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Abstract: Microbial induced calcium carbonate precipitation (MICP) refers to the natural biological
process of calcium carbonate precipitation induced by microbial metabolism in its surrounding
environment. Based on the principles of MICP, microbial cement has been developed and has received
widespread attention in the field of biology, civil engineering, and environment owing to the merits of
environmental friendliness and economic competence. Urease and carbonic anhydrase are the key
enzymes closely related to microbial cement. This review summarizes the genes, protein structures,
regulatory mechanisms, engineering strains and mutual synergistic relationship of these two enzymes.
The application of bioinformatics and synthetic biology is expected to develop biocement with a wide
range of environmental adaptability and high performance, and will bring the MICP research to a new
height.

Keywords: microbial induced calcium carbonate precipitation (MICP); microbial cement; enzyme; urease;
carbonic anhydrase
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Figure 2 Schematic representation of microbial urease activation and urea metabolism!”.
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Figure 3 Construction of urease gene expression vector .
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x1 AEHREEEEERENS G
Table 1 Distribution of CA families in bacteria

Gram negative/ Genus/species CA family

[26]

positive

=]

Gram-negative Neisseria gonorrhoeae
Helicobacter pylori
Escherichia coli
Haemophilus influenzae
Brucella suis

Salmonella enterica

W T T ™ ™ ™

Vibrio cholerae a
Sulfurihydrogenibium a -
yellowstonense

Sulfurihydrogenibium a -y
azorense

Porphyromonas gingivalis

Ralstonia eutropha

IR

Burkholderia pseudomallei
Gram-positive Mycobacterium tuberculosis ~

Clostridium perfringens

Streptococcus pneumoniae

Bacillus subtilis

| & T T T T T ™ ™

Leifsonia xyli

Staphylococcus aureus

= R R R <R R R R =R =

Enterococcus faecalis

SPECAT A A B, F 2 IRBHMERE P A SE
a-CA, [HHERE AT y-CA, A58\ i 22 %
PE P A R B A AR A R BTV o-C A T BB
y-CA JEAbIMR, B T AT LA CO, K&

4 o-. B-F0 y-BURRERETEG A = 4L 410

ZAN, AR T EREEE TR e AR E A
NSRS Sulfurihydrogenibium yellowstonense
YO3AOP1 (BRERETFAE (SspCA)*™, LIK M
R BE IR RV YD Sulfurihydrogenibium
azorense POy ESHIBRTRETHE (SazCA)P7Hy Jy it
TR a-CA. T T IRBERT B . ZERLINE (Vibrio
cholerae) FNEE =T (Ralstonia eutropha)
WIEAE o By BYR BRI
2.2 FRERETEGHY SR BT

Hl, BIRHEC LA o, By, . .
n &6 MAFZKIR, Hriba, B Ay =L
FAREONERE, HEA =4e85 e 4 s
XFEE BIREE 4RSS AT LUK B, y-CA BfEfL
Ef/lN, B-CA BIHEALIEROR, TTE a-CA KR
K, I y-CA AL L a-CA FI B-CA #§
K, o-CA BIMELACRMX e ik, 725
R i VBRI BT REI,, — R H S a- TRk
12 I I T 2 11 1260

Sulfurihydrogenibium yellowstonense YO3AOP1
FR R IR I i SspCA & HLAY 1Y a-CA ZJRIKZE ,
BARIASH A = AEEE TG, Ze
His89. His91. His108 Z1mmiAs pummifk, Hrp
FE CO KA HLIRE Zn® X F CO, 35
B o SspCA ) " RIKLEM), FEH o-12iE

Figure 4 Three-dimensional structure of a-, B- and y-CA%.
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PErR AL T — AN B R b, L R
THBZH AR, W — 8 0
T4, AlfEX /& SspCA #Fa & Ik = Y
}E[ZS—M]O

Sulfurihydrogenibium azorense HTK IR BT i
SazCA M HIREEM EZEH 10 P47 B-HT,
FIFIFIRGEE 3 4 o-18 € . 3,0- 1R BEF/)N B-17 &
2H A A A TR EY 0-CA 1, /1 Cys24 5 Cys178
JIT2H R A S A X RS o SazCA 5 SspCA (1
S5k 61.3%MAHMRIEE, SspCA EHY Glu2 Fi
GIn207 5% 395 SazCA A9 His2 Fll His207 B,
XAPEUCATRESL IR T His64 f pKa i, JEMikg
s T HRFEREE Y, X esE R (E B okt
EEIEIEYER) a-CA #2418 T EE PSS % |
23 RERFTESERETIER

T ik R I5F N B 6% il R R R R R Y
CO,, M i HE RSt , DRI I 3 4 fe i 12
TR — DA, — S E AR
S 2 ELA TR AR L TR Btk TR P A P 1) 2
Wge i EEE AT IR EALER A o Jun A5 DK B
S9N (Aliivibrio salmonicida) WP FERESR] T
WRBR I WL [N ASCA, 2 BRI AL M 2 bR s
Sk, AISZIL ASCA (mASCA) MRk,
JF HAE 10-60 'C, pH 6.0-11.0 B30 FI N B
FerE WE PR . 24 pH {4 10.0 B}, mASCA T %
A DR R R 48 WP bR SR v A 4N R
(Thermosynechococcus elongatus PKUAC-SCTES42)
HIRG PRI B IE N Ecah 76 KA TR 20 B Hh 5 5 ey
MERIE, 1SRIRIRETEE ECAH 2841 50 “CAbHE
30 min Ji5, IS ECGREAR R T 8%, MAGE T g
FRBIETR T P AL % Al iR R P CO, 1Y BE

BARE Z M H ARG h i 3] T AR Z2 5 A
PR TR T 18t AELATS AN RE AT 205006 A2 T oMb Xo) ke PR P
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Figure 5 Synergistic relationship of a- and B-CA
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