Thermal Lability of Beta Galactosidase

from Pink Salmon Liver

Abstract. The effect of heat on the stability of a protein isolated from a cold-
water fish was tested by jfollowing the decrease in enzymatic activity of beta
galactosidase, purified from livers of Pacific pink salmon. The thermal stability
is pH-dependent; it is highest at pH 4 and lowest at neutral pH, where only 30
percent of the activity remains after 10 minutes at 40°C. Comparative experi-
ments demonstrate greater thermal stability of beta galactosidase from rat

liver.

The spawning run of salmon is an
impressive and complex biological phe-
nomenon. The fish endure an extended
period of starvation and severe environ-
mental stress accompanied by a multi-
tude of physiological and biochemical
changes. During the migration of the
pink salmon from the cold water of the
northern Pacific Ocean to the warmer
rivers of British Columbia, the tem-
perature of the environmental waters
may increase by 10° to 15°C; this in-
crease is, however, unlikely to exceed
20°C. We now report the effect of tem-
perature on the activity of a purified
enzyme from these fish. For this pur-
pose we utilized [-galactosidase (8-
D-galactoside galactohydrolase, E.C.
3.2.1.25), an enzyme which is stable
and can be easily purified (/). This
enzyme was purified 55-fold from
the liver of pink salmon (Oncorhynchus
gorbuscha); its thermal stability was

Fig. 1. Effect of temperature on salmon
liver p-galactosidase at pH 4. Incubation
mixtures, in volumes of 0.5 ml, contained
1 umole of p-nitrophenyl p-p-galactoside,
80 wumole of sodium citrate buffer, pH
4.0, and 135 ug of salmon liver g-galacto-
sidase (a fraction obtained at 40 to 50
percent saturation with ammonium sul-
fate). At the specified times, 2.5 ml of
0.25M glycine-carbonate buffer, pH 10,
was added, and the color of the p-nitro-
phenol was read at 420 nm. The tempera-
tures tested were from 0° to 56°C.

Fig. 2. Effect of temperature on g-galac-
tosidase from salmon liver and rat liver
at neutral pH. Mixtures containing $§
wmole of sodium phosphate, pH 7.0, en-
zyme, and water, in a volume of 0.4 ml,
were incubated for 10 minutes at the
specified temperature without substrate.
One micromole of p-nitrophenyl-s-galac-
tosidase and 80 umole of sodium citrate
buffer, pH 4.0, were then added, and the
tubes were further incubated for 10 min-
utes at 37°C. After 0.2 ml of 1N NaOH
and 2.3 ml of 0.25M glycine-carbonate
buffer pH 10 were added, the color was
read at 420 nm. Curve A represents 135
ug of salmon liver g-galactosidase (40 to
50 percent ammonium sulfate fraction);
curve B represents 550 ug of rat liver g-
galactosidase (3).
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studied and compared with that of the
similar enzyme isolated from rat liver.
Extensive studies have been conducted
on the effect of temperature on poikilo-
thermic animals but only relatively few
on purified enzymes from fish (2).
The purification and properties of
salmon liver (3-galactosidase are as fol-
lows. Pink salmon (females) were
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caught in Namu on the coast of British
Columbia in salt water, and were main-
tained for 1 week in fresh, running
water, in a shallow pool, at a tempera-
ture of about 15°C. They were killed
by a blow on the head, and the livers
were immediately excised, chilled, and
homogenized with 0.25M sucrose (9 ml
per gram of liver). The homogenate
was centrifuged for 10 minutes at 800g,
and the supernatant was decanted and
centrifuged for 15 minutes at 16,000g.
The sediment thus obtained was dis-
persed in 0.25M sucrose (0.6 ml per
gram of liver). The suspension was
frozen at — 40°C and thawed, this pro-
cedure being repeated two more times.
The suspension was then centrifuged for
70 minutes at 36,000g. The precipitate
was suspended in 0.25M sucrose (0.6
ml per gram of liver); the suspension
was frozen and thawed once, it was
centrifuged for 35 minutes at 36,000g,
and the two supernatants were com-
bined.

The pH of this solution was adjusted
to 4.5 with 1M acetic acid; the precipi-
tate was removed by centrifugation for
10 minutes at 13,000 rev/min, and the
supernatant was adjusted to pH 7.2
with 1IN NaOH. Solid ammonium sul-
fate was added, and the protein frac-
tions precipitating at 40, 50, 60,
and 80 percent saturation were col-
lected by centrifugation for 10 minutes
at 36,000g. They were each dissolved
in 3 ml of 10 mM sodium phosphate
buffer, pH 7.0, and dialyzed (twice)
against 2 liters of the same solution.
The contents of the dialysis bags were
clarified by centrifugation for 10 min-
utes at 25,000¢ and stored frozen at
— 20°C. The fraction that precipitated
at 40 to SO percent saturation had a
55-fold higher specific activity than the
homogenate minus debris. The other
ammonium sulfate fractions yielded
enzyme that was purified 20- to 32-
fold.

With p-nitrophenyl-B-p-galactopyran-
oside as substrate, the enzyme exhibited
optimum activity at pH 3.6 at 26°C,
and at pH 4.2 at 37°C. The latter shift
is most probably due to heat inactiva-
tion of the enzyme below pH 4.4 (Fig.
3, curve A). It had a K,, (Michaelis
constant) of 0.6 mM and a maximum
velocity V.. of 7 umole per milligram
of protein per hour when measured at
30°C; the K,, value was independent
of temperature between 10° and 30°C.
The enzyme hydrolyzed lactose at about
one-ninth of the corresponding rate of
hydrolysis of p-nitrophenylgalactoside;
it still possessed some a-galactosidase,
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a-glucosidase, and phosphatase activi-
ties. The enzyme was inhibited by galac-
 tose (50 percent inhibition at 25 mM
galactose and 2 mM substrate) and by
p-hydroxymercuribenzoate (50 percent
at 10-5M) but not by 1 mM N-ethyl-
maleimide. The inhibition by p-hydrox-
ymercuribenzoate could be partly re-
versed by further addition of dithio-
threitol.

The effect of temperature on enzy-
matic activity is shown in Figs. 1 to 3.
In an experiment not shown in these
figures, it was observed that the rate
of hydrolysis of p-nitrophenyl-3-galac-
toside, when measured at 25° or 37°C
in a buffer at pH 4, was almost linear
for 90 minutes. Furthermore, only little
deviation from linearity was obtained
when enzyme and substrate were incu-
bated at pH 4, for 10 minutes at tem-
peratures up to 45°C (Fig. 1). It was,
however, observed that at neutral pH,
the salmon liver B8-galactosidase was in-
activated at temperatures above 20°C
(Fig. 2, curve A). Thus, after 10 min-
utes at 30°C, only about two-thirds of
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Fig. 3. Effect of pH on the thermal stabil-
ity of pg-galactosidase from salmon liver
and rat liver. Mixtures containing 25
umole of phosphate-citrate buffer at the
specific pH values, enzyme, and water (in
a volume of 0.35 ml) were incubated with-
out substrates for 10 minutes at 48°C.
Then 1 umole of p-nitrophenyl-g-galacto-
side and 125 to 150 umole of sodium
citrate buffer, pH 4.0, were added. The
tubes were further incubated for 10 min-
utes (at 28°C for the salmon liver enzyme
and at 37°C for the rat liver enzyme).
After addition of 0.3 ml of 1N NaOH
and 2.2 ml of 0.25M glycine-carbonate
buffer, pH 10, the color was read at 420
nm. Curve A represents 135 ug of salmon
liver p-galactosidase; curve B represents
550 ug of rat liver B-galactosidase.
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the activity remained, and at 40°C,
only one-third. This thermal inactiva-
tion at neutral pH was not prevented
by the addition of substrates (2 mM p-
nitrophenylgalactoside or 10 mM lac-
tose), product (up to 50 mM galactose),
or 1 mM dithiothreitol. In an experi-
ment comparable to that shown in Fig.
2A, but in which the enzyme was first
incubated without substrate for 10
minutes at pH 4, the respective losses
at 30°C and 40°C were 10 and 25 per-
cent of the B-galactosidase activity. For
comparison, the effect of temperature
on the activity of rat liver 8-galactosid-
ase (3) is shown in Fig. 2, curve B.
Under similar experimental conditions
all the activity of the latter enzyme was
recovered at 40°C, but inhibition en-
sued at higher temperatures. [Similar
results for the rat-liver enzyme have
been reported (4).] It has also been
shown that B-galactosidase from Esche-
richia coli lost no activity when heated
for 30 minutes at 40°C, between pH
6 and 9 (5).

The difference in the response of
salmon liver -galactosidase to tempera-
ture at pH 4 and at pH 7 is amplified by
the data shown in Fig. 3, curve A. The
enzyme shows maximum thermal sta-
bility at about pH 4, but at pH values
below or above this value the enzyme
is rapidly inactivated at elevated tem-
perature (Fig. 3, curve A). For com-
parison, the thermal responses of rat
liver B-galactosidase, are shown in Fig.
3, curve B, Practically all the activity
of the latter enzyme was recovered
after 10 minutes at 48°C from pH 3.5
to 6.5.

The greater thermal lability of the
salmon liver B-galactosidase at neutral
pH requires special comment. Liver S-
galactosidase is of lysosomal origin, with
an optimum activity at about pH 4 (at
pH 6 the rate of hydrolysis is 20 per-
cent that of the optimum and at pH 7
about 10 percent). Considerable evi-
dence has accumulated that the main
function of the lysosomes involves the
digestion of a variety of substrates of
extra- or intracellular origin (6). Since
many lysosomal enzymes have very low
activities at neutral pH, it must be as-
sumed that the lysosomes have an
acidic microenvironment, separated
from the rest of the cell. If so, the 8-
galactosidases of either salmon liver or
rat liver exist in the lysosomes in an
environment imparting to them their
maximum thermal stability. If the lyso-
somes rupture or leak, this enzyme will
spill into the cell sap, where it is a
“foreign” protein which must be inac-

tivated to prevent it from damaging the
cell contents. The neutral or slightly
alkaline pH of the cell sap will facilitate
such an inactivation.
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Protective Effect of
Antilymphocyte Serum on Mice
Infected with Plasmodium berghei

Abstract. Rabbit antiserum to mouse
lymphocytes prolonged the survival of
mice infected with Plasmodium berghei.
Since antilymphocyte serum has a well-
defined, potent immunosuppressive ef-
fect, the immune response of the host
to the parasite actually may contribute
to the death of the animal with an
acute malarial infection.

Plasmodium berghei infection in
mice is fulminating (7), death of the
animals being due to the development
of high parasitemia accompanied by
profound anemia (2). While most ob-
servers attribute the anemia to infec-
tion and subsequent destruction of
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