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Abstract

FtsX is an integral membrane protein from Streptococcus pneumoniae (pneumococcus) that
harbors an extracellular loop 1 domain (FtsXECl1g,) that interacts with PcsB, an peptidoglycan
hydrolase that is essential for cell growth and division. Here, we report nearly complete backbone
and side chain resonance assignments and a secondary structural analysis of FtsXEC'-lspn (residues
47-168 of FtsX) as first steps toward structure determination of FtsXECL1g,,
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Biological context

Proper spatiotemporal regulation of the hydrolysis of the peptidoglycan (PG) layer of the
bacterial cell wall is essential to cell growth and cell division (Sham et al. 2013). In
Sreptococcus pneumoniae D39, PcsB is an essential PG hydrolase whose activity is subject
to regulation by protein-protein interactions (Sham et al. 2011), the details of which remain
poorly defined (Bartual et al. 2014). The extended coiled-coil domain of PcsB (Bartual et al.
2014) has been shown to physically interact with FtsXEC-1g,, and it is known that FtsX is
essential for pneumococcal cell growth and division (Sham et al. 2011). A current model is
that FtsXECL1g,, is an allosteric modulator of PcsB-catalyzed cell wall hydrolysis, in a
manner that is linked to ATP hydrolysis by the ATPase FtsE, which itself interacts with the
FtsZ divisome (Sham et al. 2013). FtsEX structurally resembles an ATP-binding cassette
(ABC) transporter, but is not thought to transport ligands across the membrane. The
mechanism by which ATP hydrolysis by FtsE is linked to a conformational change in FtsX
transduced across the plasma membrane and thus unlocking the auto-inhibited state of PcsB
is unknown, but of high interest as a potential target for the development of novel antibiotics
that target this essential process.
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FtsXgpn is @ 303 residue homodimer, and a topology model suggests that residues 42-182
connecting transmembrane helices 1 and 2 comprise the large extracellular loop 1 (ECL1)
(Sham et al. 2013). A second smaller loop 2 domain (ECL2; 28 residues) connects
transmembrane helices 3 and 4 on the same, extracellular side of the membrane, and both
loop domains appear to be involved in some way in PcsB allosteric activation. An initial
construct encompassing the entire ECL1 domain yielded protein characterized by excellent
chemical shift dispersion, but uneven cross peak intensities, and complete chemical
exchange broadening of C-terminal residues 171-182, proximal to transmembrane helix 2.
Interestingly, this region harbors three of the six ftsX mutants that suppress a temperature-
sensitive mutation in the coiled-coil domain of PcsB (Sham et al. 2013). These data, coupled
with a subsequent sequence and structure-based alignment with the extracellular domain
(ECD) of Mycobacterium tuberculosis FtsX (Mavrici et al. 2014) (29% similarity; 17%
identity) suggested that FtsXECL1g,, spanning residues 47-168 (122 residues) would be
characterized by more favorable relaxation properties. Here, we report nearly

complete *H, 15N, 13C backbone and side chain resonance assignments of FtsXECllg) asa
basis for further structural characterization of this key pneumococcal protein-protein
interaction domain.

Methods and experiments

Protein expression and characterization

The region of the gene encoding FtsXECl1g,, (residues 47-168 from FtsXg,,) was PCR-
amplified from genomic DNA of Streptococcus pneumoniae D39 strain and subcloned into a
pHis-parallel expression vector (Sheffield et al. 1999). The protein was expressed as a Hisg-
tag fusion protein in E. coli BL21 (DE3) cells in LB medium, with expression induced by
addition of 0.4 mM IPTG and growth continued at 16 °C for 20 h. Cells were harvested by
centrifugation at 6,000 rpm for 10 min and were resuspended in lysis buffer (25 mM Tris,
200 mM NacCl, pH 8.0) and lysed by sonication on ice. The lysate was clarified
centrifugation for 30 min at 12,000 rpm at 4 °C and the supernatant was filtered through a
0.45 um filter membrane. The filtered supernatant was loaded onto a His-Trap FF column
(GE Healthcare) equilibrated with low imidazole buffer A (25 mM Tris, 200 mM NacCl, 25
mM imidazole, pH 8.0). The bound Hisg tagged fusion protein was eluted with high
imidazole buffer B (25 mM Tris, 200 mM NaCl, 300 mM imidazole, pH 8.0). The Hisg tag
was cleaved with TEV protease and the uncleaved protein and liberated Hisg tag removed by
re-loading onto the His-Trap FF column equilibrated with low imidazole buffer A (25 mM
Tris, 200 mM NaCl, 25 mM imidazole, pH 8.0). The flow-through, containing cleaved
FtsXECLLg,,, was further purified by size-exclusion chromatography on a HiL.oad 16/600
Superdex 75 column (GE Healthcare). FtsXECt1g, purified in this way encompasses
residues 47-168 with a non-native N-terminal GAMA tetrapeptide sequence (denoted
residues 43-46 here) as a consequence of the subcloning and expression strategy used.

Uniformly 1N, 13C double-labeled FtsXECl1g,, protein was expressed in bacteria growing
in M9 minimal medium containing 1.0 g/L of 2°NH,Cl and 3.0 g/L [13Cg]-glucose, as the
sole nitrogen and carbon sources, respectively. The double-labeled protein was purified
following the protocol described above. Protein purity was assessed by 18% SDS-PAGE,
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and protein concentration was estimated by UV-Vis spectroscopy. Uniformly 1°N, 13C
labeled FtsXECL1g, ranging from 0.5 to 0.7 mM were used for NMR data acquisition.

NMR spectroscopy

All spectra were acquired at 298 K on a Varian (Agilent) DDR 600 MHz spectrometer
equipped with cryogenic probe in the METACyt Biomolecular NMR Laboratory at Indiana
University Bloomington. Typical NMR samples contained 50 mM potassium phosphate, pH
7.0, 50 mM NaCl and 10 % v/v D,0. For experiments used to obtain side chain
assignments, the NMR sample was buffer exchanged into 50 mM KP;, pH 7.0, 50 mM NaCl
and 99.8 % v/v D,0. Backbone sequential resonance assignments were carried out using a
standard suite of double and triple resonance NMR experiments including the 1°N-

HSQC, 13C-HSQC, HNCACB, CBCA(CO)NH, HNCO, HN(CA)CO, HNCA and
HN(CO)CA. Side chain resonance assignments were obtained using C(CO)NH-TOCSY
(Grzesiek et al. 1993), H{CCO)NH-TOCSY (Montelione et al. 1992), HCCH-TOCSY,
HCCH-COSY (Bax et al. 1990), 15N-edited NOESY and 13C-edited NOESY spectra.
nmrPipe (Delaglio et al. 1995) and ccpNMR ver. 2.3.0 were used for data processing and
analysis, respectively. Secondary structure predictions were derived from backbone
resonance assignments using TALOS+ (Shen et al. 2009) and backbone dynamics were
assessed through measurement of 1°N heteronuclear 1>’N—{1H} (hNOE) values.

Assignment extension and data deposition

The *H,5N HSQC spectrum of FtsXECL1g,, is shown in Fig. 1. Backbone amide resonances
were assigned for all non-proline residues, with the exception of two non-native N-terminal
residues (G43, A44) and N85. Resonance assignments for the 1°Ne1-1He2 pair of W123
were also obtained. 92% of 13Ca, 13CO, side chain aliphatic and aromatic 13C and 1H
resonances were assigned. The resonance assignments of FtsXECLlspn have been deposited
in the BioMagResBank (http://www.bmrb.wisc.edu/) under the accession number 26534.

Secondary structural elements of FtsXECL1g, were predicted using TALOS+ (Fig. 2A) with
residues 59-64, 75-77, 81-83, 102-106, 136-141 and 162-165 forming short 3-stranded
regions (B1-p6), while residues 89-95, 108-118 and 146-155 form helical segments (a1-
a3). The predicted secondary structure elements are supported by heteronuclear 1°N—{1H}
values that are generally > 0.6 (Fig. 2B). Despite the low overall sequence similarity to M.
tuberculosis FtsX ECD, this distribution of secondary structural units in FtsXECl1gy, is
generally similar to that defined by the x-ray structure of FtsXECPy, (Mavrici et al. 2014)
with the major exception being what appears to be a f2-3 p-hairpin insertion in
FtsXECLLg,, in place of a short helical element (denoted a1) in FtsXECPy, FtsXECDyy,
adopts a two-lobed structure in which a lower lobe is thought to be connected to the mixed
a-f upper lobe via a “hinge-like” linkage (Mavrici et al. 2014). If the global structures of
FtsXECDyyp, and FtsXECL1g,, are similar, the smaller lower lobe in FtsXECl1g, would
correspond to residues ~2108-135, flanked by the B4 and 5 strands (Fig. 2). It will be of
interest to determine the degree to which these two domains are structurally and dynamically
oriented relative to one another in FtsXECL1g, in solution since the cleft between the lobes
is projected to define a major region of interaction with the cognate regulated PG hydrolase
(Mauvrici et al. 2014).
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H, 15N HSQC spectrum of the uniformly 15N, 13C FtsXECl1g,, recorded at 600 MHz 'H

frequency at 298 K. Solution conditions: 50 mM KP;, pH 7.0, 50 mM NacCl, 10 % D,0

(v/v). The resonance assignments for backbone amides are shown using the one-letter amino

acid code..
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Figure 2.
Secondary structural analysis of FtsXECL1g,. (A) TALOS+ predictions with probable f-

strands and a-helices represented by +1 and - 1, respectively. Probabilities are based on
TALOS+ probability values = 0.6, with the exception of the 3 strand, in which only the
middle residue (\V82) meets this criterion. (B) Heteronuclear 1>N—{1H} values for 15N, 13C-
labeled FtsXEC'-laon. The error bar on each hNOE value was estimated from the noise in the
spectra. Gaps correspond to the N85 (unassigned), Y112 (overlapped), P132 and P144.
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