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1. Introduction

IERZEEY) (VCs: Volatile compounds)
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1. Introduction
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EEFHNERE. BIRENETRM, T Z22mTIER, WITEFSFRETWIRIT
WARIEERER

TJ'SZ?%IFEFME?EG%%EEIStreptomyceST‘zE NEBEENIMERETE, Wik
Bx. R, 48K iR, F8R. ANSEERS. 8N ~ETIRE
HEEREiEEEEZ=B12%E, R ERBEER (Streptomyces albidoflavus),

it

Inx
!
e

.- & 8 =

2 \GE -—r-— iE 3
i M

-
''''''
. -




\

1. Introduction

HESES FE#F%EEIEWE (VCs), HRIEER
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@. 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 Streptomyces strains were grown on Soy Flour Mannitol (SFM) agar plates to prepare spore stocks.
Volatile antimicrobial assays were performed using a petri dish with two compartments.

Streptomyces strains were streaked on the SFM side and allowed to grow for 5 days after which,
E. coli or B. subtilis were inoculated on the LB side using a concentration of 10* and 103 cfu/mL
respectively.
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2. Materials and methods

2. Collection and analysis of VCs

VCs produced by Streptomyces monocultures grown on SFM agar were collected using a glass Petri

dish designed for trapping of the volatile headspace. Samples were taken 1n triplicates from day 3 to day 5 of

growth; after that, the Tenax steel traps were sealed and stored at 4°C until GC-Q-TOF analysis.

3. pH change (growth media), ammonia determination, and toxicity

prE: phenol red indicator BazI3e <7 (0.002%) ; after 0,3, and 5 days.

Ammonia: After 5 days, the ammonia was determined using the Quantofix® ammonium test kit.

Toxicity of ammonia: FE. coli and B. subtilis were incubated in the automated Bioscreen C (Lab systems

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

(4. Ammonia production in soil

To detect the production of ammonia by Streptomyces imoculated 1n field soil, a microrespirometry-like

system (=

i

CYIIEIRAVNIE T E) was used. The system was incubated for 10 days at 30°C.
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2. Materials and methods
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HCN (S{t=) determination

Whole genome sequencing

E. coli AS19-RimA— and its mutant ARM9; accession number: CP027430

Genetic complementation (E{EE%P) of ompR (RMETBEF)

and envZ (FRTGEEE) manEmMesesREENHE R ERR S E SIS,

RNA sequencing
For RNA extraction E. coli cells were grown to an OD 600 of 0.5.

Synergism of Streptomyces AB-VCs with soluble antibiotics

Streptomyces strains were streaked on the SFM side and allowed to grow for 5 days at 30°C

after which, E. coli or B. subtilis were inoculated on the LB side using a culture grown to an OD=0.5.
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(D. VCs as bioactive agents in long-distance antibiosis

HEEEBRIATVCsIT KIZFTEASD | SRRV Y BT

Control S. coelicolor S Ifdané

S. griseusxu \ MBT11 S. venezuelae

ENIRALESE

& JLhEI N ERFIERE I RMAEDERIENCSY (AMVC) BFE?

ﬁi‘éﬁﬁ pH 10, ELiANION-ZELREENE, . EAK. BOEIWFIRSHEEMNININAEERTE.




\
V@ VCs as bioactive agents in long-distance antibiosis

RISGHEER RGBSR
S. coelicolor

4n in
Dol O sy
|

l

B

Control

F st B~ ) il

B. subtilis

Volatile antibiotic activity of different Streptomyces strains grown at pH 7 or pH10, the latter by
addition of a glycineHHZE&/NaOH buffer; E. coli strain ASD19 was the indicator strain.
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(D. 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. coelicolortE{TT

S. coelicolor + + + + + + — TS N AREE

FF4HEAMVC,

NS RE | S. lividans 1 - + + + +
MBT11 . +/- - + + +
S. venezuelae E +/- + - + +
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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@. The main inhibitory molecule is ammonia

A - Day 0 Day 3 Day 5 B Day 0 Day 3 Day 5

FpHAIA S, 3KEEEREENABTE
FEZEDF, msRKEERETEIPF.,

7 f B. subtilis -

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

phenol red (ERZI) : which changes from pale orange to bright pink when the media becomes more alkaline.
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2. =HE (TMA) En5|ipHTEMAAIVCs, RIFESEIEZESHS (HCN) .
SlEpHZ{RIEEVCs ?

Pseudomonas S. griseus

P482 S. coelicolor ~ pHI( MBTI11  S. venezuelae

T 4 1 ] : . .-{‘\.\“
" ". y - 3 3\
L 2 L ]
- 2\ \ I L

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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U AR A LAAAE AR RARA! RAR MARA] ALY RAARE bAARY RAARE RAALE MALAE REAS RARLE RALAS LA RUMAE RARAY NAAR RLARY LARLE RAARS RAbhd AR LALAY MAARI MU AASA] MAARS RLAAE LALLE RAAAE RAbbl MELAY LA MARLE RAAE BALA R LAl WAL B AR Mhbbl MU WA Rabi BhA hebh
0.5 10 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Time (min)

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
at pH 10 (yellow-green). Chromatogram of a TMA standard (RT 1.8 min.) is shown below (purple).
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2. The main inhibitory molecule is ammonia

A Biogenic Ammonia Ammonia Standard Curve
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E?@ Ammonia is derived from glycine cleavage

HEIRRMERSE (GCV) : =MB8 (GevL, GevP, GevT) F0—FPaAZEHGevH

O

0.1% Gly 1% Gly 1% Gly B - ny Glycine®H
S. griseus !\
j NAD™ CO,
| -
S. griseus \
AUTR-P
| i HS
S. griseus " S)
AUTR-T : GevT HN
S. griseus .
AUTR-T/ | . NH3 + NN-CH,-THF  THF
AUTR-P ' Glycine + THF + NAD* = 5,10-methylene-THF + NH; + CO, + NADH + H*
S I , | N - """""""""""""""""""""""""""""""""""""""""""
coelicolor [ | . S. coelicolorF1S. griseus, ERMEREEFRXEH

S. coelicolor |f SEEUR (GCV) EZ, GoTEESRMEFSNXE

AgevP :%i_@ﬂo gcvPRYSTEBELES. coelicolorfPESBIAERY,
| ERBBNHERRET, MEURNNER | | S gieunstevBEEREK (TIIERER) |, WA
WL KTE, AR EREK, | (SERRERL,

EYEEERRAH AR RBHAIRIER VSRR,
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@. Ammonia production in situ
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g@ Ammonia production in situ
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®. OmpR is key to ammonia resistance

JIRNT RN SRIMHEYIERTLE, EEABMasZT KB E,
KBRFEEEStreptomyces sp. MBT11. FFERIRBIIAIEH,

A E. coli ASDI9 resistant mutants

ARMA4 ARMI] ARM19 ARMO  |—» [Bikzesi

Colonies from E. coli strain ASD19 resistant to VCs produced by Streptomyces sp. MBT11.
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V@ OmpR is key to ammonia resistance

B :
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V@ OmpR is key to ammonia resistance

A3 T IREARMOIRISE

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

TR, SEEEEFFSEESATTEASD oM EE AR

TELEL,
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V@ OmpR is key to ammonia resistance

EompR-envZ

finsB_31) , 7mh5

(two-component

TCSZ5XIIA:

[RaFAY-35%0-

SAVALEREIPS

), -

10 BRI ZEEINTE
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EATTH

(insA 31

FOmpRANXTEHESEnvZARKHINEA D AT RS
system: TCS) ,

ﬁ1|:| ?E/JI%LlﬂE T3, 1\1

NSsEEf pHET

lU+

TIMEFLEBOmMpFFIOmpCRIFRIA, BB

THIMERMZAEEXR, AR E

=

A

3.463 Mb

envZ )< ompR gnB>T .
3.465 Mb
21 insB HinsA |

RREITVCsHO R M1,

E. coli ASD19

AMRS

KiattEompR-envZISENFHRRHBENFIFIRE T ZRBIINIE,
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®. Reduced transcription of the ompR-env.Z operon
is the cause of ammonia resistance

ompR-envZ S RIFREIRGSRINIERNERIRE?
C

ARM9 + empty pCA24N

E. coli suppressor mutant ARMD9 is resistant against

V(s produced by S. venezuelae and S. griseus grown

ARMSY + ompR-pCAZ24N  ARM9 + envZ-pCA24N

at pH 10 (buffered with glycine).

Growth of suppressor mutant ARM9 and transformants harboring
either empty plasmid pCA24N, plasmid ompR-pCA24N (expressing
ompR), or plasmid envZ-pCA24N (expressing envZ).

BIAFRIZompREenvZAIFRF T IREZRVENKE, MHERZ
FRAIRYEIC B NIgE R B/,




@. Ammonia released by Streptomyces modlifies
sensitivity to canonical antibiotics

HESE~EMFER ISP EERERZBNMEIER.
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MEMNITIEERFPAIEER. flul, SEEESEERNEMIERRER.

B, subtilis and E. coli BREL606

N\

ftt

\
pil

~I11

MEEEMdE, &

Antibiotic E coli B. subtilis C9?trol S.oehc!or S. nr'sus S. zlae
Ampicillin NC + E. coll

. Erythromycin j==e=dts =SS _ _ _ SRR _ _ _ _ B
Erythromycin + + TE T
Kana mycC IN + NA subtilis
Tylosin NA i
Actinomycin NA -
Spectinomycin + +
Streptomycin NA +
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&, MmiziEERCHE. ESEULMSRUEARMGINZPRIFFRZCIIFER
R, MiEBCREAEHNHENRE. MAEERIEASY (AMVC) FRRIH
R, ARIKEFMAREMERNINS, MAFEIERIPHIRZA=IIRIR,






