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The self-assembly of nanoscale elements into three-dimen-
sional structures with precise shapes and sizes is important
in fields such as nanophotonics, metamaterials and biotechnol-
ogy1,2. Short molecular linkers have previously been used to
create assemblies of nanoparticles3–9, but the approach is
limited to small interparticle distances, typically less than
10 nm. Alternatively, DNA origami10,11 can precisely organize
nanoscale objects over much larger length scales. Here we
show that rigid DNA origami scaffolds can be used to assemble
metal nanoparticles, quantum dots and organic dyes into hier-
archical nanoclusters that have a planet–satellite-type struc-
ture. The nanoclusters have a tunable stoichiometry, defined
distances of 5–200 nm between components, and controllable
overall sizes of up to 500 nm. We also show that the nanoscale
components can be positioned along the radial DNA spacers of
the nanostructures, which allows short- and long-range inter-
actions between nanoparticles and dyes to be studied in sol-
ution. The approach could, in the future, be used to construct
efficient energy funnels, complex plasmonic architectures,
and porous, nanoengineered scaffolds for catalysis.

DNA-based self-assembly offers the possibility to fabricate tril-
lions of identical objects at once while achieving nanometre-
precise positioning of objects in all three dimensions12,13. The
early applications of DNA to connect nanoparticles into discrete
dimers and trimers3 led over the years to the fabrication of
complex, polypod-like dynamic and hybrid nanoparticle assem-
blies5,14,15. In these assemblies, where individual DNA double-
strands (dsDNA) were used as scaffolds, the achievable control
over size and shape was limited by the flexibility of dsDNA and
the stability of the single chemical bonds between the DNA and
the nanoparticles. In recent years, various more sophisticated
assemblies of metal nanoparticles based on DNA scaffolding have
been realized16–19. Most of these studies used the metal nanoparti-
cles as exemplary objects to visualize the assembly power of DNA
and only very recently has function been added by the design of
optically active materials13,15 and geometries that enable fluor-
escence enhancement of individual dye molecules20. Besides DNA,
other molecular crosslinkers can be used to arrange plasmonic
nanoparticles into planet-satellite assemblies9, but such methods
do not offer control over distances greater than a couple of nano-
metres nor simple combinatorial freedom in the choice of materials.
To overcome these fundamental limitations, we used DNA origami
structures as spacers to arrange nanoparticles and organic dyes in
three dimensions. We were able to build and make use of a new
class of hybrid planet–satellite nanoclusters that are monodisperse,

tunable in size and stoichiometry and whose structural integrity is
provided by the rigidity of DNA origami constructs and the stability
of DNA-origami-enabled connection schemes.

DNA origami structures are usually composed of a long (7–8 kb)
scaffolding DNA single strand and roughly 200 short ‘staple’ oligo-
nucleotides. The folded objects comprise multiple double helices
that can be arranged in an (anti-)parallel10, crossed11, twisted,
curved21,22 and pre-stressed manner23. To create the planet–satellite
nanoclusters, we designed with cadnano (cadnano.org) chemically
asymmetric DNA origami structures of varying length and thickness
that offer specific types of attachment sites (Fig. 1a). Each attachment
site consists of 1 to 12 copies of a specific single-stranded DNA
sequence protruding from the DNA origami surface. Nanoparticles
or organic dyes functionalized with complementary sequences
were hybridized to these sites with high fidelity18,19 (Fig. 1b,c).

In the first step of the assembly procedure, the DNA origami
structures were annealed together with the staple strands containing
the sequences used for particle attachment. Next, the DNA origami
objects were purified via gel electrophoresis from the molar excess of
staple strands and subsequently hybridized (12 h at 25 8C) with
DNA-functionalized dyes or nanoparticles (these later constitute
the satellites of the nanoclusters). (DNA functionalization protocols
for all nanoparticles can be found in Supplementary Note 1.)
During a second gel electrophoresis step, the origami structures
with the attached satellites were purified from the excess of dyes
or nanoparticles (Supplementary Note 2) and subsequently hybri-
dized with the planet particles which serve as solid supports for
the origami structures. DNA-functionalized gold and semiconduc-
tor nanoparticles of various sizes (10–80 nm) were used as
planets. For the planet–satellite hybridization step (12 h at 25 8C),
we used an excess of satellite-functionalized DNA origami struc-
tures over planet particles. The molar excess was varied for each
planet size to account for the available surface area of the nanopar-
ticle planets (Supplementary Note 3). The final super-nanoclusters
consisting of nanoparticle planets, DNA origami structures and dye
or nanoparticle satellites are termed ‘origami nanoclusters’ from
here onwards (Fig. 1d–h). Origami nanoclusters only tend to aggre-
gate at high concentrations and are stable for long periods of time
(8 months) if stored at 218 8C (Supplementary Notes 4 and 5).
By modifying the DNA structures with gold nanoparticles along
the radial spokes (Fig. 1f ) we demonstrate the potential of our
approach to create chiral assemblies of high complexity. These
origami nanoclusters give rise to strong circular dichroism (CD)
in the visible range, and we find that our chiral structures13 not
only preserve their specific optical activity in this assembly, but
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also experience an increase of their plasmonic CD due to field
enhancement effects in the vicinity of large (80 nm) planet particles
(Supplementary Notes 6 and 7). We also created heterostructures
featuring quantum dots24,25 as central planets and gold nanoparti-
cles (Fig. 1g) or fluorescent dyes (Fig. 1h) as satellites. We studied
potential feeding of fluorescent energy from multiple dyes26 along
the spokes to the central quantum dot, but only a non-significant
increase in acceptor fluorescence could be observed
(Supplementary Note 8). We attribute this to the fundamental dif-
ficulties that arise when using quantum dots as acceptors of fluor-
escence energy from organic donor molecules27.

By varying the shape and accordingly the extensions of the
origami structures, the distance between satellite and planet could
also be controlled. We used a three-layer origami block to achieve
a short planet–satellite distance of 10 nm (Fig. 2a), a 24-helix
bundle for an intermediate distance of 100 nm (Fig. 2b), and a
14-helix bundle for the longest distance of 200 nm (Fig. 2c). The
actual distances between satellites and planets were determined
experimentally by analysing transmission electron microscopy
(TEM) images of uranyl-acetate-stained origami nanoclusters. As
the nanoclusters adsorbed to the surface of the TEM grid and
were further dried after the staining process, they appear in a flat-
tened, two-dimensional form. The DNA origami structures, which
are attached to the central sphere from all directions, thus point out-
wards radially in only one plane. This leads to a systematic error in
the distance measurements for origami structures that are attached
anywhere between the equator and the poles of the planet. Note that
by slowly drying the origami nanoclusters on a substrate it is poss-
ible to preserve the three-dimensional structure, as can be proven by
transmission electron tomography (Supplementary Note 9).
Importantly, to our knowledge, these origami nanoclusters rep-
resent the largest three-dimensional DNA-based assemblies of
defined size (dynamic light scattering measurements can be found
in Supplementary Notes 10–12).

The stoichiometry of the origami nanocluster assembly was
effectively controlled by changing the size of the central gold

nanoparticle planet in the range from 10 to 80 nm (Fig. 3a–d).
If the concentration of satellite-bearing origami structures is exces-
sive during the assembly process, it is the planet size that deter-
mines the number of attached satellites. Interestingly, the
standard deviation (s.d.) for the number of satellites was very
low for each given planet size—17% for 10 nm, 10% for 40 nm,
12% for 60 nm and 6% for 80 nm. In a first estimation, we
expected that the absolute number should be directly proportional
to the surface area of the central particle. The fact that this is not
the case can be directly derived from the data shown in Fig. 3e,
where a graph showing the number of satellites as a function of
surface area is plotted. It can be observed that, with increasing par-
ticle size and hence decreasing surface curvature, fewer origami
structures than expected attach to the planets. We attribute this
to the increasing electrostatic and steric repulsions that occur
between neighbouring DNA structures at a distance from the par-
ticles’ surfaces when the curvature of the planet surface decreases
with increasing size. In accordance with this, we found that per-
forming the assembly at elevated NaCl concentrations leads to
higher satellite attachment yields but also to more aggregated clus-
ters (Supplementary Notes 11 and 12). For the largest planets
(80 nm gold nanoparticle, lowest surface curvature) the average
surface coverage with DNA origami structures was 41% at
0 mM NaCl and 11 mM MgCl2. The maximum coverage of a flat
gold surface with our satellite-bearing origami structures under
such conditions is expected to be less than this value.

Origami nanoclusters with a soft-matter planet were also created.
We used hollow origami tubes as the central particles and demon-
strated the realization of origami-structure-guided arrangement of
satellites (Supplementary Note 13).

Electroless deposition of gold or silver ions from solution was
used to increase the size of the planets and satellites of fully
assembled origami nanoclusters13,28. Gold deposition was per-
formed after the clusters had attached to a solid substrate
(Fig. 4a–c) (Supplementary Note 14). For the silver deposition
process, the clusters were kept in solution and gold–silver core–

 Au origami
nanocluster

Ag–Au origami
nanocluster

Chiral origami
nanocluster

Au–QD origami
nanocluster

Dye–QD origami
nanocluster

d e f g h
 AuNP satellite  AgNP satellite 9 × AuNP helix 4 × AuNP row

  
20 × dye row+

100 nm

DNA scaffoldDNA staple
strands

60 nm
14-helix bundle

24-helix bundleOrigami block

a

200 nm
b ×3-S

-

-S -S-TT

-S-TTCCTCTACCACCTACAT

ATGTAGGTGGTAGAGG

AAAAAAAAAAAAAAA -S-TTTTTTTTTTTTTTTTTTT

×12
c

Figure 1 | Planet–satellite nanoclusters. a, A single-stranded DNA scaffold (�8 kb) is annealed with �200 synthetic oligonucleotides (staples, each

�40 nucleotides long) to create various DNA origami structures of defined shape and size. b, Satellite nanoparticles functionalized with multiple thiolated

DNA strands are hybridized via handle sequences to the DNA origami structures. c, The nanoparticle bearing DNA origami structures are hybridized to

nanoparticle planets functionalized with a different DNA sequence. d–h, Top: schematic drawings of DNA origami structures carrying various satellites.

Middle: schematic drawing of the fully assembled planet-satellite clusters. Bottom: electron micrographs of uranyl-acetate-stained structures. Note that

the flattened appearance is a result of the drying process. d, Au nanocluster (planet, 60-nm gold nanoparticle (AuNP); satellites, 10-nm AuNPs).

e, Ag–Au nanocluster (planet, 80-nm AuNP; satellites, 20-nm silver nanoparticles (AgNPs)). f, Chiral nanocluster (planet, 80-nm AuNP; satellites,

nine × 10-nm AuNPs in a right-handed helix). g, Au–quantum dot (QD) nanocluster (planet, QD CdSeTe, 800-nm emission; satellites, four × 10-nm AuNPs).

h, Dye–QD nanocluster (planet, QD CdSeTe, 800-nm emission; satellites, 20× Cy3). Scale bars, 100 nm.
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shell satellites and planets were formed (Supplementary Note 14).
By altering the metal deposition time or metal ion concentration,
the size of the satellites could be controlled in a stepless manner
until the point where the satellites began to fuse into a ring
(surface-based deposition) or a shell (solution-based deposition)
around the planet. While we were not able to demonstrate seamless
closing of the shells with TEM or scanning electron microscopy
(SEM), these origami nanoclusters could be seen as small dots
with simple bright-field microscopy (Supplementary Note 15).
Interestingly, it was possible to conjugate the DNA origami struc-
tures carrying gold nanoparticle satellites with the gold planets,
even after the silver-enhancement process for the satellites. In this
way, hybrids with gold–silver (core–shell) satellites and gold-only
planets were formed, although with low assembly yields
(Supplementary Note 16).

We further observed that the origami nanoclusters assemble into
close-packed lattices when they are deposited at concentrations of
10 pM and are left to dry slowly on various surfaces (silicon oxide
and carbon-coated TEM grids) (Fig. 4d–f). In the different nano-
cluster lattices formed from samples with 100-nm–long, 24-helix
bundles and with varying planet sizes, we found slightly smaller
average planet–planet distances than expected (5–17%). This,
together with careful inspection of Fig. 4e, for example, allows us to
conclude that the ends of the satellite-bearing DNA structures inter-
penetrate slightly during the deposition process without sharing
satellite particles. We also interpret the formation of close-packed
lattices as a further proof of the uniformity of the nanoclusters.

To demonstrate the simple applicability of this well-controlled
scaffolding material, we observed quenching behaviour of the dye
molecule Cy5 in the vicinity of gold nanoparticles (20 nm) in sol-
ution-based ensemble measurements. In accordance with other
studies we find that gold nanoparticles exhibit measurable quench-
ing effects over a wide range of distances29–33. Figure 5a shows the
design of the photofunctional origami nanoclusters. The modularity
of the design allowed us to place dyes at virtually any distance
between 5 nm and 100 nm (we chose 5 nm, 9 nm, 16 nm, 22 nm
and 58 nm). For each measurement the assembled DNA spokes
contained dyes at only one of these distances and were conjugated
with the 20-nm gold nanoparticle planets (Fig. 5b). Our exper-
iments (Fig. 5c) show quenching over a distance of up to 22 nm.
When the data were fitted to a simplified 1/d4 model33, we obtain
an averaged d0 value—the distance at which the energy transfer effi-
ciency is 50%—of 12+2 nm, which is in very good agreement with
calculated values30 (Supplementary Note 17).
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of 80 nm were used for all nanoclusters shown. Top: schemes of DNA
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distance, 83 nm+15 nm (s.d.). c, Fourteen-helix bundle (length, 200 nm;
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Figure 3 | Planet–satellite stoichiometry control. The same DNA origami spacer (24-helix bundle) was used in all experiments shown. a–d, Top: schematic

drawings of the nanoclusters. Bottom: TEM images of the nanoclusters. On average we observe, in a, 3+0.5 (s.d.) satellites per 10-nm AuNP planet, in b
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To conclude, we have created a great variety of planet–satellite
nanoclusters with customized material properties and defined
sizes by nanoparticle- and DNA-origami-guided self-assembly.
We controlled the planet–satellite distances from a few nanometres
to 200 nm and demonstrated the possibility to precisely position
nanoparticles and organic dyes along the radial spacers, allowing
us to observe field-enhanced plasmonic CD on the one hand and
distance-dependent fluorescence quenching of fluorophores on
the other. To ultimately build efficient energy-funnelling nanocon-
structs, we propose to position nanorods as antennas around care-
fully placed colloidal quantum dots or reaction centres. Using this
approach, the design of plasmon-based nanolenses or surface
plasmon amplification by stimulated emission of radiation
(SPASERs) can be envisioned. Self-assembling arrays of plasmonic
particle rings and shells are also of potential interest for the creation

of ordered nanoscopic assemblies in metamaterial research. The
nanoclusters could find further applications as a framework for
Raman spectroscopy and Fano resonance studies, as porous catalytic
materials, or in biomedical research where specific arrangements of
bioactive molecules are needed.
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23. Liedl, T., Högberg, B., Tytell, J., Ingber, D. E. & Shih, W. M. Self-assembly of
three-dimensional prestressed tensegrity structure from DNA. Nature Nanotech.
5, 520–524 (2010).

24. Bui, H. et al. Programmable periodicity of quantum dot arrays with DNA
origami nanotubes. Nano Lett. 10, 3367–3372 (2010).

25. Deng, Z., Samanta, A., Nangreave, J., Yan, H. & Liu, Y. Robust DNA-
functionalized core/shell quantum dots with fluorescent emission spanning
from UV-vis to near-IR and compatible with DNA-directed self-assembly.
J. Am. Chem. Soc. 134, 17424–17427 (2012).

26. Dutta, P. K. et al. DNA-directed artificial light-harvesting antenna. J. Am. Chem.
Soc. 133, 11985–11993 (2011).

27. Clapp, A. R., Medintz, I. L. & Mattoussi, H. Förster resonance energy
transfer investigations using quantum-dot fluorophores. ChemPhysChem 7,
47–57 (2006).

28. Pilo-Pais, M., Goldberg, S., Samano, E., LaBean, T. H. & Finkelstein, G.
Connecting the nanodots: programmable nanofabrication of fused metal shapes
on DNA templates. Nano Lett. 11, 3489–3492 (2011).

29. Dulkeith, E. et al. Gold nanoparticles quench fluorescence by phase induced
radiative rate suppression. Nano Lett. 5, 585–589 (2005).

30. Anger, P., Bharadwaj, P. & Novotny, L. Enhancement and quenching of single-
molecule fluorescence. Phys. Rev. Lett. 96, 113002 (2006).

31. Acuna, G. P. et al. Distance dependence of single-fluorophore quenching by gold
nanoparticles studied on DNA origami. ACS Nano 6, 3189–3195 (2012).

32. Pal, S. et al. Quantum efficiency modification of organic fluorophores using
gold nanoparticles on DNA origami scaffolds. J. Phys. Chem. C 117,
12735–12744 (2013).

33. Persson, B. N. J. & Lang, N. D. Electron–hole-pair quenching of excited states
near a metal. Phys. Rev. B 26, 5409–5415 (1982).

Acknowledgements
The authors thank G. Acuna for discussions and S. Kempter for experimental advice. This
work was funded by the Volkswagen Foundation, the DFG through the Nanosystems
Initiative Munich (NIM), the ERC through the Advanced Investigator Grant HYMEM, and
the EU commission through the Marie Curie Research Training Network ICARUS.

Author contributions
R.S., J.D., J.F. and T.L. designed the research. R.S., J.D., E.M.R., T.Z., V.S., P.N. and T.L.
designed the nanostructures. R.S., J.D., E.M.R., T.Z. and P.N. performed experiments and
R.S., J.D. and T.L. wrote the manuscript.

Additional information
Supplementary information is available in the online version of the paper. Reprints and
permissions information is available online at www.nature.com/reprints. Correspondence and
requests for materials should be addressed to T.L.

Competing financial interests
The authors declare no competing financial interests.

LETTERS NATURE NANOTECHNOLOGY DOI: 10.1038/NNANO.2013.253

NATURE NANOTECHNOLOGY | VOL 9 | JANUARY 2014 | www.nature.com/naturenanotechnology78

© 2014 Macmillan Publishers Limited. All rights reserved

http://www.nature.com/doifinder/10.1038/nnano.2013.253
www.nature.com/reprints
http://www.nature.com/doifinder/10.1038/nnano.2013.253
www.nature.com/naturenanotechnology

	Hierarchical assembly of metal nanoparticles, quantum dots and organic dyes using DNA origami scaffolds
	Figure 1  Planet–satellite nanoclusters.
	Figure 2  Planet–satellite distance control.
	Figure 3  Planet–satellite stoichiometry control.
	Figure 4  Gold-enhanced origami nanoclusters and close-packed lattices.
	Figure 5  Fluorescence quenching studied with origami nanoclusters.
	References
	Acknowledgements
	Author contributions
	Additional information
	Competing financial interests


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /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 450
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    35.29000
    35.29000
    36.28000
    36.28000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    8.50000
    8.50000
    8.50000
    8.50000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (NPG PRINT PDF Job Options. 4th September 2006. PDF 1.3 Compatibility. Adds Trim and Bleed boxes top Nature pages where none exist.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


