Enzyme rhythms in model ycm_cofactors.speedy

Model name: ycm_cofactors

o Optimisation problem

- Protein turnover time 1 s = 0.0167 min

- Perturbed parameter(s) : x1 x2

- Perturbation frequency f : 0.2/s (period 5 s)

- Scored quantity: R00200

- Scored quantity: R01512

- Scored quantity: R01600

- Scored quantity: R04779

- Scored quantity: R00235

- Scored quantity: GTP__irrev__ATP

- Scored quantity: Oxphos__Reduced_Acceptor__irrev__ATP
- Scored quantity: Oxphos__NADH__irrev__ATP

- Fitness-averaged fitness

- No posttranslational rhythms allowed

- Standard frequency considered f : 0.2/s (period 5 s)

o Model properties:

- inactive_enzymes: 0

- balanced_reference_state: 1

- consider_external_rhythm: 1

- adaptive_rhythm: 1

- spontaneous_rhythm: 0

- spontaneous_rhythm_at_omega: 0

- has_spontaneous_rhythm_and_inactive_enzymes: 0

o No beneficial self-induced oscillation found

o Fitness changes after external perturbation at frequency f=0.2/s

- Change by perturbation alone (xx): 0.00402

- Change by adaption synergies (xu): 3.99

- Change by periodic enzyme (uu): -0.901

- Change by enzyme mean shift (u): -4.36e-09

- Total fitness change : 3.09

- Fitness gain by adaption : 3.09

- Maximum adaptive fitness found (in tested range) at frequency f =0.01/s (period 100 s)

- Predicted maximal fitness change (adaptive, numeric opt, full amplitude constraints) at frequency f =0.01: 4.15

o Self-induced oscillations?
- No beneficial self-induced oscillations (2nd order, amplitude below 1/2 of mean) found at frequency f = 0.2/s
(principal synergy = -0.636): Predicted fitness change -0.00083
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Figure 1: Network and reference flux
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Figure 2: Reference state (top) and mean state during oscillation (bottom).
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Figure 3: Control analysis. Left: Global fitness synergy (maximal fitness curvature eigenvalue), as a function of
the frequency. Right: Relative amplitudes of individual enzymes for the least wasteful enzyme mode (components
of the leading fitness curvature eigenvector).



Protein level and enzyme activity (mean and amplitude)
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Figure 5: Numerical calculations: responsive oscillations (curves). Dynamic effects of oscillations. The panels
show different types of variables: (i) Optimal periodic enzyme levels; (ii) internal metabolite levels; (iii) reaction
fluxes; (iv) fitness, benefit, and cost. Perturbation frequency see first page.

Figure 6: Numerical calculations: adaptive oscillations (curves). Dynamic effects of oscillations. The panels show
different types of variables: (i) Optimal periodic enzyme levels; (i) internal metabolite levels; (iii) reaction fluxes;
(iv) fitness, benefit, and cost. Perturbation frequency see first page.
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Figure 7: Responsive oscillations (local expansion; arrows: absolute changes) Perturbation frequency see first

page.
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Figure 8: Adaption to forced oscillations (local expansion; arrows: absolute changes). Perturbation frequency see
first page.

Adaptive oscillations (enzymes)
lucoseExt

lucose

lucose 6 phosphate

>
D Fructose 6 phosphate

A
Al
B
ADP.
:ﬁ-ﬁvuc{ose 1 6 bisphosphate
Glycerone ph"i@!ﬂceraldehyde 3 phosphate
ADpluS Rplus
Orthophosphate

H
‘S"’hospho D glyceroyl phosphate

ATR 'ﬂmspho D glycerate

>
H20Q 2 Phospho D glycerate

Acetate  Acetd

O rthophosphate

Reduced acceptor
P Succin#@3A

Succinate

Acceptor oTP  GDP

Adaptive oscillations (metabolites)

D GlucoseExt

A
ED Glucose
Al

B¥0 Glucose 6 phosphate

A; D Fructose 6 phosphate

ADP
,_\G D Fructose 1 6 bisphosphate
Gl PR

yde 3 phosphate

_
Nﬁp S‘ﬁplus

H _Orthophosphate
Phospho D glyceroyl phosphate

ATP Phospho D glycerate

H20 2 Phospho D glycerate

} hosphoenolpyruvate

J[ADH
plus
Acetate Acetdldehyde
CoA NADplus
y Ri DH NAQplus
Oxaloacetate ~ Citrate phosphal¥ thanol

H20 CoA

2 Oxoglutarate

Orthophosphate
Succinf#©8A

Reduced acceptor

Succinate
GTP GDP

Acceptor

aa »2 su1 auz au3 Bu4 aus 206
QE §mgm4m%m%mg@%m

au10 su11 au12 au13 sut4
ssﬂmsmgmgmamgmgmsm
u1s Bu16 au17 nu18 Bu19 020 w21 su22
8.5@%@5@56@8@9@4@%@
5
25 su27 Pyvuvmosphuenu\pyvm\dehwe
EﬁmgMéMimﬂ Ei: e
Oxalnacelate 757Ma\ate NADpIus NADH cma:e Con  AcetloA  grp
3§ —dfi— fro— il B fbe-

Succinate  GDP  SUCEIVICOA  joociragphoSphOy Iycergieoglutarate — gyPpfyceraldehyde, hosphate
B e e e
Glycerongfuspiiugidhioetay) Hosptele, ISphORALGa g N0SPNO,, yceliets, Ibetzss, lucoseglansphetese, hosphate
s e 1 e s
AcceperEd“CEd S —

[ e e
o 50 )

Adaptive oscillations (fluxes)

AD GlucoseExt

L) Glucose
A

ABYB Glucose 6 phosphate

>
ATPAD Fructose 6 phosphate

:ﬁ-b Fructose 1 6 bisphosphate
I phos?P et
/ADp) U?ﬁplus
H|  Orthophosphate
Phospho D glyceroyl phosphate

ATP3 phospho D glycerate

>
H20 2 Phospho D glycerate

5 Hhosphoenolpyruvate

Oxaloacetate
H20 CoA

2 Oxoglutarate

Qrthophosphate

'educed acceptor

Accent Succinate SuccinfF@3A
cceptor
P GTP  GDP
R00200 Ro0342 RO0351 RO0432 R00GS8 R00709
10 0
o i BT : :
08
04 06 1 05
10 8% 08 o 0
Ro0754 ROL015 RO1061 ROL070 Ro1082 Ro1512
3 * -02
R 05 04
-0 5 05 3 Z0 -
iy 2 o X k4
Ro1518 RO1600 Ro0412 Ro3321 R04779 RO0710
1

3;@;;:
%

-1

R00235 Gishuse ext_irmev__cell_

é o6 o8 3
06 ~
oa o8 3 05 05
02 02 1

GTP Oipbus_Af Aeted Ac@lesmNADNTPinev e

4
2 i 10
0 2 0
-2 -4 -10
o 5 0 5 0 5



Figure 9: Tentative spontaneous oscillations. Perturbation frequency see first page.
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Figure 11: Potential oscillations at various frequencies (local expansion).



