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Distinct negative correlation was found between the dissolved
alkaline phosphatase activity and the orthophosphate concentration
in Lake Kasumigaura (surface area, 171 kmz) in the phosphorus-limited
season. The decrease of the alkaline phosphatase activity induced
by orthophosphate ions was observed at the level of 1 ng/mL of
phosphorus, which is 3 orders of magnitude smaller than that in the

laboratory scale experiment.

Alkaline phosphatase is the first enzyme to be discovered in the free dis-
solved state while preserving the activity in natural water.l-lo) The dissolved
phosphatase contributes to the hydrolysis of organic phosphate esters. The dis-
solved enzymes in natural water are excreted from the parent bio-organisms.
Jansson characterized the various phosphatases dissolved in lake water, which are
attributable to those of algae and zooplankton.ll) Since alkaline phosphatases
participate in the production of orthophosphate ions and their transportation into
the cytoplasm, a negative correlation has been found between intracellular alkaline
phosphatase activity and orthophosphate concentration in the growing media of bac-
teria or algae.lz-ls) Starvation of phosphorus induces an increase in the intra-
cellular alkaline phosphatase production. Several reports have implied that dis-
solved phosphatase activity decreases when concentration of orthophosphate in-
creases in lake water.16’17) However, correlation in the seasonal variation be-
tween dissolved alkaline phosphatase activity and orthophosphate concentration has
not been clearly found, because of the high number of variables in the ecological
system, such as the variation in species growing in situ. To inquire into the
value of the phosphatase activity as an indicator of the orthophosphate demand in
the environmental system, one should examine the correlation between dissolved
phosphatase activity and orthophosphate concentration.

The present report shows that the negative correlation is clearly found be-
tween the activity of the dissolved alkaline phosphatase and orthophosphate at ap-
preciably low phosphate concentrations.

Lake Kasumigaura is the second largest lake in Japan, with a surface area of
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171 kmz, with a mean depth of 4 m and maximum depth of 7.4 m.

sampling stations in Lale Kasumigaura are shown in Fig. 1.
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The location and
Lake water was col-

lected with a Van Dorn bottle at 10 different sampling stations once a month,

starting in April 1980.
face.

The collected lake water was stored at 4 °C.

The depth of the sampling point was 1.0 m from the sur-

A portion of the collected

water was filtrated with a membrane filter of 0.2 um pore size under mild suction

(< 250 mm Hg) for the exclusion of bio-organisms
2-4 hours after sampling. The alkaline phos-
phatase activity was measured at 25 °C by using
p-nitrophenyl phosphate as a substrate.lg) The
concentration of orthophosphate ion was deter-
mined by molybdenum-blue colorimetryl8) with

a Technicon Autoanalyzer. Here, reactive
phosphorus is referred to as the orthophosphate.
Total phosphorus and total dissolved phosphorus
were determined after the persulfate digestion
of unfiltrated and filtrated waters, respective-

ly, in an autoclave at 120 °C for 45 min. The
mass concentration of the particulate phospho-
rus, which is proportional to the amount of

biomass in Lake Kasumigaura, 0) was calculated
by subtracting the mass concentration of the

Filtration was performed within
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Fig. 1.
Locations of sampling staions in
Lake Kasumigaura.

total dissolved phosphorus from the mass concentration of the total phosphorus.
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Correlation between dissolved alkaline phosphatase activity and orthophosphate concentration.

A): May, 1981, B): August, 1981.

Apap/ Cpp

: dissolved alkaline phosphatase activity per mass

concentration of particulate phosphorus. CPi: mass concentration of phosphorus as ortho-

phosphorus.

The numbers in the figure show the sampling stations in Fig. 1.
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Ultrafiltration of filtrated lake water was Table 1.

done with a Toyo Ultrafilter UK-10 for con- Seasonal variation in the relationship
centrating large molecular species (M.W. > between phosphorus concentration and
10 000), followed by a high performance phosphatase activity

liquid chromatography. Sta.?
Year Month T T Aa. 7C
foap Cpp Apap/ Cpp By

Figure 2 shows the correlation between

orthophosphate and dissolved phosphatase

< - . . 1980 April -0.80 2.6 144 0.018 7
activity for the various sampling stations May 20.15 2.1 116 0.018 5
in May and August, 1981. 1In both months, June +0.23 1.1 96 0.011 11

. ] . ] July +0.38 9.0 127 0.071 2
Microcystis aeruginosa was the dominant August +0.70 2.9 67 0.043 13
species which excretes the dissolved September -0.10 2.4 172 0.014 64

. October +0.83 0.9 96 0.009 9
enzyme. In August, when the maximum November +0.62 1.2 97 0.012 2
orthophosphate concentration was observed log gecember '8-?? i-; gg 8-8%9 g
. . . 1 Januar -0. . .089
in the lake water, the dissolved alkaline Februa¥y -0.78 2.6 35 0.074 <2
phosphatase activity at each sampling March -0.59 1.3 92 0.014 2
station was low and not correlated to the April -0.31 1.5 61 0.025 6
May -0.72 3.2 92 0.035 4
concentration of orthophosphate. On the June +0.32 3.4 179 0.019 6
s s . . - July +0.51 4.3 60 0.072 78
other hand, distinctive negative correlation August 0.00 1.0 105 0.010 85
between the activity and orthophosphate con- September +0.26 1.7 123 0.014 3
. - - October +0.14 0.4 84 0.005 3
centration appeared in May (correlation November -0.48 2.3 72 0.032 <2
coefficient = -0.72), when the concentration December -0.57 1.0 82 0.012 3
1982 January -0.66 1.3 37 0.035 3
of orthophosphate was less than 5 ng/mL at February -0.73 1.0 58 0.017 4
all the sampling stations. March -0.80 2.2 91 0.024 11

Table 1 lists the seasonal variation r:correlation coefficient between ADAP/

in the correlation coefficients between the CPP and Cpi for all the stations.
dissolved phosphatase activity and ortho- ADAP:dissolved phosphatase activity at
phosphate; it also lists the phosphatase Sta. 2 (nmol L-l minnl).
activity, and the orthophosphate and par- CPP:particulate phosphorus concentra-

ticulate phosphorus concentrations at Sta-
tion 2. 1In the table, distinctive negative C

tion at Sta. 2 (ng mL'l).
i:orthophosphate concentration at
R ' ) Sta. 2 (ng mL-ly,

indicating phosphorus starvation in the The enzymatic activity was provided as the

ecosystem of Lake Kasumigaura in these sea-  decomposition rate of substrate (1 mM in
0.6 M Tris-HC1 at pH 8.0) at 25 °C.

correlation appears in spring and winter, P

sons. On the other hand, rather positive

correlation appears from late spring to early fall. Alternation in appearance of
negative and positive (or low) correlation was found in Table 1 although some devi-
ations in its timing exist. Dissolved phosphatase activity itself increases
twice a year : one peak was found in early summer and the other in winter. From the
chromatographic separation of the dissolved alkaline phosphatase in the lake water,
it was found that the blue-green algae (Microcystis aeruginosa) was responsible
for the alkaline phosphatase released from May to September, and diatoms and
flagellates were responsible for the release in the winter. In Table 1, it can be

seen that the orthophosphate concentration increased very much in middle summer.
This was due to the summer appearance of orthophosphate from the sediment at the
bottom of the lake, a characteristic of shallow lakes such as Lake Kasumigaura.ZI)
Although the biomass (or particulate phosphorus) increased in this season, the
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dissolved alkaline phosphatase activity in the lake water decreased. These phenom-
ena were found in all the sampling stations. No seasonal correlations were observ-
ed between the dissolved alkaline phosphatase activity and other factors such as
total phosphorus, total dissolved phosphorus, and dissolved organic phosphorus.

12)

In the laboratory incubation experiments of Escherichia coli, green algae

(including Microcystis aeruginosa), and diatoms,lgyrit was found that increase of

orthophosphate concentration in their growing media suppressed intracellular phos-
phatase production. However, the repression of the enzyme production can be also ob-
served under orthophosphate concentrations of 7-10 ug/mL (as P). On the other hand
the decrease in the dissolved alkaline phosphatase in the lake water appears at ca.
1 ng/mL (as P) (Fig. 2), which means a three-order difference between the lake

and experimental laboratory systems. Furthermore, when considering that the sur-
face area of Lake Kasumigaura is 171 kmz, it is important to note that such nega-

tive feedback is also maintained between orthophosphate and the release of dissolv-

’

ed phosphatase on the scale of a large lake.
This research was supported by Grant-in-Aid No. 56030049 from the Ministry of
Education, Science and Culture, Japan.
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