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Abstract: Soil enzymes play a vital role in the biogeochemical cycling of key elements, maintenance of animal and plant
health, and decontamination of environmental pollution. The activities of soil enzymes can be applied in the environmental
risk assessment of soil heavy metal pollution. However, the effects of heavy metals on soil enzyme activities varied with soil
physicochemical and biological properties and the differences of research methods. Thus, these factors hinder the application
of soil enzymes in the assessment of soil health and quality. This study systematically elaborates the eco-toxicological effects
of heavy metal pollution on soil enzyme activities and the kinetic characteristics of soil enzyme catalytic reactions. We also
constructed a conceptual diagram of soil enzymes in response to soil-heavy metals-microorganisms, proposed and discussed
the future trends and directions in soil enzyme in the assessment of heavy metal pollution. Soil enzymes are potential
biological indexes for the evaluation of soil heavy metal pollution, because the determination of soil enzyme activity is
efficient and cheap, and soil enzyme activity is sensitive to heavy metal toxicity. However, soil enzyme activity may
overestimate or underestimate the ecological toxicity of heavy metals as an individual indicator. Furthermore, there is no
uniform standard on how to select soil enzyme as a general indicator to assess the toxicity of heavy metals in different soils.
Also, it is difficult to establish a quantitative relationship between the ecological doses of heavy metals for soil enzyme
activity and soil properties, which led to the arguments about its accuracy and applicability in the ecological risk of heavy
metal pollution. Therefore, it is crucial to use new technologies and methods to uncover the reactive mechanisms of enzymes
to heavy metal toxicity in different types of soils, and quantitatively analyze the relationship between soil properties and

ecological doses of heavy metals based on kinetic parameters. This can strengthen the practical application of soil enzymes in

the diagnosis of soil pollution by heavy metals.
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Table 1 Ecological dose (ED) of Cd for soil enzymes

-+ e H: 25311 Ecological dose, EDsg/ Z2 ik

Soil enzyme (mgkg™") Reference
B-7 2 BE T B B-glucosidase 357~4975 [28]

kA Urease 30~7 240 [15-16, 28-29]

BAA-#E (Hfiff BAA-protease 43~8 677 [28]
Z A AL Ammonia oxidase 11~554 [30]

R Wi FR B Acid phosphomonoesterase 14~9 870 [28, 31-32]

PEBERZ S Alkaline phosphomonoesterase 4~5 485 [24, 31-32]
F7 IR ERAE Arylsulfatase 121~3 192 [33]

i S Dehydrogenase 45~5555 [15-16, 24, 34-35]

H:: EDso 103 L HERFIS MR AE S0%AT Cd /Y7

reduced to 50% of its initial values. The same below.

EIRIE ., FF. Note: EDsy was soil Cd content when soil enzyme activities were
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Table 2 Effect of the kinetic parameters of enzyme on the ecological dose

I VRSN ALY S
e

Apparent maximum reaction

Type of inhibition

velocity, Vi / (mmol-L'h™")

ES U IDANE
Apparent half-saturation constant, EDso/ ( mmol-L™")

K/ (mmol-L™")

5 A B

Competitive inhibition

A7 Unchanged

AR A B )
[#% Decrease
Linear mixed inhibition

k55 4 AR
Noncompetitive inhibition
B E

Uncompetitive inhibition

&A% Decrease

&A% Decrease

T Increase =K, X[Hﬂj
Km
__ K, +[S]
Ft & Increase - K, +m
KI Kiu
A74E Unchanged =K,
K, x(K, +[S])

&A% Decrease =

[5]

TE: KA R 8 (mmol- L"), 7T 42 S B T 4 J X i 43 F 2R FUJT BRI L K, S - DRG0 - 400 500 526 40 1 3 0 400 mmol- L),
[SIHEYHE (mmol-L '), Note: K;is the inhibition constant ( mmol-L "), which represents the affinity of heavy metal to enzyme

molecule, K, is the dissociation constant( mmol-L™" ) of enzyme-substance-inhibitor complex, [S] is the substrate concentration mmol-L™").
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