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Abstract

Far-western blotting, derived from the western blot, has been used to detect interactions between proteins in vitro,
such as receptor—ligand interactions. The insulin signaling pathway plays a critical role in the regulation of both
metabolism and cell growth. The binding of the insulin receptor substrate (IRS) to the insulin receptor is essential
for the propagation of downstream signaling after the activation of the insulin receptor by insulin. Here, we describe
a step-by-step far-western blotting protocol for determining the binding of IRS to the insulin receptor.
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Background

Insulin, secreted by the pancreatic B-cells, is the most powerful anabolic hormone known to regulate the metabolism
of glucose, lipids, and amino acid metabolism through the activation of the insulin signaling pathway. Insulin
binding to the insulin receptor (IR), a tetrameric complex consisting of two extracellular a-subunits and two
transmembrane B-subunits, leads to a conformational change, the activation of tyrosine kinase activity in the -
subunits, and the transphosphorylation of B-subunits at Y972 (Sweet et al., 1987; Cheatham and Kahn, 1995; Yip
and Ottensmeyer, 2003). The phosphorylation of the B-subunit at Y972 generates a NPXpY motif, which the
downstream mediator insulin receptor substrate (IRS) subsequently recognizes and binds to in the insulin receptor
B (IRP), resulting in the activation of PI3K-AKT signaling (Machado-Neto et al., 2018; White et al., 1988).
Therefore, the binding of the IRS to the IRP subunit plays a critical role in the activation of insulin signaling (Peng
and He, 2018).

Far-western blotting is an effective technique to assess protein—protein interactions, including receptor—ligand
interactions (Kaido et al., 2007; Wu et al., 2007), in in vitro assays. In a far-western blotting analysis, one protein is
first separated in an SDS-PAGE gel and transferred to a membrane, followed by the binding of a non-antibody
secondary protein. Then, a specific antibody against the secondary protein will be employed to determine its binding
to the first protein that is being transferred onto the membrane (Figure 1). This method can be used in a regular
laboratory, without the need of expensive equipment, to determine the interaction of proteins in other methods, such
as the surface plasmon resonance system. We introduce a far-western blotting analysis that has been successfully
used to determine the interaction of IR to its downstream mediator, the IRS, and to assess the importance of post-
translational acetylation of IRS in affecting its binding to IR, as well as the activation of the insulin signaling
pathway in our studies (Cao et al., 2017; Peng et al., 2022).
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Figure 1. Procedure of far-western blotting to examine the binding of IRS to IRB. A. Sequential steps of the
procedure. B. Diagram depicts the detection of the binding with antibody. C. Purified IRS1 and IRS2 proteins were
subjected to SDS-PAGE and stained with colloidal blue. D. Similar quantities of IRS2 and acetylated IRS2 by
acetyltransferase P300 protein were employed in an SDS-PAGE and transferred onto a membrane; after renaturation,
membranes were incubated with IRp, followed by incubation with anti-IRp antibody.

Materials and Reagents

1.5 mL Eppendorf tubes (Eppendorf, catalog number: 022363204)
Immuno-Blot PVDF membrane (Bio-Rad, catalog number: 1620177)
Tris-HCI (pH 6.8) (Sigma-Aldrich, catalog number: T5941)
Sodium dodecyl sulfate (Sigma-Aldrich, catalog number: L3771)
Glycerol (Sigma-Aldrich, catalog number: G5516)
B-mercaptoethanol (Sigma-Aldrich, catalog number: M3148)
EDTA (Sigma-Aldrich, catalog number: E9884)
Bromophenol blue (Sigma-Aldrich, catalog number: B8026)
NuPAGE™ LDS sample buffer (4x) (Thermo Fisher Scientific, catalog number: NP0007)
. NuPAGE™ 3%-8%, Novex™ tris-acetate 1.5 mm mini protein gel, 10 well (Thermo Fisher Scientific, catalog
number: EA0378BOX)
11. NuPAGE™ tris-acetate SDS running buffer (20x) (Thermo Fisher Scientific, catalog number: LA0041)
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IRS proteins were prepared as described previously (Cao et al., 2017; Peng et al., 2022). To determine the effect
of IRS acetylation on its binding to IRB, IRS1 and IRS2 proteins were acetylated by acetyltransferase P300
protein. In the acetylation assay, 2 ug of IRS1 or IRS2 were added to the reaction containing 50 mM Tris-HCI
(pH 8.0), 5% glycerol, 0.1 mM EDTA, 50 mM KCI, 1 mM dithiothreitol (DTT), 1 mM PMSF, 10 mM sodium
butyrate, 0.2 pg of acetyl-CoA, and 0.2 pg of P300 (Active Motif). Samples were incubated at 30 °C for 1 h.
In another acetylation assay set, acetyl-CoA was not added but it served as a positive control.

Recombinant human IR protein (Creative Biomart, catalog number: INSR-5093H)

Anti-IRp (Cell Signaling Technology, catalog number: 3020); dilution: 1:500

Protein ladder (Thermo Fisher Scientific, catalog number: 26634)

Tris (Sigma-Aldrich, catalog number: T1503)

Glycine (Sigma-Aldrich, catalog number: G8898)

Methanol (Sigma-Aldrich, catalog number: 34860)

NaCl (Sigma-Aldrich, catalog number: 9888)

Tween-20 (Sigma-Aldrich, catalog number: P1379)

Skim milk powder (Bio-Rad, catalog number: 1706404XTU)

DTT (Sigma-Aldrich, catalog number: D0632)

KH,PO4 (Sigma-Aldrich, catalog number: P5655)

Na,HPO, (Sigma-Aldrich, catalog number: S9763)

Guanidine-HCI (Sigma-Aldrich, catalog number: G3272)

ECL kit (Pierce™ ECL western blotting substrate) (Thermo Fisher Scientific, catalog number: 32106)
Loading buffer (see Recipes)

Wet transfer buffer (see Recipes)

Denaturing and renaturing buffers (see Table 1) (see Recipes)

Protein-binding buffer (see Recipes)

PBST buffer (see Recipes)

Equipment

AW N =

Mini gel tank (Thermo Fisher Scientific, catalog number: A25977)

PowerPac™ basic power supply (Bio-Rad, catalog number: 1645050)
ChemiDoc XRS+ gel imaging system (Bio-Rad)

Mini trans-blot electrophoretic transfer cell (Bio-Rad, catalog number: 1703930)

Procedure

A.

Denaturing the protein samples

1. Prepare 4% loading buffer.

2. Mix the loading buffer (4x) and NuPAGE™ LDS sample buffer (4x) in 1:1 volume.

3. Apply the mix to the purified protein of mouse IRS1 (0.2—0.4 pg/ulL) and IRS2 (0.2—0.5 pg/pL) (final 1x)
in 1.5 mL Eppendorf tubes, at 95 °C for 10 min, and put on ice right after.

Notes:
a. The mixture of loading buffer and NuPAGE™ LDS sample buffer (final 1x) can be used as a negative
control.

b. During the heating process, pay close attention to prevent the sample from volatilizing due to the tubes’
caps opening. Before loading the sample, collect the water vapor on the cap by completing a short spin.
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B. Separating protein samples by electrophoresis

Load the denatured IRS1 and IRS2 protein samples onto the Novex™ mini protein gel along with the protein
ladder. Run at 80 V in the stacking gel and then turn to 120—150 V in the resolving gel, until your target protein
migrates to the middle of the resolving gel.

Notes:

a.

Sample volume should not be >50 uL for a 1.5 mm 10-well gel. In our experiment, we load 5—10 ug of
IRS1 (180 kD) protein and 5—12 ug of IRS2 (185 kD) protein.

When the protein samples run into the resolving gel, transfer the electrophoresis tank into the refrigerator
set at 4 °C.

Based on the migration of the protein ladder, the position of the target protein in the gel can be estimated.

C. Transferring the protein to the membrane

Membrane preparation: pre wet the PVDF membrane first in methanol for 20 s, then place in ultrapure

water for one quick rinse, followed by sitting in ultrapure water for 5 min, and finally in the wet transfer

buffer (for at least 15 min).

After electrophoresis is complete, wash the electrophoresis plates with pure water, place the gel over the

blotting paper, carefully place the pre wet PVDF membrane onto the gel, place a second blotting paper

onto the PVDF membrane, and place a sponge support pad.

In this assay, we use wet transfer [100 V/gel, 2 h (for 1.5 mm gel), room temperature (RT)] or 10 mA/gel,

overnight at 4 °C.

Caution:

a. To open and remove gel(s) from the pre-cast gel cassettes, please refer to the “NuPAGE Technical
Guide” at https://www.thermofisher.cn/order/catalog/product/EA0375PK2.

b.  Make sure that there are no air bubbles present in the transfer sandwich.

D. Denaturing/renaturing of proteins on the membrane

After the transfer is complete, take the membrane out of the sandwich and rinse with ultrapure water twice.
Incubate the membrane in the denaturing and renaturing buffers (freshly prepared) from high to low
concentrations of guanidine-HCI as shown in Table 1. Finally, incubate the membrane in the denaturing
and renaturing buffer without guanidine-HCI overnight at 4 °C.

Table 1. Denaturing and renaturing buffers with varying concentrations of guanidine-HCl

Guanidine-HC1 6M 3IM 1M 0.1 M oM
concentration

80% glycerol (mL) 3.125 3.125 3.125 3.125 3.125
5 M NaCl (mL) 0.5 0.5 0.5 0.5 0.5

1 M Tris pH 7.5 (mL) 0.5 0.5 0.5 0.5 0.5

0.5 MEDTA (mL) 0.05 0.05 0.05 0.05 0.05
10% tween-20 (mL) 0.25 0.25 0.25 0.25 0.25

8 M guanidine-HCI (mL) 18.75 9.3 3.13 0.31 0
Milk powder (g) 0.5 0.5 0.5 0.5 0.5
IM DTT (uL) 25 25 25 25 25
ddH,O (mL) 1.825 12.195 17.445 20.265 20.575
Total volume (mL) 25 25 25 25 25
Time/temperature 30 min/RT 30 min/RT 30 min/RT 30 min/4 °C Overnight/4 °C

Caution: Completely renaturing proteins on the membrane is critical for subsequent protein—protein binding
assays.
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E. Blocking the membrane with 5% milk in PBST buffer for 1 h, at RT

F. Incubating the membrane with recombinant human IRp protein

1. After blocking, wash the membrane with PBST buffer three times for 5 min.
2. Apply 3-10 pg of IR in PBST buffer containing 3% milk and incubate with the membrane at 4 °C
overnight.

G. Detecting the IRP bound to IRS1/2 on the membrane

Wash off un-bound IR with PBST buffer three times for 10 min.

Incubate with anti-IRp (1:250 dilution) in 3% milk PBST, at 4 °C overnight.

Wash the membrane with PBST buffer, three times for 10 min.

Incubate the membrane with the secondary antibody (1:5,000 dilution) for 1 h at RT.
Wash the membrane with PBST buffer, three times for 10 min.

Rinse the membrane with PBS for 5 min.

AN AW =

H. Developing the membrane with the chemiluminescent ECL kit according to the
instructions

Briefly, prepare the chemiluminescent substrate reagent by mixing the detection reagent 1 and 2 at 1:1 volume.
Incubate the blot with the chemiluminescent substrate for 2 min. Remove the blot from the substrate and place
it in the ChemiDoc XRS+ gel imaging system to get image.

Caution: Use a sufficient volume to ensure that the blot is completely wet with the chemiluminescent substrate
and does not become dry (0.1 mL/cm?).

Recipes

1. Loading buffer
50 mM Tris-HCI (pH 6.8)
2% sodium dodecyl sulfate
10% glycerol
1% B-mercaptoethanol
12.5 mM EDTA
0.02% bromophenol blue
This loading dye can be stored at RT (-20 °C) for up to six months.

2. Wet transfer buffer
25 mM Tris
192 mM glycine
20% methanol
The buffer should be freshly prepared.

3. Denaturing and renaturing buffers
100 mM NaCl
20 mM Tris (pH 7.6)
10% glycerol
0.1% Tween-20
2% skim milk powder
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1 mM DTT
This should be freshly prepared.

4. Protein-binding buffer
100 mM NaCl
20 mM Tris (pH 7.6)
0.5 mM EDTA
10% glycerol
0.1% Tween-20
2% skim milk powder
1 mM DTT
The solution should be freshly prepared.

5. PBST buffer
4 mM KH2P04
16 mM NazHPO4
115 mM NaCl (pH 7.4)
0.05% Tween-20
Prepare 10x PBST and store at RT for up to three months. Dilute to 1x before use.
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