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Learn how to convert parameterized biomolecular systems into stable, production ready molecular
dynamics simulations. This module focuses on minimization strategies, staged equilibration (NVT
and NPT), thermostat and barostat choices, and robust production run setup so that you obtain
physically sensible trajectories suitable for downstream analysis and free energy workflows.
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Session 1 — MD Basics, Inputs & Pre Run Checks Session 2 — Energy Minimization & Restraint

Schemes Session 3 — NVT/NPT Equilibration & Production Design Session 4 — Mini Capstone:

Reproducible MD Setup
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MD Basics, Inputs & Pre Run Checks

Molecular dynamics concepts and integration basics

e q u a t i o n s  o f  m o t i o n  i d e a  t i m e  s t e p  a n d  s t a b i l i t y

c o n s t r a i n t s  a n d  r i g i d  b o n d s

MD input files, topology and coordinate sanity checks

t o p o l o g y  a n d  p a r a m e t e r  l i n k a g e  b o x  v e c t o r s  a n d

p e r i o d i c  b o u n d a r i e s  e n e r g y  m i n i m i z a t i o n  t e s t  r u n
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i d e a

Non bonded setup and neighbor list concepts

s h o r t  r a n g e  c u t o f f s  l o n g  r a n g e  e l e c t r o s t a t i c s

o v e r v i e w  l i s t  u p d a t e  a n d  p e r f o r m a n c e  n o t e s

S e s s i o n  2
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Energy Minimization & Restraint Schemes

Energy minimization strategies before dynamics

s t e e p e s t  d e s c e n t  i d e a  c o n v e r g e n c e  c r i t e r i a  a n d

m a x i m u m  s t e p s  f i x i n g  c o m m o n  i n i t i a l  c l a s h e s

Position restraints and soft start protocols

r e s t r a i n i n g  h e a v y  a t o m s  a n d  b a c k b o n e  g r a d u a l

r e l e a s e  o f  r e s t r a i n t s  h a n d l i n g  l i g a n d s  a n d  c o f a c t o r s

c a r e f u l l y

Short restrained MD to relax solvent and side chains

r e l a x i n g  w a t e r  a n d  i o n s  f i r s t  m o n i t o r i n g  e n e r g y  a n d

t e m p e r a t u r e  t r e n d s  c r i t e r i a  t o  m o v e  i n t o  f u l l

e q u i l i b r a t i o n

S e s s i o n  3
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NVT/NPT Equilibration & Production Design

NVT and NPT ensembles and when to use them

c o n s t a n t  v o l u m e  v s  c o n s t a n t  p r e s s u r e  d e n s i t y

s t a b i l i z a t i o n  i d e a  t y p i c a l  s t e p  w i s e  s c h e d u l e s

Thermostats, barostats and coupling parameters

t e m p e r a t u r e  c o u p l i n g  s c h e m e s  o v e r v i e w  p r e s s u r e

c o u p l i n g  a n d  c o m p r e s s i b i l i t y  r e l a x a t i o n  t i m e s  a n d
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s t a b i l i t y

Designing production runs and basic monitoring

t r a j e c t o r y  l e n g t h  a n d  s a m p l i n g  g o a l s  o u t p u t

f r e q u e n c y  a n d  f i l e  s i z e s  o n  t h e  f l y  c h e c k s  f o r

c r a s h e s  a n d  d r i f t

S e s s i o n  4
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Mini Capstone: Reproducible MD Setup

Define system, ensemble and MD protocol for a chosen target

T h e o r y  +  P r a c t i c a l

Run minimization, staged equilibration and short production test

v a l i d a t e  b a s i c  t h e r m o d y n a m i c  s t a b i l i t y  c h e c k  e n e r g y

a n d  t e m p e r a t u r e  p r o f i l e s  p r e p a r e  f i n a l  p r o d u c t i o n

c o n f i g u r a t i o n

Deliverables: MD parameter set, logs and protocol report

s i m u l a t i o n  i n p u t  a n d  r u n  s c r i p t s  s u m m a r y  o f

e q u i l i b r a t i o n  b e h a v i o u r  s t e p s  t o  r e p r o d u c e  o n

a n o t h e r  s y s t e m
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