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Abstract: Benzophenone and bisphenol A are environmental pollutions, which have been listed among “chemicals suspected
of having endocrine disrupting effects” by the World Wildlife Fund, the National Institute of Environmental Health Sciences
in the USA and the Japanese Environment Agency. The cultured cells of Nicotiana tabacum glycosylated benzophenone to
three glycosides, 4-O-B-D-glucopyranosylbenzophenone (9%), diphenylmethyl 3-D-glucopyranoside (14%), and diphenyl-
methyl 6-O-(B-D-glucopyranosyl)-B-D-glucopyranoside (12%) after 48 h incubation. On the other hand, incubation of
benzophenone with immobilized cells of N. tabacum in sodium alginate gel gave products in higher yields, i.e. the yields
of 4-O-B-D-glucopyranosylbenzophenone, diphenylmethyl 3-D-glucopyranoside, and diphenylmethyl 6-O-(B-D-glucopy-
ranosyl)-B-D-glucopyranoside were 15, 27, and 22%, respectively. Bisphenol A was converted into three glycosides,
2,2-bis(4-B-D-glucopyranosyloxyphenyl)propane (16%), 2-(4-B-D-glucopyranosyloxy-3-hydroxyphenyl)-2-(4-B-D-gluco-
pyranosyloxyphenyl) propane (8%), and 2-(3-B-D-glucopyranosyloxy-4-hydroxyphenyl)-2-(4-B-D-glucopyranosyloxyphe
nyl)propane (5%). Also the use of immobilized N. tabacum cells improved the yield of products; the glycosylation of
bisphenol A with immobilized N. tabacum gave 2,2-bis(4-B-D-glucopyranosyloxyphenyl)propane (24%), 2-(4-B-D-gluco-
pyranosyloxy-3-hydroxyphenyl)-2-(4-B-D-glucopyranosyloxyphenyl) propane (15%), and 2-(3-B-D-glucopyranosyloxy-
4-hydroxyphenyl)-2-(4-B-D-glucopyranosyloxyphenyl)propane (11%).

Keywords: glycosylation, benzophenone, bisphenol A, 3-glycoside, Nicotiana tabacum, immobilized cells

Introduction

Use of plant cell culture is a new approach to biotransformation research. Furthermore, biological
potential of plant cell culture to biotransform exogenously added toxic compounds has attracted much
attention in pollution control.! The biotransformation reactions catalyzed by cultured plant cells include
oxidation, reduction, hydroxylation, esterification, hydrolysis, methylation, glycosylation, and isom-
erization. Hydroxylation and glycosylation are particularly efficient procedures for the phytoremedia-
tion of environmental pollution.®’

Benzophenone and bisphenol A are widely used as the starting material for the production of polyacry-
lates, ether resins, phenol resins, insecticides, agricultural chemicals, pharmaceuticals, and coatings, and
are released as pollutants and toxic compounds into the environment.® Recently, it has been reported that
benzophenone and bisphenol A exhibited estrogenic activity in bioassays.” They have been listed among
“chemicals suspected of having endocrine disrupting effects” by the World Wildlife Fund, the National
Institute of Environmental Health Sciences in the U.S.A. and the Japanese Environment Agency. Up to
now little attention has been paid to the biotransformation of such endocrine-disrupting chemicals with
cultured plant cells. We now report the biotransformation of benzophenone and bisphenol A to the corre-
sponding glycosides, which are accumulated in the cells to lower the concentration of the substrates in the
medium, by immobilized cells of Nicotiana tabacum in sodium alginate gel.

Material and Methods

General
Benzophenone and bisphenol A were purchased from Aldrich Chemical Co. The 'H and *C NMR,
H-H COSY, C-H COSY, and HMBC spectra were recorded using a Varian XL-400 spectrometer in
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CD,0OD solution. The chemical shifts were
expressed in 0(ppm) referring to TMS. The FABMS
spectra were measured using a JEOL MStation
JMS-700 spectrometer. Cultured plant cells of
N. tabacum have been cultivated over 20 years in
our laboratory and subcultured in 300 ml conical
flasks containing Murashige and Skoog’s medium
(100 ml, pH 5.7) on a rotary shaker (120 rpm) at
25 °C in the dark for every 3—5 weeks.

Biotransformation of benzophenone
and bisphenol a by the cultured cells

of N. tabacum

To the 500 ml flask containing the suspension
cultured cells of N. tabacum was added 15 mg of
substrate. The cultures were incubated at 25 °C for
48 h on arotary shaker (120 rpm) in the dark. After
the incubation period, the cells and medium were
separated by filtration with suction. The filtered
medium was extracted with EtOAc. The cells were
extracted (x3) by homogenization with MeOH, and
the MeOH fraction was concentrated and parti-
tioned between H,0 and EtOAc. The EtOAc frac-
tions were combined, concentrated, and analyzed
by HPLC [column: CRESTPAK C18S column
(150 x 4.6 mm); solvent: Dioxane:H,O (1:9, v/v);
detection: UV (280 nm); flow rate: 1.0 ml/min].
The H,O fraction was applied to a Dianion HP-20
column and the column was washed with H,O
followed by elution with MeOH. The MeOH elu-
ate was subjected to preparative HPLC [column:
CAPCELLPAK R&D C18 column (250 x 30 mm);
solvent: MeOH:H,O (9:11, v/v); detection: UV
(280 nm); flow rate: 1.0 ml/min] to give products.
The yield of the products was determined on the
basis of the peak area from HPLC and expressed
as a relative percentage to the total amount of the
whole reaction products extracted.

Spectral data of products: 4-O-B-D-glucopyrano-
sylbenzophenone (2): m/z 361 [M+H]"; 'H NMR
(400 MHz, CD,0D): 6 3.73 (1H, dd, /=12.0, 5.6
Hz, H-6b’), 3.92 (1H, dd, /= 12.0, 2.0 Hz, H-62’),
5.05(1H,d,J/=7.2Hz,H-1"),7.20 (2H,d,/=8.8 Hz,
H-3,5),7.50 (2H, t,J=8.0 Hz, H-10, 12),7.60 (1H, t,
J=7.6 Hz, H-11),7.70 (2H, d, J=8.4 Hz, H-9, 13),
7.77 (2H, d, J = 8.8 Hz, H-2, 6). Diphenylmethyl
B-D-glucopyranoside (3): FABMS: m/z 369
[M+Na]*; '"H NMR (400 MHz, CD,0D): § 3.67
(1H, dd, J = 12.2, 6.4 Hz, H-6b’), 3.88 (1H, dd,
J=122,2.0 Hz, H-6a’), 4.27 (1H, d, J = 7.2 Hz,
H-17), 6.05 (1H, s, H-7), 7.18 (1H, t, J = 7.6 Hz,

H-4),7.23 (3H,t,J=7.6 Hz,H-3,5, 11),7.33 (2H, t,
J=8.0 Hz, H-10, 12), 7.39 (2H, d, J=7.6 Hz, H-2,
6),7.47 (2H, d,J=7.2 Hz, H-9, 13). Diphenylmethyl
6-0-(B-D-glucopyranosyl)-B-D-glucopyranoside
(4): FABMS: m/z 531 [M+Na]"; '"H NMR (400
MHz, CD,0D): 6 3.66 (1H, dd, J = 12.0, 5.6 Hz,
H-6b"),3.81 (1H,dd,J/=11.6,5.2 Hz, H-6b"), 3.86
(1H, dd, J = 11.6, 2.0 Hz, H-6a”), 4.15 (1H, d,
J=11.2Hz,H-6a’),4.30 (1H, d,J=7.6 Hz, H-1"),
445 (1H, d, J= 7.6 Hz, H-1"), 6.05 (1H, s, H-7),
7.18 (1H, t, J= 8.0 Hz, H-4), 7.26 3H, t, J= 7.6
Hz, H-3, 5, 11), 7.33 (2H, t, /= 8.0 Hz, H-10, 12),
7.40 (2H,d,J=7.6 Hz,H-2,6),7.51 (2H,d,J=7.2
Hz, H-9, 13). 2,2-Bis(4-B-D-glucopyranosyloxyph
enyl)propane (6): FABMS: m/z 575 [M+Na]"; 'H
NMR (400 MHz, CD,0D): § 1.61 (6H, s, H-1, 3),
4.87 (2H, d, J = 8.0 Hz, H-1", 1), 6.98 (4H, d,
J=8.5Hz H-6, 8, 12, 14), 7.13 (4H, d, /= 8.5 Hz,
H-5, 9, 11, 15). 2-(4-B-D-Glucopyranosyloxy-
3-hydroxyphenyl)-2-(4-B-D-glucopyranosyloxyph
enyl)propane (7): FABMS: m/z 591 [M+Na]"; 'H
NMR (400 MHz, CD,0D): 6 1.60 (6H, s, H-1, 3),
4.70 (1H, d, J=7.8 Hz, H-1"), 4.86 (1H, d, J=8.0
Hz, H-1""), 6.66 (1H, dd, J = 8.0, 2.0 Hz,
H-9), 6.68 (1H, d, J = 2.0 Hz, H-5), 6.98 (2H, d,
J=8.5Hz, H-12,14),7.08 (1H, d, J=8.0 Hz, H-8),
7.14 (2H, d, J = 8.5 Hz, H-11, 15). 2-(3-B-D-
Glucopyranosyloxy-4-hydroxyphenyl)-2-(4-3-D-
glucopyranosyloxyphenyl)propane (8): FABMS:
m/z 591 [M+Na]*; "H NMR (400 MHz, CD,0D):
01.60(6H,s,H-1,3),4.60(1H,d,J=7.6 Hz,H-1"),
4.88 (1H, d, J=8.0 Hz, H-1"), 6.72 (1H, d, J=8.5
Hz, H-8), 6.81 (1H, dd, /= 8.5, 2.0 Hz, H-9), 6.90
(1H, d, J = 2.0 Hz, H-5), 7.00 (2H, d, J = 8.5 Hz,
H-12,14), 7.16 (2H, d, J = 8.5 Hz, H-11, 15).

Preparation of immobilized cells

of N. tabacum in sodium alginate gel
Sodium alginate (2%) was suspended in water
(500 ml), which was autoclaved at 120 °C for
30 min. Cultured cells of N. tabacum (100 g) in
the stationary growth phase were added to this
solution and the mixture was stirred for 2 h until
it became homogeneous. The suspension was
added dropwise from a dropping funnel with a
glass tube into a 5% CaCl, solution (1 L) with
stirring to form pieces of spherical sodium alginate
gel with 5 mm diameter immediately. After
washing with water, immobilized N. tabacum cells
were used for biotransformation of benzophenone
and bisphenol A.
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Biotransformation of benzophenone
and bisphenol a by immobilized cells

of N. tabacum in sodium alginate gel
To 150 ml of the immobilized N. tabacum cells
which included 30 g of N. tabacum cells with
100 ml of MS medium containing 3% sucrose in
a 500 ml conical flask was added 15 mg substrate.
The flask was stirred at 25 °C for 48 h on a rotary
shaker (120 rpm) in the dark. Products were
extracted from the cells and were purified by the
same method as described above.

Results

Biotransformation products were isolated from the
MeOH extracts of the cultured cells of N. tabacum,
which had been treated with benzophenone (1) for
48 h. No products were observed in the medium.
Three potentially glycosylated products 2—4 were
obtained, and no additional conversion products
such as hydroxylated and reduced products were
observed in spite of the careful HPLC analyses.
The chemical structures of the products were deter-
mined on the basis of their FABMS, 'H and '*C
NMR, H-H COSY, C-H COSY, and HMBC spectra
as 4-0O-B-D-glucopyranosylbenzophenone (2, 9%),
diphenylmethyl B-D-glucopyranoside (3, 14%),
and diphenylmethyl 6-O-(B-D-glucopyranosyl)-
B-D-glucopyranoside (4, 12%) (Scheme 1).

In order to examine the ability of cultured
N. tabacum cells to biotransform benzophenone
(1), the time course in the conversion of 1 was
followed. Figure 1A showed that benzophenone
(1) was converted into 3 at early stage of incuba-
tion, and that the product 4 was accumulated in the
cells after 24 h incubation. This result indicated

Benzophenone (1)

oo

| —

that formation of disaccharide 4 occurred following
to that of glucoside 3.

Next, the conversion of benzophenone (1) by
immobilized N. tabacum cells with sodium alginate
was investigated. To examine the effect of sodium
alginate concentration on the glycosylation of ben-
zophenone (1), the cells were immobilized with
sodium alginate at final concentrations of 1, 2, 3,
4, and 5%. Figure 2 shows that the glycoside forma-
tion was enhanced at 2% sodium alginate concen-
tration. The immobilized N. tabacum cells, which
had been prepared at 2% sodium alginate concentra-
tion, were used for biotransformation experiments.
After 48 h incubation of benzophenone (1), 4-O-
B-D-glucopyranosylbenzophenone (2, 15%),
diphenylmethyl B-D-glucopyranoside (3, 27%), and
diphenylmethyl 6-O-(B-D-glucopyranosyl)-B-D-
glucopyranoside (4, 22%) were obtained in higher
yields in comparison with the case of the biotrans-
formation using normal cells (Figure. 1B). The time
course experiment also showed that the conversion
rate of glycosylation of benzophenone (1) was
higher than that in the case of the time course of
the biotransformation using normal cells.

On the other hand, bisphenol 2,2-bis(4--D-
glucopyranosyloxyphenyl) propane (6, 16%),
2-(4-B-D-glucopyranosyloxy-3-hydroxyphenyl)-
2-(4-B-D-glucopyranosyloxyphenyl) propane
(7, 8%), and 2-(3-B-D-glucopyranosyloxy-4-
hydroxyphenyl)-2-(4-B-D-glucopyranosyloxyph
enyl)propane (8, 5%) were isolated from cultured
N. tabacum cells treated with bisphenol A (5)
after 48 h-incubation (Scheme 2). The time course
in the conversion of 5 showed that 6 predominantly
accumulated rather than 7 and 8 (Figure 3A). Use
of immobilized N. tabacum cells improved the

0 OH
| _— HO="%H
’ SAe
3
4

Scheme 1. Biotransformation pathway of benzophenone (1) by cultured and immobilized plant cells of N. tabacum.
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Figure 1. Time course of the biotransformation of benzophenone (1) (A) by cultured cells and (B) by immobilized cells of N. tabacum. Yields

of 1 (e),2 (A), 3 (m), and 4 (o) are plotted.

yield of products, that is, the glycosylation of
bisphenol A (5) with immobilized N. tabacum
cells gave 2,2-bis(4-B-D-glucopyranosyloxyphe
nyl)propane (6, 24%), 2-(4-B-D-glucopyranosy-
loxy-3-hydroxyphenyl)-2-(4-B-D-glucopyrano-
syloxyphenyl) propane (7, 15%), and
2-(3-B-D-glucopyranosyloxy-4-hydroxyphenyl)-

2-(4-B-D-glucopyranosyloxyphenyl) propane
(8, 11%) (Fig. 3B).

Discussion

This study demonstrated that the cultured plant
cells of N. tabacum can convert benzophenone

22
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Figure 2. Effects of sodium alginate concentration on the glycosylation activity of the immobilized cells of N. tabacum. Yields of 2 (A ), 3 (m),

and 4 (o) are plotted.

and bisphenol A into three glycosides, respectively.
In the time course experiment, it was found that
reduction of benzophenone first occurred,
followed by glycosylation of the newly generated
hydroxyl group. The yield of glycosides produced
from benzophenone by immobilized N. tabacum
cells in sodium alginate gel was improved in
comparison with the case of biotransformation

8 9 1CH3 15_14
ol
_ =
Wolg
6 5 LCHsin
Bisphenol A (5)
— >
GHs
HO CE-@—OH —_—
CHs
HO
L >

by cultured N. tabacum cells. Total yield of
glycosides of benzophenone produced by
immobilized N. tabacum cells was about 1.8 times
higher than that of products obtained in normal
biotransformation experiment. The use of
immobilized cells of N. tabacum for conversion
of bisphenol A also enhanced the yield of the
products, that is, the total yield of glycosides was

OHO ?Hg OH
G o~ )~ )-oHTEI0n
OH CHg
6

OHO CI3H3 OH
HOSSO Q
e VA a W
OH CH3
HO
7

CHs OH
oo oy
OH 8

Scheme 2. Biotransformation pathway of bisphenol A (5) by cultured and immobilized plant cells of N. tabacum.
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Figure 3. Time course of the biotransformation of bisphenol A (5) (A) by cultured cells and (B) by immobilized cells of N. tabacum. Yields of

5(e),6 (A),7 (m), and 8 (o) are plotted.

about 1.7 fold higher than that of products
obtained in normal biotransformation
experiment.

The results of this experiment revealed that
plant cells of N. tabacum can incorporate the
endocrine-disrupting chemicals such as benzophe-
none and bisphenol A to biotransform into

glycosides, and can lower their concentration in
the medium. The immobilized cells of N. tabacum
would be useful to detox industrial by-products,
i.e. benzophenone and bisphenol A, to stable
glycosides. This procedure is a simple operation
and is environmentally friendly. Further studies on
the enzymes which catalyze the glycosylation of
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benzophenone and bisphenol A are now in
progress.

Disclosure
The authors report no conflicts of interest.

References

1. Suga T, Hirata T. Biotransformation of exogenous substrates by plant
cell cultures. Phytochemistry. 1990;29:2393—406.

2. Figueiredo AC, Almendra MJ, Barroso JG, Scheffer JIC.
Biotransformation of monoterpenes and sesquiterpenes by cell
suspension cultures of Achillea millefolium L. ssp. millefolium. Biotech.
Lett. 1996;18:863-68.

3. Lewinson E, Berman E, MazurY, Gressel J. Glucosylation of exogenous
flavanones by grapefruit (Citrus paradisi) cell cultures. Phytochemistry.
1996;25:2531-535.

. Ishihara K, Hamada H, Hirata T, Nakajima N. Biotransformation using

plant cultured cells. J Mol Catal B Enz. 2003;23:145-70.

. Shimoda K, Harada T, Hamada H, Nakajima N, Hamada H.

Biotransformation of raspberry ketone and zingerone by cultured cells
of Phytolacca americana Phytochemistry. 2007;68:487-92.

. Shimoda K. Yamane S, Hirakawa H, Ohta S, Hirata T, Biotransforma-

tion of phenolic compounds by the cultured cells of Catharanthus roseus
J Mol Catal B Enz. 2002;16:275-81.

. Shimoda K, Kubota N, Sano T, Hirakawa H, Hirata T. A novel hydrox-

ylase from Catharanthus roseus participating in the hydroxylation of
2-hydroxybenzoic acid. J Biosci Bioeng. 2004;98:67-70.

. Sandell J, Schuller-Goetzbung VV, Tashiro M. in Bisphenol A,

CEH Product Review, Chemical Economic Handbook, SRI
International. 1987.

. Howdeshell KL. Hotchkiss AK, Thayer KA, Vandenbergh JG, Saal FS.

Exposure to bisphenol A advances puberty. Nature. 1999;401:
763-64.

Environmental Health Insights 2009:3

25




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 150
  /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 150
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


