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"Historically, there was debate about whether the cytosolic and mitochondrial matrix CPT activities
stem from distinct enzymes or from the same protein differently localized. Until today, they still
have one EC number (EC 2.3.1.21). However, it is now established that the two enzymes are
genetically and phenotypically distinct (McGarry & Brown, 1997).
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FUNCTION

CPT1 is responsible for the ligation of long-chain cytosolic fatty acids to CoA molecules (1,2). This
step activates these carbon-chains, allowing them to enter the mitochondrion and then be
catabolized by mFAOQ. Of the cytosolic sites, CPT1 is thought to exert the highest control over mFAO
and ketogenesis in rat liver and — indeed — the highest control of all intrahepatic sites at all metabolic
states, including the fed state, starvation, insulin treatment, and refeeding (3,4).

Transcriptional regulation

CPT1 is markedly transcriptionally downregulated by a high-carbohydrate diet, whereas it is strongly
upregulated by LCFA (5).

* Modelling decision

The Vmax of CPT1 cannot be assumed to be the same at different metabolic states. Assume that the
nutritional state of the cells from which CPT1 is taken to be measured, matters (fed, fasted, fat-
fed, diabetic).

SUBCELLULAR LOCALISATION

CPT1 is embedded in the outer mitochondrial membrane (6).

* Unexplored kinetic implication

Changes in membrane fluidity, for example, might result from nutritional or other environmental
conditions, and have been shown to influence both carnitine affinity and MalCoA sensitivity in
CPT1 (6).

Contact sites

CPT1, as well as its inward-facing cognate, CPT2, seem specifically enriched at contact sites, with
about 40% of CPT1 and CPT2 located in only 5-10% of the outer membrane surface area (7,8).
Contact sites are points of close apposition between the inner and outer mitochondrial membranes
and differ in terms of composition and function from other areas in the membrane (9). They are
regulated dynamically based on the functional state of the cell, including by fatty acids which
increase the negative surface charge of the membranes, causing repulsion between them and
reducing contact site frequency (10,11). Contact sites are thought to be the points of acyl-CoA
import for mFAO (8): “The concentration of CPT1 and CPT2 at contact sites raises the possibility that
acylcarnitine transfer into the mitochondrial matrix is thereby facilitated.”

* Modelling decision

Add a parameter called contactSiteCPT to multiply with the V., which will effectively cause the
model to only contain contact site CPT1 and CPT2. This implicit assumption here is that only contact
site CPT1 and -2 participate in mFAO and that the others form part of a different module. Physico-
chemically, the solubility-related channelling of long-chain acyl-CoAs and -carnitines might be
imagined to mean that the intermediates that go to VLCAD would probably pass via contact sites as
passive diffusion to the mFAO enzymes, especially of less water-soluble compounds, is unlikely.



IMPORTANT UNCERTAINTIES

(Uncertainty 1) CPT1 versus CPT2

As late as the early 1990s, there was still some controversy about whether CPT1 and CPT2
represented separate proteins or the same enzyme catalysing opposite reactions due to differences
in their membrane environment (12). Consequently, many older studies do not implement clear
strategies to discern between the activities of CPT1 and CPT2 and therefore likely measure
combined activity of the two.

* Modelling decision

This makes it difficult to ascertain to which enzymes (CPT1, CPT2, or some mixture of the two)
certain measurements apply, e.g. in the work of Finocchiaro et al. (13), where no distinction
between the isozymes is made. Even in studies where a distinction is made, e.g. in McGarry et al.
(14), the authors note “when released from the membrane, [CPT1] loses its sensitivity to malonyl-
CoA.” In the latter case, it is tricky to know whether McGarry and colleagues (14) were indeed
measuring what they thought they were measuring, as malonyl-CoA-sensitivity is an identifying
property of CPT1 (12), and it might be that solubilisation of the mitochondria with the use of
detergents might have released CPT2 and inhibited CPT1 in studies done with homogenates study.

Measurement of CPT1 activity in the membrane and some test to identify the enzyme’s identity is
preferred. Some authors have systematically distinguished CPT1 and CPT2 activity in their
measurements, by, for example, using CPT1- or CPT2-deficient cells (15,16), by assaying intact
mitochondria and inhibiting the downstream mFAO to isolate the outward-facing activity (17), or
by recombinantly expressing the enzymes in external vehicles (18-20). The first two options appear
the most appropriate, to our eye, since then the enzymes are assayed in their native membrane
environment. The latter option entails recombinant expression of the proteins in alien
environments, which can have an impact on the functioning of particularly CPT1, as will be discussed
in the following sections.

In the case of data scarcity, it is possible to use CPT activity from homogenates as an
approximation of CPT2 activity if the assay cocktail contained detergents, as previously done
(21,22). It has been shown that detergents stimulate CPT2 activity while inhibiting CPT1 (12). This is
not a total abrogation of CPT1 activity in favour of CPT2, however — substantial CPT1 activity is also
measured at high concentrations of detergent. The same is also true of detergent-free preparations,
which have stronger CPT1 activity while still containing substantial CPT2 activity. But this is not
recommended.

(Uncertainty 2) Mechanism of malonyl-CoA inhibition (unresolved)

Since the discovery of CPT1’s sensitivity to inhibition by malonyl-CoA, many studies have attempted
to unravel its mechanism. The mitochondrial outer membrane microenvironment seems to affect
the kinetics of CPT1, including by affecting the mechanism of malonyl-CoA inhibition (23). Different
isoforms of CPT1 also differ in their sensitivity to malonyl-CoA: it is known, for instance, that the
muscle isoform, CPT1b, has a much higher affinity for malonyl-CoA than CPT1 (6). For simplicity, we
will focus on the relationship between the liver isoform of CPT1 (CPT1a) and malonyl-CoA.

Malonyl-CoA is the first committed intermediate of the de novo lipogenesis, hence its inhibition of
mFAO makes intuitive sense as a feedback loop to prevent futile cycling (24). This molecule — both its
biochemistry and its physiological role — has been reviewed in detail by previous authors (5,25-27).
The mechanism of action of malonyl-CoA appears to contain an allosteric component: proteases
have been shown to abrogate malonyl-CoA sensitivity without abrogating the CPT1’s catalytic



activity, suggesting that different regions of the protein are involved in catalysis and inhibition (28—
31). This would also explain how solubilised CPT1 can still catalyse the transferase reaction despite
losing its sensitivity to malonyl-CoA (32).

Most authors have observed the competitive exclusion of palmitoyl-CoA (32—-35), or octanoyl-CoA
(34), from the active site as the mechanism of inhibition. Competitive allosteric inhibition is known in
other enzymes (36): in these mechanisms, inhibitors do not sterically block substrate entry into an
active site but induce conformational changes that render substrate-binding less favourable. Indeed,
some authors have directly proposed this conformational change model as the mechanism of
malonyl-CoA inhibition (5,37).

Another suggestion is that malonyl-CoA is competitive with respect to L-carnitine binding. This is
supported by the observation that the same motif that is responsible for malonyl-CoA sensitivity in
liver CPT1 is responsible for L-carnitine affinity in muscle (6). Furthermore, Bird and Saggerson (38)
found a reduction of the affinity of CPT1 for L-carnitine in rat liver by malonyl-CoA, and also a
reduction of malonyl-CoA binding by increased L-carnitine, suggesting competition by steric
hindrance between these two molecules. However, Bird and Saggerson (38) also found that
increasing the palmitoyl-CoA concentration can reduce the inhibitory effect of malonyl-CoA on L-
carnitine binding.

Some authors have suggested that malonyl-CoA binds CPT1 at two different sites (36,39-41). Lopez-
Vifias et al. (40)Vinas et al. 2007) propose a mixed model of inhibition consisting of the steric
hindrance (competitive inhibition) of L-carnitine binding and the simultaneous allosteric modulation
(which they classify mechanistically as uncompetitive or non-competitive) of L-carnitine and acyl-
CoA binding. The proposal of mixed inhibition raises the question of whether both mechanisms are
present in all CPT1 enzymes, or whether distinct subpopulations of CPT1 exist with distinct kinetic
properties. In the latter case, a protein sequence would have the potential of exhibiting both
mechanisms, with the determining factor being the membrane microenvironment. An example
could be that CPT1 is inhibited differently at contact sites versus in the rest of the membrane (23).
Lloyd et al. (42) report different kinetics when malonyl-CoA is added first versus when palmitoyl-CoA
is added first in an in vitro CPT1 activity assay.

If distinct subpopulations of CPT1 do exist and can be isolated, different prior nutritional and
environmental conditions, or even different sample preparations, might the membrane structure
and, by extension, might induce distinct kinetic features in CPT1. Finally, binding proteins that
solubilise and transport fatty acids and their derivatives have also been shown to increase the
inhibitory effect of malonyl-CoA (43).

It is clear that CPT1’s relationship with malonyl-CoA is complex and multifactorial. For simplicity, we
have assumed simple competitive inhibition of acyl-CoA binding. However, much ground remains to
be covered towards an accurate characterisation of the relationship between malonyl-CoA and
CPT1.

* Arbitrary modelling decision: competitive inhibition against acyl-CoA
We will be selecting a simple competitive inhibition with regards to palmitoyl-CoA binding, not
influenced by the presence of binding proteins or the membrane-environment of the enzyme.



(Uncertainty 3) Substrate inhibition

Substrate inhibition — the phenomenon whereby an enzyme is inhibited by the compound that it’s
meant to convert — has been reported in as many as 10% of enzymes (44). It leads to a rate curve in
which the rate increases to a maximum and then starts descending with further substrate increases.
Substrate inhibition has often been regarded as an aberration stemming from the artificially high
substrate concentration in the laboratory environment, although Reed et al. (45) provide an
overview of cases which in which substrate inhibition takes place at physiological concentrations and
appears to have an evolved biochemical role.

A widely cited study by Bremer and Norum (46) reported substrate inhibition of CPT1 by palmitoyl-
CoA, with maximal rates at 10 to 50 uM. This was later echoed by Murthy and Pande (12) and
Woldegiorgis et al. (47), again with maxima between 10 and 50 uM. Increasing L-carnitine
concentrations pushed the maxima to higher palmitoyl-CoA concentrations, leading the authors to
conclude a competitive inhibition of L-carnitine binding (46,47).

Bremer and Norum (46) concluded that two palmitoyl-CoA binding sites must be present to explain
substrate inhibition. Indeed, substrate inhibition seems to require multiple substrate-binding sites —
a catalytic binding site and a non-catalytic inhibitory site (45). Recently, however, three-dimensional
modelling of the enzyme has identified only one binding site suitable for palmitoyl-CoA binding (40).
This, of course, raises the question: what is the mechanism responsible for the apparent substrate
inhibition of CPT1 by palmitoyl-CoA? Elucidation of the mechanism might also provide clues as to
whether this is a biologically relevant phenomenon or an artefact of the laboratory.

Another possible mechanism is suggested by the observation that substrate inhibition in CPT1 is
apparently irreversible (12,43). Murthy and Pande (12) referred to a “detergent-type inactivation”
because inhibition could not be reversed by subsequently lowering the substrate concentrations.
Similarly, bovine serum albumin (BSA) prevented substrate inhibition (12,20,47). However, BSA
could not restore the enzyme’s activity after palmitoyl-CoA had already inhibited it (12). BSA is a
binding protein that sequesters, inter alia, acyl-CoAs. These acyl-CoAs, for instance palmitoyl-CoA,
then have radically reduced free concentrations (48). Other studies showed that substrate inhibition
of CPT1 was also abrogated by the addition of the native binding proteins, fatty-acid binding protein
(FABP) and acyl-CoA binding protein (ACBP) (43,49), although they did not test for reversibility.

All of this is in agreement with a model of substrate inhibition as detergent-like (12). Detergent-like
behaviour has, indeed, been reported for palmitoyl-CoA (50-52) as well as that the hydrophobic tail
of acyl-CoAs inserts into membranes (53-55). A change in membrane lipid composition is known to
affect CPT1 function (56,57). Indeed, Pauly and McMillin (58) provided evidence that the palmitoyl-
CoA that did not bind to BSA, partitioned into the mitochondrial membrane where, presumably, and
in high enough concentrations, it could alter the properties of the membrane. Bhuiyan and Pande
(43) showed that octanoyl-CoA does not exhibit this substrate-inhibition behaviour — not even at the
supraphysiological concentration of 0.5 mM. Octanoyl-CoA is not a strong detergent like palmitoyl-
CoA and has a decreased tendency to partition into membranes (59,60). We are not aware of other
acyl-CoA chain lengths that have been assayed for substrate inhibition.

In a previous section ((Uncertainty 2) Mechanism of malonyl-CoA inhibition (unresolved)) we argued
that the membrane interacts with CPT1 in ways that determine the kinetics of the enzyme. High
concentrations of palmitoyl-CoA have been observed to affect the activity of virtually all
transmembrane substrate transporters (61), suggesting a common mechanism —in this case their
interaction with the membrane. CPT2, however, has also not been observed to undergo substrate
inhibition (12). This might be explained by the fact that CPT2 is anchored in but never spans the



membrane (1). This would be consistent with a membrane-CPT1 interaction in the observed
substrate inhibition.

Substrate inhibition in CPT1 has not been investigated in detail, and most evidence is indirect. The
paucity of direct measurements is in itself an indication that substrate inhibition likely only arises
under specific experimental conditions. Moreover, our main observation is that substrate inhibition
resembles a detergent acting on the membrane rather than an allosteric effect.

Further investigation should focus on identifying whether the inhibitory effect of high concentrations
of palmitoyl-CoA is accompanied by changes in membrane composition and fluidity and whether the
inhibition can somehow be reversed by restoring the membrane to its original state. Progress can
also be made by crystallographically characterising CPT1’s structure, something which —to our best
knowledge — has thus far only been done computationally (40,62). Crystallography might confirm the
absence or presence of allosteric binding sites for palmitoyl-CoA. Trying to replicate the early
experiments with other acyl-CoAs might also shed light on the matter: if the detergent effect of
palmitoyl-CoA is responsible for the inhibition, then one would also expect other long-chain acyl-
CoAs to cause inhibition at high concentrations, with decreasing potency as the acyl chains shorten.
If the effect is specific to palmitoyl-CoA, on the other hand, that might indicate an allosteric
mechanism.

Finally, even if the inhibition is due to detergent effects, it might still have biological relevance.
Changes in membrane composition can also take place in vivo. If this is the case, then it might be
worthwhile characterising whether this inhibition would occur under physiological conditions, for
instance in the presence of cytosolic proteins like fatty acid- and acyl-CoA binding proteins (FABPs
and ACBPs). FABPs and ACBPs would drive the free concentration of acyl-CoAs down and might
prevent substrate inhibition from ever taking place: if the concentrations of acyl-CoAs that would be
required to cause substrate inhibition are never reached, then we could ignore it. We have assumed
that this is the case for our model, though it has not been shown unequivocally.

* Modelling decision: no substrate inhibition

Substrate inhibition by palmitoyl-CoA was exclusively observed in experiments where no substrate-
binding proteins were added (e.q. (43,46,47)). The direct evidence presented by (43) and (58) that
substrate-binding proteins abrogate substrate inhibition and the lack of reported palmitoyl-CoA
substrate inhibition of CPT1 in the rest of the literature, where the use of BSA as substrate-binding
protein is nearly universal, confirms that we need not worry about this phenomenon as a
confounder of parameters.

(Uncertainty 4) Acyl-CoA binding proteins (unresolved)

The precise kinetics/dynamics of how substrate availability changes in the presence of substrate
binding proteins is still not perfectly understood. Abo-Hashema et al. ((49)) showed that CPT1 is able
to recognise acyl-CoA binding protein(ACBP)-AcylCoA binary complexes while Pauly and McMillin
((58)) concluded that CPT1 could also use acyl-CoA-BSA complexes as substrates, albeit that they
suggest that this would be a slow process. The suggestion that acyl-CoA-BSA complexes are more
slowly used by CPT1 as substrates (58) together with the evidence from Bhuiyian et al. ((43))
showing how high concentrations of substrate binding proteins lead to a decrease in CPT1 activity,
suggest that binding proteins decrease the effective concentration of AcylCoA, though they don’t
remove them from the substrate pool entirely. They do appear to lower the chance that the
substrate and the enzyme will interact favourably for a reaction, however.



In contrast, Bhuiyan et al. ((43)) found that octanoyl-CoA was more quickly converted to
octanoylcarnitine by CPT1 in the presence of BSA.

Pauly and mcMillin (1988) discovered the ratio between the BSA and the palmitoyl-CoA to be
determinant with respect to the measured activity (Fig. 1, (58)). At a ratio of 6.1 uM palmitoyl-CoA
to 1 uM BSA, the rate was about maxed out:

Pauly and McMillin (58) suggested that about 5 or 6 binding sites on BSA had to be saturated before
the mitochondria could compete effectively for the substrate — this explains the suggested 6:1 ratio.
Increasing the ratio above 6:1 did not significantly change the maximum measured Vmax.

ACBP is known to bind acyl-CoAs in a stoichiometry of 1:1 (49). When the in vivo concentration of
acyl-CoA increases to higher than [ACBP], however, FABP (fatty-acid binding protein which binds
acyl-CoA in a stoichiometry of 1:2; (63)) would likely pick up the slack. This might sometimes be the
case at the outer membrane environments of mitochondria, for instance during fasting (43).

Assuming an [ACBP] of between 10-50 uM (63), binding with a Kp =1 nM (1 — 10 nM; (64)), and a
[FABP] of 100-300 uM with a Kp = 1 uM (65), very little long-chain acyl-CoA will end up in the free or
membrane-bound form in vivo, probably.

Finally, in the words of Knudsen et al. (63): “It is tempting, therefore, to speculate that, by binding
LCACoA, ACBP creates a pool of long-chain acyl-CoA available only for specific purposes.”

* Unexplored kinetic implication

It is therefore fair to expect that the physiological interaction of CPT1 and acyl-CoAs — the real
affinity of CPT1 for protein-bound acyl-CoA, the real availability of acyl-CoAs to various processes
and organelles, and the levels at which these potential detergents can become toxic — will be
projected through the lens of various binding proteins in the cytosol, and that these kinetic effects
must be considered if a real picture of CPT1 activity is to be had.

* Arbitrary modelling decision: disregard binding protein effects
For now, the effects of these proteins will be disregarded for the sake of simplicity.



MEASURING CONDITIONS

Use of detergents
Detergents inhibit CPT1 activity and stimulate CPT2 activity (Table 1 from (12)):

In fact, even when claiming to measure the activity of CPT1, for example in (17), detergents are
used, which might be inhibiting CPT1 activity.

* Modelling decision: Try to use parameters that were measured in the absence of
detergents.

Tissue-specific isoforms

Prip-Buus et al. (19): “Tissue analysis from CPT1-deficient patients has shown that human CPT1A is
expressed in liver, lymphocytes, and fibroblasts, but not in skeletal muscle [where CPT1B is the
expressed isoform].” Cardiac muscle has both liver and muscle isoforms, and exhibits properties that
are intermediate to both tissues (4).

* STRONG modelling decision: Only parameters from liver, lymphocytes, and fibroblasts can
be used.

Differences across species

Significant parameter differences exist across species, up to an order of magnitude, for example,
between Guinea pig liver and human liver; McGarry et al. (66). This makes the use of non-human
parameters in a human model a non-trivial problem.

* Modelling decision: Try to use human parameters

Subject age

Oey and colleagues (67) show that a factor of 5:1 difference could arise between the activity of CPT1
from adult human liver versus that from foetal liver CPT1. When selecting a Vmax for one’s model, this
is rather important to consider.

* Modelling decision: Where possible, use CPT1 parameters measured in human tissue of
young children of neonates.

Temperature

Kolodziej and Zammit (37) showed a very significant change in malonyl-CoA sensitivity (as much as
40% change in CPT1 activity) when assaying in 37°C vs. 20°C due to membrane fluidization. Whether
this magnitude of effect is also seen on, for instance, substrate and product affinity, has not been
confirmed but it not out of the question.

* Modelling decision: Try to use parameters measured as close as possible to 37°C, especially
Vmax.

Buffer composition

MOPS and HEPES buffer are known to compete with carnitine for binding to CPT1 (49) and any assay
carried out in those buffers is to be rejected. Solberg (68) also briefly discusses the effects of salt
activation, indicating that a 3.3x increase in [Tris] leads to a 2.5-6.5x increase in CPT1 activity.
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* Modelling decision: Do not use parameters measured in HEPES or MOPS buffer.

pH

Mills et al. (69) investigated the effect of pH on the binding of malonyl-CoA, substrates, and on the
Vmax Of rat liver CPT1. They found an that a modest pH increase from pH = 6.8 to pH = 7.6 increased
the [malonyl-CoA] necessary for 50% inhibition (ICso) 8-fold, while the Ky, for carnitine decreases 2-
fold over the same range, in agreement with Zammit et al. (6) and McGarry et al (66)’s reports that
malonyl-CoA sensitivity and the K, for carnitine are positively correlated.

* Modelling decision: Try to use parameters measured at pH = 7.2 (cytoplasmic pH).

BSA

Since by far the most studies make use of BSA in their assays (12,40,70,71), it is important to note
that changing [BSA]:[Acyl-CoA] ratios are known to lead to sigmoidicity in the relationship of CPT1
activity to substrate concentration (Fig. 1 from (58)). This is the case in most of the measurements
that have been done in the literature: therefore, data from assays with constant [BSA] are to be
understood with the caveat that artefacts may be playing a role in the observed kinetics.

* Modelling decision: Try to use parameters measured in BSA-containing assay buffer.

* Unexplored kinetic implication
Measuring CPT2 activity in the presence of different concentrations of BSA almost certainly causes
some differences in the observed kinetics. For simplicity, this is disregarded for now.

Order of substrate additions
Lloyd et al. (42) report different kinetics when malonyl-CoA is added first versus when palmitoyl-CoA
is added first in an in vitro CPT1 activity assay.

* Arbitrary modelling decision: ignore the effect of adding substrate in different orders

11



KINETICS

Specificity

CPT1 is specific to long-chain acyl-CoAs (72), though nowhere in the literature wat specified what
exactly “long-chain” refers to. According Expasy (E.C. 2.3.1.21), CPT1 is specific to LCFA of chain-
length C8 to C16.

Reaction mechanism

Nic a’ Bhaird et al. (73) show a compulsory ordered binding mechanism for CPT2 (acyl-CoA binds first
and acylcarnitine released first) and McGarry et al. (5) and Ramsay et al. (1) extrapolated this to
CPT1, though they did not provide direct evidence:

Acyl-CoA Carnitine Acyl-camitine  CoA

| assume that this can be simplified to the generic random-order bi-bi rate equation (74), with the
effects of the ordered mechanism factoring in the fact that the Kn, for carnitine varies with the chain
length of its co-substrate.

* Unexplored kinetic implication

In the inhibition term of reactions with a conserved co-substrate (CoA or carnitine), the K; of the
carnitine is a competitive inhibitory term against acylcarnitine binding (Car/KiCar (see highlighted in
yellow below)): the carnitine would exclude acylcarnitine binding in a chain-length-independent
way, as the carnitine would have to bind before the acylcarnitine in order to keep it out of the active
site. When carnitine is a substrate, however, it has a chain-length-dependent binding patters, as the
acyl-CoA substrate binds before the carnitine.

In an ordered bi-bi Michaelis-Menten equation, this would be addressed by the fact that a separate
Kq and K; is included for carnitine. In order to fit this mechanism into the random order bi-bi rate
equation, however, we need to treat the Kq (in this case Kn) and K; of carnitine in the equation’s
denominator as a single value. If we do not do this, then we would select for certain acylcarnitine
substrates based on higher K; of carnitine actually related to the acyl-CoA substrate which doesn’t
play a role in the inhibition.

* Arbitrary modelling decision
Take the average of K, caritines as the Ki; camitine SO there’s only one K; to avoid substrate selection
based on the K, of the enzyme for carnitine.
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Rate equation
Forn={8, 10,12, 14, 16}:

HC. - Veptl - contactSiteCPT CpAcylCoACYTIt] - CarCYT][t] _ C,AcylCarCYT[t] - COACYT(t]
1c sfeptiCy VCYT (chpthnAcleoACYT *Kmept1CpCarCYT  KeqeptlCy - Ky cpt1C,AcylCoACYT - chptharCYT)
veptlln = CarCYTIt] CoACYT[t] MalCoACYT 10, CaACylCOACYTTL] C,AcylCarCYT[t]

a+

KeptiCarcyT T K cpticoacyT) (1t KMalcoacyT T Ln=s (K cpiC, AcylCoACYT T KyocptiC,AcylCarCyT))

Variables == initial values
Acyl-CoAs

Acylcarnitines
C16AcylCarCYT[t] == 0 uM

C14AcylCoACYT[t] == 0 uM C14AcylCarCYT[t] == 0 pM
C12AcylCoACYT[t] == 0 uM C12AcylCarCYT[t] == 0 uM
C10AcylCoACYT[t] == 0 uM C10AcylCarCYT[t] == 0 uM
C8AcylCoACYT[t] == 0 uM C8AcylCarCYT[t] == 0 uM




Parameters
Weighting rule

| give the parameters weights based on my subjective evaluation. There will be four categories.

1 = credible measurement

0.9 = just short of perfect (e.g. wrong tissue and had to be adjusted, 30°C instead of 37°C)
0.5 = uncertain

0.1 = “l probably wouldn’t choose this if | had another option”

Using the weights, | will reduce the impact of poor measurements.

Weights are given in curly brackets next to parameter values: {} with short reasons

14



sfcptl

Satisfactory values found
Parameter Chosen value Alternatives Comments

[range]

1

sfcpt1C16 1 1
{0.9, no temp} {0.5, Ox + old, CPT2 {0.5, temp + CPT2 not

not properly known distinguished + no BSA}
yet}




sfcpt1C12

sfcpt1C8

2.72
{0.9, no temp}

1.74
{0.9, no temp}

1.52
{0.5, Ox + old, CPT2
not properly known

yet}

0.93
{0.5, Ox + old, CPT2
not properly known

yet}

1.93

{0.5, temp + CPT2 not
distinguished + no BSA}
[1.52-1.93]

0.83

{0.5, temp + CPT2 not
distinguished + no BSA}
[0.83-0.93]
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Cubic polynomial (multinormal distribution)

Formula a*x3+bxx?+cxx+d
Best fit parameters a=-0.0079339

b =0.242669

¢ =-2.30559

d =8.19036
R? 0.903259

Covariance matrix

Bounds

{{0.00015193, -0.00546947, 0.0634863, -0.236767},
{-0.00546947, 0.197408, -2.29769, 8.5924},
{0.0634863, -2.297609, 26.824, -100.622},
{-0.236767, 8.5924, -100.622, 378.738}}

{{"bounds: C8", 0.174, 17.4}, {"bounds: C10", 0.081, 8.1}, {"bounds: C12", 0.272,
27.2}, {"bounds: C14",0.129, 12.9}, {"bounds: C16", 0.1, 10.}}

Comments: n/a

Measurements & fit

100 models + fit

3.0F 3.0

2.5} “ 2.5}
T 20} et T 2.0} =——
sl e T | Bs| e
7] ’I.O; . ) . -.:_," 7 1.0_-7:'*':;;

0.5¢ 0.5}

0.0t . . - - . .

8 10 12 14 16 8 10 12 14 16

Acyl chain length

Acyl chain length
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Vcptl

Parameter

Chosen value
[range]

0.872
pmol.min

1. mg-mito-
Protein™ {0.9,
fibroblast}
[0.0047 -
0.18094]

* k%
)

0.536 umol.min-
L. mg-mito-
Protein® *, **
{0.5, temp +
fibroblast}

Alternatives

0.084 pmol.mint.mg-mito-
Protein® *, **
{0.5, temp + fibroblast}

0.0047
pmol.min
L. mg-mito-
Protein ***
{0.5, temp +
rat}

Comments

18



** Converted to mitochondrial protein by multiplying by 4 (78)

*** Converted to mitochondrial protein by dividing by 20; OMV protein is 5%of mitochondria, protein (12)

log-normal distribution

Parameters

(of the normal distribution)

Bounds

u=-1.80963
0 =2.35101
{"bounds", 0.0872, 8.72}

15
08 1 g
< 06} - 5 100
b } II
S04 i T s
0.2 :
. 0 _
0.0} ~ -

00 02 04 06 08 1.0
Veptl

Vept1

o N A~ O

Measurements 100 models
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contactSiteCPT

Parameter Chosen value [range] Alternatives Comments

-
a.
O
()
b~
(7]
e
(8]
©
=
(=
o
o

contactSiteCPT J§§ 0.4 (0.5, simple uncertainty) 1.0 (0.5, simple uncertainty)
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Unique

Values

0.4

—_—

contactSiteCPT
cCooooo =
PO ~0OO

Measurements

Comments: No variation allowed, unique value

Chosen

21



Kmcpt1lAcylCoA

No satisfactory value: no values were found that expressed the change of the K, for chain lengths and which are also unambiguously CPT1 parameters
Parameter Chosen value Alternatives Comments
[range]

-
>
(O]
<
o
=
>
Q
<
i
F
Q.
]
£
X

Kmcpt1C16AcylCoACYT 11.7 uM 43 uyM 88.8 uM




Kmcpt1C12AcylCoACYT

Kmcpt1C8AcylCoACYT

{0.5, temp +
CPT2 not
distinguished
+no BSA}
[11.7 —88.8]

11 uM
{0.5, temp +

CPT2 not
distinguished
+ no BSA}

22.9 uM
{0.5, temp +
CPT2 not
distinguished
+ no BSA}

{0.9,
fibroblast}

{0.5, pH + no
temp}

{0.5, rat +

{0.5, temp + {0.5, temp +

HEPES +
fibroblast
expressed
in yeast}

HEPES +
fibroblast
expressed in
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Exponential growth/decay (multinormal distribution)

Formula ax*e*b 4 ¢
Best fit parameters a= 0.0219735
b= 0.401344
c= 17.3323
R? 0.62
Covariance matrix {{1.16017, -3.16294, -30.9189},

{-3.16294, 8.63096, 83.1205},
{-30.9189, 83.1205, 1062.57}}

Bounds {{"bounds: C8", 2.29, 229.}, {"bounds: C10", 1.67,167.}, {"bounds: C12", 1.1,
110}, {"bounds: C14", 3.08, 308.}, {"bounds: C16",1.22, 122.}}

10 models + fit

Measurements & fit ; 50€

T sof )

(3} -g 40t

§ 40¢ 3]

= 30} SR > 30

-t e L ¢ { ‘--"'.'

< 200 . FENRRE T 20f ettt

a . - a

E 10 | | | | | E 10_. | | | |

8 10 12 14 16 8 10 12 14 16

Acyl chain length Acyl chain length

Comments: mostly flat, sometimes curved upwards, sometimes downwards. Upwards slopes more frequent and steeper than downwards slopes.
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KmcptlCarCYT

No satisfactory value: no values were found that expressed the change of the Kn for chain lengths

Parameter

-
>
o
S
©
o
i
e
o
o
£
x

Kmcpt1C16CarCYT

Kmcpt1C12CarCYT

Chosen value

85 uM {0.9, fibroblast}

85 uM {0.1, wrong chain-length}

Alternatives

36.5 uM
{0.5, pH + no temp}

Comments

25



Kmcpt1C8CarCYT

85 uM {0.1, wrong chain-length}
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Linear (flat - pick one value for all the chain-lengths)

Formula ax(x+b)+c
Chosen parameters a ={0,0}
b=0
c = {35, 100}
R? n/a
Covariance matrix n/a
bounds

{{"bounds: C8", 17/2, 850}, {"bounds: C10", 17/2, 850}, {"bounds: C12", 17/2, 850}, {"bounds: C14",
17/2, 850}, {"bounds: C16", 17/2, 850}} 425}, {"bounds: C16", 17, 425}}

Comments: n/a

measurements
+ 100 models

120
100¢

D
o

Kmcpt1CarCYT
©
o
L
L
L
L
L

D
o

8 10 12 14 16
Acyl chain length

27



Kicpt1CarCYT

Semi-satisfactory values found: the form of this equation doesn’t allow us to accurately capture the inhibitory effects of carnitine against the binding of
acylcarnitines, as it would be dependent first on the binding of an acyl-CoA. We take the average of the whole range of chain length-specific carnitine Kpn,
Parameter Chosen value Alternatives Comments

-
>
o
S
©
o
i
e
Q.
Q
£
x

Kicpt1CarCYT 85 uM {0.1, not true K} 36.5 uM
{0.1, not true K}

28



Comments: n/a

Calculate

equals Kmcpt1CarMAT
120f

£ 100}

? i -

§ 80'

& 60;

<40t L

Measurements 100 models
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KmcptlAcylCarCYT

No satisfactory value: no values were found that expressed the change of the Kn, for chain lengths and which are unambiguously CPT1 parameters

|
>
o
S
©
L
>
Q
<
i
Ll
Q
Q
£
x

Parameter

Kmcpt1C16AcylCarCYT

Kmcpt1C12AcylCarCYT

Kmcpt1C8AcylCarCYT

Chosen value

123 uM

{0.5, temp + CPT2 not
distinguished + no BSA} [60 —
123]

631 uM

{0.5, temp + CPT2 not
distinguished + no BSA} [426 —
631]

1139 uM

{0.5, temp + CPT2 not
distinguished + no BSA} [460 —
1139]

Alternatives

60 uM
{0.5, Ox + old, CPT2 not
properly known yet}

426 pM
{0.5, Ox + old, CPT2 not
properly known yet}

460 uM
{0.5, Ox + old, CPT2 not
properly known yet}

Comments
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Cubic polynomial (multinormal distribution)

Formula
Best fit parameters

RZ
Covariance matrix

Bounds

Kmcpt1AcylCarCYT

Comments: n/a

1400f
1200¢
1000}

800}

600}
00¢
00

[ I Y

a*x3+b*x*>+c*xx+d
a= 3.20833
b=-123.708
c= 1443.17
d=-4461.5
0.91
{{66.5479, -2395.72, 27772.7, -103282.},
{-2395.72, 86413.1, -1.00382*10°, 3.74071*10°},
{27772.7,-1.00382*10°, 1.16876*107, -4.36557*107},
{-103282., 3.74071*105, -4.36557*107, 1.63483*10%}}
{{"bounds: C8", 1139/10, 11390}, {"bounds: C10", 177/2, 8850}, {"bounds: C12", 631/10, 6310},
{"bounds: C14", 377/10, 3770}, {"bounds: C16", 123/10, 1230}}

Measurements & fit 25 models + fit

1400f
1200}
1000¢

- F -
- - -
= i
-

-

- -

s "'_‘_
L

8

Kmcpt1AcylCarCYT
[8.2)
o
o

10 12 14
Acyl chain length

10 12 14 8

Acyl chain length
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Kmcpt1CoACYT

-
>
o
<
o
o
i
e
(=}
15}
£
x

Parameter

Kmcpt1CoACYT

Chosen value Alternatives

40 uM 40.7 uM

{0.5, rat + uncertain § {0.5, rat + uncertain
origin} origin}

[40-40.7]

Comments
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log-normal distribution
Parameters K =3.69755
(of the normal distribution) | o= 0.0122673
Bounds {"bounds", 4, 400}
10 Examples
. I .
— " L
0.8 = .
- b 5 i & 40.5] i
> 40.6 < 0.6 3 -
< o o
3 404/ 2 o4 H 0 40.0} ——
b Q2 0.2} =
o 40.2} £ | o
E ook g
40.0 b 0 20 40 60 80 100 o< 39.9¢
KmcptlCoACYT
39.0¢ . .
Measurements Simulations
Comments:
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Keqcptl

Parameter

KeqcptlC16

KeqcptlC12

KeqcptlC8

Chosen value Alternatives

0.473

11.0} 0.45

{0.5, temp}

[0.45-0.473]

0.473
{0.1, assumed equivalent to Keqcpt1C16}

0.473
{0.1, assumed equivalent to Keqcpt1C16}

Comments
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Unique

Values ‘ {{8, 0.473}, {10, 0.473}, {12, 0.473}, {14, 0.473}, {16, 0.473}}

0.470}
% 0.465!
& 0.460}
& 0.455!

0.450}

8 10 12 14 16
Acyl chain length

Comments: No variation allowed, unique values from eQuilibrator.



Kicpt1MalCoACYT
Much remains still be confirmed about this effect, both mechanistically and kinetically. A decent placeholder value has been found for the meantime,
though.

Parameter Chosen Alternatives Comments
value

<
o
Q
©
=
i
P
Q.
2
4

Kicpt1MalCoACYT §§ 9.1 uM
{0.1, rat +
temp +
mechanism
not
elucidated}
[9.1-9.2]
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Unique

Values

9.1

Comments: No variation allowed, unique value.
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MalCoACYT

Satisfactory value found.
Parameter Chosen value Alternatives Comments

-
>
(9
<
o
L
1]
=

MalCoACYT
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Unique

Values 10

20]
15}
10}

MalCoACYT

Measurements Chosen

Comments: No variation allowed, unique value.
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