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In the present study, a novel molecular biosensor system model was designed by using a couple of the fluorescent
unnatural mutant streptavidin and the carbazole-labeled biotin. BODIPY-FL-aminophenylalanine (BFLAF), a fluores-
cent unnatural amino acid was position-specifically incorporated into Trp120 position of streptavidin by four-base
codon method. On the other hand, carbazole-labeled biotin was synthesized as a quencher for the fluorescent
Trp120BFLAF mutant streptavidin. The fluorescence of fluorescent Trp120BFLAF mutant streptavidin was decreased
as we expected when carbazole-labeled biotin was added into the mutant streptavidin solution. Furthermore, the
fluorescence decrease of Trp120BFLAF mutant streptavidin with carbazole-labeled biotin (100nM) was recovered
by the competitive addition of natural biotin. This result demonstrated that by measuring the fluorescence
quenching and recovery, a couple of the fluorescent Trp120BFLAF mutant streptavidin and the carbazole-labeled bi-
otin were successfully applicable for quantification of free biotin as a molecular biosensor system. Copyright © 2016
John Wiley & Sons, Ltd.
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INTRODUCTION

Biosensor is a sensor that is based on the use of biological mate-
rial for its sensing function. Biosensor contains two parts —
bioreceptor and transducer. The bioreceptor specifically reacts
or interacts with the analyte of interest, resulting in a detectable
chemical or physical change by transducer. Molecular biosensor
is the part of bioreceptor and transducer integrated in one bio-
logical molecular (Hardinge and Crooks, 1960; Hoppner and
Lampi, 1992; Zempleni and Mock, 1999).
For the design of bioreceptor molecules, antibodies, enzymes,

and binding proteins that chemically modified with one or more
functional molecular were usefully applied as a biorecognition
component because of their high affinities, highly efficient cata-
lytic activity, and high specificity. Moreover, chemical modifica-
tion is a general method for providing a new function as
fluorescence, oxidation-reduction, and so forth to the biological
components. However, the chemical technique suffers the disad-
vantages in that the chemical modification is not sufficiently
position-specific and quantitative. Quantitative modification
may not be accomplished even in the case of a highly selective
modification of cysteine residue with maleimide derivatives
(Pacheco-Alvarez et al., 2002; Staggs et al., 2004).
In contrast, the unnatural amino acid mutagenesis method

using amber and four-base codons is an excellent method which
can achieve site-directed introduction of the functional unnatu-
ral amino acid that possessed fluorescent or redox-active proper-
ties to the designed protein to provide a new function for the
molecular biosensor (Cavalcanti et al., 2008; Fan et al., 2008;
Witzens and Hochberg, 2011). In the four-base codon method
(Cornish et al., 1995; Hohsaka et al., 1996; Murakami et al., 1998;

Hohsaka and Sisido, 2002; Beene et al., 2003; Saxl et al., 2009;
Albani, 2010), one or multiple four-base codons were introduced
into an assigned position of the target protein gene. The full-
length protein containing the unnatural amino acid will be pro-
duced when the four-base codon is successfully decoded by
the unnatural aminoacyl-tRNA having the corresponding four-
base anticodon, but when the first three bases of the four-base
codon are decoded as a three-base codon by a cognate naturally
occurring aminoacyl-tRNA, a frame shift occurs to cause the
emergence of a stop codon, resulting in the termination of pep-
tide elongation. Therefore, the full-length protein is obtained at
only when the four bases are successfully decoded as a single

* Correspondence to: Xianwei Zhu, Innovation Research Centre of Acupuncture
combined with Medicine, Shaanxi University of Chinese Medicine, Xi’an-
Xianyang New Ecomic Zone, Shaanxi Province 712046, China.
E-mail: jater0228@outlook.com

**Correspondence to: Hiroaki Shinohara, Graduate School of Science and Engineering
for Research, University of Toyama, 3190 Gofuku, Toyama 930-8555, Japan.
E-mail: hshinoha@eng.u-toyama.ac.jp

a X. Zhu
Innovation Research Centre of Acupuncture Combined with Medicine, Shaanxi
University of Chinese Medicine, Xi’an-Xianyang New Ecomic ZoneShaanxi
Province, 712046, China

b H. Shinohara, R. Miyatake
Graduate School of Science and Engineering for Research, University of
Toyama, 3190 Gofuku, Toyama 930-8555, Japan

c T. Hohsaka
School of Materials Science, Japan Advanced Institute of Science and
Technology, 1-1 Asahidai, Nomi, Ishikawa, 923-1292, Japan

Research article

Received: 27 October 2015, Revised: 18 March 2016, Accepted: 6 April 2016, Published online in Wiley Online Library

(wileyonlinelibrary.com) DOI: 10.1002/jmr.2548

J. Mol. Recognit. (2016) Copyright © 2016 John Wiley & Sons, Ltd.



codon. For identification and purification of the protein synthe-
sized by four-base method, T7-tag and His-tag were added at
the N terminus and C terminus, respectively, which allowed iden-
tifying the translated proteins by Western blot analysis and puri-
fying by the full-length of proteins with the His-tag purification
system in general.

In this study, a new molecular biosensor model that based on
the fluorescence quenching of the couple of genetically
engineered fluorescent mutant binding protein (antibodies)
and quencher-labeled ligand analog (antigens) was designed.
The pair of streptavidin and biotin was used as a model in this
study because of the extremely high biotin dissociation constant
of streptavdin. For this study, a fluorescent unnatural amino acid,
BODIPY-FL-aminophenylalanine (BFLAF) (Figure 1(a)) (Hohsaka
et al., 1996), which was prepared by chemical modification of
aminophenylalanine with the BODIPY-FLⓇ, was incorporated at
the Tyr54, Tyr83, and Trp120 positions of a streptavidin to syn-
thesize three different monoclonal fluorescent mutant
streptavidin by using four-base codon CGGG. On the other hand,
carbazole was modified to the carboxyl terminal of biotin as a
quencher for BFLAF. The nearest Trp120 of the neighbor subunit
in streptavidin tetramer is placed within 15 Å from the carboxyl
terminal of biotin (Figure 1(b)) (Hohsaka et al., 1999). So, the
Trp120BFLAF mutant streptavidin was certainly quenched by
carbazole-labeled biotin (Figure 1(c)) when the mutant
streptavidin-biotin complex was formed. Whereas in the pres-
ence of free biotin existing in the assay solution, the

Trp120BFLAF would not be quenched by carbazole-labeled bio-
tin because of the competitive binding reactions of natural bio-
tin and carbazole-labeled biotin to the mutant streptavidin. In
this study, the carbazole was chosen not only because of its
quenching ability but also from the molecular structure of carba-
zole. It was slightly larger, so carbazole-labeled biotin was diffi-
cult to bind to the streptavidin than nature biotin because of
the impairment of carbazole. By this competitive binding assay,
free biotin was determined in the concentration range from 20
to 100 nM. Although a molecular biosensor for biotin was de-
signed here, it is more important that the pair of Trp120BFLAF
mutant streptavidin and carbazole-labeled biotin should be con-
sidered as a molecular biosensor model, which demonstrated
the potential of biosensor design based on the couple of genet-
ically engineered fluorescent mutant binding protein and
quencher-labeled ligand analog.

MATERIALS AND METHODS

Materials

The DNAs of wild type and Tyr54, Tyr83, and Trp120 mutant
streptavidins (Albani, 2010), DNAs of the tRNA that have a four-
base anticodon (Cornish et al., 1995) and BFLAF-pdCpA (Hohsaka
et al., 1996), were prepared as described previously. Alkaline
phosphatase-labeled anti-mouse IgG and MagneHis™ Ni-Particles
were purchased from Promega. Polymerase chain reaction en-
zyme (Vent DNA polymerase) and T7 RNA polymerase were pur-
chased from New England Biolabs. T4 RNA ligase was purchased
from Takara Bio. Anti-T7-tag antibody was obtained from
Novagen.

Preparation of quencher-labeled biotin

Synthesis of 9-(2-aminoethyl)-9H-carbazole hydrochloride

The 0.9M of borane–tetrahydrofuran solution (20ml) was
instilled into the 9-vinylcarbazole (5.8 g, 0.03mol) tetrahydrofu-
ran solution under a stream of N2 gas at room temperature.
The mixture was stirred at room temperature for 2 h. Thereafter,
the trialkylborane solution was diluted with 10ml of tetrahydro-
furan, and hydroxylamine-O-sulfonic acid (2.26 g, 20mmol) was
added; the reaction mixture was stirred at room temperature
for 12 h. The reaction mixture was then washed with 1N of NaOH
solution (100ml) three times after being diluted with diethyl
ether (20ml). The organic phase that was dried by MgSO4 was
reacted with ethereal HCl (1M, 10ml) to precipitate the amine
as 9-(2-aminoethyl)-9H-carbazole hydrochloride. The solid was
washed with diethyl ether and dried to yield 0.83 g (14%)
(Hohsaka et al., 2001).

Synthesis of quencher-labeled biotin

The 10mM of 9-(2-aminoethyl)-9H-carbazole hydrochloride in
methanol (5ml) was added into 10mM of N-Succinimidyl D-
Biotin or EZ-LinkⓇ. NHS-LC-Biotin or EZ-LinkⓇ NHS-LC-LC-Biotin
that was dissolved in Tris-HCl buffer pH 8.3 (5ml) was stirred at
0 °C for 3 h. The produced solid was washed with diethyl ether,
water, and evaporated to dry state of carbazole-labeled biotin,
carbazole-LC-biotin, and carbazole-LC-LC-biotin. The produces
were purified and analyzed by HPLC (GL Sciences, Inertsil ODS-
3, and phenomenex ODS, solvent A: 25mM KH2PO4 pH 2.5), sol-
vent B: acetonitrile, B%= 65%, flow rate: 1.5ml/min, room

Figure 1. (a) The structure of BODIPY-FL-aminophenylalanine (BFLAF).
λexmax = 505 nm λemmax = 514 nm. (b) The homo tetrameric constitution
of a natural streptavidin (PDB ID: 1SWE); subunit A was colored with
green, and subunit D was colored with yellow; for easy to see, both sub-
units B and C were colored with white. Tyr54 is colored with orange,
Tyr83 is colored with blue, Trp120 is colored with red, and biotin is col-
ored with pink. As shown in Figure 1(a), the biotin is close to the
Trp120 of the neighbor subunit in the streptavidin-biotin complex. (c)
The structure of carbazole-labeled biotin (n = 0: carbazole-labeled biotin,
n = 1: carbazole-LC-biotin, n = 2: carbazole-LC-LC-biotin).
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temperature, ultraviolet detection absorption at 240 nm). The
yields of the three biotin analogs are more than 95% (Hohsaka
et al., 2004).

Preparation of fluorescent mutant streptavidin

The mRNAs of streptavidin containing four-base codon (CGGG)
at Tyr54, Tyr83, or Trp120 position were synthesized using their
DNAs by T7 RNA polymerase. The tRNA derived from yeast phe-
nylalanine that contained the corresponding four-base antico-
don (CCCG) and lacked 3′-terminal dinucleotide was also
synthesized by using its DNA with T7 RNA polymerase; thereaf-
ter, the BFLAF-pdCpA was bound to the tRNA by T4 RNA ligase
for obtaining BFLAF-tRNA. A cell-free translation was carried
out by adding streptavidin mRNA and BFLAF-tRNA into the reac-
tion mixture containing Escherichia coli extract. The reaction mix-
ture (10μl) contained 7μl of E. coli extract, 0.1mM each of
naturally occurring amino acids, 15 pmol of mRNA, and 0.2 nmol
of BFLAF-tRNA. After incubation for 60min at 37 °C, the product
was purified by MagneHis™ Ni-Particles, MicroSpin G25 column,
and analyzed by fluorescent imaging analysis and Western blot-
ting using the anti-T7-tag antibody and an alkaline phosphatase-
labeled secondary antibody.

Confirmation of the biotin-binding activity of the fluorescent
mutant streptavidin

The biotin-binding activity of the wild type and mutant
streptavidin was confirmed with dot blot analysis. Two times
the amount of the mutant streptavidins as compared with
wild-type streptavidin was immobilized on the cellulose nitrate
to bind with alkaline phosphatase-labeled biotin and then
assayed with western blue for color generation. The coloring im-
age of the dot on the blotting membrane was taken with a scan-
ner and analyzed the spot density by the commercialized image
software NIH IMAGEJ.

Fluorescence analysis of fluorescent mutant streptavidin

The carbazole-labeled biotin solution was prepared with di-
methyl sulfoxide. The samples contained 10μl of fluorescent mu-
tant streptavidin, 10μl of carbazole-labeled biotin, 10μl of
natural biotin, and diluted to 100μl with HKM buffer (100mM
KCl, 25mM Hepes, 5mM MgCl2, pH adjusted to 7.4 with KOH).
A fluorescence spectrometer (JASCO FP-6500) was used to mea-
sure excitation and emission spectra of the sample solutions
with the slit width in 5 nm for both excitation and emission.

RESULTS AND DISCUSSION

Confirmation of the synthesis of the fluorescent mutant
streptavidin

The wild type, Tyr54BFLAF, Tyr83BFLAF, and Trp120BFLAF mu-
tant streptavidins were synthesized by in vitro translation and
purified by using the His-tag affinity nickel particles. Three times
volume of the fluorescent mutant streptavidin solution as com-
pared with that of the wild-type streptavidin solution was sub-
jected to SDS-PAGE to compare the molecular weight. The
bands of three mutant streptavidins were confirmed by Western
blotting, in which the T7-tag of the N-terminal of the mutant
streptavidin was recognized by anti-T7-tag antibody from
mouse, and a mouse secondary antibody labeled with alkaline

phosphatase was used to indicate protein band by enzymatic re-
action. The band of full-length of streptavidin (20 kDa) was ob-
tained only in the presence of BFLAF-tRNA in the in vitro
translation system (Figure 2(a)). The bands of the wild type and
three mutant streptavidin in Western blotting membrane were
seen at the almost same molecular weight of 20 kDa. The relative
yield of the full-length mutant streptavidin obtained in the pres-
ence of the BFLAF-tRNA was determined by comparing the band
density of the mutant streptavidin with those of serially diluted
wild-type streptavidin. The bands’ densities of Tyr54BFLAF,
Tyr83BFLAF, and Trp120BFLAF mutant streptavidin were 26.2%,
26.6%, and 27.4%, respectively, as compared with that of the
band density of wild-type streptavidin as 100% with NIH IMAGEJ

software. Therefore, the protein yields of Tyr54BFLAF,
Tyr83BFLAF, and Trp120BFLAF mutant streptavidin were ana-
lyzed to 8.7%, 8.9%, and 9.1%, respectively, as compared with
the protein yield of wild-type streptavidin as 100%. The incorpo-
ration efficiency of the BFLAF which was estimated by the com-
parison of density was identical regardless of the incorporated
site. The bands of three fluorescent mutant streptavidins were
observed with a fluorescence imager to confirm the mutant

Figure 2. (a) The result of Western blotting. BFLAF was incorporated
into streptavidin by using a CGGG four-base codon in the in vitro transla-
tion system. Applied volumes of the mutant streptavidins were three
times larger than that of wild-type streptavidin. The bands of wild type
and mutant streptavidins were observed at around 20 kDa. (b) The result
of fluorescence imaging analysis. Three fluorescent bands of Tyr54BFLAF,
Tyr83BFLAF, and Trp120BFLAF mutant streptavidins were enclosed to-
gether with black frame. (c) The result of dot blotting. The biotin binding
activities of these fluorescent mutant streptavidins were evaluated by
dot blot analysis using an alkaline phosphatase-biotin. The blotting vol-
umes of the mutant streptavidins were three times larger than that of
wild-type streptavidin.
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streptavidins that were excited at 488 nm, and the fluorescence
was measured at 530 nm (Figure 2(b)). The results of Western
blotting analysis and fluorescence imaging analysis indicated
that the BFLAF were incorporated into streptavidin at each spe-
cific position to make the full-length of streptavidin.

The biotin binding activities of the wild type and the mutant
streptavidins were evaluated by dot blotting using alkaline
phosphatase-labeled biotin. For confirmation of the biotin bind-
ing activities of the mutant streptavidins, two times volume of
each mutant streptavidin solution as compared with wild-type
streptavidin solution was blotted on the membrane. The protein
amounts of Tyr54BFLAF, Tyr83BFLAF, and Trp120BFLAF mutant
streptavidins blotted on the membrane were 17.4%, 17.8%,
and 18.2% of that of wild-type streptavidin from Western blot-
ting analysis. Furthermore, the blot densities of Tyr54BFLAF,
Tyr83BFLAF, and Trp120BFLAF mutant streptavidins were 9.6%,
9.6%, and 9.7%, respectively, as compared with the wild-type
streptavidin with the NIH IMAGEJ software. The results indicated
that the mutant streptavidin containing BFLAF at positions of
Tyr54, Tyr83, and Trp120 retained enough biotin binding activity

as wild-type streptavidin (Figure 2(c)). These positions are lo-
cated at the surface regions of the beta-barrel structure or at
an interface region of a biotin binding pocket that may be little
influential in biotin binding activities.

Fluorescence quenching of fluorescent mutant streptavidin
upon addition with carbazole-labeled biotin

Before the experiment of fluorescence quenching of fluorescent
mutant streptavidin by addition with carbazole-biotin, 100 nM of
natural biotin was added into the solution of the each fluores-
cent mutant streptavidin for confirming the effect of the natural
biotin. Actually, the effect of fluorescence intensity from natural
biotin was little (Figure 3(a–c)).
The fluorescence spectrum change of each fluorescent mutant

streptavidin of Tyr54BFLAF, Tyr83BFLAF, or Trp120BFLAF by the
addition of carbazole-labeled biotin was measured. There was al-
most no change in the each fluorescence spectrum of
Tyr54BFLAF and Tyr83BFLAF in the presence (100 nM) and ab-
sence of carbazole-labeled biotin. Tyr54 and Tyr83 are far from

Figure 3. (a) Fluorescence spectra of the Tyr54BFLAF mutant streptavidin only ( ); in the presence of 100 nM of natural biotin ( ) or 100 nM of
carbazole-labeled biotin ( ), there was no change in the fluorescence intensity upon addition of natural biotin or carbazole-labeled biotin for the
Tyr54BFLAF mutant streptavidin. (b) Fluorescence spectra of the Tyr83BFLAF mutant streptavidin only ( ); in the presence of 100 nM of natural biotin
( ) or 100 nM of carbazole-labeled biotin ( ), there was no change in the fluorescence intensity upon addition of natural biotin or
carbazole-labeled biotin for the Tyr83BFLAFmutant streptavidin. (c) Fluorescence spectra of the Trp120BFLAFmutant streptavidin only ( ); in the pres-
ence of 100 nM of natural biotin ( ) or 10 nM ( ), or 50 nM ( ), or 80 nM ( ), or 100 nM ( ), or 300 nM ( ), or 500 nM ( ) of
carbazole-labeled biotin. Marked fluorescence quenching was observed for the Trp120BFLAF mutant streptavidin by addition of carbazole-labeled biotin.
The fluorescence intensities of the Trp120BFLAF mutant streptavidin decreased as the concentration of carbazole-labeled biotin increased, and the fluo-
rescence intensity was 1.4 times in the absence of carbazole-labeled biotin as compared with that in the presence of carbazole-labeled biotin (100 nM). (d)
The fluorescence intensities at 510 nm of the Trp120BFLAF mutant streptavidins were plotted against the added carbazole-labeled biotin concentration.
Fluorescence intensity of Trp120BFLAF mutant streptavidin decreased linearly against the concentration of carbazole-labeled biotin in the range of 10 to
100 nM, and the fluorescence quenching was saturated over 100 nM. All of the fluorescence spectra of mutant streptavidins were measured at the exci-
tation wavelength of 490 nm.
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the carbazole group that was modified to the biotin bound into
the streptavidin pocket. The quenching of BFLAF incorporated
into the Tyr54 or Tyr83 position of streptavidin by carbazole-
labeled biotin might be very difficult to occur (Figure 3(a and b)).
By contrast, in the case of Trp120BFLAF mutant streptavidin, a

marked quenching was observed upon the addition of
carbazole-labeled biotin (100 nM). The fluorescence intensity of
the Trp120BFLAF mutant streptavidin in the absence of
carbazole-labeled biotin was 1.4 times larger than that of
Trp120BFLAF mutant streptavidin in the presence of carbazole-
labeled biotin (100 nM) (Figure 3(c)). Furthermore, the concentra-
tion dependence of the fluorescence quenching of Trp120BFLAF
mutant streptavidin by the binding of carbazole-labeled biotin
was shown in Figure 3(d).
For optimization of the spacer length between biotin and

carbazole, the carbazole-LC-biotin and carbazole-LC-LC-biotin
were also synthesized, and the fluorescence quenching of
Trp120BFLAF mutant streptavidin was examined by addition
of these biotin analogs with spacer chain. Here, LC shows
the spacer chain of aminocaproic acid. The spacer arm length
of carbazole-LC-biotin and carbazole-LC-LC-biotin were, re-
spectively, 22.4 and 30.5 Å. The fluorescence spectra of
Trp120BFLAF mutant streptavidin upon titration with
carbazole-LC-biotin indicated almost no change (Figure 4(a
and b)). However, the fluorescence spectra of Trp120BFLAF

mutant streptavidin showed a significant enhancement by
addition of carbazole-LC-LC-biotin (Figure 4(c and d)). In our
previous research, a similar phenomenon that showed fluo-
rescence enhancement of the Trp120BFLA mutant
streptavidin by binding of the biotin analog with a LC-LC-
hydrazide was demonstrated. We speculated that this en-
hancement may be a result of the disturbing of the fluores-
cence quenching between Trp120BFLAF and Trp79 or
Trp108 of the neighbor subunit by the long spacer tail of
the biotin analog. Therefore, in the case of the pair of
Trp120BFLAF mutant streptavidin and carbazole-LC-biotin,
the fluorescence quenching of BFLAF by carbazole moiety
and fluorescence enhancement of BFLAF by LC chain effect
were occurring simultaneously, and the fluorescence
quenching counteracted the fluorescence enhancement to in-
duce no fluorescence change when the carbazole-LC-biotin
was added into the Trp120BFLAF mutant streptavidin. But in
the case of the pair of Trp120BFLAF mutant streptavidin
and carbazole-LC-LC-biotin, the fluorescence quenching effect
of BFLAF by carbazole moiety which has a long flexible
spacer chain might be less than the effect of fluorescence en-
hancement by LC-LC block. Therefore, the fluorescence en-
hancement might be observed totally when the carbazole-
LC-LC-biotin was added into the Trp120BFLAF mutant
streptavidin solution.

Figure 4. (a) Fluorescence spectra of the Trp120BFLAF mutant streptavidin in the presence of 0 nM ( ), or 50 nM ( ), or 100 nM ( ), or
300 nM ( ), or 500 nM ( ) of carbazole-LC-biotin. (b) The dependence of fluorescence intensity of the Trp120BFLAF mutant streptavidin on
the concentration of carbazole-LC-biotin at 510 nm. Excitation wavelength was 490 nm. (c) Fluorescence spectra of the Trp120BFLAFmutant streptavidin
in the presence of 0 nM ( ), or 50 nM ( ), or 100 nM ( ), or 300 nM ( ), or 500 nM ( ) of carbazole-LC-LC-biotin. (d) The dependence
of fluorescence intensity at 510 nm of the Trp120BFLAF mutant streptavidin on the concentration of carbazole-LC-LC-biotin at 510 nm. Excitation wave-
length was 490 nm.
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Biotin sensing by measurement of fluorescence intensity of
the Trp120BFLAF fluorescent mutant streptavidin and
carbazole-labeled biotin system

For the application of the fluorescence quenching of the
Trp120BFLAF mutant streptavidin by the binding of carbazole-
labeled biotin to the molecular biosensing system for free biotin
detection, we performed the next experiments with the follow-
ing two steps: (i) natural free biotin was first added into the
Trp120BFLAF mutant streptavidin solution; and (ii) 100 nM of
carbazole-labeled biotin solution was next added for binding
to the mutant streptavidin solution. The fluorescence intensity
of Trp120BFLAF mutant streptavidin with carbazole-biotin
(100 nM) was increased by increasing added free biotin

concentration. Furthermore, the fluorescence intensity of
Trp120BFLAF mutant streptavidin with carbazole-labeled biotin
(100 nM) depended on the added free biotin concentration.
(Figure5(a and b)). This result demonstrated that the molecular
biosensor for biotin based on the fluorescence quenching of
Trp120BFLAF fluorescent unnatural streptavidin and carbazole-
biotin was successfully designed, and the free biotin could be
determined in the concentration from 20 to 100 nM in this
method.
In this study, the fluorescence of Trp120BFLAF mutant

streptavidin was quenched by an addition of carbazole-labeled
biotin. A new molecular biosensor for biotin was developed by
using the fluorescence quenching of Trp120BFLAF unnatural
streptavidin with carbazole-labeled biotin. Moreover, our model
experiment suggested that the potential of biosensor design
based on the couple of genetically engineered fluorescent mu-
tant binding protein (antibodies) and quencher-labeled ligand
analog (antigens).
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