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ENZYME PROFILES OF MAMMALIAN BILE
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SUMMARY

The activities of subcellular marker enzymes in bile and liver homogenate
from several mammalian species have provided information on the specificity of
protein release during bile formation.

The presence of significant amounts of the plasma membrane enzymes alkaline
phosphodiesterase I and leucyl-f-naphthylamidase in bile, in addition to alkaline
phosphatase and 5'-nucleotidase, and the relative absence of intracellular enzymes
lends support to the view that bile salt liberation from the hepatocyte is accompanied
by a partial solubilization of the plasma (canalicular) membrane without extensive
damage to the whole hepatocyte.

The sequence of some of the biochemical events which occur during the forma-
tion of bile, a secretion which contains large amounts of biological detergents, is
uncertain. It has been suggested [1] that the large amounts of lecithin and unesterified
cholesterol in bile may be obtained from the bile canalicular membrane during (or
after) the passage of bile salts out of the hepatocyte. If this solubilisation occurs,
other components of the bile may also reflect, to some extent, the composition of
the membrane.

The plasma membrane enzymes 5'-nucleotidase and alkaline phosphatase
have been identified in bile for some time (see for example refs 2 and 3). We have now
attempted to extend this observation to other plasma membrane enzymes, notably
leucyl-f-naphthylamidase and alkaline phosphodiesterase I. In addition, we have
studied other enzymes chosen because their subcellular localizations are established
in liver to the extent of their use as biochemical “markers” in cell fractionation experi-
ments. The relationship of the specific activities of all of these enzymes in bile to those
in the liver homogenate may therefore provide information on the specificity of
protein release during bile formation and the contribution of various subcellular
organelles to it.

Bile was obtained from freshly killed (ox, sheep, pig) or cannulated (rat)
individuals and chilled. Liver homogenates from the donor animals were prepared
in ice-cold 1 mM NaHCO;. Two samples of human bile were included in this survey,
obtained from patients who had undergone biliary drainage following cholecystecto-
my. These specimens were generously provided by Dr H. G. Sammons of the Depart-
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ment of Clinical Chemistry, East Birmingham Hospital. The biles and liver homo-
genates were stored in small aliquots at —20 °C until required. This storage did not
affect the activities of the enzymes studied. Protein was estimated according to the
method of Lowry et al. [4].

The following enzyme activities were assayed both in the biles and in the appro-
priate liver homogenates (the putative subcellular localisation is given in brackets
in each case): 5'-nucleotidase (plasma membrane), EC 3.1.3.5 [5], alkaline phospha-
tase (plasma membrane), EC 3.1.3.1 [6], alkaline phosphodiesterase I (plasma mem-
brane), EC 3.1.4.1 [7], L-leucyl-B-naphthylamidase (plasma membrane), EC 3.4.11.1
(8], Mg?*-ATPase (plasma membrane and intracellular), EC 3.6.1.3 [9], acid phos-
phatase (lysosomal), EC 3.1.3.2 [10], aryl sulphatase (lysosomal), EC 3.1.6.1 [11],
succinate dehydrogenase (mitochondrial), EC 1.3.99.1 [12], aryl esterase (endoplas-
mic reticulum), EC 3.1.1.2 [11], Jactate dehydrogenase (cytosol), EC 1.1.1.27 [13],
and alcohol dehydrogenase (cytosol), EC 1.1.1.1 [14].

In order to assess the possible enrichment of an enzyme during bile formation,
the activities of the enzymes are expressed as the ratio of the specific activity in bile
to that in the liver homogenate of the donor animal in each case (Table I). Possible
inhibition of these enzymes by biliary components was assessed by their assay in
homogenates (of sheep), in the presence of excess (9 vols) bile or, in some cases, a range
of concentration of mixed bile salts. (Values recorded in the table have not been
adjusted for inhibition.)

Table I give a comparison of the specific activities in the human bile samples
with those of the other species in this survey.

The appearance in the bile of all the species tested (with minor variations) of
significant amounts of alkaline phosphodiesterase I, plus to a lesser extent leucyl-f-
naphthylamidase (which was up to 80 % inhibited by bile salts) together with 5'-
nucleotidase and alakaline phosphatase, indicates that the release of several plasma

TABLE Il
SPECIFIC ACTIVITIES OF ENZYMES IN BILE

Specific activities were calculated in umol product formed/mg protein per h except for L-leucyl-g-
naphthylamidase, which is given in As¢0 nm/Mmg protein per h. Values for sheep, ox, pig and rat are
means.

Enzyme Sheep Pig Ox Rat Human

A B
5-Nucleotidase 3.0 0.1 16 0.3 0.8 1.4
Alkaline phosphatase 10 1.4 2.0 0.02 0.6 0.5
Alkaline phosphodiesterase 1 3.7 0.4 0.4 0.1 0.03 0.2
L-Leucyl-8-naphthylamidase 0.6 0.5 0 0.3 2.1 34
Mg?*-ATPase 2.1 0 1.5 0.2 0 0.2
Aryl esterase 94 53 2.9 50 1.0 0
Succinate dehydrogenase 0 0 0 0 0 0
Aryl sulphatase 0.7 0.1 0.04 0.2 0 0.03
Acid phosphatase 0 0 0.1 0.1 0 0
Lactate dehydrogenase 0 0.3 0 0 0 0
Alcohol dehydrogenase 0 0.2 0 0 0 0
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membrane protein components is a consistent feature of bile salt secretion. That this
release is preferential rather than representing cell shedding, breakage or dissolution
is indicated by the almost total absence, in bile, of the intraceliular enzymes acid
phosphatase, succinate dehydrogenase, lactate dehydrogenase and alcohol dehydro-
genase (which are little affected by biliary components). Polypeptide profiles of the
bile samples used in these studies were obtained using polyacrylamide gei electropho-
resis in sodium dodecylsulphate [15) and the specificity of protein release into the
bile was confirmed by the small number of bands as compared with gels of the appro-
priate liver homogenates. For each species the differences in the degree of enrichment
between each enzyme in the bile indicate that these membrane proteins may not be
released, possibly by solubilisation, to the same extent. The consistent presence of aryl
sulphatase and aryl esterase in bile is anomalous, however, indicating either a
further complexity in the protein release into bile or that the putative subcellular
localisations of these activities may not be absolute.

Enhanced serum levels of 5'-nucleotidase and alkaline phosphatase are well
known as a diagnostic feature of cholestatic jaundice [16]. Serum leucyl-S-naphthyl-
amidase levels have occasionally been studied in this condition [17]. With the recog-
nition that this enzyme and also alkaline phosphodiesterase I are biliary enzymes,
further opportunities for the biochemical investigation of liver diseases present them-
selves. Moreover, the processes of bile formation may represent a useful system for
the study of the effects of detergents on biological membranes in relation to the pos-
sible associations of individual lipid and protein components within them.
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