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L-leucyl-B-naphthylamide (LNA) is widely used in clinical chemistry and histo-
chemistry as the coloring substrate for leucine aminopeptidase (LAP). However,
LNA is also hydrolyzed by other enzymes besides LAP so that it is not necessarily
specific for LAP?,  Therefore, when only LNA hydrolysis is used as a guide,
there is a possibility for enzymes other than LAP to be measured as LNP.
Previously, under the assumption that the enzyme which hydrolyzes LNA is LAP,
a study® was done by agar gel electrophoresis of human sera, urine and tissue
homogenates, and the zymograms on agar plates were examined by histochemical
techniques using LNA substrate. It was found® that sera of hepatobiliary disease
patients demonstrate bands of LAP activity (LAP isozymes) in positions which
differ from that in normal serum.

Moreover, CMC column chromatography also has shown 3 or 4 LAP active
fractions. However, LAP isozymes which are found in pathological sera may
possibly be some other enzymes which increases in hepatobiliary diseases besides
LAP. That is, there is a question whether or not they are truly LAP isozymes.
Therefore, in order to examine the nature of the enzymes (hereinafter to be called
LAP) which hydrolyze LAN in the sera of healthy persons and patients with
hepatobiliary disease, a study has been conducted on the LAP active fractions
separated by CMC column chromatography with regard to the attitudes toward a
variety of substrates, optimum pH, activators, and inhibitors. A similar study
was made on the LAP active bands on the zymograms.

MATERIAL anpo METHOD

The sera of 3 cases of hepatobiliary disease (one case of biliary cirrhosis, one
case of cholelithiasis and one case of bile duct carcinoma) and 2 sera of apparent-
ly healthy persons were used.

CMC-column chromatography: After CMC (medium size, Sigma) is washed
in water, it is regenerated by 1IN-HCL and concentrated aqueous NH;, and then
suspended in 0.01 M-phosphate buffer, pH 5.0 until equilibration. A 60x 1 cm
glass tube is packed with this up to a height of 50 cm. 2 ml serum which had
been dialyzed overnight against 0.01 M—-phosphate buffer, pH 5.0 was added and
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eluted with 0.01 M-phosphate buffer at a rate of 6-10 ml/h. at pH 5.0-8.0 using a
linear gradiant system. The effluent was collected in 5 g fractions. The amount
of protein was determined by absorbency at 280 m# and the LAP activity was
measured using LNA as the substrate by the Takenaka-Takahashi method®.

For each LAP fraction, a study was made on 1) The degree of DL-alanyl-3-
naphthylamide and L-cystine-B-naphthylamide hydrolysis (at pH 7.2, same con-
centration of substrate, all according to the Takenaka-Takahashi method); 2)
The degree of LNA hydrolysis at pH 6.0 to 9.5; 3) The activation or inhibitory
effect of addition of MnClz, MgCl,, EDTA (all 107° M); and 4) Apparent Km.

Moreover, after LAP isozymes had been separated by the method previously
reported, effects of MnCl,, MgCl, and EDTA on LNA were determined from the
degree of staining (the intensification or fading of the bands of activity) after im-
mersion for 1 hour at 37°C in substrate mixture to which MnCl,, MgCl, and
EDTA had been added to LNA in proportions of 10~ M. Controls for this study
consisted of material to which neither activators nor inhibitors had been added.

RESULTS anp DISCUSSION

The LAP fractions obtained by CMC column chromatography (Figure 1) were
studied for any difference in their enzymological nature. Observation on the
degree of hydrolysis of LNA, ANA, and CNA revealed that the degree of hy-
drolysis of LNA and ANA was the same in each fraction. CNA hydolysis was
only slight, but there were no differences in the action upon the substrates be-
tween each fraction. The activative effects of Mn** and Mg*™ as well as the
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Fig. 1. Example of Fractionation of Serum LAP
by CMC-Column Chromntography
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Table 1. Enzymatic Characteristics of LAP Fractions by CMC-Column Chromatography.
W‘ Hydrolysis Activation effect !Ingtiilgeict:iton Km*
Fractions 10—3M
Diseash LNA | ANA | CNA | Mncl, | Mgcl, | EDTA
1 409 * 389 0% 76% 499 65% 2.3
Biliary cirrhosis 2 68 60 0 93 71 64 1.6
3 100 100 100++| 100 100 100 1.4
1 63 58 0 80 71 77 3.7
Cholelithiasis 2 72 62 0 62 59 60 2.4
3 100 100 100++ 100 100 100 1.7
.. . 79 90 0 99 92 100 1.8
Biliary carcinoma
2 100 100 100+ 100 100 63 1.2
Healthy 1 100 100 0 100 100 95 1.2
2 90 82 0 98 90 100 1.6

* Apparent Km; 0.1 M-phosphate buffer, pH 7.2, L-leucyl-3-naphthylamide, 37°C 30 min.

incubation, 420 my absorbancy.

+ Maximum activity is considered to be 100 % and the rest calculated accordingly.

++  Hydrolysis is minimum.
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Fig. 2. Degree of L-leucyl-g-Naphthylamide
Hydrolysis of Each Fraction at Diffe-
rent PH Levels

inhibitory effects of EDTA showed
some differences among the various
fractions. The apparent Km showed
almost similar values (Table 1). More-
over, the optimum pH was also close
to 7.2 (Figure 2). Although it is im-
possible to consider these fractions as
being identical, it can be said that
they possess extremely similar pro-
perties.

On the zymogram, Mn** and Mg™™
slightly intensified the color of each
activity band, but no differences were
found in the color among the isozymes.
EDTA caused a similar degree of
weakening of the color of all isozyme
bands.

The sera of patients with hepatobiliary diseases have been reported to show 2
or 3 LAP bands when LNA is used as the substrate even with different separation

methods such as starch gel,®” filter paper® and cellulose acetate membrane
Kowlesar et al.®” have presumed this to be the presence of

electrophoresis.
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LAP isozyme and we also feel this is LAP isozyme. Akedo et al.'® also have
found 2 or 3 LAP isozyme bands in pathological sera, but they denied the pres-
ence of LAP isozyme because other kinds of enzyme besides LAP can hydrolyze
the substrate since LNA has low specificity.

Patterson et al.!" have reported that when LAP which hydrolyze leucylamide
(LA) and the enzymes which hydrolyze LNA are separated by DEAE column
chromatography of the serum, the LAP which hydrolyses LA specifically hydro-
lyzes LNA, too, and is strongly activated by Mn** and Mg** as well as having
the optimum pH of 9.0. On the other hand, the enzymes which hydrolyze LNA
hardly hydrolyze LA at all and are not activated by Mn** and Mg** as well as
having an optimum pH of close to 7.2.  Therefore, it was said that the two are
different. = We have not used LA as the substrate so that we could not ascertain
whether what has been considered to be so-called LAP should be classified as an
LNA hydrolyzing enzyme rather than LAP. However, since attitudes of the
" various LAP fractions toward substrate hydrolysis, optimum pH as well as against
activators and inhibitors are nearly alike, it is difficult to consider that LNA
hydrolysis had been by some enzyme other than LAP.

CONCLUSION AND SUMMARY

The serum of normal persons and patients of hepatobiliary disease showed
hardly any difference in enzymological properties (degree of hydrolysis of sub-
strate, attitude toward optinum pH, MnCl,, MgCl, and EDTA) between fractions
having leucine aminopeptidase (LAP) activity causing hydrolysis of L-leucyl-3-
naphthylamide. Therefore, the group of enzymes causing hydrolysis of L-leucyl-
B-naphthylamide may be considered to be LAP isozymes.
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