
A
C

A
D
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FA
D

H
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Q
H

2

H
+,

FA
D

,
Q

CNDP1/2 +
Zn2+ /
Mg2+

4-
H

B
S

+ 
Fe

2+

ALDH1A1,2

 + Mo2
+

+ Zn2
+ 

/ Mg2
+

a-KGDH
+ TPP
+ FAD
+ LPA

Citrate

D-Isocitrate
Succinate

Fumarate

Malate

Citrulline

ASA

Arginine

Urea

Ornithine

CP

Pyruvate

Acetyl-CoA

Succinyl-CoA

cis-Aconitate

Asparagine

P5C

Proline

PR
O

D
H

ALDH4A1
+ Mg2+

Collagen
Disorders

hEDS
Arthritis

PDP
+ Mg2+/Mn2+

ASS

AS
L

ARG1+ Mn

OTC

C
PS

NH3 AST

+ P5P

Lactate

MDH

Urea Cycle

Citric
Acid
Cycle

GABA Oxalosuccinate

CS

FS

NADH,
QH2

NAD+,
Q

NAD+, Q

Prolyl
Hydroxylases

PH
D

3,
PH

D
4

PH
D

2
HIF-1α

Hydroxylation

PLD + Mn

Phenylacetyl-CoA

Phenylacetylglutamine

H2O

Urine

Histone
Acetyltransferase

Acetyl-*

Acetate

AMP

IMP

ADSL

Putrescine

Spermidine

SSAL GDP

GTP

G
LN

α-Ketoglutarate

Glutamate

Glutamine

Purine
Nucleotide

Cycle
(Muscle)

AMPD

ADSS

CK

ADP

ATP

PCB + 
Mn +

Biot
in

NADH

NAD+

GAD + P5P+ Mg2+

4ABT
+ P5P

L-Methylmalonyl-CoA

M
M

C-
M

 +
 C

o

L-DOPA Phenylalanine

DHFTHF

TH
+ Fe

Dopamine
Norepinephrine

AADC + P5P

+ Mg2
+

DBH
+ Cu + Vit C

+ PQQ

PAH 
+ Fe

N
O

S 
+ 

H
em

e 
+ 

C
a

+ 
Zn

Pyridoxal

ALP + Zn2+ + Mg2+

Pyridoxamine

ALP + Zn2+ + Mg2+

Inner Cell Membrane

Pyridoxal 5'-Phosphate Pyridoxamine 5'-Phosphate

Extracellular Space

Pyridoxal Pyridoxamine

     PMP     

Pyridoxine

Pyridoxine 5'-Phosphate

PK  PP
P

+ 
M

g2+

PNPO
+ FMN

Pi Pi

H2O H2O

H2O2O2

PNPO
+ FMN

O2, H2OH2O2, NH3

PNPO
+ FMN

H2O2O2

PNPO
+ FMN

O2, H2OH2O2, NH3

H2O

Pi

H2O

Pi

H2O

Pi

DHFR
+ Mg2+

/ Mn2+

BH4 BH2

D-Methylmalonyl-CoA Propionyl-CoAPCC
+ Biotin

M
M

C
-R

OH-Cob(III)alamin

Homocysteine Methionine

5-MTHF
+ +

INCREASED

Itaconate IFN-a: LPS,
ICL Pathogens,
Th1→Th2 Shift

DHMA DHMC

Metanephrine

VMA

ATP,Mg 2+

AMP,PPi 

NO

Pi

p-Cresol

Autoimmune
Antibodies,

Fumarate, Na?

Normetanephrine MAO-A

NADH, H+NAD+

ALDH1A1,2
 + Mo2++ Zn2+ 

/ Mg2+

TDC + P5P 
+ Mg2+TA + Cu

C
YP

2D
6

+
ATP 

 OH-PPA 

A
A

O
 + P5P

A
ST

+ P5P TA
T

+ 
P5

P

Aspartate

α-KG

Glut

TRANSAMINATION

Oxidative
Stress

IDH +
Mg2+

Thyroid Pathway

Vitamin B6 Metabolism 

MTR

DOPAL DOPAC

HMPAL

HVA

MAO-A

ALDH1A1,2
 + Mo2++ Zn2+ / Mg2+

MAO-B

NAD+ NADH, H+

Dopaquinone Leucodopachrome L-Dopachrome DHICA

MelaninDHI IQ
TA + Cu

DT + Zn

TA
 +

 C
u

TA + Cu

TA
 +

 C
u

Phenylalanine
Biosynthesis

Pathway

α-KG Glut
TRANSAMINATION

ALD
H5A

1

CuZnSOD,
MnSOD,

Vit C, Vit E,
GSH, Se,

Melatonin,
BH4,

Queuosine,
Cobalamin II,

CatalaseG
lu

t
α-

K
G

O
AT

+ 
P5

P

TR
AN

SA
M
IN
AT
IO
N

IF
 E

LE
VA

TE
D

OH-KG

OAA Glut

TRANSAMINATION

Glyoxylate Oxalate

LDH-B
+ Zn2+

INCREASED

Glycine

AlaPyr
AGXT
+ P5P

O2 + Vit C
+ Si / Fe2+ + Zn2+  

M
IF

PH
T

TRANSAMINATION

ODC
+ P5P

SAMe
Pi, PPi

Mg2+,
H2O,
ATP

SAMeASAMeD
+ PAL

Spermine

SP
D

S
SP

S

SAMeA

MTA

SAMeA

MTA

SAMeS + K

AST
+ P5P

DAO + Cu

SSAT1

N-ASD

A
G

S 
+

M
n

High Cortisol,
Low Vitamin D,

Stress Immobilisation
(Rats),

Splanchnic Impulse

OXH

PA
O

Blood Pressure,
Urine Volume,

Orthostatic
Intolerance

GABA

Red Blood Cell
Morphology -

Rouleaux
Formation,
Hypoxia,

Hypercapnia

+ Pi

AMP

5,10-MTHF

TS
dUMP

SAH

<DIFFUSE?> SLC19A3
H+

ADC
+ P5P

Low / High
Histamine

(cell specific),
cAMP-PKA, 

Ca, K, Li,
Butyrate

VMAT2
+ H+

DAT
+ Na+, Cl-

VMAT2
+ H+

NET
+ Na+, Cl-

ALP + Zn2+ + Mg2+

Pyridoxine 5'-Phosphate

Pyridoxine

Pi

H2O

SLC19A2,3
H+

Aspergillus
Niger

ICL
M.tuberculosis, C.albicans, P. indigofera,
P. aeruginosa, A.calcoaceticus, E. coli., 

S. Typhimurium, B. suis, Y. enterocolitica,
Y. pseudotuberculosis, Y. pestis, R. equi,
H. pylori strains P12, G27, 26, 695, Tx30a

Human Herpesviridae
- HSV-1, HSV2, VZV,

EBV, CMV, HHV-6A/B,
HHV-7, KSVH

OH-ENP

OH-PLA

4-HCA

Pi

N-AS

GSA

GAT

A
G

AT

Creatine

Testosterone,
Growth Hormone,

Thyroxine

Oestrogen,
Creatine,
Ornithine

M
TH

FR

NADP
+ FADH2

NADPH, H
+ FAD

Betaine DMG
BHMT
 + Zn2+

Sarcosine

CystathionineCBS + P5P

DMGDH

5,10-MTHF,
FADH2

BH4,
FAD

SARDH

THF,
FADH2FAD

Formaldehyde

CGL + P5P

Serine H2O

Cysteine

H2S

CGL + P5P

Pyr, NH3

N
A

D
P

FA
D

H
2,

FM
N

H
2,

B
H

2

N
A

D
PH

FA
D

,
FM

N
,

B
H

4,
 O

2

Cysteinesulfinate

Cysteamine

Hypotaurine Taurine
CSAD
+ P5P FMO1 + FAD

Pantothenate4-Phosphopantothenate

4-Phosphopantothenoylcysteine

Pantetheine

4'-Phosphopantetheine
GSH

γ-Glutamylcysteine

GLS

GCL

ADP, PiATP, Mg2+

ATP,
Mg2+

ADP,
Pi

PPCDC

PATK
VNN

PP
C

S

PA
N

K

ATP, Mg2+ADP, Pi

AMP,
Pi

ATP,
Mg2+

CO2

ADP 

ATP, 
Mg2+

A
LP

 +
 Z

n2+

+ 
M

g2+

Pi

GSSG

NADP

NADPH 

H2O2

H2O

G
PX

 +
 S

e

G
lu

ta
th

io
ne

 R
ed

ox

G
R

 +
 F

A
D

Cd,Cu,Pb

NADH2NAD+

NAD+,
FAD, TPP,
LPA, CoA

NADH,
FADH2,

CO2

Succinyl AMP

H2O

ATP,
Mg2+, 
NH3

ADP,
Pi

G
S 

+
M

g2+
/M

n2+ NH4

NH3

Glycolate

FMN,
O2

FMH2,
H2O2

GOX

GOX

Testosterone,
 DHT (Male)

Estradiol
(Female)

Glut
TRANSAM

INATION

α-KG

NH3, H2O2
FADH2

O2, H2O,FAD

H2O
2

FA
DH2

O2, 
H2O

,
FA

D

H2O
2

FA
DH2

O2, 
H2O

,
FA

D PA
O

H2O
2

FA
DH2

O2, 
H2O

,
FA

D PA
O

ALDH9A1
+ Zn2+ 
+ Mg2+

H2O2

FADH2

O2, H2O
FAD

H2O2

FADH2

O2, H2O

FAD
MAO-A

H2O2

FADH2

O2, H2O
FAD

H2O2

FADH2

O2, H2O

FAD

2 x AA

SHMT + P5P +
Mn2+ / Mg2+

Glycine Serine

FADH2,
QH2

FAD,
Q

NADPH

NADP+

P5
C

R

  OH-P5C  4-Oxoproline

PH
C

D
H

OH-GlutSA

H2O H2O

FAD, Q

FADH2, QH2

BH2 BH4, O2

BH2 BH4, O2

Collagen

Hydroxyproline OH-Collagen

PSP
+ Cu

+ Zn + BrH2O

A
g,

A
u,

H
g

Na, K, pH <6

Caffeine, pH >7.3

P5P

IFN-γ → ROS →
Tissue Damage

→ TGF-β1,
Hypothyroidism

SSAL GABA

4ABT
+ P5P

TRANSAMINATION

Methylmalonate

Methylation Cycle

Catecholamine
Metabolism 

Poly
am

ine
 M

eta
bo

lis
m 

Tryptophan

N-L-formylkynurenineKynurenine

3-Hydroxykynurenine 3-Hydroxyanthranilic Acid

ACMSQuinolinate

Nicotinic Acid Mononucleotide

Nicotinic Acid Dinucleotide NAD+                NADP               

Nicotinic Acid

Nicotinamide MononucleotideNicotinamide

ID
O

1
+ 

H
em

e

K
M

O
 +

FA
D

 +
Fe

2+

AFMID

KYNU + P5P

H
A

A
O

+ 
Fe

2+

<SPONTANEOUS>

Q
R

PT

NAPRT

NADSYN1 NADK

N
M

N
AT

1 
+ 

Zn
2+

N
M

N
AT

2/
3

Fe2+, O2, NADH  

Fe3+, NAD+H2OFormate

NADPH,
H, O2

NADP H2O
H+,
Ala

Oxidative
Stress

O2

Formate

NAD+

NADH, NH3

G
DH + Zn

2+
,

M
n2+

 /

M
g2+

              NADPH              

N
A

D
PT

NADH

NAD+

Kynurenine Pathway

NAD+ Pathway

N
A

D
P 

ID
H

+ 
M

g2+

Isocitrate

α-KG

AT
P,

  M
g2+

PRPP

PPi

ATP, Mg2+

ADP, PPi

ADP, Pi

NAMPT

ATP, Mg2+,
PRPP

ADP,
PPi

ATP, Mg2+,
H2O, Gln

AMP, PPi,
H+, Glut

ATP, Mg2+,
PRPP

ADP,
PPi

Acetaldehyde, ROS, 
eATP, TNF-α, IFN-γ,

(iNOS): IFN-α →
Arachidonic Acid.

(eNOS, Burst):
Histamine H1/H2

Aspergillus

IFN-γ,
IFN-α,
TNF-a,

Cortisol

    Glucose    

Glucose Metabolism

α-KG, Cholestyramine,
Estradiol

β-Sulfinylpyruvate

Pyr

GSSH Sulfite

SP
O

N
TA

N
EO

U
S

α-KG
Glut

TRANSAMINATION

AST+ P5P

Sulfate

SQ
O

R

TS
T

FAD,
Q, GSH

FADH2,
QH2

Histamine Metabolism

CDO1 + Fe2+ / Zn2+

O2

Glucose 6-Phosphate

Fructose 6-Phosphate

Fructose 1,6-Biphosphate

Glyceraldehyde 3-Phosphate

1,3-Biphosphoglycerate

3-Phosphoglycerate

2-Phosphoglycerate

Phosphoenolpyruvate

F2,6BP

Glucose 1-Phosphate

UDP-Glucose Glycogen

Epinephrine

UT
P,

 M
g

2+

PP
i

GLYS

UDP

GLYP

+ P5P

Pi

G
6P

as
e

(L
iv

er
)

UG
Pa

se

GlucagonInsulin

Cortisol

Glycogenin
Glycogen

Primer

PGM + Mg2+

Histamine

NH4, H2O2O2, H2O

IIA
DAO + TPQ +
Cu2+ + Ca2+

N-Methylhistamine

H
N

M
T 

+
M

g2+

SAMe

SAH

4-MeIAA

H2O2

FADH2

O2, H2O
FAD

MAO-B

IAcA

4-MeIA

NADH, H+NAD+

ALDH3A1 + Mo2+

+ Zn2+ / Mg2+

ALDH2 + Mo2+

+ Zn2+ / Mg2+

Acetaldehyde

FIGLU

H
D

C
+ 

P5
P

+ 
B

io
tin

+F
e2+

Acetaldehyde

Acetaldehyde

N
A

D
H

, H
+

N
A

D
+

Urocanic Acid
NH3

U
R

O
C

IAL + P5P

Pyr, NH3,

FormadideH2O

FIGLU-THF

FT

PT
P

B
H

4

NADH, H+NAD+

HAL

3-PHP3-PserSerine
NADH NAD+

PHGDH 

Pi H2O

PSPH +
Mn2+ / Mg2+

PSAT1
+ P5P

Glut
TRANSAMINATION

α-KG

Serine, K+,
Mg2+,

T3, F1,6BP

PF
K

1 
+ 

Zn
2+

FB
Pa

se
+ 

M
g2+

ADP

PFK2

 
 M

g 2+

ATP

M
g2+

AT
P

A
D

P

Pi
H

2O
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O

Pi
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se

2 
+ 

M
g2

+

PS

PS
S

CTP

CDP

CRH ACTH

(R
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v0.986

Acetaldehyde

4 ATP,
Mg2+

4 ADP,
4 Pi

4-Pyridoxate
PNPO
+ FMN

PP
P

+ 
M

g2+

PP
P

+ 
M

g2+

H2O2O2, H2O

NADH, H+NAD+

ALDH2 + Mo2+ +
Mg2+ + Zn2+ 

AO
+ Mo + FeS

+ Heme + FAD

H2O2O2, H2O

Acetaldehyde

Kynurenate

G
lu

t
α-

K
G

TR
AN
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M
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K
AT

 +
P5

P

Fatty Acids

 M
g2+

AT
P

A
D

P

Taurine,
Pantethine

Taurine,
Pantethine

Taurine,
Pantethine

Taurine,
Pantethine

Taurine,
Pantethine

ADP,
NADP+

ATP,
NADPH

ALDH18A1
+ Mg2+

NAD(P)+ NAD(P)H

MAS

A-CoA,
H

2O

CoA

Acetaldehyde

NADH, 2H+

NAD+ AL
DH

7A
1

+ 
M

o2
+  

+ 
M

n2
+

Acetaldehyde

Taurine,
Pantethine

Betaine Aldehyde

Choline

C
H

D
H

Oxidative Stress, 
Pb, Gliotoxin,

Phenylalanine,
Oxalate

PG
A

M
1

THP
NADH, H+NAD+

Acetylcholine

C
H

aT

A-CoA

CoA

Acetaldehyde

Morphine
Biosynthesis

Pathway

N
A

D
P

N
A

D
PH

NH3

5-HTP

Serotonin

A
A

D
C

+ 
P5

P
+ 

M
g2+

N-Acetylserotonin

Melatonin

SAT + Heme

A
SM

T 
+ 

SA
M

e A-CoA

TP
H

 +
 F

e

Tryptophan Pathway

Tryptophan
Biosynthesis

Pathway

4-
H

B
D

H

4-
H

B
D

H N
A

D
+

N
A

D
H

GOR

FMNH2,
H2O2

FMN,
O2

NAD(P)H2 NAD(P)+

B
H

2

O
2,

B
H

4

Serum Glucose

Taurine,
Creatine,
Insulin,

Cr, V

TNF-α

G
LU

T4

B
io

tin

Estradiol Testosterone

Testosterone

NADP, H2ONADPH, H+, O2

PG
I

A
LD

G
A

PD
H

PG
K

EN
O

+ 
M

g2+

2 NAD+, 2 Pi

2 NADH, 2 H+ 2 H2O

2 Pi

2 H2O

2 Pi2 ADP

2 ATP

2 H2O

2 Pi

H2O

2,3-BPGBPGM

BPGP

A
D

P,
 H

+

PEPCK

+ Mn2
+ / M

g2
+

PEPC

+ Mn2+ /

Mg2+ / C
o

HCO
3

P
i

E. coli, [..]

CO2Cortisol

Insulin

Acetaldehyde

Acetaldehyde,
Peroxynitrite,

Fumarate

Taurine?
Pantethine?

G
K

 / 
H

K

CoA, H+

CholesterolAMPK

HTDH + Mo +
Heme

NAD+, H2O NADH, H+

NCS(?)

H2O

5-HIA5-HIAA
ALDH7A1,9A1 + Mo2+ + Mn2+

NAD+NADH, H+

M
A

O
-AH

2O
2

FA
D

H
2

O
2,

 H
2O

FA
D

AcetaldehydeTaurine,
Pantethine

4-MeI
4-MeIAase

FTCD + Mg 2+ + Zn 2+

BH
4, H

2O

GlutCarnosine Anserine

β-Alanine,
ATP, Mg2+

ADP, Pi, H+

C
R

N
S1

 +
 M

n2+
 / 

M
g2+

C
N

D
P1

/2
 +

Zn
2+

  /
M

g2+

CNMT 1-Methylhistidine

β-Alanine

H2O
CRNS1
+ Mn2+

/ Mg2+

Aspartate

SAMe SAH

β-AlanineASDC

CO2

A
C

hE

H2O

Acetate

H+

Aflatoxin B1, 
Territrem B,

p-Cresol,
Nattokinase,

Acetyl L-Carnitine NRF2

G
A

D
L1

+ 
P5

P 
+ 

M
g2+

FAD,
Q

FADH2,
QH2

H
YP

D
H

NADH 3-
H

B
D

H
2NAD

NADH

P5
C

R

NAD

ACOD1

SP
O

N
TA

N
EO

U
S

(K
id

ne
y)

(L
iv

er
)

Ca, Li,
 cAMP-PKA

H2S,
Hypoxia

H2S

H2S

Folate

DHFR
+ Mg2+

/ Mn2+

NADP NADPNADPH, H NADPH, H FO
LH

1
+ 

Zn
2+

+ 
C

a2+

ALDH1A1,2

 + Mo2+ + Zn2+  / Mg2+

F

IF 
Oxa

 E
LE

VA
TE

D

+ L
OW

 AT
P

Insulin, Protein
Phosphatase 1

Low pH

Acetaldehyde

A
ce

ta
ld

eh
yd

e

Acetaldehyde

Acetaldehyde

NADPH, O2

NADP, H2O

P5P

BH4 Salvage

BH4

High LDH
+ Low P5P =

Hyperoxaluria

Oxidative
Stress,
Hypoxia

Oxidative
Stress,
Hypoxia

Oxidative
Stress

Peroxynitrite Spontaneous

MHPG

M
A

O
-A

O2, H2O
FAD

H2O2

FADH2

NADH, H+

NAD+

SAH

SAMe

COMT + Mg2+

SAH

SAMe

COMT

+ Mg2
+

SAHSAMe

COMT + Mg2+

SAHSAMe

COMT + Mg2+

SAHSAMe

PNMT

Oxaloacetate

4-HBA 4-HBALDH3A1
+ Mo2+ + Zn2+ / Mg2+

NADH, H+NAD+

SDH 
+ 4Fe-4S

SCS+ M
g

Glucosamine-6-Phosphate

ADP, Pi

GFAT

Glutamine,
ATP, Mg2+

GlcNAc-6-P

GlcNAc-1-P

G
N

AT

A-CoA

CoA

Glutamate,

PA
G

M

UDP-GlcNAc

U
G

A
Pa

seUTP, Mg2+

PPi

UDP-Glucuronic Acid
TNF-α,

Oxidative
Stress

2 NAD+, H2O

2 NADH, 2H+ U
G

D
H

Retinoic Acid,
Insulin,
TGF-β

Hypoxia

Hyaluronic AcidGlycoproteins /
Proteoglycans

APSSUOX
+ Mo2+

+ Heme

PAPS

PPiATP, Mg2+

ATPSO

ADPATP, Mg2+

APSK

Sulfated GAGs Glycocalyx
Assembly

 

SU
LT

s

Maintains
Endothelial

Barrier, Vascular
Integrity, Immune

Signalling

PAPS

PAP

Oxidative
Stress

Glycocalyx

Bacterial Qu Biosynthesis
(GTP → preQu₀ → preQu₁ → Qu)

Diet / Microbiome

Queuine

Other Proteins With Aspartate,
Asparagine, Histidine, Tyrosine

Qu-tRNA
(Queuosine at
position 34)

TGT + Zn2+
BH4

BH4

Queuosine Synthesis

NADP

GTP H2NTP PTP
GCH1

+ Mg2+ 
+ Zn2+

H2O Formate

BH4 De Novo Synthesis

IFN-γ,
TNF-α,

IL-1β, LPS,
Calcium,

Phenylalanine,
Statins

BH4

PTPS
+ Mg2+ 
+ Zn2+

SR
(Brain)

Sepiapterin BH2

OH-PH4

BH4

NADPH

NADP

LPH4

NADPH

Queuosine,
MnSOD, GSH,

Vit C, [..]

Oxidative
Stress

A
R

 /
C

R
(P
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ip
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l
Ti
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)
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l

Ti
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)

A
R

SR
(Brain)

N
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-
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zy
m

at
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NADPH NADP

NADPH NADP

SR (Brain)
AR / CR 

(Peripheral Tissue)

NADPH NADP

NADP
NADPH

SR(Brain)

Carnitine

Trimethyllysine

3-OH N-Trimethyllysine 4-N-trimethylaminobutyraldehyde

A
LD

H
9

+ 
M

o2+

+ 
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Figure 1.Pathway Diagram: The role of mitochondrial dysfunction in chronic disease and aging.
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DOPAC - 3,4-Dihydroxyphenylacetic Acid
DOPAL - 3,4-Dihydroxyphenylacetaldehyde
DPCK - DephosphoCoA Kinase
DT - L-Dopachrome Tautomerase
dTMP - Thymidine Monophosphate
dUMP - Deoxyuridine Monophosphate
E4P - Erythrose-4-Phosphate
ECHS1 - Enoyl-CoA Hydratase
ENO - Enolase
ENPP - Ectonucleotide Pyrophosphatase/Phosphodiesterase
ETHE1 - Sulphur Dioxygenase
F1,6BP - Fructose 1,6-Bisphosphate
F2,6BP - Fructose 2,6-Bisphosphate
F6P - Fructose-6-Phosphate
FAA - 4-Fumarylacetoacetic Acid
FAAS - Fumarylacetoacetase
FAD - Adeflavin
FADS - FAD Synthetase
FAICAR - 5-Formamidoimidazole-4-Carboxamide Ribonucleotide
FBPase - Fructose 1,6-Bisphosphatase
FBPase2 - Fructose 2,6-Bisphosphatase
Fe - Ferritin
FGAM - Formylglycinamidine Ribonucleotide
FGAR - Formylglycinamide Ribonucleotide
FIGLU - Formimidoylglutamic Acid
FIGLU-THF - Formiminoglutamate-THF
FMN - Flavin Mononucleotide
FMO - Flavin Monooxygenase
FOLH - Folate Hydrotase
FR - Flavin Reductase (uncharacterised, possibly MMACHC)
FS - Fumarase
FT - Formiminotransferas
FTase - AICAR Transformylase
FTCD - Formiminotransferase Cyclodeaminase
G3P - Glycerol‑3‑Phosphate
G6Pase - Glucose 6-Phosphotase
G6PD - Glucose-6-Phosphate Dehydrogenase
GABA - Gamma-Aminobutyric Acid
GAD - Glutamate Decarboxylase
GAG - Glycosaminoglycan
GAMT - S-Adenosylmethionine:Guanidinoacetate Methyltransferase
GAP - Glyceraldehyde-3-Phosphate
GAPDH - Glyceraldehyde 3-Phosphate Dehydrogenase
GARS - GAR Synthetase
GARTfase - GAR Transformylase
GAT - Guanidinoacetate
GBBH - gamma-Butyrobetaine Hydroxylase
GCA - gamma-Glutamylcysteine Synthase
GCH1 - GTP Cyclohydrolase I
GCL - Glutamate-Cysteine Ligase
GDP - Guanosine Diphosphate
GDH - Glutamate Dehydrogenase
GFAT - Glutamine:Fructose-6P Amidotransferase
GGCT - gamma-Glutamyl Cyclotransferases
GHB - γ-Hydroxybutyrate
GK - Glucokinase
Glc-1,6-BP - Glucose-1,6-Bisphosphate
GlcNAc - N-Acetylglucosamine
GlcNAc-1-P - GlcNAc 1-Phosphate
GlcNAc-6-P - GlcNAc 6-Phosphate
GLN - Glutaminase
Gln - Glutamaine
GLS - Glutathione Synthase
GLSH - Glutamate Dehydrogenase
Gly - Glycine
GLYCK - Glycerol Kinase
GLYDH - Glycolaldehyde Dehydrogenase
GLYP - Glycogen Phosphorylase
GLYS - Glycogen Synthase
Glut - Glutamate
GNMT - Glycine N-Methyltransferase
GOR - Glyoxylate Reductase
GOX - Glycolate Oxidase
GPD - Glycerol-3-Phosphate Dehydrogenase
GPX - Glutathione Peroxidase
GR - Glutathione Reductase
GS - Glutamine Synthetase
GS-Ado - S-Adenosylglutathione
GS-Me - S-Methylglutathione
GSA - Glutamate-5-Semialdehyde
GSH - Glutathione, reduced
GSK3β - Glycogen Synthase Kinase-3 beta
GSSG - Glutathione disulfide (oxidised)
GSSH - Glutathione Persulfide
GTP - Guanosine Triphosphate 
GTase - Glycosyltransferases
H - Hydrogen
H2O - Water
H2O2 - Hydrogen Peroxide
H2S - Hydrogen Sulfide
H2NTP - 7,8-Dihydroneopterin Triphosphate
HAAO - 3-Hydroxyanthranilic Acid Dioxygenase
HAL - Histidine Ammonia-Lyase
HAS - Hyaluronic Acid Synthase
HBDH - Hydroxybutyrate Dehydrogenase
HCDH - 3-Hydroxyacyl-CoA Dehydrogenase
HCO3 - Bicarbonate
HK - Hexokinase
HIBADH - 3-Hydroxyisobutyrate Dehydrogenase
HIBCH - 3-Hydroxyisobutyryl-CoA Hydrolase
HICA - 2-Hydroxyisocaproate
HIF - Hypoxia-Inducible Factor
HIVA - 2-Hydroxyisovalerate
HGA - Homogentisic Acid
HGD - Homogentisate 1,2-Dioxygenase
HMGCL - Hydroxymethylglutaryl-CoA Lyase
HMPAL - 3-Methoxy-4-Hydroxyphenylacetaldehyde
HMT - Histidine Methyltransferase
HOGA - 4-Hydroxy-2-Ketoglutarate Aldolase
HPCL - HydroxyPyruvate Carboxy-Lyase
HPRT - Hypoxanthine-Guanine Phosphoribosyltransferase
HT - Histidine Transaminase
HTMLA - β-hydroxy-ε-N-trimethyllysine Aldolase
HTDH - Hypotaurine Dehydrogenase
HVA - Homovanillic Acid
HYPDH - 4-Hydroxyproline Dehydrogenase

AIR

FGAM

GARPRA

PRPP

G
lut,

PP
i

G
ln,

H
2O

PPAT + M
g

2+

GARS

Gly, Mg2+

ATP
Pi,
ADP

G
A

R
Tf

as
e

10
-

fo
rm

yl
-

TH
F

TH
F

Gln,
Mg2+, 
ATP

Glut,
ADP, Pi

PFAS

Pentose
Phosphate
Pathway

PAICS,C

HCO3

M
g

2+,
ATP

H
2O

,
A

D
P, P

i

A
IR

S

A
sp

, M
g2+

AT
P

Pi
,

A
D

P

PA
IC

S,
 N

ADSL

Fumarate

FTase 10-
form

yl-
TH

F
TH

F

IMPCH

H2O

H
2O

,
M

g2+
Pi

N
T5

C
2

Riboflavin

FMN

FAD

ATP,
Mg2+ 

ADP,
Pi

ATP,
Mg2+/

(Co2+/ Mn2+)

PPi

T3 (Se, I, Ca,
Heme, FAD)

R
K

 +
 Z

n2+
FA

D
S

Riboflavin Metabolism 

PPi, Mg2+/
(Co2+/ Mn2+),

H2O

AMP

K

ATP, NADH

GSH

Hypoxanthine

Xanthine

XO
 + M

o-M
PT

+ FA
D

+ 2Fe-2S H
2O

,
N

A
D

+
H

+,
N

A
D

H

HPRT 

PRPP

UrateXO + Mo-MPT
+ FAD

+ 2Fe-2S

O2, H2O
NAD+

H2O2

NADH

PiR1P

PNP

Purine Metabolism

     P5P     

O2

Acetaldehyde,
eATP, TNF-α,

IL-1β, IL-6, LPS,
Angiotensin II,
Hypoxia, ROS,

Histamine, IFN-γ,
IFN-α (Fibroblasts)

COLOUR KEY (Labels)

ATP, ADP, AMP, GTP, GDP
TPP
FAD, FMN
NAD+, NADH, NADP, NADPH
P5P
Q, QH2
REACTION
TRANSAMINATION
TRANSPORTERS
MICROBIAL / PATHOGENIC 
PROMOTER
INHIBITOR
*MDX OAT MARKER#
(Others - Illustrative)

PKA

V-ATPaseV-ATPase

Na+/K+-ATPase

V-ATPaseV-ATPase PKA

VMAT1
+ H+V-ATPase

SAH SAMe

COMT +
Mg2+

Na+/K+-ATPase

GR GR

MMACHC

NADPH,
FADH2 /
FMNH2

NADP,
FAD /
FMN, H2O

MMACHC

MMACHC

NADPH, H+,
FADH2 /
FMNH2

NADP,
FAD /
FMN, CN

Vitamin B12 Metabolism 
 MMAB

Cytosol

SLC19A1
+ TPP

Cob(III)alamin [any]
Lysosome

MMAB

PPPiATP, Mg2+

MMAA

MMAAQu–tRNA
(Aspartate, Asparagine,

Histidine, Tyrosine)

TGT + Zn2+Queuine
Guanine

ADP, Pi, H+ATP, H2O

ABCD4 + LMBD1

GSH, SAMe

GSH, SAMe

GS-Ado, SAH, H+

GS-Me, SAH, H+

Pi, H+,
GDP

H2O,
GTP 

 Pi, H+,
GDP

H2O,
GTP 

Cob(I)alamin

NADPH,
FADH2 /
FMNH2

NADP,
FAD /
FMN

Cob(I)alamin

FRe-

Cob(II)alamin

NADPH,
FADH2 / FMNH2

NADP,
FAD / FMN

M
TR

R

M
S

H2O

e-
MMADHC

MS + Zn2+

SAH

HomocysteineMethionine

MeCbl(III)

MS

AHCY + NAD+

Adenosine

SAMe

AdoCbl(III)

CNCbl(III)

Pyroglutamate

GGCT

Cysteine
C

H
A

C
1

Cysteinylglycine

Integrated
Stress

Response

cAMP->PKA
(see Figure 18)

(Hypoxia →) Low
Q:QH2 → RET

(Hypoxia →) Low
Q:QH2 → RET

(Hypoxia →) Low
Q:QH2 → RET

(Hypoxia →) Low
Q:QH2 → RET

CoQ2-7
+ Co2+ + Mn2+ + Fe-S

+ Fe + FAD

Q

ATP,  
Mg2+,

NADH, 
NADPH,

O2, SAMe

ADP, 
Pi, 

NAD+,
NADP,

SAH

DHAP G3P Glycerol

 Mg2+ 

 ATPADP

GLYCK

NAD+,
FAD,
Q

NADH,
FADH2,
QH2

GPD1/2
+ Ca2+

F1,6BP ALD
FBPas

e +
 M

g
2+Pi

H2O

(Hypoxia →) Low
Q:QH2 → RET

Lipolysis
Pathway

A
Q

P9

Plasma

Hepatocyte

AC + 4Fe-4S + Mg2+

AC + 4Fe-4S + Mg2+

IDH +
Mg2+

NAD+, Q

H+,
NADH

NAD+

LD
H

-A
+ 

Zn
2+

LD
H

-A
+ Zn

2+

INCREASED

Pyr

ACS
ATP, Mg2+,

CoA
ADP, Pi

TRANSAMINATION

α-KGGlut

AGXT
+ P5P

Glycine

G
N

M
T

SA
H

G
ly

ci
ne

GHB

PD
H

 +
 M

g2+

(a
ct

iv
e)

PD
H

-O
P

(in
ac

tiv
e)

PDK
ADP, H+

Pi

ATP 
INCREASED

H2O
Insulin, Ca2+

NADH,
Acetyl-CoA

Mn/Mg2+,
HCO3,
ATP

Pi, H+,
ADP

Propionate

C
oA

,
M

n/
M

g2+
,

AT
P

Pi
i,

A
M

P A
C

SM

Gut
Microbiome

NADH + H

NAD+

2-
H

B
D

H
/ L

D
HOx

α-KB

2-Hydroxybutyrate

INCREASED

B
C

K
D

H
 +

 K
+ 

M
g/

M
n2+

NAD+,
FAD, TPP,
LPA, CoA

NADH,
FADH2,

CO2

KMBA

α-KG

Glut

M
T

+ 
P5

P

TR
AN

SA
M
IN
AT
IO
N

MAA

FAA

AAAAAC

HGD
+ Fe2+

M
A

A
I +

G
SH

FA
A

S 
+

C
a 

+ 
M

g

Fu
m

ar
at

e

BHB

N
A

D
+

N
A

D
H

,
H

+

3-
H

B
D

H2-
H

G

TR
AN

SA
M
IN
AT
IO
N

α-
K

G

Ph
os

ph
at

id
yl

ch
ol

in
e

A
D

H
FE

1

THL

CoA

NADPH

ALT

+ P5P

α-KG

Glut
TRANSAM

INATION

Alanine H+O2

Succ Succ-CoA

SCOT

Ketogenesis

DPCK

ENPP

ALP
+Zn2+ + Mg2+Pi

ENPP
AMP

A
D

P,
Pi

ATP,
M

g
2+

ATP,
Mg2+ PPi

PPAT

ADP

3'-Dephospho-CoA CoA

ATP,
HCO

3,Mg 2+ADP,Pi

ME1
+ M

g / M
n

NADP

cAMP-PKA

LeucineIsoleucineValine

KIC

3-Methylcrotonyl-CoA

3-Methylglutaconyl-CoA

M
C

C
C

1/2
+ B

iotin

 H
C

O
3,

 ATP
A

D
P

H
M

G
C

L 
+ 

M
g2+

3-Methyl-2-Oxovaleric Acid

2-Methylbutyryl-CoA

Tiglyl-CoA

2-Methyl-3-Hydroxybutyryl-CoA

2-Methylacetoacetyl-CoA

IVD

FA
D

H
2,

Q
H

2

H
+,

FA
D

,
Q

Isovaleryl-CoA

A
C

A
D

SB H
+,

FA
D

,
Q

FA
D

H
2,

Q
H

2

EC
H

S1

 H
2O

N
A

D
H

,
FA

D
H

2,
C

O
2

N
A

D
+,

FA
D

, TPP,
LPA

, C
oA

B
C

K
D

H
 + K

+ M
g/M

n
2+

B
C

AT1/2
+ P5P

G
lut

TR
AN

SAM
IN
ATIO

N

α-K
G

N
A

D
H

,
FA

D
H

2,
C

O
2

N
A

D
+,

FA
D

, TPP,
LPA

, C
oA

B
C

K
D

H
 + K

+ M
g/M

n
2+

B
C

AT1/2
+ P5P

G
lut

TR
AN

SAM
IN
ATIO

N

α-K
G

HMG-CoA

 H
2OA

U
H

CoA

THL

H
C

D
H

N
A

D
H

, H
+

N
A

D
+

KIV

Isobutyryl-CoA

Methacrylyl-CoA

3-Hydroxyisobutyryl-CoA

(Hypoxia →) Low
Q:QH2 → RET

(Hypoxia →) Low
Q:QH2 → RET(Hypoxia →) Low

Q:QH2 → RET

B
C

AT1/2
+ P5P

G
lut

TR
AN

SAM
IN
ATIO

N

α-K
G

N
A

D
H

,
FA

D
H

2,
C

O
2

N
A

D
+,

FA
D

, TPP,
LPA

, C
oA

B
C

K
D

H
 + K

+ M
g/M

n
2+

EC
H

S1

 H
2O

3-Hydroxyisobutyrate

H
IB

C
H

C
oA

, H
+

H
2O

MMSA

H
C

D
H

N
A

D
+

N
A

D
H

, H
+

A
LD

H
6A

1

H
2O

,
C

oA
,

N
A

D
+

H
C

O
3,

N
A

D
H

, H
+

Acetaldehyde

Other
Catabolic Pathways -

Odd-Chain Fatty Acids
C27 Bile Acid

Acetaldehyde Acetaldehyde Acetaldehyde

Acetaldehyde

Acetaldehyde

[N
on

-
en

zy
m

at
ic

]

#66

#44

#43

#29

#28

#27

#24

#25

#26

#23

#22

#21

#20

#33

#34

#36

#38

#39

#40

#41

#50

#51

#52

#58

#59

#60

#75

#71#70
#69

#67

#72

*For data interpretation purposes, only.
 I am not affiliated with, endorsed by,
 or sponsored by MosaicDX

HICA
#65

Lactic Acid
Bacteria

LD
H

-D N
A

D
+

N
A

D
H

, H
+

Bacillus spp.,
Pseudomonas spp.,

Staphylococcus spp.,
Escherichia spp.,
Shewanella spp.,

Serratia spp.,
Paenibacillus spp., [..] 

#63

HIVA

LD
H

-D N
A

D
+

N
A

D
H

, H
+

#62

#64

3-MGA
#32

[Non-enzymatic]

CoA

3-MG

ACOT

CoA

H2O

#30


