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Mining and engineering of microbial carbonic anhydrases for
biomimetic carbon dioxide sequestration

Lixi Cai, Yunmeng Chu, and Guangya Zhang

Department of Bioengineering and Biotechnology, College of Chemical Engineering, Huagiao University, Xiamen 361021, Fujian, China

Abstract: The increasing atmospheric carbon dioxide levels have been correlated with global warming. Carbonic anhydrases
(CA) are the fastest among the known enzymes to improve carbon capture. The capture of carbon dioxide needs high
temperature and alkaline condition, which is necessary for CaCO; precipitation in the mineralization process. In order to use
CAs for biomimetic carbon sequestration, thermo-alkali-stable CAs are, therefore, essential, and polyextremophilic microbes
are one of the important sources of these enzymes. The current review focuses on both those isolated by thermophilic
organisms from the extreme environments and those obtained by protein engineering techniques, and the industrial application
of the immobilized CAs is also briefly addressed. To reduce the greenhouse effect and delay global warming, we think further
research efforts should be devoted to broadening the scope of searching for carbonic anhydrase, modifying the technology of
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protein engineering and developing highly efficient immobilization strategies.
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Table 1 Properties and characteristics of the six classes of carbonic anhydrases

Characteristics Occurrence Molecular weight Active site Function Inhibitor References
a-CA Mammal, protozoa, plants, Monomer, His-94, CO; mineralization,  Highly [10-11]
algae, archaea, bacteria, dimer, trimer, His-96, calcification, pH sensitive to
fungi tetramer His-119 homeostasis, sulfonamides
biosynthesis,
ion exchange,
B-CA Bacteria, archaea, fungi,  Dimer, can form Cys-38, Cyanate ester Highly [12]
plants, algae various oligomers His-96, reduction,CO, sensitive to
(45-200 kDa) Cys-99 fixation,CO, sulfonamides
concentration
v-CA Bacteria, archaea, fungi,  Homotrimer His-81, Participate in the Highly [13]
plants His-122, catabolism of acetate, sensitive to
His-117 the oldest carbonic  sulfonamides
anhydrase
3-CA Thalassiosira weissfogii ~ Dimer - - - [8,14]
(-CA Cyanobacteria, Dimer - Superoxide dismutase — [8,14-15]
chemoautotrophic bacteria,
Thalassiosira weissfogii
n-CA Plasmodium falciparum  — His-94, - - [9,15]
His-96,
His-118
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1 MFARERmRERETES R MRS (ERAEET, TEAIGIF AZM). (A) SspCA B —BIk4EH,
—MEERUEBRTR, S—PEEURERT. (B) SazCA MBIk . (C) TaCA B BIkLEH, MANEBEKS
ALLEL R, FE. EREMERRT. (D) VaCA HHRIKLEH.

Fig. 1 The four typical quaternary structure of carbonic anhydrase. The zinc ion display in blue, and the inhibitor AZM
are also shown in red. (A) The dimer structure of SspCA with one monomer shown in yellow, the other one in green.
(B) The dimer structure of SazCA. (C) The tetramer structure of TaCA with four monomers shown in magenta, green,
cyan and yellow respectively. (D)The tetramer structure of VaCA with four monomers.
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R TR B R, B loop B o X — & EIXT
ke B 1 R ) AR LA — AR S L
3)iRE B [N (B-factor) M5, B-factor f2&FHi
P Bt il AR E M — A R bR, HIER
B-factor fEER K, &ML, AF]F CA M
PFaENE, it Jo USR] M Sk it iy v AE
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NgCA HitH iR B N7 (B-factor) 543k
BREEXT B EE R T 25 (1 3 X2 Mk AL, 4 A%
A% 3 Xt Cys, BLHISIA ZBEHIE K 3 578
i, o 1 AR RIS T 28 S IER e R
R34, XA fEIH 2T B-factor 5 HREEAITIA L

4 BREREERHE A

B 7 308 3 0 3 P it AR A W AR TR B TR
BFAEAN, Xt CA SEA7 & bt ol DL— @ FE ik
) EREM, WH, AR, SR, &
JE. AHUERISESRMET 5 R0, Bl FEZL/N
(¥ 50 A), ARXEMICEE e, H Tk
o7 P R R BRI T o L R AL B AR AN T
Mk 4R s, WA B TR a8, AREEk
B LA RV N — 2 RO ALAREE B, AT AE 38 1 T
2 i B0

AR, RHEEIL CA A1k %4%E CO,
AR AR BLCR T RS, N A AR 222 3 0 [
R AL G A5 R COL I TR
I T, AR CA 72 Tl Ry ARG T
B ELYE 3 (1 2252 Prabhu 25 SRk 5 - /N 3
AT Bacillus pumilus F i CA W it 75 78 A 1Y
FEM, [ T X ARORT 0 R0 R Tk 3
Jrtim, 7650 CIRISEAMRIE 90 dJ5, [Efk
il P ORAF 60% ) I I , 1T Ui 5 8 LA 30%,
[ 7ZE 5 min N CaCOgz JLHE A AL R 2 i 2 B Y
2 5. Ozdemir ™M T2 HTRERITAG (BCA)
FEfERENES (PU) MK I, [85%E fL A Lo 2
HISh 112 S HA T R, Ko 12.2 mmol/L T
% 9.6 mmol/L, {H [ 5 kil (1 $AFS e 1 BH i 3 5
TE R 2 LR TAE 7 MGG 27E & iR 77
45 d J7, i AT AR 100% 00 B Sk, i i s i 4l
TE 4 “CIFAF 45 d Ji5 5842 53 . Vinoba 25°M% BCA
A 72 B 20 fh 2 b BR A W PEER b, % e T A
J g g LAE 30 AMEFRE, o CO, filifkaE 1 j& i

http://journals.im.ac.cn/cjbcn

BN 26 £ HLIE & LB AE 2RI 30 d S,
BREAR 15 82% (1)) I it 1k . Yadav 2504 BCA
FLIET 3 FIAS [FPRLAS T S R A TR |, S5 R R
AR /NIRRT P B, A LR,
FE LB e M A e, Rl R RS TR
10 °C, [&E L BEE TAF 42 d IS5 REMRES 67%194)
G . Capasso Z5P7Mf SspCA [ 78 B A g
(PU) ik b, HPGR0E RIS, AT LI7E 100 C
TAAG 48 h, 7E 70 CTRKMITAE, JFAT T kW
iR R AR AR CO, I RN 2 o R A 1 ) [
RS L A —E R E LA, SKY
A4 f AR BEAR, (RIS PEREAR . Bl R
PR g K 0k BT DA ST R DL B ), Shanbhag 25058
¥ BCA ¥ T H A2 RK Prd B K 50-200 nm
PIAKIBORL, RAR BN, BN 5 R AE 57
b, i ELEEAT R 98% KALEEIG T, JFAEAK
I ((22+2) C) FiwEE (50 C) FAF: A 43R
o EHHK, HTF RS /M EAREGIOKRERTY
Pl I, [ Y Ah s AT AR AR S B T
ol EEAREE 5P Jo &Pl RS
MEEEE MG, aREMAf)E, B RS A
T AR REUOKRER B [ AR, [ RS Bk
PRI ] 72 50 CIAE 5 d JE 5 HF 80% Y I %,
H7E 60 CHFEEIE P2 25 “CHY 11 %5, XA F T 1
HFJa gk Tl fb 7=

TATIR B A CA FEe Pk E A £ K
(Elastin-like polypeptides, ELPs) fili&Z2ik, f&H)
ELPs A& ARG .oaifk HbREE, @it ELPs
MEFR O AL RE )T, TETE L AR R [R]
BPSEEE CA (1 H 2 Ak, 1 fh 1 Y o 3k i B
i B4 = T 10 'C, Alik 80 C, HEE MK
RAE e, E R AL SOREE A R R, BEE R R
64.9%, [EE il T 2SN A BRI E
[E1] o T8 1% 71 2 b o P il AR 82 35 5] 9 mg/miL
b, B3R AF) 91%, 7E 4 CHLE 72h 5, iR



swE sARF-awsmrsenncysarsveesxs D

(TSR P14 0.96% . 1 T ELPs A i {5 A fit Al
PG ARILAGE , A 07 A AL 8 23 T HIL T e
FIAS AR Tl 5 R T TR IR, A TR
AR 2 FRFEERTT

5 E#

i bRk, 1 CO MR AT . kil 3
RO, RS I A A H A 18 A 9 3 HLSAS 8
1R PR R BB TR T I DA — o 2 1% s A A P fie
PSR F CCS Mm% S5 L IE H o T i ik
AEVIRIZAE . R TR ORI [ E AL BOR Y
R JE SR 1 Ry Bl PR T I 4 Tl AR 0 R B T A
RS o SR, TR B 2 /s HUER R v = B8 o
IBAFTERER) CA FENEE PR, XERLZIE
AR . R SRS e T
HAEE R 5 i A e 7, — BRI B
BRI CA GibIEN, LA 5 AR AR Y1
IR, TS E TR P % A — S Ak
A AR BT TE R . FAT, R R RS
HRZ, EZEATAIREAATE H TR 6 DRIEZ
SMEETES CAC 55 TRIS , BRI Il 1] 5 A T 52 2E
HELHMA, e T ERERENE, B TE1TR
Ao AR AL G 1] 5 A D7 1A A 2 S B )
MREAEAEYERE R R AL, 3 AW Rk R T 1
RG], SR EA R TSGR, Bk R
o R ] 5 A T VEAT I SR SR T B A, IR LB
ARFNTT 1 B BT RE D8R I 2 RV SiE % A Bk
M2 3 — 18 V1) e Ak DR 1) [ AL A R
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