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Introduction Approach

The application of all-atom Dye-decorated BMV Capsid Case sensitivity and the use of symbols, spaces, CHARMMI{f Equation AMBERff Equation
molecular dynamics (MD) g & & and numbers are key aspects of AMBERff atom
simulations tc_) study type conventions. We introduce an atom type , Bonds o Angles | Diedrals m , Fonds e ,  Dhedvals ,‘
|arge_sca|e b|omo|ecu|ar sys- prefix System that encodes the information |OSt Viotal = Z K.(r—mr0)"+ Z Kol —0p)° + Z K, [1+ cos (ng — )] VTotal = Z K, (r—ro)” + Z Ko —60)" + Z ?[1+Cos(ncp—0)]
tems containing millions of when ignoring case and symbols, which also con-
atoms can reveal Incredlble Veniently hand'es numbers_ Sinusoidal Impropers CMAP Sinusoidal Impropers CMAP
details about viral and cellular 2, Klteos(mg—d)+ 3 f(2.7) 2 Kllteste=al+ 3, f(2.7)
processes that are inaccessi- Prefix Denotes Replaces Example
ble tO experimental methOdS. U Uppercase letter A_Z CG — UUCG van der Waals R 12 R 6 Electrostatics 1 van der Waals N\ 12 N\ 6 FElectrostatics 1
. . . min,ij min,ij qiq; ‘. Tij ] qiq;
Classical MD simulations rely 1, Lowercase letter -7 cg — LLCG i ; i ( rij ) B 2( rij ) T ; LlﬁD T } " ; 16 [(?‘fj) (?‘z’j) N ; [4'“0 3"@;]
n “force fields” carefully q Space « ¢ s USC
parameterized for each class N Number 0-9 2 —  UNC?2 o e Bredien . . . .
of biomolecule to accurate|y : " *« N Ko(6— do)? + Kon(r1a—r0)’ AMBERIff is readlly. SUt.)StltUted for CHARMM(ff in
A Asterisk C* — UAC > o(& — o) > (r13 — ri30)
M Minus sign ] Cl- — ULMCL equation reduces to the AMBERTf equation.

to use AMBER family of force
fields (AMBERIff) for multimil-
lion-atom simulations such as

Case Studies

the Brome MOsaiC ViFUS (BMV) 4_2 mi"ion atoms
capsid. Palmitoy] Tail Order Parameter

_ _ _ Ca RMSF . Backbone RMSD Palmitoy! Tail D g - . NAMD2
To address this, the authors take advantage of the direct cancellation o - = - /WW\/\/\)'\ o Ambert
between the potential energy functions to refactor several popular e L 100+ 015 /\(\D’E“GWNQ 2.
force fields within AMBERIf into the CHARMM file format. These <, 52 098 +0.14 e & | i,
refactored files are compatible with the freely-available NAMD 2 o 5.
software, which supports MD simulations of biomolecular systems . £e
up to two billion atoms on leadership-class supercomputers. gl e EE R 8 et T e CT T T T T
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Refactoring Results

- 4176 + 91 S - 11.19 + 0.08 .|
G- 4185 + 84 5 11.18 + 0.08 g °
004 - g - S L
—=— PRMTOP in NAMD - PRMTOP in AMBER g S g o ey
—=— PRMTOP in NAMD - PSF in NAMD Sl - 55 -
{]-{]'3 —] g 39|00 40|00 41|00 42|00 43|00 44|00 45|00 ° 10|.9 11|.0 11|.1 11|.2 11|.3 11|.4 11|.5 =" ; 1'0 1'5
' SASA (A%) Ry (A) Carbon Index
Structural properties of BPTI are preserved between MD The deuterium order parameter for both aliphatic tails of POPC in a 100x100 A
002 engines. bilayer are in good agreement for simulations performed in AMBER and NAMD.
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Direct comparison of the single point energies for a comprehensive e 0 L N oo
set of test systems show that this process preserves the integrity of 2 - E o._ £ ©
the refactored force fields. £ = o _ < 8-
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