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ABSTRACT

We have evaluated the NMR shiekling tensors for active site of oxidized asurin Arurin is classified W o
type I copper pmigin with ET functionality, We have computed NMR shielding tensorsy 3t BISLYP and HF
levels by using 631G basis set in the gas phase and in different solvents such as water, DMSO.
Mitromethane, methanal, ethanol, acetone Aicholoroethane. These solvents represent & wide range of
solvent properties from the point of view of polanty as well as hydmgen bonding interactions. The NMR
shielding tensors were calewlated using the GIAQ and CSGT methods. Cur results reveal thyt NME
cherueal shielding parameters are strongly affected hy inducing different solvent media Regarding o our
plntted graphs of Gy | Cane, AG, 1 . & versus ¢, the largest @, values ohiamed in ethanol and water for Cy
atom whereas the smallest one belonged to DMSO, It 15 interestin £ to nate that the opposite trend have
been observed for asymmetry parameters (n).

Also, caleulations at the HF in CSGT and GIAD methods have shown that moleeolar geometry and
shielding properties arc better than the other methods , BILYP in GIAD and CSGT methods,
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INTRODUCTION

The metalloproteins have attracted considerable interest  ET functionality. The active site of arurn
among many researchers because of their various  consists of one copper on and five ligand
functionalities, such as eleciron transfer {(ET). redox residues: Gly 45. Hisd6, Cysl12, Hisl17. and
reaction, oxvgen transportation, and activation. Blue Mcti21.The coppenon is strongly coordinate-
copper proten is one of metalloproteins, which can be bonding to Hisde, Cys112, andHis117, and bands
classifted into three types on the basis of spectroscopic  weakly to ather residues] 1],
proparties, The Cu site has a distoned trigonal geometry
Type 1 copper protein bas an absorption peak near  that s intermediate between that prefemred by
392-625 nm: type [T copper protewn has a similar peak  Cu(D) complexes (tetrahedral) and that preferred
to that of the pengral Cu(IT) compiex. Type IIl by Cu(Il)compicxes (tetragonal). Thus. the
copper protein exhibits antiferromagnetism and has  change in geometry with redox is limited. and the
an absorprico peak near 300 nm. energy  mquired  for  this  structural
Azunn s classified to a type I copper protein with  rearrangement is small [2] These observations

“Corresponding author: m_merajjemi@yahoo.com

g7




K. Shahanipour ¢t al. /1 Phys. Theor.Chemn AU Iran, 6(2), §7-93, Summer 2009

led to the induced rack theory [3] and the entatie
state theory[4], based on the hypotheses that the
protein matrix forces the CuTT) site inw 2
cataiytically poised geometry similar to the Cu(T}
geometry. These thearies, which trace the peculiar
propertics of the cupredoxins and their electron
transfer capability back to the straimmed geametry
of their active site, have been dhallenged
recently[5,6], and the issue has been addressed
through different theoretical methnds.

Fig.1.Overview of the second structure of azunn. The
active site consists of the copper 1om and five hgand
residues GlvdS Hisdé, Cys112, Hisl i 7. and
Meti21[1].

Rvde et al[56] perfarmed quantum-
mechanical{ QM) aptimizatnn i vacue nf the
geomctry nf the nxidized and reduced Cu sites,
using the B3LYP bybrid density functional (DFT}
method[6,7] Surprisingly, (he results nf (he
calculations nn the copper suc were n clear
enntrast with the mek and entatic state hypotheses,
The in vacue optimized peomctry nf the isolated
Cu(TT) site was highly simnilar m the expenmental
genmetry of the site in the protein stucture. This
suggested that the seometry of the Cu (TI) sue 1n
gupredoxing is not strained by the protein matrix
[5, 9]

Swart investigated (he electranic structure of

the active site of azunn by density functional

L

theory (DFT) and carried out MD simulation
using the results. ' !

Sugiyama et ai.[1] have also carried out MD
simulatian of oxidized and reduced azurins and
have analyzed their backbone dynamies |
Nuclcar magnetic resonance (NMR) spectroseopy
is & valuablie technique for uhmmmn themical
mformation. This is because the spectm are very
sensitive 10 changes in the molecular strueture,
This name scnsitivity makes NMR a|ditficult case
for molecular modeling [10-12]. '

NMR spectroscopy 15 a powertul tmi for study
the structure  dynamics  and mteractmn ol
hiological molecule sueh as pmtem and nucleic
acids in solution [13-16].

As we know the effcct of solvent molecules on
proteins plays an impotiant ole in|the chemical
hehavior of them and e cffects {span a
considerahle range and arc guvemed pnmanlv by
solvent polarity. Se in our eurrent|Tesearch. we
have theorctically studied the effects of DMSO
Jitroincthane |, moihanal ethanol, "acctone,
dicholoroethane , water and gas phase on the
chemical shielding patamcters of °C, ¥N, "0
Cu, *8 nuclel mvolving 1 active site and its
structural stability, The Gauge Including Atomic
Orbitals (GIAQ) and Continwous Set of Gange
Transfurmations (CSGT) approaches within the
SCF-Hartree-Fock and B3ILYP  appmximatian
have been used m nrder tn invesigate the
influence  different  solvent media yon  (he
inagnetic shiclding tensors through Hartree-Fock
and B3LYP approximation wsing 6-31G hasis
set. This basis set seems pmper, because the
CPU-consuming ealculations uwsing the HF
metbod generally inbibit its applicatinn for NMR
caleulations of binlpgical macromelecules with
laree basis sets.

COMPUTATIONAL DETAILS

In the present work, extensive quantum extensive
quantum mechanical calculation of cleetronic
strneture of  the active sue nf oxidized azutin
{Fig.1) and solvent elfeets nn V'C, "N . 0 *Cu.
g .NMR parameters bave heen performed in
different solvent media and in two avalable
methods using GAUSSIAN 98 program.

We have swdied the intluence nf OMSO.
miromethane, methanol,  cthanol,  acclong,
dichnlpmcthane, water and gas phasc on
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chemical shielding tensors.Therc are different
methods of salvation. One family of models for
systems in solution is referenced to as Self
Consistent Reaction Ficld (SCRF) method, The
simpiest SCRF modei is the onsager reaction
field model. For the simulatioo of a polar
environment, this mode! was used as
implemented in GAUSSTAN 98 In this model the
solvent is eonsider as a uniform dislectric with a
fiven diclestric eonstant.

Al first, we have modeled the active sie of
azunn with chem. Office package and then
optimized at the Hartree-Foek and BILYP levels
of theory with 6-310 basis set.

n view of the fact that the resvits of our
earlier works [17-18 ) proved that addition of a
greater number of polarization functions and
extension of the basis set did not lead to a

of the middle basis set 6-31G was in our opinion
Justified.

After fully sptimization of active site ,we
have ecalculated NMR parameters using the
density functional BILYP and HF method by
Gauge Including Atomic Orbilals (GIAQ) and
Continuous  Set of Gauge Transformations
{CSGT)and have been reported in table 1{a,b,e).
For more mvestigatinn of solvent effect, the
graphs of obtained NMR parameters versus
diclectrie constant bave been cvaluated.

RESULTS AND DISCUSSION

In figs. 2-4, chemical shift anisotropy asymmetry
{n). isotropy (o iso). anisotropy [ anisu), and
Ac and chemieal shift tensor (3) are observed for
13C, I5N, 170,64C0. 325 nuclel in aetive site of

. . oxidized azurin with respoct to  diclectric
signifieant improvement of the results, the ¢hoice ¢ P
constants,
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Fig. 2, The graphs nf a) sntropic shielding vafues {oiso). by indirect shielding (Aa), clasymmetry
parameters(n). d} anisotropic shigiding value{eaniso), of prapase atoms af active wite azurin in differenl solvent
media al the level uf HF/6-31G theory in CS6OT methad.
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Fig. 3. The graphs of a) indirect shielding (da). b} chenucal shifl tensar sl ol propose atnms of active site azunm
in different solvent media at the level nf HFG-31G theory i GIAQ method '
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Fig. 4. The graphs ol a} isatropic shielling values (siso}, B)cherival Shitfl wensin ). of propose atoms of active site
arurin in different solveot media at the level of BILY P.6-31G theory in C3GT method.
Ia the basis of the above diagrams. table 1(a,b.¢) list values of he g iso. o amse. A, 8, valaes for Y, "N 0
Heu, 8 nucled in different dielectric constanis '

As cxpected. the NMR shiclding tensors of PC,
"W, 0 %Cu, PS nuclei are drastically affected by
what it 15 bonded to and the type of bond 1o its
neighbor. Our obtamed results yielded strong
evidence that intermulecular cffects such as electrun
trantsfer interactions play very wnportant role m
determimng the  C, N | Y0 ®Cy, S-NMR
ghemical shielding tensors of active site of oxidized
azunn and some systemane trends appearcd from
the anatysis of the calowlated values,

(in the basw of both geometrical pnsitions of
e PN L0 MOu, U8 existing in active site of
nxidized azurin asd computed results, for nuclcl
involved m electrom transfor the obtained NMR
parameters are not the same as those computed for
cther athms.

For Cue alom which behaves as etectron donaor,
the wiso componcnt  showed  the  largest
inmermolecular  cffeets and it shows  positive
shielding values i, the ¢lcetron transfer interaction
pmduced a deshiclding 1n this posttion.

a0

Comparison of sise, saniso, Ag and & values of
Cuy atom with anather shielding vaiucs in table |
and alse analywis ot waphs of gise, ganiso, Ac and
A s versus dicleetric constant exhibited in figs 2-4
revealed that, the largest values observed for
ethano! and water. whereas the smallest helongs to
DMSO. Tt is interesting tn note that on the costrary,
the oppusitc wend  have heen observed  for
asymmetry parameter (n}. This !ogit':al behavier
miay be readily undersipod i accord with hivlogical
Conecpticos, i !

The mctal ion in the electron-transfer copper
proteins such as the type I copper proteins has
heen proposed to exist in an cntatic state. These
stucies as well as earlier reports suggest that
the metal-ligand teractions in the blue cupper
proteins ndeed play an important role in
imparting extra stability to the metal binding
site of the protein[19]. '
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The metal ion in the clectron-transter copper
proteins such as the type | copper protemns has
beea proposed (o exist 10 an entatic state. These
studies as well as earlier reports suggest that the
metal-ligand interactions in the biue copper
proteins indeed play .an impariant role in
imparting cxira stahility ta the metal binding site
af'the protemn{19].

As expected, after Cus. S, shows positive
shiclding values. Cys 112 is among the ligand
residucs the one thai more strongly bybridizes
with the Cu orbitals . The covalency of the
capper-ligand bonds is very amsotropic and it was
supgested that this should faver hole super
exchange pathways that couple 1o the Cu through
the Cysli2 ligand[201.The cystene ligand
decreases the reorpanizalian energy. This deercase
s caused by the tansfor of charge from the
nepative charped thiolale group to Cull, which
makes the oxidized and reduced structures quite
similar[21].

For both Ny and N, atoms which are tused in
imidazole nng, shiglding tensors are close to cach
other but according o ow obtaned results of fig. 2,
as the dielectric constant in passing from the
nitromethane 1o water. the Gy and Ac af Ny and
N, itercase and the 1 deercase  in the ethanol
which is expeeted to result in a significant shielding
of this mtrogen nuelei at the Hartree-Fock level of
theory with CSGT methnd.

Nitrogen ligands give up an appreciably lhower
reorpanization energy than water, owing 10 the
fower Cu-N force crmstant[21]

Figurce 4 shows that, as the dicleetric constant
nf the solvern  mercases , the Ac and Suie H C s
and 5 inercase and the 1 of C5 and Ci5
decreased in the ethanoi at the Hartree-Fock fevel
of theory with GTAQ method.

Also, caleulations at the HF in CSGT method
{Fig. 2) and the HF in G1AQ method {Fig. 3) have
shown that molecular peometry and shiciding
properties are beuer than the other methods,
B3LYP in GLAQ and CSGT metheds(fig. 4).

CONCLUSION

The tesults reported in this paper indicates that it
is possibic 10 measure NMR. {ensors of various
nucler nvolving in biological compounds either in

94

gas phase or in the presence of different solvent
malecules theoretically, Several coaclusions can
be made on the basis of the nbs.cnfed results af the
present study. Such amount af thcnrchcal data
can provide us important insights into the nature
of mglecular structares in bizlogical !wstcms

Our main findings trom the pmnt of view of
solvent effects can be summarized as follows:

optimization ar the HF level of theory provides
a smitzhle computatinmal model in terms nf
calculated NMR parameters and relative enerics.

NMR parameters ar¢ very sensitive to small
changes in molecular geometry and chemical
environment cxhibited sigmificant sensitvity (o
the ntramolecular interactions. S0y our Ohtaited
theoretical results emphasizéd on the influence of
the envirpnment tactors

The largest 0., value of mentizned aucler af
active st azurin nhserved tor ethanol and water,
whereas the smallest one belongs w DMSO, Itis
interesting to note that the oppasitc trend have
been ohserved for asymmetry parameters(n). This
usual behavior mayv be readily understoud in
aceord with hiotechnmlogical cnncqlmuns."' '

The caleulatinn of nuclear magnetic resonance
{WMR) parameters using ab mmn techmqucs
seems t0 be a major and a remarkablc “tool for
mvestigatinn  nf how  variations | of bolngieal
systems and provides miormation on the local
environment of sciected species and their next
nearcst neighbors, Hpwever, combmnation of
NMR study embedded in snlvent mediurn reveals
a logical interpretatinn of the observed results.

in conclusion, we have shnwn that theoretical
calculatinny can be used to successfuliv solve
biochemical problems. In  similarly
experimental methods, they mvoive assumptinns
and mucrpretating, and they have their limitations,
hut therg are many problems that are best studied
by theory. Thus, theoretical methods have become
a competitive altemative i0 experiments for
biochemical investigatimms.

|
|
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