1 Supplementary Methods

2 Here we describe some details of the model. A list of parameters with units is provided in Table
3 S1 below. Also, values for fixed and adjustable parameters are summarized in Table S2 and S3

4  respectively.

6 Computing concentrations and fluxes of O2. Under the pseudo-steady state, the time

7  variation terms in [eq. 11] ~ [eq. 13] becomes zero. Thus,

0=—J58 —J6¥ + (Fepix — Fhes)YO%¢ [eq. S1]
0=J5Y +J8Y — FL Y O%¢ [eq. S2]
0=—JBF + 55 — JEY [eq. S3]

8 since]é,j2 = Aij([OZ]i — [02]]-) with i, j = P, N, B, E, equation [eq. S1] ~ [eq. S3] are expanded

9 to
0 = —Ap5([02]p — [02]5) = Apn([02]p — [0218) + (Fepix — Fhes)Y %€ [eq. S4]
0 = Apn([02]p = [02]n) + Apn([02]5 — [02]n) — FresY 7%€ [eq. S5]
0 = —App([02]p — [02]) + Aps([02]p — [02]5) — Apn([02]5 — [O2]) [eq. S6]

10 Given intracellular oxygen is small for non-photosynthetic cells ([O5]y ~ 0) and Oz in the

11 environment ([0,]f) is constant, we solve [eq. S4]~[eq. S6] for [0,]p, [0,]5 and FY,;
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_ alpp + alpy + alpg + AppAppl0;]E

a APNAPB + APNABN + APBABN + APNABE + APBABE

[OZ]B — aAPB + APNABE [OZ]E + APBABE [OZ]E
ApnApp + ApyApn + AppApn + ApnApe + AppApk

_alpyApp + alpyAgy + alpgApy + aApyApp + ApnAppApel02]p + ApnApnApe|02]p + AppApnApe[0:2]E

[02]p [eq. S7]

[eq. S8]

FY = -
fes YO%C(ApyApp + ApnApn + AppApy + ApnApg + AppApg)

where a = (Fcfix - FﬁeS)YOZ:C. To test whether FJ.. is supported by the maximum possible
respiration rate based on available carbon storage

Csto
cl, + K.

Fmax e replace a value of FY, with

Nmax _ pNmaxC
FRes - FRes fN

[eq. S10]

we compare F2,. and FY™* If FN is greater than
FYmax and solve [eq. S4]~[eq. S6], this time, for [0,]p, [0,]y and [0,]p:

[0;]p = (aApyApp + aApyApy + aAppApy + alpyApp + alpyApg + ApyApgb + ApyApyb + AppApyb
+ApnApeb + ApnAppApel02]s + ApnApnAppl02]r + ApsApnAppl02]E)
/((ApnApp + ApnApn + AppApNn)ApE)
[02]n = (aApnApp + aApyApy + aAppApy + aApyApe + ApyApgb + ApyApyb + AppApynb
+ApnAppb + AppApeb + ApnAppApel02]E + ApnApnApel02]s + ApsApnApe[02]E)
/((ApnApp + ApnApn + AppApn)ApE)

a+b+ Agg + [0
[0,]5 = ABE [02]k
BE

where b = —F}LY°%C. The solution for [0,] is greater than zero, since respiratory protection
is not sufficient due to a shortage of carbon supply.
Computed FA., can be separated into two parts, respiration providing energy for N2

fixation Fresn2, and respiratory protection Frp:

Fhos = Fresnz + Frp [eq. S14]

Fresn2 1s proportional to the rate of N2 fixation:

Fresnz = FNfixYRCe:IsV [eq. S15]

where YV is obtained based on the energetic balance (1-3). Frp is obtained from [eq. S14] with

Fllgves and Fresno.

[eq. S9]

[eq. S11]

[eq. S12]

[eq. S13]
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In this model, we use s™! for the unit of a diffusion coefficient 4;. To convert it to a
widely used unit (m? s!), we used a typical size of Trichodesmium; the conversion is done based
on a typical size (diameter of 9.670 um and length of 554.145 pm) and membrane thickness
(0.076 um) of Trichodesmium. Diameter and membrane thickness are estimated from
microscopic images of cross sections of Trichodesmium (4). To estimate the total length of a
trichome, the length of one cell is estimated from a microscopic image of Trichodesmium
(9.23575 pum) (5), and we multiplied this number by 60 a typical number of cells in a trichome
(3.

We assumed a cylinder for the shape of a trichome and diffusive flux (normalized by

volume) into the cell from the surface of the membrane can be described as follows (6):

— 21Dy, e L R \\'
Jor = =2 (ln(R+ Lg)) (CAMEHUATS [eq. S16]

where D, is the diffusivity of water &, is the diffusivity of the membrane layer relative to

water, L is the length of a part of cylinder of which we estimate the flux (either the total length of
photosynthetic cells or non-photosynthetic cells), V' is the total volume of the trichome, R is the
radius of the cytoplasmic space, Ly is the thickness of the cell membrane layer, and [0;] 4y, and
[0;]in are Oz concentration right outside/inside of the membrane, respectively. Our model is a

simplified version of [eq. S16] with a diffusion coefficient of 4:

-1

—2mDg,em L R
A= 1 eq. S17
4 ( " (R + Lg>> e ]

and this equation is used for the conversion between A and D, &, for fluxes between cells and

boundary layers. Here we note that the units of both sides are s
The Oz flux from photosynthetic cells to non-photosynthetic cells (normalized by V) is

represented as 1D diffusion:
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2wR2D, €
PN = 202 (10,1, — [04]n) [eq. S18]
VL,

which assumes typical 2 diazocytes per trichome (5) with double cellular membranes between
cells. Our model simplifies [eq. S18] with

27mR 2 DOZ Em
and it is used for the conversion between Apy and Dy, &,,,. The units of both sides are s

[eq. S19]
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