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Figure S-1.  MS/MS mass spectra of singly deprotonated wild type E. coli lipid A (Mr = 1797.2) using 

(A) CID, (B) HCD and (C) UVPD.  Glucosamine fragment ions are labeled as “ring cleavages”. 

  

 

 

 

 

 

 

 

 

 



Figure S-2.  MS/MS fragmentation maps of singly deprotonated wild type E. coli lipid A (Mr = 1797.2) 

using (A) CID (B) HCD and (C) UVPD. Each cleavage site is numbered, and the m/z values of the 

fragment ions arising from each cleavage site are listed.  Those fragment ions that require multiple 

cleavages are listed next to each cleavage site. Cleavages marked in red font are unique to UVPD.  

 

  



Figure S-3. MS/MS mass spectra of doubly deprotonated V. cholerae lipid A (Mr = 1757.2 Da) using (A) 

CID, (B) HCD (C) UVPD.  Glucosamine fragment ions are labeled as “ring cleavages”. 

 

 

 

 

 

 

 

 

 

 

 



Figure S-4.   MS/MS mass spectra of singly deprotonated V. Cholerae lipid A (Mr = 1757.2 Da) using (A) 

CID, (B) HCD (C) UVPD.  Glucosamine fragment ions are labeled as “ring cleavages”.  

 

 

 

 

 

 

 

 

 

 



Figure S-5.  MS/MS mass spectra of doubly deprotonated P. aeruginosa lipid A (Mr   = 1617.00 Da) using 

(A) CID, (B) HCD (C) UVPD.  Glucosamine fragment ions are labeled as “ring cleavages”.  

 

 

 

 

 

 

 

 

 

 



Figure S-6.  MS/MS mass spectra of singly deprotonated P. aeruginosa lipid A (Mr = 1617.00 Da) using 

(A) CID, (B) HCD (C) UVPD.  Glucosamine fragment ions are labeled as “ring cleavages”.  

 

 

 

 

 

 

 

 

 

 



Figure  S-7.  MS/MS fragmentation maps of doubly deprotonated V. cholerae lipid A (Mr = 1757.2 Da) 

using (A) CID, (B) HCD, and (C) UVPD. Each cleavage site is numbered, and the m/z values of the 

fragment ions arising from each cleavage site are listed.  Those fragment ions that require multiple 

cleavages are listed next to each cleavage site. Cleavages marked in red font are unique to UVPD.   

 

 

 

 

 

 

 

 



Figure S-8.  MS/MS fragmentation maps of singly deprotonated V. Cholerae lipid A (Mr = 1757.2 Da) 

using (A) CID, (B) HCD, and (C) UVPD. Each cleavage site is numbered, and the m/z values of the 

fragment ions arising from each cleavage site are listed.  Those fragment ions that require multiple 

cleavages are listed next to each cleavage site. Cleavages marked in red font are unique to UVPD.   

 

 

 

 

 

 

 

 



Figure S-9.  MS/MS fragmentation maps of doubly deprotonated P. aeruginosa lipid A (Mr   = 1617.00 

Da Da) using (A) CID, (B) HCD, and (C) UVPD-MS. Each cleavage site is numbered, and the m/z values 

of the fragment ions arising from each cleavage site are listed.  Those fragment ions that require multiple 

cleavages are listed next to each cleavage site. Cleavages marked in red font are unique to UVPD.   

 

 

 

 

 

 

 

 



Figure S-10. MS/MS fragmentation maps of singly deprotonated P. aeruginosa lipid A (Mr   = 1617.00 

Da Da) using (A) CID, (B) HCD, and (C) UVPD. Each cleavage site is numbered, and the m/z values of 

the fragment ions arising from each cleavage site are listed.  Those fragment ions that require multiple 

cleavages are listed next to each cleavage site. Cleavages marked in red font are unique to UVPD.   

 

 

 

 

 

 

 

 



Figure S-11.  Extracted ion chromatograms (EIC) of the major lipid A species observed upon 

combinatorial modification of BN2 expressed in the presence of the active enzymes LpxF, PagL and 

PagP.  Each EIC is aligned with the corresponding schematic structure.     

 

 

 

 

 

 

 

 

 

 

 



Figure S-12.  Survey ESI mass spectra of the major lipid A species observed upon combinatorial 

modification of BN2 expressed in the presence of the active enzymes LpxE, PagL and PagP.    

 

 

 

 

 

 

 

 

 

 

 



Figure S-13 Cleavage site histograms for doubly and singly deprotonated E. coli BN2 lipid (Mr   = 1587.0 

Da) using (A) CID, and (B) UVPD.  Black bars represent fragment ions from the doubly deprotonated 

precursor. Blue bars represent fragments from the singly deprotonated precursor. Relative frequencies for 

all cleavage sites were calculated using equation 1.   The numbers representing the cleavage sites are 

shown in the structure.    

 

 

 

 

 

 

 

 



Figure S-14. The following compilation of spectra and fragmentation maps were used in the identification 

of BN2 pFLP lipid A species shown in Figure 5.     

 

MS/MS mass spectra of doubly deprotonated penta-acylated BN2 E. coli lipid A (Mr   = 1587.0 Da) using 

(A) CID or (B) UVPD.  Glucosamine fragment ions are labeled as “ring cleavages”. 

 

 

 

 

 

 

 

 



MS/MS mass spectra of singly deprotonated penta-acylated BN2 E. coli lipid A (Mr   = 1587.0 Da) using 

(A) CID and (B) UVPD.  Glucosamine fragment ions are labeled as “ring cleavages.”  

 

 

 

 

 

 

 

 

 

 



MS/MS fragmentation maps of doubly deprotonated BN2 E. coli lipid A (Mr   = 1587.0 Da) using (A) 

CID and  (B) UVPD. Each cleavage site is numbered, and the m/z values of the fragment ions arising 

from each cleavage site are listed.  Those fragment ions that require multiple cleavages are listed next to 

each cleavage site. Cleavages marked in red font are unique to UVPD.  The companion MS/MS spectra 

are shown in Supplemental Figure 14.  

 

 

 

 

 

 

 

 



MS/MS fragmentation maps of singly deprotonated BN2 E. coli lipid A (Mr   = 1587.0 Da) using (A) CID 

and (B) UVPD. Each cleavage site is numbered, and the m/z values of the fragment ions arising from 

each cleavage site are listed.  Those fragment ions that require multiple cleavages are listed next to each 

cleavage site. Cleavages marked in red font are unique to UVPD. The companion MS/MS spectra are 

shown in Supplemental Figure 15.  

 

 

 

 

 

 

 



UVPD mass spectra of  deprotonated BN2 lipid A modified with (A) LpxF+PagL (Mr   = 1280.9  Da), (B) 

PagL (Mr   = 1360.8 Da), (C) LpxF (Mr   = 1507.1 Da) , (D) LpxF+PagL+PagP (Mr   = 1519.1 Da) , (E) 

LpxF+PagP (Mr   = 1745.3 Da) , and (F) PagP (Mr   = 1825.3 Da) .   

 



 

 

 

 

 

 

 

 

 

 

 

 

 



UVPD fragment ion cleavage maps for BN2 Lipid A modified with  (A) LpxF+PagL (Mr   = 1280.9  Da), 

(B) PagL (Mr   = 1360.8 Da), (C) LpxF (Mr   = 1507.1 Da), (D) LpxF+PagL+PagP (Mr   = 1519.1 Da), (E) 

LpxF+PagP (Mr   = 1745.3 Da), and (F) PagP (Mr   = 1825.3 Da).   The UVPD-MS spectra are shown in 

Supplemental Figure 19.   

 



 

 

 

 

 

 

 

 

 

 

 



Supplemental Table 1. (Table S-1) CID, HCD and UVPD fragment ions of doubly deprotonated 
E. coli lipid A (M

r
 = 1797.2).  The spectra are shown in Figure 1 and fragmentation maps are 

shown in Figure 2. 

 

 
 

 

 

 



Supplemental Table 2. (Table S-2)  UVPD fragment ions of  singly deprotonated BN2 penta-acyl E. coli 

lipid A (Mr   = 1587.0 Da) . The spectrum is shown in Supplemental Figure 15B and fragmentation map is 

shown in Supplemental Figure 16B.  

 

 

 

 

 

 

 

 

 

 


