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Short Abstract: should include a general description of the article (10 word minimum, 50 word maximum):   

Here we describe a novel method for engineering biocompatible micro patterns using a molecular printing system.  In this study the polymer micro patterns were used to create an array conducive to the attachment and growth of brain cells creating an easily observable and testable platform for single and multi-cell interactions.
Long Abstract: (150 word minimum, 400 word maximum)

Interaction with extracellular matrix and/or other cells can induce cell shape changes associated with growth and differentiation.  Substrates modified with bio-compatible micropatterns having nanoscale characteristics and defined spatial arrangement can provide a suitable test bed for studying these interactions.  By creating a network of connected patterns conducive to cell binding and preferential growth, one can more easily study cell to cell contact by manipulating the substrate with which the cell interfaces.  Construction of bio-compatible three dimensional substrates generally employs layer by layer (LbL) self assembly or polydimethylsiloxane (PDMS) stamps.  Here we present a versatile method for the real time modification of glass substrates using a programmable molecular printer.  The printer utilizes a software controlled micro cantilever to deposit droplets composed of femto liter amounts of polymer ranging in diameter from 10 to 20 μm with center to center spacing of 30 to 50 μm apart.  This method can be utilized to pattern on both glass and plastic, providing an easily observable test bed for single and multi-cell interactions.

Text: should include a step-by-step description of the experimental procedure (protocol). Describe procedures in sufficient detail so that the work can be reproduced.   Please use complete sentences, and write with a style similar to the example below, so that the protocol sounds natural when read.   

Protocol:

I. Schematic Overview

This protocol demonstrates the steps involved in creating a glass substrate modified with fluorescein isothiocyanate (FITC)-linked poly-L-lysine (PLL) patterns conducive to the attachment and growth of cells.  A schematic of this process is shown in Figure 1.  A cleaned glass slide (1) is modified with aldehyde modified amino silane (2).  Patterns, here FITC linked PLL, are deposited using the Nano eNabler molecular printing system (3).  Patterns are set with low temperature baking followed by surface blocking using bovine serum albumin (BSA) to impede non-specific cell binding (4).  

II. Slide Preparation
1. Before preparing slide for surface modification, two to four regions are etched onto the glass slide using a glass cutter or engraver.  This provides a visual boundary when patterning using the molecular printer.

2. Slides are sonicated in deionized water for thirty minutes followed by another round of sonication in 75% ethanol.  Slides are removed, washed once with deionized water, and blown dry using dry nitrogen.

3. The newly cleaned slides are then silanized to increase bonding of the printed substances (in this case polymers) using vapor deposition.  

4. Before silanization, the glass slides are exposed to ultraviolet (UV) light for 1 hour to increase wetting.  

5. Place a micro centrifuge tube cap filled with 50 μl of (3-aminopropyl)-triethoxysilane (APTES) in the center of a glass Petri dish.  Place your cleaned slides around the APTES filled centrifuge cap ensuring that the etched side of each slide is facing up.  

6. Place the covered Petri dish in an oven and bake at 60°C for 2 hours.  

7. After baking for 2 hours remove the micro centrifuge cap and place the closed Petri dish with the slides back into the oven and bake at 100°C for 16 hours.

8. After baking allow slides to cool and immerse in 6% gluteraldehyde in 1x PBS for 2 hours at room temperature.

9. Slides are then washed with deionized water and blown dry using dry nitrogen.  

10. APTES modified slides are stored in refrigerator for future use.
III. Pattern Printing

1. Place the silanized slide on the loading stage of the molecular printer, making sure to center it on the stage.

2. To print patterns consisting of spots ranging from 10 to 30 µm in diameter a surface patterning tool (SPT) consisting of a 30 µm cantilever is back loaded with FITC linked poly-L-lysine using a 0.5-10 µl pipettor.  The reservoir of the SPT typically accepts 0.5 µl of liquid.  To prevent premature drying prior to back loading the FITC linked poly-L-lysine is mixed in a 1:1 ratio with a loading buffer consisting of 3 to 5% glycerol in 1x PBS.  In this protocol a final concentration of 2.5 mg/ml of FITC-PLL was used for patterning.  

3. The loaded SPT is then placed on the molecular printer and lowered to the surface.  

4. For this video demonstration the cantilever surface contact speed was set to .05 µm/ms, with a withdraw distance of 20 µm.  The cantilever surface dwell time, the time the cantilever remains on the substrate before moving to the next pattern, was set to approximately 0.5 seconds.  These settings may be adjusted for larger or smaller spot diameter.

5. Humidity inside the machine can be adjusted, (by injecting dry nitrogen gas, or not); for this video humidity was kept at 50%.

6. After pattern printing the substrate is carefully removed from the machine and placed in a 35mm plastic Petri dish, and covered with foil to block against excess light.  Newly printed patterns are examined under microscopy to confirm proper pattern printing.   

7. Patterned substrate is transferred to glass Petri dish and placed in pre-heated oven to 60° Celsius.  Allow to bake for 15 minutes.  

8. Remove baked patterned substrate and allow cooling to room temperature.  Again examine using microscopy to confirm pattern permanence. 

9. Return patterned substrate to 35mm plastic Petri dish and store under refrigeration until ready to add cells for study.
IV. Cell Seeding of Patterns

1. Prior to placing cells on printed patterns the substrate is immersed for 1 hour in a 5% solution of 1mg/ml Bovine Serum Albumin (BSA) in 1x PBS to inhibit non-specific binding of cells.  

2. The slide is removed and then gently immersed in deionized water to remove excess BSA and dried under dry nitrogen.

3. The patterned substrate is then placed in a new sterile 35mm plastic Petri dish, and sterilized under UV for 15 minutes.  

4. Depending on cell type and pattern size and shape, a concentration ranging from 40,000 to 75,000 cells per ml can be used, as determined by using Trypan Blue in combination with a hemacytometer.

5. With the patterned substrate in the 35mm Petri dish, transfer your chosen concentration of cells by using a pipette man to withdraw approximately 20 µl of cell solution, ensuring that the pipette tip does not touch the substrate surface.  A droplet will form over your patterned area.

6. To ensure that cells are given enough time to attach to the patterned surface inside the droplet, carefully place the Petri dish inside an incubator, and incubate for thirty minutes.

7. While waiting pre-warm cell media.

8. After thirty minutes remove the Petri dish from the incubator.  Examine under microscopy to ensure cells have reached the patterns.  

9. After confirmation of cell attachment, gently flood dish with fresh warm media.

10. Examine the patterned substrate under microscopy.
V. Imaging

1. For this video demonstration we used 10x and 20x objectives.  

2. A Chroma fluorescent 480 nm excitation filter was used to visualize the spots once covered by cells.  See representative results.
3. This video demonstration used a fluorescent linked polymer for pattern deposition.  Patterns once covered by cell bodies are difficult if not impossible to visualize with only white light.  Fluorescently linked proteins and polymers, for example, allows for one to confirm cell attachment to pattern (Figure 2).  
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Discussion: Short discussion on critical steps, possible modifications, applications, significance, etc…

This protocol demonstrates the steps in modifying a glass substrate with an array of patterns consisting of a FITC linked polymer.  The method provides advantages over LbL pattern assembly and PDMS stamping through the capability of creating patterns in real time, at room temperature, and without the use of lithography or harsh chemicals.  While we have previously described successful patterning of neuronal cells using LbL and photolithography [1,2], in the methods described here, the substrate patterns are created much more quickly.  Thus, environments potentially more conducive to cell growth and attachment (for example using labile growth factors), could be engineered in the future.
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	APTES
	Sigma
	A3648
	

	FITC-PLL
	Sigma
	P3069
	

	Nano eNabler Molecular Printer
	Bioforce Nanosciences
	
	

	Bovine Serum Albumin
	Sigma
	A4919-1G
	

	Surface Patterning Tool
	Bioforce Nanosciences
	SPT-S-C30
	

	Loading Buffer
	Bioforce Nanosciences
	SB.KIT
	

	10-200 µl Pipettor
	VWR
	89079-968
	

	0.5-10 µl Pipettor
	vwr
	89079-962
	

	1-200 µl  Pipettor Tips
	Fisher Scientific
	02-681-2
	

	Glass Petri dish
	VWR
	89001-256, 89001-250
	

	Microcentrifuge Tube
	VWR
	87003-294
	

	sonicator
	Branson
	model 1510
	

	Glass microscope slide
	VWR
	48311-600
	

	Trypan Blue
	sigma
	T8154
	

	Hemacytometer
	sigma
	Z359629
	

	inverted fluorescence microscope
	Nikon
	TE 2000-U
	

	Sterile hood
	
	
	

	CO2 incubator
	vwr
	WLS1763-58
	

	Oven
	vwr
	WLS64105-30
	

	10X PBS
	invitrogen
	14200-075
	

	35 mm plastic Petri dishes
	vwr
	25373-041
	

	Gluteraldehyde
	sigma
	G7651
	

	Rat Hippocampal Astrocytes
	Lonza
	R-HIAS-521
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Figure legends—
Figure 1:  an exploded view displaying the layers involved in creating a patterned substrate of FITC-linked poly-L-lysine spots.

Figure 2. Rat brain astrocytes on patterned FITC/PLL spots.  Panel (a):  17 hours post attachment, phase microscopy.  Panel (b) Fluorescent patterns of the same field as shown in (a) for comparison.  Scale bar indicates 100 microns.
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