Procedure for Subtractive Stamping based on Desai et al. 2013
Overview: 
Subtractive microcontact printing is based on the principle that protein patterns can be created through the removal of protein from a surface, rather than depositing it to create a patterned stamp. There are a number of ways in which this can be done; however, one of the more effective ways to do this has been published by the Chen group. Figure 1 shows a schematic of the technique. The benefit of this technique is that it supplements tradition microcontact printing by allowing for further spaced features that cannot be traditionally created through the use of direct microcontact printing. On the negative side, it does add several steps to the preparation process of microcontact printing as will be described below. Whereas traditional printing only requires one stamping and one stamp, this requires a second stamping step and stamp to achieve the desired goal. 
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I. Preparation of the Ink Stamp 
The Ink Stamp (or IS) is the stamp that will be used to transfer the protein onto the surface of the glass. Generally, it is a flat, featureless stamp that has a coating of protein on its surface. 
· Mix PDMS in a 1:10 (curing agent: monomer) ratio as per the instructions and normal preparation. 
· Pour PDMS directly onto a flat, featureless silicon wafer in a petri dish. 
· Yes, this must be a silicon wafer. A petri dish is not flat and may impart a pattern onto the PDMS. It does not have to be coated with fluorosilane as we are not terribly concerned about PDMS sticking to the wafer. 
· For a completely empty wafer, this is approximately 26g of PDMS in total.
·  Bake PDMS until hardened. 
· 60oC overnight or 80oC for 2hr (minimum)
· Cut PDMS to the desired size. It is recommended that stamps be cut to at least the size of the PDMS stamps to be used from II. It is beneficial to have extra space. 



II. Preparation of the Template Stamp 
The template stamp (TS) is the stamp that contains the desired pattern of protein to be removed from the IS to create the desired protein pattern. This stamp will be used to remove protein in the area that is not desired. The technique following is adapted as the initial pattern was not intended to be used to remove protein, but rather would create a stamp that had the desired pattern. Therefore, the inverse of the pattern needed to be created (resembling the initial stamp). The technique could possibly be used on glass to remove protein; however, the PDMS stamp could leave more residue and also would require extra processing to create physical crosslinks to the protein. 
1. Mix PDMS in a 1:10 ratio 
2. Pour degassed PDMS into the desired mold pattern and bake as previously described.
3. Remove stamps and place into a petri dish with the patterned side up. They will serve as the molds for our next step. 
**Warning: This next step does produce some hazardous fumes so do not open the dessicator outside of a hood. Also, a dessicator should be dedicated to this purpose as the coating sticks to the surface of the dessicator (glass or plastic).**
4. Place 20uL of Fluorosilane (1H,1H,2H,2H-Perfluorooctyltrichlorosilane) onto a glass slide within a dessicator along with the stamps.
5. Vacuum seal the dessicator. Leave it overnight as the silane aerosolizes. The minimum time for this process is approximately 6hrs. 
6. Open the dessicator in a chemical hood and turn the lid over to allow for any lingering fumes to dissipate. 
7. Add a small amount of degassed PDMS to the Petri dish (do not full immerse the stamps) and degas a second time for 30 min. 
8. Bake it partially at 60oC for 30 minutes. This will prevent the stamps from “floating”. 
9. Remove the baked stamps and allow for them to cool. Then add the remaining PDMS and degas. Bake the stamps until fully hardened and remove carefully. 

III. Lift-Off Stamping Procedure 
Using the previously made TS and FS, we will pattern FN onto a surface. This surface can either be glass or plastic. 
1. Dilute FN to the desired concentration (usually 50ug/mL) in Millipore H2O (not PBS according to the article). If using fluorescently labeled FN, it should be mixed with unlabeled FN in order to promote better cell adhesion and to conserve resources. 
2. Spread 100uL of FN per 1cm2 area on the FS. 
3. Incubate the stamp for 1hr at room temperature.
4. Before the incubation is finished (<10 minutes remaining), UV/Ozone treat the TS for 10 min.  
5. Rinse the FS with Millipore H2O and dry with N2. 
6. Place the TS on top of the FS and press firmly. Lay the stamp on top and progressively place it in contact. Do not attempt to push down any bubbles that may form or “restamp” as this will create a doubled pattern. 
7. Remove the TS and place the FS firmly in contact with the desired surface to transfer the pattern. 
8. Remove the FS from the surface after approximately 5 sec and then block the surface with 2% Pluronic F127 for 1hr at room temperature. 

Changelog: 
5.13.2015: Document created. 
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