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SUMMARY 

High-performance affinity chromatography was performed on five ligand- 
bound columns in an attempt to purify tissue-type plasminogen activator (t-PA), 
which is a glycoprotein with a high affinity for fibrin and also has two Kringle struc- 
tures and finger-domain in its molecule. The five columns were concanavalin A-SPW, 
p-aminobenzamidine_5PW, imidinodiacetic acid-SPW, boric acid-5PW and lysine- 
5PW. All five were able to rapidly separate t-PA from contaminating proteins, with 
high resolution and recovery. 

INTRODUCTION 

Recently there has been great progress in the study of blood fibrinolysis’-3. A 
new plasminogen activator (tissue-type plasminogen activator, t-PA), which differs 
from urinary plasminogen activator (urokinase, UK), has been found to induce plas- 
minogen activation on the surface of fibrin. Formerly, t-PA was purified from tissue 
homogenates of the heart, ovary or uterus by precipitation with ammonium sulphate, 
acid precipitation or gel filtration4p6. However, the development of affinity chro- 
matography has made it easy and convenient to purify t-PA’. Further, the intro- 
duction of tissue culture medium as a starting material has promoted the use of 
high-performance liquid chromatography (HPLC) for rapid separation because of 
the low protein contamination. 

In the present study, affinity chromatography with HPLC was employed for 
the purification of t-PA from melanoma (Bowes) tissue culture medium. 

MATERIALS AND METHODS 

The following high-performance affinity chromatography columns were pre- 
pared with TSK gel G5000PW, which is a hydrophilic resin-based material of large 
pore size for high-performance gel filtration, with a particle diameter of 10 pg: (1) 
concanavalin A-SPW; (2)g-aminobenzamidine-5PW; (3) iminodiacetic acid-SPW; (4) 
boric acid-SPW; (5) lysine-SPW. All affinity chromatographic measurements were 
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carried out with a computer-controlled multipump (CCPM) at a flow-rate of 1.0 
ml/min and with a variable wavelength UV detector (Toyo Soda Kogyo). Proteins 
were usually detected at 280 nm, unless stated otherwise. The ligands were concana- 
valin A (Seikagaku Kogyo, Tokyo), p-aminobenzamidine dihydrochloride (Sigma, 
St. Louis, MO, U.S.A.), iminodiacetic acid (Tokto Kasei, Tokyo), m-aminophenyl- 
boronic acid hemisulphate (Aldrich, Milwaukee, WI, U.S.A.) and L-lysine hydro- 
chloride (Nakarai Kagaku, Kyoto). 

The equilibration buffer and elution buffer were (1) 50 mM Tri-HCI (pH 7.5) 
containing 0.01% Tween 80; 0.4 M methyl cc-D-mannopyranoside and 0.6 M potas- 
sium thiocyanate dissolved in the equilibration buffer for concanavalin A-SPW; (2) 
50 mM Tris-HCl (pH 7.5) containing 0.01% Tween 80; 1 M potassium thiocyanate 
dissolved in the equilibration buffer for p-aminozamidine-5PW; (3) 50 mM Tris-HCl 
(pH 8.0) containing 0.5 M sodium chloride and 0.01% Tween 80; 0.1 M glycine 
dissolved in the equilibration buffer for iminodiacetic acid-SPW; (4) 50 mM Tris- 
HCl (pH 8.5) containing 50 mM magnesium chloride and 0.01% Tween 80; 0.4 M 
methyl a-D-mannopyranoside and 0.6 M potassium thiocyanate dissolved in the equi- 
libration buffer for boric acid-SPW; (5) 50 mM Tris-HCl (pH 7.5 containing 0.01% 
Tween 80; 0.2 Marginineand 0.8 Mpotassium thiocyanatedissolvedin theequilibration 
buffer for lysine-SPW. 

The t-PA activity was measured by the fibrin-film method using plasminogen- 
rich fibrinogen (bovine, Organon Teknika) and thrombin (bovine, Mochida Phar- 
maceuticals)*. 

The purity of proteins was determined by sodium dodecyl sulphate-polyacryl- 
amide gel electrophoresis (SDS-PAGE) as described by Weber and 0sborn9. The 
proteins in the gels were visualized by silver staininglO. 

The molecular weight and plasminogen activator activity were measured si- 
multaneously using electrophoretic enzymographyll. A fibrin film was produced in 
polyacrylamide gel, and the position of the plasminogen activator appearing as a 
clear zone in the fibrin film yielded the molecular weight. 

Tissue culture of melanoma (Bowes) was performed as described elsewhere12, 
and the monolayered cells were cultured with essential Eagle medium for harvesting. 
In the conventional method, t-PA was purified from tissue culture medium according 
to the methods of Rijken and Collen 13. Human urokinase was purified according to 
Holmberg et a1.14, and had molecular weights of 53000 and 33000. 

The activity of t-PA was expressed in international units using standard t-PA 
(Lot 83/517)15. 

RESULTS AND DISCUSSION 

Elution prqfile of t-PA by high-performance ajinity chromatography 
Since t-PA is a glycoprotein, high-performance chromatography on concana- 

valin A-5PW (75 mm x 7.5 mm I.D.) was carried out as follows. After equilibrating 
the column with 50 mM Tris-HCl (pH 7.5) containing 0.01% Tween 80, 1 ml of 
melanoma (Bowes) tissue culture medium was injected. First the unbound protein 
was eluted (Fig. l), and then bound protein was eluted with a linear gradient (00.4 
M methyl cc-D-mannopyranoside and O-0.6 M potassium thiocyanate). The t-PA was 
eluted as a single peak at 0.4 M methyl a-D-mannopyranoside and 0.6 M potassium 
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Fig 1. High-performance affinity chromatography on concanavalin A-SPW. A l-ml volume of tissue 
culture medium was applied to concanavalin A-5PW (75 mm x 7.5 mm) and eluted with a linear gradient 
of methyl a-u-mannopyranoside (o-0.4 M) and potassium thiocyanate (O-0.6 M). 

thiocyanate. All of the t-PA activity was eluted and none was observed in the un- 
bound portion. Thus, the separation of t-PA from other contaminating proteins by 
high-performance affinity chromatography on concanavalin A-5PW was rapid, with 
high resolution and recovery. 

High-performance affinity chromatography on p-aminobenzamidine-SPW (75 
mm x 7.5 mm I.D.) was carried out as follows. After equilibrating the column with 
50 mM Tris -HCl (pH 7.5) containing 0.01% Tween 80, 3 ml of melanoma (Bowes) 
tissue culture medium were injected. First the unbound protein was eked, and then 
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Fig. 2. Elution profile on p-aminohenzamidine-5PW. A 3-ml volume of tissue culture medium was applied 
to p-aminobenzamidine5PW (75 mm x 7.5 mm), washed with 1 M sodium chbride buffer solution and 
eluted with I M potassium thiocyanate buffer solution. 
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the column was washed with 1 A4 sodium chloride dissolved in the equilibration 
buffer. Finally, 1 M potassium thiocyanate dissolved in the equilibration buffer was 
used to elute the bound protein, as a single peak (Fig. 2). All of the t-PA activity 
was eluted and none was observed in the unbound portion or in the portion eluted 
with 1 M sodium chloride solution. Thus, the separation of t-PA from other contam- 
inating proteins by high-performance affinity chromatography on p-aminobenz- 
amidine-SPW was rapid, with high resolution and recovery. 

Using two different high-performance metal chelate affinity chromatography 
columns, an iminodiacetic acid column and a boric acid column, purification of t- 
PA was carried out as follows. The iminodiacetic acid column (75 mm x 8.0 mm 
I.D.) was equilibrated with 50 mM Tris-HCl (pH 8.0) containing 0.5 M sodium 
chloride and 0.01% Tween 80, and 20 ml of zinc chloride (5 mg/ml) were applied to 
the column. This amount of zinc chloride was sufficient to saturate the column with 
zinc ion. After the column had been re-equilibrated with the initial buffer, 30 ml of 
melanoma (Bowes) tissue culture medium were applied. The unbound protein passed 
through first, and the bound protein was then eluted with a linear gradient of glycine 
(O-O.1 M). As shown in Fig. 3, the bound protein was eluted at a glycine concentra- 
tion of 0.067 M. The t-PA was eluted as two peaks: the first peak appeared at a 
glycine concentration of 0.083 M, just after the protein peak; the second and major 
peak appeared at a glycine concentration of 0.1 M. All of the t-PA activity was eluted 
and none was observed in the unbound portion. Thus, the separation of t-PA from 
other contaminating proteins was effectively achieved by high-performance imino- 
diacetic acid affinity chromatography. When boric acid-5PW was used, the column 
(75 mm x 7.5 mm I.D.) was equilibrated with 50 mM Tris-HCl (pH 8.5) containing 
50 mM magnesium chloride and 0.01% Tween 80, and 1 ml of melanoma (Bowes) 
tissue culture medium was applied. The unbound protein passed through first, and 
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Fig. 3. High-performance affinity chromatography on iminodiacetic acid-SPW. A 30-m] volume of tissue 
culture medium was applied to iminodiacetic acid-SPW (75 mm x 8.0 mm), which had previously been 
equilibrated with buffer containing zinc chloride, and eluted with a linear gradient of glycine (04.1 M). 
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the bound protein was then eluted with a linear gradient of O-O.4 M methyl E-D- 
mannopyranoside and O-O.6 A4 potassium thiocyanate. As shown in Fig. 4, the t-PA 
was eluted as a single peak and no activity was observed in the unbound portion. 
Thus, high-performance boric acid affinity chromatography is also useful for the 
separation of t-PA from other contaminating proteins, with high resolution and re- 
covery. 

When the separation of t-PA on lysine-5PW was performed, the column (75 
mm x 7.5 mm I.D.) was equilibrated with 50 mM Tris-HCl (pH 7.5) containing 
0.01% Tween 80, and 3 ml of melanoma (Bowes) tissue culture medium were applied. 
The unbound protein passed through first, and the column was then washed with 0.3 
M sodium chloride dissolved in the equilibration buffer. The bound protein was 
eluted with 0.2 h4 arginine and 0.8 M potassium thiocyanate. The t-PA was eluted 
as a single, sharp peak. All of the activity was observed in the eluted portion and 
none was observed in the unbound portion. Thus, high-performance lysine-SPW af- 
finity chromatography was effective for the separation of t-PA from other proteins 
in a rapid and convenient manner. 

Purl$cation qf t-PA 
In each of the above experiments, a single-stage affinity chromatography with 

HPLC was employed to purify t-PA from tissue culture medium. In order to obtain 
t-PA as a single band in SDS-PAGE, several variations of affinity chromatography 
were investigated. Among them, the combination of iminodiacetic acid-SPW, con- 
canavdlin A-SPW and p-aminobenzamidine-5PW was found to be excellent. A 30- 
ml volume of tissue culture medium (872.7 I.U.) was first applied to iminodiacetic 
acid-5PW, and the eluted t-PA was then applied to concanavalin A-5PW. On washing 
the column, the bound t-PA was eluted with 0.4 M methyl or-D-mannopyrdnoside. 
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Fig. 4. Elution profile on boric acid-SPW. A l-ml volume of tissue culture medium was applied to boric 
acid-SPW (75 mm x 7.5 mm) and eluted with a linear gradient of methyl x-r)-mannopyranoside (SO.4 
M) and potassium thiocyanate (o-O.6 M). 
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Fig. 5. SDS-PAGE with silver staining of t-PA eluted by high-performance affinity chromatography. 
1 = Starting material; 2 = protein eluted from zinc chelate-5PW; 3 = protein eluted from concanavalin 
A-SPW; 4 = protein eluted from p-aminobenzamidine-5PW; M = marker protein. 

Fig. 6. Electrophoretic cnzymography of the protein eluted by high-performance affinity chromatography. 
14 as in Fig, 3; U = urokinase; T = t-PA purified from melanoma (Bowes) tissue culture medium by 
a conventional methodi3. 

The portion with t-PA activity was applied to p-aminobenzamidine-5PW and eluted 
with 1 M potassium thiocyanate buffer solution. The purification factor was about 
300, and the recovery rate was 27.5% (Table I). The purity of the final product was 
confirmed by SDS-PAGE, which upon silver staining revealed a single band with a 
molecular weight of 72000 (Fig. 5). Electrophoretic enzymography demonstrated a 
single active band with a molecular weight of 72 000 (Fig. 6). The above combination 
of affinity chromatographies is thus useful for the rapid and convenient purification 
of t-PA. 
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