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S R A ) (A K ise ) iz 2 S kIR A
T KA AT L 7, A s i g B v dE 2R H

Tk iR 1T /i ( Carbonic anhydrase, CA ) J& — Ff & £
Ay 4 JE T, BE B Uk CO, KA [ v (CO,+H,0>
HCO, +H )™, #F5E KB, CA K™ CA MEY T 2
SRR T X - HERK R FR P T B CA FE AT
I v B B A R R e Y A IR — 2t
G BB AEE  BE L AN AR R ES T SO,”, HLPO,
NO, %5 fe e k2 Py M Ah CA i 16 P Y Rk ™,
CA Jej™ CA WAL A Wy e i 35 4 3 ik 2 86 5 i 7
PRUSTIO I H AR — 5 A 1F R AR B R IR R R
AR, BT, CA TERANE S EFH A (CCS)
H R EL SR I T B 2 — Y, TR R 22 A
583 1 1R ST Anful R CA 57 CA T W ke 1
N s DX P e i et AT S8 I 5 T ik T

S TR A ) B LR T A 5 T B G P b
P H A X — WS 2 AT 42 37, (2R A
T 3B T 2A v XA i A 2 26 2 XA AT AR i) 3k
AR R R B PR k2 1R 5 ikl 3 R AR R i
A AR T 285 558 13 T P52 T, T 6T sl 28 A 0 % 25
T A B 19 52 B o ik A LA FH AL o AT 5 3% HL I off
AN o AR S 32 BT i A ) R HL Al TR I Tt 76 ffk PR
LA KA TR 7 b A FH B AL T A R
PR AT 1B, [R] 04 7R O A ) S CA Wi
A3 R Gein AE PR E R B9 58 B s Bk, B AR
RIS R A 0 B i T P T o) 2 Vs sk V1 1) o1
R, B A S R GBI RE T, B 7 52 e rh A
PES%

1 HEEYERER RS X ERGC PR ER R
HALH

IR ER A5 CO, FIAKHZ fih J2 A6 i inh RV 1% 6
Wk, %t R ] s oA

CaCO; + CO, + H,0 > Ca® +2HCO; (f1 K A) (1)

CaMg(CO3), +2CO, +2H,0 & Ca* +

Mg** +4HCO; (1 = 4) 2

(D) 5=(2) A5, 1 mol A4 /K & 8% 0.5 mol

Hz g ih, s WA R 1 mol CO, K41k h

HCO, , I AR . AEGEW S IN Ry, fERR R X

TLRESE BT KR CO, Rl B AR A2 6 A7, Fh Bk R

A RWAHIRD CO, 2l TR EH BRI RS,

H AL RO r e e M2 B I RE™ . T4k, B
A WAL BRIL BT ST RIZEETR A, A 22848 1, TR
HhoE WAL R B R CO, L AR AR Y F T AE
BERAARAS T ) A S0 g K AR e A
Py el LUR: DIC W54 4k IR A BLak, JE il
HFEE RIBRI . AEMIERE L, R Tk —a — R —
AR AR BRI £ A KA BRI AR L, R CO, 18
R T B & 2 it AR, SR AR R B IR K A
B AW EFI, Kk “THLBR— A HLBR— 15 A L
BR” AT A A ik B, HE TR R A BRI
AL, AR A A B R R e A BRI 1o 72 TP Y
PRI 2B

FUR, A RO AE ) S CA SR IR R A WAt
ICAE BRI 9E 2R 28 T R SC 5, i 5L 3 2
MR TR AW S CA RBRIRER A XA B e 14
e AR AN T I A

1.1 SiEiERUsCEXNMEEY R EER

R A R E R = MRS, HO A5
T, K AR RNEENMA YR, W0 Tang %
M 2 55 B A oy B el Ak 15 2450 s T A8 B 7E
'] (Proteobacteria) . {2k %[ ] (Actinobacteria) . J&RE
i ] (Firmicutes ) FI 4T 14 '] ( Bacteroidetes ) Y 65 £k
M LA SR T T2 7] (Ascomycota) B 17 £k E 14,
XL LA V) RE S TE Rk PR A X R R R AR S TP AR A
O KLU, MUEY R 22 5kiR:
AR R R, 0T e A R A R S I &
B, DA 5 M 4 BH B Btk 2 kA A A v 0 % 3 25 45 3
PR A T . L R AR T X i R 2 R XU 2L A
VEFH ;A IR 20 38 af A S 2 B, DA S X 1 3
Hh 5 Y T RR CA ) 25 A T 1 ( Bacillus sp.)
GLRT102Ca il JFSRT303 AEMS e oF 311 KA R 5¢
th Ca® A M RS W 250 Sk MAFE B LR S mk
iR 6 4 Ll B8 B A — Bk T L2 W 2 TR Y TR
Bacillus megatherium NL-7 17k 2 £ 75 0% 8 5L 56,
SEIRFW, NL-7 2B ER TR A 19 XAk Wu 2™ A
H 2 Jil [l A 338 b 0 3t — R O = 4 2 FLAT R
(Bacillus thuringiensis) NL-11, % ¥t H: B8 9% . 2 14 in
Ca” il Mg™ (BT, M A2 308 B8k R 6 7 V45 % ; Pastore
005 I LU B T H (Pseudomonadales ) 1z AT B
H (Enterobacteriales) N B E M FE S A &
ARG SR A A B AR FE A IEAHOC . KUk
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BRI T B R E A B 20 CO, LUTCHLIR (7 fig 1
CO, B HCO; ) JE Uit A 5T T /K v, I3 1 1l
O [ 7 08 A 0 9V R % Ak A BB 2 4 o
U A 50 K PRk T LA 3 R CaCO, ¥ 1 i I
B DIC 3% A a] 4% 5 2k FH CaCO, Bk I, HL7EFS
B3R CO, IREE T, Sl Xt CaCO, B 5 i) 1 H 45
B KT IF RO SE o AS A A e T A P
PERG RS0, R IR R AT i A T LR A A X AR
A HLOR B4k 42075t Ca', Hirp 2 28.7% Ay
HCO, >k 7 5 75 b T i b 2 CA 1 b T T s R &2
FH AR HCO, )P,

THAEY) CA TERR IR 8 A KA B Hp R B 24
o A URBUZH i@ 3 #5  SE S9 kB T GLRT102Ca 7™
AR A CA RERS B E MUt A A Ca® (R, 3K
BT BT A E TR, X M X 300 B 1
W& (Penicillium sp.) #E47 T WY, 5K 3R, @] 2L
I3 CA L R 53- WA ) R TR 22 A4 A A A it
AR A Y I R 3K B A ( Chlamynonas
reinhardtii) it TR S I6 K& B, € B AC B SH: CA
RENEH I M 0K o0 A1 IR e 1 3 P A T R AT 8, (et
ARE BT S L, AR Y S R S IR
FLESHIEGE T AN R RS 30 9 S H: CA X CO,-H,O-f5k
MR 5k 2 0 h TR AR 25 1 i i e R SR, &8 3 A
CA BTG A WX A K 5 T 2 A B S A 7%
TR, b B A ROR B o BE, HUEY)
CA XA e BAT B Sk ) il A v i s 2 s R 44k iy
YHBE CA, M0 i shiss U SC 58 UE I T 41 B CA ] LUIfE
PERR R £ 5 % bl , B8 CO,-HLO-Bk iR £ 2 45 v LU
DIC JE A 3R (1) CO,, AT 45 R R, 4 E CA X A
WA RGAH AR CO, B TTHRFE 2 /DK 18.9%, X H =4+
RGEDR 2219 18 Y EE IR K B b — 4
FERE TN CA A= i B A sl 57 ARS8, &
PR TR FH 8 P d i B0 11 B3R CA 4 B 3
JE 7 Fede R, TERH P CA 2B 3 3 X v A e L
A 2 AR E RN 2R A B AR A AR LK A =
PN AR AR DL S B 5 SR, 6 P R A DX T U
Yy KL CA WA B AF 1S I 3 m it A7 i 64T T
5, G5 SREF B, HLRM Bk it 5 2015 4F [k
LT A B HE R (B R VR T b B e T H AR %) A Y,
F X SR K H CA B R Z A B g
WA H—Jr i, TSR KB, REEE I CA
AE A ALK F RS CO, BIK A R, RS

H CO,, MM CO, ¥ BE (1 T, A A i 7K Y
pH {EFRAE, JE 1A kR EL 75, W 1b 5 4 P8, fik il
it CA (IS 5 R R HA: PR 2L, 1 AR 1 i R
LR U AR E 0 R 0 A W) b BRI AR 8, X T4
BRERAGES BA BB S, IEAb, Xie 2507 & BRI 1)
HLAh CA BEAR Uk A I A s Li 2507 Sl o
VS T HERUEY) . CA R BV s 5 22 [ 19 56 R 4
Wr A S5 B A 0 4 A CA X E HCO, Y 72 A B
A T B, SR IR BB R A A s R R R
T o B 2 AT T A S CA R SRR A
KA Y i B uE B T AR CA W L E#ES 58T
Wy A0 IR 27K SRS 7E = A K LA IX
AR R e i 8 T —PRBEAZ R CA VD E TG
J& (SerratiaBizio) M , i 1 Z5 AR AL S UEBH , 1% 04
PRAEAE b 25 52 = kR 20 25 1 v sk 3

TR AR W %o B R kAR R 3R 2 Bl 2
2R . Xie 25 i B SL 56 & BH, pH {H M
7T IR 9 B, S A T 00 A R R A
AR 3 A B A A A S A 5 - A ) K
CA XAV AR FH AR BE i 5% ) S H =252 m [ 2%, 3
TV DX [R) b 35 A 22 )22 M 1) 5 T AR FH i 3 3R
A >YE > b, AV VR R 5 A pH K Ag
PEAS 5L 2 O OG, 5 A LK (TOC) & 7 2 I 3
IEASE,

S, RV E MR R R Eh A WA R ¥R A L
YRR, TR A W RE S I DL B £ 25 1 IXUAk, 52 25
YEFI R, (B, T B A& ma i L W )
A R AR, A W AE B R k25 AL P i 4 A2 AR 5+
Ftk, FF Bt — 20 SR TR MRS T R AR R R R
b & A F B D 2 RE, 42 8 % B R k5 AUk
LA B A FH 0 R A B

1.2 B YIRS S KT ey ER LS

TR A W R TR R 6 2 AUk Hh 2 4 A A LA
BRIAELL T =AN )51

(DAY e # R iR R o CE WA o
WA MLRR B AT MLIBCAAR (Fk) fR AR R £6 7 1) LA,
Pastore ™" & B, 75 [ 2 7+ F 101 1 58 P A7 76 BB 75
PR A L 2o 7 A AR R R S B A BLIR IR =5 1 =
FCETE R, TR R, sERR RN . &
0,73 26 BR RN K T R B8 200 14 L A0 A BIL IR ) RE 2
D5 AT BV T AN Ca™ MBS, HLAS TR A HILIR X fit
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AR RO AR [R5 1 TS R Y, G I 4 I R H,CO; < H" + HCO; 6)
PEACTR =9 mT DA U BR R 5 A A i ik HCO; & H" +CO;> (6)

(2) B A= Wy W AL B o A ) A CO,> +Ca* & CaCo; | (7)

A AL A FH T e A i i SR, /N
W) AT B, ol HL A B AR sk A R 1w
i, Li S50 7 it F 2 0 0 e R 6 25 Tl S 56 v
RRARKAREWERWLEQES, HAEK
(Trichothecium spp.) F) T8 22 1K BE 4= 1 21 1 JK 7 A IR
Ak, AR A R R T A AR, R WA 22 AR i L A
R AKAERAIEERNEZ — E=E%
e, FERIREL A A K B & & A 2 R oK+
PR AR, [ L BN 1 A A 7 A K () B R 46
JNURE, RO T A PR ER o 1) WAL AR IR .

(3) B A= Yy W i AR . A 2 0 b
fifg (4 CA) R B R 2 i AR ™. B A B 5T IE
B, AR AR R CA A B TR ER A 85 25 1 1
DTG 25 5 1 AP0 Xiao 451 38 1 1fF 55 Kl
M ZEfAT B (Bacillus mucilaginosus) W CA FE[H it 32
ISP LL SIS AT CA LD (A FE N TR B AE T
fif ARSI TR IR IR, R I CA X XAk
HARIEH, e CA {EFiRIR 7 17
HET BB . BEAR, A B RE Y SO CA R
T k2 KA AE R B4 A s S8 I i LA i 1 7 4F
5%, WA CA fiEfL CO, BYZKA SNE, i ik PR3k A Y
KAk B 1, M EE4E DIC, f4= 91 vl RE 2 A1 H DIC
A A MBS, DA B8 i s - SRR

R = EFALRE A TECR A, e R
BB AE PR i 2 8 25 B o B oer B8 B /N f A, fofi G
43 W A AL TR B3 A1 1) 3% PR VR R TR R, TR A
Yyid i X = FERPLE AL A, )2 S 5k
A M RAL L TR, f2 HE B IR 5R A 1 Tk, WS
CO,, BRI .

2 WEEYERRE S TREKCPNERR
HALH

Bl TR A DR TE 42 BR M B 41 B v 2 A DR 1 119
YRR, Hoh d5 212 CaCO, YIFL . 3 K )
CaCO, fhiAA =Fh, BT A7, Bkcf1 FSC A, CaCO,
DU EZ AR LT R

COxy) <> COnyy ®)
COye + H,O < H,CO;4 4

A RN (4) 1R R e 18, R A BRI AP BR

W R A6 2 O T B TE LA HLAR 25 & b i,
WL AR S T EEEA . B DR
iR 6 — bk ) B4, TR [ A7 KR CO, FZE i IR
RN A R AR

H A, A ORI ) B H CA KRR Eh A IR
TR AT 5 4l 3 2R 56 12 WAL S 305
HFZHR T AV Y) &I CAFR R CO,, i
T CaCO; I AL, fE HERR IR R A P TTRR, B & s fi
T AT

21 WEEYERRESNRECHIIER

HLAE 1973 4F, Boquet 25 witil i 5256 1 vk & I
TR GRS 5T CaCO; MITE AL, H45 H 7EIE B
FMF, RZHG0A DAY R 2L 0
MIRETT o F I, TR Py TR Rtk R &k 14 8 1 AS Wt B ik
S5, Banks %5 VI b 43 B9 51 RP AT RE SR AN
% 75 IE # ] (Proteobacteria) . JEBE [ ] (Firmicutes)
HIHLZR 18 ] (Actinobacteria) , I3 M 1 3% 26 4 [ 1L
JE CaCO; M fE T, G5 R R W, X LL 40 A K 2 BRI TE
CaCoO, 5™ ¥ 1 1 )7 f#% A3 F13k % 4 ; Couradeau 257
KL, D\ 55 P R — Ak I b A B0 — PR Al e
(Candidatus Gloeomargarita lithophora gen. et sp. nov.)
AT FE R M 25 440 T T 40 i P A2 S 8 T CaCOy; Han
ST B, N 2 A0S ) SRR ZF MR B ( Bacillus
cereus) 7] LA KA H Y CO, ¥5F CaCO, 177 45
Liu 5™ B R U h o B 7S vRai e, 2 3ls
A E & (Arthrobacter sp.) . 213K # J& (Rhodococcus
sp.) . Planococcus sp. ., #% %% A J& (Streptomyces sp.) fll
AT 8 J8 (Microbacterium sp.) , ZIVEAIREAE T I7
fiff A FN3K B A TR i, I 3 e ik [R) A7 38 7 B 4
AR BT AR 9 v i) i SR R T R CO,, RIIRA
CO, AJ LAid it G A My TR B R Eh B e 3K o

FALIFR A KA, AR R ER TR —Fh, 5
DX AR S AL 0 2 . Liu 5517 R H
H: DN HEVE (Oocystis solitaria Wittr) HE4 T BRI LG 36
B, A XK A= B B R HCO, #4706 & 1 FH T
i CO,, [ B, Ca™ 5 CO,™ 4% & 7E 1o #: 35 T B A
CaCOy, TER AT G T 585 L TURUE K £ )
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BEVE, O A A TR G A0 A 55 )
TG S (o 38 RV 8 6 ) A S L T R M A (19 A
S5 A, XY 2 25 T AR

TR = A2 1 CA WREME(EE CaCO, IITTE,
AR P T R B AEAE AN TR AR R DL CA TG
P B0 AR R R AN B CA X 7 A TR AL
FINHANE CA TEMEATIZ 5 T A e,
E—2 DB 5 7R P AR B4k ) CA, BFFTELAR T
N CA 54 CAL FIMEEN . AARFEYHE
X} CaCO; ULRUHE R (K54, 245 LW, 4 CA 54
CA #RAEFEHE CaCO, UL B A 3 1 2=
B IR S0 kW, AT H E (Arthrobacter) MF-2 T AR
A= By HLAh CA BT LU R S CO, WK & R,
EARHE CaCO; YLUE, B K B TR 3R 4 1) LA T A N
x, F OB BREAT; Cizer UG E W, CA BER
B CaCO; M fL R, A R TIE ik e i 7 i A
Al A, I B E R T A AR RE A LaE " AR R
F IR 4355 B — KK CA BY4H & (Lysinibacillus sp. ),
IF3E i 0 CA JI ) A RS SE B0 IE B CA fiE
B AR R TR AR A WAL S T A BREEA R R
PR G YRGB . LAk, A — LSe35 35 X6 R 2 [
TREHARTAFH CA P47 THFFE, W Kanth 277 AL
[ ¥ (Dunaliella) TP () aCA FE K 73 B H K 1E K I FT
P UEA T A, 4 R R IR IR R Y CA FE % Ca™' (1)
Ve TR BRI ORI T CO, il #5 7 i A 5 Xiao 261 58 it
F = CA ) TR BRI 5 IR 81 CA XA R AR
TE R RE ), 45 328 CA 1T LU s i 3k CO, B 1k
CaCoO, g ff . X LEHFIEA B T 97 & Ml #F CA
1) CO, Ffb itk R 5¢ .

A s R IR R A R — 2R S
5 22 B, 500 PR 2 K LA WA i I (g
ZIKFEE A ) . BS54 (pH., R B iR SF)
2 )7 2 A 5. Dhami 267 F M AT KM £ 35 ep
B S FORRDE &M 2EMAT 15 S CaCO, HTE
B, a5 R B, AN RS 2 0 2R J0 6T 1 75 5 B
CaCo, it BN [R], H 2 hy J7 fift 41 R ER i A1, R B
CaCoO; WIS SMUEMFIA K. BT AR
A% CaCO; BUTAA S A1, AN [R] ) BR 5% P K
Xof B R 6 (A T = A 2 . Liu 257 A998 0,
Ca’ W™ L R Bl Ca™ Vi JBE A 38 N T AR, (0™ 1k i B
#H Ca¥ VR FE RIS NS N, LG CaCl, B i34
I, R ZE AT B (B. subtilis) 175 51 CaCO, % ¥ M\

JCE R CaCO, #5728 kil f1 . S5 £
B, A5 JC IR 25 T BT A di AR TR S R,
FE CaCO; &5 A 28 H N A TG U5 35 10 T 1R 25 A B A
FUK . B/ KRG Y CaCo, fik, I AH A5
PR 55 35 00 B R 2 0 1 26 RS . B0 KL IRBUI
f] CaCO, k. Muynck %™ fRF5E KB, 7£ 10 °C.
20 °C, 28 °C 137 °C VUL 5 B, BRE 2 /AT
W (B. sphaericus ) FREE PR A K I B 2419 IR R £ 1
PURE, 1 B R ZEAUAT R (S, pasteurii) 75 10 °C 120 C
iF L BE A D R R A, RIS, I A 25 5 i TR
i A IR 2 o A A AR AR IR o 4l TR
CaCO, AHRHFFT H & B, T4 90155 3T i CaCO; iy
RIIE A 585373 pH A 5%, [F & B, 7E i P
MR CaCO, FRIAFFERRRIA . AHLIZST7 1K
FERRAFIEACZEAE T 2 WA S IRIE RS

H—J5 i, 2EE AW CAYERTR CaCO; UL
(5 R HEAT T T . AL SE T pH 4
M 6.0, 6.5, 7.0 F1 8.0 Hf CA XF CaCO; UTELHfiE i
RO, 25 SRR, 25K pH JE BN, 8 1 pH (EA
FITF CA fitfk CaCO, YL [AIEF, BF9E & B, 24 Ca™
W FE R I, CaCO, YITE B R B Z 34, {H Y4 Ca ¥k
FE o b, W23l CA itk CaCO, ULTE, HAEA R
CA TFHEMIE BT, Ca® Wk B A (IR A F) T Bk A1 Y
T B, Ca e 4 g 6 A ) fige A 9 T8 s i L
RN, FE 5~55 C MR EEYE N, 30 °C BT 41T CA
HEALTTRR CaCO, YRR, 17 5 °C B A DTA B 32
2. [, IR 2 B 40 CA 1k B B 1)
CaCO; fb AR K/ NFIFE S 1k — 2058 AN ] CA He
JEXT CaCO, fARTEZS BUFE I, 25 R B, CA W 4K
R B RBR AT, T CA Ve J3 45 v i LUIE 7
AR A S & B, R 25 °C i,
CA WM&, AR F CaCO; IUTLTE -

B2, DR TR A= $52 0 1 HH (R 38 A ) S HL CA #R
AEJ2 I B R k2 B U, R[] B 3R 58 45 1 2 52 i
RUAE W TR R 3k 7 1) A IR T 25 gk 4, W 2t
— 5 S SRR B B R A SR A W B TR R
Hrgm 2, IR AT I8 7R Gl 8 A ) A i TR A6
TR B AL 25 5 S m, fE R RO A i
B R 6 5 DU g AR5

2.2 WEAEYTERERE S TAREGL P AERLE
NP R AP 5 CaCO; DRI ML 2
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17 THEE, YO ERIS L REREHE = W i RS 55, ik
PR R LT H A A% A A5 A B2 O 8 i 1 o B R R 1T
FERITE S, FRT, A RO A A AR IR Eh 2
WU A PR AL ERAE T 1k IR, (H 2 AN
A BEAEAELL T LML

(L) B A= T S 0 T oI5 AR 0 0B 1) 9 2
HiBiE o R BE™ I hy, 20 TR 40 R 3 T Al A K R
HL AT, A 5 Vs T T 4 Ca® "5 B B W oFE 7 440 1 4
Mo, A A= 4 DT T R . IR,
Ca” %5 PHES T 5 JRB R s v i COy™ & A I v A DL
U€; Ginsburg #2 H B )2 A 7] LLTE W 40 18 25 4 W i
PR B R B 8, HORL B RS A= 90 5 ) 41 ok T AR
FRPRERRE . 30 308 A BB R ™7

(2) B8 Wy gt A7 A QA Bl i 28 J) B 855 pH (LA
CO;™ Ve FE 5 SRR B £ A U, Xk s/ Qi 3h F 24
AR AR Ve . filn, s
2558 31 % A A F Wl HCO, 1y [A) i B i i CO,™
(2HCO, »CO,+ CO,"+H,0) , HE M H i 5
Ca” 454 il CaCO, LTE™,

G HAED A Y25 CaCO, UiLTE . Liu
SV 9T S, AN BRI R ) B P S AT R 1) T
I A TR B, T 22 T BB A 1) T R Bk R
(AT I, 33X 2 BH 20 TR AR5 3 W6 ) 25 520 CaC O, fb ik
AL, MO EEA I (EPS) 2 AR 43 Wb 4y o ity i B2
WSy Z— . BPS HA KAy ful 1 e, REIE A
BB Ca®', Mg S5 1, SRR IR R B4 B e ™
EPS #24H fh A% 7 S AR b BR R SR B W A L TE, HS5 &
PRI R . BE] . R/INRLER LA 565 EPS 3B 4
AR 20 S T AR AR R R BT W R T .
Zhuang %™ (14 0F 57 3 W, U BF 2F 94T B ( Bacillus
cereus) MRR2 W iISN R EWH &H £ E MR AR,
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Review and prospect of research on the role of micro-organisms
in karst carbon cycle

KANG Weihua', CHENG Congyu', LI Wei'?, YU Longjiang'"”

(1. Institute of Resource Biology and Biotechnology, Department of Biotechnology, College of Life Science and Technology, Huazhong
University of Science and Technology, Wuhan, Hubei 430074, China; 2. Key Laboratory of
Molecular Biophysics ( Huazhong University of Science and Technology), Ministry of Education, Wuhan,Hubei 430074, China )

Abstract The issue of global climate change has drawn much attention to the research on the carbon cycle of karst
systems. Carbonate rock is the largest known carbon pool on the earth. It is easy to make CO, in the atmosphere sink
continuously through karstification, and enter into the pedosphere and hydrosphere in the form of inorganic carbon,
and actively participate in the global carbon cycle through a series of dynamic processes such as migration and
transformation, resulting in carbon sink effect. On the other hand, under the catalysis and regulation of organisms
during the geological history, the deposition of carbonate rocks can also absorb atmospheric CO, and produce a huge
sink effect. Therefore, strengthening the study of weathering and depositional processes of carbonate rocks will help to
study the karst carbon cycle and increase the karst carbon sink.

Various microscopic organisms are distributed on the surface of carbonate rocks, and they have strong
adaptability, which can affect the weathering and deposition processes of carbonate rocks through their own
metabolism and the interactive network within the community. Carbonic Anhydrase (CA) is a zinc containing
metalloenzyme, and it can efficiently catalyze the hydration of CO, (CO,+H,0<HCO, +H"). CA and CA producing
microorganisms are widely distributed in the soil and water in the karst area, and CA has good relative stability in the
karst environment. CA and CA producing microorganisms can significantly promote the dissolution of carbonate
rocks, and can also significantly promote the deposition of carbonate rocks under certain conditions. At present, more
and more researchers begin to pay attention to how to use CA or CA producing micro-organisms to increase the carbon
storage in the karst area, so as to increase the karst carbon sink.

At present, some studies have proved that bacteria, fungi, actinomycetes and microalgae isolated from karst areas
can participate in the process of karst carbon cycle. A large number of studies have found that micro-organisms such as
bacillus, phosphorus dissolving bacteria, microalgae and their CA can promote the weathering of carbonate rocks. At

the same time, atmospheric CO, as a carbon source can be used by aquatic photosynthetic organisms, resulting in the
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migration and transformation process of "inorganic carbon — organic carbon — inert organic carbon", and finally
forming a long-term stable carbon sink. Based on the results of the field in-situ soil column experiment and the indoor
soil column simulation experiment, we estimated the annual increase in soil carbon storage caused by soil micro-
organisms and their CA in the karst area of southwest China. The results showed that it was equivalent to the carbon
emissions of China's thermal power plants in 2015 (the data came from the China Statistical Yearbook). It was
considered that the soil micro-organisms and their CA in the karst area had the potential of carbon sequestration that
could not be ignored. Micro-organisms promote the weathering of carbonate rocks mainly through mechanical and
physical action, chemical degradation and enzymatic action such as production and secretion of CA. On the other hand,
some micro-organisms such as cyanobacteria, bacillus, microalgae and their CA can also use atmospheric CO, and
Ca’" in the environment to induce calcium carbonate deposition, thereby realizing the capture of atmospheric CO.,.
Micro-organisms promote the deposition of carbonate rocks mainly by capturing and adhering, performing metabolic
activities to change environmental conditions, and producing biological enzymes such as secretions and CA. In
addition, the weathering and deposition of carbonate rocks promoted by micro-organisms is a complex process
involving multiple factors, which is related to the types of micro-organisms and the substances they secrete (enzymes,
peptides, proteins, etc.), environmental conditions (pH, temperature, ion concentration, etc.), and various mechanisms
can also interact. Researchers need to integrate various factors to reveal the mechanisms of micro-organisms promoting
the weathering and deposition of carbonate rocks.

At present, studies on the effects of micro-organisms and their CA on weathering and deposition carbon sinks of
carbonate rocks are mainly based on laboratory simulation experiments, and mainly focused on the promotion of micro-
organisms and their CA on weathering or deposition of carbonate rocks to increase karst carbon sinks. Therefore, this
paper reviews the research results on the role and mechanisms of micro-organisms and their CA in weathering and
deposition of carbonate rocks, and points out that in the future, it is necessary to quantitatively study the impact of
micro-organisms and their CA on enhancement of carbon sinks in karst ecosystems in combination with different karst
ecological environments. This review provides a reference for in-depth study of the contribution of micro-organisms
and their CA to karst carbon sinks, and to increase the carbon sink capacity of karst ecosystems to help achieve carbon

neutrality.

Key words micro-organisms, carbonic anhydrase, karst carbon cycle, weathering of carbonate rocks, deposition of

carbonate rocks
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