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SUMMARY

The physicochemical and thrombolytic properties of two different molecular forms of
urokinase and their precursor protein(prourokinase) have been reported [ J. Biol. Chem.
258: 8014, 1983; Progress in Fibrinolysis 6; 165, 1988]. In the present study, canine uroki-
nase was first isolated from bladder urine and highly purified by the chromatographies
with aluminum magnesium silicate, benzamidine-Sepharose and Sephadex G—100. The pu-
rified material showed a molecular weight of 52, 000 daltons and had a specific activity of
61, 000IU/mg protein using fibrin substrate and 294, 800IU/mg protein using chromogenic
substrate (pyro-glutamyl-glycyl-arginine-p-nitroanilide). Canine urokinase did not form
immunoprecipitin line with antibody to human urokinase in the double immunodiffusion
analysis and its activity was not either neutralized with both antibodies to human uroki-

nase and human melanoma tissue plasminogen activator.

INTRODUCTION

Plasminogen activators (PAs) were isolated from various animal tissues [1—4] biolo-
gical fluids [5—7] and cell culture media [8—11]. Human urokinase (UK) isolated from
urine [12—18], the most well-known PA, has been used in clinical fields as a thrombolytic
agent [19]. However, there are few reports in the purifications and some properties of
UK from other mammals. PAs were classified into two groups according to their bioche-
mical and immunological properties; one is “urokinase-type PA (u-PA)”, with a molecular

weight of under 60,000 daltons, which is neutralized by antihuman UK antibody [5—9], and
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the other is “tissue-type PA (t-PA)”, with a molecular weight of over 60,000 daltons, which
is not neutralized by antibody to human UK but quenched by antibody to porcine heart
t-PA or human melanoma t-PA [1, 3, 4, 11]. Recently, We demonstrated the existence of both
u-PA and t-PA in dog plasma after oral administration of human UK {20]. But the bio-
chemical characteristics of canine UK was unknown. Present report described the iso-
lation and purification of canine UK from bladder urine of beagle dogs and its biochemical

and immunological properties in comparison with those of human UK.

MATERIALS AND METHODS

Canine urine

Male beagle dogs (LR-E strain) of 12—15 months old were used. Canine urine was di-
rectly collected from bladder using a polyethylene catheter, and aprotinin (Trasylol; Bayer,
West Germany) was immediately added to be a final concentration of 100 kallikrein inhi-

bition unit (KIU)/ml urine. The urine sample was stored at —80C until use.

Purification of canine UK

Canine UK was isolated and purified from bladder urine by the serial methods, alumi-
num magnesium silicate (AMS; Fuji Chemicals, Japan) adsorption chromatography, benza-
midine-Sepharose (Bz-Sepharose) affinity chromatography [21] and Sephadex G-100 gel
filtration. The molecular weight of canine UK was estimated with molecular weight stand-
ards; bovine serum albumin (Mr=67,000), ovalbumin (Mr=43,000) and «-chymotrypsinogen
A (Mr=25,000).

Enzyme assays

Amidolytic activity was measured by the method of Barlow and Marder [22] using
pyro-glutamyl-glycyl-arginine- p -nitroanilide (S—2444; Kabi, Sweden). Fibrinolytic acti-
vity was determined according to the method of Walton [23] and a unit of canine UK was
defined with human high molecular weight UK as a standard. The plasminogen activator
activity of canine UK was confirmed by the activation of bovine plasminogen (Daiichi
Chemicals, Japan) with plasminogen-free fibrin agar plate (Daiichi Chemicals). Protein
was determined by absorbance measurement at 280 nm or by the protein-dye binding

method [24] with bovine serum albumin as a standard.

Immunological studies

Rabbit antibodies to human low molecular weigh UK (Mr=33,000) were prepared by
the method of Sasaki et al [20]. Neutralization assay of canine UK by both anti-human
UK IgG and anti-human melanoma t-PA immunoglobulin (Biopool, Sweden) was carried

out on plasminogen-rich fibrin agarose plate. Double immunodiffusion analysis was per-
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formed by the method of Ouchterlony [25].

RESULTS

Purification of canine UK

Two liters of the frozen canine urine thawed at room temperature was centrifuged to
remove the precipitates at 1,600g for 10 min at 4C and diluted with an equal volume of
distilled water. The pH of diluted urine was adjusted to 7.0 with 4 mol/1 HCI and applied
to a column (4.5 X 13cm) of AMS equilibrated with 10 mmol/l phosphate buffer, pH 7. 0,
containing 5 KIU/ml aprotinin and the column was washed with 4 mol/1 urea in the same
buffer. At the first purification step, AMS to be the specific adsorbent for basic proteins
was employed for the concentration of canine UK. Canine UK adsorbed on the AMS
column was eluted with 0,1 mol/1 phosphate buffer, pH 7. 4, containing 8 mol/1 urea, 2
mol/1 NaCl and 5 KIU/ml aprotinin (Fig. 1). After Bz-Sepharose chromatography, canine
UK was separated into two molecular forms by gel filtration on Sephadex G-100 column.
The chromatographic profile showed a main active peak with Mr=52,000 and a minor one
with Mr=31,000 (Fig. 2). The degradation of high molecular type canine UK was preven-
ted by the addition of aprotinin to all solvents during purification except for the final gel
filtrétion. Canine UK with Mr=52,000 had a specific fibrinolytic activity of 61,000 IU/mg
protein and a specific amidolytic activity of 294,800 IU/mg protein. The amidolytic acti-
vity of purified canine UK corresponding to140 TU was never inhibited by 100 KIU of aprotinin.
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Fig. 1 AMS adsorption chromatography of canine bladder urine. Two
litters urine was applied to a column (4. 5 x 13 cm)and the adsorbed
activator was eluted with 0. Imol/1 phosphate buffer, pH 7. 4, con-
taining 8 mol/1 urea, 2 mol/1 NaCl NaCl and 5 KIU/ml aprotinin.
The eluted fractions (#61-70) were pooled and dialyzed. ——— |
absorbance at 280 nm; e———e, 5—2444 amidolytic activity.
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Fig. 2 Gel filtration of canine UK from Bz-Sepharose chromatography
on Sephadex G—100. Lyophilized sample fron Bz-Sepharose was
dissolved in 0.5 ml of 0.1 mol/1 phosphate buffer, pH 7.4, contain-
ing 1 mol/1 NaCl and applied to a column (1.4 x 95 cm) egvilibrated
with the same buffer. The eluted fraction (#47-54) were pooled,
dialyzed and lyophilized. , absorbance at 280 nm; e———e,
S—2444 amidolytic activity: BSA, bovine serum albumin (Mr=

67,000); OA, ovalbumin (Mr=43,000); CA, «a —chymotrypsinogen
A (Mr=25, 000).
Table 1. Purification of canine UK from bladder urine.
Protein Activity Yield Specific activity Purification
OD 280 nm U % 1U/0OD 280 nm factor

Urine (138, 770) 18, 660 100
AMS 200 15, 290 84 80 1
Bz-Sepharose 3.75 13, 750 74 3, 850 48
Sephadex G-100 0. 07 2, 540 14 36, 290 454

The activity was measured by fibrin agarose plate method (see text for
details).

In the absence of aprotinin during the purification steps, the proportion of low molecular
type activator (Mr=31,000) increased. The result of the purification steps is summarized
in TableI. Canine UK withMr=52,000 was purified 454—fold over the eluted fraction from
AMS column.

UK completely converted plasminogen to plasmin, but did not lyse fibrin in the absence of

In the presence of plasminogen, the purified canine UK as well as human

plasminogen (Fig. 3).
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Fig. 3 Plasminogen activator activity of canine UK. Ten gl of acti-
vator (1,500 1U/ml) dissolved in 0.1 mol/l phosphate butter and
the same volume of bovine plasminogen (5 casein units/ml) in 50 m
mol/1 Tris buffer (pH 9. 0) containing 20 mmol/] lysine, 0. 1 mol/]
NaCl, 25 % glycerol were mixed and incubated for 30 min at 37C
(Plg +). Ten pl of the reaction mixture was placed in a hole of
plasminogen-free agar plate and incubated for 4 hr at 37C. Fibri-
nolytic activity of activator alone was performed by the same
manner in the absence of plasminogen (Plg -). H; human UK, C;

1
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Fig. 4 Ouchterlony analysis of canine UK.  Each well contained 10
#l of the sample dissolved in 50 m mol/l veronal buffer, pH 8.6
and immunodiffusion was performed for 48 hr at room temperature.
Well 1, human high molecular weght UK (10,000 1U/ml); well 2,
human low molecular weight UK (10,000 1U/ml); well 3, 50-fold

concentrated canine bladder urine; well 4, canine UK (10,000 IU/ml);
well 5, antihuman low molecular weight UK IgG (0. 8 mg/ml).

Immunological studies
The immunological properties of canine UK were determined by antibody neutralization

assay and double immunodiffusion analysis. The activity of canine UK (5 IU/ml) was not
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quenched by at least 500 rg/ml of the anti-human UK IgG and the anti-human melanoma
t-PA immunoglobulin (Table 1). Whereas 5 IU/ml of human UK was completely neutra-
lized by 5 #g/ml of the anti-human UK IgG but not inhibited by at least 500 #g/ml of the
anti-human melanoma t-PA immunoglobulin. By the Ouchterlony technique, 100 IU of
canine UK and canine bladder urine (50—fold concentrated) corresponding to 50 IU of the

activator showed no immuno-precipitin line with the anti-human UK IgG (Fig. 4).

Table |  Neutralization analysis of canine UK and human UK by both anti-human UK
and anti-human melanoma t-PA antibodies

Residual activity (%)

Pl i :
a.smmogen Antibody Antibody concentration (#g/ml)
activator
0.05 0.5 5 50 500
Anti-UK 102 106 102 98 102
Canine UK
Anti-t-PA 101 97 102 102 102
Anti-UK 94 60 0 0 0
Human UK
Anti-t-PA 99 103 104 101 98

Ten pl of activator (10 IU/ml) dissolved in 0. 1 mol/l phosphate buffer, pH 7. 4, was
added to an equal volume of the antibody in concentration from 0.1 to 1,000 #g/ml in
the same buffer. After incubation for 30 min at 4C, 10 #l of the reaction mixture was
placed on a plasminogen-rich fibrin agarose plate and incubated for 16 hr at 37C with
serial UK standard solutions (0. 625—10 1U/ml).

DISCUSSION

Canine UK was first isolated and purified from bladder urine by the serial methods,
AMS adsorption, Bz-Sepharose affinity chromatografy and Sephadex G—100 gel filtration.
AMS adsorption was effective for rapid separation and concentration of the crude canine
UK fraction, because the proteins with low isoelectric point such as canine urinary kallik-
rein [26] and esterase [27] could not adsorbed on the column.

According to Sephadex G—100 gel filtration, the molecular weights of two forms of
canine UK were determined to be 52,000 and 31,000, respectively. These values were very
similar to those of human UKs [6]. Canine UK with Mr=52,000 was also comparable to
rat UK (Mr=56,000) [7], canine vascular tissue PA (Mr=48,000) [2], and canine u-PA
(Mr=50,000) [13]. Increase of low molecular type of canine UK with Mr=31,000 in the
abcence of aprotinin suggested that canine UK with Mr=31,000 was caused by the degra-
dation of high molecular type with proteolytic enzyme(s) as well as human UK was done.

The specific amidolytic activity of canine UK which was not inhibited by an excess
amount of aprotinin was about 5—fold higher than the specific fibrinolytic activity. It is
defined that amidolytic activity is equivalent to fibrinolytic activity in human UK [6]. The

specific fibrinolytic and amidolytic activities of canine UK were also about 0.5-fold and
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about 2. 7-fold in comparison with those of human UK, respectively. These results suggest
that canine UK differs from human UK in ezymatic properties.

The activity of canine UK with Mr=52,000 was not neutralized by both the antibody to
human UK and the antibody to human melanoma t-PA. Canine UK did not form immuno-
precipitin line with the anti-human UK antibody. Kucinsk: et al. reported that PAs in
urine of nonprimetes, such as dog, pig, rabbit and guinea pig, were not inhibited by anti-
human UK antizserum [28]. Rat UK, however, cross-reacted with antibody to human UK
[7]. In this experiment, canine UK was immunologically distinguished from human UK
and melanoma t-PA. These findings indicate that the immunological reactivity of mamma-
lian UK relates with a common phylogenetic derivation as well as the other proteins.

This study provides the information about biochemical and immunological differences
between canine UK and human UK. It is important that the biochemical and immunological
properties of UK from different animal urine are characterized to understand the phy-

siological roles of PAs in tissues or organs.
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