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* A series of chemical processes that transform energy and
molecules and go on in living organismes.

molecules
Aiiiing i
Sugars

Fatty acids
Nitrogenous bases
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(a) Mechanical work: ATP phosphorylates motor proteins
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Reactants: Glutamic acid Product (glutamine)
and ammonia made

(c) Chemical work: ATP phosphorylates key reactants
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tissue synthesis Na"/K* ATPase Ca™“ ATPase other
gluconeogenesis (15-40%),
i 0,
i 20% 5.10% 506 substrate recycling (20%),

proton leak (20%),
urea synthesis (12%)

kidney 6% - gluconeogenesis (5%)

[actinomyasin ATPase (40-50%), ]
heart 3% 1-5% NS0 proton leak (15% max)

a single cortical action potential
brain 59, 50-60% significant  was estimated to require

108-10° ATP, BNID 111183)
proton leak (50%),
nonmitochondrial (14%)

skeletal

0 1 0
M- 17% 5-10% 5%
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B Electron transport chain

ATP synthase
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FATS POLYSACCHARIDES PROTEINS

l Stage |
Fatty acids and  Glucose and Amino acids
glycerol other sugars ]
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Carbohydrate Digestion and Absorption
| dietary carbohydrates |

I
starch, glycogen Polysaccharides

salivary amylase

Disaccharides

Monosaccharides

Lactase

Maltase
SGLT1 Trel

Epithelial cell of GLUT2 I LUT2
villus ; .
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CE, PL, TAG
= (unchanged)

Fatty
acids
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Cholesteryl
esterase
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Cholesteryl ester (CE) PR—

Most of the CE, PL, TAG,
and some short- and
medium-chain fatty acids
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Bile salts emulsify,
and pancreatic

enzymes degrade

dietary lipids
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PRIMARY PRODUCTS
Free fatty acids
2-Monoacylglycerol
Cholesterol

Remaining pieces of
PL

O Phospholipase A2 and lysophospholipase
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Intestinal Carbohydrate Transporters

Lumen Jejunal Mucaosal Cell Blood

Pentoses —-— —->»Pentoses

Fructose Fructose

Galactose/Glucose Glucose

Glucose/Galactose
Galactose

+
Apical 3Na* 2K" Basolateral
Membrane Tight Membrane

Junction

Glucose Na™



Na* Glucose

Na-binding Glucose-binding
site - site

“ Glucose

Figure 4-12

Postulated mechanism for sodium co-transport of glucose.
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Liver

* 14 different types
of glucose
transporters
* Different Km
* Hormone- g
dependent or non %
dependent
* Energy required or _
passively @

t ra n S po rtEd intestine
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Transporter

Pl b Job

Tissue
distribution

Most cell

Liver, beta cells,
hypothalamus,
Baso-lateral membrane
small intestine.

Neurons, placenta,
testes, brain

Skeletal and cardiac
muscle, fat

Mucosal surface in small
intestine, sperm, kidneys

Special
properties

Helps in basal glucose
uptake

Carrier for glucose and
fructose in hver and
intestine

Basal glucose uptake

Activity increased by
insulin

Involved in fructose
t‘rallspurt
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GLUT2 (liver)
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Fructose Glucose
I(Fructokinase) l 4
Fructose-1-P Glucose-6-P
\ { Glucose-1-P
Glyceraldehyde Fruct;se-S-P 1
' | Glycogen

Fructose-1,6-diP

\ A

Di-hydroxy- <= Glyceraldehyde-3-P < Di-hydroxy-
acetone-P - f acetone-P
fi
Pyruvate

AcetylCo-A
4 5
4 s

4 | .
CO, Fatty acids
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Insulin Insulin Glucose
receptor / /
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Glutd
Hl
Plasma
membrane
In the presence of insulin, Glut4 allows glucose to
Glutd vesicles fuse with the enter the cell.
plasma membrane.
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Interstihial space
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Glucose GLUT1 GLUTE GLUT12 3GLTY SWEET




luminal proximal tubule blood
97% (0%) 3% (40%)

T SGLT2 $ SGLT1

N r—

[glucose] early

glucose
SGLT2
1Na’

glucose
SGLT1
2Na’

urine l

0-0.2% (60%)




Central glucose homeostasis predomi-
nantly involves GLUTT and GLUTS

SKELETAL MUSCLE ADIPOSE TISSUE

Tissues of insulin stimulated mediated glucose disposal
is predominantly mediated by GLUT4

PANCREAS

Hepatic glucose uptake and Glucose sensing mechanisms in the
output oocurs mainly via GLUT2 pancress and the brain involve GLUTZ2
INTESTINE KIDNEY

e

SGLT's mediate the active, ATF dependent hexose absorp-
tion in and regbsorption at the luminal site of the epitheli-
um in the intestine and kidney, respectively.
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Lipoprotein Structure

Peripheral Apoprotein
(A, CorE)

Mucosal Triglyceride Resynthesis and Chylomicron Formation
Jejunal Mucosal Cell Free Phospholipid
Cholesterol
Cholesterol
Ester

APQC
Systemic
Triglyceride

Circulatior

Glucose f
\>~ Glycerol-3-P
s Lymph
Mixed
Micelle CoA.SH
Fa
&,r - Integral
Lc » LCFA Apoprotein
E Monoglyceri (B,g Bygo: Or A)
large lipids
Portal
Blood
Liver

to liver
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dasslﬂcatlon of I.Ipoproteir;s

Lipoprotein | Density Diameter Protein % | Phosphol | Triacylglyvcerol
class {g/mL) {nm) of dry wi ipid %% % of dry wi
HDIL 1.063-1.21 =15 33 29 8
LDL 1.019— 18- 28 25 21 4
1.063
DL 1.006-1.019 25 -50 18 22 31
VLDL 0.95 - 1.006 | 30 - &0 10 18 S0
chyvlomicrons | =095 10 - S0HD 1-2 7 54

As the lipid content increases, density decreases and size increases, that
is why Chylomicrons are least dense but biggest in size, while HDL are
rich in proteins , hence most dense but smallest in size.

zf2afn

Biochemistry for medics




Dietary TG

Nascent
chylemicron

SMALL .
NTESTINE |\ Lymphatics _
Chylomicron
B-48
EXTRAHEFRATIC
£l TG TISSUES
LOL A c
(apo B-100, E) C
receptor Ej PC LC A
Cholesterol IR J&’O,q A O LIPOPROTEIN LIPASE
Fatty acids el
B-48
P,
'{l L = Fatty acids
LIVER EE A
\ Chylomicron  Glycerol
LRP remnant
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Intestinal Mechanisms for Protein Digestion and Absorption

Mechanism

(1) Protein

Protein _

'_‘

» Peptides

(small)

(3) C

Pancreatic Proteases

(4)C

Small
Intestinal
Lumen

Amino Acids

]

» B
(Large)

N

S |/ '

20% Peptidase

=]
e
* il
o
=
|
)
=
- |
~

Brush Mucosal
Border Cell

80% Peptidases |

C (Neonate)

Portal
Blood

0
j Y
P4

S

Taaaa|

L 4

<P



intestinal |

acid MNa*

Amino MNa*




Small Intestine Lumen
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Amino

Na+ Glucose Na+ acids
tight
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Paracellular |
pathway Glucose | Transcellular
leo ‘ Interstitial Space pathway
Y Y — » capillary ——
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Glucose

I
(glycolysis)
Glycerol -4— Phosp hogly::eralde hyde
(PGAL)

Pyruvii acid 4— Gly, Ser, Ala, Cys ACETYL CoA— THECROSSROADS

Falty acids -t—#-Acetyl-CoA-4-Phe, Leu, lle, Thr, Lys, Trp, Tyr

carbohydrates [ —— glucose fats
hycogen :
grycog glycolysis ‘l‘
proteins o -
Asp, Asn-4—- Oxaloacetic acid Citric agid P pyruvate fatty acids
The Cilric l S
Acid Cycle amino acids oxidation
+ fatty acid
T oxidation
acetyl-CoA
Phe, Tyr i 2o . : Gilu, GIn,
- TYr == Fumaric acid o-ketoglutaric acid H.a.rg, His Pro

S uccinic acid

4

Yal, Met, lle



Glucose

Pyruvate — ATP HK

+2 ATP s Glucose 6-phosphate

Phosphoenolpyruvate \FGI

\ iaicis Fructose 6-phosphate

2-Phosphoglycerate
phogly 7 ANFI{

\PG“ Fructose 1,6-bisphosphate
3-Phosphoglycerate

Aldolase
+2 ATF\PGK
GAPDH

Glyceraldehyde Dihydroxyacetone
1 ’E.bisphusph mlynamtn g — r—
+2 NADH 3-phosphate TP isomerase phosphate
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H

H-C-0-P=0
l -
i i1 H O G=0 0 Dihyd
H (= -C- , HO-C- ihydroxyacetone
' H¢=0 H-OH H-C-0-P=0 i 1 phosphate
H-(II-OH ATP  ADP  H-C-OH C=0 ATP ADP  [__ 4. -
H /CH 0\ HO- C H HO- C' HO-('_j- H Frasioss Triose
\C H C OH —» H- C OH H'é'OH bisphosphate {’q’;‘::ff:::'
HO Q / o Hexokinase 4 C OH !}:ﬁ;:{’;rharﬁfumw H- C OH ok Plf::zzsihot'rudo - (.: -OHQ' aldose S0Mmerase
H OH H-C-0-P=0 H-C-0-P=0 H-C-0-P=0 H
H o H O 0 o C=0
. . o o "» H-C-OHQp"~ Glyceraldehyde
Glucose Glucose 6-phosphate  Fructose 6-phosphate  Fructose 1, 6-bisphosphate H-C-0-p=o  3-phosphate
H o
+
Glyceraldehyde NAD + P
3-phosphate L
GLYCOLYSIS ddrogenase
NADH + H”
2X
. ATP ADP o_ O HO o o ATP  ADP O%©
Oy 0 QCI 9- 2 \\C’ Q_
C i i (|:=
Hiz0 H-C-0-P=0 H-C-0-P=0 H-C-OHo" _(-:_(?H ]
ruvate - 1,
wdn R O T wbondpgpafend-o-polgie o U
H H o
Phosphoenolpyruvate 2-Phosphoglycerate 1,3-Bisphosphoglycerate

Pyruvate (PEP)
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Oxidation of Pyruvate

o 1 CoA-SH 3

| ?—*CDA

C=0

1 > c=0

£=0 |

I NAD* NADH CHs

CHj B

CO,
Pyruvate Oxidation Acetyl CoA
reaction
1 2 3
A carboxyl group NAD® is reduced An acetyl group is
is removed from to NADH. transferred to
pyruvate, releasing coenzyme A,
carbon dioxide. resulting in acetyl
CoA.
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ATP ADP
(|ZH20H \ / (|ZH20H
HO—C—H > HO—C—H
Glycerol |
CH,OH kinase CH,0P0;%"
Glycerol L-Glycerol
3-phosphate
NAD* NADH + H* o
H
\_/ e \T/
> 0—C —— H—C—OH
Glycerol
phosphate CH20P032_ CH20P032—
dehydrogenase

Dihydroxyacetone p-Glyceraldehyde
phosphate 3-phosphate

Unnumbered 22 p644a
Biochemistry, Seventh Edition
© 2012 W. H. Freeman and Company
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Cytosol

.

Fatty acid 'OH

space
CoA-SH Acyl CoA
synthetase | .
ATP B-oxidation
Carnitine
S e acyltransferase Il Fatty Acyl-CoA
Fatty Acyl-CoA Tfansporter,’/ \ 0
- Carrier- | : | _<
R I e
f\s Carnitine S-CoA
0
st paly oy Fatty Acyl: o LoASH
Carnitine Ci Carnitine

Quter Inner Mitochondrial
Mitochondrial Mitochondrial Matrix
Membrane Membrane
Intermembrane

Kreb's cycle €= Acetyl CoA

Carnitine
acyltransferase |

Pharmax Change




FADH:

H
H |
R—E—E=L,
Ho |
H
trans-A2 -Enoyl-CoA
H.O Beta Oxidation
Enoyl-CoA Hydratase  Will proceed until only
2 Carbon Units remain.
H H O
Ho| |
Re—l=— k05— LoA
H | ]
HO H 6
L-B-Hydroxylacyl-CoA i ”
L-Hvdroxyacyl-CoA I
|':'<.‘hl.-'xfn'l.'.'rlil_"-'rrli-_"' R_ C — i
' H

NAD*

NADH +H*

H ol
R—C—(—5—CoA
Fatty Acyl-CoA
{[shortened by 2 Carbons) H 0
|l
H— (l: —C—5—CoA
Thiplase H
Acetyl-CoA
CoA-SH

0
I

—C—5—CoA

B-Ketoacyl-CoA
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Fatty acyl-CoA

O
PPIH=4 |
Cil il i LA 1 b s
12 10 P ~ > S-CoA cis-A”,cis-A

A%, A°—enoyl-CoA
isomerase (o]
12 10 g 5 3\‘:)]\ Fatty acyl-CoA
— A1 g.CoA trans-AZcis-A®
11 e 7 G 4 2
proxidation |\m. Acetyl CoA
o]
10 8 6 Fatty acyl-CoA
— 3 ™s.CcoA cis-a*
9 T 5 4
First step
acyl-CoA of oxidation
dehydrogenase o
10 \)\/B\D/\\)'\ Fatty acyl-CoA
e 1 trans-A?,cis-A*
g 7 5 4 2 Sicbeof
NADPH + H*
2,4-dienoyl-CoA .
reductase NADg
g ; P Fatty acyl-(azoA
- A 1 trans-A
10 ] & i L
enoyl-CoA
isomerase O

Fatty acyl-CoA

B e T » "
/A\/\\/:S\‘\/ﬁJ\ trans-A2
10 8 G 3 ] S-CoA

it Pharmax
drarhe Change

.info

5 Acetyl CoA

10-"-'“"‘9 T 5 - 3 -
- e W W W g S-CoA
8 3 4 5
Linoleoyl-CoA
igan ¥ nie.x 12
3 Acetyl CoA cis-A%,cis=A

UFA ‘;_W‘MT




c-Amino acid ce-Keto acid

Transamination ><

c-Ketoglutarate L-Glutamate
Oxidative
deamination
NH CO,

Urea cycle
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Phosphoenolpyruvate Alanine Glycine Threonine
N A | | Cysteine Serine Tryptophan
‘N —Pyrrvate Tryptophan
B Tyrosine
Glucose Acetyl-CoA < Phenylalanine
A = y ;—\; Threonine
Aigg,faag?ne —>Oxaloacetate Citrate Il_SyOslienuecme
/ Leucine
Legend:

Malate | Glucogenic Arginine Proline

Ketogenic Isocitrate Histidine Glutamine

Both glucogenic

and ketogenic Y
Fumarate a-Ketoglutarate <——|Glutamate

Tyrosine _ SuCsimE CoA
Phenylalanine Su00|nateJC|nY' OA =<
Aspartate

Threonine Methionine
|Isoleucine Valine




Cz NADH-DH
Ca Cs il
ADP
NADH NADH I v
Cco, NADH Succinate ATP
FADH, Cs Complex Complex Complex Complex Complex
| | 1] v v
NADH  Matrix
GIP G oy
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(Glycolysis) (p-oxidation of fatty acids)

Pyruvate i
dehydrogenase
v v
CoASH co,
h QO
Il
HaC _c_fi ™ HyC—C—S—CoA
o Acetyl-CoA
Pyruvate NAD* —
o
o=C—C00-
HC—CO00- H;C—coo-
Oxaloacetate H,0 HO—%’i‘:—COO-
H NADH, H+ Citrate HZC—COO-
Ho—c—coo- s Citrate
NAD+
. Malate #1
H,C—C00- dehydrogenase P
Malate #8
#2 Hg'cl:—COO-
H—C—CQO0-
Fumarase  #7 Krebs cycle HD—E—CGO-
H;0 Tricarboxylic acid (TCA) cycle i
T Citric acid cycle
-00C—CH #3  NAD+
Isocitrate
Fumarate d
FADH, #6 ehydrogenase
+
Succinate NADH, H co,
dehydrogenase #4
EAD #5 H,C—CO0O-
Succinyl-CoA 3"?‘39"" tarate CH,
Hy¢—Cco0- synthetase e Dge"a:zn_'_ I
c—Coo0-
te few]  [wowe
l‘!lﬂﬂ Ll u
_ X GDP, Pi HQT_CDD. a-ketoglutarate
Succinate CH, CoASH
C—S—CoA co,
CoASH ﬂ

Succinyl-CoA

) &> >
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Fatty acid degradation Fatty acid synthesis
HH HH 0
“H:‘J-&XIK H!:/KX"H\
S-Cod S-ACP
H H H
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Complex Il C lex IV ATP SYNTHASE
Cytochrome b-c, cyt‘:n“hﬂnnu G

MATRIX
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Inhibitors and Uncouplers

Table 1. Inhibitors of Respiration and Oxidative Phosphory Ally compo““d that
stops electron

transport will stop
respiration...this
means you stop
breathing

Site-Specific

Carbon monoxide
Cyanide

Sodium Azide
Rotenone
Antimycin A
Amytal

Phosphorylation

Oligomycin

Uncouplers

2 4-Dinitrophenol (DNP)
Trifluorocarbonylcyanide
Phenylhydrazone (FCCP)

Target Complex

1AY
1AY
v
|
111
I

Fo

Proton gradient

Proton gradient

Electron transport can
be stopped by
inhibiting ATP

synthesis

An uncoupler breaks
the connection between

ATP synthesis and
electron transport




disaccharide and oligosaccharide

sugars
pentose *
sugars hexose
sugars
glycerol

triose phosphate

gluconate 63 ﬁ" ““ ?“

lactate
propionate
pyrimidines
serine

fats glycine
cysteine
Y alanine

pyruvate
COz/Y\ 2H
acetyl-S-CoA
oxaloacetate citrate
aspartate i \
malate | 2H
* CO,
fumarate
aromatic
amino acids succinate
(in part)

© Encyclopaedia Britannica, Inc.

isocitrate

o-0xoglutarate

valine
isoleucine (in part)

leucine

isoleucine (in part)

aromatic amino acids
(in part)

\ glutamate
proline

histidine



