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Study on the Diversity and Antibacterial Activity of Symbiotic
Fungi from Sphagnum PalustreL.in Jinggangshan
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Abstract Jinggangshan National Nature Reserve is an ecological environment with rich species resources
and characteristics of the southern red soil hills. The plentiful microbial resource is a treasure trove of active
natural products that has not been fully explored, which may contain new mechanism antibiotics to respond
the growing resistance status in clinic.In this paper, we focused on the species diversity and antimicrobial
activity of symbiotic fungi in Sphagnum palustre L.in Jinggangshan area.In this study,188 species of sym-
biotic fungi were isolated by plate culture method. After the analysis of morphological characteristics and

its rDNA sequencing, 123 strains ol [ungi were identilied, which belonged to 16 dilferent genera,and shown
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a good diversity of fungal communities.It was confirmed that these isolates belong to at least 16 different
genera corresponding to taxonomic orders in the phylogenetic analysis. Using classic fermentation condi-
tion, the 123 crude extracts were screened for antibacterial activity by the paper diffusion method, and it
was found that 33 strains of fungal secondary metabolites had a broad-spectrum antibacterial activity.Com-
paring the results of HPLC-UV fingerprint analysis,it was found that many secondary metabolites of sym-
biotic fungi have a series of natural products with ultraviolet absorption. Studies have shown that the
Sphagnum palustre L.symbiotic fungal community in Jinggangshan has rich diversity and superior antibac-
terial activity, which showed the potential for the research of new types of natural antibacterial products.

Key words Jinggangshan National Nature Reserve; Sphagnum palustre L..; symbiotic fungi; fungal diver-

sity; antibacterial activity
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Closest BLAST match Query cover Identity No.ofl bp Identification
Strain number
[GenBank accession number] /% /% analyzed [GenBank accession number]

JW-13-01 Penicillium onobense [ MK450706 ] 100 99.8 541 Penicillium onobense
JW-13-02 Penicillium pulvillorum [ MK450709 ] 100 99.8 535 Penicillium pulvillorum
JW-13-03 Penicillium pulvillorum [MK450709] 100 99.2 556 Penicillium pulvillorum
JW-13-04 Penicillium ochrochloron [ MK789684 | 99 99.4 539 Penicillium ochrochloron
JW-13-05 Penicillium simplicissimum [ MH856014 ] 100 98.7 548 Penicillium simplicissimum
JW-13-06 Penicillium skrjabinii [KM013434] 99 99.4 558 Penicillium skrjabinii
JW-13-07 Penicillium glabrum [MT028088] 100 99.8 531 Penicillium glabrum
JW-13-08 Penicillium sp.[ HIM469417 ] 99 99.6 559 Penicillium sp.
JW-13-09 Penicillium sp. MH550492] 100 99.1 558 Penicillium sp.
JW-13-10 Penicillium skrjabinii [MK952237 ] 99 99.2 558 Penicillium skrjabinii
JW-13-11 Penicillium skrjabinii [KP900325] 99 99.4 541 Penicillium skrjabinii
JW-13-12 Penicillium skrjabinii [KP900325] 99 100 528 Penicillium skrjabinii
JW-13-13 Penicillium sp. HM469417 ] 100 99.8 534 Penicillium sp.
JW-13-14 Penicillium sp. MH550492 ] 100 99.8 537 Penicillium sp.
JW-13-15 Penicillium citrinum [ MT558921] 100 100 494 Penicillium citrinum

Penicillium pulvillorum
JW-13-16 100 100 520 Penicillium pulvillorum

[MK450709]

JW-13-17 Penicillium skrjabinii [KM013435] 100 99.8 534 Penicillium skrjabinii
JW-13-18 Penicillium citrinum [ MT085754 ] 100 100 493 Penicillium citrinum
JW-13-19 Penicillium sp.[MH550492 ] 100 99.6 545 Penicillium sp.
JW-13-20 Trichoderma aureoviride [ MK765010 | 99 99.8 571 Trichoderma aureoviride
JW-13-21 Penicillium odoratum [ MH865229 ] 100 100 518 Penicillium odoratum
JW-13-22 Penicillium skrjabinii [KM013434] 99 100 528 Penicillium skrjabinii
JW-13-23 Penicillium odoratum [ MHS865446 ] 100 99.8 526 Penicillium odoratum
JW-13-24 Penicillium radulatum [ MH864927 ] 100 99.8 526 Penicillium radulatum
JW-13-25 Penicillium lividum [MH864918] 100 99.8 526 Penicillium lividum
JW-13-26 Penicillium herquei [MH864239 ] 100 99 99.1 Penicillium herquei
JW-13-27 Penicillium sp.[ EU076946 ] 100 9.8 529 Penicillium sp.
JW-13-28 Penicillium ochrochloron [ MK789684 ] 99 100 529 Penicillium ochrochloron
JW-13-29 Penicillium sp. HM469417 ] 100 100 532 Penicillium sp.
JW-13-30 Penicillium simplicissimum [ MN64696 | 100 100 524 Penicillium sim plicissimum
JW-13-31 Penicillium onobense [ MH861322] 100 99.8 534 Penicillium onobense
JW-13-32 Penicillium oxalicum [KJ957935] 99 100 542 Penicillium oxalicum
JW-13-33 Penicillium ochrochloron [ MN515355 ] 99 100 525 Penicillium ochrochloron
JW-13-34 Penicillium ochrochloron [ KX082933] 99 100 526 Penicillium ochrochloron
JW-13-35 Penicillium ochrochloron [ MN503307 ] 100 100 528 Penicillium ochrochloron
JW-13-36 Penicillium sp.l MN521822 ] 100 99.8 539 Penicillium sp.
JW-13-37 Penicillium ochrochloron [ AJ509865 ] 100 99.6 528 Penicillium ochrochloron
JW-13-38 Penicillium rolfsii [MK120600] 100 100 519 Penicillium rolfsii
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Closest BLAST match Query cover Identity No.ofl bp Identification
Strain number
[GenBank accession number] /% /% analyzed [GenBank accession number]
JW-13-39 Penicillium glabrum [ MN251036] 100 100 532 Penicillium glabrum
JW-13-40 Umbelopsis isabellina [ JN206398 ] 95 86.6 536 Umbelopsis isabellina
JW-13-41 Penicillium simplicissimum [KU702683] 100 100 524 Penicillium simplicissimum
JW-13-42 Penicillium kananaskense [ MH862441] 100 100 532 Penicillium kananaskense
JW-13-43 Penicillium ochrochloron [ MK952318 ] 100 100 531 Penicillium ochrochloron
JW-13-44 Penicillium ochrochloron [ MK450704 ] 100 99.6 540 Penicillium ochrochloron
JW-13-45 Penicillium ochrochloron [ KX082933] 100 100 524 Penicillium ochrochloron
JW-13-46 Penicillium ochrochloron [ KX082933] 100 99.8 530 Penicillium ochrochloron
JW-13-47 Umbelopsis sp.[MT009419] 99 92.4 568 Umbelopsis sp.
JW-13-48 Umbelopsis isabellina [ AM981209 ] 96 93.4 560 Umbelopsis isabellina
JW-13-49 Penicillium ochrochloron [ MK952318 ] 100 99.6 530 Penicillium ochrochloron
JW-13-50 Penicillium oxalicum [ MH367526 ] 100 97.4 549 Penicillium oxalicum
JW-13-51 Mortierella minutissima [ AB476417 ] 100 100 592 Mortierella minutissima
JW-13-52 Penicillium pulvillorum [ MK450709 ] 99 99.4 539 Penicillium pulvillorum
JW-13-53 Sordariomycetes sp.[JQ761571] 100 100 559 Sordariomycetes sp.
JW-13-54 Penicillium ochrochloron [ MK450704 | 100 99.4 540 Penicillium ochrochloron
JW-13-55 Penicillium ochrochloron [ KX082933] 100 99.6 532 Penicillium ochrochloron
JW-13-56 Colletotrichum gloeosporioides [ KC341951] 99 99.6 544 Colletotrichum glocosporioides
JW-13-57 Mucor circinelloides [ MT065680 ] 100 99.3 584 Mucor circinelloides
JW-13-58 Mucor abundans [MH971277 ] 99 99.8 576 Mucor abundans
JW-13-59 Backusella tuberculispora [MH931263] 99 98.7 697 Backusella tuberculispora
JW-13-60 Cladosporium uredinicola [ AY251071] 99 100 5114 Cladosporium uredinicola
JW-13-61 Cladosporium uredinicola [ AY251071] 100 100 516 Cladosporium uredinicola
JW-13-62 Aspergillus niger [MT065679 ] 100 100 543 Aspergillus niger
JW-13-63 Aspergillus sp. MK817591 ] 99 100 548 Aspergillus sp.
JW-13-64 Cladosporium tenuissimum [ MK957179 ] 99 99.6 513 Cladosporium tenuissimum
JW-13-65 Penicillium simplicissimum [ MN509044 ] 99 100 533 Penicillium simplicissimum
JW-13-66 Umbelopsis ramanniana [ MN699285 ] 98 88.4 606 Umbelopsis ramanniana
JW-13-67 Umbelopsis ramanniana [ MF417296 ] 100 99.5 592 Umbelopsis ramanniana
JW-13-68 Umbelopsis ramanniana [ KM017730] 99 90.1 598 Umbelopsis ramanniana
JW-13-69 Trichoderma asperellum [KU516601 ] 99 100 555 Trichoderma asperellum
JW-13-70 Penicillium simplicissimum [ MI856014 ] 100 99.1 545 Penicillium simplicissimum
JW-13-71 Penicillium ochrochloron [ AJ509865 ] 99 99.4 547 Penicillium ochrochloron
JW-13-72 Penicillium skrjabinii [ MK952237] 99 100 530 Penicillium skrjabinii
JW-13-73 Penicillium skrjabinii [KM013435] 99 100 528 Penicillium skrjabinii
JW-13-74 Penicillium pulvillorum [ MK450709] 99 100 545 Penicillium pulvillorum
JW-13-75 Penicillium simplicissimum [KU702683 ] 99 100 526 Penicillium simplicissimum
JW-13-76 Penicillium pulvillorum [ MK450709] 100 99.4 538 Penicillium pulvillorum
JW-13-77 Penicillium sp.[ AF125939 ] 99 99.6 548 Penicillium sp.
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[GenBank accession number] /% /% analyzed [GenBank accession number]
JW-13-78 Penicillium ochrochloron [ MN515355 | 100 100 524 Penicillium ochrochloron
JW-13-79 Penicillium sp.[JN376145 ] 99 99.8 547 Penicillium sp.
JW-13-80 Penicillium spinulosum [ MH856382] 99 99.5 545 Penicillium spinulosum
JW-13-81 Penicillium odoratum [ MH865446 ] 99 99.4 538 Penicillium odoratum
JW-13-82 Penicillium citrinum [ MN634643 ] 99 100 519 Penicillium citrinum
JW-13-83 Talaromyces purpureogenus [ MK108916] 100 99.6 531 Talaromyces purpureogenus
JW-13-84 Talaromyces amestolkiae [ MN549518] 100 99.6 538 Talaromyces amestolkiae
JW-13-85 Penicillium chrysogenum [ HQ637355] 99 100 536 Penicillium chrysogenum
JW-13-86 Aspergillus parasiticus [MT079321] 100 100 538 Aspergillus parasiticus
JW-13-87 Trichoderma harzianum [ MF780850] 99 100 578 Trichoderma harzianum
JW-13-88 Aspergillus versicolor [MN880095 ] 100 100 521 Aspergillus versicolor
JW-13-89 Trichoderma hamatum [ MH781011] 100 100 550 Trichoderma hamatum
JW-13-90 Cladosporium halotolerans [ MN644570] 99 99.3 595 Cladosporium halotolerans
JW-13-91 Penicillium oxalicum [MT446169] 100 100 551 Penicillium oxalicum
JW-13-92 Penicillium ochrochloron [ MK450704] 100 99.8 540 Penicillium ochrochloron
JW-13-93 Cladosporium tenuissimum [ MF473304 ] 100 100 511 Cladosporium tenuissimum
JW-13-94 Penicillium odoratum [ MH865229 ] 100 99.6 542 Penicillium odoratum
JW-13-95 Umbelopsis vinacea [ KC489486 ] 99 98.5 612 Umbelopsis vinacea
JW-13-96 Penicillium chrysogenum [ KY524459 ] 100 99.8 543 Penicillium chrysogenum
JW-13-97 Mortierella parvispora [ MH858819 ] 99 99.1 582 Mortierella parvispora
JW-13-98 Penicillium oxalicum [KX865276 ] 100 99.8 548 Penicillium oxalicum
JW-13-99 Aspergillus parasiticus [ MK841465] 100 100 551 Aspergillus parasiticus
JW-13-100 Fusarium tricinctum [MF919404 ] 99 99.2 518 Fusarium tricinctum
JW-13-101 Ascomycota sp.[ KF159980 ] 99 99.8 51 Ascomycota sp.
JW-13-102 Umbelopsis ramanniana [ MF417296] 99 99 604 Umbelopsis ramanniana
JW-13-103 Epicoccum sorghinum [MT341779]] 100 100 494 Epicoccum sorghinum
JW-13-104 Cladosporium perangustum [KY400099 | 100 99.8 506 Cladosporium perangustum
JW-13-105 Alternaria tenuissima [ KF876820 ] 99 99.8 528 Alternaria tenuissima
JW-13-106 Penicillium oxalicum [ MN509063] 100 100 542 Penicillium oxalicum
JW-13-107 Penicillium sp.[ MG211080] 100 100 547 Penicillium sp.
JW-13-108 Umbelopsis ramanniana [ MF417296] 99 99 607 Umbelopsis ramanniana
JW-13-109 Aspergillus versicolor [1L.C387802] 100 99.8 525 Aspergillus versicolor
JW-13-110 Umbelopsis vinacea [ KC489486] 99 98.6 593 Umbelopsis vinacea
JW-13-111 Cladosporium cladosporioides [ MH819672] 100 99.4 510 Cladosporium cladosporioides
JW-13-112 Penicillium spinulosum [ MH856382] 100 99.5 545 Penicillium spinulosum
JW-13-113 Colletotrichum gloeosporioides [ MK491607 ] 99 99.4 536 Colletotrichum gloeosporioides
JW-13-114 Umbelopsis sp.[ MT009414 ] 99 98.7 605 Umbelopsis sp.
JW-13-115 Epicoccum sorghinum [MN915133] 100 100 497 Epicoccum sorghinum
JW-13-116 Umbelopsis ramanniana [ MF417292] 99 99 612 Umbelopsis ramanniana
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Closest BLAST match Query cover Identity No.ofl bp Identification
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JW-13-117 Epicoccum sorghinum [ MK429873] 99 98 491 Epicoccum sorghinum
JW-13-118 Umbelopsis isabellina [ HQ630363 ] 99 96 599 Umbelopsis isabellina
JW-13-119 Cochliobolus kusanoi [ JN943393 ] 99 99.4 505 Cochliobolus kusanoi
JW-13-120 Umbelopsis ramanniana [ KM017730] 100 98.3 587 Umbelopsis ramanniana
JW-13-121 Umbelopsis vinacea [ KC489486 ] 100 98.2 609 Umbelopsis vinacea
JW-13-122 Umbelopsis ramanniana [ MH864911 ] 100 99.2 599 Umbelopsis ramanniana
JW-13-123 Umbelopsis ramanniana [ MN699285 ] 99 96.9 595 Umbelopsis ramanniana
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2.2 JF Xk 8 5 A oA I8 A R i T
W i B ARCR BT 2 S35 3R 37 8 L 30 D I L 3K15 123 MRS . 7E o Halb A7 1 Rh 58 58 T 1
PUTA TG M0 2 J5 R B0 33 R ILAR BT B R A M) SR B BRI M o Penicillium onobense JW-13-1
Penicillium pulvillorum JW-13-16 . Penicillium skrjabinii JW-13-22 2 P07 1% 09 B0 0 1% P L B B Peni-
cillium oxalicum JW-13-91 B 7= 9y W) & %) 4 B0 8 25 BR B8 o 7 2R O 3o 16 1 (58 2)
F2 HRLMREBRELEABHRBRGFWRAE T

PUAE P (mm) *
[l R
E.coli M .smegmatis S.aureus M.phlei B.subtilis
Penicillium onobense JW-13-1 18.3 20.4 18.5 18.3 18.6
Penicillium ochrochloron JW-13-4 14.1 20.1 18.2 16.2 16.7
Penicillium simplicissimum JW-13-5 -/- 10.7 18.3 -/- -/-
Penicillium skrjabinii JW-13-6 16.2 17.9 17.8 16.4 16.3
Penicillium sp.JW-13-8 18.1 18.6 17.9 18.1 18.3
Penicillium skrjabinii JW-13-10 18.3 20.3 18.4 17.9 18.1
Penicillium sp.JW-13-14 18.5 20.7 18.1 18.1 18.2
Penicillium citrinum JW-13-15 -/- 20.5 19.2 -/- -/-
Penicillium pulvillorum JW-13-16 18.8 20.7 19.2 18.8 18.3
Penicillium skrjabinii JW-13-17 18.2 17.6 17.8 18.3 17.9
Penicillium citrinum JW-13-18 -/- 13.7 19.5 -/- 15.8
Penicillium sp.JW-13-19 17.4 17.5 18.2 17.9 21.1
Penicillium skrjabinii JW-13-22 19.1 20.8 17.9 17.4 16.9
Penicillium sp.JW-13-29 15.7 17.8 -/- 16.9 17.5
Penicillium onobense JW-13-31 18.1 20.7 -/~ 17.8 21.1
Penicillium ochrochloron JW-13-34 13.2 15.4 14.6 -/- 10.3
Penicillium rolfsii JW-13-38 16.2 15.7 19.1 17.4 18.8
Penicillium glabrum JW-13-39 14.1 15.9 15.8 14.4 16.1
Penicillium ochrochloron JW-13-71 15.8 17.8 13.6 18.8 17.9
Penicillium skrjabinii JW-13-73 17.7 18.6 15.4 16.8 17.9
Penicillium pulvillorum JW-13-74 15.3 14.9 13.5 14.6 15.1
Penicillium sim plicissimum JW-13-75 15.9 13.4 12.9 13.1 17.8
Penicillium ochrochloron JW-13-78 13.9 10.7 16.1 10.6 12.9
Penicillium citrinum JW-13-82 15.8 14.2 17.9 16.2 13.9
Aspergillus parasiticus JW-13-86 11.1 12.5 15.5 14.2 -/-
Penicillium oxalicum JW-13-91 -/- -/- 21.3 -/- -/-
Cladosporium tenuissimum JW-13-93 15.7 13.8 16.2 17.9 16.2
Umbelopsis vinacea JW-13-95 -/- 15.8 14.7 11.1 10.8
Penicillivm chrysogenum JW-13-96 -/- 13.7 15.8 -/~ -/-
Mortierella parvispora JW-13-97 -/- 13.3 15.9 -/- -/-
Penicillium oxalicum JW-13-98 -/- 16.7 18.2 13.5 -/-
Ascomycota sp.JW-13-101 -/- 16.2 17.5 -/- -/-
Penicillium spinulosum JW-13-112 -/- 18.8 19.4 -/~ -/-
A/E 29.1 30.2 29.6 33.8 31.1

TE s 85T X 0N 7R (A B 10 10 1 BB R/ Conen) R 1Al ARG 490 B0 0 13 R SR 5 . 1R B B9 LR R:R™> 18 mm GGG %) . R=13-18 mm
H I E  R=10-13 mm NAK/ TN, A 2 AE o ol 00 1 075 30 A BH P AR ZY
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