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Fusion expression of nanobodies specific Gl

for the insecticide fipronil on magnetosomes
in Magnetospirillum gryphiswaldense MSR-1

Sha Wu'?, Fengfei Ma'*, Jinxin He'?, Qing X. Li*, Bruce D. Hammock?, Jiesheng Tian®" and Ting Xu'*"

Abstract

Background: Magnetic nanoparticles such as magnetosomes modified with antibodies allow a high probability of
their interaction with targets of interest. Magnetosomes biomineralized by magnetotactic bacteria are in homogene-
ous nanoscale size and have crystallographic structure, and high thermal and colloidal stability. Camelidae derived
nanobodies (Nbs) are small in size, thermal stable, highly water soluble, easy to produce, and fusible with magneto-
somes. We aimed to functionalize Nb-magnetosomes for the analysis of the insecticide fipronil.

Results: Three recombinant magnetotactic bacteria (CF, CF+4, and CFFF) biomineralizing magnetosomes with differ-
ent abundance of Nbs displayed on the surface were constructed. Compared to magnetosomes from the wild type
Magnetospirillum gryphiswaldense MSR-1, all of the Nb-magnetosomes biosynthesized by strains CF, CF+, and CFFF
showed a detectable level of binding capability to fipronil-horseradish peroxidase (H2-HRP), but none of them recog-
nized free fipronil. The Nb-magnetosomes from CFFF were oxidized with H,O, or a glutathione mixture consisting of
reduced glutathione and oxidized glutathione in vitro and their binding affinity to H2-HRP was decreased, whereas
that to free fipronil was enhanced. The magnetosomes treated with the glutathione mixture were employed to
develop an enzyme-linked immunosorbent assay for the detection of fipronil in water samples, with average recover-
iesin a range of 78-1019%.

Conclusions: The economical and environmental-friendly Nb-magnetosomes biomineralized by the bacterial strain
MSR-1 can be potentially applied to nanobody-based immunoassays for the detection of fipronil or nanobody-based
assays in general.

Keywords: Magnetosome, Magnetospirillum gryphiswaldense, Nanobody, Fipronil, Immunoassay

Background

Magnetic nanoparticles (MNPs) have been extensively
applied in the life sciences due to their multiple attrib-
utes such as large surface-area-to-volume ratio, bio-
compatibility and simple separation methodology [1, 2].

Magnetite (Fe;O,), one of the magnetic materials widely
used in MNPs, are usually produced by co-precipitation
as the simplest and most economical method [3]. A vari-
ety of coating materials (e.g., chitosan) of MNP surfaces
have been used to reduce the aggregation of particles,
preserve their stability and facilitate their further func-
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consisting of magnetite materials (Fe;O,) covered by
a bilayer membrane with numerous specific proteins
have advantages over other MNPs for their homogene-
ous sizes and crystallography as well as high thermal
and colloidal stability [7, 8]. Magnetosomes function-
alized with genetic or chemical methods have gained
considerable interest in a broad range of applications,
such as immunoassays, biosensor, drug delivery and bio-
medical imaging [8]. Because of their cost-effective and
environmental-friendly nature, genetic modifications
to functionalize magnetosomes have been an important
research topic. Many of the proteins in magnetosome
membranes have been studied to uncover their roles in
magnetosome biomineralization [7, 9]. This fundamental
knowledge has been used to modify magnetosomes [8,
10]. MamC and MamF are acknowledged as two of the
most abundant proteins in magnetosome membrane.
They are relatively small proteins (~12.5 kD) with two or
three predicted transmembrane helices associated tightly
with the magnetosome membrane [9]. mamC and mamF
are both in the mamGFDC operon of Magnetospirillum
gryphiswaldense MSR-1, and have a minor and nonessen-
tial function in magnetite biomineralization [11]. Thus,
MamC and MamF have been frequently exploited for
the magnetosomal display of functional proteins such as
immunoglobulin G-binding domains [12], thyroid-stimu-
lating hormone receptor (TSHR) [13] and Staphylococcal
protein A (SPA) [14].

The variable domain of Camelidae heavy-chain-only
antibodies (VHHs), also referred to as nanobodies (Nbs),
have superior properties to conventional antibodies for
their small size, non-immunogenicity, thermal stability,
high solubility, ease of production in microorganisms and
ease of genetic modification [15, 16]. The extensive avail-
ability of molecular biological techniques facilitates the
genetic conjugation of Nbs to magnetosomes, but only
one investigation on the fusion expression of Nbs bind-
ing red fluorescent protein (RFP) on magnetosomes has
been reported so far [17]. Over the past few years, Nbs
are attractive in the field of immunoassays for monitoring
small molecules such as biomarkers and environmental
pollutants [18]. Nbs chemically conjugated to magneto-
somes proved to be an effective tool for the detection of
environmental compounds [19, 20]. It is promising to dis-
play nanobodies on magnetosomes by a genetic method
to monitor small-molecule contaminants.

In our previous study, Nbs selective to fipronil and its
metabolites were generated and used for the detection
of fipronil in rodent sera [21]. Fipronil is the first phe-
nylpyrazole insecticide that acts at the y-aminobutyric
acid (GABA) receptor of insects, blocking the passage
of chloride ions [22]. It is widely used for the control of
field insects in agriculture as well as fleas and ticks on
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pets [23]. Nevertheless, the widespread use of fipronil
has induced an increasing concern about the possible off-
target harm to ecosystems and human health particularly
when employed in non approved application [24].

Here, we displayed a Nb (F1) on magnetosomes by gene
fusion using MamC and MamF as anchoring proteins in
MSR-1. MSR-1 gives the highest magnetosome yields
among the MTB [25], to construct functional MNPs spe-
cific for fipronil. The modified magnetosomes could be
easily produced with low cost, having a potential applica-
tion in the field of immunoassays.

Methods and materials

Bacteria strains and culture conditions

The bacteria strains and plasmids used in this study
are listed in Additional file 1: Table S1. Escherichia coli
strains were cultured in Luria broth (LB) at 37 °C. MSR-1
was cultured in sodium lactate medium (SLM) or sodium
glutamate medium (SGM) (substitute 4 g sodium gluta-
mate for NH,Cl and yeast extract in SLM) as described
previously [26]. Large-scale MSR-1 cells were fed-batch
cultured in a 7.5 L-fermenter according to the method
reported by Zhang et al. [27]. Antibiotics prepared in
culture media were as follows: for E. coli, ampicillin at
100 pg/mL and kanamycin at 50 pg/mL; for MSR-1, kan-
amycin at 5 pg/mL and nalidixic acid at 5 pg/mL. The
growth of MSR-1 (ODgg;) and the response to a magnet
field (Cmag) were detected according to the methods
described previously [28].

Construction of recombinant plasmids and strains
All primers used in this study are listed in Addi-
tional file 1: Table S2. The restriction enzyme digestion
(TaKaRa, Japan), DNA ligation (TaKaRa, Japan), and
polymerase chain reaction (PCR) (Vazyme, China) were
conducted according to manufacturers’ instructions.
mamC and mamF, along with their upstream and down-
stream flanking sequences, were amplified from MSR-1
genomic DNA. The anti-fipronil Nb gene was amplified
from Nb F1 encoded in the pComb 3X vector [21]. uCFd,
a cassette consisting of mamC upstream region, mamC,
Nb gene, and mamC downstream region, and uFFd, a
cassette consisting of mamF upstream region, mamF, Nb
gene, and mamF downstream region, were assembled by
fusing PCR amplification. uCFd and uFFd were then sub-
cloned into pK18mobSacB digested with EcoR I and Xba 1
to construct the suicide recombinant plasmids pKCF and
pKFF, respectively. CF, a fusion gene consisting of mamC
and Nb gene, was amplified from uCFd with primers
MamC-F (EcoR I) and Fip-R (Xba I), and subcloned into
pBBR1IMCS-2 to create pBBRCE.

pKCF was transferred to wild type (WT) MSR-1
to generate a double crossover strain CF, which was
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successively cultured in medium containing kanamycin
and 10% sucrose. pKFF and pBBRCF were then trans-
ferred to the strain CF to generate CFFF and CF+,
respectively. Strains CF+and CFFF were cultured in
medium containing kanamycin.

Extraction of Nb-magnetosomes

Cells were harvested by centrifugation (8000xg). Approx-
imately 1 g cell pellets were suspended in 40 mL of PBS
(0.01 M phosphate, 0.137 M NaCl, and 0.003 M KCI, pH
7.4), which was prepared with ultrapure water and then
autoclaved to denature protease and reduce the concen-
tration of dissolved oxygen (dO,). The cells were ultra-
sonically disrupted under a power of 200 W for 30 min
(work 3 s, stop 5 s every cycle), next to 100 W and 60 W
in turn. The suspension of broken cells was placed in a
magnetic field for 3.5 h to separate Nb-magnetosomes
from solution. Precipitates were resuspended in PBS and
washed ultrasonically (40 W) for about 30 min, followed
by separation with magnetism. The suspend-wash-sep-
arate step was repeated until OD,,/OD,q, of superna-
tant proteins was unchanged. The extraction workflow is
shown in Additional file 1: Fig. S1.

Treatment of Nb-magnetosomes with oxidants

Nb-magnetosomes were treated with H,O, solution
(0.1-10%) or a mixture of reduced glutathione (GSH) and
oxidized glutathione (GSSG) with different ratios (20:1,
10:1, 5:1, and 2:1). The treating time was 0.5, 1, 3, and 5 h.

Couple of fipronil derivative to enzyme

The hapten (H2) (Additional file 1: Fig. S2) of fipronil was
available from our previous study [21] and coupled to
horseradish peroxidase (HRP) according to the method
reported by Schneider and Hammock [29]. The concen-
trations of H2-HRP were determined with BCA protein
assay.

Nb-Magnetosome-based immunoassays for fipronil

Magnetosome-based enzyme-linked immunosorbent
assays (ELISAs) for the analysis of small molecules were
available from previous studies [19, 20]. Briefly, a 96-well
microtiter plate was blocked with 1% gelatin dissolved in
carbonate-bicarbonate buffer (pH 9.6) (300 uL per well)
at 4 °C overnight, followed by washing with PBST (PBS
containing 0.05% Tween-20) three times. Nb-magne-
tosomes were blocked with 2% bovine serum albumin
(BSA) in PBS at room temperature for 3 h and washed
with PBST. Afterwards, an aliquot volume of Nb-magne-
tosomes were transferred to the blocked microtiter plate.
The solutions of fipronil and H2-HRP, each at 50 pL,
were successively added into wells harboring Nb-mag-
netosomes, and the plate was incubated on an oscillator
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(150 rpm/min) at room temperature for 1 h. The plate
was then fastened on a magnetic frame and washed with
PBST. A 100-pL aliquot of 3,3',5,5'-tetramethylbenzidine
(TMB) solution (400 pL of 0.6% TMB and 100 uL of 1%
H,0, in 25 mL of citrate buffer, pH 5.5) was added into
the wells and the reaction was stopped 10 min later by
adding 50 pL of H,SO, (2 M). Finally, the mixture was
read at 450 nm on a microtiter plate reader (ELx800, Bio
Tek, USA).

The resulting ELISA was applied to the analysis of
fipronil in water samples which were collected from Lake
Kunming in Beijing, China. Water samples were fortified
with fipronil to reach the final concentrations of 100, 150,
and 200 ng/mL. These samples were passed through a
0.22-um filter (Waters, MA, USA) and then diluted with
PBS (pH 7.4) prior to magnetosome-based ELISAs.

Results
Construction of recombinant strains to biomineralize
Nb-magnetosomes
MamC and MamF were selected as anchor proteins to
engineer with anti-fipronil Nbs because they have high
abundance in the membrane of the magnetosome from
MSR-1 and negligible influence on the biomineralization
of magnetosomes [9, 11]. In order to obtain Nb-magne-
tosomes possessing desirable affinity to fipronil, three
recombinant strains that could biosynthesize magneto-
somes with varying abundance of Nbs were constructed.
The procedure of strain construction is shown in Fig. 1a.
Because sacB, a gene from Bacillus subtilis, encodes
levansucrase coverting sucrose to levans, lethal to many
Gram-negative bacteria (e.g., Desulfovibrio magneticus
RS-1) [30], it is commonly used as a counterselection
marker. A suicide vector, carrying a selectable marker
flanked by upstream and downstream regions of homol-
ogy to a host target gene, could be integrated into the
chromosomes of hosts. The suicide vector pK18mobSacB
has two features: (i) neo conferring resistances to neomy-
cin and kanamycin can be used to confirm integration
events at the designated site of genome; (ii) sacB assists
in obtaining the desired mutant strains by preserving the
target gene left in genome but excising its vector back-
bone from genome. In this way, the mutant strains can
be further modified by inserting another pK18mobSacB
or other plasmids. In the present study, pKCF carrying
the gene cassette uCFd expressing the anti-fipronil Nb
at the C-terminal of MamC was transferred into WT
MSR-1 (Additional file 1: Tables S1 and S2) to generate
a double crossover mutant strain, named as CF, which
was successively identified by colony PCR (Fig. 1b) and
gene sequencing. However, CF has only one copy of
Nb F1 gene in its genome so that the expression of Nbs
may be limited [31]. To increase the abundance of Nbs
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displaying on magnetosomes, a multi-copy broad host
range vector pBBRIMCS-2 carrying a fusion gene CF
expressing Nbs at the C-terminal of MamC, named as
pBBRCE, was transferred into the mutant strain CF, gen-
erating CF+ with multi-copy Nb F1 gene, i.e., CF strain
harbored plasmid pBBRCF in cytoplasm (Additional
file 1: Table S1). In addition, a suicide vector pK18mob-
SacB carrying a gene cassette uFFd expressing Nbs at the
C-terminal of MamF, named as pKFF, was conjugated to
the mutant strain CF, generating CFFF with two copies
of Nb F1 genes in MSR-1 genome, i.e., pKFF was inte-
grated into CF strains’ chromosomes (Additional file 1:
Table S2). Both CF+and CFFF were identified via gene
sequencing and colony PCR (Fig. 1c, d).

Magnetic response of recombinant strains in fed-batch
culture fermentation

Each of the recombinant strains (CF, CF+, and CFFF)
was propagated three times (10% inoculation) in SLM
supplemented with 20 uM ferric citrate, and then sub-
merged in a 7.5-L fermenter for fed-batch culture. The
lag phase of growth curves (ODg¢5) from CF4-and CFFF
was longer than that from CF (Fig. 2), suggesting that the
growth and magnetosome biomineralization of strains
would be restrained by transferring pBBRCF and pKFF
into CE.

Cmag values were calculated by measuring the
maximum and minimum scattering intensities [32]. A
typical parabolic curve of Cmag values was observed
from the strain CF (Fig. 2a), but the curves of Cmag
values from CF+and CFFF could be divided into
two parts: a decreasing curve and a parabolic curve
(Fig. 2b, c). It is well known that MSR-1 biosynthe-
sizes magnetosomes under low oxygen conditions
(dO, <1%). When cells were transferred into the fer-
menter, dO, of the culture medium was high and
the biomineralization of magnetosomes in cells was
temporarily inhibited, leading to the initial decrease
of Cmag from CF+and CFFF. Nonetheless, CF
grew faster than CF+and CFFF, and dO, could be
quickly driven down to a concentration suitable for
the biomineralization of magnetosomes in CF after
the transfer. Therefore, the initial decrease curve of
Cmag was not observed from CF. After the culture
of CF, CF+and CFFF for 22, 36, and 48 h, respec-
tively, Cmag values declined steadily, illustrating
that dO, was enhanced with the increase of stirring
rate. In general, the cells should be harvested before
Cmag values dropped dramatically to ensure a suf-
ficient yield of Nb-magnetosomes. Hence, when the
Cmag values of CF, CF+, and CFFF moved down to
approximately 1.0 from the peak, cells were harvested
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even though they were still in the exponential phase
of growth.

Characteristics of Nb-magnetosomes

Nb-magnetosomes were extracted and purified ultra-
sonically under different power (Additional file 1: Fig.
S1). As the concentration of proteins in the supernatant
(OD,4y/OD,g;) was constant, the purification proce-
dure was stopped to avoid the damage of magnetosome
membranes.

Nb-magnetosomes synthesized by CF, CF+, and CFFF
exhibited different binding capability to H2-HRP in a
non-competitive ELISA, with the highest OD,, from
CFFF (Fig. 3a). Compared to CF, CFFF with a suicide
vector pKFF integrated into chromosomes probably
expressed more Nbs on the surface of magnetosomes,
but CF+with a plasmid pBBRCF in cytoplasm did not
show more Nb expression as expected. It was reported
that in the construction of a complementary strain, gene
copies, promoters, and regulatory processes were dis-
tinctive in plasmid vs genome structure, causing the
difference of transcription and expression levels [33].
Unfortunately, none of the Nb-magnetosomes exhibited
binding ability to fipronil at 1000 ng/mL in a competitive
ELISA (Fig. 3b-d), suggesting that the binding affinity of
Nbs to H2-HRP was much stronger than that to fipronil.
Since the Nb-magnetosomes from CFFF had the highest
binding capability to H2-HRP, they were used for the fol-
lowing studies on the improvement of binding ability to
free fipronil.

Treatment of Nb-magnetosomes with oxidants

Two disulfide bonds might stabilize the three-dimen-
sional structure of the anti-fipronil Nb F1 due to four
cysteines existing in the amino acid sequence (Addi-
tional file 1: Fig. S3). The formation of disulfide bonds is
an oxidative process. Anti-fipronil Nb F1 could, however,
be expressed in E. coli ER2738 or Top 10F with reduc-
tive cytoplasms, and they showed high binding capability
to fipronil [21]. Nb-magnetosomes were also biominer-
alized in the reductive cytoplasm media of MSR-1. The
failure of Nb-magnetosomes to recognize fipronil may
have resulted from the incorrect formation of intra-
molecular disulfide bonds in a reductive environment
in vivo. Oxidation and reduction of disulfide bonds were
reported to be an effective means to activate functional
proteins in vitro [34, 35]. To improve the binding capa-
bility to fipronil, Nb-magnetosomes biomineralized by
CFFF were oxidized by H,0, (Fig. 4a) or glutathione mix-
ture (GSH and GSSG) in vitro (Fig. 4b). The optimized
concentration of H,O, was 2% and the optimal ratio of
GSH: GSSG in glutathione mixture was 10:1, i.e., the
concentrations of GSH and GSSG were 1.0 x 10~ M and
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Fig. 1 Construction of recombinant strains biomineralizing Nb-magnetosomes. a The schematic diagram of recombinant strain construction. b
Colony PCR of CF. genes in group 1 were amplified by using Fip-F and Fip-R (left to right: marker, negative control, Nb F1, and CF); genes in group 2
were amplified by P1 and P3 (left to right: marker, negative control, WT MSR-1, and CF); genes in group 3 were amplified by P2 and P4 (left to right:
marker, negative control, WT MSR-1, and CF). ¢ Colony PCR of CF+. The first lane and the last lane were negative control and marker, respectively;
the rest of lanes were sampling. Primers used were pBBR-F and pBBR-R. d Colony PCR of CFFF. The first and the second lane were marker and
negative control, respectively; the rest of lanes were sampling. Primers used were mamF and Fip-R. All primers were listed in Additional file 1:
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1.0 x 10™* M, respectively. The time treated by H,O, and
glutathione mixture was 5 and 2 h, respectively.

The binding ability of Nb-magnetosomes to H2-HRP
was weakened after oxidation, which the OD,g, values
were lower than those before oxidation. In addition,
the OD,;, was lowered upon H,O, treatment (GSH vs
GSSQ@) (Fig. 4). It is noteworthy that the binding capa-
bility of all oxidized Nb-magnetosomes to H2-HRP was
inhibited in the presence of free fipronil (1000 ng/mL).
The maximum inhibition was approximately 40% from
the Nb-magnetosomes (145 pug) treated by two oxidants.

One of the possible reasons is that after Nb-magneto-
somes have been oxidized, the net charge on the nan-
obodies has changed and disturbed the electrostatic
interactions between Nbs and the complex H2-HRP,
indirectly improving the binding affinity to fipronil on
which the net charge became more suitable for electro-
static interaction. This result is consistent with that of
other studies on the modification of protein function via
disulfide bond formation in vitro [35, 36].
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Fig. 2 The growth (ODs¢s) and magnetic response (Cmag values) curves of CF (a), CF + (b) and CFFF (c) fed-batch cultured in a fermenter

Analysis of fipronil in water by ELISA

The analysis of fipronil by the Nb-magnetosome-based
ELISA was optimized and a dose—response curve was
generated in 0.01 M PBS (pH 7.4) (Fig. 5), showing a
half-maximum signal inhibition concentration (ICs)
and a limit of detection (LOD, IC,,) of fipronil at 47 ng/
mL and 2.74 ng/mL, respectively. Slight matrix effect of
water samples on the assay was observed, but it could
be eliminated via sample dilution with PBS at twofold
or more than twofold (data not shown). The average

recoveries of fipronil from the fortified water samples
as determined with ELISAs were in a range of 78—101%
(Table 1), illustrating a promise of the oxidized Nb-
magnetosomes in immunoassay development for the
detection of fipronil in real samples.

Discussion

In MTB, approximately 30 specific proteins in the mem-
brane of magnetosomes have been identified so far [7, 9].
Among those proteins, the most abundant one is MamC,
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Fig. 3 Non-competitive ELISAs based on three Nb-magnetosomes (a) and competitive ELISAs for fipronil based on Nb-magnetosomes from CF (b);
CF+ (c) and CFFF (d). " significant difference between WT and CF (p <0.05); “***": large significant difference between WT and CFFF (p <0.01)
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followed by MamF. Nbs can be anchored on magnetosomes
by genetically fusing to one or more specific membrane
proteins. An alpaca-derived Nb specific for RFP was fused
with MamC to construct a complex of Nb-magnetosomes,
which was used for the immunoprecipitation of RFP-
tagged proteins from cell extracts [17]. The three-dimen-
sionality and the high surface-area-to-volume ratio of
antibody modified MNPs allowed a relatively high proba-
bility of their interaction with targets. Hence, we fused anti-
fipronil Nbs with MamC and MamF on magnetosomes for
their potential application in various immuno-techniques.
CF was initially constructed by inserting Nb F1 gene
into the genome of WT MSR-1, but only low amounts of
Nbs were expressed. Then, strain CF+ containing multi-
copy F1 genes and strain CFFF with two copy F1 genes
were constructed in an attempt to enhance Nb abun-
dances on magnetosomes. For the construction of CF+, a
multi-copy broad host range plasmid pBBRCF containing
CF gene was transferred into cytoplasm of CF strain. For

1.0
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£
A 0.4
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0.0 - -

0.1 1 10 100 1000

Concentration (ng/mL)

10000

Fig. 5 Calibration curve of Nb-magnetosome-based ELISA for
fipronil. The data are average of three replicates

CFFF, the suicide plasmid pKFF containing uFFd gene was
integrated into the genome of CF strain. Theoretically,
the Nbs displayed on magnetosomes from CFFF contain-
ing two copies of Nb gene in genome and CF+ containing
one copy of Nb gene in genome and another in multi-
copies of pPBBRIMCS-2 were more than those from CF
which has only one copy of Nb gene in genome. However,
Nb-magnetosomes biomineralized by the recombinant
strains showed different binding capability to H2-HRP in
a declining order of CFFF, CF, and CF+ (Fig. 3a). The pos-
sible reason is that the expression of genes in the plasmid
of CF+ was restricted, leading to the least binding affinity
of Nb-magnetosomes from CF+. The restriction of gene
expression in plasmids is not rare, e.g., the construction
of a complementary strain with the help of pBBRIMCS-2
was not successful [33].

The formation of disulfide bonds is an oxidative pro-
cess that generates a covalent bond from two cysteine
residues, greatly increasing the stability of proteins
(Additional file 1: Fig. S3). Abnormal formation of
intramolecular disulfide bonds in MSR-1 may lead to
the failure to recognize free fipronil by Nb-magneto-
somes. Thereafter, Nb-magnetosomes biosynthesized
by CFFF strain were chemically oxidized in vitro. The
oxidization by H,O, to form disulfide bond has been
used in vitro and in vivo [36, 37]. It was reported
that two reductive pathways (thioredoxin and glutar-
edoxin/glutathione) in the cytoplasm would be nec-
essary for the engineering of E. coli to produce large
quantity of cytoplasmic protein with disulfide bonds
[38—42]. By using the thiotransferase glutaredoxin as a
repair enzyme and glutathione as cofactor, the reduc-
ing potential of NADPH was employed to reduce glu-
tathione via the glutathione oxidoreductase.
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Table 1 Average recoveries of fipronil from water samples
as determined with Nb-magnetosome-based ELISAs

Spiked level (ng/mL) Detected level (ng/mL) Average
(mean=+xSD,n=3) recovery
(CV), %
0 <LOD
100 100.940.01 101 (1.6)
150 116.6+0.03 78 (8.1)
200 1929+0.01 96 (5.4)

In the present study, the binding capability of Nb-
magnetosomes to free fipronil was increased after the
oxidization by either H,O, or the glutathione mixture
consisting of GSH and GSSG. Although the sensitivity of
the Nb-magnetosome-based ELISA was lower than that
of the traditional Nb-based ELISA available in our pre-
vious study [21], the former showed some advantages in
the cost and assay time (~1 h). The oxidized Nb-magne-
tosomes could be used for versatile applications such as
in immunoassays, immunosensors, immunoprecipita-
tion and immunoaffinity chromatography if reductive
pathways in cytoplasm of MTB are engineered. It is likely
that multiple technological improvements in magneto-
some and nanobody engineering will improve incremen-
tally with time making this technology more routine and
widely applicable in immunochemical applications.

Conclusions

In this study, three mutant strains CF, CF+, and CFFF
derived from MSR-1 were constructed by fusion PCR,
producing novel functional MNPs consisting of anti-
fipronil Nbs and magnetosomes. The Nb-magnetosomes
biosynthesized by three mutant strains all recognized
H2-HRP but not free fipronil. The Nb-magnetosomes
from CFFF oxidized with H,O, or GSH/GSSG in vitro
have reasonable bind capacity to free fipronil, showing a
promise to develop a MNP-based ELISA for the detec-
tion of fipronil in water. Furthermore, it was suggested
that MTB could be used as a factory to cost-effectively
produce eco-friendly Nb-functionalized MNPs that have
great prospect in the field of immunochemical science.
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