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Phosphatases in Lake Water: Characterization of Enzymes

from Phytoplankton and Zooplankton by Gel Filtration

Abstract. Sephadex gel filtration was used to characterize phosphomonoesterases
in two small lakes in northern Sweden. Two fractions, here termed phosphatase A
and phosphatase B, were found both as free enzymes and associated with seston.
The activity of phosphatase A was correlated with the presence of algal biomass.
Phosphatase B, on the other hand, was derived from zooplankton. Phosphate served
as an effective inhibitor of phosphatase A but had no such effect on phosphatase B.
Both fractions had pH optima between 6.5 and 7.0.

After Steiner (/) found an increase of
inorganic phosphorus in lake water in-
cubated with dead plankton organisms,
several investigations were made of en-
zymatic hydrolysis of different phos-
phorous compounds in lakes and oceans.
The phosphomonoesterases are the most
studied enzymes of the many different
phosphatases.

Phosphomonoesterases in the aquatic
environment are produced by bacteria
(2). algae (3, 4), and zooplankton (/, 5, 6).
Besides being associated with living cells
or particulate cell debris, the phospho-
monoesterases are also found as free dis-
solved enzymes (7-9).

Phosphatases are often classified as ei-
ther alkaline or acid, with pH optima
well above or well below pH 7. Different
phosphatases produced by aquatic orga-
nisms have been separated by fractiona-
tion monitored with assays of pH-depen-
dent phosphatase activity ¢, 7).

Production of phosphatases in differ-
ent species of algae increases when phos-
phorus is a limiting factor ¢, /0); phos-
phatases have been suggested to be eco-
logically essential because they release
phosphate. Synthesis of phosphatases,
on the other hand, often seems to be
repressed by high concentrations of
phosphate in water or in cells &, 8, /1,
12).

The study reported here provides addi-
tional information on the different frac-
tions of phosphomonoesterases occur-
ring in the natural aquatic environment,
their origin, and some of their character-
istics. All specimens were taken from two
adjacent lakes, Lake Magnusjaure and
Lake Hymenjaure, situated at 68°27'N
and 18°27'E in the subarctic region of
northern Sweden. The lakes are small,
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each with an area of about 2 ha and with
maximum depths between 4.5 and 5.5 m.
Summer mean water temperatures are
9.5° to 10.5°C and conductivity is 1.6 to
1.8 millisiemens per meter. The lakes were
originally oligotrophic, but a program of
artificial enrichment with phosphorus
and nitrogen (/3) has brought them
toward more eutrophic conditions. The
work was done during the ice-free season
(15 June to 10 October) in 1975.

Molecular weight was chosen as the
criterion for characterization of different
phosphomonoesterases. The enzymes
were separated by Sephadex gel filtra-
tion, a technique that has been applied to
phosphatases from bovine liver (/4) and
human placenta (/5).

Sephadex of different grades (G-75 and
(G-200) and Sepharose 4B were packed in
tubes of Plexiglas 2 ¢cm in diameter and
50 ¢m long. The flow rate was 0.5 ml/
min, with tris buffer used as eluent; the
void volume was determined with blue
dextran.

For separation of free dissolved phos-
phatases, 300 ml of lake water was fil-
tered through membrane (Sartorius SM
11107, 0.2 wm) and the enzymes in the fil-
trate were concentrated 40-fold by ultra-
filtration (Diaflo filter PM10; Amicon ul-
trafiltration cell model 50); 2 ml of the
concentrated enzyme solution was refil-
tered before being applied to Sephadex
columns.

For analysis of seston-associated en-
zymes, 1500 ml of lake water was passed
through a glass fiber filter (Whatman GF/
C); the filter was placed in tris buffer and
homogenized. After homogenization the
sample was centrifuged, and 2 ml of the
supernatant was placed on the Sephadex
column. In both analyses, phosphatase

activity was determined in each 5-ml
fraction collected from the column.

Phosphomonoesterase activity was as-
sayed by the method of Perry (/7), with
3-O-methylfluoresceinphosphate as sub-
strate. The samples were incubated at
20°C in tris-HCI, pH 6.5. The buffer
solution and all glassware were auto-
claved before analysis to prevent microbi-
al growth. Enzyme activity was measured
at pH 6.5 because the phosphatases of
the two lakes had their only pH optimum
at 6.5 to 7.0, which is also the pH of the
lakes.

Sephadex G-200 elution diagrams
showing the composition of free and ses-
ton-associated enzymes (Fig. 1, a and b)
indicated similar patterns for free and
seston-associated phosphatases. One
fraction, called phosphatase A, was not
separated by the gel and eluted with the
void volume. Another fraction, phospha-
tase B, was well separated and, after cali-
bration with proteins of known molecu-
lar weight, was calculated to have a mo-
lecular weight of about 80,000. Elution
from Sephadex G-75 gave only one peak
at the void volume.

To determine whether the phospha-
tase A peak could be fractionated, the ex-
periment was repeated with Sepharose
4B, which has an upper separation limit
of molecular weight 3 x 10 for dex-
trans. However, phosphatase A still
eluted with the void volume and can
therefore be assumed to consist either of
very large molecules, molecules associat-
ed with colloidal material, or fragments
small enough to pass through a 0.2-um
filter. The question of whether phospha-
tase A consists of more than one fraction
was not answered by this experiment.

A decrease in phosphatase activity of-
ten follows the addition of phosphate to a
medium containing phosphatase-produc-
ing organisms. In many cases repression
of the enzyme synthesis rather than inhi-
bition of the enzyme itself causes such a
decrease (4, 12). To test how the two
phosphatase fractions found in Lake Hy-
menjaure and Lake Magnusjaure reacted
to additions of phosphate, the following
experiment was performed. Free phos-
phatases were concentrated and filtered
on Sephadex G-200 as described above.
A parallel sample was concentrated and
NaH,PO, was added immediately before
gel filtration. Elution diagrams for the
two samples (Fig. 1c) show an almost to-
tal inhibition of phosphatase A by added
phosphate but no effect on phosphatase
B. The fact that phosphate was added to
a sterile filtered sample shows that the
decrease in enzyme activity was a result
of inhibition and not repression. The con-
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Fig. 1. Elution diagrams from Sephadex G-
200; vv, void volume. (a) Free dissolved phos-
phatases, Lake Magnusjaure, 17 June 1975.
(b) Seston-associated phosphatases, Lake
Magnusjaure, 19 June 1975. (c) Free dissolved
phosphatases, Lake Magnusjaure, 14 July
1975, before (closed circles) and after (open
circles) addition of phosphate. (d) Phospha-
tases in zooplankton extract, Lake Hymen-
jaure, 3 October 1975. (e) Free dissolved phos-
phatases, Lake Magnusjaure, 30 September
1975.
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centration of phosphate P was about 200
ug/liter. However, since the addition was
made to a sample that had been concen-
trated about 40-fold, inhibition might al-
so be effective at concentrations occur-
ring under natural conditions.

Zooplankton produces (/, 5) and ex-
cretes (6) phosphatases. Rigler (6), how-
ever, did not consider phosphatases
from Daphnia magna to be of ecological
importance. In the present study, Bos-
mina obtusirostris from Lake Hymen-
jaure excreted considerable amounts of
phosphatases when incubated in test
tubes with autoclaved water and 3-O-
methylfluoresceinphosphate  (Fig. 2).
Similar results were obtained with other
crustaceans, such as Holopedium gibbe-
rum and Cyclops scutifer. Eudiaptomus
graciloides, however, excreted only
small amounts. No decrease in phospha-
tase activity was detected after filtration
of the water in which the animals had
been incubated; this confirms that the ac-
tivity was due to excreted enzyme. In an
attempt to identify phosphatases pro-
duced by zooplankton as phosphatase A
or B (or both), zooplankton, mainly Bos-
mina, was sampled from Lake Hymen-
jaure with a 63-um plankton net. The
animals were starved for about 5 hours,
filtered, placed in tris buffer, and
homogenized. After the homogenate was
centrifuged, 2 ml of the supernatant was
filtered on a G-200 column. Phosphatase
B was totally predominant in the zoo-
plankton extract (Fig. 1d). The enzyme
activity in fractions 12 to 14 in Fig. 1d
was too high for measurement.

An opportunity to characterize phos-
phatases from algae occurred in Lake
Magnusjaure in September. Because of
the artificial enrichment with nitrogen
and phosphorus there was a *‘bloom’’ of
the green alga Schroederia setigera
(Schréd.) Lemn. which gave chlorophyll
concentrations of more than 100 ug/liter
in the lake. During the intensive growth
period a remarkable increase in the activ-
ity of free phosphatases was noticed.
When free enzymes from Lake Magnus-
jaure were filtered on Sephadex G-200,
the elution diagram (Fig. le) showed the
presence of phosphatase A only; this in-
dicated that the algae produced and ac-
tually excreted phosphatase A during a
period of active algal growth.

The results reported here show at least
two fractions of phosphomonoesterases
in the lakes investigated. Both fractions
were detected as free dissolved phospha-
tases and were associated with seston.
One of the fractions (phosphatase A) was
found together with large amounts of
green algae and the other was identified
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Fig. 2. Activity of free dissolved phospha-
tases in 5 ml of autoclaved water containing
different numbers of Bosmina obtusirostris.

in extracts from zooplankton. The fact
that zooplankton was shown to excrete
phosphatases and that the specific zoo-
plankton phosphatase was traced in lake
water in amounts that equaled the other
phosphatase fraction indicates that phos-
phatases produced and excreted by zoo-
plankton are as important as those pro-
duced by other organisms. The ecologi-
cal impact of zooplankton phosphatases
should be high since they are not inhib-
ited by phosphate. Furthermore, these
results suggest a biological feedback
mechanism whereby zooplankton feed-
ing on algae also supports the growth of
algae by excreting enzymes capable of
releasing phosphate.
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