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A chimeric plasmid containing about 2/3 of the rat skeletal muscle actin gene plus 730 base pairs of its 5'
flanking sequences fused to the 3' end of a human embryonic globin gene (D. Melloul, B. Aloni, J. Calvo, D.
Yaffe, and U. Nudel, EMBO J. 3:983-990, 1984) was inserted into mice by microinjection into fertilized eggs.
Eleven transgenic mice carrying the chimeric gene with or without plasmid pBR322 DNA sequences were
identified. The majority of these mice transmitted the injected DNA to about 50% of their progeny. However,
in transgenic mouse CV1, transmission to progeny was associated with amplification or deletion of the injected
DNA sequences, while in transgenic mouse CV4 transmission was distorted, probably as a result of insertional
mutagenesis. Tissue-specific expression was dependent on the removal of the vector DNA sequences from the
chimeric gene sequences prior to microinjection. None of the transgenic mice carrying the chimeric gene
together with plasmid pBR322 sequences expressed the introduced gene in striated muscles. In contrast, the six
transgenic mice carrying the chimeric gene sequences alone expressed the inserted gene specifically in skeletal
and cardiac muscles. Moreover, expression of the chimeric gene was not only tissue specific, but also
developmentally regulated. Similar to the endogenous skeletal muscle actin gene, the chimeric gene was
expressed at a relatively high level in cardiac muscle of neonatal mice and at a significantly lower level in adult
cardiac muscle. These results indicate that the injected DNA included sufficient cis-acting control elements for
its tissue-specific and developmentally regulated expression in transgenic mice.

The introduction of cloned genes into mice via micro-
injection into fertilized eggs offers a unique opportunity to
define regulatory mechanisms involved in the control of gene
expression during ontogeny. It has recently been demon-
strated that insertion of a number of tissue-specific genes
into the mouse genome resulted in both tissue- and stage-
specific expression of genes in transgenic mice, indicating
that these genes responded to the developmental signals of
the host (4, 6, 9, 11, 13, 15, 17, 18, 23, 24, 27, 28, 30, 33-35,
39).
The actins are a family of highly conserved proteins found

in all eucaryotic cells. They play an important role in cell
motility, cytoskeleton structure, and muscle contraction.
Within vertebrates, at least six different actins have been
identified: two striated forms (a skeletal and a cardiac), two
smooth muscle forms (a and -y smooth actin), and two
cytoplasmic forms (,B and y cytoplasmic actin) (36). Recent
studies have shown that the skeletal muscle actin gene is
expressed not only in skeletal muscle but also in the heart
(12, 19, 21, 32). Furthermore, its expression in the heart is
developmentally controlled; it is expressed at a significant
level in embryonic and neonatal hearts, but the amount
rapidly decreases thereafter. To identify and characterize
cis-acting control elements involved in tissue-specific and
developmentally regulated expression of the skeletal muscle
actin gene, native genes or specifically modified genes were
stably introduced into myogenic and nonmyogenic cells in
culture (8, 20, 22). Melloul et al. (20) have transfected rat
myogenic cells with a derivative of the rat skeletal muscle
actin gene (in which about 2/3 of the skeletal muscle actin
gene was spliced to the 3' end of a human embryonic globin
gene). They have shown that in most myogenic clones
transfected with this chimeric actin-globin gene, expression
of the introduced gene was very similar to that of the
endogenous skeletal muscle actin gene. Its expression was
greatly increased during the transition from proliferating

mononucleated myoblasts to postmitotic multinucleated fi-
bers, indicating that both genes responded to similar control
mechanisms. However, the response of the chimeric gene in
striated muscles (skeletal and cardiac) during development
could not be ascertained in transfected myogenic cell cul-
tures. It was therefore of interest to examine the mode of
expression of the same DNA construct in transgenic mice.

In this paper I show that all six transgenic mice carrying
the chimeric gene sequences without the vector DNA ex-
pressed the inserted gene in a tissue-specific manner, and in
the five transgenic mouse strains that were analyzed it was
also developmentally regulated. In contrast, none of the
transgenic mice carrying the chimeric gene together with the
vector DNA sequences expressed the introduced gene in
striated muscles. Moreover, in one of these mice the chi-
meric gene was expressed in inappropriate tissues.

MATERIALS AND METHODS
Chimeric actin-globin gene. Construction of the chimeric

gene has been described elsewhere (20). In this construct,
the 1.3-kilobase (kb) BamHI-EcoRI DNA fragment derived
from the 3' end of the human embryonic globin gene (2) was
ligated to the 3.0-kb EcoRI-BamHI DNA fragment contain-
ing about 2/3 of the 5' region of the rat skeletal muscle actin
gene (40). The resultant 4.3-kb DNA fragment was inserted
into the EcoRI site of plasmid pBR322.

MicroinJection into fertilized mouse eggs. Fertilized eggs
were flushed from the oviducts of (C57BL/6J x BALB/c)F1
females mated with (C57BL/6J x DBA)F1 males. Manipula-
tions of mice and eggs and the microinjection techniques
were done as previously described (10, 30).

Preparation and hybridization of DNA. High-molecular-
weight tail DNA was isolated by incubating 2-cm tail sam-
ples in 0.1 M EDTA-10 mM NaCl-10 mM Tris (pH 8.0)-1%
sodium dodecyl sulfate-200 ,ug of proteinase K per ml at
55°C for 12 h prior to phenol-chloroform extractions. DNA
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samples were digested with restriction enzymes in the pres-
ence of 4 mM spermidine (4). DNA fragments were sepa-
rated by electrophoresis on 0.8% agarose gels, transferred to
nitrocellulose filters, and hybridized to 32P-labeled probe as
described (31). Filters were washed in 0.1x SSC (1x SSC is
0.15 M NaCl plus 0.015 M sodium citrate)-0.2% sodium
dodecyl sulfate at 74°C for 2 h.

Analysis of RNA. Total cellular RNA was prepared from
mouse tissues by the lithium chloride-urea extraction
method (1). RNA was hybridized in 15 ,ul of hybridization
buffer with 32P-end-labeled DNA fragments (3). The hybrid-
ization temperatures were 49°C for the DdeI-DdeI globin
probe, 54°C for the BamHI-EcoRI DNA fragment, and 48°C
for the Hinfl-SacI DNA fragment. After S1 nuclease treat-
ment, the products were analyzed on a 5% polyacryl-
amide-urea sequencing gel.

RESULTS

Production of mice carrying the chimeric actin-globin gene.
The structure of the chimeric actin-globin (pCV) gene that
was used in the present studies is shown in Fig. la (see also
reference 20). This 4.3-kb DNA construct, containing about
2/3 of the 5' region of the rat skeletal muscle actin gene,
including 730 base pairs (bp) of the 5' flanking sequences,
spliced to about 1/3 of the 3' region of the human embryonic
globin gene plus 172 bp of its 3' flanking sequences, was
inserted into the EcoRI site of plasmid pBR322. Fertilized
mouse eggs obtained from a cross between (BALB/c x
C57BL/6J)F1 females and (C57BL/6J x DBA)F1 males were
microinjected with about 500 copies of either the entire
plasmid DNA linearized with EcoRI or the isolated 4.3-kb
DNA fragment containing the chimeric gene sequences
without the vector DNA. Of 62 mice born, 11 contained
DNA sequences homologous to the injected DNA. Five
carried the entire plasmid (mice 1 to 5), and six carried the
4.3-kb DNA fragment (mice 6 to 11).

Figure lb shows a Southern blot analysis of tail DNA of
the 11 transgenic mice digested with the restriction enzymes
EcoRI and EcoRI-BamHI. Under very stringent conditions
(see Materials and Methods) the labeled probe hybridized to
the inserted DNA sequences only and did not cross-
hybridize with the endogenous actin genes. Hybridization of
the labeled plasmid to the EcoRI digests revealed a series of
hybridized DNA fragments. The 4.3-kb DNA fragment cor-
responded in size to both the plasmid pBR322 DNA and the
chimeric actin-globin gene sequences. The additional hybrid-
ized fragments probably represent rearranged DNA se-
quences or junction fragments with host DNA. Hybridiza-
tion to the EcoRI-BamHI-digested DNA generated the ex-
pected bands of 1.3-, 3.0-, and 4.0-kb DNA fragments. It was
estimated that the different transgenic mice contained one or
more copies of the injected DNA per cell. Mouse CV5 died
soon after weaning.

Transmission of the chimeric actin-globin gene to progeny.
Each of the remaining 10 transgenic mice was mated with a
normal mouse, and tail DNA from their progeny was ana-
lyzed by Southern blot hybridization for the presence of the
injected DNA. The majority of these mice transmitted the
inserted DNA sequences faithfully through the germ line to
about 50% of the progeny. There was no evidence of major
variations in the number or structure of the acquired DNA
sequences (data not shown). In contrast, the analysis of
inheritance of the chimeric gene in two mice (CV1 and CV4)
revealed several abnormalities.

Figure 2a shows a Southern blot analysis of tail DNA from

22 first-generation positive progeny and the parent mouse
DNA. Although statistically mouse CV1 transmitted the
injected DNA sequences to about 50% of the progeny (Fig.
3), the hybridization pattern (Fig. 2a) clearly demonstrates
that the integrated DNA sequences underwent major struc-
tural alterations. These alterations were of at least three
types: deletion of a fraction of the integrated copies (mice 2,
3, 8, 21, and 22), amplification of the entire unit (mice 1, 10,
and 16), and probably loss of recognition sites for the
restriction enzyme EcoRI (mouse 4). When the filters were
reprobed with a single-copy gene (the myosin light chain-2
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FIG. 1. Map of plasmid pCV and Southern blot analysis ofDNA
from 11 transgenic mice. (a) Chimeric rat actin-globin gene was
constructed as described in reference 20. Solid bars; Coding regions;
empty bars; 5' and 3' untranslated regions. (b) Tail DNA (10 ,ug)
from transgenic mice CV1 to CV11 (lanes 1 to 11, respectively) was
digested with EcoRI or EcoRI plus BamHI. The DNA fragments
were blot hybridized with 32P-labeled pCV DNA. The blot was
washed at very high stringency (0.1 x SSC at 74°C for 2 h).
Molecular sizes are shown in kilobases.
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FIG. 2. Southern blot analysis of 22 positive first-generation progeny of mouse CV1. Tail DNA (10 fIg) from the founder CV1 mouse and
from 22 positive first-generation progeny (lanes 1 through 22) was digested with EcoRI, and the fragments were blot hybridized first with
32P-labeled pCV DNA (aj and then with a plasmid (p103) containing DNA sequences of the rat skeletal muscle myosin light chain-2 gene as
a control for a single-copy gene (b).

gene), about the same intensity of hybridization was ob-
served, indicating that about the same amounts of DNA
were applied and that the digests were complete (Fig. 2b).
These alterations were most pronounced in the first-
generation progeny (8 of 22 progeny). Matings between
heterozygous male and female offspring produced a more
stable pattern of inheritance. However, even in this case and
also in progeny derived from homozygous mice, occasional
amplification or deletion could be observed (Fig. 3).
As shown in Fig. 3, mouse CV4 was probably a mosaic. Of

its 56 offspring that were analysed, only 5 carried the
introduced DNA sequences. Further evidence for mosaicism
was obtained by Southern blot hybridization (data not
shown). However, the most striking observation with this
transgenic strain was the inability to produce homozygous
offspring (Fig. 3). The absence of homozygotes was deter-
mined by Southern blot analysis of tail DNA from 45
progeny derived by mating heterozygous mice, with the
skeletal muscle myosin light chain-2 gene used as an internal
control for a single-copy gene. Only 19 of these mice carried
the injected DNA, and none ofthem were homozygotes. The
inability to produce homozygous mice was also associated
with exceptionally small litter size (about 4 to 6 instead of the
usual 10 to 12 pups per litter). Analysis at midgestation
revealed only normal-looking fetuses. These results suggest

FIG. 3. Inheritance of actin-globin gene sequences in mice CVI
and CV4. Squares, males; circles, females; single diagonals,
heterozygous; intersecting diagonals, homozygous. Mice marked
am and dl contained amplified or deleted pCV DNA sequences,
respectively.
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FIG. 4. S1 analysis of actin-globin gene transcripts in various tissues of transgenic mice CV1, CV3, and CV4. (Top) Total RNA (10 ,ug)
from the indicated tissues and total RNA from differentiated cultures of a transfected clone of the rat myogenic cell line L8-46 were hybridized
with a 187-bp DdeI DNA fragment derived from the human E-globin region of the construct. Sk, Skeletal muscle; He, heart; Ki, kidney; Lu,
lung; Th, thymus; Te, testes. (Bottom) Solid box; Human globin coding sequences; open box; actin coding sequences. The 3' label is indicated
by an asterisk, and the length of the probe and the protected fragment are also indicated in base pairs.

that in this transgenic strain homozygosity is lethal at some
time before midgestation.

Expression of the chimeric gene in transgenic mice injected
with the entire plasmid DNA. RNA was extracted from
skeletal muscle and several other tissues of mice CV1 to
CV4. The presence of the chimeric gene transcripts was

determined by the Si endonuclease mapping procedure,
with the 187-bp DdeI DNA fragment derived from the human
embryonic globin region of the construct (Fig. 4) used as

probe. RNA from differentiated cultures of a stably
transfected clone of the rat myogenic cell line L8 (L8-46) was
used as a positive control. This RNA protected a DNA
fragment of about 121 nucleotides. No detectable signal
could be seen with skeletal muscle RNA of transgenic mice
CV1, CV3, and CV4 (Fig. 4). Similar results were obtained
with RNA from skeletal muscle from mouse CV2 (data not
shown).

In transgenic mice CV1, CV2, and CV4, no transcripts
could be detected in any other tissues examined. However,
transcripts were detected in RNA prepared from the testes,
thymus, and lung of mouse CV3. Such transcripts were most
abundant in the testes and at a lower level in the thymus and
lung. No transcripts were detected in the liver and kidney
RNA of this transgenic mouse. The size of the protected
fragments was similar to that generated by RNA from
differentiated cultures of L8-46 cells, indicating that they
terminate at the correct polyadenylation site of the globin
gene sequences. The cap site of the actin-globin mRNA was

determined by using a 5'-end-labeled 92-bp SacI-Hinfl DNA
fragment derived from the 5' region of the rat skeletal muscle
actin gene (Fig. 5). RNA from the testes and thymus of
transgenic mouse CV3 protected the diagnostic 54-
nucleotide DNA fragment, indicating that these transcripts
were initiated at the correct cap site of the rat gene.

Expression of the inserted gene in transgenic mice carrying
only the chimeric gene sequences. It was recently demon-
strated that the prerequisite for achieving appropriate tissue-
specific expression of globin genes in transgenic mice was
the removal of the plasmid vector sequences prior to
microinjection (6, 35). To determine whether inappropriate
expression of the chimeric gene was due to the presence of
procaryotic DNA sequences, six additional transgenic
strains carrying only the chimeric gene sequences were
analyzed. RNA was isolated from skeletal muscle, cardiac
muscle, spleen, kidney, and lung. The presence of the
chimeric gene transcripts in these RNA preparations was
determined by the S1 endonuclease technique described
above. In each of these mice, chimeric gene transcripts were
detected in skeletal muscle and in cardiac muscle, but not in
RNA prepared from the other tissues tested (Fig. 6a). The
level of expression in these mice varied, but was comparable
to that found in differentiated cultures of the stably
transfected clone of the rat myogenic cell line L8 (CV46P).
Melloul et al. (20) have shown that in this clone the level of
expression of the transfected gene was about twice that of
the endogenous skeletal muscle actin gene. Except for

-187

- D21

Dde I

i

VOL. 6, 1986



MOL. CELL. BIOL.

L8 Rat Te Th Ki

54- .1I

Cap site
intron i

Soac Hinf I
92-K Probe

54 -x Protected
FIG. 5. Initiation of the chimeric actin-globin gene transcripts in

inappropriate tissues of mouse CV3 is at the correct cap site of the
rat gene. (Top) Total RNA from rat skeletal muscle (0.5 ,ug) or
differentiated cultures of the rat myogenic cell line L8 (2.0 ,ug) and
10 jig of RNA from the testes (Te), thymus (Th), and kidney (Ki) of
transgenic mouse CV3 were hybridized with 5'-end-labeled Hinfl-
Sacl DNA fragment (see bottom). After Si digestion, the resistant
hybrids were sized on 5% acrylamide-7 M urea gels. (Bottom) Open
box; 5' untranslated exon of the rat skeletal muscle actin gene. The
5' label is indicated by an asterisk, and the length of the probe and
the protected fragment is shown in nucleotides.

mouse CV9, expression was significantly higher in skeletal
muscle than in cardiac muscle. The relative amounts of the
endogenous skeletal muscle actin gene transcripts in skeletal
muscle and in cardiac muscle were then determined. A DNA
fragment 465 nucleotides long, extending from the BamHI
site in exon 6 of the rat skeletal muscle actin gene (Fig. la)
to the EcoRI site of Actl5.2 (40) was isolated and endlabeled
with the Klenow fragment of DNA polymerase. RNA pre-
pared from skeletal muscle and from cardiac muscle pro-
tected a predominant DNA fragment of 162 nucleotides (Fig.
6b) (the protected fragment extends from the BamHI site to
the end of the sixth exon of the rat skeletal muscle actin gene
[19, 40]). The protection of smaller DNA fragments probably
reflects some mismatching between the rat and mouse skel-
etal muscle actin genes. The amount of skeletal muscle actin
mRNA sequences in RNA prepared from adult hearts was
about 5 to 10% of that in the leg muscle RNA. The amount
of chimeric gene transcripts in RNA prepared from adult
hearts varied from 30 to about 100% of that found in leg
muscle RNA. These results indicate that removal of the
procaryotic vector sequences led to tissue-specific expres-
sion of the chimeric gene in all six transgenic mice. How-

ever, there was a quantitative difference in the relative
amounts of transcripts in the two tissues between the intro-
duced and the endogenous genes.

Developmental regulation of chimeric gene expression. Dur-
ing embryonic and neonatal stages, the skeletal muscle actin
gene is expressed at a relatively high level in cardiac muscle,
while at adulthood its expression drops to about 5% of that
in the leg muscle (19, 21). Similarly, a significant amount of
the cardiac actin mRNA was observed in embryonic and
neonatal skeletal muscle, and it decreased rapidly during
development (19, 21, 26). Thus, the two sarcomeric actin
genes are expressed in a developmentally regulated manner
in striated muscles. It was therefore of interest to examine
whether the expression of the introduced gene followed a
similar pattern. To this end RNA was extracted from cardiac
and skeletal muscles of neonatal and 2- or 4-month-old
progeny of five transgenic strains. The level of transcripts of
the chimeric and endogenous genes was assayed by the Si
endonuclease technique described above.

In cardiac muscle of neonatal mice, in four of the five
transgenic strains (CV6, CV7, CV9, and CV11), the amount
of transcripts of both the endogenous and the chimeric genes
was significantly higher than in skeletal muscle (Fig. 7). In
mouse CV10 the amount of the chimeric gene transcripts
was about the same in the two striated muscles. In cardiac
muscle of 2- to 4-month-old mice the amount of transcripts of
the endogenous gene was approximately 2 to 10% of that
found in skeletal muscle, while it varied for the chimeric
gene transcripts in the different transgenic strains. Thus, in
transgenic mice CV6, CV7, CV9, CV10, and CV11 the level
of the chimeric gene transcripts in cardiac muscle was 30, 5,
80, 30, and 40%, respectively, of that present in skeletal
muscle (Fig. 7). Despite these quantitative differences, the
pattern appears to be consistent and suggests that the
chimeric actin-globin gene responded to developmental reg-
ulation in striated muscles.

DISCUSSION

The results presented in this communication demonstrate
that in the six transgenic mice carrying the chimeric gene
sequences without the vector DNA, expression of the intro-
duced gene was specific to striated muscles and was unde-
tectable in other tissues that were tested. Except for mouse
CV9, the expression in skeletal muscle of adult mice was
significantly higher than in cardiac muscle. More impor-
tantly, similar to the endogenous gene, the introduced gene
underwent a transition in the relative tissue specificity during
development. In neonatal mice, four of the five strains
analyzed showed higher expression of the chimeric gene in
cardiac muscle than in leg muscle, while in adult mice it was
higher in skeletal muscle. However, the magnitude of the
developmental transition for the endogenous skeletal muscle
actin gene was about fivefold greater than that for the
inserted gene. This is mainly the result of the persistence of
a relatively high level of expression of the chimeric gene in
adult cardiac muscles. Whether this quantitative difference
between the chimeric and the endogenous gene transcripts in
the two striated muscles is due to chromosomal position
effect remains to be determined. Alternatively, this differ-
ence could be due to the substitution of the authentic rat
skeletal muscle actin 3' region by the human globin 3' end or
because the 5' flanking region included in the inserted rat
DNA is too short and does not contain all control elements
required for tissue-specific and developmentally regulated
expression.
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FIG. 6. S1 analysis of actin-globin and endogenous skeletal muscle actin gene transcripts in various tissues of transgenic mice. Total RNA
(5 ,Lg) from the indicated tissues of transgenic mice CV9, CV10, and CV11 and total RNA (5 jig) from differentiated cultures of a transfected
clone of the rat myogenic cell line CV-46P were hybridized with (a) a 187-bp DdeI DNA fragment derived from the human globin region of
the construct (see map in Fig. 4) or (b) a 465-bp BamHI-EcoRI DNA fragment of plasmid pActl5.2 (40). A schematic presentation of the rat
skeletal muscle actin gene, the end-labeled probe, and the protected fragment is shown. Open boxes, Untranslated regions; solid boxes,
coding sequences. Fragment sizes are indicated in nucleotides. Asterisk, Position of 3' label.

Although the results obtained with the endogenous skele-
tal muscle actin gene are in general agreement with those
reported previously (19, 21), there are numerical differences
in the relative levels of transcripts of the skeletal muscle
actin gene in cardiac and in skeletal muscles. In 2- or
4-month-old mice the concentration of skeletal muscle actin
mRNA in cardiac muscle RNA was approximately 2 to 10%
of that in leg muscle RNA. In 2-day-old mice the concentra-
tion of the skeletal muscle actin mRNA in cardiac muscle
was up to four times higher than in skeletal muscle. The
reason for the discrepancy is not clear. It may be due to
different assay techniques (Northern or spot hybridization
versus Si mapping) or it may reflect differences in the
biological systems (rats versus mice).

In transgenic mice carrying the chimeric gene together
with the vector DNA sequences, three types of aberrations
were observed: local instability at the site of integration,
possible insertional mutagenesis, and inappropriate expres-
sion. Although similar abnormalities were not found in mice
carrying the chimeric gene sequences alone, it is not yet
clear whether they are a consequence of the presence of the
procaryotic vector sequences. The apparent instability in the
number of the inserted sequences in the offspring of
transgenic mouse CV1 could be due to either passive or
active events. Integration could occur at a chromosomal site
which normally undergoes expansion and contraction as a
result of homologous recombinations of repeated DNA
sequences that flank the integrated gene. Alternatively,
insertion of foreign genetic information could destabilize the
local chromosomal domain, leading to excessive activation
or inactivation of the host cell replicons at the site of
integration. It is not yet understood why this phenomenon is

more pronounced in the heterozygous progeny of the first
generation and less so in the homozygous state.

Integration of the chimeric gene in mouse CV4 probably
led to insertional mutagenesis. This mutagenesis was re-
vealed by the significantly low litter size in most of the
matings between heterozygous mice and by the inability to
produce a homozygous strain. It is of interest that the
average litter size was low even for matings between
heterozygous males and wild-type females (Fig. 3). A similar
phenomenon was reported previously by Wagner et al. (37).
Insertional mutagenesis has been reported for both viral and
cellular genes inserted into mouse germ lines (7, 14, 25, 29,
37, 38). In only one of these cases was the site of integration
identified at the molecular level. Although it would be
extremely important if insertional mutagenesis of this kind
made possible the identification of genes that are involved in
developmental decisions, it should be clear that interfering
with the mode of expression of any gene (control genes as
well as housekeeping genes) during early stages of
embryogenesis could be deleterious to normal development.

In the four transgenic mice carrying this chimeric gene
together with the vector DNA sequences, no transcripts
could be detected in skeletal muscle RNA. Surprisingly, in
one transgenic strain the chimeric gene mRNA was detected
in several nonmyogenic tissues. Inappropriate expression in
transgenic mice has been found previously following
microinjection of a globin gene with procaryotic vector
sequences (16). This lack of expression in skeletal muscle is
of special interest, since the same DNA construct was

expressed in an apparently stage-specific manner in most
stably transfected myogenic cells (20). This may imply that
there are different requirements for expression in transfected
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FIG. 7. Si analysis of actin-globin and endogenous skeletal muscle actin gene transcripts in striated muscles of neonatal (N.B.) and 2-and
4-month-old (Old) mice. Total RNA (5 ,ug) from cardiac (Ca) or skeletal (Sk) muscle of neonatal or adult mice was hybridized (a) with the
human globin DNA probe (see map in Fig. 4) and (b) with the BamHI-EcoRI DNA fragment of plasmid pAct.15.2 (see map in Fig. 6). Adult
RNA preparations were obtained from 2-month-old mouse CV6 and 4-month-old mice CV7, CV9, CV10, and CV11. The amounts of neonatal
RNA samples were not corrected for the percentage of transgenic animals in each litter, which was determined by Southern blot analysis of
liver DNA. Thus, for the different transgenic strains these values ranged from 20 to 80% of the offspring. Fragment sizes are shown in
nucleotides.

somatic cells and for developmentally regulated expression
in transgenic mice. Recently, I showed that the rat skeletal
muscle myosin light chain-2 gene was expressed specifically
in skeletal muscle of transgenic mice but not in other tissues
regardless of the presence of the vector sequences (30).
Moreover, the expression of the rat myosin light chain-2
gene was not only tissue specific but also stage specific (D.
Yaffe, 0. Saxel, and M. Shani, manuscript in preparation).
These results suggest that there is a difference in the control
of expression of the two skeletal muscle genes, the control of
the myosin light chain-2 gene being more autonomous and
less influenced by the presence of procaryotic DNA se-
quences or by the chromosomal site of integration. The
possible inhibitory effect of procaryotic vector DNA se-
quences on the expression of several genes in transgenic
mice has been discussed previously (6, 35). It is still not clear
why this type of inhibition affects some genes (a-fetoprotein,
skeletal muscle actin, globin) while having no apparent
influence on others (e.g., immunoglobulin genes). Perhaps it
reflects the strength of the control elements within the
injected DNA.
The apparent tissue-specific and developmental regulation

of the chimeric gene in transgenic mice indicates that the
inserted gene segment includes cis-acting sequences suffi-
cient to specify the correct expression of this gene at the
appropriate tissues and to respond to developmental
switches that are involved in isoform transitions. It should
now be possible to extend these studies and insert specifi-
cally modified actin genes to more precisely localize and
characterize the sequences responsible for both tissue and
developmental regulation of this gene.
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