
RAPID METHOD FOR THE DETE RMINATIGN OF DR0KINAS E AGDVDTY 
BY HIGH-PEBFQR LIQUID CHROMATQGBAPHY 

A simpl, rapid and reproducible b&h-performance liquid chromatographic 
method for the quantitation of urokinase was developed by the separation of two 
types of urohhrase with molecular weights of 54,000 and 32,000 in its crude solutions 
containing various proteins as impurities. I-SK-GEL 3000 SW column chromato- 
graphy with 0.2 M phosphate buffer solution of pH 3.0 as the mobile phase at room 
temperature was used. 

The ratios of the two types of urokinase determined by the method were in 
good agreement with those obtained by Sephadex G-100 gel chromato_saphy 
followed by Walton’s modified plate method. 

INTEZODUmON 

Urolhase, one of the proteolytic enzymes found in human urine, catalyses 
the conversion of pksminogen to plasmin ls2_ Therefore, conventional assays for 
urokinase were generally performed, such as a test-tube method3, a fibrin plate 
method4 and a two-stage methods. In addition, there were a number of simple and 
convenient assay methods for urokinase activities involving the use of synthetic sub- 
Strates6-8. 

EthaskenshownthattherearetwoactiveQpcs ofurokinasewithapparent 
mofecular weights of 54,QOO for the high-molecular-weight type (H-UK) and 32,000 
for t&e low-molecnk-weight @pe (L-uK)e’L_ The relative specik activities of 
H-UK to L-UK appear to difYer according Fo the assay method used_ Those obtained 
by the Chandler’s loop methodzr, which is considered to reflect the activities in vjvo, 
suggested that K-UK may be more potent than L-UK a,&nst fibrinolytic activiti 
in vivu. ConsequentIy, it is essential to determine simultaneousIy the individual and 
total activities of these urokinase components in samples of interest. 

Sephadex G-100 gel chromatogmphy= and sodium dodecyl sulphate poly- 



acrykmide gef ekctrophoresis (SIX-PACi~ have been used for the separation of 
the two cmqonents from urokinase soiution- However, these methods require tedious 
scld timtinsuming operations, and their reprcniuciiility is poor, because the arnot~.~t 
of urokinase has to be detesmined in each separated ftion or zone by bioassay or 
densitometry. 

Recent&~ high-performance liquid &onMography (HPLC) has been applied 
to the separation cf proteinsti. This paper descrkd a simple, rapid and reproducible 
method for the simaltaneous detemkation of the total and individual activities of 
H-UK and L-UK in a sampIe solution by HPLC. 

Sodium dihydrogen phosphate and phosphoric acid were purchased from 
Kaato Chemical Co. @okyo, Japan) and insulin from Fluka @u&s, Switzerland). 
Standard H-UK <86,600 LU_/mg protein) and E-UK (192,300 I.~J_/mg protein) 
solutions were purikd in our laboratories according to the mod&d method of White 
et al.=‘. The uniformity of the standard urokinase wzs confkned by SDS-PAGE;‘+, 
PAGE at pR 4.0 (r& 16) and !kphadex G-100 gel cbromatographic analyses_ Various 
uro!&az solutions with diBkrent specific activities were prepared from mine in our 
laboratcXks_ 

Afeaszuemat of urokkase activity us&g plminogen 
Urokinase activity was determked by the modified fibrin plate method of 

Walton using aWHeg Standard-The amount of protein was determined by the Folio- 
Lowry method” using bovine serum albumin as a standard protein. 

Sepha&x G-MI gel cfgomatography of urokinase solutions 
Sephadex G-100 gel coIumn (142 x 2.0 cm I.D.) chromatography was carried 

out using 0.025 M phosphate buffer solu5on of pH 7.5 containing 1.5°/0 of sodium 
chloride as the eluenc at 2”. The don;rate of tie eluate was maintained at 4.05 mlfi- 
TIE urokinase a~tiv&y in each fraction (I.84 ml per tube) coikcted was determined 
by Wahon’s mocfifkd pM.e method, 

High-performance iiquid chromatography 
A TSK-GEL 3ooO SW packed coIum~ (60 cm x 7.5 mm I.D.) was purchased 

from Tcyo Soda flokyoz Japan). The separation of the two types of urokinase was 
carried out w<th a H.itachi h&Mel635 liquid chromatograph equipped with a syringe 
loading injector with a Xi-~1 sample loop (Rheeyne, U.S.A.) at room temperature- 
‘Fbe eiuezlt flow-rate was O-5 4hin, the dekctor wavek@t 2!Sl mn and the de-or 
sensitivity 0.02 a.af.s. 

A&y procedu;e for detenmWzt&m of urokSrase acriFsty by HPLC 
To 100~1 of urokinase solutions were added 40@ of zm internal standard 

soIution (insulin; I m_&ni of the duent b&f&r solution) and 60 ~1 of the same bufkr 
sc4ution. The mixture was shaken brieily by hand and an aliquot of 50 pl was immedi- 
ately injected into the chromatograph_ The peak heights of IF-UK, L-UK and the 



idend standard on the cbroxatograx were nxzmred and the activity of each 
nobase was cakdati from its peak-height ratio to the inter& standard on the 
caliiratiorr gmph. 

HFLC has generally been applied to the analysis of proteins by the use of 
neutral aqueous buffer solutions 15. The-separation of H-UK and L-UK was examined 
in neutral phosphate bufk solution. However, the two types of urokinase could not 
be se- because only the H-UK peak was substantially broadened in the neutral 
soh~tion. ‘p’herefore, various btier solutions with wide ranges ofpH were investigated 
for improving the separation of H-UK and L-UK by HPLC. Fig. 1 shows the 
%hxence of pH on the resolution of &UK and L-UK in the pH raqe 2-6. The 
resolution (RJ between two peaks, according to Snyder and Kirkknd’s, is given by 
I?, = 2(tgI - tRJwl f IV,, where bRr and tRz are the retention times of H-UK and 
L-UK, zspectively, and w, and w, represent the peak widths of H-UK and L-UK, 
respectively, in units of time. If R, is greater than 1.0, complete separation of both 
peaks should be obtained. At PEE-above 3.5, a good separation was not obtained 
owing to broadening of the H-UK peak. An excellent resolution (& = 1.0) was 
obtained at pH below 3. 
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Fig 2 shows the retention times of H-UK and L-UK relative to the internal 
standard &the bufkr solutiozs with various pH ranges. The mobility of H-UEC was 
inBmmed more than that of L-UK by the pH of the solutions. Consequently, the 
rfztf&ion time of H-UK in a nerrtral so&ion is longer than would be expecXed from 
its xuckcuIar weight. ActuaUy, it is well known t&at basic proteins such as lysozyme 
are eiuted more s~ow!y than exPected under neutral coi4itions owing to their adxq- 
tion on XX-GEL 3fKlo SW”. 
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The solutes adsorbed cm XX-GEL 3OCB SW were duted by addition of 
sodium sulphate or sodium chloride solution_ However, when 0.2 M phosphate 
buffer solution of pH 3.0 was used, adsorption on this gel did not occur without the 
addition of salts_ On the other hand, the use of this gel is desirable in the pH range 
3-8. Therefore, 02 M phosphate buffer solution of pH 3.0 was used as the mobile 
Pha= 



The mean recoveries and !dadaxd deviations of urol&ase acti-v&y obtained 
by this TSK-GEL 306w) SW cobxnn chromatography were 94.5 f 7.2% for H-UK 
and HlO.4 * 8.47; for &U-K. 

Fig. 3 shows a cbromatogram obtained by HPLC of 50 /A of a standard 
mixture corrtaining purifkd E&UK (1470 UJ.), L-UK (2500 I.U.) and insulin (10 ,ttg). 
The retention times Aative to insulin were 0.726 f 0.009 for H-UK and 0.795 _+ O.006 
for L-UK. 
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Fii. 3. Representi& chromatogram obtained by HPLC of 50~4 of a sCandard mixture containing 
H-UK (141OLU.). GUK(UOOLU.) and inCerr.& smxiard (lopg). 

The limits ofdetermim tion ofurokinase by the prczsmt method were _W f-U.1 
ml for H-UK and 4500 I.U./ml for L-UK. Fig. 4 shows the calibration graphs for 
the detesmination of H-UK and L-UK using insulin as the internaI standard. It can 
be seen that there is a linear relationship between the activie of urokinase in the 
range 3MKUQ,tlM LU./ml and the peak-height ratio. The followiig equations were 
obtained by the method of feast-squares: y = 29,259x f I93 (LU./ml) and r = 0.9993 
for H-UK, and y = 49,659x f 342 (LU./ml) and r = 0.9996 for L-U?& where y is 
the activity of urokinase (r.U./ml) and x is the peak-height ratio. 

Total activities of the samples can be calculated by summation of ffie activities 
of H-UK and L-UK. The percentage of H-UK or L-UK in a _aple was obtained 
by dividing the activity of the individual urokinase by the total activity. An advantage 
of the proposed method is the rapid determination of the total and individual activities 



fig_ 4. c&icn graphs fcr H-UK_ (0) and GUK (0). 

of the two types of urokinase in the same sample using these reproducibk calibration 
grqbs. In contrast, in Sephadex G-100 gel chromatography followed by Walton’s 
modSed pIate method, the standard urokinase for bioassay must be used in every 
measurement of activity in the separated fractions. 

Fig_ 5a shopis a representative high-pzrformance liquid chromatogram of 
ur&cinase soIution with an activity that had previously been determined to be 65,300 
LU.Jml by the pIate m@od_ In the proposed method, the activities of H-UK and 
L-T-K were determined _to be 26,ooO arid 37,34X) LU./ml, respectively, and the totA 
activity of this sample s&ution was calculated to be 63,304) LU./ml from the cali- 
bration graphs_ Fig. 5b shows the Sephadex G-lo0 gel chromatogram of the same 
soWion_ The two chzomatograms sere similar. The total ac-tiviq determined by the 
proposed method was in good a_greement with that obtained by the piate method- 
T5e ratio of H-UK to tie total activity was caiculated to be 41.1x, which is in good 
a_geemmt with that (4Q”A detetied by the plate method a&r separation of H-UK 
and L-UK from the same sample by Sephadex G-100 gel chromatography. 

Urokinase solutions with various specific activities prepared in onr laboratoties 
were analysed by the proposed method and the plate method after separation by 
Sepbadex G-E0 gel chromatography, and Table I compares the urokinase activities 
obtained- There were no &My signifknt d.iEren~ between the pairs of 
resdts obtaked by the two methods (M the same samples. The coeBkie& of variation 
of the proposed method was 3.8% (n = 4). 
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TABLEI . 

cOMi?kiSO~ OF RESULTS FOR VARIOUS UROKINASE SOLLmONS OBFAXNED BY 
IR5 FMwosED -0D A-ND TNE COMBINATION OF SEPEZADEX G-fOO GEL 
CIiROMAXOGRAPHY AND WALTON’S MODIFIED PI.ATE METEZOD 

A, Pxcpxd me&&; B, w&on’s mod&d @ate met&xi; c. S@ada G-iC0 gd cbromatugmphy 
foikti by W&ags nxxacd place m&o& 

2i27n@? ,vo . Total (BttiFity IZ_U_.lnd) Ra?ti of H-UK to GUKalxeiiy 

A B A c 

1 3S,600 39500 10&O lake 
2. 57.m S?:6m 919 9o:iO 
3 4&9@0 43,Mo 8S:lS 85:X 
f 49,Sal 55,600 49,600 6Q;a 65:35 79:21 6S:3s 8oz2O 

6 Sigao SQmo 48:sz SO-50 
7 63$00 6S,3a, 41 :s9 40:6O 
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