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Analysis of carbonic anhydrase used for carbon capture based on
Web of Science

HU Yaofeng', CHENG Congyu!, LI Wei''2, 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 430074, Hubei, China
2 Key Laboratory of Molecular Biophysics, Ministry of Education, Wuhan 430074, Hubei, China

Abstract: [Background] At present, carbonic anhydrase (CA) is applied in many fields such as
medicine, natural active substance screening, biological detection, and carbon capture. Although
a large number of related scientific papers and works have been published, there is still a lack of
comprehensive and systematic bibliometric analysis of the research progress in CA. [Objective]
To deeply explore and analyze the research trends, research hotspots, and development trends of
CA that can be applied in carbon capture and provide research directions and data references for
researchers engaged in related work. [Methods] The core collection of Web of Science (WOS)
was selected as the data source. VOSviewer was used to analyze the keywords, number of
publications, country distribution, author co-occurrence, and institution co-occurrence, thereby
revealing the research hotspots and trends of CA. [Results] A total of 795 valid publications
were ultimately selected. The United States ranked first in comprehensive cooperation among
countries. China started relatively late in this field, but has shown rapid development in recent
years and is currently ahead of other countries. From 2004 to 2023, the research hotspots of CA
for carbon capture focused on the expression, function, and inhibitors of CA and CO2 capture.
Over time, screening disease targets through molecular docking and modifying CA for carbon
sequestration have become new research hotspots. [Conclusion] The application of CA in
carbon capture has broad prospects. This article visually explains the research and development
hotspots and trends of CA that can be used for carbon capture, providing a theoretical basis for
the research and application of CA for carbon capture.

Keywords: carbonic anhydrase; carbon capture; VOSviewer; visual analysis; bibliometrics
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Figure 1  World publications in the carbonic
anhydrase (CA) field that can be used for carbon
capture from 2004 to 2023.
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Figure 2 Top 15 countries with the highest number of publications in the carbonic anhydrase (CA) field that

can be used for carbon capture from 2004 to 2023.
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Figure 3 Top 5 countries with the highest number
of publications in the carbonic anhydrase (CA) field
that can be used for carbon capture from 2004 to
2023.
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Figure 4 National and regional cooperation relationships in the carbonic anhydrase (CA) field that can be
used for carbon capture from 2004 to 2023. Node represents the country/region and node size represents the
frequency of occurrence; The parameter threshold is set to four, which means that the country/region has
appeared at least four times; This figure shows 32 nodes; Different colors represent the average publication

year of the journal.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3290 WA

4

FIER

Microbiol. China

Fz 1 2004-2023 FH T HBENKRERETEESUS L XEH B AT 10 ARG

Table 1 Top 10 research institutions in the field of carbonic anhydrase (CA) that can be used for carbon

capture in terms of publication from 2004 to 2023

4 WAL K3 (5 di bk MAEGIR R IR

Rank Institution Publication Percentage Total citation Average

volume (article) (%) citation

1 5 1 RE PHAR 39 4.91 1935 49.62
United States Department of Energy

2 CHEFTPNE 34 4.28 853 25.09
Korea University

3 T Bk B 34 4.28 776 22.82
Chinese Academy of Sciences

4 Sy IFIFRIER NS 31 3.90 213 68.16
University of California, USA

5 LN A VAN 21 2.64 2170 103.33
Australian National University

6 S [ 5 LR M N K2 21 2.64 617 29.38
Florida State University, USA

7 i [ RR IR A 2 B 19 2.39 781 41.11
Korea Institute of Energy Research

8 HARHERHRE R 2 19 2.39 776 40.84
Consiglio Nazionale delle Ricerche, Italy

9 B EE B2 Tk F 5T R 4y 19 2.39 767 40.37
Council of Scientific & Industrial Research, India

10 R B 17 2.14 772 45.41

Centre National de la Recherche Scientifique, France
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Table 2 China’s top 10 research institutions in terms of publications in the field of carbonic anhydrase (CA)
that can be used for carbon capture from 2004 to 2023

He# WL RICE(R) S SR IBR R
Rank Institution Publication Percentage Total citation #HIK
volume (%) Average
(article) citation
1 W [E R} 24 B¢ Chinese Academy of Sciences 34 20.36 776 22.82
2 rp [ Bl 2£ B¢ K 2% University of Chinese Academy of Sciences 12 7.19 330 27.50
3 JE "] K 2% Xiamen University 11 6.59 328 29.82
4 B 5 Ak K 2% Nanjing Agricultural University 10 5.99 217 21.70
5 1g rp Rl 4% K 2% Huazhong University of Science and Technology 9 5.39 268 29.78
6 7R K2% Southeast University 8 4.79 246 30.75
7 PN N Tianjin University 8 4.79 149 18.63
8 P [E b 5T JE 25 /&) China Geological Survey 6 3.59 74 12.33
9 H ] S Bt o B S OE 5 T 6 3.59 74 12.33
Institute of Karst Geology, Chinese Academy of Geological
Sciences
10 KB K2 Tianjin University of Science and Technology 6 3.59 226 37.67

R 320042023 5FF TR E AV RERETE SIS & X EHER AT 10 AR B BAHLAY
Table 3 Top 10 funding agencies in the research field of carbonic anhydrase (CA) that can be used for
carbon capture from 2004 to 2023

He4 BE B RS ()
Rank  Funding agency Publication
volume (article)
1 i [ &K B 2Rl 24 342 7% 51 2> National Natural Science Foundation of China 120
2 3 [H GE YR E United States Department of Energy 53
3 ZE [ = R R} 34 2% 5t 2= National Science Foundation, United States 49
4 MR AR =S THRFRZAS 29
Natural Sciences and Engineering Research Council of Canada
5 KR EX B Buropean Union 28
6 5 [ [ 037 374 25 51 4> National Research Foundation of Korea 25
7 [ A W18 R Department of Biotechnology, India 23
8 2 [ [E 57 10 4= WF 58 B National Institutes of Health, United States 22
9 PHHEA BUN Spanish Government 22
10 56 [E T A3 A 2B IR %3 Department of Health & Human Services, United States 22

FEI T ) CA SUSEE R AR oA [ G 3 X A HLAG o B2 AL T AN W] R T 0 5%
BB R EAEIFS LA 53 Rk G s 2, B, (HAX &

Wi W 5 [ 7 RE AR SCAF 78 U SR . 56 Wk 4 P, EEAEBISE S, FXA
MR RS T R D) 49 R SCRALES 3, SRR AREe 2 ot DUE R ST 71.86% 9 /5 L
ST 56 AR A 57 10 R LA PR AL, XRE T IZT A A B
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R4 20042023 F TR E AR ETEE s & X EHEZ AT 10 ALY [E BB LAY
Table 4 China’s top 10 funding agencies in the research field of carbonic anhydrase (CA) that can be used

for carbon capture from 2004 to 2023

He# o BEEMLA AR H
Rank  Funding agency/Grant project

R (R)
Publication
volume (article)

K BH 2+ 3L 4: 7 51 4> China Scholarship Council
[ Bl 24 B¢ Chinese Academy of Sciences

Bl RF Ministry of Science and Technology

O© 0 3 O U B~ W N =

—
[e]

[ 5 H i LA F 5% & 113 National Program on Key Basic Research Project

Jb 5T B 2R Bl 34 7% 51 4> Beijing Natural Science Foundation Committee

LI H 9 Fl2# 54> Z5 51 4> Jiangsu Provincial Natural Science Foundation Committee

E K H 98Bl 2 3 4 7 [ 2> National Natural Science Foundation of China 120
R & A% 31K National Key Research and Development Program of China 13
rp [E 1+ )5 Bl 2 3£ 4 2 514> China Postdoctoral Science Foundation Committee 10
rp g =A% 3 AR B b 45 2% Fundamental Research Funds for the Central Universities
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TEHEENSH K.
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RS 2004-2023 F AT HRBENRIRETEESUR L X2/ 10 B{EE
Table 5 Top 10 authors in the field of carbonic anhydrase (CA) that can be used for carbon capture from
2004 to 2023

He4 1 FrlspLAG KR At BRI R
Rank  Author Institution Publication Percentage Total i
volume (%) citation Average
(article) citation

1 Soon i [ RE PRI 5 e 19 2.39 781 41.11
Kwan J Korea Institute of Energy Research

2 Kerfeld KA A R % 17 2.14 1315 77.35
Cheryl A Lawrence Berkeley National Laboratory

3 Capasso BRABEZR RS & 16 2.01 583 36.44
Clemente Consiglio Nazionale delle Ricerche

4 Supuran BRAME K2 16 2.01 1463 91.44
Claudiu University of Florence

5 ISon N Hh 1 5 T R R A 15 1.89 416 27.73

Taiwan Cheng Kung University, China

6 Seung Pil P i [E 5 i k2% Korea University 15 1.89 401 26.73

7 Price PRRAE. [ 37 K2 14 1.76 1757 125.50
Dean G Australian National University

8 JoByung  &lE E 7K M KA 14 1.76 312 22.29

Gyeongsang National University
9 Badger Mr BRIV [El 37 K2% Australian National University 13 1.64 1 699 130.69
10 LiWei Hh A R R 2 12 1.51 282 23.50

Huazhong University of Science and Technology, China

KANTH Bgshistha K

LEE iwon
SATYANARAYEINAN Mahadev

MI §n K
JEON Haincheol KOTWiSwatt PRABHUBhandan
SEUNGPil P KIM Jupgbae
RAYALUadhana

IN E@pseon

JIN E®: HONIBINE & BHATTACHARYA Abhishek

KM S NITIN Labhsetwar

YADA@Renu
SHARMAANjana

JO Byung H WANJARBSnehal

CHA Hyung |

SEO Jeong H
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ZNDE =8

Figure 5 Author collaboration in the carbonic anhydrase (CA) field that can be used for carbon capture
from 2004 to 2023. Node represents the author; Node size represents the frequency of the author’s appearance;

The author parameter threshold is set to 10, meaning that the author appears at least 10 times, this figure
shows 21 nodes; Different colors represent different clusters.
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HEHps el 55.10, EmE 7R 2.9, 1
G, WR 6 WLIEH, WCRA TR CA 9
BRI P 24 T AR AL AT 2
2 AREAETIRYIIT, for 22 A0 = 1430 & w
8 44 W T MU 50%F 25%, PilixX 2 MEF

TEIZ U A SRRy St X e TR 52 35 A TR
Ao IR 6 A LUE Y, KZCEHEATT 10 419
WA R B EE R ), U AR A R
TR S e ) AR SR AR, AR SR
) it i — 2B Tt
2.7 &S5RI T

My B SCE B R AR Z — 2 BT R
EU R INIE CIE R C W ¥ 2PN APO)
PRI 58 U A SC AR, O Bl D™ 2 i
SR SCTERE S R By 1T, 3R 7 AT LA
i, R R BB B R Y% Supuran
% & 2By A “Carbonic anhydrases as targets
for medicinal chemistry” fi*) SCFE & 9% 5 | 45 UK fi =1
FITESC, ZIRSCHEAIEGE T CA ROHEAL AT il
ML, AR & R S FIA S BIGIT 259 5 %
3T 2007 4% 3 F Bioorganic & Medicinal
Chemistry #F1] I, # 51 FHREUE 484 k'™, CA
U 10 F =g 1IR30 & KT 10 FpAN[H
HH|H, “Protein-based organelles in bacteria:
carboxysomes and related microcompartments” /&%
T H s m B 15 e AT Nature Reviews
Microbiology (IF=69.2), 1Zi&3CIHE T 5 #E 40

R 6 2004-2023 F T HE A RERETEE SUS & SCERT 10 VAT
Table 6 Top 10 journals in the field of carbonic anhydrase (CA) for carbon capture from 2004 to 2023

He4 RS KICEGE)  hHE BRI R R T

Rank Journal Publication  Percentage Total citation 5I8HyK  (2023)
volume (%) Average Impact factor
(article) citation  (2023)

1 Chemical Engineering Journal 20 2.52 511 25.55 13.3

2 Journal of COz Utilization 19 2.39 459 24.16 7.2

3 Bioresource Technology 18 2.26 643 35.72 9.7

4 Energy Procedia 18 2.26 262 14.56 /

5 International Journal of Greenhouse Gas Control 16 2.01 515 32.19 43

6 Process Biochemistry 15 1.89 480 32.00 3.7

7 Photosynthesis Research 12 1.51 560 46.67 2.9

8 Separation And Purification Technology 12 1.51 297 24.75 8.1

9 PL0S One 10 1.26 551 55.10 2.9

10 Energy & Fuels 9 1.13 242 38.33 /

“PFRREAE 2023 4EZ I
Publications marked “/” ceased publication prior to 2023.
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[T 20042023 F T RRIE R AV RERETEE SUSAT 10 RS S8
Table 7 Top 10 highly cited papers in the carbonic anhydrase (CA) field that can be used for carbon capture
from 2004 to 2023

% 4 A F—VEEP KRR S IR
Rank Title First author Institution Journal Total citation
1 Carbonic anhydrases as targets for SUPURAN BERAET B Bioorganic & 484
medicinal chemistry(!®] Claudiu University of Florence Medicinal Chemistry
2 Carbon concentrating mechanisms REINFELDER 3£ [E 2 #%3r K2##r{A R L8 Annual Review of 404
in eukaryotic marine JR A Marine Science
phytoplankton!'*] Rutgers State University New
Brunswick
3 Metal organic frameworks NATH I ENERAHE SW582#F  Chemical Society 363
mimicking natural enzymes: a Indian Institute of Science Reviews
structural and functional analogy!] Education & Research
4 Protein-based organelles in bacteria: YEATES TO  SE[EIFIFEJE I K223& 420l Nature Reviews 349
carboxysomes and related I Micraobiology
microcompartments(?!] University of California,
Los Angeles
5 A model for carbohydrate KROTH PG il ] ST IH 2% K PLoSOne 347
metabolism in the diatom University of Konstanz

Phaeodactylum tricornutum
deduced from comparative whole

genome analysis!??!

6 Efficiency of the CO»-concentrating HOPKINSO £ [E{EIAT K2# Proceedingsof the 312
mechanism of diatoms!?3] BM University of Georgia National Academy of
Sciences of the United
States of America
7 Feedback interactions between trace SUNDAWG  SE[EJL R kg K2z Frontiersin 276
metal nutrients and phytoplankton University of North Carolina Microbiology
in the ocean>¥]
8 Functions, compositions, and RAE BD RN 7 K Microbiology and 271
evolution of the two types of Australian National Molecular Biology
carboxysomes: polyhedral University Reviews

microcompartments that facilitate
CO:z fixation in cyanobacteria and

some proteobacterial?’]

9 Native architecture of the ENGEL BD Fi - B IR KA eLife 240
Chlamydomonas chloroplast University of Basel
revealed by in situ cryo-electron
tomography!°]

10 Investigating the application of MIRJAFARI P Il K AHNE #4E FE K2~ Industrial & 237
enzyme carbonic anhydrase for University of British Engineering
CO: sequestration purposes!?”! Columbia Chemistry Research

WS B R -1,5- XU R PR AL /N 4§ A1 and applications of carbonic anhydrase isozymes”4{
CA W ZMRgsty, BENERILREERBIE, T CA MR FIayr i . ERE, &L
e R HEA S 15 B8 C“Structure, function  ZEHESA KERINH, IF HIELRE] T CO Hilisk
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AR CA RZEM SRR ETHEAR D
Lo
2.8 WRAME

=k 8 s, W HEAA T 3 795
N AR ARE R EAR N E Y, Sy
5 BBIFSE T Y 28.18% . 25.66%F1 16.35%.
I 3 ANFFE 7 1] ) H B VK 7 s A T 9 7 1)
PSR ) 70.19%, s T 4K ZHMF5E .
29 WRHETH
29.1 MRBEBESH

18 o {6 H T4 o B 3k VOSviewer X
2004-2023 4 THcAAER CA U AH I SCHR
WEAT BT S M o 3 e BRI, SEEGET 31 4
T LG RHR) 2 Th CAR A R R R 4% R R 6 TT L,
AR M2 TR AR 4 SRR, X
2004-2023 A TAER CA S5 AT 4
o4 A BB, BRI IER A R S
A 5% iR I [ (carbonic anhydrase)#l, 25 1 N2
HR KR SR R AP (dioxide) , SR SRR 2
fii % (capture) . 7 (immobilization) Fl T Y&
(absorption)SE JCE T, FHIXHT 5 A T2 A 1]
ATDAHERT S, RIS BT S CA A
TR A . BB X — K E By, H
Bhatia S£PN 98 T IR BT TE CO, fli#E i it

J& . A AR T A SRR BR 1 5 A,
TR B AR T 4RI CO, IFRIE A, B
T & —FPRE AT LUV e COx XIS A2, 34 i)
DATE B 38 YA 1R[] B fidf e R 5 I R A T2

B2 AREPRWTAELCHEMEM
(photosynthesis), H:K 435Il )& 3R 15 (expression)
RLHRE-1,5- B PR L i (rubisco) 3 G B R,
BEATOL, 25 2 DMREBEFERETHD T CA B
W5, Yan SEPONEETH T B AR A7 = KA I
WEERLMARG, MR T BRSAU T AR RXK
AT LA CA FEF T R aREE JT, 455R
T, MAh CA 6 M i S v 2R 0 L 0 1Y)
[T BE T, 5% M 5 Vs 7K A A 28 R G e [ e 1Y) 32
BIAET R KR CA TEM . JBRE . TR . BBk
FLER . /R T KA CA 7 B R A
VKA 25 S XA A2 PR DTk, Rk AR 4
BRAWHESRGE IR AL TR

53 ANRE, BT 5 7R TR
AR COy EH17(CO, sequestration), KA
(Escherichia coli), #lifk(purification), 4451k
(biomineralization) FIfk iR £5(calcium-carbonate) , 4%
G ORI AT UKW, R R TR EA A
WAk A CO s |, 7E 23k <R BT
Wi RSIE B E 5T, RBRMIFFR HIRE B

T8 20042023 F A T iEE N RERETEE SR /5 15

Table 8 Research directions in the carbonic anhydrase (CA) field that can be used for carbon capture from

2004 to 2023

44 WE5E 5 1] AR R i e
Rank Research field Frequency Percentage (%)
1 T.#22% Engineering 224 28.18
2 fb2% Chemistry 204 25.66
3 HE W AR FH A $52# Biotechnology Applied Microbiology 130 16.35
4 H: W1k 22 F A4 W) 2% Biochemistry Molecular Biology 128 16.10
5 Bl2f 4 AR &R HoAth /7 W) Science Technology Other Topics 108 13.59
6 REVEA KL Energy Fuels 89 11.12
7 FEYIF} - Plant Sciences 81 10.19
8 I EE Rl 244 2524 Environmental Sciences Ecology 69 8.68
9 #1BLEL2# Materials Science 60 7.55
10 A W2~ Microbiology 47 5.91
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Figure 6 Keywords relationships in the carbonic anhydrase (CA) field that can be used for carbon capture
from 2004 to 2023. Node represents keywords; Node size represents the frequency of keywords occurrences;
The keywords parameter threshold is set to 20, which means that the keywords appears at least 20 times, this
figure shows 30 nodes; Different colors represent different clusters.

RIPBRAHAE RO UL, BTSN CO;,
[ ik, A CA HitE COy, Bk N 4%
T = G RV P R B 7S R SR TESS
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Tk AR 77 B Dok, e AT aE 1 A AR A AR R
CaCOs, SEHL CO, 1Y Hb JiT 2 Fr 2 [ 7€ . Hazarika
FPUPEMZER T CA M E 5 i S FLAT
R BRYE, IEXT 24 R 1k A BRI 25/ CA
AT TR, FFEHZ I s 1T
I AL &R . Baidya ZEP26E ok [ SRR 2E 04T
I (Bacillus cereus) GLRT202 /) CA 5k H T &
IR B i 7 (Pseudomonas  syringae) it vk % 2 1 ik
TRGRIL, ff CA e ERXMHITHIRT,

ISR T CA MRS TR AR S, IR 8 X

CA 22 fb A 175 5 07 i A Ui E LU F
CO, MyHfiE . Qian D3N & (] /K Y& I 44 B s
TNEEST A CA TR A ke 1 5 A8 K e 1 3%
Z5F, CA REABUREIE CO, Sk HM KL
BRI Ca® 1 S o DA T T 3 i i 55 1) T2 K
FER AL = YA T R )2 FLER . B L B B % [m] st
WL TMEHRIZ . e — DR FEEFIL
FTFRRAHER CA By IR R | TP S A AL
G SR T
29.2 MRALKEPET S

A AT AL 4 B VOSviewer Xf
2004-2023 4= ThRdd4E ) CA S SCEk ey 10 4
ARG BRI T M, 2 AR O 1) B
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Figure 7 Time evolution diagram of research

hotspots in the carbonic anhydrase (CA) field that
can be used for carbon capture from 2004 to 2023.
Node represents keywords; Node size represents the
frequency of keywords occurrences; Different
colors represent the average year in which keywords
appear.

)~ 357 B[] e 1 DG BT S “active site”, HiHp
5 AR B i 1378 SC /2 “Carbonic anhydrases as
targets for medicinal chemistry”, %83 F &P
i CA TEMRIR FXSTH 0GR . BN K Bt ik
PE RN SR B KA 2 e B R 2 &
Supuran T 2007 FH%ZIECAFAE Bioorganic &
Medicinal Chemistry (IF=3.3) I, #5|#ik K

484 1%

Bt I TR RS, i A AR A0S A I 9 B R
AR, BIFSE AT 04 O3 8 W B o) itk 8 A7 Bl Bk
TCHOAR, Bilan, Wang ZEPIBESY T 1 eG4 Yy Fn
CA XA E R B A2, 25 13RI ™ CA 1Y
YT M CATEAR A E R 48 T S BAE T,
PR L IEUE IR CA TR AR RS
RS AL TR DGR AR, B AT
FFf T TRl CA LIJT & MERE E L il
IR FRHEEOR T4 CA iR, xeedm)
il A B TR YT A4S F OGIR A L TE N 1Y
Z RPN . E“capture”R A, Liu M CA
T 5 i KL (nanosized CA oligomeric particles,
nCAOPs)ZH % Kk P CA UKL (micrometer-
sized CA supraparticles, mCASPs), mCASP A [
YE R TCEARE E L CA, TEFFI 15 a1 0%
BT 90% R R RGP, i H, mCASPs AJLL
HE L nCAOPs, H HAG 5wk 1k
BB, Kea/Km IR T 74%, BONFRSHRIR CO,
DLs Bk b A H AR AR T AT A7 7 “evolution”
Rk, Alvizo FPRIE Mk, Sl
SISO SO N MR E R O L % CA
PIFAERE PEFIT B MRS 5 T 4x10° £, 7EHiK
FUE s CO SRR = 1 25 A, iIX L g ARk
HIBFFE RN T BEE 1 R LAl REE BOR A
W i 25 FNRIHT , CA T AR K [T i 01 485 1) 15 ) A1
SIVER AW I, A 6 A BRI AR AL B AR
PR il R T 52

3 &

VAR, W& IR RO A8 H 358, i
FIEE X CA [ a r/E I H 45 G755 T Web
of Science #%:L> A 4B 2, £ XT 2004-2023 4
FHF AR CA SUS STk T 2o, It
FIFH VOSviewer #47] AL 43T, 4518 U0T -

(1) 7E4 TN, 2004-2023 4F CA 45
) & SCE BB A TR ERZ SRS
HHEA S — R E RE R IRES B,
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