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ABSTRACT 
We have evaluated the NMR shielding tensors for active site of oxidized ayurin Azurin is classified to a 
type I copper protein with ET functionality. We have computed NMR shielding tensor at .133LYP and ID 
levels by usum 6-3IG basis set in the gas phase and in different solvents such as water, HMSO, 
Nitromethane, methanol, ethanol, acetone ,dicholoroethane. These solvents represent a wide range of 
solvent properties from thc point of view of polarity as well as hydrogen bonding inleraction,The NNW 
shielding tensors were calculated using the :CIAO and CSOT methods. Our results reveal that NIvM 
chemical shielding parameters are strongly affected by inducing different solvent media Regarding to our 

 graphs of ow, , tau  do, i.I versus a. the largest cru, values obtained in ethanol and water for Cu 
atom whereas file smallest one belonged to DMSO. It is interesting to note that the opposite trend have 
been observed for asymmetry parameters Off 
Also, calculations at the HF in CSGT and GIA0 methods have shown bat molecular geometry and 

shielding properties an better than the other methods. laIlLYR in CIAO mid CSGT methods. 

Keywords: Antrim NMR parameters; Blue copper protein: Solvent effect 

INTRODUCTION 

The metalloproteins have attracted considerable interest 
among many researchers because of their various 
functionalities, such as electron transfer (ET). redox 
reaction, oxygen transportation, and activation. Blue 
copper protein is one of metalloproleins, which can be 
classified into three types on the basis of spectroscopic 
properties. 

Type 1 copper protein has an absorption peak near 
592-625 nm: type 11 copper protein has a similar peak 
to that of the general Cu(H) complex Type UI 
copper protein exhibits antiferromagnetism and has 
an absorption peak near 300 nm. 

Azurin is classified to a type I copper protein with 

'Conesponfing author. m_wonaljemi(zahoo.com  

ET functionality. The active site of anima 
consists of one copper ion and five ligand 
residues: Gly 45, His46, Cys112, His117. and 
Met121.Tbe coppenon is strongly coordinate-
bonding to His46, Cys112, andHis117, and bonds 
weakly to other residues[ 

The Cu site has a distoned trigonal geometry 
that is intermediate between that preferred by 
Cuff) complexes (tetrahedral) and that preferred 
by Cu(H)complexes (tetragonal). Thus, the 
change in geometry with redox is limited_ and the 
energy required for this structural 

rearrangement is small [2].These observations 
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led to the induced rack theory [3] and the entatie 

state theory[4], based on the hypotheses that the 
protein matrix forces the Cuol) site into a 
catalytically poised geometry similar to the Cuff) 

geometry.These theories, which trace the peculiar 
properties of the cupredoxins and their electron 
transfer capability back to the strained geometry 

of their active site, have been challenged 
recently[5,6], and the issue has been addressed 
through different theoretical methods. 

Fig.i.Overnew of the second mindere &Kann The 
phis me consists of the copper ion and five (pang 

residues Gly45.Hiske. Cys 112. His I IL and 
Met1.21H). 
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theory (DFT) and earned out MD simulation 
using the results. 

Sugiyama et MTh] have also carried out MD 
simulation of oxidized and reduced azurins and 
have analyzed their backbone dynamics I, 
Nuclear magnetic r sonance (NMR) :spectroscopy 
is a valuable teelmique for obtaining chemical 
information. This i because the sp&tra are wry 
sensitive to °hang n in the molecular structure.  
This name sensitivny makes NMR a difficult case 
for molecular mod ling [10-12]. 

NMR spectroscopy is a powerful ool for study 
the structure dynamics and interaction of 
biological molt:all such as protein and nucleic 
acids in solution [13-16]. 

As we know lb effect of solvent molecules on 
proteins plays an .muonant role in the chemical 
behavior of them and the eft.  en [ span a 
considerable range and arc governed primarily by 
solvent polarity. So in our current research, we 
have theoretically studied the effc ts of DM50 
nitroinethane 	, methanol ,ethanol, 'acetone, 
dicholorocthane , water and gas phase on the 
chemical shielding parameters of 17C, 7,519 , 170 
,64Cu, 77S nuclei involving in activ site and its 
structural stability. The Gauge Including Atomic 
Orbitals (GIA0) and Continuous Set of Gauge 
Transformations (CSGT) approach s within the 
SCF-Hartree-Fock and IGLYP pproximation 
have been used in order to investigate the 
influence different solvent m dia Ion the 
magnetic shielding tensors through Hanree-Fock 
and B3LYP approximation using 6-3M basis 
set.This basis set seems proper, because the 
CPU-consuming calculations using the HF 

Hyde et al.[5,6] performed quantum- 
method generally inhibit its application for NAAR 

mechanical(QM) optimization in vacuo of the calculations of biological macromolecules with 

geometry of the oxidized and reduced Cu sites, large basis sets. 
using the 133LYP hybnd density functional (OFT) 
method[6.7] Surprisingly, the results of the 
calculations on the copper site were in clear 
contrast with the rack and entatic state hypotheses. 
The in vacuo optimized geometry of the isolated 
Cu(fl) site was highly similar to the experimental 
geometry of the site in the protein structure. This 
suggested that the geometry of the Cu (11) site in 
cupredoxins is not strained by the protein matrix 
[8, 9]. 

Swart investigated the electronic structure of 
the active site of mann by density !motional 

COMPUTATIONAL DETAILS 
In the present work. extensive quantum extensive 
quantum mechanical calculation of electronic 
structure of the active site of oxidized mum 
(ligi) and solvent effects on °C, 17N . 170 :to. 
"S -NMR parameters have been performed in 
different solvent media and in two available 
methods using GAUSSIAN 98 program. 

We have studied the influence of DMSO. 
nitromethane, methanol, ethanol, acetone, 
dicholoroethane, water and gas phase on 
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chemical shielding tensars.There are different 
methods of salvation. One family of models for 
systems in solution is referenced to as Self-
Consistent Reaction Field (SCRF) method. The 
simplest SCRF model is the onsager reaction 
field model. For the simulation of a polar 
environment, this model was used as 
implemented in GAUSSIAN 98.1n this model the 
solvent is consider as a uniform dielectric with a 
given dielectric constant. 

At first, we have modeled the active site of 
azurin with chem. Office package and then 
optimized at the Hartree-Fock and IBLYP levels 
of theory with 6-31G basis set. 

In view of the fact that the results of our 
earlier works [17-18 probed that addition of a 
greater number of polarization functions and 
extension of the basis set did not lead to a 
significant improvement of the results, the choice 

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

After fully optimization of active site ,we 
have calculated NAIR parameters using the 
density functional 133LYP and HF method by 
Gauge Including Atomic Orbitals (GIA0) and 
Continuous Set of Gauge Transformations 
(CSGT) and have been reported in table 1(a,b,c). 
For more investigation of solvent effect, the 
graphs of obtained NMR parameters versus 
dielectric constant have been evaluated. 

RESULTS AND DISCUSSION 
In figs. 2-4, chemical shill anisotropy asymmetry 
(1), ll°11.°122 	iso). anisotropy 	aniso). and 
Ac and chemical shift tensor (6) are observed for 
13C, I5N, I70,64Cu. 325 nuclei in active site of 
oxidized azurin with respect to dielectric 
constants. 

Fig. 2. The graphs of) Isotropic shielding Va ties also). ) indirect shielding (ga), cgmymmetry 
parameters(p), amsotrupic shielding value(muuso) of repose alums of actim: site amain in different solvent 

media at the level orFIFI -3IG theory in CSGT method 
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Fig 3 The graphs of a) indirect shielding (da). I)) chemica shin ensoribii, olgropose atoms 
in different solvent media at th level of IIF/6-116 theory in CIAO method 

• 

g. 4. The graphs of aisotropic shielding values also), b) hem cal slid) ien•on 61. of propose atoms of act 	site 
agurin in different solvent media at the level o 83LY l 6-3“; Older) in csur method. 

In the basis of the aboue diagrams. table 10..1)4 list value of the obo. 1111N11. An. 6, g values for 3C 	10 '70 

:stn. '25 nuclei i different die cc trk constants 

Agexpected. the NMR shielding tensors of BC, . 
, 	,Cu, 72S nuclei are drastically affected by 

what it is bonded to and the type of bond to its 
neighbor. Our obtained results yielded strong 
evidence that intermolecular effects such as electron 
transfer interactions play very impatient role in 
determining the 13C, 	. BO ftu, 32S-NMR 
chemical shielding tensors of active site of oxidized 
anion and some systematic Maids appeared from 
the analysts of the calculated values. 

On the basis of both geometrical positions of 
BC 1514 , 170 	"S existing in active site of 
oxidized azunn and computed results, for nuclei 
involved in electron transfer the obtained NMR 
parameters are not the same as those computed for 
other atoms. 

For Cm atom which behaves as electron donor, 
the oiso component showed the largest 
intemmlecular effects and it shows positive 
shielding values ,i.e, the electron transfer interaction 
produced a &shielding in this position. 

Comparison of eiso. craniso, Ac and 5 val es of 
Cu, a orn with another shielding values in table I 
and a so analysis of graphs of (Aso, aaniso, an and 

's versus dielectric constant exhibited in figs 2-4 
revealed that, the largest values observed for 
ethan I and water. whereas the smallest belongs to 
DMSO. It is interesting to note that on the contrary, 
the opposite trend 	have been observed for 
asymmetry parameter (n). This logical behavior 
may be readily understood in accord with biological 
conceptions. 	 II 

The metal ion in the electron-transfer copper 
proteins such as the type I copper proteins has 
been proposed to exist in an entatic state. These 
studies as well as earlier reports suggest that 
the metal-ligand interactions in the blue Copper 
proteins indeed play an impptant role in 
imparting extra stability to the metal binding 
site of the protein[19I. 
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T hie I.N8111 parameters of ,NO, Cu, S nuclei Involving in acti e sge a8urin in different s lyent media at 
lig levels of RI1P86-31(1 and RI L1P/6-310 theory in GIA0 and CSOT methods(a), b),(t) 
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Table I. [emu 	 (C) 
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65.76 10S8 9099 0.9402 60457 39836 103.276 03.20 09994 68 851 

014 
61.92 23837 13837 07511 92244 45.995 148.485 48.49 0.7019 93.99 
5a25 10938 [0058 06582 71057 42.818 1l9i72 [1917 0394 79448 

C15 62.71 126.78 [28.79 0S708 85431 3417 141.58$ -[4145 09070 -94.967 
57.98 102.1 [0208 08132 68064 33.493 112.003 £12 0.8929 74.669 

02 
18722 34.19 3416 05279 22.776 17387 28210 28.219 0.6815 [0812 
16973 2795 37.95 0.5436 253 [5743 32.83 3683 06125 21.881 

55 
730.94 332.74 332.73 0.3919 22' 82 050.91 442.928 442.93 0-I 39 295.285 
56806 360.16 350i6 0475 23344 50012 43640 43646 0420 29007 

Cu9 
1745.2 262.11 41226 02715 -27484 12042 199.489 39949 0.6933 266.326 

N10 857 36105 36145 0.3494 2411 -13921 332449 332.45 02902 22] 632 
2167 275.69 27569 0.1013 [83396 11773 :56315 2569] 0.1277 111.277 

11F 
N11 

8.75 36t72 36821 03543 245479 -II 	Ill 3406$] 34069 07023 227.12 
SILYP 2444 208S3 29803 0191$ 199619 14973 27593 275.92 0.1969 193352 

012 
564 14831 146.31 06084 97538 39011 154.191 154.19 06572 E02794 

47.30 122.15 122.15 0356 91.433 33.372 12921 12931 04702 86.201 

013 02.92 127.30 [6733 09546 $4901 34.115 140617 [4069 004$] 93795 
6548 9109 91384 0.9476 60.73 39587 [03343 -10830 09993 .68917 

014 
62.01 138.25 13825 0.7529 92166 45.17 140375 140.3$ 07030 98917 
5015 100.37 10037 0.659 72.91 43.75 118.987 118.99 05943 79.31' 

015 
62.74 2877 I2$7 09690 85843 34201 141.529 -142.3] 0.989 -94871 
53.21 101.75 101.71 08177 67.832 33.694 111.646 11165 0.8067 74.431 

C2 184.26 34.16 34.1$ 0.51 22795 [71 	1$ 28.335 29339 0.7226 18.89 
17044 3312 3912 0409 25.413 15612 333 314 06799 222 
728.54 384.7 3647 [04994 243 '36 04447 480 604 40069 03965 320 462 
60561 38521 36521 0473 242.47194297 45409] 45660 0.79 304.574 

CO 16487 87857 678.57 070107 452.38 1214.] 044.831 044.85 0.2130 429807 
485.5 23135 125135 0287 8209 -01.266 115254 11523 062 768356 

IF 2034 348.04 340.04 02799 23233 -206 60 544 32054 0.248 213.690 NIC 
5.31.51,  31.67 293.44 293.44 0.179 '95627 16901 270447 270.44 00537 180290 

Nil 
1843 348.40 3474 0.3499 232936 -4.61 321.77 32397 03114 2159$ 

25.25 30509 30509 0.162 203393 11494 281445 281.47 0194 [07644 

C12 5525 1449 £44.9 0.1260 96.399 30656 [5334 15114 06756 1112.226 
60.82 '2387 '2387 0544 82.57$ 35500 110295 1311.24 0.467 06863 

C13 61.87 126.17 110.17 00072 194-Ill 32.916 [30.737 '3074 09653 93.150 
60i3 87.58 -91124 094] -841.159 41.897 90.925 -10314 0.0817 -111095 

014 07.23 13165 [31.65 0.8605 87.765 49464 [43 161 14110 08049 95.44] 
63.91 11019 1111.1$ 0687 73.458 41494 [[9074 119.117 06224 79383 

C15 5425 14015 1411.15 06901 93.433 272119 151.195 151.2 07794 100.797 
6048 10838 10038 0904)3 72254 24516 117.444 117.43 0784 78290 
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The metal ion in the clectrorstransfar copper gas phase or in the presence of different solvent 
proteins such as the type I upper prot ns has molecules theoretically. Several conclusions can 
been proposed to exist in an entatic state. These be made on the basis of the observed results of the 
studies as well as earlier reports suggest that the present study. Such amount of thnoretical data 
metakligand interactions in the blue copper can provide us important insights into thefl  nature 
proteins indeed play . an important role in of molecular structures in biological systems. 
imparting extra stability to the metal binding site Our math findings Porn the point of view of 
of the proteinI19]. 

As expected, after Cm. St  shows positive solvent effects can be summarized as follows: 

shielding values. Cys 112 	among the ligand 	optimization at the HE level of theory provides 
residues the one that more strongly hybridizes a suitable computational model in terms of 

with the Cu orbitals . The covalency of the calculated NMR parameters and relative energies. 
copper-ligand bonds is very anisotropic and it was 	NmR  parameters are very sensitive  to 

'mall 
suggested that this should favor hole super changes in molecular geometry and chemical 
exchange pathways that couple to the Cu through 
the Cys112 ligand1201.The cysteme ligand environment exhibited significant sensitivity to 
decreases the reorganization energy. This decrease the intramolecular interactions. So our obtained 
is caused by the transfer of charge from the theoretical results emphasized on Ike influence of 
negative charged thiolate group to Coll, which the environment factors 
makes the oxidized and reduced structures quite The largest on(  value of mentioned nuclei of 
similar[21). 

For both Na and Nit  atoms which are fused in active site azurin observed for ethanol and water, 

inedazole ong, shielding tensors are close to each whereas the smallest one belongs to nmso. It is 
other but according to our obtained results of fig. 2, interesting to note that the opposite trend have 
as the dielectric constant in passing from the been observed for asymmetry parameters(1). This 
mtromethane to water_ the asks  and An °EMI  and 
Nio increase and the tut decrease in the ethanol 
which is expected to result in a significant shielding 
of this nitrogen nuclei at the Hanrce-Fock level of 
theory with CSGT method. 
Nitrogen ligands give up an appreciably lower 
reorganization enemy than water, owing to the 
lower Cu-N force constant[21]. 

Figure 4 shows that, as the dielectric constant 
of the solvent increases , the An and roux of Cr 
and Cu increase and the ri of Cis and CU 
decreased in the ethanol at the Hartree-Fock level 
of theory with CIAO method. 

Also, calculations at the HF in CSGT method 
(Fig. 2) and the HF in GIA0 method (Fig. 3) have 
shown that molecular geometry and shielding 
properties are better than the other methods, 
B3LYP in CIAO and CSGT methmis(fig. 4). 

CONCLUSION 
The results reported in this paper indicates that it 
is possible to measure NMR tensors of various 
nuclei involving in biological compounds either in 

usual behavior may be readily understood to 
accord with biotechnological concePtionsT 

The calculation of nuclear magirt tic resonance 
(NMR) parameters using ab into techniques 
seems to be a major and a remarkable tool for 
investigation of how variations ! of biological 
systems and provides information on.  the local 

environment of selected species and their next 
nearest neighbors. However, combination of 
NMR study embedded in solvent medium reveals 
a logical interpretation of the observed rec,ults. 

In conclusion, we have shown that theoretical 
calculations can be used to successfully solve 
biochemical problems. In similarly with 
experimental methods, they involve assumptions 
and interpretation, and they have their liMitations, 
but there are many problems that are best studied 
by theors. Thus, theoretical methods have become 
a competitive alternative to experiments for 
biochemical investigations. 
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