12% acrylamide gel. Lane contents were as described.
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Figure 2.
Effect of avidin on generation of C3a by polyanion-stabilized β-tryptase in the presence of B12
Fab. β-Tryptase (3.5 μg/ml) stabilized with limiting amounts of polyanions was incubated with
a 4 molar excess of B12 Fab and 33 μg/ml of C3 at 37°C for 20 min at pH 6.0 in PBS with and
without 12.5 μg/ml of avidin. After SDS-PAGE in a 16% acryl-amide gel and Western blotting,
C3a was probed with rabbit anti-C3a Ab. Contents were of HMW heparin (HMW-h), LMW
heparin (LMW-h), commercial C3 control (C3), commercial C3a control (C3a), and degraded
C3a (*).
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Figure 3.
Time course of C3a-like molecule generation by β-tryptase stabilized with DS5K (A) and
HMW heparin (B). β-Tryptase (3.5 μg/ml) was stabilized with 10 μg/ml DS5K or 0.8 μg/ml
HMW heparin and incubated with a 4 molar excess of B12 Fab and then 33 μg/ml C3 in pH
6.0 PBS at 37°C at indicated time. After SDS-PAGE in 16% acrylamide gels, Western blotting
was performed with rabbit anti-C3a Ab. Time points include 0, 1, 2, 3, 4, 5, 10, 20, 30, 60, and
120 min (lanes 1–11) with a commercial C3a control (C3a) (lane 12).
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Figure 4.
C4 metabolism by β-tryptase stabilized with different polyanions in the presence or absence
of B12 Fab. β-Tryptase (3.5 μg/ml) stabilized with HMW heparin (0.8 μg/ml), LMW heparin
(7 μg/ml), DS500K (0.7 μg/ml), or DS5K (10 μg/ml) was incubated for 10 min at room
temperature, then with or without a 4 molar excess of B12 Fab for 15 min and finally with 33
μg/ml human C4 in PBS at pH 6.0. After various incubation times at 37°C, samples were
subjected to SDS-PAGE on either a 16% or 10% acrylamide gel. Western blotting was
performed with rabbit anti-C4a Ab or goat anti-C4 Ab. A, C4a-like molecule generation. β-
Tryptase was stabilized with HMW heparin, DS500K, and DS5K with or without B12 Fab, as
indicated, and incubated with C4 for 60 min. A purified commercial human C4a control (C4a)
is used. B, Time course of C4a-like molecule generation in the presence of B12 Fab. β-Tryptase
was stabilized with HMW heparin, DS500K, LMW heparin, and DS5K for 5, 30, and 60 min
as indicated. The C4 control (C4) is used. C, C4 cleavage. β-Tryptase was stabilized with HMW
heparin, DS500K, DS5K, and heparin proteoglycan with or without B12 Fab, and incubated
with C4 control (C4) as in A for 60 min.
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Figure 5.
C5a-like molecule generation by polyanion-stabilized β-tryptase. A, Dependence of C5a-like
molecule generation by β-tryptase on the polyanion and presence of B12 Fab. β-Tryptase (3.5
μg/ml), stabilized with HMW heparin (0.8 μg/ml), LMW heparin (7 μg/ml), DS500K (0.7 μg/
ml), or DS5K (10 μg/ml), was incubated with 4 molar excess B12 Fab and then with C5 (33
μg/ml) in PBS (pH 6.0) at 37°C for 30 min. Incubation mixtures were subjected to SDS-PAGE
in 16% acrylamide gels and Western blotting with rabbit anti-C5a Ab. A, β-Tryptase was
stabilized with HMW heparin, LMW heparin, DS500K, and DS5K with (+) and without (−)
B12 Fab (lanes 1–8). C5 (lane 9) and C5adesArg (C5a′) (lane 10) are shown. Commercial
C5adesArg had been purified from human plasma, and thus was glycosylated. B, Time course
of C5a-like molecule generation by DS500K-stabilized β-tryptase with B12 Fab. Lanes
correspond to incubation times of 0, 5, 15, 30, 60, and 120 min, including C5adesArg (C5a′)
(last lane).
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Figure 6.
Mass spectrometry analysis of anaphylatoxin-like molecules. C5a-like, C4a-like, and C3a-like
molecules, respectively, were generated by β-tryptase with B12 Fab in PBS (pH 6.0) that had
been stabilized with DS500K, LMW heparin, and DS5K and then incubated with parent
complement proteins for 40, 60, and 20 min. C5a-like molecules were further treated with N-
glycosidase F for 18 h. These anaphylatoxin-like molecules were concentrated by ZipTip C18
reversed-phase chromatography and subjected to mass spectrometry using a MALDI system.
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Figure 7.
Degranulation of human skin mast cells in response to β-tryptase-generated C5a-like molecules
and C3a-like molecules. Skin mast cells (1 × 106/ml) were incubated with different stimulants
at 37°C for 20 min and the net release of β-hexosaminidase activity determined. C5a-like
molecules were generated by incubating DS500K-stabilized β-tryptase with B12 Fab and C5
for 40 min as in Fig. 5B. C3a-like molecules were generated by incubating DS5K-stabilized
β-tryptase with B12 Fab and C3. A, 22E7 mAb (1 μg/ml); 5S/1 Ab (160 μg/ml); recombinant
human C5a (rC5a); β-tryptase (1.7 μg/ml) (β-Try); C5 (33 μg/ml); and β-tryptase-generated
C5a (TC5a) were included as indicated. Spontaneous release was 1.8%. B, Purified commercial
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C3a, C3 (33 μg/ml), and β-tryptase-generated C3a (TC3a) are shown. Spontaneous release was
7.1%.
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Figure 8.
Generation of anaphylatoxin-like molecules by the releasate of 22E7-stimulated skin mast
cells. Supernatants were collected from two different batches of skin mast cells that had been
activated by 22E7 (1 μg/ml) for 30 min at 37°C and concentrated 2-fold with a Microcon
YM-100 microconcentrator. Releasates were adjusted to pH 6.0 by adding 1/10 volume of 0.5
M MES buffer (pH 6.0). Approximately 8 μl (60 ng of β-tryptase) of this releasate was
incubated with 1 μg of C3, C4, or C5, with or without B12 Fab (4 molar excess to β-tryptase)
for 1 h at 37°C and then subjected to SDS-PAGE in 16% acrylamide gels. Western blotting
was performed with rabbit anti-C3a, anti-C4a, or anti-C5a Ab, respectively. C5a′ is commercial
C5adesArg.
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Figure 9.
Generation of C5a by activated human skin mast cells. A, Generation of C5a-like molecules
by human skin mast cells activated with anti-FcεRI mAb. Human skin mast cells (2 × 105)
were incubated with 22E7 mAb (0.3 μg), C5 (3 μg), and B12 Fab (14 μg) in 35 μl of MES-
buffered AIM-V medium (pH 6.2). After the indicated incubation times, supernatants were
subjected to SDS-PAGE on 16% acrylamide gels, Western blotted and probed by rabbit anti-
C5a Ab. B, Generation of C5a-like molecules by 22E7-stimulated skin mast cells in the absence
of B12 Fab. Skin mast cells, 22E7 and C5 were incubated as in A, but without B12 Fab. C,
Stability of purified C5adesArg with 22E7-stimulated skin mast cells. Skin mast cells were
stimulated as above with 22E7 in the presence (+) B12 Fab (left) or absence (−) of B12 Fab
(right) and in the presence of 500 ng of C5adesArg for the times indicated.
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Figure 10.
C3 conversion and generation of C3a in plasma by β-tryptase. A, β-Tryptase-catalyzed
conversion of C3 in plasma to C3a in the presence of B12 Fab at pH 6.0 in PBS. Samples were
subjected to SDS-PAGE in 8% acrylamide gels, and Western blotted using goat anti-C3 Ab.
Human plasma (1 μl) was incubated with 320, 150, and 80 ng of DS500K-stabilized β-tryptase
for 30 min. B, Time-dependent generation of C3a from plasma C3 by DS500K-stabilized β-
tryptase (320 ng) detected by SDS-PAGE in 16% acrylamide gels followed by Western blotting
using rabbit anti-C3a Ab. C3a is commercial C3a control.
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Figure 11.
C3 conversion in plasma by DS500K-stabilized tryptase. C3 conversion was detected by SDS-
PAGE in 10% acrylamide gels followed by Western blotting with goat anti-C3 Ab. A, 320 ng
of DS500K-stabilized β-tryptase was incubated with 1 μl of human plasma in the presence of
B12 Fab at pH 6.0 PBS. Human plasma was heat-treated before use (56°C, 30 min). Incubations
were for 0, 1, 15, and 30 min. B, Effect of protease inhibitors on the β-tryptase-generated C3b
degradation. Human plasma was pretreated with inhibitors of thrombin (hirudin (H, 50 U/ml),
kallikrein (budellin (B), 50 μg/ml), and plasmin (aprotinin (A), 1 μg/ml)), for 1 h at 4°C and
incubated with DS500K-stabilized tryptase with B12 Fab at 37°C for 30 min. Heat-treated
plasma (Plasmaht) is shown. C, Effect of serine protease inhibitors on the β-tryptase-generated
C3b degradation. Human C3-depleted serum (C3DS) was pretreated with leupeptin (L, 50
μm), antipain (AP, 100 μM), suramin (S, 1 mM), Pefabloc SC (P, 250 μM), and soybean trypsin
inhibitor (SBTI, 50 μM) for 1 h at 4°C and incubated with DS500K-stabilized tryptase and C3
(1 μg) with B12 Fab at 37°C for 30 min. D, Effect of Factor I depletion on the tryptase-generated
C3b degradation. C3-depleted serum was treated sequentially with either MOPC or anti-Factor
I Ab, followed by protein G-agarose to remove Ab, and then was incubated with C3 and β-
tryptase-B12 Fab. Anti-FI, anti-Factor I Ab. Note that C3β but not C3α is detected in C3-
depleted serum alone (C and D); the result of C3α being degraded after inactivation of the
thioester bond by methylamine (42), the process used to deplete functional C3 from serum.
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