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Abstract

The discovery that TNF receptors (TNFR) serve as the binding receptors for progranulin (PGRN) 

reveals the significant role of PGRN in inflammatory and autoimmune diseases, including 

inflammatory arthritis. Herein we describe a simple, antibody-free analytical assay, i.e., a biotin-

based solid-phase binding assay, to examine the direct interaction of PGRN/TNFR and the PGRN 

inhibition of TNF/TNFR interactions. Briefly, a 96-well high-binding microplate is first coated 

with the first protein (protein A), and after blocking, the coated microplate is incubated with the 

biotin-labeled second protein (protein B) in the absence or presence of the third protein (protein 

C). Finally the streptavidin conjugated with a detecting enzyme is added, followed by a signal 

measurement. Also discussed in this chapter are the advantages of the strategy, key elements to 

obtain reliable results, and discrepancies among various PGRN proteins in view of the binding 

activity with TNFR.
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1 Introduction

Solid-phase binding assay is a widely used approach to study protein–protein interactions in 

vitro, especially antibody-based solid- phase assay, in which antigen-specific antibodies are 

used [1–3]. However, there may be some issues associated with the antibody-based assay, 

limiting the use of the assay. One common problem is the nonspecific binding of the 

antibodies, which can result in the high background. Another concern comes from the 

inconsistency of the antibodies employed, especially when polyclonal antibodies are used. 

The ideal conditions need to be established for each batch, including antibody concentration, 

incubation time, dilution buffer, and so on. In addition, some antibodies may not be 

© Springer Science+Business Media New York 2014
9Another reason that leads to low OD value is probably due to the use of sodium azide. Sodium azide is an inorganic compound; it has 
an inhibitory effect on the activity of HRP and can quench peroxidase activity and suppress the growth of bacteria during incubations. 
It may be added for its bacteriostatic properties, but should be avoided by the step of incubation with HRP reagents.
10In summary, biotin-based solid-phase assay is a simple, costeffective analytical assay for studying protein interactions. For instance, 
it is antibody free and significantly reduces the workload, as there is no need to optimize antibody conditions. More importantly, it 
avoids the inconsistency and nonspecific binding resulted from the application of various antibodies. Although the biotin-based solid-
phase assay offers numerous advantages over other assays, one potential disadvantage associated with this assay is that the 
biotinylation process may alter the structure and properties of the proteins of interest, and the labeled protein may thus exhibit less or 
no binding activities to its binding partners.
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commercially available. In view of these potential issues, establishing a simple and an 

antibody-free approach is of importance for routinely detecting direct protein–protein 

interactions in vitro. Biotin- based solid-phase assay is some sort of a simple and time-

saving technique used for protein interaction analysis, and more importantly, it is antibody-

free. Briefly, the first protein (protein A) is immobilized to an ELISA plate (solid phase). 

After blocking, biotin- labeled second protein (protein B), alone or together with the third 

protein (protein C), is added to the well. After washing, bound protein is detected by 

addition of a streptavidin conjugated with an enzyme followed by a detection step and signal 

measurement (Figs. 1, 2, and 3).

Progranulin (PGRN), also known as proepithelin (PEPI), PC cell-derived growth factor 

(PCDGF), and granulin epithelin precursor (GEP), is a 593-amino-acid autocrine growth 

factor [4, 5]. PGRN is highly expressed in epithelial cells, certain types of neurons, and 

macrophages [6], and is likewise expressed in a broad range of other tissues and cell types 

including skeletal muscle, chondrocytes, adipose tissue, hematopoietic cells, and immune 

cells, including T cells and dendritic cells [7–9]. PGRN has multiple physiological 

functions, and is involved in many types of disease processes, including autoimmune 

disorders, cancer, and neurodegenerative diseases. PGRN promotes cell proliferation, and is 

crucial to the development and generation of fast-growing epithelial, endothelial cells, and 

cancer cells [10]. PGRN levels are elevated in many types of cancer, including breast 

cancer, ovarian cancer, and cholangiocarcinoma [11–13]. Mutations of the PGRN gene are 

known to lead to the development of frontotemporal lobar degeneration (FTLD) [14, 15], 

and the protein levels of PGRN in serum and cerebral spinal fluid (CSF) were significantly 

reduced in both unaffected and affected PGRN-mutation carriers in FTLD [16–18]. The 

importance of PGRN has also been emerging in respect to the immune system [19]. PGRN 

has been reported to promote CD4 + T cells to differentiate into Foxp3 + regulatory T cells 

[20] and to enhance antibody diversity in B cells [21]. PGRN also binds with Toll-like 

receptor 9 (TLR9) and assists in the recruitment of CpG oligonucleotides (CpG-ODNs) in 

macrophages [22], a process which is critical for the elimination of infection.

Our recent studies have led to the isolation of PGRN as a binding partner of TNFR in a 

functional genetic screen [20, 23]. We have confirmed the interactions between PGRN and 

TNFR using various approaches, including Co-IP, FastStep Kinetic Assay, and antibody-

based solid-phase assay [20]. Here we describe a biotin-based solid-phase binding assay 

using PGRN and TNFR as examples. In addition, a biotin-based assay for examining PGRN 

inhibition of TNF binding to TNFR is also presented.

2 Materials

1. Recombinant proteins.

a. Recombinant human progranulin: Purified from progranulin stable cell line-

PGRN HEK293 EBNA stable cell line (Lab progranulin) [24], or R&D 

Systems Inc. (Mouse myeloma cell line NS0-derived, Thr18-Leu593).

b. Recombinant Human TNF RII (Invitrogen or R&D Systems Inc.), also 

known as CD120b and p75.
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c. Recombinant Human TNF-α (R&D systems Inc.): E. coli-derived, Val77-

Leu233.

2. EZ-Link Sulfo-NHS-Biotinylation Kit (Thermo scientific) (see Note 1).

3. Zeba™ Spin Desalting Column: It contains a high-performance resin that offers 

exceptional desalting or buffer exchange for protein samples.

4. TBS buffer: Tris-buffered saline, 10 mM Tris–HCl, pH 7.4, 150 mM NaCl.

5. Binding buffer: TBS buffer containing 0.1 % (w/v) BSA, 1 mM CaCl2. Prepare 

fresh.

6. Streptavidin-HRP (Invitrogen): Diluted 1:2,500 in binding buffer.

7. TMB Solution (Invitrogen): Ready to use, no dilution or further preparation 

required. In the presence of HRP, TMB will turn to blue.

8. Stop solution: 2 N Sulfuric Acid.

9. Blocking solution: 5 % (w/v) bovine serum albumin (BSA) Fraction V, Heat Shock 

Treated (Fisher scientific), 0.05 % (w/v) sodium azide in TBS. Prepare sodium 

azide as 20 % stock solution, then add to TBS buffer, dissolve BSA to the buffer, 

mix gently up and down. Prepare fresh

3 Methods

3.1 Biotinylation of Protein

Sulfo-NHS-Biotin is a popularly used water-soluble biotinylation reagent for labeling 

antibodies, proteins, and any other macromolecules that contain primary amine. It can be 

conjugated to many proteins of the primary amino groups to form stable amide bonds 

without perturbing the function of the molecule due to the small size of biotin, and it has 

high binding affinity to streptavidin and avidin.

The manufacturer’s protocol is followed to label proteins. Briefly, calculate the amount of 

reagent needed, and prepare the biotin solution; add to the protein solution for labeling 

reaction, then perform buffer exchange to remove excess biotin reagent using a desalting 

column, followed by an HABA assay [2–(4-hydroxyazobenzene) benzoic acid] to estimate 

biotin label incorporation.

3.2 Purification of Recombinant PGRN Protein

1. Culture the progranulin stable cell line-PGRN HEK293 EBNA in tissue culture 

dishes in DMEM supplemented with 10 % of fetal bovine serum (FBS) and 50 

µg/mL of G418 (Geneticin). After reaching confluence, add serum-free medium to 

the cells, and continue incubation for another 2 days, then collect the medium.

1EZ-Link Sulfo-NHS-Biotin is moisture-sensitive. Prepare the biotin reagent immediately before use.
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2. To purify recombinant PGRN protein, add nickel-chelating resin to the medium 

and mix at 4 °C for overnight. After washing, the bound protein was eluted and 

analyzed by SDS-PAGE and Western blot with anti-PGRN antibody.

3.3 Solid-Phase Binding Procedure for Detecting the Binding of PGRN to TNFR

1. Coat various doses (0–0.5 µM) of PGRN (protein A) or BSA (serving as control) in 

TBS buffer containing 0.5 % BSA to ELISA plate (100 µL/well) (see Note 2). 

Perform the assay using triplicates for each set of samples (see Note 3). Cover the 

plate and store at room temperature overnight. The plate can be stored at 4 °C for 

several days.

2. Discard the solution in the well and add 100 µL of blocking solution to each well 

using a multichannel pipette. After soaking for 1 min, invert the plate over a sink 

and strike it onto adsorbent paper toweling to remove the solution.

3. Add 200 µL of blocking solution to each well using a multichannel pipette. Leave 

at room temperature for 1–3 h (see Note 4).

4. Discard the blocking solution, and wash the wells three times with binding buffer.

5. Flick out the final wash. Invert the plate and tap it hard onto adsorbent paper towel 

to remove residual liquid (see Note 5).

6. Dilute the biotin-labeled TNFR2 (protein B) in binding buffer to a concentration of 

1 ng/µL. Add 100 µL of this solution to each experimental well. Cover the plate and 

incubate at 37 °C for 2–3 h.

7. Aspirate the wells to remove unbound protein. Wash the wells three times with 

binding buffer. Remove residual buffer as in step 5.

8. Dilute streptavidin–HRP reagent 1:2,500 in binding buffer. Add 100 µL of this 

reagent to each well using a multichannel pipette. Incubate the plate for 15 min at 

room temperature (see Note 6).

9. Aspirate the wells to remove unbound streptavidin–HRP. Wash the wells seven to 

ten times with binding buffer. Remove residual buffer as in step 5.

2The addition of BSA is not always required when preparing protein samples. And when it is used, the concentration in dilution buffer 
should be optimized from various trials aiming at the particular target protein and reagents. An appropriate selection of the buffer 
helps to block nonspecific binding sites to the upmost and retain the specific binding affinity at the same time.
3Replicating samples for each set is preferred to get reliable results. Usually, the samples should be performed using at least 
triplicates, if possible, six to eight replicates, the more the better. The experiments are also expected to be repeated for several times, 
to ensure that the results are reproducible.
4Blocking is the principal procedure to reduce nonspecific binding. A preferable blocking effect results from the proper choice of 
blocking reagents and the proper dosage of it. Different reagents may bring about dramatically varied background. The same blocker 
may perform distinctly different in different tests. Nonfat dry milk, for example, is regarded as an effective blocking buffer in certain 
kinds of solid-phase assay, like antibody-based assay, which, however, is not the same situation as in this biotin-based solid-phase 
assay. In this study we used BSA as the blocker. To determine the optimal BSA concentration, preliminary experiments should be 
performed with different concentrations of BSA in blocking buffer. Meanwhile, a longer blocking time should be expected in case of 
high background binding.
5Another basic way to get rid of high background is to present enough washes. Insufficient washing will lead to reagent residual in the 
wells, which may attenuate the difference between control and experimental groups. It is critical to guarantee plenty of washing times 
and complete elimination of the washing buffer each time.
6To avoid excessive HRP signal, it is important to perform multiple dilutions of streptavidin-HRP before use. A feasible concentration 
of HRP can be figured out by performing experiments with different dilutions.
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10. Add 100 µL of TMB to each well using a multichannel pipette. Keep the plate in 

the dark until a blue color is obtained (typically 5–30 min) (see Note 7).

11. Stop the reaction by adding 100 µL of 2 N H2 SO4 solution to each well using a 

multichannel pipette.

12. Read the plate using an automatic plate reader at 450 nm (see Notes 8– 11) and 

analyze the data (see Fig. 4a).

3.4 Solid-Phase Binding Procedure for Detecting the Inhibition of TNF/TNFR Interactions 
by PGRN

1. Coat ELISA plate with TNFR2 (100 µL/well) in TBS buffer containing 0.2 % BSA. 

The well without TNFR2 serves as a blank. Perform the assay using triplicates for 

each set of samples. Cover the plate with plastic film and store at room temperature 

overnight or 4 °C for up to 1 week.

2. Follow the steps 2–5 in Subheading 3.3.

3. Add various doses (0–1 µM) of PGRN (protein C) or BSA (serving as control) in 

binding buffer to each experimental well. Cover the plate with plastic film and 

incubate at 37 °C for 1 h. Then add biotin-labeled TNFα (protein B) to each 

experimental well and incubate at 37 °C for another 2 h.

4. Follow the steps 7–12 in Subheading 3.3 (Fig. 4b).
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Abbreviations

BSA Bovine serum albumin

CpG-ODNs CpG oligonucleotides

7The signal development is time-dependent in the assay. After adding the substrate to start coloration, the plate should be kept in the 
dark for maintaining the stability of TMB. But it is important to check the plate every few minutes. Stop solution should be added 
whenever the coloration is obvious. Overtime incubation might result in overreactions. A typical time period is 5–30 min, which relies 
on different properties, concentrations, and binding affinities of reagents.
8A highly reliable OD450 value is conventionally considered as ranging between 0.2 and 1.5. The values exceeding this range may be 
not reliable. High OD value may occur because of improper and inefficient washing or high concentration of reagents. Low OD value 
is probably due to insufficient incubation time, improper sample dilutions, expiration of reagents, or incorrect operation on ELISA 
readers (such as using wrong wavelength).
11The fact that PGRN is composed of 593 amino acids but displays an apparent molecular weight of approximately 90 kDa indicates 
that PGRN is modified, including glycosylation [25]. It appears that the various glycosylation and conformation are probably critical 
for the binding of PGRN to TNFR, since recombinant PGRN produced from a HEK-EBAN stable line, but not purchased from R&D 
System (data not shown), bound to TNFR (Fig. 4a). These findings are in line with the binding activities of perlecan, a PGRN-binding 
glycoprotein [26]. Perlecans purified from different cell types or same cell type with different expression systems have been shown to 
have the potential for significant variation in glycosylation and function, and can vary dramatically in FGF receptor-based assays or in 
growth factor binding assays [27–29]. It is worthwhile to note that the PGRN-binding activities of TNFR2 obtained from several 
commercial sources also significantly varied. For instance, TNFR2 purchased from Invitrogen or Sigma, but not from R&D System, 
showed reproducible binding with PGRN (data not shown), indicating that proper conformation of TNFR is also important for their 
ligand binding properties.

Tian et al. Page 5

Methods Mol Biol. Author manuscript; available in PMC 2015 April 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CSF Cerebral spinal fluid

EBNA Epstein-Barr nuclear antigen

FGF Fibroblast growth factor

FTLD Frontotemporal lobar degeneration

GEP Granulin–epithelin precursor

HEK Human embryonic kidney

HRP Horseradish peroxidase

PCDGF GP88/PC-cell derived growth factor

PEPI Proepithelin

PGRN Progranulin

TLR9 Toll-like receptor

TMB 3,3′,5,5″-Tetramethylbenzidine

TNFR Tumor necrosis factor receptor

TNF-α Tumor necrosis factor-α
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Fig. 1. 
Schematic diagram of biotin-based solid-phase binding assay
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Fig. 2. 
Schematic diagram of biotin-based solid-phase inhibition assay
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Fig. 3. 
Pipeline of detecting protein–protein interactions using biotin-based solid-phase assay
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Fig. 4. 
Reprehensive examples of solid-phase assay. (a) Binding of PGRN to TNFR2. Various 

doses of PGRN or BSA, as indicated, were absorbed to an ELISA plate. After blocking 

biotin-labeled TNFR2 was added, and the bound protein from the liquid phase was then 

detected by streptavidin conjugated with horseradish peroxidase. (b) PGRN inhibition of 

TNFα binding to TNFR2. After blocking, plates precoated with TNFR2 were incubated with 

various amounts of PGRN, as indicated, and biotin-labeled TNFα, and the bound biotin-

labeled TNFα was detected as described in (a)
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