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Class Organization

Lab 2 due today

No class on Wed
— Hw 4 will be online on Wed

e Exam 1 due Fri
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Energetically favorable

Energy Conversion

(energy from Cellulose
heat of fire)
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" Smoke <od e )
Wi +Ashes
tHeat Covalent: Nonpolar Polar
tCO, C-C C=0
+H.0 C-H H=0
O-0O
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http://upload.wikimedia.org/wikipedia/commons/9/9c/Cellulose-3D-balls.png
http://upload.wikimedia.org/wikipedia/commons/9/9c/Cellulose-3D-balls.png
http://en.wikipedia.org/wiki/Image:Carbon-dioxide-3D-vdW.svg
http://en.wikipedia.org/wiki/Image:Carbon-dioxide-3D-vdW.svg
http://en.wikipedia.org/wiki/Image:Water_molecule_3D.svg
http://en.wikipedia.org/wiki/Image:Water_molecule_3D.svg
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Energy Conversion

2 A

T

enrwnm = BNIyme
active sita
CAT&L‘I"SIS 5
==

rnulecule A Enz-,'rne BRZYIME— maolecula B
(surbstrate) substrate product [product)
complex complex

Enzymes bind one or two
molecules (substrates) in
such a way that activation
energy is greatly reduced
(catalyst)

But we will need active carriers of energy to
temporarily store it
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Metabolism

food
malecules

the many
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that farm
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the many building blocks

for biosynthasis
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ATP

phosphoanhydride bonds

ho
Structure: High o o o @@
Energy Storage “-{"ﬂ-:—”—i—tr—f'ﬁ;
ATP

Reaction: Hydrolysis H,0

0 (IJ 0
O—P-OH  + O

| [ ‘;—j \ll—l.’ H-
{1 1 {
inorganic
phosphate (P}

AG =-11 to -13 kcal/mole of usable energy
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Harnessing ATP

(Al
B —i ;-’P'I
H— A
COMDEMNSATION
STEP
ACTIVATION
STEP pn:l-l:l ucts of
ATP hydrolysis
B —{OH

Energetically UNfavorable
A-H + B-0OH — A-B + H20)

Energetically favorable

1. B-0OH + ATP — B-0-PO4 + ADP
2. A-H + B-0-P0; — A-B + P;

Net result: B-OH + ATP + A-H — A-B + ADP + P

B) yvhihay,
(7 f‘.ﬂ"
[ -
O i}—lll—n -
C o~
i ".\'
CH, |
CH,
HyN—CH—CO0H
hi Snergy INteErrne |.|:|'
ATP NH,
ACTIVATION AMMOnIa
STEP
(m) CONDENSATION
L83 CH I STEP
M.L_ d products of
ATP hydralysis 0 NH
b
I
CH, N
CH; {_l-H.,
H N —CH— OO0 |:'_|'H,

glutamic acid

HyM— CH—CO0H
glutamansg
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Cellular Respiration

STAGE 1:
BREAKDOWM

OF LARGE
MACROMOLECLILES
TO SIMPLE
SUBUNITS

-

—

STAGE Z:
BREAKDOWN OF
SIMPLE SUBUNITS
TOACETYL Cod
ACCOMPAMNIED BY
PRODUCTION OF
LIMITED AMOUMNTS

OF ATP AND NADH

A

mitochondrial
MEMbranss —

STAGE 3:
COMPLETE
OXIDATION

OF ACETYL

CoATO H;0

AND CO;
ACCOMPANIED

BY PRODUCTION

OF LARGE AMOUNTS
OF MADH AND ATP
IN MITOCHOMNDRION

plasma
membrane ___ |
of eucanyotic
cell
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: : fatty acids
amino acids simple sugars and glyceral
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Glycosis
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“breakdown”



Glycolysis

o Ph hel e
T 6 Hexokinase ci)ggmoegrausc: > 5 Phosphofructokmase oF
- CH,OH CH,0PO3 CH OPO3 H,0P03
CH OH CH OPO
Q H O H _4 0 O H - +o 4 = A3 4 0 ’
3 “ |
OH OH ATP ADP OH ATP ADP
m H OH
i Glucose Glucose 6—phosphate Fructose 6-phosphate Fructose 1,6—blsphosphate
(@) Phosphorylated... Rearranged... Phosphorylated.. () Spfit
| Aldolase IT...
A 0 0 0 ° w27y e
@& =+15 H
) ("3—0’ - g—O’ Phosphooglycerate g—OPOg_ Glyceralderglde phos- C=0 Triose gsphate 1cH,0P0%
—ry [ : Phosphoglyceromutase [ kinase | phate dehydrogenase . 4 l el 2' 2 3
HCOPOg <=  HCOH HCOH ‘ﬁ’ HCOH C=0
(@) | @=+11 L i el @=+18 3
— CH,OH CH,OPO3 gP —!:DP CH,0PO3 P, NADH NAD CH,0PO3 CH,OH
m 2-Phospho- 3-Phospho- - 1,3Bisphospho- |_'|*+ Glyceraldehyde Dihydroxyacetone
glycerate glycerate ReCOver glycerate 3-phosphate phosphate
: / (2 molecules per
(Q ATP...  carierof 2 electrons initial Glucose)
—4 il Phosphorylated
3 0 10 0 i
: Enolase [ Pyruvate kinase I (Wlfh NADH) =
D H,0 @ = +0.4 ?_O' & =-75 ?_O'
C—0—PO% C=0 . .
f.E L C AT.P L Glucose is broken into 2 3-carbon
(7,) 2 3 . . .
Phosphoenolpyruvate Pyruvate molecules in this mulfi-step
. OThWO UMIVERSITY OF
Gain 2 Pyruvate P Y T WASHINGTON

ATP... For Kreb's




Cellular Respiration
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Fatty Acid Oxidation

1) Storage

Q
11
NNNNNANNC-0-C-H
Q
/\/\N\/\/\/\&—O—C—H
Q
/\/\/\/\N\/\(IIJ-O-CIZ—H
H

3 Fatty Acids + Glycerol

2) Hydrolysis

q
CH,—(CH,),—C—0—CH,
7
CHa_[CH?Iu_C_U-C.H + j HlD r—
0
("}I"{ _iCH}_]"'_ C_'_ O — CH'_.. H{j . CH1
Triaeylglycerol [
O HO—CH

|
3 CH,—(CH,),—C—0OH + HO—CH,
Fatty acid Glycerol

3) Conversion

{l}
R=C—0" + HSCoA + ATP ——
Fatty acid
(8]
1
R—C—5CoA + AMP + PP,
Fatty acyl CoA
4) Oxidafi
T FAD ETF,,
OH, —{CH ) — O —C—C—8C04
[ weyl-Cod DF
H H ETF.q
F4DH, .
':Ijl Mino ETS
CH, ~(0H, )0 —8C0A repeat cycle with
{CH), pete. I-|I Cﬁ
2 latoacyi-Cod thiclase  Chs Lo Hzhi G —U—HC0A
OH, -0 —8C04 H
Acytl CoA
HECoa o H,0
CHs—(CHQ)n—g—c::—cg—scm eroyl-Cod hydrotase

CHH ©

H

.z . L1l

- hydroxyacyl Coiﬁ&i/ CH,~(CHy)— G —C—C—iCoA
NADH +H* HAD+ H H

@R Pased, 1737



__ Cellular Respmhon
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Krebs Cycle

CoA
pyruvate ;’ acetyl-CoA

fatty acyl CoA —t’______y_*\

NAD* +Con 4 27A10acetic acid citric acid
NADH +H* : { \
malic acid isocitric acid
co 4 C NAD
z NADH +H*

fumaric acid =-Ketoglutaric acid

FADH, : \ cuz‘- C NAD* +CoA
FAD NADH +H*
succinic acid

\‘\_//suctinyl-cnn

A

GTP + CoA GDP GTP: guanosine triphos phate

FAD: flavine adenine dinucleotide

NAD: nicotinamide adenine dinu cleotide
1. Acetyl Coenzyme A (acetyl CoA) + oxaloacetic acid = Citric Acid
2. Rearranged, dehydrated, carbon theft, e stealing e
3. Yields 3 NADH, 3 H+, FADH, = energy to produce ATP M WASHINGTON



Cellular Respiration
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Outear
ritochondrial
mambrans

H* {high
concentration)

Inmar
mitochondrial
rmemkbrane

~ MITOCHONDRIAL
~ MATRIX

phosph ate

Oy + 4 ¢ AHY ——— 2H.O

Proteins in mitochondrial membrane pump out H* ions

1.

2. Pumps powered by electron transport (e7) along membrane
3. H*ions fuels FOF1-ATP Synthase which produces ATP
4.

Result: H* + 2e- from NADH 2 3 ATP and 2H* + 2e- from FADH, 2 2 ATP
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