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EXPERIMENTAL CELL SHAPE PARAMETERS

A number of quantities can be immediately calculated from each splined cell contour
(Supplementary Fig. 1a), including the cross-sectional area. The cell medial axis was de-
termined by calculating the Voronoi diagram of the cell contour [1], pruning the branches
(Supplementary Fig. 1b), and extending this skeleton to the edges of the cell contour in a
manner that preserves average curvature of the medial axis (Supplementary Fig. 1c). The
intersections between the cell medial axis and contour represent the stalked and swarmer
poles, respectively. The cell length was calculated by evaluating the distance along the me-
dial axis between either pole. The cell widths were determined by creating ribs perpendicular
to the medial axis along its length and determining the distances between their intersections
with opposite sides of the cell contour (Supplementary Fig. 1d). To calculate time-averaged
quantities, we normalized trajectories for each generation by the respective division time 7
(thus converting each variable to a function of ¢ = t/7). We then split these data into 73
bins, as (7) = 73 £ 7 min under these conditions, and ensemble-averaged each of these bins
over every generation.

We can define five specific values of the width according to the local minima and maxima
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swarmer portions (Supplementary Fig. 2b). Although we note the value of these quantities
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Supplementary Figure 1. Procedure for calculating shape parameters. (a) B-spline cell
contour extracted from segmented phase contrast image. (b) The interior part of the medial cell
axis was obtained by taking the Voronoi diagram of the cell contour, which is equivalent to the locus
of inscribed circles. (c) The medial axis located on each side of the width minimum (excluding
the constriction zone) was extended to either pole such that average radius of curvature remained

constant. (d) The cell widths are the ribs perpendicular to the medial axis.

for early times here (where they are approximately equal to their respective local maxima),
these minima can only be determined with certainty at later times (¢ > 0.6). There, we
observe the presence of a secondary minimum in the stalked portions of most cells.

We split each cell into stalked and swarmer portions according to the location of the
primary minimum in the width profile. The radius of curvature (R) was calculated as the
radius of the best-fit circle to the cell medial axis. We tested two methods of determining

the radius of curvature: (I) fitting the whole cell to a circle or (II) fitting the stalked
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Supplementary Figure 2. Unnormalized values of the cell shape parameters. Time-
dependence of (a) width maxima, and (b) width minima, of both stalked and swarmer portions.
These data correspond to Fig. 5a in the main text. (c) Radius of curvature calculated for either
the entire cell (black), the stalked portion only (red), or the swarmer portion only (blue). (d)
Unnormalized length from stalked pole to either the primary (red) or secondary (green) width
minima. These data correspond to Fig. 5b in the main text. Superscript * refers to either st or

sw, respectively, as indicated in each figure legend.

and swarmer portions separately. At early times in the cell cycle, (II) gives poorer results
because of fewer data points. At later times in the cell cycle, (I) gives poorer results because
the stalked and swarmer portions can indeed have differing radii of curvature, which we
attribute to the alignment of the swarmer portion of the cell with the direction of fluid flow
after the division plane has narrowed enough that it becomes mechanically decoupled from
the stalked portion, i.e., like a flexible hinge. However, in the mean the results of (II) are
equal to the value calculated by (I) for earlier times. Therefore, we use only data from
method (I) but exclude later time points (Supplementary Fig. 2¢). Because of the variation
in the values of the calculated radius of curvature was large, such that we cannot define
a reasonable arithmetic mean without arbitrarily filtering the dataset, we first averaged

the corresponding unsigned curvature (equivalent to (R™')) and then converted to radius of
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mean £ S.D. 10)

W 0.74 £0.02 pum  [0,0.5]
wit . 0.85+0.02 um  [0,0.5]
wst 0.84 £0.03 pum  [0,0.5]
Wi 083 £0.02 pum  [0,0.5]
wsY 082 +0.02 pum  [0,0.5]
R 444 +212  pum  [0,0.5]
RSt 4344250 pm  [0,0.5]
Rsv 3944242 um  [0,0.5]
st )e 54.3 + 5.2 % [0,1]

AL 45.7 + 5.2 % [0, 1]

Supplementary Table 1. Average values of the cell shape parameters that are assumed
constant over the specified time interval of ¢. The time-average value of the width (w) is

smaller than both <wf§

) and (wit ) because it accounts for the width at the primary minimum

Wmin. Note the close correspondence between either width maximum and its corresponding mini-

mum for ¢ < 0.6, as well as ws! _ and ¢!, . Both width and radius of curvature for the swarmer

max min*

portion are smaller than their respective values for the stalked portion.

curvature (i.e., what we report as (R) is actually the harmonic mean, calculated as (R~')~!).
The length was also split according to the locations of the local minima, into £5* (distance

along cell medial axis from stalked pole to wyy), £** (distance along cell medial axis from

st
min

(distance along cell medial axis from stalked pole to wgk, ), and

swarmer pole to Wyiy), ¢

Sw
min

(distance along cell medial axis from swarmer pole to w% ). The value of £5 and ¢3¢,
are compared in Supplementary Fig. 2d. Note that the length of the stalked portion ¢5
grows exponentially, with the same time constant as the length ¢ (as does ¢°“ although it is
not shown here for clarity), which is a necessary condition for the addition of peptidoglycan

material along the entire length of the cell when the location of wy;, is set at early times.

At later times (¢ > 0.6), the length from stalked pole to secondary minimum ¢5, also starts
to increase.

We relate the asymmetry in the length of stalked and swarmer portions at early times
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Supplementary Figure 3. Ratios of maximum width at stalked:swarmer poles versus
stalked:swarmer lengths. The three columns delineate the time period from which data were
taken: (a) first 10% of the generation, (b) middle 10% of the generation, and (c) last 10% of the
generation. Blue points show the average value of wil, /ws¥  calculated by binning 5 /5% into
bins of width 0.05, with size of each error bar showing the standard deviation of the values within

that bin. The best-fit line for 1 < ¢5¢/¢5* < 1.2 is indicated in red (coefficient of determination

R? =0.15). This line runs from (1.0,1.01) to (1.2, 1.04).

to asymmetries in the stalked and swarmer poles. The model predicts a linear relationship
between the ratio of lengths £**/£** and the ratio of the tensions at either pole ;' /5. We
cannot directly measure the latter quantity, but from Laplace’s law it is equal to the inverse
ratio of the mean curvatures at either pole, which we approximate as the inverse of half the

st and wiY

max max’

maximum pole width, assuming that the poles are hemispheres with diameter w
respectively. Supplementary Fig. 3 shows scatter plots comparing ws,_/w® to ¢ /¢ for
three different time intervals. The red best-fit line is shown only for Supplementary Fig. 3a,
for which R? = 0.15 (linear fits to all other plots produced values of R* < 0.05). This line
runs from the point (1.0,1.01), corresponding to the dashed blue curve in Fig. 3c of the
main text (which is the case of a symmetric cell) to (1.2,1.04), corresponding to the red solid
curve in Fig. 3d of the main text (which is the case of the average asymmetric C. crescentus
cell). Note that at times ¢ > 0.6, any correlation disappears.

In order to quantify the error in our width profiles, we imaged a single field of view of
24 C. crescentus cells perfused in complex medium at 31°C at a frame rate of 5 frames per
second (300 times faster than the frame rate used to acquire all other data), and calculated
the splined contours for each cell. We focused in particular on a single “dead” (non-growing
and non-dividing) cell, and found the root-mean-square deviation (RMSD) of nearest points

along the cell contour between subsequent frames to be 12 nm. In addition, we found the



RMSD of equivalent points along the width profile between subsequent frames to be 28 nm,
or a 3.2% pinch depth at the average value of w®, = 0.85 um.

max

CELL SHAPE MODEL

Cell Wall Mechanics. The total energy E for the bacterial cell wall is given as the
sum of contributions from an active internal pressure P driving cell volume (V') expansion,
mechanical energy FEy.; in the cell wall, and the mechanical energy of interactions with

cytoskeletal proteins Epioteins:
E=-PV + Ewall + Eproteins . (S]-)

The bacterial cell wall consists of a network of glycan strands cross-linked by peptide chains
know as the peptidoglycan network. Growth occurs via the insertion of new peptidoglycan
strands into the existing network along with the breaking of existing bonds due to turgor
pressure induced stretching. We assume that elastic equilibrium is reached rapidly as com-
pared to the rate of synthesis of new material [2]. As a result of cell wall remodeling and
irreversible elongation, growth can be understood as resulting from plastic deformations [3—
5]. To understand the origin of the cell wall tension, ~, in the model introduced in the main
text, we consider the cell wall as a thin elastic shell that deforms plastically when stretched
beyond a maximum strain ey, the yield strain. A thin shell has two modes of elastic defor-
mations, bending and stretching [6], such that Fyan = Estreteh + Foend. In the limit of small
thickness of the shell h as compared to its radii of curvature, one can neglect the bending

energy (that scales as Fyeng ~ h3) whereas the stretching energy FEgieten 18 given by,
h
Egtreten = §/dA 0ij€ij (8-2)

where o;; is the mechanical stress tensor and g;; is the strain tensor. As yield strain is
reached at the onset of growth, we have ¢;; = €y d;; (assuming isotropic stretching), where
d;; is the Kronecker delta. Furthermore, assuming a Hookean constitutive relation for the

stress tensor [6]

Y
O = T (1 —v)eyj + verdij] (S.3)
where Y is the Young’s modulus and v is the Poisson ratio, we have Fgeten = 7A, Where,
1 Yhet
= 5065 = T8 - S.4
TRt T ) (S-4)



For a Gram-negative bacterial cell wall of thickness A ~ 3 nm, elastic modulus Y ~ 40
MPa [7] and average yield strain ey ~ 0.5, the wall tension is estimated to be 7 = 50
nN/pum. While the actual value for the turgor pressure counteracting this tension can be
contested, our choice for the numerical value for internal pressure P can be justified using
a simple mechanical argument. Radial force-balance dictates that in order to maintain an
average cross-sectional radius r ~ 0.4 pum, a cell wall with surface tension v ~ 50 nm/pm has
to balance an internal pressure of magnitude P = 2v/r ~ 0.25 MPa, which is numerically
very close to our choice for P = 0.3 MPa.

Cytoskeletal bundle mechanics. Next, we model the mechanical energy in the cell wall
due to interactions with cytoskeletal proteins. Our minimalist approach considers two crucial
protein bundles that are directly responsible for maintaining the shape of C. crescentus
cells. MreB protein bundles contribute an effective energy FEiqm, which favors a rod-like
shape, and crescentin filament bundles contribute an energy E.., which favors a crescent-
like shape. We thus have Fpoteins = Ewidth + Feres- MreB subunits form patchy filamentous
bundles adherent to the cell wall and oriented perpendicular to the long axis of the cell [8, 9].
The elastic energy stored in an adherent MreB subunit is given by

k 1 1)\?
ErieBi = Ebfz‘ (; — R_) ; (5.5)

where i labels the subunit, r; is the circumferential radius of curvature of the cell wall where
the subunit is attached, ¢; is the length of the subunit, R,, is the intrinsic radius of curvature
and kj is the bending rigidity of the associated MreB bundle. The total energy imparted
by a collection of N,, attached MreB subunits is given by FEyiqtn = Zf\[m Ennen,i- Next,
employing a continuum mean field assumption, we replace individual subunit lengths by
their average length (¢) ~ 5 nm [10] and assume a uniform number density p,, of MreB

subunits in the cell surface to obtain

ko 1 1)\?
Ewidth - T/dA (; - R_) ) (86)

where, k,, = kyp, () is the effective bending modulus due to MreB induced traction forces.
The bending rigidity of an MreB bundle is given by ky = kawen®, where Eynes is the
flexural rigidity of MreB filaments (assumed to be similar to F-actin), n is the number of
MreB protofilaments per bundle, and £ is an exponent in the range 1-2 depending on the

strength of crosslinking or bundling agents [11]. MreB filaments in a bundle appear to have
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strong lateral interaction with negligible filament sliding, so we assume & ~ 2. The diameter
of an MreB protofilament is ~ 4 nm [12] and the average width of an MreB bundle has
been determined from super-resolution imaging to be in the range 60-90 nm [13], giving the
estimate n ~ 15-22. Estimating the surface number density of MreB subunits as p,,, ~ 5x10%
pm~2 and using kprep =~ 107 nNpm? [14], we obtain k,, in the range 5.6-12.1 nNum.
Crescentin proteins form a cohesive bundled structure anchored to the sidewall of C.

crescentus cells. The energetic contribution due to crescentin is given by

Faws =% [ (c<s> - R%) 7 (s.7)

where k. is the bending rigidity, s is an arc-length parameter, ¢(s) is the longitudinal curva-
ture of the cell wall and R, is the preferred radius of curvature of crescentin bundles. The
bending rigidity of crescentin can be expressed as k. = Y.I, where Y, is the Young’s modulus
and I is the area moment of inertia of the bundle (with width w,) given by I = mw?!/64.
Since crescentin is an intermediate filament homologue, we assume that Y, is similar to the
Young’s modulus of intermediate filament bundles given by Y. ~ 300 MPa [15]. Assuming
we ~ 0.1 ym, we estimate the bending rigidity of a crescentin bundle to be k. ~ 1.5 nNum?.
Mean field model for cell shape and size dynamics. As described in the main text,
the total mechanical energy in the cell wall of C. crescentus cells can be given as a sum of
contributions from internal pressure, wall surface tension, mechanical energy of interactions
with bundles of cytoskeletal proteins such as crescentin and MreB, and the constriction
energy Fg;, during cell division. In the mean field description, we neglect the contributions
from Fy;, and disregard any spatial variations in cell geometry. The mean field description
is a good approximation of the cell shape dynamics for ¢ < 0.5, where the average width and
the midline radius of curvature remains constant (Fig. 2 in the main text). We approximate
the shape of C. crescentus cells as the segment of a torus with radius of curvature R(t),
cross-sectional width w(t) and spanning angle 6(t). We also neglect the pole caps that are
mechanically rigid and do not remodel during wall growth. The total energy is then given
by
E[w, R,0) = —P(mw’R0) /4 + v(7m Rw0) + Eyiath + Feres (S.8)
where

Busaon = "2 (x Ruf) [(@/2) " — R;1]* (5.9

m
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From the above expressions, we see that the total energy has the scaling form E[w, R, 0] =
OU[w, R]. According to Eq. (1) in the main text, the dynamics of the radius of curvature R,
the spanning angle 6 and the width w are given by

1 dR OE
Rt~ RoR (5112)
1 dw OF
wdt Y ow’ (5.11b)
1d6 OE
G _cI)g_aH , (S.11c)

where &, &y and &, are the rate constants. The steady-state values for the radius of
curvature of the centerline and the cross-sectional width is given by the solutions to dgrU = 0
and J,U = 0. As shown in Supplementary Fig. 4a the energy density U admits a stable
absolute minimum in width, controlled by the stiffness parameter k,, such that for lower
values of k,, (red curve in Supplementary Fig. 4a), U does not have a minimum and the
width grows in time rendering the rod-like shape unstable. Similarly, the parameter k.
controls cell curvature, such that the energy density has a stable absolute minimum in R
beyond a critical stiffness k. (Supplementary Fig. 4b). At lower values of k. the cell does not
have a stable radius of curvature and the energy is minimized by increasing R. This leads
to straightening of the cell’s medial axis. In the parameter range where the cell maintains a
stable value for w and R, the energy density U becomes a constant during cell elongation.
From the growth law introduced in the main text, the spanning angle 6 evolves in time

according to the equation

Cé_f = —(PgU)0(2) , (S.12)
such that the condition for exponential growth becomes U < 0.

Constriction dynamics. As described in the main text, we assume that the shape
of the constriction zone is given by two intersecting hemishperical segments with diameter
Wmax- The total surface area of the septum is given by S(t) = Twmaxls(t), where (4(t) is

the total length of the spherical segments (see Supplementary Fig. 5a). Using elementary

geometry, we obtain the following relation between /,4(¢) and the minimum width, wy;,(¢):

Winin (1) = Winax\/1 — (Ls(t) /Wimax)? - (S.13)
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Supplementary Figure 4. Dependence of the mechanical energy on cell width and
radius of curvature. (a) Energy density U as a function of mean cell width w at various values
of bending stiffness (in units of nNum): k,, = 30 (red), k,,, = 40 (green) and k,, = 50 (blue), for

2. The absolute minima (if it exists)

a fixed radius of curvature R = 4.4 ym and k. = 2 nNuym
are indicated by solid circles. (b) U as a function of radius of curvature R at various values of
crescentin stiffness (in units of nNum?): k. = 1.9 (red), k. = 2.0 (green) and k. = 2.1 (blue), for a
fixed width w = 0.74 pm and k,,, = 40 nNum. Other parameters: P = 0.3 MPa, v = 50 nN/pum,

R.=0.5 uym, R,, = 0.31 pm.

If septal growth occurs by addition of new peptidoglycan strands while maintaining the
curvature of the spherical segments, then /,(¢) is the shape variable controlling the growth
of septal surface area S as well as the constriction dynamics of wy,(t). To describe the
dynamics of /4(t), we assume that initial phase of elongation occurs with a velocity vy, and

thereafter growth follows an exponential law with rate s,

dls
dt

= vy + Iidgs(t) . (8.14)

Multiplying both sides of the equation by 7wnay, we derive the growth dynamics of the

surface area S(t),

% = Ko + /idS(t) s (815)

where kg = TwWnyavo. Having determined the dynamics of wy,,, one can evaluate the time-
dependence of the average width w defined as, w(t) = ﬁ f(f ® w(u, t)du, where u is the
coordinate along the centerline. Using the simplified geometry of the constricting cell, given

by two toroidal segments (peripheral regions) connected by two intersecting hemispheres
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(septal region), one gets,

£5(t)/2
w(t) = ZL [w(@(t) —Ls(t)) + 2/0 ws(u,t)du] : (S.16)

where wg(u) = wmax\/ 1 — (2u/wmax)?, is the width in the septal region and w is the average
width of the stalked and swarmer components as determined by Eq. (S.11b). As shown
in Fig. 2c in the main text (blue solid line), Eq. (S.16) is in excellent agreement with the
experimental data and captures the dip in w(t) seen for ¢ > 0.5. Fig. 2b in the main text
also shows that the radius of curvature of the centerline (R(t)) drops for ¢ > 0.5 when cell
constriction is prominent. Therefore we examine the role of constriction dynamics on the
time-dependence of the centerline radius of curvature.

The centerline spans a distance /4(t) and an angle 64(¢) in the septal region, as shown in
Supplementary Fig. 5a. Consider a small segment 6/,4(¢) along the centerline with a local
radius of curvature R and spanning angle 66,. We then have the relation 0¢4(t) = R(t)d0s(t).
This leads to the following identity,

1d@L) _ 1dR 1 d(60,)

Sl, dt  Rdt 66, dt (8.17)

Now the geometry of the septal region (Supplementary Fig. 5a) directly relates the rate

of increase in the spanning angle 06,(¢) to the rate of drop in the tangent angle (¢(t)) at

the constriction site, %d(gfs) — 51p d(j;/})

Wnin () and wpax cos(t) = I5(t), we get d1(t) = dwmin(t)/ls(t) = —dls(t)/wmin(t). The

. Furthermore, using the relations, wyay sin ¥ (t) =

last equality follows after variations of Eq. (S.13). As a result we have the following kinetic

relation,
d(oy)/dt  dwww/dt  d(0l;) — d(06)/dt (5.18)
% Wi 6y 60s '
Combining the identities in Eq. (5.17) and (S.18) we get, R™'dR/dt = w_,dwyn/dt, show-

ing that the radius of curvature drops at the same rate as wy;,(t) shrinks.

Contour Model for cell shape. To quantitatively capture the experimentally observed
spatial variations in cell shape we study an effective two-dimensional contour model for the
cell shape. This approach facilitates closer comparison with the two-dimensional splined
contours obtained from our experimental data. The contour description of the rod-like cell
shape negelects circumferential variations in cell geometry. The model incorporates non-

uniform materials properties and mechanical constraints across the cell wall, with the poles
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Supplementary Figure 5. Geometry of a constricting cell contour. (a) Schematic of the
constriction zone of a dividing cell where the dashed line indicates the centerline with length [,
radius of curvature R and spanning angle 5. S (blue) denotes the septal cell wall, 1) is the tangent
angle at the constriction site and ¢ is the width of the division ring. (b) Compartmentalizing the
cell contour into the (1) stalked pole ps; (red), (2) swarmer pole ps,, (purple) (3) upper wall 1/,
(with crescentin bundle attached, green), (4) Lower wall 2/, (black) and the (5) Septal region
(blue).

and the septal region being mechanically stiffer than the rest of the cell wall. By exploiting
the rod-like geometry, one can use the centerline curve to divide the contour into two parts,
the upper and the lower cell wall. As shown in Supplementary Fig. 5b we further subdivide
the cell contour into the stalked and swarmer poles (psi/sw), the upper (14/s,) and lower
cell wall (24/5w), and the septal region (sep).

We parametrize the instantaneous shape of the cell contour using the two-dimensional
centerline curve R(u,t), the length of the centerline /(¢) and the width w(u,t), where u is
the absolute distance along the centerline from the stalked pole such that u € [0,(¢)]. If n
denotes the outward unit normal vector on the centerline, the curves defining the upper and
lower parts of the cell contour, r4 (u, t), are given by the relation, r» = R+w.n, where w4 (u)
represent the perpendicular distances of the top and bottom curves from the centerline. The
total cell width is then given by w(u,t) = w(u,t) + w_(u,t). It is convenient to switch to
polar coordinates, where the shape of the cell contour is given by the re-parametrized curve
ry(p,t), where 0 < ¢ < 6(t) is the angular coordinate spanning the centerline, which can

be approximated as the arc of a circle with radius R(¢). Since the ratio wy/R (~ 0.1) is

12



small at all times, one can approximate the local curvature as

1
ci(@? t) = T

Wy (i, t) + w0 1)
R() (1 - :

2 2 "2 1
R(t) ) + ﬁ(w:l:a w:l:aw:t ) ) (S 9)

where prime denotes derivative with respect to ¢ and the subscripts 4 represent the upper
and the lower part of the cell contour respectively. Furthermore, in the linear regime, the
differential arc length can be approximated as du ~ Rdyp. The dynamics of the shape
parameters [(t), 6(t), and R(t) are determined from the kinetic law in Eq. (1) of the
main text. The instantaneous width profile w(u, t) results from minimizing the total energy

functional, which leads to the following shape equation,

P — V(U)C:I:(ua t) + fwidth(u7 t) + fcres(u; t) =0 5 (820)

where, () is the tension on the cell contour and fiqen (4, t) and fees(u, t) are the linear force
densities on the contour due to maintenance of width and the crescent shape, respectively.
In the contour model we simplify the energetic contribution due to maintenance of width

(acting on the sections 1 /s and 24/4,) as
K,
Eyidatn = T/du (we — Rm)2 ) (S.21)

where the elastic constant K, depends on the bending rigidity k,, introduced in the main
text as K, = k,,/R2. This linear approximation holds if (wy — R,,)/Rm < 1. From our
data and mean field model fits we get (wy — R,,)/ Ry =~ 0.15. The resultant force density is
given by fuiawm(u,t) = =Ko (we(u, ) — Rp).

The bending energy induced by crescentin protein bundles anchored onto the cell wall

(regions 1y /4,) is given by

Eires = %/ds [e(u) — co)” (S.22)
where ¢y = 1/R, is the spontaneous curvature of the crescentin bundle, and s is the arc-
length parameter along the upper part of the cell contour (1/s,) which is related to u as
ds = du—w.ydp. To obtain the force density we consider an infinitesimal deformation, dr, of
the upper contour as r,. — r, +n, J0r, where n, is the outward unit normal. Accordingly the
curvature and the differential arc-length changes, ¢, — ¢y +0c, and ds — ds+4d(ds), where

dcy = 20r+d?(or)/ds? and 6(ds) = —cds [16]. The resultant force density is obtained after

13



variations of the energy functional, § Eeres = [ feresOrds, where feesOrds = 0[(cy — co)?ds].

This leads to the following non-linear force contribution:

k. [ d?c
fcres - ? (2 dS;_ + Ci - C+Cg> . (823)

Using Eq. (S.19), fees can be linearized and expressed using the angular coordinate ¢ as

Foea(tst) = % ! (u,t) + %(chQ sy (1) + %(ch2 3wy (u,6) + R(1 — ER?)
(S.24)
Compartmentalizing the cell contour. (1) Pole caps: The cell poles are assumed
to be mechanically inert in the sense that they do not interact with the active cytoskeletal
proteins such that fyiqtm = fees = 0. The mechanical forces acting on the cell poles come
from turgor pressure P, and the tension «,. The shape of the cell poles are then described

by the two-dimensional Laplace’s law,
vbes(ut) = P, (S.25)

where the superscripts st and sw denote respectively the stalked and swarmer poles.
(2) Upper cell contour (1g/s,): The region 1/, in the upper cell contour obeys the

force-balance equation:
P — ey (u,t) + fwiam(u, t) + feres(u,t) = 0. (S.26)

At the endpoints of the segments 1/, we impose the boundary condition that the curvature
¢ must equal the longitudinal curvature of the poles.
(3) Bottom cell contour (24/s,): In the absence of crescentin, the region 25, in the

bottom cell contour obeys the force-balance equation:
P —~e_(u,t) + fwiam(u,t) =0. (5.27)

(4) Septal region: We incorporate the effect of constriction in the cell shape equation
by imposing the constraint (boundary condition) that w(¢5(t),t) = wmin(t), where wy,(t)
evolves according to the kinetics described in Eq. (6) and (7) of the main text. Furthermore,
the curvatures at the end points of the septal segments must conform to the curvature of the
newly formed poles. Subject to these boundary conditions, the width profile in the upper
septal region (£ — £,/2 < u < 5" + £, /2) is given by,

P - '750+(U7 t) + fwidth(uv t) + fcres(ua t) — O 3 (828)
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with a surface tension (75 ) of the newly formed poles chosen to be much higher than the

peripheral region, v, ~ 4.5y. The contour below the centerline obeys the equation,

P — ~se_(u,t) + fwiatn(u,t) =0. (S.29)

The governing cell shape equation given in Eq. (S.20), is then solved numerically in each

part of the cell contour with matching boundary conditions in w4 (u,t) and its derivatives.
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