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เน้ือหา หลกัการเมตาบอลซึิม ส่วนที ่2



2. Specific metabolic pathway
(ในบาง pathways ทีน่่าสนใจ)

1. Major metabolic pathway
(เทอม ที ่2  ในรายวิชา คม 325)

Study of metabolic pathway



Synthesis of energetic compounds from non-living matter:
Photosynthesis (plants, algae, cyanobacteria)
Chemosynthesis (some bacteria)

Main pathways  ( all living organisms )
Glycolysis
Aerobic respiration and/or  Anaerobic respiration
Citric acid cycle / Krebs cycle
Oxidative phosphorylation

Other pathways (most) :
Fatty acid oxidation (β-oxidation)
Gluconeogenesis
Amino acid metabolism 
Urea cycle / Nitrogen metabolism
Nucleotide metabolism 
Glycogen synthesis / Glycogen storage
Pentose phosphate pathway (hexose monophosphate shunt)
Porphyrin synthesis (or heme synthesis) pathway
Lipogenesis
HMG-CoA reductase pathway
(isoprene prenylation chains, see cholesterol)



Step 1. Change between biomolecule
and building units

Steps of Major Metabolic Pathway
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Step 2. Change between building units 
and simple molecules

Steps of Major Metabolic Pathway
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Yes production in  energy + e-



Step 3. Change between simple molecules
and wastes

Steps of Major Metabolic Pathway
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Yes production in energy + e-



Network of Major Metabolic Pathway
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ยุ่งเหยิง, complexity



Type 1.
Linear sequence

Types of Major Metabolic Pathway

A B C D
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Continuous, ractant (sustarte) and product



Type 2.
Branched sequence

Types of Major Metabolic Pathway

A B C

D
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Branched points



Type 3. Cycle

Types of Major Metabolic Pathway

A

B
C

D
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Metabolite (metabolic intermediate)



Network of Major Metabolic Pathway
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สภาวะสมดลุ (Homeostasis)

- ทุกส่ิงมีชีวติจะรักษาสภาวะสมดลุ ด้วยการรักษาระดบัปริมาณของ

สารเมทาบอไลท์ให้อยู่ในระดบัทีค่งที่

(การสร้างเมทาบอไลท์ = การสลายเมทาบอไลท์) 

S → M→ P
v1 v2

- ระดบัทีค่งที่ ถูกรบกวน→ การเกดิโรค

- Regulatory protein (4000 ยนีส์ ประมาณ 12% ของ

ยนีส์ในมนุษย์→ เป็นตัวควบคมุหลกัให้เกดิสภาวะสมดลุ
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Regulatory 
proteins

Number Catalytic 
activity

Levels of 
required 

metabolites
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Model 1. Rate-limiting reaction
Control models of Major Metabolic Pathway
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Model 2. Modulation at enzyme
ENZYMES THAT WORK TOGETHER IN A PATHWAY CAN BE

Soluble with 
free floating 
intermediates

Covalently 
bound in
complex

Attached to
a membrane
in sequenceBiochemistry Lehninger

Concentrated 
in specific 
location
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Model 2. Modulation at enzyme
Model 2.1. Modulation at enzyme site

Regulatory
site (one
of four)

(a) Allosteric activators and inhibitors

Allosteric enzyme
with four subunits

Active site
(one of four)

Active form
Activator

Stabilized active form

Oscillation

Non-
functional

ti  it
Inactive form Inhibitor

Stabilized inactive
form

Inactive form

Substrate

Stabilized active
form

(b) Cooperativity: another type of allosteric activation
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Allosteric Activation and InhibitionAllosteric regulation may either inhibit or stimulate an enzyme’s activityAllosteric regulation occurs when a regulatory molecule binds to a protein at one site and affects the protein’s function at another siteAllosteric Activation and InhibitionMost allosterically regulated enzymes are made from polypeptide subunitsEach enzyme has active and inactive formsThe binding of an activator stabilizes the active form of the enzymeThe binding of an inhibitor stabilizes the inactive form of the enzymeCooperativity is a form of allosteric regulation that can amplify enzyme activityOne substrate molecule primes an enzyme to act on additional substrate molecules more readilyCooperativity is allosteric because binding by a substrate to one active site affects catalysis in a different active site



 In feedback inhibition, the end product 
of a metabolic pathway shuts down the 
pathway

Feedback inhibition prevents a cell from 
wasting chemical resources by 
synthesizing more product than is 
needed

© 2011 Pearson Education, Inc.



NEGATIVE FEEDBACK
› An accumulation of an end product slows the 
process that produces that product
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Example: sugar breakdown generates ATP; excess ATP 
inhibits an enzyme near the beginning of the pathway



Active site
available

Isoleucine
used up by
cell

Feedback
inhibition

Active site of
enzyme 1 is
no longer able
to catalyze the
conversion
of threonine to
intermediate A;
pathway is
switched off. Isoleucine

binds to
allosteric
site.

Initial 
substrate
(threonine)

Threonine
in active site

Enzyme 1
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Enzyme 2
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Enzyme 4

Enzyme 5

End product
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POSITIVE FEEDBACK (less common)
› The end product speeds up production
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EXAMPLE: Chemicals released by platelets that accumulate 
at injury site, attract MORE platelets to the site.



Modulation at enzyme
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First reaction or brached point, Feedback-inhibition, feed forward-activation



Model 2. Modulation at enzyme
Model 2.2. Modulation at enzyme numbers

Type 1. Gene expression
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 genetic control, induction, repression



ตย. Type 1. Gene expression

1: RNA Polymerase, 2: Repressor, 3: Promoter, 
4: Operator, 5: Lactose, 6: lacZ, 7: lacY, 8: lacA.

Turned off

Turned on
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Model 2. Modulation at enzyme
Model 2.2. Modulation at enzyme numbers

Type 2. Proenzyme
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Presentation Notes
Proenzyme (inactive enzyme), active enzyme



Phosphorylation of Enzyme affects their activity
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Proenzyme (inactive enzyme), active enzyme



Proenzyme with phospholytic activation
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Proenzyme (inactive enzyme), active enzyme, genetic control, induction, repression



Site of 
synthesis

Zymogen Active enzyme

Stomach Pepsinogen Pepsin
Pancreas Chymotrypsinogen Chymotrypsin
Pancreas Trypsinogen Trypsin
Pancreas Procarboxypeptidase Carboxypeptidase
Pancreas Proelastase Elastase

Proenzyme with proteolytic activation
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Proenzyme (inactive enzyme), active enzyme, genetic control, induction, repression



Proteolytic Activation of Digestic Enzyme
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