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Characterization of Binding Modes

On the left side of figure S2 and S3, initial binding mode structures are shown, where harmonic
springs were used between Mg?* and the atoms with distances shown. Harmonic spring restraint
perturbation schedules are discussed in the Molecular Dynamics section. On the right-hand side
of figure S2 and S3, are figures characterizing the binding location of Mg?* over the course of
dynamics simulation. The entire dynamics trajectory at full electrostatics and VVan der Waals
interaction strength was used to evenly sample 100 frames which were then superposed using
Tinkers superpose program (citation). At the end of equilibration (see section), the Mg?*
remained relatively close to the initial restrained region of the molecule, however we chose to
have a spring restraint strength of zero for this analysis to let the Mg?* explore where it naturally
prefers to bind. As a result, many of the initial guesses for where Mg?* should bind are not
correct.

Figure S1. Nomenclature for phosphate chain atoms of ATP, ADP, GTP, GDP. Where the
deprotonated terminal phosphate oxygens (not shown above) are denoted OPY and OP* for
NTP and NDP respectively.
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Figure S2. The initial binding mode structures and final superposed phosphate chain
structures for ATP*:Mg?* and ATP3:Mg?*.
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Figure S3. The initial binding mode structures and final superposed phosphate chain

structures for ADP3:Mg?* and ADP%:Mg?*.
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Figure S4. Radial distribution functions (RDFs) for pairs of Mg?* and oxygen in water.




-4
ATP OP“QPY,2

-4
ATP OP%QPY,1

1.75 4
1.75 A
1.50 4
1.50 A
1.25 4
1.25 A
1.00 4
s < 100
0.75 7 =
0.75 4
0.50 1
0.50 4
0.25 1
0.25 4
0.00 4
6 8 10 12 14 0.00 . . . . . .
rid) 0 6 8 10 12 14
r(A)
ATP e ATP—
OP™1 TP gpagpy 3
147 1.75
124 1.50
1.0 1 1.25 4
0.8 § - 1.00 4
= =
-a [
0.6 0.75 -
0.4 0.50 1
0.2 4 0.25 7
000] et
00 b T T T T T T
T T - ns o 0 6 8 10 12 14
riA)
riA)
23 ADP?
[04
ADP"gpa, 0P%,1
2.00 2004
L75 1 175 -
1.50 1.50 4
1.25 1254
Zé‘ 1.00 4 & 100
0.75 - 0.75 1
0.50 4 0.50 1
0.25 4 0.25 4
0.00 4 e
000 7 T T T T T T
T T T T T 0 6 8 10 12 14
6 8 10 12 14 )
rA)




ADP?

-3
OPB,I ADP 0P%3
2.004
1754
175
1.50 1 150 4
125+ 125 J
T 1007 = 1.00
0.75 A 0.75 |
0.50 0.50 4
0257 0.25
0.00 0.00 _'
0 6 8 10 12 14 0 2 3 6 M 10 12 14
riA) ri4)
Figure S5. Radial distribution functions (RDFs) for ATP oxygen and oxygen in water.
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Figure S6. Radial distribution functions (RDFs) for ATP oxygen coordinating Mg?* and oxygen in
water.
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Figure S7. Radial distribution function of Mg2* and oxygen in water for bulk solvent.

Expected First Shell Water Number

Binding Mode First Shell Waters AGbmd AHPmd SAHbmd
_ 5.0 -6.21 -37.15 42.41
ATP (A)LP“OPV,Z
4.98 -7.67 43.02
ATP Jpagpy 4 -52.26
Y 4.86 -7.08 -170.14 42.34
ATP OP%OPY,3
5.0 -2.49 14.46
ATP $pa -12.15
4.96 -1.77 -54.46 44.03
ADP pa
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AP 5.0 -1.33 -115.33 41.22
DP_OPO‘,l
ADP-3 6.0 -2.29 -64.4 41.74
OP%;3
_2 4.86 -3.15 -89.07 44.7
ADP ¢

Table S1. Table showing expected first shell water number for pairs of Mg?* and oxygen in

water.
Binding Mode First Shell Waters AGbmd AHPmd SAHbPmd
_4 3.38 -6.21 -37.15 42.41
ATP OP*QOPY,2
2.60 -7.67 43.02
ATP Jpagpy 4 -52.26
4 2.76 -7.08 -170.14 42.34
ATP OP“0OPY,3
_3 3.21 -2.49 14.46
ATP OPa,l '1215
3.01 -1.77 -54.46 44.03
ADP
3 3.03 -1.33 -115.33 41.22
ADP Jpa
2.93 -2.29 -64.4 41.74
ADP Spaq
L, 3.64 -3.15 -89.07 44.7
ADP opB 1

Table S2. Table showing expected first shell water number for ATP oxygen coordinating
Mg?* (without Mg?*) interactions and oxygen in water.

Binding Mode

First Shell Waters

AGbmd

AHbmd

8 AHblnd

-4
ATP OP“QPY,2

4.06

-6.21

-37.15

42.41
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4.49 -7.67 43.02
ATP Jpagpy 4 -52.26
4 5.55 -7.08 -170.14 42.34
ATP OP“0QPY,3
s 3.74 -2.49 14.46
ATP gpa -12.15
4.38 -1.77 -54.46 44.03
ADP
3 4.35 -1.33 -115.33 41.22
ADP S
3.47 -2.29 -64.4 41.74
ADP Spa g
. 4.26 -3.15 -89.07 44.7
ADP opB 1
Table S3. Table showing expected first shell water number for ATP oxygen coordinating
Mg?* and oxygen in water.

Sugar Puckering Statistics

For each binding mode, we used the trajectory with full electrostatics and VVan der Waals to
analyze the pseudo angle of the ribose sugar. Where the Pseudo angle? P is defined in Eq. S6. P
was computed for every frame of each binding modes trajectory and the puckering conformation
was probability is tabulated in Table S1, where the conformation is defined according to Eq. S7.
From the table it can be seen that across all modes, C3'endo, C4'exo and C2'exo are the most
frequent. A previous study on ATP conformation in PDB vs bulk solution found C2' exo and C2’
endo conformations was highly dominated in water (using GROMACS) followed by O4' endo®.
In the PDB survey they found C2' exo and C2' endo to be populated roughly the same but O4’

endo to be less populated.

C4’' — 04' — C1' — C2'for T,

04’ — C1' — C2' — C3'for Ty

T; =<¢ C1' —C2' — C3' — C4'for T,
| C2' — C3' — C4' — 04'for T |

C3' —C4' — 04' — Cl'for T,

A = 4Y=%1,c0s(.8mi) Eq. S1
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where the T; are torsion angles on the sugar shown above

B = —.4Y1=% t;sin(.8mi)
Ty = VAZ + B2

0 = arctan (g)

Bifx >0
: y
atanZ(y,X) — 0+ mifx < 0,;< 0
9—1Tifx<0,§> 0
B A 180
P = atan2 (E’E)T

( C3’endoif 0 <P <36 Y
C4'exo0if 36 <P < 72
04’'endo if 72 < P < 108
Cl'exoif 108 < P < 144
C2'endoif 144 < P < 180
C3'ex0if 180 < P < 216
C4'endo if 216 < P < 252
04'exo0 if 252 < P < 288
C1'endo if 288 < P < 324

Conformation = <

\ C2’ex0if 324 < P < 360 /

Eq. S2
Eq. S3

Eq. S4

Eqg. S5

Eq. S6

Eq. S7
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Table S4. Table showing statistics for sugar puckering.

Binding Mode | C3'endo | C4'exo | O4'endo | Cl'exo | C2'endo | C3'exo | C4'endo | O4'exo | Cl'endo | C2'exo
ATP_Spaopv,g 36.14 5.28 0.04 0 0 0 0.3 3.26 23.88 31.1
ATP_gpaopv,l 29.5 3.94 0 0.26 19.44 8.6 4.38 0.12 10.82 | 22.94
ATP_03pcx,1 10.6 6.38 0.68 | 11.06 25.46 | 27.68 3.44 0.64 3.46 10.6
ADP_Spa,l 29.12 | 27.28 3.24 3.08 2.64 3.12 0.34 0.3 5.02 | 25.86
ADP_ogpa,z 27.44 | 34.14 2.68 0.36 0.52 0.26 0.22 0.34 488 | 29.16

ADP pa 4
30.04 | 21.24 2.86 1.56 1.42 1.44 0.08 1.02 8.92 | 31.42

ADP g
26.86 | 16.52 1.16 5.54 6.14 6 0.72 0.44 8.62 28

15




Parameterization
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Figure S8. Overview of parameterization procedure for poltype!
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Van der Walls

Figure S9. Overview of parameter transfer scheme for NTP, NDP. In this example AMP, ATP and an
ATP phosphate chain model compound are used. Valence parameters are transferred from AMP, GMP,
Van der Waals parameters are transferred from an ATP-3 model compound, torsion is transferred from a
model compound of the phosphate chain for each NTP/NDP and protonation state. Where polytype was
used on each model compound? (Fig S8).

Van der Waal Parameterization

Water probes were places on various oxygens and then optimized with PCM at a UB3LYP/6-
31+g(d)level of theory with Gaussian 09. Then several structures were generated by shifting the
water probe about the optimized equilibrium water molecule position. A Gaussian counterpoise
was then computed for each structure at a MP2/6-311++G** level of theory to generate the QM
energy vs distance curves in Fig S9. A range of 3.5-3.8 was used for each oxygen Van der Waals
radius and a range of .03-.14 was used for each oxygen Van der Waals depth. The minimum
RMSD between the QM and MM curves was kept as the final parameters. After comparing the
dominant AG (mode ATP‘gPa'Z) for ATP*, the free energy of (-4.92) did not match the
experimental target of -8.6 (see Table 1) we adjusted the parameters to make the free energy
more favorable as observed from experiment. Finally, linear interpolation was used to generate
the final parameters which gives us the binding free energy within statistical uncertainty of the
experimental value. These final parameters were then transferred to ATP2, GTP*, GTP3, ADP??,
ADP2 GDP3, GDP?2

17



Table S5. Table used to generate final parameters for oxygen type 411, see Fig S9. Where R is

the Van der Waals radius, ¢ is the Van der Waals depth and AG is the binding free energy.

R £ AG
From VVdw Probe 3.63 0.112 -4.92
Linear Interpolated 3.5534 | 0.09315| -8.7974
Guessed Parameters 3.5 0.08 -11.17
8 4 o
o

18
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Figure S9. Left all Van der Waals probes used to obtain Van der Waals parameters from
Quantum Mechanics (QM) and Molecular Mechanics (MM) best fit Energy vs distance in
A

Torsion Parametrization

Torsional parameters for the phosphate chain model were fit to reproduce the QM conformational
energy profile at MP2/6-311++G** level. The structures were optimized at MP2/cc-pVTZ level
and the single point energy was calculated at the MP2/6-311++G(2d,2p) level, see Fig S14, Fig
S16, Fig S18, Fig S20. Where the MM1 is the MM energy curve without the fitted torsion
parameters, MM2 is the MM energy curve with the fitted parameters, QM is the single point energy
using MP2/6-311++G(2d,2p) curve and MM1+fit is MML1 + the curve obtained from fitting to the
difference between the target and our model (QM-MM1). MM1+fit serves as an additional check
to make sure that the final parameters are reasonable, where MM1+fit should be similar in shape
to the fitted parameter energy curve (MM2).
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Figure S13. Model compound of ATP*, GTP phosphate chain to obtain torsion parameters.
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Figure S14. Plots of SP energy vs dihedral
angle for ATP™, GTP* phosphate chain
torsions.

Figure S15. Model compound of phosphate chain for ATP3, GTP- torsion parameters.
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Figure S17. Model compound of phosphate chain for ADP3/GDP- torsion parameters.
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Figure S18. Plots of SP energy vs dihedral
angle for ADP-3/GDP-2 phosphate chain
torsions.

Figure S19. Model compound of phosphate chain for ADP?, GDP torsion parameters.
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Molecular Dynamics

Equilibration

Table S6. Table describing equilibration scheme, including the harmonic spring restraint perturbation

schedule.
Time (ns) | 0.33 ] 0.33| 0.33| 0.33| 0.33| 0.33| 0.33| 0.33| 0.33| 0.33| 0.33| 0.33 3
Ensemble | NVT | NVT | NVT | NVT | NVT | NVT | NVT | NVT | NVT | NVT | NVT | NVT | NPT
Temp 25 50 75| 100| 125| 150 | 175| 200| 225| 250 | 275| 298| 298
Ares

1| 092| 084 | 0.76 | 0.68 06| 052 044 | 0.36| 0.28 0.2 0.12 0

Production Dynamics

Input Structure

v

Make Periodic Box

v

Minimize Periodic Box

v

NVT Equilibration

v

NPT Equilibration

v

NVT Production Dynamics

Figure S21. Overview of molecular dynamics scheme.
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Figure S22. Left perturbation scheme for solvation production dynamics, right perturbation
scheme for complexation dynamics. Every row in either table represents an individual
simulation with the corresponding lambda.



Absolute Binding Free Energy Calculations

The absolute Helmholtz binding free energy (AGy;,q4) for individual binding modes was
calculated via the double decoupling method?, shown in Figure S22. Initial simulations began
from the last structure of the equilibrated trajectory with the 2CI"'Mg?* as the system. First
electrostatics were decoupled from the environment while the Van der Waals interaction strength
was held constant, then Van der Waals was decoupled after electrostatic interactions were
completely removed according to the perturbation schedules in Figure S22. An ion restraint was
also used to keep the ion near its initial position, where the restraint strength was slowly turned
on as electrostatics and Van der Waals were decoupled from the system and environment (A4,
in Fig. S22). In this study total of 22 alchemical states were chosen to ensure a smooth transition
between the two ends states. According to the thermodynamic cycle (Fig. S23), we can use Eq.
S11 to compute the absolute binding free energy AG,;,4. Due to there being a harmonic restraint
when Van der Waals and electrostatics are completely decoupled between the system and the
surrounding environment on the right hand side of the cycle, but not the left side, an analytical
correction AG,,, is used to account for the artificial entropy effects of the restraint according to
Eqg. S124

Prinai = Pinitiard Eg. S8

where P represents an electrostatic, Van der Waals parameter or harmonic spring force constant,
lambda is the corresponding perturbation value.

U=U(,R) Eq. S9

where U represents the potential energy, which is a function of perturbation lambda and R the
coordinates of all atoms

AGgopy + AGping — AGcomp —AGeor =0 Eq. S10

where clockwise is chosen as the + direction and all the contributions on the closed cycle must
sum to zero

AGping = AGcomp — AGgopy + AGeor Eq. S11
3
A Geor = RTI(C" (Z5)) Eq. S12
AGsor = ﬁzrll AGsorvk 'AGcomp = IIE:?AGcompfk Eq. S13, 514

where AGgop, and AG oy are computed by summing individual AGgg,y,, and AGeomp,xfrom a
total of n AG shown in Fig. S22.
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Figure S23. Thermodynamic cycle for calculating the binding free energy AGy;,q for
individual modes of ATP“:Mg?*, ATP3:Mg?",ADP%: Mg?* and ADP%: Mg?*. The rectangle
represents the periodic box and the oval represents the system, while everything else in the
rectangle represents the surrounding environment. The + indicates the species are both free in
solution, while the : indicates the bound complex state. The perturbation schedules for
electrostatic interactions, Van der Waals interactions and the harmonic spring restraint strength
(Aeter Avaw» Ares) are shown on the left and right for computing solvation and complexation
free energy respectively (AGg,;, and AGormp). Each combination of Agje, Apaw, Ares represents
an individual dynamic simulation with perturbation lambdas according to equation S8. BAR is

used to compute free energy changes denoted by AG between pairs of consecutive lambdas (Eq.
S21). The full electrostatic and Van der Waals dynamic trajectory is highlighted in red to indicate this one
was used for analysis of where Mg?* tends to bind.
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The free energy changes from one state to the other is thus given by Eq. S4 and Eq. S5. In order
to obtain free energy estimates, the Bennett acceptance ratio (BAR) method was applied.

G = KzTIn(Q) = ’”;TQ) Eq. S15

From statistical mechanics, where Q is the configurational partition function, g = ﬁ The
B

kinetic energy component of the partition function integrated to a constant and will cancel out
i (ankT)3N/2
N! h2

Q=[. e Fl@dg Eq. S16

The configurational partition function Q, depends on the potential energy U(q) which is a
function of all the momenta and coordinates of the system. I" defines the phase space of
momenta and positions to integrate over.

AGy = AG;; = G; — G; = KzTIn(Q,) — KzTin(Q;) = KBTlng—Jf = —KBTznZ—i_' Eq. S17

Manipulating Eq. S14 and Eq. S15, the k™ AG is computed between perturbation states i and j

0 _ 91 _ ¢ fa@e Vg _ 0 fa(@e’ Y ag _ qa@e FVife™iag

0 Q1 Qifa@e U liag @ [a@ePCUi7%ag ~ 0a@e PUifeBliag Eq. 518
Multiplying by 1
Jr e PUiDagaePlife Fiag [, a@e FlieFVi@ag
G = KT e g = 1w e Eq. S19
where we used the fact that[ e #Vi dG = [ e PVidg
AGy = —KyTin 2@ 0> Eq. 520

<a(R)e_ﬁUf>i
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Here we take P; = e #U/@ dg within phase space I and take P, = e "#Ui@ dg within phase
space I;. This is the definition of average and hence Eq. S20.

1 _ an
ni i=1
lnF-FﬁAUij—ﬁAG
1+e J 1+

1

PN =0 Eq. S21

]
elnn—i+ﬁAUji—ﬁAG

Using the definition of variance, differential calculus can be used to minimize the variance of
AG;; in Eq. S20 to arrive at Eq. S21.This expression is numerically solved to obtain AG;;.

Total Binding Free Energy
Deriving AG©®?

Here we derive the total binding free energy by considering multiple binding modes for every
possible protonation state.

(x/].j € P={py,...ps} Eq. S22

X here is any species such as ATP, j represents a protonation state which exists in the set of
possible protonation states P. p, is the first protonation state and py is the final protonation state,
here each protonation state p,, < 0 and py4; > pk. The index i, represents the it binding mode
for X/.The brackets [], represent the concentration.

Ny, if j =p1 1,2,..,n,,
[ = X - : Eqg. S23
Ny, if j=npf 12, .,my,

The index | represents the number of binding modes for a given species with protonation state j.
The braces on the right more clearly label how many binding modes exist for each species with
protonation state j.
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( [Mg?*:xP"] )

2+.. P1
[Mg™™: Xn) |

[Mg?*+: X7+

[Mg®*] + [X] - 5 > Eq. S24

[Mg?*:X}]

2+.. 53

npf

Here is a system of branched reactions with various binding modes for each protonation state
possible from [Mg?*] + [X]

_ [Mg**x] _ Z;zZ{Zﬁii[Mg“:xij]
@ [Mg2tl[x] S TPr Eqg. S25
[Mg?*]1 %, [X/]

Here, the equilibrium constant K ,on the left-hand side of Eq. S25 is what is measured

experimentally. According to the branched system of chemical reactions (Eq. S24), [M g2+:X ]
can be converted into a sum over all binding modes for a given protonation state of X. While,
[X] can be converted into a sum over all possible protonation states.

Z@=lw+zj=pf si=l Mg?*x]) 1)
_ 2= MgZH|[xP1] " Zj=p1+1 S M g2+ [xJ][XP1]
= J=pf  [xJ]]

J=p1+1[xP1]

K, Eq. S26

1+)

Here, both the numerator and denominator were divided by [Mg?*][XP1], then each term in the

tor i Itiplied b l—[X—j]
numerator is multiplied by 000

[XP1] + cHY — [XP1t¢] Eq. 527
. o : : [x/]
where p, < 0, this reaction is defined to obtain an expression for [XP1]
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The pH is defined to remove reference to [H*], since pH is known from experiment.

pit+c _ [xP1t€]
Ka "~ [xP1]c[HY]

The equilibrium constant for Eq. S27 is given in Eqg. S29
Ky, = —log10Kq
Here pK, which is measured experimentally is defined in terms of K,

[xP1t€]

= c10PH+PKZ "
xP1]

Eq. S29

Eqg. S30

Eq. S31

After manipulating Eq. S29 and substituting Eq. S30 and Eq. S31 we obtain Eq. S32

c=j—p

By inspection of Eq. S26, ¢ can be expressed as Eq. S32

[Xj] — (] _ pl)lopH+pK£

[xP1]
' i [x]
Final expression for xPa]
it = j 24.yJ
Sl S S I (oppyropHpkl gzt MO X

K, =

j=pf . pH+pKJ,
1+Z]=p1+1(]_p1)10 a

Eq. S33 substituted into Eq. S26

AG = —RTInkK,
From statistical mechanics

j .
26, [mg?+:x]|

b — o —
Ka,i =e R = [Mg2+][Xf]

Here we manipulate Eq. S35 and express in terms of free energy difference

_ Pt j=p i AG{
SiZle R 4y S (j-py1oPHtPKagizl e TRT
K — J=P1+1
a— 1 J=pf . 10pH+pK{1
+Xjopy 41U ~P1)

Substituting Eg. S36 into Eq. S34

Eq. S32

Eq. S33

Eq. S34

Eq. S35

Eq. S36

Eq. S37
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AGP1
P L
izl e TRT 4y

J=pf . pH+ij
1+Zj=p1+1(.]_p1)10 a

j=pf j 6]
- . i=l  —srr
(j—p1)10PH*PKG 3120 o™ RT

J=P1+1

AG = —RTIn Eq. S38

Finally, AG expressed as AGijfrom each binding mode simulation and pH, pK,which can be
determined experimentally. If pK., which is defined relative to [X?1], is not known but the pK,

between two consecutive protonation states are known, then pKi can still be determined
algebraically in terms of successive consecutive pKj,.

i+j:i (XM 107PHUSD gL (l-1)
K, = T ; [1,-1 K, Eq. S39
Formula for converting rate constants and hence pK, when pKC{ is not known.
-pH
K3t = kg 0 = ez Eq. S40
Checking the limiting case of the formula.
4 ERT— 3ifj=—4
For the ATP* and ATP™ simulations, we have P = {—4,—3}and [ = 1if j= -3
gy At _a63°
AGypp = —RTIn2=i8 1 *@aree T Eq. S41
1+wyrp

Pra for the terminal phosphate is taken to be -6.66+/- .03 °, where they define their equilibrium
constant to be the inverse of Eq. S20, hence the negative sign. pKa measurements were taken
from a range of pH data in NMR experiments. It is known that pH ranges from 7-7.4 under
physiological conditions. Hence,
Pka = —666, 6pka = O3,pH = 72, SpH =.2
Deriving SAG®®!
A=fXY,Z..)

where A is a function of any number of variables, we want a general formula for the error 6A

S§A = dA6X2+ dA5Y2+ dA5z2+dAadi5Y+dAadi52+dA5ydAaz+
N (dX ) (dY ) (dZ ) dx = dy dx = dZ dy  dz

this expression works for any function, our goal is to obtain 4G
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i=l —AG]
AG! = —RTln(Ze RT )
i=1

we start by computing SAG’ for a single protonation state

i=l

. -46/
S/ = Z e RT

i=1

_ a6/
j
f;: = e RT

i=l

. NG
SAG) = Z( SAG)?
4 AG)

i=

IAG  9AG 9S
dAG.  3S' NG,

dAG’ —RT
asl S
3Si < aff -1 -ad 1
l — e RT =—8J
aAG’ & aAGJ & RT RT
OAG —RT -1
- = — J = 1
]
NG, S RT
SAGT =

now we can obtain §AG in a similar fashion
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_ AGP? i=p _ad]
: Sizle R +3 Y wiyizle R
j N — J=D1+1
AG(«’,{AG!}) = —RTIn
1+
J=P1 +1
646 = z G o + Z Z(— 5AG]Y?
j=p1t j=pq i=
we start by defining components of our expression for 4G
P [Xf
(1)] [Xp1 (] p )10pH+pK
dol _ dw’ _ H+pK) _
dpka_de In(10) (j — p,)10PH+PKa = In(10)w’
Sw/ = wjln(lo)\/ 8Pra” + SPH? + 8pyaSpH
A pl AG]
j=pf
RT “RT
_ e +Z] P1+1wjz 18
a— j=ps -
1+X

0AG 904G 0K,
dwl 0K, 0w/
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0K, MS$ —sP1—-N
dwl M?

0AG _—RT MS/ — sP1 - N
dw K, M?2

MG  04G 0K,
0AG, 0KqaAG)

K, N K,
AG! " RTM  RT

0MG _—RTK,_ _,
anG.  Kq RT
J=Pf J=Pf =
4G -
— - J
5 AG = z (5 80 + Z z(SAGi)Z
=Pk ==

For the ADP-® and ADP? simulations, we have P = {—3,—2}and [ = {g i% : :3}

DPrq fOr the terminal phosphate is taken to be -6.47+/- .01 °, where they define their equilibrium
constant to be the inverse of Eq. S20, hence the negative sign. pKa measurements were taken
from a range of pH data in NMR experiments. It is known that pH ranges from 7-7.4 under

physiological conditions. Hence,

Pka = —6.47,8prq = .01,pH = 7.2,86pH = .2
g G g _AG°

i—1€¢ R +wgppXi_ye RI
1+ wapp

AGADP == _RTln



Parameters and Structures

ATP"

WWWWWWWWWRNRNRPDNRONODRNORNON R R R R PR e N
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4 Structure

N 48.846001 39.464001 50.986000
N 49.424999 41.488998 50.165001
N 51.721001 41.568001 48.129002
N 51.911999 39.273998 48.446999
N 50.491001 38.015999 49.900002
C 46.609001 40.422001 53.542000
C 46.520000 38.988998 53.363998
C 47.807999 38.874001 54.112000
C 48.719002 38.116001 53.139000
C 48.132999 38.409000 51.721001
C 48.616001 40.841999 50.945000
C 50.231998 40.470001 49.664001
C 51.307999 40.466000 48.730999
C 51.493000 38.151001 49.028999
C 49.891998 39.252998 50.171001
0 45.778999 46.330002 56.051998
O 47.382000 44.497002 56.625999
0 45.972000 45.529999 58.375000
0 42.974998 42.722000 55.986000
0 43.603001 44.766998 54.678001
0O 45.041000 44.014999 56.737999
0 46.380001 43.396000 52.787998
0 44.182999 42.189999 52.351002
0 44.917000 42.716000 54.789001
0 46.172001 41.568001 53.301998
0 46.785000 38.908001 51.948002
0O 47.713001 38.356998 55.423000
0 48.632000 36.737000 53.424999
P 46.106998 45.181999 56.950001
P 43.910999 43.740002 55.654999
P 45.228001 42.668999 53.257000
H 47.666000 40.570000 53.221001
H 46.587002 40.459000 54.655998
H 45.665001 38.327000 53.639000
H 48.234001 39.869999 54.375000
H 48.532001 38.283001 55.897999
H 49.787998 38.422001 53.212002
H 49.195999 36.266998 52.821999

251
255
253
257
256
324
312
318
316
314
248
250
249
254
247
408
408
408
410
410
405
409
409
406
407
311
346
320
404
403
401
325
325
313
319
323
317
321

11 15
12

41 42
14

15

25 32 33
8 26 34
9 27 35
10 28 37
26 39
40

15
12
43

12

(BN
ok o©

30

31
31
10
36
38
17 18 21
20 21 24
23 24 25

38



39 H 48.202999 37.473999 51.117001
40 H 47.835999 41.389999 51.499001
41 H 52.491001 41.564999 47.459999
42 H 51.939999 42.251999 48.852001
43 H 52.035999 37.229000 48.758999

ATP* Parameters

atom
atom
atom
atom
atom
atom
atom
atom
atom

multipole

multipole

multipole

multipole

multipole

multipole

408 408 O “ATP -4_
410 410 O "“ATP -4_
405 405 O “ATP -4_
409 409 O “ATP -4_
406 406 O "“ATP -4_
407 407 O "“ATP -4_
404 404 P "ATP -4_
403 403 P "ATP -4_
401 401 P “"ATP -4_
401 -409 -409 1.65884
0.00000 0.00000
0.52438
0.00000 -0.18107
0.00000 0.00000
403 -410 -410 1.64959
0.00000 0.00000
0.32350
0.00000 -0.42348
0.00000 0.00000
404 405 0 1.60022
0.00000 0.00000
0.15044
0.00000 0.15044
0.00000 0.00000
407 324 401 -0.60147
0.20351 0.00000
-0.12851
0.00000 -0.53163
-0.06004 0.00000
405 403 404 -0.73555
0.19114 0.00000
0.22211
0.00000 -0.31758
0.05704 0.00000
406 401 403 -0.73113

315 10
258 11
260 3
260 3
259 14

-0.16779

-0.34330

-0.11250

0.09998

0.27687

-0.30087

0.45127

0.66014

-0.01220

0.09547

15.999
15.999
15.999
15.999
15.999
15.999
30.974
30.974
30.974

AAEARANNREPNRBRE
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multipole

multipole

multipole

multipole

multipole

polarize
polarize
polarize
polarize
polarize
polarize
polarize
polarize
polarize

410

408 404 -408 -408

409

324

325

324
408
410
405
409
406
407
404
403

0.10639 0.00000 -0.02358
0.02209

0.00000 -0.23740
-0.00948 0.00000 0.21531

403 410

-0.97735

0.00000 0.00000 0.06641
-0.21878

0.00000 -0.08671

0.00000 0.00000 0.30549

-1.021117

0.00000 0.00000 0.07886
-0.13437

0.00000 -0.25646

0.00000 0.00000 0.39083

401 409

-0.98257

0.00000 0.00000 0.05254
-0.25775

0.00000 -0.13687

0.00000 0.00000 0.39462

325 312

0.17022

0.26025 0.00000 0.34835
0.07978

0.00000 -0.45645
-0.03790 0.00000 0.37667

324 407

0.01769

-0.00317 0.00000 -0.11654
0.10449

0.00000 -0.04493
-0.02925 0.00000 -0.05956

1.3340 0.3900 407 325

0.8370
0.8370
0.8370
0.8370
0.8370
0.8370
1.8280
1.8280

0.3900 404

0.3900 403

0.3900 404 403
0.3900 401

0.3900 403 401
0.3900 324 401
0.3900 408 405
0.3900 410 405 406
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polarize

vdw
vdw
vdw
vdw
vdw
vdw
vdw
vdw
vdw
bond
bond
bond
bond
bond
bond
bond
bond
bond
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
strbnd
strbnd
strbnd
strbnd
strbnd
strbnd
strbnd
strbnd

401

401
403
404
407
405
406
410
408
409

401
401
401
403
403
403
404
404
407
407
406
409
405
405
406
410
405
408

1.8280 0.3900 409 406 407

4.4500 0.3900
4.4500 0.3900
4.4500 0.3900
3.635 0.134

3.635 0.134

3.635 0.134

3.5534 0.09315
3.6300 0.1120
3.5534 0.09315
72 407 465.1000 1.4275

407
406
409
405
406
410
405
408
401
401
401
401
403
403
403
403
404
404

450.0000
450.0000
775.0000
450.0000
450.0000
775.0000
450.0000
775.0000

406
409
409
409
406
410
410
410
408
408

72 407 401
403 405 404
401 406 403
66 72 407 88.0000 111.5292
72 73 60.9900 113.1077
72 73 60.9900 113.1077

407
407
407
407
406
405
405
406
405
408

401
401
401
403
403
403
404
404

406
409
409
406
410
410
408
408

65.5800
75.8600
75.8600
89.8800
65.5800
75.8600
75.8600
89.8800
75.8600
89.8800

1.7314
1.6162
1.5175
1.5911
1.7544
1.5155
1.8298
1.5499

100.2307
107.2560
113.6954
119.3235
96.1714

113.1563
104.3610
117.7377
104.7369
115.7929

80.3000 115.0537

80.0000
80.0000

14.4000
14.4000
14.4000
14.4000
14.4000
14.4000
14.4000
14.4000

137.3775
144.5024

14.4000
14.4000
14.4000
14.4000
14.4000
14.4000
14.4000
14.4000
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strbond 72 407 401 38.0000 38.0000

strbond 403 405 404 38.0000 38.0000

strbond 401 406 403 38.0000 38.0000

torsion 73 72 407 401 0.000 0.0 1 0.000 180.0 2 0.1200.0 3
torsion 406 401 407 72 0.525 0.0 1 4.208 180.0 2 0.158 0.0 3
torsion 409 401 407 72 -11.673 0.0 1 6.705 180.0 2 0.158 0.0 3
torsion 407 401 406 403 -0.379 0.0 1 -1.596 180.0 2 -6.626 0.0 3
torsion 409 401 406 403 -6.626 0.0 1 -0.432 180.0 2 3.794 0.0 3
torsion 406 403 405 404 -3.253 0.0 1 -2.994 180.0 2 -3.649 0.0 3
torsion 410 403 405 404 3.279 0.0 1 -1.944 180.0 2 3.037 0.0 3
torsion 405 403 406 401 1.2250.0 1 -2.189 180.0 2 3.859 0.0 3
torsion 410 403 406 401 3.859 0.0 1 -0.220 180.02-1.321 0.0 3
torsion 408 404 405 403 0.382 0.0 1 -1.372 180.0 2 0.068 0.0 3

torsion 68 66 72 407 -0.401 0.0 1 0.496 180.0 2 2.714 0.0 3
torsion 65 66 72 407 1.333 0.0 1 -1.311 180.0 2 0.000 0.0 3
torsion 67 66 72 407 0.000 0.0 1 0.287 180.02 0.1320.0 3

torsion 66 72 407 401 0.000 0.0 1 1.905 180.0 2 0.000 0.0 3

ADP-3 Structure
39
1P 5964377 -1.636630 -0.545396 404 2 3 4
2 O 6.045092 -2.405908 0.772319 408 1
3 O 5513452 -2.426790 -1.776554 408 1
4 O 7.014181 -0.549889 -0.775944 408 1
5P 3.705822 0.508024 0.607352 401 6 7
6 O 3.234992 0.091514 1.996929 409 5
7 O 4.192431 1.946246 0.444407 409 5
8 O 4.330281 -0.583185 -0.309930 406 1 5
9 O 2101231 0.605555 -0.285963 407 5 10
10 C 1.338100 1.543596 0.357333 324 9 11 28 29
11 C -0.014391 1.713924 -0.290226 312 10 12 13 30
12 O -0.811417 0.498570 -0.271838 311 11 17
13 C -0.875972 2.764745 0.417045 318 11 14 15 31
14 O -0.889506 4.024163 -0.280563 346 13 32
15 C -2.311621 2.194049 0.396933 316 13 16 17 33
16 O -3.274729 3.089575 -0.129444 320 15 34
17 C -2.135396 0.911864 -0.445215 314 12 15 18 35
18 N -2.973329 -0.195799 0.004854 251 17 19 27
19 C -2.615038 -1.134970 0.941951 248 18 20 36
20 N -3.584097 -2.007380 1.223339 255 19 21
21 C -4.617833 -1.596160 0.417445 250 20 22 27
22 C -5.890567 -2.138566 0.185609 249 21 23 24
23 N -6.352464 -3.218636 0.919433 253 22 37 38
24 N -6.700859 -1.573627 -0.719838 257 22 25
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

IITITIITIIIIIIIITIOZO

-6.230315
-5.047191
-4.266703

1.800042

1.170733

0.105745
-0.519766

0.026407
-2.632419
-2.735445
-2.404892
-1.611442
-7.058661
-5.598846
-6.918520

-0.487714
0.123181
-0.477435
2.559591
1.293919
2.002360
2.920012
4.154132
1.903681
3.748168
1.121367
-1.146891
-3.753470
-3.783195
-0.063556

-1.386361
-1.277847
-0.358636
0.353167
1.425076
-1.348482
1.442383
-0.589423
1.404585
-0.613724
-1.494198
1.349728
0.425827
1.299992
-2.116447

ADP- Parameters

atom
atom
atom
atom
atom
atom

polarize
polarize
polarize
polarize
polarize
polarize
polarize

vdw
vdw
vdw
vdw
vdw
vdw
bond
bond

408 408
409 409
406 406
407 407
404 404
401 401

"ADP -3_
"ADP -3_
"ADP -3_
"ADP -3_
"ADP -3_
"ADP -3_

TUWOOO0OO

72 1.3340 0.3900 407 73
408 0.8370 0.3900 404

409 0.8370  0.3900 401

406 0.8370
407 0.8370
404 1.8280
401 1.8280

0.3900 72 401

401 4.4500 0.3900

404 4.4500 0.3900

407 3.635 0.134

406 3.635 0.134

408 3.6300 0.1120

409 3.5534 0.09315

72 407 465.1000 1.4275
401 407 450.0000 1.7314

254
256
247
325
325

313
319
323
317
321
315
258
260
260
259

0.3900 404 401

0.3900 408 406
0.3900 409 406 407

24 26 39

25

27

18 21 26

10

10

11
13
14
15
16
17
19
23
23
25

0 00 00

=
o1 o

15.999
15.999
15.999
15.999
30.974
30.974

ADRNNPRP P
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bond 401 406 450.0000 1.6162

bond 401 409 775.0000 1.5175

bond 404 406 450.0000 1.7544

bond 404 406 450.0000 1.8298

bond 404 408 775.0000 1.5499

angle 407 401 406 65.5800 100.2307

angle 407 401 409 75.8600 107.2560

angle 406 401 409 75.8600 113.6954

angle 409 401 409 89.8800 119.3235

angle 406 404 408 75.8600 104.7369

angle 408 404 408 89.8800 115.7929

angle 72 407 401 80.3000 115.0537

angle 401 406 404 80.0000 137.3775

angle 66 72 407 88.0000 111.5292

angle 407 72 73 60.9900 113.1077

angle 407 72 73 60.9900 113.1077

strond 407 401 406 14.4000 14.4000

strond 407 401 409 14.4000 14.4000

strond 406 401 409 14.4000 14.4000

strond 406 404 408 14.4000 14.4000

strond 408 404 408 14.4000 14.4000

strond 72 407 401 38.0000 38.0000

strond 401 406 404 38.0000 38.0000

torsion 73 72407 40120.01-1.5180.02.890.0 3

torsion 406 401 407 72 .292 0.0 1 9.634 180.02-50.03
torsion 409 401 407 72 -11.673 0.0 1 6.705 180.0 2 0.158 0.0 3
torsion 407 401 406 404 -.969 0.0 1 3.663 180.0 2 3.663 0.0 3
torsion 409 401 406 404 -3.663 0.0 1 3.072 180.0 2 -2.508 0.0 3
torsion 408 404 406 401 1.616 0.0 1 -1.616 180.0 2..084 0.0 3
torsion 68 66 72 407 -0.401 0.0 1 0.496 180.022.7140.0 3
torsion 65 66 72 407 1.3330.01-1.311 180.0 2 0.000 0.0 3
torsion 67 66 72 407 0.000 0.0 1 0.287 180.0 2 0.132 0.0 3
torsion 66 72 407 401 0.000 0.0 1 1.905 180.0 2 0.000 0.0 3

#

# Multipoles from Electrostatic Potential Fitting

#

multipole 404 406 1.60022
0.00000 0.00000 0.11165
0.13660

0.00000 0.13660

0.00000 0.00000 -0.27320
multipole 408 404 -408 -408 -1.02112

0.00000 0.00000 0.00641

-0.20971
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multipole 401 -409
multipole 409 401
multipole 406 401
multipole 407 324
multipole 324 325
multipole 325 324
ATP- Structure
44
1P 5.672477
2 O 5.937816
3 O 5.214209
4 O 7.015494
5P 4777097
6 O 4.938001
7 O 5784121
8 O 4574133
9 P 2313727

0.00000
0.00000

-409

0.00000
0.52475
0.00000
0.00000
409
0.00000
-0.34301
0.00000
0.00000
404
0.18243
0.15520
0.00000
-0.25394
401
0.21606
-0.46697
0.00000
-0.10116
312
0.08925
0.75354
0.00000
0.36988
407
0.01700
0.39170
0.00000
-0.05260

-2.414807
-3.372489
-2.950802
-1.442875
0.058056
-0.354427

0.989885

-1.215178

1.881756 0.870818 403 10 11 12 13

-0.17070
0.00000

1.65884
0.00000

-0.19493

0.00000
-0.98257

0.00000

-0.23050

0.00000
-0.73113

0.00000

-0.21086

0.00000
-0.62180

0.00000

-1.18459
0.00000

0.14989
0.00000

0.26636

0.00000
0.01769

0.00000

-0.15610
0.00000

-0.898371
0.239965
-2.238578
-1.124316
0.558939
1.995643
-0.100197
-0.473923

0.38041

-0.26703

-0.32982

0.12264

0.57351

-0.17650

0.05566

0.36656

1.65156

-0.04985

-1.01990

-0.06026

-0.23560

401 2
412 1
412 1
408 1

402 6
411 5
411 5

407 1
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

ITITITIIITIIIIIIIIIOZOZZ00Z2Z0Z000000000000

2.708473

1.864837

3.210692

0.920731
-0.094015
-1.344549
-1.867492
-2.449961
-2.564290
-3.753394
-4.707437
-3.232615
-3.895947
-3.513037
-4.322851
-5.276265
-6.375659
-6.726394
-1.137274
-6.787104
-5.768968
-5.034535

6.749586

0.193150
-0.365901
-1.150287
-2.275380
-1.650142
-4.225662
-4.201568
-3.368706
-2.601803
-7.273111
-5.957313
-7.429820

ATP Parameters

atom
atom
atom
atom
atom
atom
atom

412 412
408 408
411 411
407 407
409 409
406 406
405 405

3.234145
1.760985
0.655255
1.417937
2.326208
1.992891
0.717345
2.999227
4.054090
2.166030
2.650254
0.753342
-0.316795
-0.827396
-1.778376
-1.881199
-2.740951
-3.630221
-2.661410
-1.741216
-0.874078
-0.991729
-0.517618
3.363415
2.350745
2.012234
3.421005
4.342123
2.122280
3.288306
0.572847
-0.483256
-4.415069
-3.874389
-1.715762

oNoNoNoRoNONG)

"ATP_.
"ATP_
"ATP_.
"ATP_
"ATP_.
"ATP_
"ATP_.

0.315545
2.309752
0.338657
-0.067602
0.176826
-0.603628
-0.245522
-0.263743
-1.227840
-0.299330
-1.224895
-0.657808
0.063123
1.285017
1.744833
0.757078
0.609005
1.601471
-0.492046
-1.427860
-1.426579
-0.303768
-0.907500
-0.102746
1.249353
-1.690060
0.734738
-1.414487
0.691106
-1.770148
-1.736745
1.760588
1.265373
2.217266
-2.307397

-3_firstopt
-3 firstopt
-3_firstopt
-3 firstopt
-3_firstopt
-3 firstopt
-3_firstopt

409
409
406
405
324
312
311
318
346
316
320
314
251
248
255
250
249
253
257
254
256
247
413
325
325
313
319
323
317
321
315
258
260
260
259

00 0O 0O 0O O 0O O

15 33
16 17

18 19

20 21

19 22
23 31
24 41

26 31
27 28
42 43

30 44

25 30

15.999
15.999
15.999
15.999
15.999
15.999
15.999

34
35

36

38

40

NNNEFEPDNEFEDNBRE
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atom 401 401 P "ATP_-3 firstopt " 15 30974 4
atom 402 402 P "ATP_-3 firstopt " 15 30.974 4
atom 403 403 P "ATP_-3 firstopt " 15 30974 4
atom 413 413 H "ATP_-3 firstopt " 1 1.008 1

polarize 412 0.8370  0.3900 401

polarize 408 0.8370  0.3900 401 413
polarize 411 0.8370  0.3900 402

polarize 407 0.8370  0.3900 401 402
polarize 409 0.8370  0.3900 403

polarize 406 0.8370  0.3900 402 403
polarize 405 0.8370  0.3900 72 403
polarize 401 1.8280 0.3900 412 408 407
polarize 402 1.8280 0.3900 411 407 406
polarize 403 1.8280 0.3900 409 406 405
polarize 413 0.4960 0.3900 408

vdw 403 4.4500 0.3900

vdw 402 4.4500 0.3900

vdw 401 4.4500 0.3900

vdw 405 3.4050 0.1100

vdw 407 3.635 0.134

vdw 408 3.62 0.08

vdw 406 3.635 0.134

vdw 428 2.8700 0.0240 0.910

vdw 412 3.635 0.08

vdw 411 3.5534 0.09315

vdw 409 3.5534 0.09315

vdw 413 2.6650 0.01500.910

bond 72 405 465.1000 1.4179

bond 403 405 450.0000 1.7075
bond 403 406 450.0000 1.6660
bond 403 409 775.0000 1.5074
bond 402 407 450.0000 1.6482
bond 402 406 450.0000 1.6612
bond 402 411 775.0000 1.5184
bond 401 407 450.0000 1.6772
bond 401 408 450.0000 1.6485
bond 401 412 775.0000 1.5282
bond 408 413 560.0000 0.9995
angle 405 403 406 65.5800 100.0875
angle 405 403 409 75.8600 106.3537
angle 406 403 409 75.8600 111.8154
angle 409 403 409 89.8800 123.8772



angle 407 402 406 65.5800 98.2091

angle 407 402 411 75.8600 108.5940

angle 406 402 411 75.8600 112.2672

angle 411 402 411 89.8800 119.9765

angle 407 401 408 65.5800 100.2188

angle 407 401 412 75.8600 111.5471

angle 408 401 412 75.8600 111.6206

angle 412 401 412 89.8800 119.1585

angle 72 405 403 80.3000 112.3553

angle 402 407 401 80.0000 129.7663

angle 401 408 413 60.0000 104.8737

angle 403 406 402 80.0000 134.3005

angle 66 72 405 88.0000 109.4043

angle 405 72 73 60.9900 110.9434

strbond 405 403 406 14.4000 14.4000

strbond 405 403 409 14.4000 14.4000

strbond 406 403 409 14.4000 14.4000

strbond 407 402 406 14.4000 14.4000

strbond 407 402 411 14.4000 14.4000

strbond 406 402 411 14.4000 14.4000

strbond 407 401 408 14.4000 14.4000

strbond 407 401 412 14.4000 14.4000

strbond 408 401 412 14.4000 14.4000

strbond 72 405 403 38.0000 38.0000

strbond 402 407 401 38.0000 38.0000

strbond 401 408 413 -4.5000 38.0000

strbond 403 406 402 38.0000 38.0000

torsion 73 7240540320.01-1.5180.02.890.03

torsion 406 403 405 72 4.724 0.0 1 5.303 180.0 2 4.659 0.0 3

torsion 409 403 405 72 -2.155 0.0 1 7.602 180.0 2 -1.328 0.0 3

torsion 405 403 406 402 -1.999 0.0 1 3.795 180.0 2 -6.694 0.0 3

torsion 409 403 406 402 3.246 0.0 1 2.053 180.0 2 3.7350.0 3

torsion 406 402 407 401 -.277 0.0 1 -.298 180.0 2 -7.506 0.0 3

torsion 411 402 407 401 -3.0950.0 1 .326 180.0 2 1.844 0.0 3

torsion 407 402 406 403 2.034 0.0 1 4.705 180.0 2 2.705 0.0 3

torsion 411 402 406 403 1.043 0.0 1 2.635 180.0 2 -1.284 0.0 3

torsion 408 401 407 402 7.143 0.0 1 -7.143 180.02-7.413 0.0 3

torsion 412 401 407 402 5.684 0.0 1 -6.188 180.0 2 4.883 0.0 3

torsion 407 401 408 413-20.01-1.68 180.02-.80.0 3

torsion 412 401 408 413-20.01-1.68 180.02-.80.0 3

torsion 68 66 72 405 -1.15000.01 0.0000180.02 1.28000.03
torsion 65 66 72 405 2.22000.01 -1.3800180.02 -1.18000.03
torsion 67 66 72 405 0.00000.01 0.0000180.02 0.30000.03
torsion 66 72 405 403 0.00000.01 0.0000180.02 0.00000.03
torsion 402 403 416 438 -1.37200.01 0.2320180.02 0.40000.03
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multipole

multipole

#

324 312 405 0.162195
0.11521 0.00000
0.40225
0.00000 -0.32124
0.15284 0.00000

325 324 405 0.01769
-0.00317 0.00000
0.10449
0.00000 -0.04493
-0.02925 0.00000

0.15173

-0.08101

-0.11654

-0.05956

# Multipoles from Electrostatic Potential Fitting

#

multipole

multipole

multipole

multipole

multipole

multipole

401 -412 -412 1.66729
0.00000 0.00000
0.14017
0.00000 0.52990
0.00000 0.00000
412 401 412 -0.98202
0.00000 0.00000
-0.20537
0.00000 -0.03481
0.00000 0.00000
408 401 413 -0.68650
0.23542 0.00000
0.43290
0.00000 -0.40447
0.40132 0.00000
402 -411 -411 1.64139
0.00000 0.00000
0.70341
0.00000 -0.36141
0.00000 0.00000
411 402 411 -0.95382
0.00000 0.00000
-0.28331
0.00000 -0.09124
0.00000 0.00000
407 402 401 -0.66684
0.10527 0.00000

0.10131

-0.67007

-0.07795

0.24018

0.04548

-0.02843

0.03417

-0.34200

-0.07482

0.37455

0.03797
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multipole

multipole

multipole

multipole

multipole

1.08606
0.00000
-0.11713

403 -409 -409

0.00000
0.24135
0.00000
0.00000

409 403 409

0.00000
-0.26691
0.00000
0.00000

406 403 402

0.24454
0.18252
0.00000
-0.10601

405 324 403

0.09346
0.57876
0.00000
-0.99158

413 408 401

0.05887
0.66394
0.00000
0.52045

ADP2 Structure

o

0

1P
2 0
30
4 0
SP
6 O
70
8 O
90
10 C
11 C
12 O

13 C
14 O

-5.587153
-5.754890
-5.015972
-6.679173

-3.688462
-3.414189
-4.350123
-4.159173
-2.129963
-1.389007
-0.032066
0.733891
0.851276
0.797840

-1.597173
-2.505808
-2.548862
-0.712047
0.533441

0.119342
1.851677
-0.692806
0.622724
1.637139
1.747574
0.535512
2.841802
4.071075

-0.48190
0.00000

1.63400
0.00000

-0.24848

0.00000
-0.95177

0.00000

-0.36817

0.00000
-0.67371

0.00000

-0.15574

0.00000
-0.52873

0.00000

-1.22241
0.00000

0.25366
0.00000

0.23193
0.00000

0.448467
-0.732154
1.715137
0.989585

-0.626246
-2.048794
-0.306407
0.338137
0.150097
-0.449942
0.193539
0.045653
-0.413997
0.322720

-0.60416

-0.30439

0.00713

0.06439

0.63508

-0.05151

-0.02678

0.30704

0.64365

-0.06874

-0.89587

401 2
412
408
412
403
409
409
406
405
324
312
311
318
346

B@ml—‘wmml—‘HH

[ S
[FUR NN

10
11 29 30
12 13 31
17
14 15 32
33
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15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

ITTIIIIIIIIIIIOZOZZ00Z2Z0Z000

2.290098
3.175428
2.050614
2.918069
2.657515
3.646584
4.593407
5.840082
6.382401
6.547989
6.010380
4.842111
4.166879
-4.868964
-1.883096
-1.250097
-0.145566
0.572956
-0.137258
2.718653
2.593326
2.221344
1.705415
7.071870
5.692415
6.618657

ADP2 Parameters

atom
atom
atom
atom
atom
atom
atom
atom

polarize
polarize
polarize
polarize
polarize
polarize
polarize

412
408
409
406
405
401
403
413

412
408
409
406
405
401
403
413

2.276519
3.108980
0.907641
-0.149531
-0.989948
-1.842019
-1.524565
-2.095260
-3.092864
-1.623081
-0.606025
0.020963
-0.484960
-1.916213
2.624040
1.452693
1.947590
3.023867
4.212175
2.100734
3.747263
1.002961
-0.951413
-3.655857
-3.623444
-0.260480

I vTTOO0OO0OO0O0

"ADP_
"ADP_
"ADP_
"ADP_
"ADP_
"ADP_
"ADP_
"ADP_

-0.307515
0.412669
0.371994
-0.117296

-1.173616
-1.436276

-0.490081

-0.185726
-0.968416
0.849607
1.568863
1.399142
0.350997

2.438713

-0.351901
-1.528996
1.272724

-1.459478
0.557979

-1.301315
0.872569
1.456153
-1.687047
-0.483548
-1.489805
2.403059

-2_firstopt
-2_firstopt
-2_firstopt
-2_firstopt
-2_firstopt
-2_firstopt
-2_firstopt
-2_firstopt

412
408
411
409
406
405
401

0.8370
0.8370
0.8370
0.8370
0.8370
0.8370
1.8280

0.3900 401
0.3900 401 413
0.3900 402
0.3900 403
0.3900 401 403
0.3900 72 403

0.3900 412 408 406

316
320
314
251
248
255
250
249
253
257
254
256
247
413
325
325
313
319
323
317
321
315
258
260
260
259

13
15

12

17
18
19
20
21
22
22
24
25

18

10
10
11
13
14
15
16
17
19
23
23
25

16
35
15
19
20
21
22
23
38
25
26
27
21

17
18
27
37
27
24
39
40

26

15.999
15.999
15.999
15.999
15.999
30.974
30.974
1.008 1

34

36
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polarize 403 1.8280 0.3900 409 406 405
polarize 413 0.4960 0.3900 408

vdw 403 4.4500 0.3900

vdw 401 4.4500 0.3900

vdw 405 3.635 0.134

vdw 408 3.62 0.08

vdw 406 3.635 0.134

vdw 412 3.635 0.08

vdw 409 3.5534 0.09315

vdw 413 2.6650 0.0150 0.910

bond 72 405 465.1000 1.4179

bond 403 405 450.0000 1.7075
bond 403 406 450.0000 1.6660
bond 403 409 775.0000 1.5074
bond 401 406 450.0000 1.6772
bond 401 408 450.0000 1.6485
bond 401 412 775.0000 1.5282
bond 408 413 560.0000 0.9995
angle 405 403 406 65.5800 100.0875
angle 405 403 409 75.8600 106.3537
angle 406 403 409 75.8600 111.8154
angle 409 403 409 89.8800 123.8772
angle 406 401 408 65.5800 100.2188
angle 406 401 412 75.8600 111.5471
angle 408 401 412 75.8600 111.6206
angle 412 401 412 89.8800 119.1585
angle 72 405 403 80.3000 112.3553
angle 403 406 401 80.0000 129.7663
angle 401 408 413 60.0000 104.8737
angle 66 72 405 88.0000 109.4043
angle 405 72 73 60.9900 110.9434
strbond 405 403 406 14.4000 14.4000
strbond 405 403 409 14.4000 14.4000
strbond 406 403 409 14.4000 14.4000
strbond 406 401 408 14.4000 14.4000
strbond 406 401 412 14.4000 14.4000
strbond 408 401 412 14.4000 14.4000
strbond 72 405 403 38.0000 38.0000
strbond 403 406 401 38.0000 38.0000
strond 401 408 413 -4.5000 38.0000
torsion 73 72 405 403 0.000 0.0 1 0.000 180.0 2 0.120 0.0 3
torsion 406 403 405 72 -1.6450.0 1 7.024 180.0 2 3.370 0.0 3
torsion 409 403 405 72 -8.877 0.0 1 8.398 180.0 2 -0.665 0.0 3
torsion 405 403 406 401 2.282 0.0 1 -3.221 180.0 2-7.996 0.0 3
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torsion 409 403 406 401 -0.714 0.0 1 -1.015 180.0 2 2.289 0.0 3
torsion 408 401 406 403 7.269 0.0 1 -7.269 180.0 2 -7.269 0.0 3
torsion 412 401 406 403 3.211 0.0 1 -5.160 180.0 2 5.226 0.0 3
torsion 406 401 408 413 -2.0000 0.0 1 -1.6800 180.0 2 -0.8000 0.0 3
torsion 412 401 408 413 -2.0000 0.0 1 -1.6800 180.0 2 -0.8000 0.0 3
torsion 68 66 72 405 -1.15000.01
torsion 65 66 72 405 2.22000.01
torsion 67 66 72 405 0.00000.01
torsion 66 72 405 403 0.00000.01

#

0.0000 180.0 2

-1.3800 180.0 2

0.0000 180.0 2
0.0000 180.0 2

# Multipoles from Electrostatic Potential Fitting

#

multipole

multipole

multipole

multipole

multipole

multipole

multipole

401 -412 -412 1.66729
0.00000 0.00000
0.33006
0.00000 0.00933
0.00000 0.00000
412 401 412 -0.98202
0.00000 0.00000
-0.06903
0.00000 -0.20917
0.00000 0.00000
408 401 413 -0.68650
0.05468 0.00000
0.60648
0.00000 -0.60474
-0.79861 0.00000
403 -409 -409 1.63400
0.00000 0.00000
0.36132
0.00000 -0.50822
0.00000 0.00000
409 403 409 -0.95177
0.00000 0.00000
-0.29123
0.00000 0.15075
0.00000 0.00000
406 403 401 -0.67371
0.23593 0.00000
-0.17473
0.00000 -0.05279
0.36239 0.00000
405 324 403 -0.47759
0.24549 0.00000

0.04808

-0.33939

-0.14386

0.27820

-0.00686

-0.00174

-0.23225

0.14690

-0.07762

0.14048

-0.05664

0.22752

0.37624

1.28000.0 3

-1.1800 0.0 3

0.3000 0.0 3
0.00000.03
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-0.57275
0.00000
-0.14316

multipole 324 312 405

0.13390
0.67733
0.00000
-0.82455

multipole 413 408 401

GTP* Structure

44

1 P 5.790498
2 0 7.262233
3 0 5536152
4 O 4926251
5 0 5.086785
6 P 5.230997
7 O 5.026773
8 O 6.265982
9 O 3.631583
10 P 2.671674
11 O 2.117609
12 O 2.923671
13 O 1.237806
14 C 0.162768
15 C -1.053361
16 O -1.456494
17 C -2.284290
18 O -2.724423
19 C -3.351282
20 O -4.665256
21 C -2.826528
22 N -3.310920
23 C -2.722722
24 N -3.530789
25 C -4.694725
26 C -5.948556
27 O -6.330626

-0.04961
-0.20109
0.00000

-1.35859
0.00000

0.21334
0.00000

-0.34328
0.00000

0.25366
0.00000

-0.06829

-0.12161 0.00000

-2.659318

-2.531069
-2.736287
-3.599865
-0.944567
0.150064
-0.311535
1.219872
1.057190
2.115291
1.853151
3.572095
1.721645
2.458304
2.153534
0.752769
3.006007
3.728024
1.976934
2.372412
0.689817
-0.510654
-1.191051
-2.108775
-1.990964
-2.677717
-3.552722

-0.949177
-0.526685
-2.465725
-0.098633
-0.617522
0.517692
1.941857
0.220882
0.090276
0.738206
2.131865
0.356405
-0.299164
0.141008
-0.704107
-0.463056
-0.356040
-1.515769
0.028403
-0.392775
-0.621244
0.061161
1.104667
1.638750
0.923246
1.066005
1.841853

1.93134

-0.01923

-0.33405

0.02119

0.26938

404 2
408 1
408 1
408 1
405 1
403 5
410 6
410 6
406 6
401 9

409 10
409 10
407 10
324 13
312 14
311 15
318 15
346 17
316 17
320 19
314 16
280 21
276 22
282 23
279 24
274 25
285 26

10

11 12 13

14
15
16
21
18
37
20
39
19
23
24
25
26
27

33
17

19
21
22
32
41

32
28

34
35

36

38

40
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

ITITIIITIIIITIIIITIOZZ02Z

-6.874655
-6.663953
-1.777978
-5.533028
-4.584929
-0.095955

0.333880
-0.824360
-2.070373
-3.698442
-3.340362
-5.105357
-3.159025
-1.690481
-7.813859
-8.169551
-7.470947

GTP* Parameters

parameters /home/bdw2292/Tinker-8.4.3/params/amoebabiol8.prm

fix-monopole
potential-fit 12345678910111213143334

atom
atom
atom
atom
atom
atom
atom
atom
atom

polarize
polarize
polarize
polarize
polarize
polarize
polarize
polarize
polarize
polarize

-2.177641
-1.163456
-0.798112
-0.521648
-0.980559
2.258370
3.553798
2.255869
3.702656
3.712072
1.814179
1.566619
0.622905
-1.000132
-2.549477
-1.597959
-0.105625

0.087265
-0.808278
-1.586395
-0.925823
-0.040664

1.199144
0.058899
-1.770583

0.464236
-1.446834

1.115376
-0.729508
-1.674495

1.378767

0.197460
-2.079965
-2.266479

408
410

408
410

405 405
409 409
406 406
407 407
404 404
403 403
401 401

72 1.3340 0.3900 407 73
408 0.8370
410 0.8370
405 0.8370
409 0.8370
406 0.8370
407 0.8370
404 1.8280
403 1.8280
401 1.8280

VTUWTUVTOOOOOO

"GTP_-4_
"GTP_-4_
"GTP_-4_
"GTP_-4_
"GTP_-4_
"GTP_-4_
"GTP_-4_
"GTP_-4_
"GTP_-4_

0.3900 404
0.3900 403
0.3900 404 403
0.3900 401
0.3900 403 401
0.3900 72 401
0.3900 408 405
0.3900 410 405 406
0.3900 409 406 407

277
273
278
283
275
325
325
313
319
323
317
321
315
286
284
287
287

26
28
29
29
22
14
14

15
17

18
19

20
21
23
28
30
30

29
30
43
32
25

42
31
44

31

15999 1
15999 1

15.999
15.999
15.999
15.999
30.974
30.974
30.974

A BRADMNDNDMNMNDEDN
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vdw
vdw
vdw
vdw
vdw
vdw
vdw
vdw
vdw
bond
bond
bond
bond
bond
bond
bond
bond
bond
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
angle
strbnd
strbnd
strbnd
strbnd
strbnd
strbnd
strbnd
strbnd
strbnd
strbnd

401
403
404
407
405
406
410
408
409

401
401
401
403
403
403
404
404
407
407
406
409
405
405
406
410
405
408

4.4500 0.3900
4.4500 0.3900
4.4500 0.3900
3.635 0.134
3.635 0.134
3.635 0.134
3.5534 0.09315
3.63 0.1120
3.5534 0.09315
72 407 465.1000 1.4275

407
406
409
405
406
410
405
408
401
401
401
401
403
403
403
403
404
404

450.0000
450.0000
775.0000
450.0000
450.0000
775.0000
450.0000
775.0000

406
409
409
409
406
410
410
410
408
408

72 407 401
403 405 404
401 406 403
66 72 407 88.0000 111.5292
72 73 60.9900 113.1077
72 73 60.9900 113.1077

407
407
407
407
406
405
405
406
405
408

401
401
401
403
403
403
404
404

406
409
409
406
410
410
408
408

72 407 401
403 405 404

65.5800
75.8600
75.8600
89.8800
65.5800
75.8600
75.8600
89.8800
75.8600
89.8800

1.7314
1.6162
1.5175
1.5911
1.7544
1.5155
1.8298
1.5499

100.2307
107.2560
113.6954
119.3235
96.1714

113.1563
104.3610
117.7377
104.7369
115.7929

80.3000 115.0537

80.0000
80.0000

14.4000
14.4000
14.4000
14.4000
14.4000
14.4000
14.4000
14.4000

137.3775
144.5024

14.4000
14.4000
14.4000
14.4000
14.4000
14.4000
14.4000
14.4000

38.0000 38.0000

38.0000

38.0000
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strbond 401 406 403 38.0000 38.0000

torsion 73 72 407 401 0.000 0.0 1 0.000 180.0 2 0.1200.0 3
torsion 406 401 407 72 0.525 0.0 1 4.208 180.0 2 0.158 0.0 3
torsion 409 401 407 72 -11.673 0.0 1 6.705 180.0 2 0.158 0.0 3
torsion 407 401 406 403 -0.379 0.0 1 -1.596 180.0 2 -6.626 0.0 3
torsion 409 401 406 403 -6.626 0.0 1 -0.432 180.0 2 3.794 0.0 3
torsion 406 403 405 404 -3.253 0.0 1 -2.994 180.0 2 -3.649 0.0 3
torsion 410 403 405 404 3.279 0.0 1 -1.944 180.0 2 3.037 0.0 3
torsion 405 403 406 401 1.2250.0 1 -2.189 180.0 2 3.859 0.0 3
torsion 410 403 406 401 3.859 0.0 1 -0.220 180.02-1.321 0.0 3
torsion 408 404 405 403 .382 0.0 1 -1.372 180.0 2 .068 0.0 3
torsion 68 66 72 407 -0.401 0.0 1 0.496 180.0 2 2.714 0.0 3
torsion 65 66 72 407 1.333 0.0 1 -1.311 180.0 2 0.000 0.0 3
torsion 67 66 72 407 0.000 0.0 1 0.287 180.02 0.1320.0 3
torsion 66 72 407 401 0.000 0.0 1 1.905 180.0 2 0.000 0.0 3

#

# Multipoles from Electrostatic Potential Fitting

#

multipole 404 405 1.60022
0.00000 0.00000 0.22280
0.27904

0.00000 0.27904

0.00000 0.00000 -0.55808
multipole 408 404 -408 -408 -1.02112

0.00000 0.00000 0.11041

-0.20638

0.00000 -0.29000

0.00000 0.00000 0.49638
multipole 405 403 404 -0.73555

0.48552 0.00000 -0.09244

0.59026

0.00000 -0.08287

1.35291 0.00000 -0.50739
multipole 403 -410 -410 1.64959

0.00000 0.00000 -0.26487

0.95916

0.00000 -0.92206

0.00000 0.00000 -0.03710
multipole 410 403 410 -0.97735

0.00000 0.00000 0.07418

-0.14364

0.00000 -0.51008

0.00000 0.00000 0.65372
multipole 406 401 403 -0.73113

57



multipole

multipole

multipole

multipole

multipole

GTP Structure

-5.540894
-6.861833
-5.490706
-4.395307
-4.807339
-5.048962
-4.847121
-6.204094
-3.608705
-2.711984
-2.284626
-3.083909
-1.298135
-0.220959
0.991808

0.29809 0.00000 -0.10896

0.66145
0.00000 0.08311

0.52910 0.00000 -0.74456
401 -409 -409 1.65884
0.00000 0.00000 -0.30292

0.77144
0.00000 -0.41605

0.00000 0.00000 -0.35539
409 401 409 -0.98257
0.00000 0.00000 0.12194

-0.35377
0.00000 -0.11545

0.00000 0.00000 0.46922
407 324 401 -0.60147
0.17299 0.00000 0.34916

-0.13358
0.00000 -0.86869

0.21469 0.00000 1.00227
324 325 312 0.17022
0.22509 0.00000 0.15573

0.14095
0.00000 -0.15079

-0.04366 0.00000 0.00984
325 324 407 0.01769
0.10096 0.00000 -0.12374

0.55605
0.00000 -0.17489

0.05740 0.00000 -0.38116

-2.476544 0.935961 401

-2.485729 0.202682 412
-2.947508 2.371120 412
-3.266157 0.004157 408
-0.965096 0.880930 407
0.124172 -0.347093 402
-0.622724 -1.648402 411
1.052731 -0.099304 411
0.984658 0.023002 406
2.079291 -0.751043 403
1.714392 -2.153653 409
3.510161 -0.423095 409
1.762225 0.235783 405
2497713 -0.244134 324
2.219005 0.610436 312

13
14

10
11 12 13

14
15 34 35
16 17 36
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16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

ITTIITIIIIIIIIIIOZZO0Z000Z0Z2Z000000

1.382109
2.225962
2.651966
3.289658
4.593383
2.757942
3.228439
2.635507
3.435076
4.603822
5.854025
6.220327
6.790790
6.590949
7.709282
5.459231
4.503342
-4.306869
0.020980
-0.410687
0.759887
2.022912
3.627401
3.283165
5.054700
3.080241
1.605012
7.726966
8.168209
7.415550

GTP-2 Parameters

atom
atom
atom
atom
atom
atom
atom
atom
atom
atom
atom

412 412
408 408
411 411
407 407
409 409
406 406
405 405
401 401
402 402
403 403
413 413

0.816013
3.057740
3.810189
2.010105
2.422178
0.749056
-0.477792
-1.195311
-2.137914
-1.994379
-2.693648
-3.608007
-2.148241
-1.092805
-0.681883
-0.445573
-0.948007
-2.643408
2.251043
3.587465
2.368135
3.728870
3.796055
1.810448
1.621882
0.721297
-1.011367
-2.531700
-1.454544
0.016447

I TV UTOOOO0OO0OO0

"GTP_
"GTP_
"GTP_
"GTP_
"GTP_
"GTP_
"GTP_
"GTP_-
"GTP_-
"GTP_-
"GTP_

0.419709
0.238800
1.378513
-0.107378
0.312880
0.584919
-0.049786
-1.066458
-1.563918
-0.858715
-0.978197
-1.712442
-0.033973
0.815082
1.552398
0.914887
0.063415
-0.754297
-1.292572
-0.198021
1.670843
-0.605793
1.324187
-1.188570
0.636914
1.641519
-1.347431
-0.133144
2.028802
2.231251

-3_firstopt
-3 firstopt
-3_firstopt
-3 firstopt
-3_firstopt
-3 firstopt
-3_firstopt

3_firstopt
3_firstopt
3_firstopt

-3_firstopt

311
318
346
316
320
314
280
276
282
279
274
285
277
273
278
283
275
413
325
325
313
319
323
317
321
315
286
284
287
287

15
15
17
17
19
16
21
22
23
24
25
26
26
28
29
29
22

14
14
15
17
18
19
20
21
23
28
30
30

21
18
38
20
40
19
23
24
25
26
27

29
30
44
32
25

19 37

21 39

22 41

32
42

32
28

43
31
45

31

15.999
15.999
15.999
15.999
15.999
15.999
15.999
30.974
30.974
30.974
1.008 1

ADRNANNRENRFRNPRE
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polarize
polarize
polarize
polarize
polarize
polarize
polarize
polarize
polarize
polarize
polarize

vdw
vdw
vdw
vdw
vdw
vdw
vdw
vdw
vdw
vdw
vdw
vdw
bond
bond
bond
bond
bond
bond
bond
bond
bond
bond
bond
angle
angle
angle
angle
angle
angle
angle
angle

412
408
411
407
409
406
405
401
402
403
413

0.8370
0.8370
0.8370
0.8370
0.8370
0.8370
0.8370
1.8280
1.8280
1.8280
0.4960

403 4.4500 0.3900
402 4.4500 0.3900
401 4.4500 0.3900
405 3.4050 0.1100
407 3.635 0.134

408 3.62

0.08

406 3.635 0.134
428 2.8700 0.02400.910
412 3.635 0.08

411 3.6300 0.1120
409 3.6300 0.1120
413 2.6650 0.01500.910

72 405 465.1000 1.4179

403 405
403 406
403 409
402 407
402 406
402 411
401 407
401 408
401 412
408 413
405 403
405 403
406 403
409 403
407 402
407 402
406 402
411 402

450.0000
450.0000
775.0000
450.0000
450.0000
775.0000
450.0000
450.0000
775.0000
560.0000

0.3900 401

0.3900 401 413
0.3900 402

0.3900 401 402
0.3900 403

0.3900 402 403
0.3900 72 403
0.3900 412 408 407
0.3900 411 407 406
0.3900 409 406 405
0.3900 408

1.7075
1.6660
1.5074
1.6482
1.6612
1.5184
1.6772
1.6485
1.5282
0.9995

406 65.5800 100.0875
409 75.8600 106.3537
409 75.8600 111.8154
409 89.8800 123.8772
406 65.5800 98.2091
411 75.8600 108.5940
411 75.8600 112.2672
411 89.8800 119.9765
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angle 407 401 408 65.5800 100.2188

angle 407 401 412 75.8600 111.5471

angle 408 401 412 75.8600 111.6206

angle 412 401 412 89.8800 119.1585

angle 72 405 403 80.3000 112.3553

angle 402 407 401 80.0000 129.7663

angle 401 408 413 60.0000 104.8737

angle 403 406 402 80.0000 134.3005

angle 66 72 405 88.0000 109.4043

angle 405 72 73 60.9900 110.9434

strbond 405 403 406 14.4000 14.4000

strond 405 403 409 14.4000 14.4000

strond 406 403 409 14.4000 14.4000

strond 407 402 406 14.4000 14.4000

strond 407 402 411 14.4000 14.4000

strond 406 402 411 14.4000 14.4000

strond 407 401 408 14.4000 14.4000

strond 407 401 412 14.4000 14.4000

strond 408 401 412 14.4000 14.4000

strond 72 405 403 38.0000 38.0000

strond 402 407 401 38.0000 38.0000

strond 401 408 413 -4.5000 38.0000

strond 403 406 402 38.0000 38.0000

torsion 73 72405 40320.01-1.5180.02.890.03

torsion 406 403 405 72 4.724 0.0 1 5.303 180.0 2 4.659 0.0 3

torsion 409 403 405 72 -2.1550.0 1 7.602 180.0 2-1.328 0.0 3

torsion 405 403 406 402 -1.99 0.0 1 3.795 180.0 2 -6.694 0.0 3

torsion 409 403 406 402 3.246 0.0 1 2.053 180.0 2 3.7350.0 3

torsion 406 402 407 401 -.277 0.0 1 -.298 180.0 2 -7.506 0.0 3

torsion 411 402 407 401 -3.095 0.0 1 .326 180.0 2 1.844 0.0 3

torsion 407 402 406 403 2.034 0.0 1 4.705 180.0 2 2.705 0.0 3

torsion 411 402 406 403 1.043 0.0 1 2.635 180.0 2-1.284 0.0 3

torsion 408 401 407 402 7.143 0.0 1 -7.143 180.0 2 -7.143 0.0 3

torsion 412 401 407 402 5.684 0.0 1 -6.188 180.0 2 4.883 0.0 3

torsion 407 401 408 413-20.01-1.68 180.02-.80.03

torsion 412 401 408 413-20.01-1.68 180.02-.80.0 3

torsion 68 66 72 405 -1.15000.01 0.0000180.02 1.28000.03
torsion 65 66 72 405 2.22000.01 -1.3800180.02 -1.18000.03
torsion 67 66 72 405 0.00000.01 0.0000180.02 0.30000.03
torsion 66 72 405 403 0.00000.01 0.0000180.02 0.00000.03
torsion 402 403 416 438 -1.37200.01 0.2320180.02 0.40000.03

#

# Multipoles from Electrostatic Potential Fitting
#
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multipole

multipole

multipole

multipole

multipole

multipole

multipole

multipole

multipole

multipole

401 -412 -412
0.00000
0.31821
0.00000
0.00000
412 401 412
0.00000
-0.08067
0.00000
0.00000
408 401 413
0.24867
0.57372
0.00000
0.30596
407 402 401
0.13752
0.16424
0.00000
0.26947
402 -411 -411
0.00000
0.47720
0.00000
0.00000
411 402 411
0.00000
-0.26137
0.00000
0.00000
406 403 402
0.25954
-0.52564
0.00000
-0.33224
403 -409 -409
0.00000
0.37356
0.00000
0.00000
409 403 409
0.00000
-0.41530
0.00000
0.00000
405 324 403

1.66729
0.00000

-0.04624

0.00000
-0.98202

0.00000

-0.11299

0.00000
-0.68650

0.00000

-0.21081

0.00000
-0.66684

0.00000

-0.07683
0.00000
1.64139
0.00000

-0.51282

0.00000
-0.95382

0.00000

0.02643

0.00000
-0.67371

0.00000

-0.14680
0.00000

1.63400
0.00000

-0.39914

0.00000
-0.95177

0.00000

0.09618
0.00000
-0.51104

-0.02156

-0.27197

-0.04252

0.19366

-0.04616

-0.36291

-0.08868

-0.08741

-0.00728

0.03562

-0.00361

0.23494

-0.09612

0.67244

-0.33789

0.02558

0.03720

0.31912
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0.14169
-0.28900
0.00000
0.35181

multipole 324 312 405

0.15120
0.55333
0.00000
0.33591

multipole 413 408 401

GDP Structure

40

1 P -5.930700
2 O -7.024500
3 0 -6.147400
4 O -5.251800
5 0 -4.524300
6 P -3.866200
7 O -3.348800
8 O -4.395000
9 O -2.313900
10 C -1.452600
11 C -0.151300
12 O 0.532600
13 C 0.841200
14 O 1.172700
15 C 2.084900
16 O  3.299000
17 C  1.892000
18 N  2.580900
19 C 2.089600
20 N  3.035000
21 C 4.187500
22 C 5.543900
23 O 6.046800
24 N 6.402700
25 C 6.040200

-0.00152
0.26419
0.00000
0.20254
0.00000
0.00000
0.00000
0.00000

-1.549300
-0.870300
-1.605700
-2.771900
-0.235600
0.766500
0.231600
2.198200
0.959000
1.742700
1.924800
0.618600
2.871800
3.950800
2.005500
2.751600
0.871600
-0.357200
-1.400000
-2.276200
-1.751000
-2.218600
-3.207900
-1.291600
-0.112200

0.00000

-0.83742
0.00000

0.17988
0.00000

-0.20878
0.00000

0.25366
0.00000

-0.29795
0.00000
0.00000

0.00000
0.00000

0.411700
-0.415600
1.928800
-0.210000
0.388100
-0.614200
-1.943800
-0.594100
0.325400
-0.407700
0.340800
0.426500
-0.350500
0.534300
-0.573100
-0.418400
0.442000
0.050200
-0.703100
-1.046300
-0.518000
-0.596300
-1.125800
0.087500
0.682300

0.39243

1.12642

0.02414

-0.34455

-0.13290

0.03376
0.00000

0.00000

404 2 3 4 5

408 1
408 1
408 1
406 1
401 5

409 6
409 6

407 6 10

324 9
312 10
311 11
318 11
346 13
316 13
320 15
314 12
280 17
276 18
282 19
279 20
274 21
285 22
277 22
273 24

29
13

15
17
18
28
37

28
24

38
27

30
31

32

34

36
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

ITITIITITITIIIIIIIOZZ

7.095300
4.808900
3.927700
-1.218700
-1.854900
-0.335000
0.436900
2.112800
2.048200
3.934100
2.287000
1.029000
7.390400
7.705600
6.701200

0.666300
0.319800
-0.542500
1.315900
2.762600
2.272300
3.261900
4.134300
1.548900
2.166200
1.167300
-1.477200
-1.504600
0.137200
1.457400

1.182700
0.748500
0.138900
-1.402600
-0.589000
1.363600
-1.292900
0.345000
-1.572600
0.039800
1.432200
-0.915200
-0.022500
1.801400
1.686800

GDP-3 Parameters

atom
atom
atom
atom
atom
atom

polarize
polarize
polarize
polarize
polarize
polarize
polarize

vdw
vdw
vdw
vdw
vdw
vdw
bond
bond
bond
bond

408 408
409 409
406 406
407 407
404 404
401 401

"GDP_-3_
"GDP _-3_
"GDP_-3_
"GDP _-3_
"GDP_-3_
"GDP _-3_

VTUWOOO0OO

72 1.3340 0.3900 407 73
408 0.8370 0.3900 404

409 0.8370  0.3900 401

406 0.8370
407 0.8370
404 1.8280
401 1.8280

0.3900 72 401

401 4.4500 0.3900

404 4.4500 0.3900

407 3.635 0.134

406 3.635 0.134

408 3.63 0.1120

409 3.5534 0.09315

72 407 465.1000 1.4275
401 407 450.0000 1.7314
401 406 450.0000 1.6162
401 409 775.0000 1.5175

2178
283
275
325
325
313
319
323
317
321
315
286
284
287
287

0.3900 404 401

0.3900 408 406
0.3900 409 406 407

25 39 40

25

18 21 27

10
10
11
13
14
15
16
17
19
24
26
26

el
O1 01 00 00 0O O

28

15.999
15.999
15.999
15.999
30.974
30.974

ADRNNNPR P
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bond 404 406 450.0000 1.7544

bond 404 406 450.0000 1.8298

bond 404 408 775.0000 1.5499

angle 407 401 406 65.5800 100.2307

angle 407 401 409 75.8600 107.2560

angle 406 401 409 75.8600 113.6954

angle 409 401 409 89.8800 119.3235

angle 406 404 408 75.8600 104.7369

angle 408 404 408 89.8800 115.7929

angle 72 407 401 80.3000 115.0537

angle 401 406 404 80.0000 137.3775

angle 66 72 407 88.0000 111.5292

angle 407 72 73 60.9900 113.1077

angle 407 72 73 60.9900 113.1077

strond 407 401 406 14.4000 14.4000

strond 407 401 409 14.4000 14.4000

strond 406 401 409 14.4000 14.4000

strond 406 404 408 14.4000 14.4000

strond 408 404 408 14.4000 14.4000

strond 72 407 401 38.0000 38.0000

strond 401 406 404 38.0000 38.0000

torsion 73 72407 40120.01-1.5180.02.890.0 3

torsion 406 401 407 72 .292 0.0 1 9.634 180.02-50.03
torsion 409 401 407 72 -10.912 0.0 1 10.912 180.02 2.516 0.0 3
torsion 407 401 406 404 -.969 0.0 1 3.663 180.0 2 3.663 0.0 3
torsion 409 401 406 404 3.2790.0 1 -1.944 180.0 2 3.037 0.0 3
torsion 408 404 406 401 1.616 0.0 1 -1.616 180.0 2..084 0.0 3
torsion 68 66 72 407 -0.401 0.0 1 0.496 180.02 2.7140.0 3
torsion 65 66 72 407 1.3330.01-1.311 180.0 2 0.000 0.0 3
torsion 67 66 72 407 0.000 0.0 1 0.287 180.0 2 0.132 0.0 3
torsion 66 72 407 401 0.000 0.0 1 1.905 180.0 2 0.000 0.0 3

#

# Multipoles from Electrostatic Potential Fitting

#

multipole 404 406 1.60022
0.00000 0.00000 0.34417
0.24651

0.00000 0.24651

0.00000 0.00000 -0.49302
multipole 408 404 -408 -408 -1.02112

0.00000 0.00000 0.24711

-0.59760

0.00000 -0.38019



multipole

multipole

multipole

multipole

multipole

multipole

0.00000 0.00000
406 401 404
1.03362 0.00000

2.69650
0.00000
2.29507

401 -409 -409

0.00000
-0.32644
0.00000
0.00000

409 401 409

0.00000
-0.14597
0.00000
0.00000

407 324 401

0.06613
-0.70331
0.00000
1.14095

324 325 312

0.38186
-0.66972
0.00000
-0.00621

325 324 407

GDP2 Structure

-5.682200
-6.562900
-6.238400
-4.724100
-4.405600

-3.849600
-3.500400
-4.492100
-2.338600
-1.484200
-0.180200
0.484200

-0.12813
0.29858
0.00000

-0.55398

-1.393300
-0.855200
-1.768300
-2.617900
-0.301200
0.703500
-0.084900
2.063800
0.944500
1.721300
1.915500
0.615100

-0.73113

-0.05699
0.00000

1.65884
0.00000

-2.11350

0.00000
-0.98257

0.00000

-1.44931

0.00000
-0.62180

0.00000

1.63463

0.00000
0.14989

0.00000

0.00384

0.00000
0.01769

0.00000

-0.08976
0.00000

0.451100
-0.645600
1.796700
-0.157300
0.736900

-0.417400
-1.666800
-0.473400
0.402400
-0.383900
0.349500
0.466100

0.97779

0.03187

-2.63951

-0.53976

2.43994

0.26499

1.59528

0.47703

-0.93132

-0.02317

0.66588

-0.23366

-0.20882

401
412
412
408
406

403
409
409
405
324
312
311

2
1
1
1
1 6
5
6
6
6 10

9 11 30 31

10 12 13 32
11 17
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

ITITITIIITIITIIITIIIIIOZZ0Z2000Z0Z00000

0.812400
1.138500
2.050000
3.253600
1.855200
2.525100
2.024100
2.962200
4.124000
5.480600
5.968400
6.351300
5.999500
7.053500
4.765300
3.876600
-4.220100
-1.278100
-1.909100
-0.362200
0.412600
2.081600
2.009400
3.915400
2.244900
0.962100
7.336800
7.745200
6.685200

GDP2 Parameters

atom
atom
atom
atom
atom
atom
atom
atom

polarize
polarize

412
408
409
406
405
401
403
413

412
408
409
406
405
401
403
413

412
408

2.843300
3.933200
1.962000
2.715700
0.857400
-0.386300
-1.451000
-2.335300
-1.791200
-2.260500
-3.268700
-1.304800
-0.105100
0.701600
0.324200
-0.566900
-2.155600
1.247800
2.721300
2.301900
3.215200
4.114100
1.480900
2.128300
1.180100
-1.539200
-1.526200
0.201400
1.491800

I TTUTOO0OO0O0O0

"GDP_
"GDP_
"GDP_
"GDP_
"GDP_
"GDP_
"GDP_
"GDP_

-0.369400
0.493900
-0.575200
-0.434500
0.470300
0.114200
-0.603300
-0.935000
-0.444700
-0.534000
-1.035700
0.094000
0.652500
1.085500
0.732500
0.180300
-0.862800
-1.358500
-0.581500
1.358500
-1.321900
0.313500
-1.563400
-0.015100
1.451600
-0.796100
-0.023100
1.637000
1.608100

-2_firstopt
-2_firstopt
-2_firstopt
-2_firstopt
-2_firstopt
-2_firstopt
-2_firstopt
-2_firstopt

0.8370  0.3900 401
0.8370 0.3900 401 413

318
346
316
320
314
280
276
282
279
274
285
277
273
278
283
275
413
325
325
313
319
323
317
321
315
286
284
287
287

11
13

13
15
12

17
18
19
20
21
22
22
24
25

25

18

10
10
11
13
14
15
16
17
19
24
26
26

14
34
16
36
15
19
20
21
22
23

25
26
40
28
21

15
17
18
28
38

28
24

39
27
41

27

15.999
15.999
15.999
15.999
15.999
30.974
30.974
1.008 1

33

35

37
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polarize 411 0.8370  0.3900 402

polarize 409 0.8370  0.3900 403

polarize 406 0.8370  0.3900 401 403
polarize 405 0.8370  0.3900 72 403
polarize 401 1.8280 0.3900 412 408 406
polarize 403 1.8280 0.3900 409 406 405
polarize 413 0.4960 0.3900 408

vdw 403 4.4500 0.3900

vdw 401 4.4500 0.3900

vdw 405 3.635 0.134

vdw 408 3.62 0.08

vdw 406 3.635 0.134

vdw 412 3.635 0.08

vdw 409 3.5534 0.09315

vdw 413 2.6650 0.0150 0.910

bond 72 405 465.1000 1.4179

bond 403 405 450.0000 1.7075
bond 403 406 450.0000 1.6660
bond 403 409 775.0000 1.5074
bond 401 406 450.0000 1.6772
bond 401 408 450.0000 1.6485
bond 401 412 775.0000 1.5282
bond 408 413 560.0000 0.9995
angle 405 403 406 65.5800 100.0875
angle 405 403 409 75.8600 106.3537
angle 406 403 409 75.8600 111.8154
angle 409 403 409 89.8800 123.8772
angle 406 401 408 65.5800 100.2188
angle 406 401 412 75.8600 111.5471
angle 408 401 412 75.8600 111.6206
angle 412 401 412 89.8800 119.1585
angle 72 405 403 80.3000 112.3553
angle 403 406 401 80.0000 129.7663
angle 401 408 413 60.0000 104.8737
angle 66 72 405 88.0000 109.4043
angle 405 72 73 60.9900 110.9434
strond 405 403 406 14.4000 14.4000
strond 405 403 409 14.4000 14.4000
strond 406 403 409 14.4000 14.4000
strond 406 401 408 14.4000 14.4000
strond 406 401 412 14.4000 14.4000
strond 408 401 412 14.4000 14.4000
strond 72 405 403 38.0000 38.0000
strond 403 406 401 38.0000 38.0000



strond 401 408 413 -4.5000 38.0000

torsion 73 72405 40320.01-1.5180.02.890.03

torsion 406 403 405 72 .08 0.0 1 -.327 180.0 2 1.533 0.0 3

torsion 409 403 405 72 .916 0.0 1 2.304 180.02 .50.0 3

torsion 405 403 406 401 6.659 0.0 1 -5.588 180.0 2 8.161 0.0 3

torsion 409 403 406 401 8.161 0.01-.194 180.0 2 -4.292 0.0 3

torsion 408 401 406 403 7.269 0.0 1 -7.269 180.0 2 -7.269 0.0 3

torsion 412 401 406 403 .971 0.0 1 -3.343 180.0 2 -2.304 0.0 3

torsion 406 401 408 413 3.028 0.0 1 -5.116 180.025.116 0.0 3

torsion 412 401 408 413-20.01-1.68 180.02-.80.03

torsion 68 66 72 405 -1.15000.01 0.0000180.02 1.28000.03
torsion 65 66 72 405 2.22000.01 -1.3800180.02 -1.18000.03
torsion 67 66 72 405 0.00000.01 0.0000180.02 0.30000.03
torsion 66 72 405 403 0.00000.01 0.0000180.02 0.00000.03

#
# Multipoles from Electrostatic Potential Fitting
#

multipole 401 -412 -412 1.66729

0.00000 0.00000 -0.07441

0.43613

0.00000 0.09217

0.00000 0.00000 -0.52830
multipole 412 401 412 -0.98202

0.00000 0.00000 0.00678

-0.14913

0.00000 -0.31810

0.00000 0.00000 0.46723
multipole 408 401 413 -0.68650

0.19187 0.00000 -0.04350

0.74235

0.00000 -0.18846

-0.13268 0.00000 -0.55389
multipole 406 403 401 -0.67371

0.19282 0.00000 0.01367

-0.28507

0.00000 -0.31691

0.02031 0.00000 0.60198
multipole 403 -409 -409 1.63400

0.00000 0.00000 -0.22214

0.33897

0.00000 -0.41182

0.00000 0.00000 0.07285
multipole 409 403 409 -0.95177

0.00000 0.00000 -0.03764
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-0.30810

0.00000 0.24380

0.00000 0.00000 0.06430
multipole 405 324 403 -0.49528

0.20708 0.00000 0.42530

-0.20338

0.00000 -0.94027

-0.09808 0.00000 1.14365
multipole 324 312 405 0.19565

0.13090 0.00000 0.07537

0.15806

0.00000 -1.06997

-0.16138 0.00000 0.91191
multipole 413 408 401 0.25366

-0.01269 0.00000 -0.06646

0.63900

0.00000 -0.13233

-0.12115 0.00000 -0.50667
multipole 325 324 405 0.01769

0.10197 0.00000 -0.15897

0.40059

0.00000 -0.21453

-0.01118 0.00000 -0.18606
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