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INTRODUCTION 

The recognition of the physiological significance of the fibrinolytic system during 
thrombotic conditions has promoted a growing interest in the problems concerning 
the formation in the blood of the fibrinolytic enzyme, plasmin, from its precursor, 
plasminogen. Several activators of this process have been isolated from bacteria, body 
fluids and tissues. The presence of an activator in human urine acting upon both 
human and animal plasminogen was described by WILLIAMS 1, ASTRUP AND STERN- 
DORFF 2 and GUEST et al. 3. The activator was named "urokinase" by GUEST et al. 
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A t t e m p t s  t o  i so la te  u r o k i n a s e  b y  t h e  u s u a l  p r o t e i n  p r e c i p i t a t i o n  m e t h o d s *  or  b y  

foaming*  h a v e  b e e n  r a t h e r  u n s u c c e s s f u l  a n d  o n l y  a d s o r p t i o n  on  BaSe4 5  s e e m s  to  g ive  

g o o d  pur i f i ca t ion .  

T h e  t h e r a p e u t i c  i m p o r t a n c e  of o b t a i n i n g  a p l a s m i n o g e n  a c t i v a t o r  f r o m  a h u m a n  

source ,  m a d e  us  a t t e m p t  to  i so la te  u r o k i n a s e  in  p u r e  f o r m  s. B y  a d s o r p t i o n  on  si l ica 

gel,  fo l lowed  b y  c h r o m a t o g r a p h y  on  A m b e r l i t e  IRC-5o ,  u r o k i n a s e  h a s  b e e n  o b t a i n e d  

as  a v e r y  s t ab le ,  color less  p r o t e i n .  T h e  p r e p a r a t i o n s  are  s t i l l  i n h o m o g e n e o u s  as  j u d g e d  

b y  e l ec t rophores i s .  

MATERIALS AND METHODS 

Phosphate buffer o.I M, pH 7.2. 
Bovine fibrinogen was isolated from oxalated plasma by ammonium sulphate fractionation 

according to ASTRUP AND MOLLERTZ ~ and dissolved in phosphate buffer to give a fibrinogen concen- 
tration of about o.8 %. These preparations contained plasminogen in varying amounts. 

Thrombin: Prepared by this factory from bovine plasma, about 3 ° NIH-units/mg, dissolved 
in buffer to IOO NIH-units/ml. 

Silica gel: To commercial waterglass (8.I % NazO, 25.4% SiO,) 35 ° Beaume, was added a 
little more than the equivalent amount of 25 % sulfuric acid. The mixture was washed with 5 vol. 
water, allowed to settle, and the supernatant decanted. The washing was repeated four times. 
Excess of water was sucked off on a ]3tichner funnel, the silicic acid pre-dried, granulated, and 
completely dried at  14o ° C. 

Amberlite IRC 50 (XE-97) was obtained from Rohm and Haas, Philadelphia, Penn., and 
screened with a 20o mesh sieve to remove the finest particles, then treated as described by HIRS, 
MOORE AND STEIN 8 and equilibrated at pH 6.2 in o.i M phosphate buffer (5.4 g NaHPO4. 2 H20, 
8. 5 g 1WaH2PO 4 and 5.8 g NaCl[liter). 

Urokinase assay and unit 
Two methods have been used to determine urokinase activity, both based on measurements of the 
fibrinolytic activity brought about by the interaction of plasminogen and urokinase. 

Test tube method. In this method the glass ball principle of FLETCHER'S plasmin assay ~ has 
been used. In a 9 × ioo mm test tube, 0. 5 ml phosphate buffer, o.i ml thrombin, o .oi-o . i  ml 
urokinase solution and i.o ml fibrinogen were mixed. The solutions were ice cold at the time of 
addition. The tube was then placed in a 37°C waterbath and a stopwatch was started. After I rain 
a firm coaguinm was formed and a glass ball (7 mm in diameter and about 500 mg in weight) was 
placed on the top. When fibrin dissolution was near completion, the ball fell through the clot. The 
time required for the ball to reach the bottom of the test tube was taken as the time of lysis. Since 
the plasminogen content of the fibrinogen preparations changed from one lot to another, urokinase 
units could not be defined on the basis of lysis time alone. A crude preparation of urokinase was 
therefore chosen as standard and its activity was defined in arbitrary units. Tests with serial dilu- 
tions of a standard solution were run daily. When lysis time was plotted against number of uroki- 
nase units on log-log paper a straight line could be drawn within a lysis time range of 3 to 3 ° min, 
roughly corresponding to IOO-I units. \¥hen the plasminogen content of the fibrinogen was too 
low, slight deviations from linearity were seen. The reproducibility of the method was approximate- 
ly ca. Io%. Urine could be determined only semi-quantitatively by this method. 

Fibrin plate method. Low activity solutions were determined by a modification of the plate 
method of ASTRUP 2kND ~¢~iJLLERTZ 7, Stainless steel frames IO × 4 ° c m  and 2 cm high were fixed with 
grease on plane glass plates placed on a levelled bench, and the plates covered with mixtures of 5 ° 
ml fibrinogen, 5o ml phosphate buffer and 5 ml thrombin. Uniform thick fibrin layers (about 2 mm) 
were obtained. Aliquots (IO /zl) of serial dilutions of sample and standard solution of urokinase 
were placed alternately on the fibrin layer in two rows in order to minimize the influence of small 
thickness variations in the fibrin plate (Fig. i). The plates were incubated at 37°C overnight. The 
product of two diameters, at  right angle to each other, of the lysed circular areas were plotted 
against dilution, and the activity of the unknown samples read on the curves. The lytic activity of 
normal pooled male urine determined by this method was found to correspond to 5-8 units of 
urokinase per ml. The sensitivity of this method is very great giving clear lysis zone with as little 
as i]IOO unit of urokinase. However, owing to the long incubation time and the very complex 
reaction sequence with the activator placed on top of the solid media, the method has both prac- 
tical and theoretical shortcomings. 
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Fig. I. Fibrin plate. Urine and urokinase standard (6 units/ml) applied alternately in I o//1 aliquots 
on a fibrin plate, in the dilutions indicated. 

RESULTS 

Isolation o/urokinase 

Adsorption on silica gel. To 300 1 of normal male urine was added about 1.3 1 of 28% 
sodium hydroxide to bring the pH to 7.5. A heavy precipitate was formed and removed 
by  filtration. The filtered urine was passed through a 3" × 25" column of silica gel 
at a flow rate of about 500 ml/min. The column was previously treated with 5 1 5 % 
hydrochloric acid, 5 1 water and 5 1 Io% sodium chloride, in that order. Most of the 
fibrinolytic activity was adsorbed on the silica gel, with only about lO% of the 
activity passing through. The column was washed with about 3 ° 1 of water and the 
activity eluted with 4% ammonia at a flow rate of about 15o ml/min. The first slightly 
yellow fractions contain no activity and were discarded. Subsequently about 2 1 of 
brownish eluate with ca. 70 % of the original activity was collected. 

Sodium d, loride precipitation 

Sodium chloride (20% by weight) was added to the eluate and the pH adjusted with 
5 N hydrochloric acid to about 1.5, whereby a heavy precipitate containing all the 
activity was obtained. The collected precipitate was dissolved in water by addition of 
alkali to about pH 8. Any undissolved material (mostly silicic acid) was removed by 
centrifugation and the clear red-brown supernatant dialyzed overnight against 
distilled water. The dialyzed solution was lyophilized, giving 2-3 g crude urokinase 
with an activity of 400-700 units/rag. 

Chromatograpl~y on IRC 50 

Enough resin to form a 41 × 2.o cm column was suspended in phosphate buffer pH 
6.2, filled into the chromatographic tube and allowed to settle by gravity. Excess 
liquid was drained off and about 4 g crude urokinase dissolved in 40 ml phosphate 
buffer pH 6.2 was applied to the column. When the solute had drained into the column, 
IOO ml phosphate buffer pH 6.2 was applied as washing agent, followed by  0.5 M 
sodium chloride as eluting agent. Most of the proteins, including the colored material, 
passed through the column. The activity was adsorbed on the resin and reappeared 
in the front of the eluting agent with very little accompanying color. The active frac- 
tions were dialyzed and lyophilized, giving about 15o mg urokinase with an activity 
of about io,ooo units/mg. Chromatography was performed at 2 ° C. 

Fig. 2 shows a chromatogram with measurements of u.v.-absorption at 28o m/z 

Re/erences p. 282. 



VOL. 24 (1957) UROKINASE, ACTIVATOR OF PLASMINOGEN I 281 

and urokinase ac t iv i ty  of the effluent fractions. B y  repeat ing  the chromatography  

on IRC 50, preparat ions  wi th  an ac t iv i ty  of about  i8 ,ooo uni t s /mg were obtained.  

Since ra ther  l imi ted amounts  of these highly purified preparat ions  were at  our dis- 

posal, fur ther  purif ication has been wi thout  success. 
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Fig. 2. Chromatography of urokinase on IRC 
50 (XE-97). 4.02 g crude urokinase (74 ° units/ 
rag) was applied to the chromatographic col- 
umn as described in the text. Fractions from 
166--213 ml effluent were dialyzed and lyophil- 
ized, giving i4 o mg urokinase with an activity 
of I2,5oo units/rag. The stippled columns 
refer to urokinase activity, the blank columns 
to density at 28o m/~ calculated from absorp- 
tion measured in i .o cm cells in appropriate di- 

lutions. 

UN , T t / m  I ~/o 

DO,O00 I00 

70,000 80 

SO,O00 60 

30,000 40 

I 0,000 ~'C 

I 3 5 7 9 pH 

Fig. 3- Effect of temperature and pH on uro- 
kinase stability, o.i ml samples of a solution 
of urokinase in water (9,ooo units/ml) were 
diluted with o. 3 ml of buffer solutions at 
pHs varying from I to I I. The mixtures were 
heated in a waterbath to 5 o°, 7 °0 and Ioo°C 
and the activity determined at zero time and 
after 3 ° rain. Abscissa: pH of sample during 
heating. Ordinate: activity at 3o rain in % of 
original activity. O--O 5o°C. Q--O 7 o°C. 

A--A xoo°C. 

Stability 

Lyophil ized urokinase, recovered f rom all stages of purification, is perfect ly  stable 

for months ,  and probab ly  years,  when kep t  at  2 ° C. Solutions of urokinase are ve ry  

stable wi th  respect  to hea t ing  and pH.  Fig. 3 shows the ac t iv i ty  remaining af ter  3o 

min  heat ing  of urokinase dissolved in buffers at  p H  vary ing  from I to I I .  At  5 °0 C 

urokinase is s table below p H  IO. Increase in t empera tu re  to 7 °0 C shows a marked  

s tabi l i ty  change in the  region about  p H  9. At  this t empera tu re  heat ing for 2o min  is 

sufficient for complete  dest ruct ion of urokinase at  p H  9, Hea t ing  in boiling water-  

ba th  showed clearly the acid s tabi l i ty  of urokinase wi th  m a x i m u m  stabi l i ty  about  

p H  5. These results contradic t  those of ASTRUP AND STERNDORFF ~ who found tha t  the 

f ibrinolytic ac t iva to r  in urine was easily des t royed in acid even at  30 ° C. This dis- 

TABLE I 

Urokinase (53oo units/rag) was dissolved in water to give an activity of i2,ooo units/ml and o.i ml 
samples were mixed with o.3 ml of the following solutions: I. urine at pH 7.2; 2. o.I M phosphate 
buffer pH 7.2 ; 3. urine acidified to pH 3.o by addition of N HCI; 4. citric acid-disodium phosphate 
buffer at pH 3.0; 5. urine heated for 2o rain at pH 7.2 in boiling water-bath, then adjusted to pH 
3.o with N HC1. The mixtures were incubated at 37°C. io/zl aliquots were withdrawn for activity 

determinations at zero time and after 30 rain. 

A ctivity (units~toO 

pH 7.2 ~H 3,o 
Time 
rain urine buffer urine buffer boiled urine 

o 2800 2800 2800 2800 2800 
3 ° 2800 2800 < i o o  2800 2600 
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c repancy  m a y  be exp la ined  b y  the  presence of uropepsin  in urine which des t roys  
urokinase  in acid. I ncuba t ion  exper iments  wi th  mix tu res  of ur ine and  urokinase  were 
performed.  As shown in Table  I i t  was found t ha t  urokinase incuba ted  at  37 ° C for 
3o rain wi th  urine at  p H  3 was comple te ly  des t royed.  No loss in ac t i v i t y  was observed 
a f te r  incuba t ion  of the  mix tu re  at  p H  7.2 or wi th  urine ad jus t ed  to p H  3 af ter  des t ruc-  
t ion of uropeps in  b y  boil ing at  p H  7.2 This clear ly shows the des t ruc t ive  ac t ion of 
ac id  urine, and  therefore  i t  seems unnecessary  to assume the  existence of two types  
of urine ac t iva to r s  which differ wi th  respect  to acid s tabi l i ty .  

Elementary composition 

E l e m e n t a r y  analysis  of urokinase  (with an a c t i v i t y  of I8,OOO units/mg) gave the  
following composi t ion : 

N:  I 4 . I I % ,  C: 46.55%, H :  7.35%, S: 1.5o%, P :  o .3o%, and  ash:  o.61%. 

Electrophoresis * 

Elect rophores is  a t  p H  4.63 showed t h a t  urokinase  (with an  ac t iv i ty  of 18,ooo units]rag) 
consists of three  components  A, B and  C in the  re la t ive  concentra t ions  22, 37, and  41% 

(Fig. 4). 

r . . . . . . . . . . . . . .  ] ~ ~ Fig. 4. Electrophoresis diagram of 0.8 % urokinase 
i ] f ~ ] (18'°°° unitslmg) in buffer PH 4"63' (NaAc + 

HAc + NaC1/']2 = o.i + o.i) after 3oo min at 
,~ 4.02 V/cm followed by 613 min at 1.94 V/em. 
~- .......... 6 ~ -g~h . . . . . . . .  ~h~g~ ....... Mobility in Io -~ cm ~ volt -1 sec-l: A 3.18, B 2.35, 

C ca, 1.o. ascending descending 

Analys is  of samples  t aken  from different  compa r tme n t s  of the  electrophoresis  cell 
show t h a t  the  urokinase  ac t i v i t y  was loca ted  in component  B. , 

SUMMARY 

I. Urokinase was isolated from urine by adsorption on silica gel and elution with ammonia. 
2. Crude urokinase preparations were further purified by chromatography on IRC 5o at pH 

6.2 .  
3. Urokinase is stable at 5o°C in the pH range 1-1o. No decrease in activity was observed in 

3o minutes. At higher temperatures urokinase is most stable in the acid range. Urokinase is rapidly 
destroyed by acid urine. 
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