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Topics

* Energy landscape
> Curvature

» Model

* Results

> Effective potential
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Which is the difference?



Energy landscape

How to study the energy landscape?

AN
Gums G

[L. Bongini et al., Phys. Rev. E 68, 061111 (2003);
72, 051929 (2005)]



saddles

They have different curvature

minima
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interesting to calculate the curvature

of the energy landscape

Could be

'

We need a metric



Metric and curvature

local coordinates »  to locate things
to measure lengths - metric g
: 2 i g
* metric > ds=g,(q)dq dq
* curvature tensor > Rijkl:a ) F;Z—aj r,+ I, r,.—r;, F;r
® Ricci tensor > Rl.]:Rl.kkj

* scalar measure of

> K, (v)=R V'V
curvature R< ) i



Which metric?

e given by the immersion of V inIR" ™

* other options...
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Coarse grained models

Minimal models = coarse grained description

Thirumalai model -y ONly three kinds of beads

(Klimov & Thirumalai, 1996)




Potential energy

Potential energy
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Dihedral potential

— L.2(1+cos¢)+1 ,2(1+cos3¢i)
— 0.2(1+c0s30,)

Non-bonded potential
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Dihedral potential

V ou= 3 [4,(1+c05(9,))+ B,(1+3c05 ()]

(non planar structures)

Non bonded potential

N-3 N
Ving= Z Z sz(’”)
i=1 j=i+3

(hydrophobic interaction)



low density
configuration
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Good folder

* folding transition
* only one compact structure
* protein like behaviour

bad folder

* © transition
®* many compact structures



¢, (k)

i

Thermodynamics

protein-like

~ pptd

It

+--s ¢y, good folder|

IHII 0 .

Tl .|.|.|.|.|.|. mTIT
01 02 03 04 05 06 L1 L5

09
T(e /k)

¢, (k)

=
Lh
I

homopolymer

+ ¢,, homopolymer (22)

i E

L
f IIH

. i
II IIH

T 111
RE] Ir |

0.6 0,7 08
T (e hlkB)




Geometrical quantities

1
Curvature fluctuations O, = %«K V= (K )|
. . O-K
Normalized curvature fluctuations 0,= K,
R
protein-like homopolymer

‘gl | F f

05+ =
= :

=
: -
- -
- 075~ s -
04 " — -
+--+ 6 _good folder T +--« 0 _homopolymer (22)
) I sl 1
- -
s 05 - —
03— & - =
e
1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | | | | ‘ | C 1 | 1 ‘ 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | | | 1 | I_
0 01 02 03 04 05 06 07 08 09 1 LI 12 13 14 L5 0l 02 03 04 05 06 07 08 09 L LI 12 13 L4 LS

T (e /k,) T (e, /k,)



=*IEII

o
g AN H%hﬁﬁg

: I .
L 3: x I : I 4
o 051~ _iff IIIIIIII 7
sl EF .
-
... +--+ 0 good folder
03 - +--+G_"half’” folder =

> L e b b b b b b b 1

D ——

0,“ 1 1 1 1
0 o1 02 03 04 05 06 07 08 09 |1
T (e, /k,)

1 | |
LI L2 13 14 L5

"half" folder

0, 1dentifies "good folders" without knowing the

native configuration



KR distribution

T=T, (good folder) T=T (homopolymer)
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K, (e,/a)

T=T, good folder T=T homopolymer
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Near T the system visits regions of the energy landscape with
smaller <K >



We "freeze" degrees of freedom
whose energy scales are
larger thank T
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Lower curvature region
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Simmetrical native states

*

Protein-like behaviour




Conclusions

» Curvature fluctuation as geometrical marker of the folding
» Relevant degree of freedom for the good folder

*Could be interesting to calculate 0, using other models



[L. Casetti, M. Pettini, E. G. D. Cohen,
Phys. Rep. 337, 237 (2000)]
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$y=$q +1, R =0 geodesics
(MXR* g,) manifold
m: MXR*— MXR projection

Arc-lengths positive definite ~ +  ds°=c’dt’

\

Trajectories of the system

\

geodesics equations — Newton equations






