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PLASMINOGEN ACTIVATORS BY USE OF 
3H-LABELED CASEIN SUBSTRATE 

S. V. Pizzo 
J. G. Lewis 

INTRODUCTION 

Interest in plasminogen activator was originally restric-
ted to its important role in fibrinolysis (1). However, plas-
minogen activators are also secreted by neoplastic cells and 
macrophages, and its role in transformation and macrophage 
function are topics of intense investigation (2). Detailed 
structural comparisons of plasminogen activator from normal 
vessel wall, neoplastic cells, and macrophages are as yet un-
available. In fact, the best studied activator is urokinase, 
purified from human urine and derived from the kidney (1). 
Apparent molecular weights for these activators range from -
28,000 to - 80,000 daltons (3). Despite this heterogeneity, 
the function of all these enzymes appear to be identical, and 
all human activators catalyze the conversion of single-chain 
plasminogen to two-chain plasmin (1). Plasminogen activators 
are extremely specific and show little proteolytic activity 
against other substrates. Assays of plasminogen activators 
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have generally been indirect and dependent upon generation of 
plasmin. The plasmin can be assayed in several ways including 
proteolysis of fibrin plates (4), 125I-labeled fibrin plates 
(5) or casein (6). 

The fibrin plate assay has several disadvantages since 
proper plate preparation involves some care, and plates can 
only be stored for a limited period of time. On the other 
hand, casein is a soluble substrate that can be stored for 
long periods of time. Moreover, the method to be described 
below (8) utilizes 3H-labeled casein, resulting in greatly 
increased sensitivity over unlabeled casein, together with a 
long shelf life. 

II. REAGENTS 

H-labeled casein, see caseinolytic assay, (see chapter by 
Adams, this volume) 
Unlabeled casein, see caseinolytic assay, (see chapter by 
Adams, this volume) 
6% TCA, see caseinolytic assay, this volume, Chapter 60 
Liquid scintillation cocktail, see caseinolytic assay, 
(chapter by Adams, this volume) 
Buffer, 0.1 M NaP04, pH 8.0 
Purified human plasminogen 

Plasminogen is purified from fresh frozen human plasma by 
affinity chromtography as described by Deutsch and Mertz (7) 
and stored as a precipitate in H2O at 4°C at a concentration 
of 1.7 mg/ml. 

Lyophilized streptokinase (Lederle Pharmaceuticals). It 
is reconstituted in buffer, diluted to a concentration of 5000 
U/ml and stored at -20°C in 0.5 ml aliquots. 

Conditioned serumless media, see caseinolytic assay, (see 
chapter by Adams, this volume) 

III. PROCEDURE 

1. Labeled casein and plasminogen are diluted in buffer 
to working stocks of 1.3 mg/ml and 2.8 yg/ml, respectively. 
Appropriate dilutions, depending on amount of activator pres-
ent, are made of the test sample. We have found that dilutions 
of 1/4-3/4 and full strength are sufficient for monolayers of 
thyoglycolate stimulated macrophages which have been allowed 
to condition serumless medium for 48 hr. 



VIII. SECRETION BY MONONUCLEAR PHAGOCYTES 601 

In 400 μΐ microfuge tubes add 40 yl of labeled casein, 
20 yl of sample, and 40 yl of plasminogen solution. Reagents 
should be added immediately one after another, and in such an 
order as to prohibit activator and plasminogen being together 
without the presence of labeled casein. Controls of buffer 
and labeled casein, sample and labeled casein, plasminogen 
and labeled casein, and a positive control of 10"* 2 ploug 
units/ml of streptokinase are prepared. Briefly spin the 
tubes to force all of the liquid to the bottom of the tubes 
and incubate at 37°C in a water bath for 4-16 hr depending on 
the amount of activator present. 

At the end of the incubation period, the samples are har-
vested in the same manner as in the caseinolytic assay. Fifty 
yl of unlabeled casein is added to each tube followed by 120 
yl of ice cold 6% w/v TCA. The tubes are spun for 10 min in a 
Microfuge (Beckman) and 20 yl of the clear supernatant is 
placed into 3 ml of scintillation cocktail. 

2. Some practical considerations are as follows: If com-
mercially prepared plasminogen is to be used, it must be free 
of plasmin contamination. If plasminogen and activator are 
incubated together in the absence of labeled casein for 10 min, 
the activity can be reduced by over 50%. If substrate limita-
tion is encountered, it is usually the labeled casein that is 
the limiting ingredient. If over 50% of the counts are being 
released, casein will certainly be the limiting factor. While 
sterile technique is not necessary, grossly contaminated sam-
ples will contain very high activities. If labeled casein is 
stored for over 2 yr radialysis may be necessary to remove 
non-TCA precipitable material. 

IV. CALCULATION 

Direct caseinolytic activity, if present, is determined by 
subtracting the buffer or plasminogen control from the test 
sample control. Fibrinolytic activity is determined by sub-
tracting the highest control value from the test samples. Be-
cause the reaction rates of activators in macrophage superna-
tants, tumor cell supernatants, and in the euglobulin fraction 
of human plasma are different from streptokinase, it is not 
possible to generate a streptokinase normal curve and express 
activities in common Ploug units; therefore, we arbitrarily 
define one unit of fibrinolytic activity as 100 net count re-
lease of acid-soluble acyl peptides over background. This is 
equivalent to the lyses of 0.01 yg of casein. 



602 METHODS FOR STUDYING MONONUCLEAR PHAGOCYTES 

V. CRITICAL COMMENTS 

As little as 8 x 10"3 units/ml of streptokinase can be 
measured with 2 hr of incubation with this assay. When 
working in this range, the assay is linear to 1 U/ml giving a 
125-fold linear range. This is the theoretical limit of the 
assay using partially purified activator, plasminogen and ca-
sein. In actual usage, the activator will be assayed under 
conditions where it is only a minor constituent of the solu-
tion. Thus, we find it necessary to incubate for up to 16 hr 
when macrophage-conditioned media are tested. If the media 
are conditioned for 48 hr by thyoglycolate-stimulated macro-
phages, the time can be as short as 4 hr. Many tumor lines 
produce sufficient activator such that 2-hr incubation times 
can be used. We have found very little activity in unconcen-
trated media from resident macrophage cultures. 
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