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Experimental procedures 

 

a) General methods. 

Telomycin was purchased from Bioaustralis fine chemicals. Marfey’s reagent L-FDVA (N-

(2,4-dinitro-5-fluorophenyl)-L-valinamide) and its enantiomer D-FDVA were purchased 

from SIGMA. Amino acid standards L-Asp, D-Asp, L-Ser, D- Ser, L-Thr, D-Thr, racemic DL-

allo-Thr, L-Ala, D-Ala, L-cis-3-Hyp and L-trans-3-Hyp were from SIGMA. Amino acid 

standards L-erythro--MeTrp and L-threo--Hyl, prepared by enzymatic synthesis using 

an engineered variant of the tryptophan synthase PfTrpB1 and the L-threonine 

transaldolase ObiH 2, respectively, were kindly donated by Dr. Andrew Büller (University 

of Wisconsin-Madison). HCl and thioglycolic acid were from SIGMA. HPLC grade solvents 

were from Merck. LC-UV-MS analyses were performed on an Agilent 1100 MSD single 

quadrupole LC-MS system. NMR spectra were recorded on a Bruker Avance III 

spectrometer (500 and 125 MHz for 1H and 13C NMR, respectively) equipped with a 

1.7mm MicroCryoprobe. Telomycin spectra were acquired at 40 °C in DMSO-d6 using 

the residual solvent signal as internal reference (δH 2.51 and δC 39.0 ppm). Amino acid 

standards and telomycin hydrolyzate spectra were acquired at 24 °C in D2O using 

thioglycolic acid as external reference. 

 

b) Phylogeny-based bioinformatic analysis of the condensation-like domains of 

telomycin NRPS. 

Identification of the enantioselectivity (LCL vs. DCL) of the canonical condensation 

domains in the different modules of telomycin NRPSs was carried out with the 

bioinformatic tool NaPDos (Natural Product Domain Seeker)3, 4. The gene sequence 

reported for the telomycin gene cluster, with accession number KT881498,5 was 

downloaded in FASTA format and employed directly as query in the web interface of 

NaPDos. The results displayed by the web interface (Figs. S1-S2) were copied and edited 

for preparing Table 1 in the body of the article. 

 

c) Telomycin hydrolysis 

0.5 mg of commercial telomycin were hydrolyzed with 0.6 mL of HCl 6N, in the presence 

of 5% thioglycolic acid, for 16 h at 110 °C in a sealed reaction vial. Thioglycolic acid was 

added to mitigate the degradation of the -MeTrp residue during the harsh acidic 

hydrolysis.6 The hydrolysis reaction was evaporated to dryness under a stream of 

nitrogen for 24 h, not only to eliminate the solvent but also to considerably reduce the 

thioglycolic acid excess. It is important to remark that the conditions employed for 

telomycin acid hydrolysis are known to produce little or no amino acid racemization 

during the acid hydrolysis of peptides,7 including those bearing both Thr and allo-Thr 

residues.8 The results observed in the NMR and advanced Marfey’s analyses of 
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telomycin hydrolyzate confirmed negligible amino acid racemization during the acid 

hydrolysis of the antibiotic. 

 

d) NMR analysis of telomycin hydrolyzate and comparison with standards 

The dried residue from telomycin hydrolysis was redissolved in 50 L of D2O and 

transferred to a 1.7 mm NMR tube for spectral acquisition. A set of 1D 1H NMR and 2D 

NMR spectra including COSY, TOCSY, HSQC and HMBC spectra were acquired to ensure 

the correct assignment of the different amino acid signals in the HSQC spectrum. Since 

excess of thioglycolic acid (in reduced and disulfide form) was very prominent in the 

NMR spectra of telomycin hydrolyzate, the 1H and HSQC NMR of the different amino 

acid standards were acquired (also in D2O) using samples prepared from their 

corresponding hydrochloride salts which contained a similar excess of thioglycolic acid 

for a faithful comparison. 

 

e) Advanced Marfey’s method applied to telomycin hydrolyzate 

The different L- amino acid standards were derivatized with L-FDVA with the following 

protocol: A 1% (w/v) solution (50 μL) of L-FDVA in acetone was added to an aliquot (25 

μL) of a 50 mM solution of each amino acid standard. After addition of 10 μL of 1 M 

NaHCO3 solution, each mixture was incubated for 60 min at 40 °C. The reactions were 

quenched by addition of 5 μL of 1 N HCl, and the crude mixtures were diluted with 700 

μL of acetonitrile and 50 μL of water before analysis by LC-MS. These L- amino acid 

standards were derivatized in the same manner with D-FDVA (as an equivalent of the 

derivatization of the corresponding D- amino acid enantiomers with L-FDVA). The 

telomycin hydrolyzate recovered from the previous NMR analysis was evaporated to 

dryness under a nitrogen stream and then redissolved in 100 μL of water. Such telomycin 

hydolyzate solution was split in two parts, one for derivatization with L-FDVA and the 

other for derivatization with D-FDVA, as required for the advanced Marfey’s method, 

using the following protocol: A 1% (w/v) solution (50 μL) of L-FDVA (or D-FDVA) in 

acetone was added to 50 μL of telomycin hydrolyzate solution. After addition of 10 μL 

of 1 M NaHCO3 solution, each mixture was incubated for 60 min at 40 °C. The reactions 

were quenched by addition of 5 μL of 1 N HCl, and the crude mixtures were diluted with 

350 μL of acetonitrile and 50 μL of water before analysis by LC-MS. Separations were 

carried out on a Waters XBridge C18 column (4.6 × 150 mm, 5 μm), maintained at 40 °C. 

A mixture of two solvents, A (10% CH3CN, 90% H2O) and B (90% CH3CN, 10% H2O) , both 

containing 1.3 mM TFA and 1.3 mM ammonium formate, was used as the mobile phase 

under a linear gradient elution mode (isocratic 20% B for 1 min, 20-60% B in 19 min, 

isocratic 60% B for 1 min, 60-100% B in 0.5 min, isocratic 100% B for 4 min, 100-20% in 

0.5 min, and then isocratic 20% B for 4 min) at a flow rate of 0.8 mL/min. Retention times 

for the derivatized amino acid standards and those observed for the derivatized amino 

acids from the telomycin hydrolyzate were identified by selective ion extraction in the 

LC-MS chromatographic traces and are summarized in Table 2 in the body of the article. 

The corresponding chromatograms are included in the Supporting Information (Fig. S9). 
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f) NMR analyses of intact telomycin 

Telomycin (ca. 0.5 mg) was dissolved in DMSO-d6 (50 μL) to create a solution ca. 7 mM 

which was transferred to a 1.7 mm NMR tube. A full set of spectra including 1D 1H and 
13C NMR and 2D NMR spectra (J-Resolved, COSY, TOCY, ROESY, HSQC and HMBC) were 

acquired. The key COSY, TOCSY and HMBC correlations determining the connectivity of 

telomycin could be corroborated.8 The full NMR data and assignments (Table S1) 

showed an excellent agreement with those reported previously.9 TOCSY spectrum was 

acquired with a spin-lock time of 90 ms while the ROESY spectrum was acquired with a 

mixing time of 400 ms. Two HMBC spectra were acquired, optimized for a long-range 

coupling of 8 Hz and 2 Hz, respectively. From such spectra it was possible to qualitatively 

classify the key heteronuclear coupling constants as large, medium or small based on 

the intensity of the corresponding cross-peaks,10, 11 as we have recently reported for the 

caniferolides macrolides,12 to apply the JBCA approach.13    
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Table S1. NMR data for telomycin (DMSO-d6, 40 °C, 500 MHz).  

Position C, type H, mult. (J in Hz) Position C, type H, mult. (J in Hz) 

L-Asp   Z-2,3-Trp   

1 170.3, C  1 163.3, C  
2 50.9, CH 3.94, m (ov.) 2 122.3, C  
3 37.6, CH2 2.73, dd (12.0, 12.0) 

2.33, dd (12.3, 3.0) 
3 122.4, CH 7.47, br s 

4 171.2, C  1’-NH  11.7, br s 
NH2  n. d. 2’ 127.6, CH 7.93, d (2.3) 

   3’ 117.0, C  

L-Ser   3a’ 125.7, C  
1 170.9, C  4’ 117.6, CH 7.61, d (8.0) 
2 57.3, CH 4.10, m 5’ 120.0, CH 7.08, m (ov.) 
3 60.9, CH2 3.75, m (ov.) 

3.66, m (ov.) 
6’ 121.9, CH 7.13, dd (8.0, 7.9) 

NH  8.60, d (4.3) 7’ 111.7, CH 7.38, d (8.0) 
   7a’ 135.3, C  

L-Thr   NH  10.02, s 
1 168.7, C     

2 57.4, CH 4.47, m (ov.) D-erythro--MeTrp   

3 70.5, CH 4.98, dq (6.2, 3.0) 1 171.5, C  
4 15.4, CH3 1.15, d (6.2) 2 59.5, CH 4.49, m (ov.) 

NH  8.68, d (9.2) 3 32.6, CH 3.65, m (ov.) 
   3’ 117.0, C  

D-allo-Thr   1’-NH  10.7, br s 
1 168.9, C  2’ 122.6, CH 7.07, m (ov.) 
2 58.1, CH 4.08, dd (8.5, 8.5) 3a’ 125.7, C  
3 66.6, CH 3.84, m (ov.) 4’ 118.9, CH 7.56, d (8.0) 
4 20.8, CH3 1.07, d (6.2) 5’ 118.1, CH 6.93, dd (7.8, 7.7) 

NH  7.38, d (7.9) 6’ 120.6, CH 7.01, dd (7.8, 7.7) 
   7’ 111.4, CH 7.27, d (8.0) 

L-Ala   7a’ 136.5, C  
1 171.7, C  3- Me 19.2, CH3 1.24, d (7.0) 
2 47.9, CH 4.45, m (ov.) NH  7.74, d (7.9) 
3 17.2, CH3 1.07, d (6.4)    

NH  7.64, d (7.5) L-erythro--Hyl   

   1 170.6, C  

Gly   2 51.8, CH 4.5, dd (8.6, 6.7) 
1 168.8, C  3 74.6, CH 3.32, m (ov.) 
2 40.9, CH2 4.43, m (ov.) 

3.80, m (ov.) 
4 28.6, CH 1.95, m (ov.) 

NH  8.77, dd (4.5, 4.5) 5 15.9, CH3 0.79, d (6.6) 
   6 20.0, CH3 0.85, d (6.6) 

L-3-trans-Hyp   NH  6.62, d (2.9) 
1 171.3, C     

2 66.8, CH 4.19, d (5.8) L-3-cis-Hyp   
3 73.0, CH 4.22, m (ov.) 1 169.0, C  
4 33.3, CH2 2.18, app. sextet (5.6) 

1.98, m (ov.) 
2 61.6, CH 4.69, d (7.3) 

5 44.3, CH2 3.80, m (ov.) 
3.54, app. dd (15.8, 7.5) 

3 69.0, CH 4.75, app. dd (14.5, 7.5) 

   4 31.5, CH2 2.03, m (ov.) 
1.76, dddd (14.0, 11.0, 
8.5, 8.5) 

   5 44.4, CH2 3.94, m (ov.)  
3.78, m (ov.) 
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Table S1 (cont.). NMR data for telomycin (DMSO-d6, 40 °C, 500 MHz). 

Positions numbering 
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Figure S1. Screenshots of the NaPDos web server employed for the phylogeny-based bioinformatic 

analysis of the condensation like domains in telomycin NRPSs. The Genebank accession number of 

telomycin gene cluster is KT881498 and its sequence in FASTA format was uploaded for the query. 
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Figure S2. Screenshots of the NaPDos web server showing the classification of the different condensation- 
like domains identified in telomycin NRPSs. The information retrieved in the Database Search Results table 
was employed for preparing Table 1 in the body of the article.   
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Figure S3. Overlay of the multiplicity-edited HSQC spectra (expanded methyl region) of telomycin 
hydrolyzate (blue cross-peaks) and Thr standard (green cross-peak). The perfect match of the amino acid 

C−methyl cross-peak in both spectra confirms that Thr is a constituent amino acid in telomycin.  

 

 

 

 

 

Figure S4. Overlay of the multiplicity-edited HSQC spectra (expanded methyl region) of telomycin 
hydrolyzate (blue cross-peaks) and allo-Thr standard (green cross-peak). The close match of the amino 

acid C−methyl cross-peak in both spectra confirms that allo-Thr is a constituent amino acid in telomycin.  
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Figure S5. Overlay of the multiplicity-edited HSQC spectra (expanded C4 methylene region) of telomycin 
hydrolyzate (red cross-peaks), cis-3-Hyp standard (cyan cross-peaks) and trans-3-Hyp standard (magenta 

cross-peak). The close match of the C4−methylene cross-peaks when comparing the hydrolyzate and the 
standards spectra confirms that both cis-3-Hyp and trans-3-Hyp are constituent amino acids in telomycin.  

 

 

 

 

 

 

Figure S6. Overlay of the multiplicity-edited HSQC spectra (expanded C3 methine region) of telomycin 
hydrolyzate (blue cross-peaks), cis-3-Hyp standard (green cross-peak) and trans-3-Hyp standard (brown 

cross-peak). The close match of the C3−methine cross-peaks when comparing the hydrolyzate and the 
standards spectra confirms that both cis-3-Hyp and trans-3-Hyp are constituent amino acids in telomycin.  
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Figure S7. Overlay of the multiplicity-edited HSQC spectra (expanded methyl region) of telomycin 

hydrolyzate (blue cross-peaks) and threo--Hyl standard (green cross-peak). The absence of resonance 

frequency match between the -Hyl methyls cross-peaks when comparing both spectra indirectly 

confirms that erythro--Hyl is a constituent amino acid in telomycin.  
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Figure S8. Extracted-ion chromatograms corresponding to the advanced Marfey’s analysis applied to 

telomycin acidic hydrolyzate. Ion extraction (indicated in each chromatogram) was employed to facilitate 

amino acid identification.  
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Serine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8 (cont.). Extracted-ion chromatograms corresponding to the advanced Marfey’s analysis applied 

to telomycin acidic hydrolyzate. Ion extraction (indicated in each chromatogram) was employed to 

facilitate amino acid identification.  

 

L-Ser-L-FDVA standard 

L-FDVA  

derivatized hydrolyzate 

L-Ser-D-FDVA standard 

(D-Ser-L-FDVA equivalent) 

D-FDVA  

derivatized hydrolyzate 

m/z = 386, [M+H]
+
 

m/z = 386, [M+H]
+
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+
 

m/z = 386, [M+H]
+
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Threonine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8 (cont.). Extracted-ion chromatograms corresponding to the advanced Marfey’s analysis applied 

to telomycin acidic hydrolyzate. Ion extraction (indicated in each chromatogram) was employed to 

facilitate amino acid identification.  

 

m/z = 400, [M+H]
+
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+
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+
 

L-Thr-L-FDVA standard 

L-FDVA  

derivatized hydrolyzate 

L-Thr-D-FDVA standard 

(D-Thr-L-FDVA equivalent) 

D-FDVA  

derivatized hydrolyzate 

m/z = 400, [M+H]
+
 7.78 
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Figure S8 (cont.). Extracted-ion chromatograms corresponding to the advanced Marfey’s analysis applied 

to telomycin acidic hydrolyzate. Ion extraction (indicated in each chromatogram) was employed to 

facilitate amino acid identification.  

 

DL-allo-Thr-L-FDVA standard 

L-FDVA  

derivatized hydrolyzate 

m/z = 400, [M+H]
+
 9.36 

m/z = 400, [M+H]
+
 9.38 

7.77 

7.96 
D-allo-Thr-L-FDVA 

L-allo-Thr-L-FDVA 

L-Thr-L-FDVA 

m/z = 400, [M+H]
+
 

7.98 D-FDVA  

derivatized hydrolyzate 
10.86 

L-Thr-D-FDVA 
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Alanine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8 (cont.). Extracted-ion chromatograms corresponding to the advanced Marfey’s analysis applied 

to telomycin acidic hydrolyzate. Ion extraction (indicated in each chromatogram) was employed to 

facilitate amino acid identification.  

m/z = 325, [M-CO
2
+H]

+
 

m/z = 325, [M-CO
2
+H]

+
 

m/z = 325, [M-CO
2
+H]

+
 

L-Ala-L-FDVA standard 

L-FDVA  

derivatized hydrolyzate 

L-Ala-D-FDVA standard 

(D-Ala-L-FDVA equivalent) 

D-FDVA  

derivatized hydrolyzate 

m/z = 325, [M-CO
2
+H]

+
 10.01 
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trans-3-Hydroxyproline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8 (cont.). Extracted-ion chromatograms corresponding to the advanced Marfey’s analysis applied 

to telomycin acidic hydrolyzate. Ion extraction (indicated in each chromatogram) was employed to 

facilitate amino acid identification.  

m/z = 412, [M+H]
+
 

m/z = 412, [M+H]
+
 

m/z = 412, [M+H]
+
 

L-trans-3-Hyp-L-FDVA standard 

L-FDVA  

derivatized hydrolyzate 

L-trans-3-Hyp-D-FDVA standard 

(D-trans-3-Hyp-L-FDVA equivalent) 

D-FDVA  

derivatized hydrolyzate 

m/z = 412, [M+H]
+
 7.09 

8.14 

8.19 

9.18 

7.11 

8.19 

L-cis-Hyp-L-FDVA 

L-cis-Hyp-D-FDVA 
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cis-3-Hydroxyproline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8 (cont.). Extracted-ion chromatograms corresponding to the advanced Marfey’s analysis applied 

to telomycin acidic hydrolyzate. Ion extraction (indicated in each chromatogram) was employed to 

facilitate amino acid identification.  

m/z = 412, [M+H]
+
 

m/z = 412, [M+H]
+
 

m/z = 412, [M+H]
+
 

L-cis-3-Hyp-L-FDVA standard 

L-FDVA  

derivatized hydrolyzate 

L-cis-3-Hyp-D-FDVA standard 

(D-cis-3-Hyp-L-FDVA equivalent) 

D-FDVA  

derivatized hydrolyzate 

m/z = 412, [M+H]
+
 8.15 

8.14 
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9.18 

7.11 

8.19 

L-trans-Hyp-L-FDVA 

L-trans-Hyp-D-FDVA 
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erythro-β-Methyl-Tryptophan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8 (cont.). Extracted-ion chromatograms corresponding to the advanced Marfey’s analysis applied 

to telomycin acidic hydrolyzate. Ion extraction (indicated in each chromatogram) was employed to 

facilitate amino acid identification.  

m/z = 499, [M+H]
+
 

m/z = 499, [M+H]
+
 

m/z = 499, [M+H]
+
 

L-erythro-β-MeTrp-L-FDVA standard 

L-FDVA  

derivatized hydrolyzate 

L-erythro-β-MeTrp-D-FDVA standard 

(D-erythro-β-MeTrp-L-FDVA equivalent) 

D-FDVA  

derivatized hydrolyzate 

m/z = 499, [M+H]
+
 15.56 
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19.08 
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threo-β-Hydroxyleucine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8 (cont.). Extracted-ion chromatograms corresponding to the advanced Marfey’s analysis applied 

to telomycin acidic hydrolyzate. Ion extraction (indicated in each chromatogram) was employed to 

facilitate amino acid identification.  

m/z = 853, [2M-H]
-
 

m/z = 853, [2M-H]
-
 

m/z = 853, [2M-H]
-
 

L-threo--Hyl-L-FDVA standard 

L-FDVA  

derivatized hydrolyzate 

L-threo--Hyl-D-FDVA standard 

(D-threo--Hyl-L-FDVA equivalent) 

D-FDVA  

derivatized hydrolyzate 

m/z = 853, [2M-H]
-
 10.76 

10.95 

16.43 
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Figure S9. Zoomed region of the ROESY spectrum of telomycin highlighting the key correlations 

determining the Z geometry of the olefinic double bond in the 2,3-Trp residue.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S10. Diagnostic 13C chemical shifts determining the sequence position of L-cis-3-Hyp and L-trans-3-

Hyp epimers in telomycin.   

 

66.8 ppm 

73.0 ppm 

ppm 

61.6 ppm 

69.0 ppm 

2 

3 

2 

3 

65.8 ppm 
70.6 ppm 

66.7 ppm 
73.1 ppm 



23 
 

 

 

 

 

Figure S11. J-based configurational analysis (JBCA) approach for determining the sequence position of L-

Thr and D-allo-Thr residues in telomycin. 

 

 

 

     

      

 

 Figure S12. J-based configurational analysis (JBCA) approach for determining the relative configuration 

of the D-erythro--MeTrp and L-erythro--Hyl residues in telomycin. 
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Figure S13. 1H NMR spectrum of telomycin (DMSO-d6, 40 °C, 500 MHz). 

 

 

 

 

Figure S14. 13C NMR spectrum of telomycin (DMSO-d6, 40 °C, 125 MHz). 
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Figure S15.  J-Resolved spectrum of telomycin. 

 

 

 

 

 

Figure S16.  COSY spectrum of telomycin. 
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Figure S17 TOCSY spectrum of telomycin. 

 

 

 

 

 

Figure S18.  ROESY spectrum of telomycin. 

 



27 
 

 

Figure S19. HSQC spectrum of telomycin. 

 

 

 

 

 

Figure S20.  HMBC (“8 Hz”) spectrum of telomycin. 
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Figure S21.  HMBC (“2 Hz”) spectrum of telomycin. 
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