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First steroid biotransformations performed by Aspergillus wentii MRC 200316 are re-
ported. Testosterone (1) yields 68-hydroxytestosterone (3) and 14a-hydroxytestosterone (4)
while progesterone (2) yields 11a-hydroxyprogesterone (5).
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Introduction

Microbial biotransformation of steroids has
found worldwide application for the preparation
of more valuable and functionalized compounds
due to its high regio- and stereoselectivity (Fer-
nandes et al., 2003). Therefore, a number of re-
searches on microbial biotransformations of a
wide range of steroidal substrates have been
reported in recent years (Fernandes et al., 2003;
Holland, 1999; Mahato and Garai, 1997). There
are still enormous efforts to increase the efficien-
cy of microbial steroid biotransformations and
to find new useful microorganisms and reactions
(Fernandes et al., 2003).

Aspergillus wentii Wehmer is a toxigenic, ubi-
quitous, soil-inhabiting fungus usually found on
decayed vegetation and moist grains (Wells et
al., 1975; Wu et al., 1974). It produces several
toxic metabolites such as aflatoxins (Schroeder
and Verrett, 1969), emodin (Wells et al., 1975),
and ochratoxin A (Varga et al., 1996) as well as
other secondary metabolites such as kojic acid
(Brian, 1951), hexadecylcitraconic acid (Selva
et al., 1980), 3-nitropropionic acid (Burrows et
al., 1965), 1-amino-2-nitrocyclopentanecarboxylic
acid (Burrows and Turner, 1966), wentilactone A
and B (Dorner et al., 1980).

As far as biotransformations by Aspergillus
wentii are concerned, we have not found any
literature references on steroids. Actually, the
only biotransformations by this fungus reported
in literature are on some aromadendrane-type
sesquiterpenoids (Miyazawa et al., 2008). In our
work we have investigated the biotransformation
of testosterone (1) and progesterone (2).

Experimental
General

Testosterone and progesterone were purchased
from Fluka (Istanbul, Turkey). Solvents were of
analytical grade and were purchased from Merck
(Istanbul, Turkey). The steroids were separat-
ed by column chromatography on silica gel 60
(Merck 107734) with 50% ethyl acetate in hexane
as eluent. Thin layer chromatography (TLC) was
carried out with 0.2 mm thick Merck Kieselgel 60
F,s, TLC plates using ethyl acetate/n-hexane (1:1,
v/v) as eluent. TLC plates were dipped into an
anisaldehyde/H,SO, reagent and heated to 120 °C
for 3 min in order to visualize the spots. Infrared
spectra were recorded using a Shimadzu IR Pres-
tige-21 instrument. 'H NMR spectra were record-
ed in deuteriochloroform with tetramethylsilane
as an internal standard reference at 300 MHz with
a Varian Mercury 300 spectrometer. "C NMR
spectra were recorded in deuteriochloroform at
75 MHz with a Varian Mercury 300 spectrometer.
Chemical shifts are given in ppm (J scale), cou-
pling constants (/) are given in Hz. Melting points
were determined by an Electrothermal IA 9200
melting point apparatus and are uncorrected.

Microorganism

Aspergillus wentii MRC 200316 was obtained
from TUBITAK, Marmara Research Center,
Food Science and Technology Research Institute,
Culture Collection Unit, Kocaeli, Turkey. Stock
cultures were maintained at 4 °C on PDA slopes
and refreshed every two weeks.
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Culture medium

The liquid medium for Aspergillus wentii MRC
200316 was prepared by mixing sucrose (15 g),
glucose (15 g), polypeptone (5 g), MgSO,7 H,O
(0.5¢g), KCI (0.5¢g), K,HPO, (1g), and FeSO,
7 H,O (10 mg) in distilled water (11). Then the
pH value was adjusted to 7.2 (Miyazawa et al.,
2008). The medium was evenly distributed among
10 culture flasks of 250 ml capacity (100 ml in
each) and autoclaved for 20 min at 121 °C.

Biotransformation of testosterone (1) by
A. wentii MRC 200316

Spores freshly obtained from PDA slopes were
transferred aseptically into each flask containing
sterile medium in a biological safety cabinet. Af-
ter cultivation at 27 °C for 2 d on a rotary shaker
(150 rpm), testosterone (1) (500 mg) dissolved in
10 ml of dimethylformamide (DMF) was evenly
distributed aseptically among the flasks. The bio-
transformation of the substrate was carried out
in 10 flasks for 5d under the same conditions.
The fungal mycellium was separated from the
broth by filtration under vacuum, and the my-
cellium was rinsed with ethyl acetate (500 ml).
The broth was saturated with NaCl and then
extracted three times each with 11 of ethyl ace-
tate. The organic extract was dried over anhy-
drous sodium sulfate, and the solvent evaporated
in vacuo to give a brown gum (713 mg) which
was then chromatographed on silica gel. Elu-
tion with 50% ethyl acetate in hexane afforded
6p-hydroxytestosterone (3) (401 mg), which was
identified by comparison of its melting point, IR,
'"H NMR, and “C NMR spectra with those in the
literature (Hu et al., 1995).

Further elution with 50% ethyl acetate in
hexane afforded 14a-hydroxytestosterone (4)
(37 mg), which was also identified by comparison
of its melting point, IR, 'H NMR, and “C NMR
spectra with those in the literature (Hu et al.,
1995).
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Biotransformation of progesterone (2) by
A. wentii MRC 200316

Under the same conditions, the incubation of
progesterone (2) (500 mg) with A. wentii MRC
200316 for 5d afforded a brown gum (705 mg)
which was then chromatographed on silica gel.
Elution with 50% ethyl acetate in hexane afford-
ed 1la-hydroxyprogesterone (5) (457 mg), which
was identified by comparison of its melting point,
IR, '"H NMR, and “C NMR spectra with those in
the literature (Farooq et al., 1994).

Time course experiments

Time course experiments were conducted for
both substrates (Hunter et al., 2009). Conditions
were identical to those in main biotransformation
experiments except that each individual steroidal
substrate (300 mg) dissolved in DMF (6 ml) was
evenly distributed between 6 flasks (each contain-
ing 100 ml of medium). One flask was harvested
after 8 h. Then every 24 h one flask was harvested
and extracted. TLC analysis of the isolated mix-
ture was performed immediately. Following 6 h
under high vacuum, the product '"H NMR spectra
were determined in CDCI; to confirm the steroi-
dal nature of the extracts.

Results and Discussion

Testosterone (1) and progesterone (2) were in-
cubated with A. wentii MRC 200316 for 5 d. The
results of the biotransfromations are presented
in Fig. 1. The chemical structures of the biotrans-
formation products were assigned mainly based
on 'H NMR (Table I) and "C NMR (Table 1I)
spectra. The incubation of testosterone (1) with
A. wentii MRC 200316 for 5 d afforded two me-
tabolites. The characteristic resonances of the
first metabolite at dy 4.35 ppm (1H, bs) (Kirk et
al., 1990) and J. 72.86 ppm (Blunt and Stothers,
1977) suggested that hydroxylation had taken
place at the axial proton at C-6 and the metabo-

Table I. '"H NMR data determined in CDCl, at 300 MHz for compounds 1 — 5.

Compound 4-H 170-H 18-CH; 19-CH; 21-CH, Other significant resonances
1 572  3.61 (1H,t,J = 85 Hz) 0.78 1.19 - -
2 573 253 (1H,t,J = 8.8 Hz) 0.67 1.20 2.13 -
3 5.81 3.66 (1H,t,J = 8.5 Hz) 0.81 1.38 - 4.35 (1H, bs, 6a-H)
4 571 429 (1H,t,J = 82 Hz) 0.90 1.20 - -
5 5.69 250 (1H,t,J =9.0 Hz) 0.65 1.28 2.10 3.98 (1H, td, J = 10.0 and 5.0 Hz, 115-H)
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Fig. 1. Biotransformation of testosterone (1) and progesterone (2) by A. wentii to 6-hydroxytestosterone (3),
14a-hydroxytestosterone (4), and 11a-hydroxyprogesterone (5).

Table II. *C NMR data determined in CDCl; at 75 MHz for compounds 1-5.

C 1 2 3 4 5
1 35.61 35.46 36.31 35.60 37.26
2 33.91 33.72 34.15 33.82 34.03
3 199.62 199.18 200.73 199.94 200.49
4 123.82 123.66 126.23 123.71 124.27
5 171.31 170.80 168.63 171.19 171.47
6 32.76 32.55 72.86 32.49 33.48
7 31.49 31.65 37.00 28.45 31.37
8 38.62 35.28 29.70 38.78 34.77
9 53.86 53.38 53.62 46.66 58.67
10 36.37 38.34 37.92 38.66 39.81
11 20.59 20.78 20.52 19.60 68.54
12 35.68 38.40 38.00 32.55 50.09
13 42.77 43.68 42.84 46.86 44.00
14 50.42 55.76 50.36 83.29 55.16
15 23.29 24.13 23.22 26.02 24.08
16 30.38 22.57 30.31 29.42 22.73
17 81.56 63.23 81.63 78.49 62.98
18 11.02 13.11 11.07 14.86 14.36
19 17.37 17.13 19.47 17.14 18.12
20 - 209.08 - - 209.02
21 - 31.29 - - 31.28

lite was 6f-hydroxytestosterone (3). The structure
of 3 was confirmed by comparison of its melting
point and spectral data with those in the litera-
ture (Hu et al., 1995).

The second metabolite showed a new carbon
atom resonance at Jc 83.29 ppm, indicating the
presence of a hydroxy group. The '"H NMR spec-
trum of the metabolite had a downfield shift for

the 17a-H resonance (A 0.68 ppm), suggesting
its diaxial interaction with a 14a-hydroxy group.
The comparison of the metabolite’s melting
point and spectral data with those in the litera-
ture (Hu et al., 1995) demonstrated that it was
14a-hydroxytestosterone (4).

During the time course experiment (Table III)
for testosterone (1), the 19-methyl resonance
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Table III. The results from time course experiments.

Compound Time [h]
8 24 72 96 120
1 +++++ +++++ +++++ ++ - -
3 - - +++ +++++ +++++
4 - - - +4+++ +++++
2 +++++ +++++ +++++ ++ - -
5 - - +++ +++++ +++++

-, None; ++, 40%; +++, 60%; +++++, 100%.

Table IV. Product yields following chromatography.

Yield
(%)
Testosterone (1) 6p-Hydroxytestosterone (3) 76
14a-Hydroxytestosterone (4) 7
Progesterone (2) 1la-Hydroxyprogesterone (5) 87

Substrate Product

of testosterone (1) shifted from 1.19 ppm to
1.38 ppm, and comparison of the methyl group
integrations in the 'H NMR spectrum showed
that 60% of testosterone (1) had been converted
to 6B-hydroxytestosterone (3) within 72 h. After
96 h, the 19-methyl resonance of testosterone (1)
at dy 1.19 ppm disappeared whereas the 19-me-
thyl resonance of 6p-hydroxytestosterone (3)
at oy 1.38 ppm remained and a new 18-methyl
resonance at dy 0.90 ppm emerged. These re-
sults indicated that most of testosterone (1) was
first converted only to 6f-hydroxytestosterone
(3), and the rest of the substrate was then
converted to 6B-hydroxytestosterone (3) and
14a-hydroxytestosterone (4).

The incubation of progesterone (2) with A.
wentii MRC 200316 for 5 d afforded only one me-
tabolite. The 'H NMR spectrum of the metabo-
lite demonstrated a downfield shift (A 0.08 ppm)
for the 19-methyl group. The metabolite had
characteristic resonances at dy 3.98 ppm (1H, td,
J = 10.0 and 5.0 Hz) (Kirk er al., 1990) and d¢
68.54 ppm (Blunt and Stothers, 1977) suggesting
that hydroxylation had taken place at the equa-
torial proton at C-11, generating an 11a-hydroxy
group. The comparison of the metabolite’s melt-
ing point and spectral data with those in the lit-
erature (Farooq et al., 1994) confirmed that it was
11a-hydroxyprogesterone (5).

During the time course experiment (Table I1T)
for progesterone (2), the 19-methyl resonance

of progesterone (2) shifted from 1.20 ppm to
1.28 ppm, and comparison of the methyl group
integrations in the '"H NMR spectra indicat-
ed that 60% of the substrate was converted to
11a-hydroxyprogesterone (5) within 72 h. Af-
ter 96 h, the disappearance of the 19-methyl
resonance of progesterone (2) at Jy 1.20 ppm
and the presence of the 19-methyl resonance of
11a-hydroxyprogesterone (5) at Jy 1.28 ppm sug-
gested that all of the substrate was converted
to 1la-hydroxyprogesterone (5). These results
confirmed that the fungus hydroxylated proges-
terone (2) only at C-11 and no starting material
remained.

We have shown that A. wentii has the abil-
ity to hydroxylate testosterone (1) and pro-
gesterone (2) in an efficent way (Table IV). A.
wentii hydroxylated testosterone (1) mainly at
6p-position and an independent minor hydroxy-
lation took place at 14a-position. Some fungi such
as Cephalosporium aphidicola (Hanson et al.,
1996) and Mucor plumbeus (Lamm et al., 2007)
have afforded these two metabolites with lower
yields. A. wentii converted progesterone (2) to
11a-hydroxyprogesterone (5) in a very efficent
way like in the incubations of this substrate with
some fungi such as Rhizopus nigricans and As-
pergillus ochraceus strains (Sedlaczek, 1988). Our
work on steroid biotransformation by A. wentii
and some other fungi is in progress.

Acknowledgements

This work was financially supported by the
Sakarya University Scientific Research Projects
Commission (Project no. 20095001018), Turkey.
We are grateful to Fatih Sonmez for running the
'H and *C NMR spectra.



692 K. Yildirim et al. - Steroid Biotransformations by Aspergillus wentii

Blunt J. W. and Stothers J. B. (1977), “C NMR spectra
of steroids — A survey and commentary. Org. Magn.
Reson. 9, 439-464.

Brian P. W. (1951), Antibiotics produced by fungi. Bot.
Rev. 17, 357-430.

Burrows B. F. and Turner W. B. (1966), 1-Amino-2-
nitrocyclopentanecarboxylic acid. A new naturally
occurring nitro-compound. J. Chem. Soc. C, 255-260.

Burrows B. F., Mills S. D., and Turner W. B. (1965), A
new naturally-occurring nitro-compound. Chem.
Commun., 75-76.

Dorner J. W,, Cole R. J, Springer J. P,, Cox R. H., Cutler
H., and Wicklow D. T. (1980), Isolation and identi-
fication of two new biologically active norditerpene
dilactones from Aspergillus wentii. Phytochemistry
19, 1157-1161.

Farooq A., Hanson J. R., and Igbal Z. (1994), Hydroxy-
lation of progesterone by Cephalosporium aphidi-
cola. Phytochemistry 37, 723-726.

Fernandes P, Cruz A., Angelova B., Pinheiro H. M.,
and Cabral J. M. S. (2003), Microbial conversion of
steroid compounds: recent developments. Enzyme
Microbial Technol. 32, 688-705.

Hanson J. R., Nasir H., and Parvez A. (1996), The
hydroxylation of testosterone and some relatives
by Cephalosporium aphidicola. Phytochemistry 42,
411-415.

Holland H. L. (1999), Recent advances in applied and
mechanistic aspects of the enzymatic hydroxylation
of steroids by whole-cell biocatalysts. Steroids 64,
178-186.

Hu S. H., Genain G., and Azerad R. (1995), Micro-
bial biotransformation of steroids: Contribution to
140-hydroxylations. Steroids 60, 337-352.

Hunter A. C., Coyle E., Morse F,, Dedi C., Dodd H.
T., and Koussoroplis S. J. (2009), Transformation
of 5-ene steroids by the fungus Aspergillus tamarii
KITA: Mixed molecular fate in lactonization and hy-

droxylation pathways with identification of a putative
3p-hydroxy-steroid dehydrogenase/A’~A* isomerase
pathway. Biochim. Biophys. Acta 1791, 110-117.

Kirk D. N., Toms H. C., Douglas C., White K. A., Smith
K. E., Latif S., and Hubbard R. W. P. (1990), A sur-
vey of high field "H NMR spectra of the steroid hor-
mones, their hydroxylated derivatives, and related
compounds. J. Chem. Soc. Perkin Trans. 2, 1567-1594.

Lamm A. S., Chen A. R. M., Reynolds W. F., and Reese
P. B. (2007), Steroid hydroxylation by Whetzelinia
sclerotiorum, Phanerochaete chrysosporium and Mu-
cor plumbeus. Steroids 72, 713-722.

Mahato S. B. and Garai S. (1997), Advances in microbial
steroid biotransformation. Steroids 62, 332—-345.

Miyazawa M., Takahashi T., Sakata K., and Horibe I.
(2008), Biotransformation of three aromadendrane-
type sesquiterpenoids by Aspergillus wentii. J. Chem.
Technol. Biotechnol. 83, 1006—1011.

Schroeder H. W. and Verrett M. J. (1969), Production of
aflatoxin by Aspergillus wentii Wehmer. Can. J. Mi-
crobiol. 15, 895-898.

Sedlaczek L. (1988), Biotransformations of steroids.
Crit. Rev. Biotechnol. 7, 187-236.

Selva A., Traldi P,, Camarda L., and Nasini G. (1980),
New secondary metabolites of Aspergillus wentii
Wehmer. The positive and negative ion mass spectra
produced by electron impact. Biol. Mass Spectrom.
7, 148-152.

Varga J., Kevei E., Rinyu E., Terén J., and Kozakiewicz
Z. (1996), Ochratoxin production by Aspergillus spe-
cies. Appl. Environ. Microbiol. 62, 4461-4464.

Wells J. M., Cole R. J,, and Kirksey J. W. (1975), Emo-
din, a toxic metabolite of Aspergillus wentii isolated
from weevil-damaged chestnuts. Appl. Microbiol. 30,
26-28.

Wu M. T, Ayres J. C, Koehler P. E., and Chassis G.
(1974), Toxic metabolite produced by Aspergillus
wentii. Appl. Microbiol. 27, 337-339.




<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 (None)
  /AlwaysEmbed [ true
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-BoldItalicOsF
    /AGaramond-BoldOsF
    /AGaramond-Italic
    /AGaramond-ItalicOsF
    /AGaramond-Regular
    /AGaramond-RegularSC
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGaramond-SemiboldItalicOsF
    /AGaramond-SemiboldSC
    /AGaramond-Titling
    /AGaramondAlt-Italic
    /AGaramondAlt-Regular
    /AGaramondExp-Bold
    /AGaramondExp-BoldItalic
    /AGaramondExp-Italic
    /AGaramondExp-Regular
    /AGaramondExp-Semibold
    /AGaramondExp-SemiboldItalic
    /Helvetica-Oblique
    /ZapfDingbatsITC
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 600
  /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 false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 600
  /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 false
  /MonoImageDownsampleType /Average
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [538.583 793.701]
>> setpagedevice


