




Dedication

In memory of Gordon Hartman (1936–2004), friend and colleague whose enthusiasm and 
encyclopaedic knowledge were an asset to all who knew him.



Mitochondrion
Inner membrane

Outer membrane

Intermembrane
space

urocanate

histidine

4-imidazolone-
5-propionate

2

FIGLU

N 5-formimino -THF

glutamate

NADPH+H+

ATP

ADP+Pi

NADH+H+

g

glutamate
g-semialdehyde

(P 5-C)

proline

FADH2

FAD

ornithine

NH4
+

N 5,N 10

-methenyl-THF

folate
cycle

THF

NAD+

NADP+

NADPH+H+

NADP+

4H+10H+
4H+ 4H+ 2H+

4H+ 4H+

H+Pi

H+

Q
C

NAD+

ADPNADH+H+

ATP

ATP

ComplexComplexComplex

H2O Pi

–O2
1
2

2H+

FO

F1

Respiratory chain

ATP

ADP

H2O

a-ketoglutarate glutamate

aspartate

alanine

cysteine
serine

glycine

pyruvate

NAD+ NADH+H+

pyruvate

oxaloacetate

lactate
malate

GTP
GDP CO2

phosphoenolpyruvate

2-phosphoglycerate

3-phosphoglycerate

NADH+H+

NAD+

H2O

Pi

ATP

ADP

dihydroxyacetone
phosphate

ATP ADP

glucose

ATP

ADP

1,3-bisphosphoglycerate

fructose
1,6-bisphosphate

fructose
6-phosphate

glucose
6-phosphate

Pi

Pi

Endoplasmic reticulum

Cytosol
Pi

a-ketoglutarate glutamate

NAD+

NADH+H+

H2O

Complex

4H+

2H+2H+

3H+

6H+

Complex

H+

F1

FADH2

ATPATP

Pi Pi

H+

4H+

H2O –O2
1
2

Complex
4H+

Q

C

FO

ADP

Pi H+

NADH+H+

malate oxaloacetate

isocitrate

a-ketoglutaratesuccinyl CoAsuccinate

fumarate

a

CoASHH2O

citrate

[cis-aconitate]

CoASH

FAD

acetyl CoA

ADP+Pi

ATP CoASH

HCO3
–

GTP GDP

CoASH

CO2

CO2

pyruvate

NAD+

NAD+

NADH+H+

H2O

Pi H+
NADH+H+

NAD+

NADH+H+

NAD+

CO2

H2O

H2O

ADP ATP
GTP GDP

FADH2

glutamate

NH4
+

NADH+H+

FADH2

myristoyl CoA
(C14)

C12

C10

C8

C6

C4

(8) acetyl CoA

palmitoylcarnitine

palmitoyl Co A

2 Pi

C14

acetoacetyl CoA
CoASH

“Ketone
bodies"

acetoacetyl CoA

CoASH

hydroxymethyl
glutaryl CoA
(HMGCoA)

acetoacetate

3-hydroxybutyrate

acetyl CoA

CoASH

NADH+H+

FADH2

NADH+H+

FADH2

NADH+H+

FADH2

NADH+H+

FADH2

NADH
+H+

FADH2

acetyl CoA

acetyl CoA
H2O

NAD+

NADH+H+

CoASH

b-Oxidation

Ketogenesis

glycogen

a (1Æ4) glucose
oligosaccharide
(n+1 residues)

a Æ

uridine diphosphate
glucose

PPi

UTP

a (1Æ4) glucose
oligosaccharide primer

(n residues)

glycogen
(n–1 residues)

glucose
1-phosphate

2 Pi

Pi

UDP NADP+ NADPH+H+

6-phosphogluconate6-phosphoglucono-
d-lactone

glyceraldehyde
3-phosphate

sedoheptulose
7-phosphate

erythrose
4-phosphate

fructose
6-phosphate

fructose
6-phosphate

glucose
6-phosphate

NADP+ NADPH+H+

glyceraldehyde
3-phosphate

fructose
6-phosphate

glucose
6-phosphate

glyceraldehyde
3-phosphate

H2O CO2

Pentose phosphate pathway
(hexose monophosphate shunt)

NADP+

NADPH+H+

b b

enoyl ACP

HCO3
–+ATP

H++ADP+Pi

CoASH

malonyl ACP

CoASH

C6

malonyl CoA

acetyl CoA

acyl ACP

C4

acetoacetyl ACP

b

acetoacetyl ACP

malonyl CoA

cysteine–SH
group of

condensing
enzyme

hydroxymethyl
glutaryl CoA
(HMGCoA)

acetoacetyl CoA

mevalonate

cholesterol
many intermediates

acetyl CoA

NADP+

NADPH+H+

H2O

D-3-hydroxybutyryl ACP

NADP+

NADPH+H+

H2O
NADH+H+ NAD+

NADP+NADPH+H+

citrate

oxaloacetate

ADP+Pi

CoASH

ATP

malate

CO2

acyl carrier protein

CO2

CoASH

b

CO2

O2

tetrahydrobiopterin

dihydrobiopterin

NADP+

NADPH+H+

a-ketoglutarate

glutamate

4-hydroxyphenylpyruvate

homogentisate

4-maleylacetoacetate

fumarylacetoacetate

acetoacetate

phenylalanine

tyrosine

fumarate

oxidised by
extrahepatic

tissues

L-DOPA

dopamine

noradrenaline

S-adenosyl-
methionine

S-adenosyl-
homocysteine

adrenaline

H2O

O2

CO2

O2

H2O

O2

CO2

H2O

Glycolysis

Krebs cycle

Regulatory enzyme



glutamine-PRPP
amidotransferase

carbamoyl
phosphate

synthetase II

palmitoyl CoA (C16)

acyl CoA
dehydrogenase

FAD

FADH2

enoyl CoA
hydratase

L-3-hydroxyacyl CoA
dehydrogenase

L-3-hydroxyacyl CoA

thiolase

3-ketoacyl CoA

CoASH

acetyl CoA

carnitine

(3) palmitate
ATP

CoASH

PPi+AMP

trans-D2-enoyl CoA

long chain acyl CoA synthetase

H2O

NADH+H+

NAD+

pyrophosphatase

inner CPT

outer CPT

ribulose
phosphate

3-epimerase

ribose
5-phosphate
isomerase

ribulose
5-phosphate

xylulose
5-phosphate

ribose
5-phosphate

transketolase

(thiamine PP)

H2OC16C14C12C10C8

acyl
carrier
protein

ATP

ADP
glycerol kinase

(not in white
adipose tissue)

glycerol

tripalmitin
(triacylglycerol)

palmitate

esterification

CO2CO2 CO2 CO2 CO2

glycerol
3-phosphate

CoASH CoASH CoASH CoASH CoASH

palmitoyl ACP

thio-
esterase

3 H2O

lypolysis hormone
sensitive lipase
(adipose tissue)

Fatty acid synthesis

CoASH

CO2

NAD+

NADH+H+

HCO3
–

acetyl CoA

CoASH

CO2

dehydrogenase

CoASH NAD+

CO2

CoASH

argininosuccinate

lyase

synthetase

citrulline

ornithine
transcarbamoylase

2ADP+Pi2ATP

arginine

urea

isovaleryl CoAisobutyryl CoA

methylmalonate
semialdehyde

propionyl CoA

a-methylbutyryl CoA

D-methylmalonyl CoA

L-methylmalonyl CoA

succinyl
CoA

acetyl
CoA

acetyl CoA

CoASH

dehydrogenase

glutaryl CoApropionyl CoA

dehydrogenasedehydrogenase

acetyl CoA

THF

Vitamin B12

Odd numbered
fatty acids

ornithine

NADH+H+

NAD+

CO2

CO2

CoASH

NADH+H+

NAD+

CO2

NAD+

NADH+H+ NADH+H+

Pi

carbamoyl
phosphateNH4

+

AMP+PPi

ATPaspartate

fumarate

mutase

acetoacetate

carnitine
shuttle

carnitine
shuttle

arginase

dehydrogenase

a-ketoisocaproatea-ketoisovalerate

aminotransferaseaminotransferaseaminotransferase

a-keto-b-methylvalerate

isoleucine valine leucine

a-ketobutyrate

threonine

glycine

lysine

saccharopine

2 aminoadipate
semialdehyde

2-aminoadipate

amino-
transferase

a-ketoadipate

carnitine
shuttle

N5, N10

-methylene THF

Urea
cycle

H2O

H2O

CO2

H2O

H2O

CO2

glutamate

IMP

AIR

PRPP

fumarate

aspartate

ADP+Pi

ATP

AMP

ATP

ribose 5-phosphate

b-5-phosphoribosylamine

glycinamide
ribonucleotide (GAR)

formylglycinamide
ribonucleotide (FGAR)

FAICAR

AICAR

SAICAR

CAIR

formylglycinamidine
ribonucleotide (FGAM)

N10-formyl THF

glycine

glutamate

glutamine

glutamine

carbamoyl phosphate

carbamoyl aspartate

dihydroorotate

orotate

OMP
(orotidine monophosphate)

aspartate

UMP
(uridine monophosphate)

UDP

UTP

FMNH2

2ATP

glutamate

FMN

bicarbonate

GDP

GTP

RNA

ADP

ATP

DNA

dGTP dATP dTTP dCTPUTPCTP

CDP

dCDP

dCMP

dUMP

dTMP

dTDP

UTP

UTP

THF

THF

N 5, N10-methenyl THF

DHF

ATP

ADP+Pi

ATP

ADP+Pi

ATP

ADP+Pi

N10-formyl
THF

glutamine

2ADP+Pi

PPi

ADP+Pi

ATP

N 5, N10-methenyl THF

DHF
(dihydrofolate)

folate

THF
(tetrahydrofolate)

N 5, N10--methylene THF

N10-formyl THF

N5-methyl THF

H2O

NADPH+H+

NADP+

NADPH+H+

NADP+

NADPH+H+

NADP+

NADPH+H+

NADP+

methionine

methyl group
transferred to

acceptor

SAM
(S-adenosylmethionine)

methyl
transferase

S-adenosylhomocysteine

homocysteine

cystathionine

homoserine

cysteine

vitamin B6

homocysteine
methyltransferase

N5-methyl THF

THF

homocysteine

vitamin B12

Folate
cycle

Methionine
salvage
pathway

N-formylkynurenine

kynurenine

3-hydroxykynurenine

3-hydroxyanthranilate

2-amino-3-carboxymuconate
semialdehyde

2-aminomuconate
semialdehyde

2-aminomuconate

tryptophan

alanine

xanthurenate
(yellow)

NAD+ and
NADP+

synthesis

NH4
+

formate

a-ketoadipate

carbamoyl
phosphate
synthetase I

–CH3

meth
yl

SAM





Medical Biochemistry at a Glance



Companion website

This book is accompanied by a companion website which contains interactive Multiple-Choice Questions:

www.ataglanceseries.com/medicalbiochemistry
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