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T TR T T A 20 DR R R I AR, R 2B
HBELA FE AN N A CA TORE T, 543 40 11 BE 43 1
CA B 41 i A1, TR FICZE R AL A 7 A= i PN 8 41
CA MRETT . 25 R %! FEmE s 22 40 P in A 40 B il
A7 T2 I T REL Bt 0, A BR824 0 o T I 8 1 4 K
) SR B RS B R R N 40% VU L,
45 SR W T A 0 B oD e R T I v BT R 30 0 R e
HLIKE) 75 & NI IR R A IR SE T A e
L 471l 72 T Tl ) ARSI R A R SRR A
TR T HA CA TR MR E . Z2AO"™ W=
T A 7K R b X AR L 25 e A IR AR AR B
s b oy B 0 0k A5 B 7 ik R IS N Y BRAR Serratia
marcescens CR BTV 87 TQTR ) , KRR &1 1 T30 3%
A | AR 2R RS M, I T kiR AR
TR . S AR I R v R b S A R DS 4 10
1 5% XY RS 70 8 ™ CA I Bk Bacillus
sp. CFAUFFEE ), PH AR I i BETE 10~40 °C 4
Fra i 16 1, pH Ab F 7.0~8.5 B ML Ry o 43
CA WITAEYIBR T AEAE T W6 ke 38 rh, 7E 34 /K
FESVIBY RO ZAEE . BT e K
B RE AR i o — kR & 77 CA TR Pseudomonas
fluorescence(Fe GAB FMI T ); P11 221l BT
Ho T SR AK B R 43 tH Pseudomonas alcaligenes(y= 1,
BB TR ); B B4R DA PR R AR T A K RS T 2
ANl 5 RR A 2R TR R K 6 A3 Achromo-
bacter( TAOFTFH &G ) . Streptomyces hygroscopicus( W
IKEERE R ) B Bacillus(ZFIRFT R 8 ) 5580 AT 5
1y CA Tk

77 CA A W wA IR A e AR g 2
A R A0 FH AT, SR B 4F B AR 55 4 2 B AR
TR T A0 i P45 1) 38 N7 FE ) AT g AR 22, Tk R T

IRORYT DR, AR LA™ R B A B TR A B
FEBTRE SR O or B IR, AR I CA B TR BR; i
WG AR T AEY A2 EM CA
TR 23 A, P H T I St R A i £ BRAE R 5 CA
TR TR R, A B e ST R R A A B DR 1B A A
HEAIE S R R 30 1A 3 DX Ay - M Al R e 3
E Al

1 #REH*
11 % #

111 5B RAER

ST XA F ) P A 36 DX T (23941 —
25°37'N, 106°34'—109°09'E ), J& IV #vi 2 KU IX.,
AEHTR 16.9~21.5 Co 2 X 3 2 AT ML A e ki 55
TR Hor B, A A R ER RS . 2021 4F
9—10 H, RAE XA B A AL b A | &8 T R
R, B8 A R IR S A R A A B EE R X
A3 PUFAS [F] A BEAE o, F AR AR TR B 48 rh e
[l SEG = AT AL B, 505 T 4 °C A7 .

112 ¥HA

WRIRES BN I IR 4L | LB 3595 5 | 50 & e 1
Frdk | V-P B SRAE | BT AR IR ER I IR | IR
R IR | TER KRR SRk . U IR 1

1.1.3  EZRXAFE

F 24K 0.01M PBS ZZ #hifk . 10% NaOH %5
2% BACHIRT . I ILLLWRS AT . ST 2 IR | o-
ZEME . VKBS TR . B 2 Oy . 2R gl a5

®1 ERENBS

Table 1 Composition of the culture medium

FFRHAIR %y
TRPREG 7 e b 7 2 CaCO0,50 g. ZnSO, 1 umol, ¥AE15 g, ZXIM7K1 000 mL
LBYiFR 4L JREE IR0 g BERRIUIS g, NaCl 5 g, T g, 28187K1 000 mL
IR R R IR HAMRL g, NaCl0.5 g, 0.2% 1R A BEN 1.2 mL, #ZE1 g. 21#7K100 mL
V-PJ I SR MRS g w5 g KHPO, 1.5 g, ZE1%7K300 mL
THRRER IR JF R 37 3 THIRH0.2 g, FEFIMRS g. #8187K1 000 mL
TER KRG R FREFO0.5 g, B g. NaCl0.5 g, AIEHEIER0.2 g, HitlE2 g, 781%7K100 mL
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2.5% I JOK OB BT BE WHZ LN

F AL A B e 5841 43 01 O 2 T (Nanodrop
one, 52 [E Thermo) ; & it W15 73 ¥ & 4t ( G:BOX F3,
YE[E SYNGENE); HLk{L (DYY—6D #Y, b 507K —
VR A R A A ) B HL(5434R, 1 [
Eppendort) ; pH 71 ( FE28—Standard, % - METTLER
TOLEDO) ; 37 & 53 44 ¥+ 1 5% (SU8010, H 4%
HITACHI) ; MILI—Q 4} 7K 1 ( Synthesis A10, 3 [
MILLIPORE ) ; #5 T1F 5 (SW—CJ—I1FD, 75 JH 5
A BRA R ; fE IR R (SPH—103B, -1
SEE A PR FD ) FE IR S FEAR (XTS116IN, Bl S
R AR IREARARA ) o

1.2 7 &
1.2 5B BR BT B ) bk o B 4 AL R i

Oy TR M A Ak A . EEE R XUk &
B 2 - SN TR U R B B T KUk 1 g IR
A, FRIUHT 5 B U5 3R 1 g, BT 100 ml
PBS 2% i rh, 25 °C 180 rpm 72 ¥ 1t 1%, LA H 4 2
fCAE Y, B8 2 h, DLTERBARLY) . BUE MUK, i
30 um L2 () Whatman JE 4R, UA#E— 25 25 B + 42 560
WL o BRSOV AT R A R, I A S ZS 28 b, 1)
150 mm FY i BE 5 55 5L PR E 55 1~3 s, 25 °C IR 5]
BIEAE, WS A A B, R RV A 58 H R
BEFEC, SRR FEIES MR, 78 90 mm 65K
MR A5 5 7 3k Ek— R alifh . 5 k£ E LB
TRREFRIEIE 4 °C 1RAE4 .

122 BAPER

() B

B R R ZR7E LB AR -3 [, 25 °C H IR
BRI 2d MR HE LS. BREURE Y5 3 LB Wik
B R 3Ly 2 55 5% 5 W H 800 uL B ¥ 3 000 rpm 2
> 3 min, 2 B, LA 500 pL 0.01 M PBS 25 i 1%
2~3 W TEDLIEH AN 2.5% 1% % 500 uL, 5£5ME2),
4 C FE ;3 000 rpm #5000 3 min, 5] 45 [# 2 ) X
W, A 500 uL 0.01 M pH 7.0 PBS 2% h W Ut
2~3 W SEEREFEIR K, ARUCKE AL IR BT 50% . 75% .
90% B A 1 WL, B K 10 min, 3 000 rpm 240>
3 min; BHEE SR HLAE 100% JooK 2B 6 2 = 1k (4
X 10 min) DAEAIREBRF5URE i ik B8 K 435 AR VK

B33t 7K B RE SR IOTE 50% ., 75% . 90% FYAUT BRI
£ 10 min 7247 ; FRRAAE SR ILTE 100% AU T BE 2~3
U CRRIR 10 min) U BR B 5 sk B 1 K &
s fiJe PRATFAE 100% AT BEH % 2=, FIH
RS T S R ORISR TR AT A

(2) A LS

WEZIE o A a0 N 0 TR 422 8 T A ) W A T
Bra e, B e SRR A, B 1k 0 0 /N A
NS, B RIS E 37 CIRE TR 2~3d.
WLZE L (0,28 1k S/ N oA Te

V-P 5 A TN T VAP SO R A
gt 2~1d e, THFEY A 1 mL 10% /) NaOH,
RA), BRI 3~4 1 2% FALERIE W . BUN S, K
FRILR AR 2 L6, A PH M

AT I8 A PR P AN P TR 3, 75 37 C
B3R 2~7 d Ja, THEFRY AL H R L0RS W
(0.1 g WIEZYET 300 mL 95% Z B, mzEm K =
500 mL), Wi 41, FoR M.

Py A R ) FH A 6« o A T 22 o 38 T A A A
MRER SR FRAE |, 37 C MRS 2~4 d, REAI AT IE IR £
B2 T 2% TR A A T A K, 1 SR RS O £, S REF)
FFFEERRER AN AN A K, BRI,

T 2 0 S i 0 - o A TR 2 A T R R s
Her, 37 °C {537 1~2 d, B e AR Oh 2
FEIERERR 0.4 g, i1 5 mol-L™" K& % 50 mL) 0.1 mL,
o 23k F) (a-Z5 Bz 0.25g, il 5 mol- L™ vk Fils {2
50 mL) i, 4n H BRAT €8, Fom PH

TERY K AT P A PRI TP Al L, 37 °C
AEATRESR 1~2 d, A KT B, 76 T8 7% A0 T hn o 22 [
TRV, R K/ A DE 93 %) 4T 1 R 5 ) LA s B 3R,
L S A R L

22 o P 6 - R 3t TG VAT 1% 4 38 A T A v D
VR, i B0, WA T, A S R BHE

(3) Y E

FHICBA A Sk BREUR: /D /028 3 kRl alifk
f AT V%, Ve 30.0 pl TG I R 2l K (A
PCR & ) M MR, 16S 514 % F 40 38 11 51 4
27F Fl 1492R . 1E [ 5| ¥ 27F: 5'-AGAGTTTGAT
CCTGGCTCAG-3"; ) In] 514 1492R: 5'-TACGACT
TAACCCCAATCGC-3', PCR JX Wi K & N : 10 x
PCR Buffer , 2.5 pL; MgCl,, 1.5 pL; dNTP, 2.0 uL; |-
TUWE519, 4 1.0 uL; Taq Ff, 0.4 uL; BiAR 2.0 uL;
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TCHE A KANE = 25.0 uLo KV &4 M. 94 °C Tl
2% 2 min; 94 °C 28k 30 55 55 °C JJ 3053 72 C 1B
K 1.0 min, KW AEFS 30 ¥k 72 °C #Eff 5 min; 4 °C {i#
Mo RNVZE A, FH S B 5 i L VKR B0 14 4 1Y)
PCR =K/, ¥ PCR F=¥) A TaKaRa DNA %5 0]
WO g AT alifh, B gl = W B0 25 BB AR
YR BRA " HEA T I 2347 o

1.2.3 % BR BT B 04 FL B iR 32 X

BCH B R AERT T LB WA RS 25 B b 0 PR G 35
T BEFRW 7000 rmin | R VRO ERANM, 3K
o5 TR AR %) o T2 T TG REL T VAR

1.2.4 BB BT B &M w2

PRI R B TR I R G 0 A SR D R AR R, B AR
1 mL BB A 2 mL pH=8.2 (1) [ 1t 22 28 vh i,
A 2mL %1 CO, WK (10 k& 19 K B Tk s A
AT CO, /N, pH =3.9 NAE A1), 7. %1 pH 3130
i pH T FE— 7 B E] . % BRI A 1 mL K%
FORAG . 2 mL 9B 22 1P . 2 mL CO, IRk .
A SRR (KE) N T, 1R U =10 (TyT-
1) =, T AT T, 40 AR 3R A K A5 A B pH
BT BRI BT E] . CA W T FH A 22 T 58057 200 i %55 )
(U'mL™"-ODg, )R

1.3 HiEAE

PP T, WA ERLI IS, R TE
National Center for Biotechnology Information (NCBI)
KOl 5 BEAT BLAST HXF . Sofli il MEGAG 1, 2%
J5 2B HO X TP 91 W it 22 4% (38 o, P 91 254G, SRR
iz i Neighbor-Joining %17 R4 & B WA H

{8 1] Microsoft Excel F1 Origin 2018 %% F %k 42 F11

i &, FH SPSS B4 AT 1 br o £5 Ak B X5 % )
1Y 2 5 H AR B QOB 2 A% 22 1 56 (Duncan's new

multiple ran ge test) .

2 ZEREHSH

2.1 F=CA BEH¥HIIFi%k

Sy EURAE 25 °C BRFRESEMARRE 3L AR K 4 4,
I R A A TR 7%, 70 e R 45 [ 1R 355 o e Jal e 4l
b 1R, LB [ AR R 77 3R £k lifb 2 Wk, 5 Jm i 40
6 BR AN [m] (4 & A, 23 51 25 o : N20 N4, N6, N10,
N11FIN13, FERGF2 3L R M N 1% 138 5 B i
TR, BT R LK i BB R A B, I LIS J2 20 1 7 i
KA L (T 1)

22 EEFLETE

YA TE 25 C | LB AR FAEK 2 RGP
BRI 2, 2. N2, N6 & 2 (0, 2 mo6H
Hili% %5, N4, N10, N11, N13 #2166, 20m
S, Horp N4 A e R R T NTL 2 KSR
N13 FBOIR . PhECR TR 7% A BLS $EA T4 e i
AL, BRI FRR (B 3) .

23 HBEAENEE

PRRR 1) 2 A B A AL AR AR I 45 5 W26 3.
FERTHN, AR N2, N4, N6, N11, N13 feig ] F 75 4
Wik C U, TR N10 TCiE R 6 BRI V-P O34k
BHE; BERE N6 AT N13 F LT 2 07 A P, HE AR B Bk
YR B Bikk N2 N4, N10 B A il R 1518 J5 1 45
fiE; TERE N6, N13 GBS 4 W M SNV B Il ; PRI AR N4 F7
TR AR SN A B, FLAR AR B A % N2 N4, N6,
N 2 A Iz 107 A PR, A B R B o

B 1 EMERIRISE KSR ERRES
Fig. 1 Strain morphology on the CaCO; solid culture medium
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Fig. 2 Comparison of different bacteria species on the LB solid culture medium
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Table 2 Comparison of different bacteria species on the LB solid culture medium

R GRS PVETE SRR YR B,
N2 T, g A,
N4 FHGHE, s ™ R, SAGR SRE!
N6 T, ST A,

N10 TG, LT M
N11 FIEDGI, h 2T B
N13 FAEH, WK, G ARHL SR

24 DFEMFETE

Xt 6 BRIA #EAT 16S tRNA J7 51 4341 (F 4), H
BLAST F2 )54 I J7 45 2R 5 GenBank H1 (1% C %5 5 1
FE 5 HEAT AR R 2307, AT B AR AL A B e 0 3] SR T
T ¥ AT W8 (Flavobacterium), 1t /K R 4F H )&
(Delftia), SFE AN JE (Stenotrophomonas). 2P
W @ (Pseudomonas). 1 ¥ J& (Agrobacterium). %
AT B (Bacillus), [RIIEYESE ] 979% LA b B H]
Neighbor-Joining {2 X} i £L 5 k7 51 i 4T RGE K B 77
Br, 9120 %58 N2 2K it 245 8 AT & ( Flavobacterium
resistens) . N4 K & W X /K R %¢ & ( Delfiia acido-
vorans) . N6 [ tk N W R & 3% ¥ il 18 ( Stenotrop-
homonas rhizophila) . N10 B £ b & 0 B 8 M B
(Pseudomonas oleovorans) . N11 Tk A 1 7 AT TR

(Agrobacterium cavarae) . N13 W Pk 4 1 0 FF 1§
(Bacillus albus) . AWFFET L H 0 TR A 407, 7T
AE T A0 B L LB R0 TR A R ) i pHL 401
O 8.2, 6.2 1 7.2, W& SRR BT B A i i, B A A
THEMAN CA WG PER RIS, HUOR R, HAW
CA TV V(8 It i T ™

25 AEEMAREHNCAFEHEESR

PEHUT 6 Bk B AR AL, IR0 5 T LA IR T
BTG, 25 RN IE S Fron . HIEL S ATl TR kY
RO ) 2] Bl IR I TG P, MR 22 53 . BIRR N6
{14 i T T T 3% 2 $5 1=, 4 4.27 U-mL " -ODygqq ', 1] B
Bk N13 B R I it 136 P XA 0.46 UrmL - ODyy ', 3X
& BH R SRR TR ST 8 7 DA% A 0 b i A A, (O[]
P IE YRR AR KR E S . TR, 9125 1 2 ik
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B3 AEEFHeIEEFERME

Fig.3 Sem micrograph of different bacteria species

R 3 BEHRHIEEENEHE

Table 3 Physiological and biochemical characteristics of strains

FEah N2 N4 N6 N10 N1l NI13
WEZR I + + + + +
V-P + + + + + +
CIE =4 - - + - - +
THIRER L i + + - + - -
VERI K fift - - + - - +
FrEE R A - - - _ _
ety + + - + -

TR T I 055 P e v 4 T Bk N6 S R ATTAY H B Rk .
H Y B N6 55 o Ath & L AH R v B2 AT 4, 4350k
N6+N2, N6+N4, N6+N6, N6+N10, N6+N11, N6+N13
Fl AII(N2+N4+N6+N10+N11+N13), #F T LB {4k
B4 95 3 PR R B FR 1, 43 ) 412 U5 401 4 T R 11 ke
PR T, 0 G P . L Al R PR N6 AR R T TG
PEfe R, 5540 5 BRIR A TG VRS AR, 40 i T AR
viig A 355 R ) () S8 VR TR TR EIFE

3 i it
W ST A AL R T R R R R, S

PACPE R 22, IR AR DR S AR PR AR, A ARIKAE
AR . AP A E R, AR A

HEvE nTREANFRE RS RS AR I . h T4
A B LEAFIREE, AR 1 AR WU T 1) 5 A 23 AR S
TRLE MR AF 6 BRI e LI AR A9 T v 45 4
REMRAB SR . ARS8 LA™ SR AR A W S £ o A
SR d R o B R, DN 0 T e S R i 1
FRAESEH) CA TEVER MR . HAT, X By ik ) A 9
BEAT 73 S M RE I H I A AR AL G o e 2
R B s A s/ I T U DR R E DR s
SE DT LA A A G AR B AL 5, T
KA E RN AEREE ., B RS SR
kA0 A B AR, 0 R Sl A ) S SR o R
JERAE R 2R R A TR R L NRIRZER .
TLE AP S I B R AL R Y Bl NCBI B dla Joe v it
TS . T T AR 2 S T I HE B R
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100 Flavobacterium petrole{MH019221.1:12-1421)

99 Flavobacterium psychrolimnae(NR042207.1:12-1420)

— — Flavobacterium caseinilyticum(MK272782.1:18-1426)

93

Flavobacterium piscisMN994423.1:32-1440)

— Flavobacterium arsenitoxidans(JX001187.3:17-1425)

Flavobacterium oncorhynchi(MT856229.1:1-1405)

Flavobacterium resistensMT106874.1:4-1408 )

56

N2

86 [ Stenotrophomonas maltophilia(OM681326.1)
62 Stenotrophomonas pavanii(FJ748683.2)
99 Stenotrophomonas_cyclobalanopsidis(MN036524.2)

Stenotrophomonas helatiphaga(EU573216.1)
Stenotrophomonas tumulicola(LC066089.1)

Né
llo_S tenotrophomonas rhizophila(MT078676.1)

696

— Stenotrophomonas panacihumiGQ856217.1)
Delftia rhizosphaerae(NR157013.1)

100 Delftia litopenaei(GU721027.1)
100 95um
99l Delftia acidovorans(MG576174.1:1-1432)

81—NI10

78E Pseudomonas oleovorans(MT102301.1:1-1427)

Pseudomonas guguanensis(ON509668.1)
Pseudomonas putida(ON514307.1)
S~ Pseudomonas fluorescens(ON514338.1)
Pseudomonas brassicae(ON514244.1)
42| rPseudomonas tolaasii(ON514336.1)

91L Pseudomonas chlororaphis(ON497153.1)
100 N11
421 Agrobacterium cavarag( MK 940276.1:34-1398)
23| L[ Agrobacterium leguminum(MT075578.1)
P — Agrobacterium tumefaciens(NR041396.1)
100 — Agrobacterium fabrum(NR074266.1)

100 _I: Agrobacterium rubi(NR115518.1)

35 Agrobacterium fabacearum(MN741112.1)
Agrobacterium vitif NR115517.1)
[ 100 |N13

Bacillus_albus(ON231678.1:9-1455)
— Bacillus coahuilensis(EF014452.1)
100 991 Bacillus altitudinisNR042337.1)

Bacillus australimaris(JX680098.1)
100 Bacillus paralicheniformis(KY694465.1)
96 |_[~ Bacillus velezensis (KY694464.1)
98" Bacillus halotolerans(NR115929.1)

—
0.020

B4 16SIRNA EEFFIRG 4 B
Fig. 4 Phylogenetic tree derived from 16S rRNA gene sequence
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[\S)
(<]
ol
— T
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Fig. 5 CA activity of different bacteria species and microbial communities

ERAETT R, 25 L B i AR, RLIGZ O 2 U
YOE A A i E T — o S
WA ZNEE | B AL 53 A R0 53 A2 )2 o Al =
07 VA G5 6 R M5 0 3 I v ST R i A BT AR BRI CA T
PETRIPR, G585

FEART R 0 35 43 25 Hh i — Ak B CA TE MR g
MREEFRMTE . BB K I, g AR 5535 o i B
A KL TR AR B R N- 2, R R L R
PV SR M R IR TR . R a1, i
PR RE S 43 AR A8 385 L4 391 110 Y 0 AR v 7 2
H T HARS T m R, RO 7E K F R
WA T 40 ) 2B R 3, XA Y AR K B R A
YERT . TR, BIF9E A BR, WE A 5 73 PR J T RE 8 43 Wi s
W 2R, IR A K AR B AR, it £,
I, & CA JE R N6(Stenotrophomonas rhizophila)
LA CO, KGR, AT LUIE #E ik iR £k 7 i %
fiffe, T - HEAGTE B, A T A RE O R, £
S TR A I R R A A, s g B R b XA
FREE B B R A

IR A RIS | F2or Bz, (B Rk
AW REVRAT R B E & . Horath 252 AR /R B3t 1
saT B EEAE ] T BRFT T TAE 6 4
I 1o FEVE X 5 P v 3074 b DX 40 1 2 AR MR A T 9 35
B, I = i K o 2 2 28 HE 18 T7] (Proteo-
bacteria) . # 4fl & I'] ( Cyanobacteria) . il £k W []
(Actinobacteria) ¢ 10 ™40 7], H 28 1 H 1]
(Proteobacteria) Flli#% i | ] (Cyanobacteria) J& Wi F A A1
ML ] . Tang %7 Mz 20 R KA 4 B
#| 4% JZ I ] (Proteobacteria) . Jil 2k & '] ( Actino-
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Screening and isolation of carbonic anhydrase-producing
microorganisms from rocky karst habitats

CHANG Kaiyun"?, WANG Zhongcheng', WEI Xiaomeng’, LIU Qiumei’,
ZHAO Jin"?, ZHAO Jie’, HE Xunyang’
(1. College of Forestry, Central South University of Forestry & Technology, Changsha, Hunan 410004, China; 2. Key Laboratory of Agro-ecological
Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha, Hunan 410125, China; 3. College of
Natural Resources and Environment, Northwest A&F University, Xianyang, Shaanxi 712100, China )

Abstract In China, the total area of rocky desertification covers 1.01x10" hm’, accounting for 22.3% of the karst
area. Nowadays, rocky desertification has become one of the three major land degradation problems in our country,
which has seriously affected our economic development and environmental governance. Naturally, rock weathering in
the karst area is so long that it takes from a few decades to a hundred years to form a centimeter think of red soil.
Because the karst area is rich in calcium and barren in soil, ecological restoration of this area is urgent in both rocky
desertification control and karst carbon sink. Carbonic Anhydrase (CA), one of the fastest catalyzing enzymes, can
promote the weathering of carbonate rocks by accelerating the hydration reaction of CO,, thus providing soil matrices
for plant colonization. At the same time, CA can also be used to absorb CO, in the atmosphere to fix the carbon source,
thereby participating in the carbon cycle process of karst dynamic system. The CA-producing microorganisms are
considered to have good application prospects in the restoration of degraded karst habitats. However, for the target
strains isolated from favorable habitat, their weak adaptability to the extreme environment may constrain them from
exerting their expected effects.

In order to select the strain with high CA activity in the extremely degraded karst habitat, CA-producing strains
were isolated from the samples of severely degraded rocky karst habitats in this study. The study area is located in
Hechi City, Guangxi Zhuang (23°41'-25°37"' N, 106°34'-109°09" E). It has a subtropical monsoon climate, with an
average annual temperature of 16.9-21.5 °C. The area is typically developed with karst, scattered with thin soil and
highly exposed with rocks. From September to October 2021, four different habitat samples were collected, including
lichen in the area with extreme rocky desertification weathered materials under moss, soil under moss, and weathered
materials under moss in karst native forest. The source of isolation was a mixture of the four different habitat samples,
1g of each. CA-producing strains were isolated and screened from karst rocky habitats by inoculating suspension of
isolation source in calcium carbonate medium with a sprayer. The field emission scanning electron microscope was
used for morphological identification of the strain. The physiological and biochemical characteristics of the strain were
confirmed by carbohydrate decomposition test, V-P test, methyl red test, citrate utilization test, nitrate reduction test,

starch hydrolysis test and contact enzyme test. Strains were identified by 16S rRNA sequence analysis. The CA
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activity of single strain and mixed strain was determined by electrode method. The sequence alignment was performed
in the National Center for Biotechnology Information Database. In MEGAG6, Neighbor-Joining method is used to
construct the phylogenetic tree. SPSS software was used to analyze whether there were significant differences in CA
activity among different strains/microflora.

The results show that six CA-producing strains were isolated by calcium carbonate medium, namely,
Flavobacterium resistens, Delftia acidovorans, Stenotrophomonas rhizophila, Pseudomonas oleovorans, Agrobac-
terium cavarae and Bacillus albus. The CA activity of Stenotrophomonas rhizophila was the highest, up to 4.27
U-mL"-ODy,, ', while that of Bacillus albus was only 0.46 U-mL'-OD,, ', which indicated that although CA
commonly existed in prokaryotes, the activity of different species of bacteria varied greatly. Mixed culturing of
Stenotrophomonas rhizophila whose CA activity is high with other strains led to a decrease in CA activity, indicating
the great potential application of Stenotrophomonas rhizophila in the extremely oligotrophic environment.

The results provide a new bacterial source for ecological restoration of extremely degraded karst habitats.
However, all the CA activity decreased when the isolated Stenotrophomonas rhizophila strain N6 with high CA
activity is mixed with other 5 strains. Because of the complex living environment, the competition of indigenous
microbial community will reduce the survival efficiency of the added microorganisms, make it difficult to form a stable
community structure, and then reduce the repair effect. In restoration of degraded karst habitat, whether there is a kind
of dominant bacteria that is symbiotic with Stenotrophomonas rhizophila N6 to jointly promote carbonate dissolution
is a research focus. Therefore, future studies should identify the core species that drive the restoration of degraded
habitats, and explore the relationship between the isolated and culturable CA dominant bacteria and the core species.
These study focuses will promote the research and development of biological fertilizer for the rapid restoration of
degraded karst habitats.

Key words karst, carbonic anhydrase, carbon cycle, extremely degraded habitat, rocky habitat, ecological restoration
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