CAZUO/YE

Toppe-Seyler's Zeitschrift fii
SRR hrift fir
’hysiologische Chemie

HNEN

BITTE HIER ABZEIC
wenndas Heft benutzt wird




BIOCHIMIE

Publication mensuelle
éditée par la SOCIETE de CHIMIE BIOLOGIQUE
4, Avenue de I’Observatoire, 75270 Paris Cedex 06

Abonnements: 920 FF - 200 US $
1983 - TOME 65 - N° 4-5

s S it e I

|

At A A

[ . P
[ I I R EPN

SOMMAIRE{ P

INFORMATIONS
Biologie moléculaire de la région transformante de ’adénovirus humain type 5.

CHRONIQUE DE LIVRES

MEMOIRES ORIGINAUX

A directional process of gene conversion is expected to yield dynamic polymorphism associated with stability
of alternative alleles in class I histocompatibility antigens gene family.
E Brégégére

Action d’endopeptidases de Bacillus sphaericus sur les peptidoglycanes bactériens et sur des fragments
peptidoglycaniques.
C. Valentin, M-J. Vacheron, C. Martinez, M. Guinand et G. Michel

Haemoglobins, LX. Primary structure of the major haemoglobin of the sea lamprey Petromyzon marinus
(var. Garonne, Loire).
1. Hombrados, K. Rodewald, E. Neuzil and G. Braunitzer

Isolation and characterization of a gp70+ non producer Friend tumor cell clone.
E Moreau-Gachelin, J. Robert-Lezenes, D. Mathieu-Mabul, S. Gisselbrecht and C. ]. Larsen

Computer building and folding of fictitious transfer-RNA sequences.
P Marliére

Cholesterol turnover in swine plasma lipoproteins.
J. Aigueperse, J. Ferezou and F. Chevallier

Evidence for the involvement of activated oxygen in fungal degradation of lignocellulose.
B. Bes, R. Ranjeva and A. M. Boudet

BREVES COMMUNICATIONS

In vitro, non enzymatic labelling of histone H1 with [14C] acetyl CoA.
M. Delpech, F. Levy-Favatier and J. Krub

Structure des composés d’addition formés par le nicotinamide adénine dinucléotide et les oximes.
J. Torreilles, M-C. Guérin, D. Dussossoy, A. Crastes de Paulet

AL



Hioppe-Seyler’s Z. Physiol. Chem.
Bid. 364,S.1709-1715, Dezember 1983

Inter-o-Trypsin Inhibitor of Human Serum:

An Inhibitor of Polymorphonuclear Granulocyte Elastase
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Summary: Inter-a-trypsin inhibitor (ITI) was
separated from human serum in a single step
using ion-exchange chromatography via the fast
protein liquid chromatographic system. The in-
hibitor preparation, identified as ITI by specific
immunological assays, inhibited human poly-

morphonuclear granulocytic elastase besides
bovine trypsin. Hence, ITI is the third candidate
of the plasma proteinase inhibitors (in addition
to a, -proteinase inhibitor and a,-macroglobulin)
capable of inhibiting lysosomal granulocytic
elastase.

Inter-o-trypsininhibitor aus Humanserum: Ein Hemmstoff der Elastase aus polymorphkernigen

Granulozyten

Zusammenfassung: Inter-a-trypsininhibitor
(ITI) wurde durch Ionenaustauschchromato-
graphie mittels des ,,Fast Protein Liquid Chro-
matography*‘-Systems in einem Schritt aus
Humanserum separiert. Die anhand immuno-

fraktion hemmte aufler Trypsin auch Elastase aus
menschlichen polymorphkernigen Granulo-
zyten. Demnach ist ITI, neben «, -Proteinase-
inhibitor und a,-Makroglobulin, der dritte
Kanditat der Plasmaproteinaseninhibitoren fiir

logischer Methoden als ITI identifizierte Inhibitor- die Hemmung lysosomaler granulozytirer Elastase.

Key words: PMN granulocytic elastase, inter-a-trypsin inhibitor, fast protein liquid chromatography system.

Enzymes:

Polymorphonuclear granulocyte elastase (EC 3.4.21.37); trypsin (EC 3.4.21.4).

Abbreviations:

a1-Pl = ay-proteinase inhibitor (formerly ay-antitrypsin);

Bistris = 2-[bis(2-hydroxyethyl)amino]-2-(thydroxymethyl)-1,3-propanediol;

BzArgNan = benzoyl-L-arginine-4-nitroanilide;
FPLC = fast protein liquid chromatography;

Hepes = 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid;

ITI = inter-a-trypsin inhibitor;
IU = inhijbitor units;
PMN = polymorphonuclear;

Suc[Ala], ValNan = 3-carboxypropionyl-L-alanyl-L-alanyl-L-valine-4-nitroanilide;
TosPheCH,Cl = (NV-p-toluenesulfonyl-L-phenylalanyl)chloromethane;
Tricine = N-[2-hydroxy-1,1-bis(hydroxymethyl)ethyl]glycine.

Copyright © by Walter de Gruyter & Co - Berlin - New York
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Inter-a-trypsin inhibitor (ITI), although only a
minor proteinase inhibitor in human plasma or
seruml!], has a broad inhibition spectruml(!.2].
It reacts mainly with trypsin, curiously showing
a higher affinity for bovine than for the human
enzyme. The same holds true for bovine and
human chymotrypsinl3]. In contrast, acrosin, a
trypsin-like enzyme from spermatozoa, reacts
with ITI with a higher affinity for the human
than for the animal (boar) enzymel4]. Whereas a
weak inhibition of human plasmin by ITI was
also demonstratedl(!-2]  inhibition of PMN-
granulocytic elastase by ITI still remains a matter
of controversial discussionl[2:5:6]. Only recently,
Jonsson et al.I5] and Bromke and Kiippers!6]
demonstrated inhibition of granulocytic elastase
by urinary trypsin inhibitors of lower molecular
mass cross-reacting immunologically with ITI
from human serum. On the other hand, Hoch-
strasser’s groupl(2:7] has not up to now demonstrat-
ed such an elastase specificity either for isolated
serum ITI or its cleavage products isolated from
urine or obtained artificially by trypsinolysis.
As ITI is known to be a very labile proteinl!.6.7]
it is likely that the native, fully active inhibitor
molecule can be isolated only with gentle tech-
niques especially avoiding strong acidic condi-
tions. Despite several attemptsl®] in this respect,
a successful rapid separation of ITI from human
serum has not been achieved so far. Taking
advantage of a newly developed isolation system
[fast protein liquid chromatography (FPLC
System)], we have now been able to separate ITI
from serum proteins in a single, rapid step and
to demonstrate its inhibitory activity towards
PMN-granulocytic elastase.

Material and Methods

a) Ion exchange chromatography

Separation of ITI from 1 or 5 m/ human serum was
achieved within 20—30 min using the FPLC System
(Pharmacia, S-75104 Uppsala) with a pre-packed anion-
exchange column, Mono Q HR 5/5. The NaCl gradient
was established with Bistris buffer A (20mM, pH 6.2)
and B (A + 1.0M NaCl). The procedure followed was
that suggested by the manufacturer and will be pub-
lished in detail elsewhere (Jochum, M., Bittner, A. &
Gunzer, G., in preparation). For comparison, pre-
purified ITI (~ 80% purity; research product from
Behringwerke, D-3550 Marburg) and «-proteinase

inhibitor [a-PI, immunologically homogenous against
antihuman plasma antisera protein (Dako, C.H. Boehrin-
ger, D-6507 Ingelheim), research product from E. Merck,
D-6100 Darmstadt] were subjected to the chromato-
graphic procedure under identical conditions.

b) Enzyme activity and inhibition assays

Granulocytic elastase: Human PMN-granulocytic elastase
was isolated according to the method of Baugh and
Travis[®]. Elastase amidolytic activity and its inhibition
were measured by minor modifications of the method
published by Wenzel et all9] using the chromogenic
substrate Suc[Ala],ValNan (Bachem, Bubendorf,
Switzerland). Briefly, 30 u/ enzyme solution (0.5 ug
elastase dissolved in 0.1M CH3CO;Na, 0.05% Triton
X-100, pH 6.5) was incubated at 25 °C with 870 u/

(— x pl inhibitor solution) 0.1M Hepes buffer pH 8.3,
containing 2M NaCl and 0.05% Triton X-100. The
enzyme activity was determined after addition of 100 w/
substrate solution (10mM in 100% dimethylsulfoxide)
at 405 nm.

Bovine trypsin: Bovine trypsin (treated with TosPhe-

CH,Cl, Merck) activity and its inhibition were deter-

mined with BzArgNan (Merck) as substrate, according
to Fritz et al.[10],

¢) Immunoelectrophoresis

Rocket immunoelectrophoresis was performed accord-
ing to Laurelll1]in 1% agarose on plastic plates from
LKB (S-161 25 Bromma) using agarose tablets and Tris/
Tricine buffer pH 8.6 (0.08M Tris, 0.024M Tricine,
0.3mM calcium lactate, 0.02% NaN3; from Bio-Rad
Laboratories, Richmond, CA,;. Electrophoresis was
carried out at 8—10 V/cm for 4 h. The specific antisera
against ITI or «;-PI were purchased from Behring-
werke and applied in a final concentration of 1% and
1.5%, respectively. 5 ul of antigen samples were inserted
into the gels and the plates stained with 0.5% Coomassie
Brillant Blue R 250 (Serva, D-6900 Heidelberg) for

45 min.

d) Dodecyl sulfate polyacrylamide gel electrophoresis

Dodecyl sulfate gel electrophoresis under reducing

(with 1% 2-mercaptoethanol) or non-reducing condi-
tions was performed as horizontal flat gel electro-
phoresis with the LKB 2117 Multiphor apparatus accord-
ing to the LKB application note 306. The thickness of
the 5% and 7.5% gels were 2 mm each, the applied
sample volumes 10 u/. For molecular mass calibration
high (40-250kDa) and low (10-100 kDa) standard
protein mixtures from Bio-Rad Laboratories were used.
The gels were subjected to electrophoresis at 8—9 V/cm
for 3 h. After protein fixation for 30 min with 20% (w/v)
trichloroacetic acid staining was performed with 0.15%
Coomassie Brillant Blue R 250 for 2 h.
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Results and Discussion

Ion-exchange chromatography is commonly
used during purification of ITI from various body The primary aim of this work was to show in-
fluids (for a review, see ref.I'2]). The essential
advantage of the procedure described here

(FPLC System) is the extremely short separation  present in serum in a 20-fold molar excess over
time, thereby probably avoiding degradation and

Fig. 1. Separation of the pre-
purified inhibitors ITI and
ay-PI with the FPLC System.

a) The elution diagrams re-
presenting inhibition of
trypsin (e ®) and
granulocytic elastase (e ———e)
by a;-Pl and ITI were chro-
matographed separately.

A trypsin (1U/]) : elastase
(IU/D) inhibitory ratio of 0.3
was calculated for ay-Pl in
fraction 15 and of 5.0 for ITI
in fraction 26.

b) Rocket immunoelectro-
phoresis of the indicated
fractions. For identification
either 1% ITI antiserum or
1.5% oy -PI antiserum was
used. Precipitin lines were not
caused by any other eluted
fractions.

For experimental details, see
Material and Methods.

partial inactivation of the native inhibitor mol-
eculel1,6,7,12],

hibitory activity of ITI towards granulocytic
elastase, after complete separation from «; -PI

ITI). To determine the exact elution volumes

a)
1704 «1-P! <o ITl
1504 Il\
1 \
< 1301 I L0
124 [\
< 7 101 [\
8 | 4 | \ 30-
£ | 90 |
B 8 - I
c ®©
8% 70 II \ 204
L0 )
€5 % | \\ »
30 /\ [
4 / A
7/ AN
107 o~— Sou
2 13 1 15 6 17 18 23 24 25 26 27 28
Fract. no.
b) aq-PI 1Tl
®
}
A '
©
T T T T T T T T T T T



1712

M. Jochum and A. Bittner

Bd. 364 (1983)

for ITI and «, -P1, respectively, the prepurified
substances were chromatographed separately.

As shown in the elution diagram (Fig. 1a)
established by the inhibitory activities of the
fractionated samples against trypsin and granulo-
cytic elastase, ITI* was eluted in fractions 24

to 28 but «, -PI already in fractions 13 to 18. This
was also confirmed by rocket immunoelectro-
phoresis using specific ITI and «, -PI antiserum,
respectively (Fig. 1 b).

In a first approach, fractionation of 1 m/ human
serum was performed with a step-wise NaCl
gradient ranging from O to 1.0M. Under these con-
ditions two peak areas each with inhibitory activ-
ity towards trypsin and granulocytic elastase could
be separated (Fig. 2a). According to the inhibitory
elution pattern of the prepurified inhibitors

(Fig. 1a) as confirmed by the results of rocket im-
munoelectrophoresis (Fig. 2b), fractions 24 to 27
contained ITI and fractions 9 to 16 «, -PI.
Molecular mass estimation by dodecyl sulfate

gel electrophoresis under reducing conditions
showed for the protein(s) in fraction 25 and 26

a mean molecular mass of 178 kDa (Fig. 3).

This is in good agreement with the value of

182 kDa found for the protein in comparable
fractions after chromatography of prepurified

ITI (Fig. 3). The presence of only trace amounts
of proteins smaller than ITI in fraction 25 and
26, indicates a high degree of purification of ITI
by this single chromatographic step. Proteins
present in fractions 10 to 14 after ion-exchange
chromatography of human serum have a mean
molecular mass of 60 kDa; they probably present
albumin and o, -PIL.

In a second approach higher quantities of ITI
could be isolated from 5 m/ serum without over-
loading the ion exchanger. To achieve this, a
linear NaCl gradient was started already with
0.3M saturation. Under these conditions, &, -PI
(identified by the inhibition spectrum and the
given immunological assays) was eluted with the
bulk of the proteins in the non-retarded fractions.
ITI was eluted in several fractions identified by
their inhibitory activity towards trypsin and

* A detailed description of the separation method for
the “prepurified”” ITI will be published elsewhere
(Karges, H., Angerer, F., Jochum, M., in preparation).
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Fig. 2. Separation of 1 m/ human serum with the FPLC
System.

a) The elution diagram represents the inhibitory activ-
ities of each fraction towards trypsin (&———e) and
granulocytic elastase (e———e). A step-wise NaCl gradi-
ent was applied ranging from 0—-0.2M (fractions 3 to 17),
0.2—0.4M (fractions 17 to 24), and 0.4—1.0M (fractions
24 to 28).

A trypsin (IU/): elastase (IU/!) inhibitory ratio of 0.3
was calculated for a-Pl in fraction 13 and of 5.5 for
ITI in fraction 26.

b) Rocket immunoelectrophoresis of the indicated frac-
tions. For identification either 1% ITIantiserumor1.5%
a1-PI antiserum was used. Precipitin lines were not
caused by any other eluted fractions.
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Fig. 3. Dodecyl sulfate polyacrylamide gel (7.5%; 1% 2-mercaptoethanol) electrophoresis of selected fractions
after chromatography of prepurified ITI (fraction 26; ppfd. ITI) or serum with the FPLC System.

Standard I (from Oto ®): Phosphorylase B (M; 94000), bovine serum albumin (M; 68000), ovalbumin (M,
45 000), soybean trypsin inhibitor (M; 21000), lysozyme (M, 14300).

Standard IT (from © to ®): Myosin (M; 200000), g-galactosidase (M; 130000), phosphorylase B (M; 94000),

bovin serum albumin (M 68000), ovalbumin (M 45000).

For experimental details, see Materials and Methods.

granulocytic elastase (Fig.4a), as well as the
immunological reaction with ITI-specific anti-
bodies (Fig. 4b).

The results given here show clearly that in human
serum, in addition to «, -PI and a,-macroglo-
bulinl!3], a further high molecular mass protein
is able to inhibit granulocytic elastase. This
protein is obviously identical with ITI isolated

by Hochstrafler and coworkers, although these
authors failed to demonstrate granulocytic
elastase inhibition by their various inhibitor
preparations up to now[2:71*_ Hence, ion-ex-

* Granulocytic elastase inhibition by ITI and its acid-
stable inhibitory derivative, respectively, was recently
observed by Albrecht, G.J., Hochstrafier, K. and Salier,
J.-P. (1983) Hoppe-Seyler’s Z. Physiol. Chem. 364,
1703--1708, preceding paper.

change chromatography using the FPLC System
can be recommended as a convenient method
for rapid isolation of the labile, inhibitorily fully
active ITI from human serum.

Discrimination of ITI from «, -PI is also possible
on the basis of the ratio of their inhibitory activ-
ities towards trypsin and elastase. Using appropri-
ate inhibitory activity (IU/I) of the eluted main
peak fractions, a trypsin :elastase inhibitory ratio
of 0.3 was calculated for «; -PI and of about 5
for ITI.

This work was supported by the Deutsche Forschungs-
gemeinschaft, Sonderforschungsbereich 0207 (LP8).
We are very grateful to Mr Blaicher and Mr Haringer,
Deutsche Pharmacia, Freiburg/Br. for supplying us with
the FPLC System.

We aiso wish to thank Dr. H. Karges, Behringwerke Mar-
burg, for ITI and ITI antiserum as well as Dr. Gunzer,
E. Merck, Darmstadt, for a-PIL.
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Fig. 4. Separation of 5 m/ human serum with the FPLC System.
a) The elution diagram represents the inhibitory activities of each fraction towards trypsin (e——e) and granulo-

cytic elastase (e ———e).
A linear NaCl gradient was applied from 0.3M to 1.0M.

A trypsin (IU/]):elastase (IU/l) inhibitory ratio of 5.0 was calculated for ITI in fraction 6.
b) Rocket immunoelectrophoresis of the indicated fractions. For identification 1% ITI antiserum was used. Pre-

cipitin lines were not caused by any other eluted fractions.
For experimental details, see Material and Methods.
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