S1 Text

Kinetic laws used for the reactions associated with aldolase activity. This text describes the
kinetic laws used for the aldolase reactions and how they have been constructed.

Firstly, the laws for rate of consumption and production of fructose-1-6 bisphosphate (FBP),
fructose-1-phosphate (FrulP), dihydroxyacetone phosphate (DHAP), glyceraldehyde 3-
phosphate (GraP), and glyceraldehyde (Gra) were derived following the King-Altman method
[1]. The first step of this method is to represent the mechanism in a closed scheme showing all
enzyme species (free enzyme and enzyme complexes) and possible reactions. Specifically for the
aldolase enzyme, the enzyme species are free Enzyme (E), enzyme complexed with fructose-1-
6 bisphosphate (E-FBP), enzyme complexed with fructose-1-phosphate (E-Fr1P) and enzyme
complexed with dihydroxyacetone phosphate (E-DHAP). The mechanism can be written as

follows:
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Where rate constants are accounting for the forward (k1,k2,k3,k4,k5) and reverse reactions
(krd,kr2,kr3,kr4,kr5). From this scheme the relative concentrations of each enzyme species are

derived:
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E DHAP
% = (fbp k1 k2 k5 + frulp k2 k4 k5 + frulp k4 k5 kr1 + dhap k2 k5 kr3
+ dhap k5 kr1 kr3 + fbp k1 k2 kr4 + dhap k2 kr3 kr4
+ dhap krl kr3 kr4)/Denom
E Fr1P
% = (frulp k2 k3 k4 + frulp k3 k4 krl + frulp grap k4 krl kr2

+ fbp gra k1l k2 kr5 + frulp gra k2 k4 kr5
+ frulp gra k4 kr1 kr5 + dhap gra k2 kr3 kr5
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Where Denom is:

Denom = k2 k3 k5 + k3 kS5 krl + grap k5 kr1kr2 + k2 k3 kr4 + k3 krl kr4
+ grap krl1 kr2 kr4 + gra k2 kr4 kr5 + gra krl kr4 kr5
+ fbp k1 k3 k5 + fbp grap k1 k5 kr2 + frulp grap k4 k5 kr2
+ dhap grap k5 kr2 kr3 + fbp k1 k3 kr4 + fbp grap k1 kr2 kr4
+ dhap grap kr2 kr3 kr4 + fbp grakl kr4d kr5+ fbp k1 k2 k5
+ frulp k2 k4 k5 + frulp k4 k5 kr1 4+ dhap k2 k5 kr3
+ dhap k5 kr1 kr3 + fbp k1 k2 kr4 + dhap k2 kr3 kr4
+dhap kr1 kr3 kr4 + frulp k2 k3 k4 + frulp k3 k4 krl
+ frulp grap k4 kr1 kr2 + fbp gra k1 k2 kr5 + frulp gra k2 k4 kr5
+ frulp grak4 kr1 kr5 + dhap gra k2 kr3 kr5
+ dhap gra krl kr3 kr5

Then, knowing the relative concentration of each enzyme species allows the construction of a
kinetic law for the forward (v1,v2,v3,v4,v5) or reverse (vrl,vr2,vr3,vrd,vr5) reaction accounting

for the consumption or production of each metabolite, specifically:

Frul6bP Consumption (v1):

k1 fbp + [E]
Denom
=kl *fbp *x (k2 k3 k5 + k3 k5 krl + grap k5 kr1 kr2 + k2 k3 kr4
+ k3 krlkrd 4+ grap krl1kr2 kr4 + gra k2 kr4 kr5
+ gra krl kr4 kr5)/Denom

vl =e0 *

Frul6bP Production (vrl):



kr1l*[Efbp]

Denom

=krl
* (fbp k1 k3 k5 + fbp grap k1 k5 kr2 + frulp grap k4 k5 kr2

+ dhap grap k5 kr2 kr3 + fbp k1 k3 kr4 + fbp grap k1 kr2 kr4
+ dhap grap kr2 kr3 kr4 + fbp gra kl kr4 kr5)/Denom

vrl = e0 *

GraP Production (v2):

. e0 = k2 * [Efbp]

Denom
= e0x*k2
*(fbp k1 k3 k5 + fbp grap k1 k5 kr2 + frulp grap k4 k5 kr2

+ dhap grap k5 kr2 kr3 + fbp k1 k3 kr4 + fbp grap k1 kr2 kra
+ dhap grap kr2 kr3 kr4 + fbp gra kl kr4 kr5)/Denom

GraP Consumption (vr2):

_ e0xkr2«[E DHAP] * grap

vr Denom
=e0*kr2*grap * (fbp k1 k2 k5 + frulp k2 k4 k5

+ frulp k4 k5 kr1 + dhap k2 k5 kr3 + dhap k5 krl kr3
+ fbp k1 k2 kr4 + dhap k2 kr3 kr4 + dhap kr1 kr3 kr4)/Denom

DHAP Production (v3):
_ e0=k3*[E DHAP]
- Denom
=e0xk3«(fbp kl k2 k5 + frulp k2 k4 k5 + frulp k4 k5 krl

+ dhap k2 k5 kr3 + dhap k5 kr1 kr3 + fbp k1 k2 kr4
+ dhap k2 kr3 kr4 + dhap kr1 kr3 kr4)/Denom

v3

Dhap consumption (vr3):

_ e0xkr3 « dhaplE]

3=
v Denom
=e0* kr3 xdhap(k2 k3 k5 + k3 k5 krl + grap k5 krl kr2

+ k2 k3 krd + k3 krlkrd + grap krl1 kr2 krd + gra k2 kr4 kr5
+ gra krl kr4 kr5)/Denom

FrulP Consumption (v4):

k4 = [E] * frulp
*

Denom
= k4« frulp(k2 k3 k5 + k3 k5krl + grap k5 krl1 kr2 + k2 k3 kr4

+ k3 krlkrd + grap krlkr2 kr4 + gra k2 kr4 kr5
+ gra krl kr4 kr5)/Denom

v4d = el

Fri1P Production (vr4):



kr4 * [Efrulp]
Denom
=kr4 « (frulp k2 k3 k4 + frulp k3 k4 krl
+ frulp grap k4 kr1 kr2 + fbp gra k1 k2 kr5
+ frulp gra k2 k4 kr5 + frulp gra k4 krl kr5
+ dhap gra k2 kr3 kr5 + dhap gra krl kr3 kr5)/Denom

vr4d = e *

Gra Production (v5):

e0 * k5 * [Efrulp]
B Denom
= e0 + k5 * (frulp k2 k3 k4 + frulp k3 k4 krl
+ frulp grap k4 kr1 kr2 + fbp gra k1 k2 kr5
+ frulp gra k2 k4 kr5 + frulp gra k4 kr1 kr5
+ dhap gra k2 kr3 kr5 + dhap gra krl kr3 kr5)/Denom

v5

Gra Consumption (vr5):

e0 = kr5 = [EDhap] * Gra
vr5 =

Denom

= e0 *kr5 * Gra = (fbp k1 k2 k5 + frulp k2 k4 k5
+ frulp k4 k5 kr1l + dhap k2 k5 kr3 + dhap k5 krl kr3
+ fbp k1 k2 kr4 + dhap k2 kr3 kr4 + dhap kr1 kr3 kr4)/Denom

To obtain the kinetic rate equations that describe the fluxes that propagate labels through the
aldolase reaction from the previously derived reaction rates, we followed a previously described
method [2]. Firstly, a system of equations is written defining the following fractions: fraction of
enzyme-complexed DHAP originated from FBP (Pdhapfromfbp), enzyme-complexed DHAP
originated from Frlp (Pdhapfromfrulp), enzyme-complexed DHAP originated from DHAP
(Pdhapfromdhap), enzyme-complexed FrlP originated from FBP (Frlppfromfbp), enzyme-
complexed Frlp originated from Frip (frlpfromfrulp), enzyme-complexed Frlp originated from
DHAP (Frlpfromdhap), enzyme-complexed FBP originated from FBP (Pfbpfromfbp), enzyme-
complexed FBP originated from dhap (Pfbpfromfrulp), and enzyme-complexed FBP originated
from DHAP (Pfbpfromdhap).

Pdhapfromfbp = (v2 * Pfbpfromfbp + v5 * Pfrlpfromfbp)/(v5 + v2 + vr3)
Pdhapfromfrulp = (v5 * Pfrulpfromfrulp + v2 * Pfbpfromfrulp)/(v5 + v2 + vr3)
Pfbpfromfbp = (vr2 * Pdhapfromfbp + v1)/(v1 + vr2)
Pfrulpfromfrulp = (v4 + vr5 * Pdhapfromfrulp)/(v4 + vr5)
Pfbpfromfrulp = vr2 * Pdhapfromfrulp/(v1 + vr2)

Pfripfromfbp = vr5 * Pdhapfromfbp/(v4 + vr5)

Pfbpfromdhap = Pdhapfromdhap * vr2/(v1 + vr2)

vr5

Pfr1pfromdhap = Pdhapfromdh yE————
r1pfromdhap apfromdhap * ———



1 = Pdhapfromfbp + Pdhapfromfrulp + Pdhapfromdhap
1 = Pfbpfromfbp + Pfbpfromfrulp + Pfbpfromdhap
1 = Pfrulpfromfrulp + Pfrlpfromfbp + Pfrlpfromdhap
Solving the system gives:

Pdhapfromfbp
v1v2(v4 + vr5)

- v1v2v4 + v1v4av5 + v4v5vr2 + vlv4vr3 + vavr2vr3 4+ v1v2vr5 + v1ivr3vr5 + vr2vr3vr5s
Pfbpfromfbp

_ v1(v2v4 + v4v5 + v4vr3 + v2vr5 + vr3vr5)
"~ v1v2v4 + v1v4v5 4 v4v5vr2 + vivavr3 + vavr2vr3 + v1v2vrs + v1vr3vrs + vr2vr3vrs

Pdhapfromfrulp
v4v5(vl + vr2)

- v1v2v4 + v1v4avs + v4v5vr2 + vivdvr3 + v4vr2vr3 4+ vlv2vr5 + vlvr3vr5 + vr2vr3vrbs

Pfrulpfromfrulp
v4(v1v2 + v1v5 + v5vr2 + vlvr3 + vr2vr3)

- v1v2v4 + v1v4v5 4 v4v5vr2 + v1lv4vr3 + vdvr2vr3 + viv2vr5 + v1vr3vr5 + vr2vr3vrs

Pfbpfromfrulp
v4v5vr2

- v1v2v4 + v1v4v5 4 v4v5vr2 + v1iv4avr3 + v4vr2vr3 + viv2vr5 + v1vr3vr5 + vr2vr3vrs
Pfr1pfromfbp

vlv2vr5
T v1v2v4 + v1v4v5 4 vAv5vr2 + vivavr3 + vavr2vr3 + v1v2vr5 + vivr3vrs + vr2vr3vrs’

Pfbpfromdhap
_ (—v4vr2vr3 — vr2vr3vr5)

- (v1v2v4 + v1v4v5 + v4v5vr2 + v1v4avr3 + v4vr2vr3 + v1v2vr5 + v1lvr3vr5 + vr2vr3vr5)

Pfrlpfromdhap
(v1vr3 + vr2vr3)vr5

- v1v2v4 + v1v4av5 + v4v5vr2 + vlv4vr3 + vdvr2vr3 4+ v1v2vr5 + vlvr3vr5 + vr2vr3vr5

Pdhapfromdhap

=1
(V4V5 (vli+ Vr2))

B (v1v2v4 + v1v4av5 + v4v5vr2 + viv4vr3 + vavr2vr3 + v1v2vr5 + vivr3vr5 + vr2vr3vr5)
(viv2(v4 + vr5))

B (v1v2v4 + v1v4v5 + v4v5vr2 + vlv4avr3 + vavr2vr3 + v1v2vr5 + v1lvr3vr5 + vr2vr3vrs)

Then, with these fractions it is possible to describe the flux through each of the eight possible
aldolase reactions that will be involved in label propagation.

Reaction 1: FBP - GraP + DHAP

J1 = Pdhapfromfbp * v3
v3 % v1v2(v4 + vr5)

- v1v2v4 + v1v4avs + v4v5vr2 + vlv4vr3 + vdvr2vr3 + v1v2vr5 + vlvr3vr5 + vr2vr3vr5s




Reaction 2: GraP + DHAP - FBP

], = Pfbpfromdhap * vrl
(—v4vr2vr3 — vr2vr3vr5)

B (v1v2v4 + v1v4v5 + v4v5vr2 + viv4avr3 + v4vr2vr3 + v1v2vr5 + v1lvr3vr5 + vr2vr3vr5)

Reaction 3: FrulP - Gra + DHAP

Js = Pdhapfromfrulp * v3
— v3 * v4v5(vl + vr2)

"~ v1v2v4 + v1v4v5 4 v4v5vr2 + vivavr3 + vavr2vr3 + v1v2vrs + v1vr3vrs + vr2vr3vrs

Reaction 4: DHAP + Gra - FrulP

J» = Pfrlpfromdhap * vr4
vr4 * (vlvr3 + vr2vr3)vr5

- v1v2v4 + v1v4av5 + v4v5vr2 + vlv4vr3 + v4vr2vr3 4+ viv2vr5 + vlvr3vrb + vr2vr3vrbs

Reaction 5: FBP+Gra - GraP + FrulP

J4 = vr4 = Pfripfromfbp
vrd * vlv2vrb

v1v2v4 + v1v4avs + v4v5svr2 + viv4vr3 4 v4vr2vr3 + v1v2vr5 + vivr3vr5 + vr2vr3vrs’

Reaction 6: GraP+FrulP - FBP + Gra

Je¢ = Pfbpfromfrulp * vrl
v4v5vr2

- v1v2v4 + v1v4avs + v4vsvr2 + viv4vr3 4 v4vr2vr3 + v1v2vr5 + vivr3vr5 + vr2vr3vrs’

Reaction 7 (Invisible reaction): FBP+GraP' <> GraP + FBP'

v2 *xvl

]7=m—l1—l4

Reaction 8 (Invisible reaction): FrulP+Gra' <> Gra + FrulP'

v5 * v4

]8=v1+vr2_

3~ Je
Expanding these expressions with the consumption and production of metabolites derived from

the King-Altman method generates the kinetic laws used in the model for each reaction, which

can be used to simulate label propagation.
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