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Table S1  Fungal–fungal co-culture derived new SMs (1–109). 
Number Co-culture Strains Source Co-culture Medium Biological Activity  Reference 

1 
2 
3 
4 
5 

N. oryzae and B. bassiana. 
Seeds of Dendrobium officinale collected 

from Wenshan, Yunnan Province, 
China 

PDB 

Compounds 1 and 2 
showed significant nitric 

oxide (No) inhibitory 
activity. 

[1] 

6 
7 
8 
9 
10 
11 
12 
13 

Armillaria sp. MK079569 and 
Epicoccum sp. YUD17002 

Rhizomes of the underground portion 
of Gastrodia elata collected from a 

plantation field at Xiaocaoba, 
Zhaotong, Yunnan Province, China 

PDB 

Compound 13 showed 
moderate in vitro cytotoxic 

activities and weak 
acetylcholinesterase (AChE) 

inhibitory activity. 

[2] 

14 
15 
16 
17 
18 

N. oryzae and I. lacteus 
Seeds of Dendrobium officinale 

collected from Wenshan of Yunnan 
Province, China 

PDB Compound 18 showed anti-
AChE activity. [3] 

19 
20 
21 

Pleosporales sp. F46 and A. pilosum 
F47 

Pedicel of the medicinal plant M. 
fortunei, which was collected from 

Qingdao, China 
PDB  [4] 

22 
23 
24 
25 
26 

Phoma sp. YUD17001 and Armillaria 
sp. 

Rhizomes of Gastrodia elata collected 
from a plantation field at Xiaocaoba, 
Zhaotong, Yunnan Province, China 

PDB 

- [5] 

27 
28 
29 
30 
31 
32 

Armillaria sp. and Phoma sp. 
YUD17001 - [6] 

33 
34 
35 
36 
37 
38 
39 
40 

P. fuscum and P. 
camembertii/clavigerum 

A single sample of surface water from 
Berkeley Pit Lake PDB Compound 33 exhibited 

antimicrobial activity [7] 

41 T. harzianum M10 and T. pinophilus 
F36CF 

T. harzianum strain M10 was isolated 
from composted hard wood bark  
 T. pinophilus F36CF was from a 

secondary branch of a strawberry tree 
collected in the isle of Favignana 

PDB Cytotoxic activity [8] 

42 
43 
44 
45 
46 

A. nidulans and E. dendrobii - PDB - [9] 



  

47 
48 
49 

50 P. lilacinum and B. cinerea 
B. cinerea was isolated from a sick 
cucumber leaves. P. lilacinum was 

isolated from tomato roots 
PDB - [10] 

51 
52 
53 

P. orientoasiaticus KMRB19040316 
and X. flaviporus KMRB19080638 

Korea Mushroom Resource Bank at 
Seoul National University PDB 

Compound 5 displayed 
antibacterial effect on  

S. aureus. 
[11] 

54 Nigrospora sp. and Stagonosporopsis 
sp. 

 Nicotiana tabacum L. (No. Y20210917) 
in Yuxi of Yunnan Province, China PDB Antifungal activities [12] 

55 
56 

P. ostreatus SY10 and P. eryngii 
SY302 

Shandong Province Key Lab of 
Applied Mycology in China 

Liquid medium (glucose 10 g/L 
KH2PO4 1 g/L, MgSO4 0.5 g/L, peptone 

2 g/L, 1L sterilized wate) 
 [13] 

57 C. sambuci FT1061 and E. sorghinum 
FT1062 

A healthy fruit of the plant 
Rhodomyrtus tomentosa collected on 

the Big Island in Hawaii 

Liquid medium (mannitol 20 g/L, 
sucrose 10 g/L, monosodium 

glutamate 5 g/L, KH2PO4 0.5 g/L, 
MgSO4·7 H2O 0.3 g/L, yeast extract 3 

g/L, corn steep liquor 2 mL/L, 1 L 
distilled water) 

- [14] 

58 P. pinophilum FKI-5653 and T. 
harzianum FKI-5655 

Soil collected in Hachijo Island, Tokyo, 
Japan Glucose–peptone broth - [15] 

59 two Aspergillus alliaceus strain A marine alga 
Malt liquid media (malt extract 

10 g/L,yeast extract 4 g/L,glucose 4 
g/L) 

Cytotoxic activity [16] 

60 Chaunopycnis sp. CMB-MF028 and 
T. hamatum CMB-MF030 

Inner tissue of a marine pulmonate 
false limpet Siphonaria sp. collected at 

the rocky intertidal zone of Moora 
Park, Shorncliffe, Queensland 

ISP2 broth - [17] 

61 
62 
63 
64 
65 
66 

A. sclerotiorum SCSGAF 0052 and P. 
citrinum SCSGAF 0053 

Gorgonian Muricella flexuosa collected 
from the South China Sea, Sanya, 

Hainan Province, China 

Liquid medium (glucose 10 g/L, 
solublestarch 10 g/L, MgSO4 1 g/L, 

KH2PO4 1 g/L, peptone1 g/L, sea salt 
30 g/L) 

Compound 65 showed 
cytotoxic activity. [18] 

67 
68 T. versicolor and G. applanatum Shandong Province Key Lab of 

Applied Mycology, China 

Liquid medium (glucose 10 g/L, 
KH2PO4 1 g/L, MgSO4 0.5 g/L, 

and peptone 2 g/L 1L sterilized water) 
- [19] 

69 Aspergillus sp. FSY-01 and FSW-02 
A rotten fruit of mangrove Avicennia 

marina in Zhanjiang, Guangdong 
Province, China 

Medium GYP (glucose 10 g/L, yeast 
extract 1 g/L, peptone 2 g/L, crude 

seasalt 3.5 g/L) 
- [20] 

70 
71 strains Nos. 1924 and 3893 An estuarine mangrove in Hong Kong, 

China 

Liquid medium (glucose 10 g/L, 
peptone 2 g/L, yeast extracts 1 g/L, 
crude marine salt 3.5 g/L, running 

water 1 L) 

Antibacterial activities [21] 

72 Phomopsis sp. K38 and Alternaria sp. South China sea coast Liquid medium (glucose 10 g/L, Compound 72 had weak [22] 



  

E33. peptone 2 g/L, yeast extract 1 g/L, 
NaCl 30 g/L) 

cytotoxic activity against 
Hep-2 and HepG2 cells. 

73 Phomopsis sp. K38 and Alternaria sp. 
E33. 

Liquid medium (glucose 10 g/L, 
peptone 2 g/L, yeast extract 1 g/L, 

NaCl 30 g/L) 
Antimicrobial activity [23] 

74 
75 

Phomopsis sp. K38 and Alternaria sp. 
E33. 

liquid medium (glucose 10 g/L, 
Peptone 2 g/L, yeast extract 1 g/L, 

NaCl 30 g/L). 
Antifungal activities [24] 

76 N. oryzae and B. bassiana Seeds of Dendrobium officinale from 
Wenshan, Yunnan Province, China Rice medium Antifungal activity against 

B. bassiana and N.oryzae [25] 

77 
78 
79 
80 
81 
82 

Pestalotiopsis sp. and P. bialowiezense 

Pestalotiopsis sp. was isolated from the 
leaves of tea tree, collected from the 

Enshi Autonomous Prefecture of 
Hubei Province, China. 

P. bialowiezense was isolated from the 
fresh soft coral Sarcophyton subviride, 

collected from the Xisha Island in 
South China Sea 

Rice medium 
Compound 77 showed 

significant β-glucuronidase 
inhibitory potency. 

[26] 

83 
84 

A. sydowii EN-534 and P. citrinum 
EN-535 

Fresh tissue of the marine red alga 
Laurencia okamurai collected from 

Qingdao, China 
Rice medium - [27] 

85 
86 

P. bilaiae MA-267 and P. chermesinum 
EN-480. 

P. bilaiae MA-267 was isolated from the 
rhizosphere of the marine mangrove 
plant Lumnitzera racemosa that was 

collected at Hainan Island. 
P. chermesinum EN-480 was isolated 
from the fresh tissue of marine red 
algal Pterocladiella tenuis, collected 
from Shandong province, China 

Rice medium 

Potent inhibitory activities 
against Ceratobasidium 

cornigerum and 
Edwardsiella tarda. 

[28] 

87 A. terreus EN-539 and P. lilacinus 
EN-531 

Inner tissues of the marine red alga 
Laurencia okamurai Rice medium 

Inhibitory activity against 
A. brassicae, E. coli, P. piricola, 

and S. aureus 
[29] 

88 
89 
90 
91 
92 

A. sulphureus KMM 4640 and I. 
felina KMM 4639 

I. felina was isolated from marine 
sediments collected at a depth of 10 

m,The South China Sea, coast of 
Vietnam. 

A. sulphureus KMM 4640 was isolated 
from marine sediments 

20 g of rice, 20 mg of yeast extract, 10 
mg of KH2PO4, and 40 mL of natural 

sea water 

Compound 89 has cytotoxic 
activity. [30] 

93 
94 
95 

A. carneus KMM 4638 and I. felina 
KMM 4639 

A. carneus was isolated from 
superficial mycobiota of the brown 

alga Laminaria sachalinensis collected 
on Kunashir Island 

I. felina was isolated from marine 
sediments collected at a depth of 10 m, 
Van Phong Bay, the South China Sea, 

20 g of rice, 20 mg of yeast extract, 10 
mg of KH2PO4, and 40 mL of natural 

sea water 
- [31] 



  

Vietnam 
96 
97 P. influorescens and P. nobilis Sediment samples obtained from the 

Windebyer Noor, Schleswig-Holstein PDA - [32] 

98 T. rubrum Sin146 and B. ochroleuca 
Sin80 

T. rubrum Sin146 was isolated from 
onychomycosis collected at the Centre 

Hospitalier Cantonal Vaudois. 
 B. ochroleuca Sin80 was collected as a 

soil isolate 

PDA - [33] 

99 
100 Cosmospora sp. and M. oryzae 

Cosmospora sp. was isolated from the 
Baltic Sea environment.  

M. oryzae was obtained from Deutsche 
Sammlung für Mikroorganismen und 

Zellkulturen 

PDA - [34] 

101 A. fischeri NRRL 181 and T. 
labelliformis G536 

A. fischeri NRRL 181 was acquired 
from the ARS Culture Collection. T. 
labelliformis G536 was isolated from 
surface sterilized twigs of paw paw 
(A. triloba (L.) Dunal, Annonaceae) 
collected from Pfafftown, NC, USA 

Quaker Breakfast Oatmeal (10 g of 
oatmeal with 17 mL of deionized 

water) 
- [35] 

102 
103 
104 
105 

P. crustosum PRB-2 and Xylaria sp. 
HDN13-249 

P. crustosum PRB-2 was isolated from 
deep-sea sludge collected at a depth of 

526 m in Prydz Bay 
Xylaria sp. HDN13-249 was isolated 

from the root of Sonneratia caseolaris 
collected from the mangrove 

conservation area of Hainan, China 

Solid medium (solublestarch 40 g/L, 
yeastextract 1 g/L, MgSO4 0.3 g/L, 

monosodium glutamate 2 g/L, sucrose 
40 g/L, KH2PO4 0.5 g/L, maltose 30 g/L, 
bean flour 0.5g/L, peptone 2 g/L, agar 

power 25 g/L, 1 L seawater) 

Compound 103 possessed 
potential antituberculosis 

effects. 
[36] 

106 
107 

P. citrinum MA-197 and B. feline EN-
135. 

P. citrinum MA-197 was isolated from 
the mangrove plant Lumnitzera 

racemose 
B. felina EN-135 was isolated from an 

unidentified marine bryozoan 

Wheat bran broth medium (100 mL of 
naturally sourced and fifiltered 

seawater from the Huiquan gulf of the 
Yellow Sea near the campus of IOCAS, 
100 g of wheat bran, and 0.6 g of dried 

potato powder) 

Inhibitory activities against 
several human and aquatic 

pathogens 
[37] 

108 T. pinophilus 17F4103 and 
Paraphaeosphaeria sp. 17F4110 

Soil collected in Miyazaki Prefecture, 
Japan 

Malt agar medium (malt extract 20 g/L,
peptone 5 g/L, and agar 15 g/L 

1 L deionized water) 
- [38] 

109 I. lacteus 13S011 and P. oryzae 
13S070. Kumamoto Prefecture, Japan 

Malt agar medium (malt extract 20 
g/L, peptone 5 g/L, and agar 15 g/L 

1 L deionized water) 
- [39] 



  

Table S2 Fungal–bacterial co-culture derived new SMs (110–151). 
Number Co-culture Strains Source Co-culture Medium Biological Activity  Reference 

110 S. terrestris DBE-9 and B. 
amyloliquifaciens BBS4 

S. terrestris DBE-9 was isolated from 
the leaf sample of D. binectariferum 

collected from the region of 
Bangalore, India 

B. amyloliquifaciens BBS4 was isolated 
from the soil sample 

PDB Cytotoxic effect on PC-3 
and MCF-7 cell lines [40] 

111 
112 
113 
114 

Trichoderma sp. (Strain 307) 
and A. johnsonii (Strain B2) 

Trichoderma sp. (Strain 307) was 
Isolated from the stem bark of 

Clerodendrum inerme, collected in 
Zhanjiang Mangrove National 
Nature Reserve in Guangdong 

Province, China 
A. johnsonii (Strain B2) was isolated 
from an aquaculture pond at the 

Maoming Experimental Station in 
Guangdong, China 

ISP2 broth 

Compounds 113 and 
114 exhibited potent α-
glucosidase inhibitory 

activity. 

[41] 

115 
116 
117 
118 

Libertella sp. CNL-523 and 
α-proteobacterium CNJ-328 

Libertella sp. CNL-523 was isolated 
from an ascidian collected in the 

Bahamas 
α-proteobacterium CNJ-328 was 
isolated from a fungal culture 

YPM medium (mannitol 4 g/L, 
yeast extract 2 g/L, peptone 2 

g/L, 1 L seawater) 

Cytotoxicity against the 
HCT-116 human 

adenocarcinoma cell 
line 

[42] 

119 
120 A. fumigatus and S. peucetius 

A. fumigatus was acquired from the 
Michigan Department of Health. 

S. peucetius was purchased from the 
American Type Culture Collection. 

ISP2 broth - [43] 

121 S. bullii and A. fumigatus 
MBC-F1-10 

S. bullii was isolated fromthe soil 
taken from the Laguna de Chaxa of 
the Salar de Atacama A. fumigatus 

MBC-F1-10 was isolated from the S. 
bullii culture 

ISP2 broth - [44] 

122 
123 

A. fumigatus KMC-901 and 
Sphingomonas sp. KMK-001 

An extremely contaminated acid 
mine drainage collected from a 

horizontal pit, situated at an 
elevation of 750 m at the Young-

dong abandoned coal mine located 
at Gangneung, South Korea 

Czapek-Dox broth ( 
saccharose 30 g/L, sodium 
nitrate 3 g/L, dipotassium 

phosphate 1 g/L, magnesium 
sulfate 0.5 g/L, potassium 

chloride 0.5 g/L, ferrous sulfate 
0.01 g/L, 1 L distilled H2O) 

- [45,46] 

124 
125 

P. aggolomerans and P. 
citrinum 

Laboratory of Soil Biology, 
University of Neuchatel, 

Switzerland 
ISP2 broth - [47] 

126 
127 
128 

F. pallidoroseum ATCC 74289 
and S. erythraea ATCC 31772 

American Type Culture Collection 
(ATCC) ISP2 broth - [48] 



  

129 
130 

Emericella sp. CNL-878 and S. 
Arenicola CNH-665 

Emericella sp. CNL-878 was isolated 
from the surface of a green alga of 

the genus Halimeda, collected at 
Madang Bay in Papua New Guinea. 
S. Arenicola CNH-665 was isolated 
from a sediment sample collected 

from the Bahamas 

YPM medium (mannitol 4 g/L, 
yeast extract 2g/L, peptone 2 g/L, 

1 L seawater) 
Antibacterial activities [49] 

131 Cladosporium sp. WUH1 and 
B. subtilis CMCC (B) 63501 

B. subtilis CMCC(B) 63501 was 
purchased from National Center for 

Medical Culture Collections.  
Cladosporium sp. WUH1 was 

isolated from hydrothermal vent 
sediment, collected from 

Kueishantao, Taiwan, China 

PDA-LB liquid culture medium 
(potato lixivium 100 g/L, 

dextrose 10 g/L, yeast extract 5 
g/L, peptone 10 g/L, NaCl 10 

g/L) 

Antibacterial activity [50] 

132 
133 
134 
135 
136 

F. tricinctum and S. lividans 
TK24 

F. tricinctum was obtained from 
healthyfresh rhizomes of A. 

paucinervis (Aristolochiaceae) 
Rice medium - [51] 

137 
138 

A. versicolor KU258497 and B. 
subtilis 168 trpC2 

A. versicolor KU258497 was isolated 
from fresh healthy leaves of 
Eichhornia crassipes, family 

Pontederiaceae, obtained from the 
shores of the River Nile in 

Mansoura, Egypt 

Rice medium 

Compound 138 showed 
moderate cytotoxic 
activity against the 

mouse lymphoma cell 
line L5178Y 

[52] 

139 
140 
141 
142 

A. sydowii and B. subtilis A. sydowii was isolated from a piece 
of deep-sea mud from Dalian, China PDA - [53] 

143 
Pestalotia sp. CNL-365, and 
an unidentified, antibiotic-
resistant marine bacterium 

Pestalotia sp.CNL-365 from a sample 
of the brown alga Rosenvingea sp. 
collected in the Bahamas Islands 

YPG Medium(glucose 10 g/L, 
peptone 5 g/L, yeast extract 5 
g/L, agar 15 g/L, penicillinG 

0.1g/L streptomycin sulfate 0.1 
g/L, 1 L seawater) 

Antibiotic activity 
against methicillin-

resistant S. aureus and 
vancomycin-resistant E. 

faecium 

[54] 

144 
145 
146 

F. tricinctum and B. 
subtilis168 trpC2. 

F. tricinctum was isolated from fresh, 
healthy rhizomes of Aristolochia 

paucinervis collected from the 
mountains of Beni-Mellal Morocco Rice medium - 

 
[55] 

 

147 W. actinomycete WAC 2288 
and C. neoformans A Nigerian soil sample Bennett’s agar  Antimicrobial activity [56] 

148 
149 
150 
151 

A. sversicolor and B. 
subtilis 168 trpC2 

A. versicolor was isolated from the 
sponge Agelas oroides, collected at a 

depth of 10 m in Aliağa-İzmir, 
Turkey 

Rice medium - [57] 



  

Table S3  Fungal–host co-culture derived new SMs (152–158). 
Number Co-culture Strain and Host Source Co-culture Medium Biological Activity Reference 

152 N. oryzae, I. lacteus, and host 
plant D. officinale 

D.officinale and D. devoninum seeds from 
Wenshan in Yunnan Province, China PDB Antifungal activity [58] 

153 
154 
155 
156 
157 
158 

P. verruculosa and the host plant 
D. officinale 

P. verruculosa from the rhizosphere of D. 
officinale in Wenshan of Yunnan 

Province, China 
PDB - [59] 
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