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Researches on activity of carbonic anhydrase from soil and its bacteria in

different Karst ecosystems and its ecological significance
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of Science and Technology, Wuhan, 430074, China; 2. Karst Dynamics Laboratory, Ministry of Land and Resources, Guilin,541004, China).
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Abstract: The origin and distribution of carbonic anhydrase (CA) which could accelerate Karst processes were explored in this
paper. The soil samples used in the experiment were collected from Jinfu Mountain of Chongqing.Misuga of Liu Panshui,
Nongla of Guangxi and the Yaji Karst Experimental Site of Guilin, representing different Karst ecosystems of southwest
China. The CA activities of the soil samples were determined according to the pH decline method. The results indicated that
the CA activity could be detected not only in surface (10~ 20cm depth) soils of different karst ecosystems., but also in the
control plot on a shale and sandstone area. The facts showed that CA, which is widespread in animals, plants and prokaryotes,
is present in the environment such as soils where the living organisms exist, through the decomposing and secreting of the
living organisms. Because CA can remarkably catalyze the reversible reaction between CO, and HCOj3 , so it might have
influence on the surrounding environment. For example, CA might have effects on atmospheric CO, precipitation or carbonate
rock dissolution. However, these presumptions require further studies.

The comparative analysis showed that the CA activity varied obviously among the soils in different karst ecosystems. Of
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the four kinds of Karst area, the mean CA activity of the surface soil in Misuga of Liu Panshui, which had the lowest rate of
covered vegetation, was the lowest at 0. 02 U/g dry soil. Nongla and Jinfu Mountain, where there is abundant plant
biodiversity and healthy vegetation. had higher mean CA activity in the surface soil with 3. 83 U/g dry soil and 3.13 U/g dry
soil respectively. The Karst Experimental Site, where the vegetation is not growing as well as at the Nongla and Jinfu
Mountain sites, had lower mean CA activity in the surface soil with 2.61U/g dry soil. Moreover, there were certain
differences in CA activities in the soils between different kinds of Karst landscape in the same kind of Karst ecosystem. These
results suggest that the activity of CA from soil correlated highly with the characteristics of Karst ecosystems as represented by
their different karst geochemical background. Karst landscape as well as plant species and growth status. On the other hand,
higher CA activity could be detected in rhizosphere soils, such as the soils in plots NL4 #, NL5# of Nongla and JFES3# of
Jinfu mountain. Furthermore, the variation of CA activity in soils with season was almost in accordance with seasonal changes
in the quantities of soil microorganisms in Karst ecosystems. These facts implied that plant roots and soil microorganisms serve
as important sources of CA.

Meanwhile, the bacteria that can produce CA were screened through special plates containing calcium carbonate, and the
activity of extracellular or intracellular CA was measured. In addition, the CA activities of predominant bacteria from two
different types of Karst areas were also measured. The results indicated that most of the screened strains and the predominant
bacteria produced detectable activity of intracellular or extracellular CA. There were obvious differences in intracellular and
extracellular CA activities of soil bacteria among different karst ecosystems with different conditions of vegetation. NLCa602,
isolated and screened from NL5# soil sample of Nongla where the vegetation is abundant, had the highest intracellular CA
activity of 13.52 U/mg protein. While GLCal02, isolated and screened from a soil sample from doline No. 1 covered with
flourishing bush cluster in the Karst Experimental Site, had the highest extracellular CA activity of 1. 12 U/mg protein. These
results suggested that the activity of CA from soil bacteria in the two different karst areas also correlated highly with
characteristics of Karst ecosystems featured by their different landscape and vegetation.
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Table 1 The conditions of sample plots and some chemical properties of surface soils
(g/kg) (g/kg) C/N pH
Plot No. Plot description Plant species Organic matter Total N Ratio (H,0)
S8
JFS1 # @ @D 76.08 4.11 10. 73 6.62
JES2# @ 22 77.23 5. 04 8. 89 5-93
JFS3# o @9 132. 96 614 12. 56 673
JFS4# , ® CIO @5 74. 80 3. 80 11.42 6.26
JFS5 # Bl (26 83. 38 5. 88 8.23 6. 28
&)
LPS1# ® s @n 12.18 0.95 7.44 7.05
LPS2# s R s 11.96 1. 00 6. 94 7.21
10
NL1# an @8, 29 75.33 4.10 10. 66 6.72
NL2# az s 0 71. 31 3.75 11. 03 6. 54
NL3# as 6L, 74. 84 3. 46 12.55 7.02
NL4 # N (e G2, 88.18 4.16 12. 30 7.00
NL5 # , s B9, 81. 65 4.07 11. 63 6.50
ae
YJ1# 1 , an 6o, 39 63. 65 3.58 10. 31 6. 38
YJ2# 1 (s 6 45. 47 2.15 12. 27 6. 55
YJ3# as 61. 46 3.02 11. 80 6. 00
YJ4 25 20 @D 36. 11 2.10 9.97 6. 35

(1)Jinfu mountain; (2)Wolongtan woods; (3)Subalpine meadow; (4)Ecological stone forest, humus soil of rhizosphere of thousand-year-

old Yew on the rock; (5)Ecological stone forest, beside the bare rock; (6)Cathaya argyrophlila forest; (7)Misuga; (8)Beside the bare rock of

hilltop; (9) Mountainside of hill, soil of groove on the rock; (10)Nongla; (11) Shangnongla forest; (12) The edge of Jidanbao forest at

Landiantang; (13) Bush cluster, Jidanbao hillside; (14) Under a tree of Zenia insignis Chun, Jidanbao hillside; (15) Under a tree of Ilex

Kudingcha, Jidanbao hillside; (16) Karst Experimental Site; (17) Doline No. 1, bush cluster; (18) Slope of Doline No. 1 ; (19) Puerto; (20)

Pine woods, Spring of No. 25; (21) Evergreen broadleal; (22) Sasa nubigena; (23) thousand-year-old Yew; (24) Rhododendron simsii; (25)

Quercus engliana; (26) Cathaya argyrophllla; (27) Herbage, undershrub; (28) M. repandus; (29) Bambusa blumeana; (30) Nephrolepis

auriculata; (31) Vitex negundos; (32) Zenia insignis Chun; (33) Ilex kudingchas; (34) Pterolobium punctatum; (35) Broussonetia papyriferas

(36) Loropetalum chinensis; (37) Pine
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Table 2 Comparison of carbonic anhydrase activity among soil
bacteria from different karst areas

CA (U/mg) CA (U/mg)
Intracellular CA activity —Extracellular CA activity

Strain No.

Nongla
NLCal01 1. 60£0. 22 0.14+0.01
NLCal02 1. 6040. 20
NLCa301 6.1940.41 —
NLCa302 1.7540. 25 0.20+0. 01
NLCa601 12.49+0.53 —
NLCa602 13.52+0. 50 0.23+0.02
NL301 — —
NL503 0.72+0. 05 —
NL604 5.1240. 32 —
NL202 1.1040. 10 0.20+0. 02
NL403 1.0840. 10 0.16+0. 02
The experimental site
GLCal01 5.61+0.33 0.21+0.03
GLCal02 4.6840. 20 1.124+0.2
GLCa201 3.84+0. 32 —
GLCa202 — 0.18 £+0.01
GLCa301
GLCa302 0.9540. 04 0.08+0.01
GL104 1.3640. 20 —
GL204 0.79+0. 05 0.06+0.01
GL302 0.57+0.02
GL303 9.734+0. 26 —
GL404 2.4540. 34 —
— CA Denotes that CA activity is undetected

CA

CA
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