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ABSTRACT

This paper describes an electrochemi-luminescence (ECL)
instrument, which is micro-fabricated in Silicon and démonstrates
its perfortnance. The instrument contains an ECL excitation cell,
fluid fill ports and a PIN silicon diode detector. The detection
limit at present is tens of atto(10™'%) moles of Ru**(bpy)s.

INTRODUCTION

The ECL microinstrument was designed for DNA
quantification after amplification by Polymerase Chain Reaction
(PCR). The detection limit is desired to be as low as possible to
minimize the amplification and total analysis time. To do so, a
high gain, low noise detector such as a photomultiplication tube
(PMT), cooled avalanche photodiode, etc., are normally
employed. However, our aim is to make a portable instrument,
preferably hand-held, therefore size and power requirements
exclude those detectors. Here a simple, small, silicon PIN
photodiode is used as the detector. This detector could eventually
be integrated with the ECL microcell in the same silicon wafer.
Our most recent results have demonstrated a detection limit of
tens of atto moles of the luminescing label, Ru**(bpy)s.

THEORY

The chemicals used in this system are tris- N,N’ bipyridyl
ruthenium (II) (abreviated as TBR) and tripropylamine (TPA).
The behavior and related properties of solutions containing these
two chemicals have been previously reported [1,2]. To
summarize, TPA and TBR are electrochemically oxidized at about
the same potential, and became TPA+ and TBR+ respectively.
TPA+ is highly unstable and becomes quickly deprotonated. The
deprotonated TPA+ (denoted as TPA’) is a strong reducing agent,
which reduces TBR+ to TBR. During electron transfer, energy
transfer also occurs, resulting in photon emission from the excited
TBR. This is the underlying principle for ECL.. Another possible
reaction is that the TPA’ also reduces TBR, producing TBR-.
When TBR- reacts with TBR+ , light is also emitted [3]. The

. wavelength of luminescence from TBR is at 630 nm, i.e. orange.
In order to use ECL in the quantification of replicated DNA
fragments, TBR is attached to a DNA probe which is hybridized
in situ with the DNA of interest during PCR. One method for
then “collecting” the TBR labeled DNA is to attach th¢ DNA to

magnetic beads, which can be then -attracted by an.external-

magnet to the_oxidizing “electrode. i
currently employed by a commercial instrument (Perkin-Elmer
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This method, which is -

QPCR 5000), has been tested with our micro-instrument, and the
preliminary results are presented here.

MICROINSTRUMENT CONFIGURATION

The microinstrument comprises three silicon substrates, which
are vertically assembled to form a small cavity with two, thin film
Platinum electrodes, V-groove fill ports, and a detector. A silicon,
PIN photodiode (EG&G, S1337-66BR), caps off the cavity, with
its sensing surface facing the electrodes. The other silicon layers
have been anisotropically etched in KOH, coated with Platinum
and bonded together, defining the cell volume (150 microliters)
and electrode spacing (500 microns). = A cross-section of the
microinstrument is shown in figure 1. The bottom Pt electrode is
where electrochemical oxidation takes place. The upper Pt

- electrode has a square opening through which ECL can pass to the

detector.

A transimpedance pre-amplifier, chopper circuit and lock-in
amplifier are connected to the PIN photodiode as shown in figure
2. An EG&G PARC 273 potentiostat is used to apply a triangle
voltage waveform to the Pt electrodes for the electrochemical
reaction. The output signal, corresponding to the measured light
intensity, is monitored and stored on a digital storage oscilloscope
and then transfered to a IBM compatible PC for signal processing.

EXPERIMENTAL DETAILS AND RESULTS
Two experiments were conducted to evaluate the instrument.

The first experiment used a set of test solutions containing TBR
in concentrations of 1nM, 10nM, 100nM and 1pyM. Each solution

_is introduced into the cell with a syringe, followed by

measurement, and flushing with water. At a concentration of
InM, no signal could be distinquished from background noise.
However, for 10nM solution, a strong signal can be detected. So
the detection limit of this microinstrument configuration for free
TBR lies somewhere between 1nM and 10nM. A semilog plot of
light intensity vs. concentration is shown in figure 3. The second
experiment used TBR labeled magnetic beads, obtained in a test
kit from Perkin-Elmer. The kit contains four standards. Standard
1 contains unlabeled magnetic beads, Standard 2 contains
magnetic beads bound with 100 attomoles TBR, Standard 3
contains magnetic beads with 1200 attomoles TBR and Standard
4 contains magnetic beads wit 12000 attomoles TBR. Each
standard has a solution volume of.40ml. All of the magnetic beads
in each standard solution were captured and put into 2 ml of
phosphate buffer plus TPA. The beads. were re-suspended by
shaking and then 150 microliters was removed and introduced
into the cell. The same measurement procedures were followed as
those used with the unbound TBR, except an external magnet was
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used to trap the magnetic beads onto the surface of the bottom Pt
electrode. In this manner, quantities of TBR less than 100
attomoles, and in the order of 10 attomoles, were detected. The
light intensity vs. time plot for bead standards 2 and 3 is shown in
figure 4.
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Figure 1.
layers which form the electrochemical cell, with detector
and external magnet.

Cross-section schematic of the three silicon

Measurement Setup
 Transimpedance

|-V

i

.‘;-a-f-T-‘-. -d

‘onalog
switch

F

N

ref. In
N Lock in Amp.
PARC 273 out
Potentiostat
OAMRA
]
‘ 0 o—-
i 1 ° o
l____'*'t:
Computer -
Digttal Osclioscope
Figure 2. Measurement set-up for detection of ECL from
Ru**(bpy)s . '
10* y
—
s -
2
[
c
2
£ w' 3
10‘“ i 2
10 M ‘100 nM I M 10 uM
Figure 3. ECL intensity vs.log conc. of TBR.
. ,», .- bead standard 3 £
25} S\, - bead standard 2 1=
R ll ‘\‘ .z5
S . D {8
Q. ‘ \\ €
E "' \\ ::c:
O ‘ \ ] -g)
-8 =
s | 12
> | 5
" os5f jx
o 6
Time(s)
Figure 4. Pt voltage and photodiode output vs. time for

TBR bound to magnetic beads.




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: none
     Shift: move right by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Right
     1.8000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     2
     1
     2
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: none
     Shift: move right by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Right
     1.8000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     2
     1
     2
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     2
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     2
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     2
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     2
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     2
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     2
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 1.80 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     1.8000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     2
     0
     1
      

   1
  

 HistoryList_V1
 qi2base





