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Abnormal metabolism may result from nutritional deficiency, enzyme deficiency,
abnormal secretion of hormones, or the actions of drugs and toxins.
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How do chemical reactions proceed?

* The chemical reactions of metabolism are organized into metabolic
pathways, in which one chemical is transformed into another by a
sequence of enzymes.

* Enzymes are crucial to metabolism because they allow organisms to
drive desirable but thermodynamically unfavorable reactions by
coupling them to favorable ones. Enzymes also allow the regulation
of metabolic pathways in response to changes in the cell's
environment or signals from other cells.
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Terminology <alla.as

< METABOLISM <Oty

The network of chemical reaction carried by living cell

<*METABOLITES <laliiuall

Small molecules that are intermediates in the degradation or biosynthesis of biopolymers

<*INTERMEDIARY METABOLISM  Jaju gl) i)
The reactions involving these low-molecular-weight molecules (intermediates)
<*ANABOLIC REACTIONS sl cile\ds

Those responsible for the synthesis of all compounds needed for cell maintenance, growth, &
reproduction.

< CATABOLIC REACTIONS 3¢} cle\is

Degradation of large molecules to produce small ones and energy or small molecules to
inorganic products
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A- Pathways are sequences of reactions.

* A metabolic pathway is a series of reactions where the product of one reaction became
the substrate for the next reaction.

* Some metabolic pathways may consist of only two steps while others may be a dozen
steps in length.

* Cellular pathways are interconnected in ways that make it difficult to pick a beginning &
end.

* Individual metabolic pathways can take different forms:

a) A linear metabolic pathway
b) A cyclic metabolic pathway
c) A spiral metabolic pathway

* Each type of pathway may have branch points where metabolites enter or leave.
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B- Metabolism proceeds by discrete steps.
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(a) The synthesis of glucose from
carbon dioxide and water requires the
input of ~2900 kJ mol-1 of energy. It
is not thermodynamically possible to
synthesize glucose in a single step

(b) Much of the energy released
during the catabolism of glucose to
carbon dioxide and water, which
releases the same 2900 kJ mol-1 is
transferred to individual acceptors
one step at a time rather than being
released in one grand, inefficient
explosion.
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C- Metabolic pathway are regulated.
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<*Living organisms possess very large number of metabolic pathways.

*In humans, the most important metabolic pathways are:
v'Glycolysis - glucose oxidation in order to obtain ATP.

v/ Citric acid cycle (Krebs' cycle) - acetyl-CoA oxidation in order to obtain energy and
valuable intermediates.

v'Oxidative phosphorylation - disposal of the electrons released by glycolysis and citric
acid cycle. Much of the energy released in this process can be stored as ATP.

v'Pentose phosphate pathway - synthesis of pentoses and release of the reducing power
needed for anabolic reactions.

v'Urea cycle - disposal of NH4+ in less toxic forms

v'Fatty acid B-oxidation - fatty acids breakdown into acetyl-CoA, to be used by the Krebs
cycle.

v'Gluconeogenesis - glucose synthesis from smaller precursors, to be used by the brain.
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Reactions kinetics < s Wil) &l ja

<*Reaction rate (JsWlll Jaxs) & equilibrium (&)1 si):

k
A+ B —> C + D

Rate = k [A] [B]

Dr. Rama IBRAHIM
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Reaction rate

Reaction Rate & Equilibrium

Forward rate k,[A][B] = K,[C][D]

/k1[A][B]

€] _ ko
[AllB] T K, = e

Equilibrium
B N

Reverse rate Time
K-1[C][D] Dr. Rama IBRAHIM 27



<*Reaction rate (JsUill Jus) & equilibrium (&) s):

A + B >C+D

K., = k,/k_, (Equilibrium constant &) s 45:)

The reaction will proceed mostly to the right or to the lift?

K.,> 1 Shifted to the right

K.q <1 Shifted to the lift

K.,=1 Rate constants are equal

After Equilibrium: No change in concentrations but they are not necessarily equal!!



Bioenergetics 4xa sl gzl cildlall

< Thermodynamics 43! _all Sali,dll;

A + B - C + D

AG (Gibbs free energy change) 5 ) 4!l s

Josiah Willard Gibbs (1839-1903)

was one of the greatest American

scientists of the 19th century. He
founded the modern field of

(2) AG=AH-TANAS chemical thermodynamics.

(1) AG = AfG AfGreactants

reaction products ~

H enthalpy (heat), S entropy (randomness), T temperature (Kelvin)
ol Al (s siadll g X 5_lall A
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< Thermodynamics 43! _all Sali,dll;

A+ B ——=> C + D

AG : The reaction is spontaneous or it will require energy to proceed?

AG< 0 Spontaneous

AG> 0 not spontaneous

AG=0 Equilibrium

Equilibrium means the rates of the forward and reverse reactions are identical and the
concentrations of the products and reactants no longer change.
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Carbohydrate Protein Fat
—————————— Digestion anl-d absorption ————~l—————
Products of digestion (glucose ¥ ¥
. g (g ’ /Er:lmple 5ug.ar;;\‘- / \\\ -"j/ Fatty ECH.‘JE.\\\
fatty acids and glycerol, and \mainiy slucose) / ~\Am'nﬂ acids ) ==
amino acids) are metabolized to T o
—————————— —- Catabolism -— % —— — —— — — — — —
a common product, acetyl-CoA, |
which is then oxidized by the ety Con

citric acid cycle.

2H — ATP
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Carbohydrate metabolism i Sl 4MEiY) Cildaall

<*Glucose is the major fuel of most tissues.

1) Glycolysis: metabolism of glucose to pyruvate Pyruvate
2) Gycogen synthesis and

glycogenolysis: conversion to and from the

. . Lactate Acetyl-CoA
storage polymer glycogen in skeletal muscle and liver.

3) Pentose phosphate pathway
(source of NADPH and ribose).
4) Triose phosphate: gives rise to the glycerol moiety of triacylglycerols.

5) Citric acid cycle: complete the oxidation of glucose. The intermediates of Citric
acid cycle are used for the synthesis of amino acids, fatty acids and cholesterol.

Citric acid cycle

6) Gluconeogenesis: the process of forming glucose from noncarbohydrate
precursors, eg, lactate, amino acids, and glycerol.
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