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ABSTRACT

Alkaline phosphatase (EC 3.1.3.1; ALP) is a glycoprotein encoded
for by at least four different gene loci, tissue non-specific, intestinal,
placental and germ cell ALP. Significant increase in amounts of ALP are
found in serum under both normal and pathological conditions. Liver
disease such as hepatitis, hepatoma, cirrhosis, and cholestasis (e.g. bile
duct obstruction) are associated with an increase of liver ALP activity.
Serum ALP isoenzymes have been used as markers for altered conditions
of this organ.

To investigate the effects of liver disease on the nature of ALP
molecules as compared with the normal control, The ALP isoenzymes
were partially purified from sera of normal and liver disease patients using
DEAE Sepharose column chromatography. Three separated protein eluates
obtained were identified for the ALP isoenzymes by an agarose gel
electrophoresis. Liver and bone isoenzyme fractions were discriminated
further by heat inactivation technique. Fast liver isoenzyme fraction eluted
in high salt fraction was found in trace amounts in normal and significant
amounts in patient sera. Fractionation of ALP isoenzyme from serum by
DEAE Sepharose column chromatography were sufficiently purified
and gave enough yield to allow extensive structural analyses. By means of
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lectin precipitation, it was possible to investigate sugar moieties on the
carbohydrate chains of these purified ALP isoenzyme fractions.Wheat
germ agglutinin (WGA) precipitated varying amounts of 50-80% of ALP
activity in liver and bone isoenzyme fractions by binding to both N-
acetylglucosamine (GlcNAc) and sialic acid residues on carbohydrate
chains of isoenzyme molecules. Fast liver ALP fractions showed less
WGA precipitation vanation. Concanavalin A (Con A) precipitated
approximately 80-85% and 70-80% of ALP activity from liver and fast
liver fractions respectively, of which significantly higher than normal
person (P < 0.05). The liver ALP from patients with hepatoma and fast
liver ALP from patients with cirrhosis were shown to be sensitive to Pisum
sativum (PSA) precipitation.

Treatment of all liver isoenzyme and some of the fast liver
isoenzyme fractions with neuraminidase resulted in the loss of negative
charges on the glycosylated ALP fractions. Neuraminidase from different
sources, Clostridium perfringens (C-Neu) and Vibrio cholerae (V-Neu),
were used to removing sialic acid from the ALP isoenzyme fractions.
Differences of C-Neu and V-Neu digested ALPs used for preparing the
asialo-form were found in the liver ALP fraction of hepatoma, hepatitis
and cholestasis (bile duct obstruction) patients. These findings suggested
that either the amount of sialic acid or nature of sialic acid linkages to ALP
1soenzymes might be altered in those of liver diseases. Treatment of asialo-
form ALPs (C-Neu digested) with o 2,6 - sialyltransferase (a 2,6- ST)
demonstrated the similar manner of sialic acid linkages at the terminal of
liver and some of the fast liver ALP fractions separated from both normal
and patient sera. Sialylation could not occur, when the asialo-form ALPs
of hepatitis and bile duct obstruction patients were treated with o 2,6~ ST.
This result indicated some heterogeneity of sialic acid linkages at the
carbohydrate chains of those liver ALP isoenzymes.

In conclusion, serum ALP isoenzyme patterns in liver disease varied
with respect to the pathological causes. Liver ALP isoenzyme activity is
increased in all forms of liver disease whereas fast liver isoenzyme is
increased in occasionally seen in some cases of liver disease. On
molecular basis, liver ALP iscenzyme in sera of liver disease patients were
not identical. The heterogeneity of the carbohydrate chain with respect to
the amounts and sequences of sugar moieties or sialic acid linkage could
affect the pattern of separation of ALP isoenzymes and could be identified
by lectin precipitation and cellulose acetate electrophoretic methods.
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