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Effects of Metal Ions on Phosphatase Activity of Periphytic Biofilm in Paddy Fields
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(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The effects of metal ions on acidic and alkaline phosphatase (ACPase and ALPase) activities and kinetic parameters
of periphytic biofilm in paddy fields were studied. The results suggested that both K" and Na* had no significant effect on ACPase
and ALPase activities in the concentration range of 0-1.0 mmol/L while both Ca®>" and Mg?" had activating effects on ACPase and
ALPase activities, which increased phosphatase activity by 14.1% and 46.7%, respectively. The metal ions of Zn?*, Cu®*, Mn?",
AP’ and Ag" all had inhibitory effect on ACPase and ALPase activities. While Co®" could promote ACPase and ALPase activities
at low concentration, but inhibit them at high concentration. And Cr®" promoted ACPase activity at 0.1 mmol/L, while inhibited
ACPase activity in the concentration range of 0.25-1.0 mmol/L. The addition of Mg®" enhanced the affinity and catalytic
efficiency of ACPase with substrates. The inhibitory effect of Cu®>" on ACPase and ALPase activities was mainly considered as
non-competitive inhibition. Although Zn?" increased the affinity of ACPase with substrate, it reduced the affinity and catalytic
efficiency of ALPase with substrate. The effect of metal ions on enzyme activity varied with the type and concentration of metal
ions, and the type of phosphatase. It is mainly achieved by binding with the site or substrate of enzyme activity, changing the
affinity between enzyme activity and substrate, and influencing the expression of enzyme genes. The results can provide a
theoretical basis for assessing the role of periphytic biofilm in the biogeochemical cycle of phosphorus in paddy fields, and the
possible risk of heavy metal contamination in paddy fields.
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Fig. 1 Morphological characteristics of periphytic biofilm
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Table 1 Effects of different metal ions on activities of acid and alkaline phosphatases (ACPase and ALPase)
LIEEF KNIl B F#e B (mmol/L) ' ACPase %7 1 (%) A F#e B (mmol/L) ' ALPase AN %4 (%)
0 0.1 0.25 0.5 1.0 0 0.1 0.25 0.5 1.0
K* 100a 102.45a 101.51 a 103.42 a 102.49 a 100 a 98.09 a 103.19 a 103.47 a 102.86 a
Na* 100a  100.53 a 10191 a 100.98 a 99.64 a 100 a 99.75 a 98.54 a 103.27 a 102.86 a
Ca** 100b 11387 a 108.49 ab 112.36 a 109.74 a 100 be 94.05 ¢ 93.67 ¢ 102.61 b 114.11 a
Mg** 100c  116.05b 118.63 b 14438 a 15438 a 100 d 103.45d 109.11 ¢ 12343 b 146.72 a
Zn* 100 a 73.76 b 76.21b 67.23b 53.58 ¢ 100 a 29.09b 23.88 ¢ 17.89d 14.83 d
Cu* 100 a 79.21b 73.47b 59.96 ¢ 1.08d 100 a 85.58 b 80.98 ¢ 75.74 d 75.41d
Mn** 100 a 66.05b 58.96 b 22.05¢ 14.10 ¢ 100 a 39.44 b 3123 ¢ 28.59 ¢ 16.26 d
AP* 100 a 48.97b 41.53 ¢ 27.70d 21.98d 100 a 98.45a 93.45b 90.09 b 78.36 ¢
Ni?* 100a 103.67a 89.91b 87.26 b 65.52 ¢ 100 a 95.61a 83.75b 78.22 be 72.99 ¢
Ag" 100a 101.69a 66.12 b 43.89¢ 39.04 ¢ 100 a 73.29 be 78.17b 69.17 ¢ 69.77 ¢
Co* 100a 125.27a 86.36 a 55.23 ab 12.99 b 100 ab 12130 a 119.06 a 95.33 ab 62.20b
cr* 100ab 132.37a 68.56 b 2554 ¢ 0.00d 100 b 114.58 b 118.02 ab 123.68 ab 143.70 a
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Fig. 2 Hanes - Woolf plots of phosphatase kinetics under different concentrations of Mg, Zn** and Cu**
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Table 1 Changes of kinetic constants (Vima.x and Ky,) of ACPase and ALPase under different concentrations of Mg”, Zn** and Cu**

e Il TR SEETF 0 mmol/L 0.25 mmol/L 0.5 mmol/L 1.0 mmol/L
Vinax K Vinax K Vinax K Vinax K
ACPase Mg** 138.89 164.58 172.41 151.21 196.08 129.96 212.77 129.57
Cu® 138.89 164.58 109.89 168.05 99.01 169.27 nd nd
Zn** 138.89 164.58 71.43 63.9 68.97 71.29 51.28 75.63
ALPase Mg** 256.41 76.90 357.14 78.64 370.37 94.15 384.62 81.38
Ccu* 256.41 76.90 208.33 81.58 133.33 128.9 120.48 135.18
Zn* 256.41 76.90 67.57 59.77 52.63 88.42 47.17 106.58
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