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SUMMARY: 
The protocol describes the preparation of cell membrane affinity chromatography (CMAC) columns with immobilized cell membrane fragments containing functional transmembrane tropomyosin kinase receptor B proteins. The use of CMAC columns in the identification of specialized plant metabolites interacting with these receptors and present in complex natural mixtures is also explained. 

ABSTRACT:
Chemicals synthesized by plants, fungi, bacteria, and marine invertebrates have been a rich source of new drug hits and leads. Medicines such as statins, penicillin, paclitaxel, rapamycin, or artemisinin, commonly used in medical practice, have been first identified and isolated from natural products. However, the identification and isolation of biologically active specialized metabolites from natural sources is a challenging and time-consuming process. Traditionally, individual metabolites are isolated and purified from complex mixtures, following the extraction of biomass. Subsequently, the isolated molecules are tested in functional assays to verify their biological activity. Here we present the use of cellular membrane affinity chromatography (CMAC) columns to identify biologically active compounds directly from complex mixtures. CMAC columns allow for the identification of compounds interacting with immobilized functional transmembrane proteins (TMPs) embedded in their native phospholipid bilayer environment. This is a targeted approach, which requires knowing the TMP whose activity one intends to modulate with the newly identified small molecule drug candidate. In this protocol, we present an approach to prepare CMAC columns with immobilized tropomyosin kinase receptor B (TrkB), which has emerged as a viable target for drug discovery for numerous nervous system disorders. In this article, we provide a detailed protocol to assemble the CMAC column with immobilized TrkB receptors using neuroblastoma cell lines overexpressing TrkB receptors. We further present the approach to investigate the functionality of the column and its use in the identification of specialized plant metabolites interacting with TrkB receptors. 

INTRODUCTION: 
Botanical mixtures are rich in pharmacologically active compounds1, serving as a good source for the identification of new drug hits and leads2–5. The discovery of new medicines from natural products has been a fruitful approach and many currently approved drugs originated from compounds first identified in nature. The chemical diversity of natural compounds is hard to be matched by man-made libraries of chemically synthesized molecules. Many natural compounds interact with and modulate human protein targets and can be considered evolutionarily optimized drug-like molecules6. These natural compounds are particularly well suited for drug lead identification to use in neurological disorders6. Two of the currently FDA-approved drugs for the management of Alzheimer’s disease (AD) are derived from natural alkaloids, namely: galantamine and rivastigmine (a derivative of physostigmine)6. L-DOPA, presently the most commonly prescribed drug for Parkinson’s disease, was first identified from the broad bean (Vicia faba L.)7. Pergolide and lisuride, dopaminergic receptor agonists are the derivatives of natural ergot alkaloids from the parasitic fungus Claviceps purpurea8. Reserpine, an alkaloid isolated from Indian snakeroot (Rauvolfia serpentina (L.) Benth. ex Kurz) was one of the first antipsychotic drugs9. Recently, dysregulated immune response and systemic inflammation have been linked to the development of numerous neurological ailments, such as major depressive disorder or neurodegenerative diseases10. A plant-based diet together with other lifestyle interventions has been found to improve cognitive and functional abilities in the elderly11–21. Certain electrophilic molecules belonging to triterpenes and polyphenols have been found to modulate inflammatory responses in both in vitro and in vivo models12. For instance, natural compounds containing α,β-unsaturated carbonyl (e.g., curcumin, cinnamaldehyde), or isothiocyanate group (e.g., sulforaphane) interfere with Toll-like receptor-4 (TLR4) dimerization inhibiting the downstream synthesis of pro-inflammatory cytokines in a murine interleukin-3 dependent pro-B cell line12,22. Epidemiological evidence points strongly that dietary phytochemicals, present in complex food matrices, may also constitute a viable source of new drug leads6. 

One of the major obstacles in the identification of biologically active molecules present in plant extracts, including plant-based food, is the complexity of the investigated samples. Traditionally, the individual compounds are isolated, purified, and subsequently tested for biological activity. This approach usually leads to the identification of the most abundant and well-characterized compounds. Phenotypic drug discovery approaches without a defined molecular target rely on the bio-guided-fractionation of complex mixtures23. In this approach, an extract is fractionated into less complex sub-fractions that are subsequently tested in phenotypic assays. The isolation and purification of active compounds are guided by biological activity verified in the assay. The knowledge of the identity of a specified drug target may significantly speed up the identification of pharmacologically active compounds present in complex mixtures. Those approaches are usually based on the immobilization of the molecular target, for example, an enzyme, on a solid surface, like magnetic beads23. The immobilized targets are subsequently used in the screening experiments resulting in the isolation of compounds interacting with the target. While this approach has been extensively used in the identification of compounds targeting cytosolic proteins, it has been less commonly applied in the identification of chemicals interacting with TMPs23. An additional challenge in the immobilization of TMPs stems from the fact that the activity of the protein depends on its interaction with cell membrane phospholipids and other molecules in the bilayer such as cholesterol23,24. It is important to preserve these subtle interactions between proteins and their native phospholipid bilayer environment when attempting to immobilize the transmembrane target. 

In cellular membrane affinity chromatography (CMAC) cell membrane fragments, and not purified proteins, are immobilized on the artificial membrane (IAM) stationary phase particles23. IAM stationary phases are prepared by covalently bonding phosphatidylcholine analogs onto silica. Recently novel classes of IAM stationary phases have been developed in which free amine and silanol groups are end-capped (IAM.PC.DD2 particles). During CMAC columns preparation cell membrane fragments are immobilized onto the surface of IAM particles through adsorption. 
CMAC columns have been used to date to immobilize different classes of TMPs including ion channels (e.g., nicotinic receptors), GPCRs (e.g., opioid receptors), protein transporters (e.g., p-glycoprotein), etc.24. The immobilized protein targets have been used in the characterization of pharmacodynamics (e.g., dissociation constant, Kd) or determining binding kinetics (kon and koff) of small molecule ligands interacting with the target as well as in the process of identification of potential new drug leads present in complex matrices24. Here we present the preparation of CMAC columns with the immobilized tropomyosin kinase receptor B (TrkB), which has emerged as a viable target for drug discovery for numerous nervous system disorders.

Previous studies showed that the activation of the brain-derived neurotrophic factor (BDNF)/TrkB pathway is associated with the improvement of certain neurological ailments, such as AD or major depressive disorder25–28. It was reported that BDNF levels and its receptor TrkB expression decrease in AD, and similar reductions impair hippocampal function in animal models of AD29. Decreased levels of BDNF were reported in serum and brain of AD patients30–32. Tau overexpression or hyperphosphorylation were found to down-regulate BDNF expression in primary neurons and AD animal models33–35. Additionally, BDNF was reported to have protective effects on β-amyloid induced neurotoxicity in vitro and in vivo36. Direct BDNF administration into the rat brain was shown to increase learning and memory in cognitively impaired animals37. BDNF/TrkB emerged as a valid target for ameliorating neurological and psychiatric disorders including AD28,38. Targeting the BDNF/TrkB signaling pathway for the development of therapies in AD will potentially enhance our understanding of the disease39. Unfortunately, BDNF itself cannot be used as a treatment because of its poor pharmacokinetic properties and adverse side effects40. Small molecule activators of TrkB/BDNF pathways have been explored as potential TrkB ligands41–43. Among tested small molecule agonists, 7,8-dihydroxyflavone (7,8-DHF), has been shown to activate the BDNF/TrkB pathway41,44–46. A derivative of 7,8-DHF (R13; 4-Oxo-2-phenyl-4H-chromene-7,8-diyl bis(methylcarbamate)) is currently under consideration as a possible drug for AD47. Recently, it was shown that several antidepressants work through directly binding to TrkB and promoting BDNF signaling, further stressing the importance of pursuing TrkB as a valid target to treat various neurological disorders48. 
The protocol describes the process of assembling functional TrkB column and TrkB-NULL negative control column. The columns are characterized using a known natural product small-molecular ligand: 7,8-DHF. Additionally, we describe the process of screening complex matrices, using plant extract as an example, for the identification of compounds interacting with TrkB. 
	
PROTOCOL:

1.  Cell culture of SH-SY5Y neuroblastoma cells (TrkB and TrkB-NULL (parental) cell lines)

NOTE: Cell lines (SH-SY5Y Cell Line (TrkB, BR6) and SH-SY5Y Parental Cell Line (Trk NULL))49,50 were purchased from Kerafast. Cultured cells are used as a source of the transmembrane receptors to be immobilized for the preparation of CMAC columns. The following steps describe how to obtain cell membrane fragments and assemble functional CMAC columns.

1.1.  Grow the cells in a cell culture medium prepared by mixing 450 mL of RPMI media, 50 mL of FBS, 5 mL of penicillin/streptomycin solution, and 0.3 mg/mL of geneticin (G418) in a 150 mm cell culture dish at 37 °C in a humid atmosphere with 5% CO2. 

2.  Cell harvesting 

2.1.				 Confirm cell confluency (80%-90%) using a microscope, reached after 3–4 days after cell passaging.
 
2.2.	 Aspirate cell culture medium from above the cells and wash the cells twice with phosphate-buffered saline (PBS, 1x, pH 7.4). Remove PBS and add 2 mL of low concentrated trypsin (0.25%) to detach cells. 

2.3.	 Gently swirl the plate to evenly cover all the cells with trypsin solution and incubate the cells for approximately 2 min at 37 °C in a humid atmosphere with 5% CO2. Add 8 mL of cell culture medium to detaching cells and transfer detached cells to a 50 mL conical tube and place it on ice.

2.4. Use a hemocytometer to estimate the number of cells (approximately 3 x 107 cells). Mix cell suspension by pipetting up and down to obtain even cell density in the mixture. Place 10 µL of cell suspension under the coverslip and count the cells under a microscope using a 40x objective. 

3. Cell homogenization 

3.1.	 Prepare stock solutions of the following protease inhibitors: benzamidine (200 mM), phenylmethylsulfonyl fluoride (PMSF, 10 mM), and commercially available protease inhibitors cocktail (100x concentration) containing 4-(2-Aminoethyl)benzenesulfonyl fluoride hydrochloride (AEBSF), aprotinin, bestatin, and leupeptin.

CAUTION: PMSF should only be handled inside the fume hood.

3.1.1. Prepare benzamidine stock solution (200 mM) by dissolving 120 mg of benzamidine in 5 mL of ultrapure deionized water. Store at 4 °C and use within a day. Freshly prepare solution before each use (recommended). 

3.1.2. Prepare PMSF stock solution (10 mM) by dissolving 0.017 g of PMSF in 10 mL of ethanol. Store at - 20 °C.
 
3.1.3. Prepare protease inhibitor cocktail (100x) by dissolving commercially available protease inhibitor mixture in 1 mL of ultrapure deionized water. Mix thoroughly and aliquot 200–300 µL of the cocktail and store at - 20 °C before use. 

3.2. Prepare ATP stock solution (100 mM) by dissolving 55.114 mg of ATP disodium salt hydrate in 1 mL of deionized ultrapure water. Mix thoroughly and aliquot 100 µL of the mixture and store at - 20 °C before use.

3.3. Prepare buffer by dissolving 3.03 g of tris(hydroxymethyl)aminomethane hydrochloride (Tris-HCl, 50 mM), 2.9 g of sodium chloride (NaCl, 100 mM), 0.22 g of calcium chloride anhydrous (CaCl2, 3 mM), 0.2 g of magnesium chloride hexahydrate (MgCl2, 2 mM) and 0.19 of potassium chloride (KCl, 5 mM) in 500 mL of ultrapure deionized water. 

3.4. Prepare homogenization buffer by mixing 17.3 mL of the buffer prepared in step 3.3 with 0.3 mL (3 mM) of benzamidine stock solution, 0.2 mL (0.1 mM) of PMSF stock solution, 0.2 mL of protease inhibitor cocktail mixture, 20 µL (100 µM) of ATP stock solution, 2 mL (10%) of glycerol, and 0.029 g (5mM) of EDTA (Table 1). Adjust pH to 7.4 using hydrochloric acid solution. 

3.5. Spin down the cells harvested in step 2.3 at 4 °C for 5 min at 400 x g. Remove the supernatant and wash the remaining cell pellet with 10 mL of ice-cold PBS (1x, pH 7.4). Spin down the cells again at 4 °C for 5 min at 400 x g. 

3.6. Discard the supernatant and replace it with 20 mL of homogenization buffer prepared in step 3.4. Place the conical tube on ice. 

3.7.	 Transfer the cell suspension into a 40 mL Dounce homogenizer tissue grinder and place it on ice. Homogenize the suspension manually, on ice, using 40 up-and-down pestle strokes. Transfer homogenized cell suspension into a 50 mL conical tube.

3.8. Centrifuge the homogenate at 4 °C for 7 min at 400 x g. Discard the pellet and transfer the supernatant to a new conical tube and centrifuge it at 4 °C for 30 min at 47900 x g. Save the cell membrane pellet and discard the supernatant. 

4. Cell membrane solubilization 

4.1. Prepare solubilization buffer by mixing 8.7 mL of the buffer solution made in step 3.3 with 0.1 mL (0.1 mM) of PMSF stock solution, 0.15 mL (3 mM) of benzamidine stock solution, 0.1 mL of protease inhibitor cocktail, 10 µL (100 µM) of ATP stock solution, 1 mL (10%) of glycerol and 0.2 g (2%) of sodium cholate (Table 2).

4.2. Transfer the solubilization buffer into the conical tube with cell membrane fragments obtained in step 3.8 and resuspend the pellet. Rotate the resulting mixture at 150 rpm at 4 °C for 18 h. 

NOTE: At this point, the experiment can be paused for overnight cell membrane pellet solubilization.

5. Cell membrane immobilization on IAM.PC.DD2 particles

5.1.  After 18 h, centrifuge the solubilization mixture at 4 °C for 30 min at 47900 x g. 

5.2. Keep the supernatant and discard the pellet. Add 100 mg of IAM.PC.DD2 particles, to the supernatant, vortex and rotate the resulting suspension mixture at 150 rpm at 4 °C for 1 h. 

5.3. To facilitate the immobilization of cell membrane fragments on the IAM.PC.DD2 particles proceed to the dialysis step as outlined below.

5.3.1. Prepare dialysis buffer in 4 L of ultrapure deionized water by adding 24 g of tris-HCl (50 mM), 23.4 g of NaCl (100 mM), 0.06 g of CaCl2 (0.1 mM), 5.85 g of EDTA (5 mM), and 0.07 g of PMSF (0.1 mM; Table 3).

NOTE: PMSF is not soluble in water, therefore dissolve it first in small volume of ethanol and then add slowly into the beaker with the buffer.

5.3.2.	 Adjust pH to 7.4 with hydrochloric acid solution. Place the buffer at 4 °C for a minimum of 1 h before proceeding to the dialysis step.

5.3.3. Prepare dialysis tube by cutting 10 cm of cellulose membrane dialysis tubing (10 K MWCO, 35 mm) and transfer the suspension containing IAM.PC.DD2 particles and cell membrane fragments into the dialysis tube. Use dialysis tubing clips to close both ends of the dialysis tube. 

5.3.4. Place the dialysis tube containing the IAM.PC.DD2 stationary phase in the dialysis buffer and dialyze at 4 °C for 24 h while gently stirring. 

5.3.5. After 24 h, place the dialysis tubing in the freshly prepared dialysis buffer and continue dialysis for another 24 h. 

6. CMAC column packing 

6.1. Prepare ammonium acetate buffer (10 mM, pH 7.4) that will be used to wash the IAM.PC.DD2 particles and in column characterization experiments by dissolving 0.7708 g of ammonium acetate in 1 L of ultrapure deionized water. Adjust pH to 7.4 with hydrochloric acid solution. 

6.2. After 48 h of dialysis, remove the dialysis tube from the dialysis buffer and transfer the content of the dialysis tube into a 15 mL conical tube. 

6.3. Centrifuge the mixture at 4 °C for 5 min at 400 x g. Discard the supernatant and wash the remaining pellet three times with 10 mL of ammonium acetate buffer, centrifuging the mixture at 4 °C for 5 min at 400 x g, after each wash. 

6.4. After the third wash, resuspend the remaining pellet in 1 mL of ammonium acetate buffer. Mix it thoroughly and use the resulting slurry to pack the 5/20 glass column to yield CMAC chromatography column. 

6.5. To pack the column, first place a bottom filter previously soaked with ammonium acetate buffer, into the filter holder. Fit the filter holder in the glass column and screw the column cap to secure the position of the holder. Place the column vertically in a finger clamp and secure it in the lab stand. Place a beaker below the column. 

6.6. Using a single channel pipettor transfer a small volume of the slurry obtained in step 6.4 into the glass column. Pour the material slowly, holding the pipette tip against the glass column wall. Allow the packing material to settle before pouring another volume of slurry. 

6.7. To speed up the packing process remove the buffer from above the stationary bed using a micropipette between each step. Repeat these steps until 1 mL of the slurry is packed. 

6.8. Place a top filter and screw the adapter unit so that there is no remaining buffer above the stationary phase, as presented in Figure 1. Secure the position of the adapter unit with the adapter lock. 

6.9. Connect the column to a high-performance liquid chromatography (HPLC) pump, set the flow rate to 0.2 mL/min, and wash the column overnight with ammonium acetate buffer. The column is now ready for the characterization step. Store the column at 4 °C until use. 

NOTE: For longer storage (column not used for longer than a week) run the column with 0.05% sodium azide solution in ammonium acetate buffer and store at 4 °C.

CAUTION: Sodium azide is highly toxic when ingested orally or absorbed through the skin; it should only be handled under the fume hood. Make sure to wear a lab coat, safety glasses, and gloves (nitrile preferred) when working with sodium azide. 

7. CMAC column characterization 
   
7.1. Confocal microscopy and BDNF binding 

7.1.1. Prepare IAM.PCC.DD2 stationary phase particles with immobilized cell membrane fragments obtained separately from SH-SY5Y neuroblastoma cells overexpressing TrkB and SH-SY5Y TrkB-NULL cells by following the instructions from step 1 to step 6.4.

7.1.2. For samples that will be incubated with BDNF prior to antibody staining, prepare BDNF stock solution by dissolving 10 g of BDNF in 100 L of ultrapure deionized water. Store the solution at -20 °C. 

7.1.2.1. Transfer in separate 1.5 mL microcentrifuge tubes, 100 L aliquot of IAM.PC.DD2 column packing material with immobilized SH-SY5Y Neuroblastoma cells overexpressing TrkB and 100 L aliquot of IAM.PC.DD2 column packing material with immobilized SH-SY5Y TrkB-NULL cells suspended in ammonium acetate buffer. 

7.1.2.2. Add 390 L of ammonium acetate buffer, 10 L of BDNF stock solution, and 0.5 L of ATP stock solution (prepared in step 3.2) into each tube and incubate for 1 h at room temperature with rocking. 

7.1.3. For samples that will not be incubated with BDNF prior to antibody staining, transfer 100 L aliquot of IAM.PC.DD2 column packing material with immobilized SH-SY5Y Neuroblastoma cells overexpressing TrkB suspended in ammonium acetate into 1.5 mL microcentrifuge tubes. 

7.1.4. Add 400 L of ammonium acetate buffer and 0.5 L of ATP stock solution (prepared in step 3.2) into each tube and incubate for 1 h at room temperature with rocking.

7.1.5. Spin the samples prepared in steps 7.1.2 and 7.1.4 at 4 °C for 1 min at 10,000 x g and discard the supernatant.

7.1.6. Wash the resulting pellets with 500 L of ammonium acetate buffer for 10 min and spin again at 4 °C for 1 min at 10,000 x g and discard the supernatant.

7.1.7. To each of the pellets, add 220 L of ammonium acetate buffer, 25 L of 10% normal goat serum, and 5 L of primary anti-BDNF antibody. Incubate in a cold room (4 °C) overnight with rocking.

7.1.8. Upon completion of the incubation step spin the mixture for 1 min at 10,000 x g at 4 °C and discard the supernatant.

7.1.9. Wash the resulting pellet 3 times with ammonium acetate buffer containing 1% mild detergent (e.g., sodium cholate) for 10 min and spin the mixtures for 1 min at 10,000 x g at 4 °C and discard the supernatant.

7.1.10. Prepare secondary antibody solution by mixing 900 L of ammonium acetate buffer, 100 L of 10% normal goat serum, and 1 L of fluorophore-conjugated secondary antibody (1:1,000 dilution). Add 300 L of secondary antibody solution to each of the pellets obtained in step 7.1.9. and incubate overnight at 4 °C with rocking.

7.1.11. Spin the mixture at 10,000 x g for 1 min at 4 °C and discard the supernatant.

7.1.12. Wash the resulting pellet 3 times with ammonium acetate buffer containing 1% mild detergent (e.g., sodium cholate) for 10 min and spin the mixture for 1 min at 10,000 x g at 4 °C and discard the supernatant.

7.1.13. Resuspend the resulting pellets in 50 L of ammonium acetate buffer. Place 20 L of each of the mixtures on a slide and cover with a coverslip.

7.1.14. Image the IAM.PC.DD2 particles with the immobilized cell membrane fragments using a confocal laser scanning microscope with excitation at 488 nm and emission at 520 nm generated using a solid state laser system. Use a 20x objective with a NA of 0.75 and WD  of 0.35mm.

7.2. Frontal affinity chromatography using 7,8-DHF as a marker ligand

7.2.1. Connect a CMAC column to an HPLC system with a diode-array detector and/or mass spectrometer.

7.2.2. Prepare 500 mL of 1 mM solution of 7,8-DHF in ammonium acetate buffer containing 5% methanol. 

7.2.3. Pump constant concentration of the marker ligand (1 mM) through the CMAC column at 0.4 mL/min flow rate at room temperature. Monitor the elution profile using either a diode array detection (DAD) (wavelength 254 nm) detector or mass spectrometer (use single ion monitoring mode; m/z 253 in negative ionization mode). 

7.2.4. After completion of the run perform overnight wash by running ammonium acetate buffer through the column. 

7.2.5. Repeat steps 7.2.2. – 7.2.4. using different concentrations of the marker ligand (750 nM, 500 nM, 300 nM), washing the columns overnight after each run. Use frontal affinity chromatography to calculate ligand Kd, as reviewed in detail, elsewhere.24,51  

7.3. Displacement studies with Centella asiatica (gotu kola) extract

7.3.1 Prepare 500 mL of 500 nM solution of 7,8-DHF in ammonium acetate buffer containing 5% methanol and 0.2% aqueous gotu kola extract (10 mg/mL). 

7.3.2. Pump constant concentration of the marker ligand (500 nM) with the extract through the column at 0.4 mL/min flow rate at room temperature. Monitor the elution profile using either a DAD detector (wavelength 254 nm) or a mass spectrometer (use single ion monitoring mode; m/z 253 in negative ionization mode). 

7.3.3. After completion of the run perform overnight wash by running ammonium acetate buffer through the column.

7.3.4. Plot the elution profiles for 500 nM 7,8-DHF and the one obtained after running the solution with gotu kola extract to inspect for marker ligand displacement. 

8. Missing peak chromatography approach to identify potential TrkB binders from gotu kola extract

8.1. Fractionation of gotu kola extract on CMAC columns

8.1.1. Connect separately the CMAC TrkB and TrkB-NULL columns to an HPLC system and inject 50 L of the aqueous gotu kola extract (10 mg/mL) on each of the columns. Pump ammonium acetate buffer (10 mM, pH 7.4) containing 5% methanol through the column at 0.4 mL/min flow rate at room temperature. 

8.1.2. Collect fractions separately from CMAC TrkB and TrkB-NULL columns as follows: 0–5 min, 5–10 min, 10–15 min, 15–20 min, 20–25 min, 25–30 min, 30–35 min, 35–40 min, 40–45 min, 45–50 min, 50–55 min, 55–60 min. 

8.1.3. Freeze and lyophilize the obtained fractions. Resuspend lyophilized fractions in 50 L of methanol before proceeding to ultra-performance liquid chromatography and mass spectrometry analysis. 
 
8.2. Ultra-performance liquid chromatography quadrupole time-of-flight mass spectrometry (UPLC-QTOF-MS) analysis of gotu kola CMAC fractions

[bookmark: x_x_x__Hlk38101580]8.2.1. Analyze all the fractions obtained in point 8.1.3. using a mass spectrometer coupled with a UPLC system (UPLC-MSE analysis mode). Analyze the fractions using a C18 column (2.1 x  50 mm, 1.7 µm) with a C18 VanGuard pre-column (2.1 mm x 5 mm, 1.7 µm). 

8.2.2. Elute the column using the following gradient solutions at a flow rate of 0.3 mL/min with mobile phase A ( water with 0.1% formic acid) and B (acetonitrile with 0.1% formic acid): 0.0 min 99% A 1% B, 1.5 min 84% A 16% B, 5.0 min 80% A 20% B, 7.0 min 75% A 25% B, 10.0 min 65% A 35% B, 20.0-24.0 min 1% A 99% B, 25.0-29.0 min 99% A 1% B. 

8.2.3. Set the injection volume for each sample to 3 μL. Perform MSE in resolution positive and negative ion modes, with collision energy at 4V for low energy and 20–35 V for high energy. 

8.2.4. Use the following ESI source conditions in positive ionization mode: capillary voltage 1.5 kV, sampling cone 40 V, source offset 80, source temperature 100 °C, desolvation temp. 350 °C, cone gas flow 38.0 L/h, desolvation gas 400 L/h. 
8.2.5.	Use the following ESI source conditions in negative ionization mode: capillary voltage 1.45 kV, sampling cone 40 V, source offset 80, source temperature 110 °C, desolvation temp. 300 °C, cone gas flow 50.0 L/h, desolvation gas flow 652 L/h.  

REPRESENTATIVE RESULTS: 
	Following the protocol, two CMAC chromatographic columns were assembled: one with the immobilized SH-SY5Y neuroblastoma cell membrane fragments with overexpressed TrkB and one with SH-SY5Y TrkB-NULL cell membrane fragments. The correctly assembled CMAC column is presented in Figure 1 and the steps involved in cell membrane fragment immobilization are presented in Figure 2.

	Since the immobilization of TrkB receptors on IAM.PC.DD2 chromatographic stationary phase had not been attempted before, the successful immobilization of the receptors was confirmed by antibody staining and frontal affinity chromatography using a marker ligand: 7,8-DHF. A schematic representation of the antibody staining experiment is presented in Figure 2. Cell membrane fragments obtained from neuroblastoma cell line overexpressing TrkB receptors and cell membrane fragments from parental cell line without TrkB receptors (TrkB-NULL)) were immobilized on IAM.PC.DD2 particles using the optimized protocol. Subsequently, the particles with immobilized cell membrane fragments were incubated with BDNF (physiological ligand) and then with primary and fluorescent-labeled secondary antibodies (Figure 2). IAM.PC.DD2 particles with immobilized neuroblastoma TrkB cell membrane fragments and in the presence of BDNF resulted in fluorescently labeled particles (Figure 3C). No fluorescence (except for weak background fluorescence) was observed when TrkB-NULL cell membrane encapsulated IAM particles were investigated (Figure 3A) or when no BDNF was used in the case of TrkB cell membrane encapsulated IAM particles (Figure 3B).

To characterize the binding of a small marker ligand (7,8-DHF) to the immobilized TrkB receptors frontal affinity chromatography was performed with different concentrations of 7,8-DHF. A typical chromatogram of increasing 7,8-DHF concentrations on a functional CMAC column is presented in Figure 4. Specific binding of 7,8-DHF to the immobilized TrkB was confirmed by the concentration-dependent decreases in the retention time of the marker ligand. Frontal affinity chromatography results obtained on a non-functional CMAC column are presented in Figure 5. The lack of concentration-dependent changes in retention of the marker ligand indicates the unsuccessful attempt in CMAC preparation. 

Compounds injected onto the CMAC column interact not only specifically but can also non-specifically interact with IAM.PC.DD2 particles, phospholipid bilayer of the immobilized cell membrane fragments, and other proteins present in the bilayer. To rule out compounds non-specifically interacting with the CMAC column during the process of screening of complex extracts for TrkB binders it is important to prepare CMAC negative control column by immobilizing cell membrane fragments of the parental cell line not expressing the targeted protein (in this case TrkB-NULL). Frontal affinity chromatography results obtained on a negative CMAC TrkB-NULL column are presented in Figure 6.

Functional CMAC columns can be used for different purposes, such as characterization of the targeted protein, studying interactions of individual compounds with the immobilized targets (e.g., obtaining dissociation constant, Kd) or determining binding kinetics (kon and koff) etc.24. The columns can also be used to screen complex samples, such as plant extracts for the presence of compounds binding to TrkB receptors, therefore potentially containing molecules that act as TrkB agonists or antagonists. To verify if an extract potentially contains compounds interacting with the immobilized receptors a simple displacement experiment is performed. The result of the competition experiment performed with gotu kola extract and 500 nM of 7,8-DHF on a functional TrkB column is presented in Figure 7. The addition of 0.2% aqueous gotu kola extract (10 mg/mL) resulted in a significant reduction of 7,8-DHF retention indicating the presence of competing ligand(s) for the agonist binding site. The result of the displacement experiment performed on the CMAC negative TrkB-NULL column is presented in Figure 8. The lack of reduction of 7,8-DHF retention on that column further confirms the lack of functional TrkB receptors on the CMAC TrkB-NULL column. 

To identify specialized metabolites specifically interacting with the immobilized targets, CMAC columns are used in an approach called missing-peak chromatography52 following the displacement experiment. In this approach, a small volume of the investigated extract is chromatographed in parallel on the column containing the investigated immobilized target and CMAC negative control column. These two columns differ in the expression of the target, therefore any differences in the retention patterns of individual molecules are due to the specific nature of interactions with the investigated targets on the CMAC column containing these TMPs. Timed fractions from both columns are collected, concentrated, and subsequently analyzed on a C18 column. The obtained chromatograms are compared, and compounds represented by peaks similarly retained on both columns are labeled as non-specifically interacting molecules. The presence of a peak in later fractions on the CMAC column with the immobilized receptors and lack of a peak representing the same compound in early fractions of CMAC negative column represents specific interaction of the compound with the immobilized target. The compounds identified in this step can be targeted for isolation and further testing, without the need to perform bio-guided fractionation. The missing-peak chromatography approach was used to identify compounds specifically interacting with TrkB receptors from gotu kola extract. Gotu kola extract was fractionated on both TrkB and TrkB-NULL columns and compounds present in these fractions were analyzed using UPLC-QTOF-MS. Investigation of the chromatograms of each of the fractions led to the identification of a compound strongly retained on TrkB column (50–55 min fraction), while eluting early on TrkB-NULL column (0–5 min fraction), indicating specific interaction with the immobilized TrkB receptors (Figure 9). The compound eluting at ~ 17.48 min (Figure 9) is now targeted for isolation and testing in functional assays. 

FIGURE AND TABLE LEGENDS: 
Figure 1. Correctly assembled CMAC column.

Figure 2. CMAC preparation steps and fluorescent antibody labelling of the immobilized receptors. Schematic representation of the preparation of a CMAC column (1–4) and the antibody labeling experiment (5–8). (1) Homogenized cell membrane fragments containing targeted transmembrane protein, TrkB. (2) Solubilized cell membrane fragments in a micellar structure. (3) Cell membrane fragments immobilized on the surface of the IAM particles. (4) IAM particles with immobilized cell membrane fragments packed into a glass column. (5) Immobilized TrkB receptor in the cell membrane fragments. (6) Binding of the natural ligand BDNF to the functional TrkB receptor. (7) Binding of the primary antibodies to BDNF molecules. (8) Binding of fluorophore-labeled secondary antibodies to the primary antibodies resulting in green fluorescence. 

Figure 3. Immobilization of cell membrane fragments with TrkB receptors onto IAM particles. Confocal microscopy images showing the immobilization of cell membrane fragments with functional TrkB receptors on IAM particles. (A) Cell membrane fragments from SH-SY5Y TrkB-NULL cell line immobilized on IAM particles after incubation with BDNF, primary antibody, and fluorophore-labeled secondary antibody. (B) Cell membrane fragments from SH-SY5Y Neuroblastoma cell lines expressing TrkB immobilized on IAM particles after incubation with primary antibody and GFP-tagged secondary antibody without BDNF. (C) Cell membrane fragments from SH-SY5Y neuroblastoma cell lines expressing TrkB immobilized on IAM particles after incubation with BDNF, primary antibody, and GFP-tagged secondary antibody. 

Figure 4. Frontal affinity chromatograms of 7,8-DHF on the TrkB CMAC column. Frontal chromatogram of increasing concentrations of 7,8-DHF on the TrkB CMAC column, where A - 1 mM, B - 750 nM, C - 500 nM, and D - 300 nM. Ammonium acetate buffer (10 mM, pH 7.4) with 5% methanol was used as eluent at a flow rate of 0.4 mL/min. 

Figure 5. Frontal affinity chromatograms of 7,8-DHF on nonfunctional TrkB CMAC column. Frontal chromatogram of increasing concentrations of 7,8-DHF on the non-functional TrkB CMAC column, where A -1 mM, B - 1 mM, C - 750 nM, and D - 500 nM. Ammonium acetate buffer (10 mM, pH 7.4) with 5% methanol was used as eluent at a flow rate of 0.4 mL/min. 

Figure 6. Frontal affinity chromatograms of 7,8-DHF on the TrkB-NULL CMAC column. Frontal chromatogram of increasing concentrations of 7,8-DHF on the TrkB-NULL CMAC column, where A - 1 mM, B - 750 nM, C - 500 nM, and D - 300 nM. Ammonium acetate buffer (10 mM, pH 7.4) with 5 % methanol was used as eluent at a flow rate of 0.4 mL/min. 

Figure 7. Frontal affinity chromatograms of 7,8-DHF with 0.2% gotu kola extract on the TrkB CMAC column. Representative frontal elution profile of (A) 500 nM 7,8-DHF + 0.2% gotu kola extract (10 mg/ml) and (B) 500 nM 7,8-DHF on the CMAC TrkB column. Ammonium acetate buffer (10 mM, pH 7.4) with 5% methanol was used as eluent at a flow rate of 0.4 mL/min.

Figure 8. Frontal affinity chromatograms of 7,8-DHF with 0.2% gotu kola extract on the TrkB-NULL CMAC column. Representative frontal elution profile of (A) 500 nM 7,8-DHF and (B) 500 nM 7,8-DHF + 0.2% gotu kola extract (10 mg/mL) on the TrkB-NULL CMAC column. Ammonium acetate buffer (10 mM, pH 7.4) with 5% methanol was used as eluent at a flow rate of 0.4 mL/min.

Figure 9. UPLC-MS chromatograms of gotu kola extract fractions. UPLC-MS chromatograms of gotu kola extract fractions (A) eluted between 0–5 min from TrkB-NULL CMAC column and (C) eluted between 50–55 min from CMAC TrkB column. A compound with a retention time of 17.48 min present in both fractions, as confirmed by matching mass spectra (B and D) was identified as a potential TrkB binder.

Table 1. Homogenization buffer composition.

Table 2. Solubilization buffer composition.

Table 3. Dialysis buffer composition.

DISCUSSION: 
Identification of active compounds present in complex mixtures of specialized metabolites is a very challenging task23. Traditionally, individual compounds are isolated, and their activity is tested in different assays. This approach is time-consuming and costly and often leads to isolation and identification of the most abundant and well-characterized compounds23. Currently used high-throughput screening assays rely heavily on screening combinatorial chemistry libraries with already known targets and are not designed to identify and isolate biologically active compounds present in complex mixtures53.

CMAC allows for the identification of compounds targeting TMPs23,24,54. In this technique cell membrane fragments with TMPs are immobilized on the surface of IAM stationary phase particles23,24. CMAC is a unique approach that allows for the immobilization of cell membrane fragments with targeted proteins on the solid support imitating cell membrane phospholipid bilayer24. This allows preserving the functionality of immobilized protein targets and provides close to physiological conditions while using CMAC to identify small molecules interacting with TMPs. CMAC offers the advantage of opportunities for the discovery of novel chemical scaffolds from unique natural products libraries, that cannot be tested using any other of the currently used assays23. The proposed approach allows for the identification of compounds interacting with TMPs without unraveling the nature of this interaction. The mode of interaction (allosteric or orthosteric interaction; inhibition or activation) needs to be verified using functional cell-based assays. CMAC with the immobilized protein targets can also be used in the characterization of pharmacodynamics (e.g. dissociation constant, Kd) or determining binding kinetics (kon and koff) of small molecule ligands interacting with the target as well as in the process of characterization of the binding sites on the immobilized protein24. Although CMAC only allows identification of compounds binding to TMPs, it is an innovative approach that significantly speeds up the first step in the drug discovery pipeline, as it does not require compound purification, which has been currently the major bottleneck in the drug discovery process from natural mixtures.

	Although the presented protocol focuses on the immobilization of one transmembrane receptor (TrkB), CMAC technology can be utilized in the preparation of columns with other targets. One of the crucial aspects of CMAC preparation is the choice of cell line or tissue that is used to isolate cell membrane fragments. If columns are used in the screening of complex mixtures for compounds interacting with the immobilized receptors, it is advised to use cell lines overexpressing the targeted protein. Using such a cell line will result in a higher number of immobilized targets and increase the chance of identification of compounds with a lower affinity towards the target or less abundant molecules. If one focuses on the characterization of the immobilized protein, the use of a native cell line is recommended, as post-translational modifications the protein undergoes as well as the phospholipid environment may significantly differ in the transfected cell line. 

	Some aspects of cell membrane isolation and immobilization on IAM particles are critical and may require modifications depending on the receptor type or the source of the protein. To prevent proteolytic cleavage of the immobilized proteins, it is essential to use proper protease inhibitors in the homogenization and solubilization buffers. A literature search is recommended to identify required protease inhibitors. In the process of protocol optimization, we determined that the addition of ATP and glycerol increases the number of binding sites (Bmax) on CMAC columns when immobilizing TrkB. Other cofactors may be necessary when optimizing the immobilization of other types of transmembrane targets24. Currently, we are investigating the addition of cholesterol in the process of TrkB immobilization, as recently cholesterol was found to modify the effects of TrkB ligands48. It was previously reported that the addition of cholesterol and/or other lipids may be required for obtaining functional CMAC columns24.  

	Different types of detectors may be used to monitor the column eluate including diode array detector for ligands with chromophores, mass spectrometry, or radio flow detector for radioactive ligands. 

	Monitoring the stability of CMAC columns is of critical importance. CMAC columns may be stable for up to several months, depending on the type of immobilized protein, frequency of use, and storage conditions. It is recommended to store the column in 0.05% sodium azide solution in ammonium acetate buffer at 4 °C if the column remains unused for more than a week. It is important to thoroughly wash the column with ammonium acetate buffer after longer periods before attempting to use it. It is advised to monitor the functionality of the column by injecting a selected concentration of a marker ligand weekly. 

		Despite numerous advantages, CMAC technology has several limitations that need to be taken into consideration when using the columns in drug discovery endeavors. Firstly, the number of immobilized transmembrane targets decreases with time, and therefore it is recommended that the total number of binding sites is monitored weekly24. One of the reasons for this decrease is the consequence of the immobilization process that is based on adsorption and does not involve the introduction of covalent bonds. Lipophilic compounds may be strongly retained on CMAC columns due to significant nonspecific binding to the IAM surface and phospholipid bilayers. This significantly increases the analysis time decreasing throughput. The process of CMAC column preparation is cell line-specific and requires a thorough understanding of the nature of immobilized proteins, making it less suitable for less characterized targets. 
	

ACKNOWLEDGMENTS: 
Z.C.A. was supported by the Scientific and Technological Research Council of Turkey (TUBITAK) 2219- International Postdoctoral Research Fellowship Program. Research reported in this publication was supported by the National Center for Complimentary and Integrative Medicine of the National Institutes of Health under award number 1R41AT011716-01. This work was also partially supported by American of Pharmacognosy Research Starter Grant, Regis Technologies grant to L.C. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.

DISCLOSURES: 
Lukasz Ciesla collaborates with Regis Technologies, the provider of the IAM.PC.DD2 particles. 

REFERENCES: 
[bookmark: 4d34og8][bookmark: 3rdcrjn]
1	. Thomford, N.E. et al. Natural Products for Drug Discovery in the 21st Century: Innovations for Novel Drug Discovery. International Journal of Molecular Sciences. 19 (6), 1578 (2018).
2. 	Atanasov, A.G., Zotchev, S.B., Dirsch, V.M., International Natural Product Sciences Taskforce, Supuran, C.T. Natural products in drug discovery: advances and opportunities. Nature Reviews. Drug Discovery. 20 (3), 200–216 (2021).
3	. Altmann, K. H. Drugs from the Oceans: Marine Natural Products as Leads for Drug Discovery. Chimia. 71 (10), 646–652 (2017).
4	. Bernardini, S., Tiezzi, A., Laghezza Masci, V., Ovidi, E. Natural products for human health: an historical overview of the drug discovery approaches. Natural Product Research. 32 (16), 1926–1950 (2018).
5. 	DeCorte, B.L. Underexplored Opportunities for Natural Products in Drug Discovery. Journal of Medicinal Chemistry. 59 (20), 9295–9304 (2016).
6	. Lee, J., Jo, D.G., Park, D., Chung, H.Y., Mattson, M.P. Adaptive cellular stress pathways as therapeutic targets of dietary phytochemicals: focus on the nervous system. Pharmacological Reviews. 66 (3), 815–868 (2014).
7. 	Hornykiewicz, O. L-DOPA: from a biologically inactive amino acid to a successful therapeutic agent. Amino Acids. 23 (1–3), 65–70 (2002).
8	. Hoyer, D. Targeting the 5-HT system: Potential side effects. Neuropharmacology. 179, 108233 (2020).
9	. Nur, S., Adams, C.E. Chlorpromazine versus reserpine for schizophrenia. The Cochrane Database of Systematic Reviews. 4, CD012122 (2016).
10	. Chung, H.Y. et al. Redefining Chronic Inflammation in Aging and Age-Related Diseases: Proposal of the Senoinflammation Concept. Aging and Disease. 10 (2), 367–382 (2019).
11	. Fitzgerald, K.N. et al. Potential reversal of epigenetic age using a diet and lifestyle intervention: a pilot randomized clinical trial. Aging. 13 (7), 9419–9432 (2021).
12	. Zhao, L., Lee, J.Y., Hwang, D.H. Inhibition of pattern recognition receptor-mediated inflammation by bioactive phytochemicals. Nutrition Reviews. 69 (6), 310–320 (2011).
13. 	Corbi, G. et al. Dietary Phytochemicals in Neuroimmunoaging: A New Therapeutic Possibility for Humans?. Frontiers in Pharmacology. 7, 364 (2016).
14. 	Davinelli, S. et al. Dietary phytochemicals and neuro-inflammaging: from mechanistic insights to translational challenges. Immunity & Ageing: I & A. 13,  16 (2016).
15. 	Ostan, R. et al. Inflammaging and cancer: a challenge for the Mediterranean diet. Nutrients. 7 (4), 2589–2621 (2015).
16	. Martucci, M. et al. Mediterranean diet and inflammaging within the hormesis paradigm. Nutrition Reviews. 75 (6), 442–455 (2017).
17. 	Szarc vel Szic, K., Declerck, K., Vidakovic, M., Vanden Berghe, W. From inflammaging to healthy aging by dietary lifestyle choices: is epigenetics the key to personalized nutrition? Clinical Epigenetics. 7 (1), 33 (2015).
18. 	Dean, E., Gormsen Hansen, R. Prescribing optimal nutrition and physical activity as "first-line" interventions for best practice management of chronic low-grade inflammation associated with osteoarthritis: evidence synthesis. Arthritis. 2012, 560634 (2012).
19. 	Ruiz-Núñez, B., Pruimboom, L., Dijck-Brouwer, D.A., Muskiet, F.A. Lifestyle and nutritional imbalances associated with Western diseases: causes and consequences of chronic systemic low-grade inflammation in an evolutionary context. The Journal of Nutritional Biochemistry. 24 (7), 1183–1201 (2013).
20. 	Agarwal, P. et al. MIND Diet Associated with Reduced Incidence and Delayed Progression of Parkinsonism in Old Age. The Journal of Nutrition, Health & Aging. 22 (10), 1211–1215 (2018).
21	. Morris, M.C. et al. MIND diet associated with reduced incidence of Alzheimer's Disease. Alzheimer's & Dementia: The Journal of the Alzheimer's Association. 11 (9), 1007–1014 (2015).
22. 	Franceschi, C., Garagnani, P., Parini, P., Giuliani, C., Santoro, A. Inflammaging: a new immune-metabolic viewpoint for age-related diseases. Nature Reviews. Endocrinology. 14 (10), 576–590 (2018).
23. 	Ciesla, L., Moaddel, R. Comparison of analytical techniques for the identification of bioactive compounds from natural products. Natural Product Reports. 33 (10), 1131–1145 (2016).
24. 	Moaddel, R., Wainer, I.W. The preparation and development of cellular membrane affinity chromatography columns. Nature Protocols. 4 (2), 197–205 (2009).
25. 	Ferrer, I. et al. BDNF and full-length and truncated TrkB expression in Alzheimer disease. Implications in therapeutic strategies. Journal of Neuropathology and Experimental Neurology. 58 (7), 729–739 (1999).
26. 	Numakawa, T., Odaka, H., Adachi, N. Actions of Brain-Derived Neurotrophin Factor in the Neurogenesis and Neuronal Function, and Its Involvement in the Pathophysiology of Brain Diseases. International Journal of Molecular Sciences. 19 (11), 3650 (2018).
27. 	Lima Giacobbo, B. et al. Brain-Derived Neurotrophic Factor in Brain Disorders: Focus on Neuroinflammation. Molecular Neurobiology. 56 (5), 3295–3312 (2019).
28	. Wang, Z. H. et al. Deficiency in BDNF/TrkB Neurotrophic Activity Stimulates δ-Secretase by Upregulating C/EBPβ in Alzheimer's Disease. Cell Reports. 28 (3), 655–669.e5 (2019).
29. 	Devi, L., Ohno, M. TrkB Reduction Exacerbates Alzheimer's Disease-like Signaling Aberrations and Memory Deficits without Affecting beta-Amyloidosis in 5XFAD Mice. Translational Psychiatry. 5(5), e562 (2015).
30	. Jiao, S.S. et al. Brain-derived Neurotrophic Factor Protects against Tau-related Neurodegeneration of Alzheimer's Disease. Translational Psychiatry. 6 (10), e907 (2016).
31. 	Ng, T., Ho, C., Tam, W., Kua, E., Ho, R.C. Decreased Serum Brain-Derived Neurotrophic Factor (BDNF) Levels in Patients with Alzheimer's Disease (AD): A Systematic Review and Meta-Analysis. International Journal of Molecular Sciences. 20 (2), 257 (2019).
32	. Amidfar, M., de Oliveira, J., Kucharska, E., Budni, J., Kim, Y.K. The Role of CREB and BDNF in Neurobiology and Treatment of Alzheimer's Disease. Life Sciences. 257, 118020 (2020).
33. 	Atasoy, I.L. et al. Both Secreted and the Cellular Levels of BDNF Attenuated due to Tau Hyperphosphorylation in Primary Cultures of Cortical Neurons. Journal of Chemical Neuroanatomy. 80, 19–26 (2017).
34	. Rosa, E. et al. Tau Downregulates BDNF Expression in Animal and Cellular Models of Alzheimer's Disease. Neurobiology of Aging. 48, 135–142 (2016).
35	. Xiang, J. et al. Delta-secretase-cleaved Tau Antagonizes TrkB Neurotrophic Signalings, Mediating Alzheimer's Disease Pathologies. Proceedings of the National Academy of Sciences of the United States of America. 116 (18), 9094–9102 (2019).
36. 	Giuffrida, M. L., Copani, A., Rizzarelli, E. A Promising Connection between BDNF and Alzheimer's Disease. Aging. 10 (8), 1791–1792 (2018).
37. 	Ando, S. et al. Animal Model of Dementia Induced by Entorhinal Synaptic Damage and Partial Restoration of Cognitive Deficits by BDNF and Carnitine. Journal of Neuroscience Research. 70 (3), 519–527 (2002).
38	. Fischer, D.L., Sortwell, C.E. BDNF Provides Many Routes Toward STN DBS-Mediated Disease Modification. Movement Disorders: Official Journal of the Movement Disorder Society. 34 (1), 22–34 (2019).
39	. Zhang, F., Kang, Z., Li, W., Xiao, Z., Zhou, X. Roles of Brain-derived Neurotrophic Factor/Tropomyosin-related Kinase B (BDNF/TrkB) Signalling in Alzheimer's Disease. Journal of Clinical Neuroscience: Official Journal of the Neurological Society of Australasia. 19 (7), 946–949 (2012).
40. 	Pilakka-Kanthikeel, S., Atluri, V.S., Sagar, V., Saxena, S.K., Nair, M. Targeted Brain Derived Neurotropic Factors (BDNF) Delivery across the Blood-Brain Barrier for Neuro-protection using Magnetic Nano Carriers: An In-vitro Study. PLoS One. 8 (4), e62241 (2013).
41. 	Jang, S.W. et al. A Selective TrkB Agonist with Potent Neurotrophic Activities by 7,8-Dihydroxyflavone. Proceedings of the National Academy of Sciences of the United States of America. 107 (6), 2687–2692 (2010).
42. 	Todd, D. et al. A Monoclonal Antibody TrkB Receptor Agonist as a Potential Therapeutic for Huntington's Disease. Plos One. 9 (2), e87923 (2014).
43	. Liu, X. et al. Optimization of a Small Tropomyosin-Related Kinase B (TrkB) Agonist 7,8-Dihydroxyflavone Active in Mouse Models of Depression. Journal of Medicinal Chemistry. 55 (19), 8524–8537 (2012).
44. 	Liu, X. et al. Biochemical and Biophysical Investigation of the Brain-derived Neurotrophic Factor Mimetic 7,8-Dihydroxyflavone in the Binding and Activation of the TrkB Receptor. The Journal of Biological Chemistry. 289 (40), 27571–27584 (2014).
45	. Chen, L., Gao, X., Zhao, S., Hu, W., Chen, J. The Small-Molecule TrkB Agonist 7,8-Dihydroxyflavone Decreases Hippocampal Newborn Neuron Death After Traumatic Brain Injury. Journal of Neuropathology and Experimental Neurology. 74 (6), 557–567 (2015).
46. 	Liu, X. et al. Optimization of a Small Tropomyosin-related Kinase B (TrkB) Agonist 7,8-Dihydroxyflavone Active in Mouse Models of Depression. Journal of Medicinal Chemistry. 55 (19), 8524–8537 (2012).
47. 	Zhang, Z. et al. 7,8-Dihydroxyflavone Prevents Synaptic Loss and Memory Deficits in a Mouse Model of Alzheimer's Disease. Neuropsychopharmacology: Official Publication of the American College of Neuropsychopharmacology. 39 (3), 638–650 (2014).
48. 	Casarotto, P.C. et al. Antidepressant Drugs Act by Directly Binding to TRKB Neurotrophin Receptors. Cell. 184 (5), 1299–1313.e19 (2021).
49. Iyer, R. et al. Entrectinib is a potent inhibitor of Trk-driven neuroblastomas in a xenograft mouse model. Cancer letters. 372 (2), 179–186 (2016).
50. Iyer, R. et al. Nanoparticle delivery of an SN38 conjugate is more effective than irinotecan in a mouse model of neuroblastoma. Cancer letters. 360 (2), 205–212 (2015).
51. 	Ng, E.S., Chan, N.W., Lewis, D.F., Hindsgaul, O., Schriemer, D.C. Frontal Affinity Chromatography-Mass spectrometry. Nature Protocols. 2 (8), 1907–1917 (2007).
52. 	Maciuk, A., Moaddel, R., Haginaka, J., Wainer, I.W. Screening of Tobacco Smoke Condensate for Nicotinic Acetylcholine Receptor Ligands using Cellular Membrane Affinity Chromatography Columns and Missing Peak Chromatography. Journal of Pharmaceutical and Biomedical Analysis. 48 (2), 238–246 (2008).
53. 	Harvey, A.L., Edrada-Ebel, R., Quinn, R.J. The Re-emergence of Natural Products for Drug Discovery in the Genomics Era. Nature Reviews. Drug Discovery. 14 (2), 111–129 (2015).
54	. Ciesla, L. et al. Development and Characterization of the α3β4α5 Nicotinic Receptor Cellular Membrane Affinity Chromatography Column and Its Application for on line Screening of Plant Extracts. Journal of Chromatography A. 1431, 138–144 (2016).


