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37  ABSTRACT:
38 Deposition of amyloid beta protein (AB) in extra- and intracellular spaces is one of the hallmark
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binding dyes, curcumin (Cur) is a promising candidate for labeling and imaging of AB plaques in
postmortem brain tissue. It is a natural polyphenol from the herb Curcuma longa. In the present
study, Cur was used to histochemically label AB plaques from both a genetic mouse model of 5x
familial Alzheimer’s disease (5xFAD) and from human AD tissue within a minute. The labeling
capability of Cur was compared to conventional amyloid binding dyes, such as thioflavin-S (Thio-
S), Congo red (CR), and Fluoro-jade C (FJC), as well as AB-specific antibodies (6E10 and A11). We
observed that Cur is the most inexpensive and quickest way to label and image AB plagues when
compared to these conventional dyes and is comparable to AB-specific antibodies. In addition,
Cur binds with most AB species, such as oligomers and fibrils. Therefore, Cur could be used as the
most cost-effective, simple, and quick fluorochrome detection agent for AB plaques.

INTRODUCTION:

Alzheimer’s disease (AD) is one of the most common, age-related, progressive neurological
disorders and one of the leading causes of death worldwide®2. Learning, memory, and cognition
impairment, along with neuropsychiatric disorders, are the common symptoms manifested in
AD3. Although the etiology of AD has not been fully elucidated, the available genetic, biochemical,
and experimental evidence indicates that gradual deposition of AB is a definitive biomarker for
AD*. This misfolded protein accumulates in intracellular and extracellular spaces and is thought
to be involved in synaptic loss, increased neuroinflammation, and neurodegeneration in the
cortical and hippocampal regions in brain affected by AD°. Therefore, histochemical detection of
AB in AD tissue is a crucial first step in developing non-toxic, anti-amyloid drugs to prevent AD
progression.

During the past few decades, several dyes and antibodies have been used by many research
laboratories to label and image AP plaques in brain tissue, but some of these methods are time
consuming and the dyes or antibodies used are expensive, requiring several accessory chemicals.
Therefore, the development of an inexpensive means of detection of AB plaques in the AD brain
would be a welcome new tool. Many laboratories started using Cur, a promising anti-amyloid
natural polyphenol, for labeling and imaging AB, as well as a therapeutic agent for AD®™, Its
hydrophobicity and lypophilic nature, structural similarities with classical amyloid binding dyes,
strong fluorescent activity, as well as strong affinity to bind with AB makes it an ideal fluorophore
for labeling and imaging of AB plaques in AD tissue?. Cur binds with AB-plaques and oligomers
and its presence is also detected in intracellular spaces”"13, In addition, it has been shown that
minimal amounts (1-10 nM) of Cur can label AB plaques in 5x familial Alzheimer’s disease (5xFAD)
brain tissue’. Although the 1 nM concentration does not provide the optimal fluorescence
intensity for counting of AB plaques, a 10 nM or higher concentration of Cur does. Ran and
colleagues'# reported that doses as low as 0.2 nM of difluoroboron-derivatized Cur can detect in
vivo AB deposits nearly as well as an infrared probe. Whether this dose is sufficient to label AB
plagues in tissue is still not clear. Most previous studies have used 20-30 min for staining AB
plagues using Cur, but optimal staining may require much less time.

The present study was designed to test the minimum time required by Cur to label AB plaques in
AD brain tissue and to compare the sensitivity for labeling and imaging of AB plaques in brain
tissue from the 5xFAD mice after staining with Cur with other conventional AB-binding dyes, such
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as Thioflavin-S (Thio-S), Congo red (CR), and Fluoro-jade C (FJC). The AB labeling capability of
these classical amyloid binding dyes was compared with Cur staining in paraffin-embedded and
cryostat coronal brain sections from 5xFAD mice and from aged-matched human AD and control
brain tissue. The findings suggest that Cur labels AB plaques in a manner similar to AB-specific
antibodies (6E10) and moderately better than Thio-S, CR, or FIC. In addition, when
intraperitoneal injections of Cur to 5xFAD mice were administered for 2-5 days, it crossed the
blood-brain barrier and bound with AB plaques’. Interestingly, nanomolar concentrations of Cur
have been used to label and image AR plaques in 5xFAD brain tissue”!4. Moreover,
morphologically distinct AB plaques, such as core, neuritic, diffuse, and burned-out plaques can
be labeled by Cur more efficiently than with any of the other conventional amyloid binding dyes’.
Overall, Cur can be applied to label and image AB plaques in postmortem brain tissue from AD
animal models and/or human AD tissue in an easy and inexpensive way, as a reliable alternative
to AB-specific antibodies.

PROTOCOL:

All methods described here have been approved by the Animal Care and Use Committee (ACUC)
of Saginaw Valley State University. The human tissue was obtained from an established brain
bank at the Banner Sun Health Institute in Arizona®>-16,

1. Perfusion of the animals

1.1. Prepare the fixative and perfusion buffers.

1.1.1. Prepare 0.1 M sodium phosphate buffer by adding 80 g of sodium chloride (NaCl), 2 g of
potassium chloride (KCl), 21.7 g of disodium hydrogen phosphate (Na;HPO4-7H,0), 2.59 g of
potassium dihydrogen phosphate (KH,PO4), and double distilled water to make a total of 1 L.
1.1.2. Prepare 4% paraformaldehyde (PFA).

1.1.2.1. Add 40 g of paraformaldehyde to 1 L of PBS (0.1 M, pH 7.4).

1.1.2.2. Heat the PFA solution to 60-65 °C and mix using a magnetic stirrer.

NOTE: The temperature should not exceed 65 °C.

1.1.2.3. Add few drops of NaOH (1 N) with a dropper to dissolve the PFA completely.

1.1.2.4. Filter the PFA solution with medium to fine filter paper and store at 4 °C.

NOTE: The solution is good for a month.

1.2. Perform animal anesthesia and perfusion.
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NOTE: Twelve-month-old B6SJL-Tg APP SwFlLon, PSEN1*M146L*L286V, 1136799Vas/J (5xFAD)
age-matched control mice (n = 6 per group) were purchased from vendors and bred in the animal
house of Saginaw Valley State University. Genotyping was confirmed by polymerase chain
reaction (PCR) as described previously’. Human AD brain tissue includes postmortem AD brain
tissue and age-matched control tissue.

1.2.1. Anesthetize the animal with an appropriate anesthetic agent, such as sodium pentobarbital
(390 mg/kg body weight), or a ketamine/xylazine mixture (up to 80 mg/kg body weight ketamine
and 10 mg/kg body weight xylazine) by intraperitoneal injection (27 G needle and 1 mL syringe).
Check the level of anesthesia by pinching a toe. If the animal is unresponsive, then it is ready for
perfusion surgery.

1.2.2. Place anesthetized animal in the supine position on the perfusion surgery tray and using
small iris scissors make an incision to the posterior end of the left ventricle.

1.2.3. Insert a 22 G perfusion needle to the left ventricle and make a small incision at the right
auricle to remove perfusion fluid from the body. Use a gravity-fed perfusion system to allow the
ice-cold perfusion fluid (0.1 M PBS, pH 7.4) to flow for 5-6 min (flow rate 20-25 ml/min).

NOTE: A clear liver is the indicator of optimum perfusion.

1.2.4. Switch the buffer valve to an ice-cold 4% paraformaldehyde solution for fixing and allow it
to flow for 8-10 min.

NOTE: Tremor followed by hardened or stiff limbs are indicators of good fixation.

1.2.5. Remove the brain from the skull using scissors. Using a spatula, collect the brain and place
it in a vial of 4% PFA (at least 10x the volume of the brain volume) and store at 4 °C until further
use.

2. Tissue processing

2.1. Cut cryostat sections.

2.1.1. Transfer the brain to graded sucrose solutions (10%, 20%, and 30%) and store at 4 °C for
24 h each, until use.

2.1.2. Using a cryostat at -22 °C, cut 40 um-thick sections. Collect 10-20 sections per well in a 6
well plate filled with PBS and sodium azide (0.02%).

2.2. Paraffin embed the sections for mouse and human brain tissue.

2.2.1. For paraffin sections, dehydrate the perfused and 24 h post-fixed brain tissue with graded
alcohols (50%, 70%, 90%) for 2 h each, followed by 100% alcohol 2x for 1 h each), and then with
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xylene 2x for 1 h each) at room temperature.

2.2.2. Penetrate the tissue with xylene-paraffin (1:1) 2x for 1 h at 56 °C in a glass conical flask
covered with aluminum foil.

2.2.3. Immerse the tissue in melted paraffin (56 °C) for 4-6 h.

2.2.4. Cut 5 um-thick sections using a rotary microtome at room temperature and place them in
a tissue water bath at 45 °C.

2.3. Histochemically label the AB plagues in the cryostat sections with Cur.
2.3.1. Rinse the sections from step 2.1.2 with PBS (pH 7.4) 3x for 5 min each.
2.3.2. Immerse the sections in 70% ethanol for 2 min at room temperature.

2.3.3. Dissolve stock Cur (1 mM) in methanol and dilute with 70% ethanol to obtain a final working
concentration of 10 uM.

2.3.4. Immerse the sections with working Cur solution for 1-5 min at room temperature on a
shaker at 150 rpm.

2.3.5. Discard Cur solution and wash with 70% ethanol 3x for 2 min each.

2.3.6. Put the sections on poly-L-lysine coated glass slides and mount with a coverslip using
organic mounting media, such as distyrene plasticizer xylene (DPX).

2.3.7. View under a fluorescence microscope using 480/550 nm excitation/emission filters.

2.4. Histochemically label the AP plaques in the paraffin-embedded mouse and human brain
sections with Cur.

2.4.1. Deparaffinize the tissue sections from step 2.2.4 with xylene 2x for 5 min each at room
temperature.

2.4.2. Rehydrate with graded alcohol solutions (100%, 80%, 70%, 50% for 1 min each) and with
distilled water 2x for 5 min each at room temperature.

2.4.3. Stain sections with Cur (10 uM) for 10 min at room temperature in the dark, shaking at 150
rpm. Wash with 70%, 90%, and 100% alcohol for 2 min each.

2.4.4. Clear with xylene 2x for 5 min each and cover slip with DPX.

2.4.5. Visualize under a fluorescence microscope as mentioned in step 2.3.7.
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2.5. Colocalize Cur with the AB antibody in AB plaques and oligomers.
2.5.1. Wash cryostat sections from step 2.1.2 with PBS 3x in a 12 well plate.

2.5.2. Block the sections with 10% normal goat serum (NGS) dissolved in PBS with 0.5% Triton-X-
100 at room temperature for 1 h.

2.5.3. Discard the blocking solution. Incubate the sections with AB-specific antibodies (6E10 or
A11, diluted 1:200) dissolved in fresh blocking solution containing 10% NGS and 0.5% Triton-X100
overnight at 4 °C in a shaker at 150 rpm.

2.5.4. Discard the antibody solution and wash the sections with PBS 3x for 10 min each.

2.5.5. Incubate with the secondary antibody tag with red fluorophore (e.g., Alexa 594) for 1 h at
room temperature in the dark.

2.5.6. Wash with PBS 3x for 10 min each.

2.5.7. Wash with 70% alcohol 1x.

2.5.8. Incubate the sections with Cur (10 uM) for 5 min at room temperature.
2.5.9. Wash with 70% alcohol 3x for 1 min each.

2.5.10. Dehydrate with 90% and 100% alcohol for 1 min each, clear with xylene 2x for 5 min each,
and mount on slides using DPX.

2.5.11. Visualize using a fluorescence microscope with appropriate excitation/emission filters for
the red and green signals.

2.5.12. For intracellular AB colocalization, stain the sections using AB-antibody (6E10), restain
with Cur at room temperature in the dark with shaking at 150 rpm, and counterstain with either
Hoechst-33342 (1 mg/ml) and/or DAPI (1ug/ml) for 10 min at room temperature in the dark with
shaking at 150 rpm. Wash with PBS 3x.

2.5.13. Take images with the red, green, and blue filters with a 100x objective (total magnification
1,000x).

2.6. Label AB plaques with Thio-S, CR, and FJC.
NOTE: Detailed protocols for Thio-S and CR labeling were previously reported’.

2.6.1. For FIC staining, wash the free-floating sections obtained from step 2.1.2 with PBS 3x for 5
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min each.

2.6.2. Place the sections in a 12 well plate and stain with FJC (0.001%) for 10 min in the dark at
room temperature.

2.6.3. Discard FJC solution and wash with PBS 3x for 5 min each.

2.6.4. Incubate with ammonium chloride (NH4Cl, 50 mM dissolved in PBS) for 10 min at room
temperature.

2.6.5. Discard the NH4Cl solution and wash with PBS 3x for 5 min each.

2.6.6. Following the steps in section 2.4, dehydrate with graded alcohol solutions, clear, mount,
and view under a fluorescence microscope using 450/520 nm excitation/emission filters.

REPRESENTATIVE RESULTS:

Curcumin labels AB plagues within a minute. When we stained 5xFAD tissue with Cur, we found
that Cur label AB plaques within 1 min. Although increased incubation time with Cur slightly
increased the fluorescence intensity of AB plagues, the number of observed AB plaques was not
significantly different between 1 min and 5 min staining time (Figure 1).

Cur can label AB plaques in cryostat-prepared, paraffin-embedded mouse and human AD tissue
that colocalizes with AB-specific antibodies in mouse AD brain tissue. When we stained
cryosection, paraffin-embedded sections (Figure 2A) and human AD tissue (Figure 2B), we
observed Cur-labeled AB plaques in all types of tissue sections. Additionally, to confirm that Cur
is binding to AB plaques, we first labeled the plaques with 6E10, followed by Cur staining. We
observed that the Cur was completely co-localized with AB at the same plaques that bound the
6E10 (Figure 2C).

Cur labeled AB oligomers and intracellular AP aggregates. To check whether Cur could label AB
oligomers, 5xFAD mouse sections were stained with an AB oligomer-specific antibody (A11),
followed by Cur staining. We observed that Cur colocalized with A11 in AB plaques (Figure 3A).
Similarly, Cur also colocalized with the 6E10 antibody in intracellular spaces (Figure 3B),
indicating that it can label the intracellular AB.

Cur labeled AR more prominently than classical amyloid binding dyes. AB labeling by Cur was
compared with commercially available amyloid binding dyes Thio-S, CR, FIC. The AB-specific
antibody 6E10 was used as standard control. We observed that Cur labeled AB more prominently
than the conventional amyloid binding dyes (Figure 4).

Cur derivatives bis-demethoxycurcumin (BDMC) and demethoxycurcumin (DMC), also present in
turmeric extract, label AB plagues comparatively to Cur in 5xFAD brain tissue. Two other major
components, such as BDMC and DMC, are present in turmeric extract. We tested whether these
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two compounds also label AB plagues similar to Cur. When 5xFAD mouse brain sections were
stained with these derivatives, both BDMC and DMC also labeled AR plaques, parallelling Cur
(Figure 5A). Different mounting media were investigated to check for interference with AB-
imaging after staining with Cur. The fluorescent signal was intact in both aqueous and organic
mounting media, such as DPX (Figure 5B). The staining of AP plaques with Cur was appropriate
after immunofluorescent labeling and followed by counterstaining with Hoechst 33342 solution
(2 mg/ml) or 4',6-diamidino-2-phenylindole (DAPI, 1ug/ml). The immunofluorescent signals and
counterstaining intensity were maintained after Cur staining (Figure 5C).

FIGURE AND TABLE LEGENDS:

Figure 1: Curcumin labels A plaques within a minute. (A). Brain sections from 5xFAD mice or
human control and AD cortical tissue were stained with Cur (10 uM) for 1-5 min and the number
of visible plaques were counted. (B). No difference was observed in the number of AB-plaque
counts between the 1 min and 5 min staining times. Data are represented as mean * standard
error of mean (SEM).

Figure 2: Colocalization of Cur with AP antibody in AB plaques. Cur can label AB plaques in
cryostat-prepared, paraffin-embedded sections (A) and human AD tissue (B). The AR labeling
paralleled the labeling with AB-specific antibody (6E10, DAB staining). (C). The 5xFAD sections
were first labeled with AB antibody (6E10), followed by staining with Cur. Red = 6E10 bound by a
secondary antibody tagged with Alexa fluorophore 594. Green = Cur. Cur completely colocalized
with AB at the same plaques that bound to 6E10. Arrows indicate AP plaques. Scale bar indicates
50 um (total magnification = 400x) in all three images on the left, and 10 um (total magnification
= 400x).

Figure 3: Curcumin labels AP oligomers and intracellular AB. (A) AB-oligomer was detected
immunohistochemically using an AB-specific antibody (A11), followed by staining with Cur. Cur
completely colocalized with AR, at the same oligomer where A1l binds. Scale bar =250 um and
total magnification = 100x. (B) Similarly, intracellular Ap was detected immunohistochemically
using an AB-specific antibody (6E10), followed by staining with Cur. Note that Cur completely
colocalized with AB in the same areas bound to 6E10. Scale bar = 50 um and total magnification
=1,000x.

Figure 4: Comparison of different amyloid binding dyes with Cur to label AB plaques. Cryostat
sections (40 um) from the cortex of 12-month-old 5xFAD mice were stained with Cur, Thioflavin-
S, Congo red, Fluoro-jade C, and with 6E10 antibody. Cur labeled AB plagues more prominently
than Thio-S, CR, and FJC. Arrows indicate AB plaques.

Figure 5: Cur-derivatives bis-demethoxy curcumin and demethoxy curcumin also label AB
similarly to Cur. (A) Both cryostat and paraffin-embedded 5xFAD sections were stained with Cur-
derivatives bis-demethoxy curcumin and demethoxy curcumin. Both these derivatives label AB
plagues in a manner similar to Cur. (B) Both agueous and organic mounting media (DPX) were
used to mount tissue sections after labeling AR plagues with Cur. (C) Immunolabeled sections
were used for AB labeling with Cur. The white arrows indicate AB plaques, the green arrow
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indicates activated astrocyte (GFAP), and the yellow arrow indicates nuclear stain (DAPI). Scale
bars =100 um.

Table 1: Comparison of AB labeling with different amyloid binding dyes and Cur’.

DISCUSSION:

Our hypothesis was that Cur could be used as the quickest, easiest, and least expensive way to
label and image AR plaques in postmortem AD brain tissue when compared to other classical
amyloid binding dyes, as well as AB-specific antibodies. The aims of this study were to determine
the minimum time required to label and image AP plaques by Cur in postmortem AD brain tissue
and determine whether Cur can be used as an alternative to AB antibody for labeling AB plaques.
To this end, the AB-labeling capability of Cur was observed at different time points. Cur was able
to label AB within one minute. In addition, labeling of AR by Cur was greater than other
conventional amyloid binding dyes, such as Thio-S (0.1%), CR (1%), and FJC (0.001%).

Cur is considered a unique and ideal fluorophore for AP labeling, because it has most
characteristics possessed by most of the conventional amyloid binding dyes, including structural,
physical, chemical, and biological properties®. In addition, due to affordability, most researchers
are interested in using this natural polyphenol. To show the specificity of Cur binding to AB
plagues and oligomers, we used 6E10 and A1l (AB-oligomer-specific antibody). Cur showed
nearly complete colocalization with all the different species of AR present in the tissue, which
suggests that Cur is highly specific to AB”%7-20, In addition, Cur labeled AB oligomers (Figure 3A)
and intracellular AP aggregates (Figure 3B) and colocalized with AB antibodies (Figure 2B),
suggesting that Cur can label not only extracellular AB plaques, but also AB deposited in
intracellular spaces’.

During the past few decades, several fluorophores and antibodies have been developed to label
and image AB plaques histochemically. Undoubtedly, most of them are very specific to targeted
AP species and for detecting AB plaques, but these are much more expensive and their use is
more time consuming than using Cur. For example, we compared the AB plaque binding by Cur,
with other amyloid binding dyes, such as Thio-S, CR, and FIC, where AB-specific antibody (6E10)
was used as a reference control. These results suggest that Cur labels AB plaques more strongly
than any of the other fluorophores. Most importantly, relative to Cur, some of the more
commonly used fluorophores have distinct disadvantages in terms of labeling and imaging ApB.
For example, Thio-S can produce a distracting, high background because it binds with lipid
membranes or lipid compounds in the cell?%. Similarly, CR, which is commonly used to label AB,
produces apple green birefringence (Figure 4) under a polarized microscope. CR does not label
AB-plaques as readily as do Cur or Thio-S, labeling significantly fewer AP plaques than those
detected by Cur”?2723, Gutierrez et al. reported that FJC, which can bind with AR and with
degenerated neurons, labels at a lower frequency than either Cur or Thio-S?*. These results
suggest that these commonly used classical markers have less affinity for binding to AP plagues
than Cur.

In addition, labeling of different AB-plaque types (core, neuritic, diffuse, burned-out) may be
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optimized with Cur, rather than other amyloid binding fluorophores, because Cur can help to
visualize and distinguish morphologically different AR plaques, whereas other techniques fail to
distinguish these morphological subtypes’. Similarly, the use of AB-specific antibodies, which are
very specific to different species of AB is very costly and time consuming, taking at least 24-48h
via immunohistochemistry. Moreover, detecting different species of AR require different
antibodies, as well as several accessory chemicals, which significantly adds to the total cost.
Clearly, Cur is less costly, more readily available, and produces higher fluorescence intensity
when it binds to AB plaques. Although CR is also a relatively cost-effective technique for labeling
and imaging of AB plaques, Cur can bind and label more of the AB species, such as oligomers®
(Figure 3 and Figure 4), whereas CR only binds to protofibrils and fibrils?3. Therefore, AB labeling
with Cur can be achieved more efficiently and cost-effectively than by Thio-S, CR, or FIC (Table
1).

In summary, Cur can detect AB plaques and oligomers from AD brain tissue effectively, rapidly,
and inexpensively. In addition, Cur binding to AB is very specific and its fluorescent activity is very
stable. It requires minimal amounts (1-10 nM) to label AB. Moreover, Cur is also very specific to
different AB species, such as fibrils or plaques, as well as oligomers’. Similarly, Cur derivatives
demethoxycurcumin and bisdemethoxycurcumin also harbor amyloid binding properties and ¢
label AB similarly to Cur'® (Figure 5A). Therefore, Cur is an ideal fluorophore for labeling and
imaging of AR plaques in postmortem brain tissue. It can be used as a quick and easy alternative
to detect AB plaque load after anti-amyloid therapy in experimental animal models of AD. Our
findings confirm the reports of the high affinity of Cur to AB, reinforcing its potential use for
monitoring AB-plaques in postmortem brain and in living tissue.

For optimal Cur labeling it is recommended to not label AB with Cur in unperfused tissue and to
avoid long-term tissue storage, as it can produce a greater amount of background, even when
perfused. For colabeling, it is recommended to complete immunohistochemistry first with the
specific antibody being used before staining with Cur and then follow this with counter-staining
using DAPI or Hoechst.

Possible modifications to this method include increasing the incubation time of Cur with the
tissue for up to 30 min, which will not interfere with signal intensity, although it may increase
background while imaging. Decreasing concentration of Cur to less than 10 uM does not interfere
in AB labeling to a significant level. To reduce background for human brain tissue, an alternative
preparation method could be applied. For example, brain sections could be initially treated with
0.3% (w/v) Sudan Black B in 70% ethanol (v/v) for 10 min at room temperature. Then the section
could be stained with Cur for 10 min at room temperature, and washed with PBS 3x for 15 min,
counterstained, and mounted with antifading media®3. Cryostat section thicknesses could also be
reduced to 20-25 um.

Potential caveats to this method include Cur binding with AB present in the blood vessels, which
is different from the extracellular AR plaques. Thus, the investigator should be aware of the
morphology of AB plaques and oligomers from AB in blood vessels. The investigator should be
aware of auto-fluorescent signals. Excess green background can be seen occasionally after Cur
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staining, but this can be reduced by decreasing the staining time or by decreasing the
concentration of Cur. Finally, the signal for colabeling with other markers may be reduced due to
repeated treatments with the clearing agent (e.g., xylene).

Important limitations include the inability to colabel with any marker protein using secondary
antibody tagged with green fluorescent dye, such as fluorescent isothiocyanate (FITC). These
cannot be used because of the similar excitation/emission of Cur. Also, in the early stages of AD,
only limited amounts of AR may be labeled by Cur. Finally, there is a need to do work in dark
environment like any fluorescent dye.
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Features AB-antibody Curcumin
Durati f
uration o ~24-48 h ~1-5 min
staining
Accessor Secondary antibodies, several
. ¥ chemicals to make buffer, normal [Methanol
chemicals
goat serum
Cost effective: ~$5-10/1
- Costly: one AB-specific antibody vial cur and can be as "eé ffr
requires ~$200-300 ] bp
many tissues
. Different antibodies are required Curcumin binds with AB
Specificity ) o ) o
for AB oligomers and fibrils oligomers and fibrils
Very stable, even at room
. Depending on the dye attached to Y
Stability ) temperature when bound
the secondary antibody i
with AB
Needs extra care after staining, Not as light sensitive and
Care after . .
stainin such as being kept in the dark and [more stable at room
£ frozen all the time temperature
) Compound light or fluorescent
Microscope .
i (depending on use of secondary Fluorescent
required .
antibody)
Background
i g Generally, no background Very low background
staining
In vivo AB-

imaging

May not be applicable

Highly applicable
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Thio-S Congo red Fluoro-Jade C
~10 min ~60 min ~30 min
NaOH and
thanol,
Ethanol NaOH and ethanol © ano.
potassium
permanganate
Cost effective: >55/1 g Congo |Costly:

Cost effective: ~¥$5/1 g, can
be applied for few tissues

red, and can be applied for
several tissues

~$15.500/1 g FIC
powder

Can bind only fibrils, not
monomers, or oligomers

Can only bind with AB-

protofibrils and fibrils*®*’

Can only bind
with AB-fibrils
and degenerated
neurons

Stable in methanol

Stable in ethanol

Not stable

Light sensitive

Not light sensitive

Light sensitive

Fluorescent

Light microscope or polarized
microscope or polarize filter

Fluorescent

High background due to
binding with lipid
membrane or lipid
compounds in cell

Low background

High background

May not be applicable

May not be applicable

May not be
applicable
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4',6-diamidino-2-phenylindole (DAPI)
Aanimal model of Alzheimer's disease
Absolute alcohol

Alexa 594

Antibody 6E10

Antibody A11

Compound light microscope

Congo red

Cryostat

Curcumin

Disodium hydrogen phosphate
Dystyrene plasticizer xylene

Filter papers

Hoechst-33342

Inverted fluorescent microscope
Inverted fluorescent microscope
Normal goat serum

Paraffin

Paraformaldehyde

Ploy-lysine coated charged glass slide
Potassium chloride

Potassium dihydrogen phosphate
Sodium azide

Sodium chloride

Sodium hydroxide

Sodium pentobarbital

Thioflavin-S

Triton-X-100

Xylene
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of materials.xlsx

Company

IHC world, Woodstock, MD
Jackson's laboratory, Bar Harbor, ME
VWR, Radnor, PA

Santacruz Biotech, Dallas, TX
Biolegend, San Diego, CA
Millipore, Burlington, MA
Olympus, Shinjuku, Japan
Sigma, St. Louis, MO

GMI, Ramsey, MN

Sigma, St. Louis, MO

Sigma, St. Louis, MO

BDH, Dawsonville, GA

Fisher scientific, Pittsburgh, PA
Sigma, St. Louis, MO

Leica, Buffalo Grove, IL
Olympus, Shinjuku, Japan
Sigma, St. Louis, MO

Sigma, St. Louis, MO

Sigma, St. Louis, MO

Globe Scientific Inc, Mahwah, NJ
Sigma, St. Louis, MO

Sigma, St. Louis, MO

Sigma, St. Louis, MO

Sigma, St. Louis, MO

EMD Millipore, Burlington, MA
Vortex Pharmaceuticals limited, Dearborn, M|
Sigma, St. Louis, MO

Sigma, St. Louis, MO

VWR, Radnor, PA
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ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
IZISta ndard Access

ltem 2: Please select one of the following items:

I:] Open Access

mThe Author is NOT a United States government employee.

I:IThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1 Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
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of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. in consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b} to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and reguirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JOVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author's personal website, in
each case provided that a link to the Article on the joVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in item 1 above. in consideration of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and {c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’'s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author {or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, tradernark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author’s relevant institutional
review board.

11 JoVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video Llicense Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a USS$1,200 fee to cover pre-production expenses
incurred by JoVE. if payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVFE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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Response to Reviewer-1 Click here to access/download;Rebuttal Letter;JOVE response 2
to reviewer -1.docx

Reviewer #1:
Manuscript Summary:

In this manuscript entitled, "An efficient and inexpensive way to label and image amyloid plaques in brain

tissue using the natural polyphenol, curcumin" Maiti et al., have investigated the use of Curcumin in
detecting plaques in the AD animal model as well as in brain tissue of AD inflicted human. There are several
major concerns regarding methodologies that have been used in the current manuscript and authors
should consider revising the points before it can be finally accepted for publication.

Major Concerns:
Abstract:

1. "In the present study, we used Cur to histochemically labeled (line 41) AR plaques within a minute
from both a genetic mouse model of familial Alzheimer's disease (5xFAD) and from human AD tissue
using Cur". It should be 'label'

Response: Thanks for reviewer for catching this grammatical error. It is corrected. Please see line 48
in the revised manuscript.

2. Fluoro-Jade C has some affinity to bind some part of plague and based on the model of AD, FIC can
bind axons and axonal debris in the brain. Thus, FJC cannot qualify as a classical histochemical dye for
detecting amyloid beta in the brain.

Response: We agree with reviewer’s point. However, recently, Gutierrez and colleagues used Fluoro-jade
C as alternative method to detect neuronal degeneration and amyloid beta protein accumulation in free-
floating brain sections with Fluoro-Jade C. That is why we thought we should compare Curcumin with
Fluoro-jade C for A8 binding. Of course, it is not considered as classical amyloid binding dyes, because it
also binds to degenerated neurons. Please see the Gutiérrez et. al., ASN Neuro. 2018 Jan-Dec; 10:
1759091418784357.

A) Animals: are these animals procured from any commercial vendor? Or are they bred in house? Write
in detail.

Response: The male and female 5XFAD mice were procured from Jackson laboratory and then they were
bred in animal house at Saginaw Valley State University and grown for one-year.

B) Post-mortem human tissue: Were they collected under any IRB by Banner?

Response: Yes, we have IRB for this study. Detailed information is given in these two published articles:
Beach et. al., Cell Tissue Banking (2008) 9:229—-245; and Greene et. al., Neurobiology of Aging. 2010, 31(8):
1304-1311. doi:10.1016/j.neurobiolaging.2010.04.026. There references are included in the revised
manuscript. Please see reference 15 and 16.

C) What are the age groups of those human from which tissue were collected?

Response: The mean age for Alzheimer’s patient was 80.5 years and for non-demented control
subject’s mean age was 79.9 years. Please see the article by Beach et al., Cell Tissue Banking
(2008) 9:229-245 (reference 15).
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What was the Braak stage of those brain tissue of AD patients?

Response: Braak stages for the AD tissues were 5 and 6, with pathology progressing into the visual
association cortex and primary visual cortex.

What is the gender of the human AD patients and their age match control?

Response: We were not sure about the gender of the subjects. Yes, we have age-matched controls for this
study.

Which area of the brain was used?
Response: Inferior parietal lobule was studied in the present study.

D) Cryostat section: Authors have mentioned that brains were kept at 4C until use. How long it was kept
at 4C? If the brains are kept at 4C for too long, it can not only produce high background but also can
yield ice crystals in the brain.

Response: After perfusion, these brain sections were kept for 2-3 months in 4% paraformaldehyde at 4°C
and then they were treated with 10%, 20% and 30% sucrose, 24h each. Sections were made with cryostat
at -22°C and the sections were stored at 4°C in PBS with sodium azide (0.02%) and then labeling was
performed with curcumin within week. These information are added in the revised manuscript, please see
page 4.

E) For normal fluorescence microscopy, it is always recommended to use 20-25-micron thick sections
unless authors wanted to use confocal microscope which is not the case. Please justify the use of 40-
micron thick sections.

Response: The reason for using 40-micron sections, was that it helped when counting the plaques using
unbiased stereology. For this purpose, a minimum of 25-micron thickness is required for optical dissection,
eliminating the 5-micron top and 5-micron bottom of the tissue sections because of cutting artifact.
Moreover, co-localization of anti-inflammatory marker, such as GFAP and Iba-1 with amyloid plaques can
be performed better using 40-micron sections for immunohistochemically, as is most done in research
laboratories.

Histochemical labeling of AB plaques in cryostat section by Curcumin
1. Source of Curcumin is not mentioned. Please provide details with catalog number.

Response: Curcumin was purchased from Sigma (purity > 65%,; catalog number: C1386-50G). This
information is added in the “Chemicals and materials” section at page 2 in the revised manuscript.

2. Were sections dried in air or slide warmer?
Response: The section was dried in air.

3. Were sections cleared in Xylene?

Response: Yes, the section was cleared with xylene.

4. Does it mean Curcumin cannot withstand Organic mounting medium such DPX? Or it has to be
aqueous media. Please write in details.



Response: We have compared the organic and aqueous media for mounting the tissue and we did
not find any differences between these two (please see Fig 5B in the revised manuscript),
therefore, organic mounting media (such as DPX) can be used for mounting after curcumin
staining. We have added these sentences in the revised manuscript. Please see section 3.6.

Histochemical labeling of AB plaques in paraffin embedded section by Curcumin

1. Would the staining/incubation time in Curcumin be same as cryostat section? Please provide details.
Authors said wash, but which vehicle or media is not mentioned.

Response: Yes, cryostat and paraffin sections were stained for same time. The sections were washed with
70% ethanol for two-times, 1 min each.

2. What are the sources of antibodies as mentioned in this protocol?

Response: A8 antibody (6E10) was purchased from Bio-Legend (San Diego, CA), and AB8-oligomer-specific
antibody (A11) was procured from Millipore (Billerica, MA).

3. What antibody diluent was used to dilute the antibody? Please provide details.
Response: The antibodies were diluted in PBS (pH 7.4), along with 10% normal goat serum (Sigma).

4. No biotinylating method was applied in any of the detection method. It is extremely useful to use the
secondary antibody conjugated with biotin to detect maximum amount of antigen (abeta) present in
the brain tissue.

Response: In Fig 2A, we have added an image with avidin-biotin-conjugated (ABC) method and color was
developed with diaminobenzidine (DAB) to detect A8 plaques (extreme right) .

5. ltis very difficult to see the plaques in the human tissue as there are lots of background staining as
well as staining of blood vessels in the brain. Please provide higher magnification images and write
details about the part of the brain used in this protocol.

Response: We have provided higher magnification images for the human brain tissue (please see modified
Fig 2B). We used the inferior parietal lobule area from AD and aged-matched control subjects for this
study.

6. Author did not mention whether they perform any control to determine whether Curcumin is indeed
binding to A1l or 6E10 and not cross bleeding through the filters. It is recommended that authors
perform pre-absorption control and negative control to verify there is no cross bleed.

Response: We run age-matched the wild-type mice brain tissue with A11 and 6E10 and did not find any
signal.

7. Paraffin was misspelled in the figure 2A.
Response: This error is corrected.

8. Figure 3.B authors have shown 6E10 and Cur and both seem like background staining and lipofuscin
as the aged mice have more lipofuscin.



Response: Because we did not see this type of signal in wild-type mouse brain tissue when we stained
with 6E10 and curcumin, we are confident that the signal observed is not background signals.

9. Figure 4 in Congo-Red authors have shown a picture that should be replaced as green fluorescent is
nothing but lipofuscin that can be seen across the filters (green, red and blue).

Response: For visualizing AB plaques stained by Congo-red, we have used polarized microscope, instead
of traditional green, red and blue filters generally use in fluorescent microscope, because Congo-red
produce birefringence (green signal) with blue background under polarized microscope. Moreover, we did
not observe this green birefringence in wild-type mouse brain tissue. Therefore, we deduced that these
green signals are the AB plaques, not lipofuscin.

Minor Concerns:

1. Authors should check for typos and other grammatical errors throughout the manuscript.
Response: Typos and grammatical errors were corrected for the revised manuscript.



Response to Reviewer-2 Click here to access/download;Rebuttal Letter;JOVE response 2
to reviewer-2.docx

Reviewer #2:
Manuscript Summary:

Although curcumin has been known for a quite long time for its capacity of abeta binding, there is still a
need of a standard protocol for slide staining. The paper provides a detailed protocol, which | believe
could be beneficial for AD community. Meanwhile, Thioflavin S and T are the most used for plaque
staining, but they are only good for dense plaques, may not be good for oligomers around the plaques or
inside the plaques. Curcumin can be used to label not only dense plaques but also the oligomers.

Major Concerns:
Not identified.
Minor Concerns:

1) There is no detailed protocol for human slide staining. As we know, there are several protocol
differences for staining human brain slide and mouse brain slides, particularly how to remove the
background of human brain slide.

Response: Thanks for this suggestion. We have added a few sentences about the staining method for
human brain tissue to reduce background. Please see the “method modification” section in the revised
manuscript.

2) "Ran and colleagues (2009) reported that even 0.2 nM Cur can bind with A in vitro [14]", This is not
accurate. In this paper, the authors didn't use curcumin for plaque staining.

Response: We agree with reviewer. They have used difluoroboron-derivatized curcumins as near-infrared
probes for in vivo detection of amyloid-beta deposits, instead of natural curcumin. We have changed this
sentence in the revised manuscript, please see the lines 83-84 in the revised manuscript.

3) It may be good if the authors have some discussions about curcumin derivatives for Abeta imaging
and plaques staining.

Response: We have compared amyloid beta protein (AB) labeling by bis-methoxycurucmin, de-
methoxycurucmin, along with curcumin and found that most of the curcumin derivatives label A8 similar
fashion as Curcumin. We have included those images in the Fig 5A in the revised manuscript and discussed
in the “Discussion” part of the revised manuscript, please see page 8, para 3 in the revised manuscript.
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Response to editors's comments Click here to access/download;Rebuttal Letter;Response to
Editorials comment.docx

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. Please note that the editor has formatted the manuscript to match the
journal's style. Please retain the same. The updated manuscript is attached and please use this
version to incorporate the changes that are requested. Please turn on Track Changes to keep track
of the changes you make to the manuscript.

Response: We have gone through it again to check grammatical and typo errors.
2. Please revise lines 75-77 and 320-322 to avoid textual overlap with previously published work.
Response: These sentences are rewritten.

3. Protocol: Please revise it to be a numbered list following the JoVE Instructions for Authors: step 1
followed by 1.1, followed by 1.1.1, etc. Each step should include 1-2 actions and contain 2-3 sentences.

Response: We revised the protocol steps and numbering.

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols
(™), registered symbols (®), and company names before an instrument or reagent. Please remove all
commercial language from your manuscript and use generic terms instead. All commercial products
should be sufficiently referenced in the Table of Materials. You may use the generic term followed by
“(Table of Materials)” to draw the readers’ attention to specific commercial names.

Response: We removed all the commercial languages from the revised manuscript. The chemicals and
materials and equipment used in this manuscript are included in the “Table of Materials”.

5. Please be as specific as you can with respect to your experiment providing all necessary details (see
specific comments marked in the attached manuscript).

Response: We have gone through all the points raised by editors and corrected in the revised
manuscript.

6. Please address specific comments marked in the attached manuscript.
Response: We provided all the responses in the revised manuscript.

7. After you have made all the recommended changes to your protocol section (listed above), please
highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text (including headers and
spacing) to be featured in the video. Bear in mind the goal of the protocol and highlight the critical steps
to be filmed. Our scriptwriters will derive the video script directly from the highlighted text.

Response: We have rewritten and highlighted the protocol section with yellow color.

8. Table of Materials: Please include information on all relevant supplies, reagents, equipment and
software used, especially those mentioned in the Protocol. Please sort the materials alphabetically by
material name.

Response: We have included a “Table of Materials” in the revised manuscript.

9. Table 1: Please remove any coloring or formatting in the table.
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Response: It is corrected.



