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Report:

The sudy of the interactions of iff filamentous biopolydectrolytes, such as DNA, actin and microtubules, with
oppositely charged dectrolytes (cationic lipids, multivaent cations, ....) or polyeectrolytes (polyamine dendrimers,
histones, ...) plays an important role for the understanding of principa biophysicad processess and for the
devdopment of new maerids. These long chan macromolecules can be digned in lithogrephicaly patterend
microchannd devicesif the width and/or depth of the microchanndsisin the order of atypicd macromolecular length
[1]. The structurd characterization of these biomaterids, which barely show interpretative features in unoriented
samples without further complications introduced e.g. by powder averaging, should be improved due to the induced
orientation.

For the first xray experiments on microchannel samples we focused our interests on the syssem DNA/polyamine
dendrimer (G4 - 4™ generation). This system is discussed as a possible carrier for gene therapy and seemsto be a
model system for (artifical) chromosomes.

The influence of the patterned microchannel substrate on the scattered signd has been tested on an microchanne

device (channd length: 1500um; channe width: Spum; channd depth: ~0.2um) which was homogeneoudy coated with
a thin polydectrolyte film of 9nm. A detector scan (perpendicular) and the reflectivity data of this sample for two
different orientations of the microchannels to the xray beam (pardle and perpendicular) are shown in figures 1 and
2. The reflectivity curve with a pardld orientation shows only Kiessg fringes due to the thin organic film of 9.2nm. In
comparison, the specular reflectivity of the device with perpendicular dignment is influenced by the microchannd

pattern. Additiond Kiessg fringes with a spacing corresponding to athickness of 220nm can be found.

The samples for the GID experiments were prepared in the following way. A DNA-solution was mixed with a
dendrimer-solution on top of a microchanne device and was squeezed into the microchanne s with ateflon bar. Using
this technique, areas of ~5mm (dlong the channels) to ~1mm (perpendicular) of aligned DNA/dendrimer complexes



were achieved which was tested by polarization microscopy. GID experiments could be carried out, if the xray
beam hit the microchanndsin pardld orientation.

gl 1E7 -
_ 2000 -] channels E ..\ N .
> 1500 E b | N N "'-‘
S, 3 . ERY PSP R
Z o0 100000 3 w’ﬁ e oS
E) 1 ; H / -ﬂm "'\‘
= 500—- A L h 3 E 100 ‘.q
- A S, ] #
T T T T T T T T T > 1000 = T T T ’
-0.2 -0.1 0.0 01 0.2 ...: E 0.04 0.06 0.08
o ]
Dqspec:r’ GC) _; v‘\
Figure 1: c 10 3 parallel
Detector scan around a specular angle of 1°. The
beam hits the sample perpendicular to the ] )
orientation of the microchannels. perpendicular
. o.l T I T I T
Figure2: ® 0.0 0.1 0.2 0.3
Reflectivity measurements of a polyelectrolyte Q [ Al]
V4

coated microchannel Si-substrate parallel and
perpendicular to the channel orientation.

The GID pattern of DNA/dendrimer complexes digned in pardld microchannds (width: Sum; depth: 0.6um) at an
angle of 150% a . is shown in figure 3. A peak due to the dignment of the complex materia can be found (arrow).
However, scattering from bulk materia (in the channels or on top of the channels?) can dso be observed. The pesks
(figure 4) correspond to a liquid crystaline 2D-square pattern of the DNA (Q11/Q1o » CR, 0o » 3nm) which has
been found aso in bulk samples of these complexes with an charge ratio dendrimer (+)/DNA (-) <1[2].
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Figure 3:

GID (at 150% a.) of DNA/dendrimer complex aligned in parallel
microchannels (width: 5um; depth: 0.6um). The x-ray beam hits
the sample parallel to the orientation of the microchannels.

Intensity along the white line of figure 3.

The used sample preparation techniques (squeezing or micromanipulating [1]) do not give access to sample aress,
where a sufficiently large part of the channds is filled with wdl digned materid for measurements at different
rotational angles to improve the characterization of the inner structure of the materid (eg. pattern of the counter
ions/dendrimers).

For this reason we are going to try different preparation ways. DNA and the dendrimers can be transferred
dternady on a dlicon subdrate usng the layer-by-layer transfer. In comparison to the “norma” layer-by-layer



tranderred multilayer films, which show an linear thickness increase with layer number n, the thickness of the
DNA/dendrimer multilayers increases exponentidly [3]. Reflectivity data of a DNA/dendrimer multilayer are shown
in figure 5. The thickness of the complex film depends clearly on the humidity (30nm in dry He amosphere, 57nmin
H,O/He atmosphere).
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The GID pattern of this film (at 85% a., figure 6) contains features, which were found in bulk DNA/dendrimer
materials at charge ratios dendrimer (+)/DNA (-) 3 1 ( 2D hexagona pattern, Qu1/Q1o » OB, dio » 3nm, figure 7)
[2]. Since these thin films have more likely a bulk gtructure than a layered structure, we have now a technique to
prepare these biomaterials in a more controlled way.
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Figure 6: GID (at 85% a.) of a DNA/Dendrimer-multilayer (seealso FiQUre 7: Intensity versus 2g(in plane) at 2d» 0%,
reflectivity datain figure 5).

Using microgtructred PDM S fluidic devices (100 - 1000 paralel channels of 2-20um width) on aflat silicon subgtrate
during the layer by layer trandfer, the macromolecules should adsorb preferentidly pardld to the flow direction.
Especidly, multilayers containing the iff proteins actin or microtubules will show an srong dignment. Using these
dignment technique, the x-ray measurements will also not be affected by photolithographic grooves (in comparison to
figures1 and 2).
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