	Pathway
	Tissue
	Organelle
	Reactant
	Key enzyme
	Cofactors
	Product
	Regulation
	Yields
	Fed / Fasted

	
	
	
	
	
	
	
	
	
	

	Glycolysis
	All 
	Cytosol
	Glucose
	HK
	
	Glucose-6-phosphate
	
	2 ATP     

2 NADH 
2 pyruvate
	FED

	
	
	
	F1P
	PFK-1
	
	F1,6BP
	-Insulin/Glucagon: [F2,6BP]

-Insulin/Glucagon: [glycolytic enzymes]

-F2,6BP: 
	
	

	
	
	
	PEP
	PK
	
	Pyruvate

	To get into mitochondria: pyruvate(OAA(malate (moves into mito)(OAA(pyruvate (OAA must be recycled back to cytosol via transamination to aspartate which moves back to cytosol and then regenerates OAA again via transamination)
	
	

	
	
	
	Pyruvate + NADH 
	LDH
	Niacin
	Lactate + NAD+ 
	(Lactate is then pumped to liver where it is converted back to pyruvate and then glucose which can be pumped back to tissue=CORI)
	
	

	
	
	
	
	
	
	
	
	
	

	TCA cycle
	All 

(not RBC and never really operating as cycle in the liver)
	Mito matrix
	Pyruvate + NAD
	*PDH
	Thiamine  
Niacin

Pantothenic acid

Riboflavin

Lipoic acid
	Acetyl-CoA + NADH
	-Phosphorylation: PDH kinase inhibits, PDH phosphatase activates 

-[Acetyl-CoA], [NADH]: inhibit via negative feedback and also allosterically 

  by inhibiting PDH kinase; funnels pyruvate to OAA and gluconeogenesis 

  (pyruvate(OAA(malate(OAA (PEP(glucose) instead of to acetyl-

  CoA and TCA cycle (both present in liver mito because of β-oxidation)

-Ca2+: inhibits PDH kinase, activating PDH, promoting TCA

-Insulin: activates PDH
	3 NADH 1 GTP

1 FADH2
2 CO2 
28-30 ATP
	FED

	
	
	
	Acetyl-CoA + OAA 
	*Citrate synthase
	Pantothenic acid
	Citrate (6)
	-Citrate: inhibits via negative feedback

-Succinyl-CoA: inhibits via negative feedback

-Energy charge: ATP inhibits, ADP activates
	
	

	
	
	
	Isocitrate
	*Isocitrate dehydrogenase
	
	α-ketoglutarate + CO2 + NADH
	-ATP, NADH: inhibit (rarely activated in liver)

-Ca2+ & ADP: activate (muscle contraction) 
	
	

	
	
	
	α-ketoglutarate
	α –ketoglutarate dehydrogenase
	Same as PDH
	Succinyl-CoA+ CO2 + NADH
	-Succinyl-CoA: inhibits via negative feedback

-Ca2+: activate 
	
	

	
	
	
	Succinyl-CoA
	Succinyl-CoA synthetase
	
	Succinate + ATP
	
	
	

	
	
	Inner membrane
	Succinate
	Succinate dehydrogenase (complex II in ETC)
	Riboflavin
	Fumurate + FADH2
	-Malonate (analog of succinate): inhibits 
	
	

	
	
	Mito matrix
	Malate + NAD
	Malate dehydrogenase
	
	OAA + NADH 
	-Substrate availability [NADH]/[NAD]
	
	

	
	
	
	
	
	
	
	
	
	

	Anaploretic rxns
	
	Mito matrix
	Pyruvate
	Pyruvate carboxylase
	Biotin
	OAA
	
	
	

	
	
	
	PEP
	PEPCK
	
	OAA
	
	
	

	
	
	
	Pyruvate
	Malic enzyme
	
	Malate
	
	
	

	
	
	
	
	
	
	
	
	
	

	PPP 

(Hexose monosphate shunt)
	Liver, little in other tissues
	Cytosol 
	Glucose + NAD
	Glucose-6-dehydrogenase
Oxidative phase
	
	1st NADPH + phosphogluconolactone
	-Substrate availability [NAD+]

-NADPH: inhibits via negative feedback

-Insulin: increases transcription, [dehydrogenases]
-Glucagon: decrease transcriptn, [dehydrogenases]
	2 NADPH   1 CO2 

Ribose-5-Phsphate
	FED


	
	
	
	Phosphogluconate
	6-phosphogluconate dehydrogenase
Oxidative phase 
	
	2nd NADPH + ribulose-5-phosphate + CO2 (from C1 of glucose) 
	
	
	

	
	
	
	Ribose-5-phosphate
	Non-oxidative phase
	
	F6P + GAP
	
	
	

	
	
	
	
	
	
	
	
	
	

	Gluconeogenesis
	Liver, little in kidney
	Mito

	1.) Pyruvate
	Pyruvate Carboxylase
	Biotin
	OAA
	-Energy charge: ADP inhibits, ATP activates           

-increasing [Acetyl-CoA]: activates

 (ATP, Acetyl-CoA present because of β-oxidation)
	Requires 6 ATP 
	FASTED

	
	
	
	     OAA + NADH
	Malate dehydrogenase (reverse of TCA)
	
	Malate + NAD (malate then pumped out of mitochondria)
	Substrate availability: increased [NADH] in liver due to β-oxidation
-[NADH] (primarily from β-oxidation) STARTS GLUCONEOGENESIS
	
	

	
	
	Cytosol

	     Malate +NAD
	Malate dehydrogenase (same as TCA)
	
	OAA + NADH
	-Energy charge: ADP inhibits, ATP activates

-Insulin/Glucagon: [F2,6BP]

-Insulin/Glucagon: [gluconeogenic enzymes]


	
	

	
	
	
	     OAA
	PEP-carboxykinase (PEPCK)
	
	PEP
	
	
	

	
	
	
	2.) F1,6BP
	F1,6BPase (hydrolytic)
	
	F6P + Pi
	
	
	

	
	
	
	3.) G6P
	G6Pase (hydrolytic)
	
	Glucose + Pi
	
	
	


	
	
	
	
	
	
	
	
	
	

	Glycogen synthesis
	Liver, muscle
	Cytosol 
	UDP-glucose
	*Glycogen synthase
	
	α1-4 addition on glycogen (glycogen polymer must have been at least 4 residues long)
	-Phosphorylation: inactivates (via PKA, calmodulin-dependent kinase)
	
	FED

	
	
	
	Glycogen 
	Transferase
	
	Α1-6 branch on glycogen 
	
	
	

	Glycogenlysis
	Liver, muscle
	Cytosol
	Glycogen 
	*Glycogen phosphorylase 
	PLP
	G1P (can only remove G1P 4 residues away from branch point), G1P(G6P
	-Phosphorylase kinase: activates via phosphorylation 

-PKA: partly activates phosphorylase kinase via (p) 

-Ca2+: partly activates phosphorylase kinase via calm 

-PP1: inactivates phosphorylase kinase

-Energy charge: AMP activates in muscle but not liver

Muscle: epinephrine: activates PKA via [cAMP]

Liver: glucagon activates PKA via [caAMP],
	
	FASTED

	
	
	
	
	
	
	
	
	
	

	FA synthesis
	Liver, Adipose, Mammary, most tissues
	Cytosol
	Citrate

(transported from mito into cytosol via citrate transporter—same as cholesterol synthesis)
	ATP-citrate lyase

(reverse of citrate synthase, 1st step of glycolysis)
	
	Acetyl-CoA + OAA
	-Fatty acyl CoA: inhibits citrate transporter via negative feedback


	FA

ADP

NADP

CO2
Requires:   citrate
ATP

NADPH
Ac-CoA
	FED

	
	
	
	Acetyl-CoA 


	*Acetyl-CoA Carboxylase (ACC)

(versus Acyl-CoA synthase)

(versus thiolase)
	Biotin
	Malonyl-CoA (inhibits β-oxidation)
	-Citrate: activates via feed-forward 

-Fatty Acyl CoA: inhibits via negative feedback

-Acetyl-CoA: activates via substrate availability 

-PKA: inhibits via phosphorylation 

-5’AMP-activated kinase: inhibits via phosphorylation 
ALL ACT BY SHIFTING FROM ACTIVE POLYMER TO PROTOMER
	
	

	
	
	
	Malonyl-CoA
	Fatty acid synthase (condensing domain + acyl-carrier protein)
	
	PALMITATE (16C FA) + CO2   
(fatty acid synthase specifically cuts fatty acids from enzyme at 16C) 
	
	
	

	
	
	
	
	
	
	
	
	
	

	Triglyceride synthesis
	Liver 
	Cytosol
	Glycerol
	Glycerol kinase

(versus glycogen phosphorylase)
	
	Glycerol-3-phosphate(FA added to form triacylglycerol(packaged into 
	-Regulated by absence of enzyme in adipocytes to prevent futile cycling (similar to: 1. regulation in muscle cells that lack G6Pase to prevent glucose from leaving muscle upon glycogen utilization and 2. regulation of liver that lacks CoA transferase to prevent liver from utilizing the ketone bodies just made)
	Requires:   ATP
	FED

	
	Intestine, Adipose
	
	DHAP
	Glycerol-3-phosphate dehydrogenase
	
	Glycerol-3-phosphate(FA( packaged into
	
	
	

	
	
	
	
	
	
	
	
	
	

	Cholesterol synthesis
	All have capacity (adrenal, ovary, testis, but primarily just in liver)
	Cytosol 


	Citrate (transported from mito into cytosol like FA synthesis)
	ATP-citrate lyase


	
	Acetyl-CoA + OAA
	-Cholesterol: inhibits HMG-CoA redutase, synthase, and thiolase 

  via negative feedback

-SRE/SREBP: activate transcription in absence of cholesterol  

-5’AMP-activated kinase inhibits reductase via phosphorylation 

-Cholesterol: increase reductase degradation via ubiquitination 
First 2 reactions are same as ketogenesis but less tightly controlled, cholesterol synthesis lacks HMG-CoA cycle

	Requires:   ATP
	FED

	
	
	
	2 Acetyl-CoA
	Thiolase 
	
	Acetoacetyl-CoA
	
	
	

	
	
	
	3rd Acetyl-CoA
	HMG-CoA synthase
	
	HMG-CoA
	
	
	

	
	
	
	HMG-CoA
	*HMG-CoA reductase
	
	Mevalonate(isoprene(C5)(
Geranyl (C10)(Farnesyl (C15)( Squalene (C30)(Cholesterol
	
	
	

	
	
	
	
	
	
	
	
	
	

	Lipolysis
	Adipose, Blood, most tissues 
	Cytosol
	Triacylglycerol
	HSL
	
	Diacylglycerol
	-Glucagon/Insulin: glucagon activates PKA, insulin activates phsphtse 

-Glucocorticoid: activates HSL

-PKA: activates HSL via phosphorylation, also activates perilipin

-Phosphatase: inhibits HSL via dephosphorylation

-Free FA: inhibits via negative feedback
	
	FASTED

	
	
	
	(FA
	Serum albumin (transported to:)
	
	Other tissues: β-oxidation 
	
	
	

	
	
	
	
	
	
	Liver: β-oxidation(ketogenesis
	
	
	

	
	
	
	
	
	
	Liver: NO GLUCONEOGENESIS 
	
	
	

	
	
	
	(Glycerol
	Transported
	
	Liver: GLUCONEOGENESIS
	
	
	


	
	
	
	
	
	
	
	
	
	

	β-oxidation
	Liver, muscle
	Cytosol
	Fatty acid
	Acyl-CoA synthase
	
	Fatty acyl CoA (activated)
	
	Requires: ATP
	FASTED

	
	
	Mito
	Fatty acyl CoA
	CPT I
	
	Fatty acyl carnitine
	-Malonyl CoA: MAJOR inhibitor of CPT I (product of FA synthesis)
	16C FA yields:       8 A-CoA

7 NADH

7 FADH

ATP!!!
	

	
	
	
	Fatty acy carnitine
	CPT II
	
	Fatty acyl CoA
	
	
	

	
	
	
	Fatty acyl CoA 
	Thiolase (runs in reverse during ketogenesis and cholesterol synthesis, runs in same direction during ketone utilization)
	
	Acetyl-CoA (cleaved from fatty acyl CoA) 
	-Substrate availability: depends on rate of delivery of FA
	
	

	
	
	
	
	
	
	
	
	
	

	Ketogenesis
	only LIVER
	Mito
	2 Acetyl-CoA (from liver β-oxidation) 
	Thiolase (runs in reverse in β-oxidation)
	
	Acetoacetyl-CoA
	-Malonyl-CoA: regulates CPT I and entry of fatty acyl CoA into mitochondria; thus regulates [acetyl-CoA] in mitochondria and limits ketogenesis; [ketogenic enzymes] stay relatively constant…depends wholly on substrate availability [Acetyl-CoA]
	
	FASTED

	
	
	
	3rd Acetyl-CoA
	HMG-CoA synthase
	
	HMG-CoA + Acetyl-CoA (to HMG-CoA cycle)
	
	
	

	
	
	
	HMG-CoA
	HMG-CoA lyase 

(v. HMG-CoA reductase)
	
	Acetoacetate (to be transported out of liver or converted to β-hydroxybutyrate)
	
	
	

	
	
	
	Acetoacetate
	β-hydroxybutyrate dehydrogenase
	
	β –hydroxybutyrate (to be transported out of liver)
	
	
	

	Ketone utilization
	Brain, muscle, not LIVER
	
	β –hydroxybutyrate
	β-hydroxybutyrate dehydrogenase (reverse)
	
	Acetoacetate
	
	
	

	
	
	
	Acetoacetate
	CoA transferase (transfers CoA from succinyl-CoA) 
	
	Acetoacetyl-CoA (activated)
	Liver lacks this enzyme preventing it from utilizing ketone bodies it just made in ketogenesis
	
	

	
	
	
	Acetoacetyl-CoA
	Thiolase
	
	Acetyl-CoA
	
	
	

	
	
	
	
	
	
	
	
	
	

	Urea synthesis
	only LIVER
	Mito & cytosol
	Glutamine
	Glutaminase
	
	Glutamate
	ONLY liver has glutaminase
	
	Fasted?

	
	
	
	Glutamate
	Glutamate dehydrogenase
	
	NH4 + a-ketoglutarate
	
	
	

	
	
	
	NH4
	((
	
	Citrulline
	
	
	

	
	
	
	Citrulline + Aspartate
	((
	
	Urea + fumurate (feeds into TCA)
	
	
	

	
	
	
	
	
	
	
	
	
	

	Poryporphin synthesis
	Many tissues
	4 steps in mito; 4 steps in cytosol
	Glycine + 

Succinyl-CoA (also seen in TCA and ketone utilization)
	ALA synthase
	PLP
	ALA(pyrrole(tetrapyrrole(    chelated with iron(HEME
	-Lead poisoning inhibits
-Liver: [Heme] inhibits ALA synthase

            Barbiturates stimulate ALA synthase

-RBC: hypoxia, erythropoietin stimulates ALA synthase

           Barbiturates have no effect on ALA synthase

           Substrate availability: [Fe] regulates ALA synthase
	
	

	
	
	
	
	
	
	
	
	
	

	Pyrimidine synthesis
	Many tissues
	Cytosol?
	BASE 1ST, SUGAR BUILT ON TOP 
	
	THF
	Produces urea
	
	
	

	Pyrimidine degradation
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Purine synthesis
	Many tissues
	Cytosol?
	SUGAR 1ST, BASE BUILT ON TOP
	ATCase
	THF
	
	-ATCase essential because it balances purine/pyrimidine synthesis
	
	

	Purine degradation
	
	
	
	
	
	Produces uric acid; accumulation of uric acid can cause gout
	
	
	


