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A B S T R A C T  

Plasmin and plasminogen-derived 
activities were measured in bovine and 
human skim milk with a chromogenic 
tr ipeptide H-D-valyl-L-leucyl-L-lysine-p- 
nitroanilide substrate. One unit of en- 
zyme activity was defined as the amount 
of plasmin or urokinase-activated plas- 
minogen that produced a change of absor- 
bance at 450 nm of .001 in 1 min at pH 
7.4 and 37°C under the described reac- 
tion conditions. By this definition, about 
4 to 5 units of plasmin were in 1 ml of  
bovine milk at both early (2 to 3 mo) and 
late (7 to 8 mo) lactation. However, 
plasminogen-dcrived activity was 45.3 -+ 
13.0 U/ml at the late state of lactation 
compared to only 26.3 -+ 2.7 U/ml at the 
early stage. Human milk obtained on days 
6 to 7 -pos tpar tum contained 4.8 + 4.2 
and 12.4 + 9.9 U/ml of plasmin and 
plasminogen-derived activity. Upon pas- 
teurization of bovine milk at 72°C for 
15 s, both plasmin and plasminogen- 
derived activities decreased by about 10% 
whereas a commercial ultrahigh tempera- 
ture sterilization destroyed plasmin activ- 
ity to undetectable and plasminogen- 
derived activity by about 90%. By an 
assay based on fibrinolysis of iodine-125 
labeled fibrin, a plasminogen-activator 
activity was associated with milk casein 
micelles whereas an inhibitor of a plasmin- 
ogen-activator, plasmin, or both were 
localized in milk serum. Plasminogen- 
activator activity was diminished in the 
skim milk by about 80% compared to 
activity in the casein micelles, apparently 
due to naturally occurring inhibitors in 
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milk serum. Quality of milk and dairy 
products may be influenced by amounts 
of proteolyt ic  enzymes such as plasmin 
and factors affecting them. 

I N T R O D U C T I O N  

Milk contains small amounts of trypsin-like 
serine proteinases responsible for limited pro- 
teolysis of milk caseins (7, 8, 9, 15, 18, 20, 21, 
29). These proteinases, which are most active 
at alkaline pH, appear to be bound to casein 
micelles (7, 8, 18, 23), but small amounts are 
also in the fat globule membrane (11). The 
close association of the enzymes with the casein 
substrate could make casein degradation more 
efficient. When native whole caseins were pre- 
pared from normal milk, some proteolysis of 
%2- and ~-casein was observed frequently (5, 
7, 28). The action of such proteinases on 
human milk proteins might be responsible for 
difficulties encountered by numerous research- 
ers in isolation of human milk caseins. A milk 
alkaline proteinase, thought to be derived from 
blood, has been identified as plasmin and its 
inactive proenzyme, plasminogen (7, 9, 13, 23). 
More recently, thrombin-like activity also has 
been reported (18). Transformation of 
plasminogen to active plasmin requires a 
specific peptide bond cleavage by plasmino- 
gen-activators (PA's); the latter are considered 
to be other serine proteinases that  are in many 
animal tissues and fluids, including the mam- 
mary gland and milk (3, 16, 17). The origin, 
identity,, and mechanism of PA action in milk 
are not understood. The final plasmin activity 
of milk and, subsequently, milk casein hydroly- 
sis, would depend not only on the amount of 
plasminogen and PA but  also on the quanti ty of 
inhibitors. The occurrence in milk of blood 
serum trypsin inhibitors with both high and low 
molecular weight is documented (12, 14, 19). 
They presumably would interfere with the 
function of serine proteinases and, therefore, 
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with plasmin and PA activity. However, other 
milk constituents, e.g., t~-lactoglobulin (13, 24), 
also could inhibit these enzymes. 

Because of their low concentrations, plasmin 
and plasminogen have been difficult to quanti- 
tare in milk. Recently, two simple and suffi- 
ciently sensitive methods have been elaborated 
for milk and dairy products (20, 21). In this 
paper, we measured plasmin and plasminogen- 
derived activities in bovine and human milk 
with a chromogenic tr ipeptide as a substrate 
(21). Because the endogenous proteinases in 
bovine milk from late lactation may be con- 
tributing factors in the production of poor 
quality cheese (8), we compared the amounts 
of plasmin and plasminogen in bovine milk at 
early and advanced stages of lactation. The 
influence of different heat treatments on 
enzyme stability in milk also was investigated. 
Finally, concentrations and distributions of 
PA's and inhibitors of PA's and plasmin among 
milk protein fractions were measured in bovine 
milk. The importance of these various factors 
for final proteolyt ic  activity of milk is 
discussed. 

MATERIALS AND METHODS 

Enzymes 

Porcine blood plasmin, bovine plasma 
plasminogen, human urine urokinase, and 
bovine thrombin were purchased from Sigma 
Chemical Co., St. Louis, MO, and were used 
without  further purification. Ovine plasmino- 
gen was purified from blood serum (4). 

Reagents 

Bovine serum albumin (BSA), c-amino-n- 
caproic acid (EACA), bovine fibrinogen (Frac- 
t ion I, Type I), and aprotinin were obtained 
from Sigma. H-D-Valyl-L-leucyl-L-lysine-p- 
nitroanilide dihydrochloride (S-2251) was pur- 
chased from KabiVitrum, Paris, France. Carrier- 
free Na12Sl was from New England Nuclear, 
France. All other chemicals were reagent grade. 

Preparation of [1251] Fibrinogen 

Commercial fibrinogen further was purified 
and radioiodinated with Nal~SI (26). 

Preparation of [~Sl] Fibrin-Coated Plates 

Linbro tissue culture multiwell plates (24 
wells per plate, each of 3.5 ml capacity) were 
obtained from Flow Laboratories S.A., Put- 
eaux, France. The plates were coated with an 
[12sI]fibrin layer as described by Strickland 
and Beers (26). However, thrombin solution 
(40 Nlt t  U/ml in 100 mM sodium phosphate 
buffer, pH 7.4, containing 150 mM NaC1) was 
used instead of fetal bovine serum. Each well 
contained 20 /~g (100,000 cpm) of fibrin that 
could be solubilized by fibrinolysis. The plates 
were used immediately after conversion of 
fibrinogen to fibrin. 

Preparation of Milk Samples 

Bovine milk was obtained separately from 
8 to 10 mastitis-free Holstein cows at approxi- 
mately the same early (2 to 3 mo) or late (7 to 
8 too) stages of lactation. Samples were col- 
lected aseptically (less than 300 bacterial 
colony counts/ml), cooled to 4°C, defat ted by 
centrifugation, and used immediately for fur- 
ther procedures. Human milk, obtained sepa- 
rately from 5 women at 6 to 7 days after 
delivery, was defatted and kept frozen at 
- 2 0 ° C  until used for analysis. Freezing human 
milk samples once and thawing for assay did 
not reduce plasmin enzymatic activity. For a 
study of enzyme thermostabil i ty,  raw bovine 
milk (bacterial count <50,000/ml) was ob- 
tained from a bulk supply at the I.N.R.A. dairy 
plant. It was pasteurized at 72°C for 15 s. The 
ultrahigh temperature (UHT) sterilized milk 
was obtained from a commercial source. It was 
prepared by indirect heating in Sordi-Steriplak 
equipment or by direct heat t reatment (APV) 
at 150°C for 3 s. For study of PA activity and 
inhibition, bovine milk aseptically collected 
from individual cows at the 3-mo lactation 
stage was defatted, and skim milk was ultra- 
centrifuged at 100,000 x g for 1 h at 4°C. The 
surface lipid layer was discarded, and a super- 
natant (milk serum fraction) and a pellet 
(casein micelles) were recovered. The casein 
fraction was prepared from casein micelles by 
their resuspension in pH 8.0 buffer (50 mM 
Tris-HCI, 110 mM NaCl) at the normal milk 
concentration (ca 27 g/liter). The terms "casein 
fraction" and "serum fraction" subsequently 
used in this paper refer to the milk fractions 
prepared as described. 
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UNITS OF PLASMIN 

Figure 1. Rate of hydrolysis of S-2251 by plasmin 
derived from urokinase-activated bovine plasminogen 
as a f u n c t i o n  of plasmin activity. The preincubation of 
plasminogen with e-amino-n-caproic acid and the assay 
using S-2251 were as described in Materials and 
Methods. Each point represents the average of two 
independent samples. AA = change of absorbance. 

measured in a similar reaction mixture without 
addition of urokinase. Plasminogen-derived 
activity was calculated by the difference. A 
similar reaction mixture with urokinase but 
devoid of milk serum served as a blank. Plasmin 
and activated-with-urokinase plasminogen activ- 
ities were expressed in the same units, with one 
unit being defined as the amount of enzyme 
that produces a A a 1 cm of .001 in 1 min at 

• L 4 0 5  n m  

pH 7.4 and 37°C when pNA produced from S- 
2251 substrate is measured in the defined reac- 
tion mixture. The rate of pNA formation under 
these conditions was linear with up to 4 units 
of enzyme (Figure 1). Reproducibility of the 
assay was within -+ 10% of the mean. 

Protein concentrations of purified plasmino- 
den or plasmin solutions were measured from 
their absorptions at 280 nm with r l% = 15.3 IL c m  

(27). Specific activities of purified porcine 
plasmin and bovine plasminogen solutions in 
50 mM Tris-HCl buffer containing 110 mM 
NaCl were about 50 U//lg protein. Therefore, 
one unit of enzyme activity corresponds to 
about .02 #g of plasmin or plasminogen acti- 
vated with urokinase. 

Assay of Plasmin and Plasminogen-Derived 
Activities in Milk Serum 

The assay was based on the method given by 
Rollema et al. (21) with one modification; 
plasminogen activation to plasmin was in the 
presence of both urokinase and the S-2251 
substrate. Plasmin and plasminogen were dis- 
sociated from casein micelles by incubation of 
skim milk with 50 mM EACA for 2 h at room 
temperature. Subsequently, milk serum con- 
taining enzymatic activity was freed of casein 
micelles by ultracentrifugation at 100,000 x g 
for 1 h at 4°C. Total plasmin plus plasminogen- 
derived activity (defined as the proteolytic 
activity that was activated by urokinase) was 
determined in the reaction mixture (1.5 ml) of 
50 mM Tris-HCl buffer, pH 7.4, containing 110 
mM NaC1, .6 mM S-2251, 25 to 50 /ll milk 
serum, and about 2 mM EACA. Fifty to 120 
Ploug U of urokinase were added at 0 time. The 
reaction mixture was incubated at 37°C, and 
absorbance at 405 nm was measured at 30-min 
intervals. The rate of p-nitroaniline (pNA) for- 
mation was calculated from the linear parts of 
the absorbance versus time curves. After about 
30 min lag, the increase in the absorbance was 
linear at least up to 3 h. Plasmin activity was 

Assay of PA's and Inhibitors in 
Milk and Milk Fractions 

Assay of PA's and inhibitors was based on 
the fibrinolysis of insoluble [12sI]fibrin by 
plasmin formed by the reaction of PA on 
plasminogen (26). The release of soluble 
[12Sl]fibrin degradation products (measured 
from gamma radiation) was proportional to the 
PA activity over certain ranges of time and en- 
zyme concentration. The PA activity was 
assayed in .41 ml of 100 mM sodium phosphate 
buffer, pH 7.4, that contained 150 mM NaCI, 
3.3 /lg ovine plasminogen, and 0 to 50 bel of 
skim milk, a casein fraction, or a serum frac- 
tion. Parallel control samples with buffer added 
instead of plasminogen always were prepared to 
check for fibrinolysis independent of plasmino- 
den. Inhibitory activities of milk fractions on 
fibrinolysis were measured in the same .41 ml 
of phosphate buffer that contained 150 mM 
NaC1, 3.3 ~g ptasminogen, .15 Ploug mU of 
urokinase, and 0 to 50 ~il of a milk serum or 
casein fraction. All samples were incubated in 
duplicate with insoluble [lzsl]fibrin in the 
wells of a Linbro tissue culture plate a 37°C for 
3 h, which was within the range of linear kine- 
tics. Forty-microliter aliquots were removed 
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from each well and assayed for soluble [1251]- 
fibrin degradat ion products  by measurement  of  
radioact ivi ty  in a Packard Model  5110 gamma 
counter .  The PA activity was expressed in 
Ploug units of  urokinase equivalents.  Under  our  
exper imenta l  condi t ions,  the release of  [125I]- 
fibrin was linear over 0 to .4 Ploug mU of  
urokinase equivalents.  

RESULTS AND DISCUSSION 

Measurement of Enzyme Activity 

All enzyme  assays were on skim milk as fat 
globule membrane  contains only small amounts  
of  plasmin and ptasminogen compared  to casein 
micelles (11). Activi t ies of  plasmin and uroki- 
nase-activated plasminogen were de termined  in 
milk serum fract ions prepared f rom milk pre- 
incubated with EACA. Under  these condi t ions  
about  80% of the enzymat ic  activity was 
recovered in milk serum whereas in unt rea ted  
milk it remained associated with casein micelles 
(Table 1). Preincubat ion of  milk with 50 mM 
EACA substantially increases sensitivity of  
plasminogen assay by enhancing rate of  
plasminogen activation compared  to controls  
wi thou t  this ligand (22). The  EACA is also an 
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Figure 2. Plasmin and plasminogen-derived activi- 
ties in e-amino-n-caproic acid-preincubated milk 
serum. Each point represents the average of two 
independent samples. RiA = change of absorbance. 

TABLE 1. Distribution of plasmin plus plasminogen- 
derived activity between casein and milk serum frac- 
tions of bovine milk. 

Sample 

Plasmin + 
plasminogen-derived 

activity 

(units/ml) a 
Untreated skim milk b 

Casein fraction 46.5 (46.2 46.9) 
Serum fraction 1.6 (0 - 3.3) 

Skim milk preincubated for 
2 h with 50 mM EACA 

Casein fraction 
Serum fraction 

10.7 (9.4 12.1) 
40.8 (34.8 - 46.9) 

aAverages and ranges calculated from two separate 
samples with each measured in duplicate. 

bTo control for direct effects of EACA (e-amino-n- 
caproic acid) on enzyme activities, casein, and milk 
serum fractions were not preincubated with EACA but 
were made 50 mM with EACA immediately before 
addition to the reaction mixture. 

inhibi tor  (Ki about  80 mM) of plasmin activity 
(22). The 50 mM concent ra t ion  of EACA 
added to milk,  however ,  was di luted suffi- 
ciently (30 to 60 times) in the final react ion 
mix ture  so that  it did not  disturb the assay. 

Studies with a serine proteinase inhibi tor  
(aprot inin)  indicated that  measurement  of  
plasmin act ivi ty in bovine milk with the S- 
2251 substrate could be overes t imated by ap- 
p rox imate ly  20% (21). This suggests that  milk 
contains  nonserine proteinases able to hy- 
drolyze S-2251. However ,  under  our condi- 
t ions, these proteinases in milk hydro lyzed  less 
than 10% of S-2251;  therefore,  no correc t ion  
was made for their presence. 

The  rate of  p N A  format ion  as a func t ion  of  
milk serum quant i ty  is in Figure 2. The  rate in 
the presence of added urokinase exceeded by 
several t imes the rate in its absence, indicating 
tha t  bovine  milk contains  much more  ptasmino- 
gen than plasmin. This was conf i rmed subse- 
quent ly  in more  systematic  studies (Table 2). 
As shown in Figure 2, the rate of  the react ion 
was direct ly  propor t iona l  to the vo lume of milk 
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serum added both  in the presence and in the 
absence of  added urokinase.  Recoveries  were 
good (93 -+ 6%) of  purified plasmin and plas- 
minogen  added to 50 pl milk serum at the con- 
cent ra t ion  normally  observed in milk. All sub- 
sequent  assays were with 25 or 50 /ll milk 
serum volumes,  well within the linear range of  
the assay. 

Plasmin and Plasminogen-Derived 
Activities in Milk 

Results for bovine  milk at d i f ferent  stages of  
lactat ion and for human milk col lected on days 
6 to 7 pos tpar tum are in Table 2. Mean plasmin 
activities and standard deviations in bovine milk 
measured for 8 to 10 cows at early (Group 1) 
and late (Group 2) lactat ion stages were 4.2 + 
.8 and 5.4 +- 2.6 U/ml  (not significantly differ- 
ent ,  P>.05) .  Large individual variations, partic- 
ularly at the late stage of  lactat ion,  may have 
been caused by ages o f  animals no t  being equal- 
ized in the exper iment .  Urokinase-act ivated 
plasminogen activities were 26.3 -+ 2.7 and 45.3 
+ 13.0 U/ml  for Groups 1 and 2. The observed 
increase in plasminogen-derived activity for  the 
late lactat ion milk was significant (P<.01).  The  
average plasminogen-derived activity in bovine 
milk at the two stages of lactat ion exceeded 
average plasmin activity by about  6 to 8 times, 
but  individual variations were marked.  

For  human milk (Group 3) at 6 to 7 days 
pos tpar tum,  the mean and standard deviat ion 
for  plasmin activity were 4.8 -+ 4.2 U/ml  and 

for plasminogen-derived activity were 12.4 -+ 
9.9 U/ml.  Thus,  plasmin act ivi ty in human milk 
was not di f ferent  f rom bovine milk, but  plas- 
minogen-derived act ivi ty was significantly lower 
(P<.05)  than that in early lactat ion bovine 
milk. Because of  the small number  of  individual 
human milks available to us and the large stan- 
dard deviations f rom means, these results 
should be conf i rmed with a larger number  of  
samples. 

Based on our  calculat ions that  one unit of  
enzyme  activity corresponds to .02 /lg of  plas- 
rain or plasminogen (see Materials and Meth- 
ods), bovine milk contains  about  .1 pg plasmin 
and f rom .5 to .9 /lg plasminogen/ml,  and 
human milk contains  about  .1 /lg plasmin and 
.2 /lg p lasminogen/ml .  Similar results for bovine 
milk have been repor ted  (9, 20, 21) except  that  
one group found a concen t ra t ion  of  plasmin 
about  50 t imes smaller than that  of plasmino- 
gen (21). This could be related to di f ferent  con- 
centrat ions of PA's  or PA inhibitors in the 
investigated milk samples. Our results indicate 
that  human milk has no more  plasmin or plas- 
minogen-derived activity than bovine  milk. This 
appears to disagree with (10, 25) in which as 
much as 3 to 5 t imes greater  proteinase activi- 
ties were in human milk than in cow's  milk. 
However ,  because the lat ter  authors measured 
overall p ro teo ly t ic  activity,  the observed in- 
crease could be related to pro teo ly t ic  enzymes  
other  than plasmin in human milk,  e.g., throm- 
bin. Compared  to plasmin, bovine th rombin  

TABLE 2. Plasmin and plasminogen-derived activities in bovine and human milks at different stages of lactation. 

Group Milk Stage of No. of 
no. source lactation donors Plasmin Plasminogen 

(Units/ml) a 
,~ SD ,~ SD 

1 Bovine 2 -3  mo 8 4.2 .8 26.3 2.7 
2 Bovine 7--8 mo 10 5.4 b 2.6 45.3 c 13.0 
3 Human 6--7 days 5 4.8 d 4.2 12.4 e 9.9 

a Duphcate samples from each donor were analyzed. Activity is expressed as mean and standard deviation. 
bNot significantly different from Groups 1 or 3. 
CSignificantly different (P<.01) from Groups 1 and 3. 
dNot significantly different from Group 1. 
e • • . Sxgmficantly different (P<.05) from Group 1. 
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h y d r o l y z e d  the  S-2251 subs t ra te  at  a negligible 
ra te  (1). 

Increase  in p lasmin  and  p lasminogen-der ived  
act ivi t ies  in bov ine  mi lk  at  advanced  stages of  
l ac ta t ion  compared  to ear ly l ac ta t ion  m i g h t  be  
expec ted ,  as these c o n s t i t u e n t s  or ig inate  in 
mi lk  f r o m  b lood  and  late l ac ta t ion  is character-  
ized b y  increased pe rmeab i l i t y  of b l o o d  vessels 
in m a m m a r y  glands.  The  possibi l i ty  t h a t  these 
enzymes  were of  bacter ia l  or l eukocy t i c  cell 
or igin was e l imina ted  by  using mi lk  of  low 
bacter ia l  c o u n t  f r o m  cows free  of  mast i t is .  In 
s tudies  of  Barry and  Donne l ly  (2), a m a r k e d  
decrease  in /3-casein c o n t e n t  wi th  the  concomi-  
t a n t  appea rance  of  y-caseins (charac te r i s t ic  
p r o d u c t s  of  /3-casein pro teo lys i s  by  p lasmin)  
was f o u n d  in cow ' s  mi lk  of  late lac ta t ion.  Our  
obse rva t ions  t h a t  p ro te inase  act ivi t ies  are h igher  
in such a mi lk  c o m p a r e d  to early l ac ta t ion  milk 
agree wi th  the i r  repor t .  

Plasmin and Plasminogen 
Thermostability in Milk 

Pas teu r i za t ion  of  mi lk  at 72°C for  15 s de- 
creased p lasmin or p lasminogen-der ived  activi- 
t ies by  a b o u t  10% (Table  3). In (15),  milk 
pa s t eu r i za t i on  led to a 30 to 40% increase in 
p ro t eo ly t i c  act iv i ty ,  possible  caused by  an in- 
ac t iva t ion  of milk p ro te inase  inhib i tors .  T h a t  
we were u n a b l e  to d e t e c t  this  e f fec t  may  be  due 
to the  specif ic i ty  of  our  assay for  p lasmin  and  
p lasminogen- l ike  activit ies.  Al te rna t ive ly ,  differ-  
ences  in mi lk  c o m p o s i t i o n  could be  responsible .  

Commerc i a l  UHT s ter i l iza t ion  a lmos t  com- 
p le te ly  de s t royed  mi lk  p l a sminogen ;  a b o u t  90% 
of  its p o t e n t i a l  act ivi ty  was lost. The  assay was 
no t  sensi t ive enough  to de t ec t  if p lasmin  re- 
ma ined .  O t h e r  workers  showed  tha t  in UHT- 
hea t ed  milk,  as2- and ~-caseins gradual ly  dis- 
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Figure 3. Plasminogen activators and inhibitors of 
plasmin and plasminogen activators in bovine milk 
fractions. Assays are based on fibrinolysis of [12si]- 
fibrin with the following added to the reaction mix- 
ture: a) 0 to 50 tal casein fraction plus 3.3 #g plas- 
minogen; b) 0 to 50/al casein fraction; c) 0 to 50 #1 
serum fraction; d) 0 to 50/al serum fraction plus 3.3 
/ag plasminogen; e) 0 to 50 #1 serum fraction plus 3.3 
/2g plasminogen and .15 Ploug mU urokinase. Back- 
ground counts of about 500 to 600 cpm for the con- 
trois with buffer only or buffer with plasminogen 
were subtracted from the corresponding samples. Each 
point represents the average of two separate samples, 
each prepared from milk pooled from two cows. 

appea red  u p o n  p ro longed  storage,  and  a p r o t e i n  
f r ac t ion  con ta in ing  p lasmin-der ived  act iv i ty  was 
isolated (6, 24). Our  results  provide  d i rec t  
q u a n t i t a t i o n  of p lasminogen-der ived  act ivi ty  in 
UHT-hea ted  milk.  

TABLE 3. Effects of heat treatments on plasmin and plasminogen-derived activities in bovine milk. 

Sample Plasmin Plasminogen 

Raw milk 
Pasteurized raw milk 
Commercial ultrahigh temperature sterilized milk 

(Units/ml) a 
4.8 (4.0 - 6.0) 23.9 (20.8 - 26.1) 
4.3 (3.6 - 5.2) 22.3 (20.1 - 23.4) 
ND b 2.5 ( . 7 -  4.0) 

aAverages and ranges from three separate samples. 
bND, Not detectable. 
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PA's and inhibitors in Milk 

Resul ts  po in t ed  o u t  t h a t  a ma jo r i ty  of  the  
p ro t eo ly t i c  ac t iv i ty  in f reshly  d rawn  milk was 
in the  fo rm of  inact ive p lasminogen .  F u r t h e r  
gradual  t r a n s f o r m a t i o n  to active p lasmin  is 
expec t ed  dur ing  milk storage if active PA re- 
ma ins  in milk.  To measure  small  quan t i t i e s  of  
PA in milk,  we used a sensi t ive m e t h o d  based  
on  hydro lys i s  of  rad ioac t ive  f ibr in  in the  pres- 
ence  of  sa tu ra t ing  a m o u n t s  (wi th  respect  to  PA) 
of  added  ovine p lasminogen ,  l n h i b i t o r s  were 
measu red  u n d e r  similar cond i t i ons  b u t  wi th  
u rok inase  used to replace a mi lk  act ivator .  We 
were able to  measure  PA act iv i ty  i n d e p e n d e n t l y  
of  inh ib i to r s  because  we f o u n d  t h a t  t hey  were 
loca ted  in d i f f e ren t  mi lk  f rac t ions .  Act iv i ty  of  
PA in bov ine  mi lk  was associa ted wi th  the  mi lk  
casein f r ac t ion  (Figure  3a) bu t  no t  wi th  the  
mi lk  se rum f r ac t ion  (Figure  3d), whereas  inhibi-  
to rs  for  PA, p lasmin,  or b o t h  were  in the  mi lk  
se rum f r ac t i on  (Figure  3e). The  parallel  samples  
depr ived  of  p l a sminogen  (Figure  3b,c) ind ica ted  
l i t t le  p l a s m i n o g e n - i n d e p e n d e n t  f ib r ino ly t i c  
ac t iv i ty  in the  casein f r ac t ion  b u t  on ly  residual  
act ivi ty  in the  se rum f rac t ion .  Milk plasmin,  
t h r o m b i n ,  and  possibly  o t h e r  un i den t i f i ed  
p ro te inases  could  c o n t r i b u t e  to  this  act ivi ty .  

A l inear increase in PA act ivi ty ,  measu red  as 
release of soluble  [ l z s I ] f ib r in ,  was observed  
on ly  for  small  vo lumes  of  the  casein f r ac t ion  
(Figure  3a). The  s u b s e q u e n t  decrease  in l inear-  
i ty and  p la teau  were  possibly  due  to a m a r k e d  
increase  of  casein in the  i n c u b a t i o n  mix tu re .  
Casein would  in te r fe re  wi th  the  assay by  com- 
pe t ing  wi th  [125I] f ibr in  for  an active site on  
p lasmin  or b y  absorb ing  and  immobi l i z ing  the  
enzyme .  Af te r  sub t r ac t i on  of con t ro l s  for  
p l a s m i n o g e n - i n d e p e n d e n t  proteolys is ,  PA activi- 
t ies  of  .035, .210, and .002 Ploug m U  (ex- 
pressed as u rok inase  equiva len ts )  were mea-  
sured in lO-/al vo lumes  of skim milk,  casein 
f rac t ion ,  and  mi lk  serum f rac t ion ,  respect ively.  
Ac t iv i ty  of  PA was d imin i shed  by  a b o u t  80% in 
skim milk  c o m p a r e d  to act ivi ty  in the  casein 
f rac t ion .  The  lower  m e a s u r e m e n t s  of  PA 
act iv i ty  in skim milk  were appa ren t ly  due to 
the  presence  of na tu ra l ly -occur r ing  inh ib i to r s  
in mi lk  s e rum;  the  assay used would  no t  differ-  
en t i a t e  b e t w e e n  inh ib i to r s  of  PA or plasmin.  

F u r t h e r  s tudies  on  the  na tu re  and act ivi t ies  
of  PA's  and  inh ib i to r s  as well  as on  o t h e r  pro-  
te inases  no t  measu red  by  our  assays will pro- 

vide b e t t e r  u n d e r s t a n d i n g  of the  p ro t eo ly t i c  
changes  in mi lk  and  the i r  effects .  
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