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Study on the diversity and antibacterial activity of
endophytic fungi from Glycyrrhiza uralensis
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Abstract: As widely used Chinese medicinal material, G. uralensis had complex endogenous microenvironment, which con-
tained rich microbial resources. It was a treasure of antibacterial natural products that had not been fully explored, which was
a potential resource for new structures and mechanisms of antibiotics. This article focuses on the diversity and antimicrobial
activity of endophytic fungi from G. uralensis in Inner Mongolia, Gansu and Ningxia. After being dereplicated by morphological
characteristics 134 fungi were identified by ITS-rDNA sequencing. We confirmed that these isolates belong to 16 different
genera,which showed great fungal diversity,and Penicillium and Aspergillus were the dominant endophytic fungi in G. uralen-
sis. Using classic fermentation condition, the crude extracts were screened for antibacterial activity by the paper diffusion
method,and 35 strains of fungal secondary metabolites had broad-spectrum antibacterial activity. Comparing the results of
HPLC-UV fingerprint analysis, many secondary metabolites of endophytic fungi had series of natural products with analogous
ultraviolet absorption. Studies had demonstrated that endophytic fungi from the G. uralensis had rich diversity and superior an-
tibacterial activity, which showed the potential for novel antibacterial natural products.
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Strain number osest BLAST match Query Identity Number of Identification
[ GenBank accession number | cover( % ) (%) bp analyzed
CFGC-2-01 Penicillium halotolerans [ NR_111812 ] 100 100 515 Penicillium halotolerans
CFGC-2-03 Aspergillus dimorphicus [ NR_135346.1 ] 100 99 534 Aspergillus dimorphicus
CFGC-2-04 Aspergillus terreus [ KT310979 ] 100 100 539 Aspergillus terreus
CFGC205 Byssochlamys spectabilis [ KC254066 ] 100 100 551 Byssochlamys speciabilis
CFGC-2-08 Penicillium polonicum [ KY978579 ] 100 100 510 Penicillium polonicum
CFGC-2-09 Penicillium chrysogenum [ MFO77255 | 100 99 519 Penicillium chrysogenum
CFGC-2-10 Penicillium polonicum [ KY978579 | 100 100 510 Penicillium polonicum
CFGC-2-12 Penicillium vinaceum [ EU833227.1] 100 100 529 Penicillium vinaceum
CFGC-2-13 Penicillium chrysogenum [ EF200101 ] 100 100 518 Penicillium chrysogenum
CFGC2-14 Aspergillus westerdijkiae [ IN793950 ] 100 99 532 Aspergillus westerdijkiae
CFGC-2-15 Talaromyces pinophilus [ KM012001 ] 100 99 523 Talaromyces pinophilus
CFGC-2-17 Aspergillus tubingensis [ MF186869. 1] 98 100 545 Aspergillus tubingensis
CFGC-2-18 Cladosporium cladosporioides | MH714552 ] 100 100 477 Cladosporium cladosporioides
CFGC-2-19 Cladosporium cladosporioides | MH270583 ] 100 99 507 Cladosporium cladosporioides
CFGC-5-02 Penicillium cyclopium [ KJ783269 ] 99 100 531 Penicillium cyclopium
CFGC-5-03 Aspergillus ochraceus | MH864932. 1] 100 100 526 Aspergillus ochraceus
CFGC-5-04 Aspergillus westerdijkiae [ NR_135389.1 ] 100 100 523 Aspergillus westerdijkiae
CFGC-5-05 Penicillium dierckxii [ MFO77228 ] 100 99 550 Penicillium dierckxii
CFGC-5-06 Penicillium chrysogenum [ KU561926 | 99 100 520 Penicillium chrysogenum
CFGC-5-07 Fusarium sp. [ GQ505464 ] 100 99 519 Fusarium sp.
CFGC-5-08 Clonostachys rosea [ MH864507.1 ] 99 99 510 Clonostachys rosea
CFGC-5-09 Cladosporium sp. [ HQ696055 ] 100 99 495 Cladosporium sp.
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CFGC-5-11 Penicillium polonicum [ MF186068 ] 99 100 518 Penicillium polonicum
CFGC-5-12 Fusarium oxysporum [ MG461555 ] 100 100 488 Fusarium oxysporum
CFGC-5-13 Penicillium polonicum [ NR_103687 ] 99 99 541 Penicillium polonicum
CFGC-5-014 Fusarium sp. [ JE740914 ] 99 99 506 Fusarium sp.
CFGC-5-16 Arthopyrenia salicis [ KM030296 ] 100 99 501 Arthopyrenia salicis
CFGC-5-17 Penicillium polonicum [ NR_103687 ] 99 99 529 Penicillium polonicum
CFGC-5-18 Alternaria alternata [ MF497381 | 100 100 490 Alternaria alternata
CFGC-5-19 Fusarium lacertarum [ JF740923 ] 100 99 488 Fusarium lacertarum
CFGC-5-20 Penicillium glabrum [ MF803957 | 100 100 502 Penicillium glabrum
CFGC-5-21 Penicillium cyclopium [ KJ783269 ] 100 99 521 Penicillium cyclopium
CFGC-5-22 Fusarium lacertarum [ JF740923 | 100 100 486 Fusarium lacertarum
CFGC-5-23 Sarocladium kiliense [ KM231849.1 ] 99 99 523 Sarocladium kiliense
CFGC-5-24 Fusarium oxysporum [ MG461601 ] 100 100 489 Fusarium oxysporum
CFGC-5-25 Cladosporium cladosporioides [ MH270583 ] 100 99 509 Cladosporium cladosporioides
CFGC-5-26 Fusarium acuminatum [ JF740933 ] 100 99 504 Fusarium acuminatum
CFGC-5-27 Parastagonospora sp. [ KM030299 ] 100 99 491 Parastagonospora sp.
CFGC-5-28 Cladosporium cladosporioides | MH714552 ] 100 100 469 Cladosporium cladosporioides
CFGC-5-29 Penicillium glabrum [ MF803957 | 100 100 503 Penicillium glabrum
CFGC-5-30 Aspergillus ochraceus [ MH858963. 1 | 99 98 530 Aspergillus ochraceus
CFGC-5-31 Penicillium spinulosum [ MF072674 | 100 99 512 Penicillium spinulosum
CFGC-5-32 Fusarium acuminatum [ MH277491 ] 99 100 496 Fusarium acuminatum
CFGC-5-33 Penicillium polonicum [ KY978579 ] 99 100 507 Penicillium polonicum
CFGC-5-34 Penicillium oxalicum [ MH766384. 1 | 100 100 516 Penicillium oxalicum
CFGC-5-35 Fusarium oxysporum [ MG242209 ] 100 100 463 Fusarium oxysporum
CFGC-6-01 Fusarium sp. [ JF740914 ] 100 99 493 Fusarium sp.
CFGC-6-03 Penicillium polonicum [ KY978579 ] 100 100 516 Penicillium polonicum
CFGC-6-04 Penicillium oxalicum [ MF961796 ] 100 100 532 Penicillium oxalicum
CFGC-6-07 Penicillium italicum [ HQ850911 ] 100 99 519 Penicillium italicum
CFGC-6-08 Penicillium polonicum [ KY978579 ] 100 99 519 Penicillium polonicum
CFGC-6-09 Aspergillus westerdijkiae] NR_135389.1 ] 100 100 523 Aspergillus westerdijkiae
CFGC-6-10 Penicillium polonicum [ KY978579 ] 100 99 518 Penicillium polonicum
CFGC-6-11 Fusarium tricinctum [ MK028863. 1] 100 100 502 Fusarium tricinctum
CFGC-6-12 Alternaria sp. [ HQ317498.1 ] 99 99 508 Alternaria sp.
JWGG-2-08 Cladosporium sp. [ MN905806 | 100 99.6 514 Cladosporium sp.
JWGG-2-16 Penicillium adametzioides [ MN511339 ] 100 100 535 Penicillium adametzioides
IWGG-2-27 Aspergillus sojae [ MK450657 ] 100 100 555 Aspergillus sojae
JWGG-2-31 Aspergillus niger [ MH511143 ] 100 100 553 Aspergillus niger
JWGG-246 Penicillium ochrochloron [ MK450704 ] 99 99.8 548 Penicillium ochrochloron
JWGG-5-01 Fusarium solani [ MT605584 ] 100 100 509 Fusarium solani
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JWGG-5-02 Aspergillus costaricensis [ MT558927 | 100 100 531 Aspergillus costaricensis
IWGG-5-03 Aspergillus niger [ HQ170509 ] 100 99.8 560 Aspergillus niger
JWGG-5-04 Fusarium fujikuroi [ MT603302 ] 100 100 497 Fusarium fujikurot
JWGG-5-05 Penicillium halotolerans [ MK849929 | 100 99.8 530 Penicillium halotolerans
JWGG-5-06 Aspergillus parasiticus [ MK841465 ] 100 99.8 541 Aspergillus parasisicus
JWGG-5-11 Penicillium citrinum [ KT844552 ] 100 99.8 520 Penicillium citrinum
JWGG-5-12 Aspergillus sp. [ MK450657 ] 100 100 533 Aspergillus sp.
IWGG-5-17 Aspergillus flavus [ KU527785 ] 100 100 554 Aspergillus flavus
JWGG-5018 Fusarium oxysporum [ £J919629 | 100 100 490 Fusarium oxysporum
JWGG-5-19 Fusarium solani [ MG241273 ] 100 100 505 Fusarium solani
JWGG-5-20 Ascomyeota sp. [ MH430758 ] 99 100 515 Ascomycota sp.
JWGG-5-22 Aspergillus terreus [ HQ608043 ] 100 100 562 Aspergillus terreus
JWGG-5-23 Penicillium halotolerans [ MK849929 ] 99 99.4 542 Penicillium halotolerans
IWGG-5-24 Penicillium chrysogenum [ MH777428 ] 98 100 529 Penicillium chrysogenum
IWGG525 Aspergillus tubingensis [ MT318169 ] 100 100 526 Aspergillus tubingensis
JWGG-5-27 Penicillium sp. [ MT498093 ] 100 100 529 Penicillium sp.
JWGG-5-28 Aspergillus chevalieri [ LN482478 ] 100 100 508 Aspergillus chevalieri
IWGG-5-29 Aspergillus terreus [ MT558939 ] 100 100 570 Aspergillus terreus
JWGG-5-31 Aspergillus terreus [ MT558939 ] 100 100 566 Aspergillus terreus
JWGG-5-32 Aspergillus sp. [ MK646040] 100 99.6 534 Aspergillus sp.
JWGG-5-33 Aspergillus ustus [ AY373876] 100 99.8 531 Aspergillus ustus
IWGG-5-34 Mucor circinelloides [ MT065680 | 99 99.5 586 Mucor circinelloides
IWGG-5-35 Aspergillus calidoustus [ MH863122 ] 100 99.8 530 Aspergillus calidoustus
JWGG-5-36 Penicillium desertorum [ KF887136 ] 99 100 529 Penicillium desertorum
JWGG-5-38 Penicillium halotolerans [ MK849929 | 100 99.4 535 Penicillium halotolerans
IWGG-540 Penicillium desertorum [ KF887136 ] 100 99.8 542 Penicillium desertorum
JWGG-542 Penicillium sizovae | MH858522 ] 100 99.5 562 Penicillium sizovae
JWGG-543 Aspergillus alabamensis [ 1.C388869 ] 99 99.7 572 Aspergillus alabamensts
IWGG-544 Fusarium oxysporum [ MT448908 ] 99 100 491 Fusarium oxysporum
JWGG-545 Penicillium ochrochloron [ KX082933 ] 100 100 533 Penicillium ochrochloron
JWGG-546 Penicillium halotolerans [ MK450696 | 99 99.6 544 Penicillium halotolerans
IWGG-547 Penicillium granulatum [ MN493047 ] 100 99.6 549 Penicillium granulatum
JWGG-5-49 Fusarium solani [ MN272356 ] 100 100 514 Fusarium solani
JWGG-5-50 Fusarium oxysporum [ MT555742 ] 100 100 489 Fusarium oxysporum
JWGG-5-51 Penicillium polonicum [ MT582786 ] 100 100 532 Penicillium polonicum
JWNG-2-01 Aspergillus parasiticus [ KF624769 ] 99 99.8 560 Aspergillus parasiticus
JWNG-2-02 Aspergillus parasiticus [ MT079274 ] 100 100 543 Aspergillus parasiticus
JWNG-2-03 Penicillium sp. [ GU985207 ] 100 100 538 Penicillium sp.

JWNG-2-04 Aspergillus sp. [ MK450657 ] 100 100 546 Aspergillus sp.
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JWNG-2-05 Ascomycota sp. [ MH430731 ] 100 100 545 Ascomyeota sp.
JWNG-2-06 Aspergillus parasiticus [ MG662400 ] 100 100 560 Aspergillus parasiticus
JWNG-2-07 Cladosporium cladosporioides [ MK761055 ] 100 99.8 507 Cladosporium cladosporioides
JWNG2-09  Cladosporium pseudocladosporioides [ MT582794 ] 100 100 501 Cladosporium pseudocladosporioides
JWNG-2-10 Aspergillus parasiticus [ MK841465 ] 99 99.8 558 Aspergillus parasiticus
JWNG-2-11 Penicillium citrinum [ MT597829 | 100 100 504 Penicillium citrinum
TWNG-2-12 Aspergillus sp. [ MK646040 100 99.8 536 Aspergillus sp.
JWNG-2-13 Penicillium oxalicum [ KM458819 | 100 99.8 547 Penicillium oxalicum
JWNG-2-14 Penicillium halotolerans [ MK849929 ] 100 99.5 548 Penicillium halotolerans
JWNG-2-15 Cladosporium sp. [ MT383120 ] 100 100 499 Cladosporium sp.
JWNG-2-18 Aspergillus amstelodami | MT582744 ] 100 100 501 Aspergillus amstelodami
JWNG-2-19 Nigrospora oryzae [ KU360608 ] 99 99.4 516 Nigrospora oryzae
JWNG-2-20 Fusarium solani [ MK1106438 ] 100 99.6 517 Fusarium solani
JWNG-2-23 Fusarium oxysporum [ MN817702 ] 100 100 490 Fusarium oxysporum
JWNG-2-25 Fusarium oxysporum [ MT448901 ] 100 100 487 Fusarium oxysporum
JWNG-2-26 Hannaella luteola [ MK592825 ] 100 100 432 Hannaella luteola
JWNG-2-30 Fusarium oxysporum [ MN995067 ] 100 100 492 Fusarium oxysporum
JWNG-2-32 Alternaria alternata [ JF973295 ] 100 100 520 Alternaria alternata
JWNG-2-33 Penicillium sizovae | MH859338 ] 100 99.8 542 Penicillium sizovae
JWNG-2-34 Cladosporium cladosporioides | MK761055 | 100 100 502 Cladosporium cladosporioides
JWNG-2-35 Alternaria tenuissima [ MK752717 ] 99 100 489 Alternaria tenuissima
JWNG-2-36 Alternaria tenuissima [ KU145270 ] 99 100 521 Alternaria tenuissima
JWNG-2-37 Didymella macrostoma [ KY949624 ] 100 100 501 Didymella macrostoma
JWNG-2-38 Alternaria alternate [ JF973295 ] 100 99.8 531 Alternaria alternata
JWNG-2-39 Alternaria angustiovoidea [ MT448893 ] 100 100 525 Alternaria angustiovoidea
JWNG-240 Aspergillus calidoustus [ MH863122 ] 99 99.9 527 Aspergillus calidoustus
JWNG-241 Fusarium solani [ MT560338 ] 100 100 507 Fusarium solani
JWNG-2-42 Phoma sp. [ KX342939 ] 100 100 494 Phoma sp.
JWNG-243 Didymella macrostoma [ KY949624 ] 100 100 496 Didymella macrostoma
JWNG-2-44 Alternaria alternate | MT453271 | 100 100 519 Alternaria alternata
JWNG-2-46 Fusarium falciforme [ MT251175] 100 100 503 Fusarium falciforme
JWNG-247 Aspergillus flavus [ MN559680 | 100 99.8 560 Aspergillus flavus
JWNG-2-49 Alternaria alternate [ MN402464 ] 100 100 526 Alternaria alternata
JWNG-2-51 Cladosporium perangustum [ MT466522 | 100 100 498 Cladosporium perangustum
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CFGC-5-33 Penicillium polonicum
CFGC-6-08 Penicillium polonicum
CFGC-6-10 Penicillium polonicum
CFGC-2-08 Penicillium polonicum
CFGC-2-10 Penicillium polonicum

CFGC-5-21 Penicillium cyclopium
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CFGC-6-07 Penicillium italicum
CFGC-2-01 Penicillium halotolerans
CFGC-2-12 Penicillium vinaceum

63

CFGC-5-06 Penicillium chrysogenum
CFGC-2-09 Penicillium chrysogenum
58 CFGC-2-13 Penicillium chrysogenum
99 CFGC-5-20 Penicillium glabrum
CFGC-5-29 Penicillium glabrum
CFGC-5-05 Penicillium dierckxii
CFGC-5-34 Penicillium oxalicum
CFGC-2-04 Aspergillus terreus
CFGC-2-17 Aspergillus tubingensis
CFGC-2-03 Aspergillus dimorphicus
CFGC-2-14 Aspergillus westerdijkiae
CFGC-5-04 Aspergillus westerdijkiae
CFGC-6-09 Aspergillus westerdijkiae

@
s

100

CFGC-2-05 Byssochlamysspectabilis

100 CFGC-2-19 Cladosporium cladosporioides
CFGC-5-25 Cladosporium cladosporioides
CFGC-5-09 Cladosporium sp.
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100

100
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Fig. 2 Phylogenetic relationship of endophytic fungi from G. uralensis in Gansu
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Fig. 3 Phylogenetic relationship of endophytic fungi from G. uralensis in Ningxia
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Table 2 Antibacterial activity of secondary metabolites of endophytic fungi from G. uralensis

PUATE T Antibacterial activity (mm)

s g 1
iiﬁ@? RO SO MR ZFRAE WROEE  SROWHRE KRG RE
M. phlei B. subtilis M. smegmatis S. aureus E. coli
Penicillium oxalicum CFGC-6-04 + + + + + + + + + 4+
Aspergillus westerdijkiae CFGC-6-09 + + + + + + + + + -/- +
Aspergillus terreus CFGC-2-04 + + + + + + -/~ -/-
Penicillium polonicum CFGC-2-10 + + + + + + -/- -/-
Talaromyces pinophilus CFGC-2-15 + 4+ + + + + + + +
Aspergillus westerdijkiae CFGC-5-04 + + + + + + + + + +
Cladosporium sp. CFGC-5-09 + + + + + + + + + -/- +
Penicillium polonicum CFGC-5-11 + + + + + + + + -/- -/-
Fusarium oxysporum CFGC-5-12 + + + + + + + + + + + +
Fusarium sp. CFGC-5-14 ++ + ++ + ++ 4+ + + + +
Arthopyrenia salicis CFGC-5-16 + 4+ + + 4+ + + + + + +
Fusarium lacertarum CFGC-5-19 + 4+ + + + + + + /-
Penicillium cyclopium CFGC-5-21 ++ + + + + + + + + +
Sarocladium kiliense CFGC-5-23 + + + + + + + -/- -/-
Cladosporium cladosporioides CFGC-5-25 + + + + + + + + + + -/-
Parastagonospora sp. CFGC-5-27 + 4+ + + + + + + +
Aspergillus ochraceus CFGC-5-30 + + + + + + + +
Fusarium acuminatum CFGC-5-32 + + + + + + + /-
Penicillium oxalicum CFGC-5-34 + 4+ + + + + + + + + -/~
Penicillium citrinum JWGG-5-11 + + -/~ ++ + + + + -
Aspergillus flavus JWGG-5-17 -/~ -/~ + + + + + -/-
Penicillium halotolerans JWGG-5-23 -/- -/- + + + + + -/~
Aspergillus terreus JWGG-5-29 -/~ + + o+ + o+ +
Mucor circinelloides JWGG-5-34 -/- -/- + + 4+ + /-
Penicillium halotolerans JWGG-5-46 + + - + + + + + /-
Fusarium oxysporum JWGG-5-50 + + + + + + + + +
Cladosporium cladosporioides JWNG-2-07 -/- -/- -/~ + + + -/~
Penicillium citrinum JWNG-2-11 -/~ -/~ + + + + -/-
Penicillium oxalicum JWNG-2-13 + + + + + + + o+
Cladosporium sp. JWNG-2-15 + -/~ + + + + -/- /-
Fusarium oxysporum JWNG-2-25 + + + + + + + + o+
Hannaella luteola JWNG-2-26 + + + + o+ o+ + o+
Didymella macrostoma JWNG-2-37 + + + + + + 4+ + o+ o+ + o+
Alternaria angustiovoidea JWNG-2-39 + + + + + + + + + o+ o+
Phoma sp. JWNG-2-42 + + + + + + +
(%52t Chloramphenicol 28.5 27.9 31.1 31.3 30.4

TE: + FORIMTE TGRS, AR EAR <11 mmg + + FORTE M 2550 BEITE TG, I BAR 11 ~ 15 mms + + + SRS HEEGE , M8
B4 >15 mm,

Note: + indicated that the antibacterial activity was weak ,and the diameter of the bacteriostatic circle was less than 11 mm; + + indicated that the activity
was medium intensity bacteriostatic activity ,and the diameter of the inhibition circle was 11-15mm; + + + indicated that the antibacterial activity was
strong, and the diameter of the inhibition circle was more than 15 mm.
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Fig. 4 Comparison of metabolite fingerprints using HPLC-UV in representative endophytic fungi
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