Intermolecular Forces

These are the forces that hold molecules together

(not to be mistaken with bonds)

"o London Dispersion Forces — ALL molecules
) Dipole-Dipole — Only polar molecules
o=—=c

" lon-lon — only charged molecules
0 H-bond — only if a molecule has:
F—C—F: O-H N-H F-H



Reaction Rates

Rates are a measure of how much change per time

[A] = The concentration of A

|

Measure of amount
per volume

A = Change

Change in place (distance)

speed = ,
p time

Change in concentration

reaction rate = -
time

A+B—2>C
B A[C]
rate = Atime

rate = k [A]¢[B]?



Enzymes are Catalysts

. Increase reaction rates
—  How long does cell division take?
—  How many chemical reactions take place in that time?

A

Ener
4 reactants

products

Reaction Progress



Biological Energy

Nutrition Facts

Serving Size 101 g

Amount Per Serving

Calories 95 Calories from Fat 58
% Daily Value*
Total Fat 6.5¢ 10%
Saturated Fat 4.1g 20,
Trans Fat 0.0g
Cholesterol 0mg 0%
Sodium 45mg 2%
Total Carbohydrates & 3g 3%
Dietary Fiber 1.1g 4%
Sugars 1.9g
Protein 1.4g
Vitamin A 74% . Vitamin C 2%

Calcium 6% . Iron 5%

Nutrition facts /100 g /40 g
Energy 1793 kJ/428 keal 717 KJ/171 keal
Protein 24,79 9949
Carbohydrate 4059 16,2 g
Sugar 288¢g 11,549
Fat 17.7g 119
Saturated fatty acid  133¢g 2,30
Trans fat 0,02 g 0,008g
Fiber 3,749 15g
Sodium 0449 0,15g
Vitamin C 27,6 mg 11 mg
1cal=4.184J



ATP — the energy conduit

High Energy Bond -
The energy required
NH, to hydrolyze a bond

Phosphoester
bond 4 N

Phosphoanhydride i | >
bonds K N E
0" f N

Opposite of condensation

Adenosine

AMP

ADP

h
ATP



Role of ATP

AG¢ of hydrolysis (kJ . mol™")

-10

p

“Energy Conduit” — ATP is a general
intermediate in energy transfer from
really high energy compounds to lower

1,3-Bisphosphoglycerate energy phosphate compounds

Phosphoenolpyruvate

Phosphocreatine
“P) Biological systems are able to evolve such
""232;:‘;:2"" that multiple enzymes utilize this
w compounds intermediate
“Low-energy” ) . .
() Phosphate Enzymes can easily adopt an ATP-binding
@\‘°mp°““d‘ fold and then evolve to bind another
Glucose-6-phosphate substrate

\

Glycerol-3-phosphate
One very common ATP-binding motif is

the Walker-A Motif



Phosphocreatine as an Energy Reservior

ATP can be

. . generated from
ATP + creatine = phosphocreatine + ADP phosphocreatine

within 5 seconds
of a muscle burst!

Think of this as a seesaw — The more creatine or ATP that is available, the more
phosphocreatine that will be made

(l:H3 0 H |
HoN N\)—L > \\ / \.)\
\|( OH _ Y
NH NH,

The creatine/phosphocreatine system generates an ATP “Buffer” that can store
ATP energy for times of need.



Bioenergy Production vs. Storage

The concentration of any metabolic intermediate must be constant
Rate of flow (FLUX) of intermediates through a metabolic pathway is constant

!
o— N

What happens if:

G —— G R CLYTTYTTTTTY > ATP

When we have enough ATP, energy
gets stored!

Sudden concentration elevation of ; ?

?
Sudden need for ATP: Starch or Fat

Sudden surge in concentration of ATP?



Food and Bioenergy

—




Oxidation-Reduction Reactions

Why do we care?

Electron transfer reactions are at the core of metabolism! Counting electrons will let us

Aerobic Respiration

C.H,,0,+6 0, 5 6CO, + 6 H,0

Assigning oxidation states: Examples
C2H2
* Oxygen counts as -2 CH
e Exceptin O, = oxygenis0in O,. 2 4
C2H6
 Hydrogens count as +1 CH.CH.CH.CO.H
e ExceptinH, 2 hydrogenis 0in H,. CH3CH2CH2C02'1
e The oxidation state of carbon will balance the 37222

charge.
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Oxidation-Reduction Reactions

Why do we care?

Electron transfer reactions are at the core of metabolism! Counting electrons will let us

Aerobic Respiration

CH,,0,+60, 56C0O,+6H,0

Determine how many electrons would be produced from each of the following examples:

Examples
C2H2
C,H,
C2H6
CH,CH,CH,CO,H
CH,CH,CH,CO,*!
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Electron Flow and Metabolism

Sugars
Sugars Sugars
\ ! /
Glucose
. X1
Glycolysis ] x2
\.'f

Fat
Pyruvate
Protein 1
\ Q’
Acetyl-CoA
‘\ Oxaloacetate Citrate

Malate

TCA

Isocitrate
| co
Cycle \,
Fumarate wu-Ketoglutarate

"
ﬁ Succinate Suceinyl-CoA co, Protein

3t

3ADP +4H*+0,—>—» 2H.0+3ATP



Oxidation-Reduction Reactions

Why do we care?

Electron transfer reactions!
Aerobic Respiration

C.H,,0, + 0, 5 CO, + H,0

Anaerobic Respiration — Fermentation
(the cool onel!)

C.H,,0, 5 CO, + CH,CH,OH



Anaerobic Respiration Summary

/} F6P
G6P
FBP
ﬁ AL ADP \
Glucose DHAP

or Ethanol Lactate GAP
(yea St) R L PR P  NAD* smmmmmmmmmeeeaeg-
N ool e i NADH < ................
Pyruvate A BPG
ﬁ‘—&%\ ADP
PEP
3PG
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