Intro to Biology



Cell Respiration




Ellicitation: What do You Think?
WARM-UP

Give a definition or explanation of the
following:

C How do organisms obtain energy for
life?

Respiration

O

Aerobics

O

C Why are we exhausted and sore after
rigorous exercise?

¢ Distinguish photosynthesis from
cellular respiration.




ATP: Energy for Living Organisms m
WARM-UP

A (ATP)
IS an energy source for all living
organisms.

A ATP is composed of one adenosine
molecule and phosphates.

A Adenosine (ADP)
IS a compound composed of one
adenosine and __ phosphate
groups.

A is converted to
producing energy when a phosphate
IS removed.

Name of molecule?

?

High energy
bonds

Name of molecule?



ATP: Energy for Living Organisms m
WARM-UP

A Adenosine triphosphate (ATP) is ATP
an energy source for all living Adenosine

organismes. High energy

phosphate bonds

A ATP is composed of one adenosine
molecule and three phosphates.

A Adenosine diphosphate (ADP) is a
compound composed of one
adenosine and two phosphate
groups.

A ATP is converted to ADP and
produces energy when a phosphate
IS removed.

ADP



% Lesson Objectives B

By the end of this lesson, you should be able to:
A Understand how energy is acquired by organisms.

A Investigate the biological processes of Cell
Respiration.

A Analyze the steps of Cellular Respiration: Glycolysis,
Transition Reaction, the Kr e ICycle, and the
Electron Transport Chain.

A Distinguish aerobic from anaerobic respiration.

A Science Practice: Fermentation in Yeast



$ LIBE requiresENERGY.

S In almost all ecosystems, energy &

Light*

ultimately comes from theSUN.

S In Photosynthesis,

some of the energy irsunlight
IS captured bychloroplasts.

atoms of carbon dioxideand
water are rearranged.

sugarand oxygenare
produced.

Cell Respiration
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$ Cellulair Respitatiom takes place in themittacihondiiia of
eukaryotie cells.

S In Cellulair Respiiatiom,
sugaris broken down tocarbon dioxide and water;
the cell captures some of the released energy to makie.

S In theseenergy canvetrsions some energy is lost aBeat.

Mitochondrion

Cytosd

. Organic
@ | molecules

Cell Respiration

Animal cell Plant cell
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Sunlight <.
energy

Photosynthesis in

chloroplasts  organic

COZ + Hzo + 02

Cellular ~ molecules
respiration in g --
mitochondria

ATP powers most

cellular work
Heat ) S
energy

S

Cell Respiration



Photosynthesis and Cellular Respiration

Photosynthesis is carried out by Cellular respiration is carried out
plants, algae, and some bacteria. by ALL living organisms.

Plants undergo photosynthesis and cellular
respiration. Animals (e.g. tiger, insects) are only
capable of cellular respiration. Cell Respiration
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Cellular Respiration is an exergonic (energy-
releasing) process that transfers energy from

the bonds in Glucose to form ATP.
hr\/\m
+ ‘%ATP(Z

@D 0-Q &

Glucose Oxygen Carbon Water Energy
dioxide

12 Cell Respiration



Energy for Living Organisms

Cellular respiration Glucose
IS a process that

Steps of
breaks_down glucc_)se cellular
to provide energy In Respiration

the form of ATP for
metabolic processes.

ATP



What is the Site of Cellular Respiration?

? Cell ? Cell




What is the Site of Cellular Respiration?

Plant Cell Animal Cell

Mitochondria



Aerobic Cellular Respiration: Oxygen Present

How do cells exiract energy from glucose?

Aerobic
[Reactants] .. [ Products ]
respiration
3 \
[ | ( |
CH,,0 + 60, 6CO, + 6H,0 + 36 ATP
Glucose  Oxygen Carbon Water Energy

dioxide



electrons during chemical reactions.

S During Cellular Respiration,
Electrons are transferred fromglucoseto oxygen
Energy is released (exergonic reaction).

S Oxygen strongly attractselectrons.

17

S An electron loses potential energywhen it is
transferred to oxygen.

Cell Respiration



$ Cellular Respiratiom Is acontrolled descent
of electronsé | 1 k e dowmdn enengygy

hill .

S Energyisreleased in small amountsand can
be stored in thechemical bondsof ATP.

S The movement ofelectrons from one
molecule to another is arfDxidatiom-
Reduction reaction, or Redox reaction.

18 Cell Respiration



S Alot of energy is storedn the bondsbetween the carbon and
hydrogen atoms in glucose.

S During cellular respiration, redox reactions basically transfer
this bond energy in the form ofelectrons from glucose to
molecules called electron carriers.

........................... reduction N
FAD + 2H + 2¢

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

P oxidation

FADH,

S So anelectron carrier is basically a molecule that transports
electrons during cellular respiration.

19



FAD->FADH?2
Flavin Adenine Dinucleotide

20 OH OH OH OH



S In a Redox reaation,
The loss of electronsfrom one substance is calle@xidatiam.
The addition of electrons to another substance is calleReduction.
A molecule isoxidized when it [osesone or more electrons.
A molecule isreducedwhen it gains one or more electrons

Loss of electron (oxidation)

l (0 ; + @
/ " ..\‘\; ’\/) @ e /-,- ‘v\§,‘
i £ B
| A )+ = A"
\ /,f \\ | 5y : i
e "\.;;...//

| B gained e

) Gain of electron (reduction)
. Low energy

B High energy



e e
S S

S The Cellulbir IR@spi equation I1s helpful to show the
changes inHydrogen atoms with their electrons).

Glucose losesits hydrogen atoms & someelectrons,
becomingoxidized to CO...

r Oxidation
| (and hydrogens)

Oxygen gains
electrons &

Hydrogen . GQ - s
atoms being
reducedto Glucose Oxygen Carbon

AN

+ 6 Q@A

H , O - dioxide '
; Reduction

Oxygen gains electrons (and hydrogens)
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S Glucose is oxidized

& NAD*
accepiselectrons
& IS reducedto




H
¥ |
0=P—0 SN

0
0
OH OH
N
¢
0= IP—O N
(0} o)
OH OH

OH OH

Glucose 1s oxidized

NAD)*
accepiselectrons

& 1s reducedto
NADHI.

24



$ NADHI delivers
electronSo a string

of electron carrier
molecules which moves
electronsdown an energy
hill .

S These carrier molecules
constitute anElectromn
Tiansport Chaiim




$ NADHI delivers€leCironSo a string of electron carriermolecules
which moves electronsiown an energy hill.

S These carrier molecules constitute alectron Tiansport Chaiin.

R EOEE—————

e

Electrons
removed
from glucose

Redox
reactions

HyO <— 2H* + O, + 8-







Energy released
and available

W fqr making ATp
| 2

28



Use the following terms to label the diagram:
0 CO,, cellular respiration, chemical energy,
QUICK CHECK chloroplast, glucose, light energy,
mitochondria, photosynthesis




0 Use the following terms to label the diagram:
CO,, cellular respiration, chemical energy,

QUICK CHECK chloroplast, glucose, light energy,
mitochondria, photosynthesis

CHLOROPLAST

[ PHOTOSYNTHESlS}

.m
S
@
q
Q
<
V/

Co, Water Glucose

“_ Chemical
CELL RESPIRATION - Energy

MITOCHONDRIA



S Complex metabo ocess by i thehemical bondsin
Glucese are broken downinto Carbon Diexide:.

S The Energy releaseds harnessed tanake ATR.

31 Cell Respiration



out basic functions.

S Occurs INAILLLL CBLILSS:

. Animal Cells:: Glucose Is obtained from food.

¢ Plant Cells: Glucose is obtained through
Photosynthesis.

Gluco

D
Y
® -0

se g

32 Cell Respiration




$ Glucoese breakdown IS a RED@)X reaction.
$ Glucose is oxidized (loses ) and 02 1S fedUCedj(gains e).

S Breakdown of one Glucoseresults in 36 ATP.

@ 0-0 & =

Glucose Oxygen Carbon Water Energy
dioxide

33 Cell Respiration
33



QUICK CHECK

34

—

o

S SinceCelluiair I-Respiﬁati1 breaks down bonds of
Glucoseto form Energye

Is this reactionAnabolic or Catabolic?

SSi nce the bonds are broke

Is this aDehydration Synthesis reaction or a
Hydrolysis reaction?

S SinceEnergyisreleasedi n t hi s reacti c
Is this reactionEndergonic or Exergonic?

Cell Respiration



QUICK CHECK

35

e e
e s

S SinceCellmlmrIResitimh baks down bonds of
Glucoseto form Energye

This reaction isCatabolic

SSi nce the bonds are brc
This reaction isHydrolysis

S SinceEnergyisreleasedi n t hi s r eac
This reaction iIsexergonic

Cell Respiration



36

Three Major Stag 1
1. Glycolysis (splitting-of/sugar): Cytoplasm

Transitiom Reaction
Migration from Cytoplasm to Mitochondrial Matrix.

2. Krebs Cycle (Citric: Acid!Cycle)
Mitochondrial Matrix

3. Electron Transport Chaim (ETC)

Inner Mitochondrial Membrane (Cristae)

Cell Respiration



What aie the Stepsaff Cdlular Regjiration?

37



Stage 1. Glycolysis Overview

A Glycolysis is the first stage of the
metabolic pathway of cellular Glucose (OO
respiration that results in the production
of ATP.

ATWO ATP are used to start the
process.

AGl ucose is ASPLI TO
3-carbon pyruvic acid molecules.

A Two NAD+ are converted to two
NADH.

2 pyruvic acid m
A Four ATP are produced with a net OOO

gain of two ATP.

38



sugay splitting

i e
2

e
'c-C-C-H
D

o OH

<
OH +~— OH 2 2 .O,C'C‘f.j H
SR (Fywvate )

V Breaks down glucoseinto two molecules of a
three-carbon compoundcalled pyruvate.

39



i 206 +F, 2% o, ¥ ! VTakes place in the

4 " cytoplasm of the
NI 0 H cell.
0, o
§ %_IHM " 26 2 '|°|'c'c . An both
(s eukaryotic and
prokaryotic cells.

V Occursanaerobically (It does not
require or use oxygen).

40



o6 @‘6@

e —

) 99IIIIP
Fructose 1,6ddiPhosphate

TP

@2

@ 1. Two ATP molecules
Interact with glucose
each losing a

phosphorus resulting
In two ADP molecules.

2. and an unstable sugar
phosphate molecule.

41



MITOCHONDIRON

ol P T
o = S B S

S iz

JIIIIII¢
. © This unstable
Gl molecule breaks into
O H

N\ / N two.

C C

H—C—OH H—*|S—DH
|
CH,O(P) CH,O(P)

glyceraldehyde
3-phosphate

é:)

glyceraldehyde
3-phosphate

42



@ e

HOYIIIGP

J@@@

oy W

°l

YC @‘6@

el

A high energy
phosphate
molecule joins to

each of these two

JQQQJ molecules.

OReleasing two hydrogen
lons
and four high-energy
electrons.

43



PJCJCJC) P PJCJCJC) P

© High energy electrons & hydrogen ions are passed to tWwa\D *
molecules (electron acceptork

(@ When eachNAD * accepts the electrons and hydrogen ionit is
reducedlfrom NAD * to NADH .

V NAD+ is an electron acceptor. It carries electrons & hydrogen
to the Electron Transport Chaim (ETIC)).

Cell Respiration 44



© Direct Phosphorylatiom:

ADP molecules join with the phosphateson each
end of the split glucose molecule forming\TR
molecules.

Cell Respiration 45



€ Directt Phosphorylatiom

© \When the phosphorus is taken off each end of the molecule,
PYRUVATE" is formed.

Cell Respiration ~ 46



cycjcycjycjc




Energy —

Investment

Energy
Generation
(Net = 2 ATP)

- | -
- @ o o

Glycolysis

_— glucose |
* fructose 1,6-
bisphosphate

“ (2x) pyruvate )

>2 ATP



What Is It

Where does it occur?
What is used?
What energy molecule is produced?

What are the chemical byproducts of the reaction?



TRY IT

= Step 1: Glycolysis

What is it?7 o —
¢ Breaking dowm of glmose

2. Where does it occur?

¢ Cell cytoplasm

3.  Whatis used?
¢ Glucose

4. What energy molecule is produced?
¢ Net 2 ATR (2 usedl, 4 prodgucel)

5. What are the chemical byproducts of the reaction?

¢ 2 pyruvate (pyruvic acid), 2 NADHH



GIyCOIySiS - Energy investment phase

GLUCOSE —1

2ADP +2 @

Energy payoff phase

4ADP +4 (B >* formed

2 NAD* + 4 el + 4 H* >2NADH +2 H*

L—>2 Pyruvate + 2 H,0

Glucose 3 2 Pyruvate + 2 H,0

Net

4 ATP formed i 2 ATPused —>» 2ATP
2 NAD*+ 4el +4HY — > 2 NADH + 2 H*



GLUCOSE

V Takes place in the OPO00E

1 (no oxygen)

VGl ucose ospl-itsbo
carbon molecules of

V NAD+ is by gaining
electrons & produces

V of 4 ATP

V Requires an of 2 ATP

V Net ATIR preductiom=




GLUCOSE

_ PEEREE
V Takes place in theCytoplasm

Vv Anaerobic (no oxygen)

VGl ucose ospl-itso i 'o
carbon molecules ofPyruvate 0

V NAD+ is reduced by gaining
electrons & produce<2 NADH]

V Phosphorylation to make 4 ATP
V Requires animput of 2 ATP

V Net ATIF preductiom=— 2 ATP




All Steps of Cell Respiration occur In
mitochondria except Glycolysis

QUICK CHECK W&

Review of MitochioneiiaaRametionn

: Inner
Membrane

SO 0 of t heg /)‘w
They produce almost all of
the the cell uses.

Outer
n Membrane

a-_“

S Possess theirown ~ ¢
/f’
S Can iIndependent cristie 4
of the cell. Matrie N

S All cells have mitochondria
( & ).

Cell Respiration 54




All Steps of Cell Respiration occur In
mitochondria except Glycolysis

QUICK CHECK W&

Review of MitochioneiiaaRametionn

: Inner
Membrane

S oPowerhoused0 of t h
They produce almost all of —_
the ATIR the cell uses. f“mbrm

_*."'-"

S Possess theirown DNA. 4

i i /f’
S Can replicate independent -
of the cell.

-~
\ -

S All cells have mitochondria
(prokaryotic & eukaryotic).

Cell Respiration 55



S Double Membran‘yte‘?n‘—ﬂf-m. =

Smooth Outer
membrane.

Folded Inner membrane.
Folds called Cristae.

Spaceinside Cristae called

the Matrix.

The moleculesthat
produce most of the
ATP are embeddedin
the Inner Membrane.

Matrix

Inner

~Membrane

Membrane

56



S Outer Compartment:
Space between inner
and outer membrane.

‘ Inner
Membrane

Hydrogen ions
accumulate here.

57



Process of Cellular Respiration

Cell Respiration
OXYGEN is present or not:

[ Glucose ]
Anaerobic ] ( Aerobic
respiration J L respiration
AA cellular respiration AA cellular respiration
reaction that requires reaction that requires
the absence of the presence of

oxygen. oxygen.



Glucose

Glycol sis\
CYTOSOL YEO

Pyruvate AEROBIC
: PATHWAY

O, present

No O, present
fermentation

MITOCHONDRION

Acetyl CoA

ANAEROBIC
PATHWAYS



Metabolism of glucose

WINHQUTIOXXGENN to
generate ATR.

S GeneratesATRP much more
quickly than aerobic.

S Preferred source of ATP
production when energy Is
needed in short bursts
(Sprinting).

$ Fermentation

60

Metabolism of glucose
USING ORXYGERN to
generate ATR.

OXMGEIN is Final Electron
Acceptor.

Generatesmuch more ATP
per molecule of glucose
metabolized than anaerobic
respiration (Efficient).

Krelbs Cycle (Citiia: Aqitl))

Electron Transport Chaiin
(ETC)




Pathways

e = —-
e SRS
u

Lactic Acitl I-Eezrlmemﬁm | 1 Hemmenitabtm

; \J

Glucose | Glycolysis > o~ Glucose | Glycolysis > <|;=o
CH,

2 Pyruvate

c=0
. | 2 NAD* 2 NADH
2 NAD 2 NADH & 2@

by Hs +2H
\ / 2 Pyruvate T
y, c=0

|
CH,

2 Acetaldehyde




Aerobic

If O,is presentfollowing
glycolysis, pyruvate is modified
and enters the mitochondria.

Here pyruvate is broken down
completely into CO, A Krebs
Cycle (Citric Acid Cycle) .

Energy storage molecules like
NADH andATP are produced.

This is why themitochondria is
called thepowerhouse of the
cell.

62

‘ Inner
Membrane

QOuter
Membrane

Cristae

Matrix

Figure 1

Cell Respiration



S In PROKARYQTESS, If
is presanifollowing
glycolysis, pyruvate Is
modified and remains in

the cytoplasm.

S Here pyruvate is broken
down completely into CO,
A Kirelbs Cycle.

S Energy storage molecules
like NADH and ATP are

produced.

0,

63

Prokaryotic Cell Structure

Cytoplasm

Cytoplasmlc- / ) :

Membrane

Figure 1



Complete the Venn Diagram:
QUICK CHECK

Aerobic vs. Anaerobic Respiration

Aerobic Anaerobic




Complete the Venn Diagram:
QUICK CHECK

Aerobic vs. Anaerobic Respiration

Aerobic Anaerobic

Mainly in mitochondria

Use glucose

Requires oxygen

Occurs in all
cells

Consists of three major
stages

Glycolysis

Yields more ATP
molecules (36 net)

Yields ATP




= rvaps Complete the table, comparing Aerobic &

| Anaerobic Respiration

Aerobic Respiration | Anaerobic Respiration
Oxygen Required NOT Required
Location Mitochondria Cytoplasm
Glycolysis Glycolysis
Steps Kr e Cycle Fermentation
Electron Transport Chain Alcohol or Lactic Acid
Produced ATP




3aE Complete the table, comparing Aerobic &
| Anaerobic Respiration

Aerobic Respiration | Anaerobic Respiration
Oxygen Is required Is not required
Location O(_:curs N the Occurs in the cytoplasm
mitochondria
. Glycolysis
AG!ygongls Fermentation
Steps ACitric acid cycle Al actic aci
A Electron Transport Chain actic acid
AAlcohol
Total ATP Produces 2 ATP
Produced Produces 36 ATP (no additional ATP)
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