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AQUEOUS SEC ANALYSIS OF CATIONIC POLYMERS AS GENE CARRIERS’
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Abstract Cationic polymers have been receiving much attention as non-viral gene vectors. The aqueous mobile phase was
optimized in combination with Shodex OHpak SB columns for size-exclusion chromatography (SEC) analysis of disulfide-
containing poly(ethylene imine) (PEI) derivatives used in gene delivery. Addition of acetonitrile in mobile phase was shown
to be able to suppress the hydrophobic interactions between polymer analytes and the stationary phase. The absolute
molecular weights and distributions of the cationic polymers were determined directly from online SEC-MALS (multi-angle
light scattering)/RI (refractive index detector). The results demonstrate that a good SEC separation of disulfide-containing
PEI derivatives used in gene delivery with little band broadening was achieved.
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INTRODUCTION

Water-soluble cationic polymers have been receiving much attention as non-viral gene carriers!’), which
condense plasmid DNA by ionic interactions. Among them, poly(ethylene imine) (PEI) has been regarded as the
“golden” standard showing relatively high transfection efficiency, particularly in vitro, due to the proton sponge
effect'”*!. High molecular-weight (HMW) PEIs such as 25 kDa PEI are highly effective in gene transfection, but
also induce high cytotoxicity due to the high cationic density and lack of biodegradability!*. Low molecular
weight (LMW) PEIs, such as 1.8 kDa PEI, are less cytotoxic but poor efficient in gene transfection'® ). The
molecular weight of the cationic polymer is one of the key characteristics, which can influence the transfection
efficiency and the cytotoxicity of the polymer/DNA polyplexes!®.

Size-exclusion chromatography (SEC), which is also referred to as gel-permeation chromatography (GPC),
is a common analytical technique for the determination of molecular weight and molecular weight distribution
(MWD) of polymers!”. However, aqueous SEC is tricky for the analysis of polyelectrolytes, due to the
interaction between sample molecules and the packing material, which disturbs separation efficiency and
reproducibility!™. Because almost all common column packings bear a negative surface charge, in particular
SEC of cationic polymers is problematic’” '), There are many the so-called secondary effects, such as ion-
exclusion (sample elutes early), ion-interaction and hydrophobic interactions (sample elutes late) which affect
the chromatographic behavior of polyelectrolytes. Thus, salts are often added in the mobile phase to prevent
polyelectrolytes chain expansion. However, when the salt concentration of the mobile phase is too high,
hydrophobic interactions may occur '”, Hydrophobic interactions can be minimized by addition of an organic
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solvent to the eluent'™ '), The SEC conditions are not universal, optimization is usually required for a specific
polymer.

Disulfide bonds can be reduced and cleaved by intracellular glutathione (GSH)!'?, and then induce
dissociation of polymer/DNA complexes and releasing DNA to exhibit its function''* ', Disulfide-containing
PEI derivatives were synthesized by click chemistry!®! for gene delivery in our group. The purpose of this study
was to find the best SEC elution conditions for such PEI derivatives, and their absolute molecular weights and
MWDs were determined using SEC-MALS (multi-angle light scattering).

EXPERIMENTAL

Materials

Branched poly(ethylene imine) (PEI) with molecular weight of 1.8 kDa was purchased from Alfa Aesar.
Methanol and acetonitrile were supplied by Fisher Scientific (HPLC grade) and used without any further
purification. The cationic polymers disulfide-containing polyethylenimine derivatives investigated in this work
were synthesized by click chemistry, using CuBr as catalyst as described previously!'® ', All other chemicals
were analytical grade and used as received.

SEC-RI System

To optimize the aqueous SEC conditions, a Waters model 510 HPLC pump, a Spark Holland Basic Marathon
autosampler with a loop volume of 20 pL and a Shodex RI-101 refractive index detector (RI) were used to
perform the SEC experiments. Only one Shodex OHpak SB-803 HQ column (300 x 8.0 mm) was used and the
various mobile phases were investigated. The sodium acetate eluent (0.3 mol/L NaAc, pH 4.4) was prepared by
dissolving a calculated amount of sodium acetate in reverse osmosis water, and the pH was adjusted to 4.4 with
acetic acid. The eluents 0.3 mol/L NaAc (pH 4.4) with 30% methanol or 30% acetonitrile were made by mixing
buffer 0.3 mol/L NaAc (pH 4.4) and organic solvents in V/V ratio. The obtained eluents were filtrated through a
0.22 um HPLC filter and degassed prior to use by ultrasound. The column was thermostated at 30°C and the
flow rate was 0.5 mL/min.

SEC-Multiangle Light Scattering (MALS)/RI System

To determine the absolute molecular-weight and molecular-weight distribution (MWD) of the cationic polymers,
we used an SEC-MALS/RI system consisted of a Waters 2690D separations module, a Waters 2414 RI detector
and a Wyatt DAWN EOS MALS detector. The MALS detection measures the light-scattering intensity at 18
different angles and the RI detection measures the concentration of the polymer. This instrument contained a
built-in autoinjector with a sample loop allowing injection of variable sample volumes. Two chromatographic
columns (Shodex OHpak SB-803 and SB-802.5, Showa Denko, Japan) with a precolumn (Shodex SB-G) were
used in series. The flow rate was 0.3 mL/min. The refractive index increment dn/dc value of PEI (1.8 kDa) was
determined as 0.245 mL/mg from the RI response assuming sample mass recovery from the column of 100%
and used for all the PEI derivatives in this work. The data collection and the data analysis were done with Astra
software (Wyatt Technology).

RESULTS AND DISCUSSION

Synthesis of Disulfide-containing Polyethylenimine Derivatives by Click Chemistry for Nonviral Gene
Delivery

Branched poly(ethylene imine) (PEI) with low molecular weight of 1.8 kDa was first functionalized by activated
azidopropanol, 3-azidopropyl ester of carbonylimidazole. The resulting azide-terminated PEI was then cross-
linked with disulfide-containing dialkyne BPPA-Cyst (bis[(propargyl carbamate)ethyl] disulfide) by click
reaction as described previously!'®), to obtain a disulfide-containing reduction-sensitive PEI derivative with high
molecular weight, denoted as PEI-SS-CL. The structure of the obtained soluble polymer PEI-SS-CL was
confirmed by 'H-NMR and FTIR!"®. The structure illustration of the disulfide-containing PEI-SS-CL is shown
in Fig. 1. However, the SEC elution behaviors of the obtained PEI-SS-CLs, combining Shodex SB columns
(Shodex OHpak SB-803 and SB-802.5 with a precolumn Shodex SB-G) and 0.3 mol/L NaAc (pH 4.4) as the
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mobile phase, was not reasonable. Tailing peaks of PEI-SS-CLs were observed, which partially overlapped with
the solvent peak, and PEI-SS-CLs eluted surprisingly later then the branched PEI 1.8 kDa (data not shown).
Another novel disulfide-containing brushed polyethylenimine derivative, denoted as P(Asp-Az-Al-ss-PEI)
(Asp-EA),, was synthesized by click chemistry between mono-alkyne-terminated PEI (1.8 kDa) with disulfide
linkage and poly(aspartic acid) with azide groups in side chains!'”). Its schematic structure is shown in Fig. 2.
Same problem was observed for the SEC analysis of such disulfide-containing brushed polyethylenimine P(Asp-
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Fig. 1  Structure illustration of the disulfide- Fig. 2 Schematic structure of disulfide-containing
containing cross-linked PEI derivative PEI-SS-CL brushed PEI derivative P(Asp-Az-Al-ss-PEI)(Asp-EA),

Optimization of the Aqueous Mobile Phase

In previous paper''” a suitable SEC method for molecular-weight characterization of various cationic gene-
delivery polymers was established and applied for poly(2-(dimethylamino)ethyl methacrylate)s (PDMAEMAs),
using 0.3 mol/L NaAc (pH 4.4) as the mobile phase and Shodex SB columns. It worked fine at the same SEC
conditions for SEC analysis of branched PEI (25 kDa). It was also found that 0.3 mol/L NaAc (pH 4.4) is a
suitable eluent in combination with Shodex OHpak SB columns for SEC analysis of brushed PDMAEMAs!®.
However, the same SEC combination conditions were not suitable for the obtained PEI derivatives PEI-SS-CLs
and P(Asp-Az-Al-ss-PEI)(Asp-EA),.

To optimize the aqueous SEC conditions, only one Shodex OHpak SB-803 column was used and the
various mobile phases were investigated. As shown in Fig. 3, the PEI-SS-CLs, supposed to be much higher in
molecular weight than the starting polymer branched PEI 1.8 kDa, came out later then the branched PEI
1.8 kDa, which indicated the presence of enthalpic interaction (adsorption) with the stationary phase when
eluent 0.3 mol/L NaAc (pH 4.4) was used. We found in previous paper''® that 30% methanol added into the
mobile phase of 0.3 mol/L NaAc, pH 4.4 with two PL aquagel-OH 30 columns (8§ mm, 300 x 7.5 mm, Polymer
Labs) could effectively suppress the enthalpic interactions of bioreducible poly(amido amine)s with the
stationary phase. As seen in Fig. 4, when eluent 0.3 mol/L NaAc (pH 4.4) with 30% methanol was used, the
elution behavior of the PEI-SS-CLs, was improved and less tailing was observed. But still, the PEI-SS-CLs,
supposed to be much higher in molecular weight than the starting polymer branched PEI 1.8 kDa, came out not
earlier then the PEI 1.8 kDa, which suggests enthalpic interactions existing. When 30% acetonitrile was added to
the mobile phase (0.3 mol/L NaAc, pH 4.4), as shown in Fig. 5, no tailing was observed and better separation
was obtained for the PEI-SS-CLs. This indicates that the hydrophobic interactions existing between PEI-SS-CLs
and the stationary phase can be suppressed by adding acetonitrile to the mobile phase.
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Fig. 3 SEC chromatograms of cationic polymers PEI-
SS-CLs and 1.8-kDa-PEI in eluent 0.3 mol/L NaAc
(pH 4.4) with flow rate of 0.5 mL/min: (A) PEI-SS-
CL2, (B) PEI-SS-CL1, and (C) 1.8-kDa-PEI

X.L. Jiang et al.

RI response

12 13 14 15 16 17 18 19 20
Time (min)

Fig. 4 SEC chromatograms of cationic polymers PEI-

SS-CLs and 1.8-kDa-PEI in eluent 0.3 mol/L NaAc (pH

4.4) with 30% methanol with flow rate of 0.5 mL/min:
(A) PEI-SS-CL2, (B) PEI-SS-CL1, and (C) 1.8-kDa-PEI
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Fig. 5 SEC chromatograms of cationic polymers PEI-SS-CLs and 1.8-kDa-PEI in eluent 0.3 mol/L NaAc (pH 4.4)
with 30% acetonitrile with flow rate of 0.5 mL/min: (A) PEI-SS-CL2, (B) PEI-SS-CL1, and (C) 1.8-kDa-PEI

Injected Amount (Volume) Effect on Polymer SEC Chromatogram

When a mixture of 70% 0.3 mol/L NaAc solution, pH 4.4 and 30% acetonitrile was used as the eluent, good
separation was obtained for the SEC analysis of brushed P(Asp-Az-Al-ss-PEI)(Asp-EA),. Figure 6 shows the
injected amount (volume) (with fixed polymer concentration) effect on the SEC chromatogram of the brushed
P(Asp-Az-Al-ss-PEI)(Asp-EA),. The integrated area was proportional to injected volume (and thus amount) in
the investigated range (0.10-1.0 mg), which indicates the absence of the strong enthalpic interaction
(adsorption) between polymer and stationary phase. A similar effect of the injected amount on the SEC elution
behavior was also observed for PEI-SS-CLs.
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Fig. 6 Effect of the injected amount of brushed P(Asp-Az-Al-ss-PEI)(Asp-EA), on the SEC chromatograms

Columns: Shodex OHpak SB-G, SB-803 and SB-802.5; Eluent: 0.3 mol/L NaAc (pH 4.4) with 30%

acetonitrile; Flow rate: 0.3 mL/min; Polymer concentration: 4 mg/mL; The variation of the injected amount

was realized by varying the injection volume from 20 pL to 200 pL indicated in the figure.

Molecular-weight and Molecular-weight Distribution of Cationic Polymers by SEC/MALS

Online coupling of a molecular-weight-sensitive MALS detector was carried out to determine the absolute
molecular-weight and molecular-weight distribution (MWD) for cationic polymers and to verify the absence of
secondary effects at the optimal aqueous SEC conditions. Figure 7 shows the SEC/MALS chromatograms of
two polymers (a disulfide-containing PEI derivative PEI-SS-CL2 with high molecular weight and LMW
1.8-kDa PEI) and the corresponding absolute molecular-weight versus elution volume (i.e., local calibration
line). The low molecular-weight 1.8-kDa PEI had a lower light scattering (LS) response and a higher RI
response, whereas the PEI derivative PEI-SS-CL2 with high molecular-weight displayed the reverse. This is
reasonable because the LS detector is more sensitive to polymers with high molecular-weight. The two local
calibration lines reasonably fit to one line over a wide molecular-weight range, indicating that a good SEC
separation of PEI and its derivatives with little band broadening is obtained with the used eluent 0.3 mol/L
NaAc, pH 4.4 with 30% acetonitrile in combination with the Shodex SB columns. The average values of
molecular-weight and MWD can be obtained from the combined measurements of molecular-weight (weight
average, MW) and the concentration obtained with the RI detector for each elution slice, as summarized in
Table 1.
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Fig. 7 The dependencies of molecular weight versus elution volume for PEI-SS-CL2 and 1.8 kDa PEI
and the corresponding RI (A and B) and MALS (at 90°-angle, C and D) chromatograms
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Table 1. SEC results of the disulfide-containing PEI-SS-CLs

Sample M, (kDa) M,, (kDa) PDI
PEI-SS-CL1 3.0 9.4 3.12
PEI-SS-CL2 7.7 14.2 1.85
PEI-SS-CL3 4.9 9.22 1.87
1.8 kDa PEI 1.49 2.06 1.38

CONCLUSIONS

The aqueous mobile phase was optimized in combination with Shodex OHpak SB columns for SEC analysis of
disulfide-containing cross-linked PEI derivative PEI-SS-CL used in gene delivery, by adding acetonitrile to
suppress the hydrophobic interactions between polymer analytes and the stationary phase. These conditions were
also shown to be suitable for the disulfide-containing brushed polyethylenimine P(Asp-Az-Al-ss-PEI)(Asp-
EA),. The absolute molecular weights and distributions of the cationic polymers were obtained directly from
online SEC-MALS/RI. The results demonstrate that a good SEC separation of disulfide-containing PEI
derivatives used in gene delivery with little band broadening was achieved.

Appendix: Some figures with essential colour discrimination can be found in the on-line version.

REFERENCES

Xu C.H., Sui, M.H., Tang, J.B. and Shen, Y.Q., Chinese J. Polym. Sci., 2011, 29(3): 274

Boussif, O., Zanta, M.A. and Behr, J.P., Gene Ther. 1996, 3: 1074

Akinc, A., Thomas, M., Klibanov, A.M. and Langer, R.J., Gene Med., 2005, 7: 657

Godbey, W.T., Wu, K.K. and Mikos, A.G. J., Biomed. Mater. Res., 1999, 45: 268

Fischer, D., Bieber, T., Li, Y., Elsasser, H.P. and Kissel, T., Pharm. Res., 1999, 16(8): 1273

Jiang, X.L., Lok, M.C. and Hennink, W.E., Bioconjugate Chem., 2007, 18: 2077

Zhong, Y.L. and Jiang, X.L., Progress in Chemistry(in Chinese), 2010, 22(4): 706

Guo, X., Condra, M., Kimura, K., Berth, G., Dautzenberg, H. and Dubin. P.L., Anal. Biochem., 2003, 312: 33

Wittgren, B., Welinder, A. and Porsch, B., J. Chromatogr. A, 2003, 1002: 101

Jiang, X.L., van der Horst, A., van Steenbergen, M.J., Akeroyd, N., van Nostrum, C.F., Schoenmakers, P.J. and

Hennink, W E., Pharm. Res., 2006, 23: 595

11 Adler, M., Pasch, H., Meier, C., Senger, R., Koban, H.G., Augenstein, M. and Reinhold G., e-Polymers, 2005, no. 057

12 Schafer, F.Q. and Buettner, G.R., Free Radic. Biol. Med., 2001, 30(11): 1191

13 Lin, C. Zhong, Z.Y., Lok, M.C,, Jiang, X.L., Hennink, W.E., Feijen, J. and Engbersen, J.F.J., J. Control. Release,
2006, 116: 130

14 Bauhuber, S., Hozsa, C., Breunig, M. and Gopferich, A., Adv. Mater., 2009, 21: 3286

15 Yang, Q.Z., Liu, J. and Jiang, X.L., Progress in Chemistry(in Chinese), 2010, 22(12): 2337

16 Liu, J. Jiang, X.L., Xu, L., Wang, X.M., Hennink, W.E. and Zhuo, R.X., Bioconjugate Chem., 2010, 21: 1827

17 Jiang, X.L., Liu, J., Zhang, G.Y., Yang, Q.Z. and Zhuo, R.X., 2011, Chinese Patent Application CN2011100206848
(in Chinese)

18 Lin, C., Zhong, Z.Y., Lok, M.C., Jiang, X.L., Hennink, W.E., Feijen, J. and Engbersen, J.F.J., Bioconjugate Chem.,

2007, 18: 138

O 00 3 N Lt A W N =

—
(e




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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 false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


