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ABSTRACT

Neuronal cell labeling is fundamental to investigations of the nervous system. Labeling
of cells in live or fixed tissue with dyes or ion indicators using ballistic approaches
has recently been developed for the study of neuronal architecture and function. In this
approach, dye-coated particles are propelled into cells by a pulse of pressurized helium.
This unit provides step-by-step protocols for coating tungsten particles with fluorescent
or indicator dyes and for delivering these particles into cells and tissue. The major
advantage of the ballistic method of dye delivery is that large populations of neurons
can be rapidly labeled within a piece of live or fixed tissue. Advantages and limitations
of the approach are discussed and technical advice is provided. Curr. Protoc. Neurosci.
43:2.11.1-2.11.10. C© 2008 by John Wiley & Sons, Inc.

Keywords: ballistic cell-labeling � Gene Gun � particle-mediated dye delivery
� fluorescent dyes

INTRODUCTION

Labeling of the axonal and dendritic arbors of neurons is essential to the study of neuronal
architecture and connectivity. Since the studies by Cajal and Golgi in the early 1900s,
there has been a rapid increase in approaches that can be used to visualize the morphology
of individual or populations of neurons. Ballistic methods have long been used to deliver
DNA to cells (see UNIT 3.15). Delivery of dye using this approach was developed several
years ago and has since been used to label neurons and glia in live tissue. Cells in fixed
tissue can also be labeled using this approach with lipophilic dyes. Overall, the ballistic
approach is mostly used when it is necessary to rapidly label a relatively large number
of isolated cells in a single piece of tissue.

The ballistic approach basically involves coating small (1.0 to 1.7 µm diameter) tungsten
particles with a solution of fluorescent dye and then propelling the dye-coated particles
into cells using a pulse of pressurized helium. Although home-built air-pressure devices
have been built, most laboratories use the hand-held Bio-Rad Helios Gene Gun. Protocols
described in this unit are based on using this commercially available device.

Cells can be ballistically labeled with a variety of fluorescent dyes and ion indicators.
Live cells can be labeled using particles coated with any fluorescent dye, whereas cells
in fixed tissue can be labeled using the lipohilic carbocyanine dyes (Gan et al., 2000;
Sun et al., 2002; Connaughton et al., 2004; Benediktsson et al., 2005; Qin et al., 2006).
Generally, dextran-conjugated dyes and indicators label cells by diffusion within the cyto-
plasm, whereas lipophilic carbocyanine dyes label cells by spreading within the plasma
membrane. The unit provides protocols for coating particles with dextran-conjugated
dyes and carbocyanine dyes (see Basic Protocol 1) and for delivering these dye-coated
particles to cells in tissue (see Basic Protocol 2). The Commentary contains a discussion
of issues important for successful cell labeling.
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BASIC
PROTOCOL 1

PREPARATION OF DYE-COATED PARTICLES FOR BALLISTIC DELIVERY
INTO CELLS

This protocol describes procedures for coating particles with dextran-conjugated dyes
and carbocyanine dyes. The procedures for the two types of dyes share some common
materials and steps but differ in some aspects of coating, and thus are described separately
in the protocol. Figure 2.11.1 summarizes the major steps in the coating procedure for
dextran-conjugated dyes or indicators and also provides a reference for many of the steps
related to the carbocyanine dye procedure.

Dextran-conjugated dyes and indicators are highly water soluble; they are used for
staining live tissue. These dyes coat particles readily and in sufficient amounts to result
in complete labeling of individual neuronal cells. Calcium indicators delivered in this
manner have been successfully used to load cells for calcium imaging. Particles can be
coated with a single dye or with two (or more) different dyes. The method described
below is adapted from Kettunen et al. (2002).

Carbocyanine dyes are lipophilic and can be used to label cells in both live and fixed
tissue. Particles coated with these dyes do not need to penetrate the cell to cause cell
labeling. Instead, the dye molecules spread along the plasma membrane across the surface
of the cell from the point of contact with the particle. Carbocyanine dyes label the cell
membranes brightly and have high extinction coefficients. These dyes are well retained
within cell membranes as long as they do not come into contact with solvents that can
dissolve them. The method described below is adapted from Gan et al. (2000).

Materials

Dextran-conjugated dyes and ion indicators (Molecular Probes):
Fluorescent dextrans (e.g., 10,000 MW; Oregon green 488, dextran-conjugated
Alexa dyes)
Calcium indicators conjugated to dextrans (e.g., Fura-2 dextran, Oregon Green

488 BAPTA-1, Calcium Green dextran)
Double-distilled water
1.0- to 1.7-µm tungsten particles (Bio-Rad)
70% (v/v) ethanol
20 mg/ml polyvinylpyrrolidone (PVP) in 100% ethanol; store in plastic tubes up to

1 month at room temperature
Carbocyanine dyes (Molecular Probes):

Octadecyl (C18) indocarbocyanines (DiI and DiD)
Oxacarbocyanine (DiO)

Methylene chloride (e.g., Sigma)

1.6-ml microcentrifuge tube with locking snap cap
Glass slide (any size)
Single-edge razor blade
Wax weighing paper
Tefzel tubing (Bio-Rad)
Parafilm
Helios Gene Gun guillotine and coating station (Bio-Rad)
Kimwipe or tissue paper
Capped jar or scintillation vial
Dessicant (for bullet storage), enclosed in gel capsule
5- or 10-ml syringe
15-ml conical plastic tubes
Sonicator
Nitrogen gas tanks
Aluminum foil
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Figure 2.11.1 Preparation of dye-coated bullets (see text for details).

Prepare bullets with dextran-conjugated fluorescent dyes and indicators

Coat particles

1a. Weigh 1.5 to 2.0 mg dextran-conjugated dye or indicator into a 1.6-ml locking-cap
microcentrifuge tube.

2a. Pipet 15 µl double-distilled water into the tube to dissolve the dye.

3a. Place 20 to 25 mg tungsten particles on a clean glass slide.

4a. Using a micropipettor, add the dye solution to the tungsten particles (Fig. 2.11.1A)
and spread the particles across the surface of the glass slide with the pipet tip to form
a thin film (Fig 2.11.1B). Leave the particles to dry (10 to 15 min) on the glass slide.

The particles are dry when they turn light gray.

If a higher concentration of dye per bullet is required, increase the amount of dextran or
decrease the amount of tungsten.

5a. After drying, gently scrape the particles from the slide with a clean razor blade onto
wax weighing paper (Fig. 2.11.1C).

A fine powder should result. Stop if the particles appear sticky or dark in color, and wait
for further drying. If the particles are not completely dry, clumps will form and these will
not disperse properly when shot through the filter.

Load tubing

6a. Seal one end of the Tefzel tubing (cut lengths of ∼10 cm) with Parafilm. Insert a
200-µl pipet tip that is cut off at the end (to act as a funnel) into the open end of the
tubing and pour in the particles (Fig 2.11.1D).

7a. Seal the open end of the tubing with Parafilm and shake the particles in the tube from
one end to the other until a film of particles can be seen sticking to the inside of the
tubing (Fig. 2.11.1E).
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8a. Pour excess particles back onto the piece of weighing paper and coat another piece
of tubing.

9a. Cut the coated tubing with the guillotine (see Fig. 2.11.1F) to form “bullets.”

The cut length of the tubing is fixed by the guillotine.

Use a separate guillotine or change the razor blade and wipe the inside of the guillotine
with 70% alcohol to avoid contamination of other samples if different dyes are being
used.

10a. Place the cut bullets on a piece of tissue paper and shake gently (holding the ends
of the tissue together).

This is important for getting rid of large clumps of particles in the tubing, which fall into
the tissue, leaving the fine particles stuck to the tubing.

11a. Store the bullets up to one month at 4◦C in a capped vial with encapsulated desiccant.

Prepare bullets with carbocyanine dyes

Precoat tubing

1b. Cut a piece of Tefzel tubing that extends 5 to 6 cm longer than the Bio-Rad coating
station.

2b. Draw the PVP solution into the tubing using a 5- or 10-ml syringe attached to one
end of the tubing. Let the solution stand for 2 to 5 min.

Use a dilution of 1:200 in 100% ethanol and increase the concentration of PVP if
particles fail to stick to the tubing wall.

3b. Push the PVP solution slowly out from tubing. Remove the syringe and let the
coated tubing dry while preparing the coated particles.

Purging the tubing with dry nitrogen gas on the Bio-Rad coating station can help dry
the internal wall of the tubing more rapidly.

Coat particles

4b. Weigh and place the carbocyanine dye in a locking 1.6-ml locking-cap
microcentrifuge tube.

Typically, ∼2 mg DiI, 4 mg DiO, and 2 to 3 mg DiD are used. More dye is needed if
fluorescent labeling of individual cells is not sufficiently bright.

5b. Optional, for generating seven combinations: Prepare seven separate microcen-
trifuge tubes for each of the following dye combinations (amounts indicated in step
4b annotation): DiI; DiO; DiD; DiI + DiO; DiI + DiD; DiO + DiD; DiI + DiO +
DiD.

This process generates tungsten particles of seven different color combinations. A cell
can be labeled with multiple colors when it is touched by a single tungsten particle
carrying multiple dyes.

6b. Suspend the dye (or mixtures of dyes) in 150 µl methylene chloride by vortexing
with the cap closed and locked.

7b. Place ∼100 to 200 mg tungsten particles on a clean glass slide. Use one slide for
each color or each color mix.

8b. Using a micropipettor, gently squirt the dissolved dye from each vial onto the
tungsten particles on separate slides and use the pipet tip to rapidly spread the
particles across the entire surface of the glass slide to form a thin film of particles
(see Fig. 2.11.1B).
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9b. Leave the particles to dry (1 to 5 min).

This will be evident when the particles turn gray. Ensure that the particles are completely
dry before proceeding to the next step.

10b. After drying, gently scrape the particles from each slide with a clean razor blade
onto a piece of wax weighing paper (Fig. 2.11.1C). Chop large clumps using a clean
razor blade.

11b. Pour the dye-coated tungsten particles into a 15-ml conical tube.

12b. Optional, for generating multicolor combinations: Combine the particles from the
slides coated with the various dye combinations generated by step 5b.

This combination allows distinguishing of different cells with different colors (e.g., see
Fig. 2.11.3C). Within an entire tissue, one should find at least seven different colored
cells.

Load tubing

13b. Add 3 ml double-distilled water to the powders, vortex, and sonicate 1 to 2 min.

14b. Pull up the slurry into the PVP-precoated tubing using a 5- or 10-ml syringe fitted
with a small piece of silicon tubing that fits tightly over the tubing.

15b. Allow the particles to settle for 2 to 5 min with the syringe still attached to the
tubing, then carefully remove the water from the tubing using the syringe.

16b. Gently dry the tubing with a low flow of nitrogen (0.2 to 0.4 lpm).

17b. Cut the dried tubing with the guillotine onto a large piece of tissue paper
(Fig. 2.11.1F) to produce “bullets.”

18b. Gently shake the bullets in the tissue.

This is important for getting rid of large clumps of particles in the tubing.

19b. Place the bullets in a covered jar or scintillation vial with encapsulated desiccant.
Store up to a year at room temperature, protected from light (using aluminum foil).

BASIC
PROTOCOL 2

BALLISTIC DELIVERY OF DYE-COATED PARTICLES INTO CELLS OR
TISSUE

This protocol describes the delivery of the dye-coated particles using the Helios Gene
Gun. Additional details on Gene Gun operation can be obtained from Bio-Rad.

Materials

Tissue sample
Bullets with dye-coated particles (Basic Protocol 1)
Culture medium or buffer appropriate for sample
Buffer (e.g., phosphate-buffered saline, PBS; APPENDIX 2A), optional
Nail polish, optional
Helios Gene Gun with barrel barrel liner for plasmid shooting (Bio-Rad)
3.0-µm pore size, high density, 6-well format tissue culture filter inserts (e.g.,

Falcon)
Helium cartridge with low pressure helium regulator (e.g., 0 to 200 psi range)
Recording chamber (for live tissue) or glass slide and coverslip
Parafilm, optional
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Figure 2.11.2 Arrangement of the Gene Gun and sample for ballistic delivery of dye-coated
particles. (A) The outer guard of the barrel liner supplied by Bio-Rad is cut off to facilitate insertion
of the membrane filter between the tissue and the gun. (B and C) Diagrams showing arrangement
of Gene Gun and tissue. Higher magnification drawing (panel B) shows distances between tissue
and the Gene Gun barrel.

Modify Gene Gun barrel
1. Remove the outer guard of the barrel liner supplied by Bio-Rad for plasmid shooting

(Fig. 2.11.2A) by cutting away the plastic guard to adapt the barrel for dye shooting
and use of membrane filters.

Removal of the outer guard allows one to readily alter the distance between the sample
and the gun (see Fig. 2.11.2). The authors have found that the optimal distance between
the gun and the tissue is ∼2.0 to 2.5 cm; a shooting pressure of 75 to 90 psi works well.

2. Place a 3.0-µm pore size filter membrane between the barrel and the sample to block
clumps of tungsten particles from hitting the tissue (Fig. 2.11.2B).

This arrangement also reduces the pressure wave during shooting and thus is less dam-
aging to the tissue.

Each filter can be used about three or four times.

Some culture inserts have the membrane filter glued to an insert with a height of ∼2 cm. If
this is the case, it is important to raise the tissue ∼1 cm towards the filter such that the total
distance from the Gene Gun barrel to the sample is ∼2.0 to 2.5 cm (see Fig. 2.11.2B).
The caps of 10-ml Falcon conical tubes that have a smooth surface are suitable, but
any plastic piece with similar dimensions will work. The key factor is to ensure that the
distance between the sample and the barrel of the gun is not greater than 2.5 cm.

Deliver labeled particles
3. Load the barrel with the bullets and set helium pressure to ∼80 to 90 psi. Increase

the pressure, if necessary (usually no more than 120 psi).

4. Remove excess liquid from the tissue sample using a piece of tissue paper as a wick.

5. Place the culture plate insert over the tissue sample.

6. Hold the Gene Gun ∼2.0 to 2.5 cm above the tissue sample (Fig. 2.11.2B,C). Trigger
the Gene Gun.

7. Rinse the tissue twice in the culture medium or buffer used for tissue/sample prepa-
ration.

8a. For live tissue: Transfer the tissue to a recording chamber.

8b. For fixed tissue: Place the tissue onto a glass slide, and cover with buffer solution
(e.g., PBS) and a coverslip, if required. Ensure that the coverslip (if used) does not
directly press against the dye-labeled tissue (e.g., by making a Parafilm mask that
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surrounds the tissue, raising the coverslip slightly above the tissue). Store up to
1 week.

The edges of the coverslip can be sealed using clear nail polish (recommended).

If the coverslip is placed directly on the tissue, the dye leaches out over time, creating a
big smear across the tissue.

Do not store carbocyanine-labeled tissue long-term in paraformaldehyde (a common
tissue fixative) as the dye will eventually leach out. For storage, replace paraformaldehyde
with buffer.

COMMENTARY

Background Information

What types of tissue can be labeled?
Using the ballistic method of delivery, it is

possible to dye-label cells in both live and fixed
tissue (Gan et al., 2000; Grutzendler et al.,
2003). Live cells can be labeled using parti-
cles coated with any fluorescent dye, whereas
cells in fixed tissue can be labeled using car-
bocyanine dyes (Gan et al., 2000; Sun et al.,
2002; Connaughton et al., 2004; Benediktsson
et al., 2005; Qin et al., 2006). For in vitro la-
beling, ballistic methods can successfully dye-
label cells in acute or cultured brain slices
(Lang et al., 2006) and in explanted tissue
that is relatively flat and has a large surface
area (e.g., the retina). It is also possible to use
ballistic methods to label cells in dissociated-
cell cultures, but this is difficult and often
causes excessive damage. Ballistics methods
have also been tried on small organisms (e.g.,
C. elegans), including small vertebrates (e.g.,
the embryonic zebrafish). However, achieving
labeling in vivo is challenging because higher
pressures are required to propel the particles
into the tissue.

What kind of dyes can be used?
Although the protocols in this unit are for

two major types of fluorescent dyes (dextran-
conjugated and carbocyanine dyes), almost
any dye that is water soluble can be coated onto
the particles. The authors have tested coating
particles with non-dextran-conjugated dyes
with some success, but labeling is more reli-
able and cells are more brightly labeled when
the dyes or calcium indicators are dextran-
conjugated. In the future, using dyes cou-
pled to large molecules that are “sticky” may
help increase the concentration of dye on each
particle.

What kind of particles can be used?
An ideal particle would be one that has a

relatively large surface area but is still small in
size. This will increase the coating surface and
enable a higher concentration of dye to stick
to the particle without causing a large hole

in the cell. In addition, it would be helpful
to use particles that are relatively dense for a
given size; less pressure will then be needed
to provide the momentum for the particle to
penetrate the tissue.

Tungsten particles are currently used for
dye labeling largely because the dyes stick
well to these particles compared to standard
gold particles, although coating gold particles
with dye also works. The surface of tung-
sten particles also appears more uneven (not
as smooth) compared to that of gold particles,
and thus may present a larger coating surface.
Of course, a big advantage of using tungsten
over gold is that tungsten is much cheaper.

Particle size will affect the amount of dye
that can be delivered to a cell and penetration
of the tissue. Larger particles will carry more
dye and penetrate further into tissue, but may
also cause more damage.

How rapidly is labeling achieved?
Complete labeling of the processes of neu-

rons with dextran-conjugated fluorescent dyes
takes several minutes, whereas carbocyanine
dyes spread rapidly, often labeling the entire
cell within a minute or so in live tissue. Label-
ing of cells in fixed tissue with carbocyanine
dyes generally takes longer (at least several
minutes), and labeling continues over time.
Thus, for fixed tissue, it is sometimes nec-
essary to image cells of interest as soon as
they are brightly labeled because, over time,
other cells in the vicinity may be labeled and
obscure the dendritic or axonal arbors of the
cells of interest.

What is the efficiency of labeling?
Dye labeling of large numbers of cells

within a slice preparation can be achieved, es-
pecially if the cells of interest are close to the
surface (Fig. 2.11.3A). In explanted retina, la-
beling can be achieved for 1% to 10% of cells
within a field of view. The fraction of cells
that are labeled is proportional to the density
of the coating in the tubing and the helium
(shooting) pressure. The density of coating



Ballistic Labeling
with Fluorescent

Dyes

2.11.8

Supplement 43 Current Protocols in Neuroscience

can be altered by suspending octadecyl in-
docarbocyanin (DiI)-coated particles in more
or less water before drying the particles onto
the tubing wall or by using less tubing in the
case of dextran bullets. However, it is also im-
portant to note that as the density of coating
increases, damage to the tissue upon shooting
may be significant. Also, if the tissue is densely
coated with particles, poor image quality dur-
ing imaging of the cells may occur.

What are the advantages and disadvantages
of ballistic delivery?

The primary advantage of the ballistic de-
livery method is that one can quickly obtain
labeling of all the processes of isolated cells in
a large number of cells in live or fixed tissue.
This is particularly useful when a quick sur-
vey of neuronal morphology is required (e.g.,
in studies comparing normal and diseased neu-
ronal tissue; Moolman et al., 2004).

Other methods of obtaining such labeling
include Golgi methods and biolistic electro-
poration (Lo et al., 1994), and transgenic ap-
proaches. Golgi staining has the advantage of
labeling isolated cells throughout the depth of
the tissue but is limited to labeling fixed tis-
sue and lacks the advantages of fluorescence
microscopy. For example, three-dimensional
reconstruction of fluorescently labeled cells
is more readily attained using confocal mi-
croscopy, compared to reconstructions based
on transmitted light microscopy.

Electroporation of dye molecules is possi-
ble and works well using micropipets to la-
bel individual cells (Haas et al., 2001). How-
ever, unless cells need to be targeted, labeling
large numbers of cells by this method takes
much more time compared to ballistic meth-
ods. Labeling large populations of cells with
electroporation is possible, but involves trans-
fection with DNA plasmids encoding fluo-
rescent proteins (Matsuda and Cepko, 2004).
This method therefore is not suitable for fixed
tissue.

There are also advantages associated with
the delivery of ion indicators with ballistic
methods. Importantly, ballistic delivery of ion
indicators is rapid and there is no washout
of intracellular contents commonly associated
with the use of whole-cell patch pipets to load
individual neurons with indicator dyes.

There are some disadvantages of the ballis-
tic method of dye or indicator delivery: (1) The
penetration depth is rather limited (∼50 µm in
live tissue) although new barrel-liner designs
have increased the penetration depth of the par-
ticles (O’Brien and Lummis, 2004; 2006). For

labeling large numbers of cells in live tissue,
whole-tissue electroporation is a good alterna-
tive if the tissue can be kept alive long enough
for protein expression. Indeed, in vivo elec-
troporation is a powerful means for labeling
populations of cells where the tissue of inter-
est is accessible (Haas et al., 2001; Matsuda
and Cepko, 2004). (2) Labeling of cells using
ballistic approaches is random. If cell-specific
labeling is required, then single cell labeling
using electroporation methods or generation
of transgenic animals should be considered.
Of course, transgenic approaches are some-
what limited to species and thus restrict their
usefulness as a general means of cell labeling.
(3) Damage to cells and surrounding tissue
can occur with ballistic labeling of cells in live
tissue. This is less of a problem using electro-
poration methods.

Critical Parameters and
Troubleshooting

Potential problems with coating
Polyvinylpyrrolidone (PVP) is used to in-

crease the adhesion of the tungsten parti-
cles to the inside of the tubing. For dextran-
conjugated dyes, PVP is unnecessary and can
be omitted entirely from the bullet-making
process. However, PVP precoating is still nec-
essary for making carbocyanine bullets. Re-
ducing the concentration of PVP allows more
particles to be discharged from the tubing dur-
ing “shooting.”

The Tezlar tubing provided by Bio-Rad can
vary in “stickiness” from batch to batch. If
the tubing does not appear to coat after try-
ing two or three times to make bullets, obtain
a new batch of tubing from BioRad. Occa-
sionally, there are batches that simply will not
coat properly. However, note that it is not im-
portant that the tubing appear evenly coated
throughout its length. Simply cut off the sec-
tion of tubing with different density of coating
and use as needed. In general, in the procedure
shown in Figure 2.11.1D, the section of tub-
ing near the Parafilm-sealed ends will have a
denser coating of particles.

Potential problems with labeling
There are at least two desired outcomes

using the ballistic method of dye labeling:
(1) complete labeling of individual cell arbors,
and (2) a significant proportion of cells labeled.

If cell labeling is not bright enough, wait
1 hr to determine if cell-filling or labeling gets
brighter. If not, repeat the procedure, but in-
crease the concentration of the dye solution
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or use fewer particles (less total weight) when
making the dye bullets. There will be a range
of brightness of labeling even within a single
labeled field (see Fig. 2.11.3A). This is ex-
pected because the concentration of dye per
particle is not constant because the particles
vary in surface area. Also, the intensity of la-
beling will depend on cell volume. Dye coated
onto a single particle is usually sufficient to
label a cell completely.

If too few cells are labeled, the following
parameters can be altered: (1) use bullets with
a darker coating of particles (more densely
coated), (2) shoot a little closer to the sam-
ple (but do not break the filter membrane),
(3) ensure that extra medium/solution is
removed from the sample, or (4) use higher
helium pressure.

If too many cells are labeled: (1) use bul-
lets that are more lightly coated, (2) cut dense
bullets into halves or thirds, or (3) decrease he-
lium pressure. Do not attempt to shoot farther
than 2.5 cm from the sample or add liquid to
cover the sample.

Anticipated Results
Figure 2.11.3 provides examples of flu-

orescently labeled cells obtained using the
Gene Gun. A relatively large population of
cells can be labeled in acute retinal explants
(Fig. 2.11.3A). Calcium indicators can also be
ballistically delivered to label the dendritic ar-
bors of neurons; Figure 2.11.3B shows a hip-
pocampal pyramidal cell in a slice culture. In
addition, using DiOlistics, neighboring cells
can be identified by different colors, shown

Figure 2.11.3 Examples of dye- or indicator-labeled cells using the ballistic method. (A) Low-
magnification confocal reconstruction showing Oregon Green (OG)-labeled cells in the ganglion
cell layer of a mature mouse retina. (B) A pyramidal neuron of the hippocampus of a 4-day-old
culture (from postnatal day 2) labeled with Oregon Green 488 BAPTA-1, a calcium indicator.
Provided by C. Lohmann. (C) Multicolor DiOlistic labeling of cells in the developing mouse cortex.
(Reproduced from Gan et al., 2000 with permission from Cell Press). CP, cortical plate; VZ,
ventricular zone. (D) Octadecyl indocarbocyanine (DiI) labeling of a retinal bipolar cell in a retinal
slice from a transgenic animal in which other bipolar cells express green fluorescent protein (GFP).
(E, F) Confocal time-lapse images of a postnatal day 8 mouse retinal ganglion cell labeled with
Oregon Green dextran showing retraction (r) and extension (e) of dendrites over time. Panel F
shows detail in the area indicated by the white square in panel E. For the color version of this
figure go to http://www.currentprotocols.com.
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here for cells in the developing rodent cortex
(Fig. 2.11.3C). It is also possible to combine
ballistic methods with transgenic approaches
whereby isolated dye-labeled cells can be la-
beled in the background of cells expressing
green fluorescent protein (example shown in
Fig. 2.11.3D).

Dye-labeled cells in live tissue remain
viable. For example, in developing retina,
dye-labeled cells continue to show extension
and retraction of dendrites (Fig. 2.11.3E,F). In
addition, loading cells with calcium indicators
(Fig. 2.11.3B) enables measurement of
fluctuations in intracellular calcium levels.
For example, see Video 1 of UNIT 2.11 at http://
www.currentprotocols.com, which shows
time-lapse imaging of an embryonic (E15)
chick retinal ganglion cell labeled ballistically
with Oregon Green 488 BAPTA-1. Increase
in intracellular calcium levels is apparent
from the bright flashes that occur throughout
the cell. Images were acquired using a
cooled CCD camera and epifluorescence
illumination, every 2 sec.

Ballistic methods have also been used to
deliver small, gap-junctional permeable dyes
(see Bittman et al., 2004).

Time Considerations
Coating particles and preparing dye-coated

bullets normally take 1 to 2 hr of preparation
time. Ballistic delivery itself is rapid; loading
of the bullets and shooting the tissue takes sev-
eral minutes for each sample.
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