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and molecular imaging. Fluorescence imaging can reveal the
localization and measurements of intracellular molecules,
sometimes at the level of single-molecule detection.

Abstract—Recently, the need of a low-cost, rapid, selective
and sensitive method for detecting bacterial pathogens in medical
diagnosis, and food-safety inspection has become a prevalent
demand. Traditional methods, such as polymerase chain reaction
and cell culture techniques take several hours to days to give
accurate results, and require bulky, expensive equipment. In this
paper, the MLoC system, including optical approach that has
been used to create a compact and portable immunosensor for
sensitive and rapid detection of bacteria, will be introduced as a
novel technique. However, MLoC system requires laser-induced
fluorescence and is neither low-cost nor quantitative, therefore
making it suboptimal for point-of-care diagnostic purposes.
MLoC technology includes, amongst other techniques, optical
biosensing, which uses bacteria and bacteriophages (phages) as
biological detecting elements, along with red laser 650 nm as an
excitation source to identify bacteria rapidly and safely.
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I.

MLoC;

Typically, fluorescence based sensors excite optically
active recognition elements that are selective to particular
media (i.e. LB). Emission from the bacteriophage, at
wavelengths longer than the excitation wavelength, is
monitored and provides information regarding the
concentration of multiple bacteria or viruses in real-time. Thus,
in this technique, it is important to immobilize the
bacteriophage at the sensor surface and maximize the contact
surface area to maximize interaction of the media with the
recognition element during the sensor operation [4][5].
II.

SURFACE ACTIVATION AND BACTERIO-PHAGE
IMMOBILIZATION

Bactria;

A. Selecting a Template (Heading 2)
Phages, which are bacterial viruses, have recently been
postulated as promising recognition elements in bacterial
biosensors. They are ubiquitous in nature, highly specific to
bacteria and hence harmless to humans, much cheaper to
produce than antibodies and more stable than the latter. In
addition, they can also be immobilized on transducing devices
in pretty much the same manner as antibodies or DNA probes.
The potential use of phages in the development of novel and
unique diagnostics and therapeutics for life-threatening bacteria
is virtually limitless. This is the reason why the present project
aims to develop a method for rapid pathogen detection based
on phages [6][7]. A phageorganisms (phage) is a type of virus
that infects bacteria.

INTRODUCTION

In this paper, a new generation of multibiosensors named
MLoC that includes optical biosensor where a fluorescence
spectroscopy as a sensing mechanism has been introduced
[1][2], employing bacteriophage or phageorganisms as
recognition elements to detect deadly bacteria such as E-Coli
and Salmonella. Fluorescence spectroscopy can be applied to a
wide range of problems in the chemical and biological
sciences. The measurements can provide information on a wide
range of molecular processes, including the interactions of
solvent molecules with fluorophores, rotational diffusion of
biomolecules, binding interactions, conformational changes,
and distances between sites on biomolecules. Advances in
technology for cellular imaging and single-molecule detection
are expanding the usefulness of fluorescence. These advances
in fluorescence technology are fast response times, easy
implementation, stand-off detection, and decreasing the cost
and complexity of previously complex instruments.
Fluorescence spectroscopy will continue to contribute to rapid
advances in biology, biotechnology, medical diagnostics, DNA
sequencing, forensics, genetic analysis and nanotechnology [3].
Fluorescence detection is highly sensitive, and there is no
longer the need for the expense and difficulties of handling
radioactive tracers for most biochemical measurements. There
has been dramatic growth in the use of fluorescence for cellular

III.

EXPERIMENTAL PROCEDURES

A. Multibiosensors Instrument
 The multibiosensors system called as multi-labs-on-a
chip; (MLoC); in this work measures 2.23 mm x 3.04
mm was fabricated using the CMOSP35 process
available through CMC; as shown in Fig. 1. The optical
detector consists of vertical phototransistor array
(VPNP), current mirror, current-to-voltage converter,
amplifier, band-pass filter, and phase detector [8][7].
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Fig. 1. Multi-Labs-On-a chip, (a) layout of MLOC (b) the die mounted on
PGA 68 sockets (CMC).

Fig. 2. The structure of Gram-positive bacteria, and Gram-negative bacteria.

 The optical detector was fabricated based on a single
VPNP phototransistor pixel that measures 40.0 µm x
41.775 µm, whilst the VPNP phototransistor 32 x 32
array measures 1210.8 µm x 1318.4 µm was fabricated
using CMOSP35 process available through CMC. The
vertical phototransistor is formed by the p-active
(emitter)/n-well (base)/p-substrate (collector), and has
one of the highest responsivities of the photodetectors
available in this standard CMOS process. The
advantages of the CMOS-based system include its
operation using low supply voltages and low cost
fabrication[9][12].

 Then block the surface with 1 mg/ml (Bovine Serum
Albumin) BSA in phosphate buffer. BSA is used to
block the surface to potentially improve non-specific
adsorption of the bacteria to the 1-hexadecanethiol.
 The reference will be exactly the same procedure as
above except replace BSA instead of phage T4 [7].
C. Bacteria Preparation Protocol
Escherichia coli ATCC 11303 and wild-type T4
bacteriophages were prepared at Biophage Pharma Inc.
(Montreal, Canada). Escherichia coli is a Gram negative
bacterium that is commonly found in the lower intestine of
warm-blooded organisms (endotherms). Most E. coli strains
are harmless, but some, such as serotype O157:H7, can cause
serious food poisoning in humans, and are occasionally
responsible for costly product recalls [9]. The gram reaction is
based on the structure of the bacterial cell wall, and it is sited in
two categories; as shown in Fig. 2. In Gram-positive bacteria,
the layer of peptidoglycan, which forms the outer layer of the
cell, traps the purple crystal violet stain. In Gram-negative
bacteria, the outer membrane prevents the stain from reaching
the peptidoglycan layer in the periplasm. The outer membrane
is then permeabilized by acetone treatment, and the pink
safranin counterstain is trapped by the peptidoglycan layer [9].

 A National Instruments DAQ516 PCMCIA card
installed in a laptop computer provided digital I/O lines
and an analog-to- digital conversion channel so that the
CMOS microchip detection elements were individually
accessed and read out.
 A custom written software interface constructed with
Labview program controlled the data acquisition
process for MLoC system.
B. Phage immobilization on gold surface and protocol
 Clean the chips three times with ethanol and dry with
air.
 Immerse the chips in 1mM Mercaptoundecanoic acid in
ethanol for 24 hours for 20 ml of ethanol we need
0.0044g of Mercaptoundecanoic acid:

D. Design and Fabrication Microfluidic Channels (MFC)
Microfluidic was designed and fabricated using soft
photolithography technique in different styles; that is coated
fully or partially by gold; as shown in Fig. 3:
1.
2.

 Wash the chips five times with ethanol and then dry
with air.


Immerse the chip with EDC/NHS 1.15 g EDC in 15 ml
high purity water, 200 mg NHS in 15 ml high quality
water. Prepare EDC/NHS as required only as it
decomposes very quickly. Required: For 10 ml of DI
water, 0.77 g required of EDC, and 133.33 mg of NHS,
immersed for 1 hour.

Plastic channels; with one inlet and outlet.
Microfluidic channels fabricated using PDMS with
one inlet and outlet, and two inlets and outlet. The
outcome was good results.

 Wash the chips 5 times with water and then 3 times
with phosphate buffer.
 Incubate the phage with the activated surface for 3
hours with shaking.

Fig. 3. Microfluidic channels (MFC).

 Wash 5-7 times with phosphate buffer.
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3.

4.

Microfluidic channels fabricated by etching glass
using a mixture of phosphoric acid (H3PO4), and HF
is one possible solution, then coated by gold; The
outcome of this technique was not good because the
roughness on the surface.
Microfluidic channels fabricated by etching Si using
TMAH, then coated by gold. The outcome was good
result.

Fig. 6. The whole cycle profile for DI water- high concentration of bacteria.

When the laser beam was irradiating MFC, the
phototransistors showed obvious optical response. The dark
current signal was obtained when there was no laser beam
irradiation onto MFC. The fluorescence intensities of E-coli 12
decreased while DI water pumping through MFC. The bacteria
detection was performed after this optical adjustment for the
detection of the highest fluorescence signal.

Fig. 4. Experimental setup.

IV.

RESULT AND DISCUSSION

The present work performed using IC consists of high-gain
phototransistors 32 x 32 array, the structure of phototransistor
pixel was unfolded in previous work [10]-[14], and E. coli 12
as a target to detect by this experiment. Fig. 1 presents a view
of the integrated MLoC system. A red laser 650 nm is used as
excitation source, and the fluorescence is detected by optical
chip using a phototransistor 32 x 32 array on-chip, as shown in
Fig. 4.

A full cycle was recorded, started with the dark current
signal; when the laser beam OFF and DI water through this
step pumping followed by high concentration of bacteria whilst
the laser switch ON. The signal was observed a little bit higher
than the previous one because of a residual bacteria presence
along with pumping high concentration of bacteria. Thereafter;
the laser beam switch OFF and DI water injected as well, Fig. 6
shows the whole of this cycle.

A pinhole was used to eliminate extraneous light from the
laser. The laser beam was focused onto the optical chip array
using a capillary holder that’s adjusted using a translational
stage so that the laser beam passed through the center of the
microfluidic channel (MFC). Fluorescence from the MFC was
detected with the CMOS microchip that was lay on it and
collected the data using a 2700 Multimeter/Data Acquisition
System and National Instruments DAQ516 PCMCIA card
installed in a laptop computer. A band pass optical filter (cutoff position: 510 nm, Edmund Industrial Optics) was attached
on MLoC to eliminate the laser scattering.

MLoC system was showing remarkable results in regarding
of reproducibility of the experiment that makes sure about the
response behavior and performance of phototransistors array.
Fig. 6 shows the profiles as a result of DI water and high
concentration of bacteria, where observed the reproducibility of
the experiment, ultimately.
B. After encapsulation the chip
The bacteria; E-coli 12 was prepared in two categories
Gram-positive (PB) and Gram-negative (NB) and pumping
through MFC, by recording the response of MLoC system, a
significant detection voltage was observed.

A. Before Encapsulation the Chip
Fig. 5 shows the response of phototransistors detection
elements. This figure shows the fluorescence detection of Ecoli obtained using MLoC microchip system after the MFC
was filled with high concentration of bacteria 109 cfu/mL by
means of microfluidic pump or syringe. The laser beam
irradiation onto MFC was well-controlled.

Fig. 7 shows the profile because of flowing DI water
through MFC then bacteria in LB media was pumping with

Fig. 5. Optical response of phototransistors array, (a) When the laser beams
OFF, (b) ON.

Fig. 7. The profile of high concentration of bacteria in both types PB and NB.
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high concentration (109 cfu/mL; Colony Forming
Units/mL); both types of bacteria; PB and NB; were used in
this case at the same concentration; a voltage around 1.39V for
the PB and 0.18 V for NB were detected.
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