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A-CoA - Acetyl-CoA MMAB - (CbIB) ATPCob(l)alamin Adenosyltransferase Zn2+l P N 7n2* | _ “ O 24 ’2+ g Insulin Low: pH : E
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ADSS - Adenylosuccinate Synthetase N-Ac-ABAL - N-Acetyl-Gamma-Aminobutyraldehyde N ®) . . Ny — ROS — | + PSP 2 6;?
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Asp - Aspartate OH-P5C - Pyrroline Hydroxycarboxylate 3 NHs /) o = . BH4 Aspartate m ; 4-HCA :II: LL < O H.0O H+ CO2
ASPT - Aspartate Transcarbamoylase OH-PA - 4-Hydroxyphenylacetaldehyde T - m PRPP /| © + G < |& Y : T = - M6P, Al §
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DOPAL - 3,4-Dihydroxyphenylacetaldehyde EE?C :rl?hﬁnylp;]yrtuvate Decarboxylase BH4 De Novo Synthes|s 5 : ! 3 ~ 02 H202 . +Low P5P = | KIV ~ 3-Methyl-2-Oxovaleric Acid KIC ~ Poe
DPCK - DephosphoCoA Kinase i - Triphosphate ; L : ' Hyperoxaluria |
DT - L-Dopachrome Tautomerase PQQ - Pyrroloquinoline Quinone ! <Z( / 8 / TRANSAMINATION _ TRANSAMINATION Oxalate Metabolism  (ZE7000 5' — —
dTMP - Thymidine Monophosphate PRA - 5-Phosphoribosylamine ' PHA SR E = m 3 % Z Cytosol Acyl-CoA (Pool, C4-20)
dUMP - Deoxyuridine Monophosphate PRODH - Proline Dehydrogenase (Brain) O a. ' : GOR + g & + 0 & 00 &
E4P - Erythrose-4-Phosphate PRPP - 5-Phosphoribosyl-1-Pyrophosphate A A Z "- TRANSAMIRATION Glycolate \ v > = o o c:; = =90 > o - - Acyl-CoA (Cn)
ECHS1 - Enoyl-CoA Hydratase PRPS - Phosphoribosyl Pyrophosphate Synthetase — AST m HOGA1 Y, y yricoxi o = = T o1/ = = |2 = Mitochondrial - ,
sphoribos, "OH-GIutSA "OH-Glut . GoX - = - = &' = T | Camnitine
ENO - Enolase PSP - Protein Synthesis Pathway = C ~ ALDH4A1 - + PSP \ : FMNH:2 FMN A U 3 > O R S5 > U = > ») Matrix
ENPP - Ectonucleotide Pyrophosphatase/Phosphodiesterase PS - Phosphatidylserine o~ _CI:J % v 24 Pvr ’ , O O ™ 8 Carnitine
ETC - Electron Transport Chain PSAT - Phosphoserine Aminotransferase = v _q:’ g o g + Mg y H202 O g < < p Acylcarnitine (Cn)
ETHE1 - Sulphur Dioxygenase PSPH - Phosphoserine Phosphatase _— E( O Qo 8 E E Acetaldehyde 5 d-KB, \ g = 0O CoA y
F2,6BP - Fructose 2,6-Bisphosphate PTP - 6-Pyruvoyl-Tetrahydropterin &: . - O © Ala HivA Leucine Hea 2 G2 Cytosol
F6P - Fructose-6-Phosphate PTPS - 6-Pyruvoyl-Tetrahydropterin Synthase H20 Formate — Qu-tRNA ;JCOZ f a Mitochondrial
FAA - A_I-Fumarylacetoacetlc Acid Py_r Pyruvate &CH 1 PTPS Other Proteins With Aspartate, ! GOX Glycolaldehyde > o :
FAAS - Fumarylacetoacetase Q - Ubiquinone (Coenzyme Q10) H2NTP PTP _ . ) (Queuosine at - < Matrix Acylcarnitine (Cn)
FAD - Adeflavin Q2 - Ubiquinol (Reduced Coenzyme Q10) + Mg + Mg2* (Brain) Asparagine, Histidine, Tyrosine position 34) , N o y ,
FADS - FAD Synthetase Qu - Queuine 2+ Pi Hf ’ U CoA
FAICAR - 5-Formamidoimidazole-4-Carboxamide Ribonucleotide Qus - Queuosine +Zn + Zn2+ , , 2+ :IJ
FBPase - Fructose 1,6-Bisphosphatase QRPT - Quinolinate Phosphoribosyltransferase . . 16 Mn/Mg™", Acyl-CoA (Cn)
FBPase2 - Fructose 2,6-Bisphosphatase R1P - Ribose-1-Phosphate Queuosine Synthesis | Mn/Ma2* CoA, 2 i ’
Fe - Ferritin R5P - Ribose-5-Phosphate : : : Qu-tRNA N nivig- 8 Carnitine
FGAM - Formylglycinamidine Ribonucleotide RBKS - Ribokinase | | Bacterial Qu Biosynthesis (Aspartate, Asparagine, BH4 FAD/ FADH:/ Pi, H',  HCO,, Pii, < Acyl-CoA (Pool, C4-20)
FGAR - Formylglycinamide Ribonucleotide RET - Reverse Electron Transfer (Inner Mitochondrial Membrane) (GTP N preQuo N preQu1 N Qu) TGT + Zn2+ Histidi T . Fatt ACId OXidatiOn C Cle
FIGLU - Formimidoylglutamic Acid RK - Riboflavin Kinase B4 istidine, Tyrosine) FMN FMNH: . PCC y y H*
FIGLU-THF - Formiminoglutamate-THF ROS - Reactive Oxygen Species ¥ - — ,
FMN - Flavin Mononucleotide RPE - Ribulose-5-Phosphate 3-Epimerase e e- FR Mg PPPi D Methy|ma|0ny| CoA + Biotin Proplonyl CoA Acyl-CoA (Cn-Z) FADHZ! FAD,
FMO - Flavin Monooxygenase RPIA - Ribose-5-Phosphate Isomerase A Diet / Microbiome . 14 || (r— ' CoA H20
FOLH - Folate Hydrotase Ru5P - Ribulose-5-Phosphate FADH2/ FAD/ r \I\NA-B Cob(l)alamin j—-= - H20, O . | 2-Hydroxybutyrate |- - - Y ., . % kX
FR - Flavin Reductase (uncharacterised, possibly MMACHC) S7P - Sedoheptulose-7-Phosphate FMNH2 FMN, H20 = ; ' FADH2, + e 3-Ketoacyl-CoA L-3-Hydroxyacyl-CoA trans-A%-Enoyl-CoA Acyl-CoA (Cn)
FS - Fumarase SAH - S-Adenosyl-L-Homocysteine Vitamin B12 Metabolism . - = ' I : CO:2 T = : AL HADH ECHST ACADVL (C14-20)
FT - Formiminotransferase SAICAR - 5-Aminoimidazole-4-(N-succinylcarboxamide) OH-Cob(lll)alamin - GS-Ado, SAH, H* GSH, SAMe AdoCbl(lll) It DT INCREASED : Ox o L ! = \ (Even-Chain, ACADL (C10-18)
FTase - AICAR Transformylase Ribonucleotide H20 , Pi, H" MMACHC b — RRE T T m 9 : X = Final Cycle Only) ACADM (C6-12)
FTCD - Formiminotransferase Cyclodeaminase SAMe - S-Adenosylmethionine \/ : L-Methylmalonyl-CoA : P~ . FAD, TPP, 8 + ACADS (C4-6
G3P - Glycerol-3-Phosphate SAMeA - S-Adenosylmethionamine Cob(lll)alamin [any] |- - --- - -== = . > Cob(ll)alamin MMACHC : o . LPA, CoA (C4-6)
G3PP - Glycerol-3-Phosphate Phosphatase SAMeD - S-Adenosylmethionine Decarboxylase FADH2/ FAD/ < ~ O ! ! ] “vAcetaldehyde
G6Pase - Glucose 6-Phosphotase SAMeS - S-Adenosylmethionine Synthase Lysosome CytOSOI FMNH: FMN. CN : \ : 0 ‘g ~ | |
G6PD - Glucose-6-Phosphate Dehydrogenase SARDH - Sarcosine Dehydrogenase ’ MMADHC Dietary Folate 5| e e GCL
GABA - Gamma-Aminobutvric Acid SAT - Serotonin N-Acetyltransferase _—— - + _J
GAD - Glutamate Decarbo)zlylase SCOT - SuccinyI—CoA:3¥ketoacid CoA Transferase CNCb|(|||) MMACHC /e E FAD/FMN GS Me, SAH’ H GSH’ SAMe E' E (" )
GAG - Glycosaminoglycan SCS - Succinyl-CoA Synthetase 72 oy: .. . @ . 2+
GAMT - S-Adenosylmethionine:Guanidinoacetate Methyltransferase || SDH - Succinate Dehydrogenase 5.HIAA m = E Methionine Homocysteine y Cysteine Pi Mg
GAP - Glyceraldehyde-3-Phosphate Se - Selenium ALDH7A1.9A1 + |V|02+ + Mn2+ : ~FADH2/ FMNH:2 \ / P lut t
GAPDH - Glyceraldehyde 3-Phosphate Dehydrogenase ggrL:rseSrine' o . | ’ ~ Cob(al ' < = MoChI( : Methylmalonate
GARS - GAR Synthetase - Serine-Glyoxylate Transaminase Acetaldehvde ~ T o alamin + .__ .
GARTfase - GA?/R Transformylase SHMT - Serine Hydroxymethyltransferase - y % <Qf < ( ) “ﬁ% ( ) —;\ o COA MEtﬂbOllsm
GAT - Guanidinoacetate Si - Silicon i : < £
GBBH - gamma-Butyrobetaine Hydroxylase SLC - Solute Carrier H2S o L 2 SAMe SAH j DHFR DHFR ' 5 ‘g ‘ﬁ, s /ENPP = A
GCA - gamma-Glutamylcysteine Synthase SORD - Sorbitol Dehydrogenase - N » O i ] =
GCH1 - GTP Cyclohydrolase | SPDS - Spermidine Synthase Tryptophan Metabolism T 3/= Methvlation Cvcle . Acetaldenvde MS + Mg + Mg _ % o2 Mg** PPi ¥
GCL - Glutamate-Cysteine Ligase SPOX - Spermine Oxidase S - y y g | Mn2* | Mn2* TPP © PPCDC
GDH - Glutamate Dehydrogenase SQOR - Sulfide Quinone Oxidoreductase N-AcetylserOtonin < SAH AHCY 5-MTHF m m M9 ’ Pl ﬂ:-; 4-PhOSphOPantOthenoylcyStelne < PPAT 3 -DephosphO-COA < DPCK CoA
CEAT . e ® | . N\ : G ¥ ENPP
- Glutamine:Fructose-6P Amidotransferase SR - Sepiapterin Reductase ] + + 2+ ! - N / / ALP
GGCT - gamma-Glutamyl Cyclotransferases SSAL - Succinic Semialdehyde ) A-CoA H20 Adenosine Mg™, : \_ [ GLS S Sl Pi +7Zn?* + Mqg?*
GHB - y-Hydroxybutyrate SSAT1 - Spermidine/Spermine-N1-Acetyltransferase <EE O la & H20, B ™ Pi N CO2 T = § 2+ n g
GK - Glucokinase Succ - Succinate N <DE E ECT b PP e e e e, % A 8 v t g Mg
Glc-1,6-BP - Glucose-1,6-Bisphosphate SULTs - Sulfotransferases < |+ + FADH2 o BHA4 Salvage ’ SAMeD : -g < oe o | 7p. =
GIcNAc - N-Acetylglucosamine SUOX - Sulfite Oxidase + I € —>»| SAMeA Q o L Mg / Pi 2+ < !
GlcNAc-1-P - GIcNAc 1-Phosphate T3 - Triiodothyronine S HTP E ~ SAMeS + K + PAL Y § ; I Mg VNN
GIcNAc-6-P - GIcNAc 6-Phosphate TA - Tyrosinase idati .
GLN - Glutaminase g TALD(y)1 - Transaldolase 1 Y O;t'f'east's‘fe + FAD ) ﬂc’ :{;, O 4-Phosphopantothenate PATK Pantothenate Pantetheine
GIn - Glutamine TAT - Tyrosine Aminotransferase ) i 2 : . . =2 + - + 5,10-MTHF
GLS - Glutathione Synthase TDC - 'Iyyrosine Decarboxylase Tryptophan BlOsynthESIS % LCII_J Hypoxia GIyC|ne Serine m é H I;;BI F, 5’1F0A|g|;HF’ H I;KEI F, ’ EADH- ’ -g AGXT
Gly - Glycine TGF - Transforming Growth Factor pathway \ + w ~ o Z 2 i + P5P
GLYCK - Glycerol Kinase TGT - tRNA Guanine Transglycosylase < T SHMVT + PEP + s 0o > K \j ,S @
GLYDH - Glycolaldehyde Dehydrogenase TH - Tyrosine Hydroxylase 8 I J &S * 2 =) Estradiol
A Om = 2+ 2+ Z DMGDH — TRANSAMINATION R\
GLYP - Glycogen Phosphorylase ThDP - Thiamine Diphosphate Acetaldehvde Mn<" / Mg @ < ) 0> H.0
GLYS - Glycogen Synthase THF - Tetrahydrofolate Y = Corticol. Gl Formaldehyde
Glut - Glutamate THL - Thiolase Tryptophan dUMP dTMP m it e % o - . CSAD-
GNMT - Glycine N-Methyltransferase THP - Tetrahydropapaveroline Kynurenine Pathway IS _ L itrosation. NH- | 4 Fe> 120 Cysteinesulfinate EOT T EAD
GOR - Glyoxylate Reductase TKT - Transketolase 2+ Serine H,O ear stress cbO H20
GOX - Glycolate Oxidase TMLH - Trimethyllysin_e Hydroxylase CZ) Fe“", 02, 9 Z « . a-KG, Cholestyramine,
GPD - Glycergl—3-Phosphate Dehydrogenase TNF - Tumour Necrosis Factor = — “E’ _ CBS 7 PSP Cystathionine 4 02 W Estradiol
GPX - Glutathione Peroxidase TPH - Tryptophan Hydroxylase <Zf + o O & (Hypoxia —) Low _ CGL + P5P HTDH + Mo +
GR - Glutathione Reductase TPI - Triose Phosphate Isomerase = IE Te . QT Q:QH2 — RET <+ 2 [Auto- CGL + Acetaldehvd
GS - Glutamine Synthetase TPP - Thiamine Pyrophosphate < v 2 ~ 4 ASDC . =0 o . P5p eotaldonyde Heme
| | %) S O« oxidation]
GS-Ado - S-Adenosylglutathione TPQ - Topaquinone z Fe3* Aspartate B-Alanine NO. CO Y o
GS-Me - S-Methylglutathione TRP - Thioredoxin-related Protein ¥ Formate H20 ) ) \ ’ - R m N, B-Sulfinylpyruvate
GSA - Glutamate-5-Semialdehyde TS - Thymidylate Synthase - m Pyr, NH Nar, 0
GSH - Glutathione, reduced TST - Thiosulfate Sulfurtransferase K J c-lx-lm CO> g AuHs yr, 3 - N g
GSK3p - Glycogen Synthase Kinase-3 beta UCK - Uridine-Cytidine Kinase = L /’ | ’ = \
GSSG - Glutathione disulfide (oxidised) UDP - Uridine Diphosphate Kynurenine AFMID -N L-formylkynurenine | = Cytosol GSH Thiosulfate < Pyr
GSSH - Glutathione Persulfide UGPase - UDP-Glucose Pyrophosphorylase 2 N = ( I 5 2+ 2+
GTP - Guanosine Triphosphate UGAPase - UDP-GIcNAc Pyrophosphorylase CoA ) % CNDP1/2 + 8 ) o 02, H20 H202 Mg PPi Mg
GTase - Glycosyltransferases UMP - Uridine Monophosphate + 4 H20 A ohol &b SAMe SAH H20 2+ , B-Alanine Plasma ) O -
H - Hydrogen UPP - Uridine Phosphorylase O A & Acetaldehyde + Zn“" | "\)\ ‘ FADHz, 7))
H20 - Water UPRT - Uracil Phosphoribosyltransferase - _ ‘ 4 \\M y < . o : 55 - SUOX Sulfate ATPSO APS APSK PAPS
H20:2 - Hydrogen Peroxide UROC - Urocanase ¢ L Nattokinase, M92+ y g x m (Hypoxia —) Low Oz GSH+H" ¢
H2S - Hydrogen Sulfide UTP - Uridine Triphosphate H.|., Acetyl L-Carnitine ’ r NRF2 1-Methy|hi3t|dine Q/Q @ Q:QH: RET (D + M02+
H2NTP - 7,8-Dihydroneopterin Triphosphate V - Vanadium H-0 Ala CNMT A (o <3 u : + Heme .
HAAO - 3-Hydroxyanthranilic Acid Dioxygenase V-ATPase - Vesicular H+-ATP Pump X & CRNS1 " ETHE 4 Sulfite Ethanol Metabolism
HAL - Histidine Ammonia-Lyase Vit C - Ascorbic Acid o Pi, H* S H20 2+ SAH G& <
HAS - H ic Aci it E - i ’ = . "4+ Mn %
- Hyaluronic Acid Synthase Vit E - Tocopherols, Tocotrienols 3-Hvd ” y 3-Hvd h ilic Acid = + Pi Ht M92+ *4, ’)ex
HADH - 3-Hydroxyacyl-CoA Dehydrogenase VMA - Vanillylmandelic Acid KYNU + P5P -Hydroxyanthranilic Acl g N/~ ’ | Ma2* . = 0 m
HBDH - Hydroxybutyrate Dehydrogenase VMAT - Vesicular Monoamine Transporter . c ™ c-{-l N g B'Alanme = —
HCDH - 3-Hydroxyacyl-CoA Dehydrogenase VNN - Vanin-1 (Pantetheinase) Phosphocholine = % c E"’ -
HCOs - Bicarbonate XO - Xanthine Oxidase 02 PV ; + Z N 8 N
HDC - Histidine Decarboxylase Xu5P - Xylulose-5-Phosphate O & Mg“~', H B-Alanine, N O . SAMe o 2 - /@ O
HK - Hexokinase Zn - Zinc Oxdidlstive é Li': < Mgz+ § B'Alanlne ) | E T c'l\] IC.I\IJ =
HIBADH - 3-Hydroxyisobutyrate Dehydrogenase Strace T + = ) / NH - _ _ — ] ] ] g :‘I]:, a ,ﬁ o :‘Il:’
HIBCH - 3-Hydroxyisobutyryl-CoA Hydrolase > / 3 Carnitine BIOsyntheSIS Riboflavin Metabolism T < + >- +
HICA - 2-Hydroxyisocaproate Formate O Haemoglobin m : FIGLU-THF o O T
HIF - Hypoxia-Inducible Factor PP; & |& », HAL o . . T +
His - Histidine < ‘ 09 O Riboflavin o)
HIVA - 2-Hydroxyisovalerate ACMS - o Oxidative QO + N
HGA - Homogentisic Acid — <SPONTANEOUS> CDP-Choline 0 = . . . E Protein Degradatlon Stress, e T > & -
HGD - Homogentisate 1,2-Dioxygenase PRPP R iy O wn "6 N HlStamlne Metab0|lsm O Hypoxia {00 + MgZ+ c Acetaldehyde
; _ ' i QO = 9 @) = 0 N |
HMGCL - Hydroxymethylglutaryl-CoA Lyase * -_Z_r_‘ . T m L. Y LL c"{, +
HMPAL - 3-Methoxy-4-Hydroxyphenylacetaldehyde — DAG + € + . F = < Ng O “o X Car Si
HMT - Histidine Methyltransferase o B E E P NH L O H- AD.P’ = o
HOGA - 4-Hydroxy-2-Ketoglutarate Aldolase 4 Mg**, T 02 H20 NHas. H20 H20 yr, s, o ° P j S102 quly & &
o & 2, H2 4, H202 E did Tl N~
HPCL - HydroxyPy_ruvate Ca_rboxy-Lyase | PPi, Pi PRPP, H20 H O o ormadide - : - i 0 ﬁ s =
HPRT - Hypoxanthine-Guanine Phosphoribosyltransferase _ = I v v Trimethyllysine v-Butyrobetaine Si-MeCHO -l = =
HT - Histidine Transaminase CO2, PPi ' P5P | m 5F FIGLU | A Y AN
HTMLA - B-hydroxy-e-N-trimethyllysine Aldolase R ; DAO + TPQ + ALDH2 + Mo IAL + PSP
HTDH - Hypotaurine Dehydrogenase Nicotinic Acid Mononucleotide Nicotinic Acid SAMe 2+ 2+ + Z 2+ | Ma2* « O O Mg**/ n ATP, NADH H20
HVA - Homovanillic Acid NAPRT Cu®” +Ca n g o'X - - - or - on | &
| T 5 5 + » Oxidative Acetaldehyde < + + 4 (Co™ /Mn™") || <
HYPDH - 4-Hydroxyproline Dehydrogenase . N: - & - = Stress, (o)) NO N: N: LL Car-AcAl-IA
Mg T g NAD+ Pathway ‘ ; g Acetaldehyde EI ++ Hypoxia .: E = = N PPi PPi, Mg/
COLOUR KEY (Labels MAPK, TNF-a - + : g FS = (Co?1 M)
( ) LOWLOQS;E%Z“ -> 2 é Mgz” PPi, Ng . SAH 02, H20 H202 8 é = m "0
ow ’ I
< —> H20. GI + FAD FADH:2
s 20, GIn H*, Glut
TPP PP;i Z N-Methylhistamine M 4-MelAA ALDH3A1 + Mo2* 4-MelA 3-OH N-Trimethyllysine DTMLA 4-N-trimethylaminobutyraldehyde
FAD, FMN — — : 1/ - + Mo -MelAase
Nicotinic Acid Dinucleotide NADSYN1 > A < NADK —> n A +7n2t ) M92+ + P5P
. + H2S
P5P Pi c Al Isocitrate
N 9 T
MAPK, TNF-q, + b - ctm
REACTION H*, Low Oestrogen -> E = = &= Figure 1.Pathway Diagram: The role of mitochondrial dysfunction in chronic disease and aging.
TRANSAMINATION PRPP oD, Low SIRT3 < S < <r\A
mg2t | =7 ! Zv CKG ME/CFS: Correcting Chronic Mitochondrial Dysfunction
. . . : : :
For data interpretation purposes, only. Nicotinamide Mononucleotide Author: Joshua Leisk ©2026, https://bornfree.life [DRAFT / INCOMPLETE - may contain errors]
INHIBITOR | am not affiliated with, endorsed by, NAMPT v1.002
or sponsored by MosaicDX
(Others - lllustrative)




