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Why energy is critical in cell survival?
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Numerous biological processes are dependent on ATP
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Key Questions

What is the energy in biological systems and
how does it work?

How the energy is generated?




Biological energy ATP
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Biological energy ATP
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Complex molecules have higher energy level
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How ATP is used as
biological energy?




Spontaneous and non-spontaneous reactions

Spontaneous reaction

Non-spontaneous reaction

Chemical reaction which decrease energy level of products

Chemical reaction which increase energy level of products
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Most of biological reactions are non-spontaneous

Non-Spontaneous reactions Biological reactions
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Spontaneous biological reactions

ATP hydrolysis makes biological reaction spontaneous
Combination of two reactions through mediator
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Spontaneous biological reactions

ATP hydrolysis makes biological reaction spontaneous
Combination of two reactions through mediator
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Biological energy ATP

Enzyme (or protein) combine ATP hydrolysis and non-spontaneous reaction

Combination of two reactions by enzyme (or protein)

enzyme “ I enzyme
active sute
CATALYSIS
molecule A enzyme— enzyme- molecule B
(substrate) substrate product (product)

complex complex




Enzyme reactions (synthesis)

Non-Spontaneous reactions
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Enzyme reactions (synthesis)
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Enzyme reactions (degradation)

Substrate Products

Enzyme Enzyme-substrate
complex
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Most of biological reactions need activation energ

Why spontaneous reaction require energy? Activation Eneoy

activation
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Enzyme reactions (degradation)

Activation energy
minimum energy required to
cause a reaction to occur

activation
energy for
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Movement (physical reaction)
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Organization of Skeletal Muscle

Muscle Fiber ——— Fasciculus > Skeletal muscle
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Organization of Skeletal Muscle

Muscle cell

Muscle contraction
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Organization of Skeletal Muscle

Myofilament Myofibril Muscle Fiber Fascicle Skeletal muscle
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Movement (physical reaction)

H 2")’91 \LWNA oal-%'ix

AV A L] ) Culblcl cu lypcl\:alll [ &

Relaxed muscle
A band | band A band

H zone Z line H zone Z line

Sarcomere




l Movement (physical reaction)




Movement (physical reaction)
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Substrate activation
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Use of ATP as energy
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Universal biological energy ATP
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How ATP is generated?




Energy conversion
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! Energy conversion
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! Energy conversion




Carbohydrates

Carbohydrates
/ Simple \v Complex\'
Monosaccharldes D|sacchar|des Polysaccharides
Glucose Maltose Starches
— Fructose-) \ Lactose Fibers
Galactose Y Sucrose Glycogen




Carbohydrates in food

CARBOHYDRATES

[Glucose — Fruclose]
Sucrose [Sugar)

| [Glucose + Fruetose] [Glucose — Glucose — Glucose],
Honey, High Fructose Corn Syrup

N

Glucase [ Fructose




! Carbohydrates
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Lipid (Fat)

Fatty acids
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Energy metabolism




ATP Production from Glucose




Glucose metabolism for ATP generation




Energy conversion

(A) DIRECT BURNING OF SUGAR (B) STEPWISE OXIDATION OF SUGAR IN CELLS
IN NONLIVING SYSTEM

large activation

energy overcome small activation energies

by the heat from overcome by enzymes that
afire }/ work at body temperature
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Glycolysis

] H+ 2Pi "
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Glycolysis

(10 ster)

Step1 Glucoseis CH,OH /b CH,0 —P
phosphorylated by ATP to o Reiokinase o
form a sugar phosphate.
The negative charge of the + B > o 4 +
phosphate prevents OH - OH ARk H
passage of the sugar HO OH HO OH
phosphate through the
plasma membrane, trapping OH OH
glucose inside the cell. glucose glucose 6-phosphate
Step2 A readily o H
reversible \C/ CH.OH
rearrangementof ¢ CH,0 —P) | 1 A2
the chemical 5 0 H—cC—oH |Phosphoglucose c=o0
structure JA isomerase =]
(isomerization) 4 1 HO—C—H _ HO—C—H
moves the A OH - ks - = A
carbonyl oxygen 2 g H—C —OH H— C—OH
from carbon 1 to l
carbon 2, forming a OH M ‘i-'s_ oH = _5? —ioH
ketose from an aldose . (ring form)
sugar. (See Panel 2-3, (Fikg Fom) 6 C':lzo @ 6 CI:IZO @
pp. 70-71.) (open-chain form) (open-chain form)
| glucose 6-phosphate | fructose 6-phosphate
S o
foomet




Glycolysis

Step 3 The new hydroxyl
group on carbon 1‘i’s X ®—OH
phosphorylated by ATP, in
preparation for the formation
of two three-carbon sugar
phosphates. The entry of sugars

CH,0 —P

+ ApP + H'

P—OHC o
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ATP
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OH phosphofructokinase

OH OH

into glycolysis is controlled at

fructose 6-phosphate I

fructose 1,6-bisphosphate

this step, through regulation
of the enzyme
phosphofructokinase.

Step4  The six-
carbon sugar is
cleaved to produce
two three-carbon
molecules. Only the
glyceraldehyde
3-phosphate can
proceed immediately
through glycolysis.
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dihydroxyacetone glyceraldehyde
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fructose 1,6-bisphosphate

OH
(ring form)

Step5 The other product
of step 4, dihydroxyacetone
phosphate, is isomerized to
form glyceraldehyde
3-phosphate.
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Glycolysis
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Step6 The two molecules of H glyceraldehyde 3-phosphate o o—p
glyceraldehyde 3-phosphate are \ / dehydrogenase N /7
oxidized. The energy-generation C + B + — > C +
phase of glycolysis begins, as H—C— OH K H— é — OH » m b
NADH and a new high-energy | |
anhydride linkage to phosphate CH,0—P) CH,0 <P
are formed (see Figure 13-5).

glyceraldehyde 3-phosphate 1,3-bisphosphoglycerate

Step 7 : The transfer to ADP 0\ /O =0) phosphoglycerate kinase o\ /O'
of the high-energy phosphate C C
group that was generated in | + |ADP = < | +
step 6 forms ATP. H— CI —OH H —(|: —OH

CH,0 —<P) CH,0 —P)
1,3-bisphosphoglycerate 3-phosphoglycerate
ini (o) o (o] o

Step 8 The.remammg phosphate \ / \ /
ester Ilnkage in 3-ph0$phoglycerate, 1C phosphogly(erate mutase C
which has a relatively low free | = |
energy of hydrolysis, is moved from H—C—OH H—C—0—P)
carbon 3 to carbon 2 to form |
2-phosphoglycerate. CH0 _® CH,OH

3-phosphoglycerate 2-phosphoglycerate




Glycolysis

phosphoenolpyruvate

Step9  Theremoval of water (o) o o o
from 2-phosphoglycerate creates \C # enolase \C 4
a high-energy enol phosphate | _ |
linkage. H—(II—O—® = - c—o—P + HO
CH,OH CH,
2-phosphoglycerate phosphoenolpyruvate
Step 10 The transfer to O\ /O' 0\ /0-
ADP of the high-energy ? pyruvate kinase T
phosphate group that was + m + H > + M-p
generated in step 9 forms ﬁ —0-® — C|= o
ATP, completing glycolysis. CH, CH,

pyruvate




Glycolysis

NET RESULT OF GLYCOLYSIS

CH,OH

S )

glucose
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In addition to the pyruvate, the net products are
two molecules of ATP and two molecules of NADH.

CH,

two molecules
of pyruvate

Glucose — 2Pyruvate + energy

2ADP + P, — 2ATP
2NAD* — 2NADH




Glycolysis

cytoplasm Ethanol or
anaerobic lactic acid
fermentation
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