
S2 Text: Analytical derivation of steady states in one dimensional ODE for a reduced 

mFAO model 

 

In order to analytically investigate bistability, we considered a reduced mFAO pathway around 

C4-KetoAcylCoA. The ODE related to the rate of change in the concentration C4-Ketoacyl-

CoA over time is given by 

𝑉𝑀𝐴𝑇
𝑑𝐶4𝐾𝑒𝑡𝑜𝑎𝑐𝑦𝑙𝐶𝑜𝐴𝑀𝐴𝑇

𝑑𝑡
= 𝑣𝑀𝑆𝐶𝐻𝐴𝐷𝐶4 − 𝑣𝑀𝐶𝐾𝐴𝑇𝐶4 

where the rate equations are given by 

𝑣𝑀𝑆𝐶𝐻𝐴𝐷𝐶4

=

𝒔𝒇𝒗𝒎𝒔𝒄𝒉𝒂𝒅𝑽𝒎𝒂𝒙,𝒎𝒔𝒄𝒉𝒂𝒅 (
[𝑪𝟒𝑯𝒚𝒅𝒓𝒐𝒙𝒚𝒂𝒄𝒚𝒍𝑪𝒐𝑨][𝑵𝒕 − 𝑵𝑨𝑫𝑯]

𝑲𝒎𝑴𝑺𝑪𝑯𝑨𝑫,𝑪𝟒𝒉𝒚𝒅𝒓𝒐𝒙𝒚𝒍𝑪𝒐𝑨𝑲𝒎𝑵
−

[𝑪𝟒𝑲𝒆𝒕𝒐𝒂𝒄𝒚𝒍𝑪𝒐𝑨][𝑵𝑨𝑫𝑯]
𝑲𝒎𝑴𝑺𝑪𝑯𝑨𝑫,𝑪𝟒𝒉𝒚𝒅𝒓𝒐𝒙𝒚𝒍𝑪𝒐𝑨𝑲𝒎𝑵𝑲𝒆𝒒,𝑴𝑺𝑪𝑯𝑨𝑫

)

(𝟏 +
[𝑪𝟒𝑯𝒚𝒅𝒓𝒐𝒙𝒚𝒂𝒄𝒚𝒍𝑪𝒐𝑨]
𝑲𝒎𝑴𝑺𝑪𝑯𝑨𝑫,𝑪𝟒𝒉𝒚𝒅𝒓𝒐𝒙𝒚𝒍𝑪𝒐𝑨

+
[𝑪𝟒𝑲𝒆𝒕𝒐𝒂𝒄𝒚𝒍𝑪𝒐𝑨]

𝑲𝒎𝑴𝑺𝑪𝑯𝑨𝑫,𝑪𝟒𝒉𝒚𝒅𝒓𝒐𝒙𝒚𝒍𝑪𝒐𝑨⏟                
𝒊𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏 𝒃𝒚 𝒓𝒆𝒂𝒄𝒕𝒊𝒐𝒏 𝒑𝒓𝒐𝒅𝒖𝒄𝒕

+∑ {
[𝑪𝒏𝑯𝒚𝒅𝒓𝒐𝒙𝒚𝒂𝒄𝒚𝒍𝑪𝒐𝑨]
𝑲𝒎𝑴𝑺𝑪𝑯𝑨𝑫,𝑪𝒏𝒉𝒚𝒅𝒓𝒐𝒙𝒚𝒍𝑪𝒐𝑨

+
[𝑪𝒏𝑲𝒆𝒕𝒐𝒂𝒄𝒚𝒍𝑪𝒐𝑨]

𝑲𝒎𝑴𝑺𝑪𝑯𝑨𝑫,𝑪𝒏𝒌𝒆𝒕𝒐𝒂𝒄𝒚𝒍𝑪𝒐𝑨
}𝟏𝟔

𝒏=𝟔⏟                                      
𝒊𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏 𝒃𝒚 𝒔𝒖𝒃𝒔𝒕𝒓𝒂𝒕𝒆𝒔 𝒂𝒏𝒅 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒔 𝒐𝒇 𝒐𝒕𝒉𝒆𝒓 𝒄𝒉𝒂𝒊𝒏 𝒍𝒆𝒏𝒈𝒕𝒉

)(𝟏 +
[𝑵𝒕 − 𝑵𝑨𝑫𝑯]

𝑲𝒎𝑵
+
[𝑵𝑨𝑫𝑯]
𝑲𝒎𝑵𝑨𝑫𝑯

)

 

                                                              

 (A1) 

𝑣𝑀𝐶𝐾𝐴𝑇𝐶4

=

𝒔𝒇
𝒗𝒎𝒄𝒌𝒂𝒕

𝑽𝒎𝒂𝒙,𝒎𝒄𝒌𝒂𝒕 (
[𝑪𝟒𝑲𝒆𝒕𝒐𝒂𝒄𝒚𝒍𝑪𝒐𝑨][𝑭𝒓𝒆𝒆𝑪𝒐𝑨]
𝑲𝒎𝑴𝑪𝑲𝑨𝑻,𝑪𝟒𝒌𝒆𝒕𝒐𝒂𝒄𝒚𝑪𝒐𝑨𝑲𝒎𝑪𝒐𝑨

−
[𝑨𝒄𝒆𝒕𝒚𝒍𝑪𝒐𝑨][𝑨𝒄𝒆𝒕𝒚𝒍𝑪𝒐𝑨]

𝑲𝒎𝑴𝑪𝑲𝑨𝑻,𝑪𝟒𝒌𝒆𝒕𝒐𝒂𝒄𝒚𝑪𝒐𝑨𝑲𝒎𝑪𝒐𝑨𝑲𝒆𝒒,𝑴𝑪𝑲𝑨𝑻
)

(𝟏 +
[𝑪𝟒𝒂𝒄𝒚𝒍𝑪𝒐𝑨]
𝑲𝒎𝑴𝑪𝑲𝑨𝑻,𝑪𝟒𝒂𝒄𝒚𝑪𝒐𝑨

+
[𝑨𝒄𝒆𝒕𝒚𝒍𝑪𝒐𝑨]

𝑲𝒎𝑨𝒄𝒆𝒕𝒚𝒍𝑪𝒐𝑨⏟      
𝒊𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏 𝒃𝒚 𝒓𝒆𝒂𝒄𝒕𝒊𝒐𝒏 𝒑𝒓𝒐𝒅𝒖𝒄𝒕

+ ∑ {
[𝑪𝒏𝑲𝒆𝒕𝒐𝒂𝒄𝒚𝒍𝑪𝒐𝑨]

𝑲𝒎𝑴𝑪𝑲𝑨𝑻,𝑪𝒏𝒌𝒆𝒕𝒐𝒂𝒄𝒚𝑪𝒐𝑨

+
[𝑪𝒏𝑨𝒄𝒚𝒍𝑪𝒐𝑨]

𝑲𝒎𝑴𝑪𝑲𝑨𝑻,𝑪𝒏𝒂𝒄𝒚𝑪𝒐𝑨

}𝟏𝟔
𝒏=𝟔
⏟                      
𝒊𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏 𝒃𝒚 𝒔𝒖𝒃𝒔𝒕𝒓𝒂𝒕𝒆𝒔 𝒂𝒏𝒅 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒔 𝒐𝒇 𝒐𝒕𝒉𝒆𝒓 𝒄𝒉𝒂𝒊𝒏 𝒍𝒆𝒏𝒈𝒕𝒉

)(𝟏 +
[𝑭𝒓𝒆𝒆𝑪𝒐𝑨]

𝑲𝒎𝑪𝒐𝑨

+
[𝑨𝒄𝒆𝒕𝒚𝒍𝑪𝒐𝑨]

𝑲𝒎𝑨𝒄𝒆𝒕𝒚𝒍𝑪𝒐𝑨

)

 

            

 (A2) 

The following notations are used: 

M=C4-Ketoacyl-CoAMAT 

Mn=Cn-Ketoacyl-CoAMAT, n=6, 8, 10, 12, 14, 16 

Hn= Cn-Hydroxyacyl-CoAMAT, n=4, 6, 8, 10, 12, 14, 16  

T= total CoA pool 

S = the sum of all mitochondrial CoA esters except C4-Ketoacyl-CoAMAT (M) 

Nt= total of NAD+  and NADH (ND) 

Acetyl =Acetyl-CoA 

𝑣𝑚𝑠𝑐ℎ𝑎𝑑 = 𝒔𝒇𝒗𝒎𝒔𝒄𝒉𝒂𝒅𝑽𝒎𝒂𝒙,𝒎𝒔𝒄𝒉𝒂𝒅 

𝑣𝑚𝑐𝑘𝑎𝑡 = 𝒔𝒇𝒗𝒎𝒄𝒌𝒂𝒕𝑽𝒎𝒂𝒙,𝒎𝒄𝒌𝒂𝒕 



Then the rate equations can be rewritten as 

𝑣𝑀𝑆𝐶𝐻𝐴𝐷𝐶4 =
𝑣𝑚𝑠𝑐ℎ𝑎𝑑 (

𝐻4(𝑁𝑡−𝑁𝐷)

𝐾𝐻4𝐾𝑁
−

𝑀 𝑁𝐷
𝐾𝐻4𝐾𝑁𝐾𝑒𝑞𝑀𝑆𝐶𝐻𝐴𝐷

)

(1+
𝐻4

𝐾𝐻4
+

𝑀

𝐾𝑀𝑠𝑐4
+
𝑄1
𝐾𝑄1

)(1+
𝑁𝑡−𝑁𝐷
𝐾𝑁

+
𝑁𝐷
𝐾𝑁𝐷

)

                                    (A3) 

𝑣𝑀𝐶𝐾𝐴𝑇𝐶4 =
𝑣𝑚𝑐𝑘𝑎𝑡 (

𝑀(𝑇−𝑆−𝑀)

𝐾𝑀𝑐4𝐾𝐶𝑜𝐴
−

𝐴𝑐𝑒𝑡𝑦𝑙 × 𝐴𝑐𝑒𝑡𝑦𝑙

𝐾𝑀𝑐4𝐾𝐶𝑜𝐴𝐾𝑒𝑞𝑀𝐶𝐾𝐴𝑇
)

(1+
𝑀

𝐾𝑀𝑐4
+
𝐴𝑐𝑒𝑡𝑦𝑙

𝐾𝐴𝐶𝑜𝐴
+
𝑄2
𝐾𝑄2

)(1+
𝑇−𝑆−𝑀

𝐾𝐶𝑜𝐴
+
𝐴𝑐𝑒𝑡𝑦𝑙

𝐾𝐴𝐶𝑜𝐴
)
                                 (A4) 

 

Where the competition part in (A3) can be expressed as 

Q1

KQ1
=
H6

KH6
+
H8

KH8
+
H10

KH10
+
H12

KH12
+
H14

KH14
+
H16

KH16
+
M6

KM6
+
M8

KM8
+
M10

KM10
+
M12

KM12
+
M14

KM14
+
M16

KM16
 

Such that 

Q1

KQ1
=
∑ Hj  ∏ KHi∏ KMlli≠j  +∑ Ml∏ KHj∏ KMnn≠ljl j 

∏ KHj∏ KMllj
  , j, i, l, n ∈ {6, 8, 10, 12, 14, 16};     

 

Similarly, the competition part in (A4) can be expressed as 

Q2

KQ2
=
M6

KM4
+
M8

KM8
+
M10

KM10
+
M12

KM12
+
M14

KM14
+
M16

KM16
+
A4

KA4
+
A6

KA6
+
A8

KA8
+
A10

KA10
+
A12

KA12
+
A14

KA14
+
A16

KA16
 

Such that 

             
Q2

KQ2
=
∑ Mj  ∏ KMi∏ KAlli≠j  +∑ Al∏ KMj∏ KAnn≠ljl j 

∏ KMj∏ KAllj
,j, i ∈ {6, 8, 10, 12, 14, 16};   l, n ∈

{4,6, 8, 10, 12, 14, 16}   

 

At steady state 

 VMAT
dM

dt
= 0 

implying 

vMSCHADC4 − vMCKATC4 = 0                                                                                    (A5) 

Substituting (A3) and (A4) into (A5) we have 



Vmschad (
H4(Nt − ND)
KH4KN

−
M ND

KH4KNKeqMSCHAD
)

(1 +
H4
KH4

+
M
KMsc4

+
Q1
KQ1
) (1 +

Nt − ND
KN

+
ND
KND
)
−

Vmckat (
M(T − S − M)
KMc4KCoA

−
Acetyl × Acetyl
KMc4KCoAKeqMCKAT

)

(1 +
M
KMc4

+
Acetyl
KACoA

+
Q2
KQ2
) (1 +

T − S − M
KCoA

+
Acetyl
KACoA

)

= 0 

This can be simplified to a cubic polynomial of the form 

a M3 + b M2 + c M + d = 0                                                                   (A6) 

where 

a = a1 + a2      

b = b1 − b2 − b3 + b4   

c = c1 − c2 + c3 − c4 

d = d1 + d2 

a1 =
Vmschad  ND

KH4KNKMc4KCoAKeqMSCHAD
  

b1 =
Vmschad  H4 (Nt − ND)

KH4KNKMc4KCoA
 

b2 =
Vmschad  ND

KH4KNKeqMSCHAD
× w2 

c1 =
Vmschad  H4 (Nt − ND)

KH4KN
× w2 

c2 =
Vmschad  ND

KH4KNKeqMSCHAD
× w1 

d1 =
Vmschad  H4 (Nt − ND)

KH4KN
× w1 

a2 =
Vmckat

KMc4KCoAKMsc4
 × y

2
, 

b3 =
Vmckat (T − S)

KMc4KCoAKeqMCKATKMsc4
 × y

2
, 

b4 =
Vmckat

KMc4KCoA
 × y

1
, 

c3 =
Vmckat AcetylCoA ×  Acetyl

KMc4KCoAKeqMCKATKMsc4
 × y

2
, 

c4 =
Vmckat (T − S)

KMc4KCoA
 × y

1
, 



d2 =
Vmckat Acetyl × Acetyl

KMc4KCoAKeqMCKAT
 × y

1
, 

With 

w1 = 1 +
T − S

KCoA
+
Acetyl

KA
+
Acetyl

KA
+
Acetyl ×  (T − S)

KAKCoA
+
Acetyl × Acetyl

KA × KA
+
Q2

KQ2
+
Q2(T − S)

KQ2KCoA

+
Q2 × Acetyl

KQ2KA
 

w2 =
1

KMc4
−

1

K𝐶𝑜𝐴
+

T − S

KMc4KCoA
+
Acetyl

KMc4KA
−
Acetyl

KAKCoA
−

Q
2

KQ2KCoA
 

y
1
= 1 +

Nt − ND

KN
+
ND

KD
+
H4

KH4
+
H4 × (Nt − ND)

KH4KN
+
H4 × ND

KH4KD
+
Q1

KQ1
+
Q1(Nt − ND)

KQ1KN
+
Q1 × ND

KQ1KD
 

y
2
= 1 +

Nt − ND

KN
+
ND

KD
 

 

 


