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Introduction
In this chapter we will describe the techniques
that can be used to visualise the endoplasmic
reticulum (ER) and associated structures in live
pancreatic acinar cells.
The ER of pancreatic acinar cells occupies a large
portion of the cytoplasm and is densely packed
into the basolateral region, with strands threaded
into the apical, granular area (4, 10, 12, 19). In
this cell type, the ER is responsible for the
synthesis of large quantities of digestive enzymes
and enzyme precursors (5, 26) and also acts as
the principle intracellular calcium (Ca2+) store (2,
15, 18, 19). Junctions with mitochondria (7, 13,
20) and the plasma membrane (14) also enable
the ER to affect cellular metabolism and regulate
Ca2+ influx. The distribution of ER in pancreatic
acinar cells therefore, serves as a useful
intracellular landmark that can be correlated to the
localisation of other cellular organelles, proteins
and signalling events.
Techniques to visualise the ER and associated
organelles include the use of cell permeable

fluorescent dyes and the exogenous expression
of fluorescently tagged ER-resident proteins.
Fluorescent dyes are invaluable tools as they can
reveal the localisation of intracellular organelles in
live cells with minimal disruption (22, 27). ERTracker™ Blue-White DPX (ER-Tracker™ B-W) is
a cell permeable dye that selectively labels the
ER through an unknown mechanism and
fluoresces upon excitation with ultraviolet or violet
light (6). BODIPY® FL thapsigargin (BODIPY® FL
TG) also reveals the ER in living cells. This
fluorescent dye is a conjugate of thapsigargin, a
drug that binds the sarco/endoplasmic reticulum
Ca2+-ATPases (SERCAs) - pumps located in the
ER membrane (23). Alternatively, the distribution
of the ER can also be revealed by the exogenous
expression of fluorescently tagged ER-resident
proteins, such as STIM1 (14) or Sec61 (11).
Freshly isolated pancreatic acinar cells are
notoriously difficult to transfect, but several groups
have found that use of an adenovirus vector to
deliver constructs into isolated acinar cells allows
effective expression of exogenous proteins (16,
17).
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Fluorescent dyes can also be used to correlate
the distribution of the ER with other cellular
structures. FM® 4-64 is a non-cell permeable
lipophilic dye that becomes fluorescent upon
binding to the outer leaflet of the plasma
membrane (3, 21). Tetramethyl rhodamine methyl
ester (TMRM) is a cell permeable fluorescent
probe with a delocalised positive charge, which
accumulates in mitochondria due to the
mitochondrial membrane potential (8, 9). Both
dyes can be used in conjunction with ER markers
to visualise the distribution of the ER relative to
the plasma membrane or mitochondria.
This chapter describes the materials and methods
required to visualise the ER in live pancreatic
acinar cells, and provides examples of how the
relative positioning of the ER to other organelles
(including the regions of close appositions) can be
imaged.
1. Materials
1.1 Isolation of pancreatic acinar cells
1. Pancreata are isolated from 6-8 week old
male CD-1 mice.
2. Extracellular solution – Na+-HEPES based
solution (containing in mM: 140 NaCl, 4.7
KCl, 10 HEPES, 1 MgCl2, 10 glucose, 1
CaCl2), adjusted to pH 7.3 using NaOH.
3. Purified collagenase (Worthington) stored
at -20oC in 1 ml aliquots at 200 units/ml.
4. Polycarbonate tubes (Sarstedt).
5. Tabletop centrifuge.
6. 70 µM cell strainer (BD Biosciences).
7. Cover slips or poly-L-lysine coated glass
bottom 35 mm culture dishes (MatTek
Corp, Ashland, MA, USA).
1.2 Fluorescent dyes
1. BODIPY® FL thapsigargin (Molecular
Probes) is dissolved in DMSO to give a
stock concentration of 1 mM and stored at
-20oC.

2. ER-Tracker™ Blue-White DPX (Invitrogen)
is stored at -20oC.
3. FM® 4-64 (Invitrogen) is dissolved in
distilled
water
to
give
a
stock
concentration of 1 mM and is stored at 20oC.
4. TMRM (Invitrogen) is dissolved in water to
give a 50 mM solution, then further diluted
in water to give a stock solution of 50 µM
and stored at -20oC.
1.3 Transfection of acinar cells using an
adenovirus vector
1. Acinar cell culture media – Extracellular
solution supplemented with MEM amino
acids, 292 µg/ml L-glutamine, 100 units/ml
penicillin, 100 µg/ml streptomycin, 1 mg/ml
trypsin inhibitor, 2.5 pM CCK. Adjusted to
pH 7.4 using NaOH and sterile filtered
using a Minisart single use filter unit
(Sartorius Stedim biotech, Aubagne,
France).
2. STIM1-EYFP adenovirus (DNA construct
produced by Lee Haynes and inserted into
a replication-deficient adenovirus by
Vector Biolabs, Philadelphia, PA, USA).
3. A standard humidified cell culture
incubator (Wolf Laboratories, York, UK).
1.4 Depletion of ER Ca2+ to reveal STIM1 at
ER-plasma membrane junctions
1. Thapsigargin (Calbiochem) is dissolved in
DMSO to a stock concentration of 10 mM
and stored at -20oC.
2. Methods
2.1 Pancreatic acinar cell isolation
1. Mice are humanely killed in accordance with
the Animals (Scientific Procedures) Act
1986. The pancreas is dissected out rapidly
and washed in extracellular solution,
injected with 1 ml (200 units) of collagenase
solution and transferred in a 1.5 ml tube to a
shaking water bath at 37oC and 120 rpm.

2

2. After 15 minutes, the collagenase solution is
removed and the tissue is disrupted in fresh
extracellular solution by pipetting through a
1 ml pipette tip with 5 mm of the tip
removed. The cloudy supernatant is
transferred to a 15 ml polycarbonate tube
and the cycle repeated several times.
3. The supernatant is then spun at 1000 rpm
(260 x g) for 1 minute in a tabletop
centrifuge
and
the
resulting
pellet
resuspended in extracellular solution. Cells
are then filtered through a 70 µm cell
strainer and the filtrate washed twice by
centrifugation.
The
resulting
pellet
(composed of isolated cells and small
clusters) is then resuspended in extracellular
solution and plated onto cover slips or 35
mm glass bottom culture dishes.
2.2 Loading of fluorescent dyes
1. BODIPY® FL TG – Cells are incubated with
1 µM BODIPY® FL TG diluted in
extracellular solution for 30 minutes at 35oC,
excess dye is then washed off using
extracellular solution (see Figure 1A and
Notes 1 & 2). Staining is also possible at
room temperature.
2. ER-Tracker™ B-W – Cells are incubated
with 1 µM ER Tracker™ B-W for 30 minutes
at 35oC, and then washed with extracellular
solution (see Figures 1B & C). Staining is
also possible at room temperature.
3. TMRM – Cells are incubated with 25-50 nM
TMRM for 10 minutes at room temperature,

and washed with extracellular solution (see
Figure 2C).
4. FM® 4-64 – Cells are treated with 5 µM
FM® 4-64 for approximately 5 minutes
before imaging (see Figures 1A & B and
Note 3). Staining is reversible and can be
removed by washing cells with extracellular
solution.
2.3 Transfection of acinar cells using an
adenovirus vector
1. Freshly isolated cells are resuspended in
acinar cell culture media and approximately
100 µl of the cell suspension is seeded onto
35 mm glass bottom dishes. Cells are
allowed to attach for 5 minutes before the
addition of 2 ml acinar cell culture media.
2. Cells are then transfected with an
adenovirus vector carrying the STIM1-EYFP
construct at approximately 1-5x107 PFU/ml.
The required volume of virus is diluted in
100 µl acinar cell culture media and added
in a drop-wise fashion to the cells.
3. Cells are kept in a standard humidified cell
culture incubator at 35oC, 5% CO2 and 95%
humidity for approximately 12-14 hours
before imaging (see Figures 1 – 3 and Note
4 – Note 6).
2.4 Depletion of ER Ca2+ to reveal STIM1 at ERplasma membrane junctions
1. Cells are incubated with 2 µM thapsigargin
diluted in extracellular solution for 10-20
minutes
before
imaging.
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2.5 Imaging
Fluorophore

Peak Excitation
(excitation laser line; nm)

Emission (nm)

BODIPY® FL thapsigargin

488 (488)

495-550

ER Tracker Blue-White

374 (405)

430-640

FM 4-64

558 (543)

675-775

TMRM

549 (543)

560-600

STIM1-EYFP

514 (514)

520-560

Table 1: Excitation and emission wavelengths of fluorophores used to visualise the ER in live isolated pancreatic
acinar cells. Recommended peak excitation and the optimal emission range are given, with the excitation laser
line used in our laboratory shown in brackets.

3. Notes
1. The Golgi apparatus has also been reported
to contain SERCA pumps (25). Therefore
the use of BODIPY® FL TG can also reveal
elements of the Golgi network.
2. Thapsigargin is known to deplete ER Ca2+
stores and stimulate Ca2+ influx via storeoperated Ca2+ entry (24); it is expected that
BODIPY® FL TG will have similar effects.
Prolonged treatment can therefore lead to
acinar cell damage due to Ca2+ overload, so
it is advisable to image cells immediately
after loading. The specificity of BODIPY® FL
TG can be verified by its displacement with
a non-conjugated thapsigargin (12).
3. FM® 4-64 can undergo endocytosis, which
can subsequently lead to non-specific
staining of intracellular lipids (3, 21). For
best results, imaging should be carried out
shortly after loading.

5. Transfecting acinar cells with adenoviruses
carrying DNA constructs can result in
excessive levels of exogenous protein. We
recommend that the time course of protein
expression should be determined for each
protein and experiment (see Figure 2A for
an example).
6. It can be advantageous to compare the
distribution of ER proteins in both live (using
exogenous protein expression) and fixed
cells (using antibodies against the
endogenous proteins) to highlight any
artefacts occurring due to excessive protein
expression (see Figure 3).
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4. Incubation at 35oC is preferable, as cells
undergo blebbing at more physiological
temperatures (37-38oC), particularly when
stimulated with Ca2+-releasing agonists.
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Figure 1. ER distribution in live pancreatic acinar cells. Isolated mouse pancreatic acinar cells were loaded with
(A) BODIPY® FL TG (blue) and the plasma membrane marker FM® 4-64 (yellow), or (B) ER-Tracker™ B-W
(magenta) and FM® 4-64 (yellow). (C) ER-Tracker™ B-W (magenta) was loaded into acinar cells transfected with
an adenovirus carrying the STIM1-EYFP (green) construct. In all panels, merged images are shown on the right.
Scale bars represent 10 µm.
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Figure 2. STIM1 expression in live isolated pancreatic acinar cells reveals ER and ER-plasma membrane
junctions. (A) Development of fluorescence over time in pancreatic acinar cells transfected with an adenovirus
carrying a STIM1-EYFP construct. (B) STIM1 distribution in different optical sections in resting and (thapsigargininduced) store-depleted acinar cells expressing exogenous STIM1-EYFP (green). TG: thapsigargin. Scale bars
represent 10 µm. (C) Distribution of STIM1-EYFP (green) in relation to mitochondria (magenta; shown using
TMRM) in store-depleted acinar cells. The panel on the right shows the relative positioning of the two organelles,
with arrows indicating STIM1 puncta. STIM1 puncta can often be seen in the immediate vicinity of mitochondria
and the plasma membrane. Parts B and C were adapted from (14).
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Figure 3. A comparison of STIM1-EYFP and Orai1-mCherry distribution in live and fixed pancreatic acinar
cells. (A) Acinar cells transfected with two adenoviruses carrying STIM1-EYFP (green) and Orai1-mCherry (red)
constructs in (i) resting and (ii) (thapsigargin-induced) store-depleted conditions. In the merged images (shown in
the right panel), yellow punctate structures in the basolateral region highlight ER-plasma membrane junctions.
(B) STIM1 and Orai1 distribution in (i) resting and (ii) store-depleted methanol fixed acinar cells, shown using
antibodies against endogenous proteins. The Orai1 antibody (14) was produced by Dr. S. Feske. The STIM1
antibody (1) was a gift from Dr. A. Rao. Scale bars represent 10 µm. Figure 3 was adapted from (14).
Comparison of figures 3A and 3B illustrates the quality of images attainable in live cells with expressed proteins
and fixed cells with immunostaining.
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