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Abstract. The sphincteric smooth muscle tissues of the gastrointestinal tract have
been shown to possess mechanical properties distinct from the surrounding non-
sphincteric smooth muscie tissues. Little is currently known regarding the molecular
basis of this differential smooth muscle development and function. Actin is an impor-
tant contractile protein whose expression has been linked to the normal development
and function of smooth muscle tissues. The purpose of this study was to characterize
isoactin gene expression in the sphincteric versus nonsphincteric smooth muscle
tissues of the gastrointestinal tract. Northern blot analysis was performed on mano-
metrically identified sphincteric and the flanking nonsphincteric smooth muscle tis-
sues of the adult opossum. Quantitative analysis revealed a distinct pattern of isoactin
gene expression in the sphincteric versus nonsphincteric smooth muscle tissues of
the gut. The sphincteric smooth muscle tissues expressed significantly lower total
quantities of isoactin mRNA than their surrounding nonsphincteric smooth muscle
tissues. It is hypothesized that these differential patterns of isoactin gene expression
may play a significant role in establishing the myogenic potential of the functionally

distinct sphincteric and nonsphincteric smooth muscle tissues of the gut.

[P.S.E.B.M. 1994, Vol 205]

he mature gastrointestinal tract is a complex

organ system that becomes functionally com-

partmentalized by the development of a series
of unidirectional smooth muscle sphincters (1). Prior
studies (1-5) have demonstrated that gastrointestinal
smooth muscle sphincters possess mechanical proper-
ties which are distinct from the surrounding non-
sphincteric smooth muscle tissues. The sphincteric
smooth muscles of the gut have been characterized as
tonic because they possess a high resting tone and
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sustained response to physiological/pharmacological
stimuli. In contrast, the nonsphincteric smooth mus-
cles of the gut lack spontaneous tone, respond rapidly
and transiently to stimuli, and are characterized as
phasic. Several studies have suggested that the basis
for this difference in resting tone is myogenic in nature
(6-9).

Actin is an important cytoskeletal protein whose
primary functions include maintenance of the cyto-
skeleton and muscle contractility. Recent studies (10—
12)! have characterized the tissue-specific expression

of the actin multigene family in the developing and

mature gastrointestinal tract of the rat/mouse. These
studies demonstrated that the cytoplasmic isoactins
(B-cytoplasmic and y-cytoplasmic) and smooth muscle
isoactins (y-smooth muscle and a-smooth muscle)
were differentially coexpressed in the developing and
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ISOACTIN GENE EXPRESSION IN OPOSSUM SPHINCTERS 321



mature gastrointestinal tract of rats/mice. The B-cyto-
plasmic and vy-cytoplasmic isoactins are ubiquitously
coexpressed in all of the cell types of the gastrointes-
tinal tract and are the primary actin isoforms associ-
ated with the cytoskeleton. In contrast, the expression
of the y-smooth muscle and a—smooth muscle isoac-
tins is principally limited to developing and mature
gastrointestinal smooth muscle cells. The primary role
of the smooth muscle isoactins involves myofilament
formation and muscle contractility. The distinct tem-
poral and spatial patterns of isoactin gene expression
observed during gastrointestinal development and
maturation suggest that actin may play a critical role in
defining some of the functional diversity observed in
the gastrointestinal tract.

Little is currently known regarding the expression
of the actin multigene family in the sphincteric and
nonsphincteric smooth muscle tissues of the gut. The
purpose of this present study was to determine if these
functionally distinct smooth muscle tissues displayed
differential patterns of isoactin gene expression. Spe-
cific sphincteric and their flanking nonsphincteric
smooth muscle tissues were manometrically identified
and isolated from the adult opossum gastrointestinal
tract. Northern blot analysis was performed on total
cellular RNA isolated from these specific smooth mus-
cle segments using an actin-specific coding region
cDNA probe. The results of this analysis demon-
strated that a distinct pattern of isoactin gene expres-
sion was observed in the sphincteric versus non-
sphincteric smooth muscle tissues of the gastrointes-
tinal tract.

Materials and Methods

Northern Blot Analysis. A single adult opossum
was anesthetized with pentobarbital sodium and the
lower esophageal sphincter, pyloric sphincter, ileoce-
cocolic sphincter, and internal anal sphincter were
manometrically characterized as previously described
(8). Briefly, manometry of different sphincters was
performed after thoracotomy, laparotomy, and pelvis
sectioning. Open-tip catheters perfused by a low-
compliant pneumohydraulic water perfusion system
were used to record the intraluminal pressures to de-
fine the limits of sphincters. The pressure was re-
corded on a Dynograph Recorder (Model R611; Sen-
sorMedics Corp., Anaheim, CA) via Statham pressure
transducers. By establishing the anatomical relation-
ship between the recording tip and the manometric
limits of the sphincters, the boundaries of the sphinc-
ters could be identified and marked with silk sutures.
The individual sphincters and their surrounding non-
sphincteric tissues were carefully excised and the mu-
cosa and adventitia/serosa were removed. In this man-
ner, distinct smooth muscle segments were isolated
from the lower esophageal sphincter and adjacent

esophagus and stomach, the pyloric sphincter and ad-
jacent stomach and duodenum, the ileocecocolic
sphincter and adjacent ileum and colon, and the inter-
nal anal sphincter and adjacent rectum. The individual
smooth muscle segments were immediately frozen in
liquid nitrogen and stored at —70°C until RNA isola-
tion. Each smooth muscle tissue sample was coded
and Northern blot analysis was performed blindly on
randomly numbered samples.

Total cellular RNA was isolated from 1.2 g or less
of tissue by the methods of Chirgwin et al. (13) and
quantitated spectrophotometrically. Quantitation val-
ues were visually confirmed by agarose/formaldehyde
gel electrophoresis in the presence of 100 wg/ml ethid-
ium bromide. Northern blot analysis was performed
with 20 pg of total cellular RNA by the method of
Thomas (14) using 2% agarose/formaldehyde gels and
Biotrans nylon membranes (ICN Pharmaceuticals
Inc., East Hills, NY). Blots were probed with the Pst
1 fragment of the full length y—smooth muscle isoactin
cDNA, pREvA-11, a previously described (15) actin-
specific coding region cDNA that recognizes all
six vertebrate isoactins (the a-skeletal, a-cardiac,
a—smooth muscle, y-smooth muscle, y-cytoplasmic,
and B-cytoplasmic isoactins). Prehybridization, hy-
bridization, and wash conditions were identical to
those previously described (15). Briefly, Northern
blots were prehybridized/hybridized in 6x SSC (1x
SSCis 0.15 M NaCl/0.015 M sodium citrate), 5X Den-
hardt’s solution, 1% sodium dodecyl sulfate (SDS),
100 mM sodium phosphate, pH 6.5 and 250 pg dena-
tured salmon sperm DNA/ml at 65°C for 2 hr. Dena-
tured probe was added directly to this mixture and
incubated with shaking at 65°C overnight. The mem-
branes were washed three times for 5 min and one time
for 20 min at room temperature in 2X SSC/0.2% SDS.
The membranes were then washed one time for 20 min
at room temperature and one time for 1 hr at 65°C in
0.2 x SSC/0.2% SDS. Individual blots were normal-
ized to total RNA loaded by methylene blue staining of
the membrane posthybridization (16).

Densitometry. Individual blots were exposed to
Kodak (Rochester, NY) X-Omat AR film using an in-
tensifying screen for an appropriate period of time.
Each Northern blot was quantitated using an LKB Ul-
trascan XL Enhancer Laser Densitometer and the
Gelscan XL program (Pharmacia KB Biotechnology,
Inc., Piscataway, NJ). Multiple exposures were cho-
sen to ensure that each lane scanned was in the estab-
lished linear range for these studies. The quantitation
values reported for each lane represent an average of
at least two different scannings of the same band to
eliminate band inconsistencies. Quantitation values
were normalized against the highest level of isoactin
expression observed in the study which was assigned a
value of 1.
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Results

Northern blot analysis (Fig. 1) of smooth muscle
tissues isolated from the lower esophageal sphincter
and the flanking esophagus and stomach, pyloric
sphincter and the flanking stomach and duodenum, il-
eocecocolic sphincter and the flanking ileum and
cecum, and internal anal sphincter and the flanking
rectum, with an actin coding region probe, identified
two distinct bands at 1.2 kilobases (kb) and 2.2 kb,
respectively. Prior studies (15, 17, 18) have demon-
strated the efficacy of using actin coding region probes
to identify all six actin isoforms (a-skeletal, a-cardiac,
B-cytoplasmic, y-cytoplasmic, y-smooth muscle, and
a-smooth muscle) upon Northern blot analysis. These
studies have shown that the 1.2 kb band is composed
of the smooth muscle isoactins (y-smooth muscle and
a—smooth muscle) while the 2.2 kb band is composed
of the cytoplasmic isoactins (B-cytoplasmic and y-cy-
toplasmic). No expression of the striated muscle iso-
actins (a-skeletal and a-cardiac) at 1.4 kb was ob-
served. Quantitation of total cellular RNA was verified
by ethidium bromide staining of the gels before trans-
fer (Fig. 2), and equivalent transfer was verified
posthybridization by staining of the membrane with
methylene blue (data not shown). Initial Northern blot
analyses with the rat-specific smooth muscle isoactin
cDNAs demonstrated that these isoactin-specific
probes did not cross-react with opossum total cellular
RNA (data not shown). No opossum-specific smooth
muscle isoactin cDNAs currently exist.

Quantitative analysis (Fig. 3A-D) demonstrated
that the smooth muscle isoactins were the predomi-
nant actin isoforms expressed in both the sphincteric
and nonsphincteric smooth muscle tissues of the gut.
A relatively consistent percentage of 72% =+ 7%
smooth muscle isoactins to 28% = 7% cytoplasmic
isoactins was observed in all of the smooth muscle
tissues examined. A direct comparison of the sphinc-
teric versus nonsphincteric smooth muscle tissues re-
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Figure 1. Northern blot analysis of isoactin gene expression in
sphincteric and nonsphincteric smooth muscle tissues of the
adult opossum. Twenty micrograms of total cellular RNA was
blotted from adult opossum internal anal sphincter (1), rectum
(2), colon (3), ileocecocolic sphincter (4), ileum (5), duodenum
(6), pyloric sphincter (7), pyloric region of stomach (8), cardiac
region of stomach (9), lower esophageal sphincter (10), and
esophagus (11). The arrow indicates the position of the 18S
standard. The lower band represents the 1.2 kb smooth muscle
isoactin band while the upper band represents the 2.2 kb cyto-
plasmic isoactin band.
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Figure 2. Control ethidium bromide stained gel of the equiva-
lent total cellular RNA samples used for Northern blot analysis in
Figure 1.

vealed a distinct pattern of isoactin gene expression in
these functionally distinct smooth muscle tissues. The
lower esophageal sphincter, pyloric sphincter, ileoce-
cocolic sphincter, and internal anal sphincter all ex-
pressed significantly less smooth muscle and cytoplas-
mic isoactin mRNA than their flanking nonsphincteric
smooth muscle tissues. The absolute level of smooth
muscle and cytoplasmic isoactin expression appeared
to be sphincter-specific, but the general pattern de-
scribed above was consistently observed for all of the
sphincters examined in this study.

Discussion

Actin’s role in muscle contractility has been well
documented and recent evidence (19) suggests that ac-
tin may play an active role in modifying the contractile
state of smooth muscle tissues. The smooth muscle
isoactins were the predominant actin isoforms ex-
pressed in both the sphincteric and nonsphincteric
smooth muscle tissues of the gut although relatively
high levels of cytoplasmic isoactin expression were
also observed. Similar differential patterns of isoactin
gene expression have been observed in a variety of
gastrointestinal tissues (10, 11). These earlier studies
demonstrated that the gastrointestinal tract of the rat
coordinately expressed high levels of y—smooth mus-
cle isoactin, moderate levels of a—smooth muscle and
B-cytoplasmic isoactins, and low levels of y-cytoplas-
mic isoactin. The similar patterns of smooth muscle
and cytoplasmic isoactin expression observed in this
study indicate that these actin isoforms are coordi-
nately regulated in both the sphincteric and nonsphinc-
teric smooth muscle tissues of the gut. Similar obser-
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Figure 3. Relative expression of the smooth muscle (SMA) and cytoplasmic (CYTA) isoactins in adult opossum esophagus (ESOPH),
lower esophageal sphincter (LES), and stomach (STOM) (A); stomach (STOM), pyloric sphincter (PS), and duodenum (DUOD) (B);
ileum, ileocecocolic sphincter (ICCS), and colon (C); and rectum (RECT) and internal anal sphincter (IAS) (D). Quantitation was
performed as described in Materials and Methods.
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vations in previous studies have led to the suggestion
that the cytoplasmic isoactins may possess an ex-
panded functional role in smooth muscle tissues. This
hypothesis is supported by recent studies by Drew et
al. (20) which showed that smooth muscle myofila-
ments are composed of a random array of smooth mus-
cle and cytoplasmic isoactin proteins. Taken together,
these observations make it tempting to speculate that
this mixed myofilament composition may contribute in
part to the functional differences observed between
various smooth muscle tissues, and that the functional
significance of the various actin isoforms may reside at
the level of myofilament composition rather than the
specific isoactin(s) expressed.

Differential patterns of isoactin protein expression
have been reported in a variety of gastrointestinal
smooth muscle tissues (9, 21-23). Fatigati and Murphy
(9) have also reported significant differences in the ra-
tio of a—smooth muscle/y—smooth muscle isoactin pro-
tein between the opossum esophagus and lower esoph-
ageal sphincter. The results of this study significantly
extend these earlier observations by examining multi-
ple sphincteric and nonsphincteric smooth muscle tis-
sues of the gut, and demonstrating that the previously
observed differential patterns of isoactin protein ex-
pression are the result of distinct differential patterns
of isoactin gene expression. These observations, in
conjunction with earlier studies, indicate that there is a
high degree of concordance (approximately 90% or
greater) between isoactin gene expression and protein
production in gastrointestinal smooth muscle tissues.
This data suggests that the distinct patterns of isoactin
expression observed in sphincteric and nonsphincteric
smooth muscle tissues are primarily regulated at the
level of gene transcription/message stability.

It has been well established that the sphincteric
and nonsphincteric smooth muscle tissues of the gas-
trointestinal tract possess distinct functional differ-
ences. However, little is currently known regarding
the molecular basis for these functional differences.
The results of this study demonstrate that the sphinc-
teric smooth muscle tissues of the gut express signifi-
cantly less smooth muscle and cytoplasmic isoactin
mRNAs than the surrounding nonsphincteric smooth
muscle tissues. Whether these low levels of isoactin
message result in similar low levels of isoactin protein
remains to be determined. However, the high degree
of concordance between isoactin message and protein
previously observed for most gastrointestinal smooth
muscle tissues would strongly suggest that the sphinc-
teric smooth muscle tissues of the gut also express
significantly less smooth muscle and cytoplasmic iso-
actin protein. Therefore, it would appear that the
sphincteric smooth muscle tissues of the gut display
both quantitative as well as qualitative differences in
isoactin gene/protein expression from the surrounding

nonsphincteric smooth muscle tissues. The functional
significance of these observations remains to be deter-
mined. However, actin’s critical role in muscle con-
tractility suggests that these differential patterns of
isoactin gene expression may play an important role in
establishing the myogenic potential of the functionally
distinct sphincteric and nonsphincteric smooth muscle
tissues of the gut.

In summary, the results of this study demonstrate
that the sphincteric smooth muscle tissues of the gut
appear genotypically distinct from the surrounding
nonsphincteric smooth muscle tissues. The precise ba-
sis for these phenotypic/genotypic differences remains
to be determined. However, a variety of factors in-
cluding neurotransmitters, neuropeptides, cytokines,
and growth factors have been shown to effect gastro-
intestinal smooth muscle differentiation, maturation,
and function. For example, recent studies by Clancy et
al. (24) have shown that nitric oxide, an important
second messenger/neurotransmitter of the gastrointes-
tinal tract (25-27), can directly alter the state of actin
polymerization. Such observations, in conjunction
with the results of this study, provide an exciting cor-
relate between the regulation of gastrointestinal
smooth muscle function, actin filament dynamics, and
differential isoactin gene expression in the smooth
muscle tissues of the gut. In conclusion, this study
represents the first report of differential isoactin gene
expression in the sphincteric versus nonsphincteric
smooth muscle tissues of the gut, and provides a basis
for future studies designed to investigate the molecular
mechanisms responsible for differential smooth mus-
cle development and function in the gastrointestinal
tract.
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