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Abstract: <span>Although a few of very promising methods now exist for extracting free energy profiles of a many-body system from
non-equilibrium work performed on it the implementation of these methods have proven to be non-trivial. These methods (most notable of all the
Jarzynski equality the FR method and the Brownian dynamic FDT) typically require a proper sampling of the work performed on the system along
many trajectories in the available phase space that connect the desired initial and final macrostates. One requires a transparent way of sampling the
work performed on the system along each trgjectory and then to assign residual work values to each 'bin" along the range under study. This becomes
a seemingly arbitrary process when done along steered molecular dynamics trgjectories. As aresult of Brownian motions the system will repeatedly
pass back and forth the boundaries of each bin along the reaction path and proper sampling of non-equilibrium work becomes challenging.A method
for measuring non-equilibrium work in such cases will be presented with discussions on error analysis and how to address the issue of correlations
among adjacent samplings of work for each bin. Applications of this method to a test system and also to a couple of peptide-membrane systems will

be presented and discussed as well as the relative reliability of the results based on theoretical arguments and the agreement among different
methods.</span>
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Fotential of mean force
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@ Conedera tharmodyramical system undemgoing & transton from

an inital macostate 4 ©a ikl macnsete 8, charcenzed by
values X and Xo 0f a rsaction coodinate x.

@ ¥ iz avahtable intha systam, lke the wolume of agas, orthe
pioition of tha centar of mass ofa mokac uk against & cell

me mbrana

@ The pokential of mean e (PMF), £(x) i delinad as the free
anamgy of tha system asa function of &, thatmodynamicalhy)

avatagead owar all othar coordinates and momeanta in the systam:

P AW = fdr dp &ix — ) o0-HiLR




General non-equilubrium waork, theorems

Fitstcamea Jarzynski (1997); a-loFas — [ o-0Mas)

Ard then C moks' theotem {1 208): - aele o — a-flites

From which, the FR mathod emargad (2008); At e = i”’msﬁgiwmsﬁ

ol o EE W
And ok recanthy f2o0e), Chan a—08%e — L_%#_WM:
The=a ralaftions ake genarally corract, 2= ong & the condtions
az=urned in thair damation (.. Brovenian dynamics of the systam
under consdeatation) ake meat.
Howwaviar, thair comsemgence oradinte numbear of samplings i not
akvays satERCohy.
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Implememniing a steered molecular dynamics (=hi0)

slmulation

@ Time iz discretizad ino Ame-steps, typically of kngth 2 & sach

@ Syskarn avohies one time -sep atatima (Sohving equations of
motions numea ncalhy)

@ A harmonc pokential (e asping) isofhan amployad O app by
fome in the desirad dirction (restiaint)

@ The spring will e both a3 he #eanng ool and &5 the force
a3 surament dayica

Drrawtsack: Any sping of finma stifness will inavitst by do an imparfact
staaing against rAndom graininess of the molkecular systanm with
B nian mobhons.
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The trouble with using crude Bin-crossings
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o (W spae) = SHHB 0 and itis the same in brward and
a2 dikactions

@ Fraquant roviernents of the shaarad objact against tha tamatad
ditaction introduce extta dissipative work into the estmated [ )
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Enhanced sampling method (bin-oassing)




HHC-36 agalnst a POPE/POPG membrane patch

The bin-paz=ing method innp oves the comamganca, bt wa can still do
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The peak-finding meth od
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@ Restraint mathod oroondwcting non-aguilbnium Skl
simukations can give raliabke PMEz with good convamance m\ies,

whean using the FR method

@ A cakaful raammeant of the forvard and ravatza wolk walues, at
tima-stap leval, i rquined 10 hava propar conmameanca

@ Lzing We s pear instead of | We gy ) can furthar tha results
piovidad that enoug h statiztics 12 ok ke
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Thanks!

Calesions ?
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