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Learning outcome

By the end of this course, students are able to:

- Give the definition of “cellular respiration™

- Analyze mechanism of pathways/stages in cellular respiration:
Glycolysis, Krebs cycle, electron transport chain, oxydative pentose
phosphate

- Compare energy efficiency between Glycolysis + Krebs and
oxydative pentose phosphate pathways

-Analyze relationships between respiration and phototsynthesis



Concept

What is the respiration?

Breathing

Gas exchange

CO2 02

- Metabolic reactions 1n cell
- Convert chemical energy

from nutrient to ATP
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Concept

Which steps?
Where does 1t occur? Z>

Input and Output?

Including 3 steps
- Glycolysis: splitting sugar: cytosol
- Krebs cycle: Matrix of mitochrondia

- Electron transport: membrane of mitochrondia
Produce: ATP

a0 ) @ i

Glucose Oxygen Carbon Water  Energy
dioxide




3 steps to oxidize totally

fi )
Electrons
carried
via NADH
GLYCOLYSIS
Glucosel_>> >Pyruvate
Cytosol
/\/ ATR synthase
VvV “‘//vlvr X
Substrate-level Substrate-level Oxidative

phosphorylation phosphorylation phosphorylation



ATP (Adenosine Triphosphate)

A small 1eeds
energy

Y . - Store high energy
Adenosine - Easy to release

ATP is energy storage potential



ATP 1s energy storage potential

I’d like 500¢ of potato, pls!

Glucose:
_ - high energy
- difficult to use
immediately

Change money
Respiration




Glycolysis
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Glycolysis

5 Glucose 1
?} 2 ATP Input. 1 g UcoOScC
S 2 ADP Output: 2 pyruvates
> ® ® 2 H20
& ] \ 2ATPs
i ® ® 2 NADH
®\l P@ Occuring in cytosol
® ® @ ®
NAD* ’) /“ NAD*
NADH + H* N\ NADH + H*
2 ADPj /— 2 ADP
Na
2ATP v v 2ATP
Pyruvate ( () eee
4 ATP formed - 2 ATP used Glucose 2 NAD* + 4e” + 4H*
y | |
2ATP 2 Pyruvate + H,O 2 NADH + 2H*




Different source of glycolysis...

CYTOSOL Sucrose
upP
4 PLASTID N
Invertase Sucrose synthase Glycolysis
1 1 Starch Starch
phosphorylase
Glucose Fructose UDP-Glucose ﬁ’b H20 ol
e Ny PP; F e | N e
< ATP = < ATP = | UDP-Glucose ¢ '
Lo Lo ' Glucose-1-P: Glucose
HexokinasD Hexokin‘aa UTP j pyrophosphorylase : :5-',""A1'7P.
GDP D) CGlucose-iP T gm_m\ " Yalucose
' ' . | Phosphoglucomutase | pirase  NAREXY kinase
-H i "~ Glucose-6-P Fructose-6-P “== Glucose-6-P ‘AMYLOPLASTS Glucose-6-P |
exose |
Hexose Hexose '
phosphates phosphate [} phosphate ;
______________________ isomerase_|| __| _isomerase 1
PP,-dependent - AP~ ATP-dependent
phosphofructokinésbe \’@ phosphofructokinase l
) A 4
Fructose-1,6-bisphosphate
Aldolase
______________________________ e S
i v . :
. CHLOROPLASTS Triose "
Triose Glyceraldehyde- = > Dihydroxyacetone « e '
phosphates  3-phosphate  Triose phosphate phosphate \ phosp Y,

| SO somerase oo ;




Different Ways E ;'Iil‘;:hates g_'z;z';a;:::'gde’T:im Shosphate g:.l'z:rhozacetom
from pyruvate... o, ~®

Glyceraldehyde-
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Krebs cycle: occurring in Mitochrondia

Contain about 50% of the
total mitochrondial
protein

Intermembrane spacc.\

QOuter membrane

Inner membrane .
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. [ =
Malic enzyme CH;—C—C Pyruvate
decarboxylates malate to
pyruvate and enables OH
plant mitochondria to CoA 'NAD+
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NADH: high reducing molecule
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FADH2: high reducing molecule
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Electron transport, ATP synthesis

Couplied  with: this transfierisithe
pumpi1ng ofi hydrogenl 10nsk

S PR RERCIERERENBES BllE
gradient: used by the AlP synthase
compliex: to synthesize AlPR-:




Protein complexes 1n the electron transport chain




Electron transport, ATP synthesis

Electron Energy

Electron transfer “go down”
according to the increase of

Transfer electron from high to
low electron energy gradually
cause releasing energy. This
energy help pumping proton from
matrix to inter-membrane space

electro-negativity (decrease of 2@ + v ’?2

electron energy).

H20 20



Electron transport, ATP synthesis

oxidation

NADH w—m———p NAD* 4+ 2¢ 4+ H*

FADH, _— FAD +2H" + 2¢

- NADH donates the electrons that transfer from complex I, then to
mobile protein Q that bring 1t to complex III. Here once more,
electron 1s transferred to complex IV by other mobile protein
named Cytc

- At the same time FADH2 donates the electrons that transfer from
complex II, then transfer similarly to Q protein, complex III, cyt
complex and finally to complex IV

- At complex IV, electrons are transferred to oxygen to form 1on
Oxygen

21



Electron transport, ATP synthesis (cont)

- Oxygen 10n reacts with proton to form water

- At complex I, III, IV, there is proton pump that use energy come
from electron transfer to pump proton from matrix to
intermembrane space.

- With high concentration intermembrane space, proton diffuse
though ATP synthase, that provide energy for ATP synthesis

22



The oxidative pentose phosphate pathway

Overview

Oxidative Branch
Glucose / - these enzymes need Mg2+

‘L T G6PD

Glucose 6-Phosphate ———) 6-phosphogluconolactone Pentose Phosphate
~ Pathway has 2
l NADP N"Dp? lb—phosphogluconolactone branches:
+H lactonase

Glycolysis Oxidative: All non-

l 6-Phosphogluconate reversible

NADP NADPH Non-oxidative: all
Citric Acid Cycle PGD +H' reversible
—
Vv CO2

Ribulose 5-Phosphate

/

' Non-Oxidative Branch Image Credit: Tian W.,, Braunstein L.D, Apse K., Pang J., Rose M., Tian
X., Stanton, RC (1999) American Journal of Physiology 276:1121-1131




The oxidative pentose phosphate pathway

Non-Oxidative Branch o
|
C=0
H (0] |
B i HO—CH H,C—OH
| | H. .20 -
HCll—OH HCli—OH (IZ ('IJ—O
HCIZ—OH HCII—OH H(li—OH HO—(IIH
e H(IE—OH H(IZ—OH H(l:—OH H(IZ—OH
Q}O" H2C_OPO32 HzC_OPO:;z ' H2C_OPO32 HzC_OPO:;z
- <
Hzg—gH Q'\"o Cs Cr Ca Cs
HCI:—OH ch) Ribose-5-phosphat Sedoheptulose- Erythrose-4-phosphat Xylulose-5-phosphat
7-phospha Q
H(::—OH P transketolase transaldolase 8
H,C—OPO42 ‘Q.x >—< >—< H,C—OH =
> H,C—OH Schiff ‘ X |F He?©
= %, o S HO—CH s HC—OH
Ribulose-5-phosphat % l H_ .20 intermediate | = H (':—opo 2
HO—'(I:H Cl: H(II—OH 2 4
H(I:—OH H(IZ—OH HCII—OH Cs
HzC_OPO:;z H2C—OPO32 H20_0P032
Glycerinaldehyd-
Cs Ce & 3-phosphat
Xylulose-5-phosphat Glycerinaldehyd- Fructose-6-phosphat

3-phosphat

2 Xylulose-5-P + 1 Ribose-5-P = 2 Fructose-6-P + 1 Glyceraldehyde-3-P
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The oxidative pentose phosphate pathway

Role in plant metabolism

- NADPH enter in the electron transport chain, therefore it
contribute to cell energy metabolism

- NADPH supply 1n plastid: NADPH 1s used for biosynthesis
reactions (lipid synthesis, nitrogen assimilation)

- Supply substrates for biosynthesis processes: ribose-5P is
precursor of the ribose and deoxy ribose needed in the nucleic acid
synthesis

- Supply the intermediate compound (erythrose-4-phosphate,

combines with PEP) for producing secondary plant metabolites ,;



Efficiency...

Glycolysis + Kreb’s and Electron transport:

— Glycolysis 2 ATP
~ Kreb’s 2 ATP
— Electron Transport 32 ATP
36 ATP
Pentose phosphate:

— Electron Transport (12 NADPH) 36 ATP
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Respiration and photosynthesis

"~ carbohydrate &
(high chemical energy)

solar \ /
energy \

chloroplast mitochondrion

S 002+ HgO
\_(low chemical energy) usable
& 5 ener

for cells
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Respiration and photosynthesis

"~ carbohydrate &
(high chemical energy)

solar \ /
energy \

chloroplast mitochondrion

S 002+ HgO
\_(low chemical energy) usable
& 5 ener

for cells

28



Respiration and photosynthesis

PHOTOSYNTHESIS RESPIRATION
Chloroplasts Mitochondria
In the presence of light All the time
£
Glucose and oxygen
Carbon dioxide and water z’
@D o
Sty
oM

Glucose and oxygen

A Carbon dioxide and water
RoS
/\r ‘:O’l @
“ \~
Light Chemical bonds
Energy stored Energy released
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Respiration and photosynthesis

Respiration Photosynthesis
Occur 1n all tissue Occur 1n green tissue

Operate during photosynthesis. || 40 — 60% of daily gain is lost by
respiration

Photorespiration increase the lost
of photosynthesis gain.
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