
Journal of 
Clinical Chemistry and 
Clinical Biochemistry 

Zeitschrift für 
Klinische Chemie und 
Klinische Biochemie 
Gemeinsames Organ der Deutschen, der Niederländischen, der Österreichischen 
und der Schweizerischen Gesellschaft für Klinische Chemie 

Editors in Chief Verantwortliche Herausgeber 

Johannes Büttner, Hannover Walter Guder, München Ernst Schüttet, Berlin 

Managing Editor Schriftleiter Friedrich Körber, Berlin 
Co-ordinator for IFCC Recommendations Nils-Erik Saris, Helsinki 

Editors Herausgeber 

Johannes Büttner, Hannover 
Jörg Frei, Lausanne 
Wolfgang Gerok, Freiburg 
Helmut Greiling, Aachen 
Walter Guder, München 
Erich Kaiser, Wien 

Advisory Board unter Mitarbeit von 

Gerd Assmann, Münster 
Klaus Borner, Berlin 
Hans Fritz, München 
Rainer Haeckel, Bremen 
Erwin Hansert, München 
Herbert Keller, St. Gallen 

Joachim Kalden, Erlangen 
Esso Johannes van Kampen, Groningen 
Hermann Mattenheimer, Chicago 
Ernst Schüttet, Berlin 
Dankwart Stamm, München 
Hansjürgen Staudinger, Freiburg 
Otto Wieland, München 

Michael Oellerich, Hannover 
Jean-Paul Persijn, Amsterdam 
Ellen Schmidt, Hannover 
Gerhard Uhlenbruck, Köln 
Wolfgang Vogt, München 
Hermann Wisser, Stuttgart 
Irene Witt, Freiburg 

w 
DE 

G 
Walter de Gruyter • Berl in • New York 
J. Clin. Chem. Clin. Biochem. Volume 23, Number 8, August 1985, pages 4 4 5 - 5 0 4 



Univsrsitäts-
Bibiiothek 
München 

Attention before copying! 
D o you photocopy articles f rom this periodical? I f so, have you made certain that you are not violat ing the legal copyright 
regulations and making yourself liable to prosecution? 
According to copyright law it is only permissible to make a few copies o f individual articles for personal use. Reproduct ion o f 
articles for commercial use by an industr ial enterprise is subject to charge. Detailed informat ion can be obtained free o f charge 
from the V G Wissenschaft G m b H , " C o p y r i g h t " , G r o ß e r Hirschgraben 17 — 21 , D-6000 F r a n k f u r t / M a i n , this company being 
responsible for collection o f copying fees. 

Copying in the U.S .A. ! 
Author iza t ion to photocopy items for internal or personal use, or the internal or personal use o f specific clients, is granted by 
Walter de Gruyter & Co. • Berlin • New Y o r k for libraries and other users registered w i t h the Copyr ight Clearance Center (CCC) 
Transactional Report ing Service, provided that the base fee o f $02.00 per copy is paid directly to CCC, 21 Congress St., Salem, 
M A 01970. 
0340-076 X/85/$02.00 

© by Walter de Gruyter & Co. • Berl in • N e w Y o r k 

T i t l e N o . 3 10 900 477 8 ISSN 0340-076X 

C o p y r i g h t © 1985 b y W a l t e r de G r u y t e r & C o . 

Typesetting A r t h u r Co l l ignon G m b H , Berlin 
Pr int ing Mercedes-Druck, Berl in 
Binding Buchbinderei Spiller, Berlin 
Advert ising Mediendienst Wolfgang Frieben, A u f dem Reeg 8a, D-5307 Wachtberg 

Editorial Assistant and Technical Co-ord ina tor Helen C. Rohr P r i n t e d i n G e r m a n y 

A l l rights reserved, including those o f translations in to foreign languages. N o part o f this j ou rna l may be reproduced in any 
form — by photopr int , microf i lm or any other means — nor transmitted nor translated in to a machine language wi thou t wr i t ten 
permission from the publisher. 
The quotat ion o f registered names, trade names, trade marks, etc. in this j ou rna l does not imply, even in the absence o f a specific 
statement that such names are exempt f rom laws and regulations protecting trade marks, etc. and therefore free for general use. 

\ A / Verlag Walter de Gruyter & Co., Genthiner Straße 13, D-1000 Berlin 30, ® (030) 260 05-220, Telex 01 84 027 
DE Walter de Gruyter, Inc., 200 Saw M i l l River Road, Hawthorne, N.Y. 10532, @ (914) 747-01 10, Telex 646 677 

CU WALTER DE GRUYTER • BERLIN • NEW YORK 



Geiger, Junk and Jochum: Isolat ion and characterization o f porcine leukocyte elastase 821 

J. Cl in . Chem. C l i n . Biochem. 
Vol. 23, 1985, pp. 8 2 1 - 8 2 8 

Isolation and Characterization of Porcine Leukocyte Elastase 
Leukocyte Elastase-Inhibitor Complexes in Porcine Blood, IP) 
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in der Chirurgischen Klinik Innenstadt der Universität München, München, FRG 

(Received July 1/October 14, 1985) 

Summary: Porcine leukocyte elastase1) was purified from granulocytes by chelating chromatography on 
copper chelate Sepharose and by ion exchange chromatography on CM-Sepharose. Thus an enzyme prepara
tion with a specific activity (substrate: MeOSuc(Ala) 2ProValNan) 2) of 89.3 U/mg protein was obtained. 

Dodecyl sulphate gel electrophoresis revealed one protein band corresponding to a molecular mass of 27 
kDa. The amino acid composition was determined and isoleucine was identified as the only N-terminal 
amino acid residue. 

The bimolecular velocity constant for the inhibition by diisopropyl fluorophosphate was determined as 2000 
1 x m o l " 1 x m i n - 1 . The dissociation constants, K i 5 of the complexes of porcine leukocyte elastase with 
various inhibitors were calculated. The kinetic constants for the elastase-catalysed hydrolysis of MeOSuc-
(Ala) 2ProValNan, Suc(Ala) 2ValNan and Suc(Ala) 3Nan were determined, as well as the kinetic constants of 
the inactivation of leukocyte elastase by active site mapping reagents. Detergents such as Triton X-100, 
Tween 20 and Brij 35, as well as porcine serum albumin, activated the procine leukocyte elastase preparation. 

Isolierung und Charakterisierung der Elastase aus Leukocyten des Schweins 
Leukocyten-ai-Proteinaseinhibitor-Komplexe in Schweineblut, IL Mitteilung 

Zusammenfassung: Elastase2) aus Schweineleukocyten wurde mit Hilfe der Chelatchromatographie an Kup-
ferchelat-Sepharose und Ionenaustauschchromatographie an CM-Sepharose aus Schweine-Granulocyten 
isoliert. Die erhaltene Enzympräparat ion hat eine spezifische Aktivität (Substrat: MeOSuc(Ala) 2ProValNan) 3) 
von 89,3 U/mg Protein. I n der Dodecylsulfat-Gelelektrophorese wurde eine Proteinbande erhalten, die einer 
Molekülmasse von 27 kDa entspricht. Die Aminosäurezusammensetzung wurde bestimmt; Isoleucin wurde 
als einzige N-terminale Aminosäure identifiziert. 

J ) I . Communicat ion 1. c. (15). 
2 ) Enzymes: Leukocyte elastase f rom polymorphonuclear gran

ulocytes (EC 3.4.21.37, formerly EC 3.4.21.11). 
3 ) Abbreviations: 

MeOSuc(Ala) 2 ProValNan: 
N a -methoxysuccinyl-(L-alanyl) 2 -L-prolyl-L-valine-/?-
nitroanil ide 

Suc(Ala) 2 ValNan: 
N a -succinyl-L-(L-alanyl) 2 -L-valine-/?-nitroanilide 

Suc(Ala) 3 Nan: 
N a-succinyl-(L-alanyl) 2-L-alanine-/?-nitroanilide 

HEPES: 
N-2-hydroxyethylpiperazine-N ,-2-ethane sulphonic acid 

ZPheCH 2 Br: 
l-bromo-4-phenyl-3-(N-benzyloxycarbonyl)-amino-L-
butane-2-one 

A c ( A l a ) 2 P r o A l a C H 2 C l : 
N a -acetyl-L-alanyl-L-alanyl-L-prolyl-L-alanine chlorome-
thyl ketone 

A c ( A l a ) 3 A l a C H 2 C l : 
N a -acetyl-L-alanyl-L-alanyl-L-alanyl-L-alanine chloro-
methyl ketone 
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822 Geiger, Junk and Jochum: Isolat ion and characterization o f porcine leukocyte elastase 

Die Geschwindigkeitskonstante der Inhibierung des Enzyms durch Diisopropylfluorophosphat betrug 2000 
1 x m o l - 1 x m i n - 1 . Die Dissoziationskonstante K i der Komplexe der Elastase aus Schweineleukocyten mit 
verschiedenen Inhibitoren wurde bestimmt. Die kinetischen Konstanten der Hydrolyse von MeOSuc(Ala) 2 

ProValNan, Suc(Ala) 2ValNan und Suc(Ala) 3Nan wurden gemessen, ebenso die kinetischen Konstanten der 
Inaktivierung der Elastase durch Reagentien, die gegen das aktive Zentrum der Elastase gerichtet sind. 
Detergenzien wie Triton X-100, Tween 20 und Brij 35 sowie Albumin aus Schweinserum aktivieren Elastase 
aus Schweineleukocyten. 

Introduction 

Leukocyte elastase (EC 3.4.21.37) is a serine protein
ase present in lysosomal (azurophil) granules of neu
trophil leukocytes (1). The enzyme digests native elas-
tin, the elastic fibrous protein in connective tissue. 
There is clear evidence that leukocyte elastase may 
play an important role in physiological events (e. g. 
digestion of bacteria after phagocytosis (2)) as well 
as in pathophysiological processes such as degrada
tion of kidney basement membranes in glomeru
lonephritis, destruction of cartilage in rheumatoid 
arthritis and degradation of elastin in arterial walls. 
Furthermore, i t was recently demonstrated that elas
tase, liberated from leukocytes by endotoxins during 
sepsis, can degrade blood clotting factors (3, 4). 

I t is well known that -proteinase inhibitor preferen
tially inhibits leukocyte elastase in human plasma 
(5). Thus, after extracellular liberation of leukocyte 
elastase under pathophysiological conditions this en
zyme is rapidly inactivated and elastase-inhibitor 
complexes can be detected in the circulation. In prac
tice, it should be possible to measure these complexes 
by enzyme immunoassay (4, 6). For the development 
of a suitable enzyme immunoassay for leukocyte elas
tase inhibitor complexes, we have isolated and char
acterized the porcine leukocyte elastase. 

Materials and Methods 

Chelating Sepharose and CM-Sephadex C-50 were purchased 
from Pharmacia Fine Chemicals A B , Uppsala, Sweden. M e O -
Suc(Ala) 2 ProValNan, Suc(Ala) 2 ValNan and Suc(Ala) 3 Nan were 
products o f Novabiochem A G , Läufelf ingen, Switzerland. Ser-
valyte 2—11, Tween 20, Brij 35, Tr i ton X-100 and soy bean 
inhibi tor were purchased f rom Serva A G , Heidelberg, F R G . 
Diisopropylf luoro phosphate, l ima bean trypsin inhibi tor , 
chicken egg white ovomucoid inhibi tor , turkey egg white ovo
mucoid inhibi tor , phenylmethylsulphonylfluoride and porcine 
serum albumin where products f rom Sigma chemicals, St. 
Louis, U S A . A p r o t i n i n was a gift o f Bayer A G , Leverkusen, 
F R G . H u m a n leukocyte elastase was k indly provided by 5. 
Neumann, Merck , Darmstadt, F R G . A c ( A l a ) 2 P r o A l a C H 2 C l 
and A c ( A l a ) 3 A l a C h 2 C l were gifts o f / . C. Powers, At lan ta , 
U S A . ZPheCH 2 Br was kindly provided by E. Shaw, New York , 
U S A . 

S t a r t i n g m a t e r i a l 

Fresh whole porcine b lood (50 1) was used as starting material 
for the isolation o f leukocytes. Preparation o f granulocytes was 
performed as described by Engelbrecht et al . (7). The resulting 
leukocyte pellet was used for the purif icat ion o f elastase. 

A c t i v i t y a n d i n h i b i t i o n m e a s u r e m e n t s 

To measure porcine leukocyte elastase activity the fo l lowing 
assay system was used (wavelength: 405 nm; 25 °C; volume: 
1 m l ; £ = 1020 m 2 x m o l " 1 (8): 0.98 m l 2.14 mol/1 MeOSuc-
(Ala ) 2 ProValNan in 0.1 mol/1 HEPES buffer, p H 7.5, containing 
0.5 mol/1 sodium chloride were incubated at 25 °C for 5 m i n . 
Thereafter 0.02 ml elastase solution was added and the increase 
in absorbance per minute was read for 5 minutes. 

Inh ib i t ion studies were performed according to Starkey & Bar
rett (9) w i t h the exception that MeOSuc(Ala) 2 ProValNan was 
used as substrate instead o f azo-casein. 

Michaelis-Menten constants were determined according to Wil
kinson (10) after graphical inspection o f the data in Lineweaver-
Burk diagrams. 

The dissociation constants, K i 5 o f elastase-inhibitor complexes 
were estimated graphically according to Dixon (11). M o l a r i t y 
o f inh ib i to r solutions were determined by t i t ra t ing trypsin or 
chymotrypsin solutions w i th inh ib i to r as described in 1. c. (12). 

Act iva t ion o f porcine leukocyte elastase wi th detergents and 
porcine serum albumin was measured as described by Geiger 
et al . (13). Inh ib i t ion experiments in the presence o f detergents 
were performed according to Geiger & Fritz (14). 

Opt imal reaction conditions ( p H op t imum, temperature stabil
ity, p H resistance) for porcine leukocyte elastase were deter
mined as described by Geiger & Fritz (14). 

Other methods, such as Polyacrylamide gel electrophoresis in 
the presence o f sodium dodecyl sulphate, isoelectric focusing, 
amino acid analysis, identification o f the amino terminal amino 
acid residues and protein determination were performed as 
described i n detail in the preceding paper (15). 

P r e p a r a t i o n o f c h e l a t e S e p h a r o s e c o l u m n 

Chelating Sepharose 6 B (100 ml) was washed on a sintered 
glass filter (G 3) using 1.5 1 dist. water. The Sepharose was than 
added to a glass column (70 x 2 cm) and loaded w i t h copper 
ions at 4 °C by pumping through 190 ml o f a 5 g/l copper 
sulphate solution. Thereafter the column was washed free o f 
copper w i t h dist. water and equilibrated w i t h 0.04 mol/1 Tris, 
0.005 möl/1 N a 2 H P 0 4 , p H 8.2, containing 0.5 mol/1 NaCl . 

I s o l a t i o n o f p o r c i n e l e u k o c y t e e l a s t a se 

Purification o f leukocyte elastase was achieved by the fol lowing 
procedure (tab. 1). 
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1 .S tep : Leukocyte granule extracts were prepared by homogen-
ization o f leukocyte pellets (see starting material) in 30 m l o f 
0.2 mol/1 sodium acetate buffer, p H 4.0 at 0 °C using a Potter-
Elvejhem glass homogenizer. The extract was centrifuged at 
30000 g for 10 m i n at 4 °C and the pellet was rehomogenized 
and extracted w i th 3 separate quantities (30 to 50 ml ) o f buffer. 
The four extracts were combined (172 ml) and dialysed against 
0.04 mol/1 Tris, 0.005 mol/1 N a 2 H P 0 4 containing 0.5 mol/1 
NaCl p H 8.2, overnight at 4 °C. The combined pellet extract 
was divided in to four parts, and each part was subjected separ
ately to chelating chromatography on copper chelate Sepha
rose, followed by ion exchange chromatography. 

2. S t e p : The leukocyte granule extract (43 ml ) was applied 
at 4 C to a copper chelate Sepharose co lumn (70 x 2 cm) 
equilibrated w i th 0.04 mol/1 Tris, 0.005 mol/1 N a 2 H P 0 4 , p H 8.2 
containing 0.5 mol/1 N a C l at a flow rate o f 36 m l / h . The 
column was developed immediately after applicat ion o f the 
elastase solution wi th a p H gradient, formed by 650 m l 0.02 

mol/1 N a 2 H P 0 4 buffer, p H 7.7 containing 0.5 mol/1 N a C l and 
650 m l 0.1 mol/1 sodium acetate buffer, p H 2.8 containing 0.5 
mol/1 N a C l at the same flow rate. Leukocyte elastase was eluted 
as shown in figure 1. Fractions o f 10 m l were collected. The 
elastase containing fractions were combined and dialysed 
against 0.02 mol/1 sodium acetate buffer, p H 7.0 containing 0.1 
mol/1 N a C l at 4 °C for 24 h . 

3. S t e p : The elastase solution (60 ml) thus obtained was applied 
to a cooled (4 °C) CM-Sephadex C-50 column (35 x 2 cm) 
equilibrated wi th 0.02 mol/1 sodium acetate buffer, p H 7.0, 
containing 0.1 mol/1 N a C l (flow rate 23 ml /h ; 8 m l fractions). 
The column was developed w i t h a linear gradient f rom 0.1 
m o l / l N a C l in sodium acetate buffer at the same flow rate. The 
elastase-containing fractions (fig. 2) were combined, dialysed 
against 0.05 mol/1 ammonium formate buffer, p H 7.0, lyophi-
lized and stored at — 30 °C . A t this temperature the enzyme 
was stable for more than 2 years. 

50 60 70 80 
Fraction no. 

90 100 110 120 

Fig . 1. Chromatography o f porcine leukocyte elastase on copper chelating Sepharose. 
Elastase activity was measured using MeOSuc(Ala ) 2 ProValNan as substrate ( A — A ) . Protein concentration is given as 
absorption at 280 nm ( • ) . For further details, see Methods . 

0.02 

0.01 

0.00 A 

1-—-. 

I i 1 1 1 l 1 1 1 i , 

20 40 60 80 100 
Fraction no. 

120 

1.2 = 

0.8 £ 

0.0 I 

Fig . 2. Fract ionat ion o f the copper chelating Sepharose eluate on CM-Sephadex C-50. 
Elastase activity was assayed by hydrolysis o f MeOSuc(Ala) 2 ProValNan ( A — A ) . Protein concentration is given as 
absorption at 280 nm. For further details, see Methods . 
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Results 

I s o l a t i o n p rocedure 

Porcine leukocyte elastase was purified using the pro
cedure summarized in table 1. 

C h e m i c a l and p h y s i c a l cha rac t e r i s t i c s 

Electrophoresis 

Polyacrylamide gel electrophoresis in the presence of 
sodium dodecyl sulphate showed only one protein 
band corresponding to a molecular mass of 27 kDa 
(fig. 3). 

On electrofocusing of a purified leukocyte elastase 
sample in an ampholyte gradient from 2 to 11, protein 
was detected only in the alkaline range of the gel. 

N-terminal residues 

Homogeneity of the leukocyte elastase preparation 
was checked further by analysis of the N-terminal 
amino acid residue. After one Edman degradation 
cycle, the phenylthiohydantoin derivatives of amino 
acids were identified by high performance liquid chro
matography (16). The only residues found was isoleu-
cine. 

Amino acid composition 

The amino acid composition from 3 runs on a Dur-
rum analyser, based on a molecular mass of 27 kDa 
was determined. The data are listed in table 2. 

Tab. 1. Purification o f porcine leukocyte elastase. The data 
represent mean values o f four preparations. 

Step Vol - Total Total Specific Puri
ume pro

tein 
activity activity fica

t ion 
fac
tor 

(ml) (mg) a ( U ) b 

(U/mg) 

Leukocyte 43 180 202.1 1.12 1 
granule 
extract 

Copper 60 9.9 181.0 18.3 16 
chelate 
chromato
graphy 

C M - 48 1.1 98.2 89.3 80 
Sephadex 
C-50 eluate 

a based on the determination according to Folin & Ciocalteau 
(35). 

b 1 unit = 10.2 A A 4 0 5 per min . 

Molecular mass determination 

Molecular mass was determined by sodium dodecyl 
sulphate electrophoresis (see above) and was found 
to be close to 27 kDa. 

- 98 000 

- 6 4 0 0 0 

- 4 5 0 0 0 

- 3 0 0 0 0 

n0m*& — 2 1 0 0 0 

- 14000 

A B 

Fig. 3. Sodium dodecyl sulphate gel electrophoresis o f porcine 
leukocyte elastase wi thout reduction in gel A ; molecular 
mass standards in gel B. For experimental details and 
MT determination, see Methods. 10 ug o f elastase were 
applied. 

Tab. 2. A m i n o acid composi t ion o f human and porcine leuko
cyte elastase. The given values represent m o l o f residues 
per mo l enzyme. The data represent mean values o f 
three analyses. 

A m i n o acid Leukocyte elastase 

porcine 3 human (18) 

Asp 30 24 
Th r 12 7 
Ser 15 13 
G l u 18 18 
Pro 11 10 
Gly 30 28 
A l a 24 24 
Cys n . d . 6 
Val 21 25 
Me t 2 2 
He 5 11 
Leu 16 20 
Tyr 3 3 
Phe 8 9 
His 5 4 
Lys 4 1 
A r g 15 22 
Trp n . d . 2 

a extrapolated to hydrolysis time zero 
n. d.: not determined 

J. C l in . Chem. Cl in . Biochem. / Vol . 23, 1985 / N o . 12 
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Stability 

The enzyme preparation obtained by the isolation 
procedure described above was stable at — 20 °C for 
more than 2 years. A t 4 °C no loss of activity was 
observed within two months i f sodium azide was 
added at a concentration of 2 g/1. 

The behaviour of leukocyte elastase at different tem
peratures and p H values is shown in figure 4 and 
figure 5, respectively. 

pH optimum 

For the hydrolysis of MeOSuc(Ala) 2ProValNan a p H 
optimum of 8.0 was found (fig. 6). 

Kinetic constants 

The Km and lva lues obtained in the activity assays 
are given in table 3. 

Inhibition studies 

Kj values calculated from the inhibition curves ob
tained by titration of the leukocyte elastase with 
inhibitors are shown in table 4. Aprotinin, a potent 

Tab. 3. Kinet ic data for porcine leukocyte elastase and syn
thetic substrates. Kinet ic constants were determined 
according to Wilkinson (10). 

Substrate V 
(mol/1) (umol x m i n - 1 

x m g - 1 ) * 

MeOSuc(Ala) 2 ProValNan 5 x 10~ 3 89.3 
Suc(Ala) 2 ValNan 3 x 1 0 - 3 29.8 
Suc(Ala) 3 Nan 4.5 x 1 0 - 3 25.0 

* Protein concentration was determined according to Folin & 
Ciocalteau (35). H u m a n leukocyte elastase served as a stan
dard. 

T[°C1 

Fig . 4. Influence o f temperature on the activity o f porcine 
leukocyte elastase. 
Elastase samples were incubated w i th ( A ) and wi thout 
( • ) 1 g/1 Tr i ton X-100 at the given temperatures at p H 
8.9; al iquot samples were removed after 15 m i n and 
assayed w i t h MeOSuc(Ala) 2 ProValNan as substrate. 

6 -

0 20 40 60 80 100 
t [min] 

Fig. 5. Influence o f p H on the activity o f porcine leukocyte 
elastase. Elastase was incubated i n solution up to 90 m i n 
at the given p H values; al iquot samples were removed at 
various time intervals and assayed w i t h MeOSuc(Ala ) 2 

ProValNan. 

Tab. 4. Dissociation constants o f complexes between porcine 
leukocyte elastase and various trypsin inhibi tors . 
For better comparison, K s x 10 6 values are given in 
the table. 

Inh ib i to r Leukocyte elastase 

Porcine H u m a n 

(Hmol/l) (nmol/1) 

Soy bean trypsin inhib i tor 0.4 0.2 

Turkey ovomucoid 1.5 0.1 
trypsin inh ib i to r 

Chicken ovomucoid 2.5 1.2 
trypsin inh ib i to r 

L i m a bean t rypsin inh ib i to r 5.4 2.1 

Egl in c (recombinant (27)) 700 80 (29) 
(isolated f rom leeches (29)) 600 200 (28) 

6 -

0 -

i i i i i i i i i l 

6.0 7.0 8.0 9.0 10.0 11.0 
pH 

Fig . 6. p H op t imum o f porcine leukocyte elastase. Elastase 
activity was measured by hydrolysis o f MeOSuc(Ala) 2 . 
ProValNan. 
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826 Geiger, Junk and Jochum: Isolat ion and characterization o f porcine leukocyte elastase 

inhibitor of trypsin, plasmin and kallikreins (17) 
caused no inhibition. For the inactivation of porcine 
leukocyte elastase with diisopropylfluorophosphate a 
bimolecular velocity constant of 20001 x m o l - 1 x 
m i n - 1 was determined at p H 7.2 and 25 °C. Results 
obtained by active site mapping experiments using 
active site labels are summarized in table 5. 

Tab. 5. Kinet ic constants for the inactivation o f porcine leuko
cyte elastase by active site mapping reagents 3. 

Af f in i ty label Concen- t l / 2

b 1 0 " 4 x k a p p / l c 

t ra t ion 

(umol/1) (min) (1 x m o l - 1 

x m i n - 1 ) 

A c A l a A l a P r o A l a C H 2 C l 22 47 0.067 
44 27 0.058 

110 12 0.053 

A c A l a A l a A l a A l a C H 2 C l 118 46 0.013 
177 29 0.014 

ZPheCH 2 Br 51 90 0.015 
126 25 0.022 

Phenylmethylsulphonyl 115 88 0.007 
fluoride 287 37 0.007 

a inactivation experiments were conducted at 25 °C in 0.1 mol/1 
REPES buffer, p H 7.5 which contained 0.5 mol/1 N a C l and 
100 ml/1 in dimethyl sulphoxide. 

b t L / 2 is the hal f time for pseudo-first-order inactivation at 
the indicated concentrations. 

c k a p p / l was calculated as described i n 1. c. (30/31). 

Effects of detergents 

The elastase-catalysed cleavage of MeOSuc(Ala) 2. 
ProValNan was significantly increased by addition of 
detergents to the test system: a 2 to 3-fold increase 
in enzymatic activity was observed in the presence of 
1 g/1 detergent (Triton X-100, Tween 20, Brij 35). 
Activation curves are shown in figure 7. A 2-fold 
increase in activity was also caused by porcine serum 
albumin. 

Discussion 

Leukocyte elastase has been isolated from granulocy
tes of several species, e. g. bovine, human, canine, 
horse (9, 18 — 24). For the purification of porcine 
leukocyte elastase we used a combination of isolation 
steps which were described formerly for the human 
enzyme: homogenization of the isolated granules and 
chromatography on copper chelate-Sepharose and 
CM-Sephadex C-50 under mild conditions (cf. table 
1 and Results). In contrast to the human enzyme, 
porcine leukocyte elastase did not bind to aprotinin-
Sepharose. 

The purity of the enzyme preparation was proven 
by different criteria, such as quantitative end group 
analysis and sodium dodecylsulphate Polyacrylamide 
gel electrophoresis. 

The apparent molecular mass (27 kDa) of the porcine 
leukocyte elastase as estimated by dodecyl sulphate 
gel electrophoresis corresponds well with the molecu
lar masses of carbohydrate-free serine proteinases of 
other species (18). 

Electrofocusing experiments revealed that the porcine 
leukocyte elastase has a relatively alkaline isoelectric 
point, an observation which also holds true for the 
human granulocytic elastase (18). 

A n interesting feature of porcine leukocyte elastase 
is that the enzyme activity against synthetic substrates 
is significantly increased in the presence of detergents 
and serum albumin (see fig. 7), as also described 
for tissue kallikreins (14) and the sperm proteinases, 
acrosin (25). 

The bimolecular velocity constant obtained (2000 
1 x m o l - 1 x m i n - 1 ) for the inhibition of leukocyte 
elastase by diisopropylfluorophosphate is in the range 
of data obtained for chymotrypsin (27001 x m o l - 1 

-3 - 2 - 1 0 1 2 -5 -4 -3 -2 - 1 0 1 2 "-5 -4 
Detergent concentration [lg g / l ] 

-2 -1 

Fig . 7. Ac t iva t ion o f leukocyte elastase by Tr i ton X-100 ( A ) , Tween 20 ( • ) and Bri j 35 ( • ) . Enzyme activity was measured using 
MeOSuc(Ala) 2 ProValNan as substrate. 
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x m i n - 1 (26)), but differs from the values obtained 
for trypsin (300 1 x m o l - 1 x m i n - 1 (26)), or acetyl
cholinesterase (13000 1 x m o l - 1 x m i n - 1 (26)). 

The dissociation constants obtained for elastase and 
different Kunitz type inhibitors are in the range of 
10~ 6 mol/1 indicating that the enzyme is not so effec
tively inhibited by these inhibitors. In constrast, eglin, 
a very potent inhibitor of the human leukocyte en
zyme, is also a potent inhibitor of the porcine enzyme. 
Aprot inin added to the test system up to 1 g/1 showed 
no influence on elastase activity. Active site mapping 
reagents, such as chloromethyl ketones, ZPheCH 2Br 
and phenylmethylsulfonyl fluoride, showed medium 
inhibition of porcine leukocyte elastase. 

The contribution of leukocyte elastase to pathophysi
ological situations is not finally understood. Based on 
experiments demonstrating a degradation of human 
lung elastin (32) an involvement of leukocyte elastase 
in the development of lung diseases, e. g. emphysema 
has been postulated (33). Furthermore it has been 
demonstrated that patients suffering from acute leu
kaemia and septicaemia have elevated leukocyte ela-
stase-a rproteinase inhibitor levels in plasma (4). This 
last finding indicates a liberation of leukocyte elastase 
followed by an inactivation by endogenous (^-pro
teinase inhibitor. But in the short time before elimin
ation of leukocyte elastase via complex formation, 

the highly active enzyme may inactivate plasma pro
teins by nonspecific degradation as reported recently 
(3, 34). Existing correlations between elevated elast-
ase-a rproteinase inhibitor levels and the depletion of 
clotting factors possibly support these postulates (4). 

In order to investigate the possible contribution of 
leukocyte elastase in pathophysiological situations, 
the quantification of elastase is essential. Elastase 
is exclusively found in complexes with proteinase 
inhibitors (mainly ^-proteinase inhibitor) in plasma, 
and this must be taken into consideration in any 
determination method for leukocyte elastase. Indeed 
a newly developed, sensitive enzyme immunoassay 
for human leukocyte elastase-oti-proteinase inhibitor 
complexes became available recently (6). For studies 
in animals, e. g. pigs, a similar enzyme immunoassay 
using porcine leukocyte elastase has been developed4). 
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