PROTEIN PHYSICS

LECTURES 5-6

Elementary interactions:
hydrophobic
&

electrostatic;
SS and coordinate bonds



Hydrophobic effect

Concentration of C.H,, @
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ENTROPY:
Sg = kg In[M_];  M_=number_of_states(E)

Why k.? What is k,?
Because entropy S_ comes to the free energy

F.=E-TS_. (measured in energy units) as TS_,
and T is measured in degrees, while
In[number of states] is dimensionless;
Thus, kg is energy_unit/degree
FREE ENERGY:
Probability(E) ~ M_+exp(-E/k,T) = exp(-F/k,T)

Boltzmann

F=E-TS at V=const;
G=H-TS=(E+PV)-TS at P=const (better for experiment)




G “Free energy of interactions”
("“mean force potential”)

Chemical potential:
= GM = G- Tek_In(VM) = G+ Tek_In[C]
EQUILIBRIUM for transition

of molecule 1 fromAtoB: G,(V=G_!"

chemical potentials in A and B are equal

AGintA—>B — GintB o GintA

AG™, 5= KgTIn([C; ,VIC, ])



Experiment: AG™, =k, T-In([C,. ,VIC,.
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Adqueous solution

[C] of C6H12

N HZO:

50 times less
than in gas;
100000 times
less than in

liquid C|
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d(AH)/dT:
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Octanol — Water

20-25 cal/mol per A? of molecular

accessible non-polar surface



Hydrophobic
effect
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Electrostatics in uniform media:
potential ¢, = q./er

Interaction of two charges:
U=0,0,=0,9, = q,q,/¢r

€ =1 vacuum

€ = 3 protein

€ = 80 water
Protein/water interface

In non-uniform media: € = ?

At atomic distances: € = ?



Charles-Augustin de Coulomb

(1736-1806)



water, €,;=80

Water => vacuum:
AU = +100

/mol . 5
R=(1.5-2 A) +0.1A

o R=(1-1.5 A) +0.7A
o R=(0.5-1 A) +0.7A

CHARGE
inside
PROTEIN

—

protein, &,#3

Water => PROTEIN
(€=3)

R=15-2A

AU = +30 - 40 kcal/mol

CHARGE inside
PROTEIN:
VERY BAD



KNOWN:

molecules (dipoles) decrease potential:

U~1ler

WHICH dipoles
decrease

potential here?




KNOWN:

molecules (dipoles) decrease potential:
U~1ler




KNOWN:

molecules (dipoles) decrease potential:
U~1/er

decreases @

decreases <> (- <> decreases

intermediate dipole

[J¢ INCREASES potential

decreases &~
6

decreases @
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WHICH dipoles
decrease

potential here?
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Large distance: Atomic distance:

€ .= €= 80 € =7

x () @

CESNCNSESRN intermediate
& § 8 0 Q

@ g of intermediate
44 dipoles can
only increase
interaction...
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At atomic distances In water:

1) €=80 is not a bad approximation (much betterthan € =1 or 3 I!)
(salt does not dissolve, if e<50 at 3Al)

2) [H]1/2=1 0-1 75 [H]1/2=1 0-4.25=1 0-1 75 % e-AGe|/RT

AG, = 2.5 x In(10) x RT = 6RT = 3.5 kcal/mol at =2.5A
£ = 30-40 at = 2.5A!

VERY

/" APPROXIMATE!

4A distance



Protein engineering experiments:
¢(r) = ApH %X 2.3RT == € (1)

with

A ctivity | without ;
3 mutation

mutation /

without mutation with mutation




Sir Alan Roy Fersht, 1943

Protein engineering



Dipole interactions Quadruple interactions

(e.g., H-bonds):

2/

(HO)-1I3_H+1I3::::::(OH)-1/3_H+1/3
Also: charge-dipole, dipole-quadruple, etc.

Potentials:

~ 1/er? ~ 1/er3

(I)dipole ¢quadruple



Electrostatic interactions also occur between
charge (q) and non-charged body, if its €, differs
from the media’s €,

U~qe[tle, - 1lg,] * [€, l(g +€,/2)]  V + (1Y) attarge r

In water: repulsion of charges from non-polar
molecules (since here € >>¢,);
in vacuum (where &,<€,): just the opposite!




Debye-Huckel screening
of electrostatic by ions:

U = [q,q,/er]exp(-r/D) 3
in water: D = 3A-I""%;

Tonic strength =22 C (2",
Usually: I = 0.1 [mol/liter]; D = 8A.

Electrostatics is an example of a multi-body
(charge1, charge2, media, ions) interaction



Electrostatics is T-dependent;

U = (1/)(a,q,/)
is free energy (U = H-TS);

TS = T+(-dU/dT) = -T- [d(1/£)/dT:-(q1q2/r) =

= [dIn(g)/dInT]-U
in water: when T grows from 273° to 293°K (by 7%),

€ decreases from 88 to 80 (by 10%):
-TS =1.3U; H=-0.3U

In water the entropic term (-TS) is the main
for electrostatics!




S-S bonds (Cys-Cys)

PROTEIN + GS-SG <« PROTEIN + GSH <« PROTEIN + 2GSH

/ \ / \ N,
oH HS SH el & 5-5

exchange:

entropic force

S-S bond is not stable
within a cell



Coordinate bonds (with Zn™", Fe™",...)
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tetrahedron octahedron cube

exchange:

CHELATE= entropic
"KNEWHEOBPABHBI!




