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Abstract: A three dimensional Quantitative Structure Activity Relationship (3D-QSAR) model for a series of (S)-3-Aryl-
5-substituted oxazolidinones was developed to gain insights into the design for potential new antibacterial agents. It was 
found that the Comparative Molecular Field Analysis (CoMFA) method yielded good results while the Comparative Mo-
lecular Similarity Indices Analysis (CoMSIA) was less satisfactory. The CoMFA method yielded a cross–validated corre-
lation coefficient q2 = 0.681, non-cross-validated R2 = 0.991, SE (Standard Error ) = 0.054, and the value of statistical sig-
nificance measure F = 266.98. The relative steric and electrostatic contributions are 0.542 and 0.458, respectively. These 
results indicate that the model possesses a high predictivity. Guided by this model, three new compounds were synthe-
sized. All these compounds exhibit inhibitory activity; two of them were shown having high activity (MIC = 1.0 g/ml). 
The activity observed by experiments was in good agreement with the theoretical one. It is anticipated that the present 
model would be of value in facilitating design of new potent antibacterial agents. 
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INTRODUCTION 

 Oxazolidinones have become a novel class of antibacte-
rial agents succeeding sulfanilamides and quinolones. Line-
zolid, the first oxazolidinone marketed for clinical use, is 
remarkably effective on treating infections caused by the 
Gram-positive bacteria, resistant Gram-positive pathogens 
and certain anaerobic bacteria. However, several isolates 
resistant to linezolid emerged in no more than one year [1,2], 
so it is very urgent to develop new antibacterial agents oxa-
zolidinones. It has been repeatedly indicated that using vari-
ous computational approaches can provide valuable informa-
tion for drug development (see, e.g., [3-15]), speeding up its 
process and reducing cost (see, e.g., [9,16-20]). Recently, 
some novel computational approaches, such as the cellular 
automaton modeling and network dynamic model, were used 
to study the hepatitis B viral infection [12], replication ratio 
by HBV virus gene missense mutation [21], analysis of 
SARS-CoV [22], and p53 stress response under ion radiation 
[23]. In this study, the 3D-QSAR method was used to design 
oxazolidinone analogues aiming at reducing costs, cutting 
down the R&D circle, and putting resources to rational use. 
In this paper, both CoMFA (Comparative Molecular Field 
Analysis), and CoMSIA (Comparative Molecular Similarity 
Indices Analysis) were employed to establish a 3D-QSAR 
model; based on the best model, several compounds were 
designed and three of them were synthesized. All these syn- 
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thesized compounds have exhibited inhibitory activity. Two 
of them have shown high activity (MIC = 1.0 g/ml). These 
findings can help us better understand the relationship be-
tween substituents and antibacterial activity, so as to improve 
the quantitative prediction of their inhibitory activities.  

COMPUTATIONAL METHODS

 Data Set. The structures and the Minimum Inhibitory 
Concentration (MIC) against the staphylococcal bacteria 
(S.aureus Smith) (in g/ml) were extracted from the litera-
ture [24,25]. Listed in Table 1 are the structures and MIC 
data for the training set.  

Molecular Modeling 

 The SYBYL [26] program package was used to conduct 
all the modeling in this study. Conformations of compounds 
in the training set and test set were generated using system-
atic search model in SYBYL according to the four single 
bonds a, b, c, d with an angle increment of 15 degrees (Fig. 
1). Energy minimization was performed using Tripos force 
field [27] with a distance-dependent dielectric and the Pow-
ell-Beale version of the conjugate gradient algorithm with a 
convergence criterion of 0.01 kcal/(mol Å). Partial atomic 
charges were calculated using the Gasteiger-Hückel method. 
The detailed geometry data are given in Table 2.

Alignment Based on Pharmaphocore 

 Cross-validated q2 usually serves as the quantitative 
measurement of the prediction of CoMFA and CoMSIA. 
Cho et al. [28] reported that q2 value was sensitive to the 
orientation of aligned molecules and might vary with the 
orientation by as much as 0.5 q2 units. It is therefore very 
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Table 1. The Structural and Bioactivity of Compounds 

No. R1 R2 MIC pMICact 
a

M1 NH C

O

CH3

NO 6.25 1.73 

M2 NH C

S

NH2
N 0.78 2.62 

M4 NH C

S

NH2

NO 1.56 2.66 

M5 NH C

S

SCH3

S NO 1.56 2.43 

M6 NH C

S

SCH3
N 6.25 1.79 

M8 NH C

S

OCH2CH3

S N 3.13 2.11 

M9 NH C

S

OCH2CH2CH3
S N 50.00 0.92 

M10 NH C

S

OCH3

N 3.13 2.07 

M11 NH C

S

OCH3

S N
O

O
0.78 2.73 

M12 NH C

S

OCH3

NH3C 3.13 2.06 

M13 NH C

S

NHNH2
S N 6.25 1.79 

M14 NH C

O

CH3
S N 3.13 2.05 

M15 NH C

O

NH2
S N 1.56 2.68 

M16 NH C

O

H
S N 6.25 1.73 

M17 NH C

O

CH2CH3
S N 6.25 1.77 

M18 NH C

S

OCH3

N NH3C 1.56 2.39 

M19 NH C

O

NH2
S N 3.13 2.05 

M20 NH C

O

NHCH2CH3

S N 12.5 1.50 

M21 NH C

S

CH3
S N 1.56 2.37 

M22 NH C

S

OCH3
N 0.78 2.65 

a: pMIC = -log(MIC/Mw).  
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Fig. (1). Structures of oxazolidinones, where the dashed line refers 
to the O-F distance, and single bonds a, b, c, d refer to 4 rotable 
bonds.

important to select suitable alignment rules for constructing 
3D-QSAR model. In such cases, the 3D alignment (or super-
position) of putative ligands [29,30] can be used to deduce 
the structural requirements for biological activity. Another 
strategy is the pharmacophore elucidation in which several 
ligands are aligned and a small collection of essential mo-
lecular features required for the biological activity is derived 
from the alignment. In fact, the 3D-QSAR model [31] such 
as CoMFA uses a 3D molecular alignment as the input. Ac-
tually, it is generally assumed for the methodologies based 
upon the 3D alignment for finding biologically active ligands 
that, if two ligands have similar biological activity and bind 
in a similar mode, then their bound-conformations are sup-
posed to have a good alignment and inferences can be made 

about the nature of the receptor. The alignment conducted in 
the current study was a stochastic search procedure that si-
multaneously searched the conformation space of a collec-
tion of molecules and the space of alignments of those mole-
cules. The scoring of alignments is based upon a Gaussian 
density representation of pharmacophore features tuned to 
reproduce some certain X-ray crystallographic alignment, 
which includes hydrogen bond donors, hydrogen bond ac-
ceptors, cations, anions, hydrophobic area and aromatic cen-
ters. The minimization of the score function and average 
strain was performed to search for the best alignment of the 
molecules concerned. In Table 2, we found that the distance 
between oxygen and fluorine atom is restricted to a narrow 
range, i.e., 6.46 to 6.71Å, the dihedral angle between ben-
zene and oxazolidinone ring is -9.4 o to 3.1 o, and angle O-
C4-C5 is 108.1o to 110.5 o. It is quite obvious that the struc-
tures investigated have a common pharmacophore, and 
hence can be aligned according to this common pharma-
cophore. The result thus obtained is shown in (Fig. 2).  

CoMFA Models 

 The CoMFA study was carried out by running the SY-
BYL/CoMFA module. The steric and electrostatic field en-

Table 2. Geometry Data of the Lowest-Energy Conformations 

No. Distance(O-F) Dihedral C1-C2-N-C3 Angle O-C4-C5

1 6.71 -2.80 109.30 

2 6.71 -0.20 110.50 

4 6.70 -3.90 108.10 

5 6.71 -0.40 110.50 

6 6.70 -0.30 110.50 

8 6.71 -0.50 110.50 

9 6.72 -1.20 110.10 

10 6.71 -1.00 109.20 

11 6.71 1.40 110.40 

12 6.68 -9.40 109.80 

13 6.70 -3.30 109.70 

14 6.70 1.20 110.40 

15 6.70 -3.00 109.60 

16 6.70 1.10 110.40 

17 6.71 -2.30 109.60 

18 6.71 -4.90 110.40 

19 6.72 -0.30 110.10 

20 6.71 -4.90 110.30 

21 6.46 -6.20 109.70 

22 6.69 -3.20 110.40 

C1

C2 N
C4

OC3

C5

R1

R2

O

b

c

a

d
F
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ergies (include the type of charges)were calculated using a 
sp3 carbon probe atom with a charge of +1 and a distance 
dependent dielectric constant in all intersections of a regu-
larly spaced (include the spacing of the grid) grid. Steric and 
electrostatic contributions were truncated at 30 kcal/mol. All 
initial partial least-squares (PLS) [32] analyses were per-
formed using the“leave-one-out” cross-validation method. A 
minimum (column filter)value of 2.00 kcal/mol was set to 
improve the signal-to-noise ratio by omitting those lattice 
points whose energy variation was below this threshold. The 
final model (non-cross-validated conventional analysis) was 
developed from the model with the highest cross-validated 
r2, and the optimum number of components was set to equal 
that yielding the highest qcv

2. The final model (non-cross-
validated conventional analysis) was developed from the 
model with the highest cross-validated r2, and the optimum 
number of components was set to equal that yielding the 
highest rcv. The LOO cross validation should be counter-
checked by a LMO one to avoid overfitting problems also 
considering that the diversity in the training set is not much. 

CoMSIA Models 

 CoMSIA similarity indices were derived with the method 
proposed by Klebe et al. [33,34] with the same lattice box 

used for the CoMFA calculations. Five physicochemical 
properties related to steric, electrostatic, hydrophobic, hy-
drogen bond donor, and hydrogen bond acceptor fields were 
evaluated on the probe atom. Gaussian-type distance de-
pendence was employed to describe the relative attenuation 
of the field’s position of each atom in lattice. The use of 
Gaussian-type distance dependence in CoMSIA would lead 
to much smoother sampling of the fields around the mole-
cules than CoMFA. The default value of 0.3 was used as the 
attenuation factor.  

RESULTS AND DISCUSSION 

3D-QSAR Models 

 Two methods, CoMFA and CoMSIA, were used to con-
struct the 3D-QSAR models for oxazolidinone analogues. 
The parameters of the two models with different grids are 
given in Table 3.

Analysis of the Influence of Grids on CoMFA and CoM-
SIA Models 

 Illustrated in (Fig. 3) are the relations between cross-
validated q2, non cross-validated r2 values and the grid spaces. 
It can be remarked that the q2 and r2 for CoMFA models 
reach maximum values when grid space is 2.0Å, suggesting 
that grid space could improve the models for CoMFA (q2 
from 0.594 to 0.681, r2 from 0.979 to 0.991). For CoMSIA, 
the best model is corresponding to the grid space 1.0 Å; 
however, there is no significant difference between the mod-
els at 1.0 Å and 2.0 Å. Therefore the model generated with 
grid space 2.0 Å, which has highest non cross-validated r2

value and low SEE for training set, was chosen as the best 
CoMFA model.  

Analysis of CoMFA Models 

 The PLS statistics of CoMFA descriptor are summarized 
in Table 3. The steric and electrostatic field contributions are 
0.548 and 0.452, respectively. Shown in (Figs. 4-5) are the 

Table 3. PLS Statistics of CoMFA and CoMSIA 3D-QSAR Model 

 CoMFA CoMSIA 

Grids 1.0Å 1.5 Å 2.0Å  2.5 Å 3.0 Å  1.0 Å 1.5 Å 2.0 Å 2.5 Å 3.0 Å 

q2 0.630 0.594 0.681 0.672 0.611 0.402 0.334 0.470 0.473 0.364 

r2 0.980 0.979 0.991 0.987 0.986 0.872 0.872 0.871 0.869 0.858 

SEE 0.079 0.081 0.054 0.065 0.069 0.188 0.188 0.189 0.190 0.192 

F 148.910 139.980 266.980 182.950 159.950 38.599 38.705 38.101 37.735 54.402 

Components 5 6 6 5 6 3 3 3 3 2 

Steric 0.567 0.561 0.548 0.563 0.487 0.059 0.059 0.058 0.055 0.056 

Electrostatic 0.433 0.439 0.452 0.437 0.513 0.369 0.366 0.372 0.363 0.343 

Hydrophobicbic  - - - - - 0.170 0.169 0.166 0.139 0.213 

Donor - - - - - 0.307 0.310 0.309 0.355 0.280 

Acceptor - - - - - 0.095 0.095 0.095 0.089 0.109 

Fig. (2). The structure alignment based on a common pharma-
cophore. 
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contour plots of CoMFA model. The meanings of the differ-
ent colour areas are given in the legend. Red-coloured and 
yellow-coloured regions near position 4 of oxazolidinone 
ring suggest that small volume and electronegative groups 
are favourable to activity. The activities for the following 
three compounds are in the order M7> M8> M9. The bulk 
volumes of their corresponding substituents have the reverse 
order -CH3 (151.6Å3) < -CH2CH3 (211.1Å3) < -CH2CH2CH3

(267.6Å3). This is in agreement with the conclusion derived 
from CoMFA model. It also could explain that molecule 
M14 has higher activity than that of structure M17. The elec-
tronegativity of substituent (–NH2) is larger than that of (–
CH3), suggesting that NH2 has stronger capacity of acceptor 
electron than CH3. This could explain that M2 with substitu-
ent NH2 is more favourable to the activity than M1 with 
CH3. It also could explain that the activity has the order: 
M10(-OCH3)>M6(-SCH3), M15(-NH2)>M16(-H), M3(-NH2)> 
MM10(-OCH3). For substituents R1, red-coloured and green-
coloured regions suggest that the bulk and electronegative 
groups are favourable to the activity. It could explain that the 
activity is with the order: M7>M10, M10>M12 and M11> 
M18, suggesting that CoMFA model could predict and ex-
plain the training set.  

Fig. (4). CoMFA steric contour plots where green contours indicate 
regions where bulky groups increase the activity, whereas yellow 
contours indicate regions where bulky groups decrease the activity. 
(For interpretation of the references to color in this figure legend, 
the reader is referred to the web version of this paper). 

Design and Synthesis of New Compounds

 Guided by the above CoMFA model and known pharma-
cophores, the novel structural modification was focused on 

the 4-substituents. Accordingly, small volume and electro-
negative groups are introduced into this position. Three new 
compounds were designed and synthesized (gathered in Ta-
ble 4). The cell level bioactivity was assessed with respect to 
bacteria S.aureus Smith (CMCC26003) and tested by the 
Chinese National Institute for Control of Pharmaceutical and 
Biological Products. The experimental results are compared 
with theoretical prediction. And good accord has been indeed 
achieved as shown in Table 4 and (Fig. 6). Actually, all the 
designed compounds exhibited inhibitory activities with 
MIC values lower than 2.00 g/ml. The most promising 
compounds are N1 and N2 with MIC values of 1.00 g/ml. 
These two compounds were both more potent than most 
compounds in the same assay.  

 The correlation between predicted and experimental ac-
tivities for newly synthesized compounds is shown in (Fig. 
6). The correlation coefficient r between EA and PA is 0.927, 
with standard error (SE) equal to 0.16. It should be pointed 
out that we have only 3 newly synthesized compounds. In 
fact, a number of structures has been designed. But the syn-
thesis is difficult and very cost. In this case, we have to 
choose the new molecules with the best predicted values for 
synthesis. Furthermore, our goal is not only to study theo-
retically the QSAR, we hope also to obtain some molecules 
which have the potential to be developed as drugs. This 
diminution in number leads to the decrease of performance. 
Anyhow, the tendency is good, and the prediction is rela-
tively respected. For example, the compounds M1 and M2 
are active according to the predicted values using our model. 
The biological assay shows that these three compounds pos-
sess good activities. Current bioassay data verified the reli-
ability of the 3D-QSAR model described above.  

 The correlation between predicted and experimental ac-
tivities for newly synthesized compounds is shown in Fig. 
(6). The correlation coefficient r between EA and PA is 0.62, 
with standard error (SE) equal to 0.33. We observed a de-
crease for r2 with respect to the constructed model using the 
training set. It should be pointed out that so far we have only 
3 newly synthesized compounds. In fact, a number of struc-
tures have been virtually generated and designed. But the 
synthesis was difficult and costly. Therefore, we had to limit 

Fig. (5). CoMFA electrostatic contour plots where blue contours 
indicate regions where electropositive groups increase activity, 
whereas red contours indicate regions where electronegative groups 
may increase activity. (For interpretation of the references to color 
in this figure legend, the reader is referred to the web version of this 
paper). 

Fig. (3). The relations between q2 (dash curves), r2 (dash curves) 
and grid space used in 3D-QSAR models. 
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our choice to a few from the generated molecules that had 
the best predicted values for synthesis. Furthermore, our goal 
is not only to study the QSAR theoretically, but also to ob-
tain some real molecules with the potential to be developed 
as drugs. The biological assay shows that these three com-
pounds possess good activities, indicating that the reliability 
of the 3D-QSAR model described above has been verified by 
the current bioassay data. 

Fig. (6). The correlation between experimental and predicted activ-
ity.

CONCLUSION 

 The 3D-QSAR model was developed for a class of (S)-3-
Aryl-5-substituted oxazolidinones making use of CoMFA 
and CoMSIA. Good statistical correlation has been obtained 
with CoMFA, but CoMSIA did not perform well. This has to 
do with the fact that the main frame of these molecules is 
quite rigid while CoMSIA works better for flexible mole-
cules. Our model seems, to some extent, depending on  
the grid used. The best result is achieved for grid = 2Å. 
When the grid is too fine, not only the calculations are slow, 
some noise in the PLS computations also gets involved mak-
ing the result less accurate.  

 The steric and electrostatic plots provide important clues 
for how to design compounds potentially active. Guided by 

the CoMFA model, three molecules have been designed and 
synthesized successfully. Their bioactivity is quite promising 
compared with most of the existing compounds in the train-
ing set, indicating that the results predicted by the current 
model agree well with the experimental observations. 

ACKNOWLEDGEMENTS 

 This work was supported by grants from Chinese Na-
tional Science Foundation under the contract No. 10376024 
and 20373048 and the Tianjin Commission of Education 
under the contract No. 20030001, the Tianjin Commission of 
Sciences and Technology under the contract No. 033801911 
and special fund for intensive computation under the contract 
No. 043185111-4, also Virtual Laboratory for Computational 
Chemistry of CNIC and Supercomputing Center of CNIC, 
Chinese Academy of Sciences.  

REFERENCES 

[1] Gonzales, R. D.; Schreckenberger, P. C.; Graham, M. B.; Kelkar, 
S.; DenBesten, K.; Quinn, J. P. Lancet, 2001, 357, 1179. 

[2] Jones, R. N.; Della-Latta, P.; Lee, L. V.; Biedenbach, D. J. Diagn. 
Microbiol. Infect. Dis., 2002, 42, 137-139. 

[3] Chou, K. C. Biochem. Biophys. Res. Comm., 2004, 316, 636-642. 
[4] Du, Q. S.; Wang, S. Q.; Jiang, Z. Q.; Gao, W. N.; Li, Y. D.; Wei, 

D. Q.; Chou, K. C. Med. Chem., 2005, 1, 209-213. 
[5] Chou, K. C. J. Proteome Res., 2004, 3, 1284-1288. 
[6] Wei, D. Q.; Zhang, R.; Du, Q. S.; Gao, W. N.; Li, Y.; Gao, H.; 

Wang, S. Q.; Zhang, X.; Li, A. X.; Sirois, S.; Chou, K. C. Amino 

Acids, 2006, 31, 73-80. 
[7] Chou, K. C. Anal. Biochem., 1996, 233, 1-14. 
[8] Wang, S. Q.; Du, Q. S.; Zhao, K.; Li, A. X.; Wei, D. Q.; Chou, K. 

C. Amino Acids, 2006, DOI 10.1007/s00726-00006-00403-00721. 
[9] Chou, K. C.; Wei, D. Q.; Zhong, W. Z. Biochem. Biophys. Res. 

Comm., 2003, 308, 148-151. 
[10] Zhang, R.; Wei, D. Q.; Du, Q. S.; Chou, K. C. Med. Chem., 2006,

2, 309-314. 
[11] Chou, K. C.; Watenpaugh, K. D.; Heinrikson, R. L. Biochem. Bi-

ophys. Res. Comm., 1999, 259, 420-428. 
[12] Xiao, X.; Shao, S. H.; Chou, K. C. Biochem. Biophys. Res. Comm.,

2006, 342, 605-610. 
[13] Du, Q. S.; Sun, H.; Chou, K. C. Med. Chem., 2007, 3, 1-6. 
[14] Chou, K. C.; Tomasselli, A. G.; Heinrikson, R. L. FEBS Lett.,

2000, 470, 249-256. 
[15] Wei, H.; Zhang, R.; Wang, C.; Zheng, H.; Chou, K. C.; Wei, D. Q. 

J. Theoretical Biol., 2007, 244, 692-702. 
[16] Chou, K. C. Curr. Med. Chem., 2004, 11, 2105-2134. 
[17] Sirois, S.; Wei, D. Q.; Du, Q. S.; Chou, K. C. J. Chem. Inf. Comput. 

Sci., 2004, 44, 1111-1122. 
[18] Sirois, S.; Hatzakis, G. E.; Wei, D. Q.; Du, Q. S.; Chou, K. C. 

Comput. Biol. Chem., 2005, 29, 55-67. 

Table 4. The Substituent, Predicted and Actual Activity of New Compounds 

No. R1 R2 pMICcal pMICact

MIC 

( g/ml) 

N1  

2.94 2.57 1.00 

N2  
2.22 2.60 1.00 

N3  
2.01 2.37 2.00 NO

NO

NO

NH C NHN

NH

CH CH

CH3

NH C SCH3

NCN

NHS CH3

O

O



582    Medicinal Chemistry, 2007, Vol. 3, No. 6 Li et al. 

[19] Chou, K. C.; Wei, D. Q.; Du, Q. S.; Sirois, S.; Zhong, W. Z. Curr. 

Med. Chem., 2006, 13, 3263-3270. 
[20] Sirois, S.; Tsoukas, C. M.; Chou, K. C.; Wei, D. Q.; Boucher, C.; 

Hatzakis, G. E. Med. Chem., 2005, 1, 173-184. 
[21] Xiao, X.; Shao, S.; Ding, Y.; Huang, Z.; Chen, X.; Chou, K. C. J. 

Theoretical Biol., 2005, 235, 555-565. 
[22] Wang, M.; Yao, J. S.; Huang, Z. D.; Xu, Z. J.; Liu, G. P.; Zhao, H. 

Y.; Wang, X. Y.; Yang, J.; Zhu, Y. S.; Chou, K. C. Med. Chem.,
2005, 1, 39-47. 

[23] Qi, J. P.; Shao, S. H.; Li, D. D.; Zhou, G. P. Amino Acids, 2006,
DOI 10.1007/s00726-00006-00454-00723. 

[24] Tokuyama, R.; Takahashi, Y.; Tomita, Y.; Suzuki, T.; Yoshida, T.; 
Iwasaki, N.; Kado, N.; Okezaki, E.; Nagata, O. Chem. Pharm. Bull. 

(Tokyo), 2001, 49, 347-352. 
[25] Tokuyama, R.; Takahashi, Y.; Tomita, Y.; Tsubouchi, M.; Yoshida, 

T.; Iwasaki, N.; Kado, N.; Okezaki, E.; Nagata, O. Chem. Pharm. 
Bull. (Tokyo), 2001, 49, 353-360. 

[26] SYBYL Tripos Associates Inc,Version 7.0, St. Louis (MO).
[27] Cramer, R. D., 3rd; Patterson, D. E.; Bunce, J. D. Prog. Clin. Biol. 

Res., 1989, 291, 161-165. 
[28] Cho, S. J.; Tropsha, A. J. Med. Chem., 1995, 38, 1060-1066. 
[29] Martin, Y. C.; Bures, M. G.; Danaher, E. A.; DeLazzer, J.; Lico, I.; 

Pavlik, P. A. J. Comput. Aided. Mol. Des., 1993, 7, 83-102. 
[30] Miller, M. D.; Sheridan, R. P.; Kearsley, S. K. J. Med. Chem.,

1999, 42, 1505-1514. 
[31] Pae, A. N.; Kim, S. Y.; Kim, H. Y.; Joo, H. J.; Cho, Y. S.; Choi, K. I.; 

Choi, J. H.; Koh, H. Y. Bioorg. Med. Chem. Lett., 1999, 9, 2685-2690. 
[32] Stahle, L.; Wold, S. In Progress in Medicinal Chemistry; Ellis, G. 

P., West, G. B., Eds.; Elsevier, 1988.
[33] Klebe, G.; Abraham, U. J. Comput. Aided Mol. Des., 1999, 13, 1-

10. 
[34] Bohm, M.; St rzebecher, J.; Klebe, G. J. Med. Chem., 1999, 42, 458-

477. 

Received: 11 December, 2006 Revised: 21 February, 2007 Accepted: 22 February, 2007 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


