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ABSTRACT OF THE DISSERTATION 
 

Elucidating the Mechanism of Action of Teixobactin 
By 

Hyunjun Yang 

Doctor of Philosophy in Chemistry 

University of California, Irvine 

2019 

Professor James S. Nowick, Chair 

 

 This dissertation work is centered on understanding the structure and mechanism of 
action of the peptide antibiotic, teixobactin. Each chapter shares the themes of understanding the 
molecular recognition and supramolecular assembly of teixobactin. Each chapter shares the 
approach of chemical design, organic synthesis, and solution-/solid-phase study. 
 

Chapter 1 provides an overview of the field of teixobactin and provides context for the work 
described in this dissertation. 
 
Chapter 2 explores an on-resin synthesis of teixobactin analogues to enable structure-activity 
relationship studies. 
 

This chapter elucidates the teixobactin pharmacophore by comparing the arginine 
analogue of teixobactin Arg10-teixobactin to seven homologues with varying structure and 
stereochemistry. The roles of the guanidinium group at position 10, the stereochemistry of the 
macrolactone ring, and the “tail” comprising residues 1–5 are investigated. The guanidinium 
group is not necessary for activity; Lys10-teixobactin is more active than Arg10-teixobactin 
against gram-positive bacteria in minimum inhibitory concentration (MIC) assays. The relative 
stereochemistry of the macrolactone ring is important; diastereomer L-Thr8,Arg10-teixobactin is 
inactive, and diastereomer D-allo-Ile11,Arg10-teixobactin is less active. The macrolactone ring is 
critical; seco-Arg10-teixobactin is inactive. The absolute stereochemistry is not important; the 
enantiomer ent-Arg10-teixobactin is comparable in activity. The hydrophobic N-terminal tail is 
important; truncation of residues 1–5 results in loss of activity, and replacement of residues 1–5 
with a dodecanoyl group partially restores activity. These findings pave the way for developing 
simpler homologues of teixobactin with enhanced pharmacological properties. 

 
 



	 xiii 

Chapter 3 explores the key interactions of the teixobactin pharmacophore using X-ray 
crystallography. 
 

The X-ray crystallographic structure of a truncated teixobactin analogue reveals 
hydrogen-bonding and hydrophobic interactions and a cavity that binds a chloride anion. In the 
binding cavity, the carbonyl groups of D-Thr8, Ala9, Arg10, and Ile11 in the cyclic depsipeptide 
ring point upward, while the amide NH groups of Ala9, Arg10, and Ile11 point toward the anion 
binding site. Mininmum inhibitory concentration (MIC) assays against Gram-positive bacteria 
correlate the observed structure with antibiotic activity. 

Chapter 4 explores the supramolecular assembly and amyloid-like characteristic of teixobactin 
using gelation assay, ThT fluorescence assay, TEM, and X-ray crystallography. 

 
This chapter describes the X-ray crystallographic structure of a derivative of the 

antibiotic teixobactin which suggests that supramolecular assembly through the formation of 
antiparallel β-sheets is integral to the antibiotic activity of teixobactin. An active derivative of 
teixobactin containing lysine in place of allo-enduracididine assembles to form amyloid-like 
fibrils, which are observed through a thioflavin T fluorescence assay and by transmission 
electron microscopy. A homologue, bearing an N-methyl substituent, to attenuate fibril 
formation, and an iodine atom, to facilitate X-ray crystallographic phase determination, 
crystallizes as double helices of β-sheets that bind sulfate anions. β-Sheet dimers are key 
subunits of these assemblies, with the N-terminal methylammonium group of one monomer and 
the C-terminal macrocycle of the other monomer binding each anion. These observations suggest 
a mechanism of action for teixobactin, in which the antibiotic assembles and the assemblies bind 
lipid II and related bacterial cell wall precursors on the surface of Gram-positive bacteria. 
 

Chapter 5 explores the design, synthesis, and study two sets of teixobactin analogues providing 
further insights of supramolecular assembly and molecular recognition of teixobactin. 
 
This paper describes the chemical synthesis, X-ray crystallography, and antibiotic activity assay 
of lactam teixobactin analogues and explores ring-expanded analogues of teixobactin with beta 
homo amino acids. Lactam teixobactin analogues containing all stereoisomers of azathreonine at 
position 8 is synthesized on a solid-support. In minimum inhibitory concentration (MIC) assay, 
D-aza-Thr8,Arg10-teixobactin exhibits 2–8 fold increase in activity when compared to the 
corresponding macrolactone Arg10-teixobactin. Other stereoisomers of aza-threonine containing 
teixobactin are inactive. A dramatic 16-128 fold increase in the activity of teixobactin and 
teixobactin analogues is observed with the inclusion of a mild detergent 0.002% polysorbate 80 
in broth during MIC assay. In the X-ray crystallographic structure of N-Me-D-Gln4,D-aza-
Thr8,Arg10-teixobactin, N-methyl variant of D-aza-Thr8,Arg10-teixobactin, reveals an 
amphipathic hydrogen-bonded antiparallel β-sheet dimer that bind chloride anions. In the binding 
site of chloride anion, the macrolactam amide NH groups of residues 8, 10, and 11, as well as, 
the extra amide NH group of the lactam ring hydrogen bond to the chloride anion. Teixobactin 
pharmacophore tolerates 13-membered ring expansion to 14-,15-, and 16-membered ring 
containing beta homo amino acids with retention of activity, but no enhancement of antibiotic 
activity is observed. 
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Chemical Formula: C30H53N9O9
Exact Mass: 683.40

[M+H]+ 684.41
[2M+2H+CF3CO2Na]2+ 752.40

[M+H+CF3CO2Na]+ 820.38
[M+H+2CF3CO2Na]+ 956.35

[3M+2H+CF3CO2H]2+ 1083.11
[3M+2H+CF3CO2H+CF3CO2Na]2+ 1151.09

[2M+H+CF3CO2H]+ 1481.80
[2M+H+CF3CO2H+CF3CO2Na]+ 1617.77
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Chemical Formula: C58H98N16O15
Exact Mass: 1258.74

[M+3H]3+ 420.59
[M+2H]2+ 630.38

[M+H+Na]2+ 641.37
[M+2H+CF3CO2H]2+ 687.38

[2M+3H+CF3CO2H]3+ 878.17
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Chemical Formula: C58H98N16O15

Exact Mass: 1258.74
 

[M+2H]2+ 630.38
[M+2H+Na]2+ 641.88

[2M+3H+CF3CO2H]3+ 878.17
[2M+3H+CF3CO2H+CF3CO2Na]3+ 923.49

[M+H]+ 1259.75
[M+H+CF3CO2H]1+ 1373.74
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Chemical Formula: C61H104N16O15
Exact Mass: 1300.79

 
[M+2H]2+ 651.41

[M+2H+CF3CO2H]2+ 708.40
[M+2H+CF3CO2Na]2+ 719.39
[2M+3H+CF3CO2H]3+ 906.20

[M+H]+ 1301.80
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Chg6,Arg10,Chg11-teixobactin

Chemical Formula: C62H101N15O15
Exact Mass: 1295.76

 

[M+2H]2+ 648.89
[M+H+Na]2+ 659.88

[M+2Na+CF3CO2H]2+ 727.87
[2M+3H]3+ 864.85

[2M+3H+CF3CO2H]3+ 902.34
[M+H]+ 1296.77
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Chemical Formula: C58H97N15O14
Exact Mass: 1227.73

 
[M+2H]2+ 614.86

[M+H+Na]2+ 625.87
[M+H+Na+CF3CO2Na]2+ 693.85
[2M+3H+CF3CO2Na]3+ 864.82
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D-Dap8,Arg10-teixobactin

Chemical Formula: C57H96N16O14
Exact Mass: 1228.73

 
[M+2H]2+ 615.88

[M+H+Na]2+ 626.37
[M+2H+CF3CO2Na]2+ 683.36

[M+H+Na+CF3CO2Na]2+ 694.35
[2M+3H]3+ 820.16
[M+H]+ 1229.74

[M+H+CF3CO2Na]+ 1365.71
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