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Cellular Respiration
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(Adenosine triphosphate: ATP)
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1. nmsmeglanvuldlteen@iau (anaerobic respiration)
CHi,0f ——= 2C,HsOH + 2CO, + Waw31u (2 ATP)

2. msmglanvuldesndiau (aerobic respiration)
CeHOg + 60, ———> 6CO, + 6H,0 + WA (36-38 ATP)

wuuldeandiau (Aerobic respiration) fis Ieanduluiisudiannseusianiing
wuulilgeendiau (Anaerobic respiration) fe Hansdunlilyoandau Wudiudianasaudianying wu n1snsn
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Catabolism (nN194a181419)
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Cellular Energy

N9XUUNITAAN AT luLT s NAuAzlaataan et ndu 119 lunszuaunig
”\‘1Lﬂmvumi@ﬂﬂ@wuqimmmLsﬁfammﬂm

* NAD" — Nicotinamide adenine dinucleotide
* FAD*  =2>Flavine adenine dinucleotide

* ATP 9 Adenosine Triphosphate



NAD" (Nicotinamide adenine dinucleotide)
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FAD" (Flavin Adenine Dinucleotide)
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* ATP ¢/an1a1N Adenosine triphosphate

Adenine

ATP

Ribose

3 Phosphate groups
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Phosphorylation
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Photosynthesis and Cellular Respiration

Photosynthesis

Light energy, carbon dioxide,

and water are used to make ATP
glucose in chloroplasts. Oxygen

is released.

Chloroplast

Mitochondrion

Cellular Respiration

Oxygen and the energy in
glucose are used to make ATP.
ATP is a molecule that stores
energy in a form that cells can
use. ATP is produced by
mitochondria. Carbon dioxide
and water are also released.
Cellular respiration occurs in
both plant and animal cells.

<
Energy Cycle
P v Q

Photosynthesis
plants

animals, plants

Cellular Respiration
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glucose O,
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carbon dioxide + water + sunlight > glucose + oxygen
6 CO, +6 H,O + Energy > C;H,,0, + 6,0,

/

' rearaaﬁts/ p;}d ucts

glucose + oxygen—-> carbon dioxide + water + ATP energy

CcH,,0, +6 0, > 6CO,+ 6 H,0 + ATP Energy
NN ~ \

reactants products
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PHOTOSYNTHESIS

Carbon Dioxide tin1id1 lUn 19 lunteaudanluvize
STOMATA.

In the process of photosynthesks, plants convert radiant energy from
the sun into chemical energy in the form of glucose - or sugar.

Water ‘LM HUINNNGIN LL@”LV’]@@‘H'V] N’]‘V]’N‘V]ﬂ@%@ﬁl\ﬂ

water  + carbon dioxide +  sunlight —s glucose + oxygen

6HO +  6C0, + radantenergy—s CH.0,+ 60, m 134 XYLEM. m?”mm@ﬂmnhmumq
STOMATA.




Photosynthesis occurs in the chloroplasts of plants

Leaf cross section
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membrane
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Intermembrane 5pm
Stroma Granum Thylakoid space
space
Inner

membrane

Chloroplast

Thylakoid

Granum

Outer Membrane

Stroma (fluid)




Photosynthesis
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carbon dioxide + water + light > glucose + oxygen

6CO, + 6H,0 + light > C.H,,0, + 60,

; Oxygen
|~ YO

Carbon
Dioxide

_ gL L \Glucose

Water



‘ Reactants ‘

Chloroplast

v C.H..O

6 1276

2 Products Glucose
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Glucose enters the
bloodstream from the
digestive system and liver.

Insulin enters the
bloodstream from
the pancreas.

Q'
~ Insulin leaves the
bloodstream and »
bindstoacell. |
Cell
Cell
Cell
junction\
Cell nucleus

Cell nucleus

1.‘
P
Il‘

A healthy balance of glucose
and insulin circulate in
the bloodstream.

\_.

&

In response to
insulin, the cell
takes up glucose.

The glucose is

then used as fuel.
>
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~ Oxygen
from lungs

Oxygen released

Hemoglobin
molecules

Oxygen bonded
with hemoglobin molecules
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Plant Cell Animal Cell

Mitochondria
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Aerobic respiration

* nn9mela (Respiration) AANIELAUNITAANEIZNTANNNT 111 ANTILLELATR X ULAY
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* mewglanuvldaanidian Wunszuaun1saing ATP anluanazasnglaalauinnge
D9 36-38 Twiana visannnndsianglaa 1 Tuians

* nsunglanuyldaandiai (Aerobic respiration) WuN13aa1881301915 a8 ldaanTialLdn
FonfAsen Usznaunng 4 Tupeu Ae
1. Inalalaga (glycolysis)
2. naafnazdsalaaulad 1o viranisaandiadi nsnlwgian (Pyruvate oxidation 1i9e
pyruvate dehydrogenase complex pathway)
3. 4panamsud (Krebs cycle)

4. NIINNLNEABLANEATAL (Electron transport system)



Aerobic Respiration: requires oxygen

e QOccurs in the mitochondria of the cell

» Total of 36 ATP molecules produced

» General formula for aerobic respiration:

C6H1206 + 60, > 6CO, + 6H,0 + 36 ATP
glucose + oxygen > carbon dioxide + water + energy
/ e -

Respiratory Chain ATP Synlhnc\

A P g 1 Sy, M e e o

“ﬂ"ﬂ"‘ {: B

Complex | Compiax I} Cotmplex 1V
Cov nh Il Nar mem!

c = v a dl = 1
Leﬁ@@ﬂ’ﬂﬂﬁ\ﬂé‘]ﬂ’ﬂﬁ\liﬂ TNATINLAEN Lﬁ‘ﬂﬂqq‘l&l

TAARULASE TNATINNAIINY

ADP A?p /
Gomplm/




~ Cellular Respiration

Mitochondrion
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_i‘.f " Electron
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CELLULAR RESPIRATION
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« cytoplasm * mitochondria * mitochondria



Glycolysis in the Cytoplasm

glucose Cg
-
lucose 6-phosphate C

fi

a
I

Stage

Energy
g

Investment
ructose 6-phosphate CgP
—  ATP

1,3-biphosphoglycerate P-C ;P
3-phosphoglycerate P-C ;

Energy ¢ ‘Hp “ ‘

Harvesting

Stage
phosphoenolpyruvate P-C ;3

Net Gain:
2 ATP C
‘ 2 ATP

pyruvate C3

s < 3
ADP 5 i
E A
&
E

glyceraldehyde 3-phosphat2 P-C 5
2 NAD+

@ ’ 2 NADH

Electron Transport Chain

Citric Acid Cycle

in the .
Mitochondria

ATP Sythesls

(wigh B g
X

&
o
&
o NADH
Q h

Krebs Cycle NADH
ATP CO2

{\ FAD

2 ADP

r 4
2 ATP <

2 ADP




y y stage 1:
breakdown of
large macro-
molecules to
simple subunits

* TH1aNa194 glucose azuenaaniiy pyruvate 2
stage 2:
IN L@Q@ breakdown of

5 lo acelyl COA
a KR accompanied by
* ﬁﬂ’]ﬁ‘@%‘/’]\‘i ATP @mmm 2 INL@Q@ production of
and NADH

* 4 electron U 2 proton (2 HY) w1l 1da5a 2
NADH

stage 3:
complete oxida-
tion of acetyl
CoAto H50 and
CO4 involves
production of
much NADH,
which yields
much ATP via
electron
transport




Unnsengmauas glycolysis

(NAD}
2 H 7| =——————==0> Net gain of
{ ------- ﬁ- 2 x ATP
Reduced Hydrogen
Acceptor (NADH,)




21N glycolysis § Krebs cycle
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From glycolysis S

\‘l
Cytoplasm

222
Pyruvic acid /~Intermembrane
, / space

/ Matrix \
_—~NAD* \
| C NADH'

@@-CoA
Acetyl CoA

co,®

Coenzyme A

To Krebs cycle

\
|

-

NN9A519 Acetyl CoA

* wiazrluianaued pyruvate azgaias CO,
1 Tana

* Acetyl group NWaRAzIINAL Coenzyme
A 1nmtli acetyl CoA

* Tuusazluianaaas pyruvate Ngn
Lﬂ@ﬂuiﬂ .11 acetyl CoA az@$19 NADH
20 1 lana



Acetyl CoA 121 Krebs cycle

O=
(|j H7C—C—S—CoA —» o
3 HO—C—C
CHy, + [ ™%
| CH,
& |
VRN ¢
O O. AN
Oxaloacetate o O
Citrate

Acetyl CoA wsiazuianaazidng Citric acid cycle Tnend

o dld =
NNURA19LT2NaUNN C 4 a¥MaN A oxaloacetate
nanelu citrate @98 6 C

Citrate L{luaN9NAY carboxyl 3 1y (3eIndn tricarboxylic

acid (TCA)

PROCESS: CITRIC ACID CYCLE

the cycle via acetyl CoA

The two red carbons enter} --------- »CO00™

|
i i -
ls_m H,0  HO—C—CO00~ 2 HC—COO- 5 All 8 reactions
c=o0 e Sl NADH of the citric
| g L T acid cycle
CHy ' 1/ €00~ coo- 3 occur in
Acetyl CoA Citrate Isocitrate (l:oo the .
In each turn of NAD* ?Hz mlt:)(_:hon(in'adl
matrix, outside
HS—CoA the cycle, the 5
(l:OO‘ WO tylue ?Hz the cristae
0=(|> carbons are (|:=O
CH, gc())nzverted to C00-
(l;oo- o-Ketoglutarate co,
Oxaloacetate NAD*— >
The CITRIC ACID 4 NADH
CYCLE HS—CoA
runs twice for each
NADH 8 NaD* glucose precursor coo-
|
e
(.I',OO' ?Hz
HO—CH —
| In the next cycle, ?_o
?Hz | this red carbon HS—CoA S—CoA
G007 szgc::es ablue Succinyl CoA
Malate 4 c0oo” GTP
7 COo0~ |
FAD CH
) | 2
CH | GDP ATP
H0 Il ?Hz or
CH
. [ coo- ADP‘_)
Each reaction is catalyzed|... coo- -
by a different enzyme ™ Succinate
FADH,
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Citric Acid Cycle

* Citric acid cycle U 2 781 acetyl CoA 2
TulananiinaINN198a12189 glucose 1
Tuiana fazaanalinum

* Jnistanilaas CO, aanu 2 Tuiana Uazas

electron 19171 3 NAD™ Llax 1 FAD

* 1n19a379 ATP Aulpamsaiven 1 Tuana tng

substrate-level phosphorylation

The two red carbons enter ... >(|:00' I
th le vi 1 CoA &
e cycle via acetyl Co \(I:Hz ?Hz
m 3
S—CoA H,0  HO—C—C00~ . HC—CO00™ (g, All 8 reactions
c=0 ‘l:H ‘ HO —CH NADH of the citric
/ | 2 I acid cycle
CH, ; 1 ©oo” co0~ 3 occur in
Acetyl CoA Citrate Isocitrate cl:oo the .
i ach i wor [ T
HS—CoA the cycle, the 4
E 4 CH i
(|3°° two Blue PHe the cristae
0:(|: carbons are ‘]3=0
CH, gcgg/erted to coo-
(I:OO‘ a-Ketoqutarate\" €O,
Oxaloacetate NAD*— >
The CITRIC ACID 4 NADH
CYCLE HS—CoA
runs twice for each
NADH 8 NAD glucose precursor oo~
|
e
(IZOO‘ (]7“2
HO—CH —
| In the next cycle, (l:_o
?H2 this red carbon HS—CoA S—CoA
coo- gzrc;’;“es i Succinyl CoA
Malate Coo~ > GTP
7 COO~ |
FAD CH
) | 2
_ CH | GDP ATP
H.0 I (I:Hz or
CH 6
- | Ccoo~ ADP‘_)
Each reaction is catalyzed|...” coo- -
by a different enzyme Fumarate Succinate
FADH,

PROCESS: CITRIC ACID CYCLE
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The eleciron transport
chain occurs in the

- inner membrane of the
| mitochondrion
d (membranes of cristae)
) L . » ' 2 I » ' » |
+
H* H* H* H* H* H':-l i H* H*

+ + d

LT H* H* H* e H H® e JRH mr b
Intermembrane . < H* g+ I L I H* H* ;:*ﬂ CHY
space el s ook LS. & )

. Wi plex
Membrane {} omy :
¢ ' (1 O
of cristae | ) 1
| 7 , MAOLOL
H-l-
Mitochondrial H*
matrix
NADH FADH> 2¢” + 2H* + 17,0,
H,0
NAD* FAD
Complex | Complex Il Complex Il Complex IV

..............................................................................................................................................................................................................................................................................................

What comes out:
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Electron Transport Chain

| o dl v o d@l
Electron aZn@ann electron acceptor VDTS ERERIN

RINAAL 13 electron transport system

Vo % v QQIJdI cSI o
NI electron AIZANILUBNTEULUAD O, TNRETINNU proton
naneiilun
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.‘v‘v“

‘0
()

@,
...
.

».

AN ] chemiosmosis WANNUNYNUanUa8LaN electron
transport system 11 %Qﬂﬁﬁm@%’w proton gradient 3211914

inner mitochondrial membrane

N7 [AMELNALIR9 proton §11 membrane ann
intermembrane space 1ﬂZ§j matrix 11 mitochondria 611 ATP

synthase azdantlassnasanungnisaunliasng ATP




Summary:

3 steps:

»]S’[

glycolysis

2" Krebs cycle

3@ Electron Transport Chain (ETC)

LG OEE
CaHo Oy

36 ATP

Y
GLYCOLYSIS |—,. #
ﬂb
| KREBS #
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nnsuglalas laldaandiau (ANAEROBIC RESPIRATION)
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Muscle Cramps

glucose — lactic acid + carbon dioxide + 2 ATP




(a) Lactic acid fermentation occurs in humans.
2 ADP 2 ATP

2 NAD* 2 NADH 2 Pyruvate
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0
H—C—OH No intermediate;
(|:H pyruvate accepts
3 electrons from NADH
.2 Lactate
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Lactic acid is removed from
muscle by the bloodstream and is
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broken down
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In the presence
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Pyruvate
In the absence
of oxygen
Continuous ‘\
production of Lactate Lactate

accumulate lactic
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Alcohol fermentation occurs in yeast. - '
(b) Alcohol fermentation occurs in ye el N9rLaUNNIN 1 lugRAIUNITNNTDLILAL

2 ADP 2 ATP
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2 NAD* 2 NADH 2 Pyruvate
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H—C—OH Cc—0

| |
EHG CHg 2 CO,

2 Ethanol 2 Acetylaldehyde
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glucose ethyl alcohol + carbon dioxide + 2 ATP



Diagram
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glucose

Cytoplasm

» qglycolysis

Aerobic Respiration

36 ATP
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Anaerobic Respiration

Alcoholic fermentation

Bacteria, Yeast 2 ATP

Lactic acid fermentation

Muscle cells 2 ATP

Mitochondria




What exactly is respiration???

Chemical energy

Electron (hydrogen)
transport system

Glucose—»Pyruvic acid




PROCESS: OVERVIEW OF CELLULAR RESPIRATION

| 4 o
NADH
NADH NADH FADH,
Electron transport chain
CITRI establishes proton gradient
GlUCOSE =i == = = e e e - Pyruvate Acetyl CoA ACID CO, that is used to produce ATP
(two for CYCLE } l
every glucose) o)) > H>0
ATP CO, ATP (or GTP) ATP
1. Glycolysis 2. Pyruvate 3. Citric Acid Cycle 4. Electron Transport
Processing and Chemiosmosis
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Carbohydrates Fats Proteins

Sugars = Glycerol <J—>Fatty acids ﬁ Amino acids
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