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Supp. Fig. 1. NulO biosynthesis loci of the ATCC 43037 type strain and strains FDC 

92A2/UB4 (to scale). The type strain was found to possess homologs to the genes of six Pse 

biosynthesis enzymes (PseB, PseC, PseH, PseG, PseI and PseF) (Schoenhofen, I.C., McNally, D.J., 

et al. 2006a). The genome of strains FDC 92A2 and UB4 are identical (99.83%) in this region and 

encode gene homologs for the biosynthesis of Leg (LegB, LegC, PglD/LegH, LegG, LegI and 

LegF), as well as a predicted nucleotidyl transferase (PtmE) for the formation of GDP-GlcNAc, the 

precursor substrate for this pathway (Schoenhofen, I.C., Vinogradov, E., et al. 2009). Both loci are 

located downstream of a putative flippase gene (wzx) hypothesized to be involved in the general O-

glycosylation system. The regions within the red dashed lines show no areas of significant 

similarity. NCBI locus tags for ATCC 43037, FDC 92A2 and UB4 are displayed under each gene, 

with asterisks denoting ORFs deviating from their NCBI annotation. Grey arrows represent genes 

predicted to be unrelated to NulO biosynthesis or of unknown function. 
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Supp. Fig. 2. The 1H spectrum and 1H-13C HSQC correlation spectrum of CMP-Pse (VIIP). 

Spectra were recorded on a Varian 600 MHz spectrometer with a Varian 5 mm Z-gradient probe in 

D2O at 25°C. C, cytosine; R, ribose; NAc, 5-NHAc and 7-NHAc CH3 regions of pseudaminic acid; 

and acetone was included as an internal reference.  
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Supp. Fig. 3. Strategy for Tanf_01190 and BFO_1073 gene deletion in T. forsythia ATCC 

43037 and T. forsythia UB4 and confirmation by PCR. (A) Genomic organization of the pseC 

(Tanf_01190) gene showing the upstream and downstream homology regions used for homologous 

recombination and insertion of the selectable ermF cassette disrupting Tanf_01190 (upper lane). 

Tanf_01190 gene deletion and insertion of the selectable ermF cassette is shown in the context of 

its genomic region (middle lane). Complementation of the Tanf_01190 gene deletion by insertion of 

the Tanf_01190 gene and the selectable cat cassette is shown in the context of its genomic region 

(lower lane). Primers (compare with Supplemental Table 2) are indicated by arrows. (B) Agarose 

gel electrophoresis (left) to check the deletion of the Tanf_01190 gene upstream (primers 38/3, 

1137 bp), downstream (primers 4/10, 1200 bp) and the loss of the gene (primers 15/18, 1164 bp) 

genomic DNA of T. forsythia ATCC 43037 wild-type and mutants with integrated ermF cassette. 

Agarose gel electrophoresis (right) to check complementation of the deleted Tanf_01190 gene using 

the primers 38/10 (4112 bp for T. forsythia ATCC 43037 ΔpseC and 3449 bp for T. forsythia ATCC 

43037 wild-type), primers 15/76 (1815 bp) and primers 75/10 (1838 bp). (C) Genomic organization 

of the legC (BFO_1073) gene showing the upstream and downstream homology regions used for 

homologous recombination and insertion of the selectable ermF cassette disrupting BFO_1073 

(upper lane). BFO_1073 gene deletion and insertion of the selectable ermF cassette is shown in the 

context of its genomic region (middle lane). Complementation of the BFO_1073 gene deletion by 

insertion of the BFO_1073 gene and the selectable cat cassette is shown in the context of its 

genomic region (lower lane). Primers (compare with Supplemental Table 2) are indicated with 

arrows. (D) Agarose gel electrophoresis (left) to check the deletion of the BFO_1073 gene upstream 

(primers 92/3, 1122 bp), downstream (primers 4/93, 1114 bp) and the loss of the gene (primers 

V26/V27, 1155 bp) genomic DNA of T. forsythia UB4 wild-type and mutants with integrated ermF 

cassette. Agarose gel electrophoresis (right) to check complementation of the deleted BFO_1073 

gene using the primers 76/92 (2901 bp), primers 48/93 (1132 bp) and primers 92/93 (4002 bp for T. 

forsythia UB4 ΔlegC and 3340 bp for T. forsythia UB4 wild-type).  
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Supp. Fig. 4: Amplification of selected genes from the Pse or Leg biosynthesis pathways in 

strains T. forsythia ATCC 43037, T. forsythia FDC 92A2 and T. forsythia UB4. In T. forsythia 

ATCC 43037, only genes of the Pse biosynthesis pathway could be amplified. From genomic DNA 

of the FDC 92A2 and UB4 strains, only genes from the Leg biosynthesis pathway could be 

amplified. 
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Supp. Fig. 5. Deconvoluted ESI-TOF positive-mode MS spectrum of TfsA S-layer protein O-

glycans in T. forsythia ATCC 43037 and UB4 in comparison to the corresponding NulO-

negative mutant strains. Compared to the wild-type glycan of ATCC 43037 (m/z 949.9, neutral 

mass of 1897.7 Da), the glycan of the ΔpseC mutant (m/z 1523.4, neutral mass of 1522.6 Da) was 

found to lack Pse5Am7Gra (m/z 361.14, neutral mass 379.15 Da) and the methyl group on the 

terminal ManNAcA. This modification is also missing in the T. forsythia UB4 wild-type glycan 

(m/z 928.3, neutral mass 1854.6 Da), which shows an overall similar composition to the ATCC 

43037 wild-type, but with a -29 Da mass difference in the terminal NulO (m/z 332.2, neutral mass 

350.3 Da). In addition, full-length and truncated glycans exhibiting +16 Da at the digitoxose 

position were detected (m/z 936.3, neutral mass 1870.6 Da). As expected, glycans of the UB4 

ΔlegC deletion mutant (m/z 1523.4, neutral mass 1522.6 Da) were found to lack the terminal NulO 

sugar residue and are therefore identical to those of the ΔpseC mutant. Asterisks denote adduct 

peaks. Monosaccharide symbols follow the SNFG (Symbol Nomenclature for Glycans) system 

(PMID 26543186, Glycobiology 25: 1323–1324, 2015). 
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