Protein Folding and Stability
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Involves the interaction of
nce: long-range, non-sequential
Interactions in secondary structures

hrough many weak interactions (see

stability: Hydrophobic Interactions
stabilizing force: Configurational Entropy of Unfolded State

ructures are marginally stable

* Protein stability depends on the balance between the favorable
entropy change of folding due to hydrophobic interactions, and the
unfavorable entropy change of folding due to the loss of
configurational freedom.
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S process resembles the order/disorder transition observed in

much simpler systems
An example...
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water Is favored, Is directed by the balance
entropic factors

e same type of description for the equilibrium system:

folded —— unfolded

We want to understand what makes a protein fold and unfold



e polypeptide chain goes from a single (or
configuration to become a “random coil” with
ssible configurations — to a state of high entropy

Let us consider the polypeptide
back bone...



degrees of freedom per aa residue in the
me that each degree of freedom can adopt 2
lons. Then, the number of accessible configurations
sidue Is:

I2x2x2=2°

(each with equal probability)
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for the process:

unfolded

IS highly destabilizing for proteins

counts for the fact that proteins are usually stable at
rature?

e factors must be able to offset the entropic disorder gained upon
unfolding

*Also, why do proteins unfold at certain temperatures?



ity

nford began to investigate what
unfolds and exposes many aliphatic,
e solvent. They carried out a series of
ents to transfer hydrophobic substances from
ater. Here are the data:

AG 0transfer AH® ASO
+2600 cal -2800 cal -18 cal/mol
H, in ether » +3300 cal -2400 cal -19 cal/mol
CH, in water
C,H, in benzene — +2920 cal -1610 cal -15 cal/mol
C,H, in water
C,H; in benzene — +3800 cal -2200 cal -20 cal/mol

C,H; In water



ree energies being greater
not like water!

er, the enthalpy of transfer is favorable. This

so they found that the entropic change of the transfer, Is what
makes the whole reaction unfavorable. Namely, the solvation of
these compounds in water led to a reduction in the entropy of the
transfer reaction.



ups must be able to form
onds with water (hence AH < 0),
process required CAVITATION in the
which must arrange and organize around the
IC substances, leading to a negative AS (of solvent,

not of the dissolved molecule itself)



sed that a major driving factor
ent disordering that ensues when the
ring in its interior (away from water) all the

e-chains



It nicely explains why
sy” core and expose their
cing them on the surface.

n aa side-chains:

R AGt.ra.n.s*.‘er
-CH, +730 cal/mol
-CH(CH,), +1690 cal/mol
-CH,CH(CH,), +2400 cal/mol
lle -CH(CH,;)CH,CH, +2970 cal/mol

Ser -CH,OH +40 cal/mol
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ol mol
.6 Keal — 4 52 Keal
x 2.9 %‘ =+29 %‘
+129 ket
rocess...
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onsible for the stability
anizing the solvent around
In denatures.

olvent, is the silent but all important factor

s are marginally stable: their favorable free energy of
Ing the small difference between two large factors of
e sign.

Let us examine thermal denaturation...



Ity

surprising that relatively
, temperature, etc., lead to
e only marginally stable). Let’s

Protein melting is a
highly cooperative process.
Steepness of the curve at
T, Is a measure of the
cooperativity: it implies a
2-State process.
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ity

re characterized by a
from native to denatured
ratio of their van’t Hoff to
etric enthalpies of denaturation:

AR\,
AH

=1.05+£0.03

calorimetric

IS IS not the case for multi-domain proteins. Papain,
var., give values of 1. 8 for this ratio.

Experimentally, it is found that protein denaturation is
accompanied by a large change In heat capacity at
constant pressure: AC,



ability

Ity Is thought to be dominated
surfaces exposed to the solvent,
er to order itself around these groups.

eat capacity change also indicates a T-dependent
y and entropy of unfolding, so that the the free energy
nfolding can be written as:

AG
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-

unfold

This equation predicts that the stability of proteins attains
an optimal value at certain temperature.
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Protein Folding and Stability

We have seen that the general architectural pattern of proteins is:

Hydrophobic residues — core
Polar or hydrophilic residues — exposed to the solvent

This pattern has several important consequences

a) For any given size, the protein requires a minimum fraction of
apolar residues to attain stable folding (see fig. 2)
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rotein is first stabilized

ar residues, there should be an
at confer the highest stability to the
low)

rotein increases, structure tends to segregate
ular domains. Larger proteins — larger subunits
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snipel uIslodd

t bonds are broken or formed in this heating process

. Activity depends on a structure maintained by weaker forces: 3D
native structure

Working hypothesis: Somehow sequence codifies for the 3D structure



ence specify the 3D

ame partial sequences fold in the same
e they are placed in the sequence?

nit” of folding information? Is there a particular
quences responsible for folding?

. What Is the contribution of a single aa residue to folding?

et us examine some facts...!



sequences (3-4 aa) have
Ins

sequence “in the context of the rest
Important

ntical structures are observed for proteins with
sequences

act argues that functionality matters, and not the sequence.
e code Is said to be degenerate:

Seq?!
Seq?°—— Same structure

Seq3/



ein are important in

many aa replacements, but have the

In a-helices In a protein can be completely replaced by
of Ala and still maintain the o-helical structure (Brian
athews, U. of Oregon)



4 S-S bonds

Folds into a
unique
structure

We can do two experiments
on this native protein...



atured Protein

all Dialize out
Reoxidize | g_ME + Urea (8M)

A 4

Recover 90% of
Initial activity



natured Protein

Allow S-Stoform | paxidize in 8M
in the presence of
denaturing agent

Urea

Recover 1% of
Initial activity

Why does this occur?



from purely random S-S

-S bonds can be formed from 8 SH

n form 7 possible S-S (leaves 6 SH)

d SH can form 5 possible S-S (leaves 4 SH)
Ird SH can form 3 possible S-S (leaves 2 SH)
Fourth SH can form 1 possible S-S (leaves no SH)

The total # of sets of 4 S-S bonds IS: 7x5x3x1=105

Only one of these Is the correct one, and the probability of it by
random chance Is: 1
—— ~ 1%  More importantly...



lon needed for folding

e of Interactions of parts distant

native state

y determined (i.e. the correct combination of S-S

(i) Thermodynamically determined (i.e. the correct combination
of S-S has the lowest energy)



Ity

be a random exploration:
e to explore ~100%% conformations

0%3/sec would require ~1087 sec (the universe
old! — this is called Levinthal’s Paradox)

e idea that proteins follow a single narrow “pathway” Is
onsistent with the fact that each molecule in the ensemble
would have a different initial configuration (¢;, v;)

oIt Is possible that the multiplicity of possible folding pathways
form a sort of “funnel”...



<— Native State

Trade of stabilizing “free energy” of interactions for configurational
entropy.



ility

f folding and as native
es more stable.

he so-called Principle of Minimal
tement of Go’s Consistency Principle.

to be frustrated iIf no configuration of the system
all the interactions. Most protein sequences do not
taneously into a well-defined “native” states.

hese principles essentially try to explain the ability of proteins to
organize across various length scales (Go) and to explain the
apparent existence of a minimal energy state easily reachable.

These principles apply to naturally occurring protein sequences
which would have evolved the ability to minimize frustration.



ity

e subject of much controversy.

ggested that secondary structures form
compaction next.

de on simplified lattice models (Ken Dill, UCSSF)
ggested that the first thing that happens Is a hydrophobic
apse that greatly reduces the total number of accessible
configurations; thereupon secondary and later tertiary structures
organize.

Other proposals involve a hierarchical organization for proteins
with pre-formation of secondary structures in the unfolded state.



sive of each other

can occur despite the fact that some
already organized in the unfolded state.

Indeed this Is the most likely and currently the more
ccepted scenario.






ative state Is approached,

us examine some folding pathway facts...



