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SUMMARY

Urockinase activity was determined by capillary-tube isotachophoresis using
N-a-zacetyl-L-lysine methyl ester as 2 synthetic substrate. The resulting N-a-acetyl-L-
lysine was separated and detected isotachophoretically using methanolic potassium
hydroxide solution adjusted to pH 5.32 by adding a-ketoglutaric acid as a leading
electrolyte and methanolic betaine hydrochioride solution as a terminating electrolyte.

The enzymatic reaction was stopped by addition of tanaic acid and the resulting
supernatant solution was injected into an isotachophoretic analyser. Linearity was
observed at urokinase activities in the range 1-30 I.U. The urokinase activities in
commercial products determined by the method were in good agreement with those
determined by Walton’s modified plate method.

The coeflicient of variation of the method was less than 3.49,.

INTRODUCTION

The physiological role of urokinase is to convert plasminogen into plasmin, and
the resulting plasmin lyses the clots of fibrin!-2. Conventional assay methods such
as the test-tube method® and the fibrin plate method® are based on this mechanism.
However, these two methods have 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-acetyl-1 -lysine methyl ester is the most specific substrate for the deiermination of
vrokinase activity, and the assay methods using this substrate were developed by
Sherry et al.5 and Hamberg and Savolainen®. However, these methods require tedious
and time-consuming procedures for the determination of the reaction products.

Capillary-tube isotachophoresis™® has been used as a rapid and specific method
for the simultaneous qualitative and quaatitative analyses of a2 mixture of peptides®
and amino acids'.

* To whom correspondence should be addressad.



"This paper describes the isotachophoresis of N-g-acetyl-L-lysine, the separation
of which has been thought to be difficult, and a ;apld method for the detenmnahon
of utokmase activity by 1sotachophoms. -

EXPERIMENTALS

N-g-Acetyl-L-lysine methyl ester monohydroch!onde and N-g-acetyl-L-lysine
mornohydrochloride were obtained from Sigma (St. Louis, Mo., U.S.A.). Tannic acid
and tris(hydroxymethyl)Jaminomethane (Tris) were purchased from E. Merck (Damm-
stadt, G.F.R.). Potassium hydroxide, a-ketoglutaric acid, 2-amino-2-methyl-1,3-
propanediol (Ammediol) tetra-n-butyl-ammeonium chloride and betaine hydrochloride
were purchased from Tokyo Kasei Co. (Tokyo, Japan). Barium hydroxide was of
extra-pure reagent grade and purchased from Wako (Osaka, Japan). Mcthanol was
of reagent grade and purchased from Kanto Chemical Co. (Tokyo, Japan). Absolute
ethano} was purchased from Amakasu Chemical Co. {Tokyo, Japan). Gelatin was
obtained from Difce Labs. (Detroit, Mich.,, U.S.A).

" The substrate solution for enzymatic reactions was prepared by dissolving
5.5 mg of N-a-acetyl-L-lysine methyl ester monohydrochloride in 10 ml of 0.01 i
phosphate buffer containing 0.01 9} of gelatin (buffer solution A).

Measurement of urokinase activity using plasminogen

The modified method of Walton* was used as a representative method with
plasminogen as a substrate. The content of protein in urokinase solution was deter-
mined by the Folin method*®2. ‘

Incubation procedure for determination of urokinase activity

Urokinase preparaticns were dissolved in 6 ml of 0.06 M Tris-hydrochloric
acid buffer (pH 7.2) containing 0.09 A sodium chloride and 0.1 9/ of gelatin.

Urokinases with different specific activities were prepared as solutions con-
taining 0.025 M phosphate buffer (pH 7.5) containing 1.5 % of sodium chloride.

A 100-z1 volume of the substrate solution and an aliquot of the sample
solation containing urokinase activities in the range 1-10 LU. were placed in a test-
tube and the total volume of the mixture was made up to 130 gl with buffer
so]ution A. The test-tube was shaken gently for 60 min at 37.5°. Afier 20 ¢l of a
0.2% solution of tannic acid in buffer solution A had been added to the reaction
mleure, 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 minimwum amount of tannic acid for cessation of the enzyme reaction

A 10-ul volume of urokinase in the buffer solution A (1009 1.U./mil), 100 ul
of the substrate solution and 20 ul of buffer solution A were used as the incubation
mixture for determination of urokinase activity. Afier the first enzymatic reaction for
30 min at 37.5°, 18 ul of the solutions with various concentrations of tannic acid
were added to the reaction mixture and the solution was cooled for 5 min in an
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ice-bath. The solution was imcubated again for 30 min at 37.5° and finally 2 ul of
209 tanoic acid solution in water were added to stop completely the reaction.

Isotachophoretic conditions for determination of urokinase activity

The isotachophoresis was carried out with a Shimadzu isotachophoretic
analyser, Model IP-1B and PGD-1, equipped with a capillary of length 150 mm and
ED. 0.57 mm.

As the leading and terminating electrolytes for isotachophoresis, 0.01 N
methanolic potassium hydroxide solution adjusted to pH 5.32 by adding a-keto-
glutaric acid and 0.01 Af methanolic betaine hydrochloride solution respectively,
were used after deaeration with an aspirator. The starting voltage was 2.2 kV and the
final voltage was 5.1 kV, maintaining a migration current of 50 zA at 25°.

RESULTS AND DISCUSSION

N-a-Acetyl-L-lysine methyl ester exhibits basicity due to the e-amino group of
lysine and its pK, value is 10.8. However, the basicity of N-e-acetyl-L-lysine obtained
by incubation of the substrate with urokinase decreases owing to the influence of
the carboxyl group at the c-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, 5.5 and 10.0 were investigated by
adding ammediol or Tris solution as the leading electrolyte and aqueous solutions of
B-alanine(pH 10.9), phenol (pH 10.0), y-aminobutyric acid (pH 9.7), §-aminccaproic
acid (pH 9.4) and w-aminocapric acid (pH 9.8), their pH values being adjusted with
barium hydroxide solution, as the terminating electrolyte. However, the product did
not migrate towards the anode under these conditions. Therefore, the isotacho-
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 er al.*> 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 valine as a leading electrolyte and Tris buffer adjusted to pH 8.0 with
hydrochloric acid as the terminating electrolvte. Although the isotachophoresis of
N-e-acetyl-L-lysine and its methyl ester was carried out under the above conditions,
these compounds in acidic solution were tried again using acueous potassium’
hydroxide solution adjusted to pH 2.0, 4.0, 5.0 and 6.0 by adding e-ketoglutaric acid,
cacodylic acid or caproic acid as the leading electrolyte, and Tris-hydrochloric acid
buffer (pH 8.0) as the terminating electrolyte.

N-a-Acetyl-L-lysine was not detected because its mobility was lower than that
of the terminating 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 cacodylic acid and aqueous tetra-n-butylammonium chloride solution
were used as the leading and terminating electrolytes, respectively.

Thus, urokinase activity could be determined indirectly by measuring the
residual amounts of this substrate in the incubation mixture'3. A disadvantage of this
method is the relatively low sensitivity: at least 4 LU. of urokinase are required.
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Fig. 1. Isotachopherogram of N-a-zcetyl-i-lysine mathyl ester.

Therefors, it is necessary to determine direcdy the N-a-acetyl-L-lysine in order
to enhance the sensitivity of isotachophoresis. However, it was very difficult to make
this compound migrate in an aqueous solution. Consequently, the use of organic
solvents'™ was tried in order to mzake the lysine analogues migrate. Contrary to our
expectations, the lysine arpalogues were not detected when methanolic potassium
hydroxide solution adjusted to pH 3.0-6.0 was used as the leading electrolytc and
methanolic Tris solution {(pH 8.0) as the terminating electrolyte. This suggests that
the mobilities of the ions of interest may be equal to or lower than that of the
terminating ion. Thus, it was found that migration of N-a-acetyl-L-lysine was observed
on the isotachopherogram when 0.01 N methanolic potassium hydroxide solution
adjusted to pH 5.32 by adding a-ketoglutaric acid was used as the leading electrolyte
and 0.01 M methanolic betaine hydrochloride solution as the terminating electrolyte.

Fig. 2a shows the isotachophoretic separation of N-e-acetyl-L-lysine and its
methyl ester. Fig. 2b shows a representative isotachopherogram of the incubation
mixture for the assay of urokinase activity. The potential unit (P.1).) values!! of the
two compounds were found to be 0.255 and 0.121, respectively. Betaine hydrochlo-
ride was very useful as a terminating ion in organic solvents, especially absolute
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Fig. 2. (2) Isotachophoretic separation of N-a-acetyl1-lysine and its methyl ester and (b) represen-

tative isotachopherogram of the reaction mixture. A 10-zl volume of urckinase solution (620 LU./ml
of 0.025 M phosphate buffer containing 1.5 of sodium chloride buffer, pH 7.5) was used.

|

As shown in Fig. 3, the calibration graph for N-g-acetyl-L-lysine was a
straight line.

The presence of large amounts of inorganic salts in the incubation’ mixture
is undesirable 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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Fig. 3. Calibration graph for quantification of N-a-acetyi-t-lysine.
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product. Ihctcforc, the concentration ofthc buffer in th: mcubatmn mzxtm‘c shtmld,
be kept as low as possible, and phosphate ‘buffer solation containing 0.1 7% of
gelatin, which assists in the stabilization of urokinase, can be used as the incubation
mixture. The optimum concentration of the substrate for this asay was th¢n m-'
vestigated.

Fig. 4a shows the titration curve for substrate solutions in tﬁe concentration
range 4.27-107°-3.43-102 M. The resulis indicate that the enzymatic reaction attains
a maximum at a concentration of 1.4-1072 A and subsequently 100 ul of
2.22-1072 Af substrate solution were used in the experiment. Fig. 4b shows the
zone length of N-g-acetyl-L-lysine produced at various pH values. The optimum
pH was 7.5. Fig. 4c shows the relationship between the zone length of N-a-acetyl-r_-
Iysine and the incubation time. Good linearity was obtained from 0.5'to 60 min. The
incubation time was subsequently fixed at 60 min.
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Fig. 4. (a) Subtrate titzration curve; (b) relationship between zope length and pH of the reaction
mixture; and (¢) relationship between zone Iength and incubation time. A 10-ul volume of urokinase
so!unon(lanLU/mlofbuifcrA)wasmedmaeham&&chmmlwgthmob&mdby
subtracting that in a blank run without mkmase&omtbatofthcmcubatxonmmm

In general, strong acids such as trichloroacetic or perchloric acid have been
used as the termipator of the enzymatic reaction. However, these acids are un-
suitable for isotachophoretic analysis because a long period is required for the
migration of large amounts of these acids. In contrast, it was found that tannic acid
is useful not only as a terminator but also as deproteinizing agent for enzymatzc
mixtures.

Fig. 5 shows the minimum amount of tannic acid required for termmatmg the
reaction. The enzymatic reaction could be stopped completely by adding more than
a 30-fold excess of tannic acid over the amocunt of protein in the urokinase solution.

Fig. 6 shows the calibration graph for the determination of urokinase,
constructed by subtracting the zone length in a blank run without urokinase from
that of the incubation mixture. A strzaight line was obtained in the rapge fiom.
I to 30 LU. Then, the urokinase activities in commercially available preparations
and active ingredients with various specific activities were determined by the prscnt
method and Walton’s modified plate method. SRR : : ;
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Fig. 5. Minimum amount of tannic acid for tcrminating the epzymatic reaction. The minimum
amount was obtained whea there was no increase in the zone length in the first and second in-

cubations.
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Fig. 6. Calibration graph for determination of urckinase activity.

Table I shows a comparison between the urokinase activitics of the same
samples determined by the two methods. Both results were in good agreement with

each cther.
The coeflicient of variation of the isotachophoretic method was 3.4% (2 = 5),
indicating that it may be a convenient method for the determination of urokinase

activity.
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TABLEI

COMPARISON BETWEEN WALTON'S MODIFIED PLATE METHOD AND PRESENT
METHOD FOR UROKINASE ACTIVITIES IN COMMERCIALLY AVAILABILE PREPARA-
TIONS AND ACTIVE INGREDIENTS WITH VARIOUS SPECIFIC ACTIVELIES

Sample Sarrple No. Specific activity Walten's modified Present method
{(LU.[mg.) method (LU.[vial) (LU .fvial)
Commexcially 1 — 6401 6240
available 2 — 6483 6600
preparation 3 - 6746 6960
4 — 6528 6720
5 - 6328 6360
Active i 811 10,685 10,200
ingredients 2 14,350 36,167 34,560
3 13,848 36,143 35,640
4 15,890 28,765 28,200
5 37,270 125,706 122,400
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