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1. Introduction
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1. Introduction

HBESTETSERMEYRKE (VCsy ~ T1 611 0. v |F

2 VCBE 5 61 3 F5 60t TA™ T (Streptomycea | bi d) p a

F 1 osisesquiterpena | b a fl amw4e nao nre=z e € &

INFFVCs, WH,SHINOTERABIMESRIEEMTIZSEREEEZ{ER:

eebt HSEF 1 ! 37 4 dp MDNAIL RNAL = =>4 N p TG 1 v obKk

%V | Bacillus anthracis 1 NOO 3is tdp pPZxl XW' 4 pt 4 Aégl xa

0 L 3 AANGT K AT O N " U NOBE 1 i 37 4 dpPRYI 1 JEDKK
Wy A g 0A MHUYJISEE &1 KO M & G @

® Ph Q "1 VCY T hédoeqr BHQG1 ' T hEA4 MTH q4 GpT ¢

cexebi1JVl™ Qy
MRS SAES? BEFIPRIEES?

Bey, XFHE~ENVCRESIERTVCIRntHE B FHETHR.




ﬁb) <

(1 2. Materials
and method

N’



SN . . . o
W . Strains, media, culture conditions,
&/ and antimicrobial assays

Table S1. Bacterial strains used in the present study.

Strains Description Reference

E. coli AS19-rImA::aph Hypersusceptible, KAN® resistant Liu and Douthwaite, 2002
test microorganisms: E. coli BREL606 Parent strain of E. coli AS19 E. coli Genetic stock center
grown on LB agarplates o 168 REESFIITE Wild-type strain Barbe et al., 2016

S. coelicolor A3(2) M145 SCP1'SCP2 wild-type strain Bentley, 2002

S. lividans 1326 Wild-type strain Hopwood et al., 1985

S. griseus DSM40236 Wild-type strain Krainsky, 1914

S. venezuelae ATCC 15439 Wild-type strain Song et al., 2016

Streptomyces sp. MBT11
Streptomyces isolates Zhuetal., 2014
Streptomyces sp. MIBT21

S. griseus IFO13350 with deletion

AUTR-T Tezuka and Ohnishi, 2014
of 5’-untranslated region of gcvTH

GAL61 M145 AgcvP(::aac(3)IV) Zhang, Le, 2015 (PhD Thesis)

MBT strains Actinomycetes collection Zhu, H. et al., 2014

The Streptomycestrains were grown on Soy Flour Mannitol (SFM) agar plates to prepare spore stocks.
\olatile antimicrobial assays were performed usipgi dish with two compartments.

Streptomycestrains were streaked on the SFM side and allowed to gravwdfgys after which,
E. coli or B. subtiliswere inoculated on the LB side using a concentratid®®biand 103 cfu/mL
respectively.




\

2. Materials and methods

A

Y . Collection and analysis of VCs
VCs produced byptreptomycemonocultures grown on SFM agar were collected usiglgsa Petri

dish designed for trapping of the volatile headspace. Samples were taken in triplicatdayr®ito day S of

growth; after that, th&éenaxsteel traps were sealed and stored @tuhtil GC-Q-TOF analysis.

P o\

Y . pH change (growth media), ammonia determination, and toxicity
pH{E: phenol red indicator A Y~ = & 0.002%  after 0, 3, and 5 days.

Ammonia: After 5 days, the ammonia was determined usingXtibea n ® aniimonium test Kit.
Toxicity of ammonia: E. coliandB. subtiliswere incubated in the automatemscreerC (Lab systems

Helsinki, Finland) in the presence of increasing concentrations of ammonia.

Y . Ammonia production in soil

To detect the production of ammonia®yeptomyces nocul ated 1 n fiel dlkes ol |

systemm i1+t ©H AA \ ( was used. The system was incubated for 10 days @t 30
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2. Materials and methods

Z . HCN (BtS) determination

Z . Whole genome sequencing

E.COliIASI9RIMA- and 1 t s aecedsianmimbek ERD27430

Z . Genetic complementation (E{EE%}) of ompR (REEVHEF)
and envZ (@ﬁiﬁ&ﬁﬁ) PPERIEE ¢ STBRIEME® /4 3 Oe * \WiEiN

Z . RNA sequencing

For RNA extractiort. colicells were grown to an OD 600 of 0.5.

N

Z . Synergism of Streptomyced B-VCs with soluble antibiotics

Streptomycestrains were streaked on the SFM side and allowed to growdiays at 30°C

after which,E. coli or B. subtiliswere inoculated on the LB side using a culture grown t0OB#0.5.
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3. Results
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VCs as bioactive agents in long-distance antibiosis
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W . VCs as bioactive agents in long-distance antibiosis
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B. subtilis

Volatile antibiotic activity of differenstreptomycestrains grown at pH 7 or pH10, the latter by

addition of aglycineH & E&/NaOH buffer; E. colistrain ASD19 was the indicator strain.
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W . VCs as bioactive agents in long-distance antibiosis

Table S2. Volatile antimicrobial activity of streptomycetes under different growth conditions.

Growth (+) or inhibition (-) of indicator strains E. coli or B. subtilis is indicated, whereby (+/-) means

poor growth, i.e. producing very small colonies.

0.8% peptone 1% starch MM
E. coli B. E. coli B. E. coli B.
subtilis subtilis subtilis S.coelicolom v M
S. coelicolor + + i+ + + + — | f T oz :
F 1 AMVC

S. lividans it - it + + +
MBT11 - +/- - + + +
S. venezuelae - +/- + + + +
S. griseus -/+ - + - + +

Minimal media (MM) used: L-asparagine 0.5g/L, K2HPO4 0.5g/L, MgS04(7H,0) 0.2g/L, FeS04(7H,0)
0.01g/L, Glucose 10g/L, Agar 10g/L.
0.8% peptone or 1% starch were added to MM instead of glucose.
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Y . The main inhibitory molecule is ammonia

A | Day 0 Day 3 Day 3 B Day 0 Day 3 Day 5

VCs may induce a change in pH away from the producing colonies. (Jones SE et al Letoffe S et al)

phenol red (ER4L) : which changes from pale orange to bright pink when the media becomes more alkalil
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Y . The main inhibitory molecule is ammonia
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Figure S1. HCN determination from different Streptomyces strains. Pseudomonas donghuensis P482
was used as positive control?®. Blue coloration is developed from the oxidation product from HCN +

copper(ll) ethyl acetoacetate and 4,4'-methylenebis-(N,N-dimethylaniline). none of the Streptomyces
strains gave a positive reaction showing that the toxicity of the VCs from Streptomyces against E. coli

is not due to the production of the toxic volatile HCN.
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Y . The main inhibitory molecule is ammonia
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Figure S2. GC-chromatogram showing the absence of TMA in the headspace of S. coelicolor (black),
Streptomyces sp. MBT11 (red), S. venezuelae (green), S. griseus grown at pH 7 (blue), S. griseus grown

4.0 4.5 5.0

at pH 10 (yellow-green). Chromatogram of a TMA standard (RT 1.8 min.) is shown below (purple).



Y . The main inhibitory molecule is ammonia
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Y . The main inhibitory molecule is ammonia
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YV . Ammonia is derived from glycine cleavage

pH 7

S. griseus
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Y . Ammonia production in situ
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Y . Ammonia production in situ
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Z . OmpR is key to ammonia resistance
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Colonies fromE. colistrain ASD19%esistant to VCs produced b$treptomycesp. MBT11.
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Z . OmpR is key to ammonia resistance
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Z . OmpR is key to ammonia resistance

A TREARMIMERE KR, HHERARTISHFESIKBHEASDIIRNEEHEFETIHITLLE,

FeatureID | ARM9vs | GenelD Protein Product UniProt/SwissProt
ASD19 fold Accession
change
DOWN-REGULATED
sensory histidine kinase in two-component
envZ -16.43 947272 regulatory system with OmpR POAEJ4
omrA -15.86 2847746 N.A. N.A.
yhdV -15.86 947767  putative outer membrane protein P64622
response regulator in two-component
ompR -14.84 947913 regulatorysystem with EnvZ POAA16
yrhB -8.96 947948  stable heat shock chaperone P46857
yfcV -6.55 949109 putative fimbrial-like adhesin protein P77288
D-alanyl-D-alanine
dacD -6.47 946518 carboxypeptidase,penicillin-binding protein 6b P33013
yghH -6.20 946832 outer membrane lipoprotein, Lpp paralog P65298
hlyE -5.52 945745 hemolysin E P77335
oweS -5.52 947403 N.A. POAD35
phnE -5.52 948625 N.A. P16683
ycjoO -5.52 945888 putative sugar ABC transporter permease POAFR7
Ethanolamine catabolic microcompartment
eutN -5.17 946945  shellprotein POAEJS8
ydiM -4.83 946196  putative MFS transporter, membrane protein  P76197
ygcG -4.83 945247 TPM domain protein, putative phosphatase P55140
multicopy suppressor of bamB, outer
yiaD -4.54 948075 membranelipoprotein P37665
yafl -4.48 944899  putative lipoprotein and C40 family peptidase Q47151
yajR -4.37 945058 putative transporter P77726
hycA -4.14 947193 regulator of the transcriptional regulator FhIA  POAEVA4
yzgl -4.14 947933 N.A. P76692
hofP -3.96 947900 DNA catabolic protein P45750

658A M w1 TA 198AA ~ ¢
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Z . OmpR is key to ammonia resistance

n ompRenvZ U D@35 -10HIWZ o A3 b AGJVF T ¢ insA 31
sinsB3Z 1 A "1Z +DOmpRY » EnvZd G @ie 4° 1/

£ two-component systegn TCX

TCSY /bMy L 3 N 8 1 v d T OmpP OmpQE T~ E
C/hi a>pH 1 vda ORI xa He 1 MVCs®ir Z &
r< envZ < OI'I'IpR QI‘B>T E. coli ASD19
3.463 Mb 3.465 Mb
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Z . Reduced transcription of the ompR-env.Z operon
is the cause of ammonia resistance

ompRenvZiERIFRER SN IENEERE?
C

ARM9 + empty pCA24N

ARMSY + ompR-pCAZ24N  ARM9 + envZ-pCA24N

Growth of suppressor mutaARM9 and transformants harboring
eitherempty plasmid pCA24NplasmidompRpCA24N Eexpressing
ompR, or plasmidenvZpCA24N Eexpressingenvy).

5| AFRiZompREKenvZASR BRI IRSERRIENKE, MHEBE
FRARVECIA NS E B,

E. colisuppressor muta&RM9 is resistant against
VCs produced by.venezuelaandS. griseugjrown

atpH 10 (buffered with glycine).
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L . Ammonia released by Streptomyces modifies

( sensitivity to canonical antibiotics
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Antibiotic E coli B. subtilis ntro! S.olfcor S. griseus  S. vezuelae
Ampicillin NC + E. coli

. ErythromycCin j==me et - - c B L . A - R e e
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Kanamycin + NA 5. subtils
Tylosin NA +
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Spectinomycin + -
Streptomycin NA +
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