Brazilian Journal of Medical and Biological Research (2001) 34: 1115-1124

ISSN 0100-879X

L.A. Ribeiro?,

P.D.S.C. Mariani?,

J.L. Azevedo?,

E.L. Rech?, G.S. Schmidt*
and L.L. Coutinho?

Correspondence

L.L. Coutinho

Departamento de Produgdo Animal
ESALQ, USP

Av. Padua Dias, 11

13418-900 Piracicaba, SP

Brasil

E-mail: llcoutin@carpa.ciagri.usp.br

Research supported by FAPESP (No.
95/7457-6), EMBRAPA/CNPSA and
CNPgq. LLC, JLA, GSS and ELR are
recipients of CNPq productivity
scholarships and LAR is the recipient
of a PhD scholarship from FAPESP.

Received February 23, 2001
Accepted June 20, 2001

A biolistic process for in vitro gene
transfer into chicken embryos

Departamentos de *Producdo Animal, and

2Genética, Escola Superior de Agricultura Luiz de Queiroz,
Universidade de Sao Paulo, Piracicaba, SP, Brasil
SEMBRAPA/CENARGEN, SAIN Parque Rural, Brasilia, DF, Brasil
4EMBRAPA Suinos e Aves, Concérdia, SC, Brasil

Abstract

Chicken embryos kept in culture medium were bombarded usingey words

high helium gas pressure biolistic device. To optimize the factors thdiolistic process

affect transformation efficiency, tHacZ gene under control of the - Chicken embryo

human cytomegalovirus immediate early enhancer/promoter was us&§ne transfer

as a reporter gene. There was an inverse relationship between survi§zfalactosidase _
rate and transformation efficiency. The best conditions obtained fc?FePe” fluorescent protein
high embryo survival and high transformation efficiency were achievé

with 800 psi helium gas pressure, 500 mmHg vacuum, gold particles, 7
an 8 cm DNA-coated microparticle flying distance to the embryo and

embryo placement 0.5 cm from the center of the particle dispersion

cone. Under these conditions, transformation efficiency was 100%,

survival rate 25% and the number of expression units in the embryo

body cells ranged from 100 to 1,000. Expression of green fluorescent

protein was also detected in embryos bombarded under optimal condi-

tions. Based on the results obtained, the biolistic process can be

considered an efficient method for the transformation of chicken

embryos and therefore can be used as a model system to study transient

gene expression and tissue-specific promoters.

Introduction are used to transfer DNA in a variety of
animal species (2-7).

Various techniques have been developed In chickens, retrovirus infection has been
and used to introduce exogenous genes insmiccessfully used to insert exogenous genes
animal cells, aiming not only to study basidnto the germline of young embryos (8,9).
biological processes and gene regulation bliikewise, DNA transfer to blastoderm cells
also to produce transgenic animals. Methodd.0), primordial germ cells (11,12) and so-
using retrovirus infection and microinjectionmatic cells (13,14) have been obtained. Di-
into the pronuclei of newly fertilized eggsrect microinjection of exogenous DNA into
are used when integration and stable gemeewly fertilized zygotes has also been devel-
expression are desired to produce transgeniped; however, integration of this DNA into
animals (1). However, when transient gen¢ghe germline is a rare event (15,16). Other
expression is desired, other methods such asethods such as ovo lipofection (4),
calcium phosphate coprecipitation, lipofec-electroporation (5,6) and biolistic processes
tion, electroporation and biolistic processe$5,7,17) have been used in chicken embryos
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and adult chicken (18); however, only trantomegalovirus (CMV) immediate early gene
sient expression has been studied. promoter/enhancer. The pCMVR plasmid
The biolistic process is a physical methodvas used for the experiments in order to
used to introduce nucleic acids and otheoptimize bombardment conditions. The pro-
substances into cells or intact tissues througbcol for plasmid precipitation onto gold or
highly accelerated microparticles. Thistungsten particles using CaGind spermi-
method, developed by Sanford and collabodine was described by Aragéo et al. (26).
rators (19), has been widely applied and
optimized in a variety of animal species (forBombardment conditions
reviews, see 20,21) due to its advantages,
such as simultaneous bombardment of many A high-pressure helium gas apparatus
cells, release of high doses of DNA, cobased on the design described by Sanford et
transformation with two or more plasmids,al. (27) was used to bombard the embryos.
and independence concerning the use dhe distance from rupture and carrier mem-
genotypes, specific culture and tissue protdsranes was 0.6 cm. Carrier membrane flying
cols (3,22,23). distance to the stopping screen was 2.0 cm,
To assure the efficiency of DNA releaseand distances from the carrier membrane to
within the cells and to reduce the harmfuthe embryo, corresponding to the DNA-
effects of this technique, optimization ofcoated microparticle flying distance to the
physical and biological factors is necessargmbryo, were 8.0 and 11.0 cm.
to obtain reproducible and consistent results Two microparticle types were tested for
(3,24). The present report describes the d@lasmid precipitation: gold with diameters
velopment and optimization of an vitro of 1.5to 3.0 um and tungsten with a diameter
biolistic process of gene transfer to cultureaf 1.2 um (M10, Sylvania Inc., New York,

live chicken embryos. NY, USA).
Material and Methods R-Galactosidase and GFP activities
Chicken embryos 3-Galactosidase ([3-gal) activity was de-

tected by a histochemical assay. Embryos
Fertilized chicken eggs of the AgRosswere fixed in a 4% paraformaldehyde solu-
lineage were incubated at 88 for 42 h. tion for 5 min at 4C, followed by staining
Embryos with 13 to 16 somites (developfor 4 h at 37C with a chromogenic substrate
mental stage 11 or 12, Ref. 25) were reeontaining 100 mM sodium phosphate, 1.3
moved from the eggs, transferred to a PetmM MgCl,, 3 mM K,Fe(CN), 3 mM
dish containing culture medium (0.36% NaClK;Fe(CN)}, and 1 mg X-gal (5-bromo-4-
1% bacto-agar and 50% thin albumen), bomehloro-3-indolyl-3-galactopyranoside)/mil. 3-

barded and incubated again a¢G8 Gal expression was detected histochemically
by the hydrolysis of X-gal to produce in-
Expression vectors soluble indigo. The resulting blue color indi-

cated the location of 3-gal activity in trans-
Two plasmids were used to evaluate trarformed cells. For light microscopic exami-
sient expression of two exogenous genesation, embryos were embedded in LR white
thelacZgene fronkEscherichia col[pCMVR)  resin for transverse sectioning at 6 um thick-
and the green fluorescent protein (GFP) gerneess.
from Aequorea victoriagpEGFP-N1). Both GFP activity was analyzed 24 h after
genes were under control of the human cybombardment, with no need for fixation or
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staining procedures. This protein was dethe targeted tissue. These parameters are
tected in live embryos with a fluorescentcontrolled by a group of factors that interact
microscope. The synthesized fluorescent pramongst themselves, such as target position-
tein has a maximum excitation at 488 nm anahg in relation to the center of the particle
maximum emission at 507 nm. dispersion cone, microparticle size, DNA-
Transformation was verified by the ab-coated microparticle flying distance to the
sence or presence of blue points (for R-gatarget, helium gas pressure and vacuum in-
or green fluorescent points (for GFP), represide the bombardment chamber (3).
senting gene expression in a cell or group of
cells (expression units). Embryos that showeEmbryo position relative to the center of the
reporter gene activity were classified intoparticle dispersion cone
two categories: 1) expression in embryo
body or extra-embryonic tissue or both (total Experiments were initiated with gold mi-
expression), and 2) expression in embryaroparticles, 8 cm DNA-coated microparticle
body. flying distance to the embryo, three helium
Embryos that were completely degenergas pressures (900, 1200 and 1500 psi), par-
ated at the time of fixation were discarded agal vacuum of 500 mmHg and two embryo
it was not possible to determine if they exjpositions relative to the center of the particle
pressed [3-gal. These embryos were not codispersion cone (1 and 2 cm). The center was
sidered in the calculation of survival rate omot tested because according to Russell et al.
percentage of embryos expressing 3-gal. Su{31) cells are seriously damaged in this area,
vival rate was verified by the presence obecoming incapable of later division or
embryos with a heartbeat at the time of fixagrowth.
tion. Non-bombarded embryos were used as Results in Table 1 show that all embryos
negative control and did not show any stainplaced at a distance of 1 cm presented 3-gal

ing or fluorescence. activity. At this distance, 900 psi pressure
produced the largest number of embryos
Statistical analysis expressing R-gal in the body cells (88.9%).

On the other hand, 1500 psi pressure pro-

Data concerning percentages of discardeduced the best results in embryos placed at 2
embryos, survival rate and transformatiorem with 100% transformation efficiency

efficiency were analyzed statistically by thecompared to 62.5% for embryos under 1200

chi-square test (28). psi. Although embryos positioned at 1 cm
showed better transformation efficiency and
Results and Discussion more transformed cells, tissue development

was seriously hindered. In contrast, embryos
Different bombardment conditions wereplaced at 2 cm from the center of the particle
tested to maximize the number of transdispersion cone presented normal tissue de-
formed cells while maintaining tissue dam-velopment but few transformed cells. These
age at an acceptable level. This testing igesults show an inverse relationship between
necessary because each species or cell typember of transformed cells and damage to
requires different conditions for DNA trans-embryo development. In other words, the
fer (23,24,29,30). larger the number of transformed cells the
Parameters that affect transformation efgreater the damage the embryos suffer.
ficiency are velocity at which the micropar-Russell et al. (31) and Gendreau et al. (32)
ticles reach the target, quantity of cells transsbserved the same phenomenon. Another
formed and the effect of the shock wave ofmportant observation was the reduced num-
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ber of transformed cells in embryos placed atause the greater the distance traveled by the
2 cm. This result could have been due tanicroparticles the greater the particle dis-
nonhomogenous microparticle dispersiorpersion area upon reaching the target (3).
since only a small number of particles reach Helium gas pressures of 900 and 1200

the more distant embryos. psi and a partial vacuum of 500 mmHg were
used to evaluate [3-gal expression in embryos
Tungsten microparticles bombarded at 1 and 2 cm from the center of

the particle dispersion cone (Table 2). R-Gal
In an attempt to reduce damage to thevas expressed only in embryos bombarded

embryo during bombardment, tungsten parat 1 and 2 cm from the center of the particle
ticles, which have a smaller diameter (1.2lispersion cone under 1200 psi. The 900 psi
um) than gold, were tested. B-Gal expressigoressure proved to be very inefficient in
was analyzed in 12 embryos bombarded witlransforming embryos placed at 2 cm be-
900 psi helium gas at 500 mmHg and placedause none of the embryos expressed 3-gal
1 cm from the center of the particle disperactivity. Most of the embryos, regardless of
sion cone. Results showed that 75% of ththe conditions used, presented normal tissue
bombarded embryos were transformed andevelopment and a heartbeat at the time of
all presented [3-gal expression in the bodixation (24 h after bombardment). The num-
cells. The number of expression units variether of expression units varied from 4 to 30 in
from 5 to 20 in the embryo body and from 2@he embryo body and from 10 to 40 in the
to 50 in extra-embryonic tissue. Most em-extra-embryonic tissue.
bryos had a heartbeat 24 h after bombard- Underthese new conditions, embryo dam-
ment as well as a small delay in tissue devekge was minimized, but at the same time
opment (data not shown). transformation efficiency and the number of

transformed cells were reduced.
DNA-coated microparticle flying distance to
the embryo Placement of embryos 0.5 cm from the

center of the particle dispersion cone

In order to increase the number of ex-

pression units in the embryo body, the DNA-  As the use of smaller tungsten particles
coated microparticle flying distance to theand a longer flying distance (11 cm) reduced
embryo was increased from 8 to 11 cm beembryo damage, a new series of experiments

Table 1. Effect of helium pressure on R-galactosidase (B-gal) expression in embryos placed 1 and 2 cm from
the center of the particle dispersion cone, using gold particles and 500 mmHg vacuum.

Helium lcm 2cm
pressure
(psi) N Embryos Embryos No. of e.u. N Embryos Embryos No. of e.u.
with total with in embryo with total with in embryo
expression  expression body cells expression expression  body cells
(%) in body (%)t in body
cells (%) cells (%)
900 9 100 88.9 44 - - - -
1200 9 100 66.7 45 8 62.5 125 3
1500 9 100 77.8 59 6 100 50.0 9

1Embryos with R-gal expression in body cells or extra-embryonic tissue or both. DNA-coated microparticle
flying distance to the embryo was 8 cm. e.u. = expression units.
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was conducted to evaluate transformatiobombarded with 900 psi helium gas pres-
efficiency and survival rate of embryos placedure, 500 mmHg vacuum and placement 0.5
0.5 cm from the center of the particle disperem from the center of the particle dispersion
sion cone. Bombardment conditions wereone and 8 cm from the carrier membrane.
600 and 900 psi helium gas pressures amll embryos bombarded presented enzymatic
partial vacuum of 500 mmHg. Under theseactivity in both body cells and extra-embry-
conditions, transformation efficiency was lowonic tissue, representing a transformation
for both pressures tested (37.5% with 60@fficiency of 100%. The number of expres-
psi and 45.4% with 900 psi). The number ofion units varied from 20 to 200 in the em-
expression units was also very small for botbryo body and from 150 to 300 in the extra-
embryo body and extra-embryonic tissue (lessmbryonic tissue, with a very homogeneous
than 10 blue points). However, most emdispersion pattern. At the time of fixation
bryos had normal tissue development and @8 h after bombardment) no serious tissue
heartbeat at the time of fixation (24 h aftedamage was noted; however, embryos did
bombardment). not have a heartbeat and presented a slight
The smaller number of expression unitglelay in tissue development.
as well as the low transformation efficiency Based on these results, we can conclude
obtained in this experiment may have beethat the conditions used in this experiment
due to particle deceleration resulting fromcompared to those of previous tests achieved
the 11-cm distance traveled. Tests with inthe best results regarding transformation ef-
creasing helium gas pressures were not cofieiency, number of transformed cells and
ducted because higher pressures cause gredtemogenous distribution of expression units
embryo damage (3,31). Therefore, the DNAthroughout the embryos and extra-embry-
micropatrticle flying distance to the embryoonic tissue. However, embryos still presented
was again reduced to 8 cm. Another modifidelayed tissue development and low sur-
cation was the use of gold particles insteadival rate.
of tungsten. Particle material was changed
because gold particles presented better retelium gas pressure
sults in previous experiments and have been
more widely used in the literature for animal  In order to reduce damage to the embryo,
cells (33,34). lower helium gas pressures were tested while
Using gold particles, 11 embryos weremaintaining the other variables unchanged.

Table 2. Effect of helium pressure on R-galactosidase (3-gal) expression in embryos placed 1 and 2 cm from
the center of the particle dispersion cone, using M10 tungsten particles and 500 mmHg vacuum.

Helium 1cm 2cm
pressure
(psi) N Embryos Embryos No. of e.u. N Embryos Embryos No. of e.u.
with total with in embryo with total with in embryo
expression  expression body cells expression expression  body cells
(%) in body (%)t in body
cells (%) cells (%)
900 6 50.0 0.0 0 4 0.0 0.0 0
1200 22 72.7 27.3 17 20 35.0 30.0 9

1Embryos with R-gal expression in body cells or extra-embryonic tissue or both. DNA-coated microparticle
flying distance to the embryo was 11 cm. e.u. = expression units.

Braz ) Med Biol Res 34(9) 2001
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Fifty-two embryos were bombarded with 600 barded under this pressure, despite not hav-
700 and 800 psi helium pressures, vacuummg suffered any serious tissue damage,
of 500 mmHg, gold particles, placement oshowed developmental delay.
the embryos 0.5 cm from the center of the
particle dispersion cone and 8 cm DNA-acuum level
coated microparticle flying distance to the
embryo. At the time of fixation (12 h after  In order to reduce developmental delay
bombardment), the quantity of discardedn the embryos, three different vacuum lev-
embryos varied from 18.7 to 44.4% and thels were tested with 800 psi pressure: 400,
survival rate from 33.3 to 60.0% (Table 3).500 and 600 mmHg.
However, these differences were not statisti- The least amount of discarded embryos
cally significant among the three pressureas well as a higher survival rate was obtained
tested for either the quantity of embryoswith 400 mmHg vacuum. These results were
discarded or the survival ratg?E 2.545 and expected because the lower the vacuum level
1.783, respectively, d.f. = 2). the greater the air resistance and thus the
Concerning [3-gal expression, all presslower the velocity at which the particles
sures presented 100% transformation, bueach the embryo. Consequently, effects of
only the 600 psi pressure had 100% [3-gahe shock wave caused by the helium pres-
expression in the embryo body cells. Howsure are minimized, causing less embryo
ever, statistically there were no differenceslamage. Statistically, however, there were
among the three pressures tesjgd=(1.282, no differences among the different vacuum
d.f. = 2). Nevertheless, as can be seen ipvels tested for the number of discarded
Figure 1, when the number of expressiomembryos (mean = 25.99%? = 3.181, d.f. =
units in the body cells is observed, only 80@), survival rate (mean = 42.4%7, = 4.031,
psi pressure presented embryos with more.f. = 2) and -gal expression in the embryo
than 1,000 blue points (Table 4). body cells (mean = 97.2%? = 2.726, d.f. =
Based on these results, optimal pressu®. The effect of vacuum on R-gal expression
was 800 psi. However, at the time of fixa-can only be noted by the number of expres-
tion, it was observed that most embryos bonsion units in the body cells. The only treat-

Table 3. Effect of helium pressure on percentage of discarded embryos, survival rate and [3-galactosidase (3-
gal) expression in embryos placed 0.5 cm from the center of the particle dispersion cone, using gold particles
and 500 mmHg vacuum.

Helium N Discarded Survival Transformation efficiency
pressure (psi) embryos (%) rate (%)
Embryos with Embryos with
total expression expression in
(%) body cells (%)
600 16 18.7 (3/16)t 53.8 (7/13)2 100 (13/13)3 100.0 (13/13)*
700 18 44.4 (8/18) 60.0 (6/10) 100 (10/10) 90.0 (9/10)
800 18 33.3 (6/18) 33.3 (4/12) 100 (12/12) 91.7 (11/12)

INumber of degenerated embryos 12 h after bombardment/total number of bombarded embryos.

2Number of embryos with a heartbeat 12 h after bombardment/number of bombarded embryos - excluding
the discarded ones.

3Number of embryos expressing R-gal/number of bombarded embryos - excluding the discarded ones.
4Number of embryos expressing RB-gal in body cells/number of bombarded embryos - excluding the discarded
ones.

DNA-coated microparticle flying distance to the embryo was 8 cm.
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ment in which no embryo reached 1,00MHistological sections
expression units in the body cells was 400
mmHg vacuum. Differences between 500 Histological sections were prepared to
and 600 mmHg vacuums were verified as analyze the depth of [3-gal expression in
function of the damage caused to the embryembryos bombarded under optimal condi-
tissue. Embryos bombarded with 600 mmHgions. Histological transverse sectioning of
presented greater tissue damage at the tirttee middle region of the embryo body re-
of fixation (24 h after bombardment). On thevealed that most cells expressing 3-gal were
other hand, embryos bombarded with 50@mited to the first layers of the somites
mmHg presented a slight delay in developFigure 2), which demonstrates that the depth
ment but no serious tissue damage (data not 3-gal expression was superficial because
shown). the embryos were placed dorsally at the time
of bombardment. These results were also

1121

Optimal conditions

To determine the reproducibility of datal’
generated under the optimized bombardme
conditions, 70 embryos, placed 0.5 cm fro
the center of the particle dispersion cone a
8 cm from the carrier membrane, were bo
barded with 800 psi helium pressure and 50
mmHg vacuum and then incubated for 24
in culture medium before detection of 3-gag
activity.

The results showed a decrease in survivi
rate compared with Table 3 (from 40.0 tc
25.4%). However, this difference was no
statistically significant}? = 1.880, d.f. = 1).
The same results were obtained for totg
expression and expression in body cells. |
spite of a decrease in the values obtaing
from 100 to 98.5% for total expression ang
94% for expression in body cells, th@
values were not significang{ = 1.003 and |
1.560, respectively, d.f. = 1). A representa
tive embryo bombarded under optimal con-
ditions is shown in Figure 1C.

The following conditions were shown
to be the best regarding transformation particles and 500 mmHg vacuum.

o g

Figure 1. Embryos placed 0.5
cm from the center of the par-
ticle dispersion cone and bom-
barded with gold particles, 500
mmHg vacuum and 600 psi (A),
700 psi (B) or 800 psi (C) helium
pressure. D, Non-bombarded
embryo (negative control). Blue
points indicate [-galactosidase
expression. The DNA-coated
microparticle flying distance to
the embryo was 8 cm. Scale
bars =1 mm.

Table 4. Effect of helium pressure on number of expression units in body cells of
embryos placed 0.5 cm from the center of the particle dispersion cone, using gold

rate, number of transformed cells and dam- yejium pressure (psi) N?

Embryos with expression in body cells (%)

age to bombarded tissue: 800 psi helium gas

pressure 500 mmHg vacuum. and embryo 10 to 100 e.u. 100 to 1,000 e.u. over 1,000 e.u.
placement 8 cm from the carrier membrane 600 13 53.8 (7/13) 46.2 (6/13) -

i \|a 700 10 70.0 (7/10) 20.0 (2/10) -
and 0.5 cm from the center of the particle g - 1 167 (2112) 217 (5/12) 333 (4/12)

dispersion cone. These were considered to

be the optimal conditions fan vitro gene
transfer in chicken embryos.

INumber of bombarded embryos, excluding the discarded ones. DNA-coated micro-
particle flying distance to the embryo was 8 cm. e.u. = expression units.

Braz ) Med Biol Res 34(9) 2001
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Figure 2. Transverse section of
the medial embryo region. Em-
bryo bombarded under optimal
conditions, displaying R-galac-
tosidase expression in the first
layers of the somite (A). B, Non-
bombarded embryo. NT, neural
tube; N, notochord; S, somite.
Scale bars = 100 pm.

Figure 3. Embryo bombarded
with 800 psi helium pressure
and 500 mmHg vacuum. Medial
embryo region, showing neural
tube, somites and extra-embry-
onic tissue. UV light (A) and over-
print of UV and visible light im-
ages (B). Green points indicate
cells expressing green fluores-
cent protein. Scale bar = 100 pm.
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observed in skin, ear and liver tissues ofomites and extra-embryonic tissue. These
bombarded mice (30) and mouse skeletabsults were expected as both genes were
muscle fibers (35), where the introducedunder the transcriptional control of the same
genes were found at a depth between 0.2 apdomoter and under the same bombardment
0.5 mm from the surface of the tissue. conditions.

DNA transfer to chicken embryos culti-
vated in culture medium was successful. The
CMV promoter used caused strong expres-

The technique optimized using tleeZ  sion in all embryo and extra-embryonic tis-
gene was then applied in new bombardmenssies, and thtacZ and GFP reporter genes
with the GFP gene. Results were very similawere easily detected. An efficiency of trans-
to those obtained with 3-gal. The syntheformation of 100% and a survival rate of
sized protein was detected in the embryapproximately 25% were obtained with gold
body cells as well as in the extra-embryonigarticles, 500 mmHg vacuum, 800 psi he-
tissue. The quantity of cells expressing théum pressure, and embryo placement 8 cm
protein varied from 10 to 100 expressiorfrom the carrier membrane and 0.5 cm from
units (green points) in the embryo body cellshe center of the particle dispersion cone. All
and extra-embryonic tissue. Figure 3 illusefforts to improve the level of transforma-
trates the dorsal middle region of an embrydjon using higher helium pressure or vacuum
depicting GFP expression in the neural tubegesulted in more expression but lower sur-
vival rates. Use of smaller particles to reduce
embryo damage was unsuccessful because it
resulted in lower transformation efficiency.
Embryo position relative to the center of the
particle dispersion cone was an important
parameter for optimization since embryos
placed 2 cm from the center presented lower
transformation efficiency. Efforts to improve
particle dispersion by increasing the dis-
tance of DNA-coated microparticles from
the embryo resulted in fewer transformed
cells. Previous reports have shown that the
biolistic process can be used to transfer genes
to chickensin ovo (5,7,17). Li et al. (17)
transformed primordial chicken embryo cells
using an adapted surgical syringe and were
able to detect the transgene in 7.5% of the
bombarded embryos. Muramatsu et al. (5)
used tungsten particles and 285 psi nitrogen
to obtain 45.8% transformation efficiency
and 42.9% survival rate. However, these
values as well as the number and intensity of
expression units were lower than those re-
ported by Ribeiro et a(7). These investiga-
tors obtained 68% transformation efficiency,
31.2% survival rate and an average of 100
expression units in the embryo body using

GFP expression
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gold particles, 600 mmHg vacuum and 60Qsing a noninfectious, nonreplicative vector.

psi helium pressure. Under our conditions, &n vitro transient gene expression introduced

greater number and intensity of expressiomto cultured embryos may be adequate or

units were obtained. The fact that in oudesirable for many potential applications such

study the embryos had been removed froras preliminary experimental studies of trans-

the eggs and bombarded in culture withougene expression, analyses of transcriptional

the overlying layer of albumen could ac-control elements, expression of a circulating

count for the difference between our resultgactor for a limited period and characteriza-

and those of other studies. tion of thein vitro expression of a specific
This report demonstrates the possibilitypromoter in various somatic tissues of avian

of introduction and transient expression of &mbryos.

foreign gene in chicken embryos in culture

medium using the biolistic process. OptimaAcknowledgments

bombardment conditions were obtained in

order to establish a transformation system in  We thank Vera Maria Quecini for help

chickens as a model for basic avian researchijth the biolistic experiments.
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