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Abstract

Nuclear factor kappa B (NF-κB) is a potent transcription factor highly expressed in the central 

nervous system (CNS) where it has been shown to be required for multiple behavioral paradigms 

of learning and memory in both mammalian and invertebrate systems. NF-κB dimers are found in 

neuronal cell bodies, are also present at synapses, and can participate in the activity-dependent 

regulation of gene expression in response to excitatory neurotransmission. Multiple serine-directed 

phosphorylation events are critical in the canonical NF-κB activation pathway, including activation 

of the IκB kinase complex (IKK) and phosphorylation and degradation of the inhibitor of NF-κB 

(IκB). In this chapter, we describe methods for immunoprecipitation (IP) of the IKK complex 

from dissociated cultured murine hippocampal neurons, followed by in vitro kinase assay to 

evaluate excitatory neurotransmission-induced IKK activation by monitoring phosphorylation of a 

GST-IκBα substrate. These methods can also be successfully implemented in subcellular-reduced 

brain preparations, such as biochemically isolated synapses.
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1 Introduction

The nuclear factor kappa B (NF-κB) family of transcription factors was initially 

characterized as key regulators of genes involved in both innate and adaptive immune 

responses [1–5]. Dysregulated NF-κB signaling has been linked to cancer and inflammatory 

and autoimmune disorders [6–9]. Over the past decade, research from multiple laboratories, 

including our own, has revealed a conserved role for NF-κB in the regulation of synaptic 

plasticity, learning, and memory [10–21]. While NF-κB is ubiquitously expressed in all 

tested cell types of the central nervous system (CNS), previous work has demonstrated that 

NF-κB is present at neuronal synapses and can mediate synaptic activity-dependent 

regulation of gene expression in response to excitatory neurotransmission [17, 22, 23]. 

Synaptic input can alter the complement of expressed genes and represents a critical 

pathway employed by the nervous system to affect the enduring adaptation required in 

development, differentiation, and plasticity. Neuronal NF-κB is classified as an activity-

dependent transcription factor that can be induced by multiple stimuli, including excitatory 

neurotransmitters [17, 24, 25], cytokines (e.g., tumor necrosis factor alpha (TNFα)) [5, 26], 
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and growth factors (BDNF, NGF) [27, 28]. In addition to these physiological activators, NF-

κB has also been shown to become activated during brain injury, ischemia, and oxidative 

stress.

The mammalian NF-κB family (also known as the Rel family) consists of five members 

which can hetero- and homo-dimerize: p50 (product of the NF-κB1 gene), p52 (product of 

the NF-κB2 gene), p65 (also known as Rel A), c-Rel, and RelB [29]. The expression of all 

NF-κB family members has been reported in brain tissue, although the predominant 

neuronal dimers under basal conditions appear to be p65:p50 and p50:p50 [17, 24, 30]. All 

Rel family members contain a conserved Rel homology domain that includes an 

immunoglobulin-fold DNA-binding domain, a dimerization domain, and a nuclear 

localization sequence (NLS). RelA, RelB, and c-Rel have a transactivation domain (TAD) in 

their carboxyl-termini.

Dimers of NF-κB are held latent in the cytoplasm by non-covalent interactions with a class 

of inhibitors called inhibitor of NF-κB (IκB) proteins. Canonical pathway activation of NF-

κB is mediated by the IκB kinase complex (IKK), which is composed of two catalytic 

subunits, IKKα and IKKβ, and a regulatory subunit, IKKγ. IKK phosphorylates the 

inhibitor of kappa B protein (IκB) and leads to its subsequent ubiquitination and degradation 

by the 26S proteasome [31]. IκB degradation exposes the DNA-binding domain and NLS of 

NF-κB and permits stable translocation to the nucleus (Fig. 1) followed by binding to 

consensus κB-binding sites of target genes and the regulation of gene expression. While 

IKK activation is well characterized as a pathway mediating NF-κB activation, it should be 

noted that at least one IKK subunit (IKKα) has also been demonstrated to regulate gene 

expression through a distinct mechanism of chromatin remodeling in multiple tissues, 

including brain [32]. In some settings, it has been determined that the kinase activity of 

IKKα is also requisite for this non-NF-κB-related function [33].

In this chapter, we describe a protocol for the assay of neuronal NF-κB activation produced 

by excitatory synaptic stimulation and include instructions for the production of dissociated 

murine neuronal cultures. Synaptic excitation is produced by transient competitive inhibition 

of GABAA receptors (using bicuculline), which results in enhanced excitatory synaptic 

responses and the effective production of NF-κB activation in mature neuronal cultures with 

fully developed inhibitory GABA networks. Activation of the NF-κB pathway can be 

monitored using multiple approaches. In this protocol, we describe an approach for the 

measurement of IKK activation in neurons by in vitro kinase assay of IKK. This protocol 

derives from previous protocols [34–36], but is optimized for use in mouse neuronal tissue. 

IKK complexes are immunoprecipitated from control or stimulated neurons and presented 

with an IκBα-based substrate. We also include a protocol for the production and purification 

of this recombinant in vitro IKK substrate.
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2 Materials

2.1 Neuronal Culture Stocks

1. 1 mM AraC (cytosine β-D-arabinofuranoside; Sigma-Aldrich, St. Louis, 

MO, USA): in sterile nanopure H2O. Sterile filter, make 1 ml aliquots in 

Eppendorf tubes, and store at −20 °C.

2. 50× B27 supplement for optimal growth of neurons (Life Technologies, 

Carlsbad, CA, USA): make 1 ml aliquots in Eppendorf tubes and store at 

−20 °C.

3. 200 mg/ml BSA: BSA fraction V in sterile nanopure H2O. Sterile filter, 

make 1 ml aliquots in Eppendorf tubes, and store at −20 °C.

4. 25 mg/ml cysteine: L-cysteine in sterile nanopure H2O. Sterile filter, make 

200 μl aliquots, and store at −20 °C.

5. 5 mg/ml DNase I (Worthington #LS002004, Code D, 5 mg): in sterile 

nanopure H2O. Sterile filter, make 400 μl aliquots, and store at −20 °C.

6. 5 ng/ml basic FGF (bFGF, Life Technologies): make 50 μg/ml aliquots in 

Neurobasal A (Life Technologies #10888-022), and store at −20 °C.

7. 0.2 mg/ml glucose: in nanopure H2O. Sterile filter and store at room 

temperature.

8. 200× glutamine: 200 mM L-glutamine.

9. 10× HBSS without Ca2+/Mg2+/NaHCO3: 100 ml bottle (Life 

Technologies).

10. 10× HBSS with Ca2+/Mg2+, EDTA, NaHCO3: 100 ml bottle as above, add 

0.1 ml of 0.5 M EDTA (0.5 mM final), and add 9.6 ml of 524 mM 

NaHCO3 (50 mM final).

11. 1 M HEPES, pH 7.5.

12. 0.2 units/μl papain (Worthington Biochemical Corporation, Lakewood, NJ, 

USA): resuspend 100 mg vial in sterile nanopure H2O at 4 °C overnight, 

sterile filter into a 15 ml conical tubes, and store at 4 °C.

13. 100× pen/strep/glutamine: 1:1 mix of penicillin (10,000 units), 

streptomycin (10 mg), and 200 mM L-glutamine. Sterile filter, make 1 ml 

aliquots in Eppendorf tubes, and store at −20 °C.

14. 40× pen/strep/pyruvate/glucose: 200 μl pen/strep, 200 μl 200 mg/ml 

glucose, 400 μl 100 mM sodium pyruvate, 200 μl sterile nanopure H2O. 

Sterile filter, make 1 ml aliquots in Eppendorf tubes, and store at −20 °C.

15. 100 mM sodium pyruvate: store at 4 °C.

16. 50 ml of plating medium: 48.5 ml of Neurobasal A, 1 ml of 50× B-27 

supplement, 0.5 ml of 100× pen/strep/L-glutamine, 5 μl of 5 ng/ml bFGF.
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17. 50 ml of growth medium: 48.75 ml of Neurobasal A, 1 ml of 50× B-27 

supplement, 0.25 ml of L-glutamine, 5 μl of 5 ng/ml bFGF (see Note 1).

18. Trituration medium: 20 ml of DMEM, 200 μl of 200 mg/ml BSA (2 mg/ml 

final), 0.5 ml of 40× pen/strep/glucose/pyruvate, 200 μl of 5 mg/ml DNase 

(0.05 mg/ml final).

19. Centrifugation medium: 5 ml of trituration medium, 400 μl of 200 mg/ml 

BSA (16 mg/ml final); add three drops of sterile 0.1 N NaOH or until 

medium is slightly pink.

20. Papain solution: 1.5 ml of 6.67× HBSS/NaHCO3/EDTA, 128 μl of 25 

mg/ml cysteine (2.13 mg/ml final), 0.25 ml of 40× pen/strep/glucose/

pyruvate, 8 ml of H2O. Store on Ice. Immediately prior to use, warm to 

room temperature, add 1/2 to flask, and gently aerate with 95 % O2/5 % 

CO2. Add 0.2 units/μl papain later.

21. Dissection solution: 2 ml of 10× HBSS without Ca2+/Mg2+/NaHCO3, 200 

μl of 1 M HEPES (1 mM final), 0.5 ml of 40× pen/strep/glucose/pyruvate, 

17.3 ml of H2O.

22. 0.1 M sodium borate buffer: add 38.14 g of sodium borate (Na3BrO3) to 1 

L of H2O. Adjust pH to 8.4 with HCl. Sterile filter or autoclave.

23. Poly-L-lysine (PLL: 0.5 mg/ml) solution: add 10 mg of PLL (Sigma) to 

100 ml of 0.1 M sodium borate buffer (pH 8.4). Sterile filter and make 5 

ml aliquots in 50 ml conical tubes (concentration 333 nM and final 

concentration 33 nM after adding 45 ml of sodium borate buffer). Freeze 

at −20 °C. Add 45 ml of sodium borate buffer to the 5 ml of PLL aliquots. 

Add the PLL solution to the wells (500 μl/well of 24-well plate). Incubate 

for 4 h at 37 °C; overnight is better. Wash 1× in a large volume with 1× 

PBS or sterile water. Vacuum dry and plate immediately or store in the 

tissue culture incubator until plating.

24. 100× stop solution for bicuculline stimulation for neurons: 500 mM 

sodium HEPES, use 0.3 M NaOH to pH to 7.4, 100 mM kynurenic acid, 

anhydrous (Sigma K-3375), 1 M MgCl2, sterilized. The kynurenate 

solution must be filtered with a prewashed 0.2 μm nylon filter to remove 

any undissolved material and bacteria (see Note 2), followed by aliquoting 

(1 ml per 1.5 ml tube) and storage at −20 °C.

25. 30 mM bicuculline (Sigma): dissolve in water and store in 50 μl aliquots at 

−20 °C.

1Basic fibroblast growth factor (bFGF) is optimally in the growth medium only at the time of plating and no longer than the first 3 
days of culture, to avoid excessive glia proliferation.
2Kynurenate may be difficult to dissolve. The solution is typically left in the refrigerator for several days, shaking it once or twice a 
day, or just warm at room temperature starting in the morning. Very small residual particles may be tolerated.
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2.2 GST-IκBα and In Vitro Kinase Assay Stocks

1. LB: 20 g of LB in 1 L of nanopure water, autoclaved.

2. 1× phosphate buffered solution (PBS), pH 7.3: 137 mM NaCl, 2.7 mM 

KCl, 4.3 mM Na2HPO4·7H2O, 1.4 mM KH2PO4, autoclaved and stored at 

room temperature. For washing neurons at harvesting, add 0.9 mM MgCl2 

to PBS.

3. Glutathione buffer: 50 mM Tris, pH 7.5, 10 mM glutathione (Sigma).

4. 1 mM IPTG (Isopropyl β-D-1-thiogalactopyranoside).

5. Mini EDTA-free protease inhibitor cocktail (Roche, Madison, WI, USA): 

add fresh, prior to use, 1 tablet/10 ml lysis buffer.

6. Lysozyme.

7. Glutathione Sepharose beads (GE Healthcare, Mickleton, NJ, USA).

8. Poly-Prep chromatography elution columns (Bio-Rad, Hercules, CA, 

USA).

9. Bradford protein assay kit (Bio-Rad).

10. Kinase reaction buffer: 10 mM ATP (“cold”), 5 mCi of [γ-P32]-ATP (10 

mCi/ml), 1 mg of GST-IκBα(1–62). Make fresh prior to use in radioactive 

designated area.

11. 1× kinase buffer: 10 mM HEPES, pH 7.9, 5 mM MgCl2, 1 mM MnCl2. 

Store at room temperature. Add fresh, prior to use, 50 mM DTT and 

phosphatase inhibitors: 12.5 mM beta-glycerophosphate, 2 mM NaF, 50 

mM Na3VO4. You can make 50× mixed stock of phosphatase inhibitors 

stored in small aliquots at −20 °C.

2.3 Mini SDS-PAGE Gel, Immunoblotting, and Immunoprecipitation (IP)

1. Stacking gel: 1.67 ml of 0.5 M Tris, pH 6.8, 0.83 ml of 30 % 

acrylamide/bis solution (Bio-Rad), 0.067 ml of 10 % SDS, 0.333 ml of 

1.5 % ammonium persulfate, 3.77 ml of nanopure water, 0.005 ml of 

TEMED (N,N,N′,N′-tetramethyl-ethylenediamine).

2. 12 % resolving gel: 1.25 ml of 3 M Tris, pH 8.8, 4 ml acryl-amide–

bisacrylamide (30 %:0.8 %), 0.1 ml of 10 % SDS, 0.5 ml of 1.5 % 

ammonium persulfate, 4.13 ml of nanopure water, 0.005 ml of TEMED.

3. 1× TBST: 50 mM Tris–HCl, pH 7.4, 150 mM NaCl, 0.1 % Tween 20. 

Make a 10× stock and store at room temperature.

4. 6× SDS sample loading buffer: 1 M Tris, pH 6.8, 10 % SDS, 30 % 

glycerol, 0.012 % bromophenol blue. Store in 10 ml aliquots in 15 ml 

conical tubes at room temperature. Prior to use, heat gently to bring into 

solution, and add 20 μl of 3 M DTT to 100 μl of 6× sample buffer.
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5. 1× running buffer: 25 mM Tris–HCl, 200 mM glycine, 0.1 % SDS. Make 

5× stock and store at room temperature.

6. 1× transfer buffer: 25 mM Tris, 192 mM glycine, 10 % methanol. Make 

10× stock, without methanol, and store at room temperature. Add the 

methanol prior to use, when you make the 1× working solution.

7. IP lysis buffer: 20 mM Tris, pH 7.5, 150 mM NaCl, 1.0 % Triton X-100, 

1.0 mM EDTA. Store at room temperature. Add fresh phosphatase 

inhibitors: 20 mM beta-glycerophosphate, 10 mM NaF, 100 μM Na3VO4. 

Add fresh mini EDTA-free pro-tease inhibitor cocktail prior to use.

8. Primary antibody: mouse anti-IKKα monoclonal (Novus Biologicals, 

Littleton, CO, USA).

9. Secondary antibody anti-mouse HRP (Santa Cruz Biotechnology, Santa 

Cruz, CA, USA): 1:5,000 dilution.

10. Enhanced chemiluminescence reagents such as the Pierce ECL Western 

Blotting Substrate (Thermo Scientific, Waltham, MA, USA).

2.4 Labware and Instruments

1. Pipetters and pipette tips.

2. Eppendorf 1.5 and 15 ml conical tubes.

3. 24-well culture plates and culture flasks (75 cm2).

4. Eppendorf 1.5 and 15 ml tube centrifuges with temperature control.

5. Tube rotator at 4 °C.

6. Gel casting apparatus and accessories, gel running and transfer apparatus 

accessories, and power source for gel running and transfer. We use the 

Mini-Protean gel system (Bio-Rad).

7. Hot block for Eppendorf tubes.

8. Radiation badge, Geiger counter, radioactivity designated area, and 

instruments.

9. CO2 and 95 % O2/5 % CO2 gas tanks.

10. Tissue culture room, tissue culture hood, and tissue culture incubator set at 

37 °C and 5 % CO2.

11. Ethanol-based flame lamp.

12. Dissection scope, instruments, and dissection designated area (see Note 3).

13. UV sterilizer.

3Dissection can take place on the lab bench provided the area is cleansed with 70 % ethanol, sterile bench techniques are practiced, 
and dissecting instruments are sterilized with UV.
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14. PhosphorImager instrument.

3 Methods

3.1 Murine Hippocampal Neuron Dissociation and Culture

3.1.1 Dissection and Digestion of Murine Hippocampi—For additional details and 

visual aid, see refs. 37 and 38:

1. Prepare fresh trituration, centrifugation, papain, and dissection solutions.

2. Make a hole (using soldering iron) in the top of a sterile 75 cm2 culture 

flask, and connect the hole by tubing to oxygen/CO2 (95/5 %).

3. Place 3 × 35 mm culture dishes containing dissection medium on ice: one 

for the whole brains, another for dissected hippocampi, and a third for the 

final hippocampi with meningeal membranes removed.

4. Dissect the hippocampi from postnatal P0 mouse pups using a dissecting 

scope (Fig. 2) (see Note 4).

5. While dissecting, keep the hippocampi on ice in dissection solution.

6. Remove the meninges using fine tweezers under the dissecting 

microscope.

7. When the dissection is finished, transfer the tissue to the flask connected 

by tubing to oxygen/CO2 (95/5 %), taking care to transfer as little 

dissection solution as possible, and add 100 U papain.

8. Digest for ~10–15 min at room temperature, depending upon papain age 

and temperature.

9. Add 80 U of papain and 100 μl of 5 mg/ml DNase to the remaining papain 

solution and add to the digestion mix in the flask.

10. Digest for another 10–15 min, and monitor by eye watching for feathering 

of the tissue edges.

3.1.2 Trituration and Plating

1. Label three 15 ml conical tubes, #1–#3.

2. Once the digestion is over, move the flask to a tissue culture (TC) hood. 

Allow the tissue to settle in one corner, and then remove the tissue to #1 

conical tube using a 5 ml plastic pipette.

3. Allow the tissue to settle and remove as much of the digestion solution as 

possible from over the tissue. Add 4 ml of trituration solution with mixing, 

4The use of pups on the day of birth is optimal to ensure the survival of the greatest numbers of neurons. It is better to dissect the 
minimum number of hippocampi that yield the size of the culture required (generally from dissecting up to 15 pups), since a shorter 
dissection duration allows better survival of the dissociated neurons. If required, for the inhibition of glial proliferation, AraC (10 μM) 
may be included in the culture medium at DIV 3 for 48 h.
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allow the tissue to settle, and again remove as much solution as possible 

from over the tissue.

4. Triturate the tissue gently up and down four times with a sterile Pasteur 

pipette, and then add 3 ml of trituration solution and allow chunks to 

settle.

5. Remove solution from the top, which is free of chunks, and transfer to #2 

conical tube.

6. Fire-polish a sterile Pasteur pipette to slightly decreased diameter and 

repeat the trituration. Again add 3 ml of trituration solution, allow chunks 

to settle, and remove the top solution to #2 conical tube.

7. Repeat the above trituration procedure fire-polishing pipettes to 

progressively smaller diameters.

8. Transfer the solution from conical tube #2 to conical tube #3 using a 

small-bore Pasteur pipette. Retriturate bits at the bottom of #2 if necessary.

9. Layer 5 ml of centrifugation solution underneath the triturated cells in 

conical tube #3.

10. Centrifuge to pellet cells for 10 min (150 × g, at 20 °C).

11. Remove the supernatant and resuspend the cell pellet in plating medium 

(with pen/strep), and count cells with hemocytometer to plate at ~235,000 

cells/cm2.

12. Put plated cells in an incubator.

13. Approximately 5–7 h later suck off about half of the medium and replace 

(see Note 5).

14. The next morning (no more than 16 h post-plating), gently swirl the 

dishes, remove by suction 1/2–1/3 of the medium, and replace with fresh 

growth medium (without pen/strep) (see Notes 6 and 7).

3.2 IKK Substrate (GST-IκBα) Preparation

1. Transform 100 ng plasmid expressing recombinant-tagged GST-

IκBα (1–62) [39] into 100 μl bacteria (BL21) (see Note 8).

5During changing culture medium, sufficient volume to cover the surface of the cells must always be maintained.
6Plating in medium containing pen/strep may be used to reduce the possibility of bacterial infection, but cultures must be switched to 
WITHOUT pen/strep as soon as possible and no later than 18 h after plating to reduce the toxicity to neurons. To avoid contamination, 
always use sterile techniques when handling neuronal cultures, including keeping a separate set of pipette tips that is opened only in 
the TC hood.
7The use of glial conditioned medium can be useful to improve neuronal viability, especially when the B27 lot is less than optimal or 
when it is desired to maintain a low-density culture (e.g., for immunohistochemistry).
8Recombinant GST-IκBα(1–62) can be cloned into a bacterial expression vector: pGEX (GE Healthcare) by in-frame insertion of an 
amino-terminal fusion with GST to the first 62 amino acid residues of human IκBα).
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2. Starter culture: inoculate 10 ml of LB plus ampicillin (final concentration 

0.1 mg/ml) with transformed GST-IκBα (1–62) in BL21 bacteria by 

shaking at 30 °C overnight.

3. Add the starter culture into 250 ml of LB plus ampicillin and shake at 

37 °C.

4. When the bacterial culture reaches OD600 = 0.6–0.8 (optical density at 600 

nm using UV/visible light spectrophotometer), induce GST-IκBα(1–62) 

expression in the cultured bacteria with a final concentration of 1 mM 

IPTG by shaking at room temperature for 2 h.

5. Spin down the bacteria for 20 min at 4,000 × g at 4 °C.

6. Resuspend the bacterial pellet with 12.5 ml of cold PBS with protease 

inhibitors.

7. Add lysozyme to a final concentration of 0.5 mg/ml and incubate at room 

temperature for 15 min.

8. Sonicate to reduce viscosity.

9. Add Triton X-100 to a final concentration of 1 %.

10. Spin at 10,000 × g for 10 min at 4 °C.

11. To the supernatant, add 400 μl of a 50 % slurry of Glutathione Sepharose 

beads that have been pre-equilibrated in PBS; incubate with rotation at 

4 °C for 3 h.

12. Spin down the tube from step 11 at 1,000 × g at room temperature for 1 

min to collect the beads from the lid. Collect all beads and supernatant and 

load onto an elution column.

13. Wash the column with 8 ml of PBS.

14. Elute in 200 μl fractions with glutathione buffer. After adding each 200 μl 

aliquot of elution buffer, plug the bottom of the column, and let it sit for 10 

min at room temperature. Collect 6–10 elution fractions.

15. Determine the protein concentration of each fraction by Bradford protein 

assay.

16. Aliquot each fraction separately and store at −80 °C; make small aliquots 

to avoid freeze-thaw degradation.

17. Run a sample of each fraction on a 12 % polyacrylamide mini SDS-PAGE 

gel, followed by Coomassie blue staining to confirm the size of the 

purified substrate that should migrate at 37 kDa.

3.3 IKK Complex Immunoprecipitation

1. Use days in vitro (DIV) 21 hippocampal dissociated neuronal culture 

plated in 24-well plates.
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2. Stimulate the neurons with a GABAAR blocker, bicuculline, at a final 

concentration of 50 μM for 30 s (see Notes 9 and 10).

3. Stop the stimulation with 1× stop solution (using 100× kynurenate 

magnesium stock solution) by incubation at 37 °C for 10 min.

4. The stop solution is washed by removal of 50 % of the medium and 

replacement with fresh growth medium, and then incubate the neurons at 

37 °C 3 h before harvesting.

5. Put the plates on ice and wash once with ice-cold PBS with added 0.9 mM 

MgCl2 (see Note 11).

6. Lyse the cells with 100 μl of cold lysis buffer per well from a 24-well 

plate.

7. Incubate the cells on ice for 10 min, scrape the cells into a 1.5 ml tube, and 

leave for 10 more minutes on ice.

8. Spin the lysate at 15,600 × g for 10 min at 4 °C and transfer the 

supernatant to a new 1.5 ml tube.

9. Add 2 μg of anti-IKKα antibody to at least 1,000 μg of lysate and rotate 

for 3 h at 4 °C (see Note 12).

10. Add 20 μl of prewashed protein A/G Sepharose (50 % slurry, protein A/G 

Sepharose should be prewashed three times in PBS with added protease 

inhibitors), and bind for 2 h rotating at 4 °C (see Note 13).

11. Wash three times with 1 ml of cold lysis buffer (rotate each wash at 4 °C 

for 5 min, then briefly spin down at 15,600 × g in a 4 °C microfuge, and 

remove the supernatant before the next wash) and one time with 1 ml of 

cold kinase buffer. Use a 23 G bent needle attached to a vacuum line to 

remove the supernatant, being careful not to remove the beads.

12. Remove the kinase buffer fully with a needle (gauge 27) attached to a 

vacuum line after the last wash.

9High basal synaptic activity may dampen the apparent activation of NF-κB, particularly if the cultures are of high density. If 
necessary, basal synaptic activity may be inhibited prior to stimulation using several possible approaches: (a) reduction of B27 (to 
50 %) in growth medium, up to 8 h prior to stimulation, with stimulation in normal growth medium, or (b) blocking NMDA receptors 
using 150 μM APV and/or voltage-gated L-type sodium channels using 10 μM nimodipine, up to 8 h prior to stimulation, and then 
wash the neurons and stimulate in normal growth medium.
10Inhibitory GABA networks may not be fully formed in cultures at DIV ≤ 18 and may not allow sufficient induction of endogenous 
excitation using a GABAAR blocker. In this case, other stimuli are more suitable, including glutamate or KCl.
11MgCl2 is used to reduce neuronal activation during harvesting.
12Anti-IKKγ (NEMO) can be used instead.
13Use a pipette tip with the end cut to pipette the 50 % slurry. Mark the level of the 50 % slurry on the tube exterior with a marker, 
and wash beads in a large volume of cold PBS by inverting the tubes repeatedly. Spin down the tubes at 850 × g at 4 °C, and then 
remove the supernatant to the marked level.
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3.4 In Vitro Kinase Assay Followed by Immunoblot and PhosphorImaging

Use all standard precautions in conformity with radiation safety regulations. Use a lab coat 

designated for radiation use only. Always wear a radiation badge when handling 

radiolabeled phosphate. Monitor frequently for radioactive spillage:

1. To each tube from Subheading 3.3, add 30 ml of kinase reaction buffer.

2. Incubate for 30 min at 30 °C with gentle agitation.

3. Terminate the reaction with 10 ml of 5× SDS-PAGE sample buffer, and 

boil the samples for 2–3 min.

4. Run the samples and pre-stained molecular weight marker on 12 % 

polyacrylamide mini SDS-PAGE gel, and transfer to nitrocellulose or 

PVDF (run the gel at a constant 90 V and transfer overnight at 35 constant 

voltage, 4 °C).

5. Wrap the blot in Saran wrap and expose in a PhosphorImager cassette 

overnight or as required. Quantitate using a PhosphorImager.

6. Unwrap the blot (rehydrate if necessary), and block for 1 h in TBST with 

5 % nonfat milk at room temperature.

7. Incubate the blot for 1 h in TBST with 5 % milk and 1:1,000 dilution of 

anti-IKKα antibody at room temperature.

8. Wash five times for 5 min each with excess of TBST.

9. Incubate the blot with the secondary anti-mouse HRP antibody in 10 ml of 

TBST with 5 % milk for 1 h at room temperature.

10. Wash five times for 5 minutes each with excess of TBST.

11. Place the blot on Saran wrap, develop by ECL, and expose the developed 

blot to film.
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Fig. 1. 
Canonical pathway of NF-κB activation. Dimers of NF-κB are held latent in the cytoplasm 

by IκB. Extracellular stimuli (e.g., synaptic transmission, cytokines, and growth factors) 

induce IKK complex activation leading to site-specific phosphorylation of IκBα on 

conserved serine residues. Phosphorylated IκBα is targeted for ubiquitination and directed 

to the 26S proteasome for degradation. NF-κB is then able to stably translocate to the 

nucleus and regulate transcription
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Fig. 2. 
Diagram depicting hippocampal dissection from neonatal mouse pups. Place the whole brain 

with the caudal surface toward the bottom of the dissection dish. Make an initial coronal 

incision to remove the cerebellum (C). Cut the remaining of the brain sagitally on the 

midline to separate the two brain hemispheres. Rotate the hemisphere placing the medial 

surface facing up. Remove the striatal (S), thalamic (T), and midbrain (MB) structures to 

expose the hippocampus (H). Dissect out the hippocampus
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