1 Introduction

Coupled differential equations describing metabolite concentration in culture
media, cytosol and bacterial micro-compartment through time are presented.

2 Concentrations in time

2.1 Culture media

[J Vanillate concentration in culture media, assumed constant to analyze steady

state.
d[Vin]

dt

[ Protocatehuate concentration in culture media, assumed constant to analyze
steady state.

d[Pp]
dt
O Catechol concentration in culture media, assumed constant to analyze steady
state.

=0

d[Crn]
dt
O Muconic acid concentration in culture media, assumed constant to analyze
steady state.

=0

2.2 Cytosol

O Vanillate concentration in interbacterial media

d[V.] KM (ligM). - [Ve]

dt :jbvi'([%]_[‘/C])+jb[vm]'([‘/l)]_[VC])_jmv'([VC]_[Vm])_ [‘/;]+K1{’2’19M

Jby, 1s the flux constant of Vanillate introduction to BMC through shell
porus. Sub-sub-sub index "m” stands for ”media”,

K thM and K!9M are catallytic and Michaelis constant of ligh enzyme,
respectively.

[ligM], is ligM enzyme concentration in cytosol.

Jmy 1s Vanilllate flux constant through membrane, assumed equal for in
and out fluxes.



Same analysis applies for j, p..c;.u, U Protocatehuate concentration in interbac-
terial media

d[;c] = Jop, - ([Po] = [Pe]) + by, - ([Po] = [Pe]) = -Jmp - ([Pe] = [Pr])

KU9M ligM),. - V)] KoroY - [aroY]. - [P.]

cat _ cat

Vo] + K™ [Pe] + KoY

O Catechol concentration in interbacterial media

d[C, ) ) .
Ol — e, (1G] = 1) + e, - (C3] = €)= .- (] = Co)
+ (K&pY - laroY]. - [P.]) _ Kot - [cat A - [C]
([Pe] + KgroY) [Ce] + Kgpta
O Muconic acid concentration in interbacterial media
diM,] ) . Keath - [cat Al - [C.]
5 = o (M= M4 () M) (M)~ M+ =20 S

2.3 BMC

O Vanillate concentration inside BMC.

Al ; KM (1igM], - [Vi
%:”w'<[%]—[Vcl>—ﬂbvm-([m—[vc])— w[mii( %134 [Vs]

O Protocatehuate concentration inside BMC.

dp,] _ . KM - ligM]y - [Vi] - KooY' - [aroY], - [Py]
Ttb _]bp1([Pb]_[PC])_Jme([Pb]_[PC])+ [‘/[)]—FK%H?\/] d - [Pb]—FKTan”l:Y :

O Cathecol concentration inside BMC.

diCy] ‘ KoY laroY]y, - [Py] KSUA - [catAly - [Cy)
dtb = chi'([Cb]_[cc])_jbco'([Cb]_[cc])—’_ [Pb] ¥ Kar:y - [Cb] ¥ Kﬁ;tA °

m

0 Muconic acid concentration inside BMC.

catA ca b b
d[[;\fb]] = Jons, + ([My] = [Me]) = -y, - ([My] — [Mc]) + Kcafcb] [_‘_ ;ﬁ:]atA[C |

m




2.4 BMC without ligM

We make a second model where ligM were not introduced to BMC, that is
because tetrahydrofolate may not be able to get into a BMC for his big size.
O Vanillate concentration inside BMC.

d[Vs)
dt

= Jby, * (Vo] = [Vel) = doy,,, - (Vo] = [Ve])
O Protocatehuate concentration inside BMC.

UL o, - (P4 = [PD) = o, - (1P~ [P — 2o LoroX T )

dt [Py] + KgroY
[0 Cathecol concentration inside BMC.
diCy] _ KoY aroY]y - [Py] KSUA - [catAly - [Ch)
dt - ]bci ([Ob] [OCD cho ([Cb] [CC])+ [Pb] + Kgnroy [Cb] + Kﬁ?tA

O Muconic acid concentration inside BMC.

AL _ (0] = ML) = o, - (0] — 0] + i et Al [COl

dt [Cb] + K,CT;”A
2.5 Expression
O Transcription rate from Meyer, A.J. et al. adjustment.
d[mRNA] C* 0.03 %‘fl}g * (Ymin + (Ymaz — Ymin) %

7 = v —YmRrN A [MRN A]

O ligM expression.

d[ligh]
dt

= a[mRNA] — (Viignm) [ligM]

[J aroY expression.

d [G;?Y] = a[mRNA] — (Yaroy ) [ar0Y]
O catA expression.
d [C;ttA] — a[MBNA] — (eara) [cat A

3 Integrating ODE’s

We use python to integrate all this ODE’s, all models can be found at: https://github.com/uanl-
igem /igem-2019



3.1 Expression model

0O Pharameters
Klcat = (0.078%9.14) -Kcat LigM
Klm = 0.078 Km LigM
K2cat = 0.00009 Kcat AroY
K2m = 0.59 -Km AroY
K3cat = (0.00185*10485) -Kcat CatA
K3m = 0.00185 Kmm CatA
volo = 1000000 Medium volume (outside)
volec = le-15 Citoplasm volume
volb = 0 BMC volume
Ym = 0.0043 mRNA degradation rate
n = 15 Number of plasmid copies
PoPS = 0.03 Transcription rate
Ymin = 2.4e-3 Min transcription rate (RPU’s)
Ymax = 3 Max transcription rate (RPU’s)
K = 26 Marionette constant (uM)
n2 = 2.3 Another marionette constant
a = 29.97 ligM traduction rate
b = 26.30 aroY traduction rate
¢ = 41.30 catA traduction rate
Ecr = 0.000385 ligM dilution rate
EEcr = 0.000385 aroY dilution rate
EEEcr = 0.000385 catA dilution rate
Vo = 3e-3 vanilic acid outside
Po = 0 protocatechuic acid outside
Co = 0 catechol outside
Mo = 0 cis,cis-muconic acid outside
flux constants for species trough membrane
jmv = le —13Va
jmp = le —13PCA
jmc = le — 13Catechol
jmm = le—13M A

3.2 Modified BMC

O Pharameters Klcat = (0.078%9.14) Kcat LigM
Klm = 0.078 Km LigM
K2cat = 0.00009*1 Kcat AroY
K2m = 0.59 Km AroY
K3cat = (0.00185*10485) Kcat CatA
K3m = 0.00185 Kmm CatA
volo = 1000000 Medium volume (outside)
volc = le-15 Citoplasm volume
volb = 0.1e-15 BMC volume



Vo = 3e-3 vanilic acid outside

Po = 0 protocatechuic acid outside
Co = 0 catechol outside

Mo = 0 cis,cis-muconic acid outside
Ec =0.1479

EEc = 0.04329

EEEc = 0.2039

Eb = 1.2*Ec

EEb = 1.2*EEc

EEEb = 1.2*EEEc

flux constants for species trough membrane
jmv = le — 13V AtroughMembrane
jmp = le —13PCA

jmc = le — 13Catechol

jmm = le —13MA

jpvo = 0.1e — 13throughpdulU

jbpo =0.1e— 13

jbco = 0.1le — 13

joaro =0.1e — 13

jovi = le — 15pduA

jbpi =1le—15

jpoct =1le—15

jomt =1le—15

3.3 Modified BMC

O Pharameters Klcat = (0.078%9.14) Kcat LigM
Klm = 0.078 Km LigM
K2cat = 0.00009*1 Kcat AroY
K2m = 0.59 Km AroY
K3cat = (0.00185*10485) Kcat CatA
K3m = 0.00185 Kmm CatA
volo = 1000000 Medium volume (outside)
volc = le-15 Citoplasm volume
volb = 0.1e-15 BMC volume
Vo = 3e-3 vanilic acid outside
Po = 0 protocatechuic acid outside
Co = 0 catechol outside
Mo = 0 cis,cis-muconic acid outside
Ec =0.1479
EEc = 0.04329
EEEc = 0.2039
Eb = 1.2*Ec
EEb = 1.2*EEc
EEEb = 1.2*EEEc
flux constants for species trough membrane



jmyv = le — 13V AtroughMembrane
imp = le — 13PCA

jmc = le — 13Catechol

jmm = le—13M A

jpvo = 0e — 13throughpdulU

ijO =0e—13

jbco =0e—-13

joaro = 0e — 13

jpvi = le — 15pduA

jbpi =1le—15
jpci=1le—15
jomi=1le—15



