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BSA Bovine serum albumin

ELISA Enzyme-labeling for second antibodies andettuce the procedure time of enzyme-linked
immunosorbent assay

LB Lysogeny broth

LOD Limit of detection

MHC Major histocompatibility complex
oD Optical density

PBS Phosphate-buffered saline

PDB Protein Data Bank

TcR T-cell receptor-




Highlights:

Nanobodies that bind to SEB were isolated fromigenbbrary,

The molecular mechanism of nanobodies interactiitiy 8EB was described,
Nb37-ALP has the potential to replace chemicallyated detection antibodies,
Nb37-ALP was shown to be thermally stable and e tabbe produced in large scale,

A quick and sensitive sandwich CLIA method for thetection of SEB was developed.

Abstract

In this study, sandwich chemiluminescent immunoas¢€LIA) for the detection of
Staphylococcal enterotoxin B (SEB) was developddgueanobody-alkaline phosphatase (Nb—ALP)
fusion protein. The SEB-binding nanobodies werainied from a naive phage-display library and the
Nb-ALP fusion protein was constructed and obtaiaech thermally stable and potentially effective
substance for detecting antibodies in CLIA. Thekig range of the sandwich CLIA based on anti-SEB
monoclonal antibodies (mAbs) and our fusion prqtBin37—ALP, was 3.12-50.0 ng mwith SC50 =
8.59 + 0.37 ng mI*. The limit of detection was 1.44 ng milLaccording to the blank value plus 3
standard deviations. In order to understand thegastion of SEB and Nb37 in depth, the 3D structdire
the SEB-Nb37 complex was constructed and verifiechblecular modeling and the docking method.
The results showed that the complementary-detengiiregion 3 (CDR3) of Nb37 embedded itself in
the opening generated by the major histocompatibdomplex (MHC) and T-cell receptor- (TcR)
binding sites of SEB, indicating that Nb37 may effiae recognition of SEB by MHC classmolecules
and the TcR. The arginine residue (Arg) 101, Arga@8 phenylalanine resid{fhe)103 of CDR3 in
Nb37 may have contributed to specific binding tonfosix salt-bridges between these and SEB. In
conclusion, in terms of their specificity and sérgy, the obtained anti-SEB Nb—ALP appears todav
the potential to replace chemically labeled prdbeshe detection of SEB.

Keywords: Nanobody; Staphylococcal Enterotoxin B; AlkalineoBphatase; Immunoassay.
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1 Introduction

Recently, harmful bacteria have been the most camraase of foodborne disease, which has been
one of the biggest issues affecting human healtth food safety [1]. Among these illnesses,
Staphylococcal food poisoning is the second masjuently reported [2]. Staphylococcal enterotoxin
B (SEB), which causes burn sepsis and staphylottmda shock syndrome, is considered to be one of
the most important virulence factors of the disg8%€The half lethal dose (LD50) of SEB is aro2
ng/kg, but the enterotoxin leads to poisoning evban taken at 0.4 ng/kg [4]. As SEB representsgehu
threat to human health and food safety, the dewedop of a simple, sensitive, and quantitative metho
for the detection of SEB is desirable.

Immunoassay based on antibody-antigen recogniothe method most often used for the
detection of SEB [5-7]. Immunoassay is simple, gmesand economic, and is currently the most
important tool for the detection of SEB. The mastenon reported immunoassay method used for SEB
is sandwich immunoassay, which requires the captndedetection of antibodies. To avoid the use of
enzyme-labeling for second antibodies and to redtloe procedure time of enzyme-linked
immunosorbent assay (ELISA), the detected antitsodie usually chemically labeled with enzymes
[8-10] or nanoparticles [6, 11-13]. However, thesitical combination of nanoparticles or reporter
antibodies may result in a loss of antibody adgtigibd instability from batch to batch [14, 15].

Nanobodies derived from camel heavy-chain antitdi® the smallest recombinant antibodies
(approximately 15 kDa). Due to their long and puding complementary-determining region 3 CDR3
loop, they can reach hidden (cryptic) and concai®pes [16]. Further, nanobodies are endowed with
unique physical and chemical advantages over cdioveth antibodies, such as high tolerance to
temperatures, proteases, solvents and pH [17-18]th& same time, nanobodies have a similar
performance to conventional antibodies when bindogheir cognate antigen [20]. Nanobodies also
have a higher solubility and higher expression iicrabial systems compared with conventional
antibodies [21]. Because of their high affinity doev molecular weight, nanobodies are also easy to
clone and derivatize by coupling to reporter protgi2]. These recombinant fusion proteins can be
developed into one-step immunoassay methods tleéd dve incubation time of secondary antibodies.
Many one-step immunoassay methods have been cotestrusing the fusion of alkaline phosphatase
(ALP) to nanobodies, such as fumonisin B1 [23]gi@# circovirus type 2 [24] and ochratoxin A [25].

In this study, we isolated a SEB nanobody from &eananobody phage-display library,
constructed Nb—ALP fusion protein, and expressaudhicherichia coli Origami B(DE3) cells. Then, a
chemiluminescent immunoassay (CLIA) method usingAllP was developed for quick and sensitive
detection of SEB.

2 Materials and Methods

2.1 Materials and Reagents

The Staphylococcal enterotoxins SEA and SEB weretfased from Hongxin Co., Ltd (Hangzhou,
China). Peroxidase-labeled anti-M13 phage antibwdy obtained from GE Healthcare (Piscataway,
USA). Anti-6xHis antibody coupled to peroxidase andickel- (Ni) affinity chromatography column
were purchased from Sangon Biotech (Shanghai, Chisapropylf-D-thiogalactoside (IPTG),
ovalbumin (OVA) and bovine serum albumin (BSA) wertgtained from Sigma Aldrich (St. Louis,
USA). A GenBuilder DNA Assembly Kit was purchasedm GenScript (Nanjing, China). Alkaline

phosphatase substrate (AMPPD) was purchased fromchdantech (Shenzhen, China). Restriction
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enzymes EcoR |, Hind Ill, T4 DNA ligase and Q5 Higidelity DNA Polymerase were purchased from
New England Biolabs Ltd. (Beijing, China). The pBZb vector,E coli Origami B(DE3), was
purchased from Novagen (Darmstadt, Germany). Themdbminescence immunoanalyzer was
procured from Tigun Inc. (Beijing, China). Transpar microplates were purchased from Jet
Bio-Filtration Co., Ltd. (Guangzhou, China), an@ tivhite microplates for luminescence assays were
purchased from Thermo Fisher Scientific Inc. (ShemgChina). All chemicals were of the analytical
grade.

2.2 Selection of Phage-Display Nanobodies for SEB

A naive phage-display nanobody library was congtdicaccording to the phage-display
technology manuals [26] for the selection of SEBdig nanobodies. A biopanning procedure was
carried out that included five rounds of panningmmune tubes. Antigen SEB was coated at 1®.5
, 1, and 0.5ug in 1 ml phosphate-buffered saline (PBS) and iatedb at 4C for 12 h. 2 ml 3% BSA
and 2 ml 3% OVA in PBS were alternately used tablihe immune tube for 1 h at 37 10 washings
were carried out with 0.05% PBST (Tween-20, viv#)en, 500uL of naive phage-display nanobody
library was preincubated with 500 3% BSA and 50QL 3% OVA in PBS for 30 min at 3T to
discard nonspecific phages. Then, the library wdaked into the tube for 1 h at 37 Nonbinding phages
were discarded using 10 washing cycles with 0.1%65PKTween-20, v/v%). Then, 1 ml 0.1 M
hydrochloric acid (HCI; pH 2.0) was added into thiee and incubated for 8 min at 37to elute binding
phages, and 0.5 ml 1 M Tris-HCI (pH 9.0) was admeakutralize the elution buffer immediately. dl0
of the elution solution from each round was usetésb the phage titer and the remainder was amglifi
for the following biopanning. After the five-rouridopanning, phage-ELISA was performed to select
SEB-binding phages and the genes of positive clames sequenced for further characterization.

2.3 Expression and Purification of Soluble Anti-SEBNanobodies

The genes of positive nanobodies were subclonedarpression vector pET-22b(+) using the
DNA assembly kit according to the manual. The remo@nt plasmids were then transformed iBtcoli
Origami B(DE3)-competent cells, and a single colony wa&gx and cultured in a lysogeny broth (LB)
medium, containing 10@g mi™* each of ampicillin, kanamycin, and tetracycline.

Expression of soluble nanobodies was carried oatdalng 0.4 mM IPTG into the LB medium at
OD600 = 0.6 and incubating this for another 12 h&it. The medium was then centrifuged for 20 min
at 3500g at 4°C. To obtain crude extract, the lysates which wesed by ultrasonic cell disruption were
centrifugated at 8000 g for 20 min. The supernatsa then purified using Ni-affinity columns, art
target proteins were analyzed by SDS-PAGE.

2.4 Characterization of Nanobody Binding

Direct ELISA was used to evaluate the charact@uoified nanobodies. Briefly, 100 of serially
diluted SEB was added to microwells and incubatef@overnight. Then, 120L 1% BSA in PBS was
added into the plate and incubated for 1 h at(3Purified nanobodies in PBST were next added and
incubated for 1 h at 3T. A washing step was carried out three times uBB§T, and 10QL anti-His
immunoglobin G-horseradish peroxidase (IgG-HRP) added and incubated at 37for another 1 h.
After this step, 10QL TMB solution was added and the plate was incub&de 15 min at 37C. The
reaction was finally stopped by the addition ofi&02 M sulfuric acid (HSQy), and the optical density
(OD) of the solution was measured at 450 nm byaoplate reader (Molecular Devices).
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To understand the interaction between SEB and #w BEB-binding nanobody, Nb37, the
three-dimensional structures of Nb37 was model@gUd ODELLER [27, 28]. The three-dimensional
structure of SEB was downloaded from the ProteitaBank (PDB) [29]. After the potential energies of
the modeled structure had been separately minimilaednteraction between SEB and Nb was predicted
by RosettaDock [30]. A visualization of the intetian between SEB and Nb37 was created using
PyMOL [31, 32].

2.5 Construction and Expression of Soluble Nb37—ALP

Nb37-ALP fusion protein was constructed by fusifa, (G4S)3 linker and ALP (derived from
E. coli) by SOC-PCR[33, 34]. A substitution serine for A8f in the gene of ALP was introduced and
led to a 35-fold increase of specific activity [35he gene of the fusion protein was then clonéal in
PET-22b as described above. The pET-22b—Nb—ALPpthsvas used ift.coli Origami B(DE3). The
expression and purity of Nb37—ALP were determinedescribed above.

2.6 Sandwich CLIA for SEB based on Nb37-ALP

1 pg mi'* anti-SEB mAb was incubated at4 overnight. The coated plates were blocked as
described above, and after washing, LD®f SEB standard in PBS was added and incubated ffoat
37 1. The plate was then incubated again with iD0Nb—ALP in PBST. Next, the AP enzyme activity
was revealed by the addition of 100 AMPPD substrate. Light emission was then measusdg a
chemiluminescence immunoanalyzer (Tigun, Beijingn@h

2.7 Cross-reactivity and Thermostability

To determine the selectivity of the Nb37—ALP fuspyntein, sandwich CLIA was carried out using
SEB-similar protein. SEA, SEB, BSA, OVA and moug6lat 50 ng mL* in PBS were used to measure
the specificity of the sandwich CLIA.

The Nb37-ALP in PBS was incubated separately ati3®0 [ and 800 for 90 min, and the
activity of the Nb37—ALP was tested at 0, 30, 6@ 80 min using sandwich CLIA. Briefly,ig mL™
anti-SEB mAb was incubated at 4overnight. The next day, washing and blocking stepre carried
out as described above. 10050 ng mL-* SEB in PBS was added after the washing step autation
was carried out, also as described above. ThergEBe-Nb37—ALP was added and incubated for 1 h at
37 0. Next, 100 uL AMPPD substrate was added and the signal wasrdedo using a
chemiluminescence immunoanalyzer (Tigun, Beijingn@h

2.8 Recovery Analysis of Spiked Samples

To evaluate the reliability of this method in alreample, whole milk, drinking water (bought from
a local market) and fresh human serum (collectethfa healthy volunteer) were selected as spiked
samples. First, the original concentration of SE& wletected using a commercial ELISA kit (Jianglai
Biological, China). Then, different amounts SEB wadsged to these samples to final concentratiobs of
10, 20 and 40 ng mL Before testing, the spiked samples were centeiiugt 8000g for 20 min to
remove fat. Then, 100L supernatant of the samples were analyzed usittg®blA and a commercial
ELISA kit. The measurement of each sample was padd in duplicate three times.

3 Results and Discussion

3.1 Selection of Phage-Display Nanobody against SEB

A naive phage-display nanobody library was usedetect SEB-binding nanobodies. To obtain
SEB-binding nanobodies, we utilized the biopanrsitigtegy, decreasing the concentration of immobile
SEB and increasing selection pressure. Five cyofepanning were carried out according to the
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enrichment of specific phage nanobodies. For epcle cthe recovery rate was calculated by comparing
the output titer to the input titer of phage nantibe, while the enrichment was calculated by compgar
the recovery rates of each round to the one pregedi After biopanning, the enrichment of
SEB-binding nanobodies had increased, remarkably.11 (Figure 1). Forty-eight clones were then
randomly selected from the fifth round of pannimgl subjected to monoclonal phage ELISA to identify
SEB-binding clones. Among them, 13 positive clotieg showed specific binding to SEB, but not to
BSA, were identified (Figure 2). Sequence alignmessults revealed that the 13 clones had four
nanobody sequences, collectively (Figure 3). Thendwork regions of the four clones demonstrated
high conservation with one another. Characteristibstitutions (F48, E55, R56, and F/G58) of the
nanobodies in FR2 were observed in the four clowbgh indicates that all of these nanobodies were
derived from heavy-chain camelid antibodies [2]], 36

3.2 Expression and Purification of Soluble Anti-SEBNanobodies

For expression of nanobodies, the genes of folquannanobodies were subcloned into pET-22b
and the recombinant plasmids were transformedkntoli Origami B(DE3). Nanobodies were obtained
using Ni-affinity chromatography columns from thgoernatant of lysed cells. To characterize thetypuri
of nanobodies, SDS-PAGE electrophoresis was cawigd Figure 4 shows the theoretical size of
nanobodies calculated by BioEdit and the four nad@s of about 17 kDa that were detected.

3.3 Characterization ofNanobodyBinding

Direct ELISA was used to estimate the sensitivitthe nanobodies. As shown in Figure 5, 50% of
maximal signals (S&) for Nb13, Nb16, Nb23, and Nb37 were 22.7 ng m83.3 ng mL*, 28.7ng mL*
and 19.3ng mL%, respectively. Among them, Nb37 showed betterinmdctivity than other nanobodies
with smaller SC50. Thus, Nb37 was selected to dathk SEB in silico and create the Nb—ALP fusion
protein.

To understand the interaction between SEB and N&3D) model of Nb37 was generated using
MODELLER and the 3D structure of SEB was downloaffedh the PDB. The SEB-NB37 structure
(Figure 6a, 6b) was predicted using RosettaDoclkoAting to the docking prediction, the CDR3 of
Nb37 embedded itself in the opening generated &yMHC- and TcR-binding sites of SEB, indicating
that Nb37 has the ability affect the recognizapitit SEB to the MHC class and TcR receptors. The
interaction analysis (Figure 6c) revealed that bptiobic and electrostatic interactions presenhat t
binding interface determined the high specificityg digh affinity. The Arg101, Arg102, and Phel103 of
Nb37 formed six salt-bridges with the Val152, AsiAlénd Asn186 of SEB, which were pivotal for the
specificity of complex formation.

3.4 Construction and Expression of Nb37—ALP

The construction of pET-22b—Nb—ALP is shown in Fed. The positive recombinant plasmid
was confirmed by Sanger sequencing, and the coplastid was transformed int®.coli Origami
B(DE3). A single colony was the selected from tiedgar plate and cultured at 37and at 200 rpm in
a shaking incubator. When the OD600 value of thei@ireached between 0.4 and 0.6, IPTG (0.4 mM)
was added to induce the expression of the Nb—Aldfofuprotein. After purification by Ni-affinity
chromatography column, the Nb—ALP fusion was aredyasing SDS-PAGE (Figure 8). The
SDS-PAGE analysis showed that the fusion proteia s@uble and had a band of approximately 70

kDa, as expected.



168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184

3.5 Sandwich CLIA for SEB based on Nb37ALP

Using anti-SEB mAb as a capture antibody and Nb3P-As a detector antibody, sandwich CLIA
was developed for SEB detection. After optimizatithe optimal concentrations of the capture antjbod
and detection antibody were determined using tleelkdtoard method. Figure 9 shows the sandwich
CLIA developed with the optimal concentrations nfigcSEB mAb and Nb37—ALP. The working range
of the assay was defined as the part of the cuitreaninear coefficient of R> 0.99. The linear range
was from 3.12-50.00 ng mtwith SG, = 8.59 + 0.37 ng mL. The limit of detection, defined as the
blank value plus 3 standard deviations, was 1.44nhd". Table 1 shows a brief overview of the
immunoassay for SEB detection. To enhance thesitéty, these methods would all require complex
chemical modification that would lead a differemetween batches as well as higher costs. Withdegar
to the criterion for the pathogeny of food poisapitihe U.S. Food and Drug Administration defines as 1
mg SEs intake equal to take 100 ng&Es in 10 mL of contaminated milk. And the LOD detimed
by the ELISA is 1.25 ng ml, as published by General Administration of Qualypervision,
Inspection and Quarantine of the People's RepabfZhina. These indicate that our method would meet
the testing requirements established by both afettstandards.
Table 1 Immunoassays reported in the literaturéiferdetection of SEB

Detection Linear )
No ) o ) ) Detection
Mechanism Limit Range Detection Antibody Ref
L L Sample
(hgmL7)  (hgmL")
chemiluminescence , tap water, milk,
HRP-labeled anti-SEB
1 enzyme 0.01 0.01-5 human serum, [37]
) mAbs
immunoassay etc.
co-immobilizing HRP i
o ) milk, water,
chemiluminescence and anti-SEB mAbs on
2 ] 0.004 0.01-1 - and serum [38]
immunoassay mesoporous silica
i samples
nanoparticle
electrochemical Anti-SEB mAbs @ )
3 _ 0.017 0.05-5 milk [39]
immunosensor magnetosome
] ) Ruthenium(7) )
immunomagnetic-el o urine, serum,
o tris-bipyridine
4  ectrochemiluminesc 0.001 0.1-100 homogenates, [40]
] chelate-labeled i ]
ent immunoassay , and skim milk
anti-SEB mAbs
chemiluminescent 0.006— HRP-labeled anti-SEB  serum, milk,
5 , 0.0033 [41]
immunosensor 0.564 mAbs lake water

chemiluminescence o
Biotin-labeled

6 -based microarray 0.11+0.1 1.7-48.6 , water [42]
] anti-SEB mAbs
immunoassay
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chemiluminescence

] 0.0156- Fluor555-labeled )
7 multichannel 0.0156 , milk [43]
] 100 anti-SEB mAbs
immunosensor
o Anti-SEB magnetic )
chemiluminescence PBS, milk,
8 0.00286 0.001-100 quantum dot o [44]
lateral flow i grape juice
nanoparticles
o ) milk, drinking )
chemiluminescent Anti-SEB Nb-ALP This
9 1.44 3.12-50 water, human

immunosensor

fusion protein

method

serum

3.6 Cross-reactivity and Thermostability

To evaluate the selectivity of our sandwich CLI&thod, 50 ng/ml SEA, SEB, OVA, BSA,
and IgG antibody, which were similaith one another, were used to determine selectivitg T
cross-reactivity was calculated by the ratio of¢themiluminescence value of the similar protein to
the chemiluminescence value of SEB; the final v&alere the means of three replicates. In these
results (Figure 10), the cross-reactivity of SEAJA) BSA and IgG gave a similar value to that of
the blank control group, indicating that the Nb3TPAexhibited better selectivity while also
showing some nonspecific protein adsorption.

The endurance of Nb37—-ALP in high temperaturesusially important to its ability to function.
We tested this by placing Nb37-ALP at 387 60 [/, 80 °C for 120 min, and analyzing the binding
activity at 0, 30, 60 and 120 min using sandwichAWwith 50 ng mL-* SEB. As shown in Figure 11, the
binding activity of Nb37—ALP had slightly reducefies 30 min at 37C, while it had reduced about 25%
after 120 min. At 60C he binding retained 84% of its original activityeaf30 min, and had retained
63% of its activity after 120 min. In previous siesl [45-47], nanobodies retained 80%—100% of its
activity after 5 min heating at 6Q. Further, in studies on the thermostability of Al4B] and Nb—ALP
fusion protein [34], Nb—ALP fusion protein showeetfect thermostability, retaining 80% of its adijvi
after 30 min heating at 7Q These data demonstrate the thermostability of Imagies and Nb—ALP
fusion protein, ensuring the potential of their lgggion under harsh conditions.

3.7 Recovery Analysis of Spiked Samples

Performance of each newly developed analytical otktihould be evaluated using real samples and
assessed by comparing the concentration of SEBetsniined by the developed method and that
determined by the ELISA technique. As shown in &aB| the recoveries determined by commercial
ELISA ranged from 81.6%-90.2%, while the recovedetermined by this method ranged from 82.5%—
95.2%. Thus, the data indicate that these two nasthave a similar efficiency. At the same timethie
serum samples, there were protein levels (includiame anti-SEB antibodies) that might lead to
nonspecific adsorption of Nb—ALP and loss of SEBistreducing the recovery achieved by this method.

4 Conclusion

In this study, we obtained an SEB-binding Nb37 framaive phage-display library. Then, Nb—
ALP fusion protein was constructed and obtainedapid and sensitive sandwich CLIA for detecting
SEB was developed using Nb37-ALP as the detectitipady. The Nb—ALP fusion protein, which
combined detection and report, was soluble, thdynsthble and able to be easily prepared while
maintaining a stable performance at a low cost. fliséon protein in sandwich CLIA also reduced
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analysis time and enhanced sensitivity, while awmgidhe chemically coupled probe. Further, the
interaction between SEB and Nb37 was analyzed afidated by molecular modeling. The results
showed that the CDR3 of Nb37 embedded itself in shace generated by the and MHC- and
TcR-binding sites of SEB. The Arg101, Arg102, arfteFO3 of Nb37 formed six salt-bridges with
Vall52, Asn157 and Asn186 of the SEB, and thes#gbs were critical for the specificity of complex
formation. Altogether, these results indicate N8R is a valuable tool for fast and sensitive détec
of SEB toxin, and that nanobodies could also bengsing for use in detecting proteins.
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382 CDR3of Nb37 is seen in yellow, CDR2 is seen iregreCDRL1 is seen in red. c: the interaction between
383 SEB and Nb37, SEB is labeled as (B), Nb37 is labate(A).
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399

400 Table 2. Recovery analysis of SEB in samples bySRLkit and Nb37-ALP based sandwich CLIA

ELISA Average CLIA Average
Found Added ) )
Sample 4 4 detection recovery RSD(%) detection recovery RSD(%)
(hgmL?)  (ng mL) 1 1
(ng mL”) (%) (ng mL") (%)
5 4.48 83.4 4.34 4.50 83.8 3.73
, 10 8.79 84.8 1.06 8.92 86.1 2.45
Pure milk 0.31
20 17.9 88.0 2.54 19.3 95.0 1.36
40 36.2 89.6 9.65 38.4 95.2 2.06
5 4.28 83.0 4.96 4.45 86.4 2.95
Drinking 0.13 10 8.63 85.0 2.90 9.39 92.6 1.30
water ' 20 17.8 88.4 271 18.9 93.9 4.02
40 36.2 90.2 2.87 36.4 90.7 1.24
5 4.30 81.6 4.60 4.34 82.5 5.59
10 8.88 86.6 2.52 8.83 86.1 4.24
Serum 0.22
20 18.1 89.4 7.19 17.6 86.9 2.10
40 36.3 90.2 6.00 35.2 88.5 2.23
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Table 1 Immunoassays reported in the literaturéHferdetection of SEB
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chemiluminescenc and anti-SEB mAbs on
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e immunoassay mesoporous silica

\ samples
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electrochemical Anti-SEB mAbs @ .
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) ) Ruthenium(7) .
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. . Anti-SEB  magnetic )
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e lateral flow . grape juice

nanoparticles
o ) milk, drinking .
chemiluminescent Anti-SEB Nb-ALP This

9 ] 44 3.12-50 ) . water, human
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Table 2. Recovery analysis of SEB in samples by ELISA kit and Nb37-ALP based sandwich CLIA

ELISA CLIA
Found Added i Average i Average
Sample 1 1 detection RSD(%)  detection RSD(%)
(ngmL™) (nhgmL™) 1 recovery(%) 1 recovery(%)
(hgmL"™) (hgmL™)
5 4.48 834 4.34 4.50 83.8 3.73
. 10 8.79 84.8 1.06 8.92 86.1 2.45
Pure milk 0.31
20 179 88.0 2.54 19.3 95.0 1.36
40 36.2 89.6 9.65 384 95.2 2.06
5 4.28 83.0 4.96 4.45 86.4 2.95
Drinking 013 10 8.63 85.0 2.90 9.39 92.6 1.30
water ' 20 17.8 884 271 189 93.9 4.02
40 36.2 90.2 2.87 36.4 90.7 124
5 4.30 81.6 4.60 4.34 825 5.59
10 8.88 86.6 2.52 8.83 86.1 4.24
Serum 0.22
20 18.1 894 7.19 17.6 86.9 2.10
40 36.3 90.2 6.00 35.2 88.5 2.23
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Highlights:

Nanobodies that bind to SEB were isolated fromiaenkbrary

The molecular mechanism of nanobodies interactiilg 8£B was described
Nb37-ALP has the potential to replace chemicallypgted detection antibodies
Nb37—-ALP was shown to be thermally stable and tbe tatbe produced in large scale
A quick and sensitive sandwich CLIA method for tetection of SEB was developed
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