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ABSTRACT

Proteases participate in various aspects of different biological
&T,

proces~es to serve purposes as ,diverse as nutrition and biological con-

trols, all of ,which are effected by the cleavage of peptide bonds.

Nevertheless, proteolysis is an irreversible pr6cess because there ,is'no

known biological repair mechanism for a broken peptide bond. To ensure

that proteases act only beneficially, proteolytic activities are regul-

ated by different control mechanisms, one of which is composed of the
•

natural protease inhibitors. The inhibitors neutralize the proteases

by complex formation. The interactions between inhibitors and proteases

in vitro have been well documented whereas information on the'in vivo

behaviours of protease-inhibitor complexes is limited at present. aZM-

I
protease complexes have been shown to disappear from the circulation

cxtremely rapidly while the clearance of alAT-protease complexes is

comparatively slow. Thus, it seems, probable that different elimination

pathways may exist for different types of protease-inhibitor complexes.

, The purpose -of this study is to e,h'mine the in vivo behaviours of 'some

AT Ill-protease complexes, with an attempt to elucidate a probable

eliminati~n pathway for such complexes.

Complexes of rabbit, human and'rat AT III with rabbit plasmin and

of rabbit AT III with rabbit or bovine thrombin were formed from radio-

actively-labelled proteins and separated f~om the uncomplexed reactants

by preparative electrophoresis. In certain cases, unlabelled proteins

wede complexed and the complexes were labelled after they had formed.

The in vivo behaviour of the complexes was studied in rabbits by the
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measurement of plasma radioactivUy. The integrity of the complexes

after injection into the rabbits was monitored by gel filtration of

selected plasma samples on Sephadex ·G-200. Affinity chr01Dlltographic

columns, such as Sephame-AT III, """trypsin, -heparin and -lysine were. ( .
used for the iso!ation and .study of t;he various componen1:'s. The stabil-

ity of AT III-protease complexes under different in~ condUions
I'

was e!amined by gel filtration and polyacrylamide gel electrophoresis.

As a comparison, the complex of rabbit alAT wi:h rabbit ~Smin was also

studied. alAI-plasmin complex was separated from uncomplexed materials

b~affinity chromatography on a Sepharose-lysine. column.

The AT III-protease complexes tested were eliminated considerably

more slowly than azM-protease complexes. The speed of elimination of

AT III-protease complexes resembled that of alAI-protease complexes.

All five combinations of AT III-protease complexes 'dissociated soon

after injectiOn into rabbits, though to variable extents. However,

rabbit AT III-plasmin complexes were stable for at least 6 h at 37°C
•

in vitro. Post-complex AT III and post-complex plas.min appeared to

have been altered as compared to the corresponding native proteins.

Thus post-complex AT III lost more than 80% of its affinity for Sepharose-

heparin and this form of the inhibitor no longer bound to Sepharose-

trypsin (80% of the control AT III bound to conjuga~ed trypsin). However,

post-complex AT III was eliminated only marginally faster than the native

AT III and it retained its reactivity with antibodies raised against

normal AT III. Post-complex plasmin did not bind to Sepharose-AT III

or -Trasylol but about 86% of its ability to bind to Sepharose-Iysi e.

was preserved. Whether the above observations for AT III-protease
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complezes in rabbits hold true in other species, remains to be

established.
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INrRODUCTION

In the mammalian circulation proteolytic enzymes are produced

during the activation of several plasma systems such as the clotting

system (1), the Wlikreinkinin system (2), the complement system (3),

and' the fibrinolytic system (4). These systems are inte=elated; acti­

vation of one system can ,lead to activation of one or llXlre of the other

systems as a consequence, of tne proteases produced. Proteases exist as

inactive proenzymes until they are activated. However, proteolytic

activities in excess of biological requirements are usually neutralized

by various protease inhibitors, thus ~intaining aftelicate biological

equilibrium (5,8). Overactivation or inadequate inhibition of these

proteases can result in pathological states such as pulmonary emphysema

(5,8), cl,i.sseminated intravascul'ar clotting (6) and haemo=hagic pancrea­

titis en, just to name a feW.

Mammalian plasmas contain a variety of protease inhibitors which

counteract the actions of. the protease by the formation of enzyme-inhib­

itor complexes (8). At least six of these protease inhibitors (PIs) have

been isolated in pure forms and characterized with regard to their inter­

actions with the proteases in vitro. These include alpha l-antitrypsin

(al-AT: 9-11); alpha 2-macroglobulin (a2M: ~2-16); alpha l-antichymo­

trypsin (alX: 17,18); inter-alpha-inhibitor (IaI: 19,20); Cl 'es~erase

inactivator (Cl INA: 21,22) and antithrombin III (AT III: 2~-27).

Recently, a fast reacting a2-antiplasmin has also been described (28-33).

Except for alX and possibly a2-antiplasmin, all the protease
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inhibitors mentioned above have broad spectra of action. Kn=ledge con-

cerning the interactions of-these PIs ~th various proteases has been

obtained mainly from studies on in vitro systems in which purified C01ll""-,
ponents were used. Only in' a few cases has the fate in vivo of the pro-

tease-inhibitor complexes been examined. Rence, very little information

on the in vivo behaviours of the protease-inhibitor complexes is avai-l­

able at present,

It has been established that aZM binds all four classes of endo-

peptidase 'by a "trapping" mechanism (16). The enzymes cleave a peptide

bond in a sensitive region of the macroglobulin, leading to. a confo-

mational chang~ in the aZM which then "traps" the enzymes. irreversibly.

Access of substrates to the active s~te of the enzymes becomes steric-

ally hindered such that the "trapped" enzymes remain active only towards

1= molecular weight substrates but not to higher molecular weight

natural protein substrates (14). Different binding ratios of aZM to

enzymes ranging from 1:1, (16,34,35,40), to 1:2 (36-38, 40) and 1:3 (39)

have been reported. However, the results obtained by Barrett and Starkey

(~6) by using labelled proteases and reliable active site titration, in

general, favour a binding ratio of 1:1 of aiM to all four classes of endd-

It
peptidase.

In vivo data show that aZ~protease complexes disappear from the

circulation rapidly, usually in the order· of minutes (40-45). When label-

led, preformed complexes of proteases ~th aiM and aIM are injected into

animals, the radioactivity is quickly accumulated by organs rich in macro-

phages (45-47). In view of the broad specificity' of 0ZM, the fast removal

of such complexes seems to offer an effective defence mechanism against


























































































































































































