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ABSTRACT: The chronic, progressively destructive bronchitis or patient-; 
wltb cystic rlbrosls (CF) Is characterized by an lmportant lmbalunce 
between tissue destroying granulocyte proteases such as granulocyte 
elastase (GE) and Its physiological Inhibitors In bronchial secretions. 
Recent in vilro studies suggest, tba t protenses der ived from bacteria 
or endogenous proteases may contribute to Inactivation of physiological 
Inhibitors of GE. Since only trypsin-unreactive a

1
-protelnase Inhibitor 

(CL
1
-PI) was detected In CF bronchial secretions, we attempted to Identify 

the mecbanlsm or Inactivation or a,-Pl. We found a heat stable, serine 
protease-like enzymatlc activity capable or degrading LlSJ -Iabelled ah-Pl 
extensively Ln 22 Infected but not In one non-Infected CF bronc lal 
secretion. In Infected secretions, only degraded <l1·Pl, which did not 
migrate like oxidized a

1
-PI In tandem-crossed lmmunoelectropboresls, 

was detectable. We cone ude, tbat free GE In excess as well as GE bound 
to bronchial mucosal Lnblbltor may partly account for the a

1
-PI-cleavlng 

activity, but tbllt other yet unknown bacterial or host serine proteases 
also contribute to a

1
-Pl Inactivation. 
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Neutral proteases released from stimulated 
granulocytes are powerful enzymes capable of causing 
extensive tissue damage as well as degradation of 
opsonjns in infections such as the chronic, progressively 
destructive bronchitis o f patients with cystic (ibrosis 
(CF) [1-4]. In this disease, the anti protease shield against 
the granulocytc protcases elastase (GE) and cathepsin G 
(Cat G) is overcome by Lhe amount of enzymes present 
in the airways [3, 4j . One of the main antiproteases 
protecting tissues from degradation by elastase is a.
proteinase inhibitor (a,-PJ) [5]. ln CF bronchial secre
tions a 1-PI was found only in an inactive form and 
although a variety of causes leading to a -PI inactiva
tion were discovered by in vitro studies [ 6-l5], the cause 
of a 1-PI inactivation in bronchial secretions from CF 
patients is not known. 

There are two mechanisms by which neutrophil 
granulocy tes alone may inacti vate a,-PI. Firs tl y, 
oxidants released by s timulated neutrophiJs decrease the 
elastase-inhibitory potential of a ,-PI by oxidation of a 
methionine residue located near the binding site of the 
inhibitor [15] and secondly, it was recently shown that 
an as yet unidentified neutrophil melalloprotease may 

protcolytically inactivate a
1
-PI [12]. In addition, bacte

rial enzymes such as Pseudomonas aeruginosa (PA) 
elastase and other bacterial proteases [6- 10] were shown 
in vitro to inactivate a,-PI by proteolysis. We have 
previously found that strains of PA isolated from CF 
patients indeed secreted bacterial elastase in vitro [2]. 
Since the inactivation of a

1
-Pl within the airways of CF 

patients may contribute to Lhe marked imbalance be
tween proteases and antiproteases, we attempted to 
identify, how a

1
-PI was inactivated in CF bronchial 

secretions. 
In this study, we used tandem-crossed 

immunoelectrophoresis to compare the migration paucm 
of a

1
-PI in CF bronchial secretions to the migration 

pauern of purified a,-PI oxidized in vitro and of 
purified a 1-PI inactivated in vitro by PA elastase. We 
also analysed the molecular weights of ~-Pl fragments 
present in bronchial secretions by immunoblots in 
comparison to the same controls, and finally we 
identified a heat st.able, serine-protease activity within 
CF bronchial secretjons with zymographs, which was 
capable o f degrading purified <l

1
-PI, as we ll as 

1251-labclled a ,-PI. 



<X
1
-PI INACfiVATION IN CF BRONCHIAL SECRETIONS 41 

Patients and methods 

Collection of bronchial secretions 

Fresh morning sputum samples were obtai ned 
from nine CF pa tients (age range 15 mlhs to 20 yrs). 
aU of whom bad sweat ch loride values above 70 
meq·/·1 and all of whom had been included in our 
previous studies [2, 3, 16]. One patient was a neonate, 
who died at lhe age of 11 days from meconium ileus 
wilh peritonitis. The diagnosis of CP was confirmed 
at autopsy. 

Five of lhese patients had sputum cultures positive 
for PA, four patients for Staphylococcus aureus and one 
in addition for Haemophilus influenzae at the time, when 
bronchial secretions were collected. No respiratory 
pathogen was isolated from bronchial secretions of the 
neonate, which were aspirated lhrough lhe endotracheal 
tube. Except for the neonate, who was treated with 
ampicillin, metronidazole and gentamicin, none of the 
patients was under antibiotic lherapy when studied. The 
bronchial secretions were immediately mixed with an 
identical volume of sterile 0.9% NaCI, shaken by hand 
for 1 min and centrifuged at 1,000 g·min·1 until the 
supematant was clear. The supernatants were frozen at 
-70°C until tested. 

In addition to the bronchial secretions from these ten 
patients, which were studied in detail, we analysed 
pooled samples of an additional 12 CF patients 
previously studied [16]. 

All samples of s putum fulfilled the quality 
criteria established by WASIUJ~~aroN [17J and sputum 
cultures were performed wilh well-established methods. 
The protein concentration was determined by a stand
ard melhod (Biorad, Richmond, California). 

Preparation of PA elastase-containing culture 
supernatants 

PA culture supematants were prepared as described 
previously. Briefly, one str a in of Pseudomonas 
aeruginosa isolated from a CF patient. which was known 
to secrete bacterial elastase [2) was cultured as follows: 
0.1 ml of an overnight culture was added to 5 ml of 
Mueller-Hinton broth incubated in a shaking waterbath 
at 37°C for 24 h. The final bacterial concentration was 
determined by plating serial dilutions of lhe culture 
on Mueller-Himon agar plates and counting the 
colony forming units. The bacterial concentration at the 
end of the culture was 4.lxlOS cfu·ml·1• The 24 h 
culture was then centrifuged in an Eppendorf centrifuge 
at 8,000 g·mi n·1 for 10 min (Eppendorf, Hamburg, 
FRG). The supernatants were frozen at -70°C in 
small aliquots until used. The elastolytic activity of lhe 
c ulture supernatant was 1.61 U measured as 
described bel~w. O~e mM of o-phena~lhroline (Sigma, 
Co., St. Louis, Missouri) completely inhibited the 
elastolytic activity [18] of the culture supernatant by 
>90%. 

Determination of elastase activity 

Elastolytic activity was measured as described by 
HORNEUECR and SCHNEBU (18) with purified bovine 
elastin (Sigma) radioactively labeUed with NaB3H4 (New 
England Nuclear Corp., Boston). Ten J.d of the test 
sample were incubated with 500 Jl& of ' H-Iabelled 
elastin suspended in Brij 35 (0.01 %) and sodium azide 
(0.02%) for 16 h a t 3rC. The samples were lhen 
centrifuged at 3,300 g·min·1 for 10 min. The radioac
tivity of 100 Jll of lhe supematants was measured and 
used to calcu la te lhe amount of solubilized elastin. One 
mg of completely solubilized 3H-labelled e lastin 
corresponded to 145,000 cpm. Elastolytic activity (U ) 
was expressed as lhe number of mg of labeUed elastfn 
solubilized by I ml of enzyme solution. 

The synthetic granulocyte e lastase (GE) specific 
chromogenic substrate Mco-Succ-Ala-Ala-Pro-Val-7-
amino-4-methyl-co umarin (Calbiochem, Luzero, 
Switzerland), called GE specific substrate, was used to 
determine elastase activity as described previously [2, 
3]. The enzymatic activity was expressed in nmoles of 
7-amino-4-melhyl-coumarin per min·J.Lg ·1 of GE (=U .u~cJ 

Determination of a1-PI in bronchial secretions 

Immunoreactive <X
1
-PI in bronchial secretions was 

quantitated by radial immunodiffusion [19] (Behring, 
Marburg, FRG) as indicated by the manufacturers. 

Purified GE and Cat G 

Granulocyte elastase and cathepsin G, a ldnd gift from 
H.P. Schnebli, Ciba-Geigy research, Basel, Switzerland, 
were purified as described previously (20]. The 
elastolytic activity of 100 J.Lg of purified GE was 0.84 
U and 1.45 U"'~3 Jl& of GE. The enzymatic activity 
of elastase on both substrates ('H-elastin and the 
GE-specific synthetic substrate) was inhibited by >90% 
by phenyl-melhyl-sulfonylfluoride (PMSF) 1 mM. 

Purified a1-PI 

Purified <X1-PI was obtained from Calbiochem/Behring. 
The . preparation migrated as a single major band· on 
sod tum dodecyl sulp hate-polyacry lamide gel 
electrophoresis (SDS-PAGE) 7.5% (WN) with an 
apparent molecular weight of 57,000 daltons in 
comparison to standard proteins (Biorad, Richm~nd 
California). ' 

Preparation of oxidized a1-PI 

As we showed previously, purified ~-PI can be 
oxidatively. i.nactivated with J:IP2 80 mM [10]. Forty 
Jl& of punfied <X1-PI were mcubated in 500 Jll of 
Dulbeco's phosphate buffered saline (PBS) with Ca++ 
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and Mg++, pH 7.8 containing 80 mM of H,P
2 

and in
cubated at 37°C for 20 min. After this incubation, the 
GE-inhibitory activity of a.

1
-PI was shown to be abol

ished. GE activity was measured with the GE specific 
chromogenic substrate as described above. 

Preparation of a1-Pl inactivated by the PA elastase 
containing culture supernatant 

Forty J.l.8 of purified a.1-PI were suspended in 
Dulbeco's PBS with Ca++ and Mg•• and incubated with 
200 J.l.l of the PA containing culture supematam for 24 
h at 37°C. This procedure facilitated abolition of the 
GE inhibitory capacity of a.

1
-PI. PA elastase activity 

was measured with 3H-elastin. 

Tandem-crossed immunoelectrophoresis 

Tandem-crossed immunoelectrophoresis, which allows 
comparison of the migration pattern of identical antigens, 
was performed as described previously [21]. Briefly, 
Agarose ME (FMC Corporation, Marine Colloids 
Division, Rockland, Maine), 1 g % in Tris-barbiturate 
buffer (Diethylbarbituric acid 24 mM, Tris HC173 mM, 
calcium lactate 0.35 mM and Na-azide 0.013%), pH 
8.6, was prepared and slides covered with 1 mm of 
agarose gel were kept at 4°C overnight. Thereafter, two 
wells (4 mm diameter) at a 7 mm distance were cut in 
the agarose with a telescopic well puncher. Samples 
con taining 2 J.Lg of a..l-PI in Tris-barbiturate
bromophenol blue bufter (as above plus 0.1% 
bromophenol blue) were deposited in the wells and 
electrophoresis carried out at 10 V·cm·1 of gel for 2 h 
at l0°C. At the end of this first migration the gel was 
cut to a width of 2 cm containing electrophoresed 
a.1-PI and crossed immunoelectrophoresis was performed 
overnight at 4°C in a similar gel containing 20 J.l.l of a 
rabbil antibody against a.

1
-PI (Behring, Marburg, 

Germany) per ml of gel at 2 V·cm·1 of gel. Thereafter, 
the gel was washed in 0.9% sterile NaCl, dried at 45°C 
for a minimum of 2 h and coloured with arnido-black 
staining. The migration distance between the two peaks 
was measured in mm. 

lmmunoblotting of a1-PI 

To determine molecular weights of a.
1
-PI fragments in 

bronchial secretions, fragments of a.
1
-PI were separated 

with SOS-PAGE 10% (W/V) [22]. After e lectrophore
sis the gels were incubated in 25 mM Tris and 20% 
methanol (pH 10.4) for 15 min and the proteins were 
transferred to Immobilon membranes (Millipore Corp., 
Bedford, Mass.) by using a Multiphor ll Novablot system 
(LKB, Bromma, Sweden) at 150 mA for 9 min [23]. 
The membrane was then slowly shaken in a blocking 
buffer (10 mM Tris, 1 mM edetic acid (EDTA), 133 
mM NaCl, 10% skim milk, 0.05% Triton X-100 and 
2% sodium azide) at 20°C for 2 h. Subscquem.ly, the 

membrane was incubated in skim milk (Difco, Detroit) 
containing an antibody to a.1-PI raised in rabbits 
(Behring, Marburg, FRG) at a dilution of 1:2000 
followed by three washing steps in PBS (pH 7.4) Ca++ 
and Mg•• free. 

During the next step the Immobilon membrane was 
incubated in skim milk containing an antibody to rabbit 
immunoglobulin G (IgG) bound to alkaline phosphatase 
(Sigma, St. Louis) at a dilution of 1: 1000 for 2 h. After 
three washing steps in Ca++ and Mg++ free PBS, the 
membrane was incubated in 50 mM Tris (pH 8) for I 0 
m in and exposed to the chromogenic substrate (naphthol 
AS-MX (40 mg) and fast red salt (80 mg, both from 
Sigma) in 50 mM Tris). The reaction was stopped by 
washing the lmmobilon membrane in tap water for 10 
min. 

Molecular weights were monitored with standard 
proteins (Biorad), which were revealed with arnido-black 
staining. 

Degradation of 05/-Jabe/led a1-Pl by CF bronchial 
secretions 

Purified a.1-PI was labelled with 1251 according to 
BoLTON and HuNTER [24). Approximately 100,000 cpm 
were incorporated into J J.i.& of a.1-PI. In some 
experiments 20 J.l.l ofWI-labelled a.

1
-PI corresponding 10 

1 x 106 cpm were incubated with 4 J.i.l of bronchial 
secretions and 15 J.l.l of PBS for 1 h at 37°C. After 
incubation, 10 J.l.l of sample buffer concentration x5 was 
added and the samples boiled for 3 min. Thereafter, 10 
J.i.l of the sample was loaded on a polyacrylamide gel 
15% (W /V) and after electrophoresis and 
immunoblotting as described above, the Immobilon 
membrane was exposed to a Kodak x-omat film at 
-70°C for 24 h. In addition to autoradiography, the 
Immobilon membrane was stained for ~-PI fragments 
as described above. This procedure allowed us to 
compare 1251- labelled a.

1
-Pl to immunoreactive 

fragments of a.
1
-PI. 1251-labeiJed a.

1
-PI and the 

fragments generated by CF bronchial secretions were 
quantitated by laser densitometry (Genofit, Geneva, 
Switzerland) in arbitrary density units (DU). 200,000 
cpm of a.1-PI exposed at -70 oc for 24 h gave a density 
of approximately 48,000 DU. 

Zymographs 

To identify a putative a.(PI-cleaving activity of 
bronchial secretions, we modified previously published 
methods for zymographs [15, 25, 26). Before using 
purified a.

1
-PI copolymerized in SDS-gels, we incubated 

3 J.Lg of purified a.1-PI with purified GE (2.5 J.Lg) and a 
CF bronchial secretion (13 J.l.l) in the presence of SDS 
0.1 % for 30 min at 37°C and compared complex 
formation of GE with a.1-PI and the fragmentation of 
a 1-PI by the bronchial secretion to that obtained in a 
similar experiment without SDS. Since there was no 
difference in the two conditions studied, zymographs 
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were performed as described below. Three hundred J.lg 
of purified a,-PI were added to a 7.5% (W/V) 
polyac(ylamide gel before polymerization. The stacking 
gel contained no a,-PI. Thirteen J.1l of a pool or of 
individual bronchial secretions, 2.5 J.1g of purified GE, 
2.5 J.lg of purified Cat G or 25 J.1l of PA culture 
supernatant were added to 27 J.1l of sample buffer 
(concentrated 3 times) and electrophoresed through the 
a -PI containing gel at 4°C for 5 h at 170 V without 
prlor heating of the samples. SDS was then removed 
from the gel by incubating the gel in 2.5% Triton X-
100 for 1 h. Thereafter, the gel was incubated at 37°C 
for 16 h in 0.1 M glycine, pH 8.3 or pH 7. Proteins 
were transferred to Immobilon membranes and a,-PI was 
revealed as described above. 

Inhibition experiments 

To characterize the enzymatic activities measured, we 
used various inhibitors. PMSF (from Sigma) was used 
as an inhibitor of serine proteases such as GE, Cat G 
and the neutrophil protease proteinase 3 [27]. Z
Ala-Ala-Pro-Val-CH,CI was used as a specific inhibitor 
of GE [28] and Z-Giy-Leu-Phe-CH1CI as a specific in
hibitor of cathepsin G [28). 0-phenanthroline and EDTA 
(both from Sigma) were used as inhibitors of 
metalloproteases such as PA elastase [24] and the a,-PI 
inactivating metalloprotease of granulocytes, which was 
discovered recently [12]. Finally, iodacetamide (Sigma) 
was used as an inhibitor of thiol proteases such as 
cathepsin B [14], which is also capable of inactivating 
a 1-PI. 

Statistical evaluation 

The results are expressed as mean±so. For 
comparison, the Mann-Whitney test was used. 

Results 

Elastolytic activity and a,-PI concentration of bron
chial secretions 

Individual results are given in table 1. The only sample 
of bronchial secretions without detectable elastolytic 
activity was Lhal of the newborn child (6 samples tested 
from 3 consecutive days). There was a difference in the 
mean elastolytic activity of bronchial secretions from 
the five patients colonized with PA (1.38±0.65 U

8
) 

compared to those from patients not colonized with PA 
(0.5±0.4 U8), which was not statistically significant. If 
one assumes that most of the elastolytic activity was 
attributable to GE such as demonstrated earlier [2-4, 
15] one ml of bronchial secretions contained approxi
mately 100-110 J.18 of free GE. The mean concentration 
of immunoreactive ~-PI of bronchial secretions from 
patients colonized with PA was 89.2±77.4 J.lg·ml·' and 
of those not colonized with PA 49.7±65.6J..Lg·ml·1• The 

total mean protein concentrations of bronchial 
secretions from patients colonized with PA was 8.4±5.1 
g·l"' and those not colonized with PA 3.8±3.9 g·/"1• 

Table 1. - Elastolytic activity, a,-PI and protein 
concentration of bronchial secretions 

Bronchial secretion Elastolytic 
from patients 
colonized with: 

Pseudo~nas aeruginosa 
1 
2 
3 
4 
5 

Staphylococcus aureus and/ 
or Hae1nophilus influenzae 

activity U
8 

0.5 
1.9 
0.91 
1.9 
1.7 

1 0.81 
2 0.15 
3 0.7 
4 0.8 
5 0.11 

a,-PI 
j.lg·ml·' 

210.6 
113.0 

8.0 
54.1 
60.4 

15.0 
36.7 
10.0 

165.8 
21.1 

Proteins 
g·l'' 

15.5 
9.05 
4.66 
2.5 

10.46 

6.4 
1.5 
1.0 
9.4 
0.7 

Elastolytic activity is expressed in U
8
=mg of 3H-labelled 

elastin hydrolysed in 18 h at 37°C. a
1
-PI concentration and 

protein concentration were measured colorimetrically (Biorad). 

PA-a -PI 1 a -PI 1 

Fig. I. - Representative example of tandem-crossed 
immunoelectrophoresis, showing lhe migration of 2 j.lg of purified 
a 1-PI inactivated by Pseudomonas aeruginosa (PA) (PA a

1
-PI) a1 

indicated in "Methods" compared to the migration of 2 j.lg of 
purified a1-PI in crossed immuno·electrophoresis. The results (Lable 
2) are expressed in mm (mean±so) of migration distance of the two 
peaks. a

1
-PI: a

1
·proteinase inhibitor. 

Comparison of a
1
-Pf in CF bronchial secretions with 

purified a1PI inactivated by PA elastase and oxidized 
a~-PI 

Migration of a
1
-Pf in tandem-crossed 

immunoelectrophoresis. An example of tandem-crossed 
immunoelectrophoresis is shown in figure 1. This method 
allowed us to determine precisely the migration distance 
between a peak of purified a,-PI and purified a,-PI 
inac tivated by PA e lastase, oxidized a,-PI or 
immunoreactive a,-PI of bronchial secretions. As 
determined in 6 different immunoclectrophoreses (table 
2), Lhe migration distance between purified a,-PI and 
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purified a
1
-PI was 10.8±0.8 mm. The mean distance 

between purified a 1-PI and oxidized a,-PI was 12.9±0.5 
mm, whereas for a,-PI incubated with the PA elastase 
containing culture supematant and purified a,-PI it was 
16.1±1.9 mm. a 1-PI in a pool of CF bronchial secre
tions migrated at a mean distance of 16.5±1.1 mm from 
purified a 1-PI, resembling that of a,-PI inactivated by 
PA elastase. The mean migration distances of oxidized 
a

1
-PI and a 1-PI in CF bronchial secretions were 

significantly different, indicating that no oxidized a 1-PI 
could be detected in CF bronchial secretions by this 
method. 

Table 2.- Migration distance in mm of purified a
1
-PI to 

purified a
1
-PI, oxidised a,-Pt, purified a,·PI inactiVated 

with PA elastase and a ,-PI in a pool of CF bronchial 
secretions in tandem-crossed immunoelectrophoresis 

a 1-PI - a,-PI 
at'Pl - oxidized a

1
-PI 

at'PI - a 1-PI incubated with 
PA elastase 

a
1
-PI - a 1-PI in a pool of 

Migration distance mm 

10.8±0.8 
12.9±0.5 
16.1±1.9 

16.5±1.1 
CF bronchial secretions 

The data represents mean±so calculated from 6 separate 
immunoelectrophoreses. 

Migration of a 1-PI and a(P/ fragments in 
immunoblots. In figure 2, the nugration of a 1-PI of 3 
representative bronchial secretions (lanes 4-6) from 
patients colonized with PA was compared to that of 
native a \-PI, a,-PI inactivated by PA elastase (lane I) 
and oxidized a ,-PI (lane 2). On lane 3, 3 J-Lg of purified 
GE were incubated with 2 J-L8 of purified a

1
-Pl in order 

to form the complex GE-a1-PI. In contrast to the com
plex GE-a1-Pl formed in vitro, which showed a small 
band at 82,000 daltons and a large band at 72,000 as 
well as an a 1-PI fragment at 48,000 daltons, only a small 
band of complexes, but a large band of the 48,000 dalton 
fragment were present in CF bronchial secretions. In 
none of the bronchial secretions was a 1-PI with the 
molecular weight of purified a

1
-PI (57 ,000 daltons) 

present. Two fragments of a,-PI were generated by PA 
elastase with apparent molecular masses of 49,000 and 
47,000 daltons, i.e. close to the molecular weight of the 
main fragment in CF bronchial secretions. The migra
tion of oxidized aiPI was only slightly altered in 
comparison to purilled a 1-PI, but no such band was 
found in CF bronchial secretions. In one of the CF 
bronchial secretions (lane 6) another major fragment of 
38,000 daltons was observed; this fragment was present 
in 4 other bronchial secretions tested. 

In figure 3, the migration of a
1
-PI of 5 CF bronchial 

secretions from patients not colomzed with PA is shown. 
Lane 3 shows the migration pattern of a,-PI in the 
bronchial secretion of the newborn with CF, who had 
no evidence of bronchitis. a

1
-PI migrating with an 

apparent molecular weight of 57,000 daltons was seen 
in a large band and a small band at 51,000 daltons was 

-- 82'000 

- •I -- ... __ --72'000 
-- 57'000 
--48'000 

--38'000 

- -32'000 

Fig. 2. - a,-PI and its fragments separated by PAGE 10% fNN) 
and revealed by immunoblotting. Purified a -PI (0.5 ~g) was loaded 
at each side of the gel. Lane 1: 1 ~g of purlfied a 1-Pl inactivated by 
a PA elastase; lane 2: 1 JLg of oxidized a 1-PI; lane 3: complex between 
GE 3 I!& and 2 ~g of purified a,-PI. On lanes 4-6: 3 different 
bronchial secretions containing approximately 1 ~g of immunoreac
tive a

1
-PI were loaded. Purified a,-PI had an apparent mole(:ular 

weight of 57,000 daltons. The PA elastase containing culture 
supematant generated two fragmenu with apparent mole(:ular weights 
of 49,000 and 47,000 daltons, whereas oxidized a 1-PI migrated with 
an apparent molecular weight of 65,000 daltons. Purified GE and 
a,-PI fonn two types of complexes with molecular weighu of 82,000 
and 72,000 daltons as well as a major a 1-PI fragment of 48,000 
daltons. In the 3 CF bronchial secretions, a faint band migrating li.lce 
the two complexes GE-a,-PI is visible, but most of the a 1-PI 
corresponds to a 48,000 and a 38,000 dalton fragments. No intact 
a 1-PI can be detected in the bronchial secretions. a 1-PI: 
«,-proteinase inhibitor; PAGE: polyacrylamide gel electrophoresis; 
PA: P. aeruginosa; GE: granulocyte elastase; CF: cystic fibrosis. 

--82'000 -•• -a_ - - 72'000 
--- 57'000 
--51'000 
--48'000 - -- 38'000 

Fig. 3. - Migration of a 1-PI in bronchial secretions from S CF 
patients (corresponding to approximetely 1 JLg of immunoreactive 
a1-_!ll) compared to 1 f.lg of purified al·PI (left side) after PAGE 
1~ fNN) and subsequent immunob otting. On lane 1 and 2, 
bronchial secretions from 2 patients colonized with Staphyloc()(;cus 
aureus and on lane 4 a bronchial secretion from a patient colonized 
with S. aureus and Haemophilus influenzae were loaded. Small 
bands with the apparent molecular weights of the complexes 
GE-a1-PI with apparent molecular weights of 82,000 and 72,000 
daltons as well as major fragments of 48,000 and 38,000 daltons 
were detected. Lane 3 shows the migration pattern of approximately 
I JL& of a 1-PI in a bronchial secretion from a newborn baby with 
CF, from which no respiratory pathogen was cultured. The two 
bands corresponding to complexes were detectable and in conltaat 
to infected bronchial secretions, a,-PI migrating like native 
a,-PI with an apparent molecular weight of 57,000 daltons was found. 
For abbreviations see legend to figure 2. 
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also detected. The migration pattern of ~-PI of the other 
bronchial secretions was identical to those shown in 
figure 3. 

We conclude from these results that: 1) no oxidized 
a

1
-PI was detectable in CF bronchial secretions; 2) 

although the main a 1-PI fragment detected in CF 
bronchial secretions was similar to that generated by 
PA elastase, it was unlikely that. PA elastase alone 
generated this fragment, since the fragment was also 
found in CF bronchial secretions from patients not 
colonized with PA; 3) the main fragment in CF 
bronchial secretions had the molecular weight of the 
fragment released after fonnation of a complex with 
elastase; 4) in some CF bronchial secretions, fragments 
of a

1
-PI with molecular weights different from those 

generated after complex fonnation or exposure to PA 
elastase were detectable. 

These results suggest, that fragmentation of a
1
-PI in 

CF bronchial secretions might be due to other sources 
of enzymes than PA elastase or proteolytic activity of 
GE elastase on a

1
-PI during complex formation. 

Therefore, we decided to search for enzymes cleaving 
a

1
-PI with 125I-labelled a 1-PI and with zymographs. 

Cleavage of 1251-1 a belied a1-Pl by CF bronchial 
secretions. We searched for proteolytic activity of CF 
bronchial secretions on a

1
-PI by incubating wi-labelled 

a
1
-PI with four different bronchial secretions. Figure 4 

shows the results obtained with 4 CF bronchial 
secretions, three from patients colonized with PA (lanes 
1-3) and one from a patient colonized wilh 
Staphylococcus aureus only (lane 4). Lane 5 shows wi
labelled a

1
-PI incubated alone. CF bronchial secretions 

extensively degraded 1251-labelled a
1
-PI into fragments 

with molecular weights estimated at 48,000 and 38,000 
daltons. However, the density of the 48,000 dalton 
fragments generated by the four CF bronchial secretions 
was unmeasurable by densitometry and only one 
fragment of one CF bronchial secretion of 38,000 daltons 
had a measurable density of 2,580 DU. 1251-labelled 
a,-PI incubated alone had a density of 47,948 DU. This 
finding indicates that, in addition to degradation into 
the two fragments of 48,000 and 38,000 daltons, which 
were also found in immunoblots of CF bronchial 
secretions (figs 1 and 2), 1251-labelled a 1-PI was 
extensively degraded into small fragments, which were 
not detectable on the gels. 

Proteolysis of copolymerized afl by CF bronchial 
secretions in zymographs. In figure 5, four different 
zymographs are shown. Part a shows the proteolysis of 
copolymerized a 1-PI by 13 ~ of a pool of CF bronchial 
secretions (lane 4), compared to proteolysis of a

1
-PI by 

2.5 J.tg of elastase (lane 1), 2.5 ll& of Cat G and 13 J.tl 
of a PA elastase containing culture supernatant. The 
elastolytic activity of the pool of CF bronchial secretions 
and the PA culture supematant were 1.56 and 1.61 U

8
, 

respectively. While one small band of proteolysis of 
~-PI was generated by GE and Cat G (lanes 1 and 2), 
two barely visible bands were generated by PA elastase 
(lane 3). In contrast to lhis, a large band of 

11121314151 

-
• ~57000 

.._48000 

~38000 

Fig. 4. - Cleavage of 123!-labelled a 1-PI corresponding to 200,000 
cpm loaded on each lane either after incubation with 4 Ill of differ
ent CF bronchial secretions for 3 h (lanes 1-4) compared to 
I:UJ-labelled a

1
-PI incubated alone. The estminated molecular weights 

of the fragments generated by the bronchial secretion was 48,000 
and 38,000 daltons, respectively. The addition of the density of the 
two fragments does not correspond to the density of '23!-labelled a1-

PI (which was 47,948 DU), indicating that this molecule had been 
extensively degreaded. Only one fragment of 38,000 daltons (lane 
1) had a detectable density of 2,580 DU, whereas the density of the 
other fragments was below the limit of detection. DU: density units. 
For other abbreviations see legend to figure 2. 

a) b) 
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Fig. S. - Results of 4 zymographs, in which the proteolytic activi
ties of various enzyme sources on purified a 1-PI copolymerized in 
SDS-gels 7.5% (WN) are shown. Part a: 2.S ~g of GE and 2.5 11g 
of cathepsin G produced a small band of proteolysis. Thirteen 111 of 
the PA culture supematant produced two small bands of proteolysis 
migrating differently from GE and cathepsin G. Thirteen Ill of a 
pool of CP bronchial secretions (elastolytic activity 1.34 U

8
) 

produce a large zone of proteolysis of a 1-PI, whose front comigrates 
with GE and cathepsin G. Part b shows the result of serial dilutions 
of the bronchial secretion from 1: 1 to I: 1000. At a dilution of I : 100 
a small band of proteolysis comigrating with the band of proteolysis 
generated by purified GE and/or cathepsin is still visible. Part c 
shows that heating of the pool of CF bronchial secretion at 60°C for 
IS minor preimcubation with EDTA 10 mM did not inactivate its 
a 1-PI-cleaving activity. Only heating at 90°C for 15 min of the pool 
of CF bronchial secretions inactivated the a 1-PI-cleaving activity. Part 
d of the figure shows that only PMSF 1 mM, but not iodacetamide 
1 mM or o-phenanthroline 1 mM inactivated partially the 
a 1-PI-cleaving activity. EDTA: edetic acid. For abbreviations see 
legend to figure 2. 
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copolymerized a 1-PI was degraded by the pool of the 
CF bronchial secretion (lane 4). The front of this band 
was located at the level of the migration of GE and Cat 
G. In addition, smaller bands of proteolysis of a,-PI are 
visible on the lower part of the zymograph. Part b of 
figure 5 shows the proteolysis of copolymerized ai-PI 
by sequentially diluted samples of the same poo of 
bronchial secretions (lanes 1-4). Even in a dilution of 
1:100, a band of proteolysis of a,-PI migrating like GE 
and Cat G was visible. Part c of figure 5 shows the 
a

1
-PI-cleaving activity ofCF bronchial secretions heated 

at 60°C (lane 2) and 90°C (lane 3) in comparison to the 
native bronchial secretion (lane 1 ). After heating at 90°C, 
but not 60°C, the a

1
-PI-cleaving activity disappeared. 

Lane 4 shows the a
1
-Pl-cleaving activity of a CF 

bronchial secretion incubated for 1 h at 20°C with EDT A 
10 mM. No inhibition of ~-PI-cleaving activity by 
EDT A was detected. On part d of figure 5, the pool of 
CF bronchial secretions was preincubated with other 
inhibitors: iodacetamide 1 mM (lane 2), PMSF 1 mM 
(lane 3) and o-phenanthroline 1 mM (lane 4). In 
comparison to the CF bronchial secretion without 
inhibitor (lane 1) only PMSF 1 mM had a partial inhibi
tory effect on the a,-PI-cleaving activity of the 
undiluted bronchial secretion, characterized by partial 
disappearance of the zones of proteolysis in the upper 
part and persistence of the bands of proteolysis in the 
lower part of the zymograph. 

Taken together, the results from figure 5 indicate that 
CF bronchial secretions contained a heat-stable, serine 
protease-like activity capable of cleaving a 1-PI. 

Furthermore, we used two chloromethylketone 
inhibitors specific forGE and Cat G, respectively. These 
results are shown in figure 6. In part a of the figure the 
~-PI-cleaving activity of GE and Cat G is shown in 
lanes 1 and 3, respectively. In lanes 2 and 4, GE and 
Cat G were preincubated with specific 
chloromethyl.ketone inhibitors (100 mM), which both 
inhibited the a 1-PI-cleaving activity of these two puri
fied enzymes. Part b of figure 6 shows the a,-PI
cleaving activity of the bronchial secretion used in figure 
5 in the absence and presence of the two 
chloromethyl.ketone inhibitors specific for GE and Cat 
G. In lane 2 the a,-PI-cleaving activity of the bronchial 
secretions was inhibited by the chloromethylketone 
inhibitor specific for GE, except for the proteolysis 
observed in the lower part of the zymograph, whereas 
in lane 3 the Cat G-specific chloromethylketone inhibi
tor did not inhibit the a

1
-PI-cleaving activity of the 

bronchial secretion. Heating at 90°C for 15 min (lane 4) 
abolished the a 1-PI-cleaving activity completely; even 
the bands of proteolysis in the lower part of the gel 
disappeared. 

Similar experiments with individual bronchial 
secretions had shown, that this a -PI-cleaving 
activity was present in all tested bronchial secretions 
regardless of whether Pseudomonas aeruginosa was 
isolated from the secretion or not. The only bronchial 
secretion, which contained no detectable a,-PI-cleaving 
activity was the uninfected bronchial secretion from the 
neonate. 

a b 
I GE I G; I CatG I C~tG I J es I e.s I e.s I es I 

I·GE I+CatG I·GE I·CatG 100° 

Fig. 6. - This figure shows the result of two zymographs, in which 
the inhibition of the a,·PI cleaving activity of purified GE and Cat 
G by their respective specific chloromethylketone inhibitors Z
Ala-Ala·Pro-Val-Cl\Cl and Z·Gly-Leu-Phe-CH2Cl at a final con
centration of lOO mM is shown in part a. Part b shows similar 
inhibition experiments with a bronchial secretion. The a 1-PI
cleaving activity of the bronchial scretion (elastolytic activity 1.34 
U

8
) is shown in lane 1. Preincubation of the bronchial secretion with 

the GE-specfic chloromethylketone inhibitor (I·GE) (as well as 
heating of the bronchial secretion at 1 00°C for 1 0 min shown in lane 
4) inhibited the a 1-Pl-cleaving activity. In contrast to lhis, addition 
of the Cat G·specfic chloromethylketone inhibitors (I·Cat·G) did 
not inhibit the a,-PI·deaving activity of lhe bronchial secretion. For 
abbreviations see legend to figure 2. 

Discussion 

In one of our previous studies [3] we showed that 
large amounts of free GE were present in CF bronchial 
secretions and that a 1-PI in these secretions had lost its 
trypsin-inhibitory capacity and had an electrophoretic 
migration pattern slightly different from a,-PI in serum. 
Similar demonstrations were made by others (4, 30) but 
the mechanism of a 1-PI inactivation was not identified. 

In this study, we show that no a,-PI migrating like 
purified a

1
-PI in tandem-crossed immunoelectrophoresis 

and in SDS-PAGE was detectable in the CF bronchial 
secretions tested, except for the bronchial secretion of a 
neonate with CF, who had no respiratory pathogens 
isolated from bronchial secretions (figure 3, lane 3). 
Fragmentation of ~-PI into fragments with an apparent 
molecular weight of 48,000 daltons and in some 
bronchial secretions also 38,000 daltons was found in 
patients colonized with Pseudomonas aeruginosa as well 
as those colonized with Staphylococcus aureus and 
Haemophilus influenzae, suggesting that the presence 
of PA elastase alone could not explain fragmentation of 
a 1-PI. This is also supported by a recent study, which 
shows that in the presence of free GE, Pseudomonas 
elastase is not capable of inactivating a 1-PI [31). 
Tandem-crossed immunoelectrophoresis allowed us to 
achieve a separation of oxidized purified a 1-PI and 
purified a

1
-PI inactivated by PA elastase (table 2). The 

migration pattern of a,-PI of bronchial secretions in 
tandem-crossed immunoelectrophoresis (an example is 
shown in figure 1) was clearly different from that of 
oxidized a

1
-PI. No a

1
-PI migrating like purified 
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oxidized a
1
-PI was found, when bronchial 

secretions were subjected to PAGE and a,-PI revealed 
by immunoblotting (figure 3) indicating that, if 
oxidized a,-PI were generated in CF bronchial 
secretions, it was subsequently degraded by proteolytic 
enzymes. 

We had the opportunity to study only one uninfected 
CF patient, but the observation made in his bronchial 
secretion suggested that fragmentation of a,-PI leading 
to a 48,000 dalton fragment occurred only in those 
bronchial secretions in which infection and inflamma
tion were present. The absence of intact a,-PI in all 
except one non-infected bronchial secretion, the 
molecular weights of the fragments in infected CF 
bronchial secretions and the extensive degradation of 
JlSJ-Iabelled at-PI by CF bronchial secretions raised the 
question of whether an as yet unknown enzymatic ac
tivity capable of cleaving purified a,-PI was present in 
these secretions. 

Using llSJ-labelled a
1 
-PI (figure 4) and zymographs 

(fig 5 and 6), we were able to identify a heat-stable, 
serine protease-like enzymatic activity cleaving a,-PI in 
bronchial secretions. The characteristics of this 
enzymatic activity were therefore very close to that of 
GE and its inhibition by the GE specific 
chloromethylketone inhibitor confirms this conclusion. 
Is it possible to explain the fragmentation of a,-PI in 
bronchial secretions by fragmentation during complex 
formation of GE with ~,~.:_PI? As shown in figure 2 (lane 
3), a fragment of 48,uuu daltons was released during 
complex formation of GE with a,-PI. From the amount 
of elastolytic activity of the bronchial secretion, we 
estimated that the bronchial secretions loaded on the 
zymograph (figure 5, part a, lane 4) contained 2.5 j..lg of 
GE. This was also the amount of purified GE loaded on 
lane 1 (part a of the figure). Despite the presence of a 
quantity of free GE of the bronchial secretion estimated 
to be similar to that of purified GE, the bronchial 
secretion had much more proteolytic activity on a,-PI 
than purified GE, which could be inhibited by the GE
specific chloromethylketone inhibitor (fig. 6). Only when 
the bronchial secretion was diluted 100 times (part b, 
lane 3), did the band of proteolysis of a,-PI by the 
bronchial secretion correspond approximately to the 
proteolysis of a,-PI by purified GE. This indicates, that 
for identical elastolytic activity of the bronchial secretion 
versus purified elastase, the a,-PI-cleaving activity of 
the bronchial secretions was approximately lOO times 
that of purified GE. Even the presence of Cat G, which 
was found in bronchial secretions [4] and which in our 
experiments as well as those reported by others [11] 
also cleaved a ,-PJ to some cxtenl, can not expla in this 
difference as illustrated by the small zone of proteolysis 
of a ,-PI by 2.5 j..lg of purified Cat G (part a, lane 2). 
This diffe ren ce in a ,-PI -cleaving a cti v ity o f 
bronchial secretions and purified GE could be partly 
explained by the presence of complexes between GE 
and a reversible inhibitor, such as the bronchial mucosal 
inhibitor (BMI) which is the physiological inhibitor of 
GE in the airways [32]. Gradual release of elastase from 
complexe GE-BMI within the secretions during the 

incubation at 37°C could contribute to some extent to 
the degradation of a,-PI such as observed in the 
zymographs. 

However, there were other, smaller zones of 
proteolysis of a,-PI generated by the bronchial secre
tion and located at the lower part of the zymograph. 
These bands disappeared with heating of the bronchial 
secretion at 90°C, but not after preincubation of the 
bronchial secretion with the GE specific 
chloromethylketone inhibitor. 

A variety of other host proteases could theoretically 
be the source of this a,-PI-cleaving actvity such 
as cathepsin B [33], a yet unidentified metalloprotease 
from granulocytes [12] and granulocyte collagenase [34]. 
None of these proteases is inhibited by PMSF and 
PMSF was the only inhibitor capable of partially 
inhibiting the a,-Pl-cleaving activity of bronchial 
secretions, but this inhibition was not complete. Other 
unknown host proteases possibly originating from 
inflammatory cells, might therefore have contributed 
to the a,-PI-cleaving activity of the bronchial 
secretions. 

The a 1-PI-cleaving activity was detected in infected 
CF bronchial secretions and bacterial pathogens other 
than PA may secrete proteases capable of degrading 
a

1
-PI [8-10]. It was recently shown that certain strains 

of Staphylococcus aureus secrete a serine-protease 
capable of inactivating a 1-PI [9). However, the 
presence of a,-PI-cleaving activity in bronchial 
secretions from patients not colonized with Staphylo
coccus aureus suggested a potential role for other 
bacteria, inactivating a,-Pl [8] in vitro such as 
Bacteroides gingiva/is. Ovcrgrowth of PA and 
Staphylococcus aureus in CF sputum may mask the 
presence of microorganisms considered to belong to 
contaminating mouth flora and growth of anaerobic 
microorganisms was demonstrated in bronchial 
secretions by lung tissue culture obtained at thoracotomy 
of several CF patients [35], confrrming that anaerobic 
respiratory flora may indeed be present in the lower 
respiratory tract in these patients. In these chronically 
infected patients, the respiratory flora might therefore 
contribute to the imbalance between GE and a 1-PI by 
secretion of bacterial proteases. 

In summary, we detected a serine protease-like, 
heat stable enzymatic activity capable of cleaving 
extensively purified a,-PI in CF bronchial sec.retions. 
This cnzymatic activity may be due to GE (since it is 
inhibited by a GE-specific inhibitor) and possibly to the 
release of GE from complexes with the BMI which is 
a reversible inhibitor of these enzymes. Our findings 
show, that when GE is present in a large excess to its 
inhibitors, it may proteolytically-inactivate its inhibitor, 
CX1-PI. However, in addition to this, some yet unknown 
enzymes, originating either from the host or from other 
respiratory pathogens than PA, most likely contribute 
to proteolytic inactivation of a,-PI in CF. Our findings 
suggest that direct proteolytic inactivation of a,-PI is a 
major mechanism contributing to the imbalance between 
GE and its antiproteases in infected CF bronchial 
secretions. 
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Inactivation protllytique de l'inhibiteur de l'alpha1-proteinase 
( alpha

1
-PI) dans les slcretions bronchiques infectees de 

patients atteints de fibrose kystique. S. Surer, I. Chevallier. 
RESUME: La bronchite chronique progressivement 
destructive des patients atteints de fibrose cystique (CF) est 
caract~ris~e par un des~uilibre important entre les prot~ases 
granulocytaires destructrices des tissus, comme l'elastase du 
granulocyte (GE) et d'autre part ses inhibiteurs physiologiques 

dans les s~cretions bronchiques. Des ~tudes recentes in vitro 
suggerent que les prot~ases provenant des bacteries ou des 
prot~ases endogenes, peuvent contribeur a l'inactivation des 
inhibiteurs physiologiques de GE. Puisque l'on a detect~ dans 
les secr~tions bronchiques des patients atteints de fibrose 
cystique que I'inhibiteur de l'alpha1-proteinase est sans reaction 
a la trypsine, nous avons tent~ d'identifier le mecanisme 
d'inactivation de alpha

1
-PI. Nous avons trouve une activit~ 

enzymatique thermostable et semblable a celle d'une serine 
prowase, capable de degrader alpha 

1
-PI marqu~ a 1251 de fa~n 

marquee chez 22 sujet infectes, mais non chez 1 sujet non 
infect~ au niveau des s~cretions bronchiques. Dans les 
secretions infectees, l'on n'a pu detecter que de l'alpha

1
-PI 

degrade, qui ne migre pas, comme l'alpha1-Pl oxyde dans des 
immuno-electrophoreses croisees en tandem. 
Nous concluons de nos observations que l'activite de clivage 
de l'alpha

1
-PI pourrait provenir en partie d'un exces de GE 

libre et de GE lie ll l'inhibiteur des muqueuses bronchiques, 
mais que d'autres proteases encore inconnues, 
d'origine bacterienne ou provenant du serum de 
l'hote, pourraient ~galement contribuer a l'inactivation de 
alpha1-PJ. 
Eur Respir J., I99I, 4, 40-49. 


