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Antibody-based biosensor for breast cancer
with ultrasonic regeneration

Maria-Cruz Moreno-Bondi* Abstract. We describe a novel method and instrumental setup for
Joel Mobley regenerating antibodies immobilized on a fiberoptic probe of an im-
Jean-Pierre Alarie munosensor using ultrasonic irradiation with broadband imaging
Tuan Vo-Dinh** transducers. The instrumental setup and irradiation conditions for an-
Oak Ridge National Laboratory tibody regeneration using ultrasound are described. The results of the
Advanced Monitoring Development Group measurements with antibody against breast cancer antigen illustrate

Oak Ridge, Tennessee 37831-6101 the effectiveness and potential of the regenerable immunosensor. A

65% removal of the antigens bound to the Mab immobilized on the

fiber surface is attained after ultrasound regeneration. © 2000 Society of
Photo-Optical Instrumentation Engineers. [S1083-3668(00)00703-6]

Keywords: immunosensor; antibody; regenerable biosensor; ultrasound; fiberoptic.

Paper 90024 JBO received Apr. 16, 1999; revised manuscript received Feb. 6, 2000;
accepted for publication Mar. 8, 2000.

1 Introduction Coulombig interactions, and interactions due to a combina-

Fiberoptic biosensors using immobilized antibodies as recog- tion of both forces. Hydrophobic interactions are due to the
nition elements have been extensively applied for the deter- propensity of nonpolar groups and chains to aggregate when

mination of various analytes such as pesticides, explosives,

immersed in water. This type of interaction is maximized be-
drugs, toxins, damaged DNA, or pathogenic organisAfor tween the hydrophobic complementary determining regions of
the past 10 years, our laboratory has been developing a wide

the antibody parotopes and the predominantly hydrophilic
variety of antibody-based fiberoptic sensors for environmental grt:ups fount(_i in thesntl%(ta)nfpltope. Elez'ltrgstatlc mteractlo_ns
and biomedical a_pplications. Thq fir;t fiberoptic fluoroimmu- iziéviﬁgsagf'%ﬁg 2:;“01”8';1 dyiiges C;usp?pos)ilt:l::igrrgrgo(;ﬁ 't?]g'
nosensor for _enwror_nmental monitoring was develo%ed to de- parotope. After primary binding has occurred through hydro-
itﬁ]%Jzﬁsce:ig?c:ger:fni?gr”l;tea{;:’h Z?flgz]gyrensl\ﬁazm:;)e phobic and electrostatic interactions, the epitope and the pa-
due to chemical exposure has also begeH develb h- rotope will be close enough to allow van der Waals and hy-

. ) posure . ezt . drogen bonds to become operative. In order to dissociate the
niques to improve selectlwty using phase-resolveq detection antigen—antibody complexes, the strength of these forces may
have been applied to an antibody-based sehdarantibody- be reduced by changing theH, ionic strength, or tempera-
based fiberoptic nanosensor to detect BaP has also been re- . A L) )
ported® Removal of antigens bound to antibodies covalently eture, or through the addition of dehydrating agents or organ

. . . o ics. In this sense, strong acids such as HCHg8O,, mix-
attached to optical fiber surfaces is one of the limiting factors g HeBO,

in the devel t of ble. i . d reliabl tures such as glycine—HCI, or basic solutions of
In the development of reusable, INEXPEnsIVE, and refiavle Op'tetraethylamine, for example, have been used when the pri-
tical fiber immunosensors for environmental and clinical

. ) . mary attractive forces in the bond can be considered as elec-
analysis. In a previous study, we have used chemical reagentsygtatic interactiond.Lu et al*? pointed out that the use of

to cleave the binding between antibody and antigen, thus re- o qanic solutions such as ethylene glycol could improve the
generating t_he blosensbﬂ'_hls chemical p_rocedure is simple washing efficiency by reducing both the van der Waals and
but ineffective after multiple regeneration operatiofiess the Coulombic forces maintaining the bond. Ligler etal.
than five cycley dw_e to possible denaturation of the antlb_ody. made a similar observation. Nevertheless, every antigen—
Another approach in the development of regenerable b'osen'antibody pair may differ with respect to the nature of the
sors involves the design of microcapillary systems capable of forceg implicated in the binding site.

delivering and removing reagents and antibody-coated micro-  Haga et al* studied the effect of 28 kHz ultrasonic radia-
beads into the sensing chamber without removing the sensofjon with an intensity of 0.83 W/cfion the dissociation of
from the samplé.Several investigators have searched for fast antigen—antibody complexes immobilized on CH—Sepharose
dissociation protocols that are able to regenerate immobilized ge|s. They observed that the percent of dissociation increased
antibodies while maintaining their stability for use in routine wjith irradiation time and input wattage obtaining 22% of dis-
analysis, commercial immunosorbefitsor optical fiber  sociation after 20 min, whereas the immune reactivity de-

sensors? creased 8% without degradation of the dissolved antibody
Antigen—antibody interactions can be classified in three upon exposure to the ultrasound for times of up to 120 min.
different groups:* hydrophobic interactions, electrostafior Higher frequency ultrasounghigh kHz to low MHz ranggis
used to remove smalimicrometer to submicrometeparticles
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sonic cleaning process does not damage the surfaces, suggest- Mirror  Shutter
ing that its m f ion n nd on th ron
g that its mode of action does not depend on the strong /
effects of inertial cavitation that occur with lower frequency |
(e.g., 20 kHz ultrasonic horns and baths. The mechanisms of Fluorescence | Holographic
i i i i ; Signal Notch Filter  Long Pass

megasonic cleaning likely involve nonlinear effects such as Optical Fiber \‘ Filter
acoustic streamirtg™® and radiation pressure as well as the 77 -

; ; 6 P ; >[PMT |
oscillatory linear force$® Stable cavitation(a less intense . .
process than inertial cavitatipmay also play an important Lens Holographic ~ Lens

15,17 Beam Splitter

role;”*" particularly in enhancing the streaming effects. The
success of the gentle but effective megasonic cleaning process
suggests that MHz range ultrasound may have some use in
regeneration of biosensor surfaces. Tapered

In this paper we describe a novel procedure for regenerat- Optical Fiber
ing antibodies immobilized on a fiberoptic surface with ultra- Antibody
sonic irradiation using a broadband imaging transducer oper-
ating near 5 MHz. This type of ultrasound device is
commonly used for the detection of flaws in the nondestruc-
tive evaluation of engineering materials and measurement of
the mechanical properties of various médimcluding bio-
logical tissue€? The use of ultrasound for the regeneration of
optical fiber immunosensors could be an important advance in
the application of these devices for vivo andin situ mea- * to spectrometer
surements since it would no longer be necessary to supply a
regeneration solution to the sensor system that could lead to
the denaturation of the immobilized antibody. Optical Fiber —||

Picoammeter

Chart
Recorder

Cladding
-—

__Plastic Tube

2 Experiment "t~ Phosphate-Buffered Saline
. 50 mm w/ 2 mg/mL Bovine-Serum Albumin
2.1 Materials and 1% Trinton X-100

Monoclonal antibody to cancer breast antigen CA15-3, and sl

i . scilloscope
human cancer antigen CA15-3, antigen grade, were purchased N~ Tektronix 520
from Biodesign International (Kennebunk, ME (3- -
Glycidoxypropybtrimethoxysilane (GOPS was obtained Ultrasonic Transducer signal 1 }rrigger
from Fluka (Buchs, Switzerland 1,1'-carbonyldiimidazole, AT ATBIGE V300
phosphate buffered salingH 7.4,and all other reagents were ;gg 1 %zg;?éir M onibar] Beedier
supplied by Sigma Chemical C(5t. Louis, MO. Water was 5 MHz cemerfreq?,ency — Panametrics 5072PR
purified using a Milli-Q system from Millipore. Multimode Pulgeiput/in
fused-silica fibers, 60Qum core, silica/silica cladding were
from Fiberguide Industrie€Stirling, NJ). Fibers were cut into 1b
0.5 m lengths and one of the ends was hand polished with
aluminum oxide grit paper with 15, 3, and O:8n grit size, Fig. 1 (a) Diagram of the optical setup. (b) Diagram of the ultrasound
using an Ultra Te¢Santa Ana, CApolisher. The sensing tips ~ SYSt™:
of the fibers were tapered under computer control using a
Sutter Industries P-2000 instrument.

multiplier tube (Hamamatsu Model E849-3%vith a 650 nm
2.2 Instrumentation long-pass filter to further reduce the background due to the
laser scatter. Data were collected on a strip chart recorder.
2.2.1  Fluorescence Sensing System
Figure Xa) shows a schematic of the fiberoptic immunosensor 2:2.2 Ultrasound Generation System

detection system. The 632.8 nm line of a HeNe la&4 The transduce(Panametrics V309used in this study was a
mW) was passed through a laser bandpass filter, through al2.7 mm diam aperture with an acoustic lens to focus the
Uniblitz shutter and onto a holographic beamsplitt€aiser, sound beam on axis at a distance of 50.4 (@nm.) from the

Ann Arbor, MI). The shutter permits the delivery of con- face of the device. It is optimized to produce short pulses a
trolled duration pulses from the laser in order to reduce the few us wide with center frequencies near 5 MHz. The pulse
effects of photobleaching. The beam is then focused onto therepetition rate was 5000(sene pulse every 200s). The setup
optical fiber and delivered to the tapered end. The fluores- for the ultrasonic irradiation of the fiber tip is schematically
cence is collected at the tip of the fiber and returned through illustrated in Figure (b). The transducer was placed at the
the optical fiber to the collimating optics. The light then end of a plastic tube just large enough to fit over the trans-
passes though the holographic beamsplitter and a holographicducer aperture. The tube was mounted vertically and the
Raman filter to reduce the background due to the laser. Thetransducer face served as the bottom edge of a cylindrical bath
fluorescence is then focused onto the active area of a photo-containing phosphate buffered salif®BS), Triton X-10, and
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BSA. In all cases the fiber was lowered into the bath oriented 120
such that its tip pointed toward the transducer along its central

axis. The fiber tip was positioned approximately 50 ni&n 100 - \ ; 32::2
in.) from the transducer. The proper placement of the fiber tip - \\ — oycle4
was verified using the oscilloscope to monitor the time inter- 804 1 X —o cycle 5
val between the excitation pulse and the echo returned from = \ o cycle6
the tip. The transducer was excited by a broadband pulser& ‘

—a— cycle 1

(Panametrics 5072PRSince the ultrasonic effects relevant to *
regeneration increase with sonic power, we configured the
pulser to deliver the maximum possible amount of energy to
the transducer. This was judged by finding the largest signal
on the oscilloscope from the echo returned from the surface of

signal

. fiber regeneration

[ 7] ultrasonic irradiation

the PBS at the top of the tube. Nz v v i vl %
. 0 100 200 300 400 500
2.3 Experimental Procedures time (min)

. . . et Fig. 2 Antibody regeneration assay using ultrasound. The sensitive tip
2.3.1 Optlcal Fiber Surface Silanization and of the fiber was exposed to 600 ng/ml of Cy-5-CA15-3 in PBS/BSA (2

Activation mg/ml)/Triton X-100 (1%) for 20 min. The tip was removed from the

The tapered end of the optical fiber was activated for protein labeled antibody and exposed to the ultrasound irradiation with the 5

immobilization according to a procedure previously MHz focused transducer. Next the fiber was reincubated with the
. - e L - . antibody labeled solution for another 20 min. The fluorescent signal

described" Wl.th the modifications m.dlcated below. _The fiber was recorded at the end of each incubation and at various times dur-

was successively washed for 30 min witNO;, HC'; abso- ing irradiation. The cycle was repeated five times.

lute ethanol(1:1) and H,SO,. After the wash, the fiber was

rinsed with distilled water and ethan00% and dried for

15 min at 80°C. Following the last wash, the fiber remained .

overnight in the oven at that temperature. Afterward the tip of 2.3.4  Measurement and Regeneration Procedure

the tapered end of the fiber was submerged in 100 ml of 100 To regenerate the immunosensors, the fiber coated with the

mM acetic acid/sodium acetate bufferH 5.5 and 1 ml of antibody was immersed, with the aid of a fiber microposi-

GOPS was added. The solution was stirred #ch at90°C.  tioner, in PBS/BSA(2 mg/m)/Triton X-100 (1%) (to prevent

The diol phase fibers were activated with C.35 g by nonspecific binding to the fibe& in a special plastic cham-

heating under reflux for 20 h in anhydrous dioxaB6 mi), ber attached to the ultrasonic transducer. The approximate
and washed several times with the same solvent before dryingvolume of the chamber was 10 ml. After a stable baseline
overnight at 80°C under vacuum. reading from the PMT was obtained, the buffer was removed
and the fibers were incubated in 4p0of a solution contain-
2.3.2 Protein Attachment ing 600 ng/ml of Cy-5-CA15-3 antigen in blocking solution at

room temperature. After 20 min, the fiber was rinsed several
times with the blocking solution and dipped again in the plas-
tic chamber mentioned above. The fluorescence signal for the
sample was collected duringehl s period that the shutter
was open. The ultrasonic transducer was then connected and
the fluorescence signal of the fiber was measured as a function
of the sonication time, blocking the laser excitation with the
shutter between data acquisitions to avoid photobleaching.

The activated fiber was incubated for 3 h, at room tempera-
ture, in 300wl of a solution containing 0.05 mg/ml mono-
clonal antibody(Mab) to cancer breast antigen CA15-3 in
PBS and rinsed with PBS several times. Nonspecific binding
sites on the optical fiber were blocked afterwards, by treating
the tapered end with PBS/BS& mg/m) for 2 h. The fiber
was stored in PBS at 4°C.

2.3.3 Preparation of the Cy-5-labeled Breast
Cancer Antigen 3 Results and Discussion

One vial (50 KU) of Human Breast Cancer Antigen CA 15-3 The fluorescence signals from a labeled fiber over six cycles
(Biodesign International, Kennebunk, NBvas incubated  of antigen exposure/regeneration and ultrasonic irradiation are
with one vial of Cy-5(Fluorolink Cy-5 Reactive Dye Pack, shown in Figure 2. During the first cycle, the signal fell 45%
Biological Detection Systems, Inc., Pittsburgh, )Pfar 30 after 30 min of irradiation and the signal continued to fall
min at room temperature. The breast cancer antigen solutionthroughout the cycle. A similar pattern held for subsequent
was dialyzed overnight at 4°C against 100 ml of 0.1 M so- cycles. Figure 3 displays the percentage decrease in signal at
dium carbonate buffefpH 9.3) to adjust thepH of the pro- 10, 30, and 60 min averaged over all the cycles.

tein solution before reaction with the Cy-5. Following the dye In this study, we were not able to achieve 100% removal
conjugation step, the labeled cancer antigen was separatedf the antigens bound to the Mab immobilized on the surface
from the dye using a Sephadex G-15 column and eluting with of the optical fiber. The percent decreases for the respective
phosphate buffered saline. Fractions eluting in the void vol- incubation/irradiation cyclegas measured by the maximum
ume of the column were collected and pooled. As a further and minimum signals for each respective cyaehibited a
precaution to ensure complete removal of the free dye, the downward trend with cycle number. Although the signal de-
pooled fractions were dialyzed against PA®0:1 volume of creased by 65% over the first cycle, in the fifth cycle the
dialysis buffer to fraction volume for 24 h at 47C decrease was only 44%. This could indicate that the ultra-
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Fig. 3 The percentage decrease in the fluorescence signal (averaged
over the cycles in Fig. 2) for 10, 30, and 60 min of ultrasonic irradia-
tion. The decrease was calculated for each cycle relative to the initial

value for the cycle.

Antibody-Based Biosensor for Breast Cancer

will vary with the rise and fall of the pressure in the passing
waves. Since there is no significant heat deposited at the sen-
sor, the temperature will return to ambient after the short ul-
trasonic pulse has passed. It is not clear at this time what
effects, if any, will stem from this transient temperature varia-
tion. Currently we are conducting studies to more fully de-
velop this ultrasonic technique by using various transducers/
frequencies and further examining its applicability and
reproducibility.

4 Conclusion

In this study, we have demonstrated the possibility of using
ultrasound from broadband imaging transducers to regenerate
antibody-based biosensors. The ultrasound regeneration
scheme is a nondestructive approach that has a great potential
to be applied tdan situ monitoring systems. The results dem-
onstrate the effectiveness of this innovative approach for the
antibody-based biosensor to remote biosensing applications.
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