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 DNA has a unique structure. Its double helix gives the molecule unique mechanical properties that subsequently influence/ dictates the way that proteins interact with DNA to achieve crucial biological functions of transcription and replication.
 To understand this, The Wang lab is interested in studying these interactions between motor proteins and DNA using novel single molecule techniques.
However, these molecules are tiny – although DNA can be macroscopically long, it is only 2 nm wide as well as motor proteins which are on the order of nm in size. 
How can we make useful organized observations about the interactions of these tiny invisible molecules?


DNA replication= biological process which produces two identical replicas of DNA
DNA transcription=  the first step of gene expression, in which a particular segment of DNA is copied into RNA (especially mRNA) by the enzyme RNA polymerase.
Motor proteins= class of molecular motors that are able to move along the surface of a suitable substrate. Convert chemical energy to mechanical work by hydrolisis of ATP.

unique= because doble helix structure affects the ability of the DNA to bend and twist. 

Major processes of DNA metabolism such as replication, recombination and repair, require mechanical, vectorial translocation of enzymes along the nucleic acid. Enzymes involved in these processes, particularly helicases and polymerases, must possess motor protein capabilities to be able to perform their functions
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We want as many adjacent DNA tethers as possible so we can perform many simultaneous experiments for high throughput studies. 
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Spin coating and exposing Ebeam resist

E-beam Resist (ZEP520A) H =® E .

Silicon Wafer Silicon Wafer

Features: 100nm wide circle

E-beam resist: ZEP520a hexagonal array
(300nm thick)

*Tool: Electron Beam

Cornell NanoScale Science
and Technology Facility


Presenter
Presentation Notes
Exposed our wafer using the Ebeam tool which is a direct writing system used to pattern custom features on to a substrate
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Etching Si template and removing Ebeam resist

Silicon Wafer Silicon Wafer

Etch Si with HBr/Ar plasma Stripper 1165 to remove
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Stripper 1165 ….and obtain our patterned surface


Electron Beam Pattern Results
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These were the results we obtained after fabricating our patterned silicon wafer. We obtained 


Ink Subtract Print Stamping Method
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-We are exploring a stamping method which is called Ink Substract Print.
-What we do here is use the patterned Si wafer and stamp it with a PDMS elastomer coated with protein which will binding the DNA  

Polydimethylsiloxane


Ink Subtract Print Stamping Method

Si Template with Hex Array
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This is called ISP because when we stamp our protein on the wafer, there is a certain amount of protein that sticks to the wafer and the other acquires the pattern that the Si wafer has. So, from the total protein-ink, a certain quantity of protein will be “substracted” from the PDMS and the other will be used.  In our case, we will only use the patterned protein attached to the PDMS

How does the protein transfer to the wafer?
Because the protein is hydrophilic, we perform a plasma clean on the Silicon wafer to give the wafer hydrophylic properties. When stamping, the protein will want to attach to the wafer in non-patterned areas. 


Ink Substract Print Stamping method
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Once the protein is patterned, it will be stamped on a glass surface which will be the area used to perform DNA binding experiments.
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Fluorescent microscope images of stamped protein spots
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These were the results we obtained during our first trials of stamping. As you can see, we were able to get the hexagonall arrays. However, as we kept stamping the amount of non-uniformed areas increased. 
Because of this, we thought that this could be due to incomplete transfer of the template related to the cleaning,or roughness in the template or PDMS.


Post-Stamp PDMS/Protein Cleaning Protocol

Cleaned protein with Cleaned PDMS with BOE,
acetone/piranha, but but did not clean protein.
no Buffer Oxide
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We made some adjustments on the cleaning strategy to avoid having incomplete transfer and be able to reuse our Si templates. 
The first adjustment made was that, because after each staming there is PDMS residues on the template, we added a BOE clean.
Also, since there is protein on the  wafer due to the substractive step of the process, we piranha cleaned the template. 

An importante note is that the order of cleaning procedure does not affect the wafer. It gives the same/clean result.
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After making these cleaning arrangements, these were some protein spots we acquired. Compared to the first trials, we obtained cleaner uniform results of protein spots where DNA can be able to bind. 


Patterned-Protein
Spots (no DNA yet)
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After 4 hours of
DNA incubation time

After 17 hours of DNA
iIncubation time

Green dots = DNA
~ed dots = protein spots
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After achieving a uniform pattern surface, we wanted to know if the DNA was able to bind to this small features
So, we made a chamber and flowed DNA through the patterned protein spots. However, after 4 hours of incubating DNA, we obtainedan average of 9 tethered DNA in each field of view that contained ~1,500 protein spots.

To increase the amount of tethered DNA, we increased the incubation time to 17 hours, and obtained ~50-100tethers.

Why there are some green and red spots brighter than others?


Analysis of Incubation Time and Amount of DNA Tethers
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An anaylisis of these results, show that because the surface area and density of the protein is smaller compared to past stamping protocols which contained 500nm wide circles, it will take more time for the DNA to bind to the protein. This graph shows how the amount of tethered DNA increases over a given amount of time and with also, bigger protein spots.

In this case, we see that with 300nm protein spots, we were able to get more DNA tethers at a faster amount of time 
However, after ~20 hours the amount of tethers decreased which may be due to contamination of protein that degrades DNA

*DNase= protein that eats/ breaks up DNA. This protein is everywhere in our environment

Error bars are graphical representations of the variability of data




Moving Forward

« There are several ways to improve the number of
DNA tethers in the future:

(1) Test larger stamp circles, still <500nm

(2) Tether DNA to magnetic bead and “pull-down” beads
to glass surface to increase chance of tethers forming

(3) Increase DNA concentration
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In conclusion, there are several ways we plan to improve the # of DNA tethers
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Our Spot Size Compared to Dekker Lab

--They make squares instead of circles, the scale bar in the SEM in (b)
IS 100 nm, so the spot is around 500 nm. Scale bar is 200 nm in (c)

Reference: De Vlaminck, lwijn, et al. "Highly parallel magnetic tweezers by
targeted DNA tethering." Nano letters 11.12 (2011): 5489-5493.
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3 Brief Wang Lab Discussion Slides


Never stamp with dirty PDMS

st particles

---PDMS left around for 1 month was used that was visibly
dirty, this left hard to remove residues over the template.

---The templates cost ~$900, so use fresh, clean PDMS to
avoid permanent damage to the template.
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Clean Note

The Clark Hall clean failed. Whoever is going to
use these stamps should probably get trained to

use the general chemistry hood in CNF to do the
effective clean we established there.

It IS very easy to do and does not require much
training.
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