



































































































































2 Effectof nutrient structure
So for nutrients are eithersupplied or self generated

below we study the pt of resestructure
where Certain species produce nutrients for others

cheating cooperation

a Nutrientproduction
one species ofdensity f
Pales its own nutrient n eg fixCds degrade

chitin

j r n f Mg
r n to V nutrientprod rate

in Is un rims y µ dilution rate

a production no ext supply
uc ro for possibility

take n o rapidegof n of existence

5 TITY
two uses

i 8 No Y bottleneck uptake

9 7 FEE 148
j r.mg ms fr.EE c m g foEomJs






































































































































Alleeeffect pro a pc we have 810
plo Pc f increases a t

Ftiffs s xsikr.tt
get α eco

Mt
n uptake as

bottleneck
even at highproduction rate 8

growthof population occurs only for

sufficiently large init popsize

Why nutrientproduction requires g n's

so faring xp Mg

in Yaroly bottleneck production
g

again no f Fey
sdivegsa.FI

Conc whereproduction Consumption

to 8Y act nk c 1

r n rok

no 8g untrinely m Eyes n






































































































































n
ye

is 1

atj fences m p

P emb
ry

t.in ff
production

asbottlenec

for flo Pc

pH α ext where.EEtm
popsurvives only if JY µ

Note 1 batch culture growth Allee effectmanifested
as a init conc dependentlagperiod HW

Note 2 treated so far as fixedquantity
it is actually regulated and GR dependent

nF VYK ro set by cell
increasing increases nd
increasesgrowth but also invite

cheaters






































































































































b nutrient leakage 1020

So far dug un

where the last term representingnutrientloss

from dilation in chemostat

nutrient loss can also occur in nature

in system with Iatlompatmentazatin
case study chitin degradation Guess ons et al 2023

Thin polymerof N acetylglucosamine GlcNAc

one of the most abundant
biopolymers in nature

e.g major componentof
shell of crustaceans

chitin is not dissolvable in water forming particles

chitin breakdown requires specializedenzymes
chitinases

clitinase produced by manyVibriospecies
Vibrio cells and chitinare preferentially

stick to elitin

Consider batchculture of Vibriocells
with chitin particles as the sole carbon

source

chitin partiles spheresofradius Ro
culturane

particle Ne particledensity T NIE
particles large so that Ro Pelitin

constant

Vibrio cells Ns t cells attached tosurface

Nult cells in thebulk planktonic






































































































































densityofcells on chitinparticle

ON NˢL F
assuring uniform dist

on partilesurface's

Chitinase enzymedensity on particlesurface Elt

Number of surface attachedenzymes

Ne t E t 4TRE Nc

Zoom into dynamics on particlesurface
Assume exponential

growth detachment
rate

fffigefiipf.es
aseftNs rsns laws t.ws

ItNy vsNy KaNu IdNs
Attachment rate

depend on local vs replication rate
on particle

Vs rep rate in the bulk
nutrient anen

Rt
enzyme loss

or turnover

enzyme production INE rs Ns SNE

fractionofproteinsynthesis
towards chitinase

nutrient dynamics
n Rit

enzyme production
rate

GlcNAc chitinase

En DTR K E EE S R Ro

will see uptakebybulkcellsnegligible






































































































































Seek steady state nutrient
distribution

for frozen E and T muchslowertimescale

N R α Coulomb potential

forsphericalshellof
surface change

let nutrientconc at
surface be n Ro ns

then n R ns RR

drop in NIR away from particle

implies r α n r o

NIR drops even faster if
Consumptionby Ns included

balance of nutrient flux
at surface

K E IT D Fitr
F ns Ro

K E BE E ns

nutrient nutrient nutrient loss

production conscription due to diffusion

take is r.hn vFn

then x E ns If Bro






































































































































back to equ for
Ns Nb E

Ns Ns kdNs kaNb

AtNs kdNs KaNb

ftNFdeVnGNs SE

ns t r.tn 1In.sOIH
NsEYFEH

Nff c

where No Near 3kV

1 ER NEW
Chitinparticledensity

Not celldensity whosenutrientuptake

is equivalent to diffusiveloss

Note 1 determinedby the ratio of
two timescales

diffusive loss D Ro

nutrient uptake
V Y

Note2 for fixed chitin particledensity

Smaller partiles gives layer leakage






































































































































insert Ng Ns Ne into eq forNs Ne

Ns KYNE.pk n
ledNs kaNb

AtNe de KYNE TEN SNE

ItNb KdNs KaNs

exponential growth phase
Ns b e A α e

ᵗ

TEN 1

Eq 2 becomes ANE AKY S NE

X EI
pop growth

rate setbyditgg.net
eetitEq1

3 X NstNs KYNE 7 8 NEE

NEW 8

enzyme fraction
set byde up toturnover

Eg 3 Ny KaNb ledNs

It Ke i TIns Fitation






































































































































Measurements X 0.06 h lad 0.18 he

Then 0.75 face 7 negible

revisit equ1 IN o
ledNs

000000
led

t.EE

m

Note increasingkd increases is
does notreduce

Set by chitinare production

This can happen became all chitinane

are left on the particle to feed
attachedcells

approach
to exponential growth Allee effect

for Kazo just
need to follow Ns Ne

Ns KYNE wtf leans

ItNe KYNE TEN SNE






































































































































make dimensionless u VE iit kffst
in v Isu
i v 1 Esv

mill clines o v f uti

v NEeN
a g

ut

phase
tititiffi

Alleeeffect due to nutrient loss
and call enzyme detachment

init enzyme out can determine

the fate of the culture

init enzyme aunt out synthesisedbycells

before obtaining nutrient from chitin
i e enzyme synthesized in stationaryphase


