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[Abstract] In this protocol we describe a quantitative biochemical assay to assess the efficiency of
endoplasmic reticulum (ER) to Golgi protein transport in adipocytes (Bruno et al., 2016). The assay
takes advantage of the fact that adipocytes secrete various bioactive proteins, known as adipokines. As
a measure of ER to Golgi flux we determine the rate of bulk secretion of the adipokine adipsin post
washout of Brefeldin A (BFA) treatment using immunoblotting. Because BFA treatment results in an
accumulation of adipsin in the ER, the exit of adipsin from the ER upon BFA washout is synchronized
across cells and experimental conditions. Thus, using this simple assay one can robustly determine if
perturbations, such as knocking down a protein, have an effect on ER to Golgi protein transport.
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[Background] Newly synthesized proteins destined to be secreted from the cell traffic through the
secretory pathway to the plasma membrane (PM). The secretory route includes transport from the ER
to the Golgi, across the Golgi stacks, and movement from the trans Golgi network (TGN) to the PM.
Each of these transport steps provides nodes for regulation of secretion. While most cells are capable
of secreting proteins, certain specialized cell types are professional secreters of specific proteins.
Adipocytes, for example, secrete hormones, called adipokines that affect the energy metabolism of
various organs. To better understand the molecular underpinnings of adipokine secretion, we have
developed an assay to study the transport of adipsin, an adipokine, from the ER to the Golgi of cultured
adipocytes. A traditional and commonly used method of studying ER to Golgi transport is to monitor the
exit of the temperature sensitive vesicular stomatitis virus G protein ts045 fused to GFP (VSVG-GFP)
from the ER (Presley et al., 1997). An advantage of using the adipsin secretion assay to study ER to
Golgi transport in adipocytes is that the flux of an endogenous protein from the ER is monitored rather
than an ectopically-expressed reporter protein.

Materials and Reagents
1. 24-well cell culture plates (Corning, Falcon®, catalog number: 353226)
2. 10 cm dish
3. 1.5 ml microcentrifuge tubes
4. Pipette tips
5. 26 G ½ needles (BD, catalog number: 305111)
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6. Cell scrapers (Corning, Falcon®, catalog number: 353085)
7. 3T3-L1 fibroblast cells (ATCC, Clone-173)
8. DMEM/10% FBS (see Recipes)
a. Dulbecco’s modified Eagle medium (DMEM) powder high glucose (Thermo Fisher Scientific,
GibcoTM, catalog number: 12100046)
b. Fetal bovine serum (FBS) (Thermo Fisher Scientific, GibcoTM, catalog number: 26140095)
c.

Penicillin-streptomycin (5,000 U/ml) (Thermo Fisher Scientific, GibcoTM, catalog number:
15070063)

d. Sodium bicarbonate (NaHCO3) (Sigma-Aldrich, catalog number: S6297)
9. Brefeldin A (BFA) (5 μg/ml, prepared in M-199 media) (Cell Signaling, catalog number: 9972)
10. M-199 protein free media (Sigma-Aldrich, catalog number: M4530)
11. Acetone (cooled at -20 °C) (Sigma-Aldrich, catalog number: 320110)
12. Laemmli sample buffer (LSB) (2x, dilute in water for 1x) (Sigma-Aldrich, catalog number: S3401)
13. Trichloroacetic acid (TCA) (chilled on ice) (Sigma-Aldrich, catalog number: T0699)
14. 10x stock solution of phosphate-buffer saline (PBS) (see Recipes)
a. Sodium chloride (NaCl) (Sigma-Aldrich, catalog number: S9625)
b. Potassium chloride (KCl) (Sigma-Aldrich, catalog number: P4504)
c.

Sodium phosphate dibasic heptahydrate (Na2HPO4.7H2O) (Sigma-Aldrich, catalog number:
S9390)

d. Monopotassium phosphate (KH2PO4) (Sigma-Aldrich, catalog number: P0662)
15. 1x stock solution of phosphate-buffer saline (PBS) (see Recipes)
16. Polyacrylamide gels (10%) (home-made) (see Recipes)
a. 30% Acrylamide/Bis solution 37.5:1 (Bio-Rad Laboratories, catalog number: 1610158)
b. Tris (Sigma-Aldrich, catalog number: T6066)
c.

Sodium dodecyl sulfate (SDS) (Sigma-Aldrich, catalog number: L4509)

d. Ammonium persulfate (APS) (Sigma-Aldrich, catalog number: A3678)
e. Tetramethylethylenediamine (TEMED) (Sigma-Aldrich, catalog number: T9281)
17. Non-fat powdered milk (LabScientific, catalog number: M-0842)
18. Tween-20 (Sigma-Aldrich, catalog number: P1379)
19. Goat anti-adipsin antibody (Santa Cruz Biotechnology, catalog number: sc-12402)
20. HRP conjugated Donkey anti-Goat secondary antibody (Santa Cruz Biotechnology, catalog
number: sc-2020)
21. 10x running buffer & transfer buffer for Western blotting (see Recipes)
a. Glycine (Sigma-Aldrich, catalog number: G8898)
b. Tris
c.

Sodium dodecyl sulfate (SDS)

d. Ethanol (EtOH) (Decon Labs, catalog number: V1016)
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Equipment

1. Pipettes
2. Incubator at 37 °C/5% CO2
3. Microcentrifuge at 4 °C (Thermo Fisher Scientific, model: HeraeusTM BiofugeTM StratosTM
Centrifuge Series, catalog number: 75003236)
4. Heat block at 95 °C
5. Aspirator
6. Western blotting equipment
a. Mini Trans-Blot Cell and PowerPac Basic Power Supply (Bio-Rad Laboratories, catalog
number: 1703989)
b. Nitrocellulose membrane (Nitrobind, 0.45 μm) (VWR, catalog number: 490007-490)
c.

Blotting paper (VWR, catalog number: 28298-030)

Software

1. ImageJ

Procedure

A. Experimental preparation
1. For each experimental condition, plate 3T3-L1 adipocytes in 6 wells of a 24-well plate (~½
million cells/well) in DMEM/10% FBS.
Note: 3T3-L1 fibroblast cells are differentiated in a 10 cm dish (~1 x 107 cells/dish) according to
the protocol by Subtil et al. (2000). ~3.3 million cells are used per condition, day 5 or 6 post
differentiation in DMEM/10% FBS (one 10 cm dish is sufficient for three conditions).
2. After plating in a 24-well plate, allow cells to recover overnight in a 37 °C/5% CO2 incubator
before proceeding to Procedure B.

B. ER secretion assay
Note: A work flow diagram of the ER secretion assay is shown in Figure 1.
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Figure 1. Work flow diagram for ER secretion in adipocytes. A. Adipocytes are plated in 6
wells of a 24 well plate. B. Cells are treated with BFA for 45 min, BFA is washed out, and allowed
to recover for various amounts of time in BFA-free media. Red numbers indicate points of media
collection and cell solubilization from a well of the plate.
1. Prepare 5 μg/ml Brefeldin A (BFA) in M-199 protein-free media warmed to 37 °C.
2. Wash all cells three times with M-199 media. Following aspiration of the last wash, add 150 μl
of 5 μg/ml BFA (in M-199 protein-free media) to each well. Incubate cells for 30 min at 37 °C/5%
CO2. Upon BFA treatment the Golgi rapidly collapses and Golgi proteins undergo retrograde
trafficking to the ER. Furthermore, BFA treatment inhibits anterograde trafficking from the ER to
the Golgi, and consequently Golgi proteins accumulate in the ER (Fujiwara et al., 1988;
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Lippincott-Schwartz et al., 1989 and 1990). Thus, the majority of post-ER adipsin is redistributed
back to the ER and the bulk of intracellular adipsin accumulates in the ER. BFA treatment serves
as a way to synchronize cells to allow for accurate comparison of adipsin secretion across
conditions.
3. Collect media from well #1 in a 1.5 ml Eppendorf tube. Wash cells in well #1 one time with 1x
PBS and add 100 μl of 1x LSB. Scrape cells and collect solubilized cells in a 1.5 ml Eppendorf
tube. Set the media and solubilized cells aside on ice.
4. Remove the media from wells #2-6 and add 150 μl of pre-warmed 5 μg/ml BFA (in M-199 proteinfree media) for 15 min at 37 °C/5% CO2. This additional BFA treatment ensures that all post-ER
adipsin has been cleared.
5. Collect media and solubilize cells from well #2 as described in step B3.
6. Wash wells #3-6 three times with M-199 media to washout the BFA. Add 150 μl of M-199 media
(without BFA) to each well to allow for recovery.
7. 30 min post recovery, collect media and solubilize cells from well #3.
8. 60 min post recovery, collect media and solubilize cells from well #4.
9. 120 min post recovery, collect media and solubilize cells from well #5.
10. 180 min post recovery, collect media and solubilize cells from well #6.
11. Boil solubilized cells collected from wells #1-6 at 95 °C for 5 min and store at -20 °C.
Note: Samples can be set aside on ice until all samples have been collected, and boiled together
once collection is complete.

C. TCA protein precipitation of media
1. Add a 1:10 dilution of ice cold TCA to media collected from wells #1-6 (i.e., add 15 μl of TCA to
150 μl of media) and incubate on ice for 30 min.
2. Spin samples in a microcentrifuge at 16,000 x g, 4 °C for 5 min.
3. Discard the supernatant using a pipette tip.
Note: The pellet will appear as a thin, clear smear on the side of the Eppendorf tube and can
be difficult to observe. When discarding the supernatant, one should avoid touching the pipette
tip against the side of the tube containing the pellet as to not disturb the pellet.
4. Add 200 μl of cold acetone (cool at -20 °C beforehand) to the pellet and vortex.
5. Spin samples in a microcentrifuge at 16,000 x g, 4 °C for 5 min to recollect the pellet.
6. Wash samples once more with cold acetone (repeat steps C3-C5).
7. Remove supernatant from the second acetone wash and air dry pellet at room temperature for
two minutes, followed by placing samples in a 95 °C heat block for two minutes to ensure the
acetone is fully evaporated. If residual acetone remains, samples can be left for additional time
at 95 °C.
8. Add 30 μl of 2x Laemmli sample buffer to each pellet and boil samples at 95 °C for 10 min. Store
samples at -20 °C.
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D. Western blotting
1. Run samples of TCA concentrated media and solubilized cells on a home-made 10%
polyacrylamide gel (see Figures 2A and 2B).
Note: If the cell lysates are viscous, samples can be passed through a 26 G ½ needle multiple
times until less viscous.
2. Transfer proteins to a nitrocellulose membrane, and block the blot in 5% milk/0.1% Tween20/PBS for 1 h at room temperature.
3. Probe blots for adipsin using an goat anti-adipsin antibody diluted 1:500 in 5% milk/0.1% Tween20/PBS overnight at 4 °C.
4. Wash blots 3 x 5 min with PBS/0.1% Tween-20 at room temperature. Incubate blots with HRP
conjugated Donkey anti-Goat secondary antibody diluted 1:5,000 in 1% milk/0.1% Tween20/PBS for 1 h at room temperature. Wash blots 3 x 5 min with PBS/0.1% Tween-20 at room
temperature.
5. Develop blots using chemiluminescence detection system.

Data analysis

To measure the rate of adipsin secretion, quantify the amount of adipsin secreted at each time point
post BFA washout for each condition by densitometry analysis of the Western blots (i.e., Figure 2A,
lanes 3-6). To correct for variations in total cell number in the different conditions, calculate that
amount of cell associated adipsin following 30 min BFA treatment and following the additional 15
min treatment (i.e., Figure 2B, lanes 1 and 2) and take the average of the two measurements. The
amount of cell associated adipsin before BFA washout is used as a measure of cell number because
before washout the amount of secreted adipsin is negligible and nearly all of the adipsin is cell
associated. Divide the amount of adipsin secreted at each time point post BFA washout (Figure 2A,
lanes 3-6) by the total cell associated adipsin (Figure 2B, average of lanes 1 and 2).
Notes:
a. We use ImageJ software for densitometry analysis.
b. We observe two bands when we probe for adipsin. The bottom band is the unmodified form and
the top band is the glycosylated form of adipsin. Under BFA treatment, the majority of adipsin in
WT cells is cell associated and unmodified because adipsin is redistributed to and trapped in
the ER (Figure 2B, lanes 1 and 2). Following BFA washout, the amount of cell associated adipsin
decreases (Figure 2B, lanes 3-6) and the amount of secreted adipsin increases linearly with
time (Figure 2A, lanes 3-6). As expected, the majority of secreted adipsin is glycosylated. When
quantifying the amount of secreted or cell associated adipsin at a particular point in the assay,
the intensities of the two bands should be summed.
Generate a plot of the amount of adipsin secreted (corrected for total cell associated adipsin) vs.
time post BFA washout, and fit the values with a linear curve fit (Figure 2C). The rate of adipsin
secretion post BFA washout is the slope of the linear curve fit.
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Figure 2. Representative data. A. TCA concentrated media; B. Solubilized cells collected from
wells of the plate at various points in the assay (see Figure 1) are run on a polyacrylamide gel
and probed for adipsin. C. Plot of amount of adipsin secreted as a function of time post BFA
washout; fit with a linear curve fit.

Recipes

1. DMEM/10% FBS (for 1 L)
1 package DMEM powder high glucose
2.5 g sodium bicarbonate
10 ml penicillin-streptomycin (5,000 U/ml)
Adjust pH to 7.2 (using 10 N HCl or 10 N NaOH)
Filter sterilize
Add 10% FBS and re-filter sterilize
2. 10x PBS (for 1 L)
80 g NaCl
2 g KCl
21.7 g Na2HPO4.7H2O
2 g KH2PO4
Adjust pH to 6.9 (using 10 N HCl or 10 N NaOH)
3. 1x PBS
Dilute 10x PBS with sterile ddH2O 1:10
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4. 10% polyacrylamide gel
a. Resolving solution (for 1 gel)
4 ml ddH2O
3.3 ml 30% acrylamide
2.5 ml 1.5 M Tris (pH = 8.8)
0.1 ml 10% SDS
0.1 ml 10% APS
0.004 ml TEMED
b. Stacking solution (for 1 gel)
2.7 ml ddH2O
0.67 ml 30% acrylamide
0.5 ml 1 M Tris (pH = 6.8)
0.04 ml 10% SDS
0.04 ml 10% APS
0.004 ml TEMED
5. 10x running buffer & transfer buffer (for 1 L) for Western blotting
144.134 g glycine
30.285 g Tris
Notes:
a. For 1 L of 1x running buffer dilute 1:10 with H2O, add 10 ml of 10% SDS.
b. For 1 L of 1x transfer buffer dilute 1:10 with H2O, add 100 ml of EtOH.
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