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Figure  S1.  Growth  curve  and  cell  morphology  of  myxobacteria.  a) Growth  curve  of  Cbv34 
bacteria during (I) lag-phase, (II) log-phase and (III) stationary-phase. Cbv34 grow in high density and 
with a doubling time of tDCbv34= 4.7 h ± 1.0; Mean, n = 3-4. Cbv34 bacteria were grown in M medium 
(1.0% soy peptone, 1.0% maltose, 0.2% CaCl2, 0.1% MgSO4, 50 mM HEPES pH 7.2 and 8 mg/L Fe-
EDTA) at 30 °C and maintained at 180 rpm. A growth curve of SBSr073 bacteria could not be taken 
as this culture formed aggregates and the OD could not be measured. SBSr073 bacteria were cultured 
in 2SWT medium (Bacto tryptone  0.3%, Soytone 0.1%,  Glucose  0.2%,  Soluble  starch  0.2%, 
Maltose  monohydrate  0.1%,  Cellobiose  0.2%,  CaCl2 2H2O  0.05%,  MgSO4 7H2O  0.1%,  HEPES 
10mM, pH 7.0 adjusted with KOH)  b) Cbv34 OMV characteristics during different growth phases: 
particle concentration and protein concentration normalised by particle concentration. n = 3. c) Bright 
field microscopy images of Cbv34 in culture and after inoculation from a cryo stock. d) Bright field 
microscopy images of myxobacteria SBSr073 and photograph of clumpy bacteria containing flask.  e) 
When plating 100 μL of EV-pellet isolated from SBSr073 and Cbv34 for 8 days on 1.5% (w/v) agar 
no bacterial growth was detected. Agar plates were prepared using the liquid culture media of each  
bacterium.
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Figure  S2.  Protein  and  particle  concentration  of  collected  fractions  from  SEC.  a)  SBSr073 
OMVs, b) Cbv34 OMVs; the sum of all values corresponds to 100%. Each fraction corresponds to the 
percentage of the total concentration (particles or proteins). Mean ± SD, n = 3-7

Table S1. Physico-chemical characteristics of myxobacterial OMVs.
OMV 
source

Particle size ± SD 
measured by NTA 
(n = 16-27)

PDI
(n = 3)

Total protein concentration 
OMVs [µg/mL] (n = 4-7)

ξ-potential
(n = 3)

SBSr073 194 ± 18 nm 0.143 ± 
0.01

8.0 ± 4.0  µg/mL -6.81 ± 0.61 
mV

Cbv34 145 ± 27 nm 0.222 ± 
0.06

84.8 ± 71.7  µg/mL -4.76 ± 0.65 
mV
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Figure S3. Complementary liposome control experiments. a)  Size distribution of liposomes (1,2-
dimyristoyl-sn-glycero-3-phosphorylcholine (DMPC) and dipalmitoyl phosphatidylcholine (DPPC) at 
a ratio of 2:3 mol%) measured by NTA (representative sample). b) Cell viability of liposomes when 
incubated for 24 h with stimulated dTHP-1-1 macrophage cells  and A549 epithelial  cells,  and  c) 
lactate-dehydrogenase cytotoxicity assay of liposomes incubated for 24 h with dTHP-1-1 and A549 
cells.  Mean  ±  SD,  n  =  3–4.  c)  Growth  curve  of  E.  coli DH5-alpha  incubated  with  different 
concentration of liposomes or PBS (control). Mean ± SD, n = 3
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Figure S4. Complementary confocal fluorescence images of  E. coli incubated with OMVs.  1 h 
incubation of E. coli DH5-alpha with a) fluorescently-labelled Cbv34 OMVs, b) SBSr073 OMVs, and 
c) liposomes. 24 h incubation of  E. coli  DH5-alpha with  d) fluorescently-labelled Cbv34 OMVs,  e) 
SBSr073 OMVs, and f) liposomes. Images were taken using the same settings at 561 nm laser (red  
colour) and 488 nm laser (green colour). For visualisation, bacteria were stained with SYTO 9. Scale  
bars are 5 µm. Measurement settings and image analysis is similar for all images.
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Figure S5. Mean fluorescence of labelled OMVs and liposomes used for  in vitro imaging and 
control confocal fluorescence microscopy images. a)  Detection of fluorescence upon DiI labelling 
(ex 490nm/em 570 nm) in the most abundant SEC fractions of Cbv34 OMVs (1011 particles/mL), 
SBSr073 OMVs (1010 particles/mL), and liposomes (1011 particles/mL). Representative measurement 
using PBS as control.  b) Representative confocal fluorescence images of  E. coli incubated for 24 h 
with DiI dye alone and in absence of OMVs. All measurement and image analysis settings are similar  
to those in the main Figure 3.

Figure  S6. Complementary  z-stack  confocal  fluorescence  images  of  E.  coli incubated  with 
OMVs. 24 h incubation of  E. coli  DH5-alpha with DiI-labelled Cbv34 OMVs (red).  a) Top view 
confocal image, b) 3D-image of marked rectangle in a) using z-stack mode. Images were taken using 
the same settings at 561 nm laser (red colour) and 488 nm laser (green colour). For visualisation,  
bacteria were stained with SYTO 9 (in green).
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Figure S7. Predatory behaviour of Cbv34 myxobacteria on E. coli.  Myxobacteria (left) and E. coli  
(right, DSM 1116) were seeded on VY/2 agar and both incubated for up to 48 h at 30 °C. VY/2 agar 
contains baker's yeast 5.00 g, CaCl2 x 2 H2O 1.36 g, Vitamin B12 0.50 mg, Agar 15.00 g and distilled 
water 1000.0 mL (DSMZ recipe).
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Figure S8. LC-MS based identification of Cystobactamid 919-1 in the methanolic crude extract 
of  Cbv34  OMVs.  UHPLC-HRMS  chromatogram  acquired  on  the  Dionex  Ultimate  3000  RSLC 
coupled  to  a  Bruker  maXis  4G qTOF mass  spectrometer.  1  mL of  methanolic  OMV  extract  is  
separated,  b) depicts  the  EIC  at  920.309  ±  0.02  Da  across  the  chromatogram  visualising  the 
Cystobactamid 919-1 peak,  a) depicts the magnified mass spectrum at maximum intensity for the 
Cystobactamid 919-1 peak.
Mass spectra were acquired in centroid mode ranging from 150 – 2500 m/z at a 2 Hz full scan rate.  
Mass spectrometry source parameters were set to 500V as end plate offset; 4000V as capillary voltage;  
nebuliser gas pressure 1 bar; dry gas flow of 5 l/min and a dry temperature of 200 °C.  Ion transfer and  
quadrupole settings are set to Funnel RF 350 Vpp; Multipole RF 400 Vpp as transfer settings and Ion 
energy of 5eV as well as a low mass cut of 300 m/z as Quadrupole settings. Collision cell was set to 
5.0 eV and pre pulse storage time is set to 5 µs. Spectra acquisition rate was set to 2Hz. Calibration is 
done automatically before every LC-MS run by injection of sodium formiate and calibration on the  
sodium formiate clusters forming in the ESI source. All MS analyses were acquired in the presence of 
the lock masses C12H19F12N3O6P3; C18H19O6N3P3F2 and C24H19F36N3O6P3 which generate the [M+H]+ 

ions  of  622.028960;  922.009798 and 1221.990638.  LCMS data  are  annotated  using  the  in-house 
MXbase myxobacterial metabolome data at Helmholtz Institute for Pharmaceutical Research Saarland 
by automated comparison of retention time, exact mass and isotope pattern accuracy using Bruker 
Daltonics Target analysis 1.3.
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Figure S9. Comparison of the MS² spectrum of Cystobactamid 919-1 from Cbv34 OMVs to the 
MS² spectrum of Cystobactamid 919-1 reference standard. HRMS² spectrum of a) cystobactamid 
919-1  standard  and  b) cystobactamid  919-1  in  Cbv34  OMVs  on  the  Bruker  maXis  4G  qTOF 
spectrometer to verify the identified peak as cystobactamid 919-1. Identified fragments show excellent  
agreement to the reference substance. LC and MS conditions for scheduled precursor list (SPL) guided 
MS² data acquisitions were kept constant according to section standardised UHPLC-MS conditions. 
MS² data acquisition parameters were set to exclusively fragment SPL entries. SPL entries were edited 
manually to selectively target the precursor mass of cystobactamid 919-1. SPL tolerance parameters 
for precursor ion selection were set to 0.2 minutes and 0.05 m/z in the SPL MS/MS method. CID 
Energy is ramped from 35 eV for 500 m/z to 45 eV for 1000 m/z and 60 eV for 2000 m/z. MS full  
scan acquisition rate was set to 2Hz and MS/MS spectra acquisition rates were ramped from 1 to 4 Hz 
for precursor ion intensities of 10 kcts to 1000 kcts.
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Figure S10. Antimicrobial activity of Cbv34 OMVs compared to free cystobactamid. OMVs from 
Cbv34 and cystobactamid  919-1 were incubated  with  E.  coli at  different  concentrations.  Colony-
forming units were counted for both samples. Mean ± SD, n = 3.

Figure  S11.  Dose  response  of  Cbv34  OMVs  obtained  from  lower  passage  numbers.  Cbv34 
myxobacteria were brought into culture from cryo stock and used during passages 1-4. During these 
lower  passage  numbers,  OMVs  isolated  from  culture  supernatant  showed  a  lower  antimicrobial  
activity  as  seen from the  dose response curve.  The curve  was  obtained  by  incubating  increasing  
concentrations of low passage Cbv34 OMVs with E. coli. Mean, n = 3.
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