Label-free detection of DNA hybridization
based on hydra’rton mduced Tensmn in hucleic
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DNA structure DNA sensor

......
o i

.....
-------

T S o B T
[T o O P T
[T B T O P T
(TN G O TR Ty

L -
L -
L -
L -

*Meaning to the
genomes

Gene function
*Early detection of
disease


Moderador
Notas de la presentación
In a biosensor we need to carefully design the biolayer in this case of Dna sensor a layer that follows the rules of base pairing

In any biosensor the receptor layer and the transducer are the key elements. Usually a lot of attention is given to the design of an efficient transducer and also to develop highly selective bioreceptors, but commonyl less attention is paid to how these two elemnts interact, menaing the interface between the biolayer and the inorganic surface. Also, how this biolayer is organized at the molecular level may play a crucial role in the performance of the biosensor.
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Moderador
Notas de la presentación
In this talk I will focus on our development aiming at DNA detection. Nowadays the most prowerful tool for DNA detection are the microarrays that rely on fluerescent tags. This sample labelling is time costly , also, fluorophores can introduce backgound noise and difficult the interactions due to steric hindrance. Usually previous amplificaction of samples by PCR is required to increase the sample volume in these analysis.  


MOLECULAR RECOGNITION DETECTION BY SURFACE STRESS BIOSENSORS

ANTIGEN (PESTICIDE)/ANTIBODY
RECOGNITION (real timell)

20-50 nm Gold

-100um 25 nM Antibody

lum

‘Label free
-Sensitive
-Scalable to large arrays
-Capability for integration
-Semiconductor technology:batch prodution and low cost

10 minutes

M. Calleja, J. Tamayo, M. Nordstrom and A. Boisen,
Applied Physics Letters 88, 113901 (2006)


Moderador
Notas de la presentación
We have been working on the past 7 years in alternative technology for molecular detection that is based on the nanomechanical transduction of the biomolecular recognition. The first step for nanomechanical sensors is the cantilever preparation, the chips must be covered by a gold layer on one side, this layer serves as the adhesion site for the receptor layer. The transduction for this sensitized biosensor relys on the deformation of the micro or nanocantilever when the receptor molecules interact with the analyte. so, our trnasduction signal is the measurmeent of surface stress.. We have targeted the detection of proteins in this way, as the pesticide DDT and the human growth hormone. The appeal of this technology is that no labelling of the sample is requiered. It is extremely sensitve, meanign responsive to minute amounts of the anlyte. It can be scalable into arrays for parallel measurements and very suitable for integration into miniaturized systems. also, the cantilver chips are silicon based technology, so batch fabrication at low cost is possible.




HYBRIDIZATION-INDUCED SURFACE STRESS
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Moderador
Notas de la presentación
These promises together with appealing results from IBM and the high sensitivity of nanomechanical sensors for protein detection , fostered a wave of optimism for cantilever snsors as the next generation for DNA biochips. We joined this effort, but not the optimism.

Our results after 3 years of effort showed that hybridazation could not be detected by a single measurement with cantilevers. These statitstics show the symilar stresses detected between experiments with samples containing the complementary sequence and the non-complementary control sequences. We had to conlcude in 2004 that the hybridization can not be directly inferred by cantilever bending in situ and in real time as the hybridazion occurs.   


IDNA hybridization produces a surface stress below the detection sensitivity
for a single microcantilever~5 mN/m. It is neccesary the use of differential
signals with a reference cantilever (remove temperature, turbulences, ion
fluctuations). See Hegner, McKendry and Gerber work

1This is in contrast with the surface stress generated by the antigen/antibody
recognition ~100-200 mN/m

PARADOX: GOOD CONDITIONS FOR DOUBLE HELIX FORMATION ARE
THE WORST TO OBTAIN SURFACE STRESS

DNA flexibility gives an additional channel for intermolecular energy
release, in addition to the surface stress mechanism


Moderador
Notas de la presentación
The only experiments suceeding on recording the hybridization signal needed careful filtering of unespecific signals by the use of reference cantilevers.The hybridization signal is only 5 mN/m wich is very close to the detection sensitivity for the dimensions fo the most used cantilevers.

This is in contract to the large surface stresses generated by the protein recognition experiments which are up to 100 times larger.

We learnt on this process that the best condictions for the Dna fluorescent microarrays , optmising the double helix formation used to give very samll surface stress signals.
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Hagan, Majumdar and Chakraborty,
J. Phys. Chem. B, 106, 10163 (2002)
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Moderador
Notas de la presentación
So, we learnt that we should study in detail the DNA receptor layer from the nanomechanics point of view.

We learnt that at the commonly used surface densities for the grafting of the DNA the intermolecular interactions were too weak to produce large deformations of the microcantilever. Since the Debye length for hydration forces or electrostatic repulsion is close to 3 angstrom
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We have built-up highly packed ssDNA SAMS and studied the
effect of adsorption of water in the intermolecular channels
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Moderador
Notas de la presentación
So we built up densely packed ssDNa SAMs and studied the effect of water adsorption in the intermolecular channels. When water is confined in pores between 1 and 3 nm it is in a liquid pohase but it shows short range order and a solidification temperarture decreased. when the pore diameter goes below 1 nm then the water is in an intermediate state between liquid water and cristalline water.  
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Moderador
Notas de la presentación
By XPS surface analysis our collaborator from the Astrobilogy center were able to analyse this intermolecular distance and to control it being of only 5 to 8 angstrom.

In these conditions we observe an extraordinary effect of the hydration forces in the surface stress induced in the  DNA monolayer.

 When humidity is increased from 0% RH to close to 100% we observe a peak of tensile stress first and then a decrease and a large compressive stress as humidity is increased. The backwards curve when the lñayer is dehydrated does not show this tensile peak. 


Molecule store (r'elease)-gcn‘ed by DNA hybridization
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Moderador
Notas de la presentación
But the most relevant observation was that when the cantilever surface was let to hydridize with the complemenatry strand, this tensile peak was no longer present and the hysteresis was largely decreased. What happens here is that a small amount of hybridization watson crick pairing closes the intermolecular channels and then avoids the water adsortion inside them




@/ha’r is the nature of the intermolecular forces in the DNA membrane?
Electrostatic phenomena play a fundamental role in the DNA structure

DNA has an per e per 0.17 nm length. Depending on the electrolyte content, the counter-ion cloud can
make the DNA strongly repel each other or condense in tightly packed large molecular complexes.
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PNA Peptide Nucleic Acid DNA  Deoxyribo Nucleic Acid

—no nucleic acid = no degradation by nucleases

—no peptide = no degradation by proteases

— forms extremly stable complexes with DNA and RNA  C. Rogero, J. A. Martin-
Gago, C. Briones. C.
Astrobiologia CSIC-
INTA.

— high sequence selectivity
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Moderador
Notas de la presentación
Next question was which is the nature of the intermolecular forces in the Dna membrane. In order to study the effect of electrotatic phenmena we immobilized instead of the negativeley charged ssDNa a mimetic molecule the pnA wich susbtitutes the charged sugar phosphate backbone for a peptide so the molecule is uncharged, also all experiments where performed in d.i. water. Despite this uncharged nature of the biopolymers used we found the same effects as for the DNA. ,a large tensile peak for the cantilever covered with  single stranded layer of PNA that disspapearas when this layer hybridizes with a complementary strand of DNA. 


Towards DNA biochips
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Moderador
Notas de la presentación
So these results seem very promising as for application to a Dna biosensor. 

How good is this as a Dna biosensor. We have tried to detect a SNP, and we still see the characteristic signal with a tensile peak, means the signal is still qualitatively different for the SNP and the fully complementary. Also, the interactions occurr at room temperature, so we do not need to fine tune an hydridization temperature.

Then we also tested if we were able to detect a minute amount of complementary strands in a solution containing 1000 higher concentration of non.comoplementary control strands. The signals were conclusive. In the graph we are representing the sensor response to different concentrations and we have found that even for concentrations as small as 1 fMolar of complementary strands we are well above the signal for the negative control. This sensitivity is 100 times better than the label dependent DNA arrays.






Lwater adsorption on intermolecular channels of semipermable DNA membranes
gives large forces
* This process can be followed up via the nanometer-scale bending of
microcantilevers. Qualitatively distint signals: Robustness
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Moderador
Notas de la presentación
So, to summarize, I would like to stress the importantce of water adsortion on the intermolecular channels of ssDNA ordered monolayers to provide with magnified nanomechanical signal. 

The fact that small amounts of complementary DNA gate this water intercalation provides with a biosensor of extremely high sensitivity, and the fact that the presence of even single missmatches dramatically changes the hydration induced forces thaus providing a distintive signal to develop a robust biosensing technology that is label free. 
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Moderador
Notas de la presentación
We are just launching a spin-off company to further develop this water based technology for biosensing applications

to develop this water based technology. and we are coming back to the old question, are microcantilevers good candidates for the next generation of DNA arrays?. Now we believe so but there is much work to be done  yet before this can be proven. 




Innovating in mechanics for your Bio applications...

CSIC - Bionanomechanics Lab

spin-off company

We are currently seeking candidates for
the following positions:

Research and business director

Project engineers

MecWins is committed to developing new biosensing technologies
addressing the needs of the Biotechnology companies for fast, easy
and highly sensitive genetic analysis. The goal of Mecwins is
providing cutting edge tools for genetic analysis for disease
prognosis and diagnosis and pharmacogenomics. Mecwins applies
the latest advancements of Nanotechnology in the Sensors field
through close collaboration with key research groups in
Nanomechanical sensing. The company has strong intellectual
property rights of highly innovative nanotechnologies.

We are searching for a candidate with extensive scientific
experience together with expertise in project management and with
a strong interest in business development.
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Moderador
Notas de la presentación
We are just launching a spin-off company to further develop this water based technology for biosensing applications

to develop this water based technology. and we are coming back to the old question, are microcantilevers good candidates for the next generation of DNA arrays?. Now we believe so but there is much work to be done  yet before this can be proven. 
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