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Compound i kJ/mol kcal/mol

------------------------------------------------------ demmm e e ————

Glucose 1-phosphate
Fructose 6-phosphate
AMP

Glucose 6-phosphate
Glycerol 3-phosphate

-3.3
2.2

i ~13.8 |
92 |

Phosphoenolpyruvate i —61.9 -14.8
Carbamoyl phosphate i 514 1 -123
1,3-Bisphosphoglycerate i —493 { -11.8

(to 3-phosphoglycerate) i Wl o v
Creatine phosphate i —43.1 1 -103 LSLQ UL-QMAS uw}-)
ATP — ADP + P, i —305 | -7.3 ‘ ‘
ADP — AMP + P, 276 | 66 sy sy pf
Pyrophosphate i 276 1 —6.6 (5))" 9 LS))J

| 209 | 50
i 159 1 -38
i 142 { -34

'P, inorganic orthophosphate.

?Values for ATP and most others taken from Krebs and Kornberg
(1957). They differ between investigators depending on the pre-
cise conditions under which the measurements are made.
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| , CH, N N
TH R R H
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= OH OH
Flavin adenine dinncleotide (FAD) and
flavin mononucleotide (FMN)
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Succinate

, Choline
Proline
3-Hydroxyacyl-CoA 1
3-Hydroxybutyrate
Glutamate Fp
Malate (FAD)
Isocitrate FeS

Pyruvate

N\ L

Lipoate > Fp > NAD > (FMN) > Q > CY1D - CY1 € - CY1 C - CYt Q8 - O,
A

-

- -

/ (FAD) FeS FeS Cu
o-Ketoglutarate Fp / FeS

(FAD) ETF
FeS (FAD)
Fp FeS: Iron-sulfur protein
(FAD) ETF: Electron-transferring flavoprotein

Fp: Flavoprotein

Q: Ubiquinone

Glycerol 3-phosphate Acyl-CoA Cyt: Cytochrome

Sarcosine

Dimethylglycine
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e
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CH, O
H H
H H
OH OH

Flavin adenine dinucleotide (FAD) and
flavin mononucleotide (FMN)

FADH® (FMNH")
(semiquinone)

FADH, (FMNH,)
(fully reduced)
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H+ +e’) H +¢")
E E CH,0 CH, CH,
|
CHy0 [CH,CH = CCH,| H
‘0 OH
Fully oxidized or Semiquinone form Reduced or quinol form

quinone form (free radical) (hydroquinone)
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Malonate

Complex Il
Succinate :g
‘ Carboxin
TTFA
BAL
Antimycin A
Complex | Complex IlI I
NADH = FMN, FeS | Q- Cytb FeS,Cytc, <> Cytc<—>
I | !
I I o
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———-1

Oligomycin /} Oligomycin %

ADP + P

ADP + P, ATP ADP + P,
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NAD"

NADH « H’

CYTOSOL

Glycerol 3-phosphate

4

R L NADH

MEMBRANE
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MITOCHONDRION

GLYCERQL-3-PHOSPHATE
DEHYDROGENASE
(CYTOSOLIC)

Dihydroxyacetone
phosphate

i

» (Glycerol 3-phosphate

GLYCEROL-3-PHOSPHATE
DEHYDROGENASE
(MITOCHONDRIAL)

Dihydroxyacetone
phosphate

INNER

FAD

FADH,

Respiratory chain
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INNER
CYTOSOL MEMBRANE MITOCHONDRION

NAD® Malate » Malate NAD®

1

g
MALATE DEHYDROGENASE | MALATE DEHYDROGENASE
NADH Oxaloacetate a-KG a-KG Oxaloacetate NADH
+ H' + H*
TRANSAMINASE TRANSAMINASE
Glutamate Asp Asp Glutamate
2
H H*
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nucleic acids, etc
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l Diet protein

|

, < s Nonprotein
Tissue protein = Amino acids nitrogen derivatives
o
TRANSAMINATION
rate
Cam) Ketone bodies
Amino nitrogen in
glutamate Acetyl-CoA
/
DEAMINATION
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NH, Citric
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| Mg I e I Dihydroxyacaetone phosphate
H— < —OH H— - —OH I‘(_,.— —\ H—Z—OoH
oo ¥ N CH.— o0 — (@& Lo @ - [Frosomoee
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ATP
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ATP
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BLOCK IN ESSENTIAL
FRUCTOSLIFRLA

Fructose 1 .6-bisphosphate Fructose 1-phosphate

-~
BLOCK I HEREDITARY L

\ FRUCTOSE INTOLERANCE
- A lAiooLase 8

Dihydroxyacetone-phosphate

}

Fatty acid

esterification

w

ATP

Glyceraldehyde 3-phosphate o-Glyceraldehyde

I [ TAroxrnase ]

2-Phosphoglycerate

|

Pyruvate —— Fatty acid synthesis
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BLOCK IN
Galactose GALACTOSEMIA | PHOSPHOGLUCOMUTASE
1-phosphate UDPGIc
GALACTOSE URIDINE
1-PHOSPHATE NAD™ | | DIPHOSPHOGALACTOSE
URIDYL TRANSFERASE 4-EPIMERASE GLUCOSE-
6-PHOSPHATASE
Glucose Y
1-phosphate UDPGal Glucose 6-phosphate —— Glucoss
B NAD*
Glucose UDPGic —= » UDPGal
A URIDINE
ATP DIPHOSPHOGALACTOSE
\ 4-EPIMERASE
Mg?" | | HEXOKINASE e >—>~ Lactose
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/-._ SYNTHASE
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Pi NAD*
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CH; —C —COO + H*
Pyruvate

TDP

Acetyl
lipoamide
=< CoA-SH
)
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TDP

H,C —C — OH
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c H
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H
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NADH + H*
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Acetyl-CoA
Dihydrolipoamide
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HO—C —H NADP* NADPH + H* c H,O coo
H—C_on Mg=" H—C—oH Mg®™. Mn=7, H—C—on
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I
H—C —OH GLUCOSE-6-PHOSPHATE H—C —OH SLUCONOt ACTONE H—C —OH
1 l DEHYDROGENASE ] l HYDROLASE 1
H—C H— (i‘, H—C —OH
1
CHZ’_‘O"'® CH2—0_® CH2_0*®
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NADP™
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Ribose S-phosphate
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AMP Mgz S e

1
*CH,—O0—®
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H—C—OH
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H—C:: H—C|:=O
CH,—O—® H—C —OH
PRPP H—C — OH
<':H2—o—®
Erythrose 4-phosphate
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H—C—OH Mg H—C—OH
! CH,—O—®

CH, —O — ®
Glyceraldehyde 3-phosphate

1
CH, —O—®
Xylulose S-phosphate

Fructose S-phosphate
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H—~C—OH H—c—o0o—® H—~C—O— UDP, H—"C—O—UuUDP
1 PHOSPHO- 1 UDPGic PYRO- I UDPGIc 1
He— ? —OH GLUCOMUTASE E— (1: — OH PHOSPHORYLASE H— LI‘J —OH DEHYDROGENASE H— C|2 — OH
HO—C—H HO—C—H HO—C—H HO—C—H
o 1 o /- \ 1 o /’ \ ; P
H—C—OH H—-(l:—OH H—(l:—OH H—?—OH
1 l I I - '
uTP PP, 2NAD 2NADH
—_— — ¥ H— 5 —
H—C H—C o + H,O + 21 S
CH,.—O—® CH_OH CH,OH lc':— o~
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= f?
?—O‘ CcC —0O" H—'?—OH
NADH NADPH
(l:HZOH co, HO-(l:—H + NAD* HO—C—H NADP* -t H-—C':—OH
cC=0 c=0 HO—C—H HO—C—H
1 \ 1 ‘\ / \ /‘ 1 o
H—C—OH H—?—OH H—(i‘,—OH H—(I:—OH I
HO—(I:—H HO—C—H HO—(':—H H—(it
*CH,OH | *CH,OH *CH,OH lC': — O~
o

L-Xylulose 3-Keto-L-gulonate L-Gulonate

3
/ NADPH + H* Oxalate RO
Glycolate L-Gulonolactone
\ o,
NADP™* t BLOCK IN PRIMATES
Gt 1aldehvd AND GUINEA PIGS
1 2-Keto-L-gulonolactone
BLOCK IN
PENTOSURIA D-Xylulose 1-phosphate
*CH,OH *CH,OH o
I NADH 1 1
filiszs £ =0k NAD™ - HT c=9 cl:—l
HO—C—H HO —C —H bD-Xylulose HO —C
i N A i ¥ I o
H—-Cli—OH H-?_OH HO—(': l
CH,OH O-XYLULOSE CH,OH H—C
REDUCTASE 1
Xylitol ATP HO—C—H
> Diet 1
Mg> *CH.OH
ADFE L-Ascorbate

D-Glucuronate

CcO,

BLOCK IN HUMANS L

(@]
1
[2H)] Cﬁ
/ o=c:: o=
o S

1
Ho_?_ H Oxalate
*CH,OH
L-Dehydroascorbate

D-Xylulose S-phosphate

‘3:139)5‘ Aol Pra

Pentose phosphate pathway



LS55 56
G ‘ G6P ‘

5 yaudg po
GlPﬂUDP}Sﬁ LSS s -
).'..... —_— O).:.?L;)’—Y
sl asls — aslay



0555lS Ay Al e
5y SIS 0331 -
sl a5l Y

O azLi «(DbranchingE) s 51 =Y

0095 ybly (g cadage JSUi 1) Sl o y0) I ykeS aliae g o 0f S (ys5lS >
Ll 0S8 ol wF-Y aliac jo 5955 ¢ Sdlac

LS9 U




Glycogen
(1— 4 and 1— 6 glucosyl units),

[ BRANCHING ENZYME |

(1— 4 Glucosyl units), Insulin

/\ UDP o 1@ -

GLYCOGEMN
SYNTHASE |
"Glycogen +
primer” ! @
!
Glucagon
Epinephrine
Glycogenin
Uridine

disphosphate
/.gluccse (UDPGIlc)
To uronic acid
pathway

INORGANIC [UDPGIc PYROPHOSPHORYLASE

PYROPHOSPHATASE PP;

/

2P;

Uridine

UDP triphosphate (UTP) Glucose 1-phosphate

—————— cAMP — — — — — — — | PHOSPHORYLASE

GLUCAN
TRANSFERASE

DEBRANCHING
ENZYME

Mg?* | [PHOSPHOGLUCOMUTASE |

Glucose 6-phosphate

NUCLEOSIDE

Glucose

H,0 ADP
GLUCOSE-6- N
ATP KINASE ADP PHOSPHATASE Mg?* [ GLUCOKINASE |
P; ATP

Free glucose from
debranching

enzyme

—— To glycolysis and pentose
phosphate pathway
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Epinephrine

B Receptor @
Inactive Active
adenytyl Y > adenylyl
cyclase cyclase
! PHOSPHODIESTERASE
ATP — cAMP > 5-AMP
PHOSPHORYLASE | 2+
@ KINASE < @ Ca
Inactive v Active
CAMP-DEPENDENT > | CAMP-DEPENDENT
PROTEIN KINASE PROTEIN KINASE
ATP Glycogen,,.,,
Inhibitor-1
(inactive)
CALMODULIN-DEPENDENT
PROTEIN KINASE
ATP GLYCOGEN SYNTHASE @t GLYCOGEN SYNTHASE
a
@ (inactive) Ca?* (active)
Insulin ——~ G6&P
ADPA/ l
PROTEIN
PHOSPHATASE &
: ycogen .,y
! H,0 Pi +UDPG

Inhibitor-1-phosphate

(active)

> PHOSPHATASE-1

PROTEIN
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Hydroxyproline Lactate
Serine

Cysteine
Threonine
Glycine
TRANSAMINASE
Tryptophan > Alanine —* » Pyruvate > Acetyl-CoA
PYRUVATE
CARBOXYLASE

PHOSPHOENOLPYRUVATE
CARBOXYKINASE

Glucose h phothoeno -
pyruvate 4_ Oxaloacetate

’ 3

T sine . TRANSAMINASE

» Fumarate
Phenylalanine

Y

Aspartate

Citrate

Isoleucine
Methionine > Succinyl-CoA

Valine CO;
) a-Ketoglutarate
Propionate ’
CO,

TRANSAMINASE

Histidine

Proh’ne' » Glutamate
Glutamine

Arginine
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ATP AMP + PP; {u)} ool JLo.b\ " M)IS u.ﬁo.,}

CoA
FFA Acyl-CoA
CARNITINE
Acyl-CoA PALMITOYL - OUTER
SYNTHETASE RANSFERASE MITOCHONDRIAL

I MEMBRANE
Acyl-CoA CoA
Carnitine Acylcarmiiine
CARNITINE INNER
CARNITINE ACYLCAR-
MITOCHONDRIAL
PALMITOYL- NITINE MEMBRANE
TRANSFERASE TRANSLOCASE
I
CoA Carnitine Acylcarnitine

Acylcarmitine Acyl-CoA —— PB-Oxidation

1
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A% ois (or rans) — A trans-EMNOY L-Co
ISOMERASE

cis
[ =
W

o F O s — CoA
e
L]
AZ_frans-APF cis- Dienoyl-Cof
{ﬂLE—frans—Ermyl—CﬂA =stage of B-oxidation)

1] B T ol
O DEHYDROGEMASE

Al trans-A%-cis-Dienoyl-Cof —-—— A% cis- Enoyl-Cof
H* + MaDPH
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ASE
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SYNTHETASE
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Acyl-Cold

A B-Cxidation
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CH;—C—CH,— C ~_ S — CoA

Acetoacetyl-Col

CofA—5H
H,O
O
I

Estenfication . Triacylglycerol
" Phospholipid

f,-_ (Acetyl-CoA),

HMG-Col
SYNTHASE

OoH 8]

| [l
CH,— C—CH,— C~_ S — CoA

\_ *CH,—COO~
E k] JR—
> CH;—C™ 85— CoA CoA—SH 3-Hydroxy-3-methyl-
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CH;— CO . 5 —CoA LYASE
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I
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Triacylglycerol

ADIPOSE TISSUE

Lipolysis
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FFA
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\i
FFA
‘uveR

B-Oxidation
¥ Acylglycerols
Acetyl-CoA
Citric acid
@ cycle
Ketogenesis
¥ CO,

Ketone bodies



sl -
(Cdbo) o Jolw o

(Cog9,m) 202



Glucose NADPH9 6\335 “ . ‘ Q""’"L’ Palm‘itate

v
Glucose 6-phosphate
A +
PPP N = NADP™;
4
Fructose G-phosphate
Malic TA?PH NADEH
A K +H
P enzyme 4
MALATE
Gé!gﬁr:;gﬁme DEHYDROGENASE w Malonyl-CoA
NAD?T Malate Naw
GLYCERALDEHYDE- | ¥~ CO; ATP ACETYL-
DENYDROGENASE o
CARBOXYL-
\’- NADH + H* Oxaloacetate CO; ASE
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# CoA
. ATP
Pyruvate T
Acetats
ATP-
CITRATE
CoA LYASE
ATP
Citrate Citrate ———» lIsocitrate
d.MITOCHONDRIA , : ISOCITRATE
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: s 3 = SE - 357 : :
Y
a-Ketoglutarate




AL & o oo Y
_

iy dem] i 6l LS 0,90 (sl S 186S
oise sMn2t - HCO,2 - ATP- NADPH+H



| |

CHy = C0~S = Co ~00C - CH, - CO~$ - CoA
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Enz-biotin-C00~  Enz-biotin

%p ADP+P.

ATP+HCO,” + Enz-biotin
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H3 —Pan Cys —SH

f Hs—cﬁ@—pm—su

Fatty acid synthase
multienzyme complax

MADPH + HT

*Malonyl-Cod
Ca
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FHETOACYL
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“@D-on—s

ﬁ' [l
Pan—5 " C— CH.—C—CH,
3-Ketoacyl enzyme
(acetoacetyl enzyme)

MADPY

NADPH
GENERATCRS
Pentose phosphata
patiway
Isocitrate
dehydrogenase
Malic
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4 FHETOACYL
REDUCTASE

Do
: tl:l- CH

|
Pan—5 o C— CH, —CH—CH,
o{—}3-Hydroxyacyl enzyme
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~ D-ons—sn

: o

@

Il
Pan—5 ~u C— CH—CH—CH,4
2, 3-Uneaturated acyl enzyms

ENOYL REDUCTASE

©,

MADPH + H™
NADR*
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-
5 i
—@— Pan—5 ~u C— CHy,— CH,— CH, (G, ]

Acyl enzyme
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18
Linaleyl-CoA {A®!'%-octadecadienoyl-CoA)

0; + NADH + H+
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DESATURASE

2H.O + NAD*+

12 -]
“M

— e
I!I..'l‘ ~S — CoA
2 8,912 D
T-Linolenyl-CoA (A® 7" * -octadecatrienoyl-CoA)
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Y

14 11 ]

lﬁ-S — CoA

Dihomo-y-linolenyl-CoA (A% ' "% _gjcosatrienoyl-CoA)

0: + NADH + H+
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DESATURASE

2H; 0 + NAD+

14 17 -]
o

Arachidony|-CoA (A%8%-11:1% gjcosatetraenoyl-CoA)
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Arachidonate

+*
202 CYCLOOXYGENASE Aspirin
= Indomethacin
0O - AL~ Ibuprofen
COOH ‘ — COOH
0- s
PG, QOH +
PROSTACYCLIN
0 4 SYNTHASE PGG2 IperoxiDASE c|:|)
- - C—H -~ "~
‘ — COOH < N COOH
-i—
o N ~ ~
OH OH OH OH
/ PGH, Malondlaldehyde + HHT
0 COOH ISOMERASE THROMBOXANE |=#=———— Imidazole
ﬁ ‘““*J/\/\/ / SYNTHASE
I
’ - COOH CDOH
P 2
OH OH OH OH OH T;m2
6-Keto PGF,, PGE
REDUCTASE ISOMERASE
OH
|
N N ~—L """~ COOH WCDOH
= 0
OH OH OH
PGF,, PGD, TXB,
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[ 12-LIPOXYGENASE |
3 o ‘V Arachidonate — . COOH
2 O T
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12-HPETE 15-HPETE
| 5-LIPOXYGENASE | N COOH
©) D
I
—— COOH On
HO -- 5 15-HETE
— oH
12-HETE _ COOH
= 5-LIPOXYGENASE
5-HPETE 5-HETE

[ 15-LIPOXYGENASE

Leukotriene By Leukotriene Ay
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Glutathione
Glutamic acid
-
Glycine E NH, i Gilycina

s i OH | e —— — 1 e
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MADH + H*

ATR ADP NAD*
HG—0H \ / HaG—OH \ / HoE —oH
HO—C—H HO—C—H ¢=o GhColysis
HC—OH HC—O—(B) GLYC=ROL. H.C—O—(F)
3-PHOSPHATE
Glycarol sn-Glyseral el Dinyoroxyacatone
Acy-COA [malnly sahuratsd)
ClLYCERDL-
] 3 PHOSFHATE
ACYLTRANEFERAEE
CoA
o
HiC—0O— [ A,
HO—CH
HyC—OH
1 HzE—o0— (B
Rz_ﬁ_ D—'I3—H 1-Acyigiycerok
& wd_ou 3-phosphate
{Iysophosphatidats)
Acy-COA [Usually uresturated)
1-ACYLGLYCEROL-
3 PHOSFHATE
ACYLTRAMEFERAEE
CoA
o
1l
HzC—O0—GC—A,
|
HzC—O—(E)
1,2-Diacyiglycarol
phosphate
Hal
FHOSPHATIDATE
SPHOHYDROLASE
P‘I
o o
—R, HiC—0—L—m,
RR—GC—0—C—H
O Hc—O0—E—
1.2-Diacylglycarod Cylamne
COP-AISCYIGIVERID ] m— Cardialpin
ACY-COA Inositol
DACYLSLYCEROL PHOSPHATIDYL-
ACYLTRANEFERASE INOESITOL EYNTHASE
coa CMF y1p ADP
(2] 2] HIMASE o
Il 1] Il - |
MG —O—C—A, H:C—O—C—A. H:C—O—C—A, Hali—0—C— R,
Ra—G—0—G—H R —0—C—H o Ra—G—0—C—H Re—G—0—C—H
1]
o Hal — o—(F) o HzC—O—C—Fa o Hal —o—(F) o H2C — O—(F)— Incsitol — (F)
Chaine wm Inoeitol Ph a o p
Phosphatiayicholing Phosphatidylinositol ATE
PHOSFHATIDYLETHANDLAMINE
N-METHYLTRANSFERASE [~CHala
Phiasphatdyisthanolamir Sarna
co.
ﬂf: X X ADP i
Hil —O—C—A
Phasphatdy Emanclamine = !
Re—G—0—C—H
Figure 24-2 . Biosynthesis of triacylglycerol and phospholipids. o HzC—D—:El—Inalsm—[E)

(T, Monoacylglycerol pathway; (&, glycerol phosphate pathway.)
Phosphatidylethanclamine may be formed from ethanolamine by a
pathway similar to that shown for the formation of phosphatidyl-

choline from choline.
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