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Experimental Part 
 

Bacterial Strains and General Culture Conditions 

Burkholderia thailandensis wild-type strain E264 and B. ambifaria AMMD genomic DNA were obtained 

from the DSMZ GmbH (Braunschweig). B. thailandensis E264 and mutant strains were cultured in LB 

medium and on LB agar at either 30 °C. Ampicillin (100 µg mL
-1

), kanamycin (50 µg mL
-1

), and 

tetracycline (15 µg mL
-1

) were used as selection markers for either E. coli XL1 Blue or TOP10.  

 

General Analytical Procedures 

NMR spectra were measured on Bruker Avance DRX 500 MHz or 600 MHz spectrometers (600 MHz 

with cryo probe) in D2O or MeOD. Spectra were referenced to the residual solvent peak. HRESIMS and 

LC-HRMS measurements were carried out on a Thermo Fisher Scientific Exactive Orbitrap with an 

electrospray ion source using a Betasil 100-3 C18 column (150 × 2.1 mm) and an elution gradient [solvent 

A: H2O + 0.1% HCOOH, solvent B: acetonitrile, gradient: 5% B for 1 min, 5% to 98% B in 15 min, 98% 

B for 3 min, flow rate: 0.2 mL min
-1

, injection: 5 µL]. 

 

Siderophore Production in Liquid Medium 

B. thailandensis E264 and mutant strains were pre-cultured in LB medium with shaking overnight at 30 

°C. Obtained cultures were centrifuged and resuspended in iron-free MM9 medium
[1]

 and then inoculated 

to minimal medium in baffled Erlenmeyer flask with shaking at 30 °C for 2 days. After cultivation, 

culture broths were centrifuged at 8000 × g for 5 min. The supernatant was adsorbed on XAD-16, washed 

with H2O and eluted with 50% aqueous MeOH followed by pure MeOH. Samples were subsequently 

analysed by LC-HRMS as described above.  

A mixture of authentic desferri-ornibactins was purchased from EMC microcollections GmbH. 

 

Preparation of B. thailandensis ∆∆∆∆mbaA::orbI strain by A1 domain exchange 

A genomic DNA isolation from B. thailandensis E264 was described previously.
[2]

 Two gene fragments 

containing mbaN and mbaA were amplified by PCR with the primer pairs mbaN-fw/mbaN-PacI and 

mbaA-SacI/mbaA-NheI using DeepVent Polymerase (NEB) and Phusion Polymerase (NEB), 

respectively, followed by Taq polymerase (NEB). A gene fragment containing orbI in B. ambifaria 

AMMD was amplified by PCR with the primer pair orbI-KpnI/orbI-SacI using Phusion Polymerase 

followed by NEB Taq polymerase. The PCR product containing the tetracycline resistance gene, which 

was amplified from pACYC184 with the primers Tet-fw-PacI/Tet-rv-KpnI using Phusion Polymerase 

followed by Taq Polymerase. These four amplicons were purified using a gel purification kit. The 

purified amplicons were cloned into pGEM T-easy vector and the resulting plasmids pGEM-mbaN, 

pGEM-mbaA, pGEM-Tet
R
-fw, pGEM-orbI, were confirmed by sequencing (GATC). These plasmids 

were restricted with PacI/SpeI, SacI/NheI, PacI/KpnI, KpnI/SacI, respectively. After gel purification, four 

gene fragments were ligated together and transferred into E. coli TOP10, generating pGEM-mbaA/orbI. 

B. thailandensis E264 was pre-cultured overnight at 30 °C and afterwards transferred to LB medium 

(1/100 dilution) and cultured up to OD600 = 0.4 to 0.6 at 30 °C. The cultured broth was centrifuged and the 

supernatant was removed. Precipitated cells were resuspended in sucrose solution (300 mM) and 

centrifuged. After repeating this washing step twice, the washed cells were resuspended in 300 mM 

sucrose and subjected to electroporation (200 kV) with knockout plasmids (ca. 10 µg). Transformed cells 

were precultured in LB broth (1 mL) for 5 hours at 30 °C with shaking and then plated on LB agar plates 
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with tetracycline (45 µg mL
-1

). After 2 to 4 days, a few positive colonies were observed and confirmed by 

colony PCR. 

 

Preparation of Expression Plasmids pJB861-orbK, pJB861-orbL and pJB861-orbKL 

Acyl transferase genes orbK and orbL were PCR-amplified using specific primers and genomic DNA of 

B. ambifaria Coenye et al. 2001 purchased from DSMZ as template. For orbK and its ribosome binding 

site primer pair JF005fw-SacI (GGTGGTGAGCTC GTT CGA GGC CGG GGC GAC) and JF005rv-

EcoRI (GGTGGTGAATTC TCA GAC GTG ACG GCC GGA AAA GAA G) was used. For orbL and its 

ribosome binding site, primer pair JF004fw-SbfI (GGTGGTCCTGCA GGG AGG TGA TCT GCG ACG 

TGC TC) and JF004rv-BamHI (GGTGGTGGATCC TCA CGG CAA CCG GAA AGT GTC AAA G) 

was used. The amplicons were cloned into pGEM-T Easy and sequenced. For orbK, the subclone was 

excised and ligated into the SacI/EcoRI site of pJB861, yielding expression vector pJB861-orbK. For 

orbL, the subclone was excised with PspOMI/BamHI and ligated into the NotI/BamHI site of pJB861, 

yielding expression vector pJB861-orbL.  

For the vector containing both orbK and orbL and their ribosome binding sites, the subclones were 

excised with SacI/SbfI for orbK and SbfI/BamHI for orbL, respectively, and ligated into the SacI/BamHI 

site of pJB861, yielding expression vector pJB861-orbKL.  

 

B. thailandensis mutant preparation by conjugation. 

B. thailandensis E264 (or B. thailandensis ∆mbaA::orbI), E. coli TOP10 pJB861-orbK (or pJB861-orbL 

or pJB861-orbKL, respectively), and E. coli HB101 (pRK2013) were precultured in LB medium with 

tetracycline (45 µg mL
-1 

for B. thailandensis) and kanamycin (50 µg mL
-1

 for E. coli) overnight at 37 °C 

(B. thailandensis at 30 °C). Each overnight cultured cells were inoculated in LB medium (1/50 or 1/100 

dilution) with kanamycin (50 µg mL
-1

) for E. coli and cultured up to OD600 = 0.4 to 0.6 at 30 °C. Each 

cultured medium was centrifuged and the supernatant was removed. Each precipitated cells were 

resuspended in LB medium. Triparental mating was carried out as follows, 1 volume of E. coli TOP10 

pJB861-orbK (or pJB861-orbL or pJB861-orbKL, respectively) and E. coli HB101 (pRK2013) was 

mixed followed by mixing 2 volumes of B. thailandensis E264 (or B. thailandensis ∆mbaA::orbI) and 

cultured for 5 hours at 30 °C with shaking and then plated on LB agar plate with tetracycline (45 µg mL
-

1
), kanamycin (150 µg mL

-1
) and ampicillin (100 µg mL

-1
). After 2 to 4 days, positive colonies were 

observed and confirmed by PCR. 
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Figure S1. Dotplot comparison between the mba gene cluster from B. thailandensis E264 and the orb 

gene cluster from B. cenocepacia J2315. The dotplot was created using YASS
[3]

; the E value was set to 

10
0 

and the window increase value to 0, all other parameters were left at their default values. The main 

diagonal is completely conserved at an E value of 10
−30

, indicating a generally very high degree of 

similarity. In contrast, all partial alignments of orbK and orbL are worse than 10
−4

. 
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Figure S2. Scheme of mbaA/orbI adenylation domain A1 exchange. A) Selected upstream and 

downstream nucleotide sequences of A1T1 gene in mbaA and orbI for homologous recombination. B) 

Replacement of A1T1 from B. thailandensis E264 gDNA using a suicide plasmid containing a Tet
R
 

cassette. 
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Table S1. Primers used in this study. 
Primer Nucleotide sequence (5’ to 3’) Source or 

reference 

mbaN-fw CCG CGC CCA GTT GGC CAT CG This study 

mbaN-PacI GGTTTAATTAA GGC GAC GGA CAC GCG CAT CG This study 

Tet-fw-PacI GGTTTAATTAA TCA GAT AAA ATA TTT CTA GAT TTC AGT GC This study 

Tet-rv-KpnI GGTGGTACC AAT TCT TGG AGT GGT GAA TCC G This study 

OrbI-KpnI GGTGGTACC GCA TTC GTT CGG ACT TTG GAC G This study 

OrbI-SacI GGTGAGCTC GGC CAG CGA CGG ATC This study 

mbaA-SacI GGTCGAGCTC GC CGC GCG CAT CG This study 

mbaA-NheI GGTGCTAGC CAG CCG TCG CTG ACC GCG TG This study 

mbaN-fw-conf GCA CGT TGT TGA GCA GGC CG This study 

TETreverse CGG TGC CGA GGA TGA CGA TG 
[2]

 

mbaA-conf AGT CGG CGT ACT GGA TCG GC This study 

orbI-conf GTT GAA CGG CAA GCT CGA CC This study 

JF002fw-SacI GGTGGTGAGCTC ATG CTG GCT GAA GTG CGT CCG G This study 

JF002rv-SbfI GGTGGTCCTGCAGG TCA GAC GTG ACG GCC GGA AAA GAA G This study 

JF004fw-SbfI GGTGGTCCTGCAGG GAG GTG ATC TGC GAC GTG CTC This study 

JF004rv-BamHI GGTGGTGGATCC TCA CGG CAA CCG GAA AGT GTC AAA G This study 

JF005fw-SacI GGTGGTGAGCTC GTT CGA GGC CGG GGC GAC This study 

JF005rv-EcoRI GGTGGTGAATTC TCA GAC GTG ACG GCC GGA AAA GAA G This study 

 

 

Table S2. Plasmids used in this study. 
Plasmid Relevant characteristics Source or 

reference 

pGEM T-easy TA cloning vector; f1, AmpR Promega 

pACYC184 General cloning vector; p15A, Tet
R
, Cm

R
 Invitrogen 

pGEM-mbaN pGEM T-easy containing 1,037 bp fragment from B. thailandensis E264 This study 

pGEM-orbI pGEM T-easy containing 1,915 bp fragment from B. ambifaria AMMD This study 

pGEM-mbaA pGEM T-easy containing 569 bp fragment from B. thailandensis E264 This study 

pGEM-Tet
R
-fw pGEM T-easy containing tetracycline resistance cassette This study 

pGEM-mbaA/orbI A1 domain exchange plasmid This study 

pGEM-orbK pGEM T-easy containing orbK gene plus 159 bp upstream region from 

B. ambifaria AMMD 

This study 

pGEM-orbL pGEM T-easy containing orbL gene plus 175 bp upstream region from B. 

ambifaria AMMD 

This study 

pGEM-orbKL pGEM T-easy containing both orbK and orbL genes and their 159 bp and 

175 bp upstream regions from B. ambifaria AMMD 

This study 

pJB861 Broad host range expression vector 
[4]

 

pJB861-orbK pJB861 containing orbK gene plus 159 bp upstream region from B. 

ambifaria AMMD 

This study 

pJB861-orbL pJB861 containing orbL gene plus 175 bp upstream region from B. 

ambifaria AMMD 

This study 

pJB861-orbKL pJB861 containing both orbK and orbL genes and their 159 bp and 175 

bp upstream regions from B. ambifaria AMMD 

This study 

 

Table S3. Bacterial strains used in this study. 
Strain Relevant characteristics Source or 

reference 

E. coli   

         TOP10 General cloning host strain Invitrogen 

         XL1-Blue General cloning host strain Stratagene 

B. thailandensis   

         E264 Prototroph; environmental isolate 
[5]

 

         pJB861-orbK E264 overexpressing orbK  This study 

         pJB861-orbL E264 overexpressing orbL This study 

         pJB861-orbKL E264 overexpressing orbK and orbL This study 

        ∆mbaA::orbI A1 domain exchange with Tet
R
 derived from E264 This study 
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         ∆mbaA::orbI pJB861-orbK ∆mbaA::orbI overexpressing orbK This study 

         ∆mbaA::orbI pJB861-orbL ∆mbaA::orbI overexpressing orbL This study 

         ∆mbaA::orbI pJB861-orbKL ∆mbaA::orbI overexpressing orbK and orbL This study 

  

 
 

Figure S3. PCR amplification (primer pairs, 1–3; mbaN-fw-conf and TETreverse, 4–6; orbI-conf and 

mbaA-conf, 7–10; JF002fw-SacI and JF002rv-SbfI, 11–14; JF004fw-SbfI and JF004rv-EcoRI.) with 

genomic DNA and plasmid templates of B. thailandensis ∆mbaA::orbI (lane 1,4); B. thailandensis E264 

(lanes 2, 5, 9, 13), B. thailandensis ∆mbaA::orbI pJB861-orbK (lane 7), B. thailandensis ∆mbaA::orbI 

pJB861-orbKL (lanes 8, 11), B. thailandensis ∆mbaA::orbI pJB861-orbL (lane 12); pGEM-mbaA/orbI 

(lanes 3, 6); pJB861-orbKL (lanes 10, 14), M: marker. The estimated size of amplicons for lane 2, 3, 5 

(wild-type gDNA has a similar nucleotide sequence to orbI-conf primer), 6, 9, 13 (negative), 1 (1,474 bp), 

4 (956 bp), 7, 8, 10 (1,052 bp), 11, 12, 14 (1,192 bp). 

 

 

 

 

Figure S4. Amino acid sequence alignment of adenylation domains putatively activating haOrn (OrbI-

A1), hOrn (MbaA-A1) and hfOrn (OrbJ-A4 and MbaB-A4) between core motifs A4 and A5 (underlined). 

Amino acids assumed to be required for substrate recognition
[6]

 are highlighted in red.  
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  10 20 30 40 50 60 70 80               

 ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

Bp668 LTRGELDERAARLAAQLRAAGVGAEVPVGVCVARSCDLFVALLAVMKAGGAFVALDPRHPAARLDWVARDAGLAHGIVDA  

BpK96243 LTRGELDERAARLAAQLRAAGVGAEVPVGVCVARSCDLFVALLAVMKAGGAFVALDPRHPAARLDWVARDAGLAHGIVDA  

BtE264 LTRGELDDRAARLAAQLRAAGVGAEVPVGVCVARSCDLFVALLAVMKAGGAFVALDPRHPAARLDWVARDAGLAHGIVDA  

BaAMMD LSRGALDARASHLARQLRAAGVGAEVRVGVCVERSCELFVALLAVLKAGGVFVPLDPRHPAARLDWIVRDAQLRHGIVDA  

BaMC40-6 LSRGALDARASHLARQLRAAGVGAEVRVGVCVERSCELFVALLAVLKAGGVFVPLDPRHPAARLDWIVRDAQLRHGIVDA  

BcJ2315 LSRGALDARASQLARQLRAAGVGAEVRVGVCVERSGELFVALLAVLKAGGVFVPLDPRHPAARLDWIVQDAQLRHGIVDA  

Clustal Consensus *:** ** **::** *********** ***** ** :********:****.**.************:.:** * ******  

 

  90 100 110 120 130 140 150 160         

 ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

Bp668 SADAAMRARFARCFDVG---SVAAADPAAPREHGGDVHPRAAAYMIYTSGSTGTPKAVVVEHGPLAAHGDALAESLPIGP  

BpK96243 SADAAMRARFARCFDVG---GVAAADPAAPREHGGDVHPRAAAYMIYTSGSTGTPKAVVVEHGPLAAHGDALAESLPIGP  

BtE264 SADAAMRARFARCFDVG---GVAEADPAAPREHGGDVHPRAAAYMIYTSGSTGTPKAVVVEHGPLAAHGDALAESLPIGP  

BaAMMD AGRAALGAPFEHAFDAMSATGDGVDTAAFADDEDVPVHPRAAAYMIYTSGSTGTPKAVVVEHGPLAAHCDALAAALPIEG  

BaMC40-6 AGRTALGAPFEHAFDAMSATGDGANAVAFADDEDVPVHPRAAAYMIYTSGSTGTPKAVVVEHGPLAAHCDALAAALPIEG  

BcJ2315 AGRAALGTPFEHAFDATADASGVAQDHAFDDDT-VAVHPRSAAYMIYTSGSTGTPKAVVVEHGPLAAHCDALAAALPIEA  

Clustal Consensus :. :*: : * :.**.    .      *   :    ****:*************************** **** :***:.    

 

  170 180 190 200 210 220 230 240        

 ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

Bp668 DDRVLHFASVNFDVAIEAWLVPLAVGGSVVISDPPPFTPDAAHALISRERVTNTTLPPAYLREFAAVCAREGVPPSLRVL  

BpK96243 DDRVLHFASVNFDVAIEAWLVPLAVGGSVVISDPPPFTPDAAHALISRERVTNTTLPPAYLREFAAVCAREGVPPSLRVL  

BtE264 DDRVLHFASVNFDVAIEAWLVPLAVGGSIVISDPPPFAPDAAHALISRERVTNTTLPPAYLREFAAVCAREGVPPSLRVL  

BaAMMD GDRLLHFASVNFDAAHECWLAPLAVGASVTIAPPQPFAPDAAHALMVRESVSVAAFPPAYLREFAALAARDGVPPALRVL  

BaMC40-6 GDRLLHFASVNFDAAHECWLAPLAVGASVTIAPPQPFAPDAAHALMVRESVSVAAFPPAYLREFAALAARDGVPPALRVL  

BcJ2315 GDRLLHFASVNFDAAHECWLAPLAVGAGIVVAPPQPFAPDAAHALMVREAVNVAAFPPAYLREFAAVAARDGVPPALRVL  

Clustal Consensus .**:*********.* *.**.*****..:.:: * **:*******: ** *. :::**********:.**:****:****  

 

  250 260 270 280 290 300 310 320        

 ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

Bp668 LFGGEAMSQDAFDEIRRVFPAIRLVNGYGPTETVISPMLWPVAPGTTPALDAGNGYASLPIGWPIGRRVARVERADGTVA  

BpK96243 LFGGEAMSQDAFDEIRRVFPAIRLVNGYGPTETVISPMLWPVAPGTTPALDAGNGYASLPIGWPIGRRVARVERADGTVA  

BtE264 LFGGEAMSQDAFEEIRRVFPALRLVNGYGPTETVISPMLWPVAPGAAPALDEGNGYASLPIGWPIGRRVARVERADGTVA  

BaAMMD AFGGEALPQQAFEFVRRTFPSVRLINGYGPTEAVISPMLWPVEPGDTPELAADDAYSSLPIGRVIGPRVARIDGDEAGES  

BaMC40-6 AFGGEALPQQAFEFVRRTFPSVRLINGYGPTEAVISPMLWPVEPSATPELAANDAYASLPIGRVIGPRVARIDGDATGES  

BcJ2315 AFGGEALPQQAFEFVRRTFPAVRLINGYGPTEAVISPMLWPVAPGEMPVLAADDAYASLPIGSVIGPRAARIDG-AAADG  

Clustal Consensus *****:.*:**: :**.**::**:*******:********* *.  * *  .:.*:*****  ** *.**::      .  

 

  330 340 350 360 370 380 390 400        

 ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

Bp668 R--GEAGELLLGGACLARGYHGRAALTAERFLPDPAGEPGARIYRTGDLARERADGAFDYLGRIDDQVQVRGVRVEPGEI  

BpK96243 R--GEAGELLLGGACLARGYHGRAALTAERFLPDPAGEPGARIYRTGDLARERADGAFDYLGRIDDQVQVRGVRVEPAEI  

BtE264  R--GEAGELLLGGACLARGYHGRAALTAERFLPDPAGEPGARIYRTGDLARERADGSFDYLGRLDDQVQVRGVRVEPGEI  

BaAMMD ---GEGGELLLGGVCIARGYHGRPALTAERFIPDAHGEPGARVYRTGDLARLRADGAFDYLGRLDDQVQVRGVRVEPAEI  

BaMC40-6 DDSGEGGELLLGGVCIARGYHGRPALTAERFIPDAHGEPGARVYRTGDLARLRADGAFDYLGRLDDQVQVRGVRVEPAEI  

BcJ2315 -----VGELLLGGVCVARGYHGRPALTAERFVPDADGEPGARVYRTGDLARLRDDGAYDYLGRLDDQVQVRGVRVEPAEI  

Clustal Consensus        *******.*:*******.*******:**. ******:******** * **::*****:*************.**  

 

  410 420 430 440 450 460 470 480        

 ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

Bp668 AACLLTHPGVRDAGVLAETAGGRTQLIACVALAAPPRETPSGGDARGDALPDDDALRAHVAAHLPAAWLPHRFVRFDKLP  

BpK96243 AACLLTHPGVRDAGVLAETAGGRTQLIACVALAAPPRETPSGGDARGDAPPDDDALRAHVAAHLPAAWLPHRFVRFDKLP  

BtE264 AACLLTHPGVRDAGVLAETAGGRTQLIACVALAAPQRET-SAGEPCSDAQPDDDALRAHVAAHLPAAWLPHRIARFDKLP  

BaAMMD AACLRTHPAVADAAVIAETGNGPTRLIACVALRA-------A--A------DDAALKAHVGAQLPAAWQPHRFVRCDALP  

BaMC40-6 AACLRTHSAVADAAVIAETGNGPTRLIACVALRA-------A--A------DDAALKAHVGAQLPVAWQPHRFVRCDALP  

BcJ2315 AACLRSHPAVADAAVIAETANGPTRLIACVALRA-------A--A------DDVALKAHVAAQLPAAWQPHRFVRCDTLP  

Clustal Consensus **** :*..* **.*:***..* *:******* *       .  .      ** **:***.*:**.** ***:.* * ** ** 

 

  490  

 ....|....|.. 

Bp668 YTLNGKLDRVAL  

BpK96243 YTLNGKLDRVAL  

BtE264 YTLNGKLDRAAL  

BaAMMD YTLNGKLDRAAL  

BaMC40-6  YTLNGKIDRAAL  

BcJ2315 YTLNGKLDRAAL  

Clustal Consensus ******:**.**  

 

 

Figure S5. Amino acid sequence alignment of adenylation domains between MbaA and OrbI. Bp: 

Burkholderia pseudomallei, Bt: B. thailandensis, Ba: B. ambifaria, Bc: B. cenocepacia. Bold lines 

indicate conserved motif in adenylation domain. 
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Isolation of N
δδδδ-(3-hydroxyoctanoyl)-N

δδδδ-hydroxyornithine (3). 

 
The culture broth of a 3 L culture of B. thailandensis E264 pJB861-orbL was centrifuged at 8000 rpm and 

15 °C for 5 min. The supernatant was adsorbed on a XAD-16 column. After washing with 200 mL H2O, 

the resin was eluted with 200 mL 50% aqueous MeOH. This crude extract was separated on a Sephadex 

LH-20 column (210 × 30 mm) with 50% aqueous MeOH. The fraction containing 3 as determined by LC-

MS was separated by preparative HPLC using a Kromasil 100-5 C18 column (250 × 21 mm, Jasco) with 

an elution gradient [solvent A: H2O + 0.1% HCOOH, solvent B: acetonitrile 83%, gradient: 0% B to 

100% B in 40 min, flow rate: 12 mL min
-1

, Rt = 17 min] to yield 0.2 mg L
-1

 of 3 as a colorless solid. 

HRESIMS: [M+H]
+
 = 291.1915 (calculated for C13H27N2O5 291.1914); NMR data see Table S4.  

 

Table S4. 
1
H and 

13
C NMR data for 3. 

 3 (D2O) 

Position δδδδC δδδδH (m, J [Hz]) 

1 11.5 0.80 (t, 6.7) 

2 20.0 1.22 (m) 

3 29.1 1.21 (m) 

4 22.6 1.30 (m) 

5 34.5 1.42 (q, 7.1) 

6 67.2 3.96 (m) 

7 37.4 2.65 (dd, 14.2, 8.5) 
2.55 (dd, 14.2, 4.7) 

8 169.3  

9 45.9 3.59 (m) 

10 20.2 1.64 (m) 

11 26.3 1.75 (m) 

12 52.7 3.60 (m) 

13 173.8  

 

 

Isolation of 3-hydroxyoctanoic acid (4). 

 
 

The culture broth of a 1 L culture of B. thailandensis ∆mbaA::orbI pJB861-orbL was centrifuged at 8000 

× g and 15 °C for 5 min. The supernatant was adsorbed on a XAD-16 column. After washing with 200 

mL H2O, the resin was eluted with 200 mL 50% aqueous MeOH. This crude extract was separated on a 

Sephadex LH-20 column (210 × 30 mm) with 50% aqueous MeOH. The fraction containing ornibactin-

C8 (1c) as determined by LC-MS was separated by preparative HPLC using a Synergi Hydro-RP 80-10 

C18 column (250 × 21.2 mm, Phenomenex) with a Hydro-RP 80-10 C18 pre-column (50 × 21.2 mm, 

Phenomenex) coupled to a Develosil Combi-RP5 140-5 C30 column (50 × 20 mm, Phenomenex) with an 

elution gradient [solvent A: H2O + 0.1% TFA, solvent B: acetonitrile 83%, gradient: 5% B to 45% B in 

40 min, flow rate: 12 mL min
-1

, Rt = 26-29 min] to yield 33 mg L
-1

 of 1c as an off-white solid. 
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For the isolation of pure 3-hydroxyoctanoic acid (4) 11.5 mg of 1c in 1 M H2SO4 were hydrolysed at 80 

°C for 2 h. The crude hydrolysate was brought to pH 2-3 and loaded on a SPE column (1 mL C18, 

Bakerbond) equilibrated with 0.01 M H2SO4. After washing with 3 column volumes (CV) 0.01 M H2SO4 

the target compound was eluted with 3 CV MeOH followed by 3 CV ethyl acetate, affording 1.5 mg of 4 

(60%) as a yellowish oil.  

HRESIMS: [M−H]
−
 = 159.1025 (calculated for C8H15O3 159.1027); 

1
H NMR (600 MHz, MeOD): δH = 3.96 (1H, m, H-2), 2.43 (1H, dd, J = 15.2, 4.8, H-1a), 2.36 (1H, dd, J 

= 15.2, 8.1, H-1b), 1.47 (2H, m, H-3), 1.38-1.26 (6H, m, H-4, H-5, H-6), 0.91 (3H, t, J = 7.0, H-7). 

 

 

Mosher analysis of 3-hydroxyoctanoic acid (4). 

 
 

0.7 mg of 4 and a catalytic amount of DMAP (N,N-dimethyl-4-aminopyridine) were dissolved in 0.5 mL 

of dry dichloromethane under argon. To this solution were added 5 µL NEt3 and 5 µL of (R)-(–)-MTPA-

Cl (α-methoxy-α-(trifluoromethyl)phenylacetylchloride). The mixture was stirred over night and 

quenched by addition of 0.1 M HCl. The organic layer was separated on a silica column 

(cyclohexane:ethyl acetate 99:1 followed by 90:10) to provide 0.4 mg (24%) of the (S)-MTPA derivative 

4a as a yellow oil. 

HRESIMS: [M+H]
+
 = 377.1570 (calculated for C18H24F3O5 377.1570); 

1
H NMR (600 MHz, MeOD): δH = 7.51-7.42 (5H, m, H-8, H-9, H-10), 5.48 (1H, m, H-2), 2.68 (1H, dd, J 

= 16.2, 4.2, H-1a), 2.61 (1H, dd, J = 16.2, 8.7, H-1b), 1.71 (2H, m, H-3), 1.48-1.25 (6H, m, H-4, H-5, H-

6), 0.90 (3H, t, J = 7.0, H-7).
a
  

 

For the (R)-MTPA derivative 4b 0.5 mg of 4 were treated in an analogous fashion with (S)-(+)-MTPA-Cl 

to provide 0.8 mg (68%) of the desired product as a yellow oil. 

HRESIMS: [M+H]
+
 = 377.1569 (calculated for C18H24F3O5 377.1570); 

1
H NMR (600 MHz, MeOD): δH = 7.51 (2H, m, H-8), 7.48 (1H, m, H-10), 7.42 (2H, m, H-9), 5.46 (1H, 

m, H-2), 2.71 (1H, dd, J = 16.2, 4.4, H-1a), 2.66 (1H, dd, J = 16.2, 8.5, H-1b), 1.61 (2H, m, H-3), 1.30-

1.23 (6H, m, H-4, H-5, H-6), 0.85 (3H, t, J = 7.1, H-7).
a 

 

a
 The methoxy group (H-11) of MTPA could not be assigned unambiguously. 
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Scheme S1. Proposed biosynthesis of malleobactin and ornibactin. 
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Figure S6. Cladogram of N
5
-hydroxyl-L-ornithine N

5
-formyl-, -acetyl-, and -acyltransferases in bacteria. 

Numbers at each node are the bootstrap values of 1000 replicates. 

Phylogenetic analysis was carried out as follows. Selected N
5
-hydroxyl L-ornithine N

5
-formyl, acetyl, and 

acytransferases were obtained NCBI.  Amino acid sequences were aligned (Clustal format) and the 

resulting alignment was applied to the Neighbor-Joining method
[7]

 without a manual adjustment by 

ClustalX 1.8.
[8]

 Bootstrapping
[9]

 was performed to test the reliability of the topology.  A phylogenetic tree 

was drawn by the MEGA 6.06 software.
[10]

 

Unknown function; OrbK-Ba: YP_773431 B. ambifaria AMMD (ornibactin), OrbK-Bc: YP_002230824 

B. cenocepacia J2315 (ornibactin), N
5
-hydroxyl-L-ornithine N

5
-β-hydroxylacyltransferase; OrbL-Ba: 

YP_773435  B. ambifaria AMMD (ornibactin), OrbL-Bc: YP_002230828 B. cenocepacia J2315 

(ornibactin), VbsA: CAK12028 Rhizobium leguminosarum bv. viciae 3841 (visibactin
[11]

), N
5
-hydroxyl-

L-ornithine N
5
-acetyltransferase; AbmA: AFJ20767 Streptomyces sp. ATCC 700974 (albomycin

[12]
), 

N
5
-hydroxyl-L-ornithine N

5
-formyltransferase MbaE-Bt: YP_442935 B. thailandensis E264 

(malleobactin), Mba-Bp: YP_333487 B. pseudomallei 1710b (malleobactin), PvdF-Pa: NP_251086 

Pseudomonas aeruginosa PAO1 (pyoverdine
[13]

), PvdF-Bc: AAG33249 B. cepacia (ornibactin), CchA: 

NP_624816 Streptomyces coelicolor A3(2) (coelichelin
[14]

), Rft: YP_704656 Rhodococcus jostii RHA1 

(rhodochelin
[14]

), L-ornithine N
1
-β-hydroxylacyltransferase (out group); OlsB CAC41830 

Sinorhizobium meliloti 1021 (lyso-ornithine lipid
[15]

). 



S14 

 

 

Figure S7. Dotplot self-comparison of the orb gene cluster from B. cenocepacia J2315. The dotplot was 

created using YASS
[3]

; the E value was set to 10
−5 

and the window increase value to 0, all other 

parameters were left at their default values. The partial alignment between orbK and orbL comprises bp 

~410-880 of the 1,0 kb ORFs with an E value of 10
−32

. 
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Spectra of new compounds 

 
Figure S8. 

1
H spectrum of 3 (D2O, 600 MHz, 298 K). 

  
Figure S9. 

13
C spectrum of 3 (D2O, 150 MHz, 298 K). 



S16 

 

 
Figure S10. 

1
H spectrum of 4a (MeOD, 600 MHz, 298 K). 

 

 
Figure S11. 

1
H spectrum of 4b (MeOD, 500 MHz, 298 K). 
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Figure S12. 

1
H NMR comparison of regions used for assigning the stereochemistry of 4. All assignments 

have been supported by COSY and TOCSY spectra and several replicates.  
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