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Tables 

Table S1. The biosynthetic gene clusters from B. gladioli ATCC 10248 predicted by antiSMASH 
5.0 and summarized by manual analysis.    

Gene Clusters Type Similar known cluster  Similarity 

Chromosome1    

BGC1 Hserlactone - - 

BGC2 T1PKS Lipopolysaccharide 5% 

BGC3 NRPS Sulfazecin 100% 

BGC4 NRPS - - 

BGC5 NRPS-T1PKS Orfamide B 30% 

BGC6 Terpene Lasalocid 7% 

Chromosome2    

BGC1 TransAT-PKS gladiolin 100% 

BGC2 NRPS - - 

BGC3 Phosphonate Phosphinothricintripeptide 6% 

BGC4 Bacteriocin - - 

BGC5 NRPS Pyoverdin 1% 

BGC6 NRPS Gramibactin 46% 

BGC7 NRPS - - 

BGC8 Trans-AT PKS Lactimidomycin 44% 

BGC9 Terpene - - 

BGC10 Terpene - - 

BGC11 Terpene Desotamide 9% 

BGC12 NRPS Icosalide  100% 

BGC13 Terpene Barbamide 41% 

“-” indicates unknown. 
  



Molecules 2021, 26, 700 3 of 47 
 

 
Molecules 2021, 26, 700. https://doi.org/10.3390/molecules26030700 www.mdpi.com/journal/molecules 

Table S2. The specificity-conferring code of A domains of bgdd and hgdd. 

Domai
n 

Position   

23
5 

23
6 

23
9 

27
8 

29
9 

30
1 

32
2 

33
0 

33
1 

51
7 

NRPS 
predictor

3 
Found 

BGC2             

A1 D F W N I G M V H K Thr Dhb 

A2 D V Q Y I A H V T K Pro Pro 

A3 D A W Q F G L I D K Gln Gln 

A4 D L Y N N A L T Y K Ala Ala 

A5 D I L H L G C T F K N/A 
Ala/Val/Ile/Le

u 
A6 D A F T V A A I W K Phe Phe 

A7 D V Q Y V A H V V K Pro Pro 

BGC5             

A1 D F W N V G M V H K Thr Dhb 

A2 D F W N V G M V H K Thr Dhb 

A3 D A S T A V G V C K N/A Tyr 

A4 D A M H L G C T F K N/A Leu 

A5 D P K N T A N N D K Pro PABA 
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Table S3. Retention times of the amino acids derivatized with Marfey’s reagent (L-FDAA). 

Amino 
acid 

Configuratio
n 

Retention time of hydrolyzed compounds (min) 
Standard  
amino acid 

1 2 3/4 5 6/7 8 9 10 

Pro D 11.0 11.0 11.0 11.0      

 L 10.7         

Gln D 10.3 10.3 10.3 10.3 10.3 10.3 10.3   

 L 10.0         

Ala D 11.1      11.1   

 L 10.6 10.6 10.6 10.6 10.6 10.6 10.6   

Val D 12.4 12.4 12.4  12.4     

 L 11.7         

Phe D 13.0         

 L 12.4 12.4 12.4 12.4 12.4 12.4 12.4   

Leu D 13.3   13.3  13.3    

 L 12.5       12.5  

Tyr D 11.3       11.3 11.3 

 L 11.0         

Ile D 33.2   33.2  33.2    

 L 29.8         

allo-Ile D 33.4         

 L 29.9         

Thr D 21.9         

 L 18.9  18.9 18.9    18.9  

allo-Thr D 20.3         

 L 19.1         
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Table S4. The cytotoxic activities of 1-10 against six tumor cell lines and one normal cell line. 

Compound HCT116 MCF-7 Hela HepG-2 A549 K562 293T 

1 >20 >20 >20 >20 >20 >20 29.41±0.85 

2 >20 >20 >20 >20 >20 >20 >40 

3/4 >20 >20 >20 >20 >20 >20 28.4±0.53 

5 >20 >20 >20 >20 >20 >20 24.95±0.96 

6/7 >20 >20 >20 >20 >20 >20 32.76±0.74 

8 >20 >20 >20 >20 >20 >20 >40 

9 >20 >20 >20 >20 >20 >20 36.12±0.81 

10 >20 >20 >20 >20 >20 >20 33.90±0.75 

adriamycin 0.73±0.05 0.86±0.07 0.61±0.07 0.68±0.001 0.61±0.03 0.57±0.02 1.47±0.15 
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Table S5. Strains, mutants and plasmids used in this study. 

Strains Description Source 
Burkholderia gladioli ATCC 
10248 

Wild type, plant pathogen CGMCC 

Plasmids   

pBBR1-Rha-Redγ-BAS-km 
pBBR1 replicon, kmR, recombinase Redγ-BAS 
under the control of rhamnose promoter 

[1]  

pBBR1-Rha-Redγβα-km 
pBBR1 replicon, kmR, recombinase Redγβα 
under the control of rhamnose promoter 

[2]  

pBBR1-Rha-Redγ-
Redαβ7029-km 

pBBR1 replicon, kmR, recombinase Redγ-
Redβα7029 under the control of rhamnose 
promoter 

[2]   

RK2-apra-cm Rk2 replicon, apraR, cmR Our lab 

R6K-lox71-genta-lox66-FleQ 
R6K replicon, gentaR, PCR templates to amplify 
gentamicin resistance gene 

Our lab 

Mutants   

B. gladioli ATCC 10248Δgbn 
The fragment (468577-469853) of gladiolin gene 
cluster was replaced by apramycin resistance 
gene in ATCC 10248 

This study 

B. gladioli ATCC 
10248ΔgbnΔChr2C2 

The region (763367-764614) of Chr2C2 was 
replaced by gentamicin resistance gene, and the 
fragment (468577-469853) of gladiolin gene 
cluster was replaced by apramycin resistance 
gene in ATCC 10248 

This study 

B. gladioli ATCC 
10248ΔgbnPgenta-Chr2C2 

The Pgenta promoter and gentamicin resistance 
gene was inserted upstream of core 
biosynthetic region (761640-761899) of Chr2C2, 
and the fragment (468577-469853) of gladiolin 
gene cluster was replaced by apramycin 
resistance gene in ATCC 10248 

This study 

B. gladioli ATCC 
10248ΔgbnΔChr2C5 

The region (1519820-1521082) of Chr2C5 was 
replaced by gentamicin resistance gene, and the 
fragment (468577-469853) of gladiolin gene 
cluster was replaced by apramycin resistance 
gene in ATCC 10248 

This study 

B. gladioli ATCC 
10248ΔgbnPgenta-Chr2C5 

The Pgenta promoter and gentamicin resistance 
gene was inserted upstream of core 
biosynthetic region (1512547-1522619) of 
Chr2C5, and the fragment (468577-469853) of 
gladiolin gene cluster was replaced by 
apramycin resistance gene in ATCC 10248 

This study 
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Table S6. Primers used in this study. 

Primers Primer sequences (5’-3’) 

Chr2gbnKO-10248-50apra-S 
TCGAGGCAGGCAGCTCCGGCGCGCGGCCCGCTTCCGTC
GCCGGTGCGATGTCAGCCAATCGACTGGCGA 

Chr2gbnKO-10248-50apra-A 
CTGCGCCGGCGTCTTGGCCGACAGCACCAGGTCGAGC
GGCTCGCGCGATGACGCTCAGTGGAACGAGGTT 

Chr2gbnKO-10248-75apra-S 
GCCAAGACCGGAAACGCCCCGCGCGTCGAGGCAGGC
AGCTCCGG 

Chr2gbnKO-10248-75apra-A 
GCAAGGCGGCGGCACGCGCCCGCAACTGCGCCGGCGT
CTTGGCC 

Chr2gbnKO-10248-100apra-S 
GGCTGTTGAACCTGCCGCTCCCGTCGCCAAGACCGGAA
ACGCCCCGCGCGTCGAGGCAGGCAGCTCCGG 

Chr2gbnKO-10248-100apra-A 
TAAGCACCGTCCTCGATCCGCTCCAGCAAGGCGGCGGC
ACGCGCCCGCAACTGCGCCGGCGTCTTGGCC 

Chr2C2-10248-Pgenta-S 
GTGCTGAGACCAGCGCATCCGAGACACGCCGCTGCGC
GAGGGCCATGCCGGAAGGCACGAACCCAGTTGA 

Chr2C2-10248-Pgenta-A 
TGCGAACTCGTCAGGCCGTGGTGCTCTTGATGCGAAGT
GGGATTGTTCATAATCTGTACCTCCTTAAGTGA 

Chr2C2KO-10248-genta-S 
TCGAGGCGCAGGCCGCACGCGTGCCCGATGCGATCGC
GGTGCTGCATGAGAATCTGTACCTCCTTAAGTGA 

Chr2C2KO-10248-genta-A 
TCGCCCGTGTAGTAGGCCGCGAGGCGCTTGTCGCCGGG
CGCGTCCTCGCGGAAGGCACGAACCCAGTTGA 

Chr2C5-10248-Pgenta-S 
TTGCGCGGCCGTCAACGGATACACTTCGCCCAGCAGGA
CTGTCTGGTTCATAATCTGTACCTCCTTAAGTGA 

Chr2C5-10248-Pgenta-A 
CGGCCGGCGCGACGGCGGTGTAAGGGCGTGCCTGGCG
CACGTCATCGAGAGAAGGCACGAACCCAGTTGA 

Chr2C5KO-10248-genta-S 
TGTGTCCGAAGCCGCCTCGGCATCGTCCACAACGAAAT
ACGCGACGAGCCGAAGGCACGAACCCAGTTGA 

Chr2C5KO-10248-genta-A 
GTTCGAGGCCCGTGCGGCGCAAACGCCGGACGCGGTC
GCGCTGGAATTCGAATCTGTACCTCCTTAAGTGA 

Chr2C2KO-check-S CACTTCATCCACAACCAGGC 

Chr2C2KO-check-A GTCCAGATGCACGAAGGC 

Chr2C2Pgenta-check-S GCCTGCTGAATTCGACTCAT 

Chr2C2Pgenta-check-A TAGATCCTGCCCAGCGATTC 

Chr2C5KO-check-S CGTACTGCTCAGCGTCTACC 

Chr2C5KO-check-A AGGAGGAAGTCGAGGCGATC 

Chr2C5Pgenta-check-S ACCAGCAGGTTCACGGCGC 

Chr2C5Pgenta-check-A CGATCACGGCGCTGTCCGAT 

Chr2gbnKO-check-S CTGTTGAACCTGCCGCTC 

Chr2gbnKO-check-A GAACGGATAGGTCGGCAGG 
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Italic indicates homology arms. 
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Figure S1. Diagram for construction and verification of BGC 2 on chromosome 2 (Chr2C2) 
activation and inactivation in ATCC 10248. 
a. Diagram for construction of BGC 2 activation (Pgenta-Chr2C2) and inactivation (ΔChr2C2) 
using Redγ-BAS recombinases. 
b. PCR verification of the activation and inactivation of Chr2C2 of ATCC 10248 using p1/p2 and 
p3/p4. p1: Chr2C2KO-check-S, p2: Chr2C2KO-check-A, p3: Chr2C2Pgenta-check-S, p4: 
Chr2C2Pgenta-check-A. M: DL5000 DNA ladder, C: ATCC 10248. size of PCR product: 1438 bp 
(mutants, p1/p2), 1189 bp (mutants, p3/p4). 
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Figure S2. Diagram for construction and verification of BGC 5 on chromosome 2 (Chr2C5) 
activation and inactivation in ATCC 10248. 
a. Diagram for construction of BGC 5 activation (Pgenta-Chr2C5) and inactivation (ΔChr2C5) 
using Redγ-BAS recombinases. 
b. PCR verification of the activation and inactivation of Chr2C5 of ATCC 10248 using p1/p2 and 
p3/p4. p1: Chr2C5KO-check-S, p2: Chr2C5KO-check-A, p3: Chr2C5Pgenta-check-S, p4: 
Chr2C5Pgenta-check-A. M: DL5000 DNA ladder, C: ATCC 10248. size of PCR product: 1190 bp 
(mutants, p1/p2), 1225 bp (mutants, p3/p4). 
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Figure S3. Six EICs (911, 1012, 1026, 814, 828 and 786) of crude extract of B. gladioli ATCC 
10248ΔgbnPgenta-Chr2C2. Compounds 1-8 were purified and their structures were elucidated by 
NMR, HRESIMS and feeding experiments with labelled precursors. 
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Figure S4. HRESIMS spectra, MS/MS fragmentations and structures of compound 1 and 2. a, 
HRESIMS spectra of 1 and 2 after HPLC-MS analysis of culture extracts from feeding 
experiments with labelled L-Ala and L-Val. 1 and 2 both contained one Ala and one Val. b, 
MS/MS fragmentations of 1 and 2. c, Structure and calculated fragmentations of 1 and 2. 
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Figure S5. HRESIMS spectra, MS/MS fragmentations and structures of compound 3 and 4. a, 
HRESIMS spectra of 3 and 4 after HPLC-MS analysis of culture extracts from feeding 
experiments with labelled L-Ala, L-Ile and L-Leu. 3 contained one Ala and one Leu. 4 contained 
one Ala and one Ile. b, MS/MS fragmentations of 3 and 4. c, Structure and calculated 
fragmentations of 3 and 4. 
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Figure S6. HRESIMS spectra, MS/MS fragmentations and structures of compounds 5 and 8. a, 
HRESIMS spectra of 5 and 8 after HPLC-MS analysis of culture extracts from feeding 
experiments with labelled L-Ala and L-Val. 5 contained one Ala and one Val. 8 contained two 
Ala. b, MS/MS fragmentations of 5 and 8. c, Structure and calculated fragmentations of 5 and 
8. 
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Figure S7. HRESIMS spectra, MS/MS fragmentations and structures of compound 6 and 7. a, 
HRESIMS spectra of 6 and 7 after HPLC-MS analysis of culture extracts from feeding 
experiments with labelled L-Ala, L-Ile and L-Leu. 6 contained one Ala and one Leu. 7 contained 
one Ala and one Ile. b, MS/MS fragmentations of 6 and 7. c, Structure and calculated 
fragmentations of 6 and 7. 
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Figure S8. MS/MS fragmentations and structures of compound 9 and 10. a, MS/MS 
fragmentations of 9 and 10. b, Structures and calculated fragmentations of 9 and 10. 
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Figure S9. Swarming and swimming assays of wild type and mutants. 
a, Swarming phenotypes of wild type, mutant Δgbn, activation mutants and inactivation 
mutants on the CYMG plates with 0.5% agar. b, Swimming phenotypes of wild type, mutant 
Δgbn, activation mutants and inactivation mutants on the CYMG plates with 0.25% agar. WT: 
wild type ATCC 10248, Δgbn: mutant ATCC 10248Δgbn, Pgenta-BGC2: activation mutant ATCC 
10248ΔgbnPgenta-Chr2C2, ΔChr2C2: inactivation mutant ATCC 10248ΔgbnΔChr2C2, Pgenta-Chr2C5: 
activation mutant ATCC 10248ΔgbnPgenta-Chr2C5, and ΔChr2C5: inactivation mutant ATCC 
10248ΔgbnΔChr2C5. 
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Figure S10. 1H NMR spectrum of burriogladiodin A (1) in DMSO-d6 

 
Figure S11. 13C NMR spectrum of burriogladiodin A (1) in DMSO-d6 
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Figure S12. DEPT spectrum of burriogladiodin A (1) in DMSO-d6 

 

Figure S13. HSQC spectrum of burriogladiodin A (1) in DMSO-d6 
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Figure S14. 1H-1H COSY spectrum of burriogladiodin A (1) in DMSO-d6 

 

Figure S15. HMBC spectrum of burriogladiodin A (1) in DMSO-d6 
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Figure S16. 1H NMR spectrum of burriogladiodin B (2) in DMSO-d6 

 

Figure S17. 13C NMR spectrum of burriogladiodin B (2) in DMSO-d6 
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Figure S18. DEPT spectrum of burriogladiodin B (2) in DMSO-d6 

 

Figure S19. HSQC spectrum of burriogladiodin B (2) in DMSO-d6 
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Figure S20. 1H-1H COSY spectrum of burriogladiodin B (2) in DMSO-d6 

 

Figure S21. HMBC spectrum of burriogladiodin B (2) in DMSO-d6 
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Figure S22. 1H NMR spectrum of burriogladiodins C (3) and D (4) in DMSO-d6 

 
Figure S23. 13C NMR spectrum of burriogladiodins C (3) and D (4) in DMSO-d6 
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Figure S24. DEPT spectrum of burriogladiodins C (3) and D (4) in DMSO-d6 

 

Figure S25. HSQC spectrum of burriogladiodins C (3) and D (4) in DMSO-d6 
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Figure S26. 1H-1H COSY spectrum of burriogladiodins C (3) and D (4) in DMSO-d6 

 

Figure S27. HMBC spectrum of burriogladiodins C (3) and D (4) in DMSO-d6 
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Figure S28. 1H NMR spectrum of burriogladiodin E (5) in DMSO-d6 

 

Figure S29. 13C NMR spectrum of burriogladiodin E (5) in DMSO-d6 
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Figure S30. DEPT spectrum of burriogladiodin E (5) in DMSO-d6 

 

Figure S31. HSQC spectrum of burriogladiodin E (5) in DMSO-d6 
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Figure S32. 1H-1H COSY spectrum of burriogladiodin E (5) in DMSO-d6 

 

Figure S33. HMBC spectrum of burriogladiodin E (5) in DMSO-d6 
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Figure S34. NOESY spectrum of burriogladiodin E (5) in DMSO-d6 

 

Figure S35. 1H NMR spectrum of burriogladiodins F (6) and G (7) in DMSO-d6 
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Figure S36. 13C NMR spectrum of burriogladiodins F (6) and G (7) in DMSO-d6 

 

Figure S37. DEPT spectrum of burriogladiodins F (6) and G (7) in DMSO-d6 



Molecules 2021, 26, 700 37 of 47 
 

 
Molecules 2021, 26, 700. https://doi.org/10.3390/molecules26030700 www.mdpi.com/journal/molecules 

 

Figure S38. HSQC spectrum of burriogladiodins F (6) and G (7) in DMSO-d6 

 

Figure S39. 1H-1H COSY spectrum of burriogladiodins F (6) and G (7) in DMSO-d6 
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Figure S40. HMBC spectrum of burriogladiodins F (6) and G (7) in DMSO-d6 

 

Figure S41. 1H NMR spectrum of burriogladiodin H (8) in DMSO-d6 
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Figure S42. 13C NMR spectrum of burriogladiodin H (8) in DMSO-d6 

 

Figure S43. DEPT spectrum of burriogladiodin H (8) in DMSO-d6 
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Figure S44. HSQC spectrum of burriogladiodin H (8) in DMSO-d6 

 

Figure S45. 1H-1H COSY spectrum of burriogladiodin H (8) in DMSO-d6 
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Figure S46. HMBC spectrum of burriogladiodin H (8) in DMSO-d6 

 

Figure S47. 1H NMR spectrum of haereogladiodin A (9) in DMSO-d6 
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Figure S48. 13C NMR spectrum of haereogladiodin A (9) in DMSO-d6 
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Figure S49. DEPT spectrum of haereogladiodin A (9) in DMSO-d6 

 

Figure S50. HSQC spectrum of haereogladiodin A (9) in DMSO-d6 

 

Figure S51. 1H-1H COSY spectrum of haereogladiodin A (9) in DMSO-d6 
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Figure S52. HMBC spectrum of haereogladiodin A (9) in DMSO-d6 

 

Figure S53. NOESY spectrum of haereogladiodin A (9) in DMSO-d6 
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Figure S54. 1H NMR spectrum of haereogladiodin B (10) in DMSO-d6 

 

Figure S55. 13C NMR spectrum of haereogladiodin B (10) in DMSO-d6 
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Figure S56. DEPT spectrum of haereogladiodin B (10) in DMSO-d6 

 

Figure S57. HSQC spectrum of haereogladiodin B (10) in DMSO-d6 
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Figure S58. 1H-1H COSY spectrum of haereogladiodin B (10) in DMSO-d6 

 

Figure S59. HMBC spectrum of haereogladiodin B (10) in DMSO-d6 

 


