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Origin of exponent y=1.5 ?

polymer melt in equilibrium
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Origin of exponent y=1.5 ?

F [ory theorem :

A test chain 1n a fully equilibrated homogeneous senti-dilute
or concentrated polymer melt, in spherical confinement, or
even 1n globule 1s expected to obey the Gaussian statistics
because of the screening of excluded volume interaction or
counterbalance between attraction and repulsion; thus thus

satisfying R(s) ~ s!/2 or P(s) ~ s3/2.

P.J. Flory, J. Chem. Phys. 17,303 (1949)
Grosberg and Khokhlov, Statistical Physics of Macromolecules (AIP Press, 1994).



Origin of exponenty ?

V(t) . a volume explored by a particle for time t

P,(t) :returning probability to the origin at time ¢

Py(t) ~ [V ()]

R(t) ~ t1/2 : root mean square distance at time t (random walk)

R(s) ~s'* i) ~ R(t)? ~ 32 R(s) ~ 51/
ideallbranched polymer l space filling
P(s) ~ s 3/4 P,(t) ~ t=3/7 P(s) ~ s 1
crumpled
globule
Trajectory of random walk < » Contour of an ideal polymer

equmbrlum

returning prob. contact prob. globule
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P4-P6 Domain

Mechanical Unfolding of the
T. thermophila Ribozyme
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Dependence of ¥ on size?
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Proteins ...

After 1nitial collapses, proteins undergo reptation-like process to
fold, which may take place with ease because secondary structure
elements of proteins (a-helix, [3-sheet) are only marginally stable
relative to the thermal energy.

If necessary, these motifs can be reassembled into
thermodynamically more stable structures.

Therefore, thermodynamic hypothesis (e.g., identifying minimal
(free) energy configuration) can be

used for 1dentifying the native state.




RNA ... Hierarchical folding

> > S e > kT
* Hairpins and loops are basic building block of RNA

* RNA are similar to a collection of un-concatenated ring polymers
(Knots are absent in RNA... Micheletti..Orland PNAS (2015)).

* Folding yield of T. ribozyme in vitro is very low (~< 10 %)... RNA
chaperone

Unfolded states

|-

Basins of Altraction
(CHA)

Native Basin of Aliraction
INBA)

y~1

Spontaneous in vitro refolding ... hard
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Controlled Unfolding and Refolding of a Single
Sodium-proton Antiporter using Atomic

Anti po rter Force Microscopy

(N ~ 3 80) Alexej Kedrov', Christine Ziegler?, Harald Janovjak’
Werner Kiihlbrandt? and Daniel J. Miller'*

J. Mol. Biol. (2004) 340, 1143—1152

Spontaneous in vitro refolding (X)

b 1UULIU Uldl SULLE HHIvleludl HIErdULIULLS SldDLLLALLE,
elements were directional, while others were not.
eractions appeared to occur between the secondary
\fter unfolding ten of the 12 helices, the extracted
Ve ved to refold back into the membrane. After five
seconds, the refolded polypeptide established all secondary structure
elements of the native protein. One helical pair showed a characteristic
spring like “snap in” into its folded conformation, while the refolding
process of other helices was not detected in particular. Additionally, indi-
vidual helices required characteristic periods of time to fold. Correlating
these results with the primary structure of NhaA allowed us to obtain
the first insights into how potential barriers establish and determine the
folding kinetics of the secondary structure elements.




CHAPSO
Bicelle

v=1.5

Spontaneous
in vitro refolding (O)

Tae-Young Yoon and coworkers
Nat. Chem. Biol. (2015)
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Concluding Remarks

Time required for equilibrium sampling of conformation increases
exponentially with the system size N as 1eq~ exp(N). Signature of metastability
in chain conformation (crumpled chain configuration, y~1) could be
ubiqguitous in a macromolecular structure with large N (especially RNA).

The present forms of crumpled chain organization with y~1 of large RNAs and
some classes of proteins are an ineluctable outcome of their folding
mechanisms.

Protein Folding - Thermodynamic Control, (Large) RNA Folding - Kinetic
Control.

Due to the hierarchical nature of folding mechanism of RNA, an inclusion of
long non-coding RNA (Inc-RNA) would reinforce our finding.

Liu & Hyeon, Biophys. J. (2016) vol. 110, 2320-2327
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