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Plasminogen and Plasmin as Key-Substances within the Fibrinolytic System *

Egon E. Rickli * *

Institute of Biochemistry, University of Berne, Berne, Switzerland

Abstract

Plasminogen and plasmin are important proteins of the fibrino-
lytic system since they constitute a proteolytic mechanism which
is responsible for the digestion of fibrin. The central event is the
activation of plasminogen to the active protease plasmin by the
action of activators which are widely distributed in the organism.
Fibrinolysis is regulated by inhibitors influencing either the
activation step or the generated plasmin activity.

Plasminogen is isolated by affinity chromatography using as the
functional group of the adsorbent 6-aminohexanoic acid which
is known to form complexes with plasminogen and plasmin.
Plasminogen (mol. weight ~92000) consists of a single poly-
peptide chain with NH,-terminal Glu and COOH-terminal Asn.
During the two-step activation, peptide material is liberated from
the NH,-terminal end of the original polypeptide chain and the
cleavage of an Arg-Val bond in its COOH-terminal half produces
the active, two-chain plasmin. The heavy chain (mol. weight
~59000) has NH,-terminal Lys and COOH-terminal Arg and
the light chain (mol. weight ~25000) which is the carrier of the
active center, has NH,-terminal Val and COOH-terminal Asn.
The two chains are covalently linked apparently by two disulfide
bridges. Two mechanisms of activation are discussed which differ
in the nature of an intermediate product and in the sequence of
events, but finally lead to the same end product. The primary
structure of plasminogen and plasmin is known to a large extent.
The catalytically functional part, the light chain, shows similarities
to trypsin and other pancreatic proteases which are particularly
evident from sequence homology in the vicinity of the essential
Ser and His residues of the active center. The heavy chain con-
tains up to five regions with an internal sequence homology which
are in addition homologous to two regions in the *“pro-part” of
prothrombin.

Introduction

The plasma proteins plaminogen and plasmin—a pro-
enzyme/enzyme pair—are essential constituents of a
proteolytic mechanism which is known as the fibrino-
lytic system. This system plays a role antagonistic to
that of the blood clotting mechanism. During the latter
process the soluble clotting protein fibrinogen poly-
merizes to a network of insoluble fibrin which contrib-
utes to the mechanical strength of the haemostatic plug.
The fibrin deposition which normally develops as a
natural counter-measure against lesions leads, as a
pathological manifestation, also to the formation of
intravascular thrombi which cause an impairment of

* Lecture given in German at the Fall-Meeting of the Swiss
Chemists Association, November 5th, 1977, in Berne
** Author’s address: Prof. Dr. E. Rickli, Institut fiir Biochemie,
Freiestrasse 3, CH-3012 Berne

the blood circulation and may be the origin of addi-
tional hazardous events (embolism, cardiac infarction,
etc.). The fibrinolytic system is responsible for main-
taining the functioning and patency of the vascular
system and also for the regulation of tissue repair by
eliminating intra- and extravascular fibrin deposits and
obstructions.

The Fibrinolytic System

The elimination of fibrin occurs via proteolytic de-
gradation into smaller soluble fragments by the action
of plasmin. The fibrinolytic system is complicated by
the fact that the substrate specificity of plasmin is
relatively broad and that its proteolytic action is not
restricted to the digestion of fibrin alone. To avoid
random proteolysis of other plasma proteins, plasmin
normally does not exist in the blood in its enzymatic-
ally active state, but occurs in the inactive proenzyme
form (plasminogen). This precautionary measure, how-
ever, implies that the organism must have substances
available, so-called activators, capable of converting
plasminogen to plasmin and which can be released
whenever plasminogen activation is required.

Fig.1 shows a schematic representation of the fibrino-
lytic system. In the organism plasminogen activation
can be produced by a variety of activators of which
only the most important ones are listed.
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Fig. 1: Schematic representation of the fibrinolytic system.







e
Arg - val j











