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Study of metabolic pathway

1. Major metabolic pathway
(mmow 7 2 lus1e3%1 Au 325)

2. Specific metabolic pathway
(huang pathways #snaule)




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

Other pathways (most) :
Fatty acid oxidation (B-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)

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



- Steps of Major Metabolic Pathway

Step 1. Change between biomolecule
and building units
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- Steps of Major Metabolic Pathway

Step 2. Change between building units
and simple molecules

NUCLEIC PROTEINS CARBO- LIPIDS
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- Steps of Major Metabolic Pathway

Step 3. Change between simple molecules
and wastes

NUCLEIC PROTEINS CARBO- LIPIDS
ACIDS ! HYDRATES

PURINES AMINO MONO- FATTY
PYRIMIDINES ACIDS SACCHARIDES ACIDS
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Network of Major Metabolic Pathway
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Type 1.
Linear sequence

A &> B =) C &> D

Types of Major Metabolic Pathway

Glycolysis Gluconeogenesis
ATP lucos P,
hexokinase glucose 6-phosphatase
Glucose
ADP *  g-phosphate H:0
ATP Fructose P,
phospho- 6-phosphate fructose
fructokinase-1 1.6-bisphosphatase
Fructose
ADP 1.6-bisphosphate H.0
Dihydroxyacetone Dihydroxyacetone
phn&phate phniphate

(2) Giyceraldehyde 3- phnsphate

(2) Py (2) P
(2] NAD" (2) NAD™
(2) NADH + (2) H* (Z) NADH + H*

(2) 1.3-Bisphosphoglycerate
(2) ADP (2) ADP

(2) ATP (2) ATP cCopyright from
hitkp:f fweww _E3portal.org)

(2) 3-Phosphoglycerate T3_Portal_w1/155L!
MebHelpfales_vanoural
Gluconeogenesis_ard_
metabolism_of_glycogen. him

(2) 2-Phosphoglycerate

(2) GDP

{2) Phosphoenol-

] ki
(2) ADF pyruvate PEP carboxykinase
pyruvate kinase (2) GTP
(2) Oxaloacetate
(2) ATP (2) ADP
(2) Pyruvate pyruvate carboxylase

(2} ATP
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Type 2.

- Types of Major Metabolic Pathway

Branched sequence

A > B =) C
&

D

Glucose

ATP :
hexokinase
glucokinase

ADP

Glucose-6-phosphate

phosphohexose
isomerase
Fructose-ﬁ-phusphate
ATP
phospho-
ADP fructokinase-1

Fructose-1,6-bisphosphate
aldolase

= Dihydroxyacetone
phosphate

Glyceraldehyde-3-phosphate =

triosephosphate
isomerase

copynght 1996 MW King
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Types of Major Metabolic Pathway

"CHm
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Network of Major Metabolic Pathway
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Regulatory |

proteins

_evels of
required
metabolites

Number

‘ Catalytic
activity
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Control models of Major Metabolic Pathway
Model 1. Rate-limiting reaction

A=—%B—>C D E=ZF A—>F
- — p—
A——--B—-*C-—-*,D%E::tl’ A—*F
— A= == F
A-—-—-IB—*C-—-'-D—“:EgF A—F

Copyright from
Biochemisty, mahidol, 1999.
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‘Model 2. Modulation at enzyme

Concentrated
Covalently . ..
. In specific
bound In .
location
S complex

Membrane

Soluble with "
free floating Attached to

iIntermediates a membrane
Biochemistry Lehninger IN Sequence
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%el 2. Modulation at enzyme
Model 2.1. Modulation at enzyme site

(a) Allosteric activators and inhibitors

Active site
(one of four)

Allosteric enzyme
with four subunits

Regulatory
site (one
of four) Actlvator
Active form Stabilized active form
Oscillation
Y

—’.

Pad
@

Inhibitor
Stabilized inactive

i SR

/

Non- Inactive form

functional

(b) Cooperativity: another type of allosteric activation

Substrate

9

\

.

Stabilized active
form

Inactive form
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Allosteric regulation may either inhibit or stimulate an enzyme’s activity
Allosteric regulation occurs when a regulatory molecule binds to a protein at one site and affects the protein’s function at another site

Allosteric Activation and Inhibition
Most allosterically regulated enzymes are made from polypeptide subunits
Each enzyme has active and inactive forms
The binding of an activator stabilizes the active form of the enzyme
The binding of an inhibitor stabilizes the inactive form of the enzyme

Cooperativity is a form of allosteric regulation that can amplify enzyme activity
One substrate molecule primes an enzyme to act on additional substrate molecules more readily
Cooperativity is allosteric because binding by a substrate to one active site affects catalysis in a different active site





Feedback Inhibition

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

A
Enzyme 1

B

C

on

Enzyme 2

Enzyme 3

Negative

feedback @

D

> EE >
ol B sy

Enzyme 1

Example: sugar breakdown generates ATP; excess ATP
inhibits an enzyme near the beginning of the pathway



Figure 8.21

Active site
available

~ \
> 4
i/

Isoleucine
used up by
cell

Active site of
enzyme 1is
no longer able
to catalyze the
conversion

of threonine to
intermediate A;
pathway is
switched off.

© 2011 Pearson Education, Inc.

Feedback |

inhibition
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Isoleucine
binds to
allosteric
site.

Initial
substrate
(threonine)

&
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g in active site

Enzyme 1
(threonine
deaminase)

Intermediate A

1 Enzyme 2

Intermediate B

1 Enzyme 3

Intermediate C

1 Enzyme 4

Intermediate D

1 Enzyme 5
.-/' \\

g End product
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POSITIVE FEEDBACK (less common)
The end product speeds up production

W
Enzyme 4 ¢ Enzyme 4
Positive X
feedback o

¢ Enzyme 5

w
X
VL Enzyme 5
Enzyme 6

EXAMPLE: Chemicals released by platelets that accumulate
at injury site, attract MORE platelets to the site.
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%del 2. Modulation at enzyme
Mo de|22 Modulation at enzyme numbers

Exom 1 Exon 2 Exon 3 Exon 4
Promater | | Intran 1 . Intron 2 1 Infron 3 [ |
Gene [DMNA]
‘ Transcription
FPrimary transcript (RMNA)

e s —— ———  ————  —

l Splicing

Mature transcript (mRNA) B0 —
l Pratein synthesis
Pratain NN

Copyriaht from hittp:/ fgenome.welloome.ac.uk/doc wtd(20757 htmil Wl e Trust
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] Turned off

[
L7
o

3 4 (5] Fi a8
5 = “ Turned on
. -
. &
| @ | | |
1 3 4 (5] T a8

1: RNA Polymerase, 2: Repressor, 3: Promoter,
4. Operator, 5: Lactose, 6: lacZ, 7: lacY, 8: lacA.
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‘Model 2. Modulation at enzyme
Model 2.2. Modulation at enzyme numbers
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Proenzyme with phospholytic activation

CH,OH CH,OH CH,OH
0 O o
| ]
HO s 2= O—
. O > OH O+
2L Giycogen chan

Gluccso group as
end of glycogan chain

N &

G¥ycogen

Dh:@-“.l:lfr;r.e =

CH..OH CHLOH CLOH

. 0 Q
|
HO —O0—PO;2® 4 HO O o
I
OoH OH OH
Glicose-1-phosphate Glycogen chaln with one
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Proenzyme with proteolytic activation

Site of
synthesis

Stomach
Pancreas
Pancreas
Pancreas
Pancreas

Zymogen

Pepsinogen
Chymotrypsinogen
Trypsinogen
Procarboxypeptidase
Proelastase

Active enzyme

Pepsin
Chymotrypsin
Trypsin
Carboxypeptidase
Elastase
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