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Stretching 
of bridge 
pylons

No rupture

STRETCHING OF SINGLE MOLECULES

An adequate force is needed to generate 
rupture to learn about the structure

Characteristic scale 
of the force: Fmax

for titin ~ 200 pN



HB

1010 nm/s

ALL- ATOM SIMULATIONS: titin

1 domain

(Paci Karplus 2000)

T=300 K

Lu Schulten 2000

processes involving large conformational changes
Difficult:

Pabon, Amzel 2006 ð
quasistatic ~500 pN

comparatory studies of many proteins

typically 10 - 100 
ns time scales



STRUCTURE- BASED MODELS OF PROTEINS:

ADD ATTRACTION
BETWEEN SOME BEADS  to 
shape the homopolymers into 
the backbones of proteins

TAKE HOMOPOLYMERS ð
chains of tethered beads: 

CŬ

First MD implementation in a òminimalist modeló: 
J. Honeycutt & D. Thirumalai 1992

Idea: N. Go & 
H. Abe 1981



Tsai Taylor Chothia Gerstein 1999

Overlap of the van der Waals 
spheres of the heavy atoms

Defined by the conformation of the native state

NATIVE CONTACTS

Trp -cage 1l2y



VCHIR= İəŮɆ(Ci - Ci
NAT)2

Ci =(wi- 1x w i)ā wi+1 /d o
3

wi=r i+1- r i

Chirality term:

+ V S

=d0

ůij calculated based on the 
CŲi- CŲj native distance

Ŵ: 1.6 kcal/mol ~ 800 K

Room T:  0.35 Ŵ

Non- native: repulsive 
with ŵ=4¡

GEOMETRY- BASED MODEL

Disulfide bonds like peptide bonds

VS: angular terms locally favoring the native 
shape of the backbone: local stiffness



m=118mp

Large friction 
Finite bead size

modify the effective time scale Ű

Ű~ 1 nsVeitshans, Klimov, 
Thirumalai 1997: Ű~3ns

Use ɔ=2m/Ű
Stretching ~independent of ɔ

Folding time linear in ɔ

when comparing with experiments

MOLECULAR DYNAMICS

Langevin noise as a 
thermostat and as an 
emulator of water

diffusional time to 
move by ~ 5 ¡

Brownian Dynamics 
if the inertia term 
is neglected



ksks

~ 10 6 nm/s

1tit

ks=0.12 Ŵ/¡2 ~0.08 N/msoft: ks=30 Ŵ/¡2stiff:

Fmax

vp=0.005 ¡/Ű

temperaturesAõ- G

A- B

logarithmic shifts with v p

experiment < 10 4 nm/s

Fmax depends on T

one domain



OTHER GO- LIKE MODELS

model = { V NAT , S, M, E, C Ų/CǾ}

504 variants enumerated, 62 studied

native contact potential

local backbone stiffness

contact map

energy scale

if side groups represented  by C Ǿ

Chirality or Angular (bond & dihedral)

6- 12, 10 -12, Morse é

cutoff, vdW, CSU

uniform or not, hydrogen 
bonds different é

WHICH MODEL IS OPTIMAL?

10-12, Morseé



USE: Experimental results on stretching at constant speed

All - atom simulations 
on ~ 22 proteins

N ðsequential length

F
m

a
x

[p
N

] Unlike folding ðstretching 
starts around the native 
conformation: good for 
testing Go - like models



t ðtheoretical   e - experimental

D=28 proteins

predicted            actual

Clementi Nymeyer 
Onuchic 2000

Karanicolas 
Brooks 2002

bad folders

CŲ-Ǿ

Theil

Karanicolas Brooks: Ŵin hydrogen bonds, Miyazawa -
Jernigan - like modulation in other contacts

best when 
adjusting for the 
variability in the 
speeds of pulling 
ðnot used

economical

{ V NAT , S, M, E, C Ų/CǾ}

Like the Autumn leaves, theyõre all 
pretty, but this one is my favorite


