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KEY FINDING An environmental Streptomyces isolate produces a series of potent antibiotics

INTRODUCTION

STRAIN ISOLATION

BIOACTIVITY GUIDED FRACTIONATION

A PUTATIVELY NOVEL SPECIES OF STREPTOMYCES

Widespread antibiotic resistance is outpacing the discovery of new antibiotics, creating a public health 
emergency.1 Since the golden age of antibiotics discovery of the mid-20th century, the discovery and 
clinical development of new antibiotics have relied heavily upon the screening of bioactive secondary 
metabolites produced by soil microorganisms. However, these discovery efforts focused predominantly 
on screening of metabolites from culturable soil bacteria which represent a minor component of the total 
environmental microbial diversity. Overreliance on this limited pool of biological and chemical diversity has 
resulted in a sharp decrease in the number of new antimicrobial natural products being discovered and 
prompted new methods for investigating the underexplored natural product chemical space possessed by 
previously uncultured soil microorganisms.2  

Herein, we report the use of the Isolation Chip (iChip) cultivation method for the discovery of a putatively 
novel environmental Streptomyces strain possessing potentially novel antimicrobial metabolites with strong 
inhibitory activity against multidrug-resistant strains of Staphylococcus spp.3

Partial 16S rRNA sequencing confirmed the isolate as belonging to the genus Streptomyces with a closest 
match with Streptomyces niveus (95.8% identity). Further multilocus sequence analysis (MLSA) using 
concatenated atpD, gyrB, rpoB, and trpB gene sequences was utilized to construct a phylogenetic tree. 
The novel isolate forms a distinct and well-supported lineage (bootstrap value, 98%), clearly separated from 
its closest relatives, including Streptomyces niveus, S. albus, and S. violaceusniger. This topology supports 
assignment of the isolate as a novel species within the genus Streptomyces.

Humus rich soil samples (Corvallis, OR) were incubated for 9 weeks in an iChip fashioned from a 96-well 
cell culture plate, enabling single bacterial cell isolation and growth under natural environmental conditions. 
A Streptomyces isolate was recovered and screened for antibacterial activity.

The new Streptomyces spp. isolate was fermented for 7 days at 50 L scale. The clarified broth was subjected 
to workup with Amberlite XAD-16 resin to yield 12.8 g of bioactive crude extract. Bioactivity guided 
fractionation of the crude extract is in progress and has resulted in several enriched fractions displaying 
increased antibiotic activity. Initial dereplication of these fractions by analysis of their respective MS/MS 
spectra within the GNPS platform suggests the presence of previously unreported metabolites.4
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·  Environmental soil sampling using the iChip culture method resulted in the isolation of a novel
   Streptomyces species with potent antibiotic activity.

·  A large-scale 50 L fermentation and extraction yielded 12.8 g of active crude extract. Bioactivity guided
   fractionation of this crude extract yielded active fractions containing metabolites covering a wide range
   of polarities. 

·  Whole genome sequencing of the novel Streptomyces strain is in progress.

·  Further purification for structure elucidation of the active metabolite(s) is in progress.
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NEW STRAIN DISPLAYS ANTIBIOTIC ACTIVITY

FIGURE 1 – Environmental Streptomyces isolate. An iChip culture device was inoculated with freshly dug 
soil and buried in the same location for 9 weeks (left) before disassembly and propagation of individual 
colonies. A subculture of a colony of interest exhibits gram-positive filamentous morphology (middle). 
In broth culture, the isolate forms white, spherical pellets in shaking condition (right). Both features are 
characteristic of bacteria belonging to the Streptomyces genus.

FIGURE 2 – Antibiotic testing of crude extract. Antibiotic activity was detected using agar diffusion assays 
of crude extract on lawns of clinically relevant gram-positive bacteria.

FIGURE 3 – Multilocus sequence analysis (MLSA)-based phylogenetic tree.

FIGURE 4 – Isolation Scheme. Bioactivity guided purification of the active metabolites is in progress. 
Once chemically pure, structure elucidation of the active metabolites will be pursued by NMR and
LC-MS/MS analysis.

References
1.  Darby, E.M., Trampari, E., Siasat, P., et al. Molecular mechanisms of antibiotic resistance revisited. Nat. Rev. Microbiol. 21(5), 280–295 (2023).

2.  Ling, L.L., Schneider, T., Peoples, A.J., et al. A new antibiotic kills pathogens without detectable resistance. Nature. 517(7535), 455–459 (2015).

3.  Nichols, D., Cahoon, N., Trakhtenberg, E.M., et al. Use of ichip for high-throughput in situ cultivation of “uncultivable” microbial species. Appl. Environ. Microbiol. 76(8), 2445-2450 (2010).

4.  Wang, M., Carver, J.J., Phelan, V.V., et al. Sharing and community curation of mass spectrometry data with Global Natural Products Social Molecular Networking. Nat. Biotechnol. 34(8), 828–837 (2016).

Structure elucidation

746 | NRRL B-2576 Streptomyces matensis

1607 | KCTC 9688 Streptomyces antibioticus

468 | NRRL B-1773 Streptomyces diastaticus subspecies ardesiacus

2411 | C-509 Streptomyces canus100

100

100

99

99

97

76

152 | NRRL ISP-5412 Streptomyces aurantiacus

171 | NRRL B-16523 Streptomyces scabiei

1498 | MA-4680 Streptomyces avermitilis

599 | NRRL B-1315 Streptomyces griseoluteus

7 | CGMCC 4.1321 Streptomyces griseus

2184 | NRRL 2449 Streptomyces spheroides

2185 | NRRL 2446 Streptomyces niveus

62 | CGMCC 4.1372 Streptomyces caeruieus

114 | CGMCC 4.1658 Streptomyces coelicolor

262 | NRRL B-1811 Streptomyces albus 

68 | CGMCC 4.1423 Streptomyces violaceusniger

Novel isolate

0.05

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0

0
10
20
30
40
50
60
70
80
90
100

0.000.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

Absorbance Percent B

2 8 1521 3233404148546066 2 9 152228364248546066 2 8 15212834404652586470 6 12182430 384450566268
A1 B1 A2 B2 B3B4

Run Length 20.0 CV (78.8 Min)

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

0
10
20
30
40
50
60
70
80
90
100

0.000.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50

Absorbance Percent B

2 8 1420272829354147535965 1 7 13192632384450566268 4 1016222834404652586470 7 13192531374349556167 4 10
A1 B1 A2 B2 A3

Run Length 42.4 CV (40.9 Min)

Staphylococcus aureus

Staphylococcus pseudointermedius
Multidrug-resistant

Staphylococcus aureus
MRSA

Staphylococcus aureus
Rifampin-resistant isolate

Staphylococcus aureus
VRSA

Enteroccus faecium

https://www.caymanchem.com
https://www.caymanchem.com/literature/microbial-dark-matter-novel-streptomyces-strain?utm_source=streptomyces_poster&utm_medium=qr&utm_campaign=immunology
https://www.caymanchem.com/literature/lc-ms-ms-quantitation-of-6-ppd-q-and-metabolites?utm_source=6ppdq_poster&utm_medium=qr&utm_campaign=envirotox
https://www.caymanchem.com/literature/microbial-dark-matter-novel-streptomyces-strain?utm_source=streptomyces_poster&utm_medium=qr&utm_campaign=immunology

