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Self-poisoning for self-

preservation—examining the function of

Streptomyces nano-syringes
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a M T6ss
M <cis & T
Bl Cis from Streptomyces 99 T6SS .A. aSlaI’fCl:lS"
Il Phage Afp3-like C. hertigii |Ib

MAC P. luteoviolacea

Afp 3 8. entomophg
Afp 2 S. entomophila |la
PVC P. asymbiotica_|

97

99— S. coelicolor iid
L s venezuelae

98— T1655" B. fragilis
L TeSS™ F. johnsoniae

64 T6SS' F. tularensis
100 T6SS' P. aeruginosa
81 T6SS' V. cholerae
L] — Enterobacteria phage P2 E. coli
- R-type bacteriocin P. aeruginosa
Enterobacteria phage T4 E. coli

| cis from Streptomyces

Baseplate complex
Baseplate (Cis 11)

LysM (Cis 7)
PAAR (Cis 10)
Spike (Cis 8)
®
=]
mm Sheath-tube terminator (Cis 16)

Streptomyces coelicolor -
4248 4251

— OO S >~ >{ >
SCO 4242 4243 4244 4245 4246 4247 4249 4250 4252 4253 4254 4256 4257 4258 4259 4260

* * * * * * * *
cis n 15 16

*
‘ Streptomyces venezuelae ‘ 28870 28880 28900 28910 28920
1kb
— X eSO} —

XIC
vnz 28865 28875 28885 28890 28895 28905 28915

cis n 10 8

S. coelicolor

Cell lysate Supernatant

28930 28935

; Baseplate-
| spike
ouarvas | ¥ 1l complex

Different Streptomyces species express cytoplasmic CIS assemblies. a,
Phylogenetic analysis of representative sheath protein sequences shows that
homologues from Streptomyces form a monophyletic clade. Numbers indicate
bootstrap values, color code denotes different modes of action. Subclades Ia, Ib
and IId are based on the dbeCIS database. b, Representative gene clusters from
Streptomyces encode conserved CIS components. The schematic shows the gene
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arrangement of the CIS gene clusters from S. coelicolor A3(2) (CISSC) and S.
venezuelae NRRL B-65442 with gene locus tags. Color code indicates conserved
gene products. CIS components were numbered on the basis of similarities to
previously studied CIS (AFP). Asterisks indicate gene products that were
detected by mass spectrometry after CIS purification. ¢, The schematic
illustrates a putative CIS assembly from Streptomyces. Color code is based on the
predicted gene function shown in b. d, cis2 is required for CIS assembly. Shown
are negative-stain EM images of crude sheath preparations from WT and ACIS
mutant strains of S. coelicolor and S. venezuelae. White arrowheads indicate
contracted sheath-like structures. Shown are representative micrographs of three
independent preparations. Scale bars, 80 nm. e, CIS> proteins are detected in the
cell lysate but not secreted into the supernatant. Shown is the automated western
blot analysis of cultures of WT S. coelicolor, ACIS mutant and a
complementation (ACIS/CIS™). The presence of the sheath protein (Cis2) and
the inner tube protein (Cisla) in whole-cell lysates and concentrated culture
supernatants was probed using polyclonal antibodies against Cisla/2.
Experiments were performed in biological triplicates. For the control sodium
dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-PAGE) gel. f, Cryo-
electron tomogram of a WT S. coelicolor hypha revealing two cytoplasmic
extended CIS> assemblies (arrowhead). Eighty tomograms were collected from
10 independent datasets. PG, peptidoglycan; CM, cytoplasmic membrane; CP,
cytoplasm. Putative structural components are indicated on the right. Scale bars,
75 nm and 12.5 nm (magnified inset). g, Tomogram of a cryoFIB-milled WT S.
venezuelae hypha revealing one cytoplasmic extended CIS™ assembly
(arrowhead). Free-floating extended CIS> were observed in 12 tomograms from
3 independent datasets. Scale bar, 75 nm. Credit: Nature Microbiology (2023).
DOI: 10.1038/s41564-023-01341-x

A novel role for molecular nano-syringes found in the antibiotic-
producing bacteria Streptomyces has been revealed.

These structures are known as Contractile Injection Systems (CIS) and
are used by many bacteria as effective weapons to inject toxins into
rivals.
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In Gram-negative bacteria, this can occur due to the nature of their thin
cell envelopes, meaning that CIS can penetrate the bacteria and deliver
their toxin. But how and why these molecular syringes exist and function
in the more complex, Gram-positive, Streptomyces with their thick cell
envelope was unknown.

Researchers from the John Innes Centre and ETH Ziirich set out to
understand this and used a combination of microbiology and high-
resolution cryo-electron microscopy to make a series of unexpected
findings.

Their first discovery was to show that the CIS produced in Streptomyces
coelicolor, float within the cells, and are not embedded in the
surrounding cell membrane.

Previous studies on CIS found them either embedded in the cell
membrane, ready to fire outwards upon touching other bacteria, or
released outwards to target and inject toxins into competing microbes.

The second discovery was to uncover a previously undescribed role in
bacteria. The collaborative team revealed that the free-floating CIS in
Streptomyces facilitate cell death in response to external stress.

The team i1dentified several toxic molecules that are loaded into the CIS,
which assist in killing off cells.

In experiments where the Streptomyces were chemically stressed, the

team observed that cells without CIS died less than those with functional
CIS.

This led the team to hypothesize that CIS play a role in lysing older or
damaged cells, a mechanism which may seem like self-sabotage, but in

fact provides two major benefits.
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By initiating cell death, the organism can release cellular material to be
recycled, feeding other cells within the colony. Secondly, killing off cells
or segments of the colony could limit the scale of damage within the
complex network of Streptomyces filaments, protecting the wider
colony.

Co-author of the study, Dr. Joseph Sallmen explains, "Streptomyces are
intriguing bacteria, and the more we study them, the more they surprise
us. Our research on the Streptomyces CIS showed us that these bacteria
have evolved some unique strategies for self-preservation."

The research concludes that this self-poisoning strategy could provide
Streptomyces with a fitness advantage that ensures survival and timely
progression through the developmental life cycle which is tightly linked
to the production of antibiotics.

The next stage of the research will be to understand the exact mechanism
of action of the CIS within Streptomyces: how these free-floating CIS
are recruited to the membrane of stressed or old cells to kill them off.

Dr. Susan Schlimpert, group leader, at the John Innes Centre said,
"Bacteria have a range of solutions to different environmental and
cellular challenges. In this work, we describe a previously well-described
competition tool that has at least two seemingly unique responses in the
filamentous Streptomyces bacteria."

"CIS impact the timely progression through the developmental lifecycle,
and they are important in ensuring the bacterium survive stressful growth
conditions. This illustrates the importance of increasing our
understanding of the diverse roles that related cellular components can
play in different bacteria."

The study is published in the journal Nature Microbiology.
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More information: Bastien Casu et al, Cytoplasmic contractile
injection systems mediate cell death in Streptomyces, Nature
Microbiology (2023). DOI: 10.1038/541564-023-01341-x
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