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Figure 1-6. Cross section of an £, colf cell. [After a drawing by David Goodsell, UCLA.]
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IStry

In biological systems are

and transform energy

Icate (store and preserve the information from
eneration to the next)

*Must be highly structured (complex macromolecular
assemblies)

*Adapt to changing conditions: control of function and
evolution

The strategy of biochemical studies is ...



Take things apart and put them back together to determine:

*\What are the parts

*How these parts fit together
*How do they work




Issues

Cells
O

Organelles

-

Macromolecular Assemblies

- o

Macromolecules

Simplest Molecular Building Blocks




ell

1ld a living cell?

provide answers to what is
patible with the living state...

By comparison...
E. coli (Eubacterium)
e ~ 4289 genes

Yeast (Saccharomyces cerevisiae)

n be cultivated In

enriched medium * ~ 6300 genes

Humans...

sEstimates: 30,000 — 35,000 genes (10,000 are purely regulatory)

«Complexity grows exponentially with the number of parts in
machinery
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of biological
scription founded
ysical laws.

I Biophysics
llular Biophysics

- Organismal or Systems Biophysics

Biophysics at Berkeley...



e obtained from a chemical rxn

Conditions

Equilibrium

The laws...



ent of a system. It
eat or work with the

Cool-off the system
E l<
on the system

Extract work from the system

W

AE=qg+w {-PAV
W



0
At constant
+%</+V pressure...

nly P-V work involved... w =0
(as in most biological systems)

S0...
AH=q,

At constant pressure, the enthalpy change in a process is
equal to amount of heat exchanged in the process by the
system.



in biological =0
= AR+ I:}Kg-l_\jdgsystems { V=0

AH = AE
at AP =0 and since AV =0

this energy stored In the system?

As kinetic energy of the molecules. In isothermal (AT =
0) processes this kinetic energy does not change.

2) As energy stored in chemical bonds and interactions. This

“potential” energy could be released or increased in chemical
reactions



to decide if a process will

these processes
occur because
L_—Lf the final state
=L 1 (withT=T &
_.?—._

P=P)are the
.* | most probable
' states of these

systems

E=AH=0

This rxn occurs In one
direction and not in the
opposite

Let us study a simpler case...
tossing 4 coins



croscopic states...

HTTH
il HHTT
|
16 ways to obtain 2 heads, 2 tails —~ 1 1Tl g 4
ad, 3 tails THHT 212!
’ TTHH
IR H
The most probable
state Is also the
- o most disordered
4H,10T ﬁ




between the system and its
m Is isolated ) yet, there Is an
swer as to which is the most

ble result of the experiment

e most probable state of the system is also the most
Isordered, i1.e. ability to predict the microscopic outcome
IS the poorest.



IS also a measure of

6

For Avogadro number’s

of molecules...
Number of S= (NAvogadrokB) In W
MICroscopic _ 7
ways in which
It a particular R (gas constant)
. outcome Therefore: the most probable

Constant (macroscopic

outcome maximizes entropy
state) can be i
attained of i1solated systems

AS > 0 (spontaneous)

Criterion for Spontaneity: AS < 0 (non-spontaneous)



1 — sucrose

= # of ways to arrange 1 slot
among possible 55 slots = 55

AH =0:
no interaction among
sucrose molecules to

1M Sucrose  begin with

For 0.1 M sucrose:

~550 — water
550 slots
1 — sucrose

W = # of ways to arrange 1 slot
among possible 550 slots = 550



In[ 1 ]_er{ 1 J
C fna Cinitia

ASiiugon = R |n[%}
final

previous sucrose example...

AS, ,,;=RIn10~4.57 <

mol °K



ystem undergoing a change from an initial state
final state B, the change in entropy is calculated
Ing the heat exchanged by the system between these
two states when the process is carried out reversibly.



final dq

AS = r —=  (Carried through a reversible path)
initial
final

AS= | ?"dT (If process occurs at contant pressure)
initial

final
AS= | %dT (If process occurs at constant volume)
initial

Spontaneity Criteria
In these equations, the equal sign applies for reversible
processes. The inequalities apply for irreversible, spontaneous, processes :

AS(system) + AS(surroundings) > 0
AS(isolated system) >0



whether system Is

pic changes
=AH-TAS (Gibbs free energy)

for spontaneity?

AG >0 — non-spontaneous process
AG < 0 — spontaneous process
AG = 0 — process at equilibrium



rations of products and reactants...
concentrations

ed in search of equilibrium

IS associated with this search and finding?:

0 [C][D]
AG=AG" +RTIn [A][B] I.e. AG when A, B,

o _ C, D are mixed in
AG"Is the Standard Free Energy of reaction their standard state:
Biochemistry: 1M,

_AG° +RTInXE g o

1x1

AG

Rxn

AG, =AG°

Rxn



AG° =-RTInK,,

Rearranging







AS°

1) Measure of disorder

S =R In (# of microscopic ways of
macroscopic states can be attained)

-dependenc 2) T-independent contribution

to Keq

flects: #, type, and 3) Reflects order-disorder in

quality of bonds bonding, conformational
flexibility, solvation
4) 1f AHO < 0: T = Koo d 4) AST = Ko T

If AHO >0 1T = KeqT Rxn Is favored



]initial =1M
[Blinitiar = 10°M

Keq = 1000
eq
98-—_)298 K ) In (1000)
AG® =-4.076 'fnc(?l' —— Spontaneous rxn
Gryp---
AGRXH p— AGO -+ RT In [g]
[A] 10_5

AG o, =- (4.076 £2L)1 (1.98 x10° L2 _)298 K ) In

AG. =-10.9 Keal —— Even more spontaneous

Rxn mol



eq

[A]eq
[B],, =1000(L-[B],, )
1001[B],, =1000

=1000

[Bl.. _1000_ 5 999m ~1M
1001

[A],, =0.001M




CH; - COO" + H,0*
= Requires ion solvation
= Organizes H,O around ions

tration, this is entropically unfavorable:

_[CH, ~COO[H,0'] ;s
F [CH, —COOH]
f[CH; — COOH],,., ~ 10> — 50% ionized

Percent Ionization Is concentration dependent. We can favor
the forward rxn (ionization) by diluting the mixture

If [CH; — COOH],i,; ~ 10® — 90% ionized



O + H,0*

CH, - COO™][H. o+]

[CH4 —COOH]T

[CH3 COOH] 1 - [(:H3 COO]

[CH —COOH]T

~ [CH;-COO0']
" [CH 3 ~COOH] 1

2[CH , ~COOH] .

and o =



CH3 -COOH total



AS° =0

AH® =14 kel

mol

-10
K =10

rable —____



olded —— unfolded
(native) (denatured)

Wunfolded

AS? =R In

backbone conf.
folded

How many ways to form the unfolded state?...



ility

ch degree of freedom. Then...

f 4 conformational isomery _
residue

S...

4100 ~ 1060 conformations

results do not take into account excluded volume effects.
en these effects are considered the number of accessible
configurations for the chain Is quite a bit smaller...

W ro1qeq ~ 10 conformations



Ity

AS® =-22 Kl gt 25°C

mol

degrees of freedom may be quite important,

R & H

—— |
C We will see this

N
— C ~" "N Jater in more detail

I
H @)




In the cell

properties of all other

Its 1onization properties:
H,O <—— H;0*+ OH-

_ [H,0"][OH']
" [H,0]

n the cell, [H,0] ~ 55M, and ionization Is very weak, then

,O] ~ constant, so se can define...
“the 1onic

K, =[H,0"][OH] product of
water”



]
0™  For pure water...
“1=[OH]=10"M

.0']1=10'M [OH]=10"M

of the medium greatly affects many biochemical

ause most biological components can function either
acids.

sure of acidity Is given by the pH scale, defined as...

1
H = IO = - IO H O+
p J 10 (H.0] g[H,0"]
So, In fact for pH =log ,, i? —7
pure water: 10



[HA]
" T [AH]

rearrange...

pH=pK, +log :

[A]

AH]

where, pK, = - logK,

Henderson-
Hasselbalch
equation



l.e. pK, Is the pH at
which the acid is
50% ionized




9%

A-

1-f .

- f  ~0.9%, etc.

-
pK,, the stronger the acid

stronger

ackj‘\\

1.0

T

weaker
acid







(fraction deprotonated)

mL of base added

»

gas electrode (pH meter), and a
known concentration:

<—— Please correct in your
notes

Macroscopic
experiment shows

2 Inflection points
(2 pKs)



CH—COO- &= /N_CH_COO‘

Zwitterion Anion

t the two Inflection points seen correspond to the
onation of the carboxylic group (at low pH) and then
0 the deprotonation of the amine group (at high pH).

So, How can we estimate the fraction of these different species in solution?

If we assume that the ionization of a given group is independent
of the state of ionization of the others, then...






