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Effect of physical exercise on the specific activity of carbonic anhydrase isozyme in human erythrocytes
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Summary. Significant decreases in the levels of both carbonic anhydrase type B and total esterase activity of human
erythrocytes were observed after physical exercise (bicycle ‘ergometer, 150 W for 30 min). Since carbonic anhydrase
B-dependent esterase activity likewise decreased, the decrease in the total esterase activity would be caused by the decrease
of carbonic anhydrase B activity. The specific activity of carbonic anhydrase B tended to decrease after the exercise. On the
other hand no such effects were noted for carbonic anhydrase type C. ' o

Carbonic anhydrase (EC 4.2.1.1) has 3 major types of

isozymes, designated as typel (CA-B), typell (CA-C) and’

typelll, in mammalian tissues. Immunologically these
3 types of isozymes do not show a cross-reaction with each
other!? and they are genetically controlled by different loci
of the gene®>. As a catalyst for the reversible hydration of
CO,, the enzyme plays an important role in the transport of
CO, and acid/base equilibrium®. In erythrocytes an appre-
ciable amount of CA-B and CA-C isozymes occur>*. It has
been reported that although the levels of CA-B in human
erythrocytes vary considerably under certain pathological
or physiological.conditions>®, no significant changes occur
in the levels of CA-C. In our recent study we found that the
level of CA-B and also of total esterase activity decreases
significantly after physical exercise’. The aim of the present
study was to elucidate the changes in the specific activities
of each isozyme after physical exercise. We describe the
changes in CA-B-dependent esterase activity (active CA-B
enzyme) and CA-C-dependent esterase activity (active
CA-C enzyme) with muscular work, and compared them
with the levels of total CA-B protein (active and inactive
CA-B enzyme) and total CA-C protein (active and inactive
CA-C enzyme), respectively.

Materials and methods. The subjects were 7 untrained
healthy male volunteers (ages 20-22 years). They worked
on a bicycle ergometer (Monark, Sweden) with a load of
150 W for 30 min. Heparinized blood samples were with-
drawn from the cubital vein before and immediately after
the exercise. The levels of CA-B and CA-C were assayed
according to a single radial immunodiffusion technique®
with a slight modification of the method described by
Funakoshi and Deutsch!. The levels of CA-B and CA-C
were expressed as mg enzyme per g hemoglobin. The
esterase activity of the carbonic anhydrase was measured
by a slight modification of the method of Armstrong et al.’
with p-nitrophenyl acetate as a substrate. One unit of
enzyme activity was expressed as 1 pmole of p-nitrophenol
formed per min at 25°C. The specific immunoadsorbent
for CA-B was prepared by coupling Sepharose 4-B (Phay-
macia Fine Chemicals, Sweden) with 20 mg of the anti-
human CA-B horse IgG fraction according to the method
described by Axen et al.'’ as described previously'!. Total
esterase activity and CA-C-dependent esterase activity (the
activity after CA-B absorption) were determined according
to the method described by Schapia et al.'>. CA-B-depen-
dent esterase activity was obtained as in the following

equation: CA-B-dependent esterase activity (units/
g Hb)=total esterase activity (units/g Hb) — activity after
immunoadsorbent (units/g Hb). The specific activity
(units/mg isozyme) of CA-B and CA-C was calculated by
the following equations, respectively:

CA-B-dependent esterase activity

nd
CA-B enzyme protein A

CA-C-dependent esterase activity

CA-C enzyme protein

Results. As shown in the table, there were significant
decreases in the levels of CA-B and total esterase activity
after the 30 min of exercise, which is in keeping with the
findings of our previous study’ (p<0.05 and p <0.02,
respectively). Likewise, the CA-B-dependent esterase activ-
ity showed a significant decrease (p < 0.001) and the specif-
ic activity of CA-B tended to decrease (p <0.1). On the
other hand no such effects were found for CA-C after the
exercise.

Discussion. The activity of carbonic anhydrase isozymes is
generally assayed by their dehydration and esterase activity
as the total activity of carbonic anhydrase. Due to lability
and the presence of endogenous inhibitor, the esterase
activity or dehydration activity of carbonic anhydrase may
not reflect the true amount of the enzyme protein. The
immunochemical determinations of CA-B and CA-C iso-
zymes by Funakoshi and Deutsch! reflect the total amount
of the active and inactive enzyme protein. The steady-state
level of an enzyme protein in general seems to be con-
trolled by the rate of synthesis and the rate of degradation,
and an alteration in either rate can affect the level of the
enzyme'®. However, matured erythrocytes do not synthesize
enzyme proteins. Therefore, the level of an enzyme is
considered to depend on the proteolytic degradation of
enzyme proteins. Whether or not proteolytic activity will
increase after physical exercise remains to be elucidated.
The present study describes the decreases in the levels of
CA-B, CA-B-dependent activity and the specific activity of
CA-B under acute physical stress, whereas those of CA-C
did not show significant changes. Therefore, the decrease in
the total esterase activity would be caused by the decrease
in CA-B-dependent activity. As shown in the table, the
specific activity of CA-B is about ! of that of CA-C in
control erythrocytes in agreement with the findings of
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Hematocrit  Immunological level

" Bsterase activity

Specific activity

(%) CA-B CA-C Total activity Dependent activity CA-B CA-C
(mg/g Hb) (units/g Hb) CA-B CA-C (units/mg isozyme)
Pre-exercise 44.840.62 1424+1.53 1.7£0.09 17.9+1.69 11.0+1.08 6.9+0.62 0.81+0.11 4291047
Post-exercise 46.4+0.70* 11.5+0.87* 1.6+0.09 150+ 1.73**  8.04£1.22%** 7.0£0.60 0.71£0.12 4461049

Values are expressed as mean+ SE. *p<0.05, **p <0.02, ***p < 0.001.



Experientia 38 (1982), Birkhéuser Verlag, CH-4010 Basel/Swiizerland

Gibbson and Edsall, and CA-B may contribute less to the
total CO, hydrase activity; thus, the physiological meanings
of the changes in CA-B levels remain to be elucidated. In
normal subjects, inactive CA-B enzymes also seem to
participate in the degradation process of the enzyme. There
was a significant decrease in the total esterase activity in
our previous study” and a decreasing tendency in the
specific activity of CA-B in the present study, and one
probable explanation for these results is that the active
CA-B enzymes were converted in part to inactive enzymes
with the exercise, possibly by binding to inhibitors or
decreased zinc binding. Carbonic anhydrase has 1 atom of
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Summary. Escherichia coli endotoxin inhibited the fluoride-stimulated adenylate cyclase activity of liver plasma mem-
branes enriched with bile canaliculi. Inhibition was of a mixed competitive and uncompetitive type. This effect, which may
result from changes of membrane organization, may have relevance in the understanding of endotoxin-cell membrane

interactions.

Bacterial endotoxin (lipopolysaccharide, LPS) affects many
aspects of hepatic functions’. Since LPS has high affinity
for biological membranes® it may act by altering membrane
configuration and membrane-bound enzyme activities,
thereby triggering intracellular events*. In studying the
mechanisms of LPS effect on the liver, we have previously
found that the cholestatic effect induced by LPS>® was
paralleled by changes of membrane-bound Na*t ,K*-
AT-Pase, which is involved in bile formation, while other
membrane enzymes gi.e. Mg**-ATPase and 5-nucleoti-
dase) were unaltered”®, Since adenylate cyclase also plays a
role in water and electrolyte transport®, and may modulate
LPS effects*, we studied the effect of LPS on the activity of
adenylate cyclase in preparations of rat liver plasma mem-
branes (LPM) enriched with bile canaliculi.

Material and methods. Purified  Escherichia coli
0127:B8 LPS, Boivin type, was purchased from Difco.
ATP, phosphoenolpyruvate and pyruvate kinase were pur-
chased from Boehringer; (a-3*P)ATP and (*H)cyclic AMP
from Amersham.

LPM enriched with bile canaliculi were prepared from
male Sprague Dawley rats (250-300 g; Morini, Italy) as
described by Boyer and Reno'® with minor modifications’.
LPM were suspended in the same buffer used for adenylate

cyclase assay at concentration of 1-2 mg/ml and used the
same lday. Protein was determined by the method of Lowry
etal.’”.

Adenylate cyclase activity was determined by measuring
the conversion of ATP to cyclic AMP. Each sample (100 pl)
contained 5 mM MgCl,, 1 mM EDTA, 2.5 mM theophyl-
line, 5 mM ATP containing 1.5 pCi of (a-2P)ATP, 50 mM
Tris-HCI buffer, pH 7.6. Phosphoenolpyruvate (5 mM) and
pyruvate kinase (60 pg/ml) were used as ATP-regenerating
system. LPS, when used, was dissolved in Tris buffer and
added at concentrations from 20 to 200 pg/m). The reaction
was started by adding 40-100 pg of membrane proteins.
The samples, in triplicate, were incubated for 10 min at
30°C and the reaction was stopped by the addition of
0.1 ml of 0.5 M EDTA, pH 7.6, immediately followed by
3 min boiling. Then, 0.8 ml of cold 50 mM Tris-HCl buffer
were added to the samples and they were centrifuged at
4°C for 10 min. (*H)Cyclic AMP (24 Ci/mM) equivalent to
30,000 cpm was added for the determination of recovery.
The (*P)cyclic AMP formed was isolated according to
Salomon et al.!2, Phosphodiesterase activity was measured
using an incubation mixture identical to that for adenylate
cyclase except that the ATP-regenerating system was omit-
ted and the ATP was replaced with a trace amount of



