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ABSTRACT

The interaction of glycine zwitterion and water
is calculated wusing 8b initio method with minimized GLO
basis set., The first hydration shell of glycine zwitterion
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of glycine zwitterion is studied and the energy optimized
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provides that the two coordinated water of aquo complex of
Na'care dehydrated and replaced by glycine zwitterion. Thus
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The H€1- OH_ distances in the complex aré 2.20 A. The effect
of _Hn' and its coordinated water on the first hydration
gshell of glycine zwitterion are discussed on the basis of

both charge distribution and stabilization energies.
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CHAPTER 1
INTRODUCTION

Considerable attentieon has recently been focused
on the binding of metal ions and metal complexes (1—}5}.
The presénce of the metal ien can influence the electronic
and structural arrangement of the protein and so affect its
reactivity. The question of the nature and extent of metal
ion-protwein imteraction is therefore a most important one

for a vast npnumber aof widely diftfering biclogical processes
It has been the subject of much work using amino acids
(10,151, amides (16) land small peptides (5-8,12-13) as
mode 1 compounds . Incfeaaing knowledge will almost
certainly serve to demcnsérnte this fact more effectively.
Some of these progestes are gquite specific in their metal
requirement in that only certain metal ions can fulfill t.he
necessary catalytic or structural requirement, whilel other

processes —are much less specific, and it is possible to

replace one metal ion by another, although the activity may

be reduced.

The complexity of biological macromolecules, and
the associated problems-in their-study, means that it is
ofpaen/ | worthwhile %o examine t.he behgviaur af simpler
molecules that contain what appear to be the essential
features of the original molecule, uncomplicated by other
features of that molecule. The conclusions reached for
model compounds may be extrapolated. to the parent molecule
and some light thrown upon its reactions and functions.

Since biological pProcesses ococur almost

exclusively in agueous solution. Knowledge of the agueous



hydration of metal complex is important foar +the ultimate
understanding of metelloprotein hydration and the role of
water in biologFical structure and function. Therefore,
theoretical studies on biological ralgvanb molecules should
not be restricted to the molecules in the gas phase, but
include all relavant interactions with the solvent as well.

In +this work, We have investigated the Na '

influence on the conformatien of the smallest and simplest

amino acid, glycine, in watar. Glycine constitutes as
the backbone off the| proteiny namely, polypeptide.
Therefore, the elgctranic structure of glycine is of

interest since the general features of +the electronic
structures of £he amino acid and the backbone of protein
can be derived from that of glycine.

Glycine is found as a zwitterion HH.*CHitﬂﬂ_ in
the solid state and agueous solution (17). From our previous
work (18, by a semiempirical calculation (CHDO/2), +the
most stable conformation of #lycine zwitterion is predicted

to be (©, 9 = (0 , 0 ) as illustrated in Figure 1.

Figure 1. The Glycine Zwitterion with conformation ( &8 , ¢ )
= {0, 0 ), one H-atom of -NHx* and N, Cl. c , 0

a

atoms are in the same plane.



The small monovalent cation, Na  is chosen in
this study with two reasons. The first nhe, Na' is involved
in certain physiologfical control and trigger mechanisms. It
is present in much greater amounts than the heavy metal ions.

In the human beody, Na+. KT, Mgz+ and Ca’' constitute some

99% of the total ion content. The secondy, the size of Na®

is small enough for the limiting of computing time we can

obtain,.

In thiseStudy, the effect of solvent on the
internal rotation ef glycine zwitterion and on the
conformation of glycine zwitterien - Na™ complex in water

are investigated by ab initiao LCAO-MO-SCF using minimal GLO
basis set (19), The procedure will use the supermolecule
mode ] to approach the problem. This model is proved (20)
to be useful in studyindg the confoermation of molecules in

agqueous solution.



CHAPTER 2

SELF CONSISTENT FIELD MOLECULAR ORBITAL THEORY

2.1 The Schrodinger Equation

in principal, all molecular orbital calculatlons

are approximate selutions of the schrodinfer equation in

the form

waL e 1 @ =

H g EY (2.1)

where H"°™' /' ‘the Hamiltonian operator is representative
of the sum of the kinetic and potential energy of the system.
¥ is an enEﬁgy-Eigaﬂfunatiun for the system and E is the
corresponding eneryy aifsnui}ua.

Since +the’ masses of the nuclei are about 2000
times larnger than the masses of the'electrons, so that the
nuclei move much more slowly, and we may reasonably suppose
the electreons to adjust themselves to new nuclear positions
so rapidly that st sany one instant their motion is just as
it would be if the nuclei-were at rest Bt the position they
occupy at the same instant. This simplification is referred
te #s the \Born-Oppenheimer nppraximntinn_(Zl}. This means
the nuclear kinetic energy and nuclear-nuclear repulsion
terms cuan be separated off from the hamiltonian operstor,
only the part of the hamiltonian which depends on the

positions but mot the momenta of the nuclei are considered.

This is named the electronic hamiltonian operator ( H Y



-

H = -nZ/2m E‘i'f -

(2.2)

The electronic hamiltonian may be used in a

modified Schrodinger equation

Hmu:I. "1"'“1 - E"’II {2‘3}
for convenience we will adopt H®' as H and "' as ¥
2.2 The Variation Method

For  an actual molecule; with given H"' s the
solution of equation (2.8) 15 usually attempted by +the
variation method. Iln this method, choosing a trial
function o dependent on one or more parameters , one

minimizes “the energy as a function of the parameters. With
luck, the &% so obtained will be a good approximation +to
the +true ground state wave funetion; if it is not, it may
be improved DBy further generalization of its functional
form. The expectation-value of the anergy calculated from

this function will always he higher than the true eneryy of

the sround state.
2.3 The Orbital Approximation
The wusual variation method which is capable of

handling many electron systems in molecular gquantum

mechanics is the molecular orhital (MO) method. Molecular



Orbital theory treats molecules from the same point of view
as that which we use for atoms. The basic concept s to
find approximate electronic wave function for a molecule by

assigning to each electron a one electron wave function.

For n electron system ,

V01,2, Do = Vol (2) e en y_(n) (2.4)
Y, are called orbitals and the product function

as such is known as & Hartree product (22)

2.4 The Antisymmetry Principle

If we include spin in ene-electron wavefunctions
then we have spirn. oarbitals (S0). The total wave function
is now a product of spin orbitals, one for each electron.

Even having included spin, the wave function is
not yet complete. The Pauli Principle must be applied
which resulted +the total wave function by antisymmetric
with respect to“electron permutation.

-

Pti Y(1,2,...,1n)

= T{112111||n.‘i (215}

1

Where P1 is a permutation operator which interchange all

4
the coordinates (including spin cocordinates) of electrons |
and Jj.

The general method of constructing the antisym-
metric wave function i1s to build up the determinant by
writing the spin orbitals as elements of & square matrix,

with the electron labelled as the column index and the



orbital labelled as the row index. For closed shell, 2n

electron system (n spin orbitals), the antisymmetric wave

function will become as:

(R D S R L B R R p (1)gll)
'*"{‘1,2,....11) = N IP‘(.E-I 12) witz}ﬂtz)int!ililll 1’-'“(2}3(2}

lf,ll(?.nlﬁt?.rﬂ R R R R R R R LFHIZHJEEZTU

(2.8)

M 2 normalization constant

The abbreviated form of equation (2.6) i1is written
as the product of the diadonal elements of +the matrix

enclosed in bars.

¥(1,2y000,nd 0 = N |y (Deti)y (208(2).00p_(20) B (2n)|
{(2.7)

More cofiwracted form,

?fliz‘.f.-.nj (2.8)

1
=
=
-
=
=
3
s
=2

2.5 The Hartree-Fock Equation

Generalizing equation (2.8), the orbital wave

function ¥ .may be written in the form




¥ = N p (-1)% P o =y lnz:ﬁ tz},..¢n:2n} B(2n)}

where P is permutation of 1,2,..00042N0
(=127 is +1 for even permutation
-1 for odd permutation
The hamiltonian operator may be separated

one-electron and t n operators,

H / P\ = ltonian operator

(-1/2 ¥ * -

B

z
A
\-mi]tunian operator

sectation value, we

(2.8)

into

(2.10)

Z,r

AT el

(2.11)

(2.12)

ohtain

(2.13)

AR arak 138601 /i 31N T2 o o T

ANRSATIIW e TRE

(2.14)

J



J & coulomb integral
= SRy "crto o Te2y wtse W (10 2y dTodoT

1 J 12 4 5 1 z

(2.15)

K = exchange intefral

Pty § 2T/ ) Vo, pe2y dtdoT
(2.16)

According to the variatienal principle, the bhest
molecular orbitals. are abtained by wvarying all Lhe
contpributiny one-electron | functions in the determinant
{eguation 2.68) until the energy reaches its minimum values,
Such orbitals are referred to as self-— consistent, or
Hartree-Fock, modecular obitals., Using +the method of
undetermined multipliers, Lhe differential egquations are
cbtained. Applying that transformation te the orbitals,

el

the ditferential equations are brought into the form
E .l? = € 'IJ . = N, 21#----; T (2.17)

Thase Gre Known ac  tvhe Hacberew-Fook siquations.

whero i = Focok oparator
HES" + L yz2d - K (2,18)
J 3 K]
with d!(l) = Hu (A ilfrl ) ¢Ji31 d T L2. 190
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KiCtyg 1y = ofy "2y /e 0 b 2y dT 3 g, (1)
(2.20)
The general procedure for solving the

Hartree-Feck eguatiens is essentially a trial-and-error

process, The general expression for the eifFenvalues of

the Hartree-Fock operator is

£ 2 H + 8 (2J - K ) (2.21)

g, i& knewn as eorbital energies

And the tolLal electrenic energy,

£E = F L + H )] (2.22)

2.8 The Ronbhlaﬁ.lqu-tinn

For melecular systems, the approximate
Hartree-Fock orhitals with linear combinatioens of atomic
arbitals CLCAD) are . introduccd, Im this | appreoach, sach
malecular orbital in Slaler determinant is assigned in the

form

v = Ie %, (2.23)

atemic functiens

&
1
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The requirement that the orbital ¢ form an

orthonoermal set will demand that

].Fvcui Cyj Sw = aij . ﬁij = Kronecker deltar
(2.24)
Suv = Sy C10 gy (1) +u|t1 (2.25)
The tolLal electronic energy can he written as
77/ %1 S\
= g uElaPW PigLUUVAAG ) = 1/2 (HA/ve )]
(2.28)
where Pup= —density matrix
=h '=§‘= oticy; (2.,27)
Huu. = [é, €1 HTTT5) (1) d T (2.28)
{ uv 7hg? = T 1) 1) (/e ) (2)8,(2) dT dT,
(2.29)

The next impertant step is to find the optimum
value of the coefticient ¢,; by the methed similar te the
Hartree-Fock procedure leading to a sel of LCAQ self-
consistent melecular erbitals (LCAQO-SCF-MO). The equations
obtained in the final form are known as +the Roothaan

eguat.ioens (Z£3).
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EiFuv - g, Suu) Sy = 4] (2.30)
where ﬂw = Hoyut ﬁj?hat(uuflal - 1/2 (udsveod ]
(2.31)

Iff we write the equ the matrix form,

(2.32)

32) to 8 new matrix by

defining
(2.,33)

(2.34)

e = c'E (2,35)

FONUUINBUINT

The elements g ofcE will béS roots of the

@W’l&-\ﬂ R AINENRE

" B .
l Fuv— E iuu = 06 (2.36)

the lowest roeot € , the coefficint c;icnn be found from

the linear equations
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T —
% (Fpy - Enauv ) © = 0 (2.37)

and the coefficients then determined from
C = S“ ' C (2.38)

The Roothaan equations must be solved by an
iterative procedure since the matrix elements of the
Hartree-Fock hamiltenian operater are dependent on the
orbitals +through the elements Pyy s+ or another word the
unknown coefficient ¢ .

e

2.7 Population Analysis

A widely used method to analyze LCAO-MO-SCF wave

functions is populatien analysis, introduced by Mulliken

(24). The charge density p at position R is obtained by

pCR) = < ¥lp(RIY> = 2 %55y *(R) Yy (R (2.39)
l 1

substitute v, ﬁCLh¢u into equation (2.39), we get

p (R) = Eu Pw ¢U(R) ¢'U(RJ (2.40)
| ooo * - ,
where %w = 2 § Cu'bvs (2.41)

The integral of p(R) over all R should be
equivalent toe the tetal number of electrons in the system,
ioEUQ

. - = = c
2n JpCRYdR uzv Puvfl#u(R)@v(RJdR IJE\J Puv %y (2.42)
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A quantity B, 5, may be considered the electronic
repulsion of., the atomic overlap distribution ¢“¢u. and

diagonal term such as Fuus may he associated with the net

By
electronic chardges residing in orbital ¢py. This is called

a Mulliken population analysias (242,
2.8 The Basis Functions

Te simplify molecular integral evaluation, Boy
(252 proposed in 1950 the use of Gaussian +type orbitals
(tGTR ") instead of Slater type orbitals (5TO0's) foar the
atomic oerbitals in an LCAQD wave function.

A Gaussian funckien has the form
= ¥ - r2 ™
¥ir,® & 3 Ne'e & ¥ "(0,9) (2.43)

which is centrast te Slater functiens, whose exponential
facter is expi- pri.

A modification of the GTO0 functions is +the
Gaussian-lobe functiens (GLO), which wuses 1s Gaussian
Ffunct ions plaue& ak pointe in space Lo simulate s, P d,
ebc.y, orbitals.

GLO function is simply diven hy

£
TERS = Ne ©F

(ne angular part)
Thus, GLO function feor a FN orbital (which has 2
labes) can be simulated by 2 Gauwussians centered on the
X-axis, one on each side of the nucleus.
Although the absolute value of energy is quite

poor, the relative enerdies are reasonable (19,260, The
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main uduantaée of the GLO basi¢ function is the decrease
of the computing time in the evaluation of the integrals.

The accuracy of the results also depend on the
number of basis functions used in the LCAD expansion.
Three types of basis sets can be distinguished

(1) minimum basis sets, consist of one STO for

each inner-shell and wg z-chell atomic orbitals of each
atom. \

[ comprise of a minimal
basis set plus L + of at e orbitals lying outside

Lthe valence
prise of Jjust those

orbitals of t atom in the system.

AONUUINYUINNS )
ANRINITNINENAY



CHAPTER 3

QUANTUM CHEMICAL CALCULATIONS AND RESULTS

Ta study the chemical systems of &lycine
zwitterion in agqueous solution and the complex of
¥lycine zwitterion = Na  in -&gueous solution , we have

used the super melecule model (20) and calculated by an
ab initio LCAO-MO , SCF method with well tested minimal
Gaussian basig set (13).

In the SCF approach the interaction eneregy A4E
between the subsystem A and B was calculated as

AE 3 E ES B

" A t3.1)

B
when E*.EB dencte the SCF energy of the subsystem A and B
respectively calculated usind the basis sets for the
isolated subsystem,and AE 18 the energy of the supersystem
obtained using the basis sets of both A and B. It has besen
recognized that (27-30) if the insufficient basis sets are
used , the enerdy calculated in the above way suffers from
the basis set superposition error and the overestimated
interackion enerdy are obtained. The correction of the
interaction enersy has been tried with many  supersystem by
using ﬁhe to called countenpoise method proposed by Boy
and, Bunardi (28), The correction results improved in some
cases (9-10) and yielded destabilization interaction in
some studies (31). As mentioncd in previaus papers (6,8-103,
the. basis sat superposition error leading Lo an
overestimated interaction enerdy will not influence
significantly the relative order of stabilities , and the

use of & minimal basis se¢l without counterpoise correction
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is an acceptable way to reduce the computational effort is

therefore used in this present work.

The coordinates of each configuration of molecule
were deteérmined by uJusing GEN CORD PROGRAM and testing by
KOGEN PROGRAM. The ab initio LCAO-MO-SCF enerdies were
computed by HONDO PROGRAM and the molecular ¥fraphics were
plotted using the SCHAKAL PROGRAM.

All calculations were performed at the 1BM
3031/08 computer center of ChulalenfFkorn University and the
molecular drawings were plotted with the CDC CYBER 835

computer of the University of Innsbrusk.

3.1 Determination of +the First Hydration shell and
Calculation of +the Internal rotation energy of QGlycine

Zwitterion.

The feometry of flycine zwitterion used in this

work is taken from experimental data (22) and listed in
A

table 3.1 . The experimental geometry of water (33} is HOH

= 104.5" , 0-H distances = 0.9572 A

Table 3.1 The Geowmebry Parameters of Glycine Zwitterion.

Bond lensgth (&) Bond angle (degreces)
A
C =C 1.52 HNH 109.47
Y
cC -0 1.27 H N C,_ 109,47
c_-0, 1.27 H C,H 108,47
c -N 1,47 NCH 109.4]
1 1 1 1
C -H 1.09 cCo 119.00
1 1 z 1
N -H 1.03 o C o 122.00

-
w
A
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3.1.1 The Ener¥y Optimized Water Binding Positions

at Various Sites of Glycine Zwitterion.”

Glyecine zwitterion is composed of two
hydrophilic groups (—HH.+and -C00 ) and one hydrophobic
(—CHB-} gruup.ithe hydrophilic attraction in the
zwitterion is about three times as largfe as the water-water
interaction {(34). Therefore, the assumption i made that
the solvent interaction can be ignored. In our study, only
the first hydration shell is considered as it directly
influences on. the socolute , and has highly ordered
structures. The geometrical arrangement of the solvent
maolecules at larfer distance will be resemble very close
to the structures of the bulk media .

The presence of amino and carboxyl egroups
suggests a priori the possibility of formation of two types
of asscociation with water tone in which the water molecule
acts as a proton donor in a hydrogen bond to the oxygen
of +the carboxyl €roup , the sther in which the water acts
as a proton acceptor in hydrofFen bonding to the N-H bonds .

Ten possible hydration sites an flycine
zwitterion are “41lustrated in Figure 3.1 - Figure 3.8 . All
of them can not be calculated simultaneously . The +total
energies of each configuration are reported /in tables 3.2 -

309



Figure 3.1

(W1ll,

Tahle
Wat.or

Water

4.2v - The  Total Encrgies o

1
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cine zwitterion , water |1

_.:5 rine Zwitterion and
A\

ance of the COO Group and

U

i mﬁwﬁfwﬂu%mam
awwmmmuwnmm&

2.75
.85
3.00
3.15
3. 20

3.25

-304.59937
-304.61468
-304.62828E
-304.63333
~304,633508

~304,63327



Figure 3.2 \\\‘- ne zwitterion , water 2

(W,
Table 3.3 A he . inergies of Glycine Zwitbterion and
\
Water 2 . G 0 0, with Fixing the
A il
Angle 0 0O and the Dlsta‘“e 0 -0 = 2.60 4 |

BB L4851 B o
ANRIAFINNI VRS

125 -304.64252
130 -304.64745
132 -304.64788

140 -304,.64382
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Table 2.3 B The Total Energies of Glycine Zwitberion

el
and Water 2 . Optimizing the Angle UiﬂLHLl with Fixing GLhe

A
Angle clﬂluL = 1427 and Lhe DisLance ﬂl - ﬂh = 2.60 A
nluhﬂhi (dogrees) Enerdies (a.u.)
15 -304.64710

~304,64788

-304, 864781

Table 1. / f’ Glycine ‘Ywitterion

- 0 with Fixing the

Enerd¥ies (a.u.)

2. 50 ; " ~304.64758
£ 2304,64795
)

2.6 T ~304.64788

2,65 -304.64717

~304.64480

Nﬂ']‘l.l‘LL’J‘V]‘c’JUiﬂ'ﬁ 5
‘@I‘Wﬁﬂﬁ NIUNVININYRE



Figure 3.3 glycine zwitterion ,

water 3 (W3).

- —r
i K‘

(] , :
Table 3.4 A ‘“ The Total Energies m Glycine Zwitterion
and Water 3. Optimizing the Angle C_ u 0, with Fixing the

wmere oGLi). Fld b Yo o) o, - 275 07
ﬂWﬂ@ﬁtﬂ@mﬂJW}’mm@%}-r

100 -304.6403
105 ~-304.64123
104 -~304,641356
110 -304. 64127

120 -304,64063
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Table 3.4 B The Total Energies of élycine iwitterion
Fal
and Water 3. Optimizing the Angle GzGLHL1 with Fixing the

A
Angle C_ 0.0 = 108" and the Distance 0, - 0 = 2.75 A .

My
DzﬂnHL: (degrees) Enerdies (a.u.)
-10 -304,63813
0 -304.64135
10 -304.64113

Table 3.4 C The Total Energies of Glycine Zwitterion

and Water 3 . Optimizing the Distance 0, - 0 with Fixing
o - 2 _ s
the Angles cﬂﬂzU; = 108 and UZBLHLL = 0.
0, - 0, (&) Energies (a.u.)
2.6% -304.04126
2.70 -304,64156

.75 -304.64135



Fidvure 3.4 ing zwitterion , water 4

(W4). Water 4 and wabter 5 symmetry.

Table 3.% vieine Zwitbherion and

Water 4 or Water 5. Optimizing the

m@ﬂwmwﬂmm@
‘QW’I@Q NINUAINSIRY

: GL Distance.

2.60 -304, 64275
2.63 -304,64302
2.64 -304.04309
2.65 -304.64306
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Figure 3.5 ine zwitterion , water 0O

(W),

Glycine Zwitberion and
X J
Mistance.

Table 3.6 Thi

Water B .
;|

4

ﬁﬁﬁﬁuﬁwﬂmﬁ"’j’%‘:”
RTINS

4,32 -304.61713



Figure 3.6 bien si g1y cine zwiltterion , water 7

Table 3. lycine Zwitterion and

Water 7 ‘H Distance.

1ees (@aw. )

"SUtaNauINS
ammnmuwrmshﬁ {

3,97 -2304,63363
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Figure 3.7 lycine zwitterion, water 8

(weo .
-
N
Table 3.8 The " Glycine Zwitterion and
Al 4
Water & . Dptimizing the 0, - H 0 Distance.

ﬂﬂ?ﬂ%ﬂﬂﬂﬂiﬂlﬁm
‘QW’IQQ NIOUNYINN Eﬂ@ﬁ!

d.92 -J04.63214
3.87 -304,6319%5
A, 02 -304,60151
A.1%2 —-304.61003

4,502 ~304,862795



Figure 3.8

(W9,
lower

wat.er

Table

Water

Water ¢

3.9 -

9 or

\ine zwitterion , water 9

ated at the upper and the

echively. Water 9 and

-
f—‘yuine dwitterion  and

[

lﬁter 10. Uptimizing the ﬂ’ - thﬂn Distance.

nﬂﬂﬂﬁuaw E.I ‘U%ﬂaﬁi.:..u. )
‘@IW’;IN TV VI EL ked

2.

2

g

e

s w

V0

W Th

80
50

00

~304 . 62429
-304.62440
-304.62419
-304,62310
~304,62156
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4.1.2 Calculation of the [nteraction Energies of

Glycine Zwiktberion - Wabter Systems.

The ten optimized positions for hydration site of
glycine zwitterion (Figure 3,9} have been invest.igated with
respect to interaction enerdies Lo determine the final
hydration structures, The interaction enerdies Are

calceculated by the egquation

AE = E_u_ - E_‘y = E_“h_r (3.2
where E = The enegrgy i supermolecule

iglycineg zwitterion plus watep)

K = The energy of glycine zwitterion

= -Z40.08829, a.u.

[ - The energy ef water

TR

— =64, 52139 a1,

-

All interaction energies are collected togetherp

in Table 3.10



Figure 3.9 The ten optimized water positions for the glycine

zwitterion - water sysbem.



Table 3.10 Calculated Interaction Energies

of

N

Glycine

Zwitterion with One Water at Various Optimized Positions.

position of water

{cf.

Figure 3.9)

o W -~ om B W R e

—
(=]

f

1

AONUUINYUINNS

agwwmnidwﬁmmﬁ ]

AE (kcal /mole)
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3.1.3 Calculation of Internal Rotation of Glycine

Zwitterion Including the Hydration Shell Effect.

According to the relative interaction energies

{Table 3.10) , the first hydration of ¥lycine zwitterion is

proposed to consist of er molecules in the orientation

/// For this conformation of
éﬂ—he

energy barriers to

illustrated in

glycine zwitt

Ee—
internal rota 1 angles (0, # relevant for

the conform ted during the rotation

of NHE* oar > 3 ~or ot 3 ing hydration shell has
been sﬁudied . 2, :; *otation of +the hydration
remainine i : f  = the total energies are
shown in energy barriers are

reported

AOUUINBUINT )
ANRINITNINENAY
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Fivure 3.10 The proposed hydration structure of #lycine

switLerion.



1

Table 3.11 The Total Enervies (a.u.) of Lhe Isolated

Glycine Zwitterion at Various Angles of Rotation.

Angle of System
rotation

(degrees) G2 Ga

0 40.08819  -240.07060
5 - -240,07044
10 940.08628  -240.07000
15 - -240,06917
20 4008326 -240.08095 -240,06807
30 40.07322  -240.06500
40 240,06445  -240.06091
50 ~240,05600  -240.05636
60 ) -240,04873 -240,05195
70 , .maaz ~240.,04831
80 340.04000  -240.04592
90 Dic.eo0se  -248.04508

FONUUMNUSNNS )
ANRINITNINENAY
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Table 3.12 A The Toital energies (a.u.) of Lhe Hydraled

Glycine Zwitterion at Various Angles aof Rotation.

Fixing the -C00 Group.

Angle of Syshem

rotation GWZ

{degrees)
0 ~-562.85043
g -56%. 84992
10 -562.64844
15 ~562,84607
20 ~562.,84282
25 -562,83871
3o -562.83397
as  —=SE82.8B2920
40 -562.824989
45 -562.82177
50 5977 -562,81954
55 —552.75-”41 -562.81815
60 -562579501 ~562.81738

ﬂﬂ']‘U‘LL’J‘VIEI‘Uiﬂ'ﬁ 5
QW’]E\N NIUNVININYRE

145813
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Table 3.12 B The Tobkal Energies (a.u.) of bLhe Hydrated
Glyocine Zwitbterion at Various Angles of Robalion.

Fixing the -HH__'l Group.

Angle of Syst.em

rotation Gwd GWE GW'/

(degrees)

o -562.8504 ~562.85043 -562,8B1738
10 -562.847 -E62.81658
20 -562.840 ‘Qb\\\S\ S62.84772 -562,.8B1540
a0 -562. 8269 ;\ \\\ 562.,83942 -562.81397
40 ~562.80897 T6p8 9 \\v 2 - ~562.81228
50 -562.,7893 “e?; \ -562.82565 -562.81037
&0 -582.772156 .=\ ~562.81241 -562.B0B54
70 -562.7%973 -° | - -5B62. 80728
a0 ~-562.75254 - -bed, BO729
20 ~562.75 'r=-;r..—.::.._.::.—.';;";.v__, 2, 80425 -562.81275

X

Al f

AONUUINYUINNS
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Table 3.13 The Enerdy Barriers (kcal/mol) of the [solated

filycine Zwitterion at Various Angles of Rotation.

Angle of System
rot.at.ion G1 G G633
({degrees)

] 0.00
10 0.40
20 1.59
30 3.54
40 G.08
50 8.94
60 11.70
o 13.98
80 15.49
90 16.01

AONUUINYUINNS )
ANRINITNINENAY
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Tabhle 3.14 A The Enerdy Barriers (kcal/mol) of the Hydrated

Glycine Zwitterion at Various Angles of Rotation

Fixing the -C00 Group.

Anyle of Syshem

rotation GW2

{degrees)
o 0.00
5 0.3z
10 1.25
15 .74
20 4.77
25 7.386
30 1ﬂ;33
35 13.33
40 15.96
45 17.989
50 19.38
65 20. 286
B0 20.74

/

SOUUWYUINTT )
RN IUNKTIVERY
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Table 3.14 B The Energy Barriers (kcal/mol) of the Hydrated

Glycine Zwitterion at Various An¥les of Rotation

Fixinsg Lhe --H.Hﬁ+ Group.

Angle of System

rotation Gwid Gwa GW5 GwWa GWY7

{degrees)
0 9,00 n,00 0. 00 0.a0 .00
10 1. 58 | I .40 - 0.50
L0 6.44 h.19 3.04 1.70 1.24
30 14.74 = H.01 B, 5] 2.14
40 26402 21.18 14,56 - 3.20
50 38.31 X)L 19,13 15,455 4,40
60 49, 12 39.70 G232 23.85 5.54
T0 56.92 45,82 24,28 - 6.34
80 61.42 43.90 25,20 B.33
40 62 HE o e ] 28.98 2.91
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where G represents the isolated Jlycine zwitberion,
G1 is thoe rotatioen of —HHs* Sroup alune.
G2 is the rotatien of CO00  w<roup alone.
G3 is the rotation of CO0 group , fixing the NI~

groups to 60,

GwW represents Lhe;glycina zwitterion - wabter sysbom,.

Gwl is the rotatien af -HHU' group , {ixind the
hydration structure,.

GW2 is the retatien of -NH_ ' #roup together with W2,
W4, W5 ; fixing the -CO0 group , W1 , W3,

GW3 is the petatien of -C00 g¢roup , Tixing the
hydration/structure:

GW4 is the rotation of =C00 group tosciher with Wiy
fixing ghe -NH " ‘sroup , W2 , W3 , w4 , WS.

UW5 is the rotatien of -CO00 greoup tevether with W1,

W2 , W3 3 fixing the kﬂﬂu* ¢roup , W4 , WS,

o]
=
[

the retatien of =CO0  eroup bovether with Wi,
Wad j Ffiging tha —MHE' Froup o W . O Wa o, wWs.

awes it tha retation af -C80 group toyether with Wi,
Wi 3 thixing the “HH=+ sroup, W2 , W4 , Wi to 60,

i TS Investivabion af L b Conformat ion ul” Blyeine

Zwilterion - Nu' Complex.

Glycine zwitterion has the nedvalive charde at the
Co0  #reup , Lhe binding of moebal ien will definitoely
ererl toe 4tLhis redion . From our previous sbudy on Lhe
ton - dipeptide compluex foermabtien (G, 0 4 1L 1o tound  Lhab
t.he most preferential binding s=ite for metal ion ie
located in the bisectrix of the ulﬁﬁuz arwle . Therefore ,

+

this position is uwsed to aptimire the distance ot HNa



L3
binding simultaneously to U, and O  of glycine zwitterion,
The optimized enerdgies are listed in Table 3.15 and the

optimized conformation is shown in Figure 3.11

Table 3.15 The Optimized Distance between Na' and Oxygen

Atoms of Glycine Zwitterion.

Na® @ - 01 = Na' - ﬂ= (A" Enerdies (a.u.)
2..15 -389,33875
2 20 -489, 339894
2. 85 -389.33961

Figure 3.11 The conformabion of glycine zwitbterion - Na’

complex.
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3.3 Investigation of the Conformation of +the Glycine
Zwitterion - Na’ Complex in Agqueous Snfhtiun.
3.3.1 Determination of the Effect of Na  on the

Conformat ion of the Water Binded to Glycine Zwitterion .

When Ha+_furm55 complex with flycine zwitterion
at the optimized pesition ; the number of water molecules
for the first hydration shell will be left as 4 molecules .
To see how the effect of NEL+ will be on the conformation of
the remaining water molecules ' we reoptimized the
orientation of these water molecules ( see Figure 3.12 -

3.14 and Tables 3.16 - 3.18 }.

HigurEIB-lz Glycine zwitterion - Na " complex with W2.
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Table 3.16 A The Total Enervies of Glycine Zwitterion - Na'
Complex and Water 2. Optimizing the Angle C;akﬂh wikh
Fizxing the Any¥le uﬁ‘_ul_l = 20° and the Distance 'I:I‘ - D:. =
2,65 A,

~

G_GLUI (devrees) Enerdies (a.u.)

124 -453.89072
130 -453.89564
132 -453.89583
140 -453,89048

Table 3.16 B The Total Energies uf Glycine Zwilterion - Na'

Fa
Complex and Water 2. Ophkimizing the Andle O’GLHLj with

]

. = 3
Fixing the Angle € 0 0 132 and the Distance 0, - 0 =

L
2.65 A. .
P
UIDLHLI (qegrees} Enervies (a.u.)
15 -453,89374
) 2 -453,89713
35 ~-453,89887
50 ~-453,80028
(514] -453,90093
e -454.90083
T ‘ ' -453.90119
8O -453.89905

BA -453.89721
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Table 3.16 © The Total Ener¢gics of Glycine Zwibkterion - Na "
Complex and Water 2. Opbimizing Lhe ﬂﬁ - DL Distance with

A - -]
Fixing the Angles C_0 0 = 132" and 0 0 H = 70",

0, - 0, (A) Energies (a.u.)
2.45 ~453.,89939
2.58 -453.89950
2.55 -453.90119
2,57 -453,90050
2,65 ~453.89900

Figure 3.13 Glycine zwitberion - Na ' complex with W3.
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Table 3.17 A The Total Enerdies of Glycine Zwitterion - Na'

M
Complex with Waler 3 . Opbtimizing the Andle C:ﬂﬂﬂb with

P

Fixing the Angle 0.0 H = 0° and the Distance 0, - 0 =
2.75 A .

A

CnﬂzﬂL ({degrees) Energies (a.u.)
.,

90 ~453.,87948

100 -453.88488

105 -453,88583

110 -453,88533

120 ~453.,88412

Table 3.17 B The Tatal Energies of Glycine Zwitterion - Ma'

FaY
Complex and Water 3, Optimizing Lthe Andle anLst with

A -
Fixing the Angle CHDZDH = 105 and the Distance D: - DL =
2.75 K.
Fas
0D 0O H {degrees) Enerdies {(a.u.)
1 L L1 b
] -453.88583
10 -453,88712
12 <453 ,.88695

20 -A453.88617
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Table 3.17 C The Total Energies of Glycine Zwitterion - Na'

Complex with Water 3. Optimizing the 0, - UL Distance
) - ~

with Fixing the Angles C_0 0 = 105" and 0 0 H_ = 10°.

0, - 0 (A Energies (a.u.)

-453.88428

-453.88733
~453.88732
-453.88722
-453,88712

-
'-,-F'

FONUUMNYUINNG
a%‘hmnmum’mmaa

blgurﬂ d. Glycine Zwitterion - Na' complex with Wa,
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Table 3.18 The ToLal Energies of Glycine Zwitterion - Na®
Complex with Water 4 or Water 5. Optimizing the HNH - DL

Distanca .

NH - 0 _(A) Energies (a.u.)
2.60 -453.91111
2.65 -453.910869
2.68 -453.91059
2.70 -453.91135
2,75 -453.9048957
2.80 -453.,90827
3.3.2 The Energies Optimized Water Binding

Positions to Na' of Glycine Zwitterion - Na' Complex in

Agoues Solution.

As 'most of metal ions , Na' ferms an octahedral
structure with water molecules (35) | When a ligand is
placed into the solution of metal ion , the ion is supposed
to bind to +the ligand whenever the metal ligand binding
energy is-¢greatar, than ~its binding te the water . At least
one water molecul® is "then released from the ion's
hydratimn ~shel 1 S imces, (Na 'y cforms complex, with #lycine
zwitterion in such a way Lhat Na''binds to the +two oxygen
atoms of the CO0 group , therefore Na' must release two
water molecules from octahedral shell and glycine

zwitterion will replace these positions (Figure 3.15), To

investigate +the orientation of the four water molecules
binded Lo Na " " wE again optimized the intermolecular
parameters with respect to total energy. The results

are shown in Table 3.19 .
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Figure 3.15 Glycine zwitteriﬂnnuu+ complex with hydration
site on Na . { M1 , MZ represent: the axial posiltions

where M3 , M4 rpepresenk. the equatorial positions.)

Table 9.19 A The Teotsl Enersies of Glycine Zwitterion - Na'

Complex with Water Binded Lo Na .  Optimizing the Angle
Fay

UM:"B“ma with Fixing t-he Axial Water Molecules

Perpendicular to Lhe Molecular Plane , all Distances of

O -Na' = 2.80A& , 0 - Na' = 2.20 A.

M

UMEQA ﬂM4 tde¥rees) Enerdies(a.u.)
Bh 0 =647, 48351
90.0 -647.48354
g95.0 —Ed?.dﬂﬂﬂé
99.8 -647.48160
110.0 -G47 . 48271

120,0 -647.48198
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Table 3.19 B The Total Energies of Glycine Zwitterion-Na'

Complex with Water Binded to Na', Optimizing the Angle
L Pl

C_NaO_, (= C_Na0, ) with Fixing the Angle O, Na0o, = 90.6.

The Other Parameters are Kept as in Table 3.19 A,

C_NaO_ _ (degrees) Enerdies (a.u.)
85.0 -647., 48298
90,0 -647.,.48354
95.0 -647.48348

Table 3.19 C The Total Energies of Glycine Zwitterion-Na®
Complex with Water Binded to Na'. Optimizing the Distances
with Fixing the Azxial Water Molecules to Perpendicular +to
the Molecular Plane.

The Other Parameters are Kept as in Table 3.19 B.

0 - Na (A Energies (a.u,).

M
2.00 -647.,50001
2.15 -647,52471
2,20 =647 .52628
2.22 -647,.52624
2.25 -647.52565
2.50 -647.50678

2.80 -647,48354
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Table 1.19 D The Total Enervies of Glycine ZwilkLerion - Ha+
Complex with Water binded to Hg'. Optimizing the Distances
Between +the Oxye¥en of Equatorial Water Molecules and MNa
with Fixin® the Distances Between Lhe Oxygen of Axial Water
Molecules and Na = 2.20 ﬂ'. The other Parameters are Hept

as in Table 3.19 C.

o, - Na' (&) Energies (a.u.)
2.10 -647.,.52027
2.15 -647F,.52559
220 -647.52628
Z.25 -g47.52592

Table 3.19 E The Tetal Energies of Glycine Zwitterion - Na'
Complex with Water Binded to Na®. Optimizing the Distances
Between Lhe Oxyfgen of Axial Water Molecules and Na® with
Fixing the Distances Between bLhe Oxy¥en of Equatorial Water
Molecules and Na = 2,20 A . The Other Paramebters are Kept

as in Table 3.19 D.

0., ~ Na_ (&) Enersies (a.u.)
2.15 -647.,52572
2.20 -547T.52628

2.25 -647.52605
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Table 3.19 F The Tobtul Enerd¢ies of Glycine Zwitterion - Na'

Complex with Water Binded to Na'. Reoptimizing the
Distance ul - Na' with Fixing All the Distances Between
the Oxysen of Water Molecules und Na' = 2.20 A The Other
Parameters are Kept as in Table 3.19 K.
CI1 Energies (a.u.)
2.20 h ~HaY, 52628
2.29 -647, 52778
2.38 B\ -647,52637
2.56 -647,51923
Table 3. 1 Glycine Zwitterion - Na’
Complex . Reoptimizing All
o, - Na' Di jtances wilh Fixing thel Distances of 0, - Na =

2.29 A . The Other Parameters are Kept as in Table 3.19 F,

NOUUINBUINIT

awﬁﬁﬁ%mumaﬁaﬁg

2.22 -647,.52767
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Table 3.19 H The Total Enerdies of Glycine Iwitterion - Na'
Complex with Water Binded to Na'. Reopt imizing the
Nistances Hetween the Oxy#¥en of Equatorial Molecules and
Na' with Fixing Lhe Distances Bebween the Oxyden off Axial
Water Molecules and Na' = 2.20 A. The Other Parameters are

Kepl as in Table 3.19 G.

UH - Na' (&) Eneryies fﬁ.u.)
2.18 -647.,52770
2.20 -647,52779
222 -6d47T, 52771

+*

Table 3.19 | The Total Encrgies of Glycine Zwitterion - Ha -
Complex with Waler Binded to NH+.REuntinizing Lhe Distances
Between +the Oxygen of Axial Wabter Molecules and Na' with
Fixing the Distances bebween the Oxy¥en of Equatorial Water
Molecules and Na' = 2.20 A .The Other Paramebers are Kept

as 1n Table 3.19 H.

UM‘ - Na' o) Energies {(a.u.)
2.18 -847.52765
2a0 =647 .52779

2.22 -gd47.h2776
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3.3.3 Determination of the effect of HNa' wnd Its

Water on the Woter Binded to Glycine Zwitkterion

As in sectien J.4.1 , we will reaptimize Lhe

orientation of water 2 and water 3 , but this bLime *the

water maolecules binded t. o MNa ' A ineluded. The
contformations are shewn in Fivure J3.168 - 3.18 und the tobul
enerdies are reported in Tabhle d.20 - 3,22
Hie
O
W
2' 1 Hl_! H
"..‘ M1
H
N MI
- Hm3
g H
Hy OMHI “M:;k M3
9'1 1 s
;
"s SomE 29 0 an o
=9 /
& - NEI' t
2 T
1 -
e q‘l-,-" T
LY
"’,..i'?:l."--"lll I 5
".ﬂ- li \.\ Hh_llld
0 |
2 i 'DM
QME H
M4
”MZ
Hp2
Figure Jd.168 UGlycine zwitterion - Hiu' complex wilh wabor

binded to Na' and W2.
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Table 3.20 A The Total Energies of Glycine Zwitterion - Na'
Complex with Water Binded Lo Na' Including W2 . Optimizing

Fal A L]
the Angle © 0 0 with Fixing Lhe Angle 0 0 H =70 and L he

Bistance 0O o= 2.55 A .
M
.00 (deygrees) Energies (a.u,)
125 =T12.07800
128 ~-F12.08087
130 -712,08080
133 =~T12.07994

Table 3.20 B The Tetal Energies of Glycine Zwitterion - Na'
Complex wiih Wntker Binded to Na' Including W2 . Optimizing
A A
the Angle 0 0 H ~ with Fixing the Angle C_0 0 = 1268 and

the Distance O _ - 0 = 2.55 —

'l..'lllj[.'l\I_Hl_I {degrees ) Enervdies (a.u.)
20 -T12.080486
40 -712.08272
8BS =712,08305
A0 ~T12,08308
45 -7T12,08297
50 -712.08269
65 -T12.08149

o -F12.0B0BY
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Table 3.20 C The Total Ener¥ies of Glycine IZwitterion - Na®
Complex with Water Binded Lo Na Including W2 . Opbtimizing

Eal
the UDistance 0 - 0 with Fixing the AnglesC_0 0 = 12§

A
and 0 0O H = ad.
G. - DL (A) Enerdies (a.u.)
2. 50 -T12.08288
2.55 -712.,08308
2,60 ~712.08285

Hpmi
Hmi Hps
) Hu3
Wﬂ: M3,
I ’
29 + 4
i
hhhh‘Nal ¢’
h -~ I\
- BN
1 5\
: Mo Hima
' Oua
Oz .
M4
Hyz
Huz
Figure 3.17 Glycine zwitbherion - Na™ complex with water

binded to Na' and W3.
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Table 3.21 A The Total Energies of Glycine Zwitterion - Na'

Complex with Water Binded to Na' Including W3 . Optimizing
Fal Y o

the Angle CnﬂlﬂL with Fixing the An¥le DZE}LHL1 = 10 and

the Distance 0 - 0 = 2.65 A .

)

cznzuL ({degrees) Energies (a.u.)
25 -T12.072587
100 -712.07354
102 -T12.07347
105 -T12.07312
Table 3.21 H The Total Enerdies of Glycine Zwitterion - Na'

Complex with Water Binded to Na® Including W3 . Dptimizing

A A
the Angle '1'.!_‘“!‘.'.“.1{]‘1 with Fixing the Angle CzﬂzﬂL = 100

and the Distance 0 - 0 = 2.65 A .

0.0 H {dégreusi Energies (a.u,}
0 -TH12.07106
o T12. Q7274
10 -7T12./07 354
12 -T12.07362

15 =T12.07351
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Table 3.21 C The Total Energies of Glycine Zwitterion - Na’
Complex with Water Binded to Na’ Including W2 . Optimizing
Fat
the Distance O, - 0, with Fixing the Angles C_0_ 0, = 100°
Ca
and DnﬂLHLl = 12 .

o, -0, &) Energies (a.u.)
2.65 -T12.07362
2.68 -T12.07382
2.70 -7T12.07386
2.72 -7T12.07382
2.80 -7T12.07308

Hug

Figure 3.18 Glycine zwitterion - Ha+ complex with water

binded to Na and W4
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Table 3.22 The Total Energies of Glycine Zwitterion - Na'
Complex with Binded to Na  Including wa. Optimizing
the NH...0 Distance

NH....0 (&) Energies (a.u.)

-T12.09015

-7T12.05038
-7T12.08031
-7T12.0500%8
-712.08B988
-7T12.085961

AONUUINYUINNS )
ANRINITNINENAY



CHAPTER 4
DISCUSSION AND CONCLUSION
4.1 The System of Glycine Zwitterion in Agueous Solution

4.1.1 The first Hydration of Glycin Zwitterion in

Agueous Solution

Form oup previous study (312 an the
determination of the first hydration shell by CHDO/2 method
and ab initioco method at a fTixed hydrogen bond distance 2.75
A s+ the conclusion has heen drawn that the first hydration
shell is composed of 5 water molecules binded to glycine
zwitterion (S5ee Figure 4,1), In this work, we try to get a
more accurate orientation of water molecules by performing
an ab initio celculetion and the eptimization of each water
molecule 1is taken into account. The interaction energies
at the ten pussihle coordination sites for water on glycine
zwitterion (Figure 3.9) obtained from both methods are
compared in Table 4.1 . We are not interested in the
absolute value but rather a relative order of the
interaction enerfdies which -are not. influenced significantly
by the use of minimal basis sets, It is discovered that
the order of, the interaction enersies for both calculations
are slightly different, Thiswork which should 'be more
reliable as all the positions are optimized , shows that
the most fovourable position is W2 while at a fixed
hydrogen bend by ab initio method are ﬁd and W5. This
result is expected due to the formation of hydrogen bonds
between MNH and WZ as well as 01 and W2 . The relative
order , of the interaction energies for the rest is almost

the same.



The full  hydration shell is set up by wusinyg a
criteria as hefore (31), the formation of a stahle
hydration site should occur when the solute-solvent
interaction is #reater Lhan the solvent-solvent interaction.
The calculated binding energy of water dimer; using the
same basis set, at the optimized position is -11.8 kcal/mol
carresponding to hydrogen bhond distance 2,704 . Our results
predicted as our last study that Ha. Wa. W4 and WE form
the strondest binding te #Flycine zwitterion when compare
with bhat of the water daimer, whereas the bindin¥g enerdies
for Wﬁ. Wu and Win are lower. The water WT and WH
are neglected duge to solvent-sslvent repulsion effect.
{see Figure 3.,9),

Final decision on the structure of hydration
shell is similar te . previesus conclusion, only t.he
orientation of some waber molecules are different (see
Table 4.2). The model for the hydration structure is

illustrated in Figdure 4:1.
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Figure 4.1 The first hydration shell of glycine

zwitterion consists of 5 water molecules.



Table 4.1 The Binding Energies (kcal/mol ) of
Glycine Zwiterrion with One Water Molecule in Ten
Different Coordination Sites Calculated by Both CNDO/Z2

and Ab Initio Methods.

WATER Fixed H-Bond 2.75 A Ab Inition
CNDOD/2 Optimization

1 =15.1
2 -Z4.,1
3 -20.1
4 -21.0
5 ~21.0
6 -4.9
7 -15.2
B -14.2
C =8.3 - =9.,3
o AT s

~

3

ly 1

FONUUMUSNNS )
ANRINITNINENAY
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Table 4.2 The Cenfermatien of Each Water Meleculo in
the First Hydratien Shell eof Glycine Zwitterion in

Aquepous Selutien.

Water CHNER/2,H-heand 2.75 Iy Ab Initie,0ptimizatian
H-hend Angles H-hand - Angles
CA) (degyrces) CA) (degfrees )
1 2.75 Brideing with 2.81 Eridginsg wiLh
9 and ® @ and @
i 2 i =
* = y=e " . o - A
2 2705 C:'g'L_ 125 2.55 Lzule— 132
o 8 H = 28 00 H =28
& L = i L L
. * ”~
3 2.75 c U ® = 95 2.70 c 0.8 = 10§
- L ol = L
A .
o 0H= 16 0O H= §
15 L L - L L ;
4 2.756 alene N-H bend 2,64 aleng N-H bend
5 2.78 al-ﬁg H-H wend Z2.64 aleny N-H bend

4.1.2 The [nfluence of Hydration en the Electren-—-

Bistrikutian in Glycine Zwitterien.

The change af slsctran iiatnihutiiuilfb hy Mulliken
pepulatien analysi=z ef flycine zwitteprien upen hydratien is

shewn in Table 4,3 and illustrated in Fifure 4.2
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Table 4.3 The Charge of Electron Distribution Calculated

by Mulliken Population Analysis.

atom Sorv-nne Lary aLr

H1 0.589 0.603 -0.015
H2 ~0.041
H3 -0.041
N1 +0.182
H4 +0.005
HS +0.005
c1 -0.053
c2 . +0.074
01 y (= +0,027
02 5 B +0.018

e

AONUUINYUINNS
ANRINITNINENAY
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Hi2

-

; (T 00181

Figurﬂﬂ’]ﬁu%%ﬂﬂ%ﬂﬂ]ésswuutim sf each

atom in dlycine zwittarion e t- the hydqiblin ol Foch .
ammmmummmaa

The more proneunced charde Leans in ococurred
at Lhe polar freups, The decrease of eloctron donsity  of
Lhe MH hydrogens weans that the acidivy or the KH hydregens
is increascd, And Lhio roactivity of Lhe carbogylate
oryven atoms will ke enbhanced accerdindg Lo Lhe incrcade  of

charde distributien in Lhat rediens.
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4.1.3 The Influence of Hydration on Internal Rotation

of Glycine Iwitterion

The rotation of the NH ' (@ ) and the C00" ( ¢ )
groups of isolated glycine zwitterion has been
investigated, Rotatien of angle @ from a most stable
conformation (0,0) +teo (60,0) leads to a barrier of 11.0
kcal/mol (graph C,Figure 4.3) and rotation of angle ¢ from
angle (0,0) to (0,80) is 30.9 kecal/mol (graph E,Figure 4.4)
while & rotation of ¢ starting from (60,0) to (60,20) needs
only 16 kcal/mol (graph A,Figure 4.5).

[t should be noted that the absolute values of
the stabilization energy is gquite high as we have mentioned
this due +te the use of minimum basis set, however the
relative order of these results which has been proeved to be
satisfactory (9,10) agres with that of CNDO/Z method (see
Table 4.4)

Table 4.4 The Comparison of the Energy Barrier
Corresponding to the Retation of (® , ¢ ) by Ab Initio

with GLO Basis Sets and CNDO/2 Methods.

Rotation Angles Ab Initio CNDO/2
(e , &) (keal/mol) (kcal/mol)
(0,0) —3 (0,90 30.9 10.4

(60,0)—>(60,90) 16.0 5.8
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W
o

kcal/mol
M
&

o

Figure 4.3

20 30 40 degrees

The rotation pathways of Glycine Zwitterion .

Fixing -C00  group at @ = 0 degree.
A. The rotation of —uH_* group, fixing the

hydration structure.
B. The rotation of -NH_ ' group together with

W2, W4, WhH, fixind Wi, W3.
C. The rotation of —HH:f group alone,

neglecting the hydration structure.

34.8

20.7

11.0
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62.9

49.9

| 1

10 30 50 70 degrees

—

Figure 4.4 The rotation pathways of Glycine Zwitterion .

Fi;ing -HH,+ group at 8 = 0 degree.

A. The rotation of =C00 group, fixing the
hydrat ion structure.

B. The rotation of —-C00 group together with
Wi, fixing W2, W3, W4, W5.

C. The rotation of -C00 group alone,
neglecting the hydration structure.

D. The rotation of -C00 group together with
Wi, W3, fixing W2, WwWa, W5,

E. The rotation of -C00  group todether with

wl, W2, W3, fixing W4, W5.
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20
L A =TT
15 .#.H,.--*
5 -7
(5 o
< 10" s
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o A
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5 B LT ___,..-r""—# ‘-"“'
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1 1 | =, 1 1 | 1
10 30 S 50 70 degrees
Figure 4.5 The rotation pathways of Glycine Zwitterion .

Fixing -NH_ ' group and W2, W4, W5

at 8 =
A. The

the
B. The

wi,

60 degrees

rotation of -CO0 group, neglecting
hydration structure.

rotation of -C00  group together with

wa.

16.0

16.3
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The rotation of angle ¢ -is therefore easier than
the rotation of angle ¢ . This gives a chance for isolated
glycine zwitterion to rotate angle O first 60 and a
subsequent rotation of an¥le ¢ which needs more 5 kecal,
leading +to the final conformation (60,90) with an overall
barriers of 27.0 kcal/mol.

When the first hydration shell which consists of
& water molecules is included., The stable conformation of
hydrated ¥lycine zwitterion still remains at the
conformation (0,0}« The rotation of an¥le & from
conformation (0,00 +o (60,0) with fixing +t+he hydration
shell (graph A ,Fifure 4,3) and corotating its solvation
sphere (W2, W4, WS5) (fraph By, Figure 4.3) utilize +the
energy barriers of 34,8 kcal/mel and S 20.7 kcal/mol
respectively.The corotation of the solveted water especially
of W2 lower the barrier te 14.1 kcal/mol, this extra enerey
due to the breaking of the bonds te the hydration water,
Thus the relaxation of the solveted molecules has to be
considered essential,

The pathways of the rotation of angle 4 starting
from conformation (Gy0) to (0,90) of the hydrated #lycine
zwitterion @re presented din - Figure 4.4, ] The results
indicaté the corotation of the solvated water Wl {graph B)
lower the barrier.te 13.0 kecal/mel compared to the -case of
fixing “the hydration (graph A). |f W3 or both WZ, W3 are
corotated together with W1 and -C00 ¢roup (graph D, E of
Figure 4.4), the barrier are much more decreased (lower to
about 34 and 38 kcal/mol respectively) and even lower than
in the case of isolated glycine zwitterion ( graph C
Figure 4,4), But all the ener¥y barriers either by fixing

ar corotating the solvation sphere are still higher than
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the rotation of anvdle @ {Figure 4.3). Therefore, as in
the isolated molecule, the minimum pathway of the hydrated
#lycine zwitterion should compose of rotation of angle d
follow by & rotation of angle P leading to the
conformation (60,90), The barrier shapes of the rotation
after rotating the NH ', W2, W4 and W5 to 66 are
illustrated in Figure 4.5. The energy barrier for the
simultaneously rotation of -CO0 , W1, W3 is only 6.3 kcal/mol
(graph B, Figure 4,.5) , but the peak of the maximum barrier
is shifted from 80 te 7% due te the energy gain from
interaction between waterd and the —HH.+ group.

Tha results obtained from the study of the
internal protatien by rotating angle & and ¢ indicate
the hydration increases the barrier, except the corotation
of W1, Wey W3 with the angle g sthen the hydration
decressesthe barrier, All the Internal rotations calculated
in the work use rigid molecule model because the adjusting
the water feometry to every conformation change would

require a larv¥e of computing times.

4,2 The System of Glycine Zwitterion - Hn+ Complex in

Aqueous Solution.

4.2.1 The Conformation of Glycine Zwitterion - Na'

Complex.

Glycine Iwitterion has only one negative charge

¢roup which ig almast immediately available for metal
binding, especially group | A cations always bind to oxy#dFen
donors to form the weak complex. The 4-memberred rings

are oftenly formed i which both oxy¥en atoms are bound to
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the metal (36)., This is agreed to our result, the most
preferred binding site for Na® to attack glycine zwitterion
is alon¥ the bisectrixof the GLEZG. angle to form I‘J‘CZCI.HE+
4-memberred ring,with theoptimized distances between the
carboxylate oxygen atoms and Na' of 2.20 A (Figure 3.11),

The corresponding stabilization energy (A E) is -67.1

kcal/mol
where AE = Enlr-ﬂf = Eﬂ1¥ - E o
and E 4.-we = total energy of glycine

rwitterion-Na complex

= -389,33995 a.u.

E = total energy of glycine zwitterion

= -240,08819 a.u.

EHJ = total energy of HNa

= -149,14481 a.u.,

4.2.2 The Influence of Na® on the First Hydration of

Glycine Zwitterion.

In® opder to predict)whether or Mot &8 complex 1is
formed in aqueous solution, only the metal 1igand
interaction energy is notsufficient. One must compare this
enerdy . with +the hydration energy. The metal ion is
supposed to bind to the ligand whenever the metal-1ligand
binding energy is greater than its binding to the water.
The binding of Na® to glycine zwitterion has a

stabilization energy (A E) of -66.4 kcal/mol.
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where AE = -:yuﬁuuiun‘ﬁ _E-."__'Hza— EH...
2
E',E_*%P_N: = total energy of glycine zwitterion-Na'
complex with 4 water molacules

surrounded #lycine zwitterion

= =p47,55566 A.uU.

n

"1 anp total energy of glycine zwitterion

with 4 water molecules surrouned

glvycine zwitterion

4898, 30507 Bl
appear more favourable +than ite binding to W1 with =&

stabilization enargy (A E) of -15.0 kcal/mol

AFE ¥R “\E - E

@ly=-&HO d@1lx-4HO Ha
2 2 2

= wotal energy of ¥¢lycine zwitterion

ilw-lﬂzﬂ
with it's fiprst hydration shaell
composed of 5 water molecules
= =-5B2.H5043 A.U.
Euu = total éenergy of water moleculse
2

= -b64.52139 a.u.

The effect of Na  on the orientation of the water
surrounded glycine zwitterion are investigated. The results
are summarized in Table 4.5 and shown in Figure 4.6. The
influence of Na seems not to effect the H-bond distance
ot Wi, but the hydrogen of WZ is pushed farther away from
0, by 50 ., This should due to the repulsion between HNa

and t.he hydrogen of WI. Although the electron density of
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ﬂ‘ is increased but the charge of hydrogen of W2 is
decreased (Table 4.6)., Therefore, the Na' stabilizes this
H-bond only 0.9 kcal/mol. Contrast to the case of W3, the

H-bond distance is shorten by 0.05 A. The oxygen of W3 is

N

ar . The electron density of

0, increase %of‘ the charge at H |

should enhan : -'Hq\nF this H-bond enervy.

@ hydrophobic €roup by ¥ and the

pushed to the region o

hydrogen is pulle re¢ion of Na’ by 16 due to

the increase of

However, our tthis H-bond energy i

reduced by ld be explained in the

basis aof t along O _-H . 0 upon
Na' effect of the H-bond energies
of W4 and W can be rationalized by
considering t i of the NH hydrogens and
the oxygen of w?j}?”& 3 1le The increase of Lhe electron
= -
& -

charge ah MH (or the inepease of the stability

of proton 4@}ar)1 dic Lhs theﬂ&a

throu¥h the nmInu zrnup and the water W4, WS.

ﬂﬂ']‘U‘LL’WIEI‘Uiﬂ'ﬁ 5
QW’]@Q NIUNVININYRE

density @t ) f W4, WS as -;gihe increase of the

effect 1s transferred
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Table 4.5 The Oreintation of the Solvated Water and the
H-bond Energies of Glycine Zwitterion and Glycine
Zwitterion - Na' Complex in Aqueous Solution.

Glycine Zwitterion

wa

total enersy

*H-bond energy

w3

i L

2 3 L

o a o

o* O
= =] [=]

@ L L1

total energy

*H-bond enaergy
Wa,W5 NH —UL
total enersy

"H-bond energy

"H-bond energy

"*H-bond energy

2.55 &

134
2d

-304. 54795 Bl

<24,1 kcal/mol ""H-bond energy

2.70 A
108
]

_3041 64155 a.u

Glycine Zwitterion - Na'

total enersy

total energy=

-20.1 kecal/mol " "H-bond energy=

o

“. 64 A

~304.64309 a.u

total energy=

-21.0 kcal/mol ""H-bond energy=s

2.55 A

132°

76

-453.90119 a.u.

-25.0 kcal/mol

2.65 &

108

16

-453.88788 a.u

-16.,3 kecal/mol

2.70 A
-453,91135 a.u

-31.4 kcal/mol
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Table 4.6 The Difference In Electron Densily Distribution
¢ o) on Glycine Zwitberion - Na' Complex with the First

Hydration Shell of Glycine Zwitterion Due to Na'

atom A f
c1 ~0.032
c2 +0.049
01 +0.049
02 +0.,096
M1 +0.009
H1 -0.012
HZ -0,005
H3 -0.005
H4 ~0,021
HS -0.021
H&+ -
0, -
W, Wi -
HI.: -
0 “8.397 . -0.121

+0.030

- EoiAneuing Lo
AaadiIUnTaneag .

. 0.815 0.823 -0.,009
0, B,416 8.404 +0.012
H o, wa 0.743 0.747 -0.004
H 0.746 0.750 ~0.005 )
o, B.416 8,404 10.012
H W5 0.743 0. 74T -0, 004

H 0.744 0.751 -0, 005

L2



Figuer 4.6 a
zwitterion in agueous solution.
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The orientation of solvated water of glycine

HLZ {—0.003)

01_1 —0.121)
H; ; (+0030)

H, , (—0.005)
s

£
=P

0, +0.012)
w . I
5 . -
“-C?}g = ' oL, ]
M Qo S Ha=0005) oy gor) B/
(=0.008) \(—0005F~_". "
W
o, @50 011+0.049)
i+0.012) . ‘s
H S +
Ll
(=0.04) ,,:. Na
,4"'
2027
P
-
5 Oy (+0.096)
o
#E:f
o
:L1P+&nudj

Hiz (—0.009)

Figure 4.6 b The orientation of solvated water of glycine
zwitterion —-Na~ complex in agueous solution. _
The wvalue in the parenthesis is the change

of charde distribution.
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4.2.3 The Structure of Glycine Zwitterion - Ha

Complex in Agueous Solution.

The replacement of coordinated water by an

entering ligand froup is a reaction of fundamental

v s and alkali earth metals,
““%E coordinate or

importance. Far the alk

most of their aquo

six
octahedral struck metals usually farm

camplexes faster Lhe complexes are

vary weak and s must be carried

out at high conc ine zwitterion-Na'
complex is agueo studied yet. Most

stud, concerned which interacth

1s
strongly with 11

In agu s solvated by & water
ructure. When #lycine
partial dehydration

is paossible ! 5 e m e metal ligand

interaction ¥ overcame Lhe

hydration enerngFDr 2 coordination sibe (-30.8 kcal/moll.
Thus it should be @onsidered to besweak interaction. The

ravaueaste RHVAULLAWLUH I AN 10 strenas

proved +to be alon¥ the bisectrix of the Dt@{c‘r: anele.

rer R AR TIUHHAIRVIRARE] wovene

soluLifh can be described as [Hu(fly}tﬂiﬂ}‘1+.

78
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Figure 4.7 The optimized conformation of [Ha{gly}(Hanh‘]*

The optimized conformation of tHa(glyJ(H=ﬂ14]* is

presented in  Figure 4:7: The celeuletéd Na'...OH  bond

lengths

per one

1]

are all @qual to 2,20 A. The hydration energy (ﬂEH}

coordination site in this complex is
{E

Eth’ﬂlrth:D}dJi._. E.IH—NI'I'“ (Hﬂl}fq

{(-647.52779)-(-389,33995)-(-258,07339)}/4- a.u,
-18.0 kecgl/mol

which is 2.7 kcal/mol weaker than the hydration ener¥y of

Na(H_0)

+
AE_of Na(H_0)

{ -20.7 kecal/mol )

{ENl(l&DJ;- EN: - EEHQ]I{E

-20.7 kcal/mol

{(-5086.47152)-(149.14481)-6(-64.52139)3/6 a.u.
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the results indicate the ligand did influence the
hydration of Na® by weakening the interaction between Ma®
and +the water molecules. This is due to the decrease in
electron density of all oxy¥®¥en atoms in water molecule of
this complex eventhough the nuclear charde of Na+15

increased (see Table 4.,7)

Table 4.7 Comparison of the Electron Density Distribution

at Na and at Oxy¥en Atoms in Water Molecules of the Complexes.

atom T e it us iyt & frna cnos
Na"® 10+ 118 10.123
0 8.445 8.453
H 1 0.770 0.763
H 0.765 0.763
0 8,445 8,453
H 2 0.770 0.763
H 0.765 0.763
0 " 8.445 8.453
H 3 0.767 0.763
H 0.767 0,763
0 8.446 8,453
H 4 0.767 0,763
H 0.767 0.763
0 - B.453
H 5 - 0.763
H - 0.763
0 - 8,453
H 6 - 0.763

H - 0.763
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The optimized distance of carboxylate oxygen
atoms to Na ' is 2.29 £ which is 0.09 £ longer than in the
gas phase (2,20 A). The elongation of this intermolecular
distance results a lower of metal -.ligand interaction by
26.3 kecal/mol ( from -67.1 kcal/mol to -40.,B kcal/mol).
This can be explained by considering the change of electron
distribution as shown in Table 4.8. The decrease of
electron density at G;' Da and the decrease of positive
charge of Na®' due to the influence of hydration of Na*

reduce the intepactien between glycine zwitterion and Na”® 1

the distance therefore is increased.

Table 4.8 Calculated Differences in Electron Density
Distribution on Glycine Zwitterion - I'In.+ Complex Due to the

Hydration of Na .

Rceiront BB s 4R

c1 6.477 6,461 +0.016
c2 5.656 5.665 ~0.009
01 8457 8,479 ~0.002
02 8.401 8l4z1 -0.020
N1 7.717 7-721 ~0.004
Hi \ 0.592 0.585 +0.007
H2 0.602 0.591 +0.011
H83 0.602 0.591 +0.011
H4 0.730 0.717 +0,013
H5 0.730 0.717 +0,013

Na 10,118 10,053 +0,065
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4.2.4 The Influence of Na' and Its Coordinated Water

Molecules on the First Hydration Shell of Glycine Iwitterion

The change of the orientation of W2, W3, W4 and WS
influenced by both Na®' and the water molecules surrounded Na'
are investigFated. The results are summarized in Table 4.9
and shown in Figure 4,8

The H-bond distances fer W2, W3 are not affected
but the orientation of W2 and W3 are pushed away from the
area of hydrated Na" dus to the steric hindrance in this
region. The H-bond energies for both cases are thus decreased
to 2.8 and 4.6 kcllfmqa respectively. The H-bond distance
between ENa(ﬂ'ly}(Hz"JJ*]+ and W4 1is not significantly
different from that of glycine zwitterion to W4, [ncreasing
of the H-bond energy  resulted from +the binding of
ENn(gly}(H=D}4]'and W4 should be caused by the transferring
of the electron density of Na' and its surrounded water
through +the HNH hydrogen atoms and make these hydrogen

atoms more positive, The interaction is therefore increased

to 4,9 kcal/mol.



Table 4.9 The

and The H-bond Energies

and of [Na(gly)(H_ 0)_ 1"

Orientation of the Water W2, W3,

Glycine Zwitterion

w2 -0 =

L

o> o>

Dt
C 0

F 1 L
Dl. I.Hl.l. =
total energy=

*H-bond energy=

wa 0. -0 #

F L

1]

)
c. o0
4 & L

]

l:IlGI.H'l.:I.

total energy=

"H-bond energy=

W4,W5s NH - 0 "=

L

total energy=

2.55 A

138
20

—354' 64?35 aslls

in Agueous Solution.
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w4, WS

in the System of Glycine IZwitterion

[Na(gly)(H_0) 1"

= 0 =
L

=

0
L
c,0,0,
O H =
i L L1

total energy=

24,1 kecal/mol ""H-bend energy=

2470 A

108

g

=304.64156 a.u.

0 -0

- L

cC o0
@ L

n

ﬂiDLHI’. 1

total energy=

-20,1 kcal/mol . H-bond energy=

2.64 A
_3041 54309 HB.UW.

total energy=

*H-bond energy= —-21.0 kcal/mol **H-bond energy=

*H-bond EnNergy

*"*H-bond energy =

CIREE a1

E

+
LHet @1y CHO I +wW
2 4

- E

W+
[T T} LHD? ] H O
R

2.55 A
128
ad

-T12.08308 a.u.

-21.3 kcal/mol

-T12.07T3E86 a.u.

-15.5 kcal/mol

2.62 A
-712.09038 a.u.

-25.9 kcal/mal
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Figure 4.8 a The_orientat ion of W2, w3, w4,

Flycine zwitterian

in aqueous solution.
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CONCLUSION

The results calculated by the ab initio with GLO
minimal basis set method for the first hydration shell and
the influence of the hydration shell on +the internal
rotation of glycine zwitterion have shown that the CNDO/2
method works quite reliable for the prediction of solvent
orientation and solvent influénce on the flexibility of the
conformation of the amino acid im water. But it should be
emphasized that the CNDO/2 can not describe a good hydrogen
bonding. Therefore, an average hydrogen bond must be used
to investigate’ 4he solvent orientation 1{f CNDO/2 is
decided to be utilized.

The study of the metal-ligand interaction in
dqueous solutien compared te the mwetal-solvent interaction
by using glycine zwitterion and Na' in water gives =a
structure as an octehedral arrangement and can be described
as ENa(EIyJ(HZUJ‘J*. The influence of Na' and these four
water molecules to the water solvated around glycine
zwitterion yields the results what we expected.

The significant change of the H-bond eners¥y from
the effect of hydrated Na®' can be explained in terms of
electron density distribution through the atoms of ligands
and waten binded to 1ligand as well as the distortion of the
linearity of the H-bond and the steric hindrance

We hope that the study of glycine)zwitterion - Na“
complex in water which 1is one of the systematic study
of many complexes can contribute to the discovery of the
rules which govern the interaction between metal ions and
naturally occuring ligands. A metal-amino acid complex may
have some properties in comman with a metal - Jprotein
complex . But we must remember that the simple complex is

a model to supply the biological information not a replica.
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