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CELLULAR RESPIRATION: ENERGY RELEASE & ATP

Definition: enzyme-controlled stepwise oxidation of respiratory OVERALL AEROBIC NET EQUATION

substrates inside cells, breaking carbon-carbon bonds and b 0. — + e
trapping part of released energy in ATP. C6H|206 6 2 6C02 6H?.O 9

Usually carbohydrate /glucose ; fats, proteins and organic acids many enzyme-controlled steps —
may also serve under suitable conditions. not one intracellular burn.
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° 3rowth
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4 CONTROLLED RESPIRATION vs COMBUSTION
COOH CONTROLLED CELLULAR RESPIRATION COMBUSTION
CARBON SKEI._ETONS I 1 - =
from respiration feed CH, used to slow * rapi
biosgnthesis. c=0 [ build other * stepwise e uncontrolled
molecules. o enzgme—controlled o most energy appears
. coon _J * energy coupled to ATP. as heat.

IMPORTANT ACCURACY 5 Energy flows through living systems. At each step, some energy is lost as heat and
NOTE ultimately dissipated to the surroundings. Therefore, energy is not recycled.




HOW PLANTS EXCHANGE RESPIRATORY GASES

* Plants respire continuously in all living cells —day and night. Durins respiration, O, is taken in and CO, is given out.

Gas exchanae occurs mainly by diffusion. Unlike animals, plants have no specialised respira{'ory organs.

e The ‘Followins three organs exchanse gases with their Surroundings.
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WHY DIFFUSION IS SUFFICIENT IN PLANTS

1. Each organ meets its own sas-exchanse need. Little transport of gases occurs between organs.

2. The resPiro.{'ory demand of Plan+s is relad'ively low.

3. Living cells are located near a surface (stomata, lenticels, root surface /root hairs)
or near internal air spaces.

4. Loosely Packed Parenchyma Provides an interconnected air - space network .

5. Diffusion distances are short.
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DISTINCT SURFACES FOR GAS EXCHANGE

o Stomata — present on leaves and young green stems.
o Lenticels — present on woody stems (and roots).

e Root surface / root hairs — present on roots.

% In an illuminated green leaf, the observed net exchange of 0, and CO,
also depends on photosynthesis. The respira{'ory arrows shown in the

diasrams above describe cellular respira.{'ion onlg.




GLYCOLYSIS: LOCATION, ENTRY & PURPOSE

Definition: glycolysis, also called the EMP pathway
( Embden-Meyerhof - Parnas), is a universal sequence
of 10 enzyme-controlled reactions in the CYTOSOL.

Core equation [ flow:

1 3lucose (6¢) — 2 pyruvate (3C each), partial oxidation.

Directly requires no 0,.

Shared first S't‘ase of aerobic respiration and fermentation.

sucrose
l’ invertase

9 lucose-6-phosphate

\ /

—— PLANT CARBOHYDRATE ENTRY MAP b

3lucose +  fructose
hexokinase hexokinase
ATP — ADP ATP — ADP

fructose-6- Pkos phate

Fructose is
Pk05pkorylafed

® In anaerobic organisms, it can be the only ATP-

producin3 resPErafory s{'age,.
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and J'oir\s the
common 3lycolyﬁc
Pafkway. )

COMMON
GLYCOLYTIC |~~~ "~~~
PATHWAY

(1) ENERGY INVESTMENT
e 2 ATP used

Glucose is phosphorylated twice using
2 ATP to form an activated 6-carbon

molecule.

)

(2) SIX-CARBON CLEAVAGE

e two 3C molecules

The activated 6&-carbon molecule is
cleaved to
which continue {'krougk the po:tkway.

yield two 3-carbon molecules,

?

(3) ENERGY PAYOFF
* 4 ATP made + 2 NADH

By substrate-level phosphorylation
and oxidation of NAD", ending in
2 pyruvate (3C each).

BALANCE (per glucose)

Gross: 4 ATP made E Products also:
Minus: 2 ATP used ! « 2 NADH
I
Net: 2 ATP per glucose 1 ® 2 Pyravate (3C each)
e — |
I
I

~

J

| INPUTS —> OUTPUTS (per glucose)

‘ Ineu{'s:
Glucose, 2 NAD*, 2 ADP + 2 Pi

\ Oufeu.ts :

)

| 2 pyruvate, 2 ATP (net), 2 NADH + 2H*, 2 H,0 |

Pyruvate fate depends on oxygen
avai(abi(ify, orgaN'SM and
cellular need.

PYRUVATE
e T ey

Aerobic Anaerobic (e.g., yeast) Anaerobic (e.g., muscle)

(0, Prese»\f) —> Ethanol + CO, —> Lactate

= Acetyl-CoA —>
cey (fermentation)

TCA cycle, ETC (fermentation)
_




GLYCOLYSIS: INVESTMENT & SIX-CARBON CLEAVAGE

Glyceraldehyde-
e hexokinase Glucose-6-  isomerisation  Fructose-6- phosphofructokinase  Fructose-1,6-  cleavage 3-phosphate
—> phosphate > phosphate >  bisphosphate / G3P / PGAL
/ N (6C) (6C) (6C)
ATP ADP ATP ADP
4
; WHAT HAPPENS IN THIS HALF? Dihydroxyacetone
ENERGY INVESTMENT PHASE phosphate
e Phosphorylation traps and activates the sugar. / DHAP
ATP INVESTMENT = ATP adds phosphate groups, trapping glucose (3C)
2 ATP per glucose. inside the cell and activating it for cleavage.
r w ® The activated 6C sugar is split into
IMPORTANT TO NOTE ‘tWO 3C MOICCMIQS. ‘triOSC“PhOSPhafC
No ATP or NADH isomerase
payoff yet. ® Because DHAP is converted to G3P,
J each later reaction occurs twice \L
Per 3|uco5e. Fmal result of this half: G||yceral dehy de-
2 G3P <j 3-phosphate
CARBON ACCOUNTING 6C —> 3C + 3C (3C each) / G3P / PGAL
carbon conserved. (3C)
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