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Abstract

Traditional methods for DNA transfection are often inefficient and toxic for terminally
differentiated cells, such as cardiac myocytes. Vector-based gene transfer is an efficient approach
for introducing exogenous cDNA into these types of primary cell cultures. In this chapter, separate
protocols for adult rat cardiac myocyte isolation and gene transfer with recombinant adenovirus
are provided and are routinely utilized for studying the effects of sarcomeric proteins on
myofilament function.
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1 Introduction

The ability to introduce cDNA into primary cell culture is often essential for identifying the
structural and/or functional role of a protein [1]. Genetic animal models are ultimately
desirable for gaining insight into the role one or more proteins play in modulating or
regulating cardiac pump performance. However, studies in primary adult myocytes can
effectively bridge the gap between biochemical/molecular experiments and studies in more
complex in vivo models [1-3]. In many organ systems, immortalized cells are available to
help bridge these gaps. Cardiac cell lines, such as HL-1 cells, are available and are usually
amenable to typical transfection approaches for gene transfer, such as lipofectamine [4-6].
However, currently available cardiac cell lines are unable to completely recapitulate the
terminally differentiated, rod-shaped morphology and contractile function produced by adult
myocytes. As a result, isolated adult myocytes continue to be the most utilized model for
cellular studies, particularly for work related to cardiac contractile performance [7, 8].

Single cell work in adult cardiac myocytes has provided significant insights into Ca2*
cycling and the role played by individual sarcomeric proteins in modulating contractile
function [2, 7, 9]. Protein expression and the subsequent functional response can be
measured over several hours to days in cells, making isolated myocytes a cost-effective
approach for studying cardiac function [1, 7, 9]. In contrast to cell lines, transfection of
terminally differentiated adult cardiac myocyte is often toxic [9-11]. Additional approaches,
such as poly-.-ornithine, have proven to be less toxic but are inefficient and fail to produce
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adequate protein expression [9]. Recombinant virus is an alternative approach for efficient
and nontoxic gene transfer into many cells, including adult myocytes.

Multiple types of virus are available for gene transfer, including both integrative and non-
integrative vectors [9, 10, 12-16]. Single-stranded, RNA virus, such as the popular lentiviral
vector, integrate into the host genome and result in germ-line transmission [12, 13, 17, 18].
Lentiviral constructs are capable of gene transfer into many cell types and can produce
persistent global or tissue-specific transgene expression [19-22], making lentivirus a
desirable tool for long-term and/or in vivo studies. Lentiviral integration is stochastic and
can result in insertional mutagenesis if positioned adjacent to an oncogene, which requires
consideration when using this vector for in vivo gene delivery [12, 13, 18]. Efficient and
sustained long-term expression also is achieved with other integrating vectors, such as
adeno-associated virus (AAV). Rather than RNA, AAV contains single stranded DNA and it
is increasingly utilized for gene therapy [23]. A portion of the AAV genome integrates site-
specifically on chromosome 19 and as episomal genomes. Recombinant AAV vectors also
can be constructed to produce gene targeting via homologous recombination [24, 25].
However, protein production for both lentiviral and AAV vector-mediated gene transfer is
preceded by a latent or lag phase due to viral integration [23, 26]. This latency can be a
disadvantage for shorter-term cell culture studies in isolated cells. Isolated adult myocyte
studies are typically performed within a week of isolation, as these cells are cultured in
serum-free media to maintain the adult, rod-shaped morphology. Clearly, the specific
characteristics of each vector are important to consider for optimal in vivo and in vitro
experiments.

The linear, non-integrative and double-stranded recombinant adenovirus is an alternative
vector used for gene transfer. This vector is ideal for cellular studies because it produces
rapid and efficient gene expression in a large number of cell types due to the ubiquitous
expression of the receptor required for viral entry [27-29]. In primary cultures of cardiac
myocytes, adenoviral-mediated gene transfer produces rapid and efficient gene transfer and
expression. Thus, gene transfer using recombinant adenoviral constructs has produced
substantial insights into cardiac cellular function, including myofilament function. Most
importantly, insights into contractile performance can usually be achieved in intact
myocytes without vector-dependent disruption of sarcomere stoichiometry, myofilament
integrity, or contractile function [2, 9, 30-36]. A limiting factor for in vivo gene transfer is
the immune response to adenovirus in animal models, which generally prevents transgene
expression beyond 2 weeks post-gene transfer [11, 37].

Our laboratory routinely utilizes recombinant adenoviral-mediated gene transfer into
isolated adult rat cardiac myocytes. The two plasmid Cre-loxP system available from
Microbix (Toronto, CA) can generate the high titer recombinant adenoviral constructs used
for studies in myocytes, and is described elsewhere [2, 11, 38, 39]. This chapter outlines our
current protocol for the isolation of CaZ*-tolerant, rod-shaped adult rat myocytes and the use
of high titer recombinant adenovirus for gene transfer into these cells. A brief section also
provides information about culturing these cells in serum-free media for 5-7 days [2, 9]. The
protocol is adapted from the method developed by Haworth et al. to produce 1-2 x 108
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cardiac myocytes [40]. These protocols are optimized for adult rat hearts and require
adaptation for myocytes isolated from other species [35, 41].

2 Materials

All solutions should be prepared with purified, deionized water (dH,0; 18 ().

2.1 Reagents and Supplies for Isolation of Adult Rat Cardiac Myocyte

1.

Perfusion setup: A Baker apparatus (Harvard “Baker” perfusion set #50-8382) is
used for this protocol and has a double-barrel warming coil with an upper,
changeover stopcock to regulate flow from syringes containing perfusion buffers
(syringe #1: KHB + Ca2*, Subheading 2.1, item 17; syringe #2: KHB-Ca2",
Subheading 2.1, item 16) (see Note 1). Two 50 mL glass syringes are attached to
the warming coil by tubing and are positioned to achieve a 70 mmHg gravimetric
pressure difference between the syringe and the heart. Unless otherwise noted, all
tubing used for the Baker apparatus is Tygon® tubing. Two pieces of tubing also
are connected to the top of the warming coil with the opened ends positioned at the
same height as the syringes to serve as bubble traps. Two additional pieces of
tubing are attached to the sides of the warming coil to adjust and drain buffers.
Stopcocks are attached to the end of each set of drain tubing and these stopcocks
are closed in between cell isolations. A final piece of tubing is inserted into the
bottom of the warming chamber and connected to a second, smaller stopcock (i.e.,
the lower stopcock) to hold the heart mounted to a tubing adapter. The Baker
warming chamber temperature is kept at 37 °C by constant water flow from a
circulating water bath through a water inlet and outlet within the warming chamber.
A small piece of PE-20 tubing connected to Tygon® tubing is used to collect
effluent from the heart, returning it to syringe #2 using a peristaltic pump as a
means of continuously reperfusing the heart during the digestion phase of the
perfusion [2].

The surgical tools for this procedure include: one pair Mayo-Stille scissors, one
standard pattern forceps, one pair of fine dissection scissors, two pairs of Dumont
#4 forceps, a Bellco Cellector tissue sieve (mesh size: 230 pm), and a 16-G tubing
adapter (i.e., cannula). Surgical tools should be autoclaved prior to the myocyte
isolation and handled to maintain sterility during the cell isolation procedure.

Sterile glassware used for myocyte isolations include: 3-50 mL glass beakers, 1-25
mL glass beaker, 1-100 mL glass beaker.

Silanized trituration pipets (two pipets—one large bore, one smaller bore). These
pipets are prepared by marking a Pasteur pipet with a diamond knife, cleanly
breaking off the stem, and fire polishing the glass prior to their first use. Trituration
pipets are washed in 7x soap, rinsed thoroughly with dH,0, silanized in

1Be sure to use the same KHB buffer (+or- Ca2+) for the duration of the experiment. One suggestion is to mark the syringe and the
corresponding KHB bottle with the same color tape to avoid confusing the buffers.
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Sigmacote®, and then allowed to dry. Each pipet is auto-claved after drying the
silanized coating.

Sterile dH,O: Filter-sterilize 1 L dH,0. Unless otherwise noted, filter-sterilized
solutions described below are sterilized using a 0.22 pm bottle-top filter and stored
at room temperature for up to 1 month (see Note 2).

Heparin: Heparin sodium injection (1,000 USP units/mL).
Nembutal: Pentobarbital sodium (50 mg/mL).

0.99 % saline (NaCl) solution: Dissolve 0.1485 g NaCl in 15 mL dH,0 and filter-
sterilize.

70 % ethyl alcohol: Dilute 700 mL ethyl alcohol (200 proof) with dH,0 to a final
volume of 1 L.

50 U/mL Penicillin-50 pg/mL Streptomycin (P/S) + sterile dH,O: Add 10 mL P/S
into dH,0, bring to a final volume of 1 L, and filter-sterilize.

1 M NaCl: Dissolve 58.44 g NaCl in a final volume of 1 L dH,0 and filter-
sterilize.

0.5 M KCI: Dissolve 37.27 g KCl in a final volume of 1 L dH,0 and filter-sterilize.

0.5 M KH,POy: Dissolve 68.05 g KH,PO, to a final volume of 1 L with dH,0 and
filter-sterilize.

100 mM MgSOy4 x 7H,0: Dissolve 24.65 g MgSOy4 x 7H,0 to a final volume of 1
L with dH,0 and filter-sterilize.

100 mM CacCl, x 2H,0: Dissolve 14.70 g CaCl, x 2H,0 in a final volume of 1 L
with dH,0, and filter-sterilize.

Ca?*-Free Krebs—Henseleit Buffer (KHB-Ca2*): Mix 118.0 mL 1 M NaCl, 9.60
mL 0.5 M KClI, 2.40 mL 0.5 M KH,POQy, and 12.0 mL 100 mM MgSOy4 x 7 dH,0
in ~600 mL dH,0. Add 6.50 g HEPES buffer and 1.98 g Glucose. Adjust the pH to
7.4 with 1 M HCI and a final volume of 1 L with dH,0O. The solution is filter-
sterilized and stored at 4 °C for a maximum of 2 weeks (see Note 3).

KHB with Ca2* (KHB + Ca2*): Prepare KHB as described in Subheading 2.1, item
16 and add 10 mL 100 mM CacCl, x 2 H,0 to the solution prior to the addition of
6.50 g HEPES buffer and 1.98 g Glucose. Adjust the pH to 7.4, bring the final
volume of the solution to 1 L, filter-sterilize, and store the solution at 4 °C for a
maximum of 2 weeks.

Hyaluronidase (Type 1V-S; bovine testes, embryo tested): Thaw hyaluronidase on
ice and resuspend to 10 mg/mL with autoclaved dH,O. Aliquot hyaluronidase into

2stock solutions can be stored at room temperature for up to 1 month. If the solutions become cloudy, make fresh solutions prior to

the myocyte isolation.

30lder KHB + Ca?* (Subheading 2.1 item 17) and KH B-cal* (Subheading 2.1 item 16) can be used to rinse the apparatus after the
wash steps (Subheading 3.1.1 #3-4). Fresh KHB should be used for each myocyte isolation.
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prechilled 0.5 mL microfuge tubes and store at —20 °C. Avoid freeze-thawing the
hyaluronidase aliquots.

Collagenase, Type 2: Store lyophilized collagenase in a sealed and desiccated
container at 4 °C. Calculate the amount of collagenase needed for cardiac myocyte
isolation based on the specific lot of collagenase, type 2 (see Note 4).

Digestion solution: Add hyaluronidase (300 pg/mL; Subheading 2.1, item 18) and
fresh collagenase (75-90 U/mL; Sub-heading 2.1, item 19) to 25 mL of KHB-Ca%*
(Subheading 2.1, item 16) in a sterile 50 mL beaker. The digestion solution should
be made with fresh collagenase for each cell isolation procedure. Store solution in a
37 °C humidified, 5 % CO> incubator for a maximum of 3 h prior to use.

2.2 Reagents for Gene Transfer and Cell Culture

1.

3 Methods

Laminin (mouse): Store laminin at —80 °C and thaw on ice just prior to dilution in
sterile phosphate buffered saline (1x PBS). Laminin is diluted to a concentration of
40 pg/mL, aliquoted into one-use prechilled microfuge tubes, and stored at —20 °C
for up to 6 months.

Cell equilibration media (KHB + Ca2* and 2 % Bovine Serum Albumin [BSA]):
Dissolve 2 g of BSA (Fraction V, heat-shocked, fatty acid free) in 100 mL KHB +
Ca?* (Subheading 2.1, item 17). Filter-sterilize media and store at 4 °C for up to 2
weeks.

DMEM + P/S: Add 5 mL P/S (Subheading 2.1, item 10) to 500 mL Dulbecco's
modified Eagle's medium (DMEM; high glucose with -glutamine), filter-sterilize,
and store at 4 °C for up to 2 weeks.

DMEM + 10%FBS + P/S: Add 10 mL fetal bovine serum (FBS; premium) to 90
mL DMEM + P/S (Subheading 2.2, item 3). Filter-sterilize media and store at 4 °C
for up to 2 weeks.

M199 + P/S: Mix M199 (1x; HEPES modification with Earle's salts and .-
glutamine) with 3.073 g .-glutathione, 200 mg BSA (Fraction V, heat shock, fatty
acid free), 2.2 g NaH,CO,, and 2.6 g HEPES buffer in dH,0. Adjust the pH to 7.4
with 1 M NaOH, add 10 mL of P/S and then bring the volume to 1 L with dH,0.
Filter-sterilize the media into two, sterile 500 mL bottles, and store at 4 °C for up to
2 weeks.

3.1 Isolation of Adult Cardiac Myocytes from Rat Hearts

3.1.1 Preparing for Myocyte Isolation

1.

KHB-Ca?* (Subheading 2.1, item 16) and KHB + Ca?* (Subheading 2.1, item 17)
should be pre-warmed at 37 °C prior to use.

4This protocol is optimized for collagenase Type 2 containing 5750 U collagenase, 12,800 U caseinase, 80.5 U clostripain, and 4.6 U
trypsin per milligram of lyophilized powder.
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All “open” tubes should be covered tightly with Parafilm between cell isolations.
Just prior to each cell isolation, remove Parafilm from all openings, place Pyrex gas
dispersion tube (e.g., oxygenator) in syringe #1 (KHB + Ca2* syringe) and adjust
delivery of gas (95 % O, 5 % CO») to achieve a gentle release of O,.

Turn on the water bath to begin heating the Baker perfusion manifold to 37 °C.
Wash the perfusion apparatus, syringes #1 and #2 and all tubing with 70 % ethyl
alcohol (Subheading 2.1, item 9), then sterile dH,0 (x2) (Subheading 2.1, item 5),
and finally sterile dH,O with P/S (Subheading 2.1, item 10). Ensure both the
primary tubing and the bubble traps and drains are treated with ethyl alcohol and
then thoroughly rinsed with dH»O to remove all traces of ethyl alcohol prior to the
next step.

Turn the changeover stopcock to closed position while keeping the lower stopcock
in an open position. Fill syringe #1 and the attached tubing with pre-warmed KHB
+ Ca2* (Subheading 2.1, item 17). Fill syringe #2 with pre-warmed KHB-Ca?*
(Subheading 2.1 item 16) (see Note 1). Remove all air bubbles in the tubing while
flushing the setup with KHB from each syringe (see Note 3). Once air bubbles are
removed, perform a final flush with KHB + Ca2*. Then, keep the upper stopcock in
the syringe #1 open position. Close the lower stopcock until the heart is ready to
mount. Do not allow the syringes and tubing to empty once the flushing process is
complete. Oxygenate the KHB + Ca2* buffer for 10-15 min prior to heart
perfusion.

Fill a large bucket with ice loaded to be even with the rim of the bucket. Place both
the top and bottom portions of a cell culture dish on the ice. Fill each portion with
50 mL KHB + Ca2* (Subheading 2.1 item 17) and keep one on ice. Fill a 10 mL
syringe with ice-cold KHB + Ca2*, attach the cannula, and remove air bubbles
from the syringe. Place cannula (i.e. tubing adapter) at a 90° angle above the ice
bucket and position the syringe at a ~45° angle toward to ice bucket. Angle the
syringe using the tube holder so that the cannula tip is just below the surface of the
KHB + Ca2* solution in one of the cell culture dishes. Place two loops of 4-0
surgical silk dipped in 70 % ethyl alcohol (Subheading 2.1, item 9) around the
cannula.

3.1.2 Removing the Heart

1.

Administer an intraperitoneal (IP) injection of heparin (1500U/kg; Subheading 2.1,
item 6) to an adult rat (200-250 g) (see Note 5). Wait 15 min for adequate
heparinization, and then inject 150-200 mg/kg Nembutal (Subheading 2.1, item 7).
Prepare the digestion solution (Subheading 2.1, items 18-20) during this
heparinization period.

Sterile gloves should be worn to remove the heart and along with sterile surgical
instruments. Sterilize the abdomen with 70 % ethyl alcohol solution (Subheading

5A small volume of Nembutal (Subheading 2.1 item 7; <0.1 cc) can be added to the heparin (Subheading 2.1 item 6) syringe. For
both injections, bring the volume up to 67 cc using 0.9 % saline solution (Subheading 2.1 item 7).
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2.1, item 9). Use the Mayo-Stille scissors to cut open the thorax on either side of
the sternum and move the sternum with the standard pattern forceps to expose the
heart. Holding the heart gently between the thumb and forefinger, excise the heart
with a single cut above the aortic arch (see Note 6).

Immerse the heart in ice-cold KHB + Ca?* (50 mL beaker) (Subheading 2.1, item
17) and rinse away blood by gently massaging the heart.

Place the heart in the KHB + Ca2*-containing cell culture dish (Subheading 2.1,
item 17) without the syringe. Gently remove the fascia around the aorta with
Dumont #4 forceps until the majority of the fascia is removed from the aorta.
Carefully remove any aortic branches from the top of the aorta with a single cut
using fine dissection scissors. Keep the heart immersed in KHB + Ca?* during this
process. Gently place aorta on the tip of the cannula without introducing bubbles
into the aorta or heart. Secure the heart to the cannula with surgical silk (see Note
7). Test the attachment with a gentle flush from the syringe. The heart should
enlarge slightly and stay attached to the cannula.

Turn the lower stopcock to allow the KHB + Ca2* buffer (Subheading 2.1, item 17;
syringe #1) to flow in a rapid, dropwise manner. While transferring the heart to the
perfusion apparatus, gently and continuously deliver KHB + Ca2* via the syringe.
Top off the cannula with KHB + Ca2* prior to removing the syringe and attaching
the cannula/heart to the lower stopcock on the perfusion apparatus.

3.1.3 Retrograde Perfusion of the Heart

1.

Perfuse the heart for 5 min with KHB + Ca2* (Subheading 2.1, item 17; syringe
#1). The perfusion rate during this time should be 6-10 mL/min (see Note 8).

After 3 min, transfer the oxygenator to syringe #2 containing KHB-Ca2*
(Subheading 2.1, item 16), then wait an additional 2 min to turn the changeover
stopcock to the open position for syringe #2 (KHB-Ca2"). Perfuse the heart with
KHB-Ca2* for 5 min (see Note 9). After 3 min of perfusion with KHB-Ca2*, adjust
the syringe volume to 35 mL with KHB-Ca2* and add all of the digestion solution
(Subheading 2.1, item 20) using the drain tubing (final volume 60 mL). Place the
heart in a 25 mL beaker and allow the perfusate to rise to level where the heart is
partially or fully submerged in buffer. Then, position the tip of the reperfusion
tubing (a small piece of PE-20 tubing) near the top of the perfusate against the glass
interface and away from the heart. Perfuse the heart in digestion solution for 15-18
min at a rate of up to 10 mL/min (see Note 9).

6\when removing the heart, cut upward to obtain as much of the aorta as possible.
T\When positioning the heart on the cannula, ensure that the tip of the cannula is visible through the wall of the aorta. The cannula
should not extend into the ventricle.
8The heart often beats during perfusion with KHB + ca2* (Sub-heading 2.1 item 17) and this is a sign of good perfusion. A flow rate
greater than 15 mL/min indicates the cannula position and/or aortic vessel are compromised during the heart perfusion.

Hearts should no longer beat during the Cal*-free KHB (Sub-heading 2.1 item 16) perfusion. As described in note 8, the perfusion
rate should not exceed 15 mL/min. If perfusion exceeds this rate after addition of the digestion solution, the heart should be
immediately removed and minced as described in Subheading 3.1.3 #4.
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Add 3 x 150 pL aliquots of 100 mM CaCl, (Subheading 2.1, item 15) to syringe
containing the KHB-Ca2* (Subheading 2.1, item 16) with digestion solution
(syringe #2) every 30 s for 1.5 min. Add 50 uL of 100 mM CacCl, directly to the
solution surrounding the heart at the end of 1.5 min. Continue perfusion for an
additional 15-18 min (see Note 9).

At the end of this interval, turn the changeover stopcock to stop perfusion, remove
the cannula containing the heart from the apparatus and place the heart in a sterile
cell culture dish. Remove the aorta, any remaining fascia, and the atria from the
heart. Drain all of the digestion solution (Subheading 2.1, item 20) from syringe #2
and the associated tubing into a sterile 100 mL beaker. Then, mince the ventricles
into 5-6 pieces with fine dissection scissors, and place into a sterile 50 mL beaker
containing 15-20 mL of warm digestion solution. Cover the remaining digestion
solution with Parafilm and store in a 37 °C, 5 % CO, incubator. Cover the beaker
containing the minced heart pieces with Parafilm to minimize contamination.

3.1.4 Myocyte Isolation

1.

A small piece of PE-20 tubing connected via larger Tygon® tubing is used to
oxygenate the minced ventricle with O, gas (95 % O,-5 % CO»). Treat the PE-20
tubing tip with 70 % ethyl alcohol (Subheading 2.1, item 9), allow tip to air-dry,
and then place tip just inside the beaker adjacent to the Parafilm. Gently swirl the
minced ventricular tissue in a 37 °C water bath.

After 5 min, collect the supernatant into a sterile Blue Max tube (15 mL; DB
Falcon™) using a silanized triturator to transfer the solution. Centrifuge in a
tabletop clinical centrifuge for 10 s at 45 x g. This supernatant is generally
discarded because there are few rod-shaped cells, but this first digestion is highly
variable and should be determined by each lab.

Add fresh, warm digestion solution (10-15 mL; Subheading 2.1 item 20) to the
remaining ventricular tissue. Repeat the swirling incubation in water bath at 37 °C
for 5-10 min (Subheading 3.1.4 # 1), then gently repeat the trituration process.
During this second digestion, the trituration pipet can be used to gently dissociate
tissue (see Note 10). Briefly triturate (<30 s) if tissue is soft and transfer
supernatant to sterile Blue Max tube (15 mL; DB Falcon™). Add fresh warm
digestion solution to remaining ventricular tissue and store in the 37 °C humidified,
5 % CO, incubator until the next swirling incubation. Collect the supernatant and
centrifuge in a tabletop clinical centrifuge at 45 x g for 10 s to pellet the myocytes.

Gently aspirate off the supernatant from the cell pellet in the blue max tube and
gently add 5 mL of warm cell equilibration media (2 % BSA + KHB + Ca2*;

10When triturating, tissue should not be forced up into the pipet. Tissue should only be dislodged with a gentle and continuous up and
down motion. If tissue has not digested enough to be softened, continue to incubate in digestion solution and refrain from forcing

tissue through the pipet tip.
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Subheading 2.2 item 2) down the side of the tube (see Note 11). Resuspend cells in
media by gently inverting the tube and place tube in 37 °C incubator.

Repeat the previous water bath incubation and trituration steps (Subheading 3.1.4
#3-4). Collect supernatant and centrifuge, remove supernatant from the tube and
resuspend the cell pellet in 5 mL cell equilibration media (Subheading 2.2 item 2;
Subheading 3.1.4 #3-4). This digestion process can be repeated for another 1-2
rounds, until the heart has largely digested and/or all the digestion solution has
been used. Triturate the tissue and begin using a smaller bore triturator as the tissue
is progressively digested.

Place the Cellector in a new cell culture dish and pipette the contents of the beaker
through the Cellector. Then, pipette the solution into a sterile 15 mL Blue Max tube
(DB Falcon™) and pellet the myocytes by centrifugation as described (Subheading
3.1.4 #3).

Aspirate supernatant from both tubes. Gently resuspend cell pellets in warm, fresh
cell equilibration media (2 % BSA + KHB + Ca2*; Subheading 2.2 item 2) and
pool aliquots into a single tube with a final volume of 10 mL or less.

Over a 15 min period, add 25 pL of 100 mM CaCl, (Subheading 2.1 item 15) every
5 min. Resuspend cells with a gentle rocking motion after each addition of Ca2* to
bring the final Ca2* concentration to 1.8 mM. Store the tube in the 37 °C incubator
between Ca2* additions. After the final Ca2* addition, incubate the myocytes at 37
°C for 5 min. Then, pellet the cells by centrifugation (Subheading 3.1.4 #3), and
resuspend the pellet in 3 mL of a 1:1 ratio of DMEM + P/S (Subheading 2.2 item
3) and DMEM + 10 % FBS + P/S (Subheading 2.2 item 4).

During the cell incubation in equilibration buffer, prepare laminin-coated
coverslips. A 22 mm? glass coverslip is placed in each well of a sterile flat-bottom,
6-well tissue culture plate, and UV treated for 10 min in a biosafety cabinet. Add
100 pL laminin (40 mg/mL; Subheading 2.2 item 1) to the center of each coverslip.
A small drop of laminin is initially added under the coverslip to affix it to the 6-
well plate and the remainder is pipetted in the middle of each coverslip. Treat
laminin coated coverslips with UV light for an additional 10 min, and cover until
cells are ready to plate.

Transfer an aliquot of resuspended myocytes to a cleaned hemocytometer then
count the number of rod-shaped myocytes and total number of myocytes in all nine
fields. Calculate the percentage of live cells:

Rods/Total Cells x 100%=% Viability

Calculate the total amount of rod-shaped myocytes in the preparation:

Total rod-shaped cells/9 x total resuspension volume = number of cells x 10%

11preheat the cell equilibration media (2 % BSA + KHB + Ca2™; Subheading 2.2 item 2), DMEM + P/S (Subheading 2.2 item 3) and
DMEM + 10 % FBS + P/S (Subheading 2.2 item 4) prior to use with the myocytes.
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Adjust the volume so the myocyte concentration is 1 x 10° rod shaped cells/mL
using media containing 5 % FBS (i.e., maintain the 1:1 ratio of DMEM + P/S and
DMEM + 10 % FBS + P/S when adjusting the total volume) (see Note 12). Store
the myocytes in the incubator until ready for plating.

3.2 Gene Transfer into Rat Cardiac Myocytes

Work with recombinant adenovirus requires prior BL2 approval. Viral vectors should be
handled in a biosafety cabinet and the surface should be treated with 60 % Lysol followed
by 70 % ethyl alcohol with each entry and exit from the cabinet. Personnel handling vectors
should wear safety glasses, gloves, and a lab coat. The biosafety cabinet should be equipped
with a vacuum system containing tandem Erlenmeyer flasks attached to a 0.1 um approved
vacuum filter. The Erlenmeyer used for direct collection of media and a 2 L beaker should
have adequate amounts of 10 % bleach to treat all virus for at least 20 min prior to
discarding excess media. All plasticware and glassware should be treated with 10 % bleach
for 20 min and then disposed of in a biocontainment bag.

1. Aspirate excess laminin from each coverslip (Subheading 3.1.4 #9) and pipette 200
uL of resuspended cells onto the laminin-coated surface (2 x 10* cells/ coverslip)
(see Note 13).

2. Carefully place the plates into the incubator (37 °C; 5 % CO5) and incubate the
cells for 2 h.

3. During the incubation period, dilute the adenoviral stocks in sterile microfuge tubes
to the desired multiplicity of infection (MOI) with DMEM + P/S (Subheading 2.2
item 3) (see Notes 14 and 19). Store diluted viruses in the 37 °C incubator until
needed.

4. Atthe end of the 2 h incubation, aspirate the excess media from each coverslip.
Pipette 200 pL of the diluted adenovirus onto the cells (see Note 14). Return the
plates to the incubator for an additional 1 h.

3.3 Culturing Rat Cardiac Myocytes

1. One hour after the addition of virus, add 2 mL M199 + P/S (Subheading 2.2 item
5) to each well and return the plates to the incubator (see Note 16).

12Adjust the volume of media used to resuspend the myocytes according to the size of the pellet. If the pellet is small, use 1.5 mL
DMEM + P/S (Subheading 2.2 item 3) and 1.5 mL DMEM + 10 % FBS + P/S (Subheading 2.2 item 4) (total volume =3 mL). If a
large pellet forms, increase the total volume as necessary. This will aid in myocyte counting.

Resuspend the cells by gentle inversion prior to each plate. This prevents the myocytes from pelleting, allowing for even myocyte
application to each coverslip.

The gene transferf)rotocol described is optimized for high-titer recombinant adenovirus. High titer preparations contain ~1012 viral
particles/mL and 10 0 plaque forming units (pfu)/mL of virus. Prior to gene transfer, the virus is diluted to a specific multiplicity of
infection (MOI), the number of plaque forming units (pfu)/myocyte. For sarcomeric proteins, 200 MOI is sufficient for adenoviral-
mediated gene transfer with a viral vector driven by a mouse cytomegalovirus immediately early promoter (CMV) [2, 9, 42]. For
recombinant adenoviral-mediated gene transfer of non-sarcomeric proteins, 10 MOI achieves 80 % myocyte transduction [41].
Control cells are incubated with the same volume of DMEM + P/S (Subheading 2.2 item 3) without virus during the gene transfer
step.

Bviral aliquots are stored at —80 °C and thawed on ice prior to dilution. Multiple freeze-thaw cycles should be avoided by making
single-use aliquots of the virus.

Isolated myocytes are not cultured in serum-containing media for contractile function studies, as serum promotes myocyte
dedifferentiation of the sarcomere [2, 9].
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2. Replace the media in each well with 2 mL pre-warmed M199 + P/S (Subheading
2.2 item 5) 24 h after gene transfer.

3. Change the media every other day after this initial media change.
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