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Abstract: The catalytic hydrolysis of organic phosphorus by phosphatase represents an important source of available phosphorus in surface water. To assess
the effects of phosphate and metal ions on alkaline phosphatase activity and kinetic parameters surface water samples were taken from the coastal Swan
Lake water in Rongcheng. Results show that phosphate (PO3™)  hexametaphosphates (PO3)$  pyrophosphate (P, 0%™) and f-glycerophosphate
(C3H,04P)? could inhibit the alkaline phosphatase activity (APA) when their concentrations were in the range of 0.01-lmmol*L™". And this inhibition
effect increased with the increase of the ion concentrations. In comparison the APA decreased 50.8% 55.8% 52.4% and 14.4% as treated by 1
mmol* L' PO}™ (PO;)% P,0%  (C3H,04P)*  respectively. The activation of APA by A1**. Co*".Pb* and Cr® increased when their
concentration increased. After adding 1 mmol*L™" A1*  Co?* Pb*" and Cr®" to the water the APA increased by a factor of 2.8 3.1 2.3 and 2.7

respectively. The heavy metal Cu?* Zn?* Ni?* were also found to have inhibition effects on APA especially for Cu®*.The residual APA dramatically
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decreased to 62.3% at 1 mmol*L™"of Cu®**. The significant reduction of an apparent substrate affinity (K,

m

) and the uniform pattern of maximum APA

(V,..) were both observed when the Cu** P03~ (P0;)$  P,0% increased. This phenomenon indicates that Cu** P03 (P0;)$  P,0% behave

in competitive inhibition effects. In addition V. /K, ratio is a good indicator for the catalytic efficiency of alkaline phosphatases in eutrophic water. This

research suggests that the phosphate and metal ions can significantly influence APA and has profound implication for the transform and supplement of the

organic phosphorus in eutrophic water.

Keywords: alkaline phosphatase; kinetic parameters; competitive mechanism; Swan Lake
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Fig.1 The sampling site in this study
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Table 1  The effect of anions phosphates and organic phosphates on the alkaline phosphatase activity
0 mmol+L™! 0.01 mmol*L™"  0.05 mmol+L™! 0.1 mmol=L,™! 0.25 mmol*L™! 0.5 mmol-L™! 1 mmoleL™!
Cl” 100% 97.8% 104.2% 103.6% 99.1% 107.6% 101.3%
NO; 100% 104.5% 104.7% 105.2% 106.8% 107.5% 105.4%
NOj 100% 102.2% 102.3% 105.2% 104.3% 106.1% 106.3%
n o 8% 1% 4% 2% 8% 5%
S0,*" 100% 102.8% 103.7% 105.4% 106.2% 105.8% 100.5%
4 To 9% 5% 0% 6% 6% 2%
PO 100% 114.9% 92.5% 85.0% 77.6% 52.6% 49.2%
(PO Y 100% 98.5% 86.2% 90.9% 85.8% 51.6% 44.2%
P,0% 100% 97.4% 87.8% 75.6% 55.8% 52.3% 47.6%
3H4Og o 5% 1% 7% 3% 7% .6%
(C3H,04P) > 100% 98.5% 98.1% 96.7% 90.3% 88.7% 85.6%
3.2 APA mmol + L' AI**
2 284%.A1™"
APA 3 = N
( Na'.K") ( Mg™.Ca™) APA (Jansson 1981).0lsson
APA ( Mg”.Ca%) (1991) AP
110% Mg™ . Ca® Al >5 mmol <L
.Alnuaimi  (2012) Mg** Al APA
Ca™ (Xie et al. 2010).
30 mmol * L. Keiding  (1997) Cu’ \Zn™ . Ni** APA
Ca™ 2.5 mmol+ L™ Cu™ Cu™ 1
mmol*L™"  APA 62.3%. Cu™
Zn™ APA (Huang
Mg** Mg>  APA et al. 2000) -
Grzyb et al. 2012). Mg™
y g
Mg™* ( 40 mmol +1.™") (Juma et al.
Mg** (1 mmol+L™") 1977;Giilser et al. 2008).
AP ( Giilser
Al 1 et al. 2008).
2 APA
Table 2 The effect of metal ions on the alkaline phosphatase activity
0 mmol-L™"  0.01 mmol°L™"  0.05 mmolL™" 0.1 mmol*L™"  0.25 mmol*L™" 0.5 mmol-L™! 1 mmol-L™!
Na* 100% 98.6% 95.1% 89.2% 113.0% 111.1% 91.2%
K* 100% 105.1% 105.2% 108.4% 109.9% 110.6% 108.7%
Mg** 100% 104.3% 100.9% 101.9% 105.0% 106.4% 103.9%
Ca®* 100% 107.0% 100.9% 112.5% 107.3% 109.3% 110.5%
Al 100% 132.5% 164.7% 162.4% 196.8% 241.3% 284.1%
Ni%* 100% 89.6% 90.8% 82.6% 90.8% 86.3% 86.9%
Cu®* 100% 88.4% 82.6% 75.3% 69.8% 72.1% 62.3%
Zn?* 100% 92.3% 94.0% 90.7% 94.0% 82.6% 78.6%
Co** 100% 102.6% 130.7% 127.7% 187.0% 233.4% 312.2%
Mn?* 100% 103.0% 109.1% 116.3% 137.1% 173.2% 232.1%
Ph** 100% 121.3% 118.6% 132.4% 147.6% 186.5% 232.6%
Cro 100% 127.6% 121.4% 145.9% 167.8% 228.4% 267.3%
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Fig.2 The Lineweaver-Burk plots for alkaline phosphatase activity at different concentrations of ions
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(K.) Vi K, (
K, 2010). 3 0~0.5 mmol L™
; - Cu™. POy, P, 0. (PO,)Y.
(Hoppe et al. 2003).K,, (C,H,0,P)* v, /K,
Cu”*\PO; . (PO;)§ \P,07 :Cu”™ AP
K, Cu™ PO, . (PO,)¥.P,0% - -
PO}
Cu™ PO} . (PO,) .P,0%
(0~0.5 mmol*L™") Vo
K, Cu”™ . PO} . (PO,)T . p-NPP
P,0% ( (Xie et al. 2010).
2001;Xie et al. 2010).
3 K, Vi
Table 3 The effect of anions phosphates and organic phosphates on the alkaline phosphatase activity
K, /(pmol-L™") Vowo/ (umol s L7'*h™") Vo /Ky /7!
0 0.1 0.25 0.5 0 0.25 0.5 0 0.1 0.25 0.5
mmol* L™ mmol*L™" mmol*L™" mmol*L™" mmol*L™" mmol*L™" mmol*L™" mmol*L™' mmol*L™" mmol*L"" mmol*L™" mmol-L™!
Cu®* 45.3 210.9 177.8 172.3 29.4 34.6 23 18.7 0.65 0.16 0.13 0.11
PO} 453 166.1 301.5 692.7 29.4 31.0 26.9 38.2 0.65 0.19 0.09 0.06
(PO3) ¢ 45.3 89.9 102.1 73.9 29.4 33.6 359 39.4 0.65 0.37 0.35 0.53
P,0,* 453 156.0 398.8 885.2 29.4 29.1 33.2 46.4 0.65 0.19 0.08 0.05
(C;H,04P)* 453 121.2 157.6 543.9 29.4 19.1 18.4 10.5 0.65 0.16 0.12 0.02
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