YR 2026,48(4 ) :352~360

Biotic Resources

EE RBAR
DOI: 10. 14188/j. ajsh. 20260036
R RE Ve U AT E 01 1) 20 1 0 0 e DL 5 A RR 1 W) 20 %5 5

X BEAE Y R AT RAE B R

(1. BBOR2E 2y240% , Wb R 430072;
2. TR R 0L F B B 25 5B, T A& TLI] 529000)

FEE . AW 2 1 © o 4 BR A 3 T A el i iR Pk AR A o AR R B R R 2R R B R e S Y A O R
ARWFFT G AE S IR IR — & I A HE T - BB I 1k XU T -HPLC Ak 2 ZREVE DR AG 7Y 3 9% 3% 20 07 0k 55 s, I HE 17 ) T I 0
AR IR LT 0 R GEMEAZ A o SR M B R VR A VA 45 5 4 Rk BEME BE 95 3k, DA 30 10 TRV DT FR A vh 43 B8 4K AT 138 Ak A 57 4l s
SR B 5 1 ] R X B8 A T SR W B AT REL B A L DL 3 I PR R LS T D R T 8 0 P AR T L T 0% 5 96 FL AR - AR AL 1k
S0 S8 PTG PR PEAR , 45 & HPLC AL 22 2 FE PR 20 M 3140 AR B bk WHU L0116, I 4 H T I 252 B8 51 5 1TS rDNA 73
FRERBET ., G5RTR, 138 ¥R MR XT KW 3% 5 B (Escherichia coli) | 4 78 4 2 BR 8 (Staphylococcus aureus) | 1752k H
(Candida albicans) W4 B T V£ BHHE A 43 51 96. 426 .58. 026 .16, 7% ; e F ITS rDNA J7 81l () e KA IR 1% R G2 K 6 43 B85 B bk
WHU10116 & T i 8 @ th & LW, S I 5 (A, chevalieri) 1R B2 (A, intermedius) R M5 (AL costiformis) 3 5] ¥4
BL—1>43 K (bootstrap=96 % ) , Hoth WHU 10116 5 FC 1 85 £61% 53 ST A SB IR I8, 2 2% 6 FR AR 5 (F A G oK O 19 HE 1 82 175
W Z N ARG KT AT EE— L BE . HARE PR WHUL0116 e HRp ik 2B 5k IR T 35 Bu i i vk 5 3= & A AR 1E | J2& )5 22400
PR o R S R R A SR R S e bR . ASBIFSY Dy TR R IR T B SR A R 2 ISR AR AL 1O e 2

SRR - VTR A3 B PO RS T 5 ol R A 5 P I B XA AR DNA AR W 2 BT 5 i OB 3

FESES: Q39.5 SCHRAR S - A SCHEE S :2096-3491(2026) 04-0352-09

Isolation and screening of deep-sea fungi with high antimicrobial activity and its
dominant strain preliminary identification

LIU Qundi'?, TAO Weixin', ZHU Dongqing', HONG Kui'"
(1. School of Pharmaceutical Sciences, Wuhan University, Wuhan 430072, Hubei, China;
2. School of Southern Medicinal Resources, Guangdong Jiangmen Chinese Medicine College , Jiangmen 529000, Guangdong, China)

Abstract: Microbial drug resistance poses a critical global public health challenge, and fungi in extreme habitats are
core potential resources for exploring new antimicrobial lead compounds. This study aimed to establish and validate a three-
level stepwise screening strategy including morphological de-replication, dual-method antimicrobial activity re-screening,
and HPLC chemical diversity assessment, and to apply it to the systematic exploration of deep-sea culturable fungi. A total
of 138 independent pure culture strains were isolated from 30 deep-sea sediment samples using gradient dilution plating
combined with four selective media. Crude extracts were prepared via dual solid-liquid fermentation. Antimicrobial activity
evaluation of crude extracts was completed through preliminary screening by plate punch method and re-screening by

96-well plate-microplate reader. Further HPLC chemical diversity analysis was used to screen the candidate strain. The
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candidate strain WHU10116 was selected and subjected to morphological microscopy and ITS rDNA phylogenetic
identification. Results showed that the positive rates of antimicrobial activity of 138 strains against Escherichia coli,
Staphylococcus aureus, and Candida albicans were 96.4%, 58.0% , and 16. 7% , respectively. ITS rDNA phylogenetic
analysis (maximum likelihood) placed strain WHU10116 within Aspergillus section Aspergillus, forming a clade with A.
chevalieri, A. intermedius, and A. costiformis (bootstrap=96% ), within which WHU10116 is most closely related to
A. chevalieri; however, its species-level assignment still requires multi-gene phylogenetic analysis. The strain
WHU10116, with a unique habitat origin, broad-spectrum antimicrobial activity, and abundant metabolic characteristics,
is a priority candidate for subsequent metabolite isolation, identification, and genome mining. This study provides a
methodological reference for the pharmaceutical exploration of deep-sea culturable fungi.
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Table 1 The information of deep-sea sediment samples
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Table 2 Overview of fungal isolation
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Figure 1 Distribution of antimicrobial activity grades of extracts from liquid fermentation(a) and solid fermentation(b)
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Figure 2 Comparison of antimicrobial activity between solid and liquid fermentation products of deep-sea fungi
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Table 3 Candidate strains obtained from the initial screening and re-screening and their antimicrobial activities
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Figure 3 HPLC chromatogram of solid fermentation
product of strain WHU10116
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Figure 4 Morphological observation of strain WHU10116
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Figure 5 Phylogenetic tree of strain WHU10116 based on ITS rDNA sequences

3 %% U5 1k H A B E B &N TR AR 3 Ve B H bR Ak WHU10116 3 B = AL

WHULOLL6 He FU™ 5T LA BB FRIRFIE . 38« (1) 025 o 0 U R I R 0 i 5 41
4SS e R T B K R LR 0 B B, Csection Aupergillus) 9y FiEL 31T 72 2 e I 1t
BrkEs %, B SRR (2) R R 0 1Ll

LB 138%F p ‘
ONRHA x AHERE x IMERERE -

SASHEE — SEIRFRIRIR

iaTEPETERR
@z (M) + STUR-BIFOGE (S9%)

E. coli « S. aureus - C. albicans

REFEERHF

DAD£if<13# 190~800 nm

'
|
||

254 /280 nmSETRIES - RERES 7 S

Ee6 fiEmiER

Figure 6 Flowchart of screening



AW R - 359 -

MUREPE A o B 5 Gl A ) R DR A v A A R = BRI
JUBE BRI, B 7 A 0 A0 B 4805 P Ay - i 5 (3)
WAL W E A TR R TR R X R R A TR R A B
AR B HA P EU EYORTENE . E 2L XT
WHUL0116 JF & i [N 4132 41 R MU e K A 38 7™
W53 1 S5, IS0 JHG G At TR 24 6 D 1A A ) i BT
WG, LSS 3 R AR H 2 IR T .

AW FEAE BT T P T P oA R IR — Rk B
TE R & W 5 W AR R I 25 A R B i T AN [m) A e
PR PERE B2 7 & 8 7 SO0 LR R AR R A 2 R
PR o A 2 e 0 42 3 22 MR B AE A SR PR B8 (A
DU URL 2 1) 8 A AR S —— ARk 43 16 B2
G B A AR X B AR 1 AT fih S AN [ Y R ]
RIBBF, CHPFRRGLR T B R B UE
YR G AR 1 A2 7 S i AR R T SR
AR W T 25 5 VTG TE MR TR J2 R B rh LR 1 A= 0
W FE (BGCs) |, HEB 43 R G AR 7 [ 1A & W T
B A TR R . N FIRERRE, B
PR AR 32 4 Jry 1k I 4% DR (A Velvet B G 18) |
TR AR SR A sk R DL KR s R B (1
Ak /W Ak ) B Z B Mgl RE g AR
AR (R AU HE R B TG B8 45 ) ] e 52 i) ok 6 )] 455
W2, FHOR R BGCs 1y #E B M 351 0 X BB K
AR O35 A% TR AL R 1 BIF 9 K B, IR AR 5 T
i AT Yl 0 T SO UUER BGCs™ . L, R &
T 55 1A e T 3 o ) RGO B8 22 S ATl o 2 )2
YR 45 0 24 3K 3 A AL 1] A 8] D7 [, 7 A 22 S A 1Y
WAACH =P . LB A5 OSMAC (one strain
many compounds, 5L T& Pk 2 77 ¥ ) 5 B 19 Bl 2% 5 il
o B e MR TR ELTE N OSMAC 3 g i
1709 R GEAR B W) 0 2, i — 2D U S TG R ARk
5 % 18 T U AR I S AR T

ith 25 J& ih 2 4 (section Aspergillus, )it Eurotium
J& ) B LRI 7 Wy 4548 Z2 A0 00 AR A M ) e
B 2K (anthraquinones) (4 AT 24E 9 (benzaldehyde
derivatives ) F1 15| W — TR DR 1% 4= 4 5, (indole diketopi-
perazine alkaloids)3 K&, Z B H BT B 5 Hi LT
PEN X Vi B JE B O AR R SR
B DL RG] I TR O AR 7 W 1 A T 2R
FLJa)F5 WmIZ SRR PO S A W ok T B R T
I o ARBFFE A WHUL0116 % e FH 2 9 4 K i 35
A TR AN 4 o (8 A A K R 2 R B b AR DL B PR
P, 5 b AR SCHR R TR 2R R RO S S R Y AT A
Py ) 1% BT B R AE AR AT, 3278 AT BEAE AR AU S5 1
FERY TG B A AR AS AR ik — 20 73 B SR TE

A Sk it 1 24 15 L TR (4 ) 25 O 1 T AR A B 54T
FEAE AT TR BR M« ()P0 B 6 M A 2 FRLEE 9, oK
o3 8 Al A AR B AR A A, J0 I B FLUARTE T B oy
R R 55 5 25 (2) P 3 T vk WHU 10116 1) % 22 UK
P ITS P8, A kA7 4 4L I e, TG 3 & 40 1
BGCs (1 7 i i BE 11 5 (3) 3575 T Fh 25 A R , A 8
i I PR TS 245 B K

AR W58 AT L JLAS J5 iR A 2 (1) 58 B
WHU10116 4= FE 400 7 5 A 015 8 % o0, Fl
i antiSMASH 4§ T. H 42 i JL BGCs; (2) % F
OSMAC % mg"™™ | & g8 fit 1k 85 3% % 10 DL i &
WHU10116 JL#k BGCs 335, 454 LC-MS/MS 41
T 0 28 H AR AT AR 2 2 5 1 A 9 P A 3B 5 (3)
W DR E FG K £ 2 B Ak DLVEAR HAE R
BT RLBL TR S 5 Ak B W R TR 1 A (B

4 & ®

=R

ARG A ST I IR T — & T A HEE -
Wk & i -HPLC b2 2 FEPEPPAL 7 19 3 905% 91 i 1
SR, IR N T B ORR A R 8 3R B R G
PEAZHE . 36T 9 TR DURR A SR AR A (30 3 B ) 43
BIARAT Y 138 MR ALK 3% LA, R IPA KRB (1) i
3 T T TR T R TR L B X 3 28 R B R B P TS
M IR A AT O A EREE L SR (5
RFG G K E ) ST B9 45 Bt BH =R 5 51
96. 4% .58.0% M 16.7% ; (2) [ A& 5 Wi 14 XUk % 1
FEDUBE TG PEAC I = A R R G R S A T
TR B SE R 5 (3) 28 1% 3 RO w1k 1 B H AR TR
Bk WHU10116, H ITS rDNA % 5 25 5 i os & T il
B8 I AR A R 0PI M s AR
55 RR IR 00 TR A B R TRARRAE 02 5 LT R AR
3 B 5 S B DR 21 42 0 1) R S e A

S % LR

[ 1] S, £38. MAEYT 2R IUR R Hmg 1]

B AIBE 22255, 2025, 16(5): 1073-1081.
Xu X S, Wang Y. Global status of antimicrobial resis-
tance and corresponding therapeutic strategies [J]. Medical
Journal of Peking Union Medical College Hospital,
2025, 16(5): 1073-1081.

[ 2] Murray C, Ikuta K S, Sharara F, et al. Global burden
of bacterial antimicrobial resistance in 2019: a systematic
analysis [J]. The Lancet, 2022, 399 (10325) :
629-655.

[ 3] Nass N M, Zaher K A. Beyond the resistome: molecular

insights, emerging therapies, and environmental drivers



360

XTI 45 « TR Ve 24 Y5 B0 TR A 20 188 0 26 S D0 4 7 ok A9 400 20 M

[4]

of antibiotic resistance [J]. Antibiotics, 2025, 14
(10): 995.

FhEi, EA, 2a4a, 5F . R AREEIRHUEY b A
PiARKERURIRIT] A T, 2022, 20
(2):172-181.

Du R, Wang M G, Peng JJ, et al. Advances in discovery
of new antibiotics in uncultured microorganisms [J].
Chinese Journal of Bioprocess Engineering, 2022, 20
(2):172-181.

Arrieche D, Cabrera-Pardo J R, San-Martin A, et al.
Natural products from Chilean and Antarctic marine
fungi and their biomedical relevance[J]. Marine Drugs,
2023, 21(2): 98.

B H, P, B, SF . o PR R W B SR
Fe FCAG PE AT S b R [ ). A9 AR 24T, 2024, 40
(10): 3407-3426.

Zhao X X, Bai S B, Li L, et al. Research progress in
isolation strategies and bioactive substances of microor-
ganisms in extreme environments [J]. Chinese Journal
of Biotechnology, 2024, 40(10): 3407-3426.

Mhzs B, XK, 3T, . —BRIEFRIRITE Ver
ticillium sp. SN-1 IR FAR G = k52 [T]. 222
2, 2026, 61(7): 2603-2610.

QuY L, LiuY Z, Pan M F, et al. Studies on the
secondary metabolites of a marine-derived fungus Verti-
cillium sp. SN-1 [J].
2026, 61(7): 2603-2610.
REEX, ToaiE, 55 =, 5. AW Penicillium
sp. MDKFD-160 I Z AL ™= W i ik 52 [T]. v & 0 4R
F IR, 2026, 51(5): 605-612.

Xiong D M, YuY X, Ma Q Y, et al. Study on the

Acta Pharmaceutica Sinica,

secondary metabolites of marine fungus Penicillium sp.
MDKFD-160 [J].
2026, 51(5): 605-612.

Maharjan S, Lesjo J] M, Isaksson J, et al. Parafenestella

Chinese Journal of Antibiotics,

varangrensis sp. nov., a phomenin producing fungus
from the Arctic [J]. Scientific Reports, 2026, 16:
3221.

HuoRY, Zi G R, ShiD X, etal. Antibacterial activity
and mechanism of polyketides from the marine-derived
fungus Talaromyces sp [J]. 2025,
239: 114606.

HIRGE, Fldhdh, W7, . LLRAR DU KL
e 3 A AN [7) A= 5% B 1) 43 1 K ARt i e g e 7]
E B R 4k, 2017, 42(4) : 277-283.

Phytochemistry,

[14]

[15]

[17]

[18]

[19]

[21]

Dong Z T, Yan J J, Peng F, et al. Isolation and bio-
activity screening of metabolites of fungi from three
different habitats of mangrove, marine sediments and
Arctic region[J]. Chinese Journal of Antibiotics, 2017,
42(4): 277-283.

Chen W C, Song X, WuJ, et al. Aculeapyridones A-
Q, pyranopyridone alkaloids with protective effects against
acetaminophen-induced acute liver injury discovered from
a coculture of Aspergillus aculeatinus WHUF0198 and a
Penicillium sp. [J]. Journal of Natural Products, 2025,
88(2): 336-348.

Gui P Y, Fan J, Zhu T H, et al. Sesquiterpenoids
from the mangrove-derived Aspergillus wustus 094102
[J]. Marine Drugs, 2022, 20(7) : 408.

Kumar V, Ahluwalia V, Saran S, et al. Recent develop-
ments on solid-state fermentation for production of
microbial secondary metabolites: challenges and solutions
[J]. Bioresource Technology, 2021, 323: 124566.
Keller N P. Fungal secondary metabolism: regulation,
function and drug discovery[J]. Nature Reviews Micro-
biology, 2019, 17: 167-180.

Zhang Y F, Yu W B, Lu Y, et al. Epigenetic regula-
tion of fungal secondary metabolism[J]. Journal of Fungi,
2024, 10(9): 648.

Pan R, Bai X L., Chen J W, et al. Exploring structural
diversity of microbe secondary metabolites using OSMAC
strategy : a literature review [ J]. Frontiers in Microbiology,
2019, 10: 294.

A, SRR, I B BN 2R VR B A 4 BE Bl R AR
AR ROR LT, P EEY A 55 TR
i, 2026, 42(6): 1073-1090.

Liang S Y, Han Y X, Yue C W. Genome mining
drives efficient discovery of natural terpenoid compounds
[J]. Chinese Journal of Biochemistry and Molecular
Biology, 2026, 42(6): 1073-1090.

Li HH, FuY Q, Song F H. Marine Aspergillus: a
treasure trove of antimicrobial compounds [J]. Marine
Drugs, 2023, 21(5): 277.

DengJ TY, LiYL, Yuan Y, et al. Secondary metabo-
lites from the genus Eurotium and their biological activities
[1]. Foods, 2023, 12(24) : 4452.

Pan C Q, Hassan S S U, Muhammad I, et al. Marine
fungi as a goldmine for novel antibiotics: a 2024 perspec-
tive [J]. 2025, 11:
1538136.

Frontiers in Marine Science,



