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Table S1 Taxonomic distribution of ant-derived actinobacterial isolates from different nests, body 

parts and isolation media. 

Isolate 
Closest Type Strain and 

Similarity 
Nest Body Part Medium 

1H-GS3 Streptomyces ossamyceticus 

(99.9%) 

1, 5 Head, Cuticle GS, TWYE 

1H-SSA4 Streptomyces ossamyceticus 

(98.6%) 

1 Head SSA 

1H-TWYE36 Streptomyces stelliscabiei 

(98.6%) 

1 Head TWYE 

1H-CA9 Streptomyces scabiei 

(99.7%) 

1, 4 Head, Thorax CA, XA 

1C-GS8 Streptomyces 

phaeochromogenes (99.2%) 

1, 3 Cuticle, Head, 

Thorax 

GS, HV, CA, 

SSA 

1H-SSA6 Streptomyces rectiviolaceus  

(99.9%) 

1 Head SSA 

1H-SSA8 Streptomyces ramulosus 

(99.2%) 

1 Head SSA 

1H-TWYE2 Streptomyces durmitorensis 

(99.7%) 

1, 3 Head TWYE, GS 

1C-CA1 Streptomyces resistomycific

us (100%) 

1 Cuticle CA 

1C-TWYE2 Streptomyces xanthophaeus 

(99.9%) 

1 Cuticle, Head TWYE, CA 

1H-TWYE12 Streptomyces colombiensis 

(99.8%) 

1 Head TWYE 

1H-GS2 Streptomyces candidus 

(99.4%) 

1 Head GS 

1H-SSA34 Streptomyces 

spiroverticillatus (99.3%) 

1, 2, 5 Head, Cuticle SSA, HV, XA, 

TWYE, CA, GS 

1C-CA4 Streptomyces fulvissimus 

(99.9%) 

1 Cuticle CA 

1C-GS11 Streptomyces puniceus 

(99.9%) 

1 Cuticle GS 

1H-GS12 Streptomyces globisporus 

(99.9%) 

1 Head GS 

1H-TWYE23 Streptomyces gardneri 

(99.6%) 

1, 3, 4 Head, Cuticle, 

Gaster 

TWYE, GS, CA 

1H-GS9 Streptomyces scopuliridis 

(98.8%) 

1 Head GS 

1H-XA2 Streptomyces netropsis 

(99.7%) 

1 Head XA 

1C-XA2 Streptomyces netropsis 

(99.7%) 

1 Cuticle XA 
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1C-GS3-1 Streptomyces sioyaensis 

(99.7%) 

1, 5 Cuticle, Head GS, SSA, HV, 

TWYE 

1C-HV8 Streptomyces sioyaensis 

(99.9%) 

1, 2, 4 Cuticle, Thorax, 

Gaster  

HV, CA, GS 

1H-GS14 Streptomyces sioyaensis 

(99.6%) 

1 Head GS 

1G-GS1 Streptomyces nigrescens 

(99.8%) 

1, 2 Gaster, Head GS, HV 

1H-TWYE7 Streptomyces nigrescens 

(99.9%) 

1 Head TWYE 

1H-SSA3 Streptomyces 

angustmyceticus (99.7%) 

1 Head, Gaster SSA, TWYE 

1H-TWYE25 Streptomyces 

angustmyceticus (99.7%) 

1 Head TWYE 

1H-SSA5 Streptomyces 

angustmyceticus (99.9%) 

1 Head SSA, GS 

1H-SSA14 Streptomyces fradiae 

(100%) 

1 Head SSA 

1H-GS5 Streptomyces spectabilis 

(99.9%) 

1 Head GS 

1H-TWYE14 Streptomyces rubrogriseus 

(99.4%) 

1 Head TWYE 

1H-TWYE10 Streptomyces rochei (99.9%) 1 Head TWYE 

1H-TWYE30 Streptomyces luteogriseus 

(99.9%) 

1 Head TWYE 

1M-XA1 Streptomyces albidoflavus 

(99.7%) 

1, 2, 

3, 4 

Thorax, Head, 

Cuticle 

XA, CA, HV, 

TWYE 

1H-SSA5(2) Streptomyces hyalinus 

(99.7%) 

1 Head SSA 

1C-HV13 Streptosporangium 

nanhuense (99.7%) 

1 Cuticle HV 

1C-HV12 Promicromonospora 

kermanensis (99.5%) 

1 Cuticle HV 

1H-HV4 Nocardia salmonicida  

(97.4%) 

1 Head HV 

1C-GS7 Verrucosispora 

rhizosphaerae (99.4%) 

1 Cuticle GS 

1C-CA6 Phytohabitans houttuyneae 

(99.8%) 

1 Cuticle CA 

1G-HV2 Micromonospora taraxaci 

(99.7%) 

1 Gaster HV 

2C-HV14 Streptomyces deccanensis 

(98.9%) 

1, 2 Cuticle, Head, 

Gaster 

HV, SSA, CA, 

GS 

2M-TWYE1 Streptomyces ederensis 2 Thorax TWYE 

https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20hyalinus
https://www.ezbiocloud.net/taxonomy?tn=Promicromonospora%20kermanensis
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(99.2%) 

2C-SSA16-1 Streptomyces umbrinus 

(99.0%) 

2, 4, 5 Cuticle, Head SSA, GS, CA, 

HV 

2C-SSA7 Streptomyces tauricus  

(99.5%) 

2, 5 Cuticle SSA, GS, TWYE 

2H-SSA3 Streptomyces 

pseudovenezuelae (99.1%) 

2 Head SSA 

2M-CA2 Streptomyces fulvissimus 

(99.9%) 

2 Thorax CA 

2H-HV12 Streptomyces tauricus 

(100%) 

1, 2, 

4, 5 

Head, Cuticle, 

Thorax 

HV, CA, XA, 

SSA, GS, TWYE 

2H-HV4 Streptomyces badius (100%) 2, 5 Head, Cuticle HV, SSA 

2H-TWYE14 Streptomyces niveus (99.4%) 2, 4 Head, Cuticle, 

Thorax, Gaster  

TWYE, GS, SSA 

2H-SSA16 Streptomyces albidoflavus 

(99.9%) 

1, 2 Head, Cuticle SSA 

2C-HV3 Microbispora bryophytorum 

(99.9%) 

2 Cuticle HV 

2M-SSA4 Nocardia salmonicida 

(99.1%) 

2 Thorax SSA 

2C-HV13 Micromonospora taraxaci 

(99.9%) 

2, 4 Cuticle, Head HV, TWYE 

2M-SSA2 Micromonospora inaquosa 

(99.9%) 

2, 3 Thorax, Cuticle SSA, TWYE 

2C-HV13-1 Micromonospora taraxaci 

(99.9%) 

2 Cuticle HV 

2C-SSA2 Micromonospora taraxaci 

(99.9%) 

2 Cuticle SSA 

2C-CA12 Micromonospora taraxaci 

(99.9%) 

2 Cuticle CA 

2G-CA3 Micromonospora taraxaci 

(99.7%) 

2 Gaster CA 

2C-HV12 Micromonospora taraxaci 

(99.4%) 

2 Cuticle HV 

3H-XA8 Streptomyces fulvissimus 

(99.6%) 

3 Head, Thorax XA, SSA, 

TWYE 

3H-GS5 Streptomyces fulvissimus 

(100%) 

3 Head GS, HV 

3H-HV17(1) Streptomyces setonii 

(99.9%) 

3, 4, 5 Head, Cuticle HV, XA, GS 

3H-HV6 Streptomyces puniceus 

(99.9%) 

2, 3 Head, Gaster HV, CA 

3H-HV1 Streptomyces puniceus 

(99.9%) 

3 Head HV, GS 

https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20umbrinus
https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20niveus
https://www.ezbiocloud.net/taxonomy?tn=Microbispora%20bryophytorum


3C-HV2 Streptomyces puniceus 

(99.2%) 

3 Cuticle, Head, 

Thorax 

HV, GS, XA 

3H-TWYE2 Streptomyces tanashiensis 

(99.4%) 

3, 4 Head, Thorax, 

Gaster 

TWYE, GS, HV 

3C-SSA1 Streptomyces sporoclivatus 

(99.9%) 

3, 5 Cuticle, Head SSA, GS 

3H-HV17(2) Streptomyces gougerotii 

(98.8%) 

3 Head HV 

3H-CA8 Streptomyces rochei (100%) 1, 3, 5 Head, Cuticle CA, XA, TWYE 

3H-GS17 Actinocorallia glomerata 

(98.0%) 

3 Head GS, TWYE 

3C-HV12 Nocardia salmonicida  

(99.2%) 

3 Cuticle HV 

3C-CA11 Micromonospora tulbaghiae 

(99.9%) 

3 Cuticle, Thorax CA, SSA 

3H-HV25 Micromonospora chalcea 

(99.3%) 

3, 5 Head HV, GS 

3C-HV5 Micromonospora 

auratinigra (99.2%) 

3, 5 Cuticle, Gaster HV, TWYE, CA 

3C-HV4 Micromonospora taraxaci 

(99.2%) 

3 Cuticle HV 

3C-GS13-1 Micromonospora taraxaci 

(99.6%) 

1, 2, 

3, 5 

Cuticle GS, TWYE, CA, 

HV 

4G-GS2 Streptomyces ossamyceticus 

(100%) 

4, 5 Head, Thorax, 

Gaster 

GS, HV, SSA 

4H-CA5 Streptomyces rhizosphaerih

abitans (99.6%) 

2, 4, 5 Head, Cuticle CA, XA 

4M-GS2 Streptomyces seoulensis 

(99.5%) 

1, 4 Thorax, Cuticle GS, XA 

4G-TWYE2 Streptomyces seoulensis 

(99.5%) 

2, 4, 5 Head, Cuticle, 

Gaster 

TWYE, SSA, GS 

4M-GS8 Streptomyces cirratus 

(99.9%) 

4 Thorax GS 

4H-TWYE9 Streptomyces neopeptinius 

(99.0%) 

4 Head TWYE 

4M-CA7 Micromonospora 

rifamycinica (99.7%) 

1, 4 Thorax, Head CA, GS 

5C-GS1 Streptomyces ossamyceticus 

(99.9%) 

3, 5 Cuticle, Head GS, TWYE 

5C-GS15 Streptomyces ossamyceticus 

(99.9%) 

5 Cuticle GS 

5C-TWYE6 Streptomyces cinereoruber 

(99.6%) 

5 Cuticle TWYE, SSA 

5H-XA1 Streptomyces rectiviolaceus 5 Head XA 

https://www.ezbiocloud.net/taxonomy?tn=Streptomyces%20gougerotii
https://www.ezbiocloud.net/taxonomy?tn=Actinocorallia%20glomerata
https://www.ezbiocloud.net/taxonomy?tn=Nocardia%20salmonicida%20subsp.%20salmonicida


(99.9%) 

5H-CA1 Streptomyces tauricus 

(99.9%) 

2, 5 Head, Cuticle CA, SSA, GS 

5C-HV24 Streptomyces pseudovenezu

elae (99.2%) 

5 Cuticle HV, SSA 

5C-TWYE20 Streptomyces canus (99.7%) 5 Cuticle TWYE, GS, XA 

5H-CA17 Streptomyces xanthophaeus 

(99.9%) 

1, 2, 

3, 5 

Head, Cuticle, 

Thorax 

CA, GS, XA, 

SSA 

5H-CA12 Streptomyces xanthophaeus 

(99.9%) 

5 Head, Cuticle CA, HV 

5H-HV13 Streptomyces cirratus  

(99.9%) 

5 Head HV 

5H-HV6 Streptomyces netropsis 

(99.9%) 

5 Head HV 

5H-GS10 Streptomyces 

angustmyceticus  (99.7%) 

2, 5 Head GS, SSA 

5C-SSA2 Streptomyces 

angustmyceticus  (99.7%) 

4, 5 Cuticle SSA, XA 

5H-HV14 Streptomyces 

angustmyceticus (99.7%) 

1, 5 Head HV, CA 

5H-XA2 Streptomyces 

angustmyceticus (99.7%) 

5 Head XA 

5H-CA11 Streptomyces hyalinus 

(98.9%) 

5 Head CA 

5C-SSA15 Nonomuraea 

guangzhouensis (99.7%) 

5 Cuticle SSA 

5C-CA9 Micromonospora inositola 

(99.5%) 

5 Cuticle CA 

5G-GS1 Micromonospora 

rifamycinica (99.9%) 

5 Gaster GS 

5C-CA12 Micromonospora 

rifamycinica (99.9%) 

5 Cuticle CA 

5C-CA4 Micromonospora 

carbonacea (99.8%) 

5 Cuticle CA 

5C-GS5 Micromonospora taraxaci 

(99.9%) 

5 Cuticle GS 

5C-HV20 Streptomyces glauciniger 

(99.9%) 

5 Cuticle HV 
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Table S2. The relative abundance of OTUs at phylum level. 

Phylum Relative abundance (%) 

Proteobacteria 96.30 

Actinobacteria 2.81 

Firmicutes 0.26 

Chloroflexi 0.17 

Gemmatimonadetes 0.13 

Acidobacteria 0.13 

Planctomycetes 0.062 

Verrucomicrobia 0.057 

Cyanobacteria 0.041 

Nitrospirae 0.026 

Armatimonadetes 0.0059 

Chlorobi 0.0051 

Tenericutes 0.0034 

Chlamydiae 0.0034 

Fibrobacteres 0.0017 

Bacteroidetes 0.00084 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3. The relative abundance of OTUs at family level from the phylum Actinobacteria 

Family Relative abundance (%) 

Nocardioidaceae 15.67 

Nocardiaceae 12.54 

Dermacoccaceae 7.61 

Intrasporangiaceae 7.08 

Streptomycetaceae 6.59 

Mycobacteriaceae 6.25 

Micrococcaceae 5.57 

Gaiellaceae 5.46 

Thermomonosporaceae 4.86 

Microbacteriaceae 3.95 

Propionibacteriaceae 3.65 

Micromonosporaceae 3.58 

Pseudonocardiaceae 3.05 

Geodermatophilaceae 2.79 

Sporichthyaceae 1.81 

Tsukamurellaceae 1.47 

Cellulomonadaceae 1.28 

Patulibacteraceae 1.17 

Streptosporangiaceae 0.87 

Nakamurellaceae 0.83 

Gordoniaceae 0.64 

Corynebacteriaceae 0.53 

Rubrobacteraceae 0.49 

Kineosporiaceae 0.45 

Nocardiopsaceae 0.34 

Actinosynnemataceae 0.30 

Bogoriellaceae 0.23 

Solirubrobacteraceae 0.23 

Frankiaceae 0.15 

Promicromonosporaceae 0.11 

Iamiaceae 0.075 

Sanguibacteraceae 0.075 

Microthrixaceae 0.038 

Brevibacteriaceae 0.038 

Dietziaceae 0.038 

Nitriliruptoraceae 0.038 

Dermabacteraceae 0.038 

Coriobacteriaceae 0.038 

Euzebyaceae 0.038 

Conexibacteraceae 0.038 

 

 



FIGURE CAPTIONS 

Figure S1. 
1
H-NMR, 

13
C-NMR, 

1
H-

1
H COSY, HSQC, HMBC and HRESI spectra of 

compound 1. (a) 
1
H-NMR (400 MHz) spectrum in DMSO-d6; (b) 

13
C-NMR (100 

MHz) spectrum in DMSO-d6; (c) 
1
H-

1
H COSY (400 MHz) spectrum in DMSO-d6; (d) 

HSQC (400 MHz) spectrum in DMSO-d6; (e) HMBC (400 MHz) spectrum in 

DMSO-d6; (f) HRESI spectrum.  

Figure S2.
 1

H-NMR, 
13

C-NMR and ESI spectra of compound 2 and 3. (a) 
1
H-NMR 

(400 MHz) spectrum of compound 2 in DMSO-d6; (b) 
13

C-NMR (400 MHz) spectrum 

of compound 2 in DMSO-d6; (c) ESI
+
 spectrum of compound 2; (d) 

1
H-NMR (400 

MHz) spectrum of compound 3 in DMSO-d6; (e) 
13

C-NMR (400 MHz) spectrum of 

compound 3 in DMSO--d6; (f) ESI
+
 spectrum of compound 3.



Figure S1a 

 

 

Figure S1b  

 



 

 

Figure S1c  

 

Figure S1d 



 

 

 

Figure S1e 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S1f  

 

 

 

 

 

 



 

 

Figure S2a 

 

 

Figure S2b 



 

Figure S2c



 

Figure S2d 
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