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The Western blot techniques that were originally established in the late 1970s are still actively utilized today. However, this traditional method

of Western blotting has several drawbacks that include low quality resolution, spurious bands, decreased sensitivity, and poor protein integrity.
Recent advances have drastically improved numerous aspects of the standard Western blot protocol to produce higher qualitative and
quantitative data. The Bis-Tris gel system, an alternative to the conventional Laemmli system, generates better protein separation and resolution,
maintains protein integrity, and reduces electrophoresis to a 35 min run time. Moreover, the iBlot dry blotting system, dramatically improves the
efficacy and speed of protein transfer to the membrane in 7 min, which is in contrast to the traditional protein transfer methods that are often
more inefficient with lengthy transfer times. In combination with these highly innovative modifications, protein detection using infrared fluorescent
imaging results in higher-quality, more accurate and consistent data compared to the standard Western blotting technique of chemiluminescence.
This technology can simultaneously detect two different antigens on the same membrane by utilizing two-color near-infrared dyes that are
visualized in different fluorescent channels. Furthermore, the linearity and broad dynamic range of fluorescent imaging allows for the precise
quantification of both strong and weak protein bands. Thus, this protocol describes the key improvements to the classic Western blotting method,
in which these advancements significantly increase the quality of data while greatly reducing the performance time of this experiment.

Video Link

The video component of this article can be found at http://www.jove.com/video/51149/

Introduction

The technlque of Western blotting was first developed between 1977 and 1979 in order to create a better method for detecting proteins using
antibodies'™. This procedure utilized electrophoretic transfer of proteins to membranes from SDS- PAGE gels with target proteins visualized using
secondary antibodies and detected by autoradiography, UV light, or a peroxidase reaction product Thus, these same basic principles are still
widely used in today's Western blot protocols. However, this classic Western blotting technique does present many disadvantages, such as slow
electrophoreS|s run times, low resolution and artificial protein bands, susceptibility to protein degradation, and limited sensitivity as well as poor
data quallty Therefore, this protocol describes significant advances and improvements to the standard Western blot procedure that generates
more accurate qualitative and quantitative data.

The Laemmli system for separating a broad range of proteins using SDS-PAGE is the most widely used gel system for Western blottmg Despite
the popularity of this Western blotting system, this method can result in band distortion, loss of resolution, and spurious bands®*. This may be

a consequence of the deamination and alkylation of proteins due to the high pH (9.5) of the separating gel, reoxidation of reduced disulfide
bonds due to the varying redox state of the gel, and cleavage of aspartyl-prolyl peptide bonds due to heating the protein in Laemmli buffer (pH

5. 2) . The Bis-Tris gel system, which operates at a neutral pH (7.0), provides significant benefits over the Lamemmli system. This system
improves protein stability, minimizes protein modifications, maintains protelns |n the|r reduced states, prevents aspartyl-prolyl cleavage during
electrophoresis, and more importantly, the electrophoresis run time is 35 min*®". In addition, the Bis-Tris gel system also produces sharper
bands, higher resolution and separation, and increased sensitivity resulting in more reliable data®.

In conjunction with the Bis-Tris gel system, the iBlot dry bIottlng system uses high field strength and currents to significantly reduce the transfer
time of proteins from gels onto membranes within 7 min®. This transfer system is based on the dry blotting method that generates a more efficient
and reliable transfer of protelns8 For a detailed comparison of the efficacy of the iBlot transfer system to the conventional transfer systems
please refer to the following website: http://www.invitrogen.com/site/us/en/home/Products-and-Services/Applications/Protein-Expression-and-
Analysis/Western-Blotting/Western-Blot-Transfer/iBlot-Dry-Blotting-System/iBlot-Dry-Blotting-Comparison-to-Semi-Dry-and-Wet.html. It utilizes
an anode and cathode stack, which are comprised of a gel matrix that contains the appropriate transfer buffers, that act as ion reservoirs®.

During the transfer, water electrolysis helps to prevent the generation of oxygen from the copper anode resulting in a more consistent protein
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transfer W|thout causing band distortion®. Moreover, this transfer system also increases the transfer speed by reducing the distance between the
electrodes®.

Although chemiluminescence is the most common and traditional technique for protein detection of Western blot analyses, two-color infrared
fluorescent detection greatly improves the sensitivity, quality, and accuracy of Western blot data. This detection method uses infrared laser
excitation |n two optimal wavelengths, 700 nm and 800 nm, to generate a clear data image with the greatest signal-to-noise ratio and highest
sensmwty Thus, two target proteins can be visualized simultaneously on the same membrane using the 700 nm and 800 nm fluorescent
detection channels. More |mportantly, the linearity and dynamic range of infrared fluorescence allows for precise quantitative analysis of both
strong and weak protein bands®. Furthermore, this protocol provides tremendous advantages and improvements over the classic Western
blotting technique by decreasing the electrophoresis and transfer times of this experiment without compromising the efficacy of these processes
and utilizing infrared fluorescent protein detection to produce greater qualitative and quantitative Western blot data.

1. Preparation of Whole Cell Lysates from Cell Culture

1. Place cell culture dishes on ice and add cold PBS with 5 mM EDTA (e.g. 5 ml of PBS with 5 mM EDTA/10 cm? plate). Remove adherent cells
from the dish using a cell scraper and then transfer the cell suspension to a cold 15 ml conical tube.

2. Pellet the cell suspensions by low-speed centrifugation at 1,000 rpm (230 x g) for 5 min at 4 °C. Place conical tubes on ice and carefully
aspirate the supernatant without disrupting the pellet.

3. Wash the pellet with 1 ml of PBS with 5 mM EDTA and transfer cell suspension to a cold 1.5 ml centrifuge tube. Quick spin suspension at
13,000 rpm (13,226 x g) for 10 sec to pellet cells. Carefully remove supernatant without disrupting the pellet and place tubes on ice.

4. Resuspend the pellet in 25-200 pl (depending on the pellet size; i.e. for 3 x 10° cells add ~150 ul of RIPA buffer ) in RIPA buffer (50 mM
Tris, 150 mM NaCl, 0.5 mM EDTA, 10 mM NaF, 0.1% SDS, 0.5% sodium deoxycholate, 1% NP-40) containing freshly added protease and
phosphatase inhibitors at a 2x final concentration. Briefly vortex each tube and incubate suspension for 20-30 min on ice. Note: there are
several lysis buffers that can be used to extract proteins, which differ in their ability to solubilize proteins and strength of their denaturing
detergent (i.e. SDS, Triton X-100, or NP-40). RIPA buffer is useful for preparing whole cell lysates and disrupting protein-protein interactions.

5. To create a post-nuclear fraction, centrifuge lysates at 14,000 rpm (15,339 x g) for 5 min at 4 °C. Transfer the supernatant to a new tube
without disrupting the nuclear-enriched pellet and place tubes on ice. Note: the nuclear-enriched pellet may also detach from the tube while
extracting the supernatant. To avoid collecting the nuclear-enriched pellet, place the pipette tip directly into the viscous nuclear-enriched pellet
and draw it up with the pipette in order to dispose of it.

6. Determine the protein concentrations of each sample according to the manufacturer's instructions using such protein quantification assays as
BCA or Bradford.

2. Sample Preparation and Electrophoresis

1. Prepare each sample according to the following chart outlined below. As an alternative, 3-mercaptoethanol can also be used at a final
concentration of 2.5%. However, the reducing agent should be added to each sample up to an hour before loading the gel. The total volume
accounts for pipetting variations with only 20 ul of each prepared sample loaded per well.

REAGENT REDUCED SAMPLE
Protein Sample Xul

4x LDS Sample Buffer 6 pl

500 nM DTT Reducing Agent 2.4l

Deionized Water Up to 15.6 pl

Total Volume 24 pl

2. Heat samples at 70 °C for 10 min. While the samples are heating, prepare 1,000 ml of 1x MES or MOPS Running Buffer (50 ml 20x MES
or MOPS Running Buffer plus 950 ml deionized water). MOPS Running buffer resolves mid-size proteins between 14-200 kDa, whereas
MES Running Buffer resolves smaller molecular weight proteins between 2-200 kDa with a lower pKa, which allows the MES Running Buffer
to run faster than the MOPS*, Thus, these two buffers have contrasting effects on the migration of ions within the stacking gel that leads
to differences in the separation of the protein bands®. Set aside and combine 200 ml of 1x MES or MOPS Running Buffer with 500 pl of
Antioxidant, which will be used to fill the Upper Buffer Chamber of the Mini-Cell electrophoresis unit.

3. Once the samples are finished heating, quick spin samples before placing them on ice.

4. For assembly of the precast Bis-Tris gels into the Mini-Cell unit for electrophoresis follow the manufacturer's instructions. Note: make sure
each gel is oriented in such a fashion that the shorter (smaller) cassette of each gel faces inward toward the Buffer Core and the gels are
level and tightly pressed against the Buffer Core to avoid leakage from the Upper Buffer Chamber.

5. Fill the Upper Buffer Chamber with the 200 ml of 1x MES or MOPS Running Buffer containing the Antioxidant and the Lower Buffer Chamber
of the Mini-Cell unit with approximately 600 ml of 1x MES or MOPS Running Buffer. The extra 200-300 ml of running buffer can be saved for
later use. However, it is not recommended to recycle the buffer used during the electrophoresis run as the pH and quality of the buffer may be
altered.

6. Load 20 pl of each protein sample into each well. If sectioning the membrane into various strips in order to probe for multiple antibodies (i.e.
more than 2), it is highly recommended to load 2-5 yl of the prestained protein standard in the first and last wells of each gel as this will serve
as cutting guides for separating the different sections of the membrane without affecting the imaging of the protein bands.
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7. Run gels at 200 V constant for 35 min with an expected current of 110-125 mA/gel at the start and 70-80 mA per gel at the end.
Electrophoresis is complete when the tracking dye migrates to the platinum wire along the Buffer Core.

3. Protein Transfer Using the iBlot Dry Blotting System

1. Completely separate the mini-gels by breaking the bonded sides of the cassette (this may produce a crackling noise). Discard the shorter
(smaller) plate and carefully transfer the gel from the longer (slotted) plate into a container with deionized water and remove the thick-footed
portion of the gel located at the bottom. Note: on rare instances, the gel may attach to the shorter plate instead of the longer, slotted plate. In
this case, discard the longer, slotted plate and remove the thick-footed portion of the gel located at the bottom. Then, carefully transfer the gel
from the shorter plate to deionized water.

2. Assemble the anode and cathode transfer stacks according to the manufacturer's instructions. Note: both nitrocellulose or PVDF membranes
provide high-quality and efficient transfer of proteins and are compatible with fluorescent detection®. However, PVDF membrane does have a
higher binding capacity (240 pg/cms) than nitrocellulose (200 pg/cms)g.

3. Carefully remove any bubbles or air trapped between the gel and membrane as this will prevent any distortion of the protein bands during
the transfer. Note: do not trim the membrane or the transfer stack to fit your gel size as this will cause direct contact between the anode and
cathode stacks.

4. After properly assembling the transfer stacks on the dry blotting device, select the appropriate voltage program (i.e. Program 3: 20 V for 7
min) and begin the transfer. Note: proteins greater than 150 kDa tend migrate more slowly and may require a longer transfer time of 8-10
min. In addition, prior incubation of the gel in 20% ethanol for 5-10 min will also help to improve the transfer efficiency of these large proteins.
Once the transfer program is complete, the device will automatically shut off the current. It is best to immediately remove the membrane and
proceed with the blocking procedure to ensure better protein detection and avoid drying out the membrane.

4. Infrared Fluorescent Protein Detection

1. Block membrane(s) in a minimum of 0.8 mlicm? of Odyssey Blocking Buffer (Do Not Add Tween-20) for 1 hr or overnight at 4 °C.
Membrane(s) can also be blocked with nonfat dry milk, however this may cause higher background and interfere with protein detection.

2. Incubate membrane(s) in primary antibody at the desired concentration in Odyssey Blocking Buffer with 0.1% Tween-20 overnight at 4 °C.
For two-color detection, in which two different antigens are visualized on the same blot, the two primary antibodies must be derived from
different host species and added simultaneously to the membrane(s). Note: prior to incubating the membrane(s) in primary antibody, the
membrane(s) can be sectioned into various pieces in order to probe for multiple antibodies (i.e. more than 2) on the same membrane.

3. Wash membrane(s) 3x for 10 min in TBS plus 0.1% Tween-20 with gentle shaking.

4. Incubate membrane(s) with the fluorescently-labeled secondary antibodies at a dilution of 1:20,000 for the 700 nm channel and

1:6,000-1:10,000 for the 800 nm channel in Odyssey Blocking Buffer with 0.1% Tween-20 for 30-60 min (incubating membrane(s) for longer

than 1 hr may increase background). Protect membrane(s) from light. Note: the secondary antibodies need to be derived from the same host
species as each of the primary antibodies and labeled with different fluorophores.

Wash membrane(s) 3x for 10 min in TBS plus 0.1% Tween-20 with gentle shaking. Protect membrane(s) from light.

Membrane(s) may be dried or stored in either TBS or PBS without Tween-20 at 4 °C until scanned and imaged with an Infrared Imaging

System. Fluorescent signal will remain stable for several months if properly protected from the light.

Representative Results

Two-color infrared fluorescence detects both strong and weak bands on the same membrane with enhanced sensitivity and the highest signal-
to-noise ratio to produce clear Western blot images. Typical results generated by two-color Western blot detection visualized in both the 700 nm
and 800 nm fluorescent channels are exemplified in Figures 1 and 2. The uppermost Western blot in Figure 1 shows the concurrent (overlay)
detection of total ERK1/2 in the 800 nm channel (green) and B-Actin in the 700 nm channel (red) of two-fold serial dilutions of lysates from

the human-derived melanoma cell line, WM793. In addition, this membrane has also been cut into sections based on the molecular weights

of the desired protein targets in order to allow for more than two antibodies to be examined on the same blot. For instance, the membrane
analyzed in Figure 1 was cut in half in order to probe the lower portion of the membrane with a third antibody, total BIM (700 nm channel-red)
without inferring with the detection of both total ERK1/2 and B-Actin. The first panel of Figure 2 further demonstrates the two-color Western
blot fluorescent detection of phospho-ERK1/2 (800 nm channel-green) and total ERK1/2 (700 nm channel-red) with overlapping phospho-ERK
and total ERK signals displayed in yellow of WM793 melanoma cells treated in the presence and absence of the MEK1/2 inhibitor, PD0325901
(MEK:i), which suppresses the ERK1/2 MAP kinase signaling pathway. Moreover, the 700 nm and 800 nm fluorescent images can also be
converted to the standard black and white Western blot images for each antibody (Figures 1 and 2). In general, the majority of Western blot
images produced by this protocol will result in high-quality images as exhibited in Figures 1 and 2. However, depending on the selectivity,
specificity, and quality of the primary antibody, less than optimal images can result in a small portion of blots analyzed by this methodology. For
example, as observed in the bottom two panels of Figure 2, the subpar quality of the phospho-BIM antibody in the WM793 melanoma cells
treated with and without MEK inhibition resulted in a Western blot image with faint protein bands and extremely high membrane background.

o o

Simultaneous infrared fluorescent imaging of two targets can also provide the opportunity for quantitative analysis of Western blots over a broad,
linear dynamic range by efficiently and accurately detecting both strong and weak bands on the same membrane. Quantification of protein
bands are calculated as an integrated intensity, which is proportional to the amount of fluorescent-labeled antibodies on the membrane and

is independent of both size of the shape drawn around the band and resolution. This is based on the following criteria: 1) area of the shape;

2) number of pixels enclosed in the shape; 3) average intensity of the pixels selected as the background and; 4) total intensity of the pixels
enclosed in the given shapem. Figure 3A shows the protein quantification of the Western blots illustrated in Figure 1. Quantification of total
ERK1/2, B-Actin, and total BIM exhibit a linear relationship between an increase in the integrated intensity of the fluorescent signal and the
increase in protein concentration (Figure 3A). Moreover, Figure 3B is another example of how to quantify protein levels from fluorescent
Western blots, which shows the protein quantification of phospho-ERK1/2 normalized to total ERK1/2 protein levels of WM793 melanoma cells
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treated with and without MEK inhibition from Figure 2. From this quantification, the phosphorylated ERK1/2 levels can be calculated as a percent
of the control levels. In this case, phospho-ERK levels of melanoma cells treated with the MEK inhibitor were 0.6% of the control.

30ug | 15ug | 7.5ug | 3.8ug

Overlay of
T-ERK1/2+3-Actin

Total BIM

Total ERK1/2

B-Actin

L]0

Total BIM

Figure 1. Western blot analysis using two-color infrared fluorescent protein detection. Lysates of two-fold serial dilutions of WM793
human-derived melanoma protein were separated using a NUPAGE Novex Bis-Tris gel with protein transferred onto PVDF membrane using
the iBlot transfer apparatus. Membranes were blocked in Odyssey Blocking Buffer and probed with the following primary antibodies: rabbit anti-
total ERK1/2, rabbit anti-total BIM, and mouse anti-B-Actin. Antigen-antibody complexes were detected using fluorescent goat anti-rabbit IRDye
800 (green) or 680 (red) and goat anti-mouse IRDye 680 (red) secondary antibodies, respectively, and visualized with the LI-COR Odyssey
Classic Infrared Imaging System. The first Western blot panel is the overlay of the simultaneous detection of total ERK1/2 (800 nm channel-
green) and B-Actin (700 nm channel-red) fluorescent signals. The second panel is the single-channel fluorescent detection of total BIM on the
same membrane that was separated using a razor blade based on the molecular weights of these target proteins. The lower three Western blot
panels are the black and white images of the separated single-channel fluorescent images.
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Figure 2. An example of both a high- and poor-quality Western blot image using infrared fluorescence. WM793 melanoma cells treated
with either DMSO (CTL) or 2 yM of the MEK inhibitor, PD0325901 (MEKi), for 18 hr were analyzed as described in Figure 1. The membrane was
probed with rabbit anti-phospho-ERK1/2 (Thr202/Tyr204), mouse anti-total ERK1/2, and mouse anti-phospho-BIM (Ser69) with antigen-antibody
complexes detected with goat anti-rabbit IRDye 800 (green) and goat anti-mouse IRDye 680 (red). The first Western blot panel is the overlay of
the simultaneous detection of both phospho-ERK1/2 (800 nm channel-green) and total ERK1/2 (700 nm channel-red) fluorescent signals. The
second and third panels are the black and white images of the single-channel fluorescent images of phospho and total ERK1/2. The bottom two
panels are the fluorescent and black and white images of phospho-BIM. These images represent an example of a subpar Western blot that can
result with this method due to the substandard quality of the primary antibody.
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Figure 3. Examples of protein quantification of the infrared fluorescent Western blots. A) Quantification of total ERK1/2, B-Actin, and total
BIM protein levels was determined by calculating the integrated intensity of each protein band. The integrated intensity is proportional to the
amount of fluorescent-labeled secondary antibodies on the membrane. R-squared values were also used to evaluate the linear regression for
each of the antibodies analyzed in Figure 1. B) Quantification of phospho-ERK1/2 normalized to total ERK1/2 protein levels from Figure 2 was
calculated using the integrated intensity of the fluorescent signal and data is presented as a percent of the DMSO-control.
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The critical steps in generating high-quality, quantitative Western blots according to this protocol are the following: 1) measuring protein
concentrations; 2) sample preparation; 3) blocking the membrane and; 4) quality and caliber of the primary antibody.

The accuracy of measuring total protein concentrations can have a major impact on quantifying protein bands since the exceptional sensitivity
of infrared fluorescent detection will amplify any slight differences found in the protein concentration of the samples. To avoid discrepancies in
determining the protein concentration, generating a standard curve with a linear regression line or R-squared value as close to 1 as possible
(R220.99 or better) is important in the precise calculation of the protein concentration of each sample. For instance, if the R? value falls below
0.99, preparing fresh BSA standards with ultrapure water and carefully repeating the protein quantification assay may help to increase the R?
value. It is also best to avoid using a multichannel pipettor as this will generate inconsistencies in pipetting that may contribute to reduced R?
values and inaccuracies in the protein concentrations of the samples.

Sample preparation plays a significant role in determining the quality of the protein bands, which can also have a direct affect on the
quantification of these bands. When using the Bis-Tris gel system, it is highly recommended that samples are prepared with LDS Samfle Buffer
because the slightly alkaline pH (8.5) of this buffer provides the optimal condition for the reduction of disulfide bonds and denaturation™. This
sample buffer also contains a Coomassie G250 tracking dye that produces a sharp dye front that migrates with the moving ion front, which

helps to ensure that small peptides do not run off the gel4. More importantly, the LDS Sample Buffer minimizes the cleavage of aspartyl-prolyl
peptide bonds when samples are heated at 70 °C due to the pH of the buffer changing from 8.5-8.0*. This results in an ideal environment for

the reduction and alkylation of proteins while also preserving the integrity of the protein. However, if a Tris-Glycine SDS Sample Buffer is used
instead of the LDS Sample Buffer, this will lead to the cleavage of the aspartyl-prolyl bonds, a decrease in the sharpness of the protein bands,
and an increase protein fragmentation4. It is also pertinent to add the Antioxidant to the Upper Buffer Chamber of the Mini-Cell electrophoresis
unit. Since the Antioxidant is able to comigrate with the samples at neutral pH in the Bis-Tris gel system, this can help maintain proteins in a
reduced state and protect disulfide bonds as well as sensitive amino acids against oxidation, whereas the absence of the Antioxidant can lead to
diffused protein bands®. Lastly, it is highly recommended to use either MES or MOPS Running Buffer with Bis-Tris gels as opposed to using Tris-
Glycine SDS Running Buffer with these types of gels. The combination of Tris-Glycine SDS Running Buffer and Bis-Tris gels results in the slow
migration of glycine ions causing a dramatic increase in the electrophoresis run time with bands appearing more compressed and cup-shaped4.

The blocking step is also crucial for producing high-quality Western blot images using fluorescent detection as many of the various blocking
agents can generate high membrane background. For infrared fluorescent detection, it is best to use the Odyssey Blocking Buffer because

this specific blocking agent increases the sensitivity of protein detection while maintaining low background. Although nonfat dry milk, casein, or
BSA could also be used as alternative blocking agents, these types of solutions can cause higher membrane background and in some cases a
decrease in the binding affinity of the primary antibodyw. In addition, milk-based blockers may contain IgG that can cross-react with phospho-
epitopes and anti-goat antibodies, which could interfere with the accuracy of protein detection and proper antibody bindingg’”. However, if a
Western blot image is plagued by high background, nonspecific bands, or weak/no signal, then utilizing one of these alternative blocking agents
may help to improve the quality of the image. Moreover, it is also recommended to avoid adding detergent to the blocking step and long blocking
incubations as this may lead to an increase in background and/or loss of the target protein from the membrane®'? .

Simultaneously detecting two different antigens on the same blot using infrared antibodies labeled with a 700 nm and 800 nm channel dye
requires prudent selection of both the primary and secondary antibodies. The two primary antibodies must be derived from different host species.
For instance, if one primary antibody is derived from rabbit, then the second primary antibody needs to be derived from a different species other
than rabbit, such as mouse. Similarly, the infrared secondary antibodies also need to be derived from the same host species as each of the
primary antibodies and labeled with different fluorophores. For example, a goat anti-rabbit in the 800 nm channel can be combined with a goat
anti-mouse in the 700nm channel in order to accurately observe the protein signal from two different primary antibodies that are derived from
rabbit and mouse.

Primary antibodies vary considerably in their quality, affinity, and sensitivity for their antigen. This can result in a significant reduction in signal or
an increase in the nonspecific binding of proteins to the membrane thereby creating difficulties in accurately visualizing the target protein. Thus,
by using an alternative blocking solution, such as nonfat dry milk or casein dissolved in PBS, may help to improve the protein detection with
poor-quality primary antibodies'°. In addition, the detergent concentration can also affect the binding of the primary antibody to the target antigen
and precaution should be considered when determining the concentration of detergent in order to avoid washing away the antibody. A low
concentration of SDS (0.01-0.02%) can reduce background and nonspecific binding when added to the diluted secondary antibody, especially
when using PVDF membrane°. However, SDS can also disrupt antigen-antibody binding leading to a severe reduction in signal strength.

Furthermore, the novel modifications described in this protocol exemplifies a modern approach to the traditional Western blotting technique.
These cutting-edge advancements drastically improve the efficacy, consistency, and sensitivity of Western data and allows for the accurate
quantification of multiple target proteins on the same membrane regardless of their signal strength. More importantly, these valuable alterations
also significantly reduce the experimental time of performing a Western blot while producing high qualitative and quantitative data.

The authors have nothing to disclose.
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