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A label-free DNA biosensor based on microfiber-assisted Mach-Zehnder interferometer (MAMZI) for in-
situ real-time DNA hybridization kinetics detection has been proposed and experimentally demon-
strated. A microfiber of hundreds of microns in length is fabricated by tapering a segment of standard
single-mode fiber (SMF) to construct the U-shaped microcavity between the lead-in and lead-out SMFs.
Thanks to the mode field mismatching between the SMF and microfiber, the incident guided mode light
would separate into two beams that respectively propagate in the air microcavity and the microfiber.
Consequently, interference between different light modes would occur at the joint between the micro-
fiber and the lead-out SMF. Experimental results indicate that owing to the participation of opening
cavity modes in the modal interference process, the interferometric spectrum of our proposed micro-
cavity sensor is highly sensitive to the variation of environmental refractive index (RI), especially for the
RI range around 1.34 which is useful for most biological applications. The microfiber functionalization is
achieved by stepwise modifying the microfiber with monolayer Poly-L-lysine (PLL) and single-stranded
DNA (ssDNA) probes to produce the sensitive surface that could uniquely attach specific target ssDNAs.
The fiber surface functionalization as well as DNA hybridization processes have been experimentally
investigated for different target ssDNA solutions in real time. The interferometric transmission spectrum
shows large wavelength shift for different biological phases, and a detection limit conservatively down to
0.0001 pmol/μL has been acquired by employing the U-shaped microcavity of 176.88 μm in length. Our
proposed DNA biosensor possesses several advantages such as compact size, ease of fabrication, and
strong response for DNA hybridization, which make it a promising candidate for potential applications in
such rapidly expanding areas as medical diagnosis, cancer screenings, medicine examination and en-
vironmental engineering, etc.

& 2016 Elsevier B.V. All rights reserved.
1. Introduction

In the past decade, in-situ detection of DNA hybridization has
been extensively investigated due to the ever-growing demand for
specific recognition of DNA sequence in the fields of genetic study
(Kleinjung et al., 1997), medical diagnostics (Schmidt et al., 2002),
environmental science and biological engineering (Candiani et al.,
2013). Amongst different DNA detection techniques, optical in-
terrogation is one of the most widely investigated transduction
approach (Fan et al., 2008; Endo et al., 2010; Viphavakit et al.,
2015). A great mount of current DNA detection schemes depend
on fluorescence as the transition signal (Long et al., 2011; Coscelli
et al., 2010). However, it is normally required to label fluorescent
groups on target DNA, which not only complicates the functiona-
lization process but also increase the fabrication cost. Besides,
g).
since high performance excitation light sources and fluorescence
detectors are also indispensable, it would be rather difficult to
realize real-time detection of DNA hybridization process. Actually,
label-free detection devices for real-time and in-situ detection of
DNA hybridization have been widely studied for the past few
years. In particular, fiber-sensor-based label-free detection of DNA
hybridization offers such desirable merits as compactness, struc-
tural flexibility, ease of remote control for in-situ detection occa-
sions, rapid response and high sensitivity for target molecules in
real time (Chryssis et al., 2005; Rindorf and Jensen, 2006; Leung
et al., 2008; Herath et al., 2011; Delport et al., 2012; Sun et al.,
2014; Liu et al., 2015).

A good variety of label-free DNA detection schemes have been
proposed by utilizing evanescent-field-based fiber-optic devices.
Particularly, microfibers have been widely employed as one kind of
typical structure to excite evanescent field for investigation of the
interaction between excitation light and DNA molecules (Chryssis
et al., 2005; Herath et al., 2011; Sun et al., 2014). However, eva-
nescent wave normally only exists very close to the microfiber
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Fig. 1. Micrographs of the MAMZI fabrication procedure (a)–(f); the U-shaped microcavities of (g) 434.72 μm, (h) 272.81 μm and (i) 176.88 μm in length, respectively.

B. Song et al. / Biosensors and Bioelectronics 81 (2016) 151–158152
surface with about 100 nm in depth and would exponentially
decay as it propagates along the fiber axis, which makes it un-
available for detection of the bio-analyte a bit farther away from
the fiber surface. It should be noted that surface-plasmon-resonance-
based (SPR-based) evanescent field enhancement schemes have at-
tracted increasing research interests in recent years (Leung et al.,
2008; Delport et al., 2009, 2012; Verma and Gupta, 2013). How-
ever, the SPR performances are dependent on metal thickness, func-
tional layer configuration, and bio-molecular size. Since SPR effect is
dominated by transverse magnetic (TM) waves that could only be
excited by p-polarization light, special polarization light source is
normally required to excite the SPR effect. Moreover, the quality of
SPR signal is restricted by the strength of evanescent wave. In this
case, to lower the detection limit for DNA molecules by enhancing
their interaction with the light field is an issue to be promptly
resolved.

In general, two methods could be employed to improve the
DNA sensitivity for fiber-optic label-free DNA detectors. One is to
increase the length of transduction element, by which the fiber
surface is enlarged to attach more bio-molecules. However, due to
the increase of sensor size, point detection for microscale bio-
samples is not possible. The other method is to decrease fiber
diameter to strengthen the microfiber evanescent field. This en-
hances the interaction between evanescent field and target bio-
molecules, but the microfiber is rather fragile and complex fabri-
cation procedure is also required. Due to the drawbacks of current
fiber-optic bio-sensor designs, it would be necessary to develop a
fiber-optic bio-detector with such desirable features as compact-
ness, low cost, robust, strong interaction between the evanescent
field and biosamples and ease of integration with bio-molecules.

In this paper, a microfiber-assisted Mach-Zehnder inter-
ferometer (MAMZI) has been proposed for label-free detection of
DNA hybridization in real time. A segment of microfiber is spliced
between two standard single-mode fibers (SMFs) with large lateral
offset to constitute an opening U-shaped cavity. The proposed
biosensor has a miniaturized structure, and moreover about half of
the incident light power is injected into the opening cavity to
ensure strong interaction between the evanescent field and bio-
sample. In 2013 we developed a microfiber-assisted U-shaped
cavity with ultrahigh sensitivity for ambient RI around 1.34 (Gao
et al., 2013), which exploits the enhanced interaction between
light and ambient medium with the help of the opening U-shaped
cavity. The good RI responses of this sensor provide the possibility
of developing miniaturized biosensors with ultrahigh sensitivities
for label-free detection of small bio-molecules. The U-shaped
cavities of 434.72 μm, 272.81 μm and 176.88 μm in length were
experimentally fabricated, and the microfiber surfaces were
functionalized with a monolayer of poly-L-lysine (PLL) and a sin-
gle-stranded DNA (ssDNA) probe. Both of the surface functionali-
zation and DNA hybridization processes have been experimentally
investigated in real time. With the same surface functionalization
procedure, strong responses of interferometric spectrum have
been acquired for DNA hybridization kinetics characterization. And
to the best of our knowledge, our proposed DNA detector has the
smallest size compared with the ever reported designs (Chryssis
et al., 2005; Rindorf and Jensen, 2006; Leung et al., 2008; Herath
et al., 2011; Delport et al., 2009, 2012; Verma and Gupta, 2013; Sun
et al., 2014; Liu et al., 2015).
2. Microfiber-assisted MZI

2.1. Fabrication of U-shaped cavity

The MAMZI is fabricated by using a commercial fusion splicer
(Fujikura FSM-60s, Japan). The micrographs of the device fabrica-
tion procedure are shown in Fig. 1. Firstly, the cladding diameter of
a segment of SMF (SMF-28e, Corning Inc., USA) is tapered down to
tens of microns based on flame scanning tapering technique. The
uniform microfiber is spliced with a standard SMF with a large
lateral offset along X direction but laterally aligned along Y di-
rection to constitute one of the interferometric arms, as shown in
Fig. 1(a) and (b), respectively. By using a translation stage to ac-
curately adjust the fiber axial displacement and a fiber cleaver to
cut off the free end of the microfiber, the microfiber with pre-
designed length could be fabricated, as shown in Fig. 1(c),
(d) respectively. After the microfiber is cut off, it is spliced with the
lead-out SMF, as shown in Fig. 1(e) and (f), respectively. By re-
peating the above procedure, three MAMZIs with cavity lengths of
434.72 μm, 272.81 μm and 176.88 μm were fabricated, as shown
in Fig. 1(g)–(i), respectively. Compared with related reports on fi-
ber-optic DNA detectors, our proposed DNA biosensor has the
most compact structure (Chryssis et al., 2005; Rindorf and Jensen,
2006; Leung et al., 2008; Herath et al., 2011; Delport et al., 2009,



Fig. 2. Simulation of beam propagation process for the MAMZIs with different microcavity lengths (a)–(c); (d). Simulated transmission spectra; (e). Wavelength shift in
response to the change of ambient RI around 1.34.
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2012; Verma and Gupta, 2013; Sun et al., 2014; Liu et al., 2015).

2.2. Performances of the microfiber-assisted MZI

2.2.1. The beam propagation mechanism
Due to the presence of large lateral offset between the lead-in

SMF and microfiber, as incident guided core mode from the lead-in
SMF enters the microcavity region it would separate into two
different branches that propagate along the microfiber and
U-shaped cavity, respectively. And owing to the mode field mis-
matching between the microfiber and lead-out SMF, the two
beams respectively propagating along the U-shaped cavity and
microfiber would interfere at the joint between the microfiber and
lead-out SMF. Based on the beam propagation theory, the power
evolution process as the light propagates through the MZI struc-
ture has been simulated for the above three MAMZIs, as illustrated
in Fig. 2(a)–(c), respectively. It is apparent that the incident light
generally splits into two portions, and nearly half of the incident
light leaks into the air environment. Due to the optical path dif-
ference between these two portions of light, spectral interference
would occur at the joint between the microfiber and lead-out SMF.

Simulated transmission spectra for the MAMZI with different
microcavity lengths in air are illustrated in Fig. 2(d). It could be
seen that due to the scattering of air, the microcavity with longer
cavity length would experience larger transmission loss. Different
from the one of 176.88 μm in length, the interferometric
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transmission spectra exhibit a few irregular fluctuations for the
U-shaped cavities of 272.81 μm and 434.72 μm in length. This is
due to the fact that as the length of microcavity increases, inter-
ference may take place between the guided modes propagating in
the microfiber and U-shaped cavity before they meet at the output
of the microfiber, which results in the superposition of multiple
interferences. The decrease of microfiber length would help to
suppress the superposition of multiple interferences. As the length
of U-shaped cavity is shortened to 176.88 μm, the interferometric
transmission spectrum with lowest transmission loss and highest
contrast may be acquired, which could be simulated using a rig-
orous double-beam interference model.

2.2.2. Theoretical evaluation of RI sensing performances
To evaluate the sensing performances for the low RI range

around 1.34, we have simulated the transmission dip wavelength
shift as the ambient RI of the proposed MAMZIs with different
cavity lengths ranges from 1.33 to 1.345, as shown in Fig. 2(e).
From this figure, it is clear that the interference dips linearly move
toward shorter wavelength region as the ambient RI increases.
The spectral blue-shift is caused by the decrease of optical path
difference between the guided modes propagating in the micro-
fiber and U-shaped cavity as the RI of the U-shaped cavity
increases. Simulation results indicate that the RI sensing sensi-
tivities as large as 5.3905�103 nm/RIU, 6.019�103 nm/RIU and
1.15714�104 nm/RIU could be obtained for the MAMZIs with
U-shaped cavities of 434.72 μm, 272.81 μm and 176.88 μm in
length, respectively; and the lowest RI detection limit reaches
4.32�10�5 RIU in consideration of the 0.5 nm wavelength re-
solution of the optical spectrum analyzer (OSA) employed in our
experiment.
3. DNA hybridization detection

3.1. Surface functionalization of the microfiber

3.1.1. Reagent
Poly-L-lysine (PLL) (Sigma, molecular weight: 30000–70000 );

PBS buffer (0.01 mol Na2HPO4, 0.15 mol NaCl, pH¼7.4); TE buffer
(10 mmol Tris–HCl 1 mmol EDTA pH¼7.4); Ultrapure water; Me-
thylene Blue (MB) (C16H18ClN3S �3H2O, molecular weight: 373.9);
Probe ssDNA: 5′-AAG CTT CGC TGA GGA ACA CAT-3′; and its
matched target ssDNA: 5′-ATG TGT TCC TCA GCG AAG CTT-3′; non-
complementary ssDNA: 5′-GCC AAC AGG GAG AAG ATG ACC-3′.

The PBS buffer and TE buffer are sterilized under high tem-
perature and high pressure, standby at 4 °C. 25 mg/ml PLL/PBS
solution is prepared in 25 mg PLL and 1 mL PBS buffer, standby at
�25 °C. Additional small concentrations are diluted in PBS buffer.
The ssDNA samples are dissolved in 1� TE buffer, respectively, and
solutions with different concentrations of 1.0 pmol/μL, 0.5 pmol/
μL, 0.2 pmol/μL, 0.1 pmol/μL, 0.05 pmol/μL, 0.02 pmol/μL,
0.01 pmol/μL, 0.005 pmol/μL, 0.002 pmol/μL, 0.001 pmol/μL, and
0.0001 pmol/μL are prepared, standby at 4 °C.

3.1.2. Surface functionalization
Silica surface of the microfiber is inherently negatively charged

(He et al., 2011). PLL is commonly used to immobilize negatively
charged biomolecules (such as DNA) on the surface of solid sub-
strate. PLL has amino-groups with positive charges that could be
bound to the negatively charged microfiber surface through ionic
absorption (Rindorf and Jensen, 2006). Thus the microfiber could
be functionalized with a monolayer PLL. In addition, ssDNA has
phosphate groups in its negatively charged backbone, which could
be immobilized to the other end of monolayer PLL but would not
be directly bound to the negatively charged fiber surface. As
illustrated in Fig. 3(a), PLL and probe ssDNA immobilized on the
microfiber surface would gradually form a sandwich-like coating
surrounding the microfiber.

The functionalization procedure are stepwise illustrated in
Fig. 3(b). Firstly, the microfiber is cleansed by ultrapure water
through a micro-flow cell. And then the prepared 25 mg/mL PLL/
PBS solution is diluted by 250 times and pumped into the
U-shaped cavity for 1 h. The same cleansing procedure using ul-
trapure water is repeated twice to remove the non-immobilized
PLL molecules. The ionic absorption-based monolayer PLL would
form on the microfiber surface at this moment. 1 pmol/μL probe
ssDNA/TE buffer is pumped into the U-shaped cavity for 1 h to
ensure that ssDNA molecules are immobilized on the monolayer
PLL. Then it is cleansed by ultrapure water to remove the non-
immobilized probe ssDNA molecules. Following the above proce-
dure, we could acquire a sandwich-like modification and functio-
nalization structure with microfiber as the substrate material.

To prove the functionalization of the microfiber surface, Me-
thylene Blue (MB) is used to dye double-stranded DNA (dsDNA),
whose tricyclic heterocyclic molecular structure would intercalate
between the basepairs of G–C of dsDNA (Muller and Crothers,
1975). Fig. 3(c) shows the side view micrographs of microfiber
without surface functionalization after immersion into MB/water
solution, no MB dye could be found on the microfiber surface. Its
inset shows the micrograph of MB/water solution on a glass slide,
on which rare MB dye aggregations could be found. In contrast,
Fig. 3(d) shows the side view micrograph of the microfiber with
surface functionalization and DNA hybridization after immersion
into the MB/water solution. It is apparent that MB dye aggregates
on the microfiber surface. The inset shows MB/water solution with
dsDNA on a glass slide, on which MB dye aggregations could also
be found.

3.2. Experimental setup of the DNA hybridization probe

Fig. 4 shows the schematic experiment setup of the DNA hy-
bridization detection system. Our proposed MAMZI is en-
capsulated into a micro-flow cell with micro V-groove to serve as
the DNA probe. All of the liquid samples are injected into the cell
by using a syringe pump. Due to the teeny size of MAMZI, just sub-
microliter sample volumes (0.866 μL) should be pumped into the
microcell. Light from a supercontinuum broadband source (SBS) is
launched into the MAMZI and the interferometric transmission
spectrum is monitored in real time during the surface modification
and DNA detection procedures by employing an OSA (Yokogawa
AQ6370C, operation wavelength ranges from 600 nm to 1700 nm)
with a wavelength resolution of 0.5 nm.
4. Experimental results and discussion

4.1. Results of complementary DNA hybridization detection

Fig. 5 shows the transmission spectra as well as the real-time
interference dip shift in response to PLL modification and DNA
hybridization for the three MAMZIs with different microcavity
lengths. The interferometric transmission spectra of the MAMZI
with U-shaped cavities of 434.72 μm, 272.81 μm and 176.88 μm in
length are shown in Fig. 5(a), (c) and (e), respectively. Due to the
large cross sectional offset between the SMF and microfiber, about
half of the total incident light enters the air cavity, causing a large
transmission loss over 30 dB. When the MAMZIs are exposed in
the air, the free spectral ranges (FSRs) of the interferometric
transmission spectra located around 1550 nm are 11.7 nm, 19.0 nm
and 29.7 nm, respectively. The FSR Δλ could be roughly evaluated
by Δλ¼λ2/ΔnL, where λ represents the average transmission dip



Fig. 3. (a) Schematic diagram of the sandwich-like modified and functionalized structure with microfiber as the substrate material. (b) Stepwise functionalization procedure.
(c) Side view micrographs of microfiber without surface functionalization after immersion into the MB solution; inset shows the MB/water solution on a glass slide.
(d) Microfiber with surface functionalization and DNA hybridization after immersion into the MB solution; Inset shows the MB/water solution with dsDNA on a glass slide.

Fig. 4. Schematic experiment setup of the DNA detection system.
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Fig. 5. Interference spectral responses. (a), (c) and (e) show interference spectra of the MAMZIs with U-shaped cavities of 434.72 μm, 272.81 μm and 176.88 μm in length,
respectively. (b), (d) and (f) show the real-time relative wavelength shift responses of the MAMZIs to microfiber surface functionalization and DNA hybridization processes.
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wavelength, Δn refers to RI difference between the optical modes
participating in the modal interference process and L is inter-
ference length. For air environment, the RI difference around
1550 nm could be approximated by Δn¼ns�1¼0.4635, where ns
refers to RI of the silica-based microfiber. Therefore, the theoreti-
cally calculated FSRs for the above three MAMZIs with different
cavity lengths are 11.92 nm, 18.99 nm and 29.3 nm respectively,
which are in good agreement with our experimental results. When
pure water is pumped into the microflow cell, transmission
spectra with better periodic pattern could be obtained, as shown
in Fig. 5(a), (c) and (e). This implies that fewer modes would
participate in the modal interference process owing to the incre-
ment of microcavity RI. And due to decrease of the RI difference,
the FSRs increase to 49.2 nm, 99.5 nm, 131.4 nm for different
MAMZIs, respectively.

The transmission spectral responses have been monitored in
real-time for microfiber surface modification and functionalization
processes as well as the detection process for target ssDNA with
different concentrations. Fig. 5(b), (d) and (f) give the interference
dip responses for different biological phases. 0.1 mg/mL PLL/PBS
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solution is in turn pumped into the microcavities of 434.72 μm
and 272.81 μm in length. Due to the ionic absorption effect be-
tween the microfiber and PLL amino groups, the interference
spectra exhibit large wavelength shifts of 42.5 nm and 66.2 nm
after an observation time span of 1 h, respectively. This indicates
that our proposed MAMZIs possess ultrahigh wavelength sensi-
tivity to PLL molecules. For the microcavity of 176.88 μm in length,
after diluting the 0.1 mg/mL PLL/PBS solution by 100 times by
using PBS buffer, it is also pumped into the microflow cell for 1 h.
And this time a wavelength shift of 13.6 nm has been experi-
mentally acquired. And when 1 pmol/μL probe ssDNAs are
pumped into the above three U-shaped cavities for 1 h, strong
absorption interaction between monolayer PLL and phosphate
groups of probe ssDNA molecules results in obvious wavelength
shifts up to 44.9 nm, 36.9 nm and 43.4 nm, respectively.

After immobilization of probe ssDNA molecules on the micro-
fiber surface, the complete complementary ssDNA sequence with
different concentrations as target ssDNA are respectively pumped
into the microflow cell. For the U-shaped cavity of 434.72 μm in
length, a series of target ssDNA concentrations of 1.0 pmol/μL,
0.5 pmol/μL, 0.2 pmol/μL, 0.1 pmol/μL, 0.05 pmol/μL, 0.02 pmol/
μL and 0.01 pmol/μL are selected for experimental test. Owing to
the complementary base pairing action, even for the case of
0.01 pmol/μL, an evident wavelength shift of 6.1 nm has been ac-
quired in only 5 min. In this case target ssDNAs with lower con-
centrations of 0.05 pmol/μL, 0.02 pmol/μL and 0.01 pmol/μL are
respectively pumped into the microflow cell when the U-shaped
cavity of 272.81 μm in length is employed. In half an hour, the
wavelength shifts decrease from 20.7 nm to 12.4 nm for the target
ssDNAs with different concentrations, which means that the de-
tection limit of the proposed MAMZI for target ssDNA is even
lower than 0.01 pmol/μL. To recognize the detection limit for DNA
hybridization, target ssDNA samples with lower concentrations,
including 0.005 pmol/μL, 0.002 pmol/μL, 0.001 pmol/μL, and
0.0001 pmol/μL, are in turn pumped into the 176.88 μm-micro-
cavity. All of the low concentration samples show obvious wave-
length shifts within an observation time span of 1 h, and even for
the sample with lowest concentration (0.0001 pmol/μL), a wave-
length shift of 15.2 nm has been acquired. To evaluate the influ-
ence of ionic electrostatic incorporation in TE buffer, the trans-
mission spectrum has been also monitored for 1 h when TE buffer
is applied only. The interference dip shows a slight wavelength
shift by about 5 nmwithin 1 h, which is acceptable compared with
the wavelength shifts of 15.2 nm when 0.0001 pmol/μL target
ssDNA sample is tested. In addition, it could be seen that the
Fig. 6. (a) Control test for non-complementary ssDNA of the MAMZI with a microcavity le
176.88 μm for 0.01 pmol/μL target ssDNA samples. Inset shows a histogram of the average
standard deviations at different time.
detection limit of complete complementary target ssDNA is less
than 0.0001 pmol/μL.

4.2. Detection of specificity and repeatability

To evaluate the specificity for hybridization between different
ssDNA sequences, the control experiment for non-complementary
ssDNA (5′-GCC AAC AGG GAG AAG ATG ACC-3′) has been con-
ducted utilizing the MAMZI with a microcavity length of
272.81 μm, as shown in Fig. 6(a). The interferometric dip around
1370 nm exhibits different spectral responses for complementary
and non-complementary ssDNA samples. For the complementary
target ssDNA samples with concentrations of 0.01 pmol/μL and
0.02 pmol/μL, the dip around 1370 nm shows a blue-shift of
9.5 nm and 13.8 nm within an observation time of 30 min, re-
spectively. While for the 1 pmol/μL non- complementary ssDNA
sample, the same transmission dip only experiences a small wa-
velength fluctuation of 1.5 nm within 30 min, which is caused by
the electrostatic adsorption between trivial unsaturated PLL mo-
lecules and the structural mismatch of ssDNA molecules. The
strong contrast in dip wavelength sensitivities indicate that our
proposed MAMZI-based DNA detector possesses a good specificity
for DNA recognition.

After detecting each one-target ssDNA sample, the perfor-
mance repeatability of the MAMZI functionalized by PLL and probe
ssDNA is verified based on thermal method. Through heating the
MAMZI with dsDNA at 95 °C for 5 min and then fast cooling it at
0 °C for 2 min, the double helix structure of the dsDNA would
become unstable and unwound, and the interferometric trans-
mission spectrum would restore to its original pattern. For the
microfiber of 176.88 μm in length, three repeated tests for
0.01 pmol/μL target ssDNA samples are conducted in real time, as
shown in Fig. 6(b). The same condition for microfiber surface
modification and functionalization are pledged as above described.
After thermally unwinding, the MAMZI is kept in pure water for
1 h so that its interferometric transmission spectrum is fairly
stable with little fluctuations. The functionalized surface of mi-
crofiber is reusable but small memory effect is existent. The
average wavelength shifts and relative standard deviation (RSD)
are 24.7 nm and 18.9% respectively within a monitoring time span
of 60 min as shown in the insert of Fig. 6(b). These results indicate
that our proposed MAMZI shows good repeatability, which en-
sures its applicability for practical applications.
ngth of 272.81 μm. (b) Repeatability test of the MAMZI with a microcavity length of
wavelength shift within 60 min for three repeated tests; the error bars indicate the
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5. Conclusion

A label-free in-situ DNA hybridization kinetics probe based on a
MAMZI has been proposed and experimentally demonstrated. The
physical and bio-optic properties of the microcavities with differ-
ent lengths have been investigated from theoretical as well as
experimental perspectives. The stepwise modification and func-
tionalization processes of the microfiber surface by employing
monolayer PLL and ssDNA probe have been monitored in real time.
For the shortest microcavity length of 176.88 μm, large wavelength
shifts and an ultralow detection limit evaluated according to the
experimental results is less than 0.0001 pmol/μL. In addition, the
performance specificity and repeatability of the MAMZI functio-
nalized by PLL and probe ssDNA has been tested. Our proposed
MAMZI has the most compact structure and ultrahigh sensitive
responses to DNA hybridization, which would be of great sig-
nificance for the detection of trace biosamples and is anticipated
to find various applications in the fields of medical diagnosis,
cancer screenings and environmental engineering.
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