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Abstract It was first found that 4-(2-pyridylazo)-resorcinol
(PAR) can combine with lysozyme forming a polymolec-
ular complex, with the molar ratio of 1:12 (lysozyme/PAR)
in the medium of acetate buffer (pH 6.0). The fluorescence
spectra suggested that PAR molecules may produce self-
aggregation, and it was suggested that there are interactions
between lysozyme and PAR possibly mainly on the
cooperation of hydrophobic, electrostatic actions and
chelate bond. The coordination complex of lysozyme-PAR
can cause an enhanced resonance light scattering (RLS)
signal with the scattering peak located at 521 nm. The in-
crement of RLS intensity was linear with the concentration
of lysozyme over the range from 1 ng mL-1 to 30.0 μg mL-1,
with the limit of detection of 0.3 ng mL−1 (3σ, n=5). Effect
of experimental conditions, including temperature, pH,
concentration of PAR, and the ionic strength on RLS were
also tested. The proposed RLS method was successfully
applied to analyze lysozyme in hen egg white, human
saliva and tear samples without any special pretreatment.
Compared with other methods, the proposed procedure is of
high sensitivity and selectivity.

Keywords Lysozyme . 4-(2-pyridylazo)-resorcinol .

Resonance light scattering . Hen egg white . Human secretion

Introduction

4-(2-pyridylazo)-resorcinol (PAR) is a phenolic compound
with a pyridine ring in its structure, and is one of the
important reagents among heterocyclic azo dyestuffs [1].
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PAR is widely used as an indicator of metal ions for the
spectrophotometric determination [2, 3], based on the
formation of PAR-ion color complex under appropriate
conditions.

The resonance light scattering (RLS) of PAR has been
discussed [4], that PAR self-molecules formed aggregations
by hydrophobic action in neutral medium producing
enhanced RLS signal. In this work, it was also found that
PAR can produce RLS signals in aqueous solution, but the
signal was weak and not stable, while lysozyme (the
molecular structure was shown in Scheme 1) was added
the RLS intensity was enhanced gradually. It was
suggested that there would exist interactions between
lysozyme and PAR, and the molar ratio of lysozyme and
PAR to form coordination complex was 1:12, which was
estimated by spectrophotometric method. So lysozyme
can combine with 12 molecules of PAR forming the
polymolecular coordination complex.

RLS is based on the fact that the aggregation of dye
chromophore on the biological macromolecules, owing to
their interactions, giving rise to strong RLS [5, 6]. In this
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paper, the RLS procedure was proposed to deal with
lysozyme in real samples. The RLS intensity of PAR was
enhanced remarkably owing to the formation of polymo-
lecular coordination complexes of lysozyme–PAR. And the
increment of RLS intensity was in a good linearity with
lysozyme concentration in the range from 0.001 μg mL-1 to
30μgmL-1, with the limit of detection (LOD) of 0.3 ng mL-1.
The present method was applied for determining lysozyme
in hen egg white, saliva and tear samples, and the results
obtained from which were in a good agreement with the
references, with recoveries in the range of 91.8–115.8%.
Compared with general methods for testing lysozyme in
egg white and human body fluids, such as enzyme-linked
immunosorbent assay [7], fluorescence [8], polarography
[9], chemiluminescence [10], and RLS with different
chromophores such as Water blue [11], trimethoxyphenyl-
fluorone-molybdenum (VI) [12], Ponceau 4R [13], the
proposed method showed its potential advantages includ-
ing high sensitivity, simply handling, and good selectivity.

Materials and methods

Reagents

The reagents used were all of analytical-reagent grade, and
the doubly deionized water used throughout the procedure
was made by Milli-Q system (Millipore, Bedford, MA,
USA). Lysozyme (Sigma) was obtained from local market
applied to prepare the stock solution with the concentration
of 5 mg mL-1. PAR purchased from Xi’an Chemical
Reagent Plant (Xi’an, China) was used as supplied to
prepare a 0.05% PAR stock solution in alkaline medium,
and diluted by doubly deionized water into a 100 mL
brown calibrated flask. The acetate buffer at pH 6.0 and
NaCl solutions were used to adjust the acidity and the ion
strength of the scattering system. The stock solutions were

stored at 4°C, from which the working strength solutions
were prepared freshly as required before testing.

Apparatus

A Hitachi F-4500 fluorescence spectrofluorimeter (Tokyo,
Japan) was used for all the fluorescence measurements,
coupled with which a computer carried out the data process
and plotting. While a UV–Vis spectrophotometer (model
Lambda-40, Perkin Elmer, USA) was employed for
acquiring the absorption spectra. And a pHs-3C digital pH
meter (Shanghai Leici Device Works, China) was applied
for pH measurements.

Procedure

At room temperature, 1.0 mL acetate buffer, appropriate
volume of PAR and a series of lysozyme standard solutions
or samples were added to the 10 mL comparison color tube
in order, diluted by doubly deionized water and homoge-
nized for determination. The RLS spectra were obtained by
simultaneously scanning the excitation and emission mono-
chromators of spectrofluorimeter from 400 nm to 650 nm
without any wavelength interval (1ex=1em). And the
enhancement of the RLS intensity was calculated from
ΔIRLS=IRLS − I0, where IRLS and I0 was the RLS intensity
for in the presence and absence of lysozyme, respectively.

Results and discussion

Fluorescence and RLS spectra of PAR
and lysozyme–PAR

A series of experiments were carried out for testing whether
PAR could emit fluorescence. The maximum excitation
wavelength of PAR was observed at 302 nm, and its emission
spectrum was obtained when excited at 302 nm as shown in
Fig. 1. It can be seen that the emission peak shifted to the blue
side and the maximum fluorescence intensity increased in the
concentration range of 10–70 μmol Lj1 then decreased with
increasing concentration (70–300 μmol Lj1), and the max-
imum emission intensity was obtained with 70 μmol Lj1

PAR. When PAR concentration varied from 10 μmol Lj1 to
150 μmol Lj1, the emission peak was shifted from 364 nm
to 350 nm. It was interesting that the beginning points of the
spectral lines were almost identical, though the peak intensity
and corresponding wavelength changed with the concentra-
tion of PAR. If the emission wavelength was fixed at
360 nm, the relationship between the fluorescence intensity
and the concentration of PAR can be expressed in Fig. 2.
And the fluorescence spectrum of lysozyme, PAR, and
lysozyme–PARwas also obtained with the same concentration

Scheme 1 The molecular structure of lysozyme
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of lysozyme and PAR at 4 μmol Lj1, as shown in Fig. 3; the
emission peak was located at 339 nm, 364 nm and 346 nm,
respectively. From the fluorescence spectra of PAR and
lysozyme–PAR it was suggested that PAR molecules may
self-assemble [14] and then react with lysozyme forming
polymolecular complexes.

Figure 4 showed that the RLS spectra of PAR and
lysozyme–PAR in the acetate buffer (pH 6.0) obtained by
simultaneously scanning the emission and excitation wave-
length, with the scattering peaks at 521 nm. As can be seen
that there was no significant wavelength shift in the range
of 400–650 nm, and the RLS intensity was greatly
enhanced in the presence of lysozyme, which suggested a
strong interaction existing between lysozyme and PAR. By
comparing the RLS spectra of lysozyme–PAR and the
absorption spectra of PAR, it can be found that the RLS
peaks lay in the red side of the molecular absorption band
of PAR (1max 405 nm) in the range of 310–500 nm.
According to the light scattering theory [15], it was
suggested that the RLS peak was ascribed to the absorption

of PAR. The RLS intensity was enhanced obviously in the
presence of lysozyme, and the increment of RLS intensity
(ΔIRLS) was linearly proportional to the concentration of
lysozyme at 521 nm, so this wavelength was selected for
the determination of lysozyme.

Effect of temperature on RLS intensity

The influence of temperature on the RLS intensity was
weak in the range of 15–30°C, but when the temperature

Fig. 4 RLS spectra of PAR and lysozyme–PAR PAR, 20 μmol L−1;
lysozyme 1, 0 μg mL−1; and 10, 30.0 μg mL−1; NaCl, 0.01 mol L−1;
pH 6.0

Fig. 3 Fluorescence spectrum of lysozyme, PAR, and lysozyme–
PAR 1, lysozyme; 2, PAR; 3, lysozyme–PAR lysozyme, 4 μmol L−1;
PAR, 4 μmol L−1
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Fig. 2 Plot of fluorescence intensity with increasing concentration of PAR

Fig. 1 Fluorescence spectra of PAR in acetate buffer PAR 1, 10 μmol
L−1; 9, 300 μmol L−1
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was over 40°C the sensitivity of the system was obviously
decreased. And ΔIRLS reached a maximum at about 20°C,
considering both the sensitivity and the handling simplifi-
cation of the method the whole procedure was carried out at
room temperature 25°C.

Effect of pH on RLS intensity of lysozyme–PAR

Due to the interaction between lysozyme and PAR,
influences of pH on the RLS intensity of PAR and
lysozyme–PAR were tested by a series of solutions with
different acidity. The RLS intensity of PAR did not change
obviously with pH increasing, while that of lysozyme–
PAR changed a lot. The RLS intensity of lysozyme–PAR
increased when pH<6.0, while with pH continuing to
increase, the RLS intensity of lysozyme–PAR was
decreased. Thus pH 6.0 adjusted by acetate buffer was
selected as an optimum condition. With pH increasing,
more negative charges on PAR molecule (owns two –OH
groups on the phenyl; pKa1=3.1, pKa2=5.6) made it easy
to bind to lysozyme and enhanced the RLS intensity, on the
other hand, the increase of pH would also result in the
aggregation of negative charges on lysozyme molecules
(pI≈11) [16], correspondingly the binding force between
lysozyme and PAR was weakened and RLS intensity was
diminished. Then the result of the two opposite effects
was that at pH 6.0 the combination of lysozyme and PAR
was the strongest, and the enhancement of RLS intensity
arrived at the maximum.

Effect of the concentration of PAR on RLS intensity

The effect of PAR concentration was examined by testing
the RLS intensity with a series of PAR standard solutions
(0.5, 1, 5, 7, 10, 20, 30, and 40 μmol Lj1). The optimum
concentration for the assay was obtained from the plot of
ΔIRLS against PAR concentration. The highest ΔIRLS was
found with a 20 μmol Lj1 PAR, which was applied in
further research.

Effect of ionic strength on RLS intensity

The effect of ionic strength on the lysozyme–PAR system
was carried out by testing the effect of different concen-
trations of NaCl on RLS intensity. The RLS intensity was
stable as NaCl concentration was lower than 0.01 mol Lj1,
and it was reduced when more than 0.01 mol Lj1. It was
possible due to the decrease of the binding force between
PAR and lysozyme, because the shielding effect of the
charges on lysozyme resulted from increasing ionic
strength, which was not beneficial to the formation of
lysozyme–PAR complexes. And then 0.01 mol Lj1 NaCl
was selected to adjust the ionic strength of the system.

Performance of proposed method for lysozyme
measurements

Under optimum conditions, a series of lysozyme standard
solutions were examined for drawing a working curve. It

Table 1 Tolerance of foreign speciesa

Species Concentration μmol L−1 Error % Species Concentration μmol L−1 Error %

NH4
+ (chloride) 50.0 4.55 Mn2+ (chloride) 2.0 2.42

Br− 50.0 −0.78 Pb2+ (nitrate) 1.0 4.93
L-His 20.0 2.07 Zn2+ (sulfate) 1.0 3.61
L-Cys 20.0 4.20 Hg2+ (nitrate) 1.0 2.75
L-Glu 20.0 −1.01 Fe2+ (sulfate) 1.0 2.26
L-Phe 20.0 1.99 Mg2+ (chloride) 1.0 1.44
L-Thr 20.0 −3.77 Sn4+ (chloride) 1.0 1.44
DL-Ala 20.0 4.91 Cr3+ (chloride) 1.0 3.44
L-Pro 20.0 3.93 Ca2+ (nitrate) 1.0 4.15
Ba2+ (chloride) 20.0 1.68 Al3+ (nitrate) 1.0 4.39
Glucose 20.0 1.02 Ni2+ (chloride) 0.4 −2.91
L-Trp 10.0 3.69 Fe3+ (nitrate) 0.4 4.34
L-Leu 10.0 1.46 Co2+ (chloride) 0.2 4.22
L-Asp 10.0 1.78 Cd2+ (nitrate) 0.2 2.66
Glycin 10.0 2.27 Trypsin 0.09 2.13
SCN− 10.0 2.22 Cytochrome C 0.04 4.12
HPO4

2− 10.0 4.52 Ag+ (nitrate) 0.01 3.69
I− 10.0 4.23 Egg albumin 0.01 3.75
PO4

3+ 10.0 4.21 γ-IgG 3.5×10−3 1.45
Cu2+ (sulfate) 2.0 −4.66

a Conditions: lysozyme 0.1 μg mL−1 ; pH 6.0.

508 J Fluoresc (2007) 17:505–511



was found that the enhancement of RLS intensity was
linear with the concentration of lysozyme in the range from
1.0 ng mL−1 to 30.0 μg mL−1 with the LOD of 0.3 ng mL−1

(3σ, n=5). The working regression equation was

$IRLS ¼ 318:1Clysozyme þ 534:9; R2 ¼ 0:9988:

The relative standard deviations (RSDs) of five determi-
nations were 2.03%, 1.29%, and 0.94% for 0.01, 0.1, and
1.0 μg mL−1 lysozyme, respectively.

Interfering studies

The influence of foreign substances on the determination
results was investigated. For the purpose, 0.1 μg mL−1

lysozyme containing increasing amounts of interfering
species were analyzed. The results were summarized in
Table 1, and it can be seen that the inorganic anions and
amino acids had little influence on the determination under
the permission of 5% error. And components abundant in
hen egg white such as egg albumin, glucose and minerals
and other proteins in saliva and tear also had no obvious
effect on the determination of sub-nanogram level of
lysozyme.

Applications

Determination of lysozyme in hen egg white samples

The present method was applied for the determination of
lysozyme in hen egg white samples. Seven eggs purchased
from local market were broken, from which the egg white
was collected, and diluted with doubly deionized water in a

calibrated flask and homogenized, and then stored at 4°C
for further analysis. According to the interference studies
other main components in hen egg white hardly interfered
with the determination, so the sample stock solutions were
used directly to determine lysozyme after diluted appropri-
ately with doubly deionized water. The results were
summarized in Table 2, and in order to testify the credibility
of the present method the recovery studies were also carried
out, which were in the range of 94.9%–111.6%. The
content of lysozyme in hen egg white was from 3.48 mg
mL−1 to 4.27 mg mL-1, which agreed well with that in the
literature [17].

Determination of lysozyme in human saliva
and tear samples

The proposed method was also used to determine lysozyme
in human saliva and tear samples obtained from six and three

Table 3 Results of lysozyme in saliva samplesa

Sample
no.

Added
μg mL−1

Found
μg mL−1

RSD
%

Recovery
%

Content in saliva
μg mL−1

1 0 0.242 1.24 99.3 12.11
0.1 0.341 1.01

2 0 0.453 1.39 115.8 10.59
0.1 0.569 0.47

3 0 0.599 0.73 113.1 11.98
0.1 0.712 0.86

4 0 0.594 1.28 94.6 11.88
0.2 0.783 0.62

5 0 0.686 3.95 96.1 10.29
0.2 0.878 2.89

6 0 0.879 1.29 91.8 11.95
0.2 1.081 0.55

a The average of five determinations.

Table 2 Results of lysozyme in egg white samplesa

Sample
no.

Added
ng mL−1

Found
ng mL−1

RSD
%

Recovery
%

Content in egg
white mg mL−1

1 0 39.5 2.29 103.9 3.95
30 70.73 0.68

2 0 139.6 1.77 95.3 3.96
50 187.2 1.12

3 0 84.3 1.18 94.9 3.67
70 150.8 0.58

4 0 185.4 1.09 102.8 4.27
100 288.2 0.97

5 0 115.9 2.25 99.2 3.48
30 145.7 1.21

6 0 192.9 2.08 111.6 4.14
50 248.8 1.14

7 0 213.8 1.06 95.1 3.74
70 280.4 0.95

a The average of five determinations.

Table 4 Results of lysozyme in tear samplesa

Sample
no.

Added
μg mL−1

Found
μg mL−1

RSD
%

Recovery
%

Content in tear
mg mL−1

1 0 0.264 2.02 95.5 1.318
0.05 0.312 1.71

2 0 0.456 1.21 101.0 1.282
0.1 0.557 1.07

3 0 0.366 1.52 112.6 1.171
0.1 0.478 0.49

4 0 0.454 0.92 98.7 1.132
0.2 0.651 0.77

5 0 0.629 2.83 96.1 1.058
0.05 0.677 1.59

6 0 0.698 1.99 101.8 1.048
0.07 0.769 0.91

a The average of five determinations.
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healthy volunteers, respectively. The samples were stored at
4°C and diluted with doubly deionized water appropriately
to ensure the concentration of lysozyme was in the linear
range. The results were summarized in Tables 3 and 4 with
the recoveries ranging from 91.8% to 115.8% for saliva and
95.5% to 112.6% for tear samples. The content of lysozyme
obtained was 10.29–12.11 μg mL-1 in saliva and 1.048–
1.318 μg mL-1 in tear, respectively, which was consistent
with that of reference methods [18, 19].

Possible mechanism for the interaction of lysozyme
and PAR

Based on the discussion of the fluorescence and RLS
spectra for PAR and lysozyme–PAR, it was suggested that
the interaction between lysozyme and PAR should not be
ascribed to only one intermolecular force but to the
cooperation of hydrophobic, electrostatic actions and
chelate bond reactions. It is well known that PAR has some
pairs of unshared electrons and two negative charges
available for bond formation with species under certain
conditions. A suitable molar ratio for the formation of
lysozyme–PAR complex was obtained using spectropho-
tometry with its absorption spectra illustrated in Fig. 5.
From this figure it can be observed that the characteristic
absorption of lysozyme is at 280 nm. And the relationship
between the maximum absorbance (A) for lysozyme and
the molar ratio of PAR to lysozyme (CPAR/Clysozyme) was

expressed in Fig. 6, from which it can be seen that there
was an inflexion when the molar ratio was 12. It was
implied the binding was not saturated only when CPAR/
Clysozyme was higher than 12. So it was educed that one
molecule of lysozyme can combine with 12 molecules of
PAR, and form a polymolecular complex by chelate bond
(may be coordination and electrovalent bond).

Acknowledgement The authors gratefully acknowledged financial
support from the Natural Science Foundation, Shaanxi Province,
China, grant No. 2006B05, and No. 04Jk145, and also supported by
Opening Founding of Shaanxi Key Laboratory of Physico-inorganic
Chemistry, Northwest University.

References

1. Anderson RG, Nickless G (1967) Heterxyclic azo dyestuffs in
analytical chemistry. Analyst 92:207–238

2. Trypuć M, Chałat M, Mazurek K (2006) Solubility investigations
in the Na2SO4+V2O5+H2O system from 293 K to 323 K. J Chem
Eng Data 51:322–325

3. Wada A, Harada M, Okada T (2006) Kinetic monitoring of
electrophoretically induced solute reaction by axial absorption
detection with liquid-core waveguide. Anal Chem 78:
4709–4712

4. Wei YJ, Qi XJ, Dun HJ, Wang HY, Lan RJ (2005) Resonance
light scattering of 4-(2-pyridylazo)-resorcinol (PAR). Spectrosc
Spect Anal 25:1289–1292

5. Ma CQ, Li KA, Tong SY (1997) Enhancement of Rayleigh light
scattering of acid chrome blue K by proteins and protein assay by
the scattering technique. Analyst 122:361–364

6. Ma CQ, Li KA, Tong SY (1997) Microdetermination of proteins
by Rayleigh light scattering technique with acid green 25. Anal
Chim Acta 338:255–260

0.1

0.12

0.14

0.16

0.18

0.2

0  4 8 12 16

A
 

Molar ratio of PAR to lysozyme 

Fig. 6 Relationship of absorbance and molar ratios for PAR to
lysozyme

220 240 260 280 300 320

A

14

1

Wavelength nm

0.2

0.18

0.16

0.14

0.12

0.1

Fig. 5 Absorption spectra of lysozyme–PAR Lysozyme. 1 μmol L−1;
PAR 1, 0 μmol L−1, and 14, 16 μmol L−1

510 J Fluoresc (2007) 17:505–511



7. Vidal ML, Gautron JL, Nys Y (2005) Development of an ELISA
for quantifying lysozyme in hen egg white. J Agric Food Chem
53:2379–2385

8. Chong QJ, Li L (2004) Lysozyme enhanced europium–methacy-
cline complex fluorescence: a new spectrofluorimetric method for
the determination of lysozyme. Anal Chim Acta 511:11–16

9. Lan JG, Luo DB, Feng YL (2004) Micro-determination of protein
containing SH- and -S-S- groups based on the polarographic wave
of an electroactive derivative. Microchim Acta 148:299–304

10. Song ZH, Hou S (2003) A new analytical procedure for assay
of lysozyme in human tear and saliva with immobilized reagents
in flow injection chemiluminescence system. Anal Sci 19:347–
352

11. Huang CZ, Lu W, Li YF, Huang YM (2006) On the factors
affecting the enhanced resonance light scattering signals of the
interactions between proteins and multiply negatively charged
chromophores using water blue as an example. Anal Chim Acta
556:469–475

12. Wei Q, Li Y, Zhang H, Ding YL, Du B (2005) Rapid
determination of ultra trace amounts of residual protein in

penicillin based on its enhancement effects of Rayleigh light
scattering on trimethoxyphenlyfluorone (TM-PF)–Mo(VI) com-
plex. J Pharm Biomed Anal 38:232–238

13. Zhong H, Xu JJ, Chen HY (2005) A rapid and sensitive method
for the determination of trace proteins based on the interaction
between proteins and Ponceau 4R. Talanta 67:749–754

14. Valeur B (2002) Molecular fluorescence: principles and applica-
tions. Wiley-VCH Verlag GmbH, Weinheim

15. Miller GA (1978) Fluctuation theory of the resonance enhance-
ment of Rayleigh scattering in absorbing media. J Phys Chem
82:616–618

16. Chen Z, Liu J, Luo D (1994) Biochemistry experiments. Chinese
University of Sciences and Technology, Hefei, PRC

17. Stevens L (1991) Egg white proteins. Comp Biochem Physiol
100B:1–9

18. Tsang C, Samaranayake L (1999) Salivary lysozyme and related
parameters of a predominantly Chinese: HIV-infected cohort in
Hong Kong. Oral Dis 5:241–246

19. Hankiewicz J, Swierczek E (1974) Lysozyme in body fluids. Clin
Chim Acta 57:205–209

J Fluoresc (2007) 17:505–511 511511


	Photochemical Behavior of Lysozyme-4-(2-pyridylazo)-resorcinol Polymolecular Complex and Its �Analytical Applications
	Abstract
	Introduction
	Materials and methods
	Reagents
	Apparatus
	Procedure

	Results and discussion
	Fluorescence and RLS spectra of PAR �and lysozyme–PAR
	Effect of temperature on RLS intensity
	Effect of pH on RLS intensity of lysozyme–PAR
	Effect of the concentration of PAR on RLS intensity
	Effect of ionic strength on RLS intensity
	Performance of proposed method for lysozyme measurements
	Interfering studies

	Applications
	Determination of lysozyme in hen egg white samples
	Determination of lysozyme in human saliva �and tear samples

	References
	Possible mechanism for the interaction of lysozyme �and PAR



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


