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SUMMARY 

Total RNA was extracted from human kidney or human embryonic kidney cells 
in culture, then passed through oligo-d(T) cellulose to obtain total 
polyA(+)RNAs. Messenger act iv i ty of the preparations was checked in vitro 
using the rabbit reticulocyte lysate system and peptides synthesized in 
vitro were separated on SDS-containing polyacrylamide gels. Ident i f i~ t ion  
~ o k i n a s e - l i k e  material was achieved by immuno-precipitation with anti- 
bodies raised against pure commercial urokinase and by radioimmunoassays 
where urokinase synthesized in vitro was competed out with unlabelled 
urokinase. The data show that both polyA(+)RNAs code for urokinase-like 
material and that the apparent Mw of the in vi tro translations product is 
roughly 47 K daltons (in reducing condition-h-s~. 

INTRODUCTION 

Urokinase (E.C.3.4.99.26), an enzyme synthesized in human kidney (1,2) 

and released in urine (3,4), functions as an activator of plasminogen 

(3,5). Active plasmin resulting from the proteolytic cleavage of i ts  

precursor then exhibit a f ibr ino ly t ic  act iv i ty.  While the role of 

urokinase in human physiology is undoubtedly of great significance, the 

real interest in this enzyme resides in i ts therapeutic value for 

promoting dissolution of thrombi in vivo (for a review, see 6). 

Biochemical studies on urokinase demonstrated the existence of two major 

forms of the enzyme; one form has a molecular weight in the range of 

47-54.000 daltons and the other in the range 31 to 33.000 daltons (7). 

I t  seems that the larger species is a precursor of the smaller form and 

that proteolytic, possibly autocatalytic cleavage, may convert the heavy 

species into smaller one. In addition, the fragments generated by 

cleavage seem to remain associated by disulfide bonds, yielding the 31K 
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active enzyme and a 18 K inact ive fragment upon reducing. Both forms of 

urokinase possess ac t i v i t y  and are used in therapy (8,9,10,11,12). 

Since urokinase appears to be, at th is  time, the sole plasminogen act ivator  

of human or ig in with therapeutic value, commercial production of the enzyme 

started a few years ago, essent ia l ly  extract ing urokinase from human 

urine or from spent medium of human kidney cel ls cultures. Both ways are 

expensive since the y ie ld  of urokinase recovered is re la t i ve l y  low (2). 

In th is  respect, gene spl ic ing techniques could provide a way to increase 

the y ie ld  of urokinase by programming bacteria to synthesize the enzyme. 

A f i r s t  step towards th is  goal consists of characterizing in v i t ro  the 

messenger RNA coding for urokinase and i t s  primary t ranslat ion product. 

In th is  work, we describe experiments along these l ines,  using polyA (+) 

RNAs from human kidney and from human embryonic kidney cel ls  in culture. 

The data indicate that both sources contain the messenger RNA coding for 

urokinase and that the primary t ranslat ion product in v i t ro  has an apparent 

molecular weight of roughly 47 K daltons in reducing condit ions. 

MATERIAL AND METHODS 

a) Human kidneys were obtained, fol lowing nephrectomy, thanks to the 
courtesy of Dr. C. Schulman (Hopital Erasme, Universi ty of Brussels) 

b) Human enbryonic kidney cel ls  (HFK cel ls)  were purchased from Flow 
Laboratories. Growth medium was Basal Medium Eagle with Earle's sal ts 
supplemented with 10% Fetal bovine serum and glutamine (2 mM). Growth 
to confluency was performed in Nunc flasks (175 cm2) in 5% COp at 37°C. 

c) Pure commercial urokinase was provided generously by Drs. Guzzi 
(Firma Lepet i t ,  Milano) and Imai (Godo Shusei, Tokyo). 

d) Antibodies against urokinase were raised in rabbits according to 
St~f f ler  and Wittmann (13). 

e) Assay for urokinase ac t i v i t y  was performed using the synthetic chromo- 
genic substrate S-2444 (Kabi, Sweden), according to the manufacturer 
speci f icat ions. 

f) Extraction of total  RNAs. 
i °) Human kidney 

Following nephrectomy, organs were rinsed thoroughly with ice cold 
Tris-HCl buffer i00 mM, pH 8.3 containing i M sucrose and 0,15 M NaCI, then 
cut into small pieces and frozen immediately in l i qu id  nitrogen. 
To extract total  RNAs, 7 grams of frozen kidney were ground in a mortar 
(kept cold with l iqu id  ni trogen),  then mixed with I0 volumes of TNE buffer 
(Tris HCl i00 mM, pH 8.3; NaCI 0.15 M, EDTA 0.01 M, SDS 1%) in an e lec t r i c  
mixer. One volume of phenol-chloroform-isoamylic alcohol (90:9:1) was 
added to the resul t ing suspension which was then s t i r red for 20' at room 
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temperature and centrifuged for 20' at 10000 rpm (Sorvall HB4 ro tor ) .  
The aqueous phase was reextracted four times with phenol. Total RNAs were 
then precipi tated with two volumes of cold ethanol in the presence of 
0.2 M NaCI and kept at -20°C. 

2 ° ) HFK cel ls  
Cells deriving from 40 Nunc f lasks at confluency were t rypsinized, 

collected by low speed centr i fugat ion,  washed twice with phosphate-buffered 
saline (PBS) and resuspended in 60 ml TNE buffer. The suspension was then 
treated with phenol as described above and total  RNA recovered by ethanol 
prec ip i ta t ion.  
g) Iso lat ion of polyA~+JRNAsl ~ 

Total RNAs (centrifuged 1 hour at 10.000 rpm and -10%, and a i r  dried) 
were dissolved in hybr id izat ion buffer (Tris-HCl 10 mM pH 7.5; EDTA 1 mM, 
NaCl 0.3 M and SDS 0.5%), heated for 1' at 90% and mixed with ol igo-d(T) 
cel lulose type 7 (Collab, Research). The mixture was allowed to stand for 
15' at 22°C then poured into a small column. The resin was washed with 
hybr id izat ion buffer un t i l  the eluate attained an 0D26~ of less than 0.01. 
PolyA(+)RNAs were eluted from the resin with elut ion Ubuffer (hybridiza- 
t ion buffer without NaCI). Appropriate fract ions were pooled, precipi tated 
with 2 volumes of cold ethanol in the presence of 0.37 M NaCl and stored at 
-20°C. When needed, polyA(+)RNAs were centrifuged (10.000 rpm, 20 min.) 
redissolved and reprecipi tated with ethanol. Stock solut ions of polyA(+) 
RNAs were kept at -80% in b i d i s t i l l e d  water at a concentration of 
25 OD260/ml. 
h) Cel l - f ree t rans lat ion systems 

PolyA(+)RNAs ( I  ~g) were translated in a ce l l - f ree  system (25 ~I) 
derived from nuclease-treated rabbit  ret iculocyte lysates (NEN) using 

35S -methionine as tracer (1 pCi /p l ) .  The assay was performed according 
to the speci f icat ions of the manufacturer, Following incubation for 90' 
at 30°C, the reaction was terminated by the addit ion of pancreatic RNAse A 
to a f ina l  concentration of 10 ~g/ml. Aliquots were withdrawn at various 
times for counting and the remaining of the samples was used for gel elec- 
trophoresis and for immunoassays. 
i )  Radioimmunoassays 

Aliquots (10 pl)  of ce l l - f ree  t rans lat ion systems were mixed with 
increasing amounts of commercial urokinase and allowed to react with ant i -  
bodies against urokinase (i0 ~I of a normal serum). The system (200 pl)  
contained phosphate buffer i0 mM pH 8, NaCl 50 mM; 30 pg PMSF and 10 ~g 
soybean trypsin i nh ib i to r .  Incubation was performed for 60' at 37°C and 
two hours at 25°C. Thereafter, 4 mgr protein A - sepharose (Pharmacia) 
conditionned in the same buffer was added to the mixture and allowed to 
react for 2 hours at 25°C with gentle s t i r r i n g .  The suspensions were 
washed f ive times with Tris-HCl 50 mM, pH 8, urea 8 M, SDS 1% and ~-mercap- 
toethanol 1%, heated for 10' at 100°C and counted in a l iqu id  s c i n t i l l a t i o n  
counter (LKB). A l te rnat ive ly ,  al iquots of t rans la t ion systems were mixed 
with antiserum against urokinase as described above and antibody complexes 
were precipi tated with goat an t i - rabb i t  y-globul ins IgG (Nordic). In some 
instances, a pretreatment was achieved with non immune serum or with immune 
serum pa r t i a l l y  depleted from speci f ic  antiurokinase antibodies (by reaction 
with urokinase in l i qu id  phase). Procedures for washing and analysis of the 
samples were as described above. 
j )  Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

10 ~I al iquots of t ranslat ion systems were mixed in a one to one rat io  
with SDS buffer (Tris-CHl 100 mM pH 7, glycerol 20%, SDS 10%, B-mercapto- 
ethanol 2%, bromphenolblue 1%), heated for 10' at 65°C and electrophoresed 
on a 15% polyacrylamide slab gel using the Laemmli system (14). Gels were 
stained with Coomassie blue, destained, dried and autoradiographed for 
24 hrs to one week at -70°C. 
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RESULTS 

Human fetal kidney cells . produce urokinase. 

The f i r s t  experiment we performed was designed to confirm that HFK cells 

in culture secrete urokinase in the medium (2). Cells were grown to 

confluency in complete growth medium, and thereafter incubated for three 

days into medium without fetal bovine serum. The spent medium was cleared 

by centrifugation and assayed for urokinase act iv i ty using the chromogenic 

synthetic substrate S-2444. As seen in Figure 1, i t  is obvious that HFK 

cells release the plasminogen activator whereas no act iv i ty was detected 

with fresh medium. 

Translation of polyA(+)RNAs from human kidney and from HFK cells. 

PolyA(+)RNAs were extracted from human kidney and from HFK cells as 

described in Material and Methods. The yields were as follows: roughly 

50 ~g of polyA(+)RNAs were recovered starting from 7 grams of frozen human 
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~ - Assay for urokinase activity in spent medium using the 
genic substrate S-2444 (Kabi, Sweden) 

• spent medium from HFK cells in culture, concentrated 25 times by 
ultrafiltration. 

• fresh medium (concentrated 25 times) 
The ODa~ absorbption value measures the cleavage of the substrate by 
urokin~ (release of p-nitroaniline). 
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kidney and 500 ~g of polyA (+)RNAs were obtained start ing from 40 Nunc 

flasks of HFK cells at confluency (about 7 ml of packed cel ls) .  In the 

reticulocyte lysate system, polyA(+)RNAs from both sources stimulated the 

incorporation of radiolabelled amino acid into protein 5-15 fold over the 

amount incorporated in the absence of added messenger RNA. 

As seen in Figure 2, the act iv i ty  of polyA(+)RNAs from kidney and from 

HFK cells was equivalent to the ac t iv i ty  of control mRNA (globin) for a 

similar input ( 10D260/ml). Sodium dodecyl sulfate polyacrylamide gel 

analysis of the translation products revealed the presence of several 

polypeptides of molecular weight ranging from 80 to 15 kilodaltons (Fig 3). 

Dosage of the urokinase specific polyA(+)RNA by radioi~unoassay. 

In order to quantitate the amount of polyA(+)RNA specific for urokinase 

among the total polyA(+)RNAs, we performed the following assay. Putative 
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Fig. 2 - Incorporation of .3~S -methionine in rabbit reticulocyte lysate 
systems directed by polyA (+)RNAs 
PolyA(+)RNAs (1 ~g) were translated in vitro using 25 ~l of rabbit 
reticulocyte lysate system (NEN) w i t ~ e t h i o n i n e  as tracer (1 ~Ci/~l) 
• globin messenger RNA I+~ 
• human kidney cells polyA ~ JRNAs 
• human kidney polyA(+)RNA 
C) no added RNA 
Mixtures were incubated at 30°C. Aliquots (2 ~l) were collected every 
30 minutes, treated with RNAse A, TCA precipitated, boiled, filtered on 
millipore and counted. 
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A B C 

Fiq. 3 - Ceil-free translation products of polyA(+)RNAs from human kidney 
and HFK cells 
PolyA(+)RNAs from (A) globin mRNA, (B) HFK cells and (C) human kidney 
were translated in a rabbit reticulocyte lysate system~ i ~g RNA in 
25 ~l reaction mixture). Products were labelled with J~S -methionine 
( i uCi/~l). 10 ~I aliquots were submitted to gel electrophoresis in 
reducing conditions and autoradiographed as described under "Methods". 
Molecular weight standards consisted of a mixture of 14C methylated proteins 
(Amersham): myosine (Mw: 200.000); phosphorylase - b (Mw: 100.000 and 
92.500); bovine serum albumine (Mw: 69.000); ovalbumin (Mw: 46.000); 
carbonic anhydrase (Mw: 30.000) and lysozyme (Mw: 14.300). 

urokinase synthesized in vitro was competed out with pure urokinase in the 

reaction with antibodies raised against the enzyme. The experiment consisted 

of incubating aliquots of translation systems with various amounts of 

urokinase in the presence of antibodies and then to recover the complexes 

with protein A-sepharose. As seen in Table 1, both kidney and HFK cells 

polyA(+)RNAs code for polypeptides having antigenic determinants accessible 

to urokinase antiserum. In addition, i t  is clear that the putative uroki o 

nase synthesized in vitro is competed out of the reaction by pure con~nercial 

urokinase. On the basis of the input of label in the reaction, we can 

compete out about 10% of the labelled polypeptides (see Table 1). This 

value may ref lect the actual proportion of polyA(+)RNA specific for urokinase. 

Molecular weight of the urokinase-like material synthesized in vitro. 

Aliquots of translation systems precipitated with specific urokinase anti- 

serum were analysed on SDS-polyacrylamide gels in reducing conditions. 

The major products identified by autoradiography have apparent molecular 
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TABLE 1 

Indirect quantitation of polyA(+)RNA specific for urokinase by 
radioimmunoassay. 

Source of polyA£+)RNAs mature urokinase immunoprecipitable 
in the assay material 

(~g) (dpm) 

HFK cells 0 9568 

Input of translation 2.5 7604 

products 5 4543 
35S -methionine 10 4154 

55.765 dpm 20 2958 

Human kidney 0 9622 

Input of translation 2.5 6311 

products 5 5772 

35S -methionine 10 5519 

47.235 dpm 20 4053 

Control m RNA (globin) 0 2964 

Input of translation 2.5 2141 

products 5 2073 
35S -methionine 10 2413 

27.507 dpm 20 1801 

The input of translation products is estimated on the basis of TCA 
precipitable material. The conditions for the assay are described 
under "Methods". 

weights of about 47 and 20 K daltons (Figure 4 A and C). When samples were 

pretreated with non immune antiserum, immunoprecipitates showed only the 

47 K species on gel (Figure 4 B and D). In addi t ion,  the use of immune 

serum preadorbed with urokinase ( l i qu id  phase) lead to the par t ia l  

disappearance of the 47 K product (data not shown). When gels were exposed 

for  longer periods, addit ional bands were detected on the autoradiographs. 

These products may be contaminants coprec ip i ta t ing  with urokinase in the 

immuno-assays or could be minor components resul t ing from autocata ly t ic  

cleavage of urokinase- l ike mater ial .  The fact  that  experiments were 

carr ied out in reducing condit ions could also account for  the detect ion 

of addit ional fragments on the gels. In conclusion, we propose that  the 
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2 f ~  v 

A B C D 

Figs 4 - Immunoprecipitation of cell-free translation products by 
urokinase antiserum 
Aliquots of translation products directed by polyA~+JRNAs from human 
kidney and HFK cells were subjected to double antibody precipitation 
as described under "Methods" and analysed on SDS-polyacrylamide gels 
in reducing conditions. Autoradiographs of the gels are shown 

immunoprecipitation with 
urokinase antiserum 

immunoprecipitation with 
urokinase antiserum following 
pretreatment with non-immune 
serum 

A) HFK cells polyA(+)RNAs 
C) kidney polyA!±)RNAs 
B) HFK cells polyA(+)RNAs 

D) kidney polyA(+)RNAs 

47 K daltons material represents the major translation product in v i t ro  

in reducing conditions. 

DISCUSSION 

Our results indicate that translation products from both human kidney 

and human fetal kidney cells polyA(+)RNAs contain proteins with antigenic 

determinants similar to urokinase. 

The major translation product reacting speci f ical ly with urokinase ant i -  

serum has a molecular weight of about 47000 daltons in reducing conditions. 

Although the significance of less prominent immunoprecipitable material 

is not clear, i t  may ref lect either post-translational modification of 

a single product (autocatalytic cleavage, e tc . . . )  or translation ar t i facts  
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such as premature termination. The data presented here suggest that 

roughly 10% of total polyA(+)RNAs from both sources studied code for 

urokinase-like material. 

ACKNOWLEDGMENTS 

We thank Drs. C. and J. Szpirer for their  help in growing HFK cells. 
This work was supported by an agreement between the Belgian Government 
and the University l ibre de Bruxelles "Actions de Recherche Concert~es" 
A.B. is MMtre de Recherches of the Fonds National de la Recherche 
Scientif ique (Belgium). 

REFERENCES 

1. Astedt, B, and Pandolfi, M. (1972) Rev. eur. ~t. c l in.  biol .  17, 743 
2. Lewis, L.J. (1979) Thrombos. Haemostas. ~ttg-~4~95-z9-O-O 
3. Williams, J.R.B. (1951) Br i t .  J. Exptl. Pathol. 32, 530 
4. Sobel, G.W. Mohler, S,R., Jones, N.T., DowT,  A.~-~.C. and Guest, M.M. 

(1952) Am. J. Physiol. 171, 768 
5. Astrup, T. a n d S ,  P.M~ (1947) Nature 159, 681 
6. Thrombosis and Urokinase, Eds. P a o l e T ,  R~nd Sherry, S., Acad. 

Press N.Y. (1977) 
7. Johnson, A.J., Soberano, M.E., Ong, E.B., Levy, M. and Shoellmann, G. 

(1977) Thrombosis and Urokinase, pp. 59-67 (Eds. Paoletti and Sherry) 
Acad. Press. N.Y, 

8. White, W.F., Barlow, G.H. and Mozen, M.M. (1966) Biochemistry5, 
2160-2169. 

9. Ong, E.B., Soberano, M.E., Johnsons, A.J. and Schoellmann, G. (1977) 
Thrombos. Haemostas. (Stuttg.) 38, 801-808. 

lO. Samana, M., Cazenave, B. and 0 ~ ,  A.M. (1978) Thrombos. Haemostas. 
(Stuttg.) 40, 578-580 

11. M ~  G.~nd Aronson, D.L. (1979) Thrombos. Haemostas. (Stuttg.) 
42, 1066-1068 

12. Astedt, B., Holmberg, L., Wagner, G., Richter, P. and Ploug, J. (1979) 
Thrombos. Haemostas. (Stuttg.) 42, 924-928 

13. St~f f ler ,  G. and W i t t m ~ G .  -(-1-9_71) J. Mol. Biol. 62, 407-409 
14. Laemmli, U.K. (1970) Nature 227, 680-6"85 

215 


