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INTRODUCTION

The phosphorylation of 5' nucleotides to the corre-
sponding nucleoside 5' diphosphates plays a key role in
the process of the intracellular metabolism of precursors
of nucleic acid biosynthesis. This process is catalyzed by
specific enzymes called nucleoside monophosphate
kinases (ATP: nucleoside 5'-monophosphate transferase
(NMP kinases).

 

2

 

 Over 50 years of intense study, much
information on the properties of these enzymes, their
mechanism of action, and their potential use in various
areas has been accumulated. This information was sys-
tematized in several reviews [1, 2].

As a rule, bacterial and eukaryotic NMP kinases are
highly specific to the heterocyclic base of the substrate,
whereas the specificity to sugar is expressed to a much
lesser degree. 

In 

 

E. coli

 

 cells, five nucleoside monophosphate
kinases were found: adenylate kinase (EC 2.7.4.11),
thymidylate kinase (EC 2.7.4.9), guanylate kinase
(EC 2.7.4.8), cytidylate kinase, and uridylate kinase
(EC 2.7.4.14) [3, 4]. Human tissues contain thymidy-
late kinase, cytidylate–uridylate kinase, five isoforms
of adenylate kinase, and several guanylate kinases [5].

Enzymes encoded by bacteriophage genomes
occupy a special place among NMP kinases. For the
provision of the need for nucleotides, which increase in
the presence of bacteriophages, first of all, in thymidyl-
based nucleotides, many bacteriophages generate the
synthesis of their own monophosphate kinases. Due to
a small genome size, phages cannot “afford” the encod-
ing of the four enzymes. Therefore, phage monophos-
phate kinases often manifest a rather wide substrate
specificity, which, as a rule, correlates with the nucle-
otide composition of phage DNA. In particular, bacte-
riophages T2, T4, and T6, whose DNA contains hydro-
hymethylated cytidine, produce dNMP kinases
(EC 2.7.4.12) that can phosphorylate hydrohymethy-
lated (but not common) dCMP along with dGMP and
dTMP [6, 7].

T5 bacteriophage can also induce the synthesis of
dNMP kinase (EC 2.7.4.13). This enzyme is active
towards all four canonical substrates dAMP, dCMP,
dGMP, and dTMP. Its wide substrate specificity can be
explained by an increased need for dNMP induced by
infection. This specificity is especially low for T5
phage because it does not use a pool of cell nucleotides
for the synthesis of its own DNA [8].

Bessman’s group was the first to isolate and charac-
terize dNMP kinase from 

 

E. coli

 

 infected with T5 [9].
Unfortunately, as the enzyme content was very small,
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Abstract

 

—Bacteriophage T5 deoxynucleoside monophosphate kinase (dNMP kinase, EC 2.7.4.13) is shown
to catalyze the phosphorylation of both d

 

2

 

CMP and ribonucleotides AMP, GMP, and CMP, but does not phos-
phorylate UMP. For natural acceptors of the phosphoryl group, 

 

k

 

m

 

 and 

 

k

 

cat 

 

were found. The applicability of T5
dNMP kinase as a universal enzyme capable of the phosphorylation of labelled r/dNMP was shown for the syn-
thesis of [

 

α

 

-

 

32

 

P]rNTP and [

 

α

 

-

 

32

 

P]dNTP.
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 Abbreviations: d
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CMP, 2',3'-dideoxycytidine 5'-phosphate; PEI,
polyethyleneimine; PEP, phosphoenolpyruvate.
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the authors failed to purify the enzyme to a homoge-
nous state. However, they determined the main param-
eters: optimum pH, potential substrates and the affinity
to them, and the dependence of activity versus the ions
of various bivalent metals.

The development of the gene engineering technique
supported the identification and cloning of the 

 

dnk

 

 gene
encoding T5 dNMP kinase, implemented its expression
in 

 

E. coli

 

, and obtained considerable amounts of the
highly purified enzyme [10]. In this work, we report the
results of studies on the substrate specificity of T5
dNMP kinase and the use of this enzyme for the synthe-
sis of [

 

α

 

-

 

32

 

P]dNTP and [

 

α

 

-

 

32

 

P]rNTP.

RESULTS AND DISCUSSION

The unusually wide substrate specificity of T5
dNMP kinase towards phosphoryl group acceptors
makes this enzyme very attractive for application in the
enzymatic syntheses of nucleoside 5'-triphosphates.
Evidently, all natural dNMP can be phosphorylated
with T5 dNMP kinase. This potential was realized in
early studies [11]. However, the phosphorylation of
ribonucleotides with this enzyme was not studied in
detail.

We studied the kinetic properties of T5 dNMP
kinase for the phosphorylation of various substrates by
the spectrophotometrical determination of Michaelis
constants (

 

k

 

m

 

) and catalytic constants (

 

k

 

cat

 

) [12]. As is
seen in the table, the enzyme as a phosphoryl group
acceptor demonstrated the maximal affinity to dCMP
(

 

k

 

m

 

 0.037). It is noteworthy that the 

 

k

 

m

 

 and 

 

k

 

cat

 

 values
for the process of phosphorylation of all natural dNMP
were similar and only varied by a few times. At the
same time, the kinetic parameters of ribonucleotide
phosphorylation dramatically differed: 

 

k

 

m

 

 of AMP,
GMP, and CMP reactions differed by three times,
whereas 

 

k

 

cat

 

 differed by 100 times. It is noteworthy that
the pH optima for dAMP–AMP and dCMP–CMP pairs
were the same and were close to a value of 7.0 (data not
shown).

The data on UMP phosphorylation are not given in
the table, since the enzyme activity with UMP as an
acceptor of the phosphoryl group could not be mea-
sured by optical methods. For the determination of the
applicability of T5 dNMP kinase to be used for UMP
phosphoryration, the substrates labeled with phospho-
rus-32 with a high specific activity were used (see the
Experimental section). The use of substrates labeled
with phosphorus-32 essentially increased the sensitiv-
ity of the method both for the case of [[

 

γ

 

-

 

32

 

P]ATP as a
phosphoryl donor and for the case of [5'-

 

32

 

P]UMP as its
acceptor. As UMP phosphorylation turned out to be
very ineffective, the testing of [[

 

γ

 

-

 

32

 

P]ATP as a donor
yielded ambiguous results. Therefore, the activity of T5
dNMP kinase was tested using [5'-

 

32

 

P]UMP with a spe-
cific activity of 3000 Ci/mmol (Fig. 1). In this case, the
rate of UMP phosphorylation was 1 pmol/min. The
reaction mixture contained 0.4 U T5 dNMP kinase (see
the Experimental section). When considering that a
0.4-U enzyme catalyzes the conversion of 0.4 

 

μ

 

mol
dCMP per minute, one can conclude that the efficacy of
UMP phosphorylation is extremely low. A direct com-
parison of UMP and dCMP phosphorylation rates is
inconsistent, because the concentrations of substrate–
acceptor phosphoryl groups are incomparable (4 

 

μ

 

mol
and 1 mM, respectively, see the Experimental section).
However, one must accept that the 10

 

4

 

- to 10

 

5

 

-fold dif-
ference in the reaction rates is very significant.

As a whole, the phenomenon of T5 dNMP kinase
specificity towards natural dNMP is unique: the kinetic
parameters of the phosphorylation of dCMP–CMP or
dAMP–AMP pairs are close; whereas 

 

k

 

cat

 

 for the

 

Kinetic characteristics of T5 bacteriophage dNMP kinase in
the reactions with different phosphoryl acceptors and ATP as
a phosphoryl donor determined by the spectrophotometrical
method

Substrate

 

K

 

m

 

, mM

 

k

 

cat

 

, c

 

–1

 

dAMP 0.275 58

rAMP 0.367 31

dGMP 0.267 43.2

rGMP 0.81 0.29

dCMP 0.037 24.7

rCMP 0.39 5.6

dTMP 0.190 38.7

dUMP 4.2 10

rATP (c dAMP) 0.042 58

 

1 2 3

 

[5'-

 

32

 

P]UMP

[

 

α

 

-

 

32

 

P]UDP

 

Fig. 1.

 

 An autoradiograph of a chromatogram on PEI cellu-
lose of [

 

α

 

-

 

32

 

P]UMP phosphorylation catalyzed by T5
dNMP kinase after incubation for 0 (

 

1

 

, control), 15 (

 

2

 

), and
60 min (

 

3

 

). The portion of [

 

α

 

-

 

32

 

P]UDP in aliquot 

 

3

 

 deter-
mined using a phosphorimager was 10% of the total activity
of the reaction mixture.
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dGMP–GMP pair differs by 200 times, and for the
dUMP–UMP pair, by more than 10

 

4

 

 times.
It is difficult enough to understand the reason for

such dramatic differences in the efficacies of dUMP
and UMP phosphorylation in view of the phosphoryla-
tion potential towards other natural nucleotides. One
can assume that these crucial differences result from
the fact that UMP phosphorylation may be involved in
the regulation of the synthesis of the ribonucleoside
triphosphate pool in a phage-infected cell. However,
the molecular mechanism of such a specificity cannot
be comprehended without deep insight into the struc-
ture of the active site of the enzyme and its interaction
with the substrates. Similar specificity was found for
neither of the known NMP kinases isolated from bacte-
rial, plant, or animal cells because the specificity of
these enzymes towards phosphoryl group acceptors is

determined by the nucleotide heterocyclic base and, to
a lesser degree, the carbohydrate moiety of the mole-
cule [1].

Unfortunately, our attempts to phosphorylate 5-sub-
stituted derivatives of cytidyl 5'-nucleotides failed.
Even with the great excess of the enzyme phosphoryla-
tion of 5-substituted (biotinylated and fluorescent)
dCMP derivatives (see the structures) with the use of
[[

 

γ

 

-

 

32

 

P]ATP as a phosphoryl donor, the phosphoryl was
not detected. At the same time, unlike 

 

E. coli

 

 CMP
kinase, T5 dNMP kinase effectively phosphorylated
2',3'-dideoxycytidine 5'-phosphate (Fig. 2). This prop-
erty of T5 dNMP kinase is especially interesting in
view of the potential technological use of the enzyme
for ddNTP syntheses. We plan to study these opportu-
nities in the future. 
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Structures of 5-substituted 2'-deoxycytidine 5-phosphate derivatives: (a) a fluorescent derivative
containing a CY-5 dye and (b) biotinyl derivative.
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Fig. 2.

 

 A TLC autoradiograph on PEI cellulose of aliquots of d

 

2

 

CMP and dCMP phosphorylation catalyzed by T5 dNMP kinase (

 

2

 

and 

 

3

 

, respectively) and

 

 E. coli

 

 CMP kinase (

 

4

 

 and 

 

5

 

, respectively); 

 

1,

 

 [

 

γ

 

-

 

32

 

P]ATP (control).
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Taking into consideration the capacity of T5 dNMP
kinase to phosphorylate both dNMP and rNMP, we used
the enzyme for the preparative syntheses of [5'-32P]dATP
and [5'-32P]rATP. The synthetic conditions for [5'-32P]dATP
and [5'-32P]rATP from the corresponding [5'-32P]mono-
phosphates are described in the Experimental section.
The two-step phosphorylation, namely, T5 dNMP
kinase-catalyzed phosphorylation followed by a reac-
tion with piruvate kinase and PEP, was performed in
situ without the isolation of intermediate products. We
synthesized [5'-32P]dATP, [5'-32P]dGTP, [5'-32P]dCTP,
and [5'-32P]TTP, as well as [5'-32P]ATP, [5'-32P]GTP
and [5'-32P]CTP, in 80–90% yields and specific activi-
ties of 3–4 kCi/mmol. The attempt to use T5 dNMP kinase
for the preparative phosphorylation of [5'-32P]UMP failed.
A reasonable product yield was not achieved even in
the presence of considerable excesses of the enzyme
after several hours of incubation.

It is noteworthy that the synthesis catalyzed by T5
dNMP kinase and piruvate kinase was performed in the
presence of a small excess of ATP and a significant
excess of the enzymes and PEP. Such a ratio of the com-
ponents in the reaction mixture is characteristic of the
enzymatic synthesis of phosphorus-labeled com-
pounds. It enables successive NMP phosphorylation by
the common mixing of all reagents in a reaction con-
tainer, a reduction of the reaction time, and the simpli-
fication of the chromatographic purification of the
product. The target product was isolated from the reac-
tion mixture by reverse-phase HPLC in ion-pair mode.
The use of [5'-32P]ATP as a donor of the phosphoryl
group in the phosphorylation of dATP allowed us to
maintain the molar activity of [5'-32P]ATP.

Thus, by using T5 dNMP kinase for the synthesis of
nucleoside 5'-triphosphates labeled with phosphorus-32 at
the α position, we simplified the synthesis with the
retention of high product yields. Apparently, the
obtained results can be used for the synthesis of similar
compounds labeled with phosphorus-33. In general, the
technological approach of the replacement of low-spe-
cific E. coli NMP kinases by a “universal” enzyme capa-
ble of effectively phosphorylating nucleoside 5'-mono-
phosphates is promising and, when properly developed,
can expand into other technological processes where
d/rNMP need phosphorylation.

EXPERIMENTAL

Materials. Tris, phosphoenol piruvate (PEP), NADH
(reduced), piruvate kinase, and lactate dehydrogenase con-
taining piruvate kinase were from Sigma; plates with PEI
cellulose were from Merck; [γ-32P]ATP (radioactive con-
centration of 10 mCi/ml, molar activity of 4000 Ci/mmol)
was purchased from TsKP Phosphor, Russian Academy of
Sciences. d2CMP was synthesized from 2',3'-dideoxycyti-
dine and phosphorus oxychloride as described in [13]. All
[5'-32P]rNMP and [5'-32P]dNMP were prepared as
described in [14] with a molar activity of 3000 Ci/mmol.
E. coli CMP kinase was isolated according to [4] with a

specific activity of 4 U/mg. T5 dNTP kinase was obtained
as described in [10].

Determination of the Activities of Nucleoside 
Monophosphate Kinases 

The enzymatic activity of T5 dNMP kinase was
determined using two methods. 1) Spectrophotometri-
cally by the oxidation of NADH. Constants Km and kcat
were determined as described in [9]. The final reaction
mixture 1 ml in volume contained 50 mM Tris-HCl
(pH 7.5), 80 mM KC1, 8 mM MgCl2, 2 mM EDTA,
0.8 mM PEP, 0.2 mM Äíê, 0.1 mM NADH, 2 mM
NMP or dNMP, 20 U lactate dehydrogenase containing
piruvate kinase, and the tested enzyme (0.02–0.2 U).
The reaction was performed in an acryl cuvette at 25°C
for 3–5 min. The rate of NADH oxidation was mea-
sured spectrophotometrically by decreasing the optical
absorption at 340 nm. 1 U was taken as the enzyme
amount capable of catalyzing the conversion of 1 μmol
of dCMP per minute at 25°C. 2) By the phosphoryla-
tion of nucleotides with [γ-32P]ATP as a donor of a
phosphoryl group. The reaction mixture 25 μl in vol-
ume contained a 50 mM Tris–HCl buffer (pH 7.6),
5 mM MgCl2, 1 mM nucleoside 5'-monophosphate,
0.1 M KCl, 0.1 mM ATP, 1 μCi [γ-32P]ATP, and 0.05 U
of the tested enzyme. The mixture was incubated at
37°C. Aliquots (0.5 μl) were taken out in varied time
intervals and loaded on PEI cellulose plates. TLC was
performed in 0.5 M KH2PO4. After the chromatogra-
phy, the plate was dried and the products on PEI cellu-
lose plates were visualized using a Packard Cyclone
Storage Phosphor System.

The activity of T5 dNMP kinase in the reaction with
UMP. The reaction mixture 25 μl in volume contained
a 50-mM Tris–HCl buffer (pH 7.6), 5 mM MgCl2,
0.1 M KCl, 0.1 mM ATP, 300 μCi [5'-32P]ATP, and
0.4 U T5 dNMP kinase. The mixture was incubated at
37°C. Aliquots (0.5 μl) were taken out at 20 and 60 min
and loaded on PEI cellulose plates. TLC was performed
in 0.5 M KCl. The products on PEI cellulose plates
were visualized using a Packard Cyclone Storage Phos-
phor System.

Synthesis of [α-32P]dCTP. A mixture of [5'-32P]dCTP
(10 mCi, 2.5–3 nmol), 5 U T5 dNMP kinase, and 5 U
piruvate kinase was added to the reaction mixture
(100 μl) containing a 50-mM Tris–HCl buffer (pH 8.0),
5 mM MgCl2, 0.2 M KCl, 0.05 mM ATP, 5 mM dithio-
threitol, and 5 mM PEP. The mixture was incubated at
37°C for 30 min. For the determination of the reaction
yield, an aliquot (0.2–0.3 μl) was analyzed by TLC on
a PEI cellulose plate in a 0.5-M potassium phosphate
buffer (pH 4.0). The plate was dried and visualized
using a phosphorimager or autoradiography. The prod-
uct yield was 90% relative to radioactivity. The target
product was isolated by reverse-phase HPLC in ion-
pair mode on a C-18 column in a gradient of ethanol in
50 mM triethylammonium bicarbonate. The final yield
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of [α-32P]dCTP was 7.5 mCi (75% per the starting
compound).

Synthesis of [α-32P]ATP. A mixture of [5'-32P]AMP
(5 mCi, 1.5–2 nmol), 5 U T5 dNMP kinase, and 5 U
piruvate kinase was added to the reaction mixture
(100 μl) containing a 50-mM Tris–HCl buffer (pH 8.0),
5 mM MgCl2, 0.2 M KCl, 5 mM dithiothreitol, 0.1 mM
dATP, and 5 mM PEP. The mixture was incubated at
37°C for 30 min. For determination of the reaction
yield, an aliquot (0.2–0.3 μl) was analyzed by TLC on
a PEI cellulose plate in a 0.5-M potassium phosphate
buffer (pH 4.0). The plate was dried and visualized
using a phosphorimager or autoradiography. The prod-
uct yield was 90% by radioactivity. The target product
was isolated by reverse-phase HPLC in ion-pair mode
on a C-18 column in a gradient of ethanol in 50 mM tri-
ethylammonium bicarbonate. The final yield of
[α-32P]ATP was 4.5 mCi (90% per the starting com-
pound).

CONCLUSIONS

The enzyme can effectively phosphorylate AMP,
dAMP, GMP, dGMP, CMP, dCMP, d2CMP, TMP, and
dUMP, but not UMP, and can be used for the prepara-
tive synthesis of the corresponding nucleoside 5'-triph-
osphates labelled with radioactive isotopes.

ACKNOWLEDGMENTS

The work was supported by the Russian Foundation
for Basic Research, project no. 08-04-00653-a.

REFERENCES
1. Yan, H. and Tsai, M.D., Adv. Enzymol. Relat. Areas Mol.

Biol., 1999, vol. 73, pp. 103–134.
2. Lavie, A. and Konrad, M., Mini Rev. Med. Chem., 2004,

vol. 4, pp. 351–359.
3. Hiraga, S. and Sugino, Y., Biochim. Biophys. Acta, 1966,

vol. 114, p. 416–418.
4. Rikhter, V.A., Rabinov, I.V., Kuznetsov, S.A., Pav-

lii, T.B., and Skoblov, Yu.S., Prikl. Biokhim. Mikrobiol.,
1988, vol. 24, pp. 310–318.

5. van Rompay, A.R., Johansson, M., and Karlsson, A.,
Pharmacol. Ther., 2000, vol. 87, pp. 189–198.

6. Bello, L.J. and Bessman, M.J., J. Biol. Chem., 1963,
vol. 238, pp. 1777–1787.

7. Duckworth, D.H. and Bessman, M.J., J. Biol. Chem.,
1967, vol. 242, pp. 2877–2885.

8. Warner, H.R., Drong, R.F., and Berget, S.M., J. Virol.,
1975, vol. 15, pp. 273–280.

9. Bessman, M.J., Herriott, S.T., and Orr, M.J., J. Biol.
Chem., 1965, vol. 240, pp. 439–445.

10. Mikoulinskaia, G.V., Zimin, A.A., Feofanov, S.A., and
Miroshnikov, A.I., Protein Express. Purif., 2004, vol. 33,
pp. 166–175.

11. Mikulinskaya, G.V., Zimin, A.A., and Feofanov, S.A.,
Tez. dokl. mezhdunarodnoi shkoly-konf. molodykh
uchenykh “Biotekhnologiya budushchego” (Proc. Int.
Schoo.-Conf. Young Scientists “Biotechnology of the
Future”, Moscow: 2006, pp. 58-59.

12. Bessman, M.J., Methods Enzymol., 1963, vol. I, p. 166–
177.

13. Turcotte, J.G., Pivarnik, P.E., and Shirali, S.S., J. Chro-
matogr., 1990, vol. 499, pp. 55–61.

14. Walseth, T.F., Yuen, P.S., and Moos, M.C., Methods
Enzymol., 1991, vol. 195, pp. 29–44. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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

  /CreateJDFFile 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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


