ME 498 / ME 599

Biological Frameworks
for Engineers

0
Q
T
Q
-
()
2
o)
q
~
W
=0
O
q
m
-
Q
-
)]
()
—
wn

IIIIIIIIIIII

M WASHINGTON



y % Class Organization

e Exam 1 due by 5pm via email

e Hw 4 assigned
— Due Wed Nov 9102011
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ME 498 / ME 599

Cell Energetics
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Energy Conversion
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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:Water_molecule_3D.svg
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Energy Conversion

2 N

"-""ﬂ'“@ . BNIYma
active site -
C.&T.&L?SIS -
=y

mnlec ule A anz -..'rne BNZYMe— molecule B
(suibstrate) 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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Interphase

Anaphase

Metaphase

Telophase
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Metabolism

food
malecules
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ATP

phosphoanhydride bonds

ho
Structure: High o o o @@
Energy Storage “-{"ﬂ-:—”—i—t}—f'ri;
ATP

Reaction: Hydrolysis H,0

0 (IJ 0
O—P-OH  + (O

| [ ‘;—j \l;—f "H-
{1 1 f
inorganic
phosphate (P}

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

(Al
B— ;-’P“L
H— A
COMDEMNSATION
STEP
ACTIVATION
STEP pn:l-ducls of
ATP hydralysis
B —{H

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

Energetically favorable

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

Net result: B-OH + ATP + A-H — A-B + ADP + P;
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OF LARGE
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Glycolysis
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Krebs Cycle
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D NADH +H* { \
i malic¢c acid isocitric acid
NAD

2 + cuz_* C NADH +H*
5 fumaric acid =-ketoglutaric acid
) @ FADHzD \ .m:d— <HAD+ +CoA
(@) FAD NADH +H*
. succinic acid
m succinyl-CoA
3 v
Q £\
- | GTP + CoA GDP GTP: guanosine trinhosphate

FAD: flavine adenine dinucleotide
8 MNAD: nicotinamide adenine dinu cleotide
n 1. Acetyl Coenzyme A (acetyl CoA) + oxaloacetic acid = Citric Acid

2. Rearranged, dehydrated, carbon theft, e stealing o
3. Yields 3 NADH, 3 H+, FADH, = energy to produce ATP T WASHINGTON



3 1o} SHfoMauIDI [DOI

sioauibu

STAGE 1:
BREAKDOWN

OF LARGE
MACROMOLECULES
TO SIMPLE
SUBUNITS

L

—

STAGE 2:
BREAKDOWN OF
SIMPLE SUBUNITS
TO ACETYL CoA
ACCOMPANIED BY
PRODUCTION OF
LIMITED AMOUNTS
OF ATP AND NADH

e

mitochondrial
membranes g

STAGE 3:
COMPLETE
OXIDATION

OF ACETYL
CoATOH;0

AND CO;
ACCOMPANIED

BY PRODUCTION

OF LARGE AMOUNTS
OF NADH AND ATP
IN MITOCHONDRION

plasma
membrane

.\
of eucaryotic

cell

_'_

amino acids

simple sugars

fatty acids
and glycerol

(

cm

\

-

CYTOSOL .
S
y~ B N
\- r E J
— oo
\ / ciujc \
evcle B
§§Q2~ \ - /:
s |||
reducing power :

as NADH

it

e
©
@'l

- &

Electron Transport

Chain



3 10} SHIOMBWDIS [DOI

sioauibu

Electron Transport Chain

Outer ke
mitochondrial :
membrane

H* (high

concentration)

- fsynthase |

o ma e e : / ADP +
 MITOCHONDRIAL ¢ phosphate
SR MA’I'RIX A 4 ;

ATP

Inner
mitochondrial
membrane

0, + de" + 4H* ——» 2H,0

Protein in mitochondrial membrane pump out H* ions

Power the pump with electrons (e7) passed along membrane
Electrical potential across membrane from H* ions fuels ATP Synthase
Net Result: H* from NADH 2 3 ATP ... and... 2H* from FADH, =2 2 ATP
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