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SUMMARY 

Human plasmin (EC 3.4.4.14) a key enzyme in fibrinolysis which possesses a 
trypsin-like specificity catalyses the hydrolysis of c~-N-benzoyl-L-arginine-p-nitro- 
anilide (Bz-L-Arg-OpNAn). The reaction was investigated in the steady state by the 
usual initial-velocity studies and in the presteady state by the stopped-flow method. 
The results were compatible with the three-step mechanism: 

kl 
E + S--~_~_ ES1 k ~  ES2 ÷ P1, ES2 k ~ E  ~- P2 

k-1 

where P1 is p-nitroaniline and P2 is c~-N-benzoyl-L-arginine, thus supporting the theory 
of the formation of an acyl-enzyme intermediate in normal plasmin catalysed re- 
actions. 

The concentration of the active sites of plasmin as determined from the 
"burs t"  ofp-nitroaniline and from titration with polyvalent protease inhibitor was in 
good agreement. 

The kinetic constants (Tris-HC1, 0.15 mol/1, pH 7.8, 25 °C) were: kl > 105 
l ' m o l - l ' s  -1, k_i > 103 s - i ,  k2 = 16 s -1, ka ---- 0.09 s -1, kea t = kzk3/(k2 q- k3) ~- 
0.09 s -1, Ks = (k_i -r kz)/kl ~- 12 mmol.1-1, g m = Kska/(k2 -- k3) ~ 60#mol '1-1.  

INTRODUCTION 

Plasmin (EC 3.4.4.14) is a serine protease originating from an inactive pre- 
cursor, plasminogen, which is present in animal blood plasma. Physiologically it has 
a very specific and selective function, i.e. the degradation and dissolution of  fibrin 
deposits in the blood vessels. 

Abbreviations: Tris, trishydroxymethyl aminomethane. Bz-L-Arg-OpNAn, a-N-benzoyl-L- 
arginine-p-nitroanilide. Bz-L-Arg-OEt, ct-N-Benzoyl-L-arginine ethyl ester. 
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Different investigations have shown that reactions catalysed by trypsin can be 
analysed in terms of Eqn 1 [1]. 

kl k ~  '- 
E 4- S ~ _ ~  ES1 - -  ES2. + P1, ESz __~L~ E 4- P2 ( 1 )  

A similar mechanism has been proposed for plasmin [2, 3]. 
The most important experimental evidence for this is a relatively fast pre- 

steady-state release of p-nitrophenol occurring in the plasmin-catalysed hydrolysis 
of p-nitrophenyl-p'-guanidinobenzoate [2, 3], and N-(p-carboxybenzyl) pyridinium- 
p-nitrophenyl ester bromide [3]. These substrates show very low turnover numbers, 
kcat .  The p-nitrophenyl-p'-guanidinobenzoate value for kcat  w a s  determined [2] to 
be 5.2.10 -6 S -1 ,  the N-(p-carboxybenzyl) pyridinium-p-nitrophenyl ester bromide 
value was claimed too low to be measured [3]. The Michaelis constants Ks ( =  (k_x 4- 
kz)/kx) were low too, as compared with the Ks values for different trypsin substrates 
[4, 5]. These compounds thus act more like strong inhibitors than as substrates, and 
consequently the reaction mechanisms may be different from the normal mechanism 
for plasmin-catalysed reactions. The substrate used in the present study, a-N-benzoyl- 
L-arginine-p-nitroanilide (Bz-L-Arg-OpNAn) resembles the natural substrates of 
plasmin in being a N-substituted amide of arginine, wherefore a study with this sub- 
strate may give more relevant information on the normal plasmin reaction. 

Titration procedures have advantages over rate assays for the assay of the con- 
centration of enzymes. One method of titration is based on presteady-state kinetics. 
Here the amount of the product P~ formed in the presteady-state period under certain 
conditions, is taken as a measure of the enzyme concentration [6]. Another method 
consists of the establishment of the amount of substance of a strong inhibitor neces- 
sary to inhibit completely the enzymatic activity of the enzyme. This method has been 
employed for the assay of the concentration of plasmin by Ganrot  [7]. 

The present work has two objects. First to investigate whether the kinetics of 
the presteady-state and the steady-state reactions of the hydrolysis of Bz-L-Arg-OpNAn 
with plasmin are satisfactorily described by Eqn 1. The aim was to describe the different 
steps of the reaction by evaluating the individual rate constants. The second object 
was to compare the values obtained by the two methods quoted for the assay of the 
active site concentration of plasmin. 

THEORY 

Steady-state kinetics 
The reaction mechanism of Eqn 1 leads to the steady-state rate equation 

V kcate 
v - - ( 2 )  

Km Km 
1 4 - - -  l + - -  

So So 

So = initial substrate concentration, e = total enzyme (active site) concentration, 
V =  maximum velocity, kca t ~ kzka/(k2 4-k3), the apparent Michaelis constant 
K m =  K~k3/(k2 4- k3), and the Michaelis constant Ks = (k_~ 4- k2)/k~. Ouellet and 
Stewart [6] u s e s  K m & K a and K'm ~ Kin. 
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Values for both Km and V can be obtained from a plot of  substrate concen- 
tration divided by initial velocity versus substrate concentration (Hanes plot) [8]. 

So 1 K m 
v V So + V (3) 

In the presence of a linear competitive inhibitor [9], Km becomes 

Kmci) = K m (1 6- i /Ki )  (4) 

i = inhibitor concentration, Ki = dissociation constant of the enzyme-inhibitor 
complex. 

P r e s t e a d y - s t a t e  k i n e t i c s  

The theory of the presteady-state kinetics of the reaction mechanism described 
by Eqn 1 is given by Ouellet and Stewart [6]. The quoted paper contains the detailed 
derivation of equations and definitions of constants used below. 

In the theory the concentration of product P1 as a function of time shows an 
initial exponential rise followed by a second exponential part with a decreasing rate 
approaching the steady state. 

P1 : v t 6 - A ( e  r~ - -  1) 6- B(e ~'  - -  1) (5) 

Here v is the steady-state velocity (Eqn 2). A, B, F and G are constants. A = k z M / F  

and B ~- k 2 N / G  in the notation of Ouellet and Stewart [6]. 
When t becomes large we get the steady-state production of p-nitroaniline 

P l s = v t - - A - - B : v t 6 - : ~  (6) 

Subtracting Eqn 5 from Eqn 6, setting e ~t "~ 0 (ref. 6) we get 

Pls  - -  PI  = - -  AeVt or  ln (Pls  - -  PO - -  F t  6- C (7) 

( P l s -  P1) is determined as the difference between the concentration of p- 
nitroaniline calculated by extrapolation of the steady-state line to the time of obser- 
vation and the actual concentration of the product formed, or any quantity propor- 
tional to these concentrations. 

Under the assumption that k3<< k2 

F = -- k2 (1 6- Kin~So) (1 6- K s ~ s o )  - 1  (8) 

If F is determined as a function of the substrate concentration (So) the plot of --(1 + 
K m / s o ) / F v e r s u s  so -1 would give 1/k2 as the intercept and Ks/k2  = Km/kcat  as the slope. 
Obtaining Km from the steady-state plot (Eqn 3), keat can be calculated. Furthermore 
k3 can be obtained from k3 ---- k 2 k e a t / ( k 2  - -  kcat). Thus it is possible to control the 
assumption k2 >> k3. 

When steady-state prevails a straight line is obtained (Eqn 6). The "burst"  
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size, n, is the intercept obta ined on the P~ axis by extrapolat ing the steady-state line 
to the zero line. When substrate  concentra t ion greatly exceeds enzyme (active site) 
concentra t ion and no inhibitors are present [6], then 

zz = kZat e (1 + Km/so) - z  (k3 2 -  (klkzso)) -1 (9) 

Thus n becomes positive only when k3 2 < klkzso. It  is reasonable to assume 
that  k3 2 << kakzso, as kl is usually very large. Then 

= kc2at e (1 + Km/so) -2 k3 2 (10) 

e = :,'t k3 2 (1 + Km/so) 2 kc-~zt -+ ~ ( 1 + Km/so) 2 when kz >> ks (11) 

The value of  e thus calculated can be compared  to values calculated f rom 
t i t rat ion with a s trong inhibitor.  

At the very beginning of  the reaction the initial exponential  has a retarding ef- 
fect on the appearance  of  the p roduc t  P~. This short  induction t ime ~ [6] is 

1 
(12) 

kl(so + Ks) 

when r is < h, l /kt  < h (So + Ks) 

and 

1 

h(so + K~) 

and 

(13) 

k - i  = klKs -- k2 > k2 (14) 
h(so + Ks) 

Thus,  even if the small exponential  is undetectable,  it is possible to obtain mini- 
mal  values for  kl and k_l. 

i f  it is verified that  k_l >> k2 

k_x 
Ks ~ -  (15) /q 

Statistical symbols 
The quantit ies given in the tables are the best estimate based on regression 

analysis and the s tandard error  of  the estimate, symbolized by: y zk sy. Consequent ly  
the observed values fall within y ± 2sy with P = 0.95. 

MATERIALS 

H u m a n  plasminogen was prepared  by affinity c h r o m a t o g r a p h y  on a lysine- 
substi tuted Sepharose  column as described by Deutsch and Mer tz  [10]. It  was kept 
in a lyophilized state at - -20  °C. The prepara t ion  contained protein m = 149 mg, 
d i sod iumhydrogenphospha te  n = 0.30 mmol ,  and potass ium d ihydrogenphosphate  
n = 0.08 mmol .  
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Human plasmin was prepared by maximal activation of human plasminogen 
by affinity chromatography on urokinase-substituted Sepharose (Miillertz, S. and 
Andersen, I., unpublished). Plasmin (mass concentration, 2.0 g/l) was stored at --20 
°C in buffer (phosphate, 5 mmol/1; lysine, 0.1 mol/l, pH 7.4). Under these conditions 
plasmin was stable for several months. 

The plasminogen and plasmin preparations were found to contain only small 
amounts of contaminating proteins. 

Polyvalent protease inhibitor from bovine lung (Trasylol ®) was purchased 
from Bayer, Leverkusen, West Germany. 5.10 3 KIE/I dissolved in NaCI, 0.15 mol/l. 

Crystalline bovine trypsin and crystalline soybean trypsin inhibitor was 
purchased from NOVO A/S, Copenhagen. 

Substrates 
a-N-Benzoyl-DL-arginine-p-nitroanilide (Bz-DL-Arg-(3pNAn) and t~-N-ben- 

zoyl-L-arginine ethyl ester (Bz-L-Arg-OEt) was obtained from Sigma Chemical Com- 
pany, U.S.A. 

~-N-benzoyl-D-arginine-p-nitroanilide (Bz-D-Arg-OpNAn) was prepared ac- 
cording to Erlanger et al. [ I 1 ]. As pure BZ-L-Arg-OpNAn was not available, the experi- 
ments had to be performed in the presence of BZ-D-Arg-OpNAn, the concentration 
of which was kept constant. In all kinetic experiments the solvent used was Tris- 
HCI buffer, 0.15 mol/l, pH 7.8, I = 0.15, pH 7.8 (Tris). 

METHODS 

Bz-L-Arg-OEtesterase activity was determined as described by Worning and 
MiJllertz [12]. 

The concentration of active sites of plasmin and trypsin was determined by 
titration with the polyvalent protease inhibitor according to Ganrot  [7], but using 
the Bz-L-Arg-OEtesterase assay throughout. 

Steady-state kinetics 
The formation of p-nitroaniline by the hydrolysis of Bz-L-Arg-OpNAn was 

measured by following the change in absorbance at ;t = 410 nm. The molar absorb- 
ance coefficient (e) of p-nitroaniline at this wavelength is 8800 l . m o l - l . c m  -~ [11]. 
The change in absorbance was measured every 30 s for 15-30 min in a Zeiss PMQ II 
spectrophotometer thermostated at 25 °C. Cuvettes with a length of lightpath of 
10 mm were used and the total volume of the reaction mixture was 1.5 ml. The enzy- 
matic reaction was started by the addition of 100/~1 of a plasmin solution containing 
201 #g of protein. 

All assays were performed in duplicate and some in triplicate. The initial- 
velocity data were correlated with a standard plasmin BZ-L-Arg-OEt assay that was 
conducted daily in order to correct for possible minor day to day variations, and as a 
control of the enzyme stock solution. 

Progress curves were obtained by plotting the concentration of p-nitroaniline 
as a function of time. Initial velocities were taken as the slope of the first part of the 
progress curves, which was linear in all cases. 
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Presteady-state kinetics 
The presteady-state progress of the hydrolysis of BZ-L-Arg-OpNAn was 

measured with a Durrum-Gibson  stopped-flow spectrophotometer [13], equipped with 
a cuvette with a path-length of 20 mm. All measurements were made at 2 -- 410 nm. 
The reaction system was thermostated at 25 °C. All solutions were made up in gas- 
free water. Prior to a typical run the oscilloscope was calibrated for transmittance 
( T -  1) with substrate solution and buffer solution in the drive syringes. The buffer 
solution was then replaced by enzyme solution and approx. 200/~1 of each of the so- 
lutions were injected into the cuvette. At least 10 rain of thermostating time was 
allowed each time after the drive syringes had been filled with reactants. After three 
or four traces reflecting the rate of  hydrolysis of  BZ-L-Arg-OpNAn had been reproduc- 
ed on the oscilloscope a polaroid photograph was taken. Data were obtained from 
enlargements of the oscilloscope pictures. The y and x coordinates of 10 points of the 
apparently linear late part  of the curve were read from the enlargement. In accordance 
with the principle of least squares the linear regression (Eqn 6), representing the extra- 
polated steady-state rate, the intercept ~z and the standard error of the estimate of 
were calculated. Furthermore, the y and x coordinates of  10 points of the initial 
exponential curve were read from the enlargement. The constant F was determined 
from the distances between the points read from the initial exponential curve and 
equivalent points on the straight line representing the extrapolated steady-state rate 
(Eqn 7). 

RESULTS 

Steady-state kinetics 
Initial velocities were measured at six concentrations of  Bz-L-Arg-OpNAn 

varying from 0.02-0.8 mmol/l at three different fixed concentrations of  Bz-D-Arg- 
OpNAn varying from 0.8-2.4 mmol/1. This was the maximal range of BZ-D-Arg- 
OpNAn attainable, at the lower limit because of the inherent content of  Bz-D-Arg- 
OpNAn in the substrate, and at the upper limit because of the solubility. 

Initial velocities were read from the curves and multiplied by the dilution 
factor to make them equivalent to the enzyme concentration of the stock solution. 
The regression of so/v on So (Eqn 3) was computed according to the method of least 
squares. 

It  was found that the Michaelis-Menten relationship was obeyed. A Hanes 
plot is shown in Fig. 1. 

To determine whether Bz-D-Arg-OpNAn was an inhibitor or not, three dif- 
ferent fits were made, one for each fixed BZ-D-Arg-OpNAn concentration. The maxi- 
mal veloxity V, was taken as the reciprocal of the slope. The apparent Michaelis con- 
stant, Kin, was taken as the intercept on the horizontal axis multiplied by V. Table I 
shows the collected data, both the apparent K m values (Kin(i)) ( E q n  4) and the Km 
values after correction for the influence of the BZ-D-Arg-OpNAn (Kin) as well as the 
maximal velocities (V) as referring to the plasmin concentration of the stock solution. 

V showed no significant variation, while g m was possibly significantly (0.1 
P ~> 0.05) larger at Bz-D-Arg-OpNAn 2.4 mmol/1 than at 0.8 mmol/1. BZ-D-Arg- 
OpNAn may thus be a weak competitive inhibitor. A calculation of Kl according to 
Eqn 4 gave Ki = 17.7 mmol.1-1. 
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Fig. 1. Hanes plot (Eqn 3) of the plasmin-catalysed hydrolysis of Bz-L-Arg-OpNAn at a concentration 
Bz-D-Arg-OpNAn of 0.8 mmol.1-1. Ordinate (so~v), the concentration of Bz-L-Arg-OpNAn divided 
by the initial velocity of the reaction as calculated for the enzyme stock solution/s; abscissa (so), the 
concentration of Bz-L-Arg-OpNAn//~mol. 1-1. 

Presteady-state kinetics 
Experiments were conducted at five concentra t ions  of Bz-L-Arg-OpNAn 

varying from c (final) = 0.05-0.25 mmol/1. Stock solutions of BZ-DL-Arg-OpNAn 
(2 mmol/ l)  were diluted with Tr is-containing Bz-D-Arg-OpNAn (1 mmol/1) and Tris 
to obta in  a constant  concentra t ion  of Bz-D-Arg-OpNAn (0.25 mmol/1). The plasmin 

TABLE I 

Apparent Michaelis constants (Kin) and maximal velocities (I,') of the plasmin-catalysed hydrolysis 
of Bz-L-Arg-OpNAn at different concentrations of Bz-o-Arg-OpNAn in the reaction mixtures (rm), 
y ~ sy. For symbols, see Eqns 2 and 4. The values of I I refer to the plasmin concentration of the 
stock solution. 

Concn Bz-D-Arg-OpNAn (rm) Kmti) Km V 
(mmol. 1-1) Cumol. 1-') (~tmol- 1-1) (/~mol. 1-1. s- 1) 

0.8 62.7 i 1.7 60 ± 1.6 1.13 ± 0.042 
1.6 67.0 ± 2.3 60 ± 2.0 1.12 ± 0.024 
2.4 68.7 ~ 2.2 60 ± 1.9 1.13 d: 0.025 
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TABLE 11 

The time constant ( - -F)  of the slow exponential term and the "burst" size (3r) of the presteady-state, 
plasmin-catalysed hydrolysis of Bz- L-Arg-OpNAn at different concentrations of Bz-t-Arg-OpNAn in 
the reaction mixture (rm), y ± sy. For symbols, see Theory. ~ data are equivalent to the concentration 
of plasmin in the stock solution. 

Concn Bz-e-Arg-OpNAn (rm) (,moI.l -~) --F(s -~) Jr (ymol. 1 -~) 

250 0.400 ± 0.007 4.87 ± 0.05 
200 0.342 ± 0.006 4.46 ± 0.05 
125 0.245 i 0.004 3.42 ~z 0.05 
50 0.150 ± 0.002 1.43 ± 0.05 

solution was thawed and diluted with Tris. The mass concentration of plasmin was 
40 mg/l in the reaction mixtures. 

The linear regression representing the extrapolated steady-state rate, (Eqn 6), 
and the constant, F (Eqn 8), were calculated for each concentration of substrate as 
described above. The presteady-state data obtained are shown in Table II. 

A 
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5- 

I I I I 
0.005 0.010 0,015 0 0 2 0  

0 

Fig. 2. The regression of --(1 + Km/so)/Fon So -1. Ordinate (A), (--(1 ÷ Km/so)/F)/s; abscissa (s0-1), 
the reciprocal of the concentration of Bz-e-Arg-OpNAn in the reaction mixture/1.ymol-L For 
symbols, see Theory. 
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The  regression o f  --(1 + Km/So)/F on l/so has 1/k2 as intercept  and  Ks/keat as 
s lope (Eqn 8). A graph  o f  the regression is shown in Fig.  2. The  curve was l inear  as 
p red ic ted  by  the theory,  thus suppor t ing  the concept  o f  the p roposed  react ion mechan-  
ism (Eqn 1) as a model  for  the p lasmin-ca ta lysed  react ion.  The  kinet ic  cons tants  deter-  
mined f rom s teady-s ta te  and  pres teady-s ta te  kinet ics  (see Theory)  are shown in Table  
I I I .  

TABLE III 

Kinetic constants of the plasmin-catalysed hydrolysis of Bz-L-Arg-OpNAn in terms of a three-step 
mechanism with an acyl--enzyme intermediate (Eqn 1), y :k s,. 

Kinetic constant Value 

kt >105 l 'mo l - l ' s  -x 
k - i  :> 103 s -1 
k2 16 -4- 6 s -1 
k3 0.09 -4- 0.01 s -1 
keat  = k2k3/(k2 + k3) 0.086 i 0.014 s -1 
Ks = (k-t  q- k2)/kl ~ k-1/kl 12 -4- 5 mmol'1-1 
Ksk3/(k2 -4- k3) 60 ± 2/~mol. 1-1 

The  fast (small)  exponent ia l  (see Theory)  was not  de tec table  in the s topped-  
flow experiments ,  and  the induct ion  per iod,  ~ (Eqn 12) was p r o b a b l y  < 10 -3 s. W i t h  
Ks = 12.1 mmol .1  -~ and So ~ 10 -4 mol '1 -1 ,  and  k2 = 15.7 s -~ min imal  values for  
the constants  kl  and  k_~ were app rox ima ted  in accordance  with Eqns 13 and 14 
(Table  III) .  

As k2 << k_~, Ks approx ima tes  the d issoc ia t ion  cons tan t  of  the e n z y m e -  
subs t ra te  complex  (Eqn 15). 

The  concen t ra t ion  o f  active sites o f  p lasmin (e) was ca lcula ted  by two different 
me thods :  (1) By pres teady-s ta te  kinetics as descr ibed in Eqn 11. (2) By t i t ra t ion  wi th  
the s t rong polyvalent  p ro tease  inhibi tor .  The  values ob ta ined  are shown in Table  IV. 
The value o f  e as de te rmined  f rom the pres teady-s ta te  da ta ,  showed no var ia t ion  with 
the subs t ra te  concent ra t ion ,  suppor t ing  the theory  of  the react ion mechan i sm (Eqn 
1). The  values de te rmined  by  t i t ra t ion  by  s t rong inh ib i to r  and  the values ob ta ined  by  
the k inet ic  me thod  were in good  agreement .  

TABLE IV 

THE CONCENTRATION OF ACTIVE SITES OF PLASMIN IN THE STOCK SOLUTION AS 
ESTIMATED BY TWO METHODS, y -4- sy 
For symbols, see Theory. 

Method Concn Bz-L-Arg-OpNAn (rm) (pmol. 1-1) e (~mol. 1-1) 

Bz-L-Arg-OpNAn hydrolysis 
e : zt (1 ÷ Kin~So) 2 

Titration with 
polyvalent protease inhibitor 

250 7.4 -4- 0.2 
200 7.6 4- 0.2 
125 7.5 -4- 0.2 
50 7.0 4- 0.2 

8.5 ± 0.6 
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K I N E T I C  C O N S T A N T S  F O R  T H E  H Y D R O L Y S I S  O F  D I F F E R E N T  S U B S T R A T E S  AS 

Substra te  E n z y m e  k2/K~ k2 
( 1 - m o l - t . s  - t )  ( s - l )  

p -Ni t ropheny l -p ' -guan id ino  benzoate  [2] p lasmin  
p -Ni t ropheny l -p ' -guan id inobenzoa te  [3] p lasmin  
N-(p-Carboxybenzyl )  pyr id in ium-p-n i t rophenyl  ester [3] p lasmin  
a-N-Benzoyl-L-arginine-p-nitroanilide p la smin  
p-Nitrophenyl-p'-guanidinobenzoate [3] t ryps in  
N-Benzoyl-L-arginine-p-nitroanil ide [11] t ryps in  
p-Nitrophenyl-a-N-benzyloxocarbonyl-L-lysine [4] t ryps in  
a-N-Methyl-a-N-(p-toluenesulfonyl)-L-lysine-fl-naphthyl ester [5] t ryps in  

C A T A L Y S E D  B Y  P L A S M I N  A N D  T R Y P S I N  

k3 Ks Km kcat 
(s - t  ) ( tool .1-1 ) ( m o l . l  - l )  (s - t  ) 

4.07- 104 0.46 5.2- 10 -6 1.13- 10 -5 1.3- 10 -1° 5 .2 .10 -6 
1.185"104 6.4"10 -2 0 5 .2 '10  -6 0 0 
1.507- 102 8 . 4 . 1 0  -2 0 5.3.  l 0  -4 0 0 

1.34"10 a 16 9" l0 -2 1.2- 10 -2 6 '  10 - s  9 -10  -2 
3.175" l06 1.95 3.4 '  l0 -5 6.1 • l0 -7 1.1 - l0  - t l  3.4" l0 -5 
1.5" 10a --  --  9"10 -4 0.611 
1.09" l0 a 0.395 1.43- 10 -2 3.5" 10 -4 1.27" 10 - s  1.4" l0 -2 
6.56- 103 5.7 5.83- 10 -2 8 . 8 . 1 0  -4 8.8- 10 -6 5 . 8 . 1 0  -z  
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DISCUSSION 

The serine proteases constitute an important group of enzymes in animal physi- 
ology. Plasmin is a serine protease originating from an inactive precursor, plasmino- 
gen, which is present in animal blood plasma. Plasmin catalyses the splitting of a-N- 
L-lysine- and a-N-L-arginine-substituted esters [14, 15], amides (present paper), and 
peptide bonds involving the same amino acids in a number of different proteins. Al- 
though there are many similarities between the catalytic properties and specificity of 
trypsin and plasmin there are also distinct differences with regard to high molecular 
substrates [16, 17]. 

Plasmin was found to possess a sequence of active site amino acids, including 
the serine with the reactive hydroxyl group, which is very similar to that of trypsin, 
thrombin and chymotrypsin [18]. This suggests that a common main mechanism exists 
for the bond-breaking catalysis and that other residues are responsible for the varying 
specificities. 

In order to solve the problem of reaction mechanism, many laboratories have 
done much work investigating reactions catalysed by trypsin and chymotrypsin using 
a variety of approaches [1]. It is generally assumed that the mechanism involves the 
formation of an intermediate by acylation of the reactive serine residue of the enzyme 
(Eqn 1). 

The steady-state and presteady-state kinetic data obtained in this study are 
satisfactorily described by the three-step mechanism of Eqn 1. The results are then 
consistent with the assumption of a mechanism where Bz-L-Arg-OpNAn is hydrolysed 
by plasmin in a single-pathway reaction with a a-N-benzoyl-L-arginine-acyl-plasmin 
complex as intermediate. This reaction mechanism has previously been shown to ac- 
count for the hydrolysis of p-nitrophenyl-p'-guanidinobenzoate [2, 3] and N-(p- 
carboxybenzyl) pyridinium-p-nitrophenyl ester [3] by plasmin. Some values of kinetic 
constants are shown in Table V. Comparing the values for k2/Ks ( =  kcat/Km) which 
is significant in the consideration of correlations between substrate structure and en- 
zyme specificity [l], it is seen that the value for the plasmin reaction with Bz-L-Arg- 
OpNAn is of the same order of magnitude as the values for the trypsin reactions with 
substrates usually regarded as specific substrates, whereas the values for both the plas- 
min and the trypsin reaction with less specific substrates asp-nitrophenyl-p'-guanidino- 
benzoate and N-(p-carboxybenzyl) pyridinium-p-nitrophenyl ester are very different. 
It may thus be allowed to regard Bz-L-Arg-OpNAn as a specific plasmin substrate 
and to conclude that the normal plasmin reaction pathway is satisfactorily described 
by Eqn 1, similar to that of trypsin and chymotrypsin. 

Specific titration procedures have definite advantages over rate assays for the 
determination of the concentration of enzymes. The former employs as a standard 
a solution of a stable low molecular compound at a known concentration. The latter 
employs as a standard a solution of a labile enzyme preparation and the procedure 
is complicated by the large number of variables involved in rate assays. 

The present work contains a comparison of two different methods of deter- 
mining the concentration of the active sites of plasmin. One method is based on the 
"burs t"  production of a coloured product of the reaction of plasmin with Bz-L-Arg- 
OpNAn resulting in the formation of an acyl-enzyme intermediate (Eqn 1). The con- 
centration of the product liberated is equivalent to the active site concentration of the 
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enzyme and may  yield a good  a p p r o a c h  to the true value o f  the active site concen- 
t ra t ion.  

The other  me thod  employed  is based on the s t rong (p robab ly  irreversible) 
b inding  of  p lasmin  to the polyvalent  p ro tease  inhibi tor ,  ident ical  to the inh ib i tor  first 
isolated by Kuni tz  and  N o r t h r o p  [19] f rom bovine pancreas .  The po in t  o f  equivalence 
is indica ted  by  the comple te  inhibi t ion  of  enzymat ic  act ivi ty  agains t  a sui table  plasmin 
substrate ,  in the present  case, Bz-L-Arg-OEt .  This t i t ra t ion  is simple to pe r fo rm but  
may  give e r roneous  results because o f  unspecific b ind ing  of  the inh ib i to r  to plasmi-  
nogen, dena tu red  p lasmin  or  o ther  con t amina t i ng  proteins .  In  the present  work  the 
two methods  o f  active site t i t ra t ions  yie lded comp a ra b l e  results within the er ror  of  the 
methods .  
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