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Elastase, cathepsin G and azurocidin from human neutrophils are key components
of body inflammatory defense, Perturbations in regulation of their activities lead to
many serious pathological states. The paper describes a simple, fast and efficient
method of joint purification of these proteins with the use of sequential affinity
chromatography on squash trypsin inhibitor (CMTI I) and bovine pancreatic trypsin

inhibitor (BPTT).

Human neutrophil elastase (HNE) and ca-
thepsin G are serine proteinases able to hydro-
lyse a variety of proteins, including elastin, pro-
teoglycan, collagens and other connective
tissue proteins [1]. They express also some
microbicidal activity independently from their
enzymatic action [2]. Azurocidin, which has
45% sequence homology with HNE, lost in
evolution its catalytic center [3], preserving
microbicidal [3] and chemotactic activity [4].
These features make these entities a crucial fac-
tor in the body’s inflammatory response, allow-
ing neutrophils to migrate easily to the site of
inflammation [5] and participate in the degra-
dation of invading microorganisms by prote-
olytic and microbicidal mechanisms.

All three proteins reside in azurophilic gra-
nules — the important tool of neutrophil pha-
gocytic activity [6].

Enzymatic activity of HNE and cathepsin G
outside the neutrophil (after degranulation) is
controlled by proteinase inhibitors such as ;-
proteinase inhibitor, mucus proteinase inhibi-

tor, aj-antichymotrypsin and a;-macroglo-
bulin [7]. Disturbances in proteinase-inhibitor
balance lead to such serious pathological states
as emphysema, adult respiratory distress syn-
drome, rheumatoid arthritis, gout or glomeru-
lonephritis [8].

Purification methods for HNE and cathepsin
G are usually multistep procedures; that most
often used, described by Travis and his col-
legues [9, 10, consists of two chromatographic
steps (affinity followed by ion exchange). Inthe
present paper we propose a simpler and faster
procedure based on simultaneous adsorption
on a tandem of CMTI I- and BPTI-Sepharose
columns. Lowering of pH releases cathepsin G
from CMTI [, and HNE and azurocidin from
BPTI column.

MATERIALS AND METHODS

Materials. Neutrophils were obtained from
“buffy coats” provided by Wroclaw District
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Abbreviations: BPTI, bovine pancreatic trypsin inhibitor; CMTI 1, squash trypsin inhibitor; HNE, human

neutrophil elastase.
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Blood Bank. Granules were isolated from neu-
trophils by the procedure of Baugh & Travis [9].
CMTI1 I was purified according to Polanowski
et al. [11). BPTI was purified according to Wi-
lusz et al. [12]. N-Methoxysuccinyl-Ala-Ala-
Pro-Val p-nitroanilide and N-succinyl-Ala-Ala-
-Pro-Phe p-nitroanilide were from Sigma
Chemical Company (U.S.A.).

Affinity column preparation. Inhibitors were
coupled to Sepharose 4B by the divinyl sul-
phone method [13]. The size of the column was
5cm x lem and 15 em % 1.6 em for CMTI I- and
BPTI-Sepharose, respectively.

Purification procedure. Frozen granules were
thawed and homogenised according to [9]. The
homogenate was centrifuged for 30 min at
30000 x g, pH of the supernatant was adjusted
to 8.0 with solid Tris and the preparation was
loaded on the tandem of CMTI I-Sepharose and
BPTI-Sepharose columns equilibrated with
0.05 M Tris/HCI buffer, pH 8.0, containing 1 M
NaCl. After elution of unadsorbed proteins
with the equilibration buffer the columns were
disconnected. To elute protein adsorbed on
CMTI I column 0.05 M citrate buffer, pH 3.5,
with 1 M NaCl was applied. Application of 0.05
M citrate buffer, pH 4.0, with 1 M NaCl fol-
lowed by 0.1 M glycine buffer, pH 3.0, eluted
proteins from BPTI column. Fractions of 5 ml
were collected into tubes containing 1 M
CH;COONa adjusted to pH 6.0 (0.1 of the frac-
tion volume) to stabilise enzymatic activity.

Protein determination. Concentration of pu-
rified proteins was determined from the ab-
sorbance at 280 nm using the absorption coeffi-
cient (Al of 9.85 for HNE [9] and 6.64 for
cathepsin G [10]. For azurocidin the absorption
coefficient was calculated as 5.1 according to
Gill & von Hippel [14].

Enzymatic activity. HNE activity was deter-
mined in 0.2 M Tris/HCI buffer, pH 8.0, with 1
mM N-methoxysuccinyl-Ala-Ala-Pro-Val p-ni-
troanilide as a substrate. Cathepsin G activity
was determined in 0.1 M Tes buffer, pH 7.5,
containing 0.5 M Na(l and 0.02% Triton X-100
with 0.2 mM N-succinyl-Ala-Ala-Pro-Phe p-ni-
troanilide as a substrate. One unit of activity
was defined as the amount of the enzyme re-
leasing 1 pmol of p-nitroanilide per 1 min at
25°C.

Electrophoresis. Polyacrylamide gel electro-
phoresis in the presence of sodium dodecyl

sulphate (SDS/PAGE) was performed in 15%
(w/v) slab gels by the method of Laemmli [15]
at pH 8.3. The gels were stained with Coomas-
sie Brilliant Blue R-250. Molecular weight cali-
bration kit from Pharmacia LKB Biotechnology
AB (Uppsala, Sweden) (phosphorylase b -
94000, albumin — 67000, ovalbumin — 43000,
carbonic anhydrase — 30000 and soybean tryp-
sin inhibitor — 21100) was used.

Amino-acid sequence. N-Terminal sequence
of azurocidin was determined in MilliGen
ProSequencer (Millipore, U.S.A.) according to
the manufacturer’s procedure.

RESULTS AND DISCUSSION

Strong binding of cathepsin G (K, = 1.7 x 10°
M) [16]to CMTIland binding of HNE [9] and
azurocidin [17] to BPTI was the rationale for the
presented separation procedure.

Loading of the neutrophil granules homoge-
nate at pH 8.0, on connected CMTI I- and BPTI-
Sepharose columns resulted in adsorption of
cathepsin G on the first, and of HNE with azu-
rocidin on the second column. A decrease of pH
allowed for the desorption of separated pro-
teins. Cathepsin G was eluted from CMTI I-Se-
pharose at pH 3.5. Elution of HNE at pH 4.0,
from the BPTI-Sepharose column was followed
by the elution of azurocidin at pH 3.0 (Fig. 1).

Determination of enzymatic activity in the
eluted fractions showed no cross-contamina-
tion, which means that cathepsin G was bound
exclusively to the CMTI [ and HNE to the BPTI-
Sepharose column.

Sequencing of the first 15 N-terminal residues
of the protein eluted at pH 3 from BPTI-Sepha-
rose column confirmed its identity with the
published sequence of azurocidin [18 ].

SDS/PAGE revealed that the separated pro-
teins are pure and show the characteristic
microheterogeneity pattern (Fig. 2).

The applied method gave a good yield of the
separated proteins (Table 1). By processing of
60 “buffy coats” from about 24 1 of blood 25 mg
of cathepsin G, 23 mg of HNE and 12 mg of
azurocidin was obtained.

In summary, as a result of the applied proce-
dure the three clinically important proteins
were separated from a single batch of neutro-
phil granules in a fast, simple and efficient way.
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Table 1

The yield of affinity chromatography separation of

cathepsin G and human neutrophil elastase.
For details of enzymatic activity determination see
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Fig.1. Elution profiles of human neutrophil elastase,
cathepsin G and azurocidin from CMTI I- and

BPTI-Sepharose columns.

For details of chromatography see Materials and Methods.

1 2
Fig. 2. SDS/PAGE of proteins separated by affinity
chromatography on CMT]I I- and BPTI-Sepharose
columns.
Lanes 1 and 5, molecular weight standards; lane 2, HNE;

lane 3, azurocidin; lane 4, cathepsin G. For details of
electrophoresis see Materials and Methods.
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