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e e L30T, .The energy needs of life
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|Making energy! S8 8 e Aorganisms are endergonic systems

The point
is to make
ATP/

\Where do we get the energy from?

Awork of life is done by energy coupling

€ Use exergonic (catabolic) reactions to
fuel endergonic (anabolic) reactions

AP Biology

e What do we need energy for?
Asynthess
E building biomolecules

Areproduction

Amovement

Aactive transport

Atemperature regulation
gy P

JLiving economy
AFuel i ng the bodyos
e eat high energy organic molecules

A food = carbohydrates, lipids, proteins, nucleic acids
£ break them down
A digest = catabolism
e capturereleased energy in aform the cell can use
A Need an energy currency
£ away to pass energy aro

e need a short term energy
storage molecule

J.E Whoa/
Hot stuff 7
o g

econo

ATP
AAdenosine TriPhosphate
e modified nucleotide
Anucleotide =
adenine + ribose + P, - AMP
AAMP + P, - ADP
AADP +P,- ATP
e adding phosphates is endergonic

i Adenine NH
How efficient! high energy bonds 3
Build once, /N\c/c\u
use many ways or " < i (‘;
| C. H
o—p o—cH, o N
|
° H H> Ribose
Phosphate groups N )
OH OH

IHow does ATP store energy?

I
O%OP'OP"’

AEach negative PO, more difficult to add
e alot of stored energy in each bond
A most energy stored in 3rd P;
B A 3rd P;is hardest group to keep bonded to molecule
A Bonding of negative P;groups is unstable
£ spring-loaded
ePgroups

Apopo off easily

AP B Instability of its P bonds makes ATP an excellent energy donor
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|How does ATP transfer energy? IAn exampl e of Phosy
g A < ABuilding polymers from monomers {40
o o { e need to destabilize the monomers enzyme
O PO, '. +< > ¢ phosphorylate!
ATP — A
AATP- ADP

H ||'| [synthesis | Il-i };i

+ — + HO
OH HO +4.2 keallmol ‘o

Akinasgo H
enzym.
6 +
7.3 kealimol ‘Q
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Q HO -3.1 kealimol Yo

e releases energy
AaeG -E3kcal/mole

A Fuel other reactions
A Phosphorylation

e released P, can transfer to other molecules
A destabilizing the other molecules

eenzyme that phokipasadr yl at g

IAnot her example of Ph IATP / ADP cycle
AThe first steps of cellular respiration Canbét store
e beginning the breakdown of glucose to make ATP Agood energy donor, fee;'p‘)‘i'raa’[ion SN

not good energy storage
V too reactive

V transfers P; too easily

V only short term energy

glucose
C-C-C-c-C-C

Those
phosphates
sure make it

uncomfortable hexokinase@ storage
around here / . U C Acarbohydrates & fats are A working muscle recycles over
phosphofructokinas .
fructose-1.6bP long term energy storage 10 million ATPs per second
g o -
P-C-C-C-C-C-C-P
Pass me
@ @ the glucose
activation (and 0,)/
DHAP G3P activa ;g’

P-C-C-C C-C-C-P

Cells spend a lot of time making ATP! g [
| cels spend a ot of time making ATP! | |ATP synthase 9 @

AEnzyme channel in
mitochondrial membrane
emeavleto - T (1 L
E ﬂ+ fIOW dOWn slelelsle e le e QOGO | | 1 PT0000d pelelslslelas

The
point is to make

ATP/ concentration gradient o
A flow like water over
water wheel catalytic
head

ADP + P - ATP

224
NS 5 A flowing H+ cause
Whatds\ t he 2L S B change in shape of g
point? . &F) 5 ATP synthase enzyme
<) A powers bonding of
7, P, to ADP:

[y B ut Eow is the proton (H*) gradient formed?
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Thatds th
of my story /

Any Questions?
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Cellular Respiration
Harvesting Chemical Energy

AP Boug;

The point
is to make
ATP/
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|Harvesting stored energy

AGlucose is the model
¢ catabolism of glucose to produce ATP

glucose + oxygen - energy + water + carbon
dioxide

CeH,0 + 60, -  ATP + 6H,0 + 6CO, + heat

respiration

COMBUSTION = making a lot of heat energy

by burning fuels in one step by burning fuels,in many small steps
nzymes
4 ) )
o s @
o @\po2 +H,0 + heat CO, + H,O + ATP (+ heat)

arbohydrates)’

RESPIRATION = making ATP (& some heat)

|Harvesting stored energy
A Energy is stored in organic molecules
¢ carbohydrates, fats, proteins

A Heterotrophs eat these organic molecules - food
edigest organic molecul es
A raw materials for synthesis
A fuels for energy
E controlled release of energy

Efiburningo fuels in a series of
step-by-step enzyme-controlled reactions

IHow do we harvest energy from fuels?

ADigest large molecules into smaller ones
e break bonds & move electrons from one
molecule to another
Aas el ectr onscamoenaqyd hwiyt I

Athat energy is stored in another bond,
released as heat or harvested to make ATP

loses e- gains e- oxidized reduced

Q- @—C-
N~

oxidation reduction
W

AP B redox
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'How do we move electrons in biology?

AMoving electrons in living systems
e electrons cannot move alone in ctzlls

Aelectrons move as part of H atom @
Amove H = move electrons

loses e- gains e- oxidized reduced
oxidation reduction

oxidation
CeHp,0p + 60, - 6CO, + 6H,0 + ATP

AP Bi H

reduction

A REDOX reactions in respiration

Abreak C-C bonds

E in biology, the most electronegative atom?
E 0,- H,O =oxygen has been reduced
e couple REDOX reactions &

/Coupling oxidation & reduction

e release energy as breakdown organic molecules
A strip off electrons from C-H bonds by removing H atoms

E CeHpOg - CO, = the fuel has been oxidized
A electrons attracted to more electronegative atoms

use the released energy to synthesize ATP

oxidation

APE reduction

CeH;,05 + 60, - 6CO, + 6H,0 + ATP

|Oxidation & reduction
Aoxidation AReduction
e adding O e removing O
e removing H e adding H
e loss of electrons e gain of electrons
e releases energy e stores energy
E exergonic e endergonic
oxidation
CeHp,05 + 60, - 6CO, + 6H,0 + ATP
reduction
AP Biology

like $$
in the bank

'Moving electrons in respira

A Electron carriers move electrons by
shuttling H atoms around

e NAD* - NADH (reduced)
¢ FAD*2- FADH, (reduced)

NAD* m ©
nicotinamide I
Vitamin B3 —C-NH,
niacin
q reduction
Ol + at» —
D' P! oxidation O'P'C

O O
phosphates =
o] ] o
O P'O O P'O
O i O
YSINE carries electrons as
areduced molecule

How efficient!
Build once,
use many ways

|Overview of cellular respiration

A4 metabolic stages
e Anaerobic respiration

1. Glycolysis
Erespiration without O,
Ein cytosol

e Aerobic respiration

E respiration using O,
Ein mitochondria

2. Pyruvate oxidation 3 F

3. Krebs cycle

4. Electron transport chain

CeHi,05 + 60, - ATP + 6H,0 + 6CO,(+ heat)

The point
is to make
ATP!/

AP Biology
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‘And how do we do that? _ * & *
D \\H} H

AaTP synthase enzyme

e H* flows through it
Aconformational
changes
Abond P, to ADP to
make ATP
e set up a H* gradient
Aallow the H* to flow %"‘
down concentration
gradient through ATP
synthase
AADP + P, - ATP

B u t How is the proton (H*) gradient formed?

The point
is to make
ATP/

AP Biology

Cellular Respiration

Stage 1:
Glycolysis

|Glycolysis
ABreaking down glucose
e figlyco i lysiso (splitting

v\%!ozol?

- - - - - y does

glucose pyruvate e
6C 2x 3C evolutionary

sense?

£ ancient pathway which harvests energy
Awhere energy transfer first evolved
A transfer energy from organic molecules to ATP
A still is starting point for ALL cellular respiration
ebut itodés inefficient
A generate only 2 ATP for every 1 glucose

£ occurs in cytosol
AP Biology

hat 6s no
ATP for me /

|Evolutionary perspective
A Prokaryotes

_ e firstcells had no organelles
A Anaerobic atmosphere

e life on Earth first evolved without free oxygen (O,)
in atmosphere

e energy had to be captured from organic molecules
in absence of O,

A Prokaryotes that evolved glycolysis are ancestors
of all modern life

e ALL cells still utilize glycolysis

Enzymes
of glycolysis are
owetdnser

ed

You mean

wedbre re

Do | have to invite
them over for

he holidays?

. glucose
.Overview C-c-(":ic-c-c
10 reactions Emyml <

£ convert A

fructose-1,6bP
glucose (6C)to  P-C-C-C-C-C-C-P
2 pyruvate (3C)  aumdl enzymg]

e produces: DHAP £23 G3P
4ATP & 2 NADH P-C-C-C C-C-C-P

£ consumes: ZPwﬁwc Pl
2ATP &

E net yield: P.
2 ATP & 2 NADH el

DHAP = dihydroxyacetone phosphate pyruvate

G3P = glyceraldehyde-3-phosphate C-C-C
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\Glycolysis summary

ENERGY INVESTMENT endergonic
invest some ATP,
—)
G3P )
ENERGY PAYOFF  C-C-C-P exergonic

harvest a little

ATP & alittle NADH

NET YIELD

AP Biology

12nd half of glycolvsis (s reactions)
D DHAP _ G3P
Energy Harvest P-C-C-C 7" C-C-C-P
. NAD* P P NAD*
e NADH production Ao 6 s ]
A G3P donates H o - —
A oxidizes the sugar o phosphoglycerate il 2
Areduces NAD* o
ANAD*- NADH @PG) @PG) oo
. 8
e ATP production phosphoglycero- o
mutase .
AG3P- - - pyruvate Lo,
A PEP sugar donates P (@pe) (@PG) CH,OH
E fisubstrate level o e o
phosphorylationo— : co
AADP- ATP cOop
(PEP) (PEP) CH,
ADP 10k ADP
Payola/ pyruvate kinase c o
Finally some ATP ATP ¢ o
AP Biology ATP/ Pyruvate Pyruvate o

1st half of glycolysis (5 reactions)

~ . . N CH,0H
Gl ucose fApri miesngo °
i ATP i‘
exokinase
e get glucose ready ADP cH oo P
to split Glucose 6-phosphate
< 2
A phosphorylate phosphoglucose o P
glucose isomerase 2 Ponon
A molecular Fructose 6-phosphate
rearrangement i
ADP PO CH o CH O P
E Sp“t destabilized Fructose 1,6-bisphosphate
glucose 45 aldolase
p O CH, isomerase "
C O Dihydroxyacetone ¢ Glyceraldehyde 3 ¢ o
CH,0H Phosphate -phosphate (G3P) CHOH
- CH, 0 P
NAD* P 6 P NAD*
NADH glyceraldehyde NADH
3-phosphate P O o
dehydrogenase cHom
AP Biolo 1
v (BPG) (BPG) CH, O P

|Substrate-level Phosphorylation

AIn the last steps of glycolysis, where did
the P come from to make ATP?

£ the sugar substrate (PEP) o
c o
Pis transferred eor
(PEP) (PEP) 2
from PEP to ADP o " o o
VklnaSe enzyme e pyruvate kinase o c o

Pyruvate Pyruvate

VADP - ATP

I getit!
The P; came
directly from
the substrate

AP Biology

|Energy accounting of glycolysis
2ATP, .2ADP

LV

glucose- - - - - pyruvate

2 NAD*

glucose has
~ R so much more
A Net gain =2 ATP + 2 NADH to give /
£ some energy investment (-2 ATP)
e small energy return (4 ATP + 2 NADH)

A16C sugar - 2 3C sugars

IIs that all there is?

ANot a 1ot of energyé

e for 1 billon years* this is how life on
Earth survived
Ano O, = slow growth, slow reproduction
Aonly harvest 3.5% of energy stored in glucose
E more carbons to strip off = more energy to harvest

glucose- - - - pyruvate
@ @é 6C 2x 3C
&

AP Biology @

Hard way
to make
aliving /




