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Projects in the Madou Laboratories 

  Mixers for fast DNA 
hybridization 

  Colored bacteria as sensors  
on a CD 



Mixers for fast DNA hybridization 

  To improve DNA hybridization detection 
one may  implement an electronic DNA 
array. 

  DNA has a strong negative charge, so it 
can be electro-statically manipulated. But to 
do that solution must be desalted. 

  Active DNA array (100, 400, 10,000 sites) 
  Very FAST! 
 Multiplexing assays 
  Stringency 

  Biggest problem: desalting of sample.  

• One sample - multiple genes 

•  Multiple samples - one gene 

•  Single site multiplexing 
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Mixers for fast DNA hybridization 
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Mixers for fast DNA hybridization 

  Electric field allows for more stringency, i.e. more accurate SNP reading.   

_	
_	
_	
_	
_	
_	


Single base pair mismatch 
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Mixers for fast DNA hybridization 

  The same set-up allows us to do 
dielectrophoresis. Even on the 
same chip ! 

  In the electronic DNA the speed is 
controlled by µ instead of D. That 
is if the salt concentration is low. 
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Mixers for fast DNA hybridization 

  Some active mixing methods utilized before to 
induce chaotic advection in micro systems 
include electro-osmotic mixing by periodically 
varying the electric field to mix two aqueous 
flows , magnetic stirring by using a magnetic field 
to rotate one or more magnetic bars within the 
media, time pulsing by pulsing the flow rate in 
one of two of the inlets, ultrasonic mixing using a 
piezo-electrically driven diaphragm at ultrasonic 
frequencies and bubble mixing by interaction of 
the fluid with bubbles of gas introduced into the 
channels. 

  Our own team has used micro machined flaps for 
mixing. 

11/6/11 7 



Mixers for fast DNA hybridization 
  A microsystem with a single  and 

rigid micro - “oar”, a, can move 
back and forth to the same initial 
and final positions.  

  Additional “oars”, b, broaden the 
range of  available positions.  

  Flexible oars, c, allow for real-like 
swimming (or, if the oars are 
anchored, for fluid propelling). 

  We used this same principle to 
construct mixing flaps around 
DNA sensors to increase the 
hybridization rate. Micro-stirrers 
face the same problems micro-
swimmers do.  
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Mixers for fast DNA hybridization 
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Mixers for fast DNA hybridization 

  The concentration contours 
and streamlines for each set of 
actuators , as well as  the 
surface concentration of 
hybridized DNA  were 
obtained. The maximum 
increase in the reaction yield 
was of a 28% in only 11.2s for 
a set of two aligned flaps 
moving 180º out of phase, 
which occurred in the area 
right between the two moving 
actuators.  

At 1 Hz there is almost no relevant effect on flow promotion. 	

 After several cycles, the flap is switched to 10 Hz, 	

and then is when the particles can be seen spreading around quickly.	
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  A few strains of bacteria are resistant to 
arsenite, arsenate and antimonite. When 
such a bacterial cell is exposed to any of 
these toxic species, it synthesizes a 
protein pump that removes arsenite and 
antimonite. 

  The genes that code for the pump are 
grouped together on the DNA in what is 
known as the ars operon. These genes 
are expressed together when arsenate, 
arsenite or antimonite is present. Two 
genes in the ars operon, arsA and arsB, 
code for proteins that associate to form 
the pump. A third gene, arsC, codes for 
the enzyme arsenate reductase that 
converts arsenate to arsenite. 

Colored bacteria as sensors 
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Colored bacteria as sensors 

 The ars operon expression 
is controlled by a regulatory 
protein, ArsR, which is the 
product of the arsR gene. In 
the absence of toxic metals, 
ArsR is bound to a region of 
the bacterial DNA 
immediately in front of the 
ars operon.  

 This region is called a promoter-operator. When ArsR is bound to the 
promoter-operator region, expression of the ars genes is prevented. Arsenite 
and antimonite can induce expression of the ars operon by binding to ArsR 
and promoting its release from the promoter-operator.  



  A biosensor can be made by linking the ars promoter-
operator region with a reporter gene. The reporter gene 
codes for an enzyme whose activity produces a signal 
that can be readily detected. 

Colored bacteria as sensors 



Colored bacteria as sensors 



• Low power and space requirements 
• Less reagent and sample consumption 
• Easy disposal 
• Short analysis time 
• Integrate washing, sample preparation,  
 and calibration 

Colored bacteria as sensors 
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In this study, Escherichia coli 
cells containing plasmid 
pSD10 were engineered to 
sense arsenite and 
antimonite. The biosensing 
system takes advantage of 
the recognition of the 
regulatory protein, ArsR, for 
arsenite and antimonite to 
produce the reporter protein, 
which in this case is GFP. 
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Why a  CD as a diagnostic platform? 

  A tremendous benefit in using an established 
industrial product ,i.e., the CD player. 

  The fundamental job of the CD player is to 
focus the laser on a track of bumps. The laser 
beam passes through the polycarbonate CD 
material and reflects off an aluminum layer 
and hits an opto-electronic device that detects 
changes in light. The bumps reflect light 
differently than the "lands" (the rest of the 
aluminum layer), and the opto-electronic 
sensor detects that change in reflectivity.  

  A tracking mechanism moves the laser 
assembly so that the laser's beam can follow 
the spiral track. The tracking system has to be 
able to move the laser at micron resolutions.  
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Why a  CD as a diagnostic platform: 
It is a good microscope. 

  The voltages from the photo detector are sent to a computer using a fast A/D 
converter. 

  The image is then reconstituted using simple graphics software. 
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(H. Kido and J.Zoval).	




Why a  CD as a diagnostic platform: It is a 
good microscope. 

  The optical disc drive is a 
sophisticated laser scanning 
microscope designed to 
characterize and identify 
micrometer sized features at a 
rate of about a Megahertz (H. Kido 
and J. Zoval).  

White blood cells 

DNA array 

Gnat wing	


Immunoassays 
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Conclusions 

  Mixing in low-Reynolds fluids is like 
swimming of unicellular organisms 

  Genetically engineered bacteria as 
sensors on a CD 




