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Supplementary Figure 1. Disorder of the serine-rich linker

Amino acid conservation obtained from sequence alignments on 81 protein sequences arising
mainly from streptococci species using the Consurf webserver' and IUPred scores” are plotted
in black and red, respectively. Consurf scores are ranked from 0 (not conserved) to 9 (highly
conserved), while in IUPred scores are related to the predicted disordered tendency, ranging
from O (rigid) to 1 (highly flexible). Low conservation scores indicate the less conserved
amino acids in the sequence. The serine-rich linker (SRL) between the two MapZexia

subdomains is disordered and its amino acid sequence is poorly conserved.



Supplementary Figure 2

102 — o
S o 'ﬁ& -
M 106 — ° °
K F - : :
® o
kDa éi £ 110 - NS
Q. 0 .o
e 7 ° o :e@kv @ - @§ 3
50 E 114 - k-] o o ot e
40 = i 0o ' ©
2 ° o °
pr— 5118— . 2% % o, °
30 ; - ® ?00 e ° °
6,09 O
25 & 120 - o f 0;@00:2,000
o
i P o ® ° ®
20 126 o’ ® o
_ o °
o [} o
15 Ry 7 ® 4
130 —
10 e s smatas | ° %
-]
1 T T T T T T T T T T T 7T
9.5 9.0 8.5 8.0 7.5 7.0 6.5

H chemical shift (ppm)

Supplementary Figure 2. Purification of MapZcy. subdomains and NMR spectrum of
MapZextrazmut

(A) The MapZ extracellular domain (MapZexira), the N-terminal subdomain from Q182 to
G313 (MapZexira1), the C-terminal subdomain from S355 to Y464 (MapZexia2) and the
subdomain MapZeuaz containing the following amino acid replacements R409A, Y411A,
N428A, Y430F, Y450A, F451L and N454A (MapZexiraomut) Were overproduced in E. coli
BL21(DE3), purified and analyzed by SDS-PAGE. (B) 2D-['H,"°N]-BEST-TROSY spectrum
of MapZexiraamut. This dispersion of resonances in this spectrum is similar to that presented in

Fig. 1B for MapZexua2 suggesting a conserved fold of the mutated subdomain.
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Supplementary Figure 3. Independent folding of MapZ.yta1 and MapZeyira2 subdomains
and flexibility of the SRL

(A) 2D-['H,""N]-BEST-TROSY of MapZey recorded at 25 °C and pH 7.5, is displayed with
the peak assignments colored in turquoise and magenta for the subdomains MapZexira1 and
MapZexira2, respectively. Crosses (x) show resonances with intensities below the selected
contour level threshold. (B) Region of MapZewa 2D-['H,'"N]-BEST-TROSY spectrum
recorded at 25 °C and pH 4.5. New intense peaks are detected at pH 4.5 in addition to signals
from the two MapZexirai and MapZexiraz Subdomains, highlighting the presence of amide

protons from the disordered serine-rich linker (SRL) in fast exchange with water.
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Supplementary Figure 4. NMR relaxation measurements on full-length MapZ.(x

R;, R> and R,/R; values, measured at 25°C, pH 7.5 and 600 MHz in full-length MapZeir,, are
represented as histograms along the protein sequence in the upper, middle and lower graphs,
respectively. Standard deviations on individual values are shown as vertical segments in black.
While MapZexira2 €xhibits relatively stable and low R,/R; values along its sequence, MapZexiral
presents higher and more heterogeneous values resulting from its anisotropic shape and
flexible regions. One residue from the serine-rich linker was assigned unambiguously. Its low
R; and R,/R; values evidence a fast local motion of the serine-rich linker. Recording and

processing of these relaxation data is reported in the Supplementary Methods section.
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Supplementary Figure 5. Biophysical data showing that MapZera1 and MapZexa2 are
independent domains

(A) SAXS data of MapZeyya at 5 mg mL™ (blue) and 2 mg mL™"' (red). (B) Kratky plot derived
from the SAXS data recorded at 5 mg mL™". Its pattern is characteristic of a protein exhibiting
folded domains and disordered regions. (C) SPR analyses of the interaction between
MapZexirai and MapZexira2. MapZexiraz Was covalently coupled to the surface of a CMS5
sensorchip. Increasing amounts of MapZexira1 Were injected onto the MapZexraz coupled
sensorship. RU, response units. The graph is representative of experiments made in triplicate
and suggests the absence of detectable interaction between MapZexirai and MapZexirar
subdomains. (D) Superposition of 2D-['H,"’N]-BEST-TROSY recorded on '°N-labeled
MapZeyira1 before (red) and after (blue) addition of two equivalent of ’N-labeled MapZexao.
Absence of chemical shift variations between the two spectra confirms the absence of

interaction between MapZexira1 and MapZexira2 Subdomains.
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Supplementary Figure 6. Dynamics behavior of MapZeya1 and MapZeya2 individual
subdomains

Ry/R; and {'H})'’N-NOE relaxation parameters measured for the residues of the (A) MapZeyial
and (B) MapZexua2 individual subdomains. These parameters are shown as blue histograms as
a function of the protein sequence. Standard deviation to each value is shown as a black
vertical segment. R»/R; values back calculated with the HYDRONMR software® from the
lowest energy structure of MapZexira1 and MapZexiraz are shown as an orange line. Global
profile of the back calculated R,/R, values are representative of the difference in anisotropy
between the two domains. In MapZ,,,.,,, the N-terminal region (residues 182 to 199) exhibits a
significant flexibility. In MapZexira2, the 10 last residues (454 — 464) show also an increased

flexibility due to their terminal position, on the contrary to the rest of the subdomain.
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Supplementary Figure 7. Electrostatic surface representation of MapZey¢ra

The MapZexa structure is colored accordingly to the electrostatic suface potential, with
positive and negative regions in blue and red, respectively. Left and right structures are
rotated by 180° along the y-axis. Structures are represented in the same orientation as in Fig.

2A.
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Supplementary Figure 8. Cell size parameters of exponentially growing wild type and

mapZ mutated strains

Cell size parameters are presented either (A) as histograms showing the frequency of cell
length / cell width ratio or (B) dot cloud in which cell width distribution is presented as a
function of the cell length. WT cells are shown as gray shadows or dot clouds whereas
mapZAextra?, mapZ-extra?Mut, mapZAextral-ASRL, and mapZ-lpoAy-extral strains are

shown as red histograms or dot clouds. n indicates the number of cells analyzed. Statistical
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Supplementary Figure 9. Expression of GFP fusions in WT and mapZ mutants

Expression of MapZ mutated forms fused to GFP in gfp-mapZAextral-ASRL, gfp-
mapZAextra2, gfp-mapZ-lpoAn-extra2, gfp-mapZextra?Mut, gfp-mapZ and wild-type strains.
Cells were grown in THY medium at 37°C to ODsso = 0.3. Crude extracts (25 pg) were
analyzed by SDS-PAGE, electro-blotted onto a PVDF membrane and probed with anti-GFP
antibodies. To estimate the relative quantity of proteins in crude extracts and to compare the
different lanes, a second immunoblot analysis, using the enolase as an internal standard was
performed. Detection of the enolase in each sample using specific antibodies (aEno, doi:

10.1111/j.1365-2958.2011.07962.x) is presented in the lower part of the Figure.
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Supplementary Figure 10. Localization of FtsZ-GFP in WT, and mapZAextra2 and
mapZ-extra2Mut cells

Phase contrast (left), GFP fluorescent signal (middle), and overlays (right) between phase
contrast (red) and GFP (green) images, as well as the map of FtsZ-GFP fluorescence profiles,
are shown. The total integrated fluorescence intensity of each cell (y-axis) is plotted as a
function of its cell length (x-axis). Cells are sorted according to increasing cell length from
left to right on the later axis. For each fluorescence profile, n indicates the total number of
cells analyzed. Scale bars on the microscopy images and fluorescence profiles correspond to 2

um.
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Supplementary Figure 11

Supplementary Figure 11. The patch of seven conserved surface-exposed amino acids of
MapZexira

Surface of MapZexiraz colored (A) in purple for the highly conserved residues, (B) in red for
the seven-residues mutation performed in this study. Deleterious mutations for MapZ folding
are indicated in orange in panel B. (C) The seven amino acids of the conserved patch are

shown as sticks together with the secondary structure elements of MapZexira.

11



Supplementary Figure 12
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Supplementary Figure 12. Interaction of MapZ .2 with peptidoglycan

(A) Interaction of MapZexiraz and MapZexiraamue With peptidoglycan from Escherichia coli and
Bacillus subtilis. The fraction of MapZexiraz 0 MapZexirazmut Unbound to peptidoglycan (UB)
and bound to cell wall (B) were detected using a mouse anti-histidine-tag antibody. The
experiment was made in triplicate. (B) Full blot image corresponding to Figure 6A. The latter

is represented by the black rectangle.
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SUPPLEMENTARY TABLES

Supplementary Table 1. Strain viability and generation time

Strains Viability” (%) Generation time” (min)
Wild type 100 + 7 32+0.5
mapZAextra? 75.6+3.9 42+2.5
mapZ-extra2Mut 82.8+£5.5 43+£2.5
mapZAextral-ASRL 66.4+4.8 425+1.5
mapZ-lpoAy-extra2 1009 £5.1 31.5+£1.5
AmapZ 70.3+£0.7 48 £2

? Colony-forming units per milliliter (c.f.u. mL™") estimated by plating and normalized to that
of wildtype strain. Data are shown with s.d. for three independent experiments.
® Time required for doubling of the optical density (ODsspm) in liquid culture. Data are shown
with s.d. for three independent experiments.
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Supplementary Table 2. Strains and plasmids

Strains Genotype and description References
S. pneumoniae strains
R800 S. pneumoniae R6 derivative Gift from J.-P. Claverys,
Toulouse, France
WT R800 rpsL1; Str? Gift from J.-P. Claverys,
Toulouse, France
mapZAextra2 | R800 rpsL1, mapZ::mapZA(S355-Y464); Str® This study
mapZ- R800 rpsL1, mapZ::mapZ-R409A4-Y4114-N428A4-Y430F-Y450A4- This stud
extra2Mut F451L-N4544; St® ue
ZA 1- .
Z“;’z ; eXIral=1 R800 rpsL1, mapZ::mapZA(Q182-G313); Str* This study
’e’;‘;ffz'h"’AN’ R800 rpsL1, mapZ::mapZ[(Q182-G313)::lpoA(G28-T256)]; St} This study
gfp-mapZ R800 rpsL1, mapZ::gfp-mapZ; Str® N
gfp- 5 gy R -
mapZAextra? R800 rpsL1, mapZ::gfp-mapZA(S355-Y464); Str This study
gfp-mapZ- R800 rpsL1, mapZ:.gfp-mapZ-R409A4-Y411A-N428A-Y430F - This stud
extra2Mut Y4504-F451L-N4544; St s study
gfp-
mapZAextral- | R800 rpsL1, mapZ::gfp-mapZA(Q182-G313); Str® This study
ASRL
gfp-mapZ- R800 rpsL1, mapZ::.gfp-mapZ[(Q182-G313)::lpoA(G28-T256)]; .
R This study
IpoAy-extra?2 Str
fisZ-gfp R800 rpsL1, fisZ::ftsZ-gfp; Str" 1
JisZ-gfp_ .. . . QR -
mapZAextra? R800 rpsL1, ftsZ::ftsZ-gfp, mapZ::mapZA(S355-Y464); Str This study
f;i‘f’%’— R800 rpsL1, fisZ::ftsZ-gfp, mapZ::mapZ-R409A-Y4114-N428A- This stud
P Y430F-Y4504-F451L-N4544; Str* Y
extra?Mut
E. coli strains
XL1-Blue supE44 hsdR17 recAl endAl gyrA46 thi relAl lac- F'[proAB + 5
lacl® lacZDM15 Tnl0 (Tc")]
BL21(DE3) F-.ompT gal d'cm lon hsdSg(rg- mg-) I(DE3 [lacl lacUV5-T7 gene 6
1 ind1 sam7 nin5))
Plasmids
pT7-7- pT7-7 derivative, encoding the whole extracellular domain of 4
MapZeyira MapZ, from GIn182 to Tyr464, Amp"
pETPhos pET28 derlvalslve, encoding a His-tag for N-terminal His-tag 7
fusions, Amp
pETPhos- pETI;hos derivative, encoding MapZ.yu.1 from GIn182 to Gly313, This study
mapZesrai Amp
pETPhos- pETI;hos derivative, encoding MapZ..u.» from Ser355 to Tyr464, This study
MapZexraz Amp
ETPhos- pETPhos derivative, encoding MapZexux from Ser355 to Tyr464,
?na 7 with mutations R409A-Y411A-N428A-Y430F-Y450A-F451L- This study
D Lextra2Mut N454A, AmpR
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Supplementary Table 3. List of primers

Purpose l?ljllslfn(i); Ne? Sequence 5'-3'", gene, position*
1up () GTCTAGCCTCTTTAAACGTGG, upstream of
mapZ, -688
2 down () GCATCAAGTCATAGCTTTCTGC,
downstream of mapZ, +2086
3GEP () TCCGGATCCCTCGAGTTTATACAATTCAT
CCATACCATG, gfp, +717
4GFP () CTCGAGGGATCCGGAATGAGTAAAAAA
2 AGACGAAATCG, mapZ, +1
'3 5 Aextral- ACGATAGACATAATAAGCACTG, mapZ,
z ASRL/LpoAy (-) | 543
3 CAGTGCTTATTATGTCTATCGTAGTCGCA
S 6 Aextral-ASRL (+) | GTGAAGTCAATATGGGTC, mapZ, +1063
S ACTTCTAGTCTCATTTGAACTAC, mapZ,
2 7 Aextra2 (-) +1062
o mapZ GTAGTTCAAATGAGACTAGAAGTTAAGC
S 8 Acxtra2 () AGTCGTTACAAAATTCTTTC, mapZ, +1393
5 9 LooA. (+ CAGTGCTTATTATGTCTATCGTGGCACCC
5 poAx () ATACTCCCGATCAG, lpoA, +82
E 10 LpoAx () GAAGTACTTGTTTGCTGGCTCTTGGTCGA
5 POAN GGCTGGTTTAAACGC, lpod, +768
© , AAGAGCCAGCAAACAAGTACTTC, mapZ,
11 LpoAy' (+) 1940
GGTCTCCAGTGATAGCGCCAGCTGAACG
12 R409A-Y4LIA () TGAAGTC, mapZ, +1246
GCTTATAGAGGTTGTAAAAACCAGCGCC
13 N428A-Y430F (-) GTTAACGATATTG, mapZ, +1306
14 Y450A-F451L- | GACCAGCGCCAGCTCCGACTAGGGCGC
N454A (-) CTGTCTTAC, mapZ, +1372
P 1S extral-s' (1) | OOGAATTCCATATGCAAGTGGCTCGTTCG
58 g pETPhos- ACCAAGG, mapZ, +544 (Ndel)
£ &g MaApZesiral 16extral3 () | TATGGATCCTTAACCAAGACTGATAGCC
5575 TTATCTAGC, mapZ, +939 (BamHI)
£z 2 S| pETPhos- 17 extraz-s' (+) | OOGAATTCCATATGAGTCGCAGTGAAGT
EE mapZexiraz CAATATGG, mapZ, +1063 (Ndel)
Oz pETPhos- 18 extran3 (- TATGGATCCTTAGTAGTCCAAGTCATCCG
S0 | papZeweosi extra2-3'(-) | 07, +1395 (BamHI)

* Forward and reverse primers are represented by plus (+) or minus (-), respectively.

® For primer pairs 3/4, 5/6, 7/8, 9/10, 5/9, and 10/11, sequences underlined are complementary
to each other. The sequences underlined in primers 3 and 4 code for a linker inserted between
MapZ and the GFP. For primers 12 to 14, mutated bases are in bold. For primers 15 to 18,
restriction sites are italicized and the corresponding restriction enzymes are indicated in

brackets.

¢ - and + indicate respectively upstream and downstream positions relative to the ATG codon

of the corresponding gene.
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