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Supplementary Tables

Abundance (relative value to FtsZ in parentheses)

Source FtsZ Ftsl/PBP2b/PBP2x FtsW
Arike et al. 585 (1) 0.21 (0.00359) 0.14 (0.00239)
Krug et al.? 1291 (1) 1.97 (0.00152) 2.12 (0.00164)
PRIDE PRD000418° 507 (1) 13.8 (0.02722) 1.97 (0.00389)
Valgepea et al.* 956 (1) 36.3 (0.03797) 27.4 (0.02866)
'§ Arike et al.” 942 (1) 59.0 (0.06263) 12.6 (0.01337)
wi Luetal® 1376 (1) 11.5 (0.00836) 0.91 (0.00066)
Lewis et al.® 887 (1) 3.83 (0.00432) 0.86 (0.00097)
PRIDE PRD000485’ 811 (1) 27.5(0.03391) 6.01 (0.00741)
PRIDE PRD000485’ 721 (1) NA 6.11 (0.00847)
PAX db 4.18 833 (1) 0.25 (0.00030) NA
2 Chietal® 744 (1) 87.5(0.11761) 53.0 (0.07124)
§ PAX db 4.18 894 (1) 97.5 (0.10906) 19.9 (0.02225)
(7/]
. 8 16.6
(1] PAX db 4.1 909 (1) 98.5 (0.10836) (0.018262)
s
'g Noirclerc-Savoye et al.™ NA 260 NA
S
S
g
Q Laraetal." 3000 NA NA
7]
E. coli average relative abundance 0.01962 0.00726
B. subtilis average relative abundance 0.11168 0.03725
S. pneumoniae relative abundance 0.087 NA

Supplementary Table 1. Comparison of PG synthase abundance between E. coli, B. subtilis,
and S. pneumoniae. E. coli and B. subtilis data were gathered from the protein abundance
database®. For E. coli, we pulled all results from searching “Ftsl,” “FtsW,” or “FtsZ.” For B. subtilis
we pulled all results from searching “PBPb”, “FtsW,” or “FtsZ.” S. pneumoniae estimates were

obtained from the literature'®"",



Position  Mutation Annotation Gene Description
257,908 AT76bp insB9—[crl] insB9, insA9, [crl]
361,267 A6303bp [lacAJ-lacl [lacA] lacY,lacZ,lacl
1,978,503  A776bp insB-5-insA-5  insB-5, insA-5
DNA-binding
IS5 (-) _ uvrY « 1 — o _
1,995,620 Intergenic (-261/-32) transcriptional activator
+4b yecU :
UvrY/protein YecU
Pseudogene (915- Galactitol-specific PTS
2,173,363 A2 bp gatC «
916/1358nt) enzyme |IC component
2,958,626 Co>T A87T (GCA — ACA) ptrA « protease 3
DNA-binding
Pseudogene
3,560,455 +G glpR « transcriptional repressor
(151/758nt)
GIpR
Glutamate/aspartate:
_ i H(+) symporter
4,296,381 +GC Intergenic (+587/+55) gllitP — | « yjcO

GltP/Sel1 repeat-

containing protein YjcO

Supplementary Table 2. Identified mutations and deletions in the parent strain TB28 from

whole genome sequencing in comparison to E. coli strain MG1655. JM136 shared these

same perturbations in addition to insertion of HaloTag at Ftsl's N-terminus.



Name Purpose Sequence
Amplifying pACYC
JM26 GTGCACATTATACGAGCCGATGA
vector (R)
Amplifying sgRNA
JM35 | | CGGCGTAGAGGATCCACAGGACGGGTGTGGTCGC
insert (R)
Amplifying pACYC
JM44 ATCATGGCGACCACACCCGTCCTGTGGATCCTCTAC
vector (F)
IM97 Amplifying fts!’®™ TCGTATAATGTGCACAACATGCCAACTTTATCAGTGTTTTAG
sgRNA (F) AGCTAGAAATAGCAAGTTAA
. AAGCAGCGGCGAAAACGCAGAAACCAAAACGTCAGGAAGA
Amplifying halotag-
JM9O5 /1819 ol . ACACGCAAACGGTGGCGGTGGTAGCGGATCCGAAATCGGT
S repair oligo (F) ACTGGC
Amplifying halotag- AGCGCCAGGAGAATACAGCCGCATAACAACGCAAAACGCC
JMO6 | ftsI'®" repair oligo ATGAAATGAAGCTACCACCGCCACCGGAAATCTCCAGAGTA
(R) GAC

Supplementary Table 3. Primers used in this study. JM97 contains a 20nt protospacer for
amplifying the sgRNA. JM95 and JM96 have GGGGS linkers encoded in their sequence in

addition to the 50nt overhangs with the genomic site for A-Red insertion.

Strain Genotype Reference/Source
TB28 | E. coli MG1655 laclYZ <> frt Bernhardt 2003
JM136 | TB28 ftsl::halotag-fts|'®" This Study
EC182 | E. coli MG1655 ftsl::cat (attL-lom)::bla laclQ pBad-fts! Wissel & Weiss 2004 "
G528 B. subtilis PY79 pbp2B::erm-Phyperspank-Halo Tag-15aa- Bisson-Filho 2017
pbp2B
IU15096 | S. pneumoniae D39 Acps rpsL1 ftsW-Lo-ht-Pc-erm Perez 2019™
Plasmid Genotype Reference/Source
pXY018 | pCA24N, laclQ, GFP-ZapA Yang 2017'®
pRMO027 | Pis.iac::meos3.2-ftsl This Study
pKD46 | repA101(ts), ParaB™ (gam bet exo) Datsenki 2000""
pGH33 | pET28a, Ppad::spCas9, ampR This Study
pGH34 | pACYC, cmR, Ppag::sacB, Ppas::SgRNA This Study
pJM44 | pACYC, cmR, Ppad::sacB, Praq::ftsI’®°sgRNA This Study

Supplementary Table 4. Strains and plasmids used in this study.




Supplementary Figures
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Supplementary Figure 1. Abundance of sPG synthase modulates FtsZ treadmilling
speed-dependence of cell wall synthesis. a Representative simulation trajectory of two
sPG synthases on a treadmilling FtsZ filament. Left: Schematic of two sPG synthases on
the same treadmilling FtsZ filament, as compared to the case of one sPG synthase. Note
that as the two sPG synthases move along the one-dimensional track of a FtsZ filament,



one of them will start to end-track the FtsZ shrinking end, with the hops around in the
middle of the FtsZ filament. As the first pass, the only interaction between the sPG
synthases considered by the current model is a short-ranged volume exclusion preventing
them from crossing each other —when the two complexes touch each other, they “bounce”
apart by 5 nm. As such, when the two sPG synthases approach each other, the end-
tracking one will be “knocked” off the track and the other will take over the baton and start
end-tracking. b Dependence of FtsZ-bound sPG synthase lifetime on FtsZ treadmilling
speed. ¢ sPG synthase levels modulate the dependence of sPG synthase activation rate
(i.e., the inverse of the lifetime in b) on FtsZ treadmilling speed. d sPG synthase level and
FtsZ-binding potential govern the sensitivity of sPG synthase activation on FtsZ
treadmilling speed. With the FtsZ treadmilling speed increasing 3-fold (from 8.3 to 25
nm/s), we counted it as “insensitive-dependence”, if the corresponding changes in sPG
synthase activation rate is less than 30%, relative to the activation rate at FtsZ treadmilling
speed of 8.3 nm/s. Otherwise, we counted it as “sensitive-dependence”. For (a—d), 100
independent stochastic simulation trajectories were simulated and averaged for each data
point, wherever it applies. If not otherwise mentioned, the nominal parameter set is that
the diffusion constant of free sSPG synthases is 0.04 pm?/s, sPG synthase-FtsZ binding

potential 10 ksT, and FtsZ treadmilling speed 25 nm/s.
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Supplementary Figure 2. Model results of Ftsl movement at the FtsZ growing end. a A
representative simulated trajectory of a slow-diffusing Ftsl. It gets stuck at the FtsZ growing end
until it can persistently end-track the FtsZ shrinking end. b A representative simulated trajectory
of a fast-diffusing Ftsl. It escapes from the FtsZ growing end before the FtsZ shrinking end
approaches it. The diffusion constant of free Ftsl is set to be 0.01 mm?s in A) and 0.04 mm?/s in

b. The rest of the parameters are the same for a and b: Ftsl-FtsZ binding potential is 10 kT and
FtsZ treadmilling speed is 25 nm/s.
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Supplementary Figure 3. Model results of analytic solution. a Schematic of chemical

reactions for the Ftsl bound to the FtsZ end subunit. b Schematic of chemical reactions for the

free Ftsl to catch up with the FtsZ end subunit. ¢ FtsZ treadmilling speed-dependence of the

average run distance and duration of Ftsl persistent end-tracking. Here, the plot is calculated

based on the analytic solutions of Supplementary Equations [3-4], where t, = 60 s and 7, =

0.0003 s. Aslong as 1, >> t; >> 1, the essence of the plot holds up.



O

2 Q
g 8
E16{ ¢ =
(o))
£
S 14
>
<}
012
T T T T 1 1
0 5 10 15 20 25 TB28 JM136
Time (hr)
C d s

Cell Length (um)
BN [o)]

\®]

TB28 JM136

L TB28 JM136

250 kDa

130 kDa

100 kDa s s ww  Halo-FisISW
70kDa W . Ftsl

55kDa W

Supplementary Figure 4. Characterization of JM136. a Growth curve of TB28 vs. JM136 (with
Halo-Ftsl) in M9 minimal media at 30 °C (mean + S.E.M., n = 3 biological replicates). b TB28 vs.
JM136 doubling time, calculated from the growth curve in a (mean % standard deviation, n = 3
biological replicates). ¢ Phase contrast images of TB28 and JM136. Scale bar is 5um. Experiment
repeated three times with similar results. d Cell length of TB28 vs. JM136, measured from Oufti'®
from phase contrast images (mean % standard deviation, n = 1 biological replicate. TB28 n = 98
cells, JM136 n = 68 cells). e Western blot of Ftsl in TB28 and JM136 (three biological replicates

each, experiment was repeated 2 other times with similar results). "L" denotes the lane the ladder



was run in. f Halo-Ftsl localizes mid-cell in Halo-Ftsl. Cells were stained with 1uM JF646. Scale

bar is 5um. Experiment was repeated three times with similar results
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Supplementary Figure 5. Segmentation and deconvolution of Ftsl directional segments. a

To determine the noise-to-signal ratio R = g, we use the residual and displacement information

from fitted segments. b A two-population CDF fit to the raw velocity data (139 processive
segments in n = 49 cells, 18 biological replicates). Parameters were measured on the In-scale,
where P = 049 £+ 0.15, ys = 2.1 £ 0.14, 01 = 0.50 £ 0.15, p> = 3.3 £ 0.20, 02 = 0.50 + 0.12 (all
mean * S.E.M, derived from bootstrapping the data n = 200 times). ¢ Fitting the two Ftsl
populations to their separate fits, with FtsZ from Yang et al.’® for comparison. d Raw Ftsl

histogram with the two-population overlay, used for deconvolution of the fast population.
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