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Instrumentation

Methods

Results

Glutaraldehyde activated (3-aminopropyl) triethoxysilane (APTES) surfaces (ALD) were prepared on cleaned, borosilicate glass slides. Patterns of domains containing human extra cellular matrix protein (ECM) or
Nerve Growth factor (NGF) were constructed using a Nano eNabler™ instrument (NeN) and micro fabricated, single cantilever Surface Patterning Tools (SPTs™). The proteins were diluted in PBS and 5% (v/v) glycerol.
Protein (0.3 ml) in printing buffer was loaded into the reservoir on the SPT substrate. The loaded SPT was mounted into the NeN and printing was initiated by bringing the distal end of the SPT into contact with the
substrate under reproducibly controlled applied force to transfer the protein from the SPT to the surface creating a pattern.

PC-12 cells were maintained in RPMI 1640 medium with 7.5% fetal bovine serum 100 I.U. penicillin, 100 µg streptomycin and 0.25 µg/ml amphotericin B (Complete Medium - CM).  Sub-confluent cells were released
from the substratum using 0.25% trypsin-EDTA, washed with complete media, and collected by centrifugation (500 x g, 3 minutes). Cells were suspended in CM at 0.5 - 1 x 106/ml  for binding to patterns.

The arrayed surfaces were placed in 35 mm Petri dishes and a sufficient volume of cell suspension (2.5 ml) in CM was immediately added to cover the chip. Chips were incubated without agitation in a CO2 incubator
for 10-12 min. The progress of cell binding to domains was monitored by an inverted microscope.  Excess unbound cells were removed by rinsing with fresh CM.  Rinsed chips were further incubated in CM, differentiation
medium (F12 containing 0.1% calf serum, 0.05% fetal bovine serum, and antibiotics)(NGF-) or NGF- containing NGF at 100 ng/ml (NGF+) as indicated.
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Figure 5.  PC12 cells on multiplexed arrays of NGF and ECM.  A. Alternate rows of ECM and
NGF pattern.(B)  Cells in NGF- media at 12 h on array (C). Cells in NGF+ media on array at 16h

Figure 6.  PC12 cells on inter digitated array of NGF and ECM.  A. Inter digitated array of ECM and NGF. The dotted
box area represents the inter digitated area. B.  Cells in NGF - media at 12 h on the array. Neurite formation is seen
only in the inter digitated region.
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Conclusion
The basolateral surface of PC-12 cells contain receptors responsive to NGF covalently
linked to glass surface. This suggests that the NGF does not necessarily need to enter
the cell for acitivation but only needs to interact with the NGF receptor. This supports
the hypothesis that neural crest development occurs by NGF interactions through the
endothelial strictures at the cell basolateral surface.

Undifferentiated pheochromocytoma-derived PC-
12 cells multiply in high serum as loosely attached
and unattached clusters of endorphin-producing
spherical cells. Under low serum conditions they
respond to nanogram levels of the media-added
neurotrophin, nerve growth factor (NGF), by
producing neurite-like structures. We studied
basolateral activation of PC-12 cells using patterns
of NGF on a glass surfaces. The pattern geometry
was selected to encourage cell binding to matrix
domains that would bring the cell into contact
with one or more NGF domains.

Figure 1

Figure. 2.  PC12 cells on ECM patterns in the presence or absence of NGF.  A-C, NGF- media, ECM Pattern (A),
Cells on at 30 min (B) and Cells at 2h (C), respectively. D-F, NGF+ media, ECM Pattern (D), cells at 30 min after
addition of NGF (E) and Cells at 48 h (F) respectively.

1. PC-12 cells bind to the ECM domains. In the absence of NGF in the media, cell divide but
do not differentiate. Upon addition of NGF, the cell differentiate and develop neurites

Figure. 3.  PC12 cells on patterned domains of ECM-NGF mixture. A. Cells at 20 min post-
binding.  B. Cells at 16 h.

Figure 4.  PC12 cells on pattern of ECM domains on a NGF coated surface. NGF (0.2 ng/ul)
was incubated for 30 min on a section of APTES ALD glass, rinsed and blown dry. ECM patterns
were constructed over the treated slide and cells added.  A. Cells in DF- media at 20 min post-
binding; B. Cells at 16h.
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2. PC-12 cells binding to a pattern of ECM-NGF mixture differentiate and
develop neurites.

3.  PC-12 cells  binding to multiplexed patterns of ECM-NGF do not
differentaite unless they come in contact the NGF domains. The neurites
tend to follow the ECM pattern rather than the NGF pattern. Also the cells
bind only to the ECM domains and not the NGF domains.

4. PC-12 cells binding to inter digitated arrays of ECM and NGF differentiate and develop
neurites if the pattern geometry is such that the cells are in contact with both the NGF and
ECM domains

BioForce NanoSciences has developed a
technology for deposition of liquids in femtoliter
to attoliter volumes on solid surfaces and can be
used to print biological materials in intricate
and multiplexed, multicomponent patterns.

This technology is embodied in the Nano
eNabler™ (NeN) System consisting of the Nano
eNabler (Fig 1) instrumentation (the printer)
and the surface patterning tools (SPTs).

Components of the Nano eNabler include
precision motion control X and Y axis stages,
a coarse Z axis stage, a high-precision fine Z
axis stage, a video monitoring system, an
environmental  control  system,  a  force
feedback system used to control and maintain
printing force, and a graphical user interface
for pattern design and instrument control.


