PROTEIN PHYSICS

LECTURES 1/-18

Protein Structures: Thermodynamic aspects

- Unfolded proteins in vivo and in vitro

- Cooperative transitions of protein structures

- Thermodynamic states of protein molecules

-Why protein denaot-nnormado omh a se a

-fNEnergy gag-ooaed malling



Natively disordered proteimsVivo- no 3D structure under physiological conditio
(Wright & Dyson, 1999; Uversky et al., 2000; Dunker et al., 2001; Tompa, 2002 ; Uversky, 2002--)

ADisordered states can be compact (molten globule) or extended (random coil);

A Protein can be completely disorde

Many proteins
(>600 are now known)
display
functions requiring
the disordered state.

Similar to denatured, but more extended (many PPIl)
Less hydrophobic, more charges

Not enzymes, not transport proteins

Involved in recognition, signaling, regulation; in
some diseases; in amyloidigenesis; in chaperone activity X-ray + SAXS + NMR + MD

Plasticity: multi-functional
Induced folding

Rapid evolution
Fosti-translational modifications
Shorter half-life in vivo
Especially many in eukaryotes




Acceleration of molecular Large interface at
recognition smaller size

OFtgsting mechani sma@
Shoemaker et al., 2000, PNAS, 97: 8868 | High specificity without

ultra-strong binding
Schulz, Schirmer, 1979

One protein i several
functions

Proteinds <co
Is determined by the
interaction partner, not

only by prot

acid sequence itself, as

it is typical for globular
proteins



Solid protein structures can denaturate (decay), and then re-nature
(fold) both in vivo (e.g., when protein is synthesized or transported
through a membrane), and in vitro

Protein denaturation in vitro: cooperative transition

protein
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rall-or-noneo
AHg [cal/gpot] - specific heat of transition
protein denaburation .

In small

Van't Hoff criterion for existence (single-domain)
of the "all-or-none" (1-st order) proteins
transition:

? (Privalov, 1969)
AEy = 4kTg fAT = qu/NUM%oI

melting unit 1 molecule




NATIVE H[ DENATU RED]

(SOLID) ("MOLTEN")
E=0 E=AE
5=0 S=AS pS/k >> 1
ProLtEN
b ~ exp[-(AE-TAS)/KT] AT
MOLTER 1+ exp[-(AE-TASYKT] b
PSOLID — 1'PMOLTEN O F R
T, T
dPyorten/dT = Puovten (1-Pumovten)-(AE/ sz) T,=DE/DS

Mid-
ransition: 1/AT=0.5-0.5 -(AE/kTé) Van't Hott




Jacobus Henricus

van 't Hoff, Jr.
(18521 1911)

The first Nobel prize
in Chemistry, 1901



http://dic.academic.ru/dic.nsf/enc3p/232358
http://dic.academic.ru/dic.nsf/enc3p/232358

heat denaturation
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decay of native

protein structure:

Ensures reliability
and robustness
of protein functioning

de



