Supporting Discussion (Text S1)

Exploring codY mutant cell morphology by microscopy
glnR codY (fecE) mutant cells appeared to form short chains (Figure S2A; see also Figure S3G). Generally, the dimensions of mutant cells were larger than wildtype (length, width, area and volume; Figure S2B-E), with a greater spread of values. A large proportion of mutant cells formed chains, with the majority being over 4 cells in length, compared to wildtype cells which were all either mono- or diplococci (Figure S2G). The codY- socY mutant also formed short chains, and showed perturbations in cell dimensions (Figure S2). Conversely, a glnR fecE mutant displayed characteristics similar to wildtype, as did a CEPM-codY+ complemented glnR codY (fecE) mutant (Figure S3).

Previous documented examples of cell-wall alterations affecting pneumococcal sensitivity to PG-targeting agents
A number of cell-wall alterations have been reported to alter pneumococcal sensitivity to certain agents targeting PG. Firstly, modifications of the alternating N-acetylmuramic acid (MurNAc) and N-acetylglucosamine (GlcNAc) residues that make the glycan chains in pneumococcal PG contribute to the well-known resistance of pneumococci to lysozyme, an important bacteriolytic enzyme of the innate immune system. These modifications include various degrees of deacetylation of the GlcNAc residues (by PgdA [1]) and O-acetylation of MurNAc residues (by Adr [2]) (Figure 5A, numbers 2 and 3 respectively). The latter is important for resistance to β–lactam antibiotics [2]. Secondly, formation of PG branches, which requires the MurM and MurN enzymes (Figure 5A, number 4), is crucial for -lactam resistance. murMN mutant cells were thus shown to lack branched muropeptides and have reduced resistance to -lactams [3] and other inhibitors of cell wall synthesis [4]. Thirdly, pneumococcal cells treated with the β–lactam clavulanate were shown to have increased sensitivity to DOC, lysozyme and penicillin. Analysis of PG from these cells revealed major alterations in stem peptide composition, including accumulation of D-alanyl-D-alanine residues, suggested to be as a consequence of suppressed DD-carboxypeptidase activity [5]. Fourthly, depletion of the penicillin-binding protein PBP2b, which plays a crucial role in PG synthesis, was reported to increase muropeptide branching and to result in long chains of oddly shaped cells. These cells were hypersensitive to exogenous LytA, while LytB was unable to separate daughter cells, accounting for the chaining phenotype observed [6]. Fifthly, it was recently shown that amidation of the second residue of the stem peptide, which alters the D-iso-Glu to D-iso-Gln (Figure 5A, number 5), was required for efficient PG cross-linking via transpeptidase activity [7,8]. This amidation is dependent on the amidotransferase enzyme MurT/GatD using L-Gln as donor (Figure 5B) [8-10]. 
The glnR codY (fecE) mutant shared a phenotype of sensitivity to lysozyme and β-lactams with cells depleted for MurT/GatD leading us to speculate on the possible alteration in stem peptide synthesis as a cause for the phenotype of the glnR codY (fecE) mutant. How could inactivation of glnR and codY alter stem peptide synthesis? Interestingly, GlnR and CodY share a regulatory target, the E dehydrogenase gene gdhA [11] which is involved in Glu/Gln metabolism, converting 2-oxoglutarate to Glu and vice-versa (Figure 5B). In addition, GlnR represses the Gln synthase gene glnA, which can synthesize Gln from Glu, and Glu from Gln and 2-oxoglutarate [11] (Figure 5B). Thus in the glnR codY (fecE) mutant, both of these genes are fully derepressed, potentially altering Glu/Gln metabolism and thus cellular pools of Glu/Gln. In stark contrast to the translocation of WTA across the cell membrane by the flippase TacF, which can only translocate fully mature, Cho-decorated WTA [12], published results demonstrate that non-amidated stem peptide precursors can be exported by FtsW/RodA. Thus, depletion of murT/gatD results in reduced amidation of the second stem peptide residue [8]. We therefore envisioned the possibility that imbalance of Gln/Glu pools resulting from derepression of crucial enzymes involved in Gln/Glu metabolism specifically interfered with amidation of the 2nd stem peptide residue as Gln is necessary as a donor of an amide group for MurT/GatD-catalyzed reaction. However, HPLC analysis of muropeptide composition (Table S2 and Figure S5) provided no support to this hypothesis. 
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