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EMABAER: JuEES

Lennard -Jones potential :

12 6 12 6 - collisi
- - r r o : collision parameter
Evaow =4¢€l[—| -|—| |=¢|| ™| -2 * e . well depth
g g " " r, - distance atmin 7, = phble;
Combination rule for two different atoms 1,) = 7, =7, + 1, £ = Jg.'_gj
Type: CT3-CT3
\
0-3 \ Repulsive :
0.4 \ Pauli exclusion principle
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q; 9 ;
Coulomb law E :

elec —

The Coulomb energy decreases only as 1/r

dme e r;

WA

where € 1s the dielectric constant :

1 for vacuum,
4-20 for protein core,
g0 for water
5
0\4—5}
T """" CHj
CH;

Despite dielectric shielding effects, it 1s a long range interaction

Special techniques to deal with this :

- PME : for stystems with periodic boundary conditions
- Reaction Field : suppose homogeneous dielectric outside cutoff
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Some interactions are often referred to as particular interactions, but they
result from the two interactions previously described, 1.e. the electrostatic

and the van der Waals interactions.

1) Hydrogen bonds (Hb)

- Interaction of the type D-H -+ A
- The origin of this interaction is a

dipole-dipole attraction

- Typical ranges for distance and angle:

2.4 < d

2) Hydrophobic effect

- Collective effect resulting from the energetically
unfavorable surface of contact between the water
and an apolar medium (loss of water-water Hb)

- The apolar medium reorganizes to minimize the
water exposed surface (compaction, association... )

< 4.5A and 180° < & < 90°
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E=EK“—; +EK (6-6,)"+ Y K,[1+cos(np—0)]

dihedrals

EK W — lp

impropers

For a system with 1500 atoms

-

~ 10° pairs of interacting atoms

-

Introduction of cutoft

N2+ FARE = AN I

X




EAEEIEATR: Cutofffl
Neighbour list

For an atom A, only non-bonded interactions
with atoms within 0 A are calculated

mm) Non-bonded neighbour lists
Generally, d =8 to 14 A

Three cutoff schemes: strict, shift, switch

Shift and switch: = - Switched
E ? o
L'(r)=E(r)xS(r) 3 ° o
o P
S(r) differentiabl < /’[T
(r) ditferentiable = /7 X cutnb
=1 L= = = . ¢
ojEl: FREMEEEHRAERKERN! -
Solution: Ewarld summation : ; 10 15 20

r (in A)



MDA L 75 B2 91 BH Cutoff B K /)N

No cutoff 8 A cutoff

Flec Elec
Vdw Vdw
05 [otal _ 05 [otal
g B
a ° g o
: $
g g
g g
-05 ~ .05
1 -1
0 5 10 16 20 0 5 10 18
Liglance (A) Digtance (A)
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E-= EK r-r,) +EK (6-6,) g EK[Hcoanb 6]+ EK Y-, +245

bonds

angles

VAR B¢

dihedrals

Llj@\
Do il

(’ J ' q,qf
‘ o dmeger

Type of data Type of Phase Type of properties Force field
yp system ypP prop parameters
structural data smail crystalline solid molecular geometry: r, 8,
(exp.) molecules phase bond lengths, angles S
: intra-molecular
Spedrc(’gigﬁ'c data mosl't;”cﬂes gas phase vibrations: force Ky, Kg K,
' constants
quantum-chemical
calculations : small torsional-angle K &
: : ) , 0, N
energy profiles molecules gas phase rotational profiles ¢
(theor.)
quantum-chemical
calculations : small e b mem b e Aarmac o (iniial)
8|ectr0n densities mOlECU|ES Yds pPliasc dlulll uilalyes viiairyes L‘h Lintial)
(theor.)
thermodynamic molecules in heat of vaporisation, v.d Waals - o ¢
data solution, condensed phase | density, free energy of f final
(exp.) mixtures solvation charges g; (final)
dielectric data small dielectric permittivity, charges
(exp.) molecules condensed phase relaxation o
transport data small transport coefficients: v.d. Waals : 0, ¢
(exp.) molecules condensed phase diffusion, viscosity charges q,

?%ﬁﬁ 2L
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Newton’s law of motion: MD aleorithm
F =ma. = - )| calculate
dr; | ” forces F (1) \
In discete time : integration algorithm. @
Example: Verlet algrorithm update
1 ]
r(t+0t)=r(t)+ v(t)xor + Ea(r)xéf“ r(1+0t)

r(t=0t)=r(t)—v(t) x ot + %a(r) x Of°
F(1)

m

ot ~1fs=10"15s

m) r(1+6)=2r(t)-r(t-00+ x Ot

Propagation of time: position at time t+dt 1s a determined by position at time t and t-dt, and by
the acceleration at time t (1.e., the forces at time t)

The equations of motion are deterministic, e.g., the positions and the velocities at time zero
determine the positions and velocities at all other times. t.
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Fundamental influence on the structure, dynamics and
thermodynamics of biological molecules

Effect through:
* Solvation of charge
* Screening of charge - charge interactions
494,
dmee(r) r

elec

* Hydrogen bonds between water molecules and
polar functions of the solute

Taken into account via:

O Explicit solvation. Water molecules are included.
* Stochastic boudary conditions
* Periodic boundary conditions

3 Implicit solvation. Water effect 1s modeled.
* Screening constant

 Implicit solvation models (Poisson Boltzmann, Generalized Born)
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Screening constant

€= er N=4,8. The dielectric constant is a function of atom distance.
Mimic screening effect of solvent. Simple, unphysical but efficient

In CHARMM: NBOND RDIE EPS 4.0 '

Implicit solvent models
* Poisson Boltzmann (PB) equation.
Ve \V/ —x'sinh if I f(r) : electrostatic potential,
{E(r) ¢(r)} — [¢(r)] ) 1(r) : charge density

Equation solved numerically. Very time consuming.
In CHARMM: PBEQ module.

44 ; 1 1 q4 ;
Geec= — _1_) — o -adi
I s 5 22 ‘\/rz s a,.ajexp(— 2 /4a,.aj) a, - Born radius

solvation energy

Others: EEF1. SASA, etc...

Explicit hydrogen bonds with water molecules are lost!



