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Shiraia fruiting body-associated fungi regulate the biosynthesis of
hypocrellin A
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Abstract: The fruiting bodies of fungi of genus Shiraia inhabiting bamboo have a medicinal use in
traditional Chinese medicine. Hypocrellin A (HA), the main bioactive perylenequinone pigment
from S. bambusicola fruiting bodies is a novel non-porphyrin photosensitizer with antitumor and
antimicrobial properties. [Objective] To investigate the effects of Shiraia fruiting body-associated
fungi on HA biosynthesis and develop a co-culture method for enhancing HA production.
[Methods] Shiraia fruiting body-associated fungi were isolated and the strains influencing HA
biosynthesis were screened by a plate confrontation assay. The effects of intracellular and
extracellular metabolites of the strains on HA production were evaluated. A co-culture system for
Shiraia sp. S9 and associated fungi was established and optimized for enhancing HA production.
[Results] There were 34 fungal strains including 6 host Shiraia strains isolated from the fruiting
bodies. Among them, Fusarium sp. SF12 and its extracellular polysaccharides significantly
promoted HA biosynthesis. Fusarium sp. SF12 did not noticeably affect the growth of Shiraia sp.
S9 but regulated HA synthesis by upregulating the transcription levels of key enzyme genes
involved in HA biosynthesis. The total HA yield was enhanced to 209.46 mg/L. on day 8 after
adding spores (100 cell/mL) from Fusarium sp. SF12 to the Shiraia culture at the time point of
24 h, which was 1.93 times that of the control. [Conclusion] There are diverse fungi in Shiraia
fruiting bodies. The co-culture of the associated fungus Fusarium sp. SF12 and the host Shiraia sp.
S9 is a new technique to improve HA production.

Keywords: Shiraia; fruiting bodies; associated fungi; hypocrellin A; co-culture
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The Shiraia stroma from the bamboo branches (A) and the chemical structure of hypocrellin A (B).
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Figure 2 The associated fungi isolated from Shiraia fruiting bodies and their co-cultures with host fungus. A:
Shiraia strain (No. 9) and other samples of the associated fungi (No. 8, 10, 17, 27, and 34) isolated from the
fruiting bodies; B: Scheme of the in vitro confrontation assay between Shiraia host and the associated fungus in

the fruiting body.
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Table 1

host (No. 9) and the associated fungus respectively

The isolates from Shiraia fruiting bodies and the HA production in the plate inoculated with Shiraia

Strain No.  Fungal species and accession number Identity Query coverage  Co-culture with No. 9
of the nearest match (%) (%) HA contents (mg/plate)
1 Shiraia sp. Z3 (IN198483.1) 99 97 -
3 Shiraia sp. A8 (F1560594.1) 99 98 -
9 Shiraia sp. S9 (MF062656.1) 100 100 0.55+0.04
14 Shiraia sp. isolate TY1-2 (MH059549.1) 99 90 -
23 Shiraia sp. ML-2004 (AY425966.2) 99 99 -
25 Shiraia sp. isolate L34 (MH237669.1) 99 98 -
19 Aspergillus niger isolate SOS2 (MK543209.1) 98 100 ND
17 Paecilomyces sp. strain BCC84310 (MF780707.1) 99 100 ND
21 Nigrospora chinensis strain LC2696 (KX985947.1) 99 99 0.20+£0.05"
24 Colletotrichum sp. JP163 (AB255291.1) 98 96 0.21+0.07"
7 Pleosporales sp. zzz1429 (HQ696060.1) 99 99 0.33+0.05"
10 Cladosporium sp. strain AX17 (MH884140.1) 99 95 0.33+0.03"
18 Arthrinium arundinis isolate B106-17 (MN313263.1) 98 98 0.38+0.06"
20 Arthrinium sp. strain CS06 (KX015984.1) 99 97 0.38+0.03"
31 Colletotrichum strain MAFF 241876 (AB738858.1) 98 95 0.43+0.05"
27 Talaromyces marneffei isolate M7L (MF687277.1) 100 99 0.45+0.02"
2 Trametes versicolor isolate 5 (KC461299.1) 95 99 0.63+0.02""
6 Arthrinium sp. LH52 (HQ832803.1) 99 99 0.66+0.04"
33 Phanerochaete sordida isolate T8 (JN253600.1) 99 100 0.71+0.03"
28 Pleosporales sp. DX-FOR1 (KC871044.1) 99 99 0.72+0.05"
26 Xylariales sp. GT2 (KJ636464.1) 99 98 0.76+0.02"
22 Panus lecomtei strain HHB-9614 (KP135329.1) 100 99 0.93+0.07"
34 Arthrinium sp. strain 2-1 (KX378907.1) 99 100 1.04+0.06™
5 Penicillium sp. BAB-5444 (KT355727.1) 99 99 1.07+0.33™
8 Phanerochaete sordida strain A0595 (KF494816.1) 99 98 1.13£0.37"
4 Talaromyces marneffei strain LCC17 (KF990134.1) 99 99 1.17+0.13"
13 Lecanicillium psalliotae (KR866082.1) 98 98 1.18+0.16"
29 Nigrospora sp. TPL17 (KJ863499.1) 99 99 1.284+0.20"
12 Fusarium sp. strain AX16 (MH884139.1) 98 97 1.39+0.38"
32 Coprinellus radians strain DUCC5167 (MH844772.1) 99 99 1.96+0.23"
15 Trametes versicolor (GQ411515.1) 99 98 1.99+0.15"
30 Phanerochaete sordida strain ASD (KP986963.1) 99 96 2.12+0.82"
16 Bjerkandera sp. PTY1 (KF208520.1) 99 99 2.5240.14"
11 Polyporus arcularius strain OC31 (KR183787.1) 99 98 2.69+0.20"

Values are mean+SD from three independent experiments. *: P<0.05; **: P<0.01; ND: No detected; —: No production of HA.
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HA in culture broth; D: Effect on total HA production in mycelium culture. Different letters above the bars

indicate significant differences (P<0.05).
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