
SUMMARY 

Urokirtsse ktivity was determined by capilky-tube isotechophoresis using 
N-a-acetyk-lysine methyl ester as a synthetic substrate_ The resulting N-a-acetyk- 
Iysine was separatea and detected isotachophoretictlIy using methnnohc potassium 
hydroxide sohrtion adjusted to pH 5.32 by adding a-ketoghrtnric acid as a lending 
electrolyte and methsnolic betsine hydrochloride solution as a termin&ing electrolyte. 

The enzymatic reaction was stopped by addition oftnnnic acid and the restthing 
supernatsnt solution was injected into an isotachophoretic anaIyser_ Linearity wns 
observed at urokinase activities in the range 1-30 1-U. The urokinese activities in 
commercial products determizd by the method were in good agreement with those 
determined by Walton’s mod&d plate method. 

The coe5cient of variation of the method was less than 3.4%. 

IN~ODUCI-ION 

The physioEogico.l role of urokinase is to convert pkxninogen into plasmin, and 
the resuhing pksmin Iyses the clots of fibrin 1-z. Conventional assay methods such 
as the test-tube method3 and the fibrin plate method4 are based on this mechanism. 
However, these two methods hzve the disadvantage that the analytical error may be 
increased owing to the subjective judgement of the end-point by the analyst. 

On the other hand, spectrophotometric methods based on esterase activity of 
urokinase have been reported by various investigators. Of these synthetic substrates, 
N-a-zetyI-L-lysine methyl ester is the most specific substrate for the determination of 
urokinase activity, and the assay methods using this subs&Me were developed by 
Sherry er aLs and Hamberg end SavokinetP. However, these methods require tedious 
and time-consuming procedures for the determination of the action products. 

Capilky-tube isotachophoresis7*s has been used as a rapid and spe4fk method 
for the simultaneous qrralitative and quantitative analyses of a mixture of peptid& 
nnd amino acids1o . 



This paper descrii the isotachophoresis of N-ct-acetyl-L-lysine, the sepamtion 
of which has been thought to be diftia& and a rapid method for the determination 
of urohinnse activity by isotachophoresis. 

M-a-Ac&yL~-&sine met&I ester mGnohydrGchXGride and N-cz-aCeay-J&sine 
rnonohy&GcbIoride were obtained from Sigma (St- Louis, MO., U.S.A.). Tam& acid 
and tris(hydroxymethyl)aminomcthane (I’ris) were purch.ascd from E. Merck (Dazm- 
stadt, G.F.R.). Potassium hydroxide, a-ketogJutaric acid, 2-amin+2-methyl-1,3- 
propanediol (Ammediol) tetra-~butykmmonium chIoside and bet&e hydrochioride 
were purchaxd f?om Tokyo Kasei Co. (Tokyo, kqan). Barium hydroxide was of 
extra-pure reagent gradeand purhsed fkom W&o (Osaka, &pan). Methanol was 
of -gent gzade and purchased from Kanto Chemical Co. (Tokyo, Japan). Absolute 
ethanol was purchased from Amakasu chemical Co. (Tokyo, Japan). Gelatin was 
obtained fi-om Difko Labs. (Detroit, Mich., US-A.). 

The substrate solution for enzymatic reactions was prepared by dissoiving 
55 mg Gf N-o-ace@i-~&sine methyl ester monohydrochloride in 10 ml of 0.01 iM 
phosphate b&&r containing 0.01% of gelatin (btier soiution A). 

M~mment of urokinase activity using phsminogen 
The mod&cd method of Walton4 was useid as a representative method with 

plasminogen as a substrate_ The content of protein in urokinzse solution was deter- 
mined by the Folk methodu- 

Atcdation procedure for a?etemthtation of wok&ase activity 
Urokinase preparations were dissolved in 6 mi of 0.06 M Tris-hydrochloric 

acid buffer @H 7-2) containing QO9 M sodium chloride and 0-I % of gehztin 
Uro-kinascs with different specific activities were prepared as solutions con- 

taining O-025 M phosphate buffer @H 7.5) containing 1.5 % of sodium chloride. 
A blU+ volume of the substrate solution and au aliquot of the sample 

solution containing urokinase activities iu the range I-10 I.U. were p&cd in a test- 
tube and the total volume of the mixture was made up to 130 pi with buffet 
solution A. The test-tube was shaken gently for 60 min at 37.5”. After 20~1 of a 
0.29: solution of tannic acid in buffer solution A bad been added to the reaction 
mixture, the- solution was cooled for 5 min in an ice-bath to stop completely the 
reaction and the precipitate was removed by centrifugation. An aliquot of the 
resulting supernatant was injected into the isotachophoretic analyser. 

Determination of mMmun Qmount of tan&c a&for cattim of the enzyme react&m 
A IO+l volume of urokinase in the bufk solution A (1009 J.U./mQ, 100 ~1 

of the substrate solution and 20 ~1 of bnffer soiution A were used as ffie incubation 
mkture for determina tion of urokinase activity. After the fkst en2yumt.k reaction for 
30 min at 379, 18 ~1 of the solutions with various concentrations of tan& acid 
were added to ffie reaction mixture and the solution was cookd for 5 min in an 



ice-bar& The solution was incubated again for 30 misi at 37.5” and $imUy 2 ~1 of 
ZOoA tan& acid sohttion in water were added to stop completely the reaction. 

Isotachophorefic comzWMs for c&t ermiimiio~ of urokihme ativiiy 
The isotacbophoresis wes ear&d out with a Sbinradzu isotachophoretic 

analyxr, Model EP-IB and PGD-I, equipped with a capihary of length 150 mm and 
I.D. 0.57 mm. 

As the Ieading and terminating electrolytes for isotachophoresis, 0.01 N 
methanohc potassium hydroxide solution adjusted to pH 5.32 by adding o-keto- 
glutaric acid and 0.01 M methanoiic betaine hydrochloride sohrtion respectively, 
were used after dcaeration with an aspirator. The starting voltage was 2.2 kV and the 
Gnal voltage was 5.1 kV, maintaining a migration current of 50 PA at 25”. 

N-o-Acetyl-L-lysine methyl ester exhibits basic&y due to the a-amino group of 
lysine and its pK, value is 10.8. However, the basic&y of N-o-acetyl-L-Iysine obtained 
by incubation of the substrate with urokinase decreases owing to the itiuence of 
the carboxyl group at the a-position in the molecule, and the pK, value of the 
resulting product is 3.5. 

Isotachophoretic conditions for the migration of this product towards the 
anode in alkaline solution of pH 8.0, 8.5, 9.0, 9.5 and 10.0 were investigated by 
adding ammediol or Tris sohttion as the leading e!ectrolyte and aqueous solutions of 
&xlanine(pH 10.9), phenol @H 10-O), y-aminobutyric acid (pH 9.7), &minocaproic 
acid (pH 9.4) and crxuninocapric acid @H 9-S), their pH vahtes being adjusted with 
barium hydroxide solution, as the terminating electrolyte However, the product did 
not migrate towards the anode under these conditions. Therefore, the isotache 
phoretic conditions for the migration of this compound as a cation were investigated_ 
Potassium and barium ions have generally been used as the leading electrolytes for the 
migration of amino acids as cations. 

Kopwillem et ol.” reported the separation of basic amino acids such as lysine, 
arginine and histidine using an aqueous barium solution adjusted to pH 9.9 by 
adding vahne as a leading electrolyte and Tris buffer adjusted to pH 8.0 with 
hydrochloric acid as the terminating electrolyte. Although the isotachophoresis of 
N-o-acetyl-L-Iysine and its methyl ester was carried out under the above conditions, 
these compounds in acidic solution were tried again using aqueous potassium‘ 
hydroxide solution adjusted to pH 3.0,4.0,5.0 and 6.0 hy adding a-ketoglutaric acid, 
cacodylic acid or caproic acid as the leading electrolyte, and T&-hydrochloric acid 
buffer (PH 8.0) as the terminating eIectroZyte. 

N+z-Acetyk-Iysine was not detected because its mobility was lower than that 
ofthete rminating ion under the above condition. As shown in Fig. 1, only its 
methyl ester migrated when aqueous potassium hydroxide solution adjusted to pH 
5.4 by adding cacodyhc acid and aqueous tetra-n-butyhxmmonium chioride solution 
wera used as the leading and terminating electroQtes, mspectively. 

Thus, urokinase activity could he determined indirectly by measuring the 
residual amounts of this substrate in the incubation mixtur+. A disadvantage of this 
method is the relatively low sensitivity: at least 4 I.U. of urokinase are required. 



Therefore, it is necessary to determine directly the N+acetyi-Mysine in order 
to e&arxe the sensitivity of isotackopkorcsis_ However, it was very difl7cut to make 
this compound migrate in an aqueous solution. Cosxequently, the use of organic 
.soI~entP was tried ;Jr order to make the lysiine axzdogues migrate. Coutrary to our 
expectations, tke Iysine anafogues were nut detect& when metkzmolic potssium 
hydroxidesolution adjustedtopH 3.O-6_~wasusedr?s&eIeadingdeceroiyte and 
mehs~ok Tris solutic~~ @ES 8.0) as the terminating ekHrc@te. This suggsts that 
the mobiiities of the ion5 of interest may be equal to or I~wer tkan that of tbe 
terminating ion. Thus, it was found that migration of N-cz-ace~l-~-l~e was observed 
on ;tfie isotzckopkerogrsm wken 0.01 N metkanolic p&asium hydroxide soition 
adjasted to pH 5.32 by adding c&ztogiutasi~ acid was used as tke leading efectroiyte 
and 0.01 M: methzxnolic b&sine hydrocbioride s&tiun as the tetminatiag eIectro@z. 

Fig. Za shows the isotackophoretic separation of M&aztyl-Mysine and its 
meffiyrl es&x Fig. 2b shows a representative isotachepberogram of the inarbation 
mixture for the assay of uroEnase activity_ The potentS tit (PAL) vi&e& of the 
two coII1J)cIuIzds were found to be 0.256 and 0.121, respectively_ Beta&e bydnxblo- 
ride was very useful as a tr;+ - _- g ion in organic sdvents_ espx5aEy &salute 
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Fs 2_ (a) Isatarfiophoretic -on of N-oracetyk-Iysine and its methyl ester and (b) rrprc~ar- 
tatiw isotad~opfxero~ of&e reaction mixture. A lo-~1 volume of urokkase solution (690 LU./ml 
of 0.025 M phosphate buffer containing 1.5 % of sodium chloride buffer, pH 7.5) HZ.S used. 
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As sho&n in Fig. 3, the calibration graph for I+a-xetyl-L-lysine was a 
straight line. 

The presence of large amounts of inorganic salts in the incubation’ mixture 
is ux&sirabIe in isotachophoresis because of the time required for migration of 
these inorganic ions because the mobilities of the salts were greater than that of the 
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Fi 3. cZhIii_ graph for quamikation of N-u-acetyZa&sine. 



In general,strongacids such astricbloroacetic orperchloric acid have been 
u.ss a~ the terxrGnator of the enzymatic reaction. However, these acids are UQ- 
suitable for isotachophoretic analysis because a Eong period is reqrrired for the 
migration of Iarge amounts of these acids. In contrast, it was found that tmnic acid 
is useful not only as a terminator but atso as deprotkizing agent for enzymatic 
mixtures. 

Fig. 5 shows the minim- amount of tannic acid required for terminating t&e 
reactions The enzymatic reaction could be stopped completely by adding more than 
a 30.fold excess of t2n.k a&d over the arncsuat of prorein in the mo&im suiution. 

Fig. 6 shows the calibration graph for tbe determination of urokinase, 
constructed by subtracting the zone fength in a blank run witbout mokimse from 
that of the incubation mixture. A straight line was obtained in the range &om 
I to 30 1.U. Then, the urOki=t~ activities in com~-amle preparations 
and active in@ents with various qecifk activities were deened by the present 
method and Walton’s meed plate me&xi. 
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Fis_ 6. CMiiratian graph for &rcx - tion of mkinase activity. 

Table I shows a cumpariso~ between the urokinase activities of the same 
sampks determbed by tie two methods. Both res~&.~ were in good agreement with 
each other. 

T&e coefiicient of variation of the isotachophoretic method was 3.4 % (12 = 5), 
indicating that it may be a eunvenient method for the determination of urokinase 
2divity. 
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