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We have previously reported that bile 
duct ligation causes a 5-10-fold increase in 
the activity of rat-liver alkaline phosphatase 
and that this increase can be prevented by 
the inhibition of either protein or RNA 
synthesis (1, 2 ) .  These results suggested 
that the rise in enzyme activity was due to 
enzyme induction. In similar studies, Griffin 
and Cox demonstrated that prednisolone 
increased the activity of HeLa cell alkaline 
phosphatase and that puromycin prevented 
this increase ( 3 ) .  Although these data also 
suggested enzyme induction as the mech- 
anism, further studies showed that the in- 
crease was due to activation of a preformed 
enzyme (4). The more-active form of the 
enzyme differed in several respects from the 
base-level enzyme. The more-active or “in- 
duced” enzyme was more labile at 64.5” 
and eluted earlier from a Sephadex G-200 
column (4). 

This report compares the properties of 
rat-liver alkaline phosphatase before and 
after “induction” by bile-duct ligation. The 
data indicate that there is no difference in 
any of the properties examined and suggest 
that the increased activity is not due to 
activation of preformed enzyme. 

Methods. Enzyme preparation and assays. 
Male Charles River CD strain rats weighing 
100 g were used in all experiments. They 
were fed standard chow and tap water and 
fasted overnight prior to sacrifice. Bile-duct 
ligations were performed under light ether 
anesthesia as previously described ( 1 ) . 
Animals were sacrificed 24 hr after bile- 
duct ligation. After sacrifice, livers were ex- 

cised, weighed, minced with scissors, and 
washed for 30 min at 2” in three changes 
of 0.25 M sucrose. The tissue was then 
homogenized in a Waring Blender for 1 
min at 2” in 5 vol of 0.25 M sucrose. The 
homogenate was extracted with n-butanol 
and dialyzed extensively as previously de- 
scribed (1). 

Alkaline phosphatase activity was deter- 
mined with p-nitrophenyl phosphate at 30” 
and pH 10.2 in a Gilford thermoregulated 
recording spectrophotometer ( 5  ) . The 
method was modified slightly for sucrose- 
gradient experiments. After ultracentrifuga- 
tion, 0.11-ml fractions of the sucrose gra- 
dient were collected into 12-ml conical 
centrifuge tubes; 0.9 ml of a solution con- 
taining 600 pmoles 2-amino-2-methyl- 1- 

FIG. 1 .  Electrophoresis of base-level and “in- 
duced” rat-liver alkaline phosphatase. Slot 1 con- 
tains base level enzyme and slot 2 “induced” 
enzyme. 
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FIG. 2. Sucrose gradient sedimentation of base- 
level and “induced” rat-liver alkaline phosphatase. 
Bovine serum albumin, tagged with bromphenol 
blue, served as an internal marker. Sedimentation 
was at 65,000 rpm at 2” for 7 hr in a Beckman 
Spinco Model L2-65B ultracentrifuge. (0) Bile- 
duct-ligated liver; ( @) base-level livers, (-) 
alkaline phosphatase activity, (- - -) bovine serum 
albumin. 

propanol (pH 10.2), 4 pmoles p-nitro- 
phenyl phosphate, and 0.2 pmoles MgC1, 
were then added to each tube with a Corn- 
wall syringe pipet, and each tube was 
vigorously stirred. The tubes were then 
placed in a 30” water bath and observed at 
5-min intervals until a yellow color ap- 
peared, usually between 45 and 60 min. 
The contents were then transferred into 
1-ml cuvets and optical density read at 404 
nm in a Gilford spectrophotometer. 

Determination of isoenzyme properties. 
Heat-inactivation studies, urea-denatura- 
tion studies, and determination of pH op- 
tima, Michaelis constants, and sedimenta- 
tion coefficients ,were done as previously 
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FIG. 3. Heat inactivation of alkaline phos- 

phatase at 55”. 

described ( 5 ) .  Electrophoreses were done 
on 3-mm-thick 7.5% polyacrylamide gel 
slabs in a tap-water-cooled vertical gel elec- 
trophoresis cell and alkaline phosphatase 
bands developed as described by Kaplan 
and Rogers (6). 

Results. The “induced” alkaline phos- 
phatase, that from rats whose bile ducts 
had been ligated for 24 hr, migrated ident- 
ically on poly acrylamide gel electrophoresis 
with hepatic alkaline phosphatase from 
nonoperated control rats (Fig. 1 ) .  Both 
enzymes had identical sedimentation co- 
efficients (7.9) as determined by sucrose 
gradient ultracentrifugation (Fig. 2). There 
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FIG. 4. Denaturation of alkaline phosphatase 
in 3 M urea. 

was only one alkaline-phosphatase peak 
when both enzymes were mixed, and an 
aliquot of the mixture was subjected to 
sucrose gradient sedimentation. The “in- 
duced” and base-level hepatic alkaline phos- 
phatases were inactivated at identical rates 
at 55” (Fig. 3 )  and denatured at identical 
rates in 3 M urea (Fig. 4) .  Both had the 
same pH optimum, pH 10.2 (Fig. 5 ) ,  and 
similar Michaelis constants (Fig. 6). That 
of the induced enzyme was 1 mM and that 
of the base-line enzyme 1.2 mM. 

Discusdion. The base-level rat-liver alka- 
line phosphatase was identical to the “in- 
duced” enzyme with respect to all six 
properties studied-electrophoretic mobility, 
sedimentation coefficient in a sucrose gra- 
dient, Michaelis constants, pH optima, and 
rates of heat and urea denaturation. These 
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FIG. 5. pH optimum of alkaline phosphatase. 

The substrate was p-nitrophenyl phosphate, and 
the buffer was 2-amino-2-methyl- 1-propanol, 0.6 M .  

results indicate that base-level and induced 
alkaline phosphatase are the same enzyme 
and suggest that the increased enzyme ac- 
tivity found in rat liver after bile-duct liga- 
tion is due to enzyme induction rather than 
to activation of a preformed enzyme. The 
data of Griffin and Cox indicated that the 
activation of HeLa cell alkaline phosphatase 
was due to a conformational change in 
alkaline phosphatase which was, in turn, 
reflected in altered physical properties. The 
methods employed in this study examined 
properties that were dependent on diverse 
factors such as molecular weight, electrical 
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FIG. 6. Michaelis constants for alkaline phos- 
phatase. Assays were run at pH 10.2 in 2-amino- 
2-methyl-l-propanol, 0.6 M .  

charge, charge density ratio, enzyme sta- 
bility, and affinity of enzyme for substrate. 
Since the base-level and induced rat-liver 
alkaline phosphatase were identical by all 
criteria, it seems unlikely that any confor- 
mational change occurred. Our results sug- 
gest that enzyme induction accounts for the 
increases in rat-liver alkaline phosphatase 
activity after bile-duct ligation. 

Summary. Bile-duct ligation causes a 5- 
1 0-fold increase in rat-liver alkaline phos- 
phatase activity. The alkaline phosphatase 
in bile-duct-ligated rat liver is identical to 
electrophoretic mobility on polyacrylamide 
gel, rate of sedimentation in a sucrose gra- 
dient, rates of heat and urea denaturation, 
pH optima, and Michaelis constants. Since 
the “induced” and base-level enzyme are 
identical by all criteria studied, it is un- 
likely that the increase in alkaline phos- 
phatase activity is due to activation of a 
preformed enzyme. Enzyme induction ap- 
pears a more likely mechanism. 
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