MCC BP Based on work by K. Foglia

Chapter 9.
Cellular Respiration
Harvesting Chemical Energy

AP Biology 2005-2006

,;/What’s the point?

The Point is to Make ATP!

AP Biology 2005-2006

/Harvesting stored energy

= Energy is stored in organic molecules
« heterotrophs eat food (organic molecules)
= digest organic molecules
+ serve as raw materials for building & fuels for energy
= controlled release of energy
+ series of step-by-step enzyme-controlled reactions
+ “burning” fuels
= carbohydrates, lipids, proteins, nucleic acids
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MCC BP

/Harvesting energy stored in glucose
® Glucose is the model
« catabolism of glucose to produce ATP

glucose + oxygen — carbon + water + energy
dioxide

C¢H;,0 + 60, — 6CO, + 6H,0 + ATP + heat

respiration

(carbohydrates) , + H,0 + heat , + H,0 + ATP (+ heat)

Based on work by K. Foglia

combustion = making heat energy respiration = making ATP (& less heat)

by burning fuels in one step by burning fuels in many small steps
@t * --»-iﬁﬁ
-
fuel 9

|How do we harvest energy from fuels?

= Digest large molecules into smaller ones
o break bonds & move electrons from one
molecule to another
= as electrons move they carry energy with them

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

loses e- gains e- oxidized reduced

- — +
e

oxidation reduction
mcc ﬁ e

/How do we move electrons in biology?

®" Moving electrons

«in living systems, electrons do not
move alone

= electrons move as part of H atom

loses e- gains e- oxidized reduced
® 00— 60 ¢
\ ’k oxidation reduction

oxidation
CeH;,05 + 60, — 6CO, + 6H,0 + ATP

reduction

MccC
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MCC BP Based on work by K. Foglia

|Coupling oxidation & reduction

= Redox reactions in respiration
+ release energy as breakdown molecules
= break C-C bonds
= strip off electrons from C-H bonds by removing H atoms
¢ C¢H,,05 — CO, = fuel has been oxidized
= electrons attracted to more electronegative atoms

+ in biology, the most electronegative atom? 2
¢ O, = H,0 = oxygen has been reduced
= release energy to synthesize ATP
oxidation
CeH;,0, + 60, —» 6CO, + 6H,0 + ATP

reduction

MCC

Oxidation & reduction
= Oxidation = Reduction
+adding O e removing O
e removing H e adding H
+ loss of electrons e gain of electrons
o releases energy « stores energy
& exergonic e endergonic
oxidation
CeH,0, + 60, — 6CO, + 6H,0 + ATP
reduction
MCC BP

IMoving electrons in respiration
= Electron carriers move electrons by shuttling
H atoms around

+ NAD* —> NADH (reduced)
educing power!
+ FAD*2— FADH, (reduced)

NAD H O NADH
nicotinamide Il
Vitamin B3 Q—C—NH2 -NH,
reduction -
~ — How efficient!
0 (' + {Il-:'} —_> 0 Build once,
O P~ oxidation O~ P~ use many ways

phosphates S
e 3
O g A stores energy O g ©

as areduced
molecule

Be sugar
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MCC BP Based on work by K. Foglia

|Overview of cellular respiration

= 4 metabolic stages

« Anaerobic respiration
= 1. Glycolysis
+ respiration without O,
+in cytosol
« Aerobic respiration
¢ respiration using O,
¢ in mitochondria e Zims iz
= 2. Pyruvate oxidation o
= 3. Kreb’s cycle
= 4, Electron transport chain

CgH,05 + 60, —» 6CO, + 6H,0 + ATP (+ heat)

|What's the point?

The Point is to Make ATP!

AP Biology 2005-2006

=

Chapter 9.
Cellular Respiration
STAGE 1: Glycolysis

AP Biology 2005-2006
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MCC BP Based on work by K. Foglia

\What's the point?

The Point is to Make ATP!

AP Biology 2005-2006

|Glycolysis

= Breaking down glucose
+ “glyco —lysis” (splitting sugar)

glucose - - — — — pyruvate
6C 2x 3C

+ most ancient form of energy capture
= starting point for all cellular respiration

« inefficient
= generate only 2 ATP for every 1 glucose
«in cytosol

= why does that make evolutionary sense?

MCC BP

|Evolutionary perspective
= Life on Earth first evolved without
free oxygen (O,) in atmosphere

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

= Organisms that evolved glycolysis
are ancestors of all modern life

« all organisms still utilize
glycolysis la

“
MCC BP ﬂ‘ Basedan < A

You mean,
I'm related
to them?!
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MCC BP

Overview glucose \
) . C-C-C-C-C-C @,,';Ve/,bq
= 10 reactions 1 2 ATP o
sconvert 1 Cz ADP
6C glucose to f t 6P
two 3C pyruvate ructose-
eproduce 2 ATP p-C-C-C-C-C-C-P
& 2 NADH 1
DHAP =) PGAL
P-C-C-C C-C-C-P 2 NAD*
=:2 NADH
4 ADP
l’ C4 ATP
pyruvate
MCC BP C‘C'C
|Glycolysis summary
ENERGY INVESTMENT PHASE
ﬂlumﬁ endergonic

2400 <—I_—%Eﬁ invest some ATP

ENERGY PAYOFF PHASE l

exergonic
AR |:|>%E}§ harvest a little
—':f\V more ATP
2 NAD* 2 NADH|
& alittle NADH
2 Pyruvate

Glucose ——— 2 Pyruvate + 2H,0
2ADP 4+ 2F, ———= 2 ATP
Mmcc 2NAD* ——= 2 NADH + 2H*

|1st half of glycolysis (5 reactions)

=Glucose - i ne,
“priming” T -
priming > o — .
¢ get glucose Ghess b hspnie Py
ready to split & 4 N’

Y10 Spil pammms (e

= phosphorylate o ™ 3 Touen

glucose ™ -
JrT =l Pheaphaincickinass.
= rearrangement s o-0-gu L on-o-

* split v N
destabilized #-o-e 3.0 PGAL
€0 Diydmrpaceions Glycersidetyde 3
glucose e B e 2 o

ap— ’—:‘ S ShrosS

Pay
attention to
the enzymes!

2005-2006

Based on work by K. Foglia




MCC BP Based on work by K. Foglia

12nd half of glycolysis (5 reactions)
= Oxidation ”
« G3P donates H Fier
+ NAD — NADH o-0-g0
= ATP generation 1 J.( e
+ G3P - pyruvate :L.m,m ;....,.m,:,: ,SH.:'.’.u )
¢ donates P I oo l v
o ADP — ATP Aenschcqveunls | 3 Puosebochiacsts H :Kz:" #
ml (5. lm 7.
mnlnrum F»mgmls;lénl uvane :”'D ¢
5 Payola! A ’ymmmm A 2.‘:
F'""ﬂ%_;f’m‘ 53 4 k—‘ ATE e-0
Pynsusts Pyruvass EHy

' OVERVIEW OF GLYCOLYSIS )
I
i DO 2 3
6-carbon glucose
(Starting material)
2-ATP
P [ P P
000000
6-carbon sugar diphosphate 6-carbon sugar diphosphate
P P P P
Q00 000
3-carbon sugar 3-carbon sugar 3- carbon sugar 3+ carbon sugar
phosphate  phosphate hosphate  phosphate
~-NADH
2/ATP 2 ATP'
3%0on 2 Sakon
pyruvate  pyruvate
Priming reactions. Priming “|Cleavage reactions. Then, the | 'Energy-harveslin? reactions. |
reactions. Glycolysis begins with | six-carbon molecule with two Finally,'in a series of reactions,
the addition of energy. Two high- | phosphates is split in two. sach of the two three-carbon
energy phosphates from two » sugar phosphates is converted to
L SP AT S e o the forming two three-carbon sugar | | 5y Rile. in the process, an
six-carbon mu\ecule glucose, DIOShY energy-rich hydrogen is harvested:
producing a six-carbon molecule a5 NADH, and two ATP molecules
| |With two phosphates. are forme

|Substrate-level Phosphorylation

® |n the last step of glycolysis, where
did the P come from to make ATP?

-
to0

P is transferred SRR R
from PEP to ADP P T v
= kinase enzyme e —ATH e
k CHy

Pyruvate

« ADP — ATP

I get itl
The P came

- = -

directly from ®
the substrate! o %
S M 5] e A
Adenosin ) M

>
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MCC BP Based on work by K. Foglia

|[Energy accounting of glycolysis

2ATR 2 ADP

U

glucose - — — — — pyruvate
6C 2x 3C

4ADP  4ATP Al that

work! And
that's all T
2

= Net gain =2 ATP
+ some energy investment (2 ATP)
« small energy return (4 ATP)

= 1 6C sugar —» 2 3C sugars

MCC BP

lIs that all there is?

= Not a lot of energy...

o for 1 billon years* this is how life on
Earth survived
= only harvest 3.5% of energy stored in glucose
= slow growth, slow reproduction

MCC BP seedon o S

Heck of a
way to make
a living!

'We can't stop there....
= Glycolysis

glucose + 2ADP + 2P, + 2 NAD* —
2 pyruvate + 2ATP + 2NADH

= Going to run out of NAD*
= How is NADH recycled to NAD*?
« without regenerating NAD+,
energy production would stop

« another molecule must PR e W,
accept H from NADH oo FEbosphe S e e L)
NAD* P ® P~y NAD*

NADH (i el NADH
dehydrogenase

1
(BPG) (BPG)
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MCC BP Based on work by K. Foglia

|How is NADH recycled to NAD*?

= Another molecule must accept H from NADH
« aerobic respiration
= ethanol fermentation
= lactic acid fermentation
« aerobic respiration

With oxygen Without oxygen

IAnaerobic ethanol fermentation
= Bacteria, yeast

pyruvate — ethanol + CO,

3¢ N 2c

NADR NAD
= beer, wine, bread

= at ~12% ethanol, kills yeast

= Animals, some fungi

pyruvate — lactic acid

3c . 3C

NADR NAD

= cheese, yogurt, anaerobic exercise (no O,)

|Pyruvate is a branching point
Pyruvate

P

fermentation

Kreb’s cycle
mitochondria

MCC BP
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\What's the point?

Based on work by K. Foglia

The Point is to Make ATP!

AP Biology 2005-2006

Chapter 9.
Cellular Respiration
Oxidation of Pyruvate

Krebs Cycle

AP Biology

|Glycolysis is only the start
= Glycolysis

glucose -» — — — — pyruvate
6C 2x 3C

= Pyruvate has more energy to yield
+ 3 more C to strip off (to oxidize)
+ if O,is available, pyruvate enters mitochondria

« enzymes of Krebs cycle complete oxidation of
sugar to CO,

pyruvate > »> > —> —> — CO
ac ©

MCC BP

2005-2006
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MCC BP Based on work by K. Foglia

|Cellular respiration

Elsctrons carried |
wia NADH and 1
FADH, |
j |
7aa\l =
CHAM AND
CYCLE CHIDATIVE
PHOSPHORYLATION
Mitochondrion | i |
4 L
s sz
ﬁwl ‘2_,___ L
Substrate-devel Substirate-level Oxidative

phesphorylation

MCC BP

|What's the point?

The Point is to Make ATP!

AP Biology 2005-2006

|Oxidation of pyruvate
® Pyruvate enters mitochondria

2xj| pyruvate - — —> acetyl CoA + CO,
3C @ 2C
NAD NADH

«+ 3 step oxidation process
+ releases 1 CO, (count the carbons!)
« reduces NAD — NADH (stores energy)
« produces acetyl CoA

= Acetyl CoA enters Krebs cycle
+ where does CO, go?

Waiting t
exhale? /)

MCC BP
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CYTOSOL §
Transport protein /

|Pyruvate oxidized to Acetyl CoA

MITOCHONDRION
reduction

NAD* +H*
2]

—CoA

Pyruvate

L N

S
> ¢=o

Coenzyme A Acetyl CoA

Based on work by K. Foglia

oxidation

Yield = 2C sugar + CO, + NADH

MCC BP

1937 | 1953
Krebs cycle e

= aka Citric Acid Cycle
«in mitochondrial matrix
« 8 step pathway

o Hans Krebs
= each catalyzed by specific enzyme 1900-1981

= step-wise catabolism of 6C citrate molecule

= Evolved later than glycolysis
« does that make evolutionary sense?
= bacteria —3.5 billion years ago (glycolysis)
= free O, »2.7 billion years ago (photosynthesis)

= eukaryotes —1.5 billion years ago (aerobic
MCC BP respiration (organelles)

|Count the carbons!

pyruvate @ @ acetyl CoA
citrate
Q@

x2

This happens & o 6C
twice for each oxidation @
glucose of sugars co,
molecule 4C @

ac @® = co,
MCC BP Base gla

2005-2006
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|Count the electron carriers!
pyruvate acetyl CoA
citrate
NADH: 4C @
x2 6C
This happens )
twice for each c:fgllojec(‘:ttlroonn @ co,
lucose
g carriers NADH
molecule 4C @
FADH2: @ co,
- 4C @ > NADH .
ATPn e

So we fully e "
oxidized e b e
g|UCOSe F""'.“J Cralisvitatell ; \-;_‘-:»:.i: o
™ : Malate Citrate Iud:‘l
CGHlZOG o T .‘.
e KREBS = e
{ wo—"| CYCLE S
L o WG]
C02 I Fneste Aot e
S :° a-Ketoglutarate
& ended up NG
with 4 ATP! e - N\ & LS
W:dul%vr‘ L WAEH
il
What's the 7 x‘:-" ‘e, o
. Point? J'i\;# .0
e
Pyruvate
INADH & FADH, e e sl
= Krebs cycle o 90
produces large e\
quantities of S deatte
electron carriers \\\:\_{ o
+ NADH s
+ FADH, / \
+ stored energy! *K}\ Kaeos ) =i
egoto ETC (D, S awo
FAl 07\\\_ ——— _‘_/‘/ 2 wu::lﬂ
What'" +3
< g imp::tfl:: /_;\I!F + By
about NADH? Sare
L RS

2005-2006

Based on work by K. Foglia
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Energy accounting of Krebs cycle

4 NAD + 1 FAD 4 NADH + 1 FADH,

\vj

2X¥ pyruvate > —» - > - —> - — — CO,
3C 3x‘
1 ADP 1ATP

= Net gain =2 ATP
=8 NADH + 2 FADH,

MCC BP

Based on work by K. Foglia

1So why the Krebs cycle?

= |f the yield is only 2 ATP, then why?
+ value of NADH & FADH,
= electron carriers
= reduced molecules store energy!
= to be used in the Electron Transport Chain

MCC BP Sttt st Subotstiorst ey

\What's the point?

The Point is to Make ATP!

AP Biology 2005-2006

2005-2006
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MCC BP Based on work by K. Foglia

Chapter 9.
Cellular Respiration -
Electron Transport Chain

AP Biology

|Cellular respiration

MCC BP

‘What's the point? %

The Point is to Make ATP!

AP Biology 2005-2006

2005-2006
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MCC BP Based on work by K. Foglia

|ATP accounting so far...
= Glycolysis - 2 ATP
= Kreb's cycle &> 2 ATP

= | ife takes a lot of energy to run, need to
extract more energy than 4 ATP!

There’s got to be a better way!

< What's the
Point?
I >

IThere is a better way!

= Electron Transport Chain

o series of molecules built into inner
mitochondrial membrane

= mostly transport proteins
o transport of electrons down ETC linked
to ATP synthesis

e yields ~34 ATP from 1 glucose!
e only in presence of O, (aerobic)

o4 That
sounds more
Do like it!

'Mitochondria

®= Double membrane
¢ outer membrane
¢ inner membrane
= highly folded cristae*

= fluid-filled space
between membranes =
intermembrane space

« matrix \
= central fluid-filled space

*form fits function!

MCC BP
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MCC BP Based on work by K. Foglia

|Electron Transport Chain

BRSFARA NG R bR NS

(3 VNN '
A

O . ’

Electron Transport’ [ ATP Synthesis | @ @
r = 3] r A 2]

: ® @ ® oo ®g
=, O Y o o o

concentration
Wt

a t l" II. [} b
i

mituchondrial
matrix Foglia

MCC BP

IRemember the NADH?

Kreb’s cycle

Glycolysis e
7 modacudes per gluccas)
PGAL o s
2HAD* .\\;'mmm w‘.\:\;_&;

<4
MCC BP g e

|Electron Transport Chain

= NADH passes electrons to ETC
« Hcleaved off NADH & FADH,
« electrons stripped from H atoms — H* (H ions)

electrons passed from one electron carrier to next in
mitochondrial membrane (ETC)

*

« transport proteins in membrane pump H* across inner
membrane to intermembrane space
= mrh
ucose 1]
Intermembrane space %MHEM
Glyeolysis
. Pynivate
oxidation
> frabh

. ercly
Elsctran tran
chain_ |

o W
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MCC BP Based on work by K. Foglia

But what “pulls” the tochondrial g
electrons down the ETC? !

Protein complex
Imermembrane.  of slectron
space | eaniers

Mitoohondrial <
matrix e £

. .
Electron transport chain Oxidative phosphorylation

électrons flo
downhill to

|Electrons flow downbhill
® Electrons move in steps from
carrier to carrier downhill to O,
« each carrier more electronegative
« controlled oxidation
Electrons from food
« controlled release of energy '

High energy Energy for
synthesis o
ATP

'
mcc BP Formation of water

/Why the build up H*?
= ATP synthase

+ enzyme in inner membrane of
mitochondria

ADP + P, - ATP

« only channel permeable to H*

« H* flow down concentration
gradient = provides energy for
ATP synthesis

= molecular power generator!

= flow like water over water wheel

= flowing H+ cause change in
shape of ATP synthase enzyme

= powers bonding of P, to ADP

= “proton-motive” force

MC¢

2005-2006



MCC BP

IATP synthesis

= Chemiosmosis couples ETC to ATP synthesis

o build up of H+ gradient just so H+ could flow through
ATP synthase enzyme to build ATP

Intermembrane space |y, He

H+

Inner
He H* mitochondrial
membrane

So that's
the point!

Based on work by K. Foglia

' 1961 | 1978
|Peter Mitchell

= Proposed chemiosmotic hypothesis
e revolutionary idea at the time

proton motive force

MCC BP

Cellular respiration
CYTOSOL
GLYCOLYSIS
Glucase > Pyruvets
b vl BV
[ eanw =0 to abowt 2 ATP. +3 ATF - sbout 34 ATP |
substrate-level 7 on shuttle bry sul dovel by aaidative
orylation mu:m-:mm
Maxienum per glucose: 1—;’%—5
2005-2006
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MCC BP Based on work by K. Foglia

ISummary of cellular respiration

CeH,0, + 60, — 6CO, + 6H,0 + ~36 ATP

= Where did the glucose come from?

= Where did the O, come from?

= Where did the CO, come from?

® Where did the H,0O come from?

= Where did the ATP come from?

= What else is produced that is not listed
in this equation?

= Why do we breathe?

MCC BP

|Taking it beyond...

= What is the final electron acceptor in
electron transport chain?

0O,

= So what happens if O, unavailable?

ETC backs up

ATP production ceases
cells run out of energy
and you die!

MCC BP

\What's the point?

The Point is to Make ATP!

AP Biology 2005-2006

2005-2006



MCC BP

Any Questions??

AP Biology 2005-2006

Glucose
2ATP. {Glycolysis *24TP

Pyruvate = 2 NADH —+ 4ATP
2 NADH =+ GATP
Mety;—ﬂol
e 2 ATP
Krebs) =4 6 NADH —+1BATP
cycle

= 2FADH2 —+ 4 ATP

Total net ATP yield = 36 ATP

Chapter 9. %
Cellular Respiration

AP Biology 2005-2006

Other Metabolites &
Control of Respiration

Based on work by K. Foglia

|Cellular respiration
y )l
Electrons carried |
A
TRANSPORT
CYCLE el
PHOSPHORYLATION
J 4 o3
Substrate-devel Substrate-level Oxidative
phesphorylation
MCC BP
2005-2006
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MCC BP

|Beyond glucose: Other carbohydrates

= Glycolysis accepts awide range of
carbohydrates fuels

e polysaccharides - — — glucose
hydrolysis

= ex. starch, glycogen
o other 6C sugars Dodtiod glucose

= ex. galactose, fructose

MCC BP

|Beyond glucose: Proteins
= Proteins —» Apdrdlysh = amino acids

H
N |
) N—C—C—OH{
naste H/ | gryecbos)gsle
R

carbon skeleton =
enters glycolysis
or Krebs cycle at
different stages

amino group =

waste product
excreted as

ammonia, urea,

Based on work by K. Foglia

mc  or uric acid

|Beyond glucose: Fats

" Fats —» _y)d_TyT) — glycerol & fatty acids

+ glycerol (3C) - - PGAL —» — glycolysis

« fatty acids — 2C acetyl — acetyl —» Krebs
groups COA cycle

C 1 flc. ) e e [}
oot e e e e
glycerol ; ‘ ‘& 0@‘@0@ fatty acids
4 ' '@
enters @@&@@@ enter
glycolysis I‘_i‘ ‘.;Iﬂ Krebs cycle
as PGAL Ui L Y U as acetyl CoA

2005-2006

22



MCC BP

|Carbohydrates vs. Fats

® Fat generates 2x ATP vs. carbohydrate
e more Cin gram of fat
e+ more O in gram of carbohydrate
= 50 it’s already partly oxidized

fat
carbohydrate TS N Y Y Y
mer  oum  onen  aen RIBGPIBLIIELPIILILE
s e _llt.l‘n‘l‘n»-;ltuxfln
¥ e S el L
McC BP
|Metabolism

= Coordination of
digestion & synthesis
«+ by regulating enzyme
= Digestion
« digestion of
carbohydrates, fats &
proteins

= all catabolized through
same pathways

= enter at different points — (\ -
« cell extracts energy \x_
ELECTRON
TRANGPCAT
CHAN AND
OXIDATIVE

from every source

Mcc BP
|Metabolism ="
= Coordination of digestion & =i
synthesis
« by regulating enzyme
= Synthesis
« enough energy?

build stuff!
« cell uses points in glycolysis Foale
Krebs cycle as links to
pathways for synthesis
= run the pathways “backwards”
+ eat too much fuel, build fat

versatile &
thrifty

pyruvate = — glucose

Krebs cycle amino
intermediaries > > acids

acetyl CoA — —> fatty acids

2005-2006

Based on work by K. Foglia
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MCC BP

|Carbohydrate
Metabolism
® The many
stops on the

Carbohydrate
Line

gluconeogenesis

MCC BP

METABOLISM OF
COMPLEX CARBOHYDRATES
Starchand 1
P Y

oI s

|Lipid Metabolism

" The many stops
on the Lipid Line

MCC BP

LIPID METABOLISM

Based on work by K. Foglia

IAmino Acid AW=y -
Metabolism . o i
* The many i S | B2 o
stops on the "m-____ '
AA Line wldil o
L'l g 7]
Lw—hw;nl_ -
n--‘:w_-;"ﬂ"‘- -
S
MCC BP

2005-2006
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MCC BP Based on work by K. Foglia

Nucleotide SN Mo
Metabolism L:\ D=1 [ E—
] e ||
= The many - ==
stops on the “ e
GATC Line T}
15 e
it

MCC BP .

P-u!ms'_?'w!wle ‘in)l!mu
Ihm-
M[:.Mml;\lﬁlww_ ‘]un
Control of fl
Respiration §
Feedback crme
Control

AP Biology

|Feedback Inhibition

= Regulation & coordination of production
+ production is self-limiting
« final product is inhibitor of earlier step
= allosteric inhibitor of earlier enzyme
« no unnecessary accumulation of product

A—=B C—;FD E=xF—=xG

en)me enzyme enzyme enzyme enzyme enzyme
1 2 3 4 5 6

mcc BpP allosteric inhibitor of enzyme 1 v

2005-2006



MCC BP Based on work by K. Foglia

Glucess

|Respond to cell’s needs mm}l’mm ﬂ_:‘j:“
= Key points of control —
e phosphofructokinase ....[—““"‘““"“"""“'“"“' Inbioles
= allosteric regulation of ‘u\}
enzyme i’ ;

¢ “can’t turn back” step
before splitting glucose

= AMP & ADP stimulate
= ATP inhibits
= citrate inhibits

Why is this regulation important?

Balancing act:
availability of raw materials vs.

energy demands vs. synthesis

A Metabolic economy

= Basic principles of supply & demand regulate
metabolic economy
« balance the supply of raw materials with the

products produced
« these molecules become feedback regulators
= they control enzymes at strategic points in
glycolysis & Krebs cycle
* AMP, ADP, ATP
= regulation by final products & raw materials
+ levels of intermediates compounds in the pathways
= regulation of earlier steps in pathways
+ levels of other biomolecules in body
= regulates rate of siphoning off to synthesis pathways

MCC BP

|I's a Balancing Act

. . Glycolysis
= Balancing synthesis — iz
with availability of c0, Giycolysls
b _ Pyruvate
oth energy & raw NAD"- cxidation
materials is essential NADH ™ - KreBey
for survival! Protein ccles
do it well & you sudiICLLL,
*
survive longer oiLipid
« you survive longer & Acetyl coenzyme A
you have more Acetyl
offspring Coanzymg AT ™ group
« you have more Fat ATP

offspring & you get

0 tlgtfe over the Acetyl CoA is central to both
wor energy production & synthesis
Mmcc Bp make ATP or store it as fat
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MCC BP

AP Biology

Any Questions??

Based on work by K. Foglia

2005-2006

2005-2006
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