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Abstract: Despite the advantages of the nanobody, the unique structure limits its use in sandwich
immunoassay. In this study, a facile protocol of sandwich immunoassay using the nanobody was
established. In brief, B amyloid and SH2, an anti-f amyloid nanobody, were used as capture
antibody and antigen, respectively. The SH2 fused with His-tag was first purified and absorbed on
Co>-NTA functional matrix and then immobilized through H>O: oxidation of Co?* to Co® under the
optimized conditions. Then, 150 mM imidazole and 20 mM EDTA were introduced to remove the
unbound SH2. The immobilized SH2 showed highly-sensitive detection of  amyloid. It is
interesting that the quantification of the sandwich immunoassay was carried out by determining
the His-tag of the detection nanobody, without interference from the His-tag of the capture
nanobody. The immobilized SH2 detached exhibited outstanding stability during 30 days of
storage. Taken together, His6-tag facilitated both the oriented immobilization of capture antibody
and quantitative assay of detection antibody in sandwich immunoassay. We propose a facile and
efficient sandwich immunoassay method that opens new avenue to the study of His-tagged protein
interactions.

Keywords: sandwich immunoassay; nanobody; His-tag; oriented immobilization; 3 amyloid
detection

1. Introduction

Immunoassay is widely used for the quantitative and/or qualitative analysis of antigens based
on the interactions between antibodies and antigens [1,2]. Since it was first applied to detect insulin
in the serum using 1251 as tag by Yallow and Berson in 1959, immunoassay has been playing vital
roles in drug screening, toxicology monitoring, biological, clinical, chemical and environmental
analyses because of its high sensitivity and selectivity, as well as rapid detection and simple analysis
achieved without extensive pretreatment [3]. Although the radioimmunoassay method is highly
reliable and accurate, its use has been limited by radioisotopes and the short half-life [4,5]. To
overcome the limitations, intensive research in immunoassay techniques has resulted in tremendous
advancement. For example, to easily quantify results of immunoassay, antigens or antibodies were
modified by different luminescent substances or enzymes [6,7]. To keep consistency between
different batches, monoclonal antibodies are most widely used. The traditional monoclonal antibody
IgG consists of two heavy chains and two light chains. Because protein fragments are more amenable
to engineering and production, the hunt for the smallest antibody fragment capable of binding to
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antigens continues and progressions such as 55-kDa Fab and 28-kDa scFv have been made. However,
problems remain in the expression and aggregation of these antibodies [8,9]. A distinct type of
antibody, which contains only the heavy chain, was discovered in the serum of alpaca, camel and
cartilage fish in 1993 [10]. Following the discovery came the nanobody, a 15 kDa antibody fragment
derived from the heavy-chain-only antibody. Compared with the traditional antibodies and their
fragments, nanobodies exhibit superior characteristics in many aspects, such as the ease in screening
and preparation, high sensitivity, stability, specificity, and the low steric hindrance during the
interactions with antigens [11-14]. Given these advantages, the nanobody greatly improves the
immunoassay process.

In sandwich immunoassay, the capture antibody is usually randomly immobilized or coated on
materials based on the hydrophobic interaction. Since every domain of the nanobody is vital in either
antigenic binding or structural maintenance, random immobilization will lead to the inactivation of
the nanobody. Thus, it is important to find a suitable immobilization method for the capture
nanobody. Moreover, the constant region of the nanobody, which can be recognized by the second
antibody, needs to be exposed for the quantitative detection. The easiest way to immobilize proteins
is to limit the modifications within the region not involved in the interactions of antigen. Immobilized
metal ion affinity chromatography (IMAC) mediated by a fused poly-histidine tag (His-tag) has been
used as a simple and inexpensive purification technique for the high-throughput production of
proteins in industry [15-17]. IMAC has also been extended to various other applications, such as the
immobilization of proteins on chips and nanomaterials [18-20], and the incorporation of labeled
molecules to active proteins [21-24]. Divalent ions such as Ni*, Co?, Cu?* and Zn?*" can mediate the
chelation between the His-tag and nitrotriacetic acid (NTA) [14,15]. However, the aforementioned
affinity is not stable enough in buffer containing chelating or reducing reagent. Seraphine and others
reported that Co? in the complex of NTA-Co*-His-tagged protein could be converted to Co® through
H20: oxidation [25]. The complex of NTA-Co*-His-tagged protein is thermodynamically stable, and
it reacts weakly with chelating or reducing agents. In consistence, we recently reported that the BirA
enzyme showed excellent stability and catalytic activity using the same immobilization method [26].
Given the short reaction time and the stability after long-term storage, we postulated the method may
serve as a facile approach for the oriented immobilization of the capture antibody in the
immunoassay. Compared to the random immobilization, oriented immobilization via NTA-Co%**-His-
tagged complex will not affect the conformation or the function of nanobody. To further improve the
application of nanobody in the sandwich immunoassay, we propose the use of His-tag as both the
immobilization site of the capture antibody and the recognition site for the second detection antibody.
However, in practical research, the His-tag is often designed on both the capture antibody and the
detection antibody. To realize our postulation, the interaction between the second antibody and the
His-tag of the capture antibody should be avoided in sandwich immunoassay indicating the process
of sandwich immunoassay should be accordingly optimized.

Alzheimer’s disease (AD) is a neurodegenerative disease associated with aging. Soluble (3-
amyloid (Ap) is believed to be a contributing factor in Alzheimer’s disease. It is well documented that
the changes of Af level in simulated cerebrospinal fluid (CSF) may indicate the occurrence of early
AD [27,28]. Therefore, soluble $-amyloid and anti-A3 nanobodies were selected as model antigen
and antibodies in our study. Conditions of immobilizing the nanobody to the NTA-Co% were first
optimized. The activity and the stability of the immobilized nanobody were then measured. Because
Ap oligomers (Af3o) have more than one of the same antigenic epitopes in one complex, one type of
His-tagged nanobody is enough to carry out sandwich immunoassay, while two different His-tagged
nanobodies, which recognize different antigenic epitopes, are needed to assay A3 monomer. Our
results show oriented immobilization of nanobody and sandwich immunoassay of A3 monomer or
Apo could be simultaneously realized only using His-tag nanobody. The advantages of our method
are that it is simple and economical compared to the traditional immunoassay method. Certainly, the
limitation of this method is that it can only be used in ELISA, which requires sandwich detection.
Moreover, we suggest that the method can also be applied to research the interaction molecules
recognized by His-tagged proteins.
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2. Results and Discussion

The most important postulation of our method is that the second antibody, which recognizes the
His-tag of the detection antibody, does not bind to the His-tag of the capture antibody. Moreover,
oxidation of H202 does not affect the activity of the capture antibodies, while the excess Co? and
unbound capture antibody are removed to improve the interactions of antigen and the detection
antibody. The stability of the immobilized capture antibody during storage is also important in
application. Thus, we optimized the conditions for oriented immobilization of nanobody and the
sandwich immunoassay using His-tags. Nanobodies SH2 and SDP6 were fused with His-tag and
selected as model antibody in our study. SH2, which recognizes the N-terminal of A, was
immobilized and used as the capture antibody. To detect ABo, SH2 was also used as detection
antibody, while A12-35 recognizing SDP6 was used as the detection antibody to detect A3
monomer.

2.1. Expression and Purification of the Nanobodies

The theoretical molecular weights of SH2 and SDP6 are 18.7 kDa and 15.6 kDa, respectively.
Both nanobodies were fused with His-tag and purified through IMAC. SDS-PAGE was used to
evaluate the expression and purification of proteins. As shown in Figure 1A,B, SH2 and SDP6 were
successfully expressed by E.coli. After purification by IMAC, the purity of SDP6 reached 90% (Figure
1A), while the purity of SH2 remained low (Figure 1B). After further gel filtration, the purity of SH2
reached higher than 95% (Figure 1B,C). ELISA results show that the purified SH2 and SDP6 had the
ability to bind antigen A342 (Figure 1D,E). Taken together, SH2 and SDP6 were successively obtained
and fit for the following research.

1 23M4 56

KDa 800

—97.2
66.4 €00

44.3 400

29.0

20.1 T
110 115 120 125 130 135 140 145
14.3 VimL

A B C

0.8 o 08
wy
-+
o
o
0.4 04
0.0 0041

0 25 5 10 0 25 5
AB42(pg/mL) AB42(ug/mL)
D E

0oD450

Figure 1. Preparation of the nanobodies. SDS-PAGE analysis of purified SDP6 (A) and SH2 (B,C) by
Ni-NTA affinity chromatography (A,B) and gel chromatography (C). Activities of SDP6 (D) and SH2
(E) were detected by ELISA. Lane M, protein molecular weight marker; Lane 1, Total proteins
expressed by E.coli; Lane 2, precipitated proteins after the cells were disrupted and centrifuged; Lane
3, supernatant proteins after the cells were disrupted and centrifuged; Lanes 4-6 of SDP6 were SDP6
nanobody eluted by 60 mM imidazole; Lanes 4 and 5 were SH2 nanobody eluted by 100 mM
imidazole; Lane 6 of SH2 was SH2 nanobody after gel chromatography.
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2.2. Immobilization of SH2

2.2.1. Effects of H202 Oxidation Time and SH2 Concentration on SH2 Immobilization

Although His-tagged proteins can bind to NTA as mediated by Co*, the complex of protein-
Co>-NTA is not stable enough. After treatment with H20,, Co? is oxidized to Co*, which forms
complex of protein-Co*-NTA that is kinetically inert [25,29,30]. However, it is reported that H2O2 can
chemically modify many residues (Met, Cys, Arg, Pro, Lys, Tyr, His, etc.) and cleave the peptide
bonds of proteins sustaining the structures and functions of proteins [31]. Met and Cys are two
residues particularly sensitive to oxidation [32]. Taking several Cys, Met, Tyr and other residues in
the SH2 into consideration, H202 may have negative effects on the nanobody’s structure, activity and
stability during immobilization. To investigate whether the activity of SH2 was affected by H>O», SH2
was incubated in H20: at the final concentration of 20 mM for different time periods. To remove the
unbound SH2 and the excess of Co?*, agarose beads were washed with 20 mM EDTA in Tris-HCl
buffer (pH 7.4). The concentration of SH2 in washing buffer was measured by the Bradford assay.
ELISA assay showed SH2 is not sensitive to H20z. The activities of SH2 were not significantly changed
in 1 h (data not shown). The immobilization of SH2 improved with the increase of oxidation time
(Figure 2A). The immobilization rates increased from 61.4% to 82.9% when the treatment time of H20:
increased from 40 min to 60 min. After 60 min, no significant changes were observed as incubation
time increased. Taken together, the oxidation time was optimized as 60 min to realize highly efficient
immobilization without compromising the catalytic activity of the SH2.

The binding of SH2 and Co?* is a dynamic equilibrium process, increasing the concentration of
SH2 promotes the formation of SH2-Co?-NTA and therefore the conversion to SH2-Co*-NTA in the
presence of H:0.. The concentration of SH2 was accordingly optimized to increase the
immobilization density and the utilization rate. To remove the unbound SH2 and the excess Co?%,
agarose beads were washed with 10 mM EDTA and 150 mM imidazole in Tris-HCl buffer (pH 7.4).
As shown in Figure 2B, 6.66 mg, 12.53 mg and 20.14 mg of the SH2 were immobilized in 1 mL agarose
beads when 3.2 mg/mL, 42 mg/mL and 6.2 mg/mL of SH2 were initially added, respectively.
However, further increase of SH2 to 7 mg/mL did not cause significant change of immobilization,
which is likely due to the saturated adsorption of the matrix. According to the manual of GE
healthcare life sciences, saturated adsorption capacity of Ni**-NTA agarose beads is 20-40 mg. Taken
together, initial loading concentration of SH2 was optimized as 6.2 mg/mL.

2.2.2. Effects of Imidazole and EDTA Elution on Immobilized SH2

In the process of immobilization, not all SH2 are firmly bonded to Co?*, and not all SH2-Co?*-
NTA get transformed to SH2-Co*-NTA. Free SH2 and/or residual SH2-Co?-NTA may bind with
antigen and affect the accuracy of the detection in the following sandwich immunoassay. Imidazole
is a competitive chelating agent of the His-tagged proteins. High concentrations of imidazole replace
SH2 bound to Co* and Co3*. The interactions between Co* and the His-tagged protein are stronger
than that between Co?* and the His-tagged protein. To remove the loosely immobilized SH2, the
concentrations of imidazole in the eluate should be such that the complexes of SH2-Co*-NTA
dissociate while the complex of SH2-Co%*-NTA remain intact. As shown in Figure 2C, SH2 in the two
types of complexes was stable when there was no imidazole. When treated by 100 mM, 150 mM and
250 mM of imidazole for 2 h, the releasing rates of SH2 from the Co®** complex were 2.03%, 4.73% and
11.87%, respectively. On the contrary, in the Co?* complexes, the release rate was 56.17%, 70.73% and
89.10%, respectively. Based on these results, 150 mM imidazole was added into the eluent buffer to
remove the unbound SH2.

In our study, the amount of Co? in the matrix surpasses the SH2 added. Extra Co* may affect
the following interactions between the A{3 and the capture nanobody or the detection nanobody. To
avoid the non-specific adsorptions in immunoassay, the excess of Co? should be removed by
chelating reagent in advance. EDTA is the most commonly used chelation reagent in metal chelation
chromatography. EDTA reacts with both Co? and Co*, preferentially with the former. Given excess
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EDTA in the buffer may strip off the immobilized SH2, its concentration needs to be optimized. To
explore the tolerance of SH2-Co?-NTA and SH2-Co*-NTA to EDTA, the concentration of EDTA in
the eluent was determined. As shown in Figure 2D, the free SH2 was not detected when the
immobilized SH2-Co%*-NTA was incubated in buffer containing 10 mM and 20 mM EDTA for 2 h.
When EDTA was further increased to 30 mM, only 4.4% of SH2 dissociated. While 54.6%, 73.9% and
84.8% of SH2 was removed from the SH2-Co*-NTA by 10 mM, 20 mM and 30 mM EDTA,
respectively. Based on these results, 20 mM EDTA was added into the eluent buffer to remove excess
Co? and unstably immobilized nanobody.

In conclusion, the presence of imidazole and EDTA affected the stability of the immobilized SH2.
In addition to the concentration, incubation time of EDTA and imidazole also affected the stability of
the immobilized SH2. As shown in Figure 2E, the retention rates of SH2 in the Co® complex were not
significantly changed in 72 h, indicating the immobilized SH2 was stable in buffer containing 150 mM
imidazole and 20 mM EDTA.
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Figure 2. Immobilization of SH2. Optimization of H20: oxidation time (A) and SH2 concentration (B)
for SH2 immobilization. In (A), 50 mg SH2 at the loading concentration of 6.2 mg/mL was considered
as 100%. Optimization of concentrations and incubation time of imidazole (C) and EDTA (D,E) for
the stable immobilization of SH2. In (A,B), nanobody added in system was considered as 100%. In
(C,D), the amount of immobilized SH2 washed by buffer without imidazole or EDTA was considered
as 100%. In (E), the amount of immobilized SH2 treated by 150 mM imidazole and 20 mM EDTA for
2 h was considered as 100%. (1 = 3).

2.3. Sandwich Immunoassay Using the Immobilized Nanobody

APo and AB42 monomer was used as model antigens in our study. According to the published
data, APo contains more than one identical epitopes. To detect APBo, SH2, which could recognize the
N-terminal of AP, was used as both the capture and the detection nanobody. To detect A{342
monomer, another His-tagged nanobody SDP6, which can recognize A{312-35, was used as the
detection nanobody.

Different concentrations of Af3o or A342 monomer dissolved in simulated cerebrospinal fluid
(CSF) were incubated with the immobilized SH2. Then, the His-tagged detection nanobody and anti-
His-tag monoclonal antibody were incubated sequentially. Sandwich immunoassay results show that
the values of ODuso were very low when antigen was not added, and increased when antigen was
added (Figure 3A), indicating the His-tag of the capture nanobody could not be recognized by anti-
His-tag antibody. This is the primary premise to use our method in application. Moreover, the
immobilized SH2 could detect a minimum of 0.2 pg/L of Apo in the SCF, and the value of ODuso
increased as the concentration of APo increased. Similar results were found in the detection of Af3
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monomer (Figure 3B). Consistent with results obtained in the SCF, ODu0 values representing A{3o or
AP monomer detection in the serum increased with raising antigen concentrations (Figure 3C,D),
whereas the sensitivity of the immunoassay dramatically decreased, possibly attributable to the
complex composition of serum. Large number of proteins, such as human serum albumin (HSA) [33],
apolipoprotein E and apolipoprotein ] [34], can bind to A3. As the aforementioned proteins are more
flexible than the immobilized SH2, their competitive binding with target antigens Ao and Ap42,
lowered the sensitivity of sandwich immunoassay.
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Figure 3. Sandwich immunoassay of Afo (A,C) and Af342 monomer (B,D) in simulated cerebrospinal
fluid (A,B) and serum (C,D). The capture nanobody was the immobilized SH2. The detection
nanobodies for ABo and Ap42 were His-tagged SH2 and SDP6, respectively (1 = 3).

2.4. Storage Stability of the Immobilized SH2

During storage, the immobilized SH2 might detach from the matrix or lose its bioactivity. To
evaluate the stability during storage, the immobilized nanobody was stored in 15 mM Tris-HCl buffer
for different time periods. The free nanobody and Co?* in the storing buffer were measured by
Bradford assay and inductively coupled plasma optical emission spectrometer, respectively. Total
amount of the nanobody or Co* and the immune-activity of the nanobody detected immediately
after SH2 immobilization were considered as 100%. No significant release of nanobody or Co* was
detected when the immobilized SH2 was kept at 4 °C for 10 days. By the end of the assay (30 and 60
days, respectively), no more than 3% of SH2 or Co* was detected in the storing buffer (Figure 4A,B),
indicating the complexes of NTA-Co%-SH2 were stable. However, the activity of SH2 was reduced
by 15%, 19.9% and 23.8% (Figure 4C) after being stored for 10, 20 and 30 days, respectively, possibly
because of the precipitation of SH2 at 4 °C. Nanobodies with better thermostability can lead to
superior performance.
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Figure 4. Release of SH2 (A); release of Co* (B); and the immuno-activity of SH2 (C) during storage.
Total amount of the nanobody or Co?* and the immune-activity of the nanobody detected immediately
after SH2 immobilization were considered as 100% (n = 3).

3. Materials and Methods

3.1. Reagents and Materials

Citric acid, trisodium citrate dehydrate, sodium bicarbonate, sodium carbonate anhydrous and
30% hydrogen peroxide were supplied by Kermal, Tianjin, China. Ethylene diamine tetra-acetic acid
disodium, sodium chloride, magnesium acetate and cobalt (II) chloride were provided by J&K
Chemical, Beijing, China. Tris, isopropyl-b-thiogalactopyranoside (IPTG), peptone, yeast powder,
and BCA protein assays kit and Bradford protein assays kit were supplied by Solarbio, Beijing, China.
His Trap FF was supplied by GE Healthcare Life Sciences, Chiltern, Buckinghamshire, UK. All other
chemicals were of analytical grade.

3.2. Preparation of Ap Monomer and Apo

ApP42 was dissolved in cold hexafluoroisopropanol (HFIP) to a concentration of 1 mM and then
sonicated for 10 min. The HFIP was removed by evaporation under a gentle stream of N2. Then, the
obtained peptide film was stored at —20 °C until use. A342 monomer was obtained by dissolving the
peptide film in a small amount of DMSO. For immunoassays, the A3 monomer solution was diluted
with simulated cerebrospinal fluid (containing 125 mM NaCl, 2.5 mM KCI, 0.6 mM NaH:POs, 12.8
mM NaHCOs, 1 mM MgClz, 2 mM CaClz, and 5 mM glucose, pH 7.4) to a concentration of 25 pM and
centrifuged at 4 °C and 11,000 rpm for 10 min. Apo was prepared by storing the A{342 monomer
solution at 4 °C for 24 h, followed by centrifugation at 11,000 rpm for 10 min [35]. During assay, A3
was dissolved in the simulated cerebrospinal fluid or the serum of healthy volunteers accordingly.

3.3. Expression and Purification of Nanobodies

AP42 was used as an antigen to immunize Lama pacos three times. The peripheral blood of Lama
pacos was used as a material, and T7 phage was used as a display vector. A series of steps such as
extract lymphocyte RNA, reverse transcription and in vitro packaging were used to establish an
immunogenic library of nanobodies. High affinity and high specificity nanobodies were screened
from the original library using phage display technology. Two types of nanobodies named SDP6 (Mr
=15.6 kDa, KD = 4.6 x 107) and SH2 (Mr = 18.7 kDa, KD = 1.9 x 10-%) were prepared in our study.
There is a His tag in SDP6. There are a His tag and a Myc tag in SH2. First, genes of His-tagged
nanobodies were cloned into the pET-23a using Ndel and Xhol. The recombinant plasmids were then
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transformed into E.coli Shuffle T7. Expressions of the recombinant proteins were induced by 0.25 mM
IPTG at 18 °C. After centrifugation, the precipitated cells were suspended in 15 mM Tris-HCl (pH
7.4) containing 500 mM NaCl and 20 mM imidazole and disrupted by sonication. The supernatant
was filtered through a HisTrap chelate HP column (GE Healthcare, Chiltern, Buckinghamshire, UK)
and eluted with 15 mM Tris-HCl (pH 7.4) containing 500 mM NaCl and 60 mM imidazole. The
recombinant proteins were then concentrated in an Amicon ultracentrifugal filter unit (Millipore,
USA). Expression and purification of the nanobodies were examined by 15% SDS-PAGE. Activity of
the purified nanobody was measured by ELISA. and SDP6

3.4. Indirect ELISA to Measure Activity of the Purified Nanobodies

The antigen-binding activities of the purified nanobodies were assayed by ELISA. Af3 was
incubated in 96-well plate for 1 h at 37 °C. After incubation, the plate was washed five times with PBS
containing 0.05% Tween 20. BSA was used as the negative control. After coating with A{342 monomer
at different concentrations, the plate was blocked with 2% BSA, followed by the addition of
nanobody, anti-His-tag antibody and HRP-conjugated IgG antibody (Sangon Biotech, Shanghai,
China). At last, tetramethylbenzidine at 100 mg/L was added to each well and incubated for 20 min
before quenching with 2 M H250s4. The absorbance was measured at 450 nm using a SUNRISE
XFLUORA4 reader (TECAN, Méannedorf, Swiss).

3.5. Immobilization Nanobody on Nitrilotriacetic Acid Modified Beads

After eluting Ni>*-NTA agarose beads (GE Healthcare, USA) with 100 mM EDTA, a Co? complex
with NTA agarose beads was first obtained through 100 mM CoCl: incubation. To determine the
optimal concentration of nanobody for the immobilization on agarose beads by 10 mM H:0», 2.4
mg/mL, 3.2 mg/mL, 4.2 mg/mL, 5.2 mg/mL, 6.2 mg/mL and 7.0 mg/mL were tested (50 mg nanobody
were added into 1 mL agarose beads, followed by 1 h incubation at room temperature) [25]. The ratio
of immobilized nanobody to total nanobody was considered as efficiency of immobilization. To
remove the unbound nanobody and H:0», the agarose beads were eluted with 10 mM Tris-HCl
containing different concentrations of imidazole (100 mM, 150 mM, 200 mM, and250 mM) for
different time (2 h, 6 h, 12 h, 24 h and 48 h). To remove the excess Co? and to reduce the non-specific
adsorption, agarose beads were eluted with 10 mM Tris-HCI containing different concentrations of
EDTA (10 mM, 20 mM, 30 mM and 40 mM). The concentration of the unbound nanobody in the
supernatant after each elution was measured by the Bradford assay [36]. Activity of the immobilized
nanobody was measured by sandwich ELISA.

3.6. Sandwich ELISA

Conditions of the incubation and elution were the same as in the ELISA described above. In
brief, different concentrations of A monomer or Ao were dissolved in the simulated cerebrospinal
fluid or serum, and then added into the immobilized nanobody, followed by the addition of the
detection nanobody, anti-His-tag antibody, HRP-conjugated IgG antibody and the HRP substrate
tetramethylbenzidine. The amount of A3 was represented by absorbance measured at ODaso.

3.7. Storage Stability of the Immobilized Nanobody

The immobilized nanobody was immersed in 15 mM Tris-HCI buffer and stored at 4 °C for
certain periods of time (10, 20 and 30 days). The concentration of free nanobody in the supernatant
was measured by Bradford assay. At the same time, the content of free cobalt in the supernatant was
determined by flame atomic absorption spectrometry. The activity of the immobilized nanobody after
storage was measured by sandwich ELISA.



Molecules 2019, 24, 1890 9 of 11

4. Conclusions

A facile sandwich immunoassay was proposed in our study (Figure 5). Simply, His-tag of the
capture nanobody was used to orient immobilization of nanobody on Co?-NTA. Stable complex of
Co*-NTA-protein was formed by H20: oxidization. His-tag of the detection nanobody was used to
quantify the sensitivity of sandwich immunoassay, which was not affected by the His-tag of the
capture nanobody. It is enough to form stable complex of Co*-NTA-protein during 60 min of H20:
oxidization. The excess Co? and unstable SH2 were removed by 20 mM EDTA and 150 mM
imidazole, which did not affect the stability of the immobilized Co**-NTA-nanobody. The sensitive
detection of AB proved the bioactivity of immobilized nanobody while the storage under different
conditions confirmed the stability of the proposed assay. Taken together, our method is very good,
especially for a nanobody that has only one binding domain and does not have Fc fragment.
Moreover, this method holds potential as a useful tool in research investigating the interactions of
proteins containing His-tag.

His-tagged
nanobody —> /—[is—tag .
o3+
HO,

NTA—> T

imidazole \i / EDTA
—Whn /N

His-tagged
nanobody _ antigen

i rds t iy

labeled anti-{s-tag
antibody

J

chromogenic reaction

Figure 5. A scheme for oriented immobilization and quantitative analysis in sandwich immunoassay
via His-tagged nanobody.
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