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4 9.00% 1.37% 7.80% Vo
21.57%
£1 JIESERELIEQO ~ 10 cm)4 FHEGIE S B IE FE (vy)
Table 1 Initial velocities (vy) of four enzymatic reaction of alpine topsoil (0-10 c¢m) in western Sichuan
MUF PME BG CBH NAG
(mmol/L) (umol/(g-h)) (umol/(gh)) (umol/(g-h)) (umol/(gh))
0.04 13.84+7.52 ¢ 7.71+470d - -
0.08 35.60 +2.88 d 20.59 +8.33 ¢ 1.49+130¢ 2.26+0.98b
0.12 57.97+0.75¢ 33.07+1.73b 443+026b 4.61+1.99 ab
0.16 61.26 + 6.98 45.16£0.74 a 528+0.15b 5.40 % 1.65 ab
0.20 84.81+4.42b 4596+225a 6.39+0.16a 5.20 % 0.45 ab
0.24 92.68+4.73 b 48.77+0.60 a 6.35+0.08a 6.88+2.78 a
0.28 109.01£9.81 a 5253+0.72a 6.51+0.51a 6.63+1.43a
+ MUF
(P<0.05)
2.1.2 4 PME BG NAG
CBH K Ky
4
Michaelies PME BG CBH CBH BG NAG PME VI/IK,
NAG 4 -
K 14 2 -
Vv - 4
2 PME BG CBH NAG
£2 NIESERELIEO~10 cm)d FHEERIEH HF S
Table 2 Kinetic parameters of PME, BG, CBH and NAG of alpine topsoil (0—10 c¢m) in western Sichuan
PME BG CBH NAG
V(mmol/(g-h)) 0.420 + 0.052 0.114 £ 0.028 0.014 +0.003 0.026 + 0.002
Kyn(mmol/L) 0.848 +0.192 0.283£0.119 0.278 £ 0.126 0.597 + 0.008
R’ 0.969" 0.931" 0.882" 0.655"
VIKm 0.508 + 0.054 0.439 = 0.084 0.057 £ 0.013 0.044 + 0.003
*%  Michaelies P<0.01
2.2.2
O1o 3 0~35C
K 4 CBH NAG BG>
2.2 PME 10 ~ 20 C PME
221 BG CBH NAG 0O 3.25
1 0~257C 3.80 1022 631
PME BG CBH 10 ~20 °C
25~357C 3 (20 ~35°C) 4
NAG 0~35°C
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Fig. 1 Changes in enzyme activities of alpine topsoil (0-10 cm) with temperature in western Sichuan
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Table 3 Q) values of four enzymes of alpine soil (0-10 cm) in [23]
different temperature intervals in western Sichuan 4 [10] 4
('C) PME BG CBH NAG
0~10 1.89 211 - - K +
10 ~20 3.25 3.80 10.22 6.31
20~ 30 1.12 1.16 1.21 1.52
30~35 1.28 1.30 0.94 1.18
1.89 2.09 4.12 3.00
Marx
3 1l Stemmer!'®! MUF
3.1 PME BG K,
4- lg 120 ml
(PME) B- (BG) Marx lg
(CBH)  pB-N- (NAG) 100 ml Stemmer 05 ¢g
Stemmer!'%! Parham  Deng!"”! 2ml
PME
BG K, NAG K, MUF Kn
K 3.2
PME O 10~20°C
3.25 1T
22.5%
(p-Nitrophenyl, pNP) (MUF)
2 0~13°C
1969 10~20C
(p-nitrophenyl phosphate) [18] 20°C 0~
9°C 0~57TC 0C
[17,19-22] 4 10~20 C
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Fig. 3 Estimated activities of four enzymes of alpine topsoil(0—10 cm) from 2017 to 2070 under soil warming scenariosin western Sichuan

0.6°C/10a 2070
PME BG CBH NAG
0.678 0.427 0.066 0.114 pmol/(g-h) 1) (PME)  B-
46.50% 54.12% 112.35%  81.64% (BG)
4 0.177 (CBH) B-N- (NAG)
0.102 0.018  0.064 pmol/(g-h) 0~0.28
mmol/L PME BG CBH NAG 4

http://soils.issas.ac.cn



6 1151
(Kw) K/ Vin) [11] , , ..
MUGal [J. , 2014,
2) 30(8): 251-257
PME BG [12] Giacometti C, Cavani L, Baldoni G, et al. Microplate-scale
fluorometric soil enzyme assays as tools to assess soil
CBH NAG 4 quality in a long-term agricultural field experiment[J].
(NAG) Applied Soil Ecology, 2014, 75(2): 80-85
(PME BG CBH) [13] Dick R P. Methods of soil enzymology[M]. Msdison,
10~20 C Wisconsin: Soil Science Society of America, 2011
4 (0~ 20 °C) [14] . .
[J. ,2011, 31(8): 2301-2311
[15] s , , .
. , 2013, 50(6): 1241-1245
[16] Stemmer M. Multiple-substrate enzyme assays: A useful
approach for profiling enzyme activity in soils?[J]. Soil
Biology & Biochemistry, 2004, 36(3): 519-527
[17] Partham J A, Deng S P. Detection, quantification and
characterization of PB-glucosaminidase activity in soil[J].
Soil Biology & Biochemistry, 2000, 32(8/9): 1183-1190
(1] ’ ) L [18] Tabatabai M A, Bremner] M. Use of p-nitrophenyl
91 - 1997, 29(5): 225-234 phosphate for assay of soil phosphatase activity[J]. Soil
21 ’ ’ [J],’ ’ 2003, 9(1): Biology & Biochemistry, 1969, 1(4): 301-307
105-109 [19] Verchot LV, Borelli T. Application of para-nitrophenol
[3] Taylor J P, Wilson B, Mills M S, et al. Comparison of (pPNP) enzyme  assays indegraded  tropical soils[J].  Soil
microbial numbers and enzymatic activities in surface soils Biology & Biochemistry, 2005, 37(4): 625-633
and subsoils using various techniques[J]. Soil Biology & [20] Rui X, Liang D. Responses of soil B-glucosidaseactivities
Biochemistry, 2002, 34(3): 387401 to simulated increased precipitation in a semi-arid
[4] , , . temperate grasslands[J].Polish Journal of Ecology, 2013,
. : , 61(2): 401-404
2013, 28(5): 668-675 [21] Stege P W, Messina G A, Bianchi G, et al. Determination
[5] > B > of the B-glucosidase activity in different soils by pre
[J1. , 2006, capillary enzyme assay using capillary electrophoresis with
43(3): 521-523 laser-induced fluorescence detection[J]. Journal of
(6] ; , . Fluorescence, 2010, 20(2): 517-523
(1. » 2015, 47(4): 634-640 [22] Elsgaard L, Andersen G H, Eriksen J. Measurement of
(7] Tlyina AV, Tatarinova N Y, Varlamov V P. The prepar- arylsulphatase activity in agricultural soils using a
ation of low-molecular-weight chitosan .1.1sing chitinolyt.ic— simplified assay[J]. Soil Biology & Biochemistry, 2002,
complex from Streptomyces kurssanovii[J]. Process Bio- 34(1): 79-82
chemistry, 1999, 34(9): 875-878 . . . o
(8] ’ . [23] Nannipieri P, Smalla K. Nucleic acids and proteins in
1. . 2012, 20(4): 387-394 soil[M]. Berlin Heidelberg: Springer Berlin Heidelberg,
[9] Sinsabaugh R L, Reynolds H, Long T M. Rapid assay for 2006
amidohydrolase (urease) activity in environmental [24] Fierer N, Mccain C M, Meir P, et al. Microbes do not
samples[J]. Soil Biology & Biochemistry, 2001, 32(14): follow the elevational diversity patterns of plants and
2095-2097 animals[J]. Ecology, 2011, 92(4): 797-804
[10] Marx M C, Wood M, Jarvis S C. A microplate fluorimetric [25] , , ,

assay for the study of enzyme diversity in soils[J]. Soil
Biology & Biochemistry, 2001, 33(12/13): 1633—-1640

1. , 2016,
27(4): 1257-1264

http://soils.issas.ac.cn



1152 49

Enzyme Kinetics and Thermodynamics of Alpine Soil in Western
Sichuan Province

SHEN Danjie, CHEN Yuexi, SUN Hui’, YAO Jian
(Department of Environmental Science and Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Alpine soil in the Tibetan Plateau is thought to be sensitive to global climate change, and characteristics of soil
enzyme kinetic and thermodynamic are of great significance due to its crucial role in alpine soil ecological and biochemical
processes. The activities of phosphomonoesterase(PME), B-glucosidase(BG), cellobiohydrolase(CBH) and p-N-Acetyl-
glucosaminidase (NAG) in topsoil (0-10 cm) of the alpine treeline in the western Sichuan were determined by microplate
fluorimetric method. The results showed that the activities of the four studied enzymes increased with increasing of substrate
concentration(0-0.28 mmol/L), and activity of PME, BG, CBH and NAG were 109.01, 52.53, 6.51 and 6.63 pmol/(g-h),
respectively, when initial concentration of substrate was 0.28 mmol/L. The temperature sensitivity(Q;, values) of PME, BG, CBH
and NAG were reduced as temperature increased, and all the Qo maximum values of four enzymes appeared at 10-20°C. In
addition, NAG activity was increased with temperature elevation, while PME, BG and CBHactivities increased just before 25
°C.Therefore, all the four soil enzymes are more sensitive to temperature elevation under lower temperature conditions(0-20°C)
than higher temperature, and the soil ecological and biochemical processes related these enzymes maybe impacted significantly
when alpine soil warming, especially in warm season.

Key words: Alpine soil; Soil enzyme activity; Enzyme kinetics; Enzyme thermodynamics; Temperature sensitivity
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