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Supplementary Note 1: Preliminary control experiments to interpret the treatment of M. smegmatis 

ΔMSMEG_6387 Ara-LM with α-mannosidase. 

In the case of Msm-Ara-LM, we expected all internal mannosyl residues in the α-1,6 backbone between 

the T-Araf residue and the inositol to not be susceptible to α-mannosidase. Thus, the enzyme removes the 

side chain α-mannosyl residues but not those in the backbone. To rightly interpret the data, we needed to 

determine the susceptibility of the α-Manp unit attached to O-2 of the inositol and thus a mixture of 

deacylated PIM2 and PIM6 were treated with α-mannosidase. LC/MS analysis revealed that PIM1 was not 

produced, PIM2 was essentially unchanged, and PIM6 was converted to PIM2.Thus the α-mannosidase 

does not remove mannosyl residues attached to inositol at either position 2 or 6. Therefore, the number of 

mannosyl residues in the α-1,6 mannan chain separating the Araf from the inositol (whether or not they 

are substituted with an α-mannosyl residue at O-2) is equal to the number of mannosyl residues in the α-

mannosidase treated LM minus one as the mannosyl residue on O-2 of the inositol residue is not 

removed. With this information, available, Msm-Ara-LM was treated with α-mannosidase. To confirm 

the lack of branched residues in the resulting products, MS/MS analysis was conducted on the triply 

charged [M-(H)3]3- ion of non α-mannosidase digested M. smegmatis Ara1-Man24-Inos-P-Gro (m/z 

1450.78) as a control, and the triply charged [M-(H)3]3-  ion of the α-mannosidase digested product Ara-

Man17-Inos-P-Gro (m/z 1072.66) (Supplementary Figure 7). A major contrast was noted between the two 

spectra, as in the α-mannosidase digested product Ara-Man17-Inos-P-Gro the loss of a single mannosyl 

(presumably from O-2 of the inositol) to form the Y ion Ara1Man16-Inos-P-Gro was only very weakly 

observed but the loss of the non-reducing end Araf residues to form the Y ion Man17-Inos-P-Gro was 

abundantly formed (Supplementary Figure 7a). In contrast, the non-enzyme treated control, Ara1Man24-

Inos-P-Gro (Supplementary Figure 7b) shows the opposite results where only very rarely is the Y ion 

Man24-Inos-P-Gro is formed by loss of Ara observed but the Y ion Ara-Man23-Inos-P-Gro formed by loss 

of a single mannosyl residue is abundant. Thus, the MS/MS data confirmed that the general structure of 
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the α-mannosidase products produced from Msm-Ara-LM were linear molecules with the arabinosyl 

residue at the non-reducing terminus.  

 

Supplementary Data 1 (provided as a separate Excel file) 
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Supplementary Figure 1:  LC/MS analysis of native deacylated Msm-Ara-LM from M. smegmatis 

ΔembC. Shown are base peak chromatograms (BPC) of Msm-Ara-LM in negative mode (a), extracted ion 

chromatograms (EICs) of GPI-Man38 at m/z 1622.01[M-4H]4- (b), GPI-Ara1Man25 at m/z 1504.80 [M-

3H]3- (c), GPI-Ara2Man22 at m/z 1386.76 [M-3H]3- (d), and GPI-Ara3Man21 at m/z 1376.76.80 [M-3H]3- 

(e). Multiply charged spectra from Fig. 2(a-d) are deconvoluted to singly charged [M-H]- spectra (f-i). 

The corresponding mass accuracy values for the individual compounds are shown in Supplementary 

Table 1.   
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Supplementary Figure 2:  LC/MS analysis of α-mannosidase and endomannanase-digested Msm-Ara-

LM from smegmatis ΔembC in positive mode. (a) Shown are the BPCs and EICs of P2-column purified 

acetylated fractions. The extracted ion chromatogram (EIC) at m/z 912.29 shows the elution profile of 

acetylated products. (b) Mass spectrum of the peaks revealed acetylated Ara-Man-Man with the m/z 

values of 917.25 and 912.29 as sodiated and ammonium adducts.  
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Supplementary Figure 3: (a) Shows the total ion chromatogram (TIC) of methylated Ara-Man-mannitol 

resulting from Msm-Ara-LM of M. smegmatis ΔMSMEG_6387 in positive mode.  (b) Extracted ion 

chromatogram at m/z 649.38, showing a single peak with a retention time (RT) 6.79 min representing 

Ara-Man-mannitol. Inset shows the structure and mass spectrum of reduced (deuterated), methylated Ara-
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Man-mannitol with the m/z values of 654.34, and 649.38 as Na+ and NH4
+ adducts. Panel (c) shows TIC 

of Cellulomonas treated M. tuberculosis deacylated LAM after digestion with a mixture of α-mannosidase 

and endo 1,6-α-mannanase obtained in negative mode. The EICs of m/z 473.15 and 605.19 shown in 

panel (c) correspond to the non-derivatized trisaccharide and tetrasaccharide. Their mass spectra of [M-

H]- ions are shown in panel (d). 
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Supplementary Figure 4: GC/MS analysis of the partially O-methylated partially O-acetylated 

alditols derived from the Ara1Man2 trisaccharide isolated from enzymatic degradation of Msm-

Ara-LM produced by M. smegmatis ΔMSMEG_6387.  (a) Peaks 1, 4, 5, 6, and 7 labeled on the TIC are 

non-carbohydrate contaminants (due to the low amounts of trisaccharide analyzed), and peaks 2, 3, and 8 

are the partially-O-methylated partially-O-acetylated alditols.  (b) The two hexitols were shown to be in 

the manno-configuration by comparison with standards. (c) The MS spectra of the 1,4-di-O-acetyl 2,3,5-

tri-O-methyl arabinitol, 6-O-acetyl 1,2,3,4,5 penta-O-methyl mannitol and 1,5,6-tri-O-acetyl 2,3,4-tri-O-

methyl mannitol. 
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Supplementary Figure 5: LC/MS analysis of Cellulomonas endo-arabinanase digested 

native, deacylated M. tuberculosis LAM. (a) Shown are the BPC, and EIC obtained in the negative mode 

for the triply charged dominant ion at m/z 1602.83 [M-3H]3-. The EIC generated represents the GPI-

Ara2Man26 show in Fig. 4. (b) Deconvoluted mass spectrum obtained at 0.3 min retention time show 

dominant signals for Ara2Manx-Gro in the digestion mixture. Mass accuracy (ppm) values for the 

corresponding deconvoluted spectrum are shown in Supplementary Table 3.  
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Supplementary Figure 6: (Panel a) LC-MS/MS spectrum of triply charged (NH4+)3+ per-O-methylated 

Ara1-Man23-Inos-P-Gro at m/z 1784.89. The interpretation of observed singly charged fragment ions 

(most abundant) is presented in the inset structure. The vertical dotted arrows mark the low mass oxonium 

ions. Panel (b) shows a mass spectrum for all low mass oxonium ions identified, demonstrating the clear 

fragmentation pattern of the molecule at the site of arabinose attachment on the mannan backbone. 

Assignments of fragment oxonium ions are illustrated as insets (b). 
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Supplementary Figure 7: A comparison of the loss of mannosyl versus arabinosyl residues in the 

MS/MS spectra on the triple charged [M-(H)3]3- ions (a) at m/z 1072.66 of underivatized Ara1Man18-Inos-

P-Gro produced by α-mannosidase treatment of Msm-Ara-LM from M. smegmatis ΔMSMEG_6387 and 

(b) at m/z 1450.78 of underivatized Ara1Man24 Inos-P-Gro from M. smegmatis ΔMSMEG_6387 that was 

not treated with α-mannosidase. (See Supplemental data 1 for more details). Interpretation of observed 

fragments ions by single cleavage are illustrated as insets.  
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Supplementary Figure 8: LC/MS analysis showing base peak chromatograms of the α-mannosidase 

digestion products from (a) Msm-Ara-LM, and (b) Cellulomonas endo-arabinanase-digested M. 

tuberculosis LAM. Their corresponding mass spectra are obtained in negative mode (c-d). Mass spectrum 
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from (c) Msm-Ara-LM shows the presence of triply charged ions [M-3H]3- for 13-18 mannosyl residues 

between the non-reducing end of arabinose and inositol. Mass spectrum from (d) Cellulomonas endo-

arabinanase digested M. tuberculosis LAM shows a series of triply charged ions [M-3H]3- for 15-25 

mannosyl residues between the tenon-reducing end of terminal arabinose and inositol.    
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Supplementary Figure 9: A low mass portion of the MS/MS spectrum of the triple charged 

[M+(NH4)3]3+ ion at m/z 1784.8 produced by the per-O-methylated Ara1Man23-Inos-P-Gro molecule 

by M. smegmatis ΔMSMEG_6387 showing diagnostic B ions and the rationale for their formation.  

(a) m/z 848.44 made up of 4 mannosyl residues, (b) m/z 1052.56 made up of 5 mannosyl residues, and (c) 

m/z 1256.64 made up of 6 mannosyl residues. These mannosyl residues are shown in a linear arrangement 

for clarity, but the actual arrangement of the mannosyl residues (i.e., branching pattern) is not yet known. 

These B ions, although of low intensity, confirm the extended mannan backbone side chains. The peaks 

with an asterisk are from other unidentified ions. 
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Supplementary Figure 10: BPCs and EICs (m/z 1906.27) of the per-O-methylated Ara2Man24-Inos-P-

Gro molecule produced by Cellulomonas-digested M. tuberculosis-LAM (a) and M. smegmatis 

ΔMSMEG_6387 (c) were obtained in positive mode. Panels b and d shows their corresponding MS 

spectra of the triple charged [M+(NH4)3]3+ ion at m/z value of 1906.27. 

 



16 
 

 

Supplementary Table 1. Assignment of major ionic species found in the complex mixture of Msm-Ara-

LM from M. smegmatis ΔMSMEG_6387 (see Fig 2a-d).   
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Supplementary Table 2: Structural assignment of MS/MS fragment ions for the reduced-methylated 

Ara-Man-mannitol (positive mode), native underivatized tri-Ara-Man-Man and tetra Ara-Ara-Man-Man 

(negative mode) from Fig. 3(a-c).  
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Supplementary Table 3. Assignment of major ionic species found in the complex mixture of 

Cellulomonas endo-arabinanase digested native, deacylated M. tuberculosis LAM.  
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Supplementary Table 4. Assignment of fragment ions from the MS/MS analysis of the per-O-

methylated Ara2-Man24-Inos-P-Gro at m/z 1906.27 [M+(NH4)3]3+ (see Fig. 9).  
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