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Abstract

From 1990 to 2020, carbon dioxide emissions have dramatically Received: 29 November 2021
increased (50%). It has already caused global warming and affected Accepted: 9 June 2022

the environment and human health care. Moreover, carbon dioxide has Page Number: 7-21

dramatically increased up to 2 times in atmosphere since BCE, and
the temperature of earth surface also raised 1°C from the past fifty years.
Although novel technologies integrated carbon capture utilization and
storage (CCUS) has been already proposed, there are still significant
challenges such as cost, economic barriers, and uncertainties on
environmental impacts. One promising way to mediate these issues is to
utilization of carbonic anhydrase (CA) as enzyme in a eco-friendly
manner without any secondary pollutants. In order to utilize CAs in
carbon sequestration, high stable CAs on the extreme and harsh Keywords:
environment is essential. This review aims to present advanced
developments in CA, efficient engineering strategies to improve
the productivity and stability, immobilization techniques towards
an industrial operating system. Recent challenges in industrial CAs N
application as well as its usage perspective in environmental protection Enzyme Immobilization
have been also discussed.
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Table 1. Advantages and disadvantages of carbon capture utilization and sequestration methods.

Methods Advantages

References

Disadvantages

Physical

Physical absorption

Calcium reduction cycle

Amine absorption
higher temperature

Biological

CA-microalgae based
system

surface adsorption of carbon dioxide layers on
pore walls in layers without chemical interaction

Reversible reaction, generating a pure stream of
carbon for storage or use, carbon / calciner can act
as a heat source for the steam cycle to generate

technology additional energy. Limestone is available as execution unit
an adsorbent used in industry and as a
non-hazardous chemical
Chemical
. . Low vapor pressure, Low volatility, high thermal .
lonic fluids por p ¥, Nl Low work capacity [6]

stability, low energy requirement for recovery

The process can handle low CO, partial pressure
gas streams (3-20%). The process can be done at

Rapid absorption of carbon dioxide, the presence
of genetic modification tools, higher fat production
than that of wild counterparts (2.2 times) and high

biofuel production efficiency along with [13]
downstream process programs

The progress of the process and
the adsorption capacity depend on the [5]
size of the pores and its volume

There is currently no large-scale

[7]

Solvent is difficult to regenerate
Equipment can be easily corrosive [8.9]
NOx, SOx, Ox able to degrade amine

[11.10]

High cost and energy required for [12]

commercial microalgae
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Figure 1. Phylogenetic tree of various categories of carbonic anhydrase with the neighbor-joining
methods created with the MEGA 7.0 [62].
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Figure 2. Carbonic anhydrases from distinct families based on Swiss model prediction 3D structures; (a) a-CA from
Sulfurihydrogenibium azorense (254 aa); (b) B-CA from Tepidimonas taiwanensis (220 aa); (c) B-CA from Bacillus clausii (263 aa);
(d) y-CA from Sulfurihydrogenibium yellowstonense (238 aa); (e) y-CA from Methanosarcina thermophile (247 aa) [63].

1. Methanosarcina Thermophila
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3. Octa (Aminophenyl) Silsesquioxane (OAPS)
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Figure 3. Different types of enzyme immobilization methods by adsorption, cross linking, covalent
bonding, entrapment and encapsulation [62].
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3. Mesorhizobium Loti (MICA)
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Table 2. Characteristics of various immobilized carbonic anhydrase.

Thermal stability Temperature and

Support Immobilization
A
CA used materials method Temperature
(°C)
rBhCA Si-MNPs Adsorption of 50
functional groups
BCA PU foam Covalent binding 50
hCA TEPAJSSBA' Covalent binding 87
TAEA/SBA-
15 85
OAPS/SBA-
15 83
BCA OAPS Covalent binding ND
BCA PLA Covalent binding 55.9
GO/PLA 51.3
nMOF/PLA 47.1
BCA Magnetlc Covalent binding 100
microspheres
R. -
. PS/PSMA Covalent binding ND
sphaeroides
hCA BIOS.I|Ica Encapsulation 70
particles
Biosilica .
NgCA . Encapsulation 70
particles
MICA-WC Agar Entrapment ND
MICA Agar Entrapment

Duration residual Reusibility Residual
— . activity | References
Hours Activity (times) )
(0]
(h) (%)

0.5 70 22 50 [41]
1 57 45 100 [42]
- 40 40 82 [45]

84

87
ND ND 30 90 [44]
2 70 10 43.7 [43]

78.9

69.3
1 70 6 47.6 [46]
ND ND 60 45 [48]
0.5 70 10 90 [52]
05 70 4 87 [51]
ND ND 6 46 [55]
6 15 [41]
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