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Tryptase, the dominant protease in human mast cells, was examined for
its effect on human prekallikrein. Tryptase in the presence and absence of
heparin failed to activate prekallikrein as shown in a spectrophotometric
assay for kallikrein employing benzoyl-pro-phe-arg-p-nitroanilide. Treated
prekallikrein was converted to active kallikrein by bovine trypsin.
Prekallikrein cleavage products were analyzed by electrophoresis in
polyacrylamide gels under denaturing conditions (+ reduction). Tryptase
caused no apparent cleavege under conditions where trypsin caused complete
cleavage. Thus, tryptase, which has previously been shown to lack kallikrein
and kininase activities, neither activates nor destroys prekallikrein. o 19ss
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Tryptase is the dominant neutral protease and protein component in
secretory granules of human lung mast cells (1,2). It is preferentially
present in and appears to be a specific marker for human mast cells (3), but
little is known of its function(s) in vivo. A role for tryptase in the
generation of bradykinin has been considered because kinin activity has been
detected in nasal secretions of allergen-challenged atopic subjects (4);
IgE-dependent activation of human lung fragments results in the secretion
kininogenase (5), prekallikrein activating {6), and Hageman factor (7)

activities; and plasma taken from patients undergoing systemic anaphylaxis
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Tris, pH 7.6, containing 0.12 M NaCl; SDS-PAGE, electrophoresis in
polyacrylamide gels containing SDS.
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shows consumption of high molecular weight kininogen with normal levels of
prekallikrein and Hageman factor (8).

However, prior studies on plasma kininogens, the major precursors of
bradykinin (9-12), have shown that purified tryptase rapidly destroys human
high molecular weight kininogen (13) and has no effect on human low molecular
weight kininogen (14). The capacity of tryptase to activate plasma
prekallikrein to kallikrein (EC3.4.21.8) is examined in the present report.
The prekallikrein proenzyme circulates in plasma as an inactive gammaglobulin
of which two forms, I (88,000 MV) and II (85,000 M), have been reported
(15). Activated Hageman factor (factor XIIa) is the principal known
physiologic activator of prekallikrein. Activation results in kallikreins
that have a 52,000 M heavy chain and a light chain of 36,000 M4 for type I
and 33,000 MW for type II (15). The present study indicates that tryptase

neither activates nor destroys prekallikrein.

METHODS

Tryptase was purified to homogeneity from human lung mast cells by ammonium
sulfate fractionation and sequential chromatography on decyl-agarose, diethy]l
amino ethy1-Sephadex, and heparin-agarose as described (1,3). Specific
tosyl-L-arginine methy1 ester (TAMe) esterase activity of the purified
enzyme ranged from 96 units/mg to 102 units/mg protein, where one unit
cleaves one umole of TAMe/min at 220C (1). Prekallikrein was purified to
homogene ity from human plasma by sequential chromatography on diethyl amino
ethy 1-Sephadex and sulfopropyl-Sephadex followed by affinity chromatography
as described (16). Purified prekallikrein had a specific activity of 20
clotting units/mg; one clotting unit is the amount of activity present in 1
ml of citrated normal human plasma. Less than 1% of the maximal trypsin
induced kallikrein activity was detected in the prekallikrein preparation
using benzoyl-pro-phe-arg- p-nitroanilide (BPPA-pNA) as substrate. Both
tryptase and prekallikrein were stored at -750C. Bovine trypsin (160 TAMe
units/mg) was obtained from Worthington Biochemical Corp. (Freehold NJ).
Commercial porcine heparin was obtained from Sigma Chemical Co (St. Louis MO)
and purified by chromatography on Dowex 1-X2, dialysed against 0.15 M NaCl,
adjusted to 1 mg/ml, and stored at -750C.

Kallikrein activity was quantified by cleavage of 0.1 mM BPPA-pNA in 0.6
m1 of 0.05 M Tris, pH 7.6, containing 0.12 M NaCl (TN buffer). One unit of
enzyme activity cleaves 1 umole substrate/min at 370C. A1l references to
units of enzyme activity refer to this assay unless stated otherwise.
BPPA-pNA concentration was determined by its absorbance at 316 nm (molar
extinction coefficient = 12,700). The net absorbance change upon cleavage of
substrate was followed at 405 nm where the molar extinction coefficient was
8,800. Samples of prekallikrein (160 ug/ml) were dincubated at 379C in TN
buffer with tryptase, trypsin, or TN buffer alone in the absence and presence
of heparin for up to 135 min. At various times samples were removed from the
incubation mixtures and assessed for kallikrein activity or were subjected to
denaturation with SDS (+ reduction with 5 mM DTT) and electrophoresis in a 5%
to 17% (w/v) polyacrylamide gradient slab gel as described previously (9,10).
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RESULTS
Prekallikrein (160 ug/ml) in buffer (+ 37 ug of heparin/ml) had an amidolytic
activity of 0.008 + 0.002 (s.d., n = 3) units/ml (Table I), and no
autoactivation of prekallikrein was detected with incubation in quartz
cuvettes at 37°C for up to 135 min. Tryptase (4.3 ug/ml) and trypsin {1.7
ug/m1) each showed 0.007 units of activity/ml. Upon incubation of
prekallikrein with tryptase (+ 37 ug heparin/ml), as shown in Table I,
kallikrein activities detected in the incubation mixtures were not
significantly different from buffer controls over the 135 min incubation
time. In contrast, incubation of prekallikrein (160 ug/ml) with trypsin (1.7
ug/ml) produced a time dependent rise in kallikrein activity that was maximal
at 1.24 units/ml by 30 min and had declined to 1.03 units/m] by 135 min.

In order to determine whether tryptase destroyed prekallikrein without
production of kallikrein, trypsin (2.7 ug/ml) was incubated for 15 and 45 min
with prekallikrein that had first been incubated with buffer or tryptase (+

heparin) for 135 min as above. In this case, kallikrein activity increased

TABLE 1
ACTIVATION OF PREKALLIKREIN BY TRYPTASE AND TRYPSINZ

Time of Incubation TN Buffer Tryptase Tryptase Trypsin
(min) {4.3 ug/m1) {4.3 ug/m1) (1.7 ug/m1)
+ Heparin
{37 ug/ml)
0 0.008+0.002 0.008+0.003 0.013+0.011 0.22+0.10
15 0.007+0.001 0.009+0.002 0.010+0.001 0.7940.34
30 0.008+0.002 0.008+.002 0.010+0.001 1.24+0.46
60 0.010+0.001 0.011+40.008 0.010+0.001 1.2440.46
135 0.010+0.001 0.009+0.002 0.010+0.001 1.03+0.42

After addition of 2.7 ug trypsin/ml of each fraction
15 1.15+0.26 1.1540.26 1.12+0.26 0.89+0.36
45 1.24+0.43 1.2140.36 1.1740.39 0.73+0.33

a. Kallikrein amidolytic activity is expressed as BPPA-pNA units/ml (+ s.d., n=3).
Each initial incubation mixture contained 160 ng prekallikrein/ml.
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Figure 1. SDS-PAGE of prekallikrein treated with buffer (lane 1), tryptase
ﬁgne 2), tryptase to?ether with heparin (lane 3), and trypsin {lane 4)

without (A) and with {B) reduction.

from 0.01 units/ml to 1.15 units/ml at 15 min and 1.24 units/ml at 45 min.
Similarly, when preincubation with tryptase or tryptase together with heparin
preceeded the addition of trypsin, kallikrein activity increased from 0.01
unit/ml in each case to respective values of 1.15 units/ml and 1.12 units/ml
at 15 min and to 1.21 units/mi and 1.17 units/ml at 45 min. Thus, there was
no apparent functional destruction or activation of prekallikrein by tryptase.
Direct determination of prekallikrein cleavage was performed by SDS-PAGE
under denaturing conditions without (A) and with (B) reduction as shown in
Figure 1. Samples of prekallikrein (9.6 ug) that had been incubated in 0.03
ml with TN buffer for 0 min (lane 1), tryptase (0.26 ug) for 60 min (lane 2),
tryptase (0.26 ug) together with heparin (2.2 ug) for 60 min (lane 3) and
trypsin (0.10 ug) for 30 min (lane 4) were examined. Purified prekallikrein
without reduction migrated as two bands with apparent molecular weights of
87,000 and 81,000, and with reduction again migrated as two bands with
apparent molecular weights of 87,000 and 84,000, corresponding to Types 1 and

I prekallikrein, respectively. Incubation with tryptase or tryptase with
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heparin for 60 min at 379C failed to alter the electrophoretic mobilities of
the prekallikrein bands. Incubation of prekallikrein with trypsin for 15 min
caused no appreciable change in the electrophoretic mobility in the absence of
reducing agent, but with reduction it was seen that trypsin completely cleaved
prekallikrein to products of 50,000 MW (heavy chain), and of 37,500 MW, 33,000
Md, 29,000 MW and 17,000 M. The latter two fragments presumably include

degradation fragments that originated from both heavy and 1ight chains.

DISCUSSION

The effect of purified tryptase from human mast cells on purified
prekallikrein from human plasma was evaluated by measuring kallikrein activity
with the substrate BPPA-pNA and by determining whether cleavage products of
prekallikrein were formed as assessed by SDS-PAGE. Bovine trypsin served as a
positive control. Tryptase at 2.6-fold higher amounts than trypsin based on
weight and 1.6-fold higher based on TAMe esterase activity caused no
detectable activation or cleavage of prekallikrein. Thus, purified tryptase,
the major neutral protease and only TAMe esterase thus far detected in human
mast cells, does not activate prekallikrein and presumably can not account for
the prekallikrein activator (6) or kinin generating (5) activities reported to
be released by an IgE-dependent mechanism from human lung fragments in vitro
or the kinin activity detected in nasal washings from allergen-challenged
individuals (4). Identification of the cells involved in these kinin
generating activities, however, is not resolved, particularly in light of
observations that human alveolar macrophages (17) and peripheral blood
eosinophils (18) can be activated to secrete mediators by an IgE-dependent
mechanism involving Tow affinity receptors for this antibody class. Indeed, a
previous report showed that systemic reactions of anaphylaxis (presumably due
to mast cell degranulation) apparently caused consumption of high molecular
weight kininogen without significant changes in levels of Hageman factor and
prekallikrein (8). This is consistent with the known in vitro activities of

tryptase that include destruction of high molecular weight kininogen (13) and
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the absence of any effect on prekallikrein or on low molecular weight

kininogen (14).
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