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Abstract

Background Neurofibrillary tangles (NFTs) are one of the most common pathological characteristics of Alzheimer’s disease.
The NFTs are mainly composed of hyperphosphorylated microtubule-associated tau. Thus, recombinant tau is urgently
required for the study of its fibrillogenesis and its associated cytotoxicity.

Methods and results Heterologous expression, purification, and fibrillation of the microtubule-binding domain (MBD) of
tau (tauMBD) were performed. The tauMBD was heterologously expressed in E. coli. Ni-chelating affinity chromatography
was then performed to purify the target protein. Thereafter, tauMBD was systematically identified using the SDS-PAGE,
western blot and MALDI-TOF MS methods. The aggregation propensity of the tauMBD was explored by both the thioflavin
T fluorescence and atomic force microscopy experiments.

Conclusions The final yield of the recombinant tauMBD was ~20 mg L. It is shown that TauMBD, in the absence of an
inducer, self-assembled into the typical fibrils at a faster rate than wild-type tau. Finally, the in vitro cytotoxicity of tauMBD
aggregates was validated using PC12 cells. The heterologously expressed tau in this study can be further used in the inves-
tigation of the biophysical and cellular cytotoxic properties of tau.
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Introduction

Misfolding and the subsequent aggregation of tau can lead to
a variety of tauopathies such as Alzheimer’s disease (AD),
chronic traumatic encephalopathy, Pick’s disease, globular
glial tauopathy, and corticobasal degeneration [1-4]. Among
them, AD is a universal neurodegenerative disease with the
feature of progressive dementia. Its main clinical manifesta-
tions are progressive cortical dysfunction, intellectual and
cognitive impairment [5-7].

Tau, a microtubule-binding protein, is widely distributed
in the nervous system. It plays a physiological function in
stabilizing microtubules and regulating axonal transport
[8, 9]. The full-length tau is composed of four regions:
N-terminal projection domain (N), proline-rich domain
(PRD), microtubule-binding domain (MBD) that contain
four repeats (R), and C-terminal domain (Fig. 1). Tau binds
to microtubule through the region of R1-R4. According to
the number of N and R in MBD, six tau isoforms including
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ON3R, ON4R, IN3R, IN4R, 2N3R and 2N4R were identified
[10]. The detailed information including major regions, loca-
tion and the number of residues is shown in Fig. 1. Tree sub-
types of ON4R, 1N4R and 2N4R contain four repeat domains
[1]. Previous studies have shown that the expression of these
tau protein subtypes has a certain relationship with age [10].
For example, ON3R only exists in the infant brain and the
levels of 3R and 4R are consistent in the adult brain. In addi-
tion, the expression ratios of tau protein subtypes are differ-
ent in different brain structures. Even in a single neuron, the
positioning of various tau protein subtypes is also different.
Many phenomena indicate that each tau protein subtype may
play a different role [8, 11].

Plenty of tau proteins is needed in the research of tau
aggregation and the development of tau aggregation inhibi-
tor. However, because of the large molecular weight of tau,
it is difficult to synthesize them using the solid-phase peptide
synthesis technology. Microbial heterologous expression
technology was used frequently to obtain macromolecular
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Fig. 1 Comparison of six isoforms including ON3R, ON4R, IN3R,
IN4R, 2N3R, and 2N4R of human tau protein. The microtubule-
binding domain (MBD) contains three or four repeats (R1, R2, R3
and R4). Repeats 1-4 are the core of the filaments

proteins containing more than 100 residues [12]. Prokaryotic
and eukaryotic expression systems are commonly used to
obtain recombinant tau proteins and their various isoforms
[13-16]. For example, Karikari [13] used c-Myc fusion tag
fusion to expressed the MBD of tau in E. coil (NEB-5a). The
protein obtained by the method has good fibrosis ability and
can be used for the research of aggregation characteristics
and toxicity in vitro. Mo [14] expressed and purified the
recombinant tau,,, 3;, fragment and its mutants in E. coli,
and investigated the effect of zinc on its aggregation. Simi-
larly, Zhu [16] heterologously expressed tau,,, 37, fragment
in E. coli and characterized the interactions between this
recombinant tau fragment and heparin-induced fibril forma-
tion. In addition to E. coli expression system, Vandebroek
[15] attempted to use yeast expression system to obtain the
MBD domain of tau. The yeast expression system was used
to express tau and its post-modified ones. Moreover, the
obtained tau protein also exhibits excellent fibrillogenesis
characteristics and induces the strong cytotoxicity. It implies
that the recombinant tau protein can be applied in biochemi-
cal research and the screening of tau protein aggregation
inhibitors.

In this study, the optimal conditions for heterologous
expression and isolation of tauMBD in E. coli were iden-
tified. The plasmid pET22b was used to construct the
recombinant vector. The MBD of tau (tauMBD) was highly
expressed in E. coli. Ni-chelating affinity (Ni-NTA) chro-
matography was then performed to purify the recombinant
protein. The purified tauMBD was identified by SDS-PAGE,
western blot, and MALDI-TOF-MS. Finally, the aggrega-
tion characteristics and cytotoxicity of the aggregates were
verified by several biophysical methods, such as thioflavin
T fluorescent staining experiment, atomic force microscope
(AFM) experiment, and cytotoxicity assays.

The plasmid pET22b, the E. coli IM109, E. coli BL21 (DE3)
strains and the PC12 cell line were stored in our labora-
tory. The restriction endonucleases Nde I, Xho 1 and T4
DNA ligase were acquired from Takara (Dalian, China).
The codon optimized tauMBD gene was obtained from
GENEWIZ Corporation (Suzhou, China). The sequence
analysis of tauMBD gene was also performed by GENEWIZ.
Primers were synthesized by BGI (Shenzhen, China). The
mouse anti-His, antibody, goat anti-mouse IgG and Bey-
oECL Star Kit was purchased from Beyotime Biotechnology
Corporation (Shang Hai, China).

Heterologous expression of recombinant tauMBD
protein

The full-length cDNA of tauMBD fragment was codon-
optimized according to E. coli codon usage preference and
then was synthesized by GENEWIZ Company (Suzhou,
China) in the form of pUC57-tauMBD plasmid. The Hisg
tag’s gene was added at the end of tauMBD’s gene to facili-
tate protein purification. After double digestion by Nde I and
Xho 1, the tauMBD was gel purified. The target gene was
then cloned into the same restriction enzyme cutting sites
of plasmid pET22b to yield pET22b-tauMBD. The obtained
recombinant plasmid pET22b-tauMBD was amplified in E.
coli IM109. Three positive single colonies were selected
for colony PCR verification (primers Nde I-tauMBD-F:
GGAATTCCATATGCAGACCGCCCCGGTTCCGAT
and Xho I-tauMBD-R: CCGCTCGAGTTAATGATGGTG
ATGATGGT) and the plasmids from single colonies were
extracted for double digestion. The right recombinant plas-
mid was thereafter transformed into E. coli BL21 (DE3)
competent cells for inducible expression under a T7 pro-
moter. Signal colonies were inoculated in 5 mL LB con-
taining 100 ug mL~! ampicillin and cultured overnight.
Then signal colonies containing the correct recombinant
plasmid were inoculated to 200 mL LB media with the
same antibiotic and cultured to an OD600 of 0.6-0.8. Eight
groups of cells were induced with 0.5 mM isopropyl-p-D-
thiogalactoside (IPTG) at 16 °C, 25 °C, 30 and 37 °C for 3
and 20 h.

Purification of the recombinant tauMBD protein
The E. coli bacteria were harvested by centrifugation and

then were suspended in lysis buffer (20 mM Tris, 500 mM
NaCl, 1 mM dithiothreitol, 20 mM imidazole, pH 7.4).
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10 uM phenylmethylsulfonyl fluoride (PMSF) was then
added to the buffer. The cells were then crashed by sonica-
tion with the Sonifier Scientz-950E (Ning Bo Scientz Bio-
technology Company, China). And the cell fragmentation
fluid was centrifuged at 12,000xg for 30 min, collected
the supernatant and pellet. The supernatant was mixed
with Ni-NTA resin to bind the target protein to the resin
after filtering with a 0.22 pm filter. And then the resin was
washed with wash buffer (20 mM Tris, 500 mM NaCl, 50
mM imidazole, 1 mM dithiothreitol, pH 7.4) to get out the
other proteins that are loosely bound. Finally, the tauMBD
was eluted by elution buffer (20 mM Tris, 500 mM NaCl,
500 mM imidazole, 1 mM dithiothreitol, pH 7.4). The
purified proteins were dialyzed by 3.0 kDa dialysis bag
using ultra-pure water for the removal of imidazole, NaCl
and other components, then were treated by freeze-drying
and stored at — 20 °C for reserve.

SDS-PAGE analysis

Prepare 20 pL protein sample and add 5 uL. SDS-PAGE
loading buffer (contain 10% p-mercaptoethanol). The mix-
ture was denatured at 100 °C for 10 min. 15 pL of the
denatured protein samples were then analyzed by SDS-
PAGE on a 12% running gel to determine the size and
purity of the sample. The gel was dyed with Coomassie
brilliant blue R250 solution.

Western blot analysis

The purified protein was for the SDS-PAGE and the pro-
tein traces on the gel was transferred to the polyvinylidene
fluoride (PVDF). The standard wet film transfer device
(Bio-Rad, USA) was used to set the membrane current
of 100 V and the transfer time was 30—60 min [17]. The
PVDF was sealed in 5% skimmed milk powder solution
for 60 min. After that, TBS-T (20 mM Tris-HCI, 150 mM
NaCl, 0.05% (V/V) Tween 20, pH 7.4) was used to wash
the PVDF for 3 times. The blocked PVDF was then put in
the mouse anti-Hisy antibody and incubated overnight at
4 °C [18]. After washed with TBS-T buffer for another 3
times, the PVDF was thereafter incubated with goat anti-
mouse antibody for 2-3 h at normal temperature. Then
the PVDF was cleaned with TBS-T buffer for 3 times and
treated by BeyoECL Star Kit. Chemiluminescence imager
(Clinx Science Instruments, Shang Hai, China) was used
to observe the protein traces. The dilution multiples of
antibodies were 1:1000. The first antibody was diluted
with 5% skimmed milk powder solution and the second
antibody IgG was diluted with TBS-T buffer solution.
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MALDI-TOF MS analysis

Two milligrams of tauMBD was dissolved in 10 mL TA30
solvent (30% acetonitrile-0.1% trifluoroacetic acid), the pro-
tein solution concentration is 2 mg mL~!. Then, dilute the
protein solution tenfold, and 2 pL of protein solution (con-
tains 4 pg of protein) was mixed with 2 uL HCCA matrix
(a saturated solution of a-Cyano-4-hydroxycinnamic acid
in TA30). Thereafter, 2 uL of the mixture was added on
the MTP 384 target ground steel T F (Bruker, USA). After
the sample is naturally dried, it is detected by MALDI-TOF
ultrafleXtreme (Bruker, USA).

Thioflavin T fluorescence assay

The aggregation characteristics of tauMBD protein were
detected by ThT fluorescence staining experiment. The
detail ThT experimental procedures was provided in our
previous studies [19, 20]. The in situ culture method was
adopted with little modification: the purified tauMBD was
firstly dissolved in PBS buffer (pH 7.4) to the concentration
of 100 uM. The ThT stock solution was also prepared with
PBS buffer at a concentration of 250 uM. For fluorescence
assay, 50 pL tauMBD solution, 60 uLL ThT stock solution,
and 90 uL PBS buffer was added to the 96-well plates and
incubated at 250 rpm and 37 °C. The fluorescence (the
excitation wavelength is 440 nm, the emission wavelength
is 480 nm) was detected at different time periods. Three
repeated ThT experiments were performed.

Atomic force microscopy experiment

The detailed AFM methods were described in our previous
studies [21, 22]. The morphologies of the final samples in
ThT fluorescence experiments were observed using AFM.
In brief, 20 uL of target protein solution was placed to the
fresh mica sheet, then incubated at room temperature for
10 min, and let stand for 10-20 min for absorption. The
mica sheet was then cleaned by water to wipe off particle
salt and unabsorbed protein [23]. And let the excess water
dry naturally. AFM Multimode 8 (Bruker, USA) was used
to implement the intelligent mode AFM imaging in air with
a standard Scan Asyst-Air silicon probe tip. The important
parameter settings and the obtained AFM images processing
refer to our previous research [20].

Cytotoxicity assay

The experimental procedure of PC12 cell culture is
descripted in our previous studies [20, 24, 25]. First, the
cells were inoculated in 96-well plates with 90 pL. medium
to a density of ~ 5x 10* cells per well and incubated at 37 °C
for 24 h. 10 pL of tauMBD that pre-incubated for 5d were
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added into the cells and incubated for another 48 h. Then,
10 pL. of MTT solution (5.0 mg mL~!) was added to the
culture medium of PC12 cells and cultured for 4 h. Then
the medium was removed. The cells were lysed in 100 uL
DMSO at 37 °C. Then the absorbance was detected by the
microplate reader (Infinite 200 PRO Laboratories, TECAN,
Austria), the determine wavelength was 570 nm.

In order to further study the toxicity of tauMBD to PC12
cell lines, the fluorescein diacetate/propidium iodide (FDA/
PI) mixed double staining method were also performed to
distinguish live and dead cells [26]. The cells were seeded
into 6-well plates with 2 mL fresh medium to a density of ~
5% 10* cells per well. After 24 h, the pre-incubated protein
was added to the 6-well plates. The PC12 cells were cultured
together with the tauMBD fibrils for another 48 h. Then
the medium was removed. The cells were mixed into work-
ing solutions containing 10 ug mL~! FDA and 5 pg mL™!
PI. After 15 min, the PC12 cells were washed with PBS.
BX53 fluorescence microscope (Olympus, Japan) was used
to observe the cells.

Results

Heterologous expression, purification,
and identification of the recombinant tauMBD

According to the amino acid sequence of tauMBD and
the codon usage preference of E. coli, a codon-optimized
cDNA was synthesized. The cDNA was inserted into the
expression vector of pET22b to yield the vector of pET22b-
tauMBD, in which the expression the tauMBD gene was
controlled by the T7 promoter, the lac operator gene, and the
RBS site. To facilitate protein purification, a His, tag was
fused to the C-terminus of the recombinant tauMBD. The
whole framework of the expression vector and the detailed
sequence of the synthesized tauMBD gene were shown in
Fig. 2a. The recombinant plasmid was preliminarily verified
by individual bacterial colonies PCR (Fig. 2b) and double
digestion verification (Fig. 2c), as well as the gene sequenc-
ing analysis further proved that the recombinant plasmid
was successfully constructed. The recombinant expression
vector was introduced into the expression host E. coli BL21
(DE3), and the individual bacterial colonies PCR (Fig. 2d)
showed that the recombinant plasmid was successfully trans-
ferred into E. coli BL21 (DE3). The theoretical molecular
weight of recombinant tauMBD including His, tag obtained
by heterologous expression is 14.6 kDa. SDS-PAGE assay
of the cell fragmentized liquid revealed a distinctly protein
bond of 14.6 kDa (Fig. 3a), the tauMBD band in the red
box), which is similar to the predicted mass of the tauMBD
with an additional His, tag. It was proved that the recombi-
nant protein was expressed in a soluble form. The one-step

Ni-NTA chromatography purification process of the sample
(Fig. 3b), the tauMBD bands in the red box), and the purity
of the protein eluted (Fig. 3b, lane 5) was 95%. Therefore,
it is possible to express tau MBD correctly and purify it
successfully.

As Hisg tag is linked to its C-terminal of the tauMBD,
western blot analysis was also conducted with His, tag anti-
body. A clear print of recombinant tauMBD protein is shown
in Fig. 3c. It once again demonstrated that the tauMBD-
Hisg was correctly expressed. Then, the recombinant protein
was further validated by identifying its molecular weight by
MALDI TOF mass spectrometry. Figure 3d shows the result.
In the range of m/z 10,000-20,000, the productions acquired
from the break of charged ions at m/z 14,633 correspond
to the recombinant tauMBD polypeptide with a theoretical
molecular weight of 14,633 Da. Based on the above analysis,
we confirmed that tauMBD was successfully purified.

Optimization of expression conditions
of recombinant tauMBD protein

To increase the expression level of the recombinant
tauMBD in a soluble state, the expression conditions
including induction temperature and induction time were
optimized, as shown in Fig. 4a. For convenient compari-
son, the histogram of tauMBD bands in Fig. 4b was cal-
culated by gray level analysis in image J software. The
histogram intuitively showed that the yield of tauMBD
increases gradually with the increase of temperature
whether it is induced for 3 or 20 h. On the contrary, the
yield of tauMBD did not increase after 20 h of induc-
tion, and the yield of tauMBD decreased even compared
with that after 3 h of induction. For example, the yields
after 3 h of induction at both 30 and 37 °C were signifi-
cantly higher than that after 20 h of induction. Proved
that prolonged induction time did not increase the soluble
expression of tauMBD. They indicated that the highest
expression level of tauMBD was obtained under such con-
ditions: adding IPTG to a final concentration of 0.5 mM
when the growth density of recombinant strain (ODg)
reached 0.6-0.8, inducing 3 h at a temperature of 37 °C.
Under these conditions, the protein was expressed in large
quantities. However, it is worth noting the presence of a
secondary band above the monomer in Fig. 4a, suggest-
ing the possible existence of dimers or larger oligomers.
While our findings confirm that a 3-h induction at 37 °C
leads to the optimal expression of tauMBD, it is impera-
tive to take into account the potential formation of such
higher-order assemblies and the effects this may exert on
purification strategies. Conversely, incubation at all tem-
peratures for 20 h yields monomers of exceptional purity.
Therefore, it is essential to emphasize the importance of
careful temperature control during the induction process

@ Springer
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Fig.2 Construction of pET22b-tauMBD expression vector and
recombinant BL21-pET22b-tauMBD strain. a Schematic diagram
of the expression vector pET22b-tauMBD. TauMBD sequence was
inserted into the Nde I and Xho I sites of pET22b. b Individual bac-
terial colonies PCR of JM109-pET22b-tauMBD strain. M: 1 kb lad-
der; lane 1: transformant of JM109-pET22b strain; lanes 2—4: three
transformants of JM109-pET22b-tauMBD strain. ¢ Double digestion

to minimize the formation of dimers or oligomers. The
purified protein solution was freeze-dried and weighed. It
was found that ~ 20 mg of protein was obtained per liter
of fermentation broth.

After purification with Ni-NTA, the purity of recombi-
nant tauMBD protein reached more than 95% and the yield
of the purified protein reached ~20 mg L', which is greatly
higher than previous studies [13, 15, 27-30]. For example,
Karikari [13] used c-Myc fusion tag fusion to expressed the
MBD of tau in E. coil (NEB-5a). However, the yield of tau
obtained in this study was not high enough, approximately
11 mg L™!. In addition to E. coli expression system, Van-
debroek [15] attempted to use yeast expression system to
obtain the MBD domain of tau. However, the yield of tau
was as low as 20 ug L.
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validation of recombinant plasmid pET22b-tauMBD with Nde I and
Xho 1. M: 1 kb ladder; 1: pET22b vector; 2: pET22b-tauMBD recom-
binant expression vector. d Individual bacterial colonies PCR of
BL21-pET22b-tauMBD strain. M: 1 kb ladder; lane 1: transformant
of BL21-pET22b; lanes 2—4: three transformants of BL21-pET22b-
tauMBD

Aggregation properties characterization
of recombinant tauMBD

Tau fibrillization was characterized using ThT fluores-
cence analysis method. As one of the gold standards for
the quantitative determination of amyloid fibrils, the basic
principle is that ThT molecules can stimulate fluorescence
by binding to the pB-sheet-rich tau aggregates, while free
ThT does not fluoresce [31-33]. Therefore, the aggregation
kinetics of amyloid proteins can be investigated by detect-
ing the change of ThT fluorescence intensity. Figure Sa
shows the aggregation kinetics curve of tauMBD detected
by ThT fluorescence assay. As shown in Fig. 5a, after the
lag phase about 24 h, the ThT signal of tauMBD increased
dramatically in just 5 h, and reached the stable phase after
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(d)

tau&MBD

Control

Fig.3 Heterologous expression and purification of the recombi-
nant tauMBD. a SDS-PAGE analysis of the supernatant and pel-
let obtained from BL21-pET22b-tauMBD strain after induced with
0.5 mM IPTG and lysis by sonication. M: protein marker; lane 1:
supernatant of BL21-pET22b; lane 2: supernatant of BL21-pET22b-
tauMBD, tauMBD is marked by a red box; lane 3: pellets of BL21-
pET22b; lane 4: pellets of BL21-pET22b-tauMBD. b SDS-PAGE
analysis of samples from different steps of purification with Ni-NTA.
M: protein marker; lane 1: supernatant of BL21-pET22b; lane 2:

about 30 h. The typical sigmoidal curve of tau fibrillogen-
esis indicates that the protein is gradually assembled from
monomers into aggregates with p-sheet-rich structure. It is
worth noting that tau is natively unfolded, contains a high
concentration of positively and negatively charged resi-
dues, and is highly soluble in solution, thus resisting spon-
taneous aggregation [8]. Biochemical “inducers” of tau
aggregation are extensively utilized to trigger and acceler-
ate the aggregation of tau in vitro. Heparin, a frequently
used inducer of tau aggregation, prompts the formation
of polymorphic tau aggregate structures that differ from
those observed in filaments isolated from diseases [34]. In
the current study, tauMBD was observed to aggregate at a
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BL21-pET22b-tauMBD; lane 3: flow-through of the soluble protein
eluted from the Ni-NTA column; lane 4: the loosely bound protein
eluted by the wash buffer; lane 5: relatively pure tauMBD eluted by
the elution buffer. TauMBD is marked by a red box. ¢ Western blot
analysis of the recombinant tauMBD after purification. Control:
supernatant of BL21-pET22b; tauMBD: relatively pure tauMBD
eluted by the elution buffer. d MALDI-TOF-MS analysis of the
recombinant tauMBD

relatively rapid pace in the absence of an inducer, render-
ing it a promising molecular entity for investigating tau
aggregation and identifying inhibitors of tau fibrillization.
The final samples of ThT fluorescence experiments
were analyzed using AFM. As shown in Fig. 5b, after
incubation, AFM images certified that tauMBD aggre-
gated into typical, long branched fibrils. Figure 5c is the
height image of the mature fibril cross section. The scale
bar indicated that the fibrils had a height of about 1-3 nm.
Compared to other amyloid proteins such as p-amyloid
and a-synuclein, the fibrils of tau were thinner, which is
similar to fibril obtained from previous studies [35].

@ Springer
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Fig.5 Aggregation properties
tauMBD. a Aggregation kinetics curve of recombinant tauMBD was
monitored by ThT fluorescence. b Morphology of aggregates formed
by the recombinant tauMBD. Before: AFM images of recombinant
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Cytotoxicity of the recombinant tauMBD

PC12 cells line is widely used in the field of neurophar-
macology and cytotoxicity because that it has versatility in
pharmacological operation, convenience in cultivation, and
detailed knowledge on proliferation and differentiation [20,
36]. We cultured PC12 cells together with tauMBD fibrils
for another 48 h. Then we used MTT assay to detect cell
viability. The control group’s cell viability was assigned as
100%. Figure 6a shows that the viability of the cells co-incu-
bated with tauMBD fibrils was about 47.7%, which undoubt-
edly proved the strong cytotoxicity of tauMBD fibrils. To
further analyze the toxicity of the aggregated tauMBD
fibrils on PC12 cells, living and dead cells were labeled
by FDA/PI mixed double staining. Figure 6b reveals that
compared with the control group, the total number of living

C) PP
S
E
=
>
=
@)
Control
(b)
Control
tau&MBD

Fig.6 Cytotoxicity of recombinant tauMBD aggregates toward PC12
cells. a PC12 cells were treated with or without tauMBD for 48 h and
then MTT assay was performed. Values are relative to those of con-
trol cells mock-treated with complete medium alone. Values represent

cells co-cultured with tauMBD fibrils was reduced. There
were almost no dead cells with PI-marked in the control
group. In the cells treated with tauMBD fibrils, the number
of PI-positive red labels was obviously more than that in the
control group. The above two cytotoxicity experiments show
that the fibrils formed by the recombinant tau has a strong
cytotoxicity to PC12 cells.

Recent studies have suggested that in addition to fibrils,
oligomers may be present following tau aggregation [37].
These oligomers have been proposed to be the more toxic
species [38—41]. The presence of both oligomers and
fibrils in tau aggregation raises intriguing questions about
their individual contributions to cytotoxicity. While our
study focused on the evaluation of tauMBD fibrils, it is
crucial to acknowledge the potential role of oligomers in
the observed cytotoxicity. In our experiment, we did not
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the means +SD (n=3). **p<0.05, compared to the control. b The
cell death induced by recombination tauMBD aggregation as probed
by FDA/PI double staining of PC12 cells
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directly detect the presence of oligomers, which is a mat-
ter that requires further investigation. Future studies could
explore the ratio of oligomers to fibrils in tauMBD fibers,
as well as their specific effects on PC12 cells.

In conclusion, our findings support the strong cytotox-
icity of tauMBD fibrils on PC12 cells, indicating that the
recombinant protein has good biological activity and can
be applied to all aspects of tau protein research. Further
research is needed to fully understand the mechanisms
behind tau-induced cytotoxicity and to develop strategies
to mitigate the toxic effects of these aggregated species in
neurodegenerative disorders.

Discussion

In this research, we carried out a one-step method for the
heterologous expression and purification of recombinant
tauMBD. The recombinant tauMBD with a yield of ~20
mg L~! was obtained by optimizing induced expression
conditions and Ni-NTA purification. SDS-PAGE, west-
ern blot, and MALDI TOF-MS then were used to identify
the recombinant tauMBD. ThT fluorescence assays and
AFM experiment have illustrated the impressive aggrega-
tion activity of the tauMBD. The recombinant tauMBD
displayed a faster rate of self-assembly into typical fibrils
compared to wild-type tau, even in the absence of an
inducer. These findings suggest that tauMBD may have a
higher propensity for aggregation. Moreover, the in vitro
cytotoxicity experiment verified that the recombinant
tauMBD aggregates had a strong cytotoxic effect on PC12
cells, indicating its potential to cause cellular damage. The
heterologously expressed tauMBD in this study can, there-
fore, serve as a valuable tool for investigating the biophysi-
cal and cellular cytotoxic properties of tau, which could
ultimately lead to a better understanding of the underlying
mechanisms of tauopathies.

Future research directions could include exploring the
structural and molecular basis of tauMBD aggregation,
investigating the role of tauMBD aggregates in neurode-
generative diseases, and evaluating potential therapeutic
interventions targeting tauMBD aggregation. To sum
up, this method enables the high yield of recombinant
tauMBD, which can facilitate the study of the biochemical,
physiological, and toxicity of tau and its isoforms. Beyond
that, tau maintains the stability of the microtubules by
binding to the microtubules through the MBD. It is an
important core fragment of tau. It is more meaningful and
persuasive to use this fragment to study the physiological,
biochemical and aggregation characteristics of tau and to
screen for various aggregation inhibitors.

@ Springer
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