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Abstract: [Background] Actinobacteria are a class of microorganisms capable of producing
rich metabolites, which are widely used in medicine, biotechnology, agriculture, and enzyme
industry. [Objective] To review the research progress in the metabolites of actinobacteria and
provide effective information for the high-quality development of this field. [Methods]
Statistical analyses were conducted on the number, countries, institutions, journals, publishers,
and authors of publications, cited articles, and research directions of the metabolites of
actinobacteria. The relevant articles were retrieved from the Web of Science (WOS) and China
National Knowledge Infrastructure (CNKI). The H-index was calculated to comprehensively
evaluate the impact. The research hotspots and development trends were visualized in CiteSpace
and VOSviewer. [Results] The analysis based on WOS showed that the United States, the
University of California, Applied and Environmental Microbiology, and Elsevier were the
country, institution, journal, and publisher, respectively, with the highest impact in this field.
Professor Mervyn J Bibb in the microbiology department of the John Innes Centre in the UK
was the author with highest impact. The main research direction in the metabolites of
actinobacteria worldwide was Microbiology, and the research focused on the biosynthesis. The
research trend evolved from the genes and antibiotics before 2000 to gut microbiota and natural
products after 2000. The analysis based on CNKI showed that Northwest A&F University,
Microbiology China, and Professor Lihua Xu at Yunnan University were the institution, journal,
and author, respectively, with the highest impact in this field in China. The main research
direction was Biology, and the research focused on actinomycetes. The research trend in this
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field in China shifted from antibiotics and biosynthesis before 2000 to diversity and
identification after 2000. [Conclusion] The research on the metabolites of actinobacteria is
flourishing worldwide. The United States was a global leader in this field, ranking first in the
world in terms of the number of publications and the H-index, with strongly influential
institutions, journals, and publishers. China ranked second in terms of the number of
publications and fifth in terms of the H-index, and the publishing institutions and scholars had
influences at home and abroad. In the future, China should strengthen the publishing of
high-quality articles and the building of journals and publishers in the research on the
metabolites of actinobacteria and double the efforts to study gut microbiota and discover natural
products, so as to build up the strength in this research field.

Keywords: actinobacteria; metabolites; bibliometric analysis; number of publications; research

hotspots and trends
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FIPEATE" 2, 1942 4, Waksman M R
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Table 1 The top 10 actinobacterial genus with the most abundant metabolites and their types
# J& R 7 BVis /b3 Jo2
Family Genus Main metabolite =~ Metabolites type Application
HERE R HERE T R R R LM R B
Sreptomycetaceae Sreptomyces Streptomycin Aminoglycoside Antibacterial
HEHE 22 T A5 B Tt i i HRE AR HEAL SR
Sreptoverticillium  MTGase Monomeric protein Catalytic amino acids
/NS e s T 22 A BT i IR RN OB IR
Micromonosporaceae Actinoplanes Acarbose Oligosaccharide Anti-diabetes
i 619 14 iR ik HEH R HALIR R
Dactylosporangium  Urease Protein Transform urea
/IR T ) RRBR IR PR
Micromonospora Gentamicin Aminoglycoside Antibacterial
Pt FCRt WICRR 7 TR res PR
Pseudonocardiaceae Amycolatopsis Vancomycin Glycopeptide Antibacterial
W 22 TR & £ Yk K ZH TR VEfrerdi R
Saccharothrix Cellulase Multicomponent enzyme lines Degradation of cellulose
L EZ NN LER IR A i Ennz:)
Saccharopolyspora  Erythromycin Macrolide Antibacterial
R R AR R R WRHETT NA () BE2E P
Nocardiaceae Nocardia Nocobactin NA (2) Pseudopeptide Antibacterial
e i LA Rk E s SRER el HPUEk i
Thermomonosporaceae  Actinomadura Maduramicin Polyether Veterinary anti

coccidiosis
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Figure 1 WOS and CNKI annual publication volume in metabolites of actinobacteria.
Fz2 WOS HRZENAH~M A ER[ 10 BIER
Table 2 Top 10 countries of publications on metabolites of actinobacteria in WOS
H4  EHE R ICHR(R) KICH BEE1 AR AEBIgSIRR HAEE HIs8HER
Rank  Country Number of papers Percentage (%) Total citations  Average citation H-index Rank of
of per paper H-index
1 [ 7036 22.13 342 121 48.62 217 1
USA
2 ] 5916 18.61 107 547 18.18 107 5
China
3 H A 3243 10.20 99 436 30.66 117 4
Japan
4 1t ] 2 846 8.95 113 940 40.04 134 3
Germany
5 g Es| 1873 5.89 97 928 52.28 138 2
England
6 B[R 1853 5.83 43 370 23.41 87 8
India
7 i [ 1462 4.60 33871 23.17 71 10
Korea
8 JIEWN 1311 4.12 49 755 37.95 97 6
Canada
9 P 1165 3.66 42 600 36.57 94 7
Spain
10 HHE 1023 3.22 36 486 35.67 83 9
France
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Figure 2 Change chart of articles in USA and China in the field of metabolites of actinobacteria in WOS.
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£33 WOS & EREBFYAILER 10 HIHLH

Table 3 Top 10 institutions for publications of metabolites of actinobacteria in WOS

HE# o Bty P

KRR KA BREIK R IER HisE H 5%

Rank Institution Country  Number of Percentage Total Average citation  H-index HE#
papers (%) citations of per paper Rank of
H-index

1 T ERERE rh | 1240 3.90 20070 24.25 72 3
Chinese Academy of Sciences ~ China

2 PRI YR e FEH 776 2.44 41 044 52.89 103 1
University Of California System USA

3 PRI N 21 535 1.68 17 652 32.99 61 5
Centre National De La France
Recherche Scientifique

4 YNGR Bk 485 1.53 9452 19.49 46 9
Egyptian Knowledge Bank Ekb  Egypt

5 L EBFE R PN 449 1.41 16 796 37.41 60 6
Udice French Research France
Universities

6 RECR: H A 444 1.40 22 791 51.33 70 4
University of Tokyo Japan

7 ZIE IR G2 L] 437 1.37 13 535 30.97 56 8
Helmbholtz Association of Germany
German Research Centres

8 AR R AR T 411 1.29 14392 35.02 60 6
Eberhard-Karls Universitaet of ~Germany
Tubingen

9 el [ KRS A5 Y [H 390 1.23 32834 84.19 88 2
UK Research and Innovation England

10 higsgiE Ry Hh | 380 1.20 6927 18.23 41 10

Shanghai Jiao Tong University ~ China

B0 Pk e R AT 4 T ) e SC R R I g
P 5 i BR800 4 DX G 2 35 A DGR (] 3)0

CNKI #d o, sk B4 & Sc e HE
ZHT 10 BT R ST 524 B, ERSCRR)
12.99%, Hp & CHHEASE —. H f8EHEA 5
— P CRUZEY &) (30103 5.
H 850 23), HH4 T N AR 56 & SO
T (A ) R A P 5 4
Sl ELA A v T S i AR B R
H H5 804 55 AR CRZED#4 ) (H 48
019, KICE 66 GW), R (RUEDFR) 7
rh [ Z B 5T A A — R I RZ IR T (3R 6).

3.5 AW SH

WOS 258w, B A P & SCHEAT
10 By kR & S 22 612 B, AR SCEP
71.13%. X 10 M RRASR A 5 ANER . Hip,
3AHEALEFEE, 3AETEE, 2 4MNET
L, VB TEE, 1 AR T, Hdk e
W% . H IREHEA Som  H iREE 2 Elsevier
(B EMEIR) (B 6016 7, HIEX156), XK
HJ5 By & Springer Nature (Wi HAR) (k&
5 180 5, H 8%k 142), KSCEF H 8
Hef 28— o UK 2 A RRAE A i U A
BRI (% 7).
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F&4 WOS 1 CNKI = R =1 & E & X2/ 10 BYH449
Table 4 Top 10 Chinese institutions for publications of metabolites of actinobacteria in WOS and CNKI

% WOS CNKI
Rank #1144 RICE RX H His% Pl RIS R H H 5%k
Institution ) Btk B HE& Institution ) Btk BEC HE&
Number Percentage H-index Rank of Number Percentage H-index Rank of
of papers (%) H-index of papers (%) H-index
1 T EREBE 1240 20.96 72 1 PJbAAMR: 271 6.72 25 1
Chinese Academy K
of Sciences Northwest A&F
University
2 FiBAERSE 380 6.42 41 2 THRE 125 3.10 21 2
Shanghai Jiao Yunnan
Tong University University
3 WL R 290 4.90 39 3 FPEETERE 120 2.98 14 6
Zhejiang Ocean
University University of
China
4 ARFLT R 249 4.21 32 4 ALl R 106 2.63 16 3
East China Northeast
University of Agricultural
Science and University
Technology
5 A AR 234 3.96 31 5 MR R 83 2.06 12 7
Ministry of Hainan
Agriculture and University
Rural Affairs
6 hERREBE 215 3.63 31 5 maR RS 77 1.91 15 4
Chinese Academy Nanjing
of Agricultural Agricultural
Sciences University
7 TLR R 175 2.96 29 8 PR 71 1.76 15 4
Jiangnan Sichuan
University Agricultural
University
8 2R 174 2.94 27 9 IR R 69 1.71 7 10
Shandong Shandong
University University
9 B AR 162 2.74 23 10 AR 65 1.61 12 7
At U FIEE 2B Shenyang
Chinese Academy Agricultural
of Medical University
Sciences & Peking
Union Medical
College
10 hEfRE R E 147 2.48 31 5 FESE R 65 1.61 12 7
China Agricultural Shanghai Jiao
University Tong University
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RS5 WOS P& EAE A ER 10 BT

Table 5 Top 10 journals for publications of metabolites of actinobacteria in WOS

Ha T Ex WA JCR X ACEGE) ACASH BgEl RS HISE H IR
Rank Journal Country A JCR Number of Percentage AKX Uit H-index HE4%
Impact subregion papers (%) Total Average Rank of
factor citations  citation of H-index
per paper
1 bR R HA 3424 Q2 908 2.86 21854  24.07 61 5
Journal of Japan
Antibiotics
2 MABA Y EE 5560 QI 781 2.46 25692 32.90 68 4
AR Germany
Applied
Microbiology
and
Biotechnology
3 AEY RIS Bk 6.064 QI 733 231 14384  19.62 55 8
Frontiersin Switzerland
Microbiology
4 gk EHE 3476 Q3 613 1.93 29227  47.68 83 2
Journal of USA
Bacteriology
5 N S [ 5.005 Q2 584 1.84 28410  48.65 86 1
E USA
Applied and
Environmental
Microbiology
6 EEBIFEAL EHE 3752 Q2 411 1.29 13699 3333 57 6
B4 USA
PLoSOne
7 KR EHE 4803 Ql 398 1.25 16188  40.67 53 7
Journal of USA
Natural
Products
8 EfbEaE EHE 548 Q2 372 1.17 21832  58.69 82 3
Journal of USA
Biological
Chemistry
9 Tolk ik B[] 4258 Q2 303 0.95 9111 30.07 50 9
27/ 2P/ Sn England
Journal of
Industrial
Microbiology &
Biotechnology
10 Bl RIE £/ 499 Q2 298 0.94 6597 22.14 41 10
Scientific England
Reports
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=] T [ ] o
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- ° ®
1 ° e o
50 60 70 80 50 60 70 80
H-index H-index

3 BHAXER H EBHSHAEZMWEAFR JCR S XAIEXMEST A L3CE 520 HE 1A
Kbk B: ASCES JCR rXATRIEHE. C: H S8BT A PE. D H 1580 JCR 73 X ARSI
Figure 3 Correlation analysis of journal publication volume and H-index and JCR partition. A: Correlation

between journal publication volume and impact factor. B: Correlation between publication volume and JCR
partition. C: Correlation between H-index and impact factor. D: Correlation between H-index and JCR partition.

F& 6 CNKI Rk =it~ & =71 10 BYEAF
Table 6 Top 10 journals for publications of metabolites of actinobacteria in CNKI

2 BT KICEGE) ECAMNE HIEHR HIEEHER

Rank Journal Number of Percentage H-index  Rank of
papers (%) H-index

1 ¥k M8 3 Microbiology China 103 2.55 23 1

2 R EHTAE % 4Rk Chinese Journal of Antibiotics 94 2.33 15 4

3 WAE W44 Acta Microbiologica Sinica 66 1.64 19 2

4 rh [ V£ 254 Chinese Journal of Marine Drugs 53 131 16 3

5 2424 Journal of Microbiology 41 1.02 10 5

6 [l 412 25 (Bt A= 3430 World Notes on Antibiotics 40 1.00 9 7

7 LA AR Journal of Anhui Agricultural Sciences 36 0.89 10 5

8 KR HIBF9E 51 & Natural Product Research and Development 36 0.89 8 9

9 H WA i Biotechnology Bulletin 30 0.74 9 7

10 YL R Jiangsu Agricultural Sciences 25 0.62 7 10
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&7 WOS HMZERE YA ER/ 10 B9 H AR
Table 7 Top 10 publishing houses for publications of metabolites of actinobacteria in WOS
He4 L EP3 KR () RICEITIE BREIHR FAFEEE IR HAE80 H 385

Rank Publishing house Country Number of Percentage Total Average citation H-index HE44
papers (%) citations of per paper Rank of
H-index

1 Z RME/R fAr2% 6016 18.92 192014 31.92 156 1
Elsevier Holland

2 it e ARG - 3 SR PraEs| 5180 16.29 148 907 28.75 142 2
Springer Nature Germany

3 B ESE| 3253 10.23 110377 33.93 127 3
Wiley USA

4 EEfbEEE s EE| 1919 6.04 71236 37.12 102 5
American Chemical Society USA

5 EE MY RS EE| 1767 5.56 88 349 50.00 121 4
American Society for USA
Microbiology

6 2RI R B Tt 1278 4.02 13 594 10.64 46 10
Multidisciplinary Digital Switzerland
Publishing Institute

7 A IGEA Tt 1 061 3.34 17 903 16.87 59 8
Frontiers Media S.A Switzerland

8 ZEW-dR VAR IR R 2R 942 2.96 18 520 19.66 56 9
Taylor & Francis England

9 AFrkees A I oEs| 613 1.93 26 436 43.13 74 7
Oxford University Press England

10 WEEFEEss I ofEs| 583 1.83 26 333 45.17 80 6
Royal Society Chemistry England

3.6 {EEDH CNKI B B , e i A Qs 4 ke Sk

WOS G55 B, R A W) & SCaHE
L0 10 FERILESC 11104, HEu A
RICHE) 3.49%. &I 2 W2 X85 Hr b 1
(K3 173 5%), RICEHRA 5 1Y/ Jae Kyung
Sohng HH% (& 3 144 Ji) o XFH b 1+ 1) F 220t
GEI7 10 A TR R s A% 5 S iR 2R ARG L Ak
SRR H BRIk B
] 24y gy S 0 ST ATE 9 O R P02 B9 Mervyn ]
Bibb Z(#%(H 15%% 53). Mervyn J Bibb Z{#Z 4 B\
F B B TR R RS DU R, 153
YRR RARTY, FLEMHFTN G A,
JLEAE Sreptomyces coelicolor (K i {045 5 1)
T ST T R0 (% 8),

2010 EFE L S 223 B, S G ia LRk
SCEHY 5.53%. A SCHRIRZ RS K A il
REp A Rk e A W 06 ] 5 S B = Y
BICHAE, KIC31 0, HARE 14 HEZ 5
RO H AR BN F2 2 TA AR S R A R
HFER, FRORA SRR IR AL R, g % JE
PRIG R IR T B A R IR O 454 . HILRE st % Ak
L, AR A AR 2R 7= 2R R 2 S5
A, 2R HRAEYEEE DY H R
e R R D (e PRy PN 3 SN e e e o U )
TRINE A (H 4550 18), IR —HNF
TR 2657 . A PN~ 5 TR A

[F] ot X il 2 T R R 7 R4 9 (3 9).
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R 8 WOS P& E NG~ AXER 10 MEE
Table 8 Top 10 authors for publications of metabolites of actinobacteria in WOS

47 A& P Gk RIE KX HZEASC BRG] REERT] HIRE H 85K
Rank Author Country Institution (&) HAatt HArke R HBR H-index HE#
Number Percentage Percentage Total Average Rank of
of papers (%) of the citations  citation of H-index
country (%) per paper
1 DENG Zixin  H1[H KBRS 173 0.54 2.92 3918 22.65 34 6
China Wuhan
University
2 SOHNGJae Wi BECRY 144 0.45 9.85 2495 17.33 27 9
Kyung Korea Sunmoon
University
3 OMURA HA JEHIRA: 111 0.35 3.42 5929 52.01 36 4
Satoshi Japan Kitasato
University
4  MENDEZ- PYPEF RAEZ R 106 0.33 9.10 5333 50.31 44 2
FERNANDEZ Spain University
Carmen of Oviedo
5  BIBB Mervyn] &[H e 105 0.33 5.61 9325 84.01 53 1
England WFFEHLL
John Innes
Centre
6  VANWEZEL fa% iR 102 0.32 17.99 5004 49.06 38 3
Gilles Netherlands Leiden
University
7 LUZHETSKYY f#[H BRI 97 0.31 3.41 1975 19.55 26 10
Andriy Germany  Saarland
University
8  JU Jianhua i HE BB 92 0.29 1.56 2699 28.71 29 8
China Chinese
Academy of
Sciences
9  SHEN Ben EH Wrse L 90 0.28 1.28 3221 34.27 32 7
USA WA
The Scripps
Research
Institute
10 WOHLLEBEN f#[d AAGRE- 90 0.28 3.16 3358 36.11 35 5
Wolfgang Germany  R/RH-1®
BRI
Eberhard-
Karls
Universitaet
of Tubingen
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Table 9 Top 10 authors for publications of metabolites of actinobacteria in CNKI
£ (= Bty RXEGE) AEXHAW HIEH  HIEHHA
Rank  Author Institution Number of  Percentage H-index Rank of
papers (%) H-index
1 FEIH ik 31 0.71 14 2
LI Wenjun Sun Yat-sen University
2 Ll Hh R B 26 0.68 8 8
JU Jianhua Chinese Academy of Sciences
3 AR [ Tl R 25 0.63 11 3
ZHU Weiming Ocean University of China
4 TR mHRF 23 0.60 18 1
XU Lihua Yunnan University
5 % BDUR A 22 0.58 11 3
HONG Kui Wuhan University
16 PNIESL T AR B AL U M R 2R B 22 0.58 11 3
SUN Chenghang Peking Union Medical College
7 HERM Hh R R 19 0.50 11 3
CUI Chengbing Ocean University of China
8 FH B0 H Bk B 19 0.50 7 9
TIAN Xingpeng Chinese Academy of Sciences
9 R P TR 18 0.47 10 7
GU Qianqun Ocean University of China
10 kAN TR MEYET T 18 0.42 6 10
JIANG Hong Fujian Institute of Microbiology

3.7 #WEIXER

T SCIRYE 5 AR 2 SCRR T o 2 Hh A 2 R
W3 B — P E R, WOS i B,
HEA4 T 10 s gs | SCER A 3 AN EZK, Hi,
SHoEAER, 2/RkEARE, 1RkAER,
1 FRAEE, —REABE S, WERE
FIZRRRE, MRIEC 3 F . SR 30 75,
i, B2 00 S 7 R A R TR TR A 45 1 [ I v
AR AR TR, BRs Ik HEZ S —n
SR 2007 4 Newman %514V% £ 78 Journal of
Natural Products (K4 ”#)4%#) 1/ Natural

products as sources of new drugs over the last
25 years, X ZiRIEXT 1997 4E 1 2003 4=k %

TEA % 35 E 18 P 2l A 258 38 19 BT R 2 B
A, FEOREEREIE T R IE) KRR YRR
By EEEIRHES S SRR 2002 4R

Bentley 25*"& & 7F Nature (F #8) I /) Complete
genome sequence of the model actinomycete
Sreptomyces coelicolor A3(2), Xk HFFEE

URARGE TR R 1 2R N ALPA1, 438 T 20 24
WA 0 i 6 R R R s S IR, IR ACHE
i T2 TR T AR 2R AR W BRI R 98 B 3058 1) e
VE WA B T A (3R 10).

CNKI $54 27, w5 |3 5 s 1)
WETFEERT 2000 EZ)5, CEEMFE
PLEEIR g 3 o 8 510K B ey 1) SC 2 2013 4
N R R TE (CHHLEY: ) M—E i
“2010-2013 Z A H KRR )7, CF
FEMNHT 2010 4F 1 2013 4F 2 A 244k
TE P TR I A AT R AT R L TR R Y 895 N
KIRTE WA W e U5 S5 0 S L A= Wy T
(F 11),
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Table 10 Top 10 cited articles for publications of metabolites of actinobacteria in WOS

4 0w E EIREE 51 ke EREL BET LR
Rank Article 2% Corresponding Country 4y Mk Journal ] (K
Article author Year Total Impact
type citations factor
1 15 25 FFERAWIRIR BT 2y Zi  NEWMAN e 2007 3133  Journal of  4.803
Natural products as sources of new drugs Review DavidJ USA Natural
over the last 25 years products
2 IR E R AT TE A3(QR43E  #15%Y BENTLEY L [H 2002 2441  Nature 69.504
5]l £ Stephen D, England
Complete genome sequence of the model ~ Article HOPWOOD
actinomycete Sreptomyces coelicolor A3(2) David A
3 R SRRk IR £k NEWMAN I 2013 1634  BiochimicaEt 4.117
Natural products: a continuing source of ~ Review David J USA Biophysica
novel drug leads Acta-General
Subjects
4 1981 4F 1 2019 4 9 J1ifE 40 4E2KAEH 2518 NEWMAN FH 2020 1569  Journal of  4.803
BARIRI KR =) Review DavidJ USA Natural
Natural Products as Sources of New Drugs Products
over the Nearly Four Decades from
01/1981 to 09/2019
5 ARG RAEE S BRI £58 van der DONK il 2013 1235  Natural 15.111
18 A 24 32 AR AT L Review Wilfred A Netherland Products
Ribosomally synthesized and post- Reports
translationally modified peptide natural
products: overview and recommendations
for a universal nomenclature
6 PCR ¥l [ 8% 5 18 L R R I 58 T A52F5 19 GUST Bertolt  JE[F 2003 1173  Proceedingsof 12.771
T REAYERIIRNEARSHE 83 England the National
PCR-targeted Sreptomyces gene Article Academy of
replacement Identifies a protein domain Sciences of the
needed for biosynthesis of the United Sates
sesquiterpene soil odor geosmin of America
7 16S rRNA JEFFER MY A Ik F5%8  HEUER Holger f#[ 1997 1106 Appliedand 5.005
I3 ISR BE R TR T w3 Germany Environmental
Analysis of actinomycete communities by ~ Article Microbiology
specific amplification of genes encoding
16S rRNA and gel-electrophoretic
separation in denaturing gradients
8  HAERLIFA iR LEWISKim [ 2013 922 Nature 112.288
Platforms for antibiotic discovery Review USA Reviews Drug
Discovery
9 R CD 4325, AR ATY) 4548  BARKA Essaid 7:[H 2016 900 Microbiology 13.044
CD taxonomy, physiology, and natural Review Ait France and Molecular
products of actinobacteria Biology Reviens
10 AR Y) Zik  BLUNT John W #iP§>% 2013 598 Natural 15.111
Marine natural products Review New Product
Zealand Reports
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F 11 CNKI P& ER G =% 5 50 HEZ 8T 10 B3CE

Table 11  Top 10 cited articles for publications of metabolites of actinobacteria in CNKI
4 S SCEEZRAL EINAEE RFOHEGE FTEHT
Rank Article Article type Corresponding 4Effy  #HiK Journal
author Year Total
citations
1 2010-2013 ZIEFIFERUAE DB KR4 Lrik AR 2013 151 AR
New marine natural products of microbial origin Review ZHU Weiming Chinese Journal of
from 2010 to 2013 Organic Chemistry
2 TN AR T W5 ik Ja it 2004 149 (DGR ESHE
Research on endophytic actinomycetes in plants Review ZHOU Shining Microbiology China
3 JCER TR X 4 i Ji L TR B 5 A TR0 4R Zhik Ji A 2001 145 IR
Preliminary study on the antagonistic effect of = Review FANG Yusheng Guangdong
actinomycetes on four pathogenic fungi Agricultural Sciences
4 RO TR —— T A= W 24 ) 1 o S Ziik X H 2001 137 (DGR ESHE
Actinomycetes—an important resource for Review LIU Zhiheng Microbiology China
microbial drugs
5 WEPERCEC T 11014 TR IRT G P s BB SEL. BFSEIE ST BTHAE, Aff 2005 130 B R A
R Article Y| Chinese Journal of
Antitumor components from marine GU Qianqun, Anbiotics
actinomycete 110141 -cyclic dipeptides ZHU Weiming
6 T TR TR T 5 S £rik AR, &3 2011 124 [DGR7E=i
Research progress on marine actinobacteria Review ZHANG Si, Acta Microbiologica
LI Wenjun Shica
7 TR T )™ A 14 A 3 T o Lrik (RS 2007 101 [P &RESTEI
Bioactive substances produced by actinomycetes Review XU Lihua Microbiology China
8 HEPEICZC R S1001 LR IG PR M E ST BESEE S ARAEWT, 2006 95 B A R A
The antitumor active component from marine Article o5 e R Chinese Journal of
derived actinomycete S1001 ZHU Weiming, Anbiotics
GU Qianqun
9 A3y BRI H B R T R £k 2 K 2003 95 [CERYESTEI
Actinobacteria resources in extreme Review JIANG Microbiology China
environments Chenglin
10 6 BRI AL A N AR TR R B A A AR T w20 £k aIRE 2007 86 PEILARAMA K2
W5t Review  ZONG AR (B AR R
Inhibiting and promoting effect on plants of six Zhaofeng Journal of Northwest
strains endophytic actinomycetes isolated from A&F University
wild plants (Natural Science
Edition)
3.8 HEA B HEA G M H SRR . XU R

WOS Z55RER, 78 10 DT, %
YRR R SCEA H 38 B HES 56— (kS0
8273 fwi, HAGEL 171). AW AR A ¥ 2#

(R3Ca: 7 880 s, HFEEC 148)FiA= b+

ORI 5 571 5, HARE 164) 730 kS0

e A BRI A QI U A 32 25T 1]
AP BR B A e AR 7 T A R A
BRI A G Py U B U EIF ST T 01 (R 12).

CNKI EffE s, fE 10 M5, A4

Py B R SCHE H 3R B HEZ 5 — (RS0
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12 WOS 1 CNKI i H K =¥ % X 2/ 10 MR TT[E
Table 12 Top 10 research directions for publications of metabolites of actinobacteria in WOS and CNKI
% WOSs CNKI

Rank fiff 55 ] RIE KICAS HIsE HIREC  Wrm RILEw KX H¥8% H¥E%
Research (&) Percentage H-index HE# Research ) B4tk H-index fE4%
direction Number (%) Rank of  direction Number Percentage Rank of

of papers H-index of papers (%) H-index

1 [DEX7/Ea 8273 26.02 171 1 AER7les 1353 2595 38 1
Microbiology Biology

2 AR 7880  24.79 148 3 HA R 930 25.48 35 2
A= Plant protection
Biotechnology
applied
microbiology

3 AWtk T 5571 17.52 164 2 PO FERIFL: 515 17.93 32 3
H Agricultural basic
Biochemistry science
molecular biology

4 4135  13.01 123 5 2y 380 13.07 17 9
Chemistry Pharmacy

5 gy 3588  11.29 120 6 K7 334 11.50 27 4
Pharmacology Agronomy
pharmacy

6 1908  6.00 96 7 bz 276 6.18 24 5
Immunology Horticulture

7 WEEREERESY 1771 557 91 8 izl 271 5.21 21 7
Environmental Chinese materia
sciences ecology medica

8 ik 1643 517 90 9 R SR 187 4.94 24 5
Agriculture F A

Environmental
science and
resource utilization

9 FlERoRHEAL 1526  4.80 130 4 (Y] 185 4.70 21 8
TR Sciences
Sciences technology technology other
other topics topics

10 HPFLY 1321 4.16 76 10 — kT 178 3.98 13 10

Plant sciences

General chemical
industry

1 353 %%, H¥5%038), MR A9 Kk CEF H
FEBIHEA 56— (30 930 R, H 5% 35),

el BBl 0 K SCREAT HO SRS HES AR =
(K3CH 515 4%, H 1848 32). X ULHHE Y22
rh ) i 2 A W AR Y RS O e, A

W DA R A Ml S et Rk R o A R B A i
W5 S8 ) ORI Y 1) (3R 12)
3.9 HRHBSSH

SRR — R SR A O ARSI
O EHER) AT LS T2k T R AR 7 ) 0 1) A A
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SR VOSviewer B4 H Sk iRl 40 M I g
¥ WOS idis 5 A VOSviewer #ff, e ffit
BB E A 100 Ik, RRIFFG RIFR 634 4
K, HEEMEmE 4A PR, ATLUE
R E A S B A R, K
PSRRI . B TR ) B 500 55
AT ELR S B An 2R 13 B, Hide s B0
W i i 1Y AT 2 biosynthesis (AE¥)E L, M
% 2 606), H:¥KZ Escherichia coli (K #i,
ATYK 2 390)F1 Sreptomyces (BEFF I , HIK 2 275),

CNKI Eidi e AR IL B i B 100 3K, 45
BIFF A AR 17 A s, R R
Kl 4B FroR , AT LA H e ik 2 v A 7 4 4 3
I FE R T, IR S AR TV I
AR BACH ™ W 45, O H ) LA s B IR 4n
2213 Frow, Horb i BUSTR S ) SRR 2 il
ZETH” (actinomycetes, MK 843), HKJE“MF¥H
LR H” (marine actinomycetes, SHIK 276)F1<IK
AL =¥ (secondary metabolites, YK 244),
3.10 WREHEDHF

5 AL TA] 43 A e 3k 2 %58 QS 3R] 1Y) N JR] 43
A7, DNHR PRI H A AR Al Ay | G R R Y 58
B, R A HT AR A RV AT R R S A A
R I [A] 2 B 23 A 2 W A D IR 2R A 7 I 4
e BRI ] & e HES o3 A1, T B} 27 & S ka
W EBARE S, R0 HE e i ™ Pt

R
3.10.1 XERERI oM

¥ WOS. CNKI %#i#F A CiteSpace # {4,
PAT R IU B A 43 7 15 30 ke 2 B Al ™ 1 2%
PROCHRR], AT DA s B2 0 Jal At — B ] B2 24
WEFE T R CiteSpace 1J # 4k 5% 14 4%
WOS K ] (13 22 R BN (0] B & 5 4F, e
YR A 14F, 138 112 47 [H] 24 380 4~ 58 in],

Fie BE 58 BRI () A1 28 B i B 4 L R 200 Mo g
PRI T BT o S5 R iR S ) &
KA BE: 19902000 4F, 32BNk H
FER BT, 52X v B (cloning)” “B IR ¥
%l (nucleotide sequence)” 5T ; 2000-2022 4,
X A TE N E P E IR, Feil X i
AR IR GR 14).

¥ CNKI OC 8 10] (1) 3% 2 28 B W] 152 & o
SAF, BHEYIA A AR, X 74 45 13 288
AT HT(CNKI Edli b, g 1A 13 4>
R B NI e 5 2 A
BrEz: 1959-2000 47, FEEZERHETARNK
5 N B ARG, R XS P 2=
W58 2000-2022 4, X FIZ U A B9 50 e
2, XFHPR ST Z R S YA T
ZHRTE, FRAERT < ZFEPE R« R IK 0711
e 15),
3.10.2 XBIRBESF

FIH loglikelihood ratio test (LLR)&.3%, Xf5%
SRR T R 2 M R BRI A 2R e AT HE Y
rh R S AR 5| SCAE FR(tree ring history), IR A/
S Wz SO S TR 2R A% AR [ 3R
FRZIAVHIROCHR B, B T v €t 2 I AE Y I
BT . CiteSpace ks WOS %i#is T Zihi s 1
18 AN E R (K 5) L HBIF B, 2000 4F
DI F LR NEZ SHAERMX, tTHZYS
2 T 28 b5 Wy AH o R R 2846 5 W i R IR 1
FEZNMLHER), RIS KRS % T
21 7% % (erythromycin) [ & B, 2185 R & e -4t
KM BEENARZ —, EHZHE
(Saccharopolyspora) & B% 7 H 32 B 59— Flik
Gl 2000 AF DL BR BRFEXT LR B R AR
PIRIBIEFE SN, XTI TR T& Gl I i 1 9%
WOS SCHRI:A 5 | BRI TR]E AR MUY 4k 16 R .

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



4294 A i AR Microbiol. China

& VOSviewer

[?e, VOSviewer

4 WOS (A)FAINCKI (B)FXBiAZEMBE 2550 AR 5% 5 X S5 E | Bk la) i
A HIE R BB FE, BRI A RIS DAVCHD, B iR 6 n 28 B f sy, o B 1 %8 B X el 2 i 5%
FSEAYEE

Figure 4 Density visualization of keywords in WOS (A) and CNKI (B). Density visualization according to
the number of nodes in each density area and the closeness of each other, the different color shades can be
matched. The darker the color, the higher the density, which also indicates that the density area is the hot spot
of research.

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



LB E S R BRI Fidk e BT Web of Science (WOS)FIH [E] %1 % (CNKI)

4295

F 13 WOS #1 CNKI FHEZFT 10 B 5 55 X 17

Table 13 Top 10 keywords with high occurrences in WOS and CNKI

J¥5 wOs CNKI

Order KA IR b i) WK
Keyword Occurrences Keyword Occurrences

1 AW 2 606 T 843
Biosynthesis Actinomycetes

2 R 2390 R R 276
Escherichia coli Marine actinomycetes

3 R 2275 WA 1) 244
Sreptomyces Secondary metabolites

4 L3l 2158 e R T 206
Identification Antibacterial activity

5 Kik 2056 ZHETE 188
Expression Diversity

6 Z Rk 1537 MHE S 185
Diversity Antimicrobial activity

7 i) 1332 AT T 177
Bacteria Endophytic actinomyces

8 ftali 1282 B 156
Purification Identification

9 PiAR 1250 HERE T 144
Antibiotics Sreptomycete

10 A 1124 WA ) 135
Gene Secondary metabolism

CiteSpace {K & CNKI %idig =2l 17 Hrp
) 8 N R (B 6), KIHAM TR aHh T 22 .
2000 4 LA 32 B0 i 2 i A W6 BT R T
W5 HOO L2 P22 35 PESEA A 5 2000 4E LSS
FEOEX R W R iE YR, XA P T4
o 255 DA B 2 PR VEAG I, CNKI SCHRFE 95 2R
R TR AR MU Ak 17 B

4 Zik

AR SCHFH Web of Science 204 )% H 1) Science
Citation Index Expanded (SCI-EXPANDED)¥{#i&
J2E R ] R P (CNKD) BS0H0 2 %o ke 2 B A ™
PR SCRR A TR R, X R SO . R SCEA .
RICHU RSO, SO RFE . A SCPE# I
5T AT AN . o8, FFRIA VOSviewer
CiteSpace Z3# T H.X} WOS, CNKI ¢ 5 3¢ 1]

AT AR e R . BEsR A R 3R
Bl: (1) WOS 45 5R, A Pt 5e 8t
AR ) 5 R B R O [, 520 R K
PR 36 EIAAR A A, 50 g 5 K3 1)
J& 3 [¥ Applied and Environmental Microbiology,

S 7 e K H AL 2 Elsevier, 5200 f1 i KA
VR 2ok B 0 [ 25 e 94 1 A 9 vh O il AR 1 2
BB Mervyn J Bibb 204 o #5195 I fi iy 1) SCE
&% #F Journal of Nature Products (KZR=4)
Z4id5)AY Natural products as sources of new drugs
over the last 25 years. 4> BRI H A = 1)
1) LW T R TR AR, RS R A
PG BB HIE N 2000 4 HTX B R4
A F ARSI, B8R 2000 4 J5 % M T TR
PIREFN AR 1) e AR G I BE SR . (2) CNKI 44
RN, A Pt 5T 8 5
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Table 14 Keywords with the strongest citation bursts in metabolites of actinobacteria in WOS

5 RN HBLATE] S5 AR SRR SCH R A
Order Keyword Begin End burst Burst The figure of keywords strongest in citation burst
burst time time strength

1 il 1990 2001 69.93
Cell

2 I SEAZ A A% R 1990 2006 52.48
DNA

3 AT IR 741 1991 2003 233.25
Nucleotide sequence

4 TElE 1991 2006 209.48
Cloning

5 ik 1991 2003 122.07
Expression

6 {5 BT 1991 2006 116.34
Messenger RNA

7 J I R SE R 5 1991 2002 85.65 —
Tumor necrosis factor

8 HH 1991 2004 83.31 ———
Protein

9 i 1991 2005 79.99 mmm————
Purification

10 F/EEERE 1991 2010 57.84 re——
Sreptomyces
clavuligerus

11 EA#EEC 1991 2000 55.61 e
Protein kinase C

12 ik 1991 2008 54.43 ——
Molecular cloning

13 BEMamEn 1993 2008 90.12 —
Saccharopolyspra
erythraea

14 REGHESEE A3(2) 1993 2010 51.07 —_—
Sreptomyces coelicolor
A3(2)

15 PR E 1996 2011 76.51 —

Actinobacillus
actinomycetemcomitan

16 K 1997 2007 133.42 e
Escherichia coli

17 IpiER R 2019 2022 135.01 —
Gut microbiota

18 ZHEPE 2019 2022 95.90 —
Diversity

19 MAEMEEE 2019 2022 85.99 —
Microbial community

20 ANTEBEVE 2019 2022 81.64 o

Bacterial community
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Table 15 Keywords with the strongest citation bursts in metabolites of actinobacteria in CNKI

REIPS L
Order Keywords End burst Burst

burst time time strength

Begin

B [E] 2 IR IA] B B G B i) 2 B IR

The figure of keywords strongest in citation burst

1 NS 1959 2001 5.75
Bacteriophage

2 MAY 1947 2007 5.11
Microorganism

3 bR 1981 2005 6.6
Antibiotic

4 VIR 2003 2009 7.02
Biological
control

5 REET=Y) 2004 2009 5.17
Fermentation
products

6 Al 2005 2010 6.76
Fermentation

7 R A 2005 2008 4.73
Fermentation
condition

8 WA E 2007 2011 6.60
Strain
identification

9 R 2009 2015 6.54
Stability

10 ZHH: 2014 2019 10.94
Diversity

11 e 2014 2022 5.53
Isolation,
identification

12 KRB 2016 2022 10.15
Natural
products

13 ZLRAE 1017 2018 5.30
Mangrove
forests

S ONILIRP YRl LN SRS N A PR SN
RGN e ESTE QM AP NI (=
e MR R A S B AR I AR T, S
Rigm M XERELERET (ALK >) B
“2010-2013 ZIEEPE A W08 K AR TR T
A7 W SU Y BT 57 [l <A, bF

FEM R IE TR WEITEESE N 2000 4R X
PUA R TEY) G AN SCIIBETE , 527280 2000 4F
Ja Xk Z2 AR R RE ARSI

Zi bRrid, HAT R m A ke
IETE PR K i o 56 R 7R AL T4 3R 4 e 3
fr, HOESCHCR . H RBASHEA IR G 6L, &
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)2 ¥R #0 Natural product discovery

#1 Bacterial community

Streptomyces griseus
3 Biosynthetic gene cluster

#4 Novel actinobacterium

4 Mithramycin gene cluster
#15 ShiAkghf 3 al structure
#17 JLBE 7 4% #17 Response regulator phop

n structure

LIk
losporine-c hydr

CiteSpace .
——— tsukubaensis

5 WOS R E R =305 REE
Figure 5 Co-cited cluster of literatures on metabolites of actinobacteria in WOS.

&z 16 WOS R ERIH =YL 5| RENERT

Table 16 Time evolution of co-cited cluster of literatures on metabolites of actinobacteria in WOS

k[ B s | AL

Period Co-cited cluster word

1910-1919  JG None

1920-1929  JG None

1930-1939  JG None

1940-1949  JG None

1950-1959  JG None

1960—1969  #6 ='E N #6 Stringent response

1970-1979  #6 5SS, #8 BiBURM, #21 KRR ¢ 2Ll
#6 Stringent response, #8 Novel polyketide, #21 Deacetoxycephalosporine-c hydroxylase

19801989  #5 L1433 RIMA G, #8 BrIURM, #9 Kk %
#5 Erythromycin polyketide synthase, #8 Novel polyketide, #9 Streptomyces coelicolor

1990-1999  #5 LIFERBMIEHE, #8 HiRIRM, #9 KikHER W, #14 & RERIENE
#5 Erythromycin polyketide synthase, #8 Novel polyketide, #9 Streptomyces coelicolor, #14 Mithramycin gene cluster

20002009  #2 IKEFERET, #5 LR REGRE, #7 WHERERR, #10 IEROBEAIRIR, #17 ROBORTT &, #18 Jresaity
#2 Streptomyces griseus, #5 Erythromycin polyketide synthase, #7 Marine actinomycete, #10 Nonribosomal
lipopeptide, #17 Response regulator phop, #18 Isolation structure

2010-2019  #0 KARF=WIRBL, #1 AEEHE, #3 W45 REHE %
#0 Natural product discovery, #1 Bacterial community, #3 Biosynthetic gene cluster

20202022 #0 KRR BL, #1 MBS, #3 EVGHEENE, #4 PRRE, #15 MR, #24 0 EEERH
#0 Natural product discovery, #1 Bacterial community, #3 Biosynthetic gene cluster, #4 Novel actinobacterium,

#15 Crystal structure, #24 Streptomyces tsukubaensis
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Figure 6 Co-cited cluster of literatures on metabolites of actinobacteria in CNKI.

F 17  CNKI PR F= 4 SRk 245 51 R 2Bt 8] % 22

Table 17 Time evolution of co-cited cluster of literatures on metabolites of actinobacteria in CNKI
i) ] B ek 5 AT
Period Co-cited cluster word

1960—-1969 #4 £k #4 Actinomycetes
1970-1979 #1 A=W& L, #3 AWBIG, #6 PilE sk

#1 Biosynthesis, #3 Biological control, #6 Antibacterial activity

1980-1989 #1 4:#¥14 X #1 Biosynthesis
1990-1999 J& None

2000-2009 #0 %78, #2 RV, #3 AWIBGIR, #5 S5HLERE, #6 PLDATETE . #7 WEVEILI
#0 Identification, #2 Diversity, #3 Biological control, #5 Structural identification, #6 Antibacterial activity,

#7 Marine fungi

2010-2019 #0 %5, #1 EWIE M, #2 ZHHE, #3 EYIBIG, #4 R, #5 4550, #o PUmilhte, #7 IFEHE
#0 Identification, #1 Biosynthesis, #2 Diversity, #3 Biological control, #4 Actinomycetes, #5 Structural

identification, #6 Antibacterial activity, #7 Marine fungi

2020-2022 Jt None

SCHLRA e SCHA IR e 3C S Rt A 1 5 R A
HABRFEW S] o o B RSO HE 2 5 A
H $E 8 ek HR2 20 1, MR ST AL 52
FHEMENINA — R T e
W= O ST A T R RS R, BT
T I R AT A 2 S RO BIFFE 5 1) 1 il il A=
PIRERN R R A AR R A5 . ARk b I
JHCER DA AR 77 BT 5 S 7 T 54 185 Jo kSRR

RAM AR DE . R B, sk il A
FERR IR R AR SRS, LA Sl 7% 9
SRS S T R B AR S T
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