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Barriers: BUILD; EQUILIBRATE; PROPAGATE; ANALYZE

What software package(s) and force-fields do I use? 
!
Starting structure? 
!
How do I clean up the structure? 
!
How do I set up a trajectory (time or space)? 
!
How do I calculate scattering observables correctly?
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1 ns: 8 CPU 13 days



1 ns: 8 CPU 13 days



Options (today)
We don’t have ANTON . . .  (and even if we did, maybe you don’t) . . . and even 
then 25 us may not be long enough, etc. etc. 
!
For many, yet not all, IDP/ID problems a fully-atomistic simulation is 
impractical for an average user. 
!
For many, IDP/ID problems, even with massive computational resources, to 
obtain an answer for a particular starting model is going to take time.

A number of hybrid MD/MC & MC 
routines exist to sample configuration 

space yet they are cumbersome to 
use and not ready for prime time.

Rigid body modeling packages exist 
(docking, etc.), but they don’t handle 

flexible bits or scattering 
calcuations.

In 2004 there were fewer options 



MMC

There is an equivalence where by calculated observables, let’s say for 
example the density of a system rho = rho (r) 

This means that the “time-average” of a quantity calculated by MD is 
equivalent to the “ensemble-average” of the same quantity as calculated by 
Monte Carlo means.    For ergodic systems.

Monte Carlo samples configurations by generating moves (translational, 
rotational, etc.), within the molecular potential of your system.  These 
structures taken together make up an ensemble of configurations covering 
“phase space”

See: Frenkel & Smit for a nice description from QM to CM. 
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MC
Two ways to sample. 
!
(1) Quadrature 

You measure the depth of 
the “Nile” on a equidistant 
grid. --> get depth 

!
(2) “Metropolis” 

a) trial move --> 
rejected if you are not in 
the water 
(b) trial move is 
accepted if you are in 
the water. 
!

For molecular systems the important 
part of space (r, theta, phi, etc.) is 
related to the molecular potential.

See: Frenkel & Smit for a nice description of MC (& MD). 

After every move you 
measure the depth.  The 
average of all measurements 
is the depth of the Nile



MC
For molecules, we generate points in configuration space with a 
relative probability proportional to the Boltzmann factor.  So for a move 
from “old == o” to “new == n”, the probability that a move is accepted: 
acc(o->n) 

for i in xrange(number_of_steps): 
!

x(o) = pick_a_random_atom(random(0,natoms)) 
Eold = energy ( x(o) ) 
Xnew = x(o) + random(0,1)*delta_x 
Enew = energy( Xnew ) 
If Enew < Eold: 

x(o) = Xnew 
elif ( random(0,1) < exp(-beta*(Enew-Eold) ): 

x(o) = Xnew



MC
Size of moves in a Markovian chain: 
!
“A MC sampling scheme is optimal if it yields the lowest statistical 
error of < A > for a given length of CPU time” 
!
In practice, you merely want to cover configuration space.   
!
For an observable A, the mean square error in A should be inversely 
proportional to the number of uncorrelated configurations is given 
amount of CPU time. 
!
 The point is that there is no golden rule.   

!
Ad-hoc definitions mean, to me, that I should use 

common sense.   
!

Each problem type needs to be optimized.



MMC (with rotation)
So, to have a fully-atomistic MMC (vary all bonds and angles) our 
averages and hence our energy calculations become numerically much 
more complicated.  For large flexible systems, fully-atomistic MMC is 
slower than (or as slow as) MD! 
!
 



MMC with frozen dof
An alternative strategy is to only sample the configurational landscape 
accessible by rotating the dihedral bonds of macromolecules. 
!
Use the CHARMM force-field to sample only the dihedral potential 
using the Metropolis criterion, then if you have interesting result, you 
minimize the entire ensemble of structures. 
!
Sampling on a grid (40 degree spacing for HIV-1 Gag) --> 10^67 
configurations are required. 
!
Sampling from Ramachandran plot is fundamentally limiting. 
!
 

Advantages: 
!
Generate configurations quickly to test hypotheses. 
!
Structures are minimized and ready for further analyses IF YOU WISH.  
!
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1 ns: 8 CPU 13 days



15 min. then 45 min. : 1 CPU



backbone torsion sampling



representative envelope/st.

123-144 (21)


278-283 (5)


354-378 (24)


378-389 (11)


408-412 (4)



sassie-web  


https://sassie-web.chem.utk.edu/sassie2




sassie-web  -- Build

Software to clean-up structure files !

!
and!

 !
 generate force field topology files




sassie-web  -- Simulate 


Monomer Monte Carlo: single chain protein or ss-
NA (think IDP / ID-NA)



Complex Monte Carlo: multiple single chain protein 
or ss-NA (think IDP / ID-NA complexes)



Energy Minimization: anything FF supports (NAMD)



Torsion Angle MD: protein/NA/Carbs. FF supports 
(CHARMM)



Docking: anything FF supports

Two-Body Grid: anything FF supports












Rigid body




Single chain IDP / ID-NA 
 simple N -> C  or 5’ – 3’ 
	 backbone torsion sampling 
!
“What if” questions and 

ensembles for further analysis 
!
Configurations are correlated 
Not usable with internal loops 
Not usable for ds NA moves 

Monomer Monte Carlo

Generate 
Ensemble


Energy Minimize

& 


Calculate I(q)


Compare to Exp.:

Chi-square Filter


Density Plot




Monomer Monte Carlo II



Monomer Monte Carlo III
Rg filter(s) 
!
(eg. 55 < Rg < 60) 

Directed Monte Carlo 
(bias to an Rg value) 



Monomer Monte Carlo IV
Z filter 



Monomer Monte Carlo IV
Z filter 
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Monomer Monte Carlo IV
Z filter 
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Monomer Monte Carlo IV
Z filter 
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GAG 240-260 : GAG 400-420 CA : 40.0 : COM : COM 

Monomer Monte Carlo V



GAG 240-260 : GAG 400-420 CA : 40.0 : COM : COM 

Monomer Monte Carlo V



Mutiple, single chain IDP / ID-NA 
 simple N -> C  or 5’ – 3’ 
	 backbone torsion sampling 
!
“What if” questions and 

ensembles for further analysis 
Not all chains need to be flexible 

(ds DNA etc. can be present) 
Configurations are correlated 
Not usable with internal loops 
Not usable for ds NA moves 
!

Complex Monte Carlo

Generate 
Ensemble


Energy Minimize

& 


Calculate I(q)


Compare to Exp.:

Chi-square Filter


Density Plot




sassie-web  -- Complex MC II

Rg filter(s)

Monte Carlo

Z-filter

Constraints  etc.



Example: RNA – protein complex




! many experimental constraints 
(SHAPE)


! 12 flexible regions in 6 protein 
segments (tails)


! several RNA torsions sampled 
(systematically)





! best fitting structures indicated a 
restricted range of motion: 


opening and closing





Y. Peng, et al. Proc. Nat. Acad. Sci. 111 (48), 17134-17139 (2014).




Much more robust than Cartesian 
MD (no high-frequency bond/
angle vibrations) 

Larger MD time steps 
Sample the most relevant degrees 

of freedom (dihedrals) 
Convenient classification of rigid 

and flexible regions 
Can handle internal loops 
!
Requires extensive energy 

minimization to start 
!

Torsion Angle MD

Run MC then TAMD: multi-scale sampling  use SAS as 
a guide 

J. Chen, W. Im, C. Brookes, JCC 26, 1565 (2005), Zhang et al. (in preparation) 



sassie-web  -- Torsion Angle MD 






sassie-web  -- Calculate

Input a TRAJECTORY and get an ensemble of scattering profiles




sassie-web  -- Analyze


Clark et al. J. Phys. Chem. B 2013, 117, 14029−14038, 2013 

 


Both X^2  ~ 1 

 


Free Energy differs 

by > 400 kCal/mol


 




sassie-web  -- Tools


Small-Angle Scattering Contrast Calculator for Protein and Nucleic Acid 
Complexes in Solution, J. Appl. Cryst. 46, 1889-1893 (2013).!








HPC is relative 



Enable advanced 
MD & APBS




Langan & Smith


Basic server: mobile-entropy


Prototype server: Entropy ! sassie-web




HPC is relative 



Enable advanced 
MD & APBS




Langan & Smith


Basic server: mobile-entropy


Prototype server: Entropy ! sassie-web




sassie-web  -- work in progress 


https://sassie-web.chem.utk.edu/sassie2


Ease of use, then HPC and advanced simulation tools



