Cal cul ating el ectrostatic conmponent of binding energy

Here we denpnstrate how to calculate the electrostatic binding energy for the

, Adbar nase- barstar, A6 conpl ex. For this purpose, we calculate the sum of

Coul onmbi ¢ and solvation (rxn) energies of the conplex and that of the separated
barnase and barstar nol ecul es. The difference of these two terns returns the

el ectrostatic conponent of the binding energy. This exanple will illustrate how
to calculate the electrostatic conponent of the binding energy at zero salt and
how to do the sane if salt concentration is not zero. In case of nodeling the
el ectrostatic conponent of binding energy at NON zero salt, two different
protocols are denpnstrated (Method 1 and Method 2). Method 1 utilizes grid
energy difference while Method 2 uses energy partitioning. Details are as
fol | ows:

Open the bash script ./binding.sh in a text editor.
In line 3, locate "DELPH _COVMMAND' and replace its value "_DELPH _COMVAND " with
the appropriate command to run del phi

E.g. To run del phi's sequential version, replace "_DELPH _COVMAND " with
"<absol ut e/ pat h/ of / Del phi / execut abl e>"

Run the script called "binding.sh". To run this script, you nmust nmake sure that
the file has executabl e perm ssion. To assign executable perm ssion, run the
comand:

$ chnod a+x binding. sh

Then type

$ ./binding. sh

It will run DelPhi six tines on six different paraneter files.

The first run will be on the conpl ex, second on the barnase and the third on the

barstar nol ecul es. One should keep the nolecules at the sane positions in al
runs (this is required for Method 1 calculations, since it uses grid energy
differences and artificial grid energy ternms nust be cancel ed out). Linear

Poi sson-Bol t zmann equation will be solved at ionic salt concentration
(salt=0.1). For Method 1, we performruns at zero and then at particular salt
concentrations. For Method 2, we need only a run at a particular ionic strength.
Note that if one wants to nodel the electrostatic conponent of binding energy at
zero ionic strength, the protocol becomes nuch sinpler , Al the calculation only
needs to be run at zero salt concentration (salt=0), and also, there is no

requi rement to keep the nol ecules at the sanme position.

Type:
$ grep -i 'total grid *_nosalt.log

The results for salt=0.0 are shown bel ow
(1) conplex_nosalt.log: Energy> Total grid energy
132916. 40 kT
(2) barnase_nosalt.log: Energy> Total grid energy
73515. 46 KT
(3) barstar_nosalt.log: Energy> Total grid energy
59388. 52 kT



In addition to these nunbers, one needs to know the Coul ombic interactions and
reaction field energies at zero salt.

Type:
$ grep -i 'coul onbic energy' *_nosalt.log
(1) conplex_nosalt.log: Energy> Coul onbic energy
-44990. 50 KT
(2) barnase_nosalt.| og: Energy> Coul onbic energy
-25009. 84 kT
(3) barstar_nosalt.| og: Energy> Coul onbic energy
-19433. 73 kT
$ grep -i 'corrected reaction field *_nosalt.log
(4) conplex_nosalt.log: Energy> Corrected reaction field energy
-1737.29 kT
(5) barnase_nosalt.log: Energy> Corrected reaction field energy
-1020. 39 kT
(6) barstar_nosalt.log: Energy> Corrected reaction field energy
-1265.72 KT
$ grep -i "all required energy' *_nosalt.log
(7) conplex _nosalt.log: Energy> Al required energy ternms but grid energy
-46727.79 KT
(8) barnase_nosalt.log: Energy> Al required energy ternms but grid energy
-26030. 24 kT
(9) barstar_nosalt.log: Energy> Al required energy ternms but grid energy
-20699. 45 KT

Note: , AGAI|l required energy terns but grid energy, Al is the sum of Coul onbic
energy, Corrected reaction field energy and ion energy (ion energy is 0 when
there is no salt).

The results for salt=0.1 are shown bel ow

$ grep -i 'total grid "ls *.log | grep -v '_
(10) complex.log: Energy> Total grid energy
132912. 93 kT
(11) barnase.log: Energy> Total grid energy

73513. 71 KT

(12) barstar.log: Energy> Total grid energy
59382. 30 kT
$ grep -i 'all required energy' 'Is *.log | grep -v '_'"

(13) complex.log: Energy> All required energy terns but grid energy
-46730.75 kT

(14) barnase.log: Energy> All required energy terns but grid energy
-26031.94 kT

(15) barstar.log: Energy> All required energy ternms but grid energy
-20704.96 kT

Cal cul ation of electrostatic conmponent of binding energy at zero salt:

Not e t hat nol ecul es do not have to be kept at the same position (acenter is not
needed but it is not wong if you use it). Calculation of the binding energy for
non-zero salt:



Met hod 1:
del 4 bi ndi ng)
del G bi ndi ng)

G(grid, complex)-GEgrid, barnase)-Ggrid, barstar)
132916. 40 - 73515.46 - 59388.52 = 12.42 (kT)

Met hod 2 (Energy partitioning)
del G(bi ngi ng) = coul onbi c) +G reaction field)+Gions)
=G conpl ex, all required energy terns) ,Ai G barnase, all required energy terns)
- Q@ barstar, all required energy terns)
= -46727.79 - (-26030.24) - (-20699.45) = 1.9 kT

Thus, del (bi ndi ng)= +1. 9kT

Note that the calcul ated el ectrostatic conponent of binding energy via Method 1
and Method 2 is different. This is due to the fact that Method 1 does not fully
cancel so termed ,Adartificial grid energy, Au arising fromreal charges
partitioning onto the grid. This we recommend using Method 2, the energy
partitioning nethod in case of energy calculations with zero salt.

Cal cul ation of electrostatic conponent of binding energy at salt = 0.1:
Met hod 1:

del G bi ndi ng)
del ¢ bi ndi ng)

G(grid, conplex)-Q@grid, barnase)-G@grid, barstar)
132912.93 - 73513.71 - 59382.30 = 16.92 KT

Met hod 2 (Energy partitioning)
del G(bi ngi ng) = coul onbi c) +G reaction field)+Gions)
=G conplex, all required energy terns) ,Ai G barnase, all required energy terns)
- Q@ barstar, all required energy terns)
= -46730.75 - (-26031.94) - (-20704.96) = 6.15 kT
Thus, del ¢ bi ndi ng) = +1. 9kT

Note that there is a difference between the results from Method 1 and Method 2.
This is because of the above nmentioned ,Adartificial grid energy, Al effect and
because of the relatively large filling of the conputational box (the nolecule
occupi es nost of the space of the conputational box) and this results in non-
zero potential at the box sides/surfaces (nol ecul e charged atons are too cl ose
to the box sides/surfaces). Because of that Method 2 omits ion contributions
fromions being outside the computational box. If one decreases the filling, the
results obtained with Method 1 and 2 will be closer to each other, but this will
dramatically increase the conputational tinme. Thus, we recomend using Method 1
in case of having significant contribution of ions to the cal cul ated energi es.
However, if the ion contribution is |ow, we reconmend using Mthod 2.



